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ʈɽɿʆʃʖʎʀʗ 

V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, 7ï8 ʜʝʢʘʙʨʷ 2023 ʛʦʜʘ 

 

V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʩʦʩʪʦʷʣʘʩʴ 7ï8 ʜʝʢʘʙʨʷ 2023 ʛʦʜʘ ʚ ʌɻɹʆʋ ɺʆ çʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʚ ʦʯʥʦ-ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʬʦʨʤʘʪʝ. ʂʦʥʬʝʨʝʥʮʠʷ ʩʪʘʚʠʣʘ ʩʚʦʝʡ 

ʮʝʣʴʶ ʦʙʲʝʜʠʥʝʥʠʝ ʩʠʣ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʦʙʩʫʞʜʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ʋʯʘʩʪʥʠʢʠ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʚ ʧʣʝʥʘʨʥʦʤ ʟʘʩʝʜʘʥʠʠ ʠ 6 ʩʝʢʮʠʦʥʥʳʭ 

ʟʘʩʝʜʘʥʠʷʭ:  

¶ ɺʦʧʨʦʩʳ ʤʝʪʦʜʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚʳʧʫʩʢʥʠʢʦʚ 

ʚʫʟʦʚ. ʆʙʫʯʝʥʠʝ ʰʢʦʣʴʥʠʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. ɿʘʩʝʜʘʥʠʝ ʬʦʨʩʘʡʪ-ʮʝʥʪʨʘ çʎʠʬʨʦʚʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷè  

¶ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ  

¶ ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢʘʭ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ  

¶ ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ  

¶ ʉʨʝʜʳ, ʠʥʩʪʨʫʤʝʥʪʳ, ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʢʦʡ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ  

¶ ʆʙʫʯʝʥʠʝ ʧʨʠʢʣʘʜʥʳʤ ʨʝʰʝʥʠʷʤ 1ʉ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʉʇʆ ʠ ʚʫʟʘʭ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʦʪʨʘʩʣʝʚʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʨʝʰʝʥʠʷ ʬʠʨʤʳ 1ʉ.  

ɼʦʚʦʣʴʥʦ ʰʠʨʦʢʘʷ ʛʝʦʛʨʘʬʠʷ ʫʯʘʩʪʥʠʢʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʝʝ ʨʘʤʢʘʭ ʚʦʧʨʦʩʦʚ. ɺʩʝʛʦ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 56 ʜʦʢʣʘʜʦʚ. 

ɺ ʨʘʙʦʪʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 105 ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ, 

ʩʧʝʮʠʘʣʠʩʪʦʚ-ʧʨʘʢʪʠʢʦʚ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠʟ 16 ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ (ɸʤʫʨʩʢʘʷ ʦʙʣ., 

ɹʘʰʢʦʨʪʦʩʪʘʥ, ʂʘʨʝʣʠʷ, ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, ʄʦʩʢʚʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣ., 

ʆʤʩʢʘʷ ʦʙʣ., ʇʝʨʤʩʢʠʡ ʢʨʘʡ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʘʨʘʪʦʚʩʢʘʷ ʦʙʣ., ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣ., ʊʦʤʩʢʘʷ 

ʦʙʣ., ʊʶʤʝʥʩʢʘʷ ʦʙʣ., ʋʜʤʫʨʪʠʷ, ʍʄɸʆ-ʖʛʨʘ), ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ɸʟʝʨʙʘʡʜʞʘʥʘ, 

ʂʘʟʘʭʩʪʘʥʘ, ʊʘʜʞʠʢʠʩʪʘʥʘ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ ʟʥʘʯʠʤʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʨʘʟʚʠʪʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʜʨ. 

ʇʦ ʠʪʦʛʘʤ ʨʘʙʦʪʳ ʢʦʥʬʝʨʝʥʮʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʢʦʤʠʪʝʪʦʤ ʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʠʥʷʪʳ 

ʩʣʝʜʫʶʱʠʝ ʨʝʰʝʥʠʷ:  

1) ɸʢʪʠʚʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

2) ʉʯʠʪʘʪʴ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʜʦʣʞʝʥʠʝ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʧʨʦʝʢʪʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʥʦʚʳʭ, ʥʝ ʦʭʚʘʯʝʥʥʳʭ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʩʧʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  
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3) ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʩʣʝ ʜʦʨʘʙʦʪʦʢ ʠ ʘʧʨʦʙʘʮʠʠ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢ 

ʚʥʝʜʨʝʥʠʶ ʚ ʥʘʫʯʥʫʶ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. 

4) ʆʪʤʝʪʠʪʴ ʦʯʝʚʠʜʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ ʚ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ, ʤʘʛʠʩʪʨʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ.  

5) ʈʝʢʦʤʝʥʜʦʚʘʪʴ ʫʯʘʩʪʥʠʢʘʤ ʦʧʫʙʣʠʢʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʚ ʜʦʢʣʘʜʘʭ, ʚ ʩʙʦʨʥʠʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʠ. 

6) ʇʦʜʜʝʨʞʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʟʘʷʚʣʝʥʥʦʡ 

ʪʝʤʘʪʠʢʝ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʥʝ ʨʝʞʝ 1 ʨʘʟʘ ʚ ʛʦʜ. 

7) ʆʪʤʝʪʠʪʴ ʟʥʘʯʠʤʦʩʪʴ ʫʯʘʩʪʠʷ ʚ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ʇʨʦʜʦʣʞʠʪʴ 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʚ ʥʘʫʢʝ ʧʨʘʢʪʠʢʫ ʩʦʚʤʝʩʪʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʚʦʧʨʦʩʦʚ ʠ 

ʧʨʦʙʣʝʤ.  

8) ʇʨʦʜʦʣʞʠʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʫʢʨʝʧʣʝʥʠʷ 

ʥʘʫʯʥʳʭ ʩʚʷʟʝʡ ʧʦ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

ɿʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ: 

 

ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʠʥʬʦʨʤʘʪʠʢʠ  

ʠ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠ  

ʌɻɹʆʋ ɺʆ çʅɺɻʋè  ʊ.ɹ. ʂʘʟʠʘʭʤʝʜʦʚ  

 

8 ʜʝʢʘʙʨʷ 2023 ʛ. 
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ʉʈɽɼʓ, ʀʅʉʊʈʋʄɽʅʊʓ, ʄɽʊʆɼʓ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 
 

 
 

ʋɼʂ 004.422.81 

ʊʘʨʘʩʦʚ ɺ.ɻ. 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʘʟʠʟʫʣʠʥ ʄ.ʈ. 

ʩʪʫʜʝʥʪ 

ʀʞʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʊ. ʂʘʣʘʰʥʠʢʦʚʘ 

ʛ. ʀʞʝʚʩʢ, ʈʦʩʩʠʷ 

 

ʈɸɿʈɸɹʆʊʂɸ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʗ  

ɼʃʗ ʉʆɿɼɸʅʀʗ ʀ ʇʈʆʉʄʆʊʈɸ ɺʀʈʊʋɸʃʔʅʆɻʆ ʄʋɿɽʗ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ 

ʤʫʟʝʝʚ ʠ ʚʳʩʪʘʚʦʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ï ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ 

ʧʨʦʩʤʦʪʨʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʫʟʝʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Unity. ʇʨʠʣʦʞʝʥʠʝ 

ʩʦʩʪʦʠʪ ʠʟ ʢʣʠʝʥʪʩʢʦʡ, ʚ ʢʦʪʦʨʦʡ ʛʦʩʪʴ ʤʦʞʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʤʫʟʝʡ ʚ 3D, ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ 

ʯʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʨʝʜʘʢʪʦʨ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʚʳʩʪʘʚʢʠ ʤʫʟʝʷ ʩ ʧʦʤʦʱʴʶ no-code ʠʥʩʪʨʫʤʝʥʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʨʪʫʘʣʴʥʳʡ ʤʫʟʝʡ; ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ; ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ; 

ʰʘʙʣʦʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; ʤʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʙʳʣʘ ʠ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʝ ʩʦʭʨʘʥʷʪʴ 

ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʩʦʭʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʫʟʝʝʚ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʚʳʩʪʘʚʦʢ. ʇʦʤʠʤʦ ʩʦʭʨʘʥʝʥʠʷ ʵʢʩʧʦʥʘʪʦʚ, ʢʘʨʪʠʥ, ʠʥʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʦʥʠ ʪʘʢʞʝ ʥʫʞʥʳ ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʠ ʠ ʚʳʩʪʘʚʢʠ ʩʚʦʝʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʣʶʜʷʤ [5, ʩ. 325]. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ ʫʟʥʘʪʴ ʠʩʪʦʨʠʶ ʦʙʲʝʢʪʘ, ʪʦʛʦ ʚʨʝʤʝʥʠ ʠʣʠ ʩʦʙʳʪʠʷ, ʛʣʫʙʞʝ ʧʦʛʨʫʟʠʪʴʩʷ ʚ 

ʢʦʥʪʝʢʩʪ, ʘ ʪʘʢʞʝ ʫʟʥʘʪʴ ʜʣʷ ʩʝʙʷ ʯʪʦ-ʪʦ ʥʦʚʦʝ [6, ʩ. 55]. ʇʨʠ ʵʪʦʤ ʥʘʜʦʙʥʦʩʪʴ ʚ ʤʫʟʝʝ ʠʣʠ 

ʚʳʩʪʘʚʢʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʫ ʛʦʩʫʜʘʨʩʪʚʘ ʠʣʠ ʙʦʛʘʪʦʛʦ ʢʦʣʣʝʢʮʠʦʥʝʨʘ. ʉʦʟʜʘʥʠʝʤ 

ʵʢʩʧʦʟʠʮʠʠ ʤʦʞʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʶʙʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʣʠ ʢʦʤʧʘʥʠʷ. ʋ ʥʠʭ ʝʩʪʴ ʧʦʪʨʝʙʥʦʩʪʴ 

ʩʦʭʨʘʥʠʪʴ ʠ ʧʨʝʟʝʥʪʦʚʘʪʴ ʣʶʜʷʤ ʩʚʦʶ ʠʩʪʦʨʠʶ, ʜʦʩʪʠʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʦʜʫʢʪʳ ʨʘʙʦʪʳ, 

ʥʦ ʢʦʤʧʘʥʠʷʤ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤ ʥʫʞʥʘ ʫʜʦʙʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʨʛʘʥʠʟʘʮʠʷ ʢʘʢ ʚʳʩʪʘʚʢʠ, ʪʘʢ ʠ ʤʫʟʝʷ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʬʦʨʤʘʪʝ ʩʣʦʞʥʦ ʠ ʜʦʨʦʛʦ, ʜʣʷ ʵʪʦʛʦ 

ʥʫʞʥʦ ʧʦʤʝʱʝʥʠʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʨʛʘʥʠʟʘʮʠʷ ʤʝʨʦʧʨʠʷʪʠʷ. ʇʨʠ ʵʪʦʤ ʪʘʢʦʝ 

ʩʦʙʳʪʠʝ ʥʝ ʩʤʦʞʝʪ ʦʭʚʘʪʠʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʣʶʜʝʡ, ʧʦʪʦʤʫ ʯʪʦ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʚ ʦʬʬʣʘʡʥ 

ʬʦʨʤʘʪʝ [6, ʩ. 56]. ʅʝʢʦʪʦʨʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʢʦʤʧʘʥʠʠ ʥʝ ʧʦʡʜʫʪ ʥʘ ʪʘʢʠʝ ʪʨʘʪʳ, ʯʪʦʙʳ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʤʝʨʦʧʨʠʷʪʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʥʝʩʝʪ ʠʤ ʤʘʣʦ ʧʦʣʴʟʳ ʠ ʚʳʛʦʜʳ. ɽʩʣʠ ʨʝʰʠʪʴ 

ʧʨʠʚʝʜʝʥʥʫʶ ʚʳʰʝ ʧʨʦʙʣʝʤʫ, ʩʦʟʜʘʚ ʧʨʦʩʪʦʡ, ʜʝʰʝʚʦʡ ʠ ʣʝʛʢʠʡ ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʠ 

ʧʦʜʜʝʨʞʢʝ ʚʠʨʪʫʘʣʴʥʳʡ ʤʫʟʝʡ, ʪʦ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ ʦʪʢʨʦʝʪʩʷ ʥʦʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ 

ʩʦʭʨʘʥʝʥʠʠ ʠ ʧʨʝʟʝʥʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʧʝʨʝʥʝʩʪʠ ʦʯʥʳʝ ʚʳʩʪʘʚʢʠ ʚ ʦʥʣʘʡʥ ʬʦʨʤʘʪ. 

ʀʥʘʯʝ ʛʦʚʦʨʷ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʚʳʩʪʘʚʢʠ ʠ ʤʫʟʝʠ. ʉ ʧʨʠʭʦʜʦʤ ʵʨʳ ñWeb 2.0ò ʠ 

ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʩʪʫʧʣʝʥʠʝʤ ñWeb 3.0ò ʚ ʠʥʪʝʨʥʝʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʠʟ 

2D ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʠʥʪʝʨʘʢʪʠʚʥʳʝ 3D ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʷʤʦ ʚ ʠʥʪʝʨʥʝʪ-ʙʨʘʫʟʝʨʝ [2, ʩ. 1]. ɺ 
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ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʙʳʣʠ ʨʘʟʣʠʯʥʳʝ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʚʳʩʪʘʚʢʠ ʠ ʤʫʟʝʠ, ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʛʦʪʦʚʳʭ 

ʨʝʰʝʥʠʡ. ʆʥʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʫ ï ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʚʠʨʪʫʘʣʴʥʳʡ 

ʤʫʟʝʡ ʠʣʠ ʚʳʩʪʘʚʢʫ, ʜʦʙʘʚʠʪʴ ʪʫʜʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʩʝʪʠʪʴ 

ʤʫʟʝʡ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʢʠ: ʯʘʩʪʴ ʠʟ ʥʠʭ ʠʤʝʝʪ 

ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʯʘʩʪʴ ʠʤʝʝʪ ʩʣʠʰʢʦʤ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʦʟʜʘʥʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʫʟʝʝʚ ʠ ʚʳʩʪʘʚʦʢ, ʩʦʟʜʘʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠ ʧʨʦʩʤʦʪʨʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʫʟʝʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʚʳʩʪʘʚʦʢ ʫ ʣʶʙʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʦʚʳʩʠʪʴ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʧʦʥʠʟʠʪʴ 

ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʦʟʠʮʠʠ ʠʣʠ ʤʫʟʝʷ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʟʷʪʳ ʩʣʝʜʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ: ñʈʦʩʩʠʡʩʢʘʷ ʤʫʟʝʡʥʘʷ 

ʢʦʤʧʘʥʠʷò (https://shorturl.at/gOQ28), ñ3D panoramaò (https://shorturl.at/cdPRX), ñArtstepsò 

(https://shorturl.at/tyCT7), ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ, ʦʧʠʩʘʥʥʳʝ ʚ ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ: ʮʠʬʨʦʚʦʡ 

ʦʣʠʤʧʠʡʩʢʠʡ ʤʫʟʝʡ [7, ʩ. 91-95], ʧʝʨʩʦʥʘʣʴʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʤʫʟʝʡ [4, ʩ. 219-222]. ʉʨʝʜʠ 

ʢʨʠʪʝʨʠʝʚ ʩʨʘʚʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ: ʦʥʣʘʡʥ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʝʪʠʪʝʣʶ ʤʫʟʝʷ ʟʘʡʪʠ ʚ ʥʝʛʦ ʯʝʨʝʟ 

ʙʨʘʫʟʝʨ ʧʦ ʩʝʪʠ ʀʥʪʝʨʥʝʪ; ʩʪʦʠʤʦʩʪʴ ï ʩʪʦʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʫʟʝʷ ʠʣʠ ʧʘʥʦʨʘʤʳ; ʜʣʷ VR ï 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʝʪʠʪʴ ʤʫʟʝʡ ʚ ʰʣʝʤʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ; ʙʝʟ VR ï ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʝʪʠʪʴ ʤʫʟʝʡ ʙʝʟ ʰʣʝʤʘ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ; 3D ʵʢʩʧʦʥʘʪʳ ï ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ 

ʠ ʧʨʝʟʝʥʪʘʮʠʠ 3D ʦʙʲʝʢʪʦʚ; ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʢʩʧʦʥʘʪʳ ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; ʠʟʦʙʨʘʞʝʥʠʷ ï ʧʦʜʜʝʨʞʢʘ ʜʝʤʦʥʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ; ʚʠʜʝʦ ï ʧʦʜʜʝʨʞʢʘ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚʠʜʝʦʬʘʡʣʦʚ; ʪʝʢʩʪ ï ʧʦʜʜʝʨʞʢʘ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ; ʘʫʜʠʦ 

ʛʠʜ ï ʚʦʟʤʦʞʥʦʩʪʴ ʟʚʫʢʦʚʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʩʪʷ ʧʦ ʤʫʟʝʶ ʠʣʠ ʚʳʩʪʘʚʢʝ; ʦʪʢʨʳʪʳʡ 

ʠʩʭʦʜʥʳʡ ʢʦʜ. ʇʦ ʵʪʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʠ ʢʨʠʪʝʨʠʷʤ ʩʦʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ, ʛʜʝ 

ʟʥʘʢ '+' ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ ʢʨʠʪʝʨʠʷ, ʘ ʟʥʘʢ '-' ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ: 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʤʫʟʝʝʚ ʠ ʚʳʩʪʘʚʦʢ 

 

 

ʈʦʩʩʠʡʩʢʘʷ 

ʤʫʟʝʡʥʘʷ 

ʢʦʤʧʘʥʠʷ  

3D 

panorama 
Artsteps 

ʎʠʬʨʦʚʦʡ 

ʦʣʠʤʧʠʡʩʢʠʡ 

ʤʫʟʝʡ 

ʇʝʨʩʦʥʘʣʴʥʳʡ 

ʚʠʨʪʫʘʣʴʥʳʡ 

ʤʫʟʝʡ 

ʆʥʣʘʡʥ + + + + - 

ʉʪʦʠʤʦʩʪʴ ʆʪ 200000 ʨ. 
ʆʪ  

1600 ʨ. 

ʋʩʣʦʚʥʦ 

ʙʝʩʧʣʘʪʥʦ 
- - 

ɼʣʷ VR + + + + - 

ɹʝʟ VR + + + - + 

3D ʵʢʩʧʦʥʘʪʳ + - + + + 

ʀʥʪʝʨʘʢʪʠʚʥʳʝ 

ʵʢʩʧʦʥʘʪʳ 
+ - - + + 

ʀʟʦʙʨʘʞʝʥʠ ̫ + + + + + 

ɺʠʜʝʦ + - + + - 

ʊʝʢʩʪ + + + + + 

ɸʫʜʠʦ ʛʠʜ + + + - + 

ʆʪʢʨʳʪʳʡ 

ʠʩʭʦʜʥʳʡ ʢʦʜ 
- - - - - 

https://shorturl.at/gOQ28
https://shorturl.at/cdPRX
https://shorturl.at/tyCT7
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ʂʨʠʪʝʨʠʡ ʩʪʦʠʤʦʩʪʠ ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʦʷʩʥʝʥʠʠ. ʈʦʩʩʠʡʩʢʘʷ ʤʫʟʝʡʥʘʷ 

ʢʦʤʧʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʮʝʣʦʛʦ ʤʫʟʝʷ, ʮʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʥʘʯʠʥʘʶʪʩʷ ʦʪ 200000 ʨʫʙʣʝʡ. 

3D panorama ʧʨʝʜʣʘʛʘʝʪ ʩʲʝʤʢʫ ʧʘʥʦʨʘʤ ʧʦ ʮʝʥʝ ʦʪ 1600 ʨʫʙʣʝʡ ʟʘ ʦʜʥʫ ʧʘʥʦʨʘʤʫ, ʜʣʷ 

ʦʮʠʬʨʦʚʢʠ ʥʝʙʦʣʴʰʦʛʦ ʧʦʤʝʱʝʥʠʷ ʥʫʞʥʦ ʦʪ 4 ʧʘʥʦʨʘʤ. Artsteps ʠʤʝʝʪ ʙʝʩʧʣʘʪʥʳʡ ʜʦʩʪʫʧ ʢ 

ʚʩʪʨʦʝʥʥʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ, ʘ ʟʘ ʦʪʜʝʣʴʥʫʶ ʧʣʘʪʫ ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʠʟʛʦʪʦʚʠʪʴ ʥʘ ʟʘʢʘʟ 

ʣʶʙʦʡ ʤʫʟʝʡ. ʈʘʟʨʘʙʦʪʢʠ ʠʟ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʠʤʝʶʪ ʧʫʙʣʠʯʥʳʭ ʩʩʳʣʦʢ 

ʜʣʷ ʚʭʦʜʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ, ʥʠʢʘʢ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʫʧʥʳʤʠ 

ʠ ʥʝ ʠʤʝʶʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʦʠʤʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʈʦʩʩʠʡʩʢʘʷ ʤʫʟʝʡʥʘʷ ʢʦʤʧʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʬʫʥʢʮʠʦʥʘʣ, ʥʦ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʩʪʦʠʤʦʩʪʴ ʠ ʟʘʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ. 3D panorama ʠʤʝʝʪ ʩʪʦʠʤʦʩʪʴ ʥʠʞʝ, ʥʦ ʪʘʢʞʝ 

ʬʫʥʢʮʠʦʥʘʣ ʠʥʩʪʨʫʤʝʥʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ï ʥʝʪ ʧʦʜʜʝʨʞʢʠ ʚʠʜʝʦ, 3D ʵʢʩʧʦʥʘʪʦʚ, 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʵʢʩʧʦʥʘʪʦʚ, ʘ ʪʘʢʞʝ ʠʩʭʦʜʥʳʡ ʢʦʜ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘʢʨʳʪ. Artsteps 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʚ ʙʝʩʧʣʘʪʥʦʤ ʚʘʨʠʘʥʪʝ, ʥʦ ʜʣʷ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʡ ʚʥʝ 

ʙʝʩʧʣʘʪʥʦʡ ʚʝʨʩʠʠ, ʥʫʞʥʦ ʙʫʜʝʪ ʦʧʣʘʯʠʚʘʪʴ ʩʦʟʜʘʥʠʝ ʤʫʟʝʷ ʧʦʜ ʟʘʢʘʟ, ʠʩʭʦʜʥʳʡ ʢʦʜ ʟʘʢʨʳʪ. 

ʎʠʬʨʦʚʦʡ ʦʣʠʤʧʠʡʩʢʠʡ ʤʫʟʝʡ ʠ ʧʝʨʩʦʥʘʣʴʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʤʫʟʝʡ ʥʝ ʠʤʝʶʪ ʧʫʙʣʠʯʥʳʭ 

ʩʩʳʣʦʢ ʜʣʷ ʚʭʦʜʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʬʘʢʪʠʯʝʩʢʠ ʠʭ ʥʝʣʴʟʷ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʫʟʝʝʚ ʠʣʠ ʚʳʩʪʘʚʦʢ, ʪʘʢʞʝ ʦʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʝ ʪʘʢ ʤʥʦʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʘʢ ʠʭ ʘʥʘʣʦʛʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʝʰʝʚʦʛʦ ʠʣʠ ʙʝʩʧʣʘʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʦʣʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʥʝʪ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ 

ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʝʩʧʣʘʪʥʦʛʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠ ̫ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʣʦ ʙʳ ʩʦʟʜʘʚʘʪʴ ʤʫʟʝʠ ʠ ʚʳʩʪʘʚʢʠ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʚʳʙʨʘʥʘ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Unity 

(https://shorturl.at/lnsMT). Unity ï ʠʛʨʦʚʦʡ ʜʚʠʞʦʢ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ. ɺ ʥʝʤ ʝʩʪʴ ʚʩʪʨʦʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʰʝʡʜʝʨʦʚ, ʨʝʥʜʝʨʠʥʛʘ, ʦʩʚʝʱʝʥʠʷ, ʬʠʟʠʢʠ, ʧʨʦʜʚʠʥʫʪʳʭ ʘʥʠʤʘʮʠʡ, ʘʫʜʠʦ ʠ ʚʠʜʝʦ ʧʦʜʜʝʨʞʢʠ. 

ʊʘʢʞʝ Unity ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʥʘ ʙʦʣʝʝ ʯʝʤ ʜʚʘʜʮʘʪʴ ʢʨʫʧʥʳʭ ʧʣʘʪʬʦʨʤ (Windows, 

Linux, Mac OS, ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʢʘ WebGL ï ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʡ). ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʥʘ Unity ʙʳʩʪʨʘʷ, ʪʘʢ ʢʘʢ ʨʝʜʘʢʪʦʨ Unity ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 

ʤʥʦʞʝʩʪʚʦ ʩʠʣʴʥʳʭ ʠ ʫʜʦʙʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ Unity ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# 9.0 [3, ʩ. 50]. 

ɼʠʘʛʨʘʤʤʫ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʨʠʩʫʥʢʘ 1. 

ʅʘ ʦʩʥʦʚʝ ʨʠʩʫʥʢʘ 1, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʢʨʫʛ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʦʙʳʪʠʷ ʚ ʩʠʩʪʝʤʝ, 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʬʫʥʢʮʠʦʥʘʣ. ʊʘʢ ʢʘʢ ʧʨʠʣʦʞʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʙʦʣʴʰʠʝ 

ʩʠʩʪʝʤʳ, ʩʪʨʫʢʪʫʨʫ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʩʭʝʤ, 

ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 

 

https://shorturl.at/lnsMT
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʧʘʥʝʣʠ 
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 3D ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʤʫʟʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʩʪʘʚʢʠ (ʟʘʣʳ). ɺʳʩʪʘʚʢʠ 

ʥʘʧʦʣʥʷʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʩ ʥʘʟʚʘʥʠʝʤ (ʢʘʨʪʠʥʳ), ʚʠʜʝʦʤʘʪʝʨʠʘʣʘʤʠ, 

ʜʝʢʦʨʘʮʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʜʠʚʘʥʳ ʠʣʠ ʮʚʝʪʳ), ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʪʝʥʜʘʤʠ (ʥʘʙʦʨʦʤ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʧʠʩʘʥʠʡ), 3D ʦʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʧʦʢʨʫʪʠʪʴ. ʉʠʩʪʝʤʘ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʣʠʩʪʠʥʛʘ ʟʘʣʦʚ, 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʟʘʣʘ, ʩʦʟʜʘʥʠʷ ʟʘʣʘ, ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʘʚʪʦʨʠʟʘʮʠʶ ʠ ʨʝʛʠʩʪʨʘʮʠʶ ʨʝʜʘʢʪʦʨʦʚ. ʇʦʜʩʠʩʪʝʤʘ ʣʠʩʪʠʥʛʘ ʟʘʣʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʩʧʠʩʢʘ ʠ ʤʠʥʠʘʪʶʨ ʟʘʣʦʚ. ʇʦʜʩʠʩʪʝʤʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʟʘʣʘ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʥʷʪʴ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʥʘʧʦʣʥʷʪʴ ʟʘʣ ʩʦʜʝʨʞʠʤʳʤ. ʇʦʜʩʠʩʪʝʤʘ ʩʦʟʜʘʥʠʷ ʟʘʣʘ ʜʘʝʪ 

ʩʦʟʜʘʪʴ ʟʘʣ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʩʤʦʪʨʝʪʴ ʨʘʟʤʝʨ ʟʘʣʘ. 

ʇʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʩʤʦʪʨ ʩʧʠʩʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʜʘʥʥʳʭ ʠ ʨʦʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʦʩʤʦʪʨ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʠʩʪʝʤʘ 

ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʩʠʩʪʝʤ ʛʝʥʝʨʘʮʠʠ ʟʘʣʘ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʲʝʢʪʘʤʠ ʟʘʣʘ. ʇʦʜʩʠʩʪʝʤʘ ʛʝʥʝʨʘʮʠʠ ʟʘʣʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʥʫʶ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʟʘʣʘ ʠ ʝʛʦ ʥʘʧʦʣʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ 3D ʦʙʲʝʢʪʦʚ. ʇʦʜʩʠʩʪʝʤʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʪʚʝʯʘʝʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʛʦʩʪʷ ʚ 3D-ʧʨʦʩʪʨʘʥʩʪʚʝ: ʧʝʨʝʤʝʱʝʥʠʝ, 

ʦʨʠʝʥʪʘʮʠʷ ʢʘʤʝʨʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʇʦʜʩʠʩʪʝʤʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʲʝʢʪʘʤʠ ʟʘʣʘ ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʟʣʠʯʥʦʝ ʫʥʠʢʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʦʩʪʷ ʩ 

ʦʙʲʝʢʪʘʤʠ ʥʘʧʦʣʥʝʥʠʷ. ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʩʠʩʪʝʤʳ VR ʜʣʷ ʧʨʦʩʤʦʪʨʘ 

ʟʘʣʘ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʧʦʜʩʠʩʪʝʤʳ ʘʫʜʠʦ ʛʠʜʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʛʦʣʦʩʦʤ 

ʩʦʧʨʦʚʦʞʜʘʪʴ ʛʦʩʪʷ ʧʦ ʟʘʣʫ.  
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ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩ. 4. ʀʥʪʝʨʬʝʡʩ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʧʘʥʝʣʠ ʤʫʟʝʷ ï ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʟʘʣʘ 

 

ɹʣʘʛʦʜʘʨʷ ʜʨʫʞʝʩʪʚʝʥʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʧʘʥʝʣʠ ʤʫʟʝʷ ʠ ʨʝʜʘʢʪʦʨʘ, ʘ 

ʪʘʢʞʝ ʥʘʧʠʩʘʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʣʶʙʦʡ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʩʚʦʶ ʵʢʩʧʦʟʠʮʠʶ ʤʫʟʝʷ. 

ʂʣʠʝʥʪ ʟʘʪʝʤ ʙʝʨʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʣʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʛʝʥʝʨʠʨʫʝʪ 3D ʟʘʣ, ʧʨʠʤʝʨ ʢʦʪʦʨʦʛʦ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩ. 5. 3D ʢʣʠʝʥʪ ʤʫʟʝʷ 

 

ʊʘʢ, ʚ ʘʜʤʠʥʠʩʪʨʘʪʦʨʩʢʦʡ ʧʘʥʝʣʠ ʨʝʜʘʢʪʦʨʳ ʩʦʟʜʘʶʪ ʟʘʣʳ, ʨʝʜʘʢʪʠʨʫʶʪ ʠʭ, ʥʘʧʦʣʥʷʷ 

ʩʦʜʝʨʞʠʤʳʤ ï ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘʤʠ, ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ 3D ʦʙʲʝʢʪʘʤʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʪʝʥʜʘʤʠ, ʜʝʢʦʨʘʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʟʘʣʘ, 

ʚʳʙʠʨʘʷ ʦʜʠʥ ʠʟ ʟʘʛʦʪʦʚʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. ɿʘʪʝʤ ʵʪʠ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʝʨʘ 

ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʧʦʣʫʯʘʝʪ ʵʪʠ ʜʘʥʥʳʝ ʠ ʛʝʥʝʨʠʨʫʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦʝ 3D 
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ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʛʦʩʪʴ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʩʠʩʪʝʤʳ VR ʠ ʧʦʜʩʠʩʪʝʤʳ ʘʫʜʠʦ ʛʠʜʘ. 

ɼʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʩʚʷʟʠ ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʩʚʷʟʠ ʦʙʲʝʢʪʦʚ (ER-ʜʠʘʛʨʘʤʤʘ) 

 

ɼʣʷ ʛʠʙʢʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʯʠʪʳʚʘʣʠʩʴ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʰʘʙʣʦʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴʥʳʡ 

ʧʦʜʭʦʜ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʙʠʝʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʥʘ ʥʘʙʦʨʳ ʢʣʘʩʩʦʚ 

(ʤʦʜʫʣʠ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʚʷʟʘʥʥʦʩʪʴ ʤʦʜʫʣʝʡ (ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʩʚʷʟʴ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ) 

ʠ ʧʦʚʳʩʠʪʴ ʩʚʷʟʥʦʩʪʴ ʚʥʫʪʨʠ ʤʦʜʫʣʝʡ (ʢʣʘʩʩʳ ʚʥʫʪʨʠ ʤʦʜʫʣʝʡ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦ ʩʤʳʩʣʫ ʠ 

ʠʟʦʣʠʨʫʶʪʩʷ). ʊʦ ʝʩʪʴ ʢʣʘʩʩʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦ ʩʤʳʩʣʫ (ʥʘʧʨʠʤʝʨ, ʤʦʜʫʣʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʠʣʠ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ), ʟʘʢʨʳʚʘʶʪʩʷ ʚ ʯʝʨʥʳʡ ʷʱʠʢ ï ʩʘʤ ʤʦʜʫʣʴ, ʪʝʤ 

ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʤʠʥʠʤʫʤ ʩʚʷʟʝʡ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʤʦʜʫʣʷʤʠ, ʘ ʟʘʪʝʤ ʤʦʜʫʣʠ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʫʞʝ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʩʣʦʝ. 

ʊʘʢʞʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʝʤ ʠ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʰʘʙʣʦʥ Data Transfer Object (DTO). ʊʘʢ ʢʘʢ ʦʪʧʨʘʚʣʷʪʴ ʤʥʦʛʦ ʟʘʧʨʦʩʦʚ ʢ ʩʝʨʚʝʨʫ ʠ ʧʦʣʫʯʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʦʪʚʝʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦ ʠ ʜʦʣʛʦ, ʜʘʥʥʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ï DTO, ʢʦʪʦʨʦʡ ʦʙʤʝʥʠʚʘʝʪʩʷ ʢʣʠʝʥʪ ʠ ʩʝʨʚʝʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ. ʊʘʢʞʝ ʤʦʞʥʦ ʨʘʟʜʝʣʷʪʴ DTO 

ʩʪʨʫʢʪʫʨʫ ʥʘ ʜʚʝ ï ʜʣʷ ʦʪʚʝʪʘ ʠ ʜʣʷ ʟʘʧʨʦʩʘ, ï ʪʦʛʜʘ ʤʳ ʝʱʝ ʦʙʝʩʧʝʯʠʤ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʩʚʷʟʘʥʥʦʩʪʴ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ (ʨʘʟʥʳʤʠ ʩʣʦʷʤʠ ʧʨʠʣʦʞʝʥʠʷ).  

ʋ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʝʩʪʴ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʭʦʩʪʠʥʛʘ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʩʝʨʚʠʩ Netlify (https://shorturl.at/fgrF5), ʪʘʢ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ 

ʙʝʩʧʣʘʪʥʳʤ ʨʝʰʝʥʠʝʤ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʯʘʩʪʠʯʥʦ ʙʝʩʧʣʘʪʥʳʤ 

ʜʦʤʝʥʥʳʤ ʠʤʝʥʝʤ. ʊʫʜʘ ʟʘʛʨʫʞʘʝʪʩʷ ʩʦʙʨʘʥʥʳʡ HTML5 WebGL ʧʨʦʝʢʪ ʤʫʟʝʷ. ɼʣʷ ʭʦʩʪʠʥʛʘ 

https://shorturl.at/fgrF5
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ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʩʝʨʚʝʨʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʩʝʨʚʠʩ AwardSpace 

(https://shorturl.at/chzJ6), ʪʘʢ ʢʘʢ ʦʥ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʤ ʨʝʰʝʥʠʝʤ ʩ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʝʩʧʣʘʪʥʳʭ ʥʘʩʪʨʦʝʢ. ʕʪʦʪ ʭʦʩʪʠʥʛ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʘʟʫ ʜʘʥʥʳʭ MySQL ʠ ʩʝʨʚʝʨ ʥʘ PHP. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʤʠʛʨʠʨʦʚʘʪʴ 

ʙʘʟʫ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʥʘ PostgreSQL, ʘ ʭʦʩʪʠʥʛ ʩʤʝʥʠʪʴ, ʥʘʧʨʠʤʝʨ ʥʘ ʩʦʙʩʪʚʝʥʥʳʡ. ʉʝʨʚʝʨ 

ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʊʘʢʞʝ ʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʧʨʠ ʩʦʟʜʘʥʠʠ ʟʘʣʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʥʫʞʥʦ 

ʟʘʛʨʫʞʘʪʴ ʚʠʜʝʦ ʠ ʬʦʪʦʤʘʪʝʨʠʘʣʳ ʚ ʟʘʣ. ɼʣʷ ʵʪʦʛʦ ʦʥʠ ʧʨʠʢʣʘʜʳʚʘʶʪ ʩʩʳʣʢʠ ʥʘ ʚʠʜʝʦ ʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʠʥʪʝʨʥʝʪʘ. ʏʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʩʤʦʛʣʦ ʩʢʘʯʘʪʴ ʤʘʪʝʨʠʘʣʳ 

ʧʦ ʩʩʳʣʢʘʤ ʠ ʦʪʦʙʨʘʟʠʪʴ ʠʭ, ʥʫʞʥʦ ʯʪʦʙʳ ʭʦʩʪʠʥʛʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʜʝʨʞʠʚʘʣʠ CORS-ʟʘʧʨʦʩʳ. 

