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ɼʀʉɽʈʊɸʎɯʗ 

ʄɸʊɽʄɸʊʀʏʅɽ ʊɸ ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ 

ɹɸɻɸʊʆɺʀʄɯʈʅʀʍ ʇʈʆʎɽʉɯɺ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɹʆʈʆʊʔɹʀ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉʍɽʄ ɸʇʈʆʂʉʀʄɸʎɯɰ ʊɸ ɺʀʇɸɼʂʆɺʀʍ ɿɹʋʈɽʅʔ  

 

113 ʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ  

11 ʄʘʪʝʤʘʪʠʢʘ ʪʘ ʩʪʘʪʠʩʪʠʢʘ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

_____________ɹ. ɺ. ʂʨʘʩʶʢ                    
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                            ʅʽʢʽʪʽʥ ɸʥʘʪʦʣʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ 

                            ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
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ɸʅʆʊɸʎɯʗ 

ʂʨʘʩʶʢ ɹ. ɺ. ʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʭʝʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ 

ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟ ʛʘʣʫʟʽ ʟʥʘʥʴ 

11 ʄʘʪʝʤʘʪʠʢʘ ʪʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 113 ʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ. ï 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ï ʂʠʾʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʂʠʾʚ, 2024.  

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʧʦʙʫʜʦʚʽ ʪʘ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʽ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ̔ʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʛʣʷʥʫʪʠʤʠ ʤʦʜʝʣʷʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʻ ʪʦʯʥʽʰʠʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʤʽʥʣʠʚʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ n-ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ. 

ʆʩʦʙʣʠʚʠʡ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ɿʙʽʣʴʰʝʥʥʷ ʚʧʣʠʚʫ ʪʘ ʧʦʰʠʨʝʥʥʷ ʰʢʽʜʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʪʘ ʢʦʥʬʣʽʢʪʽʚ ʫ 

ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʩʪʫʧʘʻ ʧʨʘʢʪʠʯʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʘʥʘʣʽʟʫ 

ʮʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʭʦʧʣʶʻ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʚ ʢʦʥʪʝʢʩʪʽ ʢʦʥʢʫʨʝʥʮʽʾ 

ʤʽʞ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʫʩʧʽʣʴʩʪʚʽ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʜʝʣʴ 

ʢʦʥʬʣʽʢʪʫ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʠʩʪʝʤʫ, ʜʝ ʨʽʟʥʽ ʫʯʘʩʥʠʢʠ ʟʤʘʛʘʶʪʴʩʷ ʟʘ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʩʧʽʣʴʥʦʶ ʩʬʝʨʦʶ ʽʥʪʝʨʝʩʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʜʫʣʽʚ backend ʪʘ frontend, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʨʘʭʫʥʢʠ ʦʢʨʝʤʦ ʚʽʜ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʧʦʪʝʥʮʽʡʥʦ ʨʦʙʣʷʯʠ ʩʠʩʪʝʤʫ 

ʧʨʠʜʘʪʥʦʶ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʨʦʥʥʽʤʠ ʟʘʩʪʦʩʫʥʢʘʤʠ. ʆʙʨʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʩʪʝʢ Python 3.11, ReactJS 18 ʟʘʣʠʰʘʻ ʚʽʜʢʨʠʪʠʤ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 



 3 

ʯʠʩʣʝʥʥʠʭ ʛʦʪʦʚʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʘʭʫʥʢʽʚ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʨʦʟʨʦʙʮʽ 

ʩʠʩʪʝʤʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʚʝʩʴ ʦʩʥʦʚʥʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʥʘʷʚʥʠʡ ʥʘ ʜʘʥʠʡ ʯʘʩ, ʨʦʟʨʦʙʣʝʥʦ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʪʦʚʠʭ 

ʙʽʙʣʽʦʪʝʢ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʥʘʣʘʰʪʫʚʘʪʠ ʢʦʞʝʥ ʝʪʘʧ ʢʘʣʴʢʫʣʷʮʽʡ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʣʠʟʴʢʦ ʜʦ ʥʘʰʠʭ ʧʦʪʨʝʙ. ʊʘʢʦʞ, ʙʫʜʴ-ʷʢ ̔ʧʨʦʤʽʞʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʽʙʨʘʥʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʦʙʨʘʭʫʥʢʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʘʣʝ ʡ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢ ʜʣʷ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʮʽʣʦʤʫ, ʪʘʢ ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʽʥʬʦʨʤʘʮʽʾ ʦʢʨʝʤʦ. 

ɿʘʩʪʦʩʦʚʘʥʘ ʤʦʜʝʣʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʝʘʢʮʽʶ ʥʘ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʦʤʫ ʨʝʘʛʫʚʘʥʥʶ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ. 

ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʪʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʦʚʥʦʤʫ 

ʚʠʢʣʘʜʫ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʝʨʪʘʥʪʘ; ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ; ʚʠʟʥʘʯʝʥʦ ʦʙôʻʢʪ, 

ʧʨʝʜʤʝʪ, ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ, ʤʝʪʫ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ; ʚʽʜʟʥʘʯʝʥʦ ʥʘʫʢʦʚʫ 

ʥʦʚʠʟʥʫ, ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʱʦʜʦ ʘʧʨʦʙʘʮʽʾ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʦʧʠʩʘʥʦ ʩʪʨʫʢʪʫʨʫ ʜʠʩʝʨʪʘʮʽʾ, ʚʠʭʦʜʷʯʠ ʟ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ.  

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʚ ʾʾ ʥʘʡʧʨʦʩʪʽʰʽʡ ʬʦʨʤʽ. ʄʠ 

ʚʠʚʯʘʻʤʦ ʩʦʮʽʘʣʴʥʫ ʩʧʽʣʴʥʦʪʫ ʟ ʧʦʯʘʪʢʦʚʦʶ ʧʦʧʫʣʷʮʽʻʶ, ʧʦʟʥʘʯʝʥʦʶ ʷʢ ὔ, ʷʢʘ 

ʨʝʘʛʫʻ ʥʘ ʨʽʟʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ, ʧʦʟʥʘʯʝʥʽ ʷʢ ὍȟὍȟȣȟὍ. ʎʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʧʦʪʦʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʽ ʥʘʚʽʪʴ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʥʽʩʪʶ 

ʧʨʦʪʠʣʝʞʥʠʤʠ. ʋ ʤʦʤʝʥʪ ʯʘʩʫ ὸ π ʜʚʘ ʜʞʝʨʝʣʘ ʦʜʥʦʯʘʩʥʦ ʧʦʯʠʥʘʶʪʴ 

ʪʨʘʥʩʣʶʚʘʪʠ ʮʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʧʦʰʠʨʝʥʥʷ ʚ 

ʩʫʩʧʽʣʴʩʪʚʽ. ʎʝʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʪʦʯʥʦ ʦʧʠʩʘʪʠ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʦʨʦʪʴʙʫ ʘʙʦ 

ʢʦʥʢʫʨʝʥʮʽʶ, ʚʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʧʦʪʦʢʘʤʠ. 
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ʊʘʢʦʞ ʦʧʠʩʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟʽ ʟʙʫʨʝʥʥʷʤʠ ʪʘ 

ʤʘʨʢʦʚʩʴʢʠʤʠ ʘʙʦ ʥʘʧʽʚʤʘʨʢʦʚʩʴʢʠʤʠ ʧʝʨʝʢʣʶʯʝʥʥʷʤʠ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʜʝʣʽ ʨʦʟʚʠʪʢʫ ʝʧʽʜʝʤʽʾ ʪʘ ʤʦʜʝʣʽ ʘʥʪʘʛʦʥʽʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʚʽʡʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʧʘʜʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ ʤʦʜʝʣʽ. ʂʦʞʝʥ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, 

ὍȟὍȟȣȟὍ, ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʩʫʩʧʽʣʴʩʪʚʽ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʢʘʥʘʣʘʤʠ. 

ʇʝʨʰʠʡ, çʟʦʚʥʽʰʥʽʡè, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ‌

πȟ‌ πȟȣȟ‌ π. ʎʽ ʧʘʨʘʤʝʪʨʠ ʚʚʘʞʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʯʘʩʫ. ɼʨʫʛʠʡ, 

çʚʥʫʪʨʽʰʥʽʡè, ʷʚʣʷʻ ʩʦʙʦʶ ʤʽʞʦʩʦʙʠʩʪʽʩʥʫ ʢʦʤʫʥʽʢʘʮʽʶ ʤʽʞ ʯʣʝʥʘʤʠ ʩʦʮʽʘʣʴʥʦʾ 

ʩʧʽʣʴʥʦʪʠ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʮʴʦʛʦ ʢʘʥʘʣʫ ʦʧʠʩʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ‍ πȟ‍

πȟȣȟ‍ π, ʷʢʽ ʪʘʢʦʞ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ. 

ʋ ʤʝʞʘʭ ʮʴʦʛʦ ʢʘʥʘʣʫ ʦʩʦʙʠ, ʷʢʽ ʚʞʝ ʻ ʘʜʝʧʪʘʤʠ ʽʥʬʦʨʤʘʮʽʾ ç1è (ὔ ὸ), 

ʩʧʨʠʷʶʪʴ ʚʝʨʙʫʚʘʥʥʶ ʪʠʭ, ʭʪʦ ʱʝ ʥʝ ʦʪʨʠʤʘʚ ʽʥʬʦʨʤʘʮʽʶ ʟ ʞʦʜʥʦʛʦ ʜʞʝʨʝʣʘ 

(ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ). 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʜʠʩʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ Python 3.11 ʪʘ ʧʘʢʝʪʫ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ Matplotlib 3.8.1. 

ɼʘʣʽ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʝʚʦʣʶʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟ ʚʠʧʘʜʢʦʚʠʤʠ 

ʟʙʫʨʝʥʥʷʤʠ. ʆʩʢʽʣʴʢʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʻ ʣʠʰʝ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʥʘʙʣʠʞʝʥʥʷ 

ʜʦ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʋʚʘʛʘ ʘʢʮʝʥʪʫʻʪʴʩʷ ʥʘ ʫʩʝʨʝʜʥʝʥʥʷʭ, ʜʠʬʫʟʽʡʥʽʡ 

ʘʧʨʦʢʩʠʤʘʮʽ,ʾ ʧʫʘʩʩʦʥʽʚʩʴʢʽʡ ʘʧʨʦʢʩʠʤʘʮʽ ʾʪʘ ʘʧʨʦʢʩʠʤʘʮʽ ʾʃʝʚʽ ʝʚʦʣʶʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʟ ʤʘʨʢʦʚʩʴʢʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʟʙʫʨʝʥʥʷʤʠ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʩʭʝʤʘ ʫʩʝʨʝʜʥʝʥʥʷ ʨʦʟʛʣʷʥʫʪʘ ʯʝʨʝʟ ʨʦʟʚôʷʟʦʢ ʝʚʦʣʶʮʽʡʥʦʛʦ 

ʨʽʚʥʷʥʥʷ: 

ὅ ό ὸȟὼ ȟὸ π. 
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ɺʠʧʘʜʢʦʚʽ ʟʙʫʨʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʤʘʨʢʦʚʩʴʢʠʤ ʩʪʨʠʙʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ὼὸȟὸ πȟ  

ʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ὢȟἦ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʫ ʙʘʥʘʭʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ "ὢ ʪʝʩʪ ʬʫʥʢʮʽʡ •ὼᶰ"ὢ, ʷʢʽ ʥʘʙʫʚʘʶʪʴ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ:  

1•ὼ ήὼ ὖὼȟὨώ•ὼ •ώ  

ʈʦʟʛʣʷʥʫʪʦ ʜʠʬʫʟʽʡʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʫʤʦʚʠ ʙʘʣʘʥʩʫ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʰʚʠʜʢʦʩʪʽ ὅόȟὼȟό  ɴᴙȟὼɴ ὢ, 

ὅὼ ᷿“Ὠὼὅόȟὼḳπ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʫʩʝʨʝʜʥʝʥʠʭ 

ʪʨʘʻʢʪʦʨʽʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ ʧʨʠ ʟʘʜʘʥʽʡ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ. 

ʇʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ ʧʦʙʫʜʦʚʘʥʝ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ Python 3.11 ʪʘ ʧʘʢʝʪʫ 

ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ Matplotlib 3.8.1. 

ʗʢ ʨʝʟʫʣʴʪʘʪ, ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʫʩʝʨʝʜʥʝʥʽ ʪʨʘʻʢʪʦʨʽʾ ʤʘʣʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʪʨʘʻʢʪʦʨʽʡ, ʥʘʚʝʜʝʥʠʭ ʫ ʜʠʩʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʧʫʘʩʩʦʥʽʚʩʴʢʫ ʩʭʝʤʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʃʝʚʽ, 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʜʝʣʴ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʘ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʚʟʘʻʤʦʜʽʶ ʭʠʞʘʢʘ ʽ 

ʞʝʨʪʚʠ, ʻ ʢʣʶʯʦʚʦʶ ʤʦʜʝʣʣʶ ʚ ʧʨʠʢʣʘʜʥʽʡ ʤʘʪʝʤʘʪʠʮʽ, ʩʦʮʽʘʣʴʥʠʭ ʥʘʫʢʘʭ ʪʘ 

ʝʢʦʥʦʤʽʮʽ. ɼʦʩʣʽʜʞʫʶʯʠ ʩʦʮʽʘʣʴʥʫ ʩʧʽʣʴʥʦʪʫ ʟ ʧʦʩʪʽʡʥʦʶ ʢʽʣʴʢʽʩʪʶ ʣʶʜʝʡ ὔ, 

ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽ ̔ ʥʬʦʨʤʘʮʽʡʥʽ ʟʘʛʨʦʟʠ ʜʚʦʭ ʪʠʧʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʥʫʪʠ ʥʘ ʧʦʛʣʷʜʠ ʯʣʝʥʽʚ ʩʧʽʣʴʥʦʪʠ. ʂʦʞʝʥ ʟ ʮʠʭ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʷʢ 

ʧʦʟʠʪʠʚʥʠʤ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʠʤ, ʘ ʦʩʦʙʣʠʚʦ ʮʽʢʘʚʠʤ ʻ ʚʠʧʘʜʦʢ ʧʦʰʠʨʝʥʥʷ ʜʚʦʭ 

ʘʥʪʘʛʦʥʽʩʪʠʯʥʠʭ ʜʫʤʦʢ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʣʷʨʠʟʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʦʞʮʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʦʨʦʪʴʙʽ. 

ʂʽʣʴʢʽʩʪʴ çʘʜʝʧʪʽʚè (ὔ ὸȟὔ ὸ), ʷʢʽ ʩʧʨʠʡʥʷʣʠ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʘʙʦ ʽʜʝʾ 

ʪʠʧʫ 1 ʽ 2 ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ t. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʢʣʘʩʠʯʥʦʾ ʤʦʜʝʣʽ ʻ ʩʪʘʣʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʩʦʙʽʚ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʘʧʪʦʚʠʭ, 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʧʦʜʽʡ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʚʽʜʦʤʽʩʪʴ ʩʧʦʞʠʚʘʯʽʚ ʽʥʬʦʨʤʘʮʽʾ. ʋ 
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ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʽʥʬʦʨʤʘʮʽʷ ʧʦʰʠʨʶʻʪʴʩʷ ʤʠʪʪʻʚʦ ʽ ʜʦʩʷʛʘʻ ʰʠʨʦʢʦʾ ʘʫʜʠʪʦʨʽʾ, 

ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʜʢʽʩʥʽ, ʘʣʝ ʟʥʘʯʫʱʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʻ ʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʠʧʘʜʢʦʚʠʡ 

ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʨʽʜʢʽʩʥʽ ʚʠʧʘʜʢʦʚʽ ʩʧʣʝʩʢʠ, ʷʢʽ ʪʠʤʯʘʩʦʚʦ, ʘʣʝ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴ ʢʽʣʴʢʽʩʪʴ 

çʘʜʝʧʪʽʚè ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python 3.11. 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙʨʘʥʦ ʧʘʢʝʪ Matplotlib 3.8.1. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ 

ʪʝ, ʱʦ ʥʝ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʛʦʪʦʚʦʛʦ ʨʽʰʝʥʥʷ (ʙʽʙʣʽʦʪʝʢʠ) ʜʣʷ ʦʙʯʠʩʣʝʥʴ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʧʦʚʥʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʯʠʩʝʣʴʥʠʤ ʨʽʰʝʥʥʷʤ. ʆʧʠʩʘʥʘ ʧʨʦʛʨʘʤʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʩʪʘʣʘ ʙʘʟʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʙʝʢʝʥʜʫ ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɿʘʛʘʣʦʤ ʫ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʦʛʣʠʙʣʝʥʦ ʘʥʘʣʽʟ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʽʡʥʠ, 

ʦʩʢʽʣʴʢʠ ʫ çʢʣʘʩʠʯʥʦʤʫè ʚʠʛʣʷʜʽ ʤʦʜʝʣʴ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʘ, 

ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʣʠʰʝ ʟʦʚʥʽʰʥʽ ʪʘ ʚʥʫʪʨʽʰʥʽ ʢʘʥʘʣʠ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʘ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, 

ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ. ʉʠʩʪʝʤʘ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʩʪʨʘʪʝʛʽʡ ʽ ʪʘʢʪʠʢ ʚ ʫʤʦʚʘʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʥʬʣʽʢʪʽʚ. ɹʝʢʝʥʜ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ 

ʦʙʯʠʩʣʝʥʥʷ, ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ Python, ʬʨʝʡʤʚʦʨʢʫ FlaskAPI 3.0.0 ʪʘ 

ʙʽʙʣʽʦʪʝʢʠ NumPy 1.26.2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʠʥʮʠʧʽʚ çʯʠʩʪʦʾè ʘʨʭʽʪʝʢʪʫʨʠ 

ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʨʦʟʰʠʨʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

ʌʨʦʥʪʝʥʜ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ReactJS 18, ReactQuery 3.39.3 ʪʘ 

ʙʽʙʣʽʦʪʝʢʠ ChartJS 4.3.3 ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ. ʎʝʡ ʽʥʪʝʨʬʝʡʩ ʚʟʘʻʤʦʜʽʻ ʟ 

ʙʝʢʝʥʜʦʤ ʩʠʩʪʝʤʠ, ʥʘʜʘʶʯʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʩʧʦʩʽʙ ʚʟʘʻʤʦʜʽʾ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʨʝʘʣʴʥʽʡ ʩʪʘʪʠʩʪʠʯʥʽʡ ʚʠʙʽʨʮʽ, 

ʱʦ ʦʧʠʩʫʻ ʧʦʧʫʣʷʨʥʽʩʪʴ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʩʝʨʝʜ ʫʢʨʘʾʥʮʽʚ. ʊʝʩʪʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ. 

ʅʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʽʡʥʠ. ʉʠʩʪʝʤʘ ʚʨʘʭʦʚʫʚʘʣʘ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʧʦʧʫʣʷʨʥʽʩʪʴ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʚʠʧʘʜʢʦʚʠʡ ʚʧʣʠʚ ʩʝʨʝʜʦʚʠʱʘ ʨʽʟʥʦʾ ʩʠʣʠ. 

ʅʘ ʦʩʥʦʚʽ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʩʠʩʪʝʤʘ ʻ ʝʬʝʢʪʠʚʥʦʶ ʚ ʢʦʥʪʝʢʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʽʡʥʠ. ʈʝʢʦʤʝʥʜʘʮʽʾ 

ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʧʦʜʘʣʴʰʝ ʧʦʢʨʘʱʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʶ 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʜʣʷ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ 

ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʈʦʙʦʪʘ ʟʘʚʝʨʰʫʻʪʴʩʷ ʚʠʩʥʦʚʢʘʤʠ (ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ) ʪʘ ʦʮʽʥʢʦʶ ʚʘʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʟʥʘʥʥʷʭ ʫ ʩʬʝʨʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʟʘʛʨʦʟʘ, ʉʇʇʈ, ʥʝʣʽʥʽʡʥʘ ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ, 

ʢʦʥʬʣʽʢʪʥʘ ʩʠʪʫʘʮʽʷ  
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ABSTRACT 

Krasiuk B.V. Mathematical and computer modelling of multidimensional processes 

of information warfare using approximation schemes and random perturbations. 

Dissertation for the degree of Doctor of Philosophy in the field of knowledge 

11 Mathematics and Statistics in speciality 113 Applied Mathematics ï Taras 

Shevchenko National University of Kyiv. ï Taras Shevchenko National University of 

Kyiv, Kyiv, 2024. 

The dissertation is devoted to the construction and analysis of a multidimensional 

mathematical and computer model of information warfare with regard to random factors. 

Compared to the considered models of information warfare, the proposed 

mathematical engine is more accurate, since it allows taking into account the variability 

of the environment and making calculations for n-types of information threats. 

Particular emphasis is placed on the importance of a deep understanding of the 

mechanisms of information dissemination and the development of appropriate measures 

to ensure information security. The increasing influence and spread of malicious 

information makes it important to study the mechanisms of information warfare and 

conflicts in modern society. Modelling is a practical approach to analysing these 

processes. 

The study covers the analysis of information warfare in the context of competition 

between different types of information in society. In addition, the paper considers a 

conflict model that represents a system where different participants compete for control 

over a common area of interest. 

The developed system consists of backend and frontend modules, which allows the 

use of computation separately from display, potentially making the system suitable for 

use by third-party applications. The chosen technology stack: Python 3.11, ReactJS 18, 

leaves open the possibility of using numerous ready-made solutions for calculations in 

the further development of the system. Despite this, all the basic functionality 

responsible for the mathematical engine currently available was developed without the 
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use of off-the-shelf libraries, which allowed us to customise each stage of the 

calculations as closely as possible to our needs. Also, any intermediate results can be 

collected to verify the correctness of the calculations. 

The developed software allows not only to perform calculations for different types 

of information threats, but also to dynamically change input parameters both for the 

environment as a whole and for each specific type of information separately. The applied 

model makes it possible to track the spread of information in real time and analyse the 

reaction to changes in the environment parameters. This, in turn, contributes to an 

effective response to potential threats. 

Thus, the dissertation consists of an introduction, three chapters, devoted to a 

presentation of the results of research, conclusions and a list of references. 

The introduction noted the relevance of the research problem; the object, subject, 

methodological foundations, purpose and tasks of the research are defined; the scientific 

novelty and practical value of the research are noted, the approbation of the obtained 

results are given, and the structure of the dissertation is described, based on the sequence 

of solving the tasks. 

In the first chapter, we analyse the problem in its simplest form. We study a social 

community with an initial population denoted as ὔ, which reacts to different 

information flows denoted as ὍȟὍȟȣȟὍ. These information flows differ from each 

other and may even be completely opposite. At time ὸ π, two sources simultaneously 

start broadcasting these information flows, which leads to their spread in the society. 

This process can be accurately described as an information struggle or competition, 

given the significant differences between the streams. 

It also describes the use of stochastic models with perturbations and Markov or 

semi-Markov switches. For example, models of epidemic development and models of 

antagonistic information warfare are analysed, taking into account the random 

environment and other factors. 
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The main assumptions of the model are considered. Each of the information flows, 

ὍȟὍȟȣȟὍ, is spread in society through two different information channels. The first, 

ñexternalò channel is characterised by the propagation rate parameters ‌ πȟ‌

πȟȣȟ‌ π. These parameters are assumed to be time-independent. The second, 

ñinternalò, is interpersonal communication between members of a social community. 

The intensity of this channel is described by the parameters ‍ πȟ‍ πȟȣȟ‍ π, 

which are also time-independent. 

Within this channel, individuals who are already adherents of information ñ1ò 

(ὔ ὸ) contribute to the recruitment of those who have not yet received information 

from any source (ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ). 

A software implementation of a discrete case for visualising the process of 

information warfare has been developed using Python 3.11 and the graphing package 

Matplotlib 3.8.1. 

In the following section, we consider evolutionary systems with random 

perturbations. Since the deterministic approach is only the first step in approaching the 

real world. 

An overview of the basic algorithms for asymptotic analysis of stochastic systems 

is offered. Attention is focused on averaging, diffusion approximation, Poisson 

approximation and Levy approximation of evolutionary systems with Markov random 

perturbations. 

For example, the averaging scheme is considered by solving the evolutionary 

equation: 

Ὠό ὸ

Ὠὸ
ὅ ό ὸȟὼ

ὸ

‐
ȟὸ π 

Random perturbations are defined by a Markov jump process ὼὸȟὸ πȟ, in the 

standard phase space ὢȟἦ, given by a generator in the Banach space "ὢ test 

functions •ὼᶰ"ὢ that take numerical values:  
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1•ὼ ήὼ᷿ὖὼȟὨώ•ὼ •ώ . 

We consider the diffusion approximation of a dynamic system under the condition 

of balance, which is determined by the velocity function ὅόȟὼȟό  ɴᴙȟὼɴ ὢ, 

ὅὼ ᷿“Ὠὼὅόȟὼḳπ. 

A software implementation has been developed to calculate and visualise the 

average trajectories for a particular information threat at a given number of iterations. 

The software solution was built using Python 3.11 and the Matplotlib 3.8.1 graphing 

package. 

As a result, it is confirmed that the averaged trajectories differ little from the 

trajectories given in the discrete case. 

The second chapter describes the Poisson and Levy approximation scheme and 

analyses the Lotka-Volterra model, which considers the interaction between predator and 

prey and is a key model in applied mathematics, social sciences and economics. By 

studying a social community with a constant number of people ὔ, the article considers 

possible information threats of two types that can negatively affect the views of 

community members. Each of these types of information can be both positive and 

negative, and the case of spreading two antagonistic opinions is particularly interesting, 

which can lead to polarisation of society and determination of the winner in the 

information struggle. 

The number of ñadherentsò ὔ ὸȟὔ ὸ who have perceived new information or 

ideas of type 1 and 2, respectively, is considered as a function of time t. 

The main drawback of the classical model is the constancy of the characteristics of 

the intensity of information influence and the lack of means to take into account sudden, 

unpredictable events that affect the minds of information consumers. In todayôs world, 

where information spreads instantly and reaches a wide audience, it is also necessary to 

take into account rare but significant factors of influence. 
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The proposed model is a dynamic system that takes into account the random 

influence of the external environment on the intensity of information dissemination, as 

well as rare random outbursts that temporarily but significantly change the number of 

ñadherentsò of the relevant information threats. 

In addition, to simplify the decision-making process and visualise the results, a 

software implementation in the Python 3.11 programming language was developed. 

Matplotlib 3.8.1 was chosen to visualise the calculations. An important aspect is that no 

off-the-shelf solution (library) was used for calculations, which allows maintaining full 

control over the numerical solution. The described software implementation became the 

basis for further development of the backend for the developed decision support system. 

In general, the second section provides an in-depth analysis of the information 

warfare model, since in its ñclassicalò form the model is described by the Lotka-Volterra 

equations, which take into account only external and internal channels of information 

dissemination. 

The third chapter describes the development of a decision support system aimed at 

modelling information warfare. The system can play an important role in determining 

optimal strategies and tactics in the context of information conflicts. The backend of the 

system, which is responsible for data processing and computing, is implemented using 

the Python language, the FlaskAPI 3.0.0 framework, and the NumPy 1.26.2 library. The 

use of modern principles of ñclean architectureò allows you to flexibly expand the 

functionality of the system. 

The frontend was developed using ReactJS 18, ReactQuery 3.39.3, and the ChartJS 

4.3.3 library for graphing. This interface interacts with the backend of the system, 

providing users with an intuitive way to interact with the results of analysis and 

modelling. 

The system was also tested on a real statistical sample describing the popularity of 

social networks among Ukrainians. The testing was conducted to determine the 
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effectiveness and accuracy of the decision support system in modelling information 

warfare. 

Based on the statistical data, information warfare scenarios were modelled. The 

system took into account various factors, such as the popularity of social networks, 

random environmental influences of varying strength. 

Based on testing and analysis of the results, it can be concluded that the system is 

effective in the context of information warfare modelling. Recommendations may 

include further improvement of the modelling parameters, optimisation of algorithms, 

and extension of the system's functionality for a wider range of use cases. 

The dissertation ends with conclusions (summarizing the main scientific and 

practical results presented in the study) and an assessment of the importance of 

knowledge-based systems in the field of mathematical and computer modelling. 

Keywords: information threat, DSS, nonlinear dynamic system, conflict situation 
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ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ: 

1. Control problem for the impulse process under stochastic optimization procedure 

and nonclassical approximation / Chabanyuk Y., Nikitin A., Khimka U., 

Krasiuk B. ɺʽʩʥʠʢ ʃʴʚʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ ʧʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ 

ʪʘ ʽʥʬʦʨʤʘʪʠʢʘ. 2021. ˉ29. ʉ. 19ï29. 

2. Krasiuk B.  Information threat. Combating n-type information threats. ɺʽʩʥʠʢ 

ʃʴʚʽʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ ʧʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ ʪʘ ʽʥʬʦʨʤʘʪʠʢʘ. 

2023. ˉ 31. ʉ. 183ï188. 

3. ʂʨʘʩʶʢ ɹ. ɺ. ʈʦʟʨʦʙʢʘ ʉʇʇʈ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʦʨʦʪʴʙʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʢʦʥʬʣʽʢʪʦʤ. ʇʨʠʢʣʘʜʥʽ ʧʠʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 2023. ʊ. 6. ʏ. 2. ʉ. 68ï75. 

4. ʅʽʢʽʪʽʥ ɸ., ʂʨʘʩʶʢ ɹ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ, ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʘ ʨʝʘʣʽʟʘʮʽʷ ʜʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʚ 

ʫʤʦʚʘʭ ʧʫʘʩʩʦʥʦʚʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ. International Scientific Technical Journal 

«Problems of Control and Informatics». 2024. Vol. 69(1). P. 24ï33.  

 

ʇʨʘʮʽ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

5. Vlasyuk A., Krasiuk B. Mathematical modeling of a one-dimensional 

demographic process. Proceedings of IV International scientific and practical 

conference «Modeling, control and information technologies». 2020. P. 23ï24.  

6. ɺʣʘʩʶʢ ɸ., ʂʨʘʩʶʢ ɹ. ʄʘʪʝʤʘʪʠʯʥʝ ʽ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʽʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʨʦʜʦʥʘʩʝʣʝʥʥʷ ʚ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʦʙʣʘʩʪʽ. ʊʝʟʠ 
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ɺʉʊʋʇ 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʧʦʙʫʜʦʚʽ ʪʘ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʽ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ̔ ʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

(ʜʘʣʽ ʉʇʇʈ), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʥ ̔ʟʘʩʦʙʠ, ʷʢʽ ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʶʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʝ ʚʠʤʘʛʘʶʯʠ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, 

ʦʩʢʽʣʴʢʠ ʨʦʟʨʦʙʣʝʥʝ ʨʽʰʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʚʝʙʜʦʜʘʪʢʫ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʯʝʟʥʠʤ ʦʙʩʷʛʦʤ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʣʶʜʠ ʦʪʨʠʤʫʶʪʴ ʱʦʜʥʷ. ʎʝ ʩʪʚʦʨʶʻ ʫʥʽʢʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʚʧʣʠʚʫ ʥʘ ʛʨʦʤʘʜʩʴʢʫ ʜʫʤʢʫ ʯʝʨʝʟ ʧʦʰʠʨʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʢʣʶʯʘʶʯʠ ʬʝʡʢʠ, ʤʘʥʽʧʫʣʷʮʽʾ ʪʘ ʜʝʟʽʥʬʦʨʤʘʮʽʶ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʘʶʪʴ 

ʜʝʜʘʣʽ ʜʦʩʪʫʧʥʽʰʠʤʠ ʪʘ ʧʦʪʫʞʥʽʰʠʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʘʪʘʢʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʨʦʩʪʽʨ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʪʘ ʽʥʰʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʚʦʛʦ ʚʧʣʠʚʫ ʪʘ ʟʤʽʥʠ ʧʦʛʣʷʜʽʚ ʘʫʜʠʪʦʨʽʾ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʙʦʨʦʪʴʙʘ ʩʪʘʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʛʝʦʧʦʣʽʪʠʯʥʠʭ ʢʦʥʬʣʽʢʪʽʚ. 

ʂʨʘʾʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʚʦʾʭ ʧʦʣʽʪʠʯʥʠʭ, 

ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʚʽʡʩʴʢʦʚʠʭ ʮʽʣʝʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʧʣʠʚʫ ʥʘ ʩʚʽʪʦʚʫ ʛʨʦʤʘʜʩʴʢʫ ʜʫʤʢʫ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʙʦʨʦʪʴʙʘ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʙʦʨʽʚ ʽ ʟʜʘʪʥʽʩʪʴ 

ʜʝʤʦʢʨʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʝʬʝʢʪʠʚʥʦ ʬʫʥʢʮʽʦʥʫʚʘʪʠ. ɼʝʟʽʥʬʦʨʤʘʮʽʷ ʽ ʤʘʥʽʧʫʣʷʮʽʾ 

ʤʦʞʫʪʴ ʧʝʨʝʰʢʦʜʞʘʪʠ ʧʨʠʡʥʷʪʪʶ ʨʽʰʝʥʴ ʛʨʦʤʘʜʷʥʘʤʠ ʽ ʚʽʜʢʨʠʪʦʤʫ ʜʽʘʣʦʛʫ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʙʦʨʦʪʴʙʘ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʩʦʮʽʦʢʫʣʴʪʫʨʥʽ ʘʩʧʝʢʪʠ ʞʠʪʪʷ 

ʩʫʩʧʽʣʴʩʪʚʘ, ʬʦʨʤʫʶʯʠ ʧʦʛʣʷʜʠ, ʮʽʥʥʦʩʪʽ ʪʘ ʩʪʝʨʝʦʪʠʧʠ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʨʦʟʢʦʣʫ ʚ ʩʫʩʧʽʣʴʩʪʚʽ ʽ ʟʘʛʨʦʞʫʚʘʪʠ ʩʦʮʽʘʣʴʥʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

ʅʘʨʘʟʽ ʤʦʞʝʤʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʝʨʽʦʜ ʚ ʽʩʪʦʨʽʾ ʣʶʜʩʪʚʘ, ʢʦʣʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟʘʛʘʣʦʤ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʝ 

ʣʠʰʝ ʥʘ ʤʝʭʘʥʽʟʤ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʘ ʡ ʥʘ ʽʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʽʥʥʷ ʧʝʚʥʦʶ 

ʜʝʨʞʘʚʦʶ ʯʠ ʥʘʩʝʣʝʥʥʷʤ. ʎʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤ 

ʧʦʣʝʤ ʽ ʚʧʣʠʚʫ ʥʘ ʩʫʩʧʽʣʴʥʝ ʩʧʨʠʡʥʷʪʪʷ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʽ ʧʦʜʽʡ. 
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ɯʥʬʦʨʤʘʮʽʡʥʘ ʚʽʡʥʘ ï ʮʝ ʬʦʨʤʘ ʧʨʦʪʠʩʪʦʷʥʥʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʬʝʨʽ, ʷʢʘ 

ʦʭʦʧʣʶʻ ʧʨʝʩʫ, ʨʘʜʽʦ, ʪʝʣʝʙʘʯʝʥʥʷ ʪʘ ɯʥʪʝʨʥʝʪ, ʚʢʣʶʯʘʶʯʠ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ, ʚʽʜʝʦ, 

ʚʨ̔ʫʩʥʽ ʨʦʣʠʢʠ ʪʘ ʥʦʚʠʥʠ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʽʡʥʠ ʻ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʩʚʽʜʦʤʽʩʪʶ ʥʘʩʝʣʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʚʧʣʠʚ ʥʘ ʥʝʾ. 

ɸʥʘʣʽʟʫʶʯʠ ʮʝ ʧʠʪʘʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ, ʩʪʘʻ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʚʝʜʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʽʡʥʠ ʥʝʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʚʣʘʩʥʽ ʨʝʩʫʨʩʠ, ʦʩʢʽʣʴʢʠ ʮʝ ʦʙʤʝʞʠʪʴ 

ʚʧʣʠʚ ʥʝʚʝʣʠʢʦʶ ʘʫʜʠʪʦʨʽʻʶ. ʄʝʪʦʶ ʩʪʘʻ ʛʣʦʙʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʚʽʜʦʤʽʩʪʶ, 

ʪʦʤʫ ʪʦʡ, ʭʪʦ ʨʝʘʣʽʟʦʚʫʻ ʟʘʜʫʤ, ʧʦʚʠʥʝʥ ʚʟʷʪʠ ʧʽʜ ʢʦʥʪʨʦʣʴ ʧʝʚʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʢʘʥʘʣ, ʥʘʧʨʠʢʣʘʜ, ʧʦʧʫʣʷʨʥʫ ʛʨʫʧʫ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ, ʚʽʜʦʤʦʛʦ ʙʣʦʛʝʨʘ ʘʙʦ 

ʧʦʧʫʣʷʨʥʠʡ ʚʝʙʩʘʡʪ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʰʠʨʝʥʥʷ ʘʥʪʘʛʦʥʽʩʪʠʯʥʠʭ ʜʫʤʦʢ. 

ɿʘʙʨʫʜʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʬʝʡʢʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʨʦʙʠʪʴ 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʠʤ ʚʽʜʨʽʟʥʠʪʠ ʧʨʘʚʜʠʚʽ ʪʚʝʨʜʞʝʥʥʷ ʚʽʜ ʥʝʧʨʘʚʜʠʚʠʭ. ʎʝ 

ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ. ɿʘʛʘʣʦʤ ʩʣʽʜ ʨʦʟʫʤʽʪʠ, ʱʦ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʽʡʥʠ ʩʪʘʶʪʴ ʯʘʩʪʠʥʦʶ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ, ʚʥʦʩʷʯʠ ʚʘʞʣʠʚʽ 

ʢʦʨʝʢʪʠʚʠ ʫ ʩʧʨʠʡʥʷʪʪʷ ʨʝʘʣʴʥʦʩʪʽ. ʑʦʙ ʥʝ ʙʫʪʠ ʦʰʫʢʘʥʠʤ ʽ ʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʦʙôʻʢʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʚʘʞʣʠʚʦ ʥʘʚʯʠʪʠʩʷ ʨʦʟʧʽʟʥʘʚʘʪʠ ʦʟʥʘʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʚʽʡʥʠ; ʥʘʧʨʠʢʣʘʜ, ʮʝ ʤʦʞʝ ʙʫʪʠ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟ ʧʝʨʰʦʛʦ ʧʦʛʣʷʜʫ 

ʘʥʪʘʛʦʥʽʩʪʠʯʥʠʭ ʜʫʤʦʢ, ʘ ʥʘʩʧʨʘʚʜʽ ʚʩʽ ʚʦʥʠ ʧʦʭʦʜʷʪʴ ʟ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ. 

ɿʚô̫ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʆʩʥʦʚʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʫ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ 

ʨʦʙʦʪʠ çʄʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʤʦʜʝʣʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʦʩʚʽʪʽ, ʥʘʫʮʽ, 

ʙʽʟʥʝʩʽè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ: 0123U103522, ʪʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ 09.2023 - 

08.2028 ʨʨ.) ʥʘ ʢʘʬʝʜʨʽ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʆʩʪʨʦʟʴʢʘ ʘʢʘʜʝʤʽʷè. 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ 

ʧʦʙʫʜʦʚʽ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ̔ ʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʦʨʦʪʴʙʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʙʫʜʦʚʘʥʦ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫ 
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ʧʦʚʝʜʽʥʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʥʣʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʩʘʤʝ 

ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʪʨʠʙʢʽʚ.  

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʪʠʤʝ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʟʘʚʜʘʥʴ, ʘ ʩʘʤʝ: 

1. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʤʦʜʝʣʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ n-ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʟ ʚʨʘʭʫʚʘʥʥʷ ʤʽʥʣʠʚʦʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ (ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʪʨʠʙʢʽʚ). 

2. ɸʥʘʣʽʟ ʥʘʷʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʰʝʥʥʷ, ʚʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʪʝʢʫ ʟʘ ʢʨʠʪʝʨʽʷʤʠ: hʚʠʜʢʦʜʽʷ, ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʽʩʪʴ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ. 

3. ʇʨʦʢ̒ʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʈʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ReactJS 18 ʜʣʷ ʬʨʦʥʪʝʥʜʫ ʪʘ Python 3.11 ʜʣʷ ʙʝʢʝʥʜʫ. ɺʠʟʥʘʯʝʥʥʷ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ, ʚʠʙʽʨ ʧʘʪʪʝʨʥʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. ʈʦʟʨʦʙʢʘ ʽʥʪʝʨʬʝʡʩʽʚ. 

4. ʇʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʙʫʜʦʚʘʥʦʾ 

ʤʦʜʝʣʽ ʥʘ ʪʝʩʪʦʚʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, ʥʘ ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʽ ʚ ʨʽʟʥʠʭ ʨʝʘʣʴʥʠʭ 

ʪʝʩʪʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʚʠʙʽʨʦʢ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ̒  ʧʨʦʮʝʩ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ n-ʪʠʧʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʟʘʜʘʥʠʡ ʝʚʦʣʶʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʟ ʤʘʨʢʦʚʩʴʢʠʤʠ 

ʧʝʨʝʢʣʶʯʝʥʥʷʤʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ n-ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʟʘʜʘʥʦʛʦ 

ʝʚʦʣʶʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʟ ʤʘʨʢʦʚʩʴʢʠʤʠ ʧʝʨʝʢʣʶʯʝʥʥʷʤʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʝʙʜʦʜʘʪʢʫ, ʷʢ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʋ ʨʘʤʢʘʭ ʮʴʦʛʦ ʧʨʦʻʢʪʫ 

ʩʧʦʯʘʪʢʫ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʨʝʪʝʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʤʦʛ ʽ ʚʠʟʥʘʯʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ 

ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ. ɺʠʷʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʦʪʨʝʙʠ 
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ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʧʽʜ ʯʘʩ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʝʣʽ ʪʘ ʚʠʙʦʨʫ 

ʪʝʭʥʦʣʦʛʽʡ. ʌʨʦʥʪʝʥʜ ʨʦʟʨʦʙʣʷʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ReactJS 18, ʜʝ ʙʫʣʦ 

ʘʢʮʝʥʪʦʚʘʥʦ ʥʘ ʩʪʚʦʨʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʽʚ ʢʦʤʧʦʥʝʥʪʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ. ɿʘʩʪʦʩʦʚʘʥʦ ʧʨʘʢʪʠʢʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʨʦʟʰʠʨʶʚʘʥʽʩʪʴ ʢʦʜʫ. 

ɹʝʢʝʥʜ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Python 3.11, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʬʨʝʡʤʚʦʨʢ 

Flask 3.0.0 ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʩʝʨʚʝʨʥʠʭ ʜʦʜʘʪʢʽʚ. ɹʫʣʦ 

ʨʝʪʝʣʴʥʦ ʚʠʚʯʝʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʦʙʨʦʙʢʫ ʟʘʧʠʪʽʚ. 

