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(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʈɸɿʈɸɹʆʊʂɸ ʀ ɸʅɸʃʀɿ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ ʉʀʉʊɽʄ 

ɺʆɿɹʋɾɼɽʅʀʗ ʊʋʈɹʆɻɽʅɽʈɸʊʆʈʆɺ ʅɸ ɹɸɿɽ ʇʂ MATLAB 

 

ʉʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ (ʉɻ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʵʥʝʨʛʦʩʠʩʪʝʤ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʚʩʝʡ 

ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʉʠʩʪʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ (ʉɺ) ʛʝʥʝʨʘʪʦʨʘ ʦʪʚʝʯʘʝʪ ʟʘ ʝʛʦ 

ʥʘʜʝʞʥʫʶ ʠ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [2]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ ʩʠʩʪʝʤʳ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ. 

ɺ ʩʠʩʪʝʤʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʦʜʥʦʤ ʚʘʣʫ ʩ ʛʝʥʝʨʘʪʦʨʦʤ 

ʥʘʭʦʜʠʪʩʷ ʚʦʟʙʫʜʠʪʝʣʴ - ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɺ 

ʩʠʩʪʝʤʝ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ ʧʠʪʘʥʠʝ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ 

ʚʳʚʦʜʦʚ ʛʝʥʝʨʘʪʦʨʘ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʥʠʞʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠ 

ʚʳʧʨʷʤʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʥʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘʭ (ʊɻ) 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ: 

           1) ʉʠʩʪʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ (ʉɺɺ) ï ʜʘʥʥʳʡ ʪʠʧ ʦʪʥʦʩʠʪʩʷ 

ʢ ʩʠʩʪʝʤʘʤ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʙʫʜʠʪʝʣʝʤ ɺɻʊ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʪʨʸʭʬʘʟʥʳʡ 

ʠʥʜʫʢʪʦʨʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʦʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʚʘʣʦʤ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ. 

ʅʘʧʨʷʞʝʥʠʝ ɺɻʊ ʚʳʧʨʷʤʣʷʝʪʩʷ ʚʳʧʨʷʤʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ (ɺʋ) ʠ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ 

ʜʝʡʩʪʚʠʷ (ɸʈɺ ʇɼ).  

           2) ʉʠʩʪʝʤʘ ʪʠʨʠʩʪʦʨʥʘʷ ʥʝʟʘʚʠʩʠʤʘʷ (ʉʊʅ) ʠ ʩʠʩʪʝʤʘ ʪʠʨʠʩʪʦʨʥʘʷ 

ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ (ʉʊʉ). ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʫʛʣʘ ʦʪʢʨʳʪʠʷ ʚʝʥʪʠʣʝʡ (ʪʠʨʠʩʪʦʨʦʚ), ʫʛʦʣ ʢʦʪʦʨʳʭ ʫʧʨʘʚʣʷʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ). ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫ ʉʊʅ ʠʤʝʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʢʦʪʦʨʳʡ ʚʳʨʘʙʘʪʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʕʕ ʜʣʷ ʧʠʪʘʥʠʷ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ 

ʊɻ. ʂʦʛʜʘ ʉʊʉ ʧʦʣʫʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʧʠʪʘʥʠʝ ʩ ʚʳʚʦʜʦʚ ʊɻ ʯʝʨʝʟ 

ʚʳʧʨʷʤʠʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. 

 3) ɹʝʩʱʸʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ï ʩʠʩʪʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʊɻ, ʚ 

ʢʦʪʦʨʦʡ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʦʪ ʚʦʟʙʫʜʠʪʝʣʷ ʢ ʦʙʤʦʪʢʝ ʚʦʟʙʫʞʜʝʥʠʷ ʊɻ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʦʣʴʟʷʱʝʛʦ ʱʝʪʦʯʥʦʛʦ ʢʦʥʪʘʢʪʘ. 

 ʈʘʟʚʠʪʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʝʤ ʛʝʥʝʨʘʪʦʨʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ 
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ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ 

ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʚʟʘʤʝʥ ʫʩʪʘʨʝʚʰʠʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʊɻ. 

 ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʨʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʠʧ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʊɻ ʊɺɺ-320 ʠ ʩʠʩʪʝʤʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʩʪʘʨʦʛʦ ʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘʱʠʪ ʛʝʥʝʨʘʪʦʨʘ. ʅʘ ʜʘʥʥʦʤ ʪʠʧʝ ʊɻ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʩʠʩʪʝʤʫ ʚʦʟʙʫʞʜʝʥʠʷ ʉɺɺ. ʇʨʦʚʝʜʝʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʙʦʪʳ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʟʘʤʝʥʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʥʦʚʫʶ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ ʉʊʉ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʤ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ 

Simulink ʠʟ ʧʨʦʛʨʘʤʤʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ Matlab. ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʝʪʴ (ʨʠʩ.1), ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʊɻ, ʚ ʙʣʦʢ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ 

(ʊʩ.ʥ.) ʠ ʙʣʦʯʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ (ʊɹ), ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ (ʃʕʇ), ʩʠʩʪʝʤʘ 

ʙʝʩʢʦʥʝʯʥʦʡ ʤʦʱʥʦʩʪʠ (ʉ) ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʜʣʷ ʧʠʪʘʥʠʷ ʥʘʛʨʫʟʢʠ (ʊʥ). 

ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ 

 
ʈʠʩʫʥʦʢ 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʚ ʇʂ Matlab (Simulink) 

  

ʈʘʩʩʤʦʪʨʠʤ ʙʣʦʢ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ ʉɺɺ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʧʘʢʝʪ 

Simulink. ɼʘʥʥʳʡ ʙʣʦʢ, ʘ ʪʘʢʞʝ ʝʛʦ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʫʧʨʘʚʣʷʶʱʠʡ ʜʠʦʜʥʳʤ 

ʚʳʧʨʷʤʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʧʦ ʩʭʝʤʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʯʪʦʙʳ 

ʧʨʦʠʟʚʝʩʪʠ ʧʦʣʝʚʦʝ ʥʘʧʨʷʞʝʥʠʝ Vf, ʪʨʝʙʫʝʤʦʝ ʙʣʦʢʦʤ ʊɻ ʊɺɺ-320. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʮʝʧʠ ʟʘʧʘʟʜʳʚʘʥʠʷ-ʦʧʝʨʝʞʝʥʠʷ (ʧʝʨʝʭʦʜʥʦʝ ʩʥʠʞʝʥʠʝ ʫʩʠʣʝʥʠʷ).  

ʀʩʧʦʣʴʟʫʝʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʤ ʦʥʠ 

ʧʨʠʥʘʜʣʝʞʘʪ:  ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʡ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʜʘʪʯʠʢ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʣʝʤʤʘʭ ʩʪʘʪʦʨʘ,  ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ,  ï ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʳʭʦʜʥʳʝ 

ʧʨʝʜʝʣʳ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ,  ï ʫʩʠʣʠʪʝʣʴ ʠ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʧʨʦʠʟʚʦʜʥʫʶ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ,  ï ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ, 

ʢʦʪʦʨʳʡ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʤʧʝʥʩʘʪʦʨʫ ʦʧʝʨʝʞʝʥʠʷ-ʟʘʧʘʟʜʳʚʘʥʠʷ 

ʩʥʠʞʝʥʠʷ-ʫʩʠʣʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ,  ï ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʚʦʟʙʫʜʠʪʝʣʴ ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʙʣʦʢ SaluraSon ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ 

ʬʫʥʢʮʠʶ ʥʘʩʳʱʝʥʠʷ ʚʦʟʙʫʜʠʪʝʣʷ, ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʙʣʦʢʘ ʧʦʜʙʠʨʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʞʠʜʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʦʟʙʫʜʠʪʝʣʷ,  ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ (ʬʫʥʢʮʠʷ ʨʝʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚʦʟʙʫʜʠʪʝʣʷ ʠ 

ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʚʳʧʨʷʤʠʪʝʣʷ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʢʦʤʤʫʪʠʨʫʶʱʝʤʫ ʨʝʘʢʪʠʚʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ. 

 
ʈʠʩʫʥʦʢ 3. ɹʣʦʢ ʉɺɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ Simulink 

 

ʈʘʩʩʤʦʪʨʠʤ ʙʣʦʢ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ ʉʊʉ. ɼʘʥʥʳʡ ʙʣʦʢ, ʘ ʪʘʢʞʝ ʝʛʦ ʩʭʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. ʆʥ ʤʦʜʝʣʠʨʫʝʪ ʩʠʩʪʝʤʫ ʚʦʟʙʫʞʜʝʥʠʷ, 

ʛʜʝ ʧʠʪʘʥʠʝ ʥʘ ʫʧʨʘʚʣʷʝʤʳʡ ʤʦʩʪʦʚʦʡ ʚʳʧʨʷʤʠʪʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʠʟ ʩʝʙʷ 

ʪʠʨʠʩʪʦʨʥʫʶ ʤʦʩʪʦʚʫʶ ʩʭʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʨʤʠʥʘʣʘʤʠ ʛʝʥʝʨʘʪʦʨʘ ʯʝʨʝʟ 

ʚʳʧʨʷʤʠʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʰʠʥʘʭ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ.  

ɺ ʩʭʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʙʣʦʢʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʭʦʜʥʳʝ ʧʨʝʜʝʣʳ 

ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ - , ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ʦʧʝʨʝʞʝʥʠʷ ʠ 

ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʥʠʞʝʥʠʷ-ʫʩʠʣʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʠʩʪʝʤʘʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩʦʩʪʦʷʱʠʝ ʠʟ ʯʝʪʳʨʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʤʠʤʦ 

ʵʪʦʛʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʫʩʠʣʝʥʠʝ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ 

ʚʦʟʙʫʞʜʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 4. ɹʣʦʢ ʉʊʉ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ Simulink 

  

ʇʨʦʠʟʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 10%, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʡ ʤʦʜʝʣʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʵʪʠʭ ʩʠʩʪʝʤ. 

ʅʘʠʙʦʣʝʝ ʪʷʞʝʣʳʤʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʝʛʦ 

ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ 

ʨʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʧʨʠ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʦʤ 

ʨʝʞʠʤʝ ʪʨʸʭʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʂɿ) ʫ ʧʦʪʨʝʙʠʪʝʣʷ. ʇʦʣʫʯʝʥʳ 

ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʚʝʣʠʯʠʥ ʨʘʙʦʪʳ ʉɺ ʧʨʠ ʪʨʸʭʬʘʟʥʦʤ ʂɿ ʨʠʩʫʥʦʢ 5, 

ʘ ʠʤʝʥʥʦ: ʦʙʦʨʦʪʳ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ , ʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ , ʥʘʧʨʷʞʝʥʠʝ 

ʚʦʟʙʫʞʜʝʥʠʷ  ʠ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʪʦʨʘ ʊɻ . 

 ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʤʝʪʥʳ ʚʦʟʤʫʱʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ 

ʥʝʩʦʙʣʶʜʝʥʠʝʤ ʫʩʣʦʚʠʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ ʩ ʩʝʪʴʶ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʦʙʦʨʦʪʳ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʪʦʨʘ ʊɻ ʚʧʘʜʘʶʪ ʚ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʥʷʪʴ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʪʦʨʘ ʊɻ, ʩʠʩʪʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘʯʠʥʘʝʪ 

ʚʳʧʦʣʥʷʪʴ ʬʦʨʩʠʨʦʚʢʫ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʫʛʦʣ ʦʪʢʨʳʪʠʷ 

ʪʠʨʠʩʪʦʨʦʚ ʚ ʉʊʉ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ, ʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʠʝ ʊɻ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦ, ʯʪʦ 

ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦʙ ʨʝʘʢʮʠʠ ʉɺɺ, ʪʘʢ ʢʘʢ ʪʘʤ ʥʝʪ ʥʘʩʪʦʣʴʢʦ ʪʦʯʥʦʛʦ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ  

2.7 ï 2.8 ʩʝʢ. ʧʨʦʠʩʭʦʜʠʪ ʪʨʸʭʬʘʟʥʦʝ ʂɿ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʩʠʩʪʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴ ʬʦʨʩʠʨʦʚʢʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʜʜʝʨʞʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʪʦʨʘ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ.  

 ɸʥʘʣʠʟʠʨʫʷ, ʛʨʘʬʠʢʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ 

ʉʊʉ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʳʟʚʘʥʥʳʝ, ʠʟʤʝʥʝʥʠʝʤ 

ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ ʊɻ ʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʜʦʩʪʠʛʘʝʪ ʧʦʪʦʣʢʘ ʬʦʨʩʠʨʦʚʢʠ, ʨʘʚʥʳʤ 3 

ʜʣʷ ʉʊʉ ʠ 2 ʜʣʷ ʉɺɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʦʟʚʨʘʱʘʝʪ 

ʥʘʧʨʷʞʝʥʠʝ ʊɻ ʚ ʥʦʨʤʫ ʟʘ 2.85 ʩʝʢʫʥʜʳ, ʢʦʛʜʘ ʫ ʉɺɺ ʵʪʦ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ 3.05 

ʩʝʢʫʥʜʳ.  
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ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 5. ɻʨʘʬʠʢʠ ʨʘʙʦʪ ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʪʨʝʭʬʘʟʥʦʤ ʂɿ 

ʘ) ʉɺɺ      ʙ) ʉʊʉ 

  

ɺʳʚʦʜʳ 

 

1. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çMatlabè ʩʦʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʝʧʠ ʠ ʧʨʦʠʟʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʠ ʧʨʦʚʝʨʢʘ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʝʝ ʨʘʙʦʪʳ. ʇʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 10%.  

2. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʉʊʉ ʙʦʣʴʰʝ ʥʘ 0.2-0.3 ʩʝʢʫʥʜʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ ʉɺɺ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ 

ʛʝʥʝʨʘʪʦʨʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ.  

3. ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʦʢʘʟʘʣ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʉʊʈɸʊɽɻʀʗ ʋʇʈɸɺʃɽʅʀʗ ʕʅɽʈɻʀɽʁ ɼʃʗ ʈɽɿɽʈɺʅʆɻʆ 

ʕʅɽʈɻʆʉʅɸɹɾɽʅʀʗ ʀɿ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ʀʉʊʆʏʅʀʂʆɺ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʜʣʷ ʩʠʩʪʝʤʳ ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʘʷ ʢʦʦʨʜʠʥʠʨʫʝʪ 

ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʚ ʤʠʢʨʦʩʝʪʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ.  

ʄʥʦʛʦʦʙʨʘʟʠʝ ʣʦʢʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʠʢʨʦʩʝʪʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʝʣʘʝʪ ʩʪʨʘʪʝʛʠʶ 

ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʜʣʷ ʩʠʩʪʝʤʳ ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʜʦʨʦʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʚʳʨʘʙʘʪʳʚʘʶʱʝʝ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʚʦʜʦʨʦʜʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ, ʠ 

LiFePO4 ʘʢʢʫʤʫʣʷʪʦʨ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʩʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʤʠʢʨʦʩʠʩʪʝʤʘʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.  
ʈʠʩʫʥʦʢ 1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʤʠʢʨʦʩʠʩʪʝʤʘʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʅʝʩʪʘʙʠʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʝ ʩʝʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ 

ʩʪʘʙʠʣʴʥʦʝ ʨʝʟʝʨʚʥʦʝ ʧʠʪʘʥʠʝ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 
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ʛʝʥʝʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʜʦʧʦʣʥʷʝʪʩʷ ʨʝʟʝʨʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʜʦʨʦʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ ʩʯʠʪʘʝʪʩʷ ʠʜʝʘʣʴʥʳʤ 

ʨʝʟʝʨʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʚ ʤʠʢʨʦʩʝʪʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ [1]. ʏʪʦʙʳ 

ʫʣʫʯʰʠʪʴ ʦʪʢʣʠʢ ʩʠʩʪʝʤʳ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ 

ʦʙʳʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʦʧʣʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʧʝʨʝʭʦʜʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʪʧʨʘʚʢʠ ʢʦʤʘʥʜ ʧʠʪʘʥʠʷ ʢʘʢ ʜʣʷ ʚʦʜʦʨʦʜʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ LiFePO4 ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ. 
ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʛʝʥʝʨʘʮʠʠ. 

ʆʜʥʘʢʦ ʥʘʛʨʫʟʢʘ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʘʢʢʫʤʫʣʷʪʦʨʘ. ʂ ʚʦʜʦʨʦʜʥʦʤʫ ʪʦʧʣʠʚʥʦʤʫ ʵʣʝʤʝʥʪʫ ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʨʘʪʝʛʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʘʢʢʫʤʫʣʷʪʦʨ. ʉʭʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʰʠʥʦʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ʙʘʪʘʨʝʠ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʦʪʨʝʙʣʝʥʠʷ.  

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʥʘʛʨʫʟʢʦʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʰʠʥʦʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʂʦʛʜʘ ʦʙʱʘʷ 

ʛʝʥʝʨʠʨʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʧʦʪʨʝʙʣʷʝʤʫʶ, ʙʘʪʘʨʝʷ ʥʘʢʘʧʣʠʚʘʝʪ 

ʵʥʝʨʛʠʶ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥʘ ʨʘʟʨʷʞʘʝʪ ʵʥʝʨʛʠʶ. ʉʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʰʠʥʦʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʙʘʣʘʥʩʠʨʫʝʪ ʤʦʱʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʩʠʩʪʝʤʳ. ʋʯʠʪʳʚʘʷ ʦʛʨʘʥʠʯʝʥʥʫʶ ʝʤʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ 

ʩʠʩʪʝʤʳ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʝʧʝʥʠ ʟʘʨʷʞʝʥʥʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʘ (SOC) ʥʘ 

ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʞʠʤʳ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʟʘʨʷʜʢʠ ʠ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʨʘʟʨʷʜʢʠ. ɸʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʦʚ ʨʝʞʠʤʦʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣ ̫
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ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʜʚʦʡʥʳʤ ʘʢʪʠʚʥʳʤ ʤʦʩʪʦʤ (DAB) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ ʰʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 
ʈʠʩʫʥʦʢ 3. ɸʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜ ʨʝʞʠʤʦʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ DAB ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ ʰʠʥʳ. 

1) ʈʝʞʠʤ ʨʘʟʨʷʜʢʠ: 

ʂʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʠʞʝ , 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ DAB ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʨʘʟʨʷʜʢʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʰʠʥʘ 
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ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ . ɽʩʣʠ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʠʯʠʥʝ 

ʥʘʧʨʷʞʝʥʠʝ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʩʝ ʝʱʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʙʦʣʝʝ ʯʝʤ 

, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ DAB ʧʝʨʝʭʦʜʠʪ ʚ Υʝʞʠʤ ʧʦʢʦʷ. 

2) ʈʝʞʠʤ ʟʘʨʷʜʢʠ: 

ʂʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʝʚʳʰʘʝʪ , 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ DAB ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʟʘʨʷʜʢʠ. ʆʪʥʳʥʝ ʥʘʧʨʷʞʝʥʠʝ 

DC-ʰʠʥʳ ʙʫʜʝʪ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʪ . ɽʩʣʠ ʧʦ 

ʢʘʢʦʡ-ʣʠʙʦ ʧʨʠʯʠʥʝ ʥʘʧʨʷʞʝʥʠʝ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʩʝ ʝʱʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʫʨʦʚʥʷ ʥʠʞʝ , ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ DAB ʧʝʨʝʭʦʜʠʪ ʚ 

ʨʝʞʠʤ ʧʦʢʦʷ. 

3) ʈʝʞʠʤ ʧʦʢʦʷ: 

ʂʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʝʚʳʰʘʝʪ  ʠʣʠ ʥʠʞʝ 

, ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʧʦʢʦʷ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ 

DAB-ʢʦʥʚʝʨʪʝʨ ʥʝ ʘʢʪʠʚʝʥ. ʂʦʛʜʘ ʦʙʱʘʷ ʛʝʥʝʨʘʮʠʷ ʙʦʣʴʰʝ (ʤʝʥʴʰʝ), ʯʝʤ 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʥʘʛʨʫʟʢʘ, ʘ ʰʠʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʳʰʝ, ʯʝʤ  (ʥʠʞʝ 

), ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʟʘʨʷʜʢʠ (ʨʘʟʨʷʜʢʠ). 

ʈʝʞʠʤ ʧʦʢʦʷ - ʵʪʦ ʙʫʬʝʨ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʤʝʞʜʫ ʨʝʞʠʤʦʤ ʟʘʨʷʜʢʠ ʠ ʨʘʟʨʷʜʢʠ.  

4) ʈʝʞʠʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʨʘʟʨʷʜʢʠ: 

ʂʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ  ʧʨʝʚʳʰʘʝʪ , 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ DAB ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʠʟ ʨʝʞʠʤʘ ʟʘʨʷʜʢʠ ʚ ʨʝʞʠʤ ʧʦʢʦʷ. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʠʞʝ , 

ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʠʟ ʨʝʞʠʤʘ ʧʦʢʦʷ ʚ ʨʝʞʠʤ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʨʘʟʨʷʜʢʠ.  

5) ʈʝʞʠʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʟʘʨʷʜʢʠ: 

ʂʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʙʘʪʘʨʝʠ  ʥʠʞʝ , ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʩʠʩʪʝʤʘ 

ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʠʟ ʨʝʞʠʤʘ ʨʘʟʨʷʜʢʠ ʚ ʨʝʞʠʤ ʧʦʢʦʷ. ɽʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʰʠʥʳ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʚʳʰʘʝʪ , ʙʘʪʘʨʝʷ ʩʠʩʪʝʤʘ 

ʧʝʨʝʭʦʜʠʪ ʠʟ ʨʝʞʠʤʘ ʧʦʢʦʷ ʚ ʨʝʞʠʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʟʘʨʷʜʢʠ. ʕʪʦ ʜʝʣʘʝʪʩʷ 

ʜʣ̫ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʰʠʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ 

ʘʢʢʫʤʫʣʷʪʦʨʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ LiFePO4 

ʘʢʢʫʤʫʣʷʪʦʨʳ [2]. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʯʨʝʟʤʝʨʥʦʡ ʟʘʨʷʜʢʠ ʠ ʨʘʟʨʷʜʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ SOC. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʬʦʨʤʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʪʨʫʜʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʴʥʦʡ ʵʥʝʨʛʠʝʡ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʠ 

ʙʝʟʚʨʝʜʥʳ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʩʪʘʙʠʣʴʥʦʛʦ 

ʧʠʪʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ.  

ɺʨʝʤʷ ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʠʟ-ʟʘ ʯʘʩʪʦʛʦ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʦʧʝʨʘʮʠʷʤʠ ʟʘʨʷʜʢʠ ʠ ʨʘʟʨʷʜʢʠ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʘʢʢʫʤʫʣʷʪʦʨ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʭʝʤʘ 
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ʫʧʨʘʚʣʝʥʠʷ ʰʠʥʦʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʙʘʪʘʨʝʡʥʳʤ ʙʣʦʢʦʤ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʛʝʥʝʨʘʮʠʠ. ɺʦʜʦʨʦʜʥʳʡ ʪʦʧʣʠʚʥʳʡ 

ʵʣʝʤʝʥʪ ʠ LiFePO4 ʙʘʪʘʨʝʷ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚʤʝʩʪʝ.  
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ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆɻʈɸʅʀʏɽʅʀʗ ʊʆʂʆɺ ʂʆʈʆʊʂʆɻʆ 

ɿɸʄʓʂɸʅʀʗ ɺ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉɽʊʗʍ ʄɽɻɸʇʆʃʀʉʆɺ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɸʉʀʅʍʈʆʅʀɿʀʈʆɺɸʅʅʓʍ 

ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃ+ɽʁ ʏɸʉʊʆʊʓ 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʥʘʙʞʝʥʠʷ ʤʝʛʘʧʦʣʠʩʦʚ 

ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʨʘʩʰʠʨʷʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ 

ʬʘʢʪʦʨʦʚ [1]. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʯʠʩʣʘ ʧʦʪʨʝʙʠʪʝʣʝ [2]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩ 

2011 ʥʘʩʝʣʝʥʠʝ ʄʦʩʢʚʳ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 1,5 ʤʣʥ ʯʝʣʦʚʝʢ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʦ 150 

ʥʦʚʳʭ ʩʪʘʥʮʠʡ ʤʝʪʨʦ ʠ ʩʜʘʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʦʩʪʨʦʝʢ [2]. ʊʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʦʪʨʘʞʘʪʁʩʷ ʥʘ ʢʦʣʠʯʝʩʪʚʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʛʦʨʦʜʘ [3]. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʠʣʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʦʥʠʞʘʶʱʠʭ ʧʦʜʩʪʘʥʮʠʡ ʩʭʝʤʳ, ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʠ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʡ 

ʠ ʥʘʜʸʞʥʦʡ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ï ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʦʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ [4], ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ 

ʦʧʠʩʘʥʳ ʠ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ 

ʩʠʩʪʝʤʝ. 

ʉʦʛʣʘʩʥʦ [5], ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ ʤʝʩʪʘʤʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩ ʙʦʣʴʰʠʤʠ 

ʪʦʢʘʤʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʭʦʜʥʳʝ ʧʦʜʩʪʘʥʮʠʠ, 
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ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʨʘʡʦʥʦʚ. ʊʦʢʠ ʂɿ ʚ 

ʩʣʫʯʘʝ ʘʚʘʨʠʡ ʥʘ ʧʨʠʣʝʞʘʱʠʭ ʢ ʥʠʤ ʦʙʲʝʢʪʘʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ 

ʢʠʣʦʘʤʧʝʨ.  

ʇʨʠʤʝʨʦʤ ʦʜʥʦʛʦ ʠʟ ʫʷʟʚʠʤʳʭ ʤʝʩʪ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʫʯʘʩʪʦʢ ʩʝʪʠ 220 ʢɺ ʦʪ 

ʇʉ ʃʝʩʥʘʷ ʜʦ ʇʉ ʅʠʢʫʣʠʥʦ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʛʦʨʦʜʘ ʄʦʩʢʚʳ 

(ʈʠʩ.1).  

ʀʟ ʨʠʩ.1 ʚʠʜʥʦ, ʯʪʦ ʧʦ ʜʘʥʥʦʤʫ ʫʯʘʩʪʢʫ ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʛʦʨʦʜʘ ʧʦ ʩʝʪʷʤ 220 ʢɺ. ʊʘʢʞʝ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʇʉ 

çʍʦʚʘʥʩʢʘʷè ʠ ʇʉ çʅʠʢʫʣʠʥʦè ʧʦ ʜʘʥʥʳʤ ɸʀʀʉʂʋʕ ʟʘ 2020 ʛʦʜ, ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʨʘʡʦʥʘʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʜʘʥʥʳʭ ʬʘʢʪʘʭ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʚʝʨʭʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ.  

ʊʦʢʠ ʂɿ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʦʙʫʩʣʦʚʣʝʥʳ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʩʦʩʪʘʚʘ ʘʛʨʝʛʘʪʦʚ ʠ ʚʘʨʴʠʨʫʶʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ ʘʚʘʨʠʠ ʠ ʫʜʘʣʝʥʥʦʩʪʠ ʧʦʜʩʪʘʥʮʠʠ ʦʪ ʤʝʩʪʘ 

ʘʚʘʨʠʠ.  

 
ʈʠʩ.1. ʋʯʘʩʪʦʢ ʩʝʪʠ 220 ʢɺ ʦʪ ʇʉ ʃʝʩʥʘʷ ʜʦ ʇʉ ʅʠʢʫʣʠʥʦ 

 

ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʦʚ ʂɿ (ʘ ʪʘʢʞʝ ʠ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʭʝʤʝ) ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ 

ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʚ ʩʭʝʤʝ, ʦʧʠʩʘʥʥʳʡ ʚ [6]. ʅʦ ʪʘʢʦʡ ʚʘʨʠʘʥʪ 

ʨʝʰʝʥʠʷ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʧʫʩʪʠʤʦʡ ʧʝʨʝʛʨʫʟʢʝ ʦʩʪʘʣʴʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ 

ʛʦʨʦʜʘ ʩ ʚʥʝʰʥʝʡ ʛʝʥʝʨʘʮʠʝʡ, ʧʦʵʪʦʤʫ ʥʝ ʨʝʢʦʤʝʥʜʫʝʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʊʘʢʞʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʣʠʥʝʡʥʳʝ ʨʝʘʢʪʦʨʳ, ʥʦ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʫʚʝʣʠʯʝʥʥʳʡ ʨʘʙʦʯʠʡ ʪʦʢ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ, 

ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʝʧʨʠʝʤʣʝʤʦʛʦ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ɻʆʉʊ [7].  
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ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ 

ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʤʝʛʘʧʦʣʠʩʦʚ ʩ ʧʦʤʦʱʴʶ 

ʚʩʪʘʚʦʢ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ (ɸʉʕʄʇʏ) [8]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʪʴ ʠ ʦʙʦʩʥʦʚʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʪʘʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʥʘ 

ʦʙʱʝʤ ʧʨʠʤʝʨʝ, ʫʯʠʪʳʚʘʶʱʝʤ ʩʧʝʮʠʬʠʢʫ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧ ʨʝʘʣʠʟʘʮʠʠ ɸʉʕʄʇʏ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ [9], ʚʘʣʳ ʢʦʪʦʨʳʭ ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʩʪʘʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʨʘʟʲʝʜʠʥʝʥʠʷ (ʨʠʩ.2).  

ʆʙʤʦʪʢʠ ʩʪʘʪʦʨʦʚ ʦʙʝʠʭ ʤʘʰʠʥ ʧʦʜʢʣʶʯʝʥʳ ʢ ʨʘʟʣʠʯʥʳʤ ʯʘʩʪʷʤ 

ʩʠʩʪʝʤʳ, ʦʙʨʘʟʫʷ ʨʘʟʜʝʣʝʥʠʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩ.2. ʂʦʥʩʪʨʫʢʮʠʷ ɸʉʕʄʇʏ. 

 
ʈʠʩ.3 ʉʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ɸʉʕʄʇʏ ʚ ʩʝʪʴ 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʘʷ ʤʘʰʠʥʘ 

ʤʘʰʠʥʘ (ʉʄ1) ʨʘʩʢʨʫʯʠʚʘʝʪʩʷ ʜʦ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩʦ 

ʚʪʦʨʦʡ (ʉʄ2) ʧʦ ʧʨʠʥʮʠʧʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ [ʫʯʝʙʥʠʢ ʧʫʩʢʘ ʛʝʥʝʨʘʪʦʨʦʚ]. ɼʘʣʝʝ 

ʦʙʝ ʤʘʰʠʥʳ ʚʢʣʶʯʘʶʪʩʷ ʚ ʩʝʪʴ, ʧʨʠʯʸʤ ʉʄ2, ʨʘʙʦʪʘʷ ʚ ʜʚʠʛʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ 

ʧʦʪʨʝʙʣʷʷ ʤʦʱʥʦʩʪʴ ʠʟ ʩʠʩʪʝʤʳ 2 (ʉ2), ʚʨʘʱʘʝʪ ʨʦʪʦʨ ʉʄ1, ʨʘʙʦʪʘʶʱʝʡ ʚ 

ʛʝʥʝʨʘʪʦʨʥʦʤ ʨʝʞʠʤʝ ʠ ʩʦʝʜʠʥʸʥʥʦʡ ʩ ʧʝʨʚʦʡ ʩʠʩʪʝʤʦʡ (ʉ1). ʊʘʢʞʝ ʚʦʟʤʦʞʥʳ 

ʦʙʨʘʪʥʳʝ ʨʝʞʠʤʳ ʩ ʧʝʨʝʜʘʯʝʡ ʤʦʱʥʦʩʪʠ ʠʟ ʉ1 ʚ ʉ2. ʊʘʢʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʉʕʄʇʏ ʵʣʝʢʪʨʠʯʝʩʢʠ ʨʘʟʜʝʣʝʥʳ 

(ʧʦʢʘ ɸʉʕʄʇʏ ʚ ʨʘʙʦʪʝ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʧʝʨʝʤʳʯʢʘ ʦʪʢʣʶʯʝʥʘ) ʠ ʠʭ ʩʚʷʟ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʚʨʘʱʝʥʠʷ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʜʚʝ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʨʘʙʦʪʘʝʪ ʥʘ ʜʚʠʛʘʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, ʘ ʜʨʫʛʘʷ ʧʦʣʫʯʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʦʪ 

ˢ˿̏˸˽̉

˿н˿м
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ʛʝʥʝʨʘʪʦʨʘ, ʨʘʚʥʦʛʦ ʧʦ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʶ (ʨʠʩ.4). ɸʛʨʝʛʘʪ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ, ʧʦʵʪʦʤʫ ʥʘ ʨʠʩ.4 ʉʄ2 ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ ʉɼ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʦʙʱʝʤ ʧʨʠʤʝʨʝ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʧʨʦʭʦʜʥʦʡ ʧʦʜʩʪʘʥʮʠʠ 220 ʢɺ, 

ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʥʘʛʨʫʟʢʫ 400 ʄɺʪ (ʧʦʜʢʣʶʯʝʥʠʝ ʧʦʨʦʚʥʫ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ) ʠ 

ʨʘʟʜʝʣʷʶʱʝʡ 2 ʯʘʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ çEnergyCS ʊʂɿè [10]. ʄʦʱʥʦʩʪʴ ɸʉʕʄʇʏ ʧʨʠʤʝʤ 200 ʄɺʪ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʈʛʝʥʉʄ1 = ʈʥʘʛʨʉʄ2 = 200 ʄɺʪ. ʉʭʝʤʳ ʤʦʜʝʣʠ ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʸʪʘ ʂɿ ʥʘ ʰʠʥʘʭ ʉ1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.5 ʠ 6 

 

 
ʈʠʩ.4 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

 

 
ʈʠʩ. 5. ʊʦʢʠ ʂɿ ʚ ʤʦʜʝʣʠ ʜʦ ʚʥʝʜʨʝʥʠʷ ɸʉʕʄʇʏ. 

 ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʉʕʄʇʏ ʚ ʢʦʥʢʨʝʪʥʦʡ 

ʤʦʜʝʣʠ ʩʫʤʤʘʨʥʳʡ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʰʠʥʘʭ ʉ1 ʩʦʢʨʘʱʘʝʪʩʷ ʧʦʯʪʠ ʥʘ 

20% (ʩ 50,6 ʢɸ ʜʦ 41,6 ʢɸ). ʇʨʠʯʸʤ, ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʦʢ ʂɿ ʦʪ ʉ2 ʩʥʠʟʠʣʩʷ 

ʙʦʣʣʝʝ, ʯʝʤ ʚ 10 ʨʘʟ (ʩ 10,75 ʢɸ ʜʦ 1,56 ʢɸ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʩʨʝʜʩʪʚ. 

ˢ˿̏˸˽̉

˿н˿м

˿˨
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ʈʠʩ. 6. ʊʦʢʠ ʂɿ ʚ ʩʠʩʪʝʤʝ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ɸʉʕʄʇʏ. 

ɺ ʠʪʦʛʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ: 

1. ʋʩʪʘʥʦʚʢʘ ʘʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʥʘ ʧʨʦʭʦʜʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ 

ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʙʦʣʴʰʦʛʦ ʛʦʨʦʜʘ ʦʪ ʩʦʩʝʜʥʝʡ ʩ ʥʠʤ ʛʝʥʝʨʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ 

ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʨʷʜʦʤ ʩ ʤʝʩʪʦʤ ʫʩʪʘʥʦʚʢʠ ʧʦʯʪʠ ʥʘ 20%, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʨʘʟʨʫʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʦʢʦʚ ʂɿ ʥʘ ʩʠʣʦʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. 

2. ʇʦʤʠʤʦ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʦʚ ʂɿ, ʫʩʪʨʦʡʩʪʚʦ ɸʉʕʄʇʏ ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

3. ʆʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʯʝʤ ʚʩʪʘʚʢʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʦʥʦ ʧʦʣʫʯʠʣʘ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʯʝʤ ɺʇʊ. 

4. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʚʥʝʜʨʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʣʦʞʥʦʩʪʴ ʚ ʥʘʩʪʨʦʡʢʝ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. 
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ɼ.ɸ. ʀʚʘʥʦʚ, ʩʪʫʜ.;ʅ.ʉ. ʇʠʪʝʨʩʢʠʡ, ʩʫʪʜ.; ʨʫʢ. ʉ.ɸ. ʐʫʥʘʝʚ, ʩʪ. ʧʨ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʇɽʈɽɼɸʏɸ ɼɸʅʅʓʍ ɺ ʈɸʄʂɸʍ ʊɽʃɽʄɽʊʈʀʏɽʉʂʆɻʆ ʂʆʅ-

ʊʈʆʃʗ ʇʆɼɺɽʉʅʆʁ ʀɿʆʃʗʎʀʀ 

 
ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʜʚʝʩʥʦʡ ʠʟʦ-

ʣʷʮʠʠ [1], ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʠʜʝʷ, ʦʩʥʘʱʝʥʠʷ ʢʘʞʜʦʡ ʛʠʨʣʷʥʜʳ ʠʟʦʣʷʪʦʨʦʚ 

ʩʦʙʩʪʚʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʢʦʥʪʨʦʣʷ (ʜʘʪʯʠʢʦʤ) ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʝʤʢʦʩʪʥʦʤ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʠ, ʚʢʣʶʯʝʥʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʛʠʨʣʷʥʜʦʡ, ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʘʥʘʣʫ ʧʝʨʝʜʘʶʪʩʷ  ʚ ʝʜʠʥʫʶ ʩʝʪʴ ʩ ʮʝʥʪʨʦʤ ʩʙʦʨʘ 

ʜʘʥʥʳʭ, ʛʜʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʧʦʚʨʝʞʜʝʥʠʷ ʚ 

ʠʟʦʣʷʮʠʠ, ʦʜʥʠʤʠ ʠʟ ʢʣʶʯʝʚʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩ ̫ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʧʨʦʪʦʢʦʣʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʢʦʣʦʚ ʜʘʥʥʳʭ ʩʚʝʜʝʤ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʫ 

1. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʚʟʷʪʳ ʩ ʦʬʠʮʠʘʣʴʥʳʭ ʩʘʡʪʦʚ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʝʡ. 
ʊʘʙʣʠʮʘ 1. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʢʦʣʦʚ ʩʚʷʟʠ 

 LoRaWAN ZigBee ʉʊʈʀɾ.XNB NB-IoT 

ʉʪʨʘʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʉʐɸ ʂʠʪʘʡ ʈʦʩʩʠʷ ʂʠʪʘʡ 

ʏʘʩʪʦʪʳ ʦʪ 863 ʜʦ 870 

ʄɻʮ, ʦʪ 902 

ʜʦ 928 ʄɻʮ, 

ʦʪ 779 ʜʦ 787 

ʄɻʮ 

868 ʄɻʮ, 915 

ʄɻʮ, 2450 

ʄɻʮ 

868,8 ʄɻʮ 890-915 ʄɻʮ, 

935-960 ʄɻʮ 

ɼʘʣʴʥʦʩʪʴ ɼʦ 20 ʢʤ ɼʦ 100 ʤ ɼʦ 50 ʢʤ ɼʦ 15 ʢʤ 

ʇʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʴ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 

ʉʢʦʨʦʩʪʴ ʅʝʚʳʩʦʢʘʷ ʅʝʚʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

ʇʨʦʥʠʢʘʶʱʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ 

ɺʳʩʦʢʘʷ ʅʝʚʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ʐʠʬʨʦʚʘʥʠʝ ɼʘ ɼʘ ɼʘ ʅʝʪ 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉʨʝʜʥʝʝ ʅʠʟʢʦʝ ɺʳʩʦʢʦʝ ʅʠʟʢʦʝ 

ɼʦʩʪʫʧʥʦʩʪʴ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʚ ʈʌ 

ɼʦʩʪʫʧʥʦ ɼʦʩʪʫʧʥʦ ɼʦʩʪʫʧʥʦ ʉʨʝʜʥʝʡ ʜʦ-

ʩʪʫʧʥʦʩʪʠ 

  ʀʩʭʦʜʷ ʠʟ ʩʨʘʚʥʝʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ 

ʥʘ ʜʠʩʢʨʝʪʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʧʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʧʨʦʪʦʢʦʣʦʤ ʧʝʨʝʜʘʯʠ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

çʉʊʈʀɾ.XNBè, ʧʦʩʢʦʣʴʢʫ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ 

ʧʝʨʝʜʘʯʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʘʠʙʦʣʴʰʝʡ ʜʘʣʴʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ, ʢʨʦʤʝ ʪʦʛʦ ʧʦʢʘʟʘʪʝʣʠ ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʠ ʠ 

ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʧʦʩʪʘʚʠʤʳ ʠʣʠ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʷʤʠ.  

XNB (Extended Narrowband) ï ʙʝʩʧʨʦʚʦʜʥʦʡ ʫʟʢʦʧʦʣʦʩʥʳʡ LPWAN- ʧʨʦ-

ʪʦʢʦʣ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʘʥʜʦʡ çʉʊʈʀɾè. XNB ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥ-

ʥʳʤʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘ-

ʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ. ʀʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʤʘʩʰʪʘʙ-

ʥʳʭ LPWAN-ʩʝʪʝʡ. ʇʦʜʪʚʝʨʞʜʝʥʥʳʡ ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ï ʜʦ 10 ʢʠʣʦʤʝʪʨʦʚ ʚ 
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ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʜʦ 50 ʢʠʣʦʤʝʪʨʦʚ ʥʘ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ. ɹʘ-

ʟʦʚʫʶ ʩʪʘʥʮʠʶ çʉʊʈʀɾè ʦʪʣʠʯʘʝʪ ʚʳʩʦʢʠʡ ʙʶʜʞʝʪ ʢʘʥʘʣʘ ʩʚʷʟʠ ʚ 174 ʜɹʤ. 

ʋʩʪʨʦʡʩʪʚʘ ʠ ʤʦʜʝʤʳ çʉʊʈʀɾè ʧʝʨʝʜʘʶʪ 8-ʙʘʡʪʥʳʝ ʧʘʢʝʪʳ ʜʘʥʥʳʭ ʧʦ ʙʝʩ-

ʧʨʦʚʦʜʥʦʤʫ ʧʨʦʪʦʢʦʣʫ XNB ʥʘ ʯʘʩʪʦʪʝ 868.8 ʄɻʮ. 

ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ çʉʊʈʀɾè ʩʪʨʦʠʪʴʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʧʨʠʥʮʠʧʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʈʠʩʫʥʢʝ 1. ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥʳ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʝʨʝʜʘʪʯʠʢʠ (ʇ), ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ çʉʊʈʀɾ.XNBè (XNB) ʧʝʨʝʜʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʪʦʢʦʚʳʝ ʜʘʥʥʳʝ, ʢʦ-

ʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʭʦʜʷʪ ʜʦ ʙʘʟʦʚʦʡ ʧʨʠʥʠʤʘʶʱʝʡ ʩʪʘʥʮʠʠ (ɹʉ), ʠ ʜʘʣʝʝ 

ʧʦ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘʛʨʫʞʘʝʪʩʷ ʥʘ ʩʝʨʚʝʨ (ʉ), ʟʘʪʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʟʘʭʦʜʠʪ ʚ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ (ʃʂ) ʠ ʚʧrʦʣʥʷʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʤʦʥʠʪʦʨʠʥʛ 

 
ʈʠʩʫʥʦʢ 1 ï ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ çʉʊʈʀɾ.XNBè 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ ʙʣʦʢʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʃʕʇ. ʉʧʦʩʦʙʳ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʙʣʦʢʘ ʧʝʨʝʜʘʯʠ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ, ʦʜʥʘʢʦ ʩʪʦʠʪ 

ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʠ ʧʦʜʙʦʨʝ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʙʣʠʟʦʩʪʴ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʢʨʦʤʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʜʘʪʯʠʢ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʃʕʇ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ 

ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ ʵʣʝʤʝʥʪʦʚ ʃʕʇ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʠʪʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ (ɺʃ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʤʝʪʦʜʘ: 

1) ɼʣʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʤʦʥʪʠʨʫʝʤʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʨʦʚʦʜʘʭ ʃʕʇ, ʧʠʪʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪ ʪʦʢʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʪʦʢʘ ʧʨʝʦʙʨʘʟʫʝʪ ʵʥʝʨʛʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʨʦʚʦʜʘ ʃʕʇ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ (ʧʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʢʦʥʝʩʫʱʠʡ ʧʨʦʚʦʜ ʃʕʇ. ɺʪʦʨʠʯʥʘʷ ʦʙʤʦʪʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ð 

ʪʦʨʦʠʜʘʣʴʥʘʷ ʢʘʪʫʰʢʘ ʩ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ. ʄʦʜʫʣʴ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʦʢʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʳʧʨʷʤʠʪʝʣʷ, 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʵʥʝʨʛʠʠ (ʠʦʥʠʩʪʦʨʘ) ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʚʩʝʭ ʮʠʬʨʦʚʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʫʟʣʦʚ ʠʟʤʝʨʠʪʝʣʷ. 

2) ɼʣʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʨʘʟʤʝʱʘʝʤʳʭ ʥʘ ʤʘʯʪʘʭ ʦʧʦʨ ʃʕʇ, ʢʘʢ 

ʧʨʘʚʠʣʦ ʜʣʷ ʧʠʪʘʥʠʷ ʧʝʨʝʜʘʪʯʠʢʘ (ʇ), ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ 

(ɸʂɹ), ʫʨʦʚʝʥʴ ʟʘʨʷʜʘ ʢʦʪʦʨʳʭ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨʦʤ ʟʘʨʷʜʘ (ʂɿ), 
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ʧʦʜʟʘʨʷʜʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (ʉʇ), ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʠʥʚʝʨʪʦʨʘ (ʀʅɺ). ʅʘ ʈʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 
ʧʠʪʘʥʠʷ ʙʣʦʢʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʪʦʨʳʤ ʤʝʪʦʜʦʤ: 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʧʠʪʘʥʠʷ ʧʝʨʝʜʘʪʯʠʢʘ ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʜʚʝʩʥʦʡ ʠʟʦʣʷʮʠʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʩʦʜʝʨʞʠʪ ʙʣʦʢ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ɸʎʇ), ʢ ʚʳʭʦʜʫ ʢʦʪʦʨʦʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʩʦʝʜʠʥʝʥ ʙʣʦʢ ʧʝʨʝʜʘʪʯʠʢʘ (ʇ), ʜʘʥʥʳʡ ʙʣʦʢ 

ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʢ ʪʨʘʚʝʨʩʝ (ʊ). ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʥʘʧʨʷʞʝʥʠʷ (ɼʅ) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʤʢʦʩʪʥʦʡ ʜʝʣʠʪʝʣʴ ʩ ʝʤʢʦʩʪʷʤʠ ʉ1 ʠ ʉ2. ʇʠʪʘʶʱʠʡ ʙʣʦʢ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʧʦʨʝ ʃʕʇ. ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ çʉʊʈʀɾ.XNBè. 

ʅʘ ʈʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʜʚʝʩʥʦʡ ʠʟʦʣʷʮʠʠ: 

 
ʈʠʩʫʥʦʢ 3- ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ ʧʦʜʚʝʩʥʦʡ ʠʟʦʣʷʮʠʠ 

ͼΙΥΙΘΔΧάΜΞ 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʪʝʭʥʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʧʦʜʚʝʩʥʦʡ ʠʟʦʣʷʮʠʠ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʧʠʪʘʥʠʷ ʧʝʨʝʜʘʪʯʠʢʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʩ 

ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʠ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʊʘʢʞʝ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʘʥʷ ʩʭʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 3-ʭ ʙʣʦʢʦʚ (I-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʙʣʦʢ, 

II-ʧʠʪʘʶʱʠʡ ʙʣʦʢ, III - ʙʣʦʢ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʉʈɽɼʓ 

ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ SIMINTECH  ɼʃʗ ʈɸʉʏɽʊɸ 

ʇʆʂɸɿɸʊɽʃɽʁ ʅɸɼɽɾʅʆʉʊʀ ʉʍɽʄ ʕʃɽʂʊʈʆʉʊɸʅʎʀʁ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʠ 

ʧʦʜʩʪʘʥʮʠʡ (ʕʉ ʠ ʇʉ) ʜʦʚʦʣʴʥʦ ʘʢʪʫʘʣʴʥʘ, ʝʝ ʚʘʞʥʦʩʪʴ ʥʝʦʮʝʥʠʤʦ ʚʳʩʦʢʘ. 

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʕʉ ʠ ʇʉ, ʪʦ ʨʘʩʯʝʪ ʥʘʜʝʞʥʦʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠ ʪʦʯʥʳʤ, ʠ ʫʜʦʙʥʳʤ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʧʦʜʭʦʜʳ, 

ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ. ʂ ʧʨʠʤʝʨʫ, 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʣʦʛʠʢʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʤʝʪʦʜ (ʤʝʪʦʜ ʜʝʨʝʚʴʝʚ ʩʦʙʳʪʠʡ), 

ʤʝʪʦʜ ʧʫʪʝʡ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʳʝ ʚ [1]. ʅʦ ʧʨʦʛʨʝʩʩ ʥʝ 

ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʠ ʚ ʤʠʨʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʦʙʝʩʧʝʯʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʳʤ ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʩʚʦʜʠʪʩʷ ʢ ʘʚʪʦʤʘʪʠʟʤʫ ʠ, ʥʘʩʢʦʣʴʢʦ 

ʵʪʦ ʚʦʟʤʦʞʥʦ, ʫʧʨʦʱʘʝʪʩʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʨʝʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ SimInTech 

[2], ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʩʯʸʪʥʦʡ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. ɺ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʩʦʟʜʘʥʳ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʦʜʫʣʠ ʠ ʨʘʩʠhʨʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʥʘ ʙʘʟʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʢʦʜʦʚ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʭ ʚ ʢʦʤʧʣʝʢʩʥʳʝ 

ʤʦʜʝʣʠ ʠ ʧʨʦʝʢʪʳ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʦʜʫʣʝʡ, ʦ ʢʦʪʦʨʦʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʧʦʡʜʝʪ 

ʨʝʯʴ - ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ SARA (Structural Analysis and Reliably Assessment), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʥʘʜʝʞʥʦʩʪʠ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ. ʕʪʦʪ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʣʦʛʠʢʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʩʭʝʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʕʉ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʦʩʪʝʡʰʠʭ ʩʭʝʤ: ʤʦʩʪʠʢʘ ʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ (ʨʠʩ. 1). 

 



21 

 
ʈʠʩ.1 

 

ʕʣʝʤʝʥʪʳ ʜʘʥʥʳʭ ʩʭʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʳ ʠ ʚʳʢʣʶʯʘʪʝʣʠ, 

ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʚʩʪʨʦʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ çʧʨʦʩʪʳʝ (ʢʣʘʩʩʠʯʝʩʢʠʝ) ʙʣʦʢʠè. ʂʣʶʯ 

ʠʛʨʘʝʪ ʨʦʣʴ ʚʳʢʣʶʯʘʪʝʣʷ, ʥʘʛʨʫʟʢʘ ʚʳʧʦʣʥʝʥʘ  ʧʦʩʨʝʜʩʪʚʦʤ ʙʣʦʢʘ. 

ʆʨʘʥʞʝʚʳʝ ʣʠʥʠʠ ʩʦ ʩʪʨʝʣʢʘʤʠ ï ʵʪʦ ʩʚʷʟʠ ʤʝʞʜʫ ʙʣʦʢʘʤʠ. ɺ ʜʘʥʥʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʦʥʠ ʩʣʫʞʘʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʨʝʩʫʨʩʘ (ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ. ɺʠʜ ʩʚʷʟʠ (ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʘʷ, ʜʚʫʭʥʘʧʨʘʚʣʝʥʥʘʷ ʠ ʪ.ʧ.) 

ʥʘʩʪʨʘʠʚʘʝʪ ʧʨʠ ʧʦʤʦʱʠ ʦʢʥʘ çʉʚʦʡʩʪʚʘ ʥʦʚʦʡ ʩʚʟ̫ʠè (ʨʠʩ. 2). 

 
ʈʠʩ.2 

 

ʂʘʞʜʦʤʫ ʙʣʦʢʫ ʥʘ ʩʭʝʤʝ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʡ ʠʥʜʝʢʩ ï ʮʝʣʦʝ ʯʠʩʣʦ. 

ʇʝʨʝʤʝʥʥʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʣʦʢʘ ʦʙʳʯʥʦ ʠʤʝʝʪ ʚʠʜ ñxiò, ʛʜʝ i ï ʠʥʜʝʢʩ 

ʙʣʦʢʘ. ɼʣʷ ʧʝʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʟʘʜʘʝʪʩʷ ʥʘʟʚʘʥʠʝ ñyiò 

(ʨʠʩ. 3). 

 
ʈʠʩ.3 

ɺ ʨʝʜʘʢʪʦʨʝ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʘ (ʨʠʩ. 3) ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʦʪʢʘʟʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʦʩʤʦʪʨʝʪʴ ʠʣʠ ʧʦʤʝʥʷʪʴ ʠʥʜʝʢʩ ʙʣʦʢʘ, 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʧʝʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʣʠ ʠʩʧʨʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʙʣʦʢʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʭʝʤʳ 
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ʧʨʦʛʨʘʤʤʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʚʳʢʣʶʯʘʪʝʣʝʡ ʧʨʠ ʦʪʢʘʟʘʭ ʚ ʩʤʝʞʥʳʭ 

ʵʣʝʤʝʥʪʘʭ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʦʰʠʙʦʢ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʘʭ ʧʨʦʛʨʘʤʤʳ, ʩʣʝʜʫʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʥɹʦ ʧʨʦʨʘʙʘʪʳʚʘʪʴ ʫʨʘʚʥʝʥʠʝ ʨʘʙʦʪʳ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʠ ʫʯʠʪʳʚʘʪʴ 

ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʩʭʝʤʳ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ  ʧʝʨʚʦʡ ʩʭʝʤʳ (ʤʦʩʪʠʢ, ʨʠʩ.1) ʧʨʦʛʨʘʤʤʘ ʥʝ ʫʯʠʪʳʚʘʝʪ, ʯʪʦ 

ʧʨʠ ʦʪʢʘʟʝ ʦʜʥʦʛʦ ʠʟ ʙʦʢʦʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ (Q2 ʠʣʠ Q5) ʜʦʣʞʝʥ ʦʪʢʣʶʯʠʪʴʩʷ 

ʮʝʥʪʨʘʣʴʥʳʡ (Q7). ʊʘʢʞʝ ʧʨʠ ʦʪʢʘʟʝ ʩʝʢʮʠʦʥʥʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ Q7 ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʛʘʰʝʥʠʝ ʩʭʝʤʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʰʠʙʢʦʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʝʘʣʴʥʳʭ ʠ ʠʩʪʠʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʫʨʘʚʥʝʥʠʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʢʣʶʯʘʪʝʣʝʡ. ʊʘʢ ʠʩʭʦʜʥʳʡ ʚʘʨʠʘʥʪ, ʩʦʩʪʘʚʣʷʝʤʳʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʤʦʜʫʣʝʤ SARA ʜʣʷ Q2, ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

y2=x2(<y1+<y7), ʯʪʦ ʦʟʥʘʯʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʳʢʣʶʯʘʪʝʣʷ (y2=), ʝʩʣʠ ʦʥ 

ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ (x2), ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʛʝʥʝʨʘʪʦʨ ʠʣʠ 

ʩʝʢʮʠʦʥʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ Q7(<y1+<y7). 

ʀʩʧʨʘʚʣʝʥʥʳʡ  ʚʘʨʠʘʥʪ  ʠʤʝʝʪ  ʚʠʜ:  y2=((x2<y1<y7<y5)+(x2<y1>-y7>-x5))<-x7,  

ʯʪʦ ʦʟʥʘʯʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʳʢʣʶʯʘʪʝʣʷ Q2 ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʝʪ ʦʪʢʘʟʘ ʚ 

ʩʝʢʮʠʦʥʥʦʤ ʚʳʢʣʶʯʘʪʝʣʝ Q7 (<-x7) ʠ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ: ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

Q2, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ Q7, Q5 ʠ ʛʝʥʝʨʘʪʦʨʘ 1 ʠʣʠ ʧʨʠ ʫʩʣʦʚʠʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ Q2, ʛʝʥʝʨʘʪʦʨʘ 1 ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʪʢʘʟʘ Q5 ʠ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ Q5. ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʠʩʧʨʘʚʣʝʥʳ ʫʨʘʚʥʝʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʪʘʣʴʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʚ ʧʨʦʝʢʪʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʢʨʠʪʝʨʠʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ - ʩʧʝʮʠʘʣʴʥʳʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʪʴ ʣʦʛʠʯʝʩʢʠʡ 

ʢʨʠʪʝʨʠʡ ʚʳʧʦʣʥʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ʚʩʝʡ ʩʠʩʪʝʤʦʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʤʝʥʥʦ 

ʯʝʨʝʟ ʢʨʠʪʝʨʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʜʘʥʠʷ ʥʘ ʨʘʩʯʝʪ ʚ ʧʨʦʛʨʘʤʤʝ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʣʶʙʦʝ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʂʨʠʪʝʨʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʜʘʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ 

ʚʳʨʘʞʝʥʠʝʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʩʦʩʪʦʷʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʣʦʢʦʚ ʠ ʫʟʣʦʚ, ʘ 

ʪʘʢʞʝ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ çʀè, çʀʃʀè ʠ çM ʠʟ Nè. ʂʨʠʪʝʨʠʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʤʝʱʘʶʪʩʷ ʥʘ ʩʭʝʤʫ ʘʥʘʣʦʛʠʯʥʦ ʜʨʫʛʠʤ ʙʣʦʢʘʤ. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ʜʣʷ ʢʘʞʜʦʡ ʩʭʝʤʳ ʙʳʣʠ ʟʘʜʘʥʳ ʧʦ 2 ʢʨʠʪʝʨʠʷ: 

ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ ʥʘʛʨʫʟʦʢ ʠʣʠ ʨʘʙʦʪʘ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʠʟ 

ʜʚʫʭ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʧʝʨʝʜ ʨʘʩʯʝʪʘʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʪʣʘʜʢʘ 

ʵʣʝʢʪʨʠʯʩʢʦʡ ʩʭʝʤʳ, ʥʘ ʢʦʪʦʨʫʶ  ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʯʝʨʝʟ ʚʢʣʘʜʢʫ çʇʫʩʢè. ɺʦ 

ʚʣʢʜʘʢʝ çʅʘʯʘʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ çèʦʪʣʘʜʢʘ ʩʭʝʤʳè ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʘʤ ʧʨʦʮʝʩʩ 

ʦʪʣʘʜʢʠ. ɺ ʦʢʥʝ çʄʦʜʝʣʠʨʚʦʘʥʠʝè ʚʳʙʠʨʘʝʪʩʷ ʵʣʝʤʝʥʪ, ʦʪʢʘʟ ʢʦʪʦʨʦʛʦ 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʨʠʪʴ. ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʩʭʝʤʳ: ʚ ʧʝʨʚʦʡ ʩʭʝʤʝ 

ʩʤʦʜʝʣʠʨʦʚʘʥ ʦʪʢʘʟ ʚʳʢʣʶʯʘʪʝʣʩʷ Q2, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʪʢʣʶʯʝʥʠʶ ʩʝʢʮʠʦʥʥʦʛʦ 
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ʚʳʢʣʶʯʘʪʝʣʷ Q7 ʠ ʦʪʢʣʶʯʝʥʠʶ ʥʘʛʨʫʟʢʠ 3 ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʥʝʚʦʣʥʝʥʠʝ ʢʨʠʪʝʨʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 3 ʠ 6 ʥʘʛʨʫʟʦʢ ʠ ʚʳʧʦʣʥʝʥʠʶ 2-ʛʦ 

ʢʨʠʪʝʨʠʷ: ʥʘʛʨʫʟʢʘ 6 ʦʩʪʘʣʘʩʴ ʟʘʧʠʪʘʥʘ. 

 

 
ʈʠʩ. 5 

 

ɺʦ ʚʪʦʨʦʡ ʩʭʝʤʝ ʧʨʠ ʦʪʢʘʟʝ ʚʳʢʣʶʯʘʪʝʣʷ Q11 ʦʪʢʣʶʯʠʣʠʩʴ ʩʤʝʞʥʳʝ ʩ 

ʥʠʤ ʵʣʝʤʝʥʪʳ Q10 ʠ Q13, ʘ ʪʘʢʞʝ ʥʘʛʨʫʟʢʘ 4 (ʨʠʩ. 6) . 

 

         
ʈʠʩ.6 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʣʘʜʢʠ ʩʭʝʤʳ ʩʚʠʜʝʪʝʣʴʩʚʫʶʪ ʦ ʧʨʘʚʠʣʴʥʦʡ 

ʣʦʛʠʢʠ ʨʘʙʦʪʳ ʩʭʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʜʘʥʥʳʤ ʩʭʝʤʘʤ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ. 

ʆʩʥʦʚʥʦʡ ʚʠʜ ʨʘʩʯʝʪʘ ï ʵʪʦ ʧʦʠʩʢ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ (ʄʈʂ) ʩʠʩʪʝʤʳ, ʪ.ʝ. ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʪʝʤ ʩʚʦʡʩʪʚʦʤ, ʯʪʦ ʝʩʣʠ ʫʙʨʘʪʴ ʠʟ ʥʝʝ ʣʶʙʦʡ ʵʣʝʤʝʥʪ, ʪʦ ʩʠʩʪʝʤʘ 

ʧʝʨʝʩʪʘʥʝʪ ʙʳʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʩʝʯʝʥʠʝ 

ʦʪʢʘʟʦʚ (ʄʉʆ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʪʝʨʤʠʥ ï ʢʨʠʪʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ʵʣʝʤʝʥʪʦʚ) ï 

ʤʠʥʠʤʘʣʴʥʘʷ ʧʦ ʩʦʩʪʘʚʫ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʦʪʢʘʟ ʢʦʪʦʨʳʭ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʠ. ɼʣʷ 

ʥʝʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʣʶʙʦʝ ʄʉʆ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʠ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʠʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ 

ʨʝʟʝʨʚʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʝʨʝʯʝʥʴ ʄʉʆ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʪʨʠʚʠʘʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʊʘʢʞʝ ʚ SimInTech ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ 

ʣʦʛʠʢʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʤʝʪʦʜʦʤ ʠ ʤʝʪʦʜʦʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ 
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ʫʢʘʟʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʦʪʢʘʟʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ 

ʩʚʦʡʩʪʚʘʭ ʵʣʝʤʝʥʪʘ. 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʄʈʂ ʜʣʷ ʩʭʝʤʳ ˉ1 ʩ ʢʨʠʪʝʨʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ- 

ʨʘʙʦʪʘ 3 ʠ 6 ʥʘʛʨʫʟʦʢ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ ʥʘ ʨʠʩ. 7, ʘ). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʘʩʯʝʪʘ ʜʣʷ 

ʵʪʦʡ ʩʭʝʤʳ ʩʫʱʝʩʪʚʫʝʪ 1 ʄʈʂ. ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʯʠʪʘʚ ʢʦʣʠʯʝʩʪʚʦ ʄʈʂ ʜʣʷ 

ʩʭʝʤʳ ˉ2 ʩ ʢʨʠʪʝʨʠʝʤ- ʨʘʙʦʪʘ 4 ʠ 5 ʥʘʛʨʫʟʦʢ, ʢʦʣʠʯʝʩʪʚʦ ʄʈʂ ʩʦʩʪʘʚʣʷʝʪ ʫʞʝ 2 

(ʨʠʩ. 7, ʙ), ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʭʝʤʳ 

çʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢè ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʉʨʘʚʥʠʚ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʄʈʂ (1-2) ʠ ʄʉʆ (7-7) ʜʣʷ 1-ʡ ʠ 2-ʡ ʩʭʝʤ      

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʢʨʠʪʝʨʠʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʜʚʫʭ ʥʘʛʨʫʟʦʢ ʦʜʥʦʚʨʝ

ʤʝʥʥʦ, ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʩʭʝʤʘ çʯʝʪʳʨʭʫʛʦʣʴʥʠʢè ʥʘʜʝʞʥʝʝ, ʯʝʤ ʩʭʝʤʘ 

çʤʦʩʪʠʢè. ʂʦʥʝʯʥʦ, ʜʘʥʥʳʡ ʚʳʚʦʜ ʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʯʝʚʠʜʥʳʤ, ʦʜʥʘʢʦ, 

ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʤʝʥʥʦ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʨʘʙʦʪʳ ʚ ʤʦʜʫʣʝ SARA, ʧʦʵʪʦʤʫ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʧʨʦʩʪʳʭ ʩʭʝʤʘʭ. ɺ 

ʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʥʘʚʳʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʭʝʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

 

 
  ʈʠʩ.7 

 

ɺ ʮʝʣʦʤ, ʧʨʦʛʨʘʤʤʘ SimInTech ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠ, ʧʨʠ ʨʘʩʯʝʪʝ 

ʧʦʣʫʯʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʥʘʛʣʷʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʪʨʝʥʠʨʦʚʢʠ ʧʝʨʩʦʥʘʣʘ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʉʘʚʠʥʘ ʅ.ɺ. ʅʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ɹʣʘʛʦʚʝʱʝʥʩʢ: ɸʤʫʨʩʢʠʡ ʛʦʩ. 

ʫʥ-ʪ, 2011. 

          2. https://simintech.ru/. 

          3. ʍʦʣʦʜʥʳʭ ʇ.ɺ. ʄʦʜʫʣʴ ʘʥʘʣʠʟʘ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ SimInTech. ʂʣʘʩʩʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʆʧʠʩʘʥʠʝ 

ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

https://simintech.ru/
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ɼ.ɺ. ʂʫʜʷʥʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ɽ.ʉ. ɸʥʜʨʝʝʥʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʉʀʉʊɽʄɸ ʄʅʆɻʆʋʈʆɺʅɽɺʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʅɸʇʈʗɾɽʅʀɽʄ 

ʐʀʅʓ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʜʨʫʛʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (DC ï direct current), ʘ 

ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝʡ ʥʘʛʨʫʟʦʢ, ʧʦʪʨʝʙʣʷʶʱʠʭ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʜʣʷ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʠʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʚʩʝ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʩʪʘʥʦʚʷʪʩʷ ʤʠʢʨʦʩʝʪʠ ʩ ʰʠʥʦʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʢʨʦʩʝʪʷʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ʅʘʜʝʞʥʘʷ ʠ ʵʢʦʥʦʤʠʯʥʘʷ ʨʘʙʦʪʘ ʤʠʢʨʦʩʝʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʟʘʚʠʩʠʪ ʦʪ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʥʘʛʨʫʟʢʘʤʠ ʠ 

ʥʘʢʦʧʠʪʝʣʷʤʠ ʵʥʝʨʛʠʠ (ʨʠʩʫʥʦʢ 1). ɼʘʥʥʳʝ ʫʟʣʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʠʣʴʥʳʝ ʠ 

ʩʣʘʙʳʝ. ʉʠʣʴʥʳʝ ʫʟʣʳ, ʪʘʢʠʝ ʢʘʢ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʌʕ) ʤʦʜʫʣʠ ʚ ʨʝʞʠʤʝ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʊʄʄ), ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ (ʅʕ) 

ʚ ʨʝʞʠʤʘʭ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ ʠ ʥʘʛʨʫʟʢʠ, ʤʦʛʫʪ ʣʠʙʦ ʦʪʜʘʚʘʪʴ, ʣʠʙʦ ʧʦʪʨʝʙʣʷʪʴ 

ʵʥʝʨʛʠʶ. ʉʣʘʙʳʝ ʫʟʣʳ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʝ, ʢʦʤʧʝʥʩʠʨʫʷ 

ʜʠʩʙʘʣʘʥʩ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʦʢ ʠ ʠʩʪʦʯʥʠʢʦʚ. ʊʠʧʠʯʥʳʝ ʩʣʘʙʳʝ ʫʟʣʳ ï ʵʪʦ ʊʄʄ 

ʠ ʌʕ ʤʦʜʫʣʠ ʚ ʨʝʞʠʤʝ ʢʦʥʪʨʦʣʷ ʰʠʥʳ (ʂʐ) [1].  

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʤʠʢʨʦʩʝʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʦʩʥʦʚʝ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. 

ɺ ʩʝʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʙʘʣʘʥʩ ʤʦʱʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

 
ʛʜʝ m, n, l ï ʢʦʣʠʯʝʩʪʚʦ ʌʕ ʤʦʜʫʣʝʡ, ʥʘʢʦʧʠʪʝʣʝʡ ʠ ʥʘʛʨʫʟʦʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

 ï ʤʦʱʥʦʩʪʴ, ʛʝʥʝʨʠʨʫʝʤʘʷ ʌʕ ʠʩʪʦʯʥʠʢʦʤ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t;  ï 

ʤʦʱʥʦʩʪʴ, ʦʪʜʘʚʘʝʤʘʷ i-ʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ, ʢʦʛʜʘ ʦʥ ʨʘʟʨʷʞʘʝʪʩʷ; ʠ  ï 

ʤʦʱʥʦʩʪʴ i-ʡ ʥʘʛʨʫʟʢʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʰʠʥʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ, 

ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʙʦʨʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 
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ʵʥʝʨʛʠʠ, ʦʧʪʠʤʠʟʘʮʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ ʧʦʜʜʝʨʞʘʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʰʠʥʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ 

ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ. 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʝ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʧʷʪʴ ʦʙʣʘʩʪʝʡ ʩ ʯʝʪʳʨʴʤʷ ʧʦʨʦʛʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩʫʥʦʢ 2). ʈʘʟʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʞʥʳʭ ʧʦʨʦʛʦʚʳʭ 

ʫʨʦʚʥʝʡ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʣʦʞʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ 

ʨʝʞʠʤʘ ʠʟ-ʟʘ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʰʠʥʝ, ʪʦʛʜʘ ʧʦʣʫʯʠʤ: 

 
ʛʜʝ  ï ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ,  ʠ  ï 

ʛʨʘʥʠʮʳ ʜʦʧʫʩʪʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘʧʨʷʞʝʥʠʷ ʰʠʥʳ, ʘ  ʠ  - ʧʦʨʦʛʦʚʳʝ 

ʟʥʘʯʝʥʠʷ, ʘʢʪʠʚʠʨʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʨʷʜʢʫ ʠ ʨʘʟʨʷʜʢʫ ʙʘʪʘʨʝʡ. 

 

ʈʠʩʫʥʦʢ 2 ï ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 1-ʦʤ ʫʨʦʚʥʝ, ʢʦʛʜʘ ʌʕ ʤʦʜʫʣʠ ʛʝʥʝʨʠʨʫʶʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʦʩʪʫʧʥʫʶ ʤʦʱʥʦʩʪʴ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʘʛʨʫʟʦʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʷʚʣʷʶʪʩʷ ʥʘʛʨʫʟʢʘʤʠ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʴʶ (ʅʇʄ), ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʚʭʦʜʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, 

ʩʦʟʜʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʦʝ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʡ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʞ̫ʝʥʠʷ. ʇʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʰʠʥʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʭʦʜʥʦʡ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʜʣʷ ʅʇʄ. 

ɿʦʥʘ 1:  ʎʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʣʫʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ɺʀʕ ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʝʪʠ ʚʦ ʚʨʝʤʷ ʩʙʦʝʚ ʧʨʠ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. ɺʦ 

ʠʟʙʝʞʘʥʠʝ ʯʘʩʪʦʡ ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠʣʠ ʛʝʥʝʨʘʮʠʠ, ʟʦʥʘ 1 ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʝʡ ʟʦʥʦʡ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ 

ʥʘʢʦʧʠʪʝʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ. ɿʜʝʩʴ ʌʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʚ 

ʨʝʞʠʤʝ ʊʄʄ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ. ʅʘʧʨʷʞʝʥʠʝ ʰʠʥʳ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʘ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʘʤʠ 

ʠ ʥʘʛʨʫʟʢʘʤʠ (3). ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʣʘʙʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʝ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ 1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʦʢ ʠ 

ʠʩʪʦʯʥʠʢʦʚ. 

 
ɿʦʥʘ 2:  ʌʕ ʤʦʜʫʣʠ ʚ ʧʝʨʠʦʜ ʚʳʩʦʢʦʡ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚʳʨʘʙʘʪʳʚʘʶʪ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ ʪʨʝʙʫʝʪʩʷ, ʧʦʵʪʦʤʫ ʥʘʧʨʷʞʝʥʠʝ 
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ʰʠʥʳ ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʫ 2, ʛʜʝ ʥʘʢʦʧʠʪʝʣʠ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʟʘʨʷʜʢʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʥʘʢʦʧʠʪʝʣʷʤʠ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦ ʩʧʘʜʫ ʥʘʧʨʷʞʝʥʠʷ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. ɺʥʝʰʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʢʦʧʠʪʝʣʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʁ ʱʠʤ ʦʙʨʘʟʦʤ: 

 

ʛʜʝ ,  ʠ  ï ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʪʦʢ ʰʠʥʳ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʘʜʘ 

i-ʛʦ ʥʘʢʦʧʠʪʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʨʘʚʥʝʥʠʝ (4) ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʩʣʫʯʘʷ 

ʟʘʨʷʜʢʠ ʠ ʨʘʟʨʷʜʢʠ ʝʩʣʠ ʠ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 3) [2]. 

 

ʈʠʩʫʥʦʢ 3 ï ɺʥʝʰʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʘʪʘʨʝʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʝʰʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʩʪʝʤʳ ʥʘʢʦʧʠʪʝʣʝʡ ʢʨʠʚʘʷ 

ʚ ʟʦʥʝ 2 ʠʤʝʝʪ ʪʨʘʝʢʪʦʨʠʶ c-b (ʨʠʩʫʥʦʢ 2). ɿʘʨʷʜʥʳʡ ʪʦʢ ʙʘʪʘʨʝʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ. ʏʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʧʝʨʝʟʘʨʷʜʢʫ ʙʘʪʘʨʝʡ ʧʦ ʪʦʢʫ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ɺʀʕ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʢʣʶʯʘʪʴ ʌʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʟ ʨʝʞʠʤʘ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʨʝʞʠʤ ʤʦʥʠʪʦʨʠʥʛʘ ʰʠʥʳ, ʢʦʛʜʘ ʧʦʩʣʝʜʥʠʡ 

ʥʘʢʦʧʠʪʝʣʴ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʥʦʛʦ ʪʦʢʘ ʚ ʪʦʯʢʝ . 

ʇʦʵʪʦʤʫ ʟʦʥʘ 2 ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʟʦʥʳ ʧʦ .  ʚʳʙʠʨʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʨʷʜʥʦʡ ʝʤʢʦʩʪʴʶ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 

ʬʦʪʦɻ ʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

 
ʛʜʝ  ʠ  ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ i-ʡ ʙʘʪʘʨʝʠ ʠ j-ʡ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʦʥʘ 3: . ʅʠʟʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʝ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʳ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʌʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʊʄʄ, ʘ ʥʘʢʦʧʠʪʝʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʝʞʠʤʝ ʨʘʟʨʷʜʘ, ʯʪʦʙʳ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʝʬʠʮʠʪ ʤʦʱʥʦʩʪʠ. ʂʨʠʚʘʷ ʧʦʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʠʩʪʝʤʳ ʚ 

ʟʦʥʝ 3 ʧʦʢʘʟʘʥʘ ʢʘʢ ʪʨʘʝʢʪʦʨʠʷ d-g ʥʘ ʨʠʩʫʥʢʝ 2. ʅʘʢʦʧʠʪʝʣʠ ʜʦʩʪʠʛʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʟʨʷʜʘ ʚ ʪʦʯʢʝ g ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʧʨʷʞʝʥʠʶ . 

ʏʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʰʠʥʝ, ʨʝʟʝʨʚʥʳʡ ʠʩʪʦʯʥʠʢ 

ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʠʟ ʨʝʞʠʤʘ ʦʞʠʜʘʥʠʷ ʚ ʨʝʞʠʤ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ .  
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ʅʘ 1-ʦʤ ʫʨʦʚʥʝ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʣʠʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 

ʩʣʦʞʥʦ ʜʦʙʠʪʴʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʂʨʠʚʘʷ ɺɸʍ ʜʦʣʞʥʘ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ ʥʘʢʦʧʠʪʝʣʝʡ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ʌʕ ʠʩʪʦʯʥʠʢʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʌʕ (ʨʠʩʫʥʦʢ 4 (a)) ʢʨʠʚʘʷ 1-5 

ʩʤʝʩʪʠʪʩʷ ʚʣʝʚʦ, ʘ ʧʦʣʥʘʷ ʢʨʠʚʘʷ ʧʘʜʝʥʠʷ ʌʕ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʦʩʴʶ ʥʘʧʨʷʞʝʥʠʷ 

ʥʠʞʝ ʫʨʦʚʥʷ . ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʤʝʞʜʫ ʥʝʩʢʦʣʢɹʠʤʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʦʜʫʣʷʤʠ ʠʣʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ. 

  
ʘ. ʅʝʜʦʩʪʘʪʦʢ ʢʦʥʪʨʦʣʷ HLI ʙ. ʋʣʫʯʰʝʥʠʝ ʢʦʥʪʨʦʣʷ HLII. 

ʈʠʩʫʥʦʢ 4 ï ʀʣʣʶʩʪʨʘʮʠʷ ʚʣʠʷʥʠʷ ʩʥʠʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʌʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʟʘʨʷʜʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʟʘʨʷʜʘ 

(ʋɿ) ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʣʝʤʤʘʭ, ʠ ʚ ʟʦʥʝ ɸ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ. 

ɺ-ʪʨʝʪʴʠʭ, ʯʪʦʙʳ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʙʘʪʘʨʝʠ, ʞʝʣʘʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʧʨʠʦʨʠʪʝʪʳ ʜʣʷ ʙʘʪʘʨʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʋɿ. ɹʘʪʘʨʝʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʋɿ ʜʦʣʞʥʳ 

ʟʘʨʷʞʘʪʴʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʫʣʴʬʘʪʘʮʠʶ ʧʨʠ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʤ ʋɿ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʢʦʥʪʨʦʣʷ 

ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʥʘʢʦʧʠʪʝʣʷʤʠ ʵʥʝʨʛʠʠ. ɺʳʰʝʫʧʦʤʷʥʫʪʳʝ ʧʨʦʙʣʝʤʳ, 

ʠʟʥʘʯʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʫʧʨʘʚʣʝʥʠʠ 1-ʦʛʦ ʫʨʦʚʥʷ, ʤʦʛʫʪ ʙʳʪʴ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʫʧʨʘʚʣʝʥʠʝʤ 2-ʦʛʦ ʫʨʦʚʥʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʥʘ 2-ʦʤ ʫʨʦʚʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʩ ʧʦʤʦʱʴʶ ʣʠʥʠʡ ʩʚʷʟʠ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʜʦʩʪʫʧ ʢ ʣʶʙʦʤʫ ʧʘʨʘʤʝʪʨʫ ʩʝʪʠ, ʚʢʣʶʯʘʷ ʥʘʧʨʷʞʝʥʠʝ 

ʰʠʥʳ, ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ ʠ ʨʘʙʦʯʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ ʥʘ 2-ʦʤ 

ʫʨʦʚʥʝ, ʥʦ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʝ ʙʫʜʝʪ ʩʥʠʞʘʪʴʩʷ ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ 1-ʡ ʫʨʦʚʝʥʴ.  

ʉʪʨʘʪʝʛʠʷ ʢʦʥʪʨʦʣʷ ʜʣʷ ʟʦʥʳ 1 ʥʘ 2-ʦʤ ʫʨʦʚʥʝ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʥʘ 1-ʦʤ. 

ɺ ʟʦʥʘʭ 2 ʠ 3 ʩʠʩʪʝʤʘ ʅʕ ʜʦʣʞʥʘ ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʰʠʥʳ, ʧʦʵʪʦʤʫ 

ʪʨʝʙʫʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ 

System-on-a-Chip (SoC ï ʩʠʩʪʝʤʘ ʥʘ ʢʨʠʩʪʘʣʣʝ) ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʩʭʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʤʝʜʣʝʥʠʷ 

ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʦʚ.  

ɿʦʥʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʅʕ ʠ ʌʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ ʤʛʥʦʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 4(ʘ), 
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ʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʌʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʘ ʚ ʟʦʥʝ ɺ 

ʠʟ-ʟʘ ʩʦʢʨʘʱʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʌʕ ʤʦʜʫʣʝʡ. ʇʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 2-ʦʛʦ ʫʨʦʚʥʷ 

ʩʧʘʜʘʶʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʣʞʥʘ ʥʘʯʠʥʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ  ʠ ʟʘʢʘʥʯʠʚʘʪʴʩʷ ʥʘ 

 (ʨʠʩʫʥʦʢ 2).  

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʧʫʪʝʤ ʧʦʜʥʷʪʠʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ  ʜʦ 

 (ʨʠʩʫʥʦʢ 4 (ʙ)).  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʰʠʥʳ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʫʨʦʚʥʷ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʂʦʥʝʯʥʘʷ ʪʦʯʢʘ ʚ 

ʟʦʥʝ B ʟʘʪʝʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʪʦʯʢʫ b, ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʨʠʪʝʨʠʶ (5), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʌʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʤʦʞʝʪ 

ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʪʴ ʧʦʣʦʩʫ ʤʝʞʜʫ  ʠ  ï ʪʨʘʝʢʪʦʨʠʷ a ī b ʥʘ ʨʠʩʫʥʢʝ 4 (ʙ).  

ʋʧʨʘʚʣʝʥʠʝ ʥʘ 3-ʝʤ ʫʨʦʚʥʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠhʥʳ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʥʝʥʦʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʳʰʝʥʥʦʝ ʠʣʠ ʧʦʥʠʞʝʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʚʥʝʟʘʧʥʦʡ ʧʦʪʝʨʝ ʥʘʛʨʫʟʢʠ ʠʣʠ ʌʕ ʤʦʜʫʣʝʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʳʟʚʘʪʴ ʩʙʦʠ ʚ ʫʧʨʘʚʣʝʥʠʠ.  

ɿʦʥʘ 4: ʂʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʝ ʜʦʩʪʠʛʘʝʪ , ʚʢʣʶʯʘʝʪʩʷ 

ʙʘʣʣʘʩʪʥʘʷ ʥʘʛʨʫʟʢʘ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ .  

ɿʦʥʘ 5: . ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʳʟʚʘʥʦ ʜʝʬʠʮʠʪʦʤ ʤʦʱʥʦʩʪʠ. 

ʂʦʛʜʘ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʚʢʣʶʯʘʷ ʥʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ, ʥʝ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʛʨʫʟʢʫ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʝ ʧʘʜʘʝʪ ʥʠʞʝ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʪʢʣʶʯʝʥʠʝ ʯʘʩʪʠ ʥʘʛʨʫʟʢʠ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʝ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ. ʄʦʞʝʪ ʙʳʪʴ ʚʳʩʪʨʦʝʥ 

ʧʨʠʦʨʠʪʝʪ ʥʘʛʨʫʟʦʢ ʩ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʪʢʣʶʯʝʥʠʝʤ ʚʦ ʚʨʝʤʷ ʩʙʨʦʩʘ 

ʥʘʛʨʫʟʢʠ. 

ʅʘʜʝʞʥʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʤʠʢʨʦʩʝʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɺ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʫʨʦʚʥʷ 2, ʛʜʝ 

ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʥʝʨʛʠʷ ʦʪ ʌʕ ʤʦʜʫʣʝʡ, ʘ ʥʘʢʦʧʠʪʝʣʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦ ʨʘʙʦʪʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ SoC ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 

ʂʘʢ ʪʦʣʴʢʦ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʡ, ʤʠʢʨʦʩʝʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜʠʪ ʢ ʫʧʨʘʚʣʝʥʠʶ ʥʘ ʫʨʦʚʥʝ 1. ɺ ʘʚʘʨʠʡʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʥʘ ʫʨʦʚʥʝ 3. 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ "ʅʀʋ "ʄʕʀ" ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 

ʅɽʌʊɽʇɽʈɽʂɸʏʀɺɸʖʑʀʍ ʉʊɸʅʎʀʁ 

 

ʅʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʘʷ ʩʪʘʥʮʠʠ (ʅʇʉ) ï ʵʪʦ ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ 

ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʛʣʘʚʥʳʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ (ʧʨʠ ʧʦʤʦʱʠ ʥʘʩʦʩʦʚ) ʜʘʚʣʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʢʘʯʢʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

 ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʠ ʅʇʉ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠʤʝʶʪ 

ʚʪʦʨʫʶ ʢʘʪʝʛʦʨʠʶ ʧʦ ʥʘʜʸʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʅʦ ʯʘʩʪʴ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʅʇʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʣʶʜʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʟʘʧʠʪʘʥʳ ʧʦ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʠʣʠ ʦʩʦʙʦʡ ʢʘʪʝʛʦʨʠʠ ʥʘʜʸʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ.  ʇʦʵʪʦʤʫ ʥʘ ʅʇʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʢʘʯʢʠ ʥʝʬʪʠ.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʅʇʉ ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʚ 60ʝ ï 80ʝ ʛʦʜʘ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ 

ʠ ʥʘʭʦʜʠʣʠʩʴ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʠʩʪʦʯʥʠʢʘʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʚʠʜʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠʣʠ ʧʦʜʩʪʘʥʮʠʷʤ ʩʝʪʝʡ 220 ʢɺ ʠ ʚʳʰʝ. ʉ ʪʝʭ ʧʦʨ ʩʪʨʫʢʪʫʨʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʘʩʴ. 

ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʈʌ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 90-ʝ ʛʦʜʳ 

ʩʥʠʟʠʣʦʩʴ ʥʘ 30%, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1990-ʤ ʛʦʜʦʤ ʠ ʪʦʣʴʢʦ ʚ 2016 ʈʌ ʚʝʨʥʫʣʦʩʴ ʢ 

ʫʨʦʚʥʶ ʧʝʨʠʦʜʘ ʉʉʉʈ, ʥʦ ʥʝ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ. ʅʘʧʨʠʤʝʨ, ʚ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩ 

1990 ʧʦ 2020 ʛʦʜ ʧʦʪʨʝʙʣʝʥʠʝ ʫʧʘʣʦ ʩ 5670 ʜʦ 3702 ʤʣʥ.ʢɺʪĀʯ, ʧʘʜʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 

ʙʦʣʝʝ 34% ʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ. ɺ ʨʝʛʠʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʛʝʥʝʨʠʨʫʶʱʝʡ 

ʤʦʱʥʦʩʪʠ: ʟʘʢʨʳʪʠʝ ʠ ʩʥʦʩ ʊʕʎ ɹʄɿ (ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 30 ʄɺʪ), 

ʧʨʝʢʨʘʱʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ɹʨʷʥʩʢʦʡ ɻʈʕʉ (ʫʩʪʘʥʦʚʣʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ 90 ʄɺʪ). ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʜʣʷ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦ ʚʨʝʤʸʥ ʉʉʉʈ ʫʧʘʣʘ ʙʦʣʝʝ ʯʝʤ ʚ 

ʪʨʠ ʨʘʟʘ. 

ʀʟ-ʟʘ ʧʦʜʦʙʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʢʦʣʦ 70% 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʝʪʝʡ ʨʘʙʦʪʘʶʪ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʨʦʢʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʘʩʪʴ ʅʇʉ ʩʪʘʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʪʝʨʷʪʴ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʧʦ ʦʙʦʠʤ ʠʩʪʦʯʥʠʢʘʤ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʢʘʪʝʛʦʨʠʝʡ 

ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʅʇʉ ɸʢʩʠʥʠʥʦ, ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʚ 

ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʅʇʉ ɸʢʩʠʥʠʥʦ ʫʜʘʣʝʥʘ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʨʘʥʝʝ ʢʦʪʦʨʳʤ ʷʚʣʷʣʘʩʴ ɹʨʷʥʩʢʘʷ ɻʈʕʉ). ʇʨʠ ʵʪʦʤ ʧʫʩʢʠ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʨʠʚʦʜʷʪ ʢ ʦʙʱʝʤʫ ʩʥʠʞʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʜʘʥʥʦʤ ʫʟʣʝ ʵʣʝʢʪʨʦʩʝʪʠ ʥʠʞʝ ʜʦʧʫʩʪʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʧʝʨʝʚʦʜʘ ʅʇʉ ɸʢʩʠʥʠʥʦ 
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ʥʘ ʧʠʪʘʥʠʝ ʦʪ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʧʠʪʘʶʱʘʷ ʩʝʪʴ ʙʫʜʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʨʝʟʝʨʚʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ.   

ʅʇʉ ɸʢʩʠʥʠʥʦ ï ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʩʪʘʥʮʠʷ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ɼʨʫʞʙʘ-1, 

ɼʨʫʞʙʘ-2. ɺʩʝ ʩʠʩʪʝʤʳ ʅʇʉ ʜʫʙʣʠʨʫʶʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʥʘʙʞʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʤʘʛʠʩʪʨʘʣʴʥʦ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʄʅɸ).  

ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʤ ɸʆ çʊʨʘʥʩʥʝʬʪʴè ʥʘ ʅʇʉ, ʧʦʪʨʝʙʣʷʶʱʠʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʦ ʥʘʧʨʷʞʝʥʠʶ 6 ʢɺ, ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʜʚʠʛʘʪʝʣʠ 

ʤʦʱʥʦʩʪʴʶ 5 ʄɺʪ ʠʣʠ 6,3 ʄɺʪ. ʅʇʉ ɸʢʩʠʥʠʥʦ, ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʠ 

ʠʤʝʝʪ 4 ʜʚʠʛʘʪʝʣʷ ʥʘ ʅʇʉ-1 ʤʦʱʥʦʩʪʴʶ 5 ʄɺʪ ʠ 4 ʜʚʠʛʘʪʝʣʷ ʤʦʱʥʦʩʪʴʶ 6,3 

ʄɺʪ ʅʇʉ-2. 

ɼʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʧʝʨʝʢʘʯʢʠ ʥʝʬʪʠ, ʨʘʙʦʪʘ ʛʨʫʧʧʳ ʄʅɸ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: ʦʜʠʥ ʄʅɸ ʚ ʨʘʙʦʪʝ, ʚʪʦʨʦʡ ʩʪʦʠʪ ʧʦʜ ɸɺʈ, ʜʚʘ ʘʛʨʝʛʘʪʘ 

ʥʘʭʦʜʷʪʩʷ ʣʠʙʦ ʚ ʨʝʟʝʨʚʝ, ʣʠʙʦ ʚ ʨʝʤʦʥʪʝ. ʇʦʵʪʦʤʫ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʱʘʷ 

ʤʦʱʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 45 ʄɺʪ. ʌʘʢʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ () ʚʦ ʚʨʝʤʷ 

ʧʝʨʝʢʘʯʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 12 ʄɺʪ: 

, 

ʛʜʝ: - ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʥʘ ʅʇʉ-1; - ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʅʇʉ-2; - ʤʦʱʥʦʩʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʦʪʦʧʣʝʥʠʷ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ. 

ʀʤʝʷ ʟʥʘʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʤʦʱʥʦʩʪʝʡ, ʨʘʟʨʘʙʦʪʘʝʤ ʚʘʨʠʘʥʪʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʘʥʥʦʡ ʅʇʉ ʦʪ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺʩʝ ʚʘʨʠʘʥʪʳ ʪʘʢʞʝ 

ʙʫʜʫʪ ʨʘʟʙʠʪʳ ʝʱʝ ʥʘ ʜʚʘ ʧʦʜ-ʚʘʨʠʘʥʪʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ 

ʅʇʉ ʠ ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ ʟʘʧʫʩʢ ʅʇʉ ʩ ʫʯʸʪʦʤ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ.  

ʇʦʩʢʦʣʴʢʫ ʜʚʠʛʘʪʝʣʠ ʥʝ ʧʫʩʢʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʨʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ 

ʭʫʜʰʠʡ ʚʘʨʠʘʥʪ: ʢʦʛʜʘ ʦʜʠʥ ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ, ʘ ʚʪʦʨʦʡ ʟʘʧʫʩʢʘʝʪʩʷ. 

ʂʨʘʪʥʦʩʪʴ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ ʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ ʨʘʚʥʘ 4,6 ʠ 4,7 

ʨʘʙʦʯʠʭ ʪʦʢʘ. ɺʳʙʝʨʝʤ ʜʚʠʛʘʪʝʣʴ ʩ ʙʦʣʴʰʠʤ ʥʦʤʠʥʘʣʴʥʳʤ ʪʦʢʦʤ. ɼʣʷ ʧʨʦʩʪʦʪʳ 

ʨʘʩʯʸʪʦʚ ʧʨʠʤʝʤ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʦʡ ʦʪ ʪʦʢʘ ʠ 

ʨʘʩʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʫʶ ʤʦʱʥʦʩʪʴ :  

 
ɺʘʨʠʘʥʪ 1 ï ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʠʣʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʝʟʝʨʚʘ .  

ɺʘʨʠʘʥʪ 2 ï ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʣʠʙʦ ʛʦʨʷʯʝʛʦ 

ʨʝʟʝʨʚʘ, ʣʠʙʦ ʨʝʤʦʥʪʘ ʧʦʣʦʚʠʥʳ  ʛʝʥʝʨʘʪʦʨʦʚ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

. 

ɺʘʨʠʘʥʪ 3 ï ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ ʥʘʣʠʯʠʝʤ ʛʦʨʷʯʝʛʦ 

ʨʝʟʝʨʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʤʦʥʪʘ ʛʝʥʝʨʘʪʦʨʦʚ . 
 

ʊʘʙʣʠʮʘ 1 ï ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʱʥʦʩʪʝʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ  

ɺʘʨʠʘʥʪʳ ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʙʦʪʳ ʅʇʉ, ʄɺʪ 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ 

ʨʘʙʦʪʳ ʠ ʧʫʩʢʘ ʅʇʉ, ʄɺʪ 

1 11,8 34,48 

2 23,6 68,96 

3 35,4 103,44 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʠʤ 

ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʦʮʝʥʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʇʉ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʩ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʝʡ ʷʚʣʷʝʪʩʷ ʥʝ ʧʦʜʭʦʜʷʱʠʤ ʧʦ 

ʧʨʠʯʠʥʝ ʥʘʭʦʞʜʝʥʠʷ ʅʇʉ ʚ ʨʝʛʠʦʥʝ ʩ ʦʙʠʣʴʥʳʤʠ ʩʥʝʛʦʧʘʜʘʤʠ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʘʩʤʫʨʥʳʭ ʜʥʝʡ ʚ ʛʦʜʫ ʙʦʣʝʝ 35%. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʧʨʠʤʝʨ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɹʫʨʠʙʘʝʚʩʢʦʡ ʉʕʉ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 20 ʄɺʪ. ʀʥʚʝʩʪʠʮʠʠ ʚ ʝʸ 

ʧʦʩʪʨʦʡʢʫ ʧʨʝʚʳʩʠʣʠ 1 ʤʣʨʜ ʨʫʙʣʝʡ, ʘ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʢɺʪĀʯ ʧʨʝʚʳʩʠʣʘ 8 

ʨʫʙʣʝʡ [1], ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ - ʚʝʪʨʷʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɺʕʉ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. ʅʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʳʡ ʚʳʙʦʨ 

ʫʩʪʘʥʦʚʦʢ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥ, ʪʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʈʌ ʠʤʝʶʪʩʷ ʣʠʙʦ 

ʢʨʫʧʥʳʝ ʣʝʩʥʳʝ ʤʘʩʩʠʚʳ, ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʧʘʜʳ ʚʳʩʦʪ, ʣʠʙʦ ʜʨʫʛʠʝ 

ʬʘʢʪʦʨʳ, ʫʤʝʥʴʰʘʶʱʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʟ-ʟʘ ʥʝ ʧʦʩʪʦʷʥʥʦʡ ʧʨʠʨʦʜʳ ʚʝʪʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦʡ 

ʤʦʱʥʦʩʪʠ ʧʦʪʨʝʙʫʝʪʩʷ ʟʘʧʘʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ 20% ʜʦ 50 % ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ. ʅʇʉ ɸʢʩʠʥʠʥʦ ʪʘʢʞʝ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʧʪʠʤʘʣʴʥʦʤ ʨʘʡʦʥʝ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ɺʕʉ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʥʝ ʧʨʠʤʝʥʠʤ. 

ɺ ʠʪʦʛʝ, ʦʩʪʘʸʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ: ʜʠʟʝʣʴʥʳʝ ʠ ʛʘʟʦʧʦʨʰʥʝʚʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɼʕʉ ʠ ɻʇʕʉ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʜʸʞʥʫʶ ʧʦʩʪʘʚʢʫ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ. ʂʦʥʢʨʝʪʥʳʡ ʞʝ ʚʳʙʦʨ ʜʦʣʞʝʥ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ɻʇʕʉ 

ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ, ʪʘʢ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʩ ʠʭ ʧʦʤʦʱʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʩ ʧʦʤʦʱʴʶ ɼʕʉ. ʂʨʦʤʝ ʪʦʛʦ, ʅʇʉ 

ɸʢʩʠʥʠʥʦ ʨʘʥʝʝ ʧʦʜʢʣʶʯʝʥʘ ʢ ʛʘʟʦʧʨʦʚʦʜʫ ʜʣʷ ʧʠʪʘʥʠʷ ʢʦʪʝʣʴʥʦʡ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʧʣʦʤ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʢʘʢ ʧʝʨʩʦʥʘʣ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ɻʇʕʉ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 

ʚʘʨʠʘʥʪʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ.  

ɼʣʷ ʨʘʩʯʸʪʘ ʦʢʫʧʘʝʤʦʩʪʠ ʚʟʷʪʳ ʜʘʥʥʳʝ ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ ɹʈʋ ɸʆ 

çʊʨʘʥʩʥʝʬʪʴ ɼʨʫʞʙʘè ʟʘ 2018 ʛʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ - 326 784 384 

ʢɺʪĀʯ. ʅʘ ʊʝʨʨʠʪʦʨʠʠ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʪʩʷ 4 ʅʇʉ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʛʦ-

ʣʦʚʥʘʷ, ʥʦ ʝʸ ʩʫʤʤʘʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʥʝ ʥʘ ʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʫʶ 

ʅʇʉ, ʪʘʢ ʢʘʢ ʛʣʘʚʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʅʇʉ ʵʪʦ ʄʅɸ, ʘ ʥʘ ʛʦ-

ʣʦʚʥʦʡ ʅʇʉ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʠ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ. ʀʩʭʦʜʷ ʠʟ 

ʜʘʥʥʳʭ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʦʜʥʘ ʅʇʉ ʚ ʛʦʜ ʧʦʪʨʝʙʣʷʝʪ ʦʢʦʣʦ 80 000 000 

ʢɺʪĀʯ ʟʘ ʛʦʜ. 

ʇɸʆ çʊʨʘʥʩʥʝʬʪʴè ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʩʙʳʪʦʚʫʶ ʢʦʤʧʘʥʠʶ ʆʆʆ 

çʊʨʘʥʩʥʝʬʪʴʵʥʝʨʛʦè, ʢʦʪʦʨʘʷ ʧʦʢʫʧʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘ ʦʧʪʦʚʦʤ ʨʳʥʢʝ ʠ 

ʧʝʨʝʧʨʦʜʘʝʪ ʝʝ ʜʦʯʝʨʥʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʪʘʨʠʬʫ ʥʘ 2022 ʛʦʜ 

ʨʘʚʥʦʤʫ 3,28451 ʨʫʙʣʷ/ ʢɺʪĀʯ [2]. ʊʦ ʝʩʪʴ ʨʘʩʭʦʜ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʟʘ 2022 ʛʦʜ 

ʜʣʷ ʦʜʥʦʡ ʅʇʉ ʩʦʩʪʘʚʠʪ: 

 ʨʫʙʣʝʡ 

ʇʨʠʤʝʨ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʜʣʷ ɻʇʕʉ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʤʘʨʢʠ Gazvolt 

2000T24 ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 2000 ʢɺʪ. ʊʠʧ ʩʪʘʥʮʠʠ ʚʳʙʨʘʥ ʧʦ ʜʚʫʤ 
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ʧʨʠʯʠʥʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʧʦ ʧʨʦʛʨʘʤʤʝ ʠʤʧʦʨʪʘ ʟʘʤʝʱʝʥʠʷ ɹʈʋ ɸʆ çʊʨʘʥʩʥʝʬʪʴ 

ɼʨʫʞʙʘè ʦʙʷʟʘʥʘ ʧʦʢʫʧʘʪʴ ʨʦʩʩʠʡʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʨʫʙʝʞʥʳʝ ʟʘʢʫʧʢʠ 

ʨʘʟʨʝʰʝʥʳ, ʪʦʣʴʢʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʥʦ ʜʘʞʝ ʝʩʣʠ 

ʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝ ʙʳʣʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ɻʊʕʉ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ [3]. ɺʦ-ʚʪʦʨʳʭ, ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʘʥʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 6300 ɺ, ʘ ʠʤʝʥʥʦ ʥʘ ʪʘʢʦʤ ʥʘʧʨʷʞʝʥʠʠ ʨʘʙʦʪʘʶʪ ʜʚʠʛʘʪʝʣʠ 

ʄʅɸ. ɼʣʷ ʧʨʠʤʝʨʘ, ʨʘʩʩʯʠʪʘʥʘ ʩʪʦʠʤʦʩʪʴ ʜʣʷ ʚʘʨʠʘʥʪʘ 1 ʪʘʙʣʠʮʳ 1. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʧʦʪʨʝʙʫʝʪʩʷ ʰʝʩʪʴ ʜʚʠʛʘʪʝʣʝʡ Gazvolt 

2000T24 ʨʘʙʦʪʘʶʱʠʭ ʧʘʨʘʣʣʝʣʴʥʦ. 

ʎʝʥʘ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʠ Gazvolt 2000T24 ï 63 247 500 ʨʫʙʣʷ. ʂʨʦʤʝ 

ʜʚʠʛʘʪʝʣʝʡ ʧʦʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʡʢʘ ʤʦʜʫʣʴʥʦʛʦ ʟʜʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʝ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ ʧʫʩʢʦʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪ. ʉʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʟʘʚʦʜʘ 

ʠʟʛʦʪʦʚʠʪʝʣʷ, ʮʝʥʘ ʟʘ ʪʘʢʠʝ ʨʘʙʦʪʳ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʥʪʳ ʦʪ 

ʩʪʦʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ: 4,5 % ʥʘ ʤʦʜʫʣʴʥʦʝ ʟʜʘʥʠʝ; 2,7% ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ 

ʨʘʙʦʪʳ; 2,2% ʥʘ ʧʫʩʢʦʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ. ʉʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʷʤ ʟʘʚʦʜʘ 

ʠʟʛʦʪʦʚʠʪʝʣʷ, ʩʨʦʢ ʩʣʫʞʙʳ ʚʩʝʡ ʫʩʪʘʥʦʚʢʠ ʚ ʨʝʞʠʤʝ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï 30 

ʣʝʪ. ʈʘʩʩʯʠʪʘʝʤ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʣʝʢʩʘ (C): 

 
ɻʜʝ: n - ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; Z- ʮʝʥʘ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʠ; 1,094 ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʫʩʪʘʥʦʚʢʫ ʠ ʧʫʩʢʦʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ 

ʟʘʚʦʜʘ ʠʟʛʦʪʦʚʠʪʝʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʪʘʥʦʚʢʘ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʦʡʜʸʪʩʷ ʚ 415 156 590 

ʨʫʙʣʝʡ. ɿʘ ʛʦʜ ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʛʘʟʘ ʪʘʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 20 000 000  

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ɼʘʥʥʳʡ ʨʘʩʭʦʜ ʙʝʨʸʪʩʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (W) 80 000 000 ʢɺʪĀʯ: 

 
ʛʜʝ: V - ʦʙʲʸʤ ʛʘʟʘ; P- ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 12 000 ʢɺʪ; Q ï 

ʦʙʲʸʤʥʳʡ ʨʘʩʭʦʜ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ (ʧʘʩʧʦʨʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʦʜʥʦʛʦ Gazvolt 

2000T24 ʩʦʩʪʘʚʣʷʝʪ 500 , ʧʨʠ 100 ʧʨʦʮʝʥʪʥʦʡ ʟʘʛʨʫʟʢʝ. ʈʘʩʭʦʜ ʦʪ ʚʳʨʘʙʦʪʢʠ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʟʘʚʠʩʠʪ ʣʠʥʝʡʥʦ: ʝʩʣʠ ʫʩʪʘʥʦʚʢʘ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ ʩ ʥʝ ʧʦʣʥʦʡ ʚʳʨʘʙʦʪʢʦʡ, ʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ, ʥʘ ʨʘʩʭʦʜ ʛʘʟʘ, 

ʵʪʦ ʥʝ ʧʦʚʣʠʷʝʪ. 

ɽʩʣʠ ʧʝʨʝʩʯʠʪʘʪʴ ʵʪʠ ʨʘʩʭʦʜʳ ʚ ʜʝʥʴʛʠ ʧʦ ʪʝʢʫʱʝʤʫ ʪʘʨʠʬʫ ʥʘ ʛʘʟ 5137 

ʨʫʙʣʝʡ ʟʘ 1000 ʤ
3
 ʟʘ 2022 ʛʦʜ ʧʦʣʫʯʠʤ 102 740 000. ʇʦ ʜʘʥʥʳʤ çʄʠʥʠʩʪʝʨʩʪʚʘ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷè ʩʨʝʜʥʠʡ ʨʦʩʪ ʮʝʥ ʥʘ ʪʘʨʠʬʳ ʚ ʦʙʣʘʩʪʠ ɾʂʍ ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʛʘʟ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʦ 2030 ʛʦʜʘ ʩʦʩʪʘʚʠʪ ʦʪ 5,7% ʜʦ 6,1% ʚ ʛʦʜʘ. ʉ 

ʫʯyʪʦʤ ʵʪʦʛʦ ʚʟʷʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚ 5,9% ʚ ʛʦʜ ʠ ʧʨʦʠʟʚʝʜʸʥ ʧʝʨʝʨʘʩʯʸʪ 

ʨʘʩʭʦʜʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʛʘʟ ʥʘ 30 ʣʝʪ. ʈʘʩʭʦʜʳ ʩʦʩʪʘʚʷʪ: ʥʘ ʛʘʟ ï 

7 980 884 409 ʨʫʙʣʝʡ, ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ï 20 411 364 338 ʨʫʙʣʝʡ. ʕʢʦʥʦʤʠʷ ʟʘ 

ʩʯʸʪ ɻʇʕʉ ʩʦʩʪʘʚʠʪ 12 430 479 929 ʨʫʙʣʝʡ. ʏʪʦ ʧʦʣʥʦʩʪʴʶ ʦʢʫʧʘʝʪ ʩʪʦʠʤʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʠ ʝʸ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ 

ʥʫʞʜ ʅʇʉ, ʟʘ ʩʯʸʪ ʫʩʪʘʥʦʚʢʠ ɻʇʕʉ ʥʝ ʷʚʣʷʝʪʩʷ ʫʙʳʪʦʯʥʦʡ, ʦʢʫʧʘʝʪ ʩʝʙʷ ʠ 

ʚʳʭʦʜʠʪ ʚ ʧʨʠʙʳʣʴ.  
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʘʞʜʳʡ ʥʝʧʨʝʜʚʠʜʝʥʥʳʡ ʦʩʪʘʥʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʩʸʪ 

ʨʠʩʢʠ ʨʘʟʣʠʚʘ ʥʝʬʪʠ, ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʬʠʥʘʥʩʦʚʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʚʠʜʝ ʥʝʜʦʦʪʧʫʩʢʘ ʥʝʬʪʠ ʟʘ ʪʝʨʨʠʪʦʨʠʶ ʈʌ, ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʅʦ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʦʡ ʜʚʠʛʘʪʝʣʷ ʄʅɸ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ ɻʇʕʉ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʙʦʪʳ 

ʅʇʉ, ʘ ʪʘʢʞʝ ʠ ʜʣʷ ʝʝ ʧʫʩʢʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [4] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʥʝʬʪʝʛʘʟʦʚʳʭ ʦʙʲʝʢʪʦʚ ʦʪ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦʟʤʦʞʥʦ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʢʘʢʠʝ-ʣʠʙʦ 

ʥʝʜʦʩʪʘʪʢʠ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠʟ-ʟʘ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʡ. 
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(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʋʉʂɸ ʀ ʉɸʄʆɿɸʇʋʉʂɸ ɸʉʀʅʍʈʆʅʅʓʍ 

ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃɽʁ ʉʆɹʉʊɺɽʅʅʓʍ ʅʋɾɼ 

 

ʇʝʨʚʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʚʠʜʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʩʝʛʦʜʥʷ 

ʟʘʥʠʤʘʶʪ ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʊʕʉ). ɺ ʈʦʩʩʠʠ ʦʢʦʣʦ 64,2 % ʚʳʨʘʙʘʪʳ-

ʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʭ ʜʦʣʶ. ʊʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʟʤʦʞʥʳ 

ʙʣʘʛʦʜʘʨʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʨʫʧʥʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ʤʦʱʥʦʩʪʴʶ 200 ï 300 ʄɺʪ, ʘ 

ʤʝʩʪʘʤʠ 500 ï 800 ʄɺʪ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʩʥʦʚʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʊʕʉ ʠʤʝʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ (ʉʅ). ʏʘʱʝ ʚʩʝʛʦ ʚ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʝ ʠʩʧʦʣʴʟʫʶʪ ʘʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ (ʕɼ) ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ. 

ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ ʵʥʝʨʛʦʙʣʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʤʦʱʥʦʩʪʠ ʕɼ ʉʅ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʧʫʩʢʦʚʳʤ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤ ʕɼ, ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʭʨʘʥʷʪʴ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʚ ʘʚʘʨʠʡʥʳʭ 

ʨʝʞʠʤʘʭ. ʂ ʧʨʠʤʝʨʫ, ʚ ʮʝʧʠ ʉʅ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʂɿ) 

ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʨʤʦʞʝʥʠʶ 

ʕɼ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʝʪʴ. ɽʩʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʠʪʘʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʨʦʠʩʭʦʜʠʪ 

ʠʭ ʧʦʣʥʘʷ ʦʩʪʘʥʦʚʢʘ. ʇʦʵʪʦʤʫ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʦʚ ʉʅ, ʦʩʦʙʝʥʥʦ 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʨʫʧʧʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ, ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 
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ʥʘ ʦʩʥʦʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʧʨʝʨʳʚʘʥʠʷ 

ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʝʨʝʭʦʜʥʳʡ ʨʝʞʠʤ ʩʘʤʦʟʘʧʫʩʢʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝ ʨʘʙʦʪʳ ʕɼ ʧʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʨʝʟʢʦʛʦ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʚʘ-

ʞʝʥ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʪʨʫʜʦʸʤʢʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʘʤʦʟʘʧʫʩʢʘ ʘʢʪʫ-

ʘʣʴʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘ-

ʥʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʘʤʦʟʘʧʫʩʢʘ ʦʪʚʝʪʩʪʚʝʥ-

ʥʳʭ ʕɼ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʙʝʟ ʫʯʘʩʪʠʷ ʧʝʨʩʦʥʘʣʘ ʧʦʩʣʝ 

ʧʝʨʝʨʳʚʘ ʧʠʪʘʥʠʷ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʦʪʢʣʶʯʝʥʠʠ ʠʣʠ ʧʨʠ ʨʝʟʢʦʤ ʩʥʠʞʝʥʠʠ 

ʥʘʧʨʷʞʝʥʠʷ.  

 ʊʘʢʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʨʝʞʠʤ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʫʩʢ ʕɼ. ʕʪʦ ʧʝʨʝʭʦʜʥʳʡ 

ʧʨʦʮʝʩʩ, ʢʦʛʜʘ ʠʟ ʩʝʪʠ ʧʦʪʨʝʙʣʷʝʪʩʷ ʪʦʢ, ʚ ʨʘʟʳ ʧʨʝʚʳʰʘʶʱʠʡ ʥʦʤʠʥʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʸʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʘ-

ʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʘʤʦʟʘʧʫʩʢ ʕɼ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʧʦʤʦʱʴʶ ʠʭ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʟʥʘʪʴ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʩʘʤʦʛʦ ʵʥʝʨʛʦʙʣʦʢʘ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʩʪʳʤ ʩʨʝʜʩʪʚʘʤ ʨʘʩʯʝʪʘ ʦʥʠ ʥʝ ʧʦʜʜʘʶʪʩʷ. ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʧʦʣʫ-

ʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʘʤʦʟʘʧʫʩʢʝ - ʦʧʳʪʥʳʡ ʧʫʪʴ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʕɼ ʥʘ ʨʝʘʣʴʥʦʤ 

ʜʝʡʩʪʚʫʶʱʝʤ ʦʙʲʝʢʪʝ. ʆʜʥʘʢʦ ʠ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʘʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚ ʚʘʨʠʘʥʪʘʭ ʚʦʟʤʦʞʥʳʭ ʩʠ-

ʪʫʘʮʠʡ ʜʣʷ ʩʘʤʦʟʘʧʫʩʢʘ ʕɼ ʉʅ ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʦʜʘ ʯʘʩʪʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʠʟ ʨʘʙʦʪʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʘʤʦʟʘʧʫʩʢʘ ʕɼ ʩʪʦʠʪ ʧʨʠʙʝʛʥʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʨʘʙʦʯʝʡ ʤʦʜʝʣʠ. ʆʥʘ ʧʦʟʚʦʣʠʪ 

ʦʮʝʥʠʪʴ ʧʦʚʝʜʝʥʠʝ ʕɼ ʧʨʠ ʧʝʨʝʨʳʚʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʯʝʨʝʟ ʢʦʨʦʪʢʠʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ.   

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʧʫʩʢʘ ʠ ʩʘʤʦʟʘʧʫʩʢʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʅ ʵʥʝʨʛʦʙʣʦʢʘ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʵʪʦʤʫ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʧʫʩʢʘ ʦʜʠ-

ʥʦʯʥʦʛʦ ʕɼ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʩʘʤʦʟʘʧʫʩʢʘ ʛʨʫʧʧʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ 

ʕɼ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʉʅ ʧʫʪʸʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ 

ʠʭ ʨʘʙʦʪʳ.  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʨʝʜʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ SimInTech (Simulation In Technic) ʦʪ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʆʆʆ ç3ɺ ʉʝʨʚʠʩè. ʉ ʝʸ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʙʝʟ ʪʨʫʜʘ ʨʝʘʣʠʟʦʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ɹʣʘʛʦʜʘʨʷ SimInTech ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʩʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʲʝʢʪʘʭ 

ʫʧʨʘʚʣʝʥʠʷ. ʉʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʦʛʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [5].  



36 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʩʠʥʭʨʦʥʥʳʡ ʪʨʸʭʬʘʟʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʤʘʨʢʠ 4ɸɿʄ-8000/6000. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʕɼ ʧʨʦʠʟʚʝʜʸʥ ʧʦ [3]. 

ʆʩʥʦʚʥʳʝ ʜʦʧʫʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠʥʷʪʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ: ʜʣʷ 

ʩʘʤʦʟʘʧʫʩʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʠʛʘʪʝʣʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʦʜʠʥʘʢʦʚʳʤ 

ʪʠʧʦʤ ʥʘʛʨʫʟʢʠ; ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ ʙʣʦʢʦʚ ʕʎ ï ɼʠʥʘʤʠʢʘ 2.0 (ʜʣʷ 

ʨʘʩʯʸʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʮʝʧʝʡ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʘʩʩʪʘʥʦʚʢʦʡ ʫʟʣʦʚ ʨʘʩ-

ʯʸʪʥʦʡ ʩʭʝʤʳ); ʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ; ʩʘʤʦʟʘʧʫʩʢ 

ʛʨʫʧʧʳ ʕɼ ʚʳʧʦʣʥʷʣʩʷ ʩ ʫʯʸʪʦʤ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ; ʜʣʷ ʛʨʫʧʧʦʚʦʛʦ ʧʫʩʢʘ ʚʢʣʶ-

ʯʝʥʠʝ ʕɼ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦ; ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʧʨʠʤʝʥ̫ -

ʝʪʩʷ ʪʨʸʭʬʘʟʥʳʡ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R-L; ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʧʨʦʱʸʥʥʦʡ ʤʝʪʦʜʠʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʷʤʦʛʦ 

ʧʫʩʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʕɼ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭʬʘʟʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ, 

ʪʨʸʭʬʘʟʥʦʛʦ ʘʤʧʝʨʤʝʪʨʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʘʶʪʩʷ ʙʣʦʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚr -

ʯʠʩʣʷʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʟʘ ʧʝʨʠʦʜ, ʪʨʸʭʬʘʟʥʳʡ ʘʩʠʥ-

ʭʨʦʥʥʳʡ ʕɼ ʠ ʚʨʝʤʝʥʥʦʡ ʛʨʘʬʠʢ. 

 
ʈʠʩʫʥʦʢ 1 ï ʤʦʜʝʣʴ ʧʨʷʤʦʛʦ ʧʫʩʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ɸɼ 

ʈʠʩʫʥʦʢ 2 ï ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʩʥʷʪʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʫʩʢʘ. 
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ʇʦʩʢʦʣʴʢʫ ʧʫʩʢʦʚʦʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʤʝʥʴʰʝ 1, ʧʫʩʢ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʭʦ-

ʣʦʩʪʦʤ ʭʦʜʫ ʜʦ ʤʦʤʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ ʥʦʤʠʥʘʣʴʥʳʭ ʦʙʦʨʦʪʦʚ. ʏʝʨʝʟ 9 ʩʝʢʫʥʜ ʥʘ 

ʚʘʣʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʷʚʣʷʝʪʩʷ ʥʘʛʨʫʟʢʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣ-

ʣʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʫʩʢʘ ʕɼ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʦʟʚʦ-

ʣʷʶʱʘʷ ʧʨʦʥʘʙʣʶʜʘʪʴ ʧʨʦʮʝʩʩ ʩʘʤʦʟʘʧʫʩʢʘ ʜʚʫʭ ʕɼ ʧʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʥʘʨʫʰʝʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʂɿ. ʅʘ ʵʪʦʪ ʨʘʟ ʢ 

ʙʣʦʢʘʤ ʜʦʙʘʚʣʷʶʪʩʷ ʪʘʢʦʡ ʞʝ ʧʦ ʤʦʱʥʦʩʪʠ ʕɼ, ʤʦʜʫʣʴ ʪʨʸʭʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦ-

ʟʘʤʳʢʘʪʝʣʷ ʠ R-L ʥʘʛʨʫʟʢʘ. ʉʥʘʯʘʣʘ ʟʘʧʫʩʢʘʝʪʩʷ ʦʜʠʥ ʕɼ. ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

10.5 ʩ ʟʘʧʫʩʢʘʝʪʩʷ ʚʪʦʨʦʡ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʦʙʘ ʜʚʠʛʘʪʝʣʷ ʜʦʩʪʠʛʣʠ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 22 ʩ ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴʶ 0.65 ʩ ï ʧʨʝʜʝʣʴʥʦʝ ʚʨʝʤʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʘʤʦʟʘʧʫʩʢ ʫʩʧʝʰʝʥ. ʆʥʦ 

ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ, 

ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʩʥʠʞʝʥʠʝʤ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ, ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʠ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʢʘ, ʧʦʩʢʦʣʴʢʫ ʕɼ ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ 

ʧʦʜʧʠʪʳʚʘʥʠʷ ʪʦʯʢʠ ʂɿ. ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʠʪʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʟʘʧʫʩʢ, 

ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʩʮʠʣʣʦʛʨʘʤʤʳ. ʇʨʠ ʵʪʦʤ ʪʦʢ ʩʘʤʦʟʘʧʫʩʢʘ ʙʦʣʴʰʝ 

ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ. ɿʘʚʝʨʰʘʝʪʩʷ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ 25 ʩ. 

 
ʈʠʩʫʥʦʢ 3 - ʤʦʜʝʣʴ ʧʨʷʤʦʛʦ ʧʫʩʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ɸɼ 

ʈʠʩʫʥʦʢ 4 ï ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʩʥʷʪʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʘʤʦʟʘʧʫʩʢʘ ʜʚʫʭ ʕɼ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʩʨʝʜʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ SimInTech, 

ʢʦʪʦʨʘʷ ʥʘ ʧʨʘʢʪʠʢʝ ʜʦʢʘʟʘʣʘ ʩʚʦʶ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʜʦʙʥʳʭ 

ʮʝʣʷʭ, ʫʜʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʠʤʠʪʘʮʠʶ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʕɼ ʧʨʠ ʧʫʩʢʝ 

ʠ ʩʘʤʦʟʘʧʫʩʢʝ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʧʦʩʪʨʦʝʥʠʝ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ. ʊʘʢʞʝ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʨʦʚʝʨʢʫ ʩʘʤʦʟʘʧʫʩʢʘ ʛʨʫʧʧʳ ʘʩʠʥʭʨʦʥʥʳʭ ʕɼ ʉʅ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴʶ ʧʝʨʝʨʳʚʘ ʧʠʪʘʥʠʷ ʠ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ 

ʜʚʠʛʘʪʝʣʝʡ ʜʨʫʛ ʥʘ ʜʨʫʛʘ.  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ ɻɽʅɽʈɸʊʆʈɸ 

ʇʈʀ ʇʆʄʆʑʀ ʇʈʆɻʈɸʄʄʓ FEMM  

 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ï ʧʨʦʚʦʜʘʭ ï ʷʚʣʷʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʈʘʩʯʸʪʳ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ð ʜʦʣʛʘʷ ʠ ʪʨʫʜʦʝʤʢʘʷ ʨʘʙʦʪʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʠʥʞʝʥʝʨʳ 

ʤʦʛʫʪ ʟʘʨʘʥʝʝ ʧʨʦʚʝʨʠʪʴ ʩʚʦʠ ʨʘʩʯʸʪʳ ʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 

ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ 

ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʟʘʜʘʥʠʠ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʥʘʠʤʝʥʴʰʝʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʙʳʣʘ ʚʟʷʪʘ ʧʨʦʛʨʘʤʤʘ FEMM, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʦʜʝʣʴʶ ʚʳʩʪʫʧʘʝʪ ʷʚʥʦʧʦʣʶʩʥʳʡ ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʩ ʜʚʫʤʷ ʧʦʣʶʩʘʤʠ 

(2p = 2). ɼʣʷ ʨʘʩʯʸʪʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʛʝʥʝʨʘʪʦʨʘ ʠʟʥʘʯʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʯʝʨʪʸʞ ʧʨʠ ʧʦʤʦʱʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ KOMPAS 3D-16. ɼʘʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʛʝʥʝʨʘʪʦʨʘ ʙʝʨʸʤ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʸʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ʚʳʧʦʣʥʝʥʥʦʝ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʤ 

ʢʦʥʚʝʨʪʘʮʠʶ ʤʦʜʝʣʠ ʚ ʬʦʨʤʘʪ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʧʨʦʛʨʘʤʤʦʡ Femm.  

https://help.simintech.ru/#priemy_raboty/modelirovanie.html


39 

 
ʈʠʩ. 1 ð ʕʩʢʠʟʳ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʛʝʥʝʨʘʪʦʨʘ 

 ɼʘʣʝʝ ʚ ʧʨʦʛʨʘʤʤʝ Femm ʧʨʦʠʟʚʦʜʠʤ ʜʘʣʴʥʝʡʰʫʶ ʥʘʩʪʨʦʡʢʫ ʤʦʜʝʣʠ. ʆʥʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʩʚʘʠʚʘʥʠʠ ʪʦʢʦʚ ʚ ʧʘʟʘʭ, ʟʘʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ. ʈʠʩʫʥʦʢ ʤʦʜʝʣʠ 

ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʫʩʣʦʚʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ɼʣʷ ʪʦʯʥʦʛʦ 

ʧʦʣʝʚʦʛʦ ʨʘʩʯʸʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʯʠʪʘʪʴ ʧʦʣʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʪʦʣʴʢʦ 

ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ, ʘ ʚʩʝʭ ʝʛʦ ʧʦʣʦʞʝʥʠʡ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ (ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ 3Á). ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ 

ʠʤʝʥʥʦ ʧʦʜʢʣʶʯʠʚ ʢ ʧʨʦʛʨʘʤʤʝ ʟʘʨʘʥʝʝ ʧʨʦʧʠʩʘʥʥʳʡ ʩʢʨʠʧʪ LUA. ʆʥ ʙʫʜʝʪ 

ʚr ʧʦʣʥʷʪʴ ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʘʨʪʠʥ ʧʦʣʷ, ʩʦʭʨʘʥʷʪʴ ʜʘʥʥʳʝ ʚ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ʠ ʧʦʚʦʨʘʯʠʚʘʪʴ ʨʦʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʪʦʨʘ. 

 
ʈʠʩ. 2 ð ʄʦʜʝʣʴ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʛʝʥʝʨʘʪʦʨʘ ʚ Femm 
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ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ J[A+:1] (J: ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ -0; [A+:1]: ʪʦʯʢʘ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʪʦʢʘ -469.789 ɸ) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʧʘʟʫ ʟʘʙʠʪ ʤʘʪʝʨʠʘʣ ʩ ʥʫʣʝʚʦʡ ʧʣʦʪ-

ʥʦʩʪʴʶ ʪʦʢʘ, ʘ ʚʦʪ ʟʘʪʝʤ ʢʘʞʜʦʤʫ ʤʘʪʝʨʠʘʣʫ ʚʨʫʯʥʫʶ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʤʝʪʢʘ 

circuit. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʜʘʥʥʳʝ ʪʦʯʢʠ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʯʝʨʝʟ 

ʩʢʨʠʧʪ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʯʝʨʝʟ ʪʦʯʢʫ. ʊʦʢ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʬʘʟʥʳʡ, ʝʛʦ ʨʘʩʯʸʪ ʚ 

ʩʢʨʠʧʪʝ LUA ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ɓ ʠ ʫʛʣʘ ʬʘʟʳ Ŭ. ʌʘʟʥʳʝ ʟʦʥʳ ʚ 

FEMM ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʩʯʸʪʘ ʚ ʩʢʨʠʧʪʝ LUA (ʬʘʟʥʘʷ 

ʟʦʥʘ A+ ð ʛʨʫʧʧʘ 2, ʬʘʟʥʘʷ ʟʦʥʘ B+ ð ʛʨʫʧʧʘ 3, ʬʘʟʥʘʷ ʟʦʥʘ ʉ+ ð ʛʨʫʧʧʘ 4, 

ʬʘʟʥʘʷ ʟʦʥʘ A- ð ʛʨʫʧʧʘ 5 ʠ ʪʘʢ ʜʘʣʝʝ ʜʦ 7 ʛʨʫʧʧʳ). ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʠʤʝʨʘ ʥʘ 

ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʠʥʘ ʧʦʣʷ ʩ ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʬʘʟʥʳʤʠ ʟʦʥʘʤʠ, ʫʛʣʦʤ 

ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ, ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʥʦʡ ʯʘʩʪʠ. 

 

 
ʈʠʩ. 3 ð ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʪʠʥʳ ʧʦʣʷ ʛʝʥʝʨʘʪʦʨʘ 

 ʎʠʬʨʳ ʦʪ 1 ʜʦ 18 ʦʟʥʘʯʘʶʪ ʥʦʤʝʨʘ ʧʘʟʦʚ ʧʨʠ ʫʢʣʘʜʢʝ ʦʙʤʦʪʢʠ, ʚ ʢʦʪʦʨʳʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʬʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʩʪʘʪʦʨʘ IA+ (ɸ), ʮʠʬʨʘ 4 ï ʯʝʪʚʝʨʪʳʡ ʧʘʟ 

ʩ ʬʘʟʥʳʤ ʪʦʢʦʤ IC- (Z). ɺ ʧʘʟ 18 ð ʧʘʟ ʩ ʬʘʟʥʳʤ ʪʦʢʦʤ IB- (Y). ʋʛʣʦʚʦʝ ʧʦʣʦ-

ʞʝʥʠʝ ʬʘʟʥʦʡ ʟʦʥʳ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʝʝ ʦʩʠ, ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʦʡ ʫʩʨʝʜʥʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʬʘʟʥʦʡ ʦʙʤʦʪʢʠ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ. ʌʘʟʥʘʷ ʦʙʤʦʪʢʘ ɸ-ɸô ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʦʩʠ ʨʦʪʦʨʘ d, ʠ, ʟʥʘʯʠʪ, ʟʜʝʩʴ ʦʩʴ ʵʪʦʡ ʦʙʤʦʪʢʠ ʠ ʦʩʴ ʨʦʪʦʨʘ ʩʦʚʧʘʜʘʶʪ. 

ʀʟʦʙʨʘʞʝʥʥʘʷ ʢʘʨʪʠʥʘ ʧʦʣʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʟʘʜʘʥʠʷ ʬʘʟʥʳʭ 

ʪʦʢʦʚ ʚ ʧʘʟʳ ʩʪʘʪʦʨʘ ʠ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʯʝʨʝʟ ʩʢʨʠʧʪ LUA. ɼʣʷ ʵʪʦʛʦ ʠʟ-

ʥʘʯʘʣʴʥʦ ʙʳʣʠ ʟʘʜʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩ ʥʫʣʝʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ, ʟʘʪʝʤ ʦʥʠ ʙʳʣʠ 

ʨʘʩʩʪʘʚʣʝʥʳ ʚ ʧʘʟʳ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ. ɼʘʣʝʝ ʢʘʞʜʦʤʫ ʙʣʦʢʫ ʙʳʣʘ ʧʨʠʩʚʦʝʥʘ 

ʪʦʯʢʘ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʯʝʨʝʟ ʩʢʨʠʧʪ ʬʘʟʥʳʤʠ ʪʦʢʘʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʠʥ-

ʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʷʚʣʷʝʪʩʷ ʜʚʫʭʧʦʣʶʩʥʳʤ, ʯʠʩʣʦ ʧʘʟʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ 

ʧʦʣʶʩ ʠ ʬʘʟʫ, ʨʘʚʥʦ 3. ʂʦʣʠʯʝʩʪʚʦ ʟʫʙʮʦʚ ʩʪʘʪʦʨʘ = 18.  
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ʇʦʜʨʦʙʥʳʡ ʨʘʩʯʸʪ ʪʦʢʦʚ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʟʘʨʘʥʝʝ ʢʣʘʩʩʠ-

ʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʆʪʤʝʯʝʥʥʳʝ ʥʘ ʢʘʨʪʠʥʝ ʧʦʣʷ ʮʠʬʨʘʤʠ ʧʘʟʳ 1, 2 ʠ 3 ʦʪʥʦʩʷʪʩʷ ʢ 

ʬʘʟʝ ɸ. ɿʘʤʳʢʘʶʱʠʡ ʧʘʟ ʬʘʟʳ ɺ ʦʪʤʝʯʝʥ ʯʠʩʣʦʤ 18. ʊʦʢ ʚ ʬʘʟʘʭ ʧʨʦʪʝʢʘʝʪ ʦʪ 

ç+è ʢ çè. ʊʦʢ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ, ʫʢʘʟʘʥʥʳʡ ʩʝʨʳʤ ʮʚʝʪʦʤ, ʷʚʣʷʝʪʩʷ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʤ, ʦʨʘʥʞʝʚʳʤ ð ʦʪʨʠʮʘʪʝʣʴʥʳʤ.  

 ʇʨʠ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʛʝʥʝʨʘʪʦʨ ʧʦʣʫʯʘʝʤ ʢʘʨʪʠʥʫ ʧʦʣʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 4. ʇʨʠ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʝ ʨʝʘʢʮʠʷ ʷʢʦʨʷ 

ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ï ʧʨʦʜʦʣʴʥʘʷ ʨʝʘʢʮʠʷ ʷʢʦʨʷ, ʢʦʪʦʨʘʷ ʫʯʘʩʪ-

ʚʫʝʪ ʚ ʩʦʟʜʘʥʠʠ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ʠ ʧʦʧʝʨʝʯʥʘʷ ʨʝʘʢʮʠʷ ʷʢʦʨʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ 

ʢ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʶ ʛʝʥʝʨʘʪʦʨʘ. ʇʦʧʝʨʝʯʥʘʷ ʨʝʘʢʮʠʷ ʷʢʦʨʷ ʩʦʟʜʘʸʪʩʷ ʠʥʜʫʢ-

ʪʠʚʥʦʡ ʯʘʩʪʴʶ ʥʘʛʨʫʟʢʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʤʝʪʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʩʜʚʠʛ ʬʘʟ ʤʝʞʜʫ 

ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ. ʉʫʤʤʘʨʥʳʡ ʧʦʪʦʢ  ʧʦ ʚʝʣʠʯʠʥʝ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʜʫʢʪʠʚʥʘʷ ʯʘʩʪʴ ʥʘʛʨʫʟʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʡ ʨʝʘʢʮʠʠ ʷʢʦʨʷ. 

 
ʈʠʩ. 4 ð ʂʘʨʪʠʥʘ ʧʦʣʷ ʚ ʨʝʞʠʤʝ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʨʘʩʯʸʪʝ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʜʠʩʢʨʝʪʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʠ ʕɼʉ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ. ʊʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʸʪʘ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʦʚ. ʆʜʥʠʤ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʢʨʠʧʪʘ LUA ʷʚʣʷʝʪʩʷ ʬʘʡʣ ʩ 

ʨʘʩʯʸʪʘʤʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ, ʕɼʉ ʠ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʕɼʉ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ. 
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ʊʘʙʣʠʮʘ 1 ð ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʣʝʚʳʤ ʨʘʩʯʸʪʦʤ 

 ʇʦʣʝʚʦʡ ʨʘʩʯʸʪ ʈʘʩʯʸʪ ʚ ʧʨʦʛʨʘʤʤʝ 

FEMM 

ʆʪʢʣʦʥʝʥʠʝ, % 

ɼʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ U, ɺ 

230.94  232.538 0.7 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ 

cosű, ʦ.ʝ. 

0.8 0.732 8.5 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ P, ɺʪ 4000 3683.808 7.01 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʤʦʱʥʦʩʪʴ Pɻ ʤ , ɺʪ 

4403.5 4031.4017 8.45 

  

 
ʈʠʩ. 5 ð ɿʘʚʠʩʠʤʦʩʪʴ  

 

ʊʘʢ ʢʘʢ ʚ ʧʦʣʝʚʦʤ ʤʝʪʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʱʝʥʠʡ, ʦʪʩʶʜʘ 

ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʨʘʩʭʦʞʜʝʥʠʷ. ɺ ʧʨʦʛʨʘʤʤʝ FEMM, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪʘʢ ʞʝ ʝʩʪʴ ʜʦʧʫʱʝʥʠʷ ʚ ʚʠʜʝ ʦʪʩʫʪʩʪʚʠʷ ʧʘʟʦʚʦʡ ʠʟʦʣʷʮʠʠ ʠ 

ʧʨʦʚʦʜʥʠʢʦʚ. ʇʦʵʪʦʤʫ ʚʳʭʦʜʷʪ ʧʦʛʨʝʰʥʦʩʪʠ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ, ʦʜʥʘʢʦ ʚ FEMM 

ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʧʨʦʚʝʨʠʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʣʷ ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ.  

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʰʝ ʚʠʜʥʦ, ʯʪʦ ʄʇʉ ʠ ʬʘʟʥʳʝ ʕɼʉ ʠʤʝʶʪ 

ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʦʧʳʣʦʚ ʀ.ʇ., ɻʦʨʷʠʥʦʚ ʌ.ɸ., ʂʣʦʢʦʚ ɹ.ʂ. ʠ ʜʨ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ / ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

çʖʨʘʡʪè, 2011.ï 767 ʩ. 

2. ɺ.ʀ. ʄʠʣʳʭ, ʅ.ɺ. ʇʦʣʷʢʦʚʘ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʩʯʝʪʳ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ FEMM ʜʠʥʘʤʠʢʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ. -2015.-ˉ6. - ʉ. 24-30. 

3. ɺ.ʀ. ʄʠʣʳʭ, ʅ.ɺ. ʇʦʣʷʢʦʚʘ ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʨʘʩʯʝʪʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ femm. -2016.-ˉ1. - ʉ. 

26-32. 

4. ʄʠʣʳʭ ɺ.ʀ., ʇʦʣʷʢʦʚʘ ʅ.ɺ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʥʘ ʦʩʥʦʚʝ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ // ɽʣʝʢʪʨʦʪʝʭʥʽʢʘ ʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ.-2006.-ˉ2. - ʉ. 40-46. 

5. ʇʨʠʩʪʫʧ ɸ.ɻ., ʏʝʨʚʷʢʦʚ ɸ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʧʨʦʛʨʘʤʤʝ FEMM: - ʫʯʝʙ. ïʤʝʪʦʜ. ʇʦʩʦʙʠʝ- 

ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʅʊɻʋ, 2012.-92 ʩ. 
 



43 

ɸ.ɸ. ʄʫʨʘʰʢʠʥ, ʩʪʫʜ.; ʨʫʢ. ʉ.ɸ. ʐʫʥʘʝʚ, ʩʪ. ʧʨʝʧ.  

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ)  

ʇʈɽɼʀʂʊʀɺʅɸʗ ɸʅɸʃʀʊʀʂɸ ɺ ɼʀɸɻʅʆʉʊʀʂɽ ʇʆɼɺɽʉʅʆʁ 

ʀɿʆʃʗʎʀʀ ɺʆɿɼʋʐʅʓʍ ʃʕʇ 

 

ɺ ʵʥʝʨʛʝʪʠʢʝ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʜʦʨʦʛʦʝ ʠ ʩʣʦʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʘʜʝʞʥʦʩʪʠ 

ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ɺ ʩʣʫʯʘʝ ʩ ʦʧʦʨʥʦʡ ʠ ʧʦʜʚʝʩʥʦʡ 

ʠʟʦʣʷʮʠʝʡ ʚʦʟʜʫʰʥʳʭ ʃʕʇ ʩʪʦʠʤʦʩʪʴ ʩʘʤʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʚʩʝʤ ʥʝ ʚʳʩʦʢʘ, 

ʦʜʥʘʢʦ, ʚʳʭʦʜ ʠʭ ʠʟ ʩʪʨʦʷ ʥʝʠʟʙʝʞʥʦ ʚʣʝʯʝʪ ʘʚʘʨʠʡʥʫʶ ʩʠʪʫʘʮʠʶ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʜʦʣʛʦʤʫ ʧʝʨʝʨʳʚʫ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʣʦʤʦʢ, ʧʨʦʩʪʦʝʚ ʠ 

ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʨʝʙʫʝʪʩʷ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ.  

ʀʟʦʣʷʪʦʨ - ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʟʜʫʰʥʦʡ ʃʕʇ. ʇʨʘʚʠʣʴʥʘʷ 

ʨʘʙʦʪʘ ʠʟʦʣʷʪʦʨʦʚ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ ʠ 

ʥʘʜʝʞʥʦʡ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʀʟʦʣʷʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʛʘʣʴʚʘʥʠʯʝʩʢʠ 

ʨʘʟʜʝʣʠʪʴ ʟʘʟʝʤʣʝʥʥʫʶ ʦʧʦʨʫ ʦʪ ʬʘʟʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʚʦʜʘ ʃʕʇ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʧʦʨʫ ʜʣʷ ʣʠʥʠʡ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ɼʠʘʛʥʦʩʪʠʢʘ ʧʦʜʚʝʩʥʦʡ ʠʟʦʣʷʮʠʠ ʩʦʛʣʘʩʥʦ ʪʝʢʫʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʨʝʛʣʘʤʝʥʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʥʝʰʥʠʡ ʦʩʤʦʪʨ ʩʦʩʪʦʷʥʠʷ 

ʠʟʦʣʷʪʦʨʦʚ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʚʨʝʞʜʝʥʠʡ (ʪʨʝʱʠʥ, ʩʢʦʣʦʚ) ʠʣʠ 

ʟʘʛʨʷʟʥʝʥʠʡ, ʠʟʦʣʷʪʦʨ ʧʦʜʣʝʞʠʪ ʟʘʤʝʥʝ ʠʣʠ ʦʯʠʩʪʢʝ. ʊʘʢʦʡ ʚʠʜ ʜʠʘʛʥʦʩʪʠʢʠ 

ʠʟʦʣʷʮʠʠ ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ ʠʟ-ʟʘ ʪʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 

ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ. 

ɹʦʣʝʝ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʜʚʝʩʥʦʡ ʠʟʦʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʦʩʥʘʱʝʥʠʝ ʝʸ ʜʘʪʯʠʢʘʤʠ ʠ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʠʭ ʧʦʢʘʟʘʥʠʷʤʠ. ʊʘʢʦʝ 

ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʚʝʨʦʷʪʥʦʝ ʤʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ 

ʩʠʪʫʘʮʠʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʜʦ ʚʳʭʦʜʘ ʠʟʦʣʷʮʠʠ ʠʟ ʩʪʨʦʷ. ʏʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ.  

ɹʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠʟʦʣʷʮʠʠ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ, ʧʦʩʪʨʦʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʧʦʪʦʢʦʚʳʭ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʠ ʚ ʩʠʩʪʝʤʝ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ ʫʩʪʨʦʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʥʘʯʘʣʘ ʪʨʝʙʫʝʪʩʷ: 

 

1. ʇʦʣʫʯʠʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʠʥʠʤʫʤ ʟʘ ʪʨʠ 

ʤʝʩʷʮʘ. ɼʦʣʞʝʥ ʠʤʝʪʴʩʷ ʧʦʪʦʢ ʜʘʥʥʳʭ ʩʦ ʚʩʝʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʘʪʯʠʢʦʚ. 

ʕʪʠʤʠ ʜʘʥʥʳʤʠ ʦʙʫʯʘʝʪʩʷ ʥʝʡʨʦʩʝʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʤʝʪʨʠʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʛʥʦʟʘ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʞʠʜʘʝʤʦʝ ʙʫʜʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʥʝʝ ʧʨʦʠʟʦʰʝʜʰʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʧʦʩʦʙʥʳ ʠʤʠʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ, 

ʧʦʟʚʦʣʷʷ ʢʦʤʧʴʶʪʝʨʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʥʘʭʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠ ʨʝʰʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 
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2. ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ ʪʨʝʙʫʝʪʩʷ ʜʦʙʘʚʠʪʴ ʪʝʢʫʱʠʝ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɿʘʪʝʤ ʧʨʠ ʢʘʞʜʦʤ ʨʝʛʣʘʤʝʥʪʝ ʦʮʝʥʠʚʘʪʴ ʠʟʥʦʩ 

ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ ʤʦʜʝʣʠ. ʄʦʜʝʣʴ ʩʧʦʩʦʙʥʘ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʩʣʫʯʘʠ, ʢʦʪʦʨʳʝ ʫʞʝ ʙʳʣʠ 

ʥʘ ʵʪʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʫʜʘʸʪʩʷ ʧʨʝʜʚʠʜʝʪʴ 

ʥʦʚʳʡ ʩʣʫʯʘʡ, ʢʦʪʦʨʦʛʦ ʥʝ ʙʳʣʦ ʚ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

 

3. ɼʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʨʦʠʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʕʪʘ ʤʦʜʝʣʴ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʩ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ. 

ʅʝʡʨʦʩʝʪʴ ʧʨʦʩʯʠʪʳʚʘʝʪ ʩʚʦʠ ʧʨʦʛʥʦʟʳ ʥʘ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ 

ʦʪʧʨʘʚʣʷʝʪ ʩʠʛʥʘʣ ʦ ʩʢʦʨʦʤ ʚʦʟʤʦʞʥʦʤ ʧʦʚʨʝʞʜʝʥʠʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʧʦʜʚʝʩʥʦʛʦ ʠʟʦʣʷʪʦʨʘ ɺʃ 110 ʢɺ 

 

ɺ ʩʣʫʯʘʝ ʩ ʧʦʜʚʝʩʥʦʡ ʠʟʦʣʷʮʠʝʡ ʚʦʟʜʫʰʥʳʭ ʃʕʇ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʦʢʦʚʳʭ 

ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʩ ʜʘʪʯʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ: 

1. ɼʘʥʥʳʝ ʦ ʇʏʈ, ʪʦʢʘʭ ʫʪʝʯʢʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʜʦʣʴ 

ʛʠʨʣʷʥʜʳ ʠʟʦʣʷʪʦʨʦʚ. 

2. ʋʨʦʚʝʥʴ ʘʪʤʦʩʬʝʨʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʨʘʡʦʥʝ ʫʩʪʘʥʦʚʢʠ ʃʕʇ 
ʤʦʥʪʠʨʫʶʪ ʩʚʦʙʦʜʥʦ ʚʠʩʷʱʠʡ ʠʟʦʣʷʪʦʨ, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʪʦʨʘ. 

3. ʇʦʩʪʨʦʠʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʦʙʫʯʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ, ʧʝʨʝʜʘʥʥʳʤ ʦʪ 

ʜʘʪʯʠʢʦʚ. 

4. ʇʦʩʪʨʦʠʪʴ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʪ.ʝ. ʤʦʜʝʣʴ, ʙʘʟʠʨʫʶʱʫʶʩʷ ʥʘ 

ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʦʩʠʩʪʝʤʳ.  
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʜʚʝʩʥʦʛʦ ʠʟʦʣʷʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ COMSOL Multiphysics 5.6, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʮʝʩʩʦʚ. ɺʳʜʝʣʷʶʪʩʷ ʪʨʠ ʵʪʘʧʘ 

ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʦʜʚʝʩʥʦʛʦ ʠʟʦʣʷʪʦʨʘ ʠ ʦʢʨʫʞʘʶʱʝʡ 

ʦʙʣʘʩʪʠ. ʊʘʢʞʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʦʣʷʪʦʨʦʚ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʧʠʩʳʚʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʦʣʷʪʦʨʘ, ʘ ʪʘʢʞʝ ʦʢʨʫʞʘʶʱʝʛʦ ʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʨʝʪʠʡ ʵʪʘʧ ʩʚʦʜʠʪʩʷ ʢ ʜʝʪʝʨʤʠʥʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ. [1]  

ɺ ʧʦʪʦʢʝ ʜʘʥʥʳʭ ʪʘʢʞʝ ʫʯʠʪʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ ʢʘʢ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʵʣʝʤʝʥʪ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

ʙʫʜʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʩʦʚʝʨʰʝʥʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

British Petroleum ð ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ, ʨʘʙʦʪʘʶʱʘʷ ʚ 70 ʩʪʨʘʥʘʭ. ʅʘ 

ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʚ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥʘʭ ʠ ʠʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʵʪʦʡ ʢʦʤʧʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ: ʪʝʤʧʝʨʘʪʫʨʝ, ʚʠʙʨʘʮʠʷʭ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʦʙʥʘʨʫʞʝʥʠʶ ʤʘʣʝʡʰʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʙʦʪʝ ʩʣʦʞʥʦʛʦ ʠ 

ʜʦʨʦʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʤʦʥʪ ʝʱʝ ʜʦ ʘʚʘʨʠʠ. ʇʦʩʣʝ 

ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʜʝʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚʦʟʨʦʩʣʘ ʩ 87% ʜʦ 96%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠʟʦʣʷʮʠʠ ʚʦʟʜʫʰʥʳʭ ʃʕʇ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʦʜʥʘʢʦ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʳʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʧʳʪʦʤ ʝʸ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʥʝʜʨʝʥʠʝ 

ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʝʸ 

ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʡ. 
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ɸ.ʉ. ʉʘʤʫʣʴʯʝʥʢʦʚ, ʤʘʛ.; ʨʫʢ. ʈ.ɺ. ʉʦʣʦʧʦʚ, ʢ.ʪ.ʥ, ʜʦʮ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʉʆɿɼɸʅʀɽ ʇʈʆɽʂʊɸ ɺʅʋʊʈɽʅʅɽʁ ʉʀʉʊɽʄʓ 

ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʈɽɼɽ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ REVIT   

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʨʘʟʜʝʣʦʚ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʉɸʇʈ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ: AutoCAD, NanoCAD, ʂʦʤʧʘʩ ʠ ʜʨ. ɼʘʥʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʝʨʪʝʞʝʡ, ʥʦ ʥʝ ʩʧʦʩʦʙʥʳ ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʥʘʧʦʣʥʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ 

ʪʘʢʞʝ ʨʝʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʠʟʜʝʣʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʝʙʫʶʱʠʭʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʠʥʷʪʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʤʝʪʦʜʘʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʷʚʣʷʝʪʩʷ BIM (Building Information Model ʠʣʠ Modeling)-ʧʦʜʭʦʜ. ʊʝʭʥʦʣʦʛʠʷ 

BIM, ʨʘʥʝʝ ʠʩʧʦʣʴʟʫʝʤʘʷ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʮʠʬʨʦʚʳʝ 

ʜʚʦʡʥʠʢʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʤʝ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʵʣʝʤʝʥʪʳ ʚ ʨʘʚʥʦʡ 

ʩʪʝʧʝʥʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʳ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠ, ʪʘʢ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ (ʦʙʲʝʢʪ ʥʝ 

ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʠʤʠʪʠʚʦʤ, ʘ ʥʘʜʝʣʝʥ ʚʩʝʤʠ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠʩʫʱʠʤʠ ʨʝʘʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ), 

ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʡʩʪʚʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʮʠʬʨʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʥʦʮʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ 

[1,2]. 

ʅʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʢʦʨʨʝʢʪʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʚʳʧʫʩʢ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪ Revit ʦʪ ʢʦʤʧʘʥʠʠ Autodesk. ɼʘʥʥʘʷ BIM-ʩʨʝʜʘ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʠ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʦʚ, 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠ ʠʥʞʝʥʝʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (3D) ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ [3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʛʘʨʘʞʘ ʥʘ ʜʚʝ ʤʘʰʠʥʳ (ʈʠʩ. 1), ʧʦʣʥʦʮʝʥʥʦ ʚʳʧʦʣʥʝʥʥʳʡ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Revit. 

ɺ ʛʘʨʘʞʝ, ʚ ʥʠʰʝ ʩʪʝʥʳ ʢʦʪʝʣʴʥʦʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʫʩʪʘʥʦʚʢʘ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʱʠʪʘ ʤʦʜʫʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʧʨʠʝʤʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘʧʨʷʞʝʥʠʝʤ 380 ɺ. ɺ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʤ ʱʠʪʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚʚʦʜʥʦʡ ʨʫʙʠʣʴʥʠʢ, ʦʜʥʦʬʘʟʥʳʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʚʳʢʣʶʯʘʪʝʣʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʚʳʢʣʶʯʘʪʝʣʠ ʜʣʷ ʧʠʪʘʥʠʷ ʥʘʛʨʫʟʦʢ ʛʘʨʘʞʘ (ʈʠʩ. 2). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʇʋʕ ʠ ʉʇ 256.1325800.2016 ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʥʘʛʨʫʟʢʠ 

ʦʪʥʦʩʷʪʩʷ ʢ III ʢʘʪʝʛʦʨʠʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 
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ʈʠʩ. 1 ï 3D ʚʠʜ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʛʘʨʘʞʘ ʥʘ ʜʚʝ ʤʘʰʠʥʳ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʱʠʪʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʛʘʨʘʞʘ 

ʥʘ ʜʚʝ ʤʘʰʠʥʳ 
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ʇʨʦʢʣʘʜʢʘ ʩʝʪʝʡ ʵʣʝʢʪʨʦʦʩʚʝʱʝʥʠʷ (ʈʠʩ. 3), ʨʦʟʝʪʦʢ (ʈʠʩ. 4) ʠ ʧʠʪʘʥʠʷ 

ʚʝʥʪʠʣʷʪʦʨʦʚ ʆɺʂ (ʈʠʩ. 5) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʇɺʍ-ʪʨʫʙʘʭ 

ʩʢʨʳʪʦ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3 - 3D ʚʠʜ ʩʝʪʠ ʵʣʝʢʪʨʦʦʩʚʝʱʝʥʠʷ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4 - 3D ʚʠʜ ʨʦʟʝʪʦʯʥʦʡ ʩʝʪʠ 
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ʈʠʩ. 5 - 3D ʚʠʜ ʩʝʪʠ ʧʠʪʘʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ ʆɺʂ 

 

ʇʣʘʥʳ ʩʝʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 3 ï 4, ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Revit 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʠʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʠʣʠ 

ʧʨʠ ʧʦʤʦʱʠ ʘʥʥʦʪʘʮʠʦʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʳʩʦʪʥʳʭ ʫʨʦʚʥʝʡ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʤʦʜʝʣʠ. 

ʄʘʨʢʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʘʚʣʷʶʪʩʷ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ, ʥʦ ʠʭ ʟʥʘʯʝʥʠʷ 

ʟʘʧʦʣʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʪ.ʢ. ʘʥʥʦʪʘʮʠʦʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʦʪʦʙʨʘʞʘʶʪ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʢʟʝʤʧʣʷʨʦʚ ʩʝʤʝʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ 

(ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʪ.ʜ.). ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʢʘʞʜʦʤʫ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʧʨʠʩʚʦʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʢʘʪʝʛʦʨʠʡ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʨʠʩ. 2) ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ Revit. 

ʉʧʝʮʠʬʠʢʘʮʠʷ ʠʟʜʝʣʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 6) ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ.  
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ʈʠʩ. 6 ï ʉʧʝʮʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʤʦʥʪʘʞʥʳʭ ʠʟʜʝʣʠʡ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʨʝʜʩʪʚʘʤʠ Revit 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ BIM-ʩʨʝʜʝ ʨʘʩʯʝʪʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʦʬʦʨʤʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʜʦʢʫʤʝʥʪʘʮʠʶ ʜʣʷ ʵʪʘʧʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʦ ʠ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʠʩʪʝʤʳ. 
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ʈʫʢ. ɺ.ʉ. ʂʦʚʞʝʚʢʠʥ, ʢ.ʪ.ʥ., ʜʦʮ. 

 (ʌʠʣʠʘʣ ɸʆ çʉʆ ɽʕʉè ʉʤʦʣʝʥʩʢʦʝ ʈɼʋ; ʉʇʙʇʋ çʇʝʪʨʘ ɺʝʣʠʢʦʛʦè;   

ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸɹʆʊʓ ʕʃɽʂʊʈʆʉʊɸʅʎʀʁ ɽʕʉ ʈʆʉʉʀʀ ɺ 

ʆɹʑɽʄ ʇɽʈɺʀʏʅʆʄ ʈɽɻʋʃʀʈʆɺɸʅʀʀ ʏɸʉʊʆʊʓ 

 

ɽʜʠʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʈʦʩʩʠʠ (ɽʕʉ ʈʦʩʩʠʠ) ʵʪʦ ʩʘʤʘʷ ʢʨʫʧʥʘʷ 

ʵʥʝʨʛʦʩʠʩʪʝʤʘ ʚ ʤʠʨʝ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʠʥʭʨʦʥʥʳʭ ʟʦʥ. ɺ ʢʘʞʜʦʡ 

ʩʠʥʭʨʦʥʥʦʡ ʟʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʝ ʠ 

ʧʝʨʝʪʦʢʦʚ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʝʯʝʥʠʷʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɻʆʉʊ. 

ʇʝʨʚʘʷ ʩʠʥʭʨʦʥʥʘʷ ʟʦʥʝ ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʴ ʈʦʩʩʠʠ, ʋʨʘʣʘ ʠ ʉʠʙʠʨʠ. ɺ ʥʝʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʢʚʘʟʠʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʚ 

ʧʨʝʜʝʣʘʭ 50,00 Ñ 0,05 ɻʮ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʚʳʥʫʞʜʝʥʥʦʤ ʨʝʞʠʤʝ, ʜʦʧʫʩʢʘʝʪʩʷ 

ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʚ ʧʨʝʜʝʣʘʭ 50,0 Ñ 0,2 ɻʮ. 

ɺʪʦʨʘʷ ʩʠʥʭʨʦʥʥʘʷ ʟʦʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʲʝʜʠʥʝʥʥʫʶ ʵʥʝʨʛʦʩʠʩʪʝʤʫ 

ɺʦʩʪʦʢʘ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ɺ ʥʠʭ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʢʚʘʟʠʫʩʪʘʥʦʚʠʚʰʠʝʩʷ 

ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚ ʧʨʝʜʝʣʘʭ 50,0 Ñ 0,2 ɻʮ. 

ɺʩʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʫʯʘʩʪʚʫʶʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʯʘʩʪʦʪʳ, 

ʢʦʪʦʨʦʝ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʵʪʘʧʘ. 

ʇʝʨʚʳʡ ʵʪʘʧ, ʵʪʦ ʦʙʱʝʝ ʧʝʨʚʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ (ʆʇʈʏ). ɺ ʥʝʤ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚʩʝ ʛʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʥʘʛʨʫʟʢʫ ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʆʇʈʏ ʥʫʞʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʩʪʘʥʦʚʠʪʴ ʧʘʜʝʥʠʝ ʯʘʩʪʦʪʳ ʠ ʥʝ 

ʜʦʧʫʩʪʠʪ ʝʝ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʚʪʦʨʠʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
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ɺ ʆʇʈʏ ʚʳʜʝʣʷʶʪ ʦʪʜʝʣʴʥʫʶ ʢʘʪʝʛʦʨʠʶ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʦʩʪʦʷʥʥʦ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚ ʧʨʝʜʝʣʘʭ ʢʚʘʟʠʫʩʪʘʥʦʚʠʚʰʠʭʩʷ 

ʟʥʘʯʝʥʠʷʭ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʧʝʨʚʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʯʘʩʪʦʪʳ (ʅʇʈʏ). ɼʣʷ ʅʇʈʏ ʦʪʙʠʨʘʶʪʩʷ, ʢʘʞʜʳʡ ʛʦʜ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩ ʦʩʦʙʳʤʠ 

ʨʝʛʫʣʷʪʦʨʘʤʠ ʯʘʩʪʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʤʝʨʪʚʘʷ ʟʦʥʘ ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʕʪʠ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚʩʝʛʜʘ ʨʘʙʦʪʘʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʧʘʩ ʧʝʨʚʠʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʘʢ ʥʘ ʨʘʟʛʨʫʟʢʫ, ʪʘʢ ʠ ʥʘ 

ʟʘʛʨʫʟʢʫ ʪʫʨʙʠʥ. ɼʣʷ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥ ʦʪʜʝʣʴʥʳʡ ʧʦʚʳʰʝʥʥʳʡ ʪʘʨʠʬ ʥʘ 

ʤʦʱʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ.  

 ɺʪʦʨʦʡ ʵʪʘʧ, ʵʪʦ ʚʪʦʨʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʠ ʤʦʱʥʦʩʪʠ.  ʇʨʠ ʥʝʤ, 

ʟʘ ʚʨʝʤʷ 5-10 ʤʠʥʫʪ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʚʘʟʠʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʠ ʧʣʘʥʦʚʳʭ ʧʝʨʝʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʝʯʝʥʠʷʭ. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ, ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʝʨʚʠʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʯʘʩʪʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʙʣʦʢʦʚ ɻʈʕʉ. ɻʈʕʉ ʚ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʞʠʤʝ 

ʧʘʚʦʜʢʘ ɻʕʉ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʭʦʣʦʩʪʦʡ ʩʙʨʦʩ ʚʦʜʳ ʠʟ ʚʦʜʦʭʨʘʥʠʣʠʱ. 

ʆʙʷʟʘʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʨʝʞʠʤʘ ʥʘʯʠʥʘʷ ʩ 

ʤʦʱʥʦʩʪʠ 50 ʄɺʪ. ɽʩʣʠ ʤʦʱʥʦʩʪʴ ʜʦ 100 ʄɺʪ, ʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ɸʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʠ 

ʤʦʱʥʦʩʪʠ (ʎʉ ɸʈʏʄ). ʂ ʵʪʦʡ ʩʠʩʪʝʤʝ ʧʦʜʢʣʶʯʝʥʳ ʚʩʝ ɻʕʉ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 

100 ʄɺʪ.  

ʊʨʝʪʠʡ ʵʪʘʧ, ʵʪʦ ʪʨʝʪʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʩ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚʪʦʨʠʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʚʩʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʨʘʙʦʪʘʶʱʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ɽʕʉ ʈʦʩʩʠʝʡ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʪʦʨʠʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

 
ʈʠʩʫʥʦʢ 1. ʇʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʠ (I ï ʧʝʨʚʠʯʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ, II ï ʚʪʦʨʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, III  ï ʪʨʝʪʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ). 

ɺ ʩʝʥʪʷʙʨʝ 2021 ʛʦʜʘ ʥʘ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ɸʕʉ ʧʨʦʠʟʦʰʣʦ ʣʦʞʥʦʝ 

ʩʨʘʙʘʪʳʚʘʥʠʝ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʦʪʢʣʶʯʠʣʦ 3,5 ɻɺʪ ʤʦʱʥʦʩʪʠ ʦʪ ʩʝʪʠ. ʕʪʦ 

ʧʨʠʤʝʨʥʦ ʩʦʩʪʘʚʣʷʝʪ 3,5% ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ɽʕʉ 

ʈʦʩʩʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʝ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ, ʙʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʨʝʘʢʮʠʶ 

ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʯʘʩʪʦʪʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʫʜʫʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʉʤʦʣʝʥʩʢʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ʉʤʦʣʝʥʩʢʫʶ ɸʕʉ ʥʝ 



52 

ʫʯʠʪʳʚʘʝʤ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ, ʪ.ʢ. ʥʘ ʥʝʡ ʫʩʪʘʥʦʚʣʝʥʳ ʨʝʘʢʪʦʨʳ ʈɹʄʂ, ʢʦʪʦʨʳʝ ʥʝ 

ʫʯʘʩʪʚʫʶʪ ʚ ʆʇʈʏ. 

ʆʮʝʥʢʫ ʫʯʘʩʪʠʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ. 

ʆʥ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʥʘʜʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʫʯʘʩʪʠʷ ʛʝʥʝʨʠʨʫʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʯʘʩʪʦʪʳ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʨʝʟʢʦʤ ʦʪʢʣʦʥʝʥʠʠ ʥʘ 

ʚʝʣʠʯʠʥʫ  ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 20 ʩʝʢʫʥʜ. ʈʝʘʢʮʠʶ 

ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʫʜʝʤ ʩʨʘʚʥʠʚʘʪʴ ʩ ʪʠʧʦʚʳʤʠ ʨʝʘʢʮʠʷʤʠ 

ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʆʇʈʏ [2]: 

 çʘʜʝʢʚʘʪʥʘʷè ï ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʪʥʳʤ ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪʳ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʠʨʫʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 çʩ ʧʨʦʚʘʣʦʤè ï ʥʘʯʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʘʜʝʢʚʘʪʥʦʡè, 

ʦʜʥʘʢʦ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ 

ʧʝʨʚʠʯʥʘʷ ʤʦʱʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʚʧʣʦʪʴ ʜʦ ʥʫʣʷ. 

 ʇʨʠ ʩʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ, ʨʝʛʫʣʷʪʦʨ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥʳ ʦʪʢʨʳʚʘʝʪ 

ʢʣʘʧʘʥʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʜʘʯʫ ʧʘʨʘ ʥʘ ʪʫʨʙʠʥʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʝʪ ʠ 

ʤʦʱʥʦʩʪʴ. ʉʥʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʥʘʯʠʥʘʝʪʩʷ, ʢʦʛʜʘ ʟʘʧʘʩ ʧʘʨʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʚ 

ʢʦʪʣʝ, ʠʟʨʘʩʭʦʜʦʚʘʥ, ʘ ʢʦʪʝʣ ʥʝ ʩʤʦʛ ʨʝʟʢʦ ʫʚʝʣʠʯʠʪʴ ʚʳʨʘʙʦʪʢʫ ʧʘʨʘ, ʢʘʢ ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ, ʪʘʢ ʠ ʩʫʙʲʝʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ. ʊʫʨʙʠʥʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʩʚʦʝ 

ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ.  

 çʢʦʪʝʣʴʥʘʷè ï ʫʯʘʩʪʠʝ ʚ ʆʇʈʏ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʕʉ 

ʠʟʤʝʥʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʢʦʪʣʘ ʧʨʠ ʩʣʘʙʦʡ ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʨʝʘʢʮʠʠ ʨʝʛʫʣʷʪʦʨʘ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠ̫  ʪʫʨʙʠʥʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ. 

ʆʪʩʫʪʩʪʚʠʝ ʨʝʘʢʮʠʠ ʨʝʛʫʣʷʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʙʦʣʴʰʠʤ 

ʠʟʥʦʩʦʤ, ʠ ʦʥ ʧʨʦʩʪʦ ʥʝ ʯʫʚʩʪʚʫʝʪ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ. ʋʚʝʣʠʯʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʢʦʪʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʥʘ ʥʝʤ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʟʘʚʠʩʠʤʳʝ 

ʠʟʤʝʨʠʪʝʣʠ ʯʘʩʪʦʪʳ.  ɿʘʜʝʨʞʢʘ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʵʪʠ 

ʠʟʤʝʨʠʪʝʣʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʝ, ʯʝʤ ʪʝ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʪʫʨʙʠʥʘʭ ʠ 

ʪʝʤ, ʯʪʦ ʢʦʪʣʫ ʥʘʜʦ ʚʨʝʤʷ, ʯʪʦʙʳ ʚʳʨʘʙʦʪʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘ. 

 çʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷè ï ʚ ʦʪʣʠʯʠʝ ʦʪ çʘʜʝʢʚʘʪʥʦʡè ʧʦʚʪʦʨʷʝʪ ʧʦ ʟʥʘʢʫ 

ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ. 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʪʫʨʙʠʥʳ ʨʘʙʦʪʘʝʪ ʥʝʢʦʨʨʝʢʪʥʦ.  

 çʢʦʣʝʙʘʥʠʷè ï ʧʦʩʣʝ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʦʟʥʠʢʘʶʪ 

ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʤʠ ʘʤʧʣʠʪʫʜʦʡ ʠ ʧʝʨʠʦʜʦʤ 

ʢʦʣʝʙʘʥʠʡ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʯʘʩʪʦʪʳ. 

ʕʪʦ ʨʝʘʢʮʠʷ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʪʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʘ ʛʝʥʝʨʘʪʦʨʘʭ ʦʜʥʦʡ 

ʩʪʘʥʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʡ ʚ ʨʘʙʦʪʝ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʤ ʯʘʩʪʦʪʳ. 

 çʥʝʪ ʨʝʘʢʮʠʠè ï ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʠ ʥʘʣʠʯʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʝʟʝʨʚʘ ʧʝʨʚʠʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
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ʕʪʦʪ ʪʠʧ ʨʝʘʢʮʠʠ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʥʘ 

ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʬʠʟʠʯʝʩʢʠ ʥʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʩʚʦʶ ʤʦʱʥʦʩʪʴ. ɸ ʪʘʢ ʞʝ ʜʣʷ 

ʪʝʭ ʨʝʛʫʣʷʪʦʨʦʚ ʯʘʩʪʦʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ 

çʤʝʨʪʚʦʡ ʟʦʥʝè ʠ ʥʘ ʢʦʪʣʘʭ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʯʘʩʪʦʪʳ. 

ʆʮʝʥʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʙʫʜʝʤ ʧʦ ʚʳʧʦʣʥʝʥʠʶ 

ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ. ʕʪʦ ʨʝʘʣʠʟʘʮʠʷ ʟʘ ʚʨʝʤʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 15 ʩʝʢʫʥʜ ʥʝ ʤʝʥʝʝ 

ʧʦʣʦʚʠʥʳ ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠ ʟʘ ʚʨʝʤʷ ʥʝ ʙʦʣʝʝ 5 ʤʠʥʫʪ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ.  

ɺ ʉʤʦʣʝʥʩʢʫʶ ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ: 

ʉʤʦʣʝʥʩʢʘʷ ɻʈʕʉ (630 ʄɺʪ), ʉʤʦʣʝʥʩʢʘʷ ʊʕʎ-2 (275 ʄɺʪ) ʠ ɼʦʨʦʛʦʙʫʞʩʢʘʷ 

ʊʕʎ (90 ʄɺʪ).  

ʉʤʦʣʝʥʩʢʘʷ ɻʈʕʉ ʵʪʦ ʙʣʦʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ 

ʪʨʠ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥʳ ʂ-210-130. ɺ ʭʦʜʝ ʨʝʟʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ, ʪʠʧ 

ʨʝʘʢʮʠʠ ʉʤʦʣʝʥʩʢʦʡ ɻʈʕʉ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʨʝʘʢʮʠʠ çʩ ʧʨʦʚʘʣʦʤè.  

 
ʈʠʩʫʥʦʢ 2. ʉʤʦʣʝʥʩʢʘʷ ɻʈʕʉ. 

ʉʤʦʣʝʥʩʢʘʷ ʊʕʎ-2 ʵʪʦ ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʴ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʪʨʠ 

ʪʫʨʙʦʘʛʨʝʛʘʪʘ: ʇʊ-60-130/13, ʊ-105/120-130-2 ʠ ʊ-110/120-130-4. ʊʠʧ ʨʝʘʢʮʠʠ 

ʘʥʘʣʦʛʠʯʝʥ ʨʝʘʢʮʠʠ çʩ ʧʨʦʚʘʣʦʤè. ʄʳ ʚʠʜʠʤ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʫ ʥʝʝ ʤʝʥʴʰʝ ʯʝʤ ʫ ʉʤʦʣʝʥʩʢʦʡ ɻʈʕʉ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʨʘʙʦʪʘʝʪ ʧʦ ʪʝʧʣʦʚʦʤʫ ʛʨʘʬʠʢʦʤ. ʄʝʥʴʰʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʝ 

ʤʦʱʥʦʩʪʠ, ʯʝʤ ʫ ʉʤʦʣʝʥʩʢʦʡ ɻʈʕʉ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʪʫʨʙʠʥʘ ʨʘʙʦʪʘʣʘ ʧʦʯʪʠ ʥʘ 

ʤʘʢʩʠʤʫʤʝ. ʄʦʱʥʦʩʪʴ ʪʫʨʙʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 105 ʄɺʪ. 

ʊʝʧʣʦʚʦʡ ʛʨʘʬʠʢ ï ʵʪʦ ʪʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʚ ʢʦʪʦʨʦʤ 

ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩʝʪʠ.  

 
ʈʠʩʫʥʦʢ 3. ʉʤʦʣʝʥʩʢʘʷ ʊʕʎ-2. 
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ɼʦʨʦʛʦʙʫʞʩʢʘʷ ʊʕʎ ʵʪʦ ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʴ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ 

ʪʨʠ ʪʫʨʙʦʘʛʨʝʛʘʪʘ: ʈ-18-90/2.5, ʇʊ-60-90/13 ʠ ʜʚʝ ʛʘʟʦʚʳʝ ʪʫʨʙʠʥʳ ɻʊɸ-6 ʈʄ. 

ɼʣʷ ʵʪʦʡ ʩʪʘʥʮʠʠ ʭʘʨʘʢʪʝʨʝʥ ʪʠʧ ʨʝʘʢʮʠʠ çʢʦʪʝʣʴʥʘʷè.  

 
ʈʠʩʫʥʦʢ 4. ɼʦʨʦʛʦʙʫʞʩʢʘʷ ʊʕʎ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʦʙʱʝʤ 

ʧʝʨʚʠʯʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʯʘʩʪʦʪʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʩʝ ʛʝʥʝʨʠʨʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʨʠʪʝʨʠʷʤ 

ʫʯʘʩʪʠʷ ʚ ʆʇʈʏ. ʀʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʨʝʘʢʮʠʷ ʩ ʧʨʦʚʘʣʦʤ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʨʝʛʫʣʷʪʦʨ ʯʘʩʪʦʪʳ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʜʘʯʫ ʧʘʨʘ ʥʘ ʪʫʨʙʠʥʫ, ʘ ʧʦʩʣʝʜʫʶʱʝʝ 

ʩʥʠʞʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʦʪʝʣ ʥʝ ʦʪʨʝʘʛʠʨʦʚʘʣ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʘʨʘ, ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʥʘ ʪʫʨʙʠʥʫ. ʉ ɼʦʨʦʛʦʙʫʞʩʢʦʡ ʊʕʎ ʩʠʪʫʘʮʠʷ ʜʨʫʛʘʷ. ʊʘʤ 

ʨʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ ʥʝ ʩʨʝʘʛʠʨʦʚʘʣ ʥʘ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ, ʥʦ ʩʨʝʘʛʠʨʦʚʘʣʘ 

ʘʚʪʦʤʘʪʠʢʘ ʢʦʪʣʘ ʠ ʩʪʘʣʘ ʧʦʜʘʚʘʪʴ ʙʦʣʴʰʝ ʧʘʨʘ ʥʘ ʪʫʨʙʠʥʫ.  
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ʊɽʍʅʆʃʆɻʀʀè, 2021. ï 684 ʩ., ʠʣ. 

4. ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʥʝʨʛʦʧʨʠʥʠʤʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ çʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤè (ʫʪʚʝʨʞʜʝʥʳ ʧʨʠʢʘʟʦʤ ʄʠʥʵʥʝʨʛʦ ʈʦʩʩʠʠ ˉ 630 ʦʪ 03.08.2018.). ï 23 ʩ. 
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ʉɽʂʎʀʗ 2 

ʕʃɽʂʊʈʆʊɽʍʅʀʂɸ ʀ ʊɽʇʃʆʕʅɽʈɻɽʊʀʂɸ 
 

ɸ.ʀ. ɸʚʜʝʝʚ, ʩʪʫʜ.; ʨʫʢ. ʉ.ʇ. ʂʫʨʠʣʠʥ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè  ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʆʂɸɿɸʊɽʃɽʁ ʊɽʍʅʀʏɽʉʂʆɻʆ 

ʉʆʉʊʆʗʅʀʗ ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃʗ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

ʜʣʷ ʩʠʤʚʦʣʴʥʳʭ ʠ ʯʠʩʣʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ Maple 2017. ɼʘʥʥʳʡ ʧʘʢʝʪ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʫʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʨʝʜʫ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʶʙʦʛʦ ʫʨʦʚʥʷ. ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ Maple ʷʚʣʷʶʪʩʷ 

ʥʠʟʢʘʷ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʚʳʢʘʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʚʠʥʫʪʳʡ ʥʘʙʦʨ ʩʨʝʜʩʪʚ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. [1] 

ɺ ʩʪʘʪʴʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʨʠʡʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

4ɸ250ʄ4ʋ3.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

[1]. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ [2], ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

4ɸ250ʄ4ʋ3. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿʥʘʯʝʥʠʝ 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ɺʪ 90000 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɺ 380 

ʉʠʥʭʨʦʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʦʙ\ʤʠʥ 1500 

ʅʦʤʠʥʘʣʴʥʦʝ ʩʢʦʣʴʞʝʥʠʝ 0,015 

ʅʦʤʠʥʘʣʴʥʳʡ ʂʇɼ 0,932 

ʅʦʤʠʥʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ 0,936 

ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ, ɸ 90,5 

 

 
ʈʠʩʫʥʦʢ 1. ʊ-ʦʙʨʘʟʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʊ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2. ʇʘʨʘʤʝʪʨʳ ʥʝʧʦʚʨʝʞʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 4ɸ250ʄ4ʋ3 ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʝʣʠʯʠʥʘ ɿʥʘʯʝʥʠʝ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟʳ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ  0,023 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟʳ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ  0,016 

ɻʣʘʚʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ  4,55 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʬʘʟʳ ʩʪʘʪʦʨʘ  0,082 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʬʘʟʳ ʨʦʪʦʨʘ  0,065 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʘʟʳ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʠʤʧʫʣʴʩʦʤ 

7,319ʭ0,02 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʠʤʧʫʣʴʩʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʦʯʝʨʸʜʥʦ ʧʦʜʘʶʪʩʷ 

ʥʘ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʚʩʪʨʝʯʥʦ ʩʦʝʜʠʥʸʥʥʳʝ ʬʘʟʳ AB (ʦʧʳʪ 1), ɺʉ (ʦʧʳʪ 2), 

ʉɸ (ʦʧʳʪ 3). ʇʨʠ ʵʪʦʤ ʪʨʝʪʴʷ ʬʘʟʘ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ ʟʘʤʳʢʘʝʪʩʷ 

ʥʘʢʦʨʦʪʢʦ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʘʣʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʥʝʧʦʚʨʝʞʜʝʥʥʦʛʦ, ʵʪʘʣʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʘʣʦʥʥʳʝ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʜʣʷ 

ʦʧʳʪʘ 1. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʜʚʫʭ ʙʘʟʠʩʘʭ ʚʝʢʪʦʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʚ ʙʘʟʠʩʝ  (ʨʠʩ. 2ʘ) ʠ ʚ ʙʘʟʠʩʝ ʉ,ɸ,ɺ (ʨʠʩ.2ʙ). ʆʧʳʪʳ 2 ʠ 3 

ʜʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʬʫʥʢʮʠʠ  ʚ ʙʘʟʠʩʝ ʉ,ɸ,ɺ. 

 
ʈʠʩʫʥʦʢ 2. ʕʪʘʣʦʥʥʳʝ ʬʫʥʢʮʠʠ ɻʨʠʥʘ: ʘ) ʚ ʙʘʟʠʩʝ ; ʙ) ʚ ʙʘʟʠʩʝ ʉ,ɸ,ɺ 

ɺ ʵʪʘʣʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʘʪʨʠʮʘ ɻʨʠʥʘ ʠ 

ʤʘʪʨʠʮʘ ʦʪʢʣʦʥʝʥʠʡ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʦʣʥʦʩʪʴʶ 

ʠʩʧʨʘʚʝʥ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʘʤʝʪʨʳ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʟʤʝʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 

 

 
ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʷ ɻʨʠʥʘ ʜʣʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʦʧʳʪʝ 1. 

 
ʈʠʩʫʥʦʢ 3. ʌʫʥʢʮʠʷ ɻʨʠʥʘ ʜʣʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʄʘʪʨʠʮʘ ɻʨʠʥʘ ʠ ʤʘʪʨʠʮʘ ʦʪʢʣʦʥʝʥʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʤʝʶʪ ʚʠʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 
ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ ʧʦʚʨʝʞʜʝʥʠʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 4,2%. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

 

ʂʘʢ ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʳʙʨʘʥ ʦʙʨʳʚ ʬʘʟʳ ʩʪʘʪʦʨʘ, 

ʢʦʪʦʨʳʡ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ:  
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ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʷ ɻʨʠʥʘ ʜʣʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ 1 ʦʧʳʪʝ. 

 
ʈʠʩʫʥʦʢ 4. ʌʫʥʢʮʠʷ ɻʨʠʥʘ ʧʨʠ ʦʙʨʳʚʝ ʬʘʟʳ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 

ɺ ʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʘʪʨʠʮʘ ɻʨʠʥʘ ʠ 

ʤʘʪʨʠʮʘ ʦʪʢʣʦʥʝʥʠʡ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʩʝʨʴʝʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʷʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʆʯʝʚʠʜʥʳʤ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ 35,5% 

ʥʝʩʦʚʤʝʩʪʠʤʦ ʩ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ, ʧʦʵʪʦʤʫ ʝʛʦ ʩʪʦʠʪ ʧʨʝʢʨʘʪʠʪʴ.  
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ)  

ʇʈʀʄɽʅɽʅʀɽ ʂʆʅɺɽʂʊʀɺʅʓʍ ʉʋʐʀʃʔʅʓʍ ʋʉʊɸʅʆɺʆʂ ɺ 

ʊʆʇʃʀɺʆʇʈʀɻʆʊʆɺʃɽʅʀʀ 

 

ʉ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʦʙʱʝʩʪʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʠʩʯʝʨʧʘʝʤʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʚʳʰʣʘ ʟʘʜʘʯʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʵʥʝʨʛʠʠ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʸʤʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʩʫʰʢʦʡ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʜʨʫʛʠʤ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉ 

ʧʦʚʳʰʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʤʦʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʘ ʪʘʢʞʝ 
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ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʪʦʚʘʨʘ. 

ʉʫʪʴ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʨʘʥʝʥʠʠ ʠʟʣʠʰʥʝʡ ʚʣʘʛʠ ʠʟ 

ʚʣʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ 

ʢʦʥʚʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʫʰʢʠ. ʎʝʣʴʶ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʫʰʢʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʪʝʧʣʘ 

ʚʳʩʫʰʠʚʘʝʤʦʤʫ ʧʨʦʜʫʢʪʫ ʧʨʠ ʧʦʤʦʱʠ ʵʥʝʨʛʠʠ ʛʦʨʷʯʝʛʦ ʘʛʝʥʪʘ ʩʫʰʢʠ. ɺ ʪʘʢʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʧʣʦʥʦʩʠʪʝʣʠ, ʥʘʧʨʠʤʝʨ, 

ʚʦʟʜʫʭ, ʜʳʤʦʚʳʝ ʛʘʟʳ ʠ ʧʝʨʝʛʨʝʪʳʡ ʧʘʨ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʤʦʣʘ ʪʦʧʣʠʚʘ, ʩʙʝʨʝʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʳʣʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʝʸ ʟʘʞʠʛʘʥʠʷ ʠ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʦ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʧʦʜʩʫʰʢʠ. ʅʦ ʠʟʣʠʰʥʝʝ ʧʦʜʩʫʰʠʚʘʥʠʝ ʧʳʣʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟ-ʟʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʇʦʜʩʫʰʠʚʘʥʠʝ ʛʦʨʶʯʝʛʦ ʚʦʟʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʦ ʟʘʤʢʥʫʪʦʡ ʠ ʨʘʟʦʤʢʥʫʪʦʡ ʩʭʝʤʘ. 

ɺʣʘʛʘ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʦʩʪʘʚʣʷʝʪ ʥʝʛʦʨʶʯʫʶ ʯʘʩʪʴ 

ʪʦʧʣʠʚʘ. ʆʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. 

ʅʘʭʦʜʷʱʫʶʩʷ ʚ ʪʦʧʣʠʚʝ ʚʣʘʛʫ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʚʥʝʰʥʶʶ ʠ ʚʥʫʪʨʝʥʥʶʶ. ɺ 

ʛʦʨʶʯʝʤ ʥʘʭʦʜʠʪʩʷ ʦʢʦʣʦ 1-40 % ʚʣʘʛʠ ʠʟ ʚʥʝ, ʝʸ ʯʠʩʣʦ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ, ʦʥʘ 

ʧʦʩʪʫʧʘʝʪ ʚ ʪʦʧʣʠʚʦ ʧʨʠ ʝʛʦ ʧʦʣʫʯʝʥʠʠ, ʧʝʨʝʚʦʟʢʠ ʠ ʭʨʘʥʝʥʠʠ. 

ʊʦʧʣʠʚʘ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʫʶ ʚʣʘʞʥʦʩʪʴ (ʙʦʣʝʝ 20 %), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʩʫʰʠʚʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʩʫʰʠʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʦ ʟʘʤʢʥʫʪʦʡ ʩʭʝʤʝ ʩʫʰʢʠ, 

ʘ ʠʤʝʥʥʦ ʩʦ ʩʙʨʦʩʦʤ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚʤʝʩʪʝ ʩ ʚʦʜʷʥʳʤʠ 

ʧʘʨʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ. ʊʘʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʙʘʨʘʙʘʥʥʳʝ 

ʩʫʰʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ. 

ʉ ʧʦʤʦʱʴʶ ʙʘʨʘʙʘʥʥʳʭ ʩʫʰʠʣʦʢ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩʫʰʢʘ 

ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʦʡ ʚʠʜ ʩʫʰʠʣʦʢ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ. ɼʦʩʪʦʠʥʩʪʚʘ ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʩʫʰʢʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʳʩʦʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʛʦʨʷʯʠʭ ʛʘʟʦʚ 700-800 Áʉ, ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ 

ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʜʦ 250 ʤʤ. ʅʝʜʦʩʪʘʪʢʠ ï ʙʦʣʴʰʦʡ ʚʝʩ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ 

ʛʘʙʘʨʠʪʳ, ʧʨʠʣʠʧʘʥʠʝ ʩʣʝʛʢʘ ʤʦʢʨʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʥʘ ʥʘʩʘʜʢʠ ʙʘʨʘʙʘʥʘ. 

ɺʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʙʘʨʘʙʘʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʘ ʩʫʰʢʠ, ʦʪ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 40 ʤʠʥ. ɺʳʩʫʰʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʚʣʘʞʥʦʩʪʴ 

4-6 %, ʘ ʠʥʦʛʜʘ ʝʛʦ ʚʣʘʞʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 0,5-1,5 %. ɹʘʨʘʙʘʥʥʳʝ ʩʫʰʠʣʢʠ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʠʩʧʘʨʷʝʤʦʡ ʚʣʘʛʝ. [1] 

ʋʚʝʣʠʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʫʰʢʘ ʫʛʣʷ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʙʥʦʚʣʝʥʠʷ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʩʫʰʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

1. ʫʩʪʘʥʦʚʢʘ ʧʳʣʝʫʛʦʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʛʦʨʷʯʠʭ ʛʘʟʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩʦ 

ʩʞʠʛʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʪʭʦʜʦʚ ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ; 

2. ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ, ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʵʪʦʤ ʤʝʥʝʝ 
9 %; 

3. ʧʦʜʩʫʰʢʘ ʫʛʦʣʴʥʦʛʦ ʰʣʘʤʘ; 

4. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʥʦʚʦʢ ʤʝʭʘʥʠʯʝʩʢʦʡ ʛʘʟʦʦʯʠʩʪʢʠ; 
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5. ʬɻʬʝʢʪʠʚʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʦʣʴʥʳʭ ʰʣʘʤʦʚ (ʜʦ 40% ʚ ʨʷʜʦʚʦʤ ʫʛʣʝ) ʠ ʜʨ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʩʫʰʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʪʝʧʣʦʪʳ ʥʘ 1 ʢʛ ʠʩʧʘʨʸʥʥʦʡ ʚʣʘʛʠ: 

 
ʛʜʝ Q - ʨʘʩʭʦʜ ʪʝʧʣʘ ʥʘ ʩʫʰʢʫ, ɺʪ; Wï ʨʘʩʭʦʜ ʚʣʘʛʠ, ʫʜʘʣʷʝʤʦʡ ʠʟ 

ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʛ/ʩ. 

ʊʘʢ ʜʣʷ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʫʰʢʠ ʩʦ ʩʞʠʛʘʥʠʝʤ ʫʛʣʷ ʥʘ ʠʩʧʘʨʝʥʠʝ 1 ʪ ʚʣʘʛʠ 

ʪʨʘʪʠʪʩʷ 206 ʢʛ ʫʛʣʷ ʠ 1,32 ʄɺʪ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 

ʊʝʧʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʟʘʚʠʩʠʪ 

ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥ ʧʦ ʬʦʨʤʫʣʝ: 

 
ʛʜʝ  - ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʥʦʝ ʛʘʟʦʤ ʚʳʩʫʰʠʚʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ, 

ɺʪ;  - ʨʘʩʭʦʜ ʪʝʧʣʘ ʥʘ ʩʫʰʢʫ, ɺʪ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʂʇɼ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʫʰʢʠ ʥʠʟʦʢ ʠ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ 12-30 %, 

ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʧʦʪʝʨʴ ʪʝʧʣʦʪʳ ʜʦ 70% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʩ 

ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ (ʨʠʩʫʥʦʢ 1). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʫʰʠʣʴʥʦʛʦ 

ʘʛʝʥʪʘ ʵʪʠ ʧʦʪʝʨʠ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʨʝʢʫʧʝʨʘʮʠʠ ʠʣʠ 

ʯʘʩʪʠʯʥʦʡ ʨʝʮʠʨʢʫʣʷʮʠʠ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ. ʆʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʣʦʢʘʣʴʥʦʡ ʢʠʥʝʪʠʢʦʡ 

ʧʨʦʮʝʩʩʦʚ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʥʘʠʣʫʯʰʠʡ ʧʨʦʬʠʣʴ 

ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʢʨʘʱʘʷ ʧʨʠ ʵʪʦʤ ʝʛʦ ʜʣʠʥʫ, ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʦʚʳʡ 

ʨʘʩʭʦʜ ʠʣʠ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ. ʂʠʥʝʪʠʯʝʩʢʘʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩʚʷʟʘʥʘ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʚʥʝʰʥʝʛʦ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ. [2] 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʟʘʪʨʘʪ  
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ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʤʘʪʝʨʠʘʣʦʚ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʚ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʫʰʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʝ (ʨʠʩʫʥʦʢ 2).  

 

ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ 

ʧʨʠ ʫʯʸʪʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ 

 

ɺʦʟʤʦʞʥʦʩʪʠ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ 

ʢʠʥʝʪʠʢʠ, ʥʦʩʷʪ ʩʢʨʳʪʳʡ ʭʘʨʘʢʪʝʨ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʭ ʥʝʣʴʟʷ ʦʙʥʘʨʫʞʠʪʴ 

ʩʘʤʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʯʸʪʘ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʜʝʡʩʪʚʫʶʱʫʶ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʠ ʧʦʜʙʦʨʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʩʫʰʢʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʛʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʩʙʝʨʝʞʝʥʠʷ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʩʪʘʜʠʠ 

ʩʫʰʢʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʝʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

1. ʩʨʘʚʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʫʰʢʠ 
ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

2. ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʢʫʧʝʨʘʮʠʠ ʠ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʚ ʪʝʯʝʥʠʝ ʩʫʰʢʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʤ 

ʤʘʪʝʨʠʘʣʘ ʠ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ; 

3. ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸ.ʀ. ɸʣʸʰʠʥ, ʩʪʫʜʝʥʪ; ʨʫʢ. ɸ.ʉ. ʂʦʚʘʣʴ, ʜʦʮʝʥʪ 

(ʄʆʋɺʆ ñɹʝʣʦʨʫʩʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪò) 

ʈɸʉʏɽʊ ʎʀʂʃʆɺʆɻʆ ʂ.ʇ.ɼ. ɸʉʀʅʍʈʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ 

ʏɸʉʊʆʊʅʆ-ʈɽɻʋʃʀʈʋɽʄʆɻʆ ʇʈʀɺʆɼɸ ʃʀʌʊɸ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʩʩʦʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʫʢʪʦʨʥʳʡ 

ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʥʘ ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʩ ʢ.ʟ. ʨʦʪʦʨʦʤ. ɸʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ  ʚ ʧʨʘʢʪʠʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʬʪʳ  

ʩ ʙʝʟʨʝʜʫʢʪʦʨʥʦʡ ʣʝʙʝʜʢʦʡ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʤʦʤʝʥʪʥʳʭ ʪʠʭʦʭʦʜʥʳʭ ʣʠʬʪʦʚʳʭ 

ʜʚʠʛʘʪʝʣʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ  ʥʘ ʨʦʪʦʨʝ (ʉɼʇʄ). 

ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʩʠʥʭʨʦʥʥʳʭ ʪʠʭʦʭʦʜʥʳʭ ʚʳʩʦʢʦʤʦʤʝʥʪʥʳʭ 

ʣʠʬʪʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʬʪʦʚʳʭ ʨʝʜʫʢʪʦʨʥʳʭ ʠ ʙʝʟʨʝʜʫʢʪʦʨʥʳʭ ʣʝʙʝʜʦʢ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʙʱʝʧʨʠʥʷʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʤʦʱʴʶ ʢ. ʧ. ʜ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʤʝʥʷʶʱʠʡʩʷ ʚʦ 

ʚʨʝʤʝʥʠ. ɼʣʷ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʣʠʬʪ) ʫʤʝʩʪʥʦ ʛʦʚʦʨʠʪʴ ʦ ʮʠʢʣʠʯʝʩʢʦʤ ʢ. 

ʧ. ʜ. [2] ʚ ʚʠʜʝ: 

1

2

.ʮ

ɸ
N

ɸ
                                                                                (1) 

ʛʜʝ:  ɸ1 ï ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʤʘʷ  ʟʘ ʮʠʢʣ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ; 

ɸ2 ï ʧʦʪʨʝʙʣʷʝʤʘʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʟʘ ʮʠʢʣ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ. 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʟʘ ʮʠʢʣ ʵʥʝʨʛʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ[2] 

2 1

0 0 0

( ) ( ) ( ) ( )

ʮ ʧʪ ʩ
t t t

ʫʩʪɸ M t t dt P t dt P t dtw ,                        (2) 

ʛʜʝ 1( )P t  ï ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʚ ʜʚʠʛʘʪʝʣʝ ʚ ʧʫʩ-

ʢʦ-ʪʦʨʤʦʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ; 

( )ʫʩʪP t  ï ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʚ ʜʚʠʛʘʪʝʣʝ ʚ ʫʩʪʘʥʦʚʠʚ-

ʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ; 

tʮ ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʟʘ ʮʠʢʣ; 

tʧʪ ï ʚʨʝʤʷ ʧʫʩʢʦ-ʪʦʨʤʦʟʥʳʭ ʨʝʞʠʤʦʚ ʟʘ ʮʠʢʣ; 

tʩ ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʟʘ ʮʠʢʣ; 

( )tw ï ʯʘʩʪʦʪʘ  ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ; 

( )M t  ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʚ ʜʚʠʛʘʪʝʣʝ 

1( )P t  ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʧʦʪʝʨʴ ʚ ʩʝʨʜʝʯʥʠʢʝ  ʜʚʠʛʘʪʝʣʷ (ʧʦʪʝʨʠ ʥʘ ʛʠʩʪʝʨʝʟʠʩ ʠ 

ʧʦʪʝʨʠ ʦʪ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ) ʠ ʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ [3].  

        ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʣʠʬʪʘʭ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ 

ʚʝʢʪʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ S ï ʦʙʨʘʟʥʦʡ  ʪʘʭʦ-

ʛʨʘʤʤʳ (ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʨʳʚʢʘ)  ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʢʘ-
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ʙʠʥʳ ʣʠʬʪʘ [4] ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʚ ʧʫʩʢʦ-ʪʦʨʤʦʟʥʳʭ ʨʝ-

ʞʠʤʘʭ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʚ ʩʝʨʜʝʯʥʠʢʝ ʦʪ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʯʘʩʪʦʪʳ ʚ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʜʣʷ ʜʚʠʛʘʪʝʣʴʥʳʭ ʠ ʛʝʥʝʨʘ-

ʪʦʨʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ  [5,6]: 
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Ppot.ʪʦʨʤ.ʜʚ. ï ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚ 

ʜʚʠʛʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ; 

Ppot.ʪʦʨʤ.ʛʝʥ. ï ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚ 

ʛʝʥʝʨʘʪʦʨʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ; 

Ppot.ʧʫʩʢ.ʜʚ. ï ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʧʨʠ ʧʫʩʢʝ ʚ 

ʜʚʠʛʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ; 

Ppot.ʧʫʩʢ.ʛʝʥ. ï ʫʧʨʘʚʣʷʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʧʨʠ ʧʫʩʢʝ ʚ 

ʛʝʥʝʨʘʪʦʨʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ; 

Rs -  ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʪʦʨʘ;  

Rr ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʦʪʦʨʘ; 

L12 ï ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ;   

Lr ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʨʦʪʦʨʘ;  

ry  ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʨʦʪʦʨʘ;  

Rf ïʧʦʪʝʨʠ ʚ ʞʝʣʝʟʝ; 

isd ʠ isq ï ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʘ ʩʪʘʪʦʨʘ  ʧʦ ʦʩʷʤ d ʠ q; 

 p ï ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ;  ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ; 

 J ï ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʢ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ; 

Ms ï ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ. 

 

  ʂʦʵʬʬʠʮʠʝʥʪʳ ɸ0 , ɸ0
*
, ɸ1* , ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ (3), ʦʧʨʝʜʝʣʷʶʪʩʷ: 

0
0 ,

ʰʢ

A
A

R   
0 ,mrA

   
1 ,

ʰʢ

V
A

R
 

(3) 
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ʛʜʝ  Rh ʢ, rm, V  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʨʘʜʠʫʩ ʰʢʠʚʘ ʣʝʙʝʜʢʠ, ʨʳʚʦʢ ʠ ʩʢʦʨʦʩʪʴ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʢʘʙʠʥʳ ʣʠʬʪʘ; ,
T

 T ï  ʚʨʝʤʷ ʧʫʩʢʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʢʘʙʠʥʳ ʣʠʬʪʘ. 

ʋʧʨʘʚʣʷʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

(ʧʝʨʝʤʝʱʝʥʠʝ ʢʘʙʠʥʳ ʣʠʬʪʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʤʦʤʝʥʪʝ 

ʥʘʛʨʫʟʢʠ  ʦʧʨʝʜʝʣʷʶʪʩʷ  ʠʟ ʦʙʱʝʛʦ ʚʳʨʘʞʝʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʪʝʨʴ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʢ. ʟ. ʨʦʪʦʨʦʤ [6]: 
2 2

2

1 2 3 4 2
.dr r

pot r r

r

Md d
P k k k k

dt dt                         
(4) 

ɺ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʜʣʷ ʧʨʠʚʦʜʘ ʩ ʚʝʢʪʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦʪʦʨʘ (ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʄd = ʄs) (4) ʠʤʝʝʪ 

ʚʠʜ:      
2

2 .
1 4 2

,s
ʫʩʪ r

r

M
P k k

 
ʕʥʝʨʛʠʷ, ʧʨʝʦʙʨʘʟʫʝʤʘʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ, ɸ1 

1

0 0

( ) ( ) ( ) .

ʮ ʮt t

ʤʝʭɸ M t t dt P t dtw                                  (5) 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ  ʚ ʜʚʠʛʘʪʝʣʝ ( )ʤʝʭP t  ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ [ 2] 

2

. ( )ʤʝʭ ʤʝʭʥʦʤP P ta ,  1( )
( ) ,

ʥʦʤ

t
t

w
a

w
                             (6) 

ʛʜʝ  .ʤʝʭʥʦʤP  ï  ʥʦʤʠʥʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

1( )tw  ï  ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ; 

ʥʦʤw  ï ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ( ) ( )M t tw  ʜʚʠʛʘʪʝʣʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʨʘʙʦʪʳ ʧʨʠ ʧʫʩʢʝ, ʪʦʨʤʦʞʝʥʠʠ ʠ ʜʚʠʞʝʥʠʠ ʢʘʙʠʥʳ ʣʠʬʪʘ  ʩ ʥʦʤʠʥʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴ.
 ʇʨʠ ʧʫʩʢʝ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʢʘʙʠʥʳ ʣʠʬʪʘ ʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ:    

0 1( ) cos( ),V t A t A t  ʫʩʢʦʨʝʥʠʝ - 0( ) (1 cos( )).ʘ t A t 

ʇʨʠ ʪʦʨʤʦʞʝʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

0 0 1( ) sin( ),V t V A t A t ( ) (cos( ) 1),mrʘ t t
 

ʛʜʝ  V0 ï ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʙʠʥʳ ʣʠʬʪʘ. 

ʇʨʠ ʠʟʚʝʩʪʥʦʤ ʟʘʢʦʥʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ   ʠ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʧʫʩʢʝ  ʠ  

ʥʘʧʨʠʤʝʨ, ʛʝʥʝʨʘʪʦʨʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ʣʠʬʪʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ 

ʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

. 0( ) ( ) ( ) ( ) ( ( )) ( ) ( (1 cos( )),ʤʝʭʧʫʩ ʧ ʧ s ʧ ʧ sP t t M t t M J ʘ t t M J A t 

ʛʜʝ  ( )ʧ tw  ï ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠ ʧʫʩʢʝ; ( )ʧʘ tï ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ 

ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʧʫʩʢʝ. 

(7) 



65 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʠ ʛʝʥʝʨʘʪʦʨʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ:   

. ( ) ( ) ( ) ( ( )) ( ) ( (cos( ) 1)),m
ʤʝʭ ʪʦʨ ʪʦʨ ʪʦʨ s ʪʦʨ ʪʦʨ s

r
P t t M t M J ʘ t t M J t

ʛʜʝ  ( )ʪʦʨtw  ï
 
ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ; ( )ʪʦʨʘ t ï ʟʘʢʦʥ 

ʠʟʤʝʥʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ. 

ʇʨʠ ʨʘʙʦʪʝ ʧʨʠʚʦʜʘ ʚ ʜʚʠʛʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʤʝʭʘʥʠʯʝʩʢʘʷ  ʨʘʙʦʪʘ 

ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʫʩʢʝ ʣʠʬʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ: 

. 0( ) ( ) ( ) ( ) ( ( )) ( ) ( (1 cos( )).ʤʝʭʧʫʩ ʧ ʧ s ʧ ʧ sP t t M t t M J ʘ t t M J A t 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʣʠʬʪʘ ʠ ʜʚʠʛʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ:  

. ( ) ( ) ( ) ( ( )) ( ) ( (cos( ) 1), ).m
ʤʝʭ ʪʦʨ ʪʦʨ ʪʦʨ s ʪʦʨ ʪʦʨ s

r
P t t M t M J ʘ t t M J t

   
(9) 

ɺ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ  ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ:  

. ( ) .ʤʝʭ ʫʩʪ ʥʦʤ sP t M
 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʣʷ ʚʳʩʦʢʦʤʦʤʝʥʪʥʦʛʦ ʣʠʬʪʦʚʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ (ʪʘʙʣʠʮʘ1, ʧʘʩʩʘʞʠʨʩʢʠʡ ʣʠʬʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ 1ʤ/ʩʝʢ) ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʧʫʩʪʦʡ  ʢʘʙʠʥʳ ʣʠʬʪʘ ʚʚʝʨʭ (ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ 

7.51ʩ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ: ʠʟʤʝʥʝʥʠʝ ʢ. ʧ. 

ʜ. ʜʚʠʛʘʪʝʣʷ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʮʠʢʣʘ, ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʤʘʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʟʘ ʮʠʢʣ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʠ ʵʥʝʨʛʠʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʠʟ 

ʩʝʪʠ (ʨʠʩʫʥʢʠ 1,2). 

 
ʈʠʩ. 1. ʕʥʝʨʛʠʷ ʟʘ ʮʠʢʣ: ʧʨʝʦʙʨʘʟʫʝʤʘʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʘ) ʠ 

ʧʦʪʨʝʙʣʷʝʤʘʷ  ʙ) t 

 

(8) 
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ʈʠʩ. 2 ʀʟʤʝʥʝʥʠʝ ʢ. ʧ. ʜ. ʜʚʠʛʘʪʝʣʷ ʟʘ ʮʠʢʣ ʨʘʙʦʪʳ 

ʊʘʙʣʠʮʘ1 ʇʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

J, 

ʢʛʤ
2 

R1, 

ʆʤ 

Mʥʦʤ, 

ʅʤ 

Iʥʦʤ, 

ɸ 

Pʥʦʤ, 

ɺʪ 

L12, 

ɻʥ 

L1, 

ɻʥ 

R2, 

ʆʤ 

D, 

ʤ 

ʥʦʤ, 

ʩ
-1
 

rm, 

ʤ/ʩʝʢ
2 

4,5 2,47 336 11,87 4071 0,639 0,694 1,87 0,32 6,09 1 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʛʨʘʬʠʢʠ  ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ɸ2 ʠ 

ʵʥʝʨʛʠʠ ɸ1 ʧʨʝʦʙʨʘʟʫʝʤʦʡ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʮʠʢʣ 

ʨʘʙʦʪʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ɸ1=7550ɼʞ, ʘ  ɸ2=12750 ɼʞ. ɿʥʘʯʝʥʠʝ ʮʠʢʣʦʚʦʛʦ ʢ. ʧ. ʜ. 

ʜʚʠʛʘʪʝʣʷ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʮʠʢʣ ʨʘʙʦʪʳ: 

1

2

7550
0,59.

12750
ʮ

ɸ
N

ɸ  

ʂ. ʧ. ʜ. ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʵʪʦʛʦ ʜʚʠʛʘʪʝʣʷ  -  0,68 [7 ]. 
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ʀ.ɼ. ɺʘʱʝʥʢʦʚ, ɻ.ʉ. ʀʚʘʥʦʚ., ʨʫʢ. ɸ.ʀ. ʂʠʩʝʣʝʚʘ, ʩʪ.ʧʨ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʆʇʈɽɼɽʃɽʅʀɽ ʅɸɼɽɾʅʆʉʊʀ ʉʀʉʊɽʄʓ ʊɽʇʃʆʉʅɸɹɾɽʅʀʗ 

ʛ. ʉʄʆʃɽʅʉʂɸ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʭʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʥʝʨʛʦʙʣʦʢʦʚ: ʟʠʤʥʝʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ 

ʦʪʦʧʠʪʝʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠ ʟʠʤʥʝʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩ ʤʘʣʳʤʠ ʦʪʦʧʠʪʝʣʴʥʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ. 

ɼʣ̫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ-ʟʠʤʥʝʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ (ʨʠʩ. 1) ʚ 

ʧʘʨʘʤʝʪʨʘʭ ʨʝʞʠʤʘ ʙʳʣʠ ʚʳʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ: ʜʘʚʣʝʥʠʝ 

ʧʝʨʝʜ ʨʝʛʫʣʠʨʫʶʱʝʡ ʜʠʘʬʨʘʛʤʦʡ ï 0, ʇʅɼ 3 ʦʪʢʣʶʯʝʥ. 

ʉʝʪʝʚʘʷ ʚʦʜʳ: ʨʘʩʭʦʜï 2500 ʪ/ʯ, ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ 11 ʢʛʩ/ʩʤ2, ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʭʦʜʝ 63, ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ï 10 ʢʛʩ/ʩʤ2, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ 116,18. 

ʆʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ: ʨʘʩʭʦʜ ï 0 ʪ/ʯ 

ɺʩʪʨʦʝʥʥʳʡ ʧʫʯʦʢ: ʨʘʩʭʦʜ ï 450 ʪ/ʯ, ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ï 5 ʢʛʩ/ʩʤ2, 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ - 5 , ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ï 3 ʢʛʩ/ʩʤ2, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʳʭʦʜʝ 27,73. 

ʇʦʪʨʝʙʣʝʥʠʝ ʧʘʨʘ 40 ʪ/ʯ. 

 

 
ʈʠʩʫʥʦʢ 1. ʈʝʞʠʤ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʪʦʧʠʪʝʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ 

ʇʊ-80-100-130/13 

 

ʇʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʜʣʷ ʇʊʋ ʩ ʪʫʨʙʠʥʦʡ ʊ-180/210-130-1 (ʨʠʩ. 2): ʜʘʚʣʝʥʠʝ 

ʧʝʨʝʜ ʨʝʛʫʣʠʨʫʶʱʝʡ ʜʠʘʬʨʘʛʤʦʡ ï 0, ʇʅɼ 1 ʠ ʇʅɼ 2 ʦʪʢʣʶʯʝʥʳ. 

ʉʝʪʝʚʘʷ ʚʦʜʳ: ʨʘʩʭʦʜï 5750 ʪ/ʯ, ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ 12 ʢʛʩ/ʩʤ2, ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʭʦʜʝ 63, ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ï 10 ʢʛʩ/ʩʤ2, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ 109,56. 
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ʆʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ: ʨʘʩʭʦʜ ï300 ʪ/ʯ, ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ï 4 ʢʛʩ/ʩʤ2, 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ - 20 , ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ï 3 ʢʛʩ/ʩʤ2, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʳʭʦʜʝ 27,34. 

ɺʩʪʨʦʝʥʥʳʡ ʧʫʯʦʢ: ʨʘʩʭʦʜ ï 800 ʪ/ʯ, ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ï 4 ʢʛʩ/ʩʤ2, 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ - 5 , ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ï 3 ʢʛʩ/ʩʤ2, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʳʭʦʜʝ 28,81. 

 

 
ʈʠʩʫʥʦʢ 2. ʈʝʞʠʤ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʪʦʧʠʪʝʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ 

ʊ-180/210-130-1. 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʠʥʠʤʘʣʴʥʦ-ʟʠʤʥʝʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ (ʨʠʩ. 3) ʚ 

ʧʘʨʘʤʝʪʨʘʭ ʨʝʞʠʤʘ ʙʳʣʠ ʠʟʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʜʘʚʣʝʥʠʝ ʧʝʨʝʜ 

ʨʝʛʫʣʠʨʫʶʱʝʡ ʜʠʘʬʨʘʛʤʦʡ ï 1 ʢʛʩ/ʩʤ2.  

ʆʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ: ʨʘʩʭʦʜ ï 500 ʪ/ʯ. 

 

 
ʈʠʩʫʥʦʢ 3. ʈʝʞʠʤ ʨʘʙʦʪʳ ʩ ʤʘʣʳʤʠ ʦʪʦʧʠʪʝʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʇʊ-80-130/13. 
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ɼʣʷ ʊ-180 (ʨʠʩ. 4) ʚ ʧʘʨʘʤʝʪʨʘʭ ʨʝʞʠʤʘ ʙʳʣʠ ʠʟʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

ʜʘʚʣʝʥʠʝ ʧʝʨʝʜ ʨʝʛʫʣʠʨʫʶʱʝʡ ʜʠʘʬʨʘʛʤʦʡ ï 1 ʢʛʩ/ʩʤ2.  

ʆʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ: ʨʘʩʭʦʜ ï 1500 ʪ/ʯ. 

 

 
ʈʠʩʫʥʦʢ 4. ʈʝʞʠʤ ʨʘʙʦʪʳ ʩ ʤʘʣʳʤʠ ʦʪʦʧʠʪʝʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʊ-180 

 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʝʞʠʤʦʚ ʨʘʩʩʯʠʪʘʥʳ ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʪʦʧʣʠʚʘ ʧʦ ʜʚʫʤ 

ʩʧʦʩʦʙʘʤ ï çʬʠʟʠʯʝʩʢʦʤʫè ʠ ʵʢʩʝʨʛʝʪʠʯʝʩʢʦʤʫ. çʌʠʟʠʯʝʩʢʠʡè ʤʝʪʦʜ ʨʘʩʯʝʪʘ 

ʷʚʣʷʝʪʩʷ ʦʬʠʮʠʘʣʴʥʳʤ ʜʣʷ ʈʦʩʩʠʠ, ʥʦ ʵʢʩʝʨʛʝʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʯʠʪʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ (ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ) ʚʠʜʦʚ ʵʥʝʨʛʠʠ.  

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ. ʇʦ ʦʙʦʠʤ ʤʝʪʦʜʘʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ 

ʥʘ ʦʪʦʧʣʝʥʠʝ ʥʘ ʇʊʋ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ) ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʘʜʘʝʪ:  

ʜʣʷ ʊ-180 ʧʦ çʬʠʟʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫè ʥʘ 37%, ʧʦ ʵʢʩʝʨʛʝʪʠʯʝʩʢʦʤʫ ï ʥʘ 14%; 

ʜʣʷ ʇʊ-80 ʧʦ çʬʠʟʠʯʝʩʢʦʤʫè ʤʝʪʦʜʫ ʥʘ 33%, ʧʦ ʵʢʩʝʨʛʝʪʠʯʝʩʢʦʤʫ ï ʥʘ 

8,6%; 

ʇʨʠ ʵʪʦʤ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʥʘ ʦʪʧʫʩʢ ʪʝʧʣʘ ʚʦʟʨʘʩʪʘʝʪ: 

ʜʣʷ ʊ-180 ʧʦ çʬʠʟʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫè ʥʘ 2,8 %, ʧʦ ʵʢʩʝʨʛʝʪʠʯʝʩʢʦʤʫ ï ʥʘ 9% 

(ʣʝʪʥʠʡ ʨʝʞʠʤ ï ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ, ʝʩʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʦʪʧʫʩʢ ʪʝʧʣʘ); 

ʜʣʷ ʇʊ-80 ʧʦ çʬʠʟʠʯʝʩʢʦʤʫè ʤʝʪʦʜʫ ʥʘ 0,4 %, ʧʦ ʵʢʩʝʨʛʝʪʠʯʝʩʢʦʤʫ ï ʥʘ 

7,8% (ʣʝʪʥʠʡ ʨʝʞʠʤ ïʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ, ʝʩʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʦʪʧʫʩʢ ʪʝʧʣʘ); 

ʇʨʠ ʨʘʩʯʝʪʝ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʦʪʧʫʩʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʘʨʘ  

ʧʦ çʬʠʟʠʯʝʩʢʦʤʫè ʤʝʪʦʜʫ ʟʥʘʯʝʥʠʝ ʩ ʨʦʩʪʦʤ ʦʪʦʧʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʝ 

ʤʝʥʷʝʪʩʷ; 

ʧʦ ʵʢʩʝʨʛʝʪʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ ʩ ʨʦʩʪʦʤ ʦʪʦʧʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ -  ʧʘʜʘʝʪ ʥʘ 

10%. 
ʃʠʪʝʨʘʪʫʨʘ 
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ɻ.ɺ. ɻʘʚʨʠʣʝʥʢʦʚ, ʉ.ɸ. ʅʠʢʦʣʘʝʥʢʦʚ, ʩʪʫʜ., ʨʫʢ. ɺ.ɺ. ʈʦʞʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ "ʅʀʋ "ʄʕʀ" ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʆʉʆɹɽʅʅʆʉʊʀ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇɽʈɽʍʆɼʅʓʍ ʇʈʆʎɽʉʉʆɺ 

ʇʆɿʀʎʀʆʅʅʆɻʆ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ ɺ ʉʀʉʊɽʄɽ 

çʐʀʈʆʊʅʆ-ʀʄʇʋʃʔʉʅʓʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʔ ï ɼɺʀɻɸʊɽʃʔ 

ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸè 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʨʝʛʫʣʠʨʫʝʤʳʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʩʥʦʚʥʦʡ ʢʦʦʨʜʠʥʘʪʦʡ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ. ʆʜʥʘʢʦ ʨʷʜ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʶʪ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ ʢʦʥʪʨʦʣʷ ʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʯʘʱʝ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʜʦʣʞʝʥ 

ʟʘʥʠʤʘʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ 

ʧʦʟʠʮʠʦʥʥʳʤ [1, 2]. ʇʨʠ ʵʪʦʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʣʝʜʷʱʝʛʦ ʧʨʠʚʦʜʘ, ʚ ʧʦʟʠʮʠʦʥʥʦʤ 

ʦʙʳʯʥʦ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʦʞʝʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʪʦʯʢʝ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʥʝ ʥʘ ʚʩʝʡ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʥʢʨʝʪʥʦʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʬʦʨʤʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʚʘʨʠʘʥʪʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʩ ʦʙʱʠʤ ʩʫʤʤʠʨʫʶʱʠʤ 

ʫʩʠʣʠʪʝʣʝʤ, ʤʦʜʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʧʦʜʯʠʥʝʥʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

ʢʦʦʨʜʠʥʘʪ. ɺʩʣʝʜʩʪʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʳ ʩʠʥʪʝʟʘ ʚ ʧʨʘʢʪʠʢʝ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʳ ʠʤʝʥʥʦ ʩ 

ʧʦʜʯʠʥʝʥʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʘʪ. ɺ ʥʠʭ ʢʦʥʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʜʯʠʥʝʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ɺ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʥʘ 

ʦʩʥʦʚʝ ʤʘʰʠʥ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʪʠʧʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʢʦʨʨʝʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ ʩ ʚʥʫʪʨʝʥʥʠʤ ʢʦʥʪʫʨʦʤ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ ʷʢʦʨʷ ʠ 

ʚʥʝʰʥʠʤ ʢʦʥʪʫʨʦʤ ʩʢʦʨʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ [2, 3]. 

ɺ ʧʦʟʠʮʠʦʥʥʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʢ ʵʪʦʤʫ ʥʘʙʦʨʫ ʢʦʥʪʫʨʦʚ ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ 

ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ ʧʦʣʦʞʝʥʠʷ, ʧʨʠʯʝʤ ʩʪʨʫʢʪʫʨʘ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣʦʚʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʦʟʠʮʠʦʥʥʳʭ ʩʠʣʦʚʳʭ ʩʚʷʟʝʡ ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʛʫʣʷʪʦʨʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʫʩʣʦʞʥʷʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʜʘʪʯʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʩʠʥʪʝʟ 

ʫʩʣʦʞʥʷʝʪʩʷ ʝʱʝ ʙʦʣʴʰʝ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʩʚʷʟʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʚʦʟʨʘʩʪʘʥʠʶ ʟʘʧʘʩʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʭ (ʇʀ) ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʤʠ ʩʚʷʟʷʤʠ ʧʦ 

ʟʘʜʘʶʱʠʤ ʠ ʚʦʟʤʫʱʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ.  

ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ, ʥʘʩʪʨʦʝʢ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ 

ʣʶʙʦʡ ʩʨʝʜʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʚʘʨʠʘʥʪ ʩʠʥʪʝʟʘ ʧʦʟʠʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩ ʩʠʩʪʝʤʳ ʥʘ ʧʨʠʤʝʨʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʪʨʘʥʟʠʩʪʦʨʥʦʡ ʩʭʝʤʝ ʫʧʨʘʚʣʝʥʠʷ (ʐʀʇ).   

ɿʘʜʘʯʠ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ. 

C ʧʦʤʦʱʴʶ ʩʨʝʜ r ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ Simulink ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʭʝʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ 

ʠ ʧʦʣʫʯʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 1). 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʚʥʘ 

250 ɺʪ. ʉʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ ʩ ʛʨʫʟʦʤ ʠ ʙʝʟ ʛʨʫʟʘ, 

ʨʘʚʝʥ 28,215 ʅʤ ʠ 22,212 ʅʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʛʣʦʚʘʷ ʯʘʩʪʦʪʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʢ 

ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ, ʨʘʚʥʘ 10 ʨʘʜ/ʩ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʨʝʘʢʮʠʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʩʭʝʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ï ʝʜʠʥʠʯʥʦʛʦ ʩʢʘʯʢʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ (ʨʝʘʢʮʠʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʥʘ 

ʝʜʠʥʠʯʥʳʡ ʩʢʘʯʦʢ) 

ɸʥʘʣʠʟ ʨʠʩʫʥʢʘ 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 6%. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʢʦʥʪʨ ʧʦʣʦʞʝʥʠʷ ʥʘʩʪʨʦʝʥ ʧʨʘʚʠʣʴʥʦ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʠʥʪʝʟʘ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʚ ʜʘʥʥʦʤ ʢʦʥʪʫʨʝ ʫʧʨʝʞʜʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʶ. 

ɼʘʣʝʝ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʩ ʟʘʤʢʥʫʪʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʕɼʉ 

ʜʚʠʛʘʪʝʣʷ, ʜʣʷ ʩʥʷʪʠʷ ʥʘʛʨʫʟʦʯʥʦʡ ʜʠʘʛʨʘʤʤʳ ʟʘ ʚʝʩʴ ʮʠʢʣ ʨʘʙʦʪʳ (ʩʤ. ʨʠʩʫʥʦʢ 
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3). ɺ ʤʦʜʝʣʠ ʚʳʯʠʩʣʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʤʦʤʝʥʪ ʠ ʧʦʣʝʟʥʘʷ ʨʘʙʦʪʘ ʟʘ ʮʠʢʣ. 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʵʪʦʡ ʤʦʜʝʣʠ ʨʘʩʢʨʳʪʳ ʥʘ ʨʠʩʫʥʢʘʭ 4 ï 7. 

 
ʈʠʩʫʥʦʢ 3 ï ʄʦʜʝʣʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʜʣʷ ʩʥʷʪʠʷ ʥʘʛʨʫʟʦʯʥʦʡ ʜʠʘʛʨʘʤʤʳ 

 
ʈʠʩʫʥʦʢ 4ï ɹʣʦʢ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

 
ʈʠʩʫʥʦʢ 5 ïɹʣʦʢ ʥʘʛʨʫʟʢʠ 

 
ʈʠʩʫʥʦʢ 6 ï ɹʣʦʢ ʨʘʩʯʝʪʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʤʦʤʝʥʪʘ 

 
ʈʠʩʫʥʦʢ 7ïɹʣʦʢ ʫʧʨʝʞʜʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠ ʁ

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ 

ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪ: ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ, ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ, ʩʢʦʨʦʩʪʠ 

ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ. 
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ʈʠʩʫʥʦʢ 8 ï ɼʠʘʛʨʘʤʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟʘ ʮʠʢʣ ʨʘʙʦʪʳ (ʩʚʝʨʭʫ ʚʥʠʟ), ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ, 

ʧʦʣʦʞʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʜʚʠʛʘʪʝʣʷ.  

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʪʝʧʝʥʠ 

ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 1%.   

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʠʩʭʦʜʷ ʠʟ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʦʢʘʟʳʚʘʶʪ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʢʦʥʪʫʨʦʚ ʪʦʢʘ, ʩʢʦʨʦʩʪʠ, ʧʦʣʦʞʝʥʠʷ. 

ʆʪʨʘʙʦʪʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʟʘ ʮʠʢʣ ʨʘʙʦʪʳ.  
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(ʌʠʣʠʘʣ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆʉʊʆʗʅʀʗ ʀɿʆʃʗʎʀʆʅʅʓʍ 

ʇʈʆʄɽɾʋʊʂʆɺ ɹʋʄɸɾʅʆ-ʄɸʉʗʃʗʅʅʓʍ ʂʆʅɼɽʅʉɸʊʆʈʆɺ, 

ʅɸʍʆɼʀɺʐʀʍʉʗ ɺ ʕʂʉʇʃʋɸʊɸʎʀʀ ɼʃʀʊɽʃʔʅʆɽ ɺʈɽʄʗ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʥʘʜʝʞʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʩʪʘʝʪʩʷ ʚʩʝ ʝʱʝ ʘʢʪʫʘʣʴʥʦʡ ʠ ʪʨʝʙʫʶʱʝʡ ʨʝʰʝʥʠʷ. 

ʆʙʲʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ 

ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʠʣʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠʟʦʣʷʮʠʠ ʧʨʠ ʠʟʛʦʪʦʚʦʣʝʥʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʮʝʣʦʩʪʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠʟʦʣʷʮʠʠ, ʢʘʢ ʠ ʥʘ ʝʸ ʢʘʯʝʩʪʚʦ ʦʢʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʩʪʘʨʝʥʠʷ, 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʠ ʜʨʫʛʠʝ ʚʥʝʰʥʠʝ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ. 
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ʈʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʳʡ ʢʦʥʪʨʦʣʴ ʥʝ ʫʜʘʝʪʩʷ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʠʚʣʝʢʘʶʪ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʙʫʤʘʞʥʦʡ ʧʨʦʧʠʪʘʥʥʦʡ ʠʟʦʣʷʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʧʦʣʷʨʠʟʘʮʠʠ/ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʪʘʢ ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʚ ʠʟʦʣʷʮʠʠ ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ 

ʩʦʩʪʦʷʥʠʝʤ ʠʟʦʣʷʮʠʠ. ʕʪʠ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʨʝʥʠʷʤʠ ʚʝʣʠʯʠʥʳ 

ʚʦʟʚʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. 

ʆʜʥʘʢʦ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʦʪ ʨʝʞʠʤʘ ʠʟʤʝʨʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʦʙʣʘʩʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʛʨʫʧʧʳ ʤʝʪʘʣʣʦʙʫʤʘʞʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʤʘʨʢʠ ʄɹɻʏ-1 1986 ʛʦʜʘ ʚʳʧʫʩʢʘ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʦʣʝʝ 30 ʣʝʪ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʤʝʛʦʤʤʝʪʨʘ C.A 6547, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: R, U, DAR, PI, C, I, DD. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʨʝʭ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ: 250ɺ, 500ɺ ʠ 750ɺ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʜʚʫʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ (ˉ1 ʩʣʝʚʘ ʠ ˉ 2 ʩʧʨʘʚʘ). 

 
ʈʠʩʫʥʦʢ 1ï ɿʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ˉ1 ʠ ˉ2 ʧʨʠ 250ɺ (ˉ1 ʩʣʝʚʘ ʠ ˉ 2 ʩʧʨʘʚʘ) 

ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʫʪʝʯʢʠ ʦʪ 

ʚʨʝʤʝʥʠ. ɸʙʩʪʨʘʛʠʨʫʷʩʴ ʦʪ ʪʦʢʘ ʩʤʝʱʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʙʳʩʪʨʳʤʠ ʚʠʜʘʤʠ 

ʧʦʣʷʨʠʟʘʮʠʠ, ʚʳʜʝʣʠʚ ʪʦʢ ʫʪʝʯʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 100-600 ʩʝʢʫʥʜ ʠ ʧʨʦʚʝʜʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʶ, ʙʳʣʘ ʧʦʣʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʧʝʨʥʳʭ 

(ʢʨʠʪʠʯʝʩʢʠʭ) ʪʦʯʝʢ, ʩʣʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ ʢʘʢʦʡ ʢʦʥʜʝʥʩʘʪʦʨ ʥʘʭʦʜʠʪʩʷ ʚ 

ʣʫʯʰʝʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʦ ʩʦʩʪʦʷʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ ʮʝʣʦʤ. ʆʜʥʘʢʦ, 

ʥʘ ʦʩʥʦʚʘʥʠʝ ʭʘʨʘʢʪʨʠʩʪʠʢ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2 ʤʦʞʥʦ 

ʚʳʚʝʩʪʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ   ʠ ʚʳʜʝʣʠʪʴ 

ʤʘʢʩʠʤʫʤʳ ʬʫʥʢʮʠʠ (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 2 ï ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʜʘʥʥʳʭ ʪʦʢʘ ʫʪʝʯʢʠ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ˉ1 ʠ ˉ2 ʧʨʠ 250ɺ  (ˉ1 

ʩʣʝʚʘ ʠ ˉ 2 ʩʧʨʘʚʘ) 

  
ʈʠʩʫʥʦʢ 3 ï  ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʩʧʝʢʪʨʘ 

ʪʦʢʘ ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ˉ1 ʠ ˉ2 ʧʨʠ 250ɺ  (ˉ1 ʩʣʝʚʘ ʠ ˉ 2 ʩʧʨʘʚʘ) 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʤʘʢʩʠʤʫʤʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʪʝʢʘʥʠʝʤ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ: 

ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʤʦ-ʟʘʨʷʜʘ ʠ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʪʝʨʦ-ʟʘʨʘʷʜʘ. ʇʦ 

ʧʦʣʫʯʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠ ʘʤʧʣʠʪʫʜʝ ʤʘʢʩʠʤʫʤʦʚ ʠ 

ʚʨʝʤʝʥʠ ʨʝʣʦʢʩʘʮʠʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʝʟʫʶʪ ʩʦʩʪʦʷʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ,  ʯʪʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ˉ1 ʠʤʝʝʪ 

ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ ʠʟʦʣʷʮʠʦʥʥʫʶ ʩʪʨʫʪʢʪʫʨʫ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ ʭʦʨʦʰʦ ʨʘʟʚʠʪʝ 

ʛʦʤʦ ʠ ʛʝʪʝʨʦ ʟʘʨʷʜʳ. ʀʩʧʦʣʴʟʫʷ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʩʨʘʚʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʩ çʵʪʘʣʦʥʥʳʤʠè, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʩʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠ ʧʨʠʣʦʞʝʥʥʦʤ 

ʥʘʧʨʷʞʝʥʠʝ 250ɺ (ʨʠʩ 4). 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 6 ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʜʝʥʩʘʪʦʨʘ 1 ʥʘʭʦʜʠʪʩʷ ʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʢʦʥʜʝʥʩʘʪʦʨ ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ 

ʜʘʣʴʰʝ. ʂʦʥʜʝʥʩʘʪʦʨ 2 ʠʤʝʝʪ ʩʦʩʪʘʨʝʥʥʫʶ ʠʟʦʣʷʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʠ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʠ ʩʥʷʪʳ ʜʣʷ ʜʚʫʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʨʠ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʝ 750 ʚʦʣʴʪ. ɼʘʣʝʝ ʧʨʠʚʝʜʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʟʳʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ. 
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ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 
ʈʠʩʫʥʦʢ 5ï ɿʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ˉ1 ʠ ˉ2 ʧʨʠ 1000ɺ (ˉ1 ʩʣʝʚʘ ʠ ˉ 2 ʩʧʨʘʚʘ) 

 
ʈʠʩʫʥʦʢ 6 ï ɺʳʜʝʣʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʩʧʝʢʪʨʘ ʪʦʢʘ ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ˉ1 ʠ 

ˉ2 ʧʨʠ 1000ɺ  (ˉ1 ʩʣʝʚʘ ʠ ˉ 2 ʩʧʨʘʚʘ) 

ʅʘ ʦʩʥʦʚʝ ʨʠʩʫʥʢʦʚ 5 ʠ 6 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʣ ʧʨʦʙʦʡ ʠʟʦʣʷʮʠʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ˉ1. 

ʆʪʤʝʯʘʝʪʩʷ ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ  ʩʧʝʢʪʨ ʧʦʣʫʯʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʳʡ, ʭʦʨʦʰʦ ʨʘʟʣʘʛʘʝʪʩʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʪʝʢʘʥʠʝʤ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ: 
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ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʤʦ-ʟʘʨʷʜʘ ʠ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʪʝʨʦ-ʟʘʨʘʷʜʘ. ʇʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʜʘʨʥʘʷ ʠʦʥʠʟʘʮʠʷ ʚ ʤʠʢʨʦʧʦʣʦʩʪʷʭ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʟʘʨʷʜʦʚ ʠ ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʘ. 

 ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʨʷʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ˉ1, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 7. 

 
ʈʠʩʫʥʦʢ 8 ï ʈʘʟʨʷʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʇʦʜʦʙʥʳʡ ʚʠʜ ʨʘʟʨʷʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚʦʟʜʫʰʥʦʡ 

ʧʦʣʦʩʪʠ ʚ ʜʠʵʣʝʢʪʨʠʢʝ çʧʦʨʳè, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʸʣ ʧʨʦʙʦʡ ʧʨʠ ʠʩʧʳʪʘʪʝʣʴʥʦʤ 

ʥʘʧʨʷʞʝʥʠʝ 750ɺ. ʆʙ ʵʪʦʤ ʪʘʢ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ɺʭʦʜʥʳʝ 

ʜʘʥʥʳʝ 

U,ɺ R, ɻʆʤ C, ʤʢʌ Iʫʪ, ʥɸ DAR PI DD 

250ɺ 250 22,11 1,999 11,39 1,614 3,127 0,06168 

750ɺ 749 10,87 2,005 102,2 1,623 3,736 0,07663 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʝʤʢʦʩʪʴ ʧʨʠ 750 ʚʦʣʴʪʘʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʣʘʩʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʙʠʪʠʷ ʧʦʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʷ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʧʨʠ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʝ 750 

ʚʦʣʴʪ, ʠʩʧʦʣʴʟʫʷ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ,  ʙʳʣ ʧʦʩʪʨʦʝʥ çʪʨʝʫʛʦʣʴʥʠʢ 

ʩʦʩʪʦʷʥʠʡè, ʘʥʘʣʦʛʠʯʥʦ ʨʠʩʫʥʢʫ 4 (ʨʠʩ 9). 

 
ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 
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ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 5 ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʜʝʥʩʘʪʦʨʘ 1 ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʦʩʪʘʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʢʦʥʜʝʥʩʘʪʦʨ ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ  ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʝ. ʂʦʥʜʝʥʩʘʪʦʨ 2 ʠʤʝʝʪ ʩʦʩʪʘʨʝʥʥʫʶ ʠʟʦʣʷʮʠʦʥʥʫʶ 

ʠʟʦʣʷʮʠʶ ʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʪʝʧʝʥʴ ʩʪʘʨʝʥʠʷ ʠ 

ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʢʦʥʜʝʥʩʘʪʦʨʘʤ, ʪʝʤ ʩʘʤʳʤ 

ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ.ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʝʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ: 

1. ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ; 

2. ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʢ ʜʝʡʩʪʚʫʶʱʠʤ 

ʥʘʛʨʫʟʢʘʤ; 

3. ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʫ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʏʝʨʥʳʰʝʚ ɺ.ɸ., ɿʝʥʦʚʘ ɽ.ɺ., ʂʦʥʦʧʣʝʚ ɼ.ʖ., ʏʝʨʥʦʚ ɺ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʧʝʥʠ 

ʠʟʥʦʰʝʥʥʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʪʦʢʦʚ ʜʝʧʦʣʷʨʠʟʘʮʠʠ. // ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ çɺʝʩʪʥʠʢ ʄʕʀè. ɺʳʧ. 1.  ï ʄʦʩʢʚʘ : ʀʟʜ-ʚʦ ʄʕʀ, 2006, 

ʩʪʨ.76-81. 

2. ɺ.ɸ. ʉʘʚʝʣʴʝʚ, ʄ.ʖ. ʃʴʚʦʚ, ʖ.ʅ. ʃʴʚʦʚ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. // ʄʝʪʦʜʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʙʦʣʴʰʠʭ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠʢʠ. ɺʳʧ. 60.  ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠʢʠ. ï ʉ.ʇʙ. çʉʝʚʝʨʥʘʷ ʟʚʝʟʜʘè, 2010, ʩʪʨ.443-453. 

 
ɻ.ʉ. ʀʚʘʥʦʚ, ʩʪʫʜ., ʀ.ɼ. ɺʘʱʝʥʢʦʚ., ʩʪʫʜ: ʨʫʢ. ɸ.ʀ. ʂʠʩʝʣʝʚʘ, ʩʪ.ʧʨ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ɸʅɸʃʀɿ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʉʍɽʄʓ ʂʆʊɽʃʔʅʆɻʆ ʎɽʍɸ ʇʇ 

çʉʄʆʃɽʅʉʂɸʗ ʊʕʎ-2è 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʦʪʨʘʩʣʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʚʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ: 

1. ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ; 

2. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʦʪʨʝʙʠʪʝʣʶ ʨʝʛʫʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ. ɺ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ ï ʵʪʦ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ 

ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʧʦʟʚʦʣʷʝʪ ʩʥʘʙʞʘʪʴ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ ʨʘʡʦʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʛʦʨʦʜ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʛʦʨʦʜʦʚ ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʠʩʪʝʤʘʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʆʜʥʘʢʦ 

ʥʘʨʷʜʫ ʩ ʨʘʟʚʠʪʠʝʤ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʪʠ ʩʠʩʪʝʤʳ 

ʪʨʝʙʫʶʪ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʚʣʦʞʝʥʠʝ ʢʨʫʧʥʳʭ 
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ʠʥʚʝʩʪʠʮʠʡ, ʥʦ ʠ ʥʘʨʫʰʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʊʘʢ, ʧʨʠ 

ʧʨʦʢʣʘʜʢʝ ʥʦʚʳʭ ʚʝʪʦʢ ʩʝʪʠ ʚʨʝʤʝʥʥʦ ʦʪʢʣʶʯʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʮʝʧʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʝʚʫ ʠ ʥʘʨʫʰʝʥʠʶ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʷʭ. 

ʊʝʨʨʠʪʦʨʠʷ ʉʤʦʣʝʥʩʢʘ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʳʙʦʨ ʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ʂʦʪʝʣʴʥʳʡ ʮʝʭ ʇʇ çʉʤʦʣʝʥʩʢʘʷ ʊʕʎ-2è (ʙʳʚʰʘʷ ʊʕʎ-1) ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʮʦʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 

1933 ʛʦʜʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʧʣʦʤ ʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʨʷʜ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʯʘʩʪʴ 

ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʛ. ʉʤʦʣʝʥʩʢʘ.  

ʇʦʜʘʯʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʘʨʦʚʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʧʦʩʣʝ ʈʆʋ. ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩ ʛʦʨʷʯʝʡ 

ʚʦʜʦʡ ʚ ʦʪʦʧʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʷʚʣʷʶʪʩʷ ʚʦʜʦʛʨʝʡʥʳʝ ʢʦʪʣʳ ʠ ʩʝʪʝʚʳʝ 

ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʠ, ʚ ʥʝʦʪʦʧʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʪʝʧʣʦ ʩ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʧʦʜʘʝʪʩʷ ʦʪ 

ʉʤʦʣʝʥʩʢʦʡ ʊʕʎ-2 ʯʝʨʝʟ ʥʘʩʦʩ. ʇʨʠʩʦʝʜʠʥʝʥʥʘʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʚʥʝʰʥʠʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ 01.01.2019 ʩʦʩʪʘʚʠʣʘ 101,3 ɻʢʘʣ/ʯ, ʩ ʛʦʨʷʯʝʡ ʚʦʜʦʡ - 93,4 ɻʢʘʣ/ʯ 

ʠ ʩ ʧʘʨʦʤ 7,9 ɻʢʘʣ/ʯè. 

 
ʈʠʩʫʥʦʢ 1 -  ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʪʝʣʴʥʦʛʦ ʮʝʭʘ ʇʇ çʉʤʦʣʝʥʩʢʘʷ ʊʕʎ-2è 

1-ʧʘʨʦʚʳʝ ʢʦʪʣʳ; 2-ʚʦʜʦʛʨʝʡʥʳʝ ʢʦʪʣʳ; 3-ʥʘʩʦʩ ʩʨʦʡ ʚʦʜʳ; 4-ʧʦʜʦʛʨʝʚʘʪʝʣʴ 

ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ; 5-ʍɺʆ; 6-ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʍɺʆ; 7-ʜʝʘʵʨʘʪʦʨ; 8-ʧʠʪʘʪʝʣʴʥʳʡ ʥʘʩʦʩ; 9-ʈʆʋ; 

10-ʙʘʢ ʢʦʥʜʝʥʩʘʪʘ;11-ʢʦʥʜʝʥʩʘʪʥʳʡ ʥʘʩʦʩ; 12-ʧʦʜʧʠʪʦʯʥʳʡ ʥʘʩʦʩ; 13-ʩʝʪʝʚʦʡ ʥʘʩʦʩ; 

14-ʙʦʡʣʝʨ; 15-ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ. 
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ʂʦʪʝʣʴʥʳʡ ʮʝʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʘʨʦʚʳʝ ʠ ʚʦʜʦʛʨʝʡʥʳʝ ʢʦʪʣ.r ʆʪ ʧʘʨʦʚʳʭ 

ʢʦʪʣʦʚ ʢʦʪʝʣʴʥʘʷ ʦʪʧʫʩʢʘʣʘ ʧʘʨ ʩʪʦʨʦʥʥʠʤ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠ ʥʘ ʥʘʛʨʝʚ ʩʝʪʝʚʦʡ 

ʚʦʜʳ.  ɼʣʷ ʧʦʜʦʛʨʝʚʘ ʩʝʪʝʚʦʡ ʚʦʜʳ ʚ ʩʭʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚʦʜʦʛʨʝʡʥʳʝ ʢʦʪʣʳ. 

ʆʩʥʦʚʥʫʶ ʥʘʛʨʫʟʢʫ ʢʦʪʝʣʴʥʦʛʦ ʮʝʭʘ ʩʦʩʪʘʚʣʷʣ ʦʪʧʫʩʢ ʧʘʨʘ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ʅʘ ʨʠʩʫʥʢʝ 1  ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ  ʢʦʪʝʣʴʥʦʛʦ ʮʝʭʘ ʇʇ 

çʉʤʦʣʝʥʩʢʘʷ ʊʕʎ-2è. 

ʇʦʜʘʯʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘ ʦʩʫʱʝʩʪʚʣʣ̫ʘʩʴ ʦʪ 

ʧʘʨʦʚʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʧʦʩʣʝ ʈʆʋ. ɺʦʜʦʛʨʝʡʥʳʝ ʢʦʪʣʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʚ ʦʪʦʧʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ, ʚ ʥʝʦʪʦʧʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ ʪʝʧʣʦ ʩ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʧʦʜʘʝʪʩʷ ʦʪ ʇʇ çʉʤʦʣʝʥʩʢʘʷ ʊʕʎ-2è ʯʝʨʝʟ 

ʥʘʩʦʩʥʫʶ ʩʪʘʥʮʠʶ ʇʅʉ-3. 

ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʧʝʨʠʦʜ 2017-2018 ʛʛ. 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʇʘʨʦʧʨʦʚʦʜʘ ˉ 8 ʬʠʣʠʘʣʘ ʇɸʆ çʂʚʘʜʨʘè - 

çʉʤʦʣʝʥʩʢʘʷ ʛʝʥʝʨʘʮʠʷè ʥʘ 2017ï2018 ʛʛ. 

 

ʆʜʥʘʢʦ ʚ ʧʣʘʥʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʘʨʦʩʥʘʙʞʝʥʠʷ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʩʪʘʪʴʠ 8 [2] çʩ 01.01.2019 ʥʝ ʧʦʜʣʝʞʘʪ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʶ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʰʝʥʠʝʤ ʩʪʦʨʦʥ ʜʦʛʦʚʦʨʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ (ʠʣʠ) 

ʜʦʛʦʚʦʨʘ ʧʦʩʪʘʚʢʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ) ʠ (ʠʣʠ) ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩʣʝ-

ʜʫʶʱʠʝ ʮʝʥʳ: 

1) ʮʝʥʳ ʥʘ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ (ʤʦʱʥʦʩʪʴ), ʧʨʦʠʟʚʦʜʠʤʫʶ ʠ (ʠʣʠ) ʧʦʩʪʘʚ-

ʣʷʝʤʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʚʠʜʝ ʧʘʨʘ ʪʝʧʣʦʩʥʘʙʞʘʶʱʠʤʠ ʦʨ-

ʛʘʥʠʟʘʮʠʷʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʜʨʫʛʠʤ ʪʝʧʣʦʩʥʘʙʞʘʶʱʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ; 

2) ʮʝʥʳ ʥʘ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʚ ʚʠʜʝ ʧʘʨʘ, ʧʦʩʪʘʚʣʷʝʤʳʡ ʪʝʧʣʦʩʥʘʙʞʘʶʱʠʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʜʨʫʛʠʤ ʪʝʧʣʦʩʥʘʙʞʘʶʱʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤè. 

ʀʟʤʝʥʝʥʠʝ ʵʪʦʡ ʩʪʘʪʴʠ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʨʝʟʢʠʡ ʨʦʩʪ ʪʘʨʠʬʦʚ ʥʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʴ (ʠʶʣʴ 2019 ʛ. ï 4893,95 ʨʫʙ./ɻʢʘʣ) ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʜʢʣʶʯʝʥʥʳʭ 
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ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʝʨʝʰʣʦ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʧʘʨʦʩʥʘʙʞʝʥʠʝ (3 ʠʟ 4) ʠ ʥʘ 

31.12.2019 ʩʭʝʤʘ ʧʘʨʦʧʨʦʚʦʜʘ ʚʳʛʣʷʜʝʣʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ.3). 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʧʘʨʦʧʨʦʚʦʜʘ ˉ8 ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ (ʜʝʢʘʙʨʴ 2019 ʛ.) 

 

ɼʦʛʦʚʦʨʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦʪʨʝʙʠʪʝʣʷ (ɿɸʆ çʂʦʨʧʦʨʘʮʠʷ çɻʈʀʅʅè) 0,462 

ɻʢʘʣ/ʯ ʥʠʞʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʪʘʚʠʪ ʧʦʜ ʚʦʧʨʦʩ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʧʘʨʦʧʨʦʚʦʜʘ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʥʝʧʨʦʝʢʪʥʦʤ 

ʨʝʞʠʤʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʜʝʥʩʘʪʘ, ʪʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʠʚʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʜʘʨʦʚ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʜʣʷ ʦʮʝʥʢʠ ʜʘʣʴʥʝʡʰʝʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩʣʝʜʫʶʱʝʝ ʟʘʢʣʶʯʝʥʠʝ: ʧʘʨʦʧʨʦʚʦʜ 

ˉ8 ʥʘ ʙʘʣʘʥʩʝ ʬʠʣʠʘʣʘ ʇɸʆ çʂʚʘʜʨʘè ï çʉʤʦʣʝʥʩʢʘʷ ʛʝʥʝʨʘʮʠʷè ʪʝʭʥʠʯʝʩʢʠ 

ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʘʨʦʧʨʦʚʦʜʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʥʝʧʨʦʝʢʪʥʦʤ ʨʝʞʠʤʝ ʩ 

ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʙʝʟʦʧʘʩʥʳʤ ʠ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʥʝ 

ʪʦʣʴʢʦ ʥʝʚʳʧʦʣʥʝʥʠʝ ʜʦʛʦʚʦʨʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʧʦʩʪʘʚʢʝ ʧʘʨʘ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʠ ʩʭʦʜ ʧʘʨʦʧʨʦʚʦʜʘ ʩ ʦʧʦʨ.  

ʕʢʩʧʣʫʘʪʘʮʠʷ ʧʘʨʦʚʦʡ ʩʝʪʠ ʚ 2020 ʛ. ʙʳʣʘ ʧʨʠʦʩʪʘʥʦʚʣʝʥʘ. 

ʊʘʢ ʢʘʢ ʊʕʎ-1 ʙʳʣʘ ʧʝʨʝʚʝʜʝʥʘ ʚ ʨʝʞʠʤ ʢʦʪʝʣʴʥʦʡ ʠ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ 

ʩʦʩʪʦʷʣʘ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʘʨʦʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, 

ʧʘʨʦʛʝʥʝʨʠʨʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʳʣʦ ʧʝʨʝʚʝʜʝʥʦ ʚ ʛʦʨʷʯʠʡ ʨʝʟʝʨʚ. 

ʂʦʪʝʣʴʥʳʡ ʮʝʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʧʣʦʤ ɿʘʜʥʝʧʨʦʚʩʢʠʡ ʨʘʡʦʥ ʛ. ʉʤʦʣʝʥʩʢʘ, 

ʦʜʥʘʢʦ, ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʊɻʂ-4 ʧʣʘʥʠʨʫʝʪʩʷ ʧʝʨʝʚʦʜ ʥʘʛʨʫʟʢʠ ʥʘ ʩʘʤʳʡ 

ʤʦʱʥʳʡ ʠʩʪʦʯʥʠʢ ʛʦʨʦʜʘ ï ʉʤʦʣʝʥʩʢʫʶ ʊʕʎ-2. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʘʥʥʘʷ ʩʭʝʤʘ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʧʨʠʛʦʜʥʘ 

ʜʣʷ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ (ʦʪʦʧʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʛʦʨʷʯʝʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ), ʥʦ ʧʨʠ ʜʦʣʞʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʯʘʩʪʠʯʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʝʣʴʥʳʡ ʮʝʭ ʇʇ çʉʤʦʣʝʥʩʢʘʷ ʊʕʎ-2è ʤʦʞʝʪ ʧʨʦʩʣʫʞʠʪʴ ʝʱʸ 

ʜʦʣʛʦʝ ʚʨʝʤʷ.  
ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʦʧʢʦ, ɺ.ʄ. ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ/ ɺ.ʄ. ʂʦʧʢʦ. ï ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ɸʩʩʦʮʠʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ, 

2012. ï 336 ʩ. 

2. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 27.07.2010 N 190-ʌɿ ʆ ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ. 
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ʀ.ʆ. ʀʚʘʥʦʚ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɸ. ʏʝʨʥʦʚ, ʢ.ʪ.ʥ. ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ, ʉʤʦʣʝʥʩʢ) 

ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ɼʀɸɻʅʆʉʊʀʂʀ ʀɿʆʃʗʎʀʀ ʕʃɽʂʊʈʀʏɽʉʂʀʍ 

ʄɸʐʀʅ 

 

ʄʳ ʞʠʚʝʤ ʚ ʤʠʨʝ, ʢʦʪʦʨʳʡ ʩʦʚʩʝʤ ʥʝ ʞʝʣʘʝʪ ʩʪʦʷʪʴ ʥʘ ʤʝʩʪʝ: ʩ ʢʘʞʜʳʤ ʜʥʝʤ 

ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʦʟʜʘʸʪ ʥʦʚʳʝ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʠʟʦʙʨʝʪʝʥʠʷ ʠ ʦʪʢʨʳʪʠʷ. 

ʆʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʠʛʨʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ, 

ʚʳʨʘʙʘʪʳʚʘʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ, ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʄʳ ʚʠʜʠʤ ʠʭ ʚʝʟʜʝ: ʦʪ 

ʢʦʬʝʤʦʣʢʠ ʠ ʤʠʢʨʦʚʦʣʥʦʚʢʠ ʥʘ ʢʫʭʥʝ, ʜʦ ʣʠʬʪʘ ʠ ʵʢʩʢʘʚʘʪʦʨʘ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʤʝʩʪʘʭ ï ʚʩʝ ʵʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ. ʄʦʞʥʦ ʩʤʝʣʦ ʟʘʷʚʠʪʴ, ʯʪʦ ʦʥʠ 

ʷʚʣʷʶʪʩʷ çʩʝʨʜʮʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘè. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ï ʵʪʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, 

ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ (ʪʘʢʫʶ ʤʘʰʠʥʫ 

ʥʘʟʳʚʘʶʪ ʛʝʥʝʨʘʪʦʨʦʤ), ʣʠʙʦ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ 

(ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ). ɽʩʣʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʪʦ 

ʪʘʢʠʝ ʤʘʰʠʥʳ ʥʘʟʳʚʘʶʪ ʸʤʢʦʩʪʥʳʤʠ, ʝʩʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ï ʠʥʜʫʢʪʠʚʥʳʤʠ.  

ʆʜʥʘʢʦ, ʢʘʢ ʠ ʚʩʝ ʚ ʵʪʦʤ ʤʠʨʝ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʰʠʥʘʭ ʥʝ ʠʜʝʘʣʴʥʦ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʶʪ ʧʦʪʝʨʠ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪʩʷ 

ʧʨʦʭʦʞʜʝʥʠʝʤ ʪʦʢʘ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢʠ, ʪʨʝʥʠʝʤ ʠ ʪ. ʧ. ɺʩʝʛʜʘ ʧʦʪʨʝʙʣʷʝʤʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʦʡ ʤʦʱʥʦʩʪʴ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʦʪʜʘʚʘʝʤʘʷ, ʠʣʠ ʧʦʣʝʟʥʘʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʩʝʛʜʘ ʤʝʥʴʰʝ 100%. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʪʝʨʷʥʥʘʷ ʵʥʝʨʛʠʷ ʧʨʦʩʪʦ ʪʘʢ ʥʝ ʧʨʦʧʘʜʘʝʪ ï ʦʥʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦ ʠ 

ʥʘʛʨʝʚʘʝʪ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʵʪʦ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. ʀʤʝʥʥʦ ʧʦ ʢʘʯʝʩʪʚʫ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʪʝʧʣʘ ʤʘʪʝʨʠʘʣʦʚ (ʠʭ ʥʘʟʳʚʘʶʪ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ) ʦʧʨʝʜʝʣʷʶʪ 

ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʥʘʨʳʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ. ʆʥʠ ʪʘʢʞʝ ʬʦʨʤʠʨʫʶʪ 

ʩʨʦʢ ʩʣʫʞʙʳ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʝ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʠʟʦʣʷʮʠʠ: 

ʂʦʨʧʫʩʥʘʷ ʠʟʦʣʷʮʠʷ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ ʠʟʦʣʷʮʠʦʥʥʳʭ ʩʣʶʜʷʥʳʭ 

ʣʝʥʪ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ. ɹʳʚʘʝʪ 

ʥʠʟʢʦʚʦʣʴʪʥʘʷ, ʚʳʩʦʢʦʚʦʣʴʪʥʘʷ ʠ ʜʣʠʪʝʣʴʥʦ ʨʘʙʦʪʘʶʱʘʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʥʘʧʨʷʞʝʥʥʦʩʪʷʭ. 

ɺ ʦʜʥʦʚʠʪʢʦʚʳʭ ʢʘʪʫʰʢʘʭ ʠʟʦʣʷʮʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʨʘʟʜʝʣʷʝʪ 

ʧʨʦʚʦʜʥʠʢʠ ʚ ʩʪʝʨʞʥʝ ʠʣʠ ʚ ʚʠʪʢʝ.  

ʀʟʦʣʷʮʠʷ ʤʝʞʬʘʟʦʚʳʭ ʟʦʥ ʠ ʩʦʝʜʠʥʝʥʠʡ ʦʙʤʦʪʢʠ ʩʣʫʞʠʪ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʠ ʢʦʥʮʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʨʘʟʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ. 

ɺʠʪʢʦʚʘʷ ʠʟʦʣʷʮʠʷ ʨʘʟʜʝʣʷʝʪ ʚʠʪʢʠ ʚ ʢʘʪʫʰʢʝ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʢʦʨʨʝʢʪʥʦ, ʪʦʣʴʢʦ ʝʩʣʠ ʦʥʘ ʩʧʦʩʦʙʥʘ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʦʟʜʝʡʩʪʚʠʶ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʦʤʠʤʦ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ 

ʚʳʰʝ ʬʘʢʪʦʨʘ, ʚʣʠʷʶʱʝʛʦ ʥʘ ʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʠʤʝʥʥʦ ʪʝʧʣʘ, ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʘʰʠʥʫ ʥʝʛʘʪʠʚʥʦ ʜʝʡʩʪʚʫʶʪ: ʚʣʘʞʥʦʩʪʴ ʠ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʧʝʨʝʛʨʫʟʢʠ. ʅʘʧʨʠʤʝʨ, ʪʝʧʣʦʚʦʝ 
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ʩʪʘʨʝʥʠʝ ï ʵʪʦ ʭʠʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʣʦʢʥʘ, ʧʣʝʥʢʠ ʠ ʪ. ʜ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʪʝʧʣʦʚʦʛʦ 

ʩʪʘʨʝʥʠʷ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʬʦʨʤʫʣʫ: ttt AKdtdA )/( , ʛʜʝ 0A  ï ʥʘʯʘʣʴʥʦʝ 

ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚʘ ʚ ʝʜʠʥʠʮʝ ʦʙʲʸʤʘ; tA  - ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʢ t ; tK  - ʩʨʝʜʥʷʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʘʜʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʆʜʥʘʢʦ ʧʦʜʩʪʘʚʠʚ 

)/exp( kTWBKt , ʛʜʝ B  ï ʧʦʩʪʦʷʥʥʘʷ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ; k  ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; W  ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ; ʧʦʣʫʯʠʤ: 

kTWAABt t /)/ln/1ln(ln 0 , ʩʣʝʜʫʷ ʠʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʠ ʠʩʧʦʣʴʟʫʷ ʜʠʘʧʘʟʦʥ 

ʚʨʝʤʝʥʠ ʧʦ ʧʨʘʚʠʣʫ ʄʦʥʪʠʟʠʥʛʝʨʘ (2At , ʛʜʝ ɸ ʠ  - ʢʦʥʩʪʘʥʪʳ), ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʥʦʨʤʳ ʥʘ 10, ʩʨʦʢ ʩʣʫʞʙʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʘʰʠʥʳ ʩʦʢʨʘʱʘʝʪʩʷ ʚʜʚʦʝ. 

ʏʪʦʙʳ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʨʘʙʦʪʘʣʘ ʠʩʧʨʘʚʥʦ, ʠ ʝʝ ʥʝ ʧʨʠʰʣʦʩʴ ʟʘʤʝʥʷʪʴ, 

ʥʝʣʴʟʷ ʜʦʧʫʩʢʘʪʴ ʫʭʫʜʰʝʥʠʝ ʠʟʦʣʷʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʩʧʦʩʦʙʦʚ ʝʝ ʧʨʦʚʝʨʢʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ʚ ʝʝ 

ʧʘʩʧʦʨʪʝ ʦʪʤʝʯʘʶʪ ʦʧʨʝʜʝʣʸʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺ ʪʝʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʧʣʘ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʠ ʪ. ʧ. ʵʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʀ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʝʩʣʠ ʦʥʦ ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ ʜʦʧʫʩʪʠʤʦʛʦ, 

ʤʘʰʠʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʠʛʦʜʥʦʡ. ɼʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʛʦʤʤʝʪʨʦʤ ï ʵʣʝʢʪʨʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ɼʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʥʫʞʜʘʝʪʩʷ ʣʠ ʦʙʤʦʪʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʩʫʰʢʝ, 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʢʘʟʘʪʝʣʴ ʫʚʣʘʞʥʝʥʥʦʩʪʠ, ʝʛʦ ʥʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʥʦʤ 

ʘʙʩʦʨʙʮʠʠ (DAR). ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʶʪ ʤʝʛʦʤʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʟʷʪʳʭ ʯʝʨʝʟ 15 ʠ 60 ʩʝʢʫʥʜ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʠʩʧʳʪʘʥʠʷ (ʩʩ RRDAR 1560 ). ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʘʙʩʦʨʙʮʠʠ ʙʣʠʟʦʢ ʠʣʠ 

ʨʘʚʝʥ 1, ʪʦ ʠʟʦʣʷʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʩʫʰʠʪʴ. ʇʦ ʥʦʨʤʘʪʠʚʘʤ ʦʥ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 

1,3. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʦʣʷʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ 

ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ (ʥʝ ʥʠʞʝ +10ʠ ʥʝ ʚʳʰʝ +35ʛʨʘʜʫʩʦʚ). 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʤʝʛʦʤʤʝʪʨ, ʷʚʣʷʝʪʩʷ ʠʥʜʝʢʩ ʧʦʣʷʨʠʟʘʮʠʠ (IP). ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʜʠʵʣʝʢʪʨʠʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʩʪʝʧʝʥʠ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ. ʇʦʜʦʙʥʦ ʧʨʝʜʳʜʫʱʝʤʫ, ʜʣʷ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʯʝʨʝʟ 60 ʠ 600 ʩʝʢʫʥʜ ʧʦʩʣʝ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ɽʩʣʠ ʠʥʜʝʢʩ ʧʦʣʷʨʠʟʘʮʠʠ ʤʝʥʴʰʝ 2, ʪʦ ʢʘʯʝʩʪʚʦ ʠʟʦʣʷʮʠʠ 

ʩʯʠʪʘʝʪʩʷ ʦʧʘʩʥʳʤ; ʧʨʠ 2é4 ï ʭʦʨʦʰʝʝ; ʘ ʝʩʣʠ ʙʦʣʴʰʝ 4, ʪʦ ï ʦʪʣʠʯʥʦʝ. 

ʇʦʩʢʦʣʴʢʫ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝʣʴʟʷ ʨʘʟʜʝʣʠʪʴ ʪʦʢ 

ʫʪʝʯʢʠ ʥʘ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʘ ʠʤʝʥʥʦ ʪʦʢ ʩʢʚʦʟʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʦʢ 

ʘʙʩʦʨʙʮʠʠ, ʪʦ ʦ ʢʘʯʝʩʪʚʝ ʠʟʦʣʷʮʠʠ ʩʫʜʷʪ ʧʦ ʚʝʣʠʯʠʥʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ - 

ʵʥʝʨʛʠʝʡ, ʨʘʩʩʝʠʚʘʝʤʦʡ ʚ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʇʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʪʠ ʧʦʪʝʨʠ, ʷʚʣʷʝʪʩʷ 
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ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tg ). ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʠʜʝʘʣʴʥʫʶ ʠʟʦʣʷʮʠʶ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʢʦʥʜʝʥʩʘʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʚʝʢʪʦʨ ʪʦʢʘ ʦʧʝʨʝʞʘʝʪ ʚʝʢʪʦʨ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ 90. ʆʙʳʯʥʦ ʦʥ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʦʪʳʭ ʠʣʠ ʜʝʩʷʪʠʯʥʳʭ ʜʦʣʝʡ, 

ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʠʥʷʪʦ ʚʳʨʘʞʘʪʴ ʚ ʧʨʦʮʝʥʪʘʭ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʩʩʝʠʚʘʝʤʘʷ ʚ 

ʠʟʦʣʷʮʠʠ ʤʦʱʥʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʝ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʪʝʤ ʭʫʞʝ 

ʢʘʯʝʩʪʚʦ ʠʟʦʣʷʮʠʠ. 

ʇʨʠ ʧʨʦʚʝʨʢʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʠʟʦʣʷʮʠʠ ʠʟʤʝʨʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ (DD), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʜʝʬʝʢʪʥʳʝ ʠʣʠ 

ʧʦʚʨʝʞʜʝʥʥʳʝ ʩʣʦʠ. ɼʣʷ ʵʪʦʛʦ, ʩʥʘʯʘʣʘ ʧʦʜʘʶʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ 

ʠʟʦʣʷʮʠʶ ʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʠʟʤʝʨʷʶʪ ʝʝ ʸʤʢʦʩʪʴ. ʇʦʩʣʝ ʟʘʨʷʜʢʠ ʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʪʝʯʴ ʚ ʠʟʦʣʷʮʠʠ ï ʪʦʢ ʫʪʝʢʠ ʯʝʨʝʟ 

ʜʠʵʣʝʢʪʨʠʢ. ʇʦʪʦʤ ʢʦʥʜʝʥʩʘʪʦʨ ʨʘʟʨʷʞʘʝʪʩʷ ʠ ʯʝʨʝʟ ʠʟʦʣʷʮʠʶ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ 

ʪʦʢ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʪʦʢʘ ʘʙʩʦʨʙʮʠʠ ʠ ʪʦʢʘ ʨʘʟʨʷʜʘ ʸʤʢʦʩʪʠ. ʏʝʨʝʟ 

ʤʠʥʫʪʫ ʧʦʩʣʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʠʟʤʝʨʷʝʪʩʷ ʦʩʪʘʪʦʯʥʳʡ ʪʦʢ. ʇʘʨʘʤʝʪʨ DD 

ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʩʠʣʳ ʪʦʢʘ, ʧʨʦʡʜʝʥʥʦʛʦ ʟʘ ʦʜʥʫ ʤʠʥʫʪʫ ʧʦʩʣʝ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ, ʠ ʸʤʢʦʩʪʠ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʥʘʧʨʷʞʝʥʠʝ. ʂʘʯʝʩʪʚʦ ʠʟʦʣʷʮʠʠ 

ʩʯʠʪʘʝʪʩʷ ʭʦʨʦʰʠʤ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʨʘʟʨʷʜʘ ʤʝʥʴʰʝ 2. 

ɸʥʘʣʠʟʠʨʦʚʘʚ ʚʩʝ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠʟʦʣʷʮʠʠ, 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʝʩʪʴ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɻʣʘʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʚʩʝʭ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩʣʫʞʠʪ ʠʭ ʧʨʦʩʪʦʪʘ. ɹʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʘʤ, ʚʩʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʦʜʠʥ 

ʤʫʣʴʪʠʤʝʪʨ. ʆʜʥʘʢʦ, ʢʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʊʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʤʦʛʫʪ 

ʚʳʷʚʠʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʠʟʦʣʷʮʠʠ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʯʠʥ ʝʝ ʫʭʫʜʰʝʥʠʷ (ʩʪʘʨʝʥʠʷ, ʫʚʣʘʞʥʝʥʠʝ, ʟʘʛʨʷʟʥʝʥʠʝ), ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ 

ʦʧʨʝʜʝʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʵʪʠ ʤʝʪʦʜʳ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʸʥʥʫʶ ʧʨʠʯʠʥʫ ʫʭʫʜʰʝʥʠʷ ʠʟʦʣʷʮʠʠ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʘʙʩʦʨʙʮʠʠ ï ʚʣʘʞʥʦʩʪʴ, ʠʥʜʝʢʩ ʧʦʣʷʨʠʟʘʮʠʠ ï ʩʪʘʨʝʥʠʝ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ï ʜʝʬʝʢʪʳ ʤʥʦʛʦʩʣʦʡʥʦʡ ʠʟʦʣʷʮʠʠ).  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʪʦʣʴʢʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠʭ ʚʩʝʭ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʧʨʦʙʣʝʤʫ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ï ʵʪʦ ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʚ 

ʢʦʪʦʨʦʤ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʟʦʣʷʮʠʷ. ʀʤʝʥʥʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʣʶʙʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʀʊʆʏʅʆ-ɺʓʊʗɾʅʆʁ ʉʀʉʊɽʄʓ 

ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʎɽʍɸ  

 

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʘʢ ʠ ʚ 

ʣʶʙʦʤ ʜʨʫʛʦʤ ʧʦʤʝʱʝʥʠʠ, ʷʚʣʷʝʪʩʷ ʧʦʜʘʯʘ ʯʠʩʪʦʛʦ ʠ ʫʜʘʣʝʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʚʦʟʜʫʭʘ. ʕʪʦ ʦʙʱʝʝ ʧʦʥʷʪʠʝ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʧʦʜʟʘʜʘʯ: ʫʩʪʨʘʥʝʥʠʝ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʠ ʧʦʜʘʯʘ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ; ʨʝʢʫʧʝʨʘʮʠʷ, ʬʠʣʴʪʨʘʮʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʧʦ ʦʙʲʸʤʫ 

ʮʝʭʘ: ʠʩʢʫʩʩʪʚʝʥʥʦʝ (ʤʝʭʘʥʠʯʝʩʢʦʝ) ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ.  

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʧʨʠ ʨʘʙʦʪʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʟʘʢʦʥʘʤ ʘʵʨʦʜʠʥʘʤʠʢʠ ʠ ʬʠʟʠʢʠ: ʧʝʨʝʤʝʱʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʜʘʚʣʝʥʠʷ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʠʣʠ ʩʥʘʨʫʞʠ 

ʟʜʘʥʠʡ. ʋʣʠʯʥʳʡ ʚʦʟʜʫʭ ʧʦʧʘʜʘʝʪ ʚ ʮʝʭ ʯʝʨʝʟ ʥʘʨʫʞʥʳʝ ʧʨʠʪʦʯʥʳʝ ʨʝʰʸʪʢʠ. 

ʕʪʦ ʚʦʟʜʫʭ çʚʳʜʘʚʣʠʚʘʝʪè ʦʪʨʘʙʦʪʘʥʥʳʝ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ ʯʝʨʝʟ ʚʳʪʷʞʥʳʝ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʨʝʰʝʪʢʠ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

(ʤʝʭʘʥʠʯʝʩʢʦʡ) ʚʝʥʪʠʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʝ 

ʚʝʥʪʠʣʷʪʦʨʦʚ.   

ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʧʦʤʝʱʝʥʠʡ ʪʘʢʞʝ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʥʘ ʧʨʠʪʦʯʥʫʶ ʠ ʚʳʪʷʞʥʫʶ. ɻʣʘʚʥʦʡ ʮʝʣʴʶ 

ʧʨʠʪʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʩʣʫʞʠʪ ʧʦʜʘʯʘ ʯʠʩʪʦʛʦ ʚʦʟʜʫʭʘ ʚʥʫʪʨʴ ʮʝʭʘ.  ʇʦʜʦʙʥʘʷ 

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʙʫʞʜʝʥʠʝʤ. ʆʙʳʯʥʦ 

ʧʨʠʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʢʘʥʘʣʴʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʟʘʩʘʩʳʚʘʶʪ ʚʦʟʜʫʭ ʩʥʘʨʫʞʠ ʧʦʤʝʱʝʥʠʷ. ɿʘʯʘʩʪʫʶ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʩʥʘʙʞʘʶʪ 

ʢʘʣʦʨʠʬʝʨʘʤʠ. ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʚʳʪʷʞʥʦʡ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʩʣʫʞʠʪ ʫʜʘʣʝʥʠʝ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʯʝʨʝʟ ʚʳʪʷʞʥʳʝ ʨʝʰʸʪʢʠ. ɺ ʩʝʪʴ ʚʳʪʷʞʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ ʯʘʩʪʦ ʚʤʦʥʪʠʨʦʚʘʥʳ ʬʠʣʴʪʨʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʨʘʙʦʪʘʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʧʦʧʘʜʘʣʠ ʚ ʘʪʤʦʩʬʝʨʫ.  

ɺʤʝʩʪʝ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʫʶ ʩʠʩʪʝʤʫ ʚʝʥʪʠʣʷʮʠʠ. ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʣʶʙʦʛʦ ʧʦʤʝʱʝʥʠʷ. 

 ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʥʦʡ ʧʨʘʢʪʠʢʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ 

ʚʝʥʪʠʣʷʮʠʠ ʜʣʷ ʧʨʠʩʪʨʦʡʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʭʘ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʧʦʤʝʱʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ.  

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʧʦʤʝʱʝʥʠʷ ʧʨʝʜʧʨʦʜʘʞʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ, ʛʜʝ ʭʨʘʥʠʪʩʷ ʛʦʪʦʚʘʷ ʛʨʫʟʦʧʦʜʲʸʤʥʘʷ ʪʝʭʥʠʢʘ.  

ɺʝʥʪʠʣʷʮʠʷ ʚ ʧʦʤʝʱʝʥʠʷʭ ʧʨʠʥʷʪʘ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʦʙʫʞʜʝʥʠʝʤ.  

ʊʝʨʨʠʪʦʨʠʘʣʴʥʦ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪ ʨʘʩʧʦʣʦʞʝʥ ʚ ʇʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʛ. ɺʝʣʠʢʠʝ ʃʫʢʠ.  

ʈʘʩʯʸʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ: 

- ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ: -27 
0
ʉ; 

- ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ: +25 
0
ʉ. 

ʈʘʩʯʸʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʧʨʠʥʷʪʳ: 
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- ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ: +18 
0
ʉ; 

- ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʦʤʝʱʝʥʠʡ: ʦʪ +16 
0
ʉ ʜʦ +18 

0
ʉ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʘʪʝʛʦʨʠʠ ʧʦʤʝʱʝʥʠʷ). 

ɺʦʟʜʫʭʦʦʙʤʝʥ ʧʨʠʥʷʪ ʧʦ ʢʨʘʪʥʦʩʪʷʤ ʜʝʡʩʪʚʫʶʱʠʭ ʉʅʠʇ. ʇʨʦʝʢʪʥʳʝ 

ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʚʣʘʞʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʩʦʜʝʨʞʘʥʠʶ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1]. 

ɺ ʧʨʠʪʦʯʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʦʯʠʩʪʢʘ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ, 

ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʧʦʤʝʱʝʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʵʪʘʧʦʤ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʧʦʤʝʱʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʸʪʘ ʙʘʣʘʥʩʘ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʧʦʤʝʱʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʠʟʙʳʪʢʦʚ ʛʘʟʘ, ʧʘʨʘ ʠ ʚʣʘʛʠ, ʨʘʩʯʸʪ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʢʨʘʪʥʦʩʪʠ ʢʘʢ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʭʘ, ʪʘʢ ʠ ʜʣʷ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʦʤʝʱʝʥʠʡ:  

 
ʛʜʝ 

V ï ʦʙʲʸʤ ʧʦʤʝʱʝʥʠʷ, ʤ
3
; 

ʂ ï ʢʨʘʪʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʩʦʛʣʘʩʥʦ ʥʘʟʥʘʯʝʥʠʶ ʧʦʤʝʱʝʥʠʷ. 

 

ʕʢʩʧʣʠʢʘʮʠʷ ʧʦʤʝʱʝʥʠʡ ʠ ʨʘʩʯʸʪ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
 

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʯʸʪ ʙʘʣʘʥʩʘ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʙʣʦʢʘ ʮʝʭʦʚ 

ˉ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʤʝʱʝʥʠʷ 

ʆʙʲʸʤ 

ʧʦʤʝʱʝʥʠʷ, ʤ
3
 

ʂʨʘʪʥʦʩʪʴ  ɺʦʟʜʫʭʦʦʙʤʝʥ, ʤ
3
/ʯ 

ʇʨʠʪʦʢ ɺʳʪʷʞʢʘ ʇʨʠʪʦʢ ɺʳʪʷʞʢʘ 

1. 

ʇʦʤʝʱʝʥʠʝ 

ʧʨʝʜʧʨʦʜʘʞʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ 

22743,0 2 2 45 486,0 45 486,0 

2. ʆʬʠʩʥʦʝ ʧʦʤʝʱʝʥʠʝ 511,9 2 2 1023,8 1023,8 

3. ʈʘʩʯʸʪʥʳʡ ʦʪʜʝʣ 509,9 2 2 1019,8 1019,8 

4. ʊʘʤʙʫʨ 22,6 1 1 22,6 22,6 

5. 
ʇʦʤʝʱʝʥʠʝ ʩʢʣʘʜʘ 

ʤʝʪʨʦʣʦʛʠʠ 
727,8 1 1 727,8 727,8 

6. ʕʣʝʢʪʨʦʱʠʪʦʚʘʷ 136,0 2 2 272,0 271,0 

7. ʂʦʪʝʣʴʥʘʷ 235,0 3 3 705,0 705,0 

8. ɺʝʥʪʢʘʤʝʨʘ 253,0 2 1 506,0 253,0 

9. 
ʇʦʤʝʱʝʥʠʝ ʫʙʦʨʦʯʥʦʛʦ 

ʠʥʚʝʥʪʘʨʷ 
18,0 - 1 - 18,0 

10. ʋʙʦʨʥʘʷ 21,0 - 
50 ʤ

3
 ʥʘ 1 

ʫʥʠʪʘʟ 
- 100,0 

 ʀʊʆɻʆ 25 178,2   49 763,0 49 627,0 

 

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʧʦʤʝʱʝʥʠʡ,  ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ  ʙʳʣʦ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʝ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʳʭ ʩʠʩʪʝʤʳ: ʇɺ-1 ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʮʝʭʘ ʠ ʇɺ-2 ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʟʜʘʥʠʡ.  

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʸʪʘ ʧʦ ʙʘʣʘʥʩʫ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʩʯʸʪʘ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ, ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʜʚʝ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 ï ʇʘʨʘʤʝʪʨʳ ʚʳʙʨʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ  

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ  ʇʨʠʪʦʯʥʳʡ ʚʦʟʜʫʭ ɺʳʪʷʞʥʦʡ ʚʦʟʜʫʭ 

ʇʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʘʷ ʫʩʪʘʥʦʚʢʘ ʇɺ-1 

ʇʦʪʦʢ, ʤ
3
/ʯ 45486,0 45486,0 

ɼʘʚʣʝʥʠʝ, ʇʘ 550,0 600,0 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ, ʤ/ʩ 3,38 3,38 

ʇʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʘʷ ʫʩʪʘʥʦʚʢʘ ʇɺ-2 

ʇʦʪʦʢ, ʤ
3
/ʯ 4277,0 4141,0 

ɼʘʚʣʝʥʠʝ, ʇʘ 317,0 350,0 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ, ʤ/ʩ 2,62 2,62 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ  ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 3d-ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʝ 

BricsCAD-19.  ʅʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʵʣʝʤʝʥʪʳ ʠʟʦʤʝʪʨʠʠ 3d-ʤʦʜʝʣʠ 

ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʳʭ ʩʠʩʪʝʤ ʇɺ-1 ʠ ʇɺ-2.  

 

 
ʈʠʩʫʥʦʢ 1 - ʕʣʝʤʝʥʪ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʩʠʩʪʝʤʳ ʇɺ-1 

 

 

 
ʈʠʩʫʥʦʢ 2 - ʕʣʝʤʝʥʪʳ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʩʠʩʪʝʤʳ ʇɺ-2 

 

ʇʨʠʪʦʯʥʳʝ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʣʝʢʪʫʶʪʩʷ ʰʪʘʪʥʳʤ ʢʦʤʧʣʝʢʪʦʤ ʘʚʪʦʤʘʪʠʢʠ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ 

ʧʨʠʪʦʯʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʥʘʛʨʝʚʦʤ ʚʦʟʜʫʭʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʦʥʪʨʦʣʴ ʠ ʨʝʛʫʣʠʨʦʚʢʫ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠ ʢʦʥʪʨʦʣʴ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʬʠʣʴʪʨʦʚ. 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʰʫʤʘ ʚʥʫʪʨʠ 

ʧʦʤʝʱʝʥʠʡ ʠ ʩʥʘʨʫʞʠ ʚ ʟʜʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ:   

1. ʧʦʜʙʦʨ ʚʝʥʪʠʣʷʪʦʨʦʚ ʩ ʂʇɼ ʙʣʠʟʢʠʭ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ; 

2.  ʧʨʠʤʝʥʝʥʠʝ ʥʠʟʢʦʰʫʤʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ;  

3. ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʚʦʟʜʫʭʦʚʦʜʘʭ ʧʨʠʥʷʪʘ ʩ ʫʯʸʪʦʤ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ  ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʮʝʭʘ ʧʨʝʜʧʨʦʜʘʞʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ. ɺ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʧʦ ʥʦʨʤʘʪʠʚʥʦʡ ʢʨʘʪʥʦʩʪʠ ʠ 

ʘʨɻʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʥʘ 

ʫʯʘʩʪʢʘʭ ʚʦʟʜʫʭʦʚʦʜʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʦʜʙʦʨ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʨʘʟʚʦʜʢʘ ʚʦʟʜʫʭʦʚʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦ ʧʦʤʝʱʝʥʠʷʤ. 

ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʮʝʭʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʮʝʩʩʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʚʦʟʜʫʭʦʦʙʤʝʥʘ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʶʙʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʊʘʢʘʷ ʠʥʞʝʥʝʨʥʘʷ ʩʝʪʴ ʜʦʣʞʥʘ 

ʙʝʩʧʝʨʝʙʦʡʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ  ʬʠʣʴʪʨʘʮʠʶ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʦʪ ʪʦʢʩʠʯʥʳʭ ʠ 

ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ, ʥʝ ʧʨʝʨʳʚʘʷ ʧʨʠ ʵʪʦʤ ʭʦʜ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʥʘʦʙʦʨʦʪ, ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʟʘʜʘʯʫ, ʩʦʜʝʡʩʪʚʫʷ  

ʙʣʘʛʦʧʨʠʷʪʥʳʤ  ʫʩʣʦʚʠʷʤ ʜʣʷ ʠʭ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʆʁ ʉʆʉʊɸɺʃʗʖʑɽʁ 

ɻʀʈʆʉʂʆʇʀʏɽʉʂʀʍ ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʓʍ ʉʀʉʊɽʄ 

 

ɻʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʚʝʩ ï ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʟʘʢʣʶʯʝʥʥʘʷ ʚ ʢʘʨʜʘʥʦʚʫ ʦʧʦʨʫ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʚʦʨʘʯʠʚʘʪʴ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʫʜʝʨʞʠʚʘʷ ʝʸ ʚ ʟʘʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ (ʨʠʩ. 1). 

ɼʚʫʭ- ʠ ʪʨʸʭʦʩʥʳʝ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʜʚʝʩʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ, ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʘʥʪʝʥʥ, 

ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʜʘʣʴʥʦʤʝʨʘʭ, ʦʨʫʞʝʡʥʳʭ ʚʦʝʥʥʳʭ ʧʣʘʪʬʦʨʤʘʭ (ʧʫʰʢʠ, 

ʪʘʥʢʦʚʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ), ʘ ʪʘʢʞʝ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʪʝʭʥʠʢʠ, ʨʘʟʣʠʯʥʳʭ 

ʢʘʤʝʨ ʠ ʢʦʨʘʙʣʝʡ ʠ ʪ.ʜ. ʆʜʥʦʦʩʝʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʝʢʦʪʦʨʳʭ 

ʚʠʜʘʭ ʘʥʪʝʥʥ ʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʩʪʝʥʜʘʭ ʜʣʷ ʦʪʣʘʜʢʠ 

ʨʝʛʫʣʷʪʦʨʦʚ. ʆʜʥʦʦʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʚʝʩʦʚ ï ʙʘʟʦʚʳʝ, ʪʘʢ ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʥʝʝ 

ʚʳʧʦʣʥʝʥʳ ʤʥʦʛʦʦʩʝʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʩʚʷʟʴ 

ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʩʠʥʫʩʳ ʠ ʢʦʩʠʥʫʩʳ 



89 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʝʣʠʯʠʥ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʸ ʤʦʞʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʲʝʢʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʥʦʦʩʥʦʛʦ ʩʠʣʦʚʦʛʦ 

ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʚʝʩʘ: 1 ð ʛʠʨʦʢʘʤʝʨʘ ʩ ʨʦʪʦʨʦʤ; 2 ð ʨʘʤʘ; 3 ð 

ʜʘʪʯʠʢ ʫʛʣʘ; 4 ð ʫʩʠʣʠʪʝʣʴ; 5 ð ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʜʚʠʛʘʪʝʣʴ; 6 ð 

ʤʘʷʪʥʠʢ-ʢʦʨʨʝʢʪʦʨ; 7 ð ʜʘʪʯʠʢ ʤʦʤʝʥʪʦʚ; Oxhz ð ʦʩʠ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ; ʆʭʫz 

ð ʦʩʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʠʨʦʢʘʤʝʨʦʡ; Ox ð ʦʩʴ ʧʨʝʮʝʩʩʠʠ; Oh ð ʦʩʴ ʩʪʘʙʠʣʠʟʘʮʠʠ; 

Ŭ ð ʧʦʛʨʝʰʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ; ɓ ð ʫʛʦʣ ʧʨʝʮʝʩʩʠʠ. 

 

ʉʦʚʨʝʤʝʥʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʚʝʩʦʚ, ʠʤʝʶʱʠʭ 

ʙʦʣʴʰʦʡ ʩʧʨʦʩ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʨʳʥʢʝ, ʷʚʣʷʶʪʩʷ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠʩʭʦʜʷʪ ʠʟ ʪʝʦʨʠʠ ʣʠʥʠʡ 

ʚʠʟʠʨʦʚʘʥʠʷ (ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ï line of sight stabilization (LOS)). [1] 

ɻʣʘʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʣʠʥʠʡ ʚʠʟʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ ʥʘʙʣʶʜʝʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʡ ʤʝʞʜʫ ʥʘʙʣʶʜʘʪʝʣʝʤ ʠ ʥʘʙʣʶʜʘʝʤʳʤ ʦʙʲʝʢʪʦʤ. ʇʨʠʤʝʨʦʤ 

LOS-ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.  

 
ʈʠʩʫʥʦʢ 2. ʃʠʥʠʷ ʚʠʟʠʨʦʚʘʥʠʷ 

 

ʂʘʤʝʨʘ ʩ ʜʘʪʯʠʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʤʥʦʛʦʦʩʝʚʦʤ ʢʘʨʜʘʥʥʦʤ ʧʦʜʚʝʩʝ, 

ʢʨʝʧʠʪʩʷ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʷ. ʆʥ ʧʳʪʘʝʪʩʷ ʥʘʮʝʣʠʪʴʩʷ ʥʘ ʮʝʣʝʚʦʡ 

ʦʙʲʝʢʪ. ʕʪʦʪ ʜʘʪʯʠʢ ʠʟʤʝʨʷʝʪ ʫʛʦʣ (ʫʛʦʣ ʦʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ) ʤʝʞʜʫ ʪʝʢʫʱʠʤ 
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ʚʝʢʪʦʨʦʤ ʥʘʙʣʶʜʝʥʠʷ ʠ ʟʘʜʘʥʥʳʤ ʚʝʢʪʦʨʦʤ ʥʘʙʣʶʜʝʥʠʷ. ʂʦʛʜʘ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ ʩʲʝʟʞʘʝʪ ʩ ʥʝʙʦʣʴʰʦʛʦ ʫʢʣʦʥʘ, ʫʛʦʣ ʤʦʞʝʪ ʚʳʨʘʩʪʠ ʜʦ ʥʝʜʦʧʫʩʪʠʤʦʡ 

ʚʝʣʠʯʠʥʳ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʰʠʙʢʘ ʤʝʞʜʫ ʪʦʯʢʦʡ ʧʨʠʮʝʣʠʚʘʥʠʷ ʜʘʪʯʠʢʘ 

ʧʦʣʦʞʝʥʠʷ ʠ ʜʚʠʞʫʱʝʡʩʷ ʮʝʣʴʶ ʚʦʟʥʠʢʘʝʪ ʢʘʢ ʠʟ-ʟʘ ʢʠʥʝʤʘʪʠʢʠ ʮʝʣʠ ʠ 

ʧʣʘʪʬʦʨʤʳ, ʪʘʢ ʠ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʣʘʪʬʦʨʤʳ. ɿʘʜʘʯʘ ʩʠʩʪʝʤʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʪʘʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ï ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʫʛʦʣ ʦʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ. 

ɻʆʕʉ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʥʘ ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʧʦʣʫʯʠʣʠ ʙʦʣʴʰʦʡ ʩʧʨʦʩ ʟʘ ʩʯʸʪ ʙʦʣʴʰʦʛʦ ʩʢʘʯʢʘ ʚ ʨʘʟʚʠʪʠʠ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ: ʧʦʷʚʣʝʥʠʶ ʚʠʜʝʦʢʘʤʝʨ ʩ ʚʳʩʦʢʠʤ ʨʘʩʰʠʨʝʥʠʝʤ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʧʪʠʯʝʩʢʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʚ 

ɻʆʕʉ, ʚ ʩʣʝʜʩʪʚʠʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʩʣʝʞʝʥʠʝ ʟʘ 

ʦʙʲʝʢʪʦʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʝʦʨʠʠ ʣʠʥʠʡ ʚʠʟʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʨ 

ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 

ʈʠʩʫʥʦʢ 3. ͨ ΜΥΣΦΧΔΕΜΟΜΛΜΥΣΖΔΡΡΰΝ ΤΣΘΖΙΦ ͨͻ;-101.2΄ - ΄ΔΝΕΙΥ 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ɻʆʕʉ (ʠʣʠ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ) ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ 

ʤʦʙʠʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ, ʚ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚʝʢʪʦʨ 

ʥʘʚʝʜʝʥʠʷ. ʇʨʦʙʣʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʦʪʩʣʝʞʠʚʘʥʠʝ ʠ 

ʧʦʜʘʚʣʝʥʠʝ ʧʦʤʝʭ. ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ɻʆʕʉ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʨʝʰʘʝʪ ʠʤʝʥʥʦ ʚʪʦʨʫʶ ʯʘʩʪʴ ʧʨʦʙʣʝʤʳ. ʇʦʤʝʭʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʝʢʪʦʨ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʣʘʪʬʦʨʤʳ ʠʣʠ ʤʘʥʝʚʨʦʚ ʠ 

ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ, ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʚʳʟʚʘʥʥʳʡ ʚʝʪʨʦʤ ʠ 

ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ. ʊʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʫʱʘʶʱʠʝ ʤʦʤʝʥʪʳ ʚʦʟʤʦʞʥʳ 

ʠʟ-ʟʘ ʜʠʩʙʘʣʘʥʩʘ ʤʘʩʩʳ ʠ ʛʝʦʤʝʪʨʠʠ ʢʘʨʜʘʥʘ. 

ʉʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʦʡ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.  

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ɽ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʩʪʘʙʠʣʠʟʠʨʫʝʤʘʷ ʢʘʤʝʨʘ ɻʆʕʉ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʦʩʠ ʧʦʜʚʝʩʘ. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʫʩʪʨʦʡʩʪʚʘ ʢʘʢ 

ʧʨʘʚʠʣʦ ʠʤʝʝʪ ʜʚʘ ʢʦʥʪʫʨʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʝʢʪʦʨʠʝʡ ʠʣʠ ʥʘʚʝʜʝʥʠʝʤ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʢʦʩʚʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ 

ʤʦʤʝʥʪʳ ʟʜʝʩʴ ʩʦʟʜʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. 

https://www.tiber.su/products/317-girostabilizirovannyj-podves-gos-101
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ʈʠʩʫʥʦʢ 4. ɼʚʫʭʦʩʝʚʘʷ ʩʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ɻʆʕʉ 

 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʜʘʥʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʧʨʠʤʝʥʷʶʪ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɹɼʇʊ) ʩ 

ʚʥʝʰʥʠʤ ʨʦʪʦʨʦʤ, ʤʦʤʝʥʪʥʳʝ ɼʇʊ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ 

(ʟʘʨʫʙʝʞʥʦʝ ʥʘʟʚʘʥʠʝ - Limited Angle Torque Motor (LATM)), ʰʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ 

ʠ ʜʨʫʛʠʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʜʚʠʛʘʪʝʣʷ ʪʨʝʙʫʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʚ ʩʚʷʟʠ ʩ ʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʢʨʦʥʰʪʝʡʥʳ ʠ ʬʣʘʥʮʳ, ʯʪʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʙʘʣʘʥʩʘ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʩʪʨʦʡʢʘ 

ʨʝʛʫʣʷʪʦʨʦʚ. ɼʣʷ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʨʠʤʝʥʷʶʪ 

ʢʘʢ ʢʦʣʣʝʢʪʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʪʘʢ ʠ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʝ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʜʚʠʛʘʪʝʣʠ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʳʩʦʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʚ ʨʝʞʠʤʝ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʚʘʪʴʩʷ ʤʠʥʠʤʘʣʴʥʦʩʪʠ ʩʢʘʯʢʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ 

ʚʳʩʦʢʦʛʦ ʤʦʤʝʥʪʘ ʪʨʦʛʘʥʠʷ. 

ʇʦʤʠʤʦ ʫʯʝʪʘ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʢ ʜʚʠʛʘʪʝʣʶ, ʩʣʦʞʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʜʠʥʘʤʠʢʠ ʧʣʘʪʬʦʨʤʳ, ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ. ʇʣʘʪʬʦʨʤʳ ʩ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʢʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʠ 

ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʦʯʥʦʩʪʠ ʥʘʚʝʜʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ 

ʢʦʥʩʪʨʫʢʮʠʷʤ. ʀʭ ʨʝʘʣʠʟʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʝʡ ʩʪʘʙʠʣʠʟʘʮʠʠ. 

ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʟʳʚʘʶʪʩʷ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʈʠʩʫʥʦʢ 5. ʆʜʥʦʫʨʦʚʥʝʚʳʝ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʜʚʝʩʳ ʩ ʦʜʥʦʡ, ʜʚʫʤʷ 

ʠ ʪʨʝʤʷ ʦʩʷʤʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʉʨʝʜʠ ʜʦʩʪʦʠʥʩʪʚ ʦʜʥʦʫʨʦʚʥʝʚʳʭ ʧʦʜʚʝʩʦʚ ï ʤʘʣʘʷ ʤʘʩʩʘ ʠ ʙʦʣʴʰʦʡ ʦʪʩʝʢ 

ʜʣʷ ʥʘʛʨʫʟʢʠ, ʪʦ ʝʩʪʴ ʧʨʝʜʤʝʪʘ, ʢʘʩʘʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʠʭ ʧʦʜʚʝʩʦʚ ʦʪʥʦʩʷʪʩʷ ʩʠʣʴʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʤʫʱʝʥʠʷʤ ʠ ʩʨʝʜʥʝʝ ʢʘʯʝʩʪʚʦ ʩʪʘʙʠʣʠʟʘʮʠʠ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ɻʆʕʉ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

 
ʈʠʩʫʥʦʢ 6. ʄʥʦʛʦʫʨʦʚʥʝʚʳʝ ʧʦʜʚʝʩʳ: 

ʘ) ʩ ʜʚʫʤʷ ʦʩʷʤʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʫʨʦʚʥʝ ʠ ʦʜʥʦʡ ʥʘ ʚʥʝʰʥʝʤ; ʙ) ʩ ʜʚʫʤʷ 

ʦʩʷʤʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʫʨʦʚʥʝ ʠ ʜʚʫʤʷ ʥʘ ʚʥʝʰʥʝʤ; ʚ) ʩ ʪʨʝʤʷ ʦʩʷʤʠ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʫʨʦʚʥʝ ʠ ʜʚʫʤʷ ʥʘ ʚʥʝʰʥʝʤ 

ʆʜʥʘʢʦ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʫ, ʠ ʤʘʣʳʡ ʦʪʩʝʢ 

ʧʦʜ ʥʘʛʨʫʟʢʫ.  

ʇʝʨʩʧʝʢʪʠʚʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʪʘʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴ ʚ 

ʩʝʙʝ ʜʦʩʪʦʠʥʩʪʚʘ ʦʜʥʦʫʨʦʚʥʝʚʳʭ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʩʠʩʪʝʤ, ʪʦ ʝʩʪʴ ʠʤʝʶʪ 

ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʠ ʦʪʩʝʢ ʧʦʜ ʥʘʛʨʫʟʢʫ, ʠ ʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʦʪʦʨʦʡ ʠʛʨʘʝʪ ʚʩʷ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʨʘʟʚʠʪʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʠʜʦʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʠʨʦʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʠʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
ʃʠʪʝʨʘʪʫʨʘ 

1. Kennedy P, Kennedy R. Line of Sight Stabilization Primer. Peter Kennedy, 2012. 
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ɺ.ɺ. ʄʦʛʠʣʝʚ, ʩʪʫʜ.; ʨʫʢ. ɻ.ʖ. ʅʦʚʠʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ)  

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ʊʆʅʂʆʇʃɪʅʆʏʅʓʍ ʀ 

ʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ ʉʆʃʅɽʏʅʓʍ ʇɸʅɽʃɽʁ 

 

ʉʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ (ʉʕ) ʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ʉʝʛʦʜʥʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʝʣʘʝʪʩʷ ʠʟ ʢʨʝʤʥʠʷ ï 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʚʩʪʨʝʯʘʶʱʝʛʦʩʷ ʚ ʚʠʜʝ ʧʝʩʢʘ. ʊʘʢʞʝ ʢʨʝʤʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʵʣʝʢʪʨʦʥʠʢʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʩʭʝʤ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ.  

ʂʨʝʤʥʠʝʚʳʝ ʉʕ ʙʳʚʘʶʪ: 

- ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ; 

- ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ; 

- ʘʤʦʨʬʥʳʝ (ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ). 

ɽʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ï ʩʦʚʤʝʱʘʶʱʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʠ ʘʤʦʨʬʥʳʡ ʉʕ. ʈʘʟʣʠʯʘʶʪʩʷ ʵʪʠ ʵʣʝʤʝʥʪʳ 

ʫʩʪʨʦʡʩʪʚʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ï ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ 

ʢʨʝʤʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ. ʋ ʨʘʟʣʠʯʥʳʭ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʦʪʣʠʯʘʝʪʩʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. ʋ ʤʦʜʫʣʝʡ ʠʟ 

ʪʦʥʢʦʧʣʸʥʦʯʥʦʛʦ ʢʨʝʤʥʠʷ ʦʥ ʥʠʞʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. 

ʇʦʩʣʝʜʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʩʦʣʥʝʯʥʳʭ 

ʤʦʜʫʣʝʡ. ʉʝʡʯʘʩ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʤʦʜʫʣʝʡ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʳʥʢʝ. ʅʘʧʨʠʤʝʨ, 

ʘʤʦʨʬʥʳʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʠʟ ʜʠʩʝʣʝʥʠʜʘ ʤʝʜʠ ʠʥʜʠʷ ʠ ʠʟ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ 

(Cd-Te). ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʂʇɼ ʘʤʦʨʬʥʳʭ ʤʦʜʫʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ. ʆʜʥʘ ʠʟ 

ʨʘʟʨʘʙʦʪʦʢ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʉʕ ʠʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʥʜʝʤʥʳʭ ʉʕ, ʂʇɼ ʢʦʪʦʨʳʭ ʚʳʰʝ. 

ʉʝʡʯʘʩ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʠ ʛʠʙʨʠʜʥʳʝ ʤʝʪʦʜʳ. ʇʦʷʚʠʣʠʩʴ ʤʦʜʫʣʠ, ʠʤʝʶʱʠʝ 

ʪʦʥʢʠʡ ʘʤʦʨʬʥʳʡ ʧʝʨʝʭʦʜ, ʧʦʜ ʢʦʪʦʨʳʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʧʝʨʝʭʦʜ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʩʣʦʠ ʧʨʝʦʙʨʘʟʫʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ, ʠʭ 

ʛʠʙʨʠʜ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʦʙʱʠʡ ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. ʉʝʡʯʘʩ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʩʪʠʛʘʪʴ ʂʇɼ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ 

ʙʦʣʝʝ 25%. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʣʘʛʦʜʘʨʷ ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʟʨʘʙʦʪʢʘʤ ʂʇɼ ʉʕ 

ʫʞʝ ʦʢʦʣʦ 45%. ʇʦ ʚʩʝʤʫ ʤʠʨʫ ʧʦʩʪʦʷʥʥʦ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʫʜʝʰʝʚʣʝʥʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ, ʥʦ ʜʦ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʝʱʝ ʜʘʣʝʢʦ. 

ʊʦʥʢʦʧʣʝʥʦʯʥʳʝ ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʤʘʪʝʨʠʘʣʦʚ 4 

ʪʠʧʦʚ: 

- ʘʤʦʨʬʥʳʡ ʢʨʝʤʥʠʡ (a-Si) ʠʣʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʡ ʢʨʝʤʥʠʡ (TF-Si); 

- ʪʝʣʣʫʨʠʜ ʢʘʜʤʠʷ (Cd-Te); 

- ʜʝʩʝʣʝʥʠʜ ʛʘʣʣʠʷ-ʤʝʜʠ-ʠʥʜʠʷ (CIS ʠʣʠ CIGS); 

- ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʦʨʛ. ʜʦʙʘʚʢʘʤʠ. 



94 

ʊʦʥʢʦʧʣʝʥʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ. ɸʪʦʤʳ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʠʷ ʥʝ ʦʙʣʘʜʘʶʪ ʩʪʨʦʛʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ ʢʘʢ ʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʦʵʪʦʤʫ ʫ ʥʠʭ ʭʫʞʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʠʞʝ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʥʠʟʢʠʡ ʂʇɼ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚ ʨʘʟʳ ʤʝʥʴʰʝ ʠ ʝʛʦ ʤʦʞʥʦ ʥʘʥʝʩʪʠ ʧʦʯʪʠ ʥʘ ʚʩʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ï ʩʪʝʢʣʦ, ʤʝʪʘʣʣ ʠ ʜʨ. ʂʇɼ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʛʦ ʥʘʥʝʩʝʥʥʦʛʦ ʩʣʦʷ ʧʨʠʤʝʨʥʦ 

6%. 

CSG (Crystalline Silicon on Glass) ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʥʦ ʚʥʝʰʥʝ 

ʧʦʭʦʞʠ ʥʘ ʵʣʝʤʝʥʪʳ ʠʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ. ʊʦʥʢʠʤ ʩʣʦʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʢʨʝʤʥʠʡ ʥʘʥʦʩʷʪ ʥʘ ʩʪʝʢʣʦ. ʂʇɼ ʧʝʨʚʳʭ ʤʦʜʫʣʝʡ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʣ 

7%. 

CdTe ʵʣʝʤʝʥʪʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʮʝʥʳ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. ʂʇɼ ʵʣʝʤʝʥʪʦʚ 

ʦʢʦʣʦ 18%. ʉʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʦʜʥʦʤ ʵʣʝʤʝʥʪʝ ʥʝʚʝʨʦʷʪʥʦ ʤʘʣʦ, ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʠʥʠʤʘʶʪ ʚʩʝ ʚʳʧʫʱʝʥʥʳʝ ʠʤʠ ʠ ʦʪʨʘʙʦʪʘʚʰʠʝ ʩʨʦʢ ʩʣʫʞʙʳ 

ʤʦʜʫʣʠ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ. 

CIS ʤʦʜʫʣʠ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ï ʤʝʜʴ, ʠʥʜʠʡ, ʩʝʣʝʥ. ɽʩʣʠ 

ʜʦʙʘʚʣʷʶʪ ʛʘʣʣʠʡ, ʪʦ ʚ ʥʘʟʚʘʥʠʝ ʜʦʙʘʚʣʷʶʪ G - CIGS. ʉʨʝʜʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ 

ʤʦʜʫʣʝʡ ʫ CIS ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʂʇɼ ï 16-18%. 

ɺ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʉʕ 6 ʦʩʥʦʚʥʳʭ ʩʣʦʝʚ. ʇʝʨʚʳʡ ʩʣʦʡ ï ʧʨʦʟʨʘʯʥʦʝ 

ʟʘʱʠʪʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʘʥʦʩʠʪʩʷ ʥʘ ʘʥʪʠʦʪʨʘʞʘʶʱʝʝ ʧʦʢʨʳʪʠʝ, ʜʘʣʴʰʝ 

- ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʪʠʧʘ P ʠ N, ʧʦʩʣʝ ʥʠʭ ʢʦʥʪʘʢʪʥʳʡ ʩʣʦʡ ʠ ʧʦʜʣʦʞʢʘ. ʈʘʙʦʪʘʶʪ 

ʘʤʦʨʬʥʳʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʤʦʨʬʥʳʭ ʉʕ ʢʨʝʤʥʠʷ ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ, ʢ ʪʦʤʫ ʞʝ ʩʘʤʘ 

ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʭ ʤʦʜʫʣʝʡ ʥʝʩʢʦʣʴʢʦ ʧʨʦʱʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʨʦʞʝ. ʅʦ ʠʟ-ʟʘ ʨʘʟʚʠʪʠʷ ʦʙʝʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʤʝʥʴʰʝʥʠʷ ʮʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʨʘʟʥʠʮʘ ʚ ʮʝʥʝ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ. ɸ ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʤʦʜʫʣʝʡ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʩʣʦʷ ʩʪʝʢʣʘ (ʫ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʩʪʝʢʣʦ ʠ PVC ʧʣʸʥʢʘ), ʥʝʨʝʜʢʦ ʧʦʣʫʯʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʠʭ 

ʩʪʦʠʤʦʩʪʴ ʙʳʚʘʝʪ ʜʘʞʝ ʚʳʰʝ, ʯʝʤ ʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʉʕ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ 

ʤʦʱʥʦʩʪʠ. ʂ ʪʦʤʫ ʞʝ ʠʟ-ʟʘ ʜʚʦʡʥʦʛʦ ʩʪʝʢʣʘ ʘʤʦʨʬʥʳʝ ʤʦʜʫʣʠ ʪʷʞʝʣʝʝ. 

ɹʳʚʘʶʪ ʘʤʦʨʬʥʳʝ ʉʕ ʩ ʥʘʥʝʩʝʥʥʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʯʘʩʪʴʶ ʥʘ ʛʠʙʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʠ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʠʝ ʠ ʭʦʨʦʰʦ ʛʥʫʪʩʷ. ɺ 

ʦʩʥʦʚʥʦʤ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʦʨʪʘʪʠʚʥʳʭ ʠʣʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɻʣʘʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʤʠ ʤʦʜʫʣʷʤʠ 

ʚ ʂʇɼ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʝʡ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʤʝʥʴʰʝ ʚ 2 ʨʘʟʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʝʥʴʰʝ 

ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʘʥʦʚʢʫ. ʇʨʠ ʵʪʦʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʉʕ ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʘʷ ʮʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʝʛʦ ʭʨʫʧʢʦʩʪʴ. 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʉʕ ʠʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ 

ʧʨʦʠʟʚʦʜʷʪ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʩ ʧʠʢʦʚʦʛʦ ʚʘʪʘ, ʯʝʤ ʣʫʯʰʠʝ ʠʟ ʤʦʥʦ- ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʧʨʠʤʝʨʥʦ ʥʘ 13%. 
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ʀʪʘʢ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʧʘʥʝʣʝʡ ʠʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʩʪʦʠʪ 

ʚʳʜʝʣʠʪʴ: 

- ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʤʦʜʫʣʝʡ ʠʟ-ʟʘ 

ʙʝʟʦʪʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʠʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ. ʕʪʦ ʦʜʥʦ ʠʟ 

ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ; 

- ʧʦʜʣʦʞʢʠ/ʦʩʥʦʚʘʥʠʷ ʤʦʛʫʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʢʘʢ ʠʟ ʤʝʪʘʣʣʘ, ʪʘʢ ʠ ʠʟ 

ʜʨʫʛʠʭ ʜʝʰʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʩʪʝʢʣʦ ʠ ʧʣʘʩʪʠʢ; 

- ʛʠʙʢʦʩʪʴ, ʣʸʛʢʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʚ ʤʦʥʪʘʞʝ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʤʝʱʝʥʳ ʥʘ ʠʟʦʛʥʫʪʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ; 

- ʪʦʥʢʦʧʣʸʥʦʯʥʳʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʣʫʯʰʝ 

ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʷʪ ʧʨʠʤʝʨʥʦ ʥʘ 

20% ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʠʤʝʶʪ ʤʝʥʴʰʝ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʧʨʠ ʧʘʩʤʫʨʥʦʡ ʧʦʛʦʜʝ; 

-  ʙʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʮʝʩʩʘʤ ʩʚʦʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʦʧʣʸʥʦʯʥʳʝ 

ʤʦʜʫʣʠ ʤʝʥʴʰʝ ʧʦʜʚʝʨʞʝʥʳ ʧʦʣʦʤʢʘʤ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠʣʠ ʤʦʥʪʘʞʝ, ʩʨʝʜʠ 

ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʙʨʘʢʦʚʘʥʥʳʝ ʤʦʜʫʣʠ, ʯʝʤ ʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ; 

- ʤʝʥʴʰʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʪʝʧʣʫ ʠ ʞʘʨʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ; 

- ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʧʘʥʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ 

ʢʨʝʤʥʠʷ ï ʥʝʦʙʭʦʜʠʤ ʚʩʝʛʦ ʣʠʰʴ 1% ʢʨʝʤʥʠʷ ʦʪ ʪʦʛʦ, ʢʦʪʦʨʳʡ ʙʳ ʪʨʝʙʦʚʘʣʩʷ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ; 

- ʪʦʥʢʦʧʣʸʥʦʯʥʳʝ ʧʘʥʝʣʠ ʙʦʣʴʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

- ʫ ʘʤʦʨʬʥʳʭ ʤʦʜʫʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʤʝʥʴʰʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɽʸ ʧʦʚʳʰʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝʤ ʩʣʦʸʚ ʧʦʚʳʰʘʝʪ 

ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʪʦʥʢʦʧʣʸʥʦʯʥʳʝ ʧʘʥʝʣʠ ʨʘʟʨʫʰʘʶʪʩʷ ʙʳʩʪʨʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, ʘ ʵʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʫ ʥʠʭ ʤʝʥʴʰʝ ï ʚ ʩʨʝʜʥʝʤ, ʦʪ 10 ʜʦ 25 ʣʝʪ. ʂ ʪʦʤʫ ʞʝ ʚ 

ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʩʝʟʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʤʦʱʥʦʩʪʴ ʥʘ 10-40%, ʟʘʪʝʤ 

ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʟʥʘʯʝʥʠʠ ʠ ʫʞʝ ʥʝ ʧʘʜʘʝʪ; 

- ʙʦʣʴʰʘʷ ʟʘʥʠʤʘʝʤʘʷ ʧʣʦʱʘʜʴ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʘʚʥʫʶ ʤʦʱʥʦʩʪʴ, 

ʧʘʥʝʣʷʤʠ ʠʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʨʳʪʴ ʧʣʦʱʘʜʴ ʚ 2,5-3 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʥʢʦʧʣʸʥʦʯʥʳʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʠʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ 

ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. ʆʥʠ ʙʦʣʝʝ ʣʸʛʢʠʝ, ʛʠʙʢʠʝ 

ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʝʰʝʚʣʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʅʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʩʪʘʪʴ ʙʦʣʝʝ 

ʟʨʝʣʦʡ, ʯʪʦʙʳ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ. 
ʃʠʪʝʨʘʪʫʨʘ 
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ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭ. ʫʥ-ʪʘ, 2010. ï 294 ʩ. 
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ʉ.ɸ. ʅʠʢʦʣʘʝʥʢʦʚ, ɻ.ɺ. ɻʘʚʨʠʣʝʥʢʦʚ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɺ. ʈʦʞʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ.  

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʆʉʆɹɽʅʅʆʉʊʀ ʀ ʉʇʆʉʆɹʓ ʇʆʅʀɾɽʅʀʗ ʄʆʄɽʅʊɸ ʀʅɽʈʎʀʀ 

ɸʉʀʅʍʈʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ ʀʉʇʆʃʔɿʋɽʄʆɻʆ ɺ ʇʈʀɺʆɼɽ 

ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʈʆɹʆʊɸ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʚʦʦʙʱʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʛʫʣʠʨʫʝʤʦʤ ï 

ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʨʠʡʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

[1]. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʜʚʠʛʘʪʝʣʷ, ʘ 

ʧʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚʦʟʤʦʞʥʦ 

ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ.  

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʜʥʠʤ ʠ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʜʚʠʛʘʪʝʣʝʡ.  

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʛʜʘ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʩʧʣʦʰʥʳʤ ʮʠʣʠʥʜʨʦʤ: 

 
ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʛʜʘ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʦʣʳʤ ʮʠʣʠʥʜʨʦʤ ʠʣʠ ʢʦʣʴʮʦʤ: 

 
ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ ʩ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ, ʙʫʜʝʪ 

ʤʝʥʴʰʝ, ʯʝʤ ʨʦʪʦʨʘ ʩ ʙʦʣʴʰʠʤ ʨʘʜʠʫʩʦʤ. ɼʣʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʚ ʨʝʞʠʤʘʭ 

ʯʘʩʪʳʭ ʧʫʩʢʦʚ, ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʜʚʠʛʘʪʝʣʷ, ʫʤʝʥʴʰʘʶʪ 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʫʤʝʥʴʰʝʥʠʷ ʜʠʘʤʝʪʨʘ ʨʦʪʦʨʘ. 

ʇʦʥʠʞʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ, ʚ ʢʦʪʦʨʳʭ ʨʦʪʦʨ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ 

ʛʣʘʜʢʦʛʦ ʷʢʦʨʷ. ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʧʦʥʠʞʝʥʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʚʦʟʤʦʞʥʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʤʘʩʩʳ ʨʦʪʦʨʘ 

ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ (ʨʘʜʠʫʩʘ) ʨʦʪʦʨʘ [1]. 

ʆʩʥʦʚʥʫʶ ʤʘʩʩʫ ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɸɼ) ʩʦʩʪʘʚʣʷʝʪ 

ʩʝʨʜʝʯʥʠʢ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʤʦʪʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʙʫʜʝʪ ʥʠʞʝ, ʝʩʣʠ ʧʨʠ 

ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʪʦʣʴʢʦ ʩʘʤʘ ʦʙʤʦʪʢʘ ʠ ʚʘʣ ʨʦʪʦʨʘ. ʂʘʢ 

ʨʘʟ-ʪʘʢʠ ʪʘʢʦʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ɸɼ, ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʚʠʛʘʪʝʣʷ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʰʝ [2]. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʦʪʦʨʘ. ʇʦʤʠʤʦ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʪʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʞʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚ ʜʚʠʛʘʪʝʣʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤ ʜʣʷ ʩʠʩʪʝʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʦʪʦʨ ʤʦʞʝʪ 

ʙʳʪʴ ʤʘʛʥʠʪʥʳʤ ʠ ʥʝʤʘʛʥʠʪʥʳʤ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʟʘʜʘʯʝ 

ʧʦʥʠʞʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ, ʧʦʣʫʯʠʣʠ ʧʦʣʳʝ ʥʝʤʘʛʥʠʪʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʨʦʪʦʨʳ. 
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ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʮʠʷ ɸɼ ʩ ʧʦʣʳʤ ʥʝʤʘʛʥʠʪʥʳʤ ʨʦʪʦʨʦʤ 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʦʙʦʟʥʘʯʝʥʳ: 1 ï ʉʪʘʪʦʨ ʚʥʝʰʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʡ ʠʟ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ. 2 ï ʉʪʘʪʦʨ-ʩʝʨʜʝʯʥʠʢ ʚʥʫʪʨʝʥʥʠʡ. 3 ï ʆʙʤʦʪʢʘ 

ʩʪʘʪʦʨʘ. 4 ï ʈʦʪʦʨ ʥʝʤʘʛʥʠʪʥʳʡ ʧʦʣʦʡ ʮʠʣʠʥʜʨ. 5 ï ʇʦʜʰʠʧʥʠʢʦʚʳʡ ʱʠʪ. 6 ï 

ʆʩʴ.  

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʧʦʣʳʤ 

ʥʝʤʘʛʥʠʪʥʳʤ ʨʦʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 

ʩʢʣʘʜʳʚʘʝʤʳʡ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ, ʩʦʩʪʘʚʣʷʝʪ 0,4 ï 1,4 ʤʤ, ʚ 

ʦʪʣʠʯʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ 0,2 ï 1 ʤʤ. ʀʟ-ʟʘ 

ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʟʘʟʦʨʘ ʩʪʘʥʦʚʷʪʩʷ ʭʫʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʂʇɼ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʩ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʚʳʧʦʣʥʷʶʪ ʤʦʱʥʦʩʪʴʶ ʜʦ 10ʢɺʪ.  

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʣʳʤ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʨʦʪʦʨʦʤ [2]. 

 
ʈʠʩʫʥʦʢ 2 ï ʂʦʥʩʪʨʫʢʮʠʷ ɸɼ ʩ ʧʦʣʳʤ ʤʘʛʥʠʪʥʳʤ ʨʦʪʦʨʦʤ 

 

ʉʪʘʪʦʨ 1 ʠ ʦʙʤʦʪʢʠ 3 ï ʚʳʧʦʣʥʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʫ ʜʚʠʛʘʪʝʣʷ 

ʩ ʧʦʣʳʤ ʤʘʛʥʠʪʥʳʤ ʨʦʪʦʨʦʤ. 2 ï ʈʦʪʦʨ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʮʠʣʠʥʜʨʘ, ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ ʢʦʪʦʨʦʛʦ 0,4 ï 2,8 ʤʤ. 4 ï ʆʩʴ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʮʠʣʠʥʜʨ ʢʨʝʧʠʪʩʷ ʥʘ ʚʘʣ. 
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ʄʘʛʥʠʪʦʧʨʦʚʦʜ ʦʪʩʫʪʩʪʚʫʝʪ, ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʧʨʦʭʦʜʠʪ ʠ ʟʘʤʳʢʘʝʪʩʷ ʧʦ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʨʦʪʦʨʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫ ʜʚʠʛʘʪʝʣʝʡ ʩ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, 

ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ 

ʂʇɼ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʣʫʯʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʩ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʦʣʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʦʪʦʨʘ. ʆʜʥʘʢʦ ʤʘʩʩʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʦʪʦʨʘ 

ʙʦʣʴʰʝ ʯʝʤ ʤʘʩʩʘ ʧʦʣʦʛʦ ʥʝʤʘʛʥʠʪʥʦʛʦ ʨʦʪʦʨʘ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʦʤʝʥʪʝ 

ʠʥʝʨʮʠʠ ʜʚʠʛʘʪʝʣʷ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʠ. ɼʚʠʛʘʪʝʣʠ ʩ ʪʘʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʛʥʝʪʘʪʝʣʝʡ -  ʥʘʩʦʩʦʚ, 

ʚʝʥʪʠʣʷʪʦʨʦʚ, ʢʦʤʧʨʝʩʩʦʨʦʚ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʩʧʦʩʦʙʦʚ ʧʦʥʠʞʝʥʠʷ 

ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ɸɼ, ʘ ʠʤʝʥʥʦ ʧʦʥʠʞʝʥʠʝ ʤʘʩʩʳ ʠ ʜʠʘʤʝʪʨʘ ʨʦʪʦʨʘ, ʚʣʠʷʥʠʝ 

ʪʘʢʦʛʦ ʧʦʥʠʞʝʥʠʷ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣ ʧʦʜʦʙʨʘʥ ʠ ʨʘʩʩʯʠʪʘʥ ʜʚʫʭʧʦʣʶʩʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ɸʀʈ112ʄ2 ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 7,5 ʢɺʪ, ʥʦʤʠʥʘʣʴʥʳʤ ʣʠʥʝʡʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ 380 ɺ, ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 2895 ʦʙ/ʤʠʥ, ʩ ʂʇɼ 87%, 

ʢʦʩʠʥʫʩʦʤ ű 0,88, ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʚ ʟʚʝʟʜʫ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ S1 [3]. ʇʘʩʧʦʨʪʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʫ ʪʘʢʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʩʦʩʪʘʚʣʷʝʪ 0,0185 ʢʛĀʤ
2
. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ 

ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʠʘʤʝʪʨʦʤ ʨʦʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʫʤʝʥʴʰʝʥʠʷ  ʦʪʥʦʰʝʥʠʷ 

. 

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʜʚʠʛʘʪʝʣʝʤ 

ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʠʘʤʝʪʨʦʤ ʨʦʪʦʨʘ 

 
  ,ʤ ,ʤ     ,  

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ  

 

0,191 

 

0,55 

 

0,152 

 

0,1042 

 

0,878 

 

0,912 

 

2,12 

 

7,746 

 

0,0221 

 

ɼʚʠʛʘʪʝʣʴ ʩ 

ʧʦʥʠʞʝʥʥʳʤ 

ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ 

ʩ ʫʤʝʥʴʰʝʥʠʝʤ  

 

 

 

0,192 

 

 

 

0,53 

 

 

 

0,152 

 

 

 

0,1009 

 

 

 

0,883 

 

 

 

0,91 

 

 

 

2,27 

 

 

 

7,845 

 

 

 

0,0214 

 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʫʤʝʥʴʰʠʣʩʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʪʘʢʞʝ ʩʪʘʣʠ ʣʫʯʰʝ. 

ɺʪʦʨʳʤ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʤʘʩʩʳ ʨʦʪʦʨʘ. 

ʇʦʥʠʞʝʥʠʝ ʤʘʩʩʳ ʨʦʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ 

ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʠ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʥʠʞʝʥʥʦʡ ʤʘʩʩʦʡ ʨʦʪʦʨʘ.  
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ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʜʚʠʛʘʪʝʣʝʤ 

ʩ ʧʦʥʠʞʝʥʥʦʡ ʤʘʩʩʦʡ ʨʦʪʦʨʘ 

 
  ,ʤ ,ʤ    ,  ,  

ʉʧʨʦʝʢʪʠʨʦʚʘʥ

ʥʳʡ ʜʚʠʛʘʪʝʣʴ 

 

0,191 

 

0,55 

 

0,152 

 

0,1042 

 

0,801 

 

2,12 

 

7,746 

 

0,0221 

 

8,387 

ɼʚʠʛʘʪʝʣʴ ʩ 

ʧʦʥʠʞʝʥʥʦʡ 

ʤʘʩʩʦʡ ʨʦʪʦʨʘ 

 

 

0,196 

 

 

0,56 

 

 

0,139 

 

 

0,1069 

 

 

0,795 

 

 

1,98 

 

 

7,631 

 

 

0,0212 

 

 

8,138 

 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʥʠʟʠʣʩʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʪʘʣʠ ʭʫʞʝ, ʦʪʥʦʰʝʥʠʝ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʘ ʪʘʢʞʝ ʥʝʤʥʦʛʦ 

ʫʤʝʥʴʰʠʣʦʩʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʨʝʘʣʠʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʠʟ ʥʠʭ, ʪʘʢʞʝ 

ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʧʫʩʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʜʚʠʛʘʪʝʣʝʡ ʩ ʧʦʥʠʞʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ.  
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʇʈɸʂʊʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʇʈʀʄɽʅɽʅʀʗ ʕʃɽʄɽʅʊʆɺ 

çɿɽʃɽʅʆʁ ʕʅɽʈɻɽʊʀʂʀè ɺ ʉʀʉʊɽʄɸʍ ʊɽʇʃʆʉʅɸɹɾɽʅʀʗ ɼʃʗ 

ʈɸɿʃʀʏʅʓʍ ʈɽɻʀʆʅʆɺ ʈʆʉʉʀʀ 

 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʟʘ ʨʫʙʝʞʦʤ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʥʝ ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʟʦʣʫ, ʦʢʩʠʜʳ 

ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, ʜʝʣʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ ʘʢʪʫʘʣʴʥʦʡ ʠ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʷ ʚ ʠʥʜʠʢʘʪʠʚʥʳʭ 

ʧʣʘʥʘʭ ʨʘʟʚʠʪʠʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʩʣʝʜʫʝʪ 

ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩ ʚ ʘʪʤʦʩʬʝʨʫ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ 50% ʢ 2050 ʛʦʜʫ. ʕʪʦ 

ʩʪʘʚʠʪ ʧʝʨʝʜ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 23 

ʧʨʦʮʝʥʪʦʚ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʳʙʨʦʩʦʚ ʉʆ ʠ ʉʆ2 ʦʙʲʝʢʪʘʤʠ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʧʨʠʥʷʪʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʨ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ çʟʝʣʝʥʦʡ ʵʥʝʨʛʝʪʠʢʠè, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʉʧʝʮʠʬʠʢʘ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ, ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʘʚʪʦʥʦʤʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ, ʩ ʫʯʝʪʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʥʦʨʤʘʪʠʚʥʳʭ 

http://www.sibelektromotor.ru/docs/catalogSEM2017.pdf
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ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʮʝʣʝʡ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ɾʂʍ ʠ ʧʨʝʜʧʨʠʷʪʠʡ 

ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ.  ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ. 

  ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʝʪʦʜʠʢʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ (ʰʠʨʦʪʫ ʤʝʩʪʥʦʩʪʠ), ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʝʥʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʠ ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘ ʦʙʲʝʢʪʘʭ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ. [1,2] ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ:  

ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʨʷʯʝʡ ʚʦʜʳ, ʦʪʚʝʯʘʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ (Tʛʚ); 

ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʡ ʚʦʜʳ (ʊʭʚ); ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʦʣʣʝʢʪʦʨʘ-ʧʨʠʝʤʥʠʢʘ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (Ç); ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʤʝʩʪʥʦʩʪʠ (); ʢʦʣʠʯʝʩʪʚʦ 

ʯʝʣʦʚʝʢ, ʧʦʪʨʝʙʣʷʶʱʠʭ ʛʦʨʷʯʫʶ ʚʦʜʫ.     

  ʇʨʠ ʚʳʙʨʘʥʥʳʭ ʧʣʦʱʘʜʷʭ ʢʦʣʣʝʢʪʦʨʘ 2,5ʤ
2
; 5 ʤ

2
; 10 ʤ

2
; ʦʧʨʝʜʝʣʷʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʱʝʥʠʷ () ʜʣʷ ʛʦʜʦʚʦʡ ʥʘʛʨʫʟʢʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʟʘ 

ʩʯʝʪ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ: 

 
ʛʜʝ Qc

ʤ 
ï ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʩʠʩʪʝʤʫ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ; 

Qʛʚ
ʛʦʜ 
ï ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

 

ɻʦʜʦʚʫʶ ʵʢʦʥʦʤʠʶ ʦʪ ʟʘʤʝʱʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ 

ʢʦʪʝʣʴʥʦʡ, ʵʥʝʨʛʠʝʡ ʟʘ ʩʯʝʪ ʛʝʣʠʦʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ: 

 
ʛʜʝ  ï ʩʪʦʠʤʦʩʪʴ ʨʫʙ./ɻɼʞ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʪ ʢʦʪʝʣʴʥʦʡ;  

nʛ ï  ʢʦʪʝʣʴʥʦʡ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʛʘʟʦʚʦʤ ʪʦʧʣʠʚʝ. 

 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ: 

 
ʛʜʝ ʨʫʙ./ʤ

2
 ï ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʛʝʣʠʦʩʠʩʪʝʤʫ, ʥʘ 1 ʤ

2
 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʘ; 

ɻʦʜʦʚʫʶ ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

 
ʛʜʝ  ʢɼʞ/ʪ.ʫ.ʪ ï ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʦʪʥʝʩʝʥʥʘʷ ʢ 1 ʪ 

ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ; 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʠʤʝʥʝʥʘ ʧʨʦʛʨʘʤʤʘ, ʥʘ ʙʘʟʝ 

ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ʆʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʝʟʦʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʛʦ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ ʥʘ (ʈʠʩ.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ:  

(ʈʠʩ.2),  (ʈʠʩ.3), , (ʈʠʩ4) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʨʘʟʥʠʮʫ ʧʦʪʝʥʮʠʘʣʦʚ ʛʝʣʠʦʫʩʪʘʥʦʚʦʢ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʦʠʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʛʦʨʦʜʘ ʠ ʨʘʟʣʠʯʥʳʭ ʧʣʦʱʘʜʝʡ ʢʦʣʣʝʢʪʦʨʦʚ. 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʦʟʨʘʩʪʘʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʵʥʝʨʛʠʷ. ɼʘʞʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 5 ʤ
2
 ʛʦʜʦʚʘʷ 

ʚʳʨʘʙʦʪʢʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ. ʇʨʠ ʩʫʤʤʘʨʥʦʡ 

ʚʦʩʧʨʠʥʠʤʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 10 ʤ
2
, ʪʘʢʞʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʨʦʩʪ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʥʦ ʫʞʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʉʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ, ʪʦʪ ʬʘʢʪ, ʯʪʦ ʟʘʪʨʘʪʳ ʥʘ ʛʝʣʠʦʩʠʩʪʝʤʫ ʨʘʩʪʫʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʥʘʛʣʷʜʥʦ ʦʪʨʘʞʘʝʪ ʚʪʦʨʦʡ ʛʨʘʬʠʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʨʦʢʠ 

ʦʢʫʧʘʝʤʦʩʪʠ ʩʠʩʪʝʤʳ. ʀʟ ʥʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʫʩʪʘʥʦʚʢʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʥʷʪʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʘ ʚ 10 ʤ
2
, ʚʨʝʤʷ ʟʘ ʢʦʪʦʨʦʝ ʩʠʩʪʝʤʘ 

ʦʢʫʧʠʪ ʩʝʙʷ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʥʘʨʷʜʫ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʰʠʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʆʜʥʘʢʦ, ʵʪʦʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʥʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʦʱʫʪʠʤʦ ʧʦʚʳʰʘʝʪʩʷ. 

ʏʪʦ ʢʘʩʘʝʤʦ ʪʨʝʪʴʝʛʦ ʛʨʘʬʠʢʘ, ʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʮʝʥʪʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʤʝʱʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʵʥʝʨʛʦʨʝʩʫʨʩʘ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ. 

ɿʜʝʩʴ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʟʤʝʨʝ ʧʣʦʱʘʜʠ ʧʦʢʨʳʚʘʝʪʩʷ ʧʦʨʷʜʢʘ 70-80 % ʦʪ 

ʦʙʱʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʵʥʝʨʛʠʠ (ʦʮʝʥʠʚʘʝʤʦʡ ʚ ʪ.ʫ.ʪ.), ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ ʣʠʰʴ 40 

- 50 % ʧʨʠ ʪʝʭ ʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʝʜʩʢʘʟʫʝʤʦ ʠ ʪʦ, ʯʪʦ ʄʦʩʢʦʚʩʢʠʡ ʨʝʛʠʦʥ ʦʢʘʟʘʣʩʷ ʥʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ. 

ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʝʡ ʚ ʜʘʥʥʦʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ. ʍʦʪʷ, 

ʦʪʤʝʪʠʤ, ʯʪʦ ʠ ʩ ʪʘʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʡʥʳʤ 

ʜʦʧʦʣʥʝʥʠʝʤ, ʜʣʷ ʦʩʥʦʚʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʟʜʘʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʣʠʦʧʨʠʝʤʥʠʢʠ ʠ ʛʝʣʠʦʩʠʩʪʝʤʳ ʟʘʚʠʩʷʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʠʥʩʦʣʷʮʠʶ, ʥʦ ʠ ʚʩʝ ʚʭʦʜʥʳʝ 

ʜʘʥʥʳʝ. ʊʘʢ ʢʘʢ, ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʛʝʣʠʦʧʨʠʝʤʥʠʢʘ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 

ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʜʣʷ ʨʘʙʦʯʝʛʦ 

ʧʝʨʠʦʜʘ ʫʛʦʣ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ 

ʛʝʥʝʨʠʨʫʝʤʦʡ ʩʦʣʥʮʝʤ. 

 ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʘʞʥʫʶ ʨʦʣʴ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠʛʨʘʝʪ ʚʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʜʣʷ ʫʩʣʦʚʠʡ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʆɹɿʆʈ ʇɸʈʆɻɸɿʆɺʓʍ ʋʉʊɸʅʆɺʆʂ 

 

ʊʨʝʥʜ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘʧʨʘʚʣʝʥ ʥʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʠ ʦʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ, 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʫʩʪʘʥʦʚʦʢ.  

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʪʝʧʣʦʚʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʡ ʨʘʙʦʪʘʶʪ ʧʦ ʮʠʢʣʫ ʈʝʥʢʠʥʘ. ɼʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠʤʝʶʪ ʥʠʟʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʧʦʨʷʜʢʘ 28%, ʤʘʢʩʠʤʘʣʴʥʳʡ ï 32%. 

ʎʠʢʣ ʈʝʥʢʠʥʘ ï ʵʪʦ  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʮʠʢʣ ʧʨʝʚʨʘʱʝʥʠʷ ʪʝʧʣʦʪʳ ʚ ʨʘʙʦʪʫ ʩ 

ʧʦʤʦʱʴʶ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ʅʘʩʦʩʦʤ ʚʦʜʘ ʧʦʜʘʝʪʩʷ ʚ ʢʦʪʝʣ ʠ ʟʘ ʩʯʝʪ ʪʝʧʣʦʪʳ 

ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʘʨ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʦʩʪʫʧʘʝʪ ʚ ʪʫʨʙʠʥʫ, 

ʚʨʘʱʘʷ ʣʦʧʘʪʢʠ ʢʦʪʦʨʦʡ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ ʛʝʥʝʨʘʪʦʨʝ. 

ɿʘʪʝʤ ʦʪʨʘʙʦʪʘʚʰʠʡ ʧʘʨ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʥʜʝʥʩʘʪʦʨ, ʛʜʝ ʟʘ ʩʯʝʪ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ 

ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ, ʠ ʧʦʣʫʯʝʥʥʘʷ ʚʦʜʘ ʦʪʚʦʜʠʪʩʷ ʥʘʩʦʩʦʤ ʚ ʢʦʪʝʣ. ʎʠʢʣ 

ʟʘʤʳʢʘʝʪʩʷ.  

ɺ ʧʦʠʩʢʘʭ ʩʧʦʩʦʙʦʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʮʠʢʣ 

ʈʝʥʢʠʥʘ-ɹʨʘʡʪʦʥʘ. ɺ ʥʝʤ ʩʦʯʝʪʘʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʦʜʷʥʦʡ ʮʠʢʣ ʈʝʥʢʠʥʘ 

ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʛʘʟʦʚʳʡ ʮʠʢʣ ɹʨʘʡʪʦʥʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʂʇɼ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʘ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʩʪʳʤ ʮʠʢʣʦʤ 

ʈʝʥʢʠʥʘ. ʇʦ ʜʘʥʥʦʤʫ ʮʠʢʣʫ ʨʘʙʦʪʘʶʪ ʧʘʨʦʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʫ (ʇɻʋ). 

ʇɻʋ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʦʜʥʘʢʦ 

ʦʩʥʦʚʥʳʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʨʘʙʦʯʠʭ 

ʪʝʣ. ʇʦ ʥʘʟʥʘʯʝʥʠʷ ʇɻʋ ʜʝʣʷʪʩʷ ʥʘ ʪʝʧʣʦʬʠʢʘʮʠʦʥʥʳʝ ʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ. 

ʂʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʦʪʧʫʩʢʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, 

ʪʝʧʣʦʬʠʢʘʮʠʦʥʥʳʝ ï ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʪʘʢ ʠ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. ʇʦ 

ʢʦʣʠʯʝʩʪʚʫ ʨʘʙʦʯʠʭ ʪʝʣ ʇɻʋ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʤʦʥʘʨʥʳʝ ʠ ʙʠʥʘʨʥʳʝ. ɺ 

ʤʦʥʘʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʨʘʙʦʯʠʤ ʪʝʣʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʪʫʨʙʠʥʝ, ʷʚʣʷʝʪʩʷ ʩʤʝʩʴ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ɺ ʙʠʥʘʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʨʘʙʦʯʠʝ ʪʝʣʘ 

ʮʠʢʣʦʚ ʥʝ ʩʤʝʰʠʚʘʶʪʩʷ, ʚ ʛʘʟʦʪʫʨʙʠʥʥʦʤ ʮʠʢʣʝ ʨʘʙʦʪʘʝʪ ʚʦʟʜʫʭ ʠ ʧʨʦʜʫʢʪʳ 

ʩʛʦʨʘʥʠʷ, ʚ ʧʘʨʦʪʫʨʙʠʥʥʦʤ ï ʚʦʜʷʥʦʡ ʧʘʨ ʠ ʚʦʜʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʇɻʋ ʙʠʥʘʨʥʦʛʦ ʪʠʧʘ: ʫʪʠʣʠʟʘʮʠʦʥʥʳʝ ʇɻʋ (ʇɻʋ ʩ 

ʢʦʪʣʦʤ-ʫʪʠʣʠʟʘʪʦʨʦʤ), ʩʙʨʦʩʥʳʝ ʇɻʋ (ʇɻʋ ʩʦ ʩʙʨʦʩʦʤ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ 

ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ (ɻʊʋ) ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʪʝʣ), ʇɻʋ ʩ 

ʚʳʩʦʢʦʥʘʧʦʨʥʳʤ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʤ (ʇɻʋ ʩ ɺʇɻ), ʇɻʋ ʩ ʚʳʪʝʩʥʝʥʠʝʤ 

ʨʝʛʝʥʝʨʘʮʠʠ. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʇɻʋ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩ ʢʦʪʣʦʤ-ʫʪʠʣʠʟʘʪʦʨʦʤ 

(ʨʠʩ. 1). ɺ ʢʦʤʧʨʝʩʩʦʨ ʧʦʜʘʝʪʩʷ ʚʦʟʜʫʭ, ʢʦʪʦʨʳʡ ʥʘʛʥʝʪʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʧʦʩʪʫʧʘʝʪ ʚ 

ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʚʤʝʩʪʝ ʩ ʪʦʧʣʠʚʦʤ. ɼʘʣʝʝ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʧʦʧʘʜʘʶʪ ʥʘ 

ʣʦʧʘʪʢʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ, ʛʜʝ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʛʘʟʦʚ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʘ ʟʘʪʝʤ ʚ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 
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ʆʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ ʧʦʩʣʝ ʪʫʨʙʠʥʳ ʧʦʩʪʫʧʘʶʪ ʚ ʢʦʪʝʣ-ʫʪʠʣʠʟʘʪʦʨ, ʟʘʪʝʤ 

ʫʜʘʣʷʶʪʩʷ. ʂʦʪʝʣ-ʫʪʠʣʠʟʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ 3 ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ: 

ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʷ, ʠʩʧʘʨʠʪʝʣʷ, ʵʢʦʥʦʤʘʡʟʝʨʘ. ʉ ʧʦʤʦʱʴʶ ʧʠʪʘʪʝʣʴʥʦʛʦ ʥʘʩʦʩʘ 

ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʪʝʣ-ʫʪʠʣʠʟʘʪʦʨ, ʛʜʝ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ 

(ʚ ʵʢʦʥʦʤʘʡʟʝʨʝ) ʠ ʠʩʧʘʨʷʝʪʩʷ (ʚ ʠʩʧʘʨʠʪʝʣʝ). ʇʦʣʫʯʝʥʥʳʡ ʩʫʭʦʡ ʧʘʨ 

ʧʝʨʝʛʨʝʚʘʝʪʩʷ ʩʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ (ʚ ʧʝʨʝʛʨʝʚʘʪʝʣʝ) ʠ ʟʘʪʝʤ 

ʧʦʧʘʜʘʝʪ ʚ ʧʘʨʦʚʫʶ ʪʫʨʙʠʥʫ. ʅʘ ʩʦʦʩʥʦ ʟʘʢʨʝʧʣʝʥʥʦʤ ʩ ʪʫʨʙʠʥʦʡ 

ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʝ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ʇʦʩʣʝ ʧʘʨʦʚʦʡ 

ʪʫʨʙʠʥʳ ʦʪʨʘʙʦʪʘʚʰʠʡ ʧʘʨ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʥʜʝʥʩʘʪʦʨ, ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ, ʟʘʪʝʤ 

ʚʦʜʘ ʧʠʪʘʪʝʣʴʥʳʤ ʥʘʩʦʩʦʤ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʢʦʪʝʣ-ʫʪʠʣʠʟʘʪʦʨ. ʂʇɼ ʜʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 55% [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʇɻʋ ʫʪʠʣʠʟʘʮʠʦʥʥʦʛʦ ʪʠʧʘ: 

1 ï ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʴ; 2 ï ʠʩʧʘʨʠʪʝʣʴ; 3 ï ɻ ʢʦʥʦʤʘʡʟʝʨ; 4 ï ʙʘʨʘʙʘʥ; 5 ï ʦʧʫʩʢʥʳʝ ʪʨʫʙʳ; 

6 ï ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʪʨʫʙʳ 

 

ʇɻʋ ʩʦ ʩʙʨʦʩʦʤ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ɻʊʋ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʪʝʣ ʠʤʝʝʪ 

ʨʘʩʭʦʜ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʫʪʠʣʠʟʘʮʠʦʥʥʘʷ 

ʇɻʋ, ʪ.ʢ. ʪʦʧʣʠʚʦ ʧʦʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʛʘʟʦʪʫʨʙʠʥʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʥʦ ʠ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʪʝʣ. ʋʭʦʜʷʱʠʝ ʛʘʟʳ ɻʊʋ ʩʦʜʝʨʞʘʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʠʤʠ ʜʫʪʴʝʚʦʡ ʚʦʟʜʫʭ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʢʦʪʣʝ. 

ɺʩʣʝʜʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ɻʊʋ 

ʧʨʦʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʢʦʪʣʘ. ʆʩʥʦʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ 

ʪʦʧʣʠʚʘ ʚ ʧʘʨʦʪʫʨʙʠʥʥʦʤ ʮʠʢʣʝ. ʂʇɼ ʩʙʨʦʩʥʦʡ ʇɻʋ ʥʠʞʝ ʫʪʠʣʠʟʘʮʠʦʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 40%. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ (ʘ) ʠ T,S ïʜʠʘʛʨʘʤʤʘ (ʙ)ʇɻʋ ʩ ɺʇɻ 
 

ʈʘʙʦʪʘ ʩʭʝʤʳ ʇɻʋ ʩ ɺʇɻ (ʨʠʩ. 2) ʦʩʥʦʚʘʥʘ ʥʘ ʧʘʨʦʚʦʤ ʢʦʪʣʝ, ʨʘʙʦʪʘʶʱʝʤ 

ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ɺ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʝ ʩʞʠʤʘʝʪʩʷ 

ʚʦʟʜʫʭ ʠ ʧʦʜʘʝʪʩʷ ʚ ʪʦʧʢʫ ɺʇɻ ʚʤʝʩʪʝ ʩ ʪʦʧʣʠʚʦʤ. ɺ ʧʘʨʦʛʝʥʝʨʘʪʦʨʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠʩʧʘʨʝʥʠʝ ʚʦʜʘ ʠ ʧʝʨʝʛʨʝʚ ʧʘʨʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʦʩʪʫʧʘʝʪ ʚ ʧʘʨʦʚʫʶ ʪʫʨʙʠʥʫ. 

ʆʪʨʘʙʦʪʘʚʰʠʡ ʧʘʨ ʧʦʩʣʝ ʪʫʨʙʠʥʳ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʠ 

ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ. ɼʘʣʝʝ ʚʦʜʘ ʧʠʪʘʪʝʣʴʥʳʤ ʥʘʩʦʩʦʤ ʧʦʜʘʝʪʩʷ ʚ ʛʘʟʦʚʳʡ 

ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʢʦʥʜʝʥʩʘʪʘ (ɻʇʂ), ʘ ʟʘʪʝʤ ʩʥʦʚʘ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨ. ʋʭʦʜʷʱʠʝ ʛʘʟʳ 

ʠʟ ɺʇɻ ʧʦʧʘʜʘʶʪ ʚ ʛʘʟʦʚʫʶ ʪʫʨʙʠʥʫ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ɻʇʂ, ʛʜʝ, 

ʧʦʜʦʛʨʝʚʘʷ ʢʦʥʜʝʥʩʘʪ, ʦʭʣʘʞʜʘʶʪʩʷ ʠ ʦʪʚʦʜʷʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ʥʘʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, ʯʪʦ ʠ ʫ ʩʙʨʦʩʥʦʡ ʇɻʋ. ʂʇɼ ʜʘʥʥʦʡ 

ʩʭʝʤʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50%. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʚʝʨʜʦʤ ʠ ʥʠʟʢʦʩʦʨʪʥʦʤ ʪʦʧʣʠʚʝ. 

ɺ ʇɻʋ ʩ ʚʳʪʝʩʥʝʥʠʝʤ ʨʝʛʝʥʝʨʘʮʠʠ ʚʤʝʩʪʝ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʚʦʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʟʦʚʳʡ ʧʦʜʦʛʨʝʚʘʪʝʣʴ, ʪ.ʝ. ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʧʣʦ ʫʭʦʜʷʱʠʭ 

ʛʘʟʦʚ ɻʊʋ. ʕʢʦʥʦʤʠʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ, ʢʦʛʜʘ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨʝ ʤʝʥʴʰʝ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʩ 

ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ ɻʊʋ [2]. 

ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʇɻʋ ʩ ʦʜʥʦʢʦʥʪʫʨʥʳʤ ʢʦʪʣʦʤ-ʫʪʠʣʠʟʘʪʦʨʦʤ (ʨʠʩ. 1) 

ʤʦʱʥʦʩʪʴʶ 19 ʄɺʪ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʚʳʙʨʘʥʳ: 

ʛʘʟʦʚʘʷ ʪʫʨʙʠʥʘ SGT ï 400 ʚʝʨʩʠʠ 15 ʄɺʪ, ʢʦʥʜʝʥʩʘʮʠʦʥʥʘʷ ʧʘʨʦʚʘʷ ʪʫʨʙʠʥʘ ʂ 

ï 4,5 ï 34. ʋʩʪʘʥʦʚʢʘ ʛʝʥʝʨʠʨʫʝʪ ʧʘʨ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ 435Áʉ ʠ 

ʜʘʚʣʝʥʠʝʤ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ 3,4 ʄʇʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʨʘʚʥʘʷ 159Áʉ ʠ ʂʇɼ ʫʩʪʘʥʦʚʢʠ 46%. ʇʦʚʳʰʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʪʝʧʣʦʪʫ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ, ʧʦʵʪʦʤʫ ʜʣʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʝʧʣʦʫʪʠʣʠʟʘʮʠʠ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʇɻʋ ʩ 

ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʢʦʪʣʦʤ-ʫʪʠʣʠʟʘʪʦʨʦʤ.  



107 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚʥʝʜʨʝʥʠʝ ʇɻʋ ʩ ʢʦʪʣʦʤ-ʫʪʠʣʠʟʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʦʡ ʪʝʥʜʝʥʮʠʝʡ, ʪ.ʢ. ʫʩʪʘʥʦʚʢʘ ʠʤʝʝʪ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʠʤ ʂʇɼ ʠ ʵʢʦʥʦʤʠʝʡ ʪʦʧʣʠʚʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʦʪʫʨʙʠʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ʇʘʨʦʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / ɸ.ɼ. ʊʨʫʭʥʠʡ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ 

ʜʦʤ ʄʕʀ, 2013. ï 648 ʩ.: ʠʣ. 

2. ʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ. ʉʭʝʤʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɸ.ɸ. ʂʫʜʠʥʦʚ. ï ʄ.: 

ʀʅʌʈɸ-ʄ, 2018. ï 325 ʩ. ï (ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ: ɹʘʢʘʣʘʚʨʠʘʪ). 

 
ʆ.ɸ. ʉʠʥʠʮʘ, ʤʘʛ.; ʨʫʢ. ɼ.ʀ. ɹʘʣʦʚʥʝʚ, ʢ.ʪ.ʥ., ʜʦʮ.  

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʈɸʉʏɽʊ ʇɸʈɸʄɽʊʈʆɺ ɸʉʀʅʍʈʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ ɺ 

ʇʈʆɻʈɸʄʄɽ FEMM   

 

ʇʨʦʛʨʘʤʤʘ Finite Element Method Magnetics (ʤʘʛʥʠʪʥʳʝ ʨʘʩʯʝʪʳ ʩʧʦʩʦʙʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʨʘʪʢʦ FEMM ʠʣʠ femm) ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ 

ʢʦʤʧʴʶʪʝʨʘʭ ʨʘʩʯʝʪ ʧʣʦʩʢʦʤʝʨʠʜʠʘʥʥʳʭ, ʪ.ʝ. ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ, 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ/ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ, ʘ ʪʘʢʞʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʧʘʢʝʪʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʮʝʧʥʳʝ ʠ ʧʦʣʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʘʨʪʠʥ. 

ʆʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʘʢʝʪʘ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʣʝʛʢʦʩʪʴ ʝʛʦ 

ʦʩʚʦʝʥʠʷ.  

ʇʨʦʚʦʜʷ ʨʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ, ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʥʦʛʦ ʨʦʜʘ ʨʘʩʯʝʪʳ. ʆʜʥʠʤ ʠʟ ʥʘʛʣʷʜʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ɿʘʜʘʯʘ ï ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ  ʪʘʢʞʝ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʤʝʞʜʫ ʟʫʙʮʘʤʠ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ. 

ʏʪʦʙʳ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʜʣʷ ʥʘʯʘʣʘ ʧʦʩʪʨʦʠʤ ʤʦʜʝʣʴ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ɸɼ ʚ ʧʨʦʛʨʘʤʤʝ FEMM. ɿʥʘʷ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʨʘʩʩʯʠʪʘʝʤ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʧʘʟʘʭ ʩʪʘʪʦʨʘ , ʠ 

ʪʘʢʞʝ ʚ ʧʘʟʘʭ ʨʦʪʦʨʘ . 

ʈʘʩʩʯʠʪʘʝʤ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩʪʘʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʬʘʟʳ: 

  
ʈʘʩʧʨʝʜʝʣʠʤ ʧʦʣʫʯʝʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦ ʧʘʟʘʤ ʩʪʘʪʦʨʘ (ʪʘʙʣ. 1) ʠ ʧʦ 

ʧʘʟʘʤ ʨʦʪʦʨʘ (ʪʘʙʣ. 2). 
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ʊʘʙʣʠʮʘ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʩʪʥʦʩʪʝʡ ʪʦʢʘ ʚ ʧʘʟʘʭ ʩʪʘʪʦʨʘ (J, ɸ/ʤʤ
2
). 

Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 

0,9238 0,9238 0,9238 0,9238 -0,4619 -0,4619 -0,4619 -0,4619 

Z9 Z10 Z11 Z12 Z13 Z14 Z15 Z16 

-0,4619 -0,4619 -0,4619 -0,4619 -0,9238 -0,9238 -0,9238 -0,9238 

Z17 Z18 Z19 Z20 Z21 Z22 Z23 Z24 

0,4619 0,4619 0,4619 0,4619 0,4619 0,4619 0,4619 0,4619 

 

ʊʘʙʣʠʮʘ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʩʪʥʦʩʪʝʡ ʪʦʢʘ ʚ ʧʘʟʘʭ ʨʦʪʦʨʘ (J, ɸ/ʤʤ
2
). 

Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 
-2,231 2,231 2,231 2,231 2,231 2,231 2,231 2,231 

Z9 Z10 Z11 Z12 Z13 Z14 Z15 Z16 
2,231 2,231 2,231 -2,231 -2,231 -2,231 -2,231 -2,231 
Z17 Z18 Z19 Z20 Z21 Z22 

-2,231 -2,231 -2,231 -2,231 -2,231 -2,231 

 

 

 
ʈʠʩ.1 ʄʦʜʝʣʴ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ɸɼ ʚ ʧʨʦʛʨʘʤʤʝ FEMM. 

 

ʊʝʧʝʨʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʤʝʞʜʫ ʟʫʙʮʦʚʳʤʠ 

ʢʦʥʪʫʨʘʤʠ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ, ʧʨʦʠʟʚʝʜʝʤ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʪʦʢʦʤ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʟʫʙʮʦʚʦʛʦ 

ʢʦʥʪʫʨʘ k ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʦʢʦʚ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʦʥʪʫʨʘʭ ʦʙʦʠʭ ʩʝʨʜʝʯʥʠʢʦʚ.  
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ʊʦʢ ʚʦʟʙʫʞʜʘʶʱʠʡ ʟʫʙʝʮ k: 

, 

ʛʜʝ S1ʇ ï ʧʣʦʱʘʜʴ ʧʘʟʘ ʩʪʘʪʦʨʘ. 

 

ʆʧʨʝʜʝʣʷʝʤ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʣʷ ʧʦʪʦʢʘ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʤʝʞʜʫ 

ʚʦʟʙʫʞʜʝʥʥʳʤ ʟʫʙʮʦʤ ʠ ʦʜʥʠʤ ʠʟ ʥʝʚʦʟʙʫʞʜʝʥʥʳʭ ʟʫʙʮʦʚ. ʈʘʩʯʝʪ ʤʦʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʥʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦʩʪʨʦʠʤ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʟʫʙʮʦʚʦʛʦ ʢʦʥʪʫʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʦʩʝʨʝʜʠʥʝ ʟʫʙʮʦʚ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ 

(ʨʠʩ.2). 

 
ʈʠʩ.2 ʂʘʨʪʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ 

ʤʝʞʜʫ ʟʫʙʮʘʤʠ ʧʨʠ ʪʦʢʝ ik = 154A.  

 

Ŭ, ʛʨʘʜʫʩʳ ʌm, ɺʙȚ10
-6
 ȿkm, ɺʙ/ɸȚ10

-8
 

14,85 3,5371 2,297 

ʊʝʧʝʨʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʝʤ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʤʝʞʜʫ 

ʟʫʙʮʘʤʠ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʜʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ, ʠʩʧʫʣʴʟʫʷ ʬʦʨʤʫʣʫ , 
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ʛʜʝ ɛ0 ï ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʟʜʫʭʘ, l ï ʜʣʠʥʘ ʩʝʨʜʝʯʥʠʢʦʚ ʩʪʘʪʦʨʘ ʠ 

ʨʦʪʦʨʘ (ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʫʶ 1 ʤʤ), bzkm ï ʰʠʨʠʥʘ ʟʦʥʳ ʧʝʨʝʢʨʳʪʠʷ ʟʫʙʮʦʚ k ʠ m. 

 
ɿʥʘʯʝʥʠʝ, ʧʦʫʣʯʝʥʥʦʝ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ:  

 

 
ʈʘʩʩʯʠʪʘʥʥʘʷ   ʧʦʣʝʚʳʤ ʤʝʪʦʜʦʤ ʦʪʣʠʯʘʝʪʩʷ ʥʘ 4,179% ʦʪ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʠ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚ ʧʨʦʛʨʘʤʤʝ FEMM, ʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʰʠʥʳ, ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʘʭ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʛʨʘʤʤʫ FEMM 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

 ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Femm: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://www.femm.info/wiki/HomePage. (ɼʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 16.03.2022). 
 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ: ʋʯʝʙ.ʜʣʷ ʚʫʟʦʚ / ʂʦʧʳʣʦʚ ʀ.ʇ. ʠ ʜʨ. - ʄ.: 2002 

 
ɼ.ɺ. ʉʦʣʦʚʴʝʚ, ʩʪʫʜ; ɺ.ɺ. ɼʝʤʴʷʥʦʚ, ʩʪʫʜ; ʨʫʢ. ɼ.ʀ. ɹʘʣʦʚʥʝʚ, ʢ.ʪ.ʥ., ʜʦʮ.  

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʈɸʉʏɽʊʆɺ ɺ ʇʈʆɻʈɸʄʄɽ FEMM  ʇʈʀ 

ʇʆʄʆʑʀ ʗɿʓʂɸ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ LUA  

 

ʇʨʦʛʨʘʤʤʘ Finite Element Method Magnetics (ʄʘʛʥʠʪʥʳʝ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ) ʜʘʣʝʝ FEMM, ʠʣʠ femm ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʜʣʷ 

ʨʘʩʯʝʪʘ ʧʣʦʩʢʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʣʠ ʧʣʦʩʢʦʤʝʨʠʜʠʘʥʥʦʛʦ (ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ) 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʝʡ, ʧʦʩʪʨʦʠʪʴ ʠʭ ʢʘʨʪʠʥʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʝʚʳʝ ʠ 

ʮʝʧʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ɿʘʯʘʩʪʫʶ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪʩʷ 

ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʥʦʛʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ. 

ɿʘʜʘʯʘ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

.  

ʕʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʟʘʜʘʚʘʷ ʢʘʞʜʳʡ ʨʘʟ ʚ ʨʫʯʥʫʶ ʚ FEMM ʪʦʢ 

ʚʦʟʙʫʞʜʝʥʠʷ (0 ʜʦ 100 ɸ). ʀ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʧʦ ʬʦʨʤʫʣʘʤ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʣʫʯʘʷ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʥʝ ʦʧʪʠʤʘʣʴʥʳʡ, ʝʩʣʠ ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʦʙʥʳʭ  ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʧʨʦʛʨʘʤʤʝ FEMM ʠʤʝʝʪʩʷ ʚʩʪʨʦʝʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Lua. ʉ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʫʪʠʥʥʳʝ ʜʝʡʩʪʚʠʷ ʠ ʫʧʨʦʩʪʠʪʴ 

ʟʘʜʘʯʫ ʠʩʩʣʝʜʦʚʘʪʝʣʶ. 

https://www.femm.info/wiki/HomePage
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ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʪʝʢʩʪ ʩʢʨʠʧʪʘ ʩ ʢʦʤʤʝʥʪʘʨʠʷʤʠ, ʥʘʧʠʩʘʥʥʳʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʧʠʩʘʥʥʦʡ ʟʘʜʘʯʠ: 

name_prog="progxx" -- ʠʤʷ ʧʨʦʛʨʘʤʤʳ 

F_dan="FD.txt" -- ʠʤʷ ʬʘʡʣʘ ʜʘʥʥʳʭ 

f_d=openfile(F_dan,"r") -- ʦʪʢʨʳʪʠʝ ʬʘʡʣʘ ʜʘʥʥʳʭ 

beta=read(f_d,"*n","*l")  -- ʩʯʠʪʳʚʘʥʠʝ ʫʛʣʘ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ 

Is=read(f_d,"*n","*l")  -- ʩʯʠʪʳʚʘʥʠʝ ʪʦʢʘ ʩʪʘʪʦʨʘ 

If=read(f_d,"*n","*l") -- ʉʯʠʪʳʚʘʥʠʝ ʪʦʢʘ ʨʦʪʦʨʘ 

name_rez=read(f_d,"*n","*l") 

a=read(f_d,"*n","*l") -- ʩʯʠʪʳʚʘʥʠʝ ʯʠʩʣʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʚʝʡ 

up1=read(f_d,"*n","*l") -- ʯʠʩʣʦ ʧʨʦʚʦʜʥʠʢʦʚ ʚ ʧʘʟʫ ʩʪʘʪʦʨʘ 

s=read(f_d,"*n","*l") -- ʯʠʩʣʦ ʩʣʦʝʚ ʦʙʤʦʪʢʠ 

Z1=read(f_d,"*n","*l") -- ʯʠʩʣʦ ʧʘʟʦʚ ʩʪʘʪʦʨʘ 

D=read(f_d,"*n","*l") -- ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʩʪʘʪʦʨʘ 

Sp1=read(f_d,"*n","*l") -- ʧʣʦʱʘʜʴ ʧʨʦʚʦʜʥʠʢʘ 

Sp2=read(f_d,"*n","*l") -- ʩʯʠʪʳʚʘʥʠʝ ʧʣʦʱʘʜʠ ʨʦʪʦʨʘ 

km=read(f_d,"*n","*l") -- ʩʯʠʪʳʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʜʠ 

ns=read(f_d,"*n","*l") -- ʩʯʠʪʳʚʘʥʠʝ ʯʠʩʣʘ ʚʠʪʢʦʚ     

closefile(f_d)        -- ʟʘʢʨʳʪʠʝ ʬʘʡʣʘ ʜʘʥʥʳʭ 

i=0 

m=0 

EA={}  

for i = 1, 10 do 

  gr=Pi/180   -- ʢʦʵʬʬ. ʛʨʘʜʫʩʳ ʚ ʨʘʜ 

  A=(Z1*up1*Is)/(Pi*a*D*s) -- ʈʘʩʯʝʪ ʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʠ 

  Js1=(Pi*D*A*km)/(Z1*Sp1*10^6) -- ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʩʪʘʪʦʨʘ 

  If = If + 10 

  Jf=If/(Sp2*10^6) --  ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʨʦʪʦʨʘ 

  Jm=Js1*sqrt(2)   --   ʘʤʧʣʠʪʫʜʘ  

  b=0-- ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ  

  n=0  

  k=0 

  E=0 

  Fa={} -- ʦʙʲʷʚʣʝʥʠʝ ʤʘʩʩʠʚʦʚ  

  Fas={} 

  JA=Jm*cos(2*b*gr+beta*gr/2) 

  JB=Jm*cos(2*b*gr+beta*gr/2-2*Pi/3) -- ʬʘʟʳ ʪʦʢʦʚ 

  JC=Jm*cos(2*b*gr+beta*gr/2+2*Pi/3) 

  mi_deletematerial("JA")       -- ʫʜʘʣʝʥʠʝ ʧʨʦʰʣʦʛʦ ʤʘʪʝʨʠʘʣʘ 

  mi_addmaterial("JA",1,1,0,JA) -- ʟʘʜʘʥʠʝ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

  mi_deletematerial("JB") 

  mi_addmaterial("JB",1,1,0,JB) 

  mi_deletematerial("JC") 

  mi_addmaterial("JC",1,1,0,JC) 
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  mi_deletematerial("JX") 

  mi_addmaterial("JX",1,1,0,-JA) 

  mi_deletematerial("JY") 

  mi_addmaterial("JY",1,1,0,-JB) 

  mi_deletematerial("JZ") 

  mi_addmaterial("JZ",1,1,0,-JC) 

  mi_deletematerial("Jf+") 

  mi_addmaterial("Jf+",1,1,0,Jf) 

  mi_deletematerial("Jf-") 

  mi_addmaterial("Jf-",1,1,0,-Jf) 

  mi_analyze(flag) -- ʟʘʧʫʩʢ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ 

  mi_loadsolution() -- ʦʪʢʨʳʪʠʝ ʧʦʩʪʧʨʦʮʝʩʩʦʨʘ 

  n=0 -- ʦʙʥʫʣʝʥʠʝ ʩʯʝʪʯʠʢʘ ʤʘʩʩʠʚʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʬʘʟʥʳʭ ʛʨʫʧʧ 

  for nf=10,15,1 do   -- ʮʠʢʣ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ 

   n=n+1 -- ʩʯʝʪʯʠʢ ʤʘʩʩʠʚʘ 

   mo_groupselectblock(nf) -- ʚʳʜʝʣʝʥʠʝ ʬʘʟʥʦʡ ʟʦʥʳ 

   S = mo_blockintegral(5)  

   A = mo_blockintegral(1) -- ʠʥʪʝʛʨʘʣ ʧʦ ʧʣʦʱʘʜʠ ʬʘʟʥʦʡ ʟʦʥʳ 

   mo_clearblock() -- ʦʯʠʩʪʢʘ  

   Fa[n]=ns*A/S -- ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʬʘʟʥʦʡ ʟʦʥʳ 

  end -- ʢʦʥʝʮ ʮʠʢʣʘ ʧʨʦʩʯʸʪʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ 

  mo_close() -- ʟʘʢʨʳʪʠʝ ʧʦʩʪʧʨʦʮʝʩʩʦʨʘ 

  k=k+1 -- ʦʙʥʦʚʣʝʥʠʝ ʩʯʝʪʯʠʢʘ ʤʘʩʩʠʚʘ ʧʦʣʥʳʭ ʬʘʟʥʳʭ ʟʥʘʯʝʥʠʡ  

  Fas[k]=Fa[1]-Fa[4] -- ʥʘʭʦʞʜʝʥʠʝ ʧʦʣʥʦʛʦ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʬʘʟʳ ɸ 

  E=sqrt(2)*Pi*50*Fas[k] -- ʦʧʨʝʜʝʣʝʥʠʝ ʕɼʉ ʬʘʟʳ ɸ 

  EA[i]=E 

  n=0 -- ʩʙʨʦʩ ʩʯʝʪʯʠʢʘ ʤʘʩʩʠʚʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʬʘʟʥʳʭ ʛʨʫʧʧ 

  if i==10 then 

   writeto(name_rez) 

   for m = 1, 10 do  

write("ʊʦʢ ʨʦʪʦʨʘ ",m,"0 ɸ     ʕɼʉ ʬʘʟʳ ɸ     

",format("%4.3f",EA[m]),"\n") -- ʚʳʚʦʜ ʕɼʉ ʬʘʟʳ ɸ   

   end 

   writeto() 

  end   

end 

ɼʘʥʥʳʡ ʩʢʨʠʧʪ ʧʨʦʚʦʜʠʪ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʶ 

ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ ʟʘʜʘʪʴ ʠʩʭʦʜʥʫʶ ʤʦʜʝʣʴ. ʊʘʢʞʝ ʩʦʟʜʘʪʴ ʬʘʡʣ ʜʘʥʥʳʭ 

ñFD.txtò, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʘʨʘʤʝʪʨʳ: 

0-- ʫʛʦʣ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ 

0 -- ɼʝʡʩʪʚ. ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʩʪʘʪʦʨʘ 

0 -- ʊʦʢ ʨʦʪʦʨʘ 

"RezPOT.txt" 

2 -- ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʚʝʡ 
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6 -- ʯʠʩʣʦ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʚ  ʧʘʟʫ ʩʪʘʪʦʨʘ 

2 -- ʯʠʩʣʦ ʩʣʦʝʚ ʦʙʤʦʪʢʠ ʚ ʧʘʟʫ ʩʪʘʪʦʨʘ 

48 -- ʯʠʩʣʦ ʧʘʟʦʚ ʩʪʘʪʦʨʘ 

0.361 -- ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʩʪʘʪʦʨʘ 

0.00021 -- ʧʣʦʱʘʜʴ  ʧʘʟʘ ʩʪʘʪʦʨʘ 

0.0000223 -- ʧʣʦʱʘʜʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ 

0.3 -- ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʜʠ 

24 -- ʯʠʩʣʦ ʚʠʪʢʦʚ ʬʘʟʳ ʩʪʘʪʦʨʘ 

ʇʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ  ʧʦ ʬʦʨʤʫʣʝ:  

 

 ð ʯʠʩʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʠʪʢʦʚ ʚ ʬʘʟʝ ʩʪʘʪʦʨʘ; 

ʨʘʩʯʸʪ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʬʘʟʘʭ ʩʪʘʪʦʨʘ; 

ʧʣʦʱʘʜʴ ʚʳʜʝʣʝʥʥʦʛʦ ʙʣʦʢʘ ʧʘʟʦʚ ʬʘʟ; 

ʇʦʩʣʝ ʯʝʛʦ ʧʦ ʬʦʨʤʫʣʝ:   ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʝʡʩʪʚʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʕɼʉ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʩʢʨʠʧʪʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʬʘʡʣ ʩ 

ʜʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘ ñRezPOT.txtò, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʥʘʯʝʥʠʷ ʕɼʉ ʬʘʟʳ 

ɸ, ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʝ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ 0 ʜʦ 100 ɸ (ʩ ʰʘʛʦʤ ʚ 10 ɸ): 

ʊʦʢ ʨʦʪʦʨʘ 10 ɸ     ʕɼʉ ʬʘʟʳ ɸ     132.279 ɺ 

ʊʦʢ ʨʦʪʦʨʘ 20 ɸ     ʕɼʉ ʬʘʟʳ ɸ     247.485 ɺ 

ʊʦʢ ʨʦʪʦʨʘ 30 ɸ     ʕɼʉ ʬʘʟʳ ɸ     304.376 ɺ 

ʊʦʢ ʨʦʪʦʨʘ 40 ɸ     ʕɼʉ ʬʘʟʳ ɸ     333.130 ɺ 

ʊʦʢ ʨʦʪʦʨʘ 50 ɸ     ʕɼʉ ʬʘʟʳ ɸ     351.894 ɺ 

ʊʦʢ ʨʦʪʦʨʘ 60 ɸ     ʕɼʉ ʬʘʟʳ ɸ     366.207 ɺ 

ʊʦʢ ʨʦʪʦʨʘ 70 ɸ     ʕɼʉ ʬʘʟʳ ɸ     377.787 ɺ 

ʊʦʢ ʨʦʪʦʨʘ 80 ɸ     ʕɼʉ ʬʘʟʳ ɸ     387.270 ɺ 

ʊʦʢ ʨʦʪʦʨʘ 90 ɸ      ʕɼʉ ʬʘʟʳ ɸ     395.503 ɺ  

ʊʦʢ ʨʦʪʦʨʘ 100 ɸ    ʕɼʉ ʬʘʟʳ ɸ     403.034 ɺ 

ʕɼʉ ʙʝʨʝʪʩʷ ʧʦ ʬʘʟʝ ɸ, ʪʘʢ ʢʘʢ ʬʘʟʘ ɸ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʦʩʠ ʨʦʪʦʨʘ q ʠ ʚ ʥʝʡ 

ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ  ʤʘʢʩʠʤʘʣʴʥʦʝ (ʘʤʧʣʠʪʫʜʘ) ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩ ʧʦʤʦʱʴʶ ʥʘʧʠʩʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʩʢʨʠʧʪʦʚ 

ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʤʥʦʛʠʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʧʝʨʝʜ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʉʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʠ ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʨʝʤʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Femm: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://www.femm.info/wiki/HomePage. (ɼʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 17.03.2022). 
 ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Lua: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://lua.org.ru/. (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

17.03.2022). 

 

https://www.femm.info/wiki/HomePage
https://lua.org.ru/
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ɸ.ɺ. ʉʧʠʨʠʜʦʥʦʚ, ʩʪʫʜ: ʨʫʢ. ʉ.ʇ. ʂʫʨʠʣʠʥ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʈɸɿʈɸɹʆʊʂɸ ʃʀʅɽʁʅʆɻʆ ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃʗ ʇʆʉʊʆʗʅ-

ʅʆɻʆ ʊʆʂɸ ʉ ɿɸɼɸʅʅʓʄʀ ʉʀʃʆɺʓʄʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ 

 

ɺ ʮʝʣʦʤ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʭʘʥʠʟʤʘ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ, ʦʩʦʙʝʥʥʦ 

ʚ ʤʝʭʘʥʠʟʤʘʭ ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʠʣʠ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ, 

ʠʤʝʶʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʩʠʣʠʡ 

ʪʨʦʛʘʥʠʷ. ɺ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʘʭ, ʚ ʧʨʦʮʝʩʩʝ ʧʫʩʢʘ ʠʣʠ ʪʨʦʛʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʦʩʪʨʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʘʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ 

ʨʦʪʦʨʦʤ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʨʦʪʦʨʳ ʩ 

ʫʟʢʠʤʠ ʠ ʛʣʫʙʦʢʠʤʠ ʧʘʟʘʤʠ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʢʦʥʬʠ-

ʛʫʨʘʮʠʠ ʬʠʛʫʨʥʳʭ ʧʘʟʦʚ ʨʦʪʦʨʘ, ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʰʠʨʠʥʳ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʘʟʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʞʥʝʡ, ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʘ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʣʴʞʝʥʠʷʭ.  

ɺ ʨʷʜʝ ʫʩʪʨʦʡʩʪʚ ʠ ʤʝʭʘʥʠʟʤʦʚ (ʤʝʭʘʥʠʟʤʳ ʧʦʜʘʯʠ ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʢʦʚ, 

ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦʡ ʚʠʙʨʦʟʘʱʠʪʳ, ʧʨʝʩʩʳ, ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʕɺʄ, ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʪ. ʜ.), ʚ 

ʧʝʨʚʫʁ  ʦʯʝʨʝʜʴ, ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʪʨʝʥʠʷ-ʧʦʢʦʷ ʠ ʪʨʝ-

ʥʠʷ-ʩʢʦʣʴʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʩʦʟʜʘʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦ-ʩʠʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʠʣʠ ʟʘ ʩʯʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚʦʟ-

ʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: 

1)ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʤʝʥʷʝʪʩʷ ʪʦʢʦʚʘʷ ʥʘʛʨʫʟʢʘ 

ʟʘ ʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ; 

2) ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʤʝʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʟʘ-

ʟʦʨʘ; 

3) ʀʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

4) ɺʦʟʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʚ ʦʜʠʥ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʣʠʥʝʡʥʦʛʦ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʠʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʚʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: ʧʨʦʩʪʦʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʤʘʣʝʥʴʢʘʷ ʤʘʪʝʨʠʘʣʦ-

ʝʤʢʦʩʪʴ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʘʩ-

ʩʦʛʘʙʘʨʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʝʨʝʤʝʱʝʥʠʶ ʃɼʇʊ ʥʘ 80 ʤʤ. 

ʈʝʰʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɼʘʥʥʳʡ ʨʘʩʯʝʪ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʠʥʞʝʥʝʨʥʦ- 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʯʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʠʣʠʷ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ, ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʧʝʨʝʤʝʱʝʥʠʷ 80 ʤʤ ʠ ʫʩʠʣʠ ̫ʦʪ 3 ʅ ʜʦ 10 ʅ.  
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ɺ ʨʘʩʯʝʪʝ ʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʃɼʇʊ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʦʪ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ: ʤʘʛʥʠʪʦʧʨʦʚʦʜ 

ʜʣʠʥʦʡ L = 164 (ʤʤ), ʚʳʩʦʪʦʡ h1 = 19 (ʤʤ) ʠ ʰʠʨʠʥʦʡ b = 30 (ʤʤ). ʄʘʨʢʘ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ: AMT&C ï N35. 

ɼʣ̫ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʣʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴʩʷ ʟʥʘʯʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʘ ʚʳʙʨʘʥʦ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

ʤʘʣʦʤʦʱʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 7,2J  ɸ/ʤʤ2
 [2]. ɺ ʢʘʯʝʩʪʚʝ ʦʙʣʘʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʙʳʣ ʟʘʜʘʥ ʢʘʨʢʘʩ ʩ ʜʠʘʤʝʪʨʘʤʠ D = 80 (ʤʤ) ʠ d = 

10 (ʤʤ) ʠ ʚʳʩʦʪʦʡ h2 = 7 (ʤʤ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʯʝʨʪʝʞ ʣʠʥʝʡʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

 
ʈʠʩʫʥʦʢ 1 - ʏʝʨʪʝʞ ʃɼʇʊ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ 

 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ FEMM ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 2D-ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ 

ʯʝʨʪʝʞʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʦ ʤʝʪʦʜʠʢʝ [3], ʟʘʜʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʜʝʣʠ - ʤʘʪʝʨʠʘʣ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ.   

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʢʦʥʪʫʨʫ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʠ ʚ ʥʝʤʘʛʥʠʪʥʦʤ ʟʘʟʦʨʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

 
ʈʠʩʫʥʦʢ 2 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʢʦʥʪʫʨʫ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʚ 

ʥʝʤʘʛʥʠʪʥʦʤ ʟʘʟʦʨʝ 

 

 ʀʟ 2D-ʤʦʜʝʣʠ ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ 

ʢʦʥʪʫʨʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʥʝʤʘʛʥʠʪʥʦʤ ʟʘʟʦʨʝ ʟʥʘʯʝʥʠʝ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,2 ʊʣ, ʯʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʛʨʘʬʠʢʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʢʮʠʠ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʥʝʤʘʛʥʠʪʥʦʛʦ ʟʘʟʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ 

ʨʠʩʫʥʢʝ 3. ʀʩʭʦʜʷ ʠʟ ʨʠʩʫʥʢʘ 2, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʣʷ ʨʘʩʩʝʠʚʘʥʠʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʠ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʛʨʘʬʠʢʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ 
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ʪʦʤ, ʯʪʦ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʤʘʛʥʠʪʘ ʚ ʥʝʤʘʛʥʠʪʥʦʤ ʟʘʟʦʨʝ. 

 
ʈʠʩʫʥʦʢ 3 - ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʫʢʮʠʠ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʥʝʤʘʛʥʠʪʥʦʛʦ ʟʘʟʦʨʘ 

 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʣʦʱʘʜʴ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʘʢʦʥʦʤ ɸʤʧʝʨʘ. ɸʢʪʠʚʥʘʷ ʜʣʠʥʘ 

ʧʨʦʚʦʜʥʠʢʘ 26l  ʤʤ (ʟʘʣʦʞʝʥʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʃɼʇʊ), ʘ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʚ 

ʥʝʤʘʛʥʠʪʥʦʤ ʟʘʟʦʨʝ 0,19 ʊʣ, ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʚ ʧʘʢʝʪʝ FEMM.  

VBJF , ʛʜʝ J - ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʦʙʦʟʥʘʯʝʥʥʦʡ ʦʙʣʘʩʪʠ, B - ʤʘʛʥʠʪʥʘʷ 

ʠʥʜʫʢʮʠʷ ʚ ʥʝʤʘʛʥʠʪʥʦʤ ʟʘʟʦʨʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, lSV - ʦʙʲʝʤ ʦʙʦʟʥʘʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ [1].   

6,3)262065,594,7
2

1
19,07,2(2F H ï ʫʩʠʣʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ 

ʦʙʣʘʩʪʠ ʧʦʜ ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʶʩʘʤʠ (ʨʠʩ. 4). 

 

 
ʈʠʩʫʥʦʢ 4 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʚ 

ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʝ 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʩʠʩʪʝʤʘ ʩ ʦʙʣʘʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

ʥʘʭʦʜʠʪʩʷ ʨʦʚʥʦ ʧʦ ʩʝʨʝʜʠʥʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. ɼʘʣʝʝ, ʦʥʘ ʙʳʣʘ ʧʝʨʝʤʝʱʝʥʘ 

ʚʣʝʚʦ ʥʘ 10 ʤʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 4 ʨʘʟʘ, ʘ ʪʘʢʞʝ 4 ʨʘʟʘ ʚʧʨʘʚʦ ʦʪ ʮʝʥʪʨʘ. ɿʥʘʯʝʥʠʷ 

ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʦʙʣʘʩʪʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚʧʨʘʚʦ, ʠʜʝʥʪʠʯʥʳ ʟʥʘʯʝʥʠʷʤ 

ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʦʙʣʘʩʪʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚʣʝʚʦ, ʧʦʵʪʦʤʫ ʧʨʠʚʝʜʝʥ 

ʨʘʩʯʝʪ ʪʦʣʴʢʦ ʜʣʷ ʩʣʫʯʘʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚʣʝʚʦ.   
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʦʚʦʜʥʠʢʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʇʝʨʝʤʝʱʝʥʠʷ ʆʙʣʘʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʤ3 ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʦʡ 

ʩʠʣʳ F, ʅ 

ʅʘ 10 ʤʤ 
261094,78,6

2

1
263051,494,7

2

1
 

6,3F H 

 

ʅʘ 20 ʤʤ 
265,34494,7

2

1
 

7,2F H 

 

ʅʘ 30 ʤʤ 
265,445,4

2

1
265,34494,7

2

1
 

4,2F H 

 

ʅʘ 40 ʤʤ 
265,14466,5

2

1
265,34494,7

2

1
 

8,1F H 

 

 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʪʨʝʪʴʝ ʠ ʯʝʪʚʝʨʪʦʝ ʧʦʣʦʞʝʥʠʷ, ʚ ʣʝʚʦʝ ʧʦʣʝ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʧʦʧʘʜʘʝʪ ʧʨʘʚʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ F(x) ʜʝʡʩʪʚʠʷ ʩʠʣʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 5. 

 
ʈʠʩʫʥʦʢ 5 - ɻʨʘʬʠʢ F(x) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʠʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʠ ʩʦʟʜʘʚʘʝʤʦʤʫ 

ʫʩʠʣʠʶ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʥʘʡʪʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 
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ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʤʢʘʭ, ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʕɺʄ, ʠ ʪ.ʜ. ʇʨʠ 

ʨʘʩʯʝʪʝ ʃɼʇʊ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʧʦʜʭʦʜʫ ʚʠʜʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ. ʀʟ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ 

ʥʝʤʘʛʥʠʪʥʦʤ ʟʘʟʦʨʝ, ʪʘʢ ʢʘʢ ʠʥʜʫʢʮʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʆʪʨʠʮʘʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʫʩʢʦʚʦʛʦ ʫʩʠʣʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ, ʪʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʣʫʯʰʝʥʥʦʡ ʩʠʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.   
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ʅʆɻʆʄɸʉʉʆɺɸʗ ɼʀʅɸʄʀʏɽʉʂɸʗ ʊɽʇʃʆɺɸʗ ʄʆɼɽʃʔ 

ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃʗ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʈʆɹʆʊɸ 

 

ɺʦʧʨʦʩ ʚʳʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʘʢʪʫʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʧʦʩʢʦʣʴʢʫ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʛʘʙʘʨʠʪʳ ʠ ʩʪʦʠʤʦʩʪʴ, ʢʘʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʪʘʢ 

ʠ ʚʩʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩʠʩʪʝʤʳ. ʇʦ ʩʣʦʞʠʚʰʝʡʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʢʝ 

ʦʮʝʥʢʘ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʫʟʣʘ ʪʝʧʣʦʚʦʡ ʮʝʧʠ - ʦʙʤʦʪʢʠ ʷʢʦʨʷ. ʇʨʠ ʵʪʦʤ ʦʮʝʥʢʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʢʦʩʚʝʥʥʦʤʫ ʢʨʠʪʝʨʠʶ, ʩʚʦʜʷʱʝʤʫʩʷ ʢ ʩʨʘʚʥʝʥʠʶ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ɻʆʉʊ 183-74 ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʜʦʧʫʩʪʠʤʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʧʝʨʝʛʨʝʚʳ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʫʟʣʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʙʤʦʪʦʢ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʜʦʙʘʚʦʯʥʳʭ ʧʦʣʶʩʦʚ, ʩʝʨʜʝʯʥʠʢʦʚ ʷʢʦʨʷ, ʩʝʨʜʝʯʥʠʢʦʚ ʧʦʣʶʩʦʚ, 

ʢʦʣʣʝʢʪʦʨʘ ʠ ʜʨʫʛʠʭ ʫʟʣʦʚ ʪʝʧʣʦʚʦʡ ʮʝʧʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʢʦʩʚʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ. ʇʦʜʦʙʥʫʶ 

ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʧʦʟʚʦʣʷʶʪ ʜʘʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʤʥʦʛʦʤʘʩʩʦʚʳʝè 

ʪʝʧʣʦʚʳʝ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʪʝʧʣʦʚʦʡ ʮʝʧʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦʤʘʩʩʦʚʳʝ ʪʝʧʣʦʚʳʝ 

ʤʦʜʝʣʠ, ʦʬʦʨʤʣʝʥʥʳʝ ʚ ʚʠʜʝ ʪʝʧʣʦʚʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ [1]. ʇʨʠ ʵʪʦʤ ʦʮʝʥʢʘ 

ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʧʦ 

ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʟʥʘʯʝʥʠʷʤ ʧʝʨʝʛʨʝʚʦʚ (ʧʨʝʚʳʰʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ) ʦʩʥʦʚʥʳʭ 

ʫʟʣʦʚ ʩʭʝʤʳ. 
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ʉʧʝʮʠʬʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʚ ʥʘʣʠʯʠʠ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʚ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʫʟʣʦʚ ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʠ 

ʩʧʦʩʦʙʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʦʤʘʩʩʦʚʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʦʣʴʢʦ 

ʜʣʷ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ [2]. ɿʘʜʘʯʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʤʘʩʩʦʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʛʜʝ ʙʣʦʢʘʤʠ 

ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʜʝʣʠ. ʇʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ ʩʪʨʫʢʪʫʨʘ 

ʤʦʜʝʣʠ ʧʨʠʚʷʟʘʥʘ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʜʫ ʥʘʛʨʫʟʦʯʥʦʡ ʜʠʘʛʨʘʤʤʳ, ʦʪʦʙʨʘʞʘʶʱʝʡ 

ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʭʦʜ ʤʝʭʘʥʠʟʤʘ ʩ ʨʘʟʣʠʯʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʅʘ ʜʠʘʛʨʘʤʤʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʙʣʦʢʠ ʤʦʜʝʣʠ. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ 

 

ɹʣʦʢʠ çʇʨʷʤʦʡ ʭʦʜè ʠ çʆʙʨʘʪʥʳʡ ʭʦʜè ʨʝʘʣʠʟʫʶʪ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʤʝʭʘʥʠʟʤʦʤ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʘ ʙʣʦʢʘ ʠʜʝʥʪʠʯʥʳ ʧʦ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʢʘʞʜʳʡ 

ʠʟ ʥʠʭ ʚʭʦʜʷʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʪʦʢʘ ʦʙʤʦʪʢʠ ʷʢʦʨʷ, ʪʦʢʘ 

ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ ʠ 

ʵʤʧʠʨʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʦʜʝʣʴ 

ʨʝʘʣʠʟʫʝʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʪʨʠʚʠʘʣʴʥʳʭ ʨʘʩʯʸʪʦʚ ʜʣʠʪʝʣʴʥʳʭ ʙʝʩʪʦʢʦʚʳʭ ʧʘʫʟ ʚ ʧʝʨʠʦʜʳ ʦʩʪʘʥʦʚʦʢ 

ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ. 

ɹʣʦʢ çʊʝʧʣʦʚʘʷ ʤʦʜʝʣʴè ʨʝʘʣʠʟʫʝʪ ʨʘʩʯʸʪ ʧʝʨʝʛʨʝʚʦʚ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ 

ʯʝʪʳʨʸʭ ʫʟʣʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ  

ī ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʜʦʙʘʚʦʯʥʳʭ ʧʦʣʶʩʦʚ,  

ī ʩʝʨʜʝʯʥʠʢʦʚ ʦʩʥʦʚʥʳʭ ʧʦʣʶʩʦʚ, ʜʦʙʘʚʦʯʥʳʭ ʧʦʣʶʩʦʚ ʠ ʦʙʦʣʦʯʢʠ, 

ī ʩʝʨʜʝʯʥʠʢʘ ʷʢʦʨʷ, 

ī ʦʙʤʦʪʢʠ ʷʢʦʨʷ. 



120 

 
 

ʈʠʩʫʥʦʢ 2. ʊʝʧʣʦʚʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ  

 

ʊʝʧʣʦʚʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʉʭʝʤʘ ʦʧʠʩʳʚʘʝʪʩʷ ʯʝʪʳʨʴʤʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʟʘʧʠʩʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ï 

ʈʠʭʤʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ: 

ī ℅Cufd - ʧʝʨʝʛʨʝʚ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʜʦʙʘʚʦʯʥʳʭ ʧʦʣʶʩʦʚ, 

ī ℅Fefd - ʧʝʨʝʛʨʝʚ ʩʝʨʜʝʯʥʠʢʦʚ ʦʩʥʦʚʥʳʭ ʧʦʣʶʩʦʚ, ʜʦʙʘʚʦʯʥʳʭ ʧʦʣʶʩʦʚ 

ʠ ʦʙʦʣʦʯʢʠ, 

ī ℅Fea -ʧʝʨʝʛʨʝʚ ʩʝʨʜʝʯʥʠʢʘ ʷʢʦʨʷ, 

ī ℅Cua- ʧʝʨʝʛʨʝʚ ʦʙʤʦʪʢʠ ʷʢʦʨʷ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʛʨʝʚʘʤ ʬʠʟʠʯʝʩʢʠʝ ʪʝʣʘ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʧʦ ʦʙʲʸʤʫ ʧʦʛʣʦʱʘʝʤʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʋʨʘʚʥʝʥʠʷ ʙʣʦʢʘ 

çʊʝʧʣʦʚʘʷ ʤʦʜʝʣʴè ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
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ʛʜʝ PCufd - ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ ʚʦʟʙʫʞʜʝ6ʥʠʷ ʠ 

ʜʦʙʘʚʦʯʥʳʭ ʧʦʣʶʩʦʚ; PCua - ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʝ ʷʢʦʨʷ, 

PFea - ʤʦʱʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ ʚ ʩʝʨʜʝʯʥʠʢʝ ʷʢʦʨʷ; (Cm)Fefd, (Cm)Cufd, (Cm)Cua, 

(Cm)Fea - ʧʦʣʥʳʝ ʪʝʧʣʦʸʤʢʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʪʝʣ ʪʝʧʣʦʚʦʡ ʮʝʧʠ R1, R2, R3, R4- 

ʪʝʧʣʦʚʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʫʟʣʘʤʠ ʪʝʧʣʦʚʦʡ 

ʮʝʧʠ; Toc - ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʋʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʪʝʧʣʦʦʙʤʝʥ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ (Toc = 40 ÁC ) 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʩʝʨʜʝʯʥʠʢʠ ʦʩʥʦʚʥʳʭ ʧʦʣʶʩʦʚ, ʜʦʙʘʚʦʯʥʳʭ ʧʦʣʶʩʦʚ ʠ 

ʦʙʦʣʦʯʢʫ. ʀʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ PCufd, PCua, PFea. 

ʇʦ ʧʨʠʚʝʜʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʧʝʨʝʛʨʝʚʦʚ 

(ʧʨʝʚʳʰʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ) ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 2ʇʅ90Lɻʋʍʃ4 

ʤʦʱʥʦʩʪʴʶ 340 ɺʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʮʠʢʣʦʚ ʜʚʠʞʝʥʠʷ çʧʨʷʤʦʡ ʭʦʜ ï ʧʘʫʟʘ ï 

ʦʙʨʘʪʥʳʡ ʭʦʜ - ʧʘʫʟʘè ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʛʨʫʟʦʯʥʦʡ 

ʜʠʘʛʨʘʤʤʳ: 

ī ̍̏̍̆̎̓ ̎́̄̑̔̈̋̉ ̐̑̉ ̠̐̑̍̏̍ ̖̏̅̆    ψȟυ ˚̍ 

ī ̍̏̍̆̎̓ ̎́̄̑̔̈̋̉ ̐̑̉ ̏̂̑́̓̎̏̍ ̖̏̅̆   χȟφχ ˚̍ 

ī ̝̝̅̌̉̓̆̌̎̏̒̓ ̗̉̋̌́      σπ ̒ 

ī ̝̝̅̌̉̓̆̌̎̏̒̓ ̠̐̑̍̏̄̏ ̏̂̑́̓̎̏̄̏  ̖̏̅́   ςȟςυ ̒ 

ī ̝̝̅̌̉̓̆̌̎̏̒̓ ̜̐́̔̈      ρςȟχυ ̒ 

ī ̔̄̏̌ ̐̏̃̏̑̏̓́ ̑̏̓̏̑́ ̈́ ̠̃̑̆̍ ̖̏̅́   ρφȟτ ̑́̅Ȣ 

ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʫʥʢʮʠʡ ʧʝʨʝʛʨʝʚʦʚ ɗ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʦʪ ʚʨʝʤʝʥʠ. 

 
ʈʠʩʫʥʦʢ 4. ʌʫʥʢʮʠʠ ʧʝʨʝʛʨʝʚʘ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ 1 ï ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ℅Cua, 2 ï ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ℅Cufd, 3 ï 

ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ℅Fea, 4 ï ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ℅Fefd. ʇʫʥʢʪʠʨʥʦʡ ʧʨʷʤʦʡ ʥʘ ʨʠʩʫʥʢʝ 

4 ʧʦʢʘʟʘʥ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʧʝʨʝʛʨʝʚ ʫʟʣʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦ ɻʆʉʊ 

183 ï 74. 
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ɻʨʘʬʠʢʠ ʨʠʩʫʥʢʘ 4 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʝʨʝʛʨʝʚ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʩʪʠʛʘʝʪ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 100 

ʛʨʘʜʫʩʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʩʨʝʜʥʝʤ ʟʘ ʮʠʢʣ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʜʝʣʴʥʳʭ 

ʫʟʣʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 50 - 75 ʛʨʘʜʫʩʦʚ. ʆʪʤʝʯʝʥʥʳʡ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʘʢ ʥʦʨʤʘʣʴʥʦʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ɻʆʉʊ 183-74. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʣʝʜʫʝʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʢʦʤʧʣʝʢʩʥʦ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ 

ʩʣʦʞʥʳʭ ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʜʦʙʥʘʷ ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ. 

ɺʳʚʦʜʳ: 

ʇʨʠʤʝʥʷʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʩʚʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ ʠ 

ʪʝʧʣʦʚʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʧʣʦʚʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʠʟ ʯʝʪʳʨʝʭ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʟʘʧʠʩʘʥʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʡ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʀʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʤʛʥʦʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʪʝʧʣʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʘʢ ʥʦʨʤʘʣʴʥʦʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ɻʆʉʊ 183-74. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʩʥʦʚʥʳʭ 

ʫʟʣʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʤʧʣʝʢʩʥʦ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʩʣʦʞʥʳʭ ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʆʉʆɹɽʅʅʆʉʊʀ ʉʆʇʈʗɾɽʅʀʗ ʇʈʆɻʈɸʄʄʅʓʍ ʉʈɽɼʉʊɺ ɼʃʗ 

ʂʆʄʇʃɽʂʉʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ ʀ 

ʄɽʍɸʅʀʏɽʉʂʆʁ ʏɸʉʊʀ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʈʆɹʆʊɸ 
 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ ʢʘʢ ʤʝʭʘʪʨʦʥʥʳʝ ʫʟʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩ ʧʨʝʮʠʟʠʦʥʥʦʡ ʤʝʭʘʥʠʢʠ ʠ ʛʣʫʙʦʢʦʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, 

ʚʢʣʶʯʘʷ ʩʠʣʦʚʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʳʝ 

ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠʤ, ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠ 

ʩʪʘʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [1-2]. 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʛʨʘʥʥʫʶ ʟʘʜʘʯʫ ʠ 

ʯʘʩʪʦ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ ʩʦʟʜʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʚʳʙʦʨʘ ʠ ʧʨʦʚʝʨʢʠ 

ʧʨʠʚʦʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʢʘʞʜʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ, ʩʠʣʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʭʝʤ, ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʞʜʳʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʘ ʪʘʢʞʝ ʦʙʱʝʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʟʘʜʘʯʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʙʦʯʝʡ ʟʦʥʳ ʨʦʙʦʪʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʥʝʤʳʩʣʠʤʳ ʙʝʟ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ). ʂʘʢ ʧʨʘʚʠʣʦ, ʉɸʇʈ 

ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʨʪʫʘʣʴʥʦʛʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ 3D-ʤʦʜʝʣʠ ʧʦʩʣʝ ʥʝʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 3D-ʧʝʯʘʪʠ, ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʪʘʥʢʦʚ ʩ ʏʇʋ. ʊʘʢʞʝ, ʠʤʝʷ 

ʢʘʯʝʩʪʚʝʥʥʫʶ 3D-ʤʦʜʝʣʴ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʨʘʩʯʝʪʳ 

ʦʙʲʝʢʪʘ. ɽʩʣʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʦʡ 

ʩʣʦʞʥʦʩʪʠ, ʪʦ ʥʝʢʦʪʦʨʳʝ ʉɸʇʈ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ, ʘʥʠʤʘʮʠʦʥʥʳʭ ʚʠʟʫʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʢʮʠʡ ʜʣʷ 

ʩʙʦʨʢʠ. ʆʪ ʥʘʚʳʢʦʚ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʜʝʪʘʣʠ, ʤʝʭʘʥʠʟʤʘ, ʤʝʭʘʪʨʦʥʥʦʛʦ ʫʟʣʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʧʘʢʝʪ MatLab ʩ ʙʠʙʣʠʦʪʝʢʦʡ Simulink ʠ 

ʨʷʜʦʤ ʨʘʩʰʠʨʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʨʦʜʚʠʥʫʪʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Solidworks. ʆʪʤʝʪʠʤ ʦʩʪʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʧʨʦʛʨʘʤʤ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ 

3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʵʪʘ ʧʨʦʙʣʝʤʘ ʜʣʷ ʩʨʝʜʩʪʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʤʝʪʦʜʳ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʪʨʦʥʥʳʭ ʫʟʣʦʚ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [3, 4].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʧʨʠʥʮʠʧʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ ʧʨʠʚʦʜʘ ʨʦʙʦʪʘ, ʩʦʟʜʘʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʢ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ ʤʦʜʝʣʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʦʯʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

ɺʘʨʠʘʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʤ, 

ʯʘʩʪʥʦʤ ʚʦʧʨʦʩʝ ï ʧʦʩʪʨʦʝʥʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʟʘʜʘʪʯʠʢʘ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʛʦʨʝʣʢʠ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ. ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʨʦʙʦʪʘ ʧʨʠ ʵʪʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʨʦʤʠʩʩʥʦ 

ʚʳʙʠʨʘʪʴ ʚʘʨʠʘʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʶʱʝʡ ʪʨʘʝʢʪʦʨʠʠ, ʘʜʘʧʪʠʚʥʦʡ ʢ 
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ʧʘʨʘʤʝʪʨʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʠ ʥʘ ʜʦʧʫʩʪʠʤʦʤ ʫʨʦʚʥʝ 

ʦʛʨʘʥʠʯʠʚʘʪʴ ʨʘʟʚʠʚʘʝʤʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ. 

ʈʘʟʨʘʙʦʪʘʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ ʉɸʇʈ ʤʦʜʝʣʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 1, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ 

ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʘʷ ʤʦʜʝʣʴ 

ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʠʭ ʤʘʩʩʝ, ʤʦʤʝʥʪʝ ʠʥʝʨʮʠʠ ʠ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ 

ʤʘʩʩ.  

 
ʈʠʩʫʥʦʢ 1 ï 3D-ʤʦʜʝʣʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ 

 

ɼʘʣʝʝ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʩʨʝʜʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠʚʷʟʢʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʢ ʩʦʟʜʘʥʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʣʝʜʷʱʝʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩʦ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʢʦʥʪʫʨʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʤʦʛʫʪ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ. 

ʇʦʩʣʝ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ ʨʠʩ. 2. 

ʆʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʨʦʙʦʪʘ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʟʤʘ. ʊʘʢʦʛʦ ʨʦʜʘ ʠʟʤʝʥʝʥʠʷ ʥʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʦʪʨʘʙʦʪʘʪʴ ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʥʘʩʪʨʦʡʢʦʡ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʘ. 

ʊʘʢ, ʥʘ ʤʦʜʝʣʠ ʨʠʩ. 2 ʧʨʦʚʝʜʝʥ ʨʷʜ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʆʜʥʘ ʠʟ 

ʩʝʨʠʡ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʩʚʷʱʝʥʘ ʧʨʦʚʝʨʢʝ ʘʜʘʧʪʠʚʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʟʤʘ. ʅʘ ʨʠʩ.3 ʠ ʨʠʩ.4 ʧʦʢʘʟʘʥʳ 

ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʫʢʠ ʨʦʙʦʪʘ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʠ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʠʟ ʩʝʪʠ ʤʦʱʥʦʩʪʠ. ʏʝʨʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʜʘʶʱʠʤ 

ʟʥʘʯʝʥʠʷʤ, ʢʨʘʩʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ 

ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʧʨʠ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʜʝʣʠ ʨʦʙʦʪʘ, ʘ ʥʘ ʨʠʩ. 4 ï ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʚ 

40 ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ 

ʧʦʜʚʠʞʥʦʩʪʠ 
 

  
ʈʠʩʫʥʦʢ 3 ï ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ 3D-ʤʦʜʝʣʠ ʨʦʙʦʪʘ 

 
ʈʠʩʫʥʦʢ 4 ï ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

ʤʝʭʘʥʠʟʤʘ ʚ 40 ʨʘʟ 

 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʠʩ. 3 - ʨʠʩ. 4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʩʦʨʦʢ ʨʘʟ ʪʝʤʧ ʥʘʨʘʩʪʘʥʠʷ 

ʪʨʘʝʢʪʦʨʠʠ ʟʘʜʘʥʠʷ ʩʥʠʞʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 2,5 ʨʘʟʘ. ɺʠʜʥʦ, ʯʪʦ ʟʘʜʘʶʱʘʷ 

ʪʨʘʝʢʪʦʨʠʷ ʘʜʘʧʪʠʨʫʝʪʩʷ ʧʦʜ ʫʚʝʣʠʯʝʥʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ. 

ɺ ʮʝʣʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʥʝ ʪʦʣʴʢʦ 

ʦʜʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʦʙʦʪʘ, ʥʦ ʠ ʚʩʝʡ 
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ʤʘʥʠʧʫʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʘ ʘʥʠʤʘʮʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ ʨʦʙʦʪʘ ʠ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʳʩʪʨʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʩʪʨʦʝʥʠʷ ʝʛʦ ʨʘʙʦʯʝʡ ʟʦʥʳ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʪʨʘʙʦʪʢʠ 

ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʤ ʨʦʙʦʪʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʪʝʭ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʥʝʡʨʦʩʝʪʝʡ. ʇʦʤʠʤʦ ʦʪʨʘʙʦʪʢʠ 

ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʤʦʞʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʧʘʩ 

ʧʦ ʧʨʦʯʥʦʩʪʠ, ʧʨʠʙʝʛʘʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʉɸʇʈ. 

ʄʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ. ʈʘʥʝʝ ʧʦʜ ʤʝʭʘʥʠʯʝʩʢʫʶ ʯʘʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʠ 

ʚʳʙʠʨʘʣʩʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜ. ʊʝʧʝʨʴ ʞʝ ʥʝʩʣʦʞʥʦ, ʥʘʦʙʦʨʦʪ, ʧʦʜ ʠʤʝʶʱʫʶʩʷ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʨʦʙʦʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʤʙʠʦʟ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʵʢʦʥʦʤʠʠ ʦʙʲʝʤʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʚʦʜʦʚ 

ʦ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʦʙʘʩʪʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʩʨʝʜʩʪʚʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʣʝʜʷʱʘʷ ʩʠʩʪʝʤʘ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʤ ʘʩʠʥʭʨʦʥʥʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʩ ʘʜʘʧʪʠʚʥʦʡ ʢ 

ʧʘʨʘʤʝʪʨʘʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʟʘʜʘʶʱʝʡ ʪʨʘʝʢʪʦʨʠʝʡ ʧʝʨʝʤʝʱʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʦʡ ʪʦʯʢʠ ʩʭʚʘʪʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʯʥʦʩʪʠ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ 

ʚʳʙʦʨʝ ʤʘʩʩʳ ʟʚʝʥʴʝʚ ʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ. 

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʧʨʦʝʢʪ ˉ 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʆɼʀʌʀʂɸʎʀʁ ʉʀʉʊɽʄ ɺɽʂʊʆʈʅʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ ʉʃɽɼʗʑʀʄ ɸʉʀʅʍʈʆʅʅʓʄ 

ʏɸʉʊʆʊʅʆ-ʈɽɻʋʃʀʈʋɽʄʓʄ ʕʃɽʂʊʈʆʇʈʀɺʆɼʆʄ 

ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʈʆɹʆʊɸ 
 

ʕʣʝʢʪʨʦʧʨʠʚʦʜʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢ ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʠʚʦʜʘʤ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ [1]. 

ʊʘʢ, ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦʡ ʪʦʯʢʠ 

ʩʭʚʘʪʘ ʨʦʙʦʪʘ ʚ ʜʠʥʘʤʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʵʪʦʡ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʥʘʠʣʫʯʰʝʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ. ɺ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ 

ʪʘʢʞʝ ʚʘʞʥʘ ʚʝʣʠʯʠʥʘ ʩʪʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʧʨʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʧʨʝʜʤʝʪʘ ʠʣʠ 

ʠʥʩʪʨʫʤʝʥʪʘ. 

ɺʘʨʠʘʥʪʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʡ ʩ ʚʝʢʪʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ. ʂʣʘʩʩʠʯʝʩʢʦʝ ʚʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʛʣʫʙʦʢʦʨʝʛʫʣʠʨʫʝʤʳʭ  ʩʠʩʪʝʤ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʢʦʥʪʫʨʘ ʧʦʣʦʞʝʥʠʷ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʜʚʫʭʢʘʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʢʘʥʘʣ ʤʦʤʝʥʪʘ ʠ ʢʘʥʘʣ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ). 

ʂʘʥʘʣ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʤʝʥʪʘ ʩʦʜʝʨʞʠʪ ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ ʩʢʦʨʦʩʪʠ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʈʉ ʠ ʚʥʫʪʨʝʥʥʠʡ ʥʝʧʨʝʨʳʚʥʳʡ ʨʝʛʫʣʷʪʦʨ 

ʤʦʤʝʥʪʦʦʙʨʘʟʫʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʩʪʘʪʦʨʘ ʈʊʫ. ʂʘʥʘʣ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦʪʦʨʘ ʩʦʜʝʨʞʠʪ ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʈʇʪ ʠ 

ʚʥʫʪʨʝʥʥʠʡ ʥʝʧʨʝʨʳʚʥʳʡ ʨʝʛʫʣʷʪʦʨ ʧʦʪʦʢʦʦʙʨʘʟʫʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ 

ʩʪʘʪʦʨʘ ʈʊʭ. ɺ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʥʝʧʨʝʨʳʚʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʪʦʢʘ ʈʊʫ ʠ ʈʊʭ ʟʘʤʝʥʠʪʴ ʪʨʝʭʬʘʟʥʳʤ ʨʝʣʝʡʥʳʤ ʈʈʊ, 

ʨʘʙʦʪʘʶʱʠʤ ʧʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʶ ʨʝʘʣʴʥʳʭ ʪʦʢʦʚ ʢʘʞʜʦʡ ʬʘʟʳ. ʊʦʛʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʝ ʚʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. 

ʅʘʠʙʦʣʝʝ ʧʨʷʤʦʡ ʠ ʥʝʩʣʦʞʥʳʡ, ʦʜʥʘʢʦ ʥʝ ʩʚʦʙʦʜʥʳʡ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ 

ʩʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʩʪʦʠʪ 

ʚ ʜʦʙʘʚʣʝʥʠʠ ʢ ʢʘʥʘʣʫ ʤʦʤʝʥʪʘ ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘ ʧʦʣʦʞʝʥʠʷ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʈʇ 

(ʩʤ. ʨʠʩ.1). ʉʠʛʥʘʣ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ űʟ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʩʠʛʥʘʣʦʤ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ű, ʧʦʣʫʯʝʥʥʳʤ ʩ ʵʥʢʦʜʝʨʘ, ʠ ʩʠʛʥʘʣ ʠʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ ʈʇ. ɺʳʭʦʜ ʈʇ 

ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʟʘʜʘʥʠʷ ʩʢʦʨʦʩʪʠ ɤʟ ʚ ʩʠʩʪʝʤʝ ʠ ʦʛʨʘʥʠʯʝʥ ʥʘ ʪʨʝʙʫʝʤʦʤ 

ʫʨʦʚʥʝ. 

ʇʦ ʩʪʨʫʢʪʫʨʝ ʨʠʩ.1 ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʣʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ (ʩʤ. ʨʠʩ.2), ʩʦʜʝʨʞʘʱʘʷ ʢʘʢ ʩʠʣʦʚʫʶ ʯʘʩʪʴ, ʪʘʢ ʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʠʩʪʝʤʘ ʚʝʢʪʦʨʥʦʛʦ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʚʥʝʰʥʠʤ 

ʢʦʥʪʫʨʦʤ ʧʦʣʦʞʝʥʠʷ 

 

ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʝʜʠʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ (ʈʉʇ) ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʣʦʞʥʦʩʪʠ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ 

ʵʪʦʤ ʩʠʥʪʝʟ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʈʉʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʙʱʠʡ ʩʫʤʤʠʨʫʶʱʠʡ ʫʩʠʣʠʪʝʣʴ ʧʦ ʜʚʫʤ ʢʦʦʨʜʠʥʘʪʘʤ ï ʩʢʦʨʦʩʪʠ ɤ ʠ 

ʧʦʣʦʞʝʥʠʶ ű. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ ʚ ʢʘʥʘʣʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʧʦ ʩʢʦʨʦʩʪʠ ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʝʨʝʤʝʥʥʳʡ ʥʘʩʪʨʦʝʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ koc. ɺʘʨʠʘʥʪ 

ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.4. 

ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʦʪʨʘʙʦʪʢʠ ʟʘʜʘʥʥʦʡ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʵʪʦʤ 

ʚʘʨʠʘʥʪʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.3. 

ʉʭʝʤʘ ʨʠʩ.1, ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʢʦʨʨʝʢʮʠʶ ʢʦʦʨʜʠʥʘʪ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ (ʧʦʜʯʠʥʝʥʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ). ɺ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʜʦʙʘʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘ 

ʫʤʝʥʴʰʘʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʫʣʫʯʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ 

ʢʦʥʪʫʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ.  

ʇʦʜʤʦʜʝʣʴ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʈʉʇ, ʦʪʨʘʞʘʶʱʠʤ ʫʢʘʟʘʥʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʥʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.5. 

ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʦʪʨʘʙʦʪʢʠ ʟʘʜʘʥʥʦʡ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ 

ʚʘʨʠʘʥʪʝ ʩ ʈʉʇ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʛʫʣʷʪʦʨʘ 

kʈʉʇ = kʈʇ ʠ koc=1,2/1600, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.6. 
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 ʈʠʩʫʥʦʢ 2 ï ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʚʥʝʰʥʠʤ ʢʦʥʪʫʨʦʤ ʧʦʣʦʞʝʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʦʪʨʘʙʦʪʢʠ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʩʭʝʤʝ ʨʠʩ.1 
 