ʊʘʢʠʭ ʭʦʩʪʠʥʛʦʚ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ, ʧʦʵʪʦʤʫ ʤʳ ʠʩʧʦʣʴʟʫʝʤ Postimages (https://shorturl.at/fsvzE) 

ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ GitHub Pages (https://shorturl.at/bdvL6) ʜʣʷ ʚʠʜʝʦ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʩʪʦʛʦ, 

ʜʝʰʝʚʦʛʦ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʫʟʝʷ, ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʶʙʘʷ 

ʞʝʣʘʶʱʘʷ ʢʦʤʧʘʥʠʷ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʩʦʟʜʘʪʴ ʩʚʦʡ ʚʠʨʪʫʘʣʴʥʳʡ ʤʫʟʝʡ ʠ ʚʳʩʪʘʚʢʠ.  

ʇʨʠʤʝʥʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʠʙʢʦʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: 

ʤʦʞʥʦ ʣʝʛʢʦ ʜʦʙʘʚʠʪʴ ʥʦʚʳʡ ʤʦʜʫʣʴ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʣʠ ʧʝʨʝʦʧʨʝʜʝʣʷʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ 

ʬʫʥʢʮʠʦʥʘʣ, ʥʝ ʚʥʦʩʷ ʚ ʥʝʛʦ ʠʟʤʝʥʝʥʠʡ ʠ ʥʝ ʧʦʣʫʯʘʷ ʥʦʚʳʭ ʦʰʠʙʦʢ [1, ʩ. 91]. ʊʘʢʠʤ ʞʝ 

ʦʙʨʘʟʦʤ ʦʙʣʝʛʯʘʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʦʩʪʫʧ ʢ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʯʘʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʫʟʝʷ (https://shorturl.ac/7c3xf) ʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ 

(https://shorturl.ac/7c3xg) ʦʪʢʨʳʪ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  
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ʋɼʂ 519.682:372.8 

ɻʠʙʘʜʫʣʣʠʥ ɸ.ɸ. 
ʘʩʩʠʩʪʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ɼɽʄʆʅʉʊʈɸʎʀʗ ɺʆɿʄʆɾʅʆʉʊɽʁ ʂʆʄɸʅɼʅʆʁ ʆɹʆʃʆʏʂʀ BASH  

ɺ ʂɸʏɽʉʊɺɽ ʉʈɽɼʓ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʘʥʜʥʦʡ ʦʙʦʣʦʯʢʠ bash ʢʘʢ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʛʦ ʷʟʳʢʘ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʙʫʯʝʥʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

ʟʘʜʘʥʠʡ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ 

ʩʪʨʫʢʪʫʨ: ʣʠʥʝʡʥʦʡ, ʮʠʢʣʠʯʝʩʢʦʡ ʠ ʚʝʪʚʷʱʝʡʩʷ. ʆʪʤʝʯʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Linux; ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ; ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ; ʪʝʨʤʠʥʘʣ; 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ. 

 

ʈʘʙʦʪʘ ʚ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʘʭ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ 

ʦʩʚʦʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ. ʋʤʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʥʦʚʫʶ ʩʨʝʜʫ 

ʷʚʣʷʝʪʩʷ ʪʝʤ ʢʘʯʝʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʚ ʤʠʨʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʙʫʜʫʪ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʋʞʝ ʥʠʢʦʛʦ ʥʝ ʫʜʠʚʠʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʳʚʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʟʥʘʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʊʦʯʥʦ ʪʘʢʞʝ ʦʙʫʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʠʪ 

ʙʦʣʝʝ ʧʦʣʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʚʳʢʠ, ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʥʠʷ ʠ ʢʦʤʧʝʪʝʥʮʠʠ. ɺʜʦʙʘʚʦʢ, 

ʠʭ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ. ʅʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʣʠ ʩʣʝʜʫʶʱʠʝ: 

Windows, MacOS, Linux. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʷʟʳʢʦʚ ʠ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʠʟ ʥʠʭ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʪ ʠ ʦʧʪʠʤʘʣʴʥʳʡ ʚʳʙʦʨ ʚ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʳʤ. ɸʚʪʦʨ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʩʨʝʜʩʪʚʘ, ʚʩʪʨʦʝʥʥʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. ʀʭ ʦʪʣʠʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ 

ʩʪʦʨʦʥʥʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʠʩʪʝʤʝ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ ʦʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʧʨʦʙʣʝʤ ʩ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. 

ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʜʥʦʡ ʣʠʰʴ Windows. 

ɹʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʦ ʩʝʤʝʡʩʪʚʦ UNIX, ʢʦʪʦʨʦʝ ʦʪʣʠʯʘʝʪ ʧʝʨʝʥʦʩʠʤʦʩʪʴ, 

ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʴ ʠ ʧʦʜʜʝʨʞʢʘ ʤʥʦʞʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ 

ʠʟʫʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ 

ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʂʦʤʧʴʶʪʝʨ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʠʩʧʦʣʥʠʪʝʣʷ ʢʦʤʘʥʜ, ʘ ʝʛʦ ʨʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʥʝʤ. ɼʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʨʬʝʡʩ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʠʣʠ ʪʝʨʤʠʥʘʣʘ 

[1]. ɺ Linux, ʢʘʢ ʠ ʚʦ ʤʥʦʞʝʩʪʚʝ ʜʨʫʛʠʭ Unix-ʩʠʩʪʝʤ ʚʩʪʨʦʝʥʘ ʦʙʦʣʦʯʢʘ bash, ʢʦʪʦʨʘʷ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ [2]. ʆʥʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 
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ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ, ʨʘʙʦʪʦʡ ʩ ʝʝ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʬʘʡʣʘʤʠ ʠ ʢʘʪʘʣʦʛʘʤʠ. ɿʜʝʩʴ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤ ʠ ʩʢʨʠʧʪʦʚ. ʊʘʢʘʷ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʦʙʫʯʝʥʠʠ ʩʨʘʟʫ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʪʝʤ ʩʘʤʳʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ. 

ʂ ʪʦʤʫ ʞʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʦʟʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʨʘʙʦʪʳ ʩ bash-

ʩʢʨʠʧʪʘʤʠ [3].  

ʍʦʪʷ bash ʠ ʥʝ ʩʯʠʪʘʝʪʩʷ ʧʦʣʥʦʮʝʥʥʳʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʥ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʀ ʛʣʘʚʥʦʝ, ʯʪʦ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʨʘʙʦʪʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʤ. ɺʩʝ 

ʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʷʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʪʝʨʤʠʥʘʣ, ʚʩʪʨʦʝʥʥʳʡ ʚ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. 

ʀ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʦʩʪʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ, ʥʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʯʝʨʝʟ 

ʢʦʤʘʥʜʳ. ʆʙʣʝʛʯʘʝʪʩʷ ʨʘʙʦʪʘ ʩ ʬʘʡʣʘʤʠ ʠ ʢʘʪʘʣʦʛʘʤʠ. 

ɸʥʘʣʠʟ bash ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʷʟʳʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʪʠʪʴ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠ 

ʥʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʦʨʦʥ [4]. ʂʘʢ ʠ ʚ ʦʩʪʘʣʴʥʳʭ ʟʜʝʩʴ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʄʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʚʝʪʚʣʝʥʠʷ ʠ 

ʮʠʢʣʳ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʙʦʪʫ ʩ ʬʘʡʣʘʤʠ ʠ ʢʘʪʘʣʦʛʘʤʠ. ʕʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʛʨʘʤʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʙʫʯʝʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʳ ʦʪʤʝʯʘʝʤ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʝʜʘʛʦʛʠʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʦ 

ʦʪʥʦʩʠʪʴ ʝʛʦ ʢ ʧʦʣʥʦʮʝʥʥʳʤ ʷʟʳʢʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʝ ʩʪʦʠʪ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʪʦ ʩʙʦʨʢʘ 

ʛʦʪʦʚʳʭ ʫʪʠʣʠʪ ʠ ʚʳʟʦʚʦʚ ʢʦʤʘʥʜ [5]. ʆʜʥʘʢʦ ʘʚʪʦʨ ʧʦʜʯʝʨʢʠʚʘʝʪ ʝʛʦ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʜʣʷ 

ʤʥʦʞʝʩʪʚʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʟʫʯʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʝʛʦ ʜʘʞʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʥʘ C, Java, JS, Pascal, Python. 

ʇʨʝʧʷʪʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʦʛʦʡ ʪʠʧʠʟʘʮʠʠ, ʠʟʥʘʯʘʣʴʥʦ ʚʩʝ ʜʘʥʥʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʪʨʦʢʦʚʳʝ. ʆʜʥʘʢʦ bash ʨʘʟʚʠʚʘʝʪʩʷ, ʩʝʡʯʘʩ ʚ ʥʝʤ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʝʨʝʤʝʥʥʳʭ: 

-i ï ʮʝʣʳʝ ʯʠʩʣʘ, 

-a ï ʤʘʩʩʠʚʳ,  

-f ï ʬʫʥʢʮʠʠ.  

ʊʝʤ ʩʘʤʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʪʨʫʢʪʫʨʥʦʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

ʆʜʥʘʢʦ ʠʟʥʘʯʘʣʴʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʪʠʧʠʟʘʮʠʠ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʢʘʢ ʧʣʶʩʳ, ʪʘʢ ʠ ʤʠʥʫʩʳ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʢʦʜ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʛʠʙʢʠʤ ʠ ʣʝʛʯʝ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʯʝʣʦʚʝʢʦʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʵʪʦ ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʦʰʠʙʢʘʤ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʤʘʰʠʥʝ ʥʫʞʥʳ ʪʦʯʥʳʝ ʢʦʤʘʥʜʳ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ, ʦʥʘ ʥʝ ʦʙʣʘʜʘʝʪ ʛʠʙʢʠʤ ʤʳʰʣʝʥʠʝʤ. ɺ ʨʷʜʝ ʩʠʪʫʘʮʠʡ ʪʠʧ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ 

ʥʝʝ ʜʦʣʞʝʥ ʙʳʪʴ ʪʦʯʥʦ ʫʢʘʟʘʥ. 

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʯʝʨʝʟ ʢʦʤʘʥʜʥʫʶ ʦʙʦʣʦʯʢʫ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʦʙʫʯʝʥʠʠ 

ʘʣʛʦʨʠʪʤʠʟʘʮʠʶ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚʤʝʩʪʝ ʩ ʩʠʩʪʝʤʥʳʤ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝʤ, ʯʪʦ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ, ʠʭ ʨʝʘʣʠʟʘʮʠʶ ʥʘ ʬʦʨʤʘʣʴʥʦʤ ʷʟʳʢʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʘ, ʝʛʦ ʬʘʡʣʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʕʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʜʠʩʮʠʧʣʠʥʳ çʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè ʧʨʠ ʨʘʙʦʪʝ ʩ Unix-ʧʦʜʦʙʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [6]. 
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Bash ʦʪʥʦʩʠʪʩʷ ʢ ʩʢʨʠʧʪʦʚʳʤ ʷʟʳʢʘʤ ʠ ʩʣʫʞʠʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʥʠʷʤʠ ʚ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ɸ ʟʥʘʯʠʪ ʚʦ ʚʨʝʤʷ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠʩʭʦʜʥʳʡ ʢʦʜ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʩʠʩʪʝʤʝ. ʆʪʤʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ [7]. 

ʆʩʦʙʝʥʥʦʩʪʠ: 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ ʠʣʠ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʜʘ; 

ï ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʢʦʤʧʠʣʷʮʠʠ; 

ï ʥʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʧʠʩʘʥʠʠ ʪʠʧʘ ʧʝʨʝʤʝʥʥʳʭ; 

ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʩʪʨʦʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʠʧʦʚ; 

ï ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʚʩʪʨʦʝʥʥʳʭ ʪʠʧʦʚ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʢʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ; 

ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʚ ʙʦʣʴʰʠʝ ʩʠʩʪʝʤʳ; 

ï ʩʠʥʪʘʢʩʠʩ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʢʘʪʘʣʦʛʘʤʠ, ʬʘʡʣʘʤʠ, 

ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ï ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʙʝʟ ʨʠʩʢʦʚ ʥʘʨʫʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ; 

ï ʩʢʨʠʧʪʳ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ, ʘ ʥʝ ʢʦʤʧʠʣʠʨʫʶʪʩʷ, ʚ ʩʣʫʯʘʝ ʥʝʫʜʘʯʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤʫ ʩʦʦʙʱʝʥʠʶ, ʘ ʥʝ ʢʨʘʭʫ ʩʠʩʪʝʤʳ; 

ï ʧʦʪʝʥʮʠʘʣ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ; 

ï ʙʳʩʪʨʘʷ ʜʦʨʘʙʦʪʢʘ ʢʦʜʘ; 

ï ʩʪʨʦʢʘ ʩʢʨʠʧʪʘ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʪʨʦʢ ʢʦʤʧʠʣʠʨʫʝʤʦʛʦ ʷʟʳʢʘ; 

ï ʫʜʦʙʩʪʚʦ ʢʦʜʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʘʞʝ ʧʨʠ ʥʠʟʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ; 

ï ʣʝʛʢʦʩʪʴ ʦʩʚʦʝʥʠʷ ʩʢʨʠʧʪʦʚʦʛʦ ʷʟʳʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ; 

ï ʩʫʱʝʩʪʚʝʥʥʘʷ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ï ʚ ʧʨʦʪʠʚʦʚʝʩ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʯʠʢʘ ʚʨʝʤʷ ʠʩʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʝʨʝʤʝʥʥʳʝ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʚʠʜʘ ʧʦ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ: 

1. ʃʦʢʘʣʴʥʳʝ ï ʜʦʩʪʫʧʥʳʝ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʫʯʘʩʪʢʘ ʢʦʜʘ. 

2. ʇʝʨʝʤʝʥʥʳʝ ʦʢʨʫʞʝʥʠʷ ï ʜʦʩʪʫʧʥʳʝ ʚʩʝʤ ʧʨʦʛʨʘʤʤʘʤ ʢʦʥʢʨʝʪʥʦʡ ʦʙʦʣʦʯʢʠ. 

3. ʇʝʨʝʤʝʥʥʳʝ ʦʙʦʣʦʯʢʠ ï ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʩʘʤʦʡ ʦʙʦʣʦʯʢʠ, ʦʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʣʦʢʘʣʴʥʳʤʠ, ʪʘʢ ʠ ʦʪʥʦʩʠʪʴʩʷ ʢ ʦʢʨʫʞʝʥʠʶ. 

ɼʘʥʥʳʡ ʷʟʳʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʪʠʧʘʤ. 

ʉʨʝʜʩʪʚʘ ʚʚʦʜʘ-ʚʳʚʦʜʘ: 

echo ï ʚʳʚʦʜ ʪʝʢʩʪʘ ʥʘ ʩʪʘʥʜʘʨʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚʳʚʦʜʘ; 

printf ï ʚʳʚʦʜ ʜʘʥʥʳʭ ʚ ʩʪʨʦʢʦʚʦʤ ʚʠʜʝ ʥʘ ʵʢʨʘʥ; 

read ï ʚʚʦʜ ʜʘʥʥʳʭ ʚ ʩʪʨʦʢʦʚʦʤ ʚʠʜʝ. 
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ʂʦʤʘʥʜʳ ʚʝʪʚʣʝʥʠʷ: 

if  ï ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ: 1 ï 

ʠʩʪʠʥʘ ʠʣʠ 0 ï ʣʦʞʴ; 

case ï ʚʳʙʦʨ ʠʟ ʤʥʦʞʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚ. 

ʈʘʙʦʪʘ ʩ ʮʠʢʣʘʤʠ: 

while ï ʮʠʢʣ ʩ ʧʦʩʪʫʩʣʦʚʠʝʤ; 

for ï ʮʠʢʣ ʩ ʧʨʝʜʫʩʣʦʚʠʝʤ; 

select ï ʮʠʢʣ ʩ ʚʳʙʦʨʦʤ ʵʣʝʤʝʥʪʘ ʠʟ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʠʩʢʘ. 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʵʪʠ ʢʦʤʘʥʜʳ ʥʘʧʦʤʠʥʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʚ ʜʨʫʛʠʭ ʷʟʳʢʘʭ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʩʦʚʧʘʜʘʶʪ ʩ ʥʠʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʩʭʦʜʩʪʚʘ ʩ ʷʟʳʢʦʤ ʉ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʘʥʜ ʜʣʷ ʚʳʟʦʚʘ ʬʫʥʢʮʠʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʠʥʪʘʢʩʠʩ ʦʢʘʟʳʚʘʝʪʩʷ 

ʫʩʪʨʦʝʥ ʛʦʨʘʟʜʦ ʧʨʦʱʝ: ʧʨʦʩʪʳʤ ʫʢʘʟʘʥʠʝʤ ʝʝ ʠʤʝʥʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʘʥʜʳ. 

ʂʦʤʘʥʜʥʘʷ ʦʙʦʣʦʯʢʘ bash ï ʦʨʛʘʥʠʯʥʘʷ ʚʩʪʨʦʝʥʥʘʷ ʯʘʩʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʭ UNIX-ʨʝʰʝʥʠʡ, 

ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʜʝʣʘʝʪ ʝʝ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ Ruby, Perl ʠ Python [8]. ʋ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʥʝʡ 

ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʙʫʜʫʱʝʝ. ʆʧʨʦʩʳ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʡ 

ʧʦʢʘʟʳʚʘʶʪ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ [9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʯʴ ʠʜʝʪ ʦʙ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʤ ʦʙʫʯʝʥʠʠ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʥʘ ʩʢʨʠʧʪʦʚʦʤ ʷʟʳʢʝ ʠ ʦʧʝʨʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ. ʇʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠʝ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʟʘʜʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʠʥʳ çʆʧʝʨʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳè ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ: 

ï çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè; 

ï çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè; 

ï çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè; 

ï çʇʝʜʘʛʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ (ʠʥʬʦʨʤʘʪʠʢʘ)è. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʦʩʥʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ bash ʥʘ UNIX-ʧʦʜʦʙʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʦʟʥʘʢʦʤʣʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʩ ʙʘʟʦʚʳʤʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ 

ʠ ʜʝʤʦʥʩʪʨʘʮʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʙʦʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ. ʇʨʠ ʫʩʣʦʚʠʠ ʟʥʘʥʠʡ, 

ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʜʨʫʛʠʭ ʷʟʳʢʘʭ ʦʥʠ ʤʦʛʫʪ ʦʪʤʝʪʠʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ bash ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʷ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʈʝʘʣʠʟʘʮʠʷ ʚʠʜʦʚ ʠ ʩʪʨʫʢʪʫʨ ʘʣʛʦʨʠʪʤʦʚ (ʣʠʥʝʡʥʳʝ, ʚʝʪʚʣʝʥʠʷ, 

ʮʠʢʣʳ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʪʘʢ ʢʘʢ ʦʥʠ ʪʨʝʙʫʶʪ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ. ʌʫʥʢʮʠʦʥʘʣ ʜʣʷ ʵʪʦʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʚʩʪʨʦʝʥʥʳʤ 

ʚ ʩʠʩʪʝʤʥʫʶ ʦʙʦʣʦʯʢʫ. 

1. ɿʘʜʘʯʠ ʥʘ ʚʚʦʜ-ʚʳʚʦʜ, ʨʘʙʦʪʫ ʩʦ ʩʪʨʦʢʘʤʠ. ɺʳʚʦʜ ʩʦʦʙʱʝʥʠʡ, ʚʚʦʜ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ, 

ʦʙʲʝʜʠʥʝʥʠʝ ʩʪʨʦʢ ʠ ʪ. ʜ. 

2. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ: ʩʣʦʞʝʥʠʝ, 

ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ ï ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʠ ʧʦ ʤʦʜʫʣʶ. ʈʘʙʦʪʘ ʩ ʮʝʣʳʤʠ ʠ 

ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʯʠʩʣʘʤʠ: ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʥʘʭʦʞʜʝʥʠʝ ʤʦʜʫʣʷ ʠ 

ʩʨʘʚʥʝʥʠʝ ʯʠʩʝʣ. 
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3. ɿʘʜʘʯʠ ʠʟ ʢʫʨʩʘ ʘʣʛʝʙʨʳ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ, ʦʧʝʨʘʮʠʠ ʥʘʜ 

ʤʘʪʨʠʮʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʡ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʦʛʨʝʩʩʠʡ. 

4. ɿʘʜʘʯʠ ʠʟ ʢʫʨʩʘ ʛʝʦʤʝʪʨʠʠ. ʅʘʭʦʞʜʝʥʠʝ ʧʝʨʠʤʝʪʨʦʚ, ʧʣʦʱʘʜʝʡ ʬʠʛʫʨ, 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʨʘʙʦʪʘ ʩ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, ʚʝʢʪʦʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, 

ʤʝʪʨʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ. 

5. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʛʨʳ, ʰʘʰʢʠ, ʰʘʭʤʘʪʳ, ʩʦʩʪʘʚʣʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ. ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʠ ʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʥʘ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʝ. 

5. ɿʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ, ʨʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ, 

ʢʘʣʝʥʜʘʨʝʤ ʠ ʜʘʪʘʤʠ. 

6. ʈʘʙʦʪʘ ʩ ʬʘʡʣʘʤʠ, ʢʘʪʘʣʦʛʘʤʠ, ʧʨʠʣʦʞʝʥʠʷʤʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ: ʩʦʟʜʘʥʠʝ, 

ʫʜʘʣʝʥʠʝ, ʘʨʭʠʚʠʨʦʚʘʥʠʝ, ʩʨʘʚʥʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘʧʫʩʢ, ʧʦʠʩʢ, 

ʩʦʨʪʠʨʦʚʢʘ. 

7. ʈʘʙʦʪʘ ʚ ʪʝʢʩʪʦʚʦʤ ʨʝʜʘʢʪʦʨʝ: ʩʪʨʦʢʦʚʳʝ ʦʧʝʨʘʮʠʠ, ʦʙʲʝʜʠʥʝʥʠʝ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, 

ʢʦʤʘʥʜʳ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ. 

8. ʉʦʟʜʘʥʠʝ ʢʘʣʴʢʫʣʷʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʞʝ ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʚʳʯʠʩʣʝʥʠʡ. 

9. ʉʦʟʜʘʥʠʝ ʣʦʛʠʯʝʩʢʦʡ ʠʛʨʳ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʘʥʥʦʡ ʪʝʤʳ ʫʯʘʱʠʤʩʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʦʷʚʠʪʴ ʪʚʦʨʯʝʩʪʚʦ ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. ɺʦʟʤʦʞʥʘ ʨʘʙʦʪʘ ʚ 

ʢʦʤʘʥʜʝ. 

10. ʉʦʟʜʘʥʠʝ ʧʦʣʝʟʥʦʡ shell-ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

ʀʟʣʦʞʝʥʥʳʡ ʧʝʨʝʯʝʥʴ ʪʝʤʘʪʠʢ ʜʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ bash ʚ ʦʙʣʘʩʪʠ ʦʙʫʯʝʥʠʷ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. ʆʩʫʱʝʩʪʚʣʝʥʘ ʠʭ 

ʥʘʛʣʷʜʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʜʝʤʦʥʩʪʨʘʮʠʷ. ʊʝʧʝʨʴ ʦʥʠ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ, ʥʦ ʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʤʝʞʜʫ ʧʨʠʚʳʯʥʳʤʠ ʜʣʷ ʥʠʭ ʷʟʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʙʦʪʦʡ ʚ bash. ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʥʘʙʦʨ ʧʝʨʝʤʝʥʥʳʭ, ʚʩʪʨʦʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʦʥ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ. 

ʇʨʦʠʩʭʦʜʠʪ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ: ʣʠʥʝʡʥʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʚʝʪʚʣʝʥʠʝ ʥʘ ʜʚʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʮʠʢʣʳ. ʆʢʘʟʳʚʘʝʪʩʷ, ʚʦʟʤʦʞʥʳʤ ʚʢʣʶʯʝʥʠʝ 

ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʥʠʡ. 

ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʦʤʘʥʜʥʘʷ ʦʙʦʣʦʯʢʘ bash, ʢʦʪʦʨʘʷ ʚʩʪʨʦʝʥʘ ʚ UNIX-ʩʠʩʪʝʤʳ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʥʷʪʠʡ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʠ ʦʧʝʨʘʮʠʦʥʥʳʤ 

ʩʠʩʪʝʤʘʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʳ ʦʪʤʝʯʘʝʤ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʩʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʩʪʨʦʝʥʥʳʤ ʠʟʥʘʯʘʣʴʥʦ ʚ ʩʠʩʪʝʤʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ. 
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ʂʦʧʳʪʦʚ ʇ.ɻ. 

ʩʪʫʜʝʥʪ 

ʃʝʱʝʥʢʦ ʂ.ɼ. 

ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʘʚʠʥʩʢʘʷ ɼ.ʅ. 

ʘʩʩʠʩʪʝʥʪ 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʊ. ʊʨʫʙʠʣʠʥʘ 

ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ DOCKER ɺ ʂʆʅʊɽʁʅɽʈʀɿɸʎʀʀ:  

ʆʉʅʆɺʓ ʀ ʇʈɽʀʄʋʑɽʉʊɺɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʧʫʣʷʨʥʦʝ ʨʝʰʝʥʠʝ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ 

ʧʨʠʣʦʞʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ Docker. ɺʳ ʫʟʥʘʝʪʝ, ʚ ʯʸʤ ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʠʟ ʯʝʛʦ ʩʦʩʪʦʠʪ ʧʣʘʪʬʦʨʤʘ, ʢʘʢ ʫʩʪʨʦʝʥʳ ʦʙʨʘʟʳ ʠ ʢʘʢ ʦʥʠ ʩʦʟʜʘʶʪʩʷ. ʊʘʢʞʝ ʧʦʛʦʚʦʨʠʤ ʧʨʦ 

ʩʨʝʜʩʪʚʘ ʦʨʢʝʩʪʨʘʮʠʠ ʢʦʥʪʝʡʥʝʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʛʦʜʷʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʘʩʰʪʘʙʥʳʤʠ 

ʧʨʦʝʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʦʙ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʘʥʥʦʡ ʦʙʣʘʩʪʴʶ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Docker; ʢʦʥʪʝʡʥʝʨ; ʧʨʠʣʦʞʝʥʠʝ; ʨʘʟʚʝʨʪʳʚʘʥʠʝ; ʫʧʨʘʚʣʝʥʠʝ; 

ʩʠʩʪʝʤʳ; ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ. 

 

ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʧʦʤʦʱʥʠʢʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʠ ʥʝ ʦʯʝʥʴ 

ʧʨʠʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʫʩʢʦʨʷʶʱʠʤ ʠ ʦʙʣʝʛʯʘʶʱʠʤ 

ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚ ʢʦʤʧʘʥʠʷʭ ʣʶʙʦʛʦ ʤʘʩʰʪʘʙʘ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ï

ʚʠʨʪʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ, ʢʦʪʦʨʳʝ ʟʘʧʫʩʢʘʶʪʩʷ ʧʦʚʝʨʭ ʷʜʨʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʩʝʨʚʝʨʘ. ɺ ʢʘʞʜʦʤ ʢʦʥʪʝʡʥʝʨʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʦʜʠʥ ʦʙʨʘʟʝʮ ʧʨʠʣʦʞʝʥʠʷ: ʚ ʥʝʤ ʭʨʘʥʠʪʩʷ 

ʜʚʦʠʯʥʳʡ ʜʦʢʫʤʝʥʪ ʩʦ ʚʩʝʤʠ ʚʘʞʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʩʬʝʨʦʡ ʚʳʧʦʣʥʝʥʠʷ [7]. 

ʆʜʥʠʤ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

Docker, ʵʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʧʨʝʜʣʘʛʘʶʱʠʡ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ 

ʛʠʙʢʠʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ. 

ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʚʤʝʩʪʝ ʩʦ ʚʩʝʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʬʘʡʣʘʤʠ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʩʨʝʜʦʡ ʚʳʧʦʣʥʝʥʠʷ ʚ ʣʝʛʢʠʡ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠ 

ʯʘʩʪʠʯʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʢʦʤʧʘʥʠʷʭ. 

ʂʦʥʪʝʡʥʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʪ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʠ ʠʤʝʶʪ ʩʪʘʥʜʘʨʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʦʛʨʘʤʤʳ. ʂʦʥʪʝʡʥʝʨ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʪʦʣʴʢʦ ʪʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ (ʬʘʡʣʳ, ʙʠʙʣʠʦʪʝʢʠ, ʠʥʩʪʨʫʤʝʥʪʳ). 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʘʧʧʘʨʘʪʥʦʡ ʚʠʨʪʫʘʣʠʟʘʮʠʝʡ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʟʘʤʝʪʥʦ ʩʣʦʞʥʝʝ, 

ʥʦ ʦʥ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʦʯʝʥʴ ʵʢʦʥʦʤʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʳʤ. ʌʘʡʣ, 

ʧʦʣʫʯʘʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʪʝʡʥʝʨʦʤ, ʠ ʦʥ ʤʦʞʝʪ ʙʝʟ ʦʩʝʯʝʢ 
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ʨʘʙʦʪʘʪʴ ʚ ʣʶʙʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʜʫʢʪʘ [6]. 

ɼʘʣʝʝ ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʙʝʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʣʦʞʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ: 

1. ʆʙʨʘʟʳ ʢʦʥʪʝʡʥʝʨʦʚ: ʂʦʥʪʝʡʥʝʨʳ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʙʨʘʟʘʭ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʩʦʜʝʨʞʠʤʦʝ ʢʦʥʪʝʡʥʝʨʘ ʠ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʠ. ʆʙʨʘʟʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʙʨʘʥʳ ʠ ʩʦʟʜʘʥʳ ʠʟ 

ʩʧʝʮʠʘʣʴʥʳʭ ʬʘʡʣʦʚ, ʥʘʟʳʚʘʝʤʳʭ Dockerfile, ʠʣʠ ʞʝ ʟʘʛʨʫʞʝʥʳ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ 

ʦʙʨʘʟʦʚ. 

2. ʀʟʦʣʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ: ʂʦʥʪʝʡʥʝʨʳ ʩʦʟʜʘʶʪ ʠʟʦʣʠʨʦʚʘʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʜʣʷ 

ʧʨʠʣʦʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʨʘʙʦʪʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʠ ʙʝʟ ʢʦʥʬʣʠʢʪʦʚ ʩ ʜʨʫʛʠʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʠ ʩʠʩʪʝʤʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʂʘʞʜʳʡ ʢʦʥʪʝʡʥʝʨ ʠʤʝʝʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʬʘʡʣʦʚʳʝ ʩʠʩʪʝʤʳ, ʧʨʦʮʝʩʩʳ, ʩʝʪʝʚʳʝ ʠʥʪʝʨʬʝʡʩʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ. 

3. ʇʝʨʝʥʦʩʠʤʦʩʪʴ: ʂʦʥʪʝʡʥʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʧʝʨʝʥʝʩʝʥʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʨʝʜʘʤʠ ʚʳʧʦʣʥʝʥʠʷ, ʪʘʢʠʤʠ ʢʘʢ ʩʝʨʚʝʨʳ, ʦʙʣʘʢʘ ʠʣʠ ʣʦʢʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ. ʆʙʨʘʟʳ 

ʢʦʥʪʝʡʥʝʨʦʚ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʡ, ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʟʘʧʫʱʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʤ ʦʢʨʫʞʝʥʠʠ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ. 

4. ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ʂʦʥʪʝʡʥʝʨʳ ʧʦʟʚʦʣʷʶʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʵʢʟʝʤʧʣʷʨʦʚ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʠʭ ʟʘʧʫʩʢʘ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʭʦʩʪʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʢʦʥʪʝʡʥʝʨʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʜʘʝʤ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʠ ʨʘʟʚʝʨʪʳʚʘʪʴ ʣʶʙʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʙʳʩʪʨʦ ʠ ʯʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʙʝʟʦʧʘʩʥʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ, ʢʦʛʜʘ ʧʨʦʜʫʢʪ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʦʜʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʘ ʧʦʪʦʤ 

ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʜʨʫʛʫʶ ʥʘ ʧʨʠʤʝʨ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʢʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʠ ʧʦ ʩʦʚʤʝʩʪʠʪʝʣʴʩʪʚʫ ʩʫʪʴ ʪʝʭʥʦʣʦʛʠʠ ʚ ʪʦʤ, ʯʪʦ ʢʦʥʪʝʡʥʝʨ ʠʟʦʣʠʨʫʝʪ ʧʨʠʣʦʞʝʥʠʝ ʦʪ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʪʝʤ ʩʘʤʳʤ ʜʝʣʘʷ ʝʛʦ ʘʚʪʦʥʦʤʥʳʤ ʠ ʧʦʟʚʦʣʷʷ ʨʘʙʦʪʘʪʴ ʚ ʣʶʙʦʡ ʩʨʝʜʝ. 

ʀ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʙʘʛʦʚ ʠ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʠʝʤ, ʜʦʧʫʩʪʠʤ, 

ʷʟʳʢʦʚʳʭ ʚʝʨʩʠʡ ʨʘʟʥʳʭ ʦʢʨʫʞʝʥʠʡ ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʨʦʙʣʝʤʳ, ʪʨʝʙʫʶʱʠʝ ʭʦʪʷ ʙʳ 

ʚʨʝʤʝʥʠ ʥʘ ʠʭ ʨʝʰʝʥʠʝ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚ ʢʦʤʧʘʥʠʷʭ, ʘ ʚ ʭʫʜʰʠʭ ʩʣʫʯʘʷʭ ʵʪʦ 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʙʘʛʠ ʚ ʧʨʦʛʨʘʤʤʝ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʝʱʝ ʙʦʣʝʝ ʧʣʦʭʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʧʨʠʣʦʞʝʥʠʡ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʤʷʪʠ, ʎʇ, ʭʨʘʥʠʣʠʱʘ ʠ 

ʧʝʨʝʥʦʩʠʤʦʩʪʠ, ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʠʟʦʣʷʮʠʠ ʦʪ ʦʩʥʦʚʥʦʡ 

ʆʉ. ʇʦʩʢʦʣʴʢʫ ʢʦʥʪʝʡʥʝʨʳ ʧʨʠʣʦʞʝʥʠʡ ʥʝ ʘʙʩʪʨʘʛʠʨʫʶʪʩʷ ʦʪ ʆʉ ʭʦʩʪʘ ï ʵʪʦ ʦʙʣʝʛʯʘʝʪ 

ʜʦʩʪʫʧ ʢʦ ʚʩʝʡ ʩʠʩʪʝʤʝ [4]. 

ʆʯʝʥʴ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʠ ʦʙʣʝʛʯʘʝʪʩʷ 

ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʦʜʜʝʨʞʢʠ ʙʣʘʛʦʜʘʨʷ ʣʸʛʢʦʩʪʠ ʚ ʥʘʩʪʨʦʡʢʝ ʠ ʠʟʤʝʥʝʥʠʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʤʝʩʪʝ ʩ ʢʦʜʦʤ ʧʨʠʣʦʞʝʥʠʷ ʠ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʙʳʩʪʨʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʢʦʥʪʝʡʥʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʬʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʚʷʟʢʠ ʢʦʥʪʝʡʥʝʨʦʚ ʢ ʧʣʘʪʬʦʨʤʝ ʜʘʸʪ ʦʛʨʦʤʥʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʧʨʠ 
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ʚʳʙʦʨʝ ʠʣʠ ʩʤʝʥʝ ʧʨʦʚʘʡʜʝʨʘ ï ʚʳ ʤʦʞʝʪʝ ʟʘʧʫʩʢʘʪʴ ʠʭ ʙʝʟ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ ʚ 

ʢʦʥʝʯʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʣʶʙʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʵʪʦʛʦ. 