ɯʥʪʝʛʨʘʮʽʷ ʬʨʦʥʪʝʥʜʫ ʪʘ ʙʝʢʝʥʜʫ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ 

ReactQuery 3.39.3. ʊʝʩʪʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʠ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ  ̔ʫʩʫʥʫʪʠ ʧʦʤʠʣʢʠ. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʽʰʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʦʢʨʘʱʝʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʘ ʩʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʰʫʚʘʥʥʷ, ʨʦʟʨʦʙʢʘ ʚʣʘʩʥʦʛʦ ʤʦʜʫʣʶ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ NumPy 1.26.2 ʟʘʙʝʟʧʝʯʠʣʦ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ 

ʩʠʩʪʝʤʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʻ ʚʠʩʦʢʦʷʢʽʩʥʝ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʝ 

ʧʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʩʪʘʥʜʘʨʪʘʤ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʩʽ ʘʩʧʝʢʪʠ ʧʨʦʢ̒ʪʫ ʜʦʢʫʤʝʥʪʦʚʘʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ. ʇʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫ 

ʚʠʛʣʷʜʽ ʝʚʦʣʶʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʤʘʨʢʦʚʩʴʢʠʤʠ ʧʝʨʝʢʣʶʯʝʥʥʷʤʠ ʪʘ ʽʤʧʫʣʴʩʥʠʤ 

ʟʙʫʨʝʥʥʷʤ ʚ ʫʤʦʚʘʭ ʥʝʢʣʘʩʠʯʥʠʭ ʩʭʝʤ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

1. ɺʧʝʨʰʝ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ n-ʪʠʧʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʚ ʫʤʦʚʘʭ ʥʝʢʣʘʩʠʯʥʠʭ ʩʭʝʤ ʘʧʨʦʢʩʠʤʘʮʽʾ. 
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2. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʤʦʜʝʣʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ n-ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʫ ʚʠʛʣʷʜʽ ʚʝʙʜʦʜʘʪʢʫ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʪʘ ʪʨʝʥʜʘʤ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʽʩʥʫʶʯʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ 

ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ï ʯʘʩʪʠʥ ʤʘʣʠʭ ʩʪʨʠʙʢʽʚ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʚʝʣʠʢʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʪʘ ʨʽʜʢʽʩʥʠʭ ʚʝʣʠʢʠʭ ʩʪʨʠʙʢʽʚ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʤʘʣʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ.  

4. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʡ ʦʙʨʘʭʫʥʢʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʦ ʩʫʯʘʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʝʢ ʪʘ ʘʨʭʽʪʝʢʪʫʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʘʡʙʫʪʥʻ 

ʨʦʟʰʠʨʝʥʥʷ ʩʠʩʪʝʤʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʦʢ ʪʘ ʧʨʦʛʥʦʟʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʥʘ ʦʩʥʦʚʽ n-ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʪʨʠʙʢʽʚ. 

1. ɿʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʨʽʟʥʠʭ 

ʛʘʣʫʟʝʡ.  

2. ʉʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʪʘ ʛʨʦʤʘʜʩʴʢʘ ʜʫʤʢʘ, ʤʦʜʝʣʶʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʾ ʜʫʤʢʠ ʪʘ 

ʦʮʽʥʢʘ ʨʝʘʢʮʽʾ ʥʘ ʧʨʦʩʫʚʘʥʥʷ ʧʝʚʥʠʭ ʥʘʨʘʪʠʚʽʚ ʨʽʟʥʠʤʠ ʢʘʥʘʣʘʤʠ ʧʦʰʠʨʝʥʥʷ.  

3. ɹʽʟʥʝʩ ʩʬʝʨʘ, ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʢʫʨʝʥʪʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʜʣʷ ʙʽʟʥʝʩ-

ʩʝʨʝʜʦʚʠʱʘ. ʈʦʟʨʦʙʢʘ ʩʪʨʘʪʝʛʽʡ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʤʧʨʦʤʝʪʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

4. ɺʠʙʦʨʯʠʡ ʧʨʦʮʝʩ, ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʪʨʫʯʘʥʴ ʫ ʚʠʙʦʨʯʠʡ 

ʧʨʦʮʝʩ ʪʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʥʠʭ ʩʪʨʘʪʝʛʽʡ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. 

ɺʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʥʘʣʝʞʘʪʴ ʜʦʢʪʦʨʫ ʬʽʟ.-

ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨʫ ɸ.ɺ. ʅʽʢʽʪʽʥʫ. ɿ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʜʨʫʢʦʚʘʥʠʭ ʫ ʩʫʤʽʩʥʠʭ ʩʪʘʪʪʷʭ, 

ʚ ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʜʠʩʝʨʪʘʮʽʾ ʫʚʽʡʰʣʠ ʣʠʰʝ ʪʘʢʽ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ 

ʦʩʦʙʠʩʪʦ. ɺ ʘʥʛʣʦʤʦʚʥʠʭ ʪʘ ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʩʪʘʪʪʷʭ ʟ ɸ.ɺ. ʅʽʢʽʪʽʥʠʤ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯ ʥʘʣʝʞʠʪʴ ɸ.ɺ. ʅʽʢʽʪʽʥʫ, ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ɺ ʩʪʘʪʪʷʭ 
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ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ɸ.ʇ. ɺʣʘʩʶʢʦʤ ʟʜʦʙʫʚʘʯʝʤ ʧʨʦʚʦʜʠʣʦʩʴ ʢʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʚʠʩʥʦʚʢʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʢʘʬʝʜʨʠ 

ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʆʩʪʨʦʟʴʢʘ ʘʢʘʜʝʤʽʷè ʪʘ ʢʘʬʝʜʨʠ  

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʪʝʦʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʬʘʢʫʣʴʪʝʪʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʪʘ 

ʢʽʙʝʨʥʝʪʠʢʠ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ ʽ 

ʦʪʨʠʤʘʣʠ ʩʭʚʘʣʴʥʽ ʚʽʜʛʫʢʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ, ʾʭ ʦʧʨʠʣʶʜʥʝʥʦ 

ʫ ʜʦʧʦʚʽʜʷʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʩʝʤʽʥʘʨʽʚ:  

¶ IV International scientific and practical conference «Modeling, control and 

information technologies», 2020; 

¶ 9-ʾ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ «ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾè. ï 2020, ʂʘʤôʷʥʝʮʴ-

ʇʦʜʽʣʴʩʴʢʠʡ, ʋʢʨʘʾʥʘ;  

¶ ʍʍɯ ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʦʥʣʘʡʥ-ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ 

ʪʘ ʩʪʫʜʝʥʪʽʚ. ï 30 ʞʦʚʪʥʷ 2020 ʨ., ʆʩʪʨʦʛ, ʋʢʨʘʾʥʘ;  

¶ XXXVIII ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çProblems of decision making under 

uncertainties (PDMU-2023)è. ï 11-15 ʚʝʨʝʩʥʷ, 2023, ʇʦʣʷʥʘ, ʋʢʨʘʾʥʘ; 

¶ XXII International Scientific-Practical Conference «Shevchenkivska Vesna ï 

2024». 2024. P. 83ï84. 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 9 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʩʝʨʝʜ ʷʢʠʭ 4 ʩʪʘʪʪʽ, ʚʠʜʘʥʽ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ, ʪʘ 5 ς ʧʨʘʮʽ ʡ ʪʝʟʠ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʟʤʽʩʪʫ, 

ʚʩʪʫʧʫ, ʪʨʴʦʭ ʨʦʟʜʽʣʽʚ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. 
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ʆʙʩʷʛ ʨʦʙʦʪʠ: 99 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ; 43 ʨʠʩʫʥʢʽʚ ʪʘ 6 ʪʘʙʣʠʮ;ɹ ʩʧʠʩʦʢ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟʽ 51 ʥʘʡʤʝʥʫʚʘʥ ɹʥʘ 6 ʩʪʦʨʽʥʢʘʭ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ 

ʩʢʣʘʜʘʻ 134 ʩʪʦʨʽʥʢʠ. 
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʄʆɼɽʃɽʁ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɹʆʈʆʊʔɹʀ 

 

1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ɺ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʣʘʩʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʽʚʥʷʥʥʷ ʃʦʪʢʠ-

ɺʦʣʴʪʝʨʨʠ. ʑʦ ʚʠʥʠʢʣʦ ʟ ʦʢʨʝʤʠʭ ʧʫʙʣʽʢʘʮʽʡ ʃʦʪʢʠ (1925) ʪʘ ɺʦʣʴʪʝʨʨʠ (1926). ʋ 

ʩʚʦʾʡ ʥʘʡʧʨʦʩʪʽʰʽʡ ʚʝʨʩʽʾ ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʚʽʜʥʦʩʠʥʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʭʠʞʘʢ ʽ 

ʞʝʨʪʚʘ ʞʠʚʫʪʴ ʚ ʦʜʥʽʡ ʝʢʦʩʠʩʪʝʤʽ. ʅʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʶʪʴ ʝʚʦʣʶʮʽʶ 

ʧʦʧʫʣʷʮʽʡ. 

Ὂ
‬ὼ

‬ὸ
‌ὼ ‍ὼώ 

Ὃ
‬ώ

‬ὸ
 ὼώ‎ώ‏

ʜʝ ὼ ï ɦ ʽʣʴʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ ʞʝʨʪʚʠ, ώ ï ɦ ʽʣʴʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ ʭʠʞʘʢʘ, ὸ ï ʯʘʩ,  ï  

ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʧʫʣʷʮʽʾ ʞʝʨʪʚʠ,  ï h ʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʧʫʣʷʮʽʾ ʭʠʞʘʢʘ, Ŭ ï 

ʢʦʝʬʽʮʽʻʥʪ ʥʘʨʦʜʞʫʚʘʥʦʩʪʽ ʞʝʨʪʚʠ, ‍ ï ʢʦʝʬʽʮʽʻʥʪ ʩʤʝʨʪʥʦʩʪʽ ʞʝʨʪʚʠ, ‏ ï 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʩʪʫ ʭʠʞʘʢʘ, ‎ ï ʢʦʝʬʽʮʽʻʥʪ ʩʤʝʨʪʥʦʩʪʽ ʭʠʞʘʢʘ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʟ ʞʝʨʪʚʦʶ. 

ʎʽʣʢʦʤ ʣʦʛʽʯʥʦ, ʱʦ ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʧʦʧʫʣʷʮʽʾ ʙʫʣʠ ʙ ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʜʦ ʾʾ 

ʯʠʩʝʣʴʥʦʩʪʽ, ʷʢʙʠ ʤʠ ʚʚʘʞʘʣʠ, ʱʦ ʚʠʜ ʤʘʻ ʥʝʩʢʽʥʯʝʥʥʠʡ ʟʘʧʘʩ ʾʞʽ. 

ʄʘʪʝʤʘʪʠʯʥʦ ʮʝ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʷʢ ‌ὼ, ʜʝ ‌ ï ʢʦʥʩʪʘʥʪʘ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ. ʆʯʝʚʠʜʥʦ, ʱʦ ʷʢʙʠ ʧʦʧʫʣʷʮʽʷ ʝʢʦʩʠʩʪʝʤʠ ʨʦʩʣʘ ʩʘʤʘ ʧʦ ʩʦʙʽ, ʪʦ 

ʚʦʥʘ ʨʦʩʣʘ ʙ ʚʽʯʥʦ. ʎʝ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʯʣʝʥʘ ʟʚôʷʟʢʫ ʟ ʭʠʞʘʮʪʚʦʤ, ʷʢʠʡ ʥʝ ʜʘʻ 

ʧʦʧʫʣʷʮʽʾ ʟʨʦʩʪʘʪʠ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. 

ʂʦʝʬʽʮʽʻʥʪ ‍ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʘʩʪʢʫ ʟʜʦʙʠʯʽ, ʟʘʭʦʧʣʝʥʦʾ ʢʦʞʥʠʤ 

ʭʠʞʘʢʦʤ ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʆʪʞʝ, Ўὼ ‍ὼώЎὸ ʧʨʝʜʩʪʘʚʣʷʻ ʟʤʽʥʫ 

ʧʦʧʫʣʷʮʽʾ ʟʜʦʙʠʯʽ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ‏ ̫ ʢ Ὡ‍  ʜʝ Ὡ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ,‏

ʙʽʦʤʘʩʠ. ɼʝʣʴʪʘ ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʭʠʞʘʢʽʚ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʟôʾʜʘʻʪʴʩʷ ʞʝʨʪʚʘ. 

ʎʝʡ ʟʚôʷʟʦʢ ʽʣʶʩʪʨʫʻ, ʷʢ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʧʦʧʫʣʷʮʽʾ ʭʠʞʘʢʽʚ ʽ ʞʝʨʪʚ, ʪʦʙʪʦ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʧʦʧʫʣʷʮʽʾ ʭʠʞʘʢʽʚ ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ. ʎʷ ʤʘʪʝʤʘʪʠʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʩʣʫʛʫʻ ʟʚôʷʟʫʶʯʠʤ ʯʣʝʥʦʤ ʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʥʷʭ, ʦʩʢʽʣʴʢʠ ʮʝʡ 

ʩʧʝʮʠʬʽʯʥʠʡ ʝʬʝʢʪ ʚʠʤʘʛʘʻ ʫʯʘʩʪʽ ʦʙʦʭ ʚʠʜʽʚ. ɸʣʝ, ʷʢ ʽ ʨʘʥʽʰʝ, ʧʦʧʫʣʷʮʽʷ ʥʝ ʤʘʻ 

ʤʝʞ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚ ʨʽʚʥʷʥʥʷʭ ʫʤʦʚʠ ʛʦʣʦʜʫ. 

ʅʘʩʪʫʧʥʠʤ ʥʘʩʣʽʜʢʦʤ, ʷʢʠʡ ʩʣʽʜ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ, ʻ ʛʦʣʦʜ ʭʠʞʘʢʽʚ. ʅʝʜʦʩʪʘʪʥʷ 

ʢʽʣʴʢʽʩʪʴ çʟʜʦʙʠʯʽè ʦʟʥʘʯʘʻ, ʱʦ ʚʠʜ ʭʠʞʘʢʘ ʚʨʝʰʪʽ-ʨʝʰʪ ʚʠʤʨʝ. 

ʊʘʢʦʞ, ʦʧʠʩʫʶʯʠ ʧʨʦʮʝʩʠ ʟ ʧʦʜʽʙʥʠʤʠ ʜʠʥʘʤʽʢʘʤʠ ʟʤʽʥʠ ʯʠʩʝʣʴʥʦʩʪʽ ʧʝʚʥʦ 

ʩʧʽʣʴʥʦʪʠ, ʚʘʨʪʦ ʟʛʘʜʘʪʠ ʜʠʥʘʤʽʢʫ ɻʦʤʧʝʨʮʘ. ʌʫʥʢʮʽʷ ɻʦʤʧʝʨʮʘ ʦʧʠʩʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

ό ὸ ήόÌÏÇ
ό

ό
ȟόπ ό πȟ 

ʜʝ t ï ʯʘʩ ό όὸ ï ʥʝʚʽʜʦʤʘ ʬʫʥʢʮʽʷ, ήȟό  ï ʢʦʥʩʪʘʥʪʠ, ÌÏÇὼ ï ʥʘʪʫʨʘʣʴʥʠʡ 

ʣʦʛʘʨʠʬʤ. ʂʦʥʩʪʘʥʪʘ ό  ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʝʤ ʥʘʩʠʯʝʥʥʷ. ɯʥʪʝʛʨʘʣʴʥʘ ʢʨʠʚʘ ό

όὸ ʨʽʚʥʷʥʥʷ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ π όὸ ό , ʥʘʟʠʚʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ 

ɻʦʤʧʝʨʮʘ. 

ʗʚʠʱʝ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʟʘʟʥʘʯʝʥʠʤ ʨʽʚʥʷʥʥʷʤ ʪʘ ʬʫʥʢʮʽʻʶ όὸ, ʤʘʻ ʚʘʞʣʠʚʫ 

ʚʣʘʩʪʠʚʽʩʪʴ ï hʚʠʜʢʽʩʪʴ ʡʦʛʦ ʟʨʦʩʪʘʥʥʷ ό ὸ ʧʨʦʧʦʨʮʽʡʥʘ ʚʞʝ ʜʦʩʷʛʥʫʪʦʤʫ ʨʽʚʥʶ, 

ʪʦʙʪʦ όὸ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʷʢʱʦ όὸ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʝ ʽ ʙʣʠʟʴʢʝ ʜʦ ό , ʪʦ 

ʬʘʢʪʦʨ ÌÏÇ  ̒  ʙʽʣʴʰ ʚʘʛʦʤʠʤ ʽ ʡʦʛʦ ʚʧʣʠʚ ʛʘʣʴʤʫʻ ʧʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʬʫʥʢʮʽʾ 

όὸ. 

ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʨʽʚʥʷʥʥʷ ʻ ʟʚʠʯʘʡʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʝ ʣʝʛʢʦ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ. 

ʈʦʟʚôʷʟʘʚʰʠ ʡʦʛʦ, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫʣʫ ʜʣʷ ʬʫʥʢʮʽʾ ɻʦʤʧʝʨʮʘ. 

όὸ ό Ὡ  
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ʜʝ ʢʦʥʩʪʘʥʪʘ ὧ ʟôʷʚʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʬʫʥʢʮʽʾ ʽ ʧʦʚôʷʟʘʥʘ ʟ 

ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ 

όπ ό ό Ὡ , ʪʦʜʽ ὧ ÌÏÇ π. 

ʄʘʭʜʞʘʥ ʪʘ ʽʥ. [25] ʧʦʢʘʟʫʶʪʴ ʦʙʣʘʩʪʽ, ʚ ʷʢʠʭ ʨʽʟʥʽ S-ʧʦʜʽʙʥʽ ʢʨʠʚʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʤʦʜʝʣʽ ʜʠʬʫʟʽʾ. ɸʚʪʦʨʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʬʫʥʢʮʽʷ ɹʘʩʩʘ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʦʞʠʚʯʠʭ ʪʦʚʘʨʽʚ ʪʨʠʚʘʣʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, 

ʨʦʟʜʨʽʙʥʠʭ ʧʦʩʣʫʛ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ, ʦʩʚʽʪʥʽʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʽʥʥʦʚʘʮʽʡ. 

ʃʦʛʽʩʪʠʯʥʘ ʢʨʠʚʘ ʩʣʫʛʫʻ ʤʦʜʝʣʣʶ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ, ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʘʜʤ̔ʥʽʩʪʨʘʪʠʚʥʠʭ ʽʥʥʦʚʘʮʽʡ, ʘ ʬʫʥʢʮʽʷ ɻʦʤʧʝʨʮʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡ ʫ ʩʬʝʨʽ ʩʧʦʞʠʚʯʠʭ ʪʦʚʘʨʽʚ ʪʨʠʚʘʣʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ʎʝʡ ʧʦʜʽʣ ʥʘ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚ 

ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ (ʜʠʚ. [14]). ʂʨʽʤ ʪʦʛʦ, ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʢʨʠʚʦʾ 

ɻʦʤʧʝʨʮʘ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪ ̔[41]. 

ʊʘʢʦʞ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʪʨʠʤʘʥʥʷʤ ʛʘʨʘʥʪʦʚʘʥʠʭ ʧʨʦʛʥʦʟʥʠʭ ʦʮʽʥʦʢ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʜʠʥʘʤʽʢʦʶ ɻʦʤʧʝʨʮʘ ʟʘʡʤʘʣʠʩʷ 

ʘʚʪʦʨʠ ʅʘʢʦʥʝʯʥʠʡ ʆ., ɿʽʥʴʢʦ ʇ., ʐʝʚʯʫʢ ʖ., ʱʦ ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʘʭ [30, 31]. 

ʆʢʨʝʤʦ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʽʩʥʫʶʪʴ ʪʘʢʦʞ ʽʥʰʽ ʩʧʦʩʦʙʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [17] ʦʧʠʩʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʽʛʦʨ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ. ʊʘʢʦʞ, ʚ ʨʦʙʦʪʽ [44] ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʽʡʥʠ ʟʘ ʩʮʝʥʘʨʽʻʤ 

ʙʦʨʦʪʴʙʠ ʜʚʦʭ ʩʪʦʨʽʥ ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʨʝʪʴʦʾ ï ʤʠʨʦʪʚʦʨʯʦʾ. ɸʚʪʦʨʠ ʅʘʢʦʥʝʯʥʠʡ ʆ., 

ʇʘʰʢʦ ɸ., ʂʘʧʫʩʪʷʥ ʆ., ɿʽʥʴʢʦ ʊ., ʐʝʚʯʫʢ ɯ., ʦʧʠʩʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ ʾ

ʩʠʤʫʣʷʮʽ ʾʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʚ ʨʦʙʦʪʽ [29]. ʊʘʢʦʞ, 

ʚʽʜʛʘʣʫʞʝʥʥʷʤ ʘʙʦ ʦʢʨʝʤʦʶ ʩʢʣʘʜʦʚʦʶ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ, ʤʦʞʝʤʦ 

ʨʦʟʛʣʷʜʘʪʠ ʨʝʘʢʮʽʶ ʥʘ ʥʦʚʠʥʠ. ʇʦʜʽʙʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʟʨʽʟʽ ʥʦʚʠʥ ʟ ʨʽʟʥʠʭ 

ʪʝʣʝʛʨʘʤ ʢʘʥʘʣʽʚ, ʧʨʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [28]. 
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ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʠ ʨʦʟʧʦʯʥʝʤʦ ʟ ʘʥʘʣʽʟʫ ʧʨʦʙʣʝʤʠ ʚ ʾ ʾ ʧʨʦʩʪʽʡ ʬʦʨʤʽ, 

ʷʢ ʮʝ ʦʧʠʩʘʥʦ ʫ ʨʦʙʦʪʽ [33]. ʄʠ ʨʦʟʛʣʷʜʘʻʤʦ ʩʦʮʽʘʣʴʥʫ ʩʧʽʣʴʥʦʪʫ ʟ ʧʦʯʘʪʢʦʚʦʶ 

ʯʠʩʝʣʴʥʽʩʪʶ ʥʘʩʝʣʝʥʥʷ, ʧʦʟʥʘʯʝʥʦʶ ʷʢ ὔ, ʷʢʘ ʨʝʘʛʫʻ ʥʘ ʚʧʣʠʚ ʨʽʟʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʧʦʟʥʘʯʝʥʠʭ ʷʢ ὍȟὍȟȣȟὍ. ʉʘʤʽ ʮʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʽ ʚ ʢʨʘʡʥʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʘʙʩʦʣʶʪʥʦ 

ʧʨʦʪʠʣʝʞʥʠʤʠ. ʅʘ ʤʦʤʝʥʪ ʯʘʩʫ ὸ = 0  ʜʚʘ ʜʞʝʨʝʣʘ ʦʜʥʦʯʘʩʥʦ ʨʦʟʧʦʯʠʥʘʶʪʴ 

ʪʨʘʥʩʣʶʚʘʪʠ ʮʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ, ʱʦ ʚʠʢʣʠʢʘʻ ʾʭ ʧʦʰʠʨʝʥʥʷ ʚ ʩʫʩʧʽʣʴʩʪʚʽ. ɿ 

ʦʛʣʷʜʫ ʥʘ ʟʥʘʯʫʱʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʧʦʪʦʢʘʤʠ, ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʪʦʯʥʦ ʦʧʠʩʘʪʠ ʷʢ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʦʨʦʪʴʙʫ ʘʙʦ ʢʦʥʢʫʨʝʥʮʽʶ. 

ʋ ʨʦʙʦʪʘʭ [9, 10, 11] ʦʧʠʩʘʥʦ ʩʪʦʭʘʩʪʠʯʥʽ ʤʦʜʝʣʽ ʟʽ ʟʙʫʨʝʥʥʷʤʠ ʪʘ 

ʤʘʨʢʦʚʩʴʢʠʤʠ ʯʠ ʥʘʧʽʚʤʘʨʢʦʚʩʴʢʠʤʠ ʧʝʨʝʢʣʶʯʝʥʥʷʤʠ, ʷʢ ʽʣʶʩʪʨʘʪʠʚʥʠʡ ʧʨʠʢʣʘʜ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʜʝʣʴ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ, ʚ ʧʨʘʮʷʭ [43] ʪʘ [38] 

ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʥʦ ʨʦʟʚʠʪʢʫ ʝʧʽʜʝʤʽʾ ʪʘ ʘʥʪʘʛʦʥʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʥʠʟʢʠ 

ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ. ʄʦʜʝʣʴ ʤʘʻ ʟʘ ʤʝʪʫ 

ʥʘʜʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʠʤʯʘʩʦʚʫ ʜʠʥʘʤʽʢʫ ʮʴʦʛʦ ʢʦʥʬʣʽʢʪʫ, ʟʦʢʨʝʤʘ, ʫ ʬʦʨʤʽ 

ʬʫʥʢʮʽʡ ὔ ὸȟὔ ὸȟȣȟὔ ὸ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʽʣʴʢʽʩʪʴ çʘʜʝʧʪʽʚè, ʱʦ ʦʪʨʠʤʘʣʠ 

ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʜʞʝʨʝʣ. ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʴ ʤʘʻ ʜʦʟʚʦʣʷʪʠ ʚʠʟʥʘʯʠʪʠ 

ʟʘʢʣʶʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʮʴʦʛʦ ʟʤʘʛʘʥʥʷ, ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ çʧʝʨʝʤʦʞʮʷè ʽ 

çʧʝʨʝʤʦʞʝʥʦʛʦè. çʇʝʨʝʤʦʞʝʮʴè ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʦʤʫ 

ʚʜʘʣʦʩʷ ʦʭʦʧʠʪʠ ʙʽʣʴʰʫ ʯʘʩʪʢʫ ʩʧʽʣʴʥʦʪʠ, ʧʝʨʝʚʠʱʠʚʰʠ ὔȾὲ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ ʤʦʜʝʣʽ. ʂʦʞʝʥ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, 

ὍȟὍȟȣȟὍ, ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʛʨʦʤʘʜʽ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʢʘʥʘʣʘʤʠ: 

a) ʇʝʨʰʠʡ ʢʘʥʘʣ, ʷʢʠʡ ʚʚʘʞʘʻʪʴʩʷ çʟʦʚʥʽʰʥʽʤè ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʨʦʤʘʜʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ a πȟa πȟȣȟa π. ʎʽ 

ʧʘʨʘʤʝʪʨʠ ʚʚʘʞʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʯʘʩʫ. 
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ʙ) ɼʨʫʛʠʡ ʢʘʥʘʣ, çʚʥʫʪʨʽʰʥʽʡè, ʷʚʣʷʻ ʩʦʙʦʶ ʤʽʞʦʩʦʙʠʩʪʽʩʥʫ ʢʦʤʫʥʽʢʘʮʽʶ ʤʽʞ 

ʯʣʝʥʘʤʠ ʩʦʮʽʘʣʴʥʦʾ ʩʧʽʣʴʥʦʪʠ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʮʴʦʛʦ ʢʘʥʘʣʫ ʦʧʠʩʫʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ b πȟb π, é, b π, ʷʢʽ ʪʘʢʦʞ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ. ʋ ʤʝʞʘʭ 

ʮʴʦʛʦ ʢʘʥʘʣʫ ʽʥʜʠʚʽʜʠ, ʷʢʽ ʚʞʝ ʩʧʨʠʡʥʷʣʠ ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ ç1è (ὔ ὸ), 

ʩʧʨʠʷʶʪʴ ʨʝʢʨʫʪʫʚʘʥʥʶ ʪʠʭ, ʭʪʦ ʱʝ ʥʝ ʟʘʟʥʘʚ ʚʧʣʠʚʫ ʞʦʜʥʦʛʦ ʜʞʝʨʝʣʘ (ὔ

ὔ ὸ ὔ ὸ Ễ ὔ ὸ). 

ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʧʦʩʣʽʜʦʚʥʠʢʽʚ, ὔ ὸ ὔ ὸ Ễ ὔ ὸ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʢʽʣʴʢʽʩʪʴ ʦʩʽʙ, ʟʘʚʝʨʙʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ὍȟὍȟȣȟὍ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ, ʻ ʢʦʤʙʽʥʘʮʽʻʶ: 

a) ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʨʝʢʨʫʪʫʚʘʥʥʷ, ʷʢʽ ʧʨʦʧʦʨʮʽʡʥʽ ʜʦʙʫʪʢʦʚʽ 

ʧʘʨʘʤʝʪʨʽʚ a, a, é, a ʥʘ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʯʣʝʥʽʚ (ὔ ὔ ὸ ὔ ὸ Ễ

ὔ ὸ), ʪʦʙʪʦ a ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ, a ὔ ὔ ὸ ὔ ὸ Ễ

ὔ ὸ, é, a ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ ʜʣʷ Ὅ, Ὅ, é, Ὅ, ʚʽʜʧʦʚʽʜʥʦ; 

ʙ) ʚʥʫʪʨʽʰʥʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʢʨʫʪʫʚʘʥʥʷ, ʷʢʽ ʧʨʦʧʦʨʮʽʡʥʽ ʜʦʙʫʪʢʘʤ 

ʧʘʨʘʤʝʪʨʽʚ b, b, é, b, ʧʦʤʥʦʞʝʥʠʤ ʥʘ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʧʦʩʣʽʜʦʚʥʠʢʽʚ ὔ ὸ, 

ὔ ὸ, é, ὔ ὸ ʪʘ ʢʽʣʴʢʽʩʪʴ ʥʝʨʝʢʨʫʪʦʚʘʥʠʭ ʦʩʽʙ (ὔ ὔ ὸ ὔ ὸ Ễ

ὔ ὸ), ʪʦʙʪʦ, bὔ ὸὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ, bὔ ὸὔ ὔ ὸ

ὔ ὸ Ễ ὔ ὸ, é, bὔ ὸὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ ʜʣʷ Ὅ, Ὅ, é, Ὅ 

ʚʽʜʧʦʚʽʜʥʦ. 

ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʯʣʝʥʽʚ ʛʨʦʤʘʜʠ, ʷʢʽ ʱʝ ʥʝ 

ʧʨʠʻʜʥʘʣʠʩʷ ʜʦ ʧʨʦʮʝʩʫ, ʧʦʟʥʘʯʝʥʫ ʷʢ ὔ (ʚʽʜʥʽʤʘʥʥʷʤ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʠʭ, 

ʭʪʦ ʧʨʠʡʥʷʚ ʦʙʠʜʚʘ ʪʠʧʠ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʩʫʤʫ ὔ ὸ ὔ ὸ Ễ ὔ ὸ). 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʘʨʘʤʝʪʨʠ a, a, é, a, b, b, é, b  ʚʠʟʥʘʯʘʶʪʴ ʥʝ 

ʪʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ, ʘʣʝ ʡ ʩʭʠʣʴʥʽʩʪʴ ʽʥʜʠʚʽʜʽʚ ʦʜʥʦʯʘʩʥʦ 

ʩʧʨʠʡʤʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʽʥʬʦʨʤʘʮʽʾ. ɹʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʢʘʟʫʶʪʴ ʥʘ 

ʰʚʠʜʰʝ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ çʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʤè ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʛʨʦʤʘʜʠ, 

ʷʢʠʡ ʩʧʦʯʘʪʢʫ ʫʪʨʠʤʫʻ ʥʝʡʪʨʘʣʴʥʫ ʧʦʟʠʮʽʶ ʚʽʜʥʦʩʥʦ Ὅ, Ὅ, é, Ὅ. ʂʨʽʤ ʪʦʛʦ, 
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ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʧʣʠʚ Ὅ ʩʠʣʴʥʽʰʠʡ ʟʘ ʚʧʣʠʚ Ὅ (ʪʦʙʪʦ a > a, b > b), 

ʜʝʷʢʽ ʯʣʝʥʠ ʩʧʽʣʴʥʦʪʠ ʤʦʞʫʪʴ ʚʩʝ ʦʜʥʦ ʩʧʨʠʡʤʘʪʠ Ὅ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʦʚʥʦʾ ʤʦʥʦʧʦʣʽʾ ʦʜʥʦʛʦ ʪʠʧʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘʜ ʽʥʰʠʤ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʽ ʧʨʠʧʫʱʝʥʥʷ, ʦʪʨʠʤʫʻʤʦ ʤʦʜʝʣʴ: 

 

 

ừ
Ử
Ừ

Ử
ứὔ ‌ ‍ ὔ Ễ ‍ ὔ ὔ ὔ Ễ ὔ ὔ

ὔ ‌ ‍ ὔ Ễ ‍ ὔ ὔ ὔ Ễ ὔ ὔ
ȣ

ὔ ‌ ‍ ὔ Ễ ‍ ὔ ὔ ὔ Ễ ὔ ὔ

 

 

ʂʦʥʬʣʽʢʪ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʦʭʦʧʣʶʻ ʥʘʙʽʨ ʟ ὲ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʦʟʥʘʯʝʥʠʭ ʷʢ Ὅ, Ὅ, ..., Ὅ, ʚ ʢʦʥʪʝʢʩʪʽ ʧʝʚʥʦʾ ʩʧʽʣʴʥʦʪʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʽʥʪʝʛʨʫʚʘʪʠ 

ʮʝʡ ʢʦʥʬʣʽʢʪ ʫ ʧʨʘʢʪʠʯʥʫ ʤʦʜʝʣʴ, ʤʠ ʧʦʟʠʮʽʦʥʫʻʤʦ ʮʶ ʩʧʽʣʴʥʦʪʫ ʚ ʤʝʞʘʭ ʧʝʚʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʽ ʜʘʣʽ ʨʦʟʙʠʚʘʻʤʦ ʾʾ ʥʘ ʨʝʛʽʦʥʠ. ʋ ʤʝʞʘʭ ʮʽʻʾ ʩʧʽʣʴʥʦʪʠ ʽʥʜʠʚʽʜʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʧʨʠʭʠʣʴʥʠʢʽʚ Ὅ, Ὅ, ..., Ὅ ʘʙʦ ʜʦ ʥʝʡʪʨʘʣʴʥʠʭ ʩʫʙô̒ ʢʪʽʚ. 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʜʽʙʥʦʛʦ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩʫ ̔ ʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ, ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ, ̫ʢʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ n-ʪʠʧʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. ʄʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ Python 3.11, ʜʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʘʥʦ ʧʘʢʝʪ Matplotlib 3.8.1, ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ 

ʚʠʢʦʨʠʩʪʘʥʦ PyCharm CE 2023.1. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʧʨʦʩʪʽʰʠʡ ʚʠʧʘʜʦʢ ʜʣʷ ʜʚʦʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ (ʨʠʩ. 1.1). ɿ 

ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʽ:  

‌ πȢππππρσ, ‌ πȢππππρς,  

‍ πȢππππππππω, ‍ πȢππππππππψ,  

ʜʣʷ ὔ τπππ ʪʘ ὔ σπππππ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

 



 30 

 

ʈʠʩ. 1.1 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ ʜʚʦʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʛʨʘʬʽʢʫ, ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʦʩʥʦʚʥʝ ʪʚʝʨʜʞʝʥʥʷ, ʟʘ ʫʤʦʚʠ ʚʠʱʠʭ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ çʩʧʨʠʡʥʷʪʪʷè ʽʥʬʦʨʤʘʮʽʾ ʘʜʝʧʪʘʤʠ, ʧʝʨʰʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʩʠʪʫʘʮʽʷ ʣʽʜʠʨʫʻ ʥʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʫ ʩʠʪʫʘʮʽʶ, ʜʝ ʚʽʜʦʙʨʘʞʝʥʦ ʙʦʨʦʪʴʙʫ ʧôʷʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ ʦʜʥʦʯʘʩʥʦ. ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʥʘʩʪʫʧʥʽ: ‌ πȢππππρσ, ‌ πȢππππρς, 

‌ πȢππππρρ, ‌ πȢππππρτ, ‌ πȢππππρρ, ‍ πȢππππππππω, ‍

πȢππππππππψ, ‍ πȢππππππππχ, ‍ πȢππππππππυ, ‍ πȢππππππππφ ʜʣʷ ὔ

τπππ ʪʘ ὔ σπππππ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ʈʠʩ. 1.2 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ ʧôʷʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʛʨʘʬʽʢʫ (ʨʠʩ. 1.2), ʩʠʪʫʘʮʽʷ ʘʥʘʣʦʛʽʯʥʘ ʧʦʧʝʨʝʜʥʽʡ, ʜʦʩʽ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʟʘʛʨʦʟʘ, ʱʦ ʧʦʢʘʟʫʻ ʥʘʡʚʠʱʽ ʧʘʨʘʤʝʪʨʠ ʩʧʨʠʡʥʷʪʪʷ, ʚʠʩʪʫʧʘʻ 

ʧʝʨʝʤʦʞʮʝʤ. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʻʜʠʥʫ ʚʽʜʤʽʥʥʽʩʪʴ, ʘ ʩʘʤʝ ï ̔ʥʬʦʨʤʘʮʽʡʥʘ ʟʘʛʨʦʟʘ-ʧʝʨʝʤʦʞʝʮʴ 

çʟʘʚʝʨʙʫʚʘʣʘè ʤʝʥʰʝ çʘʜʝʧʪʽʚè ʚʽʜʥʦʩʥʦ ʧʝʨʰʦʛʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʧʘʜʢʫ (ʨʠʩ. 1.1). 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʨʘʥʽʰʝ ʦʧʠʩʘʥʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ, ʘ ʩʘʤʝ ï ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʩʠʣʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ (‌ȟ‍), ʚʩʝ ʦʜʥʦ ʙʫʜʫʪʴ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʩʧʽʣʴʥʦʪʠ, ʱʦ ʧʦʪʨʘʧʣʷʪʴ ʧʽʜ ʾʾ ʚʧʣʠʚ. 

ʅʘʦʩʪʘʥʦʢ, ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʫ ʷʢʦʤʫ ʟʙʽʣʴʰʠʤʦ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ ʜʦ 10 ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ‌ πȢππππρσ, ‌ πȢππππρς, ‌

πȢππππρρ, ‌ πȢππππρτ, ‌ πȢππππρρ, ‌ πȢππππρρ, ‌ πȢππππρτ, ‌

πȢππππρρ, ‌ πȢππππρς, ‌ πȢππππρρ, ‍ πȢππππππππω, ‍

πȢππππππππψ, ‍ πȢππππππππχ, ‍ πȢππππππππυ, ‍ πȢππππππππφȟ‍
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πȢππππππππυ, ‍ πȢππππππππφ, ‍ πȢππππππππχ, ‍ πȢππππππππω, ‍

πȢππππππππψ ʜʣʷ ὔ τπππ ʪʘ ὔ σπππππ 

 

ʈʠʩ. 1.3 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ ʜʝʩʷʪʠ ̔ʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ 

 

ʆʯʽʢʫʚʘʥʦ, ʦʧʠʩʘʥʽ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ ʪʝʥʜʝʥʮʽʾ ʥʘʙʫʣʠ ʚʠʱʦʾ ʩʠʣʠ, ʧʨʦ 

ʱʦ ʩʚʽʜʯʠʪʴ ʟʥʘʯʥʦ ʤʝʥʰʘ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʜʝʧʪʽʚ, ʟʘʚʝʨʙʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʟʘʛʨʦʟʦʶ, ʱʦ ʚʠʩʪʫʧʠʣʘ ʧʝʨʝʤʦʞʮʝʤ. 

 

1.2 ɽʚʦʣʶʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʟʙʫʨʝʥʥʷʤʠ 

ɼʝʪʝʨʤʽʥʦʚʘʥʽ ʤʦʜʝʣʽ ï ʮʝ ʣʠʰʝ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʨʝʘʣʴʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ 

ʥʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ ʥʝ ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ, ʘ ʛʦʚʦʨʠʪʴ ʟ ʥʘʤʠ ʤʦʚʦʶ ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʚʘʞʢʦ ʧʝʨʝʜʙʘʯʠʪʠ, ʷʢʽ ʬʘʢʪʦʨʠ ʚʧʣʠʥʫʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʩʠʪʫʘʮʽʾ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ. ʊʦʤʫ ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʦʭʘʩʪʠʯʥʽ 

ʨʽʚʥʷʥʥʷ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʽʜʭʦʜʠ ʂʦʨʦʣʶʢʘ ɺ.ʉ., ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ [20, 21] ʄʠ 

ʧʨʦʧʦʥʫʻʤʦ ʩʢʣʘʜʥʫ ʡʤʦʚʽʨʥʽʩʥʫ ʤʦʜʝʣʴ, ʟ ʤʘʨʢʦʚʩʴʢʠʤʠ ʧʝʨʝʢʣʶʯʝʥʥʷʤʠ ʪʘ 
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ʥʝʢʣʘʩʠʯʥʠʤʠ ʩʭʝʤʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ. ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʛʣʷʜ 

ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ: ʫʩʝʨʝʜʥʝʥʥʷ, 

ʜʠʬʫʟʽʡʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ, ʘ ʪʘʢʦʞ ʧʫʘʩʩʦʥʽʚʩʴʢʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʪʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʃʝʚʽ 

ʝʚʦʣʶʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʤʘʨʢʦʚʩʴʢʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʟʙʫʨʝʥʥʷʤʠ. 

ɽʚʦʣʶʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʟʙʫʨʝʥʥʷʤʠ ʻ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʝʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚ 

ʯʘʩʽ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʛʘʣʫʟʷʭ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ, ð ʮʝ ʚʠʚʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʥʘ 

ʟʨʦʩʪʘʶʯʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʬʝʢʪʫ ʫʩʝʨʝʜʥʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʟʙʫʨʝʥʴ. 

ɽʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʟʨʦʩʪʘʶʯʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ʻ ʤʝʪʦʜ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ 

ʚʠʧʘʜʢʦʚʠʭ ʝʚʦʣʶʮʽʡ ʫ ʙʘʥʘʭʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʝʩʪ-ʬʫʥʢʮʽʡ [11, 20]. 

1.2.1.ʉʭʝʤʘ ʫʩʝʨʝʜʥʝʥʥʷ. ɽʚʦʣʶʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʟʙʫʨʝʥʥʷʤʠ ʫ 

ʩʭʝʤʽ ʩʝʨʽʡ ʟ ʤʘʣʠʤ ʧʘʨʘʤʝʪʨʦʤ ʩʝʨʽʾ ‐ πȟ‐O Њ, ʟʘʜʘʻʪʴʩʷ ʨʦʟʚôʷʟʢʦʤ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 ὅό ὸȟὼ ȟὸ π (1.2.1) 

ʬʫʥʢʮʽʷ ʰʚʠʜʢʦʩʪʽ ὅόȟὼȟό  ɴᴙȟὼɴ ὢȟ ̒  ʚʝʢʪʦʨ-ʬʫʥʢʮʽʻʶ ʜʚʦʭ ʘʨʛʫʤʝʥʪʽʚ: 

ʘʨʛʫʤʝʥʪʫ ʝʚʦʣʶʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ό, ʱʦ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚ ʝʚʢʣʽʜʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ᴙ, Ὠ ρ; ʪʘ ʘʨʛʫʤʝʥʪʫ ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ ὼ, ʱʦ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʫ ʬʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʷʢʠʡ ʻ ʧʦʚʥʠʤ ʤʝʪʨʠʯʥʠʤ ʧʨʦʩʪʦʨʦʤ ὢ ʟ ʩʽʛʤʘ-ʘʣʛʝʙʨʦʶ ʚʠʤʽʨʥʠʭ 

ʤʥʦʞʠʥ ἦ. ɺʚʘʞʘʻʤʦ, ʱʦ ʦʢʨʝʤʽ ʪʦʯʢʠ ὼ ʧʨʦʩʪʦʨʫ ὢ ʥʘʣʝʞʘʪʴ ἦ.  

ɯʩʪʦʪʥʠʤ ʧʨʠʧʫʱʝʥʥʷʤ ʻ ʽʩʥʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʩʽʤôʾ ʨʽʚʥʷʥʴ  

 ὅό ὸȟὼȟὼɴ ὉȢ  (1.2.2) 

ɺʘʞʣʠʚʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʨʽʚʥʷʥʴ (1.2.2) ʻ ʧʽʚʛʨʫʧʦʚʘ ʚʣʘʩʪʠʚʽʩʪʴ ʨʦʟʚôʷʟʢʽʚ:  

 ό ὸ ὸȟό ό ὸ ὸȟό ὸȟό Ȣ  (1.2.3) 
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ʊʫʪ ό ὸȟό ̒  ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ (1.2.2) ʟ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ό πȟό ό. 

