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ʇʈʆɻʈɸʄʀʈʆɺɸʅʀɽ. WEB-ʊɽʍʅʆʃʆɻʀʀ. ʉɽʊʀ 

ɸʙʜʫʩʘʣʷʤʦʚʘ ʄ.ɺ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ANDROID-ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʋʍʆɼɸ  

ɿɸ ʂʆʄʅɸʊʅʓʄʀ ʈɸʉʊɽʅʀʗʄʀ  

ɽʱʝ ʥʝʜʘʚʥʦ ʦʙʨʘʟ ʜʘʯʥʠʢʘ ʙʳʣ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʫʩʪʘʣʦʩʪʴʶ, ʤʦʟʦʣʷʤʠ ʦʪ ʪʷʧʢʠ ʠ 

ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʙʘʥʢʘʤʠ ʩ ʩʦʣʝʥʳʤʠ ʦʛʫʨʮʘʤʠ. ʉʣʦʚʦ çʩʘʜè ʚ ʩʦʟʥʘʥʠʠ ʤʥʦʛʠʭ ʜʦ ʩʠʭ ʧʦʨ 

ʨʠʩʫʝʪ ʧʦʨʪʨʝʪ ʙʘʙʫʰʢʠ ʠʣʠ ʤʘʤʳ, ʩ ʣʶʙʦʚʴʶ ʢʦʧʘʶʱʠʭʩʷ ʚ ʛʨʷʜʢʘʭ. ʅʦ ʩʝʛʦʜʥʷ ʚʩʝ 

ʠʟʤʝʥʠʣʦʩʴ. ʉʦʚʨʝʤʝʥʥʦʝ ʧʦʢʦʣʝʥʠʝ, ʢʦʪʦʨʳʭ ʤʳ ʧʨʠʚʳʢʣʠ ʚʠʜʝʪʴ ʩ ʪʝʣʝʬʦʥʘʤʠ ʚ ʨʫʢʘʭ, 

ʚʜʨʫʛ ʥʘʯʘʣʠ ʤʘʩʩʦʚʦ ʚʳʢʣʘʜʳʚʘʪʴ ʚ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʬʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʟʝʣʝʥʠ ʥʘ 

ʧʦʜʦʢʦʥʥʠʢʝ. ɼʘʥʥʦʝ ʫʚʣʝʯʝʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ çʛʘʨʜʝʥʠʥʛè, ʠ ʟʘ ʵʪʠʤ ʩʪʦʠʪ ʥʝ ʧʨʦʩʪʦ 

ʤʦʜʘ, ʘ ʮʝʣʘʷ ʬʠʣʦʩʦʬʠʷ.  

ʉʪʦʣʢʥʫʚʰʠʩʴ ʩ çʮʠʬʨʦʚʳʤ ʧʝʨʝʛʨʫʟʦʤè ʠ ʧʝʨʝʥʘʩʳʱʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʢʦʥʪʝʥʪʦʤ 

ʚ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ, ʤʦʣʦʜʦʝ ʧʦʢʦʣʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʥʪʝʨʝʩ ʢ ʯʝʤʫ-ʪʦ ʥʘʩʪʦʷʱʝʤʫ, 

ʦʩʷʟʘʝʤʦʤʫ ʠ ʞʠʚʦʤʫ. ʕʪʦ ʩʚʦʝʛʦ ʨʦʜʘ çʜʝʪʦʢʩè ʦʪ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʧʦʧʳʪʢʘ ʦʙʨʝʩʪʠ 

ʩʧʦʢʦʡʩʪʚʠʝ ʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʯʝʤ-ʪʦ ʧʨʦʩʪʳʤ ʠ ʧʨʝʢʨʘʩʥʳʤ ʚ ʭʘʦʪʠʯʥʦʤ ʤʠʨʝ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʚʘʨʪʠʨʘʭ ʢʦʤʥʘʪʥʳʝ ʨʘʩʪʝʥʠʷ ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʧʨʦʩʪʦ ʫʢʨʘʰʝʥʠʝʤ ʧʦʜʦʢʦʥʥʠʢʦʚ. ʆʥʠ ʩʪʘʣʠ 

ʩʘʤʳʤ ʜʦʩʪʫʧʥʳʤ ʠ ʵʬʬʝʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʝʦʙʨʘʟʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʨʘʩʩʪʘʚʠʪʴ ʘʢʮʝʥʪʳ ʠ 

ʜʦʙʘʚʠʪʴ ʞʠʟʥʠ ʚ ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʡ ʠʥʪʝʨʴʝʨ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʵʩʪʝʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ: ʦʥʠ ʫʣʫʯʰʘʶʪ ʤʠʢʨʦʢʣʠʤʘʪ ʢʚʘʨʪʠʨʳ, ʦʯʠʱʘʷ ʚʦʟʜʫʭ ʦʪ ʪʦʢʩʠʥʦʚ ʠ 

ʫʚʣʘʞʥʷʷ ʝʛʦ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʡ ʵʢʦʣʦʛʠʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ. 

ʅʦ ʟʜʝʩʴ ʚʦʟʥʠʢʘʝʪ ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ. ʇʦʢʦʣʝʥʠʝ Z ï ʧʦʢʦʣʝʥʠʝ ʙʳʩʪʨʳʭ ʨʝʰʝʥʠʡ ʠ 

ʢʦʨʦʪʢʠʭ ʚʠʜʝʦ. ɺʳʨʘʱʠʚʘʥʠʝ ʨʘʩʪʝʥʠʡ, ʥʘʦʙʦʨʦʪ, ʪʨʝʙʫʝʪ ʫʩʠʜʯʠʚʦʩʪʠ, ʨʝʛʫʣʷʨʥʦʩʪʠ ʠ 

ʚʥʠʤʘʥʠʷ ʢ ʜʝʪʘʣʷʤ. ʂʪʦ-ʪʦ ʧʨʦʩʪʦ ʟʘʙʳʚʘʝʪ ʧʦʣʠʪʴ ʮʚʝʪʳ ʚ ʩʫʤʘʪʦʭʝ ʙʫʜʥʝʡ. ɼʨʫʛʠʝ, 

ʥʘʯʠʪʘʚʰʠʩʴ ʩʦʚʝʪʦʚ ʠʟ ʠʥʪʝʨʥʝʪʘ, ʟʘʣʠʚʘʶʪ ʠʭ ʚʦʜʦʡ. ɸ ʢʪʦ-ʪʦ ʪʦʣʴʢʦ ʭʦʯʝʪ ʟʘʥʠʤʘʪʴʩʷ 

ʩʘʜʦʚʦʜʩʪʚʦʤ, ʥʦ ʥʝ ʧʦʥʠʤʘʝʪ ʩ ʯʝʛʦ ʝʤʫ ʥʘʯʘʪʴ. ʀʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʠ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʥʦ 

ʦʥʘ ʨʘʟʨʦʟʥʝʥʥʘʷ, ʧʨʦʪʠʚʦʨʝʯʠʚʘʷ, ʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʥʷʪʥʦ, ʢʦʤʫ ʚʝʨʠʪʴ. ʀ ʵʪʦ ʧʨʦʙʣʝʤʘ ʥʝ 

ʪʦʣʴʢʦ ʥʦʚʠʯʢʦʚ: ʜʘʞʝ ʦʧʳʪʥʳʝ ʩʘʜʦʚʦʜʳ ʤʦʛʫʪ ʟʘʧʫʪʘʪʴʩʷ ʚ ʥʶʘʥʩʘʭ ʫʭʦʜʘ ʟʘ ʥʦʚʳʤ ʚʠʜʦʤ 

ʨʘʩʪʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʢʫʧʢʝ ʨʝʜʢʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʠʟ ʜʨʫʛʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʣʘʞʥʦʩʪʠ ʠʣʠ ʦʩʦʙʳʡ ʩʦʩʪʘʚ ʧʦʯʚʳ, ʦ ʢʦʪʦʨʦʤ ʥʠʢʪʦ 

ʥʝ ʟʥʘʝʪ. ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʦʯʝʥʴ ʢʦʚʘʨʝʥ ï ʤʳ ʤʦʞʝʤ ʠʩʢʨʝʥʥʝ ʣʶʙʠʪʴ ʩʚʦʠ ʨʘʩʪʝʥʠʷ, 

ʞʝʣʘʪʴ ʠʤ ʜʦʙʨʘ, ʥʦ ʚ ʠʪʦʛʝ ʢʨʘʩʠʚʘʷ ʠʜʝʷ ʨʘʟʙʠʚʘʝʪʩʷ ʦ ʩʫʨʦʚʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʠ ʨʘʩʪʝʥʠʷ 

ʛʠʙʥʫʪ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʫʞʝʥ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʦʙʣʝʛʯʠʪ ʫʭʦʜ ʟʘ çʟʝʣʝʥʳʤʠ ʧʠʪʦʤʮʘʤʠè ʠ 

ʩʪʨʫʢʪʫʨʠʨʫʝʪ ʟʥʘʥʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʣʫʯʰʠʡ ʬʦʨʤʘʪ ʪʘʢʦʛʦ ʧʦʤʦʱʥʠʢʘ ï ʤʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ. ʆʥʦ ʚʩʝʛʜʘ ʧʦʜ ʨʫʢʦʡ, ʩʧʦʩʦʙʥʦ ʥʘʧʦʤʥʠʪʴ ʦ ʧʦʣʠʚʝ ʠ ʧʦʜʢʦʨʤʢʝ ʠ ʜʘʪʴ 

ʧʨʦʚʝʨʝʥʥʳʡ ʩʦʚʝʪ ʠʤʝʥʥʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥ ʥʫʞʝʥ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʨʘʟʦʙʨʘʪʴʩʷ, ʢʘʢʠʤ 
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ʜʦʣʞʥʦ ʙʳʪʴ ʠʜʝʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʩʘʜʦʚʦʜʦʚ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʨʘʩʪʝʥʠʷʤ ʚʳʞʠʪʴ, ʘ ʠʭ 

ʚʣʘʜʝʣʴʮʘʤ ï ʥʝ ʧʦʪʝʨʷʪʴ ʨʘʜʦʩʪʴ ʦʪ ʦʙʱʝʥʠʷ ʩ ʧʨʠʨʦʜʦʡ.  

ʇʝʨʚʦʝ ʥʘʜ ʯʝʤ ʩʪʦʠʪ ʟʘʜʫʤʘʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ï ʵʪʦ ʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ, ʪʦ ʝʩʪʴ ʪʦ, ʩ ʯʝʤ ʙʫʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʘ ʩʚʦʝʤ ʵʢʨʘʥʝ ï ʢʥʦʧʢʠ, 

ʪʝʢʩʪ ʠ ʠʟʦʙʨʘʞʝʥʠʷ. ɺʩʝʛʜʘ ʥʫʞʥʦ ʜʝʣʘʪʴ ʠʥʪʝʨʬʝʡʩ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʠ ʢʨʘʩʦʯʥʳʤ, 

ʯʪʦʙʳ ʦʥ ʤʦʛ ʩ ʧʝʨʚʦʛʦ ʚʟʛʣʷʜʘ ʫʜʝʨʞʠʚʘʪʴ ʚʥʠʤʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʟʘʩʪʘʚʣʷʪʴ ʝʛʦ ʠʟʫʯʘʪʴ 

ʧʨʠʣʦʞʝʥʠʝ ʜʦ ʩʘʤʦʛʦ ʢʦʥʮʘ [1]. ʃʦʛʠʯʥʝʝ ʚʩʝʛʦ ʩʜʝʣʘʪʴ ʛʣʘʚʥʳʤ ʵʢʨʘʥʦʤ ʩʘʤ ʚʠʨʪʫʘʣʴʥʳʡ 

çʩʘʜè. ɽʛʦ ʟʘʜʘʯʘ ï ʫʜʦʙʥʦ ʠ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʪʴ ʚʩʝ ʨʘʩʪʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺʩʝ ʟʝʣʝʥʳʝ 

çʧʠʪʦʤʮʳè ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʚʠʜʝ ʘʢʢʫʨʘʪʥʦʡ ʩʝʪʢʠ.  

ʏʪʦʙʳ ʜʦʙʘʚʠʪʴ ʥʦʚʦʝ ʨʘʩʪʝʥʠʝ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʘʪʦʯʥʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʧʣʶʩè ʠ 

ʚʥʝʩʪʠ ʙʘʟʦʚʳʝ ʜʘʥʥʳʝ: ʚʠʜ ʨʘʩʪʝʥʠʷ ʠ ʝʛʦ ʬʦʪʦ. ʇʦʟʞʝ ʤʦʞʥʦ ʙʫʜʝʪ ʟʘʧʦʣʥʠʪʴ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ï ʜʘʪʳ ʧʦʩʣʝʜʥʝʛʦ ʧʦʣʠʚʘ ʠ ʧʦʜʢʦʨʤʢʠ. ʉʠʩʪʝʤʘ ʥʝ ʜʘʩʪ ʟʘʙʳʪʴ ʦ 

ʚʘʞʥʳʭ ʜʝʣʘʭ: ʝʩʣʠ ʮʚʝʪʢʫ ʪʨʝʙʫʝʪʩʷ ʚʦʜʘ ʠʣʠ ʫʜʦʙʨʝʥʠʝ, ʨʷʜʦʤ ʩ ʝʛʦ ʥʘʟʚʘʥʠʝʤ ʩʨʘʟʫ 

ʧʦʷʚʠʪʩʷ ʥʝʙʦʣʴʰʦʡ ʟʥʘʯʦʢ-ʥʘʧʦʤʠʥʘʥʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʜʝʪʴ ʪʝʢʫʱʠʝ ʟʘʜʘʯʠ ʙʫʢʚʘʣʴʥʦ ʥʘ 

ʦʜʥʦʤ ʵʢʨʘʥʝ (ʨʠʩ. 1). ʇʦʤʠʤʦ ʵʪʦʛʦ ʪʘʢʞʝ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʫʚʝʜʦʤʣʝʥʠʷ ʥʘ ʩʤʘʨʪʬʦʥ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʝ ʟʘʙʳʚʘʪʴ ʦ ʧʨʠʣʦʞʝʥʠʠ, ʜʘʞʝ ʢʦʛʜʘ ʦʥʦ ʚʳʢʣʶʯʝʥʦ. 

ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʭʦʯʝʪ ʧʦʜʨʦʙʥʝʝ ʠʟʫʯʠʪʴ ʩʦʩʪʦʷʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʥʫʞʥʦ 

ʧʨʦʩʪʦ ʥʘʞʘʪʴ ʥʘ ʝʛʦ ʢʘʨʪʦʯʢʫ. ʆʪʢʨʦʝʪʩʷ ʵʢʨʘʥ ʩ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʊʘʤ ʙʫʜʝʪ ʚʠʜʥʦ, 

ʩʢʦʣʴʢʦ ʜʥʝʡ ʨʘʩʪʝʥʠʝ ʫʞʝ ʨʘʩʪʝʪ ʠ ʥʘ ʢʘʢʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʥʘʭʦʜʠʪʩʷ. ɼʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʫʭʦʜʘ ʧʨʝʜʫʩʤʦʪʨʝʥ ʥʝʙʦʣʴʰʦʡ ʚʩʪʨʦʝʥʥʳʡ ʢʘʣʝʥʜʘʨʴ ï ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʫʜʦʙʥʦ ʦʪʤʝʯʘʪʴ 

ʧʨʦʰʝʜʰʠʝ ʩʦʙʳʪʠʷ ʠ ʩʪʘʚʠʪʴ ʟʘʜʘʯʠ ʥʘ ʙʫʜʫʱʝʝ (ʨʠʩ. 2). 

 

     
 

ʈʠʩ. 1. çʄʦʡ ʩʘʜè ʈʠʩ. 2. ʂʘʨʪʦʯʢʘ ʨʘʩʪʝʥʠʷ 

 

ʏʪʦʙʳ ʧʨʝʚʨʘʪʠʪʴ ʨʫʪʠʥʥʳʡ ʫʭʦʜ ʟʘ ʨʘʩʪʝʥʠʷʤʠ ʚ ʫʚʣʝʢʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʙʫʜʝʪ 

ʜʦʙʘʚʣʝʥʘ ʠʛʨʦʚʘʷ ʤʝʭʘʥʠʢʘ. ʉʫʪʴ ʝʸ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʫʭʦʜ 

(ʧʦʣʠʚ ʠ ʧʦʜʢʦʨʤʢʫ ʚ ʥʫʞʥʳʝ ʩʨʦʢʠ) ʨʘʩʪʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʥʘ ʥʦʚʫʶ ʩʪʘʜʠʶ ʨʦʩʪʘ. ʕʪʦ ʙʫʜʝʪ 
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ʚʳʨʘʞʘʪʴʩʷ ʚʠʟʫʘʣʴʥʦ ï ʩʝʤʝʯʢʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʨʦʩʪʦʢ, ʨʦʩʪʦʢ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʘʣʝʥʴʢʠʡ 

ʢʫʩʪʠʢ, ʢʫʩʪʠʢ ʥʘʯʠʥʘʝʪ ʮʚʝʩʪʠ, ʘ ʮʚʝʪʦʢ ʩʦ ʚʨʝʤʝʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʘʟʤʝʨʘʭ ʠʣʠ ʤʝʥʷʝʪ 

ʦʢʨʘʩʢʫ. ʀʛʨʦʚʘʷ ʬʦʨʤʘ ʟʜʝʩʴ ʟʘʥʠʤʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʜʝʨʞʘʥʠʠ ʚʥʠʤʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺ ʧʩʠʭʦʣʦʛʠʠ ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʦʤ ʧʨʦʛʨʝʩʩʘ ʠ ʥʝʤʝʜʣʝʥʥʳʤ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝʤ. ʂʦʛʜʘ 

ʯʝʣʦʚʝʢ ʚʠʜʠʪ, ʯʪʦ ʝʛʦ ʨʝʛʫʣʷʨʥʳʝ ʫʩʠʣʠʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʠʚ) ʧʨʠʚʦʜʷʪ ʢ ʢʦʥʢʨʝʪʥʦʤʫ 

ʚʠʟʫʘʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ï ʨʘʩʪʝʥʠʝ ʚʳʨʦʩʣʦ, ʤʦʟʛ ʧʦʣʫʯʘʝʪ ʧʦʨʮʠʶ ʜʦʬʘʤʠʥʘ ï ʛʦʨʤʦʥʘ 

ʫʜʦʚʦʣʴʩʪʚʠʷ.  

ɹʝʟ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʤʝʭʘʥʠʢʠ ʧʨʠʣʦʞʝʥʠʝ ʙʳʣʦ ʙʳ ʦʙʳʯʥʳʤ ʩʧʠʩʢʦʤ ʟʘʜʘʯ: çʧʦʣʝʡ 

ʢʘʢʪʫʩè, çʫʜʦʙʨʠ ʬʠʢʫʩè. ʆʪʩʫʪʩʪʚʠʝ ʠʛʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʪʨʘʪʠʪ ʠʥʪʝʨʝʩ ʢ ʧʨʠʣʦʞʝʥʠʶ. ʅʦ ʢʦʛʜʘ ʫʭʦʜ ʟʘ ʮʚʝʪʘʤʠ 

ʧʨʠʦʙʨʝʪʘʝʪ ʮʝʣʴ, ʥʘʧʨʠʤʝʨ, ʚʳʨʘʩʪʠʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʨʘʩʪʝʥʠʡ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ, ʘ ʧʨʦʮʝʩʩ, ʛʜʝ ʢʘʞʜʳʡ ʚʦʚʨʝʤʷ ʩʜʝʣʘʥʥʳʡ ʰʘʛ ʧʨʠʙʣʠʞʘʝʪ ʯʝʣʦʚʝʢʘ ʢ ʥʝʢʦʪʦʨʦʤʫ 

çʚʳʠʛʨʳʰʫè, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʠʛʨʫ, ʪʦ ʜʘʞʝ ʚʟʨʦʩʣʳʡ ʯʝʣʦʚʝʢ ʟʘʭʦʯʝʪ ʟʘʥʷʪʴʩʷ ʩʘʜʦʚʦʜʩʪʚʦʤ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʠʛʨʦʚʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʠʛʨʦʚʫʶ ʤʝʭʘʥʠʢʫ, 

ʥʘʟʳʚʘʝʪʩʷ ʛʝʡʤʠʬʠʢʘʮʠʝʡ. ʕʪʦ ʥʝ ʧʨʦ ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʮʝʥʥʦʡ ʠʛʨʳ, ʘ ʧʨʦ ʫʤʝʣʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʸ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʦʪʠʚʘʮʠʠ ʠ ʫʜʝʨʞʘʥʠʷ ʚʥʠʤʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

[5].  

ʆʜʥʘʢʦ ʤʘʣʦ ʧʨʦʩʪʦ ʩʦʟʜʘʪʴ ʥʘʧʦʤʠʥʘʥʠʝ ï ʚʘʞʥʦ ʫʜʝʨʞʘʪʴ ʠʥʪʝʨʝʩ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʦʤʠʤʦ ʧʨʦʜʫʤʘʥʥʦʡ ʠʛʨʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ çʚʦʚʣʝʯʝʥʠʷè ʩʪʘʥʦʚʠʪʩʷ 

ʮʚʝʪʦʚʘʷ ʛʘʤʤʘ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʳʙʦʨ ʧʘʣʠʪʨʳ ʦʯʝʚʠʜʥʦ ʦʩʪʘʥʦʚʠʣʩʷ ʥʘ 

ʦʪʪʝʥʢʘʭ ʟʝʣʝʥʦʛʦ. ʆʥʠ ʥʘʧʨʷʤʫʶ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʨʘʩʪʝʥʠʷʤʠ, ʩʦʟʜʘʚʘʷ ʧʨʘʚʠʣʴʥʳʡ 

ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʬʦʥ ʠ ʧʦʜʩʦʟʥʘʪʝʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʷ ʞʝʣʘʥʠʝ ʯʝʣʦʚʝʢʘ ʟʘʙʦʪʠʪʴʩʷ ʦ ʩʚʦʝʤ 

ʤʘʣʝʥʴʢʦʤ ʩʘʜʝ. ɺ ʙʫʜʫʱʝʤ, ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʥʪʥʳʭ ʮʚʝʪʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʛʣʫʰʝʥʥʳʝ 

ʪʦʥʘ ʟʝʤʣʠ (ʪʝʨʨʘʢʦʪʦʚʳʡ, ʢʦʨʠʯʥʝʚʳʡ) ʠʣʠ ʮʚʝʪʳ (ʥʝʞʥʦ-ʞʝʣʪʳʡ, ʣʘʚʘʥʜʦʚʳʡ), ʯʪʦʙʳ 

ʠʥʪʝʨʬʝʡʩ ʥʝ ʙʳʣ ʤʦʥʦʪʦʥʥʳʤ [2]. 

ʇʦʤʠʤʦ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʩʘʜʘ, ʚ ʧʨʠʣʦʞʝʥʠʠ ʙʫʜʝʪ ʜʚʘ ʚʘʞʥʳʭ ʨʘʟʜʝʣʘ, ʢʦʪʦʨʳʝ 

ʧʨʝʚʨʘʪʷʪ ʝʛʦ ʚ ʥʘʩʪʦʷʱʝʛʦ ʧʦʤʦʱʥʠʢʘ ʜʣʷ ʮʚʝʪʦʚʦʜʘ. ʆʥʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʪʝʭ, ʢʪʦ ʭʦʯʝʪ ʥʝ 

ʧʨʦʩʪʦ ʫʭʘʞʠʚʘʪʴ, ʥʦ ʠ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʩʚʦʠ ʨʘʩʪʝʥʠʷ. 

ʇʝʨʚʳʡ ʨʘʟʜʝʣ ï çʕʥʮʠʢʣʦʧʝʜʠʷ ʨʘʩʪʝʥʠʡè. ʕʪʦ ʦʙʰʠʨʥʘʷ ʙʘʟʘ ʟʥʘʥʠʡ, ʚ ʢʦʪʦʨʦʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʥʘʡʪʠ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʣʶʙʦʛʦ ʮʚʝʪʢʘ ʠʟ ʩʚʦʝʡ ʢʦʣʣʝʢʮʠʠ ʠʣʠ ʪʦʛʦ, 

ʢʦʪʦʨʦʛʦ ʦʥ ʪʦʣʴʢʦ ʧʣʘʥʠʨʫʝʪ ʟʘʚʝʩʪʠ. ɺ ʥʝʤ ʙʫʜʫʪ ʥʝ ʪʦʣʴʢʦ ʩʪʘʥʜʘʨʪʥʳʝ ʜʘʥʥʳʝ, ʥʦ ʠ 

ʠʥʪʝʨʝʩʥʳʝ ʬʘʢʪʳ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʦʙʱʝʥʠʝ ʩ ʧʨʠʨʦʜʦʡ ʛʣʫʙʞʝ. ʅʘʧʨʠʤʝʨ, ʙʫʜʝʪ ʨʘʩʩʢʘʟʘʥʦ 

ʦ ʩʠʤʚʦʣʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʨʘʩʪʝʥʠʡ ʚʦ ʬʣʦʨʠʩʪʠʢʝ: ʢʘʢʠʝ ʮʚʝʪʳ ʩʯʠʪʘʶʪʩʷ ʩʠʤʚʦʣʦʤ 

ʜʦʩʪʘʪʢʘ, ʢʘʢʠʝ ʦʙʝʨʝʛʘʶʪ ʜʦʤ, ʘ ʯʪʦ ʧʨʠʥʷʪʦ ʜʘʨʠʪʴ ʚ ʟʥʘʢ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʠ. 

ɺʪʦʨʦʡ ʨʘʟʜʝʣ ï çʉʦʚʝʪʳ ʧʦ ʫʭʦʜʫè. ʕʪʦʪ ʨʘʟʜʝʣ ʧʨʝʜʣʘʛʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʩʠʪʫʘʮʠʡ. ɿʜʝʩʴ ʙʫʜʫʪ ʩʦʙʨʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʫʩʪʨʦʡʩʪʚʫ ʤʝʩʪʘ ʜʣʷ 

ʨʘʩʪʝʥʠʡ: ʢʘʢ ʧʦʜʦʙʨʘʪʴ ʠʜʝʘʣʴʥʳʡ ʛʦʨʰʦʢ, ʢʘʢʦʡ ʪʠʧ ʛʨʫʥʪʘ ʧʨʝʜʧʦʯʠʪʘʝʪ ʪʦʪ ʠʣʠ ʠʥʦʡ ʚʠʜ, 

ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʜʩʚʝʪʢʫ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʉʦʚʝʪʳ ʧʦʤʦʛʫʪ ʥʦʚʠʯʢʫ ʠʟʙʝʞʘʪʴ ʪʠʧʠʯʥʳʭ 

ʦʰʠʙʦʢ, ʘ ʦʧʳʪʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ï ʦʪʢʨʳʪʴ ʜʣʷ ʩʝʙʷ ʥʦʚʳʝ ʣʘʡʬʭʘʢʠ ʧʦ ʫʭʦʜʫ. ʕʪʠ ʜʚʘ 

ʨʘʟʜʝʣʘ ʚʤʝʩʪʝ ʩʦʟʜʘʶʪ ʵʬʬʝʢʪ ʧʨʠʩʫʪʩʪʚʠʷ ʦʧʳʪʥʦʛʦ ʥʘʩʪʘʚʥʠʢʘ, ʢʦʪʦʨʳʡ ʚʩʝʛʜʘ ʧʦʜ ʨʫʢʦʡ.  



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ çF+ tech | ʄʘʨʚʝʣè, ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʩʤʘʨʪʬʦʥʦʚ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʢʨʝʧʣʷʝʪʩʷ ʟʘ Android: ʝʛʦ ʜʦʣʷ ʜʦʩʪʠʛʣʘ 89,6%, ʪʦʛʜʘ ʢʘʢ iOS ʜʦʚʦʣʴʩʪʚʫʝʪʩʷ 

ʣʠʰʴ 10,4%. (https://clck.ru/3SFLhL) ʇʨʠʚʝʜʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʧʣʘʪʬʦʨʤʘ Android ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ 

ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ. 

ɻʣʘʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʜʘʥʥʦʡ ʆʉ ʦʩʪʘʝʪʩʷ Android Studio. 

ʕʪʘ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʜʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʚʩʸ ʥʝʦʙʭʦʜʠʤʦʝ: ʦʪ ʫʤʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʢʦʜʘ ʠ 

ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʠʥʪʝʨʬʝʡʩʦʚ ʜʦ ʤʦʱʥʦʛʦ ʦʪʣʘʜʯʠʢʘ. ʇʨʠ ʵʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʩʨʝʜʘ ʦʪʣʠʯʘʝʪʩʷ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ 

ʧʨʦʩʪʦʪʦʡ ʦʩʚʦʝʥʠʷ, ʘ ʩʘʤʦʝ ʚʘʞʥʦʝ ï ʦʥʘ ʘʙʩʦʣʶʪʥʦ ʙʝʩʧʣʘʪʥʦ [3]. 

ʉʣʝʜʫʶʱʠʡ ʚʘʞʥʳʡ ʵʪʘʧ ï ʚʳʙʦʨ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʷʟʳʢʦʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʜ Android ʷʚʣʷʝʪʩʷ Kotlin. ɽʛʦ ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: 

ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʣʘʢʦʥʠʯʥʳʡ ʩʠʥʪʘʢʩʠʩ ʫʧʨʦʱʘʝʪ ʥʘʧʠʩʘʥʠʝ ʠ ʯʪʝʥʠʝ ʢʦʜʘ, ʘ ʦʩʦʙʝʥʥʦʩʪʠ 

ʷʟʳʢʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ [4]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʚʠʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

SQLite. ʕʪʦ ʩʪʘʥʜʘʨʪʥʘʷ ʚʩʪʨʦʝʥʥʘʷ ʉʋɹɼ ʜʣʷ Android, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʨʝʣʷʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘʚʠʛʘʮʠʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠʟ ʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʟʜʝʣʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʢ ʧʨʦʩʤʦʪʨʫ ʩʪʘʪʝʡ. ʉʘʤʠ ʩʪʘʪʴʠ ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʚ 

ʬʦʨʤʘʪʝ HTML, ʠʥʪʝʛʨʠʨʫʷ ʪʝʢʩʪ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʬʘʡʣʳ ʙʫʜʫʪ 

ʨʘʟʤʝʱʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʠ 

ʜʦʤʘʰʥʝʝ ʩʘʜʦʚʦʜʩʪʚʦ ï ʵʪʦ ʥʝ ʚʨʝʤʝʥʥʦʝ ʫʚʣʝʯʝʥʠʝ ʠ ʥʝ ʤʦʜʘ, ʘ ʦʪʨʘʞʝʥʠʝ ʛʣʫʙʠʥʥʦʡ 

ʧʦʪʨʝʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʩʚʷʟʠ ʩ ʞʠʚʦʡ ʧʨʠʨʦʜʦʡ ʚ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʤʠʨʘ. ʆʜʥʘʢʦ 

ʨʘʟʨʳʚ ʤʝʞʜʫ ʞʝʣʘʥʠʝʤ ʠʤʝʪʴ ʧʳʰʥʳʡ ʩʘʜ ʠ ʨʝʘʣʴʥʳʤʠ ʥʘʚʳʢʘʤʠ ʧʦ ʫʭʦʜʫ ʟʘ ʥʠʤ ʤʦʞʝʪ 

ʙʳʪʴ ʦʛʨʦʤʥʳʤ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʩʪʘʪʴʝ ʢʦʥʮʝʧʮʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʟʚʘʥʘ ʩʪʘʪʴ 

ʤʦʩʪʦʤ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʦʝʜʠʥʷʪʴ ʠʩʢʨʝʥʥʶʶ ʣʶʙʦʚʴ ʢ ʨʘʩʪʝʥʠʷʤ ʠ ʟʥʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʠʭ ʧʨʦʮʚʝʪʘʥʠʷ.  

ʀʤʝʥʥʦ ʩʦʯʝʪʘʥʠʝ ʧʨʦʜʫʤʘʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʵʣʝʤʝʥʪʦʚ ʛʝʡʤʠʬʠʢʘʮʠʠ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʠʥʪʝʨʝʩʘ ʠ ʦʙʰʠʨʥʦʡ ʙʘʟʳ ʟʥʘʥʠʡ ʩʧʦʩʦʙʥʦ ʧʨʝʚʨʘʪʠʪʴ ʨʫʪʠʥʥʫʶ ʦʙʷʟʘʥʥʦʩʪʴ 

ʚ ʫʚʣʝʢʘʪʝʣʴʥʦʝ ʭʦʙʙʠ, ʢʦʪʦʨʦʝ ʯʝʣʦʚʝʢ ʥʝ ʟʘʙʨʦʩʠʪ ʩʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʥʝ ʧʨʦʩʪʦ ʙʫʜʝʪ ʥʘʧʦʤʠʥʘʪʴ ʦ ʧʦʣʠʚʝ, ʘ ʙʫʜʝʪ ʦʙʫʯʘʪʴ ʠ ʚʜʦʭʥʦʚʣʷʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘʥʠʤʘʪʴʩʷ ʧʦʣʝʟʥʳʤ ʭʦʙʙʠ, ʧʦʣʫʯʘʷ ʯʫʚʩʪʚʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʚʦʝʛʦ ʪʨʫʜʘ.  

ɺʳʙʦʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ 

ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʩʦʟʜʘʥʠʝ ʪʘʢʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ ï ʵʪʦ ʚʢʣʘʜ ʚ ʵʢʦʣʦʛʠʶ ʛʦʨʦʜʩʢʦʡ 

ʞʠʟʥʠ, ʧʦʤʦʛʘʶʱʠʡ ʤʦʣʦʜʳʤ ʣʶʜʷʤ ʩʦʟʜʘʚʘʪʴ ʩʚʦʡ ʤʘʣʝʥʴʢʠʡ, ʥʦ ʥʘʩʪʦʷʱʠʡ ʟʝʣʝʥʳʡ ʤʠʨ 

ʧʨʷʤʦ ʫ ʩʝʙʷ ʜʦʤʘ.  
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ɹʘʙʫʨʦʚ ʌ.ɺ., ʐʘʙʘʥʦʚ ɺ.ʀ. 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʇʈʀʄɽʅɽʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʇʈʆɼʋʂʊʆɺ  

ɺ ɸɺʀɸʊʈɸʅʉʇʆʈʊʅʆʁ ʆʊʈɸʉʃʀ 

ɻʨʘʞʜʘʥʩʢʘʷ ʘʚʠʘʮʠʷ ï ɻ ʪʦ ʤʥʦʛʦʛʨʘʥʥʳʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʡ ʩʝʢʪʦʨ ʵʢʦʥʦʤʠʢʠ, 

ʪʨʝʙʫʶʱʠʡ ʦʪ ʩʚʦʠʭ ʩʦʪʨʫʜʥʠʢʦʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ɸʚʠʘʧʝʨʝʚʦʟʢʠ 

ʧʘʩʩʘʞʠʨʦʚ ʠ ʛʨʫʟʦʚ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʧʝʨʘʮʠʡ ʚ ʨʘʤʢʘʭ 

ʩʠʩʪʝʤʳ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʝʨʝʚʦʟʦʢ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʦʟʜʫʰʥʦʝ ʜʚʠʞʝʥʠʝ, ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʚʩʝʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʝʭ 

ʦʩʥʦʚʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʘʚʠʘʢʦʤʧʘʥʠʡ, ʘʵʨʦʧʦʨʪʦʚ ʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ [8]. 

ɼʠʥʘʤʠʯʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʈʦʩʩʠʡʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʩʝʢʪʦʨ ʦʙʣʘʜʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʘʚʠʦʥʠʢʠ, ʥʦ ʠ ʢʘʜʨʦʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʠʤʝʶʱʠʤ ʦʧʳʪ ʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʨʘʙʦʪʝ ʩʦ ʩʣʦʞʥʳʤʠ 

ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʘʚʠʘʩʪʨʦʝʥʠʷ ʠ ʚʩʝʡ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [5]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ, ʛʣʦʙʘʣʴʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ, ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʠʤʠ ʚʦʟʤʦʞʥʦʩʪʝʡ; 

¶ ʆʧʨʝʜʝʣʠʪʴ ʘʩʧʝʢʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ; 

¶ ʆʮʝʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʢʣʘʩʪʝʨʘ) 

ʚʥʫʪʨʠ ʦʪʨʘʩʣʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ï ʤʝʪʦʜ 

ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʩʦʩʪʘʚʣʷʶʱʠʤ. ɺ ʩʬʝʨʝ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʜʘʥʥʳʡ ʤʝʪʦʜ ʘʢʪʫʘʣʝʥ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ 

ʢʘʞʜʳʡ ʵʪʘʧ ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦʟʢʠ, ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʝʩʴ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ.  

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʲʝʜʠʥʷʶʪ ʚ ʝʜʠʥʦʤ ʮʠʬʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ï 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʢʘʢ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʛʨʫʟʦʚʳʝ ʠ ʧʘʩʩʘʞʠʨʩʢʠʝ ʘʚʠʘʧʝʨʝʚʦʟʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘ ʵʢʦʩʠʩʪʝʤʘʭ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʚʚʝʩʪʠ ʝʜʠʥʳʝ ʥʦʨʤʳ ʠ ʨʝʛʣʘʤʝʥʪʳ, ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʧʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʠ ʦʬʦʨʤʣʝʥʠʶ ʜʦʢʫʤʝʥʪʦʚ ʫʯʘʩʪʥʠʢʦʚ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ. ɼʘʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ.  ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʕʢʦʥʦʤʠʢʘ ʜʘʥʥʳʭ ʠ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʘè ʧʝʨʝʜ 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʘʚʠʘʦʪʨʘʩʣʴʶ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʈʦʩʩʠʠ ʚ 

ʜʘʥʥʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʩʬʝʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʛʣʦʙʘʣʴʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ [3].  

1. ʋʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʆʧʠʩʘʥʠʝ: ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʟʘʚʠʩʠʤʘʷ 

ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ ʠ ʚʝʱʘʥʠʷ (ADS-B). ʇʨʝʠʤʫʱʝʩʪʚʘ: ʅʘʟʝʤʥʳʝ ʘʚʠʘʜʠʩʧʝʪʯʝʨʳ ʠ ʧʠʣʦʪʳ 

ʧʦʣʫʯʘʶʪ ʙʦʣʝʝ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʛʦʜʝ ʠ ʥʘʚʠʛʘʮʠʠ ʠ ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. ʊʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʩʧʠʣʦʪʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ (ɹʇʃɸ). 

2. ʆʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ. ʊʝʭʥʦʣʦʛʠʷ: 1. ɹʦʣʴʰʠʝ ʜʘʥʥʳʝ. ʆʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ 

ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ. 2. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ). ʇʨʝʠʤʫʱʝʩʪʚʘ: 1. ʀʟʚʣʝʯʝʥʠʝ 

ʨʝʣʝʚʘʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʝʢʩʪʘ ʠ 

ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ (ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ). 2. ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ. ʕʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʦʮʠʬʨʦʚʳʚʘʝʪ ʜʦʢʫʤʝʥʪʘʮʠʶ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʝʪʘ ʠ ʧʨʝʦʙʨʘʟʫʝʪ ʝʝ ʚ ʵʣʝʢʪʨʦʥʥʫʶ 

ʬʦʨʤʫ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʝʜ ʚʟʣʝʪʦʤ. ɹʳʩʪʨʳʡ ʘʥʘʣʠʟ ʟʘʧʨʦʩʦʚ ʠ 

ʞʘʣʦʙ ʧʘʩʩʘʞʠʨʦʚ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

3. ʋʙʝʨʠʟʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʷ: ʎʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʩʚʷʟʠ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʨʝʜʝ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʉʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʟʘ ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ ʧʦʩʨʝʜʥʠʢʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʦʜʛʦʪʦʚʢʫ ʩʘʤʦʣʝʪʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ ʢ ʧʦʣʝʪʘʤ. ɹʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ 

ʜʦʭʦʜʦʚ ʠ ʫʣʫʯʰʝʥʠʶ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʘʚʠʘʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʩʚʦʶ 

ʧʨʠʙʳʣʴ. 

4. ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʠ: ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ 

ʙʦʨʪʫ ʠ ʚ ʘʵʨʦʧʦʨʪʘʭ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ ʫʩʣʫʛ ʥʘ ʙʦʨʪʫ: 1) ɺ ʘʵʨʦʧʦʨʪʫ: ɹʝʩʢʦʥʪʘʢʪʥʦʝ ʧʨʝʜʧʦʣʝʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ; ʮʠʬʨʦʚʳʝ ʧʘʩʧʦʨʪʘ ʠ ʧʦʩʘʜʦʯʥʳʝ ʪʘʣʦʥʳ; ʠʥʪʝʛʨʘʮʠʷ 

ʯʘʪ-ʙʦʪʦʚ ʠʣʠ ʛʦʣʦʩʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ ʥʘ ʚʝʙ-ʩʘʡʪʝ ʘʵʨʦʧʦʨʪʘ ʠʣʠ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ; 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦʤʦʱʥʠʢʠ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪ. ʜ. 2) ʅʘ 

ʙʦʨʪʫ: Wi-Fi ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʮʠʬʨʦʚʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ; ʮʠʬʨʦʚʳʝ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ; 

ʯʘʪ-ʙʦʪʳ ʠʣʠ ʛʦʣʦʩʦʚʳʝ ʧʦʤʦʱʥʠʢʠ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʠʪʘʥʠʷ ʠ ʜʨʫʛʠʭ ʮʠʬʨʦʚʳʭ ʫʩʣʫʛ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʠʘʢʦʤʧʘʥʠʠ ʧʦʢʨʳʚʘʪʴ ʩʚʦʠ ʨʘʩʭʦʜʳ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʦʭʦʜʦʚ. [3]. 

5. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʤʦʙʠʣʴʥʦʩʪʠ. ʊʝʭʥʦʣʦʛʠʷ: ʮʠʬʨʦʚʳʝ 

ʧʣʘʥʰʝʪʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʙʦʨʪʫ. ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ ʜʣʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ, ʧʠʣʦʪʦʚ ʠ ʙʦʨʪʧʨʦʚʦʜʥʠʢʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʣʘʥ ʧʦʣʝʪʘ ʠ ʠʥʬʦʨʤʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ ʜʣʷ 

ʘʚʠʘʜʠʩʧʝʪʯʝʨʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ. ʋʣʫʯʰʘʝʪ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘ ʙʦʨʪʫ, ʠʥʬʦʨʤʠʨʫʷ ʚʩʝʭ ʧʘʩʩʘʞʠʨʦʚ ʦ ʧʠʪʘʥʠʠ, ʪʨʘʥʩʬʝʨʘʭ ʠ ʜʨʫʛʠʭ ʨʝʡʩʘʭ. 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ɿʘʤʝʥʷʝʪ ʙʦʨʪʦʚʳʝ ʟʘʧʠʩʠ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʟʘʧʠʩʷʤʠ. ʇʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʯʝʪʘ 

ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʠ ʥʘʚʠʛʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʟʦʧʘʩʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘ 

ʙʦʨʪʫ. 

6. ʆʭʨʘʥʘ ʟʜʦʨʦʚʴʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʊʝʭʥʦʣʦʛʠʷ: ʙʝʩʢʦʥʪʘʢʪʥʘʷ (NFC) ʮʠʬʨʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷ. ɼʘʚʘʡʪʝ ʧʦʛʦʚʦʨʠʤ ʦ ʧʨʦʚʝʨʢʝ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ɹʝʟʦʧʘʩʥʦʩʪʴ 

ʧʦʣʝʪʦʚ: 1) ɺ ʘʵʨʦʧʦʨʪʫ: ʙʝʩʢʦʥʪʘʢʪʥʘʷ ʦʧʣʘʪʘ, ʙʝʩʢʦʥʪʘʢʪʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʚ ʟʘʣʳ ʦʞʠʜʘʥʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʦʩʘʜʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʩʘʜʦʯʥʳʭ ʪʘʣʦʥʦʚ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʙʘʛʘʞʘ, ʫʚʝʜʦʤʣʝʥʠʝ ʦ 

ʟʘʜʝʨʞʢʘʭ ʠ ʪ. ʜ. 2) ʅʘ ʙʦʨʪʫ: ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʘʩʩʘʞʠʨʦʚ ʠ ʵʢʠʧʘʞʘ, ʤʦʙʠʣʴʥʘʷ ʙʝʩʢʦʥʪʘʢʪʥʘʷ 

ʦʧʣʘʪʘ, ʚʳʜʝʣʝʥʥʳʡ ʙʦʨʪʧʨʦʚʦʜʥʠʢ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʩʩʘʞʠʨʦʚ ʠ ʵʢʠʧʘʞʘ. 

7. ɹʠʦʤʝʪʨʠʷ, ʧʦʛʨʘʥʠʯʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʙʘʛʘʞ. ʊʝʭʥʦʣʦʛʠʠ: Biometric identification of 

passengers. ʊʝʭʥʦʣʦʛʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʩʩʘʞʠʨʦʚ ʠ ʙʘʛʘʞʘ ʥʘ ʘʚʠʘʪʨʘʥʩʧʦʨʪʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʢʘ ʧʦ ʝʛʦ ʧʝʨʩʦʥʘʣʴʥʳʤ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ (ʦʙʦʣʦʯʢʘ ʛʣʘʟʘ, ʦʪʧʝʯʘʪʦʢ ʧʘʣʴʮʘ, ʛʦʣʦʩ ʠ ʜʨ.) ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦʟʚʦʣʷʝʪ ʧʘʩʩʘʞʠʨʫ ʩʜʘʚʘʪʴ ʙʘʛʘʞ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʠ ʫ ʩʝʙʷ ʜʦʤʘ. ʇʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ 

ʪʦʯʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʩʩʘʞʠʨʦʚ ʠ ʙʘʛʘʞʘ ʥʘ ʨʝʡʩ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʙʘʛʘʞʘ, ʜʦʩʪʫʧʥʳʝ ʠ ʩʘʤʦʤʫ ʧʘʩʩʘʞʠʨʫ. 

8. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʝʢʪʦʨʘ. ʊʝʭʥʦʣʦʛʠʠ: ʎʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʝʚʳʤʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʪʝʛʨʠʨʫʶʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʩʝʪʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ 

ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʧʨʠʙʳʪʠʷ 

ʩʘʤʦʣʝʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʘʩʩʘʞʠʨʦʚ. ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʥʘʟʝʤʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʦʚ ʠ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ 

ʘʵʨʦʧʦʨʪʦʚ ʩ ʫʯʝʪʦʤ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʧʨʠʙʳʣʴʥʦʩʪʴ ʘʚʠʘʢʦʤʧʘʥʠʡ. 

9. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʊ-ʩʣʫʞʙ. ʊʝʭʥʦʣʦʛʠʠ: ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ɺʠʨʪʫʘʣʴʥʳʝ ʠ ʫʜʘʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ IT-ʩʬʝʨʳ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʨʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʚʨʝʜʘ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʧʝʨʩʦʥʘʣʘ ʠ ʘʚʠʘʧʘʩʩʘʞʠʨʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʮʝʥʪʨʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʦʢʨʘʱʘʶʪ ʟʘʪʨʘʪʳ ʥʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ, 

ʜʦʧʫʩʢʘʷ ʨʘʙʦʪʫ ʫʜʘʣʸʥʥʦ [7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ, 

ʩʥʠʞʘʷ ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ 

ʦʪʨʘʩʣʝʚʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʘʢ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ, 

ʪʘʢ ʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʳʥʢʘʭ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ [3]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʠʤʝʶʱʠʤʩʷ ʩʘʥʢʮʠʦʥʥʳʤ ʨʝʞʠʤʦʤ, ʚ ʦʪʨʘʩʣʠ ʚʥʝʜʨʷʶʪʩʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ. 

1. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʀʊ-ʩʠʩʪʝʤ ʥʘʯʘʣʦʩʴ ʚ 2019 

ʛʦʜʫ, ʥʦ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʩʠʩʪʝʤʳ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʚʩʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 
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ʨʦʩʩʠʡʩʢʠʭ ʘʚʠʘʢʦʤʧʘʥʠʡ. ʉʘʥʢʮʠʠ, ʥʘʣʦʞʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʟʘʜʝʨʞʘʣʠ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

2. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʇʝʨʝʜʘʯʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʦʰʠʙʢʠ ʠ ʧʦʪʝʨʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʝʜʘʯʘ ʠ ʭʨʘʥʝʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʩʦʧʨʷʞʝʥʳ ʩ ʨʠʩʢʦʤ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ. 

3. ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʇʝʨʝʭʦʜ ʥʘ ʥʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʇʆ ʠ ʧʦʪʨʝʙʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ. 

4. ɸʜʘʧʪʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʄʥʦʛʠʤ ʘʚʠʘʢʦʤʧʘʥʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ 

ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʢ ʥʦʚʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. 

5. ʆʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʩʠʩʪʝʤ. 

6. ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ. ʅʘʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʦʩʩʠʡʩʢʠʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʘʚʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. [12] 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʠʬʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ:  

¶ ʦʧʝʨʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

¶ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

¶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

¶ ʢʣʠʝʥʪʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

¶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ.  

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʧʨʦʩʘ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʧʨʝʜʣʦʞʠʪʴ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʢʣʘʩʪʝʨʘ), ʠʥʬʦʨʤʘʮʠʶ ʢʦʪʦʨʦʛʦ 

ʩʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʩʠʩʪʝʤʳ ï 

ʘʚʠʘʢʦʤʧʘʥʠʠ, ʘʵʨʦʧʦʨʪʳ, ʘʚʠʘʨʝʤʦʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ [11].  

ʉʦʟʜʘʥʠʝ ʪʘʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʟʚʦʣʠʪ: 

¶ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʚʩʝʤʠ ʩʤʝʞʥʳʤʠ ʩʝʢʪʦʨʘʤʠ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʷʤʠ ʠ ʟʘʜʘʯʘʤʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ; 

¶ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʀʊ-ʩʠʩʪʝʤ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ; 

¶ ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʙʦʪʢʫ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ; 

¶ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʳʡ ʜʦʩʪʫʧ ʢ ʵʪʠʤ ʜʘʥʥʳʤ ʜʣʷ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ; 

¶ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʜʫʢʪʦʚʦʡ ʵʢʦʩʠʩʪʝʤʦʡ ʨʝʛʠʦʥʘ; 

¶ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ; 

¶ ʫʩʢʦʨʠʪʴ ʨʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʠ ʧʦʚʳʩʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ [3]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʝʚʨʘʱʘʝʪ ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʠʭ ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʠʟ 

ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʘʢʪʠʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʘʚʠʘʢʦʤʧʘʥʠʷʤ 
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ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʧʦʚʳʰʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ 

ʮʠʬʨʦʚʫʶ ʵʧʦʭʫ, ʘ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʪʘʥʝʪ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʚʩʝʡ ʦʪʨʘʩʣʠ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ [1; 8]. 

ɺʩʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ 

ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ   ʧʝʨʝʚʦʟʦʢ 

ʚʦʟʜʫʰʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʥʘʯʠʥʘʷ ʦʪ ʧʨʝʜʧʦʣʝʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ɺʉ, ʟʘʢʘʥʯʠʚʘʷ ʚʳʜʘʯʝʡ 

ʙʘʛʘʞʘ. ʂʘʞʜʘʷ ʚʥʝʜʨʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʤʦʛʘʝʪ ʩʦʢʨʘʱʘʪʴ ʨʘʩʭʦʜʳ 

ʘʚʠʘʢʦʤʧʘʥʠʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʘʚʠʘʧʝʨʝʚʦʟʢʠ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʦʜʷ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʦʩʪʫ ʠ 

ʫʢʨʝʧʣʝʥʠʠ ʧʦʟʠʮʠʡ ʥʘ ʨʳʥʢʝ ʣʦʛʠʩʪʠʢʠ.  
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ɹʝʛʝʝʚ ɸ.ʉ., ɺʴʶʢʠʥ ɼ.ɸ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɺʀʈʊʋɸʃʔʅʆʁ ʃɸɹʆʈɸʊʆʈʀʀ  

ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʃʀʅɽʁʅʓʍ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʎɽʇɽʁ  

ʅɸ ʆʉʅʆɺɽ 3D-ɼɺʀɾʂɸ JMONKEYENGINE 

ʉ ʫʯʸʪʦʤ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʩʦʚʨʝʤʝʥʥʦʝ ʠʥʞʝʥʝʨʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʱʝʪ ʥʦʚʳʝ ʧʫʪʠ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʩʝʛʦʜʥʷ ï ʥʝ ʧʨʦʩʪʦ ʚʥʝʜʨʠʪʴ ʜʠʩʪʘʥʮʠʦʥʥʳʡ 

ʬʦʨʤʘʪ ʦʙʫʯʝʥʠʷ, ʘ ʩʜʝʣʘʪʴ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʧʦʣʝʟʥʳʤ ʜʣʷ ʙʫʜʫʱʠʭ ʠʥʞʝʥʝʨʦʚ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʪʝʥʜʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʛʨʘʥʠʯʝʥʠʡ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʦʩʪʫʧ ʚ ʫʜʘʣʝʥʥʦʤ ʬʦʨʤʘʪʝ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʦʧʘʩʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ. ɺʠʨʪʫʘʣʴʥʳʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʘʥʦʚʷʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʪʫʜʝʥʪʘʤ ʧʦʣʫʯʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʤʝʩʪʫ ʠ ʚʨʝʤʝʥʠ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚʠʨʪʫʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʟʚʦʣʷʶʪ ʩʪʫʜʝʥʪʘʤ ʠʟʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʥʘʫʯʥʳʝ 

ʜʠʩʮʠʧʣʠʥʳ, ʧʨʦʚʦʜʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ, ʥʝ ʚʳʭʦʜʷ ʠʟ ʜʦʤʘ [5, ʩ. 375]. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʩʦʚʤʝʱʘʶʱʠʭ 

ʫʯʝʙʫ ʩ ʨʘʙʦʪʦʡ [4, ʩ. 17]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ. ʇʝʨʚʘʷ ï 2D-ʩʠʤʫʣʷʪʦʨʳ. ʆʥʠ ʧʨʦʩʪʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʥʦ ʥʝ 

ʜʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʝʘʣʴʥʦʡ ʩʙʦʨʢʝ ʮʝʧʠ. ɺʪʦʨʘʷ ʢʘʪʝʛʦʨʠʷ ï 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʘʢʝʪʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʥʦ ʷʚʣʷʶʪʩʷ 

ʧʣʘʪʥʳʤʠ, ʟʘʢʨʳʪʳʤʠ ʠ ʩʣʦʞʥʳʤʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʪʢʨʳʪʦʤ, ʨʘʩʰʠʨʷʝʤʦʤ ʠ ʥʘʛʣʷʜʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ. ɺʳʙʦʨ ʧʨʘʚʠʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ 3D-ʤʦʜʝʣʝʡ ʚ ʪʘʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʦʛʥʠʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʦʙʫʯʘʶʱʝʛʦʩʷ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ [3, ʩ. 117-120]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʠʨʪʫʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʣʠʥʝʡʥʳʭ ʮʝʧʝʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʬʦʨʤʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʮʝʧʠ, ʨʘʟʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʳ, ʨʝʘʣʠʟʘʮʠʷ ʠʥʪʝʨʬʝʡʩʘ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʚʳʯʠʩʣʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʠʥʪʝʛʨʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʷʜʨʘ ʨʘʩʯʝʪʘ ʮʝʧʝʡ 

ʩ 3D-ʜʚʠʞʢʦʤ jMonkeyEngine, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʛʣʷʜʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʢʠ ʠ ʠʟʤʝʨʝʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʪʢʨʳʪʦʡ Java-

ʧʣʘʪʬʦʨʤʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ.   
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ɸʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʆʙʲʝʢʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʣʠʥʝʡʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ, ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʳʭ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ. ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʘʥʘʣʠʟʘ 

ʩʦʩʪʘʚʣʷʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ɿʘʢʦʥ ʆʤʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ: I = U/R. ʇʝʨʚʳʡ ʟʘʢʦʥ 

ʂʠʨʭʛʦʬʘ ʛʣʘʩʠʪ, ʯʪʦ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʪʦʢʦʚ ʚ ʣʶʙʦʤ ʫʟʣʝ ʮʝʧʠ ʨʘʚʥʘ ʥʫʣʶ. ɺʪʦʨʦʡ 

ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚ ʟʘʤʢʥʫʪʦʤ ʢʦʥʪʫʨʝ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʕɼʉ ʨʘʚʥʘ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ. 

ʊʠʧʦʚʳʤʠ ʧʘʩʩʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʣʠʥʝʡʥʳʭ ʮʝʧʝʡ ʷʚʣʷʶʪʩʷ ʨʝʟʠʩʪʦʨ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R ʩ ʣʠʥʝʡʥʦʡ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ U = IĀR; ʢʦʥʜʝʥʩʘʪʦʨ ʩ ʝʤʢʦʩʪʴʶ C, ʩʦʟʜʘʶʱʠʡ ʚ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʝʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Xc = 1/(2ˊfC); ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ L, 

ʩʦʟʜʘʶʱʘʷ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ XL = 2ˊfL. ɼʣʷ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ, ʛʜʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (ʠʤʧʝʜʘʥʩʦʤ): ʘʢʪʠʚʥʳʤ ŧr = R, ʠʥʜʫʢʪʠʚʥʳʤ ŧl = jX ʠ ʝʤʢʦʩʪʥʳʤ ŧc = ïjXc, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʜʠʥʦʦʙʨʘʟʥʦ ʦʧʠʩʳʚʘʪʴ ʬʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʪʦʢʘʤʠ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʚʳʷʚʠʣ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʠʣʝʤʤʫ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʘʢʠʝ ʨʝʰʝʥʠʷ, ʢʘʢ Multisim ʢʦʤʧʘʥʠʠ National 

Instruments, ʦʙʣʘʜʘʶʪ ʤʦʱʥʳʤ ʨʘʩʯʝʪʥʳʤ ʘʧʧʘʨʘʪʦʤ ʠ ʦʙʰʠʨʥʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʦʜʥʘʢʦ ʷʚʣʷʶʪʩʷ ʟʘʢʨʳʪʳʤʠ, ʠ ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝ ʟʘʪʨʫʜʥʝʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ 

ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʩʘʥʢʮʠʦʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʧʫʣʷʨʥʳʝ ʦʥʣʘʡʥ-ʩʠʤʫʣʷʪʦʨʳ, ʚʢʣʶʯʘʷ Falstad Circuit Simulator (ʨʠʩ. 1), 

ʧʨʝʜʣʘʛʘʶʪ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʥʘʛʣʷʜʥʫʶ ʘʥʠʤʘʮʠʶ, ʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʜʚʫʤʝʨʥʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ, ʥʝ ʜʘʶʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʝʘʣʴʥʦʤ ʤʦʥʪʘʞʝ ʩʭʝʤʳ 

(https://clck.ru/3SViFm). ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ Micro-Cap, ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢʞʝ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʜʚʫʤʝʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʣʷʜʥʦʩʪʠ ʩʙʦʨʢʠ ʮʝʧʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. Tinkercad Circuits, 

ʧʨʝʜʣʘʛʘʶʱʠʡ ʪʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʢʝʪʥʦʡ ʧʣʘʪʳ, ʠʤʝʝʪ ʧʨʠʤʠʪʠʚʥʫʶ ʛʨʘʬʠʢʫ, 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʠ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʜʘʞʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʩʨʝʜ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʢʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʫʩʚʦʝʥʠʶ ʤʘʪʝʨʠʘʣʘ [2, ʩ. 266]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʚʳʙʨʘʥ ʦʪʢʨʳʪʳʡ 

ʪʨʝʭʤʝʨʥʳʡ ʜʚʠʞʦʢ jMonkeyEngine, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʷʟʳʢʝ Java (https://clck.ru/3SViDw). 

ɼʘʥʥʳʡ ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʨʘʙʦʪʫ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ Windows, Linux, macOS ʠ Android; ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Java, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʠ ʥʘʧʠʩʘʥʠʝ 

ʨʘʩʯʝʪʥʦʛʦ ʷʜʨʘ; ʥʘʣʠʯʠʝʤ ʨʘʟʚʠʪʦʛʦ ʛʨʘʬʘ ʩʮʝʥʳ, ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ʠ ʩʨʝʜʩʪʚ ʧʦʩʪ-

ʦʙʨʘʙʦʪʢʠ; ʧʦʜʜʝʨʞʢʦʡ ʟʘʛʨʫʟʢʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʬʦʨʤʘʪʘʭ; 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʢʘʢ ʜʝʩʢʪʦʧʥʳʭ, ʪʘʢ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ; ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʘʢʪʠʚʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʠ ʦʪʢʨʳʪʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʀʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʜʦʙʥʳʭ 
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jMonkeyEngine, ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʘʨʘʜʠʛʤʝ 

ʦʙʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʷ ʥʝ ʪʦʣʴʢʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ, ʥʦ ʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ [1, ʩ. 269]. 

 

 
 

ʈʠʩ. 1. Falstad Circuit Simulator [https://clck.ru/3SViFm] 

 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʮʝʧʠ 

ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ G=(V,E), ʛʜʝ ʚʝʨʰʠʥʘʤʠ V ʷʚʣʷʶʪʩʷ ʫʟʣʳ ʩʦʝʜʠʥʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʧʠʥʳ), ʘ ʨʝʙʨʘʤʠ E ï ʩʘʤʠ ʢʦʤʧʦʥʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʪʠʧʦʤ ʠ ʠʤʧʝʜʘʥʩʦʤ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʘʞʜʦʤ ʢʦʤʧʦʥʝʥʪʝ ʭʨʘʥʠʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʧʦʣʷʤʠ: ʫʥʠʢʘʣʴʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʪʠʧ, ʩʧʠʩʢʠ ʣʝʚʳʭ ʠ ʧʨʘʚʳʭ ʧʠʥʦʚ ʩʦ ʩʩʳʣʢʘʤʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʟʣʳ 

ʛʨʘʬʘ ʩʮʝʥʳ, ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʣʦʛʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ ʚʢʣʶʯʝʥʠʷ 

ʚ ʮʝʧʴ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʦʧʦʣʦʛʠʠ ʮʝʧʠ ʚ ʮʝʣʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʜʝʨʞʘʱʘʷ 

ʦʙʱʠʡ ʠʤʧʝʜʘʥʩ, ʩʧʠʩʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʦʣʣʝʢʮʠʶ ʛʨʫʧʧ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɸʥʘʣʠʟ ʪʦʧʦʣʦʛʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʧʨʦʚʦʜʦʚ ʩʪʨʦʠʪʩʷ ʛʨʘʬ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʝʨʷʝʪʩʷ ʟʘʤʢʥʫʪʦʩʪʴ ʮʝʧʠ ʥʘʣʠʯʠʝʤ ʧʫʪʠ 

ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʠʩʪʦʯʥʠʢʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʘʢʪ ʚʢʣʶʯʝʥʠʷ ʚ ʮʝʧʴ 

ʧʫʪʝʤ ʧʨʦʚʝʨʢʠ ʩʦʝʜʠʥʝʥʠʷ ʝʛʦ ʧʠʥʦʚ ʩ ʛʨʘʬʦʤ. ʇʦʠʩʢ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʤʝʞʜʫ 

ʧʦʣʶʩʘʤʠ ʠʩʪʦʯʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ: ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚʦ ʚʩʝʭ 

ʧʫʪʷʭ ʩʯʠʪʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʣʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ï ʧʘʨʘʣʣʝʣʴʥʳʤʠ. 

ʈʘʩʯʝʪ ʦʙʱʝʛʦ ʠʤʧʝʜʘʥʩʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʦʙʨʘʪʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ. ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʚʳʯʠʩʣʷʶʪʩʷ 

ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʟʘʢʦʥʫ ʆʤʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʢʦʨʨʝʢʪʝʥ ʜʣʷ ʮʝʧʝʡ ʩʦ ʩʪʨʦʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʩʭʝʤ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠʣʠ ʤʝʪʦʜʘ ʢʦʥʪʫʨʥʳʭ 

ʪʦʢʦʚ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʇʨʠʣʦʞʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʧʦ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. ɺ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʷʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʗʜʨʦ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʘʚʥʳʡ ʢʣʘʩʩ, 
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ʥʘʩʣʝʜʫʶʱʠʡ SimpleApplication ʠʟ ʙʠʙʣʠʦʪʝʢ jMonkeyEngine (https://clck.ru/3SViDw). ʄʦʜʫʣʴ 

ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʛʨʫʟʢʫ ʤʦʜʝʣʝʡ, ʥʘʩʪʨʦʡʢʫ ʦʩʚʝʱʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʤʝʨʦʡ 

ʠ ʧʨʠʤʝʥʝʥʠʝ ʵʬʬʝʢʪʦʚ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʠ. ʄʦʜʫʣʴ ʚʚʦʜʘ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʦʙʳʪʠʷ ʤʳʰʠ, ʚʢʣʶʯʘʷ 

ʢʣʠʢʠ ʠ ʥʘʚʝʜʝʥʠʝ, ʨʝʘʣʠʟʫʝʪ ʧʦʜʩʚʝʪʢʫ ʦʙʲʝʢʪʦʚ ʠ ʫʧʨʘʚʣʷʝʪ ʧʨʦʮʝʩʩʦʤ ʩʦʟʜʘʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ. ʄʦʜʫʣʴ ʜʘʥʥʳʭ ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʤʧʦʥʝʥʪʘʭ, ʠʭ ʢʦʥʥʝʢʪʦʨʘʭ ʠ ʪʝʢʫʱʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ. ʄʦʜʫʣʴ ʨʘʩʯʝʪʘ ʚʳʧʦʣʥʷʝʪ ʘʥʘʣʠʟ ʛʨʘʬʘ ʮʝʧʠ ʠ ʚʳʯʠʩʣʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʦʛʦ ʨʘʥʝʝ ʘʣʛʦʨʠʪʤʘ. ʄʦʜʫʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʦʪʚʝʯʘʝʪ ʟʘ 

ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʩʦʩʪʦʷʥʠʷ ʮʝʧʠ ʥʘ ʵʢʨʘʥʝ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʜʫʣʝʡ ʦʨʛʘʥʠʟʦʚʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʥʘʚʝʜʝʥʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʢʫʨʩʦʨʘ ʥʘ ʢʦʥʥʝʢʪʦʨ ʤʦʜʫʣʴ ʚʚʦʜʘ ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʝʚʦʡ ʦʙʲʝʢʪ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʝʭʘʥʠʟʤʘ ʣʫʯʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʤʦʜʫʣʶ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʜʣʷ ʘʢʪʠʚʘʮʠʠ 

ʧʦʜʩʚʝʪʢʠ. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʢʣʠʢʝ ʥʘ ʜʚʘ ʢʦʥʥʝʢʪʦʨʘ ʤʦʜʫʣʴ ʚʚʦʜʘ ʬʠʢʩʠʨʫʝʪ ʚʳʙʦʨ ʠ 

ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʤʦʜʫʣʶ ʜʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʨʦʚʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ 

ʠʣʠ ʫʜʘʣʝʥʠʷ ʧʨʦʚʦʜʘ ʤʦʜʫʣʴ ʜʘʥʥʳʭ ʫʚʝʜʦʤʣʷʝʪ ʨʘʩʯʝʪʥʳʡ ʤʦʜʫʣʴ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ 

ʛʨʘʬʘ. ʈʘʩʯʝʪʥʳʡ ʤʦʜʫʣʴ ʧʝʨʝʩʪʨʘʠʚʘʝʪ ʪʦʧʦʣʦʛʠʶ ʮʝʧʠ ʠ ʚʳʯʠʩʣʷʝʪ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʠ 

ʥʘʧʨʷʞʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʜʘʶʪʩʷ ʚ ʤʦʜʫʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʠ, ʦʧʮʠʦʥʘʣʴʥʦ, ʚ ʤʦʜʫʣʴ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʪʝʢʘʶʱʝʛʦ ʪʦʢʘ. 

ʄʦʜʫʣʴʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʉʦʙʳʪʠʡʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʘʨʘʥʪʠʨʫʝʪ ʨʝʘʢʪʠʚʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʘ ʩʮʝʥʳ 

jMonkeyEngine ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʭʤʝʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

ʈʝʘʣʠʟʘʮʠʷ 3d-ʠʥʪʝʨʬʝʡʩʘ 

ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ 3D-ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʝʪʩʷ ʪʦʯʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʦʚ ʧʦʜ 

ʢʫʨʩʦʨʦʤ ʤʳʰʠ, ʯʪʦ ʨʝʰʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʚ jMonkeyEngine ʤʝʭʘʥʠʟʤʘ 

ʣʫʯʝʡ. ɺʠʨʪʫʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʚʠʜʝ ʪʨʸʭʤʝʨʥʦʡ ʩʮʝʥʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʩʪʝʥʜʘ, ʢʦʪʦʨʘʷ ʟʘʛʨʫʞʘʝʪʩʷ ʠʟ ʚʥʝʰʥʠʭ ʬʘʡʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʦʢʨʫʞʝʥʠʝ ʙʝʟ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʦʜʝʣʠ ʚ ʥʘʪʠʚʥʦʤ ʬʦʨʤʘʪʝ j3o, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʙʳʩʪʨʫʶ ʟʘʛʨʫʟʢʫ ʠ ʭʨʘʥʝʥʠʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʭ ʫʨʦʚʥʝʡ ʜʝʪʘʣʠʟʘʮʠʠ ʩ ʛʦʪʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺ ʨʘʙʦʯʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʪʨʝʙʫʶʱʠʭ ʯʘʩʪʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʘʩʩʝʪʦʚ ʠʟ ʩʪʦʨʦʥʥʠʭ ʨʝʜʘʢʪʦʨʦʚ, ʧʨʠʤʝʥʷʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʡ ʬʦʨʤʘʪ glTF (GLB), ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʩʞʘʪʠʝ ʪʝʢʩʪʫʨ, PBR-ʤʘʪʝʨʠʘʣʳ ʠ 

ʘʥʠʤʘʮʠʶ ʧʨʠ ʧʨʷʤʦʡ ʟʘʛʨʫʟʢʝ ʚ ʜʚʠʞʦʢ (ʨʠʩ. 2). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʬʦʨʤʘʪʘʤʠ OBJ ʠ FBX ʜʣʷ ʠʤʧʦʨʪʘ ʤʦʜʝʣʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ CAD-ʩʠʩʪʝʤ ʠ 

ʧʘʢʝʪʦʚ ʪʨʸʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʈʠʩ. 2. ʄʦʜʝʣʴ, ʟʘʛʨʫʞʝʥʥʘʷ ʚ ʬʦʨʤʘʪʝ .glb (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ʇʨʦʚʝʜʝʥʠʝ ʚʳʯʠʩʣʝʥʠʡ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʥʘ ʩʭʝʤʝ (ʨʠʩ. 3) ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʚʫʭ ʨʝʟʠʩʪʦʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 10 ʆʤ 

ʢʘʞʜʳʡ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ 12 ɺ. ɺ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʙʳʣʘ ʩʦʙʨʘʥʘ ʟʘʤʢʥʫʪʘʷ ʮʝʧʴ 

ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʥʝʢʪʦʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ, ʧʦʩʣʝ 

ʯʝʛʦ ʨʘʩʯʝʪʥʳʡ ʤʦʜʫʣʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʠʣ ʘʥʘʣʠʟ ʪʦʧʦʣʦʛʠʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʘʝʪ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 20 ʆʤ, ʪʦʢ 0,6 ɸ ʠ ʧʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʨʝʟʠʩʪʦʨʝ 6 ɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ ʮʝʧʝʡ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʟʥʘʯʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʣʠ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʤʝʭʘʥʠʟʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʦʧʦʣʦʛʠʠ, 

ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʨʦʮʝʜʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʵʣʝʤʝʥʪʘʭ ʮʝʧʠ. 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʨʝʟʠʩʪʦʨʦʚ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʪʦʪʠʧ ʚʠʨʪʫʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʠʥʪʝʛʨʘʮʠʠ ʛʨʘʬʦʚʦʡ ʤʦʜʝʣʠ 

ʮʝʧʠ ʩ ʪʨʝʭʤʝʨʥʳʤ ʜʚʠʞʢʦʤ jMonkeyEngine, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʛʣʷʜʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʤʦʥʪʘʞʘ, ʥʝʜʦʩʪʠʞʠʤʫʶ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 2D-ʩʠʤʫʣʷʪʦʨʘʭ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ, ʨʘʩʰʠʨʝʥʠʝ ʙʠʙʣʠʦʪʝʢʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʦʚʝʜʝʥʠʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʙʱʝʡ ʧʨʘʢʪʠʢʦʡ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʮʠʬʨʦʚʳʭ ʠʥʥʦʚʘʮʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʝ [1, ʩ. 269]. 
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ɹʘʰʢʘʝʚ ʀ.ɺ., ɹʝʨʝʟʠʥ ɼ.ʆ. 
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ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ɸʅɸʃʀɿ ʉɽʄɸʅʊʀʏɽʉʂʆɻʆ ʀ ʃɽʂʉʀʏɽʉʂʆɻʆ ʇʆɼʍʆɼʆɺ ʂ ʇʆʀʉʂʋ ʂʅʀɻ 

ʇʆ ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʄ ɼɸʅʅʓʄ ʅɸ ɹɸɿɽ ɺɽʂʊʆʈʅʆʁ ɹɼ QDRANT 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʙʣʠʦʪʝʯʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʣʝʢʩʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʦʠʩʢʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʦʯʥʦʤ ʩʦʚʧʘʜʝʥʠʠ ʩʣʦʚ ʠʣʠ ʬʨʘʟ ʚ ʧʦʣʷʭ ʟʘʧʠʩʠ (ʪʘʢʠʭ ʢʘʢ 

ʥʘʟʚʘʥʠʝ, ʘʚʪʦʨ ʠʣʠ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʮʝʥʘʨʠʷʭ ʩ 

ʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤʠ ʟʘʧʨʦʩʘʤʠ. ʆʜʥʘʢʦ ʦʥʠ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʠʥʦʥʠʤʦʚ, ʦʧʝʯʘʪʦʢ ʠʣʠ ʢʦʥʪʝʢʩʪʫʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ 

ʨʝʣʝʚʘʥʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʥʠʞʝʥʠʶ ʧʦʣʥʦʪʳ ʧʦʠʩʢʘ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʝʤʘʥʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚʝʢʪʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʩʤʳʩʣʦʚʦʛʦ ʩʭʦʜʩʪʚʘ, 

ʧʨʝʜʣʘʛʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʫʯʠʪʳʚʘʪʴ ʥʝʷʚʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʟʘʧʨʦʩʦʤ ʠ 

ʜʘʥʥʳʤʠ [2, ʩ. 12-15]. ʊʘʢʠʝ ʤʝʪʦʜʳ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ 

Qdrant, ʠʥʪʝʛʨʠʨʫʶʪ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʤʙʝʜʜʠʥʛʦʚ [3, ʩ. 37-38], 

ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʠʩʢʘ ʚ ʨʘʟʥʦʨʦʜʥʳʭ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʷʭ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʫʱʠʤ ʦʙʲʝʤʦʤ ʮʠʬʨʦʚʳʭ 

ʙʠʙʣʠʦʪʝʯʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʙʦʣʝʝ ʠʥʪʫʠʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ. 