ʊʘʢʞʝ ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʢʦʨʦʩʪʴ ʟʘʧʫʩʢʘ ʢʦʥʪʝʡʥʝʨʦʚ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʤʠ ʞʝ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʚʝʜʴ ʦʥʠ ʩʘʤʠ ʧʦ ʩʝʙʝ ʪʨʝʙʫʶʪ ʢ ʨʝʩʫʨʩʘʤ, ʠ 

ʩʦʜʝʨʞʘʪ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʮʝʣʠʢʦʤ ʠ, ʝʩʣʠ ʥʘʤ ʥʫʞʥʦ ʨʘʟʚʝʨʥʫʪʴ ʚʠʨʪʫʘʣʴʥʫʶ 

ʤʘʰʠʥʫ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʝʡ ʷʜʨʦ, ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠ 

ʢʘʢʦʡ-ʪʦ ʟʘʧʘʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʪʦ ʚʩʝ ʧʨʠ ʪʦʤ, ʯʪʦ ʩʘʤʠ ʧʦ ʩʝʙʝ ʚʠʨʪʫʘʣʴʥʳʝ 

ʤʘʰʠʥʳ ʠ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʟʘʥʠʤʘʶʪ ʤʥʦʛʦ ʤʝʩʪʘ. 

ʆʯʝʨʝʜʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʢʦʪʦʨʫʶ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʸ ʤʝʭʘʥʠʟʤʳ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʠʣʦʞʝʥʠʷ ʙʫʜʫʪ ʠʟʦʣʠʨʦʚʘʪʴʩʷ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʪʠʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʨʝʜʦʥʦʩʥʦʛʦ ʢʦʜʘ ʚ 

ʢʦʥʪʝʡʥʝʨʳ ʠʣʠ ʦʩʥʦʚʥʫʶ ʩʠʩʪʝʤʫ. ɺ ʜʦʧʦʣʥʝʥʠʠ ʢ ʚʳʰʝ ʩʢʘʟʘʥʥʦʤʫ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʳ ʙʫʜʝʤ ʙʣʦʢʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ 

ʨʝʩʫʨʩʳ ʜʣʷ ʢʦʥʪʝʡʥʝʨʘ. 

Docker ï ʧʣʘʪʬʦʨʤʘ ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʚʠʨʪʫʘʣʠʟʘʮʠʠ, 

ʩʦʟʜʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʜʦʩʪʘʚʢʘ ʧʨʠʣʦʞʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʢʣʶʯʝʚʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʦʢʨʳʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʇʆ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʟʘʧʫʩʢʘʪʴ ʣʶʙʦʝ ʤʥʦʞʝʩʪʚʦ ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʵʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʠ ʥʘ ʧʨʦʮʝʩʩʝ ʝʛʦ ʚʳʢʣʘʜʳʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʳ ʩ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʚʦ ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʈʘʟʨʘʙʦʪʯʠʢʠ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʶʪʩʷ ʧʝʨʚʦʧʨʦʭʦʜʮʘʤʠ ʚ ʩʚʦʝʡ ʩʬʝʨʝ, ʚʝʜʴ ʦʥʠ 

ʩʤʦʛʠ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʝʱʝ, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʝʚʦʦʙʨʘʟʠʤʳʡ ʤʝʭʘʥʠʟʤ, ʦ ʢʦʪʦʨʦʤ ʤʦʛ 

ʤʝʯʪʘʪʴ ʢʘʞʜʳʡ ʨʘʟʨʘʙʦʪʯʠʢ, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʦʙʝʩʧʝʯʠʚʘʣ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʦʪ 

ʩʨʝʜʳ. 

ʂʣʶʯʝʚʦʝ ʨʝʰʝʥʠʝ, ʘ ʧʦ ʩʦʚʤʝʩʪʠʪʝʣʴʩʪʚʫ ʠ ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ Docker ï ʵʪʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʦʚ ʢʦʥʪʝʡʥʝʨʦʚ, ʠʭ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʨʝʘʣʠʟʫʶʪ 

ʬʫʥʢʮʠʶ ʰʘʙʣʦʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʙʨʘʟʘʤʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʨʝʜʩʪʚʦʤ Docker Hub, ʨʝʧʦʟʠʪʦʨʠʷ ʦʙʨʘʟʦʚ Docker ʠʣʠ ʣʶʙʳʝ ʜʨʫʛʠʝ ʨʝʧʦʟʠʪʦʨʠʠ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʣʠ ʢʦʤʧʘʥʠʷʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ. ɺ ʩʘʤʦʤ ʧʨʠʣʦʞʝʥʠʠ Docker 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʢʦʤʘʥʜʥʫʶ ʩʪʨʦʢʫ ʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

DockerCLI. 

ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘʤʠ, 

ʪʘʢʠʝ ʢʘʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʤʦʥʠʪʦʨʠʥʛ, ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʚʝʨʩʠʷʤʠ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. ʊʘʢʞʝ ʦʥ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ, ʪʝʤ, ʯʪʦ ʦʥ 

ʨʝʘʣʠʟʫʝʪ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʭʦʞʫʶ ʥʘ ʧʨʦʜʘʢʰʥ-ʩʨʝʜʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʦʢʨʫʞʝʥʠʷʤʠ. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ, ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪʩʷ ʠ 

ʫʧʨʦʱʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ Docker. ʊʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʛʠʙʢʦʩʪʴ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʚʠʨʪʫʘʣʠʟʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʧʫʣʷʨʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʢʦʤʘʥʜ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ Docker ʨʘʟʨʘʙʦʪʯʠʢʠ 
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ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʙʳʩʪʨʦʛʦ ʟʘʧʫʩʢʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʠʣʦʞʝʥʠʷʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Docker ʜʣʷ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʤʥʦʞʝʩʪʚʦ ʙʘʟʦʚʳʭ 

ʵʪʘʧʦʚ: 

ɺʦ-ʧʝʨʚʳʭ, ʫʩʪʘʥʦʚʢʘ Docker. ʉʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ Docker ʥʘ ʤʘʰʠʥʫ, ʥʘ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʨʘʟʨʘʙʦʪʢʘ ʠʣʠ ʪʝʩʪʠʨʦʚʘʥʠʝ. Docker ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʣʘʪʬʦʨʤ, ʚʢʣʶʯʘʷ Windows, macOS ʠ Linux. ɺʳ ʤʦʞʝʪʝ ʟʘʛʨʫʟʠʪʴ ʠ ʫʩʪʘʥʦʚʠʪʴ Docker ʩ 

ʦʬʠʮʠʘʣʴʥʦʛʦ ʚʝʙ-ʩʘʡʪʘ Docker. 

ɺʦ-ʚʪʦʨʳʭ, ʉʦʟʜʘʥʠʝ Dockerfile. Dockerfile ï ʬʘʡʣ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʙʘʟʦʚʳʝ ʢʨʠʪʝʨʠʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʘ ʢʦʥʪʝʡʥʝʨʘ. ʆʙʨʘʟ ʢʦʥʪʝʡʥʝʨʘ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʟʘʧʫʩʢʘ. ɺ Dockerfile ʚʳ ʦʧʠʩʳʚʘʝʪʝ ʙʘʟʦʚʳʡ ʦʙʨʘʟ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʧʠʨʫʝʪʝ ʬʘʡʣʳ ʠ ʥʘʩʪʨʘʠʚʘʝʪʝ ʦʢʨʫʞʝʥʠʝ. 

ɺ-ʪʨʝʪʴʠʭ, ʉʙʦʨʢʘ ʦʙʨʘʟʘ. ʂʦʤʘʥʜʘ ñdocker buildò ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʙʦʨʢʠ ʦʙʨʘʟʘ 

ʢʦʥʪʝʡʥʝʨʘ ʥʘ ʦʩʥʦʚʝ Dockerfile. ɺʳʧʦʣʥʠʚ ʜʘʥʥʫʶ ʢʦʤʘʥʜʫ ʩ ʫʢʘʟʘʥʠʝʤ ʧʫʪʠ ʢ Dockerfile, 

Docker ʚʳʧʦʣʥʠʪ ʫʢʘʟʘʥʥʳʝ ʚ ʥʝʤ ʢʦʤʘʥʜʳ ʜʣʷ ʩʙʦʨʢʠ ʦʙʨʘʟʘ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ɿʘʧʫʩʢ ʢʦʥʪʝʡʥʝʨʘ. ʂʦʤʘʥʜʘ ñdocker runò ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʫʩʢʘ 

ʢʦʥʪʝʡʥʝʨʘ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʟʘ. ɺʳ ʤʦʞʝʪʝ ʫʢʘʟʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʧʮʠʠ ʚ ʢʦʤʘʥʜʝ ñdocker runò, 

ʪʘʢʠʝ ʢʘʢ ʧʨʦʙʨʦʩ ʧʦʨʪʦʚ, ʤʦʥʪʠʨʦʚʘʥʠʝ ʪʦʤʦʚ ʠ ʥʘʩʪʨʦʡʢʘ ʧʝʨʝʤʝʥʥʳʭ ʦʢʨʫʞʝʥʠʷ. 

ɺ-ʧʷʪʳʭ, ʋʧʨʘʚʣʝʥʠʝ ʢʦʥʪʝʡʥʝʨʘʤʠ. Docker ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʙʦʨ ʠʥʩʪʨʫʢʮʠʡ ʜʣʷ 

ʤʘʥʠʧʫʣʷʮʠʡ ʩ ʢʦʥʪʝʡʥʝʨʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʩʪʨʫʢʮʠʷ ñdocker psò ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʘʢʪʠʚʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ, ñdocker stopò ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʢʨʘʱʝʥʠʷ ʨʘʙʦʪʳ 

ʢʦʥʪʝʡʥʝʨʘ, ʘ ñdocker rmò ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʜʣʷ ʠʭ ʫʜʘʣʝʥʠʷ. 

ɺ-ʰʝʩʪʳʭ, ʀʩʧʦʣʴʟʦʚʘʥʠʝ Docker Compose. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʝʭʘʥʠʟʤ, ʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʘʩʠʣʠʪʘʮʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʛʨʝʛʘʪʦʚ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʠ ʠʭ ʢʦʣʣʝʢʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʚ ʨʘʤʢʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʣʫʞʙ ʚ ʨʘʤʢʘʭ ʫʥʠʢʘʣʴʥʦʛʦ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʠʥʦʯʥʦʡ ʠʥʩʪʨʫʢʮʠʠ. 

ɺ-ʩʝʜʴʤʳʭ, ʈʘʙʦʪʘ ʩ Docker Hub. ɼʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʨʘʥʠʣʠʱʝ 

ʢʦʥʪʝʡʥʝʨʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʜʦʩʪʫʧʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʥʪʝʡʥʝʨʥʳʭ 

ʦʙʨʘʟʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʦʦʙʱʝʩʪʚʦʤ Docker, ʘ ʪʘʢʞʝ ʧʫʙʣʠʢʘʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʦʙʨʘʟʦʚ. Docker ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ 

ʦʙʥʦʚʣʝʥʠʷ ʢʦʥʪʝʡʥʝʨʥʳʭ ʦʙʨʘʟʦʚ ʯʝʨʝʟ Docker Hub. 

ʀʟʥʘʯʘʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ Docker ʚ ʩʬʝʨʝ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, Docker ʦʙʣʘʜʘʝʪ ʨʘʩʰʠʨʝʥʥʳʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʝʚʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʩʨʝʜʠ ʢʦʥʪʝʡʥʝʨʦʚ. 

Docker ʚʥʝʜʨʷʝʪ ʢʦʥʪʝʡʥʝʨʥʳʡ ʧʦʜʭʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʧʨʠʣʦʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʢʣʶʯʝʚʦʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ, 
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ʜʝʧʣʦʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. ɺʩʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʦʙʣʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʢʦʜʘ, ʪʘʢʠʤ ʢʘʢ ʷʜʨʦ ʆʉ, ʛʘʨʘʥʪʠʨʫʷ ʪʝʤ ʩʘʤʳʤ 

ʩʪʨʦʛʫʶ ʠʟʦʣʷʮʠʶ ʦʪ ʧʨʦʯʠʭ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʩʢʣʶʯʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʥʳʭ ʢʦʣʣʠʟʠʡ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʧʦʚʳʰʘʝʪ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʙʝʟʦʪʢʘʟʥʦʩʪʴ. 

ʄʦʙʠʣʴʥʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʠʥʢʘʧʩʫʣʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ ʠ ʠʭ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʢʦʤʧʘʢʪʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʩʨʝʜʳ, ʦʧʝʨʠʨʫʝʤʳʝ ʥʘ ʨʘʟʥʳʭ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʚʤʝʩʪʠʤʳʭ ʩ Docker. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʦʜʥʦʡ ʩʨʝʜʝ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʧʫʩʢʘ ʚ ʜʨʫʛʦʡ ʩʨʝʜʝ, ʠʩʢʣʶʯʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʠʤʧʣʝʤʝʥʪʘʮʠʠ ʢʦʜʘ ʠʣʠ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ. 

ʌʘʩʠʣʠʪʠʨʫʝʪ ʛʠʙʢʫʶ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʘʢʪʠʚʠʨʫʷ 

ʧʘʨʘʣʣʝʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʢʦʥʪʝʡʥʝʨʠʟʠʨʦʚʘʥʥʳʭ ʩʫʱʥʦʩʪʝʡ ʥʘ ʝʜʠʥʦʡ 

ʫʟʣʦʚʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʫʩʠʣʠʚʘʷ ʪʝʤ 

ʩʘʤʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʨʘʩʪʘʶʱʫʶ 

ʦʧʝʨʘʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ. 

Docker ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʧʨʠʣʦʞʝʥʠʡ ʢ 

ʩʠʩʪʝʤʥʳʤ ʨʝʩʫʨʩʘʤ, ʚʢʣʶʯʘʷ CPU, RAM ʠ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʭʦʩʪ-ʩʠʩʪʝʤʳ ʠ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʠʩʯʝʨʧʘʥʠʝʤ ʧʘʤʷʪʠ ʠ ʧʝʨʝʛʨʫʟʢʘʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʨʦʱʝʥʠʶ ʧʨʦʮʝʜʫʨ ʧʘʢʝʪʠʨʦʚʘʥʠʷ, ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʢʣʘʜʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʢʩʪʝʥʩʠʚʥʳʡ 

ʢʦʤʧʣʝʢʪ ʫʪʠʣʠʪ ʠ ʢʦʤʘʥʜʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʦʙʣʝʛʯʘʶʱʠʭ ʤʘʥʠʧʫʣʷʮʠʠ ʩ 

ʢʦʥʪʝʡʥʝʨʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʥʪʫʠʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʦʙʰʠʨʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ. 

ʈʝʧʣʠʮʠʨʫʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ ʢʦʥʪʝʡʥʝʨʥʳʭ ʘʨʪʝʬʘʢʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʧʝʨʝʥʦʩʫ ʠ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ʕʪʦʪ ʘʪʨʠʙʫʪ ʫʩʠʣʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʧʨʦʮʝʜʫʨ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʚʚʠʜʫ ʛʘʨʘʥʪʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʣʶʙʦʡ ʩʦʚʤʝʩʪʠʤʦʡ ʩ Docker ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

ʅʝʩʦʤʥʝʥʥʦ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʤʦʤʝʥʪʳ ʥʝ ʦʭʚʘʪʳʚʘʶʪ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʜʦʩʪʦʠʥʩʪʚ Docker, ʦʜʥʘʢʦ ʦʥʠ ʦʪʨʘʞʘʶʪ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʝʛʦ ʰʠʨʦʢʦʡ 

ʧʦʧʫʣʷʨʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʄʘʩʣʷʢʦʚ ʉ.ʅ., ʃʳʪʥʝʚ ʅ.ʅ., ʂʫʤʨʘʪʦʚʘ ɸ.ʄ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʘʨʪʝʬʘʢʪʦʚ 

ʢʦʥʪʝʡʥʝʨʘ. ʀʥʪʝʨʬʝʡʩ Contain4n6 // ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʱʝʩʪʚʦ: ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ: ʉʙ. ʤʘʪ-ʦʚ XV ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʬʦʨʫʤʘ (ʛ. ʂʨʘʩʥʦʜʘʨ, 10-14 ʠʶʣʷ 2023 

ʛ.). ʂʨʘʩʥʦʜʘʨ, 2023. 
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2. ʅʦʞʝʥʢʦ ʉ.ɸ., ʃʳʪʥʝʚ ʅ.ʅ. ʂʦʥʪʝʡʥʝʨʳ ʠʣʠ ʙʝʩʩʝʨʚʝʨʥʳʝ ʚʳʯʠʩʣʝʥʠʷ // 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ: ʥʘʧʨʘʚʣʝʥʠʷ, ʤʝʪʦʜʳ, ʠʥʩʪʨʫʤʝʥʪʳ: ʉʙ. ʤʘʪ-ʦʚ V ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʛ. ʂʨʘʩʥʦʜʘʨ, 16-21 ʷʥʚʘʨʷ 2023 ʛ.). ʂʨʘʩʥʦʜʘʨ, 2023. ʉ. 

256-258. 

3. ʉʘʣʴʢʦʚ ɸ.ɸ., ʃʳʪʥʝʚ ʅ.ʅ., ʂʫʤʨʘʪʦʚʘ ɸ.ʄ. ʉʨʘʚʥʝʥʠʝ Kubernetes-ʧʣʘʪʬʦʨʤʳ 

Deckhouse ʩ Vanilla Kubernetes // ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʱʝʩʪʚʦ: ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ: ʉʙ. ʤʘʪ-ʦʚ XV ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʬʦʨʫʤʘ (ʛ. ʂʨʘʩʥʦʜʘʨ, 10-14 ʠʶʣʷ 2023 

ʛ.). ʂʨʘʩʥʦʜʘʨ, 2023. 

 

É ʂʦʧʳʪʦʚ ʇ.ɻ., ʃʝʱʝʥʢʦ ʂ.ɼ., ʉʘʚʠʥʩʢʘʷ ɼ.ʅ., 2024 
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ʋɼʂ 004.056.5 

ʃʘʚʨʦʚ ɼ.ʅ. 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʃʘʚʨʦʚʘ ɼ.ɼ. 

ʩʪʫʜʝʥʪ 

ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ 

ʛ. ʆʤʩʢ, ʈʦʩʩʠʷ 

 

ʇʈʆɹʃɽʄʓ ɿɸʑʀʑɽʅʅʆʉʊʀ ʇʈʆʊʆʂʆʃʆɺ  

ʕʃɽʂʊʈʆʅʅʆɻʆ ʊɸʁʅʆɻʆ ɻʆʃʆʉʆɺɸʅʀʗ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʫʛʨʦʟʳ ʧʨʦʪʦʢʦʣʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʡʥʦʛʦ 

ʛʦʣʦʩʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʨʘʥʠʪʴ ʫʷʟʚʠʤʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʪʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʩʭʝʤʫ 

He-Su. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʥʥʦʝ ʪʘʡʥʦʝ ʛʦʣʦʩʦʚʘʥʠʝ; ʚʟʣʦʤ ʠʟ ʙʫʜʫʱʝʛʦ; ʧʦʩʪʢʚʘʥʪʦʚʘʷ 

ʢʨʠʧʪʦʛʨʘʬʠʷ. 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʷʟʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʡʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ [2]. ʊʨʝʙʦʚʘʥʠʷ ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʚ ʦʙʦʙʱʝʥʥʳʝ 

ʧʨʠʥʮʠʧʳ: 

1. ɿʘʢʦʥʥʦʩʪʴ: 

A. ɻʦʣʦʩʦʚʘʪʴ ʤʦʛʫʪ ʪʦʣʴʢʦ ʥʘʜʝʣʸʥʥʳʝ ʪʘʢʠʤ ʧʨʘʚʦʤ. 

B. ʅʠʢʪʦ ʥʝ ʤʦʞʝʪ ʧʨʦʛʦʣʦʩʦʚʘʪʴ ʟʘ ʜʨʫʛʦʛʦ. 

C. ʅʠʢʪʦ ʥʝ ʤʦʞʝʪ ʪʘʡʥʦ ʠʟʤʝʥʠʪʴ ʯʫʞʦʡ ʛʦʣʦʩ. 

2. ɸʥʦʥʠʤʥʦʩʪʴ ï ʅʠʢʪʦ ʥʝ ʤʦʞʝʪ ʫʟʥʘʪʴ, ʢʘʢ ʧʨʦʛʦʣʦʩʦʚʘʣʠ ʠʟʙʠʨʘʪʝʣʠ; 

3. ɽʜʠʥʩʪʚʝʥʥʦʩʪʴ ʛʦʣʦʩʘ ï ʥʝʣʴʟʷ ʧʨʦʛʦʣʦʩʦʚʘʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʘʟʘ; 

4. ɺʝʨʠʬʠʮʠʨʫʝʤʦʩʪʴ ï ʛʦʣʦʩʫʶʱʠʡ ʤʦʞʝʪ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʝʛʦ ʛʦʣʦʩ ʫʯʪʸʥ ʠ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʛʦʣʦʩ ʫʯʸʪ ʥʝʚʝʨʥʦ, ʤʦʞʝʪ ʟʘʷʚʠʪʴ ʦʙ ʵʪʦʤ. 

ʏʘʩʪʦ ʜʦʙʘʚʣʷʶʪ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʘʚʠʣʘ:  

5. ʆʪʢʨʳʪʦʩʪʴ ï ʜʦʧʦʣʥʷʝʪ ɺʝʨʠʬʠʮʠʨʫʝʤʦʩʪʴ ʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʶʙʦʡ ʟʥʘʝʪ ʢʪʦ 

ʛʦʣʦʩʦʚʘʣ, ʘ ʢʪʦ ʥʝ ʫʯʘʩʪʚʦʚʘʣ ʚ ʛʦʣʦʩʦʚʘʥʠʠ. 

6. ɻʦʣʦʩʫʶʱʠʡ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʩʚʦʝ ʤʥʝʥʠʝ ʜʦ ʦʙʲʷʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ï ʧʨʘʚʠʣʦ 

ʩʧʦʨʥʦʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʦʢʦʣʦʚ [1; 5], ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʚʳʰʝ ʧʨʠʥʮʠʧʘʤ. ʇʨʦʪʦʢʦʣʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʙʦʣʴʰʠʥʩʪʚʫ ʪʨʝʙʦʚʘʥʠʡ ï 

ʵʪʦ ʧʨʦʪʦʢʦʣʳ ɼʚʫʭ ʘʛʝʥʪʩʪʚ, ANDOS, Fudjioka-Okamoto-Ohta ʠ He-Su [3; 4] (ʩʤ. ʪʘʙʣ. 1). ʀʭ 

ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʩʭʝʤʘʭ ʩʣʝʧʦʡ ʧʦʜʧʠʩʠ ʠ 

ʰʠʬʨʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʨʦʟʳ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʩʪʘʥʦʚʷʪʩʷ ʠ ʫʛʨʦʟʘʤʠ ʜʣʷ 

ʧʨʦʪʦʢʦʣʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʡʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʡ ʫʛʨʦʟʦʡ ʘʩʠʤʤʝʪʨʠʯʥʳʤ 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 

28 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʚʟʣʦʤ ʠʟ ʙʫʜʫʱʝʛʦè. ʇʠʪʝʨ ʐʦʨ ʚ 

ʩʚʦʝʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʠʣ ʘʣʛʦʨʠʪʤ ʜʣʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʘʪʴ 

ʧʨʦʙʣʝʤʳ ʬʘʢʪʦʨʠʟʘʮʠʠ ʮʝʣʳʭ ʯʠʩʝʣ ʠ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ 

ʚʨʝʤʷ [6]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʞʜʫ ʛʠʛʘʥʪʘʤʠ ʀʊ-ʠʥʜʫʩʪʨʠʠ ʚʝʜʝʪʩʷ ʛʦʥʢʘ ʟʘ ʢʚʘʥʪʦʚʦʝ 

ʧʨʝʚʦʩʭʦʜʩʪʚʦ. ʇʝʨʚʳʡ ʢʪʦ ʨʝʘʣʠʟʫʝʪ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʠ ʩʤʦʞʝʪ ʨʝʰʘʪʴ ʥʘ ʥʝʤ ʟʘʜʘʯʠ 

ʬʘʢʪʦʨʠʟʘʮʠʠ ʙʦʣʴʰʠʭ ʮʝʣʳʭ ʯʠʩʝʣ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʠʪ ʨʘʩʰʠʬʨʦʚʢʫ ʩʝʘʥʩʦʚʳʭ ʢʣʶʯʝʡ 

ʧʝʨʝʭʚʘʯʝʥʥʳʭ ʨʘʥʝʝ ʩʦʦʙʱʝʥʠʡ ʠ ʩʤʦʞʝʪ ʧʨʦʯʝʩʪʴ ʠʭ. ʊʘʢʦʡ ʚʟʣʦʤ ʤʦʞʝʪ ʨʘʟʨʫʰʠʪʴ 

ʘʥʦʥʠʤʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʦʙʦʙʱʝʥʥʳʝ ʧʨʠʥʮʠʧʳ ʪʘʡʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʦʣʦʩʦʚʘʥʠʷ.  

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʪʘʡʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ 

 

 ʇʨʦʪʦʢʦʣ ʜʚʫʭ 

ʘʛʝʥʪʩʪʚ 
ANDOS 

Fudjioka- 

Okamoto-Ohta 
He-Su 

ɿʘʢʦʥʥʦʩʪʴ + + + + 

ɸʥʦʥʠʤʥʦʩʪʴ + + + + 

ɽʜʠʥʩʪʚʝʥʥʦʩʪʴ + + + + 

ɺʝʨʠʬʠʮʠʨʫʝʤʦʩʪʴ + + + + 

ʆʪʢʨʳʪʦʩʪʴ - - - - 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʛʦʣʦʩʦʚʘʥʠʷ 

+ + - + 

 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʚʳʭʦʜʘ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ: 

1) ʧʝʨʝʭʦʜ ʢ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ; 

2) ʨʘʟʨʘʙʦʪʢʘ, ʨʝʘʣʠʟʘʮʠʷ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʪʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʨʘʟʨʘʙʦʪʘʥ ʠ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʥ ʪʦʣʴʢʦ 

ʦʜʠʥ ʘʣʛʦʨʠʪʤ ʠʟ ʩʝʤʝʡʩʪʚʘ ʧʨʦʪʦʢʦʣʦʚ ʢʚʘʥʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ (BB84). ʂʨʦʤʝ 

ʪʦʛʦ, ʜʘʥʥʳʡ ʪʠʧ ʢʨʠʧʪʦʛʨʘʬʠʠ ʪʨʝʙʫʝʪ ʢʚʘʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʫʞʘʝʪ 

ʚʳʙʦʨ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ ʣʠʥʠʡ ʦʧʪʦʚʦʣʦʢʦʥʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʘʱʠʱʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ.  

ʇʦʜʭʦʜ ʧʦʩʪʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʩʦʩʪʦʠʪ ʚ ʚʳʙʦʨʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ʩʣʦʞʥʦʩʪʴ ʚʟʣʦʤʘ ʢʦʪʦʨʳʭ ʪʨʫʜʥʘ ʢʘʢ ʜʣʷ ʦʙʳʯʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʪʘʢ ʠ ʜʣʷ ʢʚʘʥʪʦʚʳʭ.  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ (https://clck.ru/39p5Sx) (NIST, USA) c 

2016 ʛʦʜʘ ʧʨʦʚʦʜʠʪ ʢʦʥʢʫʨʩ ʧʦ ʦʪʙʦʨʫ ʧʦʩʪʢʚʘʥʪʦʚʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ɺ 

ʧʝʨʚʦʤ ʪʫʨʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 69 ʘʣʛʦʨʠʪʤʦʚ. ʀʟ ʥʠʭ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 3 ʩʭʝʤʳ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʜʧʠʩʠ: CRYSTALS-Dilithium ʠ Falcon, ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʨʝʰʸʪʦʢ; 

SPHINCS+, ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʭʵʰ-ʬʫʥʢʮʠʡ. NIST ʧʣʘʥʠʨʫʝʪ ʟʘʚʝʨʰʠʪʴ ʨʘʙʦʪʫ 2025 ʛʦʜʫ.  

ɸʥʘʣʦʛʠʯʥʘʷ ʨʘʙʦʪʘ ʚʝʜʝʪʩʷ ʠ ʚ ʈʦʩʩʠʠ: ʅʇʂ çʂʨʠʧʪʦʥʠʪè ʧʨʝʜʩʪʘʚʠʣ ʩʚʦʶ ʨʘʟʨʘʙʦʪʢʫ 

ʧʦʩʪʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ çʐʠʧʦʚʥʠʢè (https://clck.ru/39p64S). 

ɺʦʧʨʦʩʳ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʢʚʘʥʪʦʚʦʡ ʩʣʝʧʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʜʧʠʩʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ, ʥʦ ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʢ 2025 ʛʦʜʫ, ʧʣʘʥʦʚʦʤʫ ʛʦʜʫ 

ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʩʪʢʚʘʥʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʪʩʷ. ɺ 

ʦʞʠʜʘʥʠʠ ʦʢʦʥʯʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʫʩʠʣʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʥʘ ʨʘʟʨʘʙʦʪʢʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʨʘʩʰʠʨʷʝʤʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʩ ʘʙʩʪʨʘʢʪʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ, 
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ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʦʧʠʩʘʪʴ ʢʣʶʯʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʡʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ, ʘ ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʥʦʚʳʭ ʧʦʩʪʢʚʘʥʪʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʨʦʠʟʚʝʩʪʠ ʧʝʨʝʭʦʜ ʥʘ ʥʠʭ.  

ʄʦʜʝʣʴ ʘʨʭʠʪʝʢʪʫʨʳ ʪʘʢʦʡ ʙʠʙʣʠʦʪʝʢʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʠʥʷʪʦ ʧʝʨʝʜ ʥʘʧʠʩʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʧʨʦʚʝʩʪʠ ʵʪʘʧʳ ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ 

(ʙʠʙʣʠʦʪʝʢʠ). ʊʘʢ ʜʣʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ UML (Unified Modeling Language).   

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʪʘʢʦʡ ʙʠʙʣʠʦʪʝʢʠ ʥʘ ʧʨʠʤʝʨʝ 

ʩʭʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʡʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ He-Su [4]. ɺ ʧʨʝʮʝʜʝʥʪʝ ʩʭʝʤʳ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʠʩʧʦʣʥʠʪʝʣʷ (ʘʢʪʦʨʘ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ UML):  

ƺ ʛʦʣʦʩʫʶʱʠʡ (V ï Voter) ï ʠʤʝʶʱʠʡ ʧʨʘʚʦ ʛʦʣʦʩʘ ʠʟʙʠʨʘʪʝʣʴ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʩʪʦ 

ʠʟʙʠʨʘʪʝʣʴ; 

ƺ ʠʟʙʠʨʘʪʝʣʴʥʘʷ ʢʦʤʠʩʩʠʷ, ʚʘʣʠʜʘʪʦʨ, ʨʝʛʠʩʪʨʘʪʦʨ, ʦʨʛʘʥ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ;  

ƺ (A ï Authority) ï ʪʦʪ, ʢʪʦ ʘʚʪʦʨʠʟʫʝʪ (ʨʝʛʠʩʪʨʠʨʫʝʪ) ʠʟʙʠʨʘʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʧʨʘʚʦ 

ʛʦʣʦʩʘ; ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ ʨʝʛʠʩʪʨʘʪʦʨ; 

ƺ ʩʯʸʪʥʘʷ ʢʦʤʠʩʩʠʷ (T ï Tallier) ʢʪʦ ʧʦʣʫʯʘʝʪ ʠʟʙʠʨʘʪʝʣʴʥʳʝ ʙʶʣʣʝʪʝʥʠ, ʧʨʦʚʝʨʷʝʪ 

ʧʦʜʣʠʥʥʦʩʪʴ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʙʶʣʣʝʪʝʥʝʡ ʠ ʧʫʙʣʠʢʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚʳʙʦʨʦʚ. 

ʉʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʧʨʦʪʦʢʦʣʦʚ [4]: 

ƺ ʧʨʦʪʦʢʦʣ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʙʠʨʘʪʝʣʝʡ;  

ƺ ʧʨʦʪʦʢʦʣ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʣʶʯʝʡ ʛʦʣʦʩʦʚʘʥʠʷ; 

ƺ ʧʨʦʪʦʢʦʣ ʧʦʜʩʯʝʪʘ ʛʦʣʦʩʦʚ ʠ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʧʨʦʪʦʢʦʣʦʚ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʇʨʦʪʦʢʦʣ ʨʝʛʠʩʪʨʘʮʠʠ 

ʇʨʦʪʦʢʦʣ ʨʝʛʠʩʪʨʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʣʥʦʤʦʯʠʡ ʠʟʙʠʨʘʪʝʣʷʤ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʠʨʘʪʝʣʠ ʤʦʛʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʚʳʙʦʨʘʭ. ʅʠʞʝ ʦʧʠʩʘʥʳ 

ʜʝʡʩʪʚʠʷ ʠʟʙʠʨʘʪʝʣʷ ʠ ʨʝʛʠʩʪʨʘʪʦʨʘ ʚ ʵʪʦʤ ʧʨʦʪʦʢʦʣʝ.  

ʀʟʙʠʨʘʪʝʣʴ V (Voter):  

1. ɻʝʥʝʨʠʨʫʝʪ ʧʘʨʫ ʢʣʶʯʝʡ, Dv, Ev, ʛʜʝ Dv ï ʢʣʶʯ ʛʦʣʦʩʦʚʘʥʠʷ (ʟʘʢʨʳʪʳʡ ʢʣʶʯ), 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʦʜʧʠʩʠ ʙʶʣʣʝʪʝʥʷ ʠ Ev ï ʢʣʶʯ ʜʣʷ ʧʦʜʩʯʸʪʘ ʛʦʣʦʩʦʚ (ʦʪʢʨʳʪʳʡ ʢʣʶʯ), 

ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ñʩʣʝʧʦò ʧʦʜʧʠʩʘʥ ʨʝʛʠʩʪʨʘʪʦʨʦʤ. 

2. ɻʝʥʝʨʠʨʫʝʪ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ R. 

3. ɺʳʯʠʩʣʷʝʪ: Ea(R)*(h(Ev)), ʠ ʦʪʧʨʘʚʣʷʝʪ ʝʛʦ ʨʝʛʠʩʪʨʘʪʦʨʫ A.  

ʈʝʛʠʩʪʨʘʪʦʨ A: 

1. ʇʨʦʚʝʨʷʝʪ ʧʨʘʚʦ ʛʦʣʦʩʦʚʘʥʠʷ ʠʟʙʠʨʘʪʝʣʷ V. 

2. ɽʩʣʠ V ʠʤʝʝʪ ʧʨʘʚʦ, ʪʦ ʧʦʜʧʠʩʳʚʘʝʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ V: 

Da(Ea(R)*(h(Ev))) 

ʠ ʚʦʟʚʨʘʱʘʝʪ ʧʦʜʧʠʩʘʥʥʳʝ ʜʘʥʥʳʝ V:  

Da(Ea(R)*(h(Ev))) Ÿ R*Da(h(Ev)). 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 

30 

ʀʟʙʠʨʘʪʝʣʴ V (Voter): 

1. ʋʜʘʣʷʝʪ R ʠʟ R*Da(h(Ev)): 

R*Da(h(Ev))*R
-1 Ÿ  Da(h(Ev)) 

2. ʇʨʦʚʝʨʢʠ: 

h(Ev) = =  Ea(Da(h(Ev))) 

ɽʩʣʠ ʨʘʚʝʥʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ, V ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʨʝʥ, ʯʪʦ Da(h(Ev)) ʷʚʣʷʝʪʩʷ ʧʦʜʧʠʩʴʶ ʝʛʦ 

ʢʣʶʯʘ ʧʦʜʩʯʸʪʘ ʛʦʣʦʩʦʚ Ev. ʇʦ ʠʩʪʝʯʝʥʠʠ ʩʨʦʢʘ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʛʠʩʪʨʘʪʦʨ A ʧʫʙʣʠʢʫʝʪ ʩʧʠʩʦʢ 

ʚʩʝʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʠʟʙʠʨʘʪʝʣʝʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʘ 

ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʦʧʝʨʘʮʠʠ ʚʳʩʪʘʚʣʝʥʠʷ ʧʦʜʧʠʩʠ ʠ ʤʘʩʢʠʨʦʚʘʥʠʷ/ʜʝʤʘʩʢʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

R ʙʳʣʠ ʢʦʤʤʫʪʘʪʠʚʥʳʤʠ.  

ʇʨʦʪʦʢʦʣ ʧʦʜʩʯʸʪʘ ʢʣʶʯʝʡ  

ɺ ʵʪʦʤ ʧʨʦʪʦʢʦʣʝ ʠʟʙʠʨʘʪʝʣʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʯʸʪʥʦʡ ʢʦʤʠʩʩʠʠ (T) ʩʚʦʠ ʢʣʶʯʠ ʜʣʷ 

ʧʦʜʩʯʝʪʘ ʛʦʣʦʩʦʚ ʩ ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʧʦʜʧʠʩʴʶ, ʩʣʝʧʦ ʧʦʜʧʠʩʘʥʥʦʡ ʨʝʛʠʩʪʨʘʪʦʨʦʤ(A). ʂʣʶʯʠ 

ʜʣʷ ʧʦʜʩʯʸʪʘ ʛʦʣʦʩʦʚ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʶʣʣʝʪʝʥʝʡ. 

ʀʟʙʠʨʘʪʝʣʴ V: 

1. ʆʪʧʨʘʚʣʷʝʪ ʩʯʸʪʥʦʡ ʢʦʤʠʩʩʠʠ T ʩʚʦʡ ʦʪʢʨʳʪʳʡ ʢʣʶʯ ʜʣʷ ʧʦʜʩʯʸʪʘ ʛʦʣʦʩʦʚ, 

ʧʦʜʧʠʩʘʥʥʳʡ ʨʝʛʠʩʪʨʘʪʦʨʦʤ: (Ev, Da(h(Ev)).  

ʉʯʸʪʥʘʷ ʢʦʤʠʩʩʠʷ ʊ: 

1. ʇʨʦʚʝʨʷʝʪ ʧʦʜʣʠʥʥʦʩʪʴ ʢʣʶʯʘ ʩʯʝʪʘ V ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

h(Ev) == Ea(Da(h(Ev))) 

2. ɽʩʣʠ ʨʘʚʝʥʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʢʣʶʯ ʜʣʷ ʧʦʜʩʯʸʪʘ ʛʦʣʦʩʦʚ Ev ʘʚʪʦʨʠʟʦʚʘʥ.  

ʇʦ ʠʩʪʝʯʝʥʠʠ ʢʨʘʡʥʝʛʦ ʩʨʦʢʘ ʧʦʜʘʯʠ ʩʯʸʪʥʘʷ ʢʦʤʠʩʩʠʷ ʧʫʙʣʠʢʫʝʪ ʚʩʝ ʘʚʪʦʨʠʟʦʚʘʥʥʳʝ 

ʩʯʸʪʥʳʝ ʢʣʶʯʠ ʠʟʙʠʨʘʪʝʣʝʡ. 

ʇʨʦʪʦʢʦʣ ʧʦʜʩʯʸʪʘ ʛʦʣʦʩʦʚ ʠ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʦʣʦʩʦʚʘʥʠ ̫

ʀʟʙʠʨʘʪʝʣʴ V: 

1. ʆʪʧʨʘʚʣʷʝʪ ʚ ʩʯʸʪʥʫʶ ʢʦʤʠʩʩʠʶ ʊ:  

 ( Ev,  Kv(Bv),  Dv(h(Kv(Bv))) ),  

ʛʜʝ Kv(Bv) ï ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʤ ʢʣʶʯʝ ʠʟʙʠʨʘʪʝʣʷ ʙʶʣʣʝʪʝʥʴ ʩ ʝʛʦ 

ʚʦʣʝʠʟʲʷʚʣʝʥʠʝʤ; 

Dv(h(Kv(Bv))) ï ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʜʧʠʩʴ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʙʶʣʣʝʪʝʥʷ.   

ʉʯʸʪʥʘʷ ʢʦʤʠʩʩʠʷ ʊ: 

1. ʇʨʦʚʝʨʷʝʪ ʥʘʭʦʜʠʪʩʷ ʣʠ ʢʣʶʯ Ev ʚ ʩʧʠʩʢʝ ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʢʣʶʯʝʡ ʜʣʷ ʧʦʜʩʯʸʪʘ 

ʛʦʣʦʩʦʚ, ʟʘʪʝʤ ʧʨʦʚʝʨʷʝʪ ʧʦʜʣʠʥʥʦʩʪʴ ʧʦʜʧʠʩʠ Dv(h(Kv(Bv))) ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʙʶʣʣʝʪʝʥʷ 

Kv(Bv) ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ: 

Ev(Dv(h(Kv(Bv)))) = = h(Kv(Bv)). 

2. ɽʩʣʠ Ev ʥʘʭʦʜʠʪʩʷ ʚ ʩʧʠʩʢʝ ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʢʣʶʯʝʡ ʜʣʷ ʧʦʜʩʯʸʪʘ ʛʦʣʦʩʦʚ ʠ ʨʘʚʝʥʩʪʚʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʩʝʭ ʠʟʙʠʨʘʪʝʣʝʡ, ʩʯʸʪʥʘʷ ʢʦʤʠʩʩʠʷ ʧʫʙʣʠʢʫʝʪ ʢʣʶʯʠ ʠ ʟʘʰʠʬʨʦʚʘʥʥʳʝ 

ʙʶʣʣʝʪʝʥʠ ʚʩʝʭ ʠʟʙʠʨʘʪʝʣʝʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʘʙʣʶʜʘʪʝʣʷʤʠ ʟʘ ʛʦʣʦʩʦʚʘʥʠʝʤ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʘʤʠʤʠ ʠʟʙʠʨʘʪʝʣʷʤʠ): 

(Ev,  Kv(Bv),  Dv(h(Kv(Bv)))). 
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ʀʟʙʠʨʘʪʝʣʴ V: 

1. ʇʨʦʚʝʨʷʝʪ, ʙʳʣ ʣʠ ʝʛʦ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʙʶʣʣʝʪʝʥʴ ʚʢʣʶʯʝʥ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʩʧʠʩʦʢ 

ʜʣʷ ʛʦʣʦʩʦʚʘʥʠʷ. ɽʩʣʠ ʥʝʪ, ʪʦ ʤʦʞʝʪ ʠʩʧʨʘʚʠʪʴ ʵʪʦ, ʦʧʫʙʣʠʢʦʚʘʚ: (Ev, Kv(Bv), Dv(h(Kv(Bv))) 

ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ.  

2. ʆʪʧʨʘʚʣʷʝʪ ʊ ʪʨʦʡʢʫ (Ev, Kv, Dv(h(Kv)) ), 

ʛʜʝ Kv ï ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʣʶʯ, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣ ʟʘʰʠʬʨʦʚʘʥ ʙʶʣʣʝʪʝʥʴ ʠʟʙʠʨʘʪʝʣʷ; Dv(h(Kv)) ï 

ʝʛʦ ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʜʧʠʩʴ. 

ʉʯʸʪʥʘʷ ʢʦʤʠʩʩʠʷ ʊ: 

1. ʇʨʦʚʝʨʷʝʪ ʧʦʜʣʠʥʥʦʩʪʴ Kv ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

Ev(Dv(h(Kv))) == h(Kv) 

2. ɽʩʣʠ Kv ʜʝʡʩʪʚʠʪʝʣʝʥ, ʪʦ ʩʯʸʪʥʘʷ ʢʦʤʠʩʩʠʷ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ Kv(Bv) ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

Kv
-1(Kv(Bv)) Ÿ Bv 

3. ʇʦʜʩʯʠʪʳʚʘʝʪ ʛʦʣʦʩʘ ʠ ʧʫʙʣʠʢʫʝʪ ʚʩʝ ʘʫʪʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ: 

(Bv, Kv(Bv), Kv, Dv(h(Kv(Bv))), Dv(h(Kv)), Ev ) 

ʜʣʷ ʚʩʝʦʙʱʝʡ ʧʨʦʚʝʨʢʠ.  

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʚʩʝʭ ʪʨʸʭ ʧʨʦʪʦʢʦʣʦʚ, ʚʠʜʠʤ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʘʨʪʝʬʘʢʪʘʤʠ ʨʘʟʨʘʙʦʪʢʠ 

ʜʦʣʞʥʳ ʩʪʘʪʴ: ʩʠʩʪʝʤʘ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠ, ʩʠʩʪʝʤʘ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʙʶʣʣʝʪʝʥʝʡ, ʘʣʛʦʨʠʪʤ 

ʭʵʰʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʘʣʛʦʨʠʪʤʝ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʪʦʚʳʭ ʨʝʘʣʠʟʘʮʠʡ ʚʩʝʭ ʪʨʸʭ ʘʨʪʝʬʘʢʪʦʚ, ʥʦ ʧʨʦʙʣʝʤʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʨʘʟʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʜʦʧʫʱʝʥʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʫʧʦʤʷʥʫʪʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʣʶʯʝʡ 

ʰʠʬʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜ ʧʨʦʛʨʘʤʤʠʩʪʘʤʠ, ʢʦʪʦʨʳʝ ʚʦʟʴʤʫʪʩʷ ʟʘ ʨʝʘʣʠʟʘʮʠʶ 

ʘʣʛʦʨʠʪʤʘ He-Su, ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʢʨʳʪʴ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʰʠʬʨʦʚʘʥʠʷ ʠ ʭʵʰʠʨʦʚʘʥʠʷ ʟʘ ʧʨʦʛʨʘʤʤʥʳʤʠ ʘʙʩʪʨʘʢʪʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ 

ʙʫʜʫʱʝʤ ʧʝʨʝʡʪʠ ʠ ʥʘ ʧʦʩʪʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʠʟʘ ʧʦʥʷʪʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʭʝʤʳ ʅʝ-Su ʩʪʘʣʘ 

ʩʣʝʜʫʶʱʘʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʜʠʘʛʨʘʤʤʝ ʢʣʘʩʩʦʚ 

UML (ʨʠʩ.).  

ʉʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ ʪʝ ʩʪʘʪʠʯʝʩʢʠʝ ʘʨʪʝʬʘʢʪʳ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ 

ʩʦʢʨʳʪʠʝʤ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʣʛʦʨʠʪʤʝ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʡʥʦʛʦ ʛʦʣʦʩʦʚʘʥʠʷ. ʉʜʝʣʘʥʦ ʵʪʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ, 

ʘʙʩʪʨʘʢʪʥʳʭ ʢʣʘʩʩʦʚ ʠ ʧʦʣʠʤʦʨʬʠʟʤʘ. 
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ʃʝʤʠʰ ɼ.ɺ. 

ʘʩʧʠʨʘʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʇʈɸʂʊʀʏɽʉʂʆɽ ʇʈʀʄɽʅɽʅʀɽ ʈɸʉʐʀʈɽʅʅʆʁ ʌʆʈʄʓ ɹʕʂʋʉɸ-ʅɸʋʈɸ  

ʅɸ ʇʈʀʄɽʈɽ ʆʇʀʉɸʅʀʗ ɹɸɿʆɺʓʍ ɺʆɿʄʆɾʅʆʉʊɽʁ ʗɿʓʂɸ ʆʇʀʉɸʅʀʗ 

ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ɸʃɻʆʈʀʊʄʆɺ çʆɺɸʃè 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ 

ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʘʚʠʣ ʛʨʘʤʤʘʪʠʢʠ 

ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʷʟʳʢʘ. ʊʘʢʞʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʩʰʠʨʝʥʥʦʡ 

ʬʦʨʤʳ ɹʵʢʫʩʘ-ʅʘʫʨʘ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ, 

ʧʨʠʤʝʥʷʝʤʦʛʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʬʦʨʤʘʣʴʥʦʡ ʛʨʘʤʤʘʪʠʢʠ ʷʟʳʢʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʨʘʞʘʶʪ ʦʧʳʪ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʧʨʘʚʠʣ ʛʨʘʤʤʘʪʠʢʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʷʟʳʢʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʳʡ ʷʟʳʢ; ʨʘʩʰʠʨʝʥʥʘʷ ʬʦʨʤʘ ɹʵʢʫʩʘ-ʅʘʫʨʘ; ʧʨʘʚʠʣʦ; 

ʛʨʘʤʤʘʪʠʢʘ; ʷʟʳʢ ʦʧʠʩʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ.  

 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʙʰʠʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʷʟʳʢʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ, ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʥʝʧʨʝʨʳʚʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ ʩʬʝʨʘʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʀʟʫʯʘʷ ʚʦʧʨʦʩʳ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʷʟʳʢʘʤʠ, ʯʘʩʪʦ 

ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ʩ ʧʦʥʷʪʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʦʜʥʘʢʦ, ʥʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʜʦʙʥʦʝ ʩʫʞʜʝʥʠʝ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʫʩʪʘʨʝʚʰʠʤ ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʨʝʰʘʝʤʳʭ, ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʷʟʳʢʦʚ, ʧʨʦʙʣʝʤ. ʊʘʢ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʦʤʠʤʦ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʩʫʱʝʩʪʚʫʶʪ: ʷʟʳʢʠ ʨʘʟʤʝʪʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʩ ʮʝʣʴʶ 

ʬʦʨʤʘʪʠʨʦʚʘʥʥʦʛʦ ʚʳʚʦʜʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʢʦʥʪʝʥʪʘ; ʷʟʳʢʠ ʟʘʧʨʦʩʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ; ʩʢʨʠʧʪʦʚʳʝ ʷʟʳʢʠ (ʠʣʠ ʷʟʳʢʠ ʩʮʝʥʘʨʠʝʚ), 

ʦʧʠʩʳʚʘʶʱʠʝ, ʚ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʷʟʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʬʦʨʤʝ, 

ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; ʷʟʳʢʠ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ; ʧʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʧʨʘʚʠʣʘ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ; 

ʧʨʝʜʤʝʪʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʷʟʳʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʫʟʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ ʚ 

ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (https://clck.ru/39YjbC). 

ɺ ʪʝʢʫʱʠʭ ʫʩʣʦʚʠʷʭ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʚ ʩʚʷʟʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, 

ʥʘʢʣʘʜʳʚʘʝʤʳʤʠ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʦʟʥʠʢʘʝʪ 

ʦʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʩʥʠʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʫʚʝʨʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʢʘʪʝʛʦʨʠʠ 
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ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʜʣʝʞʘʱʝʛʦ ʟʘʤʝʱʝʥʠʶ, ʨʝʘʣʠʟʫʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʷʟʳʢʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʜʘʧʪʘʮʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ Scilab, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʥʞʝʥʝʨʥʳʭ ʠ ʥʘʫʯʥʳʭ ʨʘʩʯʝʪʦʚ, ʨʝʘʣʠʟʫʝʪ ʦʜʥʦʠʤʝʥʥʳʡ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʯʠʩʣʝʥʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ɿʘʤʝʱʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʥʘʫʯʥʦʡ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʦʙʨʘʙʦʪʯʠʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ çʆɺɸʃè, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʜʥʦʠʤʝʥʥʦʤ ʷʟʳʢʝ 

ʦʧʠʩʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʠʪ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʨʦʩʩʠʡʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʦʪ 

ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʜʘʥʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [4]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʦʧʳʪʘ ʦʧʠʩʘʥʠʷ ʛʨʘʤʤʘʪʠʢʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʷʟʳʢʘ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʰʠʨʝʥʥʦʡ ʬʦʨʤʳ ɹʵʢʫʩʘ-

ʅʘʫʨʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ; 

2. ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʰʠʨʝʥʥʦʡ ʬʦʨʤʳ ɹʵʢʫʩʘ-ʅʘʫʨʘ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʷʟʳʢʦʚ; 

3. ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʠʩʘʥʠʶ ʛʨʘʤʤʘʪʠʢʠ ʯʠʩʣʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ 

ʦʧʠʩʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʝʛʦ ʙʘʟʦʚʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʪʝʦʨʠʷ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ. ʇʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʰʠʨʝʥʥʦʡ ʬʦʨʤʳ ɹʵʢʫʩʘ-ʅʘʫʨʘ 

ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʷʟʳʢʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʠ ʩʠʥʪʝʟʝ ʦʙʰʠʨʥʦʡ ʙʘʟʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʩʚʝʜʝʥʠʡ, ʦʩʚʝʱʘʶʱʠʭ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʷʟʳʢʦʚ, ʘ ʪʘʢʞʝ 

ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʨʘʩʰʠʨʝʥʥʦʡ ʬʦʨʤʳ ɹʵʢʫʩʘ-ʅʘʫʨʘ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʷʟʳʢʘ. 

ɸʥʘʣʠʟʠʨʫʷ ʦʪʢʨʳʪʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʘʫʯʥʳʝ ʪʨʫʜʳ ʘʚʪʦʨʦʚ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʪʝʨʤʠʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʷʟʳʢʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʝʨʤʠʥ çʂʦʤʧʴʶʪʝʨʥʳʡ ʷʟʳʢè ʫʧʦʪʨʝʙʣʷʶʪ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʫʞʘʷ, ʪʝʤ ʩʘʤʳʤ, ʝʛʦ ʩʤʳʩʣ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʯʨʝʟʤʝʨʥʦ ʘʙʩʪʨʘʛʠʨʫʷʩʴ ʦʪ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ, ʢʦʤʧʴʶʪʝʨʥʳʡ ʷʟʳʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʯʝʣʦʚʝʢʘ ʩ ʵʣʝʢʪʨʦʥʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ. ʉʠʥʪʝʟʠʨʫʷ ʠʟʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʤʧʴʶʪʝʨʥʳʡ ʷʟʳʢ, ʢʘʢ ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʦʧʝʨʠʨʫʶʱʠʡ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʷʟʳʢʘ ʪʝʨʤʠʥʘʤʠ ʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, 
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ʦʙʣʘʜʘʶʱʠʡ ʩʦʙʩʪʚʝʥʥʳʤ ʘʣʬʘʚʠʪʦʤ ʠ ʩʝʤʘʥʪʠʢʦʡ, ʠ ʧʦʜʯʠʥʷʶʱʠʡʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʷʟʳʢʘ ʧʨʘʚʠʣʘʤ ʛʨʘʤʤʘʪʠʢʠ [1; 2]. 

ʀʟʫʯʝʥʠʝʤ ʤʝʪʦʜʦʚ ʦʧʠʩʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʷʟʳʢʦʚ ʟʘʥʠʤʘʝʪʩʷ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ 

ʩʪʳʢʝ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ, ʠʟʚʝʩʪʥʦʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʪʝʦʨʠʷ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ 

ʛʨʘʤʤʘʪʠʢ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʩʨʝʜʩʪʚ ʦʧʠʩʘʥʠʷ ʬʦʨʤʘʣʴʥʦʛʦ ʷʟʳʢʘ, ʟʜʝʩʴ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʛʨʘʤʤʘʪʠʢʘ ï ʩʠʩʪʝʤʘ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʩʧʦʩʦʙʳ 

ʩʦʟʜʘʥʠʷ ʩʪʨʦʢ ʠʟ ʩʠʤʚʦʣʦʚ ʘʣʬʘʚʠʪʘ. ɻʨʘʤʤʘʪʠʢʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ '  6ȟɫȟ3ȟ0, ʛʜʝ V ï 

ʤʥʦʞʝʩʪʚʦ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ, Ɇ ï ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ, S ï ʥʘʯʘʣʴʥʳʡ 

ʩʠʤʚʦʣ, P ï ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ (https://clck.ru/39YjeS). 

ɺ ʢʦʥʪʝʢʩʪʝ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ, ʪʝʨʤʠʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ 

(ʪʝʨʤʠʥʘʣʳ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʪʨʦʢʘʭ 

ʷʟʳʢʘ. ʅʘʧʨʠʤʝʨ, ʚ ʷʟʳʢʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʮʠʬʨʳ, ʟʥʘʢʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʩʢʦʙʢʠ ʠ ʪ.ʜ. ʅʝʪʝʨʤʠʥʘʣʴʥʳʤʠ 

ʩʠʤʚʦʣʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʪʨʦʢʘʭ ʷʟʳʢʘ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. ʅʘʧʨʠʤʝʨ, ʚ ʫʢʘʟʘʥʥʦʤ ʚʳʰʝ ʷʟʳʢʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ 

ʥʝʪʝʨʤʠʥʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʩʪʨʦʢʠ: çʧʨʦʠʟʚʝʜʝʥʠʝè, çʯʘʩʪʥʦʝè, çʩʫʤʤʘè, 

çʨʘʟʥʦʩʪʴè ʠ ʪ. ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ ʷʚʣʷʶʪʩʷ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ ʛʨʘʤʤʘʪʠʢ, ʚ 

ʦʪʣʠʯʠʠ ʦʪ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʛʨʫʧʧʘʤʠ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʩʠʤʚʦʣʦʚ ʠ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʶʪʩʷ ʩʠʥʪʘʢʩʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ.  

ʅʘʯʘʣʴʥʳʤ ʩʠʤʚʦʣʦʤ, ʚ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ, ʷʚʣʷʝʪʩʷ ʩʠʤʚʦʣ, ʩ 

ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʩʪʨʦʢʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʷʟʳʢʘ. ʅʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʫʢʘʟʘʪʝʣʷ ʥʘ ʪʦ, ʩ ʢʘʢʦʛʦ ʩʠʤʚʦʣʘ ʥʫʞʥʦ ʥʘʯʠʥʘʪʴ ʘʥʘʣʠʟ ʩʪʨʦʢʠ, ʚʝʜʴ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ 

ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ ʪ.ʢ. ʩʪʘʥʦʚʠʪʩʷ ʥʝʷʩʥʦ, ʩ ʢʘʢʦʛʦ ʤʝʩʪʘ ʚ 

ʩʪʨʦʢʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʠʥʘʪʴ ʘʥʘʣʠʟ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ ʥʝ ʤʦʞʝʪ 

ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʣʶʙʦʛʦ ʧʨʘʚʠʣʘ ʛʨʘʤʤʘʪʠʢʠ, ʪʘʢ ʢʘʢ ʵʪʦ ʦʟʥʘʯʘʣʦ ʙʳ, ʯʪʦ ʦʥ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʚʝʜʝʥ ʠʟ ʩʘʤʦʛʦ ʩʝʙʷ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʧʨʝʜʝʣʝʥʠʶ ʛʨʘʤʤʘʪʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ ʧʨʠʥʘʜʣʝʞʠʪ ʤʥʦʞʝʩʪʚʫ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ. 

ʇʨʘʚʠʣʘ ʚʳʚʦʜʘ, ʚ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ, ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷʤʠ 

ʪʦʛʦ, ʢʘʢ ʩʪʨʦʷʪʩʷ ʩʪʨʦʢʠ ʚ ʷʟʳʢʝ, ʧʦʨʦʞʜʘʝʤʦʤ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʦʡ ʠ ʠʤʝʶʪ ʚʠʜ !ᴼɻ, ʛʜʝ 

A ï ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ, ɻ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʝʨʤʠʥʘʣʴʥʳʭ ʠ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ 

ʩʠʤʚʦʣʦʚ. ʇʨʦʮʝʩʩ ʚʳʚʦʜʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ S, ʧʦʩʣʝ ʯʝʛʦ 

ʩʣʝʜʫʝʪ ʟʘʤʝʥʘ ʧʦʜʩʪʨʦʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʝʚʦʤʫ ʩʠʤʚʦʣʫ ʧʨʘʚʠʣʘ ʥʘ ʝʛʦ ʧʨʘʚʫʶ ʯʘʩʪʴ. 

ʇʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʝ ʥʝʪʝʨʤʠʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ ʥʝ ʙʫʜʫʪ ʟʘʤʝʥʝʥʳ ʥʘ 

ʪʝʨʤʠʥʘʣʴʥʳʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ '  3ȟ!ȟÁȟ3ȟ0, ʛʜʝ 0 3O !Ƞ!ᴼÁ, 

ʧʨʦʮʝʩʩ ʚʳʚʦʜʘ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 3O 3!!OÁÁÁ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʥʪʘʢʩʠʩʘ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʤʝʪʦʜʘʤ, 

ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʨʘʩʰʠʨʝʥʥʘʷ ʬʦʨʤʘ ɹʵʢʫʩʘ-ʅʘʫʨʘ (ʈɹʅʌ), ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʝʙʝʟʳʟʚʝʩʪʥʳʤ ʰʚʝʡʮʘʨʩʢʠʤ 

ʫʯʸʥʳʤ ʠ ʩʧʝʮʠʘʣʠʩʪʦʤ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠ ï ʅʠʢʣʘʫʩʦʤ ɺʠʨʪʦʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ 
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ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʦʜʥʠʭ ʢʘʪʝʛʦʨʠʡ ʷʟʳʢʘ ʯʝʨʝʟ ʜʨʫʛʠʝ. 

ʂʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʈɹʅʌ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʝ ʠ ʝʤʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʫʧʨʦʩʪʠʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʦʧʠʩʘʥʠʷ ʷʟʳʢʘ, ʩʦʭʨʘʥʷʷ, ʧʨʠ ʵʪʦʤ, ʪʫ ʞʝ ʩʪʝʧʝʥʴ ʝʛʦ 

ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʈɹʅʌ, ʦʜʥʘʢʦ 

ʦʬʠʮʠʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʷʚʣʷʝʪʩʷ ISO/IEC 14977 (3; https://clck.ru/39YjeS; 

https://clck.ru/39Ymb8). 

ɸʥʘʣʦʛʠʯʥʦ ʰʪʘʪʥʦʡ ʬʦʨʤʝ ɹʵʢʫʩʘ-ʅʘʫʨʘ, ʝʸ ʨʘʩʰʠʨʝʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʧʨʘʚʠʣ ʛʨʘʤʤʘʪʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʠ 

ʥʝʪʝʨʤʠʥʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ. ɼʘʥʥʳʝ ʧʨʘʚʠʣʘ ʠʤʝʶʪ ʚʠʜ: çʠʜʝʥʪʠʬʠʢʘʪʦʨ = ʚʳʨʘʞʝʥʠʝè, 

ʛʜʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ï ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ, ʘ ʚʳʨʘʞʝʥʠʝ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʘʚʠʣʘʤ 

ʈɹʅʌ ʢʦʤʙʠʥʘʮʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʠ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ. ʇʦʣʥʳʤ ʦʧʠʩʘʥʠʝʤ 

ʛʨʘʤʤʘʪʠʢʠ ʚ ʈɹʅʌ ʩʯʠʪʘʝʪʩʷ ʥʘʙʦʨ ʧʨʘʚʠʣ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʩʝ 

ʥʝʪʝʨʤʠʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥ ʢ ʢʦʤʙʠʥʘʮʠʠ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣ. ʇʨʠ ʵʪʦʤ, ʚ ʈɹʅʌ ʥʝ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʧʦʨʷʜʦʢ ʟʘʧʠʩʠ ʧʨʘʚʠʣ. 

ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʚʳʨʘʞʝʥʠʡ ʈɹʅʌ ʦʪʥʦʩʷʪʩʷ: ʢʦʥʢʘʪʝʥʘʮʠʷ, ʚʳʙʦʨ, ʫʩʣʦʚʥʦʝ 

ʚʭʦʞʜʝʥʠʝ, ʧʦʚʪʦʨʝʥʠʝ, ʛʨʫʧʧʠʨʦʚʢʘ.  

ʂʦʥʢʘʪʝʥʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʝʨʘʮʠʶ ʦʙʲʝʜʠʥʝʥʠʷ ʦʙʲʝʢʪʦʚ (ʦʙʳʯʥʦ ʩʪʨʦʢ ʠ 

ʩʠʤʚʦʣʦʚ) ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʟʥʘʢʦʤ ʟʘʧʷʪʦʡ. ʇʨʠʤʝʨʦʤ ʢʦʥʢʘʪʝʥʘʮʠʠ ʚ ʈɹʅʌ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʨʘʚʠʣʦ: çɸ = ɹ, ɺ, ɻè, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ, ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ çɸè ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʪʨʦʢʫ, ʩʦʩʪʘʚʣʝʥʥʫʶ ʧʨʠ ʧʦʤʦʱʠ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ çɹè, çɺè ʠ 

çɻè. 

ɺʳʙʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʝʨʘʮʠʶ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ, ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ 

ʩʠʤʚʦʣ, ʨʘʩʧʦʣʘʛʘʝʤʳʡ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʧʨʘʚʠʣʘ ʤʦʞʝʪ ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʧʨʘʚʠʣʘ ʵʣʝʤʝʥʪʦʚ. ʇʨʠʤʝʨʦʤ ʚʳʙʦʨʘ ʚ ʈɹʅʌ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʘʚʠʣʦ: çɸ = ñɸò | ñʘòè, 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ, ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ çɸè ʤʦʞʝʪ ʩʪʘʪʴ ʣʠʙʦ ʧʨʦʧʠʩʥʦʡ, ʣʠʙʦ 

ʩʪʨʦʯʥʦʡ ʙʫʢʚʦʡ çɸè. 

ʋʩʣʦʚʥʦʝ ʚʭʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʝʨʘʮʠʶ ʚʳʜʝʣʝʥʠʷ ʥʝʦʙʷʟʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʳʨʘʞʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ, ʥʝʪʝʨʤʠʥʘʣʴʥʦʤʫ ʩʠʤʚʦʣʫ, ʨʘʩʧʦʣʘʛʘʝʤʦʤʫ 

ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʧʨʘʚʠʣʘ, ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʣʝʤʝʥʪ ʠʟ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʨʘʚʠʣʘ, ʟʘʢʣʶʯʝʥʥʳʡ 

ʚ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʵʢʟʝʤʧʣʷʨʝ, 

ʣʠʙʦ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ. ʇʨʠʤʝʨʦʤ ʫʩʣʦʚʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʘʚʠʣʦ: çɸ = [ɹ]è, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ, ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ çɸè ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʫʩʪʦʡ 

ʵʣʝʤʝʥʪ, ʣʠʙʦ ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ çɹè. 

ʇʦʚʪʦʨʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʝʨʘʮʠʶ ʢʦʥʢʘʪʝʥʘʮʠʠ ʣʶʙʦʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ, 

ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʨʘʚʠʣʘ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʬʠʛʫʨʥʳʝ ʩʢʦʙʢʠ. ʇʨʠʤʝʨʦʤ 

ʧʦʚʪʦʨʝʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʘʚʠʣʦ çɸ = {ñʘò}è, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ 

ʩʠʤʚʦʣ çɸè ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʫʩʪʦʡ ʵʣʝʤʝʥʪ, ʣʠʙʦ ʨʝʟʫʣʴʪʘʪ ʢʦʥʢʘʪʝʥʘʮʠʠ ʣʶʙʦʛʦ 

ʯʠʩʣʘ ʙʫʢʚ çʘè.  
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ɻʨʫʧʧʠʨʦʚʢʘ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ ʈɹʅʌ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʣʦʞʥʦʝ ʚʳʨʘʞʝʥʠʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʨʘʚʠʣʦʤ çɸ = (ɹ, ɺ) | (ɻ, ɼ)è, ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ çɸè ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʪʨʦʢʦʡ, 

ʩʦʩʪʘʚʣʝʥʥʦʡ ʧʨʠ ʧʦʤʦʱʠ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ çɸè ʠ çɹè, ʣʠʙʦ ʩʪʨʦʢʦʡ, ʩʦʩʪʘʚʣʝʥʥʦʡ 

ʧʨʠ ʧʦʤʦʱʠ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ çɺè ʠ çɻè (https://clck.ru/39YjeS). 

ʇʨʠʤʝʥʷʷ ʠʟʣʦʞʝʥʥʳʝ ʚʳʰʝ ʧʦʣʦʞʝʥʠʷ ʈɹʅʌ ʧʨʦʠʟʚʝʜʝʤ ʦʧʠʩʘʥʠʝ ʙʘʟʦʚʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʷʟʳʢʘ çʆɺɸʃè. ɺʚʠʜʫ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʜʘʥʥʳʡ ʷʟʳʢ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʈʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ, ʘʣʬʘʚʠʪ ʷʟʳʢʘ ʙʫʜʝʪ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʙʫʢʚʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʫʩʩʢʦʛʦ ʘʣʬʘʚʠʪʘ. ɿʘʧʠʩʴ ʜʘʥʥʦʛʦ ʧʨʘʚʠʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʆʧʠʩʘʥʠʝ ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ çɹʫʢʚʘè 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʮʝʣʦʝ ʯʠʩʣʦ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʟʥʘʯʝʥʠʝʤ 0, ʥʦ ʥʝ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴʩʷ ʩ ʥʫʣʷ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ ʢʘʢ 0, ʣʠʙʦ ʢʘʢ ʦʜʥʫ ʠʟ ʮʠʬʨ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʥʦʞʝʩʪʚʫ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 9 (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʥʷʪʠʷ ʮʠʬʨʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ 

çʮʠʬʨʘè ʚ ʷʟʳʢʝ çʆɺɸʃè ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʚʫʤʷ ʧʨʘʚʠʣʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʆʧʠʩʘʥʠʝ ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ çʎʠʬʨʘè 

 

ʉ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʘʟʦʚʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʣʦʞʝʥʠʝ, 

ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʠ ʜʝʣʝʥʠʝ, ʚ ʷʟʳʢʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʠʤʚʦʣʳ ʜʘʥʥʳʭ 

ʦʧʝʨʘʮʠʡ. ʇʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʠʤʚʦʣʳ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3. ʆʧʠʩʘʥʠʝ ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ çɿʥʘʢɸʨʠʬʆʧʝʨè 

 

ɸʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ, ʦʧʝʨʠʨʫʶʪ ʯʠʩʣʘʤʠ, ʩʦʩʪʘʚʣʷʝʤʳʤʠ ʧʨʠ 

ʧʦʤʦʱʠ ʮʠʬʨ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʠʩʣʘ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʮʝʣʳʤʠ, ʪʘʢ ʠ ʜʨʦʙʥʳʤʠ. ʅʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʟʳʢʘ çʆɺɸʃè ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʯʠʩʣʦʚʦʡ ʪʠʧ ʜʘʥʥʳʭ 

ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʝʙʝ ʦʙʝ ʢʘʪʝʛʦʨʠʠ ʯʠʩʝʣ, ʦʜʥʘʢʦ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʘʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ 
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ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ ʮʝʣʳʭ ʯʠʩʝʣ, ʜʨʦʙʥʳʝ ʯʠʩʣʘ ʤʦʛʫʪ ʥʘʯʠʥʘʪʴʩʷ 

ʩ ʥʫʣʷ ʠ ʧʨʠʥʠʤʘʪʴ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ, ʢʘʢ: 0.5, 0.025, 0.00125 ʠ ʪ.ʜ. ʇʨʘʚʠʣʦ, 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʷʟʳʢʘ, ʯʠʩʝʣ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩ. 4. ʆʧʠʩʘʥʠʝ ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ çʏʠʩʣʦè 

 

ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʣʶʙʦʛʦ ʷʟʳʢʘ, ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʩʪʨʦʢʠ (ʩʪʨʦʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʣʠ 

ʣʠʪʝʨʘʣʳ). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʪʨʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʚ, ʢʦʪʦʨʳʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʘʚʣʷʶʪʩʷ ʠʟ ʩʠʤʚʦʣʦʚ ʷʟʳʢʘ. ɺ ʨʘʤʢʘʭ ʣʠʪʝʨʘʣʘ ʩʠʤʚʦʣʳ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʢʘʢ ʙʫʢʚʘʤʠ, ʪʘʢ ʠ ʮʠʬʨʘʤʠ, ʟʥʘʢʘʤʠ ʧʨʝʧʠʥʘʥʠʷ, ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʠ ʪ.ʜ. ɼʣʷ 

ʦʪʜʝʣʝʥʠʷ ʣʠʪʝʨʘʣʘ ʦʪ ʤʥʦʞʝʩʪʚʘ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ, ʩʪʨʦʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʜʘʥʥʳʡ 

ʣʠʪʝʨʘʣ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʚʦʡʥʳʝ ʢʘʚʳʯʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʣʠʪʝʨʘʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʠʩʘʪʴ ʤʥʦʞʝʩʪʚʦ ʩʠʤʚʦʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʜʘʥʥʳʡ ʣʠʪʝʨʘʣ ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥ, ʟʘʢʣʶʯʝʥʥʦʝ 

ʚ ʜʚʦʡʥʳʝ ʢʘʚʳʯʢʠ. ʇʨʘʚʠʣʘ ʦʧʠʩʘʥʠʷ ʣʠʪʝʨʘʣʦʚ ʠ ʠʭ ʩʠʤʚʦʣʦʚ ʦʪʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩ. 5. ʆʧʠʩʘʥʠʝ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ çʃʠʪʉʠʤʚʦʣè ʠ çʃʠʪʝʨʘʣè 

 

ʉ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʩʠʤʚʦʣʳ 

ʢʦʪʦʨʳʭ ʦʪʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3, ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʧʨʘʚʠʣʘ ʧʦʩʪʨʦʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʚʳʨʘʞʝʥʠʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʝʨʘʮʠʝʡ, ʩʚʷʟʳʚʘʶʱʝʡ ʜʚʘ ʦʧʝʨʘʥʜʘ. 