ʇʽʚʛʨʫʧʦʚʘ ʚʣʘʩʪʠʚʽʩʪʴ (1.2.3) ʧʦʨʦʜʞʫʻ ʧʽʚʛʨʫʧʫ ʦʧʝʨʘʪʦʨʽʚ ʚ ʙʘʥʘʭʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʪʝʩʪ-ʬʫʥʢʮʽʡ "ᴙ :  

 ὅ ὼ•όȡ •ό ὸȟό  (1.2.4) 

ʇʽʚʛʨʫʧʘ ʦʧʝʨʘʪʦʨʽʚ (1.2.4) ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʨʦʜʞʫʶʯʠʤ 

ʦʧʝʨʘʪʦʨʦʤ(ʛʝʥʝʨʘʪʦʨʦʤ) 

 ˞ὼ•όȡ ÌÉÍ
ᴼ

ὅ ὼ•ό •ό ὅόȟὼ• όȟ  (1.2.5) 

ʜʝ 

ὅόȟὼ• όḧ ὅ όȟὼ
‬•ό

‬ό
 Ȣ 

ɺʠʧʘʜʢʦʚʽ ʟʙʫʨʝʥʥʷ ʚʠʟʥʘʯʠʤʦ ʤʘʨʢʦʚʩʴʢʠʤ ʩʪʨʠʙʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ὼὸȟὸ

πȟ  ʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ὢȟἦ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʫ 

ʙʘʥʘʭʦʚʦʤʫ ʧʨʦʩʪʦʨʽ "ὢ ʪʝʩʪ ʬʫʥʢʮʽʡ •ὼᶰ"ὢ, ʷʢʽ ʥʘʙʫʚʘʶʪʴ ʯʠʩʣʦʚʠʭ 

ʟʥʘʯʝʥʴ:  

1•ὼ ήὼ ὖὼȟὨώ•ὼ •ώ  

ʪʫʪ ʬʫʥʢʮʽʷ ήὼȟὼɴ ὢ, ʟʘʜʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʦʤʝʥʪʽʚ ʩʪʨʠʙʢʽʚ ʧʨʦʮʝʩʫ ὼὸȟὸ

πȟ  ɦ ʦ ʤʘʶʪʴ ʧʦʢʘʟʥʠʢʦʚʠʡ ʨʦʟʧʦʜʽʣ;  

ὖὼȟὨώȟὼɴ ὢȟὨώɴ ἦ ï ʩʪʦʭʘʩʪʠʯʥʝ ʷʜʨʦ, ʪʦʙʪʦ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʧʝʨʝʭʦʜʫ ʧʨʦʮʝʩʫ ὼὸ ʟʽ ʩʪʘʥʫ ὼ ʚ ʤʥʦʞʠʥʫ ʩʪʘʥʽʚ Ὠώ. 

ʇʨʠʥʮʠʧ ʫʩʝʨʝʜʥʝʥʥʷ. ʗʢʱʦ ʤʘʨʢʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ʟʙʫʨʝʥʴ ὼὸȟὸ π, ʻ 

ʨʽʚʥʦʤʽʨʥʦ ʝʨʛʦʜʠʯʥʠʤ ʟʽ ʩʪʘʮʽʦʥʘʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ “ὄ, ὄᶰὢ   ʪʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʫʤʦʚ ʤʘʻ ʤʽʩʮʝ ʩʣʘʙʢʘ ʟʙʽʞʥʽʩʪʴ  

ό ὸᵼό ὸȟ‐O π 

ɻʨʘʥʠʯʥʘ ʝʚʦʣʶʮʽʷ ό ὸ, ὸ π, ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʚôʷʟʢʦʤ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 
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 ὅό ὸȟὸ πȢ (1.2.6) 

ʋʩʝʨʝʜʥʝʥʘ ʬʫʥʢʮʽʷ ʰʚʠʜʢʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 ὅὼ ᷿“Ὠὼὅόȟὼ (1.2.7) 

1.2.2. ɼʠʬʫʟʽʡʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʫʤʦʚʠ ʙʘʣʘʥʩʫ. ʋʤʦʚʘ 

ʙʘʣʘʥʩʫ ʜʣʷ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (1.2.1), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʰʚʠʜʢʦʩʪʽ 

ὅόȟὼȟό  ɴᴙȟὼɴ ὢ, ʦʟʥʘʯʘʻ, ʱʦ ʫʩʝʨʝʜʥʝʥʘ ʰʚʠʜʢʽʩʪʴ ʜʦʨʽʚʥʶʻ ʪʦʪʦʞʥʦ ʥʫʣʶ:  

 ὅὼ ᷿“ὨὼὅόȟὼḳπȢ  (1.2.8) 

ʗʢʱʦ ʚʠʢʦʥʘʥʘ ʫʤʦʚʘ ʙʘʣʘʥʩʫ (1.2.1), ʪʦ ʫʩʝʨʝʜʥʝʥʘ ʩʠʩʪʝʤʘ ʟʙʝʨʽʛʘʻ ʩʪʘʣʝ 

ʟʥʘʯʝʥʥʷ ʥʘ ʥʝʦʙʤʝʞʝʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ 

ʚʠʚʯʝʥʥʷ ʢʦʣʠʚʘʥʴ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʫ ʚ ʫʤʦʚʘʭ ʙʘʣʘʥʩʫ (1.2.1) ʩʣʽʜ 

ʨʦʟʛʣʷʜʘʪʠ ʟ ʪʘʢʠʤ ʥʦʨʤʫʚʘʥʥʷʤ 

 ‐ ὅό ὸȟὼ ȟὸ πȟ (1.2.9) 

ʅʦʨʤʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (1.2.9) ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʬʣʫʢʪʫʘʮʽʾ 

ʟʘ ʫʤʦʚʠ ʙʘʣʘʥʩʫ ʩʪʘʥʫʪʴ ʧʦʤʽʪʥʠʤʠ, ʷʢʱʦ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʩʠʩʪʝʤʠ 

(ʤʥʦʞʥʠʢʦʤ ‐ ); ʢʨʽʤ ʪʦʛʦ, ʫʩʝʨʝʜʥʝʥʥʷ ʬʣʫʢʪʫʘʮʽʡ ʧʨʦʷʚʠʪʴʩʷ, ʷʢʱʦ ʟʙʽʣʴʰʠʪʠ 

ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʤʥʦʞʥʠʢʦʤ ‐ ). 

ʗʢʱʦ ʤʘʨʢʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ʟʙʫʨʝʥʴ ὼὸȟὸ π, ʻ ʨʽʚʥʦʤʽʨʥʦ ʝʨʛʦʜʠʯʥʠʤ ʟʽ 

ʩʪʘʮʽʦʥʘʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ “ὄȟὄᶰἦ, ʪʦ ʟʘ ʫʤʦʚʠ ʙʘʣʘʥʩʫ (1.2.8) ʩʧʨʘʚʝʜʣʠʚʘ 

ʩʣʘʙʢʘ ʟʙʽʞʥʽʩʪʴ 

ό ὸᵼ‚ ὸȟ‐O π 

ɻʨʘʥʠʯʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʧʨʦʮʝʩ ‚ ὸȟὸ π, ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ  

,•ό ὦό• ό
ρ

ς
ὄό•ᴂᴂόȟ 

ʜʝ ʢʦʤʧʦʥʝʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ: 

ʧʘʨʘʤʝʪʨ ʟʩʫʚʫ  

ὦό “Ὠὼὦόȟὼȟὦόȟὼ ὅόȟὼὙὅ όȟὼȠ 
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ʜʠʬʫʟʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ὦό “Ὠὼὦόȟὼȟὦόȟὼ ὅόȟὼ2ὅ όȟὼȠ 

ʽ ʧʦʪʝʥʮʽʘʣ ʝʨʛʦʜʠʯʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ 

2 ÅØÐ1ὸ ɩὨὸȟɩ•ὼ “Ὠὼ•ὼ 

ɿʘʫʚʘʞʝʥʥʷ. ɻʨʘʥʠʯʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʧʨʦʮʝʩ ‚ ὸȟὸ π ʤʦʞʥʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʠʪʠ ʷʢ ʨʦʟʚôʷʟʦʢ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ɯʪʦ 

Ὠ‚ ὸ ὦ‚ ὸὨὸ„‚ ὸὨὡὸȢ 

ʊʫʪ „ ό ὄό, ὡ ὸ ð ʩʪʘʥʜʘʨʪʥʠʡ ʚʽʥʝʨʦʚʩʴʢʠʡ ʧʨʦʮʝʩ.  

1.2.3. ɼʠʬʫʟʽʡʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʫʤʦʚ ʫʩʝʨʝʜʥʝʥʥʷ. ɿʘ 

ʫʤʦʚʠ ʫʩʝʨʝʜʥʝʥʥʷ ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ (1.2.1) ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʥʘ ʟʨʦʩʪʘʶʯʠʭ 

ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ʧʦʨʷʜʢʫ ὕ‐  ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ (1.2.6), ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʩʝʨʝʜʥʝʥʦʶ ʰʚʠʜʢʽʩʪʶ (1.2.7).  

ʎʽʣʢʦʤ ʧʨʠʨʦʜʥʦ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʚʠʚʯʝʥʥʷ ʢʦʣʠʚʘʥʴ (ʬʣʫʢʪʫʘʮʽʡ) 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (1.2.1) ʚʽʜʥʦʩʥʦ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ (1.2.6). ɿʚʠʯʘʡʥʦ, 

ʬʣʫʢʪʫʘʮʽʾ ʩʪʦʭʘʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʥʘ ʟʨʦʩʪʘʶʯʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ 

ʧʦʨʷʜʢʫ ὕ‐ , ʪʦʙʪʦ ʩʪʦʭʘʩʪʠʯʥʘ ʩʠʩʪʝʤʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʚôʷʟʢʦʤ ʝʚʦʣʶʮʽʡʥʦʛʦ 

ʨʽʚʥʷʥʥʷ (1.2.9), ʘʣʝ ʙʝʟ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʙʘʣʘʥʩʫ (1.2.8).  

ʌʣʫʢʪʫʘʮʽʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (1.2.9) ʚʽʜʥʦʩʥʦ ʫʩʝʨʝʜʥʝʥʦʾ ʩʠʩʪʝʤʠ (1.2.6) 

ʟʘʜʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ  

ὺ ὸḧ
ỗό ὸ ό ὸỘ

‐
 

ɿʘ ʫʤʦʚ ʫʩʝʨʝʜʥʝʥʥʷ ʤʘʻ ʤʽʩʮʝ ʩʣʘʙʢʘ ʟʙʽʞʥʽʩʪʴ 

ὺ ὸᵼὺ ὸȟ‐O π 

ɻʨʘʥʠʯʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʧʨʦʮʝʩ ὺ ὸȟὸ π, ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʚôʷʟʢʦʤ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ  

 Ὠὺ ὸ ὺ ὸὅ ό ὸὨὸ„ό ὸὨὡὸȢ  (1.2.10)  
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ʘʙʦ ʛʝʥʝʨʘʪʦʨʦʤ  

 ,•ό ὦὺȟό• ὺȟό  ὄό• ὺȟό ὅό• ὺȟόȟ (1.2.11) 

ʜʝ 

ὦὺȟό ὺὅ όȟ„ ό  ὄόȟὄό “Ὠὼὄόȟὼȟ  

ὄόȟὼ ὅόȟὼὙὅόȟὼȟ 

ὅόȟὼ ὅόȟὼ ὅόȢ 

ɿʘʫʚʘʞʝʥʥʷ. ɻʝʥʝʨʘʪʦʨ (1.2.11) ʚʠʟʥʘʯʘʻ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʡ ʤʘʨʢʦʚʩʴʢʠʡ 

ʧʨʦʮʝʩ ὺ ὸ, ό ὸ, ὸ π, ʱʦ ʟʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ (4.3) ʪʘ (1.2.10).  

ɿʘʫʚʘʞʝʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ὄό ʚʠʟʥʘʯʘʻʪʴʩʷ çʬʣʫʢʪʫʘʮʽʻʶ 

ʰʚʠʜʢʦʩʪʝʡè ʚʽʜʥʦʩʥʦ ʫʩʝʨʝʜʥʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ὅό, ʱʦ ʮʽʣʢʦʤ ʧʨʠʨʦʜʥʦ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʠʧʫʱʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʙʫʣʦ 

ʚʠʨʽʰʝʥʦ ʧʦʙʫʜʫʚʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʚʫ Python (Python 

3.11). ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʪʝ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ x ʤʦʜʝʣʽ (1.2.1), 

ʭʦʯ ʽ ʧʦʚʠʥʝʥ ʜʦʜʘʚʘʪʠ ʟʙʫʨʝʥʴ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘʣʝ ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʥʘʩʪʽʣʴʢʠ ʩʠʣʴʥʠʤ, ʱʦʙ ʟʤʽʥʶʚʘʪʠ ʟʘʛʘʣʴʥʫ ʪʝʥʜʝʥʮʽʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʽʣʴʢʘ ʩʠʤʫʣʷʮʽʡ ʜʣʷ ʨʽʟʥʦʛʦ ʥʘʙʦʨʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. 

ɼʣʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ (1.1):  ‌ πȢππππρτ, ‌ πȢππππρρ, ‌ πȢππππρρ,  

‍ πȢππππππππψ, ‍ πȢππππππππφ, ‍ πȢππππππππφ, ʜʣʷ ὔ ςπππ ʪʘ ὔ

σπππππ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ʈʠʩ. 1.4 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʘʭʫʥʢʫ ʩʭʝʤʠ ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ ʪʨʴʦʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ 

 

ʈʦʟʨʦʙʣʝʥʝ ʨʽʰʝʥʥʷ, ʜʦʟʚʦʣʷʻ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ. ʈʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪ ʟ ʙʦʨʦʪʴʙʦʶ ʯʦʪʠʨʴʦʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʽ: ‌ πȢππππρτ, ‌ πȢππππρρ, ‌ πȢππππρρ, 

‌ πȢπππππω, ‍ πȢπππππππρ, ‍ πȢππππππππψ, ‍ πȢππππππππψ, ‍

πȢππππππππυ. ɼʣʷ ὔ ςπππ ʪʘ ὔ σπππππ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1.4 ʪʘ ʨʠʩ. 1.5, ʟʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʚʠʨʽʰʘʣʴʥʫ 

ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʪʦʛʦ, ʷʢʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʟʘʛʨʦʟʘ ʧʝʨʝʤʦʞʝ, ʜʦʩʽ ʚʽʜʽʛʨʘʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʚʥʫʪʨʽʰʥʽʤ ʪʘ ʟʦʚʥʽʰʥʽʤ ʢʘʥʘʣʦʤ. 

ʊʘʢʦʞ ʚʘʨʪʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʧʨʷʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʦʨʦʪʴʙʠ ʜʣʷ ʢʦʞʥʦʾ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. ʊʦʤʫ ʦʯʽʢʫʚʘʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʽʪʝʨʘʮʽʡ ʨʦʟʨʘʭʫʥʢʠ ʙʫʜʫʪʴ ʪʦʯʥʽʰʽ. 
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ʈʠʩ. 1.5 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʘʭʫʥʢʫ ʩʭʝʤʠ ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ ʯʦʪʠʨʴʦʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ (ʧʨʠ 500 ʽʪʝʨʘʮʽʡ ʜʣʷ ʢʦʞʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ) 

 

 

ʈʠʩ. 1.6 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʘʭʫʥʢʫ ʩʭʝʤʠ ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ ʯʦʪʠʨʴʦʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ (ʧʨʠ 1000 ʽʪʝʨʘʮʽʡ ʜʣʷ ʢʦʞʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ) 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʫʩʝʨʝʜʥʝʥʥʽ ʪʨʘʻʢʪʦʨʽʾ ʤʘʣʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʧʠʩʘʥʠʭ ʫ ʜʠʩʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ (ʧʫʥʢʪ 1.1). 

 

1.3 ɺʨʘʭʫʚʘʥʥʷ ʤʽʛʨʘʮʽʡ 

ɺʨʘʭʦʚʫʶʯʠ ʟʨʦʩʪʘʶʯʠʡ ʚʧʣʠʚ ʪʘ ʧʦʰʠʨʝʥʥʷ ʥʝʛʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʬʣʽʢʪʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʽʡʥ ʫ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ. ʂʦʨʠʩʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʻ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʊʫʪ ʤʠ ʧʽʜʢʨʝʩʣʶʻʤʦ, ʥʘʩʢʽʣʴʢʠ ʚʘʞʣʠʚʠʤ ʻ ʛʣʠʙʦʢʝ ʨʦʟʫʤʽʥʥʷ 

ʢʦʥʬʣʽʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʦʮʝʩʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽ.ʾ 

ʄʠ ʚʠʟʥʘʯʘʻʤʦ ʢʦʥʬʣʽʢʪ ʷʢ ʬʽʟʠʯʥʫ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ ʨʝʯʦʚʠʥʠ ὃ, ὃ, ..., ὃ 

ʢʦʥʢʫʨʫʶʪʴ ʟʘ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʧʽʣʴʥʠʤ ʧʦʣʝʤ ʽʥʪʝʨʝʩʽʚ, ʧʦʟʥʘʯʝʥʠʤ ʷʢ W. ʎʝ ʧʦʣʝ 

W ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ʨʝʛʽʦʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ W, ʽ ʢʦʞʥʘ ʨʝʯʦʚʠʥʘ ὃ ʧʨʘʛʥʝ 

ʜʦʤʽʥʫʚʘʪʠ ʚ ʮʠʭ ʨʝʛʽʦʥʘʭ. ʇʨʠʩʫʪʥʽʩʪʴ ʢʦʞʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʮʠʭ ʨʝʛʽʦʥʘʭ ʢʽʣʴʢʽʩʥʦ 

ʦʮʽʥʶʻʪʴʩʷ ʯʝʨʝʟ ʥʝʚʽʜôʻʤʥʽ ʢʦʦʨʜʠʥʘʪʥʽ ʚʝʢʪʦʨʠ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʯʝʨʝʟ ὃ

ὃ ȟὃ ȟȣȟὃ , ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʾʭʥʽʡ ʚʧʣʠʚ ʫ ʟʘʟʥʘʯʝʥʠʭ ʦʙʣʘʩʪʷʭ. ʈʦʟʚʠʪʦʢ 

ʢʦʥʬʣʽʢʪʫ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʩʫʙʩʪʘʥʮʽʾ ὃ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʜʠʩʢʨʝʪʥʠʡ 

ʜʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ: 

 

ὃȟȣȟὃ
ᶻ
ᴼ ὃ ȟȣȟὃ ȟὔ πȟρȟȣȟ 

 

ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ ʢʨʦʢʽʚ ʫ ʯʘʩʽ. 

ʉʠʤʚʦʣ * ʦʧʝʨʘʪʦʨʘ ʥʘʙʣʠʞʝʥʥʷ ʚʽʜʪʚʦʨʶʻ ʥʝʚʽʜʦʤʠʡ ʟʘʢʦʥ ʢʦʥʬʣʽʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʨʝʯʦʚʠʥʘʤʠ ὃ. ʄʠ ʧʨʘʛʥʝʤʦ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʚʥʫʪʨʽʰʥʴʦʾ 

ʢʦʥʬʣʽʢʪʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ, ʘʥʘʣʦʛʽʯʥʫ ʮʠʢʣʽʯʥʽʡ ʤʽʛʨʘʮʽʾ ʃʦʪʢʠ-

ɺʦʣʴʪʝʨʨʠ [27]. ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʽʛʨʘʮʽʾ ʫ ʥʘʰʦʤʫ ʟʘʢʦʥʽ ʚʟʘʻʤʦʜʽʾ 

ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʦʜʝʣʴ ʢʦʥʬʣʽʢʪʫ ʚ ʜʠʩʢʨʝʪʥʦʤʫ ʯʘʩʽ ʟ ʫʯʘʩʪʶ ʥʝʟʣʘʤʥʠʭ 

ʩʫʧʝʨʥʠʢʽʚ [5], ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʨʠʧʫʱʝʥʥʷʤʠ ʥʘʰʦʾ ʤʦʜʝʣʽ ʙʦʨʦʪʴʙʠ. 
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ʅʘʨʘʟʽ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʨʽʟʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʤʽʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ [4]. ʆʜʥʘʢ ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ 

ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʡʥʽ ʤʦʜʝʣʽ. ɿʦʢʨʝʤʘ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʮʽʻʾ ʟʘʜʘʯʽ ʚ 

ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʧʦʟʥʘʯʝʥʥʷʭ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ 

ʥʘʩʪʫʧʥʦʶ ʛʨʘʥʠʯʥʦʶ ʟʘʜʘʯʝʶ: 

 

 Ὀ ὺ ‎ὧ ȟ  (1.1) 

 Ὀ ὺ ‎ὧ ȟ  (1.2) 

 ὧὼȟπ ὅ ὼȟὼɴ πȟὥ ȟ  (1.3) 

 ὧ ὼȟπ ὅ ὼȟὼɴ ὥȟὥȟ  (1.4) 

 ὰὧπȟὸ ὅ ὸȟὸ πȟ  (1.5) 

 ὰὧ ὥȟὸ ὅ ὸȟὸ πȟ  (1.6) 

 ὰὧὥȟὸȟὧ ὥȟὸ ὅ ὸȟὸ πȟ  (1.7) 

 ὰή ὥȟὸȟή ὥȟὸ ὅ ὸȟὸ πȢ  (1.8) 

 

ʜʝ ὧ ὧὼȟὸȟή ήὼȟὸȟὭ ρȟς, ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʧʦʪʦʢʠ ʥʘʩʝʣʝʥʥʷ, ὺȟὭ ρȟς 

ï h ʚʠʜʢʽʩʪʴ ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ, (1.2), (1.3) ï ʚʠʟʥʘʯʘʶʪʴ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘʩʝʣʝʥʥʷ, ὈȟὈ ï ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ ʥʘʩʝʣʝʥʥʷ; ὰȟὭ ρȟς ï 

ʦʧʝʨʘʪʦʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ὧ ʪʘ ὧ ʥʘ ʢʽʥʮʷʭ 

ʚʽʜʨʽʟʢʘ πȟὥ, ὰȟὭ σȟτ ï ʦʧʝʨʘʪʦʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ ʦʙô̒ ʜʥʘʥʥʷ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʘ ʧʦʪʦʢʽʚ ʥʘʩʝʣʝʥʥʷ ʚ ʪʦʯʮʽ ὼ ὥ. 

ʊʘʢʦʞ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩʠ ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ. ɼʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʬʫʟʽʡʥʦ-ʢʦʥʚʝʢʪʠʚʥʽ ʤʦʜʝʣʽ. 

ɿʦʢʨʝʤʘ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʮʽʻʾ ʟʘʜʘʯʽ ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʚ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʧʦʟʥʘʯʝʥʥʷʭ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʥʘʩʪʫʧʥʦʶ ʢʨʘʡʦʚʦʶ ʟʘʜʘʯʝʶ: 
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 Ὀὼ ὺ ‎ό ‎ό ,  (1.9) 

 ‘•  ὑὼȟόȟ• ȟὺ ὑὼȟόȟ• , (1.10) 

 όὼȟὺ  Ὗ ὼȟὼ ‭ πȟὰ, 

 (1.11) 

 ὰόπȟὸ  Ὗ ὸȟὸ π, (1.12) 

 ὰόὰȟὸ  Ὗ ὸȟὸ π,  (1.13) 

 Ὀὼ ὺὼ όz π,  (1.14) 

Ὀὼ
‬ό

‬ὼ
ὺὼ όz Ὀὼ

‬ό

‬ὼ
ὺὼ όz  

 ὶό,  (1.15) 

 

ʜʝ ό όὼȟὸ ï ɦ ʽʣʴʥʽʩʪʴ ʪʘ ʧʦʪʦʢʠ ʥʘʩʝʣʝʥʥʷ; ὺὼ ï h ʚʠʜʢʽʩʪʴ ʤʽʛʨʘʮʽʾ 

ʥʘʩʝʣʝʥʥʷ; Ὀὼ ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʥʘʩʝʣʝʥʥʷ; (1.10) ï ʚʠʟʥʘʯʘʻ ʧʦʯʘʪʢʦʚʫ ʫʤʦʚʫ 

ʜʣʷ ʱʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ; •ὼȟὸ ʧʦʪʝʥʮʽʘʣ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʥʘʩʝʣʝʥʥʷ; ‎ ὼȟὸ ï 

ʢʦʝʬʽʮʽʻʥʪ ʥʘʨʦʜʞʫʚʘʥʦʩʪʽ; ‎ ὼȟὸ ï ʢʦʝʬʽʮʽʻʥʪ ʩʤʝʨʪʥʦʩʪʽ ʚ ʪʦʯʮʽ x ʚ ʤʦʤʝʥʪ 

ʯʘʩʫ t; ὰȟὭ ρȟς ï ʦʧʝʨʘʪʦʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʱʽʣʴʥʦʩʪʽ u ʥʘ 

ʢʽʥʮʷʭ ʚʽʜʨʽʟʢʘ πȟὰ [48]. 

ʂʨʘʡʦʚʘ ʟʘʜʘʯʘ (1.9ï1.15) ʻ ʟʘʜʘʯʝʶ ʟ ʨʦʟʨʠʚʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʦʩʢʽʣʴʢʠ 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ Ὀὼ, hʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʥʘʩʝʣʝʥʥʷ ὺὼ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ‎ ὼȟὸ, 

‎ ὼȟὸ ʜʦʧʫʩʢʘʶʪʴ ʨʦʟʨʠʚʠ ʚ ʪʦʯʢʘʭ ὼ ὰὭ ρȟὲ: 

 

ὺὼ  ὺὼȟὼ ‭ ὰȟὰ ȟὈὼ Ὀ ὼȟὼ ‭ ὰȟὰ ȟ 

‎ ‎ȟὼ ‭ ὰȟὰ ȟὭ πȟὲ ρȟὯ ρȟς 

 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʥʘʥʘ ʥʘ 

ʤʦʚʽ Python. 
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ʅʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ.  

ɺʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʧʦ ʨʝʛʽʦʥʫ ʚ 

ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.4 

 

 

ʈʠʩ. 1.4 ï ʈʦʟʧʦʜʽʣ ʱʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

 

ɼʣʷ ʟʘʜʘʯʽ (1.9ï1.15) ʧʦʙʫʜʦʚʘʥʦ ʤʦʥʦʪʦʥʥʫ ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ ʤʝʪʦʜʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʪʘ ʟʥʘʡʜʝʥʦ ʾʾ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚô̫ ʟʦʢ [47]. ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ. ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʘʥʘʣʽʟʫ ʩʪʘʥʫ 

ʤʽʛʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʤʦʜʝʣʶʚʘʪʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʽʛʨʘʮʽʶ ʥʘʩʝʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʙʫʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (1.9ï1.15) ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʤʽʛʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʥʘʩʝʣʝʥʥʷ ʚ ʨʝʛʽʦʥʽ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʜʣʷ ʨʽʟʥʠʭ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʘʣʽʚ • ʚ ʪʦʯʢʘʭ ὼ ὰ. 

ʊʫʪ ʚʘʨʪʦ ʟʛʘʜʘʪʠ, ʱʦ ʧʨʦʚʽʚʰʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʦʨʦʪʴʙʠ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʦʪʠʙʦʨʯʽ ʩʪʦʨʦʥʠ ʤʘʶʪʴ ʢʽʣʴʢʘ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʫʩʧʽʭʫ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʫ ʤʦʜʝʣʴ ʢʦʥʬʣʽʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʈʝʟʫʣʴʪʘʪ 

ʢʦʥʬʣʽʢʪʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ çʩʧʨʦʤʦʞʥʦʩʪʽè ʩʦʮʽʘʣʴʥʦʾ ʩʧʽʣʴʥʦʪʠ. 
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ʇʦʚʝʜʽʥʢʘ ʤʦʜʝʣʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʽ 

ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʧʝʚʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ. ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʤʦʞʝ 

ʚʢʣʶʯʘʪʠ ʧʦʩʪʽʡʥʝ ʣʽʜʝʨʩʪʚʦ, ʟʤʽʥʫ ʣʽʜʝʨʽʚ ʪʘ ʧʘʨʠʪʝʪ. 

ɺʚʝʜʝʥʥʷ ʚ ʤʦʜʝʣʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʬʣʽʢʪʫ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʾʾ ʧʦʚʝʜʽʥʢʫ ʚ 

ʮʽʢʘʚʠʡ ʩʧʦʩʽʙ. ʅʘʧʨʷʤʦʢ ʤʽʛʨʘʮʽʾ, ʚʠʟʥʘʯʝʥʠʡ ʟʥʘʢʘʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʟʘʻʤʦʜʽʾ, ʤʘʻ 

ʙʽʣʴʰ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ, ʥʽʞ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʘʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʝʨʝʜʙʘʯʠʪʠ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʢʦʥʬʣʽʢʪʫ, ʟʥʘʶʯʠ ʣʠʰʝ 

ʩʪʘʨʪʦʚʽ ʫʤʦʚʠ, ʥʝʤʦʞʣʠʚʦ, ʟʘ ʚʠʥʷʪʢʦʤ ʢʽʣʴʢʦʭ ʚʠʥʷʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ. ʊʦʤʫ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʤʽʛʨʘʮʽʡʥʦʛʦ ʢʦʥʬʣʽʢʪʫ ʥʝʦʙʭʽʜʥʦ ʪʦʯʥʦ ʟʤʦʜʝʣʶʚʘʪʠ 

ʧʦʚʝʜʽʥʢʫ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ, ʱʦʙ ʧʝʨʝʜʙʘʯʠʪʠ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪ. ʅʘʚʽʪʴ 

ʧʦʚʝʜʽʥʢʘ ʧʨʠ ὸO Њ ̒  ʥʝʚʠʟʥʘʯʝʥʦʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʦʞʝ ʷʢ ʟʘʣʠʰʘʪʠʩʷ 

ʧʦʩʪʽʡʥʦʶ, ʪʘʢ ʽ ʢʦʣʠʚʘʪʠʩʷ. ʈʦʟʛʣʷʥʫʚʰʠ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʦʢʨʝʤʦ, 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʦʪʠʙʦʨʯʽ ʩʪʦʨʦʥʠ ʤʘʶʪʴ ʨʽʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʝʨʝʤʦʛʠ, ʟʘʣʝʞʥʦ ʚʽʜ çʩʧʨʦʤʦʞʥʦʩʪʽè ʩʦʮʽʘʣʴʥʦʾ ʩʧʽʣʴʥʦʪʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ 

ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ (ʢʘʥʘʣʽʚ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ), ʘ 

ʪʘʢʦʞ ʧʝʚʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ, ʤʦʞʫʪʴ ʨʦʟʛʦʨʪʘʪʠʩʷ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʧʦʚʝʜʽʥʢʠ 

ʤʦʜʝʣʽ: ʧʦʩʪʽʡʥʝ ʣʽʜʝʨʩʪʚʦ, ʟʤʽʥʘ ʣʽʜʝʨʘ, ʧʘʨʠʪʝʪ.  

ɺʢʣʶʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʬʣʽʢʪʫ ʚ ʤʦʜʝʣʴ ʩʫʪʪʻʚʦ ʽ ʮʽʢʘʚʦ ʟʤʽʥʶʻ ʾʾ 

ʧʦʚʝʜʽʥʢʫ. ɿʥʘʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʟʘʻʤʦʜʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʥʘʧʨʷʤʢʠ ʤʽʛʨʘʮʽʾ, ʤʘʶʪʴ 

ʙʽʣʴʰʠʡ ʚʧʣʠʚ, ʥʽʞ ʾʭʥʽ ʟʥʘʯʝʥʥʷ.  

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʢʦʥʬʣʽʢʪʫ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ ʢʽʥʮʝʚʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʣʠʰʝ ʟʥʘʶʯʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʢʽʣʴʢʦʭ ʦʩʦʙʣʠʚʠʭ ʚʠʧʘʜʢʽʚ. 

ʊʦʤʫ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʤʽʛʨʘʮʽʡʥʦʛʦ ʢʦʥʬʣʽʢʪʫ ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ 

ʟʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ, ʱʦʙ ʧʝʨʝʜʙʘʯʠʪʠ ʾʾ 

ʧʦʚʝʜʽʥʢʫ. ʅʘʚʽʪʴ ʧʦʚʝʜʽʥʢʘ ʧʨʠ t Ÿ Ð ʻ ʥʝʚʠʟʥʘʯʝʥʦʶ - ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʷʢ 

ʧʦʩʪʽʡʥʦʶ, ʪʘʢ ʽ ʬʣʫʢʪʫʘʮʽʡʥʦʶ. ʗʢ ʥʘʩʣʽʜʦʢ, ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʮʶ ʪʝʤʫ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʈʦʟʜʽʣʫ 1 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝʤʘʪʠʢʫ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʨʦʟʜʽʣʽ 1 ʨʦʟʛʣʷʥʫʪʦ 

ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ. ʅʘʧʨʠʢʣʘʜ, 

ʨʦʟʛʣʷʥʫʪʦ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ S-ʧʦʜʽʙʥʠʭ ʢʨʠʚʠʭ ʷʢ ʤʦʜʝʣʝʡ ʜʠʬʫʟʽʾ. ɼʝ ʘʚʪʦʨʠ 

ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʬʫʥʢʮʽʷ ɹʘʩʩʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʧʦʞʠʚʯʠʭ ʪʦʚʘʨʽʚ ʪʨʠʚʘʣʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʨʦʟʜʨʽʙʥʠʭ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʽʥʥʦʚʘʮʽʡ ʚ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. ʌʫʥʢʮʽʷ ɻʦʤʧʝʨʮʘ ï ʜʣʷ ʽʥʥʦʚʘʮʽʡ ʫ ʩʬʝʨʽ ʩʧʦʞʠʚʯʠʭ ʪʦʚʘʨʽʚ 

ʪʨʠʚʘʣʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ɼʦʜʘʪʢʦʚʦ, ʜʦʩʣʽʜʞʝʥʦ ʽʥʰʽ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʦʨʦʪʴʙʠ, ʪʘʢʽ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʾ ʽʛʦʨ. ʊʘʢʦʞ, ʨʦʟʛʣʷʥʫʪʦ ʨʦʙʦʪʠ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʘʢʮʽʾ ʥʘ ʥʦʚʠʥʠ ʫ ʧʨʦʮʝʩʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ. 

ʉʬʦʨʤʦʚʘʥʦ ʧʨʦʤʽʞʥʫ ʤʝʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʚʠʚʯʘʪʠ ʪʠʤʯʘʩʦʚʫ ʜʠʥʘʤʽʢʫ ʢʦʥʬʣʽʢʪʫ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ. 

ʆʧʠʩʘʥʦ ʰʣʷʭʠ ʚʨʘʭʫʚʘʥʥʷ ʤʽʛʨʘʮʽʡ. ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢ ʢʦʥʬʣʽʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ, ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦ ʥʝʾ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʢʦʥʬʣʽʢʪʫ. 

ʅʘ ʦʩʥʦʚʽ ʽʩʥʫʶʯʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʧʝʨʝʣʽʢ ʟʘʜʘʯ ʜʣʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʈʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʜʣʷ n-ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. 

- ɺʨʘʭʫʚʘʪʠ ʤʽʥʣʠʚʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦ ʤʦʜʝʣʽ ʢʦʤʧʦʥʝʥʪʘ 

ʜʠʬʫʟʽʾ ʪʘ ʩʪʨʠʙʢʽʚ. 

- ʈʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʡ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

- ɿʽʙʨʘʪʠ ʪʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚʠʙʽʨʢʫ ʟ ʨʝʘʣʴʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

  



 46 

ʈʆɿɼɯʃ 2. ɹɸɻɸʊʆɺʀʄɯʈʅɯ ʄʆɼɽʃɯ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɹʆʈʆʊʔɹʀ 

ɿ ʋʈɸʍʋɺɸʅʅʗʄ ɺʇʃʀɺʋ ɺʀʇɸɼʂʆɺʀʍ ʌɸʂʊʆʈɯɺ 

 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʤʠ ʜʦʩʣʽʜʠʤʦ ʧʦʚʝʜʽʥʢʫ ʤʦʜʝʣʽ ʚ ʫʤʦʚʘʭ ʪʘʢ ʟʚʘʥʠʭ 

ʥʝʢʣʘʩʠʯʥʠʭ ʩʭʝʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ï ʧʫʘʩʩʦʥʦʚʦʾ ʪʘ ʃʝʚʽ, ʷʢʽ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤʠ, 

ʚʽʜʧʦʚʽʜʥʦ, ʢʣʘʩʠʯʥʠʭ ʩʭʝʤ ʫʩʝʨʝʜʥʝʥʥʷ ʪʘ ʜʠʬʫʟʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

 

2.1 ʉʭʝʤʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʇʫʘʩʩʦʥʘ 

ʉʫʪʥʽʩʪʴ ʧʫʘʩʩʦʥʦʚʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ ʩʝʨʽʾ 

‐O π (‐O π) ʚʭʦʜʠʪʴ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʩʪʨʠʙʢʽʚ ʝʚʦʣʶʮʽʾ, ʪʘʢ ʱʦ 

ʚʝʣʠʢʽ ʩʪʨʠʙʢʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʤʘʣʦʶ ʡʤʦʚʽʨʥʽʩʪʶ, ʱʦ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ ʨʘʟʦʤ ʟ ‐O

π, ʘ ʤʘʣʽ ʩʪʨʠʙʢʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ ʽʤʦʚʽʨʥʽʩʪʶ, ʱʦ ʧʨʷʤʫʻ ʜʦ ʦʜʠʥʠʮʽ. ʉʣʽʜ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʘʢʠʡ ʩʫʪʪʻʚʠʡ ʬʘʢʪ. ʋ ʩʭʝʤʽ ʫʩʝʨʝʜʥʝʥʥʷ ʛʦʣʦʚʥʘ ʫʤʦʚʘ ï 

ʫʩʝʨʝʜʥʝʥʥʷ ʩʪʨʠʙʢʽʚ. ʋ ʩʭʝʤʽ ʜʠʬʫʟʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ï ʜʦʜʘʪʢʦʚʦ 

ʫʩʝʨʝʜʥʶʶʪʴʩʷ ʜʨʫʛʽ ʤʦʤʝʥʪʠ ʩʪʨʠʙʢʽʚ. ʋ ʩʭʝʤʽ ʧʫʘʩʩʦʥʽʚʩʴʢʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʫʩʝʨʝʜʥʶʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʪʨʠʙʢʽʚ. 

ʆʪʨʠʤʘʥʽ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʠ ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʢʦʥʘʥʥʷ, ʱʦ çʚʝʣʠʢʽè 

(ʨʽʜʢʽʩʥʽ, çʢʘʪʘʩʪʨʦʬʽʯʥʽè) ʚʠʢʠʜʠ ʩʪʦʭʘʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ 

ʽʥʪʝʨʚʘʣʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʧʦʢʘʟʥʠʢʦʚʠʡ ʨʦʟʧʦʜʽʣ. ʆʪʞʝ, ʤʦʞʥʘ ʣʠʰʝ ʜʘʪʠ 

ʜʦʩʪʦʚʽʨʥʫ ʩʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʦʜʠʥʦʢʠʭ ʧʦʜʽʡ, ʪʦʙʪʦ, ʯʠʩʣʦ 

ʥʘʩʪʘʥʴ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. 

ʊʘʢʦʞ, ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʨʽʰʝʥʦ ʩʪʚʦʨʠʪʠ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʜʣʷ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ 

ʧʨʦʮʝʩʫ. ʄʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʙʨʘʥʦ Python 3.11, ʧʘʢʝʪ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ 

Matplotlib 3.8.1, ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ PyCharm CE 2023.1, 

ʪʘʢʦʞ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʧʦʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʧʦʙʫʜʦʚʦʶ ʯʠʩʣʦʚʦʛʦ 

ʨʽʰʝʥʥʷ. 
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ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ. ʋ çʢʣʘʩʠʯʥʦʤʫè 

ʚʘʨʽʘʥʪʽ, ʤʦʜʝʣʴ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʪʠʧʫ ʃʦʪʢʘ-ɺʦʣʴʪʝʨʨʘ:  

 

ừ
ỬỬ
Ừ

ỬỬ
ứ
Ὠὔ

Ὠὸ
‌ ‍ὔ ὸ ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸȟὔ ὸ π ὔ π π

Ὠὔ

Ὠὸ
‌ ‍ὔ ὸ ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸȟὔ ὸ π ὔ π π

ȣ
Ὠὔ

Ὠὸ
‌ ‍ὔ ὸ ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸȟὔ ὸ π ὔ π π

 

 

ʆʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʤʦʜʝʣʽ: 

1. ὲ ̔ ʜʝʡ ʧʦʰʠʨʶʶʪʴʩʷ ʩʝʨʝʜ ʩʧʽʣʴʥʦʪʠ ʯʝʨʝʟ ς ̔ ʥʬʦʨʤʘʮʽʡʥʠʭ ʢʘʥʘʣʠ: 

Ƅ ʧʝʨʰʠʡ ï çʟʦʚʥʽʰʥʽʡè ʩʪʦʩʦʚʥʦ ʩʧʽʣʴʥʦʪʠ, ʥʘʧʨʠʢʣʘʜ, ʨʝʢʣʘʤʥʘ ʤʝʜʽʘ-

ʢʘʤʧʘʥʽʷ. ʁʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ‌ πȟ ȣ‌ π 

ʚʽʜʧʦʚʽʜʥʦ, ʧʘʨʘʤʝʪʨʠ ‌ȟὭ ρȟȣȟὲ ʚʚʘʞʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʯʘʩʫ ʪʘ 

ʩʝʨʝʜʦʚʠʱʘ; 

Ƅ ʜʨʫʛʠʡ, çʚʥʫʪʨʽʰʥʽʡè ʢʘʥʘʣ ï ʤʽʞʦʩʦʙʠʩʪʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʯʣʝʥʘʤʠ 

ʩʦʮʽʘʣʴʥʦʾ ʩʧʽʣʴʥʦʪʠ (ʾʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ‍ π ̔  ,é,‍ π 

ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʪʘʢʦʞ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ ʪʘ ʩʝʨʝʜʦʚʠʱʘ). ʗʢ ʨʝʟʫʣʴʪʘʪ, 

ʧʨʠʭʠʣʴʥʠʢʠ ʧʝʨʰʦʾ ʽʜʝʾ, ʷʢʽ ʚʞʝ ʙʫʣʠ çʨʝʢʨʫʪʦʚʘʥʽè (ʾʭ ʢʽʣʴʢʽʩʪʴ ʜʦʨʽʚʥʶʻ ὔ ὸ), 

ʚʥʦʩʷʪʴ ʩʚʽʡ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʫ ʧʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ ʽʜʝʾ ʩʝʨʝʜ ʩʧʽʣʴʥʦʪʠ, 

ʚʧʣʠʚʘʶʯʠ ʥʘ çʥʝʨʝʢʨʫʪʦʚʘʥʠʭè ʾʾ ʯʣʝʥʽʚ (ʾʭ ʢʽʣʴʢʽʩʪʴ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ὔ

ὔ ὸ ὔ ὸ Ễ ὔ ὸ). ʊʝ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʧʨʠʭʠʣʴʥʠʢʽʚ ʽʥʰʠʭ ʽʜʝʡ. 

2. ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʠʣʴʥʠʢʽʚ ὔ ὸȟȣ ὔ ὸ (ʪʦʙʪʦ ʯʠʩʣʘ 

ʧʨʠʭʠʣʴʥʠʢʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʽʜʝʾ, çʟʘʚʝʨʙʦʚʘʥʠʭè ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 

Ƅ ʟʦʚʥʽʰʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʨʙʦʚʢʠ (ʧʨʦʧʦʨʮʽʡʥʽʡ ʜʦʙʫʪʢʫ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ 

‌ȟȣȟ‌ ʥʘ ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʠʥ, ʷʢʽ ʱʝ ʥʝ ʨʝʢʨʫʪʦʚʘʥʽ ὔ ὔ ὸ ὔ ὸ Ễ

ὔ ὸ), ʪʦʙʪʦ 
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‌ ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ, 

‌ ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ  

ȣ 

‌ ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ  

ʚʽʜʧʦʚʽʜʥʦ; 

Ƅ ʚʥʫʪʨʽʰʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʨʙʦʚʢʠ (ʚʦʥʘ ʧʨʦʧʦʨʮʽʡʥʘ ʜʦʙʫʪʢʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ‍, ‍,é, ‍ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʧʨʠʭʠʣʴʥʠʢʽʚ ὔ ὸ, 

ὔ ὸȟȣȟὔ ὸ ʪʘ ʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʨʝʢʨʫʪʦʚʘʥʠʭ ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ, 

ʪʦʙʪʦ  

‍ὔ ὸὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ  

‍ὔ ὸὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸȟ 

é 

‍ὔ ὸὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸȟ 

  

ʚʽʜʧʦʚʽʜʥʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤʠ ʪʠʧʫ ʃʦʪʢʘ-ɺʦʣʴʪʝʨʨʘ 

(ʜʝʪʘʣʴʥʽʰʝ ʧʨʦ ʤʦʞʣʠʚʽ ʨʦʟʚôʷʟʢʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʠʚ. 

[43]):  

Ὠὔ ὸȾὨὸ ‌ ‍ὔ ὸ ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ  

Ὠὔ ὸ

Ὠὸ
‌ ‍ὔ ὸ ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ  

ȣ 

Ὠὔ ὸ

Ὠὸ
‌ ‍ὔ ὸ ὔ ὔ ὸ ὔ ὸ Ễ ὔ ὸ  

 

ʅʝʭʘʡ ʩʪʦʭʘʩʪʠʯʥʘ ʝʚʦʣʶʮʽʡʥʘ ʩʠʩʪʝʤʘ ʚ ʩʭʝʤʽ ʩʝʨʽʡ ʧʽʜ ʚʧʣʠʚʦʤ ʝʨʛʦʜʠʯʥʦʛʦ 

ʤʘʨʢʦʚʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʜʘʥʘ ʩʪʦʭʘʩʪʠʯʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ [12, 

19] 
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 Ὠό ὸ ὅό ὸȟὼ ὨὸὨ– ὸȟό ὸᶰὙȟ (2.1) 

ʜʝ ‐ ï ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ ʩʝʨʽʾ, ώ ὸ ï ʚʠʧʘʜʢʦʚʘ ʝʚʦʣʶʮʽʷ, ὼὸ ï ʨʽʚʥʦʤʽʨʥʦ 

ʝʨʛʦʜʠʯʥʠʡ ʤʘʨʢʦʚʩʴʢʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʚʠʟʥʘʯʝʥʦ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʬʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ὢȟC [18] ʛʝʥʝʨʘʪʦʨʦʤ [19] 

Ἕ•ὼ ήὼ ὖὼȟὨώ•ώײ •ὼ  

ʥʘ ʙʘʥʘʭʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ὄC ʦʙʤʝʞʝʥʠʭ ʬʫʥʢʮʽʡ ʟ ʜʽʡʩʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽ 

ʩʫʧʨʝʤʫʤ ʥʦʨʤʦʶ 

•᷆ὼ᷆ ÓÕÐ
ᶰ
 ȿ•ὼȿȢײ

ʉʪʦʭʘʩʪʠʯʥʝ ʷʜʨʦ ὖὼȟὄȟὼɴ ὢȟὄᶰC ʚʠʟʥʘʯʘʻ ʨʽʚʥʦʤʽʨʥʦ ʝʨʛʦʜʠʯʥʠʡ 

ʚʢʣʘʜʝʥʠʡ ʣʘʥʮʶʛ ʄʘʨʢʦʚʘ ὼ ὼ† ȟὲ π, ʜʝ † - ʤʦʤʝʥʪʠ ʩʪʨʠʙʢʽʚ 

ʚʢʣʘʜʝʥʦʛʦ ʣʘʥʮʶʛʘ, ʷʢʠʡ ʤʘʻ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ”ὄȟὼɴ ὢȟὄᶰC. 

ʉʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ “ὄȟὄᶰC, ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ὼὸȟὸ π ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [20] 

“Ὠὼήὼ ή”Ὠὼ 

ʜʝ 

ή ᷿“Ὠὼήὼ. 

ɺʠʟʥʘʯʠʤʦ ʧʦʪʝʥʮʽʡʥʠʡ ʦʧʝʨʘʪʦʨ ╡ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ὗ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

╡ Ἕ Ȣ 

ʊʫʪ •ὼ ᷿“Ὠώ•ώ ̒  ʧʨʦʻʢʪʦʨʦʤ ʥʘ ʧʽʜʧʨʦʩʪʽʨ ὔ •ȡἝ• π 

ʥʫʣʽʚ ʦʧʝʨʘʪʦʨʘ Ἕ. 

ɺʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʨʠʢʣʘʜʽʚ, ʷʢʽ ʽʣʶʩʪʨʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤ 

ʚʠʜʫ (2.1) ʚ ʫʤʦʚʘʭ ʝʨʛʦʜʠʯʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʯʠʪʘʯ ʤʦʞʝ ʟʥʘʡʪʠ ʚ 

ʨʦʙʦʪʘʭ [19, 20]. 
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ɯʤʧʫʣʴʩʥʠʡ ʧʨʦʮʝʩ ʟʙʫʨʝʥʴ (ɯʇɿ) – ὸȟό ὸ πȟό πȟόᶰ ,ͯ ʫ ʩʭʝʤʽ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʇʫʘʩʩʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [20]. 

 – ὸȟό ὸ ᷿– Ὠίȟό ίȟὼ Ƞ  (2.2) 

ʜʝ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʽʟ ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ – ὸȟόȟὼȟὸ πȟόᶰ ȟͯὼɴ ὢ, 

ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʽʚ [49] 

 ɜ ὼ•‫ ‐ •‫ ὺ •‫ ɜ Ὠὺȟὼȟὼɴ ὢ  (2.3) 

ʽ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ ʧʫʘʩʦʥʦʚʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʜʝʪʘʣʴʥʽʰʝ ʜʠʚ. [19, 20, 36]): 

P1: ɸʧʨʦʢʩʠʤʘʮʽʷ ʩʝʨʝʜʥʽʭ 

ὺɜ Ὠὺȟὼ ‐ὥὼ — ὼ ȟ— ὼᴼπȟ‐O πȟ 

 ̔

ὺɜ Ὠὺȟὼ ‐ὦὼ — ὼ ȟ— ὼᴼπȟ‐O πȟ 

P2: ʋʤʦʚʠ ʥʘ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ: 

Ὣɜ Ὠὺȟὼ ‐ɜ ὼ — ὼ ȟ— ὼᴼπȟ‐O πȟ 

ʜʣʷ ʚʩʽʭ Ὣὺᶰὅ ͯ. ʊʫʪ ʤʽʨʘ ɜ ὼ ʦʙʤʝʞʝʥʘ ʜʣʷ ʚʩʽʭ Ὣὺᶰὅ ͯ ̔  ʚʠʟʥʘʯʝʥʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ɜ ὼ ὫὺɜὨὺȟὼȟ 

ɼʝ ὅ ͯ - ʢʣʘʩ ʬʫʥʢʮʽʡ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʽʨʫ ʽ ʤʽʩʪʠʪʴ ʦʙʤʝʞʝʥʽ ʬʫʥʢʮʽʾ ʟ 

ʜʽʡʩʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʘʢʽ, ʱʦ ὫὺȾȿὺȿᴼπ ʧʨʠ ὺO π. 

ʈ3: ʈʽʚʥʦʤʽʨʥʘ ʢʚʘʜʨʘʪʠʯʥʘ ʽʥʪʝʛʨʦʚʘʥʽʩʪʴ: 

ὰὭά
ᴼ ȿ
ίόὴ
ᶰ

ὺ
ȿȿ

ῲὨὺȟὼ π 

ʈ4: ɺʽʜʩʫʪʥʽʩʪʴ ʜʠʬʫʟʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ὦὼ ᷿ὺῲὨὺȟὼ. 
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ʅʘʚʝʜʝʤʦ ʧʨʦʩʪʠʡ ʧʨʠʢʣʘʜ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ‚, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ 

ʧʫʘʩʦʥʦʚʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ: 

ὖ‚ ὦ ‐ὴȟ 

ὖ‚  ‐ὥ ρ ‐ὴȢ 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʤʦʤʝʥʪʽʚ ʮʽʻʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

Ὁ ‚ ‐ὥ ὦὴ έ‐ȟ 

Ὁ‚ ‐ὦὴ έ‐Ȣ 

ʄʠ ʨʦʟʚʠʚʘʻʤʦ ʧʽʜʭʽʜ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʥʘ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʡ ʚʠʧʘʜʦʢ: 

Ὠὔ ὸ ὅὔ ὸȟὼὸȾ‐ ὨὸὨ– ὸ, 

ʜʝ 

ὅ ὔ ὸȟὼ
ὸ

‐
 

‌ ὼ ‍ ὼὔ ὸ ‌ ὼ ‍ ὼὔ ὸ

‌ ὼ ‍ ὼὔ ὸ ‌ ὼ ‍ ὼὔ ‍ ὼὔ ὸ
ȣ ȣ

‌ ὼ ‍ ὼὔ ὸ ‌ ὼ ‍ ὼὔ ‍ ὼὔ ὸ

 

‌ ὼ ‍ ὼὔ ὸ ‌ ὼ ‍ ὼὔ ὸ

‌ ὼ ‍ ὼὔ ὸ ‌ ὼ ‍ ὼὔ ‍ ὼὔ ὸ
ȣ ȣ

‌ ὼ ‍ ὼὔ ὸ ‌ ὼ ‍ ὼὔ ‍ ὼὔ ὸ

 

ὔ ὸ

ὔ ὸ
ȣ
ὔ ὸ

‌ὔ
‌ὔ
ȣ
‌ὔ

, 

ʪʫʪ 

- ὔ ὸ ̒  n-ʚʠʤʽʨʥʠʤ ʚʝʢʪʦʨʦʤ ʨʦʟʚôʷʟʢʽʚ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʻ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʭʠʣʴʥʠʢʽʚ ʨʽʟʥʠʭ ʽʜʝʡ; 

- ὼὸȾ‐ ̒  ʨʽʚʥʦʤʽʨʥʦ ʝʨʛʦʜʠʯʥʠʤ ʤʘʨʢʦʚʩʴʢʠʤ ʧʨʦʮʝʩʦʤ ʷʢʠʡ ʤʦʜʝʣʶʻ ʚʧʣʠʚ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʧʝʨʽʦʜ 

ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘʢʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʟʥʘʯʝʥʥʷ 
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‌ ὼȟ‌ ὼȟȣȟ‌ ὼ ‍ ὼȟ‍ ὼȟȣȟ‍ ὼ ̒  ʩʪʘʣʠʤʠ, ʷʢ ʫ ʢʣʘʩʠʯʥʽʡ ʤʦʜʝʣʽ, 

ʥʘʪʦʤʽʩʪʴ ʚ ʤʦʤʝʥʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʤʠʪʪʻʚʦ ʟʤʽʥʶʶʪʴʩʷ. ʎʝ ʤʦʜʝʣʶʻ 

ʚʠʧʘʜʢʦʚʽ ʧʦʜʽʾ ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʦʛʣʷʜʠ ʣʶʜʝʡ. 

ʊʝʦʨʝʤʘ 1. ʗʢʱʦ ʫʤʦʚʠ ὖρ ὖτ ʚʠʢʦʥʫʶʪʴʩʷ, ʩʣʘʙʢʘ ʟʙʽʞʥʽʩʪʴ – ὸᴼ

– ὸȟ‐O π, ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʽʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʫ ʟʙʫʨʝʥʴ [11]. ɻʨʘʥʠʯʥʠʡ ʧʨʦʮʝʩ 

– ὸ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ 

ɜ•‫ ɩɜὼ•‫ ὥ•ǲ‫ •‫ ’ •’ ’•‫ ɜὨ’ 

ʜʝ, ὥ ᷿“Ὠὼὥὥȟ ɜ’ ᷿“Ὠὼɜ’ȟὼȟ ̔  ʻ ʧʨʦʮʝʩʦʤ ʟ ʥʝʟʘʣʝʞʥʠʤʠ 

ʧʨʠʨʦʩʪʘʤʠ, ʷʢʠʡ ʤʘʻ ʷʢ ʧʫʘʩʩʦʥʽʚʩʴʢʫ ʩʢʣʘʜʦʚʫ, ʪʘʢ ʽ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʟʩʫʚ. 

ɼʦʚʝʜʝʥʥʷ. ɻʝʥʝʨʘʪʦʨʠ ʧʨʦʮʝʩʽʚ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ – ὸȟὼȟὸ

πȟὼɴ ὢ, ʥʘ ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʷʭ •‫ ᶰὅ Ὑ ʟʘ ʫʤʦʚ ʈ1-ʈ4 ʜʦʧʫʩʢʘʶʪʴ 

ʘʩʠʤʧʪʦʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

 ὼ•‫ ɜὼ•‫ ‎ ὼ•(2.4) ,‫ 

ʜʝ 

ɜὼ•‫ ὥὼ• ‫ ᷿•‫ ὺ •‫ ὺײ• ‫ ɜὨὺȟὼ, 

ʽ ʟʘʣʠʰʢʦʚʠʡ ʯʣʝʥ ȿȿ‎ ὼ•‫ȿȿO π ʧʨʠ ‐O π. 

ʉʧʨʘʚʜʽ, ʨʦʟʢʣʘʜʘʶʯʠ ʬʫʥʢʮʽʶ ɜὼ•ʚ ʨʷʜ ʊʝʡʣʦʨʘ, ʧʝʨʝʪʚʦʨʠʤʦ ‫ 

ʛʝʥʝʨʘʪʦʨ (2.3): 

ὼ•‫ ‐ •‫ ὺ •‫ ɜ Ὠὺȟὼ 

‐ •‫ ὺ •‫ ὺ• ‫
ρ

ς
ὺ•ᴂᴂ‫ ɜ Ὠὺȟὼ 

‐ ὺ• ‫ɜ Ὠὺȟὼ
ρ

ς
‐ ὺ•ᴂᴂ‫ ɜ Ὠὺȟὼ 

•ό ὺ •ὺ ὺ• ‫
ρ

ς
ὺ•ᴂᴂ‫ ɜὨὺȟὼ 
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ὥὼ• ‫
ρ

ς
ὦὼ• ‫ ‎ ὼ•‫  

•ό ὺ •ὺ ὺ• ‫ ɜὨὺȟὼ ὥὼ•ᴂ‫ ‎ •‫‫  

ʜʝ ʧʝʨʝʜʦʩʪʘʥʥʷ ʨʽʚʥʽʩʪʴ ʚʠʧʣʠʚʘʻ ʟ ʫʤʦʚ P1 ̔  P2 (ʟʘʫʚʘʞʠʤʦ ʪʫʪ, ʱʦ ʬʫʥʢʮʽʷ 

•‫ ὺ •‫ ὺ• ‫ ὺ•ᴂᴂ‫ ᶰὅ Ὑ ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʦʙʤʝʞʝʥʘ ʥʘ 

ʧ̔ ʜʩʪʘʚʽ ʦʙʤʝʞʝʥʦʩʪʽ •• ʪʘ ʾʾ ʧʦʭʽʜʥʠʭ ʽ ‫‫ ὺ •‫ ὺ• ‫

ὺ• ‫ ȾȿὺȿᴼπȟȿὺȿO π) ʘ ʦʩʪʘʥʥʷ ʨʽʚʥʽʩʪʴ ʚʠʧʣʠʚʘʻ ʟ ʫʤʦʚʠ P4. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ‎ •‫‫ έ‐ ȟ•‫ ᶰὅ Ὑ , ʦʪʨʠʤʫʻʤʦ  

 ὼ•‫ ɜὼ•‫ ‎ ὼ•(2.4) ,‫ 

ɿʛʽʜʥʦ ʦʟʥʘʯʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʠʛʣʷʜʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʧʨʦʮʝʩʽʚ – ὸ ʪʘ ὼὸȾ‐ ʚʠʧʣʠʚʘʻ, ʱʦ ʛʝʥʝʨʘʪʦʨ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ –ȟὼὸȾ‐  ʤʘʻ ʚʠʛʣʷʜ  

 ɜ ὼ•‫ȟὼ ‐ ╠•‫ȟὼ ɜὼ•‫ȟὼ ‎ ὼ•‫ȟὼ  (2.5) 

ʜʝ ʦʧʝʨʘʪʦʨ ɜὼ ʚʠʟʥʘʯʝʥʦ ʚ ʪʝʦʨʝʤʽ 1, ʘ ʟʘʣʠʰʦʢ ȿȿ‎ ὼ•‫ȟὼȿȿO π, ʦʩʢʽʣʴʢʠ 

‐O πȟ•‫ȟϽᶰὅ Ὑ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʨʽʟʘʥʠʡ ʦʧʝʨʘʪʦʨ  

 ɜ ὼ•‫ ‐ Ἕ•‫ȟὼ ɜὼ•‫ȟὼ  (2.6) 

ʪʘ ʨʦʟʚô̫ʞʝʤʦ ʧʨʦʙʣʝʤʫ ʩʠʥʛʫʣʷʨʥʦʛʦ ʟʙʫʨʝʥʥʷ ʜʣʷ ʟʨʽʟʘʥʦʛʦ ʦʧʝʨʘʪʦʨʘ (2.6) ʥʘ 

ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʷʭ • ‫ȟὼ •‫ ‐• ‫ȟὼ  

 ɜ ὼ• ‫ȟὼ ɜ•‫ ‐— ὼ•(2.7)  ‫ 

ʜʝ ʟʘʣʠʰʢʦʚʠʡ ʯʣʝʥ — ὼ•.ʨʽʚʥʦʤʽʨʥʦ ʦʙʤʝʞʝʥʘ ʧʦ ὼ ‫ 

ʆʧʝʨʘʪʦʨ ɜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʦʩʪʽ 

 ɜ ɩɜὼɩ  (2.8) 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʽʚʥʽʩʪʴ (2.7) ʚʠʢʦʥʫʚʘʣʘʩʴ, ʢʦʝʬʽʮʽʻʥʪʠ ʦʜʥʘʢʦʚʠʭ ʩʪʝʧʝʥʽʚ ‐ 

ʟʣʽʚʘ ʽ ʩʧʨʘʚʘ ʧʦʚʠʥʥʽ ʩʧʽʚʧʘʜʘʪʠ. ʆʙʯʠʩʣʠʤʦ 

ɜ ὼ• ‫ȟὼ ‐ Ἕ•‫ Ἕ• ‫ȟὼ ɜὼ•‫ ‐ɜὼ• ‫ȟὼ 
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Ἕ•‫ πᵾ •‫ ᶰὔἝȟ 

ʪʦʙʪʦ,  •.ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ὼ ‫ 

ʈʦʟʛʣʷʥʝʤʦ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʯʥʠʡ ʦʧʝʨʘʪʦʨ ɜὼ: 

Ἕ• ‫ȟὼ ɜὼ•‫ ɜὼ•‫  

ʇʝʨʝʧʠʰʝʤʦ ʦʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʫ ʚʠʛʣʷʜʽ: 

Ἕ• ‫ȟὼ ɜὼ ɜὼ •.‫ 

ʋʤʦʚʘ ʨʦʟʚô̫ ʟʥʦʩʪʽ ʨʽʚʥʷʥʥʷ ʜʘʻ ʛʨʘʥʠʯʥʠʡ ʦʧʝʨʘʪʦʨ ʫ ʚʠʛʣʷʜʽ (2.8). ʊʦʜʽ 

 • ‫ȟὼ Ὑ ɜὼ ɜ•(2.9)  ‫ 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ (2.9), ʤʦʞʥʘ ʟʚʝʩʪʠ ʽʥʰʽ ʯʣʝʥʠ ʨʦʟʢʣʘʜʫ ʜʦ ʚʠʛʣʷʜʫ 

‐ɜὼ• ‫ȟὼ ‐ɜὼὙ ɜὼ ɜ•‫ ‐— ὼ•‫  

ʆʙʤʝʞʝʥʽʩʪʴ — ὼ•ʚʠʧʣʠʚʘʻ ʟ ʚʠʛʣʷʜʫ ʛʝʥʝʨʘʪʦʨʽʚ ɜ ʪʘ Ὑ. ɺ ʩʚʦʶ ‫ 

ʯʝʨʛʫ, ʟʽ ʟʙʽʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ ʚʠʧʣʠʚʘʻ ʟʙʽʞʥʽʩʪʴ ʽ ʩʘʤʠʭ ʧʨʦʮʝʩʽʚ  [20]. 

ʊʝʦʨʝʤʘ 2. ʗʢʱʦ ʫʤʦʚʠ ὖρ ὖτ ʚʠʢʦʥʫʶʪʴʩʷ, ʩʣʘʙʢʘ ʟʙʽʞʥʽʩʪʴ – ὸᴼ

όὸȟ‐O π, ʤʘʻ ʤʽʩʮʝ. ʆʙʤʝʞʝʥʥʷ ʧʨʦʮʝʩʫ όὸ ʚʠʟʥʘʯʝʥʝ ʛʝʥʝʨʘʪʦʨʦʤ 

╛•‫ ὅό•ǲ‫ ɜ•‫ȟ 

ʜʝ, ὅό ᷿“ὨὼὅόȟὼȢ 

ɿʘʫʚʘʞʝʥʥʷ 1. ʆʙʤʝʞʝʥʥʷ ʧʨʦʮʝʩʫ όὸ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɼʝʪʝʨʤʽʥʦʚʘʥʠʡ ʟʩʫʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʚôʷʟʢʦʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 Ὠό ὸ ὅό ὸ ὥὨὸȟ (2.10) 

ʜʝ ʜʦʜʘʪʢʦʚʠʡ ʯʣʝʥ ὥ ʟôʷʚʣʷʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʥʘʢʦʧʠʯʝʥʥʷ (ʟ ʥʦʨʤʦʚʘʥʠʤ ʯʘʩʦʤ 

ὸȾ‐ȟ‐O π) ʤʘʣʠʭ ʩʪʨʠʙʢʽʚ ʽʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʽʤʦʚʽʨʥʽʩʪʶ, 

ʙʣʠʟʴʢʦʶ ʜʦ ʦʜʠʥʠʮʽ. ɼʨʫʛʘ ʩʢʣʘʜʦʚʘ ï ʮʝ ʨʽʜʢʽʩʥʽ ʚʝʣʠʢʽ ʩʪʨʠʙʢʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʤʘʡʞʝ ʥʫʣʴʦʚʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʫʩʝʨʝʜʥʝʥʫ 

ʤʽʨʫ ʩʪʨʠʙʢʽʚ ɜὨὺ ʛʝʥʝʨʘʪʦʨʦʤ 

ɜ•‫ •‫ ὺ •ὺ ὺ•ǲ‫ ɜὨὺȢ 



 55 

ɿʘʫʚʘʞʝʥʥʷ 2. ɻʨʘʥʠʯʥʠʡ ʧʨʦʮʝʩ όὸ ̒  ʯʠʩʪʦ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ (2.10) ʫ ʚʠʧʘʜʢʫ ʥʫʣʴʦʚʦʾ ʩʝʨʝʜʥʴʦʾ ʤʽʨʠ ʩʪʨʠʙʢʽʚ ɜὨὺ. ʅʘʧʨʠʢʣʘʜ, 

ʷʢʱʦ ʚʩʽ ʤʦʤʝʥʪʠ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʽ ʚʠʱʝ ʜʣʷ ʩʽʤʝʡʩʪʚʘ ʧʨʦʮʝʩʽʚ ʟ ʥʝʟʘʣʝʞʥʠʭ 

ʧʨʠʨʦʩʪʽʚ – ὸȟὼȟὸ πȟὼɴ ὢ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʘʙʦ ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

ʨʽʚʥʦʚʘʛʠ 

ɜὺ ɩɜὺȟὼ “Ὠὼɜὺȟὼ πȢ 

ɼʦʚʝʜʝʥʥʷ. ɻʝʥʝʨʘʪʦʨ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ό ὸȟὼὸȾ

‐ȟὸ π, ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ [20] 

Ἐ ὼ•‫ȟὼ ‐ Ἕ•‫ȟὼ ɜ ὼ•‫ȟὼ 

Ἅὼ•‫ȟὼ —•‫ȟὼȟ 

ʜʝ ɜ ὼ - ʛʝʥʝʨʘʪʦʨ ʩʽʤʝʡʩʪʚʘ ʧʨʦʮʝʩʽʚ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ (2.3), 

Ἅὼ•‫ȟὼ ὅόȟὼ• ‫ȟὼ 

ɿʘʣʠʰʢʦʚʠʡ ʯʣʝʥ ᷆᷆—Ǵ ὼ•‫ȟὼ᷆᷆O π, ʧʨʠ ‐O π. 

ɻʝʥʝʨʘʪʦʨ Ἐ ὼ ʜʦʧʫʩʢʘʻ ʘʩʠʤʧʪʦʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

Ἐ ὼ•‫ȟὼ ‐ Ἕ•‫ȟὼ ɜὼ•‫ȟὼ Ἅὼ•‫ȟὼ —Ǵ•‫ȟὼ 

ʜʝ —Ǵ ὼ ‎ — ὼ ʪʘ ɜὼ ʚʠʟʥʘʯʝʥʦ ʚ ʪʝʦʨʝʤʽ 1. 

ʈʦʟʚô̫ ʟʦʢ ʟʘʜʘʯʽ ʧʨʦ ʩʠʥʛʫʣʷʨʥʝ ʟʙʫʨʝʥʥʷ ʜʣʷ ʟʨʽʟʘʥʦʛʦ ʦʧʝʨʘʪʦʨʘ  

 Ἐ ὼ• ‐ Ἕ• ɜὼ• Ἅὼ•  (2.11) 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʩʪ-ʬʫʥʢʮʽʡ • ‫ȟὼ •‫ ‐• ̔ ‫ȟὼ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 Ἐ ὼ• ‫ȟὼ Ἐ•‫ ‐— ὼ•(2.12)  ‫ 

ʜʝ ʟʘʣʠʰʢʦʚʠʡ ʯʣʝʥ — ὼ ̒  ʨʽʚʥʦʤʽʨʥʦ ʦʙʤʝʞʝʥʠʤ ʧʦ ὼ. 

ɻʨʘʥʠʯʥʠʡ ʦʧʝʨʘʪʦʨ Ἐ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 Ἐ ɩὅὼ ɜὼ ɩ  (2.13) 

ʉʧʨʘʚʜʽ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʚʥʦʩʪʽ (2.12), ʢʦʝʬʽʮʽʻʥʪʠ ʦʜʥʘʢʦʚʠʭ ʩʪʝʧʝʥʽʚ ‐ ʟʣʽʚʘ 

ʽ ʩʧʨʘʚʘ ʧʦʚʠʥʥʽ ʩʧʽʚʧʘʜʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʦʙʯʠʩʣʠʤʦ 
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Ἐ ὼ• ‫ȟὼ ‐ Ἕὼ•όȟ‫  

Ἕ• ‫ȟὼ ɜὼ•‫ Ἅὼ•‫ ‐ɜὼ• ‫ȟὼ 

ʆʩʢʽʣʴʢʠ Ἕ•‫ πᵾ •‫ ᶰὔ, ʦʯʝʚʠʜʥʦ, ʱʦ •.ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ὼ ‫ 

ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ Ἕ• ‫ȟὼ ɜὼ•‫ Ἅὼ•‫ Ἐ•ʫ ʚʠʛʣʷʜʽ ‫ 

Ἕ• ‫ȟὼ Ἐ ɜὼ Ἅὼ •‫Ȣ 

ʋʤʦʚʘ ʨʦʟʚô̫ ʟʥʦʩʪʽ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʜʘʻ ʛʨʘʥʠʯʥʠʡ ʦʧʝʨʘʪʦʨ Ἐ ʫ ʚʠʛʣʷʜʽ 

(2.13). ɿʽ ʟʙʽʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ ʚʠʧʣʠʚʘʻ ʟʙʽʞʥʽʩʪʴ ʽ ʩʘʤʠʭ ʧʨʦʮʝʩʽʚ  [20]. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʦʚʫ Python 

3.11, ʚʽʟʫʘʣʽʟʘʮʽʷ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ Matplotlib 3.8.1, ʫ ʨʦʣʽ 

ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ ʚʠʢʦʨʠʩʪʘʥʦ PyCharm CE 2023.1. ʊʘʢʦʞ, ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʜʘʣʦ ʜʦʜʘʪʢʦʚʫ 

ʛʥʫʯʢʽʩʪʴ, ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʯʠʩʣʦʚʦʛʦ ʨʽʰʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʜʦʜʘʚʘʥʥʷ ʘʙʦ ʚʠʣʫʯʝʥʥʷ 

ʜʠʬʫʟʽʾ. ʈʘʟʦʤ ʟ ʪʠʤ, ʭʦʯ ʽ ʜʣʷ ʦʩʥʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʛʦʪʦʚʽ ʨʽʰʝʥʥʷ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʜʣʷ ʦʢʨʝʤʦ ʚʟʷʪʠʭ ʩʢʣʘʜʦʚʠʭ ʪʘʢʠʭ ʷʢ, ʛʝʥʝʨʘʮʽʾ ʯʠʩʣʦʚʠʭ 

ʨʷʜʽʚ ʟʘ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ, ʦʧʝʨʘʮʽʾ ʟ ʤʘʩʠʚʘʤʠ ʘʙʦ ʪʘʙʣʠʯʥʠʤʠ 

ʜʘʥʠʤʠ ʚ ʥʘʷʚʥʦʩʪʽ ʤʦʚʠ Python ʻ ʰʠʨʦʢʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʙʽʙʣʽʦʪʝʢ, ʱʦ ʟʥʘʯʥʠʤ 

ʯʠʥʦʤ ʩʢʦʨʦʯʫʻ ʯʘʩ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʜʣʷ ʰʝʩʪʠ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʟ ʥʘʩʪʫʧʥʠʤʠ 

ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ὔ σππππȟὔ π πȟὔ π πȟὔ π πȟὔ π

πȟὔ π πȟὔ π πȟ‌ πȢππππρςȟ‌ πȢππππρτȟ‌ πȢππππρρȟ‌

πȢππππρυȟ‌ πȢππππρσȟ‌ πȢππππρρȟ‍ πȢπππππππρȟ‍

πȢπππππππςȟ‍ πȢππππππππωȟ‍ πȢπππππππσȟ‍ πȢπππππππςȟ‍

πȢπππππππρ. ʊʘʢʦʞ, ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʨʠʙʢʽʚ: Ὕ ρȟ‗ υȟὛ ρ. 
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ʈʠʩ. 2.1 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʩʪʨʠʙʢʽʚ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ (ʨʠʩ. 2.1) ʧʝʨʝʤʦʞʮʝʤ ʻ ʧôʷʪʠʡ ʪʠʧ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ. 

ʍʦʯʘ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ, ʯʝʨʝʟ ʦʯʝʚʠʜʥʫ ʧʝʨʝʚʘʛʫ ʚ ʩʠʣʽ ʧʦʰʠʨʝʥʥʷ ʟʦʚʥʽʰʥʽʤ 

ʪʘ ʚʥʫʪʨʽʰʥʽʤ ʢʘʥʘʣʘʤʠ, ʧʝʨʝʤʘʛʘʚ ʯʝʪʚʝʨʪʠʡ ʪʠʧ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ. ʎʝʡ 

ʚʠʧʘʜʦʢ ʻ ʭʦʨʦʰʦʶ ʽʣʶʩʪʨʘʮʽʻʶ, ʷʢ ʚʠʧʘʜʢʦʚʝ ʟʙʫʨʝʥʥʷ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠ 

ʩʠʪʫʘʮʽʶ ʥʘ ʢʦʨʠʩʪʴ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ çʩʠʣʦʶè ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʟʙʽʣʴʰʠʪʠ ʧʘʨʘʤʝʪʨ Ὓ ʜʦ 10, ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʥʘʩʪʫʧʥʽ (ʨʠʩ 2.2). 

ɺʽʜʭʠʣʝʥʥʷ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʣʠʩʷ, ʫ ʟʚôʷʟʢʫ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʪʨʠʙʢʽʚ, 

ʟʘʛʘʣʴʥʘ ʩʠʪʫʘʮʽʷ ʩʪʘʣʘ ʤʝʥʰ ʧʝʨʝʜʙʘʯʫʚʘʥʦʶ. 
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ʈʠʩ. 2.2 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʩʪʨʠʙʢʽʚ ʟ 

ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʩʪʨʠʙʢʽʚ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ, ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʧʝʨʝʤʦʞʮʝʤ, ʷʢ ʽ ʦʯʽʢʫʚʘʣʦʩʷ ʙʫʚ 

ʯʝʪʚʝʨʪʠʡ ʪʠʧ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ, ʧʨʦʪʝ ʧʽʩʣʷ ʢʽʣʴʢʦʭ ʟʙʫʨʝʥʴ ʧʝʨʝʤʦʞʮʝʤ 

ʥʝʦʯʽʢʫʚʘʥʦ ʩʪʘʚ ʰʦʩʪʠʡ ʪʠʧ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ. 

ʊʘʢʦʞ, ʮʽʢʘʚʦ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʠ ʚʠʧʘʜʦʢ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. ὔ σππππȟὔ π πȟὔ π πȟὔ π

πȟ‌ πȢππππρςȟ‌ πȢππππρςȟ‌ πȢππππρςȟ‌ πȢππππρςȟ‌

πȢππππρςȟ‌ πȢππππρςȟ‍ πȢπππππππρȟ‍ πȢπππππππρȟ‍

πȢπππππππρȟ‍ πȢπππππππρȟ‍ πȢπππππππρȟ‍ πȢπππππππρ. ʗʢʱʦ ʤʠ 

ʚʽʜʦʙʨʘʟʠʤʦ ʦʧʠʩʘʥʫ ʩʠʪʫʘʮʽʶ, ʚʠʢʣʶʯʠʚʰʠ ʩʪʨʠʙʢʠ, ʦʯʝʚʠʜʥʦ, ʱʦ ʢʦʞʝʥ ʟ ʪʠʧʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʦʪʨʠʤʘʻ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʘʜʝʧʪʽʚ (ʨʠʩ. 2.3). 
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ʈʠʩ. 2.3 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʚʠʧʘʜʢʫ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʙʝʟ 

ʚʠʧʘʜʢʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ 

 

ɸʣʝ ʜʦʜʘʚʰʠ ʩʪʨʠʙʢʠ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: Ὕ ρȟ‗ υȟὛ υ, 

ʩʠʪʫʘʮʽʷ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ (ʨʠʩ. 2.4). 
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ʈʠʩ. 2.4 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʚʠʧʘʜʢʫ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʭʽʜʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʜʦʜʘʚʘʥʥʷʤ ʩʪʨʠʙʢʽʚ 

 

ʊʘʢʦʞ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʚʠʧʘʜʢʦʚʠʡ, ʦʯʽʢʫʚʘʥʦ, ʱʦ ʥʘʩʪʫʧʥʘ ʩʠʤʫʣʷʮʽʷ, ʥʘʚʽʪʴ 

ʙʝʟ ʟʤʽʥʠ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʦʢʘʞʝ ʽʥʰʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 2.5). 

 

ʈʠʩ. 2.5 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʚʠʧʘʜʢʫ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʭʽʜʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʩʪʨʠʙʢʽʚ, ʜʨʫʛʘ ʩʠʤʫʣʷʮʽʷ 

 

ɿʚʠʯʘʡʥʦ ʞ, ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʽ ʟʤʽʥʫ ʪʠʧʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ, ʱʦ 

ʚʠʩʪʫʧʠʣʘ ʧʝʨʝʤʦʞʮʝʤ. 

 

2.2 ʉʭʝʤʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʃʝʚʽ  

ʄʦʜʝʣʴ ʃʦʪʢʘ-ɺʦʣʴʪʝʨʨʘ,  ʱʦ ʦʧʠʩʫʻ ʚʟʘʻʤʦʜʽʶ ʪʠʧʫ çʭʠʞʘʢ-ʟʜʦʙʠʯè ʻ 

ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʤʦʜʝʣʝʡ ʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʠʢʣʘʜʥʽʡ ʤʘʪʝʤʘʪʠʮʽ, 

ʩʦʮʽʘʣʴʥʠʭ ʥʘʫʢʘʭ ʪʘ ʝʢʦʥʦʤʽʮʽ [8, 11, 19-20, 23, 25]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʽʡʥʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ [43]. ɸʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ 

ʜʝʷʢʫ ʩʦʮʽʘʣʴʥʫ ʩʧʽʣʴʥʦʪʫ ʟʽ ʩʪʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʦʩʽʙ ὔ, ʷʢʫ ʧʦʪʝʥʮʽʡʥʦ ʧʽʜʜʘʶʪʴ 
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ʜʝʷʢʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʟʘʛʨʦʟʽ ʢʽʣʴʢʦʭ ʪʠʧʽʚ. ʉʣʽʜ ʨʦʟʫʤʽʪʠ, ʱʦ ʢʦʞʝʥ ʟ ʪʠʧʽʚ 

ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʥʝʩʪʠ ʷʢ ʧʦʟʠʪʠʚʥʝ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʝ ʟʘʙʘʨʚʣʝʥʥʷ, ʮʽʢʘʚʠʤ ʻ 

ʚʠʧʘʜʦʢ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʥʘʧʨʠʢʣʘʜ ʯʝʨʝʟ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʘʙʦ 

ʪʝʣʝʢʘʥʘʣʠ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʚʣʘʩʥʦʩʪʽ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʘʥʪʘʛʦʥʽʩʪʠʯʥʠʭ ʜʫʤʦʢ. 

ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʜʽʣʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʚʠʥʠʢʥʝʥʥʷ ʧʠʪʘʥʥʷ 

ʧʨʦ ʧʝʨʝʤʦʞʮʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʚʽʡʥʽ. ɿʥʘʯʝʥʥʷ ὔ ὸȟὔ ὸȟȣȟὔ ὸ ï ʢʽʣʴʢʦʩʪʽ 

çʧʨʠʭʠʣʴʥʠʢʽʚè ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ὸ, ʷʢʽ ʩʧʨʠʡʥʷʣʠ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʽʜʝʾ, ʥʦʨʤʠ 

ʪʦʱʦ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʢʣʘʩʠʯʥʦʾ ʤʦʜʝʣʽ ʻ, ʧʦ-ʧʝʨʰʝ, ʩʪʘʣʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ) ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚʨʘʭʫʚʘʪʠ ʨʘʧʪʦʚʽ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʧʦʜʽʾ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʚʽʜʦʤʽʩʪʴ ʩʧʦʞʠʚʘʯʽʚ 

ʽʥʬʦʨʤʘʮʽʾ. ʆʯʝʚʠʜʥʦ, ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʜʝ ʽʥʬʦʨʤʘʮʽʷ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʤʠʪʪʻʚʦ 

ʽ ʦʜʥʦʯʘʩʥʦ ʧʦʢʨʠʚʘʻ ʰʠʨʦʢʫ ʘʫʜʠʪʦʨʽʶ ʧʦʜʽʙʥʽ ʨʽʜʢʽʩʥʽ ʘʣʝ ʜʫʞʝ ʚʧʣʠʚʦʚʽ 

ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ ʪʨʝʙʘ ʦʙʦʚôʷʟʢʦʚʦ ʚʨʘʭʦʚʫʚʘʪʠ. ʄʠ ʧʨʦʧʦʥʫʻʤʦ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʷʢ ʚʠʧʘʜʢʦʚʠʡ ʚʧʣʠʚ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢ ʽ ʨʽʜʢʽʩʥʽ ʚʠʧʘʜʢʦʚʽ ʩʪʨʠʙʢʠ ʷʢʽ 

ʢʦʨʦʪʢʦʯʘʩʥʦ, ʥʘʪʦʤʽʩʪʴ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴ ʢʽʣʴʢʦʩʪʽ çʘʜʝʧʪʽʚè ʚʽʜʧʦʚʽʜʥʠʭ ʽʜʝʡ. 

ɼʣʷ ʚʠʥʠʢʥʝʥʥ̫  ʜʠʬʫʟʽʡʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʩʠʥʛʫʣʷʨʥʦ ʾ

ʩʢʣʘʜʦʚʦʾ ʚ ʘʩʠʤʧʪʦʪʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥ ̔ ʧʝʨhʦʾ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢ̫ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜ̔ʚʘʥʥʤ̫ ʩʪʨʠʙʢʽʚ. 

ʊʘʢʦʞ, ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʨʽʰʝʥʦ ʩʪʚʦʨʠʪʠ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʜʣʷ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ 

ʧʨʦʮʝʩʫ. ʄʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʙʨʘʥʦ Python 3.11, ʧʘʢʝʪ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ 

Matplotlib 3.8.1, ʪʘʢʦʞ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʽ ʨʽʰʝʥʥʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʦʩʥʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʧʦʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ 

ʧʦʙʫʜʦʚʦʶ ʯʠʩʣʦʚʦʛʦ ʨʽʰʝʥʥʷ. ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʰʝʥʥʷ ʚʽʜʙʫʚʘʣʘʩʷ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʢʠ PyCharm CE 2023.1. 

ʋ ʮʽʡ ʯʘʩʪʠʥʽ ʜʦʩʣʽʜʠʤʦ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʽʤʧʫʣʴʩʥʠʤ 

ʚʧʣʠʚʦʤ ʪʘ ʤʘʨʢʦʚʩʴʢʠʤʠ ʧʝʨʝʢʣʶʯʝʥʥʷʤʠ: 
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 Ὠὔ ὸ ὅὔ ὸȟὼὸȾ‐ ὨὸὨ– ὸ, (2.13) 
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, (2.14) 

ʪʫʪ 

- ὔ ὸ ̒  n-ʚʠʤʽʨʥʠʤ ʚʝʢʪʦʨʦʤ ʨʦʟʚôʷʟʢʽʚ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʻ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʭʠʣʴʥʠʢʽʚ ʨʽʟʥʠʭ ʽʜʝʡ; 

- ὼὸȾ‐  ̒  ʨʽʚʥʦʤʽʨʥʦ ʝʨʛʦʜʠʯʥʠʤ ʤʘʨʢʦʚʩʴʢʠʤ ʧʨʦʮʝʩʦʤ ʷʢʠʡ ʤʦʜʝʣʶʻ 

ʚʧʣʠʚ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ 

ʧʝʨʽʦʜ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘʢʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʟʥʘʯʝʥʥʷ 

‌ ὼȟ‌ ὼȟȣȟ‌ ὼ ‍ ὼȟ‍ ὼȟȣȟ‍ ὼ ̒  ʩʪʘʣʠʤʠ, ʷʢ ʫ ʢʣʘʩʠʯʥʽʡ ʤʦʜʝʣʽ, 

ʥʘʪʦʤʽʩʪʴ ʚ ʤʦʤʝʥʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʤʠʪʪʻʚʦ ʟʤʽʥʶʶʪʴʩʷ. ʎʝ ʤʦʜʝʣʶʻ 

ʚʠʧʘʜʢʦʚʽ ʧʦʜʽʾ ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʦʛʣʷʜʠ ʣʶʜʝʡ. ʄʘʨʢʦʚʩʴʢʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ὼὸȾ‐  ʚʠʟʥʘʯʝʥʠʡ ʫ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ὢȟ╧, ʷʢʠʡ ʟʘʜʘʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ [6], [9], [27], 

[33] 

ὗ•ὼ ήὼ ὖὼȟὨώ•ώ •ὼ  
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ʥʘ ʙʘʥʘʭʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ὄὢ ʦʙʤʝʞʝʥʠʭ ʬʫʥʢʮʽʡ ʟ ʜʽʡʩʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽ 

ʩʫʧʨʝʤʫʤ ʥʦʨʤʦʶ  

ȿȿ•ὼȿȿ ÓÕÐ
ᶰ
ȿ•ὼȿ. 

 ʉʪʦʭʘʩʪʠʯʥʝ ʷʜʨʦ ὖὼȟὄȟὼɴ ὢȟὄᶰ╧ ʚʠʟʥʘʯʘʻ ʨʽʚʥʦʤʽʨʥʦ ʝʨʛʦʜʠʯʥʠʡ 

ʚʢʣʘʜʝʥʠʡ  ʣʘʥʮʶʛ ʄʘʨʢʦʚʘ ὼ ὼ† ȟὲ π, ʜʝ † ï ʤʦʤʝʥʪʠ ʩʪʨʠʙʢʽʚ 

ʚʢʣʘʜʝʥʦʛʦ ʣʘʥʮʶʛʘ, ʷʢʠʡ ʤʘʻ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ”ὄȟὼɴ ὢȟὄᶰ╧. 

ʉʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ “ὄȟὄᶰ╧, ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ὼὸȟὸ π ʤʦʞʥʘ  

ʚʠʟʥʘʯʠʪʠ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [11] 

“Ὠὼήὼ ή”Ὠὼ, 

ʜʝ 

ή “Ὠὼήὼ 

ɺʠʟʥʘʯʠʤʦ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʦʧʝʨʘʪʦʨ ╡ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ╠ ʩ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

╡ ♂ ♂ ╠ , 

ʚ ʷʢʦʤʫ  ♂•ὼ ᷿“Ὠώ•ώ ̒  ʧʨʦʝʢʪʦʨʦʤ ʥʘ ʧʽʜʧʨʦʩʪʽʨ ὔ •ȡ╠• π 

ʥʫʣʽʚ ʦʧʝʨʘʪʦʨʘ ╠.  

ɯʤʧʫʣʴʩʥʠʡ ʧʨʦʮʝʩ ʟʙʫʨʝʥʴ (ɯʇɿ) [9-10], [27], [38], [42]  – ὸȟὸ π, ʫ ʩʭʝʤʽ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʃʝʚʽ ʟʘʜʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

– ὸ ᷿– Ὠίȟὼ ίȾ‐ ; 

ʜʝ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʩ ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ – ὸȟὼȟὸ πȟὼɴ ὢ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʘʤʠ 

◔ ὼ•ύ ‐ •ύ ὺ •ύ ῲ Ὠὺȟὼȟὼɴ ὢ 

ʪʘ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʃʝʚʽ: 

L1: ɸʧʨʦʢcʠʤʘʮʽʷ ʩʝʨʝʜʥʽʭ: 

᷿ὺῲ Ὠὺȟὼ ‐ὥ ὼ ‐ ὥ ὼ — ὼ ȟ — ὼᴼπȟ‐O πȟ 
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ʪʘ  

᷿ὺῲ Ὠὺȟὼ ‐ ὦὼ — ὼ ȟ — ὼᴼπȟ‐O πȢ 

L2: ʋʤʦʚʘ ʥʘ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ: 

2( ) ( , ) ( ( ) ( )),g g

R

g v dv x x xe e qG = G +ñ — ὼᴼπȟ‐O π 

ʜʣʷ ʚʩʽʭ Ὣὺᶰὅ ᴙ. ʊʫʪ ʤʽʨʘ ῲὼ ʦʙʤʝʞʝʥʘ ʜʣʷ ʚʩʽʭ Ὣὺᶰὅ ᴙ ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ῲὼ ᷿ὫὺῲὨὺȟὼȟ Ὣὺᶰὅ ᴙ, 

ʜʝ ὅ ᴙ ï ʢʣʘʩ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʤʽʨʫ ʽ ʤʽʩʪʠʪʴ ʦʙʤʝʞʝʥʽ ʬʫʥʢʮʽʾ ʟ 

ʜʽʡʩʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʘʢʽ, ʱʦ ὫὺȾȿὺȿᴼπ ʧʨʠ ὺO π. 

L3: ʈʽʚʥʦʤʽʨʥʘ ʢʚʘʜʨʘʪʠʯʥʘ ʽʥʪʝʛʨʦʚʘʥʽʩʪʴ: 

ὰὭά
ᴼ ȿ
ίόὴ
ᶰ

ὺῲὨὺȟὼ
᷿

ȿȿ

 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʽ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ  

ʫʤʦʚʘ ʙʘʣʘʥʩʫ 

 ὥȡ ᷿“Ὠὼὥ ὼ π (2.15) 

ʅʘʚʝʜʝʤʦ ʘʩʠʤʧʪʦʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʫ ʟʙʫʨʝʥʴ, ʦʪʨʠʤʘʥʽ ʚ 

ʨʦʙʦʪʽ [5]. 

ʊʝʦʨʝʤʘ 1. ʗʢʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʘ ʙʘʣʘʥʩʫ, ʘ ʪʘʢʦʞ ʫʤʦʚʠ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʃʝʚʽ L1 ï L3, ʪʦ ʤʘʻ ʤʽʩʮʝ ʩʣʘʙʢʘ ʟʙʽʞʥʽʩʪʴ 

– ὸᴼ– ὸ, ‐O π. 

ɻʨʘʥʠʯʥʠʡ ʧʨʦʮʝʩ – ὸ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ 

ῲ•ύ ὥ•ᴂύ „•ᴂᴂύ ᷿•ύ ὺ •ὺ ῲὨὺ, 

ʜʝ 

ὥ “Ὠὼὥ ὼ ὥ ὼ ȟ 
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„ “Ὠὼὦὼ ὦ ὼ ς “Ὠὼὥ ὼὙὥ ὼȟ 

ὥ ὼ ᷿ὺῲὨὺȟὼȟ ὦ ὼ ᷿ὺῲὨὺȟὼȟ ῲὺ ᷿“ὨὼῲὺȟὼȢ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʛʨʘʥʠʮʽ ʤʠ ʦʪʨʠʤʘʣʠ ʧʨʦʮʝʩ ʃʝʚʽ, ʷʢʠʡ ʤʘʻ ʪʨʠ ʢʦʤʧʦʥʝʥʪʠ: 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʟʩʫʚ, ʜʠʬʫʟʽʡʥʫ ʩʢʣʘʜʦʚʫ ʪʘ ʧʫʘʩʩʦʥʦʚʫ ʩʪʨʠʙʢʦʚʫ ʯʘʩʪʠʥʫ. 

ɼʘʣʽ ʤʠ ʛʦʪʦʚʽ ʜʦʩʣʽʜʠʪʠ ʘʩʠʤʧʪʦʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (2.13), 

ʟʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʭʦʜʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʫ [8], [40]. 

ɼʦʚʝʜʝʥʥʷ. ɼʣʷ ʥʘʰʦʾ ʤʦʜʝʣʽ (2.13) ʥʘʚʝʜʝʤʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʜʦʚʝʜʝʥʥʷ ʟ 

ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʤʠ ʧʦʷʩʥʝʥʥʷʤʠ ʧʨʠ ʜʦʚʝʜʝʥʥʽ ʊʝʦʨʝʤʠ 2 ʜʣʷ ʚʩʽʻʾ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ. 

ʗʢ ʚʽʜʦʤʦ [20], ʛʝʥʝʨʘʪʦʨʠ ʧʨʦʮʝʩʽʚ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ – ὸȟὼȟὸ

πȟὼɴ ὢ, ʥʘ ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʷʭ •‫ ᶰὅ Ὑ ʟʘ ʫʤʦʚ L1-L3 ʜʦʧʫʩʢʘʶʪʴ 

ʘʩʠʤʧʪʦʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

◔ ὼ•‫ ‐ ῲὼ•‫ ῲὼ•‫  

ʜʝ 

ῲὼ•‫ ὥ ὼ•ᴂ‫  

ῲὼ•‫ ὥ ὼ ὥ ὼ •ᴂ‫
ρ

ς
ὦὼ ὦ ὼ •ᴂᴂ‫  

•‫ ὺ •ὺ ῲὨὺȟὼ 

ʊʘʢʦʞ, ʜʦʙʨʝ ʚʽʜʦʤʠʡ ʬʘʢʪ [20] ʱʦ ʛʝʥʝʨʘʪʦʨ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ 

ʧʨʦʮʝʩʫ –ȟὼὸȾ‐ ȟὸ π ʤʘʻ ʚʠʛʣʷʜ 

ῲ ὼ•‫ȟὼ ‐ ╠•‫ȟὼ ‐ ῲὼ•‫ȟὼ  

ῲὼ•‫ȟὼ ‎ ὼ•‫ȟὼ 

ʜʝ ʟʘʣʠʰʢʦʚʠʡ ʯʣʝʥ ᴁ‎ ὼ•‫ȟὼᴁO π at ‐O πȟ•#‫ȟẗᶰ 2. 

ɼʘʚʘʡʪʝ ʪʘʢʦʞ ʨʦʟʛʣʷʥʝʤʦ ʟʨʽʟʘʥʠʡ ʛʝʥʝʨʘʪʦʨ: 

ῲ ὼ•‫ ‐ ╠•‫ȟὼ ‐ ῲὼ•‫ȟὼ ῲὼ•‫ȟὼ 
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ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ ʙʘʣʘʥʩʫ (2.15) ʨʦʟʚôʷʟʦʢ ʩʠʥʛʫʣʷʨʥʦʾ ʟʘʜʘʯʽ ʧʨʦ ʟʙʫʨʝʥʥʷ 

ʜʣʷ ʟʨʽʟʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ῲ Ø ʥʘ ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʷʭ 

• ‫ȟὼ •‫ ‐• ‫ȟὼ ‐• ‫ȟὼ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ [20] 

ῲ ὼ• ‫ȟὼ ῲ•‫ ‐— ὼ•‫  

ʜʝ ʟʘʣʠʰʢʦʚʠʡ ʯʣʝʥ — ὼ•‫  ʨʽʚʥʦʤʽʨʥʦ ʦʙʤʝʞʝʥʠʡ ʚ ʪʦʯʮʽ ὼ. 

ɻʨʘʥʠʯʥʠʡ ʦʧʝʨʘʪʦʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ῲ  ῲὼὙῲὼ   ῲὼ  

ʽ ʟʘʩʪʦʩʦʚʫʶʯʠ ʊʝʦʨʝʤʫ 6.3 ʟ [20], ʦʪʨʠʤʫʻʤʦ ʥʝʦʙʭʽʜʥʫ ʟʙʽʞʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʪʦʙʪʦ 

ʪʚʝʨʜʞʝʥʥʷ ʊʝʦʨʝʤʠ 1. 

ʊʝʦʨʝʤʘ 2. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ ʙʘʣʘʥʩʫ ʪʘ ʫʤʦʚ ʘʧʨʦʢʩʠʤʘʮʽʾ ʃʝʚʽ L1 - L3 

ʩʧʨʘʚʝʜʣʠʚʦʶ ʻ ʩʣʘʙʢʘ ʟʙʽʞʥʽʩʪʴ ʚ ʩʝʥʩʽ ʟʙʽʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ 

ό ὸȟ– ὸ ᴼ ό ὸȟ– ὸ, ‐O π. 

ɻʨʘʥʠʯʥʠʡ ʧʨʦʮʝʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ 

╛•ύȟὺ ὅό• ύȟ ɜ•ὼ 

ʫ ʷʢʦʤʫ ʛʝʥʝʨʘʪʦʨʠ ῲ ̔ ῲ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʩʪʨʫʢʪʫʨʫ (ῲ ʚʠʟʥʘʯʝʥʦ ʚ ʊʝʦʨʝʤʽ 1), 

ʘʣʝ ʜʽʶʪʴ ʟʘ ʨʽʟʥʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ •ύȟὺ. 

ʋʩʝʨʝʜʥʝʥʘ ʬʫʥʢʮʽʷ ʤʘʻ ʚʠʛʣʷʜ 

ὅό ᷿“Ὠὼὅόȟὼ. 

ɼʦʚʝʜʝʥʥʷ. ʗʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʤʦʥʦʛʨʘʬʽʾ [20], ʛʝʥʝʨʘʪʦʨ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʘʨʢʦʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ό ὸȟὼὸȾ‐ ȟὸ π, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ 

ʚʠʛʣʷʜʽ 

╛ ὼ•‫ȟὼ ‐ ╠•‫ȟὼ ῲ ὼ•‫ȟὼ  

˞ὼ•‫ȟὼ —•‫ȟὼ 

ʜʝ 

˞ὼ•‫ȟὼ ὅόȟὼ• ‫ȟὼ 

ʪʘ ᴁ— ὼ•‫ȟὼᴁO π at ‐O π 
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ɻʝʥʝʨʘʪʦʨ ╛ ὼ ʫ ʚʠʧʘʜʢʫ ʽʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʫ ʟʙʫʨʝʥʥʷ ʜʦʧʫʩʢʘʻ 

ʘʩʠʤʧʪʦʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ [20]. 

╛ ὼ•‫ȟὼ ‐ ╠•‫ȟὼ ‐ ɜὼ•‫ȟὼ  

ɜὼ•‫ȟὼ ˞ὼ•‫ȟὼ —•‫ȟὼ 

ʜʝ 

— ὼ ‎ — ὼ, 

ῲὼ•‫ ὥ ὼ•ᴂ,‫ 

ῲὼ•‫ ὥ ὼ ὥ ὼ •ᴂ‫
ρ

ς
ὦὼ ὦ ὼ •ᴂᴂ‫  

᷿•‫ ὺ •ὺ ῲὨὺȟὼ. 

ʆʩʪʘʯʘ — ὼ•‫ȟὼ ᴼπ ʧʨʠ ‐O π. 

ɿʘʩʪʦʩʦʚʫʻʤʦ ʟʨʽʟʘʥʠʡ ʦʧʝʨʘʪʦʨ ʚʠʜʫ: 

 ╛ ὼ• ‐ ╠• ‐ ῲὼ• ῲὼ• ˞ὼ• (2.16) 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʙʘʣʘʥʩʫ (2.15), ʨʦʟʚôʷʞʝʤʦ ʟʘʜʘʯʫ ʧʨʦ 

ʩʠʥʛʫʣʷʨʥʝ ʟʙʫʨʝʥʥʷ ʜʣʷ ʟʨʽʟʘʥʦʛʦ ʦʧʝʨʘʪʦʨʘ (2.16) ʥʘ ʪʝʩʪʦʚʠʭ ʬʫʥʢʮʽʷʭ 

• ‫ȟὼ •‫ ‐• ‫ȟὼ ‐• ‫ȟὼ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʥʦʰʝʥʥʷ 

 ╛ ὼ• ‫ȟὼ ╛•‫ ‐— ὼ•‫  (2.17) 

ʜʝ ʟʘʣʠʰʢʦʚʠʡ ʯʣʝʥ — ὼ ̒  ʨʽʚʥʦʤʽʨʥʦ ʦʙʤʝʞʝʥʠʡ ʚ ʪʦʯʮʽ ὼ. 

ɻʨʘʥʠʯʥʠʡ ʦʧʝʨʘʪʦʨ Ἐ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 ╛  ˞ὼ ῲὼὙῲὼ ῲὼ   (2.18) 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʚʥʦʩʪʽ (2.17), ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʢʦʝʬʽʮʽʻʥʪʠ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʩʪʝʧʝʥʷʤʠ Ů ʚ ʣʽʚʽʡ ʽ ʧʨʘʚʽʡ ʯʘʩʪʠʥʘʭ ʙʫʣʠ ʨʽʚʥʠʤʠ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʘʭʫʻʤʦ: 

╛ ὼ• ‫ȟὼ ‐ ╠ὼ•‫  

‐ ╠• ‫ȟὼ ῲὼ•‫  

╠• ‫ȟὼ ῲὼ• ‫ȟὼ  

ῲὼ• ˞ὼ•‫  
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‐ῲὼ• ‫ȟὼ ῲὼ• ‫ȟὼ ˞ὼ• ‫ȟὼ  

‐ ῲὼ• ‫ȟὼ ˞ὼ• ‫ȟὼ  

ʆʩʢʽʣʴʢʠ 

╠•‫ πᵾ •‫ ᶰὔ, 

ʊʦʜʽ •.ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ὼ ‫ 

ʋʤʦʚʘ ʨʽʚʥʦʚʘʛʠ (2.15) ʻ ʫʤʦʚʦʶ ʨʦʟʚôʷʟʥʦʩʪʽ ʨʽʚʥʷʥʥʷ 

╠• ‫ȟὼ ῲὼ•‫ π 

ʊʦʜʽ, 

• ‫ȟὼ Ὑῲὼ•,‫ 

ʪʘ 

╠• ‫ȟὼ ῲὼ• ‫ȟὼ  

ῲὼ•‫ ˞ὼ•‫ ╛•.‫ 

ʘʙʦ 

╠• ‫ȟὼ ╛ ῲὼὙῲὼ ῲὼ ˞ὼ •‫  

ʋʤʦʚʘ ʨʦʟʚôʷʟʥʦʩʪʽ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʜʘʻ ʛʨʘʥʠʯʥʠʡ ʦʧʝʨʘʪʦʨ ╛ ʫ ʚʠʛʣʷʜʽ 

(2.18). ɿʘʩʪʦʩʦʚʫʶʯʠ ʪʝʦʨʝʤʫ 6.3 ʟ [20], ʦʩʪʘʪʦʯʥʦ ʦʪʨʠʤʫʻʤʦ ʪʚʝʨʜʞʝʥʥʷ ʊʝʦʨʝʤʠ 

2. 

ɼʘʣʽ, ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ n-

ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʦʚʫ Python 3.11, 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ Matplotlib 3.8.1, ʷʢ ʩʝʨʝʜʦʚʠʱʝ 

ʨʦʟʨʦʙʢʠ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ PyCharm CE 2023.1. ʊʘʢʦʞ, ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʜʘʣʦ ʜʦʜʘʪʢʦʚʫ 

ʛʥʫʯʢʽʩʪʴ, ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʯʠʩʣʦʚʦʛʦ ʨʽʰʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʜʦʜʘʚʘʥʥʷ ʘʙʦ ʚʠʣʫʯʝʥʥʷ 

ʜʠʬʫʟʽʾ ʪʘ ʩʪʨʠʙʢʽʚ. ʈʘʟʦʤ ʟ ʪʠʤ, ʭʦʯ ʽ ʜʣʷ ʦʩʥʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʛʦʪʦʚʽ ʨʽʰʝʥʥʷ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʜʣʷ ʦʢʨʝʤʦ ʚʟʷʪʠʭ ʩʢʣʘʜʦʚʠʭ ʪʘʢʠʭ ʷʢ, ʛʝʥʝʨʘʮʽʾ ʯʠʩʣʦʚʠʭ 

ʨʷʜʽʚ ʟʘ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ, ʦʧʝʨʘʮʽʾ ʟ ʤʘʩʠʚʘʤʠ ʘʙʦ ʪʘʙʣʠʯʥʠʤʠ 
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ʜʘʥʠʤʠ ʚ ʥʘʷʚʥʦʩʪʽ ʤʦʚʠ Python ʻ ʰʠʨʦʢʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʙʽʙʣʽʦʪʝʢ, ʱʦ ʟʥʘʯʥʠʤ 

ʯʠʥʦʤ ʩʢʦʨʦʯʫʻ ʯʘʩ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʜʣʷ ʰʝʩʪʠ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʟ ʥʘʩʪʫʧʥʠʤʠ 

ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ὔ υπππππ, ὔ π π, ὔ π π, ὔ π π, ὔ π

π, ὔ π π, ὔ π π, ‌ πȢππππρς, ‌ πȢππππρτ, ‌ πȢππππρρ, ‌

πȢππππρυ, ‌ πȢππππρσ, ‌ πȢππππρρ, ‍ πȢπππππππρ, ‍ πȢπππππππς, 

‍ πȢππππππππω, ‍ πȢπππππππς, ‍ πȢπππππππς, ‍ πȢπππππππρ.  

ʊʘʢʦʞ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ: — ρ, „ υ. ʎʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʫ ɽʡʣʝʨʘ-

ʄʘʨʫʷʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ. ɿʤʽʥʶʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷ, ʤʠ ʤʦʞʝʤʦ 

ʟʙʽʣʴʰʫʚʘʪʠ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ ʧʨʦʮʝʩʫ ʤʘʶʪʴ ʚʠʛʣʷʜ ‗ υȟ „ υ. ʊʫʪ ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʠʩʢʨʝʪʥʠʡ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʡ ʧʨʦʮʝʩ, ʪʦʤʫ ‗ - ʮʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʪʨʠʙʢʽʚ, ʘ „ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʤʽʥʣʠʚʦʩʪʽ. 

 

ʈʠʩ. 2.6 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʜʦʜʘʚʘʥʥʷ ʜʠʬʫʟʽʾ 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ (ʨʠʩ. 2.6), ʯʝʪʚʝʨʪʠʡ ʪʠʧ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ ʩʪʘʻ ʣʽʜʝʨʦʤ, 

ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʡʦʛʦ ʟʥʘʯʥʦ ʚʠʱʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʆʜʥʘʢ ʚʘʨʪʦ 
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ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʣʽʜʝʨʩʪʚʦ ʪʠʤʯʘʩʦʚʦ ʧʝʨʝʭʦʜʠʣʦ ʜʦ ʽʥʰʠʭ 

ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʥʘʩʘʤʧʝʨʝʜ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʟʩʫʚʽʚ. ʋ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʘʢʽ ʟʨʫʰʝʥʥʷ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʥʝʦʯʽʢʫʚʘʥʠʭ 

ʧʨʦʩʪʦʾʚ ʘʙʦ ʧʦʰʠʨʝʥʥʷ ʢʦʤʧʨʦʤʘʪʫ ʦʢʨʝʤʠʤʠ ʪʝʣʝʢʘʥʘʣʘʤʠ. 

ɼʦʨʝʯʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʚʝʣʠʯʠʥʦʶ ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ, ʷʢʫ ʯʘʩʪʦ 

ʥʘʟʠʚʘʶʪʴ çʩʠʣʦʶè, ʤʦʞʥʘ ʤʘʥʽʧʫʣʶʚʘʪʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʮʽʣʷʭ. ʅʘʧʨʠʢʣʘʜ, 

ʟʙʽʣʴʰʝʥʥʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ɗ ̔ ů ʜʦ ʟʥʘʯʝʥʴ 4 ʽ 8 ʚʽʜʧʦʚʽʜʥʦ, ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʨʠʤʽʪʥʦ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʯʥʦ ʟʨʦʩʪʘʶʪʴ ʟʘ ʪʘʢʠʭ ʫʤʦʚ. 

 

ʈʠʩ. 2.7 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʜʦʜʘʚʘʥʥʷ ʜʠʬʫʟʽʾ ʟʘ ʚʠʱʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʚʽʜʭʠʣʝʥʥʷʭ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ (ʨʠʩ. 2.7), ʯʝʪʚʝʨʪʠʡ ʪʠʧ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ ʙʽʣʴʰʝ ʥʝ 

ʟʙʝʨʽʛʘʻ ʩʚʦʛʦ ʩʪʘʪʫʩʫ ʜʦʤʽʥʫʶʯʦʛʦ ʧʨʝʪʝʥʜʝʥʪʘ. ʎʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʽʜʢʨʝʩʣʶʻ 

ʚʘʞʣʠʚʠʡ ʚʠʩʥʦʚʦʢ: ʥʘʚʽʪʴ ʢʦʣʠ ʩʫʢʫʧʥʘ ʟʥʘʯʫʱʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ɻ ̔  ɼ ̒  ʟʥʘʯʥʦʶ, 

ʚʦʥʘ ʥʝ ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ ʚʠʨʽʰʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ. ɺʠʥʠʢʥʝʥʥʷ 

ʪʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʽʜʢʨʝʩʣʶʻ ʧʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ ʨʦʙʘʩʪʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

ʎʽ ʧʨʦʮʝʩʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʶ ʪʘ ʩʠʣʦʶ, ʟʜʘʪʥʽ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʜʠʥʘʤʽʢʫ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʆʪʞʝ, ʥʘʚʽʪʴ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʪʨʘʜʠʮʽʡʥʦ ʚʚʘʞʘʶʪʴʩʷ ʚʧʣʠʚʦʚʠʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʥʫʪʽ ʥʘ ʜʨʫʛʠʡ ʧʣʘʥ ʘʙʦ 
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ʧʦʤ'ʷʢʰʝʥʽ ʜʽʻʶ ʮʠʭ ʧʦʪʫʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ ʫʩʚʽʜʦʤʣʝʥʥʷ ʧʽʜʢʨʝʩʣʶʻ 

ʚʘʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʘʥʘʣʽʟʽ 

ʜʠʥʘʤʽʢʠ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠ 

ʦʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʩʪʘʚʠʪʠ ʧʽʜ ʩʫʤʥʽʚ ʪʨʘʜʠʮʽʡʥʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚʧʣʠʚʫ ʪʘ 

ʜʦʤʽʥʫʚʘʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʤʠ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʦʜʥʘʢʦʚʽ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʚʩʽʭ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. 

ὔ υπππππΣ ὔ π πΣ ὔ π πΣ ὔ π πΣ ὔ π πΣ ὔ π πΣ 

ὔ π πΣ ‌ πȢππππρςΣ ‌ πȢππππρςΣ ‌ πȢππππρςΣ ‌ πȢππππρςΣ ‌

πȢππππρςΣ ‌ πȢππππρςΣ ‍ πȢπππππππρΣ ‍ πȢπππππππρΣ ‍ πȢπππππππρΣ 

‍ πȢπππππππρΣ ‍ πȢπππππππρΣ ‍ πȢπππππππρ 

ʗʢʱʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʚʝʜʝʥʠʡ ʚʠʱʝ ʩʮʝʥʘʨʽʡ, ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʤʦʞʥʘ 

ʙʫʣʦ ʙ ʦʯʽʢʫʚʘʪʠ ʨʽʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʠʭʠʣʴʥʠʢʽʚ ʟʘ ʢʦʞʥʠʤ ʪʠʧʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ. ʆʜʥʘʢ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ ʪʘ ʨʘʧʪʦʚʠʭ ʩʪʨʠʙʢʽʚ ʨʝʟʫʣʴʪʘʪ 

ʩʪʘʻ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʤ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ. ʇʨʦʮʝʩ ʜʠʬʫʟʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʠʤ ʧʦʰʠʨʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʚ ʯʘʩʽ, ʚʟʘʻʤʦʜʽʻ ʟʽ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʩʪʨʠʙʢʘʤʠ, 

ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʘʧʪʦʚʽ, ʟʥʘʯʥʽ ʟʤʽʥʠ ʚ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʠʣʴʥʠʢʽʚ ʧʝʚʥʠʭ ʽʜʝʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʮʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʨʦʟʧʦʜʽʣ ʧʨʠʭʠʣʴʥʠʢʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʨʽʚʥʦʤʽʨʥʦʛʦ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʎʷ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 

3, ʜʝ ʤʽʥʣʠʚʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʧʽʜʢʨʝʩʣʶʻ ʩʢʣʘʜʥʫ ʜʠʥʘʤʽʢʫ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ 

ʧʦʰʠʨʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ. 
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ʈʠʩ. 2.8 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʚʠʧʘʜʢʫ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʙʝʟ 

ʚʠʧʘʜʢʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ 

 

 

ʈʠʩ. 2.9 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʚʠʧʘʜʢʫ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ 

ʢʦʞʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ, ʜʨʫʛʘ ʩʠʤʫʣʷʮʽʷ 

 

ɺʨʘʭʦʚʫʶʯʠ ʩʪʦʭʘʩʪʠʯʥʫ ʧʨʠʨʦʜʫ ʧʨʦʮʝʩʫ, ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʥʘʩʪʫʧʥʽ ʩʠʤʫʣʷʮʽʾ 

ʜʘʚʘʪʠʤʫʪʴ ʨʽʟʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʤʽʥ ʫ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʎʷ 

ʚʠʧʘʜʢʦʚʽʩʪʴ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʶ ʧʝʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʘʙʦ ʟʦʚʥʽʰʥʽ ʟʤʽʥʥʽ. ʗʢ ʥʘʩʣʽʜʦʢ, ʢʦʞʝʥ 
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ʟʘʧʫʩʢ ʩʠʤʫʣʷʮʽʾ ʤʦʞʝ ʜʘʚʘʪʠ ʨʽʟʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʨʠʪʘʤʘʥʥʫ 

ʤʽʥʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ, ʷʢʘ ʤʦʜʝʣʶʻʪʴʩʷ. ʊʦʤʫ ʦʯʽʢʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʪʠ ʨʽʟʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚ ʧʦʩʣʽʜʦʚʥʠʭ ʩʠʤʫʣʷʮʽʷʭ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤʠ, ʻ ʧʨʠʨʦʜʥʠʤ ʥʘʩʣʽʜʢʦʤ ʚʠʧʘʜʢʦʚʦʩʪʽ, ʧʨʠʪʘʤʘʥʥʦʾ ʧʨʦʮʝʩʫ 

ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 2.9). 

ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʧʨʦʧʦʟʠʮʽʶ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ 

ʤʦʜʝʣʽ, ʷʢʘ ʧʝʨʝʚʝʨʰʫʻ ʪʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʦʯʥʦʩʪʽ ʪʘ ʟʘʛʘʣʴʥʦʩʪʽ 

[22, 23]. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʷʚʥʫ ʧʦʙʫʜʦʚʫ ʛʝʥʝʨʘʪʦʨʽʚ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʽʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʧʦʣʝʛʰʠʣʦ ʨʦʟʫʤʽʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʤʦʜʝʣʽ. ʂʨʽʤ ʪʦʛʦ, ʧʦʙʫʜʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ ʩʧʨʦʱʫʻ ʦʙʯʠʩʣʝʥʥʷ, 

ʧʽʜʚʠʱʫʶʯʠ ʢʦʨʠʩʥʽʩʪʴ ʤʦʜʝʣʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʘʻ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ, ʥʘʡʛʦʣʦʚʥʽʰʦʶ ʟ ʷʢʠʭ ʻ ʟʜʘʪʥʽʩʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʪʦʯʥʽ ʪʘ ʨʝʪʝʣʴʥʽ ʦʮʽʥʢʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. ɺʦʥʘ ʜʘʻ 

ʦʩʦʙʘʤ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦ ʚʠʤʽʨʷʪʠ ʰʚʠʜʢʽʩʪʴ 

ʧʦʰʠʨʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰ ʫʩʧʽʰʥʽ ʧʣʘʥʠ ʨʝʘʛʫʚʘʥʥʷ. ʂʨʽʤ 

ʪʦʛʦ, ʚʠʷʚʣʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʟʘʛʨʦʟ ʧʦʣʝʛʰʫʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʟʜʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʪʠ ʯʘʩʦʚʽ ʟʤʽʥʠ ʚ ʧʦʰʠʨʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ.  

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ 

ʧʨʦʛʨʝʩ ʫ ʨʦʟʫʤʽʥʥʽ ʪʘ ʧʦʩʣʘʙʣʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. ɺʦʥʘ ʻ ʢʦʨʠʩʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʣʽʪʠʢʽʚ ʽ ʧʨʘʢʪʠʢʽʚ ʫ ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʘʢʪʠʚʥʦʾ 

ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʪʘʢʪʠʢʠ ʨʝʘʛʫʚʘʥʥʷ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʟʜʘʪʥʦʩʪʽ ʚʨʘʭʦʚʫʚʘʪʠ ʤʽʥʣʠʚʽʩʪʴ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʪʦʯʥʦ ʦʮʽʥʶʚʘʪʠ ʜʠʥʘʤʽʢʫ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʚ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ ʽ ʦʙʩʪʘʚʠʥʘʭ ʙʫʜʝ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʷ ʽ 

ʧʽʜʪʚʝʨʜʞʫʚʘʪʠʩʷ ʚ ʭʦʜʽ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʈʦʟʜʽʣʫ 2 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʩʧʦʩʽʙ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʦʨʦʪʴʙʠ ʯʝʨʝʟ ʦʜʥʠʥ ʟ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʤʦʜʝʣʝʡ ʫ ʧʨʠʢʣʘʜʥʽʡ ʤʘʪʝʤʘʪʠʮʽ, ʘ ʩʘʤʝ 
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ʤʦʜʝʣʴ ʃʦʪʢʘ-ɺʦʣʴʪʝʨʨʘ. ʆʧʠʩʘʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʜʣʷ ʪʠʧʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʩʧʽʣʴʥʦʪʽ ʟ ʩʪʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʦʩʽʙ. 

ʂʣʘʩʠʯʥʘ ʤʦʜʝʣʴ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ, ʘ ʩʘʤʝ: ʧʦʩʪʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʽʥʪʝʥʩʠʚʥʽʩʪʴ) ʚʧʣʠʚʫ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʥʝʦʯʽʢʫʚʘʥʽ ʧʦʜʽʾ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʩʚʽʜʦʤʽʩʪʴ ʩʧʦʞʠʚʘʯʽʚ ʽʥʬʦʨʤʘʮʽʾ. ʆʩʢʽʣʴʢʠ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʽʥʬʦʨʤʘʮʽʷ 

ʰʚʠʜʢʦ ʧʦʰʠʨʶʻʪʴʩʷ ʽ ʜʦʩʷʛʘʻ ʚʝʣʠʢʦʾ ʘʫʜʠʪʦʨʽʾ, ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ 

ʨʽʜʢʽʩʥʽ, ʘʣʝ ʟʥʘʯʫʱʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʤʠ ʤʦʜʝʣʴ ʻ ʜʠʥʘʤʽʯʥʦʶ 

ʩʠʩʪʝʤʦʶ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʷʢ ʚʠʧʘʜʢʦʚʠʡ ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢ ʽ ʨʽʜʢʽʩʥʽ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʩʪʨʠʙʢʠ, ʱʦ 

ʪʠʤʯʘʩʦʚʦ, ʘʣʝ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴ ʢʽʣʴʢʽʩʪʴ çʧʨʠʭʠʣʴʥʠʢʽʚè ʚʽʜʧʦʚʽʜʥʠʭ ʽʜʝʡ. 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʤʦʜʝʣʽ. ɸ ʩʘʤʝ, ʱʦ ʩʧʽʣʴʥʦʪʦʶ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ n-ʪʠʧʽʚ çʽʜʝʡè, ʯʝʨʝʟ ʜʚʘ ʢʘʥʘʣʠ. 

ʇʝʨʰʠʡ ï çʟʦʚʥʽʰʥʽʡè ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʨʦʤʘʜʠ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʨʝʢʣʘʤʥʽ 

ʤʝʜʽʘ-ʢʘʤʧʘʥʽʾ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʮʴʦʛʦ ʢʘʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʯʘʩʫ. 

ɼʨʫʛʠʡ ʢʘʥʘʣ, çʚʥʫʪʨʽʰʥʽʡè ï ʮʝ ʤʽʞʦʩʦʙʠʩʪʽʩʥʽ ʟʚô̫ ʟʢʠ ʤʽʞ ʯʣʝʥʘʤʠ 

ʩʦʮʽʘʣʴʥʦʾ ʩʧʽʣʴʥʦʪʠ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʮʴʦʛʦ ʢʘʥʘʣʫ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘʢʦʞ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ 

ʯʘʩʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ, ʧʨʠʭʠʣʴʥʠʢʠ ʧʝʨʰʦʾ ʽʜʝʾ, ʷʢʽ ʚʞʝ çʟʘʚʝʨʙʦʚʘʥʽè ʨʦʙʣʷʪʴ ʩʚʽʡ 

ʚʥʝʩʦʢ ʫ ʧʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ ʽʜʝʾ ʩʝʨʝʜ ʩʧʽʣʴʥʦʪʠ. ɺʦʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ 

çʥʝʨʝʢʨʫʪʦʚʘʥʠʭè ʯʣʝʥʽʚ ʩʧʽʣʴʥʦʪʠ. ʊʦʡ ʩʘʤʠʡ ʧʨʠʥʮʠʧ ʜʽʻ ʽ ʜʣʷ ʧʨʠʭʠʣʴʥʠʢʽʚ 

ʽʥʰʠʭ ʽʜʝʡ. 

ʊʘʢʦʞ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʡ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʦʚʠ Python 3.11 ʪʘ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʙʽʙʣʽʦʪʝʢʠ Matplotlib 3.8.1, ɦʦ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ, 

ʷʢ ʧʨʦʪʦʪʠʧ ʷʜʨʘ ʨʦʟʨʘʭʫʥʢʽʚ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʉʝʨʝʜʦʚʠʱʝʤ 

ʨʦʟʨʦʙʢʠ ʦʙʨʘʥʦ PyCharm CE 2023.1.   
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ʈʆɿɼɯʃ 3. ʈʆɿʈʆɹʂɸ ʉʀʉʊɽʄʀ ʇɯɼʊʈʀʄʂʀ ʇʈʀʁʅʗʊʊʗ 

ʈɯʐɽʅʔ 

 

3.1 ʊʝʭʥʽʯʥʠʡ ʩʪʝʢ ʪʘ ʨʝʘʣʽʟʘʮʽʷ 

ʆʙʠʨʘʶʯʠ ʩʪʝʢ ʪʝʭʥʦʣʦʛʽʡ, ʤʠ ʢʝʨʫʚʘʣʠʩʷ ʧʨʠʥʮʠʧʘʤʠ, ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʩʪʽʡʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʥʘʰʦʛʦ ʧʨʦ̒ʢʪʫ ʽ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ. ʉʘʤʝ ʪʦʤʫ ʩʪʝʢ ʪʝʭʥʦʣʦʛʽʡ ʥʘʙʫʚ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ. 

React JS 18 ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ ʜʦʜʘʪʢʫ. ɼʝʷʢʽ ʢʣʶʯʦʚʽ 

ʧʝʨʝʚʘʛʠ React ʷʢ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʨʦʟʨʦʙʢʠ UI ʯʘʩʪʠʥʠ ʧʨʦʻʢʪʫ. 

ʂʦʤʧʦʥʝʥʪʥʠʡ ʧʽʜʭʽʜ. React ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʧʦʥʝʥʪʠ ʷʢ ʦʩʥʦʚʥʫ ʦʜʠʥʠʮʶ 

ʧʦʙʫʜʦʚʠ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʩʪʚʦʨʶʚʘʪʠ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʽ, ʙʘʛʘʪʦʨʘʟʦʚʽ ʝʣʝʤʝʥʪʠ ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʧʦʣʝʛʰʫʻ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʨʦʟʰʠʨʝʥʥʷ ʢʦʜʫ. 

ɺʽʨʪʫʘʣʴʥʠʡ DOM. ɺʽʨʪʫʘʣʴʥʠʡ DOM React ʜʦʧʦʤʘʛʘʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʯʘʩʪʦʪʫ 

ʦʥʦʚʣʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ. ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʘʥʽʧʫʣʶʚʘʪʠ ʨʝʘʣʴʥʠʤ 

DOM, React ʧʨʘʮʶʻ ʟ ʚʽʨʪʫʘʣʴʥʠʤ DOM, ʱʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʽ ʰʚʠʜʢʦ 

ʦʥʦʚʣʶʻ ʣʠʰʝ ʪʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʟʤʽʥʠʣʠʩʷ. 

ʆʜʥʦʩʪʦʨʽʥʢʦʚʽ ʜʦʜʘʪʢʠ (SPA). React ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ SPA, 

ʜʝ ʚʝʩʴ ʢʦʥʪʝʥʪ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʦʜʠʥ ʨʘʟ ʽ ʧʦʜʘʣʴʰʘ ʥʘʚʽʛʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ 

ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ. ʎʝ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʟ ʜʠʥʘʤʽʯʥʠʤ ʢʦʥʪʝʥʪʦʤ ʽ 

ʧʦʢʨʘʱʫʻ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ. 

React. React ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʠʩʪʝʤʫ ʩʪʘʥʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʷʪʠ 

ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. ɿʤʽʥʘ ʩʪʘʥʫ ʢʦʤʧʦʥʝʥʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʧʫʩʢʘʻ ʧʦʚʪʦʨʥʠʡ 

ʨʝʥʜʝʨʠʥʛ, ʨʦʙʣʷʯʠ ʽʥʪʝʨʬʝʡʩ ʞʠʚʠʤ ʽ ʯʫʪʣʠʚʠʤ ʥʘ ʚʚʝʜʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʈʦʟʰʠʨʶʚʘʥʽʩʪʴ. ʃʝʛʢʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ ʙʽʙʣʽʦʪʝʢʘʤʠ ʪʘ ʬʨʝʡʤʚʦʨʢʘʤʠ 

ʨʦʙʠʪʴ React ʜʫʞʝ ʛʥʫʯʢʠʤ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʧʨʦʻʢʪʽʚ. ʊʘʢʦʞ ʥʘʷʚʥʽʩʪʴ 
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ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʩʪʦʨʦʥʥʽʭ ʙʽʙʣʽʦʪʝʢ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʧʦʤʘʛʘʻ ʝʬʝʢʪʠʚʥʦ 

ʚʠʨʽʰʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʚʜʘʥʥʷ. 

ɸʢʪʠʚʥʘ ʩʧʽʣʴʥʦʪʘ ʪʘ ʧʽʜʪʨʠʤʢʘ. React ʤʘʻ ʚʝʣʠʢʫ ʪʘ ʘʢʪʠʚʥʫ ʩʧʽʣʴʥʦʪʫ 

ʨʦʟʨʦʙʥʠʢʽʚ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʚʞʜʠ ʻ ʜʦʩʪʫʧ ʜʦ ʥʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʙʽʙʣʽʦʪʝʢ ʪʘ 

ʨʽʰʝʥʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʚʜʘʥʴ. 

ʊʘʢʦʞ, ʢʦʥʢʨʝʪʥʦ ʜʣʷ ʥʘʰʦʾ ʩʠʪʫʘʮʽʾ, ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʾ ʟ ʙʝʢʝʥʜʦʤ, ʙʫʣʦ 

ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʘʢʝʪ ReactQuery. React Query - ʮʝ ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʩʪʘʥʦʤ ʪʘ ʢʝʰʫʚʘʥʥʷʤ ʜʘʥʠʭ ʫ React-ʜʦʜʘʪʢʘʭ. ʆʩʴ ʢʽʣʴʢʘ ʪʝʟ ʧʨʦ React Query. 

ɼʝʢʣʘʨʘʪʠʚʥʠʡ ʧʽʜʭʽʜ. React Query ʥʘʜʘʻ ʜʝʢʣʘʨʘʪʠʚʥʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʧʠʪʽʚ ʪʘ ʤʫʪʘʮʽʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʘ ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ. ʎʝ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʦʩʪʽʰʠʤ 

ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʨʦʟʫʤʽʥʥʽ, ʜʦʟʚʦʣʷʶʯʠ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʘ ʥʝ 

ʥʘ ʜʝʪʘʣʷʭ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʦʤ. 

ʂʝʰʫʚʘʥʥʷ ʪʘ ʽʥʚʘʣʽʜʥʽʩʪʴ. React Query ʤʘʻ ʧʦʪʫʞʥʫ ʩʠʩʪʝʤʫ ʢʝʰʫʚʘʥʥʷ, ʷʢʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʝʨʽʛʘʻ ʪʘ ʦʥʦʚʣʶʻ ʜʘʥʽ. ʆʙʤʝʞʝʥʥʷ ʢʝʰʫ ʤʦʞʥʘ ʣʝʛʢʦ ʥʘʣʘʰʪʫʚʘʪʠ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʥʦʚʣʶʚʘʪʠ ʜʘʥʽ ʧʦ ʤʽʨʽ ʾʭ ʟʤʽʥʠ, ʩʪʚʦʨʶʶʯʠ ʫʟʛʦʜʞʝʥʠʡ ʩʪʘʥ 

ʜʦʜʘʪʢʫ. 

ɺʟʘʻʤʦʜʽʷ ʟ ʘʩʠʥʭʨʦʥʥʠʤʠ ʜʘʥʠʤʠ. React Query ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ 

ʚʟʘʻʤʦʜʽʾ ʟ ʘʩʠʥʭʨʦʥʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʽʜʝʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʨʦʙʦʪʠ ʟ API-ʟʘʧʠʪʘʤʠ. ɿʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘʧʠʪʠ ʪʘ 

ʢʝʨʫʚʘʪʠ ʾʭʥʽʤ ʩʪʘʥʦʤ. 

ʆʙʨʦʙʢʘ ʧʦʤʠʣʦʢ. ɯʩʥʫʶʪʴ ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʤʠʣʦʢ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʠʪʫ. React Query ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʠʷʚʣʷʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʧʦʤʠʣʢʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ. 

ɯʥʪʝʛʨʘʮʽʷ ʟ ʭʫʢʘʤʠ. React Query ʥʘʜʘʻ ʥʘʙʽʨ ʭʫʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʣʝʛʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʫ React-ʢʦʤʧʦʥʝʥʪʘʭ. ʉʶʜʠ ʚʭʦʜʷʪʴ ʭʫʢʠ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ, ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ, ʦʥʦʚʣʝʥʥʷ ʢʝʰʫ ʪʦʱʦ. 
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ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʥʜʝʨʠʥʛʫ. ɿʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʟ ʢʦʥʮʝʧʮʽʻʶ çSuspenseè, React 

Query ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʥʜʝʨʠʥʛ ʢʦʤʧʦʥʝʥʪʽʚ, ʦʯʽʢʫʶʯʠ ʥʘ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʦʥʦʚʣʶʶʯʠ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʣʠ ʮʝ ʥʝʦʙʭʽʜʥʦ. 

ʇʽʜʪʨʠʤʢʘ ʩʝʨʚʝʨʥʦʛʦ ʨʝʥʜʝʨʠʥʛʫ (SSR). React Query ʤʘʻ ʚʙʫʜʦʚʘʥʫ 

ʧʽʜʪʨʠʤʢʫ SSR, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʩʪʘʥʦʤ ʜʘʥʠʭ ʷʢ ʥʘ ʩʪʦʨʦʥʽ 

ʢʣʽʻʥʪʘ, ʪʘʢ ʽ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ. 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʨʘʬʽʢʽʚ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʙʣʽʦʪʝʢʫ ChartJS. Chart.js ï 

ʧʦʧʫʣʷʨʥʘ ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʛʨʘʬʽʢʽʚ ʪʘ ʜʽʘʛʨʘʤ ʫ 

ʚʝʙʜʦʜʘʪʢʘʭ. ɭ ʢʽʣʴʢʘ ʧʨʠʯʠʥ, ʯʦʤʫ Chart.js ʭʦʨʦʰʠʡ ʩʘʤʝ ʜʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ. 

ʇʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ. Chart.js ʤʘʻ ʧʨʦʩʪʠʡ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ API, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ ʜʽʘʛʨʘʤʠ. ɯʥʪʝʛʨʘʮʽʷ ʟ ʥʠʤ ʥʝ ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʢʦʜʫ. 

ʐʠʨʦʢʠʡ ʚʠʙʽʨ ʪʠʧʽʚ ʜʽʘʛʨʘʤ. Chart.js ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʜʽʘʛʨʘʤ, 

ʪʘʢʽ ʷʢ ʣʽʥʽʡʥʽ, ʛʽʩʪʦʛʨʘʤʠ, ʢʨʫʛʦʚʽ, ʪʦʯʢʦʚʽ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʎʝ ʨʦʙʠʪʴ ʙʽʙʣʽʦʪʝʢʫ 

ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʽ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ. 

ɸʜʘʧʪʠʚʥʠʡ ʪʘ ʛʥʫʯʢʠʡ ʜʠʟʘʡʥ. ɼʽʘʛʨʘʤʠ, ʩʪʚʦʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ Chart.js, 

ʤʦʞʥʘ ʣʝʛʢʦ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʝʢʨʘʥʫ. ʎʝ ʨʦʙʠʪʴ ʙʽʙʣʽʦʪʝʢʫ 

ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʜʘʧʪʠʚʥʠʭ ʚʝʙʜʦʜʘʪʢʽʚ. 

ɯʥʪʝʨʘʢʪʠʚʥʽʩʪʴ. Chart.js ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʟ 

ʜʽʘʛʨʘʤʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʜʘʥʠʭ ʧʨʠ ʥʘʚʝʜʝʥʥʽ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ, 

ʧʝʨʝʪʷʛʫʚʘʥʥʷ ʪʦʱʦ. ʎʝ ʨʦʙʠʪʴ ʜʽʘʛʨʘʤʠ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʪʘ ʟʨʫʯʥʠʤʠ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ʈʦʟʰʠʨʶʚʘʥʽʩʪʴ. Chart.js ʤʦʞʥʘ ʣʝʛʢʦ ʨʦʟʰʠʨʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʛʽʥʽʚ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʬʫʥʢʮʽʾ ʪʘ ʚʘʨʽʘʥʪʠ ʢʘʩʪʦʤʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ 

ʧʨʦ̒ʢʪʫ. 

ɸʢʪʠʚʥʘ ʩʧʽʣʴʥʦʪʘ. Chart.js ʤʘʻ ʚʝʣʠʢʫ ʪʘ ʘʢʪʠʚʥʫ ʩʧʽʣʴʥʦʪʫ ʨʦʟʨʦʙʥʠʢʽʚ, ʘ ʮʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʙʽʙʣʽʦʪʝʢʘ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ. ʎʝ ʛʘʨʘʥʪʫʻ 

ʜʦʩʪʫʧʥʽʩʪʴ ʜʦʧʦʤʦʛʠ ʪʘ ʥʦʚʠʭ ʬʫʥʢʮʽʡ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 
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ʆʩʪʘʥʥʻ, ʘʣʝ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʝ ï ʮʝ ʣʽʮʝʥʟʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʘʥʠʡ ʧʘʢʝʪ ʙʝʟʢʦʰʪʦʚʥʦ, ʜʣʷ ʢʘʪʝʛʦʨʽʾ ʧʨʦʻʢʪʽʚ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʠʪʴ ʽ ʥʘʰ. 

ʗʢ CSS ʬʨʝʡʤʚʦʨʢ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ MaterialUI. Material-UI (MUI) ï ʮʝ 

ʧʦʧʫʣʷʨʥʘ ʙʽʙʣʽʦʪʝʢʘ React ʜʣʷ ʨʦʟʨʦʙʢʠ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʘ ʤʘʻ ʜʝʢʽʣʴʢʘ 

ʧʝʨʝʚʘʛ, ʱʦ ʨʦʙʣʷʪʴ ʾʾ ʧʨʠʚʘʙʣʠʚʦʶ ʜʣʷ ʙʘʛʘʪʴʦʭ ʨʦʟʨʦʙʥʠʢʽʚ. 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʜʠʟʘʡʥ. Material-UI ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʷʭ ʪʘ ʜʠʟʘʡʥʽ Material 

Design ʚʽʜ Google. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʩʪʠʣʽʟʘʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ 

ʩʪʘʥʜʘʨʪʘʤ ʽ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʨʫʯʥʦʛʦ ʪʘ ʧʨʠʚʘʙʣʠʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 

ɻʥʫʯʢʽʩʪʴ ʽ ʢʘʩʪʦʤʽʟʘʮʽʷ. MUI ʥʘʜʘʻ ʧʦʪʫʞʥʫ ʩʠʩʪʝʤʫ ʪʝʤ ʽ ʢʘʩʪʦʤʽʟʘʮʽʾ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʣʝʛʢʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʩʪʠʣʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʽ ʷʢ ʢʦʣʴʦʨʠ, 

ʰʨʠʬʪʠ ʪʘ ʽʥʰʽ ʘʩʧʝʢʪʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʧʨʦʢ̒ʪʫ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʢʦʤʧʦʥʝʥʪʽʚ. Material-UI ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʤʧʦʥʝʥʪʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ, 

ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʽ ʤʦʜʫʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʎʝ ʩʧʨʦʱʫʻ ʨʦʟʨʦʙʢʫ ʪʘ ʧʽʜʪʨʠʤʢʫ ʢʦʜʫ. 

ɹʘʛʘʪʠʡ ʚʠʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ. MUI ʤʘʻ ʚʝʣʠʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʛʦʪʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʢʥʦʧʢʠ, ʬʦʨʤʠ, ʚʢʣʘʜʢʠ, ʤʦʜʘʣʴʥʽ ʚʽʢʥʘ ʪʘ ʽʥʰʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʰʚʠʜʢʦ ʩʪʚʦʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʽʥʪʝʨʬʝʡʩ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʶʚʘʪʠ ʚʩʽ ʝʣʝʤʝʥʪʠ ʟ ʥʫʣʷ. 

ɸʢʪʠʚʥʘ ʩʧʽʣʴʥʦʪʘ ʪʘ ʧʽʜʪʨʠʤʢʘ. MUI ʤʘʻ ʚʝʣʠʢʫ ʪʘ ʘʢʪʠʚʥʫ ʩʧʽʣʴʥʦʪʫ 

ʨʦʟʨʦʙʥʠʢʽʚ, ʷʢʘ ʘʢʪʠʚʥʦ ʩʧʽʚʧʨʘʮʶʻ, ʥʘʜʘʻ ʜʦʧʦʤʦʛʫ ʪʘ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 

ʙʽʙʣʽʦʪʝʢʠ. ʎʝ ʛʘʨʘʥʪʫʻ, ʱʦ ʦʥʦʚʣʝʥʥʷ, ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʪʘ ʧʽʜʪʨʠʤʢʘ 

ʥʘʜʘʶʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. 

ɼʦʙʨʝ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʦ. MUI ʧʦʩʪʘʯʘʻʪʴʩʷ ʟ ʚʠʩʦʢʦʷʢʽʩʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ, 

ʷʢʘ ʚʢʣʶʯʘʻ ʟʨʘʟʢʠ ʢʦʜʫ, ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʽʥʩʪʨʫʢʮʽʾ. ʎʝ ʜʦʧʦʤʘʛʘʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʰʚʠʜʢʦ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʙʽʙʣʽʦʪʝʢʦʶ ʪʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ. 

ʗʢ ʦʩʥʦʚʥʫ ʤʦʚʫ, ʧʦʙʫʜʦʚʠ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ, ʙʫʣʦ ʦʙʨʘʥʦ TypeScript, ʷʢʘ 

ʚʦʣʦʜʽʻ ʨʷʜʦʤ ʧʝʨʝʚʘʛ, ʥʘʜ ʧʨʦʢ̒ʪʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʣʠʰʝ JavaScript. 
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ʉʪʘʪʠʯʥʘ ʪʠʧʽʟʘʮʽʷ. TypeScript ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʩʪʘʪʠʯʥʽ ʪʠʧʠ ʜʣʷ 

ʟʤʽʥʥʠʭ, ʬʫʥʢʮʽʡ ʪʘ ʦʙôʻʢʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʪʘ ʚʠʧʨʘʚʣʷʪʠ ʧʦʤʠʣʢʠ ʧʽʜ ʯʘʩ 

ʢʦʤʧʽʣʷʮʽʾ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʥʫʪʠ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʜʫ. 

ʇʽʜʪʨʠʤʢʘ ʆʆʇ. TypeScript ʧʽʜʪʨʠʤʫʻ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʱʦ ʧʦʣʝʛʰʫʻ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʽ ʤʦʜʫʣʴʥʠʭ ʧʨʦʛʨʘʤ. ʂʣʘʩʠ, 

ʽʥʪʝʨʬʝʡʩʠ ʪʘ ʽʥʰʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʥʠʢʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʦʙʢʠ. 

ɯʥʪʝʛʨʘʮʽʷ ʟʽ ʩʪʦʨʦʥʥʽʤʠ ʧʨʦʛʨʘʤʘʤʠ. TypeScript ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠʩʷ 

ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʙʽʙʣʽʦʪʝʢʘʤʠ ʪʘ ʬʨʝʡʤʚʦʨʢʘʤʠ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚʦʥʠ ʪʘʢʦʞ ʥʘʧʠʩʘʥʽ 

ʥʘ TypeScript. ɺʠ ʦʪʨʠʤʫʻʪʝ ʘʚʪʦʤʘʪʠʯʥʫ ʧʽʜʪʨʠʤʢʫ ʪʠʧʽʚ ʜʣʷ ʟʦʚʥʽʰʥʽʭ 

ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʟ ʥʠʤʠ ʪʘ ʟʘʧʦʙʽʛʘʻ ʚʠʥʠʢʥʝʥʥʶ ʧʦʤʠʣʦʢ. 

ʈʝʬʘʢʪʦʨʠʥʛ ʪʘ ʩʫʧʨʦʚʽʜ ʢʦʜʫ. ʉʪʘʪʠʯʥʘ ʪʠʧʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʦʪʫʞʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʨʝʬʘʢʪʦʨʠʥʛʫ ʚ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʨʦʟʨʦʙʢʠ, ʱʦ 

ʧʦʣʝʛʰʫʻ ʧʽʜʪʨʠʤʢʫ ʪʘ ʨʦʟʚʠʪʦʢ ʚʘʰʦʾ ʢʦʜʦʚʦʾ ʙʘʟʠ. 

ɹʽʣʴʰ ʟʨʦʟʫʤʽʣʽ ʧʦʤʠʣʢʠ ʪʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʢʦʜʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ TypeScript 

ʨʦʙʠʪʴ ʢʦʜ ʙʽʣʴʰ ʟʨʦʟʫʤʽʣʠʤ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤ. ʉʪʘʪʠʯʥʘ ʪʠʧʽʟʘʮʽʷ ʜʦʧʦʤʘʛʘʻ 

ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʜʘʥʽ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʧʨʦʛʨʘʤʠ, ʱʦ ʧʦʣʝʛʰʫʻ 

ʨʦʟʫʤʽʥʥʷ ʽ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʢʦʜʫ. 

ʇʽʜʪʨʠʤʢʘ ʩʫʯʘʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ECMAScript. TypeScript ʧʽʜʪʨʠʤʫʻ ʦʩʪʘʥʥʽ 

ʚʝʨʩʽʾ ECMAScript, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʘʩʠʥʭʨʦʥʥʽ ʬʫʥʢʮʽʾ, ʬʫʥʢʮʽʾ ʟʽ ʩʪʨʽʣʢʘʤʠ, ʨʦʟʰʠʨʝʥʽ 

ʤʝʪʦʜʠ ʨʦʙʦʪʠ ʟ ʦʙôʻʢʪʘʤʠ ʪʘ ʤʘʩʠʚʘʤʠ ʪʦʱʦ. 

ɹʘʛʘʪʠʡ ʚʠʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ. TypeScript ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʨʦʟʨʦʙʢʠ, ʚʢʣʶʯʘʶʯʠ ʨʝʜʘʢʪʦʨʠ ʢʦʜʫ (ʥʘʧʨʠʢʣʘʜ, Visual Studio 

Code), ʩʠʩʪʝʤʠ ʟʙʽʨʢʠ, ʪʝʩʪʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. 

Python ʪʘ Flask API ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʜʦʜʘʪʢʫ. Python 

ʚʦʣʦʜʽʻ ʨʷʜʦʤ ʧʝʨʝʚʘʛ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʥʘʫʢʦʚʠʭ ʧʨʦʢ̒ʪʽʚ.  
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ʇʨʦʩʪʦʪʘ ʪʘ ʯʠʪʘʙʝʣʴʥʽʩʪʴ ʢʦʜʫ. Python ʚʽʜʦʤʘ ʩʚʦʻʶ ʧʨʦʩʪʦʪʦʶ ʪʘ 

ʯʠʪʘʙʝʣʴʥʽʩʪʶ ʢʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʥʠʢʘʤ ʰʚʠʜʢʦ ʨʦʟʨʦʙʣʷʪʠ ʪʘ ʤʦʜʠʬʽʢʫʚʘʪʠ 

ʧʨʦʛʨʘʤʠ. ʉʠʥʪʘʢʩʠʩ ʤʦʚʠ ʣʘʢʦʥʽʯʥʠʡ ʽ ʧʩʝʚʜʦʢʦʜʦʚʠʡ, ʱʦ ʧʦʣʝʛʰʫʻ ʚʠʨʘʞʝʥʥʷ 

ʽʜʝʡ. 

ʐʠʨʦʢʠʡ ʚʠʙʽʨ ʙʽʙʣʽʦʪʝʢ ʪʘ ʬʨʝʡʤʚʦʨʢʽʚ. Python ʤʘʻ ʙʘʛʘʪʫ ʝʢʦʩʠʩʪʝʤʫ 

ʥʘʫʢʦʚʠʭ ʙʽʙʣʽʦʪʝʢ, ʪʘʢʠʭ ʷʢ NumPy, SciPy, Pandas, Matplotlib, TensorFlow ʪʘ 

PyTorch, ʷʢʽ ʨʦʙʣʷʪʴ ʦʙʨʦʙʢʫ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʥʘʫʢʦʚʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ. 

ʉʧʽʣʴʥʦʪʘ ʪʘ ʨʝʩʫʨʩʠ. Python ʤʘʻ ʚʝʣʠʢʫ ʪʘ ʘʢʪʠʚʥʫ ʩʧʽʣʴʥʦʪʫ ʜʦʩʣʽʜʥʠʢʽʚ, 

ʷʢʽ ʧʦʩʪʽʡʥʦ ʨʦʙʣʷʪʴ ʚʥʝʩʦʢ ʫ ʙʽʙʣʽʦʪʝʢʠ, ʨʦʟʨʦʙʢʫ ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘ ʟʘʧʠʪʘʥʥʷ. 

ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʪʘ ʜʦʩʪʫʧ ʜʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ. 

ʂʨʦʩʧʣʘʪʬʦʨʤʝʥʽʩʪʴ. Python ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʙʘʛʘʪʴʦʭ ʧʣʘʪʬʦʨʤʘʭ, ʱʦ 

ʨʦʙʠʪʴ ʾʾ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʽ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ. 

ɯʥʪʝʛʨʘʮʽʷ ʟ ʽʥʰʠʤʠ ʤʦʚʘʤʠ. Python ʣʝʛʢʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ ʽʥʰʠʤʠ ʤʦʚʘʤʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʪʠʤʽʟʦʚʘʥʽ ʙʽʙʣʽʦʪʝʢʠ, ʥʘʧʠʩʘʥʽ ʥʘ 

C ʘʙʦ Fortran, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʚ Python. 

ʐʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ. ʐʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʘ Python ʟʘʟʚʠʯʘʡ ʚʠʱʘ ʧʦʨʽʚʥʷʥʦ 

ʟ ʽʥʰʠʤʠ ʤʦʚʘʤʠ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʛʦʪʦʚʠʭ ʙʽʙʣʽʦʪʝʢ ʪʘ ʬʨʝʡʤʚʦʨʢʽʚ ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʥʠʢʘʤ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʦʚʽ ʚʠʢʣʠʢʠ ʪʘ ʰʚʠʜʢʦ ʧʨʦʪʦʪʠʧʫʚʘʪʠ ʽʜʝʾ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. Python ʤʘʻ ʜʦʜʘʪʢʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, Matplotlib, Seaborn), ʦʙʨʦʙʢʠ ʪʝʢʩʪʫ, ʫʧʨʘʚʣʽʥʥʷ 

ʙʘʟʘʤʠ ʜʘʥʠʭ ʪʦʱʦ, ʱʦ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʟ ʨʽʟʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʤʫʥʽʢʘʮʽʾ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʙʣʽʦʪʝʢʫ FlaskAPI 

3.0.0, ʱʦ ʚʦʣʦʜʽʻ ʨʷʜʦʤ ʧʝʨʝʚʘʛ ʥʘ ʽʥʰʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ. 

ʇʨʦʩʪʦʪʘ ʽ ʣʘʢʦʥʽʯʥʽʩʪʴ. FlaskAPI ʩʧʨʦʱʫʻ ʩʪʚʦʨʝʥʥʷ API, ʥʘʜʘʶʯʠ ʧʨʦʩʪʠʡ ʽ 

ʣʘʢʦʥʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ. 
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ʇʽʜʪʨʠʤʢʘ ʩʪʘʥʜʘʨʪʽʚ HTTP. FlaskAPI ʜʦʙʨʝ ʚʟʘʻʤʦʜʽʻ ʟ ʧʨʦʪʦʢʦʣʦʤ HTTP, ʱʦ 

ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ HTTP, ʪʘʢʽ ʷʢ GET, POST, PUT, 

DELETE ʪʦʱʦ. 

ʉʝʨʽʘʣʽʟʘʮʽʷ ʪʘ ʜʝʩʝʨʽʘʣʽʟʘʮʽʷ ʜʘʥʠʭ. FlaskAPI ʥʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ 

ʩʝʨʽʘʣʽʟʘʮʽʾ ʪʘ ʜʝʩʝʨʽʘʣʽʟʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʢʦʥʚʝʨʪʫʚʘʪʠ ʦʙ'ʻʢʪʠ Python 

ʚ ʪʘʢʽ ʬʦʨʤʘʪʠ, ʷʢ JSON ʽ ʥʘʚʧʘʢʠ. ʎʝ ʚʘʞʣʠʚʦ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʯʝʨʝʟ API. 

ɸʚʪʦʤʘʪʠʯʥʝ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ API. FlaskAPI ʤʘʻ ʚʙʫʜʦʚʘʥʫ ʧʽʜʪʨʠʤʢʫ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʜʦʢʫʤʝʥʪʘʮʽʾ API. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢ 

Swagger ʘʙʦ OpenAPI, ʤʦʞʥʘ ʣʝʛʢʦ ʟʛʝʥʝʨʫʚʘʪʠ ʜʦʢʫʤʝʥʪʘʮʽʶ ʜʣʷ API. 

ʈʦʟʰʠʨʝʥʥʷ Flask. ʆʩʢʽʣʴʢʠ FlaskAPI ʻ ʨʦʟʰʠʨʝʥʥʷʤ ʜʣʷ Flask, ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʽ ʧʝʨʝʚʘʛʠ Flask ʨʘʟʦʤ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ API. 

ʇʽʜʪʨʠʤʢʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ. FlaskAPI ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ 

ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʩʮʝʥʘʨʽʶ ʜʦʩʪʫʧʫ ʜʦ API. 

ʊʝʩʪʫʚʘʥʥʷ. FlaskAPI ʩʧʨʦʱʫʻ ʥʘʧʠʩʘʥʥʷ ʽ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ ʜʣʷ API, 

ʜʦʟʚʦʣʷʶʯʠ ʧʝʨʝʚʽʨʠʪʠ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʙʨʘʥʠʡ ʩʪʝʢ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ 

ʷʢʦʤʦʛʘ ʰʚʠʜʰʦʾ ʨʦʟʨʦʙʢʠ, ʣʝʛʢʦʾ ʨʦʟʰʠʨʶʚʘʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ. 

ɸʢʮʝʥʪʫʶʯʠ ʫʚʘʛʠ ʥʘ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʨʽʰʝʥʥʷʭ, ʷʢʽ ʚ ʩʠʣʫ ʰʠʨʦʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʞʝ ʤʘʶʪʴ ʚ ʥʘʷʚʥʦʩʪʽ ʙʝʟʣʽʯ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʽ ʰʚʠʜʢʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ. 

ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʧʦʙʫʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Material ʢʦʤʧʦʥʝʥʪʠ. 

ʉʧʝʨʰʫ ʢʦʨʠʩʪʫʚʘʯʘ ʟʫʩʪʨʽʯʘʻ ʢʨʦʢ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʠʙʦʨʫ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʜʣʷ ʜʠʬʫʟʽʾ ʽ ʩʪʨʠʙʢʽʚ ʘʙʦ ʞ ʤʦʞʣʠʚʽʩʪʶ ʾʭ ʧʦʚʥʽʩʪʶ 

ʧʨʠʙʨʘʪʠ ʟ ʧʨʦʚʝʜʝʥʥʷ ʩʠʤʫʣʷʮʽʡ (ʨʠʩ. 3.1). 



 82 

 

ʈʠʩ. 3.1 ï ɯʥʪʝʨʬʝʡʩ ʜʣʷ ʚʚʝʜʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ 

 

ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʤʦʞʥʘ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ (ʨʠʩ. 3.2). 

 

ʈʠʩ. 3.2 ï ʈʝʜʘʛʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ 

 

ʈʘʟʦʤ ʟ ʪʠʤ, ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʤʦʞʥʘ, ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʜʣʷ ʷʢʦʛʦ ʙʫʜʝ 

ʧʨʦʚʝʜʝʥʘ ʩʠʤʫʣʷʮʽʷ (ʯʠʩʣʦʚʝ ʧʦʣʝ n); ʯʠʩʝʣʴʥʽʩʪʴ ʩʧʽʣʴʥʦʪʠ (ʯʠʩʣʦʚʝ ʧʦʣʝ n-zero) 

ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʞʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ ὔȟ‌ȟ‍. 

ʇʽʩʣʷ ʟʘʧʦʚʥʝʥʥʷ ʚʩʽʭ ʧʦʣʽʚ, ʤʦʞʥʘ ʽʥʽʮʽʶʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ (ɽʣʝʤʝʥʪ 

ʢʦʥʪʨʦʣʶ çCalculateè). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʩʠʤʫʣʷʮʽʡ ʙʫʜʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʛʨʘʬʽʢʦʤ (ʨʠʩ. 3.3). 
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ʈʠʩ. 3.3 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ 

 

ʆʩʪʘʥʥʽʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʻ ʢʦʤʧʦʥʝʥʪ, ʯʝʨʝʟ ʷʢʠʡ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʢʦʥʬʣʽʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʟʘʛʨʦʟʘʤʠ ʧʦʧʘʨʥʦ (ʨʠʩ. 3.4). 

 

 

ʈʠʩ. 3.4 ï ɽʣʝʤʝʥʪ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʥʬʣʽʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ɿʦʙʨʘʞʝʥʠʡ ʢʦʤʧʦʥʝʥʪ, ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ, ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʢʦʥʬʣʽʢʪʥʫ ʚʟʘʻʤʦʜʽʶ 

ʜʣʷ ʢʽʣʴʢʦʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʦʜʥʦʯʘʩʥʦ (ʨʠʩ. 3.5). 
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ʈʠʩ. 3.5 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʢʦʥʬʣʽʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʣʷ ʢʽʣʴʢʦʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʛʨʦʟ ʦʜʥʦʯʘʩʥʦ 

 

ʗʢʱʦ ʧʽʜʚʝʩʪʠ ʧʽʜʩʫʤʢʠ, ʪʦ ʧʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʩʠʤʫʣʷʮʽʡ ʟ ʚʨʘʭʫʚʘʥʥʷʤ, ʯʠ ʙʝʟ, ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ. ɼʠʥʘʤʽʯʥʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʪʘ 

ʩʠʣʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʙʨʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʩʪʝʢ ʜʦʟʚʦʣʷʻ ʙʫʪʠ ʛʦʪʦʚʠʤ ʜʦ ʧʦʩʪʽʡʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ, ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ, ʷʢ ʟ ʩʪʦʨʦʥʠ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘʢ ʽ ʱʦʜʦ ʚʨʘʭʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʨʝʥʜʽʚ. 

 

3.2 ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʨʦʟʜʽʣʠʪʠ 

ʜʦʜʘʪʦʢ ʥʘ ʙʝʢʝʥʜ ʪʘ ʬʨʦʥʪʝʥʜ ʩʢʣʘʜʦʚʫ, ʷʢ ʦʢʨʝʤʽ ʜʦʜʘʪʢʠ. 

ʉʦɹʛʦʜʥʽ ʨʦʟʨʦʙʢʘ ʚʝʙʩʘʡʪʽʚ, ʙʝʟʫʤʦʚʥʦ, ʩʪʘʣʘ ʧʨʦʩʪʽʰʦʶ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʘʣʝ ʪʘʢʦʞ ʚʽʨʥʦ ʽ ʪʝ, ʱʦ ʩʘʤʽ ʚʝʙʩʘʡʪʠ ʩʪʘʣʠ ʟʥʘʯʥʦ 

ʩʢʣʘʜʥʽʰʠʤʠ. ʆʩʴ ʥʘʡʚʘʞʣʠʚʽʰʽ ʧʨʠʯʠʥʠ, ʯʦʤʫ ʬʨʦʥʪʝʥʜ ʽ ʙʝʢʝʥʜ ʨʦʟʨʦʙʢʫ 

ʚʝʙʩʘʡʪʽʚ ʩʣʽʜ ʨʦʟʜʽʣʷʪʠ. 

ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. ʏʠʤ ʙʽʣʴʰʝ ʽʥʪʝʛʨʦʚʘʥʽ ʬʨʦʥʪʝʥʜ ʽ ʙʝʢʝʥʜ ʚʝʙʩʘʡʪʫ, ʪʠʤ 

ʩʢʣʘʜʥʽʰʝ ʚʠʷʚʠʪʠ ʧʦʤʠʣʢʫ ʘʙʦ ʙʫʜʴ-ʷʢʫ ʽʥʰʫ ʥʝʩʧʨʘʚʥʽʩʪʴ ʫ ʨʦʙʦʪʽ. 

ʗʢ ʽ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʝʙʩʘʡʪʫ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. ɿʘ ʫʤʦʚʠ ʨʦʟʜʽʣʝʥʥʷ ʬʨʦʥʪʝʥʜ ʽ ʙʝʢʝʥʜ ʩʢʣʘʜʦʚʠʭ, ʦʥʦʚʣʝʥʥʷ ʨʽʟʥʠʭ 

ʯʘʩʪʠʥ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʘʣʝʞʥʦʾ ʨʦʙʦʪʠ ʚʝʙʩʘʡʪʫ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ. ɼʦ ʢʦʞʥʦʾ ʯʘʩʪʠʥʠ ʟʘʚʜʘʥʥʷ ʦʥʦʚʣʝʥʥʷ ʤʦʞʥʘ 

ʧʽʜʽʡʪʠ ʦʢʨʝʤʦ, ʱʦ ʨʦʟʙʠʚʘʻ ʚʩʶ ʧʨʦʮʝʜʫʨʫ ʥʘ ʤʝʥʰʽ, ʙʽʣʴʰ ʢʝʨʦʚʘʥʽ ʯʘʩʪʠʥʠ. 

ʐʚʠʜʢʝ ʨʦʟʛʦʨʪʘʥʥʷ. ʎʝʡ ʧʨʠʥʮʠʧ ʧʨʘʮʶʻ ʜʦʩʠʪʴ ʧʨʦʩʪʦ: ʨʦʟʛʦʨʪʘʥʥʷ 

ʩʢʣʘʜʦʚʠʭ ʧʨʦʻʢʪʫ ʤʦʞʥʘ ʨʦʙʠʪʠ ʧʘʨʘʣʝʣʴʥʦ ʪʘ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 
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ʆʩʢʽʣʴʢʠ ʩʢʣʘʜʦʚʽ ʚʠʢʦʥʫʶʪʴ ʢʦʞʥʫ ʯʘʩʪʠʥʫ ʨʦʙʦʪʠ ʦʜʥʦʯʘʩʥʦ, ʢʦʞʥʘ 

ʟʘʚʝʨʰʝʥʘ ʯʘʩʪʠʥʘ ʚʝʙʩʘʡʪʫ ʤʦʞʝ ʰʚʠʜʰʝ ʩʪʘʪʠ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʯʝʢʘʪʠ, ʧʦʢʠ ʚʩʝ ʧʦʯʥʝ ʧʨʘʮʶʚʘʪʠ ʷʢ ʻʜʠʥʝ ʮʽʣʝ, ʪʘʢʠʡ 

ʨʦʟʜʽʣʴʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʛʥʫʯʢʽʰʠʤ ʪʘ ʝʬʝʢʪʠʚʥʽʰʠʤ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʦʜʫʣʽʚ. ʆʜʥʽʻʶ ʟ ʥʘʡʢʨʘʱʠʭ ʧʝʨʝʚʘʛ ʨʦʟʜʽʣʝʥʥʷ 

ʬʨʦʥʪʝʥʜʫ ʪʘ ʙʝʢʝʥʜʫ ʻ ʣʝʛʢʘ ʪʘ ʝʬʝʢʪʠʚʥʘ ʟʘʤʽʥʘ ʤʦʜʫʣʽʚ. ʆʩʢʽʣʴʢʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʝʙʩʘʡʪʽʚ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʽ ʚʠʤʦʛʣʠʚʦʶ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʗʢʱʦ ʬʨʦʥʪʝʥʜ ʽ ʙʝʢʝʥʜ ʚʝʙʩʘʡʪʫ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʦʢʨʝʤʦ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʤʦʞʥʘ ʧʨʘʮʶʚʘʪʠ ʟ ʥʠʤʠ ʦʢʨʝʤʦ, ʢʦʣʠ ʩʧʨʘʚʘ ʜʦʭʦʜʠʪʴ ʜʦ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ 

ʤʦʜʫʣʽʚ. ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʬʨʘʛʤʝʥʪʽʚ ʢʦʜʫ 

ʜʦ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʚʝʙʩʘʡʪʫ ʤʦʞʝ ʙʫʪʠ ʟʘʚʝʨʰʝʥʦ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ 

ʽʥʪʝʨʬʝʡʩʫ ʚʝʙʩʘʡʪʫ. ʎʝ ʥʘʜʘʻ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʫ ʥʝʦʙʭʽʜʥʫ ʛʥʫʯʢʽʩʪʴ ʜʣʷ ʣʝʛʢʦʛʦ 

ʦʥʦʚʣʝʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʯʘʩʦʤ ʧʨʦʩʪʦʶ ʘʙʦ ʚʟʘʛʘʣʽ ʙʝʟ ʥʴʦʛʦ.  

ʄʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʽ ʦʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ. ʇʦʚʠʥʥʦ ʙʫʪʠ ʚʨʘʭʦʚʘʥʝ, ʱʦ 

ʜʦʜʘʪʦʢ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʽ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʨʝʛʫʣʷʨʥʽʡ ʦʩʥʦʚʽ. 

ʅʠʞʯʝ (ʨʠʩ. 3.6), ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʫ ʙʘʢʝʥʜ ʩʢʣʘʜʦʚʦʾ ʜʦʜʘʪʢʫ. 
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ʈʠʩ. 3.6. ï ʉʪʨʫʢʪʫʨʘ ʙʝʢʝʥʜ ʜʦʜʘʪʢʫ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʬʘʡʣ main_api.py ʚʠʢʦʥʫʻ ʨʦʣʴ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ 

ʢʦʥʪʨʦʣʣʝʨʘ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʬʨʦʥʪʝʥʜ 

ʩʢʣʘʜʦʚʦʶ ʩʠʩʪʝʤʠ. 

ʉʝʨʚʽʩʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʨʦʟʨʘʭʫʥʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʘʧʮʽ domain. 

ʈʦʟʨʘʭʫʥʢʠ ʢʦʤʧʦʥʝʥʪʫ ʜʠʬʫʟʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʬʘʡʣʽ ol_calcualtor.py (ʨʠʩ. 3.5), 

ʨʦʟʨʘʭʫʥʢʠ ʩʪʨʠʙʢʽʚ ʫ jumps_calculator.py (ʨʠʩ. 3.6) ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʦʩʥʦʚʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʩʝʨʚʽʩʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʬʘʡʣʽ inf_calc.py 

(ʨʠʩ. 3.7). 
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ʈʠʩ. 3.7 ï ʌʨʘʛʤʝʥʪ ʢʦʜʫ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʜʠʬʫʟʽʡʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ 

 

 

ʈʠʩ. 3.8. ï ʌʨʘʛʤʝʥʪ ʢʦʜʫ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʢʦʤʧʦʥʝʥʪʫ ʤʦʜʝʣʽ ï ʩʪʨʠʙʢʠ 

 

 

ʈʠʩ. 3.9 ï ʌʨʘʛʤʝʥʪ ʢʦʜʫ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʣʷ ʤʦʜʝʣʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ 
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ʊʘʢʦʞ, ʥʘ ʨʠʩ. 3.10 ʟʦʙʨʘʞʝʥʦ ʧʨʠʢʣʘʜ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʤʦʜʝʣʽ. 

 

 

ʈʠʩ. 3.10 ï ʌʨʘʛʤʝʥʪ ʢʦʜʫ, ʦʙʨʦʙʢʘ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʤʦʜʝʣʽ 

 

ʅʘʩʪʫʧʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʠʩʪʝʤʠ ʻ ʬʨʦʥʪʝʥʜ, ʩʪʨʫʢʪʫʨʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.11. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʙʫʣʦ ʦʙʨʘʥʦ ʢʦʤʧʦʥʝʥʪʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʨʭʽʪʝʢʪʫʨʠ 

ʜʦʜʘʪʢʫ. 
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ʈʠʩ. 3.11 ï ʉʪʨʫʢʪʫʨʘ ʬʨʦʥʪʝʥʜ ʜʦʜʘʪʢʫ 

 

ʊʘʢʦʞ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʩʪʦʨʦʥʠ 

ʬʨʦʥʪʝʥʜ ʜʦʜʘʪʢʫ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʪʠ ʙʽʙʣʽʦʪʝʢʠ Axios 1.5.0 + ReactQuery 3.39.3 

(ʨʠʩ. 3.12). ʑʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʽʜʢʨʠʣʦ ʰʠʨʦʢʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʜʦʜʘʪʢʫ, ʥʘʧʨʠʢʣʘʜ ʢʝʰʫʚʘʥʥʷ. 
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ʈʠʩ. 3.12 ï ʌʨʘʛʤʝʥʪ ʢʦʜʫ, ʧʨʠʢʣʘʜ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ. 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʙʣʽʦʪʝʢʫ Chart.JS (ʨʠʩ. 3.13), ʱʦ 

ʚʦʣʦʜʽʻ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʣʽʮʝʥʟʽʷ ʷʢʦʾ ʜʦʟʚʦʣʷʻ ʾʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʟʢʦʰʪʦʚʥʦ. 
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ʈʠʩ. 3.13 ï ʌʨʘʛʤʝʥʪ ʢʦʜʫ, ʧʨʠʢʣʘʜ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʨʘʬʽʢʫ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʝʤʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʨʦʟʨʦʙʣʝʥʝ ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ ʣʝʛʢʦʩʪʽ ʨʦʟʰʠʨʝʥʥʷ, ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʨʦʙʦʪʠ ʪʘ ʙʝʟʧʝʢʠ. 
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3.3 ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɿ ʤʝʪʦʶ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ, ʤʠ 

ʚʠʢʦʨʠʩʪʘʣʠ ʾʾ, ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ ʙʘʟʫʶʯʠʩʴ ʥʘ 

ʢʽʣʴʢʦʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʙʽʨʢʘʭ. 

ɼʣʷ ʧʝʨʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʠ ʚʟʷʣʠ ʟʘ ʧʨʠʢʣʘʜ ʩʦʮʽʦʣʦʛʽʯʥʝ ʦʧʠʪʫʚʘʥʥʷ, ʷʢʝ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʂʠʾʚʩʴʢʠʤ ʤʽʞʥʘʨʦʜʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʛʨʦʤʘʜʷʥʩʴʢʦʾ 

ʤʝʨʝʞʽ ʆʇʆʈɸ, ʤʝʪʦʶ ʷʢʦʛʦ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ ʷʢʠʤ ʜʞʝʨʝʣʘʤ ʽʥʬʦʨʤʘʮʽʾ ʫʢʨʘʾʥʮʽ 

ʜʦʚʽʨʷʶʪʴ ʥʘʡʙʽʣʴʰʝ.1 

ʉʴʦʛʦʜʥʽ, ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʤʝʜʽʘʩʧʦʞʠʚʘʥʥʷ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʞʠʪʪʽ 

ʫʢʨʘʾʥʮʽʚ. ɺʽʜʪʘʢ, ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʜʞʝʨʝʣʘ, ʟ ʷʢʠʭ ʫʢʨʘʾʥʮʽ ʜʽʟʥʘʶʪʴʩʷ ʥʦʚʠʥʠ. ɺ 

ʭʦʜʽ ʩʦʮʽʦʣʦʛʽʯʥʦʛʦ ʦʧʠʪʫʚʘʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʷʢʽ ʟʘʩʦʙʠ ʽʥʬʦʨʤʘʮʽʾ 

ʚʠʢʣʠʢʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʜʦʚʽʨʫ ʩʝʨʝʜ ʫʢʨʘʾʥʮʽʚ (ʪʘʙ. 3.1): 

  ʊʘʙ. 3.1 ï ʈʽʚʝʥʴ ʜʦʚʽʨʠ ʫʢʨʘʾʥʮʽʚ ʜʦ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ 

ʉʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ 76,6% 

ʊʝʣʝʙʘʯʝʥʥʷ 66,7% 

ɯʥʪʝʨʥʝʪ (ʥʝ ʚʢʣʶʯʘʶʯʠ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ) 61,2% 

ʈʘʜʽʦ 28,4% 

ɼʨʫʢʦʚʘʥʽ ɿʄɯ 15,7% 

 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʦʧʠʪʫʚʘʥʥʷ, ʥʘʡʙʽʣʴʰʠʤ ʧʦʧʠʪʦʤ ʩʝʨʝʜ ɿʄɯ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ. ɸ ʩʘʤʝ (ʪʘʙ. 3.2) 

ʊʘʙ. 3.2 ï ʇʦʧʫʣʷʨʥʽʩʪʴ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʩʝʨʝʜ ʫʢʨʘʭʥʮʽʚ 

Telegram 65,7% 

Youtube 61,2% 

Facebook 57,8% 
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Viber 48% 

Instagram 29,1% 

Tik-Tok 19,5% 

Twitter 8,9% 

ɯʥʰʝ 2% 

 

ɿ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʚʽʜʦʤʦ, ʱʦ ʟʘ ʦʩʪʘʥʥʽ ʤʽʩʷʮʽ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʩʪʘʣʠ 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ: 76,6% ʫʢʨʘʾʥʮʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʥ. ʊʝʣʝʙʘʯʝʥʥʷ ʧʦʩʽʜʘʻ ʜʨʫʛʝ ʤʽʩʮʝ ʟ 66,7%, ʘ ɯʥʪʝʨʥʝʪ (ʟʘ 

ʚʠʥʷʪʢʦʤ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ) ï ʪʨʝʪʻ ʟ 61,2% ʢʦʨʠʩʪʫʚʘʯʽʚ. ʈʘʜʽʦ ʩʣʫʭʘʶʪʴ ʙʣʠʟʴʢʦ 

28,4% ʫʢʨʘʾʥʮʽʚ, ʪʦʜʽ ʷʢ ʜʨʫʢʦʚʘʥʽ ɿʄɯ ʯʠʪʘʶʪʴ ʣʠʰʝ 15,7% ʨʝʩʧʦʥʜʝʥʪʽʚ [3]. 

ʉʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʩʪʘʣʠ ʢʣʶʯʦʚʠʤ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʷʢ ʜʣʷ ʯʦʣʦʚʽʢʽʚ 

(77,9%), ʪʘʢ ʽ ʜʣʷ ʞʽʥʦʢ (75,5%). ɼʨʫʛʠʤ ʟʘ ʧʦʧʫʣʷʨʥʽʩʪʶ ʜʞʝʨʝʣʦʤ ʜʣʷ ʞʽʥʦʢ ʻ 

ʪʝʣʝʙʘʯʝʥʥʷ (70,4%), ʘ ʜʣʷ ʯʦʣʦʚʽʢʽʚ ï ɯʥʪʝʨʥʝʪ, ʟʘ ʚʠʥʷʪʢʦʤ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ 

(63,5%). ɼʨʫʢʦʚʘʥʽ ɿʄɯ ʤʘʶʪʴ ʥʘʡʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ ʦʙʠʜʚʽ ʩʪʘʪʽ. 

ʉʧʦʞʠʚʘʥʥʷ ʥʦʚʠʥ ʨʽʟʥʠʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʢʦʚʦʾ ʛʨʫʧʠ. ʇʦʥʘʜ 92% 

ʨʝʩʧʦʥʜʝʥʪʽʚ ʫ ʚʽʮʽ ʚʽʜ 18 ʜʦ 39 ʨʦʢʽʚ ʦʪʨʠʤʫʶʪʴ ʥʦʚʠʥʠ ʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, 

ʧʦʨʽʚʥʷʥʦ ʟ 64% ʫ ʛʨʫʧʽ ʚʽʜ 40 ʜʦ 69 ʨʦʢʽʚ. ʉʪʘʨʰʽ ʣʶʜʠ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ 

ʪʝʣʝʙʘʯʝʥʥʶ (ʧʦʥʘʜ 78%) ʪʘ ʨʘʜʽʦ (ʧʦʥʘʜ 36%). ɯʥʪʝʨʥʝʪʦʤ (ʟʘ ʚʠʥʷʪʢʦʤ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ) ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʥʘʜ 60% ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʚʽʮʽ ʚʽʜ 30 ʜʦ 59 ʨʦʢʽʚ, 

ʪʦʜʽ ʷʢ ʜʨʫʢʦʚʘʥʽ ɿʄɯ ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʧʫʣʷʨʥʠʤʠ ʣʠʰʝ ʩʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʚʽʮʽ 

60 ʨʦʢʽʚ ʽ ʩʪʘʨʰʝ. 

