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ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

(ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, 08 ʜʝʢʘʙʨʷ 2021 ʛʦʜʘ) 

 

ʉʝʢʮʠʷ 1 

ʉʨʝʜʳ, ʠʥʩʪʨʫʤʝʥʪʳ, ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

 

ʉʝʢʮʠʷ çʉʨʝʜʳ, ʠʥʩʪʨʫʤʝʥʪʳ, ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷè ʨʘʙʦʪʘʣʘ ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ 

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠ ʬʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʤʘʪʠʢʠ ʅɺɻʋ. ɺ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ ʚ ʧʦʤʝʱʝʥʠʷʭ ʠʟ-

ʟʘ ʨʠʩʢʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʚʦʡ ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʨʘʙʦʪʘ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʘ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ ʩʨʝʜʩʪʚʘʤʠ Skype. 

ɺ ʨʘʙʦʪʝ ʩʝʢʮʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʙʦʣʝʝ 20 ʯʝʣʦʚʝʢ. ɹʳʣʦ ʟʘʩʣʫʰʘʥʦ 14 ʜʦʢʣʘʜʦʚ. 

ʇʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʫʯʝʥʳʝ ʠ ʤʘʛʠʩʪʨʘʥʪʳ ʨʘʟʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʪʘʢʠʝ ʢʘʢ: ʉʠʙʠʨʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʂʨʘʩʥʦʷʨʩʢ), ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ (ʛ. ʆʨʝʣ), ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʏʫʚʘʰʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ (ʛ. ʏʝʙʦʢʩʘʨʳ), ɺʦʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠ 

ʠʤʝʥʠ ʄʘʨʰʘʣʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʉ.ʄ. ɹʫʜʝʥʥʦʛʦ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ɼʦʥʩʢʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ), ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʝʚʘ (ʛ. ʅʫʨ-ʉʫʣʪʘʥ, ʂʘʟʘʭʩʪʘʥ), ʂʫʟʙʘʩʩʢʠʡ ʛʫʤʘʥʠʪʘʨʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʝʤʝʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

(ʛ. ʅʦʚʦʢʫʟʥʝʮʢ).  

ʐʠʨʦʢʘʷ ʛʝʦʛʨʘʬʠʷ ʫʯʘʩʪʥʠʢʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʢʦʥʬʝʨʝʥʮʠʠ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʝʸ ʨʘʤʢʘʭ ʚʦʧʨʦʩʦʚ.  

ʄʘʩʰʪʘʙ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʪʨʘʟʠʣʠ ʜʦʢʣʘʜʳ, ʧʨʠʟʥʘʥʥʳʝ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ:  

1. çɺʥʫʪʨʝʥʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʦʪʦʢʦʚʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤè ɺʘʩʠʣʴʝʚ ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ. 

2. çʊʝʭʥʦʣʦʛʠʷ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡè, ʂʦʨʦʪʢʠʡ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ. 

3. çʆʙʟʦʨ ʧʨʦʪʦʢʦʣʦʚ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡè ʂʦʨʦʣʝʚ ʈʫʩʣʘʥ ʀʛʦʨʝʚʠʯ. 

4. çʆʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʸʨʘè 

ɼʠʤʠʪʨʠʝʚ ɸʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ. 

5. çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡè ɿʝʤʮʦʚ ɸʣʝʢʩʝʡ 

ɺʣʘʜʠʤʠʨʦʚʠʯ. 

ʇʦ ʠʪʦʛʘʤ ʨʘʙʦʪʳ ʩʝʢʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʰʝʥʠʷ:  

1. ʇʨʠʟʥʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ, ʟʘʷʚʣʝʥʥʦʡ ʚ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʤʢʘʭ 

ʩʝʢʮʠʠ ʩʨʝʜʳ, ʠʥʩʪʨʫʤʝʥʪʳ, ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  
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2. ʇʦʜʜʝʨʞʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʟʘʷʚʣʝʥʥʦʡ 

ʪʝʤʘʪʠʢʝ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʥʝ ʨʝʞʝ 1 ʨʘʟʘ ʚ ʛʦʜ.  

3. ʇʨʠʟʥʘʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʝʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʩʬʝʨʘʭ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʛʦʨʦʜʩʢʦʤ ʭʦʟʷʡʩʪʚʝ.  

4. ʉʯʠʪʘʪʴ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʜʦʣʞʝʥʠʝ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

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

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʩʧʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

5. ʈʝʢʦʤʝʥʜʦʚʘʪʴ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤ ʦʪʜʝʣʦʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʥʘ ʢʘʬʝʜʨʳ.  

6. ɸʢʪʠʚʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

7. ɺʳʨʘʟʠʪʴ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʠ ʦʙʲʷʚʠʪʴ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʨʫʢʦʚʦʜʠʪʝʣʷʤ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʜʝʣʝʛʠʨʦʚʘʚʰʠʭ ʩʚʦʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʣʷ ʫʯʘʩʪʠʷ ʚ 

ʢʦʥʬʝʨʝʥʮʠʠ.  

 

 

ʉʝʢʮʠʷ 2ï3 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢʘʭ (ʬʠʟʠʢʘ, ʭʠʤʠʷ, ʙʠʦʣʦʛʠʷ ʠ ʜʨ.) 

 

ʉʝʢʮʠʷ ʨʘʙʦʪʘʣʘ ʥʘ ʙʘʟʝ ʬʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʤʘʪʠʢʠ ʅɺɻʋ; 

ʜʣʷ ʚʳʩʪʫʧʣʝʥʠʷ ʚ ʦʯʥʦʡ ʬʦʨʤʝ ʙʳʣʦ ʟʘʷʚʣʝʥʦ 17 ʜʦʢʣʘʜʦʚ. ʈʘʙʦʪʘ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʘ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ ʩʨʝʜʩʪʚʘʤʠ Skype. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʚʘʣʠ ʜʦʢʣʘʜʳ ɻʣʘʜʢʠʭ ʊ.ɼ., ʂʦʞʝʚʥʠʢʦʚʘ ɸ.ʅ., ɼʦʨʞʠʝʚʦʡ ʕ.ʉ., 

ʇʦʣʢʦʚʦʡ ɽ.ɺ., ɹʘʩʢʘʢʦʚʘ ʉ.ɸ., ʍʘʨʠʪʦʥʦʚʘ ʃ.ʉ., ʧʦ ʢʦʪʦʨʳʤ ʩʦʩʪʦʷʣʠʩʴ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ 

ʜʠʩʢʫʩʩʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʢʨʳʪʦʛʦ ʜʠʘʣʦʛʘ ʫʯʘʩʪʥʠʢʠ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʰʝʥʠʷ: 

1. ʈʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʢʮʠʠ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʧʘʢʝʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ. 

2. ʅʝʦʙʭʦʜʠʤʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʩʫʜʠʪʴ ʚʦʧʨʦʩʳ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʧʨʦʬʠʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

3. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ ʢʦʥʬʝʨʝʥʮʠʠ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʣʷ ʦʙʤʝʥʘ 

ʦʧʳʪʦʤ ʤʝʞʜʫ ʫʯʸʥʳʤʠ ʠʟ ʨʘʟʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘʩʪʝʡ. 

4. ʈʘʙʦʪʫ ʩʝʢʮʠʠ ʦʜʦʙʨʠʪʴ; ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʫʯʘʩʪʥʠʢʘʤ ʦʧʫʙʣʠʢʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʦʢʣʘʜʘʭ, ʚ ʩʙʦʨʥʠʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʠ. 
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ʉʝʢʮʠʷ 4ï5 

ʋʧʨʘʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ  

 

8 ʜʝʢʘʙʨʷ 2021 ʛʦʜʘ ʚ ʌɻɹʆʋ ɺʆ çʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʩʦʩʪʦʷʣʘʩʴ IV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè. ɺ ʩʝʢʮʠʦʥʥʳʭ ʟʘʩʝʜʘʥʠʷʭ 4-5 çʋʧʨʘʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 

ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʙʳʣʦ ʟʘʷʚʣʝʥʦ 29 ʜʦʢʣʘʜʦʚ. ʈʘʙʦʪʘ ʩʝʢʮʠʡ ʙʳʣʘ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʦʥʣʘʡʥ ʨʝʞʠʤʝ ʩʨʝʜʩʪʚʘʤʠ Skype. 

ʇʨʦʚʦʜʠʤʘʷ ʝʞʝʛʦʜʥʦ ʢʦʥʬʝʨʝʥʮʠʷ ʠʤʝʝʪ ʩʚʦʝʡ ʮʝʣʴʶ ʦʙʲʝʜʠʥʝʥʠʝ ʩʠʣ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʦʙʩʫʞʜʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʠʪʦʛʦʚ ʨʘʙʦʪʳ ʩʝʢʮʠʠ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʘʣʦ ʧʨʠʥʷʪʠʝ ʝʝ ʨʝʟʦʣʶʮʠʠ. 

ʋʯʘʩʪʥʠʢʠ ʩʝʢʮʠʠ ʦʙʩʫʜʠʣʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ: 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʠ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ; ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʆʪʤʝʯʝʥ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʢʨʳʪʦʛʦ ʜʠʘʣʦʛʘ ʫʯʘʩʪʥʠʢʘʤʠ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʰʝʥʠʷ: 

1. ɿʥʘʯʠʤʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʥʝ ʧʦʜʣʝʞʠʪ 

ʩʦʤʥʝʥʠʶ. ɿʘʣʦʛʦʤ ʝʝ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ ʥʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʘʪʴ ʨʝʰʝʥʠʝ ʨʝʢʪʦʨʘʪʘ ʅɺɻʋ 

ʠ ʆʨʛʢʦʤʠʪʝʪʘ ʢʦʥʬʝʨʝʥʮʠʠ ʦ ʝʝ ʧʨʦʚʝʜʝʥʠʠ. 

2. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢ ʦʙʩʫʞʜʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʟʥʘʯʠʤʦʩʪʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ 

ʩʪʨʘʥ. 

3. ʈʘʙʦʪʫ ʩʝʢʮʠʠ ʦʜʦʙʨʠʪʴ.  ʇʨʦʜʦʣʞʠʪʴ ʧʨʘʢʪʠʢʫ ʧʫʙʣʠʢʘʮʠʠ ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʩʠʩʪʝʤʝ ʈʀʅʎ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. 

4. ʆʪʤʝʪʠʪʴ ʦʯʝʚʠʜʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʨʘʤʢʘʭ 

ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ, ʠʥʞʝʥʝʨʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ. 

5. ʆʪʤʝʪʠʪʴ ʟʥʘʯʠʤʦʩʪʴ ʫʯʘʩʪʠʷ ʚ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʫʯʘʱʠʭʩʷ 

ʤʘʛʠʩʪʨʘʪʫʨʳ. ʇʨʦʜʦʣʞʠʪʴ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʚ ʥʘʫʢʝ ʧʨʘʢʪʠʢʫ ʩʦʚʤʝʩʪʥʦʛʦ 

ʦʙʩʫʞʜʝʥʠʷ ʚʦʧʨʦʩʦʚ ʠ ʧʨʦʙʣʝʤ.  

6. ʇʨʦʜʦʣʞʠʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʫʢʨʝʧʣʝʥʠʷ 

ʥʘʫʯʥʳʭ ʩʚʷʟʝʡ ʧʦ ʚʩʝʤ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

 

 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
IV  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

7 

ʉʝʢʮʠʷ 6 

ɺʦʧʨʦʩʳ ʤʝʪʦʜʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚʳʧʫʩʢʥʠʢʦʚ ʚʫʟʦʚ ʧʦ 

IT-ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʰʢʦʣʘʤʠ 

 

ʉʝʢʮʠʷ çɺʦʧʨʦʩʳ ʤʝʪʦʜʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 

ʚʳʧʫʩʢʥʠʢʦʚ ʚʫʟʦʚ ʧʦ IT-ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ 

ʰʢʦʣʘʤʠè ʨʘʙʦʪʘʣʘ ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠ 

ʬʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʤʘʪʠʢʠ ʅɺɻʋ. ɺ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ 

ʧʨʠʩʫʪʩʪʚʠʶ ʚ ʧʦʤʝʱʝʥʠʷʭ ʠʟ-ʟʘ ʨʠʩʢʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʚʦʡ ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ 

ʨʘʙʦʪʘ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ ʩʨʝʜʩʪʚʘʤʠ ZOOM. 

ɺ ʨʘʙʦʪʝ ʩʝʢʮʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʙʦʣʝʝ 25 ʯʝʣʦʚʝʢ. ɹʳʣʦ ʟʘʩʣʫʰʘʥʦ 21 ʜʦʢʣʘʜʦʚ. 

ʇʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʫʯʝʥʳʝ ʠ ʤʘʛʠʩʪʨʘʥʪʳ ʨʘʟʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʪʘʢʠʝ ʢʘʢ:  

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ, 

ɻɹʆʋɺ ʈʂ ʂʀʇʋ ʠʤʝʥʠ ʌʝʚʟʠ ʗʢʫʙʦʚʘ, ɹʫʭʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʦʣʣʝʜʞ 

ʕɹʇ ʂʋʂ, ʂʘʟʘʭʩʪʘʥ, ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʇʨʠʜʥʝʩʪʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʊ.ɻ. ʐʝʚʯʝʥʢʦ, ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ.ʅʦʩʦʚʘ, ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʀ. ɻʝʨʮʝʥʘè,ʌɻɹʆʋ ɺʆ çʊʠʭʦʦʢʝʘʥʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ ʃ.ʅ.ɻʫʤʠʣʝʚʘ, 

ɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʊʶʤʝʥʩʢʠʡ 

ʀʥʜʫʩʪʨʠʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʬʠʣʠʘʣ ʚ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʝ 

ʐʠʨʦʢʘʷ ʛʝʦʛʨʘʬʠʷ ʫʯʘʩʪʥʠʢʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʢʦʥʬʝʨʝʥʮʠʠ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʝʸ ʨʘʤʢʘʭ ʚʦʧʨʦʩʦʚ.  

ʄʘʩʰʪʘʙ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʪʨʘʟʠʣʠ ʜʦʢʣʘʜʳ, ʧʨʠʟʥʘʥʥʳʝ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ: 

1. çɺʘʨʠʘʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʧʫʩʢʥʠʢʦʚ ʚʫʟʦʚ ʧʦ IT-ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʦ ʰʢʦʣʘʤʠ ʚ 

ʧʨʦʮʝʩʩʝ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷè ʄʠʨʦʥʦʚʘ ʃʶʜʤʠʣʘ ʀʚʘʥʦʚʥʘ. 

2. çʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʠʧʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʚ ʷʟʳʢʘʭ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷè ʉʠʤʫʨʟʠʥʘ ɽʢʘʪʝʨʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ. 

3. çʆ ʩʦʜʝʨʞʘʪʝʣʴʥʦʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʧʨʝʧʦʜʘʚʘʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʚʳʩʰʘʷ 

ʤʘʪʝʤʘʪʠʢʘè ɹʘʩʦʚ ɺʘʜʠʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ. 

4. çʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʪʫʜʝʥʪʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʉʇʆ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʘʢʪʠʢè ɸʣʝʢʩʝʝʚʘ ɺʠʢʪʦʨʠʷ ʅʠʢʦʣʘʝʚʥʘ.  

5. çʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʬʠʣʴʪʨʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ çSpark AR studioè 

ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʢʦʤʧʘʥʠʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭè ʄʘʭʤʫʪʦʚʘ ʄʘʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ. 
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6. çʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʠ ʧʨʦʝʢʪʥʘʷ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʮʠʬʨʦʚʳʭ ʧʨʦʜʫʢʪʘʭ 

ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʮʝʣʠ ʠ ʮʝʥʥʦʩʪʠ ʚ ʨʘʟʚʠʪʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠè ʊʘʙʘʯʫʢ 

ʅʘʪʘʣʴʷ ʇʝʪʨʦʚʥʘ. 

7. çʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ ʚʳʧʫʩʢʥʠʢʦʚ ʚʫʟʦʚ ʧʦ it-ʥʘʧʨʘʚʣʝʥʠʷʤè ɺʘʣʝʝʚʘ ɼʠʘʥʘ ʈʫʩʪʘʤʦʚʥʘ. 

 

ʇʦ ʠʪʦʛʘʤ ʨʘʙʦʪʳ ʩʝʢʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʰʝʥʠʷ:  

1. ʇʨʠʟʥʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ, ʟʘʷʚʣʝʥʥʦʡ ʚ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʤʢʘʭ 

ʩʝʢʮʠʠ çɺʦʧʨʦʩʳ ʤʝʪʦʜʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚʳʧʫʩʢʥʠʢʦʚ 

ʚʫʟʦʚ ʧʦ IT-ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʰʢʦʣʘʤʠè.  

2. ʇʦʜʜʝʨʞʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʟʘʷʚʣʝʥʥʦʡ 

ʪʝʤʘʪʠʢʝ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʥʝ ʨʝʞʝ 1 ʨʘʟʘ ʚ ʛʦʜ ʠʤʝʥʥʦ ʚ ʜʝʢʘʙʨʝ ʤʝʩʷʮʘ.  

3. ʇʨʠʟʥʘʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʝʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʩʬʝʨʘʭ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʛʦʨʦʜʩʢʦʤ ʭʦʟʷʡʩʪʚʝ.  

4. ʉʯʠʪʘʪʴ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʜʦʣʞʝʥʠʝ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

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

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʩʧʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

5. ɸʢʪʠʚʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

6. ɺʳʨʘʟʠʪʴ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʠ ʦʙʲʷʚʠʪʴ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʨʫʢʦʚʦʜʠʪʝʣʷʤ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʜʝʣʝʛʠʨʦʚʘʚʰʠʭ ʩʚʦʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʣʷ ʫʯʘʩʪʠʷ ʚ 

ʢʦʥʬʝʨʝʥʮʠʠ.  

 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ, 

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʀʥʬʦʨʤʘʪʠʢʠ 

ʠ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠ  ʊ.ɹ. ʂʘʟʠʘʭʤʝʜʦʚ 

 

08 ʜʝʢʘʙʨʷ 2021 ʛ. 

 

  



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
IV  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

9 

ʉʈɽɼʓ, ʀʅʉʊʈʋʄɽʅʊʓ, ʄɽʊʆɼʓ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 
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ʅʝʧʦʤʥʷʱʠʡ ʆ.ɺ. 

ORCID: 0000-0002-2459-6414, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

 

ɺʅʋʊʈɽʅʅʀɽ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ɺ ʉʀʉʊɽʄɽ ʆʇʊʀʄʀɿɸʎʀʀ 

ʌʋʅʂʎʀʆʅɸʃʔʅʆ-ʇʆʊʆʂʆɺʓʍ ʇɸʈɸʃʃɽʃʔʅʓʍ ʇʈʆɻʈɸʄʄ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʜʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʧʦʵʪʦʤʫ ʯʘʱʝ ʚʩʝʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝ ʥʘʜ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ 

ʧʨʦʛʨʘʤʤʳ, ʘ ʥʘʜ ʝʛʦ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʦʪʦʢʦʚʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʷʚʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʚ ʚʠʜʝ ʛʨʘʬʦʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ. ʇʨʝʜʣʦʞʝʥʳ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʜʘ ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʦʪʦʢʦʚʦʡ ʧʘʨʘʜʠʛʤʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʬʦʨʤ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʨʦʛʨʘʤʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʜʘ; ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ; ʘʣʛʦʨʠʪʤ; 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʦʪʦʢʦʚʘʷ ʧʘʨʘʜʠʛʤʘ; ʛʨʘʬ. 
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INTERNAL REPRESENTATIONS IN THE OPTIMIZATION SYSTEM  

OF FUNCTIONAL DATAFLOW PARALLEL PROGRAMS  

 

Abstract. The problem of creating tools for optimizing parallel programs is considered. It has 

been determined that the problem of optimizing the code has a high computational complexity and, 

therefore, most often it is performed not over the source code of the program, but over its intermediate 

representations. It is shown that when optimizing dataflow parallel programs, this problem has a 

number of specific features. In particular, an explicit assignment in the form of graphs of information 

and control dependencies for each function. Data structures are proposed that provide an increase in 

the efficiency of the automatic code optimization system taking into account the features of the 

dataflow paradigm of parallel programming. The results of the analysis of the forms of the internal 

representation of programs that ensure the execution of key functions in the optimization of the code 

are presented.  

Keywords: code optimization; parallel programming; algorithm; dataflow programming; 

graph. 

 

ʅʘ ʣʶʙʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʠʩʘʥʘ ʥʝ ʦʧʪʠʤʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʪʦ 

ʝʩʪʴ ʧʨʦʛʨʘʤʤʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʮʝʩʩ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʫʣʫʯʰʘʶʪʩʷ ʪʨʝʙʫʝʤʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʏʘʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ - ʦʧʪʠʤʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʦʙʲʝʤ ʨʘʙʦʪ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ. 

ʆʧʪʠʤʠʟʠʨʫʶʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʩʚʦʜʠʪʩʷ ʢ ʫʜʘʣʝʥʠʶ, ʧʝʨʝʤʝʱʝʥʠʶ ʠʣʠ 

ʟʘʤʝʥʝ ʝʸ ʬʨʘʛʤʝʥʪʦʚ. ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪ 

ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʜʦʧʫʩʪʠʤʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ ʪʘʢʞʝ, 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [1, ʩ. 705]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʦʧʪʠʤʠʟʘʪʦʨʘ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʧʨʠ ʨʘʙʦʪʝ ʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʧʨʦʛʨʘʤʤʳ, ʘ ʥʘʜ 

ʝʛʦ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʨʘʩʩʤʦʪʨʠʤ ʚʳʙʦʨ ʬʦʨʤʳ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʦʪʦʢʦʚʦʡ [2, ʩ. 71] ʧʨʦʛʨʘʤʤʳ ʚ ʩʠʩʪʝʤʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʜʘ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʬʦʨʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤ, ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʟʘʚʠʩʠʤʦʩʪʝʡ [3, ʩ. 90]. ʌʫʥʢʮʠʦʥʘʣʴʥʦ 

ʧʦʪʦʢʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʌʇʇ) ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 
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ʦʩʦʙʝʥʥʦʩʪʷʤʠ [4], ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʜʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ 

ʠʭ ʫʯʸʪʦʤ ʜʦʣʞʥʳ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʥʫʪʨʝʥʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ. 

ɺ ʌʇʇ ʧʘʨʘʜʠʛʤʝ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʛʨʘʬʦʚ ï ʨʝʚʝʨʩʠʚʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ (ʈʀɻ) ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ (ʋɻ) [4, ʩ. 18]. ʋʟʣʳ ʈʀɻ ʟʘʜʘʶʪ ʜʘʥʥʳʝ ʠ ʦʧʝʨʘʮʠʠ 

ʥʘʜ ʜʘʥʥʳʤʠ, ʝʛʦ ʜʫʛʠ ʦʪʨʘʞʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʤʝʞʜʫ ʫʟʣʘʤʠ. ʋʟʣʳ ʋɻ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʟʣʘʤ ʈʀɻ, ʘ ʝʛʦ ʜʫʛʠ ʟʘʜʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ, ʪʦ ʝʩʪʴ ʫʧʨʘʚʣʷʶʪ 

ʧʦʨʷʜʢʦʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ʀʩʭʦʜʥʳʡ ʢʦʜ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʈʀɻ, ʪʦ ʝʩʪʴ ʷʚʥʦ ʟʘʜʘʸʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʋʧʨʘʚʣʷʶʱʠʡ ʛʨʘʬ 

ʩʪʨʦʠʪʩʷ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʘ 

ʢʦʪʦʨʦʡ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. 

ɼʠʥʘʤʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʌʇʇ ʧʨʦʛʨʘʤʤʳ ʟʘʜʘʸʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʜʚʠʞʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʛʦʪʦʚʥʦʩʪʠ ʧʦ ʜʫʛʘʤ ʋɻ. ʅʝʢʦʪʦʨʳʝ ʚʝʨʰʠʥʳ, ʥʘʧʨʠʤʝʨ ʢʦʥʩʪʘʥʪʳ, ʷʚʣʷʶʪʩʷ 

ʠʟʥʘʯʘʣʴʥʦ ʛʦʪʦʚʳʤʠ ʠ ʩʨʘʟʫ ʬʦʨʤʠʨʫʶʪ ʩʠʛʥʘʣ ʛʦʪʦʚʥʦʩʪʠ ʥʘ ʩʚʦʸʤ ʚʳʭʦʜʝ. 

ʈʘʟʥʳʝ ʚʠʜʳ ʦʧʪʠʤʠʟʘʮʠʡ ʪʨʝʙʫʶʪ ʫʯʸʪʘ ʨʘʟʣʠʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʧʨʦʛʨʘʤʤʝ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʚʦ ʚʨʝʤʷ ʦʧʪʠʤʠʟʘʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ [5, ʩ. 47]. ʀʟʚʝʩʪʝʥ ʨʷʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ: 

ï ʛʨʘʬ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦ ʜʘʥʥʳʤ (Data Dependence Graph, DDG) ʦʪʨʘʞʘʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʝ, ʦʥ ʵʢʚʠʚʘʣʝʥʪʝʥ ʈʀɻ; 

ï ʛʨʘʬ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ (Control-flow graph, CFG) ʦʪʨʘʞʘʝʪ ʫʧʨʘʚʣʷʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʵʢʚʠʚʘʣʝʥʪʝʥ ʋɻ; 

ï ʬʦʨʤʘ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʩʚʘʠʚʘʥʠʷ (Static single assignment form, SSA). 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ (ʚʝʨʩʠʷʤʠ) ʧʝʨʝʤʝʥʥʳʭ, 

ʧʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʦʝ ʧʨʠʩʚʘʠʚʘʥʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʩʦʟʜʘʸʪʩʷ ʥʦʚʘʷ ʚʝʨʩʠʷ. ɺ ʌʇʇ 

ʷʟʳʢʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʝʨʘʪʦʨ ʨʘʟʨʫʰʘʶʱʝʛʦ ʧʨʠʩʚʘʠʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʣʶʙʘʷ ʧʨʦʛʨʘʤʤʘ 

ʠʟʥʘʯʘʣʴʥʦ ʥʘʭʦʜʠʪʩʷ ʚ SSA ʬʦʨʤʝ; 

ï ʮʝʧʦʯʢʠ ʦʧʨʝʜʝʣʝʥʠʝ-ʠʩʧʦʣʴʟʦʚʘʥʠʝ (def-use chains) ʠ ʛʨʘʬ ʧʨʦʛʨʘʤʤʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ (Program dependence graph, PDG), ʦʪʨʘʞʘʶʱʠʡ def-use, use-def ʠ def-def 

ʟʘʚʠʩʠʤʦʩʪʠ. ʊʘʢ, ʝʩʣʠ ʦʧʝʨʘʪʦʨ X ʠʩʧʦʣʴʟʫʝʪ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ Y, ʪʦ ʚ PDG ʜʦʣʞʥʘ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʫʛʘ XŸY ʪʠʧʘ def-use ʠ ʦʙʨʘʪʥʘʷ ʜʫʛʘ ʪʠʧʘ use-def. 

ɺʳʙʦʨ ʥʝʦʙʭʦʜʠʤʦʡ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʟʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ 

ʚʳʧʦʣʥʠʪʴ ʥʘ ʥʝʙʦʣʴʰʦʤ ʥʘʙʦʨʝ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʚʳʙʦʨʘ 

ʚʥʫʪʨʝʥʥʝʡ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʦʪʦʢʦʚʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʪʦʨʘ, 

ʥʝʦʙʭʦʜʠʤʦ: 

ï ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʌʇʇ ʧʘʨʘʜʠʛʤʳ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʜʘ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʦʪʘʪʴ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ; 

ï ʩ ʫʯʸʪʦʤ ʦʧʝʨʘʮʠʡ, ʯʘʩʪʦ ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʧʘʤʷʪʠ ʕɺʄ. 

ɸʥʘʣʠʟ ʦʧʝʨʘʮʠʡ ʌʇʇ ʷʟʳʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʪʴ ʩʪʨʫʢʪʫʨʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
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12 

ʭʨʘʥʝʥʠʝ use-def ʠ def-use ʟʘʚʠʩʠʤʦʩʪʝʡ. ʊʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʜʘʶʪʩʷ ʛʨʘʬʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʦ ʜʘʥʥʳʤ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʌʇʇ ʭʘʨʘʢʪʝʨʥʦ ʦʪʩʫʪʩʪʚʠʝ def-def ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʠʭ 

ʷʟʳʢʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʝʨʘʪʦʨ ʨʘʟʨʫʰʘʶʱʝʛʦ ʧʨʠʩʚʘʠʚʘʥʠʷ. 

ɻʨʘʬ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʦʪʥʦʰʝʥʠʷʤʠ ʩʤʝʞʥʦʩʪʠ ʠʣʠ ʠʥʮʠʜʝʥʪʥʦʩʪʠ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʥʦʰʝʥʠʡ ʠʥʮʠʜʝʥʪʥʦʩʪʠ ʷʚʥʦ ʚʳʜʝʣʷʶʪʩʷ ʜʫʛʠ ʛʨʘʬʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʝʩʣʠ ʜʫʛʠ ʛʨʘʬʘ ʥʝʩʫʪ ʢʘʢʫʶ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʃʶʙʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʘʬʘ ʦʧʠʩʳʚʘʝʪ ʥʘʙʦʨʳ ʚʝʨʰʠʥ ʠ ʜʫʛ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ 

ʚ ʧʘʤʷʪʠ ʕɺʄ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩʠʚʦʚ (ʤʘʪʨʠʮ) ʠʣʠ ʩʚʷʟʥʳʭ ʩʧʠʩʢʦʚ. ʄʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʥʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʩʣʫʯʘʷʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʛʨʘʬʘ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʝʩʣʠ ʛʨʘʬ ʥʝ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦ ʩʚʷʟʥʳʤ, ʪʦ ʚ ʤʘʪʨʠʮʘʭ ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʫʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʬʦʨʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʘ ʚ ʩʠʩʪʝʤʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʜʘ ʷʚʣʷʶʪʩʷ ʩʧʠʩʢʠ ʩʤʝʞʥʦʩʪʠ ʠʣʠ ʠʥʮʠʜʝʥʪʥʦʩʪʠ.  

ɺ ʛʨʘʬʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦ ʜʘʥʥʳʤ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʪʠʧʘ ʜʫʛ, ʧʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ 

ʥʝʦʙʭʦʜʠʤʦ ʭʨʘʥʠʪʴ ʨʘʟʜʝʣʴʥʳʝ ʩʧʠʩʢʠ, ʟʘʜʘʶʱʠʝ def-use ʠ use-def ʟʘʚʠʩʠʤʦʩʪʠ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʛʨʘʬʘ ʧʨʦʛʨʘʤʤʳ ʚ ʚʠʜʝ ʩʧʠʩʢʦʚ ʩʤʝʞʥʦʩʪʠ, ʫʟʝʣ ʛʨʘʬʘ 

ʤʦʞʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 

Node = inode(type, id, value, delay, Inputs, Outputs), ʛʜʝ Inputs ʠ Ouputs ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ 

ʫʟʣʳ, ʦʪ ʢʦʪʦʨʳʭ ʪʝʢʫʱʠʡ ʫʟʝʣ ʧʨʠʥʠʤʘʝʪ ʜʘʥʥʳʝ ʠʣʠ ʷʚʣʷʝʪʩʷ ʠʭ ʠʩʪʦʯʥʠʢʦʤ. ʕʣʝʤʝʥʪ 

ʪʘʢʦʛʦ ʩʧʠʩʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʫʛʝ ʛʨʘʬʘ. ʆʥ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʣʠʙʦ ʧʘʨʫ (type, id), 

ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʶʱʫʶ ʫʟʝʣ, ʣʠʙʦ ʩʩʳʣʢʫ ʥʘ ʫʟʝʣ (ʘʜʨʝʩ ʫʟʣʘ). ʈʘʩʩʤʦʪʨʠʤ ʦʙʘ ʚʘʨʠʘʥʪʘ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʛʨʘʬ ʩʦʩʪʦʠʪ ʠʟ N ʫʟʣʦʚ ʠ M ʜʫʛ. ʊʘʢ ʢʘʢ ʦʙʳʯʥʦ ʯʠʩʣʦ ʜʫʛ, 

ʠʥʮʠʜʝʥʪʥʳʭ ʚʝʨʰʠʥʝ ʤʥʦʛʦ ʤʝʥʴʰʝ M, ʦʙʦʟʥʘʯʠʤ ʝʛʦ ʟʘ K (K<< M). ʇʨʠ ʟʘʜʘʥʠʠ ʛʨʘʬʘ 

ʩʧʠʩʢʘʤʠ ʠʥʮʠʜʝʥʪʥʦʩʪʠ ʠ ʭʨʘʥʝʥʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʜʫʛʠ ʩʩʳʣʢʠ ʥʘ ʠʥʮʠʜʝʥʪʥʳʝ ʝʡ ʚʝʨʰʠʥʳ, 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ʙʫʜʫʪ ʪʘʢʠʤʠ ʞʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʝʨʰʠʥʳ ʧʦʪʨʝʙʫʝʪʩʷ 

ʣʠʰʴ ʦʜʠʥ ʣʠʰʥʠʡ ʧʝʨʝʭʦʜ ʧʦ ʩʩʳʣʢʝ, ʠʤʝʶʱʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʆ(1). 

ʇʨʠ ʦʮʝʥʢʝ ʪʨʫʜʦʸʤʢʦʩʪʠ ʦʧʝʨʘʮʠʠ ʫʜʘʣʝʥʠʷ ʫʟʣʘ, ʧʦʜʨʘʟʫʤʝʚʘʣʦʩʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʜʘʣʠʪʴ ʪʘʢʞʝ ʚʩʝ ʚʭʦʜʷʱʠʝ ʠ ʠʩʭʦʜʷʱʠʝ ʜʫʛʠ (ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʢʫʱʝʤ, ʥʦ ʠ ʚ ʩʤʝʞʥʳʭ ʫʟʣʘʭ). 

ʇʦʜ ʧʦʣʥʳʤ ʦʙʭʦʜʦʤ ʛʨʘʬʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʝʛʦ ʦʙʭʦʜ ʦʪ ʘʨʛʫʤʝʥʪʘ ʬʫʥʢʮʠʠ ʜʦ ʚʦʟʚʨʘʪʥʦʡ 

ʚʝʨʰʠʥʳ. ʆʙʭʦʜʫ ʛʨʘʬʘ ʥʘ L ʫʨʦʚʥʝʡ ʚ ʰʠʨʠʥʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʥʘʧʨʠʤʝʨ, ʧʦʠʩʢ ʚʩʝʭ ʫʟʣʦʚ, 

ʟʘʚʠʩʠʤʳʭ ʧʦ ʜʘʥʥʳʤ ʦʪ ʥʝʢʦʪʦʨʦʡ ʚʝʨʰʠʥʳ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʫʟʣʘ ʚ ʛʨʘʬ, ʝʤʫ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʩʚʦʝʥ ʥʦʤʝʨ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʪʜʝʣʴʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʥʦʤʝʨ ʫʟʣʘ. ʊʦʛʜʘ: ʥʦʤʝʨʘ ʫʟʣʦʚ ʛʨʘʬʘ, 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ, ʜʦʣʞʥʳ ʠʜʪʠ ʩʪʨʦʛʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʦʧʝʨʘʮʠʠ ʧʨʠʚʝʜʝʥʠʷ ʥʦʤʝʨʦʚ ʚ ʢʦʨʨʝʢʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ 

ʫʜʘʣʝʥʠʷ ʫʟʣʘ ʩʦʩʪʘʚʣʷʝʪ ʆ(N). ɺʳʧʦʣʥʷʪʴ ʝ yʧʦʩʣʝ ʢʘʞʜʦʛʦ ʫʜʘʣʝʥʠʷ ʫʟʣʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, 

ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ ʦʧʪʠʤʠʟʘʮʠʡ. 