ʇʨʠ ʵʪʦʤ, ʢʘʞʜʳʡ ʠʟ ʦʧʝʨʘʥʜʦʚ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʘʢʦʝ-ʣʠʙʦ ʯʠʩʣʦ ʠʣʠ ʨʝʟʫʣʴʪʘʪ 

ʚʳʯʠʩʣʝʥʠʷ ʜʨʫʛʦʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʫʨʩʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ ʚʳʨʘʞʝʥʠʡ. 

ʆʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʘʚʠʣʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩ. 6. ʆʧʠʩʘʥʠʝ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ çɸʨʠʬʆʧʝʨʘʮʠʷè ʠ çɸʨʠʬʆʧʝʨʘʥʜè 

 

ɺʳʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʦʡ ʢʘʪʝʛʦʨʠʠ ʜʣʷ ʮʠʬʨ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʷʟʳʢʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʧʦʤʠʤʦ ʯʠʩʝʣ, ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ çʦʧʝʨʘʥʜè ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʟʥʘʯʝʥʠʝ, ʭʨʘʥʠʤʦʝ ʚ ʧʝʨʝʤʝʥʥʦʡ. 
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ʂ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʷʟʳʢʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʦʢ ʠ ʧʨʝʜʣʦʞʝʥʠʡ ʠʟ ʣʠʪʝʨʘʣʦʚ ʷʟʳʢʘ, ʯʪʦ ʧʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʭ ʢʦʥʢʘʪʝʥʘʮʠʠ. 

ʇʨʘʚʠʣʦ ʢʦʥʢʘʪʝʥʘʮʠʠ ʣʠʪʝʨʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 
 

ʈʠʩ. 7. ʆʧʠʩʘʥʠʝ ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ çʂʦʥʢʘʪʝʥʘʮʠʷè 

 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʨʘʚʠʣʘ ʛʨʘʤʤʘʪʠʢʠ ʷʟʳʢʘ çʆɺɸʃè, ʫʞʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʩʪʝʡʰʝʡ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ 

ʚʳʯʠʩʣʝʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʢʦʥʢʘʪʝʥʘʮʠʶ ʩʪʨʦʢ. ʇʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ 

ʛʨʘʤʤʘʪʠʢʠ ʷʟʳʢʘ çʆɺɸʃè ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʧʨʠʣʦʞʝʥʠʠ 1. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʘʚʠʣ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ (0.012 + 5.2) * 8, ʨʘʟʙʦʨ 

ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 8. 

 
 

ʈʠʩ. 8. ʈʘʟʙʦʨ ʩʪʨʦʢʠ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ 

 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʠʩʭʦʜʥʘʷ ʩʪʨʦʢʘ (0.12 + 5.2) * 8 ʧʨʠʥʘʜʣʝʞʠʪ ʷʟʳʢʫ çʆɺɸʃè ʠ 

ʷʚʣʷʝʪʩʷ ʥʝʪʝʨʤʠʥʘʣʴʥʳʤ ʩʠʤʚʦʣʦʤ çɸʨʠʬɺʳʨʘʞʝʥʠʝè, ʩʦʩʪʦʷʱʠʤ ʠʟ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ 

ʩʠʤʚʦʣʦʚ çɸʨʠʬɺʳʨʘʞʝʥʠʝè, çɿʥʘʢɸʨʠʬʆʧʝʨè ʠ çɸʨʠʬʆʧʝʨʘʥʜè, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʘʚʠʣʫ ʦʧʨʝʜʝʣʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ.  

ʅʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ çɸʨʠʬɺʳʨʘʞʝʥʠʝè, ʨʘʩʧʦʣʘʛʘʝʤʳʡ ʚ ʣʝʚʦʡ ʯʘʩʪʠ, ʪʘʢʞʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʩʦʩʪʦʠʪ ʠʟ ʩʠʤʚʦʣʘ 

ʦʪʢʨʳʚʘʶʱʝʡ ʩʢʦʙʢʠ, ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ çʏʠʩʣʦè, ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʚ ʣʝʚʦʡ ʯʘʩʪʠ, 

ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ çɿʥʘʢɸʨʠʬʆʧʝʨè, ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ çʏʠʩʣʦè, 

ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʠ ʩʠʤʚʦʣʘ ʟʘʢʨʳʚʘʶʱʝʡ ʩʢʦʙʢʠ. ʅʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ 

çʏʠʩʣʦè, ʨʘʩʧʦʣʘʛʘʝʤʳʡ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʜʘʥʥʦʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
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ʧʨʘʚʠʣʫ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʠʤʚʦʣʘ 0, ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʥʘ ʧʝʨʚʦʡ ʧʦʟʠʮʠʠ, 

ʩʠʤʚʦʣʘ ʪʦʯʢʠ ʠ ʤʥʦʞʝʩʪʚʘ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ çʎʠʬʨʘè, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ çʅʘʪʫʨʎʠʬʨʘè. ʅʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ 

çʏʠʩʣʦè, ʨʘʩʧʦʣʘʛʘʝʤʳʡ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʚʠʣʫ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ çʎʠʬʨʘè, ʩʠʤʚʦʣʘ ʪʦʯʢʠ ʠ ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ 

çʎʠʬʨʘè. ʇʨʘʚʘʷ ʯʘʩʪʴ ʠʩʭʦʜʥʦʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ çɸʨʠʬʆʧʝʨʘʥʜè, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ 

ʥʝʪʝʨʤʠʥʘʣʴʥʳʤ ʩʠʤʚʦʣʦʤ çʅʘʪʫʨʎʠʬʨʘè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ 

ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʦʧʠʩʘʥʠʠ ʙʘʟʦʚʳʭ ʧʨʘʚʠʣ 

ʛʨʘʤʤʘʪʠʢʠ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ çʆɺɸʃè. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʜʘʣʦʩʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʛʨʘʤʤʘʪʠʢʫ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʷʟʳʢʘ ʠ 

ʧʨʦʚʝʩʪʠ ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʨʘʟʙʦʨ ʧʨʝʜʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʩʪʨʦʢʘ 

ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʝʢʪʠʨʫʝʤʦʤʫ ʷʟʳʢʫ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʷʟʳʢʘ çʆɺɸʃè ʠ ʙʫʜʫʪ ʧʨʠʤʝʥʝʥʳ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʙʦʪʯʠʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 
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ʩʪʫʜʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʆʃʔɿʆɺɸʊɽʃʔʉʂʆɻʆ ʀʅʊɽʈʌɽʁʉɸ ʅɸ ʗɿʓʂɽ XAML  

(ʅɸ ʆʉʅʆɺɽ WINDOWS PRESENTATION FOUNDATION ) 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʜʝʢʣʘʨʘʪʠʚʥʦʤ ʷʟʳʢʝ eXtensible Application Markup Language (XAML ), 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʨʘʟʤʝʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʚ Windows Presentation Foundation (WPF), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʷʟʳʢʝ XML. ʉʪʘʪʴʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʨʦʙʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʥʘ ʷʟʳʢʝ XAML, ʥʘʯʠʥʘʷ ʩ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʷʟʳʢʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ ʩʠʥʪʘʢʩʠʩʘ, 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʤʝʪʢʠ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠ ʧʦʤʦʱʠ ʩʝʪʢʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʪʠʣʝʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ; eXtensible Application Markup Language 

XAML; Windows presentation foundation; WPF.  

 

Windows Presentation Foundation ʷʚʣʷʝʪʩʷ ʤʦʱʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʧʣʘʪʬʦʨʤʝ .NET. ʆʥʘ ʧʨʝʜʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ, ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠ ʵʩʪʝʪʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʷʟʳʢʘ ʨʘʟʤʝʪʢʠ XAML, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʩ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

C#. 

ɹʣʘʛʦʜʘʨʷ XAML, ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʣʝʛʢʦ ʨʘʟʜʝʣʷʪʴ ʜʠʟʘʡʥ ʠ ʣʦʛʠʢʫ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʢʦʤʘʥʜʥʫʶ ʨʘʙʦʪʫ ʠ ʧʦʟʚʦʣʷʝʪ ʜʠʟʘʡʥʝʨʘʤ ʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦʩʨʝʜʦʪʘʯʠʚʘʪʴʩʷ ʥʘ 

ʩʚʦʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ. ʕʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʸʛʢʦʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ 

ʢʦʜʘ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʳʙʦʨʘ WPF ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʷʚʣʷʝʪʩʷ ʛʠʙʢʦʩʪʴ ʠ ʤʦʱʥʦʩʪʴ ʷʟʳʢʘ ʨʘʟʤʝʪʢʠ XAML. XAML ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʠʥʪʝʨʬʝʡʩ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʨʘʟʤʝʪʢʠ ʜʦʢʫʤʝʥʪʘ, ʠʩʧʦʣʴʟʫʷ ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʩʠʥʪʘʢʩʠʩ, ʧʦʭʦʞʠʡ ʥʘ 

XML. ʕʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʠ 

ʫʜʦʙʥʳʤ. 

XAML ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦʟʜʘʚʘʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ, ʪʘʢʠʝ ʢʘʢ 

ʢʥʦʧʢʠ, ʪʝʢʩʪʦʚʳʝ ʧʦʣʷ, ʠʟʦʙʨʘʞʝʥʠʷ, ʩʧʠʩʢʠ ʠ ʜʨʫʛʠʝ, ʠ ʩʪʠʣʠʟʦʚʘʪʴ ʠʭ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ, ʘʥʠʤʘʮʠʠ ʠ ʰʘʙʣʦʥʦʚ. ʕʪʦ ʜʘʸʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʚʥʝʰʥʠʤ ʚʠʜʦʤ ʠ ʧʦʚʝʜʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ, ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ. 

ɽʱʸ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ XAML ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʥʪʝʛʨʘʮʠʷ ʩ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

C#. ʈʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʷʟʳʚʘʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ ʩ 

ʜʘʥʥʳʤʠ ʠʟ ʤʦʜʝʣʠ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʳʪʠʷ ʠ ʢʦʤʘʥʜʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 
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ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ, 

ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʚʚʦʜ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʙʥʦʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ. 

WPF ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦʤ ʚʩʪʨʦʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (controls), ʢʦʪʦʨʳʝ 

ʧʦʢʨʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʆʥʠ 

ʧʨʝʜʣʘʛʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʪʘʢʫʶ ʢʘʢ ʨʘʩʢʣʘʜʢʘ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʢʨʫʪʢʘ, ʚʘʣʠʜʘʮʠʷ ʜʘʥʥʳʭ 

ʠ ʜʨʫʛʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʙʠʟʥʝʩ-ʣʦʛʠʢʝ ʧʨʠʣʦʞʝʥʠʷ, ʥʝ 

ʪʨʘʪʷ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ ʩ ʥʫʣʷ. 

ɹʦʣʝʝ ʪʦʛʦ, WPF ʦʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʩʪʨʘʠʚʘʪʴ ʚʠʟʫʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʝʦʙʨʘʟʫʷ 

ʠʭ ʚ 3D ʦʙʲʝʢʪʳ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʘ çSystem.Windows.Media.Media3Dè. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʪʨʸʭʤʝʨʥʳʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʚ ʩʬʝʨʘʭ ʨʘʟʨʘʙʦʪʢʠ 

ʠʛʨ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘʢʦʥʝʮ, WPF ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʝʩʫʨʩʳ ʩʪʠʣʝʡ ʠ ʰʘʙʣʦʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʩʦʟʜʘʚʘʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦ ʦʨʛʘʥʠʟʫʷ ʜʠʟʘʡʥ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʝʛʦ ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ. 

ɺ ʮʝʣʦʤ, ʚʳʙʦʨ WPF ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʷʟʳʢʝ XAML ʠ 

ʥʘ ʦʩʥʦʚʝ Windows Presentation Foundation ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ, ʛʠʙʢʠʭ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ .NET 

ʧʨʠʣʦʞʝʥʠʡ, ʠʩʢʣʶʯʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ ʩ ʥʫʣʷ ʠ ʧʨʝʜʣʘʛʘʷ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʢʘʩʪʦʤʠʟʘʮʠʠ ʠ ʜʠʟʘʡʥʫ. 

ʇʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʢʦʜʘ ʜʣʷ ʷʟʳʢʘ ʨʘʟʤʝʪʢʠ XAML ʚ WPF ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʛʦʚ, ʵʣʝʤʝʥʪʦʚ ʠ ʘʪʨʠʙʫʪʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʠ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʵʣʝʤʝʥʪʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɺʦʪ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʩʠʥʪʘʢʩʠʩ ʷʟʳʢʘ XAML: 

¶ ʢʦʨʥʝʚʦʡ ʵʣʝʤʝʥʪ ï ʚʝʩʴ ʢʦʜ XAML ʨʘʟʤʝʱʘʝʪʩʷ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʢʦʨʥʝʚʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʦʙʳʯʥʦ çWindowè ʜʣʷ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ çUserControlè ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ; 

¶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʸʥ ï ʧʨʝʞʜʝ ʯʝʤ ʥʘʯʘʪʴ ʦʧʠʩʳʚʘʪʴ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ, ʥʫʞʥʦ 

ʫʢʘʟʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʤʸʥ WPF, ʠʩʧʦʣʴʟʫʷ ʘʪʨʠʙʫʪ xmlns: 

çxmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"è; 

¶ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ïʚʥʫʪʨʠ ʢʦʨʥʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʟʤʝʱʘʶʪʩʷ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ, 

ʪʘʢʠʝ ʢʘʢ ʢʥʦʧʢʠ, ʤʝʪʢʠ, ʪʝʢʩʪʦʚʳʝ ʧʦʣʷ ʠ ʪ.ʜ. ʆʥʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʝʛʦʚ. ʅʘʧʨʠʤʝʨ, çButtonè ʜʣʷ ʢʥʦʧʢʠ ʠ çTextBoxè ʜʣʷ ʪʝʢʩʪʦʚʦʛʦ ʧʦʣʷ; 

¶ ʘʪʨʠʙʫʪʳ ï ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʠʤʝʪʴ ʘʪʨʠʙʫʪʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ 

ʩʚʦʡʩʪʚʘ. ɸʪʨʠʙʫʪʳ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʦʪʢʨʳʚʘʶʱʝʤ ʪʝʛʝ ʵʣʝʤʝʥʪʘ ʠ ʟʘʜʘʶʪʩʷ ʚ ʬʦʨʤʘʪʝ 

çʠʤʷɸʪʨʠʙʫʪʘ=ʟʥʘʯʝʥʠʝè. ʅʘʧʨʠʤʝʨ, Content="ʅʘʞʤʠ ʤʝʥʷ" ʟʘʜʘʸʪ ʪʝʢʩʪ ʥʘ ʢʥʦʧʢʝ; 

¶ ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ï ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʪʳʤʠ (ʥʘʧʨʠʤʝʨ, ʩʪʨʦʢʘ ʠʣʠ 

ʯʠʩʣʦ) ʠʣʠ ʩʩʳʣʘʪʴʩʷ ʥʘ ʜʨʫʛʠʝ ʨʝʩʫʨʩʳ ʠʣʠ ʩʪʠʣʠ. ɿʥʘʯʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʙʝʣʳ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʟʘʢʣʶʯʝʥʳ ʚ ʜʚʦʡʥʳʝ ʢʘʚʳʯʢʠ. ʅʘʧʨʠʤʝʨ, Background="Yellow" ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʬʦʥʘ 

ʵʣʝʤʝʥʪʘ; 
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¶ ʚʣʦʞʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ï ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʣʦʞʝʥʥʳʤʠ ʜʨʫʛ ʚ ʜʨʫʛʘ, ʦʙʨʘʟʫʷ 

ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʘʧʨʠʤʝʨ, çBorderè ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚʥʫʪʨʠ ʩʝʙʷ ʪʝʢʩʪʦʚʳʡ ʙʣʦʢ 

çTextBoxè, ʯʪʦʙʳ ʨʘʩʧʦʣʦʞʠʪʴ ʩʪʨʦʢʫ ʚʚʦʜʘ ʚʥʫʪʨʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. 

ɺʦʪ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚ XAML: 

 

 
 

ʈʠʩ. 1. ɼʦʙʘʚʣʝʥʠʝ ʢʥʦʧʢʠ ʚ ʨʝʜʘʢʪʦʨʝ 

 

ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʩʦʟʜʘʸʪʩʷ ʢʥʦʧʢʘ ʩ ʥʘʜʧʠʩʴʶ çʅʘʞʤʠ ʤʝʥʷè, ʩ ʦʪʩʪʫʧʘʤʠ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ 

ʧʦ 10 ʧʠʢʩʝʣʝʡ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ ʚʳʟʳʚʘʝʪʩʷ ʦʙʨʘʙʦʪʯʠʢ ʩʦʙʳʪʠʷ çButton_Clickè. 

 

 
 

ʈʠʩ. 2. ɼʦʙʘʚʣʝʥʠʝ ʩʪʨʦʢʠ ʚʚʦʜʘ ʚ ʨʝʜʘʢʪʦʨʝ 

 

ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʩʦʟʜʘʸʪʩʷ ʪʝʢʩʪʦʚʦʝ ʧʦʣʝ ʩ ʰʠʨʠʥʦʡ 200 ʧʠʢʩʝʣʝʡ ʠ ʚʳʩʦʪʦʡ 30 

ʧʠʢʩʝʣʝʡ. ɺ ʧʦʣʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʝʢʩʪ çɺʚʝʜʠʪʝ ʪʝʢʩʪè. 

 

 
 

ʈʠʩ. 3. ɼʦʙʘʚʣʝʥʠʝ ʧʘʥʝʣʠ ʚʢʣʘʜʦʢ ʚ ʨʝʜʘʢʪʦʨʝ 

 

ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʩʦʟʜʘʸʪʩʷ ʧʘʥʝʣʴ ʚʢʣʘʜʦʢ ʩ ʜʚʫʤʷ ʚʢʣʘʜʢʘʤʠ, ʩ ʘʚʪʦʚʳʨʘʚʥʠʚʘʥʠʝʤ ʧʦ 

ʮʝʥʪʨʫ. 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʨʘʟʤʝʪʢʠ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʠʥʩʪʨʫʤʝʥʪʳ: 

¶ window (ʆʢʥʦ) ï ʦʢʥʦ ʧʨʠʣʦʞʝʥʠʷ, ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ WPF; 

¶ grid (ʉʝʪʢʘ) ï ʨʘʟʤʝʱʘʝʪ ʵʣʝʤʝʥʪʳ ʚ ʚʠʜʝ ʩʝʪʢʠ, ʷʯʝʡʢʠ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ 

ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ; 

¶ stackPanel (ʇʘʥʝʣʴ ʩʪʝʢʘ) ï ʫʧʦʨʷʜʦʯʠʚʘʝʪ ʜʦʯʝʨʥʠʝ ʵʣʝʤʝʥʪʳ ʚ ʚʠʜʝ ʩʪʝʢʘ 

(ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ); 

¶ dockPanel (ʇʘʥʝʣʴ ʜʦʢ-ʨʘʟʤʝʱʝʥʠʷ) ï ʨʘʟʤʝʱʘʝʪ ʜʦʯʝʨʥʠʝ ʵʣʝʤʝʥʪʳ ʚ ʦʜʥʦʡ ʠʟ 

ʯʝʪʳʨʸʭ ʟʦʥ (ʚʝʨʭʥʝʡ, ʥʠʞʥʝʡ, ʣʝʚʦʡ, ʧʨʘʚʦʡ) ʢʦʥʪʝʡʥʝʨʘ; 

¶ scrollViewer (ʧʨʦʢʨʫʯʠʚʘʝʤʘʷ ʧʘʥʝʣʴ) ï ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʧʨʦʢʨʫʪʢʫ ʢ ʦʙʣʘʩʪʷʤ 

ʩʦʜʝʨʞʠʤʦʛʦ; 

¶ border (ɻʨʘʥʠʮʘ) ï ʦʙʨʘʤʣʷʝʪ ʜʦʯʝʨʥʠʝ ʵʣʝʤʝʥʪʳ, ʧʦʟʚʦʣʷʷ ʟʘʜʘʚʘʪʴ ʨʘʤʢʫ ʠ ʬʦʥ. 
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ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʚ WPF, ʧʨʝʜʦʩʪʘʚʣʷʷ ʨʘʟʣʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ, ʚʥʝʰʥʠʤ 

ʚʠʜʦʤ ʠ ʧʦʚʝʜʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʣʦʞʝʥʠʠ. 

ʇʨʠʣʦʞʝʥʠʝ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʝʪ ʚʠʜ ʧʫʩʪʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ Windows, 

ʢʦʪʦʨʳʡ ʚʳʛʣʷʜʠʪ ʥʝʧʨʠʤʝʯʘʪʝʣʴʥʦ, ʘ ʪʘʢʞʝ ʥʝ ʧʦʜʣʝʞʠʪ ʚʥʝʰʥʝʤʫ ʠʟʤʝʥʝʥʠʶ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʢʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʢʣʶʯʠʪʴ ʧʘʨʘʤʝʪʨ çWindowStyleè ʚ ʩʦʩʪʦʷʥʠʝ çNoneè, 

ʧʨʠʣʦʞʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ ʙʝʣʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʢʥʦʧʦʢ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ 

ʩʚʦʡʩʪʚʘ ʦʢʥʘ çBackgroundè ʥʘ çTransparentè ʠ ʧʝʨʝʢʣʶʯʝʥʠʷ çAllowTransparencyè ʚ çTrueè, 

ʧʨʦʧʘʜʸʪ ʠ ʙʝʣʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʦʩʪʘʚʠʚ ʧʦʩʣʝ ʩʝʙʷ ʧʨʦʟʨʘʯʥʦʝ ʦʢʥʦ ʙʝʟ ʨʘʤʦʢ. 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʢʥʘ ʙʳʣ ʚʳʙʨʘʥ ʵʣʝʤʝʥʪ Border, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʥʷʪʴ ʝʛʦ ʧʘʨʘʤʝʪʨʳ, ʟʘʜʘʚʘʪʴ ʮʚʝʪ ʬʦʥʘ, ʬʦʨʤʫ, ʘ ʪʘʢʞʝ ʟʘʢʨʫʛʣʷʪʴ ʫʛʣʳ, ʠʟʤʝʥʷʷ 

ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ çCornerRadiusè, ʜʝʣʘʷ ʬʦʥ ʧʨʠʣʦʞʝʥʠʷ ʙʦʣʝʝ ʧʣʘʚʥʳʤ.  

ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʙʫʜʝʪ ʨʘʟʜʝʣʸʥ ʥʘ 4 ʟʦʥʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʝʪʢʦʡ, 

ʠʟʦʙʨʘʞʸʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 4. ʇʨʘʚʘʷ ʯʘʩʪʴ ʦʢʥʘ ʨʘʟʜʝʣʝʥʘ ʜʚʫʤʷ ʢʦʣʦʥʢʘʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ çGridSplitterè, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ 1 ʠ 2 ʢʦʣʦʥʢʦʡ, ʧʨʘʚʘʷ ʯʘʩʪʴ ʩʝʪʢʠ 

ʥʝ ʚʳʭʦʜʠʣʘ ʟʘ ʧʨʝʜʝʣʳ ʦʢʥʘ. 

 

 
 

ʈʠʩ. 4. ʇʝʨʚʘʷ ʚʝʨʩʠʷ ʤʘʢʝʪʘ 

 

ʆʜʥʘʢʦ, ʚʥʝʰʥʠʡ ʚʠʜ ʢʥʦʧʦʢ ʠ ʧʘʥʝʣʠ ʚʢʣʘʜʦʢ ʚʳʙʠʚʘʶʪʩʷ ʠʟ ʦʙʱʝʛʦ ʩʪʠʣʷ ʠʥʪʝʨʬʝʡʩʘ, 

ʦʥʠ ʠʤʝʶʪ ʩʚʝʪʣʳʡ ʬʦʥ, ʢʦʛʜʘ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʢʝʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʠʛʣʫʰʸʥʥʳʭ 

ʪʦʥʘʭ. ʂ ʪʦʤʫ ʞʝ, ʚʢʣʘʜʢʠ ʵʣʝʤʝʥʪʘ çTabControlè ʠʤʝʶʪ ʛʨʘʥʠʮʫ, ʢʦʪʦʨʘʷ ʥʝ ʚʧʠʩʳʚʘʝʪʩʷ ʚ 

ʩʢʨʫʛʣʸʥʥʳʡ ʜʠʟʘʡʥ ʤʘʢʝʪʘ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʪʠʣʷ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʩʪʠʣʴ ʧʝʨʝʦʧʨʝʜʝʣʷʝʪ ʠʟʥʘʯʘʣʴʥʳʡ ʩʪʠʣʴ 
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ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢʞʝ ʩʪʠʣʠ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 

ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʕʪʠ ʩʪʠʣʠ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʚ ʨʘʟʤʝʪʢʝ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ, ʧʨʠ ʦʙʲʷʚʣʝʥʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ ʚ ʦʪʜʝʣʴʥʳʭ XAML  ʬʘʡʣʘʭ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʤʸʥ ʦʩʥʦʚʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʀʤʝʥʥʦ ʧʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ 

ʦʙʲʷʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʪʠʣʝʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʢʦʜ ʥʦʚʦʛʦ ʩʪʠʣʷ ʦʪ ʨʘʟʤʝʪʢʠ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʛʨʫʞʝʥʥʦʩʪʴ 

ʢʦʜʘ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ ʠ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʯʠʪʘʝʤʳʤ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʪʠʣʷ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚ ʧʨʦʝʢʪ çʉʣʦʚʘʨʴ ʨʝʩʫʨʩʦʚ 

(WPF)è (Resource dictionary (WPF)). ɺ ʥʸʤ ʙʫʜʫʪ ʦʧʠʩʳʚʘʪʴʩʷ ʘʪʨʠʙʫʪʳ ʥʦʚʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʪʠʣʷ. ʇʨʠʤʝʨ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʪʠʣʷ ʜʣʷ ʧʘʥʝʣʠ ʚʢʣʘʜʦʢ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩ. 5. ʉʦʟʜʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʩʪʠʣʷ 

 

ɼʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʩʪʠʣʴ ʠʟʤʝʥʷʝʪ ʚʥʝʰʥʠʡ ʚʠʜ ʧʘʥʝʣʠ ʚʢʣʘʜʦʢ ʪʘʢ, ʯʪʦʙʳ 

ʚʢʣʘʜʢʠ ʦʪʦʙʨʘʞʘʣʠʩʴ ʧʦ ʮʝʥʪʨʫ ʵʣʝʤʝʥʪʘ, ʘ ʥʝ ʩʣʝʚʘ, ʢʘʢ ʵʪʦ ʫʩʪʘʥʦʚʣʝʥʦ ʠʟʥʘʯʘʣʴʥʦ, ʪʘʢʞʝ 

ʩʦʜʝʨʞʠʤʦʝ ʚʢʣʘʜʦʢ ʙʦʣʴʰʝ ʥʝ ʙʫʜʝʪ ʦʙʨʘʤʣʷʪʴʩʷ ʪʦʥʢʦʡ ʛʨʘʥʠʮʝʡ, ʘ ʟʘ ʧʘʥʝʣʴʶ ʚʢʣʘʜʦʢ 

ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʩ ʟʘʢʨʫʛʣʸʥʥʳʤʠ ʢʨʘʷʤʠ, ʯʪʦʙʳ ʚʠʟʫʘʣʴʥʦ ʦʪʜʝʣʠʪʴ ʵʪʦʪ 

ʵʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʘʢʞʝ, ʧʦ ʘʥʘʣʦʛʠʠ ʙʳʣ ʩʦʟʜʘʥ ʩʪʠʣʴ ʜʣʷ ʩʘʤʠʭ ʚʢʣʘʜʦʢ, ʧʦʟʘʜʠ ʚʢʣʘʜʢʠ ʙʫʜʝʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ çborderè ʩ ʟʘʢʨʫʛʣʸʥʥʳʤʠ ʩʚʝʨʭʫ ʫʛʣʘʤʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʩʦʜʝʨʞʠʤʦʝ ʚʢʣʘʜʢʠ. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʙʳʣ ʩʦʟʜʘʥ ʩʪʠʣʴ ʜʣʷ ʢʥʦʧʦʢ ʫʧʨʘʚʣʝʥʠʷ ʬʘʡʣʦʤ ʚʩʝ 

ʩʪʠʣʠ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʘʧʢʫ ʧʨʦʝʢʪʘ çThemeè (ʨʠʩʫʥʦʢ 6).  
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ʈʠʩ. 6. ʉʦʟʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʪʠʣʠ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʩʪʠʣʠ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʭ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʤʸʥ ʧʨʠʣʦʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚ 

ʬʘʡʣ çApp.xamlè ʩʪʨʦʢʠ, ʠʟʦʙʨʘʞʸʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 7, ʢʦʪʦʨʳʝ ʧʨʠʩʦʝʜʠʥʷʶʪ ʩʦʟʜʘʥʥʳʝ ʚʳʰʝ 

ʩʪʠʣʠ. 

 
 

ʈʠʩ.7. ɼʦʙʘʚʣʝʥʠʝ ʩʪʠʣʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʤʸʥ ʧʨʠʣʦʞʝʥʠʷ 

 

ʂʦʤʧʦʥʝʥʪ çResourceDictionary.MergedDictionariesè ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʦʙʲʷʚʣʝʥʥʳʝ ʩʪʠʣʠ 

ʚʤʝʩʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʠʭ ʤʦʞʥʦ ʙʫʜʝʪ ʧʨʠʩʚʘʠʚʘʪʴ ʵʣʝʤʝʥʪʘʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, 

ʫʢʘʟʳʚʘʷ ʩʪʠʣʴ ʚ ʧʘʨʘʤʝʪʨʘʭ ʧʦʜʭʦʜʷʱʝʛʦ ʦʙʲʝʢʪʘ: 

 

 
 

ʈʠʩ. 8. ʇʨʠʩʚʦʝʥʠʝ ʩʪʠʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʵʣʝʤʝʥʪʫ 

 

ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝʭ ʩʪʠʣʝʡ ʠʥʪʝʨʬʝʡʩ ʧʨʠʤʝʪ ʙʦʣʝʝ ʣʘʢʦʥʠʯʥʳʡ ʠ ʵʩʪʝʪʠʯʥʳʡ ʚʠʜ 

(ʨʠʩ. 9). 

 
 

ʈʠʩ. 9. ʄʘʢʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʷʟʳʢʝ 

XAML ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʪʠʣʝʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʫʜʦʙʩʪʚʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. XAML ʚ ʩʦʯʝʪʘʥʠʠ ʩ Windows Presentation Foundation 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʢʠʭ ʠ ʩʪʠʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʪʠʣʝʡ ʫʧʨʦʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʚʥʝʰʥʠʤ ʚʠʜʦʤ ʧʨʠʣʦʞʝʥʠʷ. 

ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʜʠʥʦʦʙʨʘʟʠʝ 

ʜʠʟʘʡʥʘ ʠ ʦʙʣʝʛʯʘʷ ʧʦʜʜʝʨʞʢʫ. 

 

É ʂʘʪʝʨʤʠʥʘ ʊ.ʉ., ʉʝʚʘʩʪʴʷʥʦʚ ʄ.ɸ., 2024 
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ʋɼʂ 004.4 

ʊʘʛʠʨʦʚ ʂ.ʄ. 

ʘʩʧʠʨʘʥʪ, ʘʩʩʠʩʪʝʥʪ 

ʊʘʛʠʨʦʚ ʊ.ʄ. 

ʘʩʧʠʨʘʥʪ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɸʣʘʷʨʦʚ ɻ.ɸ. 

ʩʪʫʜʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʢʦʣʣʝʜʞ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʆʇʀʉɸʅʀɽ ʈɸɿʈɸɹʆʊʂʀ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʗ 

çʈɸʉʇʀʉɸʅʀɽ ʉʊʈʆʀʊɽʃʔʅʆɻʆ ʂʆʃʃɽɼɾɸè 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ çʈʘʩʧʠʩʘʥʠʝ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʣʣʝʜʞʘè ʩ ʫʯʸʪʦʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʪʫʜʝʥʪʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʠʟʫʘʣʴʥʦʛʦ 

ʚʦʩʧʨʠʷʪʠʷ. ʆʧʠʩʳʚʘʝʪʩʷ ʜʠʟʘʡʥ ʧʨʠʣʦʞʝʥʠʷ, ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʤʫ ʨʝʞʠʤʫ ʜʣʷ 

ʩʣʘʙʦʚʠʜʷʱʠʭ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʤʫ ʫʚʝʣʠʯʝʥʥʳʝ ʰʨʠʬʪʳ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʮʚʝʪʘ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʩʪʦʨʦʥʘ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ HTML, CSS ʠ JavaScript ʙʠʙʣʠʦʪʝʢʘ Eel ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

Mysql3-lite. ʉʪʘʪʴʷ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʩʪʫʜʝʥʪʦʚ ʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʥʘ ʵʢʨʘʥʝ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ; ʨʘʩʧʠʩʘʥʠʝ; ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ; ʪʝʭʥʦʣʦʛʠʠ web-ʨʘʟʨʘʙʦʪʢʠ. 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ 

çʈʘʩʧʠʩʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʣʣʝʜʞʘè ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ ʩʪʫʜʝʥʪʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʧʦʩʝʱʘʝʤʦʩʪʠ 

ʟʘʥʷʪʠʡ. ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʘʩʧʠʩʘʥʠʝ ʚ ʫʜʦʙʥʦʡ ʪʘʙʣʠʮʝ, 

ʩʦʜʝʨʞʘʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʥʝ ʥʝʜʝʣʠ, ʥʦʤʝʨʝ ʧʘʨʳ, ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ, ʥʘʟʚʘʥʠʠ 

ʧʨʝʜʤʝʪʘ, ʘʫʜʠʪʦʨʠʠ ʠ ʌʀʆ ʧʨʝʧʦʜʘʚʘʪʝʣʷ (ʩʤ. ʨʠʩ. 1). 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ çʈʘʩʧʠʩʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʣʣʝʜʞʘè ʙʳʣʘ ʤʦʪʠʚʠʨʦʚʘʥʘ 

ʥʝʫʜʦʙʩʪʚʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PDF-ʬʦʨʤʘʪʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʥʘ 

ʩʪʨʘʥʠʮʝ ʛʨʫʧʧʳ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ VK. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʩʢʘʯʠʚʘʥʠʷ PDF-ʬʘʡʣʘ 

ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʨʘʩʧʠʩʘʥʠʶ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʛʨʫʧʧ ʠ ʢʦʣʦʥʦʢ 

ʧʨʠʚʦʜʠʣʠ ʢ ʣʛyʢʦʤʫ ʟʘʧʫʪʳʚʘʥʠʶ ʠ ʚʦʟʤʦʞʥʳʤ ʦʰʠʙʢʘʤ ʚ ʚʳʙʦʨʝ ʧʘʨʳ ʠʣʠ ʚʨʝʤʝʥʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [4; 5] ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷ. 

ɼʣʷ ʜʠʟʘʡʥʘ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʮʚʝʪʘ ɹʋ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʣʣʝʜʞʘ, ʪʘʢʠʝ ʢʘʢ ʢʨʘʩʥʳʡ, ʯʝʨʥʳʡ ʠ ʙʝʣʳʡ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʛʦʪʠʧʦʤ ʢʦʣʣʝʜʞʘ. ɺʳʙʦʨ ʵʪʠʭ ʮʚʝʪʦʚ ʦʙʦʩʥʦʚʘʥ ʩʪʨʝʤʣʝʥʠʝʤ ʢ 

ʤʠʥʠʤʘʣʠʟʤʫ, ʩ ʮʝʣʴʶ ʥʝ ʦʪʚʣʝʢʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʟʣʠʰʥʠʤʠ ʵʣʝʤʝʥʪʘʤʠ [2]. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʨʝʞʠʤʦʚ çʩʚʝʪʣʳʡè ʠ çʪyʤʥʳʡè, ʫʯʠʪʳʚʘʷ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʥʦʛʦ ʨʝʞʠʤʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʥʜʘʭ. ɼʘʥʥʘʷ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʙʦʨ ʤʝʞʜʫ ʜʚʫʤʷ ʨʝʞʠʤʘʤʠ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 1. ʄʘʢʝʪ ʜʠʟʘʡʥʘ 

 

 
 

ʈʠʩ. 2. çʊʸʤʥʦʝè ʦʬʦʨʤʣʝʥʠʝ 

 

ʀʥʪʝʨʬʝʡʩ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʦʡ 

ʢʥʦʧʢʠ, ʨʘʟʤʝʱʝʥʥʦʡ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʵʢʨʘʥʘ (ʩʤ. ʨʠʩ. 2 ʠ 3). ʊʝʥʜʝʥʮʠʷ ʧʨʦʚʦʜʠʪʴ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʨʝʤʝʥʠ ʚ ʥʦʫʪʙʫʢʘʭ, ʩʤʘʨʪʬʦʥʘʭ, ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʪʸʤʥʳʡ ʨʝʞʠʤ. ɼʘʥʥʳʡ 

ʨʝʞʠʤ ʩʪʘʥʦʚʠʪʴʩʷ ʚʘʞʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʜʠʟʘʡʥʫ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʦʧʳʪʝ, ʪʘʢ ʢʘʢ ʵʪʦʪ 

ʨʝʞʠʤ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʩʤʝʥʘ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ: ʙʝʣʳʡ ʪʝʢʩ ʥʘ ʯʸʨʥʦʤ ʬʦʥʝ, ʘ ʜʠʟʘʡʥʝʨʩʢʦʝ 

ʨʝʰʝʥʠʝ. 

