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ʋɼʂ 37                                                                                                

        ɻʘʚʨʠʰ ʄ.ʖ. 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʘʪʝʤʘʪʠʢʠ   

ʌɻɹʆʋ ɺʆ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ ʆʤɻʄʋ, ʂʦʣʣʝʜʞ 

ʛ. ʆʤʩʢ, ʈʌ 

 

ʌʈɸʂʊɸʃʓ - ɻɽʆʄɽʊʈʀʗ ʂʈɸʉʆʊʓ 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʦʥʷʪʠʝ ʬʨʘʢʪʘʣʘ, ʬʨʘʢʪʘʣʳ ʚ ʧʨʠʨʦʜʝ, ʬʨʘʢʪʘʣʳ ʠ ʥʘʫʢʘ, ʬʨʘʢʪʘʣʳ ʠ ʢʫʣʴʪʫʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʉʘʤʦʧʦʜʦʙʠʝ, ʢʦʧʠʨʦʚʘʥʠʝ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. 

       

ʌʨʘʢʪʘʣʳ - ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ ʭʘʦʪʠʯʝʩʢʠʭ 

ʜʚʠʞʝʥʠʡ ʩʦʟʜʘʶʪ ʚʦʢʨʫʛ ʥʘʩ ʢʨʘʩʠʚʝʡʰʠʡ ʤʠʨ ʧʦ ʧʨʠʥʮʠʧʫ ʧʦʜʦʙʠʷ. ʄʠʨ ʚʦʢʨʫʛ 

ʥʝʣʴʟʷ ʚʧʠʩʘʪʴ ʚ ʧʨʠʚʳʯʥʳʝ ʥʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʛʫʨʳ. ʊʨʝʫʛʦʣʴʥʠʢ, ʢʚʘʜʨʘʪ, 

ʢʨʫʛ ʥʝ ʤʦʛʫʪ ʧʝʨʝʜʘʪʴ ʢʨʘʩʦʪʫ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʦʨʳ, ʦʙʣʘʢʘ, ʢʦʨʳ ʜʝʨʝʚʘ. 

ʊʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʶʪ ʥʘʤ ʬʨʘʢʪʘʣʳ.   

ʉʘʤʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʬʨʘʢʪʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʜʝʨʝʚʴʷ: ʦʪ ʢʘʞʜʦʡ 

ʚʝʪʢʠ ʦʪʚʝʪʚʣʷʶʪʩʷ ʤʝʥʴʰʠʝ, ʧʦʭʦʞʠʝ ʥʘ ʥʝʝ, ʦʪ ʪʝʭ ï ʝʱʝ ʤʝʥʴʰʠʝ ʠ ʪʘʢ ʜʘʣʝʝ. ʇʦ 

ʦʪʜʝʣʴʥʦʡ ʚʝʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʩʚʦʡʩʪʚʘ ʚʩʝʛʦ 

ʜʝʨʝʚʘ. ʌʨʘʢʪʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʤʥʦʛʠʝ ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ: ʩʥʝʞʠʥʢʘ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʬʨʘʢʪʘʣʦʤ; ʧʦ ʬʨʘʢʪʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʨʘʩʪʫʪ 

ʢʨʠʩʪʘʣʣʳ ʠ ʨʘʩʪʝʥʠʷ.  ʈʘʟʚʝʪʚʣʝʥʠʷ ʪʨʫʙʦʯʝʢ ʪʨʘʭʝʡ, ʣʠʩʪʴʷ ʥʘ ʜʝʨʝʚʴʷʭ, 

ʙʫʨʣʷʱʘʷ ʨʝʢʘ, ʨʳʥʦʢ ʮʝʥʥʳʭ ʙʫʤʘʛ (ʙʠʨʞʘ) ï ʵʪʦ ʚʩʝ ʬʨʘʢʪʘʣʳ.              

ʆʪʢʨʳʪʠʝ ʬʨʘʢʪʘʣʦʚ ʩʪʘʣʦ ʚʝʣʠʯʘʡʰʝʡ ʥʘʭʦʜʢʦʡ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʫʯʝʥʳʭ, ʥʦ ʠ 

ʜʣʷ ʣʶʜʝʡ ʠʩʢʫʩʩʪʚʘ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʠʟʤʝʥʠʣʠ ʯʝʣʦʚʝʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ ʤʠʨʘ. 

ʌʨʘʢʪʘʣʳ ʩʝʛʦʜʥʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʫʢʨʘʰʝʥʠʷ ʦʜʝʞʜʳ (ʥʘʧʨʠʤʝʨ, ʬʫʪʙʦʣʢʠ, 

ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʤʦʠ ʩʚʝʨʩʪʥʠʢʠ) ʠʣʠ ʨʝʢʣʘʤʥʳʭ ʱʠʪʦʚ ʠ ʦʙʣʦʞʝʢ ʞʫʨʥʘʣʦʚ. 