ʋʟʣʳ ʛʨʘʬʘ ʤʦʛʫʪ ʙʳʪʴ ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʢʣʶʯʫ (type, id) ʠʣʠ ʣʶʙʦʤʫ ʜʨʫʛʦʤʫ ʧʦʣʶ, 

ʪʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ.  
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ʋʟʣʳ ʛʨʘʬʘ ʧʦʤʝʱʘʶʪʩʷ ʚ ʭʵʰ-ʪʘʙʣʠʮʫ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʦʮʝʥʢʫ ʪʨʫʜʦʸʤʢʦʩʪʠ 

ʘʣʛʦʨʠʪʤʦʚ ʚ ʩʨʝʜʥʝʤ ʩʣʫʯʘʝ, ʪʘʢ ʢʘʢ ʧʦʠʩʢ, ʚʩʪʘʚʢʘ ʠ ʫʜʘʣʝʥʠʝ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘ O(1), ʦʜʥʘʢʦ 

ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ (ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʢʦʣʣʠʟʠʡ) ʦʮʝʥʢʘ ʵʪʠʭ ʦʧʝʨʘʮʠʡ O(N). 

ʍʨʘʥʝʥʠʝ ʫʟʣʦʚ ʚ ʜʝʨʝʚʝ ʧʦʠʩʢʘ ʠʣʠ ʭʵʰ ʪʘʙʣʠʮʝ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʚʳʧʦʣʥʷʪʴ ʧʦʠʩʢ, ʥʦ ʣʠʰʴ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʦʣʷʤ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʧʦʠʩʢ ʧʦ ʧʘʨʝ (type, id) ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʩʪʨʫʢʪʫʨʳ ʫʟʣʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚʥʫʪʨʠ ʦʧʪʠʤʠʟʘʪʦʨʘ, ʠʟʥʘʯʘʣʴʥʦ ʫʙʠʨʘʶʪʩʷ ʥʦʤʝʨʘ ʫʟʣʦʚ ʠ ʜʦʙʘʚʣʷʶʪʩʷ ʦʥʠ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʦʧʪʠʤʠʟʠʨʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʍʨʘʥʝʥʠʝ ʫʟʣʦʚ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʧʦ ʟʥʘʯʝʥʠʶ ʠʣʠ ʥʦʤʝʨʫ ʟʘʜʝʨʞʘʥʥʦʛʦ ʩʧʠʩʢʘ ʥʝ 

ʠʟʤʝʥʷʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ, ʪʘʢ ʢʘʢ ʵʪʠ ʟʥʘʯʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʪʩʷ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʫʟʣʦʚ ʛʨʘʬʘ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʛʨʘʬʝ ʠʟ N ʫʟʣʦʚ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʧʦʨʷʜʢʘ N 

ʫʟʣʦʚ ʩʦ ʟʥʘʯʝʥʠʝʤ ç(---)è (ʫʟʝʣ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʠʩʢʘ ʜʘʥʥʳʭ). ʇʨʠ ʵʪʦʤ ʭʵʰ ʪʘʙʣʠʮʘ ʠʣʠ 

ʜʝʨʝʚʦ ʧʦʠʩʢʘ ʫʩʣʦʞʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʘ ʠ ʜʘʩʪ ʥʝʢʦʪʦʨʳʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʭʨʘʥʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʛʨʘʬʘ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ, ʩʚʷʟʠ ʚ ʢʦʪʦʨʦʡ ʟʘʜʘʶʪʩʷ ʩʩʳʣʢʘʤʠ, ʘ 

ʩʧʠʩʦʢ ʚʝʨʰʠʥ ʥʝ ʫʧʦʨʷʜʦʯʝʥ. ʀʟ ʩʪʨʫʢʪʫʨʳ ʫʟʣʘ ʥʘ ʚʨʝʤʷ ʦʧʪʠʤʠʟʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʙʨʘʪʴ 

ʥʦʤʝʨ (id), ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʟʣʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʛʨʘʬʘ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʦʧʪʠʤʠʟʘʪʦʨʘ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ: inode(type, value, delay, 

DefUseReferences, UseDefReferences). 

ʉʭʝʤʘʪʠʯʥʦ ʩʪʨʫʢʪʫʨʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʛʨʘʬʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʧʨʠ ʵʪʦʤ ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ʦʪʨʘʞʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʬʫʥʢʮʠʠ (def-use 

ʠ use-def), ʘ ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ï ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʧʠʩʢʘ. ɿʘʚʠʩʠʤʦʩʪʠ def-use ʠ use-

def ʭʨʘʥʷʪʩʷ ʚ ʩʧʠʩʢʘʭ, ʧʨʠ ʵʪʦʤ ʜʣʷ def-use ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʟʠʮʠʷ ʩʩʳʣʢʠ ʚ ʩʧʠʩʢʝ ʦʧʨʝʜʝʣʷʝʪ 

ʥʦʤʝʨ ʚʭʦʜʘ (ʥʘ ʧʨʠʚʝʜʸʥʥʦʡ ʩʭʝʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʤʝʨʘ ʧʦʜʧʠʩʘʥʳ ʥʘ ʜʫʛʘʭ). 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʛʨʘʬʘ ʧʨʦʛʨʘʤʤʳ 

 

ɼʫʛʘ ʈʀɻ, ʧʦʤʠʤʦ ʩʩʳʣʦʢ ʥʘ ʫʟʣʳ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʸʤʥʠʢʘ ʜʘʥʥʳʭ, ʥʝʩʸʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʥʦʤʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʭʦʜʘ. ʕʪʦʪ ʥʦʤʝʨ ʷʚʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦʤ ʜʫʛʠ, ʘ ʥʝ ʫʟʣʘ ʪʘʢ ʢʘʢ ʦʜʠʥ 
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ʠ ʪʦʪ ʞʝ ʫʟʝʣ ʛʨʘʬʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʜʨʫʛʠʭ ʫʟʣʦʚ. ɺʦ 

ʚʥʫʪʨʝʥʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʢʦʜʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʠʥʜʝʢʩʘ ʩʩʳʣʢʠ ʥʘ ʫʟʝʣ ʚ 

use_def_references ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ. ʇʦʵʪʦʤʫ use-def ʟʘʚʠʩʠʤʦʩʪʠ ʫʟʣʘ ʭʨʘʥʷʪʩʷ ʚ ʤʘʩʩʠʚʝ, ʘ 

def-use ʟʘʚʠʩʠʤʦʩʪʠ - ʚ ʩʚʷʟʥʦʤ ʩʧʠʩʢʝ. 

ɼʣʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʛʨʘʬʘ ʩʧʨʘʚʝʜʣʠʚʳ ʚʩʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʧʨʠʚʝʜʸʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʛʨʘʬʘ. ʆʜʥʘʢʦ, ʫʟʝʣ ʫʧʨʘʚʣʷʶʱʝʛʦ ʛʨʘʬʘ 

çʧʨʠʚʷʟʳʚʘʝʪʩʷè ʢ ʫʟʣʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ ʫʟʣʘ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʦʧʪʠʤʠʟʘʮʠʶ ʈʀɻ ʠ ʋɻ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʨʘʟʜʝʣʴʥʦ, ʘ ʚ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʋɻ ʵʪʦʪ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʦʨʨʝʢʪʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʛʨʘʬʘ, ʭʨʘʥʠʪʴ ʝʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʚʠʜʝ ʮʝʣʦʛʦ ʯʠʩʣʘ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʋɻ ʚ ʦʧʪʠʤʠʟʘʪʦʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʠʩʢʠ ʠʥʮʠʜʝʥʪʥʦʩʪʠ, ʪʘʢ ʢʘʢ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʷʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʫʟʣʦʚ ʋɻ ʠ ʩʠʛʥʘʣʦʚ. 

ʊʘʢ ʢʘʢ ʥʦʤʝʨ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʭʦʜʘ ʷʚʥʦ ʭʨʘʥʠʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʜʫʛʠ, ʪʦ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʜʠʨʦʚʘʪʴ ʝʛʦ ʠʥʜʝʢʩʦʤ ʤʘʩʩʠʚʘ, ʘ ʟʥʘʯʠʪ use-def ʟʘʚʠʩʠʤʦʩʪʠ ʠ def-use 

ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʚ ʩʚʷʟʥʳʭ ʩʧʠʩʢʘʭ. 

ʉʭʝʤʘʪʠʯʥʦ ʩʪʨʫʢʪʫʨʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʛʨʘʬʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2. ɾʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʛʥʘʣʦʚ. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʛʨʘʬʘ ʧʨʦʛʨʘʤʤʳ 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʧʦʪʦʢʦʚʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʭʨʘʥʠʪʴ ʛʨʘʬʳ 

ʧʨʦʛʨʘʤʤʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʦ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʫʧʨʘʚʣʷʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴ ʚ ʧʘʤʷʪʠ ʕɺʄ ʚ ʚʠʜʝ ʩʧʠʩʢʦʚ ʩʤʝʞʥʦʩʪʠ, ʘ ʫʧʨʘʚʣʷʶʱʠʝ ï ʚ 

ʚʠʜʝ ʩʧʠʩʢʦʚ ʠʥʮʠʜʝʥʪʥʦʩʪʠ. 
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ʆʧʠʩʘʥʥʳʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʥʝ ʪʦʣʴʢʦ ʚ ʩʠʩʪʝʤʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʦʪʦʢʦʚʳʭ ʧʨʦʛʨʘʤʤ, ʥʦ ʠ ʩʠʩʪʝʤʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ 

ʧʨʦʛʨʘʤʤ ʚ ʠʤʧʝʨʘʪʠʚʥʫʶ ʬʦʨʤʫ [6, ʩ. 198]. ʕʪʠ ʬʦʨʤʳ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʨʷʜ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʢ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʟʘʤʝʥʘ ʭʚʦʩʪʦʚʦʡ ʨʝʢʫʨʩʠʠ ʮʠʢʣʦʤ, ʫʜʘʣʝʥʠʝ 

ʥʝʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʜʘ ʠ ʚʳʥʦʩ ʠʥʚʘʨʠʘʥʪʘ ʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʚʳʯʠʩʣʝʥʠʡ. 
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OF MOBILE APP DEVELOPMENT FOR GIS APPLICATIONS  

 

Abstract. In this article, we look at functionality of development environment Android Studio 

for mobile application development. We look at advantages and disadvantages of a Flutter 

framework. A process of a development of a specific mobile geo app is described. This app guides 

cyclist to the nearest water station.  

Keywords: mobile application; Flutter; geolocation; gis. 

 

ʄʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ʄʥʦʛʠʝ ʫʞʝ ʥʝ ʤʦʛʫʪ 

ʩʝʙʝ ʧʨʝʜʩʪʘʚʠʪʴ ʞʠʟʥʴ ʙʝʟ ʥʠʭ. ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚʩʝʛʜʘ ʩ ʩʦʙʦʡ ʠ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚʦ 

ʤʥʦʛʠʭ ʩʠʪʫʘʮʠʷʭ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ 

ʧʦʢʘʟʳʚʘʝʪ ʤʘʨʰʨʫʪ ʜʦ ʙʣʠʞʘʡʰʝʡ ʪʦʯʢʠ ʧʨʦʜʘʞʠ ʨʘʟʣʠʚʥʦʡ ʚʦʜʳ (ʚʦʜʷʥʦʡ ʙʘʰʥʠ). 

ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʚʝʣʦʩʠʧʝʜʠʩʪʘ, ʫ ʢʦʪʦʨʦʛʦ ʟʘʢʦʥʯʠʣʘʩʴ ʚʦʜʘ ʚ ʣʠʯʥʦʡ 

ʙʫʪʳʣʢʝ. 
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ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ Android Studio [1]. ʀʟ ʟʘʧʦʤʥʠʚʰʠʭʩʷ 

ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʨʝʜʳ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ: 

Å ʵʤʫʣʷʪʦʨ ʨʘʟʣʠʯʥʳʭ ʪʝʣʝʬʦʥʦʚ, ʫʜʦʙʥʳʡ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ; 

Å ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʘʪʴ ʬʠʟʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʯʝʨʝʟ usb ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʪʣʘʜʢʠ 

ʧʨʠʣʦʞʝʥʠʷ; 

Å ʢʦʥʩʦʣʴ ʩ ʣʦʛʘʤʠ ʟʘʧʫʩʢʘ ʠ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ, ʫʜʦʙʥʘʷ ʜʣʷ ʦʪʣʘʜʢʠ ʠ ʚʳʷʚʣʝʥʠʷ 

ʦʰʠʙʦʢ; 

Å ʟʘʧʫʩʢ ʧʨʠʣʦʞʝʥʠʷ ʚ ʵʤʫʣʷʪʦʨʝ ʚ ʛʦʨʷʯʝʤ ʨʝʞʠʤʝ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʧʨʠ 

ʟʘʧʫʩʢʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʥʘ ʫʩʪʨʦʡʩʪʚʝ. 

ʊʘʢʞʝ ʦʜʥʠʤ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʨʝʜʘ IntelliJ IDEA, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʧʨʘʨʦʜʠʪʝʣʴʥʠʮʝʡ Android Studio ʠ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ: 

Å ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʷʟʳʢʘ Kotlin, Scala ʠ Groovy; 

Å ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʥʝ ʪʦʣʴʢʦ ʧʦʜ Android; 

Å ʥʝ ʠʤʝʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʥʝʢʦʪʦʨʳʤʠ ʧʣʘʛʠʥʘʤʠ ʜʣʷ Android-ʨʘʟʨʘʙʦʪʢʠ, ʥʘʧʨʠʤʝʨ, 

Andriod APK Support; 

Åʝʩʪʴ ʧʣʘʪʥʘʷ ʚʝʨʩʠʷ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʷʟʳʢ Dart ʠ ʬʨʝʡʤʚʦʨʢ Flutter [2], ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʝʜʦʚʳʝ 

ʠ ʩʦʚʨʝʤʝʥʥʳʝ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʙʦʣʝʝ ʩʪʘʨʳʝ Kotlin, React Native 

ʥʘ JavaScript, Xamarin Studio ʜʣʷ C#, ʦʢʘʟʘʚʰʠʡʩʷ ʧʣʘʪʥʳʤ ʠ ʚʝʩʴʤʘ ʜʦʨʦʛʠʤ. 

ʇʨʠʚʝʜʸʤ ʥʝʢʦʪʦʨʳʝ ʯʝʨʪʳ Flutter, ʢʦʪʦʨʳʝ ʩʢʣʦʥʠʣʠ ʚʳʙʦʨ ʚ ʝʛʦ ʧʦʣʴʟʫ: 

Å Flutter ʢʦʤʧʠʣʠʨʫʝʪ ʚʝʩʴ ʢʦʜ Dart ʚ ʥʘʪʠʚʥʳʡ Java/Swift ʢʦʜ, ʧʦʵʪʦʤʫ ʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʣʫʯʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ React Native; 

Å ʧʦʜʜʝʨʞʢʘ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ï ʛʦʪʦʚʦʝ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʥʦ ʟʘʧʫʩʪʠʪʴ, ʢʘʢ ʥʘ 

Android ʪʝʣʝʬʦʥʝ, ʪʘʢ ʠ ʥʘ iPhone. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʚʘ ʨʘʟʘ, ʭʦʪʷ 

ʧʨʠʣʦʞʝʥʠʝ, ʥʘʧʠʩʘʥʥʦʝ ʜʣʷ iPhone ʥʘ Swift, ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʙʳʩʪʨʝʝ; 

Å Dart ʠ Flutter ʩʦʟʜʘʥʳ ʚ Google, ʨʘʟʨʘʙʘʪʳʚʘʶʱʝʡ ʠ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ Android; 

Å ʦʜʥʘ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʟʳʢʘ Dart ï ʟʘʠʤʩʪʚʦʚʘʥʠʝ ʩʠʥʪʘʢʩʠʩʘ ʠʟ ʠʟʚʝʩʪʥʳʭ ʠ 

ʧʦʧʫʣʷʨʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʠʩʘʪʴ ʢʦʜ ʥʘ ʥʸʤ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ Flutter ʩʪʦʠʪ ʦʪʥʝʩʪʠ: 

Å ʥʝ ʪʘʢʦʝ ʦʙʰʠʨʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʢʘʢ ʥʘ React Native, ʠ ʧʦʵʪʦʤʫ ʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʚʝʱʸʥʥʳʭ ʚ ʠʥʪʝʨʥʝʪʝ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʙʣʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʚʳʙʨʘʥʘ ʦʜʥʘ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʘʨʭʠʪʝʢʪʫʨʳ 

çʤʦʜʝʣʴ-ʧʨʝʜʩʪʘʚʣʝʥʠʝ-ʢʦʥʪʨʦʣʣʝʨè ï BLoC (Business Logic Component), ʢʦʪʦʨʘʷ ʦʪʜʝʣʷʝʪ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʧʨʠʣʦʞʝʥʠʷ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. BLoC ʨʘʙʦʪʘʝʪ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʩʦʙʳʪʠʡ ʠ ʜʘʥʥʳʭ. ʂʘʞʜʳʡ ʙʣʦʢ ʠʩʧʦʣʴʟʫʝʪ ʧʦʪʦʢʠ ʩʦʩʪʦʷʥʠʡ ʠ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʚʳʩʪʨʦʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ UI ʠ ʜʘʥʥʳʤʠ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʘʜʘʧʪʘʮʠʠ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʣʦʛʦʪʠʧʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ: ʦʥʣʘʡʥ ʩʝʨʚʠʩ FlutterIcons, Adobe Photoshop, Adobe Illustrator. 

ʉʦʚʨʝʤʝʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʚ ʤʦʙʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʥʝ ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ 
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ʩʢʝʚʦʤʦʨʬʠʟʤʘ (ʠʤʠʪʘʮʠʷ ʨʝʘʣʴʥʳʭ ʪʝʥʝʡ, ʙʣʠʢʦʚ, ʦʙʲʸʤʘ ʦʙʲʝʢʪʦʚ), ʧʦʵʪʦʤʫ ʜʠʟʘʡʥ 

ʚʳʧʦʣʥʷʣʩʷ ʚ ʩʪʠʣʝ çflatè: ʧʣʦʩʢʠʝ, ʥʝʥʘʛʨʫʞʝʥʥʳʝ ʬʦʨʤʳ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʦʚ. 

ʂʦʦʨʜʠʥʘʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʷʥʳʭ ʙʘʰʝʥ ʙʳʣʦ ʨʝʰʝʥʦ ʭʨʘʥʠʪʴ ʥʝ ʚ ʧʨʠʣʦʞʝʥʠʠ, ʘ ʥʘ 

ʫʜʘʣʸʥʥʦʤ ʩʝʨʚʝʨʝ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʜʦʙʘʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ. ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ 

ʩʝʨʚʝʨʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ php, ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʥʘ MySQL ʩʝʨʚʝʨʝ. ʆʙʱʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʩ 

ʩʝʨʚʝʨʦʤ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ GET ʟʘʧʨʦʩʦʚ ʠ JSON ʦʪʚʝʪʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʳ 

ʘʚʪʦʨʠʟʘʮʠʷ ʧʦ ʢʣʶʯʫ ʠ ʰʠʬʨʦʚʘʥʠʝ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ PHP 

ʢʣʘʩʩʦʚ çDatabaseè, ʠʩʧʦʣʴʟʫʶʱʘʷ ʨʘʩʰʠʨʝʥʠʝ PHP mysqli ʠ ʠʤʠʪʘʮʠʶ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ 

ʟʘʧʨʦʩʦʚ: https://github.com/Vasiliy-Makogon/Database/. ʇʨʝʠʤʫʱʝʩʪʚʘ ʙʠʙʣʠʦʪʝʢʘ ʪʘʢʦʚʳ: 

¶ ʠʟʙʘʚʣʷʝʪ ʦʪ ʤʥʦʛʦʩʣʦʚʥʦʩʪʠ: ʚʤʝʩʪʦ 3 (ʠ ʙʦʣʝʝ) ʩʪʨʦʢ ʢʦʜʘ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ 

ʟʘʧʨʦʩʘ ʧʠʰʝʪʩʷ 1 ʩʪʨʦʢʘ; 

¶ ʥʘʜʸʞʥʘʷ ʟʘʱʠʪʘ ʦʪ SQL-ʠʥʲʝʢʮʠʡ: ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʵʢʨʘʥʠʨʫʶʪʩʷ ʚʩʝ ʧʘʨʘʤʝʪʨʳ, 

ʠʜʫʱʠʝ ʚ ʪʝʣʦ ʟʘʧʨʦʩʘ, ʩʦʛʣʘʩʥʦ ʫʢʘʟʘʥʥʦʤʫ ʪʠʧʫ ʟʘʧʦʣʥʠʪʝʣʝʡ; 

¶ ʨʘʙʦʪʘʝʪ ʙʝʟ ʟʘʤʝʱʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ mysqli ʘʜʘʧʪʝʨʘ, ʘ ʜʦʧʦʣʥʷʝʪ ʝʛʦ; 

¶ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʘ-ʧʨʦʩʣʦʡʢʠ PHP DataObjects (PDO) ʠʩʧʦʣʴʟʫʝʤʘʷ ʙʠʙʣʠʦʪʝʢʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʧʦʣʥʦʮʝʥʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ SQL-ʟʘʧʨʦʩ, ʯʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ ʜʣʷ 

ʧʦʠʩʢʘ ʦʰʠʙʦʢ ʚ ʥʸʤ. 

ɼʣʷ ʨʘʙʦʪʳ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʢʘʨʪʳ ʩ ʫʣʠʮʘʤʠ ʠ ʟʜʘʥʠʷʤʠ. 

ʂʘʨʪʳ ʗʥʜʝʢʩ ʠ Google ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʨʪʳ Open Street Map, ʢʦʪʦʨʳʝ ʚʝʩʴʤʘ ʪʦʯʥʳ ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʥʮʠʧʘ çʚʠʢʠè, ʢʦʛʜʘ ʣʶʙʦʡ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʚʥʝʩʪʠ ʫʪʦʯʥʷʶʱʠʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʢʘʨʪʫ. 

ɼʣʷ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʥʫʞʥʦ ʥʝ ʪʦʣʴʢʦ ʦʪʦʙʨʘʞʘʪʴ ʢʘʨʪʳ, ʥʦ ʠ ʩʪʨʦʠʪʴ ʤʘʨʰʨʫʪʳ 

ʧʝʨʝʜʚʠʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʪʦʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʢʘʢ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʝʨʚʠʩʳ ʦʪ Google, 

ʗʥʜʝʢʩ, Microsoft, ʚ ʢʦʪʦʨʳʭ ʮʝʥʘ ʟʘ ʧʦʩʪʨʦʝʥʠʝ ʤʘʨʰʨʫʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 20 ʜʦ 38 ʢʦʧʝʝʢ, ʪʘʢ 

ʠ ʫʩʣʦʚʥʦ ʙʝʩʧʣʘʪʥʳʝ. ɹʳʣ ʚʳʙʨʘʥ ʩʝʨʚʠʩ graphhopper.com, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 500 

ʙʝʩʧʣʘʪʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʤʘʨʰʨʫʪʘ ʚ ʜʝʥʴ ʜʣʷ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ. 

ʆʧʠʰʝʤ ʣʦʛʠʢʫ ʧʨʦʝʢʪʘ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʠʜʠʪ ʟʘʩʪʘʚʢʫ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʫʟʢʘ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʛʨʘʤʤʳ ʠ ʧʦʜʛʨʫʟʢʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʩʝʨʚʝʨʘ. ʉʣʝʜʫʶʱʠʡ ʵʢʨʘʥ ï 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʚʝʯʘʝʪ ʟʘ ʛʣʘʚʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʠʣʦʞʝʥʠʷ: 

ʘ) ʧʦʢʘʟʘʪʴ, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʘʨʪʝ, 

ʙ) ʧʦʢʘʟʘʪʴ, ʛʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘʭʦʜʷʪʩʷ ʙʣʠʞʘʡʰʠʝ ʪʨʠ ʙʘʰʥʠ ʧʦ ʧʨʦʜʘʞʝ 

ʚʦʜʳ, 

ʚ) ʧʦʢʘʟʘʪʴ ʤʘʨʰʨʫʪ ʜʦ ʙʣʠʞʘʡʰʝʡ ʙʘʰʥʠ ʚ ʜʚʫʭ ʚʠʜʘʭ: ʧʦ ʩʣʝʜʦʚʘʥʠʶ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛ ʠ ʧʦ ʧʨʷʤʦʡ. ʄʘʨʰʨʫʪ ʧʦ ʧʨʷʤʦʡ ʥʫʞʝʥ, ʪʘʢ ʢʘʢ ʯʘʩʪʦ ʚʝʣʦʩʠʧʝʜʠʩʪ ʟʥʘʝʪ, ʢʘʢ ʩʨʝʟʘʪʴ 

ʧʫʪʴ, ʥʝ ʧʨʠʜʝʨʞʠʚʘʷʩʴ ʩʪʨʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʠ ʜʣʷ ʵʪʦʛʦ ʝʤʫ ʚʘʞʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʠ ʧʦʢʘʟʳʚʘʝʪ ʤʘʨʰʨʫʪ ʧʦ ʧʨʷʤʦʡ. 
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ʅʘ ʵʪʦʤ ʞʝ ʛʣʘʚʥʦʤ ʵʢʨʘʥʝ ʝʩʪʴ ʢʥʦʧʢʠ: ʧʨʠʙʣʠʟʠʪʴ, ʦʪʜʘʣʠʪʴ, ʧʨʦʩʪʨʦʠʪʴ ʤʘʨʰʨʫʪ ʜʦ 

ʩʣʝʜʫʶʱʝʡ ʙʣʠʞʘʡʰʝʡ ʪʦʯʢʠ ʥʘ ʵʢʨʘʥʝ, ʢʥʦʧʢʘ ʚʦʟʚʨʘʱʝʥʠʷ ʢ ʩʦʙʩʪʚʝʥʥʦʤʫ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ, ʢʥʦʧʢʘ ʤʝʥʶ. ʇʨʠ  ʥʘʞʘʪʠʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʜʷʥʦʡ ʙʘʰʥʠ ʦʪʢʨʳʚʘʝʪʩʷ 

ʦʢʥʦ ʩ ʨʝʡʪʠʥʛʦʤ ʚʢʫʩʘ ʠ ʥʘʟʚʘʥʠʝʤ ʬʠʨʤʳ-ʧʦʩʪʘʚʱʠʢʘ ʚʦʜʳ. 

ʂʥʦʧʢʘ ʤʝʥʶ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʢʥʦ ʩʙʦʢʫ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʠʪʩʷ: 

ʘ) ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʡ ʚʦʜʷʥʦʡ ʙʘʰʥʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, 

ʙ) ʦʪʦʙʨʘʞʘʪʴ ʠʣʠ ʥʝ ʦʪʦʙʨʘʞʘʪʴ ʧʨʷʤʦʡ ʤʘʨʰʨʫʪ (ʧʦ ʫʤʦʣʯʘʥʠʶ ʚʢʣʶʯʸʥ). 

ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʚʳʙʨʘʥʥʦʡ ʙʘʰʥʝ ʧʨʦʡʜʸʥʥʳʡ ʫʯʘʩʪʦʢ ʤʘʨʰʨʫʪʘ ʠʩʯʝʟʘʝʪ. ʇʦ 

ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʝʣʦʩʠʧʝʜʠʩʪʦʤ ʠ ʙʘʰʥʝʡ ʠʟʤʝʥʷʝʪʩʷ ʤʘʩʰʪʘʙ ʢʘʨʪʳ ï 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʙʣʠʞʝʥʠʝ. ʂʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʘʭ ʦʪ ʚʦʜʷʥʦʡ 

ʙʘʰʥʠ, ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ, ʢʦʪʦʨʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʫʞʠʪ ʪʨʸʤ ʮʝʣʷʤ: 

ʘ) ʞʝʣʘʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘʢʨʳʪʴ ʧʨʠʣʦʞʝʥʠʝ: ʟʘʢʨʳʪʠʝ ʧʨʠʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʪʘʚʠʪ ʦʮʝʥʢʫ ʚʢʫʩʘ. ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʬʠʟʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʟʘʢʨʳʪʠʷ ʧʨʠʣʦʞʝʥʠʷ ʚ ʜʚʘ ʨʘʟʘ; 

ʙ) ʧʦʣʫʯʠʪʴ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʮʝʥʢʫ ʚʢʫʩʘ ʚʦʜʳ ʚ ʜʘʥʥʦʡ ʙʘʰʥʝ; 

ʚ) ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʙʘʰʥʠ ʠʣʠ ʝʸ ʥʝʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʦʦʙʱʠʪʴ ʦʙ ʵʪʦʤ. 

ɹʣʘʛʦʜʘʨʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ (ʜʦʙʘʚʣʝʥʠʝ ʙʘʰʝʥ ʠ ʦʧʦʚʝʱʝʥʠʝ ʦ 

ʥʝʨʘʙʦʪʘʶʱʠʭ) ʥʘ ʩʝʨʚʝʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʙʘʟʳ ʜʘʥʥʳʭ ʩʠʣʘʤʠ ʩʦʦʙʱʝʩʪʚʘ 

ʚʝʣʦʩʠʧʝʜʠʩʪʦʚ, ʪʦ ʝʩʪʴ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʣʝʜʫʶʪ ʧʨʠʥʮʠʧʫ çʚʠʢʠè. 

ʆʧʠʰʝʤ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʨʘʟʨʘʙʦʪʯʠʢʘ. ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ 

ʦʧʨʘʰʠʚʘʝʪʩʷ ʛʝʦʧʦʟʠʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɿʘʪʝʤ ʧʨʦʚʝʨʷʝʪʩʷ ʝʩʪʴ ʣʠ ʫ ʧʨʠʣʦʞʝʥʠʷ ʜʘʥʥʳʝ, 

ʩʦʭʨʘʥʸʥʥʳʝ ʚ ʢʵʰʝ. ɺ ʢʵʰʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʢʦʦʨʜʠʥʘʪʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʳ (ʚʢʫʩ, 

ʬʠʨʤʘ-ʧʦʩʪʘʚʱʠʢ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʩ ʩʝʨʚʝʨʘ ʧʨʠ ʧʨʦʰʣʳʭ ʟʘʧʫʩʢʘʭ ʧʨʦʛʨʘʤʤʳ. 

ʂʵʰ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʙʳʩʪʨʝʡʰʝʡ ʪʝʭʥʦʣʦʛʠʠ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ Flutter ï Hive. ʇʦ ʩʨʘʚʥʝʥʠʶ 

ʩ SQLite ʠ S.Prefs, Hive ʨʘʙʦʪʘʝʪ ʩ ʥʫʣʝʚʦʡ ʟʘʜʝʨʞʢʦʡ ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʧʨʦʚʝʨʦʢ 

ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ ʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ. ɼʣʷ ʨʘʙʦʪʳ Hive ʪʨʝʙʫʝʪʩʷ ʫʢʘʟʘʪʴ ʬʦʨʤʘʪ, ʚ ʢʦʪʦʨʦʤ 

ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʨʠʚʝʜʝʥʘ ʢ ʧʦʜʜʝʨʞʠʚʘʝʤʳʤ ʧʨʦʩʪʳʤ ʪʠʧʘʤ ʜʘʥʥʳʭ. 

ɻʝʦʧʦʟʠʮʠʠʠ ʪʦʯʝʢ ʧʨʦʜʘʞʠ ʨʘʟʣʠʚʥʦʡ ʚʦʜʳ ʥʝʩʢʦʣʴʢʠʭ ʬʠʨʤ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʧʘʨʩʠʥʛʘ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʢʘʨʪ. ʇʘʨʩʠʥʛ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʨʝʜʩʪʚʘʤʠ ʷʟʳʢʘ Python ʧʨʠ ʧʦʤʦʱʠ ʙʠʙʣʠʦʪʝʢʠ BeautifulSoup 4. 

ʂʘʨʪʳ Open Street Maps ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʚʠʜʞʝʪʫ Flutter Map ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʩʣʦʷ ʩ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʢʘʨʪʳ. ʕʪʠ ʢʚʘʜʨʘʪʳ, ʠʟ ʢʦʪʦʨʳʭ ʩʢʣʘʜʳʚʘʝʪʩʷ ʢʘʨʪʘ, ʥʘʟʳʚʘʶʪʩʷ tiles (tile). 

ʌʦʨʤʘʪ ʟʘʧʨʦʩʘ ʢ API Open Street Maps ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʦʛʦ ʪʘʡʣʘ: 

https://{s}.tile.openstreetmap.org/{z}/{x}/{y}.png, ʛʜʝ s ï ʙʫʢʚʘ ʩʝʨʚʝʨʘ, z ï ʤʘʩʰʪʘʙ ʪʘʡʣʘ, 

x ʠ ʫ ï ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ ʪʘʡʣʘ ʥʘ ʢʘʨʪʝ ɿʝʤʣʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ API Open Street Map ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʜʨʘʭ 

ʙʠʙʣʠʦʪʝʢʠ Flutter Map, ʧʦʵʪʦʤʫ ʧʦʩʣʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʢʘʨʪʳ ʝʸ ʧʦʜʛʨʫʟʢʘ ʠ ʦʪʨʠʩʦʚʢʘ 

ʧʨʦʠʩʭʦʜʷʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
IV  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

20 

ɽʩʣʠ ʚ ʢʵʰʝ ʥʘʡʜʝʥʳ ʧʦʜʭʦʜʷʱʠʝ ʧʦ ʫʜʘʣʸʥʥʦʩʪʠ ʦʪ ʚʝʣʦʩʠʧʝʜʠʩʪʘ ʙʘʰʥʠ, ʪʦ ʟʘʧʨʦʩ ʢ 

ʩʝʨʚʝʨʫ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʦʜʭʦʜʷʱʠʝ ʙʘʰʥʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʵʢʨʘʥʝ. 

ɽʩʣʠ ʢʵʰ ʧʫʩʪ ʠʣʠ ʧʦʜʭʦʜʷʱʠʭ ʙʘʰʝʥ ʥʝʪ, ʪʦ ʥʘ ʩʝʨʚʝʨ ʧʝʨʝʜʘʸʪʩʷ get-ʟʘʧʨʦʩ, 

ʩʦʜʝʨʞʘʱʠʡ ʛʝʦʧʦʟʠʮʠʶ ʚʝʣʦʩʠʧʝʜʠʩʪʘ ʠ ʨʘʜʠʫʩ ʧʦʠʩʢʘ ʙʘʰʝʥ. ɺ ʦʪʚʝʪ ʧʦʣʫʯʘʝʤ JSON, 

ʩʦʜʝʨʞʘʱʠʡ ʢʦʦʨʜʠʥʘʪʳ, ʨʝʡʪʠʥʛ ʚʢʫʩʘ, ʥʘʟʚʘʥʠʷ ʬʠʨʤ-ʧʦʩʪʘʚʱʠʢʦʚ ʚʦʜʳ ʜʣʷ ʢʘʞʜʦʡ 

ʙʘʰʥʠ. 

ʌʦʨʤʘʪ JSON ʜʣʷ ʪʦʯʝʢ: 

{  "status" : 200, 

 "points" : [ 

  {  "latitude" :<h ʠʨʦʪʘ>, 

   "longitude" :<ʜʦʣʛʦʪʘ>, 

   "rating" :<ʨʝʡʪʠʥʛ>, 

   "name" :<ʥʘʟʚʘʥʠʝ ʬʠʨʤʳ>é 

ɼʣʷ ʜʦʩʪʫʧʘ ʢ API ʩʝʨʚʝʨʘ ʥʝʦʙʭʦʜʠʤ ʢʣʶʯ, ʢʦʪʦʨʳʡ ʟʘʨʘʥʝʝ ʩʛʝʥʝʨʠʨʦʚʘʥ ʜʣʷ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʟʘʧʨʦʩʘʭ ʢ ʩʝʨʚʝʨʫ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʘʚʠʣʴʥʦʛʦ 

ʢʣʶʯʘ ʚ ʟʘʧʨʦʩʝ ʩʝʨʚʝʨ ʚʦʟʚʨʘʱʘʝʪ ʦʰʠʙʢʫ 403. ʐʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʨʦʚʥʝ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ TLS/SSL. 

ʇʦʣʫʯʝʥʥʳʝ ʪʦʯʢʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʢʵʰʝ. ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʧʨʷʤʦʡ ʜʦ 

ʙʣʠʞʘʡʰʠʭ ʪʦʯʝʢ ʚ ʥʝʙʦʣʴʰʦʤ ʨʘʜʠʫʩʝ ʦʪ ʚʝʣʦʩʠʧʝʜʠʩʪʘ ʯʝʨʝʟ ʬʦʨʤʫʣʫ ʛʘʚʝʨʩʠʥʫʩʘ. 