ʃʝʢʩʠʯʝʩʢʠʡ ʧʦʠʩʢ, ʚʦʧʣʦʱʝʥʥʳʡ ʚ ʩʠʩʪʝʤʘʭ ʚʨʦʜʝ ʀʈɹʀʉ64+, ʦʩʪʘʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʚ ʤʥʦʛʠʭ 

ʫʯʨʝʞʜʝʥʠʷʭ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʩʢʦʨʦʩʪʠ, ʥʦ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʥʘ Qdrant ʩ ʬʠʣʴʪʨʘʤʠ 

ʧʦ ʛʦʜʫ ʠ ʘʚʪʦʨʫ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ ʪʨʝʙʫʝʪ ʦʮʝʥʢʠ ʝʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʨʦʚʝʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʪʠʧʦʚʳʭ ʟʘʧʨʦʩʦʚ ʢ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ, ʚʳʷʚʠʚ ʩʮʝʥʘʨʠʠ, ʚ ʢʦʪʦʨʳʭ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʝʚʦʩʭʦʜʠʪ ʣʝʢʩʠʯʝʩʢʠʡ, ʠ 

ʥʘʦʙʦʨʦʪ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨ ʩʠʩʪʝʤ; 

2. ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʨʘʚʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʨʠʢ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ; 

3. ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʣʝʢʩʠʯʝʩʢʠʡ ʠ 

ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜʳ ʢ ʧʦʠʩʢʫ ʧʦ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʃʝʢʩʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʙʠʙʣʠʦʪʝʯʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʀʈɹʀʉ64+, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ 

ʨʦʩʩʠʡʩʢʠʭ ʙʠʙʣʠʦʪʝʢʘʭ, ʘ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ï ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʩʠʩʪʝʤʝ ʥʘ ʙʘʟʝ 

ʚʝʢʪʦʨʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ Qdrant (https://qdrant.tech/documentation). ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ 

ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ. 

ʉʠʩʪʝʤʘ ʀʈɹʀʉ64+ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʙʠʙʣʠʦʪʝʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʢʘʪʘʣʦʛʠʟʘʮʠʶ ʠ ʧʦʠʩʢ ʧʦ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʤ ʟʘʧʠʩʷʤ. 

ʇʦʠʩʢʦʚʳʡ ʤʦʜʫʣʴ ʦʧʠʨʘʝʪʩʷ ʥʘ ʣʝʢʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʟʘʧʨʦʩʘ ʩ ʩʦʜʝʨʞʠʤʳʤ ʧʦʣʝʡ ʟʘʧʠʩʠ ʥʘ ʦʩʥʦʚʝ ʪʦʯʥʦʛʦ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʩʪʨʦʢ. 

https://qdrant.tech/documentation
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ɿʘʧʨʦʩ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʬʨʘʟʳ ʠʣʠ ʢʦʤʙʠʥʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʪʦʨʦʚ (AND, OR, NOT), ʘ ʪʘʢʞʝ ʤʘʩʦʢ ʜʣʷ ʫʯʝʪʘ ʚʘʨʠʘʮʠʡ (ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʤʚʦʣʦʚ ʧʦʜʩʪʘʥʦʚʢʠ). 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʫʝʪ ʚʝʢʪʦʨʥʫʶ [1, ʩ. 114-116] ʙʘʟʫ 

ʜʘʥʥʳʭ Qdrant, ʨʘʟʚʝʨʥʫʪʫʶ ʚ ʢʦʥʪʝʡʥʝʨʝ Docker ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʦʣʷʮʠʠ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʟʘʧʠʩʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʝʢʦʜʠʨʫʶʪʩʷ ʩ ʠʟʚʣʝʯʝʥʠʝʤ 

ʢʣʶʯʝʚʳʭ ʧʦʣʝʡ (ʥʘʟʚʘʥʠʝ, ʘʚʪʦʨʳ, ʛʦʜ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʧʨʝʜʤʝʪʥʳʝ ʨʫʙʨʠʢʠ), ʧʦʩʣʝ ʯʝʛʦ 

ʪʝʢʩʪ ʥʦʨʤʘʣʠʟʫʝʪʩʷ ʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʚʝʢʪʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ 

ʵʤʙʝʜʜʠʥʛʦʚ multilingual-e5-large ʠʟ ʙʠʙʣʠʦʪʝʢʠ Sentence Transformers [5]. ʕʪʘ ʤʦʜʝʣʴ 

ʛʝʥʝʨʠʨʫʝʪ 1024-ʤʝʨʥʳʝ ʚʝʢʪʦʨʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʪʝʢʩʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʩʠʥʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. ʇʦʠʩʢ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʟʘʧʨʦʩʘ ʚ ʚʝʢʪʦʨ ʠ ʩʨʘʚʥʝʥʠʷ ʝʛʦ ʩ ʚʝʢʪʦʨʘʤʠ ʟʘʧʠʩʝʡ ʚ Qdrant, ʚʦʟʚʨʘʱʘʷ ʪʦʧ-N ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦ ʨʝʣʝʚʘʥʪʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʬʠʣʴʪʨʳ ʧʦ ʛʦʜʫ, ʬʘʤʠʣʠʠ ʘʚʪʦʨʘ ʠ ʢʣʶʯʝʚʳʤ 

ʩʣʦʚʘʤ. ɸʨʭʠʪʝʢʪʫʨʘ ʚʢʣʶʯʘʝʪ FastAPI ʜʣʷ API-ʠʥʪʝʨʬʝʡʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʟʘʧʨʦʩʳ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ Qdrant ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʦʯʝʢ (points) ʩ payload, ʩʦʜʝʨʞʘʱʠʤ 

ʤʝʪʘʜʘʥʥʳʝ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʳ (ʧʨʦʮʝʩʩ ʦʪ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʟʘʧʠʩʠ ʜʦ ʧʦʠʩʢʘ).  

 

 
 

ʈʠʩ. 1. ʋʧʨʦʱʸʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ Qdrant 

 

ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʩʤʳʩʣʦʚʳʝ ʩʚʷʟʠ, ʪʘʢʠʝ ʢʘʢ ʩʠʥʦʥʠʤʳ ʠʣʠ 

ʪʝʤʘʪʠʯʝʩʢʘʷ ʙʣʠʟʦʩʪʴ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʵʤʙʝʜʜʠʥʛʦʚ ʠ ʤʦʞʝʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʢʘʯʝʩʪʚʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɺʝʢʪʦʨʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ Qdrant ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ Hierarchical Navigable Small World 

(HNSW) (www.qdrant.tech/indexing/hnsw-index) ʜʣʷ ʠʥʜʝʢʩʘʮʠʠ ʠ ʧʦʠʩʢʘ ʧʦ ʧʣʦʪʥʳʤ 

ʚʝʢʪʦʨʘʤ. HNSW ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʩʣʦʡʥʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʚ ʢʦʪʦʨʦʤ 

ʢʘʞʜʳʡ ʚʝʢʪʦʨ ʷʚʣʷʝʪʩʷ ʫʟʣʦʤ, ʘ ʩʚʷʟʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʦʪʨʘʞʘʶʪ ʙʣʠʟʦʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʵʤʙʝʜʜʠʥʛʦʚ [4]. ɺʝʨʭʥʠʝ ʩʣʦʠ ʛʨʘʬʘ ʩʦʜʝʨʞʘʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʩ ʜʣʠʥʥʳʤʠ 

ʩʚʷʟʷʤʠ ʜʣʷ ʙʳʩʪʨʦʡ ʥʘʚʠʛʘʮʠʠ, ʥʠʞʥʠʝ ï ʧʣʦʪʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʚʷʟʠ ʜʣʷ ʪʦʯʥʦʛʦ ʫʪʦʯʥʝʥʠʷ 

https://qdrant.tech/documentation/concepts/indexing/%23hnsw-index
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ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. ʇʦʠʩʢ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʧʫʩʢʘʝʪʩʷ ʚʥʠʟ, 

ʚʳʧʦʣʥʷʷ ʞʘʜʥʳʡ ʦʙʭʦʜ ʧʦ ʙʣʠʞʘʡʰʠʤ ʩʦʩʝʜʷʤ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ (www.pinecone.io/hnsw). 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʙʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ ʧʦʠʩʢʘ O(log N) ʧʨʠ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʪʦʯʥʦʩʪʠ (recall > 0.95). ɺ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 

Qdrant: m = 16 (ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʩʚʷʟʝʡ ʥʘ ʫʟʝʣ), ef_construct = 100 (ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʠʥʜʝʢʩʘ) ʠ hnsw_ef = 128 (ʧʨʠ ʧʦʠʩʢʝ) (www.qdrant.tech/benchmarks). ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ HNSW ï ʥʘ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʩʣʦʝ ʧʨʦʠʩʭʦʜʠʪ 

ʫʪʦʯʥʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʠʩʢʦʤʦʤʫ ʟʥʘʯʝʥʠʷ, ʥʝ ʧʝʨʝʙʠʨʘʷ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ, ʘ ʧʝʨʝʤʝʱʘʷʩʴ ʦʪ ʙʦʣʴʰʝʛʦ ʢ ʤʝʥʴʰʝʤʫ. 

 

 
 

ʈʠʩ. 2. ʇʨʦʮʝʩʩ ʧʦʠʩʢʘ ʧʦ ʛʨʘʬʫ HNSW (ʤʥʦʛʦʩʣʦʡʥʘʷ ʥʘʚʠʛʘʮʠʷ  

ʦʪ ʛʨʫʙʦʛʦ ʢ ʪʦʯʥʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ) 

 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ Qdrant ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʦʚ. ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʳʤ 

ʙʝʥʯʤʘʨʢʘʤ Qdrant (ʦʙʥʦʚʣʸʥʥʳʤ ʥʘ 2024 ʛʦʜ) ʠ ʥʝʟʘʚʠʩʠʤʳʤ ʩʨʘʚʥʝʥʠʷʤ, ʪʠʧʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʟʘʜʝʨʞʢʠ (latency) ʜʣʷ ʧʦʠʩʢʘ ʧʦ ʚʝʢʪʦʨʘʤ ʥʘ ʜʘʪʘʩʝʪʘʭ ʧʦʨʷʜʢʘ 1 ʤʣʥ ʟʘʧʠʩʝʡ 

ʩʦʩʪʘʚʣʷʶʪ 3ï5 ʤʩ ʚ ʩʨʝʜʥʝʤ (p50), 5ï10 ʤʩ ʥʘ ʫʨʦʚʥʝ p95 ʠ ʜʦ 15ï40 ʤʩ ʥʘ p99 ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʥʜʝʢʩʘ HNSW (www.habr.com/articles/338360), ʨʘʟʤʝʨʘ ʙʘʪʯʘ ʠ ʘʧʧʘʨʘʪʥʳʭ 

ʨʝʩʫʨʩʦʚ. ɺ ʩʮʝʥʘʨʠʷʭ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʦʜ ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (RPS ï requests 

per second) Qdrant ʜʦʩʪʠʛʘʝʪ 1000ï1200+ ʟʘʧʨʦʩʦʚ ʚ ʩʝʢʫʥʜʫ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ (recall/precision ʦʢʦʣʦ 0.99). ɺ ʨʝʘʣʴʥʳʭ ʪʝʩʪʘʭ ʥʘ VPS ʠʣʠ ʦʜʠʥʦʯʥʦʤ ʫʟʣʝ ʩ HNSW-

ʠʥʜʝʢʩʦʤ ʟʘʜʝʨʞʢʘ ʧʦʠʩʢʘ ʩʪʘʙʠʣʴʥʦ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 15ï40 ʤʩ (p95), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʫ ʤʥʦʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚ (ʥʘʧʨʠʤʝʨ, Weaviate ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʳʚʘʝʪ 25ï70 ʤʩ, 

ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʜʦ 100+ ʤʩ). 

ʊʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝʣʘʶʪ Qdrant ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʥʠʟʢʘʷ ʟʘʜʝʨʞʢʘ ʜʘʞʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʘʧʨʦʩʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ ʥʘʰʝʡ ʨʝʘʣʠʟʘʮʠʠ (ʣʦʢʘʣʴʥʳʡ Docker-ʢʦʥʪʝʡʥʝʨ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘ) ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʥʘ ʧʦʠʩʢʦʚʳʡ ʟʘʧʨʦʩ ʦʙʳʯʥʦ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ 50ï200 ʤʩ ʩ ʫʯʸʪʦʤ 

ʵʪʘʧʘ ʛʝʥʝʨʘʮʠʠ ʵʤʙʝʜʜʠʥʛʘ ʟʘʧʨʦʩʘ ʤʦʜʝʣʴʶ Sentence Transformers ʠ ʩʝʪʝʚʦʛʦ 

https://www.pinecone.io/learn/series/faiss/hnsw
https://qdrant.tech/benchmarks/
https://habr.com/ru/companies/vk/articles/338360/
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ FastAPI. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʥʘʙʣʶʜʘʝʤʳʝ ʟʘʜʝʨʞʢʠ ʚ 10ï15 

ʩʝʢʫʥʜ ʧʨʠ ʩʣʦʞʥʳʭ ʟʘʧʨʦʩʘʭ ʚ ʀʈɹʀʉ64+ ʥʘ ʪʦʡ ʞʝ ʚʳʙʦʨʢʝ ʜʘʥʥʳʭ. 

ʉʨʘʚʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʝʜʠʥʦʡ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ 

ʟʘʧʠʩʝʡ (ʦʢʦʣʦ 10 000 ʝʜʠʥʠʮ), ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʨʝʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʯʥʦʡ ʙʘʟʳ ʠ 

ʠʥʜʝʢʩʠʨʦʚʘʥʥʳʭ ʚ ʦʙʝʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ. ɺʳʙʦʨʢʘ ʚʢʣʶʯʘʣʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʠʧʳ ʜʦʢʫʤʝʥʪʦʚ: ʤʦʥʦʛʨʘʬʠʠ, ʩʪʘʪʴʠ, ʚʠʜʝʦ ʵʢʩʧʦʨʪʳ, ʩ ʦʭʚʘʪʦʤ ʪʝʤ ʦʪ 

ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ ʜʦ ʪʝʭʥʠʢʠ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 7 ʟʘʧʨʦʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʪʠʧʠʯʥʳʝ ʩʮʝʥʘʨʠʠ 

ʙʠʙʣʠʦʪʝʯʥʦʛʦ ʧʦʠʩʢʘ:  

1. ʪʦʯʥʦʝ ʥʘʟʚʘʥʠʝ ʢʥʠʛʠ; 

2. ʟʘʧʨʦʩ ʩ ʩʠʥʦʥʠʤʘʤʠ (ʥʘʧʨʠʤʝʨ, "ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ" ʚʤʝʩʪʦ "ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ"); 

3. ʪʝʤʘʪʠʯʝʩʢʠʡ ʟʘʧʨʦʩ ʙʝʟ ʢʣʶʯʝʚʳʭ ʩʣʦʚ; 

4. ʟʘʧʨʦʩ ʩ ʬʠʣʴʪʨʦʤ ʧʦ ʘʚʪʦʨʫ; 

5. ʟʘʧʨʦʩ ʩ ʦʧʝʯʘʪʢʦʡ; 

6. ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʟʘʧʨʦʩ ʩ ʩʠʥʦʥʠʤʘʤʠ ʠ ʬʠʣʴʪʨʦʤ; 

7. ʘʙʩʪʨʘʢʪʥʳʡ ʪʝʤʘʪʠʯʝʩʢʠʡ ʟʘʧʨʦʩ. 

ɼʘʥʥʳʝ ʪʠʧʳ ʟʘʧʨʦʩʦʚ ʚʳʙʨʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ ʩʧʨʘʚʣʷʪʴʩʷ ʩ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʬʦʨʤʫʣʠʨʦʚʦʢ.  

ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʪʦʧ-10 ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʭ ʟʘʧʠʩʷʭ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʣʠʷʥʠʝ ʰʫʤʘ.  

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ ʧʦ ʪʝʩʪʦʚʳʤ ʟʘʧʨʦʩʘʤ 

 

 ̄ ɿʘʧʨʦʩ ʆʮʝʥʢʘ ʀʈɹʀʉ64+ 
ʆʮʝʥʢʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ 

1 ʉʦʢʨʘʪ ʅʘʡʜʝʥʦ 4 ʠʟ 4 ʪʦʯʥʳʭ ʟʘʧʠʩʝʡ ʅʘʡʜʝʥʦ 4 ʠʟ 4 ʪʦʯʥʳʭ ʟʘʧʠʩʝʡ 

2 ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʅʘʡʜʝʥʳ ʪʦʣʴʢʦ ʪʝ ʟʘʧʠʩʠ, ʛʜʝ 

ʚ ʥʘʟʚʘʥʠʠ ʠʣʠ ʢʣʶʯʝʚʳʭ 

ʩʣʦʚʘʭ ʝʩʪʴ çʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝè ʠʣʠ çʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠè 

ʅʘʡʜʝʥʦ 10/10 ʟʘʧʠʩʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʀʀ 

3 ʂʥʠʛʠ ʧʨʦ ʪʦ, ʢʘʢ 

ʢʦʤʧʴʶʪʝʨʳ ʧʦʥʠʤʘʶʪ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʷʟʳʢ 

ʅʘʡʜʝʥʦ 1/10 ʅʘʡʜʝʥʦ 10/10 ʟʘʧʠʩʝʡ, ʙʣʠʟʢʠʭ 

ʧʦ ʩʤʳʩʣʫ ʢ ʟʘʧʨʦʩʫ 

4 ʀʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ, ʅʘʟʘʨʦʚ 

ʅʘʡʜʝʥʦ 3/10 ʅʘʡʜʝʥʦ 10/10 ʟʘʧʠʩʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʀʀ ʫ ʜʘʥʥʦʛʦ ʘʚʪʦʨʘ 

5 ɸʣʛʘʨʠʪʤʳ ʩʘʨʪʠʨʦʚʢʠ 

ʠ ʧʦʠʩʢʘ 

ʅʘʡʜʝʥʦ 0/10 ʨʝʣʝʚʘʥʪʥʳʭ 

ʟʘʧʠʩʠ 

ʅʘʡʜʝʥʦ 10/10 ʟʘʧʠʩʝʡ, ʙʣʠʟʢʠʭ 

ʧʦ ʩʤʳʩʣʫ (ʫʯʪʝʥʘ ʦʧʝʯʘʪʢʘ) 

6 ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, 

2015+ 

ʅʘʡʜʝʥʦ 1/10 ʅʘʡʜʝʥʦ 10/10 ʟʘʧʠʩʝʡ, ʙʣʠʟʢʠʭ 

ʧʦ ʩʤʳʩʣʫ ʢ ʟʘʧʨʦʩʫ ʩ ʬʠʣʴʪʨʦʤ 

ʧʦʩʣʝ 2015 ʛʦʜʘ 

7 ʂʘʢ ʟʘʱʠʪʠʪʴ ʜʘʥʥʳʝ ʦʪ 

ʫʪʝʯʝʢ ʚ ʦʙʣʘʯʥʳʭ 

ʩʠʩʪʝʤʘʭ 

ʅʘʡʜʝʥʦ 3/10 ʨʝʣʝʚʘʥʪʥʳʭ 

ʟʘʧʠʩʠ 

ʅʘʡʜʝʥʦ 10/10 ʟʘʧʠʩʝʡ, ʙʣʠʟʢʠʭ 

ʧʦ ʩʤʳʩʣʫ ʢ ʟʘʧʨʦʩʫ 
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ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʨʠ ʪʦʯʥʦʤ ʠ ʩʪʨʦʛʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʟʘʧʨʦʩʝ ˉ1 

ʦʙʝ ʩʠʩʪʝʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʜʝʥʪʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʝ Qdrant ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʀʈɹʀʉ64+ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʥʘʡʜʝʥʥʳʭ 

ʨʝʣʝʚʘʥʪʥʳʭ ʟʘʧʠʩʝʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʥʘ 

ʙʘʟʝ Qdrant ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʟʘʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʥʝʪʦʯʥʦ, ʠʩʧʦʣʴʟʫʝʪ 

ʩʠʥʦʥʠʤʳ, ʦʧʠʩʘʪʝʣʴʥʳʡ ʷʟʳʢ ʠʣʠ ʩʦʜʝʨʞʠʪ ʦʧʝʯʘʪʢʠ. ʄʦʜʝʣʴ multilingual-e5-large ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʩʤʳʩʣʦʚʫʶ ʙʣʠʟʦʩʪʴ ʪʝʢʩʪʦʚ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʙʱʠʭ ʩʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʧʦʣʥʦʪʳ ʧʦʠʩʢʘ.  

ʉʨʝʜʠ ʦʛʨʘʥʠʯʝʥʠʡ ʚʝʢʪʦʨʥʦʛʦ ʧʦʜʭʦʜʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. ɻʝʥʝʨʘʮʠʷ ʵʤʙʝʜʜʠʥʛʘ ʟʘʧʨʦʩʘ ʠ ʩʨʘʚʥʝʥʠʝ ʚʝʢʪʦʨʦʚ ʪʨʝʙʫʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʢʩʠʯʝʩʢʠʤ ʧʦʠʩʢʦʤ. ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʀʈɹʀʉ64+ ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ (ʜʦ 10ï15 

ʩʝʢʫʥʜ ʥʘ ʩʣʦʞʥʳʝ ʟʘʧʨʦʩʳ ʚ ʢʨʫʧʥʳʭ ʙʘʟʘʭ), ʪʦʛʜʘ ʢʘʢ ʧʦʠʩʢ ʚ Qdrant (ʩ ʫʯʸʪʦʤ ʵʪʘʧʘ 

ʵʤʙʝʜʜʠʥʛʘ) ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ 50ï200 ʤʩ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʜʦʤʘʰʥʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʙʝʟ 

ʛʨʘʬʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʝʡ. ʕʪʦ ʜʝʣʘʝʪ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʩʠʩʪʝʤʫ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʥʝ ʪʦʣʴʢʦ 

ʧʦ ʢʘʯʝʩʪʚʫ, ʥʦ ʠ ʧʦ ʩʢʦʨʦʩʪʠ. 

ɺʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʩ 

ʨʘʥʞʠʨʦʚʘʥʠʝʤ ʜʣʷ ʪʝʤʘʪʠʯʝʩʢʠʭ, ʩʠʥʦʥʠʤʠʯʥʳʭ ʠ ʥʝʪʦʯʥʳʭ ʬʦʨʤʫʣʠʨʦʚʦʢ. ʊʘʢʦʡ 

ʤʝʭʘʥʠʟʤ ʩʧʦʩʦʙʝʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʧʦʣʥʦʪʫ ʧʦʠʩʢʘ ʚ ʙʠʙʣʠʦʪʝʯʥʳʭ ʩʠʩʪʝʤʘʭ.  
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ɺʘʡʩ ʌ.ɺ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʆʅʃɸʁʅ-ɻɸʃɽʈɽʗ ʂɸʂ ʉʈɽɼʉʊɺʆ ʉʆʍʈɸʅɽʅʀʗ  

ʅɸʎʀʆʅɸʃʔʅʓʍ ʂʋʃʔʊʋʈʅʓʍ ʈɽʉʋʈʉʆɺ  

çʀʩʢʫʩʩʪʚʦ ʝʩʪʴ ʩʨʝʜʩʪʚʦ ʚʳʨʘʞʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʫʤʝʥʠʡ ʠ ʤʘʩʪʝʨʩʪʚʘ ʚ ʪʚʦʨʯʝʩʪʚʝ, 

ʧʨʦʜʫʢʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪ: ʢʘʨʪʠʥʳ 

(ʞʠʚʦʧʠʩʴ) ʠ ʩʢʫʣʴʧʪʫʨʫè [2]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʭʫʜʦʞʥʠʢʠ ʘʢʪʠʚʥʦ ʧʦʣʴʟʫʶʪʩʷ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘʤʠ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ 

ʩʚʦʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʫʜʠʪʦʨʠʠ. çʇʣʘʪʬʦʨʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʨʦʚ ʧʨʝʢʨʘʩʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʠ 

ʧʨʦʜʚʠʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʚʦʨʯʝʩʢʦʛʦ ʪʨʫʜʘ. ɸʢʪʠʚʥʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʚ ʠʥʪʝʨʥʝʪ-ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʟʚʦʣʷʝʪ ʭʫʜʦʞʥʠʢʫ ʟʘʢʨʝʧʠʪʴ ʩʚʦʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʙʨʝʥʜ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʜʘʪʴ ʩʚʦʝʤʫ 

ʠʩʢʫʩʩʪʚʫ ʥʝʧʦʚʪʦʨʠʤʳʝ ʯʝʨʪʳ, ʫʚʝʣʠʯʠʚ ʝʛʦ ʮʝʥʥʦʩʪʴè [4]. 

ʆʥʣʘʡʥ-ʛʘʣʝʨʝʷ ï ʵʪʦ ʧʣʘʪʬʦʨʤʘ, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʫʚʠʜʝʪʴ ʠ ʠʟʫʯʠʪʴ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ. 

ɺ ʩʬʝʨʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʛʘʣʝʨʝʡ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʫʥʠʢʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʠ ʟʘʜʘʯʠ. ɻʘʣʝʨʝʠ ʚʳʩʪʫʧʘʶʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʧʣʦʱʘʜʢʠ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʥʦ ʠ ʢʘʢ ʮʝʥʪʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʭʫʜʦʞʥʠʢʘʤʠ, ʢʦʣʣʝʢʮʠʦʥʝʨʘʤʠ, ʢʨʠʪʠʢʘʤʠ ʠ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʝʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʡ 

ʤʠʩʩʠʠ, ʩʪʨʫʢʪʫʨʳ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʛʘʣʝʨʝʠ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ, ʚʢʣʶʯʘʷ ʢʦʤʤʝʨʯʝʩʢʠʝ, ʥʝʢʦʤʤʝʨʯʝʩʢʠʝ, ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʠ 

ʚʨʝʤʝʥʥʳʝ ʚʳʩʪʘʚʦʯʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʢʘʪʝʛʦʨʠʡ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʩʧʝʮʠʬʠʢʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʠʥʪʝʨʝʩʳ ʚ ʦʙʣʘʩʪʠ 

ʠʩʢʫʩʩʪʚʘ ʠ ʢʫʣʴʪʫʨʳ. 

ʊʨʝʪʴʷʢʦʚʩʢʘʷ ʛʘʣʝʨʝʷ 

https://in.gallerix.ru 

çɻʣʘʚʥʘʷ ʮʝʣʴ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ï ʧʦʚʩʝʤʝʩʪʥʘʷ ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʨʫʩʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ ʠ 

ʞʝʣʘʥʠʝ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʝʛʦ ʥʘʠʙʦʣʝʝ ʷʨʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠè [1]. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʘʪʘʣʦʛ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʚʢʣʶʯʘʷ ʞʘʥʨʦʚʳʝ ʢʘʪʝʛʦʨʠʠ, 

ʧʝʨʩʦʥʘʣʠʠ ʭʫʜʦʞʥʠʢʦʚ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʵʧʦʭʠ. 

 

https://in.gallerix.ru/
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ʈʠʩ. 1. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʊʨʝʪʴʷʢʦʚʩʢʦʡ ʛʘʣʝʨʝʠ 

 

SAMPLER ART 

https://sample-art.com 

ʇʣʘʪʬʦʨʤʘ ʧʦʤʦʛʘʝʪ ʤʦʣʦʜʳʤ ʭʫʜʦʞʥʠʢʘʤ ʠ ʢʦʣʣʝʢʮʠʦʥʝʨʘʤ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ 

ʫʚʣʝʢʘʪʝʣʴʥʦʛʦ ʠ ʜʦʩʪʫʧʥʦʛʦ ʟʥʘʢʦʤʩʪʚʘ ʩ ʠʩʢʫʩʩʪʚʦʤ. 

 

 
 

ʈʠʩ. 2. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ SAMPLE 

Gallerix  

https://in.gallerix.ru 

ʕʪʦ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʚʳʰʝ 300 000 ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʨʘʙʦʪ, 

ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʧʦʢʫʧʢʠ. ʆʥʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʵʣʝʤʝʥʪʳ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ: ʣʝʥʪʳ ʩ 

ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ, ʧʨʦʬʠʣʠ ʭʫʜʦʞʥʠʢʦʚ, ʬʦʨʫʤ ʠ ʩʪʘʪʴʠ ʩ ʩʦʚʝʪʘʤʠ ʧʦ ʚʳʙʦʨʫ ʢʘʨʪʠʥ. 

 

https://sample-art.com/
https://in.gallerix.ru/
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ʈʠʩ. 3. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ Gallerix 

ʆɹʒɽɼʀʅɽʅʀɽ 

https://obdn.ru/selections/obdn-kontur-2025 

ʉʪʨʘʥʠʮʘ ʦʙ ʫʯʘʩʪʠʠ ʩʦʦʙʱʝʩʪʚʘ çʆʙʲʝʜʠʥʝʥʠʝè ʚ ʷʨʤʘʨʢʝ ʛʨʘʬʠʢʠ çʂʆʅʊʋʈè ʚ 

ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʭʫʜʦʞʥʠʮ ʇʦʣʠʥʳ ʄʘʡʝʨ, ɽʢʘʪʝʨʠʥʳ 

ɻʝʨʘʩʠʤʝʥʢʦ ʠ ʉʚʝʪʣʘʥʳ ʎʝʧʢʘʣʦ. ʕʪʦ ʘʥʦʥʩ ʦʬʣʘʡʥ-ʤʝʨʦʧʨʠʷʪʠʷ, ʘ ʥʝ ʧʦʩʪʦʷʥʥʘʷ ʦʥʣʘʡʥ-

ʛʘʣʝʨʝʷ. 

 

 
 

ʈʠʩ. 4. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʆɹʒɽɼʀʅɽʅʀɽ 

 

ɺʩʝ ʪʨʠ ʧʣʘʪʬʦʨʤʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʠʩʢʫʩʩʪʚʦ, ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʮʝʣʠ ʠ ʬʫʥʢʮʠʦʥʘʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʚʳʜʝʣʷʪʴʩʷ ʚ ʮʠʬʨʦʚʦʤ ʘʨʪ-ʧʨʦʩʪʨʘʥʩʪʚʝ. 

¶ ʊʨʝʪʴʷʢʦʚʩʢʘʷ ʛʘʣʝʨʝʷ ʧʨʝʜʣʘʛʘʝʪ ʚʠʨʪʫʘʣʴʥʫʶ ʢʦʣʣʝʢʮʠʶ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ, 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠ ʧʨʦʩʚʝʱʝʥʠʝ. 

https://obdn.ru/selections/obdn-kontur-2025
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¶ SAMPLER ART  ï ʤʘʛʘʟʠʥ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ, ʛʜʝ ʧʦʢʘʟʳʚʘʶʪ ʪʨʝʥʜʳ ʠ 

ʧʦʤʦʛʘʶʪ ʫʟʥʘʪʴ ʦ ʥʸʤ ʯʝʨʝʟ ʵʢʩʧʝʨʪʦʚ ʠ ʩʦʦʙʱʝʩʪʚʦ. 

¶ Gallerix  ï ʙʦʣʴʰʘʷ ʷʨʤʘʨʢʘ, ʛʜʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʨʘʙʦʪʳ ʭʫʜʦʞʥʠʢʦʚ, ʧʦʦʙʱʘʪʴʩʷ ʩ 

ʥʠʤʠ ʠ ʧʦʢʘʟʘʪʴ ʩʚʦʠ ʨʘʙʦʪʳ. 

¶ ʆɹʒɽɼʀʅɽʅʀɽ ï ʚʠʨʪʫʘʣʴʥʳʡ ʚʳʩʪʘʚʦʯʥʳʡ ʧʨʦʝʢʪ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʢ 

ʭʫʜʦʞʥʠʢʘʤ ʠ ʠʭ ʨʝʘʣʴʥʳʤ ʚʳʩʪʘʚʢʘʤ. 

ʆʥʣʘʡʥ-ʛʘʣʝʨʝʠ ʧʨʝʜʣʘʛʘʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʘʨʪ-ʨʳʥʢʘ. 

ɼʣʷ ʭʫʜʦʞʥʠʢʦʚ: 

¶ ʈʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʙʦʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʠʟʚʝʩʪʥʦʩʪʠ 

ʭʫʜʦʞʥʠʢʘ. 

¶ ʋʧʨʦʱʝʥʠʝ ʪʦʨʛʦʚʣʠ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʦʱʘʶʪ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʜʘʞʘʤʠ ʠ ʫʣʫʯʰʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʣʠʝʥʪʘʤʠ. 

¶ ʇʨʷʤʳʝ ʧʨʦʜʘʞʠ. ʆʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʶʪ ʭʫʜʦʞʥʠʢʘʤ ʦʙʱʘʪʴʩʷ ʩ 

ʧʦʢʫʧʘʪʝʣʷʤʠ ʥʘʧʨʷʤʫʶ, ʙʝʟ ʫʯʘʩʪʠʷ ʧʦʩʨʝʜʥʠʢʦʚ. 

¶ ɺʩʝʤʠʨʥʘʷ ʚʳʩʪʘʚʢʘ. ʍʫʜʦʞʥʠʢʠ ʧʦʣʫʯʘʶʪ ʰʘʥʩ ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʦʠ ʨʘʙʦʪʳ 

ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ, ʥʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʨʘʤʢʘʤʠ ʤʝʩʪʥʳʭ ʛʘʣʝʨʝʡ. 

ɼʣʷ ʢʦʣʣʝʢʮʠʦʥʝʨʦʚ: 

¶ ʉʦʦʙʱʝʩʪʚʦ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ. ʆʥʣʘʡʥ-ʛʘʣʝʨʝʠ ʩʪʘʥʦʚʷʪʩʷ ʤʝʩʪʘʤʠ, ʛʜʝ 

ʮʝʥʠʪʝʣʠ ʠʩʢʫʩʩʪʚʘ ʤʦʛʫʪ ʦʙʱʘʪʴʩʷ, ʜʝʣʠʪʴʩʷ ʩʚʦʠʤʠ ʚʧʝʯʘʪʣʝʥʠʷʤʠ ʠ ʦʪʢʨʳʚʘʪʴ ʜʣʷ ʩʝʙʷ 

ʥʦʚʳʭ ʭʫʜʦʞʥʠʢʦʚ. 

¶ ʆʥʣʘʡʥ-ʘʫʢʮʠʦʥ. ɻʘʣʝʨʝʠ ʧʨʦʚʦʜʷʪ ʦʥʣʘʡʥ-ʘʫʢʮʠʦʥʳ, ʛʜʝ ʤʦʞʥʦ ʧʨʠʦʙʨʝʩʪʠ 

ʢʘʨʪʠʥʳ ʠ ʜʨʫʛʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ. 

¶ ʋʜʦʙʩʪʚʦ ʧʦʢʫʧʦʢ. ʆʥʣʘʡʥ-ʧʨʦʩʤʦʪʨ ʠ ʧʦʢʫʧʢʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ ʫʧʨʦʱʘʶʪ 

ʧʨʦʮʝʩʩ ʠ ʠʟʙʘʚʣʷʶʪ ʦʪ ʣʠʰʥʠʭ ʭʣʦʧʦʪ. 

¶ ʇʨʦʟʨʘʯʥʦʩʪʴ ʩʜʝʣʦʢ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʠʟʚʝʜʝʥʠʷʭ, ʠʭ ʠʩʪʦʨʠʠ ʠ ʵʢʩʧʝʨʪʥʳʭ 

ʦʮʝʥʢʘʭ ʧʦʚʳʰʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢʠ. 

¶ ɹʦʛʘʪʳʡ ʘʩʩʦʨʪʠʤʝʥʪ. ʆʥʣʘʡʥ-ʛʘʣʝʨʝʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʦʩʪʫʧ ʢ ʦʙʰʠʨʥʦʡ 

ʢʦʣʣʝʢʮʠʠ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʢʦʣʣʝʢʮʠʦʥʝʨ. 

ɼʣʷ ʣʶʙʠʪʝʣʝʡ ʠʩʢʫʩʩʪʚʘ: 

¶ ʂʫʣʴʪʫʨʥʦʝ ʦʙʦʛʘʱʝʥʠʝ. ɺʠʨʪʫʘʣʴʥʦʝ ʟʥʘʢʦʤʩʪʚʦ ʩ ʠʩʢʫʩʩʪʚʦʤ ʨʘʩʰʠʨʷʝʪ 

ʢʨʫʛʦʟʦʨ ʠ ʧʦʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʠʣʝʡ. 

¶ ɼʦʩʪʫʧʥʦʩʪʴ. ʆʥʣʘʡʥ-ʛʘʣʝʨʝʠ ʧʦʟʚʦʣʷʶʪ ʣʶʜʷʤ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʥʘʩʣʘʞʜʘʪʴʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʠʩʢʫʩʩʪʚʘ. 

¶ ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʪʘʚʦʢ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ 

ʚʠʨʪʫʘʣʴʥʳʤʠ ʵʢʩʢʫʨʩʠʷʤʠ, ʚʠʜʝʦʤʘʪʝʨʠʘʣʘʤʠ, ʘʫʜʠʦʟʘʧʠʩʷʤʠ ʠ ʜʨʫʛʠʤʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

¶ ʇʦʜʜʝʨʞʢʘ ʤʦʣʦʜʳʭ ʪʘʣʘʥʪʦʚ. ʆʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʧʦʤʦʛʘʶʪ ʥʘʯʠʥʘʶʱʠʤ 

ʭʫʜʦʞʥʠʢʘʤ ʟʘʷʚʠʪʴ ʦ ʩʝʙʝ. 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

33 

ʌʫʥʢʮʠʠ ʦʥʣʘʡʥ ʛʘʣʝʨʝʡ 

ɻʘʣʝʨʝʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʤʥʦʛʦʦʙʨʘʟʠʝ, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʙʱʠʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʠ ʧʦʟʚʦʣʷʶʪ ʠʤ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʩʚʦʠ ʟʘʜʘʯʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʥʪʝʢʩʪʘʭ. 

ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

ɺʘʞʥʘ ʜʣʷ ʣʶʙʦʡ ʛʘʣʝʨʝʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʢʫʩʩʪʚʘ ʠ 

ʧʨʝʜʣʘʛʘʪʴ ʫʜʦʙʥʳʡ, ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʨʦʩʤʦʪʨʘ. 

ʇʨʠʩʫʱʘ ʚʩʝʤ ʧʣʘʪʬʦʨʤʘʤ, ʦʪ ʤʫʟʝʡʥʦʛʦ ʢʘʪʘʣʦʛʘ ʊʨʝʪʴʷʢʦʚʩʢʦʡ ʛʘʣʝʨʝʠ ʜʦ 

ʜʠʥʘʤʠʯʥʦʡ ʣʝʥʪʳ Gallerix. 

ʂʦʤʤʫʥʠʢʘʪʠʚʥʘʷ ʬʫʥʢʮʠʷ 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʩʦʟʜʘʪʴ ʛʨʫʧʧʫ ʣʶʜʝʡ ʩʦ ʩʭʦʞʠʤʠ ʚʟʛʣʷʜʘʤʠ. ʇʣʘʪʬʦʨʤʳ ʜʣʷ ʦʙʱʝʥʠʷ ʠ 

ʣʠʯʥʳʝ ʩʪʨʘʥʠʮʳ ʫʯʘʩʪʥʠʢʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʢʪʠʚʥʦʤʫ ʦʙʤʝʥʫ ʤʥʝʥʠʷʤʠ ʠ ʜʠʩʢʫʩʩʠʷʤ ʥʘ 

ʨʘʟʥʳʝ ʪʝʤʳ. 

ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ Gallerix ʯʝʨʝʟ ʩʦʮʩʝʪʠ ʠ ʬʦʨʫʤʳ, ʘ ʪʘʢʞʝ ʚ SAMPLER ART 

ʯʝʨʝʟ ʟʘʢʨʳʪʳʝ ʤʝʨʦʧʨʠʷʪʠʷ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʠ  

ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʢʫʩʩʪʚʝ ʯʝʨʝʟ ʩʪʘʪʴʠ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ 

ʦʙʟʦʨʳ ʜʣʷ ʧʨʦʩʚʝʱʝʥʠʷ ʘʫʜʠʪʦʨʠʠ. ʊʘʢʞʝ ʣʝʢʮʠʠ ʠ ʨʘʩʩʢʘʟʳ ʫʛʣʫʙʣʷʶʪ ʟʥʘʥʠʷ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. 

ʊʨʝʪʴʷʢʦʚʩʢʘʷ ʛʘʣʝʨʝʷ ʘʢʮʝʥʪʠʨʫʝʪ ʥʘʫʯʥʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʧʨʦʩʚʝʱʝʥʠʝ ʯʝʨʝʟ 

ʵʢʩʧʝʨʪʥʳʝ ʦʧʠʩʘʥʠʷ. SAMPLER ART ʠ Gallerix ʜʝʣʘʶʪ ʵʪʦ ʜʦʩʪʫʧʥʦ ʯʝʨʝʟ ʩʪʘʪʴʠ ʠ ʢʦʥʪʝʢʩʪ. 

ʇʨʦʝʢʪ çʆɹʒɽɼʀʅɽʅʀɽè ʜʘʝʪ ʙʘʟʦʚʳʝ ʩʚʝʜʝʥʠʷ. 

ʂʦʤʤʝʨʯʝʩʢʘʷ ʬʫʥʢʮʠʷ 

ʇʣʘʪʬʦʨʤʘ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʤʘʛʘʟʠʥʫ, ʤʘʨʢʝʪʧʣʝʡʩʫ ʠʣʠ ʘʫʢʮʠʦʥʫ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʨʦʜʘʞʫ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ. 

ɺ SAMPLER ART ʠ Gallerix ʧʨʦʜʘʞʘ ʠʩʢʫʩʩʪʚʘ, ʘ ʚ ʆɹʒɽɼʀʅɽʅʀʀ ï ʯʝʨʝʟ ʦʬʣʘʡʥ-

ʚʳʩʪʘʚʢʠ. 

ɻʘʣʝʨʝʷ ʥʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʬʫʥʢʮʠʠ, ʢʘʞʜʘʷ ʧʣʘʪʬʦʨʤʘ ʠʩʧʦʣʴʟʫʝʪ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʥʠʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʠʭ ʟʘʜʘʯ. 

ʆʥʣʘʡʥ ʛʘʣʝʨʝʷ ʜʣʷ ʤʦʣʦʜʳʭ ʭʫʜʦʞʥʠʢʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʧʨʠʚʣʝʯʝʥʠʝ ʚʥʠʤʘʥʠʷ ʠ 

ʨʘʩʰʠʨʝʥʠʝ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʥʣʘʡʥ-ʛʘʣʝʨʝʡ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ HTML, CSS ʠ JavaScript. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʨʝʡʤʚʦʨʢʠ ʠ ʙʠʙʣʠʦʪʝʢʠ, ʪʘʢʠʝ ʢʘʢ Three.js ʠ A-Frame, 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 3D-ʛʨʘʬʠʢʦʚ ʠ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʠʨʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʥʣʘʡʥ-ʛʘʣʝʨʝʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʪʘʢʠʝ ʢʘʢ ʚʠʜʝʦ, ʘʫʜʠʦ, ʘʥʠʤʘʮʠʷ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. ʅʘʧʨʠʤʝʨ, ʙʠʙʣʠʦʪʝʢʘ Howler.js 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʟʚʫʢʦʤ ʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʪʬʦʨʤʘ GSAP 
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(GreenSock Animation Platform) ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʠ ʜʠʥʘʤʠʯʥʳʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ 

ʧʨʦʝʢʪʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʤʝʥʷʶʪʩʷ ʧʝʨʝʜʦʚʳʝ 

ʬʨʝʡʤʚʦʨʢʠ JavaScript, ʪʘʢʠʝ ʢʘʢ React ʠ Vue. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʦʙʣʘʜʘʶʪ ʤʦʱʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ ʛʠʙʢʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. 

çBootStrap ï ʵʪʦ ʬʨʦʥʪʵʥʜ ʬʨʝʡʤʚʦʨʢ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʛʦʪʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ 

ʩʪʠʣʠ ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʢʨʦʩʩʙʨʘʫʟʝʨʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

Bootstrap ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʨʫʪʠʥʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʠʣʠʟʘʮʠʝʡ ʩʪʨʘʥʠʮ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʩʯʠʪʘʥʥʳʝ ʤʠʥʫʪʳ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʠʩʘʪʴ ʤʥʦʛʦ CSS-ʢʦʜʘ.è [3] 

çDjango ï ʵʪʦ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʚʝʙ-ʬʨʝʡʤʚʦʨʢ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʙʳʩʪʨʦ 

ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ʆʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ 

ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ.è [5]  
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ɺʘʣʝʥʪʶʢʝʚʠʯ ʆ.ɽ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ɺɽɹ-ʉɸʁʊɸ ɼʃʗ ɸʕʈʆʇʆʈʊɸ ɻʆʈʆɼɸ ʅʀɾʅɽɺɸʈʊʆɺʉʂɸ 

ɺ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘʣʠʯʠʝ 

ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ, ʫʜʦʙʥʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʚʝʙ-ʩʘʡʪʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʵʨʦʧʦʨʪʘ ʩ ʧʘʩʩʘʞʠʨʘʤʠ. ʉʘʡʪ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʘʢʪʫʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʡʩʘʭ, ʫʩʣʫʛʘʭ, ʧʨʘʚʠʣʘʭ ʠ ʢʦʥʪʘʢʪʘʭ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-

ʩʘʡʪʘ ʜʣʷ ʘʵʨʦʧʦʨʪʘ ʛʦʨʦʜʘ ʅʠʞʥʝʚʘʨʪʦʚʩʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʝʢʝ ʪʝʭʥʦʣʦʛʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ [3; 5] ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ 

ʫʜʦʙʩʪʚʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʙʳʣ ʚʳʙʨʘʥ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʪʝʭʥʦʣʦʛʠʡ: 

¶ Frontend: HTML5, CSS3, JavaScript ï ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ, ʦʙʝʩʧʝʯʝʥʠʷ 

ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ. 

¶ Backend: Node.js ʩ ʬʨʝʡʤʚʦʨʢʦʤ Express ï ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʨʚʝʨʥʦʡ ʣʦʛʠʢʠ ʠ API [1]. 

¶ ʐʘʙʣʦʥʠʟʘʮʠʷ: EJS (Embedded JavaScript) ï ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ HTML ʥʘ 

ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

¶ ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ: Docker ï ʜʣʷ ʫʧʘʢʦʚʢʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʢʦʥʪʝʡʥʝʨʳ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʦʦʙʨʘʟʠʝ ʩʨʝʜʳ 

ʚʳʧʦʣʥʝʥʠʷ [3].  

ʇʨʠʣʦʞʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʝʨʚʠʩʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʝʪ ʚ ʦʪʜʝʣʴʥʦʤ 

Docker-ʢʦʥʪʝʡʥʝʨʝ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʠʢʨʦʩʝʨʚʠʩʳ (Node.js + Express) ï ʆʙʨʘʙʘʪʳʚʘʶʪ 

ʟʘʧʨʦʩʳ ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʘʥʥʳʤ, ʪʘʢʠʤ ʢʘʢ ʩʫʪʦʯʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʧʦʣʝʪʦʚ, ʩʝʟʦʥʥʦʝ 

ʨʘʩʧʠʩʘʥʠʝ ʠ ʪ. ʜ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʳ ʧʦʟʚʦʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʢʘʞʜʳʡ 

ʢʦʤʧʦʥʝʥʪ ʥʝʟʘʚʠʩʠʤʦ ʠ ʧʦʚʳʰʘʝʪ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ [4] (ʨʠʩ. 1). ɸʨʭʠʪʝʢʪʫʨʥʳʡ 

ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʥʳʤ [2]:  

¶ SSR (Server-Side Rendering) ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ EJS ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʰʘʙʣʦʥʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʤʘʩʪʝʨ-ʩʪʨʘʥʠʮʳ (masterPage), ʦʙʝʩʧʝʯʠʚʘʷ 

ʝʜʠʥʦʦʙʨʘʟʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʰʘʧʢʠ (header) ʠ ʧʦʜʚʘʣʘ (footer) ʥʘ ʚʩʝʭ ʩʪʨʘʥʠʮʘʭ ʩʘʡʪʘ.  

¶ CSR (Client-Side Rendering) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʦʥʣʘʡʥ-ʪʘʙʣʦ ʠʣʠ ʙʣʦʢ ʫʩʣʫʛ.  

ɼʘʥʥʳʝ ʜʣʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʭʨʘʥʷʪʩʷ ʥʘ ʩʝʨʚʝʨʝ ʚ ʬʦʨʤʘʪʝ JSON ʠ ʤʦʛʫʪ ʦʙʥʦʚʣʷʪʴʩʷ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʢʣʠʝʥʪʩʢʦʛʦ ʢʦʜʘ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʦʜʜʝʨʞʢʫ ʠ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʢʦʥʪʝʥʪʘ. ɻʣʘʚʥʘʷ ʮʝʣʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʳʣʘ ʩʦʟʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʦʩʪʦʡ ʠʥʩʪʨʫʤʝʥʪ, ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ (ʦʪ ʙʠʙʣʠʦʪʝʢ, ʬʨʝʡʤʚʦʨʢʦʚ ʠ ʪ. ʜ.) ʠ 

ʣʝʛʢʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʝʢʪ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʣʠʰʴ ʯʝʨʥʦʚʦʡ ʚʘʨʠʘʥʪ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʘx, ʜʠʟʘʡʥʝʨʩʢʠʭ ʨʝʰʝʥʠʷʭ 

ʠ ʪʘʢ ʜʘʣʝʝ. ɼʘʣʝʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
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ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʝʢʪʘ ʩʘʡʪʘ ʘʵʨʦʧʦʨʪʘ 

 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʣʦʛʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ client/server 

 

ɺ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥʘ ʛʠʙʢʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʢʣʠʝʥʪʩʢʠʭ ʟʘʧʨʦʩʦʚ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʥʜʝʨʠʥʛʘ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʢʣʠʝʥʪʘ ʥʘ ʩʝʨʚʝʨ ʥʘʩʪʨʦʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʤʘʨʰʨʫʪʦʚ (routes), ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʢʣʠʝʥʪ ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦ ʩʪʨʘʥʠʮʘʭ, 

ʜʘʥʥʳʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʪʦʨʦʥʥʠʤʠ ʩʝʨʚʠʩʘʤʠ (ʨʠʩ. 2). 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʟʤ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʩʪʨʘʥʠʮ ʥʘ ʧʨʠʤʝʨʝ ʢʦʜʘ ʩʝʨʚʝʨʘ. ʂʦʛʜʘ ʢʣʠʝʥʪ 

ʦʪʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩ ʥʘ ʘʜʨʝʩ http://nv-aero.ru/home (ʥʘʧʨʠʤʝʨ, ʟʘʧʨʘʰʠʚʘʷ ʜʦʤʘʰʥʶʶ 

ʩʪʨʘʥʠʮʫ), ʩʝʨʚʝʨ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ: 

¶ ʇʦʣʫʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʟʘʧʨʦʩʘ: ʩʝʨʚʝʨ ʧʨʠʥʠʤʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ (id) ʩʪʨʘʥʠʮʳ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʠ ʦʪʦʙʨʘʟʠʪʴ. 

¶ ɿʘʛʨʫʟʢʘ ʩʪʨʫʢʪʫʨʳ ʩʪʨʘʥʠʮ: ʩʝʨʚʝʨ ʩʯʠʪʳʚʘʝʪ ʚʩʶ ʩʪʨʫʢʪʫʨʫ ʩʪʨʘʥʠʮ ʩʘʡʪʘ, ʢʦʪʦʨʘʷ 

ʭʨʘʥʠʪʩʷ ʚ JSON ʬʦʨʤʘʪʝ (ʨʠʩ. 4). ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʧʠʩʘʥʠʝ ʚʩʝʭ 

ʩʪʨʘʥʠʮ ʩʘʡʪʘ ʩ ʠʭ ʩʚʦʡʩʪʚʘʤʠ: ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ, ʥʘʟʚʘʥʠʷʤʠ, ʤʝʪʘʜʘʥʥʳʤʠ, ʩʧʠʩʢʘʤʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʪʘʪʫʩʦʤ ʚʠʜʠʤʦʩʪʠ. 

¶ ʂʵʰʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ (ʤʦʜʫʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ): ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ ʢʵʰʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʪʨʘʥʠʮ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʧʦʚʪʦʨʥʦʛʦ ʯʪʝʥʠʷ ʠ ʧʘʨʩʠʥʛʘ ʬʘʡʣʦʚ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʢʘʞʜʦʤ ʟʘʧʨʦʩʝ. 
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¶ ʌʠʣʴʪʨʘʮʠʷ ʩʪʨʘʥʠʮ: ʩʝʨʚʝʨ ʬʠʣʴʪʨʫʝʪ ʟʘʛʨʫʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʩʣʦʚʠʶ ï ʩʪʨʘʥʠʮʘ ʜʦʣʞʥʘ ʙʳʪʴ ʘʢʪʠʚʥʦʡ (ʚʠʜʠʤʦʡ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ). 

¶ ɺʦʟʚʨʘʪ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ: ʥʘʡʜʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʪʨʘʥʠʮʳ ʧʝʨʝʜʘʝʪʩʷ ʚ 

ʰʘʙʣʦʥʠʟʘʪʦʨ EJS ʜʣʷ ʛʝʥʝʨʘʮʠʠ HTML-ʢʦʜʘ. EJS ʠʩʧʦʣʴʟʫʝʪ ʤʘʩʪʝʨ-ʰʘʙʣʦʥ (masterPage), 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʦʦʙʨʘʟʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʚʩʝʭ ʩʪʨʘʥʠʮ ʩʘʡʪʘ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ʃʠʩʪʠʥʛ ʢʦʜʘ ʥʘ ʩʝʨʚʝʨʝ ʜʣʷ ʦʪʨʠʩʦʚʢʠ ʩʪʨʘʥʠʮʳ 

 

 
 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʭʨʘʥʝʥʠʷ ʩʪʨʘʥʠʮ ʜʣʷ ʩʘʡʪʘ 

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʩʝʨʚʝʨ ʦʪʜʘʣ HTML-ʩʪʨʘʥʠʮʫ, ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʝʥʜʝʨʠʥʛʘ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ. ʅʘ ʢʘʞʜʦʡ ʩʪʨʘʥʠʮʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʦʙʩʪʚʝʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ. ɺ ʩʣʫʯʘʝ ʩʦ ʩʪʨʘʥʠʮʝʡ ʩ id:home ʪʘʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ʅʦʚʦʩʪʠ ï ʙʣʦʢ ʘʢʪʫʘʣʴʥʳʭ ʥʦʚʦʩʪʝʡ ʘʵʨʦʧʦʨʪʘ 

¶ ʉʝʨʚʠʩʳ ï ʩʧʠʩʦʢ ʜʦʩʪʫʧʥʳʭ ʫʩʣʫʛ 

¶ ʊʘʙʣʦ ï ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʧʠʩʘʥʠʝ ʨʝʡʩʦʚ 

ɺʳʙʨʘʥʥʳʡ ʧʦʜʭʦʜ ï ʨʘʟʜʝʣʝʥʠʝ ʨʝʥʜʝʨʠʥʛʘ ʩʪʨʘʥʠʮʳ ʥʘ ʩʝʨʚʝʨʥʫʶ ʠ ʢʣʠʝʥʪʩʢʫʶ ʯʘʩʪʠ 

ï ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ [2]: 

1. ʋʧʨʦʱʝʥʠʝ ʩʝʨʚʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ: ʩʝʨʚʝʨ ʦʪʚʝʯʘʝʪ ʪʦʣʴʢʦ ʟʘ ʙʘʟʦʚʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩʪʨʘʥʠʮʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʢʦʜ ʙʦʣʝʝ ʯʠʩʪʳʤ ʠ ʧʦʥʷʪʥʳʤ. 

2. ʏʠʪʘʝʤʳʡ ʬʦʨʤʘʪ ʢʦʜʘ: ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʯʠʩʪʦʤ JavaScript ʠ HTML, ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʰʘʙʣʦʥʠʟʘʪʦʨʦʚ ʪʠʧʘ EJS ʠʣʠ ʚʠʨʪʫʘʣʴʥʦʛʦ DOM. ʕʪʦ ʦʙʣʝʛʯʘʝʪ 
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ʧʦʥʠʤʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ ʢʦʜʘ, ʭʦʪʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʢʣʠʝʥʪʝ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʥʜʝʨʠʥʛʘ ʥʘ ʩʪʦʨʦʥʝ ʙʨʘʫʟʝʨʘ. 

3. ɻʠʙʢʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ: ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʥʝʟʘʚʠʩʠʤʦ ʦʙʥʦʚʣʷʪʴ ʩʚʦʠ ʜʘʥʥʳʝ ʙʝʟ 

ʧʝʨʝʟʘʛʨʫʟʢʠ ʚʩʝʡ ʩʪʨʘʥʠʮʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʣʦʛʠʢʫ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʦʥʝʥʪʘ çʉʝʨʚʠʩʳè ï ʫʩʣʫʛʠ 

ʘʵʨʦʧʦʨʪʘ: 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʤʝʩʪʘ ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ: ʚ HTML-ʢʦʜʝ ʩʪʨʘʥʠʮʳ ʦʩʪʘʚʣʷʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘ, ʤʳ ʧʨʦʩʪʦ ʜʘʝʤ ʫʥʠʢʘʣʴʥʳʡ id ʣʶʙʦʤʫ 

ʪʝʛʫ html, ʛʜʝ ʟʘʭʦʪʠʤ ʨʝʥʜʝʨʠʪʴ ʢʦʤʧʦʥʝʥʪ (ʨʠʩ. 5).  

 

 
 

ʈʠʩ. 5. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʩʝʨʚʠʩʦʚ ʘʵʨʦʧʦʨʪʘ 

 

2. ɿʘʧʨʦʩ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘ: ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʘʧʨʘʰʠʚʘʝʪ ʜʘʥʥʳʝ ʜʣʷ ʦʪʨʠʩʦʚʢʠ ʩ ʩʝʨʚʝʨʘ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ API-

ʤʘʨʰʨʫʪʳ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʤʧʦʥʝʥʪʘ çʉʝʨʚʠʩʳè ʟʘʧʨʦʩ ʦʪʧʨʘʚʣʷʝʪʩʷ ʧʦ ʘʜʨʝʩʫ http://nv-

aero.ru/pages/componentsInfo/servers (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ʃʠʩʪʠʥʛ ʢʦʜʘ ʢʦʤʧʦʥʝʥʪʘ servers ʥʘ ʩʪʨʘʥʠʮʝ home 

 

3. ʈʝʥʜʝʨʠʥʛ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʢʣʠʝʥʪʝ: ʇʦʣʫʯʠʚ ʜʘʥʥʳʝ ʦʪ ʩʝʨʚʝʨʘ, ʢʣʠʝʥʪʩʢʠʡ 

JavaScript: 

¶ ʇʘʨʩʠʪ JSON-ʦʪʚʝʪ. 

¶ ɻʝʥʝʨʠʨʫʝʪ HTML-ʩʪʨʫʢʪʫʨʫ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʨʠʩ. 7). 

¶ ɺʩʪʘʚʣʷʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ HTML ʚ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʢʦʥʪʝʡʥʝʨ. 

¶ ʅʘʩʪʨʘʠʚʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ʢʥʦʧʢʠ, ʬʠʣʴʪʨʳ, ʩʦʨʪʠʨʦʚʢʫ). 
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ʈʠʩ. 7. ʃʠʩʪʠʥʛ ʢʦʜʘ ʩʚʝʪʣʦʛʦ ʜʠʟʘʡʥʘ ʢʦʤʧʦʥʝʥʪʘ servers ʥʘ ʩʪʨʘʥʠʮʝ home 

 

ʊʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʩʝʨʚʝʨʥʳʡ ʨʝʥʜʝʨʠʥʛ ʙʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʪʨʘʥʠʮʳ ʠ ʢʣʠʝʥʪʩʢʠʡ ʨʝʥʜʝʨʠʥʛ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ 

ʙʘʣʘʥʩ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʟʘʛʨʫʟʢʠ, ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ ʧʦʜʜʝʨʞʢʠ ʢʦʜʘ [4]. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʜʠʟʘʡʥ. ʆʩʥʦʚʥʳʝ ʤʦʜʫʣʠ ʩʘʡʪʘ. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ: ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʜʘʰʙʦʨʜ ʩ ʚʠʜʞʝʪʦʤ ʦʥʣʘʡʥ-ʪʘʙʣʦ ʚʳʣʝʪʦʚ/ʧʨʠʣʝʪʦʚ ʠ ʠʭ ʩʪʘʪʫʩʦʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʧʠʩʘʥʠʝ ʨʝʡʩʦʚ (ʨʠʩ. 8). 

 

 
 

ʈʠʩ. 8. ʉʪʘʨʪʦʚʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ ʘʵʨʦʧʦʨʪʘ ʛʦʨʦʜʘ ʅʠʞʥʝʚʘʨʪʦʚʩʢʘ 

 

ɺʳʧʘʜʘʶʱʠʡ ʩʧʠʩʦʢ: ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʟʜʝʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʙʦʨ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 9). 

 

 
 

ʈʠʩ. 9. ʉʧʠʩʦʢ ʨʘʟʜʝʣʦʚ ʩʘʡʪʘ ʘʵʨʦʧʦʨʪʘ 
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ʋʩʣʫʛʠ ʘʵʨʦʧʦʨʪʘ: ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʨʘʟʜʝʣ ʩ ʦʧʠʩʘʥʠʝʤ ʫʩʣʫʛ (ʧʘʨʢʦʚʢʘ, VIP-ʟʘʣʳ, 

ʤʘʛʘʟʠʥʳ), ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʥʣʘʡʥ-ʙʨʦʥʠʨʦʚʘʥʠʷ (ʨʠʩ. 10). 

 

 
 

ʈʠʩ. 10. ɹʣʦʢ ʩʝʨʚʠʩʦʚ (ʫʩʣʫʛ) ʩʘʡʪʘ ʘʵʨʦʧʦʨʪʘ ʛʦʨʦʜʘ ʅʠʞʥʝʚʘʨʪʦʚʩʢʘ 

 

ʅʦʚʦʩʪʠ: ɹʣʦʢ ʘʢʪʫʘʣʴʥʳʭ ʥʦʚʦʩʪʝʡ ʘʵʨʦʧʦʨʪʘ (ʨʠʩ. 11). 

 

 
 

ʈʠʩ. 11. ɹʣʦʢ ʥʦʚʦʩʪʝʡ ʩʘʡʪʘ ʘʵʨʦʧʦʨʪʘ  

 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʪʦʪʠʧ ʚʝʙ-ʩʘʡʪ ʜʣʷ ʘʵʨʦʧʦʨʪʘ ʅʠʞʥʝʚʘʨʪʦʚʩʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʦʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʘʩʩʘʞʠʨʦʚ ʠ ʩʦʪʨʫʜʥʠʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʠʙʨʠʜʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ (SSR/CSR) ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʝʢʦʤ HTML/CSS/JS, EJS, 

Node.js ʠ Docker [1-3] ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʫʜʦʙʩʪʚʦ 

ʧʦʜʜʝʨʞʢʠ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ. ɻʠʙʢʘʷ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʙʝʟ ʧʝʨʝʧʠʩʳʚʘʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʢʦʜʘ [5]. 

ʃʠʪʝʨʘʪʫʨʘ 
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ɺʘʥ ʖʡʙʠʥʴ 
ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ.ɹʫʥʠʥʘ 

ʛ. ɽʣʝʮ, ʈʦʩʩʠʷ 

ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʆɽ ɺɽɹ-ʇʈʀʃʆɾɽʅʀɽ  

ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ ʆʅʃɸʁʅ-ʆʇʈʆʉʆɺ  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʠ 

ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʠʣʦʞʝʥʠʡ 

ʦʛʨʘʥʠʯʝʥʳ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʙʝʩʧʣʘʪʥʳʭ ʚʝʨʩʠʡ ʠ ʯʘʩʪʦ ʥʝ ʦʪʚʝʯʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ, ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠʣʠ ʢʘʩʪʦʤʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʘ. 

ʇʨʠ ʚʳʙʦʨʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʥʣʘʡʥ-ʦʧʨʦʩʦʚ 

ʫʯʠʪʳʚʘʣʠʩʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʫʜʦʙʩʪʚʦ ʨʘʟʨʘʙʦʪʢʠ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʧʦʜʜʝʨʞʢʘ ʩʦʦʙʱʝʩʪʚʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣ ʚʳʙʨʘʥ 

ʩʪʝʢ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʶʱʠʡ Node.js (ʙʵʢʝʥʜ), Vue.js (ʬʨʦʥʪʝʥʜ) ʠ MySQL (ʙʘʟʘ ʜʘʥʥʳʭ). 

ɹʵʢʝʥʜ: Node.js 

Node.js ï ʩʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ JavaScript, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʜʚʠʞʢʝ V8 Google Chrome. ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ JavaScript-ʢʦʜ ʚʥʝ ʙʨʘʫʟʝʨʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʠʜʝʘʣʴʥʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ [1]. 

ʇʨʠʯʠʥʳ ʚʳʙʦʨʘ: 

1. ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʙʣʦʢʠʨʫʶʱʝʛʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʦʚ ʩʝʨʚʝʨʘ. 

2. ɽʜʠʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ï JavaScript ʜʣʷ ʬʨʦʥʪʝʥʜʘ ʠ ʙʵʢʝʥʜʘ ʫʧʨʦʱʘʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʥʪʝʛʨʘʮʠʶ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

3. ʆʙʰʠʨʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʧʘʢʝʪʦʚ ï npm ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʦʛʨʦʤʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʛʦʪʦʚʳʭ ʙʠʙʣʠʦʪʝʢ (Express.js, Passport.js, Joi). 

4. ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ï ʣʝʛʢʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʥʦʚʳʭ ʩʝʨʚʝʨʦʚ.   

5. ɸʢʪʠʚʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʦʦʙʱʝʩʪʚʦʤ ï ʨʝʛʫʣʷʨʥʳʝ ʦʙʥʦʚʣʝʥʠʷ ʠ ʠʩʧʨʘʚʣʝʥʠʝ 

ʫʷʟʚʠʤʦʩʪʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʘ ʜʣʷ ʙʵʢʝʥʜʘ ʙʳʣ ʚʳʙʨʘʥ Express.js ï ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʡ ʠ 

ʛʠʙʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ RESTful API ʠ ʦʙʨʘʙʦʪʢʠ HTTP-ʟʘʧʨʦʩʦʚ. 

ʌʨʦʥʪʝʥʜ: Vue.js. 

Vue.js ï ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʤʦʥʦʣʠʪʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ, ʦʥ ʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʦʩʪʝʧʝʥʥʦ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʥʦʩʪʴʶ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ [4]. 

ʇʨʠʯʠʥʳ ʚʳʙʦʨʘ: 

1. ʇʨʦʩʪʦʪʘ ʦʩʚʦʝʥʠʷ ï ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʩʠʥʪʘʢʩʠʩ ʠ ʭʦʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ.   
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2. ɻʠʙʢʦʩʪʴ ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʘ ʠʪʦʛʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ.   

3. ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ DOM ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʦʧʝʨʘʮʠʠ ʩ ʨʝʘʣʴʥʳʤ DOM.   

4. ʂʦʤʧʦʥʝʥʪʥʳʡ ʧʦʜʭʦʜ ï ʩʦʟʜʘʥʠʝ ʧʝʨʝʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʦʱʘʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʦʜʜʝʨʞʢʫ.   

5. ʇʦʜʜʝʨʞʢʘ ʩʦʦʙʱʝʩʪʚʦʤ ï ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʤʥʦʞʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʙʠʙʣʠʦʪʝʢ (Vue Router, Vuex, Vuetify).   

ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ) ʙʳʣ ʚʳʙʨʘʥ MySQL. ʕʪʦ ʦʜʥʘ ʠʟ 

ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʦʙʣʘʜʘʶʱʘʷ ʚʳʩʦʢʦʡ 

ʥʘʜʸʞʥʦʩʪʴʶ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʦʪʣʠʯʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʩʦ ʩʪʦʨʦʥʳ ʩʦʦʙʱʝʩʪʚʘ [2]. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ɹʘʟʘ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ ʪʘʙʣʠʮ (ʢʣʶʯʝʚʳʝ ʧʦʣʷ ʚʳʜʝʣʝʥʳ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ API 

ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪʩʢʠʤ ʠ ʩʝʨʚʝʨʥʳʤ ʩʣʦʷʤʠ ʨʘʟʨʘʙʦʪʘʥʦ RESTful API ʩ 

ʵʥʜʧʦʠʥʪʘʤʠ (ʢʣʶʯʝʚʳʝ ʟʘʧʨʦʩʳ) [3], ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʪʘʙʣʠʮʳ ʙʘʟʳ ʜʘʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ 

 

ʊʘʙʣʠʮʘ ʇʦʣʷ 

users id (PK), email (UNIQUE), password, name, role, created_at, updated_at 

surveys id (PK), title, description, creator_id (FK Ÿ [users.id](users.id)), start_date, end_date, 

status, created_at, updated_at 

questions id (PK), survey_id (FK Ÿ [surveys.id](surveys.id)), text, type, order, created_at, 

updated_at 

options id (PK), question_id (FK Ÿ [questions.id](questions.id)), text, order, created_at, 

updated_at 

responses id (PK), survey_id (FK Ÿ [surveys.id](surveys.id)), user_id (FK Ÿ 

[users.id](users.id)), question_id (FK Ÿ [questions.id](questions.id)), answer_text, 

created_at 

response_options id (PK), response_id (FK Ÿ [responses.id](responses.id)), option_id (FK Ÿ 

[options.id](options.id)), created_at 

 

ɼʝʪʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʊʘʙʣʠʮʘ çusersè ʭʨʘʥʠʪ 

ʫʯʸʪʥʳʝ ʟʘʧʠʩʠ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʩʠʩʪʝʤʳ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 2 

ʂʣʶʯʝʚʳʝ ʵʥʜʧʦʠʥʪʳ RESTful API ʧʨʠʣʦʞʝʥʠʷ 

 

ʂʘʪʝʛʦʨʠʷ ʕʥʜʧʦʠʥʪ ʄʝʪʦʜ ʆʧʠʩʘʥʠʝ 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ 
/api/auth/register  POST ʈʝʛʠʩʪʨʘʮʠʷ ʥʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

/api/auth/login POST ɺʭʦʜ ʚ ʩʠʩʪʝʤʫ 

ʋʧʨʘʚʣʝʥʠʝ ʦʧʨʦʩʘʤʠ 

/api/surveys GET ʇʦʣʫʯʝʥʠʝ ʩʧʠʩʢʘ ʦʧʨʦʩʦʚ 

/api/surveys POST ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʦʧʨʦʩʘ 

/api/surveys/:id PUT ʆʙʥʦʚʣʝʥʠʝ ʦʧʨʦʩʘ 

/api/surveys/:id DELETE ʋʜʘʣʝʥʠʝ ʦʧʨʦʩʘ 

ʈʝʟʫʣʴʪʘʪʳ 
/api/surveys/:id/results GET ʇʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ 

/api/surveys/:id/results/export GET ʕʢʩʧʦʨʪ ʨʝʟʫʣʴʪʘʪʦʚ ʚ CSV/Excel 
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ʊʘʙʣʠʮʘ 3 

ʊʘʙʣʠʮʘ çusersè 

 

ʇʦʣʝ ʊʠʧ ʆʛʨʘʥʠʯʝʥʠʷ ʆʧʠʩʘʥʠʝ 

id SERIAL PK ʋʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

email VARCHAR(255) UNIQUE, NOT NULL ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ 

password_hash VARCHAR(255) NOT NULL ʍʝʰ ʧʘʨʦʣʷ (bcrypt) 

full_name VARCHAR(100) NOT NULL ʇʦʣʥʦʝ ʠʤʷ 

role VARCHAR(20) DEFAULT 'user' ʈʦʣʴ: 'user' ʠʣʠ 'admin' 

created_at TIMESTAMP DEFAULT NOW() ɼʘʪʘ ʨʝʛʠʩʪʨʘʮʠʠ 

 

ʇʨʠʤʝʯʘʥʠʝ: ʇʘʨʦʣʴ ʥʠʢʦʛʜʘ ʥʝ ʭʨʘʥʠʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʣʠʝʥʪ 

ʦʪʧʨʘʚʣʷʝʪ ʧʘʨʦʣʴ, ʩʝʨʚʝʨ ʛʝʥʝʨʠʨʫʝʪ ʩʦʣʴ ʠ ʩʦʟʜʘʸʪ ʭʝʰ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ bcrypt. ʇʨʠ 

ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ, ʠ ʧʦʣʫʯʝʥʥʳʡ ʭʝʰ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʩʦʭʨʘʥʸʥʥʳʤ. 

ʊʘʙʣʠʮʘ çsurveysè ʦʧʠʩʳʚʘʝʪ ʤʝʪʘʜʘʥʥʳʝ ʢʘʞʜʦʛʦ ʦʧʨʦʩʘ (ʪʘʙʣ. 4). ʊʘʙʣʠʮʘ çquestionsè 

ʩʦʜʝʨʞʠʪ ʚʩʝ ʚʦʧʨʦʩʳ, ʚʭʦʜʷʱʠʝ ʚ ʦʧʨʦʩʳ (ʪʘʙʣ. 5). 

ʊʘʙʣʠʮʘ 4 

ʊʘʙʣʠʮʘ çsurveysè 

 

ʇʦʣʝ ʊʠʧ ʆʛʨʘʥʠʯʝʥʠʷ ʆʧʠʩʘʥʠʝ 

id SERIAL PK ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʧʨʦʩʘ 

title VARCHAR(255) NOT NULL ʅʘʟʚʘʥʠʝ 

description TEXT  ʆʧʠʩʘʥʠʝ 

author_id INTEGER FK Ÿ users.id ɸʚʪʦʨ (ʩʩʳʣʢʘ ʥʘusers) 

is_active BOOLEAN DEFAULT false ʉʪʘʪʫʩ ʧʫʙʣʠʢʘʮʠʠ 

starts_at TIMESTAMP  ɼʘʪʘ ʥʘʯʘʣʘ 

ends_at TIMESTAMP  ɼʘʪʘ ʦʢʦʥʯʘʥʠʷ 

created_at TIMESTAMP DEFAULT NOW() ɼʘʪʘ ʩʦʟʜʘʥʠʷ 

 

ʊʘʙʣʠʮʘ 5 

ʊʘʙʣʠʮʘ çquestionsè 

 

ʇʦʣʝ ʊʠʧ ʆʛʨʘʥʠʯʝʥʠʷ ʆʧʠʩʘʥʠʝ 

id SERIAL PK ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʚʦʧʨʦʩʘ 

survey_id INTEGER FK Ÿ surveys.id ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʧʨʦʩʫ 

text TEXT NOT NULL ʊʝʢʩʪ ʚʦʧʨʦʩʘ 

type VARCHAR(20) NOT NULL ʊʠʧ: 'text', 'single', 'multiple', 'likert' 

is_required BOOLEAN DEFAULT true ʆʙʷʟʘʪʝʣʴʥʳʡ ʣʠ ʚʦʧʨʦʩ 

order_index INTEGER DEFAULT 0 ʇʦʨʷʜʦʢ ʦʪʦʙʨʘʞʝʥʠʷ 

 

ʊʘʙʣʠʮʘ çoptionsè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ ʜʣʷ ʚʦʧʨʦʩʦʚ ʩ ʚʳʙʦʨʦʤ 

(ʪʘʙʣ. 6). 

ʊʘʙʣʠʮʘ 6 

ʊʘʙʣʠʮʘ çoptionsè 

 

ʇʦʣʝ ʊʠʧ ʆʛʨʘʥʠʯʝʥʠʷ ʆʧʠʩʘʥʠʝ 

id SERIAL PK ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʚʘʨʠʘʥʪʘ 

question_id INTEGER FK Ÿ questions.id ʉʚʷʟʴ ʩ ʚʦʧʨʦʩʦʤ 

text VARCHAR(255) NOT NULL ʊʝʢʩʪ ʚʘʨʠʘʥʪʘ 

order_index INTEGER DEFAULT 0 ʇʦʨʷʜʦʢ ʚ ʩʧʠʩʢʝ 

 

ʊʘʙʣʠʮʘ çresponsesè ʬʠʢʩʠʨʫʝʪ ʬʘʢʪ ʦʪʧʨʘʚʢʠ ʦʪʚʝʪʘ ʥʘ ʦʧʨʦʩ (ʪʘʙʣ. 7). 
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ʊʘʙʣʠʮʘ 7 

ʊʘʙʣʠʮʘ çresponsesè 

 

ʇʦʣʝ ʊʠʧ ʆʛʨʘʥʠʯʝʥʠʷ ʆʧʠʩʘʥʠʝ 

id SERIAL PK ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʪʚʝʪʘ 

survey_id INTEGER FK Ÿ surveys.id ʆʧʨʦʩ 

respondent_id INTEGER FK Ÿ users.id 
ʈʝʩʧʦʥʜʝʥʪ (ʤʦʞʝʪ ʙʳʪʴ, NULL ʜʣʷ 

ʘʥʦʥʠʤʥʳʭ) 

submitted_at TIMESTAMP DEFAULT NOW() ɺʨʝʤʷ ʦʪʧʨʘʚʢʠ 

 

ʊʘʙʣʠʮʘ çanswersè ʭʨʘʥʠʪ ʢʦʥʢʨʝʪʥʳʝ ʦʪʚʝʪʳ ʥʘ ʢʘʞʜʳʡ ʚʦʧʨʦʩ (ʪʘʙʣ. 8). 

ʊʘʙʣʠʮʘ 8 

ʊʘʙʣʠʮʘ çanswersè 

 

ʇʦʣʝ ʊʠʧ ʆʛʨʘʥʠʯʝʥʠʷ ʆʧʠʩʘʥʠʝ 

id SERIAL PK ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʦʪʚʝʪʘ 

response_id INTEGER FK Ÿ responses.id ʉʚʷʟʴ ʩ ʬʘʢʪʦʤ ʦʪʧʨʘʚʢʠ 

question_id INTEGER FK Ÿ questions.id ɺʦʧʨʦʩ 

option_id INTEGER FK Ÿ options.id ɺʳʙʨʘʥʥʳʡ ʚʘʨʠʘʥʪ (ʜʣʷ ʚʳʙʦʨʘ) 

text_value TEXT  ʊʝʢʩʪʦʚʳʡ ʦʪʚʝʪ (ʜʣʷ ʪʝʢʩʪʦʚʳʭ ʚʦʧʨʦʩʦʚ) 

 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʩʝ ʪʠʧʳ ʚʦʧʨʦʩʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʟʘ ʩʯʸʪ ʚʥʝʰʥʠʭ ʢʣʶʯʝʡ. ʅʘʧʨʠʤʝʨ, ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʦʪʚʝʪ ʥʘ 

ʥʝʩʫʱʝʩʪʚʫʶʱʠʡ ʚʦʧʨʦʩ ʠʣʠ ʧʨʠʚʷʟʘʪʴ ʚʘʨʠʘʥʪ ʢ ʯʫʞʦʤʫ ʦʧʨʦʩʫ. 

ʇʨʠʤʝʨ SQL-ʟʘʧʨʦʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʦʪʯʸʪʘ ʧʦ ʦʧʨʦʩʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʟʘʧʨʦʩ: 

sql 

SELECT  

  q.text AS question, 

  o.text AS option, 

  COUNT(a.id) AS vote_count 

FROM questions q 

JOIN options o ON q.id = o.question_id 

LEFT JOIN answers a ON o.id = a.option_id 

WHERE q.survey_id = 42 

GROUP BY q.id, o.id 

ORDER BY q.order_index, o.order_index; 

ʕʪʦʪ ʟʘʧʨʦʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ: ʦʥ ʣʝʛʢʦ 

ʨʘʩʰʠʨʷʝʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʜʘʪʝ, ʨʝʩʧʦʥʜʝʥʪʫ ʠʣʠ ʜʨʫʛʠʤ ʢʨʠʪʝʨʠʷʤ. 

ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʥʘʩʪʨʦʝʥʘ ʩʨʝʜʘ: 

1. ʋʩʪʘʥʦʚʢʘ Node.js, npm ʠ Vue.js CLI.   

2. ʋʩʪʘʥʦʚʢʘ MySQL ʠ ʩʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʧʨʦʝʢʪʠʨʦʚʢʝ. 

3. ʋʩʪʘʥʦʚʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʢʝʪʦʚ: 

- ɹʵʢʝʥʜ: Express.js, mysql2, jsonwebtoken, bcryptjs, joi. 

- ʌʨʦʥʪʝʥʜ: Vue Router, Vuex, Axios, Vuetify, Chart.js. 
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4. ʅʘʩʪʨʦʡʢʘ Git ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ. 

ʈʝʘʣʠʟʘʮʠʷ ʙʵʢʝʥʜʘ 

ʆʩʥʦʚʥʳʝ ʰʘʛʠ: 

1. ʉʦʟʜʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʬʘʡʣʘ ʩʝʨʚʝʨʘ (server.js), ʥʘʩʪʨʦʡʢʘ Express.js ʠ middleware 

(ʦʙʨʘʙʦʪʢʘ JSON, CORS, ʣʦʛʠʨʦʚʘʥʠʝ). 

2. ʇʦʜʢʣʶʯʝʥʠʝ ʢ MySQL ʯʝʨʝʟ ʜʨʘʡʚʝʨ mysql2 (ʬʘʡʣ config/db.js). 

3. ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʫʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ: ʭʝʰʠʨʦʚʘʥʠʝ ʧʘʨʦʣʝʡ (bcryptjs), ʩʦʟʜʘʥʠʝ JWT-

ʪʦʢʝʥʦʚ. 

4. ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʫʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʦʩʘʤʠ, ʚʦʧʨʦʩʘʤʠ ʠ ʚʘʨʠʘʥʪʘʤʠ ʦʪʚʝʪʦʚ (CRUD-

ʦʧʝʨʘʮʠʠ). 

5. ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʫʣʷ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʪʦʚ: ʚʘʣʠʜʘʮʠʷ ʜʘʥʥʳʭ, ʩʦʭʨʘʥʝʥʠʝ ʚ ʙʘʟʫ. 

6. ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʫʣʷ ʘʥʘʣʠʪʠʢʠ: ʘʛʨʝʛʘʮʠʷ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ, ʵʢʩʧʦʨʪ ʚ 

CSV/Excel. 

7. ʊʝʩʪʠʨʦʚʘʥʠʝ API ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Postman. 

ʈʝʘʣʠʟʘʮʠʷ ʬʨʦʥʪʝʥʜʘ 

ʆʩʥʦʚʥʳʝ ʰʘʛʠ: 

1. ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ Vue.js ʩ Vuetify ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

2. ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ: ʬʦʨʤʳ ʨʝʛʠʩʪʨʘʮʠʠ, ʚʭʦʜʘ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʦʣʷ. 

3. ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʘʜʤʠʥʠʩʪʨʘʪʦʨ: 

- ʉʧʠʩʦʢ ʦʧʨʦʩʦʚ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʠ ʢʥʦʧʢʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. 

- ʌʦʨʤʘ ʩʦʟʜʘʥʠʷ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʧʨʦʩʦʚ (ʜʦʙʘʚʣʝʥʠʝ ʚʦʧʨʦʩʦʚ ʠ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʦʚ). 

- ʆʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ (Chart.js) ʠ ʵʢʩʧʦʨʪ. 

4. ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʫʯʘʩʪʥʠʢʘ: 

- ʉʧʠʩʦʢ ʘʢʪʠʚʥʳʭ ʦʧʨʦʩʦʚ ʩ ʧʦʠʩʢʦʤ. 

- ʌʦʨʤʘ ʜʣʷ ʧʨʦʭʦʜʘ ʦʧʨʦʩʦʚ (ʵʣʝʤʝʥʪʳ ʚʚʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʦʧʨʦʩʘ). 

- ʀʩʪʦʨʠʷ ʧʨʦʡʜʝʥʥʳʭ ʦʧʨʦʩʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ. 

5. ʅʘʩʪʨʦʡʢʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ (Vue Router) ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʦʩʪʫʧʘ ʧʦ ʨʦʣʠ. 

6. ʊʝʩʪʠʨʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʀʥʪʝʛʨʘʮʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ 

1. ʅʘʩʪʨʦʡʢʘ ʧʨʦʢʩʠ ʚ Vue.js ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʨʦʩʩ-ʜʦʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ. 

2. ʀʥʪʝʛʨʘʮʠʷ ʬʨʦʥʪʝʥʜʘ ʩ ʙʵʢʝʥʜʦʤ ʯʝʨʝʟ Axios (ʦʙʨʘʙʦʪʢʘ ʪʦʢʝʥʦʚ, ʧʝʨʝʜʘʯʘ 

ʜʘʥʥʳʭ). 

3. ʂʦʤʧʣʝʢʩʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: 

- ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʧʨʦʚʝʨʢʘ ʚʩʝʭ ʬʫʥʢʮʠʡ ʠ ʩʮʝʥʘʨʠʝʚ. 

- ʊʝʩʪʠʨʦʚʘʥʠʝ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʦʮʝʥʢʘ ʠʥʪʫʠʪʠʚʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʘ. 

- ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: ʧʨʦʚʝʨʢʘ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ. 

ʌʨʘʛʤʝʥʪ ʣʠʩʪʠʥʛʘ 1. App.aue 

<template> 

  <div id="app"> 
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    <el-container> 

      <!-- ɺʝʨʭʥʷʷ ʥʘʚʠʛʘʮʠʷ --> 

      <el-header> 

        <div class="header-content"> 

          <div class="logo"> 

            <h2>ʉʠʩʪʝʤʘ ʦʥʣʘʡʥ-ʦʧʨʦʩʦʚ</h2> 

          </div> 

          <div class="nav-menu"> 

            <el-menu 

              :default-active="activeIndex" 

              mode="horizontal" 

              :ellipsis="false" 

              @select="handleSelect" 

            > 

              <el-menu-item index="home" v-if="!isLoggedIn"> 

                <el-icon><House /></el-icon> 

                <span>ɻʣʘʚʥʘʷ</span> 

              </el-menu-item> 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ, 

ʢʦʤʧʘʥʠʷʤʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʥʣʘʡʥ-ʦʧʨʦʩʦʚ. 
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1. ɹʝʨʛ ʄ. ɺʝʙ-ʨʘʟʨʘʙʦʪʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ Node.js ʠ Express: ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ / 

ʧʝʨ. ʩ ʘʥʛʣ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʇʠʪʝʨ, 2023. 416 ʩ. 
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3. ʌʨʠʤʝʥ ʕ. RESTful Web APIs: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ. ʄ.: ɼʄʂ ʇʨʝʩʩ, 2022. 

400 ʩ. 
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ɼʚʦʨʥʠʯʝʥʢʦ ɽ.ʉ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʉɸʁʊɸ ɼʃʗ ʂɸʌɽɼʈʓ ʀʅʌʆʈʄɸʊʀʂʀ ʀ ʄʇʀ 

ʋʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʫʯʨʝʞʜʝʥʠʝʤ ʩʣʦʞʥʳʡ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ ʚ 

ʢʦʪʦʨʦʤ ʫʯʫʚʩʪʚʫʶʪ ʢʘʢ ʦʙʫʯʘʶʱʠʝʩʷ, ʪʘʢ ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʠ ʨʦʜʠʪʝʣʠ. 

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʢʘʢ ʦʜʠʥ ʠʟ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʟʘʜʘʯ. ʉʘʡʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʷʚʣʷʷʩʴ 

ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʛʦ ʧʣʘʥʦʚʳʝ ʟʘʜʘʯʠ ʪʘʢʠʝ ʢʘʢ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʦ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʠ ʫʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʝʜʘʛʦʛʦʚ ʠ ʦʙʫʯʘʶʱʠʭʩʷ; ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʣʦʞʥʦʩʪʴ 

ʩʘʡʪʘ ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʠʢ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ [5]. 

ʈʘʟʨʘʙʦʪʢʘ ʩʘʡʪʘ ʥʘʯʘʣʘʩʴ ʩ ʚʳʙʦʨʘ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ. ɹʳʣʠ ʚʳʙʨʘʥʳ [1]: HTML ï ̫ ʟʳʢ 

ʨʘʟʤʝʪʢʠ ʩʘʡʪʦʚ, CSS ï ʢʘʩʢʘʜʥʳʝ ʪʘʙʣʠʮʳ ʩʪʠʣʝʡ, PHP ï ʷʟʳʢ, ʜʣʷ backend ʣʦʛʠʢʠ, MySQL ï 

ʨʝʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, JavaScript ï ʷʟʳʢ ʜʣʷ ʨʘʙʦʪʳ ʚʦ frontend 

ʯʘʩʪʠ ʩʘʡʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʜʘʢʪʦʨʘ ʢʦʜʘ ʙʳʣ ʚʳʙʨʘʥ Visual Studio Code. 

ʅʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʱʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʫʶ ʤʦʛʫʪ ʯʘʩʪʦ ʠʩʢʘʪʴ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʝʤʢʦʡ, ʢʨʘʪʢʦʡ ʠ ʧʦʥʷʪʥʦʡ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʥʠʤʘʥʠʷ [4].  

ʉʘʡʪ ʦʬʦʨʤʣʝʥ ʚ ʬʠʨʤʝʥʥʦʤ ʮʚʝʪʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ï ʛʣʫʙʦʢʦʤ ʪʝʤʥʦ-ʩʠʥʝʤ, ʢʦʪʦʨʳʡ 

ʬʦʨʤʠʨʫʝʪ ʦʱʫʱʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ. ɺʝʨʭʥʶʶ ʯʘʩʪʴ ʩʪʨʘʥʠʮʳ ʟʘʥʠʤʘʝʪ ʧʘʥʝʣʴ ʩ ʥʘʟʚʘʥʠʝʤ 

ʢʘʬʝʜʨʳ ʠ ʦʩʥʦʚʥʳʤʠ ʨʘʟʜʝʣʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ. ɸʢʮʝʥʪ ʷʨʢʦ-

ʩʠʥʝʛʦ ʮʚʝʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʢʥʦʧʦʢ, ʩʩʳʣʦʢ ʠ ʠʢʦʥʦʢ ʧʨʠʜʘʝʪ 

ʠʥʪʝʨʬʝʡʩʫ ʩʦʚʨʝʤʝʥʥʳʡ ʚʠʜ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʪʣʳʝ ʦʪʪʝʥʢʠ ʚ ʬʦʥʘʭ ʠ ʢʘʨʪʦʯʢʘʭ 

ʩʤʷʛʯʘʶʪ ʢʦʥʪʨʘʩʪ, ʜʝʣʘʷ ʚʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ ʢʦʤʬʦʨʪʥʦʡ ʜʣʷ ʛʣʘʟ.   

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʙʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʬʝʜʨʳ, 

ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʥʦʚʦʩʪʷʭ, ʩʘʡʪ ʧʦʩʪʨʦʝʥ ʧʦ ʤʦʜʫʣʴʥʦʤʫ 

ʧʨʠʥʮʠʧʫ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ 

ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʭʦʨʦʰʦ ʚ ʥʝʡ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ [3]. 

ɹʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʢʣʘʜʳʚʘʪʴ ʣʝʢʮʠʠ ʠ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʫʯʝʙʥʳʤ 

ʜʠʩʮʠʧʣʠʥʘʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʙʥʳʡ ʠ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ. ɸ ʪʘʢʞʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʧʨʦʡʜʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʦʙʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʠʣʠ 

ʟʘʥʷʪʠʶ [2]. 

ʇʝʨʚʳʤʠ ʥʘ ʩʘʡʪʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʩʪʨʝʯʘʶʪ ʥʦʚʦʩʪʠ (ʨʠʩ. 1). ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʚʩʝʛʦ ʩʧʠʩʢʘ 

ʥʦʚʦʩʪʝʡ ʤʦʞʥʦ ʥʘʞʘʪʴ ʥʘ ʥʘʜʧʠʩʴ: çɹʦʣʴʰʝ ʥʦʚʦʩʪʝʡè. ʈʝʘʣʠʟʦʚʘʥ ʦʪʙʦʨ ʧʦ ʪʠʧʫ ʥʦʚʦʩʪʝʡ 

(ʨʠʩ. 2). 
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ʈʠʩ. 1. ʅʦʚʦʩʪʠ 

 

 
 

ʈʠʩ. 2. ɺʩʝ ʥʦʚʦʩʪʠ ʢʘʬʝʜʨʳ 

 

ʇʨʠ ʚʳʙʦʨʝ ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʦʚʦʩʪʠ ʦʪʢʨʦʝʪʩʷ ʩʪʨʘʥʠʮʘ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʧʦʣʥʦʡ 

ʥʦʚʦʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʇʨʦʩʤʦʪʨ ʥʦʚʦʩʪʠ  

 

ʇʦʩʣʝ ʥʦʚʦʩʪʝʡ ʠʜʝʪ ʨʘʟʜʝʣ çʆ ʢʘʬʝʜʨʝè, ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʦʧʠʩʘʥʠʝ ʢʘʬʝʜʨʳ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ʈʘʟʜʝʣ çʆ ʢʘʬʝʜʨʝè 

 

ʅʘ ʩʘʡʪʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ, ʨʝʘʣʠʟʦʚʘʥ ʦʪʙʦʨ ʧʦ ʫʨʦʚʥʶ 

ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʬʦʨʤʝ ʦʙʫʯʝʥʠʷ (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ʈʘʟʜʝʣ çʅʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠè 
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ʅʘ ʦʩʥʦʚʥʦʡ ʩʪʨʘʥʠʮʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʨʘʟʜʝʣ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢʘʬʝʜʨʳ (ʨʠʩ. 6), ʚ ʥʝʤ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʭ ʌʀʆ, ʬʦʪʦʛʨʘʬʠʷ, ʜʦʣʞʥʦʩʪʴ ʠ ʧʨʝʧʦʜʘʚʘʝʤʳʝ ʜʠʩʮʠʧʣʠʥʳ, ʯʪʦ ʧʦʤʦʛʘʝʪ 

ʘʙʠʪʫʨʠʝʥʪʘʤ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʙʫʜʫʱʠʤʠ ʥʘʩʪʘʚʥʠʢʘʤʠ, ʘ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʫʪʦʯʥʠʪʴ ʢ ʢʘʢʦʤʫ 

ʠʟ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʦʙʨʘʱʘʪʴʩʷ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʚʦʧʨʦʩʫ. ʇʦʩʣʝ ʠʜʝʪ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ (ʨʠʩ. 7). ʊʘʢʞʝ ʚ ʨʘʟʜʝʣ çʇʨʦʛʨʘʤʤʳè ʜʦʙʘʚʣʝʥʳ ʦʬʠʮʠʘʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ (ʨʠʩ. 8). ʈʘʟʜʝʣ çʏʘʩʪʦ ʟʘʜʘʚʘʝʤʳʝ ʚʦʧʨʦʩʳè ʩʦʜʝʨʞʠʪ 

ʧʦʧʫʣʷʨʥʳʝ ʚʦʧʨʦʩʳ ʦ ʢʘʬʝʜʨʝ (ʨʠʩ. 9). 

 

 
 

ʈʠʩ. 6. ʈʘʟʜʝʣ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 

 

 
 

ʈʠʩ. 7. ʈʘʟʜʝʣ çʀʥʬʦʨʤʘʮʠʷ ʜʣʷ ʩʪʫʜʝʥʪʦʚè 

 

 
 

ʈʠʩ. 8. ʈʘʟʜʝʣ çʈʘʙʦʯʠʝ ʧʨʦʛʨʘʤʤʳè 
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ʈʠʩ. 9. ʈʘʟʜʝʣ çʏʘʩʪʦ ʟʘʜʘʚʘʝʤʳʝ ʚʦʧʨʦʩʳè 

 

ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʩʘʡʪʘ. ɺʦʡʜʷ, ʢʘʢ ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʤʦʞʥʦ 

ʜʦʙʘʚʠʪʴ ʠʣʠ ʠʟʤʝʥʠʪʴ ʥʦʚʦʩʪʠ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʢʨʘʪʢʦʛʦ ʦʧʠʩʘʥʠʷ, ʚ ʢʘʞʜʦʡ 

ʥʦʚʦʩʪʠ ʝʩʪʴ ʩʧʠʩʦʢ ʙʣʦʢʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʙʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʝʢʩʪʘ, 

ʩʧʠʩʢʘ (ʨʠʩ. 10). ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʧʝʜʘʛʦʛʦʚ, ʠʭ ʬʦʪʦ, ʌʀʆ, 

ʜʦʣʞʥʦʩʪʴ ʠ ʦʧʠʩʘʥʠʝ (ʨʠʩ. 11). 

 

 
 

ʈʠʩ. 10. ʉʦʟʜʘʥʠʝ ʥʦʚʦʩʪʠ 
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ʈʠʩ. 11. ʇʨʝʧʦʜʘʚʘʪʝʣʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ ʛʦʩʪʝʚʦʡ ʜʦʩʪʫʧ ʠ ʜʦʩʪʫʧ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʜʣʷ 

ʩʘʡʪʘ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʄʇʀ ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʢʣʶʯʝʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʘʙʠʪʫʨʠʝʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ. ʉʪʨʫʢʪʫʨʥʦ ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʨʘʟʜʝʣʝʥʘ ʥʘ 

ʪʝʤʘʪʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʝʜʘʛʦʛʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʧʨʝʜʤʝʪʳ, ʚʳʢʣʘʜʳʚʘʪʴ ʣʝʢʮʠʠ ʠ ʧʨʘʢʪʠʢʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʋ ʢʫʨʘʪʦʨʦʚ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʢʣʘʜʳʚʘʪʴ ʘʢʪʫʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʨʘʙʦʪʘʪʴ ʩ ʛʨʫʧʧʦʡ. ɸ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʵʪʦ ʚʩʝ ʠʟʫʯʘʪʴ. 
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ɽʧʠʬʘʥʦʚ ɼ.ɽ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɸʈʍʀʊɽʂʊʋʈʅʓʍ ʇʆɼʍʆɼʆɺ  

ɺ ʉʆɺʈɽʄɽʅʅʓʍ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʗʍ: ʄʆʅʆʃʀʊ, ʄʀʂʈʆʉɽʈɺʀʉʓ  

ʀ ʄʆɼɽʃʀ ʈɽʅɼɽʈʀʅɻɸ (SSR, CSR, ɻʀɹʈʀɼʅʓɽ ʉʊʈɸʊɽɻʀʀ) 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʟʘʥʠʤʘʶʪ ʢʣʶʯʝʚʦʝ ʤʝʩʪʦ ʚ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʦʙʱʝʩʪʚʘ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʬʝʨʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ, ʙʘʥʢʦʚʩʢʠʭ ʩʝʨʚʠʩʦʚ, 

ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʈʦʩʪ ʦʙʲʸʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʜʘʥʥʳʭ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʫʩʣʦʞʥʝʥʠʝ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʙʦʨʘ ʵʬʬʝʢʪʠʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʡ. ʆʪ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʝʸ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʪʢʘʟʘʤ [1]. 

ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʘʩʴ ʤʦʥʦʣʠʪʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʣʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. ʆʜʥʘʢʦ ʩ 

ʨʦʩʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʠʙʢʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʚʩʸ ʙʦʣʴʰʝ ʧʦʧʫʣʷʨʥʳ ʤʠʢʨʦʩʝʨʚʠʩʥʳʝ 

ʨʝʰʝʥʠʷ [1; 3], ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʩʝʨʚʠʩʳ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʚʢʣʶʯʘʷ 

ʢʣʠʝʥʪʩʢʫʶ ʠ ʩʝʨʚʝʨʥʫʶ ʤʦʜʝʣʠ ʨʝʥʜʝʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʠʭ ʛʠʙʨʠʜʥʳʝ ʚʘʨʠʘʥʪʳ. 

ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʧʨʦʝʢʪʘ, ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ 

ʥʘʛʨʫʟʢʦʡ, ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ. ʆʰʠʙʢʠ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʠʩʪʝʤʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʨʘʟʚʸʨʪʳʚʘʶʪʩʷ ʢʘʢ ʮʝʣʦʩʪʥʘʷ ʩʠʩʪʝʤʘ. 
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ʈʠʩ. 1. ʀʣʣʶʩʪʨʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʤʦʥʦʣʠʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʫʶ ʢʦʜʦʚʫʶ ʙʘʟʫ, ʚ 

ʢʦʪʦʨʦʡ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʘʧʨʷʤʫʶ. ʈʘʟʚʝʨʪʳʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʠʩʧʦʣʥʷʝʤʦʛʦ ʩʝʨʚʠʩʘ ʠʣʠ ʥʘʙʦʨʘ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʫʧʨʦʱʘʝʪ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʘ 

ʧʨʦʝʢʪʘ ʦʩʪʘʸʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʙʝʟ 

ʩʝʪʝʚʳʭ ʚʳʟʦʚʦʚ. 

ʂ ʦʩʥʦʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʪʥʦʩʷʪʩʷ: 

¶ ʝʜʠʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ ʠ ʦʙʱʘʷ ʢʦʜʦʚʘʷ ʙʘʟʘ; 

¶ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ-ʣʦʛʠʢʦʡ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʝʡ ʙʘʟʳ ʜʘʥʥʳʭ; 

¶ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʦʥʦʣʠʪʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʨʘʟʨʘʙʦʪʢʠ, 

ʫʜʦʙʩʪʚʦ ʦʪʣʘʜʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʘ. ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʠ ʩʨʝʜʥʠʭ ʩʠʩʪʝʤ ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʣʦʞʥʦʡ ʥʘʩʪʨʦʡʢʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ. 

ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ ʦʙʲʸʤʘ ʢʦʜʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʩʣʦʞʥʦʩʪʠ.  

ʂ ʯʠʩʣʫ ʦʛʨʘʥʠʯʝʥʠʡ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʪʥʦʩʷʪʩʷ: 

¶ ʟʘʪʨʫʜʥʸʥʥʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

¶ ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʝʡ ʜʨʫʛ ʦʪ ʜʨʫʛʘ; 

¶ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʙʦʨʢʠ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ; 

¶ ʫʩʣʦʞʥʝʥʠʝ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʠ ʨʦʩʪʝ ʧʨʦʝʢʪʘ [1; 3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʧʨʦʝʢʪʦʚ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʣʦʞʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʠ ʨʘʩʰʠʨʝʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʙʦʣʝʝ ʛʠʙʢʠʝ ʨʝʰʝʥʠʷ. 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʩʝʨʚʠʩʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 
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ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʦʪʜʝʣʴʥʦʡ ʙʠʟʥʝʩ-ʬʫʥʢʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʣʦʞʝʥʠʷ ʨʘʟʚʸʨʪʳʚʘʶʪʩʷ ʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʘʚʪʦʥʦʤʥʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʩʝʪʝʚʳʝ ʧʨʦʪʦʢʦʣʳ, ʥʘʧʨʠʤʝʨ HTTP/REST, gRPC. 

 

 
 

ʈʠʩ. 2. ʀʣʣʶʩʪʨʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

 

ʂʘʞʜʳʡ ʤʠʢʨʦʩʝʨʚʠʩ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʦʙʣʘʩʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʪʜʝʣʴʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ API, ʯʘʱʝ ʚʩʝʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʦʚ HTTP/HTTPS ʠʣʠ ʩʠʩʪʝʤ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ. 

ʂ ʦʩʥʦʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʪʥʦʩʷʪʩʷ: 

¶ ʨʘʟʜʝʣʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʩʝʨʚʠʩʳ; 

¶ ʘʚʪʦʥʦʤʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ API ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʦʝʢʪʘ; 

¶ ʨʘʩʧʨʝʜʝʣʸʥʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʛʠʙʢʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʪʢʘʟʘʤ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [1]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ 

ʚʦʟʤʦʞʥʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʪʦʣʴʢʦ ʪʝʭ ʩʝʨʚʠʩʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ ʧʦʚʳʰʝʥʥʫʶ 

ʥʘʛʨʫʟʢʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʙʥʦʚʣʝʥʠʝ ʦʜʥʦʛʦ ʩʝʨʚʠʩʘ ʥʝ ʪʨʝʙʫʝʪ ʦʩʪʘʥʦʚʢʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ.  

ʂ ʝʸ ʦʛʨʘʥʠʯʝʥʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

¶ ʫʩʣʦʞʥʝʥʠʝ ʥʘʩʪʨʦʡʢʠ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

¶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʨʚʠʩʦʚ; 

¶ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ; 

¶ ʫʚʝʣʠʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ DevOps-ʧʨʘʢʪʠʢʘʤ [3]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʨʫʧʥʳʭ ʠ 

ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʩʠʩʪʝʤ, ʛʜʝ ʚʘʞʥʳ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ, ʦʜʥʘʢʦ ʝʸ ʧʨʠʤʝʥʝʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥʦ ʩʣʦʞʥʦʩʪʴʶ ʧʨʦʝʢʪʘ. 

ʊʘʙʣʠʮʘ 

ʆʩʥʦʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʪʣʠʯʠʷ ʤʦʥʦʣʠʪʘ ʠ ʤʠʢʨʦʩʝʨʚʠʩʦʚ 

 

ʇʘʨʘʤʝʪʨʳ ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʈʘʟʤʝʨ ʠ ʩʣʦʞʥʦʩʪʴ 

ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ 

ʙʦʣʴʰʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ 

ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʥʘʧʨʷʤʫʶ 

ɺ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ 

ʧʨʠʣʦʞʝʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʥʢʨʝʪʥʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ.  

ɻʠʙʢʦʩʪʴ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

ɺ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, 

ʠʟʤʝʥʝʥʠʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʪʨʝʙʫʶʪ ʨʘʙʦʪʳ ʩʦ ʚʩʝʤ 

ʧʨʠʣʦʞʝʥʠʝʤ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠ ʩʣʦʞʥʳʤ 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʘʸʪ 

ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʧʦʜʜʝʨʞʢʝ ʧʨʠʣʦʞʝʥʠʷ. ʂʘʞʜʳʡ 

ʤʠʢʨʦʩʝʨʚʠʩ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥ, 

ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʠ ʨʘʟʚʸʨʥʫʪ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʜʨʫʛʠʭ.  

ʅʘʜʝʞʥʦʩʪʴ 

ɺ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʝʩʣʠ 

ʦʜʥʘ ʯʘʩʪʴ ʧʨʠʣʦʞʝʥʠʷ 

ʦʪʢʘʟʳʚʘʝʪ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʪʢʘʟʫ ʚʩʝʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ɺ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʝʩʣʠ 

ʦʜʠʥ ʤʠʢʨʦʩʝʨʚʠʩ ʧʝʨʝʩʪʘʝʪ ʨʘʙʦʪʘʪʴ, 

ʦʩʪʘʣʴʥʳʝ ʤʠʢʨʦʩʝʨʚʠʩʳ ʧʨʦʜʦʣʞʘʶʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ 

ʉʣʦʞʥʦʩʪʴ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ 

ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ 

ʙʳʪʴ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚ 

ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʝʝ ʵʣʝʤʝʥʪʳ ʥʝ 

ʩʚʷʟʘʥʳ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ 

ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʋʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʝʝ, ʪʘʢ 

ʢʘʢ ʪʨʝʙʫʝʪʩʷ ʫʧʨʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʠʤʠ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʝʨʚʠʩʘʤʠ ʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

 

ʇʦʜʦʙʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1; 3]. 

ʇʦʜʭʦʜʳ ʢ ʨʝʥʜʝʨʠʥʛʫ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

ʇʦʤʠʤʦ ʚʳʙʦʨʘ ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʆʪ ʤʦʜʝʣʠ 

ʨʝʥʜʝʨʠʥʛʘ ʟʘʚʠʩʠʪ ʩʢʦʨʦʩʪʴ ʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ [2; 5], ʥʘʛʨʫʟʢʘ ʥʘ ʩʝʨʚʝʨ ʠ ʢʣʠʝʥʪʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʠʩʢʦʚʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʣʠʝʥʪʩʢʘʷ ʠ ʩʝʨʚʝʨʥʘʷ ʤʦʜʝʣʠ ʨʝʥʜʝʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʚʘʨʠʘʥʪʳ. 

Client-Side Rendering (CSR) 

Client-Side Rendering (ʢʣʠʝʥʪʩʢʠʡ ʨʝʥʜʝʨʠʥʛ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʣʦʛʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʙʨʘʫʟʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʉʝʨʚʝʨ ʧʝʨʝʜʘʸʪ ʢʣʠʝʥʪʫ ʤʠʥʠʤʘʣʴʥʳʡ HTML-ʜʦʢʫʤʝʥʪ ʠ ʥʘʙʦʨ JavaScript-ʬʘʡʣʦʚ, ʧʦʩʣʝ 

ʯʝʛʦ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʘʥʠʮʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʨʘʫʟʝʨ ʟʘʛʨʫʞʘʝʪ ʩʢʨʠʧʪʳ, ʢʦʪʦʨʳʝ ʜʠʥʘʤʠʯʝʩʢʠ 

ʬʦʨʤʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʩʪʨʘʥʠʮʳ, ʚʳʧʦʣʥʷʶʪ ʟʘʧʨʦʩʳ ʢ ʩʝʨʚʝʨʫ ʠ ʦʙʥʦʚʣʷʶʪ ʩʦʜʝʨʞʠʤʦʝ ʙʝʟ 

ʧʦʣʥʦʡ ʧʝʨʝʟʘʛʨʫʟʢʠ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʜʥʦʩʪʨʘʥʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ (SPA). 

ʂ ʦʩʥʦʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ CSR ʦʪʥʦʩʷʪʩʷ: 
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ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ; 

ï ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ JavaScript; 

ï ʜʠʥʘʤʠʯʝʩʢʦʝ ʦʙʥʦʚʣʝʥʠʝ ʢʦʥʪʝʥʪʘ ʙʝʟ ʧʝʨʝʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ; 

ï ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʨʚʝʨ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʜʝʡʩʪʚʠʷʭ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʣʠʝʥʪʩʢʦʛʦ ʨʝʥʜʝʨʠʥʛʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ 

ʠʥʪʝʨʬʝʡʩʘ ʠ ʫʜʦʙʩʪʚʦ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʝʚ. ʇʦʩʣʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʧʨʠʣʦʞʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʝʨʚʝʨʦʤ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʝʨʝʜʘʯʝʡ 

ʜʘʥʥʳʭ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʦʪʟʳʚʯʠʚʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ. 

ʂ ʦʛʨʘʥʠʯʝʥʠʷʤ CSR ʦʪʥʦʩʷʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ ʩʣʦʞʥʦʩʪʠ 

ʩ ʧʦʠʩʢʦʚʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ [4; 5]. 

Server-Side Rendering (SSR) 

Server-Side Rendering (ʩʝʨʚʝʨʥʳʡ ʨʝʥʜʝʨʠʥʛ) ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʪʦʚʦʡ 

HTML-ʩʪʨʘʥʠʮʳ ʥʘ ʩʝʨʚʝʨʝ ʜʦ ʝʸ ʧʝʨʝʜʘʯʠ ʢʣʠʝʥʪʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʨʘʫʟʝʨ ʧʦʣʫʯʘʝʪ ʫʞʝ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ. 

ʇʨʠ ʢʘʞʜʦʤ ʦʙʨʘʱʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʝʨʚʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩ, ʬʦʨʤʠʨʫʝʪ ʩʪʨʘʥʠʮʫ 

ʩ ʫʯʸʪʦʤ ʜʘʥʥʳʭ ʠ ʦʪʧʨʘʚʣʷʝʪ ʝʸ ʢʣʠʝʥʪʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʙʳʩʪʨʫʶ 

ʧʝʨʚʠʯʥʫʶ ʦʪʨʠʩʦʚʢʫ ʩʪʨʘʥʠʮʳ ʠ ʧʦʚʳʩʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʢʦʥʪʝʥʪʘ ʜʣʷ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ [2; 

5]. 

ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ SSR ʦʪʥʦʩʷʪʩʷ: 

ï ʛʝʥʝʨʘʮʠʷ HTML ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ; 

ï ʫʣʫʯʰʝʥʥʘʷ ʠʥʜʝʢʩʘʮʠʷ ʧʦʠʩʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ; 

ï ʩʥʠʞʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʢʣʠʝʥʪʘ; 

ï ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʨʚʝʨ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʝʨʚʝʨʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʧʝʨʚʳʡ ʧʦʢʘʟ 

ʩʪʨʘʥʠʮʳ ʠ ʣʫʯʰʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʨʪʘʣʦʚ ʠ ʩʝʨʚʠʩʦʚ ʩ ʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ ʢʦʥʪʝʥʪʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʤʦʱʥʦʡ ʩʝʨʚʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʤʦʞʝʪ 

ʫʩʣʦʞʥʷʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʝ. 

ɻʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ ʨʝʥʜʝʨʠʥʛʘ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʭ ʚʩʸ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʦʜʭʦʜʳ, 

ʦʙʲʝʜʠʥʷʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ CSR ʠ SSR. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʪʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʩʪʨʘʥʠʮ, 

ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʠ ʯʘʩʪʠʯʥʳʡ ʩʝʨʚʝʨʥʳʡ ʨʝʥʜʝʨʠʥʛ [5]. 

ɻʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʟʘʨʘʥʝʝ ʬʦʨʤʠʨʦʚʘʪʴ ʯʘʩʪʴ ʩʪʨʘʥʠʮ, ʘ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʦʙʥʦʚʣʷʪʴ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʕʪʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʨʚʝʨ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʢʦʥʪʝʥʪʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʥʦʣʠʪʥʦʡ 

ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʨʝʥʜʝʨʠʥʛʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʠ ʩʧʦʩʦʙʘ ʨʝʥʜʝʨʠʥʛʘ ʜʦʣʞʝʥ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʸʪʦʤ ʮʝʣʝʡ ʧʨʦʝʢʪʘ, ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʥʘʛʨʫʟʢʠ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ɻʨʘʤʦʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʛʦ 

ʨʘʙʦʪʝ. 
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ʀʙʨʘʛʠʤʦʚ ɺ.ʐ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʇʦʜʙʝʨʝʞʩʢʠʡ ɼ.ɺ. 
ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʈʍʀʊɽʂʊʋʈʅʓɽ ʇɸʊʊɽʈʅʓ ʀʅʊɽɻʈɸʎʀʀ ɻɽʊɽʈʆɻɽʅʅʆɻʆ 

ʆɹʆʈʋɼʆɺɸʅʀʗ ɺ MES-ʉʀʉʊɽʄɸʍ ɸɼɼʀʊʀɺʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʘʨʘʜʠʛʤʳ çʀʥʜʫʩʪʨʠʷ 4.0è ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (3D-ʧʝʯʘʪʠ) ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʮʝʭʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʩʪʫʧʘʶʪ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ (Manufacturing Execution System, MES). MES-

ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʚʷʟʫʶʱʝʝ ʟʚʝʥʦ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʧʣʘʥʠʨʦʚʘʥʠʷ 

(ERP) ʠ ʬʠʟʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʚʩʝ ʯʘʱʝ 

ʦʧʠʨʘʶʪʩʷ ʥʘ ʢʦʥʮʝʧʮʠʶ ʮʝʥʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ (Management by Value, 

MBV) [1]. ɺ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ MBV ʣʶʙʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʦʮʝʥʠʚʘʶʪʩʷ ʯʝʨʝʟ ʧʨʠʟʤʫ 

ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʠʪʦʛʦʚʫʶ ʮʝʥʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ 

ʫʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʪʦʢʘ 

ʜʦʩʪʦʚʝʨʥʳʭ, ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʛʣʫʙʦʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ (Industrial IoT) 

ʩʪʘʥʦʚʠʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʦʮʝʩʩ ʧʦʜʢʣʶʯʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ (ʨʘʟʥʦʨʦʜʥʦʛʦ) ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʝʜʠʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʩʦʧʨʷʞʝʥ ʩ ʩʝʨʴʝʟʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ [3]. ɺ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʷʞʝʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʙʣʝʤʘ çʟʦʦʧʘʨʢʘè ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʧʨʠʝʪʘʨʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʟʘʯʘʩʪʫʶ ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʚʷʟʠ, ʪʘʢʠʭ ʢʘʢ ʘʨʭʠʪʝʢʪʫʨʘ OPC UA (Open Platform Communications Unified 

Architecture). ʇʨʠʤʝʥʝʥʠʝ OPC UA ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ 

ʩʧʝʮʠʬʠʢʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʧʦ ʝʜʠʥʦʤʫ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʤʫ ʢʦʥʪʨʘʢʪʫ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʧʝʮʠʬʠʢʘ ʩʬʝʨʳ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʦʚ, ʪʝʨʤʦʧʨʠʥʪʝʨʦʚ ʵʪʠʢʝʪʦʢ) ʪʘʢʦʚʘ, ʯʪʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʩʪʨʦʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʦʤʳʰʣʝʥʥʳʭ M2M-

ʩʪʘʥʜʘʨʪʦʚ ʫʨʦʚʥʷ OPC UA. ʅʘ ʨʳʥʢʝ 3D-ʧʝʯʘʪʠ ʜʦʤʠʥʠʨʫʶʪ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʨʦʰʠʚʢʠ (Klipper, Marlin, ʟʘʢʨʳʪʳʝ ʵʢʦʩʠʩʪʝʤʳ ʥʘʧʦʜʦʙʠʝ BambuLab), ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʩʦʙʩʪʚʝʥʥʳʝ, ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (WebSocket, MQTT, 

Serial/USB). ɺ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʣ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠʥʪʝʛʨʘʮʠʠ, ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʚʦʟʤʦʞʥʳʤ. 

ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʧʨʦʟʨʘʯʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʥʝʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʤʦʞʝʪ ʩʪʘʪʴ MES-ʩʠʩʪʝʤʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʧʘʨʘʜʠʛʤʘ ʩ ʯʝʪʢʠʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʟʦʥ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʞʜʫ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ 
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ʥʠʟʢʦʫʨʦʚʥʝʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʢʦʥʮʝʧʪʫʘʣʴʥʦ 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ISA-95, ʘ ʪʘʢʞʝ 

ʦʪʚʝʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʧʦʜʭʦʜʘʤ ʢ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ ʩ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʫʨʦʚʥʝʡ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʘʨʘʜʠʛʤʝ ʀʥʜʫʩʪʨʠʠ 4.0 [4]. ʉʦʛʣʘʩʥʦ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ISA-95, 

ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ (Core) ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʋʨʦʚʥʝ 3 

(ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ï MES), ʪʦʛʜʘ ʢʘʢ ʬʠʟʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʝʛʦ ʧʨʦʰʠʚʢʠ (Klipper, BambuLab, ʜʨʘʡʚʝʨʳ ʚʝʩʦʚ) ʥʘʭʦʜʷʪʩʷ ʥʘ ʋʨʦʚʥʝ 2 (ɼʠʩʧʝʪʯʝʨʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ). ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʫʣʠ ʠʥʪʝʛʨʘʮʠʠ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʟʚʝʥʘ (middleware), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʦʟʨʘʯʥʳʡ ʦʙʤʝʥ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʵʪʠʤʠ ʫʨʦʚʥʷʤʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʠʙʢʦʩʪʠ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʷʜʨʘ ʦʪ 

ʛʝʪʝʨʦʛʝʥʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʩʨʝʜʳ ʙʳʣ ʧʨʠʤʝʥʝʥ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʧʘʪʪʝʨʥ çʇʦʨʪʳ ʠ ʘʜʘʧʪʝʨʳè. 

ɻʣʘʚʥʳʡ ʧʨʠʥʮʠʧ ʜʘʥʥʦʛʦ ʧʘʪʪʝʨʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʷʜʨʦ ʧʨʠʣʦʞʝʥʠʷ (Core-ʤʦʜʫʣʴ), 

ʠʥʢʘʧʩʫʣʠʨʫʶʱʝʝ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʠ ʭʨʘʥʷʱʝʝ ʩʦʩʪʦʷʥʠʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ PostgreSQL (Stateful), 

ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʦ ʦʪ ʚʥʝʰʥʠʭ ʘʛʝʥʪʦʚ. ʗʜʨʦ ʥʝ ʩʦʜʝʨʞʠʪ ʩʧʝʮʠʬʠʯʥʦʛʦ ʢʦʜʘ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 3D-ʧʨʠʥʪʝʨʘʤʠ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʚʝʩʘʤʠ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥʦ 

ʜʝʢʣʘʨʠʨʫʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ (ʧʦʨʪʳ), ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʝʘʣʴʥʳʤ ʤʠʨʦʤ 

ʜʝʣʝʛʠʨʫʝʪʩʷ ʚʥʝʰʥʠʤ ʤʦʜʫʣʷʤ (ʘʜʘʧʪʝʨʘʤ). 

ɺ ʢʦʥʪʝʢʩʪʝ ʦʧʠʩʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʨʦʣʴ ʪʘʢʠʭ ʘʜʘʧʪʝʨʦʚ ʚʳʧʦʣʥʷʶʪ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʩʝʨʚʠʩʳ ʠʥʪʝʛʨʘʮʠʠ (Equipment Service ʠ Printer Service), ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʢʘʢ ʘʚʪʦʥʦʤʥʳʝ 

ʤʦʜʫʣʠ. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʩʝʨʚʠʩʦʚ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ: ʦʥʠ ʥʝ ʭʨʘʥʷʪ ʧʝʨʩʠʩʪʝʥʪʥʳʝ ʜʘʥʥʳʝ ʣʦʢʘʣʴʥʦ, ʧʨʠʟʥʘʚʘʷ Core-ʤʦʜʫʣʴ 

ʝʜʠʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʩʪʠʥʳ (Single Source of Truth). ʇʨʠ ʟʘʧʫʩʢʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ ʧʦ 

HTTP-ʧʨʦʪʦʢʦʣʫ ʟʘʧʨʘʰʠʚʘʝʪ ʫ ʷʜʨʘ ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʥʘʟʥʘʯʝʥʥʦʤʫ ʧʫʣʫ ʦʙʦʨʫʜʦʚʘʥʠʷ (IP-ʘʜʨʝʩʘ, ʧʦʨʪʳ, ʢʣʶʯʠ ʘʚʪʦʨʠʟʘʮʠʠ). ʇʦʣʫʯʠʚ 

ʢʦʥʬʠʛʫʨʘʮʠʶ, ʩʝʨʚʠʩ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʬʠʟʠʯʝʩʢʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ (ʥʘʧʨʠʤʝʨ, ʧʦ ʧʨʦʪʦʢʦʣʫ WebSocket ʜʣʷ ʧʨʦʰʠʚʢʠ Klipper) ʠ ʙʝʨʝʪ ʥʘ ʩʝʙʷ 

ʫʧʨʘʚʣʝʥʠʝ ʩʝʩʩʠʝʡ, ʨʝʪʨʘʥʩʣʷʮʠʶ ʩʦʩʪʦʷʥʠʡ ʚ In-Memory ʢʵʰ (Redis) ʠ ʛʝʥʝʨʘʮʠʶ ʙʠʟʥʝʩ-

ʩʦʙʳʪʠʡ ʚ ʦʯʝʨʝʜʴ (RabbitMQ). ʊʘʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʠʭ ʢʘʢ: ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

(Scale-Out), ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʛʠʙʢʦʩʪʴ ʠ ʙʝʩʰʦʚʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʚʨʝʤʝʥʥʳʤ ʢʦʥʮʝʧʮʠʷʤ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ MES-ʩʠʩʪʝʤ [5].  

ʌʫʥʜʘʤʝʥʪʦʤ ʥʘʜʝʞʥʦʩʪʠ ʪʘʢʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʝʪ ʢʦʥʪʨʘʢʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (Contract-First API). ʄʝʞʜʫ ʷʜʨʦʤ ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʳʤʠ ʩʝʨʚʠʩʘʤʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʞʝʩʪʢʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʥʪʨʘʢʪ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʩʪʨʫʢʪʫʨʫ JSON-

ʩʦʦʙʱʝʥʠʡ. ʗʜʨʫ ʩʠʩʪʝʤʳ ʥʝ ʚʘʞʥʦ, ʩ ʢʘʢʦʡ ʧʨʦʰʠʚʢʦʡ ʦʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ: ʦʥʦ ʦʪʧʨʘʚʣʷʝʪ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʫʶ ʘʙʩʪʨʘʢʪʥʫʶ ʢʦʤʘʥʜʫ (ʥʘʧʨʠʤʝʨ, START_PRINT) ʩ ʥʘʙʦʨʦʤ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʘʥʩʣʷʮʠʷ ʪʝʣʝʤʝʪʨʠʠ ʚ ʢʘʥʘʣʳ Redis ʠ 

ʧʫʙʣʠʢʘʮʠʷ ʩʦʙʳʪʠʡ (ʥʘʯʘʣʦ/ʢʦʥʝʮ ʧʝʯʘʪʠ, ʨʘʩʭʦʜ ʬʠʣʘʤʝʥʪʘ) ʚ RabbitMQ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʤ ʩʝʨʚʠʩʦʤ ʩʪʨʦʛʦ ʚ ʨʘʤʢʘʭ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ.  
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ʇʦʜʦʙʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʩʚʷʟʥʦʩʪʴ (coupling) ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʜʜʠʪʠʚʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʚʟʚʝʰʠʚʘʥʠʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʝʯʘʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ QR-ʵʪʠʢʝʪʦʢ (ʜʣʷ ʢʘʪʫʰʝʢ 

ʩ ʬʠʣʘʤʝʥʪʦʤ, ʣʦʪʢʦʚ ʠ ʷʯʝʝʢ ʭʨʘʥʝʥʠʷ), ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʠʢʨʦʩʝʨʚʠʩ ï 

Equipment Service. ɼʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʪʨʘʥʩʣʠʨʫʝʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ HTTP-ʟʘʧʨʦʩʳ ʦʪ ʷʜʨʘ 

ʩʠʩʪʝʤʳ (Core) ʚ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʘʥʜʳ (Serial/USB). 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʫʣʷ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʘ 

FastAPI. ɸʨʭʠʪʝʢʪʫʨʥʦ ʩʝʨʚʠʩ ʧʦʩʪʨʦʝʥ ʥʘ ʧʨʠʥʮʠʧʘʭ ʜʦʤʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (Domain-Driven Design, DDD) ʠ ʩʪʨʦʛʦʡ ʠʟʦʣʷʮʠʠ ʩʣʦʝʚ (Clean Architecture). 

ʃʦʛʠʢʘ ʧʨʠʣʦʞʝʥʠʷ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʘ ʥʘ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʝʜʤʝʪʥʳʭ ʜʦʤʝʥʘ: ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʠʥʪʝʨʘʤʠ ʵʪʠʢʝʪʦʢ (printers) ʠ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʤʠ ʚʝʩʘʤʠ (scales). 

ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʝʨʚʠʩʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦʣʥʦʩʪʴʶ stateless-

ʘʨʭʠʪʝʢʪʫʨʘ (ʦʪʩʫʪʩʪʚʠʝ ʩʦʭʨʘʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ). Equipment Service ʥʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʙʘʟʳ 

ʜʘʥʥʳʭ ʠ ʥʝ ʭʨʘʥʠʪ ʧʝʨʩʠʩʪʝʥʪʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʈʝʘʣʠʟʦʚʘʥ 

ʧʦʜʭʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʧʨʠ ʢʘʞʜʦʤ ʦʙʨʘʱʝʥʠʠ ʮʝʥʪʨʘʣʴʥʘʷ MES-

ʩʠʩʪʝʤʘ (Core) ʧʝʨʝʜʘʝʪ ʚ ʪʝʣʝ HTTP-ʟʘʧʨʦʩʘ ʥʝ ʪʦʣʴʢʦ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ (ʥʘʧʨʠʤʝʨ, ʪʝʢʩʪ 

ʜʣʷ ʧʝʯʘʪʠ), ʥʦ ʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʭʝʤʫ DeviceConnection, ʩʦʜʝʨʞʘʱʫʶ ʪʠʧ ʠʥʪʝʨʬʝʡʩʘ 

(USB ʠʣʠ Ethernet) ʠ ʘʜʨʝʩ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, /dev/ttyUSB0). ʕʪʦ ʜʝʣʘʝʪ ʢʘʞʜʳʡ 

ʟʘʧʨʦʩ ʧʦʣʥʦʩʪʴʶ ʩʘʤʦʜʦʩʪʘʪʦʯʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʦʨʘʯʠʚʘʪʴ ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʢʟʝʤʧʣʷʨʦʚ ʩʝʨʚʠʩʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʚʟʘʠʤʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʘʧʧʘʨʘʪʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ (ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʨʦʰʠʚʦʢ) ʥʘ ʫʨʦʚʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʩʪʨʫʢʪʫʨʥʳʡ ʧʘʪʪʝʨʥ çɸʙʩʪʨʘʢʪʥʘʷ ʬʘʙʨʠʢʘè (Abstract Factory). ɺʥʫʪʨʠ ʢʘʞʜʦʛʦ ʜʦʤʝʥʘ 

ʦʧʨʝʜʝʣʝʥʳ ʙʘʟʦʚʳʝ ʘʙʩʪʨʘʢʪʥʳʝ ʢʣʘʩʩʳ-ʢʦʥʪʨʘʢʪʳ (PrinterDriver, ScaleDriver). ʇʨʦʮʝʩʩ 

ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ǒ ʉʝʨʚʠʩ ʧʦʣʫʯʘʝʪ HTTP-ʟʘʧʨʦʩ ʦʪ Core-ʤʦʜʫʣʷ, ʧʨʦʭʦʜʠʪ ʧʨʦʚʝʨʢʫ ʘʚʪʦʨʠʟʘʮʠʠ 

(ʤʝʞʩʝʨʚʠʩʥʘʷ ʘʚʪʦʨʠʟʘʮʠʷ ʧʨʠ ʧʦʤʦʱʠ ʪʦʢʝʥʘ) ʠ ʚʘʣʠʜʘʮʠʶ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ. 

ǒ ʅʘ ʦʩʥʦʚʝ ʧʝʨʝʜʘʥʥʦʛʦ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚʘ ʬʘʙʨʠʯʥʳʡ ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʠ 

ʠʥʩʪʘʥʮʠʨʫʝʪ ʢʦʥʢʨʝʪʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʜʨʘʡʚʝʨʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʝʨʤʦʧʨʠʥʪʝʨʦʚ 

ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ TSPLDriver (TSPL ï ʷʟʳʢ ʢʦʤʘʥʜ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʪʝʨʤʦʧʨʠʥʪʝʨʦʚ TSC), ʘ 

ʜʣʷ ʚʝʩʦʚ ï MassaKDriver ʠʣʠ MeRDriver. 

ǒ ɼʨʘʡʚʝʨ ʚʳʧʦʣʥʷʝʪ ʩʧʝʮʠʬʠʯʥʫʶ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʣʦʛʠʢʫ: TSPLDriver 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʛʝʥʝʨʠʨʫʝʪ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (bitmap) ʵʪʠʢʝʪʢʠ ʩ QR-ʢʦʜʦʤ, ʬʦʨʤʠʨʫʝʪ 

ʧʘʢʝʪ TSPL-ʢʦʤʘʥʜ ʠ ʦʪʧʨʘʚʣʷʝʪ ʠʭ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ, ʪʦʛʜʘ ʢʘʢ MassaKDriver 

ʩʯʠʪʳʚʘʝʪ ʙʘʡʪʦʚʳʡ ʧʦʪʦʢ ʠʟ ʧʦʨʪʘ, ʧʘʨʩʠʪ ʧʨʦʧʨʠʝʪʘʨʥʳʡ ʧʨʦʪʦʢʦʣ ʚʝʩʦʚ ʠ ʚʦʟʚʨʘʱʘʝʪ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʩʘ ʚ ʛʨʘʤʤʘʭ. 

ǒ ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʷʜʨʦ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ JSON-ʦʪʚʝʪʘ. 
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ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʠʥʮʠʧʫ ʦʪʢʨʳʪʦʩʪʠ/ʟʘʢʨʳʪʦʩʪʠ (Open-

Closed Principle ʠʟ SOLID). ɼʦʙʘʚʣʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʚʝʩʦʚ ʦʪ ʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʥʝ ʪʨʝʙʫʝʪ 

ʠʟʤʝʥʝʥʠʷ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʩʝʨʚʠʩʘ ʠʣʠ ʷʜʨʘ ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʦʪʯʠʢʫ ʜʦʩʪʘʪʦʯʥʦ ʩʦʟʜʘʪʴ ʥʦʚʳʡ 

ʢʣʘʩʩ ʜʨʘʡʚʝʨʘ, ʥʘʩʣʝʜʫʶʱʠʡ ʙʘʟʦʚʳʡ ʢʦʥʪʨʘʢʪ ScaleDriver, ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʝʛʦ ʚ 

ʬʘʙʨʠʯʥʦʤ ʤʝʪʦʜʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʨʦʚʥʝʤ ʥʘʜʝʞʥʦʩʪʠ ʚʳʩʪʫʧʘʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ 

ʘʧʧʘʨʘʪʥʳʭ ʠʩʢʣʶʯʝʥʠʡ (Middleware). ʇʦʩʢʦʣʴʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʨʪʘʤʠ 

(Serial/USB) ʧʦʜʚʝʨʞʝʥʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʝʨʚʠʩ ʠʟʦʣʠʨʫʝʪ ʘʧʧʘʨʘʪʥʳʝ ʦʰʠʙʢʠ (ʦʙʨʳʚʳ 

ʩʚʷʟʠ, ʪʘʡʤʘʫʪʳ ʧʦʨʪʦʚ) ʦʪ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʥʚʝʨʪʠʨʫʷ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

HTTP-ʩʪʘʪʫʩʳ ʩ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʤ JSON-ʦʧʠʩʘʥʠʝʤ ʧʨʦʙʣʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʷʜʨʫ MES-ʩʠʩʪʝʤʳ ʢʦʨʨʝʢʪʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʪʢʘʟʳ ʧʝʨʠʬʝʨʠʠ, ʥʝ ʥʘʨʫʰʘʷ ʦʙʱʠʡ ʮʠʢʣ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʝʜʠʥʫʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʩʨʝʜʫ, 3D-ʧʨʠʥʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʡ ʫʟʝʣ, ʪʨʝʙʫʶʱʠʡ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ [2]. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʚʳʩʪʫʧʘʝʪ ʢʦʥʝʯʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ ʫʧʨʘʚʣʷʶʱʠʭ ʜʠʨʝʢʪʠʚ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʦʥ ʛʝʥʝʨʠʨʫʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʧʦʪʦʢ 

ʩʪʘʪʫʩʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʝʛʦ ʬʘʢʪʠʯʝʩʢʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ (ʪʝʣʝʤʝʪʨʠʷ). ʆʜʥʘʢʦ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ MES-ʩʠʩʪʝʤʳ ʠ ʧʦʧʳʪʢʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʦʙʤʝʥ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʜʚʫʤʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, 

ʪʨʝʙʫʶʱʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ. 

ʇʨʦʙʣʝʤʘ 1: ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʤʝʞʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʇʦʧʳʪʢʘ ʨʝʘʣʠʟʦʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʩʝʨʚʠʩ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʧʨʦʰʠʚʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʥʦʨʦʜʥʦʡ ʣʦʛʠʢʠ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ. ɺ ʪʘʢʦʤ 

ʩʝʨʚʠʩʝ ʥʝʠʟʙʝʞʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʚʝʪʚʷʱʘʷʩʷ ʦʙʨʘʙʦʪʢʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʠʧʘ 

ʧʨʦʰʠʚʢʠ, ʯʪʦ ʥʘʨʫʰʘʝʪ ʧʨʠʥʮʠʧ ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (Single Responsibility 

Principle), yʚʝʣʠʯʠʚʘʝʪ ʩʚʷʟʘʥʥʦʩʪʴ (coupling) ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ, yʩʣʦʞʥʷʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʠ ʜʘʣʴʥʝʡʰʝʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʢʦʜʦʚʦʡ ʙʘʟʳ, ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ 

ʦʰʠʙʦʢ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʦʜʜʝʨʞʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɼʣʷ ʦʙʭʦʜʘ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʙʳʣ ʧʨʠʥʷʪ ʩʪʨʦʛʠʡ 

ʧʨʠʥʮʠʧ: çʦʜʥʘ ʧʨʦʰʠʚʢʘ ï ʦʜʠʥ ʩʝʨʚʠʩ ʠʥʪʝʛʨʘʮʠʠè.  ʂʘʞʜʳʡ ʪʘʢʦʡ ʩʝʨʚʠʩ ʨʝʘʣʠʟʫʝʪ 

ʝʜʠʥʳʡ, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ API-ʢʦʥʪʨʘʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʥʪʨʘʣʴʥʳʤ Core-ʤʦʜʫʣʝʤ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʩʧʝʮʠʬʠʯʥʫʶ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʩ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʰʠʚʢʦʡ, 

ʩʢʨʳʚʘʷ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʜʝʪʘʣʠ ʦʪ ʦʩʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʇʨʦʙʣʝʤʘ 2: ʉʝʤʘʥʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʘʧʧʘʨʘʪʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʦʡ 

3D-ʧʨʠʥʪʝʨ ʛʝʥʝʨʠʨʫʝʪ ʧʣʦʪʥʳʡ ʧʦʪʦʢ çʩʳʨʳʭè ʘʧʧʘʨʘʪʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʙʝʟ 

ʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʣʠʰʝʥʳ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʷʜʨʦ MES-ʩʠʩʪʝʤʳ 

(Core) ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʨʘʤʢʘʭ ʩʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ (Event-Driven 

Architecture), ʝʤʫ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʫʣʣʠʥʛ ʝʞʝʩʝʢʫʥʜʥʳʭ ʢʦʦʨʜʠʥʘʪ ʵʢʩʪʨʫʜʝʨʘ. ɺʤʝʩʪʦ ʵʪʦʛʦ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʩʦʙʳʪʠʷ (ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʧʝʯʘʪʠ ʠʣʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ), ʯʪʦ ʪʨʝʙʫʝʪ ʢʦʥʚʝʨʪʘʮʠʠ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʩʪʘʪʫʩʦʚ ʚ 

ʦʩʤʳʩʣʝʥʥʳʝ ʢʦʥʪʨʘʢʪʳ ʩʦʦʙʱʝʥʠʡ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʠʢʨʦʩʝʨʚʠʩ ʠʥʪʝʛʨʘʮʠʠ 

ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʰʣʶʟʘ (Smart Gateway). ʆʥ ʥʝ ʧʨʦʩʪʦ ʪʨʘʥʩʣʠʨʫʝʪ ʜʘʥʥʳʝ, 

ʘ ʧʨʦʠʟʚʦʜʠʪ ʠʭ ʧʝʨʚʠʯʥʫʶ ʘʛʨʝʛʘʮʠʶ, ʬʠʣʴʪʨʘʮʠʶ ʠ ʩʪʨʦʛʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ. ʏʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʥʘʜʝʞʥʦʩʪʴʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʩʠʩʪʝʤʳ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʙʳʣ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥ ʥʘ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʘ ʩʚʷʟʠ. ʂʘʞʜʳʡ 

ʢʘʥʘʣ ʠʩʧʦʣʴʟʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʪʦʢʦʣ, ʩʪʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʭʘʨʘʢʪʝʨʫ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ: 

1. ɼʠʨʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ (REST API) 

ɼʘʥʥʳʡ ʢʘʥʘʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʜʠʨʝʢʪʠʚ ʦʪ Core-ʤʦʜʫʣʷ ʢ 

ʦʙʦʨʫʜʦʚʘʥʠʶ.  

2. ɻʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʜʦʩʪʘʚʢʘ ʙʠʟʥʝʩ-ʩʦʙʳʪʠʡ (RabbitMQ) 

ʕʪʦʪ ʢʘʥʘʣ ʚʳʩʪʫʧʘʝʪ ʬʫʥʜʘʤʝʥʪʦʤ ʩʦʙʳʪʠʡʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺʥʫʪʨʠ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʩʝʨʚʠʩʘ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ (FSM ï Finite 

State Machine), ʢʦʪʦʨʳʡ ʥʝʧʨʝʨʳʚʥʦ ʘʥʘʣʠʟʠʨʫʝʪ ʘʩʠʥʭʨʦʥʥʳʡ ʧʦʪʦʢ ʘʧʧʘʨʘʪʥʳʭ ʩʪʘʪʫʩʦʚ 

ʧʨʠʥʪʝʨʘ.  

3. ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʧʦʪʦʢʦʚʘʷ ʪʝʣʝʤʝʪʨʠʷ (Redis Pub/Sub) 

ʂʘʥʘʣ ʚʳʜʝʣʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʵʬʝʤʝʨʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ 

ʦʙʥʦʚʣʝʥʠʷ, ʥʦ ʙʳʩʪʨʦ ʪʝʨʷʶʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ (ʪʝʢʫʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʪʨʫʜʝʨʘ ʠ ʩʪʦʣʘ, 

ʧʨʦʮʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʧʝʯʘʪʠ, ʥʦʤʝʨ ʪʝʢʫʱʝʛʦ ʩʣʦʷ). ʉʝʨʚʠʩ ʠʥʪʝʛʨʘʮʠʠ ʧʨʠʤʝʥʷʝʪ ʩʪʨʘʪʝʛʠʶ 

çLast-write-winsè ʠ ʧʫʙʣʠʢʫʝʪ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʤʝʪʨʠʢʠ ʚ in-memory ʰʠʥʫ Redis Pub/Sub. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʧʠʩʳʚʘʪʴʩʷ, ʥʘ ʪʦʧʠʢ ʪʝʣʝʤʝʪʨʠʠ, ʥʝʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʢʣʠʝʥʪʦʚ ʠ 

ʩʝʨʚʠʩʦʚ.  

ʋʧʨʘʚʣʝʥʠʝ ʧʫʣʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʟʦʣʷʮʠʷ ʦʪʢʘʟʦʚ 

ʀʥʪʝʛʨʘʮʠʦʥʥʳʡ ʩʝʨʚʠʩ ʥʝ ʭʨʘʥʠʪ ʧʝʨʩʠʩʪʝʥʪʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ 

ʟʘʧʫʩʢʝ, ʘ ʪʘʢʞʝ ʩ ʟʘʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʚ ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ, ʤʠʢʨʦʩʝʨʚʠʩ ʟʘʧʨʘʰʠʚʘʝʪ ʫ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʷʜʨʘ MES ʘʢʪʫʘʣʴʥʳʡ ʩʧʠʩʦʢ ʥʘʟʥʘʯʝʥʥʳʭ ʝʤʫ 3D-ʧʨʠʥʪʝʨʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʩʝʨʚʠʩʘ ʜʠʥʘʤʠʯʝʩʢʠ ʩʦʟʜʘʶʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʢʦʥʪʝʢʩʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʂʘʞʜʳʡ ʪʘʢʦʡ ʢʦʥʪʝʢʩʪ ʦʙʣʘʜʘʝʪ 

ʥʝʟʘʚʠʩʠʤʳʤ ʧʫʣʦʤ ʩʦʝʜʠʥʝʥʠʡ (WebSocket ʜʣʷ ʪʝʣʝʤʝʪʨʠʠ ʠ HTTP ʜʣʷ ʢʦʤʘʥʜ), 

ʩʦʙʩʪʚʝʥʥʳʤ ʵʢʟʝʤʧʣʷʨʦʤ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ (FSM) ʠ ʘʚʪʦʥʦʤʥʳʤ ʮʠʢʣʦʤ ʦʙʨʘʙʦʪʢʠ 

ʦʰʠʙʦʢ. ʇʦʜʦʙʥʘʷ ʘʧʧʘʨʘʪʥʘʷ ʘʙʩʪʨʘʢʮʠʷ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʩʙʦʡ ʚ ʩʝʪʠ, ʟʘʚʠʩʘʥʠʝ ʧʨʦʰʠʚʢʠ 

ʠʣʠ ʵʢʩʪʨʝʥʥʘʷ ʧʝʨʝʟʘʛʨʫʟʢʘ ʦʜʥʦʛʦ 3D-ʧʨʠʥʪʝʨʘ ʧʨʠʚʝʜʝʪ ʣʠʰʴ ʢ ʣʦʢʘʣʴʥʦʤʫ ʮʠʢʣʫ 

ʧʝʨʝʧʦʜʢʣʶʯʝʥʠʷ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ Exponential Backoff) ʚʥʫʪʨʠ ʝʛʦ ʢʦʥʪʝʢʩʪʘ, 

ʘʙʩʦʣʶʪʥʦ ʥʝ ʚʣʠʷʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʦʩʪʘʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʘʨʢʦʤ. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʩʣʦʷ ʥʘ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʩʝʨʚʠʩʳ ʚ 

ʩʚʷʟʢʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʫʩʧʝʰʥʦ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʘʧʧʘʨʘʪʥʦʡ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦʙʣʝʤʘ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʨʦʰʠʚʦʢ 
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ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʝʨʚʠʩʦʚ-ʘʜʘʧʪʝʨʦʚ, ʘ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ 

ʜʘʥʥʳʭ ʥʘ ʣʝʪʫ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʪʨʦʛʠʝ ʙʠʟʥʝʩ-ʢʦʥʪʨʘʢʪʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʝʥʪʨʘʣʴʥʦʝ ʷʜʨʦ MES-ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʝʪ ʥʘʜʝʞʥʳʡ, ʦʯʠʱʝʥʥʳʡ ʦʪ 

ʘʧʧʘʨʘʪʥʦʛʦ çʰʫʤʘè ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʣʦʛʠʢʠ. 

ʇʨʠ ʵʪʦʤ ʘʨʭʠʪʝʢʪʫʨʘ ʦʩʪʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʦʡ ʢ ʢʨʘʪʥʦʤʫ ʨʦʩʪʫ: ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ (Scale-Out) ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʧʘʨʢʘ ʩʪʘʥʢʦʚ ʩʚʦʜʠʪʩʷ ʢ ʪʨʠʚʠʘʣʴʥʦʤʫ 

ʨʘʟʚʝʨʪʳʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ (ʢʦʥʪʝʡʥʝʨʦʚ) ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʩʝʨʚʠʩʘ, ʥʝ 

ʪʨʝʙʫʷ ʨʝʬʘʢʪʦʨʠʥʛʘ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʫʣʝʡ ʠʥʪʝʛʨʘʮʠʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʮʝʥʪʨʘʣʴʥʳʤ 

ʷʜʨʦʤ (Core) ʯʝʨʝʟ ʩʪʨʦʛʠʝ API-ʢʦʥʪʨʘʢʪʳ ʠ ʙʨʦʢʝʨʳ ʩʦʦʙʱʝʥʠʡ (RabbitMQ, Redis), ʧʦʟʚʦʣʠʣʦ 

ʫʩʧʝʰʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʠʥʪʝʛʨʘʮʠʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ï ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ 3D-ʧʨʠʥʪʝʨʦʚ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʦʰʠʚʢʘʤʠ ʠʣʠ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ (ʚʝʩʦʚ, ʩʢʘʥʝʨʦʚ) ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʣʝʛʢʦʚʝʩʥʳʭ ʤʦʜʫʣʝʡ ʠʣʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʠʩʭʦʜʥʳʡ ʢʦʜ ʮʝʥʪʨʘʣʴʥʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʬʠʟʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʝʨʪʳʚʘʪʴ ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ 

ʩʝʨʚʠʩʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʘʭ, ʩʥʠʞʘʷ ʟʘʜʝʨʞʢʠ ʧʨʠ ʦʧʨʦʩʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʳʛʦʜʳ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʨʝʚʦʩʭʦʜʷʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʠʟʜʝʨʞʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʟʜʘʝʪ ʥʘʜʝʞʥʳʡ 

ʮʠʬʨʦʚʦʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʮʝʥʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ 

(MBV), ʦʙʝʩʧʝʯʠʚʘʷ ʨʫʢʦʚʦʜʩʪʚʦ ʦʙʲʝʢʪʠʚʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
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ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʂɻʊʋ 

ʛ. ɹʠʰʢʝʢ, ʂʳʨʛʳʟʩʪʘʥ 

ʀʅʊɽɻʈʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ  

ɸʋɼʀʆʀʅʌʆʈʄʀʈʆɺɸʅʀʗ ʋʏɽɹʅʆɻʆ ʂʆʈʇʋʉɸ 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʩʠʩʪʝʤʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʟʚʫʢʦʚʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʥʞʝʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʜʘʥʠʷ. 

ʈʘʜʠʦʫʟʝʣ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʦʨʜʠʥʘʮʠʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʧʦʚʝʱʝʥʠʝ ʣʶʜʝʡ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ [1]. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʤʥʦʛʦʵʪʘʞʥʳʭ ʫʯʝʙʥʳʭ ʢʦʨʧʫʩʘʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʦʤʝʱʝʥʠʡ ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʣʶʜʝʡ. 

ʆʙʲʝʢʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʯʝʙʥʳʡ ʢʦʨʧʫʩ ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʣʣʝʜʞʘ 

ʂʳʨʛʳʟʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʀ. ʈʘʟʟʘʢʦʚʘ. ɿʜʘʥʠʝ 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʵʪʘʞʝʡ ʠ ʚʢʣʶʯʘʝʪ 44 ʫʯʝʙʥʳʭ ʢʘʙʠʥʝʪʘ, ʘ ʪʘʢʞʝ ʯʝʪʳʨʝ ʢʦʨʠʜʦʨʘ, ʧʦ 

ʦʜʥʦʤʫ ʥʘ ʢʘʞʜʦʤ ʵʪʘʞʝ. ʇʣʘʥʠʨʦʚʢʘ ʟʜʘʥʠʷ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʜʠʦʪʨʘʥʩʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚʦ ʚʩʝʭ 

ʧʦʤʝʱʝʥʠʷʭ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʜʠʦʫʟʣʘ ʷʚʣʷʝʪʩʷ 

- ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʱʝʡ ʪʨʘʥʩʣʷʮʠʠ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʟʘʥʷʪʠʡ; 

- ʵʢʩʪʨʝʥʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ; 

- ʪʨʘʥʩʣʷʮʠʠ ʬʦʥʦʚʦʡ ʤʫʟʳʢʠ ʠ ʫʯʝʙʥʳʭ ʟʚʦʥʢʦʚ.  

ʅʘʣʠʯʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʭʚʘʪʳʚʘʪʴ ʚʩʝ ʟʦʥʳ 

ʟʜʘʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʥʷʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʜʠʦʫʟʣʘ 

ʫʯʠʪʳʚʘʣʠʩʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʸʞʥʦʩʪʠ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʩʠʩʪʝʤʳ.  

ʄʝʪʦʜʳ ʠ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ï ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʚʫʢʘ ʚʦ ʚʩʝʭ ʧʦʤʝʱʝʥʠʷʭ ʠ ʢʦʨʠʜʦʨʘʭ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ. ɼʣʷ ʫʯʝʙʥʳʭ ʢʘʙʠʥʝʪʦʚ ʚʳʙʨʘʥ 

ʚʘʨʠʘʥʪ ʩ ʦʜʥʠʤ ʧʦʪʦʣʦʯʥʳʤ ʜʠʥʘʤʠʢʦʤ ʤʦʱʥʦʩʪʴʶ 5 ɺʪ ʥʘ ʢʘʙʠʥʝʪ. ɺʩʝʛʦ ʚ ʢʦʨʧʫʩʝ 44 

ʢʘʙʠʥʝʪʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʪʘʥʦʚʢʝ 44 ʜʠʥʘʤʠʢʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʦʢʘʣʴʥʫʶ 

ʩʣʳʰʠʤʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʟʚʫʢʘ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ. 

ʂʦʨʠʜʦʨʳ ʪʨʝʙʫʶʪ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʦʪʦʢ ʩʪʫʜʝʥʪʦʚ ʚʦ ʚʨʝʤʷ ʧʝʨʝʤʝʥ. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʟʚʫʯʠʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʢʦʨʠʜʦʨʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʠ ʜʠʥʘʤʠʢʘ, ʯʪʦ ʚ ʩʫʤʤʝ ʜʘʸʪ 12 ʜʠʥʘʤʠʢʦʚ ʥʘ ʯʝʪʳʨʝ ʵʪʘʞʘ. ʈʘʟʤʝʱʝʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʜʣʠʥʝ ʢʦʨʠʜʦʨʦʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ çʤʝʨʪʚʳʭ ʟʦʥè ʠ ʜʦʩʪʠʞʝʥʠʷ 

ʦʜʠʥʘʢʦʚʦʛʦ ʫʨʦʚʥʷ ʛʨʦʤʢʦʩʪʠ ʚʜʦʣʴ ʚʩʝʡ ʣʠʥʠʠ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʨʘʜʠʦʫʟʣʘ ʥʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʞʝ ʢʦʣʣʝʜʞʘ. 

 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

67 

 
 

ʈʠʩ. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʜʠʦʫʟʣʘ 

 

ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʢʦʚ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʟʦʥʳ ʠʣʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʛʨʦʤʢʦʩʪʴ ʙʝʟ ʟʘʤʝʥʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʬʦʨʪʥʫʶ ʘʢʫʩʪʠʯʝʩʢʫʶ ʩʨʝʜʫ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʧʝʨʩʦʥʘʣʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ ʚʳʙʨʘʥ 

ʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʴʶ 360 ɺʪ ʩ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 100 ɺ. ʆʥ ʨʘʩʩʯʠʪʘʥ 

ʥʘ ʧʦʢʨʳʪʠʝ ʚʩʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 280 ɺʪ. ɿʘʧʘʩ ʤʦʱʥʦʩʪʠ ʦʢʦʣʦ 

28% ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʜʘʞʝ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʢʘʭ 

ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʝʨʝʛʨʫʟʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ [2].  

ʆʩʥʦʚʥʦʡ ʫʩʠʣʠʪʝʣʴ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʣʠʥʠʠ ʚʩʝʭ 56 ʜʠʥʘʤʠʢʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ ʧʦ ʚʩʝʡ ʩʠʩʪʝʤʝ. ʇʨʠʤʝʥʝʥʠʝ ʣʠʥʠʠ ʥʘʧʨʷʞʝʥʠʝʤ 100 ɺ 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʜʣʠʥʥʳʭ ʢʘʙʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʩʪʦʪʫ ʧʦʜʢʣʶʯʝʥʠʷ ʜʠʥʘʤʠʢʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʠʣʠ ʩʤʝʰʘʥʥʫʶ ʩʭʝʤʫ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʧʨʝʜʫʩʤʦʪʨʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʴʶ 180 

ɺʪ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: 

Å ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʥʘ ʩʣʫʯʘʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʩʥʦʚʥʦʛʦ; 

Å ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʪʦʣʴʢʦ ʥʘ ʧʝʨʚʳʡ ʵʪʘʞ ʠʣʠ ʢʦʨʠʜʦʨʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʠʯʥʦ ʫʧʨʘʚʣʷʪʴ ʩʠʩʪʝʤʦʡ ʠ ʵʢʦʥʦʤʠʪʴ ʵʥʝʨʛʠʶ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ [4]. 

ʊʘʢʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʨʘʜʠʦʫʟʣʘ ʠ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ 

ʫʧʨʘʚʣʷʪʴ ʩʠʩʪʝʤʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʟʘʜʘʯ. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʫʩʠʣʠʪʝʣʴʥʦʡ ʣʠʥʠʠ 

ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʘʤ ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʠʣʠʪʝʣʝʡ ʩ ʟʘʧʘʩʦʤ ʤʦʱʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʜʠʦʫʟʣʘ. ʆʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʝʸ ʧʦʜ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʟʜʘʥʠʷ ʠʣʠ ʪʨʝʙʦʚʘʥʠʡ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ɺʳʙʦʨ ʩʝʯʝʥʠʷ ʢʘʙʝʣʷ 2Ĭ1,5 ʤʤĮ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʣʠʥʠʠ ʜʣʷ ʨʘʙʦʪʳ ʚʩʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ ʫʩʠʣʠʪʝʣʷʤʠ. ʉʠʩʪʝʤʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʝʞʝʜʥʝʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ, ʚʢʣʶʯʘʷ ʥʘʛʨʫʟʢʫ ʚ ʯʘʩʳ ʧʠʢ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʜʠʦʫʟʣʘ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʥʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʚ ʣʶʙʳʭ ʩʠʪʫʘʮʠʷʭ. ʆʩʥʦʚʥʦʡ ʫʩʠʣʠʪʝʣʴ ʨʘʩʩʯʠʪʘʥ 

ʩ ʟʘʧʘʩʦʤ ʤʦʱʥʦʩʪʠ ʦʢʦʣʦ 28%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʨʞʠʚʘʪʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʧʠʢʦʚʳʝ 

ʥʘʛʨʫʟʢʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʝʨʝʛʨʫʟʢʫ ʘʢʫʩʪʠʯʝʩʢʦʡ ʣʠʥʠʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʫʩʤʦʪʨʝʥ ʨʝʟʝʨʚʥʳʡ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʴʶ 

180 ɺʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʣʠ ʚʨʫʯʥʫʶ ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 

ʦʩʥʦʚʥʦʛʦ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʦʪʜʝʣʴʥʳʝ ʟʦʥʳ, ʥʘʧʨʠʤʝʨ, 

ʪʦʣʴʢʦ ʢʦʨʠʜʦʨʳ ʠʣʠ ʧʝʨʚʳʡ ʵʪʘʞ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʧʦʚʝʱʝʥʠʷ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʘʭ.  

ɺʩʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʜʠʥʘʤʠʢʠ, ʢʘʙʝʣʴʥʫʶ ʣʠʥʠʶ ʠ ʫʩʠʣʠʪʝʣʠ, ʨʘʩʩʯʠʪʘʥʳ 

ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ. ʂʘʙʝʣʠ ʧʨʦʣʦʞʝʥʳ ʩ ʫʯʸʪʦʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʦʙʣʝʛʯʘʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʋʩʪʘʥʦʚʢʘ ʜʠʥʘʤʠʢʦʚ ʚ ʧʦʪʦʣʦʯʥʳʭ ʠ 

ʢʦʨʠʜʦʨʥʳʭ ʟʦʥʘʭ ʚʳʧʦʣʥʝʥʘ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʜʦʩʪʫʧʘ [3]. 

 

ʊʘʙʣʠʮʘ  

ɼʘʥʥʳʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʊʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʂʦʣ-ʚʦ  ʎʝʥʘ ʉʫʤʤʘ 

1.  ʋʩʠʣʠʪʝʣʴ  360w 1 ʰʪ 18 000 18 000 

2.  ʋʩʠʣʠʪʝʣʴ 180 w 1 ʰʪ 14 000 14 000 

3.  ɼʠʥʘʤʠʢ  5w 56 ʰʪ 700 39 000 

4.  ʂʘʙʝʣʴ  2ï1,5 300 ʄʝʪʨ 30 9000 

5.  ʄʠʢʨʦʬʦʥ  ʂʦʥʜʝʥʩʘʪʦʨʥʳʡ 1 ʰʪ 2000 2000 

ʀʪʦʛʦ  82 000 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1 ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʥʘʤʠʢʦʚ ʚ ʩʠʩʪʝʤʝ ʩʦʩʪʘʚʣʷʝʪ 56 

ʰʪʫʢ. ʄʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ ʜʠʥʘʤʠʢʘ 5 ɺʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʱʫʶ ʥʘʛʨʫʟʢʫ 280 ɺʪ. ʕʪʦ 

ʟʥʘʯʝʥʠʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʘʙʠʣʴʥʫʶ 

ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. 

 

ʈʝʟʫʣʴʪʘʪʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʜʠʦʫʟʣʘ ʫʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʣʣʝʜʞʘ 

ʂɻʊʋ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ: 

- ʦʙʱʫʶ ʪʨʘʥʩʣʷʮʠʶ ʩʦʦʙʱʝʥʠʡ ʠ ʤʫʟʳʢʠ; 

- ʵʢʩʪʨʝʥʥʳʝ ʦʧʦʚʝʱʝʥʠʷ ʧʦ ʚʩʝʤʫ ʟʜʘʥʠʶ; 

- ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʚʫʢʘ ʚ ʢʘʙʠʥʝʪʘʭ ʠ ʢʦʨʠʜʦʨʘʭ; 

- ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʙʣʘʛʦʜʘʨʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʶ ʫʩʠʣʠʪʝʣʝʡ ʠ ʟʘʧʘʩʫ ʤʦʱʥʦʩʪʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʝʢʪ ʨʘʜʠʦʫʟʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʠʩʪʝʤʘʤ 

ʦʧʦʚʝʱʝʥʠʷ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʚʥʝʜʨʝʥʠʶ ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. 
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ʂʘʥʮʝʨ ʂ.ʀ., ɻʘʚʨʠʣʦʚʘ ʖ.ʉ. 
ʂʫʟʙʘʩʩʢʠʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  

ʂʝʤʝʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʛ. ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀɻʈʓ çKITTENCLICK è  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʩʧʦʩʦʙ ʜʦʩʫʛʘ, 

ʘ ʤʘʩʰʪʘʙʥʫʶ ʠʥʜʫʩʪʨʠʶ, ʦʢʘʟʳʚʘʶʱʫʶ ʚʣʠʷʥʠʝ ʥʘ ʤʠʣʣʠʦʥʳ ʣʶʜʝʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʠʛʨʦʚʳʭ ʞʘʥʨʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʦ: ʦʪ ʧʨʦʩʪʳʭ ʢʘʟʫʘʣʴʥʳʭ ʠʛʨ, ʥʝ 

ʪʨʝʙʫʶʱʠʭ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʝʨʴʝʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʜʦ ʤʘʩʰʪʘʙʥʳʭ ʩʶʞʝʪʥʳʭ 

ʧʨʦʝʢʪʦʚ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʠʛʨʦʚʳʭ ʧʨʦʝʢʪʦʚ ʢʨʦʝʪʩʷ ʚ ʠʭ ʫʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʚʘʪʴ 

ʠʛʨʦʢʫ ʪʦ, ʯʝʛʦ ʝʤʫ ʧʦʨʦʡ ʥʝ ʭʚʘʪʘʝʪ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ: ʦʱʫʱʝʥʠʝ ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʠʪʫʘʮʠʝʡ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʠʚʘʪʴʩʷ ʮʝʣʝʡ ʠ ʧʦʛʨʫʞʘʪʴʩʷ ʚ ʠʥʳʝ ʤʠʨʳ [8, ʩ. 85]. ʇʦʩʪʦʷʥʥʳʡ ʧʦʠʩʢ ʥʦʚʳʭ 

ʬʦʨʤ ʚʦʚʣʝʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʠʛʨʦʚʦʡ ʧʨʦʮʝʩʩ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʪʨʝʤʣʝʥʠʠ ʢ 

ʫʧʨʦʱʝʥʠʶ ʞʘʥʨʦʚ ʚ ʠʪʦʛʝ ʧʦʣʦʞʠʣ ʥʘʯʘʣʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠʛʨʦʚʦʛʦ ʞʘʥʨʘ, ʢʘʢ ʢʣʠʢʝʨ, 

ʢʦʪʦʨʳʡ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʠʜʝʪ ʚʨʘʟʨʝʟ ʩ ʫʩʪʦʷʚʰʠʤʠʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦʙ ʫʚʣʝʢʘʪʝʣʴʥʦʡ 

ʠʛʨʝ [5, ʩ. 398]. 

ʀʛʨʦʚʘʷ ʠʥʜʫʩʪʨʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʜʘʞʝ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʞʘʥʨ ʤʦʞʝʪ ʧʦʨʦʞʜʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʫʚʣʝʢʘʪʝʣʴʥʳʝ ʠ ʩʣʦʞʥʳʝ ʧʨʦʝʢʪʳ [7, ʩ. 166]. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ 

ʷʚʣʷʶʪʩʷ ʢʣʠʢʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤ ʜʝʡʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʢʣʠʢ ʤʳʰʴʶ.  

ʋʩʣʦʚʥʦ ʢʣʠʢʝʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʢʘʪʝʛʦʨʠʠ: ʠʛʨʳ ʩ ʢʦʨʦʪʢʠʤ, ʧʦʯʪʠ 

ʦʪʩʫʪʩʪʚʫʶʱʠʤ ʩʶʞʝʪʦʤ (ʥʘʧʨʠʤʝʨ, Cookie Clicker ʠʣʠ AdVenture Capitalist), ʠ ʠʛʨʳ ʩ 

ʜʣʠʥʥʦʡ, ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʥʘʨʨʘʪʠʚʥʦʡ ʣʠʥʠʝʡ (ʥʘʧʨʠʤʝʨ, Idling to Rule the Gods ʠʣʠ 

SPACEPLAN). ʎʝʣʴ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʢʣʠʢʝʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʢʘʧʣʠʚʘʥʠʠ ʯʠʩʝʣ (ʧʝʯʝʥʝʢ, 

ʜʝʥʝʛ) ʨʘʜʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʶʞʝʪ ʟʜʝʩʴ ʤʠʥʠʤʘʣʝʥ ʠ ʩʣʫʞʠʪ ʣʠʰʴ ʘʪʤʦʩʬʝʨʦʡ ʜʣʷ 

ʙʝʩʢʦʥʝʯʥʦʡ ʧʨʦʛʨʝʩʩʠʠ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʪʘʢʠʭ ʠʛʨ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʧʨʦʩʪʦʪʦʡ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ: 

ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʧʦʛʨʫʞʝʥʠʷ ʚ ʠʩʪʦʨʠʶ, ʧʦʟʚʦʣʷʷ ʠʛʨʦʢʫ ʟʘʥʷʪʴ ʨʫʢʠ ʠ ʤʳʩʣʠ ʚ ʬʦʥʦʚʦʤ 

ʨʝʞʠʤʝ, ʧʦʣʫʯʘʷ ʨʘʜʦʩʪʴ ʦʪ ʦʪʢʨʳʪʠʷ ʥʦʚʦʛʦ ʜʦʩʪʠʞʝʥʠʷ. ʎʝʣʴ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ ʢʣʠʢʝʨʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʜʣʠʥʥʦʛʦ ʠ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʚʦʨʘʯʠʚʘʶʱʝʛʦʩʷ ʩʶʞʝʪʘ, 

ʤʦʪʠʚʠʨʫʷ ʠʛʨʦʢʘ ʢʣʠʢʘʪʴ ʥʝ ʨʘʜʠ ʨʝʢʦʨʜʘ, ʘ ʯʪʦʙʳ ʫʟʥʘʪʴ, ʯʪʦ ʧʨʦʠʟʦʡʜʝʪ ʜʘʣʴʰʝ. ʊʘʢʠʝ 

ʢʣʠʢʝʨʳ ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʘʫʜʠʪʦʨʠʶ, ʢʦʪʦʨʘʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʱʝʪ ʚ ʠʛʨʘʭ 

ʠʩʪʦʨʠʶ ʠ ʵʤʦʮʠʠ.  

ʇʦʧʫʣʷʨʥʦʩʪʴ ʢʣʠʢʝʨʦʚ ʢʨʦʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʩʪʦʪʝ, ʥʦ ʠ ʚ ʧʨʦʜʫʤʘʥʥʦʤ ʧʨʦʛʨʝʩʩʝ, ʘ 

ʪʘʢʞʝ ʚ ʫʥʠʢʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʫʜʝʨʞʠʚʘʶʱʠʭ ʚʥʠʤʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ [9, ʩ. 139]. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʯʠʢʠ ʢʣʠʢʝʨʦʚ ʚʳʥʫʞʜʝʥʳ ʠʩʢʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, ʚʥʝʜʨʷʪʴ ʚ ʫʩʪʦʷʚʰʠʝʩʷ 

ʩʪʘʥʜʘʨʪʥʳʝ ʢʣʠʢʝʨʳ ʥʝʦʙʳʯʥʳʝ ʤʝʭʘʥʠʢʠ ʠ ʵʣʝʤʝʥʪʳ, ʧʨʝʚʨʘʱʘʶʱʠʝ ʧʨʦʩʪʦʡ ʢʣʠʢʝʨ ʚ 

ʩʣʦʞʥʫʶ ʠʛʨʦʚʫʶ ʩʠʩʪʝʤʫ [6, ʩ. 135]. ʇʦʠʩʢ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʜʝʣʘʝʪ ʵʪʘʧ ʩʙʦʨʘ ʪʨʝʙʦʚʘʥʠʡ 

ʢʣʶʯʝʚʳʤ ʚ ʨʘʙʦʪʝ ʥʘʜ ʠʛʨʦʡ. 

ʅʘ ʧʨʝʜʧʨʦʝʢʪʥʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ [1, ʩ. 128; 3, ʩ. 105;  

4, ʩ. 150]. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʠʛʨʳ, ʢʦʪʦʨʳʝ 
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ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ, ʘ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ï ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ [2, ʩ. 339; 10, ʩ. 148].  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʛʨʳ çKittenClickè ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʩʦʙʨʘʥʥʳʭ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ [4 ʩ. 148]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʧʝʨʝʭʦʜʦʚ ʩʦʩʪʦʷʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. ʈʘʩʩʤʦʪʨʠʤ ʵʢʨʘʥʳ ʠʛʨʳ ʧʦʜʨʦʙʥʝʝ. 

 

 
 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʧʝʨʝʭʦʜʦʚ ʩʦʩʪʦʷʥʠʡ [ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ] 

 

ʉʮʝʥʘ çɻʣʘʚʥʦʝ ʤʝʥʶè ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘʚʠʛʘʮʠʠ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: çʆʙʨʘʪʥʘʷ ʩʚʷʟʴè (ʧʨʠ ʚʳʙʦʨʝ ʜʘʥʥʦʛʦ ʧʫʥʢʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʭʦʜ ʥʘ ʩʘʡʪ ʨʘʟʨʘʙʦʪʯʠʢʘ); ʧʝʨʝʭʦʜ ʥʘ ʩʮʝʥʫ ʠʛʨʳ; ʧʝʨʝʭʦʜ ʥʘ ʩʮʝʥʫ çʅʘʩʪʨʦʡʢʠè; ʚʳʭʦʜ 

ʠʟ ʠʛʨʳ. 

ʕʢʨʘʥ çʅʘʩʪʨʦʡʢʠè ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʝʛʫʣʠʨʦʚʘʪʴ ʛʨʦʤʢʦʩʪʴ ʤʫʟʳʢʠ ʠ ʟʚʫʢʦʚʳʭ 

ʵʬʬʝʢʪʦʚ, ʥʘʩʪʨʘʠʚʘʪʴ ʨʘʟʤʝʨ ʵʢʨʘʥʘ, ʚʢʣʶʯʘʪʴ ʠʣʠ ʦʪʢʣʶʯʘʪʴ ʢʘʩʪʦʤʥʳʡ ʢʫʨʩʦʨ ʠ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʞʘʪʴ ʥʘ ʰʫʪʦʯʥʫʶ ʢʥʦʧʢʫ, ʧʦʢʘʟʳʚʘʶʱʫʶ ʩʤʝʰʥʫʶ ʢʘʨʪʠʥʢʫ ʩʦ ʟʚʫʢʦʤ 

çʄʷʫè ʠ ʟʘʢʨʳʚʘʶʱʫʶ ʠʛʨʫ. 

ʉʮʝʥʘ ʠʛʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʣʦʛʠʢʦʡ. 

ɺʥʫʪʨʠ ʜʘʥʥʦʛʦ ʵʢʨʘʥʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʩʦʩʪʦʷʥʠʡ ʠʥʪʝʨʬʝʡʩʘ ʠ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʥʠʤʠ:  

1. ʆʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʤʠʣʘʷ ʪʝʤʘʪʠʢʘ). ʅʘʭʦʜʷʩʴ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʠʥʪʝʨʬʝʡʩ 

ʧʨʠʥʠʤʘʝʪ ʦʩʥʦʚʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ï ʥʘʞʘʪʠʝ ʢʥʦʧʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʥʫʪʨʠʠʛʨʦʚʦʡ ʚʘʣʶʪʳ. 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

72 

2. ʉʨʘʙʘʪʳʚʘʥʠʝ ʪʨʠʛʛʝʨʘ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʠʢʦʚ 

ʟʘʧʫʩʢʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʵʪʘʧ (ʘʥʠʤʘʮʠʠ, ʚʠʟʫʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʩʤʝʥʝ 

ʪʝʤʘʪʠʢʠ). 

3. ʉʤʝʥʘ ʪʝʤʘʪʠʢʠ. ʅʘʩʪʫʧʘʝʪ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʠ ʢʦʣʠʯʝʩʪʚʘ ʢʣʠʢʦʚ, ʟʘʧʫʩʢʘʷ 

ʩʣʝʜʦʤ ʘʥʠʤʘʮʠʶ çʢʫʩʘʥʠʷ ʵʢʨʘʥʘè, ʧʦʩʣʝ ʯʝʛʦ ʠʥʪʝʨʬʝʡʩ ʤʛʥʦʚʝʥʥʦ ʩʤʝʥʷʝʪʩʷ ʥʘ ʩʪʨʘʰʥʫʶ 

ʪʝʤʘʪʠʢʫ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʤʫʟʳʢʘ ʠ ʟʚʫʢʦʚʳʝ ʵʬʬʝʢʪʳ. 

4. ʉʦʩʪʦʷʥʠʝ ʙʣʦʢʠʨʦʚʢʠ (ʩʪʨʘʰʥʘʷ ʪʝʤʘʪʠʢʘ). ʌʠʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʝ 

ʧʝʨʝʭʦʜʠʪ ʠʛʨʘ, ʙʣʦʢʠʨʫʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʛʨʦʢʘ ʚʳʡʪʠ ʠʟ ʠʛʨʳ ʠʣʠ ʧʝʨʝʡʪʠ ʚ ʥʘʩʪʨʦʡʢʠ, 

ʩʦʟʜʘʶʱʝʝ ʵʬʬʝʢʪ ʥʝʦʞʠʜʘʥʥʦʩʪʠ ʠ ʧʦʣʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʠʟʤʝʥʠʚʰʫʶʩʷ ʘʪʤʦʩʬʝʨʫ. 

ʄʘʢʝʪʳ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʨʝʜʘʢʪʦʨʘ Figma. ʂʦʛʜʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʢʨʳʚʘʝʪ ʠʛʨʫ, ʦʥ ʚʠʜʠʪ ʛʣʘʚʥʦʝ ʤʝʥʶ ʩ ʥʘʟʚʘʥʠʝʤ ʠʛʨʳ ʠ ʧʦʜʟʘʛʦʣʦʚʢʦʤ 

çmeow :3è, ʟʘʜʘʶʱʠʤ ʠʛʨʠʚʳʡ ʪʦʥ (ʨʠʩ. 2).  

 

 
 

ʈʠʩ. 2. ʆʢʥʦ çɻʣʘʚʥʦʝ ʤʝʥʶè [ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ] 

 

ɺ ʛʣʘʚʥʦʤ ʤʝʥʶ ʨʘʩʧʦʣʦʞʝʥʳ ʯʝʪʳʨʝ ʢʥʦʧʢʠ: click (ʥʘʯʘʪʴ ʠʛʨʫ), setting (ʥʘʩʪʨʦʡʢʠ), 

exit (ʚʳʭʦʜ ʠʟ ʠʛʨʳ) ʠ contact us (ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ). ʈʷʜʦʤ ʩ ʧʘʥʝʣʴʶ ʢʥʦʧʦʢ ʨʘʩʧʦʣʦʞʝʥʦ 

ʘʥʠʤʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʪʘ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʤʠʣʦʡ ʪʝʤʘʪʠʢʠ. 

ʂʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʘʞʠʤʘʝʪ ʢʥʦʧʢʫ click, ʥʘʯʠʥʘʝʪʩʷ ʠʛʨʘ. ʆʥ ʚʠʜʠʪ ʠʥʪʝʨʬʝʡʩ ʚ 

ʤʠʣʦʡ ʪʝʤʘʪʠʢʝ: ʢʥʦʧʢʘ ʩʜʝʣʘʥʘ ʚ ʚʠʜʝ ʢʦʰʘʯʴʝʡ ʣʘʧʢʠ, ʘ ʟʘ ʦʩʥʦʚʫ ʮʚʝʪʦʚʦʡ ʧʘʣʠʪʨʳ ʚʟʷʪ 

ʨʦʟʦʚʳʡ ʮʚʝʪ, ʜʠʟʘʡʥ ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʡ. ʅʘʜ ʢʥʦʧʢʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʩʯʝʪʯʠʢ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʬʠʢʩʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʣʠʢʦʚ (ʚʥʫʪʨʠʠʛʨʦʚʘʷ ʚʘʣʶʪʘ). ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʵʢʨʘʥʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʝ ʢʥʦʧʢʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʥʪʫʠʪʠʚʥʦ-ʧʦʥʷʪʥʳʤʠ ʠʢʦʥʢʘʤʠ: ʚʳʭʦʜ ʠʟ ʠʛʨʳ ʠ 

ʧʝʨʝʭʦʜ ʚ ʦʢʥʦ çʅʘʩʪʨʦʡʢʠè (ʨʠʩ. 3).  



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 
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ʈʠʩ. 3. ʆʢʥʦ çʅʘʩʪʨʦʡʢʠè [ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ] 

 

ɼʘʥʥʦʝ ʦʢʥʦ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ: ʜʚʘ ʧʦʣʟʫʥʢʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ 

ʨʦʟʦʚʳʭ ʪʦʥʘʭ ʩ ʤʝʪʢʘʤʠ ʟʚʫʢʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʟʚʫʢʦʚ (Sound) ʠ ʤʫʟʳʢʠ (Music), 

ʯʝʪʳʨʝ ʯʝʢʙʦʢʩʘ ï Full-screen mode (ʧʦʣʥʦʵʢʨʘʥʥʳʡ ʨʝʞʠʤ), Custom cursor (ʦʪʦʙʨʘʞʝʥʠʝ 

ʢʘʩʪʦʤʥʦʛʦ ʢʫʨʩʦʨʘ), Show/Hide numbers (ʧʦʢʘʟ ʠ ʩʢʨʳʪʠʝ ʮʠʬʨ), meow :3 (ʰʫʪʦʯʥʘʷ ʢʥʦʧʢʘ). 

ɺʠʟʫʘʣʴʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʘʢʪʠʚʘʮʠʠ ʦʧʮʠʡ ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʯʝʢʙʦʢʩ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʚʠʜʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʣʘʧʢʠ. ɺ ʠʥʪʝʨʬʝʡʩʝ ʦʢʥʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʢʦʪʘ, ʢʦʪʦʨʳʝ ʦʣʠʮʝʪʚʦʨʷʶʪ 

ʢʦʤʘʥʜʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ɺ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʠʛʨʳ ʘʪʤʦʩʬʝʨʘ ʤʝʥʷʝʪʩʷ ʥʘ ʧʫʛʘʶʱʫʶ: ʢʥʦʧʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʥʫʪʨʠʠʛʨʦʚʦʡ ʚʘʣʶʪʳ ʪʝʧʝʨʴ ʠʤʝʝʪ ʚʠʜ ʨʳʙʴʝʡ ʢʦʩʪʠ, ʘ ʢʥʦʧʢʘ ʚ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʧʨʠʥʠʤʘʝʪ 

ʬʦʨʤʫ ʯʝʨʝʧʘ ʢʦʪʘ ï ʢʥʦʧʢʘ ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ ʦʢʥʦ çʅʘʩʪʨʦʡʢʠè. ɼʣʷ ʫʩʠʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʢʥʦʧʢʘ ʜʣʷ ʚʳʭʦʜʘ ʠʟ ʠʛʨʳ ʧʨʦʧʘʜʘʝʪ, ʘ ʢʥʦʧʢʘ ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ ʦʢʥʦ çʅʘʩʪʨʦʡʢʠè ʩʪʘʥʦʚʠʪʩʷ 

ʟʘʙʣʦʢʠʨʦʚʘʥʥʦʡ, ʦʛʨʘʥʠʯʠʚʘʷ ʜʝʡʩʪʚʠʷ ʠʛʨʦʢʘ. ʎʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ ʬʦʥʘ ʧʝʨʝʭʦʜʠʪ ʥʘ ʦʪʪʝʥʢʠ 

ʢʨʘʩʥʦʛʦ, ʙʣʠʟʢʠʝ ʢ ʙʦʨʜʦʚʦʤʫ, ʯʪʦ ʩʦʟʜʘʝʪ ʤʨʘʯʥʫʶ ʠ ʘʛʨʝʩʩʠʚʥʫʶ ʘʪʤʦʩʬʝʨʫ. ʊʘʢʞʝ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʢʘʩʪʦʤʥʳʝ ʢʫʨʩʦʨʳ ʜʣʷ ʤʠʣʦʡ ʠ ʩʪʨʘʰʥʦʡ ʪʝʤʘʪʠʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʦʟʦʚʦʛʦ ʠ 

ʯʝʨʥʦʛʦ ʮʚʝʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʜʠʘʛʨʘʤʤʘ ʧʝʨʝʭʦʜʦʚ ʩʦʩʪʦʷʥʠʡ ʠʥʪʝʨʬʝʡʩʘ ʠ ʩʘʤ 

ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʠʛʨʳ-ʢʣʠʢʝʨʘ çKittenClickè. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʭʘʥʠʢʠ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʪʝʨʝʩʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʘʢʠʝ ʢʘʢ: ʘʥʠʤʘʮʠʠ, ʚʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢʪʳ, ʟʚʫʢʠ, ʢʘʨʪʠʥʢʠ ʩ ʢʦʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʝʨʝʭʦʜ ʩ ʤʠʣʦʡ ʪʝʤʳ ʥʘ ʞʫʪʢʫʶ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʠʛʨʳ.  
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ʂʦʪʝʥʝʚ ʇ.ʇ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɸʈʍʀʊɽʂʊʋʈʅʓʍ ʇʆɼʍʆɼʆɺ  

ʂ ʈɸɿʈɸɹʆʊʂɽ ʄʆɹʀʃʔʅʓʍ ʇʈʀʃʆɾɽʅʀʁ ʅɸ KOTLIN   

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ MVVM   

ʀ ɼɽʂʃɸʈɸʊʀɺʅʆʁ ʄʆɼɽʃʀ JETPACK  COMPOSE 

ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʩʣʦʞʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʚʳʰʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʭ ʥʘʜʝʞʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʤʦʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʢʦʥʢʫʨʝʥʮʠʝʡ, ʛʜʝ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʫʩʧʝʭʘ ʩʪʘʥʦʚʷʪʩʷ ʩʢʦʨʦʩʪʴ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʠ ʫʜʦʙʩʪʚʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʢʦʜʦʚʦʡ ʙʘʟʳ. ɺ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʦʷʥʥʳʭ ʦʙʥʦʚʣʝʥʠʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʚʳʙʦʨ 

ʢʦʨʨʝʢʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. 

ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʝʨʚʠʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʨʦʣʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʢʘʢ ʦʩʥʦʚʥʦʛʦ 

ʢʘʥʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʇʦʚʳʰʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʦʩʪʫʧʥʦʩʪʠ ʩʝʨʚʠʩʦʚ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʯʘʩʪʦ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʦʥʦʣʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʙʠʟʥʝʩ-ʣʦʛʠʢʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. ɺ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ 

ʩʦʚʨʝʤʝʥʥʳʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʧʘʪʪʝʨʥʘʤ ʠ ʷʟʳʢʦʚʳʤ ʩʨʝʜʩʪʚʘʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʚʷʟʥʦʩʪʴ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʚʳʩʠʪʴ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ [3, ʩ. 85]. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʟʨʘʙʦʪʢʝ 

Android-ʧʨʠʣʦʞʝʥʠʡ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʩʚʷʟʢʝ Kotlin, MVVM ʠ Jetpack Compose. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʫʩʣʦʚʠʷʭ ʘʩʠʥʭʨʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʠ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʘʢʪʠʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʠʥʪʝʨʬʝʡʩʘ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʳʙʨʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʝʥʠʝ 

ʩʦʩʪʦʷʥʠʝʤ, ʨʘʟʜʝʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʪʝʢʘ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʤʦʙʠʣʴʥʳʭ ʨʝʰʝʥʠʡ. 

ʕʚʦʣʶʮʠʷ ʘʨʭʠʪʝʢʪʫʨ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʪʪʝʨʥʦʚ ʚ ʤʦʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʦʪʨʘʞʘʝʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʫʩʣʦʞʥʝʥʠʶ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʨʦʛʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʜʦʤʠʥʠʨʦʚʘʣ ʧʘʪʪʝʨʥ Model-View-Controller (MVC), 
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ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʨʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ, ʠʥʪʝʨʬʝʡʩʘ ʠ ʣʦʛʠʢʠ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʢʦʥʪʝʢʩʪʝ 

Android-ʨʘʟʨʘʙʦʪʢʠ ʢʣʘʩʩʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ MVC ʯʘʩʪʦ ʧʨʠʚʦʜʠʣʘ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʵʬʬʝʢʪʘ çMassive Controllerè, ʧʨʠ ʢʦʪʦʨʦʤ Activity ʠʣʠ Fragment ʙʨʘʣʠ ʥʘ ʩʝʙʷ ʠʟʙʳʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʷʟʘʥʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʩʝʪʝʚʳʝ ʦʧʝʨʘʮʠʠ ʠ ʨʘʙʦʪʫ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ [3, ʩ. 86]. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʵʚʦʣʶʮʠʠ ʩʪʘʣʦ ʚʥʝʜʨʝʥʠʝ ʧʘʪʪʝʨʥʘ Model-View-Presenter (MVP), 

ʧʦʟʚʦʣʠʚʰʝʛʦ ʚʳʥʝʩʪʠ ʣʦʛʠʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ-ʧʦʩʨʝʜʥʠʢ. ʕʪʦ ʧʦʚʳʩʠʣʦ 

ʪʝʩʪʠʨʫʝʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʜʥʘʢʦ ʩʦʭʨʘʥʠʣʦ ʧʨʦʙʣʝʤʫ ʞʝʩʪʢʦʡ ʧʨʠʚʷʟʢʠ ʠʥʪʝʨʬʝʡʩʘ ʢ 

ʞʠʟʥʝʥʥʦʤʫ ʮʠʢʣʫ Android-ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʚʥʝʜʨʝʥʠʝ MVP ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʷʟʫʶʱʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʦʙʲʸʤ ʰʘʙʣʦʥʥʦʛʦ ʢʦʜʘ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʢʨʫʧʥʳʭ 

ʧʨʦʝʢʪʦʚ. ʏʘʩʪʳʝ ʧʝʨʝʩʦʟʜʘʥʠʷ ʘʢʪʠʚʥʦʩʪʝʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʠʚʦʜʠʣʠ ʢ ʧʦʪʝʨʝ ʩʦʩʪʦʷʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʧʠʩʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʸʤʘ ʰʘʙʣʦʥʥʦʛʦ 

ʢʦʜʘ. 

ɺ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʥʘ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʧʘʪʪʝʨʥ Model-View-ViewModel (MVVM). ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʧʨʠʣʦʞʝʥʠʡ ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʦʙʥʦʚʣʷʝʤʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʘʩʠʥʭʨʦʥʥʦʡ ʟʘʛʨʫʟʢʦʡ 

ʜʘʥʥʳʭ. ʂʣʶʯʝʚʦʝ ʦʪʣʠʯʠʝ MVVM ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʩʣʦʷ ViewModel, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ 

ʨʦʣʠ ʘʙʩʪʨʘʢʮʠʠ ʜʘʥʥʳʭ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ViewModel ʥʝ ʠʤʝʝʪ ʧʨʷʤʳʭ ʩʩʳʣʦʢ ʥʘ View, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʪʦʢʠ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʥʪʝʨʬʝʡʩʫ ʨʝʘʢʪʠʚʥʦ ʦʙʥʦʚʣʷʪʴʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠ. ʇʨʦʚʝʜʸʥʥʦʝ ʩʨʘʚʥʝʥʠʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ MVVM ʩʥʠʞʘʝʪ ʩʚʷʟʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʧʨʦʱʘʝʪ ʧʦʜʜʝʨʞʢʫ ʢʦʜʘ ʚ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 

ʇʦʤʠʤʦ MVVM, ʚ ʤʦʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʩʣʦʠʩʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʧʦʜʭʦʜ 

Clean Architecture, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʫʨʦʚʥʠ. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʦʣʷʮʠʶ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʦʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ 

ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʢ ʠʟʤʝʥʝʥʠʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʦʪʨʘʞʘʝʪ 

ʧʝʨʝʭʦʜ ʦʪ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʢ ʤʦʜʫʣʴʥʳʤ ʠ ʨʝʘʢʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ 

ʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʩʦʧʨʦʚʦʞʜʘʝʤʦʩʪʴ. 

ɸʨʭʠʪʝʢʪʫʨʘ MVVM ʠ ʝʸ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʧʦʜʭʦʜ MVVM ʚ ʵʢʦʩʠʩʪʝʤʝ Android ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʦʥʝʥʪʦʚ Android Jetpack. ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩ ViewModel, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ViewModel ʢ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʝʨʠʘʣʠʟʘʮʠʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʘʨʭʠʪʝʢʪʫʨʳ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʝʘʢʪʠʚʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ViewModel ʢ View ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʪʦʢʠ 

StateFlow ʠʣʠ LiveData. StateFlow ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʪʦʢ ʩʦʩʪʦʷʥʠʡ ʩ ʛʘʨʘʥʪʠʝʡ ʜʦʩʪʘʚʢʠ 

ʧʦʩʣʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʦʚʦʤʫ ʧʦʜʧʠʩʯʠʢʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʪʦʙʨʘʞʘʝʤʳʭ 

ʜʘʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. 
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ʉʣʦʡ ʤʦʜʝʣʠ ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʨʘʙʦʪʫ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ. ɼʣʷ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ 

ʜʦʩʪʫʧʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʘʪʪʝʨʥ Repository, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʝʜʠʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʫʯʝʥʠʷ 

ʜʘʥʥʳʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʪʦʯʥʠʢʘ (ʣʦʢʘʣʴʥʦʝ ʭʨʘʥʠʣʠʱʝ, ʩʝʪʴ ʠʣʠ ʢʵʰ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʧʦʟʠʪʦʨʠʝʚ ʫʧʨʦʱʘʝʪ ʟʘʤʝʥʫ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʠ ʦʙʣʝʛʯʘʝʪ ʤʦʜʫʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʙʝʟ ʟʘʧʫʩʢʘ ʩʝʪʝʚʦʛʦ ʩʪʝʢʘ [3, ʩ. 91]. 

ʗʟʳʢ Kotlin ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʅʘʣʠʯʠʝ ʢʦʨʫʪʠʥ 

ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʘʩʠʥʭʨʦʥʥʳʝ ʦʧʝʨʘʮʠʠ ʚ ʣʠʥʝʡʥʦʤ ʩʪʠʣʝ, ʠʟʙʝʛʘʷ ʩʣʦʞʥʳʭ ʮʝʧʦʯʝʢ 

ʦʙʨʘʪʥʳʭ ʚʳʟʦʚʦʚ. Data-ʢʣʘʩʩʳ ʠ ʨʘʩʰʠʨʝʥʠʷ ʷʟʳʢʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʢʨʘʱʝʥʠʶ ʰʘʙʣʦʥʥʦʛʦ 

ʢʦʜʘ ʠ ʧʦʚʳʰʝʥʠʶ ʯʠʪʘʝʤʦʩʪʠ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʪʠʧʦʙʝʟʦʧʘʩʥʦʛʦ ʠ ʣʘʢʦʥʠʯʥʦʛʦ ʢʦʜʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʚʳʧʦʣʥʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʫʪʠʥ ʩʥʠʞʘʝʪ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʧʦʪʦʢʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʘʩʠʥʭʨʦʥʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʈʦʣʴ ʷʟʳʢʘ Kotlin ʚ ʩʦʚʨʝʤʝʥʥʦʡ Android-ʨʘʟʨʘʙʦʪʢʝ 

Kotlin ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʷʟʳʢʦʤ ʨʘʟʨʘʙʦʪʢʠ Android-ʧʨʠʣʦʞʝʥʠʡ, ʦʬʠʮʠʘʣʴʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʤʳʤ Google. ɽʛʦ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʢʣʶʯʘʶʪ ʩʪʨʦʛʫʶ ʪʠʧʠʟʘʮʠʶ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʩ null-ʟʥʘʯʝʥʠʷʤʠ, ʣʘʢʦʥʠʯʥʳʡ ʩʠʥʪʘʢʩʠʩ ʠ ʚʩʪʨʦʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [1, ʩ. 221]. 

ʇʦʜʜʝʨʞʢʘ ʢʦʨʫʪʠʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʘʩʠʥʭʨʦʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʙʝʟ 

ʙʣʦʢʠʨʦʚʢʠ ʧʦʪʦʢʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʈʘʩʰʠʨʷʝʤʦʩʪʴ ʷʟʳʢʘ, ʤʝʭʘʥʠʟʤ extension-ʬʫʥʢʮʠʡ ʠ DSL-ʧʦʜʭʦʜ ʫʧʨʦʱʘʶʪ ʨʘʟʨʘʙʦʪʢʫ 

ʜʝʢʣʘʨʘʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʦʚʳʰʘʶʪ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ ʢʦʜʘ [2, ʩ. 273]. 

Jetpack Compose ʠ ʜʝʢʣʘʨʘʪʠʚʥʘʷ ʤʦʜʝʣʴ UI 

 ʇʝʨʝʭʦʜ ʦʪ ʠʤʧʝʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʢ ʜʝʢʣʘʨʘʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ Android-ʨʘʟʨʘʙʦʪʢʝ. Jetpack Compose 

ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʠʥʪʝʨʬʝʡʩ ʢʘʢ ʬʫʥʢʮʠʶ ʦʪ ʩʦʩʪʦʷʥʠʷ, ʫʩʪʨʘʥʷʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʫʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ View-ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ [4, ʩ. 413]. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ Compose ʦʩʥʦʚʘʥ ʥʘ ʤʝʭʘʥʠʟʤʝ ʨʝʢʦʤʧʦʟʠʮʠʠ: ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʩʪʦʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʨʠʩʦʚʳʚʘʶʪʩʷ. ʕʪʦ 

ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʧʨʠʥʮʠʧʘ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʩʪʠʥʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʩʪʦʷʥʠʝ 

ʭʨʘʥʠʪʩʷ ʚ ViewModel ʠ ʧʝʨʝʜʘʸʪʩʷ ʚ UI ʚ ʚʠʜʝ ʥʝʠʟʤʝʥʷʝʤʳʭ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ. ʇʦʜʭʦʜ State Hoisting ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʳʥʝʩʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚ ʨʦʜʠʪʝʣʴʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʠʣʠ ViewModel, ʘ ʜʦʯʝʨʥʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʣʫʯʘʶʪ ʜʘʥʥʳʝ ʠ ʩʦʙʳʪʠʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʧʝʨʝʠʩʧʦʣʴʟʫʝʤʦʩʪʴ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʧʨʦʱʘʝʪ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠʥʪʝʨʬʝʡʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʩʥʠʞʘʝʪ ʦʙʲʸʤ UI-ʢʦʜʘ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʨʠʩʦʚʢʠ 

ʠʥʪʝʨʬʝʡʩʘ [4, ʩ. 413]. 

ʀʥʪʝʛʨʘʮʠʷ Compose ʩ MVVM ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ ʦʪ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʜʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ViewModel ʵʢʩʧʦʥʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ ʯʝʨʝʟ 

StateFlow, ʢʦʪʦʨʦʝ ʩʦʙʠʨʘʝʪʩʷ ʚ composable-ʬʫʥʢʮʠʷʭ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢ ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʠʥʪʝʨʬʝʡʩʘ ʠ ʜʘʥʥʳʭ. 
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ɼʝʢʣʘʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʠʥʪʝʨʬʝʡʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. Compose 

ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʫʯʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ UI, ʧʦʟʚʦʣʷʷ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʪʩʣʝʞʠʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʦʷʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, Compose ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʠʥʪʝʛʨʘʮʠʶ ʩ ʨʝʘʢʪʠʚʥʳʤʠ ʧʦʪʦʢʘʤʠ 

ʜʘʥʥʳʭ ʠ ʫʧʨʦʱʘʝʪ ʩʦʟʜʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ-ʬʘʢʪʦʨʦʚ 

ʫʩʪʨʦʡʩʪʚ. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʪʝʩʪʠʨʫʝʤʦʩʪʴ Android-ʧʨʠʣʦʞʝʥʠʡ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ 

Clean Architecture. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʩʣʦʠ Domain, Data ʠ 

Presentation. ʉʣʦʡ Domain ʩʦʜʝʨʞʠʪ ʙʠʟʥʝʩ-ʩʫʱʥʦʩʪʠ ʠ ʧʨʘʚʠʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʝ ʟʘʚʠʩʷʱʠʝ 

ʦʪ ʚʥʝʰʥʠʭ ʬʨʝʡʤʚʦʨʢʦʚ. ʉʣʦʡ Data ʨʝʘʣʠʟʫʝʪ ʠʥʪʝʨʬʝʡʩʳ ʨʝʧʦʟʠʪʦʨʠʝʚ, ʘ ʩʣʦʡ Presentation 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ Domain [3, ʩ. 92]. 

ʊʘʢʘʷ ʤʦʜʫʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʨʘʙʦʪʘʪʴ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʷʤʠ ʩʠʩʪʝʤʳ 

ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʦʙʣʝʛʯʘʝʪ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʡ. ɿʘʤʝʥʘ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ 

ʠʟʤʝʥʝʥʠʡ ʪʦʣʴʢʦ ʚ ʩʣʦʝ Data ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʠʣʠ ʠʥʪʝʨʬʝʡʩ. 

ʊʝʩʪʠʨʫʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʘʨʭʠʪʝʢʪʫʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

MVVM ʠ Clean Architecture ʧʦʟʚʦʣʷʝʪ ʪʝʩʪʠʨʦʚʘʪʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʙʝʟ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

Android-ʬʨʝʡʤʚʦʨʢʘ. ViewModel ʤʦʛʫʪ ʪʝʩʪʠʨʦʚʘʪʴʩʷ ʠʟʦʣʠʨʦʚʘʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʜʤʝʥʥʳʭ ʨʝʧʦʟʠʪʦʨʠʝʚ, ʘ ʠʥʪʝʨʬʝʡʩ ï ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ Compose UI Testing. 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʝʩʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʠ ʨʠʩʢ 

ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʦʰʠʙʦʢ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ. 

ʈʘʟʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ Gradle-ʤʦʜʫʣʠ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ 

ʩʙʦʨʢʫ ʧʨʦʝʢʪʘ, ʫʧʨʦʩʪʠʪʴ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʟʘʚʠʩʠʤʫʶ 

ʨʘʟʨʘʙʦʪʢʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ. 

ʄʦʜʫʣʴʥʦʩʪʴ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʥʝʜʨʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʦʩʪʘʚʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

(Dynamic Feature Modules), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʤʝʨ ʧʨʠʣʦʞʝʥʠʷ ʠ ʟʘʛʨʫʞʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦ ʪʨʝʙʦʚʘʥʠʶ. 

ɺʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʆʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʦʙʣʶʜʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʟʘʱʠʪʳ ʜʘʥʥʳʭ [5, ʩ. 273]. 

ɸʫʪʝʥʪʠʯʥʦʩʪʴ 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʠʩʪʦʯʥʠʢʘ ʟʘʧʨʦʩʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʱʠʱʸʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (OAuth 2.0, ʤʥʦʛʦʬʘʢʪʦʨʥʘʷ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ) ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ. 

ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʟʘʱʠʱʸʥʥʳʤ ʢʘʥʘʣʘʤ (HTTPS/TLS). 

ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʜʦʣʞʥʘ ʭʨʘʥʠʪʴʩʷ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ ʥʘ ʫʩʪʨʦʡʩʪʚʝ. 
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ʐʠʬʨʦʚʘʥʠʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʭʨʘʥʝʥʠʝ ʪʦʢʝʥʦʚ ʜʦʩʪʫʧʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. 

ʎʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ 

ʉʝʨʚʝʨʥʳʝ ʧʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʳ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ. Firebase Security Rules ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʠ 

ʟʘʧʠʩʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʛʦ ʧʨʘʚʘʤ. 

ʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ 

ʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʳ ʜʫʙʣʠʨʦʚʘʪʴ ʣʦʛʠʢʫ ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʧʨʦʚʝʨʷʪʴ ʨʦʣʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʦʧʝʨʘʮʠʡ. ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʜʦʢʫʤʝʥʪʘ ʜʦʣʞʥʦ ʙʳʪʴ 

ʨʘʟʨʝʰʝʥʦ ʪʦʣʴʢʦ ʚʣʘʜʝʣʴʮʫ ʠʣʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʨʝʩʫʨʩʘ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʘʢʘʤ 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʥʫʣʝʚʦʛʦ ʜʦʚʝʨʠʷ (Zero Trust) ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʦʚʝʨʢʫ ʢʘʞʜʦʛʦ ʟʘʧʨʦʩʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʪʦʯʥʠʢʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʪʘʢʠʝ ʢʘʢ 

Firebase App Check ʠ ʧʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ, ʩʥʠʞʘʶʪ ʨʠʩʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʘʪʘʢ ʠ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʡ. 

ʊʝʤ ʩʘʤʳʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʜʥʘʢʦ ʠʭ ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʩʝʨʚʝʨʥʳʡ 

ʫʨʦʚʝʥʴ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʡ ʥʘʩʪʨʦʡʢʠ ʧʨʘʚʠʣ ʜʦʩʪʫʧʘ. 

ʉʝʪʝʚʘʷ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʝʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʩʝʨʚʝʨʥʫʶ ʩʪʦʨʦʥʫ, ʩʥʠʞʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʩʫʨʩʘʤ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ 

ʧʨʠʤʝʥʝʥʠʝ ʢʵʰʠʨʦʚʘʥʠʷ ʠ ʣʦʢʘʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʫʤʝʥʴʰʘʝʪ ʩʝʪʝʚʫʶ ʥʘʛʨʫʟʢʫ ʠ 

ʧʦʚʳʰʘʝʪ ʦʪʟʳʚʯʠʚʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ. 

ʀʪʦʛʦʚʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʜʦʣʞʥʘ ʩʦʯʝʪʘʪʴ ʤʝʭʘʥʠʟʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʩʝʨʚʝʨʥʳʡ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʠ ʟʘʱʠʱʸʥʥʳʝ 

ʢʘʥʘʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ  

ʉʨʘʚʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ 

 

ʂʨʠʪʝʨʠʡ MVC MVP MVVM  MVVM + Clean Architecture 

ʈʘʟʜʝʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʥʠʟʢʦʝ ʩʨʝʜʥʝʝ ʚʳʩʦʢʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʉʚʷʟʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʩʦʢʘʷ ʩʨʝʜʥʷʷ ʥʠʟʢʘʷ ʤʠʥʠʤʘʣʴʥʘʷ 

ʊʝʩʪʠʨʫʝʤʦʩʪʴ ʥʠʟʢʘʷ ʚʳʩʦʢʘʷ ʚʳʩʦʢʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʋʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ ʩʣʘʙʦʝ ʯʘʩʪʠʯʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ UI ʥʠʟʢʘʷ ʩʨʝʜʥʷʷ ʚʳʩʦʢʘʷ ʚʳʩʦʢʘʷ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʥʠʟʢʘʷ ʩʨʝʜʥʷʷ ʚʳʩʦʢʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʇʦʜʜʝʨʞʢʘ ʨʝʘʢʪʠʚʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʘ ʚʩʪʨʦʝʥʥʘʷ ʚʩʪʨʦʝʥʥʘʷ 

ʉʣʦʞʥʦʩʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʚʳʩʦʢʘʷ ʩʨʝʜʥʷʷ ʥʠʟʢʘʷ ʤʠʥʠʤʘʣʴʥʘʷ 

ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʛʠʙʢʦʩʪʴ ʥʠʟʢʘʷ ʩʨʝʜʥʷʷ ʚʳʩʦʢʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʇʦʜʜʝʨʞʢʘ ʤʦʜʫʣʴʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʘ ʦʛʨʘʥʠʯʝʥʘ ʚʦʟʤʦʞʥʘ ʧʦʣʥʦʮʝʥʥʦ ʨʝʘʣʠʟʫʝʤʘ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʷʟʳʢʘ Kotlin, ʧʘʪʪʝʨʥʘ MVVM ʠ ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ Jetpack 

Compose ʬʦʨʤʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʳʭ Android-ʧʨʠʣʦʞʝʥʠʡ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʘʟʜʝʣʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʧʦʚʳʰʘʝʪ 

ʩʦʧʨʦʚʦʞʜʘʝʤʦʩʪʴ ʢʦʜʘ ʠ ʫʧʨʦʱʘʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʢʣʘʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʨʝʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʝʤ ʫʩʪʨʘʥʷʝʪ ʧʨʦʙʣʝʤʳ ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ UI. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ 

Clean Architecture ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʩʠʩʪʝʤʳ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʝʨʚʝʨʥʳʭ ʧʨʘʚʠʣʘʭ ʜʦʩʪʫʧʘ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʧʨʘʢʪʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ ʥʘʜʝʞʥʳʝ ʤʦʙʠʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩ ʧʨʝʜʩʢʘʟʫʝʤʳʤ 

ʧʦʚʝʜʝʥʠʝʤ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ 

ʜʝʢʣʘʨʘʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʪʨʝʙʦʚʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʂʫʯʝʨʷʚʳʡ ʉ.ɺ., ɸʬʝʥʜʠʢʦʚʘ ʄ.ɽ., ɸʬʝʥʜʠʢʦʚ ɸ.ʊ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɻɽʆɻʈɸʌʀʏɽʉʂʆɻʆ ʈɸʉʇʆʃʆɾɽʅʀʗ ʉɽʈɺɽʈʆɺ 

ʀ ʊʀʇɸ ʉɽʊɽɺʆɻʆ ʇʆɼʂʃʖʏɽʅʀʗ  

ʅɸ ɺɽʃʀʏʀʅʋ ʉɽʊɽɺʓʍ ɿɸɼɽʈɾɽʂ (PING) 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʮʠʬʨʦʚʦʤ ʤʠʨʝ ʩʢʦʨʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʪʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ, ʫʯʸʙʳ ʠ ʧʨʦʚʝʜʝʥʠʷ ʜʦʩʫʛʘ. ɺ 

ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʮʠʬʨʦʚʘʷ ʩʨʝʜʘ ʩʪʘʣʘ ʧʦʣʥʦʮʝʥʥʦʡ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ, 

ʚʦʧʨʦʩʳ ʝʸ ʢʘʯʝʩʪʚʘ ʚʳʭʦʜʷʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʯʘʱʝ ʚʩʝʛʦ ʦʧʝʨʠʨʫʶʪ ʧʦʥʷʪʠʝʤ 

ping ʚ ʨʘʟʛʦʚʦʨʘʭ ʦʙ ʦʥʣʘʡʥ-ʠʛʨʘʭ ʠʣʠ ʚʠʜʝʦʟʚʦʥʢʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʯʠʥ ʝʛʦ 

ʢʦʣʝʙʘʥʠʡ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʘ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʤ ʚʦʧʨʦʩʦʤ ʮʠʬʨʦʚʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠ.  

ʋʛʣʫʙʣʷʷʩʴ ʚ ʜʘʥʥʫʶ ʪʝʤʫ, ʤʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʟʘʜʝʨʞʢʘ ʚ ʩʝʪʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Latency, 

ʵʪʦ ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦ ʩʝʨʚʝʨʘ, ʘ ping ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʟʘʜʝʨʞʢʠ ʚ ʩʝʪʠ, ʪʦʣʴʢʦ ʦʥ ʠʟʤʝʨʷʝʪ ʚʨʝʤʷ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦ ʩʝʨʚʝʨʘ ʠ ʦʙʨʘʪʥʦ. 

ʇʦʥʠʤʘʥʠʝ ʧʨʠʯʠʥ ʨʘʟʣʠʯʠʡ ʚ ʟʘʜʝʨʞʢʝ ʩʠʛʥʘʣʘ ʢ ʨʘʟʥʳʤ ʨʝʩʫʨʩʘʤ, ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʣʶʙʦʧʳʪʩʪʚʦ, ʥʦ ʠ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ 

ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ [1].  

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʣʴʟʦʚʘʪʝʣʠ ʨʝʛʫʣʷʨʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʩʠʪʫʘʮʠʝʡ, ʢʦʛʜʘ ʟʘʜʝʨʞʢʠ ʩʝʪʠ (ping) ʜʦ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʟʘʢʦʥʦʤʝʨʥʳʡ ʚʦʧʨʦʩ ʦ ʧʨʠʯʠʥʘʭ ʪʘʢʦʡ ʨʘʟʥʠʮʳ. ʅʘ ping ʚʣʠʷʝʪ 

ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ: ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʝʨʚʝʨʦʚ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ, ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʩʝʪʠ, ʪʠʧ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ. Ping ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʡ, ʦʥʣʘʡʥ-ʠʛʨ, ʧʦʪʦʢʦʚʦʛʦ ʚʝʱʘʥʠʷ ʠ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ [2; 3].  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʩʸ ʙʦʣʴʰʝ ʩʬʝʨ 

ʥʘʰʝʡ ʞʠʟʥʠ ʦʭʚʘʪʳʚʘʝʪ ʮʠʬʨʦʚʠʟʘʮʠʷ, ʚʩʝ ʙʦʣʴʰʝ ʟʘʜʘʯ ʨʝʰʘʶʪʩʷ ʥʘʧʨʷʤʫʶ, ʯʝʨʝʟ ʩʝʪʴ 

ʀʥʪʝʨʥʝʪ. ʅʘʧʨʠʤʝʨ, ʟʘʧʠʩʴ ʥʘ ʧʨʠʸʤ ʢ ʚʨʘʯʫ ʠʣʠ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʤʬʦʨʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʮʠʬʨʦʚʦʤ ʤʠʨʝ ʦʯʝʥʴ ʚʘʞʥʦ ʩʪʘʙʠʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʨʚʠʩʘʤ. 

ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʟʘʜʝʨʞʝʢ ʢ ʨʘʟʥʳʤ ʨʝʩʫʨʩʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʜʘ-ʧʨʦʛʨʘʤʤʳ. ʄʳ ʠʩʩʣʝʜʫʝʤ ʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʩʨʘʚʥʝʥʠʠ 

ʩʝʪʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʪʨʝʭ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ. 

ɼʣʷ ʥʘʯʘʣʘ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʩʝʪʝʚʳʭ ʟʘʜʝʨʞʝʢ. ʄʳ ʚʳʙʨʘʣʠ 6 ʩʘʡʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʝʣʠʣʠ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ ʧʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʠʟʥʘʢʫ. 

ʊʘʙʣʠʮʘ 1 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʘʡʪʳ ʠ ʠʭ ʚʦʟʤʦʞʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

 

ʂʘʪʝʛʦʨʠʷ ʉʘʡʪʳ ʂʦʣ-ʚʦ ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʣʦʢʘʮʠʷ ʩʝʨʚʝʨʦʚ 

ʃʦʢʘʣʴʥʳʝ 

(ʛʦʨʦʜʘ ʅʠʞʥʝʚʘʨʪʦʚʩʢ) 
nvsu.ru; www.n-vartovsk.ru 2 ʅʠʞʥʝʚʘʨʪʦʚʩʢ 

ʈʦʩʩʠʡʩʢʠʝ vk.com; dzen.ru 2 ʈʦʩʩʠʷ/ʄʦʩʢʚʘ 

ɿʘʨʫʙʝʞʥʳʝ  github.com; wikipedia.org 2 ʉʐɸ, ɽʚʨʦʧʘ 
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ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʤʝʨʝʥʠʷ ʚʳʙʨʘʥ ʧʨʦʪʦʢʦʣ ICMP ʠ ʫʪʠʣʠʪʘ ping, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʝʪʝʚʳʭ ʟʘʜʝʨʞʝʢ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʩʘʡʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʝʨʠʷ ʠʟ 25 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʟʘʧʨʦʩʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ 200 ʤʩ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʚʳʙʦʨʢʫ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʨʠ ʵʪʘʧʘ: 

1. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʵʪʘʧ: ʧʨʦʚʝʨʢʘ ʜʦʩʪʫʧʥʦʩʪʠ ʚʩʝʭ ʩʘʡʪʦʚ, ʥʘʩʪʨʦʡʢʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

2. ʆʩʥʦʚʥʦʡ ʵʪʘʧ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ping ʜʣʷ ʚʩʝʭ 6 ʩʘʡʪʦʚ ʚ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ (ʧʦʜ ʦʜʠʥʘʢʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʛʦ ʥʦʫʪʙʫʢʘ, 

ʧʨʦʚʘʡʜʝʨʘ, ʨʦʫʪʝʨʘ ʠ ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ); 

3. ʂʦʥʪʨʦʣʴʥʳʡ ʵʪʘʧ: ʧʦʚʪʦʨʥʦʝ ʠʟʤʝʨʝʥʠʝ ʯʝʨʝʟ 6-8 ʯʘʩʦʚ ʜʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣ̫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ Python, ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʩʪʘʥʜʘʨʪʥʫʶ ʙʠʙʣʠʦʪʝʢʫ subprocess ʜʣʷ ʚʳʟʦʚʘ ʩʠʩʪʝʤʥʦʡ ʢʦʤʘʥʜʳ ping (ʨʠʩ. 1). ɼʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʪʘʢʞʝ ʚʳʚʦʜʠʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʨʠʢʠ. 

 

    
 

ʈʠʩ. 1. ʂʦʜ-ʧʨʦʛʨʘʤʤʳ 

 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʜʥʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ, ʥʦ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʛʦʨʦʜʘ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʘ. ʇʝʨʚʦʝ ʠ ʚʪʦʨʦʝ ʠʟʤʝʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ, 

ʯʝʨʝʟ ʧʨʦʚʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ wi-fi ʩʦʝʜʠʥʝʥʠʝ. ʊʨʝʪʴʝ ʠ ʯʝʪʚʝʨʪʦʝ ï ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʛʦʨʦʜʘ, ʪʘʢʞʝ ʯʝʨʝʟ wi-fi ʩʦʝʜʠʥʝʥʠʝ ʠ ʧʨʦʚʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 
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ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʚʘ ʨʘʟʘ ʚ ʜʝʥʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʜʥʝʡ, ʧʨʠʤʝʨʥʦ ʚ ʩʝʨʝʜʠʥʝ 

ʜʥʷ ʠ ʚʝʯʝʨʦʤ, ʚʩʝʛʦ ʯʝʪʳʨʝ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʘʭ 2-4 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

 
 

ʈʠʩ. 2. ʀʟʤʝʨʝʥʠʝ ping ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

 

 
 

ʈʠʩ. 3. ʀʟʤʝʨʝʥʠʝ ping ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 
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͙ͣ͊ͫͣ͊͟͡Έͤ·͚ ping ͙͙ͣͤͣ͊͡Έͤ·͚ ping

͔͙͔ͫͪ͒ͤ ͤ͊͘;͔͙͔ͤ ping ͪ͊ͤͦͫͭ͘Έ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͙ ͙͙ͣͤͣ͊͡Έ͎ͤͦͦ 
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͔͙͔ͫͪ͒ͤ ͤ͊͘;͔͙͔ͤ ping ͪ͊ͤͦͫͭ͘Έ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͙ ͙͙ͣͤͣ͊͡Έ͎ͤͦͦ 
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ʈʠʩ. 4. ʀʟʤʝʨʝʥʠʝ ping ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

 

 
 

ʈʠʩ. 5. ʀʟʤʝʨʝʥʠʝ ping ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚ ʫʧʨʦʱʝʥʥʦʡ ʬʦʨʤʝ ʧʦ ʢʨʠʪʝʨʠʷʤ: 

¶  ʉʪʘʙʠʣʴʥʳʡ ï ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ping ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 

ʤʩ. 

¶  ɹʳʩʪʨʳʡ ʦʪʢʣʠʢ ï ping ʥʝ ʧʨʝʚʳʰʘʝʪ 50 ʤʩ. 

¶  ʉʨʝʜʥʠʡ ʦʪʢʣʠʢ ï ping ʙʦʣʴʰʝ 50 ʤʩ, ʥʦ ʤʝʥʴʰʝ 80 ʤʩ 

¶  ʄʝʜʣʝʥʥʳʡ ʦʪʢʣʠʢ ï ping ʥʝ ʤʝʥʝʝ 80 ʤʩ. 

ɼʣʷ ʫʜʦʙʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

1. ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʩ ʧʨʦʚʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. 

2. ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. 

3. ʶʛʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʩ ʧʨʦʚʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. 

4. ʶʛʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʩ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. 
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͙ͣ͊ͫͣ͊͟͡Έͤ·͚ ping ͙͙ͣͤͣ͊͡Έͤ·͚ ping

͔͙͔ͫͪ͒ͤ ͤ͊͘;͔͙͔ͤ ping ͪ͊ͤͦͫͭ͘Έ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͙ ͙͙ͣͤͣ͊͡Έ͎ͤͦͦ 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʉʘʡʪ ʂʘʪʝʛʦʨʠʷ 
ʉʪʘʙʠʣʴʥʦʩʪʴ 

ɹʳʩʪʨʳʡ 

ʦʪʢʣʠʢ 

ʉʨʝʜʥʠʡ 

ʦʪʢʣʠʢ 

ʄʝʜʣʝʥʥʳʡ 

ʦʪʢʣʠʢ 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

nvsu.ru ʃʦʢʘʣʴʥʳʡ 

(ʅʠʞʥʝʚʘʨʪʦʚʩʢ) 

+ + + + + + + +         

n-vartovsk.ru +  + + +  + +  +       

vk.com ʉʪʨʘʥʘ 

(ʈʦʩʩʠʷ/ʄʦʩʢʚʘ) 

+  +  +     + + +     

dzen.ru             + + + + 

github.com ɿʘʨʫʙʝʞʥʳʝ 

(ʉʐɸ, ɽʚʨʦʧʘ) 

+ + + + 
 

       + + + + 

wikipedia.org + + + + 
 

       + + + + 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʩʢʦʨʦʩʪʴ ʦʪʢʣʠʢʘ ʩʘʡʪʦʚ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʝʨʚʝʨʦʚ, ʥʦ ʠ ʢʘʯʝʩʪʚʦ ʧʦʜʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʛʨʫʞʝʥʥʦʩʪʴ 

ʩʝʪʠ. ʃʦʢʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʅʠʞʥʝʚʘʨʪʦʚʩʢʘ ʦʞʠʜʘʝʤʦ ʧʦʢʘʟʘʣʠ ʥʘʠʤʝʥʴʰʠʡ ping, ʘ 

ʟʘʨʫʙʝʞʥʳʝ ï ʥʘʠʙʦʣʴʰʠʡ. ʆʜʥʘʢʦ ʩʘʤʳʤ ʥʝʩʪʘʙʠʣʴʥʳʤ ʦʢʘʟʘʣʩʷ dzen.ru, ʯʝʡ ping ʠʥʦʛʜʘ 

ʧʨʝʚʳʰʘʣ ʧʦʢʘʟʘʪʝʣʠ ʟʘʨʫʙʝʞʥʳʭ ʩʘʡʪʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʣʦʚʠʡ ʟʘʤʝʨʘ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ 

ʧʨʦʚʦʜʥʦʡ ʠʥʪʝʨʥʝʪ ʨʘʙʦʪʘʝʪ ʙʳʩʪʨʝʝ wi-fi [4]. ʇʦʜʚʦʜʷ ʠʪʦʛ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʦʤʬʦʨʪʥʘʷ 

ʨʘʙʦʪʘ ʚ ʩʝʪʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ: ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʨʚʝʨʘ, ʪʠʧʘ ʧʦʜʢʣʶʯʝʥʠʷ ʠ 

ʯʠʩʣʘ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʧʣʘʥʠʨʫʝʤ: ʨʘʩʰʠʨʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʦʙʠʣʴʥʳʝ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ 

ʩʝʪʠ, ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʥʳʭ ʠʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʦʚ ʠ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ, 

ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʷ VPN ʠ ʧʨʦʢʩʠ-ʩʝʨʚʝʨʦʚ ʥʘ ʩʝʪʝʚʳʝ ʟʘʜʝʨʞʢʠ, ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʦʙʳʯʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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ʃʘʨʠʥ ɼ.ɽ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʉʆɺʈɽʄɽʅʅʓɽ ʇʃɸʊʌʆʈʄʓ ʀ ʌʈɽʁʄɺʆʈʂʀ ɺɽɹ-ʈɸɿʈɸɹʆʊʂʀ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʣʶʙʘʷ ʢʦʤʧʘʥʠʷ ʩʪʨʝʤʠʪʩʷ ʠʤʝʪʴ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʙ-ʩʘʡʪ ʠʣʠ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ. ɺʤʝʩʪʝ ʩ ʠʥʪʝʨʝʩʦʤ ʙʠʟʥʝʩʘ ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʬʨʝʡʤʚʦʨʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʶʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʜʫʢʪʳ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ. ʀʥʩʪʨʫʤʝʥʪʳ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʠ 

ʚʝʙ-ʨʘʟʨʘʙʦʪʢʫ, ʩʪʘʚ ʝʝ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʚʝʙ-ʩʘʡʪʘ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷʤ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ, ʘ ʪʝʭʥʦʣʦʛʠʠ ʫʩʣʦʞʥʷʶʪʩʷ. ɺ ʩʪʘʪʴʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʬʨʝʡʤʚʦʨʢʠ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʘʢ ʬʨʦʥʪʝʥʜ, ʪʘʢ ʠ ʙʵʢʝʥʜ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʬʨʝʡʤʚʦʨʢʦʚ ʚʝʙ-

ʨʘʟʨʘʙʦʪʢʠ, ʚʳʷʚʣʝʥʠʠ ʦʩʥʦʚʥʳʭ ʠ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʭ ʨʘʟʚʠʪʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ frontend- ʠ backend 

ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʩʘʡʪʦʚ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʣʘʪʬʦʨʤʳ ʠ ʬʨʝʡʤʚʦʨʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʩʘʡʪʦʚ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ 

ʨʘʟʣʠʯʥʳʝ ʚʝʙ-ʧʨʦʝʢʪʳ. 

ʌʨʝʡʤʚʦʨʢ (Framework ï çʢʘʨʢʘʩè, çʩʪʨʫʢʪʫʨʘè) ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʚʠʜʝ ʙʠʙʣʠʦʪʝʢ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʩʘʡʪʦʚ ʠʣʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʚʝʙ-ʩʘʡʪʘ (Frontend ï çʬʨʦʥʪʝʥʜè) ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʢʦʜʘ, ʚʳʧʦʣʥʷʶʱʠʝ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʢʣʠʝʥʪʘ ʚ ʙʨʘʫʟʝʨʝ. ʕʪʦ ʪʦ, ʯʪʦ 

ʚʩʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʝʙ-ʙʨʘʫʟʝʨʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʩʪʚʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ 

ʚʝʙ-ʩʘʡʪʘ ʠʣʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʚʝʙ-ʩʘʡʪʘ (Backend ï çʙʵʢʝʥʜè) ï ʵʪʦ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

(ʇʆ), ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʥʘ ʩʝʨʚʝʨʝ. ɹʵʢʝʥʜ ʫʧʨʘʚʣʷʝʪ ʜʘʥʥʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʚʳʧʦʣʥʷʝʪ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ɹɼ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʨʦʥʪʝʥʜʘ ʙʵʢʝʥʜ 

ʩʢʨʳʚʘʝʪ ʦʪ ʛʣʘʟ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʦʩʪʘʚʘʷʩʴ ʚ ʪʝʥʠ ʠʥʪʝʨʬʝʡʩʘ 

ʚʝʙ-ʩʘʡʪʘ ʠʣʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ [4].  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ Frontend, 

Backend, SQL ʠ ʬʘʡʣʦʚʳʤ ʩʝʨʚʝʨʦʤ (ʨʠʩ.). 

ʉʭʝʤʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

¶ ʂʣʠʝʥʪ; 

¶ ʉʝʨʚʝʨ; 

¶ ʇʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ.  

ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝʤʝʥʥʳʝ ʬʨʦʥʪʝʥʜ- ʠ ʙʵʢʝʥʜ-ʬʨʝʡʤʚʦʨʢʠ, ʢʦʪʦʨʳʝ ʩʘʤʳʝ 

ʘʢʪʫʘʣʴʥʳʝ ʜʣʷ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚ 2026 ʛʦʜʫ: 

1. ʌʨʦʥʪʝʥʜ-ʬʨʝʡʤʚʦʨʢʠ ï React, Vue.js, Angular, Svelte; 

2. ɹʵʢʝʥʜ-ʬʨʝʡʤʚʦʨʢʠ ï Django, FastAPI, Flask, Express.js. 
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ʈʠʩ. ʉʭʝʤʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ Frontend,  

Backend, SQL ʠ ʬʘʡʣʦʚʳʤ ʩʝʨʚʝʨʦʤ 

 

React.js ï ɻ ʪʦ JavaScript-ʙʠʙʣʠʦʪʝʢʘ ʦʪ çFacebookè ʜʣʷ ʫʜʦʙʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʬʝʡʩʦʚ, 

ʪʦ ʝʩʪʴ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʩʘʡʪʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʩ ʢʦʪʦʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ. 

ɻʣʘʚʥʦʡ ʬʠʰʢʦʡ React.js ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʠ ʩʦʩʪʦʷʥʠʷ. ɺ ʦʩʥʦʚʝ ʙʠʙʣʠʦʪʝʢʘ React 

ʠʩʧʦʣʴʟʫʝʪ ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʝ. ɽʩʣʠ ʚ ʠʤʧʝʨʘʪʠʚʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʢʘʞʜʦʝ ʜʝʡʩʪʚʠʝ, ʪʦ ʚ ʜʝʢʣʘʨʘʪʠʚʥʦʤ ʜʦʩʪʘʪʦʯʥʦ ʦʧʠʩʘʥʠʷ ʢʦʥʝʯʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʠ ʨʝʘʢʮʠʠ ʥʘ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺʝʙ-ʨʘʟʨʘʙʦʪʯʠʢ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʚʳʛʣʷʜʝʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʙʠʙʣʠʦʪʝʢʘ React.js ʫʧʨʘʚʣʷʝʪ 

ʧʨʦʮʝʩʩʦʤ ʦʙʥʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʦʧʪʠʤʠʟʠʨʫʷ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ 

ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʙʠʙʣʠʦʪʝʢʝ React.js ʙʳʩʪʨʦ [7].   

Vue.js ï ʵʪʦ JavaScript-ʬʨʝʡʤʚʦʨʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʂʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʬʨʝʡʤʚʦʨʢʘ Vue.js ï ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʘʜʘʧʪʠʚʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʬʨʝʡʤʚʦʨʢʦʚ, Vue.js ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʫʨʦʚʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʝʛʦ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʝʢʪʳ ʠ ʧʦʜʢʣʶʯʘʪʴ 

ʢ ʥʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ.  

Vue.js ʠʩʧʦʣʴʟʫʝʪ ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʠ ʨʘʩʰʠʨʷʝʪ ʩʪʘʥʜʘʨʪʥʳʡ HTML ʩ 

ʧʦʤʦʱʴʶ ʜʠʨʝʢʪʠʚ ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʳʝ ʘʪʨʠʙʫʪʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʨʘʟʤʝʪʢʫ ʩ ʣʦʛʠʢʦʡ 

ʧʨʠʣʦʞʝʥʠʷ. ʌʨʦʥʪʝʥʜ-ʨʘʟʨʘʙʦʪʯʠʢ ʠʩʧʦʣʴʟʫʝʪ ʢʘʢ ʚʩʪʨʦʝʥʥʳʤʠ ʜʠʨʝʢʪʠʚʘʤʠ, ʪʘʢ ʠ 

ʩʦʟʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ. ʌʨʝʡʤʚʦʨʢ Vue.js ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʦʜʥʦʩʪʨʘʥʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ [6]. 

Angular ï ʵʪʦ ʧʦʧʫʣʷʨʥʳʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʩʦʟʜʘʥʥʳʡ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ Google. ʆʥ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʠʥʘʤʠʯʥʳʝ, ʦʜʥʦʩʪʨʘʥʠʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ 

(SPA) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TypeScript. Angular ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʙʦʪʳ 

ʩ ʜʘʥʥʳʤʠ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʩʝʨʚʠʩʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʢʨʫʧʥʳʭ ʠ 

ʩʣʦʞʥʳʭ ʧʨʦʝʢʪʦʚ. 

Angular ʨʝʰʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ, ʤʘʨʰʨʫʪʠʟʘʮʠʷ, ʘ ʪʘʢʞʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʝʨʚʝʨʦʤ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʙʦʛʘʪʦʤʫ ʥʘʙʦʨʫ 
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ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ, Angular ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʧʨʠʣʦʞʝʥʠʷ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ Angular ʷʚʣʷʝʪʩʷ ʝʛʦ ʜʚʫʭʩʪʦʨʦʥʥʝʝ ʩʚʷʟʳʚʘʥʠʝ 

ʜʘʥʥʳʭ (two-way data binding), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʤʝʞʜʫ 

ʤʦʜʝʣʴʶ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ. ʕʪʦ ʫʧʨʦʱʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʜʘ, ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʠʩʘʪʴ ʚʨʫʯʥʫʶ. ʂʨʦʤʝ ʪʦʛʦ, Angular ʠʩʧʦʣʴʟʫʝʪ ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ 

ʩʦʟʜʘʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʢʦʜ ʙʦʣʝʝ ʯʠʪʘʝʤʳʤ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʤ 

[1]. 

Svelte ï ʵʪʦ ʧʝʨʝʜʦʚʦʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ 

ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʢʦʥʮʝʧʮʠʝʡ ʠ ʧʦʜʭʦʜʦʤ ʢ ʨʘʟʨʘʙʦʪʢʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʬʨʝʡʤʚʦʨʢʦʚ, Svelte ʢʦʤʧʠʣʠʨʫʝʪ ʧʨʠʣʦʞʝʥʠʷ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ JavaScript-ʢʦʜ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʙʳʩʪʨʫʶ ʟʘʛʨʫʟʢʫ ʚʝʙ-ʩʪʨʘʥʠʮ. 

Svelte ʧʨʝʜʣʘʛʘʝʪ ʨʷʜ ʟʥʘʯʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʧʦʧʫʣʷʨʥʳʤʠ 

ʬʨʝʡʤʚʦʨʢʘʤʠ, ʚʢʣʶʯʘʷ React, Angular ʠ Vue. 

ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ: ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʠʣʷʮʠʠ ʧʨʠʣʦʞʝʥʠʡ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ 

JavaScript ʢʦʜ, Svelte ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʠ ʚʨʝʤʷ ʠʭ ʟʘʛʨʫʟʢʠ, ʯʪʦ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ. 

ʇʨʦʱʝ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ: ʆʪʩʫʪʩʪʚʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ DOM ʠ ʨʝʘʢʪʠʚʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʯʝʨʝʟ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡ ʩʠʥʪʘʢʩʠʩ ʜʝʣʘʶʪ Svelte ʣʝʛʢʠʤ ʚ ʦʩʚʦʝʥʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʕʪʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʥʘ ʦʙʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ. 

ʄʝʥʴʰʠʡ ʨʘʟʤʝʨ ʬʠʥʘʣʴʥʳʭ ʙʘʥʜʣʦʚ: ʪʘʢ ʢʘʢ Svelte ʢʦʤʧʠʣʠʨʫʝʪʩʷ ʚ ʠʩʭʦʜʥʳʡ ʢʦʜ, 

ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʚʳʧʦʣʥʷʝʪʩʷ ʙʨʘʫʟʝʨʦʤ, ʬʠʥʘʣʴʥʳʝ ʙʘʥʜʣʳ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʴʰʝ ʧʦ 

ʨʘʟʤʝʨʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʬʨʝʡʤʚʦʨʢʘʤʠ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʡ 

ʟʘʛʨʫʟʢʝ ʩʪʨʘʥʠʮ. 

ʃʝʛʢʘʷ ʠʥʪʝʛʨʘʮʠʷ: Svelte ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʦʟʜʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʝʢʪʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʚʩʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʝʣʘʶʪ Svelte ʚʝʩʦʤʳʤ ʢʦʥʢʫʨʝʥʪʦʤ ʥʘ ʨʳʥʢʝ ʬʨʝʡʤʚʦʨʢʦʚ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʠ ʣʝʛʢʦʚʝʩʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʛʦ ʵʢʦʩʠʩʪʝʤʘ 

ʧʦʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʙʦʣʝʝ ʟʨʝʣʳʭ ʬʨʝʡʤʚʦʨʢʦʚ [5]. 

Django ï ʵʪʦ ʙʝʩʧʣʘʪʥʳʡ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʙʵʢʝʥʜ-ʬʨʝʡʤʚʦʨʢ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ 

ʢʦʜʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʷʟʳʢʝ Python. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ Django ï ʧʦʤʦʯʴ ʙʵʢʝʥʜ-

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʙʳʩʪʨʦ ʠ ʙʝʟʦʧʘʩʥʦ ʚʳʩʪʨʘʠʚʘʪʴ ʩʝʨʚʝʨʥʫʶ ʯʝʩʪʴ ʩʘʡʪʦʚ. 

Django ʩʦʜʝʨʞʠʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʝʰʝʥʠʷ ʪʠʧʠʯʥʳʭ ʟʘʜʘʯ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ, ʠ ʦʥ 

ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʡ ʬʨʝʡʤʚʦʨʢ. 

Django ʧʨʝʜʣʘʛʘʝʪ ʛʦʪʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ:  

¶ ʉʦʟʜʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ; 

¶ ʋʜʦʙʥʦʡ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ; 

¶ ʈʝʘʣʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʠ CRUD-ʦʧʝʨʘʮʠʡ; 
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¶ ʋʧʨʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʘʢʢʘʫʥʪʘʤʠ; 

¶ ʆʙʨʘʙʦʪʢʠ ʬʦʨʤ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʦʚʩʝʜʥʝʚʥʳʭ ʟʘʜʘʯ. 

ɹʣʘʛʦʜʘʨʷ ʧʦʜʭʦʜʫ ʙʵʢʝʥʜ-ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʫʥʠʢʘʣʴʥʦʡ ʣʦʛʠʢʝ 

ʩʚʦʝʛʦ ʧʨʦʝʢʪʘ, ʥʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʝʪʘʣʠ [8]. 

FastAPI ï ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʠ API ʥʘ Python, 

ʢʦʪʦʨʳʡ ʩʪʘʣ ʧʦʧʫʣʷʨʥʳʤ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʙʫʢʚʘʣʴʥʦ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʪʨʦʢ ʢʦʜʘ ʩʦʟʜʘʪʴ ʩʝʨʚʝʨ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʟʘʧʨʦʩʳ, ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʠʭ ʠ ʚʦʟʚʨʘʱʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ï ʥʘʧʨʠʤʝʨ, ʜʘʥʥʳʝ ʠʟ ʙʘʟʳ, ʦʪʚʝʪ ʥʝʡʨʦʩʝʪʠ ʠʣʠ ʨʝʟʫʣʴʪʘʪ 

ʚʳʯʠʩʣʝʥʠʡ. 

FastAPI ʩʦʟʜʘʣʠ ʚ 2018 ʛʦʜʫ, ʯʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʩʣʘʙʳʝ ʤʝʩʪʘ ʩʪʘʨʳʭ Python-ʬʨʝʡʤʚʦʨʢʦʚ 

ʚʨʦʜʝ Flask ʠ Django. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʘʡʪʦʚ, 

ʥʦ ʥʘʯʠʥʘʣʠ ʪʦʨʤʦʟʠʪʴ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʟʘʧʨʦʩʦʚ ʠ ʧʝʨʝʭʦʜʦʤ ʥʘ ʘʩʠʥʭʨʦʥʥʳʡ Python. 

FastAPI ʧʨʠʤʝʥʷʶʪ ʪʘʤ, ʛʜʝ ʥʫʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʧʨʦʩʳ, ï ʦʪ ʥʝʙʦʣʴʰʠʭ 

ʩʝʨʚʠʩʦʚ ʜʦ ʢʨʫʧʥʳʭ ʧʣʘʪʬʦʨʤ. Python-ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʦʟʜʘʶʪ ʥʘ ʥʸʤ ʙʵʢʝʥʜ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, 

DevOps-ʠʥʞʝʥʝʨʳ ʠ ʠʥʞʝʥʝʨʳ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʝʛʦ ʜʣʷ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʠ 

ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʳʭ ʩʠʩʪʝʤ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ML-ʩʧʝʮʠʘʣʠʩʪʳ ʨʘʟʚʦʨʘʯʠʚʘʶʪ ʩ ʝʛʦ ʧʦʤʦʱʴʶ 

ʤʦʜʝʣʠ ʠ ʜʝʣʘʶʪ ʠʭ ʜʦʩʪʫʧʥʳʤʠ ʯʝʨʝʟ API. 

ʌʨʝʡʤʚʦʨʢ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʯʘʪ-ʙʦʪʦʚ ʠ ʜʘʞʝ IoT-ʫʩʪʨʦʡʩʪʚ, ʛʜʝ ʥʫʞʥʦ 

ʤʛʥʦʚʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʪʦʢ ʜʘʥʥʳʭ [2]. 

Flask ï ʵʪʦ ʣʝʛʢʦʚʝʩʥʳʡ ʚʝʙ-ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʷʟʳʢʘ Python, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʅʘ ʥʸʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠ 

ʣʝʥʜʠʥʛ, ʠ ʤʥʦʛʦʩʪʨʘʥʠʯʥʳʡ ʩʘʡʪ ʩ ʢʫʯʝʡ ʧʣʘʛʠʥʦʚ ʠ ʩʝʨʚʠʩʦʚ. 

ʋ Flask ʤʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪ ʝʛʦ ʩʨʝʜʠ ʜʨʫʛʠʭ ʬʨʝʡʤʚʦʨʢʦʚ: 

¶ ʧʨʦʩʪʦʡ ʩʠʥʪʘʢʩʠʩ ï ʵʪʦ ʚʩʸ-ʪʘʢʠ Python; 

¶ ʫʜʦʙʥʳʝ ʰʘʙʣʦʥʳ ï ʤʦʞʥʦ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ ʧʨʦʪʦʪʠʧʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ; 

¶ ʢʫʯʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʛʠʙʢʦʡ ʥʘʩʪʨʦʡʢʠ ʩʘʡʪʦʚ ʧʦʜ ʣʶʙʳʝ ʥʫʞʜʳ. 

ɽʱʸ ʧʦʜ Flask ʥʘʧʠʩʘʥʳ ʩʦʪʥʠ ʨʘʩʰʠʨʝʥʠʡ ʠ ʧʣʘʛʠʥʦʚ, ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ï ʨʘʟʥʳʝ ʚʠʜʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʝ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠ 

ʨʘʙʦʪʫ ʩ ʬʦʨʤʘʤʠ. ʀ ʚʩʸ ʵʪʦ ï ʙʝʩʧʣʘʪʥʦ ʠ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ [3]. 

Express ï ʩʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ ʚʝʙ-ʬʨʝʡʤʚʦʨʢ ʜʣʷ Node.js, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʙʘʟʦʚʦʡ 

ʙʠʙʣʠʦʪʝʢʦʡ ʜʣʷ ʜʨʫʛʠʭ ʬʨʝʡʤʚʦʨʢʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʢʣʶʯʝʚʳʝ 

ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

Express ʦʩʪʘʝʪʩʷ ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʤ ʠ ʝʛʦ ʛʣʘʚʥʘʷ ʩʠʣʘ ï ʵʪʦ ʵʢʦʩʠʩʪʝʤʘ. ɺʝʙ-

ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʦʟʜʘʣʠ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʚʤʝʩʪʠʤʳʭ middleware-ʧʘʢʝʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʣʶʙʳʭ ʟʘʜʘʯ: ʨʘʙʦʪʘ ʩ cookie-ʬʘʡʣʘʤʠ, ʩʝʩʩʠʷʤʠ, ʘʚʪʦʨʠʟʘʮʠʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʤʥʦʛʠʤ 

ʜʨʫʛʠʤ [9]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʘʥʘʣʠʟʦʚ ʬʨʝʡʤʚʦʨʢʦʚ ʬʨʦʥʪʝʥʜ- ʠ ʙʵʢʝʥʜ-

ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʩʘʡʪʦʚ.  
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ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ 

 

ʌʨʝʡʤʚʦʨ

ʢ 

ʊʠʧ ʗʟʳʢ ʂʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʃʫʯʰʝʝ ʧʨʠʤʝʥʝʥʠʝ 

React ʌʨʦʥʪʝʥʜ-

ʙʠʙʣʠʦʪʝʢʘ UI 

JavaScript ɺʠʨʪʫʘʣʴʥʳʡ DOM, 

ʙʦʛʘʪʘʷ ʵʢʦʩʠʩʪʝʤʘ 

SPA, ʢʨʫʧʥʳʝ ʬʨʦʥʪʝʥʜʳ 

Vue.js ʇʨʦʛʨʝʩʩʠʚʥʳʡ 

ʬʨʦʥʪʝʥʜ-

ʬʨʝʡʤʚʦʨʢ 

JavaScript ʇʦʩʪʝʧʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ, 

ʧʨʦʩʪʦʪʘ ʩʠʥʪʘʢʩʠʩʘ 

ʉʪʘʨʪʘʧʳ, ʛʠʙʨʠʜʥʳʝ 

ʧʨʦʝʢʪʳ 

Angular ʇʦʣʥʦʮʝʥʥʳʡ 

ʬʨʝʡʤʚʦʨʢ 

TypeScrip

t 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ

, DI 

ʂʦʨʧʦʨʘʪʠʚʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ 

Svelte ʂʦʤʧʠʣʷʪʦʨ JavaScript ʂʦʤʧʠʣʷʮʠʷ, ʦʪʩʫʪʩʪʚʠʝ 

Virtual DOM 

ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳ

ʝ ʩʘʡʪʳ 

Django ɹʵʢʝʥʜ-

ʬʨʝʡʤʚʦʨʢ 

Python çɹʘʪʘʨʝʡʢʠ ʚ ʢʦʤʧʣʝʢʪʝè, 

ʙʝʟʦʧʘʩʥʦʩʪʴ 

ɹʳʩʪʨʘʷ ʨʘʟʨʘʙʦʪʢʘ, 

MVP 

FastAPI API-ʬʨʝʡʤʚʦʨʢ Python ɸʩʠʥʭʨʦʥʥʦʩʪʴ, 

ʘʚʪʦʜʦʢʫʤʝʥʪʘʮʠʷ 

ɺʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʝ API 

Flask ʄʠʢʨʦʬʨʝʡʤʚʦʨ

ʢ 

Python ʄʠʥʠʤʘʣʠʟʤ, ʛʠʙʢʦʩʪʴ ʄʠʢʨʦʩʝʨʚʠʩʳ, ʧʨʦʩʪʳʝ 

ʩʘʡʪʳ 

Express.js ʄʠʢʨʦʬʨʝʡʤʚʦʨ

ʢ 

JavaScript ʄʠʥʠʤʘʣʠʟʤ, NPM-

ʵʢʦʩʠʩʪʝʤʘ 

REST API, ʤʠʢʨʦʩʝʨʚʠʩʳ 

 

ɺʳʚʦʜ: 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʬʨʦʥʪʝʥʜ- ʠ ʙʵʢʝʥʜ-ʬʨʝʡʤʚʦʨʢʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʜʘʥʥʳʝ ʬʨʝʡʤʚʦʨʢʠ ʣʠʜʠʨʫʶʪ ʚ ʥʘʰʝ ʚʨʝʤʷ ï ʵʪʦ React, Vue.js, Django, FastAPI. ʇʦʩʢʦʣʴʢʫ 

ʦʥʠ ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʨʝʜʠ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʧʨʦʝʢʪʦʚ ʢʘʢ ʜʣʷ 

ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ, ʪʘʢ ʠ ʩʝʚʝʨʥʦʡ. ʆʩʪʘʣʴʥʳʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʨʝʡʤʚʦʨʢʠ ʪʝʨʷʶʪ 

ʧʦʟʠʮʠʠ ʧʦ ʨʝʡʪʠʥʛʘʤ ʣʫʯʰʠʭ ʬʨʝʡʤʚʦʨʢʦʚ ʚ 2026 ʛʦʜʫ. 
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ʃʠʩʠʥʘ ʊ.ɹ. 
ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ 

 ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ʇʈʆɻʈɸʄʄʅʆ-ɸʇʇɸʈɸʊʅʓʁ ʂʆʄʇʃɽʂʉ ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ 

ʄʀʂʈʆʂʃʀʄɸʊɸ ɺ ʇʆʄɽʑɽʅʀʀ ʅɸ ɹɸɿɽ ESP32 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ʆʥʘ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʢʘʢ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ, ʪʘʢ ʠ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʥʘʜʝʞʥʳʭ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. ʕʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʚʠʚʘʝʪ ʧʦʜʭʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʙʦʣʝʝ ʨʘʥʥʝʡ ʨʘʙʦʪʝ, ʛʜʝ ʙʳʣ ʦʧʠʩʘʥ 

ʙʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʳ [1]. ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʚʳʙʨʘʥ ʤʦʜʫʣʴ ESP32. 

ʆʥ ʦʙʣʘʛʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʥʘʣʠʯʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ Wi-Fi 2,4 ɻɻʮ ʠ Bluetooth. 

ESP32 ʦʩʥʘʱʸʥ 34 ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤʠ ʧʦʨʪʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (GPIO), 12-

ʙʠʪʥʳʤ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ (ɸʎʇ) ʠ 2 ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ (ʎɸʇ), 10 ʩʝʥʩʦʨʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʠ ʨʘʟʣʠʯʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ (4 SPI, 2 

I2C, 2I2S, 3 UART, ETH), ʘ ʪʘʢʞʝ ʵʥʢʦʜʝʨʘʤʠ ʜʣʷ ʐʀʄ-ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʠ ʐʀʄ-

ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʤ [6].  

ɺʳʙʦʨ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʟʘʣʦʞʠʪʴ ʦʩʥʦʚʫ ʜʣʷ ʙʫʜʫʱʝʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʩ ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ ʠʣʠ ʩʝʪʷʤʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

(IoT). IoT ï ʵʪʦ ʩʝʪʴ ʫʩʪʨʦʡʩʪʚ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʝʨʚʠʩʦʚ; ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʙʦʨ ʜʘʥʥʳʭ, ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʠʭ [3]. ʉʦʚʨʝʤʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ESP32 ʢʘʢ ʦʩʥʦʚʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ IoT-ʫʩʪʨʦʡʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʧʨʘʚʣʝʥʠʷ ʫʤʥʳʤʠ ʟʜʘʥʠʷʤʠ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [5]. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Visual Studio Code, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʝ-ʬʘʢʪʦ ʜʣʷ ʤʥʦʛʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʝʝ ʣʝʛʢʦʚʝʩʥʦʩʪʴʶ, ʛʠʙʢʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʤʦʱʥʳʤʠ ʧʣʘʛʠʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ PlatformIO ʠʣʠ Arduino. ʌʨʝʡʤʚʦʨʢ Arduino 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʙʣʘʛʦʜʘʨʷ ʘʙʩʪʨʘʢʮʠʠ 

ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʜʝʪʘʣʝʡ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʣʦʛʠʢʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

Arduino-ʬʨʝʡʤʚʦʨʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʧʨʦʝʢʪʘʤʠ, ʛʜʝ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʙʳʩʪʨʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʦʪʠʧʦʚ ʠ 

ʩʦʟʜʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ IoT-ʨʝʰʝʥʠʡ [3]. 

ʆʩʥʦʚʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʚʫʭ ʢʣʶʯʝʚʳʭ 

ʬʫʥʢʮʠʷʭ: setup() ʠ loop(). ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ [1], ʚ ʜʘʥʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʙʨʘʙʦʪʢʝ ʦʰʠʙʦʢ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʰʠʥ ʩʚʷʟʠ ʠ 

ʦʪʢʣʶʯʝʥʠʶ ʘʚʪʦʢʘʣʠʙʨʦʚʢʠ ʜʘʪʯʠʢʘ CO  ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʧʝʮʠʬʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʯʠʪʘʝʤʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʦʨʦʥʥʠʝ 

ʙʠʙʣʠʦʪʝʢʠ: 

Arduino.h ï ʩʦʜʝʨʞʠʪ ʦʙʲʷʚʣʝʥʠʷ ʙʘʟʦʚʳʭ ʢʦʤʘʥʜ. 
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Wire.h ï ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʰʠʥʦʡ I2C. 

GyverOLEDï ʜʣʷ ʫʜʦʙʥʦʡ ʨʘʙʦʪʳ ʩ OLED-ʜʠʩʧʣʝʷʤʠ ʥʘ ʙʘʟʝ ʢʦʥʪʨʦʣʣʝʨʘ SSD1306. 

GyverBME280 ï ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʩ ʜʘʪʯʠʢʦʤ BME280, ʩʢʨʳʚʘʷ ʩʣʦʞʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʘʥʜ. 

MHZ19.h ï ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʪʯʠʢʦʤ CO  MH-Z19 ʯʝʨʝʟ UART. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʙʠʙʣʠʦʪʝʢ ʧʦʟʚʦʣʷʝʪ ʩʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʨʝʰʝʥʠʠ ʦʩʥʦʚʥʦʡ 

ʟʘʜʘʯʠ ï ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ. 

ʌʫʥʢʮʠʷ setup() ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʠʥ ʨʘʟ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʧʦʩʣʝ 

ʧʝʨʝʟʘʛʨʫʟʢʠ. ʕʪʦʪ ʵʪʘʧ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʣʶʙʘʷ ʦʰʠʙʢʘ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʝ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʟʦʚʦʤ ʬʫʥʢʮʠʠ 

Serial.begin(9600). ʆʥʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʪʧʨʘʚʢʠ ʦʪʣʘʜʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʦʦʙʱʝʥʠʡ ʥʘ ʢʦʤʧʴʶʪʝʨ.   

2. ʅʘʩʪʨʦʡʢʘ ʰʠʥʳ I2C ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʟʦʚʘ Wire.begin(), ʢʦʪʦʨʳʡ 

ʢʦʥʬʠʛʫʨʠʨʫʝʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʚ ʨʝʞʠʤʝ ʤʘʩʪʝʨʘ ʜʣʷ ʩʚʷʟʠ ʩ ʜʘʪʯʠʢʦʤ BME280 ʠ OLED-

ʜʠʩʧʣʝʝʤ.   

3. ʀʥʠʮʠʘʣʠʟʘʮʠʷ OLED-ʜʠʩʧʣʝʷ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʘ 

GyverOLED<SSD1306_128x64> oled ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʚʳʟʦʚ ʤʝʪʦʜʘ oled.init(), ʢʦʪʦʨʳʡ 

ʦʪʧʨʘʚʣʷʝʪ ʢʦʤʘʥʜʳ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʢʦʥʪʨʦʣʣʝʨʫ SSD1306. ʇʦʩʣʝ ʵʪʦʛʦ ʵʢʨʘʥ ʦʯʠʱʘʝʪʩʷ 

(oled.clear()) ʠ ʦʙʥʦʚʣʷʝʪʩʷ (oled.update()).   

4. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʜʘʪʯʠʢʘ BME280 ʚʢʣʶʯʘʝʪ ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʘ GyverBME280 bme. 

ʄʝʪʦʜ bme.begin() ʧʨʦʚʝʨʷʝʪ ʥʘʣʠʯʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʰʠʥʝ, ʩʯʠʪʳʚʘʝʪ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠ 

ʟʘʛʨʫʞʘʝʪ ʟʘʚʦʜʩʢʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʪʦʯʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʳʨʳʭ ʜʘʥʥʳʭ ʚ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ. 

5. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʜʘʪʯʠʢʘ MH-Z19 ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ UART-ʠʥʪʝʨʬʝʡʩʘ: 

ʟʘʜʘʥʠʝ ʧʠʥʦʚ RX/TX ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉʦʟʜʘʸʪʩʷ ʵʢʟʝʤʧʣʷʨ MHZ19 myMHZ19, 

ʠ ʚʳʟʳʚʘʝʪʩʷ myMHZ19.begin(mySerial). ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʟʦʚ 

myMHZ19.autoCalibration(false), ʢʦʪʦʨʳʡ ʦʪʢʣʶʯʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʢʘʣʠʙʨʦʚʢʫ. ʕʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʫʨʦʚʝʥʴ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʝʥ, ʧʦʩʢʦʣʴʢʫ 

ʘʚʪʦʢʘʣʠʙʨʦʚʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ ʠʟʤʝʨʝʥʠʡ. 

ʆʩʥʦʚʥʘʷ ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʙʝʩʢʦʥʝʯʥʦʤ ʮʠʢʣʝ loop(): ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʦʧʨʦʩ 

ʜʘʪʯʠʢʦʚ, ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʭ ʫʩʨʝʜʥʝʥʠʝ ʠ ʚʳʚʦʜ ʥʘ ʵʢʨʘʥ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʣʦʢʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ delay() ʧʨʠʤʝʥʷʝʪʩʷ 

ʬʫʥʢʮʠʷ millis() , ʢʦʪʦʨʘʷ ʚʦʟʚʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʠʣʣʠʩʝʢʫʥʜ, ʧʨʦʰʝʜʰʠʭ ʩ ʤʦʤʝʥʪʘ 

ʚʢʣʶʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʪʘʡʤʝʨʘʤʠ, ʥʝ ʙʣʦʢʠʨʫʷ 

ʚʳʧʦʣʥʝʥʠʝ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ [4]. 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʣʦʛʠʢʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʘ: 

1. ʋʧʨʘʚʣʝʥʠʝ ʚʨʝʤʝʥʝʤ. ʉʨʘʚʥʠʚʘʷ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʩ ʩʦʭʨʘʥʝʥʥʳʤ ʚʨʝʤʝʥʝʤ 

ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʨʝʥʠʷ, ʧʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʷʝʪ, ʥʘʩʪʘʣ ʣʠ ʤʦʤʝʥʪ ʜʣʷ ʥʦʚʦʛʦ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ. 
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2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʦʧʨʦʩ ʜʘʪʯʠʢʦʚ. ɽʩʣʠ ʠʥʪʝʨʚʘʣ ʠʩʪʝʢ, ʚʳʟʳʚʘʶʪʩʷ ʬʫʥʢʮʠʠ ʜʣʷ 

ʯʪʝʥʠʷ ʜʘʥʥʳʭ. 

3. ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʜʣʷ ʫʩʨʝʜʥʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʙʘʚʣʷʶʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʳʝ ʩʫʤʤʠʨʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʩʯʝʪʯʠʢ ʚʳʙʦʨʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ. ʕʪʦʪ 

ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʰʫʤʦʚ ʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʚʳʙʨʦʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʠ ʜʦʩʪʦʚʝʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʦʩʪʦʷʥʠʠ ʤʠʢʨʦʢʣʠʤʘʪʘ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʥʘʢʦʧʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʦʨʦʢ. 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ɺʳʧʦʣʥʷʶʪʩʷ ʦʧʝʨʘʮʠʠ ʜʝʣʝʥʠʷ ʩʫʤʤ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʦʨʦʢ. ʕʪʠ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʠ 

ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʘ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ 

ʩʣʫʯʘʡʥʦʛʦ ʰʫʤʘ. 

2. ɺʠʟʫʘʣʠʟʘʮʠʷ. ʅʘ OLED-ʜʠʩʧʣʝʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ: ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʘʝʪ 

ʦʯʠʩʪʢʫ ʵʢʨʘʥʘ, ʫʩʪʘʥʦʚʢʫ ʢʫʨʩʦʨʘ, ʚʳʚʦʜ ʪʝʢʩʪʦʚʳʭ ʤʝʪʦʢ ʠ ʟʥʘʯʝʥʠʡ ʠ ʦʙʥʦʚʣʝʥʠʝ 

ʩʦʜʝʨʞʠʤʦʛʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʣʘʞʠʚʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

3. ʇʦʜʛʦʪʦʚʢʘ ʢ ʩʣʝʜʫʶʱʝʤʫ ʮʠʢʣʫ. ʇʦʩʣʝ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʚʩʝ ʩʫʤʤʠʨʫʶʱʠʝ 

ʧʝʨʝʤʝʥʥʳʝ ʠ ʩʯʝʪʯʠʢ ʚʳʙʦʨʦʢ ʦʙʥʫʣʷʶʪʩʷ, ʛʦʪʦʚʷ ʩʠʩʪʝʤʫ ʢ ʩʙʦʨʫ ʥʦʚʳʭ ʜʘʥʥʳʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ. 

 

 
 

ʈʠʩ. 1. ʄʘʢʝʪ ʫʩʪʨʦʡʩʪʚʘ 

 

ʇʝʨʚʳʡ ʵʪʘʧ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʨʦʚʝʨʢʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ BME280, ʦʪʦʙʨʘʞʘʝʤʳʭ ʥʘ OLED-ʜʠʩʧʣʝʝ, ʩ ʵʪʘʣʦʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʦʪ ʙʳʪʦʚʦʛʦ ʢʦʤʥʘʪʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʧʦʤʝʱʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʇʦʤʝʱʝʥʠʝ 

 

 

ɹʘʣʢʦʥ 

 

 

 

ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ BME280 ʠ ʵʪʘʣʦʥʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ 

 

ɺ ʞʠʣʦʤ ʧʦʤʝʱʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ BME280 ʩʦʩʪʘʚʣʷʣʘ 22,5 ÁC, ʫ ʪʝʨʤʦʤʝʪʨʘ 22,0ÁC 

ʯʪʦ ʜʘʝʪ ʘʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 0,5 ʛʨʘʜʫʩʘ. ʅʘ ʟʘʢʨʳʪʦʤ ʙʘʣʢʦʥʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 

15,2ÁC ʠ 15,0 ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,2 ʛʨʘʜʫʩʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʨʠʝʤʣʝʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʜʘʪʯʠʢʘ BME280 ʜʣʷ ʟʘʜʘʯʠ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʫʯʠʪʳʚʘʷ 

ʝʛʦ ʩʦʙʩʪʚʝʥʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠ ʚʣʠʷʥʠʝ ʥʘʛʨʝʚʘ ʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʥʘ 

ʫʨʦʚʝʥʴ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʤʝʱʝʥʠʠ. ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘʛʣʷʜʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ʀʟʥʘʯʘʣʴʥʦ, ʧʨʠ ʟʘʢʨʳʪʦʤ ʦʢʥʝ, ʫʨʦʚʝʥʴ CO  

ʩʦʩʪʘʚʣʷʣ 1200 ppm. ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʦʢʥʘ ʥʘʙʣʶʜʘʣʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʩʧʘʜ ʢʦʥʮʝʥʪʨʘʮʠʠ: 

ʯʝʨʝʟ 30 ʤʠʥʫʪ ï 650 ppm, ʯʝʨʝʟ 60 ʤʠʥʫʪ ï 500 ppm, ʠ ʯʝʨʝʟ 100 ʤʠʥʫʪ ï 450 ppm. ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʚ ʧʦʤʝʱʝʥʠʠ ʫʨʦʚʝʥʴ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʘʪʤʦʩʬʝʨʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ, ʪʦ ʝʩʪʴ ʜʦ 450ï800ppm [2]. 
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ɸ) ɹ)  

 

ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ɸ) ʪʝʤʧʝʨʘʪʫʨʳ, ɹ) ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

 

ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʚʥʷ CO  ʦʪ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʧʘʜʘ, ʥʘʙʣʶʜʘʶʱʠʡʩʷ ʩʧʫʩʪʷ 30 ʤʠʥʫʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʪʠʧʠʯʥʳʡ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩʤʝʰʠʚʘʥʠʷ ʛʘʟʦʚ ʚ ʧʦʤʝʱʝʥʠʷʭ. ʆʪʢʨʳʪʠʝ ʦʢʥʘ ʩʦʟʜʘʝʪ ʧʦʪʦʢ 

ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʩʤʝʰʠʚʘʝʪʩʷ ʩʦ ʩʪʘʨʳʤ ʚʦʟʜʫʭʦʤ ʚ ʢʦʤʥʘʪʝ, ʧʨʠʚʦʜʷ ʢ ʝʛʦ 

ʦʙʦʛʘʱʝʥʠʶ ʢʠʩʣʦʨʦʜʦʤ ʠ ʦʙʝʜʥʝʥʠʶ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ. ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʠʩʧʦʣʴʟʫʷ 

ʜʘʪʯʠʢ MH-Z19, ʫʩʧʝʰʥʦ ʬʠʢʩʠʨʫʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʥʪʠʣʷʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʝʪ ʠ ʩʧʦʩʦʙʥʦ ʥʘʜʝʞʥʦ ʠʟʤʝʨʷʪʴ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ, 

ʦʪʩʣʝʞʠʚʘʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
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ʃʦʢʘʡ ɼ.ʉ., ʄʦʪʯʝʥʢʦ ʃ.ɸ. 
ɼʦʥʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɸʣʯʝʚʩʢ, ʃʅʈ, ʈʦʩʩʠʷ 

ʎʀʌʈʆɺɸʗ ʇʆɼɼɽʈɾʂɸ ʂɸʈʔɽʈʅʆʁ ʊʈɸɽʂʊʆʈʀʀ ʉʆʀʉʂɸʊɽʃʗ ʅɸ 

ʆʉʅʆɺɽ ɺɽɹ-ʉɽʈɺʀʉɸ ʌʆʈʄɸʃʀɿɸʎʀʀ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ʈɽɿʖʄɽ 

ʈʝʟʶʤʝ ʦʩʪʘʸʪʩʷ ʙʘʟʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʩʦʠʩʢʘʪʝʣʝʤ ʠ 

ʨʘʙʦʪʦʜʘʪʝʣʝʤ, ʦʜʥʘʢʦ ʧʝʨʝʭʦʜ ʢ ʮʠʬʨʦʚʦʤʫ ʨʳʥʢʫ ʪʨʫʜʘ ʨʘʜʠʢʘʣʴʥʦ ʤʝʥʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʜʝʨʞʘʥʠʶ ʵʪʦʛʦ ʜʦʢʫʤʝʥʪʘ. ʆʪ ʨʝʢʨʫʪʝʨʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʞʠʜʘʝʪʩʷ 

ʨʘʙʦʪʘ ʥʝ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʪʝʢʩʪʦʤ, ʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʥʘʙʦʨʦʤ ʩʚʝʜʝʥʠʡ ʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʙʠʦʛʨʘʬʠʠ ʢʘʥʜʠʜʘʪʘ, ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʤʘʰʠʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʫʩʣʦʚʠʷʭ 

ʤʘʩʩʦʚʦʛʦ ʦʥʣʘʡʥ-ʨʝʢʨʫʪʠʥʛʘ ʩʪʠʭʠʡʥʦʝ çʨʫʯʥʦʝè ʩʦʩʪʘʚʣʝʥʠʝ ʨʝʟʶʤʝ ʧʦ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʮʘʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ, ʩʥʠʞʝʥʠʶ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʧʨʦʬʠʣʝʡ ʠ ʨʦʩʪʫ 

ʥʘʛʨʫʟʢʠ ʥʘ HR-ʩʧʝʮʠʘʣʠʩʪʦʚ [2]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʝʙ-ʩʝʨʚʠʩʦʚ ʩʦʟʜʘʥʠʷ ʨʝʟʶʤʝ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʢʣʶʯʝʚʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʚ ʩʬʝʨʝ ʧʦʜʙʦʨʘ ʧʝʨʩʦʥʘʣʘ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ. ʊʠʧʠʯʥʳʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʠʩʢʘʪʝʣʷ ʠ 

ʨʘʙʦʪʦʜʘʪʝʣʷ ʚʢʣʶʯʘʝʪ: ʧʫʙʣʠʢʘʮʠʶ ʚʘʢʘʥʩʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʶʤʝ, ʧʦʜʘʯʫ ʦʪʢʣʠʢʘ ʯʝʨʝʟ 

ʵʣʝʢʪʨʦʥʥʳʝ ʢʘʥʘʣʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ, ʵʢʩʧʝʨʪʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠ 

ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʦʪʙʦʨʘ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ: 

ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʦʨʪʘʣʳ, ʩʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʥʠʷ ʢʘʥʜʠʜʘʪʦʚ (ATS), HRM-ʧʣʘʪʬʦʨʤʳ. ɽʩʣʠ 

ʠʩʭʦʜʥʦʝ ʨʝʟʶʤʝ ʧʣʦʭʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʦ, ʩʦʜʝʨʞʠʪ ʪʠʧʠʯʥʳʝ ʦʰʠʙʢʠ (ʦʪʩʫʪʩʪʚʠʝ ʢʣʶʯʝʚʳʭ 

ʨʘʟʜʝʣʦʚ, ʥʘʨʫʰʝʥʠʷ ʭʨʦʥʦʣʦʛʠʠ, ʥʝʢʦʨʨʝʢʪʥʳʝ ʢʦʥʪʘʢʪʳ), ʵʪʦ ʠʩʢʘʞʘʝʪ ʨʘʙʦʪʫ ʚʩʝʡ ʮʝʧʦʯʢʠ: 

ʘʣʛʦʨʠʪʤʳ ʨʘʥʞʠʨʦʚʘʥʠʷ ʜʘʶʪ ʥʝʢʦʨʨʝʢʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʨʝʢʨʫʪʝʨʳ ʪʨʘʪʷʪ ʚʨʝʤʷ ʥʘ ʨʫʯʥʦʝ 

çʜʦʯʠʪʳʚʘʥʠʝè, ʘ ʩʦʠʩʢʘʪʝʣʴ ʪʝʨʷʝʪ ʰʘʥʩʳ ʧʨʦʡʪʠ ʧʝʨʚʠʯʥʳʡ ʬʠʣʴʪʨ [3; 4]. ʇʦʵʪʦʤʫ ʩʝʨʚʠʩ, 

ʢʦʪʦʨʳʡ ʠʟʥʘʯʘʣʴʥʦ ʬʦʨʤʠʨʫʝʪ çʪʝʭʥʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦʝè ʨʝʟʶʤʝ, ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʳʥʢʘ ʪʨʫʜʘ. 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʘʩʩʠʚʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʟʶʤʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʢʩʪʳ 

ʩʦʠʩʢʘʪʝʣʝʡ ʧʦʜʯʠʥʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʞʘʥʨʦʚʳʤ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʥʦʨʤʘʤ: ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ 

ʙʣʦʢʠ çʦʙʨʘʟʦʚʘʥʠʝè, çʦʧʳʪè, çʥʘʚʳʢʠè, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʠʧʦʚʳʝ ʬʦʨʤʫʣʳ ʦʧʠʩʘʥʠʷ 

ʦʙʷʟʘʥʥʦʩʪʝʡ ʠ ʜʦʩʪʠʞʝʥʠʡ [2]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ: 

ʧʨʦʧʫʩʢʠ ʢʣʶʯʝʚʳʭ ʨʘʟʜʝʣʦʚ, ʩʤʝʰʝʥʠʝ ʧʝʨʠʦʜʦʚ, ʯʨʝʟʤʝʨʥʘʷ ʦʙʱʥʦʩʪʴ ʬʦʨʤʫʣʠʨʦʚʦʢ. ʕʪʠ 

ʧʨʦʙʣʝʤʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʦʪʙʦʨʘ: ʩʥʠʞʘʝʪʩʷ ʢʘʯʝʩʪʚʦ 

ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʢʘʥʜʠʜʘʪʦʚ, ʚʦʟʨʘʩʪʘʶʪ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʦʮʝʥʢʫ ʨʝʟʶʤʝ. ɺʝʙ-ʩʝʨʚʠʩ, 

ʢʦʪʦʨʳʡ ʟʘʜʘʸʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʠʭ ʢʦʨʨʝʢʪʥʦʩʪʴ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʩʥʠʞʝʥʠʷ ʵʪʠʭ ʧʦʪʝʨʴ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ ʇʆ. ʂ ʧʝʨʚʦʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ ʧʨʦʩʪʳʝ ʦʥʣʘʡʥ-ʛʝʥʝʨʘʪʦʨʳ, 

ʧʨʝʜʣʘʛʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʧʦʣʝʡ ʠ ʦʜʠʥ ʰʘʙʣʦʥ ʦʬʦʨʤʣʝʥʠʷ. ʆʥʠ ʫʜʦʙʥʳ, ʥʦ ʩʣʘʙʦ 

ʫʯʠʪʳʚʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ATS-ʩʠʩʪʝʤ, ʧʦʯʪʠ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʠ ʧʣʦʭʦ ʚʧʠʩʘʥʳ ʚ ʮʝʧʦʯʢʫ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʨʘʙʦʪʦʜʘʪʝʣʷ. ɺʪʦʨʦʡ ʢʣʘʩʩ ʬʦʨʤʠʨʫʶʪ 
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ʢʦʤʧʣʝʢʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʛʜʝ ʤʦʜʫʣʴ ʨʝʟʶʤʝ ʚʩʪʨʦʝʥ ʚ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʢʦʥʪʝʢʩʪ: 

ʧʦʠʩʢ ʚʘʢʘʥʩʠʡ, ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʘʣʝʥʜʘʨʴ ʠʥʪʝʨʚʴʶ. ʕʪʠ ʨʝʰʝʥʠʷ ʛʣʫʙʦʢʦ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ 

ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ HR-ʧʨʦʮʝʩʩʘʤʠ, ʥʦ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ çʟʘʢʨʳʪʳʤʠè: ʧʨʦʬʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʧʨʠʚʷʟʘʥʳ ʢ ʦʜʥʦʡ ʧʣʘʪʬʦʨʤʝ ʠ ʩʣʘʙʦ ʧʝʨʝʥʦʩʠʤʳ ʚ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ [5]. ʊʨʝʪʠʡ ʢʣʘʩʩ 

ʩʦʩʪʘʚʣʷʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʝʙ-ʩʝʨʚʠʩʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʝʟʶʤʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ: ʧʨʦʬʠʣʴ ʩʦʠʩʢʘʪʝʣʷ ʭʨʘʥʠʪʩʷ ʢʘʢ ʥʘʙʦʨ ʩʫʱʥʦʩʪʝʡ (ʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʳʪ, ʥʘʚʳʢʠ ʠ ʜʨ.), ʘ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʶʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʟ ʵʪʦʡ 

ʤʦʜʝʣʠ [5]. ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʘʤʠ ʧʦʜʭʦʜ ʦʪʥʦʩʠʪʩʷ ʠʤʝʥʥʦ ʢ ʵʪʦʤʫ ʪʨʝʪʴʝʤʫ ʢʣʘʩʩʫ ʠ 

ʦʙʲʝʜʠʥʷʝʪ ʧʨʦʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʦʪʢʨʳʪʦʩʪʴʶ ʤʦʜʝʣʠ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʤ ʧʨʦʝʢʪʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʬʠʣʴʥʦʡ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʦʠʩʢʘʪʝʣʝ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʥʘʙʦʨ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʫʱʥʦʩʪʝʡ: ʣʠʯʥʳʝ ʠ ʢʦʥʪʘʢʪʥʳʝ ʩʚʝʜʝʥʠʷ, ʬʦʨʤʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ, ʪʨʫʜʦʚʦʡ ʦʧʳʪ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠ ʤʷʛʢʠʝ ʥʘʚʳʢʠ, ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʝʢʪʘʭ, ʚʣʘʜʝʥʠʝ ʠʥʦʩʪʨʘʥʥʳʤʠ ʷʟʳʢʘʤʠ, ʧʦʨʪʬʦʣʠʦ ʠ ʮʠʬʨʦʚʳʝ ʠʜʝʥʪʠʯʥʦʩʪʠ. ʂʘʞʜʘʷ 

ʩʫʱʥʦʩʪʴ ʠʤʝʝʪ ʯʸʪʢʦ ʟʘʜʘʥʥʳʡ ʥʘʙʦʨ ʘʪʨʠʙʫʪʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ (ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ 

ʧʦʣʷ, ʬʦʨʤʘʪ ʜʘʪʳ, ʬʦʨʤʘʪ e-mail ʠ ʪ. ʧ.). ɼʣʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʦʜʙʦʨʘ ʧʝʨʩʦʥʘʣʘ ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʦ ʢʘʥʜʠʜʘʪʝ ʤʦʛʫʪ ʙʳʪʴ ʘʛʨʝʛʠʨʦʚʘʥʳ, ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʚʘʢʘʥʩʠʡ, ʘ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʬʠʣʴ ʩʦʠʩʢʘʪʝʣʷ ʣʝʛʢʦ 

ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʳ, ʦʞʠʜʘʝʤʳʝ ʩʠʩʪʝʤʘʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʢʨʫʪʠʥʛʘ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʶʤʝ [1; 3]. 

ʇʨʘʢʪʠʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʢʨʫʪʠʥʛʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ATS ʠ 

ʤʦʜʫʣʝʡ ʘʥʘʣʠʪʠʢʠ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʨʘʟʜʝʣʦʚ ʨʝʟʶʤʝ, ʥʦ ʠ ʝʜʠʥʦʦʙʨʘʟʠʝ ʦʧʠʩʘʥʠʷ 

ʩʚʝʜʝʥʠʡ. ɼʘʞʝ ʧʨʠ ʟʘʧʦʣʥʝʥʥʳʭ ʧʦʣʷʭ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʠʟʢʠʤ: 

ʦʜʠʥʘʢʦʚʳʝ ʜʦʣʞʥʦʩʪʠ ʬʠʢʩʠʨʫʶʪʩʷ ʨʘʟʥʳʤʠ ʬʦʨʤʫʣʠʨʦʚʢʘʤʠ, ʩʤʝʰʠʚʘʶʪʩʷ ʫʨʦʚʥʠ 

ʢʚʘʣʠʬʠʢʘʮʠʠ, ʥʝ ʫʢʘʟʳʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ, ʢʨʠʪʠʯʥʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʧʨʦʬʠʣʝʡ, ʘ ʧʝʨʚʠʯʥʳʡ ʩʢʨʠʥʠʥʛ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ 

ʪʦʯʥʳʤ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ HR-ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʫʜʣʠʥʷʝʪ ʮʠʢʣ ʥʘʡʤʘ [3]. ʇʦʵʪʦʤʫ 

ʚʝʙ-ʩʝʨʚʠʩʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʥʘʙʦʨʦʤ ʧʦʣʝʡ, ʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʦʨʤʘʣʠʟʘʮʠʶ 

ʜʘʥʥʳʭ: ʧʨʝʜʣʘʛʘʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʩʧʨʘʚʦʯʥʠʢʠ (ʜʦʣʞʥʦʩʪʠ, ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ), 

ʧʦʜʩʢʘʟʳʚʘʪʴ ʪʠʧʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʜʫʙʣʠʢʘʪʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʩʦʭʨʘʥʷʝʪ ʫʜʦʙʩʪʚʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ çʧʨʠʛʦʜʥʦʩʪʴè 

ʨʝʟʶʤʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʘʰʠʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʢʘʨʴʝʨʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ [5]. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʝʪ ʦʧʠʩʘʥʠʝ ʥʘʚʳʢʦʚ ʠ ʢʦʤʧʝʪʝʥʮʠʡ. ɺ ʨʘʙʦʪʘʭ, 

ʧʦʩʚʷʱʸʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʪʝʢʩʪʦʚ ʨʝʟʶʤʝ ʠ ʚʘʢʘʥʩʠʡ, ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ 

ʢʘʯʝʩʪʚʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʘʥʜʠʜʘʪʘ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʘʙʦʪʦʜʘʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʥʦʪʳ ʠ 

ʪʦʯʥʦʩʪʠ ʪʝʨʤʠʥʦʚ, ʢʦʪʦʨʳʤʠ ʦʧʠʩʘʥ ʦʧʳʪ [3]. ɺ ʨʘʤʢʘʭ ʧʨʦʬʠʣʴʥʦʡ ʤʦʜʝʣʠ ʥʘʚʳʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʚʦʙʦʜʥʳʡ ʪʝʢʩʪ, ʥʦ ʠ ʢʘʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ 

ʵʣʝʤʝʥʪ: ʥʘʟʚʘʥʠʝ ʥʘʚʳʢʘ, ʫʨʦʚʝʥʴ ʚʣʘʜʝʥʠʷ, ʢʦʥʪʝʢʩʪ ʧʨʠʤʝʥʝʥʠʷ (ʫʯʸʙʘ, ʧʨʦʝʢʪ, ʨʘʙʦʪʘ), 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʬʘʢʪ (ʨʝʟʫʣʴʪʘʪ, ʨʦʣʴ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ), ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ï 

ʩʩʳʣʢʫ ʥʘ ʧʦʨʪʬʦʣʠʦ ʠʣʠ ʘʨʪʝʬʘʢʪ. ɽʩʣʠ ʩʝʨʚʠʩ ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʙʦʨ ʠʟ ʧʦʜʩʢʘʟʦʢ 
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ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʭʨʘʥʷʝʪ ʠʩʭʦʜʥʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝ 

çʟʘʞʠʤʘʪʴè ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʩʪʠʣʴ ʨʝʟʶʤʝ, ʘ ʩ ʜʨʫʛʦʡ ï ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʦʩʥʦʚʫ 

ʜʣʷ ʧʦʠʩʢʘ ʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʢʦʤʧʝʪʝʥʮʠʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʙʘʨʴʝʨ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʫʧʨʦʱʘʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʤʝʪʦʜʘʤʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʶʤʝ, 

ʫʧʦʤʠʥʘʝʤʳʤʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʢʘʭ [1; 3]. 

ʂʦʥʪʨʦʣʴ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʚʦʜʠʤʳʭ ʩʚʝʜʝʥʠʡ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʪʠʧʠʯʥʳʝ ʦʰʠʙʢʠ, 

ʚʳʷʚʣʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʟʶʤʝ: ʧʨʦʧʫʩʢʠ ʢʣʶʯʝʚʳʭ ʨʘʟʜʝʣʦʚ, 

ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʘʪ, ʥʘʨʫʰʝʥʠʷ ʭʨʦʥʦʣʦʛʠʠ, ʥʝʢʦʨʨʝʢʪʥʳʝ ʢʦʥʪʘʢʪʳ ʠ ʯʨʝʟʤʝʨʥʦ ʦʙʱʠʝ 

ʦʧʠʩʘʥʠʷ ʦʙʷʟʘʥʥʦʩʪʝʡ [2]. ɺʝʙ-ʩʝʨʚʠʩ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʚʘʣʠʜʘʮʠʶ: 

ʧʨʦʚʝʨʢʫ ʬʦʨʤʘʪʦʚ (ʪʝʣʝʬʦʥ, e-mail), ʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʜʘʪʘ ʥʘʯʘʣʘ ʦʧʳʪʘ ʥʝ ʧʦʟʞʝ 

ʜʘʪʳ ʦʢʦʥʯʘʥʠʷ; çʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷè ʜʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʧʦʟʠʮʠʠ), ʢʦʥʪʨʦʣʴ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʦʣʝʡ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʧʨʦʧʫʱʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʇʦʣʝʟʥʦʡ ʷʚʣʷʝʪʩʷ ʠ 

çʤʷʛʢʘʷè ʚʘʣʠʜʘʮʠʷ ï ʥʘʧʨʠʤʝʨ, ʧʦʜʩʢʘʟʢʘ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʝʩʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʩʣʠʰʢʦʤ ʢʦʨʦʪʢʦʝ ʦʧʠʩʘʥʠʝ. ʇʦʜʦʙʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʚʦʜʷʪ ʯʘʩʪʴ 

ʨʫʪʠʥʳ ʨʝʢʨʫʪʝʨʘ ʚ ʠʥʪʝʨʬʝʡʩ ʩʝʨʚʠʩʘ ʠ ʩʥʠʞʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʞʘʥʨʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʟʶʤʝ [2]. 