ʉʪʨʦʝʥʠʝ ʯʝʣʦʚʝʢʘ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʘʤ 
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ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʦʤ ʚʜʦʭʥʦʚʝʥʠʷ ʜʣʷ ʣʶʜʝʡ 

ʪʚʦʨʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 

ʌʨʘʢʪʘʣ ï ʪʝʨʤʠʥ, ʦʟʥʘʯʘʶʱʠʡ ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʠʛʫʨʫ, 

ʦʙʣʘʜʘʶʱʫʶ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʧʦʜʦʙʠʷ, ʪʦ ʝʩʪʴ ʩʦʩʪʘʚʣʝʥʥʫʶ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʝʡ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʦʙʥʘ ʚʩʝʡ ʬʠʛʫʨʝ ʮʝʣʠʢʦʤ. ʊʝʨʤʠʥ çʬʨʘʢʪʘʣè ʧʨʦʠʩʭʦʜʠʪ ʦʪ 

ʣʘʪʠʥʩʢʦʛʦ ʩʣʦʚʘ çfractusè, ʯʪʦ ʦʟʥʘʯʘʝʪ çʩʣʦʤʘʥʥʳʡ, ʨʘʟʙʠʪʳʡè. ɹʣʠʟʢʠʝ ʧʦ 

ʟʥʘʯʝʥʠʶ ʩʣʦʚʘ çfraction, fractionalè, ʢʦʪʦʨʳʝ ʧʝʨʝʚʦʜʷʪʩʷ ʢʘʢ çʜʨʦʙʴè, çʜʨʦʙʥʳʡè.  

ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʣʝʞʠʪ ʧʨʦʩʪʘʷ ʠʜʝʷ: ʙʝʩʢʦʥʝʯʥʦʝ ʧʦ ʢʨʘʩʦʪʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʶ 

ʤʥʦʞʝʩʪʚʦ ʬʠʛʫʨ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʧʨʦʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʧʦʤʦʱʠ ʚʩʝʛʦ ʜʚʫʭ 

ʦʧʝʨʘʮʠʡ ï ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

ɺʧʝʨʚʳʝ ʦ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʟʘʜʫʤʘʣʠʩʴ ʝʱʸ ʚ 19 ʚʝʢʝ, ʥʦ ʥʠʢʪʦ ʥʝ 

ʧʨʝʜʧʨʠʥʠʤʘʣ ʧʦʧʳʪʦʢ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʩʚʝʜʝʥʠʷ. 

ʈʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʷʚʣʷʣʩʷ ɹʝʥʫʘ 

ʄʘʥʜʝʣʴʙʨʦʪ. ɺ ʢʥʠʛʝ çʌʨʘʢʪʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷè ɹ. ʄʘʥʜʝʣʴʙʨʦʪ ʧʠʩʘʣ: çʇʦʯʝʤʫ 

ʛʝʦʤʝʪʨʠʶ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʭʦʣʦʜʥʦʡ ʠ ʩʫʭʦʡ? ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʸ 

ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʦʧʠʩʘʪʴ ʬʦʨʤʫ ʦʙʣʘʢʘ, ʛʦʨʳ, ʜʝʨʝʚʘ ʠʣʠ ʙʝʨʝʛʘ ʤʦʨʷ. ʆʙʣʘʢʘ ï ʵʪʦ 

ʥʝ ʩʬʝʨʳ, ʛʦʨʳ ï ʵʪʦ ʥʝ ʢʦʥʫʩʳ, ʣʠʥʠʠ ʙʝʨʝʛʘ ï ʵʪʦ ʥʝ ʦʢʨʫʞʥʦʩʪʠ, ʠ ʢʦʨʘ ʥʝ 

ʷʚʣʷʝʪʩʷ ʛʣʘʜʢʦʡ, ʠ ʤʦʣʥʠʷ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʨʷʤʦʡéè. 

ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʬʨʘʢʪʘʣʦʚ: 

1. ʍʘʦʪʠʯʥʦʩʪʴ: ʧʨʦʷʚʣʷʶʪ ʭʘʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʦʥʠ ʢʘʞʫʪʩʷ 

ʙʝʩʧʦʨʷʜʦʯʥʳʤʠ ʠ ʩʣʫʯʘʡʥʳʤʠ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʭʘʦʩ-ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʧʦʜʯʠʥʷʶʱʘʷʩʷ ʦʧʨʝʜʝʣʸʥʥʳʤ ʟʘʢʦʥʘʤ, ʘ ʟʥʘʯʠʪ, ʚʝʩʴ ʤʠʨ ʤʦʞʝʪ ʙʳʪʴ 

ʬʨʘʢʪʘʣʝʥ: ʢʨʫʛʦʚʦʨʦʪ ʚʦʜʳ ʚ ʧʨʠʨʦʜʝ, ʧʝʨʝʣʸʪʳ ʧʪʠʮ, ʤʠʛʨʘʮʠʠ ʞʠʚʦʪʥʳʭ ʠ ʜʨ.  

2. ʉʘʤʦʧʦʜʦʙʠʝ: ʚʩʝ ʵʪʠ ʬʠʛʫʨʳ ʧʦʜʦʙʥʳ ʣʶʙʦʤʫ ʩʚʦʝʤʫ ʬʨʘʛʤʝʥʪʫ. ʆʜʥʘʢʦ 

ʥʝ ʚʩʝ ʬʨʘʢʪʘʣʳ ʦʙʣʘʜʘʶʪ ʧʨʘʚʠʣʴʥʦʡ, ʙʝʩʢʦʥʝʯʥʦ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʦʡ. 