 
 

ʈʠʩ. 3. ʇʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʪʸʤʥʫʶ ʪʝʤʫ 

 

ʇʦʩʢʦʣʴʢʫ ʚ ʢʦʣʣʝʜʞʝ ʤʦʛʫʪ ʦʙʫʯʘʪʴʩʷ ʩʪʫʜʝʥʪʳ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʟʨʝʥʠʝʤ, ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ ʦʩʥʦʚʥʳʝ ʰʨʠʬʪʳ ʫʚʝʣʠʯʝʥʳ, ʘ ʮʚʝʪʦʚʘʷ ʛʘʤʤʘ 

ʠʟʤʝʥʝʥʘ ʥʘ ʩʝʨʦ-ʙʝʣʫʶ. ɼʘʥʥʫʶ ʪʝʤʘʪʠʢʫ ʚ ʩʦʠʭ ʨʘʙʦʪʘʭ ʠʟʫʯʘʣʠ ɹʫʰʫʝʚ ʈ.ɸ., ɼʝʚʷʪʢʠʥ 

ɸ.ɺ., ɿʳʢʦʚ ɼ.ɸ., ʐʦʩʢʘʣʴʥʝ ɺ.ʄ., ɹʫʣʘʪʦʚʘ ʀ.ɻ [1]. ʕʪʦʪ ʨʝʞʠʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 

ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʜʣʷ ʣʠʮ ʩ ʦʩʣʘʙʣʝʥʥʳʤ ʟʨʝʥʠʝʤ (ʩʤ. ʨʠʩ.  4). 
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ʈʠʩ. 4. ʈʝʞʠʤ ʜʣʷ ʩʣʘʙʦʚʠʜʷʱʠʭ 

 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ çʈʘʩʧʠʩʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʣʣʝʜʞʘè ʙʳʣʠ 

ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ: HTML ʠ CSS ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ, 

JavaScript ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʘ ʪʘʢʞʝ 

Mysql3-lite ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ [3]. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʬʨʦʥʪʝʥʜʦʤ ʠ 

ʙʵʢʝʥʜʦʤ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ Eel. ɹʵʢʝʥʜ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. 

ʌʨʦʥʪʵʥʜ ʧʨʠʤʝʨ ʢʦʜʘ ʦʪʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ: 

  function get_course(id) {  

    // ʇʨʠ ʚʳʙʦʨʝ ʢʫʨʩʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʟʘʧʦʤʠʥʘʝʪ ʝʛʦ ʠ ʦʪʧʨʘʚʣʷʝʪ ʚ ʩʙʦʨʱʠʢ ʟʘʧʨʦʩʦʚ 

    var table = window.glob_tab; 

    var e = document.getElementById(id); 

    e.style.display = (e.style.display == 'block') ? 'none' : 'block'; 

    e.addEventListener('click', function (b) { 

        window.glob_var = b.target.id; 

    });  

}  

function get_day(id) {  

    // ʇʨʠ ʚʳʙʦʨʝ ʜʥʷ ʥʝʜʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʟʘʧʦʤʠʥʘʝʪ ʝʛʦ ʠ ʦʪʧʨʘʚʣʷʝʪ ʚ ʩʙʦʨʱʠʢ 

ʟʘʧʨʦʩʦʚ  

    var v = document.getElementById(id); 

    window.glob_id = v; 

    v.style.display = (v.style.display == 'block') ? 'none' : 'block'; 

    v.addEventListener('click', function (d) { 

        window.global_var = d.target.id; 

    });  

}  

eel.expose(group1);  // ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʙʝʢʝʥʜ 

function get_rasp() { 

    // ʉʙʦʨʱʠʢ ʟʘʧʨʦʩʦʚ 

    var group = window.glob_var; 
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    var day_week = window.global_var; 

    window.glob_tab = table; 

}  

eel.group1(group, day_week)(function (arr) { 

    // ʇʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ ʦʪ ʙʝʢʝʥʜʘ ʠ ʟʘʧʦʣʥʝʥʠʝ ʪʘʙʣʠʮʳ 

    let table = document.querySelector('#table'); 

    table.innerHTML = ''; 

    for (let subArr of arr) { 

        let tr = document.createElement('tr'); 

        for (let elem of subArr) { 

            let td = document.createElement('td'); 

            td.textContent = elem; 

            tr.appendChild(td); 

        }  

        table.appendChild(tr); 

    }  

});  

ɹʵʢʝʥʜ: 

@eel.expose  

# ʆʪʧʨʘʚʢʘ ʦʪʚʝʪʘ ʬʨʦʥʪʝʥʜʫ 

def group1(group, day_week): 

     cursor = conn.cursor() 

    # ʇʨʠʤʝʨ SQL-ʟʘʧʨʦʩʘ ʩ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ 

    day_week = str(day_week) 

group = str(group) 

# ɺʳʙʦʨ ʟʘʧʠʩʠ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨʘʤ day_week ʠ group 

cursor.execute("SELECT * FROM raspisanie WHERE day_week = ñ?ò AND group = ?", 

(day_week, group)) 

rows = cursor.fetchall() 

# ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

for row in rows: 

    print(row) 

# ɿʘʢʨʳʪʠʝ ʢʫʨʩʦʨʘ  

cursor.close() 

 

ɺ ʭʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʩʪʫʜʝʥʪ ʠʥʠʮʠʠʨʫʝʪ ʟʘʧʨʦʩ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ 3 ʢʫʨʩʘ ʛʨʫʧʧʳ ʀʉ-3 ʥʘ ʧʦʥʝʜʝʣʴʥʠʢ. ɿʘʪʝʤ JavaScript ʧʝʨʝʜʘʝʪ ʵʪʠ 

ʜʘʥʥʳʝ ʥʘ ʙʵʢʵʥʜ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ 

ʙʠʙʣʠʦʪʝʢʫ Mysql3-lite. ʇʦʣʫʯʠʚ ʟʘʧʨʦʰʝʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʙʵʢʵʥʜ ʦʪʧʨʘʚʣʷʝʪ 

ʝʛʦ ʚ ʦʪʚʝʪ ʥʘ ʟʘʧʨʦʩ, ʠ JavaScript ʦʪʦʙʨʘʞʘʝʪ ʪʘʙʣʠʮʫ ʨʘʩʧʠʩʘʥʠʷ ʥʘ ʵʢʨʘʥʝ. 
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ɺ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ çʈʘʩʧʠʩʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʣʣʝʜʞʘè ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʘ ʪʘʢʞʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʙʣʘʛʦʜʘʨʷ ʘʢʢʫʨʘʪʥʦ ʥʘʩʪʨʦʝʥʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʚʝʨʩʪʢʝ. 

ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʪʨʝʙʫʶʱʠʝ ʚʥʠʤʘʥʠʷ 

ʠ ʜʦʨʘʙʦʪʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʤʝʥʫ ʙʠʙʣʠʦʪʝʢʠ çeelè ʥʘ ʬʨʝʡʤʚʦʨʢ 

çDjangoè ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʵʢʝʥʜ-ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ ʚ 20 ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ, ʯʪʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʩʤʦʪʨʘ ʪʝʢʫʱʝʛʦ ʭʦʩʪʠʥʛʦʚʦʛʦ ʩʝʨʚʠʩʘ ʚ ʧʦʣʴʟʫ ʙʦʣʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ. ʕʪʠ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ çʈʘʩʧʠʩʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʢʦʣʣʝʜʞʘè. 

ɺʘʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ çʈʘʩʧʠʩʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʢʦʣʣʝʜʞʘè ʥʘʭʦʜʠʪʩʷ ʚ ʘʢʪʠʚʥʦʡ ʬʘʟʝ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʙʣʠʞʘʡʰʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʟʘʧʣʘʥʠʨʦʚʘʥʳ 

ʢʣʶʯʝʚʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʙʳʣʦ ʦʙʲʷʚʣʝʥʦ ʚ ʪʝʩʪʦʚʦʡ ʯʘʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʣʘʥʘʭ ʫʣʫʯʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʫʪʝʤ ʚʳʙʦʨʘ ʙʦʣʝʝ ʤʦʱʥʦʛʦ ʩʝʨʚʝʨʘ ʠ ʧʝʨʝʭʦʜ ʥʘ ʬʨʝʡʤʚʦʨʢ Django. 

ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʟʚʦʣʷʪ ʚʥʝʜʨʠʪʴ ʤʥʦʛʦʩʪʨʘʥʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ ʠ ʚʥʝʜʨʠʪʴ 

ʩʠʩʪʝʤʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ. 

ɸʚʪʦʨʠʟʦʚʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʜʣʷ 

ʪʝʢʫʱʝʛʦ ʜʥʷ ʠ ʚʳʙʠʨʘʪʴ ʜʨʫʛʠʝ ʜʥʠ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʠ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ʊʘʢʞʝ ʚ ʧʣʘʥʘʭ ʠʤʝʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ç1ʉè, ʯʪʦ ʩʚʝʜʝʪ 

ʚʦʝʜʠʥʦ ʠʥʬʦʨʤʘʮʠʶ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʥʘ ʩʝʨʚʝʨʝ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʤʛʥʦʚʝʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ. 

ɺ ʟʘʚʝʨʰʝʥʠʠ, ʩʦʟʜʘʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ çʈʘʩʧʠʩʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʣʣʝʜʞʘè 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʦʤʬʦʨʪʘ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ. ʆʥʦ ʫʩʧʝʰʥʦ ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʠ 

ʘʜʘʧʪʠʨʦʚʘʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʝʨʝʜ ʥʘʤʠ ʩʪʦʷʪ ʟʘʜʘʯʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʧʝʨʝʭʦʜ ʥʘ ʬʨʝʡʤʚʦʨʢ Django, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʦʙʝʱʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 
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ʩʪʫʜʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄ ɼʃʗ ʈɸɿʄɽʊʂʀ ʀ ʇʈʆʉʄʆʊʈɸ ʄɽʊʆʂ ʅɸ 

ʀɿʆɹʈɸɾɽʅʀʀ ɼʃʗ ʉʆɿɼɸʅʀʗ ʅɸɹʆʈɸ ɼɸʅʅʓʍ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʤʝʪʢʠ ʜʘʥʥʳʭ (Data labeling) 

ʠʣʠ ʘʥʥʦʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ (data annotation) ʚ ʢʦʥʪʝʢʩʪʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɸʚʪʦʨʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʰʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ OpenCV, ʢʦʪʦʨʦʝ ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʨʘʟʤʝʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʫʯʘʶʱʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. ʉʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʧʨʦʮʝʩʩʘ ʨʘʟʤʝʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʩʦʭʨʘʥʝʥʠʝ 

ʢʦʦʨʜʠʥʘʪ ʠ ʥʘʟʚʘʥʠʡ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ CSV ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʤʝʪʦʢ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ. ʇʨʠ ʨʘʟʤʝʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʛʦʨʷʯʠʭ ʢʣʘʚʠʰ ʠ ʢʫʨʩʦʨʘ ʤʳʰʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʙʦʨ ʜʘʥʥʳʭ; ʨʘʟʤʝʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ; ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ; 

ʘʥʥʦʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. 

 

ʈʘʟʤʝʪʢʘ ʜʘʥʥʳʭ (Data labeling), ʪʘʢʞʝ ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʘʥʥʦʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ (data 

annotation), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʜʦʙʘʚʣʝʥʠʷ ʪʵʛʦʚ ʢ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʜʘʥʥʳʤ ʩ 

ʮʝʣʴʶ ʫʢʘʟʘʪʴ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʮʝʣʝʚʳʝ ʘʪʨʠʙʫʪʳ (ʦʪʚʝʪʳ), ʢʦʪʦʨʳʝ ʦʥʘ 

ʜʦʣʞʥʘ ʧʨʝʜʩʢʘʟʳʚʘʪʴ. ʄʝʪʢʠ (labels) ʠʣʠ ʪʵʛʠ (tags) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʧʠʩʘʪʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʤʦʜʝʣʠ ʫʯʠʪʴʩʷ ʥʘ ʧʨʠʤʝʨʘʭ, ʧʦʢʘʟʳʚʘʷ, ʯʝʤ ʷʚʣʷʶʪʩʷ 

ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʦʙʫʯʘʶʱʠʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ʪʠʧʘʤ ʞʠʚʦʪʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʤʝʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚʳʜʝʣʷʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ, ʧʦʤʦʛʘʷ ʤʦʜʝʣʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʩʭʦʜʩʪʚʘ ʫ ʦʙʣʘʩʪʝʡ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʷʪʴ, ʛʜʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʥʘʭʦʜʠʪʩʷ ʥʫʞʥʳʡ ʦʙʲʝʢʪ. 

ʊʘʢʠʝ ʟʘʜʘʯʠ ʝʱʸ ʥʘʟʳʚʘʶʪ ʟʘʜʘʯʘʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ. 

ɼʣʷ ʵʪʦʛʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʴ, ʦʙʳʯʥʦ ʧʨʷʤʦʫʛʦʣʴʥʫʶ, ʛʜʝ 

ʥʘʭʦʜʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʢʪ, ʘ ʟʘʪʝʤ ʧʝʨʝʜʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʦʙʣʘʩʪʠ ʠ ʝʛʦ ʥʘʟʚʘʥʠʝ ʚ 

ʥʘʙʦʨ ʜʘʥʥʳʭ. ʊʘʢʠʝ ʦʙʣʘʩʪʠ ʥʘʟʳʚʘʶʪ ʦʙʣʘʩʪʷʤʠ ʠʥʪʝʨʝʩʘ. 
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ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʤʝʪʦʢ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

 

ʏʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʟʤʝʪʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʰʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ 

ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ:  

¶ ʆʧʪʠʤʠʟʠʨʦʚʘʥʠʝ ʨʘʟʤʝʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʨʷʯʠʭ ʢʣʘʚʠʰ 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʫʨʩʦʨʘ ʤʳʰʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ 

¶ ʉʦʟʜʘʥʠʝ ʠ ʟʘʧʦʣʥʝʥʠʝ ʬʘʡʣʳ ʩ ʨʘʟʤʝʪʢʦʡ ʬʦʨʤʘʪʘ csv (Comma-Separated Values) 

¶ ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʟʤʝʪʢʠ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʟʤʝʪʢʠ, ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ ʙʠʙʣʠʦʪʝʢʠ OpenCV. ɺʩʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ 

ʧʨʠ ʩʦʟʜʘʥʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʙʝʩʧʣʘʪʥʦ. ɼʣʷ ʨʘʙʦʪʳ ʩ Python ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʨʝʜʘ 

ʨʘʟʨʘʙʦʪʢʠ PyCharmCommunityedition. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʜʠʨʝʢʪʦʨʠʷʤʠ Windows ʙʳʣʘ ʚʳʙʨʘʥʘ ʙʠʙʣʠʦʪʝʢʘ OS, ʚ ʯʘʩʪʥʦʩʪʠ ʝʸ 

ʤʝʪʦʜʳ os.listdir () ʠ os.path(). ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʬʘʡʣʳ ʚ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ 

Windows ʠ ʦʙʨʘʱʘʪʴʩʷ ʢ ʵʪʠʤ ʬʘʡʣʘʤ, ʘ ʪʘʢʞʝ ʥʘʭʦʜʠʪʴ ʧʫʪʴ ʬʘʡʣʦʚ ʧʦ ʥʘʟʚʘʥʠʶ. 

 

 
 

ʈʠʩ. 2. ʇʦʣʫʯʝʥʠʝ ʩʧʠʩʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ ʜʠʨʝʢʪʦʨʠʠ Dataset/temp 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʫʢʘʟʳʚʘʝʪʩʷ, ʥʘʯʠʥʘʷ ʩ ʢʦʨʥʝʚʦʡ ʧʘʧʢʠ ʧʨʦʝʢʪʘ. ʇʦʩʣʝ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʛʦ ʧʫʪʠ ʢ ʢʘʪʘʣʦʛʫ, ʚʩʝ ʬʘʡʣʳ, ʨʘʩʰʠʨʝʥʠʝ ʫ ʢʦʪʦʨʳʭ .jpg, ʧʦʤʝʱʘʶʪʩʷ ʚ 

ʩʧʠʩʦʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʫʢʘʟʳʚʘʝʪʩʷ ʧʫʪʴ ʚ csv ʬʘʡʣʫ, ʚ 

ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʙʣʠʦʪʝʢʫ OpenCV (ʚ ʢʦʜʝ ʦʥʘ 

ʧʦʜʧʠʩʘʥʘ ʢʘʢ cv2). ʆʙʲʷʚʠʤ ʦʢʥʦ ʩ ʥʘʟʚʘʥʠʝʤ Image_Labeler ʩ ʧʦʤʦʱʴʶ 

cv2.namedWindow(). ɺ ʥʸʤ ʤʳ ʙʫʜʝʤ ʦʪʢʨʳʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʢʘʪʘʣʦʛʘ temp ʠ ʨʘʟʤʝʯʘʪʴ 

ʝʛʦ.  

ʄʝʪʦʜʦʤ ʨʘʟʤʝʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʬʫʥʢʮʠʷ cv2.setMouseCallback(). ʆʥʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʷʟʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʙʨʘʪʥʳʡ ʚʳʟʦʚ (callback) ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʦʙʳʪʠʷʤ 

ʤʳʰʠ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʥʘ ʦʢʥʝ ʠʣʠ ʠʟʦʙʨʘʞʝʥʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʞʘʪʠʠ ʢʣʘʚʠʰʠ ʠʣʠ 

ʜʚʠʞʝʥʠʠ ʤʳʰʠ (event) ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʙʨʘʪʥʳʡ ʚʳʟʦʚ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ 

ʟʘʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʝʡʩʪʚʠʷ.  

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʥʝʩʢʦʣʴʢʦ event, ʘ ʠʤʝʥʥʦ ʥʘʞʘʪʠʝ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ, 

ʜʚʠʞʝʥʠʝ ʤʳʰʴʶ ʠ ʦʪʞʠʤʘʥʠʠ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ. 

 

 
 

ʈʠʩ. 3. ʉʧʠʩʦʢ ʜʝʡʩʪʚʠʡ ʤʳʰʴʶ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ 

 

ʇʨʠ ʥʘʞʘʪʠʠ ʣʝʚʦʡ ʢʣʘʚʠʰʠ ʤʳʰʠ, ʬʣʘʛ drawing ʧʦʜʥʠʤʘʝʪʩʷ, ʠ ʥʘʯʠʥʘʝʪ ʚʳʜʝʣʷʪʴʩʷ 

ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʦʙʣʘʩʪʴ ʤʳʰʠ, ʧʦʭʦʞʘʷ ʥʘ ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ Windows. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʤʳʰʠ, ʦʙʣʘʩʪʴ ʦʩʪʘʸʪʩʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠ ʧʝʨʝʨʠʩʦʚʳʚʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʝʸ 

ʜʚʠʞʝʥʠʝʤ. ʇʨʠ ʦʪʞʘʪʠʠ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʠʩʦʚʢʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ. 

ʊʘʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʯʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʨʘʟʤʝʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʝʩʣʠ ʙʳ ʵʪʦ ʧʨʠʭʦʜʠʣʦʩʴ ʜʝʣʘʪʴ ʚʨʫʯʥʫʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʟʤʝʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʷ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʘʣʴʰʝ ʨʘʙʦʪʘʪʴ ʩ ʦʙʣʘʩʪʴʶ ʠʥʪʝʨʝʩʘ ʠ ʝʸ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʜʫʤʘʪʴ ʤʝʩʪʦ ʭʨʘʥʝʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ. ɼʣʷ ʵʪʦʛʦ ʩʦʟʜʘʜʠʤ ʩʦʝʜʠʥʝʥʠʝ ʩ csv ʬʘʡʣʦʤ ʩ ʬʣʘʛʦʤ 

ʟʘʧʠʩʠ ʠ ʩʦʟʜʘʜʠʤ ʦʙʲʝʢʪ writer, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ. 

 

 
 

ʈʠʩ. 4. ʉʦʟʜʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ writer 
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ɼʘʣʝʝ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʢʘʪʘʣʦʛʝ ʦʙʲʷʚʣʷʝʤ ʮʠʢʣ, ʢʦʪʦʨʳʡ ʦʞʠʜʘʝʪ ʥʘʞʘʪʠʷ 

ʛʦʨʷʯʝʡ ʢʣʘʚʠʰʠ ʚʳʭʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʤ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʳʜʝʣʝʥʥʫʶ ʥʘʤʠ ʦʙʣʘʩʪʴ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ. ʉ ʧʦʤʦʱʴʶ ʜʨʫʛʦʡ ʛʦʨʷʯʝʡ ʢʣʘʚʠʰʠ ʤʳ ʧʦʜʪʚʝʨʞʜʘʝʤ, ʯʪʦ ʚʳʜʝʣʠʣʠ ʦʙʣʘʩʪʴ 

ʠʥʪʝʨʝʩʘ ʚʝʨʥʦ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʨʳʪʠʝ ʬʘʡʣʦʚʦʛʦ ʜʠʘʣʦʛʘ ʩ ʧʨʦʩʴʙʦʡ ʚʚʝʩʪʠ ʥʘʟʚʘʥʠʝ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʣʝ ʯʝʛʦ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʩʧʠʩʢʠ, ʘ ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʨʘʙʦʪʳ ʥʘʜ 

ʠʟʦʙʨʘʞʝʥʠʝʤ ʩʦʭʨʘʥʷʶʪʩʷ ʚ csvʬʘʡʣ.  

 

 
 

ʈʠʩ. 5. ɼʠʘʣʦʛ ʫʢʘʟʘʥʠʷ ʥʘʟʚʘʥʠʷ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʛʦʨʷʯʝʡ ʢʣʘʚʠʰʠ 

 

ʀʩʧʦʣʴʟʫʷ ʪʘʢʦʡ ʧʦʜʭʦʜ, ʤʦʞʥʦ ʫʢʘʟʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʘ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ. ʊʘʢ, ʝʩʣʠ ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʚʳʜʝʣʝʥʠʷ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʥʝ ʥʘʞʠʤʘʪʴ ʛʦʨʷʯʫʶ 

ʢʣʘʚʠʰʫ ʧʝʨʝʭʦʜʘ-ʚʳʭʦʜʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʜʦʣʞʠʪʴ ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ.  

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʩʣʝʜʥʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʢʘʪʘʣʦʛʝ, ʥʘʞʘʪʠʝ ʛʦʨʷʯʝʡ ʢʣʘʚʠʰʠ 

ʧʝʨʝʭʦʜʘ-ʚʳʭʦʜʘ ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ ʠ ʩʦʭʨʘʥʷʝʪ ʚʩʝ ʜʘʥʥʳʝ ʚ csv ʬʘʡʣ labels.csv. 

ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʘʥʥʳʝ ʩ ʨʘʟʜʝʣʠʪʝʣʝʤ. ɺʩʝʛʦ ʚ ʜʘʥʥʳʭ ʪʨʠ 

ʩʪʦʣʙʮʘ, ʥʘʟʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʥʘʟʚʘʥʠʝ ʤʝʪʢʠ ʠ ʣʠʩʪ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʚʫʭ ʪʦʯʝʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʝʚʦʡ ʚʝʨʭʥʝʡ ʠ ʧʨʘʚʦʡ ʥʠʞʥʝʡ ʪʦʯʢʘʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ. 

 

 
 

ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʘ csv ʬʘʡʣʘ 
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ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʪʦʢ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʭʦʞʠʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ. 

ɺ ʥʸʤ ʜʘʥʥʳʝ ʦ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʙʝʨʫʪʩʷ ʠʟ labels.csv. 

 

 
 

ʈʠʩ. 7. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʤʝʪʦʢ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

 

ʊʘʢʘʷ ʧʨʦʛʨʘʤʤʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʘʟʤʝʪʢʠ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʴʥʦ 

ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʟʤʝʪʢʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʧʨʠ ʦʙʫʯʝʥʠʠ. ʈʝʟʫʣʴʪʘʪ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

 
 

ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʦʩʤʦʪʨʘ ʤʝʪʦʢ 
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ɼʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʤʦʛʫʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʟʤʝʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩʳ 

ʥʘʭʦʞʜʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʤʝʪʦʢ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʧʨʦʮʝʩʩʳ 

ʩʦʟʜʘʥʠʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ʊʘʢʘʷ ʧʨʦʛʨʘʤʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʠ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 

ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ 

ʜʦʙʘʚʣʷʪʴ ʤʝʪʢʠ ʢ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʜʘʥʥʳʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʧʨʠ ʦʙʫʯʝʥʠʠ 

ʤʦʜʝʣʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

 

É ʂʘʪʝʨʤʠʥʘ ʊ.ʉ., ʌʝʨʙʝʨʪ ʀ.ʀ., 2024 
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

ɺ ʉʃʆɾʅʓʍ ʉʀʉʊɽʄɸʍ 
 

 

ʋɼʂ 517.95 

ɿʝʡʥʘʣʦʚ ʈ.ʄ. 

ʜ-ʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʤʘʪʝʤʘʪʠʢʝ 

ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

ʇʆʃʋʏɽʅʀɽ ʅɽʆɹʍʆɼʀʄʓʍ ʋʉʃʆɺʀʁ ɻʈɸʅʀʏʅʓʍ ɿɸɼɸʏ  

ɼʃʗ ʋʈɸɺʅɽʅʀʗ ʂʆʐʀ-ʈʀʄɸʅɸ, ʂʆɻɼɸ ʋʉʃʆɺʀʗ ʂɸʈʃɽʄɸʅɸ  

ʅɽ ʀʄɽɽʊ ʄɽʉʊʆ 
 

ɸʥʥʦʪʘʮʠʷ: ʀʟʣʘʛʘʝʤʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʝʰʝʥʠʶ ʛʨʘʥʠʯʥʳʭ ʟʘʜʘʯ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʂʦʰʠ-ʈʠʤʘʥʘ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʂʘʨʣʝʤʘʥʘ ʟʚʫʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. çɽʩʣʠ ʥʘ ʛʨʘʥʠʮʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʠʛʘʝʪʩʷ ʥʝ ʤʝʥʝʝ ʯʝʤ ʜʚʫʭ ʪʦʯʝʢ ʪʦ, ʪʦʛʜʘ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ ʠʣʠ ʦʪʭʦʜʷʪ ʦʪ 

ʦʜʥʦʡ ʛʨʘʥʠʯʥʦʡ ʪʦʯʢʠ, ʠʣʠ ʞʝ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʦʜʥʦʡ ʛʨʘʥʠʯʥʦʡ ʪʦʯʢʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, 

ʪ.ʝ. ʢʦʛʜʘ ʥʘ ʛʨʘʥʠʮʝ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ ʩʣʝʜʷʪ ʜʨʫʛ ï ʜʨʫʛʘ ʪʦ, ʪʦʛʜʘ ʫʩʣʦʚʠʷ ʂʘʨʣʝʤʘʥʘ ʥʝ ʠʤʝʝʪ 

ʤʝʩʪʦ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ; ʥʝʣʦʢʘʣʴʥʳʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ; ʫʩʣʦʚʠʷ ʂʘʨʣʝʤʘʥʘ; ʦʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ; ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʠ.  

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʂʦʰʠ-

ʈʠʤʘʥʘ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ [1; 4; 6; 7; 8]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ: ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʛʨʘʥʠʯʥʳʡ ʟʘʜʘʯʠ: 

‬όὼ

‬ὼ
Ὥ
‬όὼ

‬ὼ
πȟ ὼ ὼȟὼ ᶰὈṒὙȟ                      ρ 

‌ ὸόὸȟ‎ ὸ ‌ ὸόὥ ὦ ὸȟ‎ ὥ ὦ ὸ •ὸȟ   ὸɴ ὥȟὦȟ   ς 

ʛʜʝ Ὥ Ѝ ρ, Ὀ ï ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʣʦʩʢʦʡ ʦʙʣʘʩʪʴ, ʚʳʧʫʢʣʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ὼȟ ‌ ὸȟ‌ ὸ ̉ •ὸ ʟʘʜʘʥʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ. ɜ ï ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ Ὀ ʷʚʣʷʝʪʩʷ 

ʣʠʥʠʝʡ ʃʷʧʫʥʦʚʘ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʣʘʩʪʠ Ὀ ʥʘ ʦʩʴ ὼ, ʧʘʨʘʣʣʝʣʴʥʦ ʢ ὼ ʛʨʘʥʠʮʘ ɜ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ, ɜ ̉ ɜ. ʋʨʘʚʥʝʥʠʠ ʵʪʠʭ ʣʠʥʠʡ ὼ ‎ ὼ ȟὯ ρȟςȠ  ὼᶰὥȟὦ Ṓ

ᴙȢ ɻʨʘʥʠʯʥʘʷ ʫʩʣʦʚʠʷ (2) ʪʘʢʦʛʦ, ʯʪʦ ʜʚʠʞʫʱʠʝʩʷ ʪʦʯʢʠ ʥʘ ʛʨʘʥʠʮʝ ʩʣʝʜʷʪ ʜʨʫʛ ʜʨʫʛʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1), ʠʤʝʝʪ ʚʠʜ [2]: 

Ὗὼ ‚
ρ

ς“

ρ

ὼ ‚ Ὥὼ ‚
ȟ                                                σ 

ʆʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ: ʋʤʥʦʞʘʷ ʫʨʘʚʥʝʥʠʷ (1) ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ (3), ʠ 

ʠʥʪʝʛʨʠʨʫʷ ʧʦ ʦʙʣʘʩʪʠ Ὀ, ʠʤʝʝʤ: 

π
‬όὼ

‬ὼ
Ὗὼ ‚Ὠὼ Ὥ

‬όὼ

‬ὼ
Ὗὼ ‚ὨὼȢ 
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ʇʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-ɻʘʫʩʩʘ, ʪ.ʝ. ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ, ʠʤʝʝʤ: 

π όὼὟὼ ‚ÃÏÓ’ȟὼ Ὠὼ  

όὼ
‬Ὗὼ ‚

‬ὼ
Ὠὼ Ὥ όὼὟὼ ‚ÃÏÓ’ȟὼ Ὠὼ  

Ὥ όὼ
‬Ὗὼ ‚

‬ὼ
Ὠὼ όὼὟὼ ‚ÃÏÓ’ȟὼ Ὥὧέί’ȟὼ Ὠὼ  

όὼ
‬Ὗὼ ‚

‬ὼ
Ὥ
‬Ὗὼ ‚

‬ὼ
Ὠὼ  

όὼὟὼ ‚ÃÏÓ’ȟὼ Ὥὧέί’ȟὼ Ὠὼ ὼ‏ ‚όὼὨὼȟ 

ʛʜʝ ʯʝʨʝʟ ’ ʦʙʦʟʥʘʯʝʥʦ ʚʥʝʰʥʷʷ ʥʦʨʤʘʣ ʢ ʛʨʘʥʠʮʝ ɜ ʦʙʣʘʩʪʠ Ὀ. 

ʋʯʠʪʳʚʘʷ ʩʚʦʡʩʪʚʘ ʜʝʣʴʪʘ ʬʫʥʢʮʠʷ ɼʠʨʘʢʘ, ʧʦʣʫʯʘʝʤ [3; 5]: 

ρ

ς“

όὼ ÃÏÓ’ȟὼ Ὥὧέί’ȟὼ

ὼ ‚ Ὥὼ ‚
Ὠὼ

ό‚ȟ   ‚ɴ Ὀȟ
ρ

ς
ό‚ȟ   ‚ɴ ɜȢ

                       τ 

ʂʘʢ ʚʠʜʥʦ ʠʟ (4) ʦʩʥʦʚʥʦʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ. ʇʝʨʚʘʷ ʯʘʩʪʴ, ʢʦʛʜʘ ‚ɴ

Ὀ ʜʘʝʪ ʧʨʦʠʟʚʦʣʴʥʦʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1), ʘ ʚʪʦʨʘʷ ʯʘʩʪʴ, ʢʦʛʜʘ ‚ɴ ɜ, ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʠ. 

ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʠ: ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (4) ʠʤʝʝʤ: 

ρ

ς
ό‚ȟ‎ ‚

ρ

ς“

όὼ ÃÏÓ’ȟὼ Ὥὧέί’ȟὼ

ὼ ‎ ‚ Ὥὼ ‚
Ὠὼ  

ρ

ς“

όὼ ÃÏÓ’ȟὼ Ὥὧέί’ȟὼ

ὼ ‎ ‚ Ὥὼ ‚
ὨὼȠ 

ό‚ȟ‎ ‚
ρ

“

όὼȟ‎ ὼ ÃÏÓὼȟ† ὭίὭὲὼȟ†

‎ ὼ ‎ ‚ Ὥὼ ‚

Ὠὼ

ὧέίὼȟ†
 

ρ

“

όὼȟ‎ ὼ ÃÏÓὼȟ† ὭίὭὲὼȟ†

‎ ὼ ‎ ‚ Ὥὼ ‚

Ὠὼ

ὧέίὼȟ†
 

ρ

“

όὼȟ‎ ὼ ρ Ὥ‎ ὼ

‎ „ ὼ ‚ Ὥὼ ‚
Ὠὼ

ρ

“

όὼȟ‎ ὼ ρ Ὥ‎ ὼ

‎ ὼ ‎ ‚ Ὥὼ ‚
Ὠὼȟ      υ 

ʛʜʝ † ï ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʢ ʚ ɜ, ʪʘʢ ʠ ʚ ɜȟ  „ᶰ ὼȟ‚ȟ 
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ρ

ς
ό‚ȟ‎ ‚

ρ

ς“

όὼ ὧέί’ȟὼ Ὥὧέί’ȟὼ

ὼ ‎ ‚ Ὥὼȟ‚
Ὠὼ 

ρ

ς“

όὼ ὧέί’ȟὼ Ὥὧέί’ȟὼ

ὼ ‎ ‚ Ὥὼȟ‚
ὨὼȠ 

ό‚ȟ‎ ‚
ρ

“

όὼȟ‎ ὼ ὧέίὼȟ† ίὭὲὼȟ†

‎ ὼ ‎ ‚ Ὥὼ ‚

Ὠὼ

ὧέίὼȟ†
 

ρ

“

όὼȟ‎ ὼ ὧέίὼȟ† ὭίὭὲὼȟ†

‎ ὼ ‎ ‚ Ὥὼ ‚

Ὠὼ

ὧέίὼȟ†
 

ρ

“

όὼȟ‎ ὼ ρ Ὥ‎ ὼ

‎ ὼ ‎ ‚ Ὥὼ ‚
Ὠὼ

ρ

“

όὼȟ‎ ὼ ρ Ὥ‎ ὼ

‎„ ὼ ‚ Ὥὼ ‚
Ὠὼȟ   φ 

ʀʩʭʦʜʷ ʠʟ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ (2) ʧʦʣʫʯʝʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʠ (5) ʠ (6) 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 

ό‚ȟ‎ ‚
Ὥ

“

όὼȟ‎ ὼ

ὼ ‚
Ὠὼ

Ὥ

“

όὼȟ‎ ὼ

‎„ Ὥ

‎ „ ‎ ὼ

ὼ ‚
Ὠὼ  

  
ρ

“

όὼȟ‎ ὼ

‎ ὼ ‎ ‚ Ὥὼ ‚
ρ Ὥ‎ ὼ Ὠὼȟ                                             χ 

ό‚ȟ‎ ‚
ρ

“

όὼȟ‎ ὼ

‎ ὼ ‎ ‚ Ὥὼ ‚
ρ Ὥ‎ ὼ Ὠὼ  

Ὥ

“

όὼȟ‎ ὼ

ὼ ‚
Ὠὼ

Ὥ

“

όὼȟ‎ ὼ

‎„ Ὥ

‎ „ ‎ ὼ

ὼ ‚
ὨὼȢ 

ʇʦʣʫʯʘʝʤ (7) ʠʤʝʶʪʩʷ ʩʠʥʛʫʣʷʨʥʳʝ ʧʨʝʜʝʣʳ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʷʭ. 
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ʋɼʂ 622.276 

ʂʘʟʳʤʦʚ ɹ.ɿ. 

ʜ-ʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʪʝʭʥʠʢʝ 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘ 

 ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

ɿʝʡʥʘʣʦʚ ʈ.ʄ. 