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʥʝʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʩʧʦʞʠʚʘʥʥʽ ʥʦʚʠʥ ʤʽʞ ʤʽʩʴʢʠʤʠ ʪʘ 

ʩʽʣʴʩʴʢʠʤʠ ʞʠʪʝʣʷʤʠ. ʉʽʣʴʩʴʢʽ ʞʠʪʝʣʽ ʯʘʩʪʽʰʝ ʜʠʚʣʷʪʴʩʷ ʪʝʣʝʚʽʟʦʨ (71,3% ʧʨʦʪʠ 

64,4% ʫ ʤʽʩʪʘʭ) ʪʘ ʯʠʪʘʶʪʴ ʜʨʫʢʦʚʘʥʽ ɿʄɯ (21,5% ʧʨʦʪʠ 12,7%). ʄʽʩʴʢʽ ʞʠʪʝʣʽ 

ʯʘʩʪʽʰʝ ʦʪʨʠʤʫʶʪʴ ʥʦʚʠʥʠ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ (64% ʧʨʦʪʠ 55,6% ʫ ʩʽʣʴʩʴʢʽʡ 

ʤʽʩʮʝʚʦʩʪʽ), ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ (79,2% ʧʨʦʪʠ 71,4%) ʪʘ ʨʘʜʽʦ (28,5% ʧʨʦʪʠ 28,2%) 

[3]. 
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ɺʘʨʪʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ ʨʝʛʽʦʥʘʣʴʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʩʧʦʞʠʚʘʥʥʽ ʥʦʚʠʥ. 

ʅʘʡʙʽʣʴʰʠʡ ʚʽʜʩʦʪʦʢ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʜʠʚʣʷʪʴʩʷ ʪʝʣʝʚʽʟʦʨ (73,5%), ʯʠʪʘʶʪʴ 

ʜʨʫʢʦʚʘʥʽ ɿʄɯ (23,2%) ʪʘ ʩʣʫʭʘʶʪʴ ʨʘʜʽʦ (34,6%), ʧʨʦʞʠʚʘʶʪʴ ʥʘ ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ. 

ʅʘ ʩʭʦʜʽ ʢʨʘʾʥʠ ʥʘʡʙʽʣʴʰʝ ʪʠʭ, ʭʪʦ ʢʦʨʠʩʪʫʻʪʴʩʷ ʽʥʪʝʨʥʝʪ-ɿʄɯ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʦʚʠʥ (63,2%). ʉʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʜʞʝʨʝʣʦ ʥʦʚʠʥ ʥʘ 

ʧʽʚʜʥʽ ʋʢʨʘʾʥʠ (77,8% ʨʝʩʧʦʥʜʝʥʪʽʚ). 

ʅʘʩʪʫʧʥʝ ʧʠʪʘʥʥʷ, ʱʦ ʟʘʟʥʘʯʝʥʦ ʚ ʜʦʩʣʽʜʞʝʥʥʽ, ʩʪʦʩʫʚʘʣʦʩʷ ʪʦʛʦ, ʷʢʠʤ 

ʜʞʝʨʝʣʘʤ ʽʥʬʦʨʤʘʮʽʾ ʨʝʩʧʦʥʜʝʥʪʠ ʜʦʚʽʨʷʶʪʴ ʷʢ ʜʦʩʪʦʚʽʨʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʦʚʠʥ. 

ɺʠʷʚʠʣʦʩʷ, ʱʦ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʜʦʚʽʨʠ ʩʝʨʝʜ ʫʢʨʘʾʥʮʽʚ ʢʦʨʠʩʪʫʻʪʴʩʷ ʪʝʣʝʙʘʯʝʥʥʷ 

(60,5%), ʜʘʣʽ ʡʜʫʪʴ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ (ʤʘʡʞʝ 54% ʨʝʩʧʦʥʜʝʥʪʽʚ) ʪʘ ɯʥʪʝʨʥʝʪ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ (ʤʘʡʞʝ 49%). ʈʘʜʽʦ (34%) ʪʘ ʜʨʫʢʦʚʘʥʽ ɿʄɯ (23%) 

ʚʚʘʞʘʶʪʴʩʷ ʤʝʥʰ ʥʘʜʽʡʥʠʤʠ. ɹʣʠʟʴʢʦ 5% ʨʝʩʧʦʥʜʝʥʪʽʚ ʥʝ ʜʦʚʽʨʷʶʪʴ ʞʦʜʥʦʤʫ ʟ 

ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ [3]. 

ʊʝʣʝʙʘʯʝʥʥʷ ʦʪʨʠʤʘʣʦ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʜʦʚʽʨʠ ʩʝʨʝʜ ʯʦʣʦʚʽʯʦʾ ʪʘ ʞʽʥʦʯʦʾ 

ʘʫʜʠʪʦʨʽʾ (55,2% ʪʘ 64,8% ʚʽʜʧʦʚʽʜʥʦ). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʻ 

ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʥʦʚʠʥ ʜʣʷ ʫʢʨʘʾʥʮʽʚ, ʜʦʚʽʨʘ ʜʦ ʥʠʭ ʜʝʱʦ ʥʠʞʯʘ, ʥʽʞ ʜʦ 

ʪʝʣʝʙʘʯʝʥʥʷ: ʣʠʰʝ 53,7% ʯʦʣʦʚʽʢʽʚ ʪʘ 54,1% ʞʽʥʦʢ ʜʦʚʽʨʷʶʪʴ ʽʥʬʦʨʤʘʮʽʾ, 

ʨʦʟʤʽʱʝʥʽʡ ʫ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. ʅʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʜʦʚʽʨʠ ï ʜʦ ʜʨʫʢʦʚʘʥʠʭ ɿʄɯ 

(21,6% ʪʘ 24,2% ʚʽʜʧʦʚʽʜʥʦ) ʪʘ ʨʘʜʽʦ (36,4% ʪʘ 32,5%). ʅʝ ʜʦʚʽʨʷʶʪʴ ʞʦʜʥʦʤʫ ʟ 

ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʙʣʠʟʴʢʦ 5,3% ʯʦʣʦʚʽʢʽʚ ʽ 5,2% ʞʽʥʦʢ. 

ʉʪʨʫʢʪʫʨʘ ʜʦʚʽʨʠ ʜʦ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʚʠʷʚʠʣʘʩʷ ʟʘʣʝʞʥʦʶ ʚʽʜ ʚʽʢʫ. 

ʅʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʜʦʚʽʨʠ ʜʦ ɿʄɯ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʝʨʝʜ ʫʢʨʘʾʥʮʽʚ ʚʽʢʦʤ ʧʦʥʘʜ 70 

ʨʦʢʽʚ, ʧʨʠʯʦʤʫ 80% ʟ ʥʠʭ ʤʘʶʪʴ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʜʦʚʽʨʠ ʜʦ ʪʝʣʝʙʘʯʝʥʥʷ. ɿ ʚʽʢʦʤ 

ʜʦʚʽʨʘ ʜʦ ʪʝʣʝʙʘʯʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ: ʩʝʨʝʜ ʪʠʭ, ʢʦʤʫ ʚʽʜ 50 ʜʦ 69 ʨʦʢʽʚ, ʚʦʥʘ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 60-70%, ʘ ʚ ʫʩʽʭ ʽʥʰʠʭ ʚʽʢʦʚʠʭ ʛʨʫʧʘʭ ʪʝʣʝʙʘʯʝʥʥʶ ʜʦʚʽʨʷʶʪʴ 

ʣʠʰʝ ʙʣʠʟʴʢʦ 50% ʨʝʩʧʦʥʜʝʥʪʽʚ. ʅʘʪʦʤʽʩʪʴ ʥʘʡʙʽʣʴʰʦʶ ʜʦʚʽʨʦʶ ʩʝʨʝʜ ʤʦʣʦʜʽ ʪʘ 

ʣʶʜʝʡ ʩʝʨʝʜʥʴʦʛʦ ʚʽʢʫ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ (ʚʽʜ 57% ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʚʽʮʽ 
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50-59 ʨʦʢʽʚ ʜʦ 67% ʫ ʚʽʮʽ 18-29 ʨʦʢʽʚ) ʪʘ ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʠ (ʚʽʜ 50% ʩʧʦʞʠʚʘʯʽʚ ʫ 

ʚʽʮʽ 50-59 ʨʦʢʽʚ ʜʦ 56,5% ʫ ʚʽʮʽ 18-29 ʨʦʢʽʚ). ʅʘʡʤʝʥʰʝ ʤʦʣʦʜʴ ʜʦʚʽʨʷʻ 

ʜʨʫʢʦʚʘʥʠʤ ɿʄɯ ʪʘ ʨʘʜʽʦ (25% ʪʘ 35% ʜʣʷ ʨʝʩʧʦʥʜʝʥʪʽʚ ʚʽʢʦʤ ʚʽʜ 18 ʜʦ 39 ʨʦʢʽʚ). 

ʃʶʜʠ ʩʪʘʨʰʦʛʦ ʚʽʢʫ, ʦʢʨʽʤ ʪʝʣʝʙʘʯʝʥʥʷ, ʪʘʢʦʞ ʜʦʚʽʨʷʶʪʴ ʨʘʜʽʦ ʪʘ ʽʥʪʝʨʥʝʪ-

ʨʝʩʫʨʩʘʤ (32% ʽ 38,6% ʩʝʨʝʜ ʨʝʩʧʦʥʜʝʥʪʽʚ ʚʽʢʦʤ 60 ʨʦʢʽʚ ʽ ʩʪʘʨʰʝ ʚʽʜʧʦʚʽʜʥʦ) [3]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʜʦʚʽʨʠ ʜʦ ʤʝʜʽʘ-ʨʝʩʫʨʩʽʚ ʽʩʥʫʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ 

ʥʦʚʠʥ ʟ ʩʽʣʴʩʴʢʦʾ ʪʘ ʤʽʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ. ʄʽʩʴʢʽ ʞʠʪʝʣʽ ʙʽʣʴʰʝ ʜʦʚʽʨʷʶʪʴ 

ʩʦʮʽʘʣʴʥʠʤ ʤʝʨʝʞʘʤ (57,7% ʧʨʦʪʠ 46,5% ʩʝʨʝʜ ʩʽʣʴʩʴʢʠʭ ʞʠʪʝʣʽʚ) ʪʘ ʽʥʪʝʨʥʝʪ-

ʨʝʩʫʨʩʘʤ (51,4% ʧʨʦʪʠ 43,8%). ɾʠʪʝʣʽ ʩʽʣ ʙʽʣʴʰʝ ʜʦʚʽʨʷʶʪʴ ʪʝʣʝʙʘʯʝʥʥʶ (64,5% 

ʧʨʦʪʠ 58,4% ʩʝʨʝʜ ʤʽʩʴʢʠʭ ʞʠʪʝʣʽʚ), ʜʨʫʢʦʚʘʥʠʤ ɿʄɯ (29% ʧʨʦʪʠ 19,9%) ʪʘ ʨʘʜʽʦ 

(38,7% ʧʨʦʪʠ 31,9%). ʉʽʣʴʩʴʢʽ ʞʠʪʝʣʽ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʝʱʦ ʚʠʱʠʡ ʨʽʚʝʥʴ 

ʥʝʜʦʚʽʨʠ ʜʦ ɿʄɯ ʟʘʛʘʣʦʤ - 5,5% ʧʨʦʪʠ 5% ʩʝʨʝʜ ʤʽʩʴʢʠʭ ʞʠʪʝʣʽʚ. 

ʅʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʜʦʚʽʨʠ ʜʦ ʪʝʣʝʙʘʯʝʥʥʷ ʩʝʨʝʜ ʤʝʰʢʘʥʮʽʚ ɿʘʭʽʜʥʦʾ (66%) ʪʘ 

ʎʝʥʪʨʘʣʴʥʦʾ (64%) ʋʢʨʘʾʥʠ. ʅʘʪʦʤʽʩʪʴ ʥʘ ʉʭʦʜʽ ʪʘ ʇʽʚʜʥʽ ʮʽ ʧʦʢʘʟʥʠʢʠ ʥʠʞʯʽ 

ʤʘʡʞʝ ʥʘ 10%: 53,4% ʤʝʰʢʘʥʮʽʚ ʧʽʚʜʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʜʦʚʽʨʷʶʪʴ ʪʝʣʝʙʘʯʝʥʥʶ, ʘ ʥʘ 

ʉʭʦʜʽ ï 52,2%. ʊʘʢʦʞ ʧʦʤʽʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʜʦʚʽʨʽ ʜʦ ʜʨʫʢʦʚʘʥʠʭ ɿʄɯ (28,6% ʥʘ 

ɿʘʭʦʜʽ ʪʘ 17,4% ʥʘ ʇʽʚʜʥʽ) ʪʘ ʨʘʜʽʦ (44,9% ʥʘ ɿʘʭʦʜʽ ʪʘ 23% ʥʘ ʉʭʦʜʽ). ɼʦʚʽʨʘ ʜʦ 

ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʽʚ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ (46% ʥʘ ʇʽʚʜʥʽ ʪʘ 51,2% ʥʘ ʉʭʦʜʽ), ʷʢ ʽ 

ʜʦʚʽʨʘ ʜʦ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ (ʥʘ ʨʽʚʥʽ 50% ʚ ʫʩʽʭ ʨʝʛʽʦʥʘʭ, ʦʢʨʽʤ ʎʝʥʪʨʘʣʴʥʦʾ 

ʋʢʨʘʾʥʠ, ʜʝ ʨʽʚʝʥʴ ʜʦʚʽʨʠ ʜʦ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʩʷʛʥʫʚ 58,4%). ʎʽʢʘʚʦ ʪʘʢʦʞ, ʱʦ 

ʨʽʚʝʥʴ ʥʝʜʦʚʽʨʠ ʜʦ ʙʫʜʴ-ʷʢʠʭ ɿʄɯ ʥʘʡʥʠʞʯʠʡ ʩʝʨʝʜ ʤʝʰʢʘʥʮʽʚ ʮʝʥʪʨʘʣʴʥʠʭ 

ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ (2,8%), ʘ ʥʘʡʚʠʱʠʡ ï ʥʘ ʇʽʚʜʥʽ (8,9%). 

ʋ ʬʽʥʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʦʧʠʪʫʚʘʥʥʷ ʩʝʨʝʜ ʪʠʭ ʨʝʩʧʦʥʜʝʥʪʽʚ, ʷʢʽ ʚʢʘʟʘʣʠ, ɦ ʦ 

ʦʪʨʠʤʫʶʪʴ ʥʦʚʠʥʠ ʯʝʨʝʟ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ, ʪʘʢʦʞ ʟʘʧʠʪʘʥʦ, ʷʢʽ ʧʣʘʪʬʦʨʤʠ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʥ. 

ɿʘ ʦʩʪʘʥʥʽ ʤʽʩʷʮʽ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʨʝʩʧʦʥʜʝʥʪʽʚ ʚʢʘʟʘʣʠ Telegram (65,7%), 

YouTube (61,2%) ʪʘ Facebook (57,8%) ʷʢ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʥʦʚʠʥ. Viber 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 48% ʨʝʩʧʦʥʜʝʥʪʽʚ, Instagram ï 29,1%, TikTok ï 19,5% ʽ Twitter ï 
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8,9%. ʇʨʠʙʣʠʟʥʦ 2% ʨʝʩʧʦʥʜʝʥʪʽʚ ʟʘʟʥʘʯʠʣʠ, ʱʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʽʥʰʠʤʠ 

ʩʦʮʽʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ (WhatsApp, Signal ʪʦʱʦ) [3]. 

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʯʦʣʦʚʽʢʘʤʠ ʪʘ ʞʽʥʢʘʤʠ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʥ. ʅʘʧʨʠʢʣʘʜ, ʯʦʣʦʚʽʢʠ ʯʘʩʪʽʰʝ 

ʢʦʨʠʩʪʫʶʪʴʩʷ YouTube (67,2%), Telegram (63%) ʽ Facebook (54,8%), ʪʦʜʽ ʷʢ TikTok 

(19,5%) ʽ Twitter (11,8%) ʟʘʣʠʰʘʶʪʴʩʷ ʤʝʥʰ ʧʦʧʫʣʷʨʥʠʤʠ. ʉʝʨʝʜ ʞʽʥʦʢ 

ʥʘʡʙʽʣʴʰʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ ʢʦʨʠʩʪʫʶʪʴʩʷ Telegram (68%), Facebook (62,1%) ʽ 

YouTube (56%), ʭʦʯʘ ʽ ʟ ʜʝʷʢʠʤʠ ʚʘʨʽʘʮʽʷʤʠ ʚ ʧʨʦʧʦʨʮʽʷʭ. ɾʽʥʢʠ ʨʽʜʰʝ ʚʽʜʜʘʶʪʴ 

ʧʝʨʝʚʘʛʫ TikTok (19,5%) ʽ Twitter (6,5%). ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ Viber ʪʘ Instagram 

ʧʦʧʫʣʷʨʥʽ ʩʝʨʝʜ ʦʙʦʭ ʩʪʘʪʝʡ: 44,5% ʪʘ 24,6% ʩʝʨʝʜ ʯʦʣʦʚʽʢʽʚ ʪʘ 51,1% ʪʘ 32,9% 

ʩʝʨʝʜ ʞʽʥʦʢ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʠʥʘʤʽʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʫ ʨʽʟʥʠʭ ʚʽʢʦʚʠʭ ʛʨʫʧʘʭ 

ʚʠʷʚʠʣʘʩʷ ʜʦʩʠʪʴ ʥʝʩʧʦʜʽʚʘʥʦʶ. ʄʦʣʦʜʴ ʫ ʚʽʮʽ ʚʽʜ 18 ʜʦ 39 ʨʦʢʽʚ ʥʘʡʙʽʣʴʰʝ 

ʢʦʨʠʩʪʫʻʪʴʩʷ Telegram (ʚʽʜ 72,4% ʨʝʩʧʦʥʜʝʥʪʽʚ ʫ ʚʽʮʽ 30-39 ʨʦʢʽʚ ʜʦ 86,7% 

ʨʝʩʧʦʥʜʝʥʪʽʚ ʫ ʚʽʮʽ 18-29 ʨʦʢʽʚ) ʪʘ YouTube (ʚʽʜ 57,6% ʨʝʩʧʦʥʜʝʥʪʽʚ ʫ ʚʽʮʽ 30-39 

ʨʦʢʽʚ ʜʦ 58,5% ʨʝʩʧʦʥʜʝʥʪʽʚ ʫ ʚʽʮʽ 18-29 ʨʦʢʽʚ). ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʣʶʜʠ ʫ ʚʽʮʽ 60 ʨʦʢʽʚ 

ʽ ʩʪʘʨʰʝ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ YouTube (ʧʦʥʘʜ 61,4% ʨʝʩʧʦʥʜʝʥʪʽʚ) ʪʘ Facebook (ʚʽʜ 

43,3% ʩʝʨʝʜ ʨʝʩʧʦʥʜʝʥʪʽʚ ʫ ʚʽʮʽ ʧʦʥʘʜ 70 ʨʦʢʽʚ ʜʦ 59,3% ʩʝʨʝʜ ʨʝʩʧʦʥʜʝʥʪʽʚ ʫ ʚʽʮʽ 

60-69 ʨʦʢʽʚ). Viber ʷʢ ʜʞʝʨʝʣʦ ʥʦʚʠʥ ʧʦʧʫʣʷʨʥʠʡ ʩʝʨʝʜ ʣʶʜʝʡ ʩʝʨʝʜʥʴʦʛʦ ʚʽʢʫ: ʚʽʜ 

52,1% ʩʝʨʝʜ 40-49-ʨʽʯʥʠʭ ʜʦ 59,6% ʩʝʨʝʜ 60-69-ʨʽʯʥʠʭ. Facebook ʪʘʢʦʞ 

ʧʦʧʫʣʷʨʥʠʡ ʩʝʨʝʜ ʮʠʭ ʚʽʢʦʚʠʭ ʛʨʫʧ (ʚʽʜ 62,2% ʩʝʨʝʜ 40-49 ʨʦʢʽʚ ʜʦ 59,3% ʩʝʨʝʜ 

60-69 ʨʦʢʽʚ). ʊʚʽʪʪʝʨ ʷʢ ʜʞʝʨʝʣʦ ʥʦʚʠʥ ʘʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʣʦʜʽ ʣʶʜʠ, 

ʥʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ï ʚʽʜ 10,7% ʜʦ 10,9% ʩʝʨʝʜ 18-39 ʨʦʢʽʚ. TikTok ʚʠʷʚʠʚʩʷ 

ʧʦʧʫʣʷʨʥʠʤ ʥʝ ʣʠʰʝ ʩʝʨʝʜ ʤʦʣʦʜʽ ʚʽʢʦʤ 18-29 ʨʦʢʽʚ (24,2%), ʘ ʡ ʩʝʨʝʜ ʣʶʜʝʡ ʚʽʢʦʤ 

60-69 ʨʦʢʽʚ (23,4%). 

ʍʦʯʘ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʤʽʞ ʤʽʩʴʢʠʤʠ ʪʘ 

ʩʽʣʴʩʴʢʠʤʠ ʞʠʪʝʣʷʤʠ ʥʝʚʝʣʠʢʽ, ʚʦʥʠ ʧʦʤʽʪʥʽ. ʋ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʙʽʣʴʰʝ ʣʶʜʝʡ 

ʦʪʨʠʤʫʶʪʴ ʥʦʚʠʥʠ ʯʝʨʝʟ Facebook (62% ʧʨʦʪʠ 55,9% ʫ ʤʽʩʪʘʭ) ʪʘ TikTok (24,3% 
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ʧʨʦʪʠ 17,3%). ʋ ʤʽʩʪʘʭ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ Telegram (69,6% ʧʨʦʪʠ 57,1% ʫ ʩʽʣʴʩʴʢʽʡ 

ʤʽʩʮʝʚʦʩʪʽ), YouTube (66% ʧʨʦʪʠ 50,7%) ʪʘ Viber (50,9% ʧʨʦʪʠ 41,8%). Instagram ʪʘ 

Twitter ʙʣʠʟʴʢʽ ʟʘ ʧʦʧʫʣʷʨʥʽʩʪʶ ʩʝʨʝʜ ʦʙʦʭ ʛʨʫʧ (ʙʣʠʟʴʢʦ 30% ʪʘ 9% ʚʽʜʧʦʚʽʜʥʦ). 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʨʝʛʽʦʥʘʣʴʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ, ʢʦʨʠʩʪʫʚʘʯʽ ʉʭʽʜʥʦʾ ʋʢʨʘʾʥʠ ʟʥʘʯʥʦ 

ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Telegram (71% ʧʨʦʪʠ 61,1% ʥʘ ɿʘʭʦʜʽ), Viber (54,3% ʧʨʦʪʠ 

43% ʥʘ ɿʘʭʦʜʽ), YouTube (62,9% ʧʨʦʪʠ 59,3% ʥʘ ɿʘʭʦʜʽ) ʪʘ TikTok (23,4% ʧʨʦʪʠ 

18,4% ʚ ʎʝʥʪʨʘʣʴʥʽʡ ʋʢʨʘʾʥʽ). Facebook ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʡ ʥʘ ɿʘʭʦʜʽ (63% 

ʧʨʦʪʠ 50,6% ʥʘ ʇʽʚʜʥʽ). Instagram ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʧʽʚʜʝʥʥʠʭ 

ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ (31,5%), ʘ Twitter ï ʫ ʮʝʥʪʨʘʣʴʥʠʭ (10,6%) [3]. 

ʑʦ ʞ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʩʠʤʫʣʷʮʽʡ, ʨʦʟʨʘʭʫʻʤʦ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ 

ʙʘʟʫʶʯʠʩʴ ʥʘ ʧʝʨʰʽʡ ʚʠʙʽʨʮʽ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʜʘʶʪʴʩʷ 

ʚʨʫʯʥʫ, ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʧʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʚʝʜʝ ʜʦ ʤʠʪʪʻʚʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʘʜʝʧʪʽʚ ʟ ʥʝʤʦʞʣʠʚʽʩʪʶ ʦʮʽʥʠʪʠ ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ (ʪʘʙ. 3.3). 

 

ʊʘʙ. 3.3 ï ʇʘʨʘʤʝʪʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ 

ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʟʘʛʨʦʟʘ 

N ‌ ‍ 

1 0 0.000000766 0.0000000766 

2 0 0.000000667 0.0000000667 

3 0 0.000000612 0.0000000612 

4 0 0.000000284 0.0000000284 

5 0 0.000000157 0.0000000157 

ʇʨʠ ὲ ρπππ ὔ=500000, ʪʘʢʦʞ ʟʘ ʥʘʩʪʫʧʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʮʝʩʫ 

ɺ̔ʥʝʨʘ ὸ ρπȟ— ρȟ„ ρȟὼ ς, ʨʝʟʫʣʴʪʘʪʠ ʥʘʩʪʫʧʥʽ (ʨʠʩ. 3.12). 
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ʈʠʩ. 3.14 ï ʇʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚ ʋʢʨʘʾʥʽ ʟʘʛʨʦʟ ʯʝʨʝʟ ʧʦʧʫʣʷʨʥʽ 

ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ 

 

ɿʚʠʯʘʡʥʦ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʩʠʣʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ (ὸ ρπȟ— σȟ„

υȟὼ ς) ʜʠʥʘʤʽʢʘ ʧʨʦʮʝʩʽʚ ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ, ʘʣʝ ʚ ʩʠʣʫ ʩʫʪʪʻʚʦʾ ʧʝʨʝʚʘʛʠ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʠʤʫʣʷʮʽʡ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝ ʥʝʟʤʽʥʥʠʤ (ʨʠʩ. 3.15, 

ʨʠʩ. 3.16, ʨʠʩ. 3.17). 
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ʈʠʩ. 3.15 ï ʇʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚ ʋʢʨʘʾʥʽ ʟʘʛʨʦʟ ʯʝʨʝʟ ʧʦʧʫʣʷʨʥʽ 

ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ (ʚʠʧʘʜʦʢ 1) 

 

 

ʈʠʩ. 3.16 ï ʇʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚ ʋʢʨʘʾʥʽ ʟʘʛʨʦʟ ʯʝʨʝʟ ʧʦʧʫʣʷʨʥʽ 

ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ (ʚʠʧʘʜʦʢ 2) 

 

 

ʈʠʩ. 3.17 ï ʇʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚ ʋʢʨʘʾʥʽ ʟʘʛʨʦʟ ʯʝʨʝʟ ʧʦʧʫʣʷʨʥʽ 

ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ (ʚʠʧʘʜʦʢ 3) 
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ʋ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʩʠʤʫʣʷʮʽʡ, ʚ ʩʠʣʫ ʥʘʩʪʫʧʥʦʛʦ ʧʦ ʩʠʣʽ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, 

ʤʦʞʣʠʚʘ ʧʝʨʝʤʦʛʘ ʜʨʫʛʦʛʦ ʪʠʧʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ (ʨʠʩ. 3.18). 

 

 

ʈʠʩ. 3.18 ï ʇʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚ ʋʢʨʘʾʥʽ ʟʘʛʨʦʟ ʯʝʨʝʟ ʧʦʧʫʣʷʨʥʽ 

ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ (ʚʠʧʘʜʦʢ 4) 

 

ʊʘʢʦʞ, ʟʚʠʯʘʡʥʦ, ʱʦ ʤʦʞʣʠʚʘ ʽ ʥʘʡʤʝʥʰ ʡʤʦʚʽʨʥʘ ʩʠʪʫʘʮʽʷ, ʜʝ ʧʝʨʰʘ ʪʨʽʡʢʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʨʦʟʜʽʣʠʪʴ ʣʽʜʠʨʫʶʯʽ ʧʦʟʠʮʽʾ (ʨʠʩ. 3.19). 

 



 101 

ʈʠʩ. 3.19 ʇʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚ ʋʢʨʘʾʥʽ ʟʘʛʨʦʟ ʯʝʨʝʟ ʧʦʧʫʣʷʨʥʽ 

ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʱʠʤ ʨʽʚʥʝʤ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ (ʚʠʧʘʜʦʢ 5) 

 

ɹʝʨʫʯʠ ʟʘ ʦʩʥʦʚʫ ʥʘʩʪʫʧʥʫ ʚʠʙʽʨʢʫ, ʱʦʜʦ ʪʦʛʦ, ʷʢʽ ʩʘʤʝ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʽ ʩʝʨʝʜ ʫʢʨʘʾʥʮʽʚ, ʜʦʨʝʯʥʦ ʙʫʜʝ ʧʨʦʚʝʩʪʠ ʩʠʤʫʣʷʮʽʾ ʧʦʰʠʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʯʝʨʝʟ ʥʠʭ. ɺʨʘʭʦʚʫʶʯʠ ʩʫʪʪʻʚʠʡ ʚʽʜʨʠʚ ʪʨʽʡʢʠ ʣʽʜʝʨʽʚ, 

ʩʠʤʫʣʷʮʽʾ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠ ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʣʠʰʝ ʾʭ. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟ 

ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʤʦʜʝʣʽ ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʧʽʜʭʦʜʠ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜ 

ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ (ɼʦʜʘʪʦʢ ɹ). 

ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʪʘʙ. 3.4): 

ʊʘʙ. 3.4 ï ʉʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʟ ʥʘʡʙʽʣʴʰʠʤ ʨʽʚʥʝʤ ʦʭʦʧʣʝʥʥʷ 

ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʟʘʛʨʦʟʘ 

N ‌ ‍ 

1 0 0.000000657 0.0000000657 

2 0 0.000000612 0.0000000612 

3 0 0.000000578 0.0000000578 

ʉʧʦʩʪʝʨʽʛʘʻʤʦ ʥʝʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʧʝʨʰʦʛʦ ʪʠʧʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ, 

ʦʯʽʢʫʚʘʥʦ, ʱʦ ʧʨʠ ʩʣʘʙʢʦʤʫ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʨʝʟʫʣʴʪʘʪʠ ʟʘʚʞʜʠ ʙʫʜʫʪʴ 

ʦʜʥʘʢʦʚʽ, ʪʦʤʫ ʦʜʨʘʟʫ ʨʦʟʛʣʷʥʝʤʦ ʩʝʨʝʜʥʽʡ ʚʧʣʠʚ (ὸ ρπȟ— ρȟ„ ςȟὼ ς) ʨʠʩ. 

3.18. 
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ʈʠʩ. 3.20 ï ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʟ 

ʥʘʡʙʽʣʴʰʠʤ ʦʭʦʧʣʝʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʽʚ 

 

ʗʢ ʙʘʯʠʤʦ, ʤʦʞʝ ʥʘʩʪʘʪʠ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʝʨʝʤʦʛʠ ʥʘʙʫʜʝ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʟʘʛʨʦʟʘ ʟ ʥʠʱʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʧʦʰʠʨʝʥʥʷ. 

ʗʢʱʦ ʞ ʧʦʩʣʘʙʠʪʠ ʚʧʣʠʚ (ὸ ρπȟ— ρȟ„ ρȟὼ ς), ʦʯʽʢʫʚʘʥʦ, ʱʦ ʚ 

ʙʽʣʴʰʦʩʪʽ ʩʠʤʫʣʷʮʽʡ ʧʝʨʝʤʦʞʮʝʤ ʙʫʜʝ ʽʥʬʦʨʤʘʮʽʡʥʘ ʟʘʛʨʦʟʘ ʟ ʚʠʱʠʤ ʧʦʪʝʥʮʽʘʣʦʤ 

ʧʦʰʠʨʝʥʥʷ ʨʠʩ 3.21. 
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ʈʠʩ. 3.21 ï ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʟ 

ʥʘʡʙʽʣʴʰʠʤ ʦʭʦʧʣʝʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʩʣʘʙʢʠʡ ʚʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ) 

 

ʅʘʧʨʠʢʽʥʮʽ, ʧʦʟʙʘʚʠʚʰʠ ʧʨʦʮʝʩ ʚʠʧʘʜʢʦʚʦʩʪʽ, ʦʯʽʢʫʚʘʥʦ ʦʪʨʠʤʫʻʤʦ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʽ ʧʦʪʝʥʮʽʘʣʦʤ ʧʦʰʠʨʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ 

ʨʠʩ. 3.22. 
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ʈʠʩ. 3.22 ï ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʟ 

ʥʘʡʙʽʣʴʰʠʤ ʦʭʦʧʣʝʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ ʚʽʜʩʫʪʥʽ) 

 

ɹʫʜʝ ʮʽʢʘʚʠʤ ʧʦʨʽʚʥʷʪʠ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʙʽʨʢʠ, ʜʝ ʙʫʜʫʪʴ ʚʨʘʭʦʚʘʥʽ ʚʩʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʘʛʨʦʟʠ, ʫ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ.  

ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʪʘʙ. 3.5). 

ʊʘʙ. 3.5 ï ʇʦʚʥʘ ʚʠʙʽʨʢʘ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ 

ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʟʘʛʨʦʟʘ 

N ‌ ‍ 

1 0 0.000000657 0.0000000657 

2 0 0.000000612 0.0000000612 

3 0 0.000000578 0.0000000578 

4 0 0.00000048 0.000000048 

5 0 0.000000291 0.0000000291 

6 0 0.000000195 0.0000000195 

7 0 0.000000089 0.0000000089 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʥʘʩʪʫʧʥʽ: ὸ ρπȟ— ρȟ„ υȟὼ ρπ, 

ʪʘʢʦʞ ʚʭʽʜʥʽ ʜʘʥʽ, ʦʢʨʽʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʥʘʩʪʫʧʥʽ: ὲ

ρπππȟὔ υπππππ (ʨʠʩ. 3.23, 3.24, 3.25). 
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ʈʠʩ. 3.23 ï ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ ʚʠʙʽʨʢʠ ʟ ʚʩʽʭ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞ (ʚʠʧʘʜʦʢ 1) 

 

 

ʈʠʩ. 3.24 ï ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ ʚʠʙʽʨʢʠ ʟ ʚʩʽʭ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞ (ʚʠʧʘʜʦʢ 2) 
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ʈʠʩ. 3.25 ï ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ ʚʠʙʽʨʢʠ ʟ ʚʩʽʭ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞ (ʚʠʧʘʜʦʢ 3) 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ, ʜʠʥʘʤʽʢʘ ʥʝ ʟʘʟʥʘʣʘ ʩʫʪʪʻʚʠʭ ʟʤʽʥ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʘʛʨʦʟʠ 

ʟ ʥʘʡʙʽʣʴʰʠʤ ʧʦʪʝʥʮʽʘʣʦʤ, ʜʦʩʽ ʟʘʡʤʘʶʪʴ ʣʽʜʠʨʫʶʯʽ ʧʦʟʠʮʽʾ. ɭʜʠʥʘ ʟʤʽʥʘ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʥʘ ʬʦʥʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʨʦʟʨʠʚ ʤʽʞ 

ʧʝʨʰʠʤ ʪʘ ʜʨʫʛʠʤ ʪʠʧʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ ʪʝʧʝʨ ʥʝ ʪʘʢʠʡ ʟʥʘʯʫʱʠʡ. 

ɿʚʠʯʘʡʥʦ ʞ, ʥʘ ʬʦʥʽ ʩʠʣʴʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʩʠʪʫʘʮʽʷ, ʜʝ 

ʧʝʨʝʤʦʞʝʮʴ ʙʫʜʝ ʥʝʦʯʽʢʫʚʘʥʠʡ (ʨʠʩ. 3.26). 
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ʈʠʩ. 3.26 ï ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ ʚʠʙʽʨʢʠ ʟ ʚʩʽʭ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞ (ʚʠʧʘʜʦʢ 4) 

 

ʊʘʢʦʞ, ʦʢʨʝʤʦ ʨʦʟʛʣʷʥʝʤʦ ʩʠʪʫʘʮʽʶ ʟ ʚʥʫʪʨʽʰʥʽʤ ʢʦʥʬʣʽʢʪʦʤ ʜʣʷ ʚʠʙʽʨʢʠ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʟ ʥʘʡʙʽʣʴʰʠʤ ʦʭʦʧʣʝʥʥʷʤ (ʪʘʙ. 3.4). 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʥʘʩʪʫʧʥʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʝʨʰʦʶ ʪʘ 

ʜʨʫʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʟʘʛʨʦʟʘʤʠ πȢωωω ʥʘ ʢʦʨʠʩʪʴ ʜʨʫʛʽʡ. ʇʨʠ ʪʘʢʦʤʫ ʟʥʘʯʝʥʥʽ 

ʦʯʽʢʫʻʤʦ, ʱʦ ʘʜʝʧʪʠ ʟ ʧʝʨʰʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʘʛʨʦʟʠ, ʧʦʩʪʫʧʦʚʦ çʧʝʨʝʪʽʢʘʪʠʤʫʪʴè 

ʜʦ ʜʨʫʛʦʾ. 
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ʈʠʩ. 3.27 ï ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʢʦʥʬʣʽʢʪʦʤ ʤʽʞ 

ʧʝʨʰʦʶ ʪʘ ʜʨʫʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʟʘʛʨʦʟʘʤʠ ʥʘ ʢʦʨʠʩʪʴ ʜʨʫʛʦʛʦ ʪʠʧʫ 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩʫʥʢʫ, ʧʦʜʽʙʥʦʾ ʢʦʥʬʣʽʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ 

ʜʦʩʪʘʪʥʴʦ, ʱʦ ʽʥʬʦʨʤʘʮʽʡʥʘ ʟʘʛʨʦʟʘ, ʥʘʚʽʪʴ ʟ ʩʣʘʙʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʰʠʨʝʥʥʷ 

ʟʘ ʚʥʫʪʨʽʰʥʽʤ ʪʘ ʟʦʚʥʽʰʥʽʤ ʢʘʥʘʣʘʤʠ, ʚʠʷʚʠʣʘʩʷ ʧʝʨʝʤʦʞʮʝʤ. 

ʉʠʩʪʝʤʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ, ʟʘʜʘʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʢʦʥʬʣʽʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʢʽʣʴʢʦʤʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʟʘʛʨʦʟʘʤʠ ʦʜʥʦʯʘʩʥʦ. ɼʦʧʦʚʥʠʤʦ ʦʧʠʩʘʥʠʡ ʚʠʱʝ 

ʚʠʧʘʜʦʢ ʢʦʥʬʣʽʢʪʦʤ ʤʽʞ ʧʝʨʰʦʶ ʪʘ ʪʨʝʪʴʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʟʘʛʨʦʟʘʤʠ ʥʘ 

ʢʦʨʠʩʪʴ ʧʝʨʰʦʾ ʟ ʥʘʩʪʫʧʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ πȢωωω (ʨʠʩ. 3.28). 
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ʈʠʩ. 3.28 ï ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʢʦʥʬʣʽʢʪʦʤ ʤʽʞ 

ʧʝʨʰʦʶ ʪʘ ʜʨʫʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʟʘʛʨʦʟʘʤʠ ʥʘ ʢʦʨʠʩʪʴ ʜʨʫʛʦʾ ʪʘ ʤʽʞ ʧʝʨʰʠʤ 

ʪʠʧʦʤ ʟ ʪʨʝʪʽʤ ʥʘ ʢʦʨʠʩʪʴ ʧʝʨʰʦʛʦ 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩʫʥʢʫ, ʧʦʜʽʙʥʦʛʦ ʧʦʩʠʣʝʥʥʷ, ʚʠʷʚʠʣʦʩʷ ʤʘʡʞʝ ʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʧʘʨʠʪʝʪʫ ʤʽʞ ʣʽʜʝʨʦʤ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʟʘʛʨʦʟʦʶ, ʱʦ ʟʘʡʤʘʣʘ ʦʩʪʘʥʥʻ ʤʽʩʮʝ. 

ɿʚʠʯʘʡʥʦ, ʥʝ ʧʦʪʨʽʙʥʦ ʟʘʙʫʚʘʪʠ, ʱʦ ʩʝʨʝʜʦʚʠʱʝ ʪʘʢʦʞ ʜʦʧʦʚʥʶʶʪʴ ʚʠʧʘʜʢʦʚʽ 

ʟʙʫʨʝʥʥʷ, ʪʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʽʪʝʨʘʮʽʡ, ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʟʘʛʨʦʟʘ ʦʜʠʥ ʚʠʩʪʫʧʠʪʴ ʧʝʨʝʤʦʞʮʝʤ (ʨʠʩ. 3.29). 
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ʈʠʩ. 3.29 

ʈʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʢʦʥʬʣʽʢʪʦʤ ʤʽʞ ʧʝʨʰʦʶ ʪʘ 

ʜʨʫʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʟʘʛʨʦʟʘʤʠ ʥʘ ʢʦʨʠʩʪʴ ʜʨʫʛʦʾ ʪʘ ʤʽʞ ʧʝʨʰʠʤ ʪʠʧʦʤ ʟ 

ʪʨʝʪʽʤ ʥʘ ʢʦʨʠʩʪʴ ʧʝʨʰʦʛʦ (ʩʠʤʫʣʷʮʽʷ 2) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʰʠʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʤʦʞʝ ʩʪʘʪʠ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʷʚʣʝʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʛʨʦʟʘʤʠ ʨʦʙʠʪʴ ʾʾ 

ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʥʝʙʝʟʧʝʢ. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʩʠʩʪʝʤʠ ʻ ʾʾ ʟʜʘʪʥʽʩʪʴ ʚʠʷʚʣʷʪʠ ʟʘʛʨʦʟʠ ʟ 

ʚʨʘʭʫʚʘʥʥʷ ʧʝʚʥʦʛʦ ʩʪʫʧʝʥʷ ʚʠʧʘʜʢʦʚʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʚʦʻʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʟʤʽʥʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʢʪʠʚʽʚ. ʄʦʜʫʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ 

ʨʦʙʠʪʴ ʾʾ ʛʥʫʯʢʦʶ ʪʘ ʣʝʛʢʦ ʘʜʘʧʪʦʚʘʥʦʶ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ, ʱʦ ʟʘ ʫʤʦʚʠ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʄʦʚʘ Python, ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʧʨʦʩʪʦʪʽ, ʛʥʫʯʢʦʩʪʽ ʪʘ ʰʠʨʦʢʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʫ 

ʥʘʫʢʦʚʠʭ ʦʙʯʠʩʣʝʥʥʷʭ ʽ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤ, ʩʪʘʣʘ ʽʜʝʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 
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ʣʦʛʽʢʠ ʨʦʟʨʘʭʫʥʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʥʘ ʙʝʢʝʥʜʽ ʩʠʩʪʝʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ Python 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ. 

ʌʨʦʥʪʝʥʜ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʪʘ ʚʟʘʻʤʦʜʽʶ 

ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ReactJS 18. ʎʷ JavaScript-ʙʽʙʣʽʦʪʝʢʘ ʚʽʜ Facebook 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʽ ʤʦʞʣʠʚʽʩʪʶ ʩʪʚʦʨʶʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʪʘ 

ʝʬʝʢʪʠʚʥʽ ʚʝʙʜʦʜʘʪʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ReactJS ʜʦʟʚʦʣʷʻ ʥʘʜʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʟʨʫʯʥʠʡ ʪʘ ʝʨʛʦʥʦʤʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʰʚʠʜʢʫ ʪʘ ʩʪʘʙʽʣʴʥʫ 

ʨʦʙʦʪʫ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʈʦʟʜʽʣʫ 3 

ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʫʟʘʛʘʣʴʥʶʻ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʨʦʟʜʽʣʽ 2, 

ʟʦʢʨʝʤʘ, ʨʦʟʨʦʙʣʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʫʩʧʽʰʥʦ ʚʠʢʦʥʫʻ ʧʦʧʝʨʝʜʥʴʦ 

ʧʦʩʪʘʚʣʝʥʥʽ ʟʘʜʘʯʽ, ʘ ʩʘʤʝ: 

- ɺʨʘʭʦʚʫʻ ʚʠʧʘʜʢʦʚʠʡ ʚʧʣʠʚ ʩʝʨʝʜʦʚʠʱʘ. 

- ɼʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʜʣʷ n-ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. 

ʊʘʢʦʞ, ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʪʘʚʣʝʥʠʤ 

ʚʠʤʦʛʘʤ, ʘ ʩʘʤʝ: 

- ʊʝʭʥʽʯʥʠʡ ʩʪʝʢ ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʝʨʝʜʥʴʦ ʦʧʠʩʘʥʠʤ ʫʤʦʚʘʤ ʜʦʩʪʫʧʥʦʩʪʽ ʥʘ 

ʥʘʜʽʡʥʦʩʪʽ. 

- ʆʙʨʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʨʦʟʰʠʨʶʚʘʥʦʩʪʽ ʪʘ ʧʽʜʪʨʠʤʫʚʘʥʦʩʪʽ. 

- ʈʦʟʨʦʙʣʝʥʠʡ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ ʥʘʜʘʻ ʧʦʚʥʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʽ. 

ʊʘʢʦʞ, ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʥʘ ʨʝʘʣʴʥʽʡ ʩʪʘʪʠʩʪʠʯʥʽʡ ʚʠʙʽʨʮʽ. ʇʨʦʚʝʜʝʥʽ ʩʠʤʫʣʷʮʽʾ ʟ ʚʠʙʽʨʢʦʶ, ʜʣʷ 

ʥʘʩʪʫʧʥʠʭ ʚʠʧʘʜʢʽʚ: 

- ɯʥʬʦʨʤʘʮʽʡʥʘ ʙʦʨʦʪʴʙʘ ʟ ʧʦʤʽʨʥʠʤ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. 
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o ʇʝʨʝʤʦʞʝʮʴ ʚʠʟʥʘʯʝʥʠʡ çʩʠʣʦʶè ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʢʘʥʘʣʽʚ ʧʦʰʠʨʝʥʥʷ. 

- ɯʥʬʦʨʤʘʮʽʡʥʘ ʙʦʨʦʪʴʙʘ ʟ ʩʠʣʴʥʠʤ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

o ʇʝʨʝʤʦʞʝʮʴ ʤʦʞʝ ʙʫʪʠ ʥʝʦʯʝʚʠʜʥʠʤ, ʥʘʚʽʪʴ ʟʚʘʞʘʶʯʠ ʥʘ ʩʠʣʴʥʽʰʽ 

ʧʦʢʘʟʥʠʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʘʥʘʣʽʚ ʧʦʰʠʨʝʥʥʷ. 

- ɯʥʬʦʨʤʘʮʽʡʥʘ ʙʦʨʦʪʴʙʠ ʙʝʟ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

o ʇʝʨʝʤʦʞʝʮʴ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʝʥʠʡ çʩʠʣʦʶè ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʘʥʘʣʽʚ ʧʦʰʠʨʝʥʥʷ. 
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ɺʀʉʅʆɺʂʀ 

ʋ ʜʘʥʦʤʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʠ ʧʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ 

ʧʨʦʮʝʩʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʽ, ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʩʧʦʩʦʙʠ ʧʦʢʨʘʱʝʥʥʷ ̔ ʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʨʘʭʫʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʤʦʜʝʣʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ ʜʣʷ n-ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʤʽʥʣʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. 

ʋ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʜʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʪʦʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʦʙʤʝʞʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ ʥʝ ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ. 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʽʜʭʦʜʠ, 

ʨʦʟʨʦʙʣʝʥʽ ʂʦʨʦʣʶʢʦʤ ɺ.ʉ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʢʣʘʜʥʫ ʡʤʦʚʽʨʥʽʩʥʫ ʤʦʜʝʣʴ, ʱʦ 

ʚʢʣʶʯʘʻ ʤʘʨʢʦʚʩʴʢʽ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʘ ʥʝʢʣʘʩʠʯʥʽ ʩʭʝʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

ʆʛʣʷʜ ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ, 

ʪʘʢʠʭ ʷʢ ʫʩʝʨʝʜʥʝʥʥʷ, ʜʠʬʫʟʽʡʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ, ʧʫʘʩʩʦʥʽʚʩʴʢʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʪʘ 

ʘʧʨʦʢʩʠʤʘʮʽʷ ʃʝʚʽ ʝʚʦʣʶʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʤʘʨʢʦʚʩʴʢʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʟʙʫʨʝʥʥʷʤʠ, 

ʪʘʢʦʞ ʙʫʣʠ ʟʜʽʡʩʥʝʥʥʽ. 

ʉʪʘʪʠʩʪʠʯʥʽ ʩʠʩʪʝʤʠ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʟʙʫʨʝʥʥʷʤʠ ʻ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʜʣʷ ʦʧʠʩʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʯʘʩʽ. ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʚʠʚʯʝʥʥʷ ʾʭʥʴʦʾ ʧʦʚʝʜʽʥʢʠ ʥʘ ʟʨʦʩʪʘʶʯʠʭ ʽʥʪʝʨʚʘʣʘʭ 

ʯʘʩʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʬʝʢʪʫ ʫʩʝʨʝʜʥʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ. 

ʄʝʪʦʜ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʚʠʧʘʜʢʦʚʠʭ ʝʚʦʣʶʮʽʡ ʫ 

ʙʘʥʘʭʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʝʩʪ-ʬʫʥʢʮʽʡ ʚʠʷʚʠʚʩʷ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʟʨʦʩʪʘʶʯʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ. 
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ʊʘʢʦʞ ʨʦʟʛʣʷʜʘʣʘʩʷ ʩʭʝʤʘ ʫʩʝʨʝʜʥʝʥʥʷ, ʜʠʬʫʟʽʡʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʟʘ ʫʤʦʚʠ ʙʘʣʘʥʩʫ ʪʘ ʫʤʦʚ ʫʩʝʨʝʜʥʝʥʥʷ. ɺʦʥʠ ʚʠʟʥʘʯʘʣʠʩʷ ʨʦʟʚôʷʟʢʘʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʘʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ, ʟʦʢʨʝʤʘ, ʫ ʧʨʦʚʝʜʝʥʥʽ ʪʦʯʥʦʛʦ ʪʘ 

ʚʩʝʙʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. ɿʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʚʦʥʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʩʦʙʘʤ, ʷʢʽ 

ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ, ʬʦʨʤʫʣʶʚʘʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʩʪʨʘʪʝʛʽʾ ʨʝʘʛʫʚʘʥʥʷ. ʂʨʽʤ 

ʪʦʛʦ, ʟʜʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʘʥʘʣʽʟʫʚʘʪʠ ʯʘʩʦʚʽ ʟʤʽʥʠ ʚ ʧʦʰʠʨʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ 

ʧʦʣʝʛʰʫʻ ʚʠʷʚʣʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʟʘʛʨʦʟ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʻ ʢʨʦʢʦʤ ʚʧʝʨʝʜ ʫ ʨʦʟʫʤʽʥʥʽ ʪʘ ʟʤʝʥʰʝʥʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. ɰʾ ʟʜʘʪʥʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʬʣʽʢʪʥʽ ʚʟʘʻʤʦʜʽʾ ʪʘ ʪʦʯʥʦ 

ʘʥʘʣʽʟʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦʟʠʮʽʦʥʫʻ ʾʾ ʷʢ ʮʽʥʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʧʦʣʽʪʠʢʽʚ ʪʘ ʬʘʭʽʚʮʽʚ ʟ ʙʝʟʧʝʢʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʘʢʪʠʚʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ 

ʩʪʨʘʪʝʛʽʡ ʨʝʘʛʫʚʘʥʥʷ. ɺʘʞʣʠʚʦ, ʱʦ ʧʦʪʦʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʧʨʦʜʦʚʞʫʚʘʪʠʤʫʪʴ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʽ ʧʝʨʝʚʽʨʷʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʚ ʨʽʟʥʠʭ 

ʢʦʥʪʝʢʩʪʘʭ ʽ ʩʮʝʥʘʨʽʷʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ ʽ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʚ ʫʤʦʚʘʭ 

ʧʦʩʪʽʡʥʦ ʤʽʥʣʠʚʦʛʦ ʣʘʥʜʰʘʬʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʤʦʛʘʭ ʜʦ ʩʪʝʢʫ, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʧʦʪʨʝʙʫ ʫ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʨʦʟʰʠʨʶʚʘʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʩʫʯʘʩʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʽ ʥʦʨʤʘʤ. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʚʠʤʦʛ ʚʠʢʦʨʠʩʪʘʥʦ 

ʥʘʡʥʦʚʽʰʽ ʚʝʨʩʽʾ ʢʣʶʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɹʝʢʝʥʜ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʚʝʨʩʽʾ 3.11, ʷʢʘ ʻ 

ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʪʘ ʧʦʪʫʞʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫ ʩʚʽʪʽ. Python 

ʚʽʜʦʤʠʡ ʩʚʦʻʶ ʧʨʦʩʪʦʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʩʪʫʧʥʠʭ ʙʽʙʣʽʦʪʝʢ 

ʪʘ ʬʨʝʡʤʚʦʨʢʽʚ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʽʜʝʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʙʽʣʴʥʠʭ ʪʘ 

ʥʘʜʽʡʥʠʭ ʩʝʨʚʝʨʥʠʭ ʜʦʜʘʪʢʽʚ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʙ-
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ʬʨʝʡʤʚʦʨʢ Flask ʚʝʨʩʽʾ 3.0.0, ʷʢʠʡ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ 

ʰʚʠʜʢʽʩʪʶ ʨʦʟʨʦʙʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʙʝʢʝʥʜ ʩʠʩʪʝʤʠ. 

ʂʣʽʻʥʪʩʴʢʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ReactJS ʚʝʨʩʽʾ 18, 

ʱʦ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʙʽʙʣʽʦʪʝʢ JavaScript ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ 

ʽʥʪʝʨʬʝʡʩʽʚ. ReactJS ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʝʬʝʢʪʠʚʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʤô̫ ʪʽ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʰʚʠʜʢʦʾ ʨʝʘʢʮʽʾ ʥʘ ʟʤʽʥʠ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ ʩʝʨʚʝʨʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʙʣʽʦʪʝʢʘ ReactQuery, 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ ʢʝʰʫʚʘʪʠ ʜʘʥʽ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʨʦʙʦʪʫ ʚʝʙ-

ʜʦʜʘʪʢʽʚ ʥʘʚʽʪʴ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ ʜʦ ʩʝʨʚʝʨʘ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ʷʢʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ, ʘʣʝ ʽ ʟʨʦʙʠʪʠ ʾʾ ʛʦʪʦʚʦʶ ʜʦ ʤʘʡʙʫʪʥʽʭ 

ʨʦʟʰʠʨʝʥʴ ʪʘ ʘʜʘʧʪʘʮʽʡ ʜʦ ʟʤʽʥʥʠʭ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʨʠʥʢʦʚʠʭ ʫʤʦʚ. 

ʇʨʦʚʝʜʝʥʦ ʩʠʤʫʣʷʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʘʣʴʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʚʠʙʽʨʢʠ, ʟ ʤʝʪʦʶ 

ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʰʝʥʥʷ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ, ʚʘʞʣʠʚʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʙʽʨʢʘ ʜʘʥʠʭ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʩʝʨʝʜ ʫʢʨʘʾʥʮʽʚ, ʘ ʪʘʢʦʞ ʜʞʝʨʝʣ, ʷʢʽ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʥ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʨʝʘʣʽʩʪʠʯʥʝ ʪʝʩʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʨʝʘʣʴʥʽ ʧʦʚʝʜʽʥʢʦʚʽ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʚʠʯʢʠ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ. 

ɺʘʞʣʠʚʽʩʪʴ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʦ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʨʝʘʢʮʽʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘ ʨʝʘʣʴʥʽ ʫʤʦʚʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʝʨʝʚʽʨʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʯʽʢʫʚʘʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ 

ʜʦʧʦʤʦʛʣʦ ʚʠʷʚʠʪʠ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ ʪʘ ʚʨʘʟʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʝʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ɼʆɼɸʊʆʂ ɹ 

ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʤʦʜʝʣʽ. ʄʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ɸʥʘʣʽʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʘʪʨʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʚʠʤʽʨʷʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʜʦ ʤʘʪʨʠʮʽ ʧʽʜʙʠʨʘʶʪʴ ʧʝʨʰʫ ʛʦʣʦʚʥʫ ʚʽʩʴ, 

ʤʽʥʽʤʽʟʫʶʯʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʘʥʠʤʠ ʪʘ ʚʽʩʩʶ; ʧʦʪʽʤ ʜʦ ʜʘʥʠʭ ʧʽʜʙʠʨʘʶʪʴ ʥʘʩʪʫʧʥʫ 

ʚʽʩʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʜʦ ʧʝʨʰʦʾ ʦʩʽ, ʽ ʪʘʢ ʜʘʣʽ [14, 15, 31]. ʆʩʢʽʣʴʢʠ ʤʽʞ 

ʚʠʤʽʨʶʚʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ, ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʦʩʝʡ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; ʪʘʢʠʤ 

ʯʠʥʦʤ, ʧʝʨʝʪʚʦʨʝʥʘ ʤʘʪʨʠʮʷ ʤʦʞʝ ʫʟʘʛʘʣʴʥʶʚʘʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ 

ʚʠʤʽʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʮʝʩ ʫʟʘʛʘʣʴʥʝʥʥʷ ʻ ʦʙ'ʻʢʪʠʚʥʠʤ ʽ ʤʘʻ ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ 

ʚʘʨʽʘʥʪʽʚ ʫ ʨʦʟʨʘʭʫʥʢʘʭ. ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʮʝʡ ʧʨʦʮʝʩ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʥʛʫʣʷʨʥʦʛʦ ʨʦʟʢʣʘʜʫ ʤʘʪʨʠʮʽ [14]. ʅʝʭʘʡ X ï ʚʠʙʽʨʢʦʚʘ ʤʘʪʨʠʮʷ, ʱʦ ʤʽʩʪʠʪʴ 

ʝʣʝʤʝʥʪʠ ʟ ʥʫʣʴʦʚʠʤ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ. ʄʘʪʨʠʮʶ ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʥʘ ʦʜʥʫ 

ʜʽʘʛʦʥʘʣʴʥʫ ʪʘ ʜʚʽ ʫʥʽʪʘʨʥʽ ʤʘʪʨʠʮʽ, X = UDV*. ʋʥʽʪʘʨʥʽ ʤʘʪʨʠʮʽ U ̔ V 

ʢʦʥʪʨʦʣʶʶʪʴ ʥʘʧʨʷʤʢʠ ʛʦʣʦʚʥʠʭ ʦʩʝʡ, ʪʦʜʽ ʷʢ ʜʽʘʛʦʥʘʣʴʥʘ ʤʘʪʨʠʮʷ D ʟʘʧʠʩʫʻ 

ʩʠʥʛʫʣʷʨʥʽ ʟʥʘʯʝʥʥʷ. ɻʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʚʠʙʽʨʦʢ ʫ X ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ὣ

ὢὠ ὟὈ. ʋʥʽʪʘʨʥʘ ʤʘʪʨʠʮʷ V ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ; ʦʜʥʘʢ ʪʫʪ ʟʘʤʽʩʪʴ ʥʝʾ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ 

ʝʣʝʤʝʥʪʽʚ, ὣ ὢ Ὗz ὠὈ. 

ʗʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ, ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʘʥʘʣʽʟʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʘʙʦ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʜʘʥʠʭ. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʻ ʪʝ, ʱʦ ʤʝʪʦʜ 

ʯʫʪʣʠʚʠʡ ʜʦ ʰʫʤʫ ʽ ʟʤʽʱʝʥʥʷ ʫ ʚʠʙʽʨʢʘʭ; ʤʝʪʦʜ ʧʦ ʩʫʪʽ ʩʣʘʙʰʠʡ ʜʦ ʰʫʤʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʬʘʢʪʦʨʥʠʤ ʘʥʘʣʽʟʦʤ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʯʣʝʥʠ ʧʦʭʠʙʢʠ. ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ʪʝ, 

ʷʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʴ [31], ʽ ʜʝʢʦʤʧʦʟʠʮʽʷ ʩʠʥʛʫʣʷʨʥʠʭ ʟʥʘʯʝʥʴ, ʽ ʘʥʘʣʽʟ 

ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʯʫʪʣʠʚʽ ʜʦ ʚʠʢʠʜʽʚ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʨʽʟʥʽ ʨʦʙʘʩʪʥʽ 

ʘʣʴʪʝʨʥʘʪʠʚʠ [13ï15], ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʜʘʥʠʭ ʚʠʧʘʜʢʽʚ [15]. ʆʜʥʘʢ ʯʫʪʣʠʚʽʩʪʴ 

ʜʦ ʰʫʤʫ ʽ ʜʦ ʧʨʦʧʫʩʢʽʚ ʤʦʞʝ ʙʫʪʠ ʦʢʨʝʤʠʤ ʧʠʪʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʰʫʤ, ʱʦ ʚʠʢʣʠʢʘʻ 
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ʟʘʥʝʧʦʢʦʻʥʥʷ, ʧʦʚôʷʟʘʥʠʡ ʟ ʥʝʚʝʣʠʢʠʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʤʽʞ 

ʚʠʙʽʨʢʘʤʠ ʚ ʙʘʛʘʪʴʦʭ ʝʣʝʤʝʥʪʘʭ, ʘ ʥʝ ʟ ʧʨʦʧʫʱʝʥʥʷʤʠ ʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʭ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝʡ ʥʝʜʦʣʽʢ, ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʥʝ ʤʦʞʝ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʧʝʨʝʚʘʛʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ, ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʰʫʤʫ. ɸʜʞʝ ʚʽʥ ʧʨʠʧʫʩʢʘʻ ʦʜʥʘʢʦʚʫ ʚʘʛʫ ʜʣʷ ʚʩʽʭ ʚʠʙʽʨʦʢ ʚ X, ʥʘʚʽʪʴ ʷʢʱʦ ʮʽ 

ʚʠʙʽʨʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʚʘʛʫ ʽ ʟʘʣʝʞʥʦʩʪʽ. ʆʪʞʝ, ʰʫʤ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʚʧʣʠʚʘʪʠ 

ʥʘ ʨʝʟʫʣʴʪʫʶʯʽ ʢʦʤʧʦʥʝʥʪʠ. ʉʢʽʥʥʝʨ ʪʘ ʽʥ. (1986) ʚʠʟʥʘʯʠʣʠ ʮʶ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʫ 

ʥʘʧʨʷʤʢʘʭ ʦʩʝʡ ʚ ʢʦʥʪʝʢʩʪʽ ʜʠʟʘʡʥʫ ʚʠʙʽʨʢʠ; ʦʩʢʽʣʴʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʣʘʥʠ 

ʯʘʩʪʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʚʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʚʧʣʠʚ ʚʘʛ ʽ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʜʘʥʠʤʠ 

ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʠʤ [35]. ʂʦʥʽʰʽ ʪʘ ʈʘʦ (1992) ʧʨʝʜʩʪʘʚʠʣʠ ʜʦʩʢʦʥʘʣʽʰʫ 

ʤʝʪʦʜʦʣʦʛʽʶ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʷʢʘ ʤʽʩʪʠʪʴ ʩʽʤ'ʾ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʙʨʘʪʽʚ ʽ ʩʝʩʪʝʨ 

[16]. ʆʜʥʘʢ ʜʠʟʘʡʥ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʫʧʝʨʝʜʞʝʥʠʤ ʽ ʚ ʩʽʤôʷʭ; ʥʘʧʨʠʢʣʘʜ, 

ʜʝʷʢʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʪʦʢʩʠʢʦʣʦʛʽʾ ʘʙʦ ʙʽʦʧʩʽʾ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ 

ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʟʨʘʟʢʽʚ ʜʣʷ ʧʝʚʥʦʾ ʛʨʫʧʠ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʘʙʦ ʢʣʽʥʽʯʥʠʭ 

ʩʪʘʥʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʱʝʥʥʷ ʚʧʣʠʚʘʪʠʤʝ ʷʢ ʥʘ ʥʘʧʨʷʤʢʠ ʛʦʣʦʚʥʠʭ ʦʩʝʡ, ʪʘʢ ʽ ʥʘ 

ʦʜʠʥʠʮʶ ʚʠʤʽʨʫ, ʷʢ ʮʝ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʚ ʧʨʠʢʣʘʜʘʭ, ʥʘʚʝʜʝʥʠʭ ʥʠʞʯʝ. 

ɯʥʰʠʤ ʥʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʻ ʡʦʛʦ ʫʟʘʛʘʣʴʥʝʥʽʩʪʴ; ʚʠʟʥʘʯʝʥʽ ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʜʽʡʩʥʽ ʣʠʰʝ ʜʣʷ ʜʘʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ. ʇʦʨʽʚʥʷʥʥʷ ʘʙʦ ʽʥʪʝʛʨʘʮʽʷ ʛʦʣʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʧʫʱʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʘʙʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʽʥʪʝʛʨʘʮʽʾ, ʤʘʶʪʴ ʩʧʽʣʴʥʽ ʜʘʥʽ, ʽ ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʩʚʦʾʤʠ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ [5, 15]. ɼʽʡʩʥʦ, ɸʣʴʪʝʨ ʪʘ ʽʥ. 

(2003) ʟʘʩʪʦʩʫʚʘʣʠ ʮʝʡ ʤʝʪʦʜ ʜʦ ʧʘʨʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʤʘʣʠ ʩʧʽʣʴʥʠʡ ʥʘʙʽʨ 

ʚʠʙʽʨʦʢ [7]. ʆʜʥʘʢ ʮʽ ʧʨʠʧʫʱʝʥʥʷ ʧʨʠʜʘʪʥʽ ʣʠʰʝ ʜʣʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʙʽʥʘʮʽʡ. 

ʂʨʽʤ ʪʦʛʦ, ʬʽʟʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʩʝʡ ʫ ʢʦʥʪʝʢʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʥʝ ʻ ʦʯʝʚʠʜʥʦʶ. ʊʦʤʫ ʧʦʨʽʚʥʷʥʥʷ ʘʙʦ ʥʘʚʽʪʴ ʘʧʨʦʢʩʠʤʘʮʽʷ ʢʦʤʧʦʥʝʥʪ ʜʣʷ 

ʨʽʟʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʅʝʜʦʩʪʘʪʥʷ ʟʘʛʘʣʴʥʽʩʪʴ ʛʦʣʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʩʫʧʝʨʝʯʠʪʴ ʤʝʪʽ ʙʽʣʴʰʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʯʘʩʪʦ ʧʣʘʥʫʶʪʴ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟ ʽ ʚʽʜʢʨʠʪʪʷ ʪʝʦʨʽʡ ʽʟ ʟʘʛʘʣʴʥʠʤ ʭʘʨʘʢʪʝʨʦʤ. ʎʝ ʪʘʢʦʞ 
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ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʜʣʷ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʽʥʪʝʛʨʘʮʽʾ ʟʥʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʟʘʛʘʣʴʥʽʩʪʴ ʦʯʽʢʫʻʪʴʩʷ ʚ ʜʽʘʛʥʦʩʪʠʮʽ ʘʙʦ 

ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʊʫʪ ʚʚʦʜʷʪʴʩʷ ʤʦʜʠʬʽʢʘʮʽʾ ʤʝʪʦʜʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʫʟʘʛʘʣʴʥʝʥʦʩʪʽ ʚ 

ʨʝʟʫʣʴʪʘʪʘʭ. ʇʦ-ʧʝʨʰʝ, ʧʨʦʮʝʩʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʝʡ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ, 

ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʟʜʽʣʠʪʠ ʦʩʽ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʋʥʽʪʘʨʥʽ ʤʘʪʨʠʮʽ, ʷʢʽ 

ʧʨʠʟʥʘʯʘʶʪʴ ʦʩʽ, ʚʠʷʚʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʛʨʫʧ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʠʟʘʡʥʽ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ ʟʥʘʭʦʜʷʪʴ 

ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʛʨʫʧʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʚʪʦʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʣʽʢʫʚʘʥʥʷ. ɿʘʚʜʷʢʠ 

ʧʦʚʪʦʨʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ ʟʥʠʞʫʻʪʴʩʷ ʨʽʚʝʥʴ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʜʽʡʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʦʙʨʽʟʘʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʘʙʦ ʤʝʜʽʘʥʘ, 

ʚʧʣʠʚ ʚʠʢʠʜʽʚ ʤʦʞʥʘ ʟʛʣʘʜʠʪʠ. 

ʅʘʛʘʜʘʻʤʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ʄʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷʛʘʻ ʫ ʨʦʟʢʣʘʜʘʥʥʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ Ὧ -ʚʠʤʽʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ 

╧ ὢȟὢȟȣȟὢ  

ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ ʚʝʢʪʦʨʽʚ, ʷʢʘ ʻ ʦʨʪʦʥʦʨʤʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ 

ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʪʨʠʮʽ ʢʦʚʘʨʽʘʮʽʾ ʚʝʢʪʦʨʘ ╧. 

ʃʽʥʽʡʥʘ ʤʦʜʝʣʴ ʜʣʷ ʮʝʥʪʨʦʚʘʥʦʛʦ ʚʝʢʪʦʨʘ ʩʪʦʚʧʯʠʢʘ 

╧ ╧ ὓ╧  

ʇʠʰʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

 ╧ ═╕ȟ  (ɹ.1) 

ʜʝ 

╕ ὊȟὊȟȣȟὊ  

ʎʝʥʪʨʦʚʘʥʠʡ ʽ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʚʝʢʪʦʨ ʩʪʦʚʧʯʠʢ ʥʝʢʦʨʝʣʴʦʚʘʥʠʭ 

ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ Ὂ (Ὦ = 1, 2, ..., Ὧ), 

═ ὥ ȟ  
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ʥʝʚʠʧʘʜʢʦʚʘ ʤʘʪʨʠʮʷ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ὢ ʥʘ ʢʦʤʧʦʥʝʥʪʠ Ὂ (Ὥ = 1, 

2, ..., ὯȟὮ = 1, 2, ..., Ὧ). 

ʆʧʠʰʝʤʦ ʩʭʝʤʫ ʧʦʙʫʜʦʚʠ ʚʝʢʪʦʨʘ ╕ ̔  ʦʙʯʠʩʣʝʥʥʷ ʤʘʪʨʠʮi ═. 

ʇʦʟʥʘʯʠʤʦ 

ɫ ὓ╧ ╧  

ʄʘʪʨʠʮʶ ʢʦʚʘʨʽʘʮʽʾ ʚʝʢʪʦʨʘ ╧.  

(ʇʨʠʛʘʜʘʻʤʦ, ʱʦ ʤʘʪʨʠʮʷ ʢʦʚʘʨʽʘʮʽʾ ï ʮʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʦʥʷʪʪʷ ʜʠʩʧʝʨʩʽʾ ʥʘ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʡ ʚʠʧʘʜʦʢ. ʊʘʢʘ ʤʘʪʨʠʮʷ ʜʣʷ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ ὢȟὢȟȣȟὢ   

ʤʘʻ ʚʠʛʣʷʜ: 

 ɫ

„ „

„ „

ȣ „
ȣ „

ȣ ȣ
„ „

ȣ ȣ
ȣ „

 

ʜe: 

„  ï ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ὢ; 

„ ÃÏÖὢȟὢ  ï ʢʦʚʘʨʽʘʮʽʷ ʤʽʞ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ὢ i ὢ . 

 

ɹʫʜʫʯʠ ʩʠʤʝʪʨʠʯʥʦʶ ʽ ʥʝʚʽʜôʻʤʥʦʶ, ʤʘʪʨʠʮʷ ʢʦʚʘʨʽʘʮʽʾ ʤʘʻ k ʜʽʡʩʥʠʭ 

ʥʝʚʽʜôʻʤʥʠʭ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ‗ȟ‗ȟȣȟ‗. ʇʨʠʧʫʩʪʠʤʦ ʜʘʣʽ, ʱʦ 

‗  ‗ Ễ ‗Ȣ 

ʇʦʟʥʘʯʠʤʦ 

 

‗ π
π ‗

ȣ π
ȣ π

ȣ ȣ
π π

ȣ ȣ
ȣ ‗

Ƞ 

Ἶ ὺ ȟὺ ȟȣȟὺ ʻ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤʠ ʚʣʘʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ʩʪʦʚʧʮʽʚ ʤʘʪʨʠʮʽ Ɇ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʣʘʩʥʦʤʫ ʟʥʘʯʝʥʥʶ ‗ (j = 1, 2,é, k). ʊʦʜʽ ʜʣʷ ʚʩʽʭ j = 1, 2,é, k, 

ʚʠʢʦʥʫʶʪʴʩʷ ʨʽʚʥʦʩʪʽ: 
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ÄÅÔȿɫ ‗╘ȿ π        Ὦ ρȟςȟȣȟὯȟ 

ʜe ╘ ̒  ʦʜʠʥʠʯʥʦʶ ʤʘʪʨʠʮʝʶ Ὧ-ʛo ʧʦʨʷʜʢʫ; 

 ɫἾ ‗ἾȠ Ὦ ρȟςȟȣȟὯȠ (ɹ.2) 

 ἾἾ В ὺὺ ‏
ρȟὴ Ὦ
πȟὴ Ὦ

 Ƞ  (ɹ.3) 

ὴ ρȟςȟȣȟὯȠ Ὦ ρȟςȟȣȟὯȢ 

ɺʚʝʜʝʤʦ ʤʘʪʨʠʮʶ 

╥ ἾȟἾȟȣȟἾ Ȣ 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʽʜʥʦʰʝʥʥʷ (ɹ.2) i (ɹ.3) ʦʪʨʠʤʘʻʤʦ 

ἾɫἾ ‗ἾἾ
‗ȟὴ Ὦ

πȟὴ Ὦ
 

ὴ ρȟςȟȣȟὯȠ Ὦ ρȟςȟȣȟὯȢ 

ʊʦʜʽ 

 

 ╥ɫ╥

‗ π
π ‗

ȣ π
ȣ π

ȣ ȣ
π π

ȣ ȣ
ȣ ‗

 Ȣ  (ɹ.4) 

 

ʅʝʭʘʡ  

 ╕ ╥╧ȟ (ɹ.5) 

i ʦʩʢʽʣʴʢʠ 

ὓ╕ ὓ╥╧ ╥ὓ╧  

 

ʜe πȟȣȟπ ȟ ʪʦʜʽ ╕ ï ʮʝʥʪʨʦʚʘʥʠʡ ʚʝʢʪʦʨ, i  

ὓ╕╕ ὓ╥╧╧╣╥ ╥ὓ╧╧╣╥ ╥ɫ╥ȟ 

ʽ ʥʘ ʧʽʜʩʪʘʚʽ (4), ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ╕ ̒  ʥʝʢʦʨʝʣʴʦʚʘʥʽ i 

Ὀ╕ ‗ Ὦ ρȟςȟȣȟὯ. 

ʊʦʤʫ ʰʫʢʘʥʠʡ ʮʝʥʪʨʦʚʘʥʠʡ ʽ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʚʝʢʪʦʨ ╕ ̒  ʨʽʚʥʠʡ   
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 ╕  ╕ ╥╧Ȣ  (ɹ.6) 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʥʘʩʪʫʧʥʽ ʬʘʢʪʠ: 

1) ʆʩʢʽʣʴʢʠ 

tr Ɇ = trȿ, 

(ʥʘʛʘʜʘʻʤʦ, ʱʦ ʩʣʽʜ ʢʚʘʜʨʘʪʥʦʾ ʤʘʪʨʠʮʽ ï ʮʝ ʚʝʣʠʯʠʥʘ  

 ÔÒ ‗ ‗ Ễ ‗ȟ) 

ʦʪʞʝ 

 В Ὀὢ В Ὀὢ ÔÒ ɫ ÔÒ В ‗ В ὈὊȟ  (ɹ.7) 

ʪʦʙʪʦ, ʜʠʩʧʝʨʩʽʷ ʧʦʯʘʪʢʦʚʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ὢȟὢȟȣȟὢ ʧʦʚʥʽʩʪʶ 

ʦʭʦʧʣʶʻʪʴʩʷ ʯʝʨʝʟ ʜʠʩʧʝʨʩʽʾ ʢʦʤʧʦʥʝʥʪ ὊȟὊȟȣȟὊ, ʦʩʢʽʣʴʢʠ 

ὈὊ ὈὊ Ễ ὈὊ , 

ʪʦʜʽ ʜʠʩʧʝʨʩʽʷ ʢʦʞʥʦʾ ʥʘʩʪʫʧʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʧʦʷʩʥʶʻ ʤʝʥʰʫ ʯʘʩʪʠʥʫ ʜʠʩʧʝʨʩʽʾ 

ʧʦʯʘʪʢʦʚʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʥʽʞ ʜʠʩʧʝʨʩʽʷ ʧʦʧʝʨʝʜʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ; 

2) ʆʩʢʽʣʴʢʠ 

ὓ╕╕ ╘ 

ʪʦʜʽ 

ɫ ὓ╧╧╣ ὓ═╕╕═ ═ὓ╕╕═ ══  

ʘʙʦ 

 ÃÏÖὢȟὢ ÃÏÖὢȟὢ В ὥὥ   Ὥ ρȟςȟȣȟὯȠ ὴ ρȟςȟȣȟὯȟ  (ɹ.8) 

ʟʦʢʨʝʤʘ, 

Ὀὢ Ὀὢ ὥ  Ὥ ρȟςȟȣȟὯȟ     

ʪʦʙʪʦ ʤʘʪʨʠʮʷ ʢʦʚʘʨʽʘʮʽʾ ʚʝʢʪʦʨʘ ╧ ̒  ʮʽʣʢʦʤ ʚʠʟʥʘʯʝʥʦʶ ʯʝʨʝʟ ʤʘʪʨʠʮʶ 

ʥʘʚʘʥʪʘʞʝʥʴ ═; 

3) ʆʩʢʽʣʴʢʠ 

ὓ╧╕ ὓ═╕╕ ═ὓ╕╕ ═ 
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ʪʦʜʽ 

 ÃÏÖὢȟὊ ὥ  Ὥ ρȟςȟȣȟὯȠ Ὦ ρȟςȟȣȟὯȟ  (ɹ.9) 

ʪʦʙʪʦ ʢʦʚʘʨʽʘʮʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ὢ ̔  ʢʦʤʧʦʥʝʥʪʠ Ὂ ʨʽʚʥʘ ʥʘʚʘʥʪʘʞʝʥʥʶ ὥ. 

ɿʘʫʚʘʞʝʥʥʷ. ɺʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʽ ʚʣʘʩʥʽ ʚʝʢʪʦʨʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʦʨʫ 

ʤʘʩʰʪʘʙʫ ʽ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʢʦʤʧʦʥʝʥʪʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʠʡ, ʢʦʣʠ ʚʝʣʠʯʠʥʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚ 

ʧʨʠʨʦʜʽ ʪʘ ʚʠʤʽʨʶʶʪʴʩʷ ʚ ʦʜʥʘʢʦʚʠʭ ʦʜʠʥʠʮʷʭ. ʇʨʠʢʣʘʜʠ ʪʘʢʠʭ ʚʝʣʠʯʠʥ 

ʚʢʣʶʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʙʶʜʞʝʪʫ ʯʘʩʫ ʦʢʨʝʤʠʭ ʦʩʽʙ ʘʙʦ ʦʨʛʘʥʽʟʘʮʽʡ (ʫʩʽ ʧʦʢʘʟʥʠʢʠ 

ὢ ʚʠʤʽʨʶʶʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ ʯʘʩʫ), ʩʪʨʫʢʪʫʨʫ ʩʽʤʝʡʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ, ʩʪʨʫʢʪʫʨʫ 

ʚʠʪʨʘʪ ʦʨʛʘʥʽʟʘʮʽʾ (ʫʩʽ ὢ ʚʠʤʽʨʶʶʪʴʩʷ ʚ ʛʨʦʰʦʚʠʭ ʦʜʠʥʠʮʷʭ) ʪʦʱʦ. ʗʢʱʦ ʮʷ 

ʫʤʦʚʘ ʧʦʨʫʰʫʻʪʴʩʷ, ʚʝʢʪʦʨ ╧ ʥʦʨʤʘʣʽʟʫʻʪʴʩʷ ʽ ʮʝʥʪʨʫʻʪʴʩʷ, ʪʦʜʽ Ɇ ̒ ʢʦʨʝʣʷʮʽʡʥʦʶ 

ʤʘʪʨʠʮʝʶ, ʽ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (ɹ.7 ï ɹ.9) ʦʪʨʠʤʫʻʤʦ 

Ὧ ‗ȟ 

ʪʦʙʪʦ 

‗

Ὧ
 

ʻ ʯʘʩʪʠʥʦʶ ʧʦʚʥʦʾ ʜʠʩʧʝʨʩʽʾ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ὢȟὢȟȣȟὢ, ʷʢʘ ʧʦʷʩʥʶʻʪʴʩʷ 

ʩʢʣʘʜʦʚʦʶ Ὂ; 

ʍὢȟὢ ὥὥ   Ƞ 

ʍὢȟὊ ὥȠ 

ὥ ρȢ     

ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ ʚ 

ʢʦʤʧʦʥʝʥʪʥʦʤʫ ʘʥʘʣʽʟʽ ʫʩʢʣʘʜʥʶʻ ʧʝʨʝʚʽʨʢʫ ʙʘʛʘʪʴʦʭ ʛʽʧʦʪʝʟ. 
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ʇʦʪʽʤ ʟʥʘʭʦʜʠʤʦ ʤʘʪʨʠʮʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ═. ɯʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (ɹ.5), 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ ʤʘʪʨʠʮʽ ╥, ʦʪʨʠʤʫʻʤʦ: 

╥╕ ╥╥╧ ╥╥ ╧ ╧, 

i ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʽʜʥʦʰʝʥʥʷ (ɹ.6), ʤʘʻʤʦ: 

╧ ╥╕ ╥ ╕ 

ɿʚʽʜʩʠ 

═ ╥ , 

 Ὂ
В   В   

   Ὦ ρȟςȟȣȟὯȢ  (ɹ.10) 

ʗʢ ʧʨʘʚʠʣʦ, ʜʦ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʰʠʭ k' ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʷʢʽ 

ʦʭʦʧʣʶʶʪʴ ʱʦʥʘʡʤʝʥʰʝ 70% ʜʠʩʧʝʨʩʽʾ ʧʦʯʘʪʢʦʚʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ (kǋ <k). 

ʄʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ ὊȟὊȟȣȟὊ ʧʦʢʘʟʫʶʪʴ ʥʘʡʢʨʘʱʠʡ ʚ ʩʝʥʩʽ ʤʝʪʦʜʫ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʧʨʦʛʥʦʟ ʟʥʘʯʝʥʴ ὢȟὢȟȣȟὢ ʩʝʨʝʜ ʚʩʽʭ ʧʨʦʛʥʦʟʽʚ, ʷʢʽ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʟ ʜʦʧʦʤʦʛʦʶ kǋ ʣʽʥʽʡʥʠʭ ʢʦʤʙʽʥʘʮʽʷ ʤʥʦʞʠʥʠ k ʜʦʚʽʣʴʥʠʭ ʟʥʘʯʝʥʴ (ʮʷ 

ʚʣʘʩʪʠʚʽʩʪʴ ʥʘʟʠʚʘʻʪʴʩʷ ʚʣʘʩʪʠʚʽʩʪʶ ʥʘʡʢʨʘʱʦʛʦ ʩʘʤʦʚʽʜʪʚʦʨʝʥʥʷ), ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʧʨʦʛʥʦʟʫ ʩʪʘʥʦʚʠʪʴ 

 

‏
В ‗  

В ‗  
Ƞ 

ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʟʚʠʯʘʡ 

Ὧᴂ

Ὧ
ρπςυϷȢ 

ɼʣʷ ʚʽʟʫʘʣʴʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤʠ ʻ 

ʚʠʧʘʜʢʠ Ὧ ρȟςȟσ 

 

ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʘʥʘʣʽʟʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ 

 

ɸʥʘʣʽʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʧʫʩʢʘʻ ʥʘʩʪʫʧʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ: 
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Å ʩʧʦʯʘʪʢʫ (ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʚʝʢʪʦʨʘ ╧ ʜʦ ʮʝʥʪʨʦʚʘʥʦʛʦ ʚʝʢʪʦʨʘ 

╧ ╧ ὓ╧) ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʬʘʢʪʠʯʥʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʪʦʯʢʫ ὓ╧), ʷʢʘ ʻ 

ʮʝʥʪʨʦʤ ʝʣʽʧʩʦʾʜʘ ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ ╧ ; 

Å ʧʦʪʽʤ ʦʩʽ ʢʦʦʨʜʠʥʘʪ ʧʦʚʝʨʪʘʶʪʴ ʪʘʢ, ʱʦʙ ʥʦʚʽ ʦʩʽ ʢʦʦʨʜʠʥʘʪ ὕὪ , ὕὪ , ...  

ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʚʟʜʦʚʞ ʦʩʽ ʝʣʽʧʩʦʾʜʘ ʨʦʟʩʽʶʚʘʥʥʷ, ʘ ʨʦʟʢʠʜ ʪʦʯʦʢ ʫʟʜʦʚʞ ʦʩʽ ὕὪ  

ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʝʥʰʝ, ʥʽʞ ʚʟʜʦʚʞ ʦʩʽ ὕὪ  ʪʦʱʦ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʜʦʩʣʽʜʥʠʢʘ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʻ ʜʠʩʧʝʨʩʽʷ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʧʦ ʥʦʚʽʡ ʦʩʽ ὕὪ , ʤʝʥʰʘ ʜʠʩʧʝʨʩʽʷ ʧʦ ʦʩʽ ὕὪ , ʘ ʨʦʟʢʠʜ ʧʦ ʦʩʪʘʥʥʽʭ ʢʽʣʴʢʦʭ 

ʦʩʷʭ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ. ʎʝ ʛʨʘʬʽʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ ʥʠʞʯʝ (ʨʠʩ. ɹ.1). 

 

 

ʈʠʩ. ɹ.1 ï ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʤʝʪʦʜʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ 

 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʘʥʘʣʽʟʫ ʚʠʙʽʨʢʠ, ʷʢʫ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʦʨʦʪʴʙʠ. 

ʊʘʙ. ɹ.1 ʇʦʧʫʣʷʨʥʽʩʪʴ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʚ ʋʢʨʘʾʥʽ 

Telegram 65,7% 

Youtube 61,2% 
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Facebook 57,8% 

Viber 48% 

Instagram 29,1% 

Tik-Tok 19,5% 

Twitter 8,9% 

ɯʥʰʝ 2% 

 

 

ʇʝʨʝʪʚʦʨʠʚʰʠ ʜʘʥʽ ʚʠʙʽʨʢʠ ʫ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, ʘ ʩʘʤʝ ‌, ‍, 

ὸȟ—ȟ„ȟὼ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʚʝʢʪʦʨʠ. 

ʊʘʙ. ɹ.2 

 ‌  ‍ ὸ — „ ὼ 

1 0.000000657 0.0000000657 10 1 5 10 

2 0.000000612 0.0000000612 10 1 5 10 

3 0.000000578 0.0000000578 10 1 5 10 

4 0.00000048 0.000000048 10 1 5 10 

5 0.000000291 0.0000000291 10 1 5 10 

6 0.000000195 0.0000000195 10 1 5 10 

7 0.000000089 0.0000000089 10 1 5 10 

 

ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʠ ʚ ʩʝʨʝʜʦʚʠʱʽ R. ɼʣʷ ʛʨʘʬʽʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʘʢʝʪ biplot. 

ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʠʩ. ɹ.2. 
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ʈʠʩ. ɹ.2 ï ʈʝʟʫʣʴʪʘʪʠ ʤʝʪʦʜʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ɿ ʨʠʩʫʥʢʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʘʛʨʦʟʠ 2 ʪʘ 4 ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʫ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʚʠʙʽʨʮʽ, ʪʦʤʫ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʾʭ 

ʢʦʝʬʽʮʽʻʥʪʠ, ʚʘʨʪʦ ʜʦʜʘʪʢʦʚʦ ʨʦʟʛʣʷʥʫʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʢʣʶʯʝʥʥʷ ʫ ʢʽʥʮʝʚʽ 

ʨʦʟʨʘʭʫʥʢʠ ʘʙʦ ʥʘʚʧʘʢʠ, ʤʦʞʣʠʚʦ ʣʠʰʝ ʚʦʥʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʫʚʘʛʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, 

ʦʧʠʩʘʥʽʡ ʚʠʱʝ ʧʽʜʭʽʜ, ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʚʠʦʢʨʝʤʣʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʩʝʨʝʜ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʩʧʠʩʢʫ ʥʘʷʚʥʠʭ. 

 