ɺʳʙʠʨʘʶʪʩʷ ʪʨʠ ʙʣʠʞʘʡʰʠʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʚʳʚʦʜʷʪʩʷ ʥʘ ʵʢʨʘʥ. ʊʘʢ ʢʘʢ ʤʳ ʦʛʨʘʥʠʯʝʥʳ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʩʪʨʘʠʚʘʝʤʳʭ ʤʘʨʰʨʫʪʦʚ (500 ʚ ʜʝʥʴ), ʪʦ ʤʘʨʰʨʫʪ ʟʘʧʨʘʰʠʚʘʝʪʩʷ ʫ 

graphhopper.com ʪʦʣʴʢʦ ʜʦ ʦʜʥʦʡ, ʙʣʠʞʘʡʰʝʡ ʧʦ ʧʨʷʤʦʡ, ʪʦʯʢʠ. ʇʨʦʩʪʨʘʠʚʘʥʠʝ ʤʘʨʰʨʫʪʘ ʜʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʚʦʜʷʥʦʡ ʙʘʰʥʠ (ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʥʘ ʵʢʨʘʥʝ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʟʘʧʨʦʩʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ï ʥʘʞʘʪʠʝʤ ʥʘ ʢʥʦʧʢʫ ʩʦ ʩʪʨʝʣʦʯʢʦʡ ñʩʣʝʜʫʶʱʠʡ ʤʘʨʰʨʫʪò. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʧʨʦʙʣʝʤʘ ʩ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʧʨʦʛʨʘʤʤʳ. ʇʦ ʩʚʦʝʤʫ 

ʧʦʚʝʜʝʥʠʶ ʵʪʦ ʥʘʧʦʤʥʠʣʦ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ ʜʘʥʥʳʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ 

ʨʘʟʥʳʭ ʦʢʥʘʭ ʚ Windows Forms C#. ʊʘʢ ʠ ʟʜʝʩʴ ʤʳ ʥʝ ʤʦʛʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʥʫʞʥʳʤ ʜʘʥʥʳʤ ʠʟ 

ʣʶʙʦʛʦ ʤʝʩʪʘ. ʏʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ Blocs, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʠʚʝʣʦ ʢ ʜʨʫʛʦʡ ʧʨʦʙʣʝʤʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʭ ʨʘʙʦʪʳ. 

ʃʦʛʠʢʘ ʨʘʙʦʪʳ ʢʦʥʢʨʝʪʥʦʛʦ ʙʣʦʢʘ ʧʨʦʧʠʩʳʚʘʝʪʩʷ ʚ ʬʘʡʣʝ ʦʧʠʩʘʥʠʷ ʙʣʦʢʘ; ʩʦʩʪʦʷʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʧʦʪʦʢ, ʚ ʬʘʡʣʝ ʩʦʩʪʦʷʥʠʡ ʙʣʦʢʘ; ʩʦʙʳʪʠʷ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʙʣʦʢʫ, 

ʧʨʦʧʠʩʳʚʘʶʪʩʷ ʚ ʬʘʡʣʝ ʩʦʙʳʪʠʡ ʙʣʦʢʘ. ʄʦʞʥʦ ʥʘʧʨʷʤʫʶ ʚʤʝʰʠʚʘʪʴʩʷ ʚ state, ʤʠʥʫʷ event. 

ʅʘ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʪʦʢʝ ʤʦʞʥʦ ʧʦʜʧʠʩʘʪʴʩʷ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʠʟ ʣʶʙʦʡ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʦʜʢʣʶʯʝʥʠʷ ʙʣʦʢʦʚ ʧʦ ʩʩʳʣʢʝ. 

ɺ main ʩʦʟʜʘʶʪʩʷ ʵʢʟʝʤʧʣʷʨʳ ʙʣʦʢʦʚ: 

MapGetPointBlocpointsBloc = MapGetPointBloc(); 

ʇʦʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʙʣʦʢʘ ʚʩʝʤ ʞʝʣʘʶʱʠʤ, ʧʦʪʦʢʠ ʙʣʦʢʦʚ 

ʧʦʤʝʱʘʶʪʩʷ ʚ context: 

BlocProvider<MapGetPointBloc>(create: (context) { 

return pointsBloc..add(MapGetPointsEvent()); 
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ɺ ʥʫʞʥʦʤ ʤʝʩʪʝ ʚ ʜʨʫʛʦʤ ʬʘʡʣʝ ʩʦʟʜʘʶʪʩʷ ʙʣʦʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʩʩʳʣʢʘʤʠ ʥʘ ʫʞʝ 

ʩʦʟʜʘʥʥʳʝ, ʜʘʥʥʳʝ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ context: 

pointsBloc = BlocProvider.of<MapGetPointBloc>(context); 

ʂʨʦʤʝ ʩʢʚʦʟʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʙʣʦʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʟʜʝʣʝʥʠʝ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʦʪ 

ʜʠʟʘʡʥʝʨʩʢʦʡ ʯʘʩʪʠ. ɻʣʘʚʝʥʩʪʚʫʶʱʫʶ ʨʦʣʴ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʦʪʦʙʨʘʞʝʥʠʠ ʢʦʥʪʝʥʪʘ ʚ 

ʧʨʠʣʦʞʝʥʠʷʭ, ʩʦʟʜʘʥʥʳʭ ʥʘ Flutter, ʠʛʨʘʶʪ ʚʠʜʞʝʪʳ (Widgets). ɺʠʜʞʝʪʳ ï ʷʜʨʦ ʤʝʭʘʥʠʟʤʘ 

ʤʘʢʝʪʦʚ Flutter. ʀʟʦʙʨʘʞʝʥʠʷ,  ʟʥʘʯʢʠ, ʪʝʢʩʪ, ʥʝʚʠʜʠʤʳʝ ʵʣʝʤʝʥʪʳ (ʩʪʨʦʢʠ, ʩʝʪʢʠ, ʩʪʦʣʙʮʳ), 

ʢʦʪʦʨʳʝ ʫʧʦʨʷʜʦʯʠʚʘʶʪ ʚʠʜʠʤʳʝ ʚʠʜʞʝʪʳ, ʪʦʞʝ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʠʜʞʝʪʦʚ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʨʘʟʨʘʙʦʪʯʠʢ ʩʦʟʜʘʝʪ ʤʘʢʝʪ ʧʫʪʝʤ ʠʭ ʢʦʤʧʦʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʥʦʤ ʵʢʨʘʥʝ ʵʣʝʤʝʥʪʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʤʘʢʝʪʝ ʩʝʪʦʯʥʦʡ ʚʝʨʩʪʢʠ (çgridlayoutè). ʉ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ 

BlocBuilder, ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ, ʚ ʚʠʜʞʝʪʳ ʧʦʜʛʨʫʞʘʶʪʩʷ ʜʘʥʥʳʝ ʠʟ ʙʣʦʢʦʚ: 

Widgetbuild (BuildContextcontext) { 

RouteBlocrouteBloc = BlocProvider.of<RouteBloc>(context); 

return BlocBuilder<MapGetPointBloc, List<WaterPoint>>( 

      builder: (c1, points) { 

        return BlocBuilder<RouteBloc, AllRouteInfo>( 

            builder: (c2, route) {  é 

routeBloc.add(ChangeRouteEvent(_geoRepository.currPos)); 

points.add(WaterPoint(succAndLatLng.newPoint, '000', 100, false)); 

ʉʶʜʘ ʞʝ ʚʣʦʞʝʥ ʚʠʜʞʝʪ ʢʘʨʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʜʘʥʥʳʝ ʠʟ ʙʣʦʢʦʚ ʚ ʦʪʦʙʨʘʞʘʝʤʳʭ ʩʣʦʷʭ: 

return FlutterMap(é. 

/*ʚʠʜʠʤʳʝ ʩʣʦʠ*/      layers: [ 

/*ʩʣʦʡ ʢʘʨʪʳ*/  tileLayerOptions (ñhttps://{s}.tile.openstreetmap.org/{z}/{x}/{y}.pngò) 

/*ʩʣʦʡ ʩ ʦʪʨʠʩʦʚʘʥʥʳʤ ʤʘʨʰʨʫʪʦʤ:*/      

polyOptions(c3, route, line, numberOfLayer, onOffStraightRoute), 

/*ʩʣʦʡ ʩ ʚʦʜʷʥʳʤʠ ʙʘʰʥʷʤʠ:*/  

markerOptions(c3, points, numberOfLayer, succAndLatLng)] 

ɼʠʟʘʡʥ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʥʠʞʥʝʡ ʧʘʥʝʣʠ ʙʳʣ ʩʦʟʜʘʥ ʚʨʫʯʥʫʶ. ʈʘʩʪʨʦʚʘʷ ʛʨʘʬʠʢʘ 

ʩʦʟʜʘʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʥʰʝʪʘ ʚ Photoshop, ʚʝʢʪʦʨʥʘʷ ʛʨʘʬʠʢʘ ï ʚ Adobe 

Illustrator. ʏʪʦʙʳ Flutter ʧʦʜʜʝʨʞʠʚʘʣ ʩʦʟʜʘʥʥʫʶ ʛʨʘʬʠʢʫ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʝʨʚʠʩ-ʢʦʥʚʝʨʪʝʨ 

FlutterIcon, ʛʝʥʝʨʠʨʫʶʱʠʡ ʥʘʙʦʨ ʟʥʘʯʢʦʚ ʠ ʠʢʦʥʦʢ ʚ ʬʦʨʤʘʪ ʩʧʝʮʠʘʣʴʥʦʤ ʬʦʨʤʘʪʝ ttf. ɼʣʷ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʯʘʩʪʝʡ ʜʠʟʘʡʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʩʪʨʦʝʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ çMaterialDesignè. 

ɼʣʷ ʟʘʛʨʫʟʢʠ ʛʦʪʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ Play Market ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʥʣʘʡʥ ʩʝʨʚʠʩ Google Play 

Console. ɹʝʩʢʦʥʝʯʥʳʡ ʜʦʩʪʫʧ ʢ ʥʝʤʫ ʩʪʦʠʪ ʦʢʦʣʦ 2 ʪʳʩʷʯ ʨʫʙʣʝʡ ʠ ʙʳʣ ʥʘʤʠ ʧʦʣʫʯʝʥ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʨʝʣʠʟ-ʜʦʩʪʫʧ ʢ ʤʘʛʘʟʠʥʫ ʧʨʠʣʦʞʝʥʠʡ ʥʘ iOS ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʦʜʧʠʩʢʝ ʠ 

ʩʪʦʠʪ ʦʢʦʣʦ 6 ʪʳʩʷʯ ʨʫʙʣʝʡ ʝʞʝʛʦʜʥʦ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʥʝʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʤʳ 

ʦʛʨʘʥʠʯʠʣʠʩʴ ʧʫʙʣʠʢʘʮʠʝʡ ʥʘ GooglePlay Market. ʆʪʤʝʪʠʤ, ʯʪʦ Play Console ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʨʝʣʠʟʘ ʧʨʠʣʦʞʝʥʠʡ, ʥʦ ʠ ʜʣʷ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʩʶʜʘ ʟʘʛʨʫʞʘʶʪʩʷ ʪʝʩʪʦʚʳʝ 

ʚʝʨʩʠʠ, ʥʝ ʠʤʝʶʱʠʝ ʷʚʥʳʭ ʦʰʠʙʦʢ ʢʦʤʧʠʣʷʮʠʠ. ɿʜʝʩʴ ʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʧʨʠʛʣʘʰʝʥʠʝ ʪʝʩʪʠʨʦʚʱʠʢʦʚ ʜʣʷ ʧʦʠʩʢʘ 

ʦʰʠʙʦʢ ʚ ʟʘʛʨʫʞʘʝʤʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʣʘʤʠ ʩʪʫʜʝʥʯʝʩʢʦʡ ʢʦʤʘʥʜʳ ʠʟ ʪʨʸʭ ʯʝʣʦʚʝʢ, ʙʳʣʦ ʩʦʟʜʘʥʦ 

ʧʦʣʥʦʮʝʥʥʦʝ ʥʘʚʠʛʘʮʠʦʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ Android ʠ iOS. ʇʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʚʝʣʦʩʠʧʝʜʠʩʪʫ, ʫ ʢʦʪʦʨʦʛʦ ʟʘʢʦʥʯʠʣʘʩʴ ʚʦʜʘ ʚ ʣʠʯʥʦʡ ʙʫʪʳʣʦʯʢʝ, ʧʦʩʪʨʦʠʪʴ ʤʘʨʰʨʫʪ ʜʦ 

ʙʣʠʞʘʡʰʝʡ ʪʦʯʢʠ ʧʨʦʜʘʞʠ ʨʘʟʣʠʚʥʦʡ ʚʦʜʳ. 
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ʛ. ʏʝʙʦʢʩʘʨʳ, ʈʦʩʩʠʷ 

 

ʆɹ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʅɽʂʆʊʆʈʓʍ ʇʆɼʍʆɼʆɺ  

ʂ ʈɽʐɽʅʀʖ ɿɸɼɸʏʀ ʂʆʄʄʀɺʆʗɾɪʈɸ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʸʨʘ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢʠ Concorde, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 700 ʬʫʥʢʮʠʡ. ʇʨʝʜʣʦʞʝʥ 

ʨʷʜ ʩʧʦʩʦʙʦʚ ʩʦʢʨʘʱʝʥʠʷ ʤʘʨʰʨʫʪʘ: ʫʩʪʨʘʥʝʥʠʝ ʧʝʨʝʩʝʯʝʥʠʡ, ʣʦʢʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʤʝʪʦʜʦʤ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ ʠ ʜʨ. ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ, ʨʝʘʣʠʟʫʶʱʠʡ ʵʪʠ ʩʧʦʩʦʙʳ 

ʠ ʚʳʚʦʜʷʱʠʡ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʘʨʰʨʫʪʘ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʦʙʱʝʜʦʩʪʫʧʥʳʝ ʬʘʡʣʳ ʩ 

ʜʘʥʥʳʤʠ ʦ ʛʦʨʦʜʘʭ ʚ ʬʦʨʤʘʪʝ TSPLIB. ʇʦʣʫʯʝʥʥʳʡ ʤʘʨʰʨʫʪ ʜʣʷ 423 ʛʦʨʦʜʦʚ ʥʘ 5% ʜʣʠʥʥʝʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ. 
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ON THE EFFICIENCY OF SOME APPROACHES TO SOLUTION  

OF THE TRAVELING SALESM AN'S PROBLEM  

 

Abstract. Possibilities of software solution of the traveling salesman problem without using 

the Concorde library, which includes more than 700 functions, are investigated. A number of ways 

to shorten the route are proposed: elimination of intersections, local optimization by the nearest 

neighbor method, etc. A complex of programs has been developed that implements these methods 

and displays a graphical image of the route. Publicly available city data files in TSPLIB format are 

used. The resulting route for 423 cities is 5% longer than the optimal route. 

Keywords: traveling salesman problem; global optimum; Concorde. 

 

ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʸʨʘ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ 1934 ʛʦʜʫ [3, c. 61] ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʟʘʜʘʥʳ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ, ʠ ʪʨʝʙʫʝʪʩʷ ʧʦʩʝʪʠʪʴ ʢʘʞʜʳʡ ʛʦʨʦʜ ʨʦʚʥʦ ʧʦ ʦʜʥʦʤʫ 

ʨʘʟʫ ʠ ʚʝʨʥʫʪʴʩʷ ʚ ʥʘʯʘʣʦ ʤʘʨʰʨʫʪʘ, ʪʘʢ ʯʪʦʙʳ ʦʙʱʘʷ ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ. 

ʕʪʘ ʟʘʜʘʯʘ ʩʪʘʣʘ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʘʜʨʝʩʫ cs.rhul.ac.uk/home/zvero/GTSPLIB/ 

ʥʘʭʦʜʠʪʩʷ ʠʟʚʝʩʪʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʪʝʩʪʦʚʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ, GTSPLIB, ʜʦʩʪʫʧʥʳʭ 
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ʜʣʷ ʩʚʦʙʦʜʥʦʡ ʟʘʛʨʫʟʢʠ [4, ʩ. 269]. ʇʦ ʘʜʨʝʩʫ math.uwaterloo.ca/tsp/vlsi/index.html ʩʫʱʝʩʪʚʫʝʪ 

ʧʦʭʦʞʘʷ ʙʠʙʣʠʦʪʝʢʘ VLSI Data Sets. ʇʦ ʘʜʨʝʩʫ https://clck.ru/bNFFq ʩʫʱʝʩʪʚʫʝʪ web-ʩʝʨʚʠʩ 

NEOS, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʨʝʰʘʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ 

ʜʘʥʥʳʤʠ ʚ ʬʦʨʤʘʪʝ TSPLIB ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʥʘʩʪʨʦʡʢʘʤʠ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʷ 

ʘʣʛʦʨʠʪʤ Concorde ʣʠʙʦ ʵʚʨʠʩʪʠʢʫ Lin-Kernighan [5, ʩ. 500]. ʊʘʢ, ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʸʨʘ ʜʣʷ 

ʜʘʥʥʳʭ ʚ ʬʘʡʣʝ pbn423.tsp ʠʟ ʙʠʙʣʠʦʪʝʢʠ VLSI Data Sets ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ web-ʩʝʨʚʠʩʘ 

ʨʝʰʘʝʪʩʷ ʟʘ 1,58 ʩ; ʧʨʠ ʵʪʦʤ ʥʘʭʦʜʠʪʩʷ ʛʣʦʙʘʣʴʥʳʡ ʦʧʪʠʤʫʤ. ɺ ʵʪʦʤ ʬʘʡʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 423 

çʛʦʨʦʜʘè, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ï ʮʝʣʳʝ ʯʠʩʣʘ ʚ ʜʝʢʘʨʪʦʚʦʡ ʧʣʦʩʢʦʩʪʠ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ 

ʢʦʤʧʴʶʪʝʨʦʤ.  

ʆʜʥʘʢʦ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ ʥʝ ʚʩʝʛʜʘ ʪʘʢʦʝ ʢʦʨʦʪʢʦʝ. ʇʦʤʠʤʦ ʚʳʰʝʥʘʟʚʘʥʥʳʭ 

ʙʠʙʣʠʦʪʝʢ, ʚ ʜʦʤʝʥʝ ʬʘʢʫʣʴʪʝʪʘ ʤʘʪʝʤʘʪʠʢʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ɺʘʪʝʨʣʦʦ ʩʫʱʝʩʪʚʫʝʪ ʩʘʡʪ 

math.uwaterloo.ca/tsp/world/index.html, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʬʘʡʣ world.tsp ʩ 1904711 ʛʦʨʦʜʘʤʠ ʤʠʨʘ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʫʯʸʥʳʤʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʠʟʨʝʜʢʘ, ʠʥʦʛʜʘ ʨʘʟ ʚ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, 

ʥʘʭʦʜʷʪʩʷ ʣʫʯʰʠʝ ʤʘʨʰʨʫʪʳ, ʯʝʤ ʨʘʥʝʝ. ʅʘ ʩʘʡʪʝ math.uwaterloo.ca/tsp/index.html ʩʫʱʝʩʪʚʫʶʪ 

ʠ ʜʨʫʛʠʝ ʬʘʡʣʳ, ʥʘʧʨʠʤʝʨ, ʬʘʡʣ nl57912.xy, ʩʦʦʙʱʘʶʱʠʡ ʢʦʦʨʜʠʥʘʪʳ çʰʠʨʦʪʘ-ʜʦʣʛʦʪʘè 

57912 ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʚ ɻʦʣʣʘʥʜʠʠ. ʅʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʜʣʷ ʵʪʦʛʦ 

ʬʘʡʣʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ ʟʘʥʷʣʦ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʥʠʚʝʨʩʠʪʝʪʘ ɺʘʪʝʨʣʦʦ 

(ʂʘʥʘʜʘ) ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 96,9 ʣʝʪ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʙʳʩʪʨʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘʭʦʞʜʝʥʠʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʘ ʜʣʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʸʨʘ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ɹʠʙʣʠʦʪʝʢʘ Concorde ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 700 ʬʫʥʢʮʠʡ ʠ ʩʚʦʙʦʜʥʦ ʜʦʩʪʫʧʥʘ ʧʦ ʘʜʨʝʩʫ 

https://clck.ru/bNFGT ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʆʙʱʠʡ ʨʘʟʤʝʨ 

ʬʘʡʣʦʚ ʚʝʨʩʠʠ 2003 ʛ. 4,2 ʄʙʘʡʪ; ʠʤʝʶʪʩʷ ʨʘʟʥʳʝ ʚʝʨʩʠʠ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ʵʪʦʡ ʙʠʙʣʠʦʪʝʢʠ ʩʨʘʟʫ ʥʝ ʦʯʝʚʠʜʥʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʸʨʘ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢʠ Concorde, ʪʦ ʝʩʪʴ, ʢʘʢ ʤʦʞʥʦ ʨʝʰʘʪʴ ʵʪʫ ʟʘʜʘʯʫ ʦʯʝʚʠʜʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʨʘʟʨʘʙʘʪʳʚʘʷ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʥʘ Delphi, ʯʪʦʙʳ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʤʧʦʨʪʘ ʠʟ ʙʠʙʣʠʦʪʝʢʠ Concorde, ʪʘʢ ʢʘʢ ʪʘ ʠʩʧʦʣʴʟʫʝʪ ʷʟʳʢ 

C++, ʘ Delphi ï Object Pascal. ʇʨʦʛʨʘʤʤʘ ʧʨʠ ʢʦʤʧʠʣʷʮʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʛʦʨʦʜʦʚ 

100000 ʧʨʠ ʨʘʙʦʪʝ ʚ Windows 7 Professional ʭ64 ʠʩʧʦʣʴʟʫʝʪ 17,8 ʄʙʘʡʪ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ɺʦʟʤʦʞʥʘ ʢʦʤʧʠʣʷʮʠʷ ʠ ʜʣʷ 2 ʤʣʥ ʛʦʨʦʜʦʚ, ʦʜʥʘʢʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʧʨʠʝʤʣʝʤʦ ʜʣʠʪʝʣʴʥʳʤ, ʘ ʧʘʤʷʪʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ, ʧʦʵʪʦʤʫ ʫʩʪʘʥʦʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʯʠʩʣʦ ʛʦʨʦʜʦʚ 100000. ʊʝʢʩʪ ʧʨʦʛʨʘʤʤʳ ʩʦʜʝʨʞʠʪ 917 ʩʪʨʦʢ. ʆʙʲʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʩ 

ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ 1 ʄʙ. 

ʈʝʘʣʠʟʫʝʤʳʤʠ ʧʨʠʸʤʘʤʠ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ. 

1. ʉʦʩʪʘʚʣʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʙʦʨʘ. 

3. ʃʦʢʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. 

4. ʋʩʪʨʘʥʝʥʠʝ çʙʘʭʨʦʤʳè. 
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5. ʎʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ ʤʘʨʰʨʫʪʘ ʥʘ ʟʘʜʘʚʘʝʤʦʝ ʯʠʩʣʦ ʛʦʨʦʜʦʚ. 

6. ɸʥʥʝʢʩʠʷ çʧʦʣʫʦʩʪʨʦʚʦʚè. 

7. ʋʩʪʨʘʥʝʥʠʝ ʧʨʝʩʝʯʝʥʠʡ. 

8. ʃʦʢʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʤ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʸʤʦʚ. 

1. ʉʦʩʪʘʚʣʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ 

ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʦ ʧʨʦʢʣʘʜʳʚʘʪʴ ʤʘʨʰʨʫʪ, ʢʘʞʜʳʡ ʨʘʟ ʚʳʙʠʨʘʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʦʨʦʜʘ ʪʦʪ, ʢʦʪʦʨʳʡ ʙʣʠʞʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢ ʪʝʢʫʱʝʤʫ ʛʦʨʦʜʫ. ʇʦʣʫʯʘʝʤʦʝ 

ʨʝʰʝʥʠʝ ʜʘʣʝʢʦ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ. ʊʘʢ, ʜʣʷ pbn423.tsp ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 1702ï1817, ʯʪʦ ʥʘ 20ï

25% ʙʦʣʴʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʨʘʚʥʦʛʦ 1365. ɺʨʝʤʷ ʨʘʙʦʪʳ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠ 423 ʛʦʨʦʜʘʭ ʦʢʦʣʦ 

ʦʜʥʦʡ ʩʝʢʫʥʜʳ, ʦʜʥʘʢʦ ʜʣʷ ʬʘʡʣʘ world.tsp ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢʘʢ ʩʫʪʢʠ, ʧʦʩʢʦʣʴʢʫ 

ʚʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ )( 2nO , ʛʜʝ n ï ʯʠʩʣʦ ʛʦʨʦʜʦʚ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʜʠʥ ʧʨʦʮʝʩʩʦʨ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ). ʂʦʛʜʘ ʵʪʦ ʚʨʝʤʷ ʥʝʚʝʣʠʢʦ, ʤʦʞʥʦ ʥʘʯʠʥʘʪʴ 

ʧʦʩʪʨʦʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩ ʧʝʨʚʦʛʦ ʛʦʨʦʜʘ, ʘ ʩ ʨʘʟʥʳʭ ʛʦʨʦʜʦʚ. ʏʠʩʣʦ ʪʘʢʠʭ ʛʦʨʦʜʦʚ ʟʘʜʘʸʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʦʛʨʘʤʤʳ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʣʫʯʰʠʡ. ʆʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʝʰʝʥʠʝ ʜʘʣʝʢʦ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ.  

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʙʦʨʘ 

ʕʪʦʪ ʧʨʠʸʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʣʝ ʩʦʩʪʘʚʣʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʤʝʪʦʜʦʤ 

ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ ʠ ʙʳʣ ʵʬʬʝʢʪʠʚʝʥ, ʢʦʛʜʘ ʛʦʨʦʜʦʚ ʙʳʣʦ 40 [2]. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ, ʦʜʥʘʢʦ ʢʘʞʜʳʡ ʨʘʟ ʚʳʙʠʨʘʝʪʩʷ ʥʝ ʩʘʤʳʡ ʙʣʠʟʢʠʡ 

ʩʦʩʝʜ, ʘ ʥʝʢʦʪʦʨʳʡ ʧʦ ʧʦʨʷʜʢʫ ʠʟ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ. ʇʨʠ ʵʪʦʤ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʚʝʢʪʦʨ ʚʳʙʦʨʘ. 

ɼʣʷ ʬʘʡʣʘ pbn423.tsp ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 1648 ʠ ʙʦʣʝʝ, ʪ. ʝ. ʥʘ 

17% ʙʦʣʴʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʚʣʠʷʥʠʝ ʥʘ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ ʠ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʫʣʫʯʰʘʝʪ ʨʝʟʫʣʴʪʘʪ ʤʝʪʦʜʘ 

ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʦʵʪʦʤʫ ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʨʝʤʷ 

ʚʳʯʠʩʣʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ, ʠ ʟʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʠʸʤʳ. 

3. ʃʦʢʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʨʠʸʤʘ ʤʥʦʛʦʢʨʘʪʥʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʝʪʩʷ ʦʪʨʝʟʦʢ 

ʤʘʨʰʨʫʪʘ ʩ ʟʘʜʘʚʘʝʤʳʤ ʯʠʩʣʦʤ ʛʦʨʦʜʦʚ, ʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʛʦʨʦʜʦʚ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ. ʇʨʠ ʫʣʫʯʰʝʥʠʠ ʨʝʟʫʣʴʪʘʪ ʬʠʢʩʠʨʫʝʪʩʷ. ʂʦʣʠʯʝʩʪʚʘ ʧʝʨʝʩʪʘʥʦʚʦʢ ʠ 

ʦʪʨʝʟʢʦʚ ʟʘʜʘʶʪʩʷ ʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ. ʆʙʳʯʥʦ ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

ʟʘʜʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʣʦ ʜʦ 1 ʤʠʥʫʪʳ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ (ʝʜʠʥʠʮʳ ʜʣʷ pbn423.tsp), ʥʦ ʚʩʝ ʞʝ ʩʫʱʝʩʪʚʫʝʪ. ʕʪʦʪ ʤʝʪʦʜ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʜʨʷʜ, ʧʦʢʘ ʨʝʟʫʣʴʪʘʪ ʥʝ ʧʝʨʝʩʪʘʥʝʪ ʫʣʫʯʰʘʪʴʩʷ. 

4. ʋʩʪʨʘʥʝʥʠʝ çʙʘʭʨʦʤʳè 

ʇʦʜ çʙʘʭʨʦʤʦʡè ʧʦʥʠʤʘʶʪʩʷ ʛʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʝ ʫʛʣʳ, ʥʘʧʨʠʤʝʨ, ʤʝʥʝʝ 45 ʛʨʘʜʫʩʦʚ ʚ 

ʤʘʨʰʨʫʪʝ, ʧʨʠʯʸʤ ʚʝʣʠʯʠʥʫ ʫʛʣʘ ʟʘʜʘʸʪ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɽʩʣʠ ʩʦʩʝʜʥʠʝ ʧʦ ʤʘʨʰʨʫʪʫ ʜʚʘ ʛʦʨʦʜʘ 

ʜʣʷ ʪʘʢʦʛʦ ʛʦʨʦʜʘ ʜʘʣʝʢʦ, ʘ ʚʙʣʠʟʠ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʜʨʫʛʠʭ ʛʦʨʦʜʘ, ʪʦ ʪʘʢʦʡ ʛʦʨʦʜ 

ʧʦʤʝʱʘʝʪʩʷ ʚ ʤʘʨʰʨʫʪʝ ʤʝʞʜʫ ʜʚʫʤʷ ʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʛʦʨʦʜʘʤʠ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 1, 
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ʘ) ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ ʤʘʨʰʨʫʪʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʠ ʚʳʜʝʣʝʥʘ 

ʪʨʦʡʢʘ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʛʦʨʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭ çʙʘʭʨʦʤʫè. ʇʨʦʛʨʘʤʤʘ ʧʦʤʝʩʪʠʣʘ ʮʝʥʪʨʘʣʴʥʳʡ 

ʛʦʨʦʜ ʚ ʵʪʦʡ ʪʨʦʡʢʝ ʚ ʤʘʨʰʨʫʪʝ ʤʝʞʜʫ ʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʢ ʥʝʤʫ ʛʦʨʦʜʘʤʠ, ʢʘʢ ʚʳʜʝʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʙ). ʕʪʦʪ ʤʝʪʦʜ ʠʥʦʛʜʘ ʫʤʝʥʴʰʘʝʪ ʜʣʠʥʫ ʤʘʨʰʨʫʪʘ, ʘ ʠʥʦʛʜʘ ʫʚʝʣʠʯʠʚʘʝʪ, ʥʦ 

ʥʝʥʘʤʥʦʛʦ. ɺʨʝʤʷ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʧʨʠʸʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʝʛʦ ʚʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ 

)( 2nO : ʜʣʷ ʢʘʞʜʦʛʦ ʛʦʨʦʜʘ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʩʴ ʤʘʨʰʨʫʪ ʜʣʷ ʧʦʠʩʢʘ ʙʣʠʟʢʠʭ ʛʦʨʦʜʦʚ. 

ʉʣʦʚʦʩʦʯʝʪʘʥʠʝ çʫʩʪʨʘʥʝʥʠʝ ʙʘʭʨʦʤʳè ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ [1, ʩ. 67] 

ʠ ʧʦ ʩʤʳʩʣʫ ʥʝʩʢʦʣʴʢʦ ʩʭʦʜʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ (ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ 

ʫʢʦʨʘʯʠʚʘʶʪʩʷ ʣʠʥʠʠ, ʘ ʟʜʝʩʴ ï ʜʘʣʝʢʦ ʚʳʩʪʫʧʘʶʱʠʝ ʯʘʩʪʠ ʤʘʨʰʨʫʪʘ).  

5. ʎʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛ ʤʘʨʰʨʫʪʘ ʥʘ ʟʘʜʘʚʘʝʤʦʝ ʯʠʩʣʦ ʛʦʨʦʜʦʚ 

ʕʪʦ ʜʝʡʩʪʚʠʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥʳ ʤʘʨʰʨʫʪʘ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʸʤʳ ʥʝ ʫʯʠʪʳʚʘʶʪ ʮʠʢʣʠʯʥʦʩʪʴ ʤʘʨʰʨʫʪʘ ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʠ ʢʨʘʡʥʠʝ ʥʝʩʢʦʣʴʢʦ ʛʦʨʦʜʦʚ ʚ ʤʘʨʰʨʫʪʝ ʠʤʠ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʧʨʠʸʤʦʚ 

ʠʥʦʛʜʘ ʧʦʣʫʯʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʤʘʨʰʨʫʪʘ. ɺ ʧʨʦʛʨʘʤʤʝ ʥʦʤʝʨʘ ʛʦʨʦʜʦʚ 

ʥʝ ʠʟʤʝʥʷʶʪʩʷ; ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʪʝʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʘʩʩʠʚʝ. 

6. ɸʥʥʝʢʩʠʷ çʧʦʣʫʦʩʪʨʦʚʦʚè 

ʅʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʤʘʨʰʨʫʪʘ ʤʦʛʫʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ ʧʦʣʫʦʩʪʨʦʚʘ. ɽʩʣʠ ʨʷʜʦʤ ʩ ʪʘʢʠʤ 

çʧʦʣʫʦʩʪʨʦʚʦʤè ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʛʦʨʦʜʘ, ʪʦ ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʩʦʝʜʠʥʠʪʴ 

ʝʛʦ ʩ ʵʪʠʤʠ ʜʚʫʤʷ ʛʦʨʦʜʘʤʠ ʠ ʪʘʢ ʩʦʢʨʘʪʠʪʴ ʤʘʨʰʨʫʪ. ɻʦʨʦʜʘ, ʦʪ ʢʦʪʦʨʳʭ ʦʪʩʦʝʜʠʥʠʣʩʷ 

çʧʦʣʫʦʩʪʨʦʚè, ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʢ ʢʦʪʦʨʳʤ ʧʨʠʩʦʝʜʠʥʠʣʩʷ, ʥʘʧʨʦʪʠʚ, ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʦʪʩʦʝʜʠʥʷʶʪʩʷ. ɽʩʣʠ ʵʪʦ ʫʢʦʨʘʯʠʚʘʝʪ ʤʘʨʰʨʫʪ, ʠʟʤʝʥʝʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ. ʅʘʧʨʠʤʝʨ, 

çʧʦʣʫʦʩʪʨʦʚè, ʚʳʜʝʣʝʥʥʳʡ ʦʚʘʣʦʤ ʥʘ ʨʠʩʫʥʢʝ 1, ʚ), ʘʥʥʝʢʩʠʨʦʚʘʣʩʷ ʚʧʨʘʚʦ, ʢʘʢ ʚʳʜʝʣʝʥʦ 

ʦʚʘʣʦʤ ʥʘ ʨʠʩʫʥʢʝ 1, ʛ). ʕʪʦʪ ʤʝʪʦʜ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʫʢʦʨʦʯʝʥʠʶ ʤʘʨʰʨʫʪʘ ʠ 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʜʨʷʜ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʘ, ʥʘʟʳʚʘʝʤʦʛʦ 

çʜʣʠʥʘ ʧʝʨʝʰʝʡʢʘè. ɺʨʝʤʷ ʨʘʙʦʪʳ ʵʪʦʛʦ ʧʨʠʝʤʘ ʜʣʷ nl57912.xy ʦʢʦʣʦ 1 ʤʠʥʫʪʳ, ʘ ʜʣʷ 

pbn423.tsp ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

7. ʋʩʪʨʘʥʝʥʠʝ ʧʨʝʩʝʯʝʥʠʡ 

ɺ ʣʶʙʦʤ ʚʳʧʫʢʣʦʤ ʯʝʪʳʨʸʭʫʛʦʣʴʥʠʢʝ ʩʫʤʤʘ ʜʣʠʥ ʜʠʘʛʦʥʘʣʝʡ ʙʦʣʴʰʝ ʩʫʤʤ ʜʣʠʥ ʣʶʙʳʭ 

ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ. ʇʝʨʝʩʝʯʝʥʠʝ ʜʠʘʛʦʥʘʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʝ 

ʚ ʤʘʨʰʨʫʪʝ, ʧʦʵʪʦʤʫ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʥʫʞʥʦ ʠʟʙʘʚʣʷʪʴʩʷ. ʊʘʢʦʡ ʧʨʠʸʤ ʥʝʩʢʦʣʴʢʦ ʫʢʦʨʘʯʠʚʘʝʪ 

ʤʘʨʰʨʫʪ, ʝʩʣʠ ʚ ʥʝʤ ʙʳʣʠ ʧʝʨʝʩʝʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 1, ʛ) ʠʤʝʶʪʩʷ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʷ 

ʤʘʨʰʨʫʪʘ, ʚʳʜʝʣʝʥʥʳʝ ʢʨʫʛʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 1, ʜ) ʦʥʠ ʫʩʪʨʘʥʝʥʳ. ɺʨʝʤʷ ʨʘʙʦʪʳ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʜʣʷ nl57912.xy ʦʢʦʣʦ 1 ʤʠʥʫʪʳ, ʘ ʜʣʷ pbn423.tsp ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 
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ʈʠʩ. 1. ʏʘʩʪʴ ʤʘʨʰʨʫʪʘ ʜʣʷ ʬʘʡʣʘ pbn423.tsp: 

ʘ), ʙ) ï ʜʦ ʠ ʧʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ çʙʘʭʨʦʤʳè; 

ʚ), ʛ) ï ʜʦ ʠ ʧʦʩʣʝ ʘʥʥʝʢʩʠʠ çʧʦʣʫʦʩʪʨʦʚʘè; 

ʜ) ï ʧʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʩʝʯʝʥʠʡ; 

ʝ) ï ʧʦʩʣʝ ʣʦʢʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ 

 

8. ʃʦʢʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʤ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ 

ʇʨʠʸʤ ʥʘʧʦʤʠʥʘʝʪ ʧʨʠʸʤ 3, ʥʦ ʚ, ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʩʝ ʦʪʨʝʟʢʠ ʟʘʜʘʥʥʦʡ 

ʜʣʠʥʳ ʠ ʚʤʝʩʪʦ ʭʘʦʪʠʯʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʩʪʨʦʠʪ ʣʦʢʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʜʣʷ ʜʘʥʥʦʛʦ ʦʪʨʝʟʢʘ 

ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʚʦʤʫ ʤʝʪʦʜʫ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 1, ʝ) ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʪʘʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʧʨʠʤʝʥʸʥʥʦʡ ʢ ʤʘʨʰʨʫʪʫ ʥʘ ʨʠʩʫʥʢʝ 1, ʜ) ʂʘʢ ʚʠʜʥʦ, ʯʘʩʪʴ ʤʘʨʰʨʫʪʘ, 

ʚʳʜʝʣʝʥʥʘʷ ʦʚʘʣʦʤ, ʧʨʠʦʙʨʝʣʘ ʜʨʫʛʦʡ ʚʠʜ. ɺʨʝʤʷ ʨʘʙʦʪʳ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʨʠʝʤʣʝʤʦ ʢʘʢ ʜʣʷ 

pbn423.tsp, ʪʘʢ ʠ ʜʣʷ nl57912.xy. ʇʨʠʸʤ ʥʝʨʝʜʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʤʘʨʰʨʫʪ. 
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ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʸʤʦʚ, ʯʝʨʝʜʫʝʤʳʭ ʧʦ ʫʩʤʦʪʨʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʧʦʤʦʱʴʶ ʥʘʞʘʪʠʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʥʦʧʢʠ, ʜʣʷ ʬʘʡʣʘ pbn423.tsp ʧʨʠʚʦʜʠʪ ʢ ʤʘʨʰʨʫʪʘʤ 

ʜʣʠʥʦʡ ʦʪ 1423 ʜʦ 1456 ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ. ʕʪʦ ʚ ʩʨʝʜʥʝʤ ʥʘ 5% ʭʫʞʝ, ʯʝʤ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʨʰʨʫʪʘ, ʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʠʤʝʨʥʦ ʚ 200 ʨʘʟ ʜʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Concorde. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʦ ʥʘʣʦʞʝʥʠʝ ʩ ʥʝʙʦʣʴʰʠʤ ʩʜʚʠʛʦʤ ʠʪʦʛʦʚʦʛʦ ʤʘʨʰʨʫʪʘ, 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʟʝʣʸʥʳʡ ʮʚʝʪ), ʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ, ʜʘʥʥʳʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʳ ʧʦ ʘʜʨʝʩʫ 

math.uwaterloo.ca/tsp/vlsi/pbn423.tour.html (ʨʦʟʦʚʳʡ ʮʚʝʪ). ʉʨʘʚʥʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʤʘʨʰʨʫʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʭ ʫʯʘʩʪʢʠ ʩʦʚʧʘʜʘʶʪ, ʥʦ ʤʥʦʛʠʝ ʥʝ ʩʦʚʧʘʜʘʶʪ. ɹʦʣʝʝ ʥʠʢʘʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʚʠʟʫʘʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʵʪʠʭ ʜʚʫʭ ʨʠʩʫʥʢʦʚ ʥʝ ʧʦʣʫʯʝʥʦ, ʧʦʵʪʦʤʫ ʜʨʫʛʠʭ 

ʦʯʝʚʠʜʥʳʭ ʧʨʠʸʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ ʥʘʡʜʝʥʦ. 

 

 
 

ʈʠʩ. 2. ʅʘʣʦʞʝʥʠʝ ʵʢʨʘʥʥʳʭ ʢʦʧʠʡ ʤʘʨʰʨʫʪʘ ʜʣʷ ʬʘʡʣʘ pbn423.tsp ʜʣʠʥʦʡ 1423  

ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝʭ ʧʨʠʸʤʦʚ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ 

 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʯʝʚʠʜʥʳʭ ʧʨʠʸʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʢʦʤʤʠʚʦʷʞʸʨʘ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤʠ ʙʠʙʣʠʦʪʝʢʦʡ Concorde. 
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MODERN SOFTWARE APPLICATION DEVELOPMENT TOOLS  

 

Abstract. This article contains basic information about application and system tools for 

developing software applications. A preliminary analysis was carried out on the increase in the 

productivity of IT departments depending on the financing of modern software application 

development tools. 

Keywords: development; software applications; software tools; labor productivity; IT. 

 

ɼʘʥʥʘʷ ʪʝʤʘ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ, ʠʥʩʪʨʫʤʝʥʪʳ, ʤʝʪʦʜʳ ʪʦʞʝ. ʀ 

ʵʪʦ ʥʝ ʩ ʧʨʦʩʪʘ. ɼʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʝʡ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʨʝʰʝʥʠʝʤ. 

ʅʦ, ʧʨʝʞʜʝ ʯʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʫʶ ʪʝʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʠʢʥʫʪʴ ʚ ʩʘʤʫ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʪʘʢʦʛʦ ʧʦʥʷʪʠʷ ʢʘʢ çʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡè ʩ 
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ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ. ʄʳ ʠʟʫʯʠʣʠ ʤʥʦʛʦ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʥʘ ʵʪʫ ʪʝʤʫ, ʥʦ ʪʘʢ 

ʠ ʥʝ ʥʘʰʣʠ ʧʦʜʭʦʜʷʱʫʶ ʪʨʘʢʪʦʚʢʫ ʜʘʥʥʦʡ ʜʝʬʠʥʠʮʠʠ. 

ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ çʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡè ʵʪʦ ʥʘʙʦʨ 

ʩʠʩʪʝʤʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʫʧʨʦʱʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʊʘʢʠʝ ʩʠʩʪʝʤʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʩʨʝʜʩʪʚʘ ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: 

1. ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ. ʕʪʦ ʩʘʤʳʡ ʛʣʘʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʠʩʪʫ ʥʝ ʪʦʣʴʢʦ ʧʠʩʘʪʴ ʢʦʜ, ʥʦ ʠ ʚʳʧʦʣʥʷʪʴ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʧʦ ʬʦʨʤʘʪʠʨʦʚʘʥʠʶ ʢʦʜʘ. ʂ ʪʘʢʠʤ ʬʫʥʢʮʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʧʦʠʩʢ, ʟʘʤʝʥʫ, ʚʳʜʝʣʝʥʠʝ, ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʢʦʜʘ, ʫʤʥʦʝ ʘʚʪʦʜʦʧʦʣʥʝʥʠʝ ʢʦʜʘ, ʷʟʳʢʦʚʳʝ 

ʚʩʪʘʚʢʠ, ʜʠʘʛʨʘʤʤʳ, ʨʝʬʘʢʪʦʨʠʥʛ ʚ ʤʘʩʰʪʘʙʝ ʚʩʝʛʦ ʧʨʦʝʢʪʘ. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʪʣʘʜʢʘ ʢʦʜʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʦʨʦʡ ʥʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ ʚʨʝʤʝʥʠ ʟʘʥʠʤʘʪʴʩʷ ʫʩʪʘʥʦʚʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʢʨʫʞʝʥʠʝ. ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʵʪʦʛʦ. 

ʉʨʝʜʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: Geany, 

NetBeans, CodeBlocks, Eclipse, Qt Creator. ʋ ʥʠʭ ʝʩʪʴ ʩʚʦʠ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ. ɼʣʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʥʫʞʥʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʠʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

2. ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʟʘʯʘʩʪʫʶ ʧʨʠʭʦʜʠʪʩʷ ʚʦʟʚʨʘʱʘʪʴʩʷ 

ʥʘ çʧʨʦʰʣʳʡè ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʥʦ ʚ ʩʠʣʫ ʨʦʩʪʘ 

ʧʨʦʝʢʪʘ, ʚ ʩʠʣʫ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʩʦʪʨʫʜʥʠʢʦʚ, ʚ ʩʠʣʫ ʨʦʩʪʘ ʩʣʦʞʥʦʩʪʠ ʧʨʦʝʢʪʘ ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʴ. 

ʂʦʛʜʘ ʫ ʚʘʩ ʢʦʜ ʫʤʝʱʘʝʪʩʷ ʚ 100ï200 ʩʪʨʦʢ, ʚʦʟʤʦʞʥʦ, ʚʘʤ ʠ ʥʝ ʧʦʥʘʜʦʙʠʪʩʷ ʪʘʢʦʡ 

ʠʥʩʪʨʫʤʝʥʪ. ʅʦ ʢʦʛʜʘ ʢʦʜʘ ʪʳʩʷʯʠ ʠ ʪʳʩʷʯʠ ʩʪʨʦʢ, ʧʣʶʩ ʥʘʜ ʥʠʤ ʨʘʙʦʪʘʶʪ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʪʦ ʙʝʟ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝ ʦʙʦʡʪʠʩʴ. 

ʉʘʤʳʝ ʠʟʚʝʩʪʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ: Git, Subversion, Mercurial. ʇʝʨʝʯʠʩʣʝʥʥʳʝ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ ʨʘʙʦʪʘʶʪ, ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʧʨʦʛʨʘʤʤʠʩʪʘ, ʥʦ ʝʩʪʴ ʠ 

ʠʩʢʣʶʯʝʥʠʷ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: GitHub, Bitbucket. ʆʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʫʜʘʣʝʥʥʦʤ 

ʩʝʨʚʝʨʝ [2]. 

3. ʈʝʜʘʢʪʦʨ ʠʥʪʝʨʬʝʡʩʦʚ. ɼʣʷ ʤʥʦʛʠʭ GUI ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʚʘʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʉʫʪʴ ʬʫʥʢʮʠʦʥʘʣʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʦʪʢʘʟʝ ʦʪ ʥʘʧʠʩʘʥʠʝ html ʠʣʠ xml ʬʘʡʣʦʚ. ʊʝʧʝʨʴ ʵʪʠʤ ʟʘʥʠʤʘʝʪʩʷ ʨʝʜʘʢʪʦʨ ʠʥʪʝʨʬʝʡʩʦʚ. 

ʈʘʟʨʘʙʦʪʯʠʢʫ ʥʫʞʥʦ ʣʠʰʴ ʧʝʨʝʪʘʱʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʬʦʨʤʫ. 

ʂʦʛʜʘ ʧʨʦʝʢʪ ʨʘʟʨʘʩʪʘʝʪʩʷ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʝʡ, ʨʝʜʘʢʪʦʨ ʠʥʪʝʨʬʝʡʩʦʚ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʴ. ɺ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʭ ʩʨʝʜʘʭ ʨʘʟʨʘʙʦʪʢʠ ʫʞʝ ʜʦʩʪʫʧʥʳ 

ʦʪʜʝʣʴʥʳʝ ʧʣʘʛʠʥʳ, ʨʝʜʘʢʪʦʨ ʠʥʪʝʨʬʝʡʩʦʚ ʫʞʝ ʚʩʪʨʦʝʥ ʪʫʜʘ. 

4. ʈʝʜʘʢʪʦʨ ʙʘʟ ʜʘʥʥʳʭ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʉʋɹɼ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʘʚʠʪ ʥʦʚʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʥʝ ʣʦʚʢʦʝ ʧʦʣʦʞʝʥʠʝ. ɹʝʟ ʧʦʣʥʦʪʳ ʟʥʘʥʠʡ ʦ ʥʘʧʠʩʘʥʠʠ SQL 

ʩʢʨʠʧʪʦʚ, ʪʨʫʜʥʦ ʟʘʥʠʤʘʪʴʩʷ ʧʦʣʥʦʮʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʈʝʜʘʢʪʦʨʳ 

ʙʘʟ ʜʘʥʥʳʭ ʦʙʣʝʛʯʘʶʪ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʀʭ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʵʪʦ ʧʦʤʦʱʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʜʘʥʥʳʤʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [1]. 
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5. ʀʥʩʪʨʫʤʝʥʪʳ ʧʨʦʛʨʘʤʤʠʩʪʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ. ʕʪʦ ʥʝ ʥʝʦʪʲʝʤʣʝʤʳʡ ʧʫʥʢʪ 

ʢʦʪʦʨʳʡ ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʥʝ ʫʧʦʤʠʥʘʶʪ, ʭʦʪʷ ʦʥ ʦʯʝʥʴ ʚʘʞʝʥ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ, 

ʚʳʧʦʣʥʷʝʪ ʣʠ ɺʘʰʘ ʧʨʦʛʨʘʤʤʘ ʪʦʪ ʬʫʥʢʮʠʦʥʘʣ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥʘ ʩʦʟʜʘʚʘʣʘʩʴ. ʆʙ ʵʪʦʤ ʤʦʞʥʦ 

ʧʦʯʠʪʘʪʴ ʧʦʜʨʦʙʥʝʝ ʚ TDD ʧʦʜʭʦʜʝ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [3]. 

6. ʌʨʝʡʤʚʦʨʢʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʩʨʝʜʠ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʪʨʝʙʫʶʪʩʷ ʥʝ ʩʪʦʣʴ ʛʣʫʙʦʢʠʝ 

ʟʥʘʥʠʷ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʝʞʝʣʠ ʟʥʘʥʠʷ ʬʨʝʡʤʦʨʢʦʚ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ 

ʥʘʙʦʨ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. ʌʨʝʡʤʚʦʨʢʠ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʢʘʢ ʩ ʥʫʣʷ, ʪʘʢ ʠ ʧʦʜʢʣʶʯʠʪʴ ʠʭ ʢ ʛʦʪʦʚʦʤʫ ʨʝʰʝʥʠʶ. 

ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʪʝʤʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ. ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʧʦʚʦʜʫ ʚʣʠʷʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʦʪʨʫʜʥʠʢʦʚ. ɿʘ ʦʩʥʦʚʫ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʙʨʘʣʠ ʜʘʥʥʳʝ 

(https://clck.ru/eRfye) ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ Diasoft Special Conf 6 ʦʢʪʷʙʨʷ 2021 ʛ. ɼʘʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ IT ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 
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ʋʚʝʣʠʯʝʥʠʝ ʙʶʜʞʝʪʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ 
1 ʤʣʥ. ʨʫʙ. 3 ʤʣʥ. ʨʫʙ. 5 ʤʣʥ. ʨʫʙ. 8 ʤʣʥ. ʨʫʙ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 

ʠʥʪʝʨʬʝʩʦʚ 
0 ʤʣʥ. ʨʫʙ. 0,3 ʤʣʥ. ʨʫʙ. 0,5 ʤʣʥ. ʨʫʙ. 0,8 ʤʣʥ. ʨʫʙ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʧʨʦʛʨʘʤʤʠʩʪʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ 
8 ʤʣʥ. ʨʫʙ. 10 ʤʣʥ. ʨʫʙ. 12 ʤʣʥ. ʨʫʙ. 10 ʤʣʥ. ʨʫʙ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ 13 ʤʣʥ. ʨʫʙ. 15 ʤʣʥ. ʨʫʙ. 19 ʤʣʥ. ʨʫʙ. 16 ʤʣʥ. ʨʫʙ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 1 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

80 ʯʝʣ. / 

ʯʘʩʦʚ 

70 ʯʝʣ. / 

ʯʘʩʦʚ 

60 ʯʝʣ. / 

ʯʘʩʦʚ 

40 ʯʝʣ. / 

ʯʘʩʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʢʦʤʧʘʥʠʝʡ Diasoft, ʦʪʨʘʞʘʶʪ ʧʨʷʤʫʶ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ IT ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ 

ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʜʠʥ ʠʟ 

ʩʧʠʢʝʨʦʚ ʢʦʥʬʝʨʝʥʮʠʠ, ʛʣʘʚʥʳʡ ʘʨʭʠʪʝʢʪʦʨ ʉʝʨʛʝʡ ʃʦʤʘʢʘ ʦʪʤʝʪʠʣ, ʯʪʦ ʬʠʥʘʥʩʠʨʦʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʜʦʩʪʘʪʦʯʥʦ. ʅʫʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʨʘʙʦʪʫ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʘʥʠʠ Diasoft ʫʜʘʣʦʩʴ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʚ 4 ʨʘʟʘ. ʅʘ ʵʪʦ ʧʦʚʣʠʷʣʠ ʧʦʢʫʧʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ PhpStorm, Microsoft Visual Studio, PyCharm, IntelliJ IDEA. ʊʘʢʞʝ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʩʪʨʦʢʫ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʦʙʩʪʚʝʥʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚ ʢʦʤʧʘʥʠʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʰʘʙʣʦʥʳ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʛʝʥʝʨʘʪʦʨʳ ʢʦʜʘ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ, ʨʘʟʣʠʯʥʳ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʫʪʠʣʠʪʳ ʧʦ ʨʘʙʦʪʝ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʣʠʷʶʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ. ʂ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʫʚʝʣʠʯʝʥʠʝ ʙʶʜʞʝʪʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʨʘʟʨʘʙʦʪʢʘ 
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ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʠʥʪʝʨʬʝʡʩʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤʠʩʪʘ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ, ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ. ʅʦ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚʩʝʛʜʘ 

ʦʩʪʘʸʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʚ ʢʦʤʧʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 
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ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʘʛʨʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɾʘʥʛʠʨ ʭʘʥʘ 

ʛ. ʋʨʘʣʴʩʢ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʈʍʀʊɽʂʊʋʈɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ ʆʇʊʀʄɸʃʔʅʆɻʆ 

ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʅɸɻʈʋɿʂʀ ʇʈɽʇʆɼɸɺɸʊɽʃʗ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʨʝʜʝʣʝʥʘ ʩʫʪʴ ʧʦʥʷʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʨʘʙʦʪʦʢ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʘʚʪʦʨʘʤʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩʦʟʜʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʬʦʨʤʝ ʩʦʩʪʦʚʣʷʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʷ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʚʥʝʜʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʢ ʝʛʦ ʨʝʰʝʥʠʶ.  
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ARCHITECTURE OF THE INFORMATION SYSTEM FOR  

THE OPTIMAL DISTRIBUTION OF THE TEACHER LOAD  

 

Abstract. The article defines the essence of the concept of an information system, which is 

used by the university in modern conditions. On the basis of theoretical material and practical 

developments of modern researchers in this area, the author analyzed the creation of a high-quality 

architecture of an information system for optimal distribution of the teacher's workload. Joint use and 

management of control systems that differ in content and form, constituting the information resource 

is an urgent issue that requires the introduction of various approaches and tools to its solution. 
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ʈʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʨʷʜʘ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʦʮʝʜʫʨ. ʀʭ ʢʦʥʢʨʝʪʥʳʡ ʩʦʩʪʘʚ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʫʶ ʟʘʜʘʯʫ ʧʨʝʜʩʪʦʠʪ ʨʝʰʠʪʴ. 

ʇʦʪʨʝʙʥʦʩʪʠ ʟʘʢʘʟʯʠʢʘ ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʫ ʀʉ, ʚʠʜ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ: ʚʥʝʩʝʥʠʝ, ʭʨʘʥʝʥʠʝ, ʧʝʨʝʩʳʣʢʘ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ. ʊʘʢʞʝ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʥʘʜ ʀʉ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʫʢʪʫʨʳ ʠ ʝʝ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ [1]. 

ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ 

ʭʘʨʘʢʪʝʨʘ ʠ ʥʘʟʥʘʯʝʥʠʷ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʝʛʦ ʘʨʭʠʪʝʢʪʫʨʫ, 

ʦʧʨʝʜʝʣʠʪʴʩʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʙʫʜʝʪ 

ʘʨʭʠʪʝʢʪʫʨʘ ʪʠʧʘ çʢʣʠʝʥʪ-ʩʝʨʚʝʨè. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ʘʨʭʠʪʝʢʪʫʨʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

 

 
 

ʈʠʩ. ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʲʷʩʥʠʪʴ, ʧʦʯʝʤʫ ʚʳʙʨʘʥ ʠʤʝʥʥʦ ʵʪʦʪ ʪʠʧ ʘʨʭʠʪʝʢʪʫʨʳ. ɺ ʘʫʜʠʪʦʨʠʷʭ 

ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʨʘʙʦʪʘʶʪ ʢʦʤʧʴʶʪʝʨʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʙʲʝʤʦʤ ʧʘʤʷʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʧʝʨʝʥʦʩ ʦʩʥʦʚʥʦʡ 

ʥʘʛʨʫʟʢʠ ʚ ʯʘʩʪʠ ʨʘʙʦʪʳ ʚʳʯʠʩʣʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʩʝʨʚʝʨ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʚ ʨʘʙʦʪʝ ʥʘʜ ʇʆ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘʧʠʩʘʥʠʝ ʧʨʠʣʦʞʝʥʠʡ ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʤʦʜʫʣʠ 

[2]. ʀ ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʚʳʙʦʨʝ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʇʆ ʜʦʩʪʫʧʥʳ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ: 

Å ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠʥʪʝʨʬʝʡʩ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʧʦʣʴʟʦʚʘʪʝʣʴ ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩʳ ʢ ʀʉ; 

Å ʘʢʪʠʚʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʝʨʝʜʘʚʘʪʴ ʠʤ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ;  

Å ʨʘʟʨʘʙʘʪʳʚʘʪʴ ɹɼ ʠ ʩʨʝʜʩʪʚʘ ʜʦʩʪʫʧʘ ʢ ʥʠʤ; 

Å ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʫʞʝ ʠʤʝʶʱʠʝʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʫʩʪʨʘʥʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʜʜʝʨʞʢʫ 

ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ [3; 4]: 

Å ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ;  

Å CASE-ʪʝʭʥʦʣʦʛʠʠ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʠ ʧʨʦʝʢʪʘ ʦʪʜʝʣʴʥʳʭ 

ʤʦʜʫʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʙʘʟ ʜʘʥʥʳʭ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʜʝʨʞʢʦʡ; 

Å ʘʣʛʦʨʠʪʤʳ ʨʝʣʷʮʠʦʥʥʦʡ ʘʣʛʝʙʨʳ. ʀʭ ʟʘʜʝʡʩʪʚʫʶʪ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʫʧʨʘʚʣʝʥʠʝ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʨʝʣʷʮʠʦʥʥʦʛʦ ʪʠʧʘ; 

Å ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʠʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʋʢʘʟʘʥʥʳʝ ʨʘʥʝʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʘʭ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ: PHP, Ruby, Java ʠ ʪ. ʜ. 

ʈʘʟʨʘʙʦʪʯʠʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʙʠʨʘʝʪ ʜʣʷ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ï ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ. ʇʨʠ ʠʭ ʚʳʙʦʨʝ ʥʫʞʥʦ ʠʩʭʦʜʠʪʴ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ: 

Å ʧʨʦʮʝʩʩʳ ʨʘʟʨʘʙʦʪʢʠ ʟʘʥʠʤʘʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ; 

Å ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʟʜʘʚʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ; 

Å ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʠʥʪʝʨʬʝʡʩʘ. 

ɽʩʪʴ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʩʨʝʜʩʪʚ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: 

Å ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʥʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʥʢʨʝʪʥʳʤ ʇʆ; 

Å ʤʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʤʫ ʧʘʤʷʪʠ, ʠʥʳʤ ʘʧʧʘʨʘʪʥʳʤ ʨʝʩʫʨʩʘʤ; 

Å ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʇʆ ʥʘ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤʘʭ; 

Å ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʨʘʙʦʪʝ ʩ ʠʥʪʝʨʬʝʡʩʦʤ; 

Å ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʇʆ; 

Å ʧʨʘʢʪʠʯʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʥʘ ʦʙʨʘʙʦʪʢʫ ʟʘʧʨʦʩʘ ʠʣʠ ʟʘʜʘʯʠ ʜʦʣʞʥʦ ʪʨʘʪʠʪʴʩʷ ʤʠʥʠʤʫʤ 

ʚʨʝʤʝʥʠ; 
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Å ʥʘʣʠʯʠʝ ʩʨʝʜʩʪʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ; 

Å ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ. 

ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʀʉ, 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʚʘʨʠʘʥʪʥʳʭ ʦʙʦʩʥʦʚʘʥʠʡ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʣʫʯʰʠʡ ʚʘʨʠʘʥʪ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʵʪʘʧʳ: 

ï ɺʳʙʦʨ ʢʨʠʪʝʨʠʝʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ. ʂʨʠʪʝʨʠʠ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʧʨʠʦʨʠʪʝʪʦʤ. 

ï ɸʥʘʣʠʟ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʚʘʨʠʘʥʪʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠʩʫʱʠ ʣʠ ʝʤʫ 

ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ. 

ï ɼʣʷ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʧʦʜʩʯʝʪ ʚʳʩʪʘʚʣʝʥʥʳʭ ʦʮʝʥʦʢ. 

ï ʃʫʯʰʠʤ ʧʨʠʟʥʘʝʪʩʷ ʚʘʨʠʘʥʪ, ʧʦʣʫʯʠʚʰʠʡ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʦʮʝʥʦʢ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʦʟʤʦʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʦʮʝʥʠʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʪʝʨʠʝʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʥʝʝ. ʇʨʠ ʵʪʦʤ ʟʘ ʦʩʥʦʚʫ ʙʳʣʠ ʚʟʷʪʳ ʪʨʝʙʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʘ 

ʥʝ ʩʪʘʪʠʩʪʠʢʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʦʙʱʝʤ ʜʦʩʪʫʧʝ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ ʠ ʛʘʬʠʢ. 

ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

 

 ̄ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ PHP Ruby Java 

1. ʅʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ 12,5% 12,5% 0% 

2. ʄʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ 12,5% 12,5% 12,5% 

3. ʇʦʢʘʟʘʪʝʣʴʥʦʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʨʬʝʡʩʘ 0% 0% 12,5% 

4. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟ ʜʘʥʥʳʭ 12,5% 12,5% 12,5% 

5. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘʜʘʯ 0% 0% 12,5% 

6. ʅʘʣʠʯʠʝ ʩʨʝʜʩʪʚ ʦʪʣʘʜʢʠ ʢʨʠʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ 12,5% 12,5% 12,5% 

7. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 12,5% 0% 0% 

8. ʕʨʛʦʥʦʤʠʯʥʦʩʪʴ 12,5% 0% 0% 

 

 
ɻʨʘʬʠʢ. ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
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ɼʘʣʝʝ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʨʝʰʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ɹɼ. ʅʦ 

ʜʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ, ʢʘʢ ɹɼ ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʥʘ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ: 

o ʃʦʢʘʣʴʥʘʷ ɹɼ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʦʪʜʝʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ 

ʢʘʞʜʦʡ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʘʜʘʯ. 

o o ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ɹɼ. ʊʘʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ï ʥʝʦʪʲʝʤʣʝʤʳʡ ʢʦʤʧʦʥʝʥʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. ɼʘʥʥʳʝ ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʥʘ ʦʜʥʦʤ ʥʦʩʠʪʝʣʝ. ʅʦ ʧʨʠ ʵʪʦʤ ʚ ʢʘʞʜʦʡ ʙʘʟʝ ʤʦʞʥʦ 

ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʪʦʣʴʢʦ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʣʦʞʝʥʠʶ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʘʟʳ ʜʘʥʥʳʭ ʜʝʣʷʪʩʷ ʥʘ ʣʦʢʘʣʴʥʳʝ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ. ʌʘʡʣʳ ʣʦʢʘʣʴʥʦʡ ɹɼ ʭʨʘʥʷʪ ʥʘ ʦʜʥʦʤ ʩʝʨʚʝʨʝ ʠʣʠ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ. ɼʣʷ 

ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ɹɼ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʚʩʝ ʢʦʤʧʴʶʪʝʨʳ 

ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʙʦʪʘʪʴ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɹɼ. 

ɹɼ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʤʦʞʝʪ ʠʤʝʪʴ ʦʜʠʥ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ: 

Å ʠʝʨʘʨʭʠʯʝʩʢʘʷ; 

Å ʩʝʪʝʚʘʷ; 

Å ʨʝʣʷʮʠʦʥʥʘʷ. 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʤʦʜʫʣʴ (ʩʝʛʤʝʥʪ) ʩʠʩʪʝʤʳ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʨʥʝʚʦʛʦ) ʠʤʝʝʪ ʦʜʠʥ ʠʩʭʦʜʥʳʡ ʵʣʝʤʝʥʪ. ʄʝʞʜʫ ʢʦʨʥʝʚʳʤ ʠ ʧʦʨʦʞʜʝʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʚʷʟʴ. ʀ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʝʜʠʥʩʪʚʝʥʥʦʡ. ʅʦ ʧʦʨʦʞʜʝʥʥʳʡ 

ʵʣʝʤʝʥʪ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. ʊʘʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ çʦʜʠʥ ʢʦ ʤʥʦʛʠʤè. ɽʩʣʠ ʥʫʞʥʦ ʥʘʡʪʠ 

ʢʘʢʦʡ-ʣʠʙʦ ʵʣʝʤʝʥʪ ʠʝʨʘʨʭʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʜʚʠʛʘʪʴʩʷ ʦʪ ʢʦʨʥʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʵʣʝʤʝʥʪʘʤ 

ʩʣʝʜʫʶʱʠʭ ʫʨʦʚʥʝʡ. ʅʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʤʦʞʝʪ ʧʨʦʧʫʩʪʠʪʴ ʵʣʝʤʝʥʪʳ ʦʜʥʦʛʦ ʠʟ ʫʨʦʚʥʝʡ. 

ɹʘʟʳ ʜʘʥʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ: 

Å ʩʣʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʷʟʠ ʪʠʧʘ çʤʥʦʛʠʝ ʢʦ ʤʥʦʛʠʤè;  

Å ʝʩʣʠ ʙʘʟʘ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʫʨʦʚʥʝʡ, ʥʘ ʧʦʠʩʢ ʥʫʞʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ; 

Å ʟʘʧʨʦʩʳ ʢ ʧʦʜʦʙʥʦʡ ɹɼ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʉʦ ʚʨʝʤʝʥʝʤ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ɹɼ ʙʳʣʠ ʜʦʨʘʙʦʪʘʥʳ. ʀʭ ʧʨʦʜʦʣʞʝʥʠʝʤ ʩʪʘʣʠ ʩʝʪʝʚʳʝ ɹɼ. 

ʀʭ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʚ ʚʠʜʝ ʛʨʘʬʘ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ɹɼ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʦʨʦʞʜʝʥʥʳʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. 

ɹɼ ʩʝʪʝʚʦʛʦ ʪʠʧʘ ʪʘʢʞʝ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

Å ʩʭʝʤʘ ɹɼ ʧʦʣʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ; 

Å ʩʣʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʦʩʪʫʧ ʢ ʵʣʝʤʝʥʪʘʤ ɹɼ. 

ɹʘʟʳ ʜʘʥʥʳʭ ʨʝʣʷʮʠʦʥʥʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʚʫʤʝʨʥʳʭ 

ʪʘʙʣʠʮ. 
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ʉʪʨʦʢʠ ʪʘʙʣʠʮ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʟʘʧʠʩʠè, ʩʪʦʣʙʮʳ ï çʧʦʣʷè. ʅʘ ʧʝʨʝʩʝʯʝʥʠʠ ʟʘʧʠʩʝʡ 

ʠ ʧʦʣʝʡ ʨʘʟʤʝʱʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʥʠʤ ʥʫʞʥʦ ʫʢʘʟʘʪʴ ʩʪʨʦʢʫ 

ʠ ʩʪʦʣʙʝʮ. 

ʈʝʣʷʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠʤʝʶʪ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʧʝʨʚʳʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʫʞʥʳʭ ʜʘʥʥʳʭ ʪʨʘʪʠʪʩʷ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ɹɼ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʠʣʠ ʩʝʪʝʚʦʛʦ ʪʠʧʦʚ. ʂ ʪʦʤʫ ʞʝ ʩʦʟʜʘʥʠʝ ʧʦʜʦʙʥʦʡ ʙʘʟʳ ï ʜʦʩʪʘʪʦʯʥʦ 

ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ. 

ʂ ʧʣʶʩʘʤ ʨʝʣʷʮʠʦʥʥʳʭ ɹɼ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ: 

o ʇʨʦʩʪʦʪʘ ʚʦʩʧʨʠʷʪʠʷ ʜʘʥʥʳʭ.  

o ʅʘʣʠʯʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ɺʩʝ ʦʧʝʨʘʮʠʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʥʘʜ ʜʘʥʥʳʤʠ, 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

o ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʜʘʥʥʳʭ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ, ʥʝ 

ʧʨʠʭʦʜʠʪʩʷ ʤʝʥʷʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʀʉ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ɹɼ ʨʝʣʷʮʠʦʥʥʦʛʦ ʪʠʧʘ. ɺʳʙʦʨ 

ʚ ʧʦʣʴʟʫ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʩʜʝʣʘʥ ʠʟ-ʟʘ ʝʝ ʧʨʦʩʪʦʪʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʥʳʤʠ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʄʦʜʝʣʴ ʜʣʷ ʙʘʟʳ ʜʘʥʥʳʭ ʚʳʙʨʘʥʘ. ʊʝʧʝʨʴ ʦʩʪʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩʦ ʩʧʦʩʦʙʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ɹɼ (ʉʋɹɼ). 

ʈʘʟʨʘʙʦʪʯʠʢʠ ʀʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ MySQL. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʵʪʫ ʩʠʩʪʝʤʫ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-ʩʘʡʪʦʚ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʉʋɹɼ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʪʦ, ʯʪʦ ʜʣʷ ʨʘʙʦʪʳ ʧʦʪʨʝʙʣʷʝʪʩʷ ʤʠʥʠʤʫʤ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ. ɽʱʝ ʦʜʠʥ ʧʣʶʩ ï 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ.  

MySQL ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʜʦʩʪʫʧʥʘʷ ʉʋɹɼ. ɽʩʣʠ ʧʨʝʜʩʪʦʠʪ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʉʋɹɼ, ʢʘʢ Oracle, Microsoft SQL Server, 

PostgreSQL. ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʣʫʯʰʠʡ ʚʘʨʠʘʥʪ, ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʚʩʝ ʠʤʝʶʱʠʝʩʷ, ʧʨʦʚʝʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʨʘʥʝʝ ʜʣʷ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʦ ʩʥʘʯʘʣʘ 

ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʢʨʠʪʝʨʠʷʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩʨʘʚʥʝʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʦʠʪ ʩʦʩʪʘʚʠʪʴ ʪʘʙʣʠʮʫ. 

ʆʮʝʥʠʚʘʪʴ ʉʋɹɼ ʧʨʝʜʩʪʦʠʪ ʦʮʝʥʠʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ, ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ 

ʥʠʞʝ: 

Å ʥʘʣʠʯʠʝ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʥʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʉʋɹɼ; 

Å ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ; 

Å ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʥʘ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤʘʭ; 

Å ʬʫʥʢʮʠʦʥʘʣ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ; 

Å ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʟʘʧʨʦʩʘ; 

Å ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ; 

Å ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ɹɼ; 

Å ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ ʉʋɹɼ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʝʭ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʳʩʪʘʚʣʝʥʳ ʦʮʝʥʢʠ ʧʦ ʨʷʜʫ ʬʘʢʪʦʨʦʚ. ɼʘʣʝʝ ʦʮʝʥʢʠ 
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ʧʨʦʩʫʤʤʠʨʦʚʘʥʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʚʝʩʪʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PHP. ʆʥ 

ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʯʝʪʳʨʝʭ ʉʋɹɼ. ʇʦ ʠʪʦʛʘʤ ʚʩʝʭ ʧʨʦʮʝʜʫʨ ʩʨʘʚʥʝʥʠʷ ʚʳʙʦʨ 

ʩʜʝʣʘʥ ʚ ʧʦʣʴʟʫ ʉʋɹɼ MySQL. ʀʤʝʥʥʦ ʵʪʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʀʉ. ʕʪʘ ʉʋɹɼ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝʤ 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʊʘʢʞʝ ʚʳʙʦʨ ʩʜʝʣʘʥ ʚ ʧʦʣʴʟʫ ʚʝʙ-ʩʝʨʚʝʨʘ Apache. ʆʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PHP. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʟʜʝʩʴ ʨʝʘʣʠʟʦʚʘʥʳ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʨʘʙʦʪʘʪʴ ʩ ʉʋɹɼ MySQL. 
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Abstract. The article discusses ways of connecting various devices to the network, organizing 

their interaction using specialized standards and protocols. Common IoT protocols and their 

compliance with standard network protocols are analyzed. The relevance of the work is due to the 

rapidly increasing number of IoT devices and the need to choose the optimal protocol. 
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ʉʝʛʦʜʥʷ ʪʝʭʥʦʣʦʛʠʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT, Internet of Things) ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚʦ ʚʩʝ 

ʩʬʝʨʳ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ, ʧʦʟʚʦʣʷʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʬʠʟʠʯʝʩʢʠʝ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʦʙʣʝʛʯʠʪʴ ʞʠʟʥʴ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ʋʩʪʨʦʡʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ ʩʧʦʩʦʙʥʳʤʠ ʩʣʳʰʘʪʴ, ʚʠʜʝʪʴ, ʜʫʤʘʪʴ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʜʝʡʩʪʚʦʚʘʪʴ. 
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ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʝʜʸʥʥʳʤ ɸʆ çʎʅʀʀ çʕʣʝʢʪʨʦʥʠʢʘè ʩʦʚʤʝʩʪʥʦ ʩ 

ʦʨʛʘʥʠʟʘʮʠʝʡ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘè ʠ ʞʫʨʥʘʣʦʤ çʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘè çéʦʙʱʠʡ 

ʦʙʲʝʤ ʨʳʥʢʘ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ 2018 ʛʦʜʫ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʠʣ ʧʦʨʷʜʢʘ 3,7 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0,5% ʦʪ ʦʙʱʝʤʠʨʦʚʦʛʦè [https://www.instel.ru]. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʝʧʷʪʩʪʚʠʡ ʨʘʟʚʠʪʠʶ IoT ʚ ʈʦʩʩʠʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ çéʥʝʨʝʰʸʥʥʳʝ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (58%), ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ (46%), ʦʙʱʝʛʦ 

ʧʦʥʠʤʘʥʠʷ ʢʦʥʮʝʧʮʠʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (46%), ʘ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ (46%)è. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʪʨʫʜʥʦʩʪʴ ʜʣʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ IoT ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʙʦʨ ʩʨʝʜʠ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʘʚʱʠʢʦʚ, ʧʣʘʪʬʦʨʤ ʠ 

ʫʩʪʨʦʡʩʪʚ. 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʢʦʨʨʝʢʪʥʦ ʦʙʱʘʪʴʩʷ ʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʩʚʦʠ ʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʩʪʦʣʴ ʢʨʠʪʠʯʥʳ, ʢʘʢ ʩʧʘʩʝʥʠʝ ʞʠʟʥʝʡ ʠʣʠ ʟʜʘʥʠʡ. ʊʝʭʥʦʣʦʛʠʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ, ʚʩʪʨʦʝʥʥʳʝ ʜʘʪʯʠʢʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʀʥʪʝʨʥʝʪʫ ʚʝʱʝʡ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʩʝʛʦʜʥʷʰʥʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʩʪʨʦʡʩʪʚ, ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʦʩʦʟʥʘʥʥʦʤ ʚʳʙʦʨʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʉʣʝʜʫʝʪ ʫʪʦʯʥʠʪʴ ʩʧʦʩʦʙ ʧʦʜʢʣʶʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʢ ʩʝʪʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʣʶʟʦʚ ʠʣʠ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʉ ʧʦʤʦʱʴʶ ʰʣʶʟʦʚ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ 

ʧʦʜʢʣʶʯʘʪʴ ʫʩʪʨʦʡʩʪʚʘ, ʥʝ ʠʤʝʶʱʠʝ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʪʝʨʥʝʪʫ, ʥʦ ʠ ʩʥʠʟʠʪʴ ʟʘʜʝʨʞʢʫ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʨʘʙʦʪʘʝʪ ʥʘ ʦʜʥʦʤ ʠʟ ʩʣʝʜʫʶʱʠʭ ʫʨʦʚʥʝʡ: 

ï ʫʩʪʨʦʡʩʪʚʦ ª ʫʩʪʨʦʡʩʪʚʦ; 

ï ʫʩʪʨʦʡʩʪʚʦ ª ʰʣʶʟ; 

ï ʰʣʶʟ ª ʦʙʣʘʢʦ (ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ). 

ɺʳʙʦʨ ʪʠʧʘ ʧʨʦʪʦʢʦʣʘ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʝʪʠ. ɿʘ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ IoT ʙʝʨʸʪʩʷ ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ 

ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ OSI.  

ï ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ 

ʇʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʜʣʷ ʵʪʦʛʦ ʫʨʦʚʥʷ ʧʨʦʪʦʢʦʣʦʚ, ʪʘʢʠ ʢʘʢ HTTP, ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʪʦʢʦʣʳ IoT: MQTT, AMQP, CoAP, DDS, XMPP, JMS ʠ ʜʨ., 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʨʠʥʮʠʧʘʤʠ ʨʘʙʦʪʳ: 

ü ʇʨʦʪʦʢʦʣ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ DDS (Data Distribution Service), 

ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʷʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦ ʰʠʥʝ ʤʝʪʦʜʦʤ çʟʘʧʨʦʩ-ʦʪʚʝʪè; 

ü ʇʨʦʪʦʢʦʣʳ, ʧʝʨʝʜʘʶʱʠʝ ʩʦʦʙʱʝʥʠʷ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʡ ʩʝʨʚʝʨ-ʙʨʦʢʝʨ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʣʠʙʦ ʥʘ ʦʙʣʘʢʝ, ʣʠʙʦ ʚ ʜʘʪʘ-ʮʝʥʪʨʝ. ʂ ʧʨʦʪʦʢʦʣʘʤ ʵʪʦʡ ʛʨʫʧʧʳ ʦʪʥʦʩʷʪʩʷ 

MQTT , XMPP, AMQP  ʠ JMS, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
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ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣ MQTT (Message Queuing Telemetry Transport) ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʀʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ MQTT ʷʚʣʷʝʪʩʷ ʫʜʘʣʸʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʜʘʥʥʳʭ, ʩʦʙʠʨʘʝʤʳʭ ʠʟ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ, ʠ ʠʭ ʪʝʣʝʤʝʪʨʠʷ ʚ IT ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʇʨʦʪʦʢʦʣ ʥʘʮʝʣʝʥ ʥʘ 

ʙʦʣʴʰʫʶ ʩʝʪʴ ʥʝʙʦʣʴʰʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʣʠ ʫʧʨʘʚʣʷʪʴ ʠʟ 

ʦʙʣʘʢʘ. ʊʘʢʞʝ ʦʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ çʤʥʦʛʦʘʜʨʝʩʥʦʡ ʧʝʨʝʜʘʯʠè ʜʘʥʥʳʭ ʜʣʷ ʤʥʦʛʠʭ 

ʧʨʠʸʤʥʠʢʦʚ. MQTT ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʩʪ, ʧʨʝʜʣʘʛʘʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠʤʝʨʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʥʝʬʪʝʧʨʦʚʦʜʘ ʥʘ ʥʘʣʠʯʠʝ ʫʪʝʯʝʢ ʠʣʠ ʚʘʥʜʘʣʠʟʤʘ. ʕʪʦ 

ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʪʳʩʷʯʠ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʜʣʷ 

ʘʥʘʣʠʟʘ. ʂʦʛʜʘ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʠʚʘʝʪ ʧʨʦʙʣʝʤʫ, ʦʥʘ ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʤʝʨʳ, ʯʪʦʙʳ ʠʩʧʨʘʚʠʪʴ 

ʵʪʫ ʧʨʦʙʣʝʤʫ. 

ü ʇʨʦʪʦʢʦʣ Modbus, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥ ʥʘ ʢʦʥʮʝʧʮʠʠ çʚʝʜʫʱʠʡ, 

ʧʝʨʝʜʘʶʱʠʡ ʟʘʧʨʦʩʳ ʧʦʜʯʠʥʸʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ - ʚʝʜʦʤʳʤè. ɼʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ, ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ, ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʧʦʯʪʠ ʚʩʝʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ü ʇʨʦʪʦʢʦʣ CoAP (Constrained Application Protocol), ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ 

ʤʥʦʛʦʘʜʨʝʩʥʫʶ ʨʘʩʩʳʣʢʫ ʧʦ ʧʨʠʥʮʠʧʫ  çʪʦʯʢʘ-ʪʦʯʢʘè ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ. ʆʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʧʦʩʣʫʞʠʣ ʧʨʦʪʦʢʦʣ HTTP, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʊʉʈ ʠ ʷʚʣʷʶʱʠʡʩʷ ʪʝʢʩʪʦʚʳʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ CoAP ï ʙʠʥʘʨʥʳʡ ʧʨʦʪʦʢʦʣ, 

ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʦʩʥʦʚʝ UDP, ʯʪʦ ʧʦʟʚʦʣʷʝʪ  ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʜʘʥʥʳʭ. 

- ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ 

ü TCP (Transmission Control Protocol) ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʠʥʪʝʨʥʝʪʘ. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʠʥʪʝʨʥʝʪʘ. ʇʘʢʝʪʳ ʚ TCP 

ʥʘʟʳʚʘʶʪʩʷ ʩʝʛʤʝʥʪʘʤʠ. ɺ ʩʪʝʢʝ ʧʨʦʪʦʢʦʣʦʚ TCP/IP ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʫʨʦʚʥʷ ʤʦʜʝʣʠ OSI. ʄʝʭʘʥʠʟʤ TCP ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʪʦʢ ʜʘʥʥʳʭ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʦʡ ʩʦʝʜʠʥʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʚʪʦʨʥʳʡ ʟʘʧʨʦʩ ʜʘʥʥʳʭ ʚ ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʜʘʥʥʳʭ ʠ 

ʫʩʪʨʘʥʷʝʪ ʜʫʙʣʠʨʦʚʘʥʠʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʚʫʭ ʢʦʧʠʡ ʦʜʥʦʛʦ ʧʘʢʝʪʘ, ʛʘʨʘʥʪʠʨʫʷ ʪʝʤ ʩʘʤʳʤ (ʚ 

ʦʪʣʠʯʠʝ ʦʪ UDP) ʮʝʣʦʩʪʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʫʚʝʜʦʤʣʝʥʠʝ ʦʪʧʨʘʚʠʪʝʣʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ 

ʧʝʨʝʜʘʯʠ. ʈʝʘʣʠʟʘʮʠʠ TCP ʦʙʳʯʥʦ ʚʩʪʨʦʝʥʳ ʚ ʷʜʨʘ ʆʉ. ʉʫʱʝʩʪʚʫʶʪ ʨʝʘʣʠʟʘʮʠʠ TCP, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʂʦʛʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʦʪ ʢʦʤʧʴʶʪʝʨʘ ʢ 

ʢʦʤʧʴʶʪʝʨʫ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ, TCP ʨʘʙʦʪʘʝʪ ʥʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʥʝʯʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʥʘʧʨʠʤʝʨ, ʙʨʘʫʟʝʨʦʤ ʠ ʚʝʙ-ʩʝʨʚʝʨʦʤ. TCP ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʘʜʸʞʥʫʶ ʧʝʨʝʜʘʯʫ 

ʧʦʪʦʢʘ ʙʘʡʪʦʚ ʦʪ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢ ʜʨʫʛʦʤʫ. 

ü UDP (User Datagram Protocol) ï ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʙʦʨʘ ʩʝʪʝʚʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʀʥʪʝʨʥʝʪʘ. ʉ UDP ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʤʦʛʫʪ ʧʦʩʳʣʘʪʴ ʩʦʦʙʱʝʥʠʷ (ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʟʳʚʘʝʤʳʝ ʜʘʪʘʛʨʘʤʤʘʤʠ) ʜʨʫʛʠʤ ʭʦʩʪʘʤ ʧʦ IP-ʩʝʪʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʠʣʠ ʧʫʪʝʡ 

ʜʘʥʥʳʭ. ʇʨʦʪʦʢʦʣ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ɼʵʚʠʜʦʤ ʇ. ʈʠʜʦʤ ʚ 1980 ʛʦʜʫ ʠ ʦʬʠʮʠʘʣʴʥʦ ʦʧʨʝʜʝʣʸʥ ʚ 

RFC 768. UDP ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ ʧʝʨʝʜʘʯʠ, ʙʝʟ ʥʝʷʚʥʳʭ çʨʫʢʦʧʦʞʘʪʠʡè ʜʣʷ 
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ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ, ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʠʣʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, UDP 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʥʘʜʸʞʥʳʡ ʩʝʨʚʠʩ, ʠ ʜʘʪʘʛʨʘʤʤʳ ʤʦʛʫʪ ʧʨʠʡʪʠ ʥʝ ʧʦ ʧʦʨʷʜʢʫ, ʜʫʙʣʠʨʦʚʘʪʴʩʷ 

ʠʣʠ ʚʦʚʩʝ ʠʩʯʝʟʥʫʪʴ ʙʝʟ ʩʣʝʜʘ. UDP ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʧʨʦʚʝʨʢʘ ʦʰʠʙʦʢ ʠ ʠʩʧʨʘʚʣʝʥʠʝ ʣʠʙʦ 

ʥʝ ʥʫʞʥʳ, ʣʠʙʦ ʜʦʣʞʥʳ ʠʩʧʦʣʥʷʪʴʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʦ ʚʨʝʤʝʥʠ ʧʨʠʣʦʞʝʥʠʷ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ UDP, ʪʘʢ ʢʘʢ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʩʙʨʦʩʠʪʴ ʧʘʢʝʪʳ, ʯʝʤ ʞʜʘʪʴ ʟʘʜʝʨʞʘʚʰʠʝʩʷ 

ʧʘʢʝʪʳ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ TCP 

ʠʣʠ SCTP, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. ʇʨʠʨʦʜʘ UDP ʢʘʢ ʧʨʦʪʦʢʦʣʘ ʙʝʟ ʩʦʭʨʘʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʪʘʢʞʝ ʧʦʣʝʟʥʘ ʜʣʷ ʩʝʨʚʝʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʥʘ ʥʝʙʦʣʴʰʠʝ ʟʘʧʨʦʩʳ ʦʪ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ 

ʢʣʠʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ DNS ʠ ʧʦʪʦʢʦʚʳʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʚʨʦʜʝ IPTV, Voice over 

IP, ʧʨʦʪʦʢʦʣʳ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ IP ʠ ʤʥʦʛʠʝ ʦʥʣʘʡʥ-ʠʛʨʳ. 

- ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ 

ü IPv4 ï ʯʝʪʚʸʨʪʘʷ ʚʝʨʩʠʷ ʠʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʘ IP. ʆʥʘ ʩʦʟʜʘʥʘ ʚ 1981 ʛʦʜʫ ʠ 

ʘʢʪʫʘʣʴʥʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. IPv4 ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ 

ʀʥʪʝʨʥʝʪʝ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ 4 ʯʘʩʪʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʨʘʟʜʝʣʝʥʘ ʪʦʯʢʦʡ, ʥʘʧʨʠʤʝʨ, 

127.101.102.103. ɼʠʘʧʘʟʦʥ ʢʘʞʜʦʡ ʯʘʩʪʠ - ʦʪ 0 ʜʦ 255. ʕʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʣʸʛʢʦʩʪʠ ʯʪʝʥʠʷ ʠ 

ʟʘʧʦʤʠʥʘʥʠʷ. IPv4 ʠʩʧʦʣʴʟʫʝʪ 32-ʙʠʪʥʦʝ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʝʛʦ ʨʘʟʤʝʨ 4 ʙʘʡʪʘ. ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ IP ʚ ʉʝʪʠ - ʦʢʦʣʦ 4,3 ʤʠʣʣʠʘʨʜʘ. ʋʞʝ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ IPv4 ʩʪʘʣʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ, 

ʯʝʤ ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʚ ʘʨʭʠʪʝʢʪʫʨʫ IPv4. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʧʨʦʪʦʢʦʣʘ IPv6.  25 

ʥʦʷʙʨʷ 2019 ʛʦʜʘ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦʩʣʝʜʥʠʝ ʩʚʦʙʦʜʥʳʝ IPv4-ʘʜʨʝʩʘ ʚ ɽʚʨʦʧʝ, ʩʪʨʘʥʘʭ 

ʙʳʚʰʝʛʦ ʉʉʉʈ ʠ ʥʘ ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ. ʊʝʧʝʨʴ ʧʦʣʫʯʠʪʴ IPv4-ʘʜʨʝʩ ʤʦʞʥʦ ʙʫʜʝʪ ʪʦʣʴʢʦ, ʝʩʣʠ 

ʝʛʦ ʦʩʚʦʙʦʜʠʪ ʪʝʢʫʱʠʡ ʚʣʘʜʝʣʝʮ, ʥʘʧʨʠʤʝʨ, ʟʘʢʨʦʝʪʩʷ ʢʦʤʧʘʥʠʷ ʠʣʠ ʢʘʢʘʷ-ʣʠʙʦ ʩʝʪʴ 

ʦʩʚʦʙʦʜʠʪ ʥʝʥʫʞʥʳʡ ʝʡ ʘʜʨʝʩʥʳʡ ʨʝʩʫʨʩ. 

ü IPv6 ï ʰʝʩʪʘʷ ʚʝʨʩʠʷ ʠʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʘ IP. ʇʨʦʪʦʢʦʣ ʙʳʣ ʩʦʟʜʘʥ ʚ ʜʝʢʘʙʨʝ 

1995 ʛʦʜʘ. ʆʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʀʥʞʝʥʝʨʥʳʤ ʩʦʚʝʪʦʤ ʀʥʪʝʨʥʝʪʘ (IETF) ʠ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ 

ʧʦʩʣʝʜʥʝʡ ʚʝʨʩʠʝʡ ʠʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʘ. IPv6 ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʡ, ʯʝʤ IPv4, ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʣʫʯʰʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʂʘʢ ʙʳʣʦ ʦʙʦʟʥʘʯʝʥʦ ʚʳʰʝ, ʢʘʞʜʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʚ ʀʥʪʝʨʥʝʪʝ 

ʥʘʟʥʘʯʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʥʠʢʘʣʴʥʳʡ IP-ʘʜʨʝʩ. ʅʦʚʳʡ ʧʨʦʪʦʢʦʣ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʢʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʜʨʝʩʦʚ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʠ ʟʘʤʝʥʷʝʪ ʧʨʦʰʣʫʶ ʚʝʨʩʠʶ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʩʪʫʱʝʛʦ ʯʠʩʣʘ ʪʨʘʬʠʢʘ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʠ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʥʝʭʚʘʪʢʠ IP-

ʘʜʨʝʩʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʘʜʨʝʩʦʚ ʚ IPv6 ʩʦʩʪʘʚʣʷʝʪ 5x1028 (ʦʢʦʣʦ 79 228 162 514 264 337 593 543 

950 336 ʦʢʪʠʣʣʠʦʥʦʚ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʪʦʢʦʣ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʝʝ 300 ʤʣʥ IP-ʘʜʨʝʩʦʚ ʥʘ ʢʘʞʜʦʛʦ ʞʠʪʝʣʷ ɿʝʤʣʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ IPv4, ʪʠʧʠʯʥʳʡ ʘʜʨʝʩ IPv6 

ʩʦʩʪʦʠʪ ʠʟ 128 ʙʠʪ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʦʩʝʤʴ ʛʨʫʧʧ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʳʭ ʮʠʬʨ, ʨʘʟʜʝʣʸʥʥʳʭ ":". ʅʘʧʨʠʤʝʨ: 3005: 0db6: 82a5: 0000: 00 00: 7a1e: 

1460: 5334. ɺ 2014 ʛʦʜʫ ʜʦʣʷ IPv6 ʚ ʠʥʪʝʨʥʝʪ-ʪʨʘʬʠʢʝ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 5%. ʅʘ 2021 ʛʦʜ, 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ Google, ʵʪʘ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 32%. 

ü 6LoWPAN (IPv6 over Low power Wireless Personal Area Networks) ï ʩʪʘʥʜʘʨʪ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʝʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ IP-ʧʨʦʪʦʢʦʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ IPv6, ʥʘ 
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ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ (IEEE 802.15.4) ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ IP-

ʩʝʪʷʤʠ, ʪʦ ʝʩʪʴ 6LoWPAN-ʩʝʪʴ ʩʦʚʤʝʩʪʠʤʘ ʩ ʣʶʙʳʤʠ ʩʝʪʝʚʳʤʠ ʧʦʜʢʣʶʯʝʥʠʷʤʠ, ʧʨʠʤʝʥʷʝʪ 

ʧʦʧʫʣʷʨʥʳʝ ʩʪʘʥʜʘʨʪʳ (HTTP, UDP, TCP, COAP) ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʝʞʜʫ ʚʩʝʤʠ ʫʟʣʘʤʠ IP-

ʘʜʨʝʩʘʮʠʶ. ɸʨʭʠʪʝʢʪʫʨʘ 6LoWPAN ʚʢʣʶʯʘʝʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʨʦʫʪʝʨʳ ʠ ʭʦʩʪʳ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʦʙʲʝʜʠʥʷʝʪ ʩʝʪʠ ʠ ʧʦʜʢʣʶʯʘʝʪ ʠʭ ʢ ʀʥʪʝʨʥʝʪʫ, ʨʦʫʪʝʨʳ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʠ, ʘ ʭʦʩʪʳ (ʢʦʥʝʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ) ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʷʪʩʷ ʚ ʩʧʷʱʝʤ 

ʨʝʞʠʤʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ. 6LoWPAN ï mesh-ʩʝʪʴ, ʪʦʧʦʣʦʛʠʷ ʢʦʪʦʨʦʡ 

ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʜʸʞʥʦʩʪʴ, ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʛʠʙʢʦʩʪʴ ʧʨʠ ʥʘʩʪʨʦʡʢʝ. 

- ʂʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʜʘʥʥʳʭ 

ü BLE (Bluetooth Low Energy) - ʵʪʦ ʩʪʘʥʜʘʨʪ, ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ. ʆʥ ʨʘʙʦʪʘʝʪ ʥʘ ʯʘʩʪʦʪʝ 2.4 ɻɻʮ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʜʢʣʶʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 100 ʤ. ʐʠʨʦʢʘʷ ʠʟʚʝʩʪʥʦʩʪʴ Bluetooth ʧʦʟʚʦʣʠʣʘ 

ʝʤʫ ʧʨʦʥʠʢʥʫʪʴ ʚʦ ʚʩʝ ʫʛʦʣʢʠ ʤʠʨʘ ʠ ʚʦ ʤʥʦʛʠʝ ʫʩʪʨʦʡʩʪʚʘ ï ʩʤʘʨʪʬʦʥʳ, ʥʘʫʰʥʠʢʠ, 

ʤʝʜʠʮʠʥʩʢʠʝ ʧʨʠʙʦʨʳ, ʙʳʪʦʚʫʶ ʪʝʭʥʠʢʫ, ʇʂ ʠ ʥʦʫʪʙʫʢʠ, ʘʚʪʦʤʦʙʠʣʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. BLE 

ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ çʫʤʥʳʡ ʜʦʤè. ʊʘʢʞʝ ʦʥ ʣʸʛ ʚ ʦʩʥʦʚʫ iBeacon-ʤʘʷʢʦʚ. 

ʇʦʩʣʝʜʥʠʡ ʩʪʘʥʜʘʨʪ Bluetooth 5, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 2016 ʛʦʜʫ, ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ Internet of 

Things. 

ü LoRaWAN ( Long Range WAN) - ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʀʥʪʝʨʥʝʪʘ 

ʚʝʱʝʡ IoT. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ çʫʤʥʳʝè smart-ʜʘʪʯʠʢʠ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʦʥʠʪʦʨʠʥʛ ʧʦʢʘʟʘʪʝʣʝʡ, ʘʥʘʣʠʟʠʨʫʶʪ ʠʭ ʠ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʥʘ ʩʝʨʚʝʨ. ʏʝʨʝʟ 

ʧʨʠʣʦʞʝʥʠʝ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʤʦʥʠʪʦʨʝ. ɺ ʮʝʣʦʤ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʮʝʥʠʚʘʪʴ ʩʦʪʥʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʢ ʧʨʠʤʝʨʫ, ʨʘʟʛʨʫʟʠʪʴ ʯʝʣʦʚʝʢʘ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʅʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʫʪʠʥʥʳʝ ʦʧʝʨʘʮʠʠ ʪʝʧʝʨʴ ʩʧʦʢʦʡʥʦ ʤʦʞʥʦ 

ʜʦʚʝʨʠʪʴ ʤʘʰʠʥʝ, ʦʩʪʘʚʠʚ ʩʦʪʨʫʜʥʠʢʘʤ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʨʘʙʦʪʳ. ɺʩʝ 

ʜʘʪʯʠʢʠ ʨʘʙʦʪʘʶʪ ʘʚʪʦʥʦʤʥʦ ʙʝʟ ʵʣʝʢʪʨʦʩʝʪʠ ʜʦ 10 ʣʝʪ ʙʝʟ ʧʨʦʚʦʜʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʥʝʪ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʪʘʤ, ʛʜʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ ï ʚʦʟʛʦʨʘʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʧʨʦʚʦʜʦʚ ʪʘʢʞʝ ʜʝʣʘʝʪ 

ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʳʤ ʠ ʫʜʦʙʥʳʤ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ 

ʦʩʪʘʸʪʩʷ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʦʪʦʢʦʣ LoRaWAN ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʢʦʤʧʘʥʠʷʤʠ Semtech ʠ IBM Research. ʆʥ ʥʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ ISO/OSI , ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʫʣʷʮʠʷ LoRa, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʩʰʠʨʝʥʠʠ ʩʧʝʢʪʨʘ. ʉʝʪʴ 

LoRaWAN ʠʤʝʝʪ ʪʦʧʦʣʦʛʠʶ çʟʚʝʟʜʘè, ʪʦ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚ (ʜʘʪʯʠʢʦʚ, ʩʝʥʩʦʨʦʚ) ʧʦ 

ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʥʘ ʰʣʶʟʳ, ʘ ʰʣʶʟʳ ʧʝʨʝʥʘʧʨʘʚʣʷʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʩʝʨʚʝʨ. 

ü LTE-M ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʥʜʘʨʪ ʨʘʜʠʦʪʝʭʥʦʣʦʛʠʠ ʤʘʣʦʤʦʱʥʦʡ ʛʣʦʙʘʣʴʥʦʡ 

ʩʝʪʠ (LPWAN), ʨʘʟʨʘʙʦʪʘʥʥʳʡ 3GPP ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʩʦʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ʠ 

ʫʩʣʫʛʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʤʝʞʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ). 

ʉʧʝʮʠʬʠʢʘʮʠʷ ʜʣʷ eMTC ( LTE Cat-M1 ) ʙʳʣʘ ʟʘʤʦʨʦʞʝʥʘ ʚ 3GPP ʚʝʨʩʠʠ 13 ( LTE Advanced 

Pro ) ʚ ʠʶʥʝ 2016 ʛʦʜʘ. ɼʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ 3GPP IoT ʚʢʣʶʯʘʶʪ NB-IoT.ʠ EC-GSM-IoT. 

ʇʨʝʠʤʫʱʝʩʪʚʦ LTE-M ʧʝʨʝʜ NB-IoT ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 
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ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʧʝʨʝʜʘʯʝ ʛʦʣʦʩʘ ʧʦ ʩʝʪʠ, ʥʦ ʦʥ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʧʦʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʤʝʱʸʥ ʚ ʧʦʣʦʩʫ ʯʘʩʪʦʪ 

ʟʘʱʠʪʥʦʡ ʧʦʣʦʩʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʤʦʤ LTE Release 12 Cat-0, ʤʦʜʝʣʴ LTE-M, ʢʘʢ 

ʫʪʚʝʨʞʜʘʝʪʩʷ, ʥʘ 80% ʜʝʰʝʚʣʝ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ), ʧʦʜʜʝʨʞʠʚʘʝʪ ʣʫʯʰʝʝ 

ʧʦʢʨʳʪʠʝ ʜʦ 18 ʜɹ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʙʘʪʘʨʝʠ, ʯʝʤ ʤʦʞʝʪ. ʜʣʠʪʴʩʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. ɺ ʤʘʨʪʝ 

2019 ʛʦʜʘ ɻʣʦʙʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʦʩʪʘʚʱʠʢʦʚ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩʦʦʙʱʠʣʘ, ʯʪʦ ʙʦʣʝʝ 100 

ʦʧʝʨʘʪʦʨʦʚ ʨʘʟʚʝʨʥʫʣʠ, / ʟʘʧʫʩʪʠʣʠ ʩʝʪʠ NB-IoT ʠʣʠ LTE-M. 

ü Lora ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ (PHY), 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʠʪʘʥʠʝʤ ʦʪ ʙʘʪʘʨʝʠ ʠ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ LoRa ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʘʥʠʝʡ Semtech ʠ ʠʩʧʦʣʴʟʫʝʪ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʡ 

ʤʝʪʦʜ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ, ʛʜʝ ʜʘʥʥʳʝ ʢʦʜʠʨʫʶʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ ʩ ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʦʪʦʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ: ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʸʤʥʠʢʘ (ʜʦ -148ʜɹʤ) ʠ 

ʩʥʠʞʘʝʪʩʷ ʢʨʠʪʠʯʥʦʩʪʴ ʢ ʨʘʩʩʪʨʦʡʢʝ ʧʦ ʯʘʩʪʦʪʝ ʤʝʞʜʫ ʧʨʠʸʤʥʠʢʦʤ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ. 

ʊʝʭʥʦʣʦʛʠʷ LoRa ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ (ʜʦ 20 ʢʤ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ), 

ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʸʤʥʠʢʘ, ʥʠʟʢʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʠ ʟʘʱʠʱʸʥʥʫʶ ʧʝʨʝʜʘʯʫ ʩ ʰʠʬʨʦʚʘʥʠʝʤ. 

ü SigFox - ʪʝʭʥʦʣʦʛʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʡ ʩʚʷʟʠ ʫʩʪʨʦʡʩʪʚ ʚ ʩʝʪʷʭ ʩ 

ʥʠʟʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ SigFox ʠʩʧʦʣʴʟʫʝʪ ʫʣʴʪʨʘ-ʫʟʢʫʶ ʧʦʣʦʩʫ 

ʯʘʩʪʦʪ (Ultra-Narrow Band, UNB) ʩ ʜʚʦʠʯʥʦ-ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ (BPSK), ʘ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʤʝʥʷʝʪ ʬʘʟʫ ʥʝʩʫʱʝʡ ʨʘʜʠʦʚʦʣʥʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʘ 

ʧʨʠʥʠʤʘʶʱʝʡ ʩʪʦʨʦʥʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʜʝʣʘʪʴ ʧʨʠʥʠʤʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʙʦʣʝʝ ʜʝʰʸʚʳʤʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ: 30-50 ʢʤ (3-10 ʢʤ ʚ ʟʘʰʫʤʣʸʥʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʨʘʡʦʥʘʭ); ʩʨʦʢ ʩʣʫʞʙʳ ʫʩʪʨʦʡʩʪʚ ʙʝʟ ʟʘʤʝʥʳ ʙʘʪʘʨʝʠ: 20 ʣʝʪ ʦʪ 2-ʭ ʙʘʪʘʨʝʝʢ ʪʠʧʘ ɸɸ; 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʯʘʩʪʦʪʳ: 868 ʄɻʮ (ɽʚʨʦʧʘ) ʠ 902 ʄɻʮ (ʉʐɸ); ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ: ʟʚʝʟʜʘ (ʙʘʟʦʚʘʷ 

ʩʪʘʥʮʠʷ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢʦʥʝʯʥʳʝ ʪʦʯʢʠ). ʉʫʱʝʩʪʚʫʶʱʠʡ ʩʪʘʥʜʘʨʪ SigFox 

ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʙʱʝʥʠʡ ʦʪ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʜʦ ʢʦʥʝʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʚ ʜʝʥʴ: 140 ʩʦʦʙʱʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʩʦʦʙʱʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ 12 ʙʘʡʪ 

(ʠʩʢʣʶʯʘʷ ʟʘʛʦʣʦʚʦʢ ʩʦʦʙʱʝʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʨʝʜʘʯʝ). ʀ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʙʱʝʥʠʡ, 

ʠʩʭʦʜʷʱʠʭ ʦʪ ʢʦʥʝʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 4 ʩʦʦʙʱʝʥʠʡ ʚ ʜʝʥʴ ʩ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ 8 ʙʘʡʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠ ʚʳʙʦʨʝ ʧʨʦʪʦʢʦʣʦʚ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʩʣʝʜʫʝʪ ʠʩʭʦʜʠʪʴ ʠʟ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʦʙʲʝʤ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʠʭ ʥʫʞʥʦ ʧʝʨʝʜʘʪʴ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʨʘʙʦʪʘʶʪ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʠʙʝʛʘʶʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʘʟ ʜʘʥʥʳʭ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 
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ʫʧʨʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʠʣʦʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʠʭ ʧʦʩʪʦʷʥʩʪʚʦ 

ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʪʜʝʣʴʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʧʨʠʣʦʞʝʥʠʷ. 

ʆʜʥʘʢʦ ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʦ ʨʘʙʦʪʘʪʴ ʥʘʧʨʷʤʫʶ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠʟ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʨʘʟʣʠʯʠʷ ʚ ʩʧʦʩʦʙʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʠ 

ʩʣʦʞʥʦʩʪʴ ʚ ʚʳʨʘʞʝʥʠʠ ʪʦʥʢʦʩʪʝʡ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʵʪʠʭ ʧʨʦʙʣʝʤ ʙʳʣʦ ʩʦʟʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʨʝʜʥʠʢʘ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʝʤ ʠ ʙʘʟʦʡ ʜʘʥʥʳʭ. 

ʊʝʭʥʦʣʦʛʠʷ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚ web-ʧʨʠʣʦʞʝʥʠʷʭ 

ʋ ʪʝʭʥʦʣʦʛʠʠ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ (ʘʥʛʣ. ORM ï Object-Relational 

Mapping) ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ, ʥʦ ʚʩʝ ʦʥʠ ʩʭʦʞʠ ʠ ʛʦʚʦʨʷʪ, ʯʪʦ 

ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ï ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʚʷʟʳʚʘʝʪ ʙʘʟʳ 

ʜʘʥʥʳʭ ʩ ʢʦʥʮʝʧʮʠʷʤʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʚʘʷ 

çʚʠʨʪʫʘʣʴʥʫʶ ʦʙʲʝʢʪʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭè. 

ORM ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʥʝʥʠʷ CRUD-ʦʧʝʨʘʮʠʡ 

(https://clck.ru/bkv6U). ʇʨʠ ʵʪʦʤ ʩʘʤʘ ORM ʥʘʣʘʞʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʤʦʜʝʣʷʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʢʠʡ ʰʘʙʣʦʥ, ʢʦʪʦʨʳʡ 

ʦʪʦʙʨʘʞʘʝʪ ʢʣʘʩʩ ʚ ʪʘʙʣʠʮʫ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʘ ʘʪʨʠʙʫʪʳ ʦʙʲʝʢʪʘ ʵʪʦʛʦ ʢʣʘʩʩʘ ʚ ʧʦʣʷ ʵʪʦʡ ʞʝ 

ʪʘʙʣʠʮʳ. ORM ʩʦʟʜʘʸʪ çʚʠʨʪʫʘʣʴʥʫʶ ʦʙʲʝʢʪʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭè ʚ ʧʘʤʷʪʠ ʠ ʯʝʨʝʟ ʥʝʸ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʚ ʨʝʞʠʤʝ ʦʙʲʝʢʪʥʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʠ. ʀʥʬʦʨʤʘʮʠʷ, 

ʧʦʣʫʯʝʥʥʘʷ ʵʪʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠʟ ʬʦʨʤʳ ʦʙʲʝʢʪʘ 

ʚ ʙʘʟʫ ʠ ʥʘʦʙʦʨʦʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ SQL-ʟʘʧʨʦʩʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ CRUD-ʦʧʝʨʘʮʠʡ. ɺ 

ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʲʝʢʪʘʤ ʥʠʯʝʛʦ ʥʝ ʥʫʞʥʦ ʟʥʘʪʴ ʦ ʩʪʨʫʢʪʫʨʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ ʝʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ. 

ORM ʩʣʫʞʠʪ ʫʨʦʚʥʝʤ ʘʙʩʪʨʘʢʮʠʠ, ʧʨʠʟʚʘʥʥʳʤ ʧʦʤʦʯʴ ʨʘʙʦʪʘʪʴ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʘʨʘʜʠʛʤʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʩʚʷʟʠ 

ʤʝʞʜʫ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʜʘʥʥʳʭ ʚ ʢʦʜʝ 

ʧʨʠʣʦʞʝʥʠʷ: ʘʢʪʠʚʥʳʡ ʰʘʙʣʦʥ ʟʘʧʠʩʠ (ʘʥʛʣ. ActiveRecord) [1, ʩ. 182-187] ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʜʘʥʥʳʭ (ʘʥʛʣ. Data Mapper) [1, ʩ.187-192]. 

ɺ ʘʢʪʠʚʥʦʡ ʟʘʧʠʩʠ ʤʦʜʝʣʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥʢʘʧʩʫʣʷʮʠʷ ʜʘʥʥʳʭ ʚ ʧʨʝʜʝʣʳ ʩʪʨʫʢʪʫʨʳ 

ʦʙʲʝʢʪʦʚ ʚ ʢʦʜʝ. ʆʙʲʝʢʪʳ ʩʦʜʝʨʞʘʪ ʤʝʪʦʜʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ, ʦʙʥʦʚʣʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʘ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʲʝʢʪʘʭ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʈʝʘʣʠʟʘʮʠʷ ʘʢʪʠʚʥʳʭ 

ʟʘʧʠʩʝʡ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʩʦʟʜʘʚʘʷ ʢʣʘʩʩʳ ʠ ʵʢʟʝʤʧʣʷʨʳ ʢʣʘʩʩʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʜʝ. 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʜʨʫʛʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ORM. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʝʡʩʪʚʫʝʪ 

ʢʘʢ ʩʚʷʟʫʶʱʝʝ ʟʚʝʥʦ, ʧʦʩʨʝʜʥʠʢ, ʤʝʞʜʫ ʢʦʜʦʤ ʠ ʜʘʥʥʳʤʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ɺʤʝʩʪʦ 

ʠʥʢʘʧʩʫʣʷʮʠʠ ʜʘʥʥʳʭ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʢʪʦʚ ʚ ʢʦʜʝ, ʦʥ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʨʘʟʲʝʜʠʥʝʥʠʠ ʠ 

ʪʨʘʥʩʣʷʮʠʠ ʜʘʥʥʳʭ ʚ ʦʙʲʝʢʪʳ, ʧʦʟʚʦʣʷʷ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ. ʕʪʦ 

ʦʪʜʝʣʷʝʪ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʦʪ ʜʝʪʘʣʝʡ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʊʝʭʥʦʣʦʛʠʷ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʧʫʣʷʨʥʘ ʧʦ ʤʥʦʛʠʤ ʧʨʠʯʠʥʘʤ: 
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1. ʆʥʘ ʧʦʤʦʛʘʝʪ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴ ʦʙʣʘʩʪʴ ʜʘʥʥʳʭ ʜʦ ʫʨʦʚʥʷ ʢʦʥʪʝʢʩʪʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. ORM ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʢʘʢ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʙʦʪʳ ʩ ʢʦʜʦʤ 

ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ 

ʠ ʥʝ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʥʶʘʥʩʘʭ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʭʨʘʥʠʣʠʱʘ. 

2. ʊʘʢʞʝ ʦʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ORM ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ 

ʟʘʧʨʦʩʦʚ. ʆʥʘ ʠʟʙʘʚʣʷʝʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʥʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ DDL (ʘʥʛʣ. Data Definition 

Language) (https://clck.ru/Nsr8C) ʠ DML (Data Manipulation Language) (https://clck.ru/Nsr8C ) 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʘʟʳ ʜʘʥʥʳʭ. 

3. ORM ʯʘʩʪʦ ʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʤʠʛʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʫʧʨʘʚʣʷʪʴ 

ʠʟʤʝʥʝʥʠʷʤʠ ʩʭʝʤʳ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʡ, ʚʥʝʩʸʥʥʳʭ ʚ ʢʦʜ. ʅʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʟʘʨʘʥʝʝ ʚʳʷʩʥʷʪʴ ʠʜʝʘʣʴʥʫʶ ʩʭʝʤʫ ʙʘʟʳ ʜʘʥʥʳʭ, ʝʩʣʠ ORM ʤʦʞʝʪ ʧʦʤʦʯʴ ʫʧʨʘʚʣʷʪʴ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʙʘʟʳ ʜʘʥʥʳʭ. ʀʟʤʝʥʝʥʠʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ʠ ʙʘʟʝ ʜʘʥʥʳʭ ʯʘʩʪʦ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʠʣʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʚʥʦʩʷʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʜ. 

ORM ʥʝ ʣʠʰʝʥʦ ʥʝʜʦʩʪʘʪʢʦʚ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʠʟ ʪʝʭ ʞʝ ʨʝʰʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ORM ʧʦʣʝʟʥʳʤ: 

1. ʆʜʥʘ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩ ORM ï ʧʦʧʳʪʢʘ ʩʢʨʳʪʴ ʜʝʪʘʣʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ 

ʙʘʟʳ ʜʘʥʥʳʭ. ʕʪʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʩ ORM ʚ ʧʨʦʩʪʳʭ ʩʣʫʯʘʷʭ ʠʣʠ ʚ ʥʝʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ 

ʤʘʩʰʪʘʙʘʭ, ʥʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʩʣʦʞʥʦʩʪʠ. 

ɸʙʩʪʨʘʢʮʠʷ ʥʠʢʦʛʜʘ ʥʝ ʙʳʚʘʝʪ ʧʦʣʥʦʡ ʠ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ORM ʙʝʟ ʧʦʥʠʤʘʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʷʟʳʢʘ ʟʘʧʨʦʩʦʚ ʠʣʠ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʯʘʩʪʦ ʧʨʠʚʦʜʷʪ ʢ ʩʦʤʥʠʪʝʣʴʥʳʤ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ. ʕʪʦ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ ʠʣʠ ʩʜʝʣʘʪʴ ʥʝʚʦʟʤʦʞʥʳʤ ʦʪʣʘʜʢʫ ʠ ʥʘʩʪʨʦʡʢʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

2. ORM ʦʙʳʯʥʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʦʜʭʦʜʳ. ORM ʯʘʩʪʦ ʛʝʥʝʨʠʨʫʶʪ 

ʩʣʦʞʥʳʝ ʟʘʧʨʦʩʳ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʦʧʝʨʘʮʠʡ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ 

ʠʩʧʦʣʴʟʫʶʪ ʦʙʱʠʝ ʰʘʙʣʦʥʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʜʨʫʛʠʭ ʩʣʫʯʘʝʚ. 

3. ɺʦʟʤʦʞʥʦ, ʩʘʤʘʷ ʠʟʚʝʩʪʥʘʷ ʧʨʦʙʣʝʤʘ ʨʘʙʦʪʳ ʩ ORM ï ʪʨʫʜʥʦʩʪʴ ʧʝʨʝʚʦʜʘ ʤʝʞʜʫ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʠ ʨʝʣʷʮʠʦʥʥʦʡ ʧʘʨʘʜʠʛʤʦʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ 

ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. ʅʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʪʠʤʠ ʜʚʫʤʷ 

ʢʘʪʝʛʦʨʠʷʤʠ ʪʝʭʥʦʣʦʛʠʡ, ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩ ʢʘʞʜʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʣʦʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʝʩʦʚʝʨʰʝʥʥʘʷ ʘʙʩʪʨʘʢʮʠʷ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʣʦʞʥʦʩʪʠ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʩʠʪʫʘʮʠʷʤ, ʢʦʛʜʘ ʧʫʪʠ ʢ ʫʩʧʝʭʫ ʠʣʠ ʠʟʤʝʥʝʥʠʶ ʢʫʨʩʘ ʪʨʫʜʥʳ ʠʣʠ 

ʥʝʚʦʟʤʦʞʥʳ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʜʘʥʥʳʤʠ 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʜʨʫʛʠʭ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʜʘʥʥʳʤʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʩʪʨʦʝʥʥʳʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʷʟʳʢʦʚ ʟʘʧʨʦʩʦʚ ʠ ʢʦʥʩʪʨʫʢʪʦʨ ʟʘʧʨʦʩʦʚ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʣʦʞʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʘʧʨʷʤʫʶ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʟʘʧʠʩʳʚʘʷ ʠ 

ʚʳʧʦʣʥʷʷ ʟʘʧʨʦʩʳ ʥʘ ʷʟʳʢʝ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʤ ʷʜʨʦʤ ʙʘʟʳ ʜʘʥʥʳʭ. ʆʪʧʨʘʚʢʘ ʟʘʧʨʦʩʦʚ, 

ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʧʦʜʜʝʨʞʠʚʘʝʤʦʤ ʷʟʳʢʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʥʝʡ. 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
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ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʘʟʘ ʜʘʥʥʳʭ ʧʨʝʜʦʩʪʘʚʠʪ ʨʝʟʫʣʴʪʘʪʳ ʟʘʧʨʦʩʘ ʚ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ 

ʬʦʨʤʘʪʦʚ. 

ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʅʘʧʠʩʘʥʥʳʡ 

ʥʘʪʠʚʥʳʡ ʟʘʧʨʦʩ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʥʝʥʫʞʥʳʭ ʫʩʣʦʚʠʡ, 

ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʜʨʫʛʠʭ ʦʰʠʙʦʢ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʤʝʜʣʝʥʥʳʤ ʦʧʝʨʘʮʠʷʤ ʩ ʙʘʟʦʡ 

ʜʘʥʥʳʭ ʠ ʪʨʫʜʥʦʩʪʷʤ ʦʪʣʘʜʢʠ. 

ɽʱ yʦʜʥʘ ʧʨʠʯʠʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʪʠʚʥʳʭ ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʝ ʜʘʥʥʳʭ - ʛʠʙʢʦʩʪʴ. ɹʦʣʝʝ 

ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʘʙʩʪʨʘʢʮʠʠ ʧʳʪʘʶʪʩʷ ʧʨʝʦʜʦʣʝʪʴ ʨʘʟʨʳʚ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʧʘʨʘʜʠʛʤʘʤʠ, 

ʯʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʪʠʧʳ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʦʥʠ ʤʦʛʫʪ ʚʳʨʘʞʘʪʴ. ɸ ʧʨʠ ʥʘʧʠʩʘʥʠʠ 

ʥʘʪʠʚʥʳʭ ʟʘʧʨʦʩʦʚ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʩʝʤʠ ʬʫʥʢʮʠʷʤʠ ʤʝʭʘʥʠʟʤʘ ʙʘʟʳ ʜʘʥʥʳʭ ʠ 

ʚʳʨʘʞʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʟʘʧʨʦʩʳ. 

ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʥʘʪʠʚʥʳʭ ʟʘʧʨʦʩʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦ, ʯʪʦ ʥʘ ʧʨʦʛʨʘʤʤʠʩʪʝ ʣʝʞʠʪ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʧʝʨʝʚʦʜ ʤʝʞʜʫ ʪʠʧʘʤʠ ʜʘʥʥʳʭ ʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʝʪ 

ʧʨʠʣʦʞʝʥʠʝ, ʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʜʦʩʪʫʧʥʳʤʠ ʚ ʩʠʩʪʝʤʝ ʙʘʟʳ ʜʘʥʥʳʭ. 

ɽʱ y ʦʜʥʘ ʚʝʱʴ, ʦ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʘʪʠʚʥʳʤʠ ʟʘʧʨʦʩʘʤʠ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʛʨʘʤʤʠʩʪ ʩʘʤ ʜʦʣʞʝʥ ʫʧʨʘʚʣʷʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʩʚʦʝʛʦ ʚʚʦʜʘ. 

ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʳʡ ʚʚʦʜ - SQL-ʠʥʲʝʢʮʠʷ [2, ʩ. 25-32] ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ.  

ʀʥʦʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʜʘʥʥʳʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠʣʠ 

ʙʠʙʣʠʦʪʝʢʠ, ʥʘʟʳʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʟʘʧʨʦʩʦʚ, ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ. 

ʂʦʥʩʪʨʫʢʪʦʨʦʤ ʟʘʧʨʦʩʦʚ ʜʦʙʘʚʣʷʝʪ ʫʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ ʥʘʜ ʥʘʪʠʚʥʳʤʠ ʷʟʳʢʘʤʠ 

ʟʘʧʨʦʩʦʚ ʜʣʷ ʙʘʟ ʜʘʥʥʳʭ. ʆʥʠ ʜʝʣʘʶʪ ʵʪʦ ʧʫʪʸʤ ʬʦʨʤʘʣʠʟʘʮʠʠ ʰʘʙʣʦʥʦʚ ʟʘʧʨʦʩʦʚ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʤʝʪʦʜʦʚ ʠʣʠ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʵʢʨʘʥʠʨʫʶʪ ʵʣʝʤʝʥʪʳ ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʧʨʠʣʦʞʝʥʠʷ. 

ʆʙʳʯʥʦ ʢʦʥʩʪʨʫʢʪʦʨʳ ʟʘʧʨʦʩʦʚ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜʳ 

ʠʣʠ ʬʫʥʢʮʠʠ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʫʩʣʦʚʠʷ ʚ ʟʘʧʨʦʩ. ʆʙʲʝʜʠʥʠʚ ʤʝʪʦʜʳ ʚʤʝʩʪʝ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ 

ʩʦʩʪʘʚʣʷʪʴ ʧʦʣʥʳʝ ʟʘʧʨʦʩʳ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʠʟ ʵʪʠʭ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ. 

ʇʦʩʢʦʣʴʢʫ ʢʦʥʩʪʨʫʢʪʦʨʳ ʟʘʧʨʦʩʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʝ ʞʝ ʤʝʪʦʜʳ ʠʣʠ ʬʫʥʢʮʠʠ, ʯʪʦ ʠ 

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠʣʦʞʝʥʠʷ, ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʣʝʛʯʝ ʫʧʨʘʚʣʷʪʴ ʠʤʠ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ, ʯʝʤ ʥʘʪʠʚʥʳʤʠ ʟʘʧʨʦʩʘʤʠ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, ʟʘʧʠʩʘʥʥʳʤʠ ʚ ʚʠʜʝ ʩʪʨʦʢ. 

ʂʦʥʩʪʨʫʢʪʦʨʳ ʟʘʧʨʦʩʦʚ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʩʝʨʚʝʨʦʚ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, 

ʘʙʩʪʨʘʛʠʨʫʷ ʥʝʢʦʪʦʨʳʝ ʪʦʥʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʠ ʠ ʪʝ ʞʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʦʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʥʳʝ ʙʘʟʳ 

ʜʘʥʥʳʭ. 

ʆʜʥʠʤ ʠʟ ʢʨʠʪʠʯʝʩʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʢʦʥʩʪʨʫʢʪʦʨʘ ʟʘʧʨʦʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ 

ʪʨʝʙʫʶʪ ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʦʥʠʤʘʥʠʷ ʠ ʫʯʸʪʘ ʩʪʨʫʢʪʫʨ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʨʘʟʙʠʨʘʪʴʩʷ ʚ ʥʘʪʠʚʥʳʭ ʟʘʧʨʦʩʘʭ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʩʠʥʪʘʢʩʠʩʫ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ 

ʩʘʤʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʟʘʧʨʦʩʦʚ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʩʪʨʫʢʪʦʨʳ ʟʘʧʨʦʩʦʚ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʢʘʢ ʠʟʚʣʝʢʘʝʤʳʝ ʜʘʥʥʳʝ 

ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷ: ʥʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʚ 

ʧʘʤʷʪʠ ʠ ʦʙʲʝʢʪʘʤʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

ʍʦʪʷ ʢʦʥʩʪʨʫʢʪʦʨʳ ʟʘʧʨʦʩʦʚ ʠʤʠʪʠʨʫʶʪ ʷʟʳʢ ʟʘʧʨʦʩʦʚ, ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʪʦʨʳʤ ʦʥʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʠʥʦʛʜʘ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʥʝʚʦʟʤʦʞʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʨʠʣʦʞʝʥʠʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ. ɼʣʷ ʝʸ ʨʝʰʝʥʠʷ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʪʘʢʠʭ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ, 

ʥʘʪʠʚʥʳʝ ʟʘʧʨʦʩʳ ʠ ʢʦʥʩʪʨʫʢʪʦʨ ʟʘʧʨʦʩʦʚ.  

ɼʣʷ ʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʠʣʦʞʝʥʠʷ ʩ ʙʘʟʦʡ 

ʜʘʥʥʳʭ ʣʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʪʠʚʥʳʡ ʟʘʧʨʦʩ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʥʘ ʧʨʦʛʨʘʤʤʠʩʪʝ ʣʝʞʠʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʚʦʜʘ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʪʠʧʦʚ ʜʘʥʥʳʭ 

ʠ ʩʪʨʫʢʪʫʨ ʧʨʠʣʦʞʝʥʠʷ ʩ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʘʙʩʪʨʘʢʮʠʠ ʥʘʜ ʥʘʪʠʚʥʳʤʠ ʟʘʧʨʦʩʘʤʠ ʜʣʷ 

ʦʙʣʝʛʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʠ ʩʛʣʘʞʠʚʘʥʠʷ ʪʦʥʢʠʭ ʨʘʟʣʠʯʠʠ ʚ 

ʨʘʟʥʳʭ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʩʪʨʫʢʪʦʨ ʟʘʧʨʦʩʦʚ, ʥʦ ʦʪ 

ʨʘʟʨʘʙʦʪʯʠʢʘ ʪʨʝʙʫʝʪʩʷ ʫʤʝʥʠʝ ʨʘʟʙʠʨʘʪʴʩʷ ʚ ʥʘʪʠʚʥʳʭ ʟʘʧʨʦʩʘʭ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʩʠʥʪʘʢʩʠʩʫ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʘʤʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʟʘʧʨʦʩʦʚ. ʋ ʢʦʥʩʪʨʫʢʪʦʨʘ 

ʟʘʧʨʦʩʦʚ ʥʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʚ ʧʘʤʷʪʠ ʠ ʦʙʲʝʢʪʘʤʠ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ. 

ʊʝʭʥʦʣʦʛʠʷ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʡ ʣʦʛʠʢʝ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʥʝ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ. ɸ ʪʘʢʞʝ ORM ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʩʦʟʜʘʥʠʷ ʟʘʧʨʦʩʦʚ. ʇʨʦʙʣʝʤʦʡ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʩʣʦʞʥʳʭ ʟʘʧʨʦʩʦʚ ʜʣʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʦʧʝʨʘʮʠʡ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʡ ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ, ʥʘʠʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ, ʪʦ 

ʢʦʪʦʨʦʝ ʩʥʠʤʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʩ ʨʘʟʨʘʙʦʪʯʠʢʘ. ʊʘʢʠʤ ʨʝʰʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ï ORM. 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʂʆʅʊɽʁʅɽʈʀɿɸʎʀʗ ʇʈʀʃʆɾɽʅʀʁ ʉ ʇʆʄʆʑʔʖ ʇʃɸʊʌʆʈʄʓ DOCKER 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʧʣʘʪʬʦʨʤʳ Docker. ʉʨʘʚʥʠʚʘʝʪʩʷ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʚʠʨʪʫʘʣʴʥʳʭ 

ʤʘʰʠʥʘʭ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʥʪʝʡʥʝʨʦʚ, ʦʙʨʘʟʦʚ, ʩʦʟʜʘʥʠʝ ʩʣʦʝʚ ʠ ʫʧʘʢʦʚʢʘ 

ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʂʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʬʘʡʣʘ ʩʙʦʨʢʠ Dockerfile. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Docker; Docker Hub; ɺʠʨʪʫʘʣʴʥʘʷ ʤʘʰʠʥʘ; ʍʦʩʪ; ʂʦʥʪʝʡʥʝʨ; ʆʙʨʘʟ; 

Docker Registry; Dockerfile; Docker console. 
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APPLICATIONS CONTAINERIZATION VIA THE DOCKER PLATFORM  

 

Abstract. This article discusses the principle of application containerization using the Docker 

platform. Compares the deployment of applications to virtual machines. The principle of operation 

of containers, images, the creation of layers and the packaging of the necessary dependencies are 

considered. An example of configuring the Dockerfile assembly file is given.  
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ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʩʪʘʥʜʘʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʟʘʧʫʩʢʘ ʩʝʨʚʝʨʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʣʠʩʴ ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ. ɺʠʨʪʫʘʣʴʥʘʷ ʤʘʰʠʥʘ ï ʧʨʦʛʨʘʤʤʘ, ʟʘʜʘʯʝʡ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʤʠʪʘʮʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʟʘʧʫʩʢʘ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʨʝʘʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʝʨʚʝʨ ʩ ʥʘʩʪʦʷʱʠʤ ʧʨʦʮʝʩʩʦʨʦʤ, 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʠ ʜʠʩʢʘʤʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠʤʝʥʫʝʪʩʷ ʭʦʩʪʦʤ. ʅʘ ʩʝʨʚʝʨʝ ʤʦʞʝʪ 

ʩʪʦʷʪʴ ʣʶʙʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʝʤʝʡʩʪʚ: Windows, Linux  ʠʣʠ MacOs. 

ɻʠʧʝʨʚʠʟʦʨ ï ʧʨʦʛʨʘʤʤʘ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʠʤʠʪʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʜʝʣʘʪʴ ʠʟ ʦʜʥʦʛʦ ʩʝʨʚʝʨʘ ʥʝʩʢʦʣʴʢʦ, ʨʘʟʜʝʣʠʚ ʝʛʦ 



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
IV  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

53 

ʨʝʩʫʨʩ rʚ ʣʶʙʦʡ ʧʨʦʧʦʨʮʠʠ. ʅʘʧʨʠʤʝʨ, ʢʦʤʫ-ʪʦ ʦʪʜʘʪʴ ʙʦʣʴʰʝ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ 

ʢʦʤʫ-ʪʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠʣʠ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʚʠʨʪʫʘʣʴʥʳʭ ʩʝʨʚʝʨʦʚ ʥʘ ʦʜʥʦʡ ʭʦʩʪ ʤʘʰʠʥʝ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʭʦʩʪ ʤʘʰʠʥʳ 

 

ɺʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʦʵʪʦʤʫ ʥʘ ʢʘʞʜʳʡ ʠʟ ʚʠʨʪʫʘʣʴʥʳʭ 

ʩʝʨʚʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʚʦʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʫʶ ʥʘʟʳʚʘʶʪ ʛʦʩʪʝʚʦʡ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ. ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʨʘʟʚʸʨʥʫʪʦ ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʝ, 

ʩʣʝʜʫʝʪ ʫʙʝʜʠʪʴʩʷ ʚ ʥʘʣʠʯʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʨʘʡʚʝʨʦʚ, ʙʠʙʣʠʦʪʝʢ ʠʣʠ ʣʶʙʳʭ ʜʨʫʛʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʚʘʰʝʡ ʧʨʦʛʨʘʤʤʳ.  

ʇʨʠʣʦʞʝʥʠʝ ʚʥʫʪʨʠ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʦ ʢʘʢ ʦʪ ʧʨʠʣʦʞʝʥʠʡ ʚ 

ʜʨʫʛʠʭ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥʘʭ, ʪʘʢ ʠ ʦʪ ʩʘʤʦʡ ʭʦʩʪ ʩʠʩʪʝʤʳ. ʀʤʝʥʥʦ ʠʟʦʣʷʮʠ ̫ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. ɽʩʣʠ ʧʝʨʝʥʝʩʪʠ ʚʠʨʪʫʘʣʴʥʫʶ ʤʘʰʠʥʫ ʩ ʦʜʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʝʨʚʝʨʘ ʥʘ ʜʨʫʛʦʡ, ʪʦ ʧʨʠʣʦʞʝʥʠʷ, ʨʘʟʚʸʨʥʫʪʳʝ ʚʥʫʪʨʠ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʥʝ ʟʘʤʝʪʪ̫ 

ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ. ʅʝ ʧʦʪʨʝʙʫʝʪʩ ̫ʠʭ ʧʦʚʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠʣʠ ʥʘʩʪʨʦʡʢʘ.  

ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʨʝʰʘʝʪ ʬʘʢʪʠʯʝʩʢʠ ʪʫ ʞʝ ʩʘʤʫ  ʁʟʘʜʘʯʫ, ʯʪʦ ʠ ʚʠʨʪʫʘʣʴʥʳʡ ʩʝʨʚʝʨ, 

ʩʦʟʜʘʚʘʷ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʚʠʨʪʫʘʣʴʥʫʶ ʩʨʝʜʫ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʟʘʧʫʩʢʘʝʪʩʷ ʛʦʪʦʚʦʝ 

ʧʨʠʣʦʞʝʥʠʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʢʦʥʪʝʡʥʝʨ ï ʵʪʦ ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʧʨʠʣʦʞʝʥʠʝ ʠ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʝʤʫ ʟʘʚʠʩʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʝʛʦ ʟʘʧʫʩʢʘ. ɺ ʥʘʯʘʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʦʧʝʨʘʮʠʠ ʩʙʦʨʢʠ ʩʦʟʜʘʸʪʩʷ ʦʙʨʘʟ, ʠʟ ʢʦʪʦʨʦʛʦ ʚ ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʦʸʥʫ  ʁ

ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʦʚ, ʛʜʝ ʢʘʞʜʳʡ ʥʦʚʳʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʠʟʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʝʜʳʜʫʱʝʛʦ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʦʚ 

 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʣʘʪʬʦʨʤʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ Docker ʨʘʩʧʘʢʦʚʳʚʘʝʪ ʦʙʨʘʟ ʢʦʥʪʝʡʥʝʨʘ ʩ 

ʥʫʞʥʳʤʠ ʬʘʡʣʘʤʠ ʠ ʤʝʪʘʜʘʥʥʳʤʠ, ʟʘʪʝʤ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪ ʩʝʪʴ ʠ ʬʘʡʣʦʚʫʶ ʩʠʩʪʝʤʫ, ʠ 

ʟʘʧʫʩʢʘʝʪ ʥʘʰʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʝʩʪʴ ʚ ʦʙʨʘʟʝ. ɺ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ ʦʙʳʯʥʳʡ ʧʨʦʮʝʩʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. Docker Engine ʩʦʩʪʦʠʪ 

ʠʟ ʪʨʸʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʝʨʚʦʝ ï ʷʜʨʦ ʜʦʢʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʙʳʯʥʫʶ 

ʧʨʦʛʨʘʤʤʫ, ʫʤʝʶʱʝ ʁʩʦʟʜʘʚʘʪʴ ʦʙʨʘʟʳ ʠʣʠ ʩʢʘʯʠʚʘʪʴ ʛʦʪʦʚʳʝ ʠʟ ʩʝʪʠ. ʇʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪ ɹ

ʠʟ ʦʙʨʘʟʦʚ ʢʦʥʪʝʡʥʝʨʳ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʤʝʞʜʫ ʥʠʤʠ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʫʧʨʘʚʣʷʪ ɹ

ʪʦʤʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʢʦʥʪʝʡʥʝʨʫ ʜʦʩʪʫʧ ʥʘ ʯʪʝʥʠʝ ʠʣʠ ʟʘʧʠʩʴ ʢ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ. ɺʪʦʨʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ REST API  ï HTTP  ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜ ʜʦʢʝʨʫ. ʇʦʩʣʝʜʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ï ʢʦʥʩʦʣʴʥʦʡ ʢʣʠʝʥʪ, ʚʳʟʳʚʘʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ docker. ʂʦʥʩʦʣʴʥʳʡ 

ʢʣʠʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʷʜʨʦʤ ʜʦʢʝʨʘ ʯʝʨʝʟ REST API . 

ɼʣʷ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʝʧʦʟʠʪʦʨʠʠ. ɼʦʢʝʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ 

ʧʫʙʣʠʯʥʳʡ ʨʝʧʦʟʠʪʦʨʠʡ Docker Hub, ʩʦʜʝʨʞʘʱʠʡ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚ, ʢʦʪʦʨʳʝ ʚʳ 

ʤʦʞʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʳ 

ʤʦʞʝʪʝ ʟʘʛʨʫʞʘʪʴ ʚ ʨʝʧʦʟʠʪʦʨʠʡ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʦʙʨʘʟʳ. ɺ ʦʩʥʦʚʝ Docker Hub ʣʝʞʠʪ 

ʧʨʦʝʢʪ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ Docker Registry. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʙʘʟʦʚʳʡ ʦʙʨʘʟ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʦʢʝʨ ʢʦʥʪʝʡʥʝʨʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʠʨʪʫʘʣʴʥʳʤ ʩʝʨʚʝʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʟʘʧʫʩʢʘ ʠʩʧʦʣʥʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦ ʠ ʪʦʞʝ ʷʜʨʦ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʥʘʢʣʘʜʥʳʭ 

ʨʘʩʭʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʘʧʫʩʢʘ 

ʦʪʜʝʣʴʥʦ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ. ʊʘʢʞʝ ʢ ʧʨʝʠʤʫʱʝʩʪʚʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʨʝʩʫʨʩʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʢʦʥʪʝʡʥʝʨ ς ʧʨʦʩʪʦ ʧʨʦʮʝʩʩ, ʧʘʤʷʪ ɹʢʦʪʦʨʦʤʫ ʚʳʜʝʣʷʝʪʩʷ 

ʜʠʥʘʤʠʯʝʩʢʠ, ʘ ʚ ʩʣʫʯʘʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ ʤʳ ʜʦʣʞʥʳ ʟʘʨʘʥʝʝ ʟʘʨʝʟʝʨʚʠʨʦʚʘʪʴ ʧʘʤʷʪ ɹʩ 

ʟʘʧʘʩʦʤ. ʇʦʪʝʥʮʠʘʣʴʥʦ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʬʠʟʠʯʝʩʢʦʤ ʩʝʨʚʝʨʝ ʤʦʞʝʪ ʧʦʤʝʩʪʠʪʴʩʷ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʝʡʥʝʨʦʚ ʯʝʤ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ. ʆʙʨʘʟ ʢʦʥʪʝʡʥʝʨʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʣʝʛʢʦʚʝʩʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ. ʂʦʥʪʝʡʥʝʨ ʣʝʛʯʝ ʧʝʨʝʥʝʩʪʠ ʠ 

ʨʘʟʚʝʨʥʫʪʴ ʥʦʚʳʤ ʦʢʨʫʞʝʥʠʝʤ ʠʣʠ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʧʫʪʸʤ ʜʫʙʣʠʨʦʚʘʥʠʷ. ʅʦ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʢʦʥʪʝʡʥʝʨʳ ʤʝʥʝʝ ʙʝʟʦʧʘʩʥʳ ʯʝʤ ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ. ʉʚʷʟʘʥʦ ʪɻʦ ʩ ʪʝʤ, ʯʪʦ ʢʦʥʪʝʡʥʝʨʳ 

ʟʘʧʫʩʢʘʶʪʩʷ ʥʘ ʦʜʥʦʤ ʷʜʨʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʘʙʫ  ʁ
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ʠʟʦʣʷʮʠ ʁʯʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʛʜʝ ʤʳ ʠʤʝʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡ ʚ ʚʠʜʝ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʏʪʦʙʳ ʩʦʙʨʘʪʴ ʦʙʨʘʟ ʥʘʰʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʥʘʯʘʣʘ ʧʦʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʪʴ ʪʝʢʩʪʦʚʳʡ 

ʬʘʡʣ Dockerfile ʚ ʢʘʪʘʣʦʛʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʢ ʩʙʦʨʢʝ, ʟʘʧʫʩʢʫ ʠ 

ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʘʤ ʙʫʜʫʱʝʛʦ ʢʦʥʪʝʡʥʝʨʘ. ʈʘʩʩʤʦʪʨʠʤ ʩʦʟʜʘʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ ʥʘ 

ʧʨʠʤʝʨʝ ʧʨʦʝʢʪʘ ʚʝʙ ʧʨʠʣʦʞʝʥʠʷ, ʥʘʧʠʩʘʥʥʦʛʦ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Kotlin  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ Ktor. ɼʣʷ ʩʙʦʨʢʠ ʠ ʫʩʪʘʥʦʚʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʦ ʚʩʝʤʠ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʩʙʦʨʢʠ Gradle (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ʂʦʤʘʥʜʘ ʩʙʦʨʢʠ ʧʨʠʣʦʞʝʥʠʷ ʚ Gradle 

 

ɼʣʷ ʟʘʧʫʩʢʘ ʠ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʭʦʩʪ ʤʘʰʠʥʝ ʧʦʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʘʢʝʪ 

openjdk:8-jdk. ʉ ʧʦʤʦʱʴʶ Docker ʤʳ ʤʦʞʝʤ ʟʘʛʨʫʟʠʪʴ ʙʘʟʦʚʳʡ ʦʙʨʘʟ openjdk:8-jdk  ʠʟ 

ʨʝʧʦʟʠʪʦʨʠʷ Docker Hub ʠ ʥʘ ʦʩʥʦʚʝ ʥʝʛʦ ʩʦʙʨʘʪʴ ʩʚʦʡ ʦʙʨʘʟ, ʜʦʙʘʚʠʚ ʩʣʦʡ ʩ ʥʘʰʠʤ 

ʧʨʠʣʦʞʝʥʠʝʤ. 

ɺ Dockerfile ʧʨʦʧʠʩʳʚʘʝʤ ʜʠʨʝʢʪʠʚʫ ʩʙʦʨʢʠ FROM, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʧʦʤʝʪʢʦʡ, ʢʘʢʦʡ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʙʨʘʟ ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ FROM openjdk:8-jdk. ɼʣʷ ʚʝʙ 

ʧʨʠʣʦʞʝʥʠʷ ʧʦʥʘʜʦʙʠʪʩʷ ʦʪʢʨʳʪʴ ʧʦʨʪ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʝʛʦ ʩ ʧʦʨʪʦʤ ʢʦʥʪʝʡʥʝʨʘ ʩ ʧʦʤʦʱʴʶ 

ʜʠʨʝʢʪʠʚʳ EXPOSE 80:80. ʊʝʧʝʨʴ ʙʫʜʫʱʠʡ ʢʦʥʪʝʡʥʝʨ ʙʫʜʝʪ ʧʨʦʩʣʫʰʠʚʘʪʴ 80 ʧʦʨʪ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʠ ʧʝʨʝʥʘʧʨʘʚʣʷʪʴ ʥʘ ʩʚʦʡ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ. ʀʩʧʦʣʴʟʫʷ ʜʠʨʝʢʪʠʚʫ 

RUN, ʤʦʞʥʦ ʧʨʦʧʠʩʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʦʣʴʥʳʝ ʢʦʤʘʥʜʳ, ʥʘʧʨʠʤʝʨ ʩʦʟʜʘʥʠʝ ʜʠʨʝʢʪʦʨʠʠ ʚ 

ʩʣʦʝ: RUN mkdir /app. ʊʝʧʝʨʴ ʥʫʞʥʦ ʜʦʙʘʚʠʪʴ ʬʘʡʣʳ ʧʨʠʣʦʞʝʥʠʷ ʠʟ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ 

ʩʙʦʨʢʠ ʚ ʨʘʙʦʯʫʶ ʜʠʨʝʢʪʦʨʠʶ ʦʙʨʘʟʘ: COPY ./build/install/NvguNorify/ /app/ . ʊʘʢ ʢʘʢ 

ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ ʟʘʧʫʩʢʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʪʘʣʦʛʝ /bin, ʤʳ ʤʦʞʝʤ ʧʨʦʧʠʩʘʪʴ 

ʨʘʙʦʯʫʶ ʜʠʨʝʢʪʦʨʠʶ ʢʦʥʪʝʡʥʝʨʘ ʚ ʢʘʪʘʣʦʛʝ WORKDIR  /app/bin. ʕʪʦ ʥʫʞʥʦ ʜʣʷ ʩʣʝʜʫʶʱʝʡ 

ʢʦʤʘʥʜʳ CMD, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚʩʝʛʜʘ ʧʨʠ ʟʘʧʫʩʢʝ ʢʦʥʪʝʡʥʝʨʘ. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʤʳ 

ʟʘʧʫʩʢʘʝʤ ʩʚʦʝ ʧʨʠʣʦʞʝʥʠʝ: CMD ["./NvguNorify"] . ʀʩʭʦʜʥʳʡ ʬʘʡʣ Dockerfile ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩ. 4. ɻʦʪʦʚʳʡ Dockerfile ʧʨʠʣʦʞʝʥʠʷ 
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ʏʪʦʙʳ ʩʦʙʨʘʪʴ ʧʨʠʣʦʞʝʥʠʝ, ʥʫʞʥʦ ʧʝʨʝʡʪʠ ʚ ʢʘʪʘʣʦʛ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ Dockerfile, ʠ 

ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ ʩʙʦʨʢʠ:  

docker build -t lev:notify .  

ʌʣʘʛ -t ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʩʚʦʡ ʪʝʛ ʜʣʷ ʦʙʨʘʟʘ: lev:notify, ʘ ʪʦʯʢʘ ʚ ʢʦʥʮʝ ʢʦʤʘʥʜʳ ʛʦʚʦʨʠʪ 

ʜʦʢʝʨʫ ʠʩʢʘʪʴ ʬʘʡʣ Dockerfile ʚ ʢʘʪʘʣʦʛʝ ʧʨʠʣʦʞʝʥʠʷ. ʆʙʨʘʟ openjdk:8-jdk, ʢ ʢʦʪʦʨʦʤʫ ʤʳ 

ʜʦʙʘʚʣʷʝʤ ʩʚʦʡ ʩʣʦʡ ʩ ʧʨʠʣʦʞʝʥʠʝʤ, ʙʫʜʝʪ ʟʘʛʨʫʞʝʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟ ʨʝʧʦʟʠʪʦʨʠʷ Docker 

Hub ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʙʫʜʝʪ ʩʦʙʨʘʥ ʥʦʚʳʡ ʦʙʨʘʟ. ɿʘʪʝʤ ʙʫʜʫʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʝʥʳ ʚʩʝ 

ʜʠʨʝʢʪʠʚʳ, ʦʧʠʩʘʥʥʳʝ ʚ Dockerfile (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ɺʳʧʦʣʥʝʥʠʝ ʩʙʦʨʢʠ 

 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ docker images ʙʫʜʝʪ ʚʳʚʝʜʝʥ ʩʧʠʩʦʢ ʚʩʝʭ ʦʙʨʘʟʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʣʦʢʘʣʴʥʦʡ ʤʘʰʠʥʝ (ʨʠʩ. 6). ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʙʨʘʟ openjdk:8-jdk  ʙʳʣ 

ʟʘʛʨʫʞʝʥ ʠ ʜʦʙʘʚʣʝʥ ʚ ʩʧʠʩʦʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɽʛʦ ʤʦʞʥʦ ʪʘʢʞʝ ʩʤʦʥʪʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʦ ʚ 

ʢʦʥʪʝʡʥʝʨ. 

 

 
ʈʠʩ. 6. ʉʧʠʩʦʢ ʦʙʨʘʟʦʚ ʣʦʢʘʣʴʥʦʡ ʤʘʰʠʥʳ 

 

ʅʘʢʦʥʝʮ ʜʣʷ ʟʘʧʫʩʢʘ ʥʘʰʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʢʦʥʪʝʡʥʝʨʘ ʚʳʧʦʣʥʠʤ ʢʦʤʘʥʜʫ: docker 

run  -d -p 80:80 ï-name notify -app-container lev:notify . 

ʀ ʦʪʦʙʨʘʟʠʤ ʚʩʝ ʢʦʥʪʝʡʥʝʨʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ: docker ps -a (ʨʠʩ. 7). 
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ʈʠʩ. 7. ʉʧʠʩʦʢ ʢʦʥʪʝʡʥʝʨʦʚ ʣʦʢʘʣʴʥʦʡ ʤʘʰʠʥʳ 

 

ɼʣʷ ʟʘʧʫʩʢʘ ʢʦʥʪʝʡʥʝʨʘ ʚ ʬʦʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʣʘʛ -d. ʋʢʘʟʘʥʠʝ ʧʝʨʝʘʜʨʝʩʘʮʠʠ ʧʦʨʪʦʚ 

ʤʝʞʜʫ ʣʦʢʘʣʴʥʦʡ ʤʘʰʠʥʦʡ ʠ ʢʦʥʪʝʡʥʝʨʦʤ -p xx:xx. ɿʘʜʘʪʴ ʠʤʷ ʢʦʥʪʝʡʥʝʨʫ ʤʦʞʥʦ ʯʝʨʝʟ ʬʣʘʛ 

ïname. ɽʩʣʠ ʫʙʨʘʪʴ -a, ʪʦ ʦʪʦʙʨʘʟʷʪʩʷ ʪʦʣʴʢʦ ʢʦʥʪʝʡʥʝʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

ʏʪʦʙʳ ʦʩʪʘʥʦʚʠʪʴ ʨʘʙʦʪʫ ʢʦʥʪʝʡʥʝʨʘ, ʚʚʝʜʠʪʝ ʢʦʤʘʥʜʫ docker stop ʩ ʥʘʠʤʝʥʦʚʘʥʠʝʤ 

ʪʝʛʘ ʢʦʥʪʝʡʥʝʨʘ ʠʣʠ ʝʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʠʥʜʠʢʘʮʠʦʥʥʦʛʦ ʥʦʤʝʨʘ. ʅʘʧʨʠʤʝʨ docker stop 

lev:notify  ʠʣʠ docker stop 9e8d34009558. ɼʣʷ ʫʜʘʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʘʥʜʳ docker rm  ʜʣʷ 

ʢʦʥʪʝʡʥʝʨʦʚ ʠ docker rmi  ʜʣʷ ʦʙʨʘʟʦʚ ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦ ʥʘʠʤʝʥʦʚʘʥʠʶ ʠʣʠ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ (ʨʠʩ. 8). 

 

 
 

ʈʠʩ. 8. ʆʩʪʘʥʦʚʢʘ, ʫʜʘʣʝʥʠʝ ʢʦʥʪʝʡʥʝʨʘ. ʋʜʘʣʝʥʠʝ ʦʙʨʘʟʘ 

 

 

É ʉʣʠʚʘ ʄ.ɺ., ʃʝʚʢʠʥ ʃ.ɺ., 2022 

 

  



ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
IV  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

58 

ʋɼʂ 004.652 

https://doi.org/10.36906/AP-2022/09 

ʄʘʤʝʜʣʠ ʈ.ʕ. 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ɹɸɿʓ ɼɸʅʅʓʍ ʀɿ ʅɽʉʆɺʄɽʉʊʀʄʆɻʆ ʉʆʉʊʆʗʅʀʗ ɺ 

ʈɸʅɽɽ ʉʆɻʃɸʉʆɺɸʅʅʆɽ ʉʆʉʊʆʗʅʀɽ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ 

ʠʟ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʦʙʳʯʥʦ ʥʝʩʦʚʤʝʩʪʠʤʦʛʦ) ʚ ʨʘʥʝʝ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ SQL ʠ ʥʘʩʪʨʦʡʢʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʉʋɹɼ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʚʘʞʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʟʘʢʮʠʷ; ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ; ʘʧʧʘʨʘʪʥʳʝ ʩʙʦʠ; 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʙʦʠ; ʪʝʭʥʦʛʝʥʥʳʝ ʠʥʮʠʜʝʥʪʳ; ʙʫʬʝʨʳ ʙʘʟʳ ʜʘʥʥʳʭ; ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ; 

ʞʫʨʥʘʣʳ ʪʨʘʥʟʘʢʮʠʡ. 
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RESTORING A DATABASE  FROM AN INCOMPATIBLE  STATE TO A PREVIOUSL Y 

CONSISTENT STATE 

 

Abstract. The paper discusses various methods for restoring a database from a given state 

(usually incompatible) to a previously consistent state. The necessity of SQL performance tuning and 

DBMS performance tuning is substantiated. Examples of data recovery are given for making 

important decisions to improve the efficiency of query processing. 
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ʄʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʘʪʦʤʘʨʥʦʤ ʩʚʦʡʩʪʚʝ ʪʨʘʥʟʘʢʮʠʠ: ʚʩʝ ʯʘʩʪʠ 

ʪʨʘʥʟʘʢʮʠʠ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʝʜʠʥʘʷ ʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ 

ʦʧʝʨʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ɽʩʣʠ 

ʦʧʝʨʘʮʠʷ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʠʯʠʥʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʚʝʨʰʝʥʘ, ʪʨʘʥʟʘʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʨʚʘʥʘ, 

ʘ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʤʝʥʝʥʳ. ʂʦʨʦʯʝ ʛʦʚʦʨʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʪʨʘʥʟʘʢʮʠʠ ʦʪʤʝʥʷʝʪ ʚʩʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʨʘʥʟʘʢʮʠʷ ʚʥʝʩʣʘ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʜʦ ʪʦʛʦ, ʢʘʢ 

ʪʨʘʥʟʘʢʮʠʷ ʙʳʣʘ ʧʨʝʨʚʘʥʘ. 
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ʄʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʝ ʧʦʩʣʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ. ʂʨʠʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʨʘʙʦʪʳ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʥʘʨʫʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ. ʇʨʠʤʝʨʳ 

ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ: 

Å ɸʧʧʘʨʘʪʥʳʝ/ʧʨʦʛʨʘʤʤʥʳʝ ʩʙʦʠ. ʆʪʢʘʟ ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʘʟʦʤ ʞʸʩʪʢʦʛʦ ʜʠʩʢʘ, 

ʥʝʠʩʧʨʘʚʥʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʥʘ ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʝ ʠʣʠ ʥʝʠʩʧʨʘʚʥʳʤ ʙʘʥʢʦʤ ʧʘʤʷʪʠ. ɼʨʫʛʠʝ 

ʧʨʠʯʠʥʳ ʦʰʠʙʦʢ ʚ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʚʢʣʶʯʘʶʪ ʦʰʠʙʢʠ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʣʠ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʟʘʧʠʩʠ, ʫʜʘʣʝʥʠʶ ʠʣʠ ʧʦʪʝʨʝ ʜʘʥʥʳʭ. 

ʅʝʢʦʪʦʨʳʝ ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʙʘʟ ʜʘʥʥʳʭ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʵʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʙʣʝʤ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

Å ʊʝʭʥʦʛʝʥʥʳʝ ʠʥʮʠʜʝʥʪʳ. ʉʦʙʳʪʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʘʪʝʛʦʨʠʠ 

ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʠʣʠ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ. 

ï ʅʝʧʨʝʜʥʘʤʝʨʝʥʥʳʡ ʩʙʦʡ ʚʳʟʚʘʥ ʥʝʦʩʪʦʨʦʞʥʳʤ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʂ ʪʘʢʠʤ 

ʦʰʠʙʢʘʤ ʦʪʥʦʩʷʪʩʷ ʫʜʘʣʝʥʠʝ ʥʝʧʨʘʚʠʣʴʥʳʭ ʩʪʨʦʢ ʠʟ ʪʘʙʣʠʮʳ, ʥʘʞʘʪʠʝ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʢʣʘʚʠʰʠ ʥʘ ʢʣʘʚʠʘʪʫʨʝ ʠʣʠ ʘʚʘʨʠʡʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʛʦ ʩʝʨʚʝʨʘ ʙʘʟʳ ʜʘʥʥʳʭ. 

ï ʇʨʝʜʥʘʤʝʨʝʥʥʳʝ ʩʦʙʳʪʠʷ ʠʤʝʶʪ ʙʦʣʝʝ ʩʝʨʴʸʟʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʙʳʯʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, 

ʯʪʦ ʜʘʥʥʳʝ ʢʦʤʧʘʥʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʝʨʴʸʟʥʦʤʫ ʨʠʩʢʫ. ɺ ʵʪʫ ʢʘʪʝʛʦʨʠʶ ʚʭʦʜʷʪ ʫʛʨʦʟʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ ʭʘʢʝʨʘʤʠ, ʧʳʪʘʶʱʠʤʠʩʷ ʧʦʣʫʯʠʪʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ 

ʨʝʩʫʨʩʘʤ ʜʘʥʥʳʭ, ʠ ʚʠʨʫʩʥʳʝ ʘʪʘʢʠ, ʚʳʟʚʘʥʥʳʝ ʥʝʜʦʚʦʣʴʥʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ, ʧʳʪʘʶʱʠʤʠʩʷ 

ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʥʘʥʝʩʪʠ ʫʱʝʨʙ ʢʦʤʧʘʥʠʠ. 

Å ʉʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ. ʂ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʧʦʞʘʨʳ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʥʘʚʦʜʥʝʥʠʷ 

ʠ ʧʝʨʝʙʦʠ ʚ ʧʦʜʘʯʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʨʘʥʟʘʢʮʠʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ ʚ ʞʫʨʥʘʣʝ ʪʨʘʥʟʘʢʮʠʡ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠʟ ʥʝʩʦʚʤʝʩʪʠʤʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʦʜʦʣʞʠʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʯʝʪʳʨʝ ʚʘʞʥʳʭ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ 

ʥʘ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: 

Å ʇʨʦʪʦʢʦʣ ʣʦʛ ʩ ʦʧʝʨʝʞʝʥʠʝʤ ʟʘʧʠʩʠ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʞʫʨʥʘʣʳ ʪʨʘʥʟʘʢʮʠʡ ʚʩʝʛʜʘ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʦ ʪʦʛʦ, ʢʘʢ ʢʘʢʠʝ-ʣʠʙʦ ʜʘʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʙʫʜʫʪ ʬʘʢʪʠʯʝʩʢʠ ʦʙʥʦʚʣʝʥʳ. ʕʪʦʪ 

ʧʨʦʪʦʢʦʣ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʙʦʷ ʙʘʟʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʘ 

ʜʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʚ ʞʫʨʥʘʣʝ ʪʨʘʥʟʘʢʮʠʡ. 

Å ʀʟʙʳʪʦʯʥʳʝ ʞʫʨʥʘʣʳ ʪʨʘʥʟʘʢʮʠʡ (ʥʝʩʢʦʣʴʢʦ ʢʦʧʠʡ ʞʫʨʥʘʣʘ ʪʨʘʥʟʘʢʮʠʡ) ʛʘʨʘʥʪʠʨʫʶʪ, 

ʯʪʦ ʩʙʦʡ ʬʠʟʠʯʝʩʢʦʛʦ ʜʠʩʢʘ ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʉʋɹɼ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʜʘʥʥʳʝ. 

Å ɹʫʬʝʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ï ʚʨʝʤʝʥʥʳʝ ʦʙʣʘʩʪʠ ʚ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʜʠʩʢʦʚʳʭ ʦʧʝʨʘʮʠʡ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʉʋɹɼ ʩʯʠʪʳʚʘʝʪ ʜʘʥʥʳʝ ʩ ʬʠʟʠʯʝʩʢʦʛʦ ʜʠʩʢʘ ʠ ʩʦʭʨʘʥʷʝʪ ʠʭ ʢʦʧʠʶ ʚ çʙʫʬʝʨʝè ʚ ʧʘʤʷʪʠ. 

ʂʦʛʜʘ ʪʨʘʥʟʘʢʮʠʷ ʦʙʥʦʚʣʷʝʪ ʜʘʥʥʳʝ, ʦʥʘ ʬʘʢʪʠʯʝʩʢʠ ʦʙʥʦʚʣʷʝʪ ʢʦʧʠʶ ʜʘʥʥʳʭ ʚ ʙʫʬʝʨʝ, 

ʧʦʪʦʤʫ ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʢʘʞʜʳʡ ʨʘʟ ʜʦʩʪʫʧ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʜʠʩʢʫ. 

ɹʫʬʝʨʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʦʙʥʦʚʣʸʥʥʳʝ ʜʘʥʥʳʝ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʬʠʟʠʯʝʩʢʠʡ ʜʠʩʢ ʚʦ ʚʨʝʤʷ 

ʦʜʥʦʡ ʦʧʝʨʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʵʢʦʥʦʤʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ. 
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Å ʂʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʙʘʟʳ ʜʘʥʥʳʭ - ʵʪʦ ʦʧʝʨʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʉʋɹɼ ʟʘʧʠʩʳʚʘʝʪ ʚʩʝ ʩʚʦʠ 

ʦʙʥʦʚʣʸʥʥʳʝ ʙʫʬʝʨʳ ʚ ʧʘʤʷʪʴ (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʛʨʷʟʥʳʝ ʙʫʬʝʨʳ) ʥʘ ʜʠʩʢ. ʇʦʢʘ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪ, ʉʋɹɼ ʥʝ ʚʳʧʦʣʥʷʝʪ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʟʘʧʨʦʩʦʚ. ʆʧʝʨʘʮʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ 

ʪʘʢʞʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʞʫʨʥʘʣʝ ʪʨʘʥʟʘʢʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʬʠʟʠʯʝʩʢʘʷ ʙʘʟʘ 

ʜʘʥʥʳʭ ʠ ʞʫʨʥʘʣ ʪʨʘʥʟʘʢʮʠʡ ʙʫʜʫʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ. ʕʪʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʥʝʦʙʭʦʜʠʤʘ, 

ʧʦʪʦʤʫ ʯʪʦ ʦʧʝʨʘʮʠʠ ʦʙʥʦʚʣʝʥʠʷ ʦʙʥʦʚʣʷʶʪ ʢʦʧʠʶ ʜʘʥʥʳʭ ʚ ʙʫʬʝʨʘʭ, ʘ ʥʝ ʚ ʬʠʟʠʯʝʩʢʦʡ ʙʘʟʝ 

ʜʘʥʥʳʭ. ʂʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʉʋɹɼ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʘʢʠʤʠ ʢʘʢ ʚʝʨʭʥʠʡ ʚʦʜʷʥʦʡ 

ʟʥʘʢ ʜʣʷ ʨʘʟʤʝʨʘ ʞʫʨʥʘʣʘ ʪʨʘʥʟʘʢʮʠʡ ʠʣʠ ʦʙʲʸʤʘ ʥʝʟʘʚʝʨʰʸʥʥʳʭ ʪʨʘʥʟʘʢʮʠʡ), ʥʦ ʪʘʢʞʝ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʷʚʥʦ (ʢʘʢ ʯʘʩʪʴ ʦʧʝʨʘʪʦʨʘ ʪʨʘʥʟʘʢʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ) ʠʣʠ ʥʝʷʚʥʦ (ʢʘʢ ʯʘʩʪʴ 

ʦʧʝʨʘʮʠʠ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ). ʂʦʥʝʯʥʦ, ʩʣʠʰʢʦʤ ʯʘʩʪʳʝ ʢʦʥʪʨʦʣʴʥʳʝ 

ʪʦʯʢʠ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʘʥʟʘʢʮʠʡ; ʩʣʠʰʢʦʤ ʨʝʜʢʠʝ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ 

ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, 

ʢʦʥʪʨʦʣʴʥʦ-ʧʨʦʧʫʩʢʥʳʝ ʧʫʥʢʪʳ ʚʳʧʦʣʥʷʶʪ ʦʯʝʥʴ ʧʨʘʢʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ. ʂʘʢ ʚʳ ʫʚʠʜʠʪʝ 

ʜʘʣʝʝ, ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʪʨʘʥʟʘʢʮʠʡ. 

ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʠʚʝʜʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʚ 

ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʩʙʦʷ. ʇʨʦʮʝʜʫʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʘʥʟʘʢʮʠʡ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʦʪʣʦʞʝʥʥʦʡ ʟʘʧʠʩʠ ʠ ʩʢʚʦʟʥʦʡ ʟʘʧʠʩʠ. 

ʂʦʛʜʘ ʧʨʦʮʝʜʫʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʦʪʣʦʞʝʥʥʦʡ ʟʘʧʠʩʠ (ʪʘʢʞʝ 

ʥʘʟʳʚʘʝʤʳʡ ʦʪʣʦʞʝʥʥʳʤ ʦʙʥʦʚʣʝʥʠʝʤ), ʦʧʝʨʘʮʠʠ ʪʨʘʥʟʘʢʮʠʠ ʥʝ ʩʨʘʟʫ ʦʙʥʦʚʣʷʶʪ 

ʬʠʟʠʯʝʩʢʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʙʥʦʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʞʫʨʥʘʣ ʪʨʘʥʟʘʢʮʠʡ. ɹʘʟʘ ʜʘʥʥʳʭ 

ʬʠʟʠʯʝʩʢʠ ʦʙʥʦʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʜʘʥʥʳʤʠ ʠʟ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʨʘʥʟʘʢʮʠʡ, ʠʩʧʦʣʴʟʫʷ 

ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʞʫʨʥʘʣʘ ʪʨʘʥʟʘʢʮʠʡ. ɽʩʣʠ ʪʨʘʥʟʘʢʮʠʷ ʧʨʝʨʳʚʘʝʪʩʷ ʜʦ ʪʦʛʦ, ʢʘʢ ʜʦʩʪʠʛʥʝʪ 

ʪʦʯʢʠ ʬʠʢʩʘʮʠʠ, ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʥʝ ʥʫʞʥʦ ʚʥʦʩʠʪʴ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʙʝʟ ROLLBACK), 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʠʢʦʛʜʘ ʥʝ ʦʙʥʦʚʣʷʣʘʩʴ. ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʚʩʝʭ ʟʘʧʫʱʝʥʥʳʭ ʠ 

ʧʦʜʪʚʝʨʞʜʸʥʥʳʭ ʪʨʘʥʟʘʢʮʠʡ (ʜʦ ʩʙʦʷ) ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʧʦʩʣʝʜʥʶʶ ʢʦʥʪʨʦʣʴʥʫʶ ʪʦʯʢʫ ʚ ʞʫʨʥʘʣʝ ʪʨʘʥʟʘʢʮʠʡ. ʕʪʦ ʧʦʩʣʝʜʥʠʡ ʨʘʟ, 

ʢʦʛʜʘ ʜʘʥʥʳʝ ʪʨʘʥʟʘʢʮʠʠ ʙʳʣʠ ʬʠʟʠʯʝʩʢʠ ʩʦʭʨʘʥʝʥʳ ʥʘ ʜʠʩʢ. 

2. ɼʣʷ ʪʨʘʥʟʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʥʘʯʘʣʘʩʴ ʠ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʜʦ ʧʦʩʣʝʜʥʝʡ ʢʦʥʪʨʦʣʴʥʦʡ 

ʪʦʯʢʠ, ʥʠʯʝʛʦ ʜʝʣʘʪʴ ʥʝ ʥʫʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʫʞʝ ʩʦʭʨʘʥʝʥʳ. 

3. ɼʣʷ ʪʨʘʥʟʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʠʣʘ ʦʧʝʨʘʮʠʶ ʬʠʢʩʘʮʠʠ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʡ 

ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ, ʉʋɹɼ ʠʩʧʦʣʴʟʫʝʪ ʟʘʧʠʩʠ ʞʫʨʥʘʣʘ ʪʨʘʥʟʘʢʮʠʡ, ʯʪʦʙʳ ʧʦʚʪʦʨʠʪʴ 

ʪʨʘʥʟʘʢʮʠʶ ʠ ʦʙʥʦʚʠʪʴ ʙʘʟʫ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ çʧʦʩʣʝè ʚ ʞʫʨʥʘʣʝ ʪʨʘʥʟʘʢʮʠʡ. 

ʀʟʤʝʥʝʥʠʷ ʚʥʦʩʷʪʩʷ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ, ʦʪ ʩʘʤʦʛʦ ʩʪʘʨʦʛʦ ʜʦ ʩʘʤʦʛʦ ʥʦʚʦʛʦ. 

4. ɼʣʷ ʣʶʙʦʡ ʪʨʘʥʟʘʢʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʣʘʩʴ ʦʧʝʨʘʮʠʷ ROLLBACK ʧʦʩʣʝ 

ʧʦʩʣʝʜʥʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ ʠʣʠ ʢʦʪʦʨʘʷ ʦʩʪʘʚʘʣʘʩʴ ʘʢʪʠʚʥʦʡ (ʙʝʟ COMMIT ʠʣʠ 

ROLLBACK) ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʢʠ, ʥʠʯʝʛʦ ʥʝ ʥʫʞʥʦ ʜʝʣʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʙʘʟʘ ʜʘʥʥʳʭ 

ʥʠʢʦʛʜʘ ʥʝ ʦʙʥʦʚʣʷʣʘʩʴ. 

ʂʦʛʜʘ ʧʨʦʮʝʜʫʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʩʢʚʦʟʥʦʡ ʟʘʧʠʩʠ (ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʡ 

ʥʝʤʝʜʣʝʥʥʳʤ ʦʙʥʦʚʣʝʥʠʝʤ), ʙʘʟʘ ʜʘʥʥʳʭ ʥʝʤʝʜʣʝʥʥʦ ʦʙʥʦʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷʤʠ ʪʨʘʥʟʘʢʮʠʠ ʚʦ 
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ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʘʥʟʘʢʮʠʠ, ʜʘʞʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʪʨʘʥʟʘʢʮʠʷ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʡ ʪʦʯʢʠ ʬʠʢʩʘʮʠʠ. 

ɽʩʣʠ ʪʨʘʥʟʘʢʮʠʷ ʧʨʝʨʳʚʘʝʪʩʷ ʜʦ ʪʦʛʦ, ʢʘʢ ʜʦʩʪʠʛʥʝʪ ʪʦʯʢʠ ʬʠʢʩʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʦʧʝʨʘʮʠʶ ROLLBACK, ʯʪʦʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʚ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʧʝʨʘʮʠʷ ROLLBACK ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʷ çʜʦè ʞʫʨʥʘʣʘ ʪʨʘʥʟʘʢʮʠʡ. ʇʨʦʮʝʩʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

1. ʆʧʨʝʜʝʣʠʪʝ ʧʦʩʣʝʜʥʶʶ ʢʦʥʪʨʦʣʴʥʫʶ ʪʦʯʢʫ ʚ ʞʫʨʥʘʣʝ ʪʨʘʥʟʘʢʮʠʡ. ʕʪʦ ʧʦʩʣʝʜʥʠʡ ʨʘʟ, 

ʢʦʛʜʘ ʜʘʥʥʳʝ ʪʨʘʥʟʘʢʮʠʠ ʙʳʣʠ ʬʠʟʠʯʝʩʢʠ ʩʦʭʨʘʥʝʥʳ ʥʘ ʜʠʩʢ. 

2. ɼʣʷ ʪʨʘʥʟʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʥʘʯʘʣʘʩʴ ʠ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʜʦ ʧʦʩʣʝʜʥʝʡ ʢʦʥʪʨʦʣʴʥʦʡ 

ʪʦʯʢʠ, ʥʠʯʝʛʦ ʜʝʣʘʪʴ ʥʝ ʥʫʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʫʞʝ ʩʦʭʨʘʥʝʥʳ. 

3. ɼʣʷ ʪʨʘʥʟʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ, 

ʉʋɹɼ ʧʦʚʪʦʨʥʦ ʚʳʧʦʣʥʷʝʪ ʪʨʘʥʟʘʢʮʠʶ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ çʧʦʩʣʝè ʞʫʨʥʘʣʘ ʪʨʘʥʟʘʢʮʠʡ. 

ʀʟʤʝʥʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ, ʦʪ ʩʘʤʦʛʦ ʩʪʘʨʦʛʦ ʜʦ ʩʘʤʦʛʦ ʥʦʚʦʛʦ. 

4. ɼʣʷ ʣʶʙʦʡ ʪʨʘʥʟʘʢʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʣʘʩʴ ʦʧʝʨʘʮʠʷ ROLLBACK ʧʦʩʣʝ 

ʧʦʩʣʝʜʥʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ ʠʣʠ ʢʦʪʦʨʘʷ ʦʩʪʘʚʘʣʘʩʴ ʘʢʪʠʚʥʦʡ (ʙʝʟ COMMIT ʠʣʠ 

ROLLBACK) ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʢʠ, ʉʋɹɼ ʠʩʧʦʣʴʟʫʝʪ ʟʘʧʠʩʠ ʞʫʨʥʘʣʘ ʪʨʘʥʟʘʢʮʠʡ ʜʣʷ 

ROLLBACK ʠʣʠ ʦʪʤʝʥʳ ʦʧʝʨʘʮʠʡ, ʠʩʧʦʣʴʟʫʷ çʜʦè ʟʥʘʯʝʥʠʷ ʚ ʞʫʨʥʘʣʝ ʪʨʘʥʟʘʢʮʠʡ. 

ʀʟʤʝʥʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ, ʦʪ ʩʘʤʳʭ ʥʦʚʳʭ ʜʦ ʩʘʤʳʭ ʩʪʘʨʳʭ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʙʘʟʫ ʜʘʥʥʳʭ ʠʟ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʧʨʝʜʳʜʫʱʝʝ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ, ʪʘʢʦʛʦ ʢʘʢ ʘʧʧʘʨʘʪʥʘʷ ʦʰʠʙʢʘ ʠʣʠ ʦʰʠʙʢʘ 

ʧʨʠʣʦʞʝʥʠʷ. 

 

É ʄʘʤʝʜʣʠ ʈ.ʕ., 2022 
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ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʃɸʊʌʆʈʄ ɼʃʗ ʉʆɿɼɸʅʀʗ ʉɸʁʊʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ. ɼʣʷ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʳ ʨʝʰʠʣʠ ʚʳʙʨʘʪʴ ʰʝʩʪʴ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-

ʩʘʡʪʦʚ, ʪʘʢʠʝ ʢʘʢ WordPress, WIX, uCoz, Nethouse, Joomla ʠ uKit. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ 

ʩʦʚʝʨʰʘʝʤ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʧʨʦʚʦʜʠʤ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʪʬʦʨʤʘ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; WordPress; WIX; uCoz; Nethouse; Joomla; 

uKit. 
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COMPARATIVE CHARACTE RISTICS OF WEBSITE CREATION PLATFORMS  

 

Abstract. The article discusses the relevance of platforms for creating websites. For the 

conference we decided to choose the six most common platforms for creating websites, such as 

WordPress WIX, uCoz, Nethouse, Joomla and uKit. In this article we make a complete analysis of 

these platforms and conduct a comparative characteristic. 

Keywords: platform; characteristics; WordPress; WIX; uCoz; Nethouse; Joomla; uKit. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʚʦʧʣʦʱʘʪʴ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ ʙʝʟ ʟʥʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʂʦʥʩʪʨʫʢʪʦʨʳ ʟʘʱʠʱʝʥʳ ʦʪ ʚʠʨʫʩʦʚ ʠ ʘʪʘʢ 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʟʘʱʠʪʳ, ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʦʬʦʨʤʣʝʥʠʷ ʩʪʨʘʥʠʮ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʧʘʥʝʣʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳ ʠ ʧʨʦʩʪʳ, ʯʪʦ ʧʨʠʚʣʝʢʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.   

ʋ ʢʘʞʜʦʛʦ ʩʘʡʪʘ ʝʩʪʴ ʩʚʦʠ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ 

ʢʦʥʩʪʨʫʢʪʦʨʳ ʩʘʡʪʦʚ ʜʦʣʞʥʳ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʪʴ ʠʭ. ɼʣʷ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʢʣʶʯʝʥʠʝ ʧʣʘʪʸʞʥʳʭ ʩʠʩʪʝʤ, ʩʣʫʞʙ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʘ. ɼʣʷ ʩʘʡʪʘ, ʩ ʨʘʟʤʝʱʸʥʥʦʡ ʥʘ ʥʝʤ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʦʤʧʘʥʠʠ, ʥʫʞʥʳ ʫʜʦʙʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚʸʨʩʪʢʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʣʘʪʬʦʨʤʳ 

ʫʩʣʦʚʥʦ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʝ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʦʣʴʢʦ ʙʣʦʛʘ, ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ ʠ ʪ. 

ʜ. ɺʪʦʨʘʷ ï ʟʘʧʫʩʢ ʨʘʟʣʠʯʥʳʭ ʩʘʡʪʦʚ, ʥʘʯʠʥʘʷ ʩ ʦʜʥʦʩʪʨʘʥʠʯʥʳʭ ʚʝʨʩʠʡ, ʟʘʢʘʥʯʠʚʘʷ 

ʩʣʦʞʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʥʘʣʠʯʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʥʝ ʚʩʝʛʜʘ ʠʜʸʪ ʥʘ ʧʦʣʴʟʫ, 
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ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʫʧʘʩʪʴ, ʠʥʪʝʨʬʝʡʩʳ ʩʪʘʥʦʚʷʪʩʷ ʩʣʦʞʥʝʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʥʘʙʦʨʘ ʥʝʦʙʭʦʜʠʤʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʣʝʛʢʦ ʧʦʜʢʣʶʯʘʪʴ ʠ ʦʪʢʣʶʯʘʪʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨʳ ʠʣʠ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ: 

1. ʇʨʦʩʪʦʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɼʘʞʝ ʥʦʚʠʯʦʢ ʩʧʦʩʦʙʝʥ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʧʣʘʪʬʦʨʤʳ ʠ ʩʦʟʜʘʪʴ ʩʘʡʪ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʜʦʚ; 

2. ɼʣʷ ʩʤʝʥʳ ʜʠʟʘʡʥʘ ʥʫʞʥʦ ʥʘʞʘʪʴ ʦʜʥʫ ʢʥʦʧʢʫ, ʢʦʥʪʝʥʪ ʧʨʠ ʵʪʦʤ ʥʝ ʠʩʯʝʟʥʝʪ, 

ʧʦʩʢʦʣʴʢʫ ʭʨʘʥʠʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʤʝʩʪʝ; 

3. ɽʩʪʴ ʤʥʦʞʝʩʪʚʦ ʰʘʙʣʦʥʦʚ ʦʬʦʨʤʣʝʥʠʷ ʩʘʡʪʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʧʣʘʪʥʳʭ 

ʤʦʜʫʣʝʡ; 

4. ɼʦʙʘʚʣʝʥʠʝ ʢʦʥʪʝʥʪʘ, ʬʦʪʦ ʠ ʚʠʜʝʦ ʬʘʡʣʦʚ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦ; 

5. ɺʦʟʤʦʞʥʦʩʪʴ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʛʦʪʦʚʳʡ ʪʝʢʩʪ ʠ ʤʛʥʦʚʝʥʥʘʷ ʧʫʙʣʠʢʘʮʠʷ; 

6. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʩʝ ʜʘʥʥʳʝ, ʚʚʝʜʸʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʩʦʭʨʘʥʷʶʪʩʷ 

ʥʘ ʩʝʨʚʝʨʝ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʸʥ ʦʪ ʚʠʨʫʩʦʚ ʠ ʚʟʣʦʤʦʚ. 

ʇʦʣʥʦʩʪʴʶ ʙʝʩʧʣʘʪʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʥʝʪ. ʅʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʬʫʥʢʮʠʦʥʘʣʘ ʙʝʟ 

ʜʦʧʣʘʪ ʭʚʘʪʘʝʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʩʫʨʩʘ. ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʳ ʢʘʢʠʝ-ʪʦ 

ʨʘʩʰʠʨʝʥʠʷ, ʠʭ ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʣʘʪʠʪʴ. 

ɼʣʷ ʚʳʙʦʨʘ ʧʣʘʪʬʦʨʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʨʝʡʪʠʥʛ ʠ 

ʩʪʘʪʠʩʪʠʢʘ ʢʦʥʩʪʨʫʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʯʝʩʪʴ: 

ï ʧʨʦʩʪʦʪʫ ʨʘʙʦʪʳ; 

ï ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ; 

ï ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ; 

ï ʪʘʨʠʬʥʳʡ ʧʣʘʥ. 

ʋ ʢʘʞʜʦʡ ʧʣʘʪʬʦʨʤʳ ʝʩʪʴ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪ ʠʭ ʚ ʨʝʡʪʠʥʛʝ 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ. 

WordPress ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʣʦʛʦʚ, ʥʦ ʩʦ ʚʨʝʤʝʥʝʤ ʧʝʨʝʨʦʩ ʚ ʠʥʩʪʨʫʤʝʥʪ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʪʴ ʣʶʙʦʡ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʢʦʥʩʪʨʫʢʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʪʝʥʪʦʤ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. ʇʘʥʝʣʴ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ 

ʧʦʥʷʪʥʘ ʠ ʧʨʦʩʪʘ, ʥʘʧʦʣʥʷʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʩʘʡʪ ʣʝʛʢʦ. ɽʩʪʴ ʤʥʦʞʝʩʪʚʦ ʙʝʩʧʣʘʪʥʳʭ 

ʰʘʙʣʦʥʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʧʣʘʪʥʳʭ ʦʧʮʠʡ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ: 

1. ʄʦʞʥʦ ʧʨʘʚʠʪʴ ʢʦʜ ʜʚʠʞʢʘ, ʠʩʭʦʜʷ ʠʟ ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ; 

2. ʄʥʦʞʝʩʪʚʦ ʧʣʘʛʠʥʦʚ, ʰʘʙʣʦʥʦʚ; 

3. ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʭʦʩʪʠʥʛʦʚ. 