ʇʦʩʢʦʣʴʢʫ ʨʝʟʶʤʝ ʦʩʪʘʸʪʩʷ ʞʘʥʨʦʚʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʚʘʞʥʦʡ ʬʫʥʢʮʠʝʡ ʩʝʨʚʠʩʘ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʜʜʝʨʞʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʦʧʠʩʘʥʠʡ. 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʠʩʢʘʪʝʣʠ ʯʘʩʪʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʰʘʙʣʦʥʥʳʝ 

ʬʦʨʤʫʣʳ ʙʝʟ ʫʢʘʟʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʠ ʤʘʩʰʪʘʙʘ ʨʘʙʦʪʳ, ʠʟ-ʟʘ ʯʝʛʦ ʨʘʙʦʪʦʜʘʪʝʣʶ ʩʣʦʞʥʦ 

ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʢʘʥʜʠʜʘʪʘ [2]. ʇʦʵʪʦʤʫ ʠʥʪʝʨʬʝʡʩ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʢʦʥʪʝʢʩʪʥʳʝ ʧʦʜʩʢʘʟʢʠ: 

ʧʨʠʤʝʨʳ ʛʣʘʛʦʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʜʘʯ, ʥʘʧʦʤʠʥʘʥʠʷ ʦ ʚʳʜʝʣʝʥʠʠ ʜʦʩʪʠʞʝʥʠʡ 

ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʦʙʘʚʣʝʥʠʶ ʠʟʤʝʨʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ, ʦʙʲʸʤ ʨʘʙʦʪ, 

ʜʦʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ). ʇʨʠ ʵʪʦʤ ʩʝʨʚʠʩ ʥʝ ʜʦʣʞʝʥ çʧʠʩʘʪʴ ʟʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷè, ʘ ʜʦʣʞʝʥ ʥʘʧʨʘʚʣʷʪʴ: ʟʘʜʘʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʦʧʠʩʘʥʠʷ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʢʦʥʢʨʝʪʠʢʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʚʳʰʘʝʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʨʝʟʶʤʝ ʠ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʧʨʠʛʦʜʥʳʤ 

ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʦʧʠʨʘʶʪʩʷ ʥʘ ʢʣʶʯʝʚʳʝ ʩʫʱʥʦʩʪʠ ʠ ʤʘʨʢʝʨʳ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʨʝʟʶʤʝ ʠ ʚʘʢʘʥʩʠʡ [3]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʨʳʥʢʘ ʪʨʫʜʘ ʧʦʣʝʟʥʦ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʵʢʩʧʦʨʪʘ. ʇʦʤʠʤʦ ʚʠʟʫʘʣʴʥʦ ʦʬʦʨʤʣʝʥʥʦʛʦ PDF, 

ʚʦʩʪʨʝʙʦʚʘʥʘ ʚʳʛʨʫʟʢʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʬʠʣʷ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʟʘʛʨʫʟʢʠ 

ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʘʥʘʣʠʪʠʢʠ: ʥʘʧʨʠʤʝʨ, ʢʘʢ ʥʘʙʦʨ ʧʦʣʝʡ ʜʣʷ ʠʤʧʦʨʪʘ 

ʚ HRM/ATS ʣʠʙʦ ʢʘʢ ʝʜʠʥʳʡ ʬʘʡʣ ʧʨʦʬʠʣʷ ʜʣʷ ʧʝʨʝʥʦʩʘ ʤʝʞʜʫ ʧʣʘʪʬʦʨʤʘʤʠ. ɺ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʘʭ ʨʝʟʶʤʝ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʦʬʠʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʣʶʯʝʚʦʝ ʫʩʣʦʚʠʝ ʫʜʦʙʩʪʚʘ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʚʥʝʰʥʠʤʠ ʩʝʨʚʠʩʘʤʠ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ 

ʦʙʣʝʛʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʶʤʝ, ʚʢʣʶʯʘʷ 

ʧʘʨʩʝʨʳ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʫʣʠ, ʦʧʠʩʳʚʘʝʤʳʝ ʚ ʧʨʦʬʠʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [1]. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʨʚʠʩʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʬʠʣʴ ʩʦʠʩʢʘʪʝʣʷ ʚʢʣʶʯʘʝʪ 
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ʢʦʥʪʘʢʪʥʳʝ ʩʚʝʜʝʥʠʷ ʠ ʵʣʝʤʝʥʪʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʙʠʦʛʨʘʬʠʠ. ʅʘ ʫʨʦʚʥʝ ʘʨʭʠʪʝʢʪʫʨʳ 

ʦʧʨʘʚʜʘʥʳ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʨʘʚ ʜʦʩʪʫʧʘ (ʩʦʠʩʢʘʪʝʣʴ, ʘʜʤʠʥʠʩʪʨʘʪʦʨ, HR-ʧʦʣʴʟʦʚʘʪʝʣʴ), 

ʭʨʘʥʝʥʠʝ ʧʘʨʦʣʝʡ ʚ ʚʠʜʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʭʝʰʝʡ, ʟʘʱʠʪʘ ʩʝʩʩʠʡ, ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ 

ʢʨʠʪʠʯʥʳʭ ʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʙʝʟʦʧʘʩʥʘʷ ʨʘʙʦʪʘ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʭ ʟʘʧʨʦʩʦʚ. ɺʘʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩʦʛʣʘʩʠʷʤʠ: ʢʘʢʠʝ ʧʦʣʷ 

ʜʦʩʪʫʧʥʳ ʧʨʠ ʵʢʩʧʦʨʪʝ, ʢʘʢʠʝ ï ʧʨʠ ʧʝʨʝʜʘʯʝ ʚ ʩʪʦʨʦʥʥʠʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʜʘʣʝʥʠʷ ʠʣʠ ʜʝʘʢʪʠʚʘʮʠʠ ʧʨʦʬʠʣʷ. ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʘʢʘʷ ʧʦʣʠʪʠʢʘ ʜʦʩʪʫʧʘ ʧʦʚʳʰʘʝʪ 

ʜʦʚʝʨʠʝ ʠ ʜʝʣʘʝʪ ʤʦʜʝʣʴ ʭʨʘʥʝʥʠʷ ʧʨʦʬʠʣʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʢ ʨʠʩʢʘʤ ʫʪʝʯʢʠ ʜʘʥʥʳʭ [5]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʩʮʝʥʘʨʠʶ 

ʟʘʧʦʣʥʝʥʠʷ ʨʝʟʶʤʝ, ʧʦʩʢʦʣʴʢʫ ʢʘʯʝʩʪʚʦ ʠʪʦʛʦʚʦʛʦ ʧʨʦʬʠʣʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, 

ʥʘʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʝʨʚʠʩ ʚʝʜʸʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʢʦʛʥʠʪʠʚʥʫʶ 

ʥʘʛʨʫʟʢʫ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʦʰʘʛʦʚʳʡ ʤʘʩʪʝʨ (wizard) ʩ ʧʨʦʟʨʘʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʨʘʟʜʝʣʦʚ, ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʦʛʨʝʩʩʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ ʨʘʥʝʝ ʟʘʧʦʣʥʝʥʥʳʤ ʙʣʦʢʘʤ 

ʙʝʟ ʧʦʪʝʨʠ ʜʘʥʥʳʭ. ɺ ʢʦʥʪʝʢʩʪʝ ʞʘʥʨʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʟʶʤʝ ʚʘʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʩʪʘʥʜʘʨʪʠʟʘʮʠʝʡ ʠ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʝʡ: ʩʝʨʚʠʩ ʤʦʞʝʪ ʧʨʝʜʣʘʛʘʪʴ ʥʝʩʢʦʣʴʢʦ ʰʘʙʣʦʥʦʚ 

ʦʬʦʨʤʣʝʥʠʷ ʠ ʥʘʙʦʨʘ ʨʘʟʜʝʣʦʚ ʧʦʜ ʨʘʟʥʳʝ ʨʦʣʠ (ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʯʠʢ, ʘʥʘʣʠʪʠʢ, ʤʝʥʝʜʞʝʨ), 

ʧʨʠ ʵʪʦʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʞʸʩʪʢʠʤ çʢʘʨʢʘʩʦʤè [2]. ʋʜʦʙʥʳʤ ʨʝʰʝʥʠʝʤ 

ʩʪʘʥʦʚʠʪʩʷ ʢʦʥʪʝʢʩʪʥʘʷ ʘʜʘʧʪʘʮʠʷ ʬʦʨʤʳ: ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʢʘʟʳʚʘʝʪ ʦʧʳʪ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʤʘʥʜʦʡ, ʩʠʩʪʝʤʘ ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʷ ʦ ʨʘʟʤʝʨʝ ʢʦʤʘʥʜʳ, ʤʝʪʨʠʢʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ; ʝʩʣʠ ʫʢʘʟʘʥ ʫʯʝʙʥʳʡ ʧʨʦʝʢʪ ï ʧʦʣʷ ʦ ʨʦʣʠ, ʠʥʩʪʨʫʤʝʥʪʘʭ ʠ ʨʝʟʫʣʴʪʘʪʝ. ʊʘʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʧʦʚʳʰʘʶʪ ʧʦʣʥʦʪʫ ʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʜʘʥʥʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʠʩʢʘ, ʬʠʣʴʪʨʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʝʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʚ 

ʨʘʙʦʪʘʭ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʝʟʶʤʝ ʠ ʧʦʜʜʝʨʞʢʝ ʦʪʙʦʨʘ [1; 3]. ʅʘʢʦʥʝʮ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʥʩʪʨʫʢʪʦʨʘ ʨʝʟʶʤʝ ʢʘʢ ʜʦʣʛʦʞʠʚʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʣʝʟʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʦʭʨʘʥʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʚʝʨʩʠʡ ʧʨʦʬʠʣʷ (ʥʘʧʨʠʤʝʨ, çʧʦʜ ʧʨʦʜʫʢʪʦʚʫʶ ʢʦʤʧʘʥʠʶè ʠ çʧʦʜ ʢʦʥʩʘʣʪʠʥʛè) ʠ 

ʠʩʪʦʨʠʶ ʠʟʤʝʥʝʥʠʡ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʘʜʘʧʪʘʮʠʶ ʨʝʟʶʤʝ ʧʦʜ ʨʘʟʥʳʝ ʚʘʢʘʥʩʠʠ ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ 

ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ [5]. 

ʅʘʢʦʥʝʮ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʠʢʣʘʜʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʧʦʜʜʝʨʞʢʫ ʢʘʨʴʝʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʅʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʣʝʡ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʥʦʪʳ ʧʨʦʬʠʣʷ, ʚʳʷʚʣʷʪʴ 

çʩʣʘʙʳʝ ʤʝʩʪʘè (ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʧʠʩʘʥʥʳʝ ʧʨʦʝʢʪʳ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʪʚʝʨʞʜʸʥʥʳʭ ʥʘʚʳʢʦʚ), 

ʬʦʨʤʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʨʝʟʶʤʝ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʚʘʢʘʥʩʠʡ ʠ 

ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʸʨʢʠʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʶʤʝ ʠ ʚʘʢʘʥʩʠʡ, ʥʘʣʠʯʠʝ ʠʩʭʦʜʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ ʩʥʠʞʘʝʪ ʧʦʨʦʛ ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʠ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ [3]. ʕʪʦ ʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʢʦʩʠʩʪʝʤʳ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʚ 

ʨʘʙʦʪʘʭ ʦʙ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʙʦʨʘ ʠ ʘʥʘʣʠʟʝ ʨʝʟʶʤʝ [1; 3]. 

ɸʨʭʠʪʝʢʪʫʨʘ ʚʝʙ-ʩʝʨʚʠʩʘ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ. ʋʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʚʝʯʘʝʪ ʟʘ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ: ʬʦʨʤʳ ʚʚʦʜʘ ʠ ʦʙʣʘʩʪʴ ʧʨʝʜʧʨʦʩʤʦʪʨʘ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ HTML5, CSS3 ʠ JavaScript. 
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ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ çʞʠʚʦʝè ʦʙʥʦʚʣʝʥʠʝ ʚʠʜʘ ʨʝʟʶʤʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʝʡ, 

ʧʦʜʩʚʝʪʢʫ ʦʰʠʙʦʢ ʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʰʘʙʣʦʥʦʚ. ʉʝʨʚʝʨʥʳʡ ʫʨʦʚʝʥʴ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ ʩʝʩʩʠʷʤʠ, ʚʘʣʠʜʘʮʠʠ ʜʘʥʥʳʭ ʠ ʨʘʙʦʪʳ ʩ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ. 

ɼʦʩʪʫʧ ʢ ʉʋɹɼ ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʝ ʟʘʧʨʦʩʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

SQL-ʠʥʲʝʢʮʠʡ ʠ ʥʘʨʫʰʝʥʠʡ ʮʝʣʦʩʪʥʦʩʪʠ. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʥʜʝʥʮʠʷʤʠ 

ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʩʠʩʪʝʤ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʢʨʫʪʠʥʛʘ ʠ ʢʘʨʴʝʨʥʳʭ ʩʝʨʚʠʩʦʚ [5]. 

ʆʪʜʝʣʝʥʠʝ ʩʣʦʷ ʜʘʥʥʳʭ ʦʪ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

ʰʘʙʣʦʥʦʚ ʨʝʟʶʤʝ. ʐʘʙʣʦʥ ʟʘʜʘʸʪ ʧʦʨʷʜʦʢ ʙʣʦʢʦʚ, ʚʠʟʫʘʣʴʥʳʝ ʘʢʮʝʥʪʳ ʠ ʧʨʘʚʠʣʘ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʝʡ. ʆʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʦʬʠʣʴ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʟʚʸʨʥʫʪ ʚ ʥʝʩʢʦʣʴʢʦ 

ʰʘʙʣʦʥʦʚ: ʢʣʘʩʩʠʯʝʩʢʠʡ (ʘʢʮʝʥʪ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʳʪʘ), ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʡ (ʘʢʮʝʥʪ ʥʘ 

ʥʘʚʳʢʘʭ ʠ ʨʝʟʫʣʴʪʘʪʘʭ), ʘʢʘʜʝʤʠʯʝʩʢʠʡ (ʨʘʩʰʠʨʝʥʥʳʡ ʙʣʦʢ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ). ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʝʟʶʤʝ ʧʦʜ ʨʘʟʥʳʝ ʙʠʟʥʝʩ-ʩʮʝʥʘʨʠʠ: 

ʤʘʩʩʦʚʳʡ ʨʝʢʨʫʪʠʥʛ, ʩʪʘʞʠʨʦʚʢʠ, ʘʢʘʜʝʤʠʯʝʩʢʦʝ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦ [5]. 

ɼʣʷ ʩʦʠʩʢʘʪʝʣʷ ʙʘʟʦʚʳʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʨʝʛʠʩʪʨʘʮʠʶ, ʧʦʵʪʘʧʥʦʝ ʟʘʧʦʣʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ, ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʬʦʨʤʫʣʠʨʦʚʦʢ ʠ ʵʢʩʧʦʨʪ ʨʝʟʶʤʝ 

ʚ ʬʦʨʤʘʪ, ʫʜʦʙʥʳʡ ʜʣʷ ʧʦʜʘʯʠ ʦʪʢʣʠʢʦʚ (PDF ʠʣʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ HTML). ɺʩʪʨʦʝʥʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʚʘʣʠʜʘʮʠʠ ʦʪʩʣʝʞʠʚʘʶʪ ʟʘʧʦʣʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʨʘʟʜʝʣʦʚ, ʢʦʨʨʝʢʪʥʦʩʪʴ ʬʦʨʤʘʪʘ 

ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʪʝʤ ʩʘʤʳʤ ʫʩʪʨʘʥʷʷ 

ʪʠʧʠʯʥʳʝ ʦʰʠʙʢʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʟʶʤʝ [2]. ɼʣʷ 

ʨʘʙʦʪʦʜʘʪʝʣʷ ʠ HR-ʩʣʫʞʙʳ ʦʩʥʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʚʠʯʥʳʡ ʩʢʨʠʥʠʥʛ ʨʝʟʶʤʝ, 

ʧʦʠʩʢ ʧʦ ʢʣʶʯʝʚʳʤ ʥʘʚʳʢʘʤ ʠ ʬʠʣʴʪʨʘʮʠʷ ʧʦ ʦʧʳʪʫ ʠ ʦʙʨʘʟʦʚʘʥʠʶ. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦʙʣʝʛʯʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʵʪʠʭ ʦʧʝʨʘʮʠʡ. ɼʣʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦʙʳ ʜʘʥʥʳʝ ʦ 

ʢʘʥʜʠʜʘʪʝ ʤʦʞʥʦ ʙʳʣʦ ʣʝʛʢʦ ʟʘʛʨʫʞʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ. ʌʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʬʠʣʷ 

ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʠ ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʟʙʦʨʘ ʨʝʟʶʤʝ [1; 3]. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʙʦʨʘ 

ʧʝʨʩʦʥʘʣʘ ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʶʤʝ, 

ʚʢʣʶʯʘʷ ʨʦʙʦʪʦʚ-ʧʘʨʩʝʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʠʟʚʣʝʢʘʪʴ ʢʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ ʝʸ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʘʥʘʣʠʪʠʢʠ [1]. 

ʅʘʣʠʯʠʝ ʠʟʥʘʯʘʣʴʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʚ ʚʝʙ-ʩʝʨʚʠʩʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʧʦʜʦʙʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ: ʚʤʝʩʪʦ ʩʣʦʞʥʦʛʦ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʨʘʟʙʦʨʘ ʪʝʢʩʪʘ 

ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʧʦʣʷ. ʕʪʦ ʩʥʠʞʘʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʨʠʩʢʠ, 

ʫʧʨʦʱʘʝʪ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ HR-ʧʨʦʮʝʩʩʦʚ ʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʪʦʢʘ ʢʘʥʜʠʜʘʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʙ-ʩʝʨʚʠʩ ʩʦʟʜʘʥʠʷ ʨʝʟʶʤʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ 

ʮʠʬʨʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʢʘʨʴʝʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩʦʠʩʢʘʪʝʣʷ. ɺʦ-ʧʝʨʚʳʭ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ 

ʜʘʥʥʳʭ ʨʝʟʶʤʝ ʠ ʘʨʭʠʪʝʢʪʫʨʘ ʩʝʨʚʠʩʘ ʧʦʚʳʰʘʶʪ ʢʘʯʝʩʪʚʦ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʥʜʠʜʘʪʝ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʦʜʙʦʨʘ 

ʧʝʨʩʦʥʘʣʘ. ɺʦ-ʚʪʦʨʳʭ, ʚʩʪʨʦʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʘʣʠʜʘʮʠʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʝʜʧʨʦʩʤʦʪʨʘ 
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ʩʥʠʞʘʶʪ ʧʦʨʦʛ ʚʭʦʜʘ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʫʤʝʥʴʰʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʠʯʥʳʭ ʦʰʠʙʦʢ, 

ʦʧʠʩʘʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʟʶʤʝ. ɺ-ʪʨʝʪʴʠʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʣʷʮʠʦʥʥʦʡ 

ʙʘʟʳ, ʯʸʪʢʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʫʱʥʦʩʪʝʡ ʠ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʠʩʪʝʤʘʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʨʝʢʨʫʪʠʥʛʘ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʠ ʚʥʝʜʨʝʥʠʷ ʤʝʪʦʜʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʨʝʟʶʤʝ ʠ ʚʘʢʘʥʩʠʡ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʜʘʥʥʳʡ ʢʣʘʩʩ ʚʝʙ-ʩʝʨʚʠʩʦʚ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʢʘʨʴʝʨʳ. 
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ʄʘʩʣʦʚʘ ɸ.ʂ. 
ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʡ 

ʛ. ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʇɽʈʉʆʅɸʃʔʅʆɻʆ 

ʇʃɸʅʀʈʆɺɸʅʀʗ ʅɸ ʆʉʅʆɺɽ ʄʆɼɽʃʀ ʎʀʌʈʆɺʆɻʆ ɼɺʆʁʅʀʂɸ 

ʉʆʊʈʋɼʅʀʂɸ 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʫʞʝ ʜʘʚʥʦ ʥʘʯʘʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠ ʤʝʭʘʥʠʟʠʨʦʚʘʪʴ ʪʷʞʢʠʝ ʠ 

ʪʨʫʜʦʸʤʢʠʝ ʧʨʦʮʝʩʩʳ. ʆʜʥʘʢʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʤʧʘʥʠʠ ʟʘʙʳʚʘʝʪ ʦ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʨʦʝʢʪʦʚ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʚʦʜʠʪ ʢ ʵʤʦʮʠʦʥʘʣʴʥʦʤʫ ʚʳʛʦʨʘʥʠʶ ʩʦʪʨʫʜʥʠʢʦʚ, 

ʧʝʨʝʟʘʛʨʫʟʦʢ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʠ ʧʝʨʝʥʦʩʘ ʩʨʦʢʦʚ ʩʜʘʯʠ ʧʨʦʝʢʪʘ. ʎʝʣʴ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ 

ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʪʴ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ, ʩʧʦʩʦʙʥʦʛʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʟʘʜʘʯʠ ʥʘ ʥʝʜʝʣʶ, 

ʦʮʝʥʠʚʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘ, ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʠ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʟʘʜʘʯʠ. 

ɼʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʘʥʠʷʤʠ, ʥʦ ʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʜʝʣ. 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ï ʵʪʦ ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʪʦʯʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʚʝʜʝʥʠʝ ʠ ʩʦʩʪʦʷʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʧʨʦʮʝʩʩʘ ʠʣʠ ʩʠʩʪʝʤʳ [3]. ʅʘ 

ʦʩʥʦʚʝ ʚʚʝʜʸʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʘʥʥʳʭ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʝʣʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʸʪʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʟʘʛʨʫʟʢʠ, 

ʧʦʜʭʦʜʷʱʠʡ ʧʦʜ ʝʛʦ ʨʘʩʧʠʩʘʥʠʝ. 

ʂʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʧʦʷʚʠʣʘʩʴ ʚ 2003 ʛ., ʢʦʛʜʘ ʄʘʡʢʣ ɻʨʠʚʩ, ʚʜʦʭʥʦʚʣʸʥʥʳʡ 

ʨʘʙʦʪʦʡ ʩ ɼʞʦʥʦʤ ɺʠʢʝʨʩʦʤ, ʧʨʝʜʣʦʞʠʣ ʥʦʚʫʶ ʢʦʥʮʝʧʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 

ʧʨʦʜʫʢʪʘ. ʀʜʝʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʦʪ ʙʫʤʘʞʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦ ʧʨʦʜʫʢʪʝ ʢ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʙʳ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʦʯʢʦʡ ʦʪʩʯʸʪʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ 

ʵʪʘʧʘʤʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʪʘ [1]. 

ʊʝʭʥʦʣʦʛʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚʳʭʦʜʠʪ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ ʧʨʦʩʪʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ï 

ʦʥʘ ʩʦʟʜʘʸʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʢʦʧʠʶ, ʩʧʦʩʦʙʥʫʶ: 

- ʩʦʙʠʨʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʩ ʬʠʟʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ; 

- ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʷʭ; 

- ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʘʥʦʤʘʣʠʠ ʚ ʨʘʙʦʪʝ ʦʨʠʛʠʥʘʣʘ; 

- ʪʝʩʪʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʙʝʟ ʨʠʩʢʘ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ; 

- ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ 15ï30%. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʠʩʧʦʣʴʟʫʶʪ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʧʨʦʩʪʳʤ ʠ ʧʦʥʷʪʥʳʤ ʜʣʷ ʯʝʣʦʚʝʢʘ ʦʙʨʘʟʦʤ [2]. ʇʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʷʝʪ ʩʣʦʞʥʳʝ ʚʳʯʠʩʣʝʥʠʷ 

ʧʦ ʬʦʨʤʫʣʘʤ, ʠʩʧʦʣʴʟʫʷ ʥʝ ʦʜʥʫ ʬʫʥʢʮʠʶ. ɸ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ 

ʟʘʧʨʘʰʠʚʘʝʤʳʝ ʜʘʥʥʳʝ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʥ ʧʦʣʫʯʠʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʚ ʫʜʦʙʥʦʡ 

ʬʦʨʤʝ. 

ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʪʠʢʦʚ Gartner, ʢ 2027 ʛʦʜʫ ʙʦʣʝʝ 85% ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʤʧʘʥʠʡ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ 10ï20% ʠ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʚʳʚʦʜʘ ʧʨʦʜʫʢʪʦʚ ʥʘ ʨʳʥʦʢ ʜʦ 
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50% [4; 5]. ʇʝʨʝʭʦʜ ʦʪ ʧʨʦʛʥʦʟʘ ʢ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʠ ï ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʙʦʪʝ ʩ ʪʨʝʤʷ ʪʠʧʘʤʠ ʜʘʥʥʳʭ: 

- ʜʘʥʥʳʝ ʦ ʟʘʜʘʯʘʭ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: ʥʘʟʚʘʥʠʝ ʟʘʜʘʯʠ, ʪʠʧ (ʚʩʪʨʝʯʘ, ʪʨʫʜʦʸʤʢʘʷ 

ʨʘʙʦʪʘ, ʨʫʪʠʥʘ ʠ ʦʙʫʯʝʥʠʝ), ʩʣʦʞʥʦʩʪʴ, ʦʞʠʜʘʝʤʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚ ʯʘʩʘʭ, ʧʨʠʦʨʠʪʝʪ, ʩʨʦʢ 

ʩʜʘʯʠ (ʝʩʣʠ ʠʤʝʝʪʩʷ); 

- ʜʘʥʥʳʝ ʦ ʩʦʪʨʫʜʥʠʢʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ, ʚʨʝʤʷ 

ʦʙʝʜʘ, ʯʘʩʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʪʝʢʫʱʘʷ ʟʘʛʨʫʟʢʘ ʧʦ ʜʥʷʤ ʥʝʜʝʣʠ; 

- ʨʘʩʧʠʩʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʟʘʜʘʯʠ ʧʦ ʜʥʷʤ, ʦʙʱʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʢʘʞʜʳʡ ʜʝʥʴ. 

ɼʣʷ ʦʮʝʥʢʠ ʥʘʛʨʫʟʢʠ ʦʪ ʟʘʜʘʯʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ (1): 

Ὓ ά Ὑ Ὧ (1) 

ʛʜʝ S ïʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ, m ï ʚʝʩ ʪʠʧʘ ʟʘʜʘʯʠ, R ï ʫʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ, k ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ. 

ɺʝʩ ʪʠʧʘ ʟʘʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʝʸ ʚʠʜʘ. ʉʘʤʳʤ ʙʦʣʴʰʠʤ ʚʝʩʦʤ ʦʙʣʘʜʘʝʪ ʪʨʫʜʦʸʤʢʘʷ ʨʘʙʦʪʘ, 

ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʪʷʞʸʣʦʡ ʩʨʝʜʠ ʦʩʪʘʣʴʥʳʭ ʪʠʧʦʚ. ʉʣʝʜʫʶʱʠʤʠ ʧʦ ʩʣʦʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʚʩʪʨʝʯʘ ʠ ʦʙʫʯʝʥʠʷ. ʇʦʩʣʝʜʥʠʤ ʧʦ ʩʣʦʞʥʦʩʪʠ ʙʫʜʫʪ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ. ɺ ʪʘʙʣ. ʊʘʙʣʠʮʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʝʩʘ ʪʠʧʘ ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʛʨʘʤʤʝ. 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʚʝʩʘ ʪʠʧʘ ʟʘʜʘʯʠ 

 

ʊʠʧ ʟʘʜʘʯʠ ɺʝʩ 

ʊʨʫʜʦʸʤʢʘʷ ʨʘʙʦʪʘ 1.5 

ɺʩʪʨʝʯʘ 1.2 

ʆʙʫʯʝʥʠʝ 1.0 

ʈʫʪʠʥʥʳʝ ʜʝʣʘ 0.8 

 

ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 4 ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ ʦʪ 1 ʜʦ 4, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ 

ʩʘʤ. ɺʚʝʜʸʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʫʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ ʫʤʥʦʞʘʝʪʩʷ ʥʘ 0.8, ʧʦʟʚʦʣʷʷ ʩʦʭʨʘʥʠʪʴ 

ʦʱʫʪʠʤʫʶ ʥʘʛʨʫʟʢʫ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʜʦʧʫʩʪʠʪʴ ʯʨʝʟʤʝʨʥʦʛʦ ʜʦʤʠʥʠʨʦʚʘʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʯʠʪʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2): 

Ὧ
ρ ὸȟ

σ
 (2) 

ʛʜʝ t ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʚ ʯʘʩʘʭ. 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʛʘʨʘʥʪʠʨʫʝʪ ʯʪʦ ʜʘʞʝ ʫ ʢʦʨʦʪʢʦʡ ʧʦ ʚʨʝʤʝʥʠ ʟʘʜʘʯʠ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝ 

ʙʫʜʝʪ ʤʝʥʴʰʝ 1. ɺʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʠ ʩʦʟʜʘʸʪ ʨʝʘʣʠʩʪʠʯʥʫʶ ʩʣʦʞʥʦʩʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʥʝ ʚʩʝʛʜʘ 

ʟʘʜʘʯʠ ʜʣʠʥʦʶ ʚ 3 ʯʘʩʘ ʩʠʣʴʥʦ ʩʣʦʞʥʝʝ ʟʘʜʘʯ ʜʣʠʥʥʦʡ ʚ 1 ʯʘʩ. ɼʝʣʝʥʠʝ ʥʘ 3 ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʩʠʣʴʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ. 

ʇʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 

1. ʉʦʨʪʠʨʦʚʢʘ ʟʘʜʘʯ. ɿʘʜʘʯʠ ʩʥʘʯʘʣʘ ʩʦʨʪʠʨʫʶʪʩʷ ʧʦ ʧʨʠʦʨʠʪʝʪʫ, ʟʘʪʝʤ ʧʦ ʩʨʦʢʫ ʩʜʘʯʠ 

ʠ ʚ ʢʦʥʮʝ ʧʦ ʩʣʦʞʥʦʩʪʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʟʘʜʘʯʠ. 

2. ɺʳʙʦʨ ʜʥʷ. ɼʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʧʨʦʛʨʘʤʤʘ ʠʱʝʪ ʧʦʜʭʦʜʷʱʠʡ ʜʝʥʴ ʧʦ ʥʝʢʦʪʦʨʳʤ 

ʧʨʘʚʠʣʘʤ: 
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- ʜʝʥʴ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʙʦʯʠʤ (ʧʦʥʝʜʝʣʴʥʠʢ ï ʧʷʪʥʠʮʘ); 

- ʦʙʱʘʷ ʥʘʛʨʫʟʢʘ ʜʥʷ ʠ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʚ ʩʫʤʤʝ Ò 8; 

- ʫʯʠʪʳʚʘʝʪʩʷ ʩʨʦʢ ʩʜʘʯʠ; 

- ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʧʨʦʛʨʘʤʤʘ ʩʪʘʨʘʝʪʩʷ ʩʪʘʚʠʪʴ ʚ ʩʝʨʝʜʠʥʝ ʥʝʜʝʣʠ. 

3. ɺʳʙʦʨ ʚʨʝʤʝʥʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʟʘʜʘʯʠ ʝʩʪʴ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ: 

- ʪʨʫʜʦʸʤʢʘʷ ʨʘʙʦʪʘ: ʩ 9:00 ʜʦ 15:00; 

- ʚʩʪʨʝʯʠ: ʩ 11:00 ʜʦ 16:00; 

- ʦʙʫʯʝʥʠʝ: ʩ 10:00 ʜʦ 16:00; 

- ʨʫʪʠʥʥʳʝ ʜʝʣʘ: ʩ 12:00 ʜʦ 17:00. 

ʉʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʘ ʢʘʢ ʢʣʘʩʩ (DigitalTwinPlanner) ʥʘ ʷʟʳʢʝ Python ʩ ʦʩʥʦʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ: 

- add_task() ï ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʡ ʟʘʜʘʯʠ; 

- auto_schedule_tasks() ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ; 

- show_schedule() ï ʧʦʢʘʟ ʨʘʩʧʠʩʘʥʠʷ; 

- save_to_file() ï ʩʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ; 

- load_from_file() ï ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ. 

ɼʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʬʦʨʤʘʪʝ json-ʬʘʡʣʘ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʧʦ ʫʢʘʟʘʥʥʦʤʫ ʚ ʢʦʜʝ ʧʫʪʠ. ʊʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʫʟʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʬʦʨʤʘʪʝ json-ʬʘʡʣʘ. ɼʘʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʟʘʜʘʯʠ ʢ ʫʞʝ 

ʩʧʣʘʥʠʨʦʚʘʥʥʦʡ ʨʘʙʦʯʝʡ ʥʝʜʝʣʝ. 

ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʥʩʦʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩ ʤʝʥʶ. ʇʨʠ ʟʘʧʫʩʢʝ 

ʧʨʦʛʨʘʤʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʠʜʠʪ ʩʧʠʩʦʢ ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʝʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʚʝʩʪʠ ʥʦʤʝʨ ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʜʘʯʠ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʚʳʙʨʘʥʥʦʡ ʟʘʜʘʯʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʦʟʚʨʘʪ ʚ ʦʩʥʦʚʥʦʝ ʤʝʥʶ ʩ ʧʦʚʪʦʨʥʳʤ ʚʳʙʦʨʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʮʠʢʣ ʟʘʜʘʯ. 

ʂʦʥʩʦʣʴʥʦʝ ʤʝʥʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʦʢ 1. 

 

 
 

ʈʠʩ. 1. ʂʦʥʩʦʣʴʥʦʝ ʤʝʥʶ ʧʦʣʴʟʦʚʘʪʝʣʷ 

 

ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʙʳʣʦ ʧʦʜʛʦʪʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʮʝʥʘʨʠʝʚ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ: 
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- ʉʮʝʥʘʨʠʡ 1: ɼʦʙʘʚʣʝʥʠʝ ʟʘʜʘʯʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʟʘʜʘʯ ʚʳʙʠʨʘʝʤ 

ʟʘʜʘʯʫ ʧʦʜ ʥʦʤʝʨʦʤ 1 (ɼʦʙʘʚʠʪʴ ʟʘʜʘʯʫ). ʇʦʩʣʝ ʧʨʦʛʨʘʤʤʘ ʟʘʧʨʘʰʠʚʘʝʪ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʥʘʟʚʘʥʠʝ ʟʘʜʘʯʠ, ʧʨʝʜʣʘʛʘʝʪ ʚʳʙʨʘʪʴ ʪʠʧ, ʫʢʘʟʘʪʴ ʩʣʦʞʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʠʦʨʠʪʝʪ ʠ ʟʘʜʘʪʴ ʩʨʦʢ ʩʜʘʯʠ (ʝʩʣʠ ʠʤʝʝʪʩʷ). ɼʘʣʝʝ ʧʦ ʬʦʨʤʫʣʝ (1) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴ 

ʟʘʜʘʯʠ ʠ ʚʳʙʠʨʘʝʪʩʷ ʚʨʝʤʷ ʠ ʜʝʥʴ. ʈʝʟʫʣʴʪʘʪ ʦʪʨʘʙʦʪʢʠ ʩʮʝʥʘʨʠʷ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

 
 

ʈʠʩ. 2. ɼʦʙʘʚʣʝʥʠʝ ʟʘʜʘʯʠ 

 

- ʉʮʝʥʘʨʠʡ 2: ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʟʘʜʘʯ ʚʳʙʠʨʘʝʤ 

ʟʘʜʘʯʫ ʧʦʜ ʥʦʤʝʨʦʤ 2 (ʈʘʩʧʨʝʜʝʣʠʪʴ ʟʘʜʘʯʠ ʥʘ ʥʝʜʝʣʶ). ʇʨʦʛʨʘʤʤʘ ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʨʘʥʝʝ 

ʘʣʛʦʨʠʪʤʫ ʚʳʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʝʥʴ ʚʨʝʤʷ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ. ʈʝʟʫʣʴʪʘʪ 

ʦʪʨʘʙʦʪʢʠ ʩʮʝʥʘʨʠʷ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ. 3. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯʠ 

 

- ʉʮʝʥʘʨʠʡ 3: ʇʨʦʩʤʦʪʨ ʨʘʩʧʠʩʘʥʠʝ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʟʘʜʘʯ ʚʳʙʠʨʘʝʤ 

ʟʘʜʘʯʫ ʧʦʜ ʥʦʤʝʨʦʤ 3 (ʇʦʢʘʟʘʪʴ ʨʘʩʧʠʩʘʥʠʝ). ʇʨʦʛʨʘʤʤʘ ʚʳʚʦʜʠʪ ʩʧʠʩʦʢ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ 

ʧʦ ʜʥʷʤ ʠ ʚʨʝʤʝʥʠ ʟʘʜʘʯʘʤʠ. ʈʝʟʫʣʴʪʘʪ ʦʪʨʘʙʦʪʢʠ ʩʮʝʥʘʨʠʷ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4ʈʠʩ. . 

 

 
 

ʈʠʩ. 4. ʇʨʦʩʤʦʪʨ ʨʘʩʧʠʩʘʥʠʷ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʘ ʜʣʷ ʩʦʪʨʫʜʥʠʢʘ ʷʚʣʷʝʪʩʷ: ʩʥʠʞʝʥʠʷ ʩʪʨʝʩʩʘ, 

ʙʘʣʘʥʩ ʥʘʛʨʫʟʢʠ, ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʫʯʸʪ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺʩʝ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘ ʥʝ ʚ ʫʱʝʨʙ ʝʛʦ ʵʤʦʮʠʦʥʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʧʨʠʚʝʜʸʪ 

ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʦʟʜʘʩʪ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚ ʫʢʘʟʘʥʥʳʝ ʩʨʦʢʠ, ʘ 

ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʦʣʣʝʢʪʠʚʘ ʧʨʝʜʦʪʚʨʘʪʠʪ ʫʪʝʯʢʫ ʢʘʜʨʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʩʪʦʚʦʡ ʤʦʜʝʣʠ ʧʦʜ 

ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʨʘʥʝʝ ʟʘʜʘʯʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʟʘʜʘʯ. 

ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʙʘʚʠʪʴ ʦʮʝʥʢʫ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʪʨʫʜʥʠʢʘ ʚ ʪʝʢʫʱʠʡ ʜʝʥʴ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʧʣʘʥʘ ʜʣʷ ʢʘʞʜʦʛʦ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʫʞʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʤʧʘʥʠʷʤʠ, ʫʯʝʙʥʳʤʠ ʟʘʚʝʜʝʥʠʷʤʠ ʠ ʚ ʣʠʯʥʳʭ ʮʝʣʷʭ. ʎʠʬʨʦʚʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʠʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʠ ʫʣʫʯʰʠʪʴ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʫʯʠʪʳʚʘʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 
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ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʇʈʀʄɽʅɽʅʀɽ ʄʀʂʈʆʉɽʈɺʀʉʅʆʁ ɸʈʍʀʊɽʂʊʋʈʓ ɼʃʗ ʉʆɿɼɸʅʀʗ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ Cʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆɽʂʊɸʄʀ 

ɺ ʫʩʣʦʚʠʷʭ ʪʝʢʫʱʝʡ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʛʜʝ ʧʨʦʝʢʪʳ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʩʪʨʘʪʝʛʠʡ ʠ ʩʦʟʜʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʩʪʨʫʤʝʥʪʘʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʢʘʨʜʠʥʘʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ. ʂʦʤʧʘʥʠʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʘʥʜʳ, ʫʧʨʘʚʣʷʪʴ 

ʩʣʦʞʥʳʤʠ ʨʝʩʫʨʩʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʶʱʠʤʩʷ 

ʨʳʥʦʯʥʳʤ ʫʩʣʦʚʠʷʤ. ɺ ʪʘʢʦʤ ʢʦʥʪʝʢʩʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ 

(ʀʉʋʇ) ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ ʧʨʦʩʪʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʫʪʠʣʠʪʘʤʠ ʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ, ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʳʭ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʙʠʟʥʝʩʘ [6]. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʟʦʨʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʉʋʇ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʦʚ 

ʚ ʩʨʦʢ ʠ ʚ ʨʘʤʢʘʭ ʙʶʜʞʝʪʘ [4]. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʥʦʣʠʪʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʚʳʟʦʚʘʤ [2, ʩ. 25]. 

ɽʜʠʥʘʷ, ʥʝʨʘʟʨʳʚʥʘʷ ʢʦʜʦʚʘʷ ʙʘʟʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʨʘʟʨʘʙʦʪʢʠ, ʩʦʟʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʛʠʙʢʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʃʶʙʦʝ, ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ, 

ʠʟʤʝʥʝʥʠʝ ʚ ʦʜʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʤʦʜʫʣʝ ʪʨʝʙʫʝʪ ʧʦʣʥʦʡ ʧʝʨʝʩʙʦʨʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʩʝʛʦ 

ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʟʘʤʝʜʣʷʝʪ ʮʠʢʣʳ ʨʘʟʨʘʙʦʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʥʦʣʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʠʨʘʪʝʣʴʥʦ ʥʘʨʘʱʠʚʘʪʴ ʤʦʱʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʠ ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ ʥʘ ʚʦʟʥʠʢʰʠʝ ʚʳʟʦʚʳ ʚʳʩʪʫʧʘʝʪ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ï 

ʩʦʚʨʝʤʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʜʝʢʦʤʧʦʟʠʮʠʶ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʥʘʙʦʨ 

ʥʝʙʦʣʴʰʠʭ, ʘʚʪʦʥʦʤʥʦ ʨʘʟʚʝʨʪʳʚʘʝʤʳʭ ʠ ʩʣʘʙʦʩʚʷʟʘʥʥʳʭ ʩʝʨʚʠʩʦʚ. ʂʘʞʜʳʡ ʪʘʢʦʡ ʩʝʨʚʠʩ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʦʜʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʙʠʟʥʝʩ-ʟʘʜʘʯʠ: ʫʧʨʘʚʣʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʚʝʜʝʥʠʝ ʟʘʜʘʯ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ. ʉ ʵʪʦʡ ʨʝʘʣʠʟʘʮʠʝʡ, ʩʝʨʚʠʩ ʤʦʞʝʪ 

ʠʤʝʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ, ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʢʦʤʘʥʜʫ ʨʘʟʨʘʙʦʪʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʫʩʢʦʨʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʟʘ ʩʯʝʪ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʢʦʤʘʥʜ, ʥʦ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʤʝʥʷʝʪ ʧʨʠʥʮʠʧʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʠʢʪʦʚʘʥʘ ʨʘʩʪʫʱʠʤ ʩʧʨʦʩʦʤ ʩʦ ʩʪʦʨʦʥʳ 

ʟʘʢʘʟʯʠʢʦʚ ʥʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʠ ʛʠʙʢʠʝ ʀʉʋʇ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ. ʇʝʨʝʭʦʜ ʢ ʤʠʢʨʦʩʝʨʚʠʩʘʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʥʜʦʤ, ʘ ʥʘʩʫʱʥʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʷ ʢʦʤʧʘʥʠʡ, ʩʪʨʝʤʷʱʠʭʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʠ 

ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʛʨʘʤʦʪʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 
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ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʦʥʦʣʠʪʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ [6]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʥʦʤ ʧʦʜʭʦʜʝ. 

ʂʣʶʯʝʚʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʥʘʛʨʫʟʢʫ, ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʦʭʨʘʥʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʩʙʦʷʭ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʚʝʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʠʩʪʝʤʳ 

ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʳ, ʧʨʝʜʣʦʞʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʮʝʥʠʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ï ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʘ ʮʝʣʦʩʪʥʘʷ ʧʘʨʘʜʠʛʤʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʩʪʝʤ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʥʘʙʦʨʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ ʠ ʢʦʥʮʝʧʮʠʡ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ 

ʦʩʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʛʨʘʤʦʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʫʪʴ ʤʠʢʨʦʩʝʨʚʠʩʥʦʛʦ ʧʦʜʭʦʜʘ. 

ɺ ʦʩʥʦʚʝ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʣʝʞʘʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʥʮʠʧʦʚ, ʢʦʪʦʨʳʝ 

ʢʦʣʣʝʢʪʠʚʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʸ ʛʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ [2]. 

¶ ʇʨʠʥʮʠʧ ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʂʘʞʜʳʡ ʤʠʢʨʦʩʝʨʚʠʩ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ 

ʚʳʧʦʣʥʝʥʠʠ ʦʜʥʦʡ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʙʠʟʥʝʩ-ʬʫʥʢʮʠʠ ʠʣʠ ʫʧʨʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʴʶ (Domain-Driven Design). ʅʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ 

ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʩʝʨʚʠʩʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʧʨʦʝʢʪʘʤʠ, ʟʘʜʘʯʘʤʠ 

ʠ ʫʚʝʜʦʤʣʝʥʠʷʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʦʣʠʨʦʚʘʪʴ ʣʦʛʠʢʫ ʠ ʫʧʨʦʱʘʝʪ ʧʦʥʠʤʘʥʠʝ ʠ ʤʦʜʠʬʠʢʘʮʠʶ 

ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

¶ ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʘʚʪʦʥʦʤʥʦʩʪʴ ʩʝʨʚʠʩʦʚ. ʄʠʢʨʦʩʝʨʚʠʩʳ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʝʜʠʥʠʮʘʤʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ, 

ʩʦʙʠʨʘʪʴ ʠ ʚʳʧʫʩʢʘʪʴ ʥʦʚʫʶ ʚʝʨʩʠʶ ʦʜʥʦʛʦ ʩʝʨʚʠʩʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʙʦʨʢʠ ʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʊʘʢʘʷ ʘʚʪʦʥʦʤʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʥʝʧʨʝʨʳʚʥʫʶ 

ʠʥʪʝʛʨʘʮʠʶ ʠ ʥʝʧʨʝʨʳʚʥʫʶ ʜʦʩʪʘʚʢʫ (CI/CD); 

¶ ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʥʦʣʠʪʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʛʜʝ ʚʩʝ ʜʘʥʥʳʝ ʦʙʳʯʥʦ ʭʨʘʥʷʪʩʷ ʚ ʦʜʥʦʡ ʙʦʣʴʰʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʚ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ 

ʢʘʞʜʳʡ ʩʝʨʚʠʩ ʫʧʨʘʚʣʷʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʫʶ ʉʋɹɼ (ʨʝʣʷʮʠʦʥʥʫʶ, ʛʨʘʬʦʚʫʶ, NoSQL ʠ ʪ. ʜ.) ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʠ 

ʠʟʙʝʞʘʪʴ ʞʝʩʪʢʦʡ ʩʚʷʟʘʥʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʜʘʥʥʳʭ; 

¶ ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʠʟʦʣʷʮʠʷ. ʇʦʩʢʦʣʴʢʫ ʩʝʨʚʠʩʳ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʩʙʦʡ ʚ ʦʜʥʦʤ ʠʟ ʥʠʭ ʥʝ ʜʦʣʞʝʥ ʧʨʠʚʦʜʠʪʴ ʢ ʢʘʩʢʘʜʥʦʤʫ ʦʪʢʘʟʫ ʚʩʝʡ ʩʠʩʪʝʤʳ. ɼʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʘʪʪʝʨʥʦʚ, ʪʘʢʠʭ ʢʘʢ Circuit Breaker ʠ Bulkhead, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʙʦʝʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ; 
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¶ ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʦ ʪʨʝʙʦʚʘʥʠʶ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʩʘʤʳʤ 

ʥʘʛʨʫʞʝʥʥʳʤ ʦʢʘʟʘʣʩʷ ʩʝʨʚʠʩ push-ʫʚʝʜʦʤʣʝʥʠʡ, ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʝʛʦ 

ʵʢʟʝʤʧʣʷʨʦʚ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʜʨʫʛʠʝ ʩʝʨʚʠʩ.r ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʚʩʝʡ ʤʦʥʦʣʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠʣʦʞʝʥʠʷ. 

ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ (ʪʘʙʣ.). 

ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ 

 

ɸʩʧʝʢʪ ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

ʄʘʩʰʪʘʙʠʨʫʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ 

ʮʝʣʠʢʦʤ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʵʬʬʝʢʪʠʚʥʦ. 

ʄʘʩʰʪʘʙʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʥʘʛʨʫʞʝʥʥʳʝ 

ʩʝʨʚʠʩʳ, ʯʪʦ ʵʢʦʥʦʤʠʪ ʨʝʩʫʨʩʳ. 

ɻʠʙʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ 

ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʠʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ ʜʣʷ ʚʩʝʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. 

ʂʘʞʜʳʡ ʩʝʨʚʠʩ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ ʠ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʊʝʤʧʳ ʨʘʟʨʘʙʦʪʢʠ 

ʀʟʤʝʥʝʥʠʷ ʚ ʣʶʙʦʡ ʯʘʩʪʠ 

ʪʨʝʙʫʶʪ ʧʦʣʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ɹʣʘʛʦʜʘʨʷ ʥʝʟʘʚʠʩʠʤʦʡ ʨʘʙʦʪʝ ʢʦʤʘʥʜ, 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʬʫʥʢʮʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ. 

ʅʘʜʝʞʥʦʩʪʴ 

ʆʜʥʘ ʦʰʠʙʢʘ ʚ ʢʘʢʦʤ-ʣʠʙʦ 

ʤʦʜʫʣʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʙʦʶ 

ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ʆʪʢʘʟ ʦʜʥʦʛʦ ʩʝʨʚʠʩʘ ʠʟʦʣʠʨʦʚʘʥ, 

ʩʠʩʪʝʤʘ ʚ ʮʝʣʦʤ ʦʩʪʘʝʪʩʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ. 

ʉʣʦʞʥʦʩʪʴ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʀʟʥʘʯʘʣʴʥʦ ʧʨʦʱʝ, ʥʦ 

ʫʩʣʦʞʥʷʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʧʨʠʣʦʞʝʥʠʷ. 

ʀʟʥʘʯʘʣʴʥʦ ʩʣʦʞʥʝʝ ʠʟ-ʟʘ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʨʠʨʦʜʳ, ʥʦ ʫʧʨʦʱʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ. 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ ʠ ʧʘʪʪʝʨʥʳ. ʈʝʘʣʠʟʘʮʠʷ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʦʧʠʨʘʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʠ ʦʨʢʝʩʪʨʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ Docker, 

ʩʪʘʣʠ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʫʧʘʢʦʚʢʠ ʤʠʢʨʦʩʝʨʚʠʩʦʚ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʴ 

ʦʢʨʫʞʝʥʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ (ʨʘʟʨʘʙʦʪʢʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ). ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʙʦʣʴʰʠʤʠ ʢʣʘʩʪʝʨʘʤʠ ʢʦʥʪʝʡʥʝʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʦʨʢʝʩʪʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, 

Kubernetes, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʨʘʟʚʝʨʪʳʚʘʥʠʝ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʩʝʨʚʠʩʦʚ. 

API -ʰʣʶʟ. ʊʘʢ ʢʘʢ ʫ ʩʠʩʪʝʤʳ ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʩʝʨʚʠʩʦʚ, ʚʦʟʥʠʢʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʝʜʠʥʦʡ ʪʦʯʢʝ ʚʭʦʜʘ ʜʣʷ ʢʣʠʝʥʪʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. API-ʰʣʶʟ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ 

ʬʘʩʘʜʘ, ʥʘʧʨʘʚʣʷʷ ʟʘʧʨʦʩʳ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʝʨʚʠʩʘʤ, ʘ ʪʘʢʞʝ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʩʢʚʦʟʥʳʝ 

ʟʘʜʘʯʠ: ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʣʦʛʠʨʦʚʘʥʠʝ, ʙʘʣʘʥʩʠʨʦʚʢʫ ʥʘʛʨʫʟʢʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ. ʉʝʨʚʠʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦ ʩʝʪʠ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ: 

¶ ʉʠʥʭʨʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʨʝʟ RESTful API ʠʣʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ gRPC. 

¶ ɸʩʠʥʭʨʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʤʦʱʴʶ ʙʨʦʢʝʨʦʚ ʩʦʦʙʱʝʥʠʡ (RabbitMQ ʠʣʠ 

Apache Kafka ʠ ʜʨ.). ɸʩʠʥʭʨʦʥʥʳʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʦʩʣʘʙʣʝʥʠʶ 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʩʚʷʟʘʥʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʘʢ ʢʘʢ ʩʝʨʚʠʩʳ ʥʝ ʞʜʫʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʦʪʚʝʪʘ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʢʘʞʜʳʡ ʩʝʨʚʠʩ ʚʣʘʜʝʝʪ ʩʚʦʝʡ ʙʘʟʦʡ 

ʜʘʥʥʳʭ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ ʚʤʝʩʪʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʪʨʘʥʟʘʢʮʠʡ (ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʳ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ) ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʪʪʝʨʥʳ 

Event Sourcing (ʭʨʘʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʙʳʪʠʡ, ʠʟʤʝʥʠʚʰʠʭ ʩʦʩʪʦʷʥʠʝ) ʠ CQRS 

(Command Query Responsibility Segregation ï ʨʘʟʜʝʣʝʥʠʝ ʤʦʜʝʣʝʡ ʜʣʷ ʟʘʧʠʩʠ ʠ ʯʪʝʥʠʷ ʜʘʥʥʳʭ) 

[5]. 

ʀʟʣʦʞʝʥʥʳʝ ʚʳʰʝ ʧʘʪʪʝʨʥʳ ʠ ʧʨʠʥʮʠʧʳ ʦʙʨʘʟʫʶʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʠʤʝʥʷʷ ʵʪʫ ʤʝʪʦʜʦʣʦʛʠʶ ʥʘ ʧʨʘʢʪʠʢʝ, ʤʦʞʥʦ 

ʧʝʨʝʡʪʠ ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʛʜʝ ʢʘʞʜʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʥʘʭʦʜʠʪ ʩʚʦʝ ʢʦʥʢʨʝʪʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. ʅʘ ʦʩʥʦʚʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʠʟʣʦʞʝʥʥʳʭ ʨʘʥʝʝ, ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʀʉʋʇ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʚʳʩʦʢʫʶ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʂʣʶʯʝʚʳʤ ʨʝʰʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʤʦʥʦʣʠʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʥʘ ʥʘʙʦʨ ʩʣʘʙʦʩʚʷʟʘʥʥʳʭ 

ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʶ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʠʢʨʦʩʝʨʚʠʩʳ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʯʝʨʝʟ API-ʰʣʶʟ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʝʜʠʥʦʡ ʪʦʯʢʠ ʚʭʦʜʘ ʜʣʷ 

ʢʣʠʝʥʪʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ: 

¶ User Service: ʆʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʘʚʪʦʨʠʟʘʮʠʶ, ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʬʠʣʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʦʣʷʤʠ ʜʦʩʪʫʧʘ (ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʤʝʥʝʜʞʝʨ, ʧʦʣʴʟʦʚʘʪʝʣʴ). ʕʪʦʪ 

ʩʝʨʚʠʩ ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʠʟʦʣʠʨʫʝʪ ʣʦʛʠʢʫ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

¶ Project-Service: ʆʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʝʢʪʘʤʠ: ʦʪ ʟʘʧʫʩʢʘ ʠ 

ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʠ ʘʨʭʠʚʠʨʦʚʘʥʠʷ. ʉʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦ ʢʦʤʘʥʜʝ, ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʝʥʠʷ ʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʘʭ. 

¶ Task-Service: ʉʣʫʞʠʪ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʥʩʪʨʫʤʝʥʪʳ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʯ, ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʜʘʯ ʚ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (ʚʢʣʶʯʘʷ ʧʦʜʟʘʜʘʯʠ) ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. 

¶ Notification-Service: ɸʩʠʥʭʨʦʥʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠ ʦʪʧʨʘʚʣʷʝʪ ʫʚʝʜʦʤʣʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ (e-mail, push-ʫʚʝʜʦʤʣʝʥʠʷ) ʦ ʢʣʶʯʝʚʳʭ ʩʦʙʳʪʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʥʘʟʥʘʯʝʥʠʝ ʥʦʚʦʡ 

ʟʘʜʘʯʠ ʠʣʠ ʧʨʠʙʣʠʞʝʥʠʝ ʜʝʜʣʘʡʥʘ; 

¶ Analytics-Service: ʉʦʙʠʨʘʝʪ ʠ ʘʛʨʝʛʠʨʫʝʪ ʜʘʥʥʳʝ ʠʟ ʜʨʫʛʠʭ ʩʝʨʚʠʩʦʚ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ ʠ ʜʘʰʙʦʨʜʦʚ. ʀʩʧʦʣʴʟʫʝʪ ʦʪʜʝʣʴʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ. 

ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʤʠʢʨʦʩʝʨʚʠʩʘʤʠ. ʂʦʤʤʫʥʠʢʘʮʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʚʫʭ 

ʢʣʶʯʝʚʳʭ ʤʦʜʝʣʷʭ: ʩʠʥʭʨʦʥʥʦʡ ʠ ʘʩʠʥʭʨʦʥʥʦʡ. ʉʠʥʭʨʦʥʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ RESTful API ʠʣʠ gRPC ʜʣʷ ʟʘʜʘʯ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʠ. 
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ʅʘʧʨʠʤʝʨ, ʢʣʠʝʥʪ ʟʘʧʨʘʰʠʚʘʝʪ ʜʝʪʘʣʠ ʟʘʜʘʯʠ, Task Service ʤʦʞʝʪ ʩʠʥʭʨʦʥʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ 

User Service ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʠʩʧʦʣʥʠʪʝʣʝ. ɸʩʠʥʭʨʦʥʥʳʡ ʦʙʤʝʥ ʨʝʘʣʠʟʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʙʨʦʢʝʨʘ ʩʦʦʙʱʝʥʠʡ RabbitMQ ʠʣʠ Apache Kafka. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʧʪʠʤʘʣʝʥ ʜʣʷ 

ʩʦʙʳʪʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ. ʀʣʠ ʜʨʫʛʦʡ ʧʨʠʤʝʨ, ʢʦʛʜʘ 

Task Service ʤʝʥʷʝʪ ʩʪʘʪʫʩ ʥʘ çɺʳʧʦʣʥʝʥʦè, ʦʥ ʧʫʙʣʠʢʫʝʪ ʩʦʙʳʪʠʝ TaskCompleted. Notification 

Service ʠ Analytics Service, ʧʦʜʧʠʩʘʥʥʳʝ ʥʘ ʵʪʦ ʩʦʙʳʪʠʝ, ʧʦʣʫʯʘʶʪ ʝʛʦ ʠ ʚʳʧʦʣʥʷʶʪ ʩʚʦʶ 

ʣʦʛʠʢʫ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʥʠʞʘʝʪʩʷ ʩʚʷʟʘʥʥʦʩʪʴ ʠ ʧʦʚʳʰʘʝʪʩʷ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʉʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ. ʂʘʞʜʳʡ ʤʠʢʨʦʩʝʨʚʠʩ ʚʣʘʜʝʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʙʘʟʦʡ 

ʜʘʥʥʳʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʚʪʦʥʦʤʠʶ. ʉʝʨʚʠʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʨʦʝʢʪʦʚ ʠ 

ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪ ʨʝʣʷʮʠʦʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ PostgreSQL, ʛʜʝ ʚʘʞʥʘ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʠ 

ʧʦʜʜʝʨʞʢʘ ʪʨʘʥʟʘʢʮʠʡ. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʩʝʨʚʠʩ ʠʩʧʦʣʴʟʫʝʪ ʢʦʣʦʥʦʯʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ 

ClickHouse, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʫʶ ʜʣʷ ʙʳʩʪʨʳʭ ʘʛʨʝʛʘʮʠʡ ʠ ʯʪʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ  

[3, ʩ. 13]. ʉʝʨʚʠʩ ʫʚʝʜʦʤʣʝʥʠʡ ʤʦʞʝʪ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʧʦʩʪʦʷʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ, ʠʩʧʦʣʴʟʫʷ 

ʦʯʝʨʝʜʴ ʩʦʦʙʱʝʥʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ Polyglot Persistence, ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʩ ʝʝ ʜʝʢʦʤʧʦʟʠʮʠʝʡ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʩʝʨʚʠʩʳ, ʛʠʙʢʠʤʠ 

ʧʘʪʪʝʨʥʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʪʨʘʪʝʛʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʦʩʪʥʦʝ 

ʨʝʰʝʥʠʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʝʚ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʦʙʦʙʱʝʥʠʶ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʶ ʠʪʦʛʦʚʳʭ ʚʳʚʦʜʦʚ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʠʢʨʦʩʝʨʚʠʩʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʦ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʦʙʦʩʥʦʚʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʥʦʤ 

ʧʦʜʭʦʜʝ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ï ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ ï 

ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʨʷʜʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ. 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʣʠʪʥʦʡ ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨ ʚʳʷʚʠʣʦ 

ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʚʪʦʨʦʡ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʛʠʙʢʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ. ʇʨʝʜʣʦʞʝʥʘ ʠ 

ʧʦʜʨʦʙʥʦ ʨʘʩʢʨʳʪʘ ʩʭʝʤʘ ʨʘʟʙʠʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʥʘʙʦʨ ʦʩʥʦʚʥʳʭ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʠʟʦʣʷʮʠʶ ʠ ʥʝʟʘʚʠʩʠʤʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. ʈʝʘʣʠʟʘʮʠʶ ʘʨʭʠʪʝʢʪʫʨʳ 

ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʜʫʤʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ ï Docker ʜʣʷ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ, Kubernetes ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʨʢʝʩʪʨʦʚʢʦʡ, ʘ ʪʘʢʞʝ RabbitMQ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠʥʜʫʩʪʨʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʘ 

ʘʜʘʧʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ ʟʘ ʩʯʸʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ʕʪʦ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʛʠʧʦʪʝʟʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ 
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ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʥʘ 

ʥʘʩʫʱʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʙʠʟʥʝʩʘ ʚ ʛʠʙʢʠʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʨʝʰʝʥʠʷʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʘʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʩʦʧʨʷʞʝʥ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʣʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʨʝʙʫʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ DevOps. ʆʜʥʘʢʦ ʜʣʷ ʩʣʦʞʥʳʭ ʠ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʀʉʋʇ, ʵʪʠ ʢʦʤʧʨʦʤʠʩʩʳ ʦʧʨʘʚʜʘʥʳ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʮʠʷ 

ʵʣʝʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʨʠʩʢʦʚ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʩʝʨʚʝʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʩʝʨʚʠʩʦʚ ʩ 

ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [1, ʩ. 50]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʤʠʢʨʦʩʝʨʚʠʩʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʘʨʘʜʠʛʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʩʧʦʩʦʙʥʳʭ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʨʘʩʪʫʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʨʳʥʢʘ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʛʦʩʨʦʯʥʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʙʠʟʥʝʩʘ. 
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ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʂɸʂ ɹɸɿʆɺʓɽ ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʂʆʅʎɽʇʎʀʀ ɺɺʆɼʅʆɻʆ ʂʋʈʉɸ 

ʄɸʊɽʄɸʊʀʂʀ ʃɽɾɸʊ ɺ ʆʉʅʆɺɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ ʀ ɸʃɻʆʈʀʊʄʆɺ 

ʉʦʚʨʝʤʝʥʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠ ʚʳʨʦʩʣʠ ʠʟ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. ʄʥʦʛʠʝ ʥʘʯʠʥʘʶʱʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʦʰʠʙʦʯʥʦ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʩʠʥʪʘʢʩʠʩ ʷʟʳʢʘ, ʦʜʥʘʢʦ 

ʧʦʥʠʤʘʥʠʝ ʛʣʫʙʠʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʨʦʩʣʝʜʠʪʴ 

ʩʚʷʟʴ ʤʝʞʜʫ ʙʘʟʦʚʳʤʠ ʨʘʟʜʝʣʘʤʠ ʚʚʦʜʥʦʛʦ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ (ʪʝʦʨʠʷ ʤʥʦʞʝʩʪʚ, ʚʝʢʪʦʨʥʘʷ 

ʘʣʛʝʙʨʘ, ʪʝʦʨʠʷ ʯʠʩʝʣ) ʠ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʊʝʦʨʠʷ ʤʥʦʞʝʩʪʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʘʝʫʛʦʣʴʥʳʭ ʢʘʤʥʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. ʆʥʘ 

ʠʟʫʯʘʝʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʄʥʦʞʝʩʪʚʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʢʦʣʣʝʢʮʠʶ ʫʥʠʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ï ʦʙʲʝʜʠʥʝʥʠʝ 

(ὃ᷾ὄ), ʧʝʨʝʩʝʯʝʥʠʝ (ὃ᷊ὄ) ʠ ʨʘʟʥʦʩʪʴ (ὃ ὄʌ) ï ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʠ 

ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʣʦʞʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʵʪʠ ʘʙʩʪʨʘʢʪʥʳʝ ʠʜʝʠ ʥʘʭʦʜʷʪ ʧʨʷʤʦʝ ʚʦʧʣʦʱʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʜʘʥʥʳʭ. ʊʠʧ ʜʘʥʥʳʭ set (ʤʥʦʞʝʩʪʚʦ), ʜʦʩʪʫʧʥʳʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʦʚ (Python, 

Java, C++), ʨʝʘʣʠʟʫʝʪ ʠʤʝʥʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʤʥʦʞʝʩʪʚʘ: ʦʥ ʭʨʘʥʠʪ ʪʦʣʴʢʦ 

ʫʥʠʢʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʧʝʨʘʮʠʠ ʦʙʲʝʜʠʥʝʥʠʷ, ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʨʘʟʥʦʩʪʠ ʩ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ὕρʚ ʩʨʝʜʥʝʤ ʜʣʷ ʧʦʠʩʢʘ ʙʣʘʛʦʜʘʨʷ ʭʝʰʠʨʦʚʘʥʠʶ. 

ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ ʥʘ ʷʟʳʢʝ Python, 

ʢʦʪʦʨʳʡ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʜʝʥʪʠʯʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʥʦʪʘʮʠʠ ʠ ʩʠʥʪʘʢʩʠʩʘ ʷʟʳʢʘ: 

def set_operations_demo(): 

    # ʀʩʭʦʜʥʳʝ ʩʧʠʩʢʠ (ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʤʥʦʞʝʩʪʚʘ) 

    A = set([1, 2, 3, 4, 5]) 

    B = set([4, 5, 6, 7, 8]) 

     

    print(f"ʄʥʦʞʝʩʪʚʦ A = {A}")  

    print(f"ʄʥʦʞʝʩʪʚʦ B = {B}") 

     

    # 1. ʆʙʲʝʜʠʥʝʥʠʝ (Union) 

    union_result = A | B  # ʆʧʝʨʘʪʦʨ | ʧʝʨʝʛʨʫʞʝʥ ʜʣʷ union 

    print(f"ʆʙʲʝʜʠʥʝʥʠʝ A  ᷾B = {union_result}")  

     

    # 2. ʇʝʨʝʩʝʯʝʥʠʝ (Intersection) 

    intersection_result = A & B 

    print(f"ʇʝʨʝʩʝʯʝʥʠʝ A ž B = {intersection_result}") 
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    # 3. ʈʘʟʥʦʩʪʴ (Difference) 

    difference_AB = A ï B 

    print(f"ʈʘʟʥʦʩʪʴ A \\ B = {difference_AB}") 

     

    # 4. ʉʠʤʤʝʪʨʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ (Symmetric Difference) 

    sym_diff = A ^ B 

    print(f"ʉʠʤʤʝʪʨʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ A  B = {sym_diff}")  

if __name__ == "__main__": 

    set_operations_demo() 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʤʝʨʘ, ʦʧʝʨʘʮʠʠ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ ʚ Python (|, &, -, ^) ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤʠ 

ʘʥʘʣʦʛʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʠʤʚʦʣʦʚ. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʩʠʥʪʘʢʩʠʯʝʩʢʦʝ ʩʦʚʧʘʜʝʥʠʝ, ʘ ʛʣʫʙʦʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʧʘʨʘʜʠʛʤʳ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ 

ʜʘʥʥʳʭ (SQL-ʦʧʝʨʘʪʦʨʳ UNION, INTERSECT, EXCEPT), ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ ʠ ʤʥʦʛʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʛʨʘʬʦʚʦʡ ʦʙʨʘʙʦʪʢʠ [2, ʩ. 45]. 

ʇʦʤʠʤʦ ʷʚʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʪʠʧʘ set, ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʧʘʨʘʜʠʛʤʘ ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʪʠʧʦʚ ʚ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʦʥʷʪʠʝ ʧʝʨʝʯʠʩʣʝʥʠʷ (enum) 

ʚ ʷʟʳʢʘʭ C#, Java ʠʣʠ Python (ʤʦʜʫʣʴ Enum) ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʤʥʦʞʝʩʪʚʘ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʥʘʙʦʨʦʤ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. ʆʧʝʨʘʮʠʠ ʧʨʦʚʝʨʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʵʣʝʤʝʥʪʘ ʤʥʦʞʝʩʪʚʫ (in ʚ Python ʠʣʠ contains ʚ Java) ʥʘʧʨʷʤʫʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʪʥʦʰʝʥʠʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ($\in$) [5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʥʠʤʘʥʠʝ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ). ʈʝʣʷʮʠʦʥʥʘʷ ʘʣʛʝʙʨʘ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ SQL, ʮʝʣʠʢʦʤ 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʧʝʨʘʮʠʷʭ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ SQL-ʟʘʧʨʦʩʘ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʘʥʘʣʦʛʦʤ ʢʦʜʘ ʠʟ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ: 

ʊʘʙʣʠʮʘ (ʦʪʥʦʰʝʥʠʝ) A ʠ B ï ʵʪʦ ʤʥʦʞʝʩʪʚʘ ʟʘʧʠʩʝʡ 

CREATE TABLE A (id INT PRIMARY KEY);  

INSERT INTO A VALUES (1), (2), (3), (4), (5); 

CREATE TABLE B (id INT PRIMARY KEY); 

INSERT INTO B VALUES (4), (5), (6), (7), (8); 

1. ʆʙʲʝʜʠʥʝʥʠʝ (UNION) ï ʘʥʘʣʦʛ A | B 

SELECT id FROM A 

UNION 

SELECT id FROM B; 

ʈʝʟʫʣʴʪʘʪ: 1,2,3,4,5,6,7,8 

2. ʇʝʨʝʩʝʯʝʥʠʝ (INTERSECT) ï ʘʥʘʣʦʛ A & B 

SELECT id FROM A 

INTERSECT 

SELECT id FROM B; 

ʈʝʟʫʣʴʪʘʪ: 4,5 
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3. ʈʘʟʥʦʩʪʴ (EXCEPT) ï ʘʥʘʣʦʛ A ï B 

SELECT id FROM A 

EXCEPT 

SELECT id FROM B; 

ʈʝʟʫʣʴʪʘʪ: 1,2,3 

ɺʝʢʪʦʨ ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʝʣʠʯʠʥʦʡ (ʜʣʠʥʦʡ) ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʢʘʣʷʨʘ, ʚʝʢʪʦʨ ʪʨʝʙʫʝʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʦʨʜʠʥʘʪ. ɺ 

ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʪʦ ʧʘʨʘ (x, y), ʚ ʪʨʸʭʤʝʨʥʦʤ ï ʪʨʦʡʢʘ (x, y, z). ɺʝʢʪʦʨʥʘʷ ʘʣʛʝʙʨʘ 

ʚʢʣʶʯʘʝʪ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ, ʚʳʯʠʪʘʥʠʷ, ʫʤʥʦʞʝʥʠʷ ʥʘ ʩʢʘʣʷʨ ʠ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ɺ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ ʠ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʠʨʘ. ʃʶʙʦʡ ʜʚʠʞʫʱʠʡʩʷ ʦʙʲʝʢʪ ʦʧʠʩʳʚʘʝʪʩʷ ʪʨʝʤʷ 

ʢʣʶʯʝʚʳʤʠ ʚʝʢʪʦʨʘʤʠ: 

1. ʇʦʣʦʞʝʥʠʝ (ὶᴆ) ï ʦʧʨʝʜʝʣʷʝʪ ʪʝʢʫʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

2. ʉʢʦʨʦʩʪʴ (ὺᴆ) ï ʦʧʨʝʜʝʣʷʝʪ ʙʳʩʪʨʦʪʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ. 

3. ʋʩʢʦʨʝʥʠʝ (ὥᴆ) ï ʦʧʨʝʜʝʣʷʝʪ ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ. 

ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ Ὂᴆ άὥᴆʠ ʫʨʘʚʥʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʥʘʧʨʷʤʫʶ 

ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʢʦʜ. ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

(ʩʠʣʳ ʪʷʞʝʩʪʠ) ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

ὺᴆὸ ὺᴆ ὥᴆẗὸ 

ὶᴆὸ ὶᴆ ὺᴆẗὸ
ᴆẗ

, 

ʛʜʝ ὥᴆ πȟὫȟπï ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. 

ɺ ʠʛʨʦʚʳʭ ʜʚʠʞʢʘʭ (Unity, Unreal Engine) ʵʪʠ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʢʘʞʜʦʤ ʢʘʜʨʝ 

(ʦʙʳʯʥʦ 60 ʨʘʟ ʚ ʩʝʢʫʥʜʫ) ʜʣʷ ʪʳʩʷʯ ʦʙʲʝʢʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʇʦʥʠʤʘʥʠʝ ʚʝʢʪʦʨʥʦʡ ʧʨʠʨʦʜʳ 

ʵʪʠʭ ʚʝʣʠʯʠʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʠʩʪʫ ʢʦʨʨʝʢʪʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʠʥʝʨʮʠʶ, ʩʪʦʣʢʥʦʚʝʥʠʷ ʠ 

ʨʝʘʢʮʠʠ ʪʝʣ. ɹʝʟ ʚʝʢʪʦʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʨʝʘʣʠʩʪʠʯʥʦʡ ʘʥʠʤʘʮʠʠ, 

ʨʘʩʯʸʪʘ ʪʨʘʝʢʪʦʨʠʡ ʧʦʣʸʪʘ ʩʥʘʨʷʜʦʚ ʠʣʠ ʩʠʤʫʣʷʮʠʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ [3, ʩ. 50]. 

ɸʣʛʦʨʠʪʤ ɽʚʢʣʠʜʘ (https://clck.ru/3SHnh4), ʦʧʠʩʘʥʥʳʡ ʝʱʸ ʚ III ʚʝʢʝ ʜʦ ʥ. ʵ. ʚ ʪʨʫʜʝ 

çʅʘʯʘʣʘè, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʘʨʝʡʰʠʭ ʠ ʥʘʠʙʦʣʝʝ ʵʣʝʛʘʥʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ [1]. ʆʥ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʦʙʱʝʛʦ ʜʝʣʠʪʝʣʷ (ʅʆɼ) ʜʚʫʭ ʮʝʣʳʭ ʯʠʩʝʣ. 

ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʩʪʦʤ ʥʘʙʣʶʜʝʥʠʠ: ˚˛ ὥˑȟὦ ʅʆɼὦȟὥÍÏÄὦ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʥʘʡʪʠ ʅʆɼ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʘʢʪʦʨʠʟʘʮʠʠ 

ʯʠʩʝʣ. ʇʩʝʚʜʦʢʦʜ ʘʣʛʦʨʠʪʤʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʬʫʥʢʮʠʷ ʅʆɼ(a, b) 

    ʧʦʢʘ b Í 0 

        ʦʩʪʘʪʦʢ = a mod b 

        a = b 

        b = ʦʩʪʘʪʦʢ 

    ʚʝʨʥʫʪʴ a 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, ʘʣʛʦʨʠʪʤ ɽʚʢʣʠʜʘ ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʢʨʠʧʪʦʛʨʘʬʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʥʝʥʠʷ. 
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1. ɻʝʥʝʨʘʮʠʷ ʢʣʶʯʝʡ ʚ ʩʠʩʪʝʤʝ RSA ï ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʣʶʯʘ ʚʳʙʠʨʘʶʪʩʷ 

ʜʚʘ ʙʦʣʴʰʠʭ ʧʨʦʩʪʳʭ ʯʠʩʣʘ ὴʠ ή, ʚʳʯʠʩʣʷʝʪʩʷ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʝ ὲ ὴẗήʠ ʬʫʥʢʮʠʷ ʕʡʣʝʨʘ 

‰ὲ ὴ ρ ή ρ. ɿʘʪʝʤ ʚʳʙʠʨʘʝʪʩʷ ʦʪʢʨʳʪʘʷ ʵʢʩʧʦʥʝʥʪʘ Ὡ (ʦʙʳʯʥʦ 65537), ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ˚˛ Ὡˑȟ‰ὲ ρ. ʇʨʦʚʝʨʢʘ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʷʝʪʩʷ 

ʠʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ɽʚʢʣʠʜʘ. ɽʩʣʠ ʅʆɼ ʥʝ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʚʳʙʨʘʥʥʦʝ Ὡʥʝ ʧʦʜʭʦʜʠʪ, 

ʪʘʢ ʢʘʢ ʥʝ ʙʫʜʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʙʨʘʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ï ʟʘʢʨʳʪʦʛʦ ʢʣʶʯʘ [4]. 

2. ʇʨʦʪʦʢʦʣ ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ ï ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʦʙʱʝʛʦ ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ ʧʦ ʦʪʢʨʳʪʦʤʫ 

ʢʘʥʘʣʫ ʩʪʦʨʦʥʳ ʚʳʙʠʨʘʶʪ ʙʦʣʴʰʦʝ ʧʨʦʩʪʦʝ ʯʠʩʣʦ ὴʠ ʛʝʥʝʨʘʪʦʨ Ὣ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ Ὣʙʳʣ ʧʝʨʚʦʦʙʨʘʟʥʳʤ ʢʦʨʥʝʤ ʧʦ ʤʦʜʫʣʶ ὴ, ʯʪʦ ʪʘʢʞʝ 

ʪʨʝʙʫʝʪ ʧʨʦʚʝʨʢʠ ʚʟʘʠʤʥʦʡ ʧʨʦʩʪʦʪʳ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʭ ʵʪʘʧʘʭ. ɸʣʛʦʨʠʪʤ ɽʚʢʣʠʜʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʜʝʩʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʫʩʣʦʚʠʡ ʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʙʨʘʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʩʰʠʨʝʥʥʦʡ ʚʝʨʩʠʠ (https://clck.ru/3SHoR7). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ɽʚʢʣʠʜʘ, ʠʟʫʯʘʝʤʳʡ ʚ ʨʘʤʢʘʭ ʰʢʦʣʴʥʦʡ ʠ ʚʚʦʜʥʦʡ ʚʫʟʦʚʩʢʦʡ 

ʤʘʪʝʤʘʪʠʢʠ, ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʩʪʨʦʷʪʩʷ ʧʨʦʪʦʢʦʣʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʪʝʨʥʝʪʘ 

ï HTTPS, SSH ʠ ʜʨʫʛʠʝ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʘʟʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʥʮʝʧʮʠʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʘʙʩʪʨʘʢʪʥʳʤʠ ʠ ʦʪʦʨʚʘʥʥʳʤʠ ʦʪ ʨʝʘʣʴʥʦʩʪʠ ʜʠʩʮʠʧʣʠʥʘʤʠ. ʊʝʦʨʠʷ ʤʥʦʞʝʩʪʚ ʥʘʧʨʷʤʫʶ 

ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʟʘʧʨʦʩʳ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ; ʚʝʢʪʦʨʥʘʷ ʘʣʛʝʙʨʘ ʩʦʩʪʘʚʣʷʝʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʤʫʣʷʮʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ; ʘ ʜʨʝʚʥʠʡ 

ʘʣʛʦʨʠʪʤ ɽʚʢʣʠʜʘ ʦʢʘʟʘʣʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. ʆʩʦʟʥʘʥʠʝ ʵʪʠʭ ʩʚʷʟʝʡ ʧʦʟʚʦʣʷʝʪ ʙʫʜʫʱʠʤ ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʥʝ ʧʨʦʩʪʦ ʟʘʫʯʠʚʘʪʴ 

ʩʠʥʪʘʢʩʠʩ, ʘ ʧʦʥʠʤʘʪʴ ʛʣʫʙʠʥʥʫʶ ʧʨʠʨʦʜʫ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʦʤʧʴʶʪʝʨʝ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʩʦʟʜʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʥʘʜʸʞʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
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ʇʰʝʥʠʯʥʠʢʦʚ ɸ.ɸ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ɸʈʍʀʊɽʂʊʋʈɸ ʋʅʀɺɽʈʉɸʃʔʅʆɻʆ ʄɽʍɸʅʀɿʄɸ ʆʊʏɪʊʆɺ  

ɼʃʗ ʉʀʉʊɽʄʓ ʆʊʆɹʈɸɾɽʅʀʗ ʇʈʆɻʈɸʄʄʅʓʍ ʆɹʒɽʂʊʆɺ  

ɺ ʈɽʃʗʎʀʆʅʅʆʁ ʉʋɹɼ 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ 

ʧʦʜʭʦʜʝ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ. ʇʨʦʛʨʘʤʤʥʳʝ ʦʙʲʝʢʪʳ 

(ʪʨʘʥʟʘʢʮʠʠ, ʧʦʣʴʟʦʚʘʪʝʣʠ, ʢʘʪʝʛʦʨʠʠ) ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚʟʘʠʤʦʩʚʷʟʠ, ʪʦʛʜʘ ʢʘʢ 

ʦʪʯʝʪʳ ʪʨʝʙʫʶʪ ʧʣʦʩʢʦʛʦ, ʪʘʙʣʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʈʘʟʨʘʙʦʪʢʘ ʦʪʜʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʦʪʯʝʪʥʦʩʪʠ ʧʦʜ ʢʘʞʜʫʶ ʩʫʱʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʜʫʙʣʠʨʦʚʘʥʠʶ ʢʦʜʘ ʠ ʫʩʣʦʞʥʝʥʠʶ 

ʧʦʜʜʝʨʞʢʠ [2, ʩ. 47]. 

ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʦʙʲʝʢʪʥʦʡ ʤʦʜʝʣʠ ʚ ʨʝʣʷʮʠʦʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ 

ʨʝʰʝʥʠʷ (ORM, ʢʦʥʩʪʨʫʢʪʦʨʳ ʦʪʯʝʪʦʚ) ʣʠʙʦ ʞʝʩʪʢʦ ʧʨʠʚʷʟʘʥʳ ʢ ʩʭʝʤʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʣʠʙʦ 

ʪʨʝʙʫʶʪ ʥʘʧʠʩʘʥʠʷ ʩʣʦʞʥʳʭ ʟʘʧʨʦʩʦʚ ʜʣʷ ʢʘʞʜʦʡ ʬʦʨʤʳ ʦʪʯʝʪʥʦʩʪʠ [1, ʩ. 156; 3, ʩ. 118]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʳ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʪʯʝʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʠʩʳʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʦʪʯʝʪʘ ʥʘ ʫʨʦʚʥʝ ʤʝʪʘʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʲʝʢʪʦʚ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʨʝʣʷʮʠʦʥʥʦʡ ʉʋɹɼ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ ʘʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʦʚ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʝʭʘʥʠʟʤʘ, ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʤʝʪʘ-ʦʧʠʩʘʥʠʡ, 

ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʪʠʧʘ ʥʘ ʧʨʠʤʝʨʝ ʬʠʥʘʥʩʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʢʨʠʪʝʨʠʷʤ: ʛʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ [4, p. 12]. 

ʊʘʙʣʠʮʘ  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʦʚ 

 

ʇʦʜʭʦʜ 
ɻʠʙʢʦʩʪʴ 

ʥʘʩʪʨʦʡʢʠ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

(ʦʪʥ. ʝʜ.) 

ʉʣʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ 
ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ɾʝʩʪʢʠʝ SQL-

ʟʘʧʨʦʩʳ 
ʆʛʨʘʥʠʯʝʥʥʘʷ 0.95 ʅʠʟʢʘʷ ʅʠʟʢʘʷ 

ʐʘʙʣʦʥʠʟʘʪʦʨʳ 

(JasperReports) 
ʋʤʝʨʝʥʥʘʷ 0.65 ɺ ʩrʦʢʘʷ ʉʨʝʜʥʷʷ 

ORM + 

ʧʦʩʪʨʦʠʪʝʣʠ 

ʟʘʧʨʦʩʦʚ 

ʋʤʝʨʝʥʥʘʷ 0.70 ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

ʄʝʪʘ-ʦʧʠʩʘʥʠʷ + 

Visitor 
ɺʳʩʦʢʘʷ 0.60 ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʣʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ 

SQL-ʟʘʧʨʦʩ ʧʨʠʥʷʪ ʟʘ 1.0) ʥʘ ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʧʦʜʭʦʜ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʘ-ʦʧʠʩʘʥʠʡ ʠ ʧʘʪʪʝʨʥʘ Visitor ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [4, p. 18]. 
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ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥ ʩʣʝʜʫʶʱʠʡ ʩʪʝʢ ʪʝʭʥʦʣʦʛʠʡ: 

¶ SQLite ï ʨʝʣʷʮʠʦʥʥʘʷ ʉʋɹɼ; 

¶ Knex.js ï ʧʦʩʪʨʦʠʪʝʣʴ ʟʘʧʨʦʩʦʚ; 

¶ Vue.js 3 ï ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʪʯʝʪʦʚ (ʠʥʪʝʨʬʝʡʩ); 

¶ Meta-ʦʧʠʩʘʥʠʷ ʚ ʬʦʨʤʘʪʝ JSON ï ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʪʯʝʪʦʚ [1, ʩ. 189]. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʧʦ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ ʠ ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʩʣʦʷ (ʨʠʩ. 1) [2, ʩ. 49; 3, ʩ. 120]: 

 

 
 

ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʪʯʝʪʦʚ ʧʦ ʤʦʜʫʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ 

 

ʋʨʦʚʝʥʴ ʤʝʪʘ-ʦʧʠʩʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʦʪʯʝʪʦʚ ʯʝʨʝʟ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ, 

ʩʦʜʝʨʞʘʱʠʝ [1, ʩ. 192]: 

¶ ʤʘʧʧʠʥʛ ʧʦʣʝʡ ʦʙʲʝʢʪʘ ʥʘ ʢʦʣʦʥʢʠ ʦʪʯʝʪʘ; 

¶ ʧʨʘʚʠʣʘ ʘʛʨʝʛʘʮʠʠ ʠ ʛʨʫʧʧʠʨʦʚʢʠ; 

¶ ʬʠʣʴʪʨʳ ʠ ʫʩʣʦʚʠʷ ʦʪʙʦʨʘ; 

¶ ʬʦʨʤʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ (ʜʘʪʘ, ʚʘʣʶʪʘ, ʧʨʦʮʝʥʪ). 
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ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʣʦʛʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʘ ʦʪ ʢʦʜʘ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʫ ʨʘʟʜʝʣʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ [1, ʩ. 194; 2, ʩ. 50]. 

ʋʨʦʚʝʥʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʘʥʥʳʭ ʨʝʘʣʠʟʫʝʪ ʧʘʪʪʝʨʥ Visitor ʜʣʷ ʦʙʭʦʜʘ ʛʨʘʬʘ ʦʙʲʝʢʪʦʚ [2, 

ʩ. 51; 3, ʩ. 121] ʠ ʚʢʣʶʯʘʝʪ: 

¶ ʧʘʨʩʝʨ ʤʝʪʘ-ʦʧʠʩʘʥʠʡ; 

¶ ʩʙʦʨʱʠʢ ʜʘʥʥʳʭ ʠʟ ʨʝʧʦʟʠʪʦʨʠʝʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Knex.js [7]; 

¶ ʚʳʯʠʩʣʠʪʝʣʴ ʘʛʨʝʛʘʪʥʳʭ ʬʫʥʢʮʠʡ (ʩʫʤʤʳ, ʩʨʝʜʥʠʝ, ʦʩʪʘʪʢʠ); 

¶ ʧʦʩʪʨʦʠʪʝʣʴ ʧʣʦʩʢʠʭ ʟʘʧʠʩʝʡ ʦʪʯʝʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʘʪʪʝʨʥʘ Visitor ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʦʙʭʦʜʘ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʢʣʘʩʩʦʚ ʩʘʤʠʭ ʦʙʲʝʢʪʦʚ [3, ʩ. 122; 4, p. 22]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʭʦʜʘ ʥʘ 

ʦʩʥʦʚʝ ʨʝʧʦʟʠʪʦʨʠʝʚ ʧʦʟʚʦʣʷʝʪ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʉʋɹɼ ʠ ʬʦʨʤʠʨʦʚʘʪʴ 

ʩʣʦʞʥʳʝ ʟʘʧʨʦʩʳ [5, p. 456]. 

ʋʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ: 

¶ ʪʘʙʣʠʯʥʳʡ ʨʝʥʜʝʨʠʥʛ ʩ ʧʦʜʜʝʨʞʢʦʡ ʛʨʫʧʧʠʨʦʚʦʢ; 

¶ ʵʢʩʧʦʨʪ ʚ CSV, PDF, JSON; 

¶ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʠ ʩʦʨʪʠʨʦʚʢʘ. 

ʂʣʶʯʝʚʳʝ ʤʦʜʫʣʠ ʤʝʭʘʥʠʟʤʘ: 

1. ʄʦʜʫʣʴ ʤʝʪʘ-ʦʧʠʩʘʥʠʡ ï ʧʦʟʚʦʣʷʝʪ ʜʝʢʣʘʨʘʪʠʚʥʦ ʦʧʠʩʘʪʴ ʣʶʙʦʡ ʦʪʯʝʪ ʥʘ ʦʩʥʦʚʝ 

ʧʦʜʭʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ [1, ʩ. 195; 3, ʩ. 119]: 

 

 
 

ʈʠʩ. 2. ʄʦʜʫʣʴ ʤʝʪʘ-ʦʧʠʩʘʥʠʡ 

 

2. ʄʦʜʫʣʴ ʦʙʭʦʜʘ ʦʙʲʝʢʪʦʚ (Visitor) ï ʨʝʢʫʨʩʠʚʥʦ ʦʙʭʦʜʠʪ ʛʨʘʬ ʩʚʷʟʘʥʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʪʨʘʥʟʘʢʮʠʷ Ÿ ʢʘʪʝʛʦʨʠʷ Ÿ ʪʝʛʠ) ʠ ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʤʝʪʘ-ʦʧʠʩʘʥʠʶ [3, ʩ. 122; 4, 

p. 25]. 

3. ʄʦʜʫʣʴ ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʝʪʦʚ ï ʬʦʨʤʠʨʫʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʥʘʙʦʨ ʟʘʧʠʩʝʡ, 

ʧʨʠʤʝʥʷʷ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʘʛʨʝʛʘʪʥʳʝ ʬʫʥʢʮʠʠ. 
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ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʤʝʭʘʥʠʟʤʘ ʦʪʯʝʪʦʚ ʚ ʩʦʩʪʘʚʝ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. ʌʫʥʢʮʠʦʥʘʣ: 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʘ çʈʘʩʭʦʜʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʟʘ ʤʝʩʷʮè; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʘ çɼʠʥʘʤʠʢʘ ʜʦʭʦʜʦʚ/ʨʘʩʭʦʜʦʚè; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʘ çʆʩʪʘʪʢʠ ʧʦ ʙʶʜʞʝʪʘʤè; 

¶ ʵʢʩʧʦʨʪ ʚ CSV ʠ PDF [4]. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʠ: 

¶ CPU: Intel Core i5-1035G1; 

¶ RAM: 8 ɻɹ; 

¶ ʆʉ: Windows 11; 

¶ ʆʙʲʝʤ ʜʘʥʥʳʭ: 10 000 ʪʨʘʥʟʘʢʮʠʡ, 50 ʢʘʪʝʛʦʨʠʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ: 

¶ ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ï ʦʜʠʥ ʤʝʭʘʥʠʟʤ ʜʣʷ ʣʶʙʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʪʯʝʪʦʚ [2, ʩ. 52]; 

¶ ʈʘʩʰʠʨʷʝʤʦʩʪʴ ï ʥʦʚʳʝ ʦʪʯʝʪʳ ʜʦʙʘʚʣʷʶʪʩʷ ʯʝʨʝʟ JSON ʙʝʟ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [1, 

ʩ. 198]; 

¶ ʉʣʘʙʘʷ ʩʚʷʟʘʥʥʦʩʪʴ ï ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʲʝʢʪʥʦʡ ʤʦʜʝʣʠ ʪʨʝʙʫʶʪ ʪʦʣʴʢʦ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʤʝʪʘ-ʦʧʠʩʘʥʠʡ [3, ʩ. 123]; 

¶ ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʟʘʧʨʦʩʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʦʡ 

ʩʚʷʟʘʥʥʳʭ ʜʘʥʥʳʭ (eager loading) [5, p. 512]. 

ʆʛʨʘʥʠʯʝʥʠʷ: 

¶ ʩʣʦʞʥʦʩʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʤʝʪʘ-ʤʦʜʝʣʠ [1, ʩ. 200]; 

¶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʛʣʫʙʦʢʠʭ ʛʨʘʬʘʭ ʦʙʲʝʢʪʦʚ (ʧʨʦʙʣʝʤʘ N+1 ʟʘʧʨʦʩʘ 

ʨʝʰʘʝʪʩʷ ʯʝʨʝʟ eager loading) [5, p. 514]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʪʯʝʪʦʚ ʜʣʷ 

ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʨʝʣʷʮʠʦʥʥʦʡ ʉʋɹɼ. ɼʦʢʘʟʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘ-ʦʧʠʩʘʥʠʡ ʠ ʧʘʪʪʝʨʥʘ Visitor [3, ʩ. 124; 

4, p. 28]. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʝʰʝʥʠʷ ï ʛʠʙʢʦʩʪʴ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ 

ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʬʦʨʤ ʦʪʯʝʪʥʦʩʪʠ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʙʦʪʳ ʚʢʣʶʯʘʶʪ ʦʧʪʠʤʠʟʘʮʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʨʝʘʣʠʟʘʮʠʶ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʬʦʨʤʘʪʦʚ ʵʢʩʧʦʨʪʘ 

[1, ʩ. 202; 2, ʩ. 53]. 
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ʈʦʟʝʥʜʘʣʴ ʊ.ɸ., ʈʦʟʝʥʜʘʣʴ ʂ.ɸ, ʂʘʨʬʠʜʦʚ ʀ.ʄ. 
ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ɸʅɸʃʀɿ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ɺʆɿʄʆɾʅʆʉʊɽʁ NO-CODE ʀ LOW-CODE 

ʇʃɸʊʌʆʈʄ ɺ ʂʆʅʊɽʂʉʊɽ ʂʆʈʇʆʈɸʊʀɺʅʓʍ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ 

ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʜʘʧʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʢʣʶʯʝʚʳʝ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʀʊ-

ʧʨʦʝʢʪʘʤʠ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʪʨʫʜʦʸʤʢʦʩʪʴʶ, ʜʣʠʪʝʣʴʥʳʤʠ ʩʨʦʢʘʤʠ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʡ ʠ 

ʟʘʤʝʜʣʷʝʪ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʠʟʤʝʥʝʥʠʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʚʩʸ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʧʣʘʪʬʦʨʤʘʤ ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ: no-code ʠ low-code. ɼʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ 

ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʘʤ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʨʫʯʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʪʨʝʙʫʶʱʠʤ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ, 

ʩʥʠʟʠʪʴ ʧʦʨʦʛ ʚʭʦʜʘ ʜʣʷ ʙʠʟʥʝʩ-ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʚʳʩʠʪʴ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʧʨʝʜʤʝʪʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʧʨʦʮʝʩʩʳ ʮʠʬʨʦʚʠʟʘʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʤʝʯʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʴ ʚʦʧʨʦʩʦʚ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʜʦʙʥʳʭ ʧʣʘʪʬʦʨʤ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʤ ʢʦʥʪʝʢʩʪʝ, 

ʦʩʦʙʝʥʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ, ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʢʦʥʢʨʝʪʥʳʭ 

ʧʣʘʪʬʦʨʤ ʠ ʧʨʘʢʪʠʢ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʘʥʘʣʠʟʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ no-code ʠ low-code ʧʣʘʪʬʦʨʤ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʝʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʶ ʜʘʥʥʳʤʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʣʘʪʬʦʨʤʘʤ 

ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʦʙʦʩʥʦʚʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʣʘʪʬʦʨʤʘʤ ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ; 

ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ no-code ʠ low-code 

ʧʣʘʪʬʦʨʤ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʨʧʦʨʘʪʠʚʥʳʝ low-code ʠ no-code ʧʣʘʪʬʦʨʤʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʠʟʥʝʩ-ʧʨʠʣʦʞʝʥʠʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ no-code ʠ low-code 

ʧʣʘʪʬʦʨʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʟʨʘʙʦʪʢʫ, ʠʥʪʝʛʨʘʮʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʦʙʦʙʱʝʥʠʷ 

ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʷ ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʠ ʧʫʙʣʠʢʘʮʠʠ, 

ʧʦʩʚʷʱʸʥʥʳʝ ʚʦʧʨʦʩʘʤ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʳʭ ʨʘʙʦʪ 

ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠ 

ʙʠʟʥʝʩ-ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʚʳʩʪʫʧʘʶʱʘʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʚʪʦʨʦʚ Prinz et al. ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʪʨʫʜʥʷʶʪ ʫʯʘʩʪʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʙʠʟʥʝʩʘ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʮʠʬʨʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʷʝʤʳʭ ʨʝʰʝʥʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʚʳʚʦʜʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʨʘʙʦʪʝ Rokis ʠ 

Kirikova, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʝʬʠʮʠʪʥʳʭ ʀʊ-ʢʘʜʨʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩʳ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ [7; 8]. 

ɺ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʢʦʥʪʝʢʩʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʠʬʨʦʚʳʭ ʠʥʥʦʚʘʮʠʡ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ 

ʫʩʧʝʰʥʘʷ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʊʘʢ, ʅ.ɺ. ɼʦʣʙʥʷ ʠ ɼ.ʉ. ʂʘʨʧʘʯʝʚ ʘʥʘʣʠʟʠʨʫʷ ʨʘʙʦʪʳ 

ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʯʨʝʟʤʝʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʫʯʸʪʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʘʩʧʝʢʪʦʚ ʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʝʧʦʣʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʚʥʝʜʨʷʝʤʳʭ 

ʠʥʥʦʚʘʮʠʡ. ʋʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʘʜʘʧʪʘʮʠʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʨʘʟʚʠʪʠʝ 

ʮʠʬʨʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʧʝʨʩʦʥʘʣʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʠʟʤʝʥʝʥʠʷ 

[1]. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ no-code ʠ low-code ʧʣʘʪʬʦʨʤʳ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʦʜʦʣʝʥʠʷ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʈʷʜ ʘʚʪʦʨʦʚ (Prinz et al.; Chandran ʠ 

Abdulla) ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʟʫʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʩʪʨʦʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʝʢʣʘʨʘʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʠ ʨʘʩʰʠʨʠʪʴ ʢʨʫʛ 

ʫʯʘʩʪʥʠʢʦʚ ʨʘʟʨʘʙʦʪʢʠ ʟʘ ʩʯʸʪ ʚʦʚʣʝʯʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʥʠʷʤʠ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʥʦ ʥʝ ʠʤʝʶʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

[6; 7]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ Bernsteiner et al. ʧʦʜʯʸʨʢʠʚʘʝʪ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʝʤʦʢʨʘʪʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʚʳʰʝʥʠʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʛʠʙʢʦʩʪʠ ʟʘ 

ʩʯʸʪ ʙʦʣʝʝ ʪʝʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʙʠʟʥʝʩ-ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʠ ʀʊ-ʩʣʫʞʙʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ [5]. 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

127 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, no-code ʠ low-code ʧʣʘʪʬʦʨʤʳ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʠʥʪʝʛʨʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʤʧʣʝʢʩʥʦʡ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʢʝʡʩʘʭ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʨʷʜʘ ʙʘʨʴʝʨʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʧʣʘʪʬʦʨʤ ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʢʦʧʣʝʥ ʦʙʰʠʨʥʳʡ ʵʤʧʠʨʠʯʝʩʢʠʡ ʦʧʳʪ ʠ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʫʩʪʦʡʯʠʚʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, low-code ʠ no-code ʧʣʘʪʬʦʨʤʳ 

ʧʦʢʘ ʥʝ ʦʙʣʘʜʘʶʪ ʩʦʧʦʩʪʘʚʠʤʳʤ ʫʨʦʚʥʝʤ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ. 

ʍʦʪʷ ʢʦʥʮʝʧʮʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʫʧʨʘʚʣʷʝʤʦʡ ʤʦʜʝʣʷʤʠ, ʩʫʱʝʩʪʚʫʶʪ ʜʘʚʥʦ, ʠʭ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʣʘʪʬʦʨʤʘʭ ʦʩʪʘʸʪʩʷ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [3; 4]. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʙʘʨʴʝʨʦʚ ʚʥʝʜʨʝʥʠʷ ʧʣʘʪʬʦʨʤ ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʨʝʰʝʥʠʡ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʤʝʞʜʫ ʀʊ-ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʠ ʙʠʟʥʝʩ-

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʧʨʠʟʥʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʘʩʪʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʛʨʘʞʜʘʥʩʢʠʭ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚè ʚ ʩʦʟʜʘʥʠʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ 

ʧʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʨʝʙʫʶʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʚʠʜʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʩʦ ʩʪʦʨʦʥʳ ʚʳʩʰʝʛʦ 

ʨʫʢʦʚʦʜʩʪʚʘ, ʙʝʟ ʯʝʛʦ ʚʥʝʜʨʝʥʠʝ ʧʣʘʪʬʦʨʤ ʤʦʞʝʪ ʥʦʩʠʪʴ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ [2]. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʦʩʚʦʝʥʠʷ ʩʘʤʠʭ ʧʣʘʪʬʦʨʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʝʢʣʘʨʠʨʫʝʤʫʶ ʧʨʦʩʪʦʪʫ, low-code ʠ no-code ʨʝʰʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ 

ʪʨʠʚʠʘʣʴʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʪʨʝʙʫʶʪ ʚʨʝʤʝʥʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʥʘʚʳʢʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʣʦʛʠʢʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʚʢʣʶʯʘʶʱʠʭ ʚʣʦʞʝʥʥʳʝ ʫʩʣʦʚʠʷ, ʮʠʢʣʳ 

ʠ ʦʙʨʘʙʦʪʢʫ ʠʩʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʳʤʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ [2-4]. 

ʆʪʜʝʣʴʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʤʝʯʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʝʩʫʨʩʦʚ ʠ ʧʦʜʜʝʨʞʢʠ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ 

ʢʘʢ Java ʠʣʠ C#, ʜʣʷ ʢʦʪʦʨʳʭ ʜʦʩʪʫʧʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʫʨʩʳ, ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʵʢʩʧʝʨʪʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʤʥʦʛʠʝ low-code ʠ no-code ʧʣʘʪʬʦʨʤʳ ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝʡ ʙʘʟʦʡ ʟʥʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʭ ʠʣʠ ʥʠʰʝʚʳʭ ʨʝʰʝʥʠʡ. ʕʪʦ 

ʤʦʞʝʪ ʦʩʣʦʞʥʷʪʴ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʨʛʘʥʠʟʘʮʠʡ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʚʝʥʜʦʨʦʚ [2]. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʢʝʡʩʳ ʚʥʝʜʨʝʥʠʷ ʧʣʘʪʬʦʨʤ ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ 

ʜʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʩʢʦʨʷʶʪ ʮʠʬʨʦʚʠʟʘʮʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʟʘ ʩʯʸʪ 

ʫʧʨʦʱʝʥʠʷ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ 

ʧʨʠʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʳʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ low-code ʠ no-code 

ʨʝʰʝʥʠʡ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʘʟʣʠʯʠʷ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʦʪʦʢʦʣʘʭ 

ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʘʭ ʤʦʛʫʪ ʪʨʝʙʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʠ 

ʘʜʘʧʪʘʮʠʠ ʩʠʩʪʝʤ [2; 3]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʥʦʩʠʪ ʦʙʟʦʨʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʩʨʘʚʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʨʝʰʝʥʠʡ. ʂʘʢ ʦʪʤʝʯʘʶʪ Prinz et al. ʠ 

Bernsteiner et al., ʚʦʧʨʦʩʳ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʤʝʭʘʥʠʟʤʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ no-code ʧʣʘʪʬʦʨʤʘʭ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʳʤʠ, ʯʪʦ ʩʦʟʜʘʸʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʙʘʨʴʝʨ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʠ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʳʭ ʧʣʘʪʬʦʨʤ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʨʘʙʦʪʘʭ Arica ʠ 

Oliveira ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʫʛʨʦʟ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ [6; 7; 9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, no-code ʠ low-code ʧʣʘʪʬʦʨʤʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ 

ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʟʘʤʝʥʫ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʢʘʢ ʵʣʝʤʝʥʪ ʛʠʙʨʠʜʥʦʡ ʀʊ-ʩʪʨʘʪʝʛʠʠ, 

ʜʦʧʦʣʥʷʶʱʠʡ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ. ɺʳʷʚʣʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʦʙʝʣʳ ʚ ʠʟʫʯʝʥʠʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʧʦʨʘʪʠʚʥʳʭ no-code 

ʧʣʘʪʬʦʨʤ ʦʙʦʩʥʦʚʳʚʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʘʥʘʣʠʟ 

ʢʦʥʢʨʝʪʥʳʭ ʨʝʰʝʥʠʡ ʠ ʦʮʝʥʢʫ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ no-code ʠ low-code ʧʣʘʪʬʦʨʤʳ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʥʠʬʠʢʘʮʠʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʫʩʢʦʨʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ 

ʠʥʪʝʛʨʘʮʠʠ. ʇʣʘʪʬʦʨʤʳ CORTA (https://protolab.systems), Mendix (https://docs.mendix.com) ʠ 

OutSystems (https://www.outsystems.com), ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ ʘʙʩʪʨʘʢʮʠʠ ʠ 

ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʞʫʶ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 

ʚʠʟʫʘʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʤʦʜʫʣʴʥʦʩʪʠ ʠ API-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. 

ɼʣʷ ʚʩʝʭ ʧʦʜʦʙʥʳʭ ʧʣʘʪʬʦʨʤ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʚʩʪʨʦʝʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, 

ʦʙʲʝʜʠʥʷʶʱʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʨʠʢʣʘʜʥʦʡ ʣʦʛʠʢʠ. 

ɺ Mendix ʠ OutSystems ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʣʦʛʠʢʠ 

ʧʨʠʣʦʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʦʚ ʠʩʧʦʣʥʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʙʠʟʥʝʩ-

ʣʦʛʠʢʫ ʙʝʟ ʧʨʷʤʦʛʦ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʦʚʘʥ ʠ ʚ CORTA, ʛʜʝ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʣʦʛʠʢʘ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʟʘʜʘʶʪʩʷ ʯʝʨʝʟ ʚʠʟʫʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʠ 

ʧʨʘʚʠʣʘ, ʜʦʧʦʣʥʷʝʤʳʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʱʝʥʠʷ ʢ API ʠ ʩʢʨʠʧʪʘʤ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ, CORTA, Mendix ʠ OutSystems 

ʠʩʧʦʣʴʟʫʶʪ ʨʦʣʝʚʫʶ ʤʦʜʝʣʴ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʧʨʘʚ (RBAC), ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ 

ʢ ʜʘʥʥʳʤ, ʩʪʨʘʥʠʮʘʤ ʠ ʬʫʥʢʮʠʷʤ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ CORTA ʚʳʜʝʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʦʡ ʢʦʥʪʝʢʩʪʥʳʭ ʨʦʣʝʡ ʠ ʷʚʥʳʭ ʨʘʟʨʝʰʝʥʠʡ ʠ ʟʘʧʨʝʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝ 

https://protolab.systems/component/content/category/14-doc.html
https://docs.mendix.com/
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ʪʦʣʴʢʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʨʦʣʠ, ʥʦ ʠ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ. ɺ Mendix ʠ 

OutSystems ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʪʘʢʞʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʤʦʜʝʣʴʶ ʜʘʥʥʳʭ ʠ ʣʦʛʠʢʦʡ 

ʧʨʠʣʦʞʝʥʠʷ, ʦʜʥʘʢʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʩʮʝʥʘʨʠʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ. 

ʆʙʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʯʝʨʪʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʣʘʪʬʦʨʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʳʡ 

ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. ɺ Mendix, OutSystems ʠ CORTA 

ʠʥʪʝʨʬʝʡʩ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʦʪʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʬʦʨʤʳ, ʪʘʙʣʠʮʳ, ʦʪʯʸʪʳ, 

ʜʠʘʛʨʘʤʤʳ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʠʟ ʧʣʘʪʬʦʨʤ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʠʥʪʝʨʬʝʡʩʘ ʧʦʜ 

ʨʘʟʣʠʯʥʳʝ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʪʠʧʳ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. ʅʘʣʠʯʠʝ ʤʘʨʢʝʪʧʣʝʡʩʦʚ ʛʦʪʦʚʳʭ ʤʦʜʫʣʝʡ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ Mendix 

ʠ OutSystems ʨʘʩʰʠʨʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʣʘʪʬʦʨʤ ʟʘ ʩʯʸʪ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʡ; ʩʭʦʞʘʷ ʢʦʥʮʝʧʮʠʷ ʤʦʜʫʣʴʥʦʩʪʠ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ 

ʠ ʚ CORTA ʥʘ ʫʨʦʚʥʝ ʧʨʠʢʣʘʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ CORTA, Mendix, OutSystems ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʦʚʨʝʤʝʥʥʳʝ no-code ʠ low-code ʧʣʘʪʬʦʨʤʳ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʚʠʟʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, 

ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʣʦʛʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʳʝ ʤʝʭʘʥʠʟʤʳ ʠʥʪʝʛʨʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʣʘʪʬʦʨʤʘʤʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʧʨʦʮʝʩʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʠ ʮʝʣʝʚʳʭ ʩʮʝʥʘʨʠʷʭ ʧʨʠʤʝʥʝʥʠʷ: ʦʪ ʙʳʩʪʨʦʛʦ ʩʦʟʜʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʙʠʟʥʝʩ-ʧʨʠʣʦʞʝʥʠʡ ʜʦ 

ʧʦʩʪʨʦʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʨʝʰʝʥʠʷ 

ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ ʦʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʙʳʩʪʨʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʙʠʟʥʝʩ-ʟʘʜʘʯ ʢ 

ʧʦʣʥʦʮʝʥʥʳʤ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʧʣʘʪʬʦʨʤʘʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʪʝʥʜʝʥʮʠʠ ʢ ʩʙʣʠʞʝʥʠʶ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ 

ʚʝʜʫʱʠʭ ʧʣʘʪʬʦʨʤ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʨʘʟʣʠʯʠʡ ʚ ʮʝʣʝʚʳʭ ʩʮʝʥʘʨʠʷʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʤ ʥʘʙʣʶʜʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʭʦʜʝ ʨʘʙʦʪʳ, ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ 

ʩʦʚʨʝʤʝʥʥʳʭ no-code ʠ low-code ʧʣʘʪʬʦʨʤ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɽʩʣʠ ʨʘʥʝʝ ʚʦʧʨʦʩʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚʠʟʫʘʣʴʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ, ʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʠʚʝʣʠʨʦʚʘʣʠ ʜʘʥʥʳʝ ʨʠʩʢʠ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʠʝ ʨʝʰʝʥʠʷ, ʢʘʢ CORTA, Mendix ʠ OutSystems, ʨʝʘʣʠʟʫʶʪ 

ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʭʘʥʠʟʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʝ ʨʦʣʝʚʳʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ, 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʠ ʘʚʪʦʨʠʟʘʮʠʶ, ʧʦʜʜʝʨʞʢʫ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʢʘʪʘʣʦʛʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʥʘ ʫʨʦʚʥʝ ʜʘʥʥʳʭ, 

ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ. ɺʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʞʫʨʥʘʣʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʜʝʡʩʪʚʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʠʟʦʣʷʮʠʠ ʧʨʠʣʦʞʝʥʠʡ ʚ ʜʘʥʥʳʭ ʨʝʰʸʥʳʭ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʥʝ 

ʪʦʣʴʢʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʠ ʢʘʢ ʟʨʝʣʳʝ ʧʣʘʪʬʦʨʤʳ, ʩʧʦʩʦʙʥʳʝ 

ʦʙʝʩʧʝʯʠʪʴ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʟʘʱʠʱʸʥʥʦʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʠʣʦʞʝʥʠʡ. 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʥʠʬʠʢʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʧʦʜʭʦʜʦʚ ï ʚʠʟʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʦʜʫʣʴʥʦʩʪʴ, API-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ï ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʦʨʦʛʘ ʚʭʦʜʘ ʠ ʫʩʢʦʨʝʥʠʶ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʪʝʨʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʀʊ-ʣʘʥʜʰʘʬʪʘ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʩʪʨʦʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʨʦʣʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʨʦʩʪʦʤ ʩʣʦʞʥʦʩʪʠ ʩʘʤʠʭ ʧʣʘʪʬʦʨʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʦʭʨʘʥʝʥʠʷ ʘʢʪʠʚʥʦʡ ʨʦʣʠ ʀʊ-ʧʦʜʨʘʟʜʝʣʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ no-

code ʠ low-code ʧʣʘʪʬʦʨʤʳ ʜʦʩʪʠʛʣʠ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʨʘʥʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʠʭ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʢʘʢ ʦʙʦʩʥʦʚʘʥʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʨʠʤʝʥʠʤʳʡ ʵʣʝʤʝʥʪ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʀʊ-ʘʨʭʠʪʝʢʪʫʨʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʘ ʪʘʢʞʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʨʦʰʣʠ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʫʪʴ ʦʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʣʦʢʘʣʴʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʙʠʟʥʝʩ-ʟʘʜʘʯ ʢ ʟʨʝʣʳʤ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʧʣʘʪʬʦʨʤʘʤ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʣʦʞʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʨʝʜʘʭ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʫʩʪʦʡʯʠʚʦʡ ʪʝʥʜʝʥʮʠʠ ʢ ʩʙʣʠʞʝʥʠʶ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚʝʜʫʱʠʭ ʧʣʘʪʬʦʨʤ ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʨʘʟʣʠʯʠʡ ʚ ʮʝʣʝʚʳʭ ʩʮʝʥʘʨʠʷʭ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʟʫʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʜʫʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, API-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʠ ʩʥʠʞʝʥʠʶ ʧʦʨʦʛʘ ʚʭʦʜʘ ʚ ʨʘʟʨʘʙʦʪʢʫ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʀʊ-ʣʘʥʜʰʘʬʪʘ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʚʳʚʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʩʩʘ 

ʩʦʚʨʝʤʝʥʥʳʭ no-code ʠ low-code ʧʣʘʪʬʦʨʤ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʝʘʣʠʟʘʮʠʷ ʨʦʣʝʚʳʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ, ʠʥʪʝʛʨʘʮʠʠ ʩ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʢʘʪʘʣʦʛʘʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʥʘ ʫʨʦʚʥʝ ʜʘʥʥʳʭ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʠʝ ʧʣʘʪʬʦʨʤʳ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʨʝʜʩʪʚʘ ʫʩʢʦʨʝʥʠʷ 

ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʟʘʱʠʱʸʥʥʦʩʪʴ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʅʘʣʠʯʠʝ ʚʩʪʨʦʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʞʫʨʥʘʣʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʦʩʪ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʚʩʪʨʦʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʨʦʣʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʣʦʞʥʦʩʪʠ ʩʘʤʠʭ ʧʣʘʪʬʦʨʤ, 

ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʦʭʨʘʥʝʥʠʷ ʘʢʪʠʚʥʦʡ ʨʦʣʠ ʀʊ-

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʥʝʜʨʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʰʝʥʠʡ. ɺ ʜʘʥʥʦʤ 

ʢʦʥʪʝʢʩʪʝ no-code ʠ low-code ʧʣʘʪʬʦʨʤʳ ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʟʘʤʝʥʘ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʠʭ ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʘʤʢʘʭ 

ʛʠʙʨʠʜʥʳʭ ʀʊ-ʩʪʨʘʪʝʛʠʡ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʩʦʯʝʪʘʥʠʝ ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʧʦʜʭʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ no-code ʠ low-code ʧʣʘʪʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʥʠʤʳʡ ʵʣʝʤʝʥʪ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʀʊ-ʘʨʭʠʪʝʢʪʫʨʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʘʜʘʧʪʘʮʠʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʘʢʪʠʢ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʚ ʯʘʩʪʠ ʫʛʣʫʙʣʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʢʦʥʢʨʝʪʥʳʭ ʧʣʘʪʬʦʨʤ, 

ʦʮʝʥʢʠ ʠʭ ʜʦʣʛʦʩʨʦʯʥʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʚʳʨʘʙʦʪʢʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʚʥʝʜʨʝʥʠʶ no-code ʠ low-code ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ ʩ ʫʯʸʪʦʤ ʪʨʝʙʦʚʘʥʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. 
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ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʉʊʆɺʆɻʆ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆɹʆʏʅʓʍ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʀɿʃʋʏɽʅʀʁ ʀ 

ʅɸɺʆɼʆʂ ʇʈʀ ʇʆɼʂʃʖʏɽʅʀʀ ʇɽʈʀʌɽʈʀʁʅʓʍ ʋʉʊʈʆʁʉʊɺ ʂ 

ʇɽʈʉʆʅɸʃʔʅʆʄʋ ʂʆʄʇʔʖʊɽʈʋ 

ʉ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʠʩʢʠ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʇʕʄʀʅ. ʀʥʪʝʨʬʝʡʩ PCI-Express, ʷʚʣʷʷʩʴ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʰʠʥʦʡ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʢʘʥʘʣ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʕʄʀʅ, 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʨʠ ʨʘʙʦʪʝ PCI-Express, ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʮʝʥʢʠ ʟʘʱʠʱʸʥʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʧʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʧʝʨʝʭʚʘʪʫ ʜʘʥʥʳʭ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʩʪʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʠʥʪʝʨʬʝʡʩ PCI-Express ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʕʄʀʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʇʦʙʦʯʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʟʣʫʯʝʥʠʷ  

ʇʕʄʀ ʥʘʟʳʚʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʮʝʣʝʚʳʭ ʧʝʨʝʜʘʪʯʠʢʦʚ (ʨʘʜʠʦʩʪʘʥʮʠʠ, ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ), 

ʇʕʄʀ ʦʙʨʘʟʫʶʪʩʷ, ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʦʥʠʪʦʨʦʚ, ʧʨʠʥʪʝʨʦʚ, ʵʣʝʤʝʥʪʦʚ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ʠ ʠʥʪʝʨʬʝʡʩʦʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ. ʇʦ ʯʘʩʪʦʪʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʇʕʄʀ ʤʦʛʫʪ 

ʦʭʚʘʪʳʚʘʪʴ ʜʠʘʧʘʟʦʥ ʦʪ ʝʜʠʥʠʮ ʢɻʮ ʜʦ ʝʜʠʥʠʮ ɻɻʮ (ʚʢʣʶʯʘʷ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ), ʧʨʠʯʸʤ ʨʦʩʪ ʩʢʦʨʦʩʪʝʡ ʮʠʬʨʦʚʦʡ ʧʝʨʝʜʘʯʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʩʜʚʠʛʘʝʪ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʡ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. 

ʂ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʇʕʄʀ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʥʦʩʷʪʩʷ ʠʥʪʝʨʬʝʡʩʳ ʠ 

ʰʠʥʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: ʚʠʜʝʦʩʠʛʥʘʣʳ, ʠʥʪʝʨʬʝʡʩʳ ʤʘʪʨʠʮ ʜʠʩʧʣʝʷ, SATA, PCI-Express, USB, 

Ethernet, ʘʫʜʠʦʢʘʥʘʣʳ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʧʣʘʪ (ʯʠʧʩʝʪ, ʧʨʦʮʝʩʩʦʨ, ʢʦʥʪʨʦʣʣʝʨʳ, ʰʠʥʘ ʆɿʋ) 

[3, ʩ. 972]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʦʨʘʟʨʷʜʥʳʝ ʰʠʥʳ (ʰʠʨʦʢʠʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʰʠʥʳ) 

ʛʝʥʝʨʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʜʣʷ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʳ, ʘ ʥʠʟʢʠʝ ʧʦ ʪʦʢʫ ʣʠʥʠʠ 

ʜʘʶʪ ʤʘʣʫʶ ʘʤʧʣʠʪʫʜʫ ʠʟʣʫʯʝʥʠʷ; ʦʙʘ ʬʘʢʪʦʨʘ ʚʣʠʷʶʪ ʥʘ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʭʚʘʪʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʇʕʄʀ ʜʝʣʷʪ ʥʘ ʠʥʬʦʨʤʘʪʠʚʥʳʝ (ʥʝʩʫʱʠʝ ʧʦʣʝʟʥʫʶ ʜʣʷ 

ʨʘʟʚʝʜʢʠ ʠʥʬʦʨʤʘʮʠʶ) ʠ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʝ (ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʟʥʘʯʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ) ʩʠʛʥʘʣʳ [1, c. 82]. ʆʮʝʥʢʘ ʟʘʱʠʱʸʥʥʦʩʪʠ ʦʪ ʫʪʝʯʝʢ ʧʦ ʇʕʄʀ ʚʢʣʶʯʘʝʪ 

ʚʳʷʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʫʨʦʚʥʷ ʧʦʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ï ʯʪʦ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʨʘʩʯʸʪʘ ʢʦʥʪʨʦʣʴʥʳʭ 

ʟʦʥ ɸ [5, ʩ. 270]. 

ɺ ʧʨʠʢʣʘʜʥʦʡ ʤʝʪʦʜʠʢʝ ʚʳʜʝʣʷʶʪ ʜʚʝ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ: (1) 

ʩʧʝʮʠʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʸʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʘʶʱʠʝ ʨʘʜʠʫʩʳ ʟʦʥ r1, r1ǋ ʠ R2 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʟʦʥ, ʛʜʝ ʚʦʟʤʦʞʥʘ ʩʲʸʤʢʘ ʚ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʘʥʪʝʥʥʘʭ, 
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ʠ ʜʣʷ ʛʨʘʥʠʮʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʟʦʥʳ); (2) ʠʟʤʝʨʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʜʦ ʛʨʘʥʠʮʳ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʟʦʥʳ ʠ ʦʮʝʥʢʘ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. ʂʦʥʪʨʦʣʠʨʫʝʤʘʷ ʟʦʥʘ ï ʪʝʨʨʠʪʦʨʠʷ, 

ʛʜʝ ʠʩʢʣʶʯʝʥʦ ʙʝʩʢʦʥʪʨʦʣʴʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʣʠʮ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʨʘʟʚʝʜʢʠ; 

ʛʨʘʥʠʮʘ ʵʪʦʡ ʟʦʥʳ ʩʣʫʞʠʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʝʨʪʦʡ ʜʣʷ ʨʘʩʯʸʪʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨ ʟʘʱʠʪʳ. 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ʆʊʉʉ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʕʄ-ʧʦʣʷ ʧʨʝʚʳʰʘʝʪ 

ʜʦʧʫʩʪʠʤʦʝ (ʥʦʨʤʠʨʦʚʘʥʥʦʝ) ʟʥʘʯʝʥʠʝ, ʥʘʟʳʚʘʝʪʩʷ ʟʦʥʦʡ 2 (R2). ʌʘʢʪʠʯʝʩʢʠ ʟʦʥʘ R2 ï ʵʪʦ 

ʟʦʥʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʚʘʪ ʩʨʝʜʩʪʚʦʤ ʨʘʟʚʝʜʢʠ ʇʕʄʀʅ ʩ ʪʨʝʙʫʝʤʳʤ 

ʢʘʯʝʩʪʚʦʤ [2, c. 3]. ɿʦʥʘ 2 ʜʣʷ ʢʘʞʜʦʛʦ ʆʊʉʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʝʪʥʳʤ 

ʤʝʪʦʜʦʤ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ʆʊʉʉ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʫʨʦʚʝʥʴ ʥʘʚʝʜʝʥʥʦʛʦ ʦʪ ʆʊʉʉ 

ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʘʥʪʝʥʥʘʭ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʦʝ 

(ʥʦʨʤʠʨʦʚʘʥʥʦʝ) ʟʥʘʯʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʟʦʥʦʡ 1 (r1), ʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʘʥʪʝʥʥʘʭ ï ʟʦʥʦʡ 1ô 

(r1ô). ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʦʥʳ R2, ʨʘʟʤʝʨ ʟʦʥʳ r1 (r1ô) ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʫʨʦʚʥʷ ʧʦʙʦʯʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʊʉʇʀ, ʥʦ ʠ ʦʪ ʜʣʠʥʳ ʩʣʫʯʘʡʥʦʡ ʘʥʪʝʥʥʳ (ʦʪ ʧʦʤʝʱʝʥʠʷ, ʚ 

ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʊʉʇʀ ʜʦ ʤʝʩʪʘ ʚʦʟʤʦʞʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʥʝʡ ʩʨʝʜʩʪʚʘ ʨʘʟʚʝʜʢʠ). 

ɿʦʥʳ r1 (r1') ʜʣʷ ʢʘʞʜʦʛʦ ʆʊʉʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘ ʇʕʄʀʅ ʠ ʫʢʘʟʳʚʘʝʪʩʷ ʚ 

ʧʨʝʜʧʠʩʘʥʠʠ ʥʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʣʠ ʩʝʨʪʠʬʠʢʘʪʝ ʩʦʦʪʚʝʪʩʪʚʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʣʴʥʳʭ ʟʘʪʫʭʘʥʠʡ ʚ ʢʘʥʘʣʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚ ʥʝʛʦ ʪʝʩʪ-ʩʠʛʥʘʣ 

ʙʦʣʴʰʦʛʦ ʫʨʦʚʥʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʜʝʞʥʦ ʝʛʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʠʟʤʝʨʠʪʴ ʥʘ ʛʨʘʥʠʮʝ ʂɿ. 

ʀʟʣʫʯʘʶʱʘʷ ʘʥʪʝʥʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʤʝʩʪʝ ʊʉ ʠʣʠ ʦʯʝʥʴ ʙʣʠʟʢʦ ʦʪ ʥʝʛʦ. 

ʇʨʠ ʵʪʦʤ ʠʟʣʫʯʘʶʱʘʷ ʘʥʪʝʥʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʘʧʨʘʚʣʝʥʥʦʡ (ʭʦʪʷ ʙʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ), ʪʘʢ ʢʘʢ ʝʝ ʩʠʛʥʘʣ ʜʦʣʞʝʥ ʠʤʠʪʠʨʦʚʘʪʴ ʇʕʄʀʅ. ʀʟʣʫʯʘʶʱʫʶ ʘʥʪʝʥʥʫ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʤʝʱʘʪʴ ʥʘ ʪʦʤ ʞʝ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʩʪʝʥʳ ʦʢʥʘ, ʯʪʦ ʠ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʦʩʥʦʚʥʦʡ ʧʫʪʴ ʕʄ-ʚʦʣʥʳ ʢ ʛʨʘʥʠʮʝ ʂɿ ï ʵʪʦ ʦʢʥʦ ʠ ʧʝʨʝʠʟʣʫʯʝʥʠʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷʤʠ 

ʩʪʝʥ. ʆʙʱʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʇʕʄʀʅ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʇʕʄʀʅ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

134 

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘʟʳʚʘʝʪʩʷ çʦʩʥʦʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʠ ʩʠʩʪʝʤʘè 

(ʆʊʉʉ).  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʠʥʪʝʨʬʝʡʩ PCI-Express ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʪʝʩʪʦʚʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++. ʇʨʦʛʨʘʤʤʘ ʨʝʘʣʠʟʫʝʪ ʠʥʠʮʠʘʣʠʟʘʮʠʶ 

ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʙʠʙʣʠʦʪʝʢ WinIo ʠ WinRing0 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʚ ʜʦʩʪʫʧʘ ʢ ʧʦʨʪʘʤ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ PCIe ʠ ʧʨʦʚʝʨʷʝʪ ʫʩʧʝʰʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʨʘʡʚʝʨʦʚ ʧʝʨʝʜ 

ʥʘʯʘʣʦʤ ʚʳʧʦʣʥʝʥʠʷ. ʅʘ ʵʪʘʧʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʝ ʩʢʘʥʠʨʫʝʪ ʰʠʥʫ, ʦʧʨʝʜʝʣʷʝʪ 

ʮʝʣʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦ ʧʘʨʘʤʝʪʨʘʤ bus, device, function, ʩʯʠʪʳʚʘʝʪ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ 

ʨʝʛʠʩʪʨʳ ʠ ʬʦʨʤʠʨʫʝʪ ʢʘʨʪʫ ʜʦʩʪʫʧʥʳʭ ʨʝʛʠʩʪʨʦʚ/ʘʜʨʝʩʦʚ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ [4, ʩ. 45]. 

ʆʩʥʦʚʥʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ï ʮʠʢʣ ʟʘʧʠʩʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʠʣʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʪʝʩʪʦʚʳʭ 

ʙʣʦʢʦʚ ʚ ʚʳʙʨʘʥʥʳʝ ʨʝʛʠʩʪʨʳ/ʙʫʬʝʨʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʚʝʨʢʦʡ ʯʪʝʥʠʝʤ ʠ ʢʦʥʪʨʦʣʝʤ 

ʮʝʣʦʩʪʥʦʩʪʠ ʯʝʨʝʟ ʧʨʦʩʪʫʶ ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ. 

ʇʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʥʘʛʨʫʟʢʠ: ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ, ʩʝʨʠʠ 

ʢʦʨʦʪʢʠʭ çʧʘʢʝʪʦʚè ʠ ʩʢʨʠʧʪʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʧʘʫʟʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʨʘʟʥʳʝ ʩʮʝʥʘʨʠʠ ʘʢʪʠʚʥʦʩʪʠ ʰʠʥʳ ʠ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʥʷʪʠʷ ʇʕʄʀ. ɼʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʨʝʞʠʤ: ʟʘʜʘʶʪʩʷ 

ʨʘʟʤʝʨ ʙʣʦʢʘ ʟʘʧʠʩʠ, ʧʝʨʠʦʜ ʤʝʞʜʫ ʠʪʝʨʘʮʠʷʤʠ, ʯʠʩʣʦ ʧʦʚʪʦʨʦʚ, ʨʝʞʠʤ ʪʝʩʪʘ ʠ ʫʨʦʚʝʥʴ 

ʣʦʛʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʯʠʩʝʣ ʧʦ ʚʨʝʤʝʥʠ ʠʣʠ ʧʦ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʚʝʨʢʠ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʜʦʩʪʫʧʘ ʠ ʦʙʨʘʙʦʪʢʘ ʦʰʠʙʦʢ. ɺ ʧʨʦʛʨʘʤʤʫ ʚʩʪʨʦʝʥʳ ʟʘʱʠʪʥʳʝ ʤʝʨʳ: 

ʦʧʮʠʦʥʘʣʴʥʳʡ çʩʫʭʦʡ ʧʨʦʛʦʥè ʙʝʟ ʬʘʢʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ, ʧʨʦʚʝʨʢʘ ʛʨʘʥʠʮ ʘʜʨʝʩʦʚ ʠ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʨʠ ʧʦʧʳʪʢʝ ʟʘʧʠʩʠ ʚ ʢʨʠʪʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ. ʎʝʣʴ ʇʆ ï ʩʦʟʜʘʪʴ 

ʫʩʪʦʡʯʠʚʫʶ, ʠʟʤʝʨʠʤʫʶ ʠ ʣʝʛʢʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʥʘʛʨʫʟʢʫ ʥʘ PCI-Express, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʩʥʷʪʠʷ ʇʕʄʀ ʠ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʸʪʘ ʟʦʥ R2/r1. ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʠ (main) 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʇʆ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 
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ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʇʕɺʄ ʠ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʕʄʀʅʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʕʄʀʅ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʨʨʝʢʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʝʩʪʦʚʦʡ ʇʕɺʄ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʇʆ, ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

¶ ʨʫʧʦʨʥʘʷ ʘʥʪʝʥʥʘ ʇ6-223 (ʜʠʘʧʘʟʦʥ 0,8ï18 ɻɻʮ); 

¶ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ Anritsu MS2723C (ʜʠʘʧʘʟʦʥ 9 ʢɻʮ ï 13,3 ɻɻʮ). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʦʧʨʷʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ 

ʧʦʤʝʭ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʠʸʤʘ ʠʟʣʫʯʝʥʠʷ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɸʥʪʝʥʥʘ 

ʨʘʟʤʝʱʘʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ ʦʪ ʪʝʩʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠ ʥʘʧʨʘʚʣʷʣʘʩʴ ʥʘ ʩʠʩʪʝʤʥʳʡ ʙʣʦʢ, 

ʛʜʝ ʫʩʪʘʥʦʚʣʝʥ ʥʘʢʦʧʠʪʝʣʴ ʩ ʠʥʪʝʨʬʝʡʩʦʤ PCI-Express (ʩʤ. ʩʭʝʤʫ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ 

ʇʕʄʀʅ, ʨʠʩʫʥʦʢ 3). ʂʘʙʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʘʥʪʝʥʥʳ ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ ʙʳʣʦ 

ʵʢʨʘʥʠʨʦʚʘʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʚʦʜʦʢ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʫʭ ʩʤʝʞʥʳʭ ʢʦʤʥʘʪʘʭ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʦʧʝʨʘʪʦʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ. 

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʇʕʄʀʅ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʦʮʝʥʢʠ ʟʦʥʳ R2 

ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʘʱʠʱʸʥʥʦʩʪʠ ʦʪ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʇʕʄʀʅ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʨʘʩʯʸʪ ʟʦʥʳ R2. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʤʝʨʝʥʠʠ ʫʨʦʚʥʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ: 

¶ ʙʝʟ ʥʘʛʨʫʟʢʠ (Ὁh ): 29,1 dBÕV (ʨʠʩ. 4); 
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ʈʠʩ. 4. ɹʝʟ ʥʘʛʨʫʟʢʠ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

¶ ʩ ʥʘʛʨʫʟʢʦʡ (Ὁʦ): 29,8 dBÕV (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ʋʨʦʚʝʥʴ ʧʨʠ ʨʘʙʦʪʝ ʇʆ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ) 

 

ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ ʚ ʤʠʢʨʦʚʦʣʴʪʳ ʧʦ 

ʬʦʨʤʫʣʝ: 

Ὁ ρπ̅  ˎʤʢɺ/ʤ,  

ʛʜʝ E ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɼʘʣʝʝ ʠʜʝʪ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʟʣʫʯʘʝʤʦʛʦ ʠʩʩʣʝʜʫʝʤʳʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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Ὁ ЍὉέὭὉ̙ Ὥ σπȟωρ ςψȟψυ ρρȟρ ʤʢɺ/ʤ, 

ʈʘʩʯʸʪ ʨʘʜʠʫʩʦʚ ʟʦʥ ʜʣʷ ʯʘʩʪʦʪʳ 4 ɻɻʮ (‗ πȟπχυ ʤ) ʧʦ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ ʟʘʪʫʭʘʥʠʷ 

ʧʦʣʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὧ: 

Ὑʙʣʠʞ
ρ

ὯẗὉh
Ὁ

πȟψφ ʤȟ 

Ὑʧʨʦʤ
ρ

ὯẗὉh
Ὁ

πȟψ ʤȟ 

Ὑʜʘʣ
ρ

ὯẗὉh
Ὁ

πȟφτ ʤȢ 

ʛʜʝ Ὧ πȟφ  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʘʣʠʯʠʝ ʚʠʜʝʦʤʦʥʠʪʦʨʘ 

ɿʘʪʝʤ ʥʫʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʙʣʠʞʥʶʶ ʠ ʜʘʣʴʥʶʶ ʟʦʥʫ ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ:  

ὒ
Ȣ

πȟπρςυ ʤ,  

ὒ φz  ‗ φz πȟπχυπȟτυ ʤ,  

ʛʜʝ ὒ  ï ʙʣʠʞʥʷʷ ʟʦʥʘ; ὒ  ï ʜʘʣʴʥʷʷ ʟʦʥʘ. 

ʈʘʜʠʫʩ ʟʦʥʳ Ri ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ  

Ὑ

Ὑ ̂̌̉ȟ̇̆ ̒̌̉ Ὑ ̂̌̉̇ ὒ 
Ὑ ̐̑̏ȟ̍̆ ̒̌̉ ὒ  Ὑ ̐̑̏̍ὒ

Ὑ ̅ ́ȟ̌̆ ̒̌̉ Ὑ ̅ ́̌ ὒ
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʚʳʙʦʨʘ, ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʷ 

ʠʪʦʛʦʚʳʡ ʨʘʜʠʫʩ ʟʦʥʳ R2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʜʠʫʩʫ ʜʘʣʴʥʝʡ ʟʦʥʳ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,64 ʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʇʆ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ 

ʢʘʥʘʣʘ (Ch Pwr) ʩ 29,1 ʜɹ ʜʦ 29,8 ʜɹ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʛʝʥʝʨʘʮʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʠʥʪʝʨʬʝʡʩ PCI-

Express. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʦʩʪʝ ʫʨʦʚʥʷ ʧʦʙʦʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇʆ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʥʘʛʨʫʟʢʠ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʦʥʘ R2 ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 0,64 ʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʱʠʱʸʥʥʳʭ ʧʦʤʝʱʝʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʦ ʪʝʩʪʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʠʥʪʝʨʬʝʡʩ 

PCI-Express, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʕʄʀʅ. ʆʧʠʩʘʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʇʕɺʄ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʘʧʧʘʨʘʪ ʜʣʷ ʦʮʝʥʢʠ ʟʦʥʳ R2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚʣʠʷʥʠʝ ʨʘʙʦʪʳ ʇʆ ʥʘ ʫʨʦʚʝʥʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ 

ʟʘʱʠʱʸʥʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʫʪʝʯʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʥʘʣʫ ʇʕʄʀʅ. 
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ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɺɽʈʉʀʁ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʁ ʇʃɸʊʌʆʈʄʓ 

1ʉ:ʇʈɽɼʇʈʀʗʊʀɽ 8.3 ʀ 8.5 

ʉʝʛʦʜʥʷ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʚʪʦʨʦʡ ʧʨʦʜʫʢʪ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʣʘʛʘʝʤʳʡ 

ʧʦʢʫʧʘʪʝʣʶ, ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʢ ʚʳʩʦʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʦʥ ʥʝ ʪʦʣʴʢʦ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʦʥʢʨʝʪʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʷʚʣʷʝʪʩʷ ʚʦʧʣʦʱʝʥʠʝʤ ʥʘʫʯʥʦʡ ʠ 

ʠʥʞʝʥʝʨʥʦʡ ʤʳʩʣʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʘʣʦʞʝʥʥʳʝ ʚ ʧʨʦʜʫʢʪ ʠʜʝʠ ʠ 

ʜʦʩʪʠʞʝʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʩʫʱʥʦʩʪʴ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ ʮʝʥʥʦʩʪʴ. 

ʆʪʝʯʝʩʪʚʝʥʥʳʤ ʣʠʜʝʨʦʤ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʙʤʝʥʫ ʠ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʬʠʨʤʘ ç1ʉè, ʢʦʪʦʨʘʷ ʨʝʛʫʣʷʨʥʦ ʚʳʚʦʜʠʪ ʥʘ ʨʳʥʦʢ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʜʣʷ ʩʘʤʳʭ ʨʘʟʥʳʭ 

ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ [3, ʩ. 283]. ʉʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝè ʩʦʩʪʦʠʪ ʠʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʝʝ ʦʩʥʦʚʝ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʪʫ ʠʣʠ ʠʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʯʘʩʪʥʦʛʦ ʣʠʮʘ. 

ʉʘʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʢʦʥʝʯʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ [6, ʩ. 242]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʘʢʪʫʘʣʠʟʠʨʫʶʪ ʩʚʦʠ 

ʨʘʟʨʘʙʦʪʢʠ ʚʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʦʩʩʠʡʩʢʠʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʙʫʭʛʘʣʪʝʨʩʢʠʭ ʧʣʘʪʬʦʨʤ, ʪʘʢʢʘʢ ʙʫʭʛʘʣʪʝʨʘʤ ʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʢʦʤʧʘʥʠʡ ʚʘʞʥʘ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʥʦʩʪʠ ʜʣʷ ʥʘʣʦʛʦʚʦʡ ʩʣʫʞʙʳ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʬʦʥʜʘ ʈʦʩʩʠʠ [2, ʩ. 37]. 

ʂʦʨʦʥʘʚʠʨʫʩʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚʥʝʩʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʠʚʳʯʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʣʶʜʝʡ. 

ʆʪʨʘʟʠʣʦʩʴ ʵʪʦ ʠ ʥʘ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʙʣʘʯʥʳʡ ʩʝʨʚʠʩ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8 ʯʝʨʝʟ 

ʀʥʪʝʨʥʝʪè ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʝʥʥʦ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʧʨʦʜʫʢʪʘʤ ʢʦʤʧʘʥʠʠ [7, ʩ. 164]. 

ʂʦʥʬʠʛʫʨʘʮʠʠ ʧʣʘʪʬʦʨʤʳ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8.3è ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʦʤ 

ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʤʧʘʥʠʠ [1, ʩ. 28]. 

1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ ï ʵʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩʘ ʚ 

ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ. ʂʘʞʜʘʷ ʥʦʚʘʷ ʚʝʨʩʠʷ ʧʨʦʛʨʘʤʤʳ ʧʨʠʥʦʩʠʪ ʩ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ 

ʫʣʫʯʰʝʥʠʡ ʠ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ.   

ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8.5 ʦʪ 8.3. 

1. ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʚʝʨʩʠʠ 8.5 ʷʚʣʷʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʣʘʪʬʦʨʤʳ. ɺ ʥʦʚʦʡ ʚʝʨʩʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ.  

2. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8.5 ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʚʝʨʩʠʝʡ 8.3: 

ï ʆʙʥʦʚʣʝʥʥʳʡ ʜʠʟʘʡʥ: ʠʥʪʝʨʬʝʡʩ ʩʪʘʣ ʙʦʣʝʝ ʠʥʪʫʠʪʠʚʥʳʤ, ʩ ʫʣʫʯʰʝʥʥʦʡ ʥʘʚʠʛʘʮʠʝʡ 

ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʘʩʪʦʤʠʟʘʮʠʠ ʧʦʜ ʥʫʞʜʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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ï ʇʦʜʜʝʨʞʢʘ ʨʘʟʣʠʯʥʳʭ ʨʘʟʨʝʰʝʥʠʡ ʵʢʨʘʥʦʚ: ʪʝʧʝʨʴ ʩʠʩʪʝʤʘ ʣʫʯʰʝ ʘʜʘʧʪʠʨʫʝʪʩʷ ʧʦʜ 

ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʚʢʣʶʯʘʷ ʧʣʘʥʰʝʪʳ ʠ ʩʤʘʨʪʬʦʥʳ. 

ɺ ʨʝʣʠʟʝ 8.5 ʟʥʘʯʠʪʝʣʴʥʦ ʧʝʨʝʨʘʙʦʪʘʥ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ɺʠʟʫʘʣʴʥʘʷ ʯʘʩʪʴ 

ʪʝʧʝʨʴ ʘʜʘʧʪʠʨʫʝʪʩʷ ʧʦʜ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʚʳʨʦʩʣʘ: 

¶ ʀʥʪʝʨʬʝʡʩ ʩʪʘʣ ʯʠʱʝ ʠ ʩʦʚʨʝʤʝʥʥʝʝ: ʚʥʝʜʨʝʥʳ ʚʝʢʪʦʨʥʳʝ ʠʢʦʥʢʠ ʠ ʢʘʨʪʦʯʥʳʡ 

ʬʦʨʤʘʪ ʵʣʝʤʝʥʪʦʚ 

¶ ʈʝʘʣʠʟʦʚʘʥʘ ʧʦʜʜʝʨʞʢʘ ʩʚʝʪʣʦʛʦ ʠ ʪʸʤʥʦʛʦ ʨʝʞʠʤʘ 

¶ ʆʧʪʠʤʠʟʠʨʦʚʘʥʘ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ ʚ ʚʝʙ-ʢʣʠʝʥʪʝ 

¶ ʋʣʫʯʰʝʥʘ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʉʋɹɼ 

¶ ɺ ʢʦʥʬʠʛʫʨʘʪʦʨʝ ʜʦʙʘʚʣʝʥʳ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʫʧʨʦʱʸʥʥʦʡ ʤʠʛʨʘʮʠʠ ʩʪʘʨʳʭ 

ʬʦʨʤʀʥʪʝʨʬʝʡʩ 8.5 ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʪʘʢ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʦʚʳʩʠʪʴ 

ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ. 

3. ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ɺʝʨʩʠʷ 8.5 ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʨʷʜ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ:  

ï ʈʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ 1ʉ; ʚʢʣʶʯʝʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʦʧʝʨʘʪʦʨʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʛʠʙʢʠʝ ʨʝʰʝʥʠʷ. 

ï ʋʣʫʯʰʝʥʥʘʷ ʨʘʙʦʪʘ ʩ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʷʤʠ: ʇʦʜʜʝʨʞʢʘ REST API ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʚʥʝʰʥʠʤʠ ʚʝʙ-ʩʝʨʚʠʩʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤ.  

4. ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʇʨʦʛʨʘʤʤʳ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝè 8.5 ʠ 8.3 ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʥʘ ʣʦʢʘʣʴʥʳʝ 

ʩʝʨʚʝʨʳ.ɺʝʨʩʠʷ 8.5 ʘʢʪʠʚʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʥʘ ʣʦʢʘʣʴʥʳʝ ʩʝʨʚʝʨʳ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

ï ɻʠʙʢʦʩʪʴ: ʃʝʛʢʠʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʫ ʠʟ ʣʶʙʦʛʦ ʤʝʩʪʘ.  

ï ʕʢʦʥʦʤʠʶ: ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ IT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ.  

 

 
 

ʈʠʩ. 1. ʇʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8.3 ʚ ʭʦʜʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [4, ʩ. 212] 

 

5. ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ɺʝʨʩʠʷ 8.5 ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ: 
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- ʇʦʜʜʝʨʞʢʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʜʨʫʛʠʤʠ ERP-ʩʠʩʪʝʤʘʤʠ: ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʷʤ 

ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 1ʉ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

- ʀʥʪʝʛʨʘʮʠʷ ʩ CRM-ʩʠʩʪʝʤʘʤʠ: ʫʧʨʦʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʢʣʠʝʥʪʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʣʠʝʥʪʘʤʠ. 

6. ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʯʝʪʥʦʩʪʠ 

ɺ ʚʝʨʩʠʠ 8.5 ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʝʥʘ ʩʠʩʪʝʤʘ ʦʪʯʝʪʥʦʩʪʠ: 

- ɻʠʙʢʠʝ ʥʘʩʪʨʦʡʢʠ ʦʪʯʝʪʦʚ: ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʣʝʛʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʦʪʯʝʪʳ ʧʦʜ ʩʚʦʠ 

ʥʫʞʜʳ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

- ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʦʪʯʝʪʳ: ɺʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠ 

ʜʠʘʛʨʘʤʤ ʧʨʷʤʦ ʚ ʦʪʯʝʪʘʭ.  

ɺ 8.5 ʫʣʫʯʰʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʨʘʩʰʠʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ 

ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴʶ, ʘʩʠʥʭʨʦʥʥʦʩʪʴʶ, ʨʘʩʰʠʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʚʝʙ-ʩʝʨʚʠʩʘʤʠ ʠ 

REST API. ʄʦʞʥʦ ʧʦʩʪʝʧʝʥʥʦ ʚʥʝʜʨʷʪʴ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʙʨʘʙʦʪʢʫ. 

7. ʈʝʞʠʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ɺ ʧʣʘʪʬʦʨʤʝ ç1ʉ:ʇʨʝʜʧʨʠʷʪʠʝè ʝʩʪʴ ʨʝʞʠʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʝʨʩʠʷʤʠ 8.5 

ʠ 8.3. ʕʪʠ ʨʝʞʠʤʳ ʧʦʟʚʦʣʷʶʪ ʟʘʧʫʩʢʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʙʦʣʝʝ ʤʣʘʜʰʠʭ 

ʚʝʨʩʠʷʭ ʧʣʘʪʬʦʨʤʳ, ʥʘ ʥʦʚʦʡ ʚʝʨʩʠʠ ʙʝʟ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ 

ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

ʉʘʤʳʡ ʧʨʘʢʪʠʯʥʳʡ ʧʦʜʭʦʜ ʩʝʡʯʘʩ ï ʧʦʩʪʘʚʠʪʴ 8.5 ʨʷʜʦʤ ʩ 8.3 ʠ ʥʝ ʫʜʘʣʷʪʴ ʩʪʘʨʫʶ 

ʚʝʨʩʠʶ. 

ɺʘʞʥʦ: 

¶ ʫʜʘʣʷʪʴ 8.3 ʥʝ ʥʫʞʥʦ; 

¶ ʧʣʘʪʬʦʨʤʳ 8.3 ʠ 8.5 ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ; 

¶ ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ ʨʘʟʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʜ ʨʘʟʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʠ ʩʧʦʢʦʡʥʦ 

ʩʨʘʚʥʠʚʘʪʴ. 

8. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ 

ʉʫʱʝʩʪʚʫʶʪ ʚ ʧʨʠʨʦʜʝ ʩʦʦʙʱʝʩʪʚʘ ʥʘʩʝʢʦʤʳʭ ʠ ʞʠʚʦʪʥʳʭ (ʤʫʨʘʚʴʠ, ʧʯʝʣʳ ʠ ʜʨ), 

ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʫʩʪʦʡʯʠʚʦ ʠ ʚʳʧʦʣʥʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ, ʤʦʞʝʪ ʩ ʨʦʞʜʝʥʠʷ ʘʣʛʦʨʠʪʤʳ 

(ʠʥʩʪʠʥʢʪʳ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʣʦʥʠʠ, ʭʦʪʷ ʟʘ ʢʘʞʜʳʤ 

ʚʠʜʦʤ ʟʘʢʨʝʧʣʝʥʳ ʚʧʦʣʥʝ ʵʣʝʤʝʥʪʘʨʥʳʝʬʫʥʢʮʠʠ ʧʨʠ ʚʩʝʡ ʩʣʦʞʥʦʩʪʠ ʬʫʥʢʮʠʡ ʚʩʝʡ ʢʦʣʦʥʠʠ 

ʚ ʮʝʣʦʤ. ɺʝʜʴ ʠ ʩʢʦʨʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʡ ʤʳʩʣʠ ʫʩʠʣʠʚʘʝʪʩʷ, ʝʩʣʠ ʪʘʢ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴʩʷ, ʟʘ ʩʯʝʪ 

çʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʩʪʠè ʥʘʰʝʛʦ ʤʦʟʛʘ. ʧʨʦʜʫʢʪʘ [5, ʩ.5] 

ɺ ʧʣʘʪʬʦʨʤʘʭ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝè 8.5 ʠ 8.3 ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ (ʀʀ). ʀʥʪʝʛʨʘʮʠʷ ʀʀ ʚ 1ʉ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʦʪ ʢʦʤʧʘʥʠʠ 1ʉ. ʅʘʧʨʠʤʝʨ, ʩʝʨʚʠʩ 

ç1ʉ:ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚè ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʢʘʥʳ ʠ ʬʦʪʦ ʜʦʢʫʤʝʥʪʦʚ (ʩʯʝʪʘ, 

ʥʘʢʣʘʜʥʳʝ, ʋʇɼ, ʘʢʪʳ ʠ ʧʨ.), ʠʟʚʣʝʢʘʷ ʢʦʥʪʨʘʛʝʥʪʦʚ, ʥʦʤʝʥʢʣʘʪʫʨʫ ʠ ʨʝʢʚʠʟʠʪʳ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʛʦʪʘʚʣʠʚʘʷ ʠʭ ʜʣʷ ʚʚʦʜʘ ʚ ʙʘʟʫ 1ʉ. 

- ʇʦʜʢʣʶʯʝʥʠʝ ʚʥʝʰʥʠʭ ʀʀ-ʩʝʨʚʠʩʦʚ ʯʝʨʝʟ API. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʦʪ Yandex SpeechKit ʠʣʠ Microsoft Azure AI. 
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- ʉʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʫʣʝʡ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʙʠʟʥʝʩʘ. ɿʜʝʩʴ 

ʧʦʪʨʝʙʫʶʪʩʷ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʙʣʠʦʪʝʢ ʚʨʦʜʝ 

TensorFlow ʠʣʠ PyTorch. 

ɺʝʨʩʠʷ 8.3 

ɼʘʥʥʘʷ ʚʝʨʩʠʷ ʚʳʰʣʘ ʚ 2012 ʛʦʜʫ ʠ ʧʨʝʪʝʨʧʝʣʘ ʨʷʜ ʠʟʤʝʥʝʥʠʡ: 

1. ʊʦʣʩʪʳʡ ʢʣʠʝʥʪ ʜʣʷ Linux ʠ Mac OS. 

2. ʄʦʙʠʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ Android ʠ iOS. 

3. ʋʣʫʯʰʝʥʠʝ ʨʘʙʦʪʳ ʚʝʙ-ʢʣʠʝʥʪʘ. 

4. ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ. 

5. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

6. ʅʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

7. ʈʘʙʦʪʘ ʬʦʥʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ʬʘʡʣʦʚʦʤ ʚʘʨʠʘʥʪʝ. 

ʅʦʚʦʝ ʚʦ ʚʥʝʰʥʝʤ ʚʠʜʝ: 

¶ ɼʠʟʘʡʥ ʧʨʠʙʣʠʞʝʥ ʢ ʚʝʙ-ʜʦʢʫʤʝʥʪʫ (ʢʥʦʧʢʠ çʀʟʙʨʘʥʥʦʝè, ʧʝʨʝʭʦʜ ʢ ʛʣʘʚʥʦʡ 

ʩʪʨʘʥʠʮʝ); 

¶ ʕʬʬʝʢʪ çʧʨʦʟʨʘʯʥʦʩʪʠè; 

¶ ʂʨʫʧʥʳʡ ʰʨʠʬʪ; 

¶ ʇʘʥʝʣʴ ʨʘʟʜʝʣʦʚ ʧʝʨʝʤʝʩʪʠʣʘʩʴ ʚ ʣʝʚʫʶ ʯʘʩʪʴ; 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʠʜʘ. 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʥʦʚʦʚʚʝʜʝʥʠʡ ʜʣʷ 8.3 ʥʘ ʩʘʡʪʝ ʬʠʨʤʳ 1ʉ. 

ɺʝʨʩʠʷ 8.5 

ɼʘʪʘ ʚʳʭʦʜʘ ï ʢʦʥʝʮ 2025 ʛʦʜʘ. ʗʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʚʝʨʩʠʠ 8.3. 

ʅʦʚʦʝ: 

¶ ʋʧʨʦʱʝʥʥʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʜʠʟʘʡʥ. ɿʘʷʚʣʷʝʪʩʷ, ʯʪʦ ʜʣʷ ʨʘʙʦʪʳ ʥʫʞʥʦ ʙʫʜʝʪ ʤʝʥʴʰʝ 

ʣʠʰʥʠʭ ʜʝʡʩʪʚʠʡ.  

o ʉʚʝʪʣʘʷ ʠ ʪʝʤʥʘʷ ʪʝʤʳ. 

o ɹʦʣʝʝ ʢʨʘʩʠʚʳʝ ʠʢʦʥʢʠ. 

o ɹʦʣʴʰʝ ʦʪʩʪʫʧʦʚ ʜʣʷ ʣʫʯʰʝʛʦ ʚʦʩʧʨʠʷʪʠʷ. 

o ɻʨʫʧʧʠʨʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʠ ʢʥʦʧʦʢ ʚ ʚʠʜʝ ʢʘʨʪʦʯʝʢ. 

¶ ɸʜʘʧʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ:  

o ɼʠʟʘʡʥ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥ ʢ ʚʥʝʰʥʝʤʫ ʚʠʜʫ 

ʜʝʩʢʪʦʧʦʚ. 

o ɺʝʢʪʦʨʥʳʝ ʠʢʦʥʢʠ. ʀʟʙʘʚʣʷʝʪ ʦʪ ʨʘʟʤʳʪʦʩʪʠ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʥʘ ʵʢʨʘʥʘʭ ʩ ʨʘʟʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ. 

¶ ʋʣʫʯʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ:  

o ʋʩʢʦʨʝʥ ʟʘʧʫʩʢ ʧʨʠʣʦʞʝʥʠʷ. 

o ʊʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

o ʇʦʚʳʰʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

o ʇʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ ʪʘʙʣʠʮʘʤʠ, ʙʨʘʫʟʝʨʥʘʷ ʚʝʨʩʠʷ ʙʦʣʝʝ ʦʪʟʳʚʯʠʚʘ. 

ʇʝʨʝʭʦʜ ʥʘ ʥʦʚʫʶ ʚʝʨʩʠʶ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʦ ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʩ ʚʝʨʩʠʠ 8.3. 

http://v8.1c.ru/overview/release_8_3/
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ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ 8.5 ʠ 8.3 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ 8.5 1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ 8.3 

ɸʨʭʠʪʝʢʪʫʨʘ ʋʣʫʯʰʝʥʥʘʷ, ʤʦʜʫʣʴʥʘʷ ɹʦʣʝʝ ʩʪʘʨʘʷ, ʤʝʥʝʝ ʛʠʙʢʘʷ 

ʇʦʜʜʝʨʞʢʘ ʪʝʭʥʦʣʦʛʠʡ ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʚʝʙ, 

ʦʙʣʘʢʦ 

ʆʛʨʘʥʠʯʝʥʥʘʷ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʣʠʝʥʪ-

ʩʝʨʚʝʨ 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʉʦʚʨʝʤʝʥʥʳʡ, ʘʜʘʧʪʠʚʥʳʡ ʉʪʘʨʳʡ, ʤʝʥʝʝ ʜʨʫʞʝʩʪʚʝʥʥʳʡ 

ɺʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʈʘʟʚʠʪʳʝ, ʨʘʩʰʠʨʷʝʤʳʝ ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʇʦʜʜʝʨʞʢʘ ʠ ʦʙʥʦʚʣʝʥʠʝ ʇʦʩʪʦʷʥʥʦʝ ʨʘʟʚʠʪʠʝ ʋʩʪʘʨʝʚʰʘʷ, ʧʨʝʢʨʘʱʝʥʠʝ 

ʧʦʜʜʝʨʞʢʠ 

ʄʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ɼʘ ʆʛʨʘʥʠʯʝʥʥʘʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʦʪ ʚʝʨʩʠʠ 8.3 ʢ ʚʝʨʩʠʠ 8.5 ʚ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ ʩʪʘʣ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʰʘʛʦʤ ʚʧʝʨʝʜ ʚ ʨʘʟʚʠʪʠʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʅʦʚʳʝ ʬʫʥʢʮʠʠ, ʫʣʫʯʰʝʥʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʜʝʣʘʶʪ ʵʪʫ ʚʝʨʩʠʶ ʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʩʝʭ ʫʨʦʚʥʝʡ. 
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ʉʪʝʧʘʥʦʚ ʅ.ɸ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʆɹʋʏɽʅʀɽ ʉ ʇʆɼʂʈɽʇʃɽʅʀɽʄ ʅɽʁʈʆɸɻɽʅʊɸ  

ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ɺʀɼɽʆʀʅʌʆʈʄɸʎʀʀ ɺ ɼʀʅɸʄʀʏɽʉʂʆʁ ʉʈɽɼɽ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ (Reinforcement Learning, RL) ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʚʪʦʥʦʤʥʳʭ 

ʩʠʩʪʝʤ ï ʥʝʡʨʦʘʛʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʷʚʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʠʛʨʦʚʳʭ ʩʨʝʜʘʭ, ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ 

ʥʝʜʦʩʪʫʧʥʳ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʝʥʩʦʨʳ ʠʣʠ ʢʦʤʘʥʜʳ ʦʧʝʨʘʪʦʨʘ [4]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʥʝʡʨʦʘʛʝʥʪʘ, 

ʩʧʦʩʦʙʥʦʛʦ ʦʙʫʯʘʪʴʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʘʟʤʝʪʢʠ [2].  

ʆʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʘʜʠʛʤʫ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚ 

ʢʦʪʦʨʦʡ ʘʛʝʥʪ ʫʯʠʪʩʷ ʧʨʠʥʠʤʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʨʝʜʦʡ [6]. 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ RL ʷʚʣʷʶʪʩʷ: 

¶ ɸʛʝʥʪ ï ʩʫʱʥʦʩʪʴ, ʧʨʠʥʠʤʘʶʱʘʷ ʨʝʰʝʥʠʷ. 

¶ ʉʨʝʜʘ ï ʢʦʥʪʝʢʩʪ, ʚ ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʫʝʪ ʘʛʝʥʪ. 

¶ ʅʘʛʨʘʜʘ (Reward) ï ʩʢʘʣʷʨʥʳʡ ʩʠʛʥʘʣ, ʫʢʘʟʳʚʘʶʱʠʡ, ʥʘʩʢʦʣʴʢʦ ʜʝʡʩʪʚʠʝ ʙʳʣʦ 

ʫʩʧʝʰʥʳʤ. 

¶ ʇʦʣʠʪʠʢʘ (Policy) ï ʩʪʨʘʪʝʛʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʘʛʝʥʪ ʚʳʙʠʨʘʝʪ ʜʝʡʩʪʚʠʷ. 

¶ ʌʫʥʢʮʠʷ ʮʝʥʥʦʩʪʠ (Value function) ï ʦʮʝʥʢʘ ʦʞʠʜʘʝʤʦʡ ʥʘʛʨʘʜʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʥʝʡʨʦʘʛʝʥʪʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ 

ʥʝʡʨʦʘʛʝʥʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʦʙʫʯʘʪʴʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʥʘ ʦʩʥʦʚʝ ʚʠʜʝʦʜʘʥʥʳʭ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʨʠʩ. 1): 

¶ ɺʠʜʝʦ ï ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʥʘʧʨʠʤʝʨ, ʧʦʪʦʢ ʢʘʜʨʦʚ ʩ ʢʘʤʝʨʳ). 

¶ Encoder ï ʤʦʜʫʣʴ, ʠʟʚʣʝʢʘʶʱʠʡ ʧʨʠʟʥʘʢʠ ʠʟ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (CNN, Vision 

Transformer ʠ ʜʨ.). 

¶ Latent State ï ʚʥʫʪʨʝʥʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʚ ʯʠʩʣʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

¶ Policy Network ï ʤʦʜʝʣʴ, ʬʦʨʤʠʨʫʶʱʘʷ ʜʝʡʩʪʚʠʝ ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ. 

¶ Action ï ʚʳʭʦʜʥʦʝ ʜʝʡʩʪʚʠʝ ʘʛʝʥʪʘ, ʚʣʠʷʶʱʝʝ ʥʘ ʩʨʝʜʫ. 

¶ ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʘ ʙʝʟ ʷʚʥʳʭ ʧʦʢʘʟʘʥʠʡ ʩʝʥʩʦʨʦʚ 

ʠʣʠ ʪʝʢʩʪʦʚʳʭ ʢʦʤʘʥʜ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʚʠʟʫʘʣʴʥʳʝ ʜʘʥʥʳʝ [7]. 
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ʈʠʩ. 1. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʥʝʡʨʦʘʛʝʥʪʘ 

 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʠʜʝʦʜʘʥʥʳʭ ʚ ʧʨʠʛʦʜʥʦʝ ʜʣʷ RL ʩʦʩʪʦʷʥʠʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʵʥʢʦʜʝʨʦʚ: 

¶ CNN (ResNet, EfficientNet) ï ʠʟʚʣʝʯʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟ ʦʪʜʝʣʴʥʳʭ ʢʘʜʨʦʚ. 

¶ RNN / LSTM / GRU ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʢʘʜʨʘʤʠ. 

¶ 3D-CNN ï ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

¶ Vision Transformers (ViT, TimeSformer, ViViT) ï ʩʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ (latent state) ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʪʨʘʪʝʛʠʷ ʜʝʡʩʪʚʠʡ. ɼʣʷ ʵʪʦʛʦ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

¶ Q-learning / DQN ï ʝʩʣʠ ʜʝʡʩʪʚʠʷ ʜʠʩʢʨʝʪʥʳ. 

¶ PPO / SAC / DDPG ï ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʜʝʡʩʪʚʠʡ. 

¶ Imitation learning ï ʦʙʫʯʝʥʠʝ ʧʦ ʦʙʨʘʟʮʘʤ, ʝʩʣʠ ʜʦʩʪʫʧʥʳ ʜʝʤʦʥʩʪʨʘʮʠʠ. 

¶ Reward shaping ï ʢʦʨʨʝʢʮʠʷ ʬʫʥʢʮʠʠ ʥʘʛʨʘʜʳ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʡ ʚ ʢʘʜʨʝ. 

ʇʨʝʜʩʪʘʚʠʤ ʧʨʘʢʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ ʚ workflow n8n, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʦʝʢʪʘ ʚ workflow ʚ n8n 

 

ʋʟʣʳ workflow: 

1. ʏʘʪ ʩ ʘʛʝʥʪʦʤ ï ʇʦʣʫʯʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʯʝʨʝʟ ʯʘʪ. 
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2. HTTP Request ï ɿʘʧʨʦʩ ʢ ʩʝʨʚʝʨʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʜʝʡʩʪʚʠʷ. 

3. ʆʙʨʘʙʦʪʯʠʢ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ï ʆʙʨʘʙʦʪʢʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʚ 

ʬʦʨʤʘʪ, ʧʦʥʷʪʥʳʡ ʜʣʷ ʘʛʝʥʪʘ. 

4. Agent ï ʎʝʥʪʨʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʧʨʠʥʠʤʘʶʱʠʡ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʚʠʜʝʦʜʘʥʥʳʭ ʠ 

ʧʨʝʜʳʜʫʱʝʡ ʠʩʪʦʨʠʠ. 

¶ DeepSeek Chat Model ï ʄʦʜʝʣʴ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʳʭ ʢʦʤʘʥʜ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

¶ Simple Memory ï ʍʨʘʥʝʥʠʝ ʠʩʪʦʨʠʠ ʜʝʡʩʪʚʠʡ ʠ ʩʦʩʪʦʷʥʠʡ. 

5. Execute a SQL query ï ɿʘʧʠʩʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʙʘʟʫ ʜʘʥʥʳʭ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʢʦʜʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʟʘʜʘʯʝʡ: çʅʘʡʜʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʣʶʜʝʡ ʚ ʩʠʥʝʡ 

ʰʣʷʧʝè. 

import cv2 

import numpy as np 

# 1. ɿʘʛʨʫʟʢʘ ʠʟʦʙʨʘʞʝʥʠʷ 

def load_image(image_path): 

    img = cv2.imread(image_path) 

    return img 

# 2. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʣʶʜʝʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

def detect_people(img): 

    # ʀʩʧʦʣʴʟʫʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʣʶʜʝʡ 

    net = cv2.dnn.readNetFromCaffe("deploy.prototxt", 

"res10_300x300_ssd_iter_140000.caffemodel") 

    blob = cv2.dnn.blobFromImage(cv2.resize(img, (300, 300)), 1.0, (300, 300), (104.0, 177.0, 123.0)) 

    net.setInput(blob) 

    detections = net.forward() 

    people_boxes = [] 

    for i in range(detections.shape[2]): 

        confidence = detections[0, 0, i, 2] 

        if  confidence > 0.5:  # ʇʦʨʦʛ ʫʚʝʨʝʥʥʦʩʪʠ 

            box = detections[0, 0, i, 3:7] * np.array([img.shape[1], img.shape[0], img.shape[1], 

img.shape[0]])  

            (startX, startY, endX, endY) = box.astype("int" ) 

            people_boxes.append((startX, startY, endX, endY)) 

    return people_boxes 

# 3. ɸʥʘʣʠʟ ʘʪʨʠʙʫʪʦʚ (ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʩʠʥʝʡ ʰʣʷʧʳ) 

def analyze_attributes(people_boxes, img): 

    # ɿʜʝʩʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʘʪʨʠʙʫʪʦʚ 

    # ʅʘʧʨʠʤʝʨ, ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʘ ʰʣʷʧʳ 

    blue_hat_people = [] 

    for box in people_boxes: 

        startX, startY, endX, endY = box 

        person_roi = img[startY:endY, startX:endX] 

        # ʇʨʦʩʪʦʡ ʘʥʘʣʠʟ ʮʚʝʪʘ (ʩʠʥʠʡ ï RGB [255, 0, 0]) 

        hsv = cv2.cvtColor(person_roi, cv2.COLOR_BGR2HSV) 
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        lower_blue = np.array([100, 150, 0])  # ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʠʥʝʛʦ ʮʚʝʪʘ ʚ HSV 

        upper_blue = np.array([140, 255, 255])  # ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʩʠʥʝʛʦ ʮʚʝʪʘ ʚ HSV 

        mask = cv2.inRange(hsv, lower_blue, upper_blue) 

        # ɽʩʣʠ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʩʠʥʝʛʦ ʮʚʝʪʘ, ʩʯʠʪʘʝʤ, ʯʪʦ ʵʪʦ ʰʣʷʧʘ 

        if  np.sum(mask) > 1000:  # ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʣʦʱʘʜʠ ʩʠʥʝʛʦ ʮʚʝʪʘ 

            blue_hat_people.append(box) 

    return blue_hat_people 

# 4. ʆʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

def draw_results(img, boxes, color=(0, 255, 0)): 

    for box in boxes: 

        startX, startY, endX, endY = box 

        cv2.rectangle(img, (startX, startY), (endX, endY), color, 2) 

    cv2.imshow("Result", img) 

    cv2.waitKey(0) 

    cv2.destroyAllWindows() 

# ɻʣʘʚʥʘʷ ʬʫʥʢʮʠʷ 

def main(): 

    # ʐʘʛ 1: ɿʘʛʨʫʟʢʘ ʠʟʦʙʨʘʞʝʥʠʷ 

    image_path = "path_to_your_image.jpg" 

    img = load_image(image_path) 

    # ʐʘʛ 2: ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʣʶʜʝʡ 

    people_boxes = detect_people(img) 

    # ʐʘʛ 3: ɸʥʘʣʠʟ ʘʪʨʠʙʫʪʦʚ (ʥʘʡʪʠ ʣʶʜʝʡ ʚ ʩʠʥʝʡ ʰʣʷʧʝ) 

    blue_hat_people = analyze_attributes(people_boxes, img) 

if  __name__ == "__main__": 

    main() 

ɹʳʣʦ ʟʘʛʨʫʞʝʥʦ ʪʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3. ʊʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Vision Transformer ʠ ʤʦʜʝʣʠ ʦʙʫʯʝʥʠʷ 

ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ (PPO), ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ ʩʣʝʜʫʶʱʠʝ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

[ɸʥʘʣʠʟ ʢʘʜʨʘ] 

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ: 

ï ɺ ʧʦʣʝ ʟʨʝʥʠʷ ʥʘʭʦʜʷʪʩʷ 3 ʯʝʣʦʚʝʢʘ. 

ï ʆʜʠʥ ʯʝʣʦʚʝʢ ʥʘʭʦʜʠʪʩʷ ʩʧʨʘʚʘ ʦʪ ʮʝʥʪʨʘ ʢʘʜʨʘ. 
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ï ʋ ʦʜʥʦʛʦ ʠʟ ʣʶʜʝʡ ʥʘ ʛʦʣʦʚʝ ï ʩʠʥʷʷ ʰʣʷʧʘ. 

[ʈʝʰʝʥʠʝ ʘʛʝʥʪʘ] 

ɼʝʡʩʪʚʠʝ: "ʇʝʨʝʤʝʩʪʠʪʴʩʷ ʚʧʨʘʚʦ" 

ʇʨʠʯʠʥʘ: "ʆʙʥʘʨʫʞʝʥ ʦʙʲʝʢʪ ʠʥʪʝʨʝʩʘ (ʯʝʣʦʚʝʢ ʚ ʩʠʥʝʡ ʰʣʷʧʝ)." 

[ʅʘʛʨʘʜʘ]  

Reward: +10 

(ʟʘ ʫʩʧʝʰʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʢʦʨʨʝʢʪʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʦʙʲʝʢʪʘ) 

[ʉʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ] 

Latent State: [0.72, 0.34, -0.12, 0.56, ...]  // ɺʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ 

ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ: Vision Transformer + PPO 

[ɺʨʝʤʷ ʨʝʘʢʮʠʠ] 

Processing time: 220 ms 

ʕʪʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ, ʚʢʣʶʯʘʷ 

ʪʝʢʩʪʦʚʳʡ ʚʳʚʦʜ, JSON-ʬʘʡʣ, ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠʣʠ SQL-ʟʘʧʠʩʴ ʚ ʙʘʟʝ ʜʘʥʥʳʭ [2].  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʘ, ʥʦ ʠ ʩʦʭʨʘʥʷʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʫʯʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ [5]. 

ʌʦʨʤʘʪ JSON (ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʦʡ ʠʣʠ ɹɼ): 

  "timestamp": "2025-04-05T12:34:56Z", 

  "frame_analysis": {  

    "detected_objects": [ 

      { "class": "human", "position": [120, 150, 280, 360], "attributes": { "hat_color": "blue"}},  

      { "class": "human", "position": [400, 100, 150, 300], "attributes": { "hat_color": "none"}},  

      { "class": "human", "position": [700, 200, 180, 380], "attributes": { "hat_color": "red"}}  

    ] 

  },  

  "agent_decision": {  

    "action": "move_right", 

    "reason": "ʎʝʣʴ ʦʙʥʘʨʫʞʝʥʘ ʩʧʨʘʚʘ (ʯʝʣʦʚʝʢ ʚ ʩʠʥʝʡ ʰʣʷʧʝ)" 

  },  

  "reward": 10, 

  "state_vector": [0.72, 0.34, -0.12, 0.56, 0.11, -0.45, ...], 

  "processing_time_ms": 220 

}  

ʃʦʛʠʨʦʚʘʥʠʝ ʚ ɹɼ (SQL): 

INSERT INTO agent_actions ( 

    timestamp,  

    frame_data,  

    detected_objects,  

    action,  

    reward,  

    latent_state 

) VALUES ( 
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    NOW(), 

    'frame_20250405_123456.jpg', 

    '[{"class": "human", "position": [120, 150, 280, 360], "hat_color": "blue"}, {"class": "human", 

"position": [400, 100, 150, 300], "hat_color": null}]' , 

    'move_right', 

    10, 

    '[0.72, 0.34, -0.12, 0.56, 0.11, -0.45, ...]' 

); 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʥʝʡʨʦʘʛʝʥʪʘ, 

ʩʧʦʩʦʙʥʦʛʦ ʦʙʫʯʘʪʴʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʠʜʝʦʜʘʥʥʳʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʪʬʦʨʤʳ n8n ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

(ʯʘʪ, ʚʠʜʝʦʘʥʘʣʠʟ, RL-ʘʛʝʥʪ, ʙʘʟʘ ʜʘʥʥʳʭ) ʚ ʝʜʠʥʳʡ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ. ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʧʦʜʪʚʝʨʜʠʣʘ ʝʸ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [8]. 

ɸ ʪʘʢʞʝ ʙʳʣʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʛʨʘʥʠʯʝʥʠʷ: 

1. ʇʨʝʠʤʫʱʝʩʪʚʘ: 

¶ ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ: ɺʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʯʝʨʝʟ ʯʘʪ. 

¶ ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ʃʝʛʢʦ ʨʘʩʰʠʨʷʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. 

¶ ɸʚʪʦʥʦʤʥʦʩʪʴ: ʉʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

2. ʆʛʨʘʥʠʯʝʥʠʷ: 

¶ ɺʳʩʦʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʜʘʥʥʳʭ. 

¶ ʉʣʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

¶ ʅʝʜʦʩʪʘʪʦʢ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. 

¶ ʇʨʦʙʣʝʤʘ ʦʙʦʙʱʘʝʤʦʩʪʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ 

ʠ ʧʨʦʙʣʝʤʘ ʦʙʦʙʱʘʝʤʦʩʪʠ, ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ self-supervised learning, transfer learning ʠ 

ʛʠʙʨʠʜʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʜʘʸʪ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʠ ʧʨʦʙʣʝʤʳ ʙʫʜʫʪ ʫʩʧʝʰʥʦ ʨʝʰʝʥʳ ʚ 

ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ [3]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʦʜʝʣʠ ʚ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤʘʭ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ [1]. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʦʨʦʜʝʮʢʠʡ ɺ.ɸ., ɺʘʩʠʣʴʝʚ ɺ.ʅ., ʂʫʟʥʝʮʦʚ ʆ.ʇ. ʠ ʜʨ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ: 
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ʉʪʦʣʷʨʦʚʘ ɸ.ɻ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɼʋʃʗ ʋʏɽʊɸ ʈɸɹʆʏɽɻʆ ɺʈɽʄɽʅʀ ʉʆʊʈʋɼʅʀʂʆɺ  

ɺ 1ʉ:ʇʈɽɼʇʈʀʗʊʀʀ  

ʈʫʢʦʚʦʜʠʪʝʣʶ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ ʟʘ ʷʚʢʦʡ ʩʚʦʠʭ ʧʦʜʯʠʥʸʥʥʳʭ, ʧʨʠ 

ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʥʘ ʨʘʙʦʪʝ ʵʪʦ ʩʜʝʣʘʪʴ 

ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ, ʥʦ ʧʨʠ ʫʜʘʣʝʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʪʨʫʜʥʠʢʦʚ ʵʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʄʥʦʛʠʝ ʨʘʙʦʪʦʜʘʪʝʣʠ ʜʣʷ ʫʯʝʪʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 

ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʦʧʫʩʢʘ ʜʣʷ ʢʘʜʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʦʯʥʦ, ʘ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʘʡʤ-ʪʨʝʢʝʨʳ [2].  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʜʣʷ ʫʯʝʪʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 

ʩʦʪʨʫʜʥʠʢʦʚ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʫʯʝʪʘ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʪʠʢʠ ʦʩʪʘʶʪʩʷ ʨʝʰʝʥʠʷ ʥʘ 

ʧʣʘʪʬʦʨʤʝ 1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ [4], ʧʦʵʪʦʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʫʣʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʤʝʥʥʦ ʵʪʘ 

ʧʣʘʪʬʦʨʤʘ.   

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʥʘʯʘʣʘʩʴ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʨʦʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʘ: 

1. çɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝè ï ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʩ ʧʦʣʥʳʤʠ ʧʨʘʚʘʤʠ. 

2. çʇʦʣʴʟʦʚʘʪʝʣʴè ï ʨʦʣʴ ʜʣʷ ʦʙʳʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ, ʫ ʢʦʪʦʨʦʛʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʤʝʪʠʪʴ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʨʘʙʦʯʝʛʦ ʜʥʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʦʪʢʣʦʥʝʥʠʝ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʥʘ 

ʨʘʙʦʪʫ ʚ ʚʳʭʦʜʥʦʡ ʜʝʥʴ ʠʣʠ ʥʘ ʦʪʧʫʩʢ.  

3. çʆʪʯʝʪʳ ʠ ʘʥʘʣʠʪʠʢʘè ï ʨʦʣʴ ʜʣʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ, ʚʢʣʶʯʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʤʦʪʨʝʪʴ ʦʪʯʝʪʳ ʧʦ ʦʪʜʝʣʫ ʟʘ ʜʝʥʴ, ʦʙʱʫʶ ʩʪʘʪʠʩʪʠʢʫ ʟʘ ʤʝʩʷʮ, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʢʫ ʧʦ 

ʢʦʥʢʨʝʪʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ. 

4. çʊʘʙʝʣʠʨʦʚʘʥʠʝè ï ʨʦʣʴ ʜʣʷ ʪʘʙʝʣʴʱʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʦʚ 

ʨʘʙʦʪʳ, ʩʦʟʜʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʘʙʝʣʷ ʩ ʫʯʝʪʦʤ ʝʛʦ ʙʦʣʝʟʥʝʡ ʠ ʦʪʧʫʩʢʦʚ. 

ɺʘʞʥʳʝ ʤʦʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ: 

ü ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʪʤʝʪʠʪʴ ʧʨʠʯʠʥʫ ʦʧʦʟʜʘʥʠʷ, ʚʳʙʨʘʚ ʦʜʥʫ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʧʨʠʯʠʥ ʠʣʠ ʦʧʠʩʘʚ ʩʚʦʶ ʩʠʪʫʘʮʠʶ. 

ü ʇʨʠ ʙʦʣʝʟʥʠ ʩʦʪʨʫʜʥʠʢʘ ʥʘʯʘʣʴʥʠʢ ʜʦʣʞʝʥ ʩʦʟʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʦʢʫʤʝʥʪ ʥʘ 

ʠʤʷ ʩʦʪʨʫʜʥʠʢʘ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʫʜʝʪ ʫʯʪʝʥ ʚ ʪʘʙʝʣʝ, ʚ ʵʪʦʤ ʜʦʢʫʤʝʥʪʝ ʪʘʢʞʝ 

ʫʢʘʟʳʚʘʝʪʩʷ ʟʘʤʝʩʪʠʪʝʣʴ. 

ɺʩʝ ʬʫʥʢʮʠʠ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʨʘʟʤʝʱʝʥʳ ʚ 3 ʧʦʜʩʠʩʪʝʤʘʭ ʜʣʷ ʫʜʦʙʥʦʛʦ ʜʦʩʪʫʧʘ: 

1) ʆʪʯʝʪʳ ʠ ʘʥʘʣʠʪʠʢʘ; 

2) ʋʯʝʪ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ;  

3) ʊʘʙʝʣʠʨʦʚʘʥʠʝ. 

ʇʝʨʝʡʜʝʤ ʢ ʦʩʥʦʚʥʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ.  
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ʅʘ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʥʘʯʘʣʴʥʦʡ ʩʪʨʘʥʠʮʳ ʨʘʟʤʝʱʘʝʪʩʷ ʦʙʨʘʙʦʪʢʘ çʌʦʨʤʘ ʦʪʤʝʪʢʠ 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠè, ʥʘ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴʩʷ ʦ ʥʘʯʘʣʝ (ʨʠʩ. 1) ʠʣʠ ʦ ʟʘʚʝʨʰʝʥʠʠ (ʨʠʩ. 2) 

ʨʘʙʦʪʳ. ɼʦʙʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʨʪʠʥʢʠ, ʢʦʪʦʨʳʝ ʩʠʤʚʦʣʠʟʠʨʫʶʪ ʦʩʪʘʥʦʚʢʫ ʠ ʨʘʙʦʪʫ. 

ɼʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʦʩʪʫʧʥʘ ʚʩʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

ɺʨʝʤʷ ʥʘʯʘʣʘ ʠ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʜʦʢʫʤʝʥʪʘʭ çʌʠʢʩʘʮʠʷ ʥʘʯʘʣʘ 

ʨʘʙʦʪʳè ʠ çʌʠʢʩʘʮʠʷ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳè. ɺ ʥʠʭ ʪʘʢʞʝ ʠʜʝʪ ʤʝʪʢʘ ʠ ʧʨʠʯʠʥʘ ʦʧʦʟʜʘʥʠʠ. 

ɼʘʥʥʳʝ ʜʦʢʫʤʝʥʪʦʚ ʜʦʩʪʫʧʥʳ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʨʦʣʷʤ çɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝè ʠ 

çʊʘʙʝʣʠʨʦʚʘʥʠʝè.  

ɹʳʣ ʩʦʟʜʘʥ ʩʧʨʘʚʦʯʥʠʢ çʇʦʣʴʟʦʚʘʪʝʣʠè, ʢʦʪʦʨʳʡ ʩʘʤ ʦʙʥʦʚʣʷʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʥʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʯʝʨʝʟ ʂʦʥʬʠʛʫʨʘʪʦʨ. ɺ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʦʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷʭ: ʌʀʆ, ʘʜʨʝʩ ʧʨʦʞʠʚʘʥʠʷ, ʜʝʥʴ ʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʪʘʙʣʠʯʥʦʡ ʯʘʩʪʠ 

ʩʦʜʝʨʞʘʪʩʷ ʨʦʣʠ ʜʦʩʪʫʧʘ. 

 

 
 

ʈʠʩ. 1. ʆʙʨʘʙʦʪʢʘ ñʌʦʨʤʘ ʦʪʤʝʪʢʠ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠò, ʬʫʥʢʮʠʷ ʦʪʤʝʪʢʠ ʥʘʯʘʣʘ ʨʘʙʦʪʳ 
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ʊʘʢ ʢʘʢ ʯʘʩʪʦ ʣʶʜʠ ʥʘ ʨʘʙʦʪʝ ʤʦʛʫʪ ʠʩʧʳʪʳʚʘʪʴ ʩʪʨʝʩʩ, ʙʳʣʦ ʨʝʰʝʥʦ ʠʟʤʝʥʠʪʴ 

ʩʪʘʥʜʘʨʪʥʦʝ ʞʝʣʪʦʝ ʦʬʦʨʤʣʝʥʠʝ ʜʠʟʘʡʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ: 

ʥʝʙʝʩʥʦ-ʛʦʣʫʙʦʡ, ʘʢʚʘʤʘʨʠʥ, ʙʣʝʜʥʦ-ʣʠʣʦʚʳʡ ʠ ʙʣʝʜʥʦ-ʙʠʨʶʟʦʚʳʡ (ʨʠʩ. 3). ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʪʪʝʥʢʠ ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ ʚ ʧʩʠʭʦʣʦʛʠʠ ʩʠʤʚʦʣʠʟʠʨʫʶʪ ʩʧʦʢʦʡʩʪʚʠʝ ʠ 

ʩʦʟʜʘʶʪ ʘʪʤʦʩʬʝʨʫ ʙʝʟʦʧʘʩʥʦʩʪʠ [5]. 

ʂʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʜʦʢʫʤʝʥʪ çʆʪʢʣʦʥʝʥʠʝ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠè (ʨʠʩ. 4) 

ʥʘ ʦʪʧʫʩʢ ʠʣʠ ʥʘ ʨʘʙʦʪʫ, ʚ ʥʝʤ ʫʢʘʟʳʚʘʶʪʩʷ ʜʘʪʳ, ʚʠʜ ʦʪʢʣʦʥʝʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴ, ʧʨʠ ʦʪʧʫʩʢʝ 

ʚʳʙʠʨʘʝʪʩʷ ʟʘʤʝʩʪʠʪʝʣʴ. ʆʥʦ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʘʙʝʣʷ. 

ʊʘʙʝʣʴʱʠʢ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʛʨʘʬʠʢ ʨʘʙʦʪʳ (ʨʠʩ. 5), ʘ ʪʘʢʞʝ ʫʢʘʟʘʪʴ ʝʛʦ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʥʠ ʨʘʙʦʪʳ ʠ ʚʳʭʦʜʥʳʭ. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʚʘ ʩʧʨʘʚʦʯʥʠʢʘ çɻʨʘʬʠʢʠ ʨʘʙʦʪʳè ʠ çɻʨʘʬʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡè.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʘ ʨʘʙʦʪʳ ʚʳʙʠʨʘʝʪʩʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʨʘʙʦʪʳ: ç2 ʜʥʷ ʨʘʙʦʪʳ / 2 ʜʥʷ 

ʚʳʭʦʜʥʳʭè ʠʣʠ ç5 ʜʥʝʡ ʨʘʙʦʪʳ / 2 ʜʥʷ ʚʳʭʦʜʥʳʭè, ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ʚ ʜʝʥʴ, ʧʝʨʝʨʳʚ ʠ ʜʨʫʛʠʝ 

ʧʘʨʘʤʝʪʨʳ. ɼʘʥʥʳʝ ʪʘʙʣʠʯʥʦʡ ʯʘʩʪʠ ʦʙʥʦʚʣʷʶʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʯʝʨʝʟ 

ʢʥʦʧʢʫ çɿʘʧʦʣʥʠʪʴ ʛʨʘʬʠʢè, ʦʥʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ 

ʜʦʙʘʚʣʝʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʠʦʜʠʯʥʦʩʪʝʡ. 

 

 
 

ʈʠʩ. 3. ʅʘʩʪʨʦʡʢʠ ʩʪʠʣʷ 
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ʈʠʩ. 5. ʉʦʟʜʘʥʠʝ ʛʨʘʬʠʢʘ ʨʘʙʦʪʳ 

 

ɼʣʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʙʦʯʠʤ ʚʦʧʨʦʩʘʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʤʝʩʩʝʥʜʞʝʨʳ. ʅʦ ʧʨʠ ʚʟʣʦʤʝ ʘʢʢʘʫʥʪʦʚ ʨʘʙʦʪʥʠʢʦʚ [3] ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʩʝʨʴʝʟʥʳʝ ʫʪʝʯʢʠ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ ʜʣʷ ʙʠʟʥʝʩʘ.  

ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʫʜʦʙʥʦ ʠʤʝʪʴ ʚʥʫʪʨʝʥʥʠʡ ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʯʘʪ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʙʦʯʠʭ 

ʚʦʧʨʦʩʦʚ. ʊʘʢ ʢʘʢ ʧʣʘʪʬʦʨʤʘ 1ʉ ʜʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ 

ʨʝʰʝʥʠʡ [1] ʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʨʘʙʦʪʫ ʧʨʝʜʧʨʠʷʪʠʷ. ɹʳʣʦ ʨʝʰʝʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʯʘʪ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʯʘʪ ʨʘʟʤʝʱʝʥ, ʢʘʢ ʧʦʜʩʠʩʪʝʤʘ ʩ ʦʜʥʦʡ ʢʦʤʘʥʜʦʡ, ʪʦ ʝʩʪʴ ʧʨʠ ʥʘʞʘʪʠʠ ʩʨʘʟʫ 

ʦʪʢʨʳʚʘʝʪʩʷ ʬʦʨʤʘ ʯʘʪʘ. ɺ ʥʝʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʘʜʨʝʩʘʪʘ, ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ 

ʚ ʧʦʣʝ çʉʦʦʙʱʝʥʠʷè ʩ ʪʠʧʦʤ çʇʦʣʝ HTML ʜʦʢʫʤʝʥʪʘè. ʈʝʘʣʠʟʦʚʘʥʦ ʦʪʦʙʨʘʞʝʥʠʝ ʩʪʘʪʫʩʘ 

ʩʦʦʙʱʝʥʠʷ, ç//è ʦʟʥʘʯʘʝʪ ʧʨʦʯʪʝʥʦ, ʘ ç/è ï ʥʝ ʧʨʦʯʪʝʥʦ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ʆʙʨʘʙʦʪʢʘ ʯʘʪʘ 
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ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʙʳʣ ʩʦʟʜʘʥ ʨʝʛʠʩʪʨ ʩʚʝʜʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʠʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ: ʦʪʧʨʘʚʠʪʝʣʴ, ʘʜʨʝʩʘʪ, ʪʝʢʩʪ ʩʦʦʙʱʝʥʠʷ ʠ ʙʫʣʝʚʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ çʧʨʦʯʠʪʘʥʦè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʦʜʫʣʴ ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ:ʇʨʝʜʧʠʨʷʪʠʝ ʜʣʷ ʫʯʝʪʘ 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʩʦ ʚʩʪʦʨʝʥʥʳʤ ʯʘʪʦʤ ʜʣʷ ʦʙʱʝʥʠʷ.  

ʋ ʵʪʦʛʦ ʤʦʜʫʣʷ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʦʣʝʟʥʳʝ ʬʫʥʢʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʧʦʜʨʦʙʥʘʷ ʠ ʜʝʪʘʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ ʦʧʦʟʜʘʥʠʡ ʨʘʙʦʪʥʠʢʦʚ, ʛʨʫʧʧʦʚʳʝ ʯʘʪʳ, ʦʪʧʨʘʚʣʝʥʠʝ 

ʬʦʪʦʛʨʘʬʠʡ ʠ ʬʘʡʣʦʚ.  
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ʊʦʤʰʠʥ ʅ.ɸ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʈɸɿʈɸɹʆʊʂɸ ʌʈɽʁʄɺʆʈʂɸ ʅɸ ʆʉʅʆɺɽ JAVA  SWING  

ɼʃʗ ʉʆɿɼɸʅʀʗ ʇʈʆɻʈɸʄʄ ʉ ʀʅʊɽʈɸʂʊʀɺʅʓʄʀ ɻʈɸʌɸʄʀ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʫʣʷ ʥʘ ʦʩʥʦʚʝ Java Swing, ʫʧʨʦʱʘʶʱʝʛʦ 

ʩʦʟʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʛʨʘʬʦʚ ʩ 

ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ.  

ɻʨʘʬ ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ ʠ ʤʥʦʞʝʩʪʚʦ ʠʭ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ, ʧʨʠʯʸʤ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʪ ʥʠʢʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʠʭ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʘʬʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʶʙʳʭ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ: ʠʝʨʘʨʭʠʡ, 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʘʣʛʦʨʠʪʤʦʚ. 

ʇʣʦʩʢʠʡ ʛʨʘʬ ï ʛʨʘʬ, ʦʪʦʙʨʘʞʸʥʥʳʡ ʥʘ ʧʣʦʩʢʦʩʪʴ. ɺ ʢʦʥʪʝʢʩʪʝ ʪʠʧʠʯʥʳʭ ʜʚʫʤʝʨʥʳʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʛʨʘʬ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʤʥʦʞʝʩʪʚʦʤ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʵʢʨʘʥʘ, ʠʟʦʙʨʘʞʘʶʱʠʭ ʫʟʣʳ ʠ ʩʚʷʟʠ, ʧʨʠʯʸʤ ʢʘʢ ʧʨʘʚʠʣʦ ʫʟʣʳ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʫʶ 

ʬʦʨʤʫ, ʘ ʩʚʷʟʠ ʧʨʦʮʝʜʫʨʥʦ ʚʠʜʦʠʟʤʝʥʷʶʪʩʷ, ʯʪʦʙʳ ʠʟʦʙʨʘʟʠʪʴ ʧʫʪʴ ʤʝʞʜʫ ʫʟʣʘʤʠ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ.  

ʆʜʥʘ ʠʟ ʧʦʜʟʘʜʘʯ ʦʪʦʙʨʘʞʝʥʠʷ ʛʨʘʬʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ï ʵʪʦ ʫʢʣʘʜʢʘ. ʇʦʜ ʵʪʠʤ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʫʟʣʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʛʨʘʬ ʙʳʣ ʢʘʢ ʤʦʞʥʦ 

ʣʝʛʯʝ ʠ ʧʨʝʜʝʣʴʥʦ ʦʜʥʦʟʥʘʯʥʦ ʯʠʪʘʝʤ. ɽʩʪʴ ʤʥʦʛʦ ʨʝʢʦʤʝʥʜʘʮʠʡ [5, ʩ. 31] ʠ ʘʣʛʦʨʠʪʤʦʚ [3, 

ʩ. 14; 4, ʩ. 124] ʜʣʷ ʫʢʣʘʜʢʠ ʛʨʘʬʦʚ, ʥʦ ʝʩʣʠ ʛʨʘʬ ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʙʝʟ ʚʟʘʠʤʦʧʝʨʝʩʝʯʝʥʠʷ ʜʫʛ (ʨʸʙʝʨ), ʵʪʦ ʚʩʝʛʜʘ ʚʝʜʸʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʨʫʜʥʦʩʪʠ 

ʯʪʝʥʠʷ ʠʟ-ʟʘ ʚʦʟʨʦʩʰʝʡ ʪʨʫʜʥʦʩʪʠ ʨʘʟʣʠʯʠʷ ʜʚʫʭ ʜʫʛ ʠʣʠ ʢʦʩʚʝʥʥʦ ʠʟ-ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ, ʯʪʦʙʳ ʦʪ ʧʝʨʝʩʝʯʝʥʠʷ ʠʟʙʘʚʠʪʴʩʷ 

(ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʠʣʠ ʧʦʚʪʦʨʥʦʝ ʧʦʷʚʣʝʥʠʷ ʦʜʥʦʛʦ ʠ 

ʪʦʛʦ ʞʝ ʫʟʣʘ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ). 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʛʦʜʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʙʳʭ ʯʠʪʘʝʤʳʭ 

ʯʝʣʦʚʝʢʦʤ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʛʨʘʬʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʛʨʘʬ ʢʘʢ ʧʨʦʮʝʜʫʨʥʦ 

ʛʝʥʝʨʠʨʫʝʤʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʛʨʘʬ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʠʝʨʘʨʭʠʝʡ ʛʨʘʬʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʝʡ ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʦʪʦʙʨʘʞʝʥʠʝ ʫʟʣʦʚ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ. ʂʘʩʘʪʝʣʴʥʦ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, ʫ ʧʨʦʛʨʘʤʤʠʩʪʘ-ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ 

ʣʦʛʠʢʫ ʣʶʙʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ ʫʤʦʣʯʘʥʠʶ ʥʘʩʪʨʦʝʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʘʬʘʤʠ. ʇʝʨʚʠʯʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʛʨʘʬʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʨʘʟʜʝʣʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʢʦʥʪʨʦʣʣʝʨ ʛʨʘʬʘ ʙʫʜʝʪ ʦʪʜʝʣʴʥʳʤ 

ʤʦʜʫʣʝʤ ʦʪ ʧʘʥʝʣʠ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʟʘʚʠʩʠʤʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʳʩʦʢʦʫʨʦʚʥʝʚʫʶ ʣʦʛʠʢʫ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʛʨʘʬʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʧʝʢʪʨ ʤʦʜʝʣʠʨʫʝʤʳʭ ʛʨʘʬʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʛʨʘʬʘʭ ʚʘʨʴʠʨʫʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 2). 



XXVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

158 

 
 

ʈʠʩ. 1. ɼʝʢʦʤʧʦʟʠʮʠʷ ʛʨʘʬʦʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

 

 
 

ʈʠʩ. 2. ʉʧʝʢʪʨ ʜʝʪʘʣʠʟʘʮʠʠ ʛʨʘʬʦʚ 

 

ʋʟʣʳ ʨʘʟʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʘʟʥʳʭ ʢʦʥʪʝʢʩʪʘʭ. 

ʈʘʟʙʝʨʸʤ ʧʨʝʮʝʜʝʥʪʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʘʙʣʠʮʝ.  

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ (ʠʥʬʦʨʤʘʮʠʠ) ʥʘ ʧʣʦʱʘʜʴ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʩʪʘʸʪʩʷ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʦʡ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʛʨʘʥʠʯʝʥʠʝʤ ʟʨʠʪʝʣʴʥʦʛʦ 

ʚʦʩʧʨʠʷʪʠʷ, ʯʪʦ ʪʘʢʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʣʦʞʥʦʩʪʴʶ ʦʪʨʠʩʦʚʢʠ ʚʦʟʨʘʩʪʘʶʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʠʩʧʣʝʝʚ. 
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ʊʘʙʣʠʮʘ 
ʉʧʝʢʪʨ ʜʝʪʘʣʠʟʘʮʠʠ ʛʨʘʬʦʚ 

 

ʉʣʦʞʥʦʩʪʴ 

ʫʟʣʦʚ 
ɼʝʪʘʣʠʟʘʮʠʷ ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ɹʦʣʴʰʘʷ 

ɿʘʛʦʣʦʚʢʠ, ʧʦʣʷ ʩʚʦʡʩʪʚ, ʚʣʦʞʝʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ï ʚʠʟʫʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ; 

ï ʨʘʙʦʪʘ ʩ ʬʨʝʡʤʘʤʠ (ʬʦʨʤʘ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ); 

ï ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʛʨʘʬʦʚ. 

ʉʨʝʜʥʷʷ 
ʅʘʟʚʘʥʠʝ, ʝʜʠʥʩʪʚʝʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ 

ʢʦʤʧʦʥʝʥʪ. 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨ, ʠʝʨʘʨʭʠʡ, 

ʘʣʛʦʨʠʪʤʦʚ 

ʄʘʣʘʷ 

ʎʚʝʪʦʚʘʷ, ʩʦʢʨʘʱʸʥʥʳʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, 

ʤʘʨʢʠʨʦʚʢʘ ʛʨʫʧʧ ʫʟʣʦʚ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʦʚ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ 

 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚ Swing ʤʦʞʥʦ ʜʝʣʘʪʴ ʤʥʦʞʝʩʪʚʦʤ ʩʧʦʩʦʙʦʚ. ʄʦʞʥʦ ʥʝ ʠʟʤʝʥʷʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʪʴ ʠʭ ʫʤʝʥʴʰʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʯʝʨʝʟ ʧʘʥʝʣʴ ʧʨʦʩʤʦʪʨʘ (ʨʠʩ. 3).  

 

 
 

ʈʠʩ. 3. ʈʝʰʝʥʠʝ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʰʪʘʙʘ 

 

ʈʘʟʥʳʝ ʜʝʪʘʣʠʟʘʮʠʠ ʫʟʣʦʚ (ʠ ʦʪʥʦʰʝʥʠʡ) ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʭ ʦʪʨʠʩʦʚʢʠ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʦʪʜʘʣʝʥʠʷ (ʤʘʩʰʪʘʙʘ). 

ʋʚʝʣʠʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʟʤʦʞʥʦ, ʥʦ ʦʥʦ ʥʝ ʙʫʜʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦ ʠʟʦʙʨʘʞʝʥʠʶ 

ʫʚʝʣʠʯʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʪ.ʢ. ʵʪʦ ʙʫʜʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʨʘʩʪʨʘ, ʘ ʥʝ ʚʝʢʪʦʨʥʳʭ ʬʦʨʤ. ɼʣʷ 

çʨʝʘʣʴʥʦʛʦè ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʠʜʸʪʩʷ ʧʦʣʥʦʩʪʴʶ ʫʚʝʣʠʯʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʚʩʝʡ 

ʠʝʨʘʨʭʠʠ, ʯʪʦ ʙʫʜʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʚʩʸ ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʦʧʝʨʘʮʠʝʡ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʵʣʝʤʝʥʪʦʚ ʛʨʘʬʘ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʯʪʦ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʫʢʨʫʧʥʸʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʙʝʟ ʟʘʜʝʨʞʝʢ ʥʘ ʠʭ ʧʝʨʝʩʪʨʦʡʢʫ, ʥʫʞʥʦ ʯʪʦʙʳ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʠ 

ʫʚʝʣʠʯʝʥʳ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʘ ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʦʩʤʦʪʨ ʧʦʢʘʟʳʚʘʣ ʠʭ ʫʤʝʥʴʰʝʥʥʫʶ 

ʢʘʨʪʠʥʢʫ. ʈʘʟʫʤʝʝʪʩʷ, ʚʩʝ ʵʪʠ ʚʘʨʠʘʥʪʳ ʠʤʝʶʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʧʨʦʛʨʘʤʤʠʩʪʫ ʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʛʦʪʦʚʦʡ ʧʨʦʛʨʘʤʤʳ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. 
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ʈʠʩ. 4. ʈʝʰʝʥʠʝ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ Swing ʥʝ ʣʫʯʰʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʦʪʨʠʩʦʚʢʠ ʜʠʥʘʤʠʯʝʩʢʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʵʪʦ ʥʘʙʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ 

ʠʜʸʪ ʚʤʝʩʪʝ ʩ Java ʠ ʧʦʪʦʤʫ ʠʤʝʝʪ ʩʚʦʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʨʝʰʝʥʠʷ 

ʜʦʣʞʥʳ ʩʜʝʣʘʪʴ ʨʘʙʦʪʫ ʩ ʛʨʘʬʘʤʠ ʥʘ Swing ʧʨʠʝʤʣʝʤʳʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ Java ʩʫʱʝʩʪʚʫʝʪ ʩʦʚʤʝʩʪʠʤʘʷ ʩʦ Swing ʙʠʙʣʠʦʪʝʢʘ GraphStream 

(https://graphstream-project.org/), ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʫʢʣʘʜʢʠ ʤʝʣʢʦ-ʫʟʣʦʚʳʭ 

ʛʨʘʬʦʚ, ʥʦ ʦʥʘ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʢʨʫʧʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɸʚʪʦʨ ʚʠʜʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟ GraphStream ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʫʢʣʘʜʢʠ ʜʣʷ ʛʨʘʬʦʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ (ʨʠʩ. 1). 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʬʦʚ ʚ ʥʘʫʢʝ, ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʤʥʦʛʠʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʘʭ [1; 2, ʩ. 38], ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʷʚʠʣʦʩʴ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʦʚ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʠʤʠ (ʚ ʦʪʣʠʯʠʠ ʦʪ ʪʝʢʩʪʘ, 

ʪʘʙʣʠʮ, ʜʦʢʫʤʝʥʪʦʚ, ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʪ. ʜ.). ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʬʨʝʡʤʚʦʨʢʘ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʘʜʨʝʩʦʚʘʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ. ʄʦʜʝʣʠ ʛʨʘʬʦʚ, ʩʦʟʜʘʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʜʦʣʞʥʳ ʙʳʪʴ ʣʝʛʢʦ ʧʝʨʝʚʦʜʠʤʳ ʚ ʬʘʡʣʦʚʳʡ ʬʦʨʤʘʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʠ ʚʦʩʩʦʟʜʘʥ ʢʘʢ ʤʝʥʝʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʤʦʜʝʣʴ ʙʝʟ ʧʦʪʝʨʴ 

ʟʥʘʯʠʤʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ. ʈʘʟʫʤʝʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʣʠʰʴ ʝʱʸ ʦʜʥʘ 

ʧʘʨʘ ʬʦʨʤʘʪʘ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ, ʥʦ ʪʘʢ ʢʘʢ ʠʭ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʥʝ ʦʛʨʘʥʠʯʝʥʘ, 

ʘ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠʭ ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʙʨʘʟʫʶʪ ʩʝʤʝʡʩʪʚʦ ʩʦʚʤʝʩʪʠʤʳʭ ʨʝʜʘʢʪʦʨʦʚ ï 

ʵʪʦ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʙʫʜʝʪ ʧʨʝʮʝʜʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʧʦʷʚʣʝʥʠʶ 

ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʟʘʧʠʩʠ ʠ ʯʪʝʥʠʷ ʛʨʘʬʦʚʳʭ ʜʘʥʥʳʭ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʷʤʠ.  

ɸʥʘʣʠʟʠʨʫʷ ʧʦʧʫʣʷʨʥʳʝ ʧʨʝʮʝʜʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʦʚ ʙʳʣ ʦʧʨʝʜʝʣʸʥ 

ʨʘʩʰʠʨʷʝʤʳʡ ʬʦʨʤʘʪ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʦ ʩʪʨʦʝʥʠʠ ʛʨʘʬʦʚ, ʘʥʘʣʦʛʠʯʥʳʡ ʢʦʥʮʝʧʮʠʠ Labeled 

Property Graphs (ʛʨʘʬʳ ʤʝʪʦʢ ʠ ʘʪʨʠʙʫʪʦʚ) [5, c. 26]. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʦʧʠʩʘʥʠʷ 

ʛʨʘʬʘ. 

https://graphstream-project.org/
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ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʘ ʟʘʧʠʩʠ ʛʨʘʬʘ 

 

ɾʠʨʥʳʡ ʪʝʢʩʪ ʠ ʣʠʥʠʠ ʦʙʦʟʥʘʯʘʶʪ ʦʙʷʟʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʛʨʘʬʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʩʩʠʚ ʫʟʣʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʫʩʪʳʤ. ʋ ʫʟʣʦʚ ʦʙʷʟʘʪʝʣʴʥʦ ʝʩʪʴ ID ʠ 

ʦʧʮʠʦʥʘʣʴʥʦʝ ʦʪʣʠʯʥʦʝ ʦʪ ID ʥʘʟʚʘʥʠʝ ʧʦʜʧʠʩʠ. ʋ ʫʟʣʘ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʟʤʝʱʝʥʠʝ ʥʘ 

ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ ʧʨʠʚʷʟʢʦʡ ʢ 

ʜʨʫʛʦʤʫ ʫʟʣʫ (ʥʦ ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʷ), ʠ ʛʣʘʚʥʦʝ ï ʤʘʩʩʠʚ 

ʠʩʭʦʜʷʱʠʭ ʩʚʷʟʝʡ. ʂʘʞʜʘʷ ʩʚʷʟʴ (ʜʫʛʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʘʡʣʝ ʝʜʠʥʦʞʜʳ, ʚ ʤʘʩʩʠʚʝ ʠʩʭʦʜʥʦʛʦ 

ʫʟʣʘ. ʋ ʢʘʞʜʦʡ ʩʚʷʟʠ ʦʜʥʦ ʦʙʷʟʘʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ID ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ, ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʙʘʚʣʝʥ ID ʫʟʣʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʦʜʧʠʩʴʶ ʜʣʷ ʩʚʷʟʠ.  

ʋ ʫʟʣʦʚ ʠ ʩʚʷʟʝʡ ʤʦʛʫʪ ʙʳʪʴ, ʩʪʨʫʢʪʫʨʳ ʚʢʣʶʯʘʶʱʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʩʪʠʣʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʚʦʡʩʪʚ (ʧʨʝʜʤʝʪʥʳʭ 

ʦʙʣʘʩʪʝʡ), ʚʧʨʦʯʝʤ, ʤʦʞʥʦ ʨʘʟʤʝʱʘʪʴ ʵʪʠ ʩʚʦʡʩʪʚʘ ʠ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤʠ, 

ʛʣʘʚʥʦʝ, ʯʪʦʙʳ ʥʝ ʚʦʟʥʠʢʘʣʦ ʢʦʥʬʣʠʢʪʦʚ. ʇʨʦʩʪʘʷ ʚʝʨʩʠʷ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ ʛʨʘʬʘ ʩʯʠʪʳʚʘʝʪ 

ʮʚʝʪʘ ʪʝʢʩʪʘ, ʬʦʥʘ ʠ ʩʪʠʣʴ ʛʨʘʥʠʮ ʫʟʣʦʚ, ʘ ʪʘʢʞʝ ʩʪʠʣʠ ʣʠʥʠʠ ʠ ʩʪʨʝʣʦʢ ʜʣʷ ʦʪʥʦʰʝʥʠʡ, 

ʚʢʣʶʯʘʷ ʩʜʚʠʛ ʚʙʦʢ, ʯʪʦʙʳ ʚʩʪʨʝʯʥʳʝ ʦʪʥʦʰʝʥʠʷ ʥʝ ʥʘʢʣʘʜʳʚʘʣʠʩʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʯʪʝʥʠʷ ʛʨʘʬʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʦʪʘʮʠʷ ʠ ʬʘʡʣʳ JSON, ʦʜʥʘʢʦ 

ʧʨʠʚʝʜʸʥʥʘʷ ʚʳʰʝ ʩʪʨʫʢʪʫʨʘ ʥʝ ʪʨʝʙʫʝʪ ʢʘʢʦʡ-ʪʦ ʩʧʝʮʠʘʣʴʥʦʡ ʥʦʪʘʮʠʠ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʛʨʘʬʘ ʩʧʦʩʦʙʝʥ ʙʝʟ ʧʦʪʝʨʴ ʩʦʭʨʘʥʠʪʴ ʠ ʟʘʛʨʫʟʠʪʴ ʛʨʘʬ. 

ʇʦ ʠʪʦʛʘʤ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʟʳʩʢʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʠʧʠʯʥʦʛʦ 

ʤʦʜʫʣʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʛʨʘʬʘ (ʨʠʩ. 6). 
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ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʛʨʘʬʘ 

 

GraphHost (ʥʘʟʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʦ) ï ʢʣʘʩʩ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʣʦʛʠʢʫ ʠ ʧʦʚʝʜʝʥʠʝ 

ʤʦʜʝʣʠ. ʆʥ ʨʘʙʦʪʘʝʪ ʩ ʩʦʚʤʝʩʪʠʤʳʤ ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʤ ʬʘʡʣʦʚ, ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʩʦʭʨʘʥʷʪʴ ʠ 

ʟʘʛʨʫʞʘʪʴ ʤʦʜʝʣʠ ʛʨʘʬʦʚ. ɻʨʘʬʳ ʩʦʟʜʘʶʪʩʷ ʥʘ ʧʘʥʝʣʷʭ ʛʨʘʬʦʚ, ʢʦʪʦʨʳʭ, ʤʦʞʝʪ ʙʳʪʴ, 

ʥʝʩʢʦʣʴʢʦ ʰʪʫʢ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʃʦʛʠʢʘ 

ʤʦʜʝʣʠ ʩʦʜʝʨʞʠʪ ʤʝʪʦʜʳ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʩʝʭ ʵʢʟʝʤʧʣʷʨʦʚ ʧʘʥʝʣʝʡ ʛʨʘʬʘ ʤʝʞʜʫ ʩʦʙʦʡ 

ʯʝʨʝʟ çʙʫʣʘʚʦʯʥʫʶè ʤʦʜʝʣʴ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʫʥʠʢʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʚʪʦʨʷʶʪʩʷ ʥʘ ʢʘʞʜʦʤ ʵʢʟʝʤʧʣʷʨʝ. ʇʨʦʩʤʦʪʨʱʠʢ ʛʨʘʬʘ ï ʧʨʦʠʟʚʦʜʥʳʡ ʢʣʘʩʩ ʦʪ JViewer, 

ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʵʢʟʝʤʧʣʷʨʘʤʠ ʧʘʥʝʣʝʡ ʛʨʘʬʘ 

ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʠʣʠ ʝʩʣʠ ʪʦʛʦ ʧʦʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʘʷ ʣʦʛʠʢʘ ʤʦʜʝʣʠ. 

ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ ʨʘʟʨʘʙʦʪʢʘ ʬʨʝʡʤʚʦʨʢʘ ʝʱʸ ʥʝ ʙʳʣʘ ʟʘʚʝʨʰʝʥʘ. ʅʦ ʜʦ 

ʢʦʥʮʘ ʘʧʨʝʣʷ ʧʫʙʣʠʯʥʘʷ ʚʝʨʩʠʷ ʙʫʜʝʪ ʚʳʣʦʞʝʥʘ ʥʘ ʩʪʨʘʥʠʮʝ ʘʚʪʦʨʘ ʩʪʘʪʴʠ ʥʘ ʩʘʡʪʝ github.com 

(https://github.com/NikolayTomshin). 
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ʌʘʪʝʝʚ ʂ.ɸ. 
ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ɸʈʍʀʊɽʂʊʋʈʅʓɽ ʇʆɼʍʆɼʓ ʂ ʈɸɿʈɸɹʆʊʂɽ DESKTOP-ʇʈʀʃʆɾɽʅʀʁ  

ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ ʄʋʃʔʊʀʄɽɼʀʁʅʓʄ ʂʆʅʊɽʅʊʆʄ 

ɺʚʝʜʝʥʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʦʩʪʦʤ 

ʦʙʲʸʤʦʚ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʜʘʥʥʳʭ, ʚʠʜʝʦ, ʘʫʜʠʦ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɸʢʪʠʚʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʤʝʜʠʘ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪ 

ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤ ʢʦʥʪʝʥʪʦʤ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ desktop-ʧʨʠʣʦʞʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʠ ʠʤʝʶʱʠʭ ʧʨʷʤʦʡ ʜʦʩʪʫʧ ʢ ʘʧʧʘʨʘʪʥʳʤ ʨʝʩʫʨʩʘʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ. 

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʳʙʨʘʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ 

ʧʦʜʭʦʜ. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʣʠʷʝʪ ʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʨʘʩʰʠʨʷʝʤʦʩʪʴ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʩʪʴ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʢʦʥʪʝʥʪ-ʤʝʥʝʜʞʝʨʘ 

ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʜʘʥʥʳʭ, ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʪʟʳʚʯʠʚʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʠʭ ʤʦʜʫʣʝʡ ʠ 

ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ ʬʘʡʣʦʚ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʫʶ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʥʘ ʨʘʟʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʨʛʘʥʠʟʘʮʠʠ desktop-

ʧʨʠʣʦʞʝʥʠʡ, ʰʘʙʣʦʥ MVC(Model-View-Controller) Model ʦʪʚʝʯʘʝʪ ʟʘ ʜʘʥʥʳʝ, ʤʝʪʦʜʳ ʨʘʙʦʪʳ 

ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ ʠ ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʤʳ, View ʦʪʚʝʯʘʝʪ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʫʨʦʚʥʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, Controller ʨʘʙʦʪʘʝʪ ʩʚʷʟʫʶʱʠʤ ʤʝʞʜʫ ʤʦʜʝʣʴʶ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ, ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʧʨʦʚʝʨʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʝʨʝʜʘʝʪ ʚ 

ʤʦʜʝʣʴ, ʰʘʙʣʦʥ MVP(Model-View-Presenter) ʦʙʣʝʛʯʘʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʠʟʦʣʠʨʫʝʪ View, 

ʦʪʦʙʨʘʞʘʝʪ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠ ʦʪʦʙʨʘʞʘʝʪ ʚʚʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʘʩʩʠʚʥʦ ʠ ʥʝ ʩʦʜʝʨʞʠʪ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʣʠʰʴ ʦʪʦʙʨʘʞʘʝʪ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʦʪ Presenter ʠ ʧʝʨʝʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʚʚʦʜ. ʐʘʙʣʦʥ MVVM (Model-View-ViewModel) Model ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʫʶ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʠ 

ʜʘʥʥʳʝ. Model ʦʪʚʝʯʘʝʪ ʟʘ ʭʨʘʥʝʥʠʝ ʠ ʚʘʣʠʜʘʮʠʶ ʜʘʥʥʳʭ, ʚʳʯʠʩʣʝʥʠʷ ʠ ʦʧʝʨʘʮʠʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ. View ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʥʦ ʥʝ ʩʦʜʝʨʞʠʪ ʥʠʢʘʢʦʡ ʣʦʛʠʢʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺ ʨʘʤʢʘʭ ʘʨʭʠʪʝʢʪʫʨʳ 

ViewModel ʦʪʚʝʯʘʝʪ ʟʘ ʠʥʪʝʛʨʘʮʠʶ ʤʦʜʝʣʠ ʠ ʠʥʪʝʨʬʝʡʩʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʜʛʦʪʦʚʢʫ ʜʘʥʥʳʭ ʢ 

ʦʪʦʙʨʘʞʝʥʠʶ ʠ ʧʝʨʝʜʘʯʫ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ʚ View, ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʨʝʰʝʥʠʷ. ʂʘʞʜʳʡ ʠʟ 

ʧʦʜʭʦʜʦʚ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʧʣʶʩʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʦ-ʨʘʟʥʦʤʫ 

ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ ʜʘʥʥʳʤʠ. ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ 

ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʧʝʨʩʧʝʢʪʠʚʫ ʨʘʟʚʠʪʠʷ ʧʨʦʜʫʢʪʘ. 


































































































































































































































