ʜ-ʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʤʘʪʝʤʘʪʠʢʝ 

ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

 ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

ɼʘʤʠʨʦʚ A.A. 

ʜ-ʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʪʝʭʥʠʢʝ 

ʃʝʥʢʦʨʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʃʝʥʢʦʨʘʥ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

ʈɸʉʏɽʊʅɸʗ ʉʍɽʄɸ ʆʇʈɽɼɽʃɽʅʀʗ ʇʆʂɸɿɸʊɽʃɽʁ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ  

ʄɽʉʊʆʈʆɾɼɽʅʀʁ, ʇʆɼɺɽʈɻɸɽʄʓʍ ʈɽʃɸʂʉɸʎʀʆʅʅʆʁ ɼɽʌʆʈʄɸʎʀʀ,  

ʉ ʋʏɽʊʆʄ ɺʅɽɼʈɽʅʀʗ ɺʆɼʓ ɺ ʅɽʌʊʗʅʋʖ ʆɹʃɸʉʊʔ   

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ 

ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʨʦʜʳ ʢʦʪʦʨʳʭ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʬʦʨʤʘʮʠʠ ʨʝʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ, ʩ ʫʯʝʪʦʤ ʚʥʝʜʨʝʥʠʷ ʚʦʜʳ ʚ ʥʝʬʪʷʥʫʶ ʦʙʣʘʩʪʴ ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ; ʜʝʬʦʨʤʘʮʠʷ; ʨʝʣʘʢʩʘʮʠʷ; ʧʦʨʠʩʪʦʩʪʴ; 

ʜʘʚʣʝʥʠʝ; ʦʙʲʸʤʳ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ ʦʙʣʘʩʪʝʡ. 

 

ɻʦʨʥʳʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʡʩʪʚʠʷ ʛʝʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʬʦʨʤʘʮʠʷʤ ʩʣʦʞʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʟʨʘʙʦʪʢʠ. ʕʪʦʪ ʬʘʢʪ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ, ʧʨʠʚʣʝʢʘʣʦ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʪʘʣʦ ʧʨʝʜʤʝʪʦʤ ʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʢ ʦʜʥʠʤ ʠʟ ʟʘʜʘʯ, 

ʠʤʝʶʱʠʭ ʚʘʞʥʦʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ [1-6; 9]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʣʦʛʦ-ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʟʘʣʝʛʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʨʘʟʨʘʙʦʪʢʠ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʛʫʪ ʥʦʩʠʪ ʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʵʪʦʤ 

ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʤʦʞʝʪ ʠʛʨʘʪʴ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʭ ʨʝʞʠʤ ʟʘʣʝʞʠ. ʊʘʢ ʢʘʢ ʧʨʠʨʦʜʥʳʝ 

ʨʝʞʠʤʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʣʘʥʝ ʫʨʦʚʥʷ 

ʘʢʪʠʚʥʦʩʪʠ ʟʘʢʦʥʪʫʨʥʦʡ ʚʦʜʷʥʦʡ ʦʙʣʘʩʪʠ, ʤʦʛʫʪ ʩʝʙʷ ʧʨʦʷʚʠʪʴ ʚ ʩʤʝʰʘʥʥʦʤ ʚʠʜʝ, ʪʦ ʵʪʦʪ 

ʬʘʢʪʦʨ ʪʘʢʞʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʝʪ ʥʦʩʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʨʦʣʴ. ʇʨʘʢʪʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʨʝʞʠʤʝ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʧʨʠʚʦʜʠʪʴ ʚʥʝʜʨʝʥʠʶ ʟʘʢʦʥʪʫʨʥʦʡ ʚʦʜʳ ʚ ʥʝʬʪʷʥʫʶ ʦʙʣʘʩʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʜʦʥʘʧʦʨʥʳʡ ʨʝʞʠʤ [8]. 

ʅʝ ʫʯʝʪ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ. 

ɺʳʰʝʦʪʤʝʯʝʥʥʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʩ ʮʝʣʴʶ 

ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ 
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ʘʢʪʠʚʥʦʡ ʟʘʢʦʥʪʫʨʥʦʡ ʚʦʜʥʦʡ ʦʙʣʘʩʪʴʶ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ 

ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʣʫʯʘʷ ʦʯʝʥʴ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʇʨʠʯʝʤ, ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ 

ʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʳ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʜʝʬʦʨʤʘʮʠʷʤ ʥʝʫʧʨʫʛʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʨʦʜʳ ʢʦʪʦʨʳʭ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʜʝʬʦʨʤʘʮʠʠ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʩ ʫʯʝʪʦʤ ʚʥʝʜʨʝʥʠʷ ʚʦʜʳ ʚ ʥʝʬʪʷʥʫʶ ʦʙʣʘʩʪʴ. 

ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʟʘ ʧʝʨʠʦʜ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘ ʩʯʝʪ ʧʨʦʜʚʠʞʝʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʜʦʥʝʬʪʷʥʦʛʦ ʢʦʥʪʘʢʪʘ ʦʙʲʝʤʳ ʥʝʬʪʷʥʦʡ ʠ ʚʦʜʥʦʡ ʦʙʣʘʩʪʝʡ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʨʝʛʫʣʷʨʥʦʤʫ ʠʟʤʝʥʝʥʠʶ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ 

   ʥ  ʚ  ʥὸ  ʚὸ ὧέὲίὸ,                                           (1) 

ʛʜʝ  ̊  ʠ  ̃- ʪʝʢʫʱʠʝ ʦʙʲʝʤʳ ʥʝʬʪʷʥʦʡ ʠ ʚʦʜʷʥʦʡ ʯʘʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  ̊  ʠ  ɺ - 

ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ  ʅ ʠ  ʚʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʘʢʦʛʦ ʨʝʛʫʣʷʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʥʝʬʪʷʥʦʡ ʠ ʚʦʜʥʦʡ ʦʙʣʘʩʪʝʡ, 

ʚʝʣʠʯʠʥʳ ʪʝʢʫʱʝʡ ʜʦʙʳʯʠ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʪʝʢʫʱʝʛʦ ʦʙʲʝʤʘ ʚʦʜʳ, 

ʚʥʝʜʨʝʥʥʦʡ ʚ ʥʝʬʪʷʥʫʶ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʢʦʤʧʣʝʢʩʥʦ ʚʳʨʘʞʝʥʳ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʚʦʜʳ ʚ ʧʣʘʩʪʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ή
ʥ

 ʥ
Ⱦ

 ʥ                                                           (2) 

ή
ʛʥ
ὴʘʪ  ʥ

Ⱦ
ρ „ ʥὥὖ άὖ  ʥ ὴʘʪ‍                                 (3) 

ή
ʚ

 ʚ
Ⱦ

ʚ
 ʚ                                                          (4) 

ʛʜʝ  ʥ
ʥ ʥ

ᶻ

 z;  ʥ
Ⱦ

ʥ
 ;   ʚ

ʚ ʚ
ᶻ

 z;   ʚ
Ⱦ

ʚ
 ;  ὠʥ

ʥ ;   ὠʚ
ʚ

ʚ
 ;  ὥὖ ; 

ὥʚὖ
ʚ

ʚ
;  ή

ʥ

ʥ

ʥ
; ή
ʛʥ

ʛʥ

ʥ
; ή
ʚ

ʚ

ʚ
; ά  ;   - ʦʙʲʝʤ ʟʘʣʝʞʠ;  ᶻ- ʧʦʨʦʚʳʡ ʦʙʲʝʤ 

ʟʘʣʝʞʠ;  ʅ
ᶻ ʠ  ʥ

ᶻ- ʩʦʦʪʚʝʩʪʚʝʥʥʦ, ʧʦʨʦʚʳʝ ʦʙʲʝʤʳ ʥʝʬʪʷʥʦʡ ʠ ʚʦʜʥʦʡ ʯʘʩʪʝʡ ʟʘʣʝʞʠ; ήʥ- 

ʪʝʢʫʱʠʡ ʦʙʲʝʤ ʜʦʙʳʯʠ ʥʝʬʪʠ ʩ ʟʘʣʝʞʠ; ήʚ- ʦʙʲʝʤ ʚʦʜʳ, ʚʥʝʜʨʝʥʥʦʡ ʠʟ ʚʦʜʥʦʡ ʯʘʩʪʠ ʚ 

ʥʝʬʪʷʥʫʶ ʚ ʪʝʢʫʱʝʝ ʚʨʝʤʷ; ήʛʥ ï ʪʝʢʫʱʠʡ ʦʙʲʝʤ ʜʦʙʳʯʠ ʛʘʟʘ: ήʛʥ ɻήʥ; ɻ ï ʛʘʟʦʚʳʡ ʬʘʢʪʦʨ;
 

ὠ ʠ ὠʚ- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʯʘʣʴʥʳʝ ʦʙʲʝʤʳ ʥʝʬʪʠ ʠ ʚʦʜʳ ʚ ʟʘʣʝʞʠ; ὖ ï ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ; „ 

ï ʥʝʬʪʝʥʘʩʳʰʝʥʥʦʩʪʴ;  ά ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʟʘʣʝʞʠ; ὖ ï ʥʘʯʘʣʴʥʦʝ ʧʣʘʩʪʦʚʦʝ 

ʜʘʚʣʝʥʠʝ; ά  ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ; Ὓὖ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʘʟʘ ʚ 

ʥʝʬʪʠ; ὥὖ ï ʦʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʠ; ὥʚὖ ï ʦʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʳ; ὴʘʪ- 

ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ; ‍ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʧʨʘʚʢʠ ʜʣʷ ʛʘʟʘ. 

ɼʣʷ ʫʯʝʪʘ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʜʝʬʦʨʤʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʣʫʯʘʶ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʣʘʩʪʘ ʟʘ ʧʝʨʠʦʜ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [3; 9]: 

ά † Ὡʧ

                                                           
(5) 

ʛʜʝ † -  ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʧʦʨʠʩʪʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ; ‍̐ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʡ ʩʞʠʤʘʝʤʦʩʪʠ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ; ὖ ï ʥʘʯʘʣʴʥʦʝ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ. 

ɺ ʨʘʤʢʘʭ ʚʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʠʟ (1) ʧʦʣʫʯʘʝʤ: 

 ʥὸ  ʚὸ ρ.                                                         (6) 

ʉʦʚʤʝʩʪʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʡ (2)-(6) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ 

ʠʩʢʦʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ, ʢʘʢ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʨʠʩʪʦʩʪʠ ʠ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ 

ʧʣʘʩʪʘ, ʘ ʪʘʢʞʝ ʦʙʲʝʤʘ ʥʝʬʪʷʥʦʡ ʯʘʩʪʠ ʟʘʣʝʞʠ( ὖȟάȟ„ȟ ʥ
) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘ ̫ʩʠʩʪʝʤʘ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

ừ
ỬỬ
Ừ

ỬỬ
ứ Ὢ ὸȟάȟ„ȟὖȟ ʥ

Ὢὸȟάȟ„ȟὖȟ ʥ

ʥ Ὢ
ʥ
ὸȟάȟ„ȟὖȟ ʥ

Ὢ άȟὖ

                                                   (7) 

 

ʛʜʝ  

Ὢ
ʥ ʥ ; Ὢ

ʥ

ʚ ; 

Ὢ
ʚ

; Ὢ Ὡʧ ά  

Ὂ  ʥ
ǋ ʥὥὖ άὖ

ʘʪ
 ʥ
ǋ ʥά ;Ὂ  ʥ

ǋρ „ὥὖ άὖ
ʘʪ
 ǋ„ά ; 

Ὂ  ʥ
ǋ ʥρ „ὥὖ ά

ʘʪ
 ʥ
ǋ ʥ„ά

Ⱦ

; 

Ὂ  ʥ
ǋ ʥρ „ὥὖ ὖ

ʘʪ
 ʥ
ǋ ʥ„ ; Ὂ  ʚ

ǋ

ʚ
; Ὂ  ̃ ̎ ̃

̃
; Ὂ

 ʚ
ǋ ʥ

ʚ
; Ὂ  ʥ

ǋ ʥ ; Ὂ  ʥ
ǋ ; Ὂ  ʥ

ǋ ʥ
ǋ

;Ὂ  ʥ
ǋ ʥ  

ɻ
ʘʪ
 „ẗ‘ὖẗὖẗὥὖ ὴʘʪ ; 

 „ ʛ

ʥ
; ‘ὖ ʥ

ʛ
; Ὂʛ„ ʠ Ὂ̎ „ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʬʘʟʦʚʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʛʘʟʘ ʠ 

ʥʝʬʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ‘ʛὖ ʠ ‘ʥὖ ï ʚʷʟʢʦʩʪʴ ʛʘʟʘ ʠ ʥʝʬʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (7) ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʫʥʛʝ-ʂʫʪʪʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [7]: 

ὖπ ὖȠ ά π ρȠ „π ρȠ  ʥπ
 ʥ
 
Ȣ 
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ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʈʫʥʛʝ-ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ὖȟάȟ„ȟ ʥʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ὸ Ὦ ρ† (Ὦ πȟὓ ρ ʧʦ ʚʨʝʤʝʥʠ ὸπ ὸ Ὕ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʘʷ ʠʪʝʨʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὖ ὖ ὑ ςὑ ςὑ ὑ ; ά ά ὑ ςὑ ςὑ ὑ ; 

„ „ ὑ ςὑ ςὑ ὑ ;  ʥ  ʥ ὑ
ʥ
ςὑ

ʥ
ςὑ

ʥ
ὑ

ʥ
; 

ὑ Ὢ ὸȟάȟ„ȟὖȟ ʥ ; ὑ Ὢ ὸ ȟά ὑ ȟ„ ὑ ȟὖ ὑ ȟ ʥ ὑ
ʥ

; 

ὑ Ὢ ὸ ȟά ὑ ȟ„ ὑ ȟὖ ὑ ȟ ʥ ὑ
ʥ

; 

ὑ Ὢ ὸȟά ὑ ȟ„ ὑ ȟὖ ὑ ȟ ʥ ὑ
ʥ

 

ὑ Ὢ ὸȟάȟ„ȟὖȟ ʥ ; ὑ Ὢ ὸ ȟά ὑ ȟ„ ὑ ȟὖ ὑ ȟ ʥ ὑ
ʥ

; 

ὑ Ὢ ὸ ȟά ὑ ȟ„ ὑ ȟὖ ὑ ȟ ʥ ὑ
ʥ

; 

ὑ Ὢ ὸȟά ὑ ȟ„ ὑ ȟὖ ὑ ȟ ʥ ὑ
ʥ

; ὑ
ʥ
Ὢ
ʥ
ὸȟάȟ„ȟὖȟ ʥ ; 

ὑ
ʥ
Ὢ
ʥ
ὸ ȟά ὑ ȟ„ ὑ ȟὖ ὑ ȟ ʥ ὑ

ʥ
; 

ὑ
ʥ
Ὢ
ʥ
ὸ ȟά ὑ ȟ„ ὑ ȟὖ ὑ ȟ ʥ ὑ

ʥ
; 

ὑ
ʥ
Ὢ
ʥ
ὸȟά ὑ ȟ„ ὑ ȟὖ ὑ ȟ ʥ ὑ

ʥ
; ὑ Ὢ άȟὖ ; 

ὑ Ὢ ὸ ȟά ὑ ȟὖ ὑ ; ὑ Ὢ ὸ ȟά ὑ ȟὖ ὑ  

ὑ Ὢ ὸ †ȟά ὑ ȟὖ ὑ , 

ʛʜʝ ὓ ὝȾ†; † ï ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; Ὕ ï ʣʶʙʦʝ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ. 

ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ὖȟάȟ„ȟ ̎ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʜʣʷ ʠʥʜʝʢʩʘ 

j=0 ʙʝʨʫʪʩʷ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʳʝ ʢ ὖȟρȟρ ʠ  ʥȾ   ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʨʝʞʠʤʝ 

ʠʩʪʦʱʝʥʠʷ, ʧʦʨʦʜʳ ʢʦʪʦʨʳʭ ʧʦʜʚʝʨʞʝʥʳ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʚʥʝʜʨʝʥʠʷ 

ʚʦʜʳ ʚ ʥʝʬʪʷʥʫʶ ʦʙʣʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʣʫʯʘʷ ʦʧʨʝʜʝʣʷʪʴ 

ʠʟʤʝʥʝʥʠʷ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ, ʢʘʢ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʨʠʩʪʦʩʪʠ, 

ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ, ʛʘʟʦʚʦʛʦ ʬʘʢʪʦʨʘ, ʦʙʲʝʤʘ ʥʝʬʪʷʥʦʡ ʯʘʩʪʠ ʟʘʣʝʞʠ. ʅʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ 

ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʨʝʜʣʦʞʝʥʥʳʤ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ 

ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʫʨʝʛʫʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʧʦʨʦʜʳ ʢʦʪʦʨʳʭ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʩ ʫʯʝʪʦʤ ʘʢʪʠʚʥʦʩʪʠ 

ʟʘʢʦʥʪʫʨʥʦʡ ʚʦʜʥʦʡ ʦʙʣʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ʋɼʂ 004 

ʄʘʤʝʜʣʠ ʈ.ʕ. 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʦʚʘʣʝʥʢʦ ʇ.ʀ. 

ʩʪʫʜʝʥʪ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʈɸɿʈɸɹʆʊʂɸ ʐɸɹʃʆʅɸ ɼʃʗ ʋʇʈʆʑɽʅʀʗ ʇʆʉʊʈʆɽʅʀʗ ʇɽʈɽʂʈɽʉʊʂʆɺ  

ɺ ʉʈɽɼɽ ANYLOGIC 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʰʘʙʣʦʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʢʨʸʩʪʢʦʚ 

ʚ ʩʨʝʜʝ AnyLogic. ʋʯʪʝʥʳ ʛʝʦʤʝʪʨʠʷ ʜʦʨʦʛ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ, ʨʝʞʠʤʳ ʩʚʝʪʦʬʦʨʦʚ ʠ ʩʭʝʤʳ 

ʧʨʦʝʟʜʘ ʤʘʰʠʥ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʰʘʙʣʦʥ ʦʙʣʝʛʯʘʝʪ ʠ ʫʩʢʦʨʷʝʪ 

ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʧʝʨʝʢʨʝʩʪʢʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʩʝʛʦ ʛʦʨʦʜʘ. ʆʩʥʦʚʥʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥ ʧʦ ʧʝʨʝʢʨʸʩʪʢʫ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʫʯʸʪ ʩʤʝʥʳ ʨʝʞʠʤʦʚ ʩʚʝʪʦʬʦʨʦʚ ʠ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: AnyLogic; ɸʉʋɼɼ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʢʨʸʩʪʢʦʚ ʚ ʩʨʝʜʝ AnyLogic ʥʝ ʷʚʣʷʝʪʩʷ ʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʅʫʞʥʦ 

ʫʯʝʩʪʴ ʨʘʟʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ: ʛʝʦʤʝʪʨʠʷ ʜʦʨʦʛ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʩʚʝʪʦʬʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʭʝʤʫ ʧʨʦʝʟʜʘ ʤʘʰʠʥ ʯʝʨʝʟ ʧʝʨʝʢʨʸʩʪʦʢ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ 

ʧʝʨʝʢʨʸʩʪʢʘ ʚʨʝʤʷ ʟʘʪʨʘʪʳ ʥʝ ʙʫʜʫʪ ʪʘʢʠʤʠ ʙʦʣʴʰʠʤʠ. ʅʦ ʝʩʣʠ ʥʘʤ ʥʫʞʥʦ ʙʫʜʝʪ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʝʨʝʢʨʸʩʪʢʠ ʜʣʷ ʚʩʝʛʦ ʛʦʨʦʜʘ, ʧʫʩʪʴ ʜʘʞʝ ʥʝ ʙʦʣʴʰʦʛʦ, ʪʦ ʜʣʷ ʵʪʦʛʦ 

ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʪʦʣʴʢʦ ʜʣʷ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʣʦʛʠʢʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʨʦʞʥʦʡ ʩʝʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ 

ʟʘʜʘʯʫ ʠ ʫʩʢʦʨʠʪʴ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʰʘʙʣʦʥ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʝʨʝʢʨʸʩʪʢʦʚ, ʠʤʝʶʱʠʭ ʧʝʨʝʩʝʯʝʥʠʝ ʯʝʪʳʨʸʭ ʧʨʦʝʟʞʠʭ ʯʘʩʪʝʡ. 

ɺʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʰʘʙʣʦʥʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʤ ʵʪʦʪ ʰʘʙʣʦʥ ʜʦʣʞʝʥ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ. ʄʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʫʤʝʥʪʘʮʠʝʡ AnyLogic ʥʝ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʢʨʝʩʪʢʘ ʟʘ 24 ʯʘʩʘ, ʘ ʪʦʣʴʢʦ ʢʘʢʦʡ-ʪʦ ʝʸ ʯʘʩʪʠ. ɻʣʘʚʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʣʥʳʝ ʩʫʪʢʠ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥ ʧʦ ʧʝʨʝʢʨʸʩʪʢʫ 

ʫʯʠʪʳʚʘʷ ʩʤʝʥʫ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʘʰʠʥ. ɼʘʥʥʳʡ ʰʘʙʣʦʥ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɺ ʰʘʙʣʦʥʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʙʣʦʢʠ: ʩʦʟʜʘʥʠʝ, ʫʜʘʣʝʥʠʝ ʠʟ ʤʦʜʝʣʠ, 

ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʘʚʪʦʤʦʙʠʣʷ, ʙʣʦʢʘ ʤʦʜʝʣʠʨʫʶʱʠʡ ʩʚʝʪʦʬʦʨ, ʫʧʨʘʚʣʷʶʱʠʡ 

ʜʚʠʞʝʥʠʝʤ ʤʘʰʠʥ ʥʘ ʧʝʨʝʢʨʸʩʪʢʝ ʠʣʠ ʫ ʩʪʦʧ-ʣʠʥʠʠ. ʂʦʤʧʦʥʝʥʪʳ ʘʛʝʥʪʘ: ʩʦʙʳʪʠʝ, 

ʧʝʨʝʤʝʥʥʘʷ, ʨʘʩʧʠʩʘʥʠʝ, ʬʫʥʢʮʠʷ. ʀʟ ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʙʳʣ ʚʟʷʪ ʙʣʦʢ, 

ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪ ʚʭʦʜʷʱʠʭ ʘʛʝʥʪʦʚ ʚ ʦʜʠʥ ʠʟ ʧʷʪʠ ʚʳʭʦʜʥʳʭ ʧʦʨʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʫʩʣʦʚʠʡ. 
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ʈʠʩ. 1. ʐʘʙʣʦʥ 

 

ʈʘʟʙʝʨʝʤ ʜʝʪʘʣʴʥʝʝ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ. 

ʂʦʤʧʦʥʝʥʪ ʘʛʝʥʪʘ ʨʘʩʧʠʩʘʥʠʝ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʝʛʦ ʩʚʦʡʩʪʚʘʭ ʫʢʘʟʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʘʰʠʥ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʨʦʝʟʞʠʭ ʯʘʩʪʝʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2. ʂʦʤʧʦʥʝʥʪ ʘʛʝʥʪʘ ʨʘʩʧʠʩʘʥʠʝ 

 

ʂʦʤʧʦʥʝʥʪ ʘʛʝʥʪʘ ʩʦʙʳʪʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʢʣʶʯʝʥʠʷ, 

ʚʩʝʭ ʩʚʝʪʦʬʦʨʦʚ (ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ) ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ ʦʪʢʣʶʯʝʥʠʷ ʜʘʥʥʦʛʦ 

ʩʚʝʪʦʬʦʨʘ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʢʣʶʯʝʥʳ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ 

ʨʘʙʦʪʳ ʚʩʝʛʦ ʰʘʙʣʦʥʘ. 

 

 
 

ʈʠʩ. 3. ʂʦʤʧʦʥʝʥʪ ʘʛʝʥʪʘ ʩʦʙʳʪʠʝ 

 

ʊʘʢ ʞʝ ʢʦʤʧʦʥʝʥʪ ʘʛʝʥʪʘ ʩʦʙʳʪʠʝ ʨʠʩʫʥʢʝ 4, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʣʘʚʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ, ʦʪʢʣʶʯʘʪʴ 

ʧʨʝʜʳʜʫʱʠʡ ʩʚʝʪʦʬʦʨ (ʨʝʞʠʤ ʨʘʙʦʪʳ) ʠ ʚʢʣʶʯʘʪʴ ʩʣʝʜʫʶʱʠʡ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʜʝʪʘʣʴʥʝʡ 

ʩʥʘʯʘʣʘ ʧʨʦʚʝʨʷʝʪʩʷ ʟʘʢʦʥʯʠʣʘʩʴ ʣʠ ʪʝʢʫʱʘʷ ʬʘʟʘ ʩʚʝʪʦʬʦʨʘ (ʨʝʞʠʤ ʨʘʙʦʪʳ), ʝʩʣʠ ʥʝʪ ʪʦʛʜʘ 

ʤʳ ʧʦʣʫʯʘʝʤ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʦʩʪʘʣʦʩʴ ʜʦ ʢʦʥʮʘ ʨʘʙʦʪʳ ʪʝʢʫʱʝʡ ʬʘʟʳ ʠ ʧʝʨʝʥʘʟʥʘʯʘʝʤ ʚʨʝʤʷ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʥʘ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʣʶʩ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʦʩʪʘʣʦʩʴ ʜʦ ʢʦʥʮʘ ʨʘʙʦʪʳ ʪʝʢʫʱʝʡ 

ʬʘʟʳ. 
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ʈʠʩ. 4. ʂʦʤʧʦʥʝʥʪ ʘʛʝʥʪʘ ʩʦʙʳʪʠʝ 

 

ʀʟ ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪ ʚʭʦʜʷʱʠʭ ʘʛʝʥʪʦʚ ʚ ʦʜʠʥ 

ʠʟ ʧʷʪʠ ʚʳʭʦʜʥʳʭ ʧʦʨʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʫʩʣʦʚʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʦʥʝʥʪʘ ʫʢʘʟʘʪʴ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ 

ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ. 

 

 
 

ʈʠʩ. 5. ɹʣʦʢ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

 

ʂʦʤʧʦʥʝʥʪ ʘʛʝʥʪʘ ʬʫʥʢʮʠʷ (ʨʠʩ. 6). ʂʦʜ, ʥʘʧʠʩʘʥʥʳʡ ʚ ʪʝʣʝ ʵʪʦʡ ʬʫʥʢʮʠʠ, ʧʨʦʚʝʨʷʝʪ 

ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʤʦʜʝʣʠ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ ʢʘʢʦʡ ʧʨʦʤʝʞʫʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ 

ʚʨʝʤʝʥʠ, ʚʦʟʚʨʘʱʘʝʪ ʧʝʨʝʤʝʥʥʫʶ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʴʩʷ ʟʥʘʯʝʥʠʝ. 
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ʈʠʩ. 6. ʂʦʤʧʦʥʝʥʪ ʘʛʝʥʪʘ ʬʫʥʢʮʠʷ 

 

ʀ ʪʘʢ ʨʘʩʩʤʦʪʨʠʤ ʢʨʘʡʥʠʡ ʙʣʦʢ ʵʪʦʛʦ ʰʘʙʣʦʥʘ ï ʧʝʨʝʤʝʥʥʘʷ, ʨʠʩʫʥʦʢ 7. 

 

 
 

ʈʠʩ. 7. ʂʦʤʧʦʥʝʥʪʳ ʘʛʝʥʪʘ ʧʝʨʝʤʝʥʥʘʷ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʩʚʦʡʩʪʚʘʭ ʵʪʦʡ ʧʝʨʝʤʝʥʥʦʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʰʘʙʣʦʥ ʧʦʜʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʤʘʰʠʥ (ʨʠʩ. 8). 

 

 
 

ʈʠʩ. 8. ʐʘʙʣʦʥ ʧʦʜʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥ 
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ɹʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʰʘʙʣʦʥ ʧʦʜʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʤʘʰʠʥ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel. ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ ʫʢʘʟʳʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ 

ʤʘʰʠʥ, ʧʨʦʝʟʞʘʶʱʠʭ ʯʝʨʝʟ ʧʝʨʝʢʨʸʩʪʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ, ʘ ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ ʧʦʩʨʝʜʩʪʚʦʤ ʬʫʥʢʮʠʠ ʨʠʩ. 9, 

ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʣʷ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ ʰʘʙʣʦʥʘ. 

 

 
 

ʈʠʩ. 9. ʌʫʥʢʮʠʷ ʧʦʜʩʯʝʪʘ 

 

ʊʘʢ ʞʝ ʜʣʷ ʫʜʦʙʩʪʚʘ, ʫʧʨʦʱʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʟʘʥʝʩʝʥʠʷ ʜʘʥʥʳʭ ʠ ʧʦʜʩʯʝʪʘ ʟʥʘʯʝʥʠʡ 

ʧʝʨʝʤʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʰʘʙʣʦʥʘ ʧʦʜʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʠ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʤʘʰʠʥ ʙʳʣʠ ʥʘʧʠʩʘʥʳ ʤʘʢʨʦʩʳ ʜʣʷ ʢʥʦʧʦʢ (ʨʠʩ. 10). 

 

 
 

ʈʠʩ. 10. ʄʘʢʨʦʩʳ ʜʣʷ ʢʥʦʧʦʢ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʰʘʙʣʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʢʨʝʩʪʢʦʚ ʚ ʩʨʝʜʝ AnyLogic. ʆʥ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ, 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ɼʘʣʴʥʝʡʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʨʘʩʰʠʨʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʰʘʙʣʦʥʘ, ʫʯʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ. 

 

É ʄʘʤʝʜʣʠ ʈ.ʕ., ʂʦʚʘʣʝʥʢʦ ʇ.ʀ., 2024 
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ʉʦʣʦʚʴʝʚ ɸ.ɸ. 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

  

ʆʉʆɹɽʅʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʎʀʌʈʆɺʓʍ ɼɺʆʁʅʀʂʆɺ  

ʇʈʀ ʈɸɿʈɸɹʆʊʂɽ CAE-ʇʈʆɻʈɸʄʄʓ ɼʃʗ ʅɽʌʊɽɻɸɿʆɺʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʣʦʞʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ. ʇʨʦʪʦʪʠʧ, ʵʢʟʝʤʧʣʷʨ, ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ. ʎʠʬʨʦʚʘʷ ʪʝʥʴ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʘʚʪʦʨʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ɺʠʨʪʫʘʣʴʥʳʡ ʫʯʝʙʥʳʡ ʢʦʤʧʣʝʢʩ çʈʘʙʦʯʝʝ ʤʝʩʪʦ ʪʝʭʥʦʣʦʛʘ ʎɼʅɻè. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ; CAE-ʧʨʦʛʨʘʤʤʳ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ; 

ʚʠʟʫʘʣʠʟʘʮʠʷ; ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ; ʚʠʨʪʫʘʣʴʥʳʡ 

ʫʯʝʙʥʳʡ ʢʦʤʧʣʝʢʩ. 

 

ʏʝʪʚʝʨʪʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʨʝʚʦʣʶʮʠʷ ʚʥʦʩʠʪ ʤʦʱʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʩʬʝʨʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʚʦ ʚʩʝʤ ʫʢʣʘʜʝ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. 

ɹʳʩʪʨʦ ʠʟʤʝʥʷʶʱʘʷʩʷ ʩʨʝʜʘ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʪʨʝʙʫʝʪ ʠʥʳʭ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʤʧʘʥʠʷʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʙʣʦʢʯʝʡʥʘ, ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ ʜʨʫʛʠʭ [1]. 

ɺ ʦʪʯʝʪʝ ʟʘ 2020 ʛʦʜ ʩʢʘʟʘʥʦ, ʯʪʦ ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ ʦʩʦʟʥʘʣʠ ʚʘʞʥʦʩʪʴ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʧʨʝʜʧʨʠʷʪʠʡ, ʯʝʤ ʚ 2018 ʛʦʜʫ, 

ʥʘʯʘʣʠ ʧʦʜʭʦʜʠʪʴ ʢ ʚʦʧʨʦʩʫ ʩʠʩʪʝʤʥʦ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʩʧʝʮʠʘʣʴʥʦʡ 

ʩʪʨʘʪʝʛʠʠ [2]. ɼʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʮʠʬʨʦʚʦʡ ʫʨʦʚʝʥʴ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʫʶ 

ʙʠʟʥʝʩ-ʤʦʜʝʣʴ, ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʩʦʟʜʘʪʴ ʠ ʨʘʟʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʩʪʨʘʪʝʛʠʶ ʠ ʢʫʣʴʪʫʨʫ [3]. 

ʇʦ ʜʘʥʥʳʤ Gartner, 12% ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʪʘʢʞʝ 

ʧʨʠʤʝʥʷʶʪ ʠ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, ʘ 62% ʧʣʘʥʠʨʫʶʪ ʵʪʦ ʩʜʝʣʘʪʴ. GE Digital ʚ 2019 ʛʦʜʫ 

ʥʘʟʳʚʘʣʘ ʮʠʬʨʫ ʚ 1,2 ʤʣʥ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʤʠʨʝ. ʇʦ ʜʨʫʛʠʤ ʧʨʦʛʥʦʟʘʤ, ʚ ʙʣʠʞʘʡʰʠʝ 

ʧʘʨʫ ʣʝʪ ʨʳʥʦʢ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʜʦʩʪʠʛʥʝʪ $16 ʤʣʨʜ. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʧʦʤʦʛʘʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʠʥʠʤʫʤ ʥʘ 10%, ʘ ʚ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ, ʢʨʦʤʝ ʧʦʚʳʰʝʥʠʷ 

ʠ ʩʵʢʦʥʦʤʠʪʴ ʦʪ 5% ʜʦ 15% ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ 

ʧʝʨʝʡʜʫʪ ʢ ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʫʧʨʘʚʣʝʥʠʶ ʮʝʣʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘʤʠ ʠ ʚʩʝʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʯʝʨʝʟ ʚʠʨʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ: 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ï ʧʨʦʪʦʪʠʧ (ɺʠʨʪʫʘʣʴʥʳʡ ʘʥʘʣʦʛ ʠʤʝʶʱʝʛʦʩʷ ʚ ʨʝʘʣʴʥʦʩʪʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʘʥʥʳʝ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʝʛʦ ʩʦʟʜʘʥʠʶ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ). 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ï ʵʢʟʝʤʧʣʷʨ (ʉʦʜʝʨʞʠʪ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ, ʜʘʥʥʳʝ ʦ ʤʘʪʝʨʠʘʣʘʭ ʠ 

ʧʨʦʮʝʩʩʘʭ ʚʳʧʦʣʥʷʝʤʳʭ, ʚʦ ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ ʦʪʨʝʟʢʘʭ, ʠʪʦʛʠ ʪʝʩʪʦʚ, ʟʘʧʠʩʠ ʦ ʧʨʦʚʝʜʝʥʥʳʭ 

ʨʝʤʦʥʪʘʭ, ʦʧʝʨʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʜʘʪʯʠʢʦʚ, ʧʘʨʘʤʝʪʨʳ ʤʦʥʠʪʦʨʠʥʛʘ). 
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ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ï ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ (ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ 

ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠ ʠʭ ʨʝʘʣʴʥʳʝ ʧʨʦʪʦʪʠʧʳ, ʧʦʟʚʦʣʷʝʪ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʠ ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʠʤʠ). 

ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ, ʚʦʟʥʠʢʣʠ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʩʣʦʞʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʪʝʨʤʠʥʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʝʪ ʪʝʨʤʠʥ ï çʮʠʬʨʦʚʘʷ ʪʝʥʴè. ʂʘʢ ʧʦʥʷʪʴ ʜʘʥʥʳʡ ʪʝʨʤʠʥ? ʂʘʢ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʙʦʪʝ? 

ʊʝʨʤʠʥ çʮʠʬʨʦʚʘʷ ʪʝʥʴè ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʧʨʠ ʪʝʭ ʫʩʣʦʚʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʙʦʨ ʜʘʥʥʳʭ. ʅʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʜʨʫʛʠʭ ʩʠʪʫʘʮʠʷʭ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ çʮʠʬʨʦʚʦʡ ʪʝʥʠè, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʤʦʛʫʪ, ʢʘʢ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʧʨʝʪʚʦʨʷʪʴ ʠʭ ʚ ʞʠʟʥʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʤʦʞʝʪ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʝ ʩʦʙʳʪʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʩʪʦʨʦʥʥʠʭ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʭ, ʦʪʳʩʢʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʥʘʫʯʠʪʴʩʷ ʩʦʙʠʨʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʚʩʝ ʜʘʥʥʳʝ 

ʩ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʮʠʬʨʦʚʳʤ ʜʚʦʡʥʠʢʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ï ʩʦʙʨʘʪʴ ʚʩʶ ʜʦʩʪʫʧʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʉʦʙʨʘʪʴ ʠ 

ʥʘʩʪʨʦʠʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʧʦʩʦʙʥʫʶ ʵʬʬʝʢʪʠʚʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ. ʇʦʤʠʤʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʫʩʣʦʚʠʡ ʩʨʝʜʳ, ʜʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ, ʩʶʜʘ ʚʭʦʜʷʪ ʪʘʢʠʝ 

ʜʘʥʥʳʝ, ʢʘʢ ʪʝʢʫʱʠʝ ʥʘʩʪʨʦʡʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʘʥʥʳʝ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʠʜʝʘʣʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚ ʮʠʬʨʦʚʦʡ 

ʜʚʦʡʥʠʢ, ʯʪʦʙʳ ʦʪʦʙʨʘʞʘʪʴ ʘʢʪʫʘʣʴʥʫʶ ʢʘʨʪʠʥʫ. ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʭʨʘʥʠʪʴʩʷ, 

ʫʧʨʘʚʣʷʪʴʩʷ ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʬʦʨʤʘʪ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʠʣʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʧʪʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʞʜʫ ʨʘʙʦʪʦʡ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʠ ʝʛʦ 

ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʪʦʪʠʧʘ ʩʯʠʪʘʶʪ 5%. 

ʀ ʥʘʢʦʥʝʮ ʪʨʝʪʴʷ ʟʘʜʘʯʘ ï ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʜʦʣʞʝʥ ʫʤʝʪʴ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ. ʕʪʦ ʟʥʘʯʠʪ 

ʝʩʣʠ ʯʪʦ-ʪʦ ʠʟʤʝʥʠʣʦʩʴ, ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʵʪʦ ʜʦʣʞʥʦ ʙʳʪʴ 

ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʥʦ ʚ ʮʠʬʨʦʚʦʤ ʜʚʦʡʥʠʢʝ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ. ʅʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʦʧʝʨʘʪʠʚʥʦ, ʥʦ ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʦʙʷʟʘʪʝʣʴʥʦ. ʀʥʘʯʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʨʘʟʨʳʚ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʠ ʮʠʬʨʦʚʳʤ ʜʚʦʡʥʠʢʦʚ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʨʘʟʚʠʚʘʪʴ 

ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʥʝ ʙʫʜʝʪ ʩʤʳʩʣʘ. 

ɺ ʧʨʦʝʢʪʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʫʯʝʙʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʈʘʙʦʯʝʝ ʤʝʩʪʦ ʪʝʭʥʦʣʦʛʘ ʎɼʅɻè 

ʧʨʦʚʝʜʝʥʳ ʧʨʦʙʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʘʭ 1-

3 ʧʦʢʘʟʘʥ ʵʩʢʠʟ ʦʢʥʘ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʦʝʢʪ ʧʦʣʫʯʠʣ ʛʨʘʥʪ ʨʝʢʪʦʨʘ ʅɺɻʋ. 
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ʈʠʩ. 3. ʈʘʙʦʯʝʝ ʤʝʩʪʦ ʪʝʭʥʦʣʦʛʘ. ʆʙʦʨʫʜʦʚʘʥʠʝ 

 

ɺʠʨʪʫʘʣʴʥʳʡ ʪʨʝʥʘʞʝʨ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʧʦʚʪʦʨʷʝʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʮʝʭʘ ʜʦʙʳʯʠ 

ʥʝʬʪʠ ʠ ʛʘʟʘ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʭʦʜʷʱʝʛʦ ʚ ʝʛʦ ʩʦʩʪʘʚ. ɺʠʟʫʘʣʠʟʠʨʫʝʪ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ 3D-ʛʨʘʬʠʢʠ, ʜʝʣʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ, ʥʦ ʙʝʟ ʨʠʩʢʦʚ ʜʣʷ ʣʶʜʝʡ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʨʫʧʥʦʙʣʦʯʥʦ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ:  

¶ ʆʙʩʣʝʜʦʚʘʥʠʝ 

¶ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

¶ ʊʝʩʪʠʨʦʚʘʥʠʝ 

¶ ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʝ ʠʩʧʳʪʘʥʠʝ, ʦʪʣʘʜʢʘ. 

ɺ ʚʠʨʪʫʘʣʴʥʦʤ ʪʨʝʥʘʞʝʨʝ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ ʠ 3D-ʤʦʜʝʣʝʡ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʜʝʪʘʣʠʟʘʮʠʠ ʩʦʟʜʘʝʪʩʷ ʮʝʭ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʊʘʢʞʝ ʚ 

ʪʨʝʥʘʞʝʨʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʜʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠʤʠʪʘʮʠʡ ʘʚʘʨʠʡ ʩ ʮʝʣʴʶ ʦʪʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʮʝʭʘ ʜʦʙʳʯʠ 

ʥʝʬʪʠ ʠ ʛʘʟʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʠ ʥʝʜʦʧʫʱʝʥʠʶ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ɺ ʫʯʝʙʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠʜʫʪ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʙʣʦʢʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʳ, ʛʜʝ 

ʫʩʣʦʚʠʷ ʧʨʠʙʣʠʞʝʥʳ ʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ. ʇʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʩʙʦʨʫ, ʘʥʘʣʠʟʫ ʠ ʦʙʨʘʙʦʪʢʝ 

ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ. ɺʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʘʥʥʦʤ ʚʠʨʪʫʘʣʴʥʦʤ ʪʨʝʥʘʞʝʨʝ. ʇʣʘʥʠʨʫʝʪʩʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʣʘʜʠʪʴ ʦʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʠʤʠʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʜʚʝʜʸʤ ʠʪʦʛʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ CAE-ʧʨʦʛʨʘʤʤʘʭ ʜʣʷ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʠʥʞʝʥʝʨʘʤ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤ ʩʦʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ 

ʠ ʧʨʦʮʝʩʩʳ, ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ 
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ʚʩʝ ʘʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʬʪʝʛʘʟʦʚʦʡ. ʀʜʝʪ ʘʢʪʠʚʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʤ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʘʚʪʦʨʦʤ 

ʚʠʨʪʫʘʣʴʥʳʡ ʫʯʝʙʥʳʡ ʢʦʤʧʣʝʢʩ çʈʘʙʦʯʝʝ ʤʝʩʪʦ ʪʝʭʥʦʣʦʛʘ ʎɼʅɻè. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ, ʧʣʘʥ, ʩʭʝʤʘ ʮʝʭʘ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʇʨʦʠʟʚʝʜʝʥ ʩʙʦʨ ʜʘʥʥʳʭ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. ʈʘʙʦʪʘ ʧʨʦʜʦʣʞʘʝʪʩʷ, 

ʜʘʥʥʳʝ ʦʙʥʦʚʣʷʶʪʩʷ ʦ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʜʝʪ ʘʢʪʠʚʥʘʷ ʬʘʟʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʨʘʙʦʪʳ, ʩʧʦʩʦʙʥʦʡ ʠʤʠʪʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʩʙʦʡ ʩ ʮʝʣʴʶ ʦʙʫʯʝʥʠʷ ʩʦʪʨʫʜʥʠʢʘ, ʩʪʫʜʝʥʪʘ ʥʘ 

ʧʦʠʩʢ ʠ ʫʩʪʨʘʥʝʥʠʝ ʩʙʦʷ ʠ ʟʘʧʫʩʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʫ. 
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ʂʦʧʳʣʴʮʦʚ ɸ.ɺ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ɼʶʞʠʢʦʚʘ ʅ.ɸ. 

ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʠ ʠʤ. ʀ.ʇ. ʇʘʚʣʦʚʘ ʈɸʅ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ɺ 

 ʆʂʈɽʉʊʅʆʉʊʀ ʂɸʇʀʃʃʗʈʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ʕʨʠʪʨʦʮʠʪ, ʧʝʨʝʤʝʱʘʷʩʴ ʧʦ ʫʟʢʦʤʫ ʢʘʧʠʣʣʷʨʫ, ʜʚʠʞʝʪʩʷ ʧʦʜʦʙʥʦ ʛʫʩʝʥʠʮʝ 

ʪʨʘʢʪʦʨʘ ʠ ʩʦʚʝʨʰʘʝʪ ʜʦ 50 ʦʙʦʨʦʪʦʚ ʚ ʩʝʢʫʥʜʫ. ɿʘʨʷʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʨʠʪʨʦʮʠʪʘ ʜʚʠʞʫʪʩʷ 

ʚʤʝʩʪʝ ʩ ʤʝʤʙʨʘʥʦʡ ʠ ʧʦʨʦʞʜʘʶʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʅʄʇ) 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ: ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʨʠʪʨʦʮʠʪʘ ʧʦʩʪʦʷʥʥʳ, ʟʘʨʷʜʳ ʥʘ ʤʝʤʙʨʘʥʝ ʜʠʩʢʨʝʪʥʳʝ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʠ 

ʜʚʠʞʫʪʩʷ ʚ ʧʣʦʩʢʦʩʪʷʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʵʨʠʪʨʦʮʠʪʘ. ʇʨʠʤʝʥʷʷ ʟʘʢʦʥ ɹʠʦ-

ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʅʄʇ ʚ ʦʢʨʫʞʘʶʱʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʈʘʩʯʝʪʳ ʅʄʇ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʧʣʦʩʢʦʩʪʷʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʠ ʢʘʧʠʣʣʷʨʘ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʜʚʠʞʝʪʩʷ ʵʨʠʪʨʦʮʠʪ. ʊʘʢʞʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʫʟʢʦʤ ʢʘʧʠʣʣʷʨʝ ʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʢʘʧʠʣʣʷʨʥʦʡ ʩʝʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʟʢʠʭ ʢʘʧʠʣʣʷʨʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʅʄʇ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʠʥʦʯʥʦʛʦ ʵʨʠʪʨʦʮʠʪʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʧʦ ʢʘʧʠʣʣʷʨʫ, ʢʘʧʠʣʣʷʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʨʠʪʨʦʮʠʪʦʚ, ʠ ʢʘʧʠʣʣʷʨʥʦʡ ʩʝʪʠ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʧʦ 

ʢʘʧʠʣʣʷʨʥʦʡ ʩʝʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʝʤʘʪʦʢʨʠʪʘ ʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʢʘʧʠʣʣʷʨʘʤʠ ʅʄʇ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʡʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ ʅʄʇ ʦʪ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʘʧʠʣʣʷʨʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʧʠʣʣʷʨʘʤʠ ʚ ʩʝʪʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤʠ ʅʄʇ ʫʤʝʥʴʰʘʝʪʩʷ, ʪ. ʝ. ʧʦʣʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʳʤ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʙʦʨʦʚ ʠʟʤʝʨʝʥʠʷ ʅʄʇ 

ʚʙʣʠʟʠ ʢʘʧʠʣʣʷʨʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʧʠʣʣʷʨʦʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 

(ʠʥʬʘʨʢʪʦʚ, ʠʥʩʫʣʴʪʦʚ ʠ ʪ. ʜ.). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ; ʵʨʠʪʨʦʮʠʪ; ʢʘʧʠʣʣʷʨ; ʢʘʧʠʣʣʷʨʥʘʷ ʩʝʪʴ; 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʵʨʠʪʨʦʮʠʪʘ ʧʦ ʫʟʢʦʤʫ ʢʘʧʠʣʣʷʨʫ ʦʥ ʧʝʨʝʢʘʪʳʚʘʝʪʩʷ ʚʜʦʣʴ ʢʘʧʠʣʣʷʨʘ 

ʧʦʜʦʙʥʦ ʛʫʩʝʥʠʮʝ ʪʘʥʢʘ (tank-treading motion). ʉʢʦʨʦʩʪʴ ʝʛʦ ʧʝʨʝʢʘʪʳʚʘʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʜʦ 50 ʦʙʦʨʦʪʦʚ ʚ ʩʝʢʫʥʜʫ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ (ʜʠʘʤʝʪʨʘ 
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ʢʘʧʠʣʣʷʨʘ, ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʘ ʵʨʠʪʨʦʮʠʪʘ), ʬʠʟʠʯʝʩʢʠʭ (ʩʢʦʨʦʩʪʠ ʵʨʠʪʨʦʮʠʪʘ ʚ 

ʢʘʧʠʣʣʷʨʝ, ʚʷʟʢʦʩʪʠ ʧʣʘʟʤʳ) ʠ ʜʨ. [2; 3]. ʅʘ ʤʝʤʙʨʘʥʝ ʵʨʠʪʨʦʮʠʪʘ ʨʘʩʧʦʣʦʞʝʥʳ ʩʢʦʧʣʝʥʠʷ 

ʘʥʠʦʥʥʳʭ ʠ ʢʘʪʠʦʥʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʩʫʤʤʘʨʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʵʨʠʪʨʦʮʠʪʘ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 22 ʪʳʩʷʯ ʜʦ 2,2 ʤʠʣʣʠʦʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʘʨʷʜʦʚ, ʨʘʚʥʳʭ 

ʟʘʨʷʜʫ ʵʣʝʢʪʨʦʥʘ 1.6Ĭ10-19 ʂʣ [2; 1]. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ ʥʘ ʤʝʤʙʨʘʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʜʠʩʢʨʝʪʥʳʤʠ ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʧʦʨʦʞʜʘʝʤʳʝ 

ʦʜʠʥʦʯʥʳʤ ʵʨʠʪʨʦʮʠʪʦʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʫʟʢʦʤ ʢʘʧʠʣʣʷʨʝ [1]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʪʴ ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʅʄʇ) ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʥʦʛʦ ʢʘʧʠʣʣʷʨʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ, ʚʘʞʥʦ ʧʨʦʚʝʩʪʠ 

ʨʘʩʯʝʪʳ ʅʄʇ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʘʧʠʣʣʷʨʥʦʡ ʩʝʪʠ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʨʘʟʨʘʙʦʪʘʪʴ 

ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʙʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʠʟʤʝʨʷʪʴ ʅʄʇ ʚ ʩʠʩʪʝʤʝ 

ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ. ɺ ʩʣʫʯʘʝ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ, ʤʦʞʥʦ ʙʫʜʝʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ 

ʟʘʙʦʣʝʚʘʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʬʘʨʢʪʘ, 

ʠʥʩʫʣʴʪʘ ʠ ʜʨ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʭʦʜʥʳʝ ʠ 

ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʂ ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʤʦʜʝʣʠ ʦʪʥʦʩʷʪʩʷ: ʟʘʨʷʜ ʵʨʠʪʨʦʮʠʪʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʢʨʝʪʥʳʭ ʟʘʨʷʜʦʚ ʥʘ ʤʝʤʙʨʘʥʝ ʵʨʠʪʨʦʮʠʪʘ, ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʢʦʪʦʨʳʤ ʜʚʠʞʫʪʩʷ 

ʟʘʨʷʜʳ, ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʅʄʇ, ʩʢʦʨʦʩʪʴ ʵʨʠʪʨʦʮʠʪʘ ʚ ʢʘʧʠʣʣʷʨʝ, 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʤʝʤʙʨʘʥʳ ʵʨʠʪʨʦʮʠʪʘ, ʛʝʤʘʪʦʢʨʠʪ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʧʠʣʣʷʨʘʤʠ. ʂ 

ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʥʦʩʷʪʩʷ: ʚʝʣʠʯʠʥʳ ʅʄʇ ʚ ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʛʝʤʘʪʦʢʨʠʪʝ 5-25% ʠ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ 

ʢʘʧʠʣʣʷʨʘʤʠ 30-80 ʤʢʤ. 

ʌʦʨʤʘ ʵʨʠʪʨʦʮʠʪʘ ʚ ʫʟʢʦʤ ʢʘʧʠʣʣʷʨʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʫʩʝʯʝʥʥʳʤ ʮʠʣʠʥʜʨʦʤ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ (Lmax=A2A3) ʠ ʤʠʥʠʤʘʣʴʥʦʡ (Lmin=A1A4) ʦʙʨʘʟʫʶʱʠʤʠ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʇʝʨʝʩʝʯʝʥʠʝ ʧʣʦʩʢʦʩʪʠ XOZ ʩ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʴʶ ʵʨʠʪʨʦʮʠʪʘ.  

A1A2=2Ĭr, r ï ʨʘʜʠʫʩ ʵʨʠʪʨʦʮʠʪʘ 

 

ɺʝʣʠʯʠʥʳ r, Lmax, Lmin, ʦʙʲʸʤ (VRBC) ʠ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ (SRBC) ʵʨʠʪʨʦʮʠʪʘ ʩʚʷʟʘʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2 2

min max min( ) / 2,RBCV r L r L Lp p= + -  
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22 2

min max min max min2 ( ) ( 4 ( ) ) / 2,RBCS r rL r L L r r L Lp p p p= + + - + + -  

2 2 2 2

min / ( ) 2(( 2 / ) / ( ) 4 ) ,RBC RBC RBCL V r S r V r r rp p p= - - - -  

2 2 2 2

max / ( ) 2(( 2 / ) / ( ) 4 ) .RBC RBC RBCL V r S r V r r rp p p= + - - -  

ɿʘʨʷʜʳ ʚʤʝʩʪʝ ʩ ʤʝʤʙʨʘʥʦʡ ʜʚʠʞʫʪʩʷ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʧʘʨʘʣʣʝʣʴʥʳ ʧʣʦʩʢʦʩʪʠ XOZ 

(ʨʠʩ. 2). 

ɼʚʠʞʫʱʠʝʩʷ ʟʘʨʷʜʳ ʛʝʥʝʨʠʨʫʶʪ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 

2

sin
,

4

Q VEL
H

R

a

p
=  

ʛʜʝ R ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʟʘʨʷʜʘ Q ʥʘ ʤʝʤʙʨʘʥʝ ʵʨʠʪʨʦʮʠʪʘ ʜʦ ʪʦʯʢʠ (x, y, z) ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʅʄʇ, VEL ï ʩʢʦʨʦʩʪʴ ʟʘʨʷʜʘ, Ŭ ʝʩʪʴ ʫʛʦʣ ʤʝʞʜʫ VEL ʠ 

R (ʟʘʢʦʥ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ) (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 2. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʟʘʨʷʜʦʚ B1B2B3B4B1 

 

 
 

ʈʠʩ. 3. H ï ʅʄʇ, ʛʝʥʝʨʠʨʫʝʤʘʷ ʟʘʨʷʜʦʤ Q 

 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ (ʪʘʙʣ.). 

ʊʘʙʣʠʮʘ 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

 

ʇʘʨʘʤʝʪʨʳ 

(ʠʥʪʝʨʚʘʣʳ ʠʭ ʠʟʤʝʥʝʥʠʷ) 

ʇʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʨʘʩʯʸʪʘʭ 

ɼʠʘʤʝʪʨ ʵʨʠʪʨʦʮʠʪʘ ʚ ʢʘʧʠʣʣʷʨʝ (3 ï 6 ʤʢʤ) 4 ʤʢʤ 

ʉʢʦʨʦʩʪʴ ʵʨʠʪʨʦʮʠʪʘ ʚ ʢʘʧʠʣʣʷʨʝ (0 ï 1000 ʤʢʤ/ʩ) 100 ʤʢʤ/ʩ 

ʆʙʲʸʤ ʵʨʠʪʨʦʮʠʪʘ (80 -110 ʤʢʤ3) 94 ʤʢʤ3 

ʇʣʦʱʘʜʴ ʤʝʤʙʨʘʥʳ ʵʨʠʪʨʦʮʠʪʘ (120 ï 150 ʤʢʤ2) 135 ʤʢʤ2 
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ɿʘʨʷʜ ʵʨʠʪʨʦʮʠʪʘ (3Ĭ10-15 ï 3,5Ĭ10-12 ʂʣ) 3,2Ĭ10-12 ʂʣ 

ʏʠʩʣʦ ʪʨʘʝʢʪʦʨʠʡ ʟʘʨʷʜʦʚ (11 ï 501) 101 

ɻʝʤʘʪʦʢʨʠʪ ʚ ʢʘʧʠʣʣʷʨʝ (0 ï 20%) 14.67% 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʧʠʣʣʷʨʘʤʠ (30-80 ʤʢʤ) 51 ʤʢʤ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʵʨʠʪʨʦʮʠʪʘ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʵʨʠʪʨʦʮʠʪʦʚ ʧʦ ʫʟʢʦʤʫ ʢʘʧʠʣʣʷʨʫ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

(ʨʠʩ. 4-5). ʇʨʠ ʜʚʠʞʝʥʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʢʘʧʠʣʣʷʨʥʦʡ ʩʝʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʟʢʠʭ ʢʘʧʠʣʣʷʨʦʚ, ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʘʢʞʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ (ʨʠʩ. 6). ʇʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ XOY, XOZ, YOZ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 7-9. 

 

 
 

ʈʠʩ. 4. H (ɸ/ʤ) ʚ ʧʣʦʩʢʦʩʪʠ z=34Ĭ10-6 ʤ (ʘʧʧʣʠʢʘʪʘ), ʦʩʴ XĬ10-6 ʤ (ʦʨʜʠʥʘʪʘ), ʦʩʴ YĬ10-6 ʤ 

(ʘʙʩʮʠʩʩʘ) 

 

 
 

ʈʠʩ. 5. H (ɸ/ʤ) ʚ ʧʣʦʩʢʦʩʪʠ z=-34Ĭ10-6 ʤ (ʘʧʧʣʠʢʘʪʘ),  

ʦʩʴ XĬ10-6 ʤ (ʦʨʜʠʥʘʪʘ), ʦʩʴ YĬ10-6 ʤ (ʘʙʩʮʠʩʩʘ). Ht=14,67% 
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ʈʠʩ. 6. H (ɸ/ʤ) ʚ ʧʣʦʩʢʦʩʪʠ z=34Ĭ10-6  ʤ (ʘʧʧʣʠʢʘʪʘ), ʦʩʴ XĬ10-6 ʤ (ʦʨʜʠʥʘʪʘ),  

ʦʩʴ YĬ10-6 ʤ (ʘʙʩʮʠʩʩʘ). Ht=14,67%. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʧʠʣʣʷʨʘʤʠ 47Ĭ10-6 ʤ 

 

 
 

ʈʠʩ. 7. H ʚ ʧʣʦʩʢʦʩʪʠ z=34Ĭ10-6 ʤ (ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ XOY), 

ʦʩʴ ʦʨʜʠʥʘʪ XĬ10-6 ʤ, ʦʩʴ ʘʙʩʮʠʩʩ YĬ10-6 ʤ 
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ʈʠʩ. 8. H ʚ ʧʣʦʩʢʦʩʪʠ z=34Ĭ10-6 ʤ (ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ XOZ),  

ʦʩʴ ʦʨʜʠʥʘʪ XĬ10-6 ʤ, ʦʩʴ ʘʙʩʮʠʩʩ YĬ10-6 ʤ 

 

 
 

ʈʠʩ. 9. H ʚ ʧʣʦʩʢʦʩʪʠ z=34Ĭ10-6 ʤ (ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ YOZ),  

ʦʩʴ ʦʨʜʠʥʘʪ XĬ10-6 ʤ, ʦʩʴ ʘʙʩʮʠʩʩ YĬ10-6 ʤ 

 

ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ Hmax ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ Hmin ʟʥʘʯʝʥʠʡ H (ɸ/ʤ) (ʚ ʧʣʦʩʢʦʩʪʠ 

z=34Ĭ10-6 ʤ) ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʘʧʠʣʣʷʨʦʚ D (ʤʢʤ) ʠʤʝʶʪ ʚʠʜ 

Hmax=-0.087ĬD+8.82, 

Hmin=-0.114ĬD+9.48. 

ɺʠʜʥʦ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ D ʟʥʘʯʝʥʠʷ Hmax ʠ Hmin ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʫʙʳʚʘʝʪ. ʊʘʢ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ D ʦʪ 41 ʤʢʤ ʜʦ 51 ʤʢʤ (ʥʘ 24,39%) Hmax 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 5,16Ĭ10-5 ɸ/ʤ ʜʦ 4,43Ĭ10-5 ɸ/ʤ (ʥʘ 14,15%), ʘ Hmin ʩʥʠʞʘʝʪʩʷ ʦʪ 4,57Ĭ10-5 ɸ/ʤ 
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ʜʦ 3,74Ĭ10-5 ɸ/ʤ (ʥʘ 18,16%). ʈʘʟʥʠʮʘ Hmax-Hmin ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 0,79Ĭ10-5 ɸ/ʤ ʜʦ 0,69Ĭ10-5 

ɸ/ʤ (ʥʘ 12,99%) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ D ʦʪ 41 ʤʢʤ ʜʦ 51 ʤʢʤ (ʥʘ 24,39%). ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʅʄʇ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ 

ʨʘʩʩʪʦʷʥʠʷ, ʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʢʘʧʠʣʣʷʨʘʤʠ ʚʣʠʷʥʠʝʤ ʩʦʩʝʜʥʠʭ ʢʘʧʠʣʣʷʨʦʚ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ D ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʚʢʣʘʜ ʩʦʩʝʜʥʠʭ ʢʘʧʠʣʣʷʨʦʚ ʚ ʦʙʱʫʶ 

ʚʝʣʠʯʠʥʫ ʅʄʇ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ. ʇʨʠ ʨʘʩʯʝʪʝ ʅʄʇ ʫʯʠʪʳʚʘʣʩʷ 

ʚʢʣʘʜ ʧʷʪʠ ʩʦʩʝʜʥʠʭ ʢʘʧʠʣʣʷʨʦʚ, ʯʪʦ ʦʢʘʟʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ 

ʢʘʧʠʣʣʷʨʘʤʠ 30ï80 ʤʢʤ. 

ʈʘʩʯʸʪʳ ʅʄʇ ʚʙʣʠʟʠ ʧʣʦʩʢʦʡ ʢʘʧʠʣʣʷʨʥʦʡ ʩʝʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʫʟʢʠʭ 

ʩʦʩʫʜʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʅʄʇ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʘʧʠʣʣʷʨʥʦʡ ʩʝʪʠ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʝʤʘʪʦʢʨʠʪʘ ʚ 

ʢʘʧʠʣʣʷʨʘʭ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʧʠʣʣʷʨʘʤʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ 

ʢʘʧʠʣʣʷʨʥʦʡ ʩʝʪʠ ʨʘʟʥʠʮʘ Hmax-Hmin ʫʤʝʥʴʰʘʝʪʩʷ, ʪ.ʝ. ʧʦʣʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤ. 

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚ ʠʟʤʝʨʝʥʠʷ ʅʄʇ ʚʙʣʠʟʠ 

ʢʘʧʠʣʣʷʨʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʧʠʣʣʷʨʦʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʠʥʬʘʨʢʪʦʚ, 

ʠʥʩʫʣʴʪʦʚ ʠ ʪ. ʜ.). 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ ʨʘʙʦʪʳ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ FSRF-2023-0003, çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʳʭ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʥʘʚʠʛʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘè. 
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ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ɺɽʈʐʀʅʅɸʗ ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʄʆʈʌʆɻɽʅɽɿɸ 

ʕʇʀʊɽʃʀɸʃʔʅʆʁ ʊʂɸʅʀ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʪʢʘʥʝʡ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʢʣʝʪʦʢ, ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʝʨʝʤʝʱʝʥʠʝ, ʧʨʦʮʝʩʩʳ 

ʠʥʪʝʨʢʘʣʷʮʠʠ, ʦʙʤʝʥ ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ 

ʤʦʨʬʦʛʝʥʝʟʘ, ʢʘʥʮʝʨʦʛʝʥʝʟʘ, ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ ʠ ʜʨ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʝʨʰʠʥʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʨʬʦʛʝʥʝʟʘ ʧʣʦʩʢʦʡ ʵʧʠʪʝʣʠʘʣʴʥʦʡ ʪʢʘʥʠ. ʕʣʝʤʝʥʪʘʨʥʦʡ ʝʜʠʥʠʮʝʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʢʣʝʪʢʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʤ ʩʧʦʩʦʙʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠ 

ʠʟʤʝʥʷʪʴ ʩʚʦʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ. ʄʳ ʚʚʦʜʠʤ ʥʦʚʳʡ ʧʦʪʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʵʣʘʩʪʠʯʥʦʩʪʴ ʧʝʨʠʤʝʪʨʘ ʠ ʧʣʦʱʘʜʠ ʢʣʝʪʦʢ, ʥʦ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ ʠʭ ʚʥʫʪʨʝʥʥʠʭ ʫʛʣʦʚ. ʊʘʢʞʝ ʤʳ 

ʚʚʦʜʠʤ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʭʝʤʦʤʝʭʘʥʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʚ ʤʦʜʝʣʠ 

ʫʯʠʪʳʚʘʶʪʩʷ ʚʘʞʥʳʝ ʧʨʦʮʝʩʩʳ ʨʝʘʣʴʥʦʛʦ ʵʧʠʪʝʣʠʷ ï ʧʨʦʣʠʬʝʨʘʮʠʷ ʠ ʠʥʪʝʨʢʘʣʷʮʠʷ ʢʣʝʪʦʢ. 

ʏʠʩʣʝʥʥʦ ʤʦʜʝʣʠʨʫʷ ʜʝʣʝʥʠʝ ʢʣʝʪʦʯʥʦʡ ʪʢʘʥʠ, ʤʳ ʛʝʥʝʨʠʨʫʝʤ ʨʘʟʣʠʯʥʳʝ ʧʦ ʤʦʨʬʦʣʦʛʠʠ 

ʢʣʝʪʦʯʥʳʝ ʩʝʪʢʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨʬʦʛʝʥʝʟʘ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʪʢʘʥʝʡ, ʘ ʠʤʝʥʥʦ ʜʨʦʙʣʝʥʠʝ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʣʘʩʪʫʣʳ ʠ ʛʘʩʪʨʫʣʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʚʝʨʰʠʥʥʘʷ ʤʦʜʝʣʴ; ʤʦʜʝʣʴ 

ʤʦʨʬʦʛʝʥʝʟʘ; ʵʧʠʪʝʣʠʘʣʴʥʘʷ ʪʢʘʥʴ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʳʨʦʩʣʦ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʞʠʚʳʭ 

ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʪʢʘʥʝʡ ʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʶ [1; 5 ʠ ʮʠʪʠʨʫʝʤʳʝ ʚ ʥʠʭ]. ʊʘʢʦʡ ʠʥʪʝʨʝʩ ʫʯʸʥʳʭ 

ʩʚʷʟʘʥ ʩ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ in silico ʙʝʟ ʚʨʝʜʘ ʜʣʷ ʨʝʘʣʴʥʳʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʦʥʥʫʶ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʨʬʦʛʝʥʝʟʘ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʣʠʩʪʦʚ. ʂʘʞʜʘʷ 

ʢʣʝʪʢʘ ʚ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ. ʉʠʩʪʝʤʘ ʦʪʢʘʣʠʙʨʦʚʘʥʘ ʪʘʢ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʬʦʨʤʦʡ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʷʚʣʷʝʪʩʷ ʰʝʩʪʠʫʛʦʣʴʥʠʢ, ʥʦ ʧʦʷʚʣʝʥʠʝ ʜʨʫʛʠʭ 

ʬʦʨʤ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʥʝ ʠʩʢʣʶʯʝʥʦ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʤʳ ʟʘʜʘʸʤ ʫʨʘʚʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 
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ɿʜʝʩʴ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʦʧʠʩʳʚʘʝʪ ʵʣʘʩʪʠʯʥʦʩʪʴ ʧʣʦʱʘʜʠ ʢʣʝʪʢʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʫʧʨʫʛʦʩʪʠ ɖ, ʛʜʝ Ai ʵʪʦ ʪʝʢʫʱʘʷ ʧʣʦʱʘʜʴ ʢʣʝʪʢʠ, ʘ A0 ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʜʣʷ ʚʩʝʭ 

ʢʣʝʪʦʢ. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (1) ʦʧʠʩʳʚʘʝʪ ʩʦʢʨʘʪʠʤʦʩʪʴ ʧʝʨʠʤʝʪʨʘ ʢʣʝʪʦʢ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ɛ, 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 

88 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʦʢʨʘʪʠʤʦʩʪʠ ʮʠʪʦʩʢʝʣʝʪʘ ʢʣʝʪʦʢ. 

ʊʨʝʪʠʡ ʯʣʝʥ ʚ ʫʨʘʚʥʝʥʠʠ (1) ʦʧʠʩʳʚʘʝʪ ʵʣʘʩʪʠʯʥʦʩʪʴ ʨʸʙʝʨ ʢʣʝʪʢʠ, ʛʜʝ ů ï ʵʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʣʘʩʪʠʯʥʦʩʪʠ ʨʝʙʨʘ, l ij ï ʜʣʠʥʘ j-ʨʝʙʨʘ i-ʢʣʝʪʢʠ, ʘ l0 ï ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʨʝʙʨʘ. ʏʝʪʚʸʨʪʦʝ ʩʣʘʛʘʝʤʦʝ 

ʚ (1) ʦʧʠʩʳʚʘʝʪ ʵʣʘʩʪʠʯʥʦʩʪʴ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʢʣʝʪʢʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ,ʟ Ŭij ï ʪʝʢʫʱʝʝ 

ʟʥʘʯʝʥʠʝ j-ʫʛʣʘ i-ʢʣʝʪʢʠ ʚ ʨʘʜʠʘʥʘʭ, ʘ Ŭ0 ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ, Ŭ0 =  ́/ 3. ɺ ʦʩʥʦʚʥʦʤ ʢʣʝʪʢʠ 

ʠʤʝʶʪ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʠ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʫʛʣʳ [14]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ  ʟ= 1, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʦʪʢʣʦʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʫʛʣʘ ʢʣʝʪʢʠ Ŭij ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Ŭ0 ʤʠʥʠʤʘʣʴʥʳ. ʊʘʢ ʤʳ 

ʦʛʨʘʥʠʯʠʚʘʝʤ ʵʣʘʩʪʠʯʥʦʩʪʴ ʢʣʝʪʦʢ-ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ, ʯʪʦʙʳ ʟʘʧʨʝʪʠʪʴ ʧʦʷʚʣʝʥʠʝ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʫʛʣʘʤʠ. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʣʝʪʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ʊʢʘʥʴ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʨʰʠʥ (ʢʨʘʩʥʳʝ ʪʦʯʢʠ ʥʘ ʨʠʩ. 1) 

ʢʣʝʪʦʢ-ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ. ɺʝʢʪʦʨ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʚʝʨʰʠʥʫ ʢʣʝʪʢʠ 

(ʟʝʣʸʥʳʝ ʩʪʨʝʣʢʠ ʥʘ ʨʠʩ. 1), ʚʳʯʠʩʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʤʝʭʘʥʠʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʩʠʣ, ʢʘʢ ʛʨʘʜʠʝʥʪ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʫ ɕ-ʫʟʣʘ 

. (2) 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʢʣʝʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ ʩʢʦʨʦʩʪʝʡ 

ʧʝʨʝʤʝʱʝʥʠʷ ʝʸ ʚʝʨʰʠʥ. ʋʨʘʚʥʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʜʣʷ ʚʝʨʰʠʥ ʤʳ ʟʘʧʠʩʳʚʘʝʤ ʚ ʨʘʤʢʘʭ 

ʤʝʭʘʥʠʢʠ ɸʨʠʩʪʦʪʝʣʷ, ʛʜʝ ʩʠʣʳ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ 

. (3) 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʙʳʣ ʚʳʙʨʘʥ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʢʣʝʪʦʯʥʘʷ ʪʢʘʥʴ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦ 

ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʩʨʝʜʦʡ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʩʷʢʦʝ ʜʚʠʞʝʥʠʝ ʢʣʝʪʦʢ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʵʬʬʝʢʪʘ 

ʠʥʝʨʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʢʘʢ ʜʚʠʞʝʪʩʷ ʠʤʤʫʥʥʘʷ 

ʢʣʝʪʢʘ ʚ ʵʧʠʪʝʣʠʘʣʴʥʦʡ ʪʢʘʥʠ [12]. ʆʥʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʢʣʝʪʢʘ ʚʦ ʚʨʝʤʷ ʩʚʦʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʯʘʩʪʦ ʠʤʝʝʪ ʥʫʣʝʚʫʶ ʠʣʠ ʦʢʦʣʦʥʫʣʝʚʫʶ ʩʢʦʨʦʩʪʴ, ʘ ʧʠʢ ʩʢʦʨʦʩʪʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʨʘʚʥʳʝ 

10 ʤʢʤ/ʩ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʜʝʩʤʦʩʦʤʘʤʠ ʠ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʇʝʨʝʤʝʱʝʥʠʝ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʚ 

ʵʧʠʪʝʣʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ, ʪ. ʝ. ʙʝʟ ʵʬʬʝʢʪʘ ʠʥʝʨʮʠʠ. ʄʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʷʤʫʶ ʘʥʘʣʦʛʠʶ ʩ ʟʘʜʘʯʝʡ ʦ 

ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʛʜʝ ʝʸ ʧʨʦʩʘʯʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʩʠʣʴʥʳʤʠ 


