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ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʢʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ 
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(ʄʉʅʊʂ) ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ, ʜʦʢʪʦʨʘʥʪʦʚ PHD, ʤʘʛʠʩʪʨʘʥʪʦʚ 

ʠ ʩʪʫʜʝʥʪʦʚ. 
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ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ 67 ï ʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

(ʄʉʅʊʂ) ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ, ʜʦʢʪʦʨʘʥʪʦʚ PHD, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ.- 

ɹʠʰʢʝʢ: ʂɻʊʋ, 2025 ï. 847ʩ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺ ʩʙʦʨʥʠʢʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 67-ʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ çʅʘʫʢʘ, ʪʝʭʥʠʢʘ ʠ ʠʥʞʝʥʝʨʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʛʣʦʙʘʣʠʟʘʮʠʠè. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

É ʉʙʦʨʥʠʢ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʂɻʊʋ ʠʤʝʥʠ ʀ. ʈʘʟʟʘʢʦʚʘ 
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ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʩʨʝʜʝ matlab/simulinkééééé... 

 

18 

ɸʩʘʥʦʚ ɸʨʛʝʥ ɹʘʢʳʪʙʝʢʦʚʠʯ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʣʥʥʠʝʟʘʱʠʪʳ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʢʳʨʛʳʟʩʪʘʥʝéééééééééééééééééééééééé. 

 

23 

ɸʪʘʢʫʣʦʚ ɹʝʢʞʘʥ ʅʫʨʣʘʥʦʚʠʯ ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚééééééééééééééééééééééééééé...ééé 

 

30 

ʅʫʨʙʝʢʦʚ ɹʝʢʩʫʣʪʘʥ ʅʫʨʙʝʢʦʚʠʯ ʕʣʝʢʪʨʦʧʨʠʚʦʜʳ ʧʘʩʩʘʞʠʨʩʢʠʭ ʣʠʬʪʦʚ.................... 38 

ɹʘʢʘʩʙʝʢʦʚ ʊʘʡʣʘʢ ɹʘʢʘʩʙʝʢʦʚʠʯ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʠʢʨʦʜʚʠʛʘʪʝʣʴ ʜʣʷ ʩʠʩʪʝʤ 
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ɼʫʥ ʏʵʥʙʷʦ, ʄʝʪʦʜ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʤʠʢʨʦʩʝʪʠ ʥʘ ʦʩʥʦʚʝ 
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798 

ɸʩʘʥʦʚʘ ɸʡʥʫʨʘ ʊʫʡʛʫʥʙʝʢʦʚʘ ʀʤʘʥʢʫʣʦʚʘ ʕʨʢʠʥʘ ʊʦʢʪʦʛʫʣʦʚʥʘ ʂʦʥʢʫʨʝʥʪʪʠʢ 

 ʙʘʘʣʦʦ ʤʝʪʦʜʜʦʨʫ ʢʨʠʟʠʩ ʰʘʨʪʳʥʜʘ װʢʪᴇʨʜװʥʜװʩʪװ

 

798 

ɾʘʧʘʨʦʚʘ ɸʡʩʫʣʫʫ ɹʘʢʪʳʙʝʢʦʚʥʘ ʂʦʡʯʫʤʘʥʦʚʘ ɾʳʧʘʨ ʅʫʨʙʝʢʦʚʥʘ 

ʉʘʥʘʨʠʧʪʠʢ ʪʨʘʥʩʬʦʨʤʘʥʮʠʷʥʳʥ ʫʶʰʪʫʨʫʫ ʪװʟװʤװʥᴇ ʪʘʘʩʠʨʠ: ʙʘʰʢʘʨʫʫʥʫʥ 

ʞʘשʳ ʤʦʜʝʣʜʝʨʠ 

 

 

811 

ʄʦʣʜʦʭʤʘʪʦʚ ʏʳʥʛʳʟ ʊʦʢʪʦʩʫʥʦʚʠʯ ɸʣʠʤʙʝʢʦʚ ʂʝʥʝʰʙʝʢ ɸʣʘʡʯʠʝʚʠʯ ʊʨʫʜʦʚʘʷ 

ʤʠʛʨʘʮʠʷ: ʩʦʩʪʦʷʥʠʝ  ʠ ʜʠʥʘʤʠʢʘ  (ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʢʳʨʛʳʟʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ) 

 

819 

ʈʫʩʪʘʤʦʚ ɹʘʭʪʠʷʨ ʈʫʩʪʘʤʦʚʠʯ, ʆʨʦʟʦʚ ʊʝʤʫʜʞʠʥ ʀʟʘʪʙʝʢʦʚʠʯ, ɸʣʠʤʙʝʢʦʚ 

ʂʝʥʝʰʙʝʢ ɸʣʘʡʯʠʝʚʠʯ ɼʠʥʘʤʠʢʘ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʳʨʛʳʟʩʢʦʡ 

ʨʝʩʧʫʙʣʠʢʝ 

 

 

823 

ʈʫʩʪʘʤʦʚ ɹʘʭʪʠʷʨ ʈʫʩʪʘʤʦʚʠʯ ᴆʤװʨʢʫʣʦʚʘ ɻװʣʤʠʨʘ ʂʘʜʳʨʙʝʨʜʠʝʚʥʘ 

ʌʠʥʘʥʩʳʣʳʢ ʪʘʣʜʦʦ ᴇʥʜװʨװʰʪװʢ-ʵʢʦʥʦʤʠʢʘʣʳʢ ʠʰʪʠʥ ʥʘʪʳʡʞʘʣʫʫʣʫʛʫʥ ᴇʣʯᴇʛᴇʥ 

ʢʫʨʘʣ ʢʘʪʘʨʳ 

 

 

827 

ʊʘʰʤʘʪʦʚʘ ʅʘʨʛʠʟʘ ɸʩʘʥʢʫʣʦʚʥʘ ʂʦʡʯʫʤʘʥʦʚʘ ɾʳʧʘʨ ʅʫʨʙʝʢʦʚʥʘ 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ ʫʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ: ʧʫʪʠ ʢ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ 

 

 

834 

ʊʫʨʩʫʥʦʚʘ ɸʡʧʝʨʠ ɸʣʠʰʝʨʦʚʥʘ, ʆʤʫʨʢʫʣʦʚʘ ɻʫʣʴʤʠʨʘ ʂʘʜʳʨʙʝʨʜʠʝʚʥʘ 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʩʦʙʩʪʚʝʥʥʳʤ ʢʘʧʠʪʘʣʦʤ ʧʨʝʜʧʨʠʷʪʠʷ 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʢʫʱʘʷ  ʩʠʪʫʘʮʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚoʟoʙʥoʚʣʷʝʤʳʭ 

ʠʩʪoʯʥʠʢoʚ  ʵʥʝʨʛʠʠ (ɺʀʕ) ʚ ʂʳʨʛʳʟʩʢoʡ ʈʝʩʧʫʙʣʠʢʝ. ʇʨʠʚʝʜʝʥ oʙʟoʨ ʤʠʨoʚʳʭ ʪʝʥʜʝʥʮʠʡ ʚ 

ʩʬʝʨʝ ɺʀʕ, ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʚʢʣʶʯʘʷ ʩoʣʥʝʯʥʫʶ, ʚʝʪʨoʚʫʶ, 

ʛʠʜʨoʵʥʝʨʛʝʪʠʢʫ ʠ ʙʠoʛʘʟ. Oʩoʙoʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥo ʙʘʨʴʝʨʘʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʨʘʟʚʠʪʠʶ 

ɺʀʕ ʚ ʂʳʨʛʳʟʩʪʘʥʝ, ʠ ʧʨʝʜʣoʞʝʥʳ ʨʝʢoʤʝʥʜʘʮʠʠ ʧo ʠʭ ʧʨʝoʜoʣʝʥʠʶ. ʈʘʙoʪʘ oʩʥoʚʘʥʘ ʥʘ 
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ʘʥʘʣʠʟʝ oʪʢʨʳʪʳʭ ʠʩʪoʯʥʠʢoʚ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ IRENA, IEA, oʬʠʮʠʘʣʴʥʳʝ ʜoʢʫʤʝʥʪʳ ʂʈ ʠ 

ʤʝʞʜʫʥʘʨoʜʥʳʝ oʪʯʸʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣoʚʘ 

ɺoʟoʙʥoʚʣʷʝʤʳʝ ʠʩʪoʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʂʳʨʛʳʟʩʪʘʥ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʚʝʪʨoʵʥʝʨʛʝʪʠʢʘ, 

ʛʠʜʨoʵʥʝʨʛʝʪʠʢʘ, ʙʠoʛʘʟ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʪʨʘʪʝʛʠʷ, ɺʀʕ, ʢʣʠʤʘʪ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟoʧʘʩʥoʩʪʴ 

Abstract 
This article examines the current state and development prospects of renewable energy sources (RES) 

in the Kyrgyz Republic. It provides an overview of global trends in the field of RES and highlights key 

areas including solar, wind, hydro energy, and biogas. Particular attention is paid to the barriers 

hindering the development of RES in Kyrgyzstan, along with recommendations for overcoming them. 

The study is based on an analysis of open sources, including data from IRENA, IEA, official 

documents of the Kyrgyz Republic, and international reports. 

Keywords: 
Renewable energy sources, Kyrgyzstan, solar energy, wind energy, hydropower, biogas, energy 

strategy, RES, climate, energy security 

ɸʥʥʦʪʘʮʠʷ 
ʄʘʢʘʣʘʜʘ ʂʳʨʛʳʟ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʢʘʡʨʘ ʞʘʨʘʣʫʫʯʫ ʵʥʝʨʛʠʷ ʙʫʣʘʢʪʘʨʳʥʳʥ (ʂɾʕɹ) ʫʯʫʨʜʘʛʳ 

ʘʙʘʣʳ ʞʘʥʘ ᴇʥװʛװװ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ʢʘʨʘʣʘʪ. ʂɾʕɹ ʪʘʨʤʘʛʳʥʜʘʛʳ ʜװʡʥᴇʣװʢ ʪʝʥʜʝʥʮʠʷʣʘʨ 

ʙʦʶʥʯʘ ʞʘʣʧʳ ʤʘʘʣʳʤʘʪ ʙʝʨʠʣʝʪ ʞʘʥʘ ʥʝʛʠʟʛʠ ʙʘʛʳʪʪʘʨ ð ʢװʥ, ʰʘʤʘʣ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʞʘʥʘ 

ʙʠʦʛʘʟ ð ʤװʥᴇʟʜᴇʣᴇʪ. ᴆʟʛᴇʯᴇ ʢᴇװשʣ ʂʳʨʛʳʟʩʪʘʥʜʘ ʂɾʕɹʜʠ ᴇʥװʢʪװʨװװʛᴇ ʪʦʩʢʦʦʣ ʙʦʣʛʦʥ 

ʢʳʡʳʥʯʳʣʳʢʪʘʨʛʘ ʙʫʨʫʣʫʧ, ʘʣʘʨʜʳ ʯʝʯװװ ʙʦʶʥʯʘ ʩʫʥʫʰʪʘʨ ʙʝʨʠʣʝʪ. ʀʰ ʠʣʠʤʠʡ ʙʫʣʘʢʪʘʨʛʘ 

ʥʝʛʠʟʜʝʣʛʝʥ: IRENA, IEA ʤʘʘʣʳʤʘʪʪʘʨʳ, ʂʳʨʛʳʟ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳʥ ʨʘʩʤʠʡ ʜʦʢʫʤʝʥʪʪʝʨʠ ʞʘʥʘ 

ʵʣ ʘʨʘʣʳʢ ʦʪʯʝʪʪʦʨ ʢʦʣʜʦʥʫʣʛʘʥ. 

ʊװʡװʥʜװ ʩᴇʟʜᴇʨ: 
ʂʘʡʨʘ ʞʘʨʘʣʫʫʯʫ ʵʥʝʨʛʠʷ ʙʫʣʘʢʪʘʨʳ, ʂʳʨʛʳʟʩʪʘʥ, ʢװʥ ʵʥʝʨʛʠʷʩʳ, ʰʘʤʘʣ ʵʥʝʨʛʠʷʩʳ, 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʙʠʦʛʘʟ, ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʩʪʨʘʪʝʛʠʷ, ʂɾʕɹ, ʢʣʠʤʘʪ, ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʢʦʦʧʩʫʟʜʫʢ 

 

Bʚʝʜʝʥʠʝ 

Aʢʪʫʘʣʴʥoʩʪʴ ʪʝʤʳ 

ɺ ʫʩʣoʚʠʷʭ ʛʣoʙʘʣʴʥoʛo ʠʟʤʝʥʝʥʠʷ  ʢʣʠʤʘʪʘ ʠ ʠʩʪoʱʝʥʠʷ ʪʨʘʜʠʮʠoʥʥʳʭ ʠʩʪoʯʥʠʢoʚ 

ʵʥʝʨʛʠʠ ʠʩʧoʣʴʟoʚʘʥʠʝ ʚoʟoʙʥoʚʣʷʝʤʳʭ ʠʩʪoʯʥʠʢoʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʧʨʠoʙʨʝʪʘʝʪ ʚʩʝ ʙoʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ. ɺʀʕ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨoʣʴ ʚ oʙʝʩʧʝʯʝʥʠʠ ʫʩʪoʡʯʠʚoʛo pʘʟʚʠʪʠʷ, ʩʥʠʞʝʥʠʠ 

ʚʳʙʨoʩoʚ ʧʘʨʥʠʢoʚʳʭ ʛʘʟoʚ ʠ ʧoʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢoʡ ʙʝʟoʧʘʩʥoʩʪʠ ʩʪʨʘʥ. ʂʳʨʛʳʟʩʪʘʥ, 

oʙʣʘʜʘʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧoʪʝʥʮʠʘʣoʤ ʚ oʙʣʘʩʪʠ ʛʠʜʨoʵʥʝʨʛʝʪʠʢʠ, ʩoʣʥʝʯʥoʡ ʠ ʚʝʪʨoʚoʡ ʵʥʝʨʛʠʠ, 

ʤoʞʝʪ ʩʪʘʪʴ oʜʥʠʤ ʠʟ ʣʠʜʝʨoʚ ʎʝʥʪʨʘʣʴʥoʡ ɸʟʠʠ ʧo ʨʘʟʚʠʪʠʶ ʫʩʪoʡʯʠʚoʡ ʵʥʝʨʛʝʪʠʢʠ. Oʜʥʘʢo 

ʥʘ ʬoʥʝ ʨʘʩʪʫʱʝʛo ʩʧʨoʩʘ ʥʘ ʵʣʝʢʪʨoʵʥʝʨʛʠʶ, ʠʟʥoʰʝʥʥoʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʥʝoʙʭoʜʠʤoʩʪʠ 

ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʘʢʪʫʘʣʴʥoʩʪʴ ʧʝʨʝʭoʜʘ ʥʘ ɺʀʕ ʩʪʘʥoʚʠʪʩʷ oʩoʙʝʥʥo oʩʪʨoʡ [1,2]. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜoʚʘʥʠʷ 

ʎʝʣʴ ʜʘʥʥoʡ ʨʘʙoʪʳ ð ʧʨoʚʝʩʪʠ ʘʥʘʣʠʟ ʧoʪʝʥʮʠʘʣʘ ʨʘʟʚʠʪʠʷ ʚoʟoʙʥoʚʣʷʝʤʳʭ 

ʠʩʪoʯʥʠʢoʚ ʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʢoʡ ʈʝʩʧʫʙʣʠʢʝ, ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʙʘʨʴʝʨʳ ʠ ʧʨʝʜʣoʞʠʪʴ 

ʚoʟʤoʞʥʳʝ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʵʪoʡ oʪʨʘʩʣʠ. 

 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ: 

¶ Oʙʟoʨ ʛʣoʙʘʣʴʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ oʙʣʘʩʪʠ ɺʀʕ; 

¶ ɸʥʘʣʠʟ ʪʝʢʫʱʝʛo ʩoʩʪoʷʥʠʷ ʠ ʧoʪʝʥʮʠʘʣʘ ɺʀʕ ʚ ʂʳʨʛʳʟʩʪʘʥʝ; 

¶ Oʧʨʝʜʝʣʝʥʠʝ ʧʨoʙʣʝʤ ʠ oʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ɺʀʕ; 

¶ ʌoʨʤʫʣʠʨoʚʘʥʠʝ ʨʝʢoʤʝʥʜʘʮʠʡ ʧo ʩʪʠʤʫʣʠʨoʚʘʥʠʶ ʩʝʢʪoʨʘ ɺʀʕ ʚ ʩʪʨʘʥʝ. 

ʂʨʘʪʢʠʡ oʙʟoʨ ʠʩʧoʣʴʟʫʝʤʳʭ ʤʝʪoʜoʚ ʘʥʘʣʠʟʘ 
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ɺ ʠʩʩʣʝʜoʚʘʥʠʠ ʠʩʧoʣʴʟʫʶʪʩʷ ʤʝʪoʜʳ ʩʨʘʚʥʠʪʝʣʴʥoʛo ʠ ʢoʥʪʝʢʩʪʥoʛo ʘʥʘʣʠʟʘ, 

oʩʥoʚʘʥʥʳʝ ʥʘ oʪʢʨʳʪʳʭ ʠʩʪoʯʥʠʢʘʭ ʜʘʥʥʳʭ. ɺ ʯʘʩʪʥoʩʪʠ, ʙʳʣʠ ʨʘʩʩʤoʪʨʝʥʳ ʜoʢʣʘʜʳ ʠ 

oʪʯʝʪʳ ʤʝʞʜʫʥʘʨoʜʥʳʭ oʨʛʘʥʠʟʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʄʝʞʜʫʥʘʨoʜʥoʝ ʘʛʝʥʪʩʪʚo ʧo ʚoʟoʙʥoʚʣʷʝʤʳʤ 

ʠʩʪoʯʥʠʢʘʤ ʵʥʝʨʛʠʠ (IRENA), ʄʝʞʜʫʥʘʨoʜʥoʝ ʵʥʝʨʛʝʪʠʯʝʩʢoʝ ʘʛʝʥʪʩʪʚo (IEA), ʘ ʪʘʢʞʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ oʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜoʚʘʪʝʣʝʡ. 

1. Oʙʟoʨ ʤʠʨoʚʳʭ ʪʝʥʜʝʥʮʠʡ ʠ oʩʥoʚʥʳʝ ʚʠʜʳ ɺʀʕ 

ʈʘʟʚʠʪʠʝ ʚoʟoʙʥoʚʣʷʝʤʳʭ ʠʩʪoʯʥʠʢoʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʚ ʤʠʨʝ ʧʨoʠʩʭoʜʠʪ 

ʩʪʨʝʤʠʪʝʣʴʥʳʤʠ ʪʝʤʧʘʤʠ. ʇo ʜʘʥʥʳʤ IRENA, ʢ 2023 ʛoʜʫ ʩoʚoʢʫʧʥʘʷ ʫʩʪʘʥoʚʣʝʥʥʘʷ ʤoʱʥoʩʪʴ 

ɺʀʕ ʧʨʝʚʳʩʠʣʘ 3 ʪʳʩ. ɻɺʪ [1], ʠʟ ʢoʪoʨʳʭ oʢoʣo 40% ʧʨʠʭoʜʠʪʩʷ ʥʘ ʩoʣʥʝʯʥʫʶ ʵʥʝʨʛʝʪʠʢʫ, 

30% ð ʥʘ ʚʝʪʨoʚʫʶ, oʩʪʘʣʴʥoʝ ð ʥʘ ʛʠʜʨoʵʥʝʨʛʝʪʠʢʫ, ʙʠoʵʥʝʨʛʠʶ ʠ ʛʝoʪʝʨʤʘʣʴʥʳʝ 

ʠʩʪoʯʥʠʢʠ. Oʩʥoʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʨoʩʪʘ ʩʝʢʪoʨʘ ʷʚʣʷʶʪʩʷ ʥʝoʙʭoʜʠʤoʩʪʴ ʜʝʢʘʨʙoʥʠʟʘʮʠʠ, 

ʜoʩʪʫʧʥoʩʪʴ ʪʝʭʥoʣoʛʠʡ, ʘ ʪʘʢʞʝ ʩʪʨʝʤʣʝʥʠʝ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢoʡ ʥʝʟʘʚʠʩʠʤoʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʚʠʜʳ ɺʀʕ ʚ ʤʠʨʝ 

ʉoʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ (ʬoʪoʚoʣʴʪʘʠʢʘ ʠ ʩoʣʥʝʯʥʳʝ ʪʝʧʣoʚʳʝ ʫʩʪʘʥoʚʢʠ): oʜʥʘ ʠʟ 

ʥʘʠʙoʣʝʝ ʙʳʩʪʨoʨʘʩʪʫʱʠʭ ʪʝʭʥoʣoʛʠʡ, oʩoʙʝʥʥo ʧoʧʫʣʷʨʥʘ ʚ ʩʪʨʘʥʘʭ ʩ ʚʳʩoʢʠʤ ʫʨoʚʥʝʤ 

ʩoʣʥʝʯʥoʛo ʠʟʣʫʯʝʥʠʷ. 

ɺʝʪʨoʚʘʷ ʵʥʝʨʛʠʷ (ʥʘʟʝʤʥʳʝ ʠ ʤoʨʩʢʠʝ ʚʝʪʨoʚʳʝ ʵʣʝʢʪʨoʩʪʘʥʮʠʠ): ʚʝʪʨʷʥʳʝ 

ʪʫʨʙʠʥʳ ʘʢʪʠʚʥo ʠʩʧoʣʴʟʫʶʪʩʷ ʚ ɽʚʨoʧʝ, ʂʠʪʘʝ ʠ ʉʐɸ[2]. 

ɻʠʜʨoʵʥʝʨʛʝʪʠʢʘ: ʥʝʩʤoʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʪʝʤʧoʚ ʨoʩʪʘ, oʩʪʘʝʪʩʷ ʚʘʞʥʳʤ ʠʩʪoʯʥʠʢoʤ 

ʯʠʩʪoʡ ʵʥʝʨʛʠʠ, oʩoʙʝʥʥo ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ. 

ɹʠoʵʥʝʨʛʠʷ: ʠʩʧoʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨoʠʟʚoʜʩʪʚʘ ʪʝʧʣʘ, ʵʣʝʢʪʨoʵʥʝʨʛʠʠ ʠ ʙʠoʪoʧʣʠʚʘ, ʥo 

ʪʨʝʙʫʝʪ ʫʩʪoʡʯʠʚoʛo ʧoʜʭoʜʘ ʢ ʠʩʧoʣʴʟoʚʘʥʠʶ ʨʝʩʫʨʩoʚ. 

ɻʝoʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ: ʧʝʨʩʧʝʢʪʠʚʥʘ ʚ ʨʝʛʠoʥʘʭ ʩ ʛʝoʣoʛʠʯʝʩʢoʡ ʘʢʪʠʚʥoʩʪʴʶ 

(ʥʘʧʨʠʤʝʨ, ʀʩʣʘʥʜʠʷ, ʌʠʣʠʧʧʠʥʳ, ʂʝʥʠʷ). 

ɼʣʷ ʂʳʨʛʳʟʩʪʘʥʘ ʥʘʠʙoʣʝʝ ʪʨʘʜʠʮʠoʥʥʳʤ ʠ ʨʘʟʚʠʪʳʤ ʠʩʪoʯʥʠʢoʤ ʚoʟoʙʥoʚʣʷʝʤoʡ 

ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʛʠʜʨoʵʥʝʨʛʝʪʠʢʘ. Oʢoʣo 90% ʚʩʝʡ ʧʨoʠʟʚoʜʠʤoʡ ʵʣʝʢʪʨoʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʝ 

ʧoʩʪʫʧʘʝʪ ʩ ʛʠʜʨoʵʣʝʢʪʨoʩʪʘʥʮʠʡ. ʕʪo ʩʚʷʟʘʥo ʩ ʛoʨʥʳʤ ʨʝʣʴʝʬoʤ ʠ ʧʣoʪʥoʡ ʨʝʯʥoʡ ʩʝʪʴʶ. 

ʉʪʨʘʥʘ ʨʘʩʧoʣʘʛʘʝʪ oʛʨoʤʥʳʤ ʪʝoʨʝʪʠʯʝʩʢʠʤ ʛʠʜʨoʧoʪʝʥʮʠʘʣoʤ ð oʢoʣo 142 ʤʣʨʜ ʢɺʪĿʯ ʚ ʛoʜ, 

ʠʟ ʢoʪoʨʳʭ ʵʢoʥoʤʠʯʝʩʢʠ ʮʝʣʝʩooʙʨʘʟʥo ʠʩʧoʣʴʟoʚʘʪʴ ʦʢʦʣʦ 30ï35 ʤʣʨʜ ʢɺʪĿʯ. 

Oʜʥʘʢo ʟʘʚʠʩʠʤoʩʪʴ oʪ ʛʠʜʨoʵʥʝʨʛʝʪʠʢʠ ʪʘʢʞʝ ʥʝʩʝʪ ʨʠʩʢʠ: ʩʝʟoʥʥoʩʪʴ, ʩʥʠʞʝʥʠʝ 

ʫʨoʚʥʷ ʚoʜʳ ʚ ʨʝʢʘʭ, ʚoʟʜʝʡʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʇoʵʪoʤʫ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥoʚʠʪʩʷ 

ʨʘʟʚʠʪʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜoʚ ɺʀʕ, ʪʘʢʠʭ ʢʘʢ ʩoʣʥʝʯʥʘʷ ʠ ʚʝʪʨoʚʘʷ ʵʥʝʨʛʠʷ. 

ʉoʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ: ʂʳʨʛʳʟʩʪʘʥ ʧoʣʫʯʘʝʪ ʚ ʩʨʝʜʥʝʤ 270ï300 ʩoʣʥʝʯʥʳʭ ʜʥʝʡ ʚ ʛoʜʫ. 

ʕʪo ʜʝʣʘʝʪ ʩoʣʥʝʯʥʫʶ ʵʥʝʨʛʝʪʠʢʫ oʩoʙʝʥʥo ʧʝʨʩʧʝʢʪʠʚʥoʡ ʜʣʷ ʶʞʥʳʭ ʨʝʛʠoʥoʚ, ʪʘʢʠʭ ʢʘʢ 

Oʰʩʢʘʷ ʠ ɹʘʪʢʝʥʩʢʘʷ oʙʣʘʩʪʠ. 

ɺʝʪʨoʚʘʷ ʵʥʝʨʛʠʷ: ʧoʢʘ ʯʪo ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, oʜʥʘʢo ʥʝʢoʪoʨʳʝ ʟoʥʳ 

(ʥʘʧʨʠʤʝʨ, ʚ ʀʩʩʳʢ-ʂʫʣʴʩʢoʡ oʙʣʘʩʪʠ) oʙʣʘʜʘʶʪ ʫʩʪoʡʯʠʚʳʤʠ ʚʝʪʨoʚʳʤʠ ʧoʪoʢʘʤʠ, 

ʧʨʠʛoʜʥʳʤʠ ʜʣʷ ʫʩʪʘʥoʚʢʠ ʪʫʨʙʠʥ. 

ɹʠoʤʘʩʩʘ ʠ ʛʝoʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ: ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧoʣʴʟʫʶʪʩʷ, ʥo ʠʤʝʶʪʩʷ 

ʪʝoʨʝʪʠʯʝʩʢʠʝ ʚoʟʤoʞʥoʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚ oʪʜʝʣʴʥʳʭ ʨʘʡoʥʘʭ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʢʦʥʝʯʥʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʨʠʤʝʨʥʦ 28%, ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʜʨʫʛʠʭ ʚʠʜʦʚ ɺʀʕ. ɺ 

ʜʠʥʘʤʠʢʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʭʨʘʥʷʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʤ, ʥʝ 

ʜʝʤʦʥʩʪʨʠʨʫʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʠʣʠ ʩʥʠʞʝʥʠʷ (ʈʠʩ.1). ʕʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʘʣʴʥʝʡʰʠʭ ʫʩʠʣʠʡ ʧʦ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʩʪʨʘʥʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ. 
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           ʈʠʩ. 1 ɼoʣʷ ʩoʚʨʝʤʝʥʥʳʭ ɺʀʕ ʚ ʢoʥʝʯʥoʤ ʧoʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ 

 

ʇoʪʝʥʮʠʘʣ ʚoʟoʙʥoʚʣʷʝʤʳʭ ʠʩʪoʯʥʠʢoʚ ʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ 

ʂʳʨʛʳʟʩʪʘʥ oʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧoʪʝʥʮʠʘʣoʤ ʚ oʙʣʘʩʪʠ ɺʀʕ ʙʣʘʛoʜʘʨʷ ʩʚoʝʤʫ 

ʛʝoʛʨʘʬʠʯʝʩʢoʤʫ ʧoʣoʞʝʥʠʶ, ʢʣʠʤʘʪʫ ʠ ʧʨʠʨoʜʥʳʤ ʫʩʣoʚʠʷʤ [3,4]. ʅʠʞʝ ʨʘʩʩʤoʪʨʝʥʳ 

oʩʥoʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ɺʀʕ ʚ ʩʪʨʘʥʝ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʝʨʩʧʝʢʪʠʚ ʠʩʧoʣʴʟoʚʘʥʠʷ. 

 

 
 

ʈʠʩ. 2 ʇʨʠʤʝʨʥʘʷ ʚʳʨʘʙoʪʢʘ ʵʣʝʢʪʨoʵʥʝʨʛʠʠ 

 

ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʠ ʩʦʩʝʜʥʠʭ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ɺ ʂʳʨʛʳʟʩʪʘʥʝ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʯʪʦ ʚʳʜʝʣʷʝʪ ʩʪʨʘʥʫ ʥʘ ʬʦʥʝ ʩʦʩʝʜʥʠʭ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʋʟʙʝʢʠʩʪʘʥʘ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʫʛʦʣʴ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ. ɼʦʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʩʦʣʥʝʯʥʘʷ, ʚʝʪʨʦʚʘʷ, ʙʠʦʵʥʝʨʛʠʷ) ʦʩʪʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ, 

ʧʦʜʯʸʨʢʠʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ 

ɻʠʜʨoɻ ʥʝʨʛʝʪʠʢʘ (ʤʘʣʳʝ ɻʕʉ) 

ɻʠʜʨoʵʥʝʨʛʝʪʠʢʘ oʩʪʘʝʪʩʷ oʩʥoʚoʡ ʵʣʝʢʪʨoʵʥʝʨʛʝʪʠʢʠ ʂʳʨʛʳʟʩʪʘʥʘ. Oʜʥʘʢo 

ʙoʣʴʰʠʥʩʪʚo ʢʨʫʧʥʳʭ ɻʕʉ ʙʳʣʠ ʧoʩʪʨoʝʥʳ ʝʱʝ ʚ ʩoʚʝʪʩʢoʝ ʚʨʝʤʷ ʠ ʪʨʝʙʫʶʪ ʤoʜʝʨʥʠʟʘʮʠʠ. 



16 
 

ʂʨoʤʝ ʪoʛo, ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʠʩʧoʣʴʟʫʝʤʳʡ ʧoʪʝʥʮʠʘʣ ʤʘʣʳʭ ʨʝʢ, oʩoʙʝʥʥo ʚ 

ʛoʨʥʳʭ ʨʝʛʠoʥʘʭ, ʛʜʝ ʤoʞʥo ʵʬʬʝʢʪʠʚʥo ʨʘʟʚʠʚʘʪʴ ʤʘʣʳʝ ʛʠʜʨoʵʣʝʢʪʨoʩʪʘʥʮʠʠ (ʤɻʕʉ). 

ʇoʪʝʥʮʠʘʣ ʤʘʣʳʭ ɻʕʉ oʮʝʥʠʚʘʝʪʩʷ ʚ 5ï8 ʤʣʨʜ ʢɺʪĿʯ ʚ ʛoʜ [3]. 

ʅʘʠʙoʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʝʢʠ: ʅʘʨʳʥ, ʏʘʪʢʘʣ, ʂoʢoʤʝʨʝʥ, ʉʘʨʳ-ɼʞʘʟ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʥʠʟʢʠʡ ʫʨoʚʝʥʴ ʚʨʝʜʥʳʭ ʚʳʙʨoʩoʚ, ʚʳʩoʢʘʷ ʫʧʨʘʚʣʷʝʤoʩʪʴ, ʥʘʜʝʞʥoʩʪʴ 

ʚ ʵʥʝʨʛooʙʝʩʧʝʯʝʥʠʠ oʪʜʘʣʸʥʥʳʭ ʧoʩʝʣʢoʚ. 

 

 
ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʧʨoʠʟʚoʜʩʪʚʘ ʚoʟoʙʥoʚʣʷʝʤoʡ ʵʣʝʢʪʨoʵʥʝʨʛʠʠ (ɻʕʉ) ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʩ 

2000ʛ.  

 

ʅʘ ʨʠʩ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ (ɻʕʉ) ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʩ 2000 ʧʦ 2022 ʛʦʜ. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʦʙʲʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʝʟʦʥʥʦʩʪʴʶ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʚ ʩʪʨʘʥʝ. ʅʘʠʙʦʣʴʰʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪʤʝʯʝʥʦ ʚ ʧʝʨʠʦʜʳ ʩ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʚʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʦʜʥʘʢʦ ʟʘʤʝʪʥʳ ʠ ʧʝʨʠʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʛʝʥʝʨʘʮʠʠ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩʪʨʘʥʳ 

ʉoʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ 

ʉ ʫʯʝʪoʤ ʙoʣʝʝ 270 ʩoʣʥʝʯʥʳʭ ʜʥʝʡ ʚ ʛoʜʫ, ʩʪʨʘʥʘ ʨʘʩʧoʣʘʛʘʝʪ oʪʣʠʯʥʳʤʠ ʫʩʣoʚʠʷʤʠ 

ʜʣʷ ʫʩʪʘʥoʚʢʠ ʩoʣʥʝʯʥʳʭ ʵʣʝʢʪʨoʩʪʘʥʮʠʡ. 

Oʙʱʠʡ ʧoʪʝʥʮʠʘʣ: ʜo 490 ʤʣʥ ʢɺʪĿʯ ʚ ʛoʜ (ʧʨʠ ʪʝʢʫʱʠʭ ʪʝʭʥoʣoʛʠʷʭ). 

ʉʨʝʜʥʝʝ ʩoʣʥʝʯʥoʝ ʠʟʣʫʯʝʥʠʝ: 4.64 ʤʣʨʜ ʄɺʪĿʯ ʚ ʛoʜ. 

ʈʝʛʠoʥʘʣʴʥʳʝ ʣʠʜʝʨʳ: Oʰ, ɹʘʪʢʝʥ, ɼʞʘʣʘʣ-ɸʙʘʜ [1,2,4,5,]. 

 

ɺʝʪʨoʚʘʷ ʵʥʝʨʛʠʷ 

ʈʘʟʚʠʪʠʝ ʚʝʪʨoʵʥʝʨʛʝʪʠʢʠ oʛʨʘʥʠʯʝʥo ʠʟ-ʟʘ ʥʠʟʢoʡ ʩʨʝʜʥʝʡ ʩʢoʨoʩʪʠ ʚʝʪʨʘ ʚ 

ʙoʣʴʰʠʥʩʪʚʝ ʨʘʡoʥoʚ ʩʪʨʘʥʳ. Oʜʥʘʢo ʝʩʪʴ ʠʩʢʣʶʯʝʥʠʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʟoʥʳ: ɹʘʣʳʢʯʳ, ɸʢ-Oʣoʥ, ʧʝʨʝʚʘʣʳ ʚ ʀʩʩʳʢ-ʂʫʣʴʩʢoʡ oʙʣʘʩʪʠ. 

ɺʝʪʨoʫʩʪʘʥoʚʢʠ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʩʢoʨoʩʪʠ ʚʝʪʨʘ 10ï12 ʤ/ʩ. 

ʇoʪʝʥʮʠʘʣ: ʜo 44,6 ʤʣʥ ʢɺʪĿʯ ʚ ʛoʜ. 

ʇʨʠʤʝʨʳ: ʚʝʪʨoʧʘʨʢ çEcoWindè (100 ʄɺʪ) ʠ ʧʨoʝʢʪ çʊoʧʫʨʘʢ-ɹʝʣè ʚ ʀʩʩʳʢ-ʂʫʣʴʩʢoʡ 

oʙʣʘʩʪʠ [1,2,4,5,]. 

ɹʠoʛʘʟoʚʳʝ ʫʩʪʘʥoʚʢʠ 

ʅʘʠʙoʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʝʣʴʩʢoʛo ʭoʟʷʡʩʪʚʘ ʠ oʪʜʘʣʝʥʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪoʚ. 

ɹʠoʛʘʟ ð ʧʨoʜʫʢʪ ʧʝʨʝʨʘʙoʪʢʠ oʨʛʘʥʠʯʝʩʢʠʭ oʪʭoʜoʚ (ʥʘʚoʟ, ʩʝʣʴʭoʟoʪʭoʜʳ). 

ʇoʪʝʥʮʠʘʣ: ʜo 1,3 ʤʣʨʜ ʢɺʪĿʯ ʚ ʛoʜ. 
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ʇʨʠʤʝʨʳ: ʙʠoʛʘʟoʚʘʷ ʫʩʪʘʥoʚʢʘ ʚ ʮʝʥʪʨʝ oʪʜʳʭʘ çʊʝʭʘʩè ʚ ɹʘʪʢʝʥʩʢoʡ oʙʣʘʩʪʠ 

(ʚʳʨʘʙoʪʢʘ ð 90 ʤį ʛʘʟʘ ʚ ʩʫʪʢʠ, oʢʫʧʘʝʤoʩʪʴ ð 3ï4 ʛoʜʘ) [1,2,4,5,]. 

 

 
 

ʈʠʩ. 4 ɼʠʥʘʤʠʢʘ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʙʠoʪoʧʣʠʚʘ ʠ oʪʭoʜoʚ ʧo ʩʝʢʪoʨʘʤ ʚ 

ʂʳʨʛʳʟʩʪʘʥʝ ʩ 2000 ʛoʜʘ 

 

ʅʘ ʨʠʩ.4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʠʥʘʤʠʢʫ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ ʠ ʦʪʭʦʜʦʚ ʧʦ 

ʩʝʢʪʦʨʘʤ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʟʘ ʧʝʨʠʦʜ ʩ 2000 ʧʦ 2022 ʛʦʜ. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʦ 2010 ʛʦʜʘ 

ʧʨʝʦʙʣʘʜʘʣʦ ʧʦʪʨʝʙʣʝʥʠʝ ʙʠʦʪʦʧʣʠʚʘ ʠ ʦʪʭʦʜʦʚ ʚ ʩʝʢʪʦʨʝ çɼʨʫʛʠʝ (ʥʝ ʫʢʘʟʘʥʥʳʝ)è, ʧʦʩʣʝ ʯʝʛʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝʙʦʣʴʰʦʡ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʢʦʤʤʝʨʯʝʩʢʦʤ ʠ ʦʙʱʝʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʩʪʝʧʝʥʥʦʤ ʚʦʟʨʦʞʜʝʥʠʠ 

ʠʥʪʝʨʝʩʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʠʦʤʘʩʩʳ ʠ ʦʪʭʦʜʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʩʪʘʸʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʝʣʴʩʢʠʭ ʠ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ [1,2,5,6]. 

ɿʘʢʣʶʯʝʥʠʝ. 

ʈʘʟʚʠʪʠʝ ʚoʟoʙʥoʚʣʷʝʤʳʭ ʠʩʪoʯʥʠʢoʚ ʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ð ʵʪo ʥʝ ʧʨoʩʪo ʰʘʛ 

ʥʘʚʩʪʨʝʯʫ ʛʣoʙʘʣʴʥʳʤ ʵʢoʣoʛʠʯʝʩʢʠʤ ʪʨʝʥʜʘʤ, ʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥoʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ 

ʫʢʨʝʧʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢoʡ ʙʝʟoʧʘʩʥoʩʪʠ, ʫʩʪoʡʯʠʚoʛo ʨʘʟʚʠʪʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ 

ʥʘʩʝʣʝʥʠʷ. ɺ ʫʩʣoʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʛo ʜʝʬʠʮʠʪʘ ʵʣʝʢʪʨoʵʥʝʨʛʠʠ, ʨoʩʪʘ ʪʘʨʠʬoʚ ʠ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ, ʧʝʨʝʭoʜ ʥʘ ɺʀʕ ʩʪʘʥoʚʠʪʩʷ ʚʩʸ ʙoʣʝʝ ʘʢʪʫʘʣʴʥʳʤ. ʉʪʨʘʥʘ oʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧoʪʝʥʮʠʘʣoʤ ʚ oʙʣʘʩʪʠ ʛʠʜʨoʵʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʩoʣʥʝʯʥoʡ, 

ʚʝʪʨoʚoʡ, ʙʠoʛʘʟoʚoʡ ʠ ʛʝoʪʝʨʤʘʣʴʥoʡ ʵʥʝʨʛʠʠ. Oʜʥʘʢo ʨʝʘʣʠʟʘʮʠʷ ʵʪoʛo ʧoʪʝʥʮʠʘʣʘ ʪʨʝʙʫʝʪ 

ʢoʤʧʣʝʢʩʥoʛo ʧoʜʭoʜʘ: ʤoʜʝʨʥʠʟʘʮʠʠ ʟʘʢoʥoʜʘʪʝʣʴʩʪʚʘ, ʘʢʪʠʚʥoʛo ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ, 

ʩʪʠʤʫʣʠʨoʚʘʥʠʷ ʯʘʩʪʥoʛo ʩʝʢʪoʨʘ, ʘ ʪʘʢʞʝ ʧoʚʳʰʝʥʠʷ ʫʨoʚʥʷ ʟʥʘʥʠʡ ʠ ʢoʤʧʝʪʝʥʮʠʡ ʚ oʙʣʘʩʪʠ 

çʟʝʣʸʥʳʭè ʪʝʭʥoʣoʛʠʡ. ʂʳʨʛʳʟʩʪʘʥ ʫʞʝ ʥʘʯʘʣ ʜʚʠʞʝʥʠʝ ʚ ʩʪoʨoʥʫ ʵʥʝʨʛʝʪʠʯʝʩʢoʛo ʧʝʨʝʭoʜʘ ð 

ʧoʷʚʣʷʶʪʩʷ ʧʠʣoʪʥʳʝ ʧʨoʝʢʪʳ, ʫʩʠʣʠʚʘʝʪʩʷ ʩoʪʨʫʜʥʠʯʝʩʪʚo ʩ ʤʝʞʜʫʥʘʨoʜʥʳʤʠ 

oʨʛʘʥʠʟʘʮʠʷʤʠ, ʧoʚʳʰʘʝʪʩʷ oʙʱʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʝʩ.ʇʝʨʝʭoʜ ʥʘ ʚoʟoʙʥoʚʣʷʝʤʳʝ ʠʩʪoʯʥʠʢʠ 

ʵʥʝʨʛʠʠ ð ʵʪo ʥʝ ʟʘʜʘʯʘ oʜʥoʛo ʛoʜʘ, ʘ ʜoʣʛoʩʨoʯʥʳʡ ʧʨoʮʝʩʩ. ʉʜʝʣʘʚ ʰʘʛʠ ʩʝʛoʜʥʷ, 

ʂʳʨʛʳʟʩʪʘʥ ʤoʞʝʪ ʫʞʝ ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ oʙʝʩʧʝʯʠʪʴ ʩʝʙʝ ʫʩʪoʡʯʠʚoʝ, ʙʝʟoʧʘʩʥoʝ ʠ 

ʥʝʟʘʚʠʩʠʤoʝ ʵʥʝʨʛʝʪʠʯʝʩʢoʝ ʙʫʜʫʱʝʝ. ɺʳʚʦʜʳ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʨʘʟʚʠʪʠʶ ɺʀʕ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʜʘʥʥʳʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʦʪʯʝʪʦʚ [1,2,5,6]. 
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ɸʥʥʦʪʘʮʠʷ. ϹʣʯϺϺʯϮ ʧʨʠʙʦʨʣʦʨʜʫ ʪʫʪʘʰʪʳʨʫʫ ʞʘʥʘ ʨʝʣʝʣʠʢ ʢʦʨʛʦʦ ϮʯϮʥ ɺʊ ʞʦʛʦʨʢʫ 

ʯʳϬʘʣʫʫʜʘʛʳ 100 ʞʝ 100/ã3 ʩʪʘʥʜʘʨʪʪʳʢ ʤʘʘʥʠʛʝ ʯʝʡʠʥ ʪϺʤϺʥʜϺʪϮϮ ϮʯϮʥ ʘʨʥʘʣʛʘʥ. ɸʟʳʨʢʳ 

ʫʯʫʨʜʘ ʠʟʦʣʷʮʠʷʥʳ ʙʘʰʢʘʨʫʫʯʫ ʯʳϬʘʣʫʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨʫʥʫʥ (ʀʅʂʊ) ʞʦʛʦʨʢʫ ʙʫʟʫʣʫʫ 

ʧʨʦʙʣʝʤʘʩʳ ϺʪϺ ʢʫʨʯ. ɸʣ ʵʤʠ ʙʫʣ ʞʘʛʜʘʡ ʠʟʦʣʷʮʠʷʣʘʥʛʘʥ ʥʝʡʪʨʘʣʜʫʫ 6-35 ʢɺ ʪʘʨʤʘʢʪʘʨʳʥʜʘ 

ʢϺʙϮʨϺϺʢ ʙʘʡʢʘʣʘʪ. ʏʳϬʘʣʫʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫʥʫʥ ʙʫʟʫʣʫʰʫʥʫʥ ʩʝʙʝʧʪʝʨʠʥʠʥ ʠʯʠʥʝʥ 

ʪʘʨʤʘʢʪʘ ʬʝʨʨʦʨʝʟʦʥʘʥʩʪʳʢ ʢʫʙʫʣʫʰʪʘʨʜʳʥ ʙʦʣʫʰʫʥ ʞʘʥʘ ʯʳϬʘʣʫʫʩʫ ʞʦʛʦʨʫʣʘʛʘʥ ʯʳϬʘʣʫʫ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʫʥʫʥ ʘʰʳʢʯʘ ʜϮϮʣϮʛϮϮʩϮʥ ʙϺʣϮʧ ʢϺʨʩϺʪϮϮʛϺ ʙʦʣʦʪ. ʄʫʥʫʥ ʥʝʛʠʟʠʥʜʝ HPʛʝ 

ʟʳʷʥ ʢʝʣʪʠʨʙϺϺ ϮʯϮʥ ʪʠʝʰʝʣϮϮ ʯʘʨʘʣʘʨ ʠʰʪʝʣʠʧ ʯʳʛʘʪ ʞʘʥʘ ʠʰʢʝ ʘʰʳʨʳʣʘʪ. ɹʠʨʦʢ, ʙʘʨ 

ʙʦʣʛʦʥ ʙʘʩʳʣʤʘʣʘʨʜʳʥ ʘʥʘʣʠʟʠ ʢϺʨʩϺʪʢϺʥʜϺʡ, ʞʘʘ ʢϮʡϮϮ ʤϮʥϺʟϮʥϮʥ ʊʅʂʀʥʠʥ ʠʰʪϺϺ 

ʨʝʞʠʤʠʥʝ ʪʠʡʛʠʟʛʝʥ ʪʘʘʩʠʨʠʥʝ ʪʠʝʰʝʣϮϮ ʢϺϬϮʣ ʙʫʨʫʣʙʘʡ, ʙʠʨ ʢʘʪʘʨ ʫʯʫʨʣʘʨʜʘ ʘʣʳʥʛʘʥ 

ʥʘʪʳʡʞʘʣʘʨʜʳʥ ʪʫʫʨʘ ʵʤʝʩ ʯʝʯʤʝʣʝʥʠʰʠ ʙʘʡʢʘʣʛʘʥ. ʋʰʫʛʘ ʳʣʘʡʳʢ, ʪʫʫʨʘ ʵʤʝʩ ʢʦʨʫʪʫʥʜʫʣʘʨ 

ʯʳʛʘʨʳʣʳʧ, HPʛʝ ʟʳʷʥ ʢʝʣʪʠʨʙϺϺ ϮʯϮʥ ʥʘʪʳʡʞʘʩʳʟ ʯʘʨʘʣʘʨ ʩʫʥʫʰʪʘʣʫʫʜʘ.   ʆʰʝʥʪʠʧ, ʙʫʣ 

ʤʘʩʝʣʝ ʘʢʪʫʘʣʜʫʫ ʙʦʣʫʧ ʩʘʥʘʣʘʪ. 

ʄʘʢʩʘʪʳ ʞʘʘ ʢϮʡϮϮ ʤϮʥϺʟϮʥϮʥ ʊʅʂʀʥʠʥ ʙʫʟʫʣʫʰʫʥʘ ʪʠʡʛʠʟʛʝʥ ʪʘʘʩʠʨʠʥ ʠʟʠʣʜϺϺ. 

ʄʘʩʝʣʝʥʠ ʯʝʯϮϮ ϮʯϮʥ MATLAB ʯϺʡʨϺʩϮʥʜϺ ʢʦʤʧʴʶʪʝʨʜʠʢ ʤʦʜʝʣʜϺϺ ʳʢʤʘʣʘʨʳ ʢʦʣʜʦʥʫʣʛʘʥ. 

ɸʯʢʳʯ ʩϺʟʜϺʨ: ʯʳϬʘʣʫʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ, ʢʦʤʧʴʶʪʝʨʜʠʢ ʤʦʜʝʣʴ, Matlab/Simulink, 

ʙʠʨʠʢʢʝʥ ʘʚʪʦʤʘʪʪʳʢ ʵʥʝʨʛʠʷ ʙʫʣʘʢʪʘʨʳ, ʦʩʮʠʣʣʦʛʨʘʤʤʘʥʳ ʠʟʠʣʜϺϺ ʥʘʪʳʡʞʘʣʘʨʳ, 

ʵʬʬʝʢʪʠʚʜϮϮʣϮʢ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʍɸʈɸʂʊɽʈɸ ɻʆʈɽʅʀʗ ɼʋɻʀ ʅɸ 

ʇʆɺʈɽɾɼɸɽʄʆʉʊʔ ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ ɺ ʉʈɽɼɽ 

MATLAB /Simulink  

 

ɾʘʣʠʣʦʚ ɸʩʢʘʪ ɹʠʣʠʤʦʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ, ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, 720044, ʛ. ɹʠʰʢʝʢ, ʧʨ. ʏ.ɸʡʪʤʘʪʦʚʘ 66, e-mail: 

askat.bil@mail.ru. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʀʤʘʥʘʢʫʥʦʚʘ ɾʝʥʠʰʢʫʣʴ ʉʘʨʪʙʘʝʚʥʘ,  ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, 720044, 

ʛ. ɹʠʰʢʝʢ, ʧʨ. ʏ.ɸʡʪʤʘʪʦʚʘ 66, e-mail: j.imanakunova@kstu.kg. 

  

         ɸʥʥʦʪʘʮʠʷ. ʊʅ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 100 ʠʣʠ 100/ã3 ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʚʳʩʦʢʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠʟʦʣʷʮʠʠ (ʊʅʂʀ). ʀ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʙʦʣʝʝ ʦʩʪʨʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʝʪʷʭ 6-35 ʢɺ ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ.ʀʩʩʣʝʜʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʊʅʂʀ ʧʦʩʚʷʱʝʥʦ ʥʝʤʘʣʦ ʨʘʙʦʪ. ʉʨʝʜʠ ʧʨʠʯʠʥ 

ʧʦʚʨʝʞʜʝʥʠʷ ʊʅ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʩʝʪʠ ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ, 

ʧʝʨʝʚʦʟʙʫʞʜʝʥʠʝ ʊʅ ʧʦʚʳʰʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ 

ʚʥʝʜʨʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ, ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʧʦʚʨʝʞʜʝʥʠʝ ʊʅ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣ 

ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʡ, ʚʣʠʷʥʠʶ ʭʘʨʘʢʪʝʨʘ ʛʦʨʝʥʠʷ ʜʫʛʠ ʥʘ ʨʝʞʠʤ ʨʘʙʦʪʳ ʊʅʂʀ 

ʥʝ ʫʜʝʣʝʥʦ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʚʝʨʥʘʷ ʪʨʘʢʪʦʚʢʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʣʘʶʪʩʷ ʥʝʚʝʨʥʳʝ ʚʳʚʦʜʳ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ 

ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʚʨʝʞʜʝʥʠʷ ʊʅ.   ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ.  

ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʭʘʨʘʢʪʝʨʘ ʛʦʨʝʥʠʷ ʜʫʛʠ ʥʘ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ 

ʊʅʂʀ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ MATLAB. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠ,̫ ʠʟʤʠʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, 

ʨʝʣʝʡʥʘʷ ʟʘʱʠʪʘ, ʥʘʜʝʞʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʘʚʪʦʤʘʪʠʢʘ, ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
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Annotation. VTs are designed to reduce high voltage to a standard value of 100 or 100 / ã3 for 

connecting measuring instruments and relay protection. Currently, the problem of high damage to 

voltage transformers of insulation control (TNKI) is quite acute. And this situation is more acute in 6-

35 kV networks with isolated neutral. A lot of work has been devoted to the study of the effectiveness 

of measures aimed at reducing the accident rate of TNKI. Among the causes of VT damage, one can 

single out the existence of ferroresonance phenomena in the network, and overvoltage of VT with 
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increased voltage. Based on this, appropriate measures are developed and implemented to prevent 

damage to VT. However, as analysis of existing publications has shown, the influence of the nature of 

arc burning on the TNCI operation mode is not given due attention, in some cases there is an incorrect 

interpretation of the results. Accordingly, incorrect conclusions are drawn and ineffective measures to 

prevent damage to VT are proposed. Thus, this issue is relevant. 

The aim is to study the influence of the nature of arc burning on the damage to TNCI. To solve 

this problem, we used a computer simulation technique in MATLAB. 

 

Keywords. Voltage transformers, measuring instruments, relay protection, reliability of 

measuring instruments, automation, computer simulation. 

 

ɺ ʩʝʪʷʭ 6ï35 ʢɺ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʥʦʨʤʘʣʴʥʦ ʚʳʩʦʢʘʷ ʘʚʘʨʠʡʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʥʘʧʨʷʞʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠʟʦʣʷʮʠʠ (ʊʅʂʀ). ʇʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ ʝʞʝʛʦʜʥʘʷ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ 

ʵʪʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ( ʊʅ) ʩʦʩʪʘʚʣʷʝʪ 7ï10 % ʠʟ ʚʩʝʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ, ʘ ʩʨʝʜʥʠʡ 

ʩʨʦʢ ʩʣʫʞʙʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 3ï5 ʣʝʪ [1]. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʤʘʣʳʝ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʊʅ ʚʳʧʦʣʥʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʢʦʥʪʨʦʣʴ ʠʟʦʣʷʮʠʠ, ʧʦʥʠʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʟʥʘʯʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʠʪʘʥʠʷ 

ʮʝʧʝʡ ʘʚʪʦʤʘʪʠʢʠ, ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ, ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ 

ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʧʦʩʣʝʜʥʷʷ ʬʫʥʢʮʠʷ ʊʅ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʳ 

ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʦʚʨʝʞʜʝʥʠʝ ʊʅ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʝʛʦ ʚʦʟʛʦʨʘʥʠʝʤ ʠ ʧʦʞʘʨʘʤʠ ʚ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ɺʩʝ ʵʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ 

ʧʦʚʨʝʞʜʝʥʠʷ ʊʅʂʀ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʯʠʥ ʧʦʚʨʝʞʜʝʥʠʷ ʊʅʂʀ, 

ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʵʪʠʭ ʊʅ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʱʝʠʟʚʝʩʪʥʦʩʪʴ ʠ ʜʦʩʪʘʪʦʯʥʫʶ ʠʟʫʯʝʥʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʧʦʚʨʝʞʜʝʥʠʷ 

ʊʅʂʀ, ʤʳ ʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʦʠ ʘʨʛʫʤʝʥʪʳ ʠ ʚʥʝʩʪʠ ʥʝʢʦʪʦʨʫʶ ʷʩʥʦʩʪʴ ʚ 

ʜʘʥʥʳʡ ʚʦʧʨʦʩ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʧʦʚʨʝʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʪ.ʢ. 

ʣʠʰʴ ʦʙʣʘʜʘʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʨʠʯʠʥʘʭ ʤʦʞʥʦ ʥʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. ʉʨʝʜʠ ʧʨʠʯʠʥ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʛʨʫʟʢʝ ʠ ʧʦʚʨʝʞʜʝʥʠʶ 

ʊʅ, ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ: ʧʦʚʨʝʞʜʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʩʝʪʠ ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʳʭ 

ʷʚʣʝʥʠʡ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʚʦʟʙʫʞʜʝʥʠʷ ʊʅ ʧʦʚʳʰʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. 

ʇʦʩʣʝʜʥʝʡ ʧʨʠʯʠʥʝ ʥʝ ʫʜʝʣʝʥʦ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʧʦʵʪʦʤʫ ʟʘʯʘʩʪʫʶ ʧʦʚʨʝʞʜʝʥʠʝ ʊʅ 

çʩʧʠʩʳʚʘʝʪʩʷè ʥʘ ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʳʝ ʧʨʦʮʝʩʩʳ (ʌʈʇ). ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʯʠʥ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʥʠʞʝ[1]. 

ʇʦʚʨʝʞʜʝʥʠʝ ʊʅ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ.  

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʊʅʂʀ, ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʩʝʪʠ 

ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʢʦʪʦʨʳʭ ʯʝʨʝʟ ʦʙʤʦʪʢʠ ɺʅ ʧʨʦʭʦʜʷʪ ʪʦʢʠ, ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʨʝʚʳʰʘʶʱʠʝ ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ [2ï3]. ɼʣʷ ʨʝʞʠʤʘ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ ʭʘʨʘʢʪʝʨʥʦ ʨʘʚʝʥʩʪʚʦ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʦʧʨʦʪʠʚʣʝʥʠʷ ʊʅ ʠ ʝʤʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʪʠ wL = 1/wC. ʇʨʠʯʝʤ ʵʪʦ 

ʨʘʚʝʥʩʪʚʦ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʢʘʢ ʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ ʩʝʪʠ, ʪʘʢ ʠ ʥʘ ʚʳʩʰʠʭ ʠ ʥʠʟʰʠʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʚʨʝʞʜʝʥʠʝ ʊʅ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʧʨʠ 

ʩʫʙʛʘʨʤʦʥʠʯʝʩʢʦʤ ʬʝʨʨʦʨʝʟʦʥʘʥʩʝ, ʘ ʌʈʇ ʥʘ ʯʘʩʪʦʪʘʭ 50 ɻʮ ʠ ʚʳʰʝ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʊʅ ʥʝ 

ʧʨʠʚʦʜʷʪ [2]. 

ʅʝʦʙʭʦʜʠʤʳʤ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʞʠʤʘ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʝʪʠ ʥʝʩʠʤʤʝʪʨʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʧʦʷʚʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ 

ʥʝʡʪʨʘʣʠ. ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʥʝʩʠʤʤʝʪʨʠʠ ʚ ʩʝʪʷʭ 6-35 ʢɺ ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʝ ʟʘʤʳʢʘʥʠʷ ʥʘ 

ʟʝʤʣʶ (ʆɿɿ), ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʠ ʆɿɿ ʠ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ ʩʝʪʠ ʚ ʧʘʢʝʪʝ MATLAB, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʝʪʠ ʧʨʠ ʚʩʷʢʦʛʦ ʨʦʜʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʪʘʢʦʚʳʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʨʦʮʝʩʩʳ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʜʫʛʦʚʳʭ ʟʘʤʳʢʘʥʠʷʭ 

(ʆɼɿ) ʯʝʨʝʟ ʧʝʨʝʤʝʞʘʶʱʝʶʩʷ ʜʫʛʫ, ʧʨʦʮʝʩʩʳ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʠʣʠ ʩʘʤʦʫʩʪʨʘʥʝʥʠʠ ʆɿɿ[2]. 

ʄʝʪʘʣʣʠʯʝʩʢʦʝ ʟʘʤʳʢʘʥʠʷ ʠ ʟʘʤʳʢʘʥʠʝ ʯʝʨʝʟ ʫʩʪʦʡʯʠʚʫʶ ʜʫʛʫ ʤʘʣʦ ʯʝʤ ʦʪʣʠʯʘʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʊʅ. ʊʦʢʠ ʚ ʦʙʤʦʪʢʘʭ ɺʅ ʧʨʠ ʵʪʠʭ ʨʝʞʠʤʘʭ ʥʝ ʧʨʝʚʳʰʘʶʪ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʠ ʥʝ ʦʧʘʩʥʳ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʪʦʢʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʦʩʣʝ ʣʠʢʚʠʜʘʮʠʠ 

ʟʘʤʳʢʘʥʠʷ.  

ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʚʦʟʙʫʞʜʝʥʠʝʤ ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʷʜʦʤ ʝʤʢʦʩʪʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʠ ʯʝʨʝʟ ʟʘʟʝʤʣʝʥʥʳʝ ʦʙʤʦʪʢʠ 

ɺʅ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ 

ʌʈʇ ʤʦʛʫʪ ʥʦʩʠʪʴ ʟʘʪʫʭʘʶʱʠʡ ʠ ʥʝʟʘʪʫʭʘʶʱʠʡ ʭʘʨʘʢʪʝʨ[3]. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʩʝʪʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. ʅʘ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʧʠʪʘʶʱʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʪʦʯʥʠʢʦʤ ʕɼʉ ɽ, ʬʘʟʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʨʘʩʩʝʷʥʠʷ Lʠ, 

ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rʠ. ʉʝʪʴ ʦʪʨʘʞʝʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʬʘʟʥʦʡ ʉʬ ʠ ʤʝʞʜʫʬʘʟʥʦʡ ʉʤʬ 

ʝʤʢʦʩʪʷʤʠ, ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rʧ, ʤʦʜʝʣʠʨʫʶʱʠʤ ʘʢʪʠʚʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʣʠʥʠʠ ʥʘ 

ʟʝʤʣʶ. 

 

 
 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʝʪʠ ʚ ʨʝʞʠʤʝ ʆɼɿ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 2. ʇʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ ɺʅ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ ʬʝʨʨʦʨʝʟʦʥʘʥʩʝ, ʚʦʟʥʠʢʰʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʢʣʶʯʝʥʠʷ ʆɿɿ. ʊʦʢʠ ʚ ʵʪʦʤ 

ʨʝʞʠʤʝ ʧʨʝʚʳʰʘʶʪ ʪʦʢ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʦʙʤʦʪʢʠ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ 0,3 ɸ. ɼʣʠʪʝʣʴʥʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʦʛʦ ʨʝʞʠʤʘ ʥʝʧʨʝʤʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʦʙʤʦʪʢʠ ɺʅ. 
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ʈʠʩ. 2. ʈʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʪʦʢʦʚ ʚ ʦʙʤʦʪʢʝ ɺʅ ʧʨʠ ʬʝʨʨʦʨʝʟʦʥʘʥʩʝ, ʚʦʟʥʠʢʰʝʤ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʢʣʶʯʝʥʠʠ ʆɿɿ. ʉʬ = 0,5 ʤʢʌ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʜʠʥ ʢʦʤʧʣʝʢʪ ʊʅ 

ʪʠʧʘ ʅʊʄʀ-6 ʟʦʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ ʟʘʢʣʶʯʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʷ ʬʘʟʥʦʡ ʝʤʢʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 0-1,5 ʤʢʌ. ʕʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʝʤʢʦʩʪʥʦʤʫ ʪʦʢʫ 0ï5 ɸ. ʉ 

ʮʝʣʴʶ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʟʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʢ ʨʝʘʣʴʥʦʡ ʩʝʪʠ ʚ ʨʘʩʯʝʪʘʭ 

ʫʯʠʪʳʚʘʣʘʩʴ ʚʦʟʤʦʞʥʘʷ ʥʝʩʠʤʤʝʪʨʠʷ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʬʘʟ ʊʅʂʀ, ʝʤʢʦʩʪʝʡ ʩʝʪʠ, 

ʦʪʢʣʦʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ[5]. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʠ ʜʝʰʝʚʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜʘʚʣʝʥʠʷ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ ʩʣʝʜʫʝʪ 

ʚʳʜʝʣʠʪʴ ʚʢʣʶʯʝʥʠʝ ʚ ʦʙʤʦʪʢʫ ʨʘʟʦʤʢʥʫʪʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʨʝʟʠʩʪʦʨʘ ʚʝʣʠʯʠʥʦʡ 25 ʆʤ [2]. 

ɺ ʨʘʙʦʪʝ [5] ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʟʘʤʳʢʘʥʠʷʭ ʥʘ ʟʝʤʣʶ ʯʝʨʝʟ ʧʝʨʝʤʝʞʘʶʱʫʶʩʷ ʜʫʛʫ ʨʝʟʠʩʪʦʨ ʚʝʣʠʯʠʥʦʡ 25 ʆʤ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʧʦʚʨʝʞʜʝʥʠʶ ʊʅʂʀ. 

 
 

ʈʠʩ. 3. ʈʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʪʦʢʦʚ ʚ ʦʙʤʦʪʢʝ ɺʅ ʧʨʠ ʧʦʜʘʚʣʝʥʠʠ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ 

ʫʩʪʘʥʦʚʢʦʡ ʨʝʟʠʩʪʦʨʘ 25 ʆʤ ʚ ʦʙʤʦʪʢʫ ʨʘʟʦʤʢʥʫʪʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʉʬ=0,5 ʤʢʌ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ ʫʩʪʘʥʦʚʢʘ ʨʝʟʠʩʪʦʨʘ ʚ ʦʙʤʦʪʢʫ ʨʘʟʦʤʢʥʫʪʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʚʝʣʠʯʠʥʦʡ 25 ʆʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ. 
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ɺʳʚʦʜ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʬʘʢʪ, ʥʘ ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʘʚʘʨʠʡʥʦʩʪʴ ʊʅ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʦʟʜʫʰʥʳʭ ʩʝʪʝʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʤʘʣʦʡ ʬʘʟʥʦʡ ʝʤʢʦʩʪʴʶ. ɺ ʪʘʢʠʭ ʩʝʪʷʭ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ ʌʈʇ ʚʳʰʝ, ʯʝʤ ʚ 

ʢʘʙʝʣʴʥʳʭ.  

ʕʪʠʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʘʚʘʨʠʡʥʦʩʪʴ ʊʅʂʀ ʚ ʚʦʟʜʫʰʥʳʭ ʩʝʪʷʭ. ʆʜʥʘʢʦ, ʧʨʠ 

ʵʪʦʤ ʥʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʝʥʠʷ ʜʫʛʠ ʚ ʚʦʟʜʫʰʥʳʭ ʩʝʪʷʭ. ɼʣʷ 

ʢʘʙʝʣʴʥʳʭ ʩʝʪʝʡ ʭʘʨʘʢʪʝʨʥʳ ʟʘʢʨʳʪʳʝ ʟʘʟʝʤʣʷʶʱʠʝ ʜʫʛʠ, ʛʦʨʷʱʠʝ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʷʭ ʚ 

ʢʦʥʮʝʚʳʭ ʠʣʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʤʫʬʪʘʭ, ʚ ʢʘʙʝʣʴʥʦʡ ʠʟʦʣʷʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʚʦʟʜʫʰʥʳʭ 

ʩʝʪʝʡ ʭʘʨʘʢʪʝʨʥʘ ʦʪʢʨʳʪʘʷ, ʩʚʦʙʦʜʥʦ ʛʦʨʷʱʘʷ ʟʘʟʝʤʣʷʶʱʘʷ ʜʫʛʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʛʨʦʟʦʚʳʭ 

ʠʣʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʭ, ʥʘʙʨʦʩʘʭ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʷʭ[4]. ɼʫʛʘ ʚ 

ʚʦʟʜʫʰʥʳʭ ʩʝʪʷʭ ʤʦʞʝʪ ʛʦʨʝʪʴ ʯʘʩʘʤʠ, ʘ ʦʪʢʨʳʪʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʝʪʨʘ ʥʘ ʜʫʛʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʝ 

ʧʦʧʝʨʝʤʝʥʥʦʤʫ ʛʘʰʝʥʠʶ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ, ʢʘʢ 

ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ʊʅʂʀ, ʥʝʩʢʦʣʴʢʦ ʧʨʝʫʚʝʣʠʯʝʥʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʂʳʨʛʳʟʩʪʘʥʜʘ ʢʘʡʨʘ ʞʘʨʘʣʫʫʯʫ ʵʥʝʨʛʝʪʠʢʘʥʳ ᴇʥװʢʪװʨװװ ʢװʥ ʵʣʝʢʪʨ 

ʩʪʘʥʮʠʷʣʘʨʳʥʳʥ (ʉʕʉ) ʠʰʝʥʠʤʜװװʣװʛװʥ ʞʘʥʘ ʢʦʦʧʩʫʟʜʫʛʫʥ ʢʘʤʩʳʟʜʦʦʛʦ ʢʦʤʧʣʝʢʩʪװװ 

ʤʘʤʠʣʝʥʠ ʪʘʣʘʧ ʢʳʣʘʪ. ɸʣʘʨʜʳʥ װʟʛװʣʪװʢʩװʟ ʠʰʪʝʰʠʥʝ ʪʘʘʩʠʨ ʵʪװװʯװ ʥʝʛʠʟʛʠ ʬʘʢʪʦʨʣʦʨʜʫʥ 
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ʙʠʨʠ-ʙʦʨʦʦʥ-ʯʘʧʢʳʥʜʘʥ ʢʦʨʛʦʦ. ʄʘʢʘʣʘʜʘ ʂʳʨʛʳʟʩʪʘʥʜʳʥ ʢʣʠʤʘʪʪʳʢ ʰʘʨʪʪʘʨʳʥ ʵʩʢʝ ʘʣʫʫ 

ʤʝʥʝʥ ʢװʥ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥ ʯʘʛʳʣʛʘʥʜʘʥ ʢʦʨʛʦʦʥʫʥ ᴇʟʛᴇʯᴇʣװʢʪᴇʨװ ʢʘʨʘʣʳʧ, ʞʘʙʜʳʢʪʘʨʜʳʥ 

ʯʘʛʳʣʛʘʥʜʘʥ ʞʘʙʳʨʢʘʰʳ ʤʝʥʝʥ ʙʘʡʣʘʥʳʰʢʘʥ ʪʦʙʦʢʝʣʜʠʢʪʝʨ ʪʘʣʜʘʥʳʧ, ʥʘʪʳʡʞʘʣʫʫ ʢʦʨʛʦʦ 

ʳʢʤʘʣʘʨʳ ʩʫʥʫʰʪʘʣʘʪ. ʏʘʛʳʣʛʘʥʜʘʥ ʢʦʨʛʦʦʥʫʥ ʟʘʤʘʥʙʘʧ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ, ʘʥʳʥ ʠʯʠʥʜʝ ʪʳʰʢʳ 

ʞʘʥʘ ʠʯʢʠ ʢʦʨʛʦʦ, ʞʝʨʛʝ ʪʫʪʘʰʪʳʨʫʫ ʩʠʩʪʝʤʘʣʘʨʳ, ʦʰʦʥʜʦʡ ʵʣʝ ʘʰʳʢʯʘ ʯʳשʘʣʫʫʥʫ ʯʝʢʪᴇᴇʯװ 

ʧʨʠʙʦʨʣʦʨʜʫ ʢʦʣʜʦʥʫʫ ʢʘʨʘʣʘʪ. ɹʫʣ ʯᴇʡʨᴇʜᴇʛװ ʯʝʥʝʤʜʠʢ ʪʘʣʘʧʪʘʨʛʘ ʞʘʥʘ ʵʣ ʘʨʘʣʳʢ ʪʘʞʨʳʡʙʘʛʘ 

ʪʘʣʜʦʦ ʞװʨʛװʟװʣʜװ. ʉʫʥʫʰʪʘʣʛʘʥ ʯʘʛʳʣʛʘʥʜʘʥ ʢʦʨʛʦʦ ʯʘʨʘʣʘʨʳ ʉʕʉʪʠʥ ʠʰʝʥʠʤʜװװʣװʛװʥ 

ʞʦʛʦʨʫʣʘʪʫʫʛʘ ʞʘʥʘ ʞʘʙʜʫʫʣʘʨʜʳʥ ʙʫʟʫʣʫʫ ʳʢʪʳʤʘʣʜʳʛʳʥ ʘʟʘʡʪʫʫʛʘ ʤװʤʢװʥʜװʢ ʙʝʨʝʪ, ʙʫʣ 

ʨʝʛʠʦʥʜʦ ʢװʥ ʵʥʝʨʛʠʷʩʳʥ ʪʫʨʫʢʪʫʫ ᴇʥװʢʪװʨװװʛᴇ ᴇʙᴇʣʛᴇ ʪװʟᴇʪ. 

ɸʯʢʳʯ ʩᴇʟʜᴇʨ: ʯʘʛʳʣʛʘʥʜʘʥ ʢʦʨʛʦʦ, ʢװʥ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳ, ʯʘʛʳʣʛʘʥʜʳʥ ʨʘʟʨʷʜʜʘʨʳ, 

ʧʦʪʝʥʮʠʘʣʜʳ ʪʝשʜᴇᴇ, ʞʝʨʛʝ ʪʫʪʘʰʪʳʨʫʫ, ʘʰʳʢʯʘ ʯʳשʘʣʫʫʜʘʥ ʢʦʨʛʦʦ, ʞʘשʳʣʘʥʫʫʯʫ ʵʥʝʨʛʝʪʠʢʘ, 

ʂʳʨʛʳʟʩʪʘʥ 

  

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄʆʃʅʅʀɽɿɸʑʀʊʓ ʉʆʃʅɽʏʅʓʍ ʕʃɽʂʊʈʆʉʊɸʅʎʀʁ ɺ 

ʂʓʈɻʓɿʉʊɸʅɽ  

 

ɸʩʘʥʦʚ ɸʨʛʝʥ ɹʘʢʳʪʙʝʢʦʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ, ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, 720044, ʛ. ɹʠʰʢʝʢ, ʧʨ. ʏ.ɸʡʪʤʘʪʦʚʘ 66, e-mail: 

asanov_argen02@mail.ru  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʠʷʟʦʚ ʅʫʨʠʜʠʥ ʊʘʞʠʙʘʝʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʂʳʨʛʳʟʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, 720044, ʛ. ɹʠʰʢʝʢ, ʧʨ. 

ʏ.ɸʡʪʤʘʪʦʚʘ 66, e-mail: niiazov54@mail.ru  

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʉʕʉ). ʆʜʥʠʤ 

ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ, ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʦʪ ʛʨʦʟʦʚʳʭ 

ʨʘʟʨʷʜʦʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʣʥʠʝʟʘʱʠʪʳ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩ 

ʫʯʝʪʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʂʳʨʛʳʟʩʪʘʥʘ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʨʘʞʝʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʣʥʠʷʤʠ, ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʣʥʠʝʟʘʱʠʪʳ, ʚʢʣʶʯʘʷ ʚʥʝʰʥʶʶ ʠ ʚʥʫʪʨʝʥʥʶʶ ʟʘʱʠʪʫ, ʩʠʩʪʝʤʳ 

ʟʘʟʝʤʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʙʦʨʦʚ ʦʛʨʘʥʠʯʝʥʠʷ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʨʳ 

ʤʦʣʥʠʝʟʘʱʠʪʳ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʉʕʉ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ 

ʨʝʛʠʦʥʝ. 
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Annotation.  

 

The development of renewable energy in Kyrgyzstan requires an integrated approach to 

ensuring the reliability and safety of solar power plants (SES). One of the key factors affecting their 

smooth operation is protection from lightning discharges. The article examines the features of lightning 

protection of solar power plants, taking into account the climatic conditions of Kyrgyzstan, analyzes 

the risks associated with lightning damage to equipment, and suggests effective protection methods. 

Modern lightning protection technologies are considered, including external and internal protection, 

grounding systems, as well as the use of surge protection devices. The analysis of regulatory 

requirements and international experience in this field is carried out. The proposed lightning protection 

measures will improve the reliability of the SES and minimize the likelihood of equipment damage, 

which contributes to the sustainable development of solar energy in the region. 

Keywords: lightning protection, solar power plants, lightning discharges, potential 

equalization, grounding, surge protection, renewable energy, Kyrgyzstan 

 

ɺʚʝʜʝʥʠʝ. ʉ ʨʦʩʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʠʭ ʟʘʱʠʪʘ ʦʪ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʚʢʣʶʯʘʷ ʤʦʣʥʠʶ. ʄʦʣʥʠʝʟʘʱʠʪʘ ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʠ 

ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ: ʚ ʛʦʨʘʭ, ʥʘ ʢʨʳʰʝ ʟʜʘʥʠʷ, 

ʥʘ ʨʘʚʥʠʥʝ ʠ ʥʘ ʦʟʝʨʝ. 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʩʦʙʝʥʥʦ ʧʦʜʚʝʨʞʝʥʳ ʧʦʚʨʝʞʜʝʥʠʷʤ ʦʪ ʫʜʘʨʦʚ ʤʦʣʥʠʠ ʠ 

ʩʢʘʯʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠʟ-ʟʘ ʠʭ ʦʪʢʨʳʪʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʟʘʱʠʪʘ ʦʪ ʤʦʣʥʠʡ ʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʤʝʨʘʤʠ ʤʦʣʥʠʝʟʘʱʠʪʳ ʠ ʤʝʨʘʤʠ ʟʘʱʠʪʳ 

ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʤʦʣʥʠʝʟʘʱʠʪʳ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʂʳʨʛʳʟʩʪʘʥʘ ʩ ʫʯʝʪʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʝʛʠʦʥʘ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʩʪʠ, ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʘ ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

 

ʉʠʩʪʝʤʘ ʤʦʣʥʠʝʟʘʱʠʪʳ 

        ʄʦʣʥʠʝʟʘʱʠʪʘ ʦʟʥʘʯʘʝʪ ʤʝʨʳ ʠ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʟʘʱʠʪʳ ʟʜʘʥʠʡ, 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʣʶʜʝʡ ʦʪ ʧʨʷʤʦʛʦ ʠ ʢʦʩʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʘʨʦʚ ʤʦʣʥʠʠ. 

ʉʠʩʪʝʤʳ ʤʦʣʥʠʝʟʘʱʠʪʳ (ʘʥʛʣ. Lightning Protection Systems ï LPS) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʟʘʱʠʪʳ ʩʦʦʨʫʞʝʥʠʡ ʦʪ ʧʦʞʘʨʘ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʪʨʘʚʤ ʠʣʠ ʜʘʞʝ ʩʤʝʨʪʠ ʣʶʜʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʜʘʥʠʷʭ. 

 

ʉʠʩʪʝʤʘ ʤʦʣʥʠʝʟʘʱʠʪʳ ʩʦʩʪʦʠʪ ʠʟ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʤʦʣʥʠʝʟʘʱʠʪʳ.  

ʌʫʥʢʮʠʠ ʚʥʝʰʥʝʡ ʤʦʣʥʠʝʟʘʱʠʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ǒ ʋʣʘʚʣʠʚʘʥʠʝ ʧʨʷʤʳʭ ʧʦʧʘʜʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ  

ǒ ɹʝʟʦʧʘʩʥʦʝ ʨʘʩʩʝʠʚʘʥʠʝ ʪʦʢʘ ʤʦʣʥʠʠ ʥʘ ʟʝʤʣʶ ʩ ʧʦʤʦʱʴʶ ʦʪʚʦʜʷʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ  

ǒ ʈʘʩʧʨʝʜʝʣʷʪʴ ʪʦʢ ʤʦʣʥʠʠ ʧʦ ʟʝʤʣʝ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʟʘʟʝʤʣʝʥʠʷ.  

 

ʌʫʥʢʮʠʷ ʚʥʫʪʨʝʥʥʝʡ ʤʦʣʥʠʝʟʘʱʠʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʧʘʩʥʳʭ ʠʩʢʨ ʚʥʫʪʨʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʨʘʚʥʠʚʘʥʠʷ 
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ʧʦʪʝʥʮʠʘʣʦʚ ʠʣʠ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʥʝʰʥʝʡ ʤʦʣʥʠʝʟʘʱʠʪʳ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʥʫʪʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

 
ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʤʦʣʥʠʝʟʘʱʠʪʳ ï ʚʥʝʰʥʷʷ ʤʦʣʥʠʝʟʘʱʠʪʘ 

 

ʏʝʪʳʨʝ ʢʣʘʩʩʘ ʟʘʱʠʪʳ I, II, III ʠ IV ʩʠʩʪʝʤ ʤʦʣʥʠʝʟʘʱʠʪʳ (LPS) ʦʧʨʝʜʝʣʝʥʳ ʥʘʙʦʨʦʤ 

ʧʨʘʚʠʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʨʘʟʤʝʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʨʦʚʥʝ 

ʦʧʘʩʥʦʩʪʠ. ʂʘʞʜʳʡ ʥʘʙʦʨ ʩʦʜʝʨʞʠʪ ʩʧʝʮʠʬʠʢʘʮʠʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʣʘʩʩʘ (ʥʘʧʨʠʤʝʨ, ʨʘʜʠʫʩ 

ʩʬʝʨʳ ʤʦʣʥʠʠ, ʨʘʟʤʝʨ ʷʯʝʡʢʠ) ʠ ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʣʘʩʩʘ (ʥʘʧʨʠʤʝʨ, ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ, 

ʤʘʪʝʨʠʘʣʳ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʩʣʦʞʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʣʥʠʠ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʧʦ 

ʟʘʱʠʪʝ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʠʩʪʝʤʝ 

ʤʦʣʥʠʝʟʘʱʠʪʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʣʘʚʣʠʚʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠ ʤʝʪʦʜʘ: 

ǒ ʄʝʪʦʜ ʰʘʨʦʚʦʡ ʤʦʣʥʠʠ 

ǒ ʉʝʪʯʘʪʳʡ ʤʝʪʦʜ 

ǒ ʄʝʪʦʜ ʟʘʱʠʪʥʦʛʦ ʫʛʣʘ 

ʇʨʠ ʵʪʦʤ ʤʝʪʦʜ ʤʦʣʥʠʝʥʦʩʥʦʛʦ ʰʘʨʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʨʝʢʦʤʝʥʜʫʝʤʳʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʰʘʨʦʚʦʡ ʤʦʣʥʠʠ ʢ ʟʜʘʥʠʶ ʩ ʩʠʣʴʥʦ 

ʠʟʨʝʟʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ I ʪʦʢʘ ʤʦʣʥʠʠ ʚ 

ʚʝʨʰʠʥʝ (ʚ ʢɸ) ʠ ʢʦʥʝʯʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʧʨʦʙʦʷ hB (= ʨʘʜʠʫʩ ʩʬʝʨʳ ʤʦʣʥʠʠ R, ʚ ʤ).: 

Ὑ ρπ ϽὍȟ  
ʄʦʣʥʠʝʟʘʱʠʪʘ ʟʜʘʥʠʡ ʦʧʠʩʘʥʘ ʚ ʩʪʘʥʜʘʨʪʝ DIN EN 62305-1 (VDE 0185-305-1). ʕʪʦʪ 

ʩʪʘʥʜʘʨʪ ʦʧʨʝʜʝʣʷʝʪ, ʩʨʝʜʠ ʧʨʦʯʝʛʦ, ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʨʦʚʥʠ ʦʧʘʩʥʦʩʪʠ / ʢʣʘʩʩʳ 

ʟʘʱʠʪʳ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ ʤʦʣʥʠʝʟʘʱʠʪʳ. ʆʥʘ ʨʘʟʣʠʯʘʝʪ ʯʝʪʳʨʝ ʢʣʘʩʩʘ 

ʟʘʱʠʪʳ. ʇʨʠ ʵʪʦʤ ʢʣʘʩʩ ʟʘʱʠʪʳ I ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʚʳʩʰʫʶ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ, ʘ ʢʣʘʩʩ ʟʘʱʠʪʳ IV 

ï ʥʘʠʤʝʥʴʰʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʤʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʣʘʩʩ ʟʘʱʠʪʳ ʟʘʚʠʩʠʪ ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʣʘʚʣʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʪ.ʝ. ʦʪ ʪʦʛʦ, ʢʘʢʘʷ ʜʦʣʷ ʦʞʠʜʘʝʤʳʭ ʫʜʘʨʦʚ ʤʦʣʥʠʠ 

ʥʘʜʝʞʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʝʯʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ 

ʧʨʦʙʠʪʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʨʘʜʠʫʩʫ ʩʬʝʨʳ ʤʦʣʥʠʠ. 

ʉʙʦʨʢʘ ʫʜʠʣʠʱ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʰʘʨʦʚʦʡ ʤʦʣʥʠʠ 

 Ὑ ï ʈʘʜʠʫʩ ʰʘʨʦʚʦʡ ʤʦʣʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʦʤ ʤʦʣʥʠʝʟʘʱʠʪʳ (BSK), BSK 

I 20 m, BSK II 30 m, BSK III 45 m, BSK IV 60 m. 

 ὥ, ὦ ï ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʦʣʥʠʝʧʨʠʝʤʥʠʢʦʚ  

 ὧ Ѝὥ ὦ ï ʜʠʘʛʦʥʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʦʣʥʠʝʧʨʠʝʤʥʠʢʦʚ 

 Ὤ ï ʚʳʩʦʪʘ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ 

 Ὄ ï ʚʳʩʦʪʘ ʤʦʣʥʠʝʧʨʠʝʤʥʠʢʘ ʦʪ ʟʝʤʣʠ 

 
ʈʠʩ. 3. ʄʝʪʦʜ ʟʘʱʠʪʥʦʛʦ ʫʛʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ DIN EN 62305-3 

 

Ὄ Ὑ Ὤ Ὑ Ͻὥ ὦ  , mit ὥ ὦ ςϽὙ  

F¿r ὥ ὦ:  

Ὄ Ὑ Ὤ Ὑ  , mit ὥ ЍςϽὙ 

ɿʘʪʝʥʝʥʠʝ 

 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʤʦʤʝʥʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʣʥʠʝʟʘʱʠʪʳ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʪʝʥʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. 

ɿʘʪʝʥʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʫʩʪʨʦʡʩʪʚʘʤʠ ʤʦʣʥʠʝʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 
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ʧʨʦʙʣʝʤʦʡ, ʧʦʩʢʦʣʴʢʫ ʟʘʪʝʥʝʥʠʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʫʣʝʡ. ʏʪʦʙʳ 

ʩʚʝʩʪʠ ʵʪʦ ʢ ʤʠʥʠʤʫʤʫ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʳ ʤʦʣʥʠʝʟʘʱʠʪʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ. 

ʀʟʙʝʛʘʥʠʝ ʧʘʜʝʥʠʝ ʪʝʥʠ ʥʘ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ: 

 
╪╕
▀╕

╪╢ ╔ ╪╕
▀╢

   O    ╪╕
╪╢╔ ╪╕
▀╢

Ͻ▀╕
╪╢╔
▀╢
Ͻ▀╕   O    ╪╕□ Ͻ▀╕□  

▀╢ ï ɼʠʘʤʝʪʨ ʩʦʣʥʮʘ ʥʘ ʵʢʚʘʪʦʨʝ ▀╢ Ȣ Ͻ  □ 

▀╕ ï ʜʠʘʤʝʪʨ ʤʦʣʥʠʝʧʨʠʝʤʥʠʢʘ ▀╕  □□ȟ  □□ȟ  □□ȟ  □□ 

╪╢ ╔ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʦʣʥʮʘ ʢ ʟʝʤʣʝ ╪╢╔ ȢϽ  □ 

╪╕ ï (ʄʠʥʠʤ.) ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʦʣʥʠʝʧʨʠʝʤʥʠʢʘ ʜʦ ʧʘʥʝʣʠ 

 

 
ʈʠʩ. 4. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʦʡ ʠ ʦʧʦʨʦʡ ʋʣʘʚʣʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʪʝʥʝʥʠʷ ʩʝʨʜʝʯʥʠʢʘ. 

 

ʀʪʘʢ, ʫʯʠʪʳʚʘʷ ʚʳʩʦʢʦʛʦʨʥʫʶ ʤʝʩʪʥʦʩʪʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ 

ʛʦʨʘʭ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʏʘʩʪʦʪʘ ʤʦʣʥʠʠ ʯʘʱʝ ʠʤʝʥʥʦ ʚ ʛʦʨʥʦʡ ʚʦʟʚʳʰʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʩʪʘʚ ʧʦʯʚʳ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ.   

2. ɺʳʩʦʢʦʛʦʨʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ) 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʤʫ ʨʠʩʢʫ ʫʜʘʨʘ ʤʦʣʥʠʠ ʠʟ-ʟʘ ʩʚʦʝʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

ɹʦʣʝʝ ʨʘʟʨʝʞʝʥʥʘʷ ʘʪʤʦʩʬʝʨʘ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʝʣʘʶʪ 

ʤʦʜʫʣʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʝʩʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʣʥʠʠ. ʇʦʵʪʦʤʫ ʪʱʘʪʝʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ 

ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʣʥʠʝʟʘʱʠʪʳ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʨ ʤʦʣʥʠʝʟʘʱʠʪʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

(ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ) ʚ ʛʦʨʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʂʳʨʛʳʟʩʪʘʥʘ. ʄʦʣʥʠʝʟʘʱʠʪʘ 

ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʄʝʨʳ ʤʦʣʥʠʝʟʘʱʠʪʳ ʚʢʣʶʯʘʶʪ ʩʠʩʪʝʤʳ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʟʘʱʠʪʳ. ɺʥʝʰʥʷʷ 

ʤʦʣʥʠʝʟʘʱʠʪʘ ʟʘʱʠʱʘʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪ ʧʨʷʤʳʭ ʫʜʘʨʦʚ ʤʦʣʥʠʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʣʘʚʣʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʦʪʚʦʜʦʚ ʠ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʥʘʜʝʞʥʦ ʦʪʚʦʜʷʪ ʪʦʢ 

ʤʦʣʥʠʠ ʚ ʟʝʤʣʶ. ɺʥʫʪʨʝʥʥʷʷ ʤʦʣʥʠʝʟʘʱʠʪʘ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʚʦʟʜʝʡʩʪʚʠʝ ʩʢʘʯʢʦʚ 

ʥʘʧʨʷʞʝʥʠʷ ʚʥʫʪʨʠ ʫʩʪʘʥʦʚʢʠ ʟʘ ʩʯʝʪ ʩʦʙʣʶʜʝʥʠʷ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʘ ʤʦʣʥʠʝʟʘʱʠʪʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ (SPD). 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʤʦʣʥʠʝʟʘʱʠʪʝ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʤʦʣʥʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʯʘʱʝ, ʪʨʝʙʫʶʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʟʘʟʝʤʣʝʥʠʷ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʣʘʚʣʠʚʘʶʱʠʝ ʩʦʦʨʫʞʝʥʠʷ. ʆʪʚʦʜʷʱʠʝ 

ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʠʩʪʝʤʫ ʟʘʟʝʤʣʠʪʝʣʠ ʟʜʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ 
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ʢʘʢ ʟʘʟʝʤʣʠʪʝʣʠ  ʥʫʞʜʘʶʪʩʷ ʚ ʟʘʟʝʤʣʷʶʱʠʭ ʩʝʪʷʭ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʚʳʟʚʘʥʥʳʭ ʩʢʘʯʢʦʚ ʥʘʧʨʷʞʝʥʠʷ. ʇʣʘʚʫʯʠʝ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʧʨʝʜʲʷʚʣʷʶʪ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʚʳʙʦʨʫ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʚʦʜʷʱʝʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʟʘʟʝʤʣʝʥʠʷ. 

ɺʩʝ ʟʘʱʠʪʥʳʝ ʤʝʨʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ, 

IEC 62305 (DIN EN 62305) (VDE 0185-305), ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʫʩʪʘʥʦʚʢʫ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤ ʤʦʣʥʠʝʟʘʱʠʪʳ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʩʴ ʤʠʨ ʠʩʧʳʪʳʚʘʝʪ ʧʦʩʣʝʜʩʪʚʠʷ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ 

ʠ ʚ ʙʫʜʫʱʝʤ ʙʫʜʝʪ ʠʩʧʳʪʳʚʘʪʴ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷ ʝʱʝ ʩʠʣʴʥʝʝ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʧʦʛʦʜʥʳʝ ʷʚʣʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʝ 

ʣʝʜʥʠʢʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʝʨʦʷʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʨʦʜʦʣʞʝʥʠʝ 

ʦʧʫʩʪʳʥʠʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʦʚ. ʊʘʢʠʝ ʬʘʢʪʦʨʳ ʩʪʨʝʩʩʘ ʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʙʫʜʫʪ ʫʩʠʣʠʚʘʪʴ ʜʘʚʣʝʥʠʝ ʥʘ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʧʦʚʳʰʘʷ ʫʷʟʚʠʤʦʩʪʴ ʙʝʜʥʳʭ 

ʠ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ, ʢʦʪʦʨʳʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʝ ʭʚʘʪʘʝʪ ʬʠʥʘʥʩʦʚʳʭ ʠʣʠ 

ʧʦʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʨʘʩʪʫʱʠʭ ʧʨʦʙʣʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ, ʚʣʠʷʶʪ ʥʘ ʤʝʩʪʥʫʶ ʠ ʨʝʛʠʦʥʘʣʴʥʫʶ ʵʢʦʥʦʤʠʢʫ, ʧʦʩʢʦʣʴʢʫ ʯʨʝʟʤʝʨʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ 

ʥʝʭʚʘʪʢʘ ʨʝʩʫʨʩʦʚ ʚʣʠʷʶʪ ʥʘ ʢʣʶʯʝʚʳʝ ʦʪʨʘʩʣʠ, ʪʘʢʠʝ ʢʘʢ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʵʥʝʨʛʝʪʠʢʘ ʠ 
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ʜʨʫʛʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʂʈ, ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʙʘʣʘʥʩ, ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʜʦʙʳʯʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʦʪʨʝʙʣʝʥʠʠ ʊʕʈ. 
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ɺʚʝʜʝʥʠʝ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʦʪʨʘʩʣʝʡ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʙʝʟ ʧʨʦʜʫʢʮʠʠ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʩʪʨʘʥʳ. 

ʀʤʝʥʥʦ ʵʥʝʨʛʝʪʠʢʘ ʚʳʩʪʫʧʘʝʪ ʦʩʥʦʚʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʱʝʩʪʚʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʜʚʠʛʠ ʢ ʧʝʨʝʤʝʥʘʤ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʝʪ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʠ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢ ʬʘʢʪʦʨʘʤ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʨʦʩʪʫ ɺɺʇ ʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʜʦʭʦʜʘ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ,  ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʦʪʨʘʩʣʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ,  ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ [1]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʠ ʩʦʢʨʘʱʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʮʝʣʝʡ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʥʳʤʠ ʤʝʨʘʤʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (ʇɻ) ʠ ʘʜʘʧʪʘʮʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ 

ʦʞʠʜʘʝʤʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʝʨʩʧʝʢʪʠʚʝ. 

ʇʨʠʨʦʜʥʳʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʠ ʦʮʝʥʢʘ ʠʭ ʦʩʚʦʝʥʠʷ 

ʂʳʨʛʳʟʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ (ʂʈ) ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤʠ ʟʘʧʘʩʘʤʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ (ʊʕʈ), ʚ ʪʦʤ ʯʠʩʣʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʫʛʣʝʡ ʠ ʦʢʦʣʦ 30% ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘʣʴʥʦ-ʘʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ (ʎɸʈ). ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʊʕʂ) ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ï ʚ ʩʪʨʫʢʪʫʨʝ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (ʊʕɹ) ʜʦʣʷ ʠʤʧʦʨʪʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 21,4 %, ʯʪʦ 
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ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʦ- ʠ ʪʦʧʣʠʚʦʩʥʘʙʞʝʥʠʷ ʩʪʨʘʥʳ ʠ 

ʨʝʛʠʦʥʦʚ [2]. 

ʈʝʩʫʨʩʳ ʫʛʣʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʙʘʣʘʥʩʦʤ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʫʯʪʝʥʳ 48 ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʟʘʧʘʩʘʤʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 1,689 ʤʣʨʜ.ʪ, ʚ ʪʦʤ ʯʠʩʣʝ: 

ʙʫʨʳʝ ʫʛʣʠ 1,240 ʤʣʨʜ.ʪ, ʢʘʤʝʥʥʳʝ ʫʛʣʠ 327,8 ʤʣʥ.ʪ, ʢʦʢʩʫʶʱʠʝʩʷ ʫʛʣʠ 120,896 ʤʣʥ.ʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ 

ʦʙʣʘʩʪʷʤ: ɾʘʣʘʣ-ɸʙʘʜʩʢʘʷï 299,8 ʤʣʥ.ʪ; ʆʰʩʢʘʷ ï 272,9 ʤʣʥ.ʪ; ɹʘʪʢʝʥʩʢʘʷï 462,45 ʤʣʥ.ʪ; 

ʀʩʩʳʢ-ʂʫʣʴʩʢʘʷ ï 27,43 ʤʣʥ.ʪ; ʅʘʨʳʥʩʢʘʷ  ï 626,45 ʤʣʥ.ʪ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʫʛʣʝʧʨʦʷʚʣʝʥʠʷ ʛʨʫʧʧʠʨʫʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʫʛʣʝʥʦʩʥʳʭ ʙʘʩʩʝʡʥʘ ï ʖʞʥʦ-

ʌʝʨʛʘʥʩʢʠʡ, ʋʟʛʝʥʩʢʠʡ, ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʠʡ, ʂʘʚʘʢʩʢʠʡ ʠ ʪʨʠ ʫʛʣʝʥʦʩʥʳʭ ʨʘʡʦʥʘ ï ɸʣʘʡʩʢʠʡ, ɸʣʘʙʫʢʘ-

ʏʘʪʳʨʢʫʣʴʩʢʠʡ, ʖʞʥʦ-ʀʩʩʳʢ-ʂʫʣʴʩʢʠʡ ʋʨʦʚʝʥʴ ʦʩʚʦʝʥʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʫʛʣʷ ʚʦʟʨʦʩ 

c 0,15 % ʜʦ 0,26 %.   

ʈʝʩʫʨʩʳ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳ: ʧʦ ʥʝʬʪʠ ʩʦʩʪʘʚʣʷʶʪ 

88,506 ʤʣʥ.ʪ, ʠʟʚʣʝʢʘʝʤʳʝ 11,16 ʤʣʥ.ʪ; ʧʦ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ 5578,9 ʤʣʥ.ʤ
3
 ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ 

ʶʛʝ ʩʪʨʘʥʳ ʥʘ ʩʝʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʀʟ ʥʠʭ ʧʷʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ɼʞʘʣʘʣ-ɸʙʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ʜʚʘ ï ʚ ɹʘʪʢʝʥʩʢʦʡ. ʋʨʦʚʝʥʴ ʦʩʚʦʝʥʥʦʩʪʠ ʟʘʧʘʩʦʚ ʢʨʘʡʥʝ ʥʠʟʢʠʡ (ʧʦ ʥʝʬʪʠ 0,07%, ʧʦ ʛʘʟʫ 

0,6%), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʙʫʨʝʥʠʝ. ʇʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʨʘʟʚʝʜʦʯʥʦʛʦ ʵʪʘʧʘ ʦʞʠʜʘʝʤʳʡ ʧʨʠʨʦʩʪ ʟʘʧʘʩʦʚ ʛʘʟʘ ʩʦʩʪʘʚʠʪ 1,3 

ʤʣʨʜ.ʤ
3
, ʥʝʬʪʠ 300 ʪʳʩ.ʪ. 

ɻʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. ʇʦ ʦʮʝʥʢʘʤ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ ʠ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʂʈ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʩʦʩʪʘʚʣʷʶʪ 

245,2 ʤʣʨʜ.ʢɺʪʯ, ʠʟ ʥʠʭ ʪʝʭʥʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʡ ʢ ʦʩʚʦʝʥʠʶ ʧʦʪʝʥʮʠʘʣ 142,5 ʤʣʨʜ.ʢɺʪʯ, ʘ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ) ʧʦʪʝʥʮʠʘʣ 60 ʤʣʨʜ.ʢɺʪʯ. ʋʨʦʚʝʥʴ ʦʩʚʦʝʥʥʦʩʪʠ ʚʘʣʦʚʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 6%, ʪʝʭʥʠʯʝʩʢʦʛʦ 10%, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ) 24 %.  

ɻʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ: ʅʘʨʳʥ (36%), 

ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ (ʏʘʪʢʘʣ ʠ ʜʨ. 27 %), ʉʘʨʳ-ɼʞʘʟ (10,7%), ʏʫ (9%) ʠ ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʙʘʩʩʝʡʥʳ ʨ.ʅʘʨʳʥ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 6970 ʄɺʪ ʠ ʙʘʩʩʝʡʥ 

ʨ.ʉʘʨʳ-ɼʞʘʟ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 993 ʄɺʪ.
 

ʅʘʠʙʦʣʝʝ ʦʩʚʦʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʥʠʞʥʝʝ ʪʝʯʝʥʠʝ ʨ.ʅʘʨʳʥ, ʛʜʝ ʜʝʡʩʪʚʫʶʪ ʅʠʞʥʝ-

ʅʘʨʳʥʩʢʠʡ ʢʘʩʢʘʜ ɻʕʉ ʩ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤʠ ʤʥʦʛʦʣʝʪʥʝʛʦ (ʊʦʢʪʦʛʫʣʴʩʢʦʝ) ʠ ʩʝʟʦʥʥʦʛʦ 

(ʂʫʨʧʩʘʡʩʢʦʝ, ʊʘʰʢʫʤʳʨʩʢʦʝ, ʐʘʤʘʣʜʳʩʘʡʩʢʦʝ ʠ ʋʯʢʫʨʛʘʥʩʢʦʝ) ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʚʦʜʥʦʩʪʠ ʙʘʩʩʝʡʥʘ ʨ.ʅʘʨʳʥ ʠ ʝʝ 

ʧʨʠʪʦʢʦʚ. ʇʨʠ ʵʪʦʤ ʮʠʢʣʳ ʤʘʣʦʚʦʜʥʦʩʪʠ ʠ ʤʥʦʛʦʚʦʜʥʦʩʪʠ ʯʝʨʝʜʫʶʪʩʷ ʢʘʞʜʳʝ 3-4 ʛ.  

ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ (ɺʀʕ). ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʛʠʜʨʦʧʦʪʝʥʮʠʘʣ ʤʘʣʳʭ 

ʨʝʢ ʠ ʚʦʜʦʪʦʢʦʚ, ʧʦʪʝʥʮʠʘʣ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʠʷ ʚʝʪʨʘ, ʪʝʧʣʦ ʟʝʤʣʠ ʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʚʦʜ, ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʙʲʝʤʝ ʚʳʪʝʩʥʠʪʴ ʪʦʧʣʠʚʦ ʠʟ ʩʬʝʨʳ 

ʧʦʪʨʝʙʣʝʥʠʷ. 

ʉʫʤʤʘʨʥʳʡ ʚʘʣʦʚʳʡ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʨʝʩʧʫʙʣʠʢʠ ʤʘʣʳʭ ʨʝʢ ʠ ʚʦʜʦʪʦʢʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʤʦʱʥʦʩʪʠ 9402 ʄɺʪ, ʧʦ ʚʦʟʤʦʞʥʦʡ 

ʚʳʨʘʙʦʪʢʝ ʚ ʩʨʝʜʥʝʤ 80 ʤʣʨʜ.ʢɺʪʯ ʚ ʛʦʜ, ʠʟ ʥʠʭ ʪʝʭʥʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʡ ʢ ʦʩʚʦʝʥʠʶ 

ʩʦʩʪʘʚʣʷʝʪ 5-10% ʠ ʚ ʩʨʝʜʥʝʤ ʦʪ 5 ʜʦ 8 ʤʣʨʜ.ʢɺʪʯ ʚʦʟʤʦʞʥʦʡ ʚʳʨʘʙʦʪʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʫʨʦʚʝʥʴ ʠʭ ʦʩʚʦʝʥʥʦʩʪʠ ʦʮʝʥʠʚʘʝʪʩʷ 0,023%. ɻʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʨʨʠʛʘʮʠʦʥʥʳʭ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʩʦʩʪʘʚʣʷʝʪ 56,7 ʄɺʪ, ʧʦ ʚʳʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 248 ʤʣʥ.ʢɺʪʯ. ɺ ʦʩʥʦʚʥʦʤ 

ʚʩʝ ʤʘʣʳʝ ʨʝʢʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʏʫʡ, ʊʘʣʘʩ, ʅʘʨʳʥ, ʉʘʨʳ-ɼʞʘʟ, ʂʘʨʘ-ɼʘʨʴʷ, 

ʉʳʨ-ɼʘʨʴʷ ʠ ʦʟ. ʀʩʩʳʢ-ʂʫʣʴ. ʇʦ ʪʝʨʨʠʪʦʨʠʠ ʂʈ ʥʘʠʙʦʣʴʰʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʆʰʩʢʦʡ ʦʙʣʘʩʪʠ 

23205,9 ʤʣʥ.ʢɺʪ.ʯ, ʀʩʩʳʢ-ʂʫʣʴʩʢʦʡ ʦʙʣʘʩʪʠ 17389,93 ʤʣʥ.ʢɺʪʯ, ʅʘʨʳʥʩʢʦʡ ʦʙʣʘʩʪʠ 17781,5 

ʤʣʥ.ʢɺʪʯ, ʚ ʏʫʡʩʢʦʡ ʦʙʣʘʩʪʠ 5545,3 ʤʣʥ.ʢɺʪʯ ʠ ʚ ʊʘʣʘʩʩʢʦʡ ʦʙʣʘʩʪʠ 3104,5 ʤʣʥ.ʢɺʪʯ. 

ʕʥʝʨʛʠʷ ʩʦʣʥʮʘ. ʂʣʠʤʘʪ ʂʈ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʛʦ 

ʩʠʷʥʠʷ ʦʪ 2500 ʜʦ 2800 ʯʘʩʦʚ ʚ ʛʦʜʫ. ʈʘʡʦʥʘʤʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʛʦ 
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ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʝ ʜʦʣʠʥʳ ʨʝʩʧʫʙʣʠʢʠ, ʛʜʝ ʧʨʠʭʦʜ 

ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʝʚʳʰʘʝʪ 1,3 ɻʢʘʣ ʥʘ ʤ
2
 ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʪʝʥʮʠʘʣ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ USAID ʢʦʤʧʘʥʠʝʡ ʊʝʪʨʘ ʊʕʂ ʧʦ ʧʨʦʝʢʪʫ çʕʥʝʨʛʝʪʠʢʘ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè
 
[3] ʢʦʣʝʙʣʝʪʩʷ ʧʦ ʨʝʛʠʦʥʘʤ ʩʪʨʘʥʳ ʠ ʦʧʨʝʜʝʣʝʥ ʚ ʨʘʟʨʝʟʝ ʦʙʣʘʩʪʝʡ 

ʨʝʩʧʫʙʣʠʢʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʦʨʫʞʝʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʉʕʉ) ʧʦ ʨʝʛʠʦʥʘʤ ʂʈ. 

ʇʦʪʝʥʮʠʘʣ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʵʢʩʧʝʨʪʘʤʠ ʦʮʝʥʠʚʘʝʪʩʷ 44,6 ʤʣʥ.ʢɺʪʯ ʚ ʛʦʜ, ʪʘʢʞʝ 

ʧʝʨʝʦʮʝʥʝʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ USAID ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʠ ʟʦʥʘʤ [3], ʢʦʪʦʨʳʝ 

ʥʝʨʘʚʥʦʤʝʨʥʳ: ɹʘʪʢʝʥʩʢʘʷ ʚ ʟʦʥʝ ɼʦʩʪʫʢ 1505 ʄɺʪ ʥʘ 300 ʪʳʩ.ʤ
2
;  ɼʞʘʣʘʙʘʜʩʢʘʷ ʚ ʟʦʥʝ 

ʊʘʰʢʫʤʳʨʘ 280 ʄɺʪ ʥʘ ʧʣʦʱʘʜʠ 56 ʪʳʩ.ʤ
2
; ʅʘʨʳʥʩʢʘʷ ʚ ʟʦʥʝ ʊʦʨʫʛʘʨʪ 815 ʄɺʪ ʥʘ ʧʣʦʱʘʜʠ 

163 ʪʳʩ.ʤ
2
, ʆʨʪʦ-ʊʦʢʦʡ 135 ʄɺʪ ʥʘ ʧʣʦʱʘʜʠ 27 ʪʳʩ.ʤ

2
; ʀʩʩʳʢ-ʂʫʣʴʩʢʘʷ ʚ ɹʦʦʤʩʢʦʤ ʫʱʝʣʴʝ 

490 ʄɺʪ ʥʘ ʧʣʦʱʘʜʠ 98 ʪʳʩ.ʤ
2
, ʚ ʟʦʥʝ ʊʘʰ-ʂʦʨʦʦ 485 ʄɺʪ ʥʘ ʧʣʦʱʘʜʠ 97 ʪʳʩ.ʤ

2
. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʂʈ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʩʦʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʠ ʩʦʣʥʮʘ, 

ʥʠ ʚʝʪʨʘ, ʥʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʡ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʀʩʩʳʢ-ʂʫʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʶʧʩʢʦʛʦ, ɸʢʩʫʡʩʢʦʛʦ ʠ ɼʞʝʪʳ-ʆʛʫʟʩʢʦʛʦ ʨʘʡʦʥʦʚ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʣʝʯʝʙʥʳʭ ʮʝʣʝʡ ʠ 

ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʜʣʷ ʪʝʧʣʦʬʠʢʘʮʠʠ ʥʘ ʢʫʨʦʨʪʘʭ ɼʞʝʨʛʘʣʘʥ, ɸʢ-ʉʫ ʠ ʀʩʩʳʢ-ɸʪʘ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʝʨʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʩʭʝʤʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʚʦ ʚʩʝʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʡʦʥʘʭ ʵʢʦʥʦʤʠʯʥʝʝ ʢʦʪʝʣʴʥʳʭ ʥʘ ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʙʠʦʤʘʩʩʳ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʵʢʩʧʝʨʪʦʚ ʧʦ ʧʨʦʝʢʪʘʤ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1,3 ʤʣʨʜ.ʢɺʪʯ 

ʚʦʟʤʦʞʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʛʦʜ. 

ɺ ʮʝʣʦʤ ʧʨʠʚʝʜʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ɺʀʕ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ, ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʵʬʬʝʢʪʠʚʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʪʘʢ ʢʘʢ ʩʪʨʘʥʘ ʠʟ-ʟʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʧʘʩʦʚ ʠ ʦʙʲʸʤʦʚ ʜʦʙʳʯʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʠʩʧʳʪʳʚʘʝʪ ʜʝʬʠʮʠʪ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʦʤ 

ʊʕɹ, ʝʞʝʛʦʜʥʦ ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʅʘʮʩʪʘʪʢʦʤʦʤ ʂʈ. 

ʇʦ ʜʘʥʥʳʤ ʅʘʮʩʪʘʪʢʦʤʘ [4] ɺ 2018 ʛʦʜʫ ʦʙʲʝʤ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʊʕʈ) 

(ʪʘʙʣ. 1) ʨʝʩʧʫʙʣʠʢʠ (ʩ ʫʯʝʪʦʤ ʧʨʦʜʫʢʪʦʚ ʩʦʙʩʪʚʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ) ʩʦʩʪʘʚʠʣ 

ʦʢʦʣʦ 18 ʤʣʥ. ʪ ʫ.ʪ. ʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  ʧʨʝʜʳʜʫʱʠʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 7,7 %, ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ 2014 ʛʦʜʦʤ ï ʥʘ 14,7 %. 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 
(ʪʳʩ. ʪʦʥʥ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ) 

  2014 2018 
2018 ʚ 

ʧʨʦʮʝʥʪʘʭ ʢ 2014 

ɺʩʝʛʦ,  ʚ ʪʦʤ ʯʠʩʣʝ: 15 563 17 844 114,7 

ʫʛʦʣʴ 2 374 2 865 120,7 

ʥʝʬʪʴ (ʚʢʣʶʯʘʷ 

ʛʘʟʦʚʳʡ ʢʦʥʜʝʥʩʘʪ) 
134 315 ʚ 2,4 ʨ 

ʛʘʟ ʧʨʠʨʦʜʥʳʡ 329 387 117,6 

ʙʝʥʟʠʥ 

ʘʚʪʦʤʦʙʠʣʴʥʳʡ 
1 021 1 330 130,3 
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ʪʦʧʣʠʚʦ ʜʠʟʝʣʴʥʦʝ 943 1 197 126,9 

ʤʘʟʫʪ ʪʦʧʦʯʥʳʡ 322 320 99,4 

ʢʝʨʦʩʠʥ ʜʣʷ ʘʚʠʘʮʠʠ ʠ 

ʜʨʫʛʠʭ ʮʝʣʝʡ 
145 122 84,1 

ʛʠʜʨʦʵʥʝʨʛʠʷ 4 584 4 933 107,6 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ 5 122 5 418 105,8 

ʪʝʧʣʦʵʥʝʨʛʠʷ 491 471 95,9 

ʧʨʦʯʠʝ ʚʠʜʳ 98 486 ʚ 4,9 ʨ. 

 

ɺ ʩʪʨʫʢʪʫʨʝ ʨʝʩʫʨʩʥʦʡ ʯʘʩʪʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (ʊʕɹ) ʦʪʤʝʯʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʠʤʧʦʨʪʘ ʊʕʈ ï ʩ 21,4 % ʚ 2014 ʛʦʜʫ ʜʦ 19,1 % ʚ 2018 ʛʦʜʫ [4]. 

ʊʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʧʦʩʪʫʧʘʣʠ ʚ ʨʝʩʧʫʙʣʠʢʫ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʂʘʟʘʭʩʪʘʥʘ, 

ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʈʦʩʩʠʠ. ʇʦʯʪʠ ʚʝʩʴ ʦʙʲʝʤ ʫʛʣʷ ʧʦʩʪʫʧʠʣ ʠʟ ʂʘʟʘʭʩʪʘʥʘ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ï ʠʟ 

ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʈʦʩʩʠʠ, ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʙʝʥʟʠʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʈʦʩʩʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʥʦʡ ʯʘʩʪʠ ʊʕɹʘ 
 (ʚ ʧʨʦʮʝʥʪʘʭ ʢ ʠʪʦʛʫ) 

 

ɺ ʩʪʨʫʢʪʫʨʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʙʘʣʘʥʩʘ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦʣʷ ʦʙʲʝʤʘ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʯʠʝ ʥʫʞʜʳ 

ï ʩ 43,3 % ʚ 2014 ʛʦʜʫ ʜʦ 49,7 % ʚ 2018 ʛʦʜʫ, ʘ ʜʦʣʷ ʵʢʩʧʦʨʪʘ ʊʕʈ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ 2,2 % ʜʦ 

5,8 %. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʦʣʷ ʦʙʲʝʤʘ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʵʥʝʨʛʠʠ, ʫʤʝʥʴʰʠʣʘʩʴ ʩ 37,1 % ʚ 2014 ʛʦʜʫ ʜʦ 31,7 % - ʚ 2018 

ʛʦʜʫ. 
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ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʊʕɹʘ 
(ʚ ʧʨʦʮʝʥʪʘʭ ʢ ʠʪʦʛʫ) 

 
ɺ 2018 ʛʦʜʫ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ ʨʝʩʧʫʙʣʠʢʠ ʧʦʪʨʝʙʣʝʥʦ 14,5 ʤʣʥ. ʪ ʫ.ʪ. ʪʦʧʣʠʚʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʠʟ ʥʠʭ 8,9 ʤʣʥ. ʪ ʫ.ʪ., ʠʣʠ 61 % ʠʟʨʘʩʭʦʜʦʚʘʥʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʧʨʦʯʠʝ ʥʫʞʜʳ ʠ 5,6 ʤʣʥ. ʪ ʫ.ʪ., ʠʣʠ 39 % - ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʵʥʝʨʛʠʠ [4]. 

ɺ ʦʙʱʝʤ ʦʙʲʝʤʝ ʜʦʙʳʯʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʦʪʤʝʯʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʫʛʣʷ. ʊʘʢ, 

ʝʩʣʠ ʚ 2014 ʛʦʜʫ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 15,3 %, ʪʦ ʚ 2018 ʛʦʜʫ ʜʦʩʪʠʛʣʘ 16,1 %. ʇʨʠ ʵʪʦʤ, ʦʙʲʝʤ 

ʜʦʙʳʯʠ ʫʛʣʷ ʚ 2018 ʛʦʜʫ ʩʦʩʪʘʚʠʣ 2,4 ʤʣʥ. ʪ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2014 ʛ. ʥʘ 32,2 % ʙʦʣʴʰʝ. ɺ 

ʦʩʥʦʚʥʦʤ, ʫʛʦʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ, ʘ ʜʦʣʷ ʝʛʦ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʦʪʨʝʙʣʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 50 %. 

ʈʝʩʫʨʩʳ ʩʳʨʦʡ ʥʝʬʪʠ ʚ 2018 ʛʦʜʫ ʩʦʩʪʘʚʠʣʠ 220,5 ʪʳʩ. ʪʦʥʥ, ʠʟ ʢʦʪʦʨʳʭ 91 % (200 ʪʳʩ. 

ʪ) ʧʨʠʰʝʣʩʷ ʥʘ ʜʦʙʳʯʫ, ʦʜʠʥ ʧʨʦʮʝʥʪ ï ʥʘ ʠʤʧʦʨʪ ʠ 8 ʧʨʦʮʝʥʪʦʚ ï ʥʘ ʦʩʪʘʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʥʝʪʦʧʣʠʚʥʳʝ ʥʫʞʜʳ ʙʳʣʦ ʧʦʪʨʝʙʣʝʥʦ 137,4 ʪʳʩ. ʪʦʥʥ ʥʝʬʪʠ, ʠʣʠ 

62,3 %ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʨʝʩʫʨʩʦʚ. 

ʈʝʩʫʨʩʳ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ 2018 ʛʦʜʫ ʧʦʯʪʠ ʥʘ 78 % ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ ʟʘ ʩʯʝʪ ʠʤʧʦʨʪʘ ʠʟ 

ʈʦʩʩʠʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 2014 ʛ. ʜʦʙʳʯʘ ʝʛʦ ʩʦʢʨʘʪʠʣʘʩʴ ʥʘ 5,2 ʤʣʥ. ʤ
3
, ʠʣʠ ʥʘ 16,0 % ʠ 

ʩʦʩʪʘʚʠʣʘ 27,3 ʤʣʥ.ʤ
3
. ʅʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʙʳʣʦ ʧʦʪʨʘʯʝʥʦ 

ʙʦʣʝʝ 207 ʤʣʥ. ʤ
3
 ʛʘʟʘ, ʠʣʠ 61,8 % ʛʘʟʘ, ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʵʥʝʨʛʠʠ ï 92,6 ʤʣʥ.ʤ

3
 

ʛʘʟʘ, ʠʣʠ 27,6 % ʦʪ ʦʙʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʥʝʪʦʧʣʠʚʥʳʝ 

ʥʫʞʜʳ ï1,6 % ʠ 9 % ʩʦʩʪʘʚʠʣʠ ʧʦʪʝʨʠ.      

ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʡ ʩʧʨʦʩ ʥʘ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʚ ʦʩʥʦʚʥʦʤ, ʚʦʩʧʦʣʥʷʝʪʩʷ ʠʭ ʠʤʧʦʨʪʦʤ. 

ɺ 2018 ʛʦʜʫ ʧʨʦʠʟʚʝʜʝʥʦ ʙʦʣʝʝ 79 ʪʳʩ. ʪ. ɼʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2014 

ʛʦʜʦʤ ʚ 2,6 ʨʘʟʘ ʙʦʣʴʰʝ, ʘ ʧʦʩʪʫʧʣʝʥʠʝ ʝʛʦ ʧʦ ʠʤʧʦʨʪʫ ʚʳʨʦʩʣʦ ʚ 1,4 ʨʘʟʘ ʠ ʩʦʩʪʘʚʠʣʦ 706 ʪʳʩ. 

ʪ. ɸʚʪʦʤʦʙʠʣʴʥʦʛʦ ʙʝʥʟʠʥʘ ʧʨʦʠʟʚʝʜʝʥʦ ʦʢʦʣʦ 219 ʪʳʩ. ʪ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2014 ʛʦʜʦʤ ʚ 3,4 

ʨʘʟʘ ʙʦʣʴʰʝ, ʘ ʠʤʧʦʨʪ ʝʛʦ ʚʦʟʨʦʩ ʥʘ 2,2 % ʠ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 632 ʪʳʩ. ʪ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʦʧʦʯʥʦʛʦ ʤʘʟʫʪʘ, ʪʦ ʚ 2018 ʛʦʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2014 ʛʦʜʦʤ ʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʟʨʦʩʣʦ ʚ 3,0 ʨʘʟʘ ʠ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 157 ʪʳʩ. ʪ., ʘ ʠʤʧʦʨʪʥʳʝ ʧʦʩʪʘʚʢʠ, 

ʥʘʧʨʦʪʠʚ, ʩʥʠʟʠʣʠʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ 90 %. ʇʨʠ ʵʪʦʤ, ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ ï ʘʚʪʦʙʝʥʟʠʥʫ ʠ ʤʘʟʫʪʫ ï 

ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʵʢʩʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ. 

ʅʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʚ 2018 ʛʦʜʫ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 90,6 % 

ʦʪ ʚʩʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 88,7 ï ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʙʝʥʟʠʥʘ ʠ 32,1 % - ʪʦʧʦʯʥʦʛʦ 

ʤʘʟʫʪʘ. ʇʦʪʨʝʙʥʦʩʪʴ ʨʝʩʧʫʙʣʠʢʠ ʚ ʘʚʠʘʮʠʦʥʥʦʤ ʢʝʨʦʩʠʥʝ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʠʤʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ. 
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ɺ 2018 ʛʦʜʫ ʧʨʦʠʟʚʝʜʝʥʦ 15,7 ʤʣʨʜ. ʢɺʪ.ʯ. ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʟ ʢʦʪʦʨʦʡ ʙʦʣʝʝ 77 % 

ʧʦʪʨʝʙʣʝʥʦ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʛʦʜʦʤ ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʫʚʝʣʠʯʠʣʩʷ ʥʘ 1,9 % ʙʦʣʴʰʝ, ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2014 ʛ. ï ʥʘ 7,9 %. ʇʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 2018 

ʛʦʜʫ ʩʦʩʪʘʚʠʣʠ 17,9 % ʦʪ ʦʙʲʝʤʘ ʨʝʩʫʨʩʦʚ (ʚ 2014 ʛ. ï 23,3 %). 

ɺ 2018 ʛʦʜʫ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣ 3,2 ʤʣʥ. ʛʠʛʘʢʘʣʦʨʠʡ, ʯʪʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 2014 ʛʦʜʦʤ ʥʘ 4,2 % ʤʝʥʴʰʝ. ɺʝʩʴ ʦʙʲʝʤ ʪʝʧʣʦʵʥʝʨʛʠʠ ʧʦʩʪʘʚʣʷʝʪʩʷ ʥʘ 

ʚʥʫʪʨʝʥʥʠʡ ʨʳʥʦʢ ʨʝʩʧʫʙʣʠʢʠ. ʇʨʠ ʵʪʦʤ, ʧʦʪʝʨʠ ʝʝ ʚ 2018 ʛʦʜʫ ʩʥʠʟʠʣʠʩʴ ʥʘ 74 % ʠ ʩʦʩʪʘʚʠʣʠ 

243,3 ʪʳʩ. ʛʠʛʘʢʘʣʦʨʠʡ. ɿʘ ʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʜʦʣʷ ʧʦʪʝʨʴ ʪʝʧʣʦʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ 

ʨʝʩʫʨʩʦʚ ʩʥʠʟʠʣʘʩʴ ʩ 28,2 % ʚ 2014 ʛʦʜʫ ʜʦ 7,7 % ʚ 2018 ʛʦʜʫ. 

   ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʮʝʣʝʡ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʤʝʨʘʤʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (ʇɻ) ʠ ʘʜʘʧʪʘʮʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ 

ʦʞʠʜʘʝʤʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʝʨʩʧʝʢʪʠʚʝ. 

ʉʪʨʘʪʝʛʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʜʦʣʞʥʘ ʯʝʪʢʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʣʦʚʠʷʤ 

ʨʘʤʦʯʥʦʡ ʂʦʥʚʝʥʮʠʠ ʆʆʅ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ [5], ʚ ʢʦʪʦʨʦʡ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

çéʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʜʦʣʞʥʦ ʚʦʟʨʘʩʪʘʪʴ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʦʨʴʙʳ ʩ ʚʳʙʨʦʩʘʤʠ ʇɻ ʚ ʮʝʣʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʪʘʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʳʛʦʜʥʳʤ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ 

ʩʦʮʠʘʣʴʥʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷè, ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʝʨʝʞʘʶʱʠʝ ʪʝʤʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʧʘʤʠ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ɺʀʕ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʥʦʟʘʤʠ ʦʞʠʜʘʝʤʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩʦʛʣʘʩʥʦ  ʅʘʮʠʦʥʘʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ ʂʈ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ  ʥʘ 

ʧʨʝʜʩʪʦʷʱʠʝ 30-50 ʣʝʪ. 

ɺ 2021 ʛ. ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʦʡ ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ ʇʈʆʆʅ ʨʘʟʨʘʙʦʪʘʥ çʆʧʨʝʜʝʣʷʝʤʳʡ 

ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʢʣʘʜ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠè ʚ ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ [6]. ʇʦ 

ʦʮʝʥʢʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʜʘʥʥʦʤ ʜʦʢʫʤʝʥʪʝ ʚ ʩʝʢʪʦʨʝ çʕʥʝʨʛʝʪʠʢʘè, ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʢʦʣʦ 60% 

ʚʳʙʨʦʩʦʚ ʇɻ ʚ ʨʝʩʧʫʙʣʠʢʝ. ʄʠʪʠʛʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʵʪʦʤ ʩʝʢʪʦʨʝ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʠʝʡ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʧʨʦʜʚʠʞʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʪʠʛʘʮʠʦʥʥʳʭ 

ʤʝʨ ʚ ʩʝʢʪʦʨʝ çʕʥʝʨʛʝʪʠʢʘè ʦʞʠʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ 13,38-

33,32 % ʢ 2025 ʛ. ʠ ʥʘ 12,76-40,39 % ʢ 2030 ʛ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʧʦʜʜʝʨʞʢʠ. 

ʂʈ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʫʶ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫʶ ʙʘʟʫ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʳʥʢʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʜʘʥʠʡ.  

ʆʜʥʘʢʦ, ʥʘʠʙʦʣʝʝ ʩʝʨʴʝʟʥʳʤ ʙʘʨʴʝʨʦʤ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ 

ʚ ʂʈ ʷʚʣʷʝʪʩʷ ʩʦʮʠʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʪʘʨʠʬ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʢʦʪʦʨʳʡ ʥʝ ʩʪʠʤʫʣʠʨʫʝʪ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʙʝʨʝʞʥʦʤʫ ʵʥʝʨʛʦʧʦʣʴʟʦʚʘʥʠʶ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʠ 

ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ. 

ɺ ʮʝʣʷʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʧʦʣʠʪʠʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʵʥʝʨʛʝʪʠʢʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʠʥʷʪʘ ʇʨʦʛʨʘʤʤʘ 

çɺʥʝʜʨʝʥʠʝ ʧʦʣʠʪʠʢʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʥʘ 

2023-2027 ʛʦʜʳè [7]. ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʇʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʩʜʝʨʞʠʚʘʥʠʝ ʨʦʩʪʘ ʚʘʣʦʚʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʊʕʈ ʧʨʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʩʪʨʘʥʳ ʠ ʩʙʣʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ɺɺʇ ʂʈ ʧʦ 

ʧʘʨʠʪʝʪʫ ʧʦʢʫʧʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦ ʩʨʝʜʥʝʤʠʨʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʙʝʟ 

ʫʱʝʨʙʘ ʙʣʘʛʦʧʦʣʫʯʠʶ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʫʪʝʤ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ 
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ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʦʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʮʝʣʷʤʠ ʦʧʨʝʜʝʣʝʥʳ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʜʘʥʥʦʡ ʇʨʦʛʨʘʤʤʳ: 

 1. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʜʦʙʳʯʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʝʭ ʚʠʜʦʚ ʊʕʈ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʦ 4,5 % ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʦ 10,75%: 

 - ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʚ ʪ.ʯ. ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ; 

 - ʩʦʢʨʘʱʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ; 

 - ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʢ 2027 ʛ. ʥʘ 1% ʝʞʝʛʦʜʥʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʥʘ 0,1 % ʚ ʛʦʜ ʚ ʩʬʝʨʝ ʧʝʨʝʜʘʯʠ ʠ ʥʘ 0,25 % ʚ ʛʦʜ ʚ ʩʬʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 

 2. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ ʚʩʝʭ ʚʠʜʦʚ ʊʕʈ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʠʭ ʵʢʦʥʦʤʠʠ ʚ ʦʙʲʝʤʝ 190,1 ʪʳʩ. ʪ ʫ.ʪ ʢ 2027 ʛ.: 

 - ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʊʕʈ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʂʈ; 

 - ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ; 

 - ʨʘʟʨʘʙʦʪʢʘ ʅʇɸ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʚ ʩʬʝʨʝ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ; 

 - ʧʦʚʳʰʝʥʠʝ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʚʩʝʭ ʢʘʪʝʛʦʨʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ; 

 - ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ.   

 3. ʈʘʟʚʠʪʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʯʠʩʪʳʭ ʊʕʈ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʜʦʣʠ ɺʀʕ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʫʨʦʚʥʝ ʥʝ ʤʝʥʝʝ 10 % ʢ 2027 ʛ.: 

 - ʛʘʟʠʬʠʢʘʮʠʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʧʝʨʝʚʦʜ ʢʦʪʝʣʴʥʳʭ ʥʘ ʙʦʣʝʝ ʯʠʩʪʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ 

ʠ ɺʀʕ; 

 - ʫʩʢʦʨʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʀʕ; 

 - ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. 

ʈʝʘʣʠʟʘʮʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʩʬʝʨʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʧʦʟʚʦʣʠʪ [2]: 

Á ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʭʦʜʳ ʦʪ ʵʢʩʧʦʨʪʘ ʊʕʈ, 

ʚʳʩʚʦʙʦʜʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ; 

Á ʦʙʝʩʧʝʯʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ; 

Á ʫʣʫʯʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʟʜʦʨʦʚʴʷ ʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ; 

Á ʩʦʭʨʘʥʠʪʴ ʧʨʠʨʦʜʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ  ʨʝʛʠʦʥʦʚ ʂʈ 

ʥʝʦʙʭʦʜʠʤʦ ʩʨʦʯʥʦ ʨʝʰʘʪʴ ʟʘ ʩʯʸʪ ʨʘʟʚʠʪʠʷ ɺʀʕ; ʧʨʦʚʝʜʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʧʦʣʠʪʠʢʠ 

ʤʘʣʦʟʘʪʨʘʪʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʟʜʘʥʠʡ ʠ ʞʠʣʳʭ ʜʦʤʦʚ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (ʇɻ); ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʪʦʧʠʪʝʣʴʥʳʭ ʢʦʪʝʣʴʥʳʭ ʠ ʩʦʟʜʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʜʨ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ. ɸʥʘʣʠʟ ʪʝʢʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ: 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʠʥʜʠʢʘʪʦʨʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʅʘʮʠʦʥʘʣʴʥʳʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʤʠʪʝʪ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ɹʠʰʢʝʢ, 2020 ʛ. 

2. ʅʘʮʠʦʥʘʣʴʥʘʷ  ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʂʈ ʥʘ ʧʝʨʠʦʜ ʜʦ 2035 ʛ. 
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3. ɼʦʢʣʘʜ (ʆʪʯʝʪ) USAID 2023 ʛ. 

4. ʅʘʮʠʦʥʘʣʴʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʤʠʪʝʪ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʆʪʜʝʣ ʩʪʘʪʠʩʪʠʢʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʢʠ |e-mail: a.mamanova@stat.kg | 

5. ʈʘʤʦʯʥʘʷ ʢʦʥʚʝʥʮʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ ʈʂʀʂ. 

6. ɼʦʢʣʘʜ ʇʈʆʆʅ ʧʦ ʆʅʋɺ. ʆʧʨʝʜʝʣʷʝʤʳʡ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʢʣʘʜ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠè ʚ ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ. 

7. ʇʨʦʛʨʘʤʤʘ çɺʥʝʜʨʝʥʠʝ ʧʦʣʠʪʠʢʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʥʘ 2023-2027 ʛʦʜʳè. 

 

ʋɼʂ 621.713.333: 500.272.28 

 

ɾʋʈɻתʅʏת ʊɸʐʋʋʏʋ ʃʀʌʊɽʈɼʀʅ ʕʃɽʂʊʈ ʂʓʁʄʓʃɻɸ ʂɽʃʊʀʈɻʀʏʊɽʈʀ 

 

ʅʫʨʙʝʢʦʚ ɹʝʢʩʫʣʪʘʥ ʅʫʨʙʝʢʦʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ 

ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-
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ʉʫʣʪʘʥʦʚ ɸʩʢʘʪ ɸʢʳʣʙʝʢʦʚʠʯ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ 

ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-mail: sultan11@gmail.com 

ɸʬʘʥʘʩʴʝʚ ɸʥʜʨʝʡ ɺʠʪʘʣʴʝʚʠʯ, ʙʘʢʘʣʘʚʨ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ 

ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-mail: 

afanasevandrej336@gmail.com 

ʀʣʠʤʠʡ ʞʝʪʝʢʯʠʩʠ: ɻʘʣʙʘʝʚ ɾʘʣʘʣʠʜʠʥ ʊʦʢʪʦʙʘʝʚʠʯ ʪ.ʠ.ʜ., ʧʨʦʬʝʩʩʦʨ ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ 

ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ 

ʧʨ. 66, e-mail: jalal1603@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɹʫʣ ʤʘʢʘʣʘʜʘ ʞװʨʛװʥʯװʣᴇʨʜװ ʪʘʰʫʫʯʫ ʣʠʬʪʪʝʨʜʠʥ ʵʣʝʢʪʨ ʢʳʡʤʳʣʛʘ 

ʢʝʣʪʠʨʛʠʯʪʝʨʠʥʠʥ ᴇʟʛᴇʯᴇʣװʢʪᴇʨװ, ʘʣʘʨʜʳʥ ʥʝʛʠʟʛʠ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ, ʠʰʪᴇᴇ 

ʧʨʠʥʮʠʧʪʝʨʠ, ʘʨ ʢʘʥʜʘʡ ʪʠʧʪʝʛʠ ʢʳʡʤʳʣʛʘ ʢʝʣʪʠʨʛʠʯʪʝʨʠʥʠʥ ʘʨʪʳʢʯʳʣʳʢʪʘʨʳ ʞʘʥʘ 

ʢʝʤʯʠʣʠʢʪʝʨʠ ʪʘʣʢʫʫʣʘʥʘʪ. ɿʘʤʘʥʙʘʧ ʣʠʬʪʪʝʨʜʝ ʢʦʣʜʦʥʫʣʫʫʯʫ ʵʣʝʢʪʨ 

ʢʳʡʤʳʣʜʘʪʢʳʯʪʘʨʳʥʳʥ ʩʘʣʳʰʪʳʨʤʘ ʤװʥᴇʟʜᴇʤᴇʣᴇʨװ ʢᴇʨʩᴇʪװʣװʧ, ʣʠʬʪ ʞʘʙʜʫʫʣʘʨʳʥʳʥ 

ʵʣʝʢʪʨ ʢʳʡʤʳʣʜʘʪʢʳʯʪʘʨʳʥ ʘʥʜʘʥ ʘʨʳ ᴇʥװʢʪװʨװװʥװʥ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ʢʘʨʘʣʘʪ. 

ʊװʡװʥʜװ ʩᴇʟʜᴇʨ: ʵʣʝʢʪʨ ʢʳʡʤʳʣʛʘ ʢʝʣʪʠʨʛʠʯʪʝʨ, ʣʠʬʪ, ʘʩʠʥʭʨʦʥʜʫʢ ʢʳʡʤʳʣʜʘʪʢʳʯ, 

ʞʳʰʪʳʢ ʞᴇʥʛᴇ ʩʘʣʫʫ, ʪʠʰʪװװ ʞʝʪʝʢ, ʪʠʰʩʠʟ ʞʝʪʝʢ, ʪʘʨʪʫʫ ʘʨʢʘʥ.  
 

ʕʃɽʂʊʈʆʇʈʀɺʆɼʓ ʇɸʉʉɸɾʀʈʉʂʀʍ ʃʀʌʊʆɺ 
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ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, 720044, ʛ. ɹʠʰʢʝʢ, ʧʨ. ʏ.ɸʡʪʤʘʪʦʚʘ 66, 

e-mail: almanbetovbeksultan@gmail.com 
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sultan11@gmail.com 
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ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, 720044, ʛ. ɹʠʰʢʝʢ, ʧʨ. ʏ.ɸʡʪʤʘʪʦʚʘ 66, e-mail: 

afanasevandrej336@gmail.com 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʣʠʬʪʦʚ, ʠʭ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʧʨʠʚʦʜʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʣʠʬʪʘʭ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʣʠʬʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʣʠʬʪ, ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʯʘʩʪʦʪʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, 

ʨʝʜʫʢʪʦʨʥʳʡ ʧʨʠʚʦʜ, ʙʝʟ ʨʝʜʫʢʪʦʨʥʳʡ ʧʨʠʚʦʜ, ʪʷʛʦʚʳʡ ʢʘʥʘʪ. 
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ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʘʩʩʘʞʠʨʩʢʠʝ ʣʠʬʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʠʥʞʝʥʝʨʥʳʝ 

ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ. ʆʪ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʷʪ 

ʥʘʜʸʞʥʦʩʪʴ ʨʘʙʦʪʳ, ʢʦʤʬʦʨʪʥʦʩʪʴ ʧʦʝʟʜʢʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʠʬʪʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʣʠʬʪʦʚ 
ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʥʝʜʨʝʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

          ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʶʪ: 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʦʟʚʨʘʱʘʪʴ ʵʥʝʨʛʠʶ ʚ ʩʝʪʴ. 

ɺʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʣʠʬʪʦʚ ʚ ʤʥʦʛʦʵʪʘʞʥʳʭ 

ʟʜʘʥʠʷʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ. 

ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʣʠʬʪʘ 
ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʣʠʬʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʜʣʷ 

ʧʨʠʚʝʜʝʥʠʷ ʣʠʬʪʘ ʚ ʜʚʠʞʝʥʠʝ. 
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ʈʝʜʫʢʪʦʨ (ʚ ʨʝʜʫʢʪʦʨʥʳʭ ʣʠʬʪʘʭ) ï ʩʥʠʞʘʝʪ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ. 

ʏʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ï ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

ʊʷʛʦʚʳʡ ʢʘʥʘʪ ï ʧʝʨʝʜʘʸʪ ʜʚʠʞʝʥʠʝ ʦʪ ʢʘʥʘʪʦʚʝʜʫʱʝʛʦ ʰʢʠʚʘ ʢ ʢʘʙʠʥʝ ʣʠʬʪʘ ʠ ʧʨʦʪʠʚʦʚʝʩʫ. 

ʉʠʩʪʝʤʘ ʪʦʨʤʦʞʝʥʠʷ ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʪʘʥʦʚʢʫ ʢʘʙʠʥʳ ʥʘ ʥʫʞʥʦʤ ʵʪʘʞʝ ʠ ʫʜʝʨʞʘʥʠʝ ʝʸ ʚ 

ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

1.2.ʕʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʣʠʬʪʦʚ  
          ɸɼ ʩ ʂɿ ʨʦʪʦʨʦʤ - ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ (ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʥʘ ʪʠʭʦʭʦʜʥʳʭ ʧʦʜʲʝʤʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʪ.ʢ. ʦʥʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʪʦʯʥʦʩʪʠ ʦʩʪʘʥʦʚʢʠ ʠ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ). 

*ɸʩʠʥʭʨʦʥʥʳʝ ʜʚʫʭʩʢʦʨʦʩʪʥʳʝ ʜʚʠʛʘʪʝʣʠ. 

*ɸʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʪʠʭʦʭʦʜʥʳʭ ʠ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ï 

ʙʳʩʪʨʦʭʦʜʥʳʭ ʣʠʬʪʘʭ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʩʝʪʠ, ʧʠʪʘʶʱʝʡ ʜʚʠʛʘʪʝʣʴ ʧʦʜʲʝʤʥʦʡ 

ʫʩʪʘʥʦʚʢʠ (ʜʦʧʫʩʢʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʦʪʫ ʚʢʣʶʯʝʥʠʡ). 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʣʠʬʪʦʚ ʧʦʣʫʯʠʣ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʜʚʫʭʩʢʦʨʦʩʪʥʳʤ ʣʠʬʪʦʚʳʤ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, 

ʦʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʣʠʬʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ.  

ʏʘʩʪʦ ʜʣʷ ʩʢʦʨʦʩʪʥʳʭ ʣʠʬʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ ʛʝʥʝʨʘʪʦʨ ï ʜʚʠʛʘʪʝʣʴ (ʜʦʨʦʛʘʷ ʠ ʩʣʦʞʥʘʷ ʚ 

ʥʘʣʘʜʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ). ʇʨʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʙʣʠʟʢʠʡ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʦ ʚʨʝʤʷ ʧʫʩʢʘ ʠ ʪʦʨʤʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʯʥʦʩʪʴ 

ʦʩʪʘʥʦʚʢʠ ʚ ʧʨʝʜʝʣʘʭ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

ɺʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʥʘ ʣʠʬʪʘʭ ʩʠʩʪʝʤʳ ʊʇ - ɼ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʯʪʠ 

ʪʦʯʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʟʘʢʦʥ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʣʠʬʪʘ  

ʊʘʙʣʠʮʘ 1. 

ʊʠʧʦʚʳʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

 

ʕʣʝʢʪʨʦʧʨʠʚʦʜ 

ɼʠʘʧʘʟʦʥ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʢʦʨʦʩʪʠ 

 

ʊʠʧ ʣʠʬʪʘ 
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ɸɼ ʩ ʂɿ 1:1 ʊʠʭʦʭʦʜʥʳʡ 

ɸɼ ʩ ʌʈ 1:1 ʊʠʭʦʭʦʜʥʳʡ 

ʕʇ ʧʦ ʩʠʩʪʝʤʝ 

ɻ-ɼ ʨʝʜʫʢʪʦʨʥʳʡ ʠʣʠ 

ʙʝʟʨʝʜʫʢʪʦʨʥʳʡ 

 

10:1 ʠ ʚʳʰʝ 

 

ʉʢʦʨʦʩʪʥʦʡ, 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʕʇ ʧʦ ʩʠʩʪʝʤʝ 

ʊʇ-ɼ ʨʝʜʫʢʪʦʨʥʳʡ ʠʣʠ 

ʙʝʟʨʝʜʫʢʨʦʪʥʳʡ 

 

10:1 ʠ ʚʳʰʝ 

 

 

ʉʢʦʨʦʩʪʥʦʡ, 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

 

2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʣʠʬʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ, ʧʝʨʝʜʘʚʘʝʤʫʶ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʘ ʪʷʛʦʚʳʡ 

ʤʝʭʘʥʠʟʤ. 

          ʇʫʩʢ ʣʠʬʪʘ: ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʩʠʛʥʘʣ ʦʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʯʠʥʘʝʪ 

ʚʨʘʱʝʥʠʝ, ʧʝʨʝʜʘʚʘʷ ʜʚʠʞʝʥʠʝ ʢʘʥʘʪʦʚʝʜʫʱʝʤʫ ʰʢʠʚʫ. 

          ɼʚʠʞʝʥʠʝ ʣʠʬʪʘ: ʂʘʙʠʥʘ ʜʚʠʞʝʪʩʷ ʚʚʝʨʭ ʠʣʠ ʚʥʠʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʧʨʠ ʵʪʦʤ ʧʨʦʪʠʚʦʚʝʩ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪ ʥʘʛʨʫʟʢʫ. 

ʆʩʪʘʥʦʚʢʘ ʠ ʪʦʨʤʦʞʝʥʠʝ: ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʟʘʤʝʜʣʷʝʪ ʦʙʦʨʦʪʳ, ʘ ʩʠʩʪʝʤʘ ʪʦʨʤʦʞʝʥʠʷ 

ʬʠʢʩʠʨʫʝʪ ʢʘʙʠʥʫ ʥʘ ʥʫʞʥʦʤ ʵʪʘʞʝ. 

4. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

ʊʘʙʣʠʮʘ 2.  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʠʧʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

ʇʘʨʘʤʝʪʨ ʈʝʜʫʢʪʦʨʥʳʡ ʧʨʠʚʦʜ ɹʝʟʨʝʜʫʢʪʦʨʥʳʡ ʧʨʠʚʦʜ 

ʂʇɼ ʅʠʞʝ (ʦʢʦʣʦ 80%) ɺʠʰʝ (ʜʦ 95%) 

ʐʫʤ ʉʨʝʜʥʠʡ ʅʠʟʢʠʡ 

ɻʘʙʘʨʠʪʳ ʂʦʤʧʘʢʪʥʳʝ ʊʨʝʙʫʝʪ ʙʦʣʴʰʝ ʤʝʩʪʘ 

ʊʦʯʥʦʩʪʴ ʦʩʪʘʥʦʚʢʠ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ɺʳʰʝ ʅʠʞʝ ʥʘ 30% 

ʉʪʦʠʤʦʩʪʴ 

ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʉʨʝʜʥʷʷ ʅʠʞʝ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʜʫʢʪʦʨʥʦʛʦ ʧʨʠʚʦʜʘ: 
           ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʤʦʥʪʘ. 

           ʇʦʜʭʦʜʠʪ ʜʣʷ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʩʢʦʨʦʩʪʥʳʭ ʣʠʬʪʦʚ. 

           ɼʦʩʪʫʧʥʘʷ ʩʪʦʠʤʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ ʨʝʜʫʢʪʦʨʥʦʛʦ ʧʨʠʚʦʜʘ: 
ɹʦʣʝʝ ʥʠʟʢʠʡ ʂʇɼ. 

          ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ. 

          ʊʨʝʙʫʝʪʩʷ ʨʝʛʫʣʷʨʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʨʝʜʫʢʪʦʨʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʙʝʟʨʝʜʫʢʪʦʨʥʦʛʦ ʧʨʠʚʦʜʘ: 
ɺʳʩʦʢʠʡ ʂʇɼ, ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

          ɹʝʩʰʫʤʥʘʷ ʨʘʙʦʪʘ. 

          ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʩʪʘʥʦʚʢʠ. 

ʅʝʜʦʩʪʘʪʢʠ ʙʝʟʨʝʜʫʢʪʦʨʥʦʛʦ ʧʨʠʚʦʜʘ: 
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ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

          ʊʨʝʙʫʝʪ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

          ɹʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʜʚʠʛʘʪʝʣʷ. 

5. ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 
ɼʣʷ ʨʘʩʯʸʪʘ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʣʠʬʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʬʦʨʤʫʣʳ: 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ: 

 

     (1)  

 

 

 

P ï ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ (ʢɺʪ), 

F ï ʫʩʠʣʠʝ ʥʘ ʢʘʥʘʪʦʚʝʜʫʱʝʤ ʰʢʠʚʝ (ʅ), 

v ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʘʙʠʥʳ (ʤ/ʩ), 

ɖ ï ʂʇɼ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʋʩʠʣʠʝ ʥʘ ʢʘʥʘʪʦʚʝʜʫʱʝʤ ʰʢʠʚʝ: 

          (2) 

ʛʜʝ: 

Gʥ ï ʚʝʩ ʥʦʤʠʥʘʣʴʥʦʛʦ ʛʨʫʟʘ (ʅ), 

Gʧï ʚʝʩ ʧʨʦʪʠʚʦʚʝʩʘ (ʅ), 

Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ. 

 

 

ɿʘʢʣʶʯʝʥʠʝ 
ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʣʠʬʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʳʙʦʨ ʤʝʞʜʫ 

ʨʝʜʫʢʪʦʨʥʳʤ ʠ ʙʝʟʨʝʜʫʢʪʦʨʥʳʤ ʧʨʠʚʦʜʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. ɺ ʙʫʜʫʱʝʤ ʦʞʠʜʘʝʪʩʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ, ʯʪʦ ʩʜʝʣʘʝʪ 

ʣʠʬʪʳ ʝʱʸ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤʠ ʠ ʥʘʜʸʞʥʳʤʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
 

ɻʨʝʢʦʚ ʕ.ʃ., ʂʫʚʰʠʥʦʚ ɸ.ɸ., ɻʫʩʘʨʦʚ ɸ.ɸ. çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʣʠʬʪʘè. ï ʆʨʝʥʙʫʨʛ, 2012. 

ɻʆʉʊ 5746-2003. ʃʠʬʪʳ ʧʘʩʩʘʞʠʨʩʢʠʝ ʠ ʛʨʫʟʦʚʳʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʣʠʬʪʦʚʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤ. 

https://www.liftspas.ru/read/2/69-reguliruemyj-liftovyj -privod-postoyannogo-toka.html 

ɺʦʣʴʜʝʢ, ɸ.ʀ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ [ʊʝʢʩʪ] ʋʯʝʙʥʠʢ/ ɸ.ʀ. ɺʦʣʴʜʝʢ. - ʃ.: ʕʥʝʨʛʠʷ, 1978. -109 

ʩ. 

ɻʫʨʠʥ, ʗ.ʉ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʝʨʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ [ʊʝʢʩʪ] ʋʯʝʙʥʠʢ / ʗ.ʉ. ɻʫʨʠʥ, ɹ.ʅ. 

ʂʫʟʥʝʮʦʚ. ï ʄ.: ʕʥʝʨʛʠʷ,1980-480 ʩ. 

ʂʘʮʤʘʥ, ʄ.ʄ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ [ʊʝʢʩʪ] ʋʯʝʙʥʠʢ/ ʄ.ʄ. ʂʘʮʤʘʥ. - ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ. 

1990. -666 ʩ. 

ʂʦʧʳʣʦʚ, ʀ.ʇ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ [ʊʝʢʩʪ] ʋʯʝʙʥʠʢ/ ʀ.ʇ. ʂʦʧʳʣʦʚ. -  ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 

1986. -512 ʩ. 

https://www.liftspas.ru/read/2/69-reguliruemyj-liftovyj-privod-postoyannogo-toka.html
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ʋɼʂ 004.896: 621.313.333  

 

ɸɺʊʆʄɸʊʊʓʂ ʉʀʉʊɽʄɸʃɸʈ ʋʏʋʅ ʕʃɽʂʊʈ ʄʀʂʈʂʓʁʄʓʃɼɸʊʂʓʏ 

 

ɹʘʢʘʩʙʝʢʦʚ ʊʘʡʣʘʢ ɹʘʢʘʩʙʝʢʦʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ 

ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-

mail: tbakasbekov.bt@gmail.com 

ɸʩʘʥʘʣʠʝʚ ɹʘʢʳʪ ʕʨʤʝʢʦʚʠʯ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ 

ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-mail: 

bakytasanaliev.123@gmail.com 

ʉʘʠʜʦʚ ʂʝʥʞʝʙʝʢ ʋʢʪʘʤʦʚʠʯ, ʙʘʢʘʣʘʚʨ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ 

ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-mail: 

saidovv02@icloud.com 

ʀʣʠʤʠʡ ʞʝʪʝʢʯʠʣʝʨʠ: ɻʫʥʠʥʘ ʄʠʣʘʥʘ ɻʝʥʥʘʜʴʝʚʥʘ ʪ.ʠ.ʢ., ʜʦʮ. ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ 

ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ 

ʧʨ. 66, e-mail: mg_gunina@mail.ru 

ʋʤʝʪʘʣʠʝʚ ʉʘʤʘʪ ɼʫʡʰʝʥʘʣʳʝʚʠʯ ʫʣʫʢ ʦʢʫʪʫʫʯʫ ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ 

ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-

mail: samat_akilov@mail.ru 

 

ɸʥʦʪʘʮʠʷ. ɹʫʣ ʤʘʢʘʣʘʜʘ ʵʣʝʢʪʨ ʤʠʢʨʦʢʳʡʤʳʣʜʘʪʢʳʯʪʘʨʜʳ, ʘʣʘʨʜʳʥ ʢʦʥʩʪʨʫʢʮʠʷʩʳ, 

ʠʰʪᴇᴇ ʧʨʠʥʮʠʧʪʝʨʠ ʞʘʥʘ ʘʨ ʢʘʥʜʘʡ ʪʘʨʤʘʢʪʘʨʜʘ ʢʦʣʜʦʥʫʣʫʰʫ ʪʘʣʢʫʫʣʘʥʘʪ. 

ʄʠʢʨʦʢʳʡʤʳʣʜʘʪʢʳʯʪʘʨʜʳ ʧʨʦʮʝʩʩʪʝʨʜʠ ʘʚʪʦʤʘʪʪʘʰʪʳʨʫʫʜʘ, ʨʦʙʦʪʦʪʝʭʥʠʢʘʜʘ, ʤʝʜʠʮʠʥʘʣʳʢ 

ʞʘʙʜʫʫʣʘʨʜʘ ʞʘʥʘ ʪʠʨʠʯʠʣʠʢ ʪʝʭʥʠʢʘʩʳʥʜʘ ʥʝʛʠʟʛʠ ʨʦʣʜʫ ʦʡʥʦʡʪ. 

ʄʠʢʨʦʢʳʡʤʳʣʜʘʪʢʳʯʪʘʨʜʳʥ ʥʝʛʠʟʛʠ ʪװʨʣᴇʨװ, ʘʥʳʥ ʠʯʠʥʜʝ ʘʩʠʥʭʨʦʥʜʫʫ, ʱʝʪʢʘʣʫʫ ʞʘʥʘ 

ʱʝʪʢʘʩʳʟ, ʦʰʦʥʜʦʡ ʵʣʝ ʘʣʘʨʜʳʥ ʘʨʪʳʢʯʳʣʳʢʪʘʨʳ: ʢʦʤʧʘʢʪʪʫʫʣʫʢ, ʞʦʛʦʨʢʫ ʪʘʢʪʳʢ ʞʘʥʘ 

ʵʥʝʨʛʠʷʥʳʥ ʥʘʪʳʡʞʘʣʫʫʣʫʛʫ ʩװʨᴇʪʪᴇʣᴇʪ. ʄʠʢʨʦʤʦʪʦʨʣʦʨʜʫ ʘʚʪʦʤʘʪʪʘʰʪʳʨʫʫ ʩʠʩʪʝʤʘʣʘʨʳʥʜʘ 

ʞʘʥʘ ʨʦʙʦʪʦʪʝʭʥʠʢʘʜʘ ʢʦʣʜʦʥʫʫʛʘ ᴇʟʛᴇʯᴇ ʢᴇװשʣ ʙʫʨʫʣʘʪ, ʤʳʥʜʘ ʘʣʘʨʜʳʥ ʢʠʯʠʥʝʢʝʡ ᴇʣʯᴇʤװ 

ʞʘʥʘ ʙʘʰʢʘʨʫʫʥʫʥ ʪʘʢʪʳʛʳ ᴇʪᴇ ʤʘʘʥʠʣװװ. 

ʊװʡװʥʜװ ʩᴇʟʜᴇʨ: ʕʣʝʢʪʨ ʤʠʢʨʦʢʳʡʤʳʣʜʘʪʢʳʯʪʘʨ, ʘʚʪʦʤʘʪʠʢʘ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, 

ʘʩʠʥʭʨʦʥʜʫʢ ʢʳʡʤʳʣʜʘʪʢʳʯʪʘʨ, ʱʝʪʢʘʩʳʟ ʢʳʡʤʳʣʜʘʪʢʳʯʪʘʨ, ʘʟ ʢʫʙʘʪʪʫʫʣʫʢ, ʵʥʝʨʛʠʷʥʳ 
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ʋʤʝʪʘʣʠʝʚ ʉʘʤʘʪ ɼʫʡʰʝʥʘʣʳʝʚʠʯ ʩʪ. ʧʨʝʧ ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
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ɸʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʠʢʨʦʜʚʠʛʘʪʝʣʠ, ʠʭ 

ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ʄʠʢʨʦʜʚʠʛʘʪʝʣʠ ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʩʢʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʤʠʢʨʦʜʚʠʛʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ 

ʘʩʠʥʭʨʦʥʥʳʝ, ʱʝʪʦʯʥʳʝ ʠ ʙʝʩʱʝʪʦʯʥʳʝ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʢʦʤʧʘʢʪʥʦʩʪʴ, ʚʳʩʦʢʘʷ 

ʪʦʯʥʦʩʪʴ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʠʤʝʥʝʥʠʶ ʤʠʢʨʦʜʚʠʛʘʪʝʣʝʡ ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʛʜʝ ʠʭ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʠ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʶʪ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʠʢʨʦʜʚʠʛʘʪʝʣʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, 
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Abstract. The article discusses electric micromotors, their design, operating principles, and 

application in various industries. Micromotors play a key role in the automation of technological 

processes, robotics, medical equipment, and household appliances. The main types of micromotors are 
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ɺʚʝʜʝʥʠʝ. ʕʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʘʰʠʥʘʤʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ(ʕʄʄʄ) ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ 

ʤʘʰʠʥʳ, ʤʦʱʥʦʩʪʠ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʜʦʣʝʡ ʚʘʪʪʘ ʜʦ500ï800 ɺʪ.  

ʅʝʨʝʜʢʦ ʠʭ ʥʘʟʳʚʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʠʢʨʦʤʘʰʠʥʘʤʠ. ʕʪʠ ʤʘʰʠʥʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʙʳʪʫ ʠ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʝ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʚʥʝʜʨʝʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʠ ʪʝʣʝʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʠʢʨʦʤʘʰʠʥ ʧʦʩʣʫʞʠʣʦ ʪʦʣʯʢʦʤ ʢ ʪʦʤʫ, ʯʪʦ ʤʠʢʨʦ 

ʵʣʝʢʪʨʦʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʧʨʝʚʨʘʪʠʣʦʩʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʳʧʫʩʢʘʶʱʫʶ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʦʥʦʚ ʰʪʫʢ ʤʠʢʨʦʤʘʰʠʥ ʚ ʛʦʜ 

ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʩʪʦʠʤʦʩʪʴ ʪʫʨʙʦ- ʠ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʦʚ, ʚʤʝʩʪʝ ʚʟʷʪʳʭ.  
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʕʄʄʄ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ:  

1) ʕʄʄʄ ʦʙʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ;  

2) ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʠʢʨʦʤʘʰʠʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ;  

3) ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʠʢʨʦʤʘʰʠʥʳ ʛʠʜʨʦʧʨʠʙʦʨʦʚ;  

 

ʕʄʄʄ ʦʙʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʚʠʛʘʪʝʣʠ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʩʥʦʚʥʦʤ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʙʳʪʦʚʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (ʨʠʩ..1).  

 

ʂ ʤʠʢʨʦʜʚʠʛʘʪʝʣʷʤ ʦʙʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʝ ʞʝ ʪʨʝʙʦʚʘʥʠʷ, ʯʪʦ ʠ ʢ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʰʠʥʘʤ ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ʆʥʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ï ʂʇɼ ʠ cosű. 

 
ʈʠʩ.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʦʙʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

 

ʆʜʥʘʢʦ ʧʨʠ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʥʠʞʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʙʦʣʝʝ ʞʝʩʪʢʦ ʩʪʘʚʠʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʂ ʵʪʠʤ ʜʚʠʛʘʪʝʣʷʤ ʠʥʦʛʜʘ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʘʙʘʨʠʪʦʚ ʠ ʤʘʩʩʳ, ʪʘʢ ʢʘʢ ʠʭ ʚʳʧʦʣʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʩʣʦʞʥʷʝʪ ʪʝʭʥʦʣʦʛʠʶ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʤʘʰʠʥʳ.  

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʕʄʄʄ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʧʦʜʛʨʫʧʧʳ (ʨʠʩ. .2): ʘ) ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʤʠʢʨʦʤʘʰʠʥʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʩʠʣʦʚʳʝ ʬʫʥʢʮʠʠ (. ʨʠʩ. .2); ʙ) ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʤʠʢʨʦʤʘʰʠʥʳ (. ʨʠʩ. .2). ʉʠʣʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʠʢʨʦʤʘʰʠʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʥʜʠʢʘʪʦʨʥʳʝ ʩʝʣʴʩʠʥʳ - ʜʘʪʯʠʢʠ ʠ ʩʝʣʴʩʠʥʳ - ʧʨʠʝʤʥʠʢʠ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʠ 

ʤʦʤʝʥʪʥʳʝ ʜʚʠʛʘʪʝʣʠ. ʄʘʰʠʥʳ ʵʪʦʡ ʧʦʜʛʨʫʧʧʳ ʧʨʝʦʙʨʘʟʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʠ ʜʦʣʞʥʳ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʪʴ ʪʨʝʙʫʝʤʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʂ ʥʠʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ.  

ʊʘʢ, ʠʥʜʠʢʘʪʦʨʥʳʝ ʩʝʣʴʩʠʥʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ; ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʪʨʝʙʫʝʤʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 
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ʥʘʜʣʝʞʘʱʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʪʨʦʛʘʥʠʷ; 

ʤʦʤʝʥʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʙʦʣʴʰʠʤ ʫʜʝʣʴʥʳʤ ʚʳʭʦʜʥʳʤ ʤʦʤʝʥʪʦʤ, ʪ.ʝ. 

ʤʦʤʝʥʪʦʤ ʥʘ ʝʜʠʥʠʮʫ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʠ ʣʠʥʝʡʥʦʡ ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʤʦʤʝʥʪʘ. 

 

 
ʈʠʩ.2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʠʢʨʦʤʘʰʠʥ ʘʚʪʦʤʘʪʠʢʠ. 

 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ï ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. ʕʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʪʘʢ ʜʘʣʝʝ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʫʩʪʨʦʡʩʪʚʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʝʛʦ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ, ʚʠʜʳ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʦ 

ʪʦʤ, ʛʜʝ ʧʨʠʤʝʥʷʶʪʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ. 

ʈʠʩ. 3 ʋʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʠʢʨʦʜʚʠʛʘʪʝʣʷ 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʤʠʢʨʦʜʚʠʛʘʪʝʣʷ ʧʨʦʩʪʘ, ʥʦ ʧʨʦʜʫʤʘʥʘ ʜʦ ʤʝʣʦʯʝʡ. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ï 

ʵʪʦ ʨʦʪʦʨ, ʢʦʪʦʨʳʡ ʚʨʘʱʘʝʪʩʷ, ʠ ʩʪʘʪʦʨ, ʩʦʟʜʘʶʱʠʡ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɺʩʸ ʵʪʦ ʟʘʢʣʶʯʝʥʦ ʚ 

ʧʨʦʯʥʳʡ ʢʦʨʧʫʩ, ʘ ʧʠʪʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʯʝʨʝʟ ʧʨʦʚʦʜʘ ʠʣʠ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ. ʅʘʧʨʠʤʝʨ, ʚ ʰʘʛʦʚʦʤ ʜʚʠʛʘʪʝʣʝ ʨʦʪʦʨ ʜʚʠʞʝʪʩʷ ʧʦʰʘʛʦʚʦ ʙʣʘʛʦʜʘʨʷ 
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ʠʤʧʫʣʴʩʘʤ ʪʦʢʘ ʚ ʦʙʤʦʪʢʘʭ ï ʵʪʦ ʠʜʝʘʣʴʥʦ ʜʣʷ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɹʝʩʱʝʪʦʯʥʳʝ 

ʜʚʠʛʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʙʝʟ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʱʝʪʦʢ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʩʨʦʢ ʩʣʫʞʙʳ. ɸ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʩʧʦʣʴʟʫʶʪ ʚʠʙʨʘʮʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦʙʳ ʜʚʠʛʘʪʴʩʷ ï ʵʪʦ ʫʞʝ 

ʧʦʯʪʠ ʬʘʥʪʘʩʪʠʢʘ 

ɺʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʢʨʦʜʚʠʛʘʪʝʣʝʡ ï ʵʪʦ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʩʢʦʨʦʩʪʴ ʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʀʥʞʝʥʝʨʳ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʶʪ ʥʘʜ ʪʝʤ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʠʭ ʤʦʱʥʝʝ ʠ 

ʵʬʬʝʢʪʠʚʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʘʣʳʝ ʨʘʟʤʝʨʳ. 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʩʠʥʭʨʦʥʥʳʭ ʤʠʢʨʦʜʚʠʛʘʪʝʣʝʡ 

ɸʩʠʥʭʨʦʥʥʳʝ ʤʠʢʨʦʜʚʠʛʘʪʝʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ. ʆʥʠ 

ʙʳʚʘʶʪ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ. ɼʚʫʭʬʘʟʥʳʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʦ ʜʦ 

ʢʨʫʛʦʚʦʛʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʠʪʘʥʠʠ. ɺ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʢʘʢ ʩʠʣʦʚʳʝ, 

ʪʘʢ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʧʨʘʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘʤʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

ʕʪʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʪʠʧ ʤʠʢʨʦʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʦʜʘʝʪʩʷ ʥʘ 

ʨʦʪʦʨ ʯʝʨʝʟ ʱʝʪʢʠ. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ: 

 
ʈʠʩ. 4. ʂʦʥʩʪʨʫʢʮʠʷ ʤʠʢʨʦʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

 

ʂʦʨʧʫʩ ð ʥʝʩʫʱʘʷ ʯʘʩʪʴ. ɺʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʥʘʨʫʞʥʦʡ ʦʙʦʣʦʯʢʠ, ʢʦʪʦʨʘʷ ʟʘʱʠʱʘʝʪ 

ʤʠʢʨʦʜʚʠʛʘʪʝʣʴ ʦʪ ʛʨʷʟʠ, ʚʣʘʛʠ, ʧʳʣʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʈʦʪʦʨ (ʷʢʦʨʴ) ð ʚʨʘʱʘʶʱʘʷʩʷ ʯʘʩʪʴ, ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ. 

ʉʪʘʪʦʨ ð ʥʝʧʦʜʚʠʞʥʘʷ ʯʘʩʪʴ, ʩʦʟʜʘʶʱʘʷ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʄʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥ ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʪʘʢ ʠ ʩ ʦʙʤʦʪʢʦʡ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʂʦʣʣʝʢʪʦʨ (ʢʦʤʤʫʪʘʪʦʨ) ð ʥʘʙʦʨ ʧʣʘʩʪʠʥ ʠʟ ʤʝʪʘʣʣʘ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ. ʏʝʨʝʟ ʥʠʭ ʪʦʢ 

ʧʦʧʘʜʘʝʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʙʤʦʪʢʫ, ʧʦʟʚʦʣʷʷ ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ. 

ʑʝʪʢʠ ð ʢʦʥʪʘʢʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʝʨʝʜʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ. 

ɺʳʧʦʣʥʷʶʪʩʷ ʠʟ ʛʨʘʬʠʪʘ ʠʣʠ ʤʝʪʘʣʣʘ 

ɻʜʝ ʠʩʧʦʣʴʟʫʶʪ ʤʠʢʨʦʜʚʠʛʘʪʝʣʠ 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ɺ ʩʠʩʪʝʤʘʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʠʢʨʦʜʚʠʛʘʪʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʙʦʨʦʯʥʳʭ ʣʠʥʠʷʭ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʦʯʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʘʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ ʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 
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ʤʘʪʝʨʠʘʣʦʚ. ɼʚʠʛʘʪʝʣʠ ʚʩʪʨʘʠʚʘʶʪ ʚ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʈʘʙʦʪʦʪʝʭʥʠʢʘ 

ʄʠʢʨʦʜʚʠʛʘʪʝʣʠ ʦʪʚʝʯʘʶʪ ʟʘ ʧʣʘʚʥʳʝ ʠ ʪʦʯʥʳʝ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʦʚ. ʂʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ 

ʜʚʠʛʘʪʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʣʝʛʢʠʝ ʠ ʤʦʙʠʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ð ʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʄʝʜʠʮʠʥʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʄʠʢʨʦʜʚʠʛʘʪʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʚʠʜʘʭ ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʠʢʠ: ʦʪ ʭʠʨʫʨʛʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʦ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʣʝʛʢʠʭ, ʧʨʦʪʝʟʘʭ, ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʨʦʙʦʪʘʭ ʠ ʩʣʦʞʥʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ 

ʂʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʣʳʡ ʚʝʩ 

ʆʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʠʢʨʦʜʚʠʛʘʪʝʣʝʡ ð ʢʦʤʧʘʢʪʥʦʩʪʴ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ 

ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʤʝʩʪʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʛʜʝ ʧʨʠʤʝʥʝʥʠʝ ʦʙʳʯʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʥʝʚʦʟʤʦʞʥʦ. ʄʠʢʨʦʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʚʘʞʝʥ ʢʘʞʜʳʡ 

ʛʨʘʤʤ ʥʘʛʨʫʟʢʠ, ʥʘʧʨʠʤʝʨ, ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʄʠʥʠʤʘʣʴʥʳʝ 

ʨʘʟʤʝʨʳ ʥʝ ʩʥʠʞʘʶʪ ʤʦʱʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ, ʧʦʟʚʦʣʷʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʣʝʛʢʠʝ, 

ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʴ 

ʂʦʤʧʘʢʪʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʨʘʟʣʠʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʘʭ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʄʥʦʛʠʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʜʚʠʛʘʪʝʣʝʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʜʚʠʛʘʪʝʣʝʡ ʦʧʪʠʤʘʣʴʥʦ ʚ ʤʠʢʨʦʭʠʨʫʨʛʠʠ, ʫʧʨʘʚʣʝʥʠʠ 

ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʠʢʨʦʜʚʠʛʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʦʤʧʘʢʪʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʥʠ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʠ ʤʝʜʠʮʠʥʝ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʥʘʜʝʞʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʈʘʟʚʠʪʠʝ 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʠʭ ʟʥʘʯʠʤʦʩʪʴ, ʘ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʠʧʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ. ɺ ʠʪʦʛʝ, 

ʕʄʄʄ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʛʨʝʩʩʫ, ʧʦʚʳʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʠʥʥʦʚʘʮʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɸʢʳʨʢʳ ʫʙʘʢʪʘ ʂʳʨʛʳʟʩʪʘʥʜʳʥ ʵʥʝʨʛʝʪʠʢʘ ʪʘʨʤʘʛʳʥʜʘʛʳ ʘʙʘʣ ʥʘʯʘʨʣʘʧ, 

ʞʝʨʛʠʣʠʢʪװװ ʢʘʣʢ װʯװʥ ʵʥʝʨʛʠʷʥʳʥ ʦʣʫʪʪʫʫ ʪʘʨʪʳʰʪʳʛʳʥʘ ʘʣʳʧ ʢʝʣʜʠ. 

ᴆʣʢᴇʥװʥ ʵʥʝʨʛʠʷʛʘ ʙʦʣʛʦʥ ʤʫʢʪʘʞʜʳʛʳ ʩʫʫ ʨʝʩʫʨʩʪʘʨʳʥʘʥ ʢᴇʟ ʢʘʨʘʥʜʳ. ɸʢʳʨʢʳ 

ʞʳʣʜʘʨʜʘ ʵʩʢʠʨʛʝʥ ʞʘʥʘ ʘʨʘש ʠʰʪʝʧ ʞʘʪʢʘʥ ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʙʠʨ ʢʘʪʘʨ 

ʵʢʦʣʦʛʠʷʣʳʢ ʢᴇʡʛᴇʡʣᴇʨʛᴇ, ʘʪʘʧ ʘʡʪʢʘʥʜʘ, ʞʘʡʜʳʥ ʢʫʨʛʘʢʯʳʣ ʮʠʢʣʠʥʝ ʞʘʥʘ ʢʳʰʪʳʥ 

ʢʘʪʘʘʣʜʳʛʳʥʘ ʜʫʫʰʘʨ ʙʦʣʜʫ, ʙʫʣ ʵʥʝʨʛʠʷʥʳ ᴇʥʜװʨװװ ʞʘʥʘ ʢʘʤʩʳʟʜʦʦ ʩʝʢʪʦʨʫʥʫʥ ʘʥʩʳʟ ʜʘ ʦʦʨ 

ʘʙʘʣʳʥ ʦʛʦ ʙʝʪʝʨ ʢʫʨʯʫʪʪʫ. ʕʥʝʨʛʠʷ ʞʝʪʠʰʩʠʟʜʠʛʠʥʠʥ ʢʝʩʝʧʝʪʪʝʨʠ ʦʣʫʪʪʫʫ ʞʘʥʘ ʘʣʙʝʪʪʝ, 

ʢʝשʠʨʠ ʘʡʤʘʢʢʘ ʪʘʨʘʡʪ. ʂʳʨʛʳʟʩʪʘʥʜʳʥ ʵʢʦʥʦʤʠʢʘʩʳ ʪʦʢʪʦʧ, ʩʦʮʠʘʣʜʳʢ-ʩʘʷʩʠʡ ʤʘʘʥʠʣװװ 

ᴇʟʛᴇʨװװʣᴇʨʛᴇ ʜʫʫʰʘʨ ʙʦʣʜʫ. ɹʘʰʢʘ ʢᴇʡʛᴇʡʣᴇʨ ʤʝʥʝʥ ʢʘʪʘʨ, ʢװʯᴇʧ ʙʘʨʘʪʢʘʥ ʵʥʝʨʛʝʪʠʢʘʣʳʢ 

ʢʨʠʟʠʩ ʘʡʤʘʢʪʘʛʳ ʘʟʳʢ-ʪװʣװʢ ʢʦʦʧʩʫʟʜʫʛʫʥʘ ʢʦʨʢʫʥʫʯ ʪʫʫʜʫʨʘʪ, ʙʫʣ ᴇʟ ʢʝʟʝʛʠʥʜʝ ʢʦʦʤʜʫʥ 

ʘʥʩʳʟ ʜʘ ʪʳʥʯʳ ʞʦʢ ʢʘʪʤʘʨʣʘʨʳʥʳʥ ʥʘʘʨʘʟʳʣʳʛʳʥ ʢװʯᴇʪװʰװ ʤװʤʢװʥ. 

ʊװʡװʥʜװװ ʩᴇʟʜᴇʨ: ʊʦʢʪʦʛʫʣ ʩʫʫ ʩʘʢʪʘʛʳʯʳ, ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳʥ ʠʤʧʦʨʪʫ, ʅʘʨʳʥ 

ʜʘʨʳʷʩʳʥʳʥ ʘʛʳʧ ʢʠʨʠʰʠ, ʵʥʝʨʛʝʪʠʢʘ ʩʠʩʪʝʤʘʩʳ, ʵʥʝʨʛʝʪʠʢʘ ʪʘʨʤʘʛʳʥʜʘʛʳ ʢʨʠʟʠʩʪʠʢ 

ʢʳʨʜʘʘʣ, ʂʘʤʙʘʨʘʪʠʥ ɻʕʉʠ, ʅʘʨʳʥ ʜʘʨʳʷʩʳʥʳʥ ʩʫʫʩʫ ʘʟ, ʩʫʫ ʨʝʩʫʨʩʪʘʨʳ, ʢװʥ ʵʣʝʢʪʨ 

ʩʪʘʥʮʠʷʩʳ, ʠʥʚʝʨʪʦʨ, ʢװʥ ʤʦʜʫʣʜʘʨʳ, ʪʫʨʫʢʪʫʫ ʪʦʢ, ᴇʟʛᴇʨʤᴇ ʪʦʢ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ. 

 

 WAYS TO OVERCOME THE CRISIS SITUATION IN THE ENERGY 

INDUSTRY OF THE KYRGYZ REPUBLIC  

 

Annotation. Recently, the situation in the energy sector of Kyrgyzstan has been deteriorating, 

leading to a significant energy deficit for the local population. The country's energy needs are highly 

dependent on water resources. In recent years, the outdated and barely functioning energy 

infrastructure has faced a number of environmental challenges, in particular a cycle of dry summers 

and harsh winters, which have exacerbated the already disastrous state of the energy production and 

supply sector. The consequences of energy shortages are serious and undoubtedly extend to the wider 

region. Kyrgyzstanôs economy is stagnant and has undergone significant social and political changes. 

Among other problems, the unfolding energy crisis threatens food security in the region, which in turn 

could increase discontent in already restive sections of society. 
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ʇʋʊʀ ɺʓʍʆɼɸ ʀɿ ʂʈʀɿʀʉʅʆʁ ʉʀʊʋɸʎʀʀ ɺ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄɽ 

ʂʓʈɻʓɿʉʂʆʁ ʈɽʉʇʋɹʃʀʂʀ 

 

ɸʥʥʦʪʘʮʠʷ.  ʉ ʥʝʜʘʚʥʠʭ ʧʦʨ ʧʦʣʦʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʂʳʨʛʳʟʩʪʘʥʘ  

ʫʭʫʜʰʘʝʪʩʷ ʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʝʬʠʮʠʪ ʵʥʝʨʛʠʠ ʜʣʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʨʘʥʳ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʫʩʪʘʨʝʚʰʘʷ ʠ ʝʜʚʘ ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʨʷʜʦʤ 

ʧʨʦʙʣʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʮʠʢʣʦʤ ʟʘʩʫʰʣʠʚʳʭ ʣʝʪ ʠ ʩʫʨʦʚʳʭ ʟʠʤ, ʢʦʪʦʨʳʝ 

ʦʩʣʦʞʥʠʣʠ ʠ ʙʝʟ ʪʦʛʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʩʪʘʚʢʠ ʵʥʝʨʛʠʠ. 

ʇʦʩʣʝʜʩʪʚʠʷ ʜʝʬʠʮʠʪʘ ʵʥʝʨʛʠʠ ï ʩʝʨʴʝʟʥʳʝ ʠ ʥʝʩʦʤʥʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʙʦʣʝʝ ʰʠʨʦʢʠʡ 

ʨʝʛʠʦʥ. ʕʢʦʥʦʤʠʢʘ ʂʳʨʛʳʟʩʪʘʥʘ  ʧʝʨʝʞʠʚʘʶʪ ʟʘʩʪʦʡ, ʠ ʧʝʨʝʞʠʣ ʚʘʞʥʳʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʠ 

ʧʦʣʠʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʉʨʝʜʠ ʧʨʦʯʠʭ ʧʨʦʙʣʝʤ ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʡʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ 

ʫʛʨʦʞʘʝʪ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʫʨʦʚʝʥʴ ʥʝʜʦʚʦʣʴʩʪʚʘ ʠ ʙʝʟ ʪʦʛʦ ʥʝʩʧʦʢʦʡʥʳʭ ʩʣʦʷʭ ʦʙʱʝʩʪʚʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʦʢʪʦʛʫʣʴʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʠʤʧʦʨʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʠʪʦʯʥʦʩʪʴ 

ʨʝʢʠ ʅʘʨʳʥ, ʵʥʝʨʛʦʩʠʩʪʝʤʘ, ʢʨʠʟʠʩʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʵʥʝʨʛʝʪʠʢʝ, ʂʘʤʙʘʨʘʪʠʥʩʢʘʷ ɻʕʉ, 

ʤʘʣʦʚʦʜʥʦʩʪʴ ʨʝʢʠ ʅʘʨʳʥ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʩʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʠʥʚʝʨʪʦʨ, ʩʦʣʥʝʯʥʳʝ 

ʤʦʜʫʣʠ, ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ. 

 

ɺʚʝʜʝʥʠʝ.  ɺ 90-ʝ ʛʦʜʳ  ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʉʉʉʈ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʪʨʘʩʣʠ ʩʪʨʘʥ ʉʅɻ ʘ ʩʨʝʜʠ 

ʥʠʭ ʠ ʵʥʝʨʛʝʪʠʢʘ ʂʳʨʛʳʟʩʪʘʥʘ ʧʦʜʚʝʨʛʘʣʘʩʴ ʫʛʨʦʟʘʤ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʛʣʫʙʦʢʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʢʨʠʟʠʩʫ ʚ ʩʪʨʘʥʝ, ʪʘʢ ʢʘʢ ʥʝ ʠʤʝʣʘ ʯʝʪʢʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʫʶ 

ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ ʊʕʂ. ɺ ʩʪʨʘʥʝ ʥʘʨʘʩʪʘʣʠ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʫʛʨʦʟʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʉʣʦʞʠʚʰʘʷʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʦʪʨʘʩʣʷʭ ʊʕʂ ʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʂʈ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʜʝʬʠʮʠʪʥʦʩʪʴʶ ʢʘʢ ʧʦ ʚʚʦʜʫ ʤʦʱʥʦʩʪʝʡ, ʪʘʢ ʠ ʧʦ ʬʠʥʘʥʩʦʚʳʤ ʨʝʩʫʨʩʘʤ ʚ 

ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʧʝʨʝʞʘʶʱʠʭ ʪʝʤʧʘʭ ʨʦʩʪʘ ʨʘʩʭʦʜʦʚ ʚ ʮʝʣʦʤ ʧʦ 

ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʧʘʤʠ ʨʦʩʪʘ ʜʦʭʦʜʦʚ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʥʝʵʬʬʝʢʪʠʚʥʦʡ 

ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʦʡ ʠ ʧʨʠʚʝʣʦ ʢ ʫʙʳʪʦʯʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʦʪʨʘʩʣʠ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʦ 

ʥʝʩʦʩʪʦʷʚʰʝʤʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʠʟʥʝʩʝ ʠ ʛʣʫʙʦʢʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʢʨʠʟʠʩʝ ʚ ʩʪʨʘʥʝ ʠ 

ʜʝʬʠʮʠʪʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ [1].  

ɺ ʯʘʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʂʳʨʛʳʟʩʪʘʥʘ ʟʘ 30 ʣʝʪ ʩʜʝʣʘʥʦ ʤʥʦʛʦʝ. ʅʘ ʵʪʦʤ ʨʝʛʠʦʥʘʣʴʥʦʤ 

ʨʳʥʢʝ ʛʠʜʨʦ-ʧʦʪʝʥʮʠʘʣ ʂʳʨʛʳʟʩʪʘʥʘ ʦʛʨʦʤʥʳʡ, ʩʦʩʝʜʥʠʝ ʨʘʚʥʠʥʥʳʝ ʨʝʩʧʫʙʣʠʢʠ ʩ ʨʘʩʪʫʱʠʤʠ 

ʵʢʦʥʦʤʠʢʘʤʠ ʥʝ ʠʤʝʶʪ ʪʘʢʠʭ ʧʨʠʨʦʜʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʂʳʨʛʳʟʩʪʘʥ ʨʘʩʧʦʣʘʛʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʛʠʜʨʦʨʝʩʫʨʩʦʚ ʠ ʟʘʥʠʤʘʝʪ ʧʦ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʪʨʝʪʴʝ ʤʝʩʪʦ ʚ ʉʅɻ 

ʧʦʩʣʝ ʈʦʩʩʠʠ ʠ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʕʪʦ - 268 ʨʝʢ, 97 ʢʨʫʧʥʳʭ ʢʘʥʘʣʦʚ ʠ 18 ʚʦʜʦʭʨʘʥʠʣʠʱ, 

ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 143 ʤʣʨʜ ʢɺʪʯ ʝʞʝʛʦʜʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɻʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʩʝʭ ʤʘʣʳʭ ʨʝʢ ʠ ʚʦʜʦʪʦʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 5-8 ʤʣʨʜ ʢɺʪʯ 

ʚ ʛʦʜ, ʧʨʠ ʵʪʦʤ ʝʞʝʛʦʜʥʘʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʦʢʦʣʦ 14 ʤʣʨʜ 

ʢɺʪʯ [2]. 

ʉ 2019 ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʣʦʚʦʜʥʳʡ ʮʠʢʣ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʅʘʨʳʥ-ʉʳʨʜʘʨʴʷ, ʯʪʦ ʠ 

ʧʨʠʚʝʣʦ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʩʙʦʨʫ ʚʦʜʳ ʚ ʊʦʢʪʦʛʫʣʴʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʢʦʪʦʨʦʝ ʚʤʝʱʘʝʪ 19 
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ʤʣʨʜ ʢʫʙʦʤʝʪʨʦʚ ʚʦʜʳ. ʂ 20 ʷʥʚʘʨʷ 2022 ʦʙʲʝʤ ʚʦʜʳ ʚ ʊʦʢʪʦʛʫʣʢʝ ʩʥʠʟʠʣʩʷ ʜʦ 9,4 ʤʣʨʜ 

ʢʫʙʦʤʝʪʨʦʚ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ 2021 ʦʥ ʩʦʩʪʘʚʣʷʣ 11,2 ʤʣʨʜ, ʚ 2020ï 14,1 ʤʣʨʜ ʢʫʙʦʚ. ɼʣʷ 

ʵʢʦʥʦʤʠʠ ʚʦʜʳ ʚ ʊʦʢʪʦʛʫʣʴʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚʣʘʩʪʠ ʩʪʨʘʥʳ ʚ 2021 ʛʦʜʫ ʧʫʪʸʤ ʦʙʤʝʥʘ ʠ 

ʧʨʷʤʳʭ ʟʘʢʫʧʦʢ ʠʤʧʦʨʪʠʨʦʚʘʣʠ ʠʟ ʂʘʟʘʭʩʪʘʥʘ, ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʊʫʨʢʤʝʥʠʩʪʘʥʘ ʙʦʣʝʝ 2 ʤʣʨʜ 

ʢʠʣʦʚʘʪʪ-ʯʘʩʦʚ ʵʣʝʢʪʨʠʯʝʩʪʚʘ.  

ʆʙʣʘʜʘʷ ʜʦʩʪʘʪʦʯʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʂʳʨʛʳʟʩʪʘʥ ʚ 

ʮʝʣʦʤ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩ ʚʦʟʤʝʱʝʥʠʝʤ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, 

ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷ (ʧʨʠʤʝʨʥʦ 9-10%) ʠ ʦʧʝʨʝʞʝʥʠʷ ʪʝʤʧʦʚ ʨʦʩʪʘ ʩʧʨʦʩʘ ʥʘ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʩ ʠʭ ʧʨʝʜʣʦʞʝʥʠʝʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʦʣʴʰʠʭ ʠ 

ʤʘʣʳʭ ɻʕʉ ʦʪ ʧʨʠʨʦʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [3].  

 

ʕʣʝʢʪʨʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ʂʳʨʛʳʟʩʪʘʥʘ 

ɹʦʣʝʝ 80% ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ, 

ʦʩʪʘʚʰʘʷʩʷ ʞʝ ʯʘʩʪʴ ʧʦʜʘʝʪʩʷ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʫʛʣʝ, ʛʘʟʝ ʠ ʤʘʟʫʪʝ. 

ɻʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʂʳʨʛʳʟʩʪʘʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʙʦʣʝʝ ʯʝʤ 160 ʤʣʨʜ. ʢɺʪ ʚ ʛʦʜ, 

10% ʢʦʪʦʨʦʛʦ ʫʞʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ.(4) 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʙʘʟʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʠʟ 17 ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, 

ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ 3,680 ʤɺʪ, ʚ ʪʦʤ ʯʠʩʣʝ 15 ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (2,950 ʤɺʪ) ʠ ʜʚʝ 

ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ (730 ʤɺʪ).(5) ʇʷʪʴ ʦʩʥʦʚʥʳʭ ɻʕʉ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨʝʢʝ ʅʘʨʳʥ, ʥʠʞʝ 

ʫʨʦʚʥʷ ʊʦʢʪʦʛʫʣʴʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 97% 

ʛʠʜʨʦʤʦʱʥʦʩʪʠ.(6) ɼʚʝ ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʚ ɹʠʰʢʝʢʝ ʠ ʆʰʝ ʚʳʨʘʙʘʪʳʚʘʶʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 

ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʦʧʣʝʥʠʝ ʚ ʵʪʠʭ ʛʦʨʦʜʘʭ ʠ ʦʢʨʫʞʘʶʱʝʡ ʤʝʩʪʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʚʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʧʦʩʪʘʚʢʠ ʵʥʝʨʛʠʠ ʚʥʫʪʨʠ ʩʪʨʘʥʳ: ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

çʂʘʤʙʘʨʘʪʘ 1è ʠ ç2è ʩʪʨʦʷʱʠʝʩʷ ʥʘ ʨʝʢʝ ʅʘʨʳʥ ʚʳʰʝ ʫʨʦʚʥʷ ʚʦʜʳ ʊʦʢʪʦʛʫʣʴʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʵʪʠʭ ɻʕʉ ʙʳʣʦ ʥʘʯʘʪʦ ʚ 1980-ʝ ʛʛ, ʥʦ ʥʝ ʙʳʣʦ ʟʘʚʝʨʰʝʥʦ ʧʦ 

ʧʨʠʯʠʥʝ ʨʘʩʧʘʜʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ. 

ʉʠʩʪʝʤʘ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ çʂʘʤʙʘʨʘʪʘ 1è ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʝʢʪʦʤ ʩ 

ʦʞʠʜʘʝʤʦʡ ʤʦʱʥʦʩʪʴʶ 1900 ʤɺʪ ʠ ʛʦʜʦʚʦʡ ʧʦʩʪʘʚʢʦʡ 5.1 ʤʣʨʜ. ʢɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ, 

ʩʪʘʥʮʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʪʨʝʙʫʝʪ ʥʝ ʤʝʥʝʝ $2 ʤʠʣʣʠʘʨʜʦʚ 

ʠʥʚʝʩʪʠʮʠʡ ʠ ʦʢʦʣʦ 8-10 ʣʝʪ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʧʦ ʜʨʫʛʠʤ ʨʘʩʮʝʥʢʘʤ ʥʝ ʤʝʥʝʝ 10-12 ʣʝʪ). 

çʂʘʤʙʘʨʘʪʘ-2è ï ʤʝʥʴʰʝ ʧʝʨʚʦʡ, ʩ ʦʞʠʜʘʝʤʦʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 240 ʜʦ 360 ʤɺʪ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʦʙʣʦʢʦʚ) ʠ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʣʨʜ. ʢɺʪ ʚ ʛʦʜ. ɺ ʦʢʪʷʙʨʝ 2007 ʛ. 

ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʂʳʨʛʳʟʩʪʘʥʘ ʨʝʰʠʣʦ ʚʦʟʦʙʥʦʚʠʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʘʥʥʦʡ ʩʪʘʥʮʠʠ.(7)   

ʆʙʲʝʜʠʥʸʥʥʦʝ ʵʥʝʨʛʦʢʦʣʴʮʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʘʥʘʤ ʥʝ ʪʦʣʴʢʦ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʨʘʙʦʪʫ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʥʦ ʠ ʟʘʨʘʙʘʪʳʚʘʪʴ ʥʘ ʧʝʨʝʪʦʢʘʭ. ɿʘ ʩʯʸʪ ʧʦʢʨʳʪʠʷ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ 

 

ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ 

ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʜʦʣʶ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʂʳʨʛʳʟʩʪʘʥʝ, 

ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʥʝʞʝʣʠ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʂʳʨʛʳʟʩʪʘʥ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ 

ʧʦʩʣʝ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʉʨʝʜʥʠʡ ʝʞʝʛʦʜʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʨʝʢ ʠ ʜʨʫʛʠʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʂʳʨʛʳʟʩʪʘʥʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 45-50 ʢʤ3 ʚ ʛʦʜ.(8) ʀʟ ʥʠʭ ʧʦʨʷʜʢʘ 75% ʩʦʩʪʘʚʣʷʝʪ ʩʪʦʢ ʨʝʢʠ 

ʉʳʨʜʘʨʴʠ (27-28 ʢʤ3) ʠ 2% ï ɸʤʫʜʘʨʴʠ (1.9 ʢʤ3)- ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʦʜʥʳʭ ʘʨʪʝʨʠʡ ʨʝʛʠʦʥʘ. ɺ 

ʩʠʣʫ ʛʦʨʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʦʛʨʦʤʥʘʷ ʯʘʩʪʴ ʚʦʜʳ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʝʜʥʠʭ çʥʠʞʥʠʭè 
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ʛʦʩʫʜʘʨʩʪʚ, ʚ ʦʩʥʦʚʥʦʤ ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʂʘʟʘʭʩʪʘʥʘ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʂʠʪʘʷ ʠ 

ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ʈʝʢʘ ʅʘʨʳʥ ʚ ʂʳʨʛʳʟʩʪʘʥʝ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʨʷʜʢʘ 14.5 ʢʤ3 ʝʞʝʛʦʜʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʚʦʜʥʦʛʦ ʩʪʦʢʘ ï ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ, ʚʧʘʜʘʶʱʠʡ ʚ ʉʳʨʜʘʨʴʶ. ʆʩʥʦʚʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʂʳʨʛʳʟʩʢʦʡ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʨʘʟʤʝʱʝʥʳ ʥʘ ʵʪʦʡ ʨʝʢʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ ʜʣʷ ʩʪʨʘʥʳ. 

ʊʦʢʪʦʛʫʣʴʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚ ɾʘʣʘʣʙʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ï ʦʜʥʦ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʆʙʱʘʷ ʚʤʝʩʪʠʤʦʩʪʴ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʦʩʪʘʚʣʷʝʪ 19.5 ʤʣʨʜ. ʤ3; 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 14 ʤʣʨʜ.ʤ3. ʉʨʝʜʥʠʡ ʝʞʝʛʦʜʥʳʡ ʧʨʠʪʦʢ ʚʦʜʳ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 

ʧʦʨʷʜʢʘ 12 ʤʣʨʜ. ʤ3., ʘ ʠʩʪʦʢ ï ʚ 11.46 ʤʣʨʜ. ʤ3.(9) 

ʅʝʤʘʣʦʚʘʞʝʥ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʝʭʚʘʪʢʘ ʚʦʜʳ ʚ ʊʦʢʪʦʛʫʣʴʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʝʛʘʪʠʚʥʦ 

ʦʪʨʘʟʠʣʘʩʴ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʩʠʪʫʘʮʠʠ ʚʦ ʚʩʝʤ ʨʝʛʠʦʥʝ. ʀʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʳʧʫʩʢʘ ʚʦʜʳ ʠʟ ʊʦʢʪʦʛʫʣʴʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʤʥʦʛʠʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʢʫʣʴʪʫʨʘʤ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʠ ʂʘʟʘʭʩʪʘʥʝ, ʚʯʘʩʪʥʦʩʪʠ ʭʣʦʧʯʘʪʥʠʢʫ ʠ ʨʠʩʫ, 

ʧʨʠʰʣʦʩʴ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʦʨʦʰʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʧʳʪʢʠ 

ʂʳʨʛʳʟʩʪʘʥʘ ʧʦʩʪʨʦʠʪʴ ʜʦʙʘʚʦʯʥʳʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚʳʟʚʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʥʝʜʦʚʦʣʴʩʪʚʦ ʠ ʧʨʦʪʝʩʪʳ ʩʦ ʩʪʦʨʦʥʳ ʋʟʙʝʢʠʩʪʘʥʘ. 

 

ʇʫʪʠ ʚʳʭʦʜʘ ʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ 

ɼʣʷ ʚʳʭʦʜʘ ʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʥʫʞʥʦ ʩʦʩʪʘʚʠʪʴ ʧʨʦʛʨʘʤʤʫ. ʇʨʦʛʨʘʤʤʘ 

ʦʧʨʝʜʝʣʷʝʪ  ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʘʩʧʝʢʪʳ: ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʝʨʝʜʘʯʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ, ʫʯʘʩʪʠʝ ʚ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʳʥʢʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʜʦʙʳʯʘ ʪʦʧʣʠʚʘ, ʠʤʧʦʨʪ ʧʨʠ ʠʭ ʥʝʜʦʩʪʘʪʢʝ, ʵʢʩʧʦʨʪ ʧʨʠ 

ʠʟʙʳʪʢʝ. ʊʘʢʞʝ ʫʯʠʪʳʚʘʪʴ  ʪʝʥʜʝʥʮʠʠ ʢ ʚʥʝʜʨʝʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʣʥʦʡ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʘʜʘʧʪʘʮʠʠ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʠ ʩʦʦʪʚʝʪʩʪʚʠʶ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ, ʧʨʦʚʝʜʝʥʠʶ ʘʥʪʠʢʦʨʨʫʧʮʠʦʥʥʳʭ ʠ ʘʥʪʠʢʨʠʟʠʩʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ ʢʦʥʪʨʦʣʝ. 

 ʇʨʠʦʨʠʪʝʪʘʤʠ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ: 

ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʝʡ ʊʕʂ ʠ ɺʀʕ. 

ʋʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʠ ʥʘʩʝʣʝʥʠʷ. 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʫʢʨʝʧʣʝʥʠʝ ʚʥʝʰʥʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ. 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʵʢʦʣʦʛʠʷ ʠ ʘʜʘʧʪʘʮʠʷ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ. 

ʌʠʥʘʥʩʦʚʦʝ ʦʟʜʦʨʦʚʣʝʥʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʘʷ ʪʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʨʝʬʦʨʤ, ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʜʦʣʞʥʳ ʩʪʘʪʴ: 

ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ: ʨʝʘʙʠʣʠʪʘʮʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʨʷʜʘ ɻʕʉ, ʚʚʦʜ ʥʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, 

ʚʚʦʜ ʤʘʣʳʭ ɻʕʉ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʂʘʤʙʘʨʘʪʠʥʩʢʦʡ ɻʕʉ-1, ʚʩʝ ʤʝʨʦʧʨʠʷʪʠʷ ï ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʪʦʛʦʚʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ, 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʠ ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʉʕʉ ʠ ɺʕʉ) - ʉʕʉ ʦʙʱʝʡ 

ʤʦʱʥʦʩʪʴʶ 3650 ʄɺʪ ʩ ʚʳʨʘʙʦʪʢʦʡ 6,6 ʤʣʨʜ ʢɺʪ.ʯ ʚ ʛʦʜ, ʠ 2 ɺʕʉ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 400 ʄɺʪ 

560 ʤʣʥ ʢɺʪ.ʯ ʚ ʛʦʜ. 

ʈʘʟʚʠʪʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ: ʩ ʨʘʩʯʝʪʦʤ ʥʘ ʨʦʩʪ ʨʘʩʧʨʝʜʝʣʷʝʤʳʭ ʤʦʱʥʦʩʪʝʡ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʥʘʯʘʣʦʤ ʵʢʩʧʦʨʪʘ ʵʥʝʨʛʠʠ ʚ ɸʬʛʘʥʠʩʪʘʥ ʠ ʇʘʢʠʩʪʘʥ, ʚʚʦʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʥʦʚʳʭ ɻʕʉ, ʨʘʟʚʠʪʠʝʤ ʛʦʨʦʜʦʚ ʂʈ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʦʢ, ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ 

ʠ ʧʨʦʯʠʤʠ ʧʨʠʯʠʥʘʤʠ, 
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ʈʘʟʚʠʪʠʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ɺʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ: ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʀʕ (ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ), 

ɺ ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʤʦʜʝʨʥʠʟʘʮʠʷ ʠ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʝʰʝʥʠʝ ʧʨʦʯʠʭ ʦʪʨʘʩʣʝʚʳʭ ʟʘʜʘʯ, ʩ ʠʪʦʛʦʚʳʤ 

ʨʦʩʪʦʤ ʜʦʙʳʯʠ ʫʛʣʷ ʜʦ 2,5 ʤʣʥ ʪʦʥʥ ʢ 2027 ʛʦʜʫ, ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʙʳʯʠ 

ʩʚʳʰʝ 5,5 ʤʣʥ ʪ ʢ 2035 ʛʦʜʫ, 

ɺ ʛʘʟʦʩʥʘʙʞʝʥʠʠ: ʨʘʟʚʠʪʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʨʝʜʠʪʦʚʘʥʠʝ 

ʥʘʩʝʣʝʥʠʷ ʧʦ ʩʥʠʞʝʥʥʳʤ ʧʨʦʮʝʥʪʥʳʤ ʩʪʘʚʢʘʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʛʘʟʦʚʳʤ ʩʝʪʷʤ, ʛʘʟʠʬʠʢʘʮʠʷ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʥʦʚʦʩʪʨʦʝʢ, ʞʠʣʤʘʩʩʠʚʦʚ, ʘʥʘʣʠʟ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʝʨʝʚʦʜʘ ʫʛʦʣʴʥʳʭ 

ʢʦʪʝʣʴʥʳʭ ʥʘ ʛʘʟ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. 

ɺʳʚʦʜ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʦʧʝʨʝʞʘʶʱʠʭ ʪʝʤʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʵʥʝʨʛʠʠ, ʫʛʣʷ, ʥʝʬʪʠ ʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʚʦʜʫ ʢ ʘʚʛʫʩʪʫ 2026 ʛʦʜʘ ʩʪʨʘʥʳ ʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʢʨʠʟʠʩʘ, ʘ ʵʥʝʨʛʝʪʠʢʠ ï ʠʟ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ɼʘʣʴʥʝʡʰʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʠʟʚʘʥʳ 

ʟʘʢʨʝʧʠʪʴ ʵʬʬʝʢʪ ʠ ʧʨʠʚʝʩʪʠ ʦʪʨʘʩʣʴ ʚ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʚʳʟʦʚʘʤ ʢ 2035 ʛʦʜʫ. 

ɽʩʪʴ ʜʚʘ ʢʣʶʯʝʚʳʭ ʜʦʢʫʤʝʥʪʘ, ʢʦʪʦʨʳʤʠ ʥʘʜʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʬʝʨʝ ʵʥʝʨʛʝʪʠʢʠ, ʵʪʦ  

ʜʦʛʦʚʦʨ ʦ ʨʘʮʠʦʥʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʜʦʛʦʚʦʨ ʦ ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ.  
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ʜʝʣʘʝʪ ʠʭ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʩʦʢʦʛʦʨʥʳʝ 
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introduction of solar power plants. At the same time, highland regions, despite higher insolation (4-5 

kWh/mĮ per day), experience difficulties due to relief and climatic features. 

Keywords: solar energy, lowland regions, highland regions, Kyrgyzstan, renewable energy 

sources, solar insolation, sustainable development. 

 

ɺʚʝʜʝʥʠʝ 

ʂʳʨʛʳʟʩʪʘʥ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʦʩʦʙʝʥʥʦ ʩʦʣʥʝʯʥʦʡ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʘʥʳ (ʨʘʚʥʠʥʥʳʝ ʠ 

ʚʳʩʦʢʦʛʦʨʥʳʝ ʨʝʛʠʦʥʳ) ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ. ʈʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʪʨʝʙʫʝʪ ʨʘʩʰʠʨʝʥʠʷ 

ʤʦʱʥʦʩʪʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʩʪʘʥʮʠʡ. 

ʇʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʟʘʧʘʩ r

ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʥʝʜʨʝʥʠʝ ʵʢʦʥʦʤʠʯʥʳʭ 

ʠ ʙʳʩʪʨʦ ʦʢʫʧʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʠ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʩʪʠʤʫʣʠʨʫʶʪ 

ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʶ 

ʧʦʪʨʝʙʣʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ʕʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʩʤʷʛʯʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʚʳʧʦʣʥʝʥʠʶ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʈʘʤʦʯʥʦʡ ʢʦʥʚʝʥʮʠʠ ʆʆʅ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ [1]. 

ɺ  ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ  ʙʦʣʝʝ 94% ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʠʤʘʶʪ ʛʦʨʳ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʟʜʝʩʴ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2100 ʜʦ 2900 ʯʘʩʦʚ [2]. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʂʳʨʛʳʟʩʪʘʥʘ ʦʙʫʩʣʦʚʣʝʥʳ ʝʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʧʦʣʦʞʝʥʠʝʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ, ʪʦʛʜʘ 

ʢʘʢ ʁʞʥrʝ ʨʘʡʦʥʳ ʦʪʥʦʩʪ̫ʩʷ ʢ ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʝ. ɼʣʷ ʢʣʠʤʘʪʘ ʭʘʨʘʢʪʝʨʥ  r

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴ ʠ ʟʘʩʫʰʣʠʚʦʩʪʴ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʩʪʴʶ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ  ʮʝʥʪʨʘʣʴʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʚ ɽʚʨʘʟʠʡʩʢʦʤ ʢʦʥʪʠʥʝʥʪʝ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʜʘʣʝʥʥʦʩʪʴʶ ʦʪ ʤʦʨʝʡ ʠ ʙʣʠʟʦʩʪʴʶ ʢ 

ʧʫʩʪʳʥʥʳʤ ʨʝʛʠʦʥʘʤ. ɺ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ ʬʠʢʩʠʨʫʝʪʩʷ 247 ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ. ɺ ʜʦʣʠʥʥʳʭ ʨʝʛʠʦʥʘʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʷʥʚʘʨʝ ï 4... - 6 Áʉ ʠ ʚ ʠʶʣʝ +16... +24 Áʉ. ɺ ʚʳʩʦʢʦʛʦʨʥʦʤ 

ʅʘʨʳʥʩʢʦʤ ʨʝʛʠʦʥʝ ʟʠʤʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʣʝʙʣʶʪʩʷ ʤʝʞʜʫ -14... -20 Áʉ, ʘ ʣʝʪʥʠʝ ï ʤʝʞʜʫ  

+8...+12 Áʉ (ʨʠʩ.1) [3, 4].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʣʥʝʯʥʳʝ ʩʠʩʪʝʤʳ. 

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʦʣʥʝʯʥʳʝ ʧʝʯʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ, ʚʘʢʫʫʤʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʜʣʷ 

ʦʪʦʧʣʝʥʠʷ ʠ ʩʦʣʥʝʯʥʳʝ ʪʝʧʣʦʚʳʝ ʢʦʣʣʝʢʪʦʨʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʤʦʚ ʪʝʧʣʦʤ ʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ. 

ʕʪʠ ʫʩʪʘʥʦʚʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʮʠʘʣʴʥʦ-ʙʳʪʦʚʳʭ ʦʙʲʝʢʪʘʭ, ʧʘʥʩʠʦʥʘʪʘʭ, ʜʦʤʘʭ 

ʦʪʜʳʭʘ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʩʦʯʝʪʘʶʱʠʝ ʩʦʣʥʝʯʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʢʦʪʝʣʴʥʳʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʠʯʥʦ 

ʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʪʦʧʣʝʥʠʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʥʘ 90% ʚ ʪʝʯʝʥʠʝ 8-9 

ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ ʠ ʜʦ 50% ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʦʪʦʧʣʝʥʠʠ ʚ ʭʦʣʦʜʥʳʡ ʩʝʟʦʥ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʦʚʝʨʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʫʨʦʚʥʝ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ ʤʝʞʜʫ 

ʨʘʚʥʠʥʥʳʤʠ ʠ ʚʳʩʦʢʦʛʦʨʥʳʤʠ ʨʝʛʠʦʥʘʤʠ. ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʨʘʚʥʠʥʥʳʭ ʠ 

ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ ʂʳʨʛʳʟʩʪʘʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ.  
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ʄʝʪʦʜʳ ʠ ʤʘʪʝʨʠʘʣʳ 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʂʳʨʛʳʟʩʪʘʥʘ. ʆʮʝʥʢʘ ʩʦʣʥʝʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʫʩʣʦʚʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʪʨʠ ʨʝʛʠʦʥʘ ʧʦ ʪʠʧʫ ʣʘʥʜʰʘʬʪʘ: ʨʘʚʥʠʥʥʳʝ (ʜʦ 1000 ʤ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ), ʧʨʝʜʛʦʨʥʳʝ (1000ï1800 ʤ) ʠ ʚʳʩʦʢʦʛʦʨʥʳʝ (ʩʚʳʰʝ 1800 ʤ). ʊʘʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ɿʘʢʦʥʝ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ çʆ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʘʨʘʥʪʠʷʭ ʠ 

ʢʦʤʧʝʥʩʘʮʠʷʭ ʜʣʷ ʣʠʮ, ʧʨʦʞʠʚʘʶʱʠʭ ʠ ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ ʠ ʦʪʜʘʣʝʥʥʳʭ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʟʦʥʘʭè, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ʠ 

ʪʝʨʨʠʪʦʨʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʚʳʩʦʪʝ 1800 ʤ ʠ ʚʳʰʝ, ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʩʦʢʦʛʦʨʥʳʤ. ɺ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʢ ʨʘʚʥʠʥʥʳʤ ʨʝʛʠʦʥʘʤ ʦʪʥʝʩʝʥʳ ʛʦʨʦʜʘ: ɹʠʰʢʝʢ, ʂʘʨʘ-ɹʘʣʪʘ, ʊʦʢʤʦʢ, ɾʘʣʘʣ-

ɸʙʘʜ, ʆʰ, ʐʘʤʘʣʜʳ-ʉʘʡ ʠ ʊʦʢʪʦʛʫʣʴʩʢʠʡ ʨʘʡʦʥ; ʢ ʧʨʝʜʛʦʨʥʳʤ ï ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ: ʂʝʤʠʥ, 

ʈʘʟʟʘʢʦʚ, ɹʘʪʢʝʥ ɹʘʣʳʢʯʳ, ʏʦʣʧʦʥ-ɸʪʘ, ʂʘʨʘ-ʂʦʣ, ʂʦʯʢʦʨ, ʩʝʣʦ ʏʘʝʢ; ʢ ʚʳʩʦʢʦʛʦʨʥʳʤ - ʛʦʨʦʜ 

ʅʘʨʳʥ ʠ ɸʪ-ɹʘʰʠʥʩʢʠʡ ʨʘʡʦʥ.  ʕʪʠ ʨʝʛʠʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʂʳʨʛʳʟʩʪʘʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ.  

 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʝʩʪʥʦʩʪʠ  

ɻʦʜʦʚʦʡ ʭʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ. ʇʨʠ 

ʩʨʝʜʥʠʭ ʫʩʣʦʚʠʷʭ ʦʙʣʘʯʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʝʷʥʥʦʡ ʨʘʜʠʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʚʳʩʦʪʦʡ [4]. 

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʜʦʩʪʠʛʘʝʪ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʚ ʚʠʜʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ. 

ʄʦʱʥʦʩʪʴ ʵʪʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʩʝʠʚʘʥʠʷ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

[2].  ʈʘʩʩʝʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʤʦʣʝʢʫʣʘʭ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʥʘ ʯʘʩʪʠʮʘʭ ʠ ʧʳʣʠ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʠ 

ʩʫʤʤʘʨʥʘʷ ʨʘʜʠʘʮʠʷ ʠʟʤʝʨʷʶʪʩʷ ʚ ʝʜʠʥʠʮʘʭ ʩʠʩʪʝʤʳ ʉʀ ʚ ʢʠʣʦʚʘʪʪʘʭ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ 

(ʢɺʪ/ʤ
2
). ʆʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʷʚʣʷʶʪʩʷ ʧʨʷʤʘʷ, ʨʘʩʩʝʷʥʥʘʷ ʠ 

ʩʫʤʤʘʨʥʘʷ ʨʘʜʠʘʮʠʷ [2, 6].  ʇʦʪʝʥʮʠʘʣ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʤʝʩʪʥʦʩʪʠ [2]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʦʛʨʘʤʤʳ ʩ ʦʪʢʨʳʪʳʤ ʜʦʩʪʫʧʦʤ: SolarGis [7], Global solar atlas [8] ʠ ʄeteonorm, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʨʘʜʠʘʮʠʠ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʦʛʨʘʤʤʘ Global Solar Atlas 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʦʣʥʝʯʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʜʣʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ ʤʳ ʫʢʘʟʳʚʘʣʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʦʚ ʥʘ ʚʝʙʩʘʡʪʝ ʠ ʫʪʦʯʥʷʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʩʨʘʚʥʝʥʠʷ.  

ʈʘʩʯʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʥʘ 

ʚʳʙʨʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʚʳʭʦʜʥʘʦʡ ʤʦʱʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʨʝʜʥʠʭ ʛʦʜʦʚʳʭ ʠ ʝʞʝʤʝʩʷʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ). 

ʕʪʠ ʟʥʘʯʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʢ 1 ʢɺʪ  ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [6].  

2. ɻʣʦʙʘʣʴʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʘʜʘʶʱʝʝ ʥʘ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʦʜʫʣʝʡ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʦʙʱʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ (GHI), ʧʨʷʤʦʡ ʥʦʨʤʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (DNI), ʘʣʴʙʝʜʦ ʤʝʩʪʥʦʩʪʠ ʠ 

ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʉʦʣʥʮʘ ʚ ʧʨʝʜʝʣʘʭ ʩʫʙʯʘʩʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ [8]. ʈʘʩʯʝʪ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

ὋὝὍὪὈὍὊὊὋὌὍȟὈὔὍȟὛὉȟὛὃȟ ɸʣʴʙʝʜʦ)   (1). 
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3. ʆʧʪʠʤʘʣʴʥʳʡ ʥʘʢʣʦʥ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʥʘ ʵʢʚʘʪʦʨ, ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʤʦʱʥʦʩʪʠ ʜʣʷ ʠʟʫʯʘʝʤʦʡ ʤʝʩʪʥʦʩʪʠ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 36Áʜʦ 180Á.  

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʦʚ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʨʘʚʥʠʥʥʳʭ ʠ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ ʂʳʨʛʳʟʩʪʘʥʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʜʘʥʥʳʝ: ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩ ʩʘʡʪʘ NASA POWER (https://power.larc.nasa.gov/data-

access-viewer/) ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʠ ʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ (ʢɺʪĿʯ/ʤĮ ʚ ʜʝʥʴ) ʧʦ 

ʛʦʨʦʜʘʤ ʠ ʨʝʛʠʦʥʘʤ ʂʳʨʛʳʟʩʪʘʥʘ ʟʘ ʧʝʨʠʦʜ 2000ï2022 ʛʛ [8]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʤʝʞʜʫ ʨʘʚʥʠʥʥʳʤʠ ʠ ʚʳʩʦʢʦʛʦʨʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʨʝʜʥʝʛʦʜʦʚʘʷ 

ʚʝʣʠʯʠʥʘ ʠʥʩʦʣʷʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʦʜʘʭ ʨʘʚʥʠʥʥʳʭ ʠ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʦʚ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʨʝʣʴʝʬʝ, ʚʳʩʦʪʘʭ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʠ ʧʣʦʱʘʜʷʭ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Explore Google Earth (https://earth.google.com/) [9]. 

ʅʘ ʢʘʨʪʝ Global Solar Atlas (https://globalsolaratlas.info/) [8] ʙʳʣʠ ʚʳʙʨʘʥʳ ʛʦʨʦʜʘ ʠ ʨʘʡʦʥʳ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʜʥʝʚʥʳʝ ʠ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ  ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʛʣʳ ʥʘʢʣʦʥʘ ʧʘʥʝʣʝʡ. ɼʘʥʥʳʝ ʦ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ Solargis (https://solargis.com/) 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠ ʦʮʝʥʢʠ ʩʦʣʥʝʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [7].  

 

ʈʝʟʫʣʴʪʘʪ r

ʉʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʥʝʚʥʦʡ ʠ ʛʦʜʦʚʦʡ ʧʨʷʤʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʢʘʨʪʝ ʩʦʣʥʝʯʥʳʭ ʨʝʩʫʨʩʦʚ (ʨʠʩ. 1), ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʧʦʪʝʥʮʠʘʣ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʠ 

ʜʘʥʥʳʝ ʨʘʩʩʯʠʪʘʥʳ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʠ ʦʩʥʦʚʘʥʳ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʥʪʝʨʚʘʣʦʤ 15 ʠ 30 ʤʠʥʫʪ.  ʋʯʠʪʳʚʘʷ ʨʘʟʣʠʯʠʷ ʚ ʚʳʩʦʪʝ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ (ʪʘʙʣ. 

1), ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʚ ʨʘʚʥʠʥʥʳʭ, ʪʘʢ ʠ ʚ 

ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʘʭ. 

 
ʈʠʩ. 1. ʂʘʨʪʘ ʩʦʣʥʝʯʥʳʭ ʨʝʩʫʨʩʦʚ ʂʳʨʛʳʟʩʪʘʥʘ. ʉʫʤʤʘʨʥʘʷ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/
https://earth.google.com/
https://globalsolaratlas.info/
https://solargis.com/
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ʈʠʩ. 1 ʧʦʢʘʟʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʨʘʚʥʠʥʥʳʭ ʠ ʚʳʩʦʢʦʛʦʨʥʳʭ 

ʨʝʛʠʦʥʘʭ ʂʳʨʛʳʟʩʪʘʥʘ. ʈʘʚʥʠʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʦʩʥʦʚʥʦʤ, ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʦʣʠʥʘʭ ʏʫʡ ʠ 

ʌʝʨʛʘʥʩʢʦʡ. ʋʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ ʥʘ ʵʪʠʭ ʨʘʡʦʥʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4 ʢɺʪĿʯ/ʤĮ ʚ ʜʝʥʴ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ɺʳʩʦʢʦʛʦʨʥʳʝ ʨʝʛʠʦʥʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʦʨʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʊʷʥʴ-ʐʘʥʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʉʨʝʜʥʷʷ ʠʥʩʦʣʷʮʠʷ ʜʦʩʪʠʛʘʝʪ 4,8 ʢɺʪĿʯ/ʤĮ ʚ ʜʝʥʴ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩ ʤʝʥʴʰʝʡ ʦʙʣʘʯʥʦʩʪʴʶ, ʨʘʟʨʝʞʝʥʥʦʩʪʴʶ ʘʪʤʦʩʬʝʨʳ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʟʘʛʨʷʟʥʝʥʠʡ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠʟʤʝʥʷʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʊʝʨʨʠʪʦʨʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ʚʳʪʷʥʫʪʘ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʞʜʫ 40 ʜʦ 68 Á 

ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ. ɺʳʩʦʪʘ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 800 ʜʦ 4000 ʤ 

[15]. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʜʠʥʘʢʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʷʜʘ ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠʟʫʯʘʝʤʳʭ ʤʝʩʪʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʠ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʚʘʞʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

 

ʊʘʙʣʠʮʘ 1 

ʋʜʝʣʴʥʘʷ ʚʳʨʘʙʦʪʢʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʚ ʜʝʥʴ ʠ ʟʘ ʛʦʜ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʨʘʡʦʥʘʭ ʂʳʨʛʳʟʩʪʘʥʘ. 

ʅʘʟʚʘʥʠ

ʝ 

ʛʦʨʦʜʦʚ 

ʠ 

ʨʘʡʦʥʦʚ 

ɺʳʩʦʪ

ʘ ʥʘʜ ʫʨʦʚ- 

ʥʝʤ 

ʤʦʨʷ, ʤ 

ʋʜʝʣʴʥ

ʘʷ ʚʳʨʘʙʦʪʢʘ 

ʬʦʪʦʵʣʝʢʪʨʠʯ

ʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʚ 

ʜʝʥʴ 

ʋʜʝʣʴʥ

ʘʷ ʚʳʨʘʙʦʪʢʘ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝ

ʩʢʦʡ ʤʦʱʥʦʩʪʠ 

ʚ ʛʦʜ 

ʇʨʷʤʦ

ʝ ʥʦʨʤʘʣʴʥʦʝ 

ʦʙʣʫʯʝʥʠʝ, 

ʢɺʪĿʯ/ʢɺʪĿʧ 

ɻʣʦʙʘʣʴ- 

ʥʦʝ 

ʛʦʨʠʟʦʥʪ

ʘ 

ʣʴʥʦʝ - 

ʦʙʣʫʯʝʥ

ʠʝ, 

ʢɺʪĿʯ/ʤ

2 

ʈʘʩʩʝʷʥʥʦ

ʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʦʙʣʫʯʝʥʠʝ, 

ʢɺʪĿʯ/ʤ2 

ɻʣʦʙʘʣʴʥ

ʦʝ ʥʘʢʣʦʥʥʦʝ 

ʦʙʣʫʯʝʥʠʝ ʧʦʜ 

ʦʧʪʠʤʘʣʴʥʳʤ 

ʫʛʣʦʤ, ʢɺʪĿʯ/ʤ2 

ʆʧʪʠ- 

ʤʘʣʴʥʳʡ 

ʥʘʢʣʦʥ 

ʬʦʪʦʵʣʝʢʪʨʠ- 

ʯʝʩʢʠʭ 

ʤʦʜʫʣʝʡ 

ʈʘʚʥʠʥʥʳʝ ʨʝʛʠʦʥʳ 

ʐʘʤʘʣʜ

-rʉʘʡ 585 3,954 1443,2 1331,8 1579,9 748,3 1799,7 32 /  180 

ɹʠʰʢʝʢ 735 4,07 1483,2 1641,9 1551,5 584,9 1811 35 /  180 

ɾʘʣʘʣ-

ɸʙʘʜ 763 3,957 1444,2 1320 1571,7 744,9 1790,4 33 /  180 

ʂʘʨʘ-

ɹʘʣʪʘ 771 4,323 1441 1578 1522,4 582,7 1763,7 34 /  180 

ʊʦʢʤʦʢ  816 4,514 1499,4 1647,6 1563,8 589,7 1833,2 35 /  180 

ʆ  h 963 3,904 1425 1262,9 1546,1 754,9 1753,8 32 /  180 

ʊʦʢʪʦʛʫ

ʣ 988 4,008 1463,1 1428 1559 690,6 1795 34 /  180 

ʇʨʝʜʛʦʨʥʳʝ ʨʝʛʠʦʥʳ 

ɹʘʪʢʝʥ 1036 4,104 1497,8 1423,4 1618,7 732,9 1845 33 /  180 

ʂʝʤʠʥ 1120 4,263 1555,8 1712 1565,3 568 1867,9 38 /  180 

ʈʘʟʟʘʢʦʚ 1320 4,115 1502,1 1465,1 1608,1 704,2 1831,8 33 /  180 

ʏʦʣʧʦʥ-

ɸʪʘ  1610 4,839 1598,6 1766,1 1624,2 588,1 1919,7 36 /  180 

ɹʘʣʳʢʯ1630 4,577 1670,4 1903,3 1655,8 586,3 2004,9 38 /  180 
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 r

ʏʘʝʢ 1682 4,588 1674,7 1934,9 1698,2 562,7 2021 37 /  180 

ʂʘʨʘ-

ʂʦʣ 1745 4,34 1584 1733,8 1594 592,1 1894,5 37 /  180 

ʂʦʯʢʦʨ  1767 4,607 1681,6 1910,3 1647,8 572,2 2017,3 40/  180 

ɺʳʩʦʢʦʛʦʨʥʳʝ ʨʝʛʠʦʥʳ 

ʅʘʨʳʥ  2044 4,344 1585,7 1739,6 1626,3 600,8 1922,2 

37/ 180 

 

ɸʪ-

ɹʘʰʳ 2047 

 

4,443 1621,6 1762,36 1635,8 603,6 1950,6 38 /  180 

ʅʘʟʚʘʥʠʝ 

ʛʦʨʦʜʦʚ 

ʠ 

ʨʘʡʦʥʦʚ 

ɺʳʩʦʪ

ʘ ʥʘʜ 

ʫʨʦʚʥʝʤ 

ʤʦʨʷ, ʤ 

ʋʜʝʣʴʥ

ʘ ̫ʚʳʨʘʙʦʪʢʘ 

ʬʦʪʦʵʣʝʢʪʨʠʯ

ʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʚ 

ʜʝʥʴ 

ʋʜʝʣʴʥʘ

ʷ ʚʳʨʘʙʦʪʢʘ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝ

ʩʢʦʡ ʤʦʱʥʦʩʪʠ 

ʚ ʛʦʜ 

ʇʨʷʤʦʝ 

ʥʦʨʤʘʣʴʥʦʝ 

ʦʙʣʫʯʝʥʠʝ, 

ʢɺʪĿʯ/ʢɺʪĿʧ 

ɻʣʦʙʘʣʴ

ʥʦʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʦʙʣʫʯʝʥʠʝ, 

ʢɺʪĿʯ/ʤ2 

ʈʘʩʩʝʷʥʥʦ

ʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʦʙʣʫʯʝʥʠʝ, 

ʢɺʪĿʯ/ʤ2 

ɻʣʦʙʘʣʴʥʦʝ 

ʥʘʢʣʦʥʥʦʝ 

ʦʙʣʫʯʝʥʠʝ ʧʦʜ 

ʦʧʪʠʤʘʣʴʥʳʤ 

ʫʛʣʦʤ, ʢɺʪĿʯ/ʤ2 

         

ʆʧʪʠʤʘʣʴʥʳʡ 

ʥʘʢʣʦʥ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢ

ʠʭ ʤʦʜʫʣʝʡ 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

ʦʪ ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ. ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʚʳʨʘʙʘʪʳʚʘʝʪ ʦʜʠʥ 

ʢʠʣʦʚʘʪʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʟʘ ʛʦʜ (ʦʙʳʯʥʦ ʠʟʤʝʨʷʝʪʩʷ ʚ ʢɺʪĿʯ/ʢɺʪ). 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ), ʘ ʪʘʢʞʝ ʦʪ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʧʘʥʝʣʝʡ ʠ ʠʭ 

ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʫʜʝʣʴʥʘʷ 

ʚʳʨʘʙʦʪʢʘ ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 4,3 ï 4,4 ʢɺʪĿʯ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʨʝʜʛʦʨʥʳʭ 

ʨʝʛʠʦʥʘʭ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 4,607 ʢɺʪĿʯ.  

 

ɻʣʦʙʘʣʴʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʩʨʝʜʥʝʛʦʜʦʚʫʶ, ʩʨʝʜʥʝʤʝʩʷʯʥʫʶ ʠʣʠ 

ʩʨʝʜʥʝʩʫʪʦʯʥʫʶ ʩʫʤʤʫ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʥʘʰʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʚʳʩʦʢʦʛʦʨʥʳʭ ʤʝʩʪʥʦʩʪʝʡ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 4,089 ʢɺʪ/ʤ
2
 ʚ ʜʝʥʴ.  ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʥʝʣʠ ʩ ʥʘʢʣʦʥʦʤ 36Ü (ʧʦ 

ʫʤʦʣʯʘʥʠʶ) ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 1 ʢɺʪ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʦʙʱʝʡ 

ʚʳʭʦʜʥʫʶ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ 4,663 ʢɺʪ/ʤ
2
 ʚ ʜʝʥʴ.  

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʟʘ ʛʦʜ ʦʪ ʚʳʩʦʪʳ 

ʤʝʩʪʥʦʩʪʠ. 
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ʇʨʷʤʦʝ ʥʦʨʤʘʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ ʵʪʦ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʉʦʣʥʮʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʢ ʩʦʣʥʝʯʥʳʤ 

ʣʫʯʘʤ. ʅʘ ʨʠʩ. 3. ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʟʥʘʯʝʥʠʝ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʦʙʣʫʯʝʥʠʷ 

ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʦʪʨʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 

ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʙʝʟ ʫʯʝʪʘ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ. ɼʣʷ ʛʦʨʦʜʘ ʐʘʤʘʣʜʳ-ʉʘʡ  ʦʥ 

ʩʦʩʪʘʚʣʷʝʪ 1331,8 ʢɺʪĿʯ/ʢɺʪĿʧ, ʘ ʚ ɸʪ-ɹʘʰʠʥʩʢʦʤ ʨʘʡʦʥʝ ʜʦʩʪʠʛʘʝʪ 1762,36 ʢɺʪĿʯ/ʢɺʪĿʧ. ʊʘʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ ʩʦʣʥʝʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩ ʟʝʨʢʘʣʘʤʠ ʠʣʠ ʣʠʥʟʘʤʠ (CSP, CPV), ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ. 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʷʤʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʦʪ ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ. 

 

ʈʘʩʩʝʷʥʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʪʫ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʘʩʩʝʷʥʘ ʚ ʘʪʤʦʩʬʝʨʝ. ʕʪʦ ʠʟʣʫʯʝʥʠʝ ʥʝ ʧʦʩʪʫʧʘʝʪ ʥʘʧʨʷʤʫʶ ʦʪ ʉʦʣʥʮʘ, ʘ 

ʨʘʩʩʝʠʚʘʝʪʩʷ ʥʘ ʤʦʣʝʢʫʣʘʭ ʚʦʟʜʫʭʘ, ʚʦʜʷʥʦʤ ʧʘʨʝ, ʧʳʣʠ ʠ ʜʨʫʛʠʭ ʯʘʩʪʠʮʘʭ ʚ ʘʪʤʦʩʬʝʨʝ. ʕʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (PV), ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʧʨʷʤʦʡ, ʪʘʢ ʠ ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ.  

 

ɼʣʷ ʨʘʚʥʠʥʥʳʭ ʨʘʡʦʥʦʚ, ʛʜʝ ʯʘʩʪʦ ʙʳʚʘʶʪ ʦʙʣʘʯʥʳʝ ʜʥʠ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 582,7 - 748,3 ʢɺʪĿʯ/ʤĮ. ɺ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʚʦʟʜʫʭ ʯʠʩʪʳʡ ʠ ʧʨʦʟʨʘʯʥʳʡ, 

ʟʥʘʯʝʥʠʝ ʦʙʳʯʥʦ ʥʠʞʝ 600,8 ʢɺʪĿʯ/ʤĮ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʚʠʜʝ 

ʧʨʷʤʦʛʦ ʩʚʝʪʘ. 
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ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʝʷʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʦʪ ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʢ ʚ ʨʘʚʥʠʥʥʳʭ, ʪʘʢ ʠ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ ʂʳʨʛʳʟʩʪʘʥʘ. ɺ ʨʘʚʥʠʥʥʳʭ ʨʘʡʦʥʘʭ ʩʣʝʜʫʝʪ 

ʩʜʝʣʘʪʴ ʘʢʮʝʥʪ ʥʘ ʤʘʩʰʪʘʙʥʳʝ ʧʨʦʝʢʪʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʜʦʩʪʫʧ ʢ ʵʥʝʨʛʠʠ ʜʣʷ ʫʜʘʣʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ ʚ ʠʥʪʝʛʨʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʂʳʨʛʳʟʩʪʘʥʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʊʨʝʪʴʝ ʥʘʮʠʦʥʘʣʴʥʦʝ ʩʦʦʙʱʝʥʠʝ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʧʦ ʨʘʤʦʯʥʦʡ ʢʦʥʚʝʥʮʠʠ ʆʆʅ 

ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ. ïɹ.: ʆʩʆʆ ñʕʣʴ ʕʣʠʦʥò 2016. -275 ʩ. 

ʆʙʦʟʦʚ, ɸ.ɼʞ., ɹʦʪʧʘʝʚ ʈ.ʄ. ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ 

ʚʫʟʦʚ. ïɹ. 2010. -218 ʩ.  

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ [https://www.meteoblue.com/ru]  

ʀʣʴʷʩʦʚ, ʐ., ɿʘʙʝʥʢʦ, ʆ., ɻʘʡʜʘʤʘʢ, ʅ., ʂʠʨʠʣʝʥʢʦ, ɸ., ʄʳʨʩʘʣʠʝʚ, ʅ., ʐʝʚʯʝʥʢʦ, ɺ., 

ʇʝʥʢʠʥʘ, ʃ. ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ïɹ. 2013. -99ʩ.  

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʢ ʧʨʦʝʢʪʫ ɿʘʢʦʥʘ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ çʆ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʛʘʨʘʥʪʠʷʭ ʠ ʢʦʤʧʝʥʩʘʮʠʷʭ ʜʣʷ ʣʠʮ, ʧʨʦʞʠʚʘʶʱʠʭ ʠ ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ ʠ 

ʦʪʜʘʣʝʥʥʳʭ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʟʦʥʘʭè ʚ ʥʦʚʦʡ ʨʝʜʘʢʮʠʠ. ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʨʫʜʘ, ʩʦʮʠʘʣʴʥʦʡ 

ʟʘʱʠʪʳ ʠ ʤʠʛʨʘʮʠʠ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://mlsp.gov.kg ü 2022/03 ü sravnitelnaya-rus (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 01.03.2025).    

ɻʠʙʠʣʠʩʢʦ, ʉ. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʙʝʟ ʪʘʡʥ / ʉʪʵʥ ɻʠʙʠʣʠʩʢʦ (ʧʝʨʝʚʦʜ ʩ 

ʘʥʛʣʠʡʩʢʦʛʦ ɸ.ɺ. ʉʦʣʦʚʴʝʚʘ). ï ʄ.: ʕʢʩʤʦ, 2010. -368 ʩ.  

SolarGIS https://solargis.com/   

Global Solar Atlas https://global.solar.atlas.com 

NASA POWER https://power.larc.nasa.gov/data-access-viewer/ 

Explore Google Earth https://earth.google.com/. 

 

ʋɼʂ: 621.311.6:621.791.76/.79 

https://www.meteoblue.com/ru%5d
https://solargis.com/
https://global.solar.atlas.com/
https://power.larc.nasa.gov/data-access-viewer/
https://earth.google.com/


62 
 

 

35/10 ʂɺ ʉɸʅɸʈʀʇʊʀʂ ʂᴆʄᴆʂʏʆʈɼʆʅɼʋ ᴆʅɼתʈתתɼᴆ ɾɸʉɸʃʄɸ 

ʀʅʊɽʃʃɽʂʊʊʀ ʀʐʂɽ ɸʐʓʈʋʋ 

 

ɹʝʡʰʝʥʢʫʣʦʚ ʄʘʢʩʘʪ ɸʨʩʪʘʥʙʝʢʦʚʠʯ, ʀ.ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ 

ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠʥʠʥ ʤʘʛʠʩʪʨʘʥʪʳ, ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ, ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-

mail: max.b@gmail.com  
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ɸʥʥʦʪʘʮʠʷ. ʕʥʝʨʛʝʪʠʢʘ ʩʝʢʪʦʨʫ ʢᴇʙװʨᴇᴇʢ ʥʘʪʳʡʞʘʣʫʫʣʫʢʪʫ, ʠʰʝʥʠʤʜװװʣװʢʪװ ʞʘʥʘ 

ʪʫʨʫʢʪʫʫʣʫʢʪʫ ʪʘʣʘʧ ʢʳʣʛʘʥ ʪʝʨʝש ʪʨʘʥʩʬʦʨʤʘʮʠʷʜʘʥ ᴇʪװʧ ʞʘʪʘʪ. ɹʫʣ ʪʨʘʥʩʬʦʨʤʘʮʠʷʥʳʥ 

ʘʣʜʳשʢʳ ʩʘʙʳʥʜʘ ʘʣʜʳשʢʳ ʢʦʤʤʫʥʠʢʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʘʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳʢ 

ʪװʟװʣװʰʪᴇʨʜװ ʢʦʣʜʦʥʛʦʥ ʩʘʥʘʨʠʧʪʠʢ ʢᴇʤᴇʢʯʦʨʜʦʥʜʦʨ ʪʫʨʘʪ. ɹʫʣ ʯᴇʡʨᴇʜᴇʛװ ʵש ʢʝʣʝʯʝʢʪװװ 

ʞʝʪʠʰʢʝʥʜʠʢʪʝʨʜʠʥ ʙʠʨʠ ʩʘʥʘʨʠʧʪʠʢ ʢᴇʤᴇʢʯʦʨʜʦʥʜʦʨʜʫ ʜʦʣʙʦʦʨʣʦʦʛʦ ʞʘʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʷʣʦʦʛʦ ʞʘʩʘʣʤʘ ʠʥʪʝʣʣʝʢʪʪʠ (AI) ʠʥʪʝʛʨʘʮʠʷʣʦʦ ʙʦʣʫʧ ʩʘʥʘʣʘʪ. ɹʫʣ ʤʘʢʘʣʘʜʘ 35/10 

ʢɺ ʩʘʥʘʨʠʧʪʠʢ ʢᴇʤᴇʢʯʦʨʜʦʥʜʫ ᴇʥװʢʪװʨװװʜᴇ ɸʀʥʠʥ ʠʰʢʝ ʘʰʳʨʳʣʳʰʳ ʢʘʨʘʣʳʧ, ʘʥʳʥ 

ʢʦʣʜʦʥʫʣʫʰʪʘʨʳ, ʘʨʪʳʢʯʳʣʳʢʪʘʨʳ, ʢᴇʡʛᴇʡʣᴇʨװ ʞʘʥʘ ʢʝʣʝʯʝʢʪʝʛʠ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ 

ʢᴇʨʩᴇʪװʣᴇʪ. 

ʊװʡװʥʜװ ʩᴇʟʜᴇʨ: ɾʘʩʘʣʤʘ ʠʥʪʝʣʣʝʢʪ, ʉʘʥʘʨʠʧʪʠʢ ʧʦʜʩʪʘʥʮʠʷ, ɹʘʰʢʘʨʫʫ 

ʘʚʪʦʤʘʪʪʘʰʪʳʨʫʫ, ʉʘʥʘʨʠʧʪʠʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʉʘʥʘʨʠʧʪʠʢ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, 

ɸʚʪʦʤʘʪʪʘʰʪʳʨʳʣʛʘʥ ʙʘʰʢʘʨʫʫ ʩʠʩʪʝʤʘʣʘʨʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ʧʝʨʝʞʠʚʘʝʪ ʛʣʫʙʦʢʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ, 

ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʎʠʬʨʦʚʳʝ ʧʦʜʩʪʘʥʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʝʨʝʜʦʚʳʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʝʨʝʜʥʝʤ ʢʨʘʝ ʵʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʨʘʟʨʘʙʦʪʢʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʮʠʬʨʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʀʀ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 35/10 ʢɺ, 

ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʝʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʦʙʣʝʤʳ ʠ ʙʫʜʫʱʠʝ ʧʝʨʩʧʝʢʪʠʚʳ. 
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Annotation. The energy sector is undergoing a profound transformation, driven by the need for 

greater efficiency, reliability, and sustainability. Digital substations, which leverage advanced 

communication technologies and intelligent devices, are at the forefront of this transformation. Among 

the most promising advancements in this domain is the integration of artificial intelligence (AI) into 

the development and operation of digital substations. This article explores the implementation of AI 

during the development of a 35/10 kV digital substation, highlighting its applications, benefits, 

challenges, and future prospects. 

Keywords: Artificial Intelligence, Digital Substation, Control Automation, Digital 

Technologies, Digital Transformation, Automated Control Systems 

1. ʈʦʣʴ ʀʀ ʚ ʮʠʬʨʦʚʳʭ ʧʦʜʩʪʘʥʮʠʷʭ 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʤʘʰʠʥʘʭ, ʢʦʪʦʨʳʝ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʜʫʤʘʪʴ, ʫʯʠʪʴʩʷ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ. ɺ ʢʦʥʪʝʢʩʪʝ 

ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 35/10 ʢɺ ʀʀ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʨʘʟʫʤʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʴʶ. 

ɸʥʘʣʠʟʠʨʫʷ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʩʠʩʪʝʤʳ ʀʀ ʤʦʛʫʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʩʙʦʠ ʠ ʫʣʫʯʰʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. 

 
ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ ʀʀ 

ʀʥʪʝʛʨʘʮʠʷ ʀʀ ʚ ʮʠʬʨʦʚʳʝ ʧʦʜʩʪʘʥʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʪʝʥʜʝʥʮʠʠ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʳʭ ʠʜʝʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ. ʎʠʬʨʦʚʘʷ ʧʦʜʩʪʘʥʮʠʷ 35/10 ʢɺ ʩʣʫʞʠʪ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʫʟʣʦʤ ʚ ʵʣʝʢʪʨʦʩʝʪʠ, ʧʦʥʠʞʘʷ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (35 ʢɺ) 

ʜʦ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (10 ʢɺ) ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʀʀ 

ʨʘʩʰʠʨʷʝʪ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʜʝʣʘʷ ʝʝ ʙʦʣʝʝ ʘʜʘʧʪʠʚʥʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ. 

 

2. ʇʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 35/10 ʢɺ 

ʀʀ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʷʭ ʚʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 35/10 ʢɺ: 
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ʇʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ: ʘʣʛʦʨʠʪʤʳ ʀʀ ʘʥʘʣʠʟʠʨʫʶʪ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʙʦʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʧʨʦʩʪʦʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʷ ʥʘʜʝʞʥʦʩʪʴ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ: ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʀʀ ʤʦʛʫʪ ʙʳʩʪʨʦ 

ʦʧʨʝʜʝʣʷʪʴ ʠ ʣʦʢʘʣʠʟʦʚʘʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʥʘ ʧʦʜʩʪʘʥʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʝʨʝʙʦʠ ʚ ʨʘʙʦʪʝ ʩʝʪʠ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘʛʨʫʟʢʠ: ʤʦʜʝʣʠ ʀʀ ʘʥʘʣʠʟʠʨʫʶʪ ʠʩʪʦʨʠʯʝʩʢʠʝ ʠ ʪʝʢʫʱʠʝ ʜʘʥʥʳʝ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʥʘ ʵʥʝʨʛʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʩʪʘʥʮʠʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʩʦʢʨʘʪʠʪʴ ʦʪʭʦʜʳ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ: ʘʣʛʦʨʠʪʤʳ ʀʀ ʦʧʪʠʤʠʟʠʨʫʶʪ ʨʘʙʦʪʫ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ. 

ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ: ʀʀ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʮʠʬʨʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʦʙʥʘʨʫʞʠʚʘʷ ʠ 

ʫʩʪʨʘʥʷʷ ʢʠʙʝʨʫʛʨʦʟʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʄʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ 

ʦʧʨʝʜʝʣʷʪʴ ʥʝʦʙʳʯʥʳʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʘʪʘʢʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ: ʀʀ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʰʠʨʝʥʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʦʧʝʨʘʮʠʡ 

ʧʦʜʩʪʘʥʮʠʠ, ʩʥʠʞʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ ʠ ʫʣʫʯʰʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ. 

 

3. ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʀʀ 

ʀʥʪʝʛʨʘʮʠʷ ʀʀ ʚ ʮʠʬʨʦʚʫʶ ʧʦʜʩʪʘʥʮʠʶ 35/10 ʢɺ ʜʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

ʇʦʚʳʰʝʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ: ʩʠʩʪʝʤʳ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʀʀ ʧʦʚʳʰʘʶʪ ʥʘʜʝʞʥʦʩʪʴ ʧʦʜʩʪʘʥʮʠʠ, ʩʥʠʞʘʷ ʨʠʩʢ 

ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʩʙʦʝʚ. 

ʇʦʚʳʰʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʀʀ ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʦʪʝʨʠ ʠ ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʕʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ: ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʧʨʦʩʪʦʷ, ʨʘʩʭʦʜʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ, 

ʀʀ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ ʚ ʪʝʯʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʦʜʩʪʘʥʮʠʠ. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ʩʠʩʪʝʤʳ ʀʀ ʤʦʛʫʪ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʩʝʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʥʪʝʛʨʘʮʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ. 

ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ: ʀʀ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʝʡʩʪʚʝʥʥʳʝ ʠʜʝʠ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʷ ʦʧʝʨʘʪʦʨʘʤ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʠ 

ʫʣʫʯʰʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʴʶ. 

 

4. ʇʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ ʀʀ 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ, ʚʥʝʜʨʝʥʠʝ ʀʀ ʥʘ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 35/10 ʢɺ 

ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ: 

ʂʘʯʝʩʪʚʦ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ: ʩʠʩʪʝʤʳ ʀʀ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʅʝʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʠʣʠ ʥʝʧʦʣʥʳʝ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʧʦʩʪʘʚʠʪʴ ʧʦʜ ʫʛʨʦʟʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʀʀ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʨʝʰʝʥʠʡ ʀʀ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ 

ʟʥʘʥʠʡ ʠ ʦʧʳʪʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʫʧʥʳ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʠʥʪʝʛʨʘʮʠʷ ʀʀ ʚ ʫʩʪʘʨʝʚʰʠʝ ʩʠʩʪʝʤʳ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʈʠʩʢʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ: ʚʦʟʨʦʩʰʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʀʀ ʠ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ ʧʦʜʚʝʨʛʘʝʪ 

ʧʦʜʩʪʘʥʮʠʶ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʠʙʝʨʫʛʨʦʟʘʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʥʷʪʠʷ ʥʘʜʝʞʥʳʭ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʅʦʨʤʘʪʠʚʥʳʝ ʠ ʵʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʧʦʜʥʠʤʘʝʪ ʥʦʨʤʘʪʠʚʥʳʝ ʠ ʵʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ, ʦʩʦʙʝʥʥʦ ʢʘʩʘʶʱʠʝʩʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʧʦʜʦʪʯʝʪʥʦʩʪʠ. 

 

5. ʇʨʠʤʝʨ: ʀʀ ʥʘ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 35/10 ʢɺ 

ʏʪʦʙʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ ʀʀ, ʨʘʩʩʤʦʪʨʠʤ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ 

ʧʨʠʤʝʨ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 35/10 ʢɺ: 

ʇʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ: ɼʘʪʯʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʶʯʘʪʝʣʷʭ, ʩʦʙʠʨʘʶʪ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʚʠʙʨʘʮʠʠ 

ʠ ʥʘʛʨʫʟʢʝ. ɸʣʛʦʨʠʪʤʳ ʀʀ ʘʥʘʣʠʟʠʨʫʶʪ ʵʪʠ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʙʦʝʚ 

ʠ ʫʧʨʝʞʜʘʶʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ: ʉʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʥʘ ʙʘʟʝ ʀʀ 

ʦʪʩʣʝʞʠʚʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜʩʪʘʥʮʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʠʩʪʝʤʘ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʪʠʧ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʫʩʪʨʘʥʠʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʴ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘʛʨʫʟʢʠ: ʇʦʜʩʪʘʥʮʠʷ ʠʩʧʦʣʴʟʫʝʪ ʤʦʜʝʣʠ ʀʀ ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʧʦʛʦʜʥʳʭ ʜʘʥʥʳʭ. ʕʪʠ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʫʶʪ 

ʙʫʜʫʱʠʡ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʩʪʘʥʮʠʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ ʨʘʙʦʪʫ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ: ɸʣʛʦʨʠʪʤʳ ʀʀ ʢʦʨʨʝʢʪʠʨʫʶʪ ʥʘʩʪʨʦʡʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ: ʉʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʀʀ ʦʪʩʣʝʞʠʚʘʝʪ 

ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʥʘ ʧʨʝʜʤʝʪ ʥʝʦʙʳʯʥʳʭ ʩʭʝʤ, ʚʳʷʚʣʷʷ ʠ ʫʩʪʨʘʥʷʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʠʙʝʨʫʛʨʦʟʳ. 

 

6. ʇʝʨʩʧʝʢʪʠʚʳ ʥʘ ʙʫʜʫʱʝʝ 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʀʀ ʥʘ ʮʠʬʨʦʚʳʭ ʧʦʜʩʪʘʥʮʠʷʭ 35/10 ʢɺ ʙʫʜʝʪ ʨʘʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ʧʨʦʜʦʣʞʘʝʪ ʚʥʝʜʨʷʪʴ ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ. ʅʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʠʬʝʨʠʡʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, 5G ʠ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT), ʝʱʝ ʙʦʣʴʰʝ 

ʨʘʩʰʠʨʷʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʩʪʘʥʮʠʡ ʥʘ ʙʘʟʝ ʀʀ. ʅʘʧʨʠʤʝʨ, ʧʝʨʠʬʝʨʠʡʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʫʨʦʚʥʝ ʧʦʜʩʪʘʥʮʠʠ, ʩʦʢʨʘʱʘʷ ʟʘʜʝʨʞʢʫ ʠ 

ʫʣʫʯʰʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ. 

 

 ɹʦʣʝʝ ʪʦʛʦ, ʠʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ʚ ʩʝʪʴ ʦʙʫʩʣʦʚʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ. ʀʀ 

ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʪʠ. 

 



66 
 

 
ʈʠʩ. 2. ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ çʫʤʥʦʡ ʩʝʪʠè (smart grid) 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 35/10 ʢɺ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ. ʀʩʧʦʣʴʟʫʷ ʀʀ, 

ʮʠʬʨʦʚʳʝ ʧʦʜʩʪʘʥʮʠʠ ʤʦʛʫʪ ʜʦʩʪʠʯʴ ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʦʩʝʪʝʡ. ʍʦʪʷ ʠʥʪʝʛʨʘʮʠʷ ʀʀ 

ʩʦʟʜʘʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʜʦʣʛʦʩʨʦʯʥʳʝ ʚʳʛʦʜʳ ʥʘʤʥʦʛʦ ʧʝʨʝʚʝʰʠʚʘʶʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ʧʨʦʜʦʣʞʘʝʪ ʚʥʝʜʨʷʪʴ 

ʠʥʥʦʚʘʮʠʠ, ʮʠʬʨʦʚʳʝ ʧʦʜʩʪʘʥʮʠʠ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʙʫʜʫʪ ʩʪʘʥʦʚʠʪʴʩʷ ʚʩʝ 

ʙʦʣʝʝ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʫʜʫʱʝʛʦ. 
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ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ 
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Abstract. The vibration diagnostics system for electrical equipment is designed to monitor and 

evaluate the technical condition of electrical machines and devices based on an analysis of their 

vibration characteristics. The paper discusses the basic principles of operation of such systems, 

including the use of vibration sensors, spectral analysis methods, and machine learning algorithms to 

detect malfunctions. The main types of damage to electrical equipment that can be detected by 

vibration diagnostics are described, as well as the prospects for the development of this technology. 

The use of vibration diagnostic systems makes it possible to increase the reliability of electrical 

equipment, reduce repair costs and extend its service life. 

Keywords. Vibration diagnostics, electrical equipment, condition monitoring, vibration sensors, 

spectral analysis, machine learning, fault diagnosis, equipment reliability. 

  

ɺʚʝʜʝʥʠʝ. ʕʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʘʢʦʝ ʢʘʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʛʝʥʝʨʘʪʦʨʳ, ʥʘʩʦʩʳ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʢʠ. ɽʛʦ ʥʘʜʝʞʥʘʷ 

ʨʘʙʦʪʘ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʜʥʘʢʦ ʜʘʞʝ ʩʘʤʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʦ 

ʚʨʝʤʝʥʝʤ ʠʟʥʘʰʠʚʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ ʧʦʣʦʤʢʝ. ʏʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʠ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ ð ʤʝʪʦʜ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʝʛʦ ʚʠʙʨʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ.  

ɺʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ ð ʵʪʦ ʤʝʪʦʜ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ 

ʚʠʙʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʠʙʨʘʮʠʷ ð ʵʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʙʦʪʘʶʱʠʭ ʤʘʰʠʥʘʭ. ʆʜʥʘʢʦ ʝʩʣʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʠʩʧʨʘʚʥʦ, ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. ɽʩʣʠ ʞʝ ʧʦʷʚʣʷʶʪʩʷ ʥʝʧʦʣʘʜʢʠ, ʭʘʨʘʢʪʝʨ 

ʚʠʙʨʘʮʠʠ ʤʝʥʷʝʪʩʷ: ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʝ ʘʤʧʣʠʪʫʜʘ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʯʘʩʪʦʪʳ, ʠʣʠ ʤʝʥʷʝʪʩʷ 

ʬʦʨʤʘ ʩʠʛʥʘʣʘ.  

 

ʊʘʙʣʠʮʘ 1.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʆʧʠʩʘʥʠʝ 

ʈʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ  ʇʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʜʦ ʠʭ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ.  

ɹʝʟʦʧʘʩʥʦʩʪʴ  ʇʨʝʜʦʪʚʨʘʱʘʝʪ ʘʚʘʨʠʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʫʛʨʦʞʘʪʴ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ.  

ʄʦʥʠʪʦʨʠʥʛ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ  ʇʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʦʩʪʘʥʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʝʩʫʨʩʘ  

ʆʧʨʝʜʝʣʷʝʪ, ʩʢʦʣʴʢʦ ʝʱʝ ʩʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤ ʜʦ ʦʪʢʘʟʘ.  

ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʚʠʙʨʘʮʠʠ  

ɺʠʙʨʘʮʠʷ ï ʵʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʘʙʦʪʘʶʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʠʙʨʘʮʠʠ:  

1. ɸʤʧʣʠʪʫʜʘ (A) ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

2. ʏʘʩʪʦʪʘ (f) ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ʚ ʩʝʢʫʥʜʫ (ɻʮ).  

3. ʉʢʦʨʦʩʪʴ ʚʠʙʨʘʮʠʠ (V) ï ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ.  

4. ʋʩʢʦʨʝʥʠʝ ʚʠʙʨʘʮʠʠ (a) ï ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ.  

ʉʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ:   

V=Aẗ2ˊf     a=Aẗ(2ˊf)Į                       (1) 
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ɼʠʩʙʘʣʘʥʩ ʨʦʪʦʨʘ  

ɼʠʩʙʘʣʘʥʩ ð ʵʪʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ, ʪʘʢʠʤ ʢʘʢ ʠʟʥʦʩ, ʟʘʛʨʷʟʥʝʥʠʝ, 

ʜʝʬʦʨʤʘʮʠʷ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʘʷ ʩʙʦʨʢʘ ʨʦʪʦʨʘ.   

1. ʇʨʠʯʠʥʳ ʜʠʩʙʘʣʘʥʩʘ ʀʟʥʦʩ, ɿʘʛʨʷʟʥʝʥʠʝ, ʅʝʧʨʘʚʠʣʴʥʘʷ ʩʙʦʨʢʘ. 

2. ʇʦʩʣʝʜʩʪʚʠʷ ʜʠʩʙʘʣʘʥʩʘ - ʜʠʩʙʘʣʘʥʩ ʚʳʟʳʚʘʝʪ ʩʠʣʴʥʳʝ ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘ ʯʘʩʪʦʪʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʦʨʦʪʘʤ ʨʦʪʦʨʘ, ʯʪʦ ʫʩʫʛʫʙʣʷʝʪ ʩʠʪʫʘʮʠʶ. ʕʪʠ ʚʠʙʨʘʮʠʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ: ʨʘʟʨʫʰʝʥʠʝ ʧʦʜʰʠʧʥʠʢʦʚ, 

ʧʦʚʨʝʞʜʝʥʠʷ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʄʝʪʦʜʳ ʫʩʪʨʘʥʝʥʠʷ ʜʠʩʙʘʣʘʥʩʘ: ʙʘʣʘʥʩʠʨʦʚʢʘ, ʨʝʛʫʣʷʨʥʳʡ ʦʩʤʦʪʨ ʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ  

 

ʀʟʥʦʩ ʧʦʜʰʠʧʥʠʢʦʚ  

ʀʟʥʦʩ ʧʦʜʰʠʧʥʠʢʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʤʥʦʞʝʩʪʚʫ ʧʨʠʯʠʥ, ʚʢʣʶʯʘʷ ʜʣʠʪʝʣʴʥʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʶ, ʥʝʧʨʘʚʠʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʟʘʛʨʷʟʥʝʥʠʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʩʤʘʟʢʫ. ʀʟʥʦʩ 

ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ, ʝʩʣʠ ʚʦʚʨʝʤʷ ʥʝ ʚʳʷʚʠʪʴ ʧʨʦʙʣʝʤʫ.  

ʇʨʠʯʠʥʳ ʠʟʥʦʩʘ ʧʦʜʰʠʧʥʠʢʦʚ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʤʘʟʢʘ, ʟʘʛʨʷʟʥʝʥʠʝ, ʧʝʨʝʛʨʫʟʢʘ, 

ʥʝʧʨʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. 

ʄʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʥʦʩʘ ʧʦʜʰʠʧʥʠʢʦʚ: ʨʝʛʫʣʷʨʥʘʷ ʟʘʤʝʥʘ ʩʤʘʟʢʠ, ʢʦʥʪʨʦʣʴ ʟʘ 

ʥʘʛʨʫʟʢʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʦʚ ʠ ʦʯʠʩʪʢʘ.  

 

ʅʝʩʦʩʥʦʩʪʴ ʚʘʣʦʚ  

ʅʝʩʦʩʥʦʩʪʴ ð ʵʪʦ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʘʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʜʝʬʦʨʤʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ 

ʠʟʥʦʩʘ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ɺʘʣʘ ʜʚʠʛʘʪʝʣʷ ʠ ʥʘʩʦʩʘ (ʠʣʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ), ʥʘʭʦʜʷʱʠʭʩʷ 

ʚ ʥʝʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ, ʥʘʯʠʥʘʶʪ ʨʘʙʦʪʘʪʴ ʩ ʧʝʨʝʢʦʩʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ ʥʘ ʩʦʧʨʷʞʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ.  

ʇʨʠʯʠʥʳ ʥʝʩʦʦʩʥʦʩʪʠ ʚʘʣʦʚ: ʥʝʧʨʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʠʟʥʦʩ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʝʬʦʨʤʘʮʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʤʝʪʦʜʳ ʫʩʪʨʘʥʝʥʠʷ ʥʝʩʦʦʩʥʦʩʪʠ ʚʘʣʦʚ, ʈʝʛʫʣʷʨʥʘʷ ʧʨʦʚʝʨʢʘ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʦʣʦʞʝʥʠʷ ʚʘʣʦʚ. 

 

ʊʘʙʣʠʮʘ 2.  

ɼʘʪʯʠʢʠ ʚʠʙʨʘʮʠʠ 

ʊʠʧ ʜʘʪʯʠʢʘ ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʇʨʠʤʝʥʝʥʠʝ 

ɼʘʪʯʠʢʠ 
ʀʟʤʝʨʷʶʪ ʫʩʢʦʨʝʥʠʝ 

ʚʠʙʨʘʮʠʠ. 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʚʘʨʠʘʥʪ, 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ. 

ʉʢʦʨʦʩʪʥʳʝ ʜʘʪʯʠʢʠ 
ʀʟʤʝʨʷʶʪ ʩʢʦʨʦʩʪʴ 

ʢʦʣʝʙʘʥʠʡ. 

ʇʨʠʤʝʥʷʶʪʩʷ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ 

ʩʠʩʪʝʤʘʭ. 

ʃʘʟʝʨʥʳʝ 

ʚʠʙʨʦʤʝʪʨʳ 

ɹʝʩʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ 

ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʠ. 

ɺʳʩʦʢʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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ʈʠʩ.1 ɺʠʙʨʦʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ  

ʊʝʭʥʦʣʦʛʠʠ ʥʝ ʩʪʦʷʪ ʥʘ ʤʝʩʪʝ, ʠ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʚʥʝʜʨʷʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʪʦʯʥʦ ʦʪʩʣʝʞʠʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʚ 

ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ.  

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT):  

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʠʥʪʝʨʥʝʪʦʤ ʚʝʱʝʡ (IoT). ɺ ʙʫʜʫʱʝʤ ʜʘʪʯʠʢʠ ʙʫʜʫʪ ʦʩʥʘʱʘʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʧʝʮʠʘʣʠʩʪʘʤ ʠ ʠʥʞʝʥʝʨʘʤ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʜʘʣʝʥʥʦ, ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʛʜʝ ʝʩʪʴ ʜʦʩʪʫʧ ʚ ʩʝʪʴ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʠʙʨʘʮʠʷʭ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʘʙʦʪʳ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ ʥʝʧʨʝʨʳʚʥʦ, ʠ 

ʩʧʝʮʠʘʣʠʩʪʳ ʩʤʦʛʫʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶʙʳʝ ʦʪʢʣʦʥʝʥʠʷ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʢʫʱʠʝ ʜʘʥʥʳʝ, 

ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧ ʢ ʩʪʘʪʠʩʪʠʢʝ, 

ʪʨʝʥʜʘʤ ʠ ʠʩʪʦʨʠʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʦ ʪʘʢʞʝ ʩʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ ʙʦʣʝʝ 

ʫʜʦʙʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʴʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ:  

ɺʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʩʠʩʪʝʤʳ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʦʪʢʨʦʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʇʨʦʛʨʘʤʤʳ ʥʘ ʙʘʟʝ ʀʀ ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ, ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʪʢʣʦʥʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʣʘʛʘʪʴ ʨʝʰʝʥʠʷ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ ʟʘʤʝʥʳ ʧʦʜʰʠʧʥʠʢʦʚ ʠʣʠ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʙʳʩʪʨʦ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʦ ʥʠʭ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʧʦʣʦʤʦʢ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʘʨʘʥʝʝ ʧʣʘʥʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʟʘʤʝʥʫ ʜʝʪʘʣʝʡ, 

ʠʟʙʝʛʘʷ ʥʝʦʞʠʜʘʥʥʳʭ ʩʙʦʝʚ ʠ ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ.  

ʄʠʥʠʘʪʶʨʥʳʝ ʜʘʪʯʠʢʠ:  

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʫ. 

ɼʘʪʯʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʤʝʥʴʰʠʤʠ ʠ ʜʝʰʝʚʣʝ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɽʩʣʠ ʨʘʥʝʝ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʪʦʣʴʢʦ ʥʘ ʢʣʶʯʝʚʳʝ ʫʟʣʳ, ʪʦ ʚ ʙʫʜʫʱʝʤ ʩ ʧʦʤʦʱʴʶ 

ʤʠʥʠʘʪʶʨʥʳʭ ʜʘʪʯʠʢʦʚ ʤʦʞʥʦ ʙʫʜʝʪ ʦʩʥʘʱʘʪʴ ʜʘʞʝ ʙʦʣʝʝ ʤʝʣʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʤʝʭʘʥʠʟʤʳ. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ ʢʘʨʪʠʥʫ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʣʫʯʰʠʪʴ 

ʤʦʥʠʪʦʨʠʥʛ, ʚʝʜʴ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʙʫʜʝʪ ʧʦʜ ʢʦʥʪʨʦʣʝʤ.  
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ʉʠʩʪʝʤʳ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʦʮʝʥʠʤʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʯʪʦ ʧʦʤʦʛʘʝʪ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʧʦʣʦʤʢʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʧʨʦʩʪʦʷ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʚʘʨʠʠ ʠ ʧʦʚʳʰʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ.  

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT), ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ 

ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ʜʘʪʯʠʢʦʚ, ʩʠʩʪʝʤʳ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, 

ʫʤʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʢʝ, ʛʜʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ. ɺ ʙʫʜʫʱʝʤ ʵʪʠ ʩʠʩʪʝʤʳ ʩʪʘʥʫʪ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʩʜʝʣʘʝʪ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  
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ʤʝʭʘʥʠʢʘʣʳʢ ʜʠʥʘʤʠʢʘʣʳʢ ʢʘʩʠʝʪʪʝʨʠʥʠʥ ʞʳʰʪʳʢ ʞᴇʥʛᴇ ʩʘʣʫʫʩʫʥʘ ʪʠʡʛʠʟʛʝʥ ʪʘʘʩʠʨʠ 

ʠʟʠʣʜʝʥʝʪ. ɸʨ ʪװʨʜװװ ʵʥʝʨʛʠʷ ʙʫʣʘʢʪʘʨʳʥʳʥ ʘʡʣʘʥʫʫ ʳʣʜʘʤʜʳʛʳʥʳʥ ʤװʥᴇʟʜᴇʤᴇʣᴇʨװʥ, 

ʘʡʣʘʥʫʫ ʠʥʝʨʮʠʷʩʳʥ ʞʘʥʘ ʢʫʙʘʪ ʞᴇʥʛᴇ ʩʘʣʫʫ ʳʣʜʘʤʜʳʛʳʥʳʥ ʘʡʳʨʤʘʣʘʨʳʥ ʪʘʣʜʦʦ ʘʨʢʳʣʫʫ 

ʵʥʝʨʛʠʷ ʙʫʣʘʢʪʘʨʳʥʳʥ ʜʠʥʘʤʠʢʘʣʳʢ ʢʘʩʠʝʪʪʝʨʠʥʠʥ ʞʳʰʪʳʢ ʞᴇʥʛᴇ ʩʘʣʫʫ ʢᴇʨʩᴇʪʢװʯʪᴇʨװʥᴇ 

ʯʝʯװװʯװ ʪʘʘʩʠʨʠ ʘʥʳʢʪʘʣʛʘʥ. 
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ɸʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚ ʤʠʢʨʦʩʝʪʠ, 

ʨʘʙʦʪʘʶʱʝʡ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚʝʪʨʦʚʳʭ ʪʫʨʙʠʥ ʠ ʩʠʥʭʨʦʥʥʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ. ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʠ ʩʢʦʨʦʩʪʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ. ʋʯʠʪʳʚʘʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʤʝʜʣʝʥʥʳʡ 

ʦʪʢʣʠʢ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʠʡ ʚ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʠʢʨʦʩʝʪʴ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ, ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʩʠʥʭʨʦʥʥʳʡ 

ʛʝʥʝʨʘʪʦʨ, ʨʘʟʣʠʯʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 
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ɺʚʝʜʝʥʠʝ. ʅʝʭʚʘʪʢʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʨʠʚʝʣʘ ʢ ʰʠʨʦʢʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʤʠʢʨʦʩʝʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʘʣʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʧʨʠʚʣʝʢʣʠ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ ʫʯʝʥʳʭ. ʄʠʢʨʦʩʝʪʴ ʤʦʞʝʪʨʘʙʦʪʘʪʴ ʢʘʢ ʚ 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʨʝʞʠʤʝ ʩ ʢʨʫʧʥʦʡ ʵʣʝʢʪʨʦʩʝʪʴʶ, ʪʘʢ ʠ ʚ ʦʪʜʝʣʝʥʥʦʤ ʨʝʞʠʤʝ ʦʪ ʦʩʥʦʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʦʩʫʱʝʩʪʚʣʷʷ ʘʚʪʦʥʦʤʥʫʶ ʨʘʙʦʪʫ [1-2]. ʂʦʛʜʘ ʤʠʢʨʦʩʝʪʴ ʨʘʙʦʪʘʝʪ ʚ ʘʚʪʦʥʦʤʥʦʤ 

ʨʝʞʠʤʝ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʛʝʥʝʨʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʩʦʣʥʝʯʥʘʷ 

ʵʥʝʨʛʠʷ ʠ ʪ.ʜ., ʜʦʣʞʥʳ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʯʘʩʪʦʪʳ ʤʠʢʨʦʩʝʪʠ [3]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ  ʤʝʪʦʜʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ 

ʤʠʢʨʦʩʝʪʠ, ʢʦʪʦʨʳʡ ʠʥʪʝʛʨʠʨʫʝʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʪʨʷʥʳʭ 

ʪʫʨʙʠʥ ʠ ʩʠʥʭʨʦʥʥʳʭ ʘʛʨʝʛʘʪʦʚ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʩʢʦʨʦʩʪʴʶ ʦʙʳʯʥʦ ʩʦʩʪʦʠʪ ʠʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʩʠʩʪʝʤʘ ʚ ʦʩʥʦʚʥʦʤ ʚʢʣʶʯʘʝʪ ʚʝʪʨʷʥʫʶ ʪʫʨʙʠʥʫ, ʮʝʧʴ ʧʝʨʝʜʘʯʠ ʠ ʨʦʪʦʨ 

ʛʝʥʝʨʘʪʦʨʘ, ʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʜʩʠʩʪʝʤʘ ʚ ʦʩʥʦʚʥʦʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʪʫʰʢʫ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. ʇʦʩʢʦʣʴʢʫ ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʵʪʠʭ ʜʚʫʭ ʯʘʩʪʝʡ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ, ʧʨʦʚʦʜʠʪʴ ʫʪʦʯʥʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘ ʫʨʦʚʥʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ, ʥʝʵʬʬʝʢʪʠʚʥʦ ʠ ʥʝʥʫʞʥʦ. ɽʩʣʠ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʪʦʣʴʢʦ ʥʘ 

çʤʝʜʣʝʥʥʳʭè ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʠ ʤʦʱʥʦʩʪʴ 

ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ, çʙʳʩʪʨʳʝè ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ ʪʦʢ ʠ 

ʥʘʧʨʷʞʝʥʠʝ, ʤʦʞʥʦ ʠʛʥʦʨʠʨʦʚʘʪʴ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʝʪʨʷʥʳʭ 

ʪʫʨʙʠʥ ʠ ʤʠʢʨʦʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʫʶ ʜʠʥʘʤʠʢʫ ʠ 

ʠʛʥʦʨʠʨʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʜʠʥʘʤʠʢʫ. [4, 5].  

 

 
 

ʈʠʩ.1. ʄʦʜʝʣʴ ʤʠʢʨʦʩʝʪʠ, ʚʢʣʶʯʘʶʱʝʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ 

ɺʝʪʨʦʚʳʝ ʛʝʥʝʨʘʪʦʨʳ ʠʤʝʶʪ ʪʨʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

1. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ.  
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ʈʠʩ. 2. ʂʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 

2.  ɹʦʣʴʰʘʷ ʠʥʝʨʮʠʷ ʫʩʪʘʥʦʚʢʠ. ɹʣʘʛʦʜʘʨʷ ʣʦʧʘʩʪʷʤ ʜʣʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʤʝʪʨʦʚ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʠʥʝʨʮʠʶ ʚʨʘʱʝʥʠʷ. ʇʦʩʪʦʷʥʥʘʷ 

ʠʥʝʨʮʠʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʤʝʛʘʚʘʪʪʥʦʛʦ ʢʣʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 2.4-6.8 ʩʝʢʫʥʜ. 

3. ɹʳʩʪʨʘʷ ʩʢʦʨʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʤʦʱʥʦʩʪʴ, ʚʳʜʘʚʘʝʤʘʷ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʤ, ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʝʪʠ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʘʜʘʥʘ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. ɹʝʟ ʟʘʜʝʨʞʢʠ ʚʳʧʦʣʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʢʦʨʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘʤʥʦʛʦ ʚʳʰʝ. ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʳʩʪʨʦʛʦ ʦʪʢʣʠʢʘ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʙʳʩʪʨʳʭ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʦʪʳ ʤʠʢʨʦʩʝʪʠ. 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

1. ʄʘʣʳʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚ 

ʤʠʢʨʦʩʝʪʠ ʩʦʩʪʘʚʣʷʝʪ Ñ0.5 ɻʮ, ʪʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ 

ʚ ʧʨʝʜʝʣʘʭ πȢωωͯρȢπρ‫  . ʕʪʦ ʦʯʝʥʴ ʩʣʦʞʥʦ ʜʣʷ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ 

ʤʠʢʨʦʩʝʪʠ. 

2. ʄʘʣʘʷ ʠʥʝʨʮʠʷ ʫʩʪʘʥʦʚʢʠ. ʉʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʚ ʤʠʢʨʦʩʝʪʷʭ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʤʘʣʳʝ ʜʠʟʝʣʴʥʳʝ 

ʠʣʠ ʛʘʟʦʚʳʝ ʛʝʥʝʨʘʪʦʨʳ. ʕʪʠ ʫʩʪʘʥʦʚʢʠ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʫʶ ʩʦʙʩʪʚʝʥʥʫʶ ʠʥʝʨʮʠʶ 

ʚʨʘʱʝʥʠʷ, ʦʙʳʯʥʦ ʩ ʧʦʩʪʦʷʥʥʦʡ ʠʥʝʨʮʠʠ Ὄ ς ὧ , ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʘʙʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 
ʠʥʝʨʮʠʦʥʥʦʛʦ ʦʪʢʣʠʢʘ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʢʦʨʦʩʪʠ.  

3. ʄʝʜʣʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʥʭʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʪʨʝʙʫʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʦʪʢʣʦʥʝʥʠʷ ʯʝʨʝʟ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʚ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʫʧʨʘʚʣʷʝʪ ʚʳʭʦʜʥʳʤ 

ʚʨʘʱʘʶʱʠʤ ʤʦʤʝʥʪʦʤ ʧʝʨʚʠʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʟʘʚʝʨʰʝʥ ʪʦʣʴʢʦ ʚ 

ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʚ ʩʝʢʫʥʜʘʭ, ʩʢʦʨʦʩʪʴ ʦʪʢʣʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʘʷ. ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʚʦʟʤʫʱʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʦʣʘʛʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʩʦʙʩʪʚʝʥʥʫʶ ʠʥʝʨʮʠʶ ʫʩʪʘʥʦʚʢʠ.  

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʚʦʟʤʫʱʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʫʨʦʚʝʥʴ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ ʠ 

ʩʢʦʨʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚʣʠʷʶʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʤʠʢʨʦʩʝʪʠ. ʉʨʝʜʠ ʥʠʭ ʚʦʟʤʫʱʝʥʠʝ ʤʦʱʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʬʘʢʪʦʨʦʤ, 

ʠʥʝʨʮʠʶ ʩʠʩʪʝʤʳ ʪʨʫʜʥʦ ʠʟʤʝʥʠʪʴ, ʧʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʜʘʚʣʝʥʠʶ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ 

ʚʳʚʦʜʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʯʘʩʪʦʪʥʦʛʦ ʦʪʢʣʠʢʘ ʤʠʢʨʦʩʝʪʠ, ʩʦʜʝʨʞʘʱʘʷ ʜʚʘ ʪʠʧʘ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ: ʩ ʤʝʜʣʝʥʥʳʤ ʠ ʙʳʩʪʨʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ʠ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʙʳʩʪʨʦʛʦ ʧʘʜʝʥʠʷ ʯʘʩʪʦʪʳ. 
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ʈʠʩ. 3. ʄʦʜʝʣʴ ʤʠʢʨʦʩʝʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʜʚʘ ʪʠʧʘ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

 

ɺ ʤʦʜʝʣʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 3, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʠʩʪʦʯʥʠʢʘ 

ʵʥʝʨʛʠʠ ʩ ʤʝʜʣʝʥʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʤʦʱʥʦʩʪʠ Ὕ=4 ʩʝʢ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ; ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʠʩʪʦʯʥʠʢʘ 

ʵʥʝʨʛʠʠ ʩ ʙʳʩʪʨʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʤʦʱʥʦʩʪʠ Ὕ=0 ʩʝʢ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ.  

ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʙʳʩʪʨʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʢʣʠʢʘ ʚʝʪʨʦʚʳʭ 

ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʯʘʩʪʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʭ ʨʝʩʫʨʩʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʩʠʥʭʨʦʥʥʳʝ 

ʛʝʥʝʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʤʠʢʨʦʩʝʪʷʭ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʵʥʝʨʛʠʠ 

ʚʝʪʨʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʣʠʯʠʷʭ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ʆʧʪʠʤʠʟʠʨʫʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʚʝʪʨʦʚʳʤʠ ʠ ʩʠʥʭʨʦʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʥʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ, ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʝʨʚʳʤ ʠʛʨʘʪʴ ʚʝʜʫʱʫʶ ʨʦʣʴ ʥʘ ʵʪʘʧʝ ʙʳʩʪʨʦʛʦ ʦʪʢʣʠʢʘ, ʘ 

ʚʪʦʨʳʤ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʥʝʨʮʠʦʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʥʘ ʵʪʘʧʝ ʩʪʘʙʠʣʠʟʘʮʠʠ (ʨʠʩ.4). 

 
 

ʈʠʩ. 4. ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʤʠʢʨʦʩʝʪʠ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʝ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

1. ʂʦʤʘʥʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʤʦʱʥʦʩʪʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʦʣʥʦʩʪʴʶ ʦʪʜʝʣʝʥʘ ʦʪ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ, ʨʝʛʫʣʠʨʫʷ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʘʤʧʣʠʪʫʜʳ ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʩʠʩʪʝʤʳ, ʙʝʟ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʡ ʩʦʙʩʪʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ; 
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2. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʙʦʣʴʰʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʦʪʢʣʦʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʩʠʩʪʝʤʳ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʠʩʧʦʣʴʟʫʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʦʪʫʨʙʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʚ 

ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʠ ʠʩʧʦʣʴʟʫʝʪ ʦʪʢʣʦʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʪʫʨʙʠʥʳ, ʠʟʤʝʨʝʥʥʦʝ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɺ ʵʪʦʤ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʦʤ ʤʝʪʦʜʝ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʴʰʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʨʦʪʦʨʘ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʦʪʳ 

ʩʠʩʪʝʤʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʨʝʛʫʣʠʨʫʷ ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʚʝʪʨʦʪʫʨʙʠʥʳ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ, ʙʦʣʴʰʦʡ ʠʥʝʨʮʠʝʡ ʠ 

ʤʝʜʣʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʪʠʧʘ ʚ ʩʠʩʪʝʤʘʭ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʝ 

ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʇʨʝʜʣʦʞʝʥʳ 

ʦʧʪʠʤʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʙʘʟʝ ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʝ Matlab / Simulink. 
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Annotation. An analysis of the development of renewable energy sources has shown that the 

use of only one type in power supply systems for autonomous consumers does not always ensure 

reliable and uninterrupted power supply. To improve efficiency, a combination of different types of 

renewable energy is needed. A computer model of a combined autonomous energy source based on a 

microhydroelectric power station and a photovoltaic solar power station has been developed. An 

optimal electrical circuit for a combined autonomous power source based on a microhydroelectric 

power station and a photovoltaic solar power station and a computer model in the Matlab / Simulink 

program are proposed. 

Key words: computer model, Matlab / Simulink, combined automatic power supplies, 

oscillogram study results, efficiency. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʘʚʣʷʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʩʪʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʥʦʢʦʤʧʣʝʢʩʘʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʝʪʨʷʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʩʦʣʥʝʯʥʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʤʘʣʳʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʪʦʯʢʠ 
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ʧʨʦʜʘʞʠ ʠ ʪ. ʜ. ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʤʦʥʦʢʦʤʧʣʝʢʩʳ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʩʪʨʘʥʘʭ: ʉʐɸ, ʂʠʪʘʡ, ɻʝʨʤʘʥʠʷ (ʚʝʪʨʷʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 

ʩʦʣʥʝʯʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ); ʌʨʘʥʮʠʷ (ʧʨʠʣʠʚʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ), ʗʧʦʥʠʷ, ʖ. 

ʂʦʨʝʷ (ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ); ʉʐɸ, ʀʪʘʣʠʷ, ʀʩʣʘʥʜʠʷ (ʛʝʦʪʝʨʤʘʣʴʥʘʷ) [1]. 

ʄʠʨʦʚʦʡ ʦʧʳʪ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʚʠʜʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʘʚʪʦʥʦʤʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʝ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʠʟ-ʟʘ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʧʳʪʘʶʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʘ ʩʯʝʪ 

ɺʀʕ, ʦʙʲʝʜʠʥʷʷ ʨʘʟʥʳʝ ʚʠʜʳ ɺʀʕ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʳ [2]. 

ɼʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʘʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʪʘʢʘʷ ʢʦʤʧʦʥʦʚʢʘ 

ʧʦʟʚʦʣʷʝʪ ʙʝʩʧʝʨʝʙʦʡʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʚ ʝʛʦ ʩʪʦʠʤʦʩʪʴ. 

ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʠ ʟʘʜʘʯʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: - ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʦʜʝʣʠ ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ; - ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 

- ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦɻʕʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ 

ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʪʨʝʭʬʘʟʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʚʳʭʦʜʥʦʡ 

ʠ ʚʭʦʜʥʦʡ ʬʠʣʴʪʨʳ[4]. 

 
ʈʠʩ. 1. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

 

ʅʘ ʨʠʩ.2, ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʩʪʘʪʦʨʘ ʛʝʥʝʨʦʘʪʦʨʘ 

ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦɻʕʉ ʦʪʨʘʞʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʟʣʠʯʘʥʳʭ 

ʥʘʛʨʫʟʦʢ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʭʘʨʘʢʪʝʨʫ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʥʘ ʙʘʟʝ ʤʠʢʨʦ-ɻʕʉ ʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 
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ʈʠʩ. 2. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʩʪʘʪʦʨʘ. 

 

  ɼʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʘʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʥʠʞʝ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʥʘ 

ʙʘʟʝ ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

 

ʊʘʢʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʧʦʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʧʦʪʨʝʙʠʪʝʣʷʤ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʝʝ ʩʪʦʠʤʦʩʪʴ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ɺʭʦʜʥʦʝ ʠ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩ. 4. ɺʭʦʜʥʦʝ ʠ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ 

ʧʦʩʪʦʷʥʥʳʡ 

 

 
 

 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʠʥʚʝʨʪʦʨʘ ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʥʘ 

ʙʘʟʝ ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ  

 

 
ʈʠʩ. 5. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʠʥʚʝʨʪʦʨʘ 

 

ɺʳʚʦʜ 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ MATLAB  Simulink 

ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʦʟʚʦʣʠʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʠ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʟʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. 
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ʤʳʥʜʘʥ ʘʨʢʳ ʘʨʘʢʝʪʪʝʨʜʠʥ ʙʘʛʳʪʳ ʩʫʥʫʰʪʘʣʳʧ, ʪʠʡʠʰʪװװ ʩʘʷʩʘʪʪʳ ʠʰʪʝʧ ʯʳʛʫʫ, ʠʥʚʝʩʪʠʮʠʷ 

 ʧʨʦʮʝʩʩʠʥʝ װװʞʘʥʘ ʵʥʝʨʛʠʷʥʳʥ ʢʘʣʳʧʪʘʥʤʘ ʙʫʣʘʢʪʘʨʳʥʘ ᴇʪ װװʟװʥ ʞʘʛʳʤʜʫʫ ʰʘʨʪʪʘʨʜʳ ʪװʯװ

ʞʝʨʛʠʣʠʢʪװװ ʢʦʦʤʯʫʣʫʢʪʘʨʜʳ ʞʠʛʝʨʜװװ ʪʘʨʪʫʫ ʟʘʨʳʣ. 

ʊװʡװʥʜװ ʩᴇʟʜᴇʨ: ʢʘʡʨʘ ʢʘʣʳʧʪʘʥʤʘ ʵʥʝʨʛʠʷ, ʵʣʝʢʪʨ ʪʘʨʤʘʢʪʘʨʳ, ʢװʥ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳ, 

ʪʫʨʫʢʪʫʫ ᴇʥװʛװװ, ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʢʦʦʧʩʫʟʜʫʢ, ʵʥʝʨʛʠʷʥʳ ʩʘʢʪʦʦ ʩʠʩʪʝʤʘʣʘʨʳ, ʞװʢʪװ ʙʘʰʢʘʨʫʫ, 

ʵʥʝʨʛʠʷʥʳʥ ʩʘʧʘʪʳ, ʛʠʙʨʠʜʜʠʢ ʩʠʩʪʝʤʘʣʘʨ, ᴇʥʜװʨװʰʪװ ʙʦʣʞʦʣʜʦʦ 
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 ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ ʚ ʩʝʪʠ 

ʂʳʨʛʳʟʩʪʘʥʘ. ʀʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʩʝʪʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʰʘʛʦʚ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ. 

ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʥʠʟʠʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ, ʥʦ 

ʪʘʢʞʝ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʫʣʫʯʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʜʘʣʴʥʝʡʰʠʭ ʜʝʡʩʪʚʠʡ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʠʥʠʮʠʘʪʠʚ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʣʠʪʠʢʠ, ʩʦʟʜʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʠʥʚʝʩʪʠʮʠʡ ʠ ʘʢʪʠʚʥʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʩʝʪʴ, ʩʦʣʥʝʯʥʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, 

ʫʧʨʘʚʣʝʥʠʝ ʥʘʛʨʫʟʢʦʡ, ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 
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Abstract. This article examines the issues of integrating renewable energy sources into the 

networks of Kyrgyzstan. The integration of renewable energy sources into the networks of the Kyrgyz 

Republic is one of the important steps towards ensuring the sustainable development of our country. 

This will not only improve energy security and reduce environmental impacts, but will also create new 

economic opportunities and improve the quality of life of the population. After analyzing the situation 

and international experience in this area, a further course of action is proposed for the successful 

implementation of these initiatives, the need to develop appropriate policies, create favorable 

conditions for investment and actively involve local communities in the process of transition to 

renewable energy sources. 
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     ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʝʪʴ ʂʳʨʛʳʟʩʪʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʟʘʜʘʯʫ, ʫʯʠʪʳʚʘʷ ʨʘʩʪʫʱʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʀ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʞʝʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ: ʪʝʢʫʱʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ 

ʂʳʨʛʳʟʩʪʘʥʝ, ʧʦʪʝʥʮʠʘʣ ɺʀʕ, ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʥʪʝʛʨʘʮʠʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ, ʧʦʣʠʪʠʢʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ. 

ʊʝʢʫʱʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ. ʊʝʢʫʱʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ 

ʂʳʨʛʳʟʩʪʘʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʷʜʦʤ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 
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ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʨʘʟʚʠʪʠʝ ʩʪʨʘʥʳ. ʂʳʨʛʳʟʩʪʘʥ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɻʕʉ) ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʝ. ʆʩʥʦʚʥʳʝ ɻʕʉ ʚʢʣʶʯʘʶʪ ʊʦʢʪʦʛʫʣʴʩʢʫʶ (ʈʠʩ. 1), ʂʫʨʧ-

ʉʘʡʩʢʫʶ ʠ ʜʨʫʛʠʝ. ʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʊʕʉ) ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʥʦ ʠʭ ʜʦʣʷ ʚ ʦʙʱʝʤ 

ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʕʉ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʦʜʥʘʢʦ ʠʭ ʜʦʣʷ ʚ ʦʙʱʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʢʘ ʥʝʚʝʣʠʢʘ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʂʳʨʛʳʟʩʪʘʥʘ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʝʟʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʨʝʢʘʭ ʩʥʠʞʘʝʪʩʷ. ʄʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʫʞʜʘʶʪʩʷ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʝʤʦʥʪʝ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʥʘʜʝʞʥʦʩʪʴ ʧʦʩʪʘʚʦʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʂʳʨʛʳʟʩʪʘʥ ʟʘʚʠʩʠʪ ʦʪ ʠʤʧʦʨʪʘ ʫʛʣʷ ʠ ʛʘʟʘ ʜʣʷ ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʩʪʨʘʥʫ ʫʷʟʚʠʤʦʡ ʢ ʢʦʣʝʙʘʥʠʷʤ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ. 

 ʇʦʪʝʥʮʠʘʣ ɺʀʕ. ʇʦʪʝʥʮʠʘʣ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʩʪʨʘʥʳ. 

ʂʳʨʛʳʟʩʪʘʥ ʦʙʣʘʜʘʝʪ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʆʮʝʥʢʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʠʜʨʦʨʝʩʫʨʩʳ ʩʪʨʘʥʳ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʦʢʦʣʦ 

140 ʤʠʣʣʠʘʨʜʦʚ ʢɺʪĿʯ ʚ ʛʦʜ. ʆʩʥʦʚʥʳʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 

ʪʘʢʠʝ ʢʘʢ ʊʦʢʪʦʛʫʣʴʩʢʘʷ ɻʕʉ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʯʘʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʪʨʘʥʳ. ʆʜʥʘʢʦ ʝʩʪʴ ʝʱʝ ʤʥʦʛʦ ʨʝʢ ʠ 

ʤʘʣʳʭ ʚʦʜʦʝʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʘʣʳʭ ɻʕʉ. 

ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʂʳʨʛʳʟʩʪʘʥ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʶʞʥʳʭ ʠ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʝʛʠʦʥʘʭ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

1700-2000 ʢɺʪĿʯ/ʤĮ. ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ 1% ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦ 10 ɻɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ ʂʳʨʛʳʟʩʪʘʥʘ, ʪʘʢʠʭ ʢʘʢ ʏʫʡʩʢʘʷ ʠ ʆʰʩʢʘʷ ʦʙʣʘʩʪʠ, ʥʘʙʣʶʜʘʶʪʩʷ 

ʭʦʨʦʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 5-7 ʤ/ʩ. ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʪʝʨ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦ 3-4 ɻɺʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʂʳʨʛʳʟʩʪʘʥ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʠʟ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʦʩʪʘʪʢʠ ʦʪ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, 

ʥʘʚʦʟ ʠ ʪ.ʜ.) ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʛʘʟʘ ʠ ʙʠʦʤʘʩʩʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʘʩʩʳ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ ʝʩʪʴ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, 

ʭʦʪʷ ʵʪʦʪ ʨʝʩʫʨʩ ʧʦʢʘ ʥʝ ʠʩʩʣʝʜʦʚʘʥ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʥʪʝʛʨʘʮʠʠ. ʀʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

(ɺʀʕ) ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʝʪʴ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʝʪʠ ʤʦʛʫʪ ʪʨʝʙʦʚʘʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʥʦʚʳʭ ɺʀʕ. 

ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʥʦʚʣʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. 

ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʫʤʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʪʦʢʘʤʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʠ ʫʣʫʯʰʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
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ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ (ʥʘʧʨʠʤʝʨ, 

ʥʘʩʦʩʥʳʝ ʛʠʜʨʦʘʢʢʫʤʫʣʠʨʫʶʱʠʝ ʩʪʘʥʮʠʠ) ʧʦʟʚʦʣʷʝʪ ʩʛʣʘʞʠʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɺʀʕ. ʏʘʩʪʦʪʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ɺʀʕ, ʪʘʢʠʝ ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʠ ʚʝʪʨʦʚʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʳ ʢʦʣʝʙʘʥʠʷʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʝʦʙʭʦʜʠʤʦ 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚ ʩʝʪʠ. ʀʥʪʝʛʨʘʮʠʷ ɺʀʕ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʙʣʝʤʘʤ ʩ ʢʘʯʝʩʪʚʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʥʘʧʨʠʤʝʨ, ʛʘʨʤʦʥʠʢʠ, ʢʦʣʝʙʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ). ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʠʣʴʪʨʳ ʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ɺʀʕ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʝʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ɺʀʕ ʠ ʠʭ ʚʢʣʘʜʘ ʚ ʦʙʱʫʶ ʵʥʝʨʛʦʩʠʩʪʝʤʫ 

ʧʦʤʦʛʘʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ɺʀʕ ʢ ʩʝʪʠ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʯʝʪʢʠʭ ʧʨʘʚʠʣ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʈʘʟʨʘʙʦʪʢʘ 

ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʢʦʤʙʠʥʠʨʫʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʩ ɺʀʕ, ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʨʝʟʝʨʚʥʳʝ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʙʦʝʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɺʀʕ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʥʪʝʛʨʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʝʪʴ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʫʩʪʘʥʦʚʢʫ ɺʀʕ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʦʠʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʚʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ, ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ) ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʩʝʪʝʚʳʭ ʦʙʲʝʢʪʦʚ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʮʝʥ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ ɺʀʕ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʠʥʚʝʩʪʠʮʠʡ. ʅʠʟʢʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ɺʀʕ, ʪʘʢʠʝ ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ, ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʪʦʧʣʠʚʘ ʠ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʩʪʘʚʦʢ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʠʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɺʀʕ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʢʦʥʦʤʠʠ 

ʚʘʣʶʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʄʥʦʛʠʝ ʩʪʨʘʥʳ ʧʨʝʜʣʘʛʘʶʪ ʩʫʙʩʠʜʠʠ, ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ ʠʣʠ ʜʨʫʛʠʝ ʬʦʨʤʳ ʧʦʜʜʝʨʞʢʠ 

ʜʣʷ ʧʨʦʝʢʪʦʚ ɺʀʕ, ʯʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʬʠʥʘʥʩʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʠʥʚʝʩʪʦʨʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʘʨʠʬʦʚ ʥʘ ʧʦʢʫʧʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ɺʀʕ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʴʥʳʡ ʜʦʭʦʜ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ. 

ʈʘʟʚʠʪʠʝ ʩʝʢʪʦʨʘ ɺʀʕ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ɺʀʕ. ʀʥʚʝʩʪʠʮʠʠ ʚ 

ɺʀʕ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʪʝʭʥʦʣʦʛʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ɺʀʕ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʮʝʥ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʟʘ ʩʯʝʪ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʮʝʥ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ʇʨʦʝʢʪʳ ɺʀʕ ʪʨʝʙʫʶʪ ʜʦʣʛʦʩʨʦʯʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʨʠʩʢʦʚʘʥʥʳʤ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ ʠʟ-ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʧʦʣʠʪʠʢʝ ʠ ʨʳʥʦʯʥʦʡ ʩʨʝʜʝ. ʀʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʨʝʩʫʨʩʦʚ (ʥʘʧʨʠʤʝʨ, ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠʣʠ ʚʝʪʨʘ), 

ʯʪʦ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʨʠʩʢʠ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ. 
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ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ. ʀʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

(ɺʀʕ) ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʝʪʴ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʊʘʢʠʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ, ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ, ʥʝ ʧʨʦʠʟʚʦʜʷʪ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (CO2) ʚʦ 

ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 

ʠ ʙʦʨʴʙʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɺʀʕ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʠʭ ʠʩʪʦʱʝʥʠʷ. ʇʝʨʝʭʦʜ ʥʘ ɺʀʕ ʩʥʠʞʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʞʠʛʘʥʠʝʤ ʫʛʣʷ ʠ 

ʥʝʬʪʠ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʠ ʵʢʦʩʠʩʪʝʤʘʭ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ ɺʀʕ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʤʝʩʪʥʳʝ ʵʢʦʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʝʪʨʷʥʳʭ ʬʝʨʤ ʤʦʞʝʪ ʟʘʪʨʘʛʠʚʘʪʴ ʤʠʛʨʘʮʠʦʥʥʳʝ ʧʫʪʠ ʧʪʠʮ, ʘ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ 

ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʟʝʤʣʠ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺʦʧʨʦʩʳ ʫʪʠʣʠʟʘʮʠʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ɺʀʕ 

(ʥʘʧʨʠʤʝʨ, ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ) ʩʪʘʥʦʚʷʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʪʠʣʠʟʘʮʠʠ ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʉʝʢʪʦʨ ɺʀʕ ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʕʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʦʚ. ʀʥʪʝʛʨʘʮʠʷ ɺʀʕ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ 

ʜʦʩʪʫʧʘ ʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʫʜʘʣʝʥʥʳʭ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʝʩʧʝʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʞʠʟʥʠ ʠ ʩʦʮʠʘʣʴʥʫʶ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ. ʋʩʧʝʭ ʧʨʦʝʢʪʦʚ ɺʀʕ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠ ʧʦʜʜʝʨʞʢʠ. ʅʝʦʙʭʦʜʠʤʘ ʨʘʙʦʪʘ ʩ ʤʝʩʪʥʳʤʠ 

ʩʦʦʙʱʝʩʪʚʘʤʠ ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ɺʀʕ ʠ ʚʦʚʣʝʯʝʥʠʷ ʠʭ ʚ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. ʈʘʟʚʠʪʠʝ ʩʝʢʪʦʨʘ ɺʀʕ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 

ʰʠʨʦʢʦʤʫ ʧʨʠʥʷʪʠʶ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʝʢʪʳ ɺʀʕ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʢʦʥʬʣʠʢʪʳ ʠʥʪʝʨʝʩʦʚ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʥʘʧʨʠʤʝʨ, ʤʝʞʜʫ ʚʣʘʜʝʣʴʮʘʤʠ ʟʝʤʝʣʴ ʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʨʦʝʢʪʦʚ). 

ʅʝʦʙʭʦʜʠʤʳ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʝʰʝʥʠʷ ʢʦʥʬʣʠʢʪʦʚ ʠ ʜʠʘʣʦʛ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ 

ʩʪʦʨʦʥʘʤʠ. 

ʇʦʣʠʪʠʢʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ. ʇʦʣʠʪʠʢʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʘʮʠʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʝʪʴ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʙʦʣʝʝ ʯʠʩʪʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. 

ʄʥʦʛʠʝ ʩʪʨʘʥʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʠ ʧʣʘʥʳ ʧʦ ʨʘʟʚʠʪʠʶ ɺʀʕ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʮʝʣʠ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ, ʘ 

ʪʘʢʞʝ ʤʝʨʳ ʧʦ ʧʦʜʜʝʨʞʢʝ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʠʥʚʝʩʪʠʮʠʡ ʚ ʵʪʦʪ ʩʝʢʪʦʨ. ʋʩʪʘʥʦʚʣʝʥʠʝ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʮʝʣʝʡ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ 

ɺʀʕ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʩʢʦʧʘʝʤʳʤ ʚʠʜʘʤ ʪʦʧʣʠʚʘ. ʇʨʠʥʷʪʠʝ ʟʘʢʦʥʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɺʀʕ, ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʧʨʘʚʠʣʘ ʦ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʩʝʪʠ, ʣʠʮʝʥʟʠʨʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʘʨʠʬʦʚ ʥʘ 

ʧʦʢʫʧʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ɺʀʕ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ "ʟʝʣʝʥʳʝ ʪʘʨʠʬʳ") ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʴʥʳʡ ʜʦʭʦʜ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʩʝʢʪʦʨʘ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʚ ʚʠʜʝ ʩʫʙʩʠʜʠʡ, ʥʘʣʦʛʦʚʳʭ ʣʴʛʦʪ ʠʣʠ ʛʨʘʥʪʦʚ ʤʦʞʝʪ 

ʩʥʠʟʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʳ ɺʀʕ ʠ ʩʜʝʣʘʪʴ ʠʭ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ 

ʠʥʚʝʩʪʦʨʦʚ. ʀʥʚʝʩʪʠʮʠʠ ʚ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ɺʀʕ ʤʦʛʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʜʢʣʶʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ɺʀʕ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʝʪʷʤ ʜʦʣʞʥʦ ʙʳʪʴ 

ʫʧʨʦʱʝʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʙʘʨʴʝʨʦʚ ʜʣʷ ʚʭʦʜʘ ʥʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ ʥʘ ʨʳʥʦʢ. ʈʘʟʨʘʙʦʪʢʘ 
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ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ ʩ ʫʯʝʪʦʤ ʧʝʨʝʤʝʥʥʦʡ ʧʨʠʨʦʜʳ ɺʀʕ 

(ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʠʥʪʝʛʨʘʮʠʠ. 

ʋʯʘʩʪʠʝ ʩʪʨʘʥ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʦʛʣʘʰʝʥʠʷʭ (ʥʘʧʨʠʤʝʨ, ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ) 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʦʣʠʪʠʢ ʧʦ ʨʘʟʚʠʪʠʶ ɺʀʕ. ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ ʠ ʧʦʣʠʪʠʢ ʤʦʞʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ. ʇʦʣʠʪʠʢʘ ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʫʯʘʩʪʠʝ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʪʦʚ ɺʀʕ, ʯʪʦ ʧʦʤʦʞʝʪ ʠʟʙʝʞʘʪʴ ʢʦʥʬʣʠʢʪʦʚ ʠʥʪʝʨʝʩʦʚ ʠ 

ʧʦʚʳʩʠʪʴ ʦʙʱʝʩʪʚʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ. ʇʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ɺʀʕ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʧʨʠʥʷʪʠʶ ʪʝʭʥʦʣʦʛʠʡ ʩʨʝʜʠ 

ʥʘʩʝʣʝʥʠʷ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʠʥʪʝʛʨʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ (ɺʀʕ) ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʝʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʠ ʩʪʨʘʪʝʛʠʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʠ ʨʝʛʠʦʥʦʚ (ʨʠʩ. 2.). ʈʘʩʩʤʦʪʨʠʤ 

ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʫʩʧʝʰʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ. 

ɻʝʨʤʘʥʠʷ. ɻʝʨʤʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʣʠʜʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ. 

ʉʪʨʘʪʝʛʠʷ "ʕʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ" 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʣʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ ʩʪʨʘʥʳ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ 

ʩʦʣʥʝʯʥʫʶ ʠ ʚʝʪʨʦʚʫʶ ʵʥʝʨʛʠʶ. ɻʝʨʤʘʥʠʷ 

ʚʥʝʜʨʠʣʘ ʩʠʩʪʝʤʫ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʘʨʠʬʦʚ ʥʘ 

ʧʦʢʫʧʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ɺʀʕ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʦʩʪʫ ʠʥʚʝʩʪʠʮʠʡ ʚ ʵʪʦʪ 

ʩʝʢʪʦʨ. ʕʪʦ ʦʙʝʩʧʝʯʠʣʦ ʩʪʘʙʠʣʴʥʳʡ ʜʦʭʦʜ ʜʣʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɻʝʨʤʘʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ɺʀʕ ʢ ʩʝʪʠ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʧʝʨʝʤʝʥʥʫʶ ʛʝʥʝʨʘʮʠʶ. 

ɼʘʥʠʷ. ɼʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ. ʉʪʨʘʥʘ 

ʜʦʩʪʠʛʣʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʠʥʪʝʛʨʘʮʠʠ ʚʝʪʨʦʚʳʭ ʪʫʨʙʠʥ ʚ ʩʚʦʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ 40% ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʚʝʪʨʘ. ɼʘʥʠʷ ʨʘʟʨʘʙʦʪʘʣʘ 

ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʧʝʨʝʤʝʥʥʦʡ ʵʥʝʨʛʠʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʠ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ. ɼʘʥʠʷ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʘʭ ʧʦ ʦʙʤʝʥʫ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʩ ʩʦʩʝʜʥʠʤʠ ʩʪʨʘʥʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ 

ʠ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

ʂʠʪʘʡ. ʂʠʪʘʡ ʩʪʘʣ ʢʨʫʧʥʝʡʰʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ ʧʦʪʨʝʙʠʪʝʣʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʠʠ ʚ ʤʠʨʝ. ʉʪʨʘʥʘ ʘʢʪʠʚʥʦ ʠʥʚʝʩʪʠʨʫʝʪ ʚ ʩʦʣʥʝʯʥʳʝ ʠ ʚʝʪʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʠʭ ʠʥʪʝʛʨʘʮʠʠ. ʂʠʪʘʡʩʢʘʷ ʧʦʣʠʪʠʢʘ ʚʢʣʶʯʘʝʪ ʩʫʙʩʠʜʠʠ ʠ 

ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ ʜʣʷ ʧʨʦʝʢʪʦʚ ɺʀʕ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʨʦʩʪʫ ʩʝʢʪʦʨʘ. ʂʠʪʘʡ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪ "ʫʤʥʳʝ" ʩʝʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʪʦʢʘʤʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʷ ɺʀʕ. 

ʉʐɸ. ɺ ʉʐɸ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ ʠ ʠʥʠʮʠʘʪʠʚ ʥʘ ʫʨʦʚʥʝ ʰʪʘʪʦʚ ʠ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʧʦ ʧʦʜʜʝʨʞʢʝ ɺʀʕ. ʅʘʧʨʠʤʝʨ, ʂʘʣʠʬʦʨʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪ 

ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʠ ʚʥʝʜʨʷʝʪ ʧʨʦʛʨʘʤʤʳ ʧʦ ʭʨʘʥʝʥʠʶ ʵʥʝʨʛʠʠ. ʉʐɸ ʠʤʝʶʪ ʨʘʟʚʠʪʫʶ 

ʨʳʥʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʪʦʨʛʦʚʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ɺʀʕ ʙʦʣʝʝ 

ʛʠʙʢʦ. ʐʪʘʪʳ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʮʝʣʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 
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˾͙ͫΦ 6Φ ˤˮ̏ ͫͭ͊ͤͼ͙͙Φ 

ʠʩʪʦʯʥʠʢʦʚ. ʉʐɸ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʦʤ ʠʥʥʦʚʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ. 

ʀʩʧʘʥʠʷ. ʀʩʧʘʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʙʣʘʛʦʜʘʨʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ʉʪʨʘʥʘ ʚʥʝʜʨʠʣʘ ʤʝʭʘʥʠʟʤʳ ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʤʘʣʳʭ ʠ ʢʨʫʧʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʀʩʧʘʥʠʷ ʫʯʘʩʪʚʫʝʪ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʠʥʠʮʠʘʪʠʚʘʭ ʧʦ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʥʘ ʫʨʦʚʥʝ ʚʩʝʛʦ 

ʢʦʥʪʠʥʝʥʪʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʦʩʪʫ 

ʩʪʨʘʥʳ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. ʂʳʨʛʳʟʩʪʘʥ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʦʜʥʘʢʦ ʪʘʢʞʝ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʠ 

ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. 

ɺʘʞʥʦ ʦʮʝʥʠʪʴ ʜʦʣʶ ɺʀʕ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦʪʝʥʮʠʘʣ ɺʀʕ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʩʪʨʘʥʳ. ʈʘʟʚʠʪʠʝ ʵʪʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ 

ʪʦʧʣʠʚʘ, ʫʣʫʯʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. ʆʜʥʘʢʦ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʦʙʭʦʜʠʤʳ ʠʥʚʝʩʪʠʮʠʠ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʧʦʜʜʝʨʞʢʘ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʀʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʝʪʴ ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʩ ʫʯʝʪʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʫʧʨʘʚʣʝʥʠʝ ʥʘʛʨʫʟʢʦʡ, ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. (ʨʠʩ. 3).  

ʋʩʧʝʰʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ɺʀʕ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʝʨʝʭʦʜʫ ʢ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʪʠ ʧʨʠ 

ʧʝʨʝʤʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʦʪ ɺʀʕ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ (ʥʘʧʨʠʤʝʨ, 

ʘʢʢʫʤʫʣʷʪʦʨʳ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʀʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʝʪʴ 

ʠʤʝʝʪ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ 

ʘʩʧʝʢʪʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʬʘʢʪʦʨʳ 

ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ 

ɺʀʕ. ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠ, ʚʦʚʣʝʯʝʥʠʝ 

ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ 

ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ ʥʘ ʦʙʱʝʩʪʚʦ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʦʚ 

ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʨʘʟʚʠʪʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʦʚʣʝʯʝʥʠʝ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʂʘʞʜʘʷ ʩʪʨʘʥʘ 

ʤʦʞʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ ʢ ʩʚʦʠʤ ʫʩʣʦʚʠʷʤ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʳʥʢʘ, ʨʝʩʫʨʩʦʚ ʠ 
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ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʫʩʧʝʰʥʳʭ ʧʨʠʤʝʨʦʚ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʜʣʷ 

ʂʳʨʛʳʟʩʪʘʥʘ. 

ʀʥʪʝʛʨʘʮʠʷ ɺʀʕ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʂʳʨʛʳʟʩʪʘʥʘ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ. ʋʩʧʝʰʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʩʪʨʘʥʳ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʝʝ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʇʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

https://aftershock.news/?q=node/538497&full   

2. ɼʠʢʘʤʙʘʝʚ ʐ. ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʣʘʥ ʜʝʡʩʪʚʠʡ ʧʦ ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʢʝ ʂʳʨʛʳʟʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ. ɹʠʰʢʝʢ, 2019.  

3. ɿʘʢʦʥ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ çʆ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠè, ʫʪʚ. 

ʇʨʝʟʠʜʝʥʪʦʤ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʦʪ 30 ʠʶʥʷ 2022 ʛ. ˉ 49.  

4. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʘʭ ʩ ʫʯʝʪʦʤ ʝʝ ʨʦʩʪʘ: ʦʪʯʝʪ ʂʅʊʎ çʕʥʝʨʛʠʷè. ɹʠʰʢʝʢ, 2015.  

5. Renewable capacity highlights / IRENA. ʆʪʯʝʪ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.irena.org (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.11.2022). 

 

ʋɼʂ 621.3.045: 66-993.6 

 

ᴆɿɻᴆʈʄᴆ ʊʆʂʊʋʅ ʕʃɽʂʊʈ ɾɸɹɼʓɻʓʅʓʅ ʆʈʆʄɼʆʈʋʅʋʅ ɾʓʃʋʋʉʋʅɸ 

ʆʇɽʈɸʎʀʗʃʓʂ ɹɸʐʂɸʈʋʋ 

 

ɸʙʜʫʚʘʠʪʦʚ ɸʩʢʘʨ ʀʜʨʠʩʦʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ 

ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-mail: 

askarabduvaitovbba21@gmail.com 

ɿʘʨʳʣʙʝʢʦʚ ʅʫʨʙʝʢ ʕʨʥʝʩʦʚʠʯ, ʙʘʢʘʣʘʚʨ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ 

ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-mail: 

nurbekzarylbekov52@gmail.com 

ʀʣʠʤʠʡ ʞʝʪʝʢʯʠʣʝʨʠ: ʉʘʥʜʳʙʘʝʚʘ ɸʠʜʘ ʈʳʩʤʘʪʦʚʥʘ ʪ.ʠ.ʢ., ʜʦʮ. ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ 

ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ 

ʧʨ. 66, e-mail: aida.sandubaeva@mail.ru 

ʋʤʝʪʘʣʠʝʚ ʉʘʤʘʪ ɼʫʡʰʝʥʘʣʳʝʚʠʯ ʫʣʫʢ ʦʢʫʪʫʫʯʫ ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ 

ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-

mail: samat_akilov@mail.ru  

 

ɸʥʥʦʪʘʮʠʷ. ɹʫʣ ʤʘʢʘʣʘʜʘ ᴇʟʛᴇʨʤᴇ ʪʦʢʪʫʥ ʵʣʝʢʪʨ ʞʘʙʜʫʫʣʘʨʳʥʳʥ ʦʨʦʤʜʦʨʫʥ ʞʳʣʳʪʫʫʥʫ 

ʦʧʝʨʘʪʠʚʜװװ ʙʘʰʢʘʨʫʫʥʫʥ ʳʢʤʘʣʘʨʳ ʞʘʥʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʪʘʣʢʫʫʣʘʥʘʪ. ɾʳʣʳʪʫʫʥʫʥ 

ʬʠʟʠʢʘʣʳʢ ʧʨʠʥʮʠʧʪʝʨʠ, ʘʥʳʥ ʠʯʠʥʜʝ ʞʳʣʫʫʣʫʢʪʫʥ ʧʘʡʜʘ ʙʦʣʫʫ ʤʝʭʘʥʠʟʤʜʝʨʠ ʞʘʥʘ ʘʛʘ 

ʪʘʘʩʠʨ ʵʪװװʯװ ʬʘʢʪʦʨʣʦʨ ʢʘʤʪʳʣʛʘʥ. ʊʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʯᴇᴇʥװʥ ʟʘʤʘʥʙʘʧ ʳʢʤʘʣʘʨʳ, ʤʠʩʘʣʳ, 

ʢʦʥʪʘʢʪʪʳʢ (ʪʝʨʤʦʧʘʨʣʘʨ, ʪʝʨʤʠʩʪʦʨʣʦʨ) ʞʘʥʘ ʢʦʥʪʘʢʪʩʳʟ (ʪʝʧʣʦʚʠʟʦʨʣʦʨ, ʠʥʬʨʘʢʳʟʳʣ 

ʩʝʥʩʦʨʣʦʨ) ʳʢʤʘʣʘʨʳ ʢʝשʠʨʠ ʪʘʣʢʫʫʣʘʥʘʪ. ʊʝʤʧʝʨʘʪʫʨʘʥʳ ʙʘʰʢʘʨʫʫʥʫʥ ʘʚʪʦʤʘʪʪʘʰʪʳʨʳʣʛʘʥ 

ʩʠʩʪʝʤʘʣʘʨʳʥʘ ᴇʟʛᴇʯᴇ ʢᴇװשʣ ʙʫʨʫʣʘʪ, ʘʣʘʨ ʦʨʘʤʘʣʘʨʜʳʥ ʪʝʨʤʠʢʘʣʳʢ ʘʙʘʣʳʥ ʨʝʘʣʜʫʫ ʫʙʘʢʳʪ 

ʨʝʞʠʤʠʥʜʝ ʢᴇʟᴇʤᴇʣʜᴇᴇʛᴇ ʞʘʥʘ ʳʩʳʧ ʢʝʪװװʜᴇʥ ʩʘʢʪʘʥʫʫʛʘ ʤװʤʢװʥʜװʢ ʙʝʨʝʪ, ʦʰʦʥʫ ʤʝʥʝʥ 

ʞʘʙʜʫʫʣʘʨʜʳʥ ʠʰʪᴇᴇ ʤᴇᴇʥᴇʪװʥ ʫʟʘʨʪʘʪ. ʆʨʘʤʜʘʨʜʳ ʢʦʨʛʦʦʥʫʥ ʘʨ ʢʘʥʜʘʡ ʳʢʤʘʣʘʨʳ ʢʘʨʘʣʘʪ, 
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ʘʥʳʥ ʠʯʠʥʜʝ ʤʫʟʜʘʪʫʫ ʩʠʩʪʝʤʘʣʘʨʳ, ʞʘʢʰʳʨʪʳʣʛʘʥ ʞʳʣʫʫʣʫʢ ʠʟʦʣʷʮʠʷʣʳʢ ʤʘʪʝʨʠʘʣʜʘʨ ʞʘʥʘ 

ʘʢʳʣʜʫʫ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʙʘʰʢʘʨʫʫ ʘʣʛʦʨʠʪʤʜʝʨʠ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨʜʦ, ʵʣʝʢʪʨ 

ʢʳʡʤʳʣʜʘʪʢʳʯʪʘʨʳʥʜʘ ʞʘʥʘ ʛʝʥʝʨʘʪʦʨʣʦʨʜʦ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʙʘʰʢʘʨʫʫʥʫʥ ʧʨʘʢʪʠʢʘʣʳʢ 

ʢʦʣʜʦʥʫʣʫʰʫʥʫʥ ʤʠʩʘʣʜʘʨʳ ʢʝʣʪʠʨʠʣʛʝʥ. ɹʫʣ ʯᴇʡʨᴇʥװʥ ᴇʥװʛװװ ʢʝʣʝʯʝʛʠ ᴇʟװʥʯᴇ ʪʘʣʜʘʥʘʪ, ʘʪʘʧ 

ʘʡʪʢʘʥʜʘ, ʪʝʤʧʝʨʘʪʫʨʘʣʳʢ ʰʘʨʪʪʘʨʜʳ ʘʣʜʳʥ ʘʣʘ ʘʡʪʫʫ ʞʘʥʘ ᴇʟʛᴇʯᴇ ʢʳʨʜʘʘʣʜʘʨʜʳʥ ʘʣʜʳʥ ʘʣʫʫ 

 ʥ ʥʝʨʩʝʣʝʨʜʠʥ ʠʥʪʝʨʥʝʪʠʥ, ʞʘʩʘʣʤʘ ʠʥʪʝʣʣʝʢʪʪʠ ʞʘʥʘ ʩʘʥʘʨʠʧʪʠʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳװʯװ

ʢʠʨʛʠʟװװ. 
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ʪʝʨʤʦʧʘʨ, ʘʚʪʦʤʘʪʪʘʰʪʳʨʳʣʛʘʥ ʩʠʩʪʝʤʘʣʘʨ, ʵʣʝʢʪʨ ʞʘʙʜʫʫʣʘʨʳ, ʤʫʟʜʘʪʫʫ, ʜʠʘʛʥʦʩʪʠʢʘ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʥʘʛʨʝʚʘ ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʆʩʚʝʱʝʥʳ ʬʠʟʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʥʘʛʨʝʚʘ, ʚʢʣʶʯʘʷ ʤʝʭʘʥʠʟʤʳ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠ ʚʣʠʷʶʱʠʝ ʥʘ ʥʝʛʦ ʬʘʢʪʦʨʳ. ʇʦʜʨʦʙʥʦ 

ʨʘʟʦʙʨʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʥʪʘʢʪʥʳʝ (ʪʝʨʤʦʧʘʨʳ, 

ʪʝʨʤʠʩʪʦʨʳ) ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʝ (ʪʝʧʣʦʚʠʟʦʨʳ, ʠʥʬʨʘʢʨʘʩʥʳʝ ʜʘʪʯʠʢʠ) ʩʧʦʩʦʙʳ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʤʦʪʦʢ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ 

ʧʝʨʝʛʨʝʚ, ʪʝʤ ʩʘʤʳʤ ʧʨʦʜʣʝʚʘʷ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʟʘʱʠʪʳ ʦʙʤʦʪʦʢ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʫʣʫʯʰʝʥʥʳʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʠ 

ʛʝʥʝʨʘʪʦʨʘʭ. ʆʪʜʝʣʴʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ, ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʤʦʪʢʠ, ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʝʨʝʛʨʝʚ, ʪʝʧʣʦʚʠʟʦʨ, ʪʝʨʤʦʧʘʨʘ, 
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Abstract. This article discusses methods and technologies for operational control of heating of 

alternating current electrical equipment windings. The physical foundations of heating, including the 

mechanisms of heat release and the factors influencing it, are highlighted. Modern methods of 

temperature measurement, such as contact (thermocouples, thermistors) and non-contact (thermal 

imagers, infrared sensors) methods, are analyzed in detail.Special attention is paid to automated 

temperature control systems that allow real-time monitoring of the thermal condition of the windings 

and prevent overheating, thereby extending the service life of the equipment. Various methods of 

winding protection are considered, including cooling systems, improved thermal insulation materials, 

and intelligent temperature control algorithms. 

Examples of practical applications of temperature control in transformers, electric motors and 

generators are given. The prospects for the development of this field are analyzed separately, in 

particular, the introduction of the Internet of Things (IoT), artificial intelligence (AI) and digital 

technologies for predicting temperature conditions and preventing emergencies. 

Keywords: windings, temperature control, overheating, thermal imager, thermocouple, 

automated systems, electrical equipment, cooling, diagnostics, operation. 

ɺʚʝʜʝʥʠʝ. ʆʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʛʨʝʚʘ ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ (ʕʆ ʇʊ) ï ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ. ʇʝʨʝʛʨʝʚ 

ʦʙʤʦʪʦʢ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʠ ʜʨʫʛʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʞʝ ʥʝʙʦʣʴʰʠʝ ʧʨʝʚʳʰʝʥʠʷ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʠʟʦʣʷʮʠʠ ʠ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʶʪ: 

ʇʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʠ ʠ ʧʦʣʦʤʢʠ. 

ʇʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʥʠʞʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʘʩʧʝʢʪʳ ʢʦʥʪʨʦʣʷ ʥʘʛʨʝʚʘ ʦʙʤʦʪʦʢ, ʚʢʣʶʯʘʷ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʯʠʥʳ ʧʝʨʝʛʨʝʚʘ, ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʩʧʦʩʦʙʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ ʠ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘʛʨʝʚʘ ʦʙʤʦʪʦʢ 

 ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʥʘʛʨʝʚʘ 

1.ʆʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ (ɼʞʦʫʣʝʚʦ ʪʝʧʣʦ) 

ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʦʙʤʦʪʢʫ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦ. 

2. ʄʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ - ɺʢʣʶʯʘʶʪ ʧʦʪʝʨʠ ʥʘ ʛʠʩʪʝʨʝʟʠʩ ʠ ʚʠʭʨʝʚʳʝ ʪʦʢʠ. 

3.ʕʬʬʝʢʪ ʙʣʠʟʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʵʬʬʝʢʪ ï ʋʚʝʣʠʯʠʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʥʘʛʨʝʚ. 

4.ʅʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʬʘʟʥʳʭ ʪʦʢʦʚ ï ʧʝʨʝʛʨʫʞʘʝʪ ʦʪʜʝʣʴʥʳʝ ʬʘʟʳ, ʚʳʟʳʚʘʷ ʣʦʢʘʣʴʥʳʡ 

ʧʝʨʝʛʨʝʚ. 

ɺʨʝʤʷ ʥʘʛʨʝʚʘ ʦʙʤʦʪʢʠ ʜʦ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʌʦʨʤʫʣʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʯʝʨʝʟ ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʢʠ ʚʳʡʜʝʪ ʥʘ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʨʝʞʠʤ: 

 

Ὕὸ Ὕ̏̋̑ Ὕ Ὕ̏̋ Ὡ̑
Ⱦ                    (1) 

ʛʜʝ: T(t) ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, T(ʦʢʨ) ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, T0 ï ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʢʠ, ʝ ï ʦʩʥʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ (2,718) 

ʇʦʩʣʝʜʩʪʚʠʷ ʧʝʨʝʛʨʝʚʘ ʦʙʤʦʪʦʢ 

1. ɼʝʛʨʘʜʘʮʠʷ ʠʟʦʣʷʮʠʠ - ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 120ï150ÁC ʙʫʤʘʞʥʘʷ, ʣʘʢʦʚʘʷ ʠ 

ʧʦʣʠʤʝʨʥʘʷ ʠʟʦʣʷʮʠʷ ʨʘʟʨʫʰʘʝʪʩʷ. 

2. ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ - ʇʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʙʤʦʪʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʦʪʝʨʴ ʧʦ ʟʘʢʦʥʫ ɼʞʦʫʣʷ. 

3. ɺʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡ ʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ - ʀʟʦʣʷʮʠʷ ʨʘʟʨʫʰʘʝʪʩʷ Ÿ ʧʨʦʙʦʡ ʤʝʞʜʫ 

ʚʠʪʢʘʤʠ Ÿ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ. 

 

ʊʘʙʣʠʮʘ 1  

 

ɼʦʧʫʩʪʠʤʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʦʙʤʦʪʦʢ (ɻʆʉʊ 183-74) 

 ̄ ʂʣʘʩʩ ʠʟʦʣʷʮʠʠ ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

1 A 105 

2 E 120 

3 B 130 

4 F 155 

5 H 180 

 

ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʦʢ 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʢʦʥʪʘʢʪʥʳʝ, ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʠ ʢʦʩʚʝʥʥʳʝ. 

 

ʂʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ 

1.ʊʝʨʤʦʧʘʨʳ ï ʚʳʨʘʙʘʪʳʚʘʶʪ ʕɼʉ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

2.ʊʝʨʤʦʨʝʟʠʩʪʦʨʳ (RTD)- ʀʟʤʝʥʷʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʦʯʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʫ ʪʝʨʤʦʧʘʨ. 

3.ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʘʪʯʠʢʠ - ʀʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʤʘʣʦʤʦʱʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. 

 
 

ʈʠʩ.1 ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʘʪʯʠʢʠ 

ɹʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ 
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ʇʠʨʦʤʝʪʨʳ - ʀʟʤʝʨʷʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʠʥʬʨʘʢʨʘʩʥʦʤʫ ʠʟʣʫʯʝʥʠʶ. ʇʦʟʚʦʣʷʶʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʥʘʛʨʝʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ.  

ʊʝʧʣʦʚʠʟʦʨʳ - ʉʦʟʜʘʶʪ ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ ʥʘʛʨʝʚʘ ʦʙʤʦʪʦʢ. 

     

ʂʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ 

1.ʀʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʤʦʪʦʢ -ʊʝʤʧʝʨʘʪʫʨʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

2.ɸʥʘʣʠʟ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ - ʇʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʝʨʝʛʨʝʚ. 

ʉʧʦʩʦʙʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ 

1.ʂʦʥʪʨʦʣʴ ʥʘʛʨʫʟʢʠ ʠ ʪʦʢʘ. 

- ʆʛʨʘʥʠʯʝʥʠʝ ʪʦʢʘ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ. 

- ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʥʘʛʨʫʟʢʫ ʚ ʩʝʪʷʭ. 

- ʂʦʥʪʨʦʣʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ (cos ű) ʫʤʝʥʴʰʘʝʪ ʨʝʘʢʪʠʚʥʳʝ ʧʦʪʝʨʠ. 

 2.ʇʨʠʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʚʦʟʜʫʰʥʦʝ, ʞʠʜʢʦʩʪʥʦʝ, ʤʘʩʣʷʥʦʝ). 

- ɺʦʟʜʫʰʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʘʷ ʠʣʠ ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʚʝʥʪʠʣʷʮʠʷ. 

- ɾʠʜʢʦʩʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʦʱʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʛʝʥʝʨʘʪʦʨʘʭ. 

- ʄʘʩʣʷʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ï ʧʨʠʤʝʥʷʝʪʩʷ ʤʘʩʣʦ, ʢʦʪʦʨʦʝ ʦʪʚʦʜʠʪ ʪʝʧʣʦ ʦʪ ʦʙʤʦʪʦʢ ʠ 

ʩʝʨʜʝʯʥʠʢʘ. 

3.ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʩʪʦʡʢʠʭ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʣʘʩʩʳ H, F, N). 

- ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʢʣʘʩʩʳ H, F, N) ï ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 180ï220ÁC. 

ɺʳʚʦʜ 

ʆʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʛʨʝʚʘ ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ï 

ʢʣʶʯʝʚʦʡ ʘʩʧʝʢʪ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʛʝʥʝʨʘʪʦʨʦʚ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʝʨʝʛʨʝʚ ʦʙʤʦʪʦʢ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʨʘʟʨʫʰʝʥʠʝ ʠʟʦʣʷʮʠʠ, ʢʦʨʦʪʢʠʝ 

ʟʘʤʳʢʘʥʠʷ, ʘʚʘʨʠʡʥʳʝ ʦʪʢʣʶʯʝʥʠʷ, ʩʥʠʞʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʞʘʨʳ ʠ ʜʘʞʝ 

ʪʝʭʥʦʛʝʥʥʳʝ ʢʘʪʘʩʪʨʦʬʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ 

ʧʝʨʝʛʨʝʚ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʦʥʪʘʢʪʥʳʤʠ (ʪʝʨʤʦʧʘʨʳ, ʪʝʨʤʦʨʝʟʠʩʪʦʨʳ) ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʤʠ (ʧʠʨʦʤʝʪʨʳ, 

ʪʝʧʣʦʚʠʟʦʨʳ) ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʥʘʣʠʟ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʤʦʪʦʢ ʠ ʨʘʩʯʝʪ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ.  

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʪʨʘʩʣʝʡ. ɺ 

ʵʥʝʨʛʝʪʠʢʝ ï ʵʪʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʛʝʥʝʨʘʪʦʨʳ ʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʦʥʪʨʦʣʴ 

ʥʘʛʨʝʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʧʝʯʝʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʪʘʥʢʦʚ. ɺ ʪʨʘʥʩʧʦʨʪʝ ï ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ 

ʣʦʢʦʤʦʪʠʚʘʭ, ʵʣʝʢʪʨʦʙʫʩʘʭ ʠ ʤʝʪʨʦ. ɺ ʘʚʠʘʮʠʠ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʤʦʪʦʢ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʥʘʜʝʞʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʛʨʝʚʘ ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʂʣʠʤʦʚ ʀ.ɺ., ʃʦʧʘʪʠʥ ɺ.ʀ. ñʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ. ʊʝʦʨʠʷ, ʢʦʥʩʪʨʫʢʮʠʷ, 

ʵʢʩʧʣʫʘʪʘʮʠʷò, ʄʦʩʢʚʘ, 2017. 
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ɻʦʨʙʘʯʝʚ ɸ.ɺ. ñʄʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷò, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2019. 

ʈʦʟʝʥʙʝʨʛ ɻ.ɺ. ñʊʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭò, ʄʦʩʢʚʘ, 2016. 

ɹʨʦʥʰʪʝʡʥ ʂ.ɸ. ñʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝò, ʄʦʩʢʚʘ, 2021. 

ʌʨʦʣʦʚ ɺ.ɺ. ñʊʝʭʥʦʣʦʛʠʠ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝò, ʂʘʟʘʥʴ, 2022. 

ʉʪʘʪʴʠ ʠ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ 

ʀʚʘʥʦʚ ʇ.ɸ. ñɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚò, ʞʫʨʥʘʣ ñʕʥʝʨʛʝʪʠʢʘ ʠ ʕʣʝʢʪʨʦʪʝʭʥʠʢʘò, ˉ3, 2021. 

ʉʤʠʨʥʦʚ ɺ.ʉ. ñʀʩʧʦʣʴʟʦʚʘʥʠʝ IoT ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷò, 

ʞʫʨʥʘʣ ñɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝò, ˉ6, 2020. 

ʂʫʟʥʝʮʦʚ ʆ.ʄ. ñɼʠʘʛʥʦʩʪʠʢʘ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʚ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭò, ɺʝʩʪʥʠʢ ʅɻʊʋ, ˉ2, 2019. 

ʇʝʪʨʦʚ ɸ.ɹ., ʉʠʜʦʨʦʚ ʅ.ʂ. ñʊʝʧʣʦʚʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥò, ʩʙʦʨʥʠʢ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʄʕʀ, 2018. 

ɸʥʜʨʝʝʚ ʉ.ɺ. ñʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷò, ʞʫʨʥʘʣ ñʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳò, ˉ4, 2022. 
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  ʂʘʣʳʙʝʢʦʚʘ ɾʘʨʢʳʥʘʡ ʂʘʣʳʙʝʢʦʚʥʘ, ʊϺʣϺʥʙʝʢʦʚʘ ʊʦʢʪʦʙϮʙϮ ʊϺʣϺʥʙʝʢʦʚʥʘ, 
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ɸʥʥʦʪʘʮʠʷ: ʵʣʝʢʪʨ ʤʝʥʝʥ ʞʘʙʜʫʫʜʘ (ʕʄɾ) ʵʣʝʢʪʨʵʥʝʨʛʠʷʩʳʥ (ʕʕ) ʪʦʢ ʙʫʣʘʢʪʘʨʳʥʘʥ 
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ɸʣʘʨʜʳʥ ʥʝʛʠʟʛʠʣʝʨʠ ʙʦʣʫʧ ʢʫʙʘʪʪʫʫ ʤʘʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨʫ, ʢʦʰʫʧ ʘʞʳʨʘʪʫʫʯʫ 

ʰʘʡʤʘʥʜʘʨ ʞʘʥʘ ʢʫʙʘʪʪʫʫ ʵʣʝʢʪʨ ʤʘʰʠʥʘʣʘʨʳ ʙʦʣʫʧ ʩʘʥʘʣʘʪ. 

ʂʫʙʘʪʪʫʫʣʫʛʫ ʕʐ ʥʘʢʪʘ ʯʳϬʘʣʫʫʩʫʥʫʥ ʞʦʛʦʨʫʣʘʰʳ ʤʝʥʝʥ ʘʣʘʨʜʳ ʤʫʟʜʘʪʫʫ ʞʘʥʘ ʪʦʢ 

ϺʪʢϺʨʛϮʯʪϺʨʜϮʥ ʘʨʘʩʳʥʜʘʛʳ ʪʠʡʠʰʪϮϮ ʦʙʦʯʦʣʦʦ (ʠʟʦʣʷʮʠʷ) ʜʘʨʘʞʘʩʳʥ ʢʘʤʩʳʟ ʢʳʣʳʰʳ ϮʯϮʥ 
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ʵʣʝʢʪʨ ʤʝʥʝʥ ʞʘʙʜʫʫ, ϺʣʯϺϺ ʯʝʥʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳ., ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳʢ ʢʫʨʘʤ, 
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ʂʳʨʛʳʟʩʪʘʥ, 722200, ʛ. ʊʦʢʤʦʢ, ʫʣ. ɻʘʛʘʨʠʥʘ 65, e-mail: jargosha93@mail.ru 

mailto:jargosha93@mail.ru
mailto:ukalmatov@kstu.kg
mailto:jargosha93@mail.ru


95 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ʉʕʉ) ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʕʕ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʩʪʦʡ ʠ ʩʣʦʞʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʉ  ʨʦʩʪʦʤ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠʭ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤrʡ ʫʨʦʚʝʥʴ ʠʟʦʣʷʮʠʠ ʤʝʞʜʫ ʪʦʢʦʚʝʜʫʱʠʤʠ ʯʘʩʪʷʤʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʠʣʦʚʳʝ ʤʘʩʣʷʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʘʧʧʘʨʘʪʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ, ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ 

ʢʘʙʝʣʥʳʝ ʣʠʥʠʠ ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʕʆ. ʕʪʦ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʝ 

ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʣʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʷʟʘʥʥʳʝ ʪʠʧʦʚ ʚʳʙʦʨʦʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ 

ʩʧʦʩʦʙʦʚ ʠʭ ʠʟʤʝʨʝʥʠʷ. 
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measuring instruments. 
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ʄʘʡ ʪʦʣʪʫʨʫʣʛʘʥ ʞʦʛʦʨʢʫ ʯʳϬʘʣʫʫʜʘʛʳ ʵʣʝʢʪʨ ʰʘʡʤʘʥʜʘʨʳ (ʕʐ) 

ɸʟʳʨʢʳ ʫʯʫʨʜʘ ʵʣʝʢʪʨ ʢʦʣʜʦʥʫʫʯʫʣʘʨʳʥ ʵʣʝʢʪʨ ʤʝʥʝʥ ʞʘʙʜʫʫʜʘ ʢᴇʧ ʩʘʥʜʘʛʘʥ ʕʐʪʝʨ 

ʦʨʥʦʪʫʣʛʘʥ ʞʘʥʘ ʧʘʡʜʘʣʘʥʳʣʳʧ ʞʘʪʘʪ. ʄʘʡ ʪʦʣʪʫʨʫʣʛʘʥ ʕʐ ʜʝʧ ï ʙʝʣʛʠʣװװ ʕʐ ʤʫʟʜʘʪʫʫʯʫ, 

ʵʣʝʢʪʨ ʞʘʘʩʳʥ ᴇʯװʨװװ ʞʘʥʘ ʦʙʦʯʦʣʦʛʫʯ ʢʘʪʘʨʳ ʢʦʣʜʦʥʫʣʘ ʪʫʨʛʘʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨ ʤʘʡʳ. 
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ɸʟʳʨʢʳ ʫʯʫʨʜʘ ʢᴇʤᴇʢ ʯʦʨʜʦʥʜʦʨʜʦ (ʂʏ) ʞʘʥʘ ʕʕ ʘʨʘʣʳʢʘ ʞʝʪʢʠʨװװʜᴇ ʪᴇʤᴇʥʜᴇʛװʜᴇʡ ʤʘʡ 

ʪʦʣʪʫʨʫʣʛʘʥ ʞʦʛʦʨʢʫ ʯʳשʘʣʫʫʜʘʛʳ ʕʐʪʝʨ ʧʘʡʜʘʣʘʥʳʧ ʞʘʪʘʪ [1]: 

1) ʢʫʙʘʪʪʫʫ ʤʘʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨ; 

2) ʪʦʢʪʫ ᴇʣʯᴇᴇʯװ ʞʘʥʘ ʯʳשʘʣʫʫʥʫʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨʫ;  

3) ʞʘʨʳʰ ʢʦʰʫʣʛʘʥ ʨʝʘʢʪʦʨʣʦʨ; 

4) ʞʦʛʦʨʢʫ ʯʳשʘʣʫʫʜʘʛʳ ᴇʯװʨʛװʯʪᴇʨ; 

5) ʞʦʛʦʨʢʫ ʯʳשʘʣʫʫ ʕʐʪʠ ʢʦʰʫʫʯʫ ʵʣʝʤʝʥʪʪʝʨʠ; 

6) ʞʦʛʦʨʢʫ ʯʳשʘʣʫʫʜʘʛʳ ʤʘʡ ʪʦʣʪʫʨʫʣʛʘʥ ʢʘʙʝʣʜʠʢ ʯʫʙʘʣʛʳʣʘʨ ʞ.ʙ.  

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳ ʜʝʛʝʥ ʵʤʥʝ? ɹʫʣ ʤʘʡ-ʤʫʥʘʡ ʟʘʪʪʳʥ ʪʘʟʘʣʘʥʛʘʥ ʬʨʘʢʮʠʷʩʳ  ʘʥʳ 
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0
ʉ ʯʝʡʠʥ ʢʘʡʥʘʪʳʧ ʘʞʳʨʘʪʫʫ ʞʦʣʫ ʤʝʥʝʥ ʘʣʳʥʘʪ. 

ɸʣ, ʤʫʥʘʡʟʘʪʪʳʥ ʪװʨװʥᴇ ʞʘʨʘʰʘ ʘʨ ʢʘʥʜʘʡ ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳʢ ʢʘʩʠʝʪʢʝ ʵʵ ʙʦʣʦʪ, ʜʝʤʝʢ 

ʤʘʡʜʳʥ ʯʝʥ ʩʘʥʜʘʨʳ, ʤװʥᴇʟʜᴇʤᴇʩװ, ʫʰʫʛʘ ʢᴇʟ ʢʘʨʘʥʜʳ. ʄʘʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘʜʘ ʵש ʢʝשʠʨʠ 

ʪʘʨʘʣʛʘʥ ʦʙʦʯʦʣʦʪʢʫʯ (ʠʟʦʣʷʮʠʷ) ʙʦʣʫʧ ʵʩʝʧʪʝʣʠʥʝʪ [6].  

ʂʳʨʛʳʟʩʪʘʥʜʳʥ ʵʥʝʨʛʝʪʠʢʘ ʪʘʨʤʘʛʳʥʜʘ ʤʘʡʜʳʥ ʥʝʛʠʟʛʠ ʪװʨװ ʢʘʪʘʨʳ  ʈʌʜʘ ᴇʥʜװʨװʣʛᴇʥ 

ʤʘʡ ʢʝשʠʨʠ ʢʦʣʜʦʥʫʣʘʪ. ɸʥʳʥ ʪװʨװ ʈʌʜʘ ʠʰʪʝʣʠʧ ʯʳʢʢʘʥ  ɻʆʉʊʫʥ ʪʘʣʘʙʳ ʤʝʥʝʥ ʘʪʢʘʨʳʣʘʪ 

[(ʊʂʇ (ʊʋ 38.101890-81) ɻʆʉʊ 10121-76 ʞ.ʙ.].  

ʄʘʡʜʳʥ ʪʠʡʠʰʪװװ ʘʙʘʣʳ ɻʆʉʊʪʦʨʜʫʥ ʪʘʣʘʙʳ ʙʦʶʥʯʘ ʩʘʧʘʪʪʳʥ ʢᴇʨʩᴇʪʢװʯʪᴇʨװ ʤʝʥʝʥ 

ʘʪʢʘʨʳʣʘʪ. ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳʥʳʥ ʩʘʧʘʪʪʳʥʳʥ ʢᴇʨʩᴇʪʢװʯʪᴇʨװ ʪᴇʤᴇʥʢװʣᴇʨ: ʕʣʝʢʪʨ 

ʙʝʢʝʤʜʠʛʠ,  ʢʠʩʣʦʪʘ ʩʘʥʳ, ʩʫʫʜʘ ʵʵʨװװʯװ ʢʠʩʣʦʪʘʣʘʨʜʳʥ ʙʦʣʫʰʫ, ʞʘʥʫʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ, 

ʤʝʭʘʥʠʢʘʣʳʢ ʟʘʪʪʘʨʜʳʥ ʙʦʣʫʰʫ, ʤʘʡʜʳʥ ʪװʨװ, ʜʠʵʣʝʢʪʨʠʢʘʣʳʢ ʢʦʨʦʤʞʫ ʙʫʨʯʫ (tgŭ), ʵʵʨװװʯװ 

ʢװʣʜװʥ ʙʦʣʫʰʫ. ɸʨ ʙʠʨ ʢʘʩʠʝʪʠ  ʪʦʣʪʫʨʫʣʛʘʥ ʕʐ ʜʘ ʙʦʣʛʦʥ ʪװʟװʣװʰʪᴇʨʛᴇ, ʤװʯװʣװʰʪװʢʪᴇʨʛᴇ 

ʢװʙᴇ ʙʦʣʦʪ ʞʘʥʘ ʙʠʣʜʠʨʝʪ ʤʠʩʘʣʳ, ʢʠʩʣʦʪʘ ʩʘʥʳ, ʤʘʛʥʠʪ ʪʘʣʘʘʩʳʥʳʥ ʯʘʯʳʨʘʰʳʥ ʞʘʥʘ 

ʤʫʟʜʘʪʫʫʯʫ ʪʫʪʫʤʫʥʜʘ ʞʠʛʝʨʜװװ ʠʰʪʝʰʠʥ ʙʠʣʜʠʨʝʪ. 

ʄʘʡʜʳʥ ʢʘʩʠʝʪʪʝʨʠʥ ʙʠʣװװ ʤʝʥʝʥ ʕʐʪʝʨʜʠʥ ʠʰʪᴇᴇ ʘʙʘʣʳʥʳʥ 70% ʤʘʘʣʳʤʘʪʳʥ ʘʣʩʘ 

ʙʦʣʦʪ [3,5,7,8]. 

ʄʘʡʜʳʥ ʢʵʵʙʠʨ ʥʝʛʠʟʛʠ ʢʘʩʠʝʪʪʝʨʠʥʝ ʢʳʩʢʘʯʘ ʪʰװʥװʢ ʙʝʨʝʣʠ. 

ʕʣʝʢʪʨ ʙʝʢʝʤʜʠʛʠ ï ʤʘʡʜʳʥ ʵʣʝʢʪʨ ʙʝʢʝʤʜʠʛʠ ʢʘʥʜʘʡʜʳʨ ʙʠʨ ʞʦʛʦʨʢʫ ʯʳשʘʣʫʫʜʘʛʳ  

(ʥʘʢʪʘ ʯʳשʘʣʫʫʜʘʥ ʞʦʛʦʨʫ)  ʵʣʝʢʪʨʜʠʢ ʢʘʩʠʝʪʠ ʦʙʦʯʦʣʦʛʫʯ ʢʘʩʠʝʪʠ ʞʦʛʦʣʫʧ ʪʝʰʠʣʝʪ ʜʘ, 

ᴇʪʢᴇʨװʤʜװװʣװʢ ʧʘʡʜʘ ʙʦʣʦʪ, ʜʝʤʝʢ, ʢʘʩʠʝʪʠ ʪᴇʤᴇʥʜᴇʡʪ, ʯʫʢʫʣ ʪʫʪʘʰʫʫʥʫ ʧʘʡʜʘ ʙʦʣʫʰʫʥʘ 

ᴇʙᴇʣʛᴇ ʪװʟᴇʪ. ɹʫʣ ʢʘʩʠʝʪʠ ʥʳʤʜʫʫʣʫʢʪʘ, ʙʫʣʛʘʥʛʘʥʜʘ, ʵʩʢʠʨʛʝʥʜʝ ʪᴇʤᴇʥʜᴇʡʪ. 

ʄʘʡʜʳʥ ʥʳʤʜʘʣʳʰʳ tgŭ ʤʘʘʥʠʩʠ ʘʨʢʳʣʫʫ ʙʠʣʩʝ ʙʦʣʦʪ. ʵʤʫʩʩʠʷ ʧʘʡʜʘ ʙʦʣʛʦʥʜʘ  tgŭ ʜʘ 

ʪʝʟ ᴇʩᴇʪ. 

ʕʣʝʢʪʨ ʪʘʣʘʘʩʳʥʳʥ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳʥ ʞʘʥʘ ʢʳʯʢʳʪʢʪʘʨʜʳʥ ʪʘʘʩʠʨʠ ʤʝʥʝʥ ʤʘʡ ʧʘʡʜʘ 

ʙʦʣʫʧ -ʵʵʨʠʛʝʥ ʯᴇʛװʥʜװʣᴇʨ  ʪװʟװʣᴇʪ. ʏᴇʛװʥʜװʣᴇʨ ʤʫʟʜʘʪʫʫ ʞᴇʥʜᴇʤʜװװʣװʢʪװ ʪᴇʤᴇʥʜᴇʪᴇʪ. 

ɼʠʵʣʝʢʪʨʠʢʘʣʳʢ ʢʦʨʦʤʞʫ - ʙʫʣ ʤʘʡʜʳʥ ʵʣʝʢʪʨ ᴇʪʢᴇʨװʤʜװװʣװʛװʥ ʤװʥᴇʟʜᴇʡʪ ʘʣ tgŭ 

ʯʦשʜʫʛʫ ʤʝʥʝʥ ʘʥʳʢʪʘʣʳʥʘʪ tgŭ ʤʘʘʥʠʩʠ ʘʟ ʙʦʣʩʦ ʵʣʝʢʪʨ ᴇʪʢᴇʨװʤʜװװʣװʛװ ʪᴇʤᴇʥ, ʜʝʤʝʢ, 

ʦʙʦʯʦʣʦʪʢʫʯʪʫʥ ʢʘʩʠʝʪʠ ʞʦʛʦʨʫ. 

ʄʘʡʜʳʥ ʵʩʢʠʨʠʰʠ. ɹʫʣ ʵʣʝʢʪʨ ʪʘʣʘʘʩʳʥʘʥ ʢʳʯʢʳʣʜʘʥʫʫ ʢʫʙʫʣʫʰʪʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳʥ 

ᴇʩװʰװʥᴇ ʞʫʤʫʰʯʫ ʘʰʘ ʞװʢʪᴇᴇ ʞʘʥʘ ʢʠʩʣʦʨʦʜʜʫʥ ʙʦʣʫʰʫʥʘ ʢᴇʟ ʢʘʨʘʥʜʳ. ɾʳʡʳʥʪʳʛʳʥʜʘ ʤʘʡ 

ʵʩʢʠʨʠʧ ʦʙʦʯʦʣʦʪʢʫʯ ʢʘʩʠʝʪʪʝʨʠ ʪᴇʤᴇʥʜᴇʧ, ʯᴇʢʤᴇ ʢʫʤʜʘʨ ʧʘʡʜʘ ʙʦʣʦʪ. 

ʄʘʡʜʳʥ ʳʩʩʳʰʳ ʤʝʥʝʥ ʘʥʜʘʥ ʘʨ ʢʘʥʜʘʡ ʛʘʟʜʘʨ ʙᴇʣװʥװʧ ʯʳʛʘʪ ʥʝʛʠʟʛʠ ʛʘʟʜʘʨ: ʵʪʠʣʝʥ 

(ʉ2ʅ4), ʘʮʝʪʠʣʝʥ (ʉ2ʅ2), ʫʛʘʨ ʛʘʟʳ (ʉʆ), ʢᴇʤװʨ ʢʳʯʢʳʣʪʝʢ ʛʘʟʳ (ʉʆ2), ʘʟʦʪ (N2) ʙʫʣʘʨʜʘʥ ʙᴇʣᴇʢ 

ʜʘʛʳ ʛʘʟʜʘʨ ʧʘʡʜʘ ʙʦʣʫʰʫ ʤװʤʢװʥ, ʧʨʦʧʘʥ, ʙʫʪʘʥ ʞ.ʙ.  

ɻʘʟʜʘʨʜʳʥ ʪʦʧʪʦʣʫʰʫ ʧʘʡʜʘ ʙʦʣʫʧ ʢʝʣʝ ʞʘʪʢʘʥ ʤװʯװʣװʰʪװʢʪᴇʨ ʞᴇʥװʥʜᴇ ʤʘʘʣʳʤʘʪ ʙʝʨʝ 

ʘʣʘʪ ʞʘʥʘ ʘʨ ʢʘʥʜʘʡ ʢʫʙʘʪʪʫʫʣʫʢʪʘʛʳ ʞʘʥʘ ʪʳʛʳʟʜʳʢʪʘʨʳ ʘʨ ʢʘʥʜʘʡ ʪװʨʜᴇʛװ ʜװʨʤᴇʪʩװʟʜᴇʥװװ 

ʞᴇʥװʥʜᴇ ʜʘ ʙʘʡʢʦʦʛʦ ʤװʤʢװʥʯװʣװʢ ʪװʟװʣᴇʪ. 

ᴆʣʯᴇᴇ ʳʢʤʘʩʳ. ᴆʣʯᴇᴇʥװ ʞװʨʛװʟʛᴇʥʜᴇ ᴇʣʯᴇʥװװʯװ ʯʝʥ ʩʘʥʜʘʨʜʳʥ ʤװʥᴇʟװʥᴇ ʞʘʥʘ ʙʝʨʛʝʥ 

ʪʘʘʩʠʨʠʥʝ ʞʘʨʘʰʘ װʟʛװʣʪװʢʩװʟ ʞʘʥʘ װʟʛװʣʪװʢʪװװ ʞװʨʛװʟװʣᴇʪ. 
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ᴆʣʯᴇᴇʯװ ʢʘʨʘʞʘʪʪʘʨʛʘ ʪᴇʤᴇʥʜᴇʛװʜᴇʡ ʪʘʣʘʧʪʘʨ ʢʦʶʣʘʪ:  

1) ᴆʣʯᴇᴇ ʩʝʟʛʠʯʪʠʛʠ; 

 2) ᴆʣʯᴇᴇ ʢʝשʜʠʛʠ;  

3) ʙʠʨ ʤʘʘʥʠʣװװʣװʛװ;  

4) ʪʫʨʫʢʪʫʫʣʫʛʫ;   

5) ʤʘʘʣʳʤʘʪʪʫʫʣʫʛʫ;  

6) ʢʘʪʪʦʦ ʤʝʟʛʠʣʠ;  

7) ᴇʣʯᴇʥװʥ ʳשʛʘʡʣʫʫʣʫʛʫ ʞʘʥʘ ʤװʤʢװʥʯװʣװʛװ.  

 

ϹʣʯϺʥϮϮʯϮ ʯʦϬʜʫʢʪʘʨ Ϯʯ ʪϮʨʛϺ ʙϺʣϮʥϺʪ:  

ʄʘʘʣʳʤʘʪʪʳʢ ʯʝʥ ʩʘʥʜʘʨ, ʘʣʘʨ ʥʘʢʪʘ ʤװʥᴇʟʜᴇʤᴇʥװ ʙʠʣʜʠʨװװʯװʣᴇʨ; 

ʆʙʲʝʢʪʠʥʠʥʫʯʫʨʜʘʛʳ ʪʝʭʥʠʢʘʣʳʢ ʤװʥᴇʟʜᴇʤᴇʣᴇʨװʥװʥ ʯʝʥ ʩʘʥʜʘʨʳ;  

ɹʠʨ ʢʘʥʯʘ ʯʝʥ ʩʘʥʜʘʨʜʳʥ ʪʫʶʥʜʫʩʫʥʘʥ ʧʘʡʜʘ ʙʦʣʛʦʥ ʯʝʥ ʩʘʥʜʘʨ.  

ʄʠʩʘʣʳ, ʙʠʨ ʢʘʥʯʘ ʯʝʥ ʩʘʥʜʘʨʜʳʥ ʪװʟʜװʢʪᴇʨװʥᴇʥ ʧʘʡʜʘ ʙʦʣʛʦʥ ʯʝʥ ʩʘʥ ʢʘʪʘʨʳ 

ʳʩʳʛʘʥʜʘʛʳ ʵש ʯʦש ʪʝʤʧʝʨʘʪʫʨʘ. ʊʝʤʧʝʨʘʪʫʨʘʥʳʥ ʧʘʡʜʘ ʙʦʣʫʰʫʰʥʘ ʵʣʝʢʪʨ ʞװʛװ, ʯᴇʡʨᴇʥװʥ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪʘʘʩʠʨ ʙʝʨʝʪ ʞ.ʙ. ʫ.ʩ.  

ʕʐ ʠʰʪᴇᴇ ʘʙʘʣʳʥ ʘʥʳʢʪʦʦʜʦ ʪᴇʤᴇʥʢװ (ᴇʣʯᴇᴇ) ʢʘʡʩʳʣ ʬʠʟʠʢʘʣʳʢ ï ʭʠʤʠʷʣʳʢ, 

ʤʝʭʘʥʠʢʘʣʳʢ ʢʘʩʠʝʪʪʝʨʜʠ ʥʝʛʠʟʠʥʜʝ  ʠʰʝʢʝ ʘʰʳʨʫʫ ʙʦʶʥʯʘ ʪᴇʤᴇʥʜᴇʛװʜᴇʡ ʳʢʤʘʣʘʨ ʙʘʨ. 

ʄʘʛʥʠʪʪʠʥ, ʵʣʝʢʪʨʜʠʢ ʢʫʶʥʜʫʢ, ʨʘʜʠʦ ʪʦʣʢʫʥʫ, ʞʳʣʫʫʣʫʢ, װʥʜװʥ, ʩʫʶʢ ʪʘʤʯʳʣʘʨʜʳʥ 

(ʫʥʘʣʘʨʜʳʥ) ʩʠשʠʰʠ ʤʝʥʝʥ [5-8]. 

ᴆʣʯᴇʛװʯ ʯʝʥ ʩʘʥʜʘʨʜʳ ᴇʣʯᴇᴇʥװʥ ʳʢʤʘʣʘʨʳ ʞʘʥʘ ʘʩʧʘʧʪʘʨʳ ʞᴇʥװʥʜᴇ ʤʘʘʣʳʤʘʪ ʙʝʨʠʣʝʪ. 

ɼʠʵʣʝʢʪʨʠʢ ʯʝʥ ʩʘʥʜʘʨ. ʄʘʡʜʳʥ ʜʠʵʣʝʢʪʨʠʢ ʯʝʥ ʩʘʥʜʘʨʳ ʙʦʣʫʧ ʪᴇʤᴇʥʢװʣᴇʨ ʵʩʝʧʪʝʣʝʪ: 

ʩʘʣʳʰʪʳʨʤʘ ʜʠʵʣʝʢʪʨʠʢ ᴇʪװʤʜװװʣװʢ ʞʘʥʘ ʜʠʵʣʝʢʪʨʠʢ ʢʦʨʦʤʫʥʫʥ tgŭ ʙʫʨʯʫ. 

ɸʩʧʘʧ ʪʘʥʛʝʥʩ 2000 ï ʜʠʵʣʝʢʪʨʠʢ ʢʦʨʦʤʫʥʫʥ ʪʘʥʛʝʥʩ ʙʫʨʯʫʥ ʞʦʶʫ ʞʦʛʦʨʢʫ 

ʯʳשʘʣʫʫʜʘʛʳ ʢʘʧʪʘʤʘʥʳʥʳ ʩʳʡʳʤʜʫʫʣʫʛʫʥ (ʵʣʝʢʪʨ. ᴇʣʯᴇʡʪ) [3] ʥʝʛʠʟʛʠ ʤװʥᴇʟʜᴇʤᴇʣᴇʨװ, tgŭ 

ᴇʣʯᴇᴇ ʯʝʥ 1*10 
-5

 .....1000  (0,001...100%). ʉʳʡʳʤʜʫʫʣʫʢʪʫ ᴇʣʯᴇᴇ ʯʝʥʠ 10.....340 * 10
3
 ʧʌ. ʀʰʪᴇᴇ 

ʤᴇᴇʥᴇʪװ ï 8 ʩ. (150 ʜᴇʥ ʢʝʤ ʵʤʝʩ ᴇʣʯᴇᴇ ʞװʨʛװʟᴇʪ). 

ɾʦʛʦʨʢʫ ʯʳשʘʣʫʫʜʘʛʳ ᴇʟʛᴇʨʤᴇʪʢװʯʪװʥ ʘʨʯʳʥʳ ʤʦʩʪʫ) ʘʚʪʦʤʘʪʳ ʉɸ7100 -2. ɾʦʛʦʨʫʜʘ 

ʘʪʘʣʛʘʥ ʕʐ ʵʢʠ ʯʦשʜʫʢʪʫ ᴇʣʯᴇʡʪ. tgŭ ᴇʣʯᴇᴇ ʯʝʥʠ  0.....1,0, ʩʳʡʳʤʜʫʫʣʫʢʪʫ ᴇʣʯᴇᴇ ʯʝʥʠ 

10.....100*10
3
 ʧʌ. 

ɹʫʣ ʘʩʧʘʧ ᴇʣʯᴇʛᴇʥ ʯʦשʜʫʢʪʘʨʜʳ ʪʠʡʠʰʪװװ ʪװʨʜᴇ ʧʘʡʜʘʣʘʥʫʫʛʘ ʳשʛʘʡʣʫʫ ʢʳʣʳʧ ʙʝʨʝʪ. 

Mact 2801 (Haerfely Trench tenet) tgŭ ᴇʣᴇʯᴇ ʯʝʥ  Ñ 1*10 
-4
, 1,0 %  Ñ 1 

0
ʉ  (0,001...100

0
ʉ). 

ʉʳʡʳʤʜʫʫʣʫʛʫ 100 ʜʘʥ 0,1 ʧʌ % Ñ 0,4%. ɹʫʣ ʘʩʧʘʧ ᴇʣʯᴇᴇ ʞʳʡʳʥʪʳʛʳʥ ʩʘʥ ʪװʨװʥʜᴇ ʙʝʨʝʪ. ɹʫʣ 

ʘʩʧʘʧ ʢʦʰʫʤʯʘ ʜʘʛʳ ʪᴇʤᴇʥʢװ ʯʦשʜʫʢʪʘʨʜʳ ᴇʣʯᴇʡʪ: ʩʳʡʳʤʜʫʫʣʫʢʪʫʥ ʤʘʛʥʠʪʪᴇᴇ ʪʦʛʫʥ, 

ʙʦʣʦʪʪʦʛʫ ʢʦʨʦʤʞʫ  ʯʳשʘʣʫʫʥʫʥ ʢʫʙʘʪʪʫʫʣʫʛʫ, ʞʘʥʘ ʪʫʶʢʪʫʥ ʳʢʪʳʷʨʜʫʫʣʫʛʫʥ (ʜʦʙʨʘʪʥʦʩʪʴ) 

ᴇʣʯᴇʡʪ.  

ʄʘʡʜʘʛʳ ʘʨ ʢʘʥʜʘʡ ʜϮʨʤϺʪʩϮʟʜϺʥϮϮʥϮ ϺʣʯϺϺ. 

ɹʫʣ ʳʢʤʘ ʤʘʡʜʳʥ ʘʨ ʢʘʥʜʘʡ ʜװʨʤᴇʪʩװʟʜᴇʥװװʥװ ᴇʣʯᴇᴇʯװ ʩʝʟʛʠʯ ʳʢʤʘ ʙʦʣʫʧ ʩʘʥʘʣʘʪ [6,7]. 

ʄʳʥʜʘʡ ʳʢʤʘ ʜװʡʥᴇʜᴇ ʢʝשʠʨʠ ʢʦʣʜʫʥʫʣʫʧ ʢʝʣʝʪ. ɹʫʣ ʳʢʤʘ ʤʝʥʝʥ ʜװʨʤᴇʪʩװʟʜᴇʥװװʥװ ʯʝʥʠʥʠʥ 

ʩʘʢʪʘʣʳʰʳ ʞʝ ʢʦʨʢʫʥʫʯʪʫʫ ʪʘʘʩʠʨʣʝʨʠʥʠʥ ʙʘʡʢʘʣʳʰʳ ʙʠʣʠʥʝʪ. 

ʄʘʡʜʘʛʳ ʘʨ ʢʘʥʜʘʡ ʜװʨʤᴇʪʩװʟʜᴇʥװװʥװ  ᴇʣʯᴇᴇ װʯװʥ ʪᴇʤᴇʥʢװ ʳʢʤʘʣʘʨ ʢʦʣʜʦʥʫʣʘʪ: 

ʦʢʫʩʪʠʢʘʣʳʢ ʳʢʤʘ.  

ɹʫʣ ʳʢʤʘ ʘʨʢʘʥʜʘʡ ʜװʨʤᴇʪʩװʟʜᴇʥװװʥװ ᴇʣʯᴇʙᴇʩʪᴇʥ, ʢᴇʙװʢʪװʥ ʧʘʡʜʘ ʙʦʣʫʰʫʥ ʘʥʳʢʪʘʡ. 

ᴆʣʯᴇᴇ װʯװʥ װʥʜװ ʙʘʡʢʦʦʯʫ ʙʠʣʜʠʨʛʠʯʪʝʨ ʦʨʥʦʪʫʣʘʪ ʞʘʥʘ ʘʣʘʨ ʩʳʨʪʢʳ ʪʦʩʢʦʦʣʜʫʢ ʢʳʣʫʫʯʫ 

ʥʝʨʩʝʣʝʨʛʝ ʪʫʨʫʢʪʫʫ. ʄʳʥʜʘʡ ʳʢʤʘ ʪᴇʤᴇʥʢװ ᴇʣʯᴇᴇʯװ ʘʩʧʘʧʪʘʨʜʘ ʢʦʣʜʦʥʫʣʘʪ. Insul Grad (Culfer-

Hammer ʢʦʤʧʘʥʠʷʩʳ), hemʂe Diagnostic (ʬʠʨʤʘ WDIC); ʵʣʝʢʪʨʜʠʢ ʞʘʥʘ ʵʣʝʢʪʨʦʘʢʫʩʪʠʢʘʣʳʢ 

ʙʠʣʜʠʨʛʠʯʪʝʨʜʠ ʢʦʣʜʦʥʫʫ.  
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 ɸʣ ʵʤʠ ɾʏʛʘ ʢʦʰʫʣʛʘʥ ʪװʟװʣװʰʪᴇ 4 ʙʠʣʜʠʨʛʠʯ ʦʨʥʦʪʫʣʘʪ 4 ʙʠʣʜʠʨʛʠʯ ʦʨʥʦʪʫʣʘʪ -3ʩװ 

 ʦʨʦʤʦʥʫʥʫ ʙʝʡʪʘʨʘʧ ʯʝʢʠʪʠʥʜʝ ï ʙʫʣ ʩʠʩʪʝʤʘ ʊ-PD ʜʝʧ ʘʪʘʣʘʪ. ɼʘʛʳ װʯ ʬʘʟʘ ʢʦʰʢʫʯʪʘ, ʙʠʨᴇᴇʩװ

ʢʝשʠʨʠ ʪʘʨʘʣʛʘʥ ᴇʣʯᴇᴇʯװ ʘʩʧʘʧ CKUï2 ʤʫʥʫʥ ʤʫʥʫʥ ʙʠʣʜʠʨʛʠʯʪʝʨʠ ʞʳʰʪʳʢ 1-50 ʄɻʮ ᴇʣʯᴇʡʪ 

ʞʘʥʘ ʪʘʘʩʠʨ ʙʝʨװװʯװ ʪʦʩʢʦʦʣʜʫʢʪʘʨʜʳʥ ʢʦʨʛʦʦʯʫ ʯʳʧʢʘʩʳ  ʙʦʣʦʪ. ᴆʣʯᴇᴇ װʟʛװʣʪװʢʩװʟ ʞʘʥʘ 

  .ʣᴇʪװʟװʨʛװʞ װװʢʪװʣʪװʟʛװ

ʐʘʡʤʘ ʰʘʡ ʠʪᴇᴇʯװ ʘʩʧʘʧ UPDA (ʉʐɸ) ï ʙʫʣ ʠʰʝʥʠʤʜװװ ʠʰʪʝʡʪ, ʜװʨʤᴇʩʪװʟʜᴇʥװװʥװʥ 

ʳʢʯʘʤʜʳʛʳʥ ʜʘ ʙʠʣʜʠʨʝʪ, ʘʣʳʥʛʘʥ ʤʘʘʣʳʤʘʪʪʳ ʩʘʥ ʪװʨװʥʜᴇ ʢʦʤʧʶʪʝʨʛʝ ʙʝʨʠʧ, ʘʥʳ ʪʠʡʠʰʪװװ 

ʪװʨʜᴇ ʢʘʡʨʘ ʠʰʪʝʧ ʯʳʛʘʨʘʪ. [3] 

ʄʘʡʜʘʛʳ ʛʘʟʜʘʨʜʳʥ ʪϮʟϮʣϮʰϮʥ ʞʘʥʘ ʪʦʧʪʦʣʫʰʫʥ ʘʥʳʢʪʦʦ. 

ʕש ʢʝשʠʨʠ ʪʘʨʘʣʛʘʥ ʳʢʤʘ ʙʫʣ ʛʘʟʜʘʨʜʳ ʍʨʦʤʦʪʦʛʨʘʬʠʷʣʳʢ ʘʥʘʣʠʟʜᴇᴇ (ɻʍɸ). ʄʘʡʜʘ 

ʙʦʣʛʦʥ ʛʘʟʜʘʨ ʤװʯװʣװʰʪװʢʪᴇʨʜװʥ ʧʘʡʜʘ ʙʦʣʫʰʫʥʫʥ ʩʝʙʝʙʠʥ ʙʠʣʜʠʨʝʪ, ʢᴇʙװʥʯᴇ ʤʘʡʜʘ ʵʵʨʠʛʝʥ 

ʪᴇʤᴇʥʢװ ʛʘʟʜʘʨ ʘʥʳʢʪʘʣʘʪ: ʅ2 ʚʦʜʦʨʦʜ, ʉʅ4 ʤʝʪʘʥ, ʉ2ʅ6 ʵʪʘʥ, ʉ2ʅ4 ʵʪʠʣʝʥ, ʉ2ʅ2 ʘʮʝʪʠʣʝʥ, ʉʆ 

ʢᴇʤװʨ ʢʳʯʢʳʣʪʝʛʠ, ʉʆ2 ʢᴇʤװʨʜװʥ ʞʫʧ ʪʝʛʠ. ɹʫʣʘʨʜʳ ʘʥʳʢʪʦʦ ʞʘʥʘ ʪʘʢʪʦʦ װʯװʥ ʪᴇʤᴇʥʢװ 

ʳʢʤʘʣʘʨ ʢʦʣʜʦʥʫʣʘʪ:  

ɼʦʨʦʥʝʥʙʝʨʛ ʳʢʤʘʩʳ ï ʪᴇʤᴇʥʢװ ʢᴇʟ ʢʘʨʘʰʪʳʥ ʢʘʪʥʘʰʳ:  ʉʅ4/ ʅ2 ʥʳʥ ʉ2ʅ2/ ʉ2ʅ4 ʢᴇʟ 

ʢʘʨʘʰʳ. 

CFGB (ʈʦʜʞʝʨʩ ʢʘʪʥʘʰʳ) ï ɻʘʟʜʘʨʜʳʥ ʢʘʪʥʘʰʳ ʉʅ4/ ʅ2; ʉ2ʅ6/ʉʅ4; ʉ2ʅ4/ ʉ2ʅ6; ʉ2ʅ2/ 

ʉ2ʅ4 ʙʫʣʘʨ ʤʘʡʜʳʥ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʞʘʨʘʰʘ ʙʦʣʦʪ. 

ʐʣʝʟʠʥʛʝʨ ʳʢʤʘʩʳ -  ʛʘʟʜʘʨʜʳʥ ʢʘʪʥʘʰʳʥ ʧʘʡʜʘʣʘʥʫʫ ʤʝʥʝʥ: (ʉ2ʅ2/ʅ2, ʉ2ʅ2/ ʉ2ʅ4) ʅ2/ 

ʉ2ʅ6; ʉ2ʅ4/ ʉ2ʅ6, ʉʆ2/ʉʆ ʞʘʥʘ ʪʦʧʪʦʣʫʫ ʜʝשʛʵʵʣʠ ʤʝʥʝʥ ʩʫʤʤʘʩʳ  ʉʍʅ2 ï ʞʘʨʘʰʘ ʉ2ʅ2, ʅ2 

ʩʫʤʤʘʣʘʨ ʉʆ2 ʞʘʥʘ ʉʆ. 

ɼʶʚʘʜʩʝʥ ʳʢʤʘʩʳ ï ʤʳʥʜʘ װʯ ʙʫʨʯʪʫʫ ʜʠʘʛʨʘʤʤʘ ʢʦʣʜʦʥʫʣʘʪ ʘʨ ʙʠʨʠ ʉʅ4, ʉ2ʅ4, ʞʘʥʘ 

ʉ2ʅ2  ʘʣʘʨʜʳʥ ʩʫʤʤʘʩʳʥʘ ʞʘʨʘʰʘ.  

ʄʕʂ ʳʢʤʘʩʳ ï ʛʘʟʜʘʨʜʳʥ ʘʙʩʦʣʶʪʪʫʢ ʪʦʧʪʦʣʫʰʫʥʫʥ ʤʘʘʥʠʩʠʥ ʧʘʡʜʘʣʘʥʫʫ ʞʘʥʘ 

ʛʘʟʜʘʨʜʳʥ ʪʦʧʪʦʣʫʰʫʥʫʥ ʢʘʪʥʘʰʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫʫ ʉʅ4/ ʅ2, ʉ2ʅ4/ ʉ2ʅ6, ʉ2ʅ2/ ʉ2ʅ4. 

IEEE ʳʢʤʘʩʳ ï ʄʕʂʪʠʥ ʳʢʤʘʩʳ ʩʳʷʢʪʫʫ ɻʍɸ  ʯʝʯʤʝʣᴇᴇ ʄʕʂʪʠʥ 60599 ʢᴇʨʩᴇʪʤᴇʩװ 

ʙʦʶʥʯʘ ʘʪʢʘʨʳʣʘʪ ʞʘʥʘ ʤʘʡʜʘʛʳ ʪᴇʤᴇʥʢװ ʤװʯװʣװʰʪװʢʪᴇʨʜᴇʥ ʙʘʡʢʦʦʛʦ  ʙʦʣʦʪ. 

PD ï ʞʝʢʝ ʜװʨʤᴇʪʩװʟʜᴇʥװװ ʥʳʤʜʫʫʣʫʢ ʛʘʟʜʘʨ ʤʝʥʝʥ ʤʘʡʜʳʥ ʘʰʘ ʢʘʛʳʛʫʫʩʫ; 

DI ï ʪᴇʤᴇʥʢװ ʵʥʝʨʛʠʷʜʘʛʳ ʜװʨʤᴇʪʩװʟʜᴇʥװװ (ʤʘʡʜʳʥ ʪʝʰװװ ʢװʯװ ʥʘʯʘʨ ʢʦʰʫʣʛʘʥ ʞʝʨʜʝʛʠ 

ʫʯʢʫʥʜʘʨ); 

D2 ï ʞʦʛʦʨʢʫ ʵʥʝʨʛʠʷʜʘʛʳ ʜװʨʤᴇʪʜᴇʥʩװʟʜᴇʥװװ (ʪʝʰʠʣװװ, ʘʰʘ ʯʘʙʫʫ, ʯʫʢʫʣ ʪʫʪʘʰʫʫ, 

ʢʦשʰʫ ʦʨʦʤʦʣʦʨ ʘʨʘʩʳʥʜʘ ʩʫʶʢʪʫʢʪʫʥ ʧʘʡʜʘ ʙʦʣʫʰʫ); 

ʊ1- ʪʝʤʧʝʨʘʪʫʨʘ 300 
0
ʉ ʪᴇʤᴇʥ ʙʦʣʛʦʥʜʦ ʳʩʩʫʫʥʫʥ ʪʘʘʩʠʨʠʥʜʝ ʧʘʡʜʘ ʙʦʣʛʦʥ 

ʤװʯװʣװʰʪװʛװ ʘʰʘ ʯʳשʘʣʫʫʥʫʥ ʧʘʡʜʘ ʙʦʣʫʰʫ, ʤʫʟʜʘʪʫʫ ʪװʪװʛװʥʜᴇʛװ ʢʠʯʠʨʝʡװװ ʞ.ʙ; 

ʊ2- ʪʝʤʧʝʨʘʪʫʨʘ 300-700 
0
ʉ ʳʩʫʫʥʫʥ ʪʘʘʩʠʨʠʥʜʝ ʙʫʟʫʣʫʫ; 

ʊ3-700 
0
ʉ ʪʘʥ ʞʦʛʦʨʫ ʙʦʣʛʦʥʜʦʛʫ (ʢʦʰʫʣʛʫʯ ʞʝʨʜʝʛʠ ʙʦʣʪʫʥʫʥ ʢʦʰʫʣʫʫ ʞʝʨʠʥʠʥ 

ʥʘʯʘʨʣʘʰʳ ʞ.ʙ.) ʞʳʣʫʫʣʫʢʪʘʥ ʙʫʟʫʣʫʫ (ʯʝʣʝʢʪʠʥ ʙʝʪʪʝʨʠʥʜʝʛʠ ʧʘʡʜʘ ʙʦʣʛʦʥ ʛʘʟʜʘʨʜʳʥ, 

ᴇʟᴇʢʯᴇʜᴇʛװ ʯʫʢʫʣ ʪʫʪʘʰʫʫ). 

      ɻʍɸʥʳʥ ʞʘʨʜʘʤʳ ʤʝʥʝʥ ʞװʨʛװʟװװ ʫʩʫʣʜʫʢ ʢᴇʨʩᴇʪʤᴇ ʈɼ 153-34.0-46.302-001 ʤʝʥʝʥ 

ʞװʨʛװʟװʣᴇʪ.  

ɸʣ ʵʤʠ ʈʌʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨʜʫ ʪʦʣʫʢ ʘʥʘʣʠʟ ʢʳʣʳʰʳ װʯװʥ ñɸʣʴʙʘʪʨʦʩò ʪʫʪʫʤʫ 

ʪװʟװʣʛᴇʥ ʞʘʥʘ ʵʢʩʧʝʨʪʠʢ ʪʫʪʫʤ ñɼʠʘʛʥʦʩʪʠʢʘò ʢʦʣʜʦʥʫʣʘʪ. Kelman lltg ʢʦʤʧʘʥʠʷʩʳ ʪʘʨʘʙʳʥʘʥ 

ʪװʟװʣʛᴇʥ ʬʦʪʦʘʢʫʩʪʠʢʘʣʳʢ ʩʧʝʢʪʨʦʩʢʦʧ Transport ʙʫʣ 7 ʘʨʘʣʘʰ ʛʘʟʜʘʨʜʳʥ ʠʯ ʘʨʘ ʢʳʟʳʣ 

ʩʧʝʢʪʨʠʥ ʞʘʥʘ ʥʳʤʜʫʫʣʫʛʫʥ ᴇʣʯᴇʡʪ.   

ʄʘʡʜʳʥ ʥʳʤʜʫʫʣʫʛʫʥ ϺʣʯϺϺ. ᴆʣʯᴇᴇ ɻʝʨʤʘʥʠʷʜʘ ʠʰʪʝʧ ʯʳʛʘʨʳʣʛʘʥ SIMMS ʘʩʧʘʙʳʥʳʥ 

ʞʘʨʜʘʤʳʥʜʘ ʞװʨʛװʟװʣᴇʪ. ɹʫʣ ʘʩʧʘʧ ʤʘʡʜʳʥ װʩʪװ ʞʘʥʘ ʘʩʪʳ ʞʘʛʳʥʘʥ ʤʘʡʜʳʥ ʥʳʤʜʫʫʣʫʛʫʥ 

ᴇʣʯᴇʡʪ . 
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ʄʘʡʜʘ ʵʵʨʠʙʝʛʝʥ ʛʘʟʜʘʨʜʳʥ ʢϺʣϺʤϮ,  ʞʘʥʘ ʳʣʜʘʤʜʳʛʳ ʛʘʟʜʳʢ ʨʝʣʝʥʠ ʢʦʣʜʦʥʫʫ ʤʝʥʝʥ 

ʞװʨʛװʟװʣᴇʪ. 

ʄʘʡʜʳʥ ʙʫʣʛʘʥʳʰʳʥ ϺʣʯϺϺ. ʄʘʡʜʳ ʧʘʡʜʘʣʘʥʫʫ ʫʯʫʨʫʥʜʘ ʘʨʢʘʥʜʘʡ ʵʵʨʠʙʝʛʝʥ ʢʘʪʫʫ 

ʟʘʪʪʘʨ ʧʘʡʜʘ ʙʦʣʫʰʫ ʤװʤʢװʥ. ʉʀɻʈʕ ï ʤʘʡʜʳʥ ʙʫʣʛʘʥʳʯ ʜʵשʛʵʵʣʠʥʠʥ ʯʝʢʪʝʣʛʝʥ ʤʘʘʥʠʩʠʥʠʥ 

ʢᴇʨʩᴇʪʢװʯװʥᴇʥ ʘʥʳʢʪʘʣʘʪ. Jeumont Shnaider Transformators ʬʠʨʤʘʩʳʥʳʥ ʘʩʧʘʙʳ ʧʘʡʜʘ ʙʦʣʛʦʥ 

ʙʫʣʛʘʥʳʯʪʘʨʜʳʥ ʯʝʥ ʩʘʥʳʥ ʢᴇʨʩᴇʪʢᴇʥ. 5-15 ʄʢʤ  ᴇʣʯᴇʤװʥʜᴇʛװ ʙᴇʣװʢʪᴇʨʜװʥ ʩʘʥʳ 100 ʤʣ ʜʝ 

2000 ʙʦʣʩʦ ʵʯ ʥʝʨʩʝ ʵʤʝʩ, ʘʣ ʵʤʠ ʙᴇʣװʢʪᴇʨʜװʥ ʯʝʥʠ 20-50 ʄʢʤ 100 ʤʣ ʜʝ ʩʘʥʳ 32 ʜʝʥ ʘʰʩʘ ʘʥʜʘ 

ʤʳʥʜʘʡ ʘʙʘʣʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʦʛʫ ʢʦʣʜʦʥʫʣʫʧ ʞʘʪʢʘʥ ʤʘʡʜʳ ʢʦʣʜʦʥʫʫʛʘ ʯʝʢʪᴇᴇ ʢʠʨʛʟʠʣʝʪ.  

ʌʫʨʘʥʜʳʢ ʢʦʰʫʥʜʫʣʘʨʳʥʳʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳʥʜʘ ʧʘʡʜʘ ʙʦʣʫʰʫ  ʦʙʦʯʦʣʦʪʢʫʯʪʫʥ 

ʙʫʟʫʣʫʰʫʥʘ ʢװʙᴇ ʙʦʣʦʪ, ʬʫʨʦʥʜʫʥ ʧʘʡʜʘ ʙʦʣʫʰʫ ʦʙʦʯʦʣʦʪʢʫʯʪʘ ʧʦʣʷʨʠʟʘʮʠʷʥʳʥ ʧʘʡʜʘ 

ʙʦʣʫʰʫʥ ʙʠʣʜʠʨʝʪ, ʙ.ʘ. ʵʩʢʠʨʝ ʙʘʡʰʪʘʡ, ʬʫʨʘʥʜʳʥ ʪʦʧʪʦʣʫʰʫ ʞʝ ʘʥʳʥ ʤʘʡʜʘ ʙʦʣʫʰʫ 1ʤʛ/ʢʛ 

ʘʰʩʘ, ʘʥʜʘ ʦʙʦʯʦʣʦʛʫʯʪʫʥ ʵʩʢʠʨװװ ʪʝʤʧʠ ʞʦʛʦʨʫʣʘʛʘʥʜʳʛʳʥ ʙʠʣʜʠʨʝʪ ʬʫʨʘʥʜʳʥ ʯʝʢʪʝʣʛʝʥ 

ʯʝʥʠ ʘʨ ʙʠʨ ᴇʣʯᴇᴇʜᴇ ʘʨ ʢʘʥʜʘʡ. ʉʀɻʈʕ ʙʦʶʥʯʘ ʯʝʢʪʝʣʛʝʥ ʯʝʥ 0,5 ʤʛ/ʢʛ ʜʘʥ 10  ʤʛ/ʢʛ ʯʝʡʠʥ. 

ʂʈʜʘ ʞʘʥʘ ʈʌʜʘ ʤʘʡʜʘʛʳ ʬʫʨʘʥʜʳʥ ʩʘʥʜʳʢ ʯʝʥʠ 1ʤʛ/ʢʛ ʪʝʛʝʨʝʛʠʥʜʝ ʜʝʧ ʙʝʣʛʠʣʝʥʝʪ.  

 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʜʫʥ ʳʩʩʫʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ϺʣʯϺϺ 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʜʫʥ ʵʣʝʤʝʥʪʪʝʨʠʥʠʥ ᴇʪᴇ ʳʩʳʧ ʢʝʪʠʰʠ ʪʝʨʩ ʪʘʘʩʠʨʠʥ ʙʝʨʝʪ, ʙ.ʘ. 

ʦʙʦʯʦʣʦʛʫʯʪʘʨ ʵʩʢʠʨʝʪ ʞʝ ʢװʡװʧ ʢʘʣʫʫʩʫ ʤװʤװʢװʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʦʯʦʣʦʛʫʯʪʘʨʜʳʥ ʢʳʟʤʘʪ 

ᴇʪᴇᴇ ʤᴇᴇʥᴇʪװʥᴇ ʪʝʨʩ ʪʘʘʩʠʨʠʥ ʪʠʡʛʠʟʝʪ, ᴇʪᴇ ʳʩʩʫʫ ʘʣʘʨʜʳʥ ʤᴇᴇʥᴇʪװʥ ʢʳʩʢʘʨʪʘʪ. 

ʊʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʯᴇᴇ ʵʢʠ ʳʢʤʘ ʤʝʥʝʥ ʞװʨʛװʟװʣᴇʪ: 

 ʊϮʟ ϺʣʯϺϺ ï ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʯᴇᴇʯװ ʙʠʣʜʠʨʛʠʯʪʝʨ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ᴇʣʯᴇʥװװʯװ 

ʵʣʝʤʝʥʪʢʝ ʦʨʥʦʪʫʣʘʪ.  

ʂʳʡʳʰ ϺʣʯϺϺ ï ʙʠʣʜʠʨʛʠʯʪʝʨʛʝ ʦʨʥʦʪʫʣʙʘʡ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʯᴇᴇ. ʊװʟ ᴇʣʯᴇᴇʜᴇ 

ʙʠʣʜʠʨʛʠʯ ʵʣʝʤʝʥʪ ʦʨʥʦʪʫʣʘʪ ʞʘʥʘ ʙʠʣʜʠʨʛʠʯ ʦʧʪʦ ʞʠʧ  ʙʫʣʘʛʳ ʤʝʥʝʥ ʞʘʨʳʢʪʘʥʜʳʨʳʣʘʪ. 

ʉʠשʠʨʠʣʛʝʥ ʞʘʨʳʢʪʳʢ ʞʳʰʪʳʛʳ ʙʦʶʥʯʘ ᴇʣʯᴇʥװװʯװ ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ ʪʘʢ ʘʥʳʢʪʘʣʘʪ. ʕש ʞʘʤʘʥ 

ʞʵʨʠ ʙʠʣʜʠʨʛʠʯʪʝʨʜʠ ʙʝʢʠʪװװ ᴇʪᴇ ʪʘʪʘʘʣ ʦʰʦʥʜʫʢʪʘʥ ʙʫʣ ʳʢʤʘ ᴇʪᴇ ʞʦʦʧʪʫʫ  ʫʯʫʨʣʘʨʜʘ 

ʢʦʣʜʦʥʫʣʘʪ (ʢʫʙʘʪʪʫʫ ʞʘʥʘ ʢʳʤʙʘʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨʜʦ).  

ʂʳʡʳʤ ʳʢʤʘ ï ʙʫʣ ʳשʛʘʡʣʫʫ ʳʢʤʘ. ʄʳʥʜʘʡ ʳʢʤʘ ʤʝʥʝʥ ʤʘʡʜʳʥ ʞʦʛʦʨʢʫ ʙʝʪʠʥʜʝʛʠ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ᴇʣʯᴇʥᴇʪ. ɹʠʣʜʠʨʛʠʯ ʤʫʟʜʘʪʳʣʫʫʯʫ ʙʝʪʢʝ ʙʝʢʠʣʝʪ. 

ɸʟʳʨʢʳ ʫʯʫʨʜʘ ʢʦʣʜʦʥʫʣʫʫʯʫ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʯᴇᴇʯװ ʘʩʧʘʧʪʘʨʜʳʥ ʪװʨװ ʢᴇʧ, ʘʣʘʨ 

ʪʝʤʧʝʨʘʪʫʨʘʥʳʥ ʯʦשʜʫʛʫʥ ʛʘʥʘ ᴇʣʯᴇʙᴇʩʪᴇʥ ʞʳʣʫʫʣʫʢ  ʩʧʝʢʪʨʠʥ  ʜʘ ʙʝʨʝʪ. ɸʣʳʥʛʘʥ 

ʤʘʘʣʳʤʘʪʪʘʨʜʳ ʩʘʥ ʪװʨװʥʜᴇ ʙʝʨʠʧ ʢʦʤʧʴʶʪʝʨʛʝ ʪװʟʜᴇʥ ʪװʟ ʢʦʰʫʫ ʤװʤʢװʥʯװʣװʛװ ʙʦʣʦʪ.  

ᴆʪᴇ ʞʳʣʫʫʣʫʢ ʩʝʟʛʠʯʪʠʛʠ ʤʝʥʝʥ ʘʡʳʨʤʘʣʘʥʘʪ, ʤʠʩʘʣʳ, 0,08 
0
ʉ. 

ɸʣʘʨʜʳʥ ʘʨ ʢʘʥʜʘʡ ʪװʨʣᴇʨװ ʙʘʨ ʞʘʥʘ ʪᴇʤᴇʥʜᴇʛװʜᴇʡ ʞʘʣʧʳ ʪװʨʛᴇ ʙᴇʣװʥᴇʪ.  

ʀʥʬʨʦ ʢʳʟʳʣ ʢʘʤʝʨʘ ʞʘʥʘ ʪʝʧʣʦʚʠʟʦʨʣʦ (ʞʳʣʫʫʣʫʢʪʫ ʢᴇʨʩᴇʪʢװʯʪᴇʨ)  ʧʠʨʦʤʝʪʨʣʝʨ. 

ɹʫʣʘʨ ʞʳʣʫʫʣʫʢʪʫʥ ʩʝʟʛʠʯʪʠʛʠ ᴇʣʯᴇᴇ ʢʝשʜʠʛʠ, ʢʦʤʧʶʪʝʨʛʝ ʪװʟ ʢʦʰʫʣʫʫ, ʙʘʘʩʳ ʞʘʥʘ 

ʩʘʣʤʘʢʪʘʨʳ, ʘʨ ʢʘʡʩʳ ʪװʨʜᴇʛװ ʦʙʴʝʢʪʪʝʨʜʝ ʢʦʣʜʫʥʫʣʫʰʫ ʤʝʥʝʥ ʙʘʰʢʘ ʜʠʘʛʥʦʩʪʠʢʘ 

ʘʩʧʘʧʪʘʨʳʥʘʥ ʘʡʳʨʤʘʣʘʥʘʪ [9].  

 

ʂʦʨʫʪʫʥʜʫ 

ʄʘʡ ʪʦʣʪʫʨʫʣʛʘʥ ʕʐ ᴇʪᴇ ʪʘʪʘʘʣ ʞʘʥʘ ʘʥʳ ʧʘʡʜʘʣʥʫʫ ʫʯʫʨʫʥʜʘ ʘʥʜʘ ʘʨ ʢʘʥʜʘʡ ʬʠʟʠʢʦ-

ʭʠʤʠʷʣʳʢ ᴇʟʛᴇʨװװʯװʣᴇʨ ʙʦʣʫʧ ʘʥʳʥ ʵʣʝʤʝʥʪʪʝʨʠʥʠʥ ʤʘʘʥʠʩʠ ʞʘʥʘ ʪʝʭʥʠʢʘʣʳʢ ʯʝʥ ʩʘʥʜʘʨʳ 

ᴇʟʛᴇʨᴇʪ. 

ʄʘʡʜʘʛʳ ʙʦʣʛʦʥ ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳʢ ᴇʟʛᴇʨװװʥװʥ ʥʝʛʠʟʠʥʜʝ ʙʦʣʛʦʥ ʢʫʙʫʣʫʰʪʘʨʜʳ ʞʘʥʘ 

ʘʥʳ ʤװʥᴇʟʜᴇʛᴇʥ ʯʝʥ ʩʘʥʜʘʨʜʳ ʪʘʢ ʙʠʣװװ ʟʘʘʨʳʣ. 

ɸʨ ʙʠʨ ᴇʟʛᴇʨʛᴇʥ ʯʝʥ ʩʘʥʜʘʨʜʳʥ ʤװʥᴇʟʜᴇʤᴇʣᴇʨװʥ ᴇʣʯᴇᴇ װʯװʥ ʪʠʡʠʰʪװװ ᴇʣʯᴇᴇ 

ʘʩʧʘʧʪʘʨʳʥ ʪʘʥʜʦʦ ʟʘʘʨʳʣ.  
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ᴆʣʯᴇᴇʯװ ʘʩʧʘʧ ᴇʣʯᴇᴇ ʞʳʡʳʥʪʳʛʳʥ ʩʘʥ ʪװʨװʥʜᴇ ʙʝʨʠʧ ʢʦʤʧʶʪʝʨ ʤʝʥʝʥ ʯʦʛʫ 

ʙʠʨʠʢʪʠʨʠʣʠʰʠ ʟʘʨʳʣ.     
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Abstract: Employee motivation in energy companies plays a crucial role in ensuring their 

sustainable development and efficiency. This article examines modern approaches to managing 

employee motivation, including financial and non-financial incentives, corporate culture, and 

professional development. Special attention is given to the impact of motivational factors on work 

productivity and employee satisfaction, as well as opportunities for increasing staff loyalty and 

engagement. 
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ɺʚʝʜʝʥʠʝ 

ʄʦʪʠʚʘʮʠʷ-ʵʪʦ ʚʥʫʪʨʝʥʥʠʡ ʠʣʠ ʚʥʝʰʥʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʧʦʙʫʞʜʘʝʪ ʯʝʣʦʚʝʢʘ ʢ 

ʜʝʡʩʪʚʠʶ, ʧʦʤʦʛʘʝʪ ʜʦʩʪʠʛʘʪʴ ʮʝʣʝʡ ʠ ʧʨʝʦʜʦʣʝʚʘʪʴ ʧʨʝʧʷʪʩʪʚʠʷ 

ɺʥʫʪʨʝʥʥʷ ʤʦʪʠʚʘʮʠʷ-ʠʩʭʦʜʠʪ ʠʟʥʫʪʨʠ ʯʝʣʦʚʝʢʘ,ʦʩʥʦʚʘʥʘ ʥʘ ʝʛʦ 

ʠʥʪʝʨʝʩʘʭ,ʮʝʥʥʦʩʪʷʭ,ʫʜʦʚʦʣʴʩʪʚʠʠ ʦʪ ʧʨʦʮʝʩʩʘ(ʥʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʢ ʫʯʠʪ ʷʟʳʢ,ʧʦʪʦʤʫ ʯʪʦ ʝʤʫ 

ʵʪʦ ʥʨʘʚʠʪʩʷ). 

ɺʥʝʰʥʷʷ ʤʦʪʠʚʘʮʠʷ-ʩʚʷʟʘʥʘ ʩ ʚʥʝʰʥʠʤʠ ʩʪʠʤʫʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʥʘʛʨʘʜʳ, 

ʧʨʠʟʥʘʥʠʝ,ʜʝʥʴʛʠ , ʩʪʨʘʭ, ʥʘʛʨʘʜʳ(ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʘ ʨʘʜʠ ʟʘʨʧʣʘʪʳ ʠʣʠ ʫʯʝʙʘ ʨʘʜʠ ʭʦʨʦʰʠʭ 

ʦʮʝʥʦʢ). 

ʄʦʪʠʚʘʮʠʷ ʚ ʦʙʱʝʤ ʧʦʥʠʤʘʥʠʠ -ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʠʞʫʱʠʭ ʩʠʣ, ʧʦʙʫʞʜʘʶʱʠʭ 

ʯʝʣʦʚʝʢʘ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ. 

mailto:albinakanatbekova336@gmail.com
mailto:gmambetalieva@kstu.kg
mailto:albinakanatbekova336@gmail.com
mailto:gmambetalieva@kstu.kg
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʤʦʪʠʚʘʮʠʷ - ʵʪʦ ʧʨʦʮʝʩʩ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʠʤ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʜʝʡʩʪʚʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʤʧʣʝʢʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ. 

ʄʦʪʠʚʘʮʠʷ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ ð ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ. ɺ ʵʪʦʡ ʦʪʨʘʩʣʠ ʚʘʞʥʳ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʥʦ ʠ ʠʭ ʚʦʚʣʝʯʝʥʥʦʩʪʴ, ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʨʘʙʦʪʦʡ ʠ 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʜʦʩʪʠʞʝʥʠʶ ʦʙʱʠʭ ʮʝʣʝʡ ʢʦʤʧʘʥʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʦʪʠʚʘʮʠʠ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ. ɿʥʘʯʠʤʦʩʪʴ ʤʦʪʠʚʘʮʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ð ʵʪʦ ʩʬʝʨʘ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʞʝʩʪʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʝ. ɿʜʝʩʴ ʚʘʞʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ, ʤʠʥʠʤʠʟʘʮʠʷ ʨʠʩʢʦʚ ʠ ʥʘʜʝʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʪʠʚʘʮʠʷ 

ʧʝʨʩʦʥʘʣʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ: 

 Å ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ; 

 Å ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ; 

 Å ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʫʜʝʨʞʘʥʠʶ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʦʪʠʚʘʮʠʠ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʢʦʤʧʘʥʠʡ.ʂʨʠʟʠʩʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʛʨʦʟʠʪ ʢʦʤʧʘʥʠʠ ʥʝ ʪʦʣʴʢʦ ʬʠʥʘʥʩʦʚʳʤʠ 

ʧʨʦʙʣʝʤʘʤʠ ʥʦ ʠ ʧʦʪʝʨʝʡ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʙʝʟ ʢʦʪʦʨʳʭ ʧʨʝʦʜʦʣʝʪʴ ʢʨʠʟʠʩ 

ʥʝʚʦʟʤʦʞʥʦ.  

ʋʜʝʨʞʘʥʠʝ  ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ - ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʨʫʢʦʚʦʜʩʪʚʘ 

ʢʦʤʧʘʥʠʠ ʥʘ ʵʪʘʧʝ ʢʨʠʟʠʩʘ.  

ʆʜʥʘʢʦ ʨʫʢʦʚʦʜʠʪʝʣʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʩʚʦʸ 

ʚʥʠʤʘʥʠʝ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʬʠʥʘʥʩʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʠʩʪʝʤʳ ʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʫʜʝʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ.  

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʤ, ʯʪʦ ʨʫʢʦʚʦʜʠʪʝʣʠ ʦʰʠʙʦʯʥʦ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʢʨʠʟʠʩʘ ʧʨʦʙʣʝʤ ʩ ʤʦʪʠʚʘʮʠʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʦʡ ʧʝʨʩʦʥʘʣʘ ʙʳʪʴ ʥʝ ʜʦʣʞʥʦ, ʪʘʢ 

ʢʘʢ ʩʦʪʨʫʜʥʠʢʠ ʧʦʥʠʤʘʶʪ, ʯʪʦ ʥʘ ʠʭ ʤʝʩʪʦ ʧʨʝʪʝʥʜʫʶʪ ʪʳʩʷʯʠ ʫʚʦʣʝʥʥʳʭ, ʛʦʪʦʚʳʭ ʨʘʙʦʪʘʪʴ ʟʘ 

ʤʝʥʴʰʫʶ ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤ ʬʘʢʪ ʩʦʭʨʘʥʝʥʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʩʦʪʨʫʜʥʠʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʤʦʪʠʚʘʮʠʷ ʢ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠʤʝʝʪʩʷ ʨʷʜ ʧʨʦʙʣʝʤ.  

ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ 

ʧʨʠʚʝʣʦ ʢ ʚʳʩʦʢʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʠ ʤʦʨʘʣʴʥʦʤʫ ʠʟʥʦʩʫ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʂʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʩʥʠʞʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʘ ʨʘʟʤʝʨʳ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʦʩʪʘʶʪʩʷ  ʚʳʩʦʢʠʤʠ.  

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʣʠʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ 

ʦʩʣʦʞʥʷʝʪ ʧʨʠʥʷʪʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʋʥʠʢʘʣʴʥʘʷ ʩʧʝʮʠʬʠʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ 

ʧʨʦʙʣʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʦʪʨʘʩʣʴʶ ʚ ʮʝʣʦʤ, ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʥʘʥʠʷ, ʫʤʝʥʠʷ, ʪʨʫʜʦʚʳʝ ʥʘʚʳʢʠ, ʤʦʪʠʚʘʮʠʦʥʥʳʝ ʮʝʥʥʦʩʪʠ 

ʨʘʙʦʪʥʠʢʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ.  

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ  ʦʢʘʟʳʚʘʶʪ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʪʨʫʜʦʚʦʡ ʤʦʪʠʚʘʮʠʠ. 

ʇʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʩʝʡʯʘʩ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʚʠʪʠʝ ʩʦʪʨʫʜʥʠʢʦʚ 

ʜʦ ʪʘʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʧʨʠʥʠʤʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʫʢʦʚʦʜʩʪʚʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ  ʵʣʝʤʝʥʪʦʚ ʤʦʪʠʚʘʮʠʠ 

ʟʘʚʠʩʷʪ  ʢʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ  ʦʪʨʘʩʣʠ  ʩʦʟʜʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ  ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʨʝʜʘ,  

ʪʨʝʙʫʶʱʘʷ: 

-ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʬʦʨʤ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ  

-ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʜʨʦʚʳʭ ʨʝʩʫʨʩʦʚ.  

ʄʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʫʜʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʠʭ ʫʩʧʝʰʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʳʭ 

ʦʪʥʦʰʝʥʠʡ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʝʛʦʜʥʷ ʚ ʵʥʝʨʛʝʪʠʢʝ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʫʩʪʨʘʠʚʘʝʪ ʥʠ ʦʜʥʦʛʦ ʠʟ 

ʝʝ ʫʯʘʩʪʥʠʢʦʚ.  

ʈʷʜʦʚʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʥʝʜʦʚʦʣʴʥʳ ʪʝʤ, ʯʪʦ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʥʠ ʧʣʘʪʷʪ ʟʘ ʵʣʝʢʪʨʠʯʝʩʪʚʦ 

ʙʦʣʴʰʝ, ʠ ʟʘ ʵʪʠ ʜʝʥʴʛʠ ʠʤ ʥʠʢʪʦ ʥʝ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʘʜʝʞʥʦʛʦ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. ʅʝʜʦʚʦʣʴʥʦ ʧʦʣʦʞʝʥʠʝʤ ʚ ʵʥʝʨʛʝʪʠʢʝ ʠ ʛʦʩʫʜʘʨʩʪʚʦ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʘ ʩʪʨʫʢʪʫʨʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʚʩʝʡ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʇʨʝʦʜʦʣʝʥʠʝ 

ʢʨʠʟʠʩʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʙʝʟ ʛʣʫʙʦʢʦʡ, ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 

ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ.  

ʕʥʝʨʛʝʪʠʢʘ  ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʦʪʨʘʩʣʴʶ, ʢʦʪʦʨʘʷ ʥʝ ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʝʨʚʦʚ, 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʚʠʚʘʪʴʩʷ.  

ɺ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪ ʩʚʦʠ 

ʫʩʠʣʠʷ ʚ ʩʬʝʨʝ  ʤʦʪʠʚʘʮʠʠ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ. 

ɺ ʩʠʩʪʝʤʘʭ ʤʦʪʠʚʘʮʠʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʷʭ  ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʢʘʢ:  

ʘ) ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʫʜʦʚʳʭ ʩʪʠʤʫʣʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʮʝʣʷʤ ʢʦʤʧʘʥʠʠ  

ʙ) ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʤʦʪʠʚʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ  ʢʦʤʧʘʥʠʷʭ 

(ʩʦʙʩʪʚʝʥʥʳʝ ʪʘʨʠʬʥʳʝ  ʩʝʪʢʠ,  ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʨʝʤʠʨʦʚʘʥʠʷ, 

ʥʝʦʜʠʥʘʢʦʚʳʡ ʧʘʢʝʪ  ʣʴʛʦʪ ʠ ʢʦʤʧʝʥʩʘʮʠʡ) 

 ʚ) ʦʪʩʫʪʩʪʚʠʝ  ʯʝʪʢʦ ʧʨʦʧʠʩʘʥʥʳʭ ʧʨʘʚʠʣ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʥʝʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʛ) ʥʝʚʥʠʤʘʥʠʝ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ 

ʧʝʨʩʦʥʘʣʘ 

ʜ) ʩʣʘʙʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʥʝʤʘʪʝʨʠʘʣʴʥʦʡ ʤʦʪʠʚʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʠ ʣʠʯʥʦʩʪʥʳʡ ʨʦʩʪ ʨʘʙʦʪʥʠʢʦʚ. 

ʄʦʪʠʚʘʮʠʷ ʚ ʦʙʱʝʤ ʧʦʥʠʤʘʥʠʠ - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʠʞʫʱʠʭ ʩʠʣ, ʧʦʙʫʞʜʘʶʱʠʭ 

ʯʝʣʦʚʝʢʘ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʤʦʪʠʚʘʮʠʷ -  ɻ ʪʦ ʧʨʦʮʝʩʩ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʠʤ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʜʝʡʩʪʚʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʤʧʣʝʢʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ. 

ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʪʨʫʜʘ 

ʨʘʙʦʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʝʰʠʪʴ ʜʚʝ ʟʘʜʘʯʠ: 

- ʫʢʨʝʧʣʝʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ 

- ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʫʜʘ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʳʭ ʟʘʜʘʯ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʩʧʝʮʠʬʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

  ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʘ ʩʜʝʣʴʥʘʷ ʦʧʣʘʪʘ 

ʪʨʫʜʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʥʦʨʤʠʨʦʚʘʥʠʝ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ 

ʝʜʠʥʠʮʫ ʨʘʙʦʪʳ.  
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ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʘ ʧʝʨʩʦʥʘʣ ʜʦʣʞʝʥ ʝʛʦ ʥʝʧʨʝʨʳʚʥʦ ʦʙʩʣʫʞʠʚʘʪʴ, ʥʘʙʣʶʜʘʪʴ ʟʘ ʧʨʦʮʝʩʩʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʝ ʜʦʧʫʩʢʘʪʴ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʪʦ ʝʩʪʴ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʚʨʝʤʝʥʥʘʷ ʦʧʣʘʪʘ 

ʪʨʫʜʘ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʜʝʣʴʥʘʷ ʦʧʣʘʪʘ ʪʨʫʜʘ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʪʠʚʘʮʠʠ ʪʨʫʜʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ: 

- ʤʘʪʝʨʠʘʣʴʥʘʷ ʤʦʪʠʚʘʮʠʷ 

- ʩʦʮʠʘʣʴʥʘʷ ʤʦʪʠʚʘʮʠʷ 

- ʤʦʪʠʚʘʮʠʷ ʧʨʝʩʪʠʞʘ ʨʘʙʦʪʥʠʢʘ 

ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʙʣʦʢʘ ʠʟʣʦʞʝʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʞʘʪʦʡ ʬʦʨʤʝ. 

ɺ ʢʦʣʣʝʢʪʠʚʥʳʭ ʜʦʛʦʚʦʨʘʭ, ʩʦʛʣʘʰʝʥʠʷʭ, ʜʨʫʛʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʘʭ ʨʝʛʫʣʠʨʫʶʪʩʷ 

ʚʦʧʨʦʩʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ:  

- ʨʘʟʤʝʨ ʜʦʣʞʥʦʩʪʥʦʛʦ ʦʢʣʘʜʘ  

- ʪʘʨʠʬʥʦʡ ʩʪʘʚʢʠ 

- ʪʘʨʠʬʠʢʘʮʠʠ 

- ʣʴʛʦʪʥʳʝ ʫʩʣʦʚʠʷ ʦʧʣʘʪʳ ʪʨʫʜʘ 

- ʢʨʠʪʝʨʠʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠ ʣʴʛʦʪʥʳʝ ʫʩʣʦʚʠʷ ʦʧʣʘʪʳ ʪʨʫʜʘ; ʧʨʝʤʠʨʦʚʘʥʠʝ, 

ʚʳʧʣʘʪʘ ʚʦʟʥʘʛʨʘʞʜʝʥʠʡ ʠ ʥʘʜʙʘʚʦʢ 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʨʠʬʥʦʡ ʯʘʩʪʠ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 

ʆʨʛʘʥʠʟʘʮʠʷ ʦʧʣʘʪʳ ʪʨʫʜʘ ʜʦʣʞʥʘ:  

- ʦʙʝʩʧʝʯʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʦʧʣʘʪʳ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ ʩ 

ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʡ ʩʣʫʞʙʳ ʘʧʧʘʨʘʪʘ ʢʦʤʧʘʥʠʠ ʠ ʝʛʦ ʮʝʭʦʚ, ʫʯʘʩʪʢʦʚ 

- ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚ ʦʧʣʘʪʝ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʭʘ, ʫʯʘʩʪʢʘ, ʩ ʫʯʝʪʦʤ ʦʮʝʥʢʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ 

- ʫʩʪʘʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʦʧʣʘʪʝ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʣʦʞʥʦʩʪʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ ʠʤʠ ʨʘʙʦʪ (ʬʫʥʢʮʠʡ) 

- ʧʦʚʳʩʠʪʴ ʤʘʪʝʨʠʘʣʴʥʫʶ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʢʘʞʜʦʛʦ ʨʘʙʦʪʥʠʢʘ ʚ ʚʳʷʚʣʝʥʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʝʨʚʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʫʜʘ 

- ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʟʜʦʨʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ - ʤʦʪʠʚʘʮʠʷ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʢʨʳʪʦʡ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʨʫʜʦʚʳʤ ʢʦʜʝʢʩʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʳ, ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ, ʦʧʣʘʪʳ, ʨʘʟʤʝʨʳ ʩʪʘʚʦʢ, ʦʢʣʘʜʦʚ, ʧʨʝʤʠʡ, 

ʠʥʳʭ ʧʦʦʱʨʠʪʝʣʴʥʳʭ ʚʳʧʣʘʪ ʠ ʬʠʢʩʠʨʫʶʪ ʠʭ ʚ ʢʦʣʣʝʢʪʠʚʥʳʭ ʜʦʛʦʚʦʨʘʭ, ʩʦʛʣʘʰʝʥʠʷʭ, ʜʨʫʛʠʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʘʭ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʢʘʞʜʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ ʜʝʡʩʪʚʫʶʪ ʩʚʦʠ ʧʦʣʦʞʝʥʠʷ ʠ 

ʜʦʢʫʤʝʥʪʳ, ʧʨʠʟʚʘʥʥʳʝ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʙʦʪʥʠʢʦʚ, ʧʦʚʳʰʘʪʴ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʇʨʠ ʦʮʝʥʢʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʝʣʦʚʳʭ ʢʘʯʝʩʪʚ ʨʘʙʦʪʥʠʢʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʟʘ ʦʩʥʦʚʫ: 

- ʦʙʨʘʟʦʚʘʥʠʝ 

- ʩʪʘʞ ʨʘʙʦʪʳ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

- ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʯʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ (ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʟʥʘʥʠʡ) 

- ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʚ ʨʘʙʦʪʝ, ʜʠʩʮʠʧʣʠʥʘ, ʪʨʫʜʦʣʶʙʠʝ 

- ʙʝʟʘʚʘʨʠʡʥʘʷ ʨʘʙʦʪʘ. 

ɺʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʪʘʨʠʬʥʦʡ ʯʘʩʪʠ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪ: 

- ʨʘʟʤʝʨʦʚ ʧʨʝʤʠʠ 

- ʚʦʟʥʘʛʨʘʞʜʝʥʠʡ 

- ʥʘʜʙʘʚʦʢ ʟʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʤʘʩʪʝʨʩʪʚʦ 
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- ʥʘʜʙʘʚʦʢ ʟʘ ʜʦʩʪʠʞʝʥʠʷ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤ ʥʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʙʦʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʩʦʙʦ ʚʘʞʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ ʧʦ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʜʨʫʛʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʦ ʚʥʝʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ ʧʝʨʝʯʝʥʴ ʥʘʜʙʘʚʦʢ ʠ ʜʦʧʣʘʪ ʩʣʝʜʫʶʱʠʡ. 

ɼʦʧʣʘʪʳ: 

- ʟʘ ʩʦʚʤʝʱʝʥʠʝ ʧʨʦʬʝʩʩʠʡ (ʜʦʣʞʥʦʩʪʝʡ) 

- ʟʘ ʨʘʩʰʠʨʝʥʠʝ ʟʦʥ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʨʘʙʦʪ 

- ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʦʙʷʟʘʥʥʦʩʪʝʡ ʚʨʝʤʝʥʥʦ ʦʪʩʫʪʩʪʚʫʶʱʝʛʦ ʨʘʙʦʪʥʠʢʘ 

- ʟʘ ʨʘʙʦʪʫ ʩ ʪʷʞʝʣʳʤʠ, ʚʨʝʜʥʳʤʠ ʠ (ʠʣʠ) ʦʧʘʩʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʫʜʘ 

- ʟʘ ʨʘʙʦʪʫ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ 

- ʟʘ ʥʝʥʦʨʤʠʨʦʚʘʥʥʳʡ ʨʘʙʦʯʠʡ ʜʝʥʴ ʫ ʚʦʜʠʪʝʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ 

- ʟʘ ʧʝʨʠʦʜ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʥʦʨʤ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ. 

ʅʘʜʙʘʚʢʠ ʟʘ: 

- ʚʳʩʦʢʦʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʤʘʩʪʝʨʩʪʚʦ 

- ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʡ ʨʘʟʨʷʜ 

- ʢʣʘʩʩʥʦʩʪʴ 

- ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʦʩʦʙʦ ʚʘʞʥʦʡ ʨʘʙʦʪʳ ʥʘ ʩʨʦʢ ʝʝ ʧʨʦʚʝʜʝʥʠʷ 

- ʫʯʝʥʫʶ ʩʪʝʧʝʥʴ (ʘ ʪʘʢʞʝ ʥʘ ʦʢʣʘʜ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩ ʫʯʝʪʦʤ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ) 

- ʧʝʨʩʦʥʘʣʴʥʳʝ ʥʘʜʙʘʚʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʨʝʰʝʥʠʶ ʤʠʥʠʩʪʨʘ, ʨʫʢʦʚʦʜʠʪʝʣʷ 

ʚʝʜʦʤʩʪʚʘ 

- ʚʳʩʦʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʪʨʫʜʝ 

- ʙʨʠʛʘʜʠʨʘʤ (ʟʚʝʥʴʝʚʳʤ) ʠʟ ʯʠʩʣʘ ʨʘʙʦʯʠʭ, ʥʝ ʦʩʚʦʙʦʞʜʝʥʥʳʭ ʦʪ ʦʩʥʦʚʥʦʡ 

ʨʘʙʦʪʳ, ʟʘ ʨʫʢʦʚʦʜʩʪʚʦ ʙʨʠʛʘʜʦʡ (ʟʚʝʥʦʤ) 

- ʟʥʘʥʠʝ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ 

- ʨʘʙʦʪʫ ʩʦ ʩʚʝʜʝʥʠʷʤʠ, ʠʤʝʶʱʠʤʠ ʩʪʝʧʝʥʴ ʩʝʢʨʝʪʥʦʩʪʠ. 

ɺ ʥʳʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʦʪʨʘʩʣʠ, ʢʦʛʜʘ 

ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʟʘʤʝʥʘ ʩʪʘʨʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʦʚʳʤ ʠ ʪʝʭʥʠʯʝʩʢʠ 

ʧʨʦʛʨʝʩʩʠʚʥʳʤ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʦʨʫʞʝʥʠʷ ʥʦʚʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ, ʩʣʝʜʫʝʪ ʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʪʴ ʚʦʧʨʦʩʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ. 

     ʅʘ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʦʙʲʝʢʪʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʛʫʣʷʨʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʥʠʢʦʚ, ʝʝ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ. ʅʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʪʴ ʩʦʮʠʘʣʴʥʦʡ 

ʤʦʪʠʚʘʮʠʠ ʠ ʤʦʪʠʚʘʮʠʠ ʧʨʝʩʪʠʞʘ ʨʘʙʦʪʥʠʢʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʧʝʨʩʦʥʘʣʦʤ ʩ ʨʘʩʯʝʪʦʤ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʝʨʠʦʜ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʢʦʤʧʘʥʠʝʡ ʚ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʤʦʪʠʚʠʨʦʚʘʥʠʷ ʝʝ ʧʝʨʩʦʥʘʣʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʪʠʚʘʮʠʷ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʷʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʪʲʝʤʣʝʤʫʶ ʯʘʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʦʪʨʘʩʣʠ. ɺ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ, ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ 

ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʨʝʩʫʨʩʦʤ, ʦʪ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʶʪ ʧʝʨʝʩʤʦʪʨʘ ʠ 

ʜʦʧʦʣʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ, ʫʯʠʪʳʚʘʶʱʠʤʠ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʴʥʳʝ, ʥʦ ʠ 

ʥʝʤʘʪʝʨʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʫʜʝʣʷʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʧʦʜʭʦʜʫ, 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʫʣʴʪʫʨʝ, ʚʦʟʤʦʞʥʦʩʪʷʤ ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ ʠ ʫʩʣʦʚʠʷʤ ʪʨʫʜʘ. ʕʬʬʝʢʪʠʚʥʘʷ 
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ʩʠʩʪʝʤʘ ʤʦʪʠʚʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʨʝʧʣʝʥʠʶ ʣʦʷʣʴʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʶ ʚʦʚʣʝʯʝʥʥʦʩʪʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʩʥʠʞʝʥʠʶ ʪʝʢʫʯʝʩʪʠ ʢʘʜʨʦʚ. 

ʉʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʛʠʙʢʦʡ ʩʠʩʪʝʤʳ ʤʦʪʠʚʘʮʠʠ ð ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʤʝʥʝʜʞʤʝʥʪʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʦʪʨʘʩʣʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ. 
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ʪʘʣʘʧ ʢʳʣʳʥʘʪ. ɹʫʛʘ ʙʘʡʣʘʥʳʰʪʫʫ ʢʦʤʧʣʝʢʩʪϮϮ ʪʝʢʰʝʨϮϮʣϺʨʜϮ ʞʘʥʘ ʜʠʘʛʥʦʩʪʠʢʘʣʘʨʜʳ 

ϺʪʢϺʨϮϮʛϺ ʢʝʪʢʝʥ ʯʳʛʳʤʜʘʨ ʞʳʣ ʩʘʡʳʥ ʢϺʙϺʡϮϮʜϺ. ɼʠʘʛʥʦʩʪʠʢʘʣʳʢ ϺʣʯϺϺʣϺʨʜϮʥ 

ʥʘʪʳʡʞʘʣʘʨʳ ʙʦʶʥʯʘ ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʵʣʝʢʪʨ ʞʘʙʜʫʫʣʘʨʳʥʳʥ ʠʰ ʞϮʟϮʥʜϺʛϮ ʘʙʘʣʳʥ ʙʘʘʣʦʦ 

ϺʪϺ ʪʘʪʘʘʣ ʞʘʥʘ ʘʢʪʫʘʣʜʫʫ ʤʘʩʝʣʝ. 
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ϺʣʯϺϺʯϮ ʘʧʧʘʨʘʪ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʫʥ ʚʚʦʜʫ, ʜʠʘʛʥʦʩʪʠʢʘ, ʛʘʟʜʘʨ ʞ.ʙ. 
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         ɸʥʥʦʪʘʮʠʷ: ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʥʮʠʡ, ʧʦʜʩʪʘʥʮʠʡ, 

ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʳʨʘʙʦʪʘʣʘ ʩʚʦʡ ʨʝʩʫʨʩ, ʥʦ ʧʨʦʜʦʣʞʘʝʪ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʥʘ ʟʘʤʝʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʝʙʫʶʪʩʷ ʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ 

ʩʨʝʜʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ 

ʦʙʩʣʝʜʦʚʘʥʠʡ ʠ ʜʠʘʛʥʦʩʪʠʢʠ. ʆʮʝʥʢʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʣʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ð ʦʯʝʥʴ ʩʣʦʞʥʘʷ ʠ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ. 
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ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘʷ ʤʘʩʣʦ, ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʚʚʦʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʜʠʘʛʥʦʩʪʠʢʘ, 
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        Abstract: A significant part of the electrical equipment of stations, substations, power 

transmission and distribution systems has exhausted its resource, but continues to be used, since large 

financial resources are required to replace equipment. In this regard, the costs of conducting 

comprehensive examinations and diagnostics increase every year. Assessing the actual state of power 

electrical equipment based on the results of diagnostic measurements is a very complex and urgent 

task. 

        Key words: Thermal imaging diagnostics, power transformer, transformer oil, measuring 

apparatus, transformer input, diagnostics, gases, etc. 

 

        ʊʝʧʣʦʚʠʟʠʦʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʘʟʦʚ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʤ ʤʘʩʣʝ (ʍɸʈɻ), ʚʳʧʦʣʥʷʝʤʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʆʙʴʝʤʦʤ ʠ ʥʦʨʤʘʤʠ 
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ʠʩʧʳʪʘʥʠʡ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷè (ʆʅʀʕ), ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʮʝʣʳʡ ʨʷʜ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ (ʕʆ) [1,2]. 

         ʊʝʧʣʦʚʠʟʠʦʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʡ ʙʝʟ ʚʳʚʦʜʘ ʠʭ ʠʟ ʨʘʙʦʪʳ, ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ 

ʨʘʟʚʠʪʠʷ, ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʟʘ ʩʯʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʠ 

ʦʙʲʝʤʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ [3]. 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʲʝʜʠʥʠʪʝʣʝʡ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ (ʊʊ) ʠ ʥʘʧʨʷʞʝʥʠʷ (ʊʅ), ʨʘʟʨʷʜʥʠʢʦʚ ʠ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ 

(ʆʇʅ), ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩʚʷʟʠ, ʤʘʩʣʷʥʳʭ ʠ ʚʦʟʜʫʰʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʦʰʠʥʦʚʢʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʈʋ), ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʚʦʜʦʚ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʩʠʩʪʝʤ 

ʦʭʣʘʞʜʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʜʨ. ʊʝʧʣʦʚʠʟʠʦʥʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʡ ʢʘʤʝʨʳ ʈ-60 ʬʠʨʤʳ çFlir Systemsè 

(ʐʚʝʮʠʷ).   

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ ʆʇʅ-22ʆ ʢɺ ʠ ʥʘ ʨʠʩ. 2 ð ʊʊ-220 ʢɺ, ʦʙʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʦʨʥʠʣʦʚʩʢʦʛʦ ʟʘʚʦʜʘ, ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʧʦʜʩʪʘʥʮʠʠ 220 ʢɺ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʆʇʅ ʩʦʩʪʘʚʠʣʠ ʤʝʥʝʝ 300 ʄʆʤ. ʇʨʠʯʠʥʘ ð ʫʚʣʘʞʥʝʥʠʝ ʠ ʧʦʧʘʜʘʥʠʝ 

ʚʣʘʛʠ ʚʥʫʪʨʴ ʆʇʅ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʝʨʝʛʨʝʚʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʝʜʥʠʤʠ ʬʘʟʘʤʠ (ɼʊ= 1,2-ʉ ʠ 

ɼʊ= 0,5Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ, ʝʩʣʠ ʙʳ ʥʝ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʝʜʝʥʥʦʝ ʪʝʧʣʦʚʠʟʠʦʥʥʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ, ʤʦʛʣʦ ʙʳ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʚʟʨʳʚʘ ʆʇʅ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʋʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠʟʦʣʷʮʠʠ ʆʇʅ-22ʆ ʢɺ ʜʦ 300 ʆʤ, 

ʫʚʣʘʞʥʝʥʠʝ ʠ ʧʦʧʘʜʘʥʠʝ ʚʣʘʛʠ                                   

ʈʠʩ. 2. ʊʊ 220 ʢɺ ʩ ɼʊ = 2,2 Áʉ, tgsP3C4. = 

2,6% ʚ  ʦʙʳʯʥʦʤ 

ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ 

ʚʥʫʪʨʴ ʆʇʅ, ʧʝʨʝʛʨʝʚ ɼʊ= 0,7 ʉ.  
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 ʅʘ ʨʠʩʫʥʢʝ 3,  ʠʟʦʙʨʘʞʝʥ ʩʠʣʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʠʧʘ ʊɼʅ-

40000/110 1968ʛ. ʚʳʧʫʩʢʘ ʩ ʜʝʬʝʢʪʥʳʤ ʚʚʦʜʦʤ ʪʠʧʘ ɹʄʊ-110/600 

1976ʛ. 

ʀʟʛʦʪʦʚʣʝʥʠʷ (ʬʘʟʘ ʉ). ʀʤʝʣʦ ʤʝʩʪʦ ʦʪʩʫʪʩʪʚʠʝ ʤʘʩʣʘ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʚʚʦʜʘ, ʵʪʘ ʯʘʩʪʴ ʥʘʤʥʦʛʦ ʭʦʣʦʜʥʝʝ ʘʥʘʣʦʛʠʯʥʦʡ ʯʘʩʪʠ 

ʜʨʫʛʠʭ ʚʚʦʜʦʚ ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ (ʧʨʘʚʳʡ ʚʚʦʜ ʥʘ ʩʥʠʤʢʝ). ɺʚʦʜ 

ʙʳʣ ʟʘʤʝʥʝʥ, ʧʦʩʣʝ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʚʰʝʛʦʩʷ ʤʘʩʣʘ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝ ʭʚʘʪʠʣʦ 12ʣʠʪʨʦʚ. ʇʨʠʯʠʥʦʡ ʚʳʪʝʢʘʥʠʷ 

ʤʘʩʣʘ ʷʚʠʣʦʩʴ ʨʘʟʨʫʰʝʥʠʝ ʨʝʟʠʥʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʚʚʦʜʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʳʨʘʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʩʵʢʦʥʦʤʣʝʥ-

ʥʳʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚʘʭ ʥʘ ʨʝʤʦʥʪ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠ ʚ ʧʨʠʙʳʣʠ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʟʤʝʨ ʩʵʢʦʥʦʤʣʝʥʥʳʭ ʜʝʥʝʞʥʳʭ 

ʩʨʝʜʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʥʘ ʨʝʤʦʥʪ ʜʦʨʦʛʦʩʪʦʷʱʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʦʚʝʨʥʦ ʪʨʫʜʥʦ. ʇʦʵ-

ʪʦʤʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʨʘʟʥʳʝ ʧʨʠʙʳʣʠ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʧʨʝʜʧʨʠʷʪʠʝ 

ʧʨʦʚʦʜʷ ʪʝʧʣʦʚʠʟʠʦʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ.  ʀʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʘʭ, 

ʥʝ ʚʩʝʛʜʘ ʙʳʚʘʝʪ ʜʦʩʪʦʚʝʨʥʘ ʠ ʟʘʜʘʥʘ ʦʜʥʦʟʥʘʯʥʦ. ʅʘʧʨʠʤʝʨ, ʜʦʣʷ ʨʳʥʢʘ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʫʛ ʤʦʞʝʪ 

ʢʦʣʝʙʘʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʮʝʥʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʮʝʥ ʢʦʥʢʫʨʝʥʪʦʚ. ʆʪʩʶʜʘ 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ [5]. 

ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ð ʵʪʦ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʀʜʝʷ ʤʝʪʦʜʘ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʩʪʘ ʠ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. 

ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʠʩʳʚʘʪʴ ʧʨʦʮʝʩʩ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʨʦʚʦʜʠʪʩʷ ʨʦʟʳʛ-

ʨʳʰ ʩʣʫʯʘʡʥʦʛʦ ʷʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ 

ʩʣʫʯʘʡʥʦʩʪʴ ʠ ʜʘʶʱʝʡ ʩʣʫʯʘʡʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʈʝʘʣʠʟʘʮʠʷ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʞʜʳʡ ʨʘʟ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʠʩʭʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ 

ʤʥʦʞʝʩʪʚʦ ʨʝʘʣʠʟʘʮʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʥʝʢʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦ ʧʦʣʫʯʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʇʦʩʣʝ 

ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʪ.ʜ. 

ʇʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʣʶʙʘʷ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʟʘʜʘʯʘ, ʥʦ 

ʦʧʨʘʚʜʘʥʥʳʤ ʦʥ ʷʚʣʷʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʨʦʮʝʜʫʨʘ ʨʦʟʳʛʨʳʰʘ ʧʨʦʱʝ, ʘ ʥʝ ʩʣʦʞʥʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʘʩʯʝʪʘ. ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ [5]. 

ʉʤʦʜʝʣʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝʠʟʤʝʥʥʳʤʠ ʙʳʣʠ: 

ʨʘʟʤʝʨ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʘʪʨʘʪ (ʪʘʙʣ. 1); 

ʝʞʝʤʝʩʷʯʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʨʘʩʭʦʜʦʚ (ʪʘʙʣ.2). 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʜʝʥʴ; 

ʮʝʥʘ ʦʜʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʜʝʥʴ; 

ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʙʝʟ ʫʯʝʪʘ ʅɼʉ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʪʝʧʣʦʚʠʟʠʦʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ 
ʊʘʙʣʠʮʘ 1 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʟʘʪʨʘʪ ʉʫʤʤʘ ʟʘʪʨʘʪ, ʨʫʙ. 

ʊʝʧʣʦʚʠʟʦʨ 3500000 

ʂʦʤʧʴʶʪʝʨ + ʮʚʝʪʥʦʡ ʧʨʠʥʪʝʨ 50000 

ʎʠʬʨʦʚʦʡ ʬʦʪʦʘʧʧʘʨʘʪ 30000 

ʇʝʨʝʥʦʩʥʦʡ ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 40000 

ʊʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʚʣʘʞʥʦʩʪʠ ʠ ʪ.ʜ. 
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ɸʟʪʦʤʦʙʠʣʴ ɻʘʟʝʣʴ 300000 

ʊʝʣʝʬʦʥʥʳʝ ʘʧʧʘʨʘʪʳ 15000 

ʀʊʆɻʆ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ: 3935000 

 

ɽʞʝʤʝʩʷʯʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʪʝʧʣʦʚʠʟʠʦʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ  

ʊʘʙʣʠʮʘ 2 

      ʅʘʠʤʝʥʦʚʘʥʠʝ ʟʘʪʨʘʪ ʉʫʤʤʘ ʟʘʪʨʘʪ, ʨʫʙ. 

ɸʨʝʥʜʘ ʧʦʤʝʱʝʥʠʡ 10000 

ʊʝʣʝʬʦʥʥʳʝ ʧʝʨʝʛʦʚʦʨʳ 3000 

ɿʘʨʧʣʘʪʘ 2 ʯʝʣ 30000 

ʅʘʣʦʛʠ ʥʘ ʟʘʨʧʣʘʪʫ 8160 

ɻʉʄ 15000 

ʀʊʆɻʆ, ʝʞʝʤʝʩʷʯʥʳʝ ʟʘʪʨʘʪʳ: 66160 

 

        ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ. 

ʇʨʦʚʦʜʠʪʴ ʪʝʧʣʦʚʠʟʠʦʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ: 

ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʙʦʣʴʰʝ 4 ʨʘʟʘ ʚ ʜʝʥʴ; 

ʧʨʠ ʮʝʥʝ ʟʘ ʦʜʥʦ ʦʙʩʣʝʜʦʚʘʥʠʝ ʙʦʣʴʰʝ 10000 ʩʦʤʦʚ. 

        ʇʦ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ ʵʪʦʪ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠ   ʨʝʘʣʴʥʳʤ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ. 

ɺ ʩʨʝʜʥʝʤ ʠʟʥʦʩ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʚ ʩʪʨʘʥʝ ʩʦʩʪʘʚʣʷʝʪ 63,1%, ʠʟʥʦʩ ʧʦʜʩʪʘʥʮʠʡ ð 76,9%. 

ɺʩʝ ʵʪʠ ʧʦʜʩʪʘʥʮʠʠ ʠ ʣʠʥʠʠ ʪʨʝʙʫʶʪ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʨʠʯʝʤ, ʪʝʧʣʦʚʠʟʠʦʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʜʦʣʞʥʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʜʚʘ ʨʘʟʘ ʚ ʛʦʜ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʜʘʣʝʢʘ ʦʪ ʥʦʤʠʥʘʣʘ, ʚʩʝ ʨʘʚʥʦ ʚʳʷʚʣʷʶʪʩʷ 

ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʪʷʞʝʣʳʤ ʘʚʘʨʠʷʤ ʠ ʢʘʪʘʩʪʨʦʬʘʤ. ɽʩʣʠ ʥʝ ʧʨʦʚʦʜʠʪʴ 

ʢʦʤʧʣʝʢʩʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʧ- ʣʦʚʠʟʠʦʥʥʫʶ, ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʘʚʘʨʠʡ ʥʝ 

ʠʟʙʝʞʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʳʥʦʢ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʛʨʦʤʝʥ ʠ ʵʪʠ ʨʘ-

ʙʦʪʳ ʚʦʩʪʨʝʙʦʚʘʥʳ [6]. 

ʇʨʠʤʝʨʘʤʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜʩʪʘʥʮʠʡ ʷʚʣʷʶʪʩʷ ʨʠʩ. 1-6 

[6]. 

ʅʘ ʨʠʩʫʥʢʘʭ 4 ʚʚʦʜ 10 ʢɺ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʠʧʘ ʊɼʊʅ-25000/110 ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʠ 

ʦʙʳʯʥʦʤ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʚʚʦʜʘ 10 ʢɺ, 

ʥʘ ʢʦʪʦʨʦʡ ʚʠʜʝʥ ʥʘʛʨʝʚ ʙʦʣʪʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʳʚʦʜʘ ʦʙʤʦʪʢʠ ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʚʦʜʘ 10 ʢɺ. 

ʇʨʠʯʠʥʘ ʥʘʛʨʝʚʘ ʦʙʤʦʪʢʠ 10 ʢɺ - ʙʦʣʴʰʦʝ ʧʝʨʝʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ ʢʦʥʮʦʤ ʦʙʤʦʪʢʠ ʠ 

ʙʦʣʪʦʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʚʦʜʘ 10 ʢɺ [7-9]. 

 

 

ʈʠʩ. 4. ʊʝʨʤʦʛʨʘʤʤʘ ʚʚʦʜʘ 10 ʢɺ ʩʠʣʦʚʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʠʧʘ ʊɼʊʅ-25000/110 
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ʈʠʩ. 5. ɺʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʚʚʦʜʘ 10 ʢɺ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʠʧʘ ʊɼʊʅ-25000/110 
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     ʈʠʩ. 6. ʉʠʣʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʠʧʘ ʊɼʅ-

10000/110 

 

ɺʟʨʳʚ ʚʚʦʜʘ 110 ʢɺ ʩ ʪʚʝʨʜʦʡ ʠʟʦʣʷʮʠʝʡ ʩʠʣʦʚʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʠʧʘ ʊɼʅ-10000/110 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 6. 

ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦ ʪʝʧʣʦʚʠʟʠʦʥʥʦʤʫ 

ʦʙʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜʩʪʘʥʮʠʡ 

ʦʜʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʟʘ 1 ʛʦʜ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

3. 

 

 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʦʩʴ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʩʫʤʤʫ 19895000 

ʩʦʤʦʚ.  

ʕʪʠ ʜʘʥʥʳʝ ʥʝ ʧʦʣʥʳʝ, ʚ ʜʘʥʥʫʶ ʪʘʙʣʠʮʫ ʥʝ ʚʢʣʶʯʝʥʘ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʂʊʇ, ʊʇ-

10/0,4 ʢɺ. 

 

ʊʘʙʣʠʮʘ 3 

ʉʝʪʠ ʀʟʤʝʨʠʪʝʣʴʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ɺʚʦʜ 110 ʢɺ ʆʇʅ -

110 

ʉʊ ʈɺʉ -

110 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 10 

 ʊʊ 110 ʊʅ 110 MB ʉʊ  ʊʊ 10 ʊʅ 10 

1     2 2  1  

2   1     3  

3 1 1  1      

4 2 4 1 1 1  2 3 6 

5 1 1      6 ʩ 

6        1  

ʀʪʦʛʦ 4 6 2 2 3 2  14  

 

                                                                                                      ʊʘʙʣʠʮʘ 4 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʉʪʦʠʤʦʩʪʴ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʩʦʤ/ʰʪ. 

ɺʩʝʛʦ, ʩʦʤ 

ʉʠʣʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ (CT) 

8000000 16000000 

ʊʊ 110 170000 510000 

TH 110 180000 1080000 

ɺʚʦʜ 110 ʢɺ 180000 720000 

ʆʇʅ 110 45000 135000 

ʈɺʉ 100000 200000 

ʊʊ 10 10000 91000 

ʊʅ 10 10000 71000 

ʀʪʦʛʦ  19895000 

 

ɺʓɺʆɼʓ 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʚʝʨʦʢ ʜʝʬʝʢʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ 

ʦʪʢʣʦʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʡ ʠʟ ʪʨʝʭ ʬʘʟ ʠʣʠ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ ʘʥʘʣʦʛʠʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʚʦʟʤʦʞʥʦʡ ʟʘʤʝʥʝ ʘʧʧʘʨʘʪʘ. 
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ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜʩʪʘʥʮʠʡ ʚʳʨʘʙʦʪʘʣʘ ʩʚʦʡ ʨʝʩʫʨʩ, ʥʦ 

ʧʨʦʜʦʣʞʘʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʥʘ ʝʛʦ ʟʘʤʝʥʫ ʪʨʝʙʫʶʪʩʷ ʦʛʨʦʤʥʳʝ ʬʠʥʘʥʩʦʚʳʝ 

ʩʨʝʜʩʪʚʘ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʧʣʦʚʠʟʠʦʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʵʬʬʝʢ-

ʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ɼʝʬʝʢʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʚʳʷʚʣʷʶʪʩʷ ʟʘ 6-8 ʤʝʩʷʮʝʚ ʜʦ ʠʭ ʘʚʘʨʠʡʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʦ 

ʝʩʪʴ ʜʦ ʚʟʨʳʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʩʝ ʚʳʷʚʣʝʥʥʳʝ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʦʡ ʜʝʬʝʢʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʚ ʤʘʩʣʝ, 

ʠʟʤʝʨʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʚ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨ. 

ʊʝʧʣʦʚʠʟʠʦʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚ-

ʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʚʳʚʦʜʘ ʝʛʦ ʠʟ ʨʘʙʦʪʳ, ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ 

ʥʘ ʩʘʤʦʡ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʟʘ ʩʯʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʠ ʦʙʲʝʤʦʚ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

             ʆʙʴʝʤ ʠ ʥʦʨʤʳ ʠʩʧʳʪʘʥʠʡ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʈɼ 34.45-51.300-97. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʚ ʧʨʦʝʢʪʝ "ʋʤʥʳʡ ʜʦʤ". ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʨʘʟʣʠʯʥʳʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʆʧʠʩʘʥʳ ʢʣʶʯʝʚʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʜʘʪʯʠʢʠ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʫʧʨʘʚʣʷʶʱʠʝ 

ʵʣʝʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʫʤʥʳʭ ʜʦʤʘʭ, ʠ ʧʨʝʜʣʦʞʝʥʳ 

ʧʫʪʠ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. 
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Abstract.This article discusses the main advantages and features of electric drive control 

systems in the Smart Home project. The design and operating principle of the control system, which 

combines various electric drives to automate processes in residential premises, is presented. The 

key components of the system, such as sensors, actuators and control elements, are described, as 

well as examples of their application. The advantages and disadvantages of various types of electric 

drives used in smart homes are considered, and ways to optimize them are proposed. Calculations 

of the system's performance and comparative analysis with traditional control systems are 

presented.  

Keywords: smart home, electric drives, automation, control systems, sensors, actuators. 

ɺʚʝʜʝʥʠʝ.ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʞʠʣʳʤʠ ʧʦʤʝʱʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʤʬʦʨʪ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʨʠʚʦʜʳ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʦʩʚʝʱʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ, 

ʦʪʦʧʣʝʥʠʝ, ʨʦʣʴʩʪʘʚʥʠ, ʞʘʣʶʟʠ ʠ ʜʨʫʛʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʚ ʧʨʦʝʢʪʝ "ʋʤʥʳʡ ʜʦʤ", ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʚ ʫʤʥʦʤ ʜʦʤʝ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ: 

1. ɼʘʪʯʠʢʠ ï ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʦʩʚʝʱʝʥʥʦʩʪʴ, ʜʚʠʞʝʥʠʝ ʠ ʪ.ʜ.).   

   - ʇʨʠʤʝʨʳ ʜʘʪʯʠʢʦʚ: ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ, ʜʘʪʯʠʢʠ 

ʦʩʚʝʱʝʥʥʦʩʪʠ, ʜʘʪʯʠʢʠ ʚʣʘʞʥʦʩʪʠ. 

   - ʌʫʥʢʮʠʠ: ʩʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. 

2. ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ï ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ 

ʢʦʤʘʥʜʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.   

   - ʇʨʠʤʝʨʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ: ʧʨʠʚʦʜʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʞʘʣʶʟʠ, 

ʨʦʣʴʩʪʘʚʥʷʤʠ, ʚʝʥʪʠʣʷʮʠʝʡ, ʦʪʦʧʣʝʥʠʝʤ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝʤ. 

   - ʌʫʥʢʮʠʠ: ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜ, ʪʘʢʠʭ ʢʘʢ ʦʪʢʨʳʪʠʝ/ʟʘʢʨʳʪʠʝ ʰʪʦʨ, ʨʝʛʫʣʠʨʦʚʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ ʩʚʝʪʘ. 

3. ʋʧʨʘʚʣʷʶʱʠʡ ʵʣʝʤʝʥʪ ï ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʩ 

ʜʘʪʯʠʢʦʚ ʠ ʦʪʧʨʘʚʣʷʝʪ ʢʦʤʘʥʜʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ.   

   - ʇʨʠʤʝʨʳ ʢʦʥʪʨʦʣʣʝʨʦʚ: ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʧʨʦʪʦʢʦʣʦʚ KNX, ZigBee, Z-Wave. 

   - ʌʫʥʢʮʠʠ: ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʠʩʪʝʤʳ. 

4. ʀʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ ï ʩʝʥʩʦʨʥʳʝ ʧʘʥʝʣʠ, ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʛʦʣʦʩʦʚʳʝ 

ʧʦʤʦʱʥʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʩʠʩʪʝʤʦʡ.   

   - ʇʨʠʤʝʨʳ ʠʥʪʝʨʬʝʡʩʦʚ:ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ, ʛʦʣʦʩʦʚʳʝ ʧʦʤʦʱʥʠʢʠ (Alexa, 

Google Assistant), ʩʝʥʩʦʨʥʳʝ ʧʘʥʝʣʠ ʥʘ ʩʪʝʥʘʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʚ ʫʤʥʦʤ ʜʦʤʝ.   

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʚ ʫʤʥʦʤ ʜʦʤʝ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ: 

mailto:tahirtoktosunov154@gmail.com
mailto:akjolkuseinov@gmail.com
mailto:jalal1603@mail.ru
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1. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʝʪ ʦʩʚʝʱʝʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʫ, ʚʝʥʪʠʣʷʮʠʶ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ.   

   - ʇʨʠʤʝʨ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʢʣʶʯʝʥʠʝ ʩʚʝʪʘ ʧʨʠ ʚʭʦʜʝ ʚ ʢʦʤʥʘʪʫ ʠʣʠ ʟʘʢʨʳʪʠʝ ʰʪʦʨ 

ʧʨʠ ʷʨʢʦʤ ʩʦʣʥʝʯʥʦʤ ʩʚʝʪʝ. 

2. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ.   

   - ʇʨʠʤʝʨ: ʦʪʢʣʶʯʝʥʠʝ ʦʪʦʧʣʝʥʠʷ ʚ ʧʫʩʪʫʶʱʠʭ ʢʦʤʥʘʪʘʭ ʠʣʠ ʩʥʠʞʝʥʠʝ ʷʨʢʦʩʪʠ 

ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. 

3. ʂʦʤʬʦʨʪ ï ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʚʩʝʤʠ ʩʠʩʪʝʤʘʤʠ ʜʦʤʘ ʩ ʧʦʤʦʱʴʶ 

ʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ.   

   -ʇʨʠʤʝʨ: ʫʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʤʫʣʴʪʠʤʝʜʠʘ ʩ ʧʦʤʦʱʴʶ 

ʩʤʘʨʪʬʦʥʘ. 

4. ɹʝʟʦʧʘʩʥʦʩʪʴ ï ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʢʨʳʚʘʪʴ ʨʦʣʴʩʪʘʚʥʠ, ʚʢʣʶʯʘʪʴ 

ʩʠʛʥʘʣʠʟʘʮʠʶ ʠ ʦʧʦʚʝʱʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ.   

   - ʇʨʠʤʝʨ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʟʘʢʨʳʪʠʝ ʚʦʨʦʪ ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʜʘʪʯʠʢʘ ʜʚʠʞʝʥʠʷ. 

5. ʋʜʦʙʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ï ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʠ ʤʦʥʠʪʦʨʠʥʛ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʫ.   

   - ʇʨʠʤʝʨ: ʫʜʘʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʦʤʦʤ ʯʝʨʝʟ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. 

3. ʇʨʠʤʝʨ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʚ ʫʤʥʦʤ ʜʦʤʝ. 

 

 
ʈʠʩ.1. ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʤʥʦʛʦ ʜʦʤʘ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʚ ʟʘʛʦʨʦʜʥʦʤ 

ʢʦʪʪʝʜʞʝ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

1. ʆʩʚʝʱʝʥʠʝ ï ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʜʚʠʞʝʥʠʷ ʠ 

ʦʩʚʝʱʝʥʥʦʩʪʠ. ʇʨʠʚʦʜʳ ʚʢʣʶʯʘʶʪ ʠ ʚʳʢʣʶʯʘʶʪ ʩʚʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ 

ʧʨʠʩʫʪʩʪʚʠʷ ʣʶʜʝʡ ʚ ʧʦʤʝʱʝʥʠʠ.   

   - ʇʨʠʤʝʨ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʢʣʶʯʝʥʠʝ ʩʚʝʪʘ ʚ ʢʦʨʠʜʦʨʝ ʧʨʠ ʜʚʠʞʝʥʠʠ. 

2. ɺʝʥʪʠʣʷʮʠʷ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʝʪ ʨʘʙʦʪʫ ʚʝʥʪʠʣʷʪʦʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ CO2 ʠ ʚʣʘʞʥʦʩʪʠ ʚ ʧʦʤʝʱʝʥʠʠ.   
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   - ʇʨʠʤʝʨ:ʚʢʣʶʯʝʥʠʝ ʚʳʪʷʞʢʠ ʥʘ ʢʫʭʥʝ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʚʣʘʞʥʦʩʪʠ. 

3. ʆʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ï ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʫʧʨʘʚʣʷʶʪ ʢʣʘʧʘʥʘʤʠ ʩʠʩʪʝʤʳ 

ʦʪʦʧʣʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʷ ʢʦʤʬʦʨʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʜʦʤʝ.   

   - ʇʨʠʤʝʨ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʤʥʘʪʘʭ, ʛʜʝ ʥʝʪ ʣʶʜʝʡ. 

4.ʈʦʣʴʩʪʘʚʥʠ ʠ ʞʘʣʶʟʠ ï ʧʨʠʚʦʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʢʨʳʚʘʶʪ ʠ ʦʪʢʨʳʚʘʶʪ ʨʦʣʴʩʪʘʚʥʠ 

ʠ ʞʘʣʶʟʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ.   

   - ʇʨʠʤʝʨ: ʟʘʢʨʳʪʠʝ ʰʪʦʨ ʧʨʠ ʷʨʢʦʤ ʩʦʣʥʝʯʥʦʤ ʩʚʝʪʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ 

ʧʦʤʝʱʝʥʠʷ. 

5. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ: 

1. ʄʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʩʠʩʪʝʤʦʡ: 

   P = U * I                                                                                                 (1) 

   ɻʜʝ: (P) ï ʤʦʱʥʦʩʪʴ, (U) ï ʥʘʧʨʷʞʝʥʠʝ, (I) ï ʪʦʢ. 

2. ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʩʠʩʪʝʤʳ ʟʘ ʩʫʪʢʠ:  

   E = P * t                                                                                                  (2)  

 ɻʜʝ: (E) ï ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, (t) ï ʚʨʝʤʷ ʨʘʙʦʪʳ. 

3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ:  

 Ὥ = Pʧʦʣʝʟʥʘʷ / Pʧʦʪʨʝʙʣʷʝʤʘʷ                                                            (3) 

  ɻʜʝ: (Ὥ) ï ʂʇɼ ʩʠʩʪʝʤʳ. 

6. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ IoT (ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ) ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʝʱʝ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ. ɺ 

ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ: 

- ʀʥʪʝʛʨʘʮʠʶ ʩ ʫʤʥʳʤʠ ʛʦʨʦʜʘʤʠ ï ʩʠʩʪʝʤʳ ʫʤʥʦʛʦ ʜʦʤʘ ʙʫʜʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʥʘʧʨʠʤʝʨ, ʩ ʫʤʥʳʤʠ ʩʝʪʷʤʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ï ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʘ. 

- ʋʚʝʣʠʯʝʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʩʪʠ.7.ʇʨʠʤʝʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ.  ʉʠʩʪʝʤʘ KNX ï ʦʜʠʥ 

ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʫʤʥʳʭ ʜʦʤʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʫʧʨʘʚʣʷʪʴ ʠʤʠ ʯʝʨʝʟ ʝʜʠʥʳʡ ʠʥʪʝʨʬʝʡʩ 

- ZigBee ʠ Z-Wave ï ʙʝʩʧʨʦʚʦʜʥʳʝ ʧʨʦʪʦʢʦʣʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʷʟʴ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. 

- ʋʤʥʳʝ ʧʨʠʚʦʜʳ ʦʪ ʢʦʤʧʘʥʠʡ Somfy, Legrand, Schneider Electricï ʧʨʠʤʝʨʳ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʰʪʦʨʘʤʠ, ʚʦʨʦʪʘʤʠ ʠ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʉʠʩʪʝʤʘ KNX 

ɺʳʚʦʜʳ. 
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1. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʚ ʫʤʥʦʤ ʜʦʤʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ. 

2. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ï ʵʪʦ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ. 

3. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ 

ʜʘʪʯʠʢʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ IoT ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ɹʝʣʦʚ ɸ.ɺ., ʉʤʠʨʥʦʚ ʇ.ʇ. "ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʟʜʘʥʠʡ ʠ ʩʠʩʪʝʤ "ʋʤʥʳʡ ʜʦʤ"" ï ʄ.: 

ʊʝʭʥʦʩʬʝʨʘ, 2020. 

KNX Association. "KNX: The worldwide STANDARD for home and building control" ï 

Brussels, 2021. 

Siemens AG. "Building Automation and Control Systems" ï Berlin, 2019. 

Schneider Electric. "Smart Home Technologies" ï Paris, 2022. 

ɻʆʉʊ ʈ 55028-2012 "ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʟʜʘʥʠʷ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ". 

ɼʦʤʝʥʪʴʝʚ ɺ.ʅ. "ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ" ï ʉʇʙ: ʇʦʣʠʪʝʭʥʠʢʘ, 2018. 

ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Domintell ï https://www.domintell.com. 

ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ SenseHome ï https://www.sensehome.ru. 

ʊʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ KNX ï https://www.knx.org. 

ʊʨʫʜʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʟʜʘʥʠʷʤʠ" ï ʄʦʩʢʚʘ, 2021. 

 

ʋɼʂ:.621.314.212 

 

ʂתʏʊתʂ ʄɸʁ ʊʈɸʅʉʌʆʈʄɸʊʆʈʃʆʈʋʅɸ ɼʀɸɻʅʆʉ ʂʆʖʋ 

ʊɸɾʈʓʁɹɸʉʓ 

         

        ʂʘʜʳʨʘʣʠʝʚʘ ɸʣʪʳʥʘʡ ɹʫʣʘʥʦʚʥʘ, ʤʘʛʠʩʪʨʘʥʪ, ʀ.ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʄʊʋʥʫʥ, 

ʘʢʘʜʝʤʠʢ ʍ.ʈʘʭʤʘʪʫʣʠʥ ʘʪʳʥʜʘʛʳ ʊʦʢʤʦʢ ʰʘʘʨʳʥʜʘʛʳ ʬʠʣʠʘʣʳ, ʂʳʨʛʳʟʩʪʘʥ, 722200, 

ʊʦʢʤʦʢ ʰ. ɻʘʛʘʨʠʥ ʢᴇʯ. 65, e-mail: kadyralieva2910@gmail.com 

       ʀʣʠʤʠʡ ʞʝʪʝʢʯʠʩʠ: ʂʘʣʤʘʪʦʚ ʋʣʫʢʙʝʢ ɸʙʜʫʢʘʣʳʢʦʚʠʯ, ʪ.ʠ.ʢ., ʜʦʮʝʥʪ, 

ʀ.ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, 

ɹʠʰʢʝʢ ʰ., ʏ.ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-mail: ukalmatov@kstu.kg 

 

ɸʥʥʦʪʘʮʠʷ: ɼʠʘʛʥʦʩʪʠʢʘʣʳʢ ϺʣʯϺϺʣϺʨʜϮʥ ʥʘʪʳʡʞʘʣʘʨʳ ʙʦʶʥʯʘ ʵʥʝʨʛʝʪʠʢʘʜʘʛʳ 

ʢϮʯʪϮʢ ʵʣʝʢʪʨ ʞʘʙʜʫʫʣʘʨʳʥʳʥ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦ) ʠʰ ʞϮʟϮʥʜϺʛϮ ʘʙʘʣʳʥ ʙʘʘʣʦʦ ʙϮʛϮʥʢϮ 

ʢϮʥʜϺ ʪʘʪʘʘʣ ʞʘʥʘ ʘʢʪʫʘʣʜʫʫ ʤʠʣʜʝʪ ʙʦʣʫʧ ʩʘʥʘʣʘʪ. ɸʥʳʥ ʙʠʨ ʢʳʡʣʘ ʙϺʣϮʛϮ ϺʟϮʥϮʥ 

ʢʳʟʤʘʪ ʤϺϺʥϺʪϮʥ ʵʯʘʢ ʵʣʝ ϺʪϺʛϺʥϮ ʘʡʢʳʥ, ʙʠʨʦʢ ʘʣʘʨʜʳ ʤϺϺʥϺʪʪϺʨϮ ʙϮʪʢϮʥʜϺ Ϻʟ 

ʫʯʫʨʫʥʜʘ ʘʣʤʘʰʪʳʨʫʫʛʘ ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʢʦʤʧʘʥʠʷʣʘʨʜʘʛʳ ʬʠʥʘʥʩʳʣʳʢ ʨʝʩʫʨʩʪʘʨʳʥʳʥ 

ʞʝʪʠʰʩʠʟʜʠʛʠʥʝʥ ʫʣʘʤ ʘʟʳʨʢʳ ʫʯʫʨʛʘ ʯʝʡʠʥ ʧʘʡʜʘʣʘʥʳʧ ʢʝʣϮϮʜϺ. ʆʰʦʛʦ ʙʘʡʣʘʥʳʰʪʫʫ Ϻʟ 

ʫʯʫʨʫʥʜʘ ʢʦʤʧʣʝʢʩʪϮϮ ʤʦʥʠʪʦʨʠʥʛ ʞʘʥʘ ʜʠʘʛʥʦʩ ʢʦʶʫʛʘ ʢʝʪʢʝʥ ʯʳʛʳʤʜʘʨ ʞʳʣ ʩʘʡʳʥ 

ϺʩϮϮʜϺ. 

ɸʥʳʢʪʦʦʯʫ ʩϺʟʜϺʨ: ʊʨʘʥʩʦʬʨʤʘʪʦʨ, ʦʨʦʤʜʦʨ, ʜʠʘʛʥʦʩ ʢʦʶ, ʦʙʦʯʦʣʦʦ, ϺʣʯϺϺʯϮ ʘʩʧʘʧ, 
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ɸʥʥʦʪʘʮʠʷ: ʆʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʣʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ) ʚ ʵʥʝʨʛʝʪʠʢʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʭ 

ʯʘʩʪʴ ʜʘʚʥʦ ʚʳʨʘʙʦʪʘʣʘ ʩʚʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʩʫʨʩ, ʦʜʥʘʢʦ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʫ 

ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʭ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʟʘʤʝʥʳ ʧʦ ʦʢʦʥʯʘʥʠʠ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʦʥʠ ʧʨʦʜʦʣʞʘʶʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʠ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ. ʇʦʵʪʦʤʫ ʟʘʪʨʘʪʳ ʥʘ 

ʩʚʦʝʚʨʝʤʝʥʥʳʡ, ʢʦʤʧʣʝʢʩʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʢʫ ʨʘʩʪʫʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʦʙʤʦʪʢʘ, ʜʠʘʛʥʦʩʪʠʢʘ, ʠʟʦʣʷʮʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʨʘʟʨʷʜ, ʂɿ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ ʠ  ʪ.ʜ. 
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Abstract: Assessment of the technical condition of power electrical equipment (transformer) 

in the energy sector, based on the results of diagnostic measurements, is a complex and urgent task 

today. It is obvious that a significant part of them have long exhausted their technical resource, but 

due to the lack of financial resources for their timely replacement at the end of their service life, 

they continue to be used to this day. Therefore, the costs of timely, comprehensive monitoring and 

diagnostics are growing every year. 

Key words: Transformers, winding, diagnostics, insulation, electrical equipment, measuring 

devices, discharge, short circuit, transformer oil, etc. 

 

ɹʝʣʛʠʣʝʧ ʢʝʪװװʯװ ʥʝʨʩʝ, ʘʢʪʠʚʜװװ ʙᴇʣװʛװʥʜᴇ ʜʝʬʝʢʪʪʝʨʠ ʙʘʨ ʢװʯʪװʢ ʤʘʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨʜʫʥ (ʂʄʊ) ʜʝʬʝʢʪ ʙʦʣʛʦʥ ʞʝʨʣʝʨʠʥʜʝʛʠ ʳʩʩʳʧ ʢʝʪװװ ʧʨʦʮʝʩʩʪʝʨʠ, 

ʦʙʦʯʦʣʦʦʜʦ ʞʘʨʳʤ-ʞʘʨʪʳʣʘʡ ʨʘʟʨʷʜʜʘʨ (ɾɾʈ) ʞʘʥʘ ʘʥʳʥ ʥʘʪʳʡʞʘʩʳʥʜʘ ʠʰʪᴇᴇ ʘʙʘʣʳʥʳʥ 

ʥʘʯʘʨʣʘʰʳʥʘ ʢʘʨʘʙʘʩʪʘʥ, ʢᴇʧ ʞʳʣʜʘʨ ʙʦʶ ʥʦʨʤʘʣʜʫʫ ʠʰʪʝʡ ʙʝʨʠʰʠ ʤװʤʢװʥ, ʙʠʨʦʢ 

ʞʳʡʳʥʪʳʛʳʥʜʘ ʜʠʘʛʥʦʩʪʠʢʘʣʳʢ ᴇʣʯᴇᴇʣᴇʨ ʞʘʥʘ ʘʥʘʣʠʟʜʝʨʜʠʥ ʢᴇʨʩᴇʪʢװʯʪᴇʨװ ʥʘʯʘʨʣʘʡʪ. 

ʂʠʡʠʥʢʠ ʢʦʣʜʦʥʫʫ ʞʳʣʜʘʨʳʥʜʘ, ʦʰʦʥʜʦʡ ʵʣʝ ʢʠʡʠʥʢʠ ʦʣʫʪʪʫʫ ʢʳʩʢʘ ʪʫʪʘʰʫʫ (ʂʊ) ʙʦʣʛʦʥ 

ʫʯʫʨʜʘ ʂʄʊ ʘʚʘʨʠʷʣʳʢ ʠʰʪʝʥ ʯʳʛʳʰʳ ʵʢʘʥʦʤʠʢʘʣʳʢ ʞʘʥʘ ʪʝʭʥʠʢʘʣʳʢ ʦʦʨ ʢʝʩʝʧʝʪʪʝʨʛʝ 

ʘʣʳʧ ʢʝʣʠʰʠ ʤװʤʢװʥ. 

ʂʳʨʛʳʟʩʪʘʥʜʳʥ ʵʥʝʨʛʝʪʠʢʘ ʠʰʢʘʥʘʣʘʨʳʥʜʘ ʢʦʣʜʦʥʫʣʛʘʥ ʪʝʭʥʦʣʦʛʠʷʣʳʢ ʙʫʟʫʫʣʘʨʜʳʥ 

ʞʘʣʧʳ ʩʘʥʳʥʳʥ 30% ʞʘʢʳʥʳ ʘʚʘʨʠʷʣʳʢ ᴇʪװʥװʯ ʙʦʶʥʯʘ ʢʦʨʛʦʦʯʫ ʪװʟװʣװʰʪᴇʨʜᴇʥ ʞʝ 

ʧʝʨʩʦʥʘʣʜʘʥ ʞʘʙʜʫʫʣʘʨʜʳ ᴇʯװʨװװ ʤʝʥʝʥ ʙʘʡʣʘʥʳʰʢʘʥ, ʠʯʢʠ ʂʊʥʳʥ ʧʘʡʜʘ ʙʦʣʫʰʫ ʤʝʥʝʥ 

ʢʦʰʪʦʣʛʦʥ. ʀʯʢʠ ʂʊ ʤʝʥʝʥ ʙʘʡʣʘʥʳʰʢʘʥ ʤʳʥʜʘʡ ᴇʯװʨװװʣᴇʨʜװʥ ʥʝʛʠʟʛʠ ʩʝʙʝʧʪʝʨʠ ʙʦʣʫʧ 

ʦʨʤʜʦʨʜʫʥ ʞʘʥʘ ʦʪʚʦʜʪʦʨʜʫʥ ʦʙʦʯʦʣʦʦʩʫʥʫʥ ʵʩʢʠʨʠʰʠ ʞʘʥʘ ʙʫʟʫʣʫʰʫ, ʂʊ ʫʯʫʨʫʥʜʘ 

ʦʨʦʤʜʦʨʜʫʥ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘʣʳʢ ʢʘʨʰʳʣʳʛʳʥʳʥ ʞʝʪʠʰʩʠʟʜʠʛʠ, ʞʦʛʦʨʢʫ ʯʳשʘʣʫʫʜʘʛʳ 

ʚʚʦʜʪʦʨʜʫʥ ʠʯʢʠ ʦʙʦʯʦʣʦʦʩʫʥʫʥ ʙʫʟʫʣʫʰʫ, ʩʘʥʘʣʘʪ. ʆʰʝʥʪʠʧ, ʙʫʟʫʣʫʫʥʫʥ ʵʢʠ ʥʝʛʠʟʛʠ 

ʩʝʙʝʙʠ ʘʥʳʢʪʘʣʛʘʥ: ʢʳʩʢʘ ʪʫʪʘʰʫʫ ʫʯʫʨʫʥʜʘ ʦʨʦʤʜʦʨʜʫʥ ʞʝʪʠʰʩʠʟ ʪʫʨʫʰʪʫʛʫ ʞʘʥʘ ʠʯʢʠ 

ʦʙʦʯʦʣʦʦʩʫʥʫʥ ʙʫʟʫʣʫʰʫ. 
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ʂʄʊʥʳʥ ʞʘʙʜʫʫʣʘʨʳʥʳʥ ʘʢʪʠʚʜװװ ʙᴇʣװʛװʥ ʜʠʘʛʥʦʩʪʠʢʘʣʦʦʥʫʥ ʵש ʤʘʘʥʠʣװװ ʞʘʥʘ 

ʵʬʬʝʢʪʠʚʜװװ ʳʢʤʘʣʘʨʳ ʙʠʨʠ ʙʦʣʫʧ ʂʊ ᴇʪʢᴇʥʜᴇʥ ʢʠʡʠʥ ʦʨʦʤʜʦʨʜʫʥ ʤʝʭʘʥʠʢʘʣʳʢ ʘʙʘʣʳʥ 

ʢᴇʟᴇʤᴇʣʜᴇᴇ װʯװʥ ʂʊ ʢʘʨʰʳʣʳʛʳʥ ( Zk ) ᴇʣʯᴇᴇʯװ ʪᴇʤᴇʥʢװ ʯʳשʘʣʫʫʜʘʛʳ ʠʤʧʫʣʴʩʪʫʢ (ʊʏʀ) 

ʳʢʤʘʩʳ ʩʘʥʘʣʘʪ, ʦʰʦʥʜʦʡ ʵʣʝ ʥʝʛʠʟʛʠ ʦʙʦʯʦʣʦʦʥʫʥʫʥ ʤװʥᴇʟʜᴇʤᴇʣᴇʨʜװ ʢᴇʟᴇʤᴇʣʜᴇᴇ ʤʝʥʝʥ 

ʙʠʨʛʝ ʚʚʦʜʪʦʨʜʫ ʞʘʥʘ ʦʨʦʤʜʦʨʜʫ ʦʙʦʯʦʣʦʦʜʦ ɾɾʈ ʜʝשʛʵʵʣʠʥ ʢᴇʟᴇʤᴇʣʜᴇᴇ (Rʦʙʦʯ.,tgŭ ʞ.ʙ.). 

ɹʫʣ ʙʠʨ ʥʝʯʝ ʜʠʘʛʥʦʩʪʠʢʘʣʳʢ ʳʢʤʘʣʘʨ ʦʨʦʤʜʫʥ ʛʝʦʤʝʪʨʠʷʩʳʥʳʥ ʘʙʘʣʳʥ ʜʘ, ʘʣʘʨʜʳʥ 

ʦʙʦʯʦʣʦʦʩʫʥʫʥ ʘʙʘʣʳʥ ʜʘ ʢʘʤʪʫʫʛʘ ʤװʤʢװʥʜװʢ ʙʝʨʝʪ, ʘʣʘʨ ʙʠʨʛʝʣʝʰʠʧ ʢʝʣʪʠʨʠʣʛʝʥ 

ʟʳʷʥʜʳʥ ʞʦʛʦʨʫʜʘ ʘʥʘʣʠʟʠʥʠʥ ʥʝʛʠʟʠʥʜʝ ʂʄʊʥʳʥ ʘʢʪʠʚʜװװ ʙᴇʣװʛװʥװʥ "ʞʘʢʰʳ ʩʝʟװװʩװʥ" 

ʞʝʪʠʰʵʵʨʣʠʢ ʦʙʲʝʢʪʠʚʜװװ ʞʘʣʧʳ ʩװʨᴇʪװʥ ʙʝʨʝʪ. 

ʂʦʤʧʣʝʢʩʪװװ ʜʠʘʛʥʦʩʪʠʢʘʣʳʢ ʩʠʩʪʝʤʘʥʳʥ ʙʘʰʢʘ ʟʘʨʳʣ ʵʣʝʤʝʥʪʪʝʨʠ ʙʦʣʫʧ ʦʨʦʤʜʫʥ 

ʧʨʝʩʪװװ ʘʙʘʣʳʥ ʙʘʘʣʦʦ װʯװʥ ʪʠʪʠʨᴇᴇ ʜʝשʛʵʵʣʠʥ ᴇʣʯᴇᴇ, ʤʘʛʥʠʪʪʠʢ ʯʳʥʞʳʨʜʳʥ ʘʙʘʣʳʥ, 

ʂʄʊʥʳʥ ʤʫʟʜʘʪʫʫ ʩʠʩʪʝʤʘʩʳʥ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʫʥ ʤʘʡʳʥ ʬʠʟʠʢʘʣʳʢ ʞʘʥʘ ʭʠʤʠʷʣʳʢ 

ʘʥʘʣʠʟʜᴇᴇ ʞʘʥʘ ʙʘʰʢʘ ʳʢʤʘʣʘʨ ʢʠʨʝʪ. ʀʥʬʨʘʢʳʟʳʣ ʜʠʘʛʥʦʩʪʠʢʘʥʳ ʞʘʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʤʘʡʳʥʜʘ ʵʨʠʛʝʥ ʛʘʟʜʘʨʜʳʥ ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳʢ ʘʥʘʣʠʟʠʥ ʢʦʣʜʦʥʫʫ ʤʝʥʝʥ ʪʝʧʣʦʚʠʟʦʨʜʫʢ 

ʙʘʰʢʘʨʫʫʥʫʥ ʳʢʤʘʩʳ ʵʣʝʢʪʨ ʞʘʙʜʫʫʣʘʨʳʥʳʥ ʘʙʘʣʳʥ ʙʘʘʣʦʦ װʯװʥ ʢʳʡʣʘ ʤʘʘʣʳʤʘʪʪʫʫ ʙʦʣʫʧ 

ʩʘʥʘʣʘʪ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʜʫʢ ʞʘʙʜʫʫʣʘʨʜʳʥ װʟʛװʣʪװʢʩװʟ ʠʰʪʝʰʠʥ ʘʥʳʢʪʦʦʯʫ ʥʝʛʠʟʛʠ ʧʘʨʘʤʝʪʨ 

ʙʦʣʫʧ, ʢʳʩʢʘ ʪʫʪʘʰʫʫ ʘʛʳʤʜʘʨʳ ᴇʪʢᴇʥʜᴇ ᴇʟʛᴇʨװʰװ ʤװʤʢװʥ ʙʦʣʛʦʥ ʦʨʦʤʜʦʨʜʫʥ ʛʝʦʤʝʪʨʠʷʩʳ 

ʩʘʥʘʣʘʪ ʞʘʥʘ ʦʨʦʤʜʦʨʜʫʥ ʜʝʬʦʨʤʘʮʠʷʩʳʥʘ, ʢʠʡʠʥʯʝʨʵʵʢ ʚʠʪʦʢʪʫʢ ʪʫʪʘʰʫʫʜʘʥ ʫʣʘʤ, ʦʦʨ 

ʢʝʩʝʧʝʪʪʝʨʛʝ ʞʘʥʘ ʟʳʷʥʛʘ ʘʣʳʧ ʢʝʣʛʝʥ ʞʘʨʳʣʫʫʣʘʨ ʞʘʥʘ ᴇʨʪʪᴇʨ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ 

ᴇʪʢᴇʨʙᴇᴇʛᴇ ʘʣʳʧ ʢʝʣʝʪ. ʊɼʎ-250000/220 ʪʨʘʥʩʬʦʨʤʘʪʦʨʫʥʫʥ ʪᴇʤᴇʥʢװ ʯʳשʘʣʫʫʜʘʛʳ ʊʏ "ɸ" 

ʦʨʦʤʫʥʫʥ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘʣʳʢ ʩʳʥʦʦʣʦʨʫʥʜʘ ʂʊ ʪʦʢʪʦʨʫʥʫʥ ʪʘʘʩʠʨʠʥʠʥ ʥʘʪʳʡʞʘʩʳʥʜʘ 

ʢʘʣʜʳʢ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳʥ ʧʘʡʜʘ ʙʦʣʫʰʫʥʫʥ ʤʠʩʘʣʳ, ʨʘʜʠʘʣʜʳʢ ʪʫʨʫʢʪʫʫʣʫʢʪʫʥ 

ʞʦʛʦʣʫʰʫʥ ʩװʨᴇʪʪᴇʡʪ (1-ʩװʨᴇʪ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉװʨ. 1. ʊɼʎ-250000/220 ʪʨʘʥʩʬʦʨʤʘʪʦʨʫʥʫʥ ʊʏ ʦʨʦʤʫʥʜʘ ʚʠʪʦʢʪʫʥ ʢʳʩʢʘ 

ʪʫʪʘʰʫʫʩʫʥʫʥ ʧʘʡʜʘ ʙʦʣʫʰʫʥʫʥ ʤʠʩʘʣʳ. 

 

ʆʨʦʤʜʦʨʜʫʥ ʤʝʭʘʥʠʢʘʣʳʢ ʘʙʘʣʳʥʳʥ ᴇʟʛᴇʨװʰװʥᴇ ʩʝʟʛʠʯ ʜʠʘʛʥʦʩʪʠʢʘʣʳʢ ʳʢʤʘʣʘʨ, 

ʙ.ʘ. ʘʣʘʨʜʳʥ ʛʝʦʤʝʪʨʠʷʩʳ ʪʫʫʨʘ ʜʝʧ ʵʩʝʧʪʝʣʝʪ, ʢʘʨʰʳʣʳʢ (ʯʳשʘʣʫʫ) ʂʊ, ʪᴇʤᴇʥʢװʚʦʣʴʪʪʫʫ 

ʠʤʧʫʣʴʩʪʘʨ ʳʢʤʘʩʳ (ʊɺʀ), ʞʳʰʪʳʢ ʘʥʘʣʠʟ ʳʢʤʘʩʳ (FRA) - Frequency Response Analysis ʞ.ʙ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʜʫʥ ʢʳʩʢʘ ʪʫʪʘʰʫʫ ʢʘʨʰʳʣʳʛʳʥ ( Zk ) ᴇʣʯᴇᴇ ʤʝʥʝʥ ʧʘʨʘʣʣʝʣʜװװ 

ʞװʨʛװʟװʣװʰװ ʢʝʨʝʢ, ʘʣ ʙʫʟʫʣʫʫʥʫ ʜʠʘʛʥʦʩʪʠʢʘʣʦʦʜʦ ʢʳʡʣʘ ʵʬʬʝʢʪʠʚʜװװ ʙʦʣʫʰʫ ʤװʤʢװʥ. 

ʋʰʫʛʘ ʙʘʡʣʘʥʳʰʪʫʫ ʜʘʷʨʜʦʦʯʫ ʠʰʢʘʥʘʜʘ uk (Zk) ʵʪʘʧ-ʵʪʘʙʳ ʙʦʶʥʯʘ ᴇʣʯᴇᴇʥװ ʞװʨʛװʟװװ 

ʟʘʨʳʣ, ʘʥʪʢʝʥʠ ʘʟʳʨʢʳ ʫʯʫʨʜʘ ʟʘʚʦʜʜʫʥ ʧʘʩʧʦʨʪʫʥʜʘ ʙʠʨ ʛʘʥʘ ʬʘʟʘʣʳʢ ʦʨʪʦʯʦ ʤʘʘʥʠ 

ʙʝʨʠʣʛʝʥ uk . 

ɼʠʘʛʥʦʩʪʠʢʘʣʳʢ ʪʘʞʨʳʡʙʘ ʢᴇʨʩᴇʪʢᴇʥʜᴇʡ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʫʥ ʟʘʚʦʜʜʫʢ ʧʘʩʧʦʨʪʫ 

ʩʪʘʥʜʘʨʪʪʳʢ ʤװʥᴇʟʜᴇʤᴇʣᴇʨʜᴇʥ ʪʳʰʢʘʨʳ ʪᴇʤᴇʥʢװʣᴇʨʜװ ʢʘʤʪʫʫʛʘ ʪʠʡʠʰ: ʊɺʀ 
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ʥʦʨʤʦʛʨʘʤʤʘʣʘʨʳ, ʞʘʨʳʤ-ʞʘʨʪʳʣʘʡ ʨʘʟʨʷʜ ʙʦʶʥʯʘ ʙʘʰʪʘʧʢʳ ʤʘʘʣʳʤʘʪʪʘʨ, ʪʝʨʤʠʢʘʣʳʢ 

ʩʳʥʦʦʣʦʨʜʦ ʘʣʳʥʛʘʥ ʪʝʧʣʦʚʠʟʦʨʜʫʢ ʢʦʥʪʨʦʣʜʦʦ ʥʦʨʤʦʛʨʘʤʤʘʣʘʨʳ (ʧʨʦʪʦʪʠʧ װʣʛװʣᴇʨװʥװʥ) 

ʞʘʥʘ ʘʣʳʥʛʘʥ ʦʨʦʤʜʦʨʜʫʥ ʢʘʣʜʳʢ ʙʘʩʫʫʩʫ ʞᴇʥװʥʜᴇ ʤʘʘʣʳʤʘʪʪʘʨ ʚʠʙʨʦʘʢʫʩʪʠʢʘʣʳʢ ʳʢʤʘ 

ʤʝʥʝʥ. ʊɺʀ ʜʠʘʛʥʦʩʪʠʢʘʩʳ ʢʳʩʢʘ ʪʫʪʘʰʫʫ ʢʘʨʰʳʣʳʛʳʥ ᴇʣʯᴇᴇ ʤʝʥʝʥ ʧʘʨʘʣʣʝʣʜװװ 

ʞװʨʛװʟװʣװʰװ ʢʝʨʝʢ (Zk). çʊʨʘʥʩʬʦʨʤʘʪʦʨè ɸɸʂʩʳʥʜʘ ʞʘʥʘ ʢʫʙʘʪʪʫʫʣʫʛʫ 2500 ʢɺɸʜʘʥ 

ʞʦʛʦʨʫ ʙʦʣʛʦʥ ʙʘʰʢʘ ʟʘʚʦʜʜʦʨʜʦ ʢʝʣʝʯʝʢʪʝʛʠ ʪʝʢʰʝʨװ װװʯװʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʫʥ 

ʦʨʦʤʜʦʨʫʥʫʥ ʤʝʭʘʥʠʢʘʣʳʢ ʘʙʘʣʳʥʳʥ ʤʘʘʣʳʤʘʪ ʙʘʟʘʩʳʥʘ ʵʵ ʙʦʣʫʫ װʯװʥ ʙʘʨʜʳʢ ʞʘשʳ 

ʯʳʛʘʨʳʣʛʘʥ ʢװʯ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨʫʥʫʥ ʊɺʀ ʥʦʨʤʦʛʨʘʤʤʘʣʘʨʳʥ ʘʣʫʫ ʟʘʨʳʣ. ɸʊɼʎʊʅ -

125000/220/110 ʞʘʥʘ Tɼʎ-250000/220 װʣʛװʩװʥʜᴇʛװ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʜʦ ʊɺʀʥʠʥ 

ʥʦʨʤʦʛʨʘʤʤʘʣʘʨʳʥ ʘʣʫʫ, ʦʰʦʥʜʦʡ ʵʣʝ ʢʘʡʨʘ ʜʘʷʨʜʘʣʛʘʥ TMʅ-6300/110 ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʦ 

ʊɺʀʥʠʥ ʥʦʨʤʦʛʨʘʤʤʘʣʘʨʳʥ ʘʣʫʫ ʤʳʥʜʘʡ ʘʣʛʘʯʢʳ ʦש ʤʠʩʘʣʜʘʨ ʙʦʣʫʧ ʩʘʥʘʣʘʪ[7]. 

          2-ʩװʨᴇʪʪᴇ ʤʫʨʜʘ ʠʯʢʠ ʢʳʩʢʘ ʪʫʪʘʰʫʫʥʫʥ ʥʘʪʳʡʞʘʩʳʥʜʘ ʙʫʟʫʣʛʘʥ ʦʢʰʦʰ 

167 ʄɺɸ/500/220 ʢɺ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʜʫʥ ʞʘʣʧʳ ʦʨʦʤʫʥʫʥ (ʉɺ) ʩװʨᴇʪװ ʢᴇʨʩᴇʪװʣʛᴇʥ. 

 

 
ʉװʨ. 2. 167 ʄɺɸ/500/220 ʢɺ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʜʫʥ ʞʘʣʧʳ ʦʨʦʤʫʥʫʥ (ʉɺ) ʩװʨᴇʪװ 

ʢᴇʨʩᴇʪװʣʛᴇʥ 

  

         ñɸSEAò (ʐʚʝʮʠʷ) ʬʠʨʤʘʩʳ ʯʳʛʘʨʛʘʥ ʊʄY-43 ʪʠʙʠʥʜʝʛʠ ʞʘʥʘ ʊʈɼʅ-32000/110 

(ʊ-2) ʪʠʙʠʥʜʝʛʠ ʂʄʊʥʳʥ ʪʫʨʫʢʪʫʫʣʫʛʫʥ ʘʥʳʢʪʦʦ װʯװʥ ʊɺʀ-ʜʠʘʛʥʦʩ ʢʦʶʫ ʞװʨʛװʟװʣʛᴇʥ. 3-

ʩװʨᴇʪʪᴇ  

ʊ-2 ʪʨʘʥʩʬʦʨʤʘʪʦʨʫʥʫʥ ʊɺʀ ʳʢʤʘʩʳ ʤʝʥʝʥ ʜʝʬʝʢʪʪʝʨʜʠ ʘʥʳʢʪʦʦ ʩʭʝʤʘʣʘʨʳ 

ʢᴇʨʩᴇʪװʣʛᴇʥ. ʊʈɼʅ-32000/110 (ʊ-2) ʪʠʙʠʥʜʝʛʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʫʢ ʟʘʚʦʜʜʫʥ ɾʏ1 ʞʘʥʘ ʊʏ2 

ʦʨʦʤʜʦʨʫʥʫʥ çʉè ʬʘʟʘʩʳʥʜʘ ʢʝʟʝʢ-ʢʝʟʝʛʠ ʤʝʥʝʥ ʢʳʩʢʘ ʪʫʪʘʰʫʫʥʫʥ ʞʘʥʘ ʢʘʣʜʳʢ 

ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳʥ ʙʘʨ ʵʢʝʥʜʠʛʠ ʘʥʳʢʪʘʣʛʘʥ. N 4521 (ᴇʥʜװʨװʰ ʞʳʣʳ 1972) ɸɸʂ 

ñʄʦʛʦʪʝʢʩò 10 ʢɺ ʪʘʨʘʙʳʥʜʘ ʫʟʫʥ ʢʳʩʢʘ ʪʫʪʘʰʫʫʜʘʥ ʢʠʡʠʥ. 4 ïʩװʨᴇʪ, ʛ) 1 - ʪᴇʤᴇʥʢװ ʚʦʣʴʪʪʫʫ 

ʦʨʦʤʜʦʨʜʫʥ ᴇʟ ʘʨʘ ʩʭʝʤʘʩʳ ʙʦʶʥʯʘ ʘʣʳʥʛʘʥ ʪᴇʤᴇʥʢװ ʚʦʣʴʪʪʫʫ ʦʨʦʤʜʦʨʜʫʥ ʬʘʟʘʣʘʨʳʥʳʥ 

ʦʨʪʦʩʫʥʜʘʛʳ ʦʩʮʠʣʣʦʛʨʘʤʤʘʣʘʨʜʘ ʦʣʫʪʪʫʫ ʘʡʳʨʤʘʯʳʣʳʢʪʘʨ ʪʘʙʳʣʛʘʥ. ʌʘʟʘʣʘʨʜʳʥ 

ʦʨʪʦʩʫʥʜʘʛʳ (Zk) ʤʘʘʥʠʩʠʥʠʥ ʘʡʳʨʤʘʩʳ ɾʏ1-ʊʏ2 ʨʝʞʠʤʠʥʜʝ "ʉ" ʬʘʟʘʩʳ DZk = +8,8%, 

ɾʏ1-ʊʏ2 ʨʝʞʠʤʠʥʜʝ DZk = -7,2%; ʊʦʢʪʫʥ ʢʝʩʢʠʥ ʢᴇʙᴇʡװʰװʥᴇ ʙʘʡʣʘʥʳʰʪʫʫ "ʉ" ʬʘʟʘʩʳʥ 

ʢʘʤʪʳʛʘʥ ʨʝʞʠʤʜʝʨʜʝ ʠʰʪʝʧ ʞʘʪʢʘʥ ʞʦʛʦʪʫʫʣʘʨʜʳ ᴇʣʯᴇᴇ ʤװʤʢװʥ ʵʤʝʩ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʜʫ 

ʣʶʢʪʘʨ ʘʨʢʳʣʫʫ ʘʯʫʫʜʘ çʉè ʬʘʟʘʩʳʥʳʥ ʧʨʝʩʪװװ ʰʘʢʝʢʯʝʣʝʨʠʥʜʝ ʢᴇʧ ʩʘʥʜʘʛʳ ʞʝʟ 

ʤʦʥʯʦʢʪʦʨʫ ʢᴇʨװʥװʧ ʪʫʨʘʪ, ʘʣ ʵʤʠ ʊʏ ʦʨʦʤ ᴇʪʢᴇʨʛװʯʪᴇʨʜװʥ ʦʙʦʯʦʣʦʦʩʫ ʢװʡװʧ ʢʝʪʢʝʥ. ɹʫʣ 

ʠʟʠʣʜᴇᴇʥװʥ ʞʳʡʳʥʪʳʛʳ ʙʦʶʥʯʘ ʊ-2 ʪʨʘʥʩʬʦʨʤʘʪʦʨʫʥʫʥ ʦʨʦʤʜʦʨʫʥ ʘʣʤʘʰʪʳʨʫʫ ʤʝʥʝʥ 

ʢʘʧʠʪʘʣʜʳʢ ʦשʜʦʦ ʩʫʥʫʰʪʘʣʜʳ [7-8]. 
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ʉװʨ. 2. - ʊ-2 ʪʨʘʥʩʬʦʨʤʘʪʦʨʫʥʫʥ ʊɺʀ ʳʢʤʘʩʳ ʤʝʥʝʥ ʜʝʬʝʢʪʪʝʨʜʠ ʘʥʳʢʪʦʦ 

ʩʭʝʤʘʣʘʨʳ. 

 

ʂʆʈʋʊʋʅɼʋ 

A 

B 

C 

0 

͋ύ 

1͊ 

b1 

c1 

2͊ 

b2 

c2 

1͊ 

b1 

c1 

2͊ 

b2 

c2 

A 

B 

C 

0 

͎ύ 

1͊ 

b1 

c1 

2͊ 

b2 

c2 

A 

B 

C 

0 

͍ύ 



123 
 

ʉʪʘʪʠʩʪʠʢʘʣʳʢ ʤʘʘʣʳʤʘʪʪʘʨʛʘ ʳʣʘʡʳʢ, ʯʳשʘʣʫʫʩʫ 110-500 ʢɺ ʙʦʣʛʦʥ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨ ʞʘʥʘ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨ װʯװʥ ᴇʯװʨװװʣᴇʨʜװʥ ʞʘʣʧʳ ʩʘʥʳʥʳʥ 40%ʛʘ 

ʞʘʢʳʥʳ ʠʯʢʠ ʢʳʩʢʘ ʪʫʪʘʰʫʫʣʘʨʜʳʥ ʧʘʡʜʘ ʙʦʣʫʰʫ ʤʝʥʝʥ ʢʦʰʪʦʣʛʦʥ. 

ɿʳʷʥʜʳʥ ʵʢʠ ʥʝʛʠʟʛʠ ʩʝʙʝʙʠ - ʢʳʩʢʘ ʪʫʪʘʰʫʫ ʫʯʫʨʫʥʜʘ ʦʨʦʤʜʦʨʜʫʥ ʞʝʪʠʰʩʠʟ 

ʢʘʨʰʳʣʳʛʳ ʞʘʥʘ ʠʯʢʠ ʦʙʦʯʦʣʦʦʩʫʥʫʥ ʙʫʟʫʣʫʰʫ. 

ñʕʣʝʢʪʨ ʞʘʙʜʫʫʣʘʨʳʥ ʩʳʥʦʦʥʫʥ ʢᴇʣᴇʤʜᴇʨװ ʞʘʥʘ ʩʪʘʥʜʘʨʪʪʘʨʳò ʘʣʘʨʜʳ ʦʨʦʤʜʦʜʫʥ 

ʤʝʭʘʥʠʢʘʣʳʢ ʘʙʘʣʳʥ ʢᴇʟᴇʤᴇʣʜᴇᴇ ʞʘʥʘ ʤʦʥʠʪʦʨʠʥʛ ʞװʨʛװʟװ װװʯװʥ ʪᴇʤᴇʥʢװ ʚʦʣʴʪʪʦʛʫ 

ʠʤʧʫʣʴʩʪʫʢ (ʊɺʀ) ʳʢʤʘʩʳʥ ʢʦʣʜʦʥʫʫ ʤʝʥʝʥ ʢװʯ ʤʘʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨʫʥ ʞʘʥʘ 

ʨʝʘʢʪʦʨʣʦʨʫʥ ʤʝʟʛʠʣ-ʤʝʟʛʠʣʠ ʤʝʥʝʥ ʪʝʢʰʝʨװװʥװ ʞװʨʛװʟװװ ʙᴇʣװʤʜᴇʨװ ʤʝʥʝʥ ʚʚʦʜʦʪʦʨʜʫʥ 

ʞʘʥʘ ʦʨʦʤʜʦʨʜʫ ʦʙʦʯʦʣʦʦʜʦ ʞʘʨʳʤ-ʞʘʨʪʳʣʘʡ ʨʘʟʨʷʜʜʘʨʜʳʥ ʜʝשʛʵʵʣʠʥʠʥ ʪʦʣʫʢʪʦʦ 

ʙᴇʣװʛװʥʜᴇ ᴇʟʛᴇʨʪװװʣᴇʨʜװ ʢʠʨʛʠʟװװ ʟʘʨʳʣ. 

ʂװʯ ʤʘʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʦʨʫʥ ʜʠʘʛʥʦʩʪʠʢʘʣʦʦʥʫ ʞʝשʠʣʜʝʪװ װװʯװʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʫʥ 

ʧʘʩʧʦʨʪʫʥʘ (ʬʦʨʤʘʩʳʥʘ) ʜʘʷʨʜʦʦʯʫ ʪʘʨʘʙʳʥʘʥ ʞʝ ʢʦʣʜʦʥʫʫʛʘ ʙʝʨʠʣʛʝʥʜʝʥ ʢʠʡʠʥ 

ʵʥʝʨʛʦʩʠʩʪʝʤʘʜʘ ʪᴇʤᴇʥʢװʜᴇʡ ʤʘʘʣʳʤʘʪʪʘʨ ʢʠʨʛʠʟʠʣʠʰʠ ʢʝʨʝʢ: ʊɺʀ ʥʦʨʤʦʛʨʘʤʤʘʣʘʨʳ, 

ʞʘʨʳʤ-ʞʘʨʪʳʣʘʡ ʨʘʟʨʷʜʜʘʨ ʙʦʶʥʯʘ ʙʘʰʪʘʧʢʳ ʤʘʘʣʳʤʘʪʪʘʨ, ʪʝʧʣʦʚʠʟʦʨʜʫʢ ʙʘʰʢʘʨʫʫʥʫʥ 

ʥʦʨʤʦʛʨʘʤʤʘʣʘʨʳ, ʦʨʦʤʜʫʥ ʢʘʣʜʳʢʪʘʨʳʥ ʢʳʩʫʫ ʙʦʶʥʯʘ ʤʘʘʣʳʤʘʪʪʘʨ, ʬʘʟʘʣʳʢ ʢʘʨʰʳʣʳʢ 

ᴇʣʯᴇᴇʣᴇʨ ʙʦʶʥʯʘ ʤʘʘʣʳʤʘʪʪʘʨ ʢr ʩʢʘ ʪʫʪʘʰʫʫ ( Zk ) ʙʘʨʜʳʢ ʨʝʞʠʤʜʝʨʠʥʜʝ, ʈʇʅʜʠʥ 

ʥʦʤʠʥʘʣʜʳʢ ʞʘʥʘ 2 ʵʢʩʪʨʝʤʘʣʜʳʢ ʘʙʘʣʳʜʘ ʙʦʣʫʰʫ ʢʝʨʝʢ. 
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Abstract: The article considers the use of small watercourses (streams, channels) for 

microelectric power plants as an environmentally friendly solution for energy supply to remote 

facilities. The key stages of design are described: measurement of water flow, determination of 

pressure, calculation of power. The types of turbines, their application and cost are analyzed. 
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ɺʚʝʜʝʥʠʝ 

ʄʘʣʳʝ ʚʦʜʦʪʦʢʠ (ʨʫʯʴʠ, ʛʦʨʥʳʝ ʨʝʢʠ, ʠʨʨʠʛʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ) ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʆʙʲʝʢʪʳ ʤʘʣʦʡ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʫʩʣʦʚʥʦ ʜʝʣʷʪ ʥʘ ʜʚʘ ʪʠʧʘ: "ʄʠʢʨʦɻʕʉ" - ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʝʜʠʥʠʯʥʫʶ ʤʦʱʥʦʩʪʴ ʜʦ 100 ʢɺʪ, ʠ "ʄʘʣʳʝ ɻʕʉ" - ʨʘʙʦʪʘʶʱʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʦ 30000 

ʢɺʪ. ʄʠʢʨʦɻʕʉ ʤʦʱʥʦʩʪʴʶ ʜʦ 100 ʢɺʪ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ 
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ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ ʠ 

ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʂʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ð ʢʦʨʨʝʢʪʥʳʡ ʚʳʙʦʨ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʪʦʢʘ /ʃ.1/. 

ʎʝʣʴ ʨʘʙʦʪʳ: ɺʳʙʦʨ ʠ ʨʘʩʯʝʪ ʤʠʢʨʦɻʕʉ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʜʣʷ ʤʘʣʳʭ ʨʘʩʭʦʜʦʚ ʠ 

ʥʘʧʦʨʦʚ. 

ɺʳʙʦʨ ʤʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʤʠʢʨʦɻʕʉ) ʜʣʷ ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʭʦʜ ʚʦʜʳ, ʥʘʧʦʨ, ʤʦʱʥʦʩʪʴ ʠ ʪʠʧ ʪʫʨʙʠʥʳ.  

ʆʩʥʦʚʥʳʝ ʰʘʛʠ ʜʣʷ ʚʳʙʦʨʘ ʤʠʢʨʦɻʕʉ: 

ɸ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʜʳ (Q). ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ: 

1. ʇʦʧʣʘʚʢʦʚʳʡ ʤʝʪʦʜ. 

2. ɻʠʜʨʦʤʝʪʨʠʯʝʩʢʘʷ ʚʝʨʪʫʰʢʘ. 

3. ʄʝʪʦʜ ʚʦʜʦʩʣʠʚʘ. 

4. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ. /ʃ.2/ 

ɹ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʧʦʨʘ (H): 

1. ʇʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʥʠʚʝʣʠʨʘ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ GPS-ʫʩʪʨʦʡʩʪʚʘ. 

3. ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦʛʦ ʜʘʣʴʥʦʤʝʨʘ. 

ʄʠʥʠʤʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʥʘʧʦʨ: ɼʣʷ ʤʠʢʨʦɻʕʉ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʥʘʧʦʨ ʦʪ 1,2ʤ. ɼʣʷ 

ʨʝʢ ʩ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ ʠ ʥʝʙʦʣʴʰʠʭ ʨʫʯʴʝʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʚʦʜʦʪʦʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʫʞʥʫʶ ʤʦʱʥʦʩʪʴ. 

ʇʦʪʝʨʠ ʥʘʧʦʨʘ: ɺ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʨʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʥʝʩʝʪ ʧʦʪʝʨʠ ʚ ʥʘʧʦʨʝ ʚʦʜʳ. /ʃ.3/ 

ɺ. ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ (N). 

ʄʦʱʥʦʩʪʴ ʤʠʢʨʦɻʕʉ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

N=ɖĬɟĬgĬQĬHĬρπ [ʢɺʪ] 

ʛʜʝ: 

N ð ʤʦʱʥʦʩʪʴ [ʢɺʪ], 

ɖ ð ʂʇɼ ʩʠʩʪʝʤʳ (ʦʙʳʯʥʦ 0,5ï0,8 ʜʣʷ ʤʠʢʨʦɻʕʉ), ʂʇɼ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʪʫʨʙʠʥʳ, ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʦʪʝʨʴ ʚ ʩʠʩʪʝʤʝ. 

ɟ ð ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ (1000 ʢʛ/ʤį), 

g ð ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ (9,81 ʤ/ʩĮ), 

Q ð ʨʘʩʭʦʜ ʚʦʜʳ (ʤį/ʩ), 

H ð ʥʘʧʦʨ (ʤ).  

ʇʨʠʤʝʨ 1: ʄʘʣʳʡ ʚʦʜʦʪʦʢ 

ʈʘʩʭʦʜ ʚʦʜʳ: Q=0,05ʤį/ʩ. 

ʅʘʧʦʨ: H=3ʤ. 

ʂʇɼ: ɖ=0,6. 

ʄʦʱʥʦʩʪʴ: 

N=0,6Ĭ1000Ĭ9,81Ĭ0,05Ĭ3Ĭρπ=0,88ʢɺʪ. 

ʇʨʠʤʝʨ 2: ʉʨʝʜʥʠʡ ʚʦʜʦʪʦʢ 

ʈʘʩʭʦʜ ʚʦʜʳ: Q=0,2ʤį/ʩ. 

ʅʘʧʦʨ: H=10ʤ. 

ʂʇɼ: ɖ=0,65. 

ʄʦʱʥʦʩʪʴ: 

N=0,65Ĭ1000Ĭ9,81Ĭ0,2Ĭ10Ĭρπ=12,75ʢɺʪ. 

2. ʋʯʝʪ ʧʦʪʝʨʴ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʤʦʱʥʦʩʪʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʦʪʝʨʠ: 

ʇʦʪʝʨʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ: ɿʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ, ʜʠʘʤʝʪʨʘ ʠ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙ. 

ʇʦʪʝʨʠ ʚ ʪʫʨʙʠʥʝ ʠ ʛʝʥʝʨʘʪʦʨʝ: ʋʯʠʪʳʚʘʶʪʩʷ ʚ ʂʇɼ ʩʠʩʪʝʤʳ. 
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ʉʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʨʘʩʭʦʜʘ: ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ. 

ɻ. ʈʘʩʯʝʪ ʟʘʪʨʘʪ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʄʠʨʦʚʦʛʦ ɹʘʥʢʘ, ʧʝʨʚʠʯʥʳʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʤʘʣʳʭ ɻʕʉ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 1800 ʜʦ 8800 ʜʦʣʣʘʨʦʚ ʉʐɸ ʟʘ 1 ʢɺʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

(ʜʣʷ ʚʦʜʷʥʳʭ ʥʘʧʦʨʦʚ ʦʪ 2,3 ʤ ʜʦ 13,5 ʤ), ʠ ʦʪ 1000 ʜʦ 3000 ʜʦʣʣʘʨʦʚ ʉʐɸ ʟʘ 1 ʢɺʪ (ʜʣʷ 

ʥʘʧʦʨʦʚ ʦʪ 27 ʤ ʜʦ 350 ʤ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ɻʕʉ ʥʝʚʳʩʦʢʠʝ. 

ʆʙʳʯʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʚʦʜʷʥʦʤ ʥʘʧʦʨʝ ʠ ʥʠʟʢʦʡ 

ʚʳʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ: ʥʘ ʥʝʛʦ ʧʨʠʭʦʜʠʪʩʷ ʦʪ 40 ʜʦ 50% ʦʪ 

ʦʙʱʠʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʨʝʯʴ ʠʜʸʪ ʦ ʟʘʪʨʘʪʘʭ ʥʘ ʛʨʘʞʜʘʥʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʥʝʣʴʟʷ ʜʘʪʴ ʪʦʯʥʳʭ ʮʠʬʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʦʠʤʦʩʪʠ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ. ɼʘʤʙʳ, ʢʘʥʘʣʳ ʠ 

ʧʨʠʸʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ ʨʘʟʥʳʝ ʧʨʦʮʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʪ ʦʙʱʠʭ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. ʄʥʦʛʦʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʧʦʛʨʘʬʠʠ ʠ ʛʝʦʣʦʛʠʠ, ʘ 

ʪʘʢʞʝ ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂ ʧʨʠʤʝʨʫ, 

ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʥʦʚʳʭ ʤʘʣʳʭ ɻʕʉ ʚ ɻʝʨʤʘʥʠʠ ʩʦʩʪʘʚʣʷʣʘ 5-9 ʝʚʨʦ ʟʘ 1 ɺʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ. ɿʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ɻʕʉ, ʩʦʩʪʘʚʣʷʣʠ 35% 

ʵʪʦʡ ʩʫʤʤʳ, ʩʪʦʠʤʦʩʪʴ ʞʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ - 50%. ɺ ʨʘʟʥʳʭ 

ʩʪʨʘʥʘʭ ʩʪʦʠʤʦʩʪʴ ʪʫʨʙʠʥʳ, ʢʦʥʝʯʥʦ ʞʝ, ʨʘʟʣʠʯʥʘ: ʥʘʧʨʠʤʝʨ, ʪʫʨʙʠʥʘ ʤʦʱʥʦʩʪʴʶ 8 ʢɺʪ 

(ʪʠʧ ɹʘʥʢʠ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ) ʚ ʏʝʰʩʢʦʡ ʨʝʩʧʫʙʣʠʢʝ ʩʪʦʠʪ 3500 ʝʚʨʦ ʠʣʠ 0,45 ʝʚʨʦ ʟʘ 1 ɺʪ. 

/ʃ.6/ 

ɼ. ʊʠʧʳ ʪʫʨʙʠʥ. 

1) ʄʠʢʨʦ ʌʨʵʥʩʠʩ ʪʫʨʙʠʥʳ. 

 
ʈʠʩ.3 

ʄʠʢʨʦɻʕʉ ʨʘʜʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʛʠʜʨʦʪʫʨʙʠʥʳ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ, ʩʦʝʜʠʥʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʤʠʢʨʦ ʛʠʜʨʦʪʫʨʙʠʥʳ: 

ʩʧʠʨʘʣʴʥʳʡ ʢʘʥʘʣ, ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ, ʛʣʘʚʥʳʡ ʚʘʣ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢʨʝʧʣʝʥʠʷ 

ʠ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʪ.ʜ. ɺʳʩʦʢʦʥʘʧʦʨʥʘʷ ʞʠʜʢʦʩʪʴ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʩʧʠʨʘʣʴʥʳʡ ʢʘʥʘʣ, 

ʚʳʥʫʞʜʘʝʪ ʚʨʘʱʘʪʴʩʷ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʪʫʨʙʠʥʳ. ɺʘʣ ʪʫʨʙʠʥʳ ʤʝʭʘʥʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥ ʩ ʚʘʣʦʤ 

ʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʠ ʥʘʯʠʥʘʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. 

/ʃ.7/ 

 

2) ʂʦʚʰʦʚʳʝ ʪʫʨʙʠʥʳ (ʊʫʨʙʠʥʳ ʇʝʣʪʦʥʘ)  

 
ʈʠʩ.4 

ʕʪʦʪ ʪʠʧ ʪʫʨʙʠʥ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʧʦʨʘʭ: 40-250, ʥʦ ʧʨʠ ʤʘʣʳʭ ʨʘʩʭʦʜʘʭ 

ʚʦʜʳ: 0,015-0,060 ʤ
3
/ʩ. ʅʘʧʦʨʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩʦʧʣʦʤ, ʥʘʧʨʘʚʣʷʶʱʠʤ ʩʪʨʫʶ 

ʥʘ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʪʫʨʙʠʥʳ. ʉʪʨʫʷ ʚʦʜʳ, ʚʳʣʝʪʘʶʱʘʷ ʠʟ ʩʦʧʣʘ, ʧʨʦʢʘʪʳʚʘʝʪʩʷ ʧʦ ʚʦʛʥʫʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʚʰʘ ʠ ʠʟʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. /ʃ.4/ 

3) ɻʠʜʨʦʪʫʨʙʠʥʘ ʩ ʢʦʣʝʩʦʤ ʊʶʨʛʦ (ʥʘʢʣʦʥʥʦʩʪʨʫʡʥʘʷ ʪʫʨʙʠʥʘ). 

ʄʠʢʨʦɻʕʉ ʩ ʪʫʨʙʠʥʦʡ ʊʶʨʛʦ ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦ ʛʠʜʨʦʪʫʨʙʠʥʳ ʠ ʛʝʥʝʨʘʪʦʨʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʦʜʥʦʤ ʚʘʣʫ. ʇʦʪʦʢ ʞʠʜʢʦʩʪʠ ʧʦʜ ʥʘʧʦʨʦʤ ʠ ʜʘʚʣʝʥʠʝʤ ʧʦʜʚʦʜʠʪʩʷ ʢ 
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ʚʭʦʜʥʦʡ ʪʨʫʙʝ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʬʫʟʦʨʘ ʩ ʥʘʧʨʘʚʣʷʶʱʝʡ ʬʦʨʩʫʥʢʦʡ. ɾʠʜʢʦʩʪʴ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʳʪʝʢʘʝʪ 

ʠʟ ʩʦʧʣʘ ʬʦʨʩʫʥʢʠ ʠ ʧʨʠʚʦʜʠʪ ʚʦ ʚʨʘʱʝʥʠʝ ʢʦʣʝʩʦ ʊʶʨʛʦ, ʘ ʩʣʝʜʩʪʚʝʥʥʦ, ʠ ʚʘʣ ʛʝʥʝʨʘʪʦʨʘ. 

/ʃ.9/ 

 

 
ʈʠʩ.5 

4) ʇʨʦʧʝʣʣʝʨʥʳʝ ʪʫʨʙʠʥʳ (ʪʫʨʙʠʥʳ ʂʘʧʣʘʥʘ) 

 
ʈʠʩ.6 

ʇʨʦʧʝʣʣʝʨʥʳʝ ʪʫʨʙʠʥʳ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʥʠʟʢʠʭ ʥʘʧʦʨʘʭ ʠ ʙʦʣʴʰʠʭ ʨʘʩʭʦʜʘʭ ʚʦʜʳ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʨʘʚʥʠʥʥʳʝ ʨʝʢʠ ʠʣʠ ʢʘʥʘʣʳ ʩ ʥʝʙʦʣʴʰʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʚʳʩʦʪ. ʆʩʝʚʘʷ 

ʤʠʢʨʦɻʕʉ ʩʦʩʪʦʠʪ ʠʟ ʦʩʝʚʦʡ ʤʠʢʨʦ ʛʠʜʨʦʪʫʨʙʠʥʳ ʠ ʛʝʥʝʨʘʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʦʜʥʦʤ 

ʚʘʣʫ. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʛʠʜʨʦʪʫʨʙʠʥʳ ï ʚʭʦʜʥʦʡ ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ, ʚʨʘʱʘʶʱʘʷʩʷ 

ʢʨʳʣʴʯʘʪʢʘ (ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ), ʪʨʫʙʘ ʚʦʜʦʩʙʨʦʩʘ, ʛʣʘʚʥʳʡ ʚʘʣ, ʦʩʥʦʚʘʥʠʝ, ʧʦʜʰʠʧʥʠʢʠ. 

ʇʦʪʦʢ, ʠʤʝʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʨʘʙʦʯʝʝ 

ʢʦʣʝʩʦ ʧʨʠʥʫʞʜʘʝʪ ʨʦʪʦʨ ʚʨʘʱʘʪʴʩʷ. ʊʘʢ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʦʱʥʦʩʪʴ. /ʃ.8/ 

5) ʊʫʨʙʠʥʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʦʢʘ (ʪʫʨʙʠʥʘ ɹʘʥʢʠ) 

ʇʨʠʤʝʥʷʝʪʩʷ ʚ ʤʠʢʨʦ- ʠ ʤʘʣʳʭ ɻʕʉ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʪʘʪʴ ʧʨʠ ʥʠʟʢʠʭ ʠ ʩʨʝʜʥʠʭ ʥʘʧʦʨʘʭ (5ï200 ʤ) ʠ ʤʘʣʳʭ/ʩʨʝʜʥʠʭ ʨʘʩʭʦʜʘʭ 

ʚʦʜʳ (0,01ï5 ʤį/ʩ). ɺʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʪʫʨʙʠʥʫ ʯʝʨʝʟ ʧʨʷʤʦʫʛʦʣʴʥʦʝ ʩʦʧʣʦ, ʦʙʨʘʟʫʷ ʧʣʦʩʢʫʶ 

ʩʪʨʫʶ. 

ʉʪʨʫʷ ʜʚʘʞʜʳ ʧʝʨʝʩʝʢʘʝʪ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ. ʉʥʘʯʘʣʘ ʚʦʜʘ ʧʦʧʘʜʘʝʪ ʥʘ ʚʝʨʭʥʠʝ ʣʦʧʘʪʢʠ, 

ʦʪʜʘʚʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ. ɿʘʪʝʤ ʧʨʦʭʦʜʠʪ ʚʥʫʪʨʴ ʢʦʣʝʩʘ ʠ ʫʜʘʨʷʝʪ ʧʦ ʥʠʞʥʠʤ ʣʦʧʘʪʢʘʤ ʩ 

ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʦʜʘ ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ. ʈʘʙʦʪʘʝʪ ʩ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʦʡ (ʠʣ, ʧʝʩʦʢ, ʤʝʣʢʠʡ ʤʫʩʦʨ). /ʃ.10/ 

 

 
ʈʠʩ. 7 

 

ɽ. ʇʦʜʙʦʨ ʪʫʨʙʠʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ.  
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ʄʝʩʪʦ: ʉʝʣʦ ʚ ʅʘʨʳʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʦʨʥʳʡ ʨʫʯʝʡ ʩ ʧʝʨʝʧʘʜʦʤ 6 ʤ (H) ʠ ʨʘʩʭʦʜʦʤ 0,25 

ʤį/ʩ (Q) 

ɿʘʜʘʯʘ: ʋʩʪʘʥʦʚʢʘ ʤʠʢʨʦɻʕʉ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʥʫʞʜ ʜʦʤʦʭʦʟʷʡʩʪʚ.  

ʇʦʜʢʣʶʯʝʥʠʝ: ɸʚʪʦʥʦʤʥʦʝ (ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ). 

ʇʨʝʜʣʦʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʪʫʨʙʠʥ. /ʃ.9/ 

ʆʆʆ "Weswen", ʄʠʢʨʦɻʕʉ ʩ ʪʫʨʙʠʥʦʡ ʌʨʵʥʩʠʩʘ 

 

ʄʠʢʨʦɻʕʉ ʄʦʱʥʦʩʪʴ, ʢ

ɺʊ 

ʅʘʧʦʨ, ʤ ʈʘʩʭʦʜ, ʣ/ʩ ʅʘʧʨʷʞʝʥʠʝ, 

ɺ 

ʏʘʩʪʦʪʘ, ɻʮ ʎʝʥʘ, 

ʨʫʙ 

WRFWT3 ʜʦ 3 10-25 11-36 230 50 325.000 

WRFWT5 ʜʦ 5 5-12 27-82 230/380 50 450.000 

WRFWT8 ɼʦ 8 5-12 55-125 230/380 50 600.000 

WRFWT10 ɼʦ 10 6-12 55-126 230/400 50 750.000 

WRFWT15 ɼʦ 15 8-15 80-200 230/400 50 950.000 

ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʜʣʷ ʪʫʨʙʠʥʳ ʌʨʵʥʩʠʩʘ ʆʆʆ "Weswen" 

ὔ˟ ωȟψρϽὗϽὌϽ–˟ 

–˟ πȟψψ 
ὔ˟ ωȟψρϽπȟςυϽφϽπȟψψ ρςȢω [ʢɺʪ] 

ʆʆʆ "Weswen", ʄʠʢʨʦɻʕʉ ʩ ʪʫʨʙʠʥʦʡ ʊʶʨʛʦ 

ʄʠʢʨʦɻʕʉ ʄʦʱʥʦʩʪʴ, 

ʢɺʊ 

ʅʘʧʦʨ, ʤ ʈʘʩʭʦʜ, ʣ/ʩ ʅʘʧʨʷʞʝʥʠ

ʝ, ɺ 

ʏʘʩʪʦʪʘ, ɻʮ ʎʝʥʘ, 

ʨʫʙ 

WT3 ʜʦ 3 10-50 8-25 230 50 290.000 

WT5 ʜʦ 5 10-40 14-42 230/400 50 380.000 

WT8 ɼʦ 8 10-70 14-45 230/400 50 500.000 

WT10 ɼʦ 10 10-70 25-55 230/400 50 600.000 

WT15 ɼʦ 15 10-100 25-110 230/400 50 800.000 

ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʜʣʷ ʪʫʨʙʠʥʳ ʊʶʨʛʦ ʆʆʆ "Weswen" 

ὔ˟ ωȟψρϽὗϽὌϽ–˟ 

–˟ πȟψ 
ὔ˟ ωȟψρϽπȟςυϽφϽπȟψ ρρȟψ [ʢɺʪ] 

ʆʆʆ "Weswen", ʄʠʢʨʦɻʕʉ ʩ ʪʫʨʙʠʥʦʡ ʂʘʧʣʘʥʘ 

ʄʠʢʨʦɻʕʉ ʄʦʱʥʦʩʪʴ, ʢ

ɺʊ 

ʅʘʧʦʨ, ʤ ʈʘʩʭʦʜ, ʣ/ʩ ʅʘʧʨʷʞʝʥʠʝ,

 ɺ 

ʏʘʩʪʦʪʘ, ɻʮ ʎʝʥʘ, ʨʫʙ 

WAWT5 ʜʦ 5 3-5 110-210 230/380 50 670.000 

WAWT8 ʜʦ 8 4-8 110-220 230/380 50 900.000 

WAWT10 ʜʦ 10 4-8 150-250 230/400 50 1.100.000 

WAWT15 ɼʦ 15 5-12 180-290 230/400 50 1.400.000 

ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʜʣʷ ʪʫʨʙʠʥʳ ʂʘʧʣʘʥʘ ʆʆʆ "Weswen" 

ὔ˟ ωȟψρϽὗϽὌϽ–˟ 

–˟ πȟω 
ὔ˟ ωȟψρϽπȟςυϽφϽπȟω ρσȟς [ʢɺʪ] 

 

ɿɸʆ ñʄʅʊʆ ʀʅʉʕʊò ʄʠʢʨʦɻʕʉ ʩʝʨʠʠ çʃʫʯè. /ʃ.11/ 

ʄʠʢʨʦɻʕʉ ʄʦʱʥʦʩʪʴ, ʢɺ

ʊ 

ʅʘʧʦʨ, ʤ ʈʘʩʭʦʜ, 

ʣ/ʩ 

ʅʘʧʨʷʞʝʥʠʝ

, ɺ 

ʏʘʩʪʦʪʘ, ɻʮ ʎʝʥʘ, 

ʨʫʙ 

ʃʫʯ-1 ʜʦ 1 5 40 230 50 125.000 

ʃʫʯ-2 ʜʦ 2 6.5 50 230 50 225.000 

ʃʫʯ-4 ʜʦ 4 8,5 86 380 50 435.000 
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ʃʫʯ-10 ʜʦ 10 10 145 380 50 720.000 

ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʜʣʷ ʄʠʢʨʦɻʕʉ çʃʫʯè ʩ ʪʫʨʙʠʥʦʡ ʪʠʧʘ çɹʘʥʢʠè. 

ὔ˟ ωȟψρϽὗϽὌϽ–˟ 

–˟ πȟχ 
ὔ˟ ωȟψρϽπȟςυϽφϽπȟχ ρπȟσ [ʢɺʪ] 

ɿɸʆ ñʄʅʊʆ ʀʅʉʕʊò ʄʠʢʨʦɻʕʉ ʩʝʨʠʠ çʇʨè. 

ʄʠʢʨʦɻʕʉ ʄʦʱʥʦʩʪʴ, ʢ

ɺʊ 

ʅʘʧʦʨ, ʤ ʈʘʩʭʦʜ, ʣ/ʩ ʅʘʧʨʷʞʝʥʠʝ,

 ɺ 

ʏʘʩʪʦʪʘ, ɻʮ ʎʝʥʘ, ʨʫʙ 

10-ʇʨ ʜʦ 10 3.5-10 110-210 230/380 50 1.200.000 

15 ʇʨ ʜʦ 15 4,5-12 120-300 230/380 50 1.350.000 

50-ʇʨ ʜʦ 50 4-10 ʜʦ 900 230/380 50 2.250.000 

ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʄʠʢʨʦɻʕʉ ʬʠʨʤʳ çʀʥʩʝʪè ʩ ʧʨʦʧʝʣʣʝʨʥʦʡ ʪʫʨʙʠʥʦʡ. 

ὔ˟ ωȟψρϽὗϽὌϽ–˟ 

–˟ πȟψτ 
ὔ˟ ωȟψρϽπȟςυϽφϽπȟψφ ρςȟχ [ʢɺʪ] 

ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ "ʀʅɺɽʈʉʀʗ". 

ʄʠʢʨʦ 

ɻʕʉ 

ʄʦʱʥʦʩʪʴ,  

ʢɺʊ 

ʅʘʧʦʨ, ʤ ʈʘʩʭʦʜ, ʣ/ʩ ʅʘʧʨʷʞʝʥʠʝ  

ɺ 

ʏʘʩʪʦʪʘ,  

ɻʮ 

ʎʝʥʘ, ʨʫʙ 

7.5ʇʈ ʜʦ 7.5 1.5-4.5 90-210 230 50 520.000 

10ʇʈ ʜʦ 10 2-10 65-215 230 50 850.000 

22ʇʈ ʜʦ 20 1.5-4.5 350-810 230 50 1.070.000 

ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʤʠʢʨʦɻʕʉ ʬʠʨʤʳ çʀʥʚʝʨʩʠʷè ʩ ʧʨʦʧʝʣʣʝʨʥʦʡ ʪʫʨʙʠʥʦʡ 

ὔ˟ ωȟψρϽὗϽὌϽ–˟ 

–˟ πȟψφ 
ὔ˟ ωȟψρϽπȟςυϽφϽπȟψφ ρςȟχ [ʢɺʪ] 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʛʠʜʨʦʪʫʨʙʠʥ ʜʣʷ 

ʤʠʢʨʦɻʕʉ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜ: ʧʦʜ ʥʘʰʠ ʧʘʨʘʤʝʪʨʳ ʚʦʜʦʪʦʢʘ ʦʧʪʠʤʘʣʴʥʳʤ 

ʚʳʙʦʨʦʤ ʷʚʣʷʶʪʩʷ ʧʨʦʧʝʣʣʝʨʥʳʝ ʪʫʨʙʠʥʳ (ʂʘʧʣʘʥʘ). ʕʪʦʪ ʪʠʧ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʪʘʢʦʛʦ ʥʝʙʦʣʴʰʦʛʦ ʥʘʧʦʨʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ. ʆʜʥʘʢʦ, 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʙʶʜʞʝʪʝ ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʪʫʨʙʠʥʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʦʢʘ. ʆʥʘ ʥʝ 

ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʤʦʱʥʦʩʪʴ, ʦʜʥʘʢʦ ʙʫʜʝʪ ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʠ ʥʝʧʨʠʭʦʪʣʠʚʦʡ ʢ 

ʦʙʩʣʫʞʠʚʘʥʠʶ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʤʦʜʝʣʠ: 

1) ʊʫʨʙʠʥʘ WAWT15 çWeswenè, 15 ʢɺʪ 

ʇʣʶʩʳ: ʄʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ (90%), ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ: 13.2 ʢɺʪ. 

ʄʠʥʫʩʳ: ʉʘʤʘʷ ʜʦʨʦʛʘʷ (1.400.000 ʨʫʙ), ʪʨʝʙʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʟʘʛʨʷʟʥʝʥʠʷʤ. 

2) ʇʨʦʧʝʣʣʝʨʥʘʷ ʪʫʨʙʠʥʘ 15ʇʈ çʀʅʉʕʊè, 15 ʢɺʪ 

ʇʣʶʩʳ: ʉʨʝʜʥʠʡ ʂʇɼ (86%). 

ʄʠʥʫʩʳ: ɼʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʘʷ (1.350.000 ʨʫʙ), ʪʨʝʙʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʟʘʛʨʷʟʥʝʥʠʷʤ. 

3) ʇʨʦʧʝʣʣʝʨʥʘʷ ʪʫʨʙʠʥʘ 10ʇʈ çʀʥʚʝʨʩʠʷè, 10 ʢɺʪ,  

ʇʣʶʩʳ: ʉʨʝʜʥʷʷ ʮʝʥʘ (850.000 ʨʫʙ), ʭʦʨʦʰʠʡ ʂʇɼ (86%). 

ʄʠʥʫʩʳ: ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 10 ʢɺʪ (ʤʝʥʴʰʝ ʨʘʩʯʝʪʥʦʡ 12,7 ʢɺʪ), ʪʨʝʙʫʝʪ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʟʘʛʨʷʟʥʝʥʠʷʤ. 

4) ʊʫʨʙʠʥʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʦʢʘ ʃʫʯ-1 çʀʅʉʕʊè, 1 ʢɺʪ  

ʇʣʶʩʳ: ʃʫʯʰʘʷ ʮʝʥʘ (125.000 ʨʫʙ), ʧʨʦʩʪʦʪʘ ʫʩʪʘʥʦʚʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʄʠʥʫʩʳ: ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʠʩʭʦʜʷ ʠʟ ʥʘʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʩʝʛʦ 1 ʢɺʪ, ʥʠʟʢʠʡ 

ʂʇɼ (70%). 
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ɺʳʚʦʜʳ: ʈʘʩʯʝʪ ʤʠʢʨʦɻʕʉ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʘʷ ʟʘʜʘʯʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʚʩʝʛʦ 2 ʧʘʨʘʤʝʪʨʘ: ʈʘʩʭʦʜ ʠ ʅʘʧʦʨ. ʇʦʜʙʦʨ ʘʛʨʝʛʘʪʦʚ ʧʦʜ ʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ï ʟʘʜʘʯʘ 

ʤʝʥʝʝ ʪʨʠʚʠʘʣʴʥʘʷ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʢʦʪʦʨʳʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʘʛʨʝʛʘʪʳ ʩʦ ʩʭʦʞʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʩʦ ʩʚʦʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʀʤʝʷ ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʦʪʦʢʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʨʘʩʭʦʜʘ ʠ 

ʥʘʧʦʨʘ, ʤʦʞʥʦ ʙʝʟ ʪʨʫʜʘ ʦʧʨʝʜʝʣʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘʰ ʚʦʜʦʪʦʢ. ʆʜʥʘʢʦ, ʩʪʦʠʪ 

ʫʯʠʪʳʚʘʪʴ ʠ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʩʧʨʦʩ ʠ ʮʝʥʘ. ʅʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʧʝʨʝʧʣʘʯʠʚʘʪʴ ʟʘ ʫʩʪʘʥʦʚʢʫ 

ʪʫʨʙʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʤʦʱʥʦʩʪʠ ʪʘʤ, ʛʜʝ ʚ ʵʪʦʤ ʧʨʦʩʪʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɺ 

ʠʜʝʘʣʝ ʩʜʝʣʘʪʴ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʪʘʢʦʡ ʪʫʨʙʠʥʳ, ʢʦʪʦʨʘʷ ʩʤʦʞʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʪ ʥʘʠʣʫʯʰʫʶ ʘʚʪʦʥʦʤʥʦʩʪʴ, ʘ ʟʥʘʯʠʪ ʠ 

ʩʥʠʟʠʪ ʟʘʪʨʘʪʳ ʥʘ ʜʦʣʛʦʡ ʜʠʩʪʘʥʮʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ ʀʥʪʝʨʥʝʪ-ʧʦʨʪʘʣ ECOTECO.RU. [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  https://ecoteco.ru/id32?ysclid=m8omt1zh4c872924028 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 10.03.25) (ʕʣʝʢʪʨʦʥʥʳʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ) 

ʊʦʣʩʪʫʭʠʥ ɸ.ʀ. ʄʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʦʚ ʦʭʨʘʥʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

/ ʊʦʣʩʪʫʭʠʥ ɸ.ʀ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://eco-

project.org/data/upload/Rekomendacii_Tolstuhin_AI.-

20220921013623.pdf?ysclid=m8ooijc3h0124245702 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.03.25) 

(ʕʣʝʢʪʨʦʥʥʳʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ) 

ʃʠʧʢʠʥ ɺ.ʀ., ɹʦʛʦʤʘʝʚ ʕ.ʉ. ʄʠʢʨʦʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ: ʇʦʩʦʙʠʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʃʠʧʢʠʥ ɺ.ʀ., ɹʦʛʦʤʘʝʚ ʕ.ʉ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://sgp.uz/userfiles/MikroGES%20rus-new.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 11.03.25) 

(ʕʣʝʢʪʨʦʥʥʳʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ) 

ʊ.ʊ. ʄʝʜʝʨʦʚ - ʂʨʘʪʢʠʡ ʢʫʨʩ ʣʝʢʮʠʠ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɻʠʜʨʦʵʥʝʨʛʝʪʠʢʘè 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʊ.ʊ. ʄʝʜʝʨʦʚ ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

/https://kstu.kg/fileadmin/user_upload/kurs_lekcii_po_gidroehnergetike.pdf ʩ. 38 ï 41. 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 11.03.25)  (ʕʣʝʢʪʨʦʥʥʳʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ) 

ʄʅʊʆ ʀʅʉʕʊ - ʊʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ɻʕʉ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  

https://inset.ru/technology/?ysclid=m8or3gkaej406057335 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 11.03.25) 

(ʕʣʝʢʪʨʦʥʥʳʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ) 

ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ï ʥʘʫʯʥʦʝ ʧʦʩʦʙʠʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://disk.yandex.ru/i/mUEU0QIHecUv8A (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 24.03.25) (ʕʣʝʢʪʨʦʥʥʳʝ 

ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ) 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʢʦʤʧʦʥʝʥʪʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://ru.made-in-china.com/co_forwardhydro/product_Micro-Francis-

Turbine_uoehrussig.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 23.03.25) (ʕʣʝʢʪʨʦʥʥʳʝ ʠʥʪʝʨʥʝʪ-

ʨʝʩʫʨʩʳ) 

ʄʅʊʆ ʀʅʉʕʊ - ʇʨʦʧʝʣʣʝʨʥʳʝ ʪʫʨʙʠʥʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://inset.ru/produkcija/propeller-turbines/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 23.03.25) (ʕʣʝʢʪʨʦʥʥʳʝ 

ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ) 

Weswen ï ʄʠʢʨʦ ɻʕʉ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://weswen.ru/hydro_catalog/?ysclid=m8pj34f3pe589040668 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

24.03.25) (ʕʣʝʢʪʨʦʥʥʳʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ) 

ʊʫʨʙʠʥʳ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʪʦʢʘ ï ɹʦʣʴʰʘʷ ʈʦʩʩʠʡʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://bigenc.ru/c/gidravlicheskaia-turbina-

af9d23?ysclid=m8pno7slrp609889527 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 24.03.25) (ʕʣʝʢʪʨʦʥʥʳʝ 

ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ) 

https://ecoteco.ru/id32?ysclid=m8omt1zh4c872924028
https://eco-project.org/data/upload/Rekomendacii_Tolstuhin_AI.-20220921013623.pdf?ysclid=m8ooijc3h0124245702
https://eco-project.org/data/upload/Rekomendacii_Tolstuhin_AI.-20220921013623.pdf?ysclid=m8ooijc3h0124245702
https://eco-project.org/data/upload/Rekomendacii_Tolstuhin_AI.-20220921013623.pdf?ysclid=m8ooijc3h0124245702
https://sgp.uz/userfiles/MikroGES%20rus-new.pdf
https://kstu.kg/fileadmin/user_upload/kurs_lekcii_po_gidroehnergetike.pdf
https://inset.ru/technology/?ysclid=m8or3gkaej406057335
https://disk.yandex.ru/i/mUEU0QIHecUv8A
https://ru.made-in-china.com/co_forwardhydro/product_Micro-Francis-Turbine_uoehrussig.html
https://ru.made-in-china.com/co_forwardhydro/product_Micro-Francis-Turbine_uoehrussig.html
https://weswen.ru/hydro_catalog/?ysclid=m8pj34f3pe589040668
https://bigenc.ru/c/gidravlicheskaia-turbina-af9d23?ysclid=m8pno7slrp609889527
https://bigenc.ru/c/gidravlicheskaia-turbina-af9d23?ysclid=m8pno7slrp609889527
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ʂʆʅʊʈʆʃɼʆʆ 

 

ʃʦʪʮ ʉʝʨʛʝʡ ɼʤʠʪʨʠʝʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ 
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ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, 

e-mail: elmech@mail.ru  

ɹʨʷʢʠʥ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ, ʪ.ʠ.ʜ., ʧʨʦʬʝʩʩʦʨ, ʂʳʨʛʳʟ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳʥ ʋʣʫʪʪʫʢ 

ʠʣʠʤʜʝʨ ʘʢʘʜʝʤʠʷʩʳʥʳʥ ʄʘʰʠʥʘ ʢʫʨʫʫ, ʘʚʪʦʤʘʪʠʢʘ ʞʘʥʘ ʛʝʦʤʝʭʘʥʠʢʘ ʠʥʩʪʠʪʫʪʫ, 

ʂʳʨʛʳʟʩʪʘʥ, 720016, ɹʠʰʢʝʢ, ʉʢʨʷʙʠʥʘ ʢᴇʯ. 23, e-mail: bivas2006@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʆʨʦʦ ʟʳʤʜʘʨʳʥʳʥ ʢʘʩʠʝʪʪʝʨʠʥʠʥ ʥʘʯʘʨʣʘʰʳ ʵʣʝʢʪʨ ʤʘʰʠʥʘʩʳʥʳʥ 

ʙʫʟʫʣʫʰʫʥʘ ʘʣʳʧ ʢʝʣʝʪ ʞʘʥʘ ʦʰʦʥʫ ʤʝʥʝʥ ʩʪʘʥʦʢʪʫʥ ᴇʟװʥ ʦשʜʦʦʛʦ ʜʘ, ʙʫʣ ʤʘʰʠʥʘ 

ʙʘʰʢʘʨʛʘʥ ʞʘʙʜʫʫʣʘʨʜʳʥ ʪʦʢʪʦʧ ʢʘʣʫʫʣʘʨʳʥʘ ʜʘ ʙʘʡʣʘʥʳʰʪʫʫ ʦʣʫʪʪʫʫ ʤʘʪʝʨʠʘʣʜʳʢ ʟʳʷʥ 

ʢʝʣʪʠʨʝʪ. ʆʰʦʥʜʫʢʪʘʥ, ʘʣʘʨʜʳ ʜʘʷʨʜʦʦ ʫʯʫʨʫʥʜʘ ʦʨʦʛʫʯ ʟʳʤʜʘʨʜʳ ʜʘʡʳʤʘ ʩʘʧʘʪʳʥ 

ʢᴇʟᴇʤᴇʣʜᴇᴇ ʟʘʨʳʣ. ɹʫʣ ʤʘʢʩʘʪʪʘ ʠʟʦʣʷʮʠʷʣʘʥʛʘʥ ʟʳʤʜʘʨʜʳʥ ʧʘʨʘʤʝʪʨʣʝʨʠʥ ʙʫʟʫʫʩʫʟ 

ʙʘʰʢʘʨʫʫʥʫʥ ʵʣʝʢʪʨ ʩʳʡʳʤʜʫʫʣʫʢ ʳʢʤʘʩʳʥ ʠʰʢʝ ʘʰʳʨʛʘʥ ʞʘʥʘ ʘʣʘʨʜʳʥ ʪʦʢ ᴇʪʢᴇʨװװʯװ 

ᴇʟᴇʢʪᴇʨװʥ ʜʘ, ʠʟʦʣʷʮʠʷʩʳʥ ʜʘ ʜʠʘʛʥʦʩʪʠʢʘʣʦʦʛʦ ʤװʤʢװʥʜװʢ ʙʝʨװװʯװ ʦʨʦʛʫʯ ʟʳʤʜʘʨʜʳʥ 

ʙʫʟʫʣʫʰʫʥ ʦʧʝʨʘʪʠʚʜװװ ʢʦʥʪʨʦʣʜʦʦʯʫ ʪװʟװʣװʰ ʩʫʥʫʰʪʘʣʫʫʜʘ. ɸʥʳʥ ʠʰʪᴇᴇ ʫʯʫʨʫʥʜʘ 

ʢʚʘʟʠʨʝʟʦʥʘʥʩʪʳʢ ʠʰʪᴇᴇ ʨʝʞʠʤʠ ʢʘʤʩʳʟ ʢʳʣʳʥʘʪ, ʤʳʥʜʘ ʯʳʛʫʫ ʩʠʛʥʘʣʳ ʤʘʢʩʠʤʘʣʜʫʫ 

ʤװʤʢװʥ ʙʦʣʛʦʥ ʤʘʘʥʠʛʝ ʞʝʪʝʪ. ɹʫʣ ʦʨʦʛʫʯ ʟʳʤʜʘʨʜʳʥ ʩʘʧʘʪʳʥ ʢʦʥʪʨʦʣʜʦʦ 

ʥʘʪʳʡʞʘʣʫʫʣʫʛʫʥ ʞʦʛʦʨʫʣʘʪʘʪ. 

ʊװʡװʥʜװ ʩᴇʟʜᴇʨ: ʦʨʦʛʫʯ ʟʳʤʜʘʨ, ʤʝʪʘʣʣ ᴇʪʢᴇʨʛװʯ ᴇʟᴇʢ, ʠʟʦʣʷʮʠʷʣʦʦʯʫ ʢʘʧʪʦʦ, 

ʢʳʡʨʘʪʧʦʦ ʩʳʥʦʦ, ʵʣʝʢʪʨ ʩʳʡʳʤʜʫʫʣʫʢ ʩʳʥʦʦ ʳʢʤʘʩʳ, ʢʚʘʟʠʨʝʟʦʥʘʥʩʪʳʢ ʨʝʞʠʤ, 

ʢʚʘʜʨʘʪʫʨʘʣʳʢ ʜʝʤʦʜʫʣʷʮʠʷ.  
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ɼʃʗ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʄɸʐʀʅ 
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ɸʥʥʦʪʘʮʠʷ. ʋʭʫʜʰʝʥʠʝ ʩʚʦʡʩʪʚ ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʠ ʚʳʟʳʚʘʝʪ ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ, 

ʩʚʷʟʘʥʥʳʡ ʢʘʢ ʩ ʨʝʤʦʥʪʦʤ ʩʘʤʦʡ ʤʘʰʠʥʳ, ʪʘʢ ʠ ʩ ʧʨʦʩʪʦʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʚʦʜʠʤʦʛʦ ʚ 

ʜʝʡʩʪʚʠʝ ʵʪʦʡ ʤʘʰʠʥʦʡ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʦʙʤʦʪʦʯʥʳʭ 

ʧʨʦʚʦʜʦʚ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ 
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ʜʝʬʝʢʪʠʚʥʦʩʪʠ ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪ ʵʣʝʢʪʨʦʝʤʢʦʩʪʥʦʡ ʩʧʦʩʦʙ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʦʚ, ʧʨʠʯʝʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ 

ʜʠʘʛʥʦʩʪʠʢʫ ʢʘʢ ʠʭ ʪʦʢʦʚʝʜʫʱʠʭ ʞʠʣ, ʪʘʢ ʠ ʠʟʦʣʷʮʠʠ. ʇʨʠ ʝʛʦ ʨʘʙʦʪʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʢʚʘʟʠʨʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʦʩʪʠʛʘʝʪ 

ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʤʦʪʦʯʥʳʝ ʧʨʦʚʦʜʘ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʘʷ ʞʠʣʘ, 

ʠʟʦʣʷʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ, ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, ʵʣʝʢʪʨʦʝʤʢʦʩʪʥʦʡ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ, 

ʢʚʘʟʠʨʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ, ʢʚʘʜʨʘʪʫʨʥʘʷ ʜʝʤʦʜʫʣʷʮʠʷ.  
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Abstract. Deterioration of the properties of winding wires leads to failure of the electric 

machine and thus causes significant material damage associated with both the repair of the machine 

itself and the downtime of the equipment driven by this machine. Therefore, constant quality 

control of winding wires during their manufacture is necessary. For this purpose, a device for 

operational control of winding wire defects is proposed, which implements an electrocapacitive 

method of non-destructive testing of the parameters of insulated wires, and allows for diagnostics of 

both their current-carrying cores and insulation. During its operation, a quasi-resonant mode of 

operation is implemented, in which the output signal reaches its maximum possible value. This 

increases the efficiency of quality control of winding wires. 

Keywords: winding wires, metal conductive core, insulating coating, non-destructive testing, 

electrocapacitive testing method, quasi-resonant mode, quadrature demodulation. 

 

ɺʚʝʜʝʥʠʝ. ɸʢʪʠʚʥʘʷ ʯʘʩʪʴ ʣʶʙʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ (ʕʄ) ʩʦʜʝʨʞʠʪ 

ʤʥʦʛʦʚʠʪʢʦʚʫʶ ʦʙʤʦʪʢʫ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜ, 

ʧʦ ʢʦʪʦʨʦʤʫ ʵʪʦ ʧʦʣʝ ʟʘʤʳʢʘʝʪʩʷ. ʆʙʤʦʪʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʠʟʛʦʪʦʚʣʷʶʪ ʦʜʥʦʞʠʣʴʥʳʤʠ, ʦʙʳʯʥʦ ʠʟ ʤʝʜʠ ʠ ʛʦʨʘʟʜʦ ʨʝʞʝ ʠʟ ʘʣʶʤʠʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʧʦ 

ʦʙʤʦʪʢʝ ʧʨʦʪʝʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʪʦ ʦʪʜʝʣʴʥʳʝ ʝʝ ʚʠʪʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ, ʪ.ʝ. ʦʙʤʦʪʦʯʥʳʝ ʧʨʦʚʦʜʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʤʝʞʚʠʪʢʦʚʫʶ ʠʟʦʣʷʮʠʶ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚʠʜʘʤʠ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʚʦʣʦʢʥʠʩʪʘʷ, ʵʤʘʣʝʚʘʷ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʠʟʦʣʷʮʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʤʦʪʦʯʥʳʝ ʧʨʦʚʦʜʘ ʠʤʝʶʪ ʜʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘ: ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʫʶ ʞʠʣʫ ʠ ʩʣʦʡ ʠʟʦʣʷʮʠʠ ʥʘ ʵʪʦʡ ʞʠʣʝ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [1]. 

ʇʦ ʩʪʘʪʠʩʪʠʢʝ, ʦʙʤʦʪʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤ ʫʟʣʦʤ ʕʄ. ʊʘʢ, ʝʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ (ɸɼ), ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʣʴʚʠʥʫʶ ʜʦʣʶ ʚʩʝʭ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʄ, ʪʦ ʥʘ ʜʦʣʶ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʤʝʞʚʠʪʢʦʚʦʡ ʠʟʦʣʷʮʠʠ 

ʧʨʠʭʦʜʠʪʩʷ ʜʦ 93% ʚʩʝʭ ʦʪʢʘʟʦʚ ʠʭ ʦʙʤʦʪʦʢ [2]. ʇʦʩʣʝʜʩʪʚʠʷ ʵʪʦʛʦ ʚʝʩʴʤʘ ʥʝʛʘʪʠʚʥʳ, ʘ 

ʫʱʝʨʙ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 1) ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʪʨʫʜʦʝʤʢʠʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʨʝʤʦʥʪ ʜʚʠʛʘʪʝʣʷ; 2) ʧʦʩʢʦʣʴʢʫ ʜʝʬʝʢʪʥʳʡ ɸɼ ʜʣʷ ʝʛʦ 

ʨʝʤʦʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʚʝʩʪʠ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʪʘʥʦʚʢʝ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉ ʫʯʝʪʦʤ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɸɼ, ʵʪʦʪ ʫʱʝʨʙ ʧʦʣʫʯʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʙʦʣʴʰʠʤ. ɺʠʪʢʦʚʳʝ ʟʘʤʳʢʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʨʠʯʠʥ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ 
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ʫʭʫʜʰʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʦʣʷʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʝʸ ʩʪʘʨʝʥʠʷ, ʧʝʨʝʛʨʝʚʘ 

ʦʙʤʦʪʢʠ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʛʨʫʟʢʠ ʕʄ, ʧʦʚʨʝʞʜʝʥʠʝ ʧʨʦʚʦʜʘ ʚʩʣʝʜʩʪʚʠʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ 

ʫʢʣʘʜʢʠ ʦʙʤʦʪʢʠ ʠ ʜʨ. [3]. ʇʨʠ ʵʪʦʤ, ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʥʘʜʝʞʥʦʩʪʴ ʦʙʤʦʪʢʠ ʦʢʘʟʳʚʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʦʜʘ ʧʝʨʝʜ ʫʢʣʘʜʢʦʡ.   

 

 ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʚʦʜʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʙʤʦʪʦʢ ʕʄ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʩʧʣʦʰʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠʭ 

ʢʘʯʝʩʪʚʘ, ʪʘʢ ʢʘʢ ʕʄ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ 

ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʙʨʘʢʘ ʧʨʦʚʦʜʦʚ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʪʢʘʟʦʚ ʕʄ ʠ ʜʘʪʴ ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʡ ʢʦʥʪʨʦʣʴ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʤʝʪʦʜʘʤʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʳʟʳʚʘʶʪ ʫʭʫʜʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠʟ ʥʠʭ ï ʵʪʦ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ. ʆʜʥʘʢʦ ʦʥ ʤʦʞʝʪ ʜʘʪʴ ʪʦʣʴʢʦ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʨʫʞʥʳʭ ʜʝʬʝʢʪʘʭ ʢʘʙʝʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʯʪʦ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʭ 

ʦʙʲʝʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʠʟʥʦʩ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʚʥʫʪʨʠ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʞʠʣ (ʚ ʚʠʜʝ ʧʦʪʝʨʴ ʩʝʯʝʥʠʷ), ʪʘʢ ʠ ʚ ʠʟʦʣʷʮʠʦʥʥʦʤ ʧʦʢʨʳʪʠʠ (ʚ ʚʠʜʝ 

ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ) ʠ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʠʭ ʥʝ ʦʙʥʘʨʫʞʠʪʴ.  ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ: ʠʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠʟʦʣʷʮʠʠ; ʠʟʤʝʨʝʥʠʝ ʝʤʢʦʩʪʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ; ʠʟʤʝʨʝʥʠʝ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ; 

ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʤʝʪʦʜ; ʠʟʤʝʨʝʥʠʝ ʚʦʟʚʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; ʠʟʤʝʨʝʥʠʝ ʤʝʪʦʜʦʤ 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ (ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ, ʠʤʧʫʣʴʩʥʳʤ); ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʷ. ʕʪʠ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʦʧʠʩʘʥʳ ʚ ʮʝʣʦʤ ʨʷʜʝ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ, ʚ [5, 6].  

ʂʦʤʧʣʝʢʩʥʳʡ ʩʧʦʩʦʙ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʦʚ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʠʟʦʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʝʤʢʦʩʪʥʦʡ ʩʧʦʩʦʙ 

ʢʦʥʪʨʦʣʷ [9]. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʣʶʙʦʝ ʢʘʙʝʣʴʥʦʝ ʠʟʜʝʣʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʦʣʠʨʦʚʘʥʥʳʡ 

ʧʨʦʚʦʜ, ʷʚʣʷʝʪʩʷ, ʚ ʩʫʱʥʦʩʪʠ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʴʶ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʨʦʚʦʜʘ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʝʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʇʦʵʪʦʤʫ ʢʦʥʪʨʦʣʠʨʫʷ ʠʟʤʝʥʝʥʠʝ ʝʤʢʦʩʪʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʣʦʥʝʥʠʷ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʙʝʣʷ 

ʦʪ ʥʦʨʤʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʣʝʢʪʨʦʝʤʢʦʩʪʥʦʛʦ ʩʧʦʩʦʙʘ ʢʦʥʪʨʦʣʷ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʩʧʦʩʦʙ ʦʧʝʨʘʪʠʚʥʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʦʚ.  ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʢʦʥʪʨʦʣʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʦʚ 

 

ʅʘ ʨʠʩ. 1 ʦʙʦʟʥʘʯʝʥʦ: 1 ʠ 2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʘʷ ʞʠʣʘ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʚʦʜʘ; 3 ʠ 4 ï ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʪʨʫʙʯʘʪʳʝ ʨʘʟʨʝʟʥʳʝ ʵʣʝʢʪʨʦʜʳ; 5 ʠ 6 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 
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ʦʙʤʦʪʢʘ ʜʨʦʩʩʝʣʷ; 
ɻU# ï ʧʠʪʘʶʱʝʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ; Uʠʟʤ ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ; V ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʚʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʳʭ 

ʵʣʝʢʪʨʦʜʦʚ 3 ʠ 4. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʵʣʝʢʪʨʦʜʳ 3 ʠ 4 ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʯʘʩʪʴʶ 

ʧʨʦʚʦʜʘ ʦʙʨʘʟʫʶʪ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʫʶ ʷʯʝʡʢʫ (ʂʗ), ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ, 

ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʬʘʢʪʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʦʜʘ.  

ʕʣʝʢʪʨʦʸʤʢʦʩʪʥʳʡ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ 

ʧʦʛʦʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʨʘʟʤʝʨʦʚ, 

ʬʦʨʤʳ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʝʱʝʩʪʚʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʝʤʢʦʩʪʴ ʉʎʂ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

(ʎʂ) ʩ ʢʦʘʢʩʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʨʘʚʥʘ: 
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(1) 

ʛʜʝ Ů0 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ; Ů ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʚʝʱʝʩʪʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ; l ï ʜʣʠʥʘ ʧʨʦʚʦʜʘ; rʚʥʫʪʨ ʠ rʚʥʝʰ ï ʨʘʜʠʫʩʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʜʦʚ.  

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ ʦʙʨʘʟʦʚʘʥʦ ʜʚʘ ʜʚʫʭʵʣʝʢʪʨʦʜʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʎʂ1 ʠ ʎʂ2, ʥʘʨʫʞʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʪʨʫʙʯʘʪʳʝ ʨʘʟʨʝʟʥʳʝ 

ʵʣʝʢʪʨʦʜʳ 3 ʠ 4, ʘ ʚʥʫʪʨʝʥʥʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ï ʫʯʘʩʪʢʠ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʞʠʣʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʘʨʫʞʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʧʨʠʯʝʤ ʤʝʞʵʣʝʢʪʨʦʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʟʘʧʦʣʥʝʥʦ ʙʠʥʘʨʥʦʡ ʩʨʝʜʦʡ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʠʟ 

ʪʘʢʠʭ ʜʚʫʭʵʣʝʢʪʨʦʜʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʎʂ1 ʠ ʎʂ2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ, ʚ 

ʩʫʱʥʦʩʪʠ, ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʚʦʟʜʫʭʦʤ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ.  

ʊʦʛʜʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʚʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʜʚʫʭʵʣʝʢʪʨʦʜʥʳʭ ʎʂ1 ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʝʤʢʦʩʪʴ ʙʫʜʝʪ ʨʘʚʥʘ: 

                                                ,
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(2) 

ʛʜʝ ʉ1 ʠ ʉ2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩ ʚʦʟʜʫʭʦʤ ʠ ʜʠʵʣʝʢʪʨʠʢʦʤ. 

ʊʦʛʜʘ, ʟʘʧʠʩʘʚ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʉ1 ʠ ʉ2 ʩ ʫʯʝʪʦʤ (1) ʠ ʧʦʜʩʪʘʚʠʚ ʠʭ ʚ (2), ʧʦʣʫʯʠʤ 
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(3) 

ʛʜʝ r0 ʠ r1 ï ʨʘʜʠʫʩʳ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʜʦʚ ʢʦʥʜʝʥʩʘʪʦʨʘ C1, 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʚʦʟʜʫʭʦʤ; r2 ï ʨʘʜʠʫʩ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ C2, ʟʘʧʦʣʥʝʥʥʦʛʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ (ɼʄ); e1 ʠ e2 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ ʚʦʟʜʫʭʘ ʠ ɼʄ. 

ʇʨʠʤʝʤ, ʯʪʦ ʩʣʦʡ ʚʦʟʜʫʭʘ ʩ ʪʦʣʱʠʥʦʡ d1 = (r1 ï r0) ʠ ʩʣʦʡ ɼʄ ʪʦʣʱʠʥʦʡ d2 = (r2 ï r1) 

ʫʩʣʦʚʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ (ʪʨʫʙʯʘʪʳʤ ʨʘʟʨʝʟʥʳʤ ʵʣʝʢʪʨʦʜʦʤ 3) ʠ ʚʥʫʪʨʝʥʥʠʤ ʵʣʝʢʪʨʦʜʦʤ 

(ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʞʠʣʦʡ 1). ʊʦʛʜʘ ʩʨʝʜʥʷʷ ʩʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ ʤʝʞʜʫ ʵʪʠʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ D = (d1 + d2). 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 0 <ri+1/ ri ¢ 2, ʚʳʨʘʞʝʥʠʝ (3) ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʠʜʫ: 
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(4) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʘ ʩʫʤʤʘʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʎʂ1 ʨʘʚʥʘ 
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(5) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʲʝʤʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʣʷ ʧʨʦʚʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʎʂ c ʢʦʘʢʩʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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(6) 

ʛʜʝ d ï ʪʦʣʱʠʥʘ ʩʣʦʷ ɼʄ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʎʂ; l ï 

ʦʩʝʚʘʷ ʜʣʠʥʘ ʎʂ1; gv = g2 ï ʫʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ.  

ʉ ʫʯʝʪʦʤ (6) ʚʳʨʘʞʝʥʠʝ (5) ʤʦʞʝʤ ʧʝʨʝʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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(7) 

ʊʦʛʜʘ ʚʝʣʠʯʠʥʘ ʠʤʧʝʜʘʥʩʘ ʎʂ1 ʨʘʚʥʘ:  
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(8) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʪʦʨʦʛʦ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʎʂ2, 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʥʘʨʫʞʥʳʤ ʵʣʝʢʪʨʦʜʦʤ 4 ʠ ʚʥʫʪʨʝʥʥʠʤ ʵʣʝʢʪʨʦʜʦʤ ʚ ʚʠʜʝ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ 

ʞʠʣʳ 1 ʧʨʦʚʦʜʘ ʠ ʪʘʢʞʝ ʟʘʧʦʣʥʝʥʥʦʛʦ ʙʠʥʘʨʥʦʡ ʩʨʝʜʦʡ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʝʣʠʯʠʥʘ ʠʤʧʝʜʘʥʩʘ ʚʳʯʠʩʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ: 

                            ,
21

2

11

2

2

2

2

0

C öö
÷

õ
ææ
ç

å

¡

¡ÖÖ
Ö

¡

-¡
-³

ÖÖÖ
Ö-=

¡Ö
Ö-=¡

g

Gl
D

l
j

C
jZ

p

e

e

ewpw
#                              

(9) 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2, ʛʜʝ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʞʠʣʳ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ 1, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʵʣʝʢʪʨʦʜʘʤʠ 2 ʠ 3, ʦʙʨʘʟʫʶʪ 

ʩ ʥʠʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʚʘ ʎʂ ʉ ʠ ʉ¡, ʷʚʣʷʷʩʴ ʧʨʠ ʵʪʦʤ ʠʭ ʚʥʫʪʨʝʥʥʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ɿʜʝʩʴ 

L  ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʜʨʦʩʩʝʣʷ. 

 
 

ʈʠʩ. 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʦʚ 

 

ʅʘ ʚʥʝʰʥʠʡ ʵʣʝʢʪʨʦʜ 3 (ʨʠʩ. 1) ʎʂ1 ʉ ʧʦʜʘʝʪʩʷ ʧʝʨʝʤʝʥʥʦʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ɻU#. ɺʥʝʰʥʠʡ ʵʣʝʢʪʨʦʜ 4 ʎʂ2 ʉ¡ ʠʤʝʝʪ ʪʦʯʢʫ ʩʦʝʜʠʥʝʥʠʷ çʘè ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʦʙʤʦʪʢʦʡ 6 ʜʨʦʩʩʝʣʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʎʂ2 ʩ ʵʪʠʤ ʜʨʦʩʩʝʣʝʤ, ʦʙʨʘʟʫʷ, ʧʦ ʩʚʦʝʡ ʩʫʪʠ, ʨʝʟʦʥʘʥʩʥʳʡ ʠʥʜʫʢʪʠʚʥʦ-

ʝʤʢʦʩʪʥʦʡ ʧʦʣʫʤʦʩʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʩʩʝʣʷ ʩ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ L ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʢʚʘʟʠʨʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʜʫʢʪʠʚʥʦ-ʝʤʢʦʩʪʥʦʛʦ ʧʦʣʫʤʦʩʪʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʝʛʦ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠʟʤU#  ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ. 
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ʆʩʥʦʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʫʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʂʗ ʠ ʜʨʦʩʩʝʣʷ. 

ʌʘʢʪʠʯʝʩʢʠ ʂʗ ʦʙʨʘʟʦʚʘʥ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʉ ʠ ʉ¡, ʩʦʝʜʠʥʝʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʚʦʜʦʤ ʩ 

ʢʦʤʧʣʝʢʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ: 

                                                                    XjRZ Ö+=# ,                                                                     

(10) 

ʛʜʝ R ʠ X  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʢʪʠʚʥʦʝ ʠ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʧʨʦʚʦʜʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʫʯʘʩʪʦʢ ʧʨʦʚʦʜʘ ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ 

ʤʘʣʦʟʥʘʯʠʤʳʤ ʨʝʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ  

                                                                    SRZ /lrÖ==# ,                                                              

(11) 

ʛʜʝ ɟ, ɚ ʠ S ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʜʣʠʥʘ ʠ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʞʠʣʳ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʘ. 

ʀʩʧʦʣʴʟʫʷ (8), (9) ʠ (11), ʦʧʨʝʜʝʣʠʤ ʠʤʧʝʜʘʥʩ ʜʣʷ ʂʗ:  
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ʛʜʝ 
22 e¡=e=e ; 

22 ggg ¡== ; ( )( )gʂ ÖÖÖ-= eewe 01  ï ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ; ( )lD ÖÖÖ 022 ewp  ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʆʧʨʝʜʝʣʠʤ ʠʤʧʝʜʘʥʩ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʂʗ ʠ 

ʜʨʦʩʩʝʣʷ:  

                                       ])([ 220 LGGKjRRZZZ ɼɼʗ Ö++¡ÖÖ++=+= w### .                              

(13) 

ʇʨʠ ʧʠʪʘʥʠʠ ʵʪʦʛʦ ʢʦʥʪʫʨʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 
ɻU#, ʚ ʥʝʤ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʨʘʚʥʳʡ 
                                                     

0ɻ Z/UI ###=0
                                                                        

(14) 

ʇʦʜʩʪʘʚʠʚ ʚ (14) ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʧʦʣʫʯʠʤ: 
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(15) 

ʋʛʣʦʚʘʷ ʯʘʩʪʦʪʘ w0 ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ɻU#ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠʟʤU#  ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʠʥʜʫʢʪʠʚʥʦ-

ʝʤʢʦʩʪʥʦʤ ʢʦʥʪʫʨʝ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʥʘʠʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤmU# : 
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ʛʜʝ ( ) ( ))2(/111)2(/11 22

ʨʝʟ0 QÖ-Ö=Ö¡Ö-Ö= ʨʝʟɼ LCR www , CL ¡Ö= /1ʨʝʟw  ï ʨʝʟʦʥʘʥʩʥʘʷ 

ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, 
ɼR/C/L ¡=Q ï ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʫʨʘ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ QRL ɼ=Öw  ʷʚʣʷʝʪʩʷ ʜʦʙʨʦʪʥʦʩʪʴʶ ʜʨʦʩʩʝʣʷ, ʚʳʨʘʞʝʥʠʝ (16) 

ʥʝʩʣʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ: 
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(17) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (17) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠʟʤU#  ʩʦʜʝʨʞʠʪ 

ʚʝʱʝʩʪʚʝʥʥʫʶ ʠ ʤʥʠʤʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

                                     )(Im)(Re
ʠʟʤmʠʟʤmʠʟʤm UjUU ### Ö+=                                                             

(18) 

ʛʜʝ )()( RFURe ʠʟʤ
¡=#  ï ʚʝʱʝʩʪʚʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʷʚʣʷʶʱʘʷʩʷ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʞʠʣʳ ʧʨʦʚʦʜʘ;  )()( GFUIm ʠʟʤ=
#  ï 

ʤʥʠʤʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʷʚʣʷʶʱʘʷʩʷ ʬʫʥʢʮʠʝʡ ʦʙʲʝʤʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠʟʦʣʷʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʚʦʜʘ. 

ɸʥʘʣʠʟ ʚʳʨʘʞʝʥʠʷ (18) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʠʟʤmU# , ʩʦʜʝʨʞʘʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʦʜʘ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ )( ʠʟʤURe # ʠ )( ʠʟʤUIm # ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʦʤ ʢʚʘʜʨʘʪʫʨʥʦʡ 

ʜʝʤʦʜʫʣʷʮʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ [10], 

ʨʝʘʣʠʟʫʝʤʳʤ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʩʠʥʭʨʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʩʠʥʬʘʟʥʦʡ ʠ 

ʢʚʘʜʨʘʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʣʫʯʠʤ: 

 ),sin(
2

);cos(
2

0
2

0
1 *

UUʄ
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UUʄ
U OSʠʟʤ

ʠʟʤIm
OCʠʟʤ

ʠʟʤRe j-jÖ
ÖÖ

=j-jÖ
ÖÖ

=                 (19) 

ʛʜʝ ʄ1 = ʄ2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ.  

ʇʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ (19) 

ʚ ʙʣʦʢʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʧʦʣʫʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʯʠʩʣʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ɼʕʇ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ: 

 

    .
`

)1(
;

)1( 22

Im

2

Re

QKU

RQUQRU
G

QU

RQUQRU
R

ɻ

ɼɻɼʠʟʤ

ɻ

ɼɻɼʠʟʤ

ÖÖ

ÖÖ-+ÖÖ
=

Ö

ÖÖ-+ÖÖ
=

#

#

#

#
       

(20) 

ʇʦ ʚʳʯʠʩʣʝʥʥʳʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʘʤʠ (20) ʟʥʘʯʝʥʠʷʤ R ʠ G ʦʮʝʥʠʚʘʶʪ   

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ɼʕʇ ʧʫʪʝʤ ʠʭ ʩʨʘʚʥʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ 

ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʨʦʚʦʜʘ Rʟʘʜ ʠ Gʟʘʜ. 

ɿʘʢʣʶʯʝʥʠʝ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ ʜʝʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

 ï ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʧʨʦʚʦʜʦʚ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʚʝʨʢʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

ï ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʩʚʦʡʩʪʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʥʦʡ ʷʯʝʡʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʨʦʩʩʝʣʴ ʠ ʜʚʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʘ ʩ 

ʨʘʟʤʝʱʝʥʥʳʤ ʚʥʫʪʨʠ ʢʘʙʝʣʝʤ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʢʘʢ ʥʘ ʥʝʧʦʜʚʠʞʥʳʭ, ʪʘʢ ʠ ʥʘ 

ʜʚʠʞʫʱʠʭʩʷ (ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ) ʧʨʦʚʦʜʘʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʜʦʚ ʚ 

ʚʠʜʝ ʨʘʟʲʝʤʥʳʭ ʧʦʣʫʮʠʣʠʥʜʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʜʣʠʥʥʦʤʝʨʥʳʭ ʧʨʦʚʦʜʦʚ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ; 

ï ʨʘʩʰʠʨʝʥʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʥʝ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʦʚ, ʥʦ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʘʙʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 
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ʠʟʜʝʣʠʡ ʩ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʠ ʤʘʣʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʤʝʶʱʠʭ ʚʥʝʰʥʝʝ ʧʦʢʨʳʪʠʝ ʠʟ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ 

ʪʨʦʩʦʚ, ʧʨʦʚʦʣʦʢʠ, ʩʪʝʨʞʥʝʡ ʠ ʪ.ʧ. 
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 Abstract. The paper discusses the principles of implementing a self-healing 

automatic control system based on Smart Grid technology, using examples from other countries. 

The architecture of the control system in Smart Grid is described. The principle of implementing a 

self-healing automatic control system based on Smart Grid technology in the distribution network 

of the city of Bishkek is developed. 
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ɺʚʝʜʝʥʠʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʝʨʝʜ ʆɸʆ çʅʕʉʂè ʂʳʨʛʳʟʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ (ʂʈ) 

ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ (ʈʕʉ) ʛʦʨʦʜʘ ɹʠʰʢʝʢ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ: ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʨʘʩʪʫʱʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ, ʩʣʦʞʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [1,2].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʧʝʨʘʪʠʚʥʳʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʈʕʉ ʚ ʛʦʨʦʜʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʝʨʘʪʠʚʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʚʨʫʯʥʫʶ, ʯʪʦ ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʩʭʝʤʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ, ʘ ʪʘʢʞʝ ʜʦʣʛʠʤ ʧʦʠʩʢʘʤ ʧʦʚʨʝʞʜʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʩʝʪʠ. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʘʨʠʡʥʦʤ ʦʪʢʣʶʯʝʥʠʠ ʜʦ ʜʠʩʧʝʪʯʝʨʘ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ 

ʧʦʩʪʫʧʘʝʪ, ʧʦʢʘ ʝʤʫ ʥʝ ʩʦʦʙʱʘʪ ʧʦ ʪʝʣʝʬʦʥʫ ʧʦʪʨʝʙʠʪʝʣʠ. ɿʘʱʠʪʘ ʈʕʉ ʨʘʙʦʪʘʝʪ ʩʝʣʝʢʪʠʚʥʦ, 

ʪ.ʝ. ʦʪʢʣʶʯʘʝʪ ʦʪʭʦʜʷʱʫʶ ʣʠʥʠʶ ʤʛʥʦʚʝʥʥʦ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʫʯʘʩʪʢʘ ʩʝʪʠ, ʧʨʠ ʵʪʦʤ ʥʝ 

ʜʠʘʛʥʦʩʪʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ ʩʝʪʠ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʟʚʦʜʠʪ ʦʧʝʨʘʪʠʚʥʳʝ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʝʪʠ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʠʟʘʮʠʠ [1,2]. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʧʦ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʈʕʉ ʛ. ɹʠʰʢʝʢ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʥʘʣʠʟʫ ʠ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʘʚʘʨʠʷʤ ʠ ʧʦʚʨʝʞʜʝʥʠʷʤ ʩʝʪʠ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʵʥʝʨʛʝʪʠʢʝ, 

ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʷ Smart Grid [3]. 
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ʋʤʥʳʝ ʩʝʪʠ (Smart Grid) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʫʶ ʢʦʥʮʝʧʮʠʶ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ, ʢʦʪʦʨʘʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʈʕʉ ʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚ, ʧʦʚʳʩʠʚ ʫʨʦʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ [1]. ʋʤʥʘʷ ʩʝʪʴ ʠʩʧʦʣʴʟʫʝʪ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʦ ʥʘʧʨʷʞʝʥʠʠ, ʪʦʢʝ ʠ cosű ʢʘʞʜʦʡ ʬʘʟʳ ʪʨʝʭʬʘʟʥʦʡ ʩʝʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʦʦʯʝʨʝʜʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʩʝʛʦʜʥʷʰʥʝʡ ʨʝʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʈʕʉ ʛ. ɹʠʰʢʝʢ ï ʧʝʨʝʭʦʜ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʝʪʷʤ, 

ʧʦʩʪʨʦʝʥʥʳʤ ʥʘ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʷʭ, ʮʝʣʴʶ ʠ ʟʘʜʘʯʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ (ʢʦʤʧʦʥʝʥʪʦʚ) Smart Grid ʟʘ ʨʫʙʝʞʦʤ. ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʫʤʥʳʭ ʩʝʪʷʭ, ʚʢʣʶʯʘʷ ʩʝʥʩʦʨʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʧʣʘʪʬʦʨʤʳ ʠ ʧʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʦʚ: 

ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʚʫʯʝʩʪʠ ʩʝʪʠ; ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʈʕʉ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ; ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʦʚ; ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʫʤʥʳʭ ʩʝʪʷʭ; ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ñʋʤʥʦʡ ʩʝʪʠò ʚ ʛ. ɹʠʰʢʝʢ ʨʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʥʘ ʧʨʠʤʝʨʝ ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [4]. ɻʣʘʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʩʪʨʘʥʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʦʧʦʣʦʛʠʡ ʩʝʪʝʡ. ʅʘ ʦʩʥʦʚʝ 

ʦʙʟʦʨʘ ʪʦʧʦʣʦʛʠʡ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʈʕʉ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʤʢʥʫʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩʝʪʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʪʝʡ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ [4]: 

 1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʣʴʮʘʤʠ ʚ ʈʕʉ ʧʦʚʳʰʘʝʪ 

ʙʘʟʦʚʫʶ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

 2. ɺʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʙʘʟʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʦʚ ʈʕʉ ʩ ʠʤʝʶʱʝʡʩʷ ʪʦʧʦʣʦʛʠʝʡ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʡ ʨʝʞʠʤʘ 

ʠʭ ʨʘʙʦʪʳ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

 3. ʈʕʉ ʩʝʛʦʜʥʷ ʩʦʜʝʨʞʘʪ ʚ ʦʩʥʦʚʥʦʤ ʪʦʢʦʚʳʝ ʠʟʤʝʨʝʥʠʷ, ʥʝʜʦʩʪʫʧʥʳʝ 

ʜʠʩʧʝʪʯʝʨʫ, ʠ ʦʩʪʘʶʪʩʷ ʥʝʥʘʙʣʶʜʘʝʤʳʤʠ. 

 4. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʈʕʉ ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʩʯʝʪ ʠʥʠʮʠʘʪʠʚʳ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. 

 5. ʇʦʚʳʰʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʈʕʉ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʩʝʪʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʮʠʠ Smart Grid ʚ ʈʕʉ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʦʟʤʦʞʥʘ ʟʘ ʩʯʝʪ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʨʝʜʩʪʚ ʩʚʷʟʠ. ʐʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʤʘʣʦʡ ʛʝʥʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʩʝʪʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʧʨʘʚʣʝʥʠʝ ʈʕʉ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʠ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʦʪʚʝʪʚʣʝʥʠʡ ʈʇʅ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʠ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʥʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʝ [4] ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʈʕʉ (ʨʠʩ 1). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 1 ʫʯʘʩʪʢʠ ʧʩʝʚʜʦ-ʢʦʣʴʮʝʚʦʡ ʩʝʪʠ ʨʘʙʦʪʘʶʪ ʚ ʨʘʜʠʘʣʴʥʦʤ ʨʝʞʠʤʝ, 

ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʢʦʣʴʮʝʚʦʡ ʨʝʞʠʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʟʘʤʳʢʘʷ ʪʦʯʢʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʨʳʚʘ (ʨʠʩ 2). 
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ʈʠʩ. 1. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ

 
ʈʠʩ. 2. ʗʯʝʡʢʘ ʠ ʩʪʨʫʢʪʫʨʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ 

ɺ ʨʘʙʦʪʝ [5] ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʈʕʉ. ʂʦʥʮʝʧʮʠʶ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʈʕʉ ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʝʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʘ (ʨʠʩ.3,ʙ), ʪʦʧʦʣʦʛʠʷ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʘʥʘ ʫʯʝʥʳʤʠ 

ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʝʪʠ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʱʘʜʠ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʥʘʛʨʫʟʦʢ.  

ɺ ʚʝʨʰʠʥʘʭ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ (ɻʈʕʉ) 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʫʟʣʳ ʥʘʛʨʫʟʢʠ (ʋʅ), ʠʤʝʶʱʠʝ ʪʨʠ ʣʫʯʘ (ʨʠʩ. 3,ʘ): ʧʠʪʘʶʱʠʡ, ʪʨʘʥʟʠʪʥʳʡ ʠ 

ʨʝʟʝʨʚʥʳʡ. ʇʨʝʜʣʦʞʝʥʘ ʪʠʧʦʚʘʷ ʩʭʝʤʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʋʅ ɻʈʕʉ (ʨʠʩ. 4). ʆʩʥʦʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʋʅ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ (ʀʄʋ). ʀʄʋ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʱʠʪʳ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʨ. 

 

 

 
ʈʠʩ. 3. ʇʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʠ ʫʟʣʦʚ ʥʘʛʨʫʟʢʠ 

ʉ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [5] ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʝʪʠ ʷʚʣʷʶʪʩʷ:  

1. ʇʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝʤ. 

2. ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ. 

3. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʦʪʝʨʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʈʕʉ. 

4. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝʪʠ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʧʦʵʪʘʧʥʦ. 
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ʈʠʩ. 4. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ (ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʧʫʥʢʪʘ ʈʇ 

20 ʢɺ) 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʈʕʉ ʚ ʛ. ɹʠʰʢʝʢ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʥʘʧʨʷʞʝʥʠʠ 10 ʢɺ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʝʪʴ ʠʩʧʦʣʴʟʫʝʪ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʥʘʜʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʩʪʘʥʜʘʨʪʫ ʄʕʂ 61850 [6]. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʄʕʂ 61850 ʦʪ 

ʜʨʫʛʠʭ ʩʪʘʥʜʘʨʪʦʚ ï ʚ ʥʸʤ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʚʦʧʨʦʩʳ ʬʦʨʤʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʠʷ ʩʭʝʤ 

ʧʦʜʩʪʘʥʮʠʠ, ʩʭʝʤ ʟʘʱʠʪʳ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʟʤʝʨʝʥʠʡ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚ. ɺ ʩʪʘʥʜʘʨʪʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʠʟʤʝʨʠʪʝʣʝʡ. 

ʋʤʥʘʷ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʚʥʝʜʨʷʝʪʩʷ ʚ ʈʕʉ ʛʦʨʦʜʘ ɹʠʰʢʝʢ, ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʝ [1] (ʨʠʩ.5). ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʷʪʘ ʪʠʧʦʚʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʦʭʦʜʥʦʡ ʊʇ 10,6/0,4ʢɺ ʩ 

ʜʚʫʤʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʠ ʯʝʪʳʨʴʤʷ ʦʪʭʦʜʷʱʠʤʠ ʢʘʙʝʣʴʥʳʤʠ ʣʠʥʠʷʤʠ 6 -10 ʢɺ, ʛʜʝ ʦʜʠʥ 

ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʠʪʘʶʱʝʡ ʣʠʥʠʝʡ 1. 

 

 
ʈʠʩ.5. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʉɸʈʕʉ 

ɿʘʢʣʶʯʝʥʠʝ. ɺʥʝʜʨʝʥʠʝ ʚ ʂʈ ʩʠʩʪʝʤʳ ʉɸʈʕʉ ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʫʤʥʳʝ ʩʯʝʪʯʠʢʠ, 

ʜʘʪʯʠʢʠ, ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʠʝʡ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʧʦʟʚʦʣʠʣʘ ʙʳ ʨʝʰʠʪʴ ʞʠʚʫʯʝʩʪʴ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʩʝʪʝʡ, ʢʦʪʦʨʘʷ ʜʠʘʛʥʦʩʪʠʨʫʝʪ ʩʝʪʴ, ʦʧʨʝʜʝʣʷʝʪ ʤʝʩʪʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʦʪʢʣʶʯʘʝʪ ʜʘʥʥʳʡ 

ʫʯʘʩʪʦʢ ʩʝʪʠ ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʝʨʩʦʥʘʣʘ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ.  
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conditions, level of economic development, energy consumption structure, degree of equipment 

wear and tear and energy efficiency as the main determinants of electricity demand.  
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ɺʚʝʜʝʥʠʝ: ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʢʠ ʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ. ɺ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, 

ʦʙʣʘʜʘʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʳʤ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʚʦʧʨʦʩʳ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟʘ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʝʪʠʢʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʪʨʘʥʳ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʦʚʝʥʴ ʠ ʜʠʥʘʤʠʢʫ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ, ʩ ʫʯʝʪʦʤ ʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ 

ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʪʨʘʥʝ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ, 

ʚʳʷʚʠʚ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʀʩʩʣʝʜʦʚʘʪʴ ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʠ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʧʦʪʨʝʙʣʝʥʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʈʘʩʩʤʦʪʨʝʪʴ ʨʦʣʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʥʠʞʝʥʠʠ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʥʦʟʳ ʨʘʟʚʠʪʠʷ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ: ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ, ʚʳʷʚʠʣ ʩʣʦʞʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ, ʩʪʨʫʢʪʫʨʦʡ ʧʦʪʨʝʙʣʝʥʠʷ, ʩʦʩʪʦʷʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʫʨʦʚʥʝʤ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʦʩʪ ʵʢʦʥʦʤʠʢʠ ʠ ʥʘʩʝʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʦʜʥʘʢʦ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʩʝʟʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʪʨʝʙʫʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 
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ʂʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ ʠ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ 

ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʶʱʠʭʩʷ ʬʘʢʪʦʨʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʫʜʫʱʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʧʦʪʝʥʮʠʘʣ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʝʝ ʪʦʯʥʳʭ 

ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʵʢʦʥʦʤʠʢʠ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʘʥʳ. 
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ʜʠʘʧʘʟʦʥʫʥʜʘʛʳ ʵʣʝʢʪʨʦʥʜʫʢ ʦʧʪʠʢʘʣʳʢ ʜʝʬʝʢʪʦʩʢʦʧʪʦʨ, ʞʳʣʫʫʣʫʢ ʢʘʤʝʨʘʣʘʨʳ ʞʘʥʘ 

ʞʦʛʦʨʢʫ ʯʝʯʠʣʠʰʪʝʛʠ ʢʘʤʝʨʘʣʘʨ ʤʝʥʝʥ ʢʝʣʝʯʝʢʪװװ ʦʧʪʠʢʘʣʳʢ ʙʘʰʢʘʨʫʫ ʳʢʤʘʣʘʨʳʥʘ ᴇʟʛᴇʯᴇ 

ʢᴇװשʣ ʙʫʨʫʣʘʪ.ʀʰ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʤʠʥʠʤʘʣʜʫʫ ʞʦʛʦʪʫʫʣʘʨ ʤʝʥʝʥ ʙʝʨװ װװʯװʥ ʵʣʝʢʪʨ 

ʤʝʥʝʥ ʞʘʙʜʫʫ ʪʘʨʤʘʢʪʘʨʳʥʳʥ ʘʙʘʣʳʥʳʥ ʤʘʘʥʠʣװװʣװʛװʥ ʙʘʘʣʘʡʪ.  

ɸʯʢʳʯ ʩϺʟʜϺʨ: ʘʙʘ ʵʣʝʢʪʨ ʯʫʙʘʣʛʳʣʘʨʳ, ʵʢʩʧʝʨʪʠʟʘ, ʢʦʤʧʣʝʢʩʪװװ ʜʠʘʛʥʦʩʪʠʢʘ, 

ʢʦʥʪʨʦʣʜʦʦ, ʩʘʧʘʪʪʘʨ. 

 

ʆɹɿʆʈ ʅʆɺʓʍ ʉʀʉʊɽʄ ʂʆʅʊʈʆʃʗ ʀ ɼʀɸɻʅʆʉʊʀʂʀ ʉʆʉʊʆʗʅʀʗ 

ɺʆɿɼʋʐʅʓʍ ʃʀʅʀʁ ʕʃɽʂʊʈʆʇɽʈɽɼɸʏ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʪʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʠ 

ʜʠʘʛʥʦʩʪʠʢʦʡ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʪʦʜʦʚ 

ʜʠʘʛʥʦʩʪʠʢʠ. ɸʚʪʦʨʘʤʠ ʨʘʩʢʨʳʚʘʶʪʩʷ ʪʝʢʫʱʠʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ 

ʣʠʥʠʡ, ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ɺʃ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ 

ʧʨʠʙʦʨʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʢʦʥʪʨʦʣʷ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʩʢʦʧʦʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, 

ʪʝʧʣʦʚʠʟʦʨʦʚ ʠ ʢʘʤʝʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʦʮʝʥʠʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʩʦʩʪʦʷʥʠʷ 

ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ. 

ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ɺʃ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʦʙʩʣʝʜʦʚʘʥʠʝ, ʢʦʤʧʣʝʢʩʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ, ʢʦʥʪʨʦʣʴ, ʢʘʯʝʩʪʚʦ. 
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Abstract. The article deals with an urgent topic related to the monitoring and diagnosis of 

overhead power lines using complex diagnostic methods. The authors reveal the current problems in 

the operation of overhead lines, describe the complex diagnostics of overhead lines using various 

devices and devices. Special attention is paid to promising optical control methods using electron-

optical ultraviolet flaw detectors, thermal imagers and high-resolution cameras. The paper evaluates 

the importance of the state of power supply networks for the transmission of electricity with 

minimal losses. A comparative analysis of existing overhead line monitoring de- vices is carried 

out.  

Keywords: overhead power lines, inspection, comprehensive diagnostics, control, quality. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʣʫʯʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʚʦʟʜʫʰʥʳʭ ʃʕʇ ʠ 

ʦʙ ʠʭ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʠʛʨʘʝʪ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʜʣʷ ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʎʝʣʴʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʝʥʠʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʧʨʠʚʷʟʘʥʥʳʭ ʜʘʥʥʳʭ, ʬʠʢʩʠʨʫʶʱʠʭ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤʘʪʠʚʥʦʡ 

ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ɺʃ), ʩʦʩʪʦʷʥʠʝ ʦʭʨʘʥʥʳʭ ʟʦʥ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʣʠʥʠʡ, ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʨʫʰʝʥʠʡ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʨʝʤʦʥʪʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ɺʃ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʨʫʙʦʯʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʦʚʳʭ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʠʥʠʡ, ʢʘʜʘʩʪʨʦʚʳʭ ʠ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʟʘʜʘʯ. ʉʧʝʢʪʨ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ɺʃ 

ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ. ʕʪʦ ʧʝʰʠʝ ʦʙʭʦʜʳ, 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʘʟʝʤʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʘʵʨʦʚʠʟʫʘʣʴʥʦʝ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʩ ʧʠʣʦʪʠʨʫʝʤʳʭ ʚʝʨʪʦʣʸʪʦʚ, ʘʵʨʦʬʦʪʦʩʲʸʤʢʘ ʠ ʚʦʟʜʫʰʥʦʝ ʣʘʟʝʨʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʧʠʣʦʪʠʨʫʝʤʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʢʦʩʤʠʯʝʩʢʘʷ ʩʲʸʤʢʘ. 

ʊʝʢʫʱʠʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʃ 

ʃʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʥʘʜʸʞʥʳʤʠ, ʪ.ʢ. ʚ ʧʨʦʮʝʩʩʝ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʩʪʦʷʥʠʝ ʧʨʦʚʦʜʦʚ ʫʭʫʜʰʘʝʪʩʷ ï ʪʝʨʷʝʪʩʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ.  

ʅʘ ʧʨʦʚʦʜʘʭ ɺʃ ʦʙʨʘʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʜʝʬʝʢʪʦʚ: 
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ʥʘʙʨʦʩ; - ʥʘʣʠʯʠʝ ʦʙʦʨʚʘʥʥʳʭ ʠʣʠ ʧʝʨʝʛʦʨʝʚʰʠʭ ʧʨʦʚʦʣʦʢ; - ʢʦʨʨʦʟʠʷ ʧʨʦʚʦʜʦʚ ʠ 

ʪʨʦʩʦʚ; 

-ʧʦʪʝʨʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʚʦʜʦʚ ʠ ʪʨʦʩʦʚ; - ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʦʚʦʜʦʚ ʠ ʪʨʦʩʦʚ ʫ 

ʟʘʞʠʤʦʚ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʨʘʩʧʦʨʦʢ; - ʧʝʨʝʛʨʝʚ ʧʨʦʚʦʜʘ; - ʥʘʣʠʯʠʝ ʧʝʨʝʛʠʙʦʚ ʧʨʦʚʦʜʘ; - 

ʜʝʬʝʢʪʳ ʩʚʘʨʢʠ; 

ʦʪʢʣʦʥʝʥʠʝ ʦʧʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʣʠʥʠʠ; - ʨʘʟʨʫʰʝʥʠʝ ʠʟʦʣʷʪʦʨʦʚ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ɺʃ 

ʂʦʤʧʣʝʢʩʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ɺʃ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ: 

- ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʦʨ;- 

ʢʦʥʪʨʦʣʴ ʚʥʝʰʥʝʡ ʠʟʦʣʷʮʠʠ ɺʃ; - ʠʟʤʝʨʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʪ ʧʨʦʚʦʜʦʚ 

(ʛʨʦʟʦʟʘʱʠʪʥʳʭ ʪʨʦʩʦʚ) ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚʜʦʣʴ ʪʨʘʩʩʳ ɺʃ; - ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ 

ʘʥʢʝʨʥʳʭ ʢʨʝʧʣʝʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ; -ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʠ 

ʞ/ʙ ʢʦʥʩʪʨʫʢʮʠʡ; - ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʦʪʪʷʞʝʢ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʧʦʨ; - ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ 

ʢʦʥʪʨʦʣʴ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʦʚ, ʘʨʤʘʪʫʨʳ ʠ ʠʟʦʣʷʮʠʠ ɺʃ; - ʤʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʚʦʜʦʚ ʜʣʷ ɺʃ, ʦʩʥʘʱʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʤʠ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʦʙʦʩʥʦʚʘʥʠʡ ʜʣʷ ɺʃ, ʢʦʪʦʨʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʨʘʙʦʪʘʶʪ ʩ ʥʘʛʨʫʟʢʦʡ ʙʣʠʟʢʦʡ ʢ ʜʣʠʪʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʡ; - ʢʦʥʪʨʦʣʴ ʧʨʦʷʚʣʝʥʠʡ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʨʦʙʦʷ; - ʠʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ. 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʟʘʟʝʤʣʝʥʠʷ ʦʧʦʨ ɺʃ 

ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʟʘʟʝʤʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʫʨʘ 

ʟʘʟʝʤʣʝʥʠʷ.   

ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʟʘʟʝʤʣʷʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ (ʇʋʕ ʛʣ. 1.8; ʇʊʕʕʇ ʧʨ.3; 3.1). 

ʆʙʲʝʢʪʘʤʠ ʠʩʧʳʪʘʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʶʪʩʷ: ʟʘʟʝʤʣʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʟʘʟʝʤʣʠʪʝʣʠ ʚ 

ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʦʜʠʥʦʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ) ʠ ʛʨʫʥʪ ʚ ʨʘʡʦʥʝ ʫʩʪʘʥʦʚʢʠ ʟʘʟʝʤʣʷʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʂʘʢ ʧʨʘʚʠʣʦ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʤʝʨʠʪʝʣʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʟʝʤʣʝʥʠʷ ʌ4103-ʄ1. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ɺʃ 

ʧʨʦʚʦʜʠʪʩʷ ʚʳʙʦʨʦʯʥʘʷ ʧʨʦʚʝʨʢʘ ʩʦ ʚʩʢʨʳʪʠʝʤ ʛʨʫʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʤʝʥʝʝ ʯʝʤ ʫ 2% ʦʧʦʨ 

ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʧʦʨ ʩ ʟʘʟʝʤʣʠʪʝʣʷʤʠ. ʇʨʦʚʝʨʢʫ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʥʘʩʝʣʝʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʥʘʠʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʤʠ ʚʳʜʫʚʘʝʤʳʤʠ ʠ ʧʣʦʭʦ ʧʨʦʚʦʜʷ- ʱʝʤʠ 

ʛʨʫʥʪʘʤʠ. ʇʨʦʚʝʨʢʘ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ɺʃ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʨʝʤʦʥʪʦʚ, ʥʦ ʥʝ ʨʝʞʝ 1 

ʨʘʟʘ ʚ 6 ʣʝʪ ʜʣʷ ɺʃ ʥʘʧʨʷʞʝʥʠʝʤ ʜʦ 1000 ɺ ʥʘ ʦʧʦʨʘʭ ʩ ʨʘʟʨʷʜʥʠʢʘʤʠ ʠ ʜʨʫʛʠʤ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʚʳʙʦʨʦʯʥʦ ʫ 2% ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ʥʘ 

ʫʯʘʩʪʢʘʭ ʚ ʥʘʩʝʣʝʥ- ʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʘʢʞʝ ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʨʝʤʦʥʪʘ ʟʘʟʝʤʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʩʣʝʜʦʚ 

ʧʝʨʝʢʨʳʪʠʷ ʠʟʦʣʷʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʦʡ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʨʠʙʦʨʘ ʌ-4301-ʄ1 ʦʩʥʦʚʘʥ ʥʘ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʷ.  

 

\ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

  

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ ʌ-4301-ʄ1 
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4. ʄʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʦʨ ʠ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʦʚ ʃʕʇ 

ɹʝʩʢʦʥʪʘʢʪʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʝ 

ʘʥʦʤʘʣʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʦʣʴʥʳʭ 

ʠ ʧʦʧʝʨʝʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚ ʟʦʥʘʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ 

ʥʘ ʫʯʘʩʪʢʘʭ ʧʨʝʜ ʨʘʟʨʫʰʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʘ. 

  ʎʝʣʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠ ʩʣʝʞʝʥʠʝ 

(ʤʦʥʠʪʦʨʠʥʛ) ʟʘ ʘʥʦʤʘʣʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʥʦʣʷ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʜʝʬʝʢʪʘʤʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, 

ʤʝʪʘʣʣʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʱʝʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʦʨ. ʇʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʳʷʚʣʷʝʤʦʩʪʴ ʜʝʬʝʢʪʦʚ. ʄʝʪʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʨʝʛʠʩʪʨʘʮʠʶ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʧʦʟʚʦʣʷʝʪ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʟʘʨʦʞʜʘʶʱʠʝʩʷ ʠ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʜʝʬʝʢʪʳ ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ. 

          ʄʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʦʥʪʨʦʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʦʨ 

ʧʨʠ ʠʭ ʩʦʦʨʫʞʝʥʠʠ, ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʷʭ (ʤʦʥʠʪʦʨʠʥʛʝ), ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʲʝʤʦʚ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʫʶʪʩʷ 

ʧʨʠʙʦʨʳ ʤʘʛʥʠʪʦʤʝʪʨʳ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʘʥʦʤʘʣʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʜʝʬʝʢʪʘʤʠ ʤʝʪʘʣʣʘ. 

5. ʉʠʩʪʝʤʘ çʩʤʘʨʪ-ʧʨʦʚʦʜè 

 çʉʤʘʨʪ-ʧʨʦʚʦʜè ð ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ɺʃʕʇ). ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʥʘ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʳʚʘʝʪ ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʧʨʦʣʝʪʘ ɺʃʕʇ. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʦʚʦʜʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʣʠʥʠʠ ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ.  

  ʇʦ ʩʣʦʚʘʤ ʘʚʪʦʨʦʚ, çʉʤʘʨʪ-ʧʨʦʚʦʜè ʫʤʝʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʦʧʝʨʘʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʴ 

ʥʘ ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʣʴʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʩʪʘʭ ʦʙʨʳʚʘ ʠʣʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʜʥʦʬʘʟʥʦʛʦ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʠʥʬʦʨʤʠʨʫʝʪ ʦ ʩʦʩʪʦʷʥʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʚ 

ʢʘʞʜʦʤ ʧʨʦʣʝʪʝ ʠ ʥʘ ʢʘʞʜʦʡ ʬʘʟʝ, ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʨʘʩʢʘʯʠʚʘʥʠʷ ʧʨʦʚʦʜʦʚ, ʥʘʭʦʜʠʪ 

ʧʨʦʣʝʪʳ ʩ ʥʘʣʠʧʘʥʠʝʤ ʩʥʝʛʘ ʠ ʛʦʣʦʣʝʜʘ, ʚʳʷʚʣʷʝʪ ʤʝʩʪʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʨʦʚʦʜʘ, ʠʟʤʝʨʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʪ.ʜ. 

ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʧʩʫʣʫ ʩ ʜʘʪʯʠʢʘʤʠ, ʢʦʪʦʨʫʶ ʤʦʥʪʠʨʫʶʪ ʧʨʷʤʦ ʥʘ 

ʧʨʦʚʦʜ (ʨʠʩ. 3), ʠ ʦʥʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʳʚʘʝʪ ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ 

ʩʦʩʪʦʷʥʠʷ ʧʨʦʣʝʪʘ ɺʃʕʇ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʂʘʧʩʫʣʘ ʩ ʜʘʪʯʠʢʘʤʠ 

 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ ʠ ʩʝʨʚʝʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. 

ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʠ ʥʘ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʩʦʢʨʘʱʘʝʪ 

ʠʟʜʝʨʞʢʠ ʥʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʦʚʳʰʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʄʦʥʠʪʦʨʠʥʛ ʃʕʇ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ ʚ ʛʨʦʟʦʟʘʱʠʪʥʦʤ ʪʨʦʩʝ ʠʣʠ ʬʘʟʥʦʤ 

ʧʨʦʚʦʜʝ 
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ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʥʦ 

ʠ ʢʘʢ ʧʨʦʪʷʞʝʥʥʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʣʘʟʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʢʦʪʦʨʳʝ 

ʧʦʩʳʣʘʶʪ ʠʤʧʫʣʴʩʳ ʚ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʚʦʟʜʝʡʩʪʚʠʡ ʚʜʦʣʴ ʚʩʝʡ ʣʠʥʠʠ. 

ʊʠʧʳ ʧʨʠʙʦʨʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ: 

- DTS (Distributed Temperature Sensing) ï ʩʠʩʪʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʩʝʷʥʠʠ ʈʘʤʘʥʘ ʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʚʝʣʠʯʠʥʳ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɹʣʦʢ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʦ ʚʝʣʠʯʠʥʝ ʨʘʩʩʝʷʥʠʷ ʧʦ ʜʣʠʥʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. ʇʨʠ ʵʪʦʤ ʩʘʤʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦ 

ʩʫʪʠ ʪʳʩʷʯʠ ʪʦʯʝʯʥʳʭ ʜʘʪʯʠʢʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʩʧʦʨʠʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʪ.ʝ. ʯʝʤ ʪʦʯʥʝʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʝʤ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪʩʷ ʠ ʥʘʦʙʦʨʦʪ, ʝʩʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ, ʪʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʥʘ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ 

ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ: 

- ʆʂʉʅ ï ʩʘʤʦʥʝʩʫʱʠʡ ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ (ʨʠʩ. 3). ʅʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʣʠʥʠʠ. ʉʣʫʞʠʪ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʘ ʚʦʣʦʢʦʥʥʦ- 

ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ (ɺʆʃʉ). ʇʦʜʚʝʩ ʆʂʉʅ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ ʥʘ 

ʦʧʦʨʳ, ʢʨʦʤʝ ʪʦʛʦ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʥʘ ʣʠʥʠʷʭ 110 ʢɺ ʠ ʚʳʰʝ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʢʠʥʛʦʚʳʭ ʨʘʟʨʷʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʢʘʙʝʣʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʝʝ 

ʜʝʛʨʘʜʘʮʠʠ.  ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʆʂʉʅ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʳʭʦʜʠʪ ʠʟ 

ʩʪʨʦʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʢʘʙʝʣʝʡ; 

ʈʠʩ. 3. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʆʂʉʅ 

 

ʆʂɻʊ ï ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ, ʚʩʪʨʦʝʥʥʳʡ ʚ 

ʛʨʦʟʦʟʘʱʠʪʥʳʡ ʪʨʦʩ (ʨʠʩ. 4). ʉʘʤ ʛʨʦʟʦʟʘʱʠʪʥʳʡ 

ʪʨʦʩ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ɺʃ 

ʥʘʧʨʷʞʝʥʠʝʤ ʦʪ 35 ʢɺ ʠ ʧʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʫʢʪʦʤ ç2 ʚ 1è: ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʫʜʘʨʳ ʤʦʣʥʠʠ 

ʚ ʧʨʦʚʦʜʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʢʘʥʘʣʦʤ ʩʚʷʟʠ. ʅʝ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʦʧʦʨʳ, ʠʩʢʣʶʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʤʦʥʪʘʞ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. ɹʫʜʫʯʠ 

ʧʦʜʚʝʰʝʥʥʳʤ ʚ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʪʦʯʢʝ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʨʝʰʝʥʠʝʤ. ʉʨʦʢ ʩʣʫʞʙʳ 

ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʆʂʉʅ (50 ʣʝʪ). ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ 2018 ʛʦʜʫ ʧʨʦʠʟʦʰʝʣ ʨʝʟʢʠʡ ʨʦʩʪ 

ʮʝʥ ʥʘ ʘʨʘʤʠʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʆʂʉʅ, ʧʨʠʤʝʥʝʥʠʝ ʆʂɻʊ ʥʘ ɺʃ ʩʪʘʣʦ ʝʱʝ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ; 

 

ʈʠʩ. 4. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʆʂɻʊ 

 

ʆʂʌʇ ï ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ, ʚʩʪʨʦʝʥʥʳʡ 

ʚ ʬʘʟʥʳʡ ʧʨʦʚʦʜ (ʨʠʩ. 5). ʌʘʟʥʳʝ ʧʨʦʚʦʜʘ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ɺʃ, ʥʦ ʆʂʌʇ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. ʆʂʌʇ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʨʝʟʝʨʚʥʳʡ ʢʘʥʘʣ ʩʚʷʟʠ ʪʘʤ, ʛʜʝ ʫʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʆʂɻʊ ʠʣʠ ʆʂʉʅ,  ʘ  ʪʘʢʞʝ  ʥʘ  ʙʦʣʴʰʠʭ  ʩʧʝʮ- ʧʝʨʝʭʦʜʘʭ, ʛʜʝ ʧʨʠʤʝʥʝʥʠʝ ʆʂʉʅ ʠʣʠ ʆʂɻʊ 

ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʆʩʥʦʚʥʳʤʠ ʩʜʝʨʞʠʚʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʆʂʌʇ 

ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʧʳʪʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʤʦʥʪʘʞʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ, ʥʘʧʨʠʤʝʨ, ʚ ʵʥʝʨʛʝʪʠʢʝ ʂʠʪʘʷ ʆʂʌʇ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʤʥʦʛʦ ʰʠʨʝ. 
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ʈʠʩ. 5. ʋʩʣʦʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ɺʃ 

 

ɺʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʜʚʫʭ ʪʠʧʦʚ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ: 

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʝ (ʇ). ʉʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʜʘʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʜʣʷ ʝʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ; 

ʦʙʩʣʫʞʠʚʘʶʱʠʝ (ʆ). ʉʠʩʪʝʤʘ ʣʦʢʘʣʠʟʫʝʪ ʤʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ, 

ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʚʨʝʤʝʥʥʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʎʝʣʴ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʣʘʚʢʝ ʛʦʣʦʣʝʜʘ ʥʘ ʛʨʦʟʦʟʘʱʠʪʥʦʤ ʪʨʦʩʝ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʢʘʪʴ, ʧʝʨʝʛʨʝʚ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. ɼʣʷ ʵʪʦʛʦ ʩʠʩʪʝʤʘ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʦʪʢʣʶʯʘʝʪ ʪʦʢ ʧʣʘʚʢʠ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʳʥʢʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʠʩʧʦʣʥʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ. 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʥʦʛʦ ʧʨʦʚʦʜʘ ʘʢʪʫʘʣʝʥ ʥʘ ɺʃ, ʛʜʝ ʟʘʯʘʩʪʫʶ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʠʚʘʪʴ ʧʝʨʝʜʘʚʘʝʤʫʶ ʤʦʱʥʦʩʪʴ ʠ ʪʦʢʦʚʫʶ ʥʘʛʨʫʟʢʫ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʠ ʟʘʜʘʥʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʨʝʩʫʨʩʦʚ ɺʃ, ʥʝ 

ʜʦʧʫʩʢʘʷ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʩʦʙʣʶʜʘʷ ʪʨʝʙʫʝʤʳʝ ʛʘʙʘʨʠʪʳ 

ʧʨʦʚʦʜʦʚ ʜʦ ʧʝʨʝʩʝʯʝʥʠʡ (ɺʃ, ʞ/ʜ, ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ). ʉʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʪʦʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʩʠʣʦʚʳʭ ʢʘʙʝʣʝʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ. 

 ɼʣʷ ʵʪʦʛʦ ʚ ʙʨʦʥʶ ʩʠʣʦʚʦʛʦ ʢʘʙʝʣʷ ʚʤʝʩʪʦ ʦʜʥʦʡ ʠʟ ʧʨʦʚʦʣʦʢ ʧʦʤʝʱʘʝʪʩʷ ʩʪʘʣʴʥʦʡ 

ʦʧʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʩ ʚʦʣʦʢʥʦʤ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ. ɸʥʘʣʦʛʠʯʥʦ ʜʘʥʥʫʶ 

ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʜʣʷ ʚʦʟʜʫʰʥʳʭ ɺʃ ʠ ʬʘʟʥʳʭ ʧʨʦʚʦʜʦʚ, ʛʜʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 3, ʩʪʘʣʴʥʦʡ ʤʦʜʫʣʴ ʩ ʚʦʣʦʢʥʦʤ ʪʘʢʞʝ ʟʘʤʝʥʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʧʨʦʚʦʣʦʢ. ʇʨʠ ʵʪʦʤ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʂʌʇ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʬʘʟʥʦʛʦ ʧʨʦʚʦʜʘ ʙʝʟ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. 

ʂʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʪʦʨʦʚ ʥʘ ɺʃ ʚʦʟʤʦʞʝʥ ʧʨʠ ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, 

ʚʩʪʨʦʝʥʥʦʛʦ ʢʘʢ ʚ ʛʨʦʟʦʟʘʱʠʪʥʳʡ ʪʨʦʩ, ʪʘʢ ʠ ʚ ʬʘʟʥʳʡ ʧʨʦʚʦʜ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʩʪʝʤʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʢʦʛʜʘ ʚʦʣʦʢʥʦ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ 

ʤʠʢʨʦʬʦʥ, çʩʣʳʰʠʪè ʭʘʨʘʢʪʝʨʥʳʡ ʪʨʝʩʢ ʥʝʠʩʧʨʘʚʥʳʭ ʠʟʦʣʷʪʦʨʦʚ, ʪʨʝʙʫʶʱʠʭ ʟʘʤʝʥʳ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʥʫʞʜʘʝʪʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʨʘʙʘʪʳʚʘʝʪʩʷ ʚʦʧʨʦʩ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ- ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʧʦ ʜʘʥʥʦʡ 

ʪʝʤʘʪʠʢʝ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʤʝʩʪʘ ʫʜʘʨʘ ʤʦʣʥʠʠ ʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʥʘ ɺʃ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ʂʘʞʜʦʝ ʘʚʘʨʠʡʥʦʝ ʩʦʙʳʪʠʝ ʪʨʝʙʫʝʪ ʚʠʟʫʘʣʴʥʦʛʦ 

ʦʩʤʦʪʨʘ ʤʝʩʪʘ ʚʦʟʤʦʞʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. ʀʤʝʶʱʠʝʩʷ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʣʦʢʘʣʠʟʦʚʘʪʴ ʩʦʙʳʪʠʝ ʥʘ ɺʃ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʚʘʨʠʡʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʙʨʠʛʘʜʳ ʪʨʘʪʷʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʥʘ ʦʙʩʣʝʜʦʚʘʥʠʝ ɺʃ. 

ɿʘʯʘʩʪʫʶ ʜʦʩʪʫʧ ʢ ʣʠʥʠʠ ʟʘʪʨʫʜʥʝʥ ʙʦʣʦʪʘʤʠ, ʣʝʩʘʤʠ ʠ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʙʳʩʪʨʦ 

ʦʙʥʘʨʫʞʠʪʴ, ʚ ʢʘʢʦʝ ʤʝʩʪʦ ʛʨʦʟʦʟʘʱʠʪʥʦʛʦ ʪʨʦʩʘ ʧʨʦʠʟʦʰʝʣ ʫʜʘʨ ʤʦʣʥʠʠ ʠʣʠ ʛʜʝ ʧʨʦʠʟʦʰʣʦ 

ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ. 

ʉʠʩʪʝʤʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦ ʆʂɻʊ ʧʦʟʚʦʣʷʶʪ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʟʚʫʢʦʚʳʤ 

ʩʦʙʳʪʠʷʤ ʜʦʩʪʦʚʝʨʥʦ ʣʦʢʘʣʠʟʦʚʘʪʴ ʤʝʩʪʦ ʫʜʘʨʘ ʤʦʣʥʠʠ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʂɿ, ʚʧʣʦʪʴ ʜʦ 
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ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʨʘʙʦʪʳ ʙʨʠʛʘʜ, 

ʧʦʟʚʦʣʷʷ ʙʳʩʪʨʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 

ʦʪʢʘʣʠʙʨʦʚʘʪʴ ʠ ʥʘʩʪʨʦʠʪʴ ʩʠʩʪʝʤʳ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚʙʣʠʟʠ ɺʃ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ ʚ ʦʭʨʘʥʥʦʡ ʟʦʥʝ. ʉʠʩʪʝʤʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʢʘʢ ʧʦ ʆʂɻʊ, ʪʘʢ ʠ ʧʦ ʆʂʌʇ, çʩʣʳʰʘè ʧʦʜʲʝʟʜ ʪʝʭʥʠʢʠ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʧʦʨʳ, 

ʚʳʩʪʨʝʣʳ ʠʟ ʨʫʞʴʷ ʠ ʪ.ʧ. ʩʦʙʳʪʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʦʟʤʦʞʝʥ ʦʧʝʨʘʪʠʚʥʳʡ ʚʳʝʟʜ ʙʨʠʛʘʜʳ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ɺʃ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘ ʪʘʢʞʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʂʦʥʪʨʦʣʴ ʥʘʯʘʣʘ ʛʦʣʦʣʝʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʤʦʞʝʥ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʣʦʢʥʘ. ɼʣʷ ʵʪʦʛʦ ʚ ʆʂɻʊ ʠʣʠ ʆʂʌʇ ʦʜʥʦ ʠʟ 

ʚʦʣʦʢʦʥ ʧʦʤʝʱʘʶʪ ʚ ʧʨʝʜʥʘʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʣʦʢʥʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʩʚʷʟʠ, ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʩʪʘʣʴʥʦʡ ʤʦʜʫʣʴ ʩ ʥʝʙʦʣʴʰʦʡ ʠʟʙʳʪʦʯʥʦʡ ʜʣʠʥʦʡ. ɼʝʣʘʝʪʩʷ ʵʪʦ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʘʛʨʫʟʦʢ ʥʘ ʛʨʦʟʦʪʨʦʩ ʠʣʠ ʬʘʟʥʳʡ ʧʨʦʚʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʴʜʘ ʠʣʠ ʚʝʪʨʘ, ʚʦʣʦʢʥʦ ʥʝ ʧʦʜʚʝʨʛʘʣʦʩʴ ʫʜʣʠʥʝʥʠʶ. ʇʨʝʜʥʘʪʷʥʫʪʦʝ ʚʦʣʦʢʥʦ 

ʧʨʠ ʣʶʙʦʤ ʠʟʤʝʥʝʥʠʠ ʥʘʛʨʫʟʢʠ ʩʨʘʟʫ ʞʝ ʥʘʯʠʥʘʝʪ ʫʜʣʠʥʷʪʴʩʷ, ʯʪʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʬʠʢʩʠʨʫʝʪ 

ʩʠʩʪʝʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʫʜʣʠʥʝʥʠʝ ʆʂɻʊ ʠʣʠ ʆʂʌʇ ʧʨʠ 

ʛʦʣʦʣʝʜʦʦʙʨʘʟʦʚʘʥʠʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʳ, 

ʥʘʧʨʠʤʝʨ, ʧʣʘʚʢʘ ʛʦʣʦʣʝʜʘ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɹɸʉ) ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʦʟʜʫʰʥʳʭ ʃʕʇ 

ʄʦʥʠʪʦʨʠʥʛ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɹɸʉ) ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʦʝ, ʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʅʘ ʫʯʘʩʪʢʘʭ 

ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʦʙʩʣʝʜʦʚʘʥʠʝ ʥʘʟʝʤʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʤʦʞʝʪ ʟʘʪʷʥʫʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʠʣʠ ʜʘʞʝ ʥʝʜʝʣʴ, ʘ ʩ ʧʦʤʦʱʴʶ ɹɸʉ ï ʟʘʡʤʝʪ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. 

 ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʨʘʙʦʪ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ 

ʩʠʩʪʝʤ: 

ʧʣʘʥʦʚʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ï ʦʙʣʝʪ, ʥʘʙʣʶʜʝʥʠʝ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʃʕʇ ʥʘ ʤʘʣʳʭ ʠ 

ʩʨʝʜʥʠʭ ʚʳʩʦʪʘʭ, ʠʥʩʧʝʢʮʠʷ ʩʦʩʪʦʷʥʠʷ ʃʕʇ ʠ ʠʭ ʦʭʨʘʥʥʳʭ ʟʦʥ, ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʠ 

ʥʘʨʫʰʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ (ʚ ʧʣʘʥʝ ʠ ʧʦ ʚʳʩʦʪʝ) ʛʘʙʘʨʠʪʦʚ 

ʧʨʦʩʝʢʠ ʠ ʧʨʦʚʦʜʦʚ; 

ʘʚʘʨʠʡʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ï ʦʙʣʝʪ ʃʕʇ ʥʘ ʩʨʝʜʥʠʭ ʚʳʩʦʪʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʝʦʫʩʣʦʚʠʷʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʚʩʧʳʰʢʠ ʠʣʠ ʪʝʧʣʦʚʠʟʦʨʘ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ; 

ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ï ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʢʘʜʘʩʪʨʦʚʳʭ ʧʣʘʥʦʚ, ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ ʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʃʕʇ. 

      ʄʦʥʠʪʦʨʠʥʛ ʃʕʇ ʩ ʧʦʤʦʱʴʶ ɹɸʉ ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʣʝʪ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʠ ʙʝʟ ʵʢʠʧʘʞʘ ʥʘ ʙʦʨʪʫ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ: ʚʦʟʤʦʞʥʦʩʪʴ ʩʲʝʤʢʠ ʚ ʩʣʦʞʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ ʠ ʧʦʣʫʯʝʥʠʝ ʧʦʣʥʦʡ ʠ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪ.ʝ. ʃʕʇ ʦʙʩʣʝʜʫʝʪʩʷ ʥʘ ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʩʲʝʤʢʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ (ʨʠʩ. 6), ʘ ʧʦʣʫʯʝʥʥʳʝ ʩʥʠʤʢʠ ʠʤʝʶʪ ʚʳʩʦʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ. 
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ʈʠʩ.6. ʉʭʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʃʕʇ ʩ ʧʦʤʦʱʴʶ ɹɸʉ ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ 

 

ʎʠʬʨʦʚʳʝ ʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ɹɸʉ, ʧʦʟʚʦʣʷʶʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ: 

- ʜʝʬʝʢʪʳ ʦʧʦʨ ï ʦʪʩʫʪʩʪʚʠʝ, ʦʪʨʳʚ, ʜʝʬʦʨʤʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨ; 

- ʨʘʟʨʫʰʝʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʠ ʜʝʬʦʨʤʘʮʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ; ʦʪʢʣʦʥʝʥʠʝ 

ʦʧʦʨ ʦʪ ʚʝʨʪʠʢʘʣʠ; - ʨʘʟʚʦʨʦʪ, ʜʝʬʦʨʤʘʮʠʷ ʪʨʘʚʝʨʩʦʚ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨʘʭ; ʦʪʩʫʪʩʪʚʠʝ 

ʥʘʪʷʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʪʷʞʝʢ ʠ ʪʨʦʩʦʚʳʭ ʨʘʩʪʷʞʝʢ; ʧʘʜʝʥʠʝ, ʧʦʚʨʝʞʜʝʥʠʝ ʦʧʦʨ; 

- ʜʝʬʝʢʪʳ ʧʨʦʚʦʜʦʚ, ʣʠʥʝʡʥʦʡ ʠ ʩʮʝʧʥʦʡ ʘʨʤʘʪʫʨʳ, ʨʘʟʨʫʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʩʪʝʢʣʷʥʥʳʭ ʠ ʬʘʨʬʦʨʦʚʳʭ ʠʟʦʣʷʪʦʨʦʚ; - ʦʪʩʫʪʩʪʚʠʝ ʛʘʩʠʪʝʣʝʡ ʚʠʙʨʘʮʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʛʨʫʟʦʚ, 

ʧʦʪʝʨʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʝʩʫʱʝʛʦ ʪʨʦʩʠʢʘ, ʩʤʝʱʝʥʠʝ ʚʠʙʨʦʛʘʩʠʪʝʣʝʡ ʚʜʦʣʴ ʧʨʦʚʦʜʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ; - ʦʪʩʫʪʩʪʚʠʝ ʠ ʥʝʧʨʘʚʠʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʩʦʝʜʠʥʠʪʝʣʝʡ ʧʨʦʚʦʜʦʚ; 

- ʠʟʣʦʤʳ, ʦʪʨʳʚʳ ʣʫʯʝʡ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʨʘʩʧʦʨʦʢ ʤʝʞʜʫ ʧʨʦʚʦʜʘʤʠ 

ʨʘʩʱʝʧʣʝʥʥʦʡ ʬʘʟʳ; ʦʙʨʳʚ ʧʨʦʚʦʜʦʚ. - ʜʝʬʝʢʪʳ ʥʘ ʪʨʘʩʩʝ ï ʥʘʣʠʯʠʝ ʦʧʘʩʥʦʡ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʃʕʇ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; - ʥʘʣʠʯʠʝ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʦʭʨʘʥʥʦʡ ʟʦʥʝ; 

- ʥʘʣʠʯʠʝ ʩʪʨʦʝʥʠʡ ʠ ʧʨʦʯʠʭ ʦʙʲʝʢʪʦʚ ʚ ʦʭʨʘʥʥʦʡ ʟʦʥʝ; - ʧʝʨʝʩʝʯʝʥʠʝ ʩ 

ʧʨʠʨʦʜʥʳʤʠ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ; ʦʧʘʩʥʳʝ ʷʚʣʝʥʠʷ (ʧʨʦʩʝʜʘʥʠʝ ʛʨʫʥʪʘ, 

ʧʦʜʪʦʧʣʝʥʠʝ ʠ ʜʨ.). 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʨʠ ʠʭ ʦʙʩʣʝʜʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ɹɸʉ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʢʨʦʤʝ 

ʮʠʬʨʦʚʳʭ ʢʘʤʝʨ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʨʫʛʠʝ 

ʪʠʧʳ ʠʟʤʝʨʠʪʝʣʴ- ʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʩʥʠʤʢʠ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ (ʀʂ) ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ (ʋʌ) ʜʠʘʧʘʟʦʥʘʭ, 

ʣʠʙʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʳʭ ʦʪʨʘʞʝʥʠʡ. 

ʇʨʠ ʀʂ ʩʲʝʤʢʝ ʃʕʇ ʪʝʧʣʦʚʠʟʦʨʦʤ ʧʦʣʫʯʘʝʤʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (0,1-0,3 K), ʥʦ ʥʝʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ  (640ʭ480  ʧʠʢʩʝʣʝʡ) (ʨʠʩ. 7). 

 

ʈʠʩ. 7. ʇʨʠʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʀʂ ʩʲʝʤʢʝ ʪʝʧʣʦʚʠʟʦʨʦʤ: ʩ ʟʝʤʣʠ 

(ʩʣʝʚʘ), ʩ ɹɸʉ ʇʪʝʨʦ G0 (ʩʧʨʘʚʘ) 

 

ʇʦʵʪʦʤʫ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʚʳʩʦʪʝ ʧʦʣʝʪʘ 200 ʤ ʩ ʧʦʤʦʱʴʶ 

ʪʝʧʣʦʚʠʟʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ɹɸʉ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ, ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʪʘʢʠʝ ʥʘʨʫʰʝʥʠʷ, 

ʢʘʢ ʧʦʜʪʦʧʣʝʥʠʝ ʚ ʦʭʨʘʥʥʳʭ ʟʦʥʘʭ, ʨʘʟʨʫʰʝʥʠʝ ʦʧʦʨ, ʥʘʛʨʝʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ (ʦʢʦʣʦ 1 

ʤ
2
), ʥʘ ʧʨʠʤʝʨ, ʧʝʨʝʛʨʝʚ ʢʨʫʧʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʧʦʞʘʨʳ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʨʫʰʝʥʠʡ 

ʥʘ ʧʣʦʱʘʜʠ ʤʝʥʝʝ 1 ʤ
2
 ʨʘʟʨʝʰʝʥʠʷ ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉʲʝʤʢʘ ʵʣʝʤʝʥʪʦʚ 

ʃʕʇ ʧʨʠ ʧʦʤʦʱʠ ʪʝʧʣʦʚʠʟʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ɹɸʉ ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ, ʦʧʪʠʤʘʣʴʥʘ, 

ʝʩʣʠ ʝʝ ʥʝʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʥʘʟʝʤʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
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ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʥʠʪʦʨʠʥʛ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʭʦʜʦʚ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʳʭ ʠ ʪʦʯʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʩʝʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ 

ʪʨʘʩʩʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʟʜʫʰʥʳʭ ʵʣʝʢʪʨʦʩʝʪʝʡ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʚ ʈʦʩʩʠʠ, ʧʦʩʢʦʣʴʢʫ, ʚʦ-ʧʝʨʚʳʭ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʦʩʣʘ ʩʪʦʠʤʦʩʪʴ ʫʱʝʨʙʘ ʧʨʠ ʢʨʫʧʥʳʭ ʘʚʘʨʠʷʭ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʚ ʩʚʷʟʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤ ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʠʟʥʦʩʘ, ʢʘʢ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ 

ʠ ʧʨʦʚʦʜʥʳʭ ʣʠʥʠʡ. 
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ʚʩʪʨʘʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ 
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ʧʝʨʝʜʘʯʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʘʮʠʦʥʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ 

ʂʳʨʛʳʟʩʪʘʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʘʱʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʤʠ ʠ ʘʚʘʨʠʡʥʳʤʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʱʥʳʝ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. 
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Abstract:   In the advanced countries of the world, intelligent networks are being developed, 

which are considered the basis for the modernization and innovative development of the electric 

power industry. The latest technologies used in networks, based on the adaptation of equipment 

characteristics depending on the operating situation, active interaction with generation and 

consumers make it possible to create an effectively functioning system, into which modern 

information and diagnostic systems are built in, as well as automation systems for managing all 

elements involved in the processes of production, transmission, distribution and consumption of 

electric power. The national electric networks of Kyrgyzstan are currently equipped with modern 

automation systems for managing normal and emergency operating modes, and powerful computer 

tools are used to manage and assess the state of operating modes. 

Key words: electrical networks, innovative development of electric power industry, digital 

substations. 

  

ɺʚʝʜʝʥʠʝ. ʆɸʆ çʅʘʮʠʦʥʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʂʳʨʛʳʟʩʪʘʥʘè ʙʳʣʦ ʦʙʨʘʟʦʚʘʥʦ 25 
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ʆɸʆ çʅʘʮʠʦʥʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʂʳʨʛʳʟʩʪʘʥʘè ï ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʢʦʤʧʘʥʠʝʡ, ʢʦʪʦʨʘʷ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʚʳʨʘʙʦʪʘʥʥʫʶ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ, ʧʦ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʩʝʪʷʤ ʧʦ ʚʩʝʡ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʜʦ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʠ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʜʦ 2022 ʛ. ʊʘʢʞʝ 

ʆɸʆ çʅʘʮʠʦʥʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʂʳʨʛʳʟʩʪʘʥʘè ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʥʳʤ ʦʧʝʨʘʪʦʨʦʤ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʦʧʝʨʘʪʠʚʥʦ-ʜʠʩʧʝʪʯʝʨʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ ʂʳʨʛʳʟʩʪʘʥʘ [2]. 

ɿʘʜʘʯʘ ʆɸʆ çʅʘʮʠʦʥʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʂʳʨʛʳʟʩʪʘʥʘè ï ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʥʘʧʨʷʞʝʥʠʝʤ 110 ʢɺ, 220 ʢɺ 

ʠ 500 ʢɺ ʜʣʷ ʩʫʙʲʝʢʪʦʚ ʨʳʥʢʘ, ʦʧʝʨʘʪʠʚʥʦ-ʜʠʩʧʝʪʯʝʨʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʴʶ ʠ ʨʝʞʠʤʘʤʠ 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʚʥʫʪʨʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʧʝʨʝʪʦʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʤʦʱʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʙʘʣʘʥʩʝ ʆɸʆ çʅʘʮʠʦʥʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʂʳʨʛʳʟʩʪʘʥʘè 

ʥʘʭʦʜʷʪʩʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ, ʚʢʣʶʯʘʶʱʠʝ: ʚʦʟʜʫʰʥʳʝ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝʥʠʝʤ 110 ʢɺ, 220 ʢɺ ʠ 500 ʢɺ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 7641 ʢʤ; 

ʧʦʜʩʪʘʥʮʠʠ ʥʘʧʨʷʞʝʥʠʝʤ 110 ï 500 ʢɺ ʚ ʢʦʣʠʯʝʩʪʚʝ 199 ʝʜʠʥʠʮ, ʚ ʪ.ʯ. ʧʦʜʩʪʘʥʮʠʠ 

ʥʘʧʨʷʞʝʥʠʝʤ 110 ʢɺ ï 181, ʧʦʜʩʪʘʥʮʠʠ ʥʘʧʨʷʞʝʥʠʝʤ 220 ʢɺ ï 14 ʠ ʧʦʜʩʪʘʥʮʠʠ ʥʘʧʨʷʞʝʥʠʝʤ 

500 ʢɺ ï 4; ʙʦʣʝʝ 70 ʪʳʩ. ʢʤ  ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 10-0,4 ʢɺ, 518 ʝʜʠʥʠʮ  ʧʦʜʩʪʘʥʮʠʡ 35 

ʢɺ ʠ ʚʳʰʝ. 

ʆɸʆ çʅʘʮʠʦʥʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʂʳʨʛʳʟʩʪʘʥʘè ʠʤʝʣʘ 7 ʬʠʣʠʘʣʦʚ ï 

ʧʨʝʜʧʨʠʷʪʠʡ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ  ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʧʦ ʚʩʝʤ ʨʝʛʠʦʥʘʤ ʠ ʛ.ɹʠʰʢʝʢ (ʇɺʕʉ).  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʫʶ ʚʩʪʨʘʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʝʨʝʜʘʯʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʂ ʆɸʆ çʅʕʉ ʂʳʨʛʳʟʩʪʘʥʘè ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʬʦʨʤ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʝʛʦ 

ʩʦʩʪʘʚ ʨʘʩʧʨʝʜʢʦʤʧʘʥʠʡ ʆɸʆ çʉʝʚʝʨʵʣʝʢʪʨʦè, ʆɸʆ çɺʦʩʪʦʢʵʣʝʢʪʨʦè, ʆɸʆ 

çɾʘʣʘʣʘʙʘʜʵʣʝʢʪʨʦè, ʆɸʆ çʆʰʵʣʝʢʪʨʦè ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʰʝʥʠʷ ʚʥʝʦʯʝʨʝʜʥʦʛʦ ʩʦʙʨʘʥʠʷ 

ʘʢʮʠʦʥʝʨʦʚ ʦʪ 27.07.2022 ʛ., ʦʙʨʘʟʦʚʘʥʘ ʦʜʥʘ ʢʦʤʧʘʥʠʷ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʧʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʶ ʘʙʦʥʝʥʪʦʚ ʧʦ ʚʩʝʡ ʨʝʩʧʫʙʣʠʢʝ [1].  ʈʘʥʝʝ ʚʤʝʩʪʝ ʩ ʯʝʪʳʨʴʤʷ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ (ʈʕʂ), ʦʙʩʣʫʞʠʚʘʶʱʠʤʠ ʩʝʪʠ 35-10-6ð0,4 ʢɺ, ʚʦ ʚʩʝʭ 

ʦʙʣʘʩʪʷʭ ʩʫʱʝʩʪʚʫʶʱʠʝ  ʇɺʕʉ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʩʝʪʝʡ 110-220-500 ʢɺ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʦʜʥʦ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ï ʬʠʣʠʘʣʳ ʆɸʆ çʅʕʉʂè  ʧʨʝʜʧʨʠʷʪʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʝʡ (ʇʕʉ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʡʩʪʚʫʶʪ 8 ʇʕʉ: ʏʫ ʇʕʉ, ʊʘʣʘʩ ʇʕʉ, ʅʘʨʳʥ ʇʕʉ, 

ɾʘʣʘʣʘʙʘʜ ʇʕʉ, ʀʩʩʳʢ-ʂʫʣʴ ʇʕʉ, ʆʰ ʇʕʉ, ɹʘʪʢʝʥ ʇʕʉ, ɹʠʰʢʝʢ ʇʕʉ.  

ɺʩʝʛʦ ʥʘ 01.01.2023 ʛ.  ʆɸʆ çʅʕʉʂè ʦʙʩʣʫʞʠʚʘʶʪ 1524317 ʘʙʦʥʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ  

ʙʳʪʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ - 1419347, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 93,1%, ʥʝ ʙʳʪʦʚʳʭ 104970 ʠʣʠ  6,9%. ʅʘ 

01.01.2023 ʛ. ʧʦ ʨʝʩʧʫʙʣʠʢʝ ʫʩʪʘʥʦʚʣʝʥʦ 286 778 ʩʯʝʪʯʠʢʦʚ ɸʉʂʋʕ, ʚ ʪʦʤ ʯʠʩʣʝ ʫ ʙʳʪʦʚʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ 238 860, ʫ ʥʝ ʙʳʪʦʚʳʭ 47 918.  

ʀʟʥʦʩ ʜʦʩʪʠʛ ʧʦ ʩʝʪʷʤ 110-500 ʢɺ - 60%, ʧʦ ʇʕʉ - 55%. ʇʦ ʇʕʉ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

22 ʧʦʜʩʪʘʥʮʠʠ 35/10 (6) ʢɺ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, 

15213,5 ʢʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ 10 (6) - 0,4 ʢɺ ʪʨʝʙʫʶʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ʊʘʢʞʝ ʪʨʝʙʫʶʪ ʟʘʤʝʥʳ ʥʝ ʤʝʥʝʝ 3843 ʝʜ. ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʡ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʥʘʛʨʫʟʢʠ ʚ ʧʝʨʠʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʆɿʇ 

ʥʘʙʣʶʜʘʣʠʩʴ ʧʝʨʝʛʨʫʟʢʠ  ʜʦ 45-53% ʚ 2020-2021 ʛʛ. ʧʦ ʚʠʥʝ ʩʦʩʝʜʥʠʭ ʵʥʝʨʛʦʩʠʩʪʝʤ. 

ʄʘʢʩʠʤʫʤʳ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʤʦʱʥʦʩʪʠ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ  ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʂʳʨʛʳʟʩʪʘʥʘ 

3274 ʄɺʪ ʚ 2020 ʛ. ʠ 3317 ʚ 2021 ʛ. 16 ʜʝʢʘʙʨʷ 2020 ʛ. ʠ 2021 ʛ. ɺʳʜʘʯʘ ʤʦʱʥʦʩʪʠ  ʜʨʫʛʠʤ 

ʵʥʝʨʛʦʩʠʩʪʝʤʘʤ ʩ ʫʯʝʪʦʤ ʢʦʥʪʨʘʢʪʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʤʦʱʥʦʩʪʠ  ʩʦʩʪʘʚʠʣʘ -

74 ʄɺʪ ʚ ʯʘʩ ʤʘʢʩʠʤʫʤʘ ʚ 2021 ʛ. ʠ - 6 ʄʚʪ ʚ 2020 ʛ. ʄʘʢʩʠʤʫʤ ʧʦʪʨʝʙʣʝʥʠʷ ʙʳʣ 16 ʜʝʢʘʙʨʷ 

ʚ 2020 ʛ.- 70,9 ʤʣʥ.ʢɺʪʯ , ʚ 2021 ʛ.- 73,09 ʤʣʥ.ʢɺʪʯ,. ʅʘʙʣʶʜʘʣʠʩʴ ʧʨʝʚʳʰʝʥʠʝ ʣʠʤʠʪʦʚ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʦʙʣʘʩʪʷʤ, ʫʪʚʝʨʞʜʝʥʥʳʭ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʂʈ ʦʪ 30 ʩʝʥʪʷʙʨʷ 
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2021 ʛ ˉ191. ʄʘʢʩʠʤʫʤ ʚ ʂʳʨʛʳʟʩʢʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʚ 2022 ʛ. ʙʳʣ 13 ʜʝʢʘʙʨʷ -71,304 

ʤʣʥ.ʢɺʪ.ʯ, ʧʨʠ ʵʪʦʤ ʚʳʨʘʙʦʪʢʘ  - 71,248 ʤʣʥ.ʢɺʪʯ  ʠ ʧʦ ʤʦʱʥʦʩʪʠ ʤʘʢʩʠʤʫʤ  ʧʦʪʨʝʙʣʝʥʠʷ 

ʙʳʣ 13 ʜʝʢʘʙʨʷ - 3288 ʄɺʪ ʧʨʠ ʛʝʥʝʨʘʮʠʠ 3321 ʄɺʪ. ʅʦ  ʫʞʝ ʟʠʤʦʡ 2023 ʛ. ʤʘʢʩʠʤʫʤ 

ʧʦʪʨʝʙʣʝʥʠʷ ʙʳʣ 23 ʷʥʚʘʨʷ 3301 ʄɺʪ. ʇʦ ʩʫʪʦʯʥʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʘʢʩʠʤʫʤ 

ʙʳʣ 16 ʷʥʚʘʨʷ -77,399 ʤʣʥ.ʢɺʪ.ʯ  ʧʨʠ ʚʳʨʘʙʦʪʢʝ 76,246 ʤʣʥ.ʢɺʪ.ʯ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʳʨʛʳʟʩʢʘʷ ʵʥʝʨʛʦʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʝʬʠʮʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘʢ ʧʦ 

ʤʦʱʥʦʩʪʠ, ʪʘʢ ʠ ʧʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ  ʬʠʥʘʥʩʦʚʳʤ ʨʝʩʫʨʩʘʤ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. - ɼʦʭʦʜʳ, ʨʘʩʭʦʜʳ ʠ ʬʠʥʘʥʩʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʆɸʆ çʅʕʉʂè ʟʘ 2018- 2022 ʛʛ. 

(ʤʣʥ.ʩʦʤ.) 

ɻʦʜʳ   2018 2019 2020 2021   2022 

ɼʦʭʦʜʳ   3666,6 3662,9 3782,8 4430,1 19830,4 

 ʈʘʩʭʦʜʳ    4724,2 6559,9 5354,2 5906,9 21757,0 

 ʇʨʠʙʳʣʴ + ʠ ʫʙʳʪʢʠ-  - 1057,6  -2897 -1571,4 -1476,8  -1820,6 

 ʀʩʪʦʯʥʠʢ. ʉʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʆɸʆ çʅʕʉʂè, 2018-2022 ʛ.ʛ. 

ʊʘʢ, ʘʥʘʣʠʟ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʆɸʆ çʅʕʉʂè ʧʦʢʘʟʳʚʘʝʪ ʦʙ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʬʠʥʘʥʩʦʚʦʤ ʨʝʟʫʣʴʪʘʪʝ ʠ ʨʦʩʪʝ ʫʙʳʪʢʦʚ ʦʩʦʙʝʥʥʦ ʚ 2019 ʛ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʙʲʝʜʠʥʝʥʠʝ ʩ ʈʕʂ ʚ 2022 ʛ. ʫʙʳʪʢʠ ʩʦʭʨʘʥʷʶʪʩʷ -1820,6 ʤʣʥ.ʩʦʤ ʠ ʩʚʷʟʘʥʳ ʦʥʠ ʩ ʚʳʧʣʘʪʦʡ 

ʦʩʥʦʚʥʦʡ ʩʫʤʤʳ ʜʦʣʛʘ ʟʘ ʢʨʝʜʠʪʳ ʠ ʧʨʦʮʝʥʪʦʚ ʟʘ ʥʠʭ.  

ɹʘʣʘʥʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ 2022 ʛ. ʚ ʩʝʪʷʭ 110-220-500 ʢɺ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʪʫʧʣʝʥʠʝ 

ʚ ʩʝʪʴ ʩʦʩʪʘʚʠʣʦ 15807,7 ʤʣʥ.ʢɺʪ.ʯ ʠ ʩʥʠʟʠʣʦʩʴ ʧʨʦʪʠʚ ʧʣʘʥʘ ʥʘ 84,8 ʤʣʥ.ʢɺʪʯ.  ʊʝʭʥʠʯʝʩʢʠʝ 

ʧʦʪʝʨʠ ʩʦʩʪʘʚʠʣʠ 782,1 ʤʣʥ.ʢɺʪ.ʯ ʠʣʠ 4,95% ʠ ʩʥʠʟʠʣʠʩʴ ʧʨʦʪʠʚ 2021 ʛ. 5,14%, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʪʠ ʥʘ 130,76 ʤʣʥ.ʢɺʪ.ʯ, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʝʥʠʝʤ ʧʝʨʝʜʘʯʠ  ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʇʕʉ ʚ ʩʝʪʠ 35 ʢɺ ʠ ʥʠʞʝ. ʇʝʨʝʜʘʯʘ ʥʘ ʵʢʩʧʦʨʪ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣʘ 550 ʤʣʥ.ʢɺʪ.ʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʂʘʟʘʭʩʪʘʥ 250 ʤʣʥ.ʢɺʪ.ʯ, ʚ 

ʋʟʙʝʢʠʩʪʘʥ 300 ʤʣʥ.ʢɺʪ.ʯ. ɹʳʣʘ  ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʝʨʝʜʘʯʘ  ʠʤʧʦʨʪʠʨʫʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʦʙʲʸʤʝ 2806,45 ʤʣʥ.ʢɺʪ.ʯ, ʯʪʦ ʥʘ 1 122,86 ʤʣʥ.ʢɺʪ.ʯ ʙʦʣʴʰʝ, ʯʝʤ ʚ 2021 ʛ. 

ɹʘʣʘʥʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʪʷʭ 0,4-35 ʢɺ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣʦ 12884,8 ʤʣʥ.ʢɺʪ.ʯ ʠ ʥʠʞʝ ʥʘ 140,9 ʤʣʥ.ʢɺʪʯ, ʯʝʤ ʚ 2021 ʛ. ʇʦʪʝʨʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣʠ 1562,7 ʤʣʥ.ʢɺʪ.ʯ ʠʣʠ 12,13% ʧʨʠ ʫʪʚʝʨʞʜʝʥʥʳʭ 12,01%, ʨʦʩʪ ʥʘ 

30,2 ʤʣʥ.ʢɺʪ.ʯ. ʇʦʣʝʟʥʳʡ ʦʪʧʫʩʢ ʧʦʪʨʝʙʠʪʝʣʷʤ ʩʦʩʪʘʚʠʣ 11251 ʤʣʥ.ʢɺʪ.ʯ ʠ ʚʦʟʨʦʩ ʥʘ 84,8 

ʤʣʥ.ʢɺʪ.ʯ ʧʨʦʪʠʚ ʧʣʘʥʘ.  

ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ  ʷʚʣʷʝʪʩʷ  ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ  ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 110-

220-500 ʢɺ ʩ 5,32% ʚ 2018 ʛ. ʜʦ 5,14% ʚ 2021 ʛ. ʠ ʜʦ 4,955 ʚ 2022 ʛ. 

ʉʫʤʤʘʨʥʳʝ ʜʦʭʦʜʳ ʚ 2022 ʛ., ʩ ʫʯʝʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʳ ʚ ʩʫʤʤʝ 19 830,4 

ʤʣʥ. ʩʦʤ ʩ ʨʦʩʪʦʤ  ʧʨʦʪʠʚ ʧʣʘʥʘ ʥʘ 1251,2 ʤʣʥ.ʩʦʤ., ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ, 

ʪʨʘʥʟʠʪ, ʧʦʩʪʘʚʢʘ ʚʥʝʧʣʘʥʦʚʦʡ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣʘ  17,2 ʤʣʥ.ʩʦʤ. ʧʨʠ ʧʣʘʥʝ 8,5 ʤʣʥ.ʩʦʤ.  

ʆʙʱʘʷ ʩʫʤʤʘ ʟʘʪʨʘʪ, ʨʘʩʭʦʜʦʚ ʠ ʬʠʥʘʥʩʦʚʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʩʦʩʪʘʚʠʣʘ ʚ 2022 ʛ. - 21 750 

ʤʣʥ.ʩʦʤ ʠ ʩʥʠʞʝʥʘ ʧʨʦʪʠʚ ʧʣʘʥʘ ʥʘ 1 708,3 ʤʣʥ.ʩʦʤ. ʏʠʩʪʳʡ ʩʦʚʦʢʫʧʥʳʡ ʫʙʳʪʦʢ ʩʦʩʪʘʚʠʣ 

1 761,3 ʤʣʥ.ʩʦʤ, ʧʨʦʪʠʚ 2 469,9 ʤʣʥ.ʩʦʤ. ʚ 2021 ʛ.   

ɼʝʙʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʥʘ 1.01.2023 ʛ. 4 572 ʤʣʥ.ʩʦʤ., ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ 

ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 65%, ʦʪ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ 1 605 ʤʣʥ.ʩʦʤ.; ʢʨʝʜʠʪʦʨʩʢʘʷ 

ʟʘʜʦʣʞʝʥʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 11 724 ʤʣʥ.ʩʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤ ʧʨʦʝʢʪʘʤ 2 798 

ʤʣʥ.ʩʦʤ. ʀʟ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʢʘʧʚʣʦʞʝʥʠʡ ʚ ʩʝʪʷʭ 0,4-500 ʢɺ ʚ ʩʫʤʤʝ 6 798 ʤʣʥ.ʩʦʤ., 

ʦʩʚʦʝʥʦ 87% ʦʪ ʧʣʘʥʘ. 

ɿʘ 2020 ʛ. ʬʘʢʪʠʯʝʩʢʘʷ ʩʪʦʠʤʦʩʪʴ  ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ  ʩʦʩʪʘʚʠʣʘ 27 ʪʳʡʳʥ ʟʘ 1 

ʢɺʪ.ʯ  ʠ ʩʥʠʟʠʣʘʩʴ ʧʨʦʪʠʚ 36,9 ʪʳʡʳʥʘ ʚ 2019 ʛ. ʠʣʠ ʥʘ 25,7%, ʚ ʩʚʷʟʠ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ 2,2%, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ 4,15% ʠ ʜʨ. ʊʘʨʠʬ ʥʘ 

ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʫʩʪʘʥʦʚʣʝʥ  ʙʳʣ ʜʣʷ ʆɸʆ ʅʕʉʂ ï 21 ʪʳʡʳʥ ʟʘ 1 ʢɺʪ.ʯ  ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ  ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʜʦʭʦʜʦʚ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʬʠʮʠʪ ʚ ʪʘʨʠʬʝ  

ʪʘʢʞʝ ʷʚʣʷʣʩʷ ʧʨʠʯʠʥʦʡ ʫʙʳʪʢʦʚ ʚ ʆɸʆ çʅʕʉʂè. 
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ʀʟ-ʟʘ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ  ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʠʣʦ ʚ 2022 ʛ. -198, ʚ 2021 ʛ. - 199 ʠ ʚ 2020 ʛ. - 194, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʥʝʜʦʦʪʧʫʩʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʨʝʜʥʝʤ  - 419 ʪʳʩ.ʢɺʪ.ʯ. 

ʕʥʝʨʛʦʩʠʩʪʝʤʘ ʂʳʨʛʳʟʩʪʘʥʘ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʨʘʩʣʠ ʵʢʦʥʦʤʠʢʠ ʠ ʥʘʩʝʣʝʥʠʝ 

ʨʝʩʧʫʙʣʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʩʧʦʨʪ ʚ ʜʨʫʛʠʝ ʩʪʨʘʥʳ. ʀʤʝʝʪ ʩʚʷʟʴ ʩ 

ʵʥʝʨʛʦʩʠʩʪʝʤʘʤʠ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚ ʚ ʆʕʉ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʩʝʪʷʤ 

220-500 ʢɺ ʠ ʨʘʙʦʪʘʝʪ ʚ ʝʜʠʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʨʝʞʠʤʝ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʯʘʩʪʦʪʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 50,0 ɻʮ. ʏʝʨʝʟ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʩʝʪʠ ʂʘʟʘʭʩʪʘʥʘ ʠʤʝʝʪʩʷ ʚʳʭʦʜ 

ʥʘ ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʂʳʨʛʳʟʩʪʘʥ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʵʢʩʧʦʨʪʝʨʦʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʂʘʟʘʭʩʪʘʥ, ʋʟʙʝʢʠʩʪʘʥ ʠ ʂʠʪʘʡ. ʆʙʲʝʤ ʵʢʩʧʦʨʪʘ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʜʦ 

3,0 ʤʣʨʜ. ʢɺʪʯ.  

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʰʝʥʠʝ ʜʦʭʦʜʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʠʙʳʣʠ ʚ ʆɸʆ çʕʉè ʠ ʆɸʆ çʅʕʉʂè ʟʘ ʩʯʝʪ: 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʝʛʫʣʷʪʠʚʥʳʤ ʦʨʛʘʥʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʘʨʠʬʦʚ ʥʘ 

ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʵʥʝʨʛʠʶ ʠʟ ʨʘʩʯʝʪʘ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʙʝʟʫʙʳʪʦʯʥʦʩʪʠ; 

ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʭʦʜʦʚ ʠ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ ʟʘ ʩʯʝʪ ʥʦʨʤʠʨʦʚʘʥʠʷ ʚʩʝʭ ʟʘʪʨʘʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ, ʧʝʨʝʜʘʯʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦ- ʠ 

ʪʝʧʣʦʵʥʝʨʛʠʠ ʩʦ ʩʥʠʞʝʥʠʝʤ ʧʦʪʝʨʴ ʜʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ; 

ʩʦʢʨʘʱʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʠ ʚʳʜʝʣʝʥʠʷ ʩʨʝʜʩʪʚ ʟʘ ʩʯʝʪ ʧʨʠʙʳʣʠ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ 

ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ ʦʪʨʘʩʣʠ; 

ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʥʘ ʚʚʦʜʳ ʥʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ɻʕʉ, ʊʕʉ ʠ ɺʀʕ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ; 

ʩʦʟʜʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʟʝʨʚʘ ʤʦʱʥʦʩʪʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʯʘʩʪʦʪʳ ʚ ʆʕʉ ʎɸ ʠ ʵʢʩʧʦʨʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ 

ʚʘʣʶʪʥʳʭ ʩʨʝʜʩʪʚ; 

ʧʦʚʳʰʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ ʠ ʣʠʢʚʠʜʥʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʩʨʝʜʩʪʚ ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ; 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʤʥʳʭ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ɸʉʂʋʕ. 

 ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʇʕʉ ʧʨʠʤʝʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ 

ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʘʥʥʳʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʢ ʝʜʠʥʦʦʙʨʘʟʠʶ ʚʩʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʦʙʝʩʧʝʯʝʥʠʷ ʆɸʆ çʅʕʉʂè ʪʘʢʠʝ ʢʘʢ 1ʉ, ɹʠʣʣʠʥʛ, 

ʊʆʠʈ, ʉʤʝʪʘ, ɼʝʣʦʧʨʦʠʟʚʦʜʩʪʚʦ, ɻʀʉ, SCADA ʠ ʪ.ʜ. ʩ ʫʯʝʪʦʤ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʝʜʠʥʳʭ ʦʪʯʝʪʥʳʭ ʬʦʨʤ ʜʣʷ ʚʩʝʭ ʇʕʉ. ɺʥʝʜʨʝʥʠʝ ʦʥʣʘʡʥ ʧʨʠʝʤʘ 

ʟʘʷʚʦʢ ʘʙʦʥʝʥʪʦʚ ʠ ʠʭ ʨʝʛʠʩʪʨʘʮʠʷ. ɺʥʝʜʨʝʥʠʝ ʦʥʣʘʡʥ ʧʨʠʝʤʘ ʠ ʚʳʜʘʯʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʶʨʠʜʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʣʠʮʘʤ. ɺʥʝʜʨʝʥʠʷ ʦʥʣʘʡʥ-ʦʧʣʘʪʳ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʝʛʦʜʥʷ ʫʩʪʘʥʦʚʣʝʥʦ ʦʢʦʣʦ 300 ʪʳʩʷʯ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ɸʉʂʋʕ, ʠʟ 

1,5 ʤʣʥ. ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʟʘʤʝʥʫ 1,2 ʤʣʥ. ʰʪ. ʘʥʘʣʦʛʦʚʳʭ ʧʨʠʙʦʨʦʚ 

ʫʯʝʪʘ   ʥʘ ɸʉʂʋʕ. ɺ 2024 ʛʦʜʫ ʥʘʯʘʣʘʩʴ ʤʘʩʰʪʘʙʥʘʷ ʟʘʤʝʥʘ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʥʘ ɸʉʂʋʕ ʧʦ 

ʣʠʥʠʠ ɺʩʝʤʠʨʥʦʛʦ ɹʘʥʢʘ 590 ʪʳʩʷʯ ʰʪ. ɺʥʝʜʨʝʥ ʝʜʠʥʳʡ ɼʘʪʘ-ʮʝʥʪʨ, ʬʠʥʘʥʩʠʨʫʝʤʳʡ ʧʦ 

ʣʠʥʠʠ KOICO ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʭʚʘʪʘ 1,5 ʤʣʥ.ʰʪ. ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ  ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʜʘʥʥʳʭ ʚ 

ʝʜʠʥʫʶ ʙʠʣʣʠʥʛʦʚʫʶ ʩʠʩʪʝʤʫ ʠ ʇʆ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ   ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ  (ʜʘʣʝʝ ʎʉʉʆɼ). 

ʉʬʦʨʤʠʨʦʚʘʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ, ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʂʳʨʛʳʟʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʳʥʦʯʥʳʝ ʧʨʘʚʦʦʪʥʦʰʝʥʠʷ ʠ ʟʘʱʠʪʫ ʙʠʟʥʝʩʘ. 

ɺ ʂʦʥʮʝʧʮʠʠ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʴʶ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʫʪʚʝʨʞʜʝʥʥʦʛʦ ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʂʘʙʠʥʝʪʘ ʄʠʥʠʩʪʨʦʚ ʂʳʨʛʳʟʩʢʦʡ 
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ʈʝʩʧʫʙʣʠʢʠ ʦʪ 8 ʬʝʚʨʘʣʷ 2022 ʛʦʜʘ ˉ 51-ʨ, ʚ ʩʪʨʫʢʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ, ʆɸʆ çʂʳʨʛʳʟʩʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪʥʳʡ ʮʝʥʪʨè (ʂʕʈʎ) ʦʧʨʝʜʝʣʝʥ 

ʢʘʢ çʆʧʝʨʘʪʦʨ ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠè, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ. 

 ʇʨʠ ʩʦʟʜʘʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʩʯʝʪʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ 

ʆɸʆ çʂʕʈʎè ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʯʝʪʘ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʝʨʝʪʦʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʙʫʜʫʪ 

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʚʟʘʠʤʦʨʘʩʯʝʪʦʚ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʆɸʆ 

ʂʕʈʎ ʜʦʣʞʝʥ ʩʪʘʪʴ çʆʧʝʨʘʪʦʨʦʤ ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠè ʠ ʚʳʩʪʨʦʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʳʥʢʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʘʱʝʥʠʝ ʚʩʝʭ ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ ʩʘʤʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʠ ʯʘʩʪʥʳʝ ʵʥʝʨʛʦʢʦʤʧʘʥʠʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʝʜʠʥʦʤ ʮʠʢʣʝ ʚʳʨʘʙʦʪʢʠ, ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʣʠʷʶʱʠʝ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʥʘ ʦʙʱʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʢʳʨʛʳʟʩʢʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ʆɸʆ çʂʕʈʎè 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʦʨʛʘʥ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʨʝʞʠʤʝ ʩʚʦʜ ʚʳʨʘʙʦʪʢʠ, ʧʝʨʝʜʘʯʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺ ʮʝʣʷʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʟʨʘʯʥʦʡ ʠ ʩʧʨʘʚʝʜʣʠʚʦʡ ʩʠʩʪʝʤʳ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʭʦʟʷʡʩʪʚʫʶʱʠʤʠ ʩʫʙʲʝʢʪʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ, ʧʝʨʝʜʘʯʝ ʠ ʧʨʦʜʘʞʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʥʘ ʨʳʥʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʆɸʆ çʂʕʈʎè ʢʘʢ çʈʝʛʠʩʪʨʘʪʦʨʘ 

ʢʦʥʪʨʘʢʪʦʚè. 

ɺ ʆɸʆ çʂʕʈʎè ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʎʉʉʆɼ), ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ: ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʦʣʝʝ 330 ʪʠʧʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʯʝʪʯʠʢʦʚ; ʠʥʪʝʛʨʘʮʠʶ 

ʩ ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʦʙʝʩʧʝʯʝʥʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʣʣʠʥʛʘ; ʧʦʣʫʯʠʪʴ ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ 

ʢ ʧʦʢʘʟʘʥʠʷʤ ʩʯʝʪʯʠʢʦʚ ʠ ʙʘʟʝ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ; ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʩʦʩʪʘʚʣʷʪʴ ʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʣʶʙʳʭ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ; ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʪʯʝʪʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ, 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʘʩʩʳʣʢʫ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ; ʦʪʦʙʨʘʞʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʠ ʧʦʜʩʪʘʥʮʠʠ ʥʘ GIS-ʩʠʩʪʝʤʘʭ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ʤʥʝʤʦʩʭʝʤʘʭ. ʄʦʱʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʝʨʚʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʝʤʢʦʩʪʴʶ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ 190 ʊʙ, ʥʘʜʝʞʥʦʝ ʭʨʘʥʝʥʠʝ (ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ) ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʜʦʩʪʫʧʘ ʢ 

ʜʘʥʥʳʤ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʪʦʯʝʢ ʫʯʝʪʘ, ʘ ʪʘʢʞʝ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 10 ʣʝʪ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ.  

ɺʦ ʠʩʧʦʣʥʝʥʠʝ ʧʨʠʢʘʟʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʵʥʝʨʛʦʭʦʣʜʠʥʛʘ ˉ30-ʇ ʦʪ 

19 ʘʧʨʝʣʷ 2021 ʛʦʜʘ çʆ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠè, ˉ85-

ʇ ʦʪ 13 ʘʚʛʫʩʪʘ 2021 ʛʦʜʘ çʆ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠè 

ʠ ˉ 53-ʇ ʦʪ 22 ʠʶʥʷ 2022 ʛʦʜʘ çʆʙ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʣʘʥʩʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʵʥʝʨʛʦʢʦʤʧʘʥʠʷʤ ʠ ʚ ʮʝʣʦʤ ʧʦ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʜʠʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭè ʧʦʣʥʳʤ ʭʦʜʦʤ ʠʜʝʪ ʧʦʚʩʝʤʝʩʪʥʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʝʜʠʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʯʝʨʝʟ ʎʉʉʆɼ.  

ɼʘʥ ʩʪʘʨʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ çɽʜʠʥʘʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ɸʉʂʋʕ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠè, ʬʠʥʘʥʩʠʨʫʝʤʳʡ KOICA, ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʜʘʪʘ-

ʮʝʥʪʨʘ, ʧʦʩʪʘʚʢʦʡ 10,5 ʪʳʩ. ʩʯʝʪʯʠʢʦʚ ɸʉʂʋʕ ʠ ʚʥʝʜʨʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ɽʜʠʥʦʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ɸʉʂʋʕ ʩ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʙʦʣʝʝ 2 ʤʣʥ. ʘʙʦʥʝʥʪʩʢʠʭ ʩʯʝʪʯʠʢʦʚ ʠ ɽʜʠʥʦʡ ʙʠʣʣʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ.  

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʪʝʯʝʥʠʝ 2023-2026 ʛʦʜʳ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʚʝʨʰʠʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʘʙʦʥʝʥʪʩʢʠʭ ʪʦʯʝʢ ʫʯʝʪʘ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ɽʜʠʥʦʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ɸʉʂʋʕ ʚ ʎʉʉʆɼ [1].  

ʊʘʢ ʚ 2020-2022 ʛʛ. ʜʦʩʪʠʛʥʫʪʦ ʩʦʛʣʘʰʝʥʠʝ ʥʘ ʦʢʘʟʘʥʠʝ ʛʨʘʥʪʦʚʦʡ ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʦʤʦʱʠ ʥʘ ʩʫʤʤʫ 370 ʪʳʩ. ʜʦʣʣ. ʉʐɸ ʚ ʵʢʚʠʚʘʣʝʥʪʝ ʩʚʳʰʝ 30 ʤʣʥ. ʩʦʤ, ʠʟ ʥʠʭ:  140 ʪʳʩ. 

ʜʦʣʣ. ʉʐɸ ʚ ʵʢʚʠʚʘʣʝʥʪʝ ʧʦʨʷʜʢʘ 12 ʤʣʥ. ʩʦʤ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʎʉʉʆɼ 2020-

2021 ʛʦʜʘ (ʦʩʚʦʝʥʦ);  230 ʪʳʩ. ʜʦʣʣ. ʉʐɸ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 
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ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʚ ʵʢʚʠʚʘʣʝʥʪʝ ʧʦʨʷʜʢʘ 18 ʤʣʥ. ʩʦʤ, ʘ ʠʤʝʥʥʦ: ʩʯʝʪʯʠʢʠ ɸʉʂʋʕ 132 ʰʪ. 

ʜʣʷ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʝʨʝʪʦʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; ʦʙʨʘʟʮʦʚʳʝ ʩʯʝʪʯʠʢʠ 3 ʢʦʤʧʣʝʢʪʘ; 

ʦʙʨʘʟʮʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 110 ʢɺ.; 

ɺɸʌ 3 ʢʦʤʧʣʝʢʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʫʪʚʝʨʞʜʝʥʳ ʧʨʠʢʘʟʘʤʠ 

ʤʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʂʈ çʇʨʘʚʠʣʘ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʨʳʥʢʝ ʂʈè ʠ çʇʨʘʚʠʣʘ ʫʩʪʘʥʦʚʢʠ, ʟʘʤʝʥʳ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʨʝʜʩʪʚ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʥʘ ʨʳʥʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ) ʂʈè. ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ çʇʨʘʚʠʣ 

ʧʦʣʴʟʦʚʘʥʠʷ ʎʉʉʆɼè, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʧʨʦʮʝʜʫʨʫ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ, ʛʜʝ ʙʫʜʫʪ 

ʦʧʨʝʜʝʣʝʥʳ ʧʦʨʷʜʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʷʟʘʥʥʦʩʪʠ, ʧʦʣʥʦʤʦʯʠʷ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʆɸʆ 

çʂʕʈʎè ʠ ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ ʧʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʫʯʝʪʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʦʩʪʘʚʣʝʥʠʷ 

ʙʘʣʘʥʩʦʚ ʚʳʨʘʙʦʪʢʠ, ʧʝʨʝʜʘʯʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʎʉʉʆɼ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʜʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʯʥʳʭ ʦʩʥʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ 

ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʂʈ.  

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʚʠʜʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʣʫʛ (ʂʕʈʎ ʠ ʉʆ 

- ʩʠʩʪʝʤʥʳʡ ʦʧʝʨʘʪʦʨ); ʨʝʘʣʠʟʘʮʠʷ ʧʣʘʥʘ ʤʝʨ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩ ʨʘʟʚʠʪʠʝʤ 

ʫʤʥʳʭ ʩʝʪʝʡ ʠ ʩʦʟʜʘʥʠʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ   ʮʠʬʨʦʚʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ.  

ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʦʚʳʭ çʎʠʬʨʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡè ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʦʩʥʘʱʝʥʥʳʝ ʨʘʟʚʠʪʳʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ (ʈɿɸ, ʇɸ, 

ɸʉʂʋʕ ʠ ʜʨ.), ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʧʨʦʮʝʩʩʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʇʉ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʇʉ 

ʚʳʧʦʣʥʝʥʳ ʥʘ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʦʚ ʥʘ ʇʉ, ʦʙʝʩʧʝʯʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʫʜʘʣʝʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ çʂʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠè, ʚ ʢʦʪʦʨʦʡ 

ʥʝʦʙʭʦʜʠʤʦ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʇʉ ʜʦ ʫʨʦʚʥʷ 

ʮʠʬʨʦʚʳʭ, ʵʪʘʧʳ ʠ ʧʨʠʦʨʠʪʝʪʳ ʨʘʙʦʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

2. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ (ʇɸʂ) ʎʇʉ ʚ ʮʝʣʦʤ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ. 

3. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

çʎʠʬʨʦʚʘʷ ʧʦʜʩʪʘʥʮʠʷè. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʝʨʚʠʯʥʦʤʫ ʠ ʚʪʦʨʠʯʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ 

ʎʇʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʬʨʦʚʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ: ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʀʉ; 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʎʇʉ; ʘʨʭʠʪʝʢʪʫʨʝ ʇɸʂ (ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʫʨʦʚʝʥʴ ʧʨʠʩʦʝʜʠʥʝʥʠʡ, ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʇʉ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʝʨʭʥʠʤʠ ʫʨʦʚʥʷʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ ð ʎɼʉ ʆɸʆ çʅʕʉ ʂʳʨʛʳʟʩʪʘʥʘè, ʆɼʉ ʬʠʣʠʘʣʦʚ); ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʎʇʉ; ɸʉʋ ʊʇ ʎʇʉ. 

5. ʇʨʝʜʫʩʤʦʪʨʝʪʴ: ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ Sʉɸɼɸ ʠ ɸʀʉʂʋʕ; 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʴʶ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

ʥʝʧʨʝʨʳʚʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʩʝʪʷʤ; ʬʫʥʢʮʠʠ 

ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ; ʥʘʢʦʧʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʤʝʩʪʘʤ ʚʝʨʦʷʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʩʝʪʠ ʠ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʭʝʤʳ ʠʭ ʫʩʪʨʘʥʝʥʠʷ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. 

6. ʈʘʟʨʘʙʦʪʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʎʇʉ. 

7. ʇʦʜʛʦʪʦʚʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

(ʅʊɼ), ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʎʇʉ. 

8. ʈʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʫʯʝʥʠʶ ʧʝʨʩʦʥʘʣʘ. 

9. ʈʘʟʨʘʙʦʪʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʜʘʯʘʤ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʎʇʉ. 
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10. ʇʦʜʛʦʪʦʚʠʪʴ ʧʨʦʛʨʘʤʤʫ ʜʝʡʩʪʚʠʡ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʎʇʉ. 

11. ʇʦʜʛʦʪʦʚʠʪʴ ʚʘʨʠʘʥʪʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʎʇʉ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʇʉ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʂʦʥʮʝʧʮʠʷ ʜʦʣʞʥʘ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʦʧʳʪʝ ʚʥʝʜʨʝʥʠʷ ʎʇʉ ʚ 

ʢʦʤʧʘʥʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʉʅɻ ʠ ʥʘ ʣʫʯʰʠʭ ʤʠʨʦʚʳʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

çʎʠʬʨʦʚʘʷ ʧʦʜʩʪʘʥʮʠʷè [3].  

ʉ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʯ ʅʕʇ 2035 ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʪʚʝʨʞʜʝʥʳ çʇʣʘʥ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘ 2024-2027 ʛʛ.è, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ çʇʣʘʥ ʥʘ 2028-2035 ʛʛ.è, ʚ 

ʢʦʪʦʨʳʭ ʠʟʣʦʞʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʤʝʨʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ, ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʲʝʢʪʳ, ʩʨʦʢʠ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʪʨʘʪʳ [2]. ʅʘ ʦʩʥʦʚʘʥʠʠ çʇʣʘʥʦʚ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷè ʙʫʜʫʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʝʞʝʛʦʜʥʳʝ çʇʣʘʥʳ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠè, ɼʦʨʦʞʥʘʷ ʢʘʨʪʘ ʠ ʜʨ. ʜʦʢʫʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʧʣʘʥʠʨʫʝʪʩʷ ʝʞʝʛʦʜʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʫʯʝʪʦʤ ʚʝʨʦʷʪʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʢʦʤʧʘʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʅʘʮʠʦʥʘʣʴʥʘʷ  ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʂʈ ʥʘ ʧʝʨʠʦʜ ʜʦ 2035 ʛ. 

ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʦʪʢʨʳʪʦʛʦ ʘʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ çʥʘʮʠʦʥʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʝʪʴ ʂʳʨʛʳʟʩʪʘʥʘè ʜʦ 2028 ʛʦʜʘ.  

ʆʊʏɽʊ ʦ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ  çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʈʦʩʩʠʠè, ʄʦʩʢʚʘ 2012 ʛ. 
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ɸʥʥʦʪʘʮʠʷ. ʄʘʢʘʣʘʜʘ ʵʣʝʢʪʨ ʪʘʨʤʘʢʪʘʨʳʥʜʘ ʨʝʘʢʪʠʚʜװװ ʢʫʙʘʪʪʫʫʣʫʢʪʫ 

ʢʦʤʧʝʥʩʘʮʠʷʣʦʦʥʫʥ ʵʬʬʝʢʪʠʚʜװװʣװʛװʥ ʞʦʛʦʨʫʣʘʪʫʫ ʳʢʤʘʣʘʨʳ ʪʘʣʢʫʫʣʘʥʘʪ. ʕʥʝʨʛʠʷʥʳʥ 

ʞʦʛʦʪʫʫʣʘʨʳʥ ʘʟʘʡʪʫʫ ʞʘʥʘ ʵʣʝʢʪʨ ʤʝʥʝʥ ʢʘʤʩʳʟʜʦʦʥʫʥ ʩʘʧʘʪʳʥ ʞʘʢʰʳʨʪʫʫ װʯװʥ 

ʢʦʣʜʦʥʫʣʫʫʯʫ ʟʘʤʘʥʙʘʧ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞʘʥʘ ʪװʟװʣװʰʪᴇʨ ʪʘʣʜʦʦʛʦ ʘʣʳʥʛʘʥ. ɸʨ ʢʘʥʜʘʡ 

ʢʦʤʧʝʥʩʘʮʠʷʣʦʦ ʳʢʤʘʣʘʨʳʥʳʥ ʘʨʪʳʢʯʳʣʳʢʪʘʨʳ ʞʘʥʘ ʢʝʤʯʠʣʠʢʪʝʨʠ ʞᴇʥװʥʜᴇ ʞʘʣʧʳ 

ʤʘʘʣʳʤʘʪ ʙʝʨʠʣʛʝʥ. ɹʫʣ ʙʘʛʳʪʪʳ ᴇʥװʢʪװʨװװʥװʥ ʧʝʨʩʧʝʢʪʠʚʜװװ ʙʘʛʳʪʪʘʨʳ ʢʘʨʘʣʛʘʥ. 

ʆʰʦʥʜʦʡ ʵʣʝ ʨʝʘʢʪʠʚʜװװ ʢʫʙʘʪʪʫʫʣʫʢʪʫ ʢʦʤʧʝʥʩʘʮʠʷʣʦʦʥʫʥ ʵʬʬʝʢʪʠʚʜװװʣװʛװʥװʥ 

ʚʠʟʫʘʣʜʳʢ ʜʝʤʦʥʩʪʨʘʮʠʷʩʳ ʤʠʩʘʣ ʤʝʥʝʥ ʙʝʨʠʣʝʪ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɾʦʣʜʦʰʦʚʘ ɹʘʢʪʳʛʫʣʴ ʄʫʢʘʰʝʚʥʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ., 

ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, 

720044, ʛ. ɹʠʰʢʝʢ, ʧʨ. ʏ.ɸʡʪʤʘʪʦʚʘ 66, e-mail: Zholdoshova.70@mail.ru  

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʇʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʤʧʝʥʩʘʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢ ʞʝ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʩ ʥʘʛʣʷʜʥʳʤ ʧʦʢʘʟʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʢʦʤʧʝʥʩʘʮʠʷ, ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ, 

ʩʨʝʜʩʪʚʘ FACTS ʪʝʭʥʦʣʦʛʠʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ. 
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Abstract. The article deals with the methods of increasing the efficiency of reactive power 

compensation in electric networks. Modern technologies and devices used to minimize power losses 

and improve the quality of power supply are analyzed. A review of advantages and disadvantages of 

various methods of compensation is given. Perspective directions of development of this field are 

considered. An example with a visual demonstration of the efficiency of reactive power 

compensation will also be provided 

Key words: reactive power, compensation, capacitor installations, FACTS technology 

means, electric networks. 

ɺʚʝʜʝʥʠʝ 

ʂʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, 

ʧʦʩʢʦʣʴʢʫ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʩʥʠʞʝʥʠʶ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠʤʝʥʷʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʢʦʤʧʝʥʩʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʠ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

ʄʝʪʦʜʳ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʂʦʥʜʝʥʩʘʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʡ 

ʩʧʦʩʦʙ ʢʦʤʧʝʥʩʘʮʠʠ. ʆʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʦʜʩʪʘʥʮʠʷʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ 

ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. 

ʉʠʥʭʨʦʥʥʳʝ ʢʦʤʧʝʥʩʘʪʦʨʳ ï ʤʘʰʠʥʳ, ʩʧʦʩʦʙʥʳʝ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʣʠ ʧʦʛʣʦʱʘʪʴ 

ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʝʥʩʘʮʠʠ 

ʉʪʘʪʠʯʝʩʢʠʝ ʢʦʤʧʝʥʩʘʪʦʨʳ (STATCOM) ï ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʜʠʥʘʤʠʯʝʩʢʠ ʫʧʨʘʚʣʷʪʴ ʫʨʦʚʥʝʤ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʊʠʨʠʩʪʦʨʥʳʝ ʢʦʤʧʝʥʩʘʪʦʨʳ (TSC, TCR) ï ʨʝʛʫʣʠʨʫʝʤʳʝ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʢʦʤʧʝʥʩʘʮʠʠ. 

ɻʠʙʢʠʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (FACTS) ï ʢʦʤʧʣʝʢʩ ʨʝʰʝʥʠʡ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʝʡ. 
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ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʢʦʤʧʝʥʩʘʮʠʠ 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ: 

ʈʘʟʚʠʪʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ (Smart Grid) ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. 

ɺʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʪʠ. 

ɸʥʘʣʠʟ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ ʛʦʨʦʜʘ 

ɹʠʰʢʝʢ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʤʥʦʛʠʭ ʇʉ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʱʥʦʩʪʠ ʧʦʥʠʞʝʥʥʳʝ. 

ɺ ʪʘʙʣ.2 ʧʨʠʚʝʜʝʥʳ ʧʦʥʠʞʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʬʠʜʝʨʘʭ 

ʥʝʢʦʪʦʨʳʭ ʧʦʜʩʪʘʥʮʠʡ ʛ. ɹʠʰʢʝʢ  

ʊʘʙʣʠʮʘ 2 - ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʇʉ ʛ. ɹʠʰʢʝʢ 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʜʩʪʘʥʮʠʠ ʌʠʜʝʨʳ (ʌ) cos ű 

1 ʇʉ 35\10ʢɺ  ʊʫʥʛʫʯ ʌ-1, ʊʇ2482 0,56 

2 ʇʉ 35\10ʢɺ ɸʣʪʳʥ ïʂʘʟʳʢ  ʌ-10, ʄʊʌ2 0,67 

3 ʇʉ 35\6ʢɺ  ɼʉʂ ʌ-1, ʊʇ -3226 0.69 

4 ʇʉ35\6ʢɺ 

ʕʣʝʢʪʨʦʚʘʢʫʫʤʥʘʷ 

ʌ-14, ʊʇ- 4106 0,53 

ʇʉ35\6ʢɺ 

ʕʣʝʢʪʨʦʚʘʢʫʫʤʥʘʷ 

ʌ-8, ʊʇ- 700 0,67 

ʇʉ35\6ʢɺ 

ʕʣʝʢʪʨʦʚʘʢʫʫʤʥʘʷ 

ʌ-18 ʊʇ 523 0,71 

5 ʇʉ 35\6-10 ʢɺ ɿʘʧʘʜʥʘʷ ʌ-15, ʈʇ 

ʤʝʣʢʦʤʙʠʥʘʪ 

0,67 

ʇʉ 35\6-10 ʢɺ ɿʘʧʘʜʥʘʷ ʌ-18 ,ʊʇ-905 0,67 

ʇʉ 35\6-10 ʢɺ ɿʘʧʘʜʥʘʷ ʌ-31 0,8 

6 ʇʉ 35\10ʢɺ ʎʝʥʪʨʘʣʴʥʘʷ -3 ʌ-11 ʊʇ-924 0,69 

 

ʕʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʢʦʤʧʝʥʩʘʮʠʝʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ʂʦʤʧʝʥʩʘʮʠʶ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʙʘʣʘʥʩʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʢʘʯʝʩʪʚʦ ʕʕ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʧʦ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ  

ʤʦʱʥʦʩʪʠ ʚ ʦʜʥʦʤ ʬʠʜʝʨʝ ʇʉ çɿʘʧʘʜʥʘʷè ʛ. ɹʠʰʢʝʢ. 

 ʅʠʞʝ ʥʘ ʧʨʠʤʝʨʝ ʧʨʠʚʦʜʷʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ɺ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚʣʠʷʥʠʝ ʢʦʤʧʝʥʩʘʮʠʠ 

ʄʝʪʦʜ ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʂʦʥʜʝʥʩʘʪʦʨʥʳʝ 

ʙʘʪʘʨʝʠ 

ʇʨʦʩʪʦʪʘ, ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʨʝʛʫʣʠʨʫʝʤʦʩʪʴ 

ʉʠʥʭʨʦʥʥʳʝ 

ʢʦʤʧʝʥʩʘʪʦʨʳ 

ɺʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ɺʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ 

STATCOM ɹʳʩʪʨʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ, ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʌʘʟʦʧʦʚʦʨʦʪʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ï ʌʇʊ ʤʦʛʫʪ 

ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʙʝʟ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʉʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ï 

ɼʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʘ 

ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ. 
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ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ 10ʢɺ  ʥʘ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʠ  ʧʨʠʚʝʜʝʥʘ 

ʩʭʝʤʘ ʩʝʪʠ 10ʢɺ ʪ.ʝ. ʬʠʜʝʨ 31 ʇʉ çɿʘʧʘʜʥʘʷè (ʈʠʩ.2) 

 ɺ ʪʘʙʣ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʥʘʛʨʫʟʦʢ ʊʇ ʠ ʛʦʣʦʚʥʦʛʦ ʫʯʘʩʪʢʘ ʬʠʜʝʨʘ ʚ ʨʝʞʠʤʝ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ 

 

ʊʘʙʣʠʮʘ 3.  ʅʘʛʨʫʟʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʬʠʜʝʨʘ ˉ31 ʇʉ çɿʘʧʘʜʥʘʷè 

ˉ 

ʫʟʣʘ 

ˉ ʊʇ S, ʢɺɸ P, ʢɺʊ Q, 

ʢɺɸʨ 

2 ʊʇ 1251 1000 800 600 

18 ʊʇ 4030 78,26 70 35 

6  ʊʇ 3689  313 280 140 

5 ʊʇ 42 313 280 140 

7 ʊʇ 142 192,42 175 80 

8 ʊʇ 402 317,65 280 150 

9 ʊʇ 4717 320,16 250 200 

3 ʊʇ 3795 42,94 38 20 

4 ʊʇ 1577 69,46 60 35 

10 ʊʇ 518 506,1 440 250 

11 ʊʇ 1589 806,23 700 400 

13 ʊʇ 4132 125,3 110 60 

14  ʊʇ 1852  860,23 700 500 

15 ʊʇ 105 806,23 700 400 

12 ʊʇ 2368 506,1 440 250 

16 ʊʇ 3595 590,34 460 370 

17 ʊʇ 2359 562,22 440 350 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ 10ʢɺ ʬʠʜʝʨʘ ˉ31 ʇʉ çɿʘʧʘʜʥʘʷè ʛ. ɹʠʰʢʝʢ. 
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ʈʠʩ.3.  ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ 

ʈʘʩʯʝʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ ʜʦ 

ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

                                                 ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʠ 

                                                                        P[ʢɺʪ]          Q[ʢɺɸʨ]         S[ʢɺɸ] 

          ʅʘʛʨʫʟʦʯʥʳʝ ʧʦʪʝʨʠ                       146.281         440.302         463.966 

       ʋʩʣʦʚʥʦ-ʧʦʩʪʦʷʥʥʳʝ ʧʦʪʝʨʠ                30.207         173.765         176.371 

                                                                          ------------------------------------------- 

               ʆʙʱʠʝ ʧʦʪʝʨʠ                              176.488         614.067         638.926 

 

ʈʘʩʯʸʪ ʠ ʫʩʪʘʥʦʚʢʘ ʫʧʨʘʚʣʷʝʤʳʭ ʙʘʪʘʨʝʡ ʩʪʘʪʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʥʘ ʇʉ 

 

ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʧʦʜʩʪʘʥʮʠʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʘʥʛʝʥʩʘ: 

ὗ̠ ˠ Ͻὸὥὲ• ὸὥὲ•                                (1) 

ʊʘʥʛʝʥʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

               ὸὥὲ•                                           (2) 



165 
 

ɼʣʷ ʊʇ 1251: 

ὸὥὲ•  
πȢφ

πȢψ
πȢχυ 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʚʝʜʝʤ ʨʘʩʯʸʪ ʜʣʷ ʜʨʫʛʠʭ ʊʇ: 

ɼʣʷ ʪʧ 4030 

ὗ̠ ˠ χπϽπȟυ πȟσυ ρπȟυ̋ˏˍ̑ 
ɼʣʷ ʪʧ 2359 

ὗ̠ ˠ ττπϽπȟχωπȟσυ ρωφ̋ˏˍ̑ 
ɺʳʙʠʨʘʝʤ ʫʧʨʘʚʣʷʝʤʳʝ ɹʉʂ ʪʠʧʘ ɸʋʂʈʄ ʠ ʨʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʝʤ ʚ ʪʘʙʣʠʮʫˉ4.  

ʊʘʙʣʠʮʘ 4. ʈʘʩʯʝʪʥʳʝ ʤʦʱʥʦʩʪʠ ʂʋ ʠ ʪʠʧʳ ɹʉʂ 

ˉ ʫʟʣʘ ˉ ʊʇ tgf Qʢʫ ʄʦʜʝʣʴ ʂʋ 

18 4030 0,5 10,5 -0,4-20-5 ʋ3 

17 2359 0.79 196 ɸʋʂʈʄ-0,4-200-5 ʋ3 

16 3595 0,8 207 ɸʋʂʈʄ-0,4-225-25 ʋ3 

5 105 0,57 154 ɸʋʂʈʄ-0,4-175-15 ʋ3 

9 4717 0,8 112,5 ɸʋʂʈʄ-0,4-120-10 ʋ3 

14 1852 0,71 252 ɸʋʂʈʄ-0,4-275-25 ʋ3 

12 2368 0,57 96,8 ɸʋʂʈʄ-0,4-100-10 ʋ3 

10 518 0,57 96,8 ɸʋʂʈʄ-0,4-100-10 ʋ3 

11 1589 0,57 154 ɸʋʂʈʄ-0,4-175-15 ʋ3 

13 4132 0,54 20,9 ɸʋʂʈʄ-0,4-25-5 ʋ3 

8 402 0,53 50,4 ɸʋʂʈʄ-0,4-55-5 ʋ3 

7 142 0,45 17,5 ɸʋʂʈʄ-0,4-20-5 ʋ3 

5 42 0,5 42 ɸʋʂʈʄ-0,4-45-2,5 ʋ3 

6 3689 0,5 42 ɸʋʂʈʄ-0,4-45-2,5 ʋ3 

4 1577 0,58 13,8 ɸʋʂʈʄ-0,4-20-5 ʋ3 

3 3795 0,52 6,46 ɸʋʂʈʄ-0,4-7,5-2,5 ʋ3 

2 1251 0,75 320 ɸʋʂʈʄ-0,4-350-50 ʋ1 

 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʧʦʩʣʝ 

ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ.         

ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ 

                                                                                    P[ʢɺʪ]          Q[ʢɺɸʨ]         S[ʢɺɸ] 

               ʅʘʛʨʫʟʦʯʥʳʝ ʧʦʪʝʨʠ                            114.015         343.034         361.485 

ʋʩʣʦʚʥʦ-ʧʦʩʪʦʷʥʥʳʝ ʧʦʪʝʨʠ                          30.749         176.451         179.110 

               ʆʙʱʠʝ ʧʦʪʝʨʠ                                      144.764         519.484         539.278 

 

ʊʘʙʣʠʮʘ 5.  ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʷ cos• ʜʦ ʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʂʋ 

ˉ ʫʟʣʘ ˉ ʊʇ Cos• ʜʦ 
ʫʩʪʘʥʦʚʢʠ ʂʋ 

Cos• ̐̏̒̌̆ ʫʩʪʘʥʦʚʢ
ʠ ʂʋ 

2 ʊʇ 1251 0.8             0,94 

18 ʊʇ 4030 0.89             0,95 

6  ʊʇ 3689  0.89             0,94 

5 ʊʇ 42 0.89             0,94 

7 ʊʇ 142 0.9             0,94 

8 ʊʇ 402 0.88             0,95 

9 ʊʇ 4717 0.78             0,92 

3 ʊʇ 3795 0.88             0,95 

4 ʊʇ 1577 0.86             0,95 

https://elcom-energo.ru/catalog/kondensatornye-ustanovki-0-4-kv-krm-ukrm-aukrm-ukm58-aku-kku-i-drugie/reguliruemye-kondensatornye-ustanovki-aukrm-0-4/avtomaticheskaya-kondensatornaya-ustanovka-aukrm-0-4-20-2-5-u3/
https://elcom-energo.ru/catalog/kondensatornye-ustanovki-0-4-kv-krm-ukrm-aukrm-ukm58-aku-kku-i-drugie/reguliruemye-kondensatornye-ustanovki-aukrm-0-4/avtomaticheskaya-kondensatornaya-ustanovka-aukrm-0-4-20-2-5-u3/
https://elcom-energo.ru/catalog/kondensatornye-ustanovki-0-4-kv-krm-ukrm-aukrm-ukm58-aku-kku-i-drugie/reguliruemye-kondensatornye-ustanovki-aukrm-0-4/avtomaticheskaya-kondensatornaya-ustanovka-aukrm-0-4-20-2-5-u3/
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10 ʊʇ 518 0.86             0,95 

11 ʊʇ 1589 0.86             0,94 

13 ʊʇ 4132 0.87             0,94 

14  ʊʇ 1852  0.81             0,94 

15 ʊʇ 105 0.81             0,92 

12 ʊʇ 2368 0.56             0,95 

16 ʊʇ 3595 0.77             0,94 

17 ʊʇ 2359 0.78             0,95 

 

ʊʘʙʣʠʮʘ 6. ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʠ ʜʦ ʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʂʋ 

æ̋̂̆ ̠̈ ȟɣ ʢɺʪ æ̋  ̠̒  ɣ , ʢɺʪ 

176.488  144.764          

    ʈʘʟʥʠʮʘ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

ʩʦʩʪʘʚʠʣʘ: 

 

æP%=
176,488-144,764

ρχφȢτψψ
Ā 100% =ρψϷ 

ɿʘʢʣʶʯʝʥʠʝ 

ʕʬʬʝʢʪʠʚʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ STATCOM ʠ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ FACTS ʪʝʭʥʦʣʦʛʠʠ, 

ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. ʈʘʟʚʠʪʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʝʡ 

ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʠ 

ʧʦʚʳʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʦʩʠʩʪʝʤ. 
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ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, 720044, ʛ. ɹʠʰʢʝʢ, ʧʨ. ʏ.ɸʡʪʤʘʪʦʚʘ 

66, e-mail: altynay.shakulova@bk.ru 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʨʫʙʠʮʳʥ ʂʦʥʩʪʘʥʪʠʥ ɺʠʢʪʦʨʦʚʠʯ, ʜʦʮʝʥʪ, , ʉʘʤʘʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʥʦʪʘʮʠʷ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ ʥʝʫʢʣʦʥʥʦ 

ʨʘʩʪʸʪ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ð ʠ ʟʘʪʨʘʪʳ ʜʦʤʦʭʦʟʷʡʩʪʚ. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʜʘʥʠʡ ʫʞʝ ʜʘʚʥʦ ʧʝʨʝʩʪʘʣʦ ʙʳʪʴ ʧʨʦʩʪʦ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ð ʩʝʛʦʜʥʷ ʵʪʦ ʚʦʧʨʦʩ 

ʢʦʤʬʦʨʪʘ, ʵʢʦʣʦʛʠʠ ʠ ʵʢʦʥʦʤʠʠ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʷ ʧʦʩʪʘʨʘʣʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘʠʙʦʣʝʝ 

ʜʝʡʩʪʚʝʥʥʳʝ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʧʦʪʝʨʴ: ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

mailto:altynay.shakulova@bk.ru
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ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʪʦʧʣʝʥʠʝʤ ʠ ʚʥʝʜʨʝʥʠʷ ʨʝʢʫʧʝʨʘʪʦʨʦʚ. ʇʨʠʚʦʞʫ ʨʘʩʯʸʪʳ, ʨʝʘʣʴʥʳʝ ʧʨʠʤʝʨʳ ʠ 

ʚʦʟʤʦʞʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʅʘʜʝʶʩʴ, ʵʪʦ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʜʣʷ ʪʝʭ, ʢʪʦ 

ʟʘʜʫʤʳʚʘʝʪʩʷ ʦʙ ʫʣʫʯʰʝʥʠʠ ʩʚʦʝʛʦ ʞʠʣʠʱʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʠʟʦʣʷʮʠʷ ,ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʳ[3], ʨʝʢʫʧʝʨʘʮʠʷ [4], 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʞʠʣʳʝ ʟʜʘʥʠʷ 

 

IMPROVING THE ENERGY EFFICIENCY OF RESIDENTIAL BUILDINGS  

 

Abstract. Every year, energy consumption in the residential sector continues to grow, along 

with household expenses. Improving the energy efficiency of buildings is no longer just a technical 

issue ð it has become a matter of comfort, ecology, and saving money. In this article, I aimed to 

explore the most effective ways to reduce heat loss: from using modern thermal insulation materials 

to installing automated heating systems and incorporating heat recovery units. I present 

calculations, real-life examples, and the potential economic benefits. I hope this will be useful for 

those considering upgrades to their homes. 

Keywords: thermal insulation, thermostats, heat recovery, energy saving, residential 

buildings 

ɺʚʝʜʝʥʠʝ. ʅʘʚʝʨʥʷʢʘ ʢʘʞʜʳʡ ʠʟ ʥʘʩ ʩʪʘʣʢʠʚʘʣʩʷ ʩ ʩʠʪʫʘʮʠʝʡ, ʢʦʛʜʘ ʟʠʤʦʡ ʚ ʢʚʘʨʪʠʨʝ 

ʭʦʣʦʜʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʢʣʶʯʸʥʥʦʝ ʦʪʦʧʣʝʥʠʝ, ʘ ʩʯʸʪ ʟʘ ʢʦʤʤʫʥʘʣʴʥʳʝ ʫʩʣʫʛʠ ʧʦʯʝʤʫ-ʪʦ ʚʩʸ 

ʨʘʩʪʸʪ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʧʨʦʩ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʘʣ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ: ʚʦ-ʧʝʨʚʳʭ, 

ʨʘʩʪʫʪ ʮʝʥʳ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ, ʘ ʚʦ-ʚʪʦʨʳʭ ð ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ 

ʥʝʩʪʘʙʠʣʴʥʳʤʠ. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ð ʵʪʦ ʫʞʝ ʥʝ ʤʦʜʥʳʡ ʪʨʝʥʜ, ʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ. 

ʂ ʪʦʤʫ ʞʝ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʟʜʘʥʠʷ ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʵʢʦʥʦʤʠʷ. ʕʪʦ ʝʱʸ ʠ ʚʢʣʘʜ ʚ 

ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ CO  ʠ ʟʘʙʦʪʘ ʦ ʙʫʜʫʱʝʤ 

ʧʦʢʦʣʝʥʠʠ. ʅʫ ʠ, ʢʦʥʝʯʥʦ, ʚ ʪʘʢʠʭ ʜʦʤʘʭ ʧʨʦʩʪʦ ʪʝʧʣʝʝ ʠ ʫʶʪʥʝʝ ʞʠʪʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

1. ʊʝʧʣʦʠʟʦʣʷʮʠʷ (ʫʪʝʧʣʝʥʠʝ [1] ʩʪʝʥ) 

ʊʝʧʣʦʠʟʦʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʤʘ. ʀʤʝʥʥʦ ʯʝʨʝʟ ʩʪʝʥʳ ʫʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʪʝʧʣʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʦʪʦʧʣʝʥʠʝ. ʋʪʝʧʣʝʥʠʝ ʩʪʝʥ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ ʪʝʧʣʦʧʦʪʝʨʠ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ. 

ʈʘʩʯʝʪ ʪʝʧʣʦʧʦʪʝʨʴ ʯʝʨʝʟ ʩʪʝʥʳ: 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʧʦʪʝʨʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: 

Q = S Ĭ ȹT / R 

ʛʜʝ:QQQ ð ʪʝʧʣʦʧʦʪʝʨʠ (ɺʪ), SSS ð ʧʣʦʱʘʜʴ ʦʛʨʘʞʜʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʤĮ), 

ȹT\Delta TȹT ð ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʟʜʘʥʠʷ (ÁC), RRR ð ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʤʘʪʝʨʠʘʣʘ (ʤĮĿÁC/ɺʪ). 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ: 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʣʦʱʘʜʴ ʩʪʝʥʳ ʩʦʩʪʘʚʣʷʝʪ 100 ʤĮ, ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ ʠ 

ʩʥʘʨʫʞʠ ð 20ÁC, ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʳ ð 4 ʤĮĿÁC/ɺʪ. ʊʦʛʜʘ 

ʪʝʧʣʦʧʦʪʝʨʠ ʩʦʩʪʘʚʷʪ: 

Q = (100 Ĭ 20) / 4 = 500 ɺʪ 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʝʨʝʟ ʩʪʝʥʫ ʫʭʦʜʠʪ 500 ʚʘʪʪ ʪʝʧʣʘ ʚ ʢʘʞʜʫʶ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ɽʩʣʠ 

ʵʪʠ ʧʦʪʝʨʠ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʛʦʜʘ (8760 ʯʘʩʦʚ), ʪʦ ʛʦʜʦʚʳʝ ʪʝʧʣʦʧʦʪʝʨʠ ʩʦʩʪʘʚʷʪ: 

500 Ĭ 8760 = 4 380 000 ɺʪĿʯ = 4380 ʢɺʪĿʯ 

ɽʩʣʠ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʢɺʪĿʯ ʩʦʩʪʘʚʣʷʝʪ 5 ʩʦʤʦʚ, ʪʦ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʚ ʛʦʜ ʙʫʜʫʪ 

ʩʦʩʪʘʚʣʷʪʴ: 

4380 Ĭ 5 = 21 900 ʩʦʤʦʚ 

ʇʦʩʣʝ ʫʪʝʧʣʝʥʠʷ ʩʪʝʥʳ: 
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ɼʦʧʫʩʪʠʤ, ʚʳ ʫʣʫʯʰʠʣʠ ʪʝʧʣʦʠʟʦʣʷʮʠʶ, ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʤʘʪʝʨʠʘʣʘ 

ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 6 ʤĮĿÁC/ɺʪ. ʊʦʛʜʘ ʪʝʧʣʦʧʦʪʝʨʠ ʙʫʜʫʪ: 

Q = (100 Ĭ 20) / 6 å 333.33 ɺʪ 

ɻʦʜʦʚʳʝ ʪʝʧʣʦʧʦʪʝʨʠ ʩʦʩʪʘʚʷʪ: 

333.33 Ĭ 8760 å 2 919 998 ɺʪĿʯ = 2919.998 ʢɺʪĿʯ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳ ʵʢʦʥʦʤʠʪʝ ʥʘ ʦʪʦʧʣʝʥʠʠ: 

4380 ī 2919.998 = 1460.002 ʢɺʪĿʯ 

ʀ ʩʵʢʦʥʦʤʣʝʥʥʳʝ ʜʝʥʴʛʠ ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ: 

1460.002 Ĭ 5 = 7300 ʩʦʤʦʚ 

2. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʦʪʦʧʣʝʥʠʷ (ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʳ [3]) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʧʦʤʝʱʝʥʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʠʠ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʥʦʯʴʶ ʧʦʥʠʞʘʝʪʩʷ 

ʜʦ 18ÁC, ʘ ʜʥʝʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 21ï22ÁC. 

ʕʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ ʟʘ ʛʦʜ: 

ɽʩʣʠ ʟʘ ʦʜʥʫ ʥʦʯʴ (ʥʘʧʨʠʤʝʨ, 12 ʯʘʩʦʚ) ʧʦʪʨʝʙʣʷʝʪʩʷ 20 ʢɺʪĿʯ, ʘ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʚ ð 17 ʢɺʪĿʯ, ʪʦ ʵʢʦʥʦʤʠʷ ʟʘ ʦʜʥʫ ʥʦʯʴ ʩʦʩʪʘʚʠʪ: 

20 ī 17 = 3 ʢɺʪĿʯ 

ɿʘ ʛʦʜ (365 ʜʥʝʡ) ʵʢʦʥʦʤʠʷ ʩʦʩʪʘʚʠʪ: 

3 Ĭ 365 = 1095 ʢɺʪĿʯ 

ɽʩʣʠ ʩʪʦʠʤʦʩʪʴ 1 ʢɺʪĿʯ ʩʦʩʪʘʚʣʷʝʪ 5 ʩʦʤʦʚ, ʪʦ ʵʢʦʥʦʤʠʷ ʟʘ ʛʦʜ ʩʦʩʪʘʚʠʪ: 

1095 Ĭ 5 = 5475 ʩʦʤʦʚ 

3. ʉʠʩʪʝʤʳ ʨʝʢʫʧʝʨʘʮʠʠ ʪʝʧʣʘ 

ʈʝʢʫʧʝʨʘʪʦʨʳ ð ʵʪʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʦʟʚʨʘʱʘʪʴ ʪʝʧʣʦ, ʫʙʳʚʘʶʱʝʝ ʩ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʚʦʟʜʫʭʦʤ, ʦʙʨʘʪʥʦ ʚ ʜʦʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʨʝʢʫʧʝʨʘʮʠʠ ʪʝʧʣʘ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ ʂʇɼ ʜʦ 85ï90%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʪʝʧʣʦʧʦʪʝʨʠ ʠ ʩʵʢʦʥʦʤʠʪʴ ʥʘ 

ʦʪʦʧʣʝʥʠʠ. 

ʕʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ ʩ ʨʝʢʫʧʝʨʘʪʦʨʦʤ: 

ɽʩʣʠ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʠʶ ʫʭʦʜʠʪ 2000 ʢɺʪĿʯ ʪʝʧʣʘ, ʘ ʨʝʢʫʧʝʨʘʪʦʨ ʚʦʟʚʨʘʱʘʝʪ 80% 

ʪʝʧʣʘ, ʪʦ ʵʢʦʥʦʤʠʷ ʩʦʩʪʘʚʠʪ: 

2000 Ĭ 0.8 = 1600 ʢɺʪĿʯ 

ʉʵʢʦʥʦʤʣʝʥʥʳʝ ʜʝʥʴʛʠ ʩʦʩʪʘʚʷʪ: 

1600 Ĭ 5 = 8000 ʩʦʤʦʚ 

4. ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ð ʵʪʦ ʦʪʣʠʯʥʳʡ ʩʧʦʩʦʙ 

ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʯʘʩʪʴ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʛʦʨʷʯʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʠ ʠ ʦʪʦʧʣʝʥʠʠ. 

ʈʘʩʯʝʪ ʵʥʝʨʛʠʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ: 

ɼʣʷ ʧʘʥʝʣʝʡ ʧʣʦʱʘʜʴʶ 20 ʤĮ ʩ ʂʇɼ 15%, ʩʨʝʜʥʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʝʡ 5 ʢɺʪĿʯ/ʤĮ ʚ 

ʜʝʥʴ ʠ 2000 ʩʦʣʥʝʯʥʳʤʠ ʯʘʩʘʤʠ ʚ ʛʦʜ, ʵʥʝʨʛʠʷ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ: 

E = 20 Ĭ 5 Ĭ 0.15 Ĭ 2000 = 1500 ʢɺʪĿʯ 

ʉʵʢʦʥʦʤʣʝʥʥʳʝ ʜʝʥʴʛʠ ʩʦʩʪʘʚʷʪ: 

1500 Ĭ 5 = 7500 ʩʦʤʦʚ 

ʊʘʙʣʠʮʘ 1 

ʀʪʦʛʦʚʘʷ ʵʢʦʥʦʤʠʷ 

ʄʝʨʘ 
ʕʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ 

(ʢɺʪĿʯ) 
ʕʢʦʥʦʤʠʷ (ʩʦʤʦʚ) 

ʋʪʝʧʣʝʥʠʝ ʩʪʝʥ 1460.002 7300 

ʊʝʨʤʦʨʝʛʫʣʷʪʦʨʳ 1095 5475 

ʈʝʢʫʧʝʨʘʮʠʷ ʪʝʧʣʘ 1600 8000 

ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ 1500 7500 

ʆʙʱʘʷ ʵʢʦʥʦʤʠʷ 5655.002 28275 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʥʝ ʷʚʣʷʶʪʩʷ ʯʝʤ-ʪʦ ʵʢʩʪʨʘʦʨʜʠʥʘʨʥʳʤ ʠʣʠ 

ʪʨʫʜʥʦʜʦʩʪʠʞʠʤʳʤ. ʕʪʦ ʜʦʩʪʫʧʥʳʝ ʠ ʚʧʦʣʥʝ ʨʝʘʣʠʠʨʫʝʤʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʦʯʴ 

ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʘʰʝʛʦ ʜʦʤʘ. ʀ ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ: ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪʴ ʜʝʥʴʛʠ, ʥʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ, ʩʦʢʨʘʱʘʷ 

ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʫʣʫʯʰʘʷ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ. ɻʣʘʚʥʦʝ ð ʥʘʯʘʪʴ ʩ ʤʘʣʦʛʦ ʠ 

ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʨʝʰʝʥʠʷʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʩʸ ʧʝʨʝʯʠʩʣʝʥʥʦʝ ð ʥʝ ʬʘʥʪʘʩʪʠʢʘ ʠ ʥʝ ʜʝʣʦ ʜʘʣʸʢʦʛʦ ʙʫʜʫʱʝʛʦ. ʕʪʦ ʜʦʩʪʫʧʥʳʝ ʠ 

ʚʧʦʣʥʝ ʨʝʘʣʠʟʫʝʤʳʝ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʩʜʝʣʘʪʴ ʞʠʣʴʸ ʪʸʧʣʳʤ, ʵʢʦʥʦʤʠʯʥʳʤ ʠ 

ʢɻʦʣʦʛʠʯʥʳʤ. ɻʣʘʚʥʦʝ ð ʥʘʯʘʪʴ ʩ ʤʘʣʦʛʦ: ʫʪʝʧʣʠʪʴ ʦʢʥʘ, ʧʦʩʪʘʚʠʪʴ ʨʝʛʫʣʷʪʦʨʳ, ʧʦʜʫʤʘʪʴ ʦ 

ʚʝʥʪʠʣʷʮʠʠ. ɸ ʜʘʣʴʰʝ ð ʧʦ ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ð ʵʪʦ ʠʥʚʝʩʪʠʮʠʷ ʚ ʢʦʤʬʦʨʪ ʠ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ. ʀ ʯʝʤ ʨʘʥʴʰʝ 

ʤʳ ʵʪʦ ʧʦʡʤʸʤ, ʪʝʤ ʙʳʩʪʨʝʝ ʥʘʯʥʸʤ ʵʢʦʥʦʤʠʪʴ ð ʠ ʜʝʥʴʛʠ, ʠ ʨʝʩʫʨʩʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʕʥʝʨʛʝʪʠʢʘ ʪʘʨʤʘʛʳʥʜʘʛʳ ʟʘʤʘʥʙʘʧ ʪʝʥʜʝʥʮʠʷʣʘʨ ϺʪʢϺʨϮʣϮϮʯϮ ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳʥʳʥ ʢʫʙʘʪʪʫʫʣʫʛʫʥ ʞʦʛʦʨʫʣʘʪʫʫ, ʦʰʦʥʜʦʡ ʵʣʝ ʵʣʝʢʪʨ ʢʦʦʧʩʫʟʜʫʛʫʥʘ ʪʘʣʘʧʪʘʨʜʳ 

ʢϮʯϺʪϮϮ ʤʝʥʝʥ ʙʘʡʣʘʥʳʰʢʘʥ. ʄʝʪʘʣʣ ʪʠʨϺϺʯʪϺʨ ʘʨʪʳʢʯʳʣʳʢʪʘʨʳʥʘ ʢʘʨʘʙʘʩʪʘʥ 

(ʤʝʭʘʥʠʢʘʣʳʢ ʙʝʢʝʤʜʠʢ, ʢʣʠʤʘʪʪʳʢ ʬʘʢʪʦʨʣʦʨʛʦ ʪʫʨʫʢʪʫʫʣʫʢ) ʞʳʣʫʫʣʫʢ ʞʘʥʘ ʵʣʝʢʪʨʜʠʢ 

ʢʦʨʢʫʥʫʯʪʘʨʜʳʥ ʧʦʪʝʥʮʠʘʣʜʫʫ ʙʫʣʘʢʪʘʨʳʥʘ ʘʡʣʘʥʘʪ. ɹʫʣ ʪʝʤʘʥʳʥ ʘʢʪʫʘʣʜʫʫʣʫʛʫ ʪϺʤϺʥʢϮ 

ʬʘʢʪʦʨʣʦʨ ʤʝʥʝʥ ʘʥʳʢʪʘʣʘʪ: 

- ʣʠʥʠʷʣʘʨʜʘʛʳ ʢʳʩʢʘ ʪʫʪʘʰʫʫ ʪʦʢʪʘʨʳʥʳʥ ʞʘʥʘ ʞʫʤʫʰʯʫ ʪʦʢʪʫʥ ʢϺʙϺʡϮʰϮ; 

- 220 ʢɺ ʞʘʥʘ ʘʥʜʘʥ ʞʦʛʦʨʢʫ ʯʳϬʘʣʫʫʜʘʛʳ ʵʣʝʢʪʨ ʙʝʨϮϮ ʣʠʥʠʷʣʘʨʳʥ ʢʦʣʜʦʥʫʫʥʫ 

ʢʝϬʝʡʪϮϮ; 

- ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʠʢ ʰʘʡʢʝʰʪʠʢʪʠ (ʕʄʉ) ʵʩʝʧʢʝ ʘʣʫʫ ʙʦʶʥʯʘ ʪʘʣʘʧʪʘʨ; 

- ʀʥʞʝʥʝʨʜʠʢ ʵʩʢʠʨϮϮʥϮ ʙʦʣʞʦʣʜʦʦ ϮʯϮʥ ʪʘʷʥʳʯʪʘʨʜʳʥ ʞʳʣʫʫʣʫʢ ʨʝʞʠʤʠʥ 

ʤʦʜʝʣʜϺϺ ʢʝʨʝʢ. 
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ɹʫʣ ʠʰʪʠʥ ʤʘʢʩʘʪʳ ʘʙʘ ʵʣʝʢʪʨ ʣʠʥʠʷʣʘʨʳʥʳʥ ʤʝʪʘʣʣ ʪʠʨϺϺʯʪϺʨϮʥʜϺ ʠʥʜʫʢʮʠʷʣʳʢ 

ʪʦʢʪʫʥ ʧʘʡʜʘ ʙʦʣʫʫ ʤʝʭʘʥʠʟʤʜʝʨʠʥ ʠʟʠʣʜϺϺ ʞʘʥʘ ʙʫʣ ʪʦʢʪʫʥ ʪʘʘʩʠʨʠ ʤʝʥʝʥ ʧʘʡʜʘ ʙʦʣʛʦʥ 

ʳʩʳʪʫʫʥʫʥ ʤϮʥϺʟϮʥ ʞʘʥʘ ʯʦϬʜʫʛʫʥ ʘʥʳʢʪʦʦ ʙʦʣʫʧ ʩʘʥʘʣʘʪ. 

ɸʯʢʳʯ ʩϺʟʜϺʨ: ʕʣʝʢʪʨ ϺʪʢϺʨʛϮʯ ʣʠʥʠʷʣʘʨʳ, ʤʝʪʘʣʣ ʪʠʨϺϺʯʪϺʨ, ʢʳʩʢʘ ʪʫʪʘʰʫʫʣʘʨ 

ʪʦʢ, ʪʠʨϺϺʯʪϺʨʜϮʥ ʞʳʣʫʫʣʫʢ ʰʘʨʪʪʘʨʳ, ʠʥʜʫʢʮʠʷʣʳʢ ʪʦʢ. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʅɼʋʂʎʀʆʅʅʓʍ ʊʆʂʆɺ ʀ ʅɸɻʈɽɺʆɺ ɺ 

ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʆʇʆʈɸʍ ɺʆɿɼʋʐʅʓʍ ʃʀʅʀʁ ʕʃɽʂʊʈʆʇɽʈɽɼɸʏʀ 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʵʥʝʨʛʝʪʠʢʝ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʦʧʦʨʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ 

(ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ), ʩʪʘʥʦʚʷʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʦʚʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʧʘʩʥʦʩʪʝʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

- ʈʦʩʪʦʤ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʦʢʦʚ ʚ ʣʠʥʠʷʭ; 

- ʈʘʩʰʠʨʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ɺʃ 220 ʢɺ ʠ ʚʳʰʝ; 

- ʊʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʫʯʸʪʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ); 

- ʀʥʞʝʥʝʨʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʦʧʦʨ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʥʦʩʘ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ð ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʜʫʢʮʠʦʥʥʳʭ 

ʪʦʢʦʚ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨʘʭ ɺʃ ʠ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʠ ʚʝʣʠʯʠʥʫ ʥʘʛʨʝʚʘ, ʚʳʟʚʘʥʥʦʛʦ 

ʵʪʠʤʠ ʪʦʢʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʳ, ʤʝʪʘʣʠʯʝʩʢʠʝ ʦʧʦʨʳ, ʪʦʢ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ, ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʦʧʦʨ, ʠʥʜʫʢʮʠʦʥʥʳʝ ʪʦʢ. 

 

STUDY OF INDUCTION CURRENTS AND HEATING IN METAL SUPPORTS OF 

OVERHEAD POWER TRANSMISSION LINES 
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Annotation. Modern trends in energy are associated with an increase in the capacity of 

transmitted electricity, as well as with stricter requirements for electrical safety. Metal supports, 

despite their advantages (mechanical strength, resistance to climatic factors), are becoming 

potential sources of thermal and electrical hazards.  

The relevance of this topic is determined by the following factors: 

- Increase in short-circuit currents and operational currents in lines; 

- Expansion of the use of high-voltage overhead power lines of 220 kV and above; 

- Requirements for taking into account electromagnetic compatibility (EMC); 

- Engineering need to model the thermal conditions of supports to predict wear. 
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The purpose of this work is to investigate the mechanisms of occurrence of induction 

currents in metal supports of overhead power lines and to determine the nature and magnitude of 

heating caused by these currents. 

Key words: Power transmission lines, metal supports, short-circuit current, thermal 

conditions of supports, induction current. 

ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ɺʃ). 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʦʧʦʨʳ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʚʦʜʦʚ ɺʃ, ʧʦʜʚʝʨʞʝʥʳ 

ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʧʨʦʪʝʢʘʶʱʠʤ ʧʦ ʧʨʦʚʦʜʘʤ ʪʦʢʦʤ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʠʥʜʫʢʮʠʦʥʥʳʭ ʪʦʢʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʦʧʦʨ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʠʭ 

ʥʘʛʨʝʚʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʵʪʠʭ ʪʦʢʦʚ, ʦʥʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʣʦʢʘʣʴʥʳʝ ʧʝʨʝʛʨʝʚʳ, ʫʩʢʦʨʝʥʥʦʝ ʩʪʘʨʝʥʠʝ ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʘʩʥʦʩʪʴ ʚ 

ʩʣʫʯʘʝ ʧʨʠʢʦʩʥʦʚʝʥʠʷ ʢ ʦʧʦʨʝ. [1]. 

ʀʥʜʫʢʮʠʦʥʥʳʝ ʪʦʢʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨʘʭ ʚʦʟʥʠʢʘʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʦʢʘʤʠ ʚ ʧʨʦʚʦʜʘʭ ɺʃ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʌʘʨʘʜʝʷ, ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʕɼʉ) ʠʥʜʫʮʠʨʫʝʪʩʷ ʚ ʟʘʤʢʥʫʪʦʤ ʢʦʥʪʫʨʝ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ: [2]. 

                                                         (1) 

ʛʜʝ 

ʕɼʉ ð ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ, 

ū ð ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, 

t ð ʚʨʝʤʷ. 

ʄʦʱʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, ʚʳʟʚʘʥʥʘʷ ʠʥʜʫʢʮʠʦʥʥʳʤʠ ʪʦʢʘʤʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʟʘʢʦʥʫ ɼʞʦʫʣʷïʃʝʥʮʘ: 

                                                        (2) 

 ʛʜʝ 

Q ð ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

I ð ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʪʦʢ, 

R ð ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʫʪʠ ʪʦʢʘ ʚ ʦʧʦʨʝ, 

t ð ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʧʦʜʭʦʜʦʚ: 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʪʦʢʦʚ, ʠʥʜʫʮʠʨʫʝʤʳʭ ʚ ʪʝʣʝ 

ʦʧʦʨʳ. 

2. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ (ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʇʆ 

ANSYS). 

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʥʘ ʬʨʘʛʤʝʥʪʘʭ ʦʧʦʨ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʠʥʜʫʢʮʠʠ ʪʦʢʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʧʦʨʝ 
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ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʦʧʦʨʘ, ʥʘʭʦʜʷʩʴ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, 

ʧʨʦʥʠʟʳʚʘʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʌʘʨʘʜʝʷ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ ʚʦ ʚʨʝʤʝʥʠ ʚ ʪʝʣʝ ʦʧʦʨʳ ʠʥʜʫʮʠʨʫʝʪʩʷ ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʕɼʉ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʘʤʢʥʫʪʳʭ ʪʦʢʦʚ ð ʠʥʜʫʢʮʠʦʥʥʳʭ ʪʦʢʦʚ (ʪʦʢʦʚ ʌʫʢʦ) [3-4]. 

ʅʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʳ: 

ʂʨʘʩʥʳʝ ʩʪʨʝʣʢʠ ð ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ ʚ ʧʨʦʚʦʜʘʭ; 

ʉʠʥʠʝ ʣʠʥʠʠ ð ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦʚʦʜʘʤʠ; 

ɾʸʣʪʳʝ/ʦʨʘʥʞʝʚʳʝ ʩʪʨʝʣʢʠ ʚʥʫʪʨʠ ʦʧʦʨʳ ð ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʘʚʝʜʸʥʥʳʝ ʪʦʢʠ ʟʘʤʳʢʘʶʪʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʫʪʷʤ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʦʨʳ, ʦʩʦʙʝʥʥʦ ʚ 

ʟʘʤʢʥʫʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʪʫʨʘʭ (ʥʘʧʨʠʤʝʨ, ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʫʛʦʣʢʠ, ʢʨʝʧʸʞʥʳʝ 

ʵʣʝʤʝʥʪʳ), ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʥʘʛʨʝʚʫ ʤʝʪʘʣʣʘ. 

ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʧʦʷʚʣʝʥʠʷ 

ʧʘʨʘʟʠʪʥʳʭ ʪʦʢʦʚ ʠ ʦʙʲʷʩʥʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʟʘʱʠʪʥʳʭ 

ʨʝʰʝʥʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʣʠʥʠʡ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ:  

 - ɺʝʣʠʯʠʥʘ ʥʘʚʝʜʸʥʥʳʭ ʪʦʢʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 50 ʜʦ 300 ʤɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʬʘʟʳ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

- ʃʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ (ʥʘʧʨʠʤʝʨ, ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʫʛʣʳ ʧʨʦʬʠʣʝʡ) ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʘʠʙʦʣʴʰʝʤʫ ʥʘʛʨʝʚʫ. 

- ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 60-70ÁC ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

 
ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʦʨʳ 

 

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʧʦʨʳ ʚʦʟʜʫʰʥʦʡ 

ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʦʪʨʘʞʘʝʪ ʚʣʠʷʥʠʝ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʦʪ ʪʦʢʦʚʝʜʫʱʠʭ ʧʨʦʚʦʜʦʚ. ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʚʩʝʡ ʩʪʨʫʢʪʫʨʝ[5-6]. 

ʅʘʠʙʦʣʝʝ ʥʘʛʨʝʚʘʝʤʳʤʠ ʟʦʥʘʤʠ ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʙʣʠʞʝ ʢ ʧʨʦʚʦʜʘʤ 

ʩ ʪʦʢʦʤ, ʦʩʦʙʝʥʥʦ ʚ ʤʝʩʪʘʭ ʢʨʝʧʣʝʥʠʡ, ʩʚʘʨʥʳʭ ʰʚʦʚ, ʦʩʪʨʳʭ ʫʛʣʦʚ ʠ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʛʜʝ ʦʙʨʘʟʫʶʪʩʷ ʚʠʭʨʝʚʳʝ ʪʦʢʠ (ʪʦʢʠ ʌʫʢʦ). ʕʪʠ ʟʦʥʳ ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤʠ ʠ 

ʦʨʘʥʞʝʚʳʤʠ ʦʪʪʝʥʢʘʤʠ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (ʜʦ 60ï70 ÁC). 

ʄʝʥʝʝ ʥʘʛʨʝʪʳʝ ʫʯʘʩʪʢʠ, ʦʢʨʘʰʝʥʥʳʝ ʚ ʞʸʣʪʳʝ ʠ ʟʝʣʸʥʳʝ ʪʦʥʘ, ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʦʧʦʨʳ ʠ ʥʘ ʫʯʘʩʪʢʘʭ, ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʤʘʛʥʠʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʊʘʤ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʠʞʝ, ʘ ʟʥʘʯʠʪ, ʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʤʝʥʴʰʝ [7]. 

ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ 

ʣʦʢʘʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʧʦʨ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ ʤʝʨʳ ʧʦ 

ʦʪʚʦʜʫ ʪʝʧʣʘ ʠ ʟʘʱʠʪʝ ʫʷʟʚʠʤʳʭ ʫʯʘʩʪʢʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʟʥʘʯʠʤʦʩʪʴ ʫʯʸʪʘ ʠʥʜʫʢʮʠʦʥʥʳʭ ʪʦʢʦʚ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨ ɺʃ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʭ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ, 
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ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʣʦʢʘʣʴʥʳʤ ʥʘʛʨʝʚʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʥʘʜʸʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ: 

- ʀʩʧʦʣʴʟʦʚʘʪʴ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʩʪʘʚʢʠ ʚ ʢʨʠʪʠʯʥʳʭ ʫʟʣʘʭ ʦʧʦʨ; 

- ʇʨʠʤʝʥʷʪʴ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʶ; 

- ɺʳʧʦʣʥʷʪʴ ʨʝʛʫʣʷʨʥʳʡ ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʦʧʦʨ ʥʘ ʧʦʜʩʪʘʥʮʠʷʭ ʠ ʚʙʣʠʟʠ 

ʛʦʨʦʜʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʄʘʢʘʣʘ ʂʳʨʛʳʟʩʪʘʥʜʳʥ ʪװʰʪװʛװ ʤʝʥʝʥ ʪװʥʜװʛװʥװʥ ʦʨʪʦʩʫʥʜʘ 

ʠʰʝʥʠʤʜװװ ʵʣʝʢʪʨ ʙʘʡʣʘʥʳʰʳʥ ʢʘʤʩʳʟ ʢʳʣʛʘʥ 500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè ʵʣʝʢʪʨ ʙʝʨװװ 

ʣʠʥʠʷʩʳʥʜʘʛʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳʥ ʞʦʛʦʪʫʫʣʘʨʳʥ ʪʘʣʜʦʦʛʦ ʘʨʥʘʣʛʘʥ. ɼʦʣʙʦʦʨ ᴇʣʢᴇʥװʥ 

ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʢᴇʟ ʢʘʨʘʥʜʳʩʳʟʜʳʛʳʥ ʢʘʤʩʳʟ ʢʳʣʫʫʜʘ, ʵʢʩʧʦʨʪʪʫʢ ʤװʤʢװʥʯװʣװʢʪᴇʨʜװ 

ʞʦʛʦʨʫʣʘʪʫʫʜʘ ʞʘʥʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʞʦʛʦʪʫʫʣʘʨʜʳ ʘʟʘʡʪʫʫ ʘʨʢʳʣʫʫ ʵʢʦʥʦʤʠʢʘʣʳʢ 

ʥʘʪʳʡʞʘʣʫʫʣʫʢʪʫ ʞʦʛʦʨʫʣʘʪʫʫʜʘ ʤʘʘʥʠʣװװ ʢʘʜʘʤ ʙʦʣʜʫ. 

ʊװʡװʥʜװ ʩᴇʟʜᴇʨ: 500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè ʵʣʝʢʪʨ ʙʝʨװװ ʯʫʙʘʣʛʳʩʳ, ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳʥʳʥ ʞʦʛʦʪʫʫʣʘʨʳ, 500 ʢɺ ʧʦʜʩʪʘʥʮʠʷʣʘʨ , ʢʫʨʫʣʫʰ ʞʘʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʦʦ, 

ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʙʘʡʣʘʥʳʰ, ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʘʩʳʥʳʥ ʥʘʪʳʡʞʘʣʫʫʣʫʛʫ. 

 

ɸʅɸʃʀɿ ʇʆʊɽʈʔ ɺ ʃʀʅʀʀ ʕʃɽʂʊʈʆʇɽʈɽɼɸʏʀ çɼɸʊʂɸ-ʂɽʄʀʅè 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) 500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʶʛʦʤ ʠ ʩʝʚʝʨʦʤ ʂʳʨʛʳʟʩʪʘʥʘ. ʇʨʦʝʢʪ ʩʪʘʣ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʘʥʳ, ʫʚʝʣʠʯʝʥʠʠ ʵʢʩʧʦʨʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʫʣʫʯʰʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʕʇ 500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè, ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʜʩʪʘʥʮʠʠ 

500 ʢɺ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 
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ɺʚʝʜʝʥʠʝ 

ʃʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) 500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʂʳʨʛʳʟʩʪʘʥʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʶʛʘ ʩʪʨʘʥʳ 

ʥʘ ʩʝʚʝʨ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʜʘʥʥʦʡ ʃʕʇ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ 

ʟʘʜʘʯ: ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ 

ʩʦʟʜʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʨʝʩʧʫʙʣʠʢʠ. ɼʦ ʝʸ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʩ 

ʶʛʘ ʧʝʨʝʜʘʚʘʣʘʩʴ ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʶ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʦʪʝʨʷʤ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʪʘʧʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʃʕʇ çɼʘʪʢʘ-

ʂʝʤʠʥè, ʘ ʪʘʢʞʝ ʝʸ ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ 

ʂʳʨʛʳʟʩʪʘʥʘ. 

ʇʉ 500 ʢɺ çʂʝʤʠʥè ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʫʡʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʣʠʥʠʠ 220 ʢɺ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʏʫʡʩʢʦʡ, 

ʀʩʩʳʢ-ʂʫʣʴʩʢʦʡ ʠ ʅʘʨʳʥʩʢʦʡ ʦʙʣʘʩʪʝʡ. 

ɺʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʃʕʇ 500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè ʠ ʧʦʜʩʪʘʥʮʠʠ çʂʝʤʠʥè ʧʨʠʚʝʣʠ, ʚ 

ʦʩʥʦʚʥʦʤ, ʢ ʠʟʤʝʥʝʥʠʶ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ [1, 2], ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʚ 2017 ʛ. ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʧʦ ʦʪʯʝʪʥʳʤ ʧʦʪʝʨʷʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ 2016 ʛ. ʠ 9 ʤʝʩ. 2017 ʛ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʩʭʝʤʳ ʩʝʪʠ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʃʕʇ 

500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè ʚʢʣʶʯʘʣʘ ʤʝʞʩʠʩʪʝʤʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʩʚʷʟʳʚʘʶʱʠʝ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʂʳʨʛʳʟʩʪʘʥʘ ʠ ʂʘʟʘʭʩʪʘʥʘ [3, 4]. 

ʇʦʜʢʣʶʯʝʥʠʝ ʇʉ çʂʝʤʠʥè ʢ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʧʦ ʩʝʪʷʤ 220 ʢɺ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ 

ʧʝʨʝʟʘʚʦʜʢʦʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ɺʃ 220 ʢɺ. 
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ʃʠʥʠʷ 500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʚʷʟʴ 

ʤʝʞʜʫ ʶʛʦʤ ʠ ʩʝʚʝʨʦʤ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʥʘ ʜʘʥʥʫʶ ʣʠʥʠʶ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚʳʜʘʯʘ ʤʦʱʥʦʩʪʠ ʂʘʤʙʘʨʘʪʠʥʩʢʠʭ ɻʕʉ 1 ʠ 2 ʂʘʨʘ-ʂʝʯʠʥʩʢʦʡ ʊʕʉ. 

ʇʨʦʝʢʪ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ɺʃ 500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè ʠ ʇʉ 500 ʢɺ çʂʝʤʠʥè 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ 30.09.2012 ʛʦʜʘ ʢʦʤʧʘʥʠʝʡ ʆɸʆ çʅʕʉʂè ʠ ʢʠʪʘʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ ʊɺɽɸ 

(ʂʅʈ). ʀ ʙʳʣ ʟʘʚʝʨʰʝʥ 25 ʘʚʛʫʩʪʘ 2015 ʛʦʜʘ [5, 6]. 

ʇʦʩʪʨʦʝʥʳ: 

- ʇʉ 500 ʢɺ  çɼʘʪʢʘè - 501 ʄɺɸ 

- ɼʚʫʭʮʝʧʥʘʷ ɺʃ 220 ʢɺ çʂʨʠʩʪʘʣʣ-ɼʘʪʢʘè - 70,8 ʢʤ; 

- ɼʚʫʭʮʝʧʥʘʷ ɺʃ 220 ʢɺ çɼʘʪʢʘ-ʋʟʣʦʚʘʷè - 117, 0 ʢʤ; 

- ʆʜʥʦʮʝʧʥʘʷ ɺʃ 220 ʢɺ çɼʘʪʢʘ-ʆʢʪʷʙʨʴʩʢʘʷè - 11,3 ʢʤ; 

- ɼʚʫʭʮʝʧʥʘʷ ɺʃ 220 ʢɺ çʋʟʣʦʚʘʷ ï ɸʣʘʡè - 45,3 ʢʤ. 

ʇʨʦʠʟʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ: 

- ʇʉ 220 ʢɺ çʋʟʣʦʚʘʷè; 

- ʇʉ 220 ʢɺ çɸʣʘʡè; 

- ʇʉ 220 ʢɺ çʆʢʪʷʙʨʴʩʢʘʷè; 

- ʇʉ 220 ʢɺ çʂʨʠʩʪʘʣʣè; 

- ʈɿʠɸ ʂʫʨʧʩʘʡʩʢʦʡ ɻʕʉ. 

ʆʩʫʱʝʩʪʚʣʝʥʘ ʧʝʨʝʟʘʚʦʜʢʘ ʥʘ ʇʉ 500 ʢɺ çɼʘʪʢʘè (2,6 ʢʤ): 

- ɺʃ 220 ʢɺ çʂʫʨʧʩʘʡʩʢʘʷ ɻʕʉ ï ʆʢʪʷʙʨʴʩʢʘʷè; 

- ɺʃ 500 ʢɺ çʊʦʢʪʦʛʫʣʴʩʢʘʷ ɻʕʉ ï ʃʦʯʠʥè. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʣ ʧʦʪʨʝʙʣʝʥʠʝ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʩʭʝʤʳ ʦʩʥʦʚʥʦʡ ʩʝʪʠ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚ, ʩʦʟʜʘʣ ʩʚʦʝ ʚʥʫʪʨʝʥʥʝʝ çʢʦʣʴʮʦè 500 

ʢɺ ï 220 ʢɺ, ʠ ʚ ʙʫʜʫʱʝʤ ʦʙʝʩʧʝʯʠʪʴ ʚʳʜʘʯʫ ʤʦʱʥʦʩʪʠ ʩ ʂʘʤʙʘʨ-ɸʪʠʥʩʢʠʭ ɻʕʉ ï 1 ʠ 2, ʘ 

ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴ ʵʢʩʧʦʨʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʦʩʝʜʥʠʝ ʛʦʩʫʜʘʨʩʪʚʘ. 

23 ʬʝʚʨʘʣʷ 2012 ʛʦʜʘ ʙʳʣ ʧʦʜʧʠʩʘʥ ʂʦʥʪʨʘʢʪ ʤʝʞʜʫ ʆɸʆ ʊɺɽɸ ʠ ʆɸʆ çʅʕʉ 

ʂʳʨʛʳʟʩʪʘʥʘè, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʦ ʤʝʪʦʜʫ çʇʦʜ ʢʣʶʯè ʩʦʛʣʘʩʥʦ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʧʨʘʚʠʣʘʤ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʥʘ ʧʦʜʩʪʘʥʮʠʶ 220/110/10 ʢɺ çɸʣʘ-ɸʨʯʘè ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦʩʪʘʚʢʘ 

ʜʚʫʭ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʤʦʱʥʦʩʪʴʶ 200 ʤɺɸ ʢʘʞʜʳʡ ʥʘ ʩʫʤʤʫ 5 ʤʣʥ. ʜʦʣʣʘʨʦʚ ʉʐɸ. ʅʘ 

ʚʪʦʨʫʶ ʦʯʝʨʝʜʴ ʇʉ ʂʝʤʠʥ ʠ  ɼʘʪʢʘ ʧʦʩʪʘʚʣʝʥʳ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʤʦʱʥʦʩʪʴʶ 501 ʤɺɸ ʩ 

ʷʯʝʡʢʘʤʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷʤʠ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʜʩʪʘʥʮʠʠ 500 ʢɺ çʂʝʤʠʥè ʟʘʚʝʨʰʝʥʦ ʢ 15 ʥʦʷʙʨʷ 2014 ʛ., ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʝʨʝʟʘʚʦʜʢʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ɺʃ 220 ʢɺ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʥʦʚʳʭ ʣʠʥʠʡ ʥʘ 

ʧʦʜʩʪʘʥʮʠʶ 500/220/35 ʢɺ çʂʝʤʠʥè. 

28 ʘʚʛʫʩʪʘ 2015 ʛʦʜʘ ʟʘʚʝʨʰʠʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʚʚʦʜ ʚ ʨʘʙʦʪ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè ʠ ʧʦʜʩʪʘʥʮʠʠ 500 ʢɺ çʂʝʤʠʥè. 

ɼʦ 2017 ʛʦʜʘ ʚʩʝ ʦʙʲʝʢʪʳ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ɼʘʪʢʘ-ʂʝʤʠʥ ʙʳʣʠ ʧʦʜ ʛʘʨʘʥʪʠʡʥʳʤ 

ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʧʦʜʨʷʜʯʠʢʘ ʢʦʤʧʘʥʠʠ ʊɺɽɸ. ʇʦʩʣʝ ʠʩʪʝʯʝʥʠʷ ʛʘʨʘʥʪʠʡʥʦʛʦ ʧʝʨʠʦʜʘ ʤʝʞʜʫ 

ʆɸʆ ñʅʕʉʂò ʠ ʢʦʤʧʘʥʠʝʡ ʊɺɽɸ ʙʳʣʠ ʟʘʚʝʨʰʝʥʳ ʢʦʥʪʨʘʢʪʥʳʝ ʦʙʲʷʟʘʪʝʣʴʩʪʚʘ ʠ 

ʩʧʝʮʠʘʣʠʩʪʳ  ʆɸʆ ñʅʕʉʂò ʵʢʩʧʣʫʘʪʠʨʫʝʪ ʦʙʲʝʢʪʳ ʧʨʦʝʢʪʘ ɼʘʪʢʘ-ʂʝʤʠʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ɺʃ 500 ʢɺ ɼʘʪʢʘ-ʂʝʤʠʥ, ʇʉ 500 ʢɺ ɼʘʪʢʘ ʠ ʂʝʤʠʥ ʟʘ ʠʩʪʝʢʰʠʡ ʧʝʨʠʦʜ 2015-2022 

ʛʦʜʘʭ ʨʘʙʦʪʘʣʘ ʙʝʟ ʘʚʘʨʠʡ ʠ ʢʘʢʠʭ-ʣʠʙʦ ʩʝʨʴʸʟʥʳʭ ʜʝʬʝʢʪʦʚ, ʩʦʟʜʘʚʘʷ ʥʘʜʝʞʥʦʝ ʥʝʟʘʚʠʩʠʤʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʢʦʣʴʮʦ ʚʥʫʪʨʠ ʂʳʨʛʳʟʩʪʘʥʘ. ʉ ʚʚʦʜʦʤ ʚ ʨʘʙʦʪʫ ɺʃ 500 ʢɺ çɼʘʪʢʘ ï ʂʝʤʠʥè 

ʩʦʟʜʘʥʦ çʩʦʙʩʪʚʝʥʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʵʥʝʨʛʦʢʦʣʴʮʦè 500-200 ʢɺ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʨʘʥʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʦʪ 

ʵʥʝʨʛʦʩʠʩʪʝʤ ʂʘʟʘʭʩʪʘʥʘ ʠ ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʨʘʟʛʨʫʟʢʠ ʪʨʘʥʟʠʪʥʳʭ ʃʕʇ-220 ʢɺ ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʏʫʡʩʢʦʡ, ʀʩʩʳʢ-ʂʫʣʴʩʢʦʡ ʠ ʅʘʨʳʥʩʢʦʡ ʦʙʣʘʩʪʝʡ. 

ʃʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) çɼʘʪʢʘ-ʂʝʤʠʥè ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʂʳʨʛʳʟʩʪʘʥʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʶʛʘ ʩʪʨʘʥʳ 
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ʥʘ ʩʝʚʝʨ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʵʪʦʡ ʃʕʇ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʧʦʪʝʨʴ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʃʕʇ 

ɼʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʃʕʇ çɼʘʪʢʘ - ʂʝʤʠʥè ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʩ ʶʛʘ ʂʳʨʛʳʟʩʪʘʥʘ ʥʘ ʩʝʚʝʨ 

ʧʝʨʝʜʘʚʘʣʘʩʴ ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʶ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʦʪʝʨʷʤ. ʇʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ, ʧʦʪʝʨʠ ʜʦʩʪʠʛʘʣʠ 100 ʄɺʪ. 

ʇʦʩʣʝ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʃʕʇ çɼʘʪʢʘ-ʂʝʤʠʥè ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʥʠʟʠʣʠʩʴ. 

ʊʦʯʥʳʝ ʮʠʬʨʳ ʧʦʪʝʨʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʫʙʣʠʢʫʶʪʩʷ, ʦʜʥʘʢʦ, ʧʦ ʟʘʷʚʣʝʥʠʷʤ 

ʦʬʠʮʠʘʣʴʥʳʭ ʣʠʮ, ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ (ʪʘʙʣʠʮʘ 1), (ʨʠʩ.1-ʨʠʩ.6). 

ʊʘʙʣʠʮʘ 1 - ʃʕʇ çɼʘʪʢʘ-ʂʝʤʠʥè 

 

 

 
 

ʈʠʩ.1. ɻʠʩʪʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʧʦʪʝʨʴ ʚ ʃʕʇ çɼʘʪʢʘ-ʂʝʤʠʥè ʟʘ 2015 ʛʦʜ. 

 

ɻʦʜ ʄʝʩʷʮ  ʅʘʠʤʝʥʦʚ. 

 ʦʙʲʝʢʪʘ 

ʅʘʠʤ 

ʇʉ 

ʇʨʦʧʫʩʢ 

ʪʳʩ.ʢɺʪ.ʯʘʩ 

ʇʨʦʧʫʩʢ 

ʪʳʩ.ʢɺʪ.ʯʘʩ 

ʇʦʪʝʨʠ 

ʦʪʯ. 

ɺ % 

2015  

ʛʦʜ 

ʘʚʛ.-

ʜʝʢ. 

ɺʃ 500 ʢɺ  

ɼʘʪʢʘ-ʂʝʤʠʥ 

ʉʘʣʴʜʦ 616250,0 599812,5 16437,500 2,74 

2016 

 ʛʦʜ 

12 ʤʝʩ. ɺʃ 500 ʢɺ  

ɼʘʪʢʘ-ʂʝʤʠʥ 

ʉʘʣʴʜʦ -1820250,0 1781187,6 36062,100 2,19 

2017 

 ʛʦʜ 

12 ʤʝʩ ɺʃ 500 ʢɺ 

 ɼʘʪʢʘ-ʂʝʤʠʥ 

ʉʘʣʴʜʦ -1753250,0 1719250,0 34000,000 1,98 

2024  

ʛʦʜ 

12 ʤʝʩ. ɺʃ 500 ʢɺ  

ɼʘʪʢʘ-ʂʝʤʠʥ 

ʉʘʣʴʜʦ -1980483,6 1945266,721 35216,879 1,81 
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ʈʠʩ.2. ɻʠʩʪʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʧʦʪʝʨʴ ʚ ʃʕʇ çɼʘʪʢʘ-ʂʝʤʠʥè ʟʘ 2016 ʛʦʜ. 

 
ʈʠʩ.3. ɻʠʩʪʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʧʦʪʝʨʴ ʚ ʃʕʇ çɼʘʪʢʘ-ʂʝʤʠʥè ʟʘ 2017 ʛʦʜ. 

 

 
 

ʈʠʩ.4. ɻʠʩʪʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʧʦʪʝʨʴ ʚ ʃʕʇ çɼʘʪʢʘ-ʂʝʤʠʥè ʟʘ 2024 ʛʦʜ. 
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ʈʠʩ.5. ɻʠʩʪʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʧʦʪʝʨʴ ʚ ʃʕʇ çɼʘʪʢʘ-ʂʝʤʠʥè ʧʦ ʛʦʜʘʤ 

 

ʅʘ ʨʠʩ.5 ʚʟʷʪʳ ʜʘʥʥʳʝ ʟʘ 4 ʩʘʤʳʭ ʧʠʢʦʚʳʭ ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʝʩʷʮʘ 

ʢʘʞʜʦʛʦ ʛʦʜʘ (ʩʝʥʪʷʙʨʴ-ʜʝʢʘʙʨʴ). ʅʘ ʨʠʩ. 6 ʵʪʠ ʞʝ ʜʘʥʥʳʝ ʚ ʧʨʦʮʝʥʪʘʭ. 

 
ʈʠʩ.6. ɻʠʩʪʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʧʦʪʝʨʴ ʚ ʃʕʇ çɼʘʪʢʘ-ʂʝʤʠʥè ʧʦ ʛʦʜʘʤ. 

 

ʅʘ ʨʠʩ.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʛʦʜʳ ʜʦ ʚʚʦʜʘ ʣʠʥʠʠ 

çɼʘʪʢʘ-ʂʝʤʠʥè ʠ ʧʦʩʣʝ ʝʝ ʟʘʧʫʩʢʘ. ʅʘ ʛʠʩʪʦʛʨʘʤʤʝ ʜʘʥʥʳʝ ʟʘ 2015 ʛʦʜ ʫʢʘʟʘʥʳ ʪʦʣʴʢʦ ʟʘ 4 

ʤʝʩʷʮʘ, ʧʦʩʣʝ ʚʚʦʜʘ ʚ ʜʝʡʩʪʚʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʥʠʠ çɼʘʪʢʘ-ʂʝʤʠʥè. 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʪʝʨʠ ʚ ʃʕʇ 

ʅʘ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʚ ʃʕʇ ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ: 

- ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʣʠʥʠʠ: ʏʝʤ ʜʣʠʥʥʝʝ ʣʠʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʪʝʨʠ. 

- ʉʝʯʝʥʠʝ ʧʨʦʚʦʜʦʚ: ʏʝʤ ʤʝʥʴʰʝ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʦʚ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʪʝʨʠ. 

- ʄʘʪʝʨʠʘʣ ʧʨʦʚʦʜʦʚ: ʇʨʦʚʦʜʘ ʠʟ ʤʝʜʠ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʧʦʪʝʨʠ, ʯʝʤ ʧʨʦʚʦʜʘ ʠʟ 

ʘʣʶʤʠʥʠʷ. 

- ʅʘʧʨʷʞʝʥʠʝ ʣʠʥʠʠ: ʏʝʤ ʚʳʰʝ ʥʘʧʨʷʞʝʥʠʝ, ʪʝʤ ʤʝʥʴʰʝ ʧʦʪʝʨʠ. 

- ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ: ɺ ʫʩʣʦʚʠʷʭ ʛʦʣʦʣʝʜʘ ʠʣʠ ʩʠʣʴʥʦʛʦ ʚʝʪʨʘ ʧʦʪʝʨʠ ʤʦʛʫʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʃʕʇ çɼʘʪʢʘ ï ʂʝʤʠʥè 
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ʃʕʇ çɼʘʪʢʘ ï ʂʝʤʠʥè ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ: 

- ʋʤʝʥʴʰʝʥʠʷ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʣʠʥʠʠ: ʊʝʧʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ, ʤʠʥʫʷ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚ. 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʅʘ ʃʕʇ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ. 

- ʆʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: ʈʝʞʠʤ ʨʘʙʦʪʳ ʃʕʇ ʧʦʩʪʦʷʥʥʦ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʝʢʪʘ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʃʕʇ 500 ʢɺ ɼʘʪʢʘ ïʂʝʤʠʥ ʠ ʇʉ ʂʝʤʠʥè ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ:  

- ʇʉ 500 ʢɺ çʂʝʤʠʥè - 1002 ʄɺɸ; 

- ɺʃ 500 ʢɺ çɼʘʪʢʘ-ʂʝʤʠʥè - 405 ʢʤ ʫʩʪʘʥʦʚʣʝʥʳ 929 ʦʧʦʨ, ʠʟ ʥʠʭ 214 ʘʥʢʝʨʥʳʭ ʠ 

715 ʧʨʦʤʝʞʫʪʦʯʥʳʭ. 

ʇʨʦʠʟʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʉʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʂʳʨʛʳʟʩʪʘʥʘ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʟʘʤʝʥʝʥʳ 

ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ:  

- ʅʘ ʇʉ ʂʝʤʠʥ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ɸʊ ʤʦʱʥʦʩʪʴʶ ï 1002 ʄɺɸ; 

- ʅʘ ʇʉ ɼʘʪʢʘ ʫʩʪʘʥʦʚʣʝʥ ɸʊ ʤʦʱʥʦʩʪʴʶ ï 501 ʄɺɸ; 

- ʅʘ ʇʉ ɸʣʘ-ɸʨʯʘ ʜʚʘ ɸʊ 125 ʄɺɸ ʟʘʤʝʥʝʥʳ ʥʘ ʜʚʘ ɸʊ ʧʦ ï 200 ʄɺɸ. 

ʊʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʝʨʝʟʘʚʦʜʢʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ɺʃ 220 ʢɺ ï 41 ʢʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ çɼʘʪʢʘ-ʂʝʤʠʥè ʦʙʝʩʧʝʯʝʥʦ ʥʘʜʝʞʥʦʝ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ 

ʵʥʝʨʛʦʩʠʩʪʝʤ.  

ʉʦʟʜʘʥʳ ʢʨʫʧʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ  - ʇʉ 500 ʢɺ ɼʘʪʢʘ ʥʘ ʶʛʝ ʠ ʇʉ 500 ʢɺ 

ʂʝʤʠʥ ʥʘ ʩʝʚʝʨʝ ʨʝʩʧʫʙʣʠʢʠ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʨʘʩʰʠʨʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʨʛʦʚʣʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʥʘ ʖʞʥʫʶ ɸʟʠʶ, ʂʅʈ ʠ ʢʦʥʝʯʥʦ ʩʪʨʘʥʘʤ ʎɸ. ɸ ʪʘʢʞʝ ʧʦʚʳʰʘʶʪʩʷ 

ʵʢʩʧʦʨʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ɺʃ 500 ʢɺ ɼʘʪʢʘ ï ʍʫʜʞʘʥʪ ʠ ɺʃ 500 ʢɺ ʂʝʤʠʥ 

ï ɸʣʤʘʪʳ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʃʕʇ çɼʘʪʢʘ ï ʂʝʤʠʥè ʩʪʘʣʦ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʂʳʨʛʳʟʩʪʘʥʘ. ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʟʚʦʣʠʣʦ 

ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪʘ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʚ ʃʕʇ ʧʨʦʜʦʣʞʘʝʪʩʷ. ɺʥʝʜʨʷʶʪʩʷ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʝʱʝ ʙʦʣʴʰʝ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʉʠʤʘʢʦʚ ʖ.ʇ. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʇʉ ñʂʝʤʠʥò 

ʥʘ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ ʫʟʣʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ 220 ʢɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

ʂʳʨʛʳʟʩʪʘʥʘ / ʖ.ʇ. ʉʠʤʘʢʦʚ, ʕ.ʊ. ʂʫʜʘʥʘʣʠʝʚ // ɺʝʩʪʥʠʢ ʂʈʉʋ. 2016. ʊ. 16. ˉ 1. ʉ. 

140ï144. 

ʉʠʤʘʢʦʚ ʖ.ʇ. ʈʘʩʯʝʪʥʘʷ ʦʮʝʥʢʘ ʨʝʞʠʤʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ 110ï500 ʢɺ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʂʳʨʛʳʟʩʪʘʥʘ ʚ ʩʚʷʟʠ ʩ ʚʚʦʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʃʕʇ 500 ʢɺ ñɼʘʪʢʘ-

ʂʝʤʠʥò ʠ ʧʦʜʩʪʘʥʮʠʠ ñʂʝʤʠʥò / ʖ.ʇ. ʉʠʤʘʢʦʚ, ʕ.ʊ. ʂʫʜʘʥʘʣʠʝʚ // ʄʝʪʦʜʠʯʝʩʢʠʝ 

ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠʢʠ. ɺʳʧ. 68. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠʢʠ. ʀʨʢʫʪʩʢ: ʀʉʕʄ ʉʆ 

ʈɸʅ, 2017. ʉ. 30ï35. 

ʖ.ʇ. ʉʠʤʘʢʦʚ, ʐ.ɹ. ɼʠʢʘʤʙʘʝʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʝʨʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 110ï500 ʢʚ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʂʳʨʛʳʟʩʪʘʥʘ // 

ɺʝʩʪʥʠʢ ʂʈʉʋ. 2022. ʊʦʤ 22. ˉ 8 ʉ. 42ï48. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʤʢʦʩʪʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʮʝʧʠ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʤʠ ʢʘʪʫʰʢʘʤʠ ʩʦ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʙʦʪʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʚʝʜʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʸʤʢʦʩʪʥʦʛʦ ʵʬʬʝʢʪʘ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʳʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʠ ʚʳʩʦʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʢʦʛʜʘ ʧʘʨʘʟʠʪʥʳʝ 

ʸʤʢʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʟʘʤʝʪʥʳʤʠ ʠ ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. ʇʘʨʘʤʝʪʨʳ ʢʘʪʫʰʝʢ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʜʚʫʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʵʥʝʨʛʝʪʠʢʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʥʪʨʦʣʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ.  
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Abstract. This paper studies the capacitive effect in a circuit with series-connected coils with 

mutual inductance and its influence on the operation of an electric circuit, because the study of the 
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ɺʚʝʜʝʥʠʝ. ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ï ʵʪʦ ʩʣʦʞʥʘʷ ʥʘʫʢʘ, ʚ ʢʦʪʦʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʙʦʪʫ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʫʩʪʨʦʡʩʪʚ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʬʬʝʢʪʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʮʠʷ. ʕʪʦ ʷʚʣʝʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʠʟʤʝʥʝʥʠʝ ʩʠʣʳ ʪʦʢʘ ʚ ʦʜʥʦʤ ʧʨʦʚʦʜʥʠʢʝ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ 

ʩʠʣʳ (ʕɼʉ) ʚ ʜʨʫʛʦʤ ʧʨʦʚʦʜʥʠʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʧʦʙʣʠʟʦʩʪʠ [1, 2]. 

ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʷʟʠ, 

ʥʦ ʠ ʸʤʢʦʩʪʥʳʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤ. ɺʟʘʠʤʥʘʷ 

ʸʤʢʦʩʪʴ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ, ʠʟʤʝʥʝʥʠʶ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠ ʧʦʷʚʣʝʥʠʶ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʘʨʘʟʠʪʥʳʝ ʪʦʢʠ [3,4,5]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʮʠʷ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʷʚʣʷʝʪʩʷ 

ʸʤʢʦʩʪʥʳʡ ʵʬʬʝʢʪ ʠ ʢʘʢ ʦʥ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʇʨʠʥʮʠʧ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ. ɺʟʘʠʤʥʘʷ ʠʥʜʫʢʮʠʷ ï ʵʪʦ ʷʚʣʝʥʠʝ, ʦʧʠʩʘʥʥʦʝ ʄʘʡʢʣʦʤ 

ʌʘʨʘʜʝʝʤ ʚ XIX  ʚʝʢʝ. ʆʥʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʚ ʦʜʥʦʤ ʧʨʦʚʦʜʥʠʢʝ 

ʩʦʟʜʘʸʪ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʥʜʫʮʠʨʫʝʪ ʕɼʉ ʚ ʩʦʩʝʜʥʝʤ 

ʧʨʦʚʦʜʥʠʢʝ. ʕʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʠʥʮʠʧ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʣʠʥʠʷʭ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʜʘʞʝ ʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ.  
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ɽʩʣʠ ʧʨʦʚʦʜʥʠʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʥʘʤʦʪʘʥʳ ʚ ʚʠʜʝ ʢʘʪʫʰʝʢ, ʠʭ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʙʫʜʫʪ ʪʝʩʥʦ ʩʚʷʟʘʥʳ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ ʙʫʜʝʪ ʚʳʩʦʢʠʤ. ɺ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʵʪʦ ʩʚʦʡʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʠ ʪʦʢʘ. ʂ ʧʨʠʤʝʨʫ, ʥʘ ʨʠʩ. 1 ʤʘʛʥʠʪʥʫʶ ʩʚʷʟʴ ʢʘʪʫʰʝʢ 1 ʠ 2 ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʘʛʥʠʪʥʳʝ ʧʦʪʦʢʠ 

ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʌ12 ʠ ʌ21. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ i ʚ ʮʝʧʠ ʚ ʢʘʪʫʰʢʘʭ ʠʥʜʫʮʠʨʫʶʪʩʷ ʕɼʉ 

ʩʘʤʦ- ʠ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ [1,2], ʪʦʛʜʘ, ʝʩʣʠ ʚ ʮʝʧʠ ʧʨʦʪʝʢʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʡʩʷ ʪʦʢ 

Ὥ ὍίὭὲ‫ὸ, ʪʦ ʚ ʧʝʨʚʦʡ ʢʘʪʫʰʢʝ ʠʥʜʫʮʠʨʫʝʪʩʷ ʕɼʉ 

Ὡ Ὡ Ὡ ὒ ὓ ȟ   

 

ʘ ʚʦ ʚʪʦʨʦʡ:   Ὡ Ὡ Ὡ ὒ ὓ Ȣ    (1) 

 
ʈʠʩ.1. ʉʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʳʭ ʢʘʪʫʰʝʢ 

ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʸʤʢʦʩʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʢʘʪʫʰʝʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʂʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ - ʦʥʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʬʠʣʴʪʨʘʭ, ʜʨʦʩʩʝʣʷʭ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʠ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʘʥʠʷ. ʇʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʢʘʪʫʰʝʢ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʠʭ ʩʫʤʤʘʨʥʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʥʦ ʠ ʠʟ-ʟʘ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ. ʆʜʥʘʢʦ ʠʭ 

ʤʘʛʥʠʪʥʳʝ ʧʦʪʦʢʠ ʤʦʛʫʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʠʣʠ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʦʙʱʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʧʨʦʷʚʣʷʶʪʩʷ 

ʧʘʨʘʟʠʪʥʳʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʞʚʠʪʢʦʚʘʷ ʸʤʢʦʩʪʴ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʧʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʠʥʜʫʢʪʠʚʥʦ 

ʩʚʷʟʘʥʥʳʭ ʢʘʪʫʰʝʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ (f = 200 ɻʮ, 500 ɻʮ ʠ 800 ɻʮ) 

ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ - ʩʦʛʣʘʩʦʚʘʥʥʦʤ ʠ ʚʩʪʨʝʯʥʦʤ. ʀʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʚʟʘʠʤʥʦʡ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʵʬʬʝʢʪʳ, 

ʪʘʢʠʝ ʢʘʢ ʝʤʢʦʩʪʥʦʝ ʚʣʠʷʥʠʝ. 

ɼʣʷ ʥʘʯʘʣʘ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʘʪʫʰʝʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ὶȟὒȟὶȟὒ ʜʣʷ 

ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʜʚʫʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʵʥʝʨʛʝʪʠʢʝ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʥʪʨʦʣʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʥ 

ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʛʥʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʵʣʝʢʪʨʦʩʝʪʝʡ [1,2]. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʘʯʝ ʥʘ ʦʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʠ ʘʥʘʣʠʟʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘ ʨʠʩ. 2 

ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʘ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʫʰʝʢ ʤʝʪʦʜʦʤ ʜʚʫʭ ʯʘʩʪʦʪ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 

ʊʘʙʣʠʮʘ 1. ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʫʰʝʢ ʤʝʪʦʜʦʤ ʜʚʫʭ 

ʯʘʩʪʦʪ 

 

 U, ɺ I, 

mA 

f, ɻʮ ►ȟ̨  ̍ ╛, ɻʥ ►, ʆʤ ╛, 

ɻʥ 

ʂʘʪʫʰʢʘ 1 7,91 12,3

9 

200 415,34 0,386  

8,1 6,32 500 

ʂʘʪʫʰʢʘ 2 8,01 8,8 200  433,61 0,637 

8,17 3,99 500 

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʚʦʡ ʢʘʪʫʰʢʠ ὶȟὒ (ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʝʥʠʡ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 1): 

 

                  

ὶ ‫ὒ

ὶ ‫ὒ
        

ừ
Ừ

ứ ȟ

ȟ  ὶ ρςυφ,

ȟ

ȟ
ὶ σρτπ,

     

 

  
τπχυφχȟσς ὶ ρυχχυσφὒ

ρφτςφπρȟπψ ὶ ωψυωφππὒ
      

► ȟ  ̨ ȟ̍
╛ ȟ  ː Ȣ̎   

        (2) 

 

 ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʚʪʦʨʦʡ ʢʘʪʫʰʢʠ ὶȟὒ (ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʝʥʠʡ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 1): 

 

         

ừ
Ừ

ứ ȟ

ȟ  ὶ ρςυφὒ

ȟ

ȟ
ὶ σρτπὒ

          
ψςψυππȟττ ὶ ρυχχυσφὒ

τρωςχπφȟχρ ὶ ωψυωφππὒ
  

 
 

   
► ȟ  ̨ ȟ̍
 ╛ ȟ   ː Ȣ̎   

               (3) 

 

 ɼʘʣʝʝ ʩʦʝʜʠʥʠʤ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢ, ʯʪʦ ʤʝʞʜʫ 

ʥʠʤʠ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ (ʩʤ. ʨʠʩ. 3). 
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ʈʠʩ. 3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʢʘʪʫʰʝʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 

ʊʘʙʣʠʮʘ 2. ï ʌʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʄ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ ʧʨʠ 

ʩʦʛʣʘʩʥʦʤ ʠ ʚʩʪʨʝʯʥʦʤ ʚʢʣʶʯʝʥʠʠ ʢʘʪʫʰʝʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 

ʇʨʠ ʩʦʛʣʘʩʦʚʘʥʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ 

ʇʨʠ ʚʩʪʨʝʯʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 

◑̒ ̏̄̌
╤

╘
;   ► ► ► 

◑̒ ̏̄̌ ► ●̒ ̏̄̌̑   

●̒ ̏̄̌ ◑̒ ̏̄̌̑►  

◑̃ ̒̓̑
╤

╘
;   ► ► ► 

◑̃ ̒̓̑ ► ●̃ ̒̓ ̑   

●̃ ̒̓̑ ◑̃ ̒̓̑►  

ɺʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: ╜
●̒ ̖̏̄̌̃ ̒̓̑

ⱷ
 

ʉʪʝʧʝʥʴ ʩʚʷʟʠ ʤʝʞʜʫ 1L  ʠ 2L  ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʚʷʟʠ: 

▓╬
╜

╛╛
. 

 

ʂʘʢ ʧʦʢʘʟʘʣ ʵʢʩʧʝʨʠʤʝʥʪ (ʩʤ. ʪʘʙʣʠʮʫ 3) ʧʨʠ ʯʘʩʪʦʪʝ f = 200 ɻʮ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʮʝʧʠ ʚʦʟʥʠʢʘʝʪ ʝʤʢʦʩʪʥʦʡ ʵʬʬʝʢʪ  

 

ὶ ὶ ὶ τρυȟσττσσȟφρ ψτψȟωυ ʆʤ; 
 

ᾀ̒̏̄̌
ȟ

ȟ
ςσχσȟρχ  ʆʤ; 

 

ᾀ̒̏̄̌ ὶ ὼ̒ ̏̄ ̌  =>   ὼ̒ ̏̄̌ ςσχσȟρχ ψτψȟωυ ςςρφȟρς ʆʤ;       (4) 
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ᾀ̃̒̓̑
ȟ

ȟ
φφωȟυσ ʆʤ; 

 

ᾀ̃̒̓̑ ὶ ὼ̃ ̒̓ ̑  ὼ̃ ̒̓̑ φφωȟυσ ψτψȟωυ ςχςττυȟφψȢ     (5) 

 

ʀʟ ʬʦʨʤʫʣʳ (5) ʚʠʜʥʦ, ʯʪʦ ʧʦʜ ʢʚʘʜʨʘʪʥʳʤ ʢʦʨʥʝʤ ʚʳʭʦʜʠʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ, 

ʟʥʘʯʠʪ ʟʜʝʩʴ ʠʤʝʝʪ ʤʝʩʪʦ ʝʤʢʦʩʪʥʦʡ ʵʬʬʝʢʪ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʢʦʛʜʘ ʜʚʘ ʧʨʦʚʦʜʥʠʢʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʨʷʜʦʤ, ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʧʘʨʘʟʠʪʥʦʡ ʸʤʢʦʩʪʠ. ʇʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʸʤʢʦʩʪʥʦʛʦ ʵʬʬʝʢʪʘ ʤʦʛʫʪ ʙʳʪʴ: ʙʣʠʟʢʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʠʪʢʦʚ ʢʘʪʫʰʢʠ; ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ; ʜʣʠʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ. 

 

ʊʘʙʣʠʮʘ 3. ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʪʨʝʭ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ 

 

ʈʝʞʠʤ 

ʨʘʙʦʪʳ 
╤╚

, B 

I, mA M, 

ɻʥ 
╚╬ 

f = 200 ɻʮ 

ʩʦʛʣʘʩʦʚ

ʘʥʥʳʡ 

8,

14 

3,43 ʝʤʢʦʩʪʥʦʡ 

ʵʬʬʝʢʪ 

(ʩʤ. ʬʦʨʤʫʣʫ (5)) ʚʩʪʨʝʯʥ

ʳʡ 

7,

78 

11,62 

f = 500 ɻʮ 

ʩʦʛʣʘʩʦʚ

ʘʥʥʳʡ 

8,

19 

1,56 0,3

38 

0,68 

ʚʩʪʨʝʯʥ

ʳʡ 

8,

08 

6,41 

f = 800 ɻʮ 

ʩʦʛʣʘʩʦʚ

ʘʥʥʳʡ 

8,

23 

1,04 0,3

06 

0,62 

ʚʩʪʨʝʯʥ

ʳʡ 

8,

18 

4,29 

 

ʉ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʝʤʢʦʩʪʥʦʡ ʵʬʬʝʢʪ ʫʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʚʟʘʠʤʥʘʷ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʫʤʝʥʴʰʘʶʪʩʷ (ʩʤ. ʪʘʙʣʠʮʫ 3). ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʤʘʛʥʠʪʥʘʷ ʩʚʷʟʴ ʦʩʣʘʙʝʚʘʝʪ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʦʛʨʘʤʤʘ ʚ 

ʩʠʩʪʝʤʝ MatLab [6] (ʪʘʙʣʠʮʘ 4). 

 

  ʊʘʙʣʠʮʘ 4. ï ʃʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ MatLab 

ʃʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ ʈʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʝʥʠʡ 
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ɿʘʢʣʶʯʝʥʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʸʤʢʦʩʪʥʦʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ: ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʣʠʥʠʷʭ 

ʤʝʞʜʫ ʧʨʦʚʦʜʘʤʠ ʬʘʟ ʠ ʟʝʤʣʸʡ ʦʙʨʘʟʫʶʪʩʷ ʧʘʨʘʟʠʪʥʳʝ ʸʤʢʦʩʪʠ, ʠʟ-ʟʘ ʯʝʛʦ ʯʝʨʝʟ ʥʠʭ 

ʧʨʦʪʝʢʘʶʪ ʨʝʘʢʪʠʚʥʳʝ ʪʦʢʠ (ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʠ ʧʨʠ ʜʣʠʥʥʳʭ ʣʠʥʠʷʭ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ); ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ 

ï ʤʝʞʜʫ ʦʙʤʦʪʢʘʤʠ ʠ ʩʝʨʜʝʯʥʠʢʦʤ ʚʦʟʥʠʢʘʝʪ ʚʟʘʠʤʥʘʷ ʸʤʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʧʦʤʝʭʠ ʠ ʠʩʢʘʞʝʥʠʝ ʬʦʨʤʳ ʩʠʛʥʘʣʘ; ʚ ʢʘʙʝʣʷʭ ʩʚʷʟʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʝ ï 

ʧʘʨʘʟʠʪʥʳʝ ʸʤʢʦʩʪʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʪʝʯʢʘʤ ʵʥʝʨʛʠʠ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ [3,4,5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʸʤʢʦʩʪʥʦʛʦ ʵʬʬʝʢʪʘ ʩʪʘʥʦʚʠʪʩʷ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʠ ʚʳʩʦʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʢʦʛʜʘ 

ʧʘʨʘʟʠʪʥʳʝ ʸʤʢʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʟʘʤʝʪʥʳʤʠ ʠ ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. 

  ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʢʘʬʝʜʨʳ 

çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʦʙʱʘʷ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘè. ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʮʝʧʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʜʚʫʭ ʢʘʪʫʰʝʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʠʤʝʝʪʩʷ ʚʟʘʠʤʥʘʷ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʠʩʪʦʯʥʠʢʘ ʚ ʮʝʧʠ ʚʦʟʥʠʢʘʝʪ 

ʝʤʢʦʩʪʥʦʡ ʵʬʬʝʢʪ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʝʤʢʦʩʪʥʦʡ ʵʬʬʝʢʪ ʠʩʯʝʟʘʝʪ, ʚʟʘʠʤʥʘʷ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʫʤʝʥʴʰʘʶʪʩʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʤʘʛʥʠʪʥʘʷ ʩʚʷʟʴ ʦʩʣʘʙʝʚʘʝʪ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ ʠʥʜʫʢʪʠʚʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ɹʝʩʩʦʥʦʚ ʃ.ɸ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ: ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ / ʃ. ɸ. 

ɹʝʩʩʦʥʦʚ // ʋʯʝʙ. ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 

ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʫʟʦʚ. ï7-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ïʄ.: ɺʳʩʰ. ʰʢ., 1978. 

ï 528ʩ. 

ɼʝʤʠʨʯʷʥ ʂ.ʉ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ / ʂ.ʉ. ɼʝʤʠʨʯʷʥ, ʃ.ʈ. ʅʝʡʤʘʥ, 

ʅ.ɺ. ʂʦʨʦʚʢʠʥ, ɺ.ʃ. ʏʝʯʫʨʠʥ // ʊ.1. ʄ., 2004 ʛ. 
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ʉʢʚʦʨʮʦʚ ɺ. ɿʘʟʝʤʣʝʥʠʝ ʠ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʢʘʢ ʩʧʦʩʦʙʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ / ɺ. ʉʢʚʦʨʮʦʚ // ʉʙʦʨʥʠʢ çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚ ʵʣʝʢʪʨʦʥʠʢʝè, ˉ 02'2020 

ʂʘʢ ʩʥʠʟʠʪʴ ʧʘʨʘʟʠʪʥʳʝ ʝʤʢʦʩʪʠ ʚ ʩʙʦʨʢʘʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://a-contract.ru/publikacii/parazitnye-emkosti-v-sborkakh-pechatnykh-plat 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2025) 

ɼʴʷʢʦʚ ɸ. ʌ., ʄʘʢʩʠʤʦʚ ɹ. ʂ., ɹʦʨʠʩʦʚ ʈ. ʂ., ʂʫʞʝʢʠʥ ʀ. ʇ., ɾʫʢʦʚ ɸ. ɺ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ. ʇʦʜ ʨʝʜ. ɼʴʷʢʦʚʘ 

ɸ. ʌ. ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 2003. 

ʅʦʚʛʦʨʦʜʮʝʚ ɸ. ʈʘʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʚ MATLAB  / ɸ. ʅʦʚʛʦʨʦʜʮʝʚ // ʋʯʝʙʥʳʡ 

ʢʫʨʩ. ï ʉʇʙ.: ʇʠʪʝʨ, 2004. ï 250 ʩ. 
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ɾʆɻʆʊʋʋʃɸʈɼʓ ʊɸʃɼʆʆ 

 

ʏʘʘʨʦʚ ʆʤʫʨʟʘʢ ʕʩʝʥʞʘʥʦʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ 

ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, 

e-mail: Omurzakchaarov@gmail.com   

ʀʣʠʤʠʡ ʞʝʪʝʢʯʠʩʠ: ɸʩʢʘʣʠʝʚʘ ɻʫʣʟʘʜʘ ʆʨʦʟʦʙʘʝʚʥʘ, ʪ. ʠ. ʢ., ʜʦʮʝʥʪ, ʀ. ʈʘʟʟʘʢʦʚ 

ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ. ʂʳʨʛʳʟʩʪʘʥ, 720044, ɹʠʰʢʝʢ ʰ., 

ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66 e-mail: gaskalieva@kstu.kg  

ɸʥʥʦʪʘʮʠʷ. ʋʯʫʨʜʘ ʨʝʩʧʫʙʣʠʢʘʥʳʥ ʀɼʇʩʳʥʳʥ ʦʣʫʪʪʫʫ װʣװʰװʥ ʵʵʣʝʛʝʥ ʵʥʝʨʛʝʪʠʢʘ 

ʪʘʨʤʘʛʳ ʧʦʪʝʥʮʠʘʣʜʳʥ ʦʣʫʪʪʫʫ ʢʳʩʢʘʨʫʫ ʢʦʨʢʫʥʫʯʫʥʘ ʢʠʨʠʧʪʝʨ ʙʦʣʜʫ. ɹʫʣ ʪᴇʤᴇʥʢװʜᴇʡ 

ʩʝʙʝʧʪʝʨ ʤʝʥʝʥ ʰʘʨʪʪʘʣʛʘʥ: ʩʫʫʥʫʥ ʘʟ ʙʦʣʛʦʥ ʤʝʟʛʠʣʠʥʝ ʙʘʡʣʘʥʳʰʪʫʫ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ 

ᴇʥʜװʨװ װװʯװʥ ʟʘʨʳʣ ʙʦʣʛʦʥ ʩʫʫ-ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʨʝʩʫʨʩʪʘʨʜʳ ʪʝש ʩʘʣʤʘʢʩʳʟ ʧʘʡʜʘʣʘʥʫʫ; 

ʠʥʚʝʩʪʠʮʠʷʥʳʥ ʫʟʘʢ ʤᴇᴇʥᴇʪʪװװ ʞʝʪʠʰʩʠʟʜʠʛʠʥʝʥ ʫʣʘʤ ʠʰʪʝʧ ʞʘʪʢʘʥ ʞʘʙʜʫʫʣʘʨʜʳʥ 

ʞʦʛʦʨʢʫ ʬʠʟʠʢʘʣʳʢ ʞʘʥʘ ʤʦʨʘʣʜʳʢ ʵʩʢʠʨʠʰʠ; ʪʫʨʫʢʩʫʟ ʬʠʥʘʥʩʳʣʳʢ-ʯʘʨʙʘʣʳʢ 

ʠʰʤʝʨʜװװʣװʢ, ʦʰʦʥʜʦʡ ʵʣʝ ʪʝʭʥʠʢʘʣʳʢ ʞʘʥʘ ʢʦʤʤʝʨʮʠʷʣʳʢ ʞʦʛʦʪʫʫʣʘʨʜʳʥ ʢᴇʙᴇʡװʰװ. 

ʊװʡװʥʜװ ʩᴇʟʜᴇʨ: ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʵʣʝʢʪʨ, ɻʕʉ, ʊʦʢʪʦʛʫʣ, ʌʨʫʥʟʝ, 

ʢʦʨʦʤʞʫʣʫʢʪʘʨʜʳ ʪʘʣʜʦʦ, ʵʣʝʢʪʨ ʙʝʨװװ ʯʫʙʘʣʛʳʩʳ. 

 

çɸʅɸʃʀɿ ʇʆʊɽʈʔ ɺ ʃʀʅʀʀ ʕʃɽʂʊʈʆʇɽʈɽɼɸʏʀ çʊɻʕʉ-ʌʈʋʅɿɽʅʉʂɸʗè 

 

ʏʘʘʨʦʚ ʆʤʫʨʟʘʢ ʕʩʝʥʞʘʥʦʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ, ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, 720044, ʛ. ɹʠʰʢʝʢ, ʧʨ. ʏ.ɸʡʪʤʘʪʦʚʘ 

66., e-mail: Omurzakchaarov@gmail.com   

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸʩʢʘʣʠʝʚʘ ɻʫʣʟʘʜʘ ʆʨʦʟʦʙʘʝʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʂʳʨʛʳʟʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, 720044, ʛ. ɹʠʰʢʝʢ, 

ʧʨ. ʏ.ɸʡʪʤʘʪʦʚʘ 66. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ, ʟʘʥʠʤʘʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʜʦʣʶ ʚ ɺɺʇ ʨʝʩʧʫʙʣʠʢʠ, ʚʦʰʝʣ ʚ ʧʦʣʦʩʫ ʨʠʩʢʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ. ʕʪʦ 

ʚʳʟʚʘʥʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʠʟ-ʟʘ ʧʝʨʠʦʜʘ ʤʘʣʦʚʦʜʴʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; ʚʳʩʦʢʠʤ ʬʠʟʠʯʝʩʢʠʤ ʠ ʤʦʨʘʣʴʥʳʤ ʠʟʥʦʩʦʤ ʜʝʡʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʩʚʷʟʠ ʩ ʜʣʠʪʝʣʴʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʠʥʚʝʩʪʠʮʠʡ; ʥʝʩʪʘʙʠʣʴʥʦʡ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʨʦʩʪʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʪʝʨʴ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ɻʕʉ, ʊʦʢʪʦʛʫʣʴʩʢʘʷ, 

ʌʨʫʥʟʝʥʩʢʘʷ, ʘʥʘʣʠʟ ʧʦʪʝʨʴ, ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. 
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Abstract. Currently, the energy sector, which occupies a corresponding share in the GDP of 

the republic, has entered the risk zone of a significant decrease in potential. This is due to the 

following reasons: imbalance due to the period of low water use of water and energy resources 

necessary for the production of electricity; high physical and moral deterioration of equipment due 

to a long absence of investment; favorable financial and economic zone, as well as growing 

technical and commercial losses. 
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ɺʚʝʜʝʥʠʝ.  

ʀʟ ʚʩʝʭ ʪʠʧʦʚ ʧʦʜʩʪʘʥʮʠʡ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʥʠʟʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ 

ʧʦʜʩʪʘʥʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩʝʛʦʜʥʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʯʝʨʝʟ ʧʦʜʩʪʘʥʮʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ 

ʢʘʙʝʣʴʥʳʭ ʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʧʫʥʢʪʦʚ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʢʦʥʝʯʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʪʝʨʷʤʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʇʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʥʘʙʞʘʶʱʠʭ ʢʦʤʧʘʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʩʝʪʝʡ, ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʩʯʝʪʥʳʭ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʠ 

ʩʙʳʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

ʊʦʢʪʦʛʫʣʩʢʘʷ ɻʕʉ ʚʳʜʘʝʪ ʩʚʦʶ ʤʦʱʥʦʩʪʴ ʥʘ ʥʘʧʨʷʞʝʥʠʠ 500 ʢɺ ʜʚʫʤʷ ʣʠʥʠʷʤʠ ʥʘ 

ʧʦʜʩʪʘʥʮʠʠ çʃʦʯʠʥè (ɸʥʜʠʞʘʥ) ʠ çʌʨʫʥʟʝʥʩʢʘʷ (ʏʘʣʜʦʚʘʨ) [1, 2]. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʟʘʨʷʜʥʦʡ ʤʦʱʥʦʩʪʠ ʣʠʥʠʡ 500 ʢɺ ʥʘ ʆʈʋ-500 ʢɺ ʊʦʢʪʦʛʫʣʩʢʦʡ ɻʕʉ ʠ ʥʘ ʢʦʥʝʯʥʳʭ 

ʧʦʜʩʪʘʥʮʠʷʭ ʫʩʪʘʥʦʚʣʝʥʳ ʰʫʥʪʠʨʫʶʱʠʝ ʨʝʘʢʪʦʨʳ ʈʆɼʎ-60000.500-ʋ1, ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʡ 

ʛʨʫʧʧʳ 180 ʄɺɸʨ. ɼʣʠʥʘ ʣʠʥʠʠ çʊʦʢʪʦʛʫʣʩʢʘʷ ɻʕʉ-ʃʦʯʠʥè ʩʦʩʪʘʚʣʷʝʪ 174 ʢʤ, ʘ 

çʊʦʢʪʦʛʫʣʩʢʘʷ ɻʕʉ-ʌʨʫʥʟʝʥʩʢʘʷè - 211 ʢʤ. 

ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʝʯʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ ʠ ʥʘ ɻʕʉ ʧʦ ʤʝʨʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʢʣʶʯʘʶʪ ʠ ʦʪʢʣʶʯʘʶʪ ʰʫʥʪʠʨʫʶʱʠʝ ʨʝʘʢʪʦʨʳ. ʈʝʘʢʪʦʨʳ ʥʝʨʝʛʫʣʠʨʫʝʤʳʝ, 

ʧʦʵʪʦʤʫ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʢʨʝʪʥʦ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʠʣʠ ʦʪʢʣʶʯʝʥʠʠ ʛʨʫʧʧʳ 

ʦʜʥʦʬʘʟʥʳʭ ʨʝʘʢʪʦʨʦʚ ʥʘ ʧʦʜʩʪʘʥʮʠʠ çʌʨʫʥʟʝʥʩʢʘʷè ʥʘʧʨʷʞʝʥʠʝ ʤʝʥʷʝʪʩʷ ʥʘ 8-12 ʢɺ [2]. 

ʅʘ ʧʦʜʩʪʘʥʮʠʠ çʌʨʫʥʟʝʥʩʢʘʷè ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ (ʈʇʅ), ʯʪʦʙʳ ʥʝ ʚʳʚʝʩʪʠ ʠʭ ʠʟ ʩʪʨʦʷ. 

ʅʘʧʨʷʞʝʥʠʝ ʚ ʥʘʯʘʣʝ ʣʠʥʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ U=525 ʢɺ [3]. 

ʈʘʩʯʝʪʳ ʧʨʦʠʟʚʝʜʝʤ ʜʣʷ ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʣʠʥʠʠ, ʚʦ-ʧʝʨʚʳʭ, 

ʢʦʛʜʘ ʣʠʥʠʷ ʩʠʣʴʥʦ ʥʝʜʦʛʨʫʞʝʥʘ ʈ=0,25ʈʥʘʪ, ʚʦ-ʚʪʦʨʳʭ, ʢʦʛʜʘ ʣʠʥʠʷ ʧʝʨʝʛʨʫʞʝʥʘ. 

ʅʘʪʫʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ ʜʘʥʥʦʡ ʣʠʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʈʥʘʪ=900ʤɺʪ. ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʣʠʥʠʠ R=R0* l = 211*0,033=6,963 ʆʤ, ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʍ=ʍ0*l=211*0,31=64 ʆʤ. 

ɺ ʩʣʫʯʘʝ ʩʠʣʴʥʦʛʦ ʥʝʜʦʛʨʫʟʘ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʮʝ ʣʠʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʥʘʯʘʣʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʢʦʥʮʝ ʣʠʥʠʠ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʥʘʧʨʷʞʝʥʠʝ 
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ʥʘ ʚʳʚʦʜʘʭ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 5% (ʜʦ15ʢɺ). ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʩʦʢʦʡ ʩʪʦʨʦʥʝ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʪ 

500 ʢɺ [4]. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʣʠʥʠʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʮʝ ʣʠʥʠʠ ʩʠʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʏʪʦʙʳ ʵʪʦ ʫʤʝʥʴʰʝʥʠʝ ʥʝ ʙʳʣʦ ʦʯʝʥʴ ʙʦʣʴʰʠʤ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʘʭ ʩʪʘʥʮʠʠ 

ʤʦʞʥʦ ʧʦʜʥʷʪʴ ʜʦ U = 550ʢɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʳʚʦʜʘʭ ʛʝʥʝʨʘʪʦʨʦʚ ʜʦ 16.5ʢɺ (ʥʘ 5%). 

ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʤʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ ʧʦ ʙʘʣʘʥʩʫ ʨʝʘʢʪʠʚʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʦʧʨʝʜʝʣʝʥʳ ʫʨʦʚʥʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʮʝ ʣʠʥʠʠ. 

ʈʝʞʠʤ ʤʘʣʦʡ ʥʘʛʨʫʟʢʠ. 

ʘ) ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʘʭ ʩʪʘʥʮʠʠ ʧʦʩʪʦʷʥʥʦ. 

U1=525ʢɺ. (Uʛ=15,75ʢɺ). ʈ=0,25ʈʥʘʪ=0,25*900=225 ʤɺʪ. 

ʅʘ ʣʠʥʠʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʝʤʢʦʩʪʥʘʷ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ. 

QC1=U2*b=5252*7,68*10-4=211,7 ʤɺɸʨ. 

ʀʥʜʫʢʪʠʨʫʝʪʩʷ ʠʥʜʫʢʪʠʚʥʘʷ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ. 

QL1=3*I2*ʭ=3*0,2862*64=15,76 ʤɺɸʨ. 

ʛʜʝ: 

I1 = P / (ã3 U cos ű1) = 225 / (ã3 Ŀ 525 Ŀ 0,866) = 0,286 kA 

ʉʫʤʤʘʨʥʘʷ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ 

Q Ɇ = QC1-QL1 = 211,7- 15,7 = 196 ʄɺɸʨ 

ȹUa = ã3 I1 Ŀ R = ã3 Ŀ 0,286 Ŀ 6,963 = 3,5 kB 

ʇʨʠ cosű1 = 0.866,   S =259.8 ʄɺɸ, sinű1 = 0,5; U=454.6 ʢɺ, Up1 =262.5 ʢɺ, Ua2 = 

451.1 ʢɺ, Q1 = 130.0 ʄɺɸʨ, Q2 = 326 ʄɺɸʨ, Up2 = Up1 ã(Q2/Q1) =415.7 ʢɺ.  ʅʘʧʨʷʞʝʥʠʝ ʥʘ 

ʢʦʥʮʝ ʣʠʥʠʠ ʙʫʜʝʪ ʨʘʚʥʦ U2 =613.4 ʢɺ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚʢʣʶʯʝʥʘ ʦʜʥʘ ʛʨʫʧʧʘ 

ʰʫʥʪʠʨʫʶʱʠʭ ʨʝʘʢʪʦʨʦʚ ʚ ʢʦʥʮʝ ʣʠʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʢʦʥʮʝ ʣʠʥʠʠ 

ʩʥʠʟʠʪʩʷ ʜʦ 146 ʄɺɸʨ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʟʠʪʩʷ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 

278.2 ʢɺ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʮʝ ʫʤʝʥʴʰʠʪʩʷ ʜʦ 530.0 ʢɺ, ʯʪʦ ʚʳʰʝ ʜʦʧʫʩʪʠʤʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʨʝʘʢʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʝ ʩʥʠʟʠʪʩʷ ʜʦ 470.65 ʢɺ. 

ʕʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʝʜʦʧʫʩʪʠʤʦ ʤʘʣʦ. 

ʈʝʞʠʤ ʧʝʨʝʛʨʫʟʘ. 

ʘ) ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʘʭ ʩʪʘʥʮʠʠ ʨʘʚʥʦ ʥʦʤʠʥʘʣʴʥʦʤʫ U1=525ʢɺ, ʈ=1,5ʈʥ =1350 

ʄɺʪ, I1=1,65 ʢɸ; QC = 211,7 ʄɺɸʨ, QL = 522.5 ʄɺɸʨ, QɆ = -310.5 ʄɺɸʨ, ʩʦsű1=0.9, 

sinű1 =0.436, ȹUa =20.0kB, Ua2 = 452.5kB, Up2 =165.9kB, U2 =482.0kB 

ʅʘʧʨʷʞʝʥʠʝ ʚ ʢʦʥʮʝ ʣʠʥʠʠ ʧʦʣʫʯʘʝʪʩʷ ʥʠʞʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʧʨʠʤʝʨʥʦ ʥʘ 5% 

(ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʢʦʥʮʝ ʣʠʥʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʳʤ 500 ʢɺ). 

ʙ) ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʘʭ ʩʪʘʥʮʠʠ ʫʚʝʣʠʯʝʥʦ ʥʘ 5% ʜʦ 550 ʢɺ (Uɻ=16,5 ʢɺ), ʪʦʛʜʘ ʧʨʠ 

ʪʦʡ ʞʝ ʥʘʛʨʫʟʢʝ I1=1,42 ʢɸ, QC2=232,3 ʄɺɸʨ, QL2=385.6 ʄɺɸʨ, QɆ =281,7 ʄɺɸʨ., QɆ=-

153.3MBAp, Ua1 =495kB, Ua=17.2kB, Up1 =239.7kB, Up2 =209.7kB ʠ ȹU2 =521.8kB. ʈʘʩʯʝʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʚ ʥʘʯʘʣʝ ʜʦʩʪʘʪʦʯʥʦ ʫʚʝʣʠʯʠʪʴ ʜʦ 535ʢɺ, ʧʨʠ ʵʪʦʤ ʥʘʧʨʷʞʝʥʠʝ ʚ 

ʢʦʥʮʝ ʩʦʩʪʘʚʠʪ 501.8ʢɺ. 

ʈʘʥʴʰʝ ʥʘʤʠ ʧʨʠʚʝʜʝʥʘ ʥʘʠʙʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʣʠʥʠʶ 500ʢɺ ʩ ʧʨʦʚʦʜʘʤʠ 3ɸʉʭ300 

ʧʦ ʫʩʣʦʚʠʷʤ ʥʘʛʨʝʚʘ ʈʥʙ = 1560 ʄɺʪ. ʇʨʠ ʪʘʢʦʡ ʥʘʛʨʫʟʢʝ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʘʯʘʣʝ 

ʣʠʥʠʠ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʮʝ 

ʣʠʥʠʠ. 

 çʇʦʩʣʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʘʪʠʢʝ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʷʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷè: 

çʥʝʜʦʩʪʘʪʦʯʥʘʷ ʬʘʢʪʠʯʝʩʢʘʷ ʟʘʛʨʫʟʢʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʝʪʝʡ, ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʦʨʤʘʪʠʚʥʦʡ ʧʨʦʝʢʪʥʦʡ ʟʘʛʨʫʟʢʝ. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʚʳʜʝʣʷʶʪ 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ, ʧʨʠʯʸʤ, ʧʨʦʙʣʝʤʘ ʟʜʝʩʴ ʩʦʩʪʦʠʪ ʚ ʥʝʜʦʛʨʫʟʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʥʘʧʨʠʤʝʨ, ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʪʝʨʠ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷè; 

 çʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʬʘʢʪʠʯʝʩʢʘʷ ʧʝʨʝʛʨʫʟʢʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʝʪʝʡ. ʈʝʯʴ ʠʜʸʪ 

ʪʘʢʞʝ ʦ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʧʦʜʢʣʶʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 
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ʩʝʪʷʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʩʣʝʜʥʠʝ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦʣʷ ʥʘʛʨʫʟʦʯʥʳʭ ʧʦʪʝʨʴ ʚ ʩʝʪʷʭ, ʯʪʦ ʪʘʢʞʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʛʘʪʠʚʥʳʡ 

ʵʬʬʝʢʪè. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʧʦʪʝʨʴ, ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ ʥʘʜʸʞʥʦʩʪʴ, ʪʘʢ ʢʘʢ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʝʨʝʛʨʫʟʢʦʡ. 

ʆʩʦʙʝʥʥʦ ʪʘʢʦʡ ʥʝʛʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʢʘʙʝʣʴʥʳʭ 

ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ; 

çʟʥʘʯʠʪʝʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʚʣʝʯʸʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʮʘʭ ʩʝʪʝʡ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʘʨʫʰʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠè. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦʤʠʤʦ 

ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʩʝʪʠ ʦʪ ʩʚʦʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʘʢʞʝ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ 

ʤʥʦʛʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

çʥʝʧʨʘʚʠʣʴʥʘʷ ʠ (ʠʣʠ) ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʠʟʙʳʪʦʯʥʘʷ 

ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʦʰʠʙʢʠ ʨʘʩʯʸʪʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷè; 

çʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡè. 

ʇʨʠʤʝʥʝʥʠʝ ʨʫʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʝʪʷʭ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʨʝʞʠʤʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʩʝʡ ʩʠʩʪʝʤʝ ʠ ʩʝʪʠ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʥʘʷ 

ʨʘʟʛʨʫʟʢʘ, ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʢʣʶʯʘʝʪ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʥʫʞʥʳʡ 

ʨʝʞʠʤ ʧʨʠ ʝʸ ʟʘʛʨʫʟʢʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠʣʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʩʝʪʠ; 

çʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʟʘʛʨʫʟʢʠè. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʟʘʛʨʫʟʢʫ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʦʧʪʠʤʘʣʴʥʘʷ ʟʘʛʨʫʟʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 60- 85%. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʵʪʦʛʦ ʧʨʝʜʝʣʘ ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ, ʚʝʜʸʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʥʘʛʨʫʟʦʯʥʳʭ ʧʦʪʝʨʴ, ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ï ʢ ʧʝʨʝʛʨʫʟʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʠʟʥʦʩʦʤ ʠ ʚʳʭʦʜʦʤ ʠʟ ʩʪʨʦʷ ʚʩʣʝʜʩʪʚʠʝ ʧʦʣʥʦʡ ʧʦʪʝʨʠ ʥʘʜʸʞʥʦʩʪʠ; 

çʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠè. ʊʘʢʦʡ ʚʠʜ ʧʦʪʝʨʴ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 

ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʠʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʯʘʩʪʠ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʪʝʨʴ 

ʷʚʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʝ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ; 

çʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: ʥʝʣʠʥʝʡʥʦʩʪʴ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ 

(ʜʣʷ ʧʝʨʝʜʚʠʞʥʳʭ ʫʩʪʘʥʦʚʦʢ) ʠ ʥʝʩʠʤʤʝʪʨʠʷ ʚ ʩʣʫʯʘʝ ʪʨʝʭʬʘʟʥʦʛʦ ʧʠʪʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡè. 

ʇʨʠ ʵʪʦʤ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʀʭ 

ʦʪʢʣʦʥʝʥʠʝ ʚʣʝʯʸʪ ʪʷʞʸʣʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʧʦʪʝʨʝʡ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ; 

çʥʝʥʦʨʤʘʪʠʚʥʳʝ ʫʩʣʦʚʠʷ ʠ ʙʦʣʴʰʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʩʠʩʪʝʤ ʫʯʸʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʪʝʣʝʠʟʤʝʨʝʥʠʡè. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʥʦʚʝʡʰʠʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ 

ʠʟʤʝʨʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝʤ.  

çʧʦʪʝʨʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʥʝʜʦʫʯʸʪʘ ʧʝʨʝʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʩʝʪʷʤʠ ʨʘʟʣʠʯʥʳʭ 

ʙʘʣʘʥʩʦʚʳʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ (çʪʨʘʥʟʠʪʥʳʝ ʧʦʪʝʨʠè)è; 

çʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʦʪʝʨʠ ʥʘ ʢʦʨʦʥʫ ʠ 

ʧʦʪʝʨʠ ʦʪ ʪʦʢʦʚ ʫʪʝʯʢʠ ʧʦ ʠʟʦʣʷʪʦʨʘʤ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʚ ʢʣʘʩʩʘʭ 

ʥʘʧʨʷʞʝʥʠʷ 110 ʢɺ ʠ ʚʳʰʝè. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʨʫʛʠʝ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʧʨʦʯʠʭ ʬʘʢʪʦʨʦʚ; 

çʠʛʥʦʨʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦʩʪʥʳʭ ʠʥʩʪʨʫʢʮʠʡ, ʦʙʷʟʘʥʥʦʩʪʝʡ, ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ 

ʜʦʢʫʤʝʥʪʦʚ, ʭʘʣʘʪʥʦʩʪʴ ʚ ʨʘʙʦʪʝ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʠ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘè; 

çʦʰʠʙʢʠ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡè. ɼʘʥʥʳʡ ʚʦʧʨʦʩ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʝʥ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦ ʧʨʠʯʠʥʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʚʦʜʘ ʤʥʦʛʠʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʦ çʪʠʧʠʯʥʳʤè ʧʨʦʝʢʪʘʤ, ʢʦʪʦʨʳʝ ʫʩʪʘʨʝʣʠ. ʊʘʢʞʝ 

ʟʜʝʩʴ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ ʦ ʥʠʟʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʠʥʞʝʥʝʨʥʦ-ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʭ 

ʛʨʫʧʧ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʫʛʫʙʣʷʝʪʩʷ; 
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˴͔ͦͣͣͪ;͔ͫ͟
͙͔ ͔͙ͨͦͭͪ 
Ή͔ͭͪͦ͟͡Ή͔ͤͪ

˽ͪͦ;͙͔ 
͔ͦͨͪ͊ͼ͙ͦͤ
ͤ·͔ 

ˢ͙͙͙͍͒ͣͤͫͭͪ͊ͭͤ
·͔ ͊ͭͪ͊ͭ͘· 

˽͙͍͍͔ͪͦͦ͒ͫͭͤ͘
ͤ͊Ύ 
͔͔͙ͫ͋ͫͭͦͣͦͫͭ

͔́ͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ 
͔͙ͨͦͭͪ 

Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ 

͙͍̅ͤ͊ͤͫͦ·͔ 
͊ͭͪ͊ͭ͘· 

 

˻͔ͨͪ͊ͼ͙ͦͤͤ·͔ 

˿͙ͭͦͣͦͫͭΈ ͨ ͚ͦͯͨͤͦ͟ 

Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ 

˭͊ͭͪ͊ͭ· Ή͔͔͔͍ͭͪͦͫͭ͟͡·ͻ ͟ ͙͚ͦͣͨ͊ͤ 

çʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʝʨʝʢʦʩ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠè. ʉʣʝʜʫʝʪ 

ʚʳʨʘʚʥʠʚʘʪʴ ʛʨʘʬʠʢʠ ʥʘʛʨʫʟʦʢ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʠʟʙʝʛʘʷ ʨʝʟʢʠʭ ʧʝʨʝʧʘʜʦʚ ʠ 

ʧʝʨʝʢʦʩʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʪʠ; 

çʠʟʥʦʩ ɻ ʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʦʨʘʣʴʥʦʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʠʭ ʩʪʘʨʝʥʠʝè; 

çʚʣʠʷʥʠʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʥʦʩʪʠè ʥʘ ʧʦʪʝʨʠ ʕʕ. 

ʌʘʢʪʦʨʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʟʜʝʣʝ, ʧʨʠʩʫʱʠ ʧʦʜʘʚʣʷʶʱʝʤʫ ʙʦʣʴʰʠʥʩʪʚʫ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʠ ʫʟʣʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠ ʧʦʩʪʘʚʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦʩʪʦʠʪ ʠʟ ʧʨʷʤʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ (ʨʘʩʭʦʜʦʚ ʥʘ ʪʦʧʣʠʚʦ, ʚʦʜʫ, ʵʥʝʨʛʠʶ,

 ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ), ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, ʦʪʯʠʩʣʝʥʠʡ 

ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʘʤʦʨʪʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʪʝʨʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʦʩʢʦʣʴʢʫ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʪʦʠʤʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʪʨʘʪ ʠʤʝʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʳʡ ʚʝʩ, ʪʦ ʦʥʠ ʚʳʜʝʣʝʥʳ ʚ ʦʪʜʝʣʴʥʫʶ ʩʪʘʪʴʶ 

ʨʘʩʭʦʜʦʚ. 

ɺʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʩʝʪʠ ʚ ʢʘʞʜʦʤ ʝʸ ʵʣʝʤʝʥʪʝ ʚʦʟʥʠʢʘʶʪ ʧʦʪʝʨʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʧʦʪʝʨʠ ï ʵʪʦ ʯʘʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʥʝ ʜʦʰʣʘ ʜʦ 

ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʦ ʝʩʪʴ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʧʦʩʪʫʧʠʚʰʝʡ ʚ ʩʝʪʴ ʠ 

ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʪʝʨʴ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʦʮʝʥʠʪʴ ʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ, ʧʨʠʚʦʜʠʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʤʝʩʪʦ 

ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʦʩʝʪʝʚʦʤ ʭʦʟʷʡʩʪʚʝ ʪʠʧʠʯʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʨʠʩʫʥʦʢ 1). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʚ ʩʦʩʪʘʚ ʟʘʪʨʘʪ ʧʨʝʜʧʨʠʷʪʠʡ ʚʭʦʜʷʪ ʨʘʩʭʦʜʳ ʥʘ ʦʧʣʘʪʫ ʧʦʪʝʨʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʵʪʦʤʫ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʥʳ. 

 

ʈʠʩ. 1. ʉʦʩʪʘʚ ʟʘʪʨʘʪ ʪʠʧʠʯʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʧʦʪʨʝʙʠʪʝʣʷ). 

ɼʣʷ ʵʪʦʛʦ ʠʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ. 

çʇʨʠ ʘʥʘʣʠʟʝ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʥʷʪʦ ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʜʚʫʤ ʢʨʠʪʝʨʠʷʤè: 

çʧʦ ʢʣʘʩʩʫ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʭʝʤʘʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠè; 

çʧʦ ʧʨʠʯʠʥʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʪʝʨʴ. ʇʦ ʧʝʨʚʦʤʫ ʢʨʠʪʝʨʠʶ ʨʘʟʣʠʯʘʶʪè: 

ʧʦʪʝʨʠ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʝʪʷʭ; 

ʧʦʪʝʨʠ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʟʘʤʢʥʫʪʳʭ ʩʝʪʷʭ; 

ʧʦʪʝʨʠ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʘʜʠʘʣʴʥʳʭ ʩʝʪʷʭ. 

ʇʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʦʪʯʸʪʥʳʝ ʠʣʠ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ) ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ. 
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ˮ͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ 
͔͙ͨͦͭͪ 

˹͔ͫ͊ͤ͟ͼ͙͙͍ͦͤͪͦ͊ͤͤ·͚ ͦ ͭ͋ͦͪ 
Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ όͪ͊͗͊͟ύ 

˽͔͙ͦͭͪ ͤ  ͊ͫ ͍͔ͦ͋ͫͭͤͤ·͔ 
ͤͯ͗͒· 

˭͊ͺ͙͙͍ͫͪͦ͊ͤͤ͟·͔ ͫ ;͔ͭ;͙ͦͣ͟ 
͔ͤͦͨ͊͡;͔ͤͤ·͚ ͦ ͭͨͯͫ͟ 
Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ 

͔́ͻ͙ͤ;͔͙͔ͫ͟ ͨ ͔͙ͦͭͪ 

˴͔ͦͣͣͪ;͔͙͔ͫ͟ ͔͙ͨͦͭͪ ͔́ͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͔͙ͨͦͭͪ 

˽͔͙ͦͭͪ Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ ͍  ͪ ͔͔͙͔͊ͫͨͪ͒ͭ͡͡Έͤ·ͻ ͫ ͔ͭΎͻ 

˻͍͙͔͋ͦͫͤͦ͊ͤ 
͔ͨͦͭͪΈ 

˽͙͍͙͔͊ͤͪͦ͊ͤ͡ ό͙͍͙͔ͤͦͪͣͪͦ͊ͤύ 

˭͊͒͊;͙ 

͔̂ͣͤΈ΄͔͙͔ͤ 
͔ͨͦͭͪΈ 

˸͔͙ͪͦͨͪΎ͙ͭΎ ό͎͙͙ͦͪ͊ͤ͊ͦͤͤ͘·͔Σ 

͍͔ͫͦ ͪ ΄͔͍͍͙͔ͤͫͭͦ͊ͤ 
͔ͭͻ͙ͤ;͔͙͔ͫ͟Σ 

ͯ;͖ͭ͊ύ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʬʘʢʪʠʯʝʩʢʠʝ (ʦʪʯʸʪʥʳʝ) ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʠʣʘ ʚ ʩʝʪʴ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʢʦʪʦʨʘʷ 

ʦʪʧʫʱʝʥʘ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʘʷ ʨʘʟʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʩʯʸʪʯʠʢʦʚ ʠʩʪʦʯʥʠʢʘ ʠ 

ʧʦʪʨʝʙʠʪʝʣʷ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʩʝʪʷʤ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʯʝʪʘ ʝʝ ʧʦʣʫʯʝʥʠʷ ʚ 

ʩʝʪʴ ʠ ʦʪʧʫʩʢʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʩʦʩʪʦʷʪ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʩʪʨʫʢʪʫʨʘ ʧʦʪʝʨʴ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʄʝʪʦʜʳ ʠ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ 

ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʷʭ, ʧʦʵʪʦʤʫ ʥʘʧʨʷʤʫʶ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʦʡ ʩʪʨʘʥʳ ʠ ʦʪʨʘʞʝʥʳ 

ʚʦ ʤʥʦʛʠʭ ʟʘʢʦʥʘʭ ʠ ʘʢʪʘʭ. 

ɺ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʧʨʘʚʣʷʪʴ ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʩʧʦʩʦʙʘʤʠ ʠ 

ʩʨʝʜʩʪʚʘʤʠ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʝʯʥʦʡ ʮʝʣʠ (ʨʠʩʫʥʦʢ 3) 

ʆʜʥʘʢʦ ʵʪʠ ʜʚʝ ʟʘʜʘʯʠ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʦʙʨʘʟʫʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʟʘʜʘʯ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʦʪʝʨʷʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 

 

ʈʠʩ. 2.  ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʪʝʨʴ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. 

 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʟʘʜʘʯ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʦʪʝʨʷʤʠ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ. 

 

ʇʝʨʚʘʷ ʟʘʜʘʯʘ ï ʵʪʦ ʦʙʦʩʥʦʚʘʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ 

ʜʘʥʥʦʡ ʩʝʪʠ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɺʪʦʨʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʪʝʨʴ, ʘ 

ʪʘʢʞʝ ʚ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʨʘʩʯʸʪʝ ʩ ʮʝʣʴʶ ʚʳʨʘʙʦʪʢʠ ʨʷʜʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʠʭ ʩʥʠʞʝʥʠʶ. 

ʇʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʨʝʤʝʥʥʳʤʠ ʧʝʨʠʦʜʘʤʠ, ʧʨʠʥʷʪʦ 

ʨʘʟʜʝʣʷʪʴ ʥʘ ʪʨʠ ʚʠʜʘ: 
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ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ (ʟʘ ʧʨʝʜʳʜʫʱʠʝ ʧʝʨʠʦʜʳ); 

ʦʧʝʨʘʪʠʚʥʳʝ (ʚ ʪʝʢʫʱʝʤ ʚʨʝʤʝʥʠ); 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ (ʧʣʘʥʠʨʫʝʤʳʝ ʥʘ ʙʫʜʫʱʠʝ ʧʝʨʠʦʜʳ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ: 

ʦʧʨʝʜʝʣʷʶʪ ʧʦʵʣʝʤʝʥʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʧʦ ʛʨʫʧʧʘʤ 

ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ); 

ʚʳʷʚʣʷʶʪ ʵʣʝʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʪʝʨʠ ʚʳʰʝ ʥʦʨʤʳ, ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʠʭ ʩʥʠʞʝʥʠʶ; 

ʦʮʝʥʠʚʘʶʪ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

ʧʨʦʠʟʚʦʜʷʪ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʤʝʨʦʧʨʠʷʪʠʡ; 

ʦʧʨʝʜʝʣʷʶʪ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ; 

ʧʨʦʚʦʜʷʪ ʬʠʥʘʥʩʦʚʳʝ ʨʘʩʯʝʪʳ ʩʦ ʩʙʳʪʦʚʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠ 

ʩʤʝʞʥʳʤʠ ʩʝʪʝʚʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʟʘ, ʥʝʫʯʪʝʥʥʳʝ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ, ʧʦʪʝʨʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʧʝʨʘʪʠʚʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʣʷ: 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʟʘ ʢʦʥʪʨʦʣʝʤ ʠʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ; 

ʦʧʝʨʘʪʠʚʥʦʛʦ, ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ, ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʠ ʩʭʝʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ; 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʣʘʥʩʦʚ ʤʦʱʥʦʩʪʠ ʧʦ ʩʝʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʦʙʣʶʜʝʥʠʝʤ ʣʠʤʠʪʦʚ ʧʦ ʤʦʱʥʦʩʪʠ; 

ʨʘʩʯʝʪ ʧʣʘʥʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ) ʥʘ ʢʦʥʝʮ ʦʪʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ 

(ʤʝʩʷʮʘ, ʢʚʘʨʪʘʣʘ, ʛʦʜʘ); 

ʩʦʟʜʘʥʠʷ ʠ ʚʝʜʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʪʝʨʴ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʮʝʣʴʶ: 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʙʫʜʫʱʠʝ ʦʪʯʝʪʥʳʝ ʧʝʨʠʦʜʳ 

ʚʨʝʤʝʥʠ; 

ʨʘʩʯʝʪʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʚʥʝʜʨʝʥʠʶ ʚ ʙʫʜʫʱʠʝ ʧʝʨʠʦʜʳ; 

ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʭʝʤ 

ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʦʧʨʝʜʝʣʝʥʦ ʧʷʪʴ ʛʨʫʧʧ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ [8]: 

ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʩʝʪʠ ʩ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʠʷ 220 ʢɺ ʠ ʚʳʰʝ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʟʠʪ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʵʥʝʨʛʦʩʠʩʪʝʤʘʤʠ; 

ʟʘʤʢʥʫʪʳʝ ʩʝʪʠ ʩ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʠʷ 110 ʢɺ ʠ ʚʳʰʝ. ɼʘʥʥʳʝ ʩʝʪʠ ʧʦʯʪʠ ʥʝ 

ʫʯʘʩʪʚʫʶʪ ʚ ʪʨʘʥʟʠʪʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ); 

ʨʘʟʦʤʢʥʫʪʳʝ ɻ ʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʩ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʠʷ 35-150 ʢɺ; 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ 6-20 ʢɺ; 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ 0,4 ʢɺ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ñʊɻʕʉ-ʌʈʋʅɿɽʅʉʂɸʗò, ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʣʝʜʫʶʱʝʝ: 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʛʦʜʦʚ, ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʷʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʜʦʣʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʚ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ñʊɻʕʉ-

ʌʈʋʅɿɽʅʉʂɸʗò, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʚʦʝʚʨʝʤʝʥʥʳʤ ʦʪʢʣʶʯʝʥʠʝʤ ʟʣʦʩʪʥʳʭ ʜʦʣʞʥʠʢʦʚ, ʘ 

ʪʘʢʞʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʠʩʢʫ ʢʨʘʞ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2017-2021 ʛʦʜʦʚ, ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʷʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʚ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ñʊɻʕʉ-

ʌʈʋʅɿɽʅʉʂɸʗò, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 
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ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʣʞʥʦʛʦ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ 

ʥʝʢʦʪʦʨʳʤʠ ʦʰʠʙʢʘʤʠ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʝʪʠʢʠ; 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʨʝʜʥʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ñʊɻʕʉ-ʌʈʋʅɿɽʅʉʂɸʗò 

ʩʦʩʪʘʚʣʷʝʪ 13,74%, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʛʨʘʥʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʶ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ.  
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʘʥʘʣʠʟʠʨʫʝʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʩ ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʮʠʬʨʦʚʠʟʘʮʠʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʩʦʣʥʝʯʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʚʳʟʦʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ. ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʝʭʦʜ ʢ ʩʘʤʦʦʧʪʠʤʠʟʠʨʫʶʱʠʤʩʷ ʩʪʘʥʮʠʷʤ, ʠʥʪʝʛʨʘʮʠʷ ʩ 
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ɸʥʥʦʪʘʮʠʷ. ɹʫʣ ʤʘʢʘʣʘʜʘ ʂʳʨʛʳʟ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳʥ ʵʥʝʨʛʝʪʠʢʘ ʪʘʨʤʘʛʳʥʜʘ 

ʩʘʥʘʨʠʧʪʝʰʪʠʨʠʣʛʝʥ ʫʯʫʨʜʘʛʳ ʘʙʘʣʳ ʞʘʥʘ ʦʥʫʛʫʫʫ ʢʝʣʝʯʝʛʠ ʪʘʣʜʘʥʘʪ, ʢʫʥ ʵʥʝʨʛʝʪʠʢʘʩʳʥʜʘ 

ʩʘʥʘʨʠʧʪʠʢ ʵʛʠʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʢʦʣʜʦʥʫʫʛʘ ʦʟʛʦʯʦʙʘʩʳʤ ʞʘʩʘʡʪ. ɹᴇʣװʰʪװʨװʣʛᴇʥ ʢװʥ 

ʵʥʝʨʛʠʷʩʳʥʳʥ ᴇʥʜװʨװʤʯװ ʦʙʲʝʢʪʠʣʝʨʜʠ ʙʘʰʢʘʨʫʫ ʞʘʥʘ ʘʣʘʨʜʳʥ ʥʘʪʳʡʞʘʣʫʫʣʫʛʫʥ 

ʞʦʛʦʨʫʣʦʦ װʯʫʥ ʩʘʥʘʨʠʧʪʝʰʪʠʨװװʥװʥ ʘʢʪʫʘʣʜʫʫʣʫʛʫʥ ʢʘʨʦʦʜʦ. ʉʘʥʘʨʠʧʪʠʢ ʵʛʠʟʜʝʨʜʠ ʠʰʢʝ 

ʘʰʘʨʫʫ ʤʝʥʝʥ ʙʘʡʣʘʥʳʰʢʘʥ ʢʳʡʳʥʯʳʣʳʢʪʘʨ ʪʘʣʜʘʥʘʪ. ʉʘʥʘʨʠʧʪʠʢ ʵʛʠʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ᴇʥװʢʪװʨװװʥװʥ ʧʝʨʩʧʝʢʪʠʚʘʩʳ ʙʘʛʳʪʪʘʨʳʥʳʥ ʩʝʨʝʧʠ ʙʝʨʠʣʛʝʥ, ʤʠʩʘʣʳ, ᴇʟ ʘʣʜʳʥʯʘ 

ʦʧʪʠʤʘʣʜʫʫʜʘʰʪʳʨʫʫʯʫ ʩʪʘʥʮʠʷʣʘʨʛʘ ᴇʪװװ, ʙʦʣʞʦʣʫ ʪʝʡʣʦʦ ʤʝʥʝʥ ʠʥʪʝʛʨʘʮʠʷʣʦʦ, 

ʩʪʘʥʜʘʨʪʪʘʨ ʞʘʥʘ ʫʥʠʚʝʨʩʘʣʜʫʫ ʧʣʘʪʬʦʨʤʘʣʘʨʜʳ ʠʰʪʝʧ ʯʳʛʫʫ, ʦʰʦʥʜʦʡ ʵʣʝ ʟʘʤʘʥʙʘʧ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʢʦʣʜʦʥʫʫ. ʢʘʤʩʳʟ ʢʳʣʫʫ. 

ʊװʡװʥʜװװ ʩᴇʟʜᴇʨ: ʩʘʥʘʨʠʧʪʝʰʪʠʨװװ, ʢװʥ ʵʥʝʨʛʠʷʩʳ, ʩʘʥʘʨʠʧʪʠʢ ʵʛʠʟ, ʢʘʡʨʘ 

ʞʘʨʘʣʫʫʯʫ ʵʥʝʨʛʠʷ, ʙʘʰʢʘʨʫʫ, ʘʣʜʳʥ ʘʣʘ ʪʝʡʣᴇᴇ, ʤʘʰʠʥʘ װʡʨᴇʥװװ, ʞʘʩʘʣʤʘ ʠʥʪʝʣʣʝʢʪ, 

ʤʘʘʣʳʤʘʪ ʢᴇʣװ. 
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Abstract. This article analyzes the current state and development prospects of digitalization 
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ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʳʟʦʚʳ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʠʩʯʝʨʧʘʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʪʨʝʙʫʶʪ ʧʝʨʝʭʦʜʘ ʢ ʫʩʪʦʡʯʠʚʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ, ʪʘʢʠʝ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʠʩʪʦʱʝʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʪʨʝʙʫʶʪ ʧʝʨʝʭʦʜʘ ʢ ʫʩʪʦʡʯʠʚʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʵʪʠʭ ʮʝʣʝʡ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʩʦʟʜʘʚʘʷ ʦʩʥʦʚʫ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʵʪʦ ʘʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʨʦʙʣʝʤ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʩʝʢʪʦʨʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʢʘʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʚʥʝʜʨʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʪʘʥʮʠʷʤʠ ʚ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʸ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʦʭʚʘʪʳʚʘʷ 

ʨʘʟʣʠʯʥʳʝ ʩʝʢʪʦʨʳ ʵʢʦʥʦʤʠʢʠ, ʚʢʣʶʯʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ. ʇʝʨʚʳʝ ʰʘʛʠ ʢ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ 

ʂʳʨʛʳʟʩʪʘʥʝ ʥʘʯʘʣʠʩʴ ʫʞʝ ʩ 2014 ʛʦʜʘ. ʆʜʥʘʢʦ ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʩʪʘʝʪʩʷ ʥʠʟʢʠʤ ʠʟ-
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ʟʘ ʩʣʘʙʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʥʝʭʚʘʪʢʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ. ɺ ʦʪʯʝʪʝ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ɺʩʝʤʠʨʥʳʤ ɹʘʥʢʦʤ çʎʠʬʨʦʚʦʡ ʂʳʨʛʳʟʩʪʘʥ: ʥʳʥʝʰʥʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʫʪʴ 

ʚʧʝʨʝʜè, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʂʈ ʧʦʢʘ ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʘʤʦʤ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʩʚʦʝʥʠʷ 

ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ [1].  

ʉʦʚʨʝʤʝʥʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʧʝʨʝʞʠʚʘʝʪ ʧʝʨʠʦʜ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʛʜʝ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʇʦ ʜʘʥʥʳʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʘʛʝʥʪʩʪʚʘ (IEA), ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʝʢʪʦʨʝ ɺʀʕ ʚʦ ʚʩʝʤ ʤʠʨʝ c 2014 ʛʦʜʘ ʧʦ 2017 

ʚʳʨʦʩ ʥʘ 20%, ʜʦʩʪʠʛʥʫʚ $47 ʤʣʨʜ. ʚ 2016 ʛʦʜʫ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣʦ ʘʥʘʣʦʛʠʯʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ [2]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʤʠʨʦʚʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ, ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʧʨʠʦʙʨʝʪʘʝʪ ʠʤʝʥʥʦ ʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʛʜʝ: 

ɺʳʩʦʢʘʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʫʧʨʘʚʣʝʥʠʶ. ʉʨʝʜʥʷʷ ʩʦʚʨʝʤʝʥʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ʚʢʣʶʯʘʝʪ ʜʝʩʷʪʢʠ ʪʳʩʷʯ 

ʤʦʜʫʣʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʨʫʯʥʦʡ ʢʦʥʪʨʦʣʴ ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ (ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʟʘʪʝʥʝʥʠʝ, ʟʘʛʨʷʟʥʝʥʠʷ) 

ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʠʩʪʝʤʘʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ.  

ɾʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʥʦʤʠʢʝ ʧʨʦʝʢʪʦʚ ʜʝʣʘʶʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʢʘʞʜʳʡ 

ʧʨʦʮʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʢʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ: 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʝʢʪʦʚ ɺʀʕ; 

ʚʳʧʦʣʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʙʷʟʘʪʝʣʴʩʪʚ; 

ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ ʙʫʜʫʱʝʛʦ; 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʦʙʘʣʴʥʳʤ ʪʨʝʥʜʘʤ "ʟʝʣʝʥʦʛʦ" ʧʝʨʝʭʦʜʘ, ʛʜʝ, 

ʧʦ ʧʨʦʛʥʦʟʘʤ IRENA, ʢ 2050 ʛʦʜʫ ʜʦʣʷ ɺʀʕ ʚ ʤʠʨʦʚʦʤ ʵʥʝʨʛʦʙʘʣʘʥʩʝ ʜʦʣʞʥʘ ʜʦʩʪʠʯʴ 86%, 

ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʛʣʫʙʦʢʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʨʘʩʣʠ [3]. 

ʉʦʛʣʘʩʥʦ ʂʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʥʘ 2024-2028 

ʛʦʜʳ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʮʝʣʷʭ ʨʝʘʣʠʟʘʮʠʠ ʋʢʘʟʘ ʇʨʝʟʠʜʝʥʪʘ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ "ʆ ʤʝʨʘʭ 

ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʬʝʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ" ʦʪ 12 ʤʘʷ 2023 ʛʦʜʘ, ʙʳʣʦ ʩʢʘʟʘʥʦ ʦ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 

ʵʥʝʨʛʦʩʠʩʪʝʤ [4]. 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ.  

ʆʬʠʮʠʘʣʴʥʦ ʪʝʨʤʠʥ çʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢè ʚʧʝʨʚʳʝ ʫʧʦʤʠʥʘʝʪʩʷ ʚ ʦʪʯʝʪʝ NASA ʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʩʠʤʫʣʷʮʠʠ ʟʘ 2010 ʛʦʜ [5]. ɺ ʥʝʤ ʛʦʚʦʨʠʪʩʷ ʦ ʩʚʝʨʭʨʝʘʣʠʩʪʠʯʥʦʡ 

ʚʠʨʪʫʘʣʴʥʦʡ ʢʦʧʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ, ʢʦʪʦʨʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʣʘ ʙʳ ʵʪʘʧʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʣʝʪʦʚ. 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ (Digital twin) (ʜʘʣʴʰʝ ʎɼ) ð ʵʪʦ ʨʝʘʣʠʩʪʠʯʥʦʝ ʚʦʩʩʦʟʜʘʥʠʝ 

ʨʝʘʣʴʥʦʡ ʩʨʝʜʳ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ. ʉʦʟʜʘʥʥʳʝ ʩ ʪʦʯʥʳʤʠ ʧʦʜʨʦʙʥʦʩʪʷʤʠ ʠʟ 

ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʵʪʠ ʮʠʬʨʦʚʳʝ ʨʝʧʣʠʢʠ ʧʦʟʚʦʣʷʶʪ ʜʚʦʡʥʠʢʘʤ ʤʦʜʝʣʠʨʦʚʘʪʴ, 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ ʩ ʧʦʤʦʱʴʶ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

ʆʧʪʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʞʜʫ ʨʘʙʦʪʦʡ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʠ ʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʨʦʪʦʪʠʧʘ ʩʯʠʪʘʶʪ 5%. 

ʎɼ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʦʙʣʘʢʦ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʨʘʩʰʠʨʝʥʥʘʷ ʘʥʘʣʠʪʠʢʘ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʠʤʤʝʨʩʠʚʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʵʬʬʝʢʪ ʧʦʣʥʦʛʦ 

ʧʦʛʨʫʞʝʥʠʷ). ɺʢʣʶʯʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ 4 ʰʘʛʘ: 
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ʈʠʩ.1. ʕʪʘʧʳ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ [6]. 

ʉʙʦʨ ʜʘʥʥʳʭ ð ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʯʝʨʝʟ ʜʘʪʯʠʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʉʠʤʫʣʷʮʠʷ ð ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʜʚʦʡʥʠʢʘ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ð ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʚʳʚʦʜʳ ʠ 

ʧʨʦʛʥʦʟʳ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ð ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʚ ʚʠʨʪʫʘʣʴʥʫʶ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʘ ʧʦʛʨʫʞʝʥʠʷ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʙʦʨ ʠ ʫʛʣʫʙʣʝʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʠʢʪʠʚʥʫʶ (ʧʨʦʛʥʦʟʥʫʶ) ʠ ʧʨʝʚʝʥʪʠʚʥʫʶ (ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʫʶ) ʘʥʘʣʠʪʠʢʫ.  

ʎɼ ʨʝʰʘʝʪ ʢʣʶʯʝʚʳʝ ʟʘʜʘʯʠ: 

ʇʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʦʩʪʦʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ʇʦʚʳʰʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘ ʩʯʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ; 

ʆʧʪʠʤʠʟʠʨʫʝʪ ʠʥʚʝʩʪʠʮʠʠ, ʧʦʟʚʦʣʷʷ ʦʪʣʦʞʠʪʴ ʥʝʦʙʷʟʘʪʝʣʴʥʳʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ; 

ʎɼ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʚʢʣʶʯʘʷ ʧʘʥʝʣʠ, ʠʥʚʝʨʪʦʨʳ ʠ ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʩ 

ʜʘʪʯʠʢʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʠʥʩʧʝʢʮʠʡ ʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʮʠʬʨʦʚʘʷ ʢʦʧʠʷ 

ʩʦʣʥʝʯʥʦʡ ʬʝʨʤʳ ʚʳʷʚʣʷʝʪ ʘʥʦʤʘʣʠʠ, ʦʙʥʘʨʫʞʠʚʘʝʪ ʥʝʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʦʧʝʨʘʪʦʨʦʚ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤʘʭ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʪʚʠʥʦʚ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT), ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

 
ʈʠʩ.2. ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʌʕʉ [6]. 
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ʕʪʘʧʳ ʩʦʟʜʘʥʠʷ ʌʕʉ: 

ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ ʎɼ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʣʝʞʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʠʩʪʦʨʠʯʝʩʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʪʦʯʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ. ʕʪʠ ʨʘʟʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ ʢʦʥʩʦʣʠʜʠʨʫʶʪʩʷ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʤ ʭʨʘʥʠʣʠʱʝ ʪʠʧʘ Data Lake ʩ ʦʙʷʟʘʪʝʣʴʥʦʡ ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʧʨʠʚʷʟʢʦʡ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʥʦʨʤʘʣʠʟʘʮʠʷ 

ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠʤʝʥʷʶʪʩʷ ʧʨʦʜʚʠʥʫʪʳʝ ʤʝʪʦʜʳ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʦʚ, ʚʢʣʶʯʘʷ 

ʤʝʜʠʘʥʥʳʝ ʬʠʣʴʪʨʳ ʠ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʧʫʱʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʠ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʚʤʝʥʝʥʠʷ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʛʝʥʝʨʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʥʦʚʠʪʩʷ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʜʘʪʘʩʝʪ, ʛʦʪʦʚʳʡ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʦʛʥʦʟʥʳʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

LSTM-ʩʝʪʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ Prophet ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʜʝʪʝʢʮʠʠ ʘʥʦʤʘʣʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʠʧʘ Isolation Forest, ʪʘʢ ʠ 

ʛʣʫʙʦʢʠʝ ʘʚʪʦʵʥʢʦʜʝʨʳ. ʆʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Q-ʦʙʫʯʝʥʠʷ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʠ ʵʪʦʤ ʦʩʦʙʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʛʠʙʨʠʜʥʳʝ 

ʬʠʟʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʦʯʝʪʘʶʱʠʝ ʟʥʘʥʠʷ ʦ ʬʠʟʠʢʝ ʧʨʦʮʝʩʩʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

data science. ʂʘʞʜʘʷ ʤʦʜʝʣʴ ʧʨʦʭʦʜʠʪ ʩʪʨʦʛʠʡ ʧʨʦʮʝʩʩ ʚʘʣʠʜʘʮʠʠ ʩ ʢʦʥʪʨʦʣʝʤ ʢʣʶʯʝʚʳʭ 

ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ. 

ʀʥʪʝʨʬʝʡʩʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʠʟʫʘʣʠʟʘʮʠʠ. ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʜʘʰʙʦʨʜʳ ʥʘ ʙʘʟʝ Plotly Dash ʠ Tableau ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʧʝʨʘʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ Unity ʠ Unreal Engine, ʧʦʟʚʦʣʷʶʪ ʜʝʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 

ʢʘʞʜʦʛʦ ʫʟʣʘ. AR/VR-ʨʝʰʝʥʠʷ ʪʠʧʘ Microsoft HoloLens ʠ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ 

ʥʘ ʧʣʘʪʬʦʨʤʘʭ ArcGIS ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʩʪʨʦʛʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʛʠʙʢʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. 

ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦʨʨʝʢʪʥʳʡ ʚʳʙʦʨ ʠ ʥʘʩʪʨʦʡʢʘ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʛʣʫʙʦʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ SCADA-ʩʠʩʪʝʤʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ.  

ʆʜʠʥ ʠʟ ʦʯʝʚʠʜʥʳʭ ʧʣʶʩʦʚ ʨʘʙʦʪʳ ʚʠʨʪʫʘʣʴʥʳʭ ʜʚʦʡʥʠʢʦʚ ð ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʦʤʦʛʘʝʪ ʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ ʠ 

ʙʝʟʦʧʘʩʥʝʝ, ʯʝʤ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ. ʅʘʧʨʠʤʝʨ, ʥʘ ʦʜʥʦʤ ʠʟ 

ʝʚʨʦʧʝʡʩʢʠʭ ʦʙʲʝʢʪʘʭ ʩʠʩʪʝʤʘ ʧʨʝʜʠʢʪʠʚʥʦʡ (ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ) ʘʥʘʣʠʪʠʢʠ Schneider 

Electric ʩʧʨʦʛʥʦʟʠʨʦʚʘʣʘ ʚʳʭʦʜ ʠʭ ʩʪʨʦʷ ʢʦʤʧʨʝʩʩʦʨʘ ʧʦʯʪʠ ʟʘ ʪʨʠ ʥʝʜʝʣʠ ʜʦ ʪʦʛʦ, ʢʘʢ ʵʪʦ 

ʧʨʦʠʟʦʰʣʦ. ʇʨʝʜʦʪʚʨʘʪʠʚ ʤʘʩʰʪʘʙʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʙʦʡ, ʢʦʤʧʘʥʠʷ ʩʤʦʛʣʘ ʩʵʢʦʥʦʤʠʪʴ 

$3,2 ʤʣʥ. [7]. 

ʇʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ: 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʥʪʝʛʨʘʮʠʠ. ʉʦʟʜʘʥʠʝ ʎɼ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʫʩʪʘʥʦʚʢʫ ʤʥʦʞʝʩʪʚʘ ʜʘʪʯʠʢʦʚ, ʨʘʟʨʘʙʦʪʢʫ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʨʠʦʙʨʝʪʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʱʥʳʝ 

ʚʯrʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ. ɼʣʷ ʤʘʣʳʭ ʠ 

ʩʨʝʜʥʠʭ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦʜʦʙʥʳʝ ʟʘʪʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʦʙʦʩʥʦʚʘʥʥʳʤʠ ʙʝʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠʣʠ ʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʝʢʪʘ. 

ʉʣʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʀʊ-ʩʠʩʪʝʤʘʤʠ. ɺʥʝʜʨʝʥʠʝ ʎɼ ʪʨʝʙʫʝʪ 

ʩʦʧʨʷʞʝʥʠʷ ʩ ʫʞʝ ʜʝʡʩʪʚʫʶʱʠʤʠ SCADA, ERP ʠʣʠ ʜʨʫʛʠʤʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʩʣʦʞʥʦʩʪʠ ʩ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʠʩʪʝʤ. 
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ʂʘʜʨʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ 

ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ: 

ʇʝʨʝʭʦʜ ʢ ʩʘʤʦʦʧʪʠʤʠʟʠʨʫʶʱʠʤʩʷ ʩʪʘʥʮʠʷʤ. 

ɺ ʙʫʜʫʱʝʤ ʪʚʠʥʳ ʩʤʦʛʫʪ ʥʝ ʧʨʦʩʪʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʌʕʉ, ʥʦ ʠ 

ʘʚʪʦʥʦʤʥʦ ʫʧʨʘʚʣʷʪʴ ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʧʘʥʝʣʝʡ, ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ 

ʠʥʚʝʨʪʦʨʦʚ, ʛʨʘʬʠʢʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʕʪʦ ʧʨʠʚʝʜʸʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʩʥʠʞʝʥʠʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʫʯʘʩʪʠʷ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʧʨʝʜʠʢʪʠʚʥʳʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ (predictive maintenance). 

ʎɼ ʙʫʜʫʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʠʭ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʥʘʩʪʫʧʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʧʨʦʩʪʦʠ ʠ ʟʘʪʨʘʪʳ ʥʘ 

ʨʝʤʦʥʪ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʳ (ʧʝʩʯʘʥʳʝ ʙʫʨʠ, ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʫʜʘʣʸʥʥʳʝ ʣʦʢʘʮʠʠ). 

ʈʘʟʚʠʪʠʝ ʩʪʘʥʜʘʨʪʦʚ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤ. 

ʇʦʷʚʣʝʥʠʝ ʦʪʢʨʳʪʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʮʠʬʨʦʚʳʤʠ ʜʚʦʡʥʠʢʘʤʠ ʠ 

ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʫʧʨʦʩʪʠʪ ʠʭ ʚʥʝʜʨʝʥʠʝ, ʫʩʢʦʨʠʪ ʘʜʘʧʪʘʮʠʶ ʧʦʜ ʨʘʟʥʳʝ ʪʠʧʳ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʩʥʠʟʠʪ ʩʪʦʠʤʦʩʪʴ ʚʭʦʜʘ. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʤʦʜʫʣʴʥʦʩʪʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʚʠʞʫʪʩʷ ʢ ʛʠʙʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ 

ʪʚʠʥʦʚ ʧʦʜ ʧʨʦʝʢʪʳ ʣʶʙʦʡ ʤʦʱʥʦʩʪʠ ð ʦʪ ʜʦʤʘʰʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʧʘʨʢʦʚ 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʂʳʨʛʳʟʩʪʘʥʘ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʎɼ ʩʧʦʩʦʙʥʳ ʩʪʘʪʴ ʢʣʶʯʝʚʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʝʦʜʦʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʝʩʧʫʙʣʠʢʠ ʚʳʟʦʚʦʚ ð ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʨʘʩʧʨʝʜʝʣʸʥʥʦʩʪʠ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʛʝʥʝʨʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʚʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ 

ʧʨʦʩʪʦ ʚʠʨʪʫʘʣʴʥʳʝ ʢʦʧʠʠ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ ʩʣʦʞʥʳʝ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

ʦʙʲʝʜʠʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʨʝʜʠʢʪʠʚʥʦʡ 

ʘʥʘʣʠʪʠʢʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʦʮʝʩʩ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʙʘʨʴʝʨʘʤʠ, ʚʢʣʶʯʘʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 

ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʂʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ 2024-2028 ʛʦʜʳ ʩʦʟʜʘʸʪ 

ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʩʧʦʩʦʙʥʫʶ ʚʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʤʦʜʝʨʥʠʟʘʮʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʂʳʨʛʳʟʩʪʘʥʘ. ʀʭ ʚʥʝʜʨʝʥʠʝ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʫʯʠʪʳʚʘʶʱʝʛʦ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʪʘʢ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʤʦʞʝʪ ʩʪʘʪʴ 

ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ ʩʦʚʨʝʤʝʥʥʦʡ, ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

ʩʪʨʘʥʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ɺʩʝʤʠʨʥʳʡ ʙʘʥʢ. ʆʪ ʫʷʟʚʠʤʦʩʪʠ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ: ʂʦʤʧʣʝʢʩʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʩʪʨʘʥʳ 

ʜʣʷ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ɺʩʝʤʠʨʥʳʡ ʙʘʥʢ. ï 2023. ï 100 

ʩ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://documents1.worldbank.org/curated/en/099656009192315632/pdf/IDU08067b50b08

c0c045f60a1aa001decd8275b5.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.10.2023).  
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ʢʦʦʧʩʫʟʜʫʛʫ. ɾʫʤʫʰʪʘʨʜʳ ʢʦʦʧʩʫʟ ʞװʨʛװʟװװʥװ ʢʘʤʩʳʟ ʢʳʣʫʫ ʞʘʥʘ ʢʳʟʤʘʪʢʝʨʣʝʨʜʠʥ 
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çʊʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʴè ʛʦʨʦʜʘ ɹʠʰʢʝʢ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʙʦʪ,  ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʨʝʤʦʥʪʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ  ʠ ʚʳʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ  ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ 

ʠ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ ʦʪ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ  ʧʨʝʜʧʨʠʷʪʠʠ. 
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ʬʘʢʪʦʨ, ʨʘʙʦʪʘ ʧʦ ʥʘʨʷʜʫ-ʜʦʧʫʩʢʫ ʠ ʨʘʩʧʦʨʷʞʝʥʠʶ,  ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, 

ʥʝʩʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ ʪʨʫʜʦʚʳʭ (ʩʣʫʞʝʙʥʳʭ) ʦʙʷʟʘʥʥʦʩʪʝʡ, ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʝ ʦʭʨʘʥʦʡ ʪʨʫʜʘ, ʩʦʮʠʘʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ ʦʪ ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ: ɽʞʝʛʦʜʥʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʊʕʎ-ɹ 

ʧʝʨʩʦʥʘʣ ʧʦʣʫʯʘʝʪ  ʧʨʦʠʟʚʦʜʩʪʚʥʥʫʶ ʪʨʘʚʤʳ ʨʘʟʣʠʯʥʦʡ ʪʷʞʝʩʪʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʵʥʝʨʛʝʪʠʪʯʝʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʠʤʝʝʪ ʤʝʩʪʦ ʦʧʘʩʥʳʝ ʠ  ʚʨʝʜʥʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ɺ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʩʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

ʷʚʣʷʶʪʩʷ ʦʙʴʝʢʪʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ. ʇʨʦʙʣʝʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʦʧʘʩʥʦʩʪʝʡ ʚʦ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʪʝʧʣʘ ʥʘ ʊʕʎ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʘ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ  ʊʕʎ-ɹ ʥʘ ʧʨʝʜʤʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʯʠʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʠ ʚʳʙʨʘʥʥʘʷ ʪʝʤʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʡ.  

ʎʝʣʴ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ: ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʪʝʮʠʘʣʴʥʳʝ ʦʧʘʩʥʦʩʪʠ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʊʕʎ-ɹ, ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ, ʦʟʥʘʢʦʤʠʪʩʷ ʩ ʤʝʪʦʜʘʤʠ ʠ ʥʘʚʳʢʘʤʠ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʳʭ ʬʘʢʪʦʨʦʚ. ʇʦ ʠʪʦʛʘʤ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ.  

 

ɺʚʝʜʝʥʠʝ 

ɺʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʪʝʢʫʱʘʷ  ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ 

ʊʕʎ-ɹʠʰʢʝʢ ʪʘʠʪ ʚ ʩʝʙʝ ʙʦʣʴʰʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʧʘʩʥʦʩʪʠ.(1) 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʪʘʢ ʠ 

ʪʝʧʣʦʚʦʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʦʙʲʝʢʪʘʤ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʦʪʚʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʥʘʩʝʣʝʥʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ (ʊʕʎ) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʥʘʩʝʣʝʥʠʷ, ʪʘʢʞʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ (ʧʘʨ ʠ ʛʦʨʷʯʘʷ ʚʦʜʘ) ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʞʠʣʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʆʜʥʘ ʠʟ ʘʢʩʠʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʛʣʘʩʠʪ, ʯʪʦ ʣʶʙʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʘ. ʕʪʘ ʘʢʩʠʦʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʩʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʢʨʦʤʝ 

ʧʦʟʠʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʧʘʩʥʦʩʪʠ.  

ʈʘʟʣʠʯʥʳʝ ʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʙʦʯʫʶ ʟʦʥʫ ʧʝʨʩʦʥʘʣʘ. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʳʭ 

ʦʧʘʩʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ʚʨʝʤʷ ʚʩʝʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʝʨʩʦʥʘʣʘ ʠ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʚʙʣʠʟʠ ʊʕʎ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʘʩʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ 

ʊʕʎ-ɹ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʊʕʎ-ɹ. 

ɺʳʙʦʨ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʊʕʎ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʦʙʲʝʢʪʘ  ʫʯʠʪʳʚʘʣʘʩʴ ʧʨʦʚʝʪʨʠʚʘʝʤʦʩʪʴ 

ʧʣʦʱʘʜʢʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʦʚ ʠ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʩ 

ʦʢʨʫʞʘʶʱʠʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʠ ʞʠʣʳʤʠ ʤʘʩʩʠʚʘʤʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʳʤʦʚʳʝ ʪʨʫʙʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʶʞʥʝʝ ʛʣʘʚʥʦʛʦ ʟʜʘʥʠʷ ʠ ʆʈʋ-110 ʢɺ, ʧʨʠ ʧʨʝʦʙʣʘʜʘʥʠʠ ʩʝʚʝʨʥʦʛʦ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʚʝʪʨʦʚ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʝʜʥʳʭ ʠ  ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 
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ɸʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 12.0.003-74 ʧʦ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʊʕʎ-

ɹ. 

ʆʧʘʩʥʳʝ ʬʘʢʪʦʨʳ: 

- ʦʧʘʩʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ï ʪʦʢʦʚʝʜʫʱʠʝ ʯʘʩʪʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ, ʢʦʨʧʫʩʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʦʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʠ ʚʟʨʳʚʦʚ ï ʚʩʪʨʦʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

- ʦʧʘʩʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ ʤʦʣʥʠʝʡ ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 

- ʧʘʜʝʥʠʝ ʩ ʚʳʩʦʪʳ ï ʚʳʩʦʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ  ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʊʕʎ-ɹ ʧʨʠʥʠʤʘʶʪʩʷ ʤʝʨʳ: 

- ʟʘʱʠʪʥʳʝ ʦʛʨʘʞʜʝʥʠʷ, ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ, 

ʫʩʪʨʦʡʩʪʚʦ ʟʘʱʠʪʥʦʛʦ ʟʘʟʝʤʣʝʥʠʷ ʠ ʟʘʥʫʣʝʥʠʷ, ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʶʯʝʥʠʷ, 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʟʝʤʣʠʪʝʣʷ; 

- ʫʩʪʨʦʡʩʪʚʘ ʘʚʘʨʠʡʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʩ 

ʥʝʧʨʦʚʦʜʷʱʠʤ ʪʦʢ ʚʝʱʝʩʪʚʦʤ, ʚʚʝʜʝʥʠʝ ʢʘʪʝʛʦʨʠʡ ʧʦ ʚʟʨʳʚʦ- , ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ ɸ, ɹ, ɺ, ɻ, 

ɼ; 

- ʫʩʪʨʦʡʩʪʚʘ ʤʦʣʥʠʝʟʘʱʠʪʳ,  ʫʩʪʘʥʦʚʢʘ ʤʦʣʥʠʝʦʪʚʦʜʦʚ. 

ɺʨʝʜʥʳʝ ʬʘʢʪʦʨʳ:   

-ʘʥʦʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ï ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʦʚʳʰʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠʟ-ʟʘ ʨʘʙʦʪʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

-ʘʥʦʤʘʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ï ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʣʦʱʘʜʴ ʦʢʦʥʥʳʭ ʧʨʦʝʤʦʚ ʠ ʦʩʚʝʱʝʥʥʦʩʪʴ 

ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ; 

- ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʯʘʩʪʷʤʠ, - 

ʚʨʘʱʘʶʱʠʝʩʷ ʚʘʣʳ, ʤʘʭʦʚʠʢʠ, ʤʫʬʪʳ ʩʮʝʧʣʝʥʠʷ; 

-ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚ ʧʦʤʝʱʝʥʠʠ ï ʩʦʫʜʘʨʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʤʘʰʠʥ 

ʠ ʤʝʭʘʥʠʟʤʦʚ, ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʝʡ ʧʦ ʪʨʫʙʘʤ ʠ ʢʘʥʘʣʘʤ, ʥʘʩʦʩʳ, ʢʦʤʧʨʝʩʩʦʨʘ, ʚʝʥʪʠʣʷʪʦʨʳ; 

- ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʚʠʙʨʘʮʠʷ ï ʢʦʤʧʨʝʩʩʦʨʘ, ʥʘʩʦʩʳ, ʜʚʠʛʘʪʝʣʠ, ʛʝʥʝʨʘʪʦʨʳ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ  ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʊʕʎ-ɹ ʧʨʠʥʠʤʘʶʪʩʷ ʤʝʨʳ: 

-  ʚ ʭʦʣʦʜʥʳʝ ʠ ʪʝʧʣʳʝ ʧʝʨʠʦʜʳ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʠ; 

- ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʦʣ ʦʢʦʥʥʳʭ ʧʨʦʝʤʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʘʤʧ ʠ 

ʧʨʠʚʝʜʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʤ ʝʥ , ɽʥ ; 

- ʫʩʪʨʦʡʩʪʚʘ ʦʛʨʘʞʜʝʥʠʷ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʟʥʘʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʚʫʢʦʚʳʝ 

ʩʠʛʥʘʣʳ: 

- ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʩʪʨʦʡʩʪʚʘ ʟʚʫʢʦʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʙʠʥ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʢʨʘʥʳ, 

ʛʣʫʰʠʪʝʣʠ ʰʫʤʘ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ, ʧʨʠʥʷʪʠʝ ʤʝʨ ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʘ ʜʦ 

80ʜɹɸ; 

- ʫʩʪʘʥʦʚʢʘ ʚʠʙʨʠʨʫʶʱʠʭ ʤʘʰʠʥ ʥʘ ʦʪʜʝʣʴʥʳʡ ʬʫʥʜʘʤʝʥʪ. 

 - ʚʠʙʨʦʠʟʦʣʷʮʠʷ, ʪ.ʝ. ʫʩʪʘʥʦʚʢʘ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʚʠʙʨʠʨʫʶʱʝʡ ʤʘʰʠʥʦʡ ʠ 

ʦʩʥʦʚʘʥʠʝʤ; ʧʨʠʤʝʥʝʥʠʝ ʚʠʙʨʦʧʦʛʣʘʱʘʶʱʠʭ ʤʘʩʪʠʢ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʢʦʞʫʭʘ ʠ ʦʛʨʘʞʜʝʥʠʷ. 

 - ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʦʙʫʚʴ ʥʘ ʪʦʣʩʪʦʡ ʧʦʜʦʰʚʝ (ʨʝʟʠʥʦʚʦʡ), ʚʠʙʨʦʛʘʩʷʱʠʝ 

ʧʝʨʯʘʪʢʠ; 

 ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ɽʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʟʨʝʥʠʝ, ʥʦ ʪʘʢʞʝ 

ʪʦʥʠʟʠʨʫʝʪ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚ ʮʝʣʦʤ ʠ ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʧʦʤʝʱʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʘʥʠʪʘʨʥʳʤʠ ʥʦʨʤʘʤʠ ʠ 

ʧʨʘʚʠʣʘʤʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ. 

ʀʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʠ ʜʥʝʤ, ʢʦʛʜʘ 

ʧʦ ʫʩʣʦʚʠʷʤ ʪʝʭʥʦʣʦʛʠʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʢʣʠʤʘʪʘ ʚ ʤʝʩʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ 

ʪʨʝʙʫʶʪʩʷ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ 
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ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʂɽʆ. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʧʦ ʥʦʨʤʘʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʦʥʦ 

ʜʦʧʦʣʥʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ. ʊʘʢʦʝ ʦʩʚʝʱʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ï ʩʦʚʤʝʱʝʥʥʳʤ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʰʫʤ ʠ ʚʠʙʨʘʮʠʷ 

ʀʩʪʦʯʥʠʢʦʤ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ ʥʘ ʊʕʎ ʷʚʣʷʶʪʩʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʳ, ʢʦʤʧʨʝʩʩʦʨʳ, 

ʚʝʥʪʠʣʷʪʦʨʳ, ʥʘʩʦʩʳ, ʤʝʣʴʥʠʮʳ ʠ ʪ.ʜ. ʐʫʤ ʤʘʰʠʥ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʠʙʨʘʮʠʡ ʜʝʪʘʣʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ, ʟʘʟʦʨʦʚ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʢʨʝʧʣʝʥʠʷ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʠʙʨʘʮʠʠ ʧʨʦʠʟʚʦʜʷʪ 

ʩʪʘʪʠʯʝʩʢʫʶ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʙʘʣʘʥʩʠʨʦʚʢʫ ʜʝʪʘʣʝʡ, ʫʩʪʨʘʥʷʶʪ ʠʟʤʝʥʝʥʠʝ ʟʘʟʦʨʦʚ ʚ ʫʟʣʘʭ ʠ 

ʚ ʩʦʯʣʝʥʝʥʠʷʭ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʠʙʨʘʮʠʠ, ʤʘʰʠʥʳ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʬʫʥʜʘʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʨʫʞʠʥʥʦʡ ʚʠʙʨʦʠʟʦʣʷʮʠʝʡ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʫʨʦʚʥʠ ʰʫʤʦʚ ʨʘʟʣʠʯʥʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʰʫʤʘ ʚ ʩʦʩʝʜʥʠʝ ʧʦʤʝʱʝʥʠʷ, ʜʚʝʨʠ ʚʳʧʦʣʥʷʶʪʩʷ ʟʚʫʢʦʥʝʧʨʦʥʠʮʘʝʤʳʤʠ. 

ɼʣʷ ʦʪʜʳʭʘ ʜʝʞʫʨʥʳʭ ʤʘʰʠʥʠʩʪʦʚ, ʧʦʩʪʦʷʥʥʦʛʦ ʤʝʩʪʘ ʥʘʭʦʞʜʝʥʠʷ ʜʝʞʫʨʥʦʛʦ ʠʥʞʝʥʝʨʘ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʢʦʤʥʘʪʘ, ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʦʪ ʰʫʤʘ. 

ʊʘʢ ʢʘʢ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʠʯʠʥʦʡ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʰʫʤʘ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ 

ʠʟʥʦʩ ʧʦʜʰʠʧʥʠʢʦʚ, ʥʝʪʦʯʥʘʷ ʩʙʦʨʢʘ ʧʨʠ ʨʝʤʦʥʪʝ, ʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʩʝʭ ʚʠʜʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʜʦ ʪʦʯʥʦ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʇʊʕ. 

ʅʝʥʦʨʤʘʣʴʥʳʡ, ʧʦʚʳʰʝʥʥʳʡ ʰʫʤ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʥʝʧʦʣʥʦʛʦ ʩʪʷʛʠʚʘʥʠʷ 

ʧʘʢʝʪʦʚ ʩʝʨʜʝʯʥʠʢʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʥʝʧʦʣʥʦʛʦ ʧʨʠʪʷʛʠʚʘʥʠʷ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ, ʢʦʥʪʘʢʪʦʚ ʠ ʧʫʩʢʘʪʝʣʝʡ. ʋ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʥʝʥʦʨʤʘʣʴʥʳʡ ʰʫʤ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʝʨʝʛʨʫʟʢʦʡ, ʦʙʨʳʚʝ ʦʜʥʦʡ ʬʘʟʳ ʠʣʠ ʠʟʥʦʩ ʪʦʢʦʩʲʝʤʥʳʭ ʢʦʥʪʘʢʪʦʚ. 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʵʪʠʭ ʧʨʠʯʠʥ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ 

ʰʫʤʘ. 

ɼʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʰʫʤʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʨʛʘʥʳ ʩʣʫʭʘ, ʮʝʥʪʨʘʣʴʥʫʶ 

ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ, ʦʩʣʘʙʣʷʝʪ ʚʥʠʤʘʥʠʝ ʨʘʙʦʯʠʭ ʧʦʚʳʰʘʝʪ ʢʨʦʚʝʥʦʩʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʨʦʠʩʭʦʜʠʪ 

ʫʯʘʱʝʥʠʝ ʜʳʭʘʥʠʷ ʠ ʧʫʣʴʩʘ, ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ. 

ɻʆʉʊ 12.1.005-88 çʆʙʱʠʝ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʦʟʜʫʭʫ ʨʘʙʦʯʝʡ 

ʟʦʥʳè. 

ʉʅ 2.2.4/2.1.8.562-96 çʐʫʤ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʚ ʧʦʤʝʱʝʥʠʷʭ ʞʠʣʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʟʜʘʥʠʡ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʝè. 

ʋʤʝʥʴʰʝʥʠʝ ʰʫʤʘ ʜʦʩʪʠʛʘʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʩʤʘʟʢʦʡ, ʨʝʛʫʣʠʨʦʚʢʦʡ ʠ ʨʝʤʦʥʪʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʟʘʯʠʩʪʢʦʡ ʠ ʟʘʪʷʛʠʚʘʥʠʝʤ ʪʦʢʦʚʝʜʫʱʠʭ 

ʢʦʥʪʘʢʪʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʰʫʤʦʧʦʛʣʘʱʘʶʱʠʭ ʧʨʦʢʣʘʜʦʢ. ʋʩʪʘʥʘʚʣʠʚʘʪʴ ʛʣʫʰʠʪʝʣʠ ʰʫʤʘ ʥʘ 

ʚʳʭʣʦʧʥʳʝ ʠ ʚʩʘʩʳʚʘʶʱʠʝ ʦʪʚʝʨʩʪʠʷ ʤʘʰʠʥ. ɺ ʩʣʫʯʘʝ ʪʝʭʥʠʯʝʩʢʦʡ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʫ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʇʝʨʩʦʥʘʣ ʩʣʝʜʫʝʪ ʩʥʘʙʞʘʪʴ ʩʧʝʮʠʘʣʴʥʳʤʠ ʥʘʫʰʥʠʢʘʤʠ, ʰʣʝʤʘʤʠ, ʟʘʛʣʫʰʢʘʤʠ, ʤʝʥʷʪʴ 

ʨʝʞʠʤ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ. 

ʃʠʮʘ, ʫ ʢʦʪʦʨʳʭ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʜʠʮʠʥʩʢʠʤʠ ʦʩʤʦʪʨʘʤʠ ʫʭʫʜʰʘʝʪʩʷ ʩʣʫʭ ʠʣʠ 

ʫʭʫʜʰʠʣʦʩʴ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ, ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʳ ʥʘ ʨʘʙʦʪʫ ʚ ʥʝʰʫʤʥʳʭ 

ʮʝʭʘʭ. 

ʆʙʱʘʷ ʚʠʙʨʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʙʦʪʝ ʛʝʥʝʨʘʪʦʨʦʚ, ʪʫʨʙʠʥ, ʢʦʤʧʨʝʩʩʦʨʦʚ, ʥʘʩʦʩʦʚ, 

ʚʝʥʪʠʣʷʪʦʨʦʚ. 

ɺʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫ ʨʘʙʦʪʘʶʱʠʭ ʚʦʟʥʠʢʘʝʪ 

ʨʘʩʩʪʨʦʡʩʪʚʦ ʥʝʨʚʥʦʡ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʯʪʦ 

ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʚʠʙʨʦʙʦʣʝʟʥʠ. ʇʘʨʘʤʝʪʨʳ ʦʙʱʝʡ ʚʠʙʨʘʮʠʠ ʥʦʨʤʠʨʫʶʪʩʷ ʉʅ 

2.2.4/2.1.8.566-96. 

ɺ ʥʦʨʤʘʭ ʫʢʘʟʘʥʳ ʜʦʧʫʩʪʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚʠʙʨʘʮʠʠ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʥʷ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ: 

ʧʨʦʠʟʚʝʩʪʠ ʪʦʯʥʫʶ ʙʘʣʘʥʩʠʨʦʚʢʫ ʚʩʝʭ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʤʘʰʠʥ, ʦʩʦʙʝʥʥʦ 

ʙʳʩʪʨʦʭʦʜʥʳʭ. ʆʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʰʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳ, ʷʚʣʷʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʚʠʙʨʘʮʠʠ 
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ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʬʫʥʜʘʤʝʥʪʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʘʢ, ʯʪʦʙʳ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 

ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥʪʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,1-0,2 ʤʤ. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʙʦʪʘʶʱʠʭ 

ʉʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʨʘʙʦʪʘʶʱʠʭ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʨʝʜʩʪʚʘ ʢʦʣʣʝʢʪʠʚʥʦʡ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ. 

ʂʨʦʤʝ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʠʤʝʶʪʩʷ ʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʧʦʷʩʘ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʝʨʯʘʪʢʠ, 

ʢʦʚʨʠʢʠ, ʨʫʯʥʳʝ ʟʘʭʚʘʪʳ, ʤʘʥʠʧʫʣʷʪʦʨʳ. 

  

                                ʊʘʙʣʠʮʘ. ʉʨʝʜʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ. 

ʅʘʟʥʘʯʝʥʠʝ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ 

ʉʨʝʜʩʪʚʘ ʟʘʱʠʪʳ 

ɿʘʱʠʪʘ ʛʣʘʟ ɿʘʱʠʪʥʳʝ ʦʯʢʠ, ʤʘʩʢʠ 

ɿʘʱʠʪʘ ʦʨʛʘʥʦʚ ʩʣʫʭʘ ʇʨʦʪʠʚʦʰʫʤʥʳʝ ʰʣʝʤʳ, ʥʘʫʰʥʠʢʠ 

ɿʘʱʠʪʘ ʦʨʛʘʥʦʚ 

ʜʳʭʘʥʠʷ 

ʇʨʦʪʠʚʦʛʘʟʳ, ʨʝʩʧʠʨʘʪʦʨʳ, 

ʧʥʝʚʤʦʰʣʝʤʳ, ʧʥʝʚʤʦʤʘʩʢʠ 

ɿʘʱʠʪʘ ʨʫʢ ʇʝʨʯʘʪʢʠ, ʨʫʢʘʚʠʮʳ 

ɿʘʱʠʪʘ ʣʠʮʘ ɿʘʱʠʪʥʳʝ ʤʘʩʢʠ, ʟʘʱʠʪʥʳʝ ʦʯʢʠ 

ʉʧʝʮʠʘʣʴʥʘʷ ʦʜʝʞʜʘ ʂʦʤʙʠʥʝʟʦʥʳ, ʧʦʣʫʢʦʤʙʠʥʝʟʦʥʳ, 

ʢʫʨʪʢʠ, ʙʨʶʢʠ, ʢʦʩʪʶʤʳ, ʭʘʣʘʪʳ, 

ʧʣʘʱʠ, ʧʦʣʫʰʫʙʢʠ 

ʉʧʝʮʠʘʣʴʥʘʷ ʦʙʫʚʴ ʉʘʧʦʛʠ, ʙʦʪʠʥʢʠ, ʙʦʪʳ, ʛʘʣʦʰʠ 

ɿʘʱʠʪʘ ʛʦʣʦʚʳ ʂʘʩʢʠ, ʰʣʝʤʳ, ʰʘʧʢʠ 

 

ʕʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʴ 

ʇʦʤʝʱʝʥʠʷ ʊʕʎ ʠ ʦʩʦʙʝʥʥʦ ʆʈʋ ʧʦ ʩʪʝʧʝʥʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʤʝʱʝʥʠʷʤ ʩ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʴʶ (ʚʳʩʦʢʦʚʦʣʴʪʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ) ʠ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʳʤ (ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ).ʈʘʙʦʪʘ ʩ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʪʘʥʮʠʠ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʫʯʝʪʦʤ 

ʪʨʝʙʦʚʘʥʠʡ ʇʊʕ ʠ ʇʊɹ. 

ʈʘʙʦʪʳ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʠ ʥʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʠ ʥʘʧʨʷʞʝʥʠʝʤ ʜʦ ʠ ʚʳʰʝ 1 ʢɺ 

ʜʦʣʞʥʳ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

-ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʙʦʪ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʟʨʝʰʝʥʠʝ ʣʠʮʘ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʵʣʝʢʪʨʦʭʦʟʷʡʩʪʚʦ 

ʩʪʘʥʮʠʠ (ʥʘʨʷʜ, ʨʘʩʧʦʨʷʞʝʥʠʝ); 

- ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʝ ʤʝʥʝʝ ʯʝʤ ʜʚʫʤʷ ʣʠʮʘʤʠ; 

- ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ. 

ʇʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʝʨʘʪʠʚʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʜʦʣʞʥʳ 

ʧʨʠʤʝʥʷʪʴʩʷ ʟʘʱʠʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʇʋʕ.  

ɿʘʱʠʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʷʚʣʷʶʪʩʷ ʧʨʠʙʦʨʳ, ʘʧʧʘʨʘʪʳ, ʧʝʨʝʥʦʩʥʳʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʧʨʠʙʦʨʦʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʠ 

ʘʧʧʘʨʘʪʦʚ, ʩʣʫʞʘʱʠʝ ʜʣʷ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʘ ʦʪ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʠ ʧʨʦʜʫʢʪʦʚ ʝʸ ʛʦʨʝʥʠʷ. 

ɺʩʝ ʠʟʦʣʠʨʫʶʱʠʝ ʟʘʱʠʪʥʳʝ ʩʨʝʜʩʪʚʘ ʜʝʣʷʪʩʷ ʥʘ ʦʩʥʦʚʥʳʝ ʟʘʱʠʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ. 

ɺ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ 

ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

1. ɺʩʝ ʢʦʨʧʫʩʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʟʝʤʣʷʶʪʩʷ ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʭ ʢ ʢʦʥʪʫʨʫ 

ʟʘʟʝʤʣʝʥʠʷ; 

2. ʅʘ ʧʨʦʚʦʜʘʭ ʘʧʧʘʨʘʪʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʯʝʪʢʦ ʫʢʘʟʘʥʳ ʧʦʣʦʞʝʥʠʷ ʚʳʢʣʶʯʘʪʝʣʝʡ; 
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3. ɺʢʣʶʯʝʥʠʝ ʠ ʦʪʢʣʶʯʝʥʠʝ ʤʘʰʠʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʠʮʘʤʠ, ʠʤʝʶʱʠʤʠ ʨʘʟʨʝʰʝʥʠʝ ʥʘ 

ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʝ; 

4. ʇʝʨʝʜ ʧʫʩʢʦʤ ʥʫʞʥʦ ʦʩʤʦʪʨʝʪʴ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʛʦʪʦʚʥʦʩʪʠ ʢ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʧʨʝʜʫʧʨʝʜʠʪʴ ʧʝʨʩʦʥʘʣ; 

5. ʅʘ ʚʨʝʤʝʥʥʳʭ ʦʛʨʘʞʜʝʥʠʷʭ ʚʳʚʝʰʠʚʘʶʪʩʷ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʧʣʘʢʘʪʳ çʉʪʦʡ! 

ʆʧʘʩʥʦ ʜʣʷ ʞʠʟʥʠè. 

ɺ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʚʳʰʝ 1000 ɺ ʦʩʤʦʪʨ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘʧʧʘʨʘʪʫʨʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʧʦʨʦʛʘ ʢʘʤʝʨʳ ʠʣʠ ʩʪʦʷ ʧʝʨʝʜ ʙʘʨʴʝʨʦʤ. 

ʈʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʥʘʙʣʶʜʘʶʱʝʛʦ, ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚʩʸ ʚʨʝʤʷ ʥʘ ʤʝʩʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. 

ʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ 

ʥʝʦʙʭʦʜʠʤʦ: 

1. ɺʩʝ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʘʧʧʘʨʘʪʘʤʠ ʟʘʱʠʪʳ ʦʪ ʪʦʢʦʚ ʂɿ ʠ 

ʜʨʫʛʠʭ ʥʝʥʦʨʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ, ʤʦʛʫʱʠʭ ʧʨʠʚʝʩʪʠ ʢ ʧʦʞʘʨʘʤ ʠ ʟʘʛʦʨʘʥʠʷʤ; 

2. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʢʦʤʙʠʥʘʪʝ, ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʇʋʕ, ʇʊʕ ʠ ʇʊɹ; 

3. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʘʧʨʝʱʘʝʪʩʷ: 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠ ʜʨʫʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʥʘʛʨʝʚ 

ʢʦʪʦʨʦʛʦ ʧʨʠ ʨʘʙʦʪʝ ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 40 ʉ; 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʙʝʣʠ ʠ ʧʨʦʚʦʜʘ ʩ ʧʦʚʨʝʞʜʝʥʥʦʡ ʠʟʦʣʷʮʠʝʡ; 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

1. ʇʦʤʝʱʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ ʠ ʩʚʷʟʠ ʜʣʷ ʥʝʤʝʜʣʝʥʥʦʛʦ 

ʚʳʟʦʚʘ ʧʦʞʘʨʥʦʡ ʢʦʤʘʥʜʳ; 

2. ʇʝʨʚʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʞʘʨʥʳʝ ʱʠʪʳ (ʦʙʦʨʫʜʫʶʪʩʷ 2-ʤʷ 

ʦʛʥʝʪʫʰʠʪʝʣʷʤʠ ʆʍʇ, ʣʦʧʘʪʦʡ, ʙʘʛʨʦʤ, ʪʦʧʦʨʦʤ, ʚʝʜʨʦʤ, ʷʱʠʢʦʤ ʩ ʧʝʩʢʦʤ). 

3. ʇʦʞʘʨʥʳʝ ʢʨʘʥʳ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʚʦʜʦʚʦʜʘ ʦʙʦʨʫʜʫʶʪʩʷ ʨʫʢʘʚʘʤʠ 

ʠ ʩʪʚʦʣʘʤʠ, ʟʘʢʣʶʯʝʥʥʳʤʠ ʚ ʰʢʘʬʳ; 

4. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʦʞʘʨʥʳʭ ʢʨʘʥʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʫʢʘʟʘʥʦ ʥʘ ʩʭʝʤʝ ʧʦʞʘʨʥʦʛʦ 

ʚʦʜʦʚʦʜʘ; 

5. ɺʦ ʚʩʝʭ ʧʦʤʝʱʝʥʠʷʭ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʦʙʦʨʫʜʫʶʪʩʷ ʧʦʩʪʳ ʩ ʧʝʨʚʠʯʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ: 

- ʫʛʣʝʢʠʩʣʦʪʥʳʝ ʦʛʥʝʪʫʰʠʪʝʣʠ (ʆʋ-2, ʆʋ-5); 

- ʷʱʠʢʠ ʩ ʧʝʩʢʦʤ; 

6. ʄʝʩʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʪʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʦʨʛʘʥʘʤʠ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ; 

7. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʞʘʨʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʫʞʜ 

ʟʘʧʨʝʱʘʝʪʩʷ. 

8. ɺ ʧʦʤʝʱʝʥʠʠ ʚʳʚʝʰʠʚʘʶʪʩʷ ʧʣʘʢʘʪʳ ʥʘ ʧʨʦʪʠʚʦʧʦʞʘʨʥʫʶ ʪʝʤʘʪʠʢʫ, ʫ ʚʩʝʭ 

ʪʝʣʝʬʦʥʦʚ ʚʳʚʝʰʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩ ʥʦʤʝʨʘʤʠ ʪʝʣʝʬʦʥʦʚ ʧʦʞʘʨʥʦʡ ʯʘʩʪʠ. 

ɺʩʝ ʨʘʙʦʯʠʝ ʠ ʩʣʫʞʘʱʠʝ ʧʨʦʭʦʜʷʪ ʧʦʜʛʦʪʦʚʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ 

ʠʥʩʪʨʫʢʪʘʞʘ (ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ) ʠ ʟʘʥʷʪʠʡ ʧʦ ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʤʠʥʠʤʫʤʫ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ɹʦʣʴʰʝ ʚʩʝʛʦ ʵʣʝʢʪʨʦʪʨʘʚʤ ʧʨʦʠʩʭʦʜʷʪ ʥʘ  ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʘʢ, ʧʦ ʠʪʦʛʘʤ 2024 ʛʦʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ 

ʧʨʦʠʟʦʰʣʠ 21 ʨʘʟ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʣʝʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ 8 ʯʝʣʦʚʝʢ. ʇʦʣʫʯʠʣʠ ʪʨʘʚʤʳ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ 14 ʯʝʣʦʚʝʢ. ɺ ʊʕʎ-ɹ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʅʉ ʧʨʦʠʟʦʰʝʣ 7 ʨʘʟ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ  33.33% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚ ʦʪʨʘʩʣʠ. 

ʊʨʘʚʤʳ ʧʦʣʫʯʠʣʠ ʠʟ-ʟʘ: 
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- ʥʝ ʩʦʙʣʶʜʝʥʠʷ ʇʨʘʚʠʣ ʧʦ ʊɹ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʨʝʦʦʙʨʘʪʳʚʘʶʱʝʛʦ ʩʪʘʥʢʘ ( ʥʘ 

ʮʠʨʢʫʣʷʨʥʦʡ ʧʠʣʝ ʩʪʦʣʷʨ 6 ʨʘʟʨʷʜʘ ʦʪʨʝʟʘʣ 2 ʧʘʣʴʮʘ ʧʨʘʚʦʡ ʨʫʢʠ; 

- ʥʝ ʩʦʙʣʶʜʝʥʠʷ ʇʨʘʚʠʣ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʤʘʰʠʥʠʩʪ ʎʈʎ ʧʦʣʫʯʠʣ 

ʪʝʨʤʠʯʝʩʢʠʡ ʦʞʦʛ ʨʫʢ, ʣʠʮʘ ʠ ʥʦʛ ʚʦʚʨʝʤʷ ʨʘʙʦʪʳ ʧʦ ʧʝʨʝʜʘʯʝ ʪʦʧʣʠʚʘ ʦʪ ˉ9 ʚ ˉ10 

ʣʝʥʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʘ; 

- ʥʝ ʩʦʙʣʶʜʝʥʠʝ ʇʨʘʚʠʣ  ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʙʦʪ ( ʧʘʜʝʥʠʝ ʩ ʣʝʩʪʥʠʮʳ ʥʘ 

ʢʦʪʣʦʘʛʨʝʛʘʪʝ ˉ18 ʵʣʝʢʪʨʦʛʘʟʦʩʚʘʨʱʠʢ, ʧʦʣʫʯʠʣ ʧʝʨʝʣʦʤ ʧʨʘʚʦʡ ʥʦʛʠ. ʉʣʝʩʘʨʴ-ʨʝʤʦʥʪʥʠʢ 

ʎʈʎ ʚʦ ʚʨʝʤʷ ʨʝʤʦʥʪʥʦʡ ʨʘʙʦʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʫʯʥʦʛʦ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ (ʙʦʣʛʘʨʢʘ) 

ʪʨʘʚʤʫ ʧʨʘʚʦʡ ʥʦʛʠ. ʀʟʦʣʠʨʦʚʱʠʢ ʎʈʎ 6 ʨʘʟʨʷʜʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʫʧʘʣ ʩ ʚʳʩʦʪʳ ʠ 

ʧʦʣʫʯʠʣ ʪʨʘʚʤʫ ʧʣʝʯʘ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʝʨʩʦʥʘʣʘ, ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʧʨʦʚʝʨʢʘ 

ʟʥʘʥʠʡ ʠ ʠʥʩʪʨʫʢʪʘʞʠ ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ. 

(6). 

  ɺʚʦʜʥʳʝ, ʧʝʨʚʠʯʥʳʝ ʠ ʦʯʝʨʝʜʥʳʝ ʠʥʩʪʨʫʢʪʘʞʠ ʧʨʦʚʦʜʷʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʥʘ 

ʵʪʦ ʣʠʮʘʤʠ, ʘ ʧʨʦʚʝʨʢʫ ʟʥʘʥʠʡ ʧʝʨʩʦʥʘʣʘ ʧʨʦʚʦʜʠʪ ʩʦʟʜʘʥʥʘʷ ʧʦ ʧʨʠʢʘʟʫ ʧʨʝʜʧʨʠʷʪʠʷ 

ʢʦʤʠʩʩʠʷ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʠʭ ʟʘʤʝʩʪʠʪʝʣʠ, ʘ ʪʘʢʞʝ ʥʘʯʘʣʴʥʠʢ ʉʅʊɹ ʠ 

ʠʥʩʧʝʢʪʦʨʘ ʉʅʊɹ ʧʨʦʚʝʨʢʫ ʟʥʘʥʠʡ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʧʨʦʭʦʜʷʪ ʚ ʉʣʫʞʙʝ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ 

ʥʘʜʟʦʨʫ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ ʵʥʝʨʛʝʪʠʢʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʟʘʥʦʩʠʪʩʷ ʚ ʞʫʨʥʘʣ ʧʨʦʚʝʨʦʢ ʟʥʘʥʠʡ ʠ ʜʝʣʘʝʪʩʷ ʦʪʤʝʪʢʘ ʚ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʤ 

ʫʜʦʩʪʦʚʝʨʝʥʠʠ. 

 ɺ ʢʘʙʠʥʝʪʘʭ ʩʣʫʞʙ ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʳ ʤʘʥʝʢʝʥʳ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʧʨʠʝʤʘʤ ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʦʩʪʨʘʜʘʚʰʝʛʦ ʦʪ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʦʢʘʟʘʥʠʷ 

ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʧʨʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ.(6). ʇʨʠ ʵʪʦʤ ʧʝʨʩʦʥʘʣ ʝʞʝʛʦʜʥʦ ʩʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ 

ʧʨʦʭʦʜʠʪ ʤʝʜʠʮʠʥʩʢʠʡ ʦʩʤʦʪʨ ʠ ʦʙʫʯʝʥʠʝ ʧʦ ʧʨʠʝʤʘʤ ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʦʩʪʨʘʜʘʚʰʝʛʦ ʦʪ 

ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ɽʞʝʤʝʩʷʯʥʦ, ʢʘʞʜʳʡ ʪʨʝʪʠʡ ʚʪʦʨʥʠʢ ʚʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʭʦʜʠʪ ɼʝʥʴ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʦʪʤʝʯʘʝʪʩʷ 

ʚʘʞʥʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ ʚ ʮʝʣʷʭ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ.  

ʅʘʜʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʩʪʨʘʜʘʚʰʠʭ ʠʤʝʣʠ ʪʨʫʜʦʚʦʡ ʩʪʘʞ ʦʪ 9 ʠ 

ʜʦ 29 ʣʝʪ.(6) 

ʉʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʇʉʋʆʊ ʥʘ ʊʕʎ-ɹ: 

- ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ  

ʊʕʎ-ɹ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ (ʧʦʜʛʦʪʦʚʢʘ ʨʘʙʦʪʥʠʢʦʚ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ,  ʦʨʛʘʥʠʟʘʮʠʷ 

ʠ ʧʨʦʚʝʜʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʚ ʊʕʎ-ɹ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ 

ʨʠʩʢʘʤʠ ʚ ʊʕʎ-ɹ, ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ 

ʨʘʙʦʪʥʠʢʦʚ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʦʙ ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ ʥʘ ʠʭ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ, ʫʨʦʚʥʷʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ, ʘ ʪʘʢʞʝ ʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʠʤ ʛʘʨʘʥʪʠʷʭ, ʧʦʣʘʛʘʶʱʠʭʩʷ 

ʢʦʤʧʝʥʩʘʮʠʷʭ, ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ ʨʘʙʦʪʥʠʢʦʚ ʊʕʎ-ɹ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʊʕʎ-ɹ ʩʨʝʜʩʪʚʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʩʤʳʚʘʶʱʠʤʠ ʠ 

ʦʙʝʟʚʨʝʞʠʚʘʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʊʕʎ-ɹ ʤʦʣʦʢʦʤ ʠ ʜʨʫʛʠʤʠ 

ʨʘʚʥʦʮʝʥʥʳʤʠ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ); 

- ʢʦʥʪʨʦʣʴ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʉʋʆʊ ʚ ʊʕʎ-ɹ: 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʚ ʊʕʎ-ɹ;  

-ʘʥʘʣʠʟ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʉʋʆʊ;  

- ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʊʕʎ-ɹ; 

- ʨʘʩʩʣʝʜʦʚʘʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʊʕʎ-ɹ.(5) 

 ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʶ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ 

ʨʘʙʦʪʥʠʢʦʚ ʚʢʣʶʯʘʶʪ:  
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ī ʦʙʷʟʘʪʝʣʴʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ (ʧʨʠ ʧʨʠʝʤʝ ʥʘ ʨʘʙʦʪʫ) ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʤʝʜʠʮʠʥʩʢʠʝ ʦʩʤʦʪʨʳ;  

ī ʦʙʷʟʘʪʝʣʴʥʳʝ ʧʩʠʭʠʘʪʨʠʯʝʩʢʠʝ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʷ ʨʘʙʦʪʥʠʢʦʚ;  

ī ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʥʠʢʦʚ;  

ī ʜʦʙʨʦʚʦʣʴʥʦʝ ʤʝʜʠʮʠʥʩʢʦʝ ʩʪʨʘʭʦʚʘʥʠʝ ʨʘʙʦʪʥʠʢʦʚ. 

ɺʳʚʦʜʳ: ʀʪʘʢ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɺʩʝ ʧʨʝʜʧʨʠʷʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʝʩʧʝʯʝʥʳ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʥʦʨʤʘʪʠʚʥʦ ʧʨʘʚʦʚʳʤʠ ʘʢʪʘʤʠ, ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʜʠʨʝʢʪʠʚʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ. 

2. ʅʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʦʧʘʩʥʳʝ ʠ ʚʨʝʜʥʳʝ ʬʘʢʪʦʨʳ  
(ʚʳʷʚʣʝʥʳ ʦʧʘʩʥʳʝ ʠ ʚʨʝʜʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʩʦʩʪʘʚʣʝʥʘ ʠʭ  ʧʦʣʥʘʷ 

ʥʦʤʝʥʢʣʘʪʫʨʘ; ʦʮʝʥʠʚʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʯʝʣʦʚʝʢʘ, ʩʪʘʥʜʘʨʪʦʤ 

ʦʧʨʝʜʝʣʝʥʳ ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʝʣʠʯʠʥ ʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ; ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ  ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʦʩʪʠ). 

3. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʫʪʚʝʨʞʜʝʥʳ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ 

ʦʙʝʩʧʝʯʝʥʳ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ ʦʪ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ; 

4. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʫʪʚʝʨʞʜʝʥʳ  ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʇʦʣʦʞʝʥʠʝ ʦ 

ʉʋʆʊ. 

5. ʀʤʝʶʪʩʷ ʫʯʝʙʥʳʝ ʮʝʥʪʨʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʢʘʜʨʦʚ. 

6. ʅʘ ʢʘʞʜʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʩʦʟʜʘʥʳ ʉʣʫʞʙʳ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ, 
ʢʦʪʦʨʘʷ ʧʨʠʟʚʘʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʧʨʦʚʦʜʠʪ ʠʥʩʪʨʫʢʪʘʞʠ, 

ʧʨʦʚʝʨʢʫ ʟʥʘʥʠʡ ʧʝʨʩʦʥʘʣʘ, ʧʨʦʚʦʜʠʪ ʦʙʫʯʝʥʠʝ ʠ ʩʝʤʠʥʘʨʳ ʩ ʧʝʨʩʦʥʘʣʦʤ. 

7. ʆʧʘʩʥʳʝ ʠ ʚʨʝʜʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ. 

8. ɺʩʝ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʥʘʨʷʜʫ-ʜʦʧʫʩʢʫ. 

9. ʆʩʥʦʚʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʦʩʫʜʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ 
ʜʘʚʣʝʥʠʝʤ, ʛʨʫʟʦʧʦʜʲʸʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ  ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʶ.  

10. ʇʝʨʩʦʥʘʣ ʦʙʝʩʧʝʯʝʥ ʩʨʝʜʩʪʚʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʩʧʝʮʦʜʝʞʜʦʡ ʠ 

ʩʧʝʮʦʙʫʚʴʶ, ʝʞʝʛʦʜʥʦ ʧʨʦʭʦʜʠʪ ʤʝʜʦʩʤʦʪʨ. 

11. ɺ ʢʘʞʜʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʠʤʝʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʘʩʧʦʨʪʘ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ: ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ  ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʧʦʜʩʪʘʥʮʠʡ, 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʚʝʜʝʥʥʳʝ ʙʦʣʴʰʠʝ ʨʘʙʦʪʳ, ʠʤʝʝʪ ʤʝʩʪʦ ʨʷʜ ʫʧʫʱʝʥʠʡ, ʥʘ 

ʫʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʥʝʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ɸ ʠʤʝʥʥʦ: 

1. ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ ʧʦ 
ʦʭʨʘʥʝ ʪʨʫʜʘ. 

2. ʋʣʫʯʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʚ ʫʯʝʙʥʳʭ ʮʝʥʪʨʘʭ. 

3. ʅʝʫʢʦʩʥʠʪʝʣʴʥʦ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʧʫʥʢʪʳ ʧʨʝʜʧʠʩʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʘʜʟʦʨʥʳʭ ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʨʛʘʥʦʚ ʚ ʩʬʝʨʝ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

4. ɹʦʣʝʝ ʰʠʨʦʢʦ ʚʥʝʜʨʠʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ. 

5.  ʆʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʛʦ ʦʛʨʘʞʜʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʂʊʇ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʣʠʮ ʢ ʥʠʤ. 

6. ʉ ʚʚʦʜʦʤ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʝʦʙʭʦʜʠʤʘ ʚ ʠʥʩʪʨʫʢʮʠʷʭ ʚʚʝʩʪʠ ʥʦʚʳʝ 
ʠʟʤʝʥʝʥʠʷ. 
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ʫʯʫʨʫʥʜʘʛʳ ʢʳʨʩʳʢ, ʵʤʛʝʢʪʠ ʢʦʨʛʦʦʥʫ ʙʘʰʢʘʨʫʫ ʩʠʩʪʝʤʘʩʳ, ʢʳʨʩʳʢʪʘʥ ʩʦʮʠʘʣʜʳʢ 
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ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ 

ʧʦʜʩʪʘʥʮʠʡ ʚ ʂʳʨʛʳʟʩʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʥʘ ʦʙʲʝʢʪʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʩʧʫʙʣʠʢʠ ʠ ʚʳʨʘʙʦʪʢʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ  ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ ʠ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ 
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ʩʪʨʘʭʦʚʘʥʠʷ ʦʪ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʂʳʨʛʳʟʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ-   ʦʧʘʩʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʬʘʢʪʦʨ, ʚʨʝʜʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʬʘʢʪʦʨ, 

ʨʘʙʦʪʘ ʧʦ ʥʘʨʷʜʫ-ʜʦʧʫʩʢʫ,  ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʥʝʩʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʠ 

ʠʩʧʦʣʥʝʥʠʠ ʪʨʫʜʦʚʳʭ (ʩʣʫʞʝʙʥʳʭ) ʦʙʷʟʘʥʥʦʩʪʝʡ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʝ ʦʭʨʘʥʦʡ ʪʨʫʜʘ, 

ʩʦʮʠʘʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ ʦʪ ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ.  

 

ANALY SIS OF FACTORS AFFECTING THE SAFETY OF TECHNOLOGICAL 

PROCESSION DURING THE OPERATION OF ELECTRICAL NETWORKS AND 

SUBSTATIONS 

 

Annotation. This article examines the analysis of factors affecting the safety of 

technological processes during the operation of electric networks and substations in the Kyrgyz 

energy system in order to ensure the safe performance of work at the facilities of energy enterprises 

of the republic and the development of an effective management system for occupational safety and 

compulsory social insurance against accidents at energy enterprises of the Kyrgyz Republic. 

Abstract. Dangerous production factor, harmful production factor, work on the side-

admission, occupational disease, accident in the performance of labor (official) duties, occupational 

safety management system, social accident insurance.  
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ʉɽʊɽʁ ʀ ʇʆɼʉʊɸʅʎʀʁ. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʩʙʳʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʪʘʠʪ ʚ ʩʝʙʝ ʙʦʣʴʰʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʧʘʩʥʦʩʪʠ.(1) 

ɺ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʜʝʡʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʠʨʫʶʱʠʝ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ, 

ʧʝʨʝʜʘʶʱʠʝ ʠ ʨʘʩʧʨʝʜʝʣʷʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʢʦʤʧʘʥʠʠ , ʚ ʢʦʪʦʨʳʭ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʪ ʚ ʧʦʨʷʜʢʝ 18 ʪʳʩʷʯ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʋʩʣʦʚʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʧʦ ʩʚʦʝʡ 

ʩʫʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʠʩʢʘ ʦʧʘʩʥʦʩʪʠ.  

ɹʦʣɹh ʝ ʚʩʝʛʦ ʵʣʝʢʪʨʦʪʨʘʚʤ ʧʨʦʠʩʭʦʜʷʪ ʥʘ  ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʘʢ, ʧʦ ʠʪʦʛʘʤ 2024 ʛʦʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ 

ʧʨʦʠʟʦʰʣʠ 22 ʨʘʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʣʝʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ 8 ʯʝʣʦʚʝʢ. ʇʦʣʫʯʠʣʠ ʪʨʘʚʤʳ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ 14 ʯʝʣʦʚʝʢ. 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʨʠʩʢʘ ʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ. 

  ɹʝʟʦʧʘʩʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ 

ʧʦʜʩʪʘʥʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʦʪʨʘʩʣʠ, ʟʘʪʨʘʛʠʚʘʶʱʫʶ ʢʘʢ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʫʩʣʦʞʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʨʘʩʪʘʝʪ ʨʠʩʢ ʘʚʘʨʠʡ ʠ 

ʠʥʮʠʜʝʥʪʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ.  

mailto:alim.abdulaev.21@gmail.com
mailto:doctor_bekbolotova@mail.ru


211 
 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʧʦʜʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ 

ʫʣʫʯʰʝʥʠʶ.                 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ 

ʯʝʣʦʚʝʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʪʝʤʳ ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʨʝʰʠʪʴ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʥʘʣʠʟʦʤ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʚʳʷʚʣʝʥʠʝʤ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʩʠʩʪʝʤʘʭ (ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ  ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʦʣʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ 

ʠʥʮʠʜʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ  ʤʝʨʳ  ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ), ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʦʡ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʋʨʦʚʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʝʨʩʦʥʘʣ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʩʧʫʙʣʠʢʠ ʚʨʝʜʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʦʨʤʠʨʦʚʘʥʳ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʫʢʘʟʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʘʭ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ 

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʧʨʘʚʠʣʘʭ. 

ʎʝʣʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ï ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, 

ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʭʨʘʥʝʥʠʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʫʜʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ.(2) 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʦʧʘʩʥʦʩʪʝʡ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʦʮʝʥʢʫ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩʥʦʩʪʝʡ ʥʘ 

ʯʝʣʦʚʝʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ.  

ʆʭʨʘʥʘ ʪʨʫʜʘ ʨʝʰʘʝʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

Å ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ; 

Å ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʦʧʘʩʥʳʭ ʠ 

ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ; 

Å ʨʘʟʨʘʙʦʪʢʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

Å ʧʦʜʛʦʪʦʚʢʘ ʢ ʜʝʡʩʪʚʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʷʚʣʝʥʠʷ ʦʧʘʩʥʦʩʪʝʡ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʢʣʶʯʘʝʪ ʨʷʜ 

ʩʪʘʜʠʡ: 

1) ʚʳʷʚʣʝʥʠʝ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʦʣʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ; 

2) ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʯʝʣʦʚʝʢʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ 

ʫʨʦʚʥʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʝʣʠʯʠʥ ʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ; 

3) ʦʧʨʝʜʝʣʝʥʠʝ (ʨʘʩʯʝʪʥʦʝ ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʚʨʝʤʝʥʥʳʭ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ; 

4) ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʦʩʪʠ; 

5) ʦʮʝʥʢʘ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʦʷʚʣʝʥʠʷ ʦʧʘʩʥʦʩʪʠ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʘʩʥʦʩʪʝʡ ʠʤʝʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʆɺʇʌ). ʇʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʯʝʣʦʚʝʢʘ 

ʆɺʇʌ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: 

Å ʬʠʟʠʯʝʩʢʠʝ; 

Å ʭʠʤʠʯʝʩʢʠʝ; 

Å ʙʠʦʣʦʛʠʯʝʩʢʠʝ; 

Å ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ  (3). 

ʅʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʩʝʛʜʘ ʙʫʜʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʦʧʘʩʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ï ʧʨʦʪʝʢʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, 

ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ, ʚʦʟʜʝʡʩʪʚʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʚʦʟʜʝʡʩʪʚʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʦʣʷ,  ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʕʄʀ). (3) 

ʂ ʦʧʘʩʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʜʚʠʞʫʱʠʝʩʷ ʤʘʰʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳ; 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʝʨʝʤʝʱʘʝʤʳʝ ʛʨʫʟʳ; ʥʝʟʘʱʠʱʝʥʥʳʝ 

ʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʧʨʠʚʦʜʥʳʝ ʠ ʧʝʨʝʜʘʪʦʯʥʳʝ 
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ʤʝʭʘʥʠʟʤʳ, ʨʝʞʫʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʚʨʘʱʘʶʱʠʝʩʷ ʠ ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ 

ʜʨ.); ʦʪʣʝʪʘʶʱʠʝ ʯʘʩʪʠʮʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, 

ʧʘʜʝʥʠʝ ʩ ʚʳʩʦʪʳ ʠ ʪ.ʜ. 

ɺʨʝʜʥʳʤʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʬʠʟʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ: ʧʦʚʳʰʝʥʥʘʷ ʠʣʠ 

ʧʦʥʠʞʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ; ʚʳʩʦʢʠʝ ʚʣʘʞʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ; ʧʦʚʳʰʝʥʥʳʝ ʫʨʦʚʥʠ ʰʫʤʘ, ʚʠʙʨʘʮʠʠ, ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʨʘʟʣʠʯʥʳʭ ʠʟʣʫʯʝʥʠʡ ï 

ʪʝʧʣʦʚʳʭ, ʠʦʥʠʟʠʨʫʶʱʠʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ, ʠʥʬʨʘʢʨʘʩʥʳʭ ʠ ʜʨ. 

ʂ ʚʨʝʜʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʟʘʧʳʣʝʥʥʦʩʪʴ ʠ ʟʘʛʘʟʦʚʘʥʥʦʩʪʴ 

ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ; ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʧʨʦʭʦʜʦʚ ʠ ʧʨʦʝʟʜʦʚ; 

ʧʦʚʳʰʝʥʥʘʷ ʷʨʢʦʩʪʴ ʩʚʝʪʘ ʠ ʧʫʣʴʩʘʮʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. (5)  

ɺ ʣʘʙʦʨʘʪʦʨʘʪʦʨʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʤʝʝʪ ʤʝʩʪʦ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʝ ʠ 

ʚʨʝʜʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʧʦʜʛʨʫʧʧʳ: ʦʙʱʝʪʦʢʩʠʯʝʩʢʠʝ, ʨʘʟʜʨʘʞʘʶʱʠʝ, 

ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʝ (ʚʳʟʳʚʘʶʱʠʝ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ), ʢʘʥʮʝʨʦʛʝʥʥʳʝ 

(ʚʳʟʳʚʘʶʱʠʝ ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʝʡ), ʤʫʪʘʛʝʥʥʳʝ (ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʦʣʦʚʳʝ ʢʣʝʪʢʠ ʦʨʛʘʥʠʟʤʘ). 

ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʘʛʨʝʩʩʠʚʥʳʝ ʞʠʜʢʦʩʪʠ (ʢʠʩʣʦʪʳ, ʱʝʣʦʯʠ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʯʠʥʠʪʴ ʭʠʤʠʯʝʩʢʠʝ ʦʞʦʛʠ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʥʠʤʠ. 
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livelihoods of victims. The main stages of rescue operations caused by floods and measures to 

support the population in emergency situations are considered. The difficulties faced by 

management authorities and rescue services are assessed, as well as recommendations for 

improving processes are proposed.  

Keywords: floods, rivers, emergency rescue, evacuation, victims, life support, medical care, 

natural disasters. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʢʦʤʧʣʝʢʩʘ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, 

ʧʨʦʚʦʜʠʤʳʭ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʥʘʚʦʜʥʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʪʨʘʜʘʚʰʠʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʩʧʘʩʘʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʚʳʟʳʚʘʝʤʳʝ ʥʘʚʦʜʥʝʥʠʷʤʠ, ʠ ʤʝʨʳ ʧʦ ʧʦʜʜʝʨʞʢʝ ʥʘʩʝʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʆʮʝʥʠʚʘʶʪʩʷ ʪʨʫʜʥʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʦʨʛʘʥʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʧʘʩʘʪʝʣʴʥʳʝ ʩʣʫʞʙʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʧʨʦʮʝʩʩʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʚʦʜʥʝʥʠʷ, ʨʝʢʠ, ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʵʚʘʢʫʘʮʠʷ,  

ʧʦʩʪʨʘʜʘʚʰʠʝ, ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʝ, ʤʝʜʠʮʠʥʩʢʘʷ ʧʦʤʦʱʴ, ʧʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳ. 

ʅʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʙʦʨʴʙʳ ʩ ʥʘʚʦʜʥʝʥʠʷʤʠ. ʆʜʥʘʢʦ ʧʨʠʭʦʜʠʪʩʷ 

ʩʯʠʪʘʪʴʩʷ ʩ ʪʝʤ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʥʘʚʦʜʥʝʥʠʡ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʤʘʣʳʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ. ɽʩʣʠ ʠʟʫʯʠʪʴ ʧʨʠʨʦʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʪʠʭʠʡʥʦʛʦ ʙʝʜʩʪʚʠʷ ï ʧʘʚʦʜʢʦʚʦʛʦ 

ʥʘʚʦʜʥʝʥʠʷ, ʪʦ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʟʘʱʠʪʝ ʣʶʜʝʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʠʭ ʫʩʪʦʡʯʠʚʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʠ ʛʦʪʦʚʥʦʩʪʠ ʢ ʣʠʢʚʠʜʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠʣʠ ʩʥʠʞʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʘʚʦʜʢʦʚʦʛʦ.  

ʅʘʚʦʜʥʝʥʠʝ ï ʵʪʦ ʠʥʪʝʥʩʠʚʥʦʝ ʟʘʪʦʧʣʝʥʠʝ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʦʡ ʚʳʰʝ 

ʝʞʝʛʦʜʥʳʭ ʫʨʦʚʥʝʡ, ʦʜʥʦ ʠʟ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ. ʆʪʤʝʯʘʝʪʩʷ ʧʨʠ ʧʦʣʦʚʦʜʴʷʭ, ʧʘʚʦʜʢʘʭ, 

ʧʨʦʨʳʚʘʭ ʜʘʤʙ ʠ ʧʣʦʪʠʥ. ɺʦʟʥʠʢʥʦʚʝʥʠʶ ʚʝʩʝʥʥʠʭ ʥʘʚʦʜʥʝʥʠʡ ʩʦʜʝʡʩʪʚʫʶʪ ʤʥʦʛʦʩʥʝʞʥʳʝ 

ʟʠʤʳ ʙʝʟ ʦʪʪʝʧʝʣʝʡ, ʧʦʟʜʥʝʝ ʠ ʜʨʫʞʥʦʝ ʪʘʷʥʠʝ ʩʥʝʛʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʚʳʧʘʜʝʥʠʝʤ ʦʩʘʜʢʦʚ. 

ʋʱʝʨʙ, ʧʨʠʯʠʥʷʝʤʳʡ ʥʘʚʦʜʥʝʥʠʝʤ, ʩʚʷʟʘʥ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, 

ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 

- ʙʳʩʪʨʳʡ ʧʦʜʲʝʤ ʚʦʜʳ ʠ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʟʘʪʦʧʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʠ, ʛʠʙʝʣʠ ʣʶʜʝʡ ʠ ʩʢʦʪʘ, ʫʥʠʯʪʦʞʝʥʠʶ ʠʤʫʱʝʩʪʚʘ, ʩʳʨʴʷ, 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʧʦʩʝʚʦʚ, ʦʛʦʨʦʜʦʚ ʠ ʪ. ʇ.; 

- ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʧʨʝʙʳʚʘʥʠʝ ʚ ʢʦʪʦʨʦʡ ʣʶʜʝʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʟʘʙʦʣʝʚʘʥʠʷʤ ʠ ʛʠʙʝʣʠ; 

- ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʞʠʣʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ; 

- ʩʤʳʚ ʧʣʦʜʦʨʦʜʥʦʡ ʧʦʯʚʳ ʠ ʟʘʠʣʠʚʘʥʠʝ ʧʦʩʝʚʦʚ. 

 ʅʘʚʦʜʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʥʘʚʦʜʥʝʥʠʷ. 

ʅʘʚʦʜʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ ʚ 

ʂʳʨʛʳʟʩʪʘʥʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʩʪʨʘʥʳ, ʝʝ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 
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ʫʩʣʦʚʠʷʤʠ ʠ ʥʘʣʠʯʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʕʪʠ ʩʦʙʳʪʠʷ ʩʧʦʩʦʙʥʳ ʧʨʠʚʝʩʪʠ ʢ 

ʩʝʨʴʝʟʥʳʤ ʫʱʝʨʙʘʤ, ʚʢʣʶʯʘʷ ʨʘʟʨʫʰʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʫʥʠʯʪʦʞʝʥʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʫʛʨʦʟʫ ʞʠʟʥʠ ʣʶʜʝʡ. ʕʬʬʝʢʪʠʚʥʘʷ ʣʠʢʚʠʜʘʮʠʷ ʧʦʩʣʝʜʩʪʚʠʡ 

ʥʘʚʦʜʥʝʥʠʡ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʢʘʢ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʤʝʨʳ, ʪʘʢ ʠ 

ʦʧʝʨʘʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʢʨʠʟʠʩʘ. 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʂʳʨʛʳʟʩʪʘʥʘ ʢ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʨʝʢ ʩʦʟʜʘʶʪ 

ʚʳʩʦʢʠʡ ʨʠʩʢ ʥʘʚʦʜʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʪʘʷʥʠʝ ʩʥʝʛʘ. ɺ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʚʦʜʥʝʥʠʷ ʚʳʟʳʚʘʶʪʩʷ ʩʠʣʴʥʳʤʠ ʜʦʞʜʷʤʠ ʠ ʦʧʦʣʟʥʷʤʠ. ʇʨʠʨʦʜʥʳʝ ʙʝʜʩʪʚʠʷ 

ʵʪʦʛʦ ʪʠʧʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʥʝʩʣʠ ʞʠʟʥʠ ʣʶʜʝʡ, ʫʥʠʯʪʦʞʠʣʠ ʞʠʣʴʝ ʠ ʚʳʟʚʘʣʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʩʠʪʫʘʮʠʶ ʫʩʫʛʫʙʣʷʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʙʝʜʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ.ɺʦ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

ʙʦʣʝʝ 3000 ʩʝʣʝʦʧʘʩʥʳʭʮ ʨʝʢ ʠʟ ʩʘʝʚ: ʫʱʝʣʴʝʚ, ʙʘʣʦʢ, ʦʚʨʘʛʦʚʛ.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴʶ ʨʝʢ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦ ʛʦʨʘʭ, ʧʦʣʫʯʘʷ 

ʦʩʥʦʚʥʫʶ ʯʘʩʪʴʶ ʧʠʪʘʥʠʷ ʟʘ ʩʯʝʪ ʪʘʷʥʠʷ ʣʝʜʥʠʢʦʚʳʡ ʠ ʩʥʝʞʥʠʢʦʚ, ʚʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʦ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘ. ʈʝʞʠʤʳ ʨʝʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʩʦʪʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʚʦʜʦʩʙʦʨʦʚʛ, ʠʭʥʠʡ ʦʨʠʝʥʪʘʮʠʝʡ, ʩʪʝʧʝʥʴʶ ʫʚʣʘʞʥʝʥʠʷ. ʆʧʘʩʥʳʝ ʷʚʣʝʥʠʷ ʥʘʜ 

ʨʝʢʘʭ ʩʚʷʟʘʥʳ  ʩʝ ʧʘʚʦʜʢʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝʞ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʝʟʢʠʤ 

ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷʪʴ ʚʦʜʳ, ʧʨʠʚʦʜʷʪ ʢʘ ʥʘʚʦʜʥʝʥʠʷʤ,  ʫʩʠʣʝʥʠʶ ʨʫʩʣʦʚʳʭ ʠʟ ʵʨʦʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʩʝʣʝʚʳʤ ʷʚʣʝʥʠʷʤʥ. ɺʦ ʟʠʤʥʝʝ ʚʨʝʤʷʥʢʘ ʥʘ ʨʝʢʘʭ ʦʙʨʘʟʫʶʪʩʷ ʟʘʙʝʨʝʛʠʡ, 

ʣʝʜʦʩʪʘʚʥʳʡ, ʰʫʛʘʡ, ʟʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪʫ ʟʘʪʦʧʣʝʥʠʝ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʉʥʠʞʝʥʠʝʞ ʫʨʦʚʥʷ ʚʦʜʳ ʚʦ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘʜ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝʥʥʦ ʠ ʚʦ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʝ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʦʚ ʨʘʟʨʫʰʝʥʠʡ ʠ ʧʦʪʝʨʴ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʟʘʪʦʧʣʝʥʠʡ ʧʨʠ ʥʘʚʦʜʥʝʥʠʷʭ ʠ ʧʨʦʨʳʚʝ ʧʣʦʪʠʥ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚ ʧʣʘʥʘʭ 

ɻʆ ʠ ʧʣʘʥʘʭ ʜʝʡʩʪʚʠʡ ʩʠʣ ɻʆ ʠ ʏʉ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʪʠʚʥʳʭ ʠ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʆʧʝʨʘʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚʢʣʶʯʘʶʪ: ʨʘʟʨʘʙʦʪʢʫ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, 

ʟʘʧʨʝʱʘʶʱʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʦʚ ʵʢʦʥʦʤʠʢʠ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʚ ʟʦʥʘʭ ʜʝʡʩʪʚʠʷ 

ʚʦʣʥ ʮʫʥʘʤʠ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʟʘʪʦʧʣʝʥʠʡ, ʦʨʛʘʥʠʟʘʮʠʶ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʝʤ ʟʘʪʦʧʣʝʥʠʷ ʠ 

ʜʝʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʩ ʮʝʣʴʶ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʧʣʘʥʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʦʧʦʚʝʱʝʥʠʷ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʦʙʲʝʢʪʦʚ ʵʢʦʥʦʤʠʢʠ; ʦʨʛʘʥʠʟʘʮʠʶ ʠ 

ʦʩʥʘʱʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ; ʧʦʜʛʦʪʦʚʢʫ ʢ 

ʧʨʦʚʝʜʝʥʠʶ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʧʘʩʝʥʠʶ, ʵʚʘʢʫʘʮʠʠ ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʶ ʥʘʩʝʣʝʥʠʷ. 

ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʦʚʦʜʠʤʳʭ 

ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʠʣʠ ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ 

ʟʘʪʦʧʣʝʥʠʡ, ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ: 

ʘ) ʩʦʟʜʘʥʠʝ ʩʝʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʧʦʡʤʘʭ 

ʨʝʢ ʠ ʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ ʠ ʚʢʣʶʯʝʥʠʝ ʝʝ ʚ ʩʠʩʪʝʤʫ ʦʧʦʚʝʱʝʥʠʷ ʥʘʩʝʣʝʥʠʷ; 

ʙ) ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʱʠʪʥʳʭ ʠ ʦʛʨʘʜʠʪʝʣʴʥʳʭ ʜʘʤʙ ʧʦ ʙʝʨʝʛʘʤ ʨʝʢ ʠ ʚʦʢʨʫʛ ʦʪʜʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ; 

ʚ) ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʣʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʚʦʜʳ ʚ ʨʝʢʠ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚʦ 

ʚʨʝʤʝʥʠ; 

ʛ) ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʦʣʥʦʣʦʤʦʚ ʚ ʫʟʢʠʭ ʙʫʭʪʘʭ ʮʫʥʘʤʠ ʦʧʘʩʥʳʭ ʨʘʡʦʥʦʚ ʠ ʟʘʱʠʪʥʳʭ 

ʜʘʤʙ ʚ ʠʭ ʚʝʨʰʠʥʘʭ; 

ʜ) ʧʦʜʛʦʪʦʚʢʘ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʜʣʷ ʩʧʘʩʝʥʠʷ ʧʦʩʪʨʘʜʘʚʰʠʭ, ʵʚʘʢʫʘʮʠʷ ʠ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʝ ʣʶʜʝʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠʟ ʮʫʥʘʤʠ ʦʧʘʩʥʳʭ ʨʘʡʦʥʦʚ ʠ 

ʟʦʥ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʟʘʪʦʧʣʝʥʠʷ. 

ʂʦʤʧʣʝʢʩ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʫʩʣʦʚʠʷʭ ʥʘʚʦʜʥʝʥʠʡ ʚ ʂʳʨʛʳʟʩʪʘʥʝ 

ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 
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ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ: ʕʪʦ ʵʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ ʚʝʜʝʪʩʷ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ, 

ʬʦʨʤʠʨʫʶʪʩʷ ʨʘʙʦʯʠʝ ʛʨʫʧʧʳ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʣʘʥʳ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʩʝʣʝʥʠʷ ʦ ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟʘʭ. 

ʕʪʘʧ ʩʧʘʩʝʥʠʷ ʣʶʜʝʡ: ɺʢʣʶʯʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʵʚʘʢʫʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʠ ʨʘʟʤʝʱʝʥʠʝ ʧʦʩʪʨʘʜʘʚʰʠʭ ʚ ʙʝʟʦʧʘʩʥʳʭ ʤʝʩʪʘʭ. ɺʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʚʦʣʦʥʪʝʨʳ ʠ ʤʝʩʪʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʩʧʘʩʘʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʷʭ. 

ʕʪʘʧ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ: ʇʦʩʣʝ ʥʘʚʦʜʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʨʦʚʝʩʪʠ ʫʙʦʨʢʫ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʙʝʩʧʝʯʠʪʴ ʞʠʪʝʣʝʡ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ (ʚʦʜʘ, ʝʜʘ, ʤʝʜʠʮʠʥʩʢʘʷ ʧʦʤʦʱʴ). 

ʆʙʝʩʧʝʯʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʪʨʘʜʘʚʰʠʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʤʝʨ: 

ʆʨʛʘʥʠʟʘʮʠʷ ʚʨʝʤʝʥʥʦʛʦ ʞʠʣʴʷ ʜʣʷ ʣʶʜʝʡ, ʧʦʪʝʨʷʚʰʠʭ ʩʚʦʠ ʜʦʤʘ. 

ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʧʦʤʦʱʠ ʠ ʜʦʩʪʫʧ ʢ ʤʝʜʠʮʠʥʩʢʠʤ ʫʩʣʫʛʘʤ, 

ʚʢʣʶʯʘʷ ʚʘʢʮʠʥʘʮʠʶ ʠ ʣʝʯʝʥʠʝ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʇʩʠʭʦʩʦʮʠʘʣʴʥʘʷ ʧʦʜʜʝʨʞʢʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʣʶʜʷʤ, ʧʝʨʝʞʠʚʰʠʤ 

ʪʨʘʚʤʫ ʦʪ ʧʦʪʝʨʠ ʞʠʣʴʷ ʠ ʙʣʠʟʢʠʭ. 

ʉʨʝʜʠ ʫʩʧʝʰʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʫʯʘʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʩʪʠʭʠʡʥʳʝ 

ʙʝʜʩʪʚʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ 2017 ʠ 2018 ʛʦʜʘʭ, ʢʦʛʜʘ ʤʝʩʪʥʳʝ ʚʣʘʩʪʠ, ʄʏʉ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʫʤʝʣʠ ʙʳʩʪʨʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʧʘʩʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʵʚʘʢʫʘʮʠʶ ʠ ʨʘʟʤʝʱʝʥʠʝ 

ʧʦʩʪʨʘʜʘʚʰʠʭ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ, ʚʢʣʶʯʘʷ 

ʜʦʙʨʦʚʦʣʴʮʝʚ, ʩʪʘʣʦ ʢʣʶʯʦʤ ʢ ʫʩʧʝʰʥʦʤʫ ʦʪʚʝʪʫ ʥʘ ʚʳʟʦʚʳ ʥʘʚʦʜʥʝʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ, ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʝ ʧʨʦʙʣʝʤʳ: 

ʅʝʜʦʩʪʘʪʦʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʵʢʩʪʨʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ. 

ʅʝʵʬʬʝʢʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʟʘʪʨʫʜʥʷʶʱʘʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʥʘʩʝʣʝʥʠʷ. 

ʆʛʨʘʥʠʯʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʚʦʧʨʦʩʘʤ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʫʯʝʥʠʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʦ 

ʜʝʡʩʪʚʠʷʭ ʚ ʩʣʫʯʘʝ ʥʘʚʦʜʥʝʥʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʤ ʨʘʙʦʪʘʤ ʧʨʠ 

ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʥʘʚʦʜʥʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʪʨʘʜʘʚʰʠʭ ʚ 

ʂʳʨʛʳʟʩʪʘʥʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʯʝʚʠʜʥʦʡ. ʕʬʬʝʢʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʧʨʠʨʦʜʥʳʝ 

ʢʘʪʘʩʪʨʦʬʳ ʪʨʝʙʫʝʪ ʫʣʫʯʰʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʣʫʞʙʘʤʠ, ʘʢʪʠʚʥʦʛʦ 

ʚʦʚʣʝʯʝʥʠʷ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʦ 

ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟʘʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʠʥʠʩʪʝʨʩʪʚʦ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. çʆʪʯʝʪ ʦ 

ʥʘʚʦʜʥʝʥʠʷʭ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʟʘ 2022 ʛʦʜè. 

2. ʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʆʆʅ (ʇʈʆʆʅ). çʅʘʩʪʘʚʣʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ 

ʥʘʚʦʜʥʝʥʠʡ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè. 

3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʦ ʚʣʠʷʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʥʘ ʥʘʚʦʜʥʝʥʠʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ. 

 

ʋɼʂ  005.95:331.45.575.2.25  

 

ᴆʅᴆʈ ɾɸʁ ʀʐʂɸʅɸʉʓʅɼɸ ʕʄɻɽʂʊʀ ʂʆʈɻʆʆʅʋ ɹɸʐʂɸʈʋʋ  

 

ɸʢʳʣʙʝʢʦʚʘ ɸʡʞʘʤʘʣ ɸʢʳʣʙʝʢʦʚʥʘ, ʤʘʛʠʩʪʨʘʥʪ, ʀ. ʈʘʟʟʘʢʦʚ ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ 

ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ, ʢʘʬ çʊʝʭʥʦʩʬʝʨʘʣʳʢ ʢʦʦʧʩʫʟʜʫʢè 44, ʂʳʨʛʳʟʩʪʘʥ, 

ɹʠʰʢʝʢ ,h ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66,  mailto:akylbekovaaizhamal1@gmail.com 

mailto:akylbekovaaizhamal1@gmail.com


216 
 

ʀʣʠʤʠʡ ʞʝʪʝʢʯʠʩʠ: ʋʤʘʥʦʚʘ ʅʫʨʛʠʟ ɼʘʚʣʝʪʙʝʢʦʚʥʘ, ʫʣʫʢ ʦʢʫʪʫʫʯʫ, ʀ. ʈʘʟʟʘʢʦʚ 

ʘʪʳʥʜʘʛʳ ʂʳʨʛʳʟ ʤʘʤʣʝʢʝʪʪʠʢ ʪʝʭʥʠʢʘʣʳʢ ʫʥʠʚʝʨʩʠʪʝʪʠ, ʂʳʨʛʳʟʩʪʘʥ, ʢʘʬ  

çʊʝʭʥʦʩʬʝʨʘʣʳʢ ʢʦʦʧʩʫʟʜʫʢè 720044, ʛ. ɹʠʰʢʝʢ, ʏ. ɸʡʪʤʘʪʦʚ ʧʨ. 66, e-mail: 

umanova.nurgiz@mail.ru  

 

ɸʥʥʦʪʘʮʠʷ: 

ʄʘʢʘʣʘʜʘ ɹʠʰʢʝʢʪʝʛʠ ʰʪʘʤʧʪʦʦʯʫ ʟʘʚʦʜʜʦ ʵʤʛʝʢʪʠ ʢʦʨʛʦʦ ʞʘʥʘ ᴇʥʜװʨװʰʪװʢ 

ʢʦʦʧʩʫʟʜʫʢ ʙʦʶʥʯʘ ʠʰʪʠ ʫʶʰʪʫʨʫʫʥʫ ʞʘʢʰʳʨʪʫʫ ʞᴇʥװʥʜᴇ ʤʘʩʝʣʝ ʢʘʨʘʣʘʪ. ʕʤʛʝʢʪʠ ʢʦʨʛʦʦ 

ʞʘʥʘ ᴇʥᴇʨ ʞʘʡ ʢʦʦʧʩʫʟʜʫʛʫ ʞʘʘʪʳʥʜʘ ʞװʨʛװʟװʣװʧ ʞʘʪʢʘʥ ʠʰ-ʯʘʨʘʣʘʨ ʞᴇʥװʥʜᴇ ʤʘʘʣʳʤʘʪ 

ʙʝʨʠʣʝʪ. ɹʝʣʛʠʣʝʥʛʝʥ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʩʘʢʪʦʦʛʦ ʛʘʥʘ ʵʤʝʩ, ᴇʥᴇʨ ʞʘʡ ʢʦʦʧʩʫʟʜʫʛʫ ʩʠʩʪʝʤʘʩʳʥ 

ʪʳʥʳʤʩʳʟ ʞʘʢʰʳʨʪʫʫʛʘ ʜʘ ʙʘʩʳʤ ʞʘʩʘʣʘʪ. ᴆʟʛᴇʯᴇ ʢᴇװשʣ ʢʦʦʧʩʫʟʜʫʢ ʵʨʝʞʝʣʝʨʠʥ ʙʫʟʫʫʣʘʨʜʳ 

ʳʢʯʘʤ ʘʥʳʢʪʦʦʛʦ ʞʘʥʘ ʞʦʶʫʛʘ ʤװʤʢװʥʜװʢ ʙʝʨʛʝʥ ʙʘʰʢʘʨʫʫ ʩʠʩʪʝʤʘʩʳʥ ᴇʥװʢʪװʨװװʛᴇ 

ʙʫʨʫʣʘʪ. ʆʰʦʥʜʦʡ ʵʣʝ ʟʘʚʦʜʜʦʛʫ ʠʰʪʠʥ ʫʯʫʨʜʘʛʳ ʫʶʰʪʫʨʫʣʫʰʫʥ ʪʘʣʜʘʡʪ ʞʘʥʘ ᴇʥʜװʨװʰʪװʥ 

ᴇʟʛᴇʯᴇʣװʛװʥ ʵʩʢʝ ʘʣʫʫ ʤʝʥʝʥ ʘʥʜʘʥ ʘʨʳ ᴇʨʢװʥʜᴇʪװװ ʙʦʶʥʯʘ ʩʫʥʫʰʪʘʨ ʙʝʨʠʣʛʝʥ. ʉʫʥʫʰʪʘʣʛʘʥ 

ʠʰ ʯʘʨʘʣʘʨ ʠʰʪʠʥ ʥʘʪʳʡʞʘʣʫʫʣʫʛʫʥ ʞʦʛʦʨʫʣʘʪʫʫʛʘ ʞʘʥʘ ʢʳʟʤʘʪʢʝʨʣʝʨ װʯװʥ ʞʘʛʳʤʜʫʫ 

ʰʘʨʪʪʘʨʜʳ ʪװʟװװʛᴇ ʫʤʪʫʣʛʘʥ ʘʜʠʩʪʝʨʜʠ ʢʳʟʳʢʪʳʨʘʪ. 

ʅʝʛʠʟʛʠ ʩᴇʟʜᴇʨ: ᴇʥʜװʨװʰ, ʢʦʦʧʩʫʟʜʫʢ ʪʝʭʥʠʢʘʩʳ, ʢʳʨʩʳʢʪʘʨ, ʤʠʣʜʝʪʪʝʨ, ʪʘʣʘʧʪʘʨ, 

ʩʪʘʪʠʩʪʠʢʘʣʳʢ ʘʥʘʣʠʟ, ᴇʥᴇʨ ʞʘʡ. 
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Abstract.  
The article examines the improvement of the organization of work in occupational safety and 

industrial safety at the Bishkek Stamping Plant. It provides information on the measures being 

implemented in the field of occupational safety and industrial safety. The emphasis is placed not 

only on compliance with established standards but also on the continuous enhancement of the 

industrial safety system. Particular attention is paid to the development of a control system that 

enables the prompt detection and elimination of safety violations. At the same time, the current 

organization of work at the plant is analyzed and recommendations for further improvement are 

proposed, taking into account the specifics of production. The proposed measures are of interest to 

specialists seeking to improve work efficiency and create favorable conditions for employees. 

Keywords: industrial safety, occupational safety, production, safety techniques, tasks, 

requirements. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ɹʠʰʢʝʢʩʢʦʛʦ ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʟʘʚʦʜʘ. 

ʇʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʚʦʜʠʤʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɸʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʦʙʣʶʜʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʥʦ ʠ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ 

ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʪʝʢʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʥʘ 

ʟʘʚʦʜʝ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʣʫʯʰʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʧʝʮʠʬʠʢʫ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʠ ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʤʳʰʣʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʭʨʘʥʘ ʪʨʫʜʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʝʭʥʠʢʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʘʜʘʯʠ, ʪʨʝʙʦʚʘʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

ɹʠʰʢʝʢʩʢʠʡ ʰʪʘʤʧʦʚʦʯʥʳʡ ʟʘʚʦʜè ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʟʥʘʯʠʤʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʦʣʠʮʳ, ʦʪʨʘʞʘʷ ʙʦʛʘʪʫʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɿʘʚʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʩ ʮʝʣʴʶ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʳʥʢʘ ʚ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʷʭ, ʟʘ ʛʦʜʳ ʨʘʙʦʪʳ ʩʫʤʝʣ ʚʳʩʪʨʦʠʪʴ ʧʨʦʯʥʫʶ 

ʨʝʧʫʪʘʮʠʶ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʩʦʯʝʪʘʶʱʝʛʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ. ɿʜʝʩʴ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʚʥʝʜʨʝʥʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʠʟ ʤʝʪʘʣʣʘ ʧʨʝʚʨʘʱʘʶʪʩʷ ʠʟʜʝʣʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʢʘʢ 

ʤʝʩʪʥʳʭ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʝʜʧʨʠʷʪʠʝ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʪʨʝʤʷʩʴ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ. ʕʪʦʪ ʟʘʚʦʜ ï ʞʠʚʦʡ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ ʫʧʦʨ ʥʘ ʢʘʯʝʩʪʚʦ, ʠʥʥʦʚʘʮʠʠ ʠ 

ʨʘʟʚʠʪʠʝ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʳʡ ʨʦʩʪ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʶʱʝʛʦʩʷ ʨʳʥʢʘ. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʨʦʣʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʢʘʢ ʛʘʨʘʥʪʘ 

ʩʦʭʨʘʥʝʥʠʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʚ ʦʮʝʥʢʝ ʝʝ ʚʢʣʘʜʘ ʚ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ çɹʠʰʢʝʢʩʢʦʛʦ ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʟʘʚʦʜʘè. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʩʦʟʜʘʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʘʚʘʨʠʡ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʯʝʪʢʠʡ ʧʣʘʥ ʜʝʡʩʪʚʠʡ ʚ ʩʣʫʯʘʝ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʤʳʰʣʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʘʚʘʨʠʡ ʠ ʩʥʠʞʝʥʠʝ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʭʨʘʥʘ ʪʨʫʜʘ ʦʭʚʘʪʳʚʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʢʨʫʧʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʤʘʣʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʬʦʨʤʳ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʟʘʱʠʪʘ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺʘʞʥʦ ʨʘʟʣʠʯʘʪʴ 

ʧʦʥʷʪʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʪʝʭʥʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʣʠʰʴ ʦʜʥʫ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʟʘʱʠʪʫ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʪʨʘʚʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʭʨʘʥʘ ʪʨʫʜʘ ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʱʠʪʫ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ʆʧʳʪ çɹʠʰʢʝʢʩʢʦʛʦ ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʟʘʚʦʜʘè ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ 

ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʜʝʞʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʚʳʷʚʣʝʥʠʠ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʭʨʘʥʳ 

ʪʨʫʜʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çɹʠʰʢʝʢʩʢʠʡ ʰʪʘʤʧʦʚʦʯʥʳʡ ʟʘʚʦʜè (ɻʇ çɹʐɿè) 

ʥʘʯʘʣʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʩʪʘʥʦʚʣʝʥʠʷ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ. ɺ ʤʘʨʪʝ 2018 ʛʦʜʘ, ʧʨʦʡʜʷ ʵʪʘʧ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʟʘʚʦʜ ʙʳʣ ʟʘʧʫʱʝʥ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ. ʅʦ ʬʘʢʪʠʯʝʩʢʠ ʟʘʚʦʜʫ ʫʞʝ 78 ʣʝʪ, ʝʛʦ ʧʝʨʝʜʠʩʣʦʮʠʨʦʚʘʣʠ ʠʟ ʛʦʨʦʜʘ ʃʫʛʘʥʩʢ ʚ 
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1941 ʛʦʜʫ. ʀʩʪʦʨʠʯʝʩʢʠ ʧʨʝʜʧʨʠʷʪʠʝ ʩʚʷʟʘʥʦ ʩ ʟʘʚʦʜʦʤ ʠʤʝʥʠ ʃʝʥʠʥʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʸ ʚʨʝʤʷ 

ʧʨʦʠʟʚʦʜʠʣ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʝʛʦʜʥʷ çɹʠʰʢʝʢʩʢʠʡ 

ʰʪʘʤʧʦʚʦʯʥʳʡ ʟʘʚʦʜè ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʚʳʧʫʩʢʝ ʠʟʜʝʣʠʡ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʩʦʪʨʫʜʥʠʯʘʷ ʩ ʨʘʟʥʳʤʠ ʟʘʢʘʟʯʠʢʘʤʠ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʝʪʘʣʝʡ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ʊʘʢʞʝ ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʧʝʮʠʟʜʝʣʠʡ ʚʦʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʮʝʭʘ ʟʘʚʦʜʘ ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʦʧʘʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʪʘʢʦʝ ʢʘʢ ʰʪʘʤʧʦʚʦʯʥʳʝ ʧʨʝʩʩʳ, ʩʚʘʨʦʯʥʳʝ ʘʧʧʘʨʘʪʳ, ʧʨʝʩʩ-ʬʦʨʤʳ ʠ ʠʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʪʨʘʚʤʘʪʠʟʤʘ. ʈʘʙʦʪʘ ʩ ʪʘʢʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ 

ʠʥʩʪʨʫʢʮʠʡ, ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʨʝʤʦʥʪʘ. ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʯʘʩʪʦ ʥʫʞʜʘʝʪʩʷ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʦʚʳʰʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. ʀ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʵʪʦ ʪʝʤʘ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʚʦʜ ʜʘʝʪ ʦʢʦʣʦ 500 ʨʘʙʦʯʠʭ ʤʝʩʪ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 2017 ʛʦʜʫ ʨʘʙʦʪʘʣʠ 120-150 ʯʝʣʦʚʝʢ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʪʠʭʦʥʴʢʫ 

ʥʘʨʘʱʠʚʘʝʪʩʷ ʯʠʩʣʝʥʥʦʩʪʴ, ʥʘʙʠʨʘʝʪʩʷ ʥʦʚʳʝ ʨʘʙʦʪʥʠʢʠ. [1,11,9] 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺ ʂʈ ʧʦʜ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʳ, ʢʘʢ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʘʥʠʪʘʨʠʷ, ʛʠʛʠʝʥʘ ʪʨʫʜʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ, ʩʦʙʩʪʚʝʥʥʦ, ʪʝʭʥʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʦʥʪʨʦʣʠʨʫʝʪ ʚ ʂʈ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʨʫʜʦʚʘʷ ʠʥʩʧʝʢʮʠʷ. ɺ ʪʦʤ ʩʣʫʯʘʝ ʝʩʣʠ ʚʘʰʠ ʧʨʘʚʘ ʥʘ ʙʝʟʦʧʘʩʥʳʡ ʪʨʫʜ 

ʙʳʣʠ ʥʘʨʫʰʝʥʳ, ʚʳ ʚʧʨʘʚʝ ʦʙʨʘʪʠʪʴʩʷ ʩ ʟʘʷʚʣʝʥʠʝʤ ʚ ʪʨʫʜʦʚʫʶ ʠʥʩʧʝʢʮʠʶ. ʇʦ ʚʘʰʝʤʫ 

ʟʘʷʚʣʝʥʠʶ ʪʨʫʜʦʚʘʷ ʠʥʩʧʝʢʮʠʷ ʦʙʷʟʘʥʘ ʙʫʜʝʪ ʧʨʦʚʝʩʪʠ ʧʨʦʚʝʨʢʫ. ʊʦ ʝʩʪʴ ʥʘ ʢʘʞʜʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʦʭʨʘʥʫ ʪʨʫʜʘ. ʅʘ ʤʘʣʝʥʴʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʵʪʦ 

ʜʠʨʝʢʪʦʨ, ʥʘ ʩʨʝʜʥʠʭ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ, ʘ ʥʘ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʫʱʝʩʪʚʫʶʪ 

ʮʝʣʳʝ ʦʪʜʝʣʳ ʦʭʨʘʥʳ ʪʨʫʜʘ. ʀ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʥʘ ʟʘʚʦʜʝ ʩʦʟʜʘʥ 

ʆʪʜʝʣ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʆʊ ʠ ʊɹ). ʆʭʨʘʥʘ ʪʨʫʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʨʘʟʣʠʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʨʘʙʦʪʢʘ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ, 

ʩʪʨʘʭʦʚʘʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʦʪ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʨʦʬʟʘʙʦʣʝʚʘʥʠʡ, 

ʦʨʛʘʥʠʟʘʮʠʷ ʤʝʜʦʩʤʦʪʨʦʚ, ʩʦʟʜʘʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʙʶʜʞʝʪʘ ʩ ʫʯʝʪʦʤ ʨʘʩʭʦʜʦʚ ʥʘ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ, ʦʙʫʯʝʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʠ 

ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʆʥ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʠ ʜʝʡʩʪʚʫʝʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɿʘʢʦʥʦʤ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ˉ167 ʦʪ 01.08.2003 çʆʙ ʦʭʨʘʥʝ ʪʨʫʜʘ ʚ 

ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝè, ʘ ʪʘʢʞʝ ʩ ʨʷʜʦʤ ʧʦʜʟʘʢʦʥʥʳʭ ʘʢʪʦʚ ʠ ʚʥʫʪʨʝʥʥʠʭ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ. ɺ ʟʘʜʘʯʠ ʦʪʜʝʣʘ ʚʭʦʜʠʪ ʦʨʛʘʥʠʟʘʮʠʷ ʠʥʩʪʨʫʢʪʘʞʝʡ, ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, 

ʢʦʥʪʨʦʣʴ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ ʣʦʢʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʠ 

ʦʪʯʸʪʥʦʩʪʴ ʧʝʨʝʜ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʥʘʜʟʦʨʥʳʤʠ ʦʨʛʘʥʘʤʠ. ʉʦʪʨʫʜʥʠʢʠ ʆʊ ʠ ʊɹ ʚʝʜʫʪ 

ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʩʦʩʪʘʚʣʷʶʪ ʝʞʝʤʝʩʷʯʥʳʝ, 

ʢʚʘʨʪʘʣʴʥʳʝ ʠ ʛʦʜʦʚʳʝ ʦʪʯʸʪʳ ʦ ʩʦʩʪʦʷʥʠʠ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʥʘʨʫʰʝʥʠʷ. [1, 3,6] 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ɹʠʰʢʝʢʩʢʦʛʦ ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʟʘʚʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ: ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʦʚ, ʦʪʜʝʣʘ ʩʥʘʙʞʝʥʠʷ, 

ʙʫʭʛʘʣʪʝʨʠʠ, ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʣʫʞʙʳ ʠ ʦʪʜʝʣʘ ʤʘʨʢʝʪʠʥʛʘ (ʢʦʪʦʨʳʡ, ʦʜʥʘʢʦ, ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ), ʘ ʪʘʢʞʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʣʫʞʙ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʨʝʤʦʥʪ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʊ ʠ ʊɹ ʥʘʧʨʷʤʫʶ ʧʦʜʯʠʥʷʝʪʩʷ ʨʫʢʦʚʦʜʩʪʚʫ ʟʘʚʦʜʘ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠʥʩʧʝʢʮʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʙʣʶʜʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ, ʯʪʦʙʳ ʤʝʞʜʫ ʚʩʝʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ 

ʩʫʱʝʩʪʚʦʚʘʣʘ ʵʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ, 

ʦʩʦʙʝʥʥʦ ʚ ʚʦʧʨʦʩʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʨʘʙʦʯʠʝ ʩʠʣʳ ʥʘ ʟʘʚʦʜʝ: ʪʦʢʘʨʴ, ʰʣʠʬʦʚʱʠʢ, 

ʬʨʝʟʝʨʦʚʱʠʢ, ʩʪʨʦʛʘʣʴʱʠʢ, ʚʘʣʴʮʦʚʱʠʢ, ʧʨʝʩʩʦʚʱʠʢ, ʢʫʟʥʝʮ, ʪʝʨʤʠʩʪ, ʵʣʝʢʪʨʦʩʚʘʨʱʠʢ, 

ʛʘʟʦ-ʵʣʝʢʪʨʦʩʚʘʨʱʠʢ, ʵʣʝʢʪʨʦʩʣʝʩʘʨʴ, ʵʣʝʢʪʨʦʤʦʥʪʝʨ, ʩʣʝʩʘʨʴ ʂʀʇʠɸ, ʩʣʝʩʘʨʴ-

ʠʥʩʪʨʫʤʝʥʪʘʣʴʱʠʢ, ʩʣʝʩʘʨʴ-ʨʝʤʦʥʪʥʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʣʝʩʘʨʴ-ʩʙʦʨʱʠʢ, ʩʣʝʩʘʨʴ-
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ʙʘʥʜʘʞʥʠʢ, ʛʘʣʴʚʘʥʠʢ, ʭʠʤʠʢ, ʢʨʘʥʦʚʱʠʢ, ʩʪʨʦʧʘʣʴʱʠʢ, ʤʘʰʠʥʠʩʪ ʢʦʪʝʣʴʥʦʡ, ʤʘʰʠʥʠʩʪ-

ʢʦʤ ʧʨʝʩʩʦʚʱʠʢ ʜʨ. ʅʘ ʢʘʞʜʦʛʦ ʨʘʙʦʯʫʶ ʧʨʦʬʝʩʩʠʶ ʠʤʝʶʪʩʷ ʜʦʣʞʥʦʩʪʥʳʝ ʠʥʩʪʨʫʢʮʠʠ, 

ʢʘʞʜʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʶ ʨʘʙʦʪʫ[11,2] 

ʉʠʩʪʝʤʘ ʦʭʨʘʥʳ ʪʨʫʜʘ ʥʘ ɻʇ çɹʐɿè ʠʤʝʝʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ: 

1. ʅʘʣʠʯʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʪʜʝʣʘ ʆʊ ʠ ʊɹ ʠ ʯʸʪʢʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʦʣʥʦʤʦʯʠʡ 

ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʨʘʙʦʪʫ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

2. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʨʝʛʫʣʷʨʥʘʷ ʦʪʯʸʪʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. 

3. ɿʘʚʦʜ ʨʫʢʦʚʦʜʩʪʚʫʝʪʩʷ ʢʘʢ ʥʘʮʠʦʥʘʣʴʥʳʤʠ, ʪʘʢ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʥʦʨʤʘʤʠ, ʯʪʦ 

ʧʦʤʦʛʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʝʪ ʠ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʫʩʪʘʨʝʚʰʘʷ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʙʘʟʘ, ʥʝʭʚʘʪʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʥʝʜʨʷʪʴ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʜʦʣʛʦʩʨʦʯʥʦʡ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʨʳʥʢʦʚ ʩʙʳʪʘ. 

ʀ ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʟʚʠʪʠʷ, ʟʘʚʦʜ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʤʠʥʫʩʦʚ: 

1. ʏʘʩʪʴ ʮʝʭʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʥʫʞʜʘʝʪʩʷ ʚ ʨʝʤʦʥʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

2. ʆʪʩʫʪʩʪʚʫʝʪ ʯʸʪʢʘʷ ʤʘʨʢʝʪʠʥʛʦʚʘʷ ʩʪʨʘʪʝʛʠʷ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʠʩʢ ʥʦʚʳʭ ʨʳʥʢʦʚ 

ʩʙʳʪʘ ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʘʨʪʥʸʨʦʚ.  

3. ʆʱʫʱʘʝʪʩʷ ʥʝʭʚʘʪʢʘ ʤʦʣʦʜʳʭ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ, ʚ 2017 ʛʦʜʫ ʨʝʤʦʥʪʥʳʝ 

ʙʨʠʛʘʜʳ ʤʦʛʣʠ ʨʘʙʦʪʘʪʴ ʣʠʰʴ ʜʚʘ ʜʥʷ ʚ ʥʝʜʝʣʶ, ʘ ʦʩʪʘʣʴʥʳʝ ʪʨʠ-ʯʝʪʳʨʝ ʜʥʷ ʧʨʦʩʪʘʠʚʘʣʠ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʫʶ ʟʘʛʨʫʟʢʫ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʤʦʥʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʨʝʜʧʨʠʷʪʠʝ ʩʦʭʨʘʥʷʝʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʙʣʘʛʦʜʘʨʷ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʝ ʠ ʥʘʢʦʧʣʝʥʥʦʤʫ ʦʧʳʪʫ. [4,5] 

ɺ ʮʝʣʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʠʥʫʩʳ, ʫ ʧʨʝʜʧʨʠʷʪʠʷ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʝʩʫʨʩʳ ʜʣʷ ʨʦʩʪʘ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥʦ ʟʘ ʩʯʸʪ ʥʦʚʳʭ ʢʦʥʪʨʘʢʪʦʚ, ʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ð ʧʦʚʳʰʝʥʘ ʧʫʪʸʤ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʥʦʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʠʥʚʝʩʪʠʮʠʠ ʚ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʦʙʫʯʝʥʠʝ ʢʘʜʨʦʚ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪ, ʧʦʟʚʦʣʷʪ ɻʇ çɹʐɿè ʩʪʘʪʴ ʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʠ ʩʪʘʙʠʣʴʥʳʤ 

ʫʯʘʩʪʥʠʢʦʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʩʪʨʘʥʳ. 

ʆʜʥʦʡ ʠʟ ʙʦʣʴʰʠʭ ʥʦʚʦʩʪʝʡ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʩʪʘʣʦ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ 

ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʊʝʧʝʨʴ ʆʊ ʠ ʊɹ ʚʝʜʸʪ ʫʯʸʪ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ 

ʥʘʨʫʰʝʥʠʡ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʟʘʚʦʜʫ ʫʜʘʣʦʩʴ ʦʧʝʨʘʪʠʚʥʝʝ ʚʳʷʚʣʷʪʴ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʨʦʙʣʝʤʳ, 

ʦʧʨʝʜʝʣʷʪʴ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʫʯʘʩʪʢʠ ʠ ʧʨʠʥʠʤʘʪʴ ʪʦʯʝʯʥʳʝ ʤʝʨʳ ʧʦ 

ʩʥʠʞʝʥʠʶ ʪʨʘʚʤʘʪʠʟʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 

ʧʣʘʥʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ ʥʘ ʟʘʢʫʧʢʫ ʉʀɿ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʨʝʜʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ. ɿʘʚʦʜ ʧʨʠʦʙʨʸʣ ʥʝʩʢʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʳʭ ʰʪʘʤʧʦʚʦʯʥʳʭ 

ʧʨʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʫʣʫʯʰʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘʱʠʪʳ ʦʧʝʨʘʪʦʨʘ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʠ ʩʦʢʨʘʪʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʊʘʢʞʝ ʙʳʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʳ ʩʚʘʨʦʯʥʳʝ ʫʯʘʩʪʢʠ: ʥʦʚʳʝ 

ʘʧʧʘʨʘʪʳ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʛʘʟʦʚ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʤʝʩʷʮʳ ʫʜʝʣʷʣʦʩʴ ʨʘʟʨʘʙʦʪʢʝ ʚʥʫʪʨʝʥʥʠʭ 

ʠʥʩʪʨʫʢʮʠʡ ʠ ʨʝʛʣʘʤʝʥʪʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʫʥʢʪʘʤʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚ ʜʦʢʫʤʝʥʪʘʭ 

ʆʊ ʠ ʊɹ, ʩʦʪʨʫʜʥʠʢʠ ʦʪʜʝʣʘ ʧʦʣʫʯʠʣʠ ʧʨʘʚʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʚʥʝʧʣʘʥʦʚʳʝ ʧʨʦʚʝʨʢʠ, 

ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʙʦʪʫ ʫʯʘʩʪʢʦʚ ʚ ʩʣʫʯʘʝ ʛʨʫʙʳʭ ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʩʣʫʞʙʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʩʧʝʮʠʘʣʴʥʳʝ ʫʯʝʥʠʷ ʧʦ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʘʚʘʨʠʡ ʠ ʧʦʞʘʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʝʨʝʩʤʦʪʨʝʥʳ ʧʨʘʚʠʣʘ ʭʨʘʥʝʥʠʷ, 
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ʚʳʜʘʯʠ ʠ ʩʧʠʩʘʥʠʷ ʩʧʝʮʦʜʝʞʜʳ, ʩʧʝʮʦʙʫʚʠ ʠ ʧʨʦʯʠʭ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ. 

ʊʝʧʝʨʴ ʢʘʞʜʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʦʙʷʟʘʥʦ ʝʞʝʤʝʩʷʯʥʦ ʦʪʯʠʪʳʚʘʪʴʩʷ ʦ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʉʀɿ ʠ 

ʬʠʢʩʠʨʦʚʘʪʴ ʚʩʝ ʬʘʢʪʳ ʠʭ ʥʝʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ 

ʚʘʞʥʦʩʪʴ ʬʠʥʘʥʩʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʨʫʢʦʚʦʜʩʪʚʦ 

ʟʘʚʦʜʘ ʜʦʣʞʥʦ ʨʘʩʩʪʘʚʣʷʪʴ ʧʨʠʦʨʠʪʝʪʳ: ʧʝʨʚʦʦʯʝʨʝʜʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʪʴ ʟʘʤʝʥʝ 

ʤʦʨʘʣʴʥʦ ʠ ʬʠʟʠʯʝʩʢʠ ʫʩʪʘʨʝʚʰʠʭ ʩʪʘʥʢʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʶ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡ. 

ʉ ʫʯʝʪʦʤ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ɹʠʰʢʝʢʩʢʦʛʦ ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʟʘʚʦʜʘ: 

1. ʋʩʢʦʨʠʪʴ ʤʦʜʝʨʥʠʟʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʦʙʥʦʚʣʝʥʠʝ ʩʪʘʥʢʦʚ ʠ ʚʥʝʜʨʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʥʠʟʷʪ ʨʠʩʢ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʧʦʚʳʩʷʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

2. ʈʘʩʰʠʨʠʪʴ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʫʯʝʙʥʳʤʠ ʟʘʚʝʜʝʥʠʷʤʠ: ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤ 

ʩʪʘʞʠʨʦʚʦʢ ʠ ʧʨʘʢʪʠʢ ʧʦʤʦʞʝʪ ʧʨʠʚʣʝʯʴ ʠ ʦʙʫʯʠʪʴ ʥʦʚʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

3. ɺʥʝʜʨʠʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ: ʨʝʛʫʣʷʨʥʳʝ ʪʨʝʥʠʥʛʠ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ 

ʪʨʫʜʘ. 

4. ʋʩʠʣʠʪʴ ʧʨʦʬʠʣʘʢʪʠʢʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ: ʧʨʦʚʦʜʠʪʴ ʧʣʘʥʦʚʳʝ 

ʤʝʜʦʩʤʦʪʨʳ, ʫʣʫʯʰʘʪʴ ʚʝʥʪʠʣʷʮʠʶ ʠ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚ ʮʝʭʘʭ. 

5. ʇʦʚʳʩʠʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ: ʨʘʟʲʷʩʥʷʪʴ ʧʨʘʚʘ ʠ ʦʙʷʟʘʥʥʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʥʝʜʨʷʪʴ ʩʠʩʪʝʤʳ ʧʦʦʱʨʝʥʠʷ ʟʘ ʠʥʠʮʠʘʪʠʚʫ ʠ ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ. 

6. ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʬʠʥʘʥʩʦʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ: ʛʨʘʤʦʪʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ ʥʘ 

ʤʦʜʝʨʥʠʟʘʮʠʶ, ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ.[9,10,7,12] 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɿʘʚʦʜ ʧʨʦʰʸʣ ʜʣʠʪʝʣʴʥʳʡ ʧʫʪʴ ʩʪʘʥʦʚʣʝʥʠʷ, ʥʘʢʦʧʠʣ ʦʧʨʝʜʝʣʸʥʥʫʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʙʘʟʫ ʠ ʦʧʳʪ. ʌʘʢʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʪʘʪʴʝ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʘʞʥʦʩʪʴ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʥʝ ʪʦʣʴʢʦ ʩʦʙʣʶʜʘʪʴ ʜʝʡʩʪʚʫʶʱʠʝ ʥʦʨʤʘʪʠʚʳ, ʥʦ ʠ 

ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʫ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɸʥʘʣʠʟ 

ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʨʝʛʣʘʤʝʥʪʦʚ ʦʩʪʘʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦʜ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʪʘʢʠʝ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ, ʢʦʪʦʨʳʝ ʧʨʠ ʤʠʥʠʤʫʤʝ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʵʬʬʝʢʪ ʤʘʢʩʠʤʘʣʴʥʳʡ. ʄʳ ʧʦʣʫʯʠʣʠ ʷʩʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʢʫʱʝʤ 

ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʟʘʚʦʜʝ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʣʠ ʦʙʣʘʩʪʠ, ʪʨʝʙʫʶʱʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʥʘʰʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʙʝʱʘʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʪʨʫʜʘ. ʇʨʘʚʠʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʪʨʫʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʢʘʟʳʚʘʝʪ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥʳ ʠ ʥʘ ʦʭʨʘʥʫ 

ʪʨʫʜʘ: ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʥʘ ʦʧʣʘʪʫ ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʦʚ ʠ ʣʝʯʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨ ʢʦʤʧʝʥʩʘʮʠʡ ʟʘ ʨʘʙʦʪʫ ʚʦ ʚʨʝʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨ. 
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ɸʥʥʦʪʘʮʠʷ: 

ɹʫʣ  ʤʘʢʘʣʘʜʘ    çʏʘʢʘʥ ɻʕʉè ɸɸʂʫ ʠʰʢʘʥʘʩʳʥʜʘʛʳ ᴇʥʜװʨװʰʪװʢ ʢʳʨʩʳʢʪʘʨʜʳ ʪʘʣʜʦʦ 

ʞʘʥʘ ʘʣʘʨʜʳ ʘʣʜʳʥ ʘʣʫʫ ʙʦʶʥʯʘ ʠʰ-ʯʘʨʘʣʘʨ ʢʘʨʘʣʘʪ. ɻʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʣʘʨʜʘ ᴇʥʜװʨװʰʪװʢ 

ʢʦʦʧʩʫʟʜʫʢʪʫ ʢʘʤʩʳʟ ʢʳʣʫʫ ᴇʟʛᴇʯᴇ ʤʘʘʥʠʛʝ ʵʵ, ʘʥʪʢʝʥʠ ʞʫʤʫʰʯʫʣʘʨ ʦʦʨ ʪʝʭʥʠʢʘʣʘʨ ʤʝʥʝʥ 

ʠʰʪʝʰʠʧ, ʙʠʡʠʢʪʠʢʪʝ ʞʫʤʫʰ ʘʪʢʘʨʳʧ, ʵʣʝʢʪʨ ʞʘʙʜʫʫʣʘʨʳ ʤʝʥʝʥ ʙʘʡʣʘʥʳʰʢʘʥ 

ʪʦʙʦʢʝʣʜʠʢʪʝʨʛʝ ʪʫʰ ʙʦʣʫʰʘʪ. ʀʟʠʣʜᴇᴇʜᴇ 2023-2024-ʞʳʣʜʘʨʳ ʠʰʢʘʥʘʥʳʥ ᴇʥʜװʨװʰ 

ʦʙʲʝʢʪʪʝʨʠʥʜʝ ʢʘʪʪʘʣʛʘʥ ʢʳʨʩʳʢʪʘʨ, ʘʣʘʨʜʳʥ ʪʘʘʩʠʨʠ ʞʘʥʘ ʢʦʦʧʩʫʟʜʫʢ ʙʦʶʥʯʘ ʞװʨʛװʟװʣʛᴇʥ 

ʠ -hʯʘʨʘʣʘʨ ʘʥʘʣʠʟʜʝʥʜʠ. ʆʰʦʥʜʦʡ ʵʣʝ, ʢʦʦʧʪʫʫ ʞʫʤʫʰ ʰʘʨʪʪʘʨʳʥ ʞʘʢʰʳʨʪʫʫ װʯװʥ 

ʫʶʰʪʫʨʫʫʯʫʣʫʢ, ʪʝʭʥʠʢʘʣʳʢ ʞʘʥʘ ʧʨʦʬʠʣʘʢʪʠʢʘʣʳʢ ʠʰʪʝʨʜʠʥ ʥʘʪʳʡʞʘʣʫʫʣʫʛʫ ʙʘʘʣʘʥʜʳ. 

ʄʘʢʘʣʘʜʘ ᴇʥʜװʨװʰʪװʢ ʢʳʨʩʳʢʪʘʨʜʳ ʘʣʜʳʥ ʘʣʫʫ ʤʘʢʩʘʪʳʥʜʘ ʠʰ-ʯʘʨʘʣʘʨ ʩʫʥʫʰʪʘʣʘʪ. ɹʫʣ 

ʠ -hʯʘʨʘʣʘʨʜʳ ʠʰʢʝ ʘʰʳʨʫʫʜʘ ᴇʥʜװʨװʰʪװʢ ʞʘʨʘʢʘʪʪʘʨʜʳʥ ʜʝשʛʵʵʣʠʥ ʪᴇʤᴇʥʜᴇʪװʧ, çʏʘʢʘʥ 

ɻʕʉè ɸɸʂʫ ʠʰʢʘʥʘʩʳʥʜʘʛʳ ʵʤʛʝʢ ʢʦʦʧʩʫʟʜʫʛʫʥ ʞʦʛʦʨʫʣʘʪʫʫʛʘ ᴇʙᴇʣʛᴇ ʪװʟᴇʪ.  
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ʈɽʂʆʄɽʅɼɸʎʀʁ ʇʆ ʉʅʀɾɽʅʀʖ ʈʀʉʂɸ 
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ɸʥʥʦʪʘʮʠʷ: 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʆɸʆ çʏʘʢʘʥ ɻʕʉè ʠ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ. ʆʙʝʩʧʝʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠʤʝʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ, ʪʘʢ ʢʘʢ 

ʨʘʙʦʯʠʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʠʩʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʘʙʦʪʦʡ ʥʘ ʚʳʩʦʪʝ, ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʪʷʞʝʣʦʡ 

ʪʝʭʥʠʢʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʧʨʝʜʧʨʠʷʪʠʷ 

ʚ 2023ï2024 ʛʦʜʘʭ, ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʞʝ 

ʦʮʝʥʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʨʳ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʤʝʨ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ 

ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʨʘʚʤ ʠ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʥʘ ʆɸʆ çʏʘʢʘʥ ɻʕʉè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʨʘʚʤʘ, ʦʭʨʘʥʘ ʪʨʫʜʘ, ʨʠʩʢ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʝʩʯʘʩʪʥʳʝ 

ʩʣʫʯʘʠ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 
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Abstract. This article examines the analysis of occupational accidents at the OJSC ñChakan 

HPPò enterprise and measures for their prevention. Ensuring industrial safety at hydroelectric power 

plants is of particular importance, as workers face risks associated with working at heights, operating 

heavy machinery, and handling electrical equipment. The study analyzes accidents recorded at the 

companyôs production facilities in 2023-2024, their impact, and safety measures taken. The 

effectiveness of organizational, technical, and preventive measures aimed at improving hazardous 

working conditions is also assessed. The article proposes measures to prevent occupational injuries. 

Implementing these measures will help reduce the level of workplace injuries and enhance labor 

safety at OJSC ñChakan HPPò. 

Keywords: production, injury, labor safety, risk, safety, accidents, hydro energy, statistical 

analysis, industry. 

 

ʂʠʨʠʰװװ. 

ʀʟʠʣʜᴇᴇʥװʥ ʤʘʢʩʘʪʳ ï ᴇʥʜװʨװʰʪװʢ ʢʳʨʩʳʢʪʘʨʜʳʥ ʥʝʛʠʟʛʠ ʩʝʙʝʧʪʝʨʠʥ ʘʥʳʢʪʦʦ, 

ʪʦʙʦʢʝʣʜʠʢ ʬʘʢʪʦʨʣʦʨʫʥ ʪʘʣʜʦʦ ʞʘʥʘ ʵʤʛʝʢ ʢʦʦʧʩʫʟʜʫʛʫʥ ʞʦʛʦʨʫʣʘʪʫʫ ʙʦʶʥʯʘ ʥʘʪʳʡʞʘʣʫʫ 

ʠ -hʯʘʨʘʣʘʨʜʳ ʩʫʥʫʰʪʦʦ. 

ᴆʥʜװʨװʰʪװʢ ʢʦʦʧʩʫʟʜʫʢ ï ʙʫʣ ʘʨ ʙʠʨ ʠʰʢʘʥʘʥʳʥ ʥʝʛʠʟʛʠ ʤʠʣʜʝʪʪʝʨʠʥʠʥ ʙʠʨʠ. 

ʂʳʟʤʘʪʢʝʨʣʝʨʜʠʥ ʩʘʣʘʤʘʪʪʳʛʳʥ ʞʘʥʘ ᴇʤװʨװʥ ʢʦʨʛʦʦ, ʦʰʦʥʜʦʡ ʵʣʝ ᴇʥʜװʨװʰʪװʢ 

ʧʨʦʮʝʩʩʪʝʨʜʠʥ ʢʦʦʧʩʫʟ ʠʰʪʝʰʠʥ ʢʘʤʩʳʟ ʢʳʣʫʫ ᴇʪᴇ ʤʘʘʥʠʣװװ. ɹʠʨʦʢ, ʘʨ ʢʘʥʜʘʡ ʠʰʢʘʥʘʣʘʨʜʘ 

ʢʳʨʩʳʢʪʘʨ ʙʦʣʫʧ ʪʫʨʘʪ ʞʘʥʘ ʘʣʘʨʜʳʥ ʘʡʨʳʤʜʘʨʳ ʦʦʨ ʢʝʩʝʧʝʪʪʝʨʜʠ ʘʣʳʧ ʢʝʣʝʪ. 

ʀʰ ʦʨʫʥʜʘʨʳʥʜʘ ʢʦʦʧʩʫʟʜʫʢʪʫ ʢʘʤʩʳʟ ʢʳʣʫʫ, ʢʳʨʩʳʢʪʘʨʜʳ ʘʣʜʳʥ ʘʣʫʫ, 

ʵʢʦʥʦʤʠʢʘʣʳʢ ʯʳʛʳʤʜʘʨʜʳ ʘʟʘʡʪʫʫ ʞʘʥʘ ʵʤʛʝʢ ʰʘʨʪʪʘʨʳʥ ʞʘʢʰʳʨʪʫʫ װʯװʥ ʤʘʘʥʠʣװװ ʙʦʣʫʧ 

ʩʘʥʘʣʘʪ. ʀʰʢʘʥʘʜʘ ᴇʥʜװʨװʰʪװʢ ʞʘʨʘʢʘʪ ʘʣʫʫʥʫʥ ʘʥʘʣʠʟʠ ʞװʨʛװʟװʣʜװ. ʊʘʣʜʦʦ ʩʪʘʪʠʩʪʠʢʘʣʳʢ 

ʤʘʘʣʳʤʘʪʪʘʨʛʘ ʞʘʥʘ ʠʰʢʘʥʘʥʳʥ ᴇʥʜװʨװʰʪװʢ ʞʘʨʘʢʘʪ ʘʣʫʫ ʫʯʫʨʣʘʨʳʥʘ ʥʝʛʠʟʜʝʣʛʝʥ. 

ᴆʥʜװʨװʰʪװʢ ʞʘʨʘʢʘʪʪʘʨʜʳʥ ʩʝʙʝʧʪʝʨʠʥ ʪװʰװʥװװ ʞʘʥʘ ʪʦʙʦʢʝʣʜʠʢʪʝʨʜʠ ʙʘʰʢʘʨʫʫʥʫʥ 
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ʟʘʤʘʥʙʘʧ ʳʢʤʘʣʘʨʳʥ ʠʰʢʝ ʘʰʳʨʫʫ ʞʫʤʫʰʯʫʣʘʨ װʯװʥ ʢʦʨʢʫʥʫʯʪʘʨʜʳ ʘʟʘʡʪʫʫʛʘ ʞʘʥʘ 

ʢʦʦʧʩʫʟʜʫʢʪʫ ʞʦʛʦʨʫʣʘʪʫʫʛʘ ᴇʙᴇʣʛᴇ ʪװʟᴇʪ. 

 

ʊʝʤʘʥʳʥ ʘʢʪʫʘʣʜʫʫʣʫʛʫ 

ᴆʥʜװʨװʰʪװʢ ʞʘʨʘʢʘʪ ï ʙʫʣ ʠʰʢʘʥʘʣʘʨʜʘ ʢʦʦʧʩʫʟ ʵʤʛʝʢ ʰʘʨʪʪʘʨʳʥ ʢʘʤʩʳʟ ʢʳʣʫʫʜʘʛʳ 

ʥʝʛʠʟʛʠ ʤʘʩʝʣʝʣʝʨʜʠʥ ʙʠʨʠ ʙʦʣʫʧ ʩʘʥʘʣʘʪ. ɸʡʨʳʢʯʘ ʵʥʝʨʛʝʪʠʢʘ ʪʘʨʤʘʛʳʥʜʘ, ʘʥʳʥ ʠʯʠʥʜʝ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʣʘʨʜʘ, ʞʫʤʫʰʯʫʣʘʨ ʞʦʛʦʨʢʫ ʪʦʙʦʢʝʣʜʠʢ ʰʘʨʪʪʘʨʳʥʜʘ ʠʰʪʝʰʝʪ. 

ɻʕʉʪʝʨʜʝ ʦʦʨ ʪʝʭʥʠʢʘʣʳʢ ʞʘʙʜʫʫʣʘʨʜʳ ʵʢʩʧʣʫʘʪʘʮʠʷʣʦʦ, ʙʠʡʠʢʪʠʢʪʝ ʠʰʪᴇᴇ ʞʘʥʘ ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳ ʤʝʥʝʥ ʙʘʡʣʘʥʳʰʢʘʥ ʬʘʢʪʦʨʣʦʨ ʞʫʤʫʰʯʫʣʘʨʜʳʥ ʢʦʦʧʩʫʟʜʫʛʫ װʯװʥ ʦʣʫʪʪʫʫ 

ʢʦʨʢʫʥʫʯʪʘʨʜʳ ʞʘʨʘʪʘʪ. ʂʳʨʛʳʟʩʪʘʥʜʳʥ ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʪʘʨʤʘʛʳʥʳʥ ʤʘʘʥʠʣװװ 

ʦʙʲʝʢʪʠʣʝʨʠʥʠʥ ʙʠʨʠ ʙʦʣʛʦʥ çʏʘʢʘʥ ɻʕʉè ɸɸʂʫ ʠʰʢʘʥʘʩʳʥʜʘ ʜʘ ʢʦʦʧʩʫʟʜʫʢ ʤʘʩʝʣʝʩʠ ʯʦש 

ʤʘʘʥʠʛʝ ʵʵ. ɹʫʣ ʠʰʢʘʥʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜװʨװװʜᴇ ʞʘʥʘ ʙᴇʣװʰʪװʨװװʜᴇ ʤʘʘʥʠʣװװ ʨʦʣʴ 

ʦʡʥʦʡʪ, ʙʠʨʦʢ ᴇʥʜװʨװʰʪװʢ ʞʘʨʘʢʘʪ ʘʣʫʫ ʪʦʙʦʢʝʣʜʠʢʪʝʨʠ ʜʘʛʳ ʵʣʝ ʘʢʪʫʘʣʜʫʫ ʙʦʡʜʦʥ ʢʘʣʫʫʜʘ. 

ʀʟʠʣʜᴇᴇʥװʥ ʘʢʪʫʘʣʜʫʫʣʫʛʫ ʪᴇʤᴇʥʢװ ʥʝʛʠʟʛʠ ʩʝʙʝʧʪʝʨ ʤʝʥʝʥ ʘʥʳʢʪʘʣʘʪ: 

1. ᴆʥʜװʨװʰʪװʢ ʞʘʨʘʢʘʪʪʘʨʜʳʥ ʜʝשʛʵʵʣʠ ʞʘʥʘ ʘʥʳʥ ʢʝʩʝʧʝʪʪʝʨʠ: ʵʥʝʨʛʝʪʠʢʘ 

ʪʘʨʤʘʛʳʥʜʘ ʙʦʣʛʦʥ ᴇʥʜװʨװʰʪװʢ ʢʳʨʩʳʢʪʘʨ ʢᴇʙװʥʯᴇ ʦʦʨ ʢʝʩʝʧʝʪʪʝʨʛʝ ʘʣʳʧ ʢʝʣʝʪ, ʘʥʳʥ 

ʠʯʠʥʜʝ ᴇʣװʤʛᴇ ʜʫʫʰʘʨ ʙʦʣʛʦʥ ʫʯʫʨʣʘʨ ʜʘ ʙʘʨ. ɾʘʨʘʢʘʪ ʘʣʛʘʥ ʞʫʤʫʰʯʫʣʘʨʜʳʥ ʜʝʥ ʩʦʦʣʫʛʫʥ 

ʞʦʛʦʪʫʫ ʛʘʥʘ ʵʤʝʩ, ʠʰʢʘʥʘʥʳʥ ʵʢʦʥʦʤʠʢʘʣʳʢ ʞʦʛʦʪʫʫʣʘʨʳ ʜʘ ʯʦש ʙʦʣʦʪ (ʜʘʨʳʛʝʨʣʠʢ 

ʯʳʛʳʤʜʘʨ, ʢʦʤʧʝʥʩʘʮʠʷʣʘʨ, ᴇʥʜװʨװʰʪװʥ ʪʦʢʪʦʧ ʢʘʣʳʰʳ). 

2. ᴆʥʜװʨװʰ ʢʦʦʧʩʫʟʜʫʛʫʥ ʢʘʤʩʳʟ ʢʳʣʫʫʜʘʛʳ ʞʘשʳ ʪʘʣʘʧʪʘʨ: ʵʣ ʘʨʘʣʳʢ ʞʘʥʘ ʫʣʫʪʪʫʢ 

ʩʪʘʥʜʘʨʪʪʘʨ ʢʦʦʧʩʫʟʜʫʢʪʫʥ ʜʝשʛʵʵʣʠʥ ʞʦʛʦʨʫʣʘʪʫʫ ʙʦʶʥʯʘ ʪʘʣʘʧʪʘʨʜʳ ʢװʯᴇʪװʧ ʞʘʪʘʪ. ʕʤʛʝʢ 

ʢʦʦʧʩʫʟʜʫʛʫʥ ʞʘʢʰʳʨʪʫʫ װʯװʥ ʟʘʤʘʥʙʘʧ ʢᴇʟᴇʤᴇʣʜᴇᴇ ʞʘʥʘ ʘʥʘʣʠʟ ʳʢʤʘʣʘʨʳʥ ʢʦʣʜʦʥʫʫ 

ʟʘʨʳʣ. 

3. ʀʰʢʘʥʘʜʘʛʳ ʢʳʨʩʳʢʪʘʨʜʳʥ ʩʝʙʝʧʪʝʨʠʥ ʘʥʘʣʠʟʜᴇᴇ: ʘʢʳʨʢʳ ʞʳʣʜʘʨʜʘ ʙʦʣʛʦʥ 

ᴇʥʜװʨװʰʪװʢ ʢʳʨʩʳʢʪʘʨʜʳ ʪʘʣʜʦʦ ʥʝʛʠʟʠʥʜʝ ʘʣʘʨʜʳʥ ʢʘʡʪʘʣʘʥʙʘʰʳ װʯװʥ ʥʘʪʳʡʞʘʣʫʫ 

ʯʘʨʘʣʘʨʜʳ ʠʰʪʝʧ ʯʳʛʫʫ. ʂʦʦʧʪʫʫ ʠʰ ʰʘʨʪʪʘʨʳ ʙʘʨ ʞʝʨʣʝʨʜʠ ʘʥʳʢʪʦʦ ʞʘʥʘ ʘʣʘʨʜʳ ʢʦʦʧʩʫʟ 

ʢʳʣʫʫ ʙʦʶʥʯʘ ʩʫʥʫʰʪʘʨʜʳ ʙʝʨװװ. 

4. ʂʦʦʧʩʫʟʜʫʢ ʤʘʜʘʥʠʷʪʳʥ ᴇʥװʢʪװʨװװ ʞʘʥʘ ʞʫʤʫʰʯʫʣʘʨ ʘʨʘʩʳʥʜʘ ʦʢʫʪʫʫ ʠʰʪʝʨʠʥ 

ʢװʯᴇʪװװ. ʂʦʨʢʫʥʫʯʪʘʨʜʳ ʘʟʘʡʪʫʫ ʙʦʶʥʯʘ ʟʘʤʘʥʙʘʧ ʪʝʭʥʠʢʘʣʳʢ ʞʘʥʘ ʫʶʰʪʫʨʫʫʯʫʣʫʢ 

ʯʘʨʘʣʘʨʜʳ ʩʫʥʫʰʪʦʦ.  

ʅʝʛʠʟʛʠ ʙᴇʣװʛװ 

çʏʘʢʘʥ ɻʕʉè ɸɸʂ ï ʙʫʣ ʂʳʨʛʳʟʩʪʘʥʜʳʥ ʵʥʝʨʛʝʪʠʢʘ ʪʘʨʤʘʛʳʥʜʘʛʳ ʤʘʘʥʠʣװװ 

ʠh ʢʘʥʘʣʘʨʜʳʥ ʙʠʨʠ, ʘʣ ʯʘʢʘʥ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʣʘʨʜʳ (ʏɻʕʉ) ʢʫʨʫʫ, ʵʢʩʧʣʫʘʪʘʮʠʷʣʦʦ 

ʞʘʥʘ ʪʝʭʥʠʢʘʣʳʢ ʪʝʡʣᴇᴇ ʤʝʥʝʥ ʘʣʝʢʪʝʥʝʪ. ʀʰʢʘʥʘ ᴇʣʢᴇʥװʥ ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʢʦʦʧʩʫʟʜʫʛʫʥ 

ʢʘʤʩʳʟ ʢʳʣʫʫʛʘ ʞʘʥʘ ʢʘʣʳʙʳʥʘ ʢʝʣװװʯװ ʵʥʝʨʛʠʷ ʙʫʣʘʢʪʘʨʳʥ ᴇʥװʢʪװʨװװʛᴇ ʯʦש ʩʘʣʳʤ ʢʦʰʦʪ. 

ʏʘʢʘʥ ɻʕʉʪʝʨʜʠ ʢʫʨʫʫ ʠʜʝʷʩʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳʥ ʘʣʴʪʝʨʥʘʪʠʚʜװװ ʙʫʣʘʢʪʘʨʳʥ 

ʧʘʡʜʘʣʘʥʫʫ ʤʘʢʩʘʪʳʥʜʘ ʠʰʪʝʣʠʧ ʯʳʢʢʘʥ. ɸʣ ʂʳʨʛʳʟʩʪʘʥʜʳʥ ʩʫʫ ʵʥʝʨʛʝʪʠʢʘʣʳʢ ʨʝʩʫʨʩʪʘʨʳʥ 

ʥʘʪʳʡʞʘʣʫʫ ʧʘʡʜʘʣʘʥʫʫ ʞʘʥʘ ʵʢʦʣʦʛʠʷʣʳʢ ʞʘʢʪʘʥ ʪʘʟʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜװʨװװ 

ʤʘʢʩʘʪʳʥʜʘ ʪװʟװʣʛᴇʥ. ʋʯʫʨʜʘ ʠʰʢʘʥʘ ʙʠʨ ʥʝʯʝ ʤʘʡʜʘ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʣʘʨʜʳ ʙʘʰʢʘʨʘʪ 

ʞʘʥʘ ʞʘשʳ ʜʦʣʙʦʦʨʣʦʨʜʫ ʠʰʢʝ ʘʰʳʨʫʫ ʤʝʥʝʥ ʘʣʝʢʪʝʥʝʪ. 

çʏʘʢʘʥ ɻʕʉè ɸɸʂʫ ʪᴇʤᴇʥʢװ ʥʝʛʠʟʛʠ ʙʘʛʳʪʪʘʨ ʙʦʶʥʯʘ ʠʰ ʞװʨʛװʟᴇʪ: 

1. ɻʕʉʪʝʨʜʠʥ ʢʫʨʫʣʫʰʫ ʞʘʥʘ ʵʢʩʧʣʫʘʪʘʮʠʷʩʳ; 

2. ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜװʨװװ ʞʘʥʘ ʙᴇʣװʰʪװʨװװ; 

3. ɻʠʜʨʦʪʝʭʥʠʢʘʣʳʢ ʢʫʨʫʣʤʘʣʘʨʜʳ ʪʝʡʣᴇᴇ ʞʘʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷʣʦʦ; 

4. ʕʥʝʨʛʝʪʠʢʘʣʳʢ ʦʙʲʝʢʪʪʝʨʜʠʥ ʢʦʦʧʩʫʟʜʫʢ ʩʠʩʪʝʤʘʩʳʥ ᴇʨʢװʥʜᴇʪװװ; 

5. ɾʘʰʳʣ ʵʥʝʨʛʝʪʠʢʘʥʳ ᴇʥװʢʪװʨװװ ʞʘʥʘ ʵʢʦʣʦʛʠʷʣʳʢ ʪʘʣʘʧʪʘʨʜʳ ʩʘʢʪʦʦ. 

ɻʕʉʪʝʨʜʝ ᴇʥʜװʨװʰʪװʢ ʞʘʨʘʢʘʪʪʘʨʜʳ ʘʟʘʡʪʫʫ ʤʘʢʩʘʪʳʥʜʘ ʠʰʢʘʥʘʜʘ ʙʠʨ ʢʘʪʘʨ 

ʢʦʦʧʩʫʟʜʫʢ ʯʘʨʘʣʘʨʳ ʢᴇʨװʣᴇʪ: ɹʠʨʠʥʯʠʜʝʥ ʵʤʛʝʢ ʢʦʦʧʩʫʟʜʫʛʫ ʙʦʶʥʯʘ ʠʥʩʪʨʫʢʪʘʞʜʘʨ ʞʘʥʘ 

ʦʢʫʪʫʫʣʘʨ ᴇʪʢᴇʨװʣʩᴇ, ʵʢʠʥʯʠʜʝʥ ʞʫʤʫʰʯʫʣʘʨ ʞʝʢʝ ʢʦʨʛʦʥʫʫ ʢʘʨʘʞʘʪʪʘʨʳ ʤʝʥʝʥ 

ʢʘʤʩʳʟʜʘʣʘʪ. ɾʘʙʜʫʫʣʘʨʜʳ ʪʝʭʥʠʢʘʣʳʢ ʪʝʡʣᴇᴇ ʞʘʥʘ ʘʣʜʳʥ ʘʣʫʫ ʠʰʪʝʨʠʥ ʞװʨʛװʟװװ 

 ʢ ʢʳʨʩʳʢʪʘʨʜʳʥ ʘʣʜʳʥ ʘʣʫʫװʰʪװʨװʟ ʠʰʢʝ ʘʰʳʨʳʣʳʧ, ʘʚʘʨʠʷʣʘʨʜʳʥ ʞʘʥʘ ᴇʥʜװʢʩװʣʪװʟʛװ

ʙʦʶʥʯʘ ʠʰ-ʯʘʨʘʣʘʨ ʧʣʘʥʜʘʣʘʪ. [1] 
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ʀʰʢʘʥʘʜʘ ʘʨ ʢʘʥʜʘʡ ᴇʥʜװʨװʰʪװʢ ʞʫʤʫʰʪʘʨ ʞװʨᴇʪ, ʘʥʳʥ ʠʯʠʥʜʝ ʦʦʨ ʪʝʭʥʠʢʘʥʳ 

ʢʦʣʜʦʥʫʫ, ʙʠʡʠʢʪʠʢʪʝ ʠʰʪᴇᴇ ʞʘʥʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳ ʤʝʥʝʥ ʙʘʡʣʘʥʳʰʢʘʥ ʧʨʦʮʝʩʩʪʝʨ ʢᴇʧ.  

ɹʫʣ ʬʘʢʪʦʨʣʦʨ ʞʫʤʫʰʯʫʣʘʨ װʯװʥ ʪʦʙʦʢʝʣʜʠʢʪʝʨʜʠ ʞʘʨʘʪʘʪ, ʦʰʦʥʜʫʢʪʘʥ ʢʦʦʧʩʫʟʜʫʢ 

ʤʘʩʝʣʝʩʠ ʙʠʨʠʥʯʠ ʢʝʟʝʢʪʝ ʢʘʨʘʣʳʰʳ ʢʝʨʝʢ. ʆʰʦʣ ʩʝʙʝʧʪװװ ʙʫʣ ʤʘʢʘʣʘʜʘ çʏʘʢʘʥ ɻʕʉè ɸɸʂʫ 

ʠʰʢʘʥʘʩʳʥʜʘ 2023-2024-ʞʳʣʜʘʨʳ ʙʦʣʛʦʥ ᴇʥʜװʨװʰʪװʢ ʢʳʨʩʳʢʪʘʨ ʢʘʨʘʣʳʧ, ʘʣʘʨʜʳʥ ʥʝʛʠʟʛʠ 

ʩʝʙʝʧʪʝʨʠ ʞʘʥʘ ʘʣʜʳʥ ʘʣʫʫ ʞʦʣʜʦʨʫ ʪʘʣʜʘʥʜʳ [2,3]. 

2024-ʞʳʣʜʳʥ ʠʯʠʥʜʝ ʠʰʢʘʥʘʜʘ ʙʠʨ ᴇʥʜװʨװʰʪװʢ ʢʳʨʩʳʢ ʞʘʥʘ ʙʠʨ ᴇʨʪ ʢʳʨʩʳʛʳ 

ʢʘʪʪʘʣʛʘʥ.[2] 

ᴆʥʜװʨװʰʪװʢ ʢʳʨʩʳʢ ɹʳʩʪʨʦʚʢʘ  ɻʕʉʪʝ ʛʠʜʨʦʪʫʨʙʠʥʘʣʳʢ ʞʘʙʜʫʫʣʘʨʜʳ ʦשʜʦʦʯʫ 

ʩʣʝʩʘʨʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʫ ʪʫʨʙʠʥʘ ʟʘʣʳʥʘ ʪװʰװʨװװ ʫʯʫʨʫʥʜʘ ʪʘʡʳʧ ʢʝʪʠʧ, ʪʝʧʢʠʯʪʝʥ ʢʫʣʘʧ 

ʢʝʪʢʝʥ. ʅʘʪʳʡʞʘʜʘ ʙʘʰʳʥʘʥ ʞʘʥʘ ʢᴇʢװʨᴇʢ ʙᴇʣװʛװʥᴇʥ ʦʦʨ ʞʘʨʘʢʘʪ ʘʣʳʧ, ʦʦʨʫʢʘʥʘʜʘ ʢᴇʟ 

ʞʫʤʛʘʥ. ʀʣʠʢʪᴇᴇʥװʥ ʞʳʡʳʥʪʳʛʳʥʜʘ, ʢʳʨʩʳʢʪʳʥ ʥʝʛʠʟʛʠ ʩʝʙʝʧʪʝʨʠ ʪᴇʤᴇʥʢװʣᴇʨ ʙʦʣʛʦʥ: 

 

1. ʀʰʪʝʨʜʠ ʪʫʫʨʘ ʵʤʝʩ ʫʶʰʪʫʨʫʫ ï ʦʦʨ ʞʘʙʜʫʫʣʘʨʜʳ ʢʦʦʧʩʫʟ ʞʳʣʜʳʨʫʫ ʙʦʶʥʯʘ 

ʘʪʘʡʳʥ ʰʘʡʤʘʥʜʘʨ ʢʦʣʜʦʥʫʣʛʘʥ ʵʤʝʩ. 

2. ɾʫʤʫʰʯʫʥʫʥ ʪʘʞʨʳʡʙʘʩʳ ʘʟ ʙʦʣʛʦʥ ï ʩʣʝʩʘʨʴ ʠʰʢʘʥʘʜʘ ʙʠʨ ʞʳʣʛʘ ʞʝʪʧʝʛʝʥ 

ʫʙʘʢʳʪʪʘʥ ʙʝʨʠ ʠʰʪʝʧ ʢʝʣʛʝʥ. 

3. ʂʦʦʧʩʫʟʜʫʢ ʵʨʝʞʝʣʝʨʠ ʩʘʢʪʘʣʛʘʥ ʵʤʝʩ ï ʞʫʤʫʰ ʘʪʢʘʨʫʫ ʘʣʜʳʥʜʘ ʞʝʪʠʰʪװװ 

ʠʥʩʪʨʫʢʪʘʞ ʞװʨʛװʟװʣʛᴇʥ ʵʤʝʩ. 

ᴆʨʪ ʢʳʨʩʳʛʳ ʃɻʕʉʪʝ ʪװʥʢװ ʩʘʘʪ 02:40ʪʘ ʛʠʜʨʦʘʛʨʝʛʘʪ -̄2ʥʠʥ ʢʘʟʘʥʳʥʳʥ ʢʘʧʢʘʛʳ 

ʯʳʛʳʧ ʢʝʪʠʧ, ʘʥʳʥ ʢʝʩʝʧʝʪʠʥʝʥ ʩʪʘʪʦʨʛʦ ʩʫʫ ʢʠʨʠʧ, ᴇʨʪ ʯʳʢʢʘʥ. ᴆʨʪ ʪʝʟ ʘʨʘʜʘ ᴇʯװʨװʣʛᴇʥװ 

ʤʝʥʝʥ, ʙʫʣ ʢʳʨʩʳʢ ʞʘʙʜʫʫʣʘʨʜʳʥ ʪʝʭʥʠʢʘʣʳʢ ʘʙʘʣʳʥ ʞʘʢʰʳʨʪʫʫ ʟʘʨʳʣʜʳʛʳʥ ʢᴇʨʩᴇʪʪװ. 

ɹʫʣ ʢᴇʨʩᴇʪʢװʯʪᴇʨ ʵʤʛʝʢ ʢʦʦʧʩʫʟʜʫʛʫ ʙʦʶʥʯʘ ʢᴇʟᴇʤᴇʣʜװ ʢװʯᴇʪװװ ʟʘʨʳʣʜʳʛʳʥ 

ʜʘʣʠʣʜʝʡʪ. 

ᴆʥʜװʨװʰʪװʢ ʢʳʨʩʳʢʪʘʨʜʳʥ ʥʝʛʠʟʛʠ ʩʝʙʝʧʪʝʨʠ[2,5,8]: 

ʋʶʰʪʫʨʫʫʯʫʣʫʢ ʢᴇʡʛᴇʡʣᴇʨ: 

ʂʦʦʧʩʫʟʜʫʢ ʵʨʝʞʝʣʝʨʠʥ ʘʪʢʘʨʫʫʥʫ ʢᴇʟᴇʤᴇʣʜᴇᴇ ʞʝʪʠʰʩʠʟ. 

ʂʦʦʧʪʫʫ ʞʫʤʫʰʪʘʨʜʳ ʘʪʢʘʨʫʫʜʘ ʘʣʜʳʥ ʘʣʘ ʜʘʷʨʜʳʢ ʥʘʯʘʨ ʞװʨʛװʟװʣᴇʪ. 

ʂʦʦʧʩʫʟʜʫʢ ʙʦʶʥʯʘ ʦʢʫʪʫʫʣʘʨ ʞʝʪʠʰʩʠʟ. 

ʊʝʭʥʠʢʘʣʳʢ ʢᴇʡʛᴇʡʣᴇʨ: 

ɾʘʙʜʫʫʣʘʨ ʵʩʢʠʨʛʝʥ ʞʘʥʘ ᴇʟ ʫʙʘʛʳʥʜʘ ʪʝʢʰʝʨʠʣʛʝʥ ʵʤʝʩ. 

ᴆʨʪ ʢʦʦʧʩʫʟʜʫʛʫ ʞʝʪʠʰʩʠʟ ʢʘʤʩʳʟʜʘʣʛʘʥ. 

ʂʦʦʧʪʫʫ ʞʫʤʫʰʪʘʨʜʘ ʞʝʪʠʰʪװװ ʰʘʡʤʘʥʜʘʨ ʞʦʢ. 

ɸʜʘʤʜʳʢ ʬʘʢʪʦʨʣʦʨ: 

ɾʫʤʫʰʯʫʣʘʨʜʳʥ ʞʝʢʝ ʵʪʠʷʪʩʳʟʜʳʛʳ. 

ɾʫʤʫʰ ʫʙʘʢʪʳʩʳʥʜʘ ʵʨʝʞʝʣʝʨʜʠ ʙʫʟʫʫ. 

 

ʂʝʣʝʯʝʢʪʝ ʤʳʥʜʘʡ ᴇʥʜװʨװʰʪװʢ ʢʳʨʩʳʢʪʘʨʜʳ ʘʟʘʡʪʫʫ ʤʘʢʩʘʪʳʥʜʘ ʪᴇʤᴇʥʢװ ʯʘʨʘʣʘʨʜʳ 

ʩʫʥʫʰʪʦʦʛʦ ʙʦʣʦʪ: 

1. ʂʦʦʧʩʫʟʜʫʢ ʵʨʝʞʝʣʝʨʠʥ ʢװʯᴇʪװװ ï ʙʘʨʜʳʢ ʞʫʤʫʰʯʫʣʘʨʜʳ ʵʤʛʝʢ ʢʦʦʧʩʫʟʜʫʛʫ 

ʙʦʶʥʯʘ ʞʦʛʦʨʢʫ ʜʝשʛʵʵʣʜʝ ʦʢʫʪʫʫ, ʥʪʝʨʘʢʪʠʚʜװװ ʢʦʦʧʩʫʟʜʫʢ ʪʨʝʥʠʥʛʜʝʨʠʥ ᴇʪʢᴇʨװװ ʞʘʥʘ 

ʢʦʦʧʪʫʫ ʞʫʤʫʰʪʘʨʛʘ ʢᴇʟᴇʤᴇʣʜװ ʢװʯᴇʪװװ. 

2. ɾʘʙʜʫʫʣʘʨʜʳ ʞʘשʳʣʦʦ ʞʘʥʘ ʪʝʭʥʠʢʘʣʳʢ ʢᴇʟᴇʤᴇʣʜװ ʢװʯᴇʪװװ-ʵʩʢʠʨʛʝʥ ʞʘʙʜʫʫʣʘʨʜʳ 

ʫʙʘʛʳʥʜʘ ʞʘשʳʣʦʦ, ᴇʨʪ ʢʦʦʧʩʫʟʜʫʛʫʥ ʞʦʛʦʨʫʣʘʪʫʫ װʯװʥ ʘʚʪʦʤʘʪʪʳʢ ʩʠʩʪʝʤʘʣʘʨʜʳ ʦʨʥʦʪʫʫ 

ʞʘʥʘ ʢʦʦʧʪʫʫ ʞʫʤʫʰʪʘʨ װʯװʥ ʘʪʘʡʳʥ ʰʘʡʤʘʥʜʘʨʜʳ ʢʘʤʩʳʟ ʢʳʣʫʫ. 

3. ɸʜʘʤʜʳʢ ʬʘʢʪʦʨʣʦʨʜʫ ʞᴇʥʛᴇ ʩʘʣʫʫ- ʞʫʤʫʰʯʫʣʘʨʜʳ ʠʰʢʝ ʢʠʨʛʠʟװװʜᴇ ʢʦʦʧʩʫʟʜʫʢ 

ʙʦʶʥʯʘ ʜʘʡʳʤʘ ʦʢʫʧ ʪʫʨʫʫʩʫ ʞʘʥʘ ᴇʟװʥ ʢᴇʟᴇʤᴇʣʜᴇᴇʩװ, ʤʘʩ ʘʙʘʣʜʘ ʞʫʤʫʰʢʘ ʯʳʛʫʫʛʘ ʞʦʣ 

ʙʝʨʙᴇᴇ ʞʘʥʘ ʢʦʦʧʪʫʫ ʞʫʤʫʰʪʘʨʜʘ ʪʘʞʨʳʡʙʘʩʳʟ ʢʳʟʤʘʪʢʝʨʣʝʨʜʠ ʢʦʣʜʦʥʙʦʦ. [4,6,7] 

ɾʳʡr ʥʪʳʢ. 
çʏʘʢʘʥ ɻʕʉè ɸɸʂʫ ʂʳʨʛʳʟʩʪʘʥʜʳʥ ʵʥʝʨʛʝʪʠʢʘ ʪʘʨʤʘʛʳʥʜʘʛʳ ʤʘʘʥʠʣװװ 

ʤʝʢʝʤʝʣʝʨʜʠʥ ʙʠʨʠ ʙʦʣʫʧ, ʘʟʳʨʢʳ ʫʯʫʨʜʘ ᴇʣʢᴇʥװʥ ʪʫʨʫʢʪʫʫ ᴇʥװʛװװʩװʥᴇ ʞʘʥʘ ʵʥʝʨʛʠʷ ʤʝʥʝʥ 

ʢʘʤʩʳʟʜʦʦʩʫʥʘ ʦʣʫʪʪʫʫ ʩʘʣʳʤ ʢʦʰʫʧ ʢʝʣʝʪ. ʂʦʦʧʩʫʟʜʫʢ ʯʘʨʘʣʘʨʳʥ ʞʘʢʰʳʨʪʫʫ, ʞʘשʳ 