ʆʩʥʦʚʥʦʡ ʢʦʜ WordPress ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʩʧʣʘʪʥʦ. ʉʪʦʠʤʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʤʦʜʫʣʝʡ ï ʦʪ 20 ʜʦʣʣʘʨʦʚ. 

ʇʣʘʪʬʦʨʤʦʡ ʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʠʟʚʝʩʪʥʳʝ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ ʢʘʢ: Reuters (ʥʦʚʦʩʪʠ), Vogue 

(ʞʝʥʩʢʠʡ ʞʫʨʥʘʣ), Open Nasa, Sony Music. 
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ʈʠʩ. 1. ʉʘʡʪ ʥʘ WordPress. Sonymusic.com çSony Musicè 

 

ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʦʨ ʩ ʤʠʨʦʚʳʤ ʦʭʚʘʪʦʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ 

ʧʦʯʪʠ ʚ 200 ʩʪʨʘʥʘʭ ʠ ʥʘ ʨʘʟʥʳʭ ʷʟʳʢʘʭ ï Wix. ɺʩʝʛʦ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 170 ʤʣʥ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʣʘʪʬʦʨʤʳ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʩʝʨʚʠʩ ʧʦʣʫʯʠʣ ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʳʤ ʩʧʦʩʦʙʘʤ 

ʩʦʟʜʘʥʠʷ ʜʠʟʘʡʥʦʚ ʠ ʰʘʙʣʦʥʦʚ ʜʣʷ ʩʘʡʪʦʚ. 

ʂʨʦʤʝ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʙʣʦʢʦʚ ʝʩʪʴ ʩʝʨʚʠʩ, ʩʦʟʜʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʧʦʩʦʙʥʳʡ ʛʝʥʝʨʠʨʦʚʘʪʴ ʜʠʟʘʡʥ ʩ ʫʯʸʪʦʤ ʧʨʝʜʧʦʯʪʝʥʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʙʘʟʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ 

ʧʣʘʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ: 

1. ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʦʥʣʘʡʥ-ʨʝʜʘʢʪʦʨʘ; 

2. ɹʦʣʴʰʦʡ ʚʳʙʦʨ ʪʝʤʘʪʠʯʝʩʢʠʭ ʰʘʙʣʦʥʦʚ ʙʝʟ ʧʦʜʧʠʩʦʢ; 

3. ɺʩʝ ʪʘʨʠʬʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʣʘʪʥʳʭ SSL-ʩʝʨʪʠʬʠʢʘʪʦʚ; 

4. ʀʥʪʝʛʨʘʮʠʷ ʧʦʧʫʣʷʨʥʳʭ ʩʝʨʚʠʩʦʚ; 

5. ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʣʘʪʬʦʨʤʳ ʝʩʪʴ ʙʝʩʧʣʘʪʥʳʡ ʪʘʨʠʬ ʩ ʨʷʜʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʧʨʝʤʠʫʤ-ʦʧʮʠʡ ï ʦʪ 80 ʨʫʙʣʝʡ ʚ ʤʝʩʷʮ, ʤʦʜʫʣʝʡ ʜʣʷ ʪʦʨʛʦʚʣʠ ï ʦʪ 350 ʨʫʙ., 

ʦʪʢʣʶʯʝʥʠʝ ʨʝʢʣʘʤʳ ï ʦʪ 120 ʨʫʙ.  
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ʈʠʩ. 2. ʉʘʡʪ ʥʘ WIX. baikaleast.net/ çBaikal Eastè 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʧʦʯʪʝʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʨʝʪʴʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ uCoz. ʆʥʣʘʡʥ-

ʢʦʥʩʪʨʫʢʪʦʨ ʧʦʜʭʦʜʠʪ ʢʘʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʙʦʣʴʰʠʭ ʩʘʡʪʦʚ, ʪʘʢ ʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʠ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʩʝʪʠ ʝʩʪʴ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩ ʧʦʰʘʛʦʚʳʤʠ 

ʫʨʦʢʘʤʠ ʜʣʷ ʥʦʚʠʯʢʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ: 

1. ɽʩʪʴ ʧʣʘʪʥʳʝ ʠ ʙʝʩʧʣʘʪʥʳʝ ʰʘʙʣʦʥʳ, ʤʦʞʥʦ ʟʘʛʨʫʟʠʪʴ ʩʚʦʡ ʚʘʨʠʘʥʪ; 

2. ʇʨʠ ʚʳʙʦʨʝ ʙʝʩʧʣʘʪʥʦʛʦ ʪʘʨʠʬʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡ ʜʦʤʝʥ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ; 

3. ɽʩʪʴ ʤʦʜʫʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʛʘʟʠʥʦʚ; 

4. ʀʤʝʝʪʩʷ API; 

5. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʩʚʦʠʭ PHP-ʬʘʡʣʦʚ; 

6. ʀʥʪʝʛʨʘʮʠʷ ʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʚʥʝʰʥʠʤʠ ʩʝʨʚʠʩʘʤʠ. 

ʂʨʦʤʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʝʩʧʣʘʪʥʦʛʦ ʪʘʨʠʬʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʫʛ: 

1. ʇʨʝʤʠʫʤ-ʪʘʨʠʬʳ ï ʦʪ 2,09 USD; 

2.ʄʘʛʘʟʠʥ ï ʦʪ 6,99 USD; 

3. ʆʪʢʣʶʯʝʥʠʝ ʨʝʢʣʘʤʳ ï ʦʪ 4 USD. 

ɺʦʟʤʦʞʥʦʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʫʣʝʡ ʦʥʣʘʡʥ-ʤʘʛʘʟʠʥʘ ʥʝʪ. ʆʥʠ ʜʦʩʪʫʧʥʳ ʧʦʩʣʝ ʦʧʣʘʪʳ 

ʪʘʨʠʬʘ. ʅʘ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʝ ʩʦʟʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʘʡʪʦʚ ʩ ʪʝʤʘʪʠʯʝʩʢʠʤ ʫʢʣʦʥʦʤ, 

ʨʘʟʨʘʙʦʪʢʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʟʝʥʪʘʮʠʡ, ʪʦʨʨʝʥʪʘʤʠ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʠ ʧʨ. 
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ʈʠʩ. 3. ʉʘʡʪ ʥʘ uCoz. ʖʨʠʩʪʤʦʩʢʚʘ.ʨʬ çʉʘʡʪ ʶʨʠʜʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠè 

 

ʅʘ ʯʝʪʚʸʨʪʦʤ ʤʝʩʪʝ Nethouse ï ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʜʣʷ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘ. ʂʦʥʩʪʨʫʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʦʤʝʥʳ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʦʬʠʮʠʘʣʴʥʳʤ 

ʨʝʛʠʩʪʨʘʪʦʨʦʤ ʚ ʟʦʥʝ ʈʌ/ RU. ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʘ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʛʦʪʦʚʳʤʠ ʰʘʙʣʦʥʘʤʠ, ʟʘʢʘʟʘʪʴ ʧʨʦʜʚʠʞʝʥʠʝ ʨʝʩʫʨʩʘ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ: 

1. ʄʥʦʞʝʩʪʚʦ ʛʦʪʦʚʳʭ ʰʘʙʣʦʥʦʚ; 

2. ʇʦʥʷʪʥʳʡ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ; 

3. ɺʩʪʨʦʝʥʥʘʷ CRM-ʩʠʩʪʝʤʘ; 

4. ɹʝʩʧʣʘʪʥʳʝ SSL-ʩʝʨʪʠʬʠʢʘʪʳ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʘ ï ʙʝʩʧʣʘʪʥʦʝ, ʥʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʦ ʚʨʝʤʝʥʠ, ʥʦ ʩ ʞʘʪʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ. ʉʪʦʠʤʦʩʪʴ ʧʨʝʤʠʫʤ-ʧʦʜʧʠʩʢʠ ï 210 ʨʫʙʣʝʡ ʚ ʤʝʩʷʮ. ʕʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʮʝʥʘ. 

ʅʘ ʧʣʘʪʬʦʨʤʝ ʨʘʟʤʝʱʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʘʡʪʳ (ʢʦʤʧʘʥʠʠ): ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ ɺʦʣʢʦʰʘʧʦʢ 

(volkoshapka.ru), ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ ʮʚʝʪʦʚ ʠ ʧʦʜʘʨʢʦʚ (blumenbum.ru). 

 

 
 

ʈʠʩ. 4. ʉʘʡʪ ʥʘ Nethouse. B1ser.ru çʀʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ ʜʣʷ ʨʫʢʦʜʝʣʠʷè 
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ɽʱ yʦʜʥʘ ʧʣʘʪʬʦʨʤʘ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ, ʚʳʜʝʨʞʠʚʘʶʱʘʷ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ ï Joomla. 

ʂʦʥʩʪʨʫʢʪʦʨ ʨʘʩʩʯʠʪʘʥ ʥʘ ʣʶʜʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʦʧʳʪʦʤ ʚ ʩʦʟʜʘʥʠʠ ʩʘʡʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʘʜʤʠʥ-

ʧʘʥʝʣʴ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ: 

1. ɺʳʩʦʢʠʡ ʬʫʥʢʮʠʦʥʘʣ; 

2. ʂʨʦʤʝ ʙʝʩʧʣʘʪʥʳʭ ʰʘʙʣʦʥʦʚ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʧʣʘʪʥʳʭ ʨʘʩʰʠʨʝʥʠʡ; 

3. ɺʳʩʦʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʈʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ Joomla ʙʝʩʧʣʘʪʥʦ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʦʧʣʘʪʠʪʴ ʰʘʙʣʦʥʳ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ. 

ʅʘ ʧʣʘʪʬʦʨʤʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʧʫʣʷʨʥʳʝ ʩʘʡʪʳ: Site&Seo, Rizon ʠ SeoLand. 

 

 
 

ʈʠʩ 5. ʉʘʡʪ ʥʘ Joomla. Gpntb.ru çɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʈʌè 

 

ʆʩʥʦʚʥʦʡ ʘʫʜʠʪʦʨʠʝʡ ʧʣʘʪʬʦʨʤʳ uKit ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ, ʙʠʟʥʝʩʤʝʥʳ ʨʘʟʥʦʛʦ 

ʫʨʦʚʥʷ, ʩʬʝʨʘ ʫʩʣʫʛ, ʯʘʩʪʥʳʝ ʤʘʩʪʝʨʘ. ɼʘʥʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʥʝʙʦʣʴʰʦʛʦ, ʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʘʡʪʘ. ɼʣʷ ʩʪʘʨʪʘ ʝʩʪʴ ʛʦʪʦʚʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʰʘʙʣʦʥʳ, 

ʤʦʜʫʣʴ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ ʩ ʙʘʟʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʪʦʨʛʦʚʣʠ ʚ ʦʥʣʘʡʥ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ: 

1. ɹʝʩʧʣʘʪʥʳʝ ʰʘʙʣʦʥʳ; 

2. ʇʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʙʣʦʯʥʦʛʦ ʨʝʜʘʢʪʦʨʘ; 

3. ʀʥʪʝʛʨʘʮʠʷ ʩ ʧʣʘʪʸʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʜʨʫʛʠʤʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʩʝʨʚʠʩʘʤʠ; 

4. ʆʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʙʲʸʤʫ ʪʨʘʬʠʢʘ, ʤʝʩʪʘ ʥʘ ʜʠʩʢʝ; 

5. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ ʩʘʡʪʘ; 

6. ɹʝʟʣʠʤʠʪʥʳʝ SMS-ʫʚʝʜʦʤʣʝʥʠʷ, ʧʨʠʭʦʜʷʱʠʝ ʩ ʩʘʡʪʘ. 

ʊʝʩʪʦʚʳʡ ʧʝʨʠʦʜ ʢʦʥʩʪʨʫʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 15 ʜʥʝʡ, ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʜʧʠʩʢʘ ʩʪʦʠʪ 2,5 

ʜʦʣʣʘʨʘ ʚ ʤʝʩʷʮ. ɹʝʩʧʣʘʪʥʳʡ ʪʘʨʠʬ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʅʘ ʧʣʘʪʬʦʨʤʝ ʨʘʙʦʪʘʶʪ: ʬʦʪʦʛʨʘʬ ɽʚʛʝʥʠʡ ʍʤʝʣʝʚ (http://eugine-khmelev.com/), 

ʬʣʦʨʠʩʪ-ʜʝʢʦʨʘʪʦʨ ʆʢʩʘʥʘ ʐʘʣʴʥʝʚʘ (http://oksana-florist.ru/) ʠ ʜʨ. 
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ʈʠʩ. 6. ʉʘʡʪ ʥʘ uKit. Bailbodycamp.com çʉʘʡʪ ʪʫʨʘʛʝʥʪʩʪʚʘè 

 

ʉʨʘʚʥʠʤ ʧʣʘʪʬʦʨʤʳ, ʟʘʥʠʤʘʶʱʠʝ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ: WordPress ʠ WIX, ʧʨʠ ʵʪʦʤ 

ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʬʫʥʢʮʠʦʥʘʣ ʠ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʙʘ ʢʦʥʩʪʨʫʢʪʦʨʘ ʥʝ ʫʩʪʫʧʘʶʪ ʜʨʫʛ 

ʜʨʫʛʫ ʚ ʢʦʣʠʯʝʩʪʚʝ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ. ʆʥʠ ʧʨʦʩʪʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ 

ʜʦʩʪʫʧʥʳ ʜʣʷ ʥʦʚʠʯʢʦʚ. ʉʪʦʠʤʦʩʪʴ ʧʣʘʪʬʦʨʤ ʪʘʢʞʝ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ.  

ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘ WordPress ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʘʚʠʪʴ ʢʦʜ ʩʘʡʪʘ ʧʦʜ ʩʚʦʠ ʥʫʞʜʳ. ʉʜʝʣʘʪʴ ʵʪʦ ʥʘ ʧʣʘʪʬʦʨʤʝ-ʢʦʥʢʫʨʝʥʪʝ ʥʝʣʴʟʷ. ʅʦ ʫ WIX 

ʝʩʪʴ ʩʝʨʚʠʩ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʧʦʞʝʣʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʛʝʥʝʨʠʨʫʝʪ ʧʦʜ ʥʠʭ ʰʘʙʣʦʥʳ. 

ʋ WIX ʥʝʪ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ ʚ ʈʦʩʩʠʠ. ɺʩʝ ʚʦʟʥʠʢʰʠʝ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ 

ʯʝʨʝʟ ʛʦʣʦʚʥʦʡ ʦʬʠʩ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʅʴʶ-ʁʦʨʢʝ. ʅʦ ʥʘ WordPress ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ 

ʪʨʝʙʫʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʥʘʜʸʞʥʦʛʦ ʭʦʩʪʠʥʛʘ. ɺ ʧʣʘʥʝ ʙʝʟʦʧʘʩʥʦʩʪʠ WIX ʧʨʝʚʦʩʭʦʜʠʪ 

ʢʦʥʢʫʨʝʥʪʘ. 

ʇʣʘʪʬʦʨʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʨʦʙʦʚʘʪʴ ʩʝʙʷ ʚ ʩʬʝʨʝ web-

ʨʘʟʨʘʙʦʪʦʢ, ʥʝ ʠʤʝʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʧʳʪʘ ʠ ʟʥʘʥʠʡ. ʇʦʵʪʦʤʫ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʧʦʣʴʟʫʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚʣʘʜʝʣʴʮʳ ʤʠʥʠ-ʙʣʦʛʦʚ. ʉʨʝʜʠ ʢʣʠʝʥʪʦʚ ʝʩʪʴ ʠʟʚʝʩʪʥʳʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ, 

ʧʦʧʫʣʷʨʥʳʝ ʬʠʨʤʳ ʠ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʳ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ 

ʠʥʩʪʨʫʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ ʟʘʜʫʤʢʠ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

 

É ʇʦʟʦʚ ʈ.ɸ., ʈʘʩʩʘʜʢʠʥ ɽ.ʖ., 2022 
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ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʌʈɽʁʄɺʆʈʂɸ VUE.JS  

ɼʃʗ ʉʆɿɼɸʅʀʗ ɻʀɹʂʀʍ ʇʆʃʔɿʆɺɸʊɽʃʔʉʂʀʍ ʀʅʊɽʈʌɽʁʉʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʧʫʣʷʨʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ Vue.js ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. ɺʳʧʦʣʥʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʬʨʝʡʤʚʦʨʢʦʤ React ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ 

ʧʦʧʫʣʷʨʥʦʩʪʠ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʟʘʧʨʦʩʦʚ, ʢʦʪʦʨʫʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪ GoogleTrends.  ɼʦʧʦʣʥʠʪʝʣʴʥʦ, 

ʧʨʠʚʝʜʝʥʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʙʠʙʣʠʦʪʝʢʠ ʠʥʪʝʨʬʝʡʩʦʚ çBootstrapVueè ʠ çVuetifyè, ʠʭ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʟʘʧʨʦʩʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʙʠʙʣʠʦʪʝʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: JS-ʬʨʝʡʤʚʦʨʢ; javascript; ʬʨʝʡʤʚʦʨʢ; ʢʦʤʧʦʥʝʥʪʳ; ʤʦʙʠʣʴʥʳʝ 

ʘʜʘʧʪʠʚʥʳʝ ʩʘʡʪʳ; ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ. 
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Abstract. The article discusses the advantages and disadvantages of using the popular Vue 

framework.js for creating user interfaces. A comparative analysis was performed with the React 

framework by popularity. There is also a graph of popularity based on query statistics provided by 

Google Trends. Additionally, the actively developing libraries of the "Bootstrapvue" and "Vuetify" 

interfaces, their popularity based on queries, are given. The method of creating applications using 

various libraries is analyzed. 

Keywords: JS framework; javascript; framework; components; mobile adaptive sites; user 

interfaces. 

 

ɺʳʙʠʨʘʷ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʦʩʥʦʚʥʳʝ ʠʭ ʚʠʜʳ, ʦʮʝʥʠʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʦʣʦʞʝʥʠʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ. ʀʟʥʘʯʘʣʴʥʦ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʠʥʪʝʨʝʩʘ ʜʨʫʛʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢ ʬʨʝʡʤʚʦʨʢʘʤ. ʉʦʛʣʘʩʥʦ ʦʧʨʦʩʘʤ ʥʘ 

çThe State of JavaScriptè, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1, ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ 

ʟʘʥʠʤʘʝʪ çSvelteè, çVue.jsè ʠ çReactè [1, c. 70]. ɹʦʣʴʰʠʥʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʯʠʪʘʝʪ, ʯʪʦ 

ʦʩʚʦʠʪʴ çVueè ʥʘʤʥʦʛʦ ʣʝʛʯʝ ʯʝʤ ʜʨʫʛʠʝ ʧʦʧʫʣʷʨʥʳʝ JS-ʬʨʝʡʤʚʦʨʢʠ. ɼʦʢʫʤʝʥʪʘʮʠʷ ï ʝʱʝ 

ʦʜʥʘ ʩʠʣʴʥʘʷ ʩʪʦʨʦʥʘ çVueè ï ʪʘʢ ʩʯʠʪʘʶʪ ʙʦʣʝʝ 60% ʦʧʨʦʰʝʥʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ [2, c. 132]. 

ɸʥʘʣʦʛʠʯʥʦʝ ʯʠʩʣʦ ʨʝʩʧʦʥʜʝʥʪʦʚ (56%) ʦʪʤʝʯʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʘʢ 

ʦʜʥʫ ʠʟ ʝʛʦ ʩʘʤʳʭ ʩʠʣʴʥʳʭ ʩʪʦʨʦʥ. ʈʘʟʙʝʨʝʤʩʷ ʧʦʜʨʦʙʥʝʝ, ʯʪʦ ʞʝ ʪʘʢʦʝ Vue.js? 

 

 
 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ çThe State of JavaScriptè 

 

ʂʘʩʘʝʤʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʜʘʥʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ ʚ ʈʦʩʩʠʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2, ʩʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ ʠʟ çGoogle Trendsè (ʢʦʜ ʜʦʩʪʫʧʘ: 

https://clck.ru/YF8BE). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʥʦʚʥʳʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ʧʨʠ ʚʳʙʦʨʝ ʬʨʝʡʤʚʦʨʢʘ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʦʩʪʘʶʪʩʷ çReactè ʠ çVue.jsè. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʪʘʪʠʩʪʠʢʝ ʚʳʰʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ çReact.jsè, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʬʨʝʡʤʚʦʨʢ, ʘ ʙʠʙʣʠʦʪʝʢʘ ʩ ʰʠʨʦʢʠʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ, ʛʜʝ ʠʥʩʪʨʫʤʝʥʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʠ. 

 

 

https://2019.stateofjs.com/front-end-frameworks/
https://2019.stateofjs.com/front-end-frameworks/
https://trends.google.com/trends/explore?cat=31&q=Vue.js,React,Angular


ʉʆɺʈɽʄɽʅʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ 
IV  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

71 

 

 
 

ʈʠʩ. 2. ʉʪʘʪʠʩʪʠʢʘ çGoogle Trendsè ʧʦ ʟʘʧʨʦʩʘʤ çSvelteè, çVue.jsè ʠ çReactè 

 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ çVue.jsè ï ɻ ʪʦ ʠʤʝʥʥʦ JS-ʬʨʝʡʤʚʦʨʢ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ çReactè ʠ çVue.jsè 

ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪʦ çVue.jsè ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʚ ʩʠʣʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ DOM. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʩʨʘʚʥʝʥʠʷ ʚʳʩʪʫʧʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ çReactè (ʦʢʦʣʦ 100ʂɹ) ʫʩʪʫʧʘʝʪ çVue.jsè (ʦʢʦʣʦ 80ʂɹ). ʍʦʪʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʣʷ çReactè ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʦʨʦʥʥʠʭ ʙʠʙʣʠʦʪʝʢ, ʘ çVue.jsè ʞʝ ï ʧʨʦʝʢʪ ʩ 

ʦʙʰʠʨʥʳʤ ʥʘʙʦʨʦʤ ʩʪʘʥʜʘʨʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ.  

ɻʦʚʦʨʷ ʦ ʛʠʙʢʦʩʪʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʷʜʨʦ çReactè ʜʘʝʪ ʪʦʣʴʢʦ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ ʚʳʙʨʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, çVue.jsè 

ʞʝ ʜʘʝʪ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʛʜʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ çReactè ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʙʳ ʧʦʜʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ. 

çVue.jsè ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʣʶʙʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʪʘʢ ʢʘʢ ʚʩʝ 

ʝʛʦ ʬʫʥʢʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ 

ʧʨʦʩʪʦ ʥʘʟʚʘʪʴ ʬʫʥʢʮʠʶ ʪʘʢ, ʢʘʢ ʦʥʠ ʭʦʪʷʪ. ʂʘʞʜʘʷ ʜʝʪʘʣʴ ʤʦʞʝʪ ʠʤʝʪʴ ʜʠʩʢʨʝʪʥʫʶ ʬʫʥʢʮʠʶ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʤʦʜʠʬʠʢʘʮʠʶ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ [3, c. 210]. 

çVue.jsè ï ʛʠʙʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʡ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. çVue.jsè ʠʤʝʝʪ ʛʠʙʢʠʡ ʜʠʟʘʡʥ, ʢʦʪʦʨʳʡ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʨʝʥʜʝʨʠʥʛ. 

ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ ʬʨʝʡʤʚʦʨʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʜʝʣʴʶ MVVM (ʄʦʜʝʣʴ-

ʇʨʝʜʩʪʘʚʣʝʥʠʝ-ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ). ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʚ 

ʤʥʦʛʦʛʨʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ: ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ, ʤʘʨʰʨʫʪʠʟʘʮʠʷ - ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʝʟ 

ʧʘʢʝʪʳ ʠ ʙʠʙʣʠʦʪʝʢʠ, ʛʜʝ çNuxt.jsè ʩʪʘʣ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʨʝʰʝʥʠʝʤ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʥʮʝʧʮʠʷʤʠ çVue.jsè ʷʚʣʷʶʪʩʷ, ʢʦʤʧʦʥʝʥʪʳ, ʢʦʥʩʪʨʫʢʪʦʨʳ, ʜʠʨʝʢʪʠʚʳ ʠ 

ʧʝʨʝʭʦʜʳ. ʀʟʥʘʯʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʵʢʟʝʤʧʣʷʨ çVue.jsè, ʛʜʝ ʫʢʘʟʳʚʘʶʪʩʷ 

ʵʣʝʤʝʥʪ ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ, ʜʘʥʥʳʝ, ʚʳʯʠʩʣʷʝʤʳʝ ʩʚʦʡʩʪʚʘ ʠ ʤʝʪʦʜʳ [4, c. 49]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʣʝʜʫʝʪ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʠʜʝʠ ʨʘʟʙʠʝʥʠʷ ʩʣʦʞʥʳʭ ʚʝʱʝʡ ʥʘ ʯʘʩʪʠ 

(ʢʦʤʧʦʥʝʥʪʳ) ʠ ʩʚʷʟʳʚʘʪʴ ʠʭ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʦʙʨʘʟʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʤʦʛʘʶʪ ʨʘʩʰʠʨʠʪʴ ʦʩʥʦʚʥʳʝ html ʵʣʝʤʝʥʪʳ ʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʴ UI. ɺʦ ʚʨʝʤʷ 

https://trends.google.com/trends/explore?cat=31&q=Vue.js,React,Angular
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ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠʣʦʞʝʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʬʦʨʤʠʨʫʶʪ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʜʠʨʝʢʪʠʚ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ html-

ʵʣʝʤʝʥʪʘʤ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʬʠʢʩʦʚ çv-è ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʦʙʨʘʙʦʪʯʠʢʠ ʩʦʙʳʪʠʡ, ʫʧʨʘʚʣʷʪʴ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʠ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ. ʊʘʢ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʩʣʦʚʠʷ ʠ ʮʠʢʣʳ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3. ʈʘʟʨʘʙʦʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʬʠʢʩʦʚ çv-è 

 

ʊʘʢ ʞʝ ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʦʙʲʝʢʪʦʚ DOM ʠ ʠʭ ʜʦʙʘʚʣʝʥʠʠ ʠʣʠ ʫʜʘʣʝʥʠʠ çVue.jsè ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʨʦʚʦʞʜʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʘʥʠʤʘʮʠʝʡ. 

ɺ ʩʚʷʟʠ ʩʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʠ çVue.jsè, ʧʦʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʙʠʙʣʠʦʪʝʢʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, çBootstrapVueè, çVuetifyè, çVue Materialè 

ʠ çVuxè, ʩʪʘʪʠʩʪʠʢʘ Google Trendsè ʧʦ ʟʘʧʨʦʩʘʤ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. ʉʘʤʦʡ 

ʧʦʧʫʣʷʨʥʦʡ ʷʚʣʷʝʪʩʷ çVuetifyè, ʪʘʢ ʢʘʢ ʦʥʘ ʥʘʮʝʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʯʠʩʪʳʭ, ʩʝʤʘʥʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ çGoogle Material Designè. ɺ ʩʦʩʪʘʚ ʚʭʦʜʠʪ ʙʦʣʝʝ 80 

ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʪʨʦʝʥʳ ʥʘ ʧʨʦʩʪʳʭ ʠ ʯʸʪʢʠʭ ʠʤʝʥʘʭ ʩʚʦʡʩʪʚ ʜʣʷ ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ 

ʟʘʧʦʤʠʥʘʥʠʷ. 

 

 
ʈʠʩ. 4. ʉʪʘʪʠʩʪʠʢʘ çGoogle Trendsè ʧʦ ʟʘʧʨʦʩʘʤ çBootstrap Vueè, çVuetifyè, çVue Materialè ʠ çVuxè 

 

ɺʪʦʨʳʤ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʩʪʘʣ çBootstrap Vueè, ʪʘʢ ʢʘʢ çBootstrapè ʩʪʘʣ ʧʦʧʫʣʷʨʥʳʤ 

ʬʨʝʡʤʚʦʨʢʦʤ HTML / CSS ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʩʘʡʪʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʩʚʦʠʭ 

ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʦʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪ çjQueryè, ʘ ʪʘʢʞʝ ʦʙʰʠʨʥʳʡ ʩʧʠʩʦʢ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʧʦʚʝʱʝʥʠʷ ʠ ʤʦʜʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

çBootstrapè ʩ çVue.jsè, ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ çjQueryè (ʢʦʜ ʜʦʩʪʫʧʘ: 

https://2019.stateofjs.com/front-end-frameworks). ʆʙʣʘʜʘʷ ʙʦʣʝʝ ʯʝʤ 85 ʢʦʤʧʦʥʝʥʪʘʤʠ, ʙʦʣʝʝ 

ʯʝʤ 45 ʜʦʩʪʫʧʥʳʤʠ ʧʣʘʛʠʥʘʤʠ, ʥʝʩʢʦʣʴʢʠʤʠ ʜʠʨʝʢʪʠʚʘʤʠ ʠ ʙʦʣʝʝ 1200 ʟʥʘʯʢʘʤʠ, 

çBootstrapVueè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ çBootstrap 

v4è ʠ ʩʠʩʪʝʤʳ ʩʝʪʢʠ. 

https://trends.google.com/trends/explore?cat=31&q=Vue.js,React,Angular
https://trends.google.com/trends/explore?cat=31&q=Vue.js,React,Angular
https://www.w3.org/WAI/standards-guidelines/aria/
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʨʘʩʩʤʦʪʨʠʤ ʩʦʟʜʘʥʠʝ ʦʜʠʥʘʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ çCardè ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ çBootstrap Vueè ʠ çVuetifyè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ çBootstrap Vueè 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çVuetifyè ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩ. 5. ʇʨʠʤʝʨ ʨʘʟʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çBootstrap Vueè 

 

 
 

ʈʠʩ. 6. ʇʨʠʤʝʨ ʨʘʟʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çVuetifyè 

 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ï ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

çCardè ʥʘ ʨʠʩʫʥʢʝ 7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʘ)  ʙ) 

 

ʈʠʩ. 7. çCardè: a) çBootstrap Vueè; ʙ) çVuetifyè 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 7, ʚʠʟʫʘʣʴʥʦ ʢʦʤʧʦʥʝʥʪʳ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ, ʫ ʢʘʞʜʦʛʦ ʝʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʟʘʛʦʣʦʚʦʢ, ʥʝʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʢʥʦʧʢʠ ʜʣʷ ʧʝʨʝʭʦʜʦʚ ʥʘ ʜʘʣʴʥʝʡʰʠʡ ʢʦʥʪʝʥʪ. 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩʢʨʠʧʪʳ, ʪʦ ʚ ʮʝʣʦʤ ʠʭ ʩʪʨʫʢʪʫʨʘ ʠ ʥʘʟʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʭʦʞʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʙʠʙʣʠʦʪʝʢʠ ʥʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʦʪʦʙʨʘʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʩʪʨʘʥʠʮʝ, ʦʜʥʘʢʦ ʚʳʙʦʨ ʬʨʝʡʤʚʦʨʢʘ ʤʦʞʝʪ ʩʠʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʛʠʙʢʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʩʣʦʞʥʠʚ ʝʛʦ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʧʦʩʦʙʝʥ 

ʧʦʤʦʯʴ ʨʘʟʨʘʙʦʪʯʠʢʫ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ. 
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ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ  

ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ɹʀɹʃʀʆʊɽʏʅʓʍ ʂɸʊɸʃʆɻʆɺ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʪʨʘʩʣʴ ʨʘʟʚʠʪʠʷ ʙʠʙʣʠʦʪʝʢ. ʀʩʩʣʝʜʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʯʥʳʭ ʢʘʪʘʣʦʛʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʠʙʣʠʦʪʝʢ. ʆʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤʳ ʙʠʟʥʝʩïʧʨʦʮʝʩʩʦʚ ʙʠʙʣʠʦʪʝʢʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ All Fusion Modeller ʠ ʜʠʘʛʨʘʤʤʳ ʜʝʢʦʤʧʦʟʠʮʠʠ. ʉʪʨʦʠʪʩʷ 

ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʙʣʠʦʪʝʯʥʳʭ 

ʢʘʪʘʣʦʛʦʚ ʥʘ ʷʟʳʢʝ C#. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ; ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ; 

ʙʠʙʣʠʦʪʝʢʘ; C#. 
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LIBRARY SYSTEM FOR AUTOMATING LIBRARY CATALOGS  

 

Abstract. The article discusses the relevance of the implementation of software and 

information technology in the development of libraries. The need for the development of automated 

library catalogs to optimize the activities of libraries is investigated. Describes the process of building 

a diagram of the library's business processes using the All Fusion Modeller software and a 

decomposition diagram. The structure of the database and the information system for the automation 

of library catalogs in the C # language are being built. 

Keywords: information systems; automation; programming; library; C#. 

 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʦʪʨʘʩʣʠ ʨʘʟʚʠʪʠʷ ʙʠʙʣʠʦʪʝʢ ʟʘʥʠʤʘʝʪ 

ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʯʥʳʭ ʢʘʪʘʣʦʛʦʚ. ʅʘʠʙʦʣʝʝ ʷʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʙʣʠʦʪʝʢ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʭ ʠ 

ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʙʠʙʣʠʦʪʝʯʥʦʛʦ ʬʦʥʜʘ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʦʪʨʘʩʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʠʙʣʠʦʪʝʢ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʦʪʨʫʜʥʠʢʦʚ ʙʠʙʣʠʦʪʝʢʠ, 
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ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʯʠʪʘʪʝʣʝʡ ʠ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ 

ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ. 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʙʣʠʦʪʝʯʥʳʭ ʩʠʩʪʝʤ ʵʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʙʠʙʣʠʦʪʝʢʝ: ʦʨʛʘʥʠʟʘʮʠʷ, ʚʝʜʝʥʠʝ, ʫʯʸʪ ʠ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʙʠʙʣʠʦʪʝʯʥʦʛʦ ʬʦʥʜʘ, ʨʝʛʠʩʪʨʘʮʠʷ ʯʠʪʘʪʝʣʝʡ ʠ ʧʨ. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʶʪ ʥʝʙʦʣʴʰʠʤ ʙʠʙʣʠʦʪʝʢʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟ ʙʦʣʴʰʠʭ 

ʟʘʪʨʘʪ [1, ʩ. 857]. ʆʩʥʦʚʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʯʥʳʭ ʩʠʩʪʝʤ ʩʦʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʪʘʣʦʛʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʜʘʥʠʷʭ, ʢʦʪʦʨʳʝ 

ʭʨʘʥʷʪʩʷ ʚ ʙʠʙʣʠʦʪʝʯʥʳʭ ʬʦʥʜʘʭ. 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʣʶʙʫʶ ʦʪʨʘʩʣʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʪʨʝʙʫʝʪ ʙʦʣʝʝ 

ʯʸʪʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʮʝʜʫʨ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ [2, ʩ. 182]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘ ʚʳʩʦʢʦʢʦʥʢʫʨʝʥʪʥʦʤ ʨʳʥʢʝ ʙʫʢʚʘʣʴʥʦ ʥʠ ʦʜʥʦ ʧʨʝʜʧʨʠʷʪʠʝ ʥʝ ʚ 

ʩʦʩʪʦʷʥʠʠ ʚʝʩʪʠ ʫʩʧʝʰʥʳʡ ʙʠʟʥʝʩ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ ʩʚʦʝʡ ʦʪʨʘʩʣʠ ʵʢʦʥʦʤʠʢʠ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʚ 

ʮʝʣʦʤ, ʪʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦïʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʡ 

ʥʘʙʦʨ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ [3, ʩ. 84-85]. ɺ 

ʩʦʚʨʝʤʝʥʥʦʤ ʧʦʥʠʤʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʢʘʢ: 

1. ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʠ ʠʭ ʭʨʘʥʝʥʠʝ; 

2. ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ; 

3. ʧʦʠʩʢ ʠ ʬʠʣʴʪʨʘʮʠʶ ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʘʩʝʣʝʥʠʶ 

ʙʝʩʧʣʘʪʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʣʠʪʝʨʘʪʫʨʝ ʨʘʟʥʳʭ ʚʠʜʦʚ ʠ ʞʘʥʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʧʨʦʮʝʩʩʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ. 

ʅʘ ʚʭʦʜ ʚ ʩʠʩʪʝʤʫ ʧʦʩʪʫʧʘʶʪ ʢʥʠʛʠ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʪʘʝʪ ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʦʩʪʘʚʢʠ ʯʠʪʘʪʝʣʷʤ