ʄʥʦʛʠʝ ʬʨʘʢʪʘʣʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʧʨʠʨʦʜʝ (ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʦʤʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʠ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʢʘ, ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʠ, ʧʝʥʘ, ʛʝʣʠ, ʢʦʥʪʫʨʳ ʯʘʩʪʠʮ ʩʘʞʠ ʠ ʪ. ʜ.), 

ʣʠʰʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ, ʥʦ ʫʧʦʨʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʚ ʢʘʞʜʦʤ ʬʨʘʛʤʝʥʪʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʣʦʛʦ.  

3.  ʈʘʟʤʝʨʥʦʩʪʴ: ʤʥʦʛʠʝ ʦʙʲʝʢʪʳ ʚ ʧʨʠʨʦʜʝ (ʥʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʯʝʩʢʦʝ ʪʝʣʦ) 
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ʩʦʩʪʦʷʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʬʨʘʢʪʘʣʦʚ, ʩʤʝʰʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʨʠʯʝʤ ʢʘʞʜʳʡ 

ʬʨʘʢʪʘʣ ʠʤʝʝʪ ʩʚʦʶ ʨʘʟʤʝʨʥʦʩʪʴ ʦʪʣʠʯʥʫʶ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʦʩʪʘʣʴʥʳʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʦʙʲʝʢʪʳ ʩ ʥʝʯʝʪʢʦʡ, ʭʘʦʪʠʯʥʦʡ, ʠʟʣʦʤʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʷʚʣʷʶʪʩʷ ʬʨʘʢʪʘʣʘʤʠ ʠʣʠ ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʬʨʘʢʪʘʣʦʚ ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ, 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʧʦʚʪʦʨʷʝʪʩʷ ʩʥʦʚʘ ʠ ʩʥʦʚʘ, ʠʟʤʝʥʷʷʩʴ ʚ ʨʘʟʤʝʨʘʭ. ɺʩʝ 

ʬʨʘʢʪʘʣʳ ʧʦʜʦʙʥʳ ʩʘʤʠʤ ʩʝʙʝ, ʪʦ ʝʩʪʴ ʧʦʭʦʞʠ.  ɺʩʸ ʚ ʦʢʨʫʞʘʶʱʝʤ ʥʘʩ ʤʠʨʝ, 

ʢʘʞʫʱʝʝʩʷ ʩʣʫʯʘʡʥʳʤ ʠ ʥʝʧʨʘʚʠʣʴʥʳʤ ʤʦʞʝʪ ʙʳʪʴ ʬʨʘʢʪʘʣʦʤ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʩʝ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ, ʷʚʣʷʝʪʩʷ ʬʨʘʢʪʘʣʦʤ, 

ʥʘʧʨʠʤʝʨ, ʦʙʣʘʢʦ ʠʣʠ ʤʘʣʝʥʴʢʘʷ ʤʦʣʝʢʫʣʘ ʢʠʩʣʦʨʦʜʘ.      

ʌʨʘʢʪʘʣʳ ʠ ʥʘʫʢʘ 

ʅʘʫʯʥʘʷ ʦʙʣʘʩʪʴ ʇʨʠʤʝʥʝʥʠʝ ʅʘʫʯʥʘʷ ʦʙʣʘʩʪʴ ʇʨʠʤʝʥʝʥʠʝ 

ʀʥʬʦʨʤʘʪʠʢʘ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʨʠʨʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ 

(ʨʘʩʪʝʥʠʡ, 

ʦʙʣʘʢʦʚ, ʛʦʨ, 

ʙʝʨʝʛʦʚʳʭ ʣʠʥʠʡ, 

ʣʘʥʜʰʘʬʪʦʚ, 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʨʝʡ, ʢʘʨʪ ʠ 

ʧʨ.), ʧʨʠ 

ʩʦʟʜʘʥʠʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʠʛʨ, ʩʞʘʪʠʝ 

ʨʠʩʫʥʢʦʚ. 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷ 

 

ʌʨʘʢʪʘʣʴʥʳʝ ʘʥʪʝʥʥʳ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʘʭ. 

ʄʝʜʠʮʠʥʘ 

 

ʕʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘ. 

ɹʠʦʣʦʛʠʷ 

 

ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ 

ʦʨʛʘʥʘʭ 

(ʧʨʦʮʝʩʩʦʚ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, 

ʙʠʝʥʠʷ ʩʝʨʜʮʘ ʠ 

ʜʨ.), 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʧʫʣʷʮʠʡ.  

ʕʢʦʥʦʤʠʢʘ 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʢʦʣʝʙʘʥʠʡ 

ʢʫʨʩʘ ʚʘʣʶʪ. 

 

ʀʜʝʠ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʩʧʦʣʴʟʫʶʪ ʭʫʜʦʞʥʠʢʠ. ʉʝʡʯʘʩ ʬʨʘʢʪʘʣʴʥʘʷ 

ʞʠʚʦʧʠʩʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʩʷʪʢʘʤʠ ʪʳʩʷʯ ʣʶʜʝʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʨʠʩʫʶʱʠʭ 
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ʬʨʘʢʪʘʣʳ. ʋʞʝ ʥʘʢʦʧʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʢʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʥʠʭ ʚʧʦʣʥʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʰʝʜʝʚʨʘʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʙʩʪʨʘʢʮʠʦʥʠʟʤʘ.  

ɺʠʢʪʦʨ ɺʘʟʘʨʝʣʠ çʀʟʫʯʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʳè 

 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʨʘʢʪʘʣʴʥʦʩʪʠ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ ʩʬʝʨʳ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ ʦʪ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʜʦ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʪ 

ʣʠʪʝʨʘʪʫʨʳ ʜʦ ʢʠʥʝʤʘʪʦʛʨʘʬʘ, ʦʪ ʜʠʟʘʡʥʘ ʤʦʜʳ ʜʦ ʨʝʢʣʘʤʳ. ʌʨʘʢʪʘʣʴʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʢʩʪʠʣʴʥʳʭ ʫʟʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʬʨʘʢʪʘʣʳ ʤʦʞʥʦ ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʪʴ ʛʝʦʤʝʪʨʠʝʡ ʢʨʘʩʦʪʳ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1. https://poznayka.org/s2038t1.html 

2. https://studopedia.org/3-83644.html 

3. https://sitekid.ru/matematica/stohasticheskie_fractal.html 

4. https://ru.wikipedia,org/wiki/ʂʦʨʘʣʣ 

5. https://ru,wikipedia,org/wiki/ʌʨʘʢʪʘʣ 

6. ɹ. ʄʘʥʜʝʣʴʙʨʦʪ. ʌʨʘʢʪʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʨʠʨʦʜʳ-ʄ.:ʀʥʩʪʠʪʫʪ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ,2002 

É ɻʘʚʨʠʰ ʄ.ʖ., 2021                                                                                             
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ʋɼʂ 378.013.46 

ʄʠʱʠʢ ʉ.ɸ. 

 ɸʢʘʜʝʤʠʢ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ  

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʨʩʢʦʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤʝʥʠ ʘʜʤʠʨʘʣʘ ʌ.ʌ. ʋʰʘʢʦʚʘ, 

 ʛ. ʅʦʚʦʨʦʩʩʠʡʩʢ, ʈʦʩʩʠʷ 

 

 ʎɽʃʆʉʊʅʆ-ʉʀʉʊɽʄʅʓʁ ɸʅɸʃʀɿ ɺʆʃʅʆɺʓʍ ʉɺʆʁʉʊɺ ʉɺɽʊɸ 

  

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʮʝʣʦʩʪʥʦ-ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚʦʣʥʦʚʳʭ ʩʚʦʡʩʪʚ ʩʚʝʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʦʚʳʭ ʷʚʣʝʥʠʡ ʯʝʨʝʟ ʚʳʧʦʣʥʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʥʘ ʨʝʰʝʥʠʝ ʮʝʣʦʩʪʥʦ-ʩʠʩʪʝʤʥʳʭ ʩʚʷʟʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʯ ʦʧʪʠʯʝʩʢʦʡ 

ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʮʝʣʦʩʪʥʦ-ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʩʚʝʪʘ  ʠʥʪʝʨʬʝʨʝʥʮʷ,  

ʜʠʬʨʘʢʮʠʷ, ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ. 
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HOLISTIC  AND SYSTEMATIC  ANALYSIS  OF THE WAVE   

PROPERTIES OF LIGHT   

 

Annotation 

The article presents a holistic-system analysis of the wave properties of light with 
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respect to interference, diffraction of light phenomena through the implementation of 

consistently professional actions of system analysis aimed at solving holistic-system 

relationships with respect to the problems of optical applied physics.    

 

Keywords 

holistic-system analysis, wave properties of light interference,  

diffraction, system analysis. 

 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʠ ʩʚʝʪʦʚʳʭ 

ʚʦʣʥ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦʥʷʪʠʷʤʠ. ʀʥʪʝʨʬʝʨʝʥʮʠʝʡ ʩʚʝʪʘ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʜʚʫʭ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʩʚʝʪʦʚʳʭ ʚʦʣʥ - ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʦʙʱʝʛʦ ʷʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʦʣʥ - 

ʩʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʚʫʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʛʝʨʝʥʪʥʳʭ ʚʦʣʥ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ 

ʨʘʟʥʳʭ ʝʛʦ ʪʦʯʢʘʭ ʧʦʣʫʯʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʠʣʠ ʦʩʣʘʙʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʚʦʣʥʳ. 

ʀʥʪʝʨʬʝʨʝʥʮʠʶ ʩʚʝʪʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʣʥ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʠʭ ʢʦʛʝʨʝʥʪʥʦʩʪʴ 

ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠʣʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺʦʣʥʳ ʥʘʟʳʚʘʶʪʩʷ ʢʦʛʝʨʝʥʪʥʳʤʠ, ʝʩʣʠ ʨʘʟʥʦʩʪʴ ʠʭ ʬʘʟ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 

ʚʦ ʚʨʝʤʝʥʠ. ʌʘʟʘ ʢʦʣʝʙʘʥʠʡ ï ʝʩʪʴ ʫʛʣʦʚʘʷ ʤʝʨʘ ʚʨʝʤʝʥʠ. ʕʪʦʤʫ ʫʩʣʦʚʠʶ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʝ ʚʦʣʥʳ. ʄʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤʠ ʥʘʟʳʚʘʶʪʩʷ 

ʚʦʣʥʳ ʦʜʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠ ʩʪʨʦʛʦ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʝʤ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ: ʭ = A cos (wt + w ), ʛʜʝ ʭ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ E
C
 ʠʜʠ 

ʤʘʛʥʠʪʥʦʛʦ H  ʧʦʣʝʡ ʚʦʣʥʳ; ʚʝʢʪʦʨʳ E
C
 ʠ H  ʢʦʣʝʙʣʶʪʩʷ ʚʦ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. 
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ʇʫʩʪʴ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʜʚʝ ʢʦʛʝʨʝʥʪʥʳʝ ʚʦʣʥʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʯʢʝ ʆ. ɼʦ ʪʦʯʢʠ ʈ 

ʧʝʨʚʘʷ ʚʦʣʥʘ ʧʨʦʭʦʜʠʪ ʚ ʩʨʝʜʝ ʩ 

ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n1  ʧʫʪʴ S1 , 

ʚʪʦʨʘʷ ʚʦʣʥʘ ʧʨʦʭʦʜʠʪ ʚ ʩʨʝʜʝ ʩ 

ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n2  ʧʫʪʴ S2 . 

ɽʩʣʠ ʚ ʪʦʯʢʝ ʆ ʬʘʟʘ ʢʦʣʝʙʘʥʠʷ ʨʘʚʥʘ wt, 

ʪʦ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʙʫʜʠʪ ʘ ʪʦʯʢʝ ʈ 

ʢʦʣʝʙʘʥʠʝ )(cos
1

1
1

u
w

S
tA -= , ʘ ʚʪʦʨʘʷ ʚʦʣʥʘ 

)(cos
2

2
2

u
w

S
tA -= , ʛʜʝ 11 /nc=u  ʠ 22 /nc=u  ï 

ʬʘʟʦʚʳʝ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʚʦʣʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʥʦʩʪʴ ʬʘʟ ʢʦʣʝʙʘʥʠʡ (d), ʚʦʟʙʫʞʜʘʝʤʳʭ ʚʦʣʥʘʤʠ ʚ ʪʦʯʢʝ 

ʈ, ʙʫʜʝʪ ʨʘʚʥʘ )()( 1122

1

1

2

2 SnSn
c

SS
-=-=

w

uu
wd . ɿʘʤʝʥʠʚ w/ʩ ʯʝʨʝʟ 2vp/ʩ = 2p/ 0l ( 0l ï 

ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʚʘʢʫʫʤʝ), ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʨʘʟʥʦʩʪʠ ʬʘʟ ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʚʠʜ: D=
0

2

l

p
d , 

ʛʜʝ =D 121122 LLSnSn -=- . D ï ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʨʘʟʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʜʣʠʥ, 

ʧʨʦʭʦʜʠʤʳʭ ʚʦʣʥʘʤʠ ʧʫʪʝʡ ʠ ʥʘʟʳʚʘʝʤʘʷ ʦʧʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʴʶ ʭʦʜʘ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʮʝʣʦʩʪʥʦ-ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʬʨʘʢʮʠʷ ʩʚʝʪʘ ï ɻ ʪʦ ʦʪʢʣʦʥʝʥʠʝ 

ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʦʪ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ 

ʤʘʣʳʝ ʦʪʚʝʨʩʪʠʷ. ɼʠʬʨʘʢʮʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʫʯʝʡ ʥʘʟʳʚʘʝʪʩʷ ʜʠʬʨʘʢʮʠʝʡ 

ʌʨʘʫʥʛʦʬʝʨʘ, ʘ ʜʠʬʨʘʢʮʠʷ ʨʘʩʭʦʜʷʱʠʭʩʷ ʣʫʯʝʡ - ʜʠʬʨʘʢʮʠʝʡ ʌʨʝʥʝʣʷ. ʇʨʠ 

ʨʘʩʯʸʪʘʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʥʮʠʧ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ [1. C.5].  

ʇʨʠʥʮʠʧ ɻʶʡʛʝʥʩʘ: ʢʘʞʜʘʷ ʪʦʯʢʘ ʚʦʣʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʚʪʦʨʠʯʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʚʦʣʥ. ʆʛʠʙʘʶʱʘʷ ʵʪʠʭ ʚʦʣʥ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʘʸʪ 

ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʦʣʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ, ʚʦʣʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ 

ʩʨʝʜʳ, ʚ ʢʦʪʦʨʳʭ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʬʘʟʘ ʚʦʣʥʳ ʠʤʝʝʪ ʦʜʥʦ ʠ 

ʪʦʞʝ ʟʥʘʯʝʥʠʝ. ɽʩʣʠ ʚʦʣʥʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʝʩʪʴ ʧʣʦʩʢʦʩʪʴ, ʪʦ ʚʦʣʥʘ ʥʘʟʳʚʘʝʪʩʷ 

ʧʣʦʩʢʦʡ (ʨʠʩ. 2), ʝʩʣʠ ʚʦʣʥʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʬʝʨʦʡ, ʪʦ ʚʦʣʥʘ ʥʘʟʳʚʘʝʪʩʷ 
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ʩʬʝʨʠʯʝʩʢʦʡ (ʨʠʩ. 3): 

ʈʠʩʫʥʦʢ ï 2                                                ʈʠʩʫʥʦʢ ï3 

 

ʋʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʠʤʝʝʪ ʚʠʜ: 

ɽ = Eocos [ɤ (t - x/v ) + Ŭʦ],                                                 

ʛʜʝ:  ɽʦ ï ʘʤʧʣʠʪʫʜʘ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʣʥʳ,  

ɜ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʚ ʜʘʥʥʦʡ ʩʨʝʜʝ,  

Ŭo ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʚʦʣʥʳ,  

ʋʨʘʚʥʝʥʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʠʤʝʝʪ ʚʠʜ: 

ɽ = ɽʦ/r(cos (ɤt - kr + Ŭo)),                                                  

ʛʜʝ:  ɽ0 ï ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʚ ʪʦʯʢʝ r=0. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʄʠʱʠʢ ʉ. ɸ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʟʘʜʘʯ ʦʩʥʦʚ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ [ʊʝʢʩʪ] // ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʦʩʥʦʚʘ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷè ï ʋʬʘ: OMEGA SCIENCE, 2020. ï ʩ. 5-8.   

É ʄʠʱʠʢ ʉ.ɸ., 2021 
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ʋɼʂ51 

ʄʫʢʦʥʠʥ ɸ.ʂ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʜʦʮʝʥʪ 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

ɹʣʘʛʦʚ ɺ.ɺ., ʩʪʫʜʝʥʪ 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

ɹʫʣʘʪʦʚ ɸ.ɼ., ʩʪʫʜʝʥʪ 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

ʏʝʩʥʦʢʦʚ ʄ.ɸ., ʩʪʫʜʝʥʪ 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

 

ɺɸʈʀɸʅʊʓ ʏɸʉʊʆʊʅʆɻʆ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʩʯʝʪ 

ʧʠʪʘʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʦʪ ʜʚʫʭ ʨʝʛʫʣʠʨʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʥʘʧʨʷʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ, ʯʘʩʪʦʪʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʜʚʠʛʘʪʝʣʴ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

 

ʅʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʇʋ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʦʜʘʯʫ ʥʘ ʜʚʠʛʘʪʝʣʴ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩʠʩʪʝʤʳ ʥʘʧʨʷʞʝʥʠʡ ʨʝʛʫʣʠʨʫʝʤʦʡ ʯʘʩʪʦʪʳ ʠ ʚʝʣʠʯʠʥʳ. ʇʨʠ 

ʧʠʪʘʥʠʠ ʦʪ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʇʋ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ 

(ʇʏ), ʘ ʧʨʠ ʧʠʪʘʥʠʠ ʧʦʩʪʦʷʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ - ʘʚʪʦʥʦʤʥʳʤ ʠʥʚʝʨʪʦʨʦʤ 

ʥʘʧʨʷʞʝʥʠʷ (ɸʀʅ). ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 
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ʯʘʩʪʦʪʥʦʛʦ ʧʨʠʚʦʜʘ ʩ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʚʫʭ ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ (ʈʀʅ) [1]. 

ʉʭʝʤʳ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʠʪʘʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʛʜʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ʈʀʅ1, ʈʀʅ2 - ʨʝʛʫʣʠʨʫʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʩ ʦʙʱʠʤ ʚʳʚʦʜʦʤ ʆɺ; 

z1 - z3 - ʬʘʟʳ ʜʚʠʛʘʪʝʣʷ; 

a, b, c - ʚʳʭʦʜʥʳʝ ʚʳʚʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʇʋ; 

ʀʊ1, ʀʊ2 - ʠʟʤʝʨʠʪʝʣʠ ʪʦʢʘ; 

όᶻ, όᶻ - ʩʠʛʥʘʣʳ ʟʘʜʘʥʠʷ ʚʳʭʦʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʇʋ ό ʠ ό. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʢʠ ʦʪ ʜʚʫʭ ʈʀʅ 

 

ʇʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʘ ʚʘʨʠʘʥʪ ʚʢʣʶʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʝʡ ʪʦʢʘ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʠʪʴ ʫ ʥʠʭ ʛʘʣʴʚʘʥʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ. 

ɹʣʦʢʠ ʈʀʅ1, ʈʀʅ2 ʬʦʨʤʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʚʳʚʦʜʘ ʆɺ ʥʘʧʨʷʞʝʥʠʷ 

ό ʠ ό, ʩʜʚʠʥʫʪʳʝ ʧʦ ʬʘʟʝ ʥʘ φπЈ. 

ό Ὗ ίὭὲὸȠ

ό Ὗ ίὭὲὸ “σȢ
                                                   ρ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʣʠʥʝʡʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ a, b, c ʟʘʧʠʰʝʤ: 

ό ό Ὗ ίὭὲὸȠ

ό  ό  ό Ὗ ίὭὲὸ ς“σ

ό ό ό Ὗ ίὭὲὸ τ“σȢ

Ƞ                              ς 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʈʀʅ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʘʷ ʪʨʝʭʬʘʟʥʘʷ 

ʩʠʩʪʝʤʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʀʟʤʝʥʷʷ ʯʘʩʪʦʪʫ ʠ ʚʝʣʠʯʠʥʫ ʵʪʠʭ 
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ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʨʝʚʝʨʩʘ ʜʚʠʛʘʪʝʣʷ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʜʣʷ ό ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ ʥʝ φπЈ, ʘ φπЈȢ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʧʠʪʘʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʢʠ ʧʦʟʚʦʣʷʶʪ ʫʧʨʦʩʪʠʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʥʘʯʘʣʝ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʦʱʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ (ʅʇʏ). ʊʘʢʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʣʷ ʪʨʝʭʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʝʭ ʈʀʅ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʠʪʘʝʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʬʘʟʫ ʜʚʠʛʘʪʝʣʷ. ʈʝʛʫʣʠʨʫʝʤʳʡ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠ 

ʷʚʣʷʝʪʩʷ ʨʝʚʝʨʩʠʚʥʳʤ ʪʠʨʠʩʪʦʨʥʳʤ ʚʳʧʨʷʤʠʪʝʣʝʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʚʫʭ ʈʀʅ ʚʤʝʩʪʦ ʪʨʝʭ ʫʧʨʦʱʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʩʭʝʤʘʤ ʩ ʘʚʪʦʥʦʤʥʳʤ ʠʥʚʝʨʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ɸʀʅ ʜʣʷ ʧʠʪʘʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʢʠ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ 

ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʢʣʶʯʝʡ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ɸʀʅ ʚ ʚʠʜʝ ʜʚʫʭ ʈʀʅ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʳʨʝ 

ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʢʣʶʯʘ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʈʀʅ ʫʧʨʦʱʘʝʪ 

ʘʚʪʦʥʦʤʥʳʡ ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ.  

ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʟʚʝʥʦʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʝʤʢʦʩʪʥʳʡ ʬʠʣʴʪʨ, ʩʪʨʫʢʪʫʨʫ ʪʘʢʦʛʦ ʇʏ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʭʝʤʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

ʈʠʩʫʥʦʢ 2 ï ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʏ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ  

ʟʚʝʥʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

 

ʉʭʝʤʘ ʩʦʜʝʨʞʠʪ ʜʠʦʜʥʳʡ ʢʦʤʧʣʝʢʪ ɼʂ, ʬʠʣʴʪʨ ʌ1 ʠ ʘʚʪʦʥʦʤʥʳʡ ʠʥʚʝʨʪʦʨ 

ʥʘʧʨʷʞʝʥʠʷ ɸʀʅ, ʧʠʪʘʶʱʠʡ ʜʚʠʛʘʪʝʣʴ ʄ1. ʂʦʥʢʨʝʪʥʳʝ ʚʘʨʠʘʥʪʳ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʯʠʩʣʦʤ ʬʘʟ ʧʠʪʘʶʱʝʡ ʩʝʪʠ, ʩʭʝʤʘʤʠ ɼʂ ʠ 

ɸʀʅ. ɺʳʙʦʨ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʚʘʨʠʘʥʪʘ ʇʏ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʣʠʷʥʠʝʤ 

ʧʨʠʚʦʜʘ ʥʘ ʧʠʪʘʶʱʫʶ ʩʝʪʴ. ʂ ʧʦʢʘʟʘʪʝʣʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ 
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ʧʠʪʘʶʱʫʶ ʩʝʪʴ, ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʘʤʧʣʠʪʫʜʥʳʝ ʠ ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʩʝʪʝʚʳʭ 

ʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ kʤ. ɼʣʷ ʦʜʥʦʡ ʬʘʟʳ ʩʝʪʠ:  

                                                            Ὧ̍
ὖ

Ὓ

ὖ

ὟÖ Ὅ
  ȟ                                                       σ 

ʛʜʝ P ʠ S ï ʘʢʪʠʚʥʘʷ ʠ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʠ; 

Uʠ I ï ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ. 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ: 

                                                               ὖ
ρ

Ὕ
ὴὸὨὸ ȟ                                                     τ 

ʛʜʝ ʊ ï ʧʝʨʠʦʜ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ; 

p(t) ï ʤʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ. 

ɺʝʣʠʯʠʥʘ ʤʛʥʦʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ: 

ὴὸ όὸÖ Ὥὸ ȟ                                                    υ 

ʛʜʝ u(t) ʠ i(t) ï ʤʛʥʦʚʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʬʘʟʳ ʩʝʪʠ. 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʧʦʵʪʦʤʫ ʧʦʣʥʘʷ 

ʤʦʱʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

                                                          Ὓ ὖ ὗ Ὕ ȟ                                                 φ 

ʛʜʝ Q ï ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ; 

T ï ʤʦʱʥʦʩʪʴ ʠʩʢʘʞʝʥʠʷ. 

ɺ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʯʘʩʪʦʪʳ ʩ ʝʤʢʦʩʪʥʳʤ ʬʠʣʴʪʨʦʤ ʚʝʣʠʢʘ ʤʦʱʥʦʩʪʴ 

ʠʩʢʘʞʝʥʠʷ ʊ, ʯʪʦ ʩʥʠʞʘʝʪ kʤ. 

ʇʨʠ ʦʜʥʦʬʘʟʥʦʤ ʧʠʪʘʥʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʭʝʤʳ ʇʏ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 3,4. 

 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʇʏ 
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ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʇʏ ʩ ʜʚʫʭʬʘʟʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ 

 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʇʏ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʭʬʘʟʥʳʡ ʤʦʩʪʦʚʦʡ ʠʥʚʝʨʪʦʨ ʊʄ ɸʀʅ, ʘ 

ʚ ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 4 ï ʜʚʫʭʬʘʟʥʳʡ ʥʫʣʝʚʦʡ ʠʥʚʝʨʪʦʨ ɼʅ ɸʀʅ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʨʝʘʣʠʟʦʚʘʪʴ ʇʏ ʚ ʚʠʜʝ ʜʚʫʭ ʈʀʅ. ʉʭʝʤʫ ʥʘ ʨʠʩʫʥʢʝ 4 ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʜʚʫʭʬʘʟʥʳʤ 

ʇʏ. 

ʉʨʘʚʥʝʥʠʝ ʚʣʠʷʥʠʝ ʥʘ ʧʠʪʘʶʱʫʶ ʩʝʪʴ ʩʭʝʤ ʥʘ ʨʠʩʫʥʢʝ 3,4 ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ʄɸʊLɸɺ Simulink. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ 

ʨʘʟʦʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʘ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʇʏ, ʘ ʥʘ ʨʠʩʫʥʢʝ 6 ï ʩ ʇʏ, ʠʤʝʶʱʠʤ 

ʜʚʫʭʬʘʟʥʳʡ ʥʫʣʝʚʦʡ ɸʀʅ. ʅʘʛʨʫʟʢʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʘʩʠʥʭʨʦʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ 4ɸɸ50ɺ243 ʤʦʱʥʦʩʪʴʶ 120 ɺʪ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 2720 

ʦʙ/ʤʠʥ ʠ ʂʇɼ, ʨʘʚʥʳʤ 0,63. 

 

 

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ 
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ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤʘ ʩ ʜʚʫʭʬʘʟʥʳʤ ɸʀʅ 

 

ɺ ʩʭʝʤʘʭ ʥʘ ʨʠʩʫʥʢʘʭ 5,6 ʥʝ ʧʦʢʘʟʘʥʳ ʙʣʦʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ 

ʚʣʠʷʥʠʝ ʧʨʠʚʦʜʘ ʥʘ ʧʠʪʘʶʱʫʶ ʩʝʪʴ. ʉʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʦʛʦ ʚʣʠʷʥʠʷ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7.  

 

ʈʠʩʫʥʦʢ 7 ï ʕʣʝʤʝʥʪʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʧʠʪʘʶʱʫʶ ʩʝʪʴ 

 

ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʨʠʚʦʜʦʚ ʥʘ ʩʝʪʴ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʪʘʙʣʠʮʳ 1 ʠ ʨʠʩʫʥʢʦʚ 8 ʠ 9. 

ʊʘʙʣʠʮʘ 1  

ʇʦʢʘʟʘʪʝʣʠ ʚʣʠʷʥʠʷ ʥʘ ʧʠʪʘʶʱʫʶ ʩʝʪʴ 

 ̄ ʇʘʨʘʤʝʪʨ ʉʭʝʤʘ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ 

ʉʭʝʤʘ ʩ ʜʚʫʭʬʘʟʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ 

1 ɸʤʧʣʠʪʫʜʘ ʪʦʢʘ ʩʝʪʠ, ɸ 6.175 5.355 

2 ɼʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ, 

ɸ 

1.791 1.525 

3 ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, ɺʪ 206.36 172.2 

4 ʇʦʣʥʘʷ ʤʦʱʥʦʩʪʴ, ɺɸ 393.6 333.9 

5 ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ 0.524 0.515 
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ʈʠʩʫʥʦʢ 8 ï ʊʦʢ ʜʣʷ ʩʭʝʤʳ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 

 

ʈʠʩʫʥʦʢ 9 ï ʊʦʢ ʜʣʷ ʩʭʝʤʳ ʩ ʜʚʫʭʬʘʟʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 

 

ɺ ʩʭʝʤʝ ʩ ʜʚʫʭʬʘʟʥʳʤ ʇʏ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʝʥ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʚʭʦʜʝ ʜʚʫʭʬʘʟʥʦʛʦ ʥʫʣʝʚʦʛʦ ɸʀʅ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʠ ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ 

ʥʝʩʢʦʣʴʢʦ ʤʝʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʚʘʨʠʘʥʪʦʤ. ɺʣʠʷʥʠʝ ʥʘ ʧʠʪʘʶʱʫʶ 

ʩʝʪʴ ʦʙʦʠʭ ʧʨʠʚʦʜʦʚ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1 ʄʫʢʦʥʠʥ ɸ.ʂ. ʏʘʩʪʦʪʥʳʝ ʧʨʠʚʦʜʳ ʩ ʪʦʢʦʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ: ʤʦʥʦʛʨʘʬʠʷ / ɸ.ʂ. 

ʄʫʢʦʥʠʥ, ɸ.ʀ.ʐʠʷʥʦʚ. ɺʦʨʦʥʝʞ: ɻʆʋɺʇʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 2006. 143 ʩ. 

É ʄʫʢʦʥʠʥ ɸ.ʂ., ɹʣʘʛʦʚ ɺ.ɺ., ɹʫʣʘʪʦʚ ɸ.ɼ., ʏʝʩʥʦʢʦʚ ʄ.ɸ., 2021 
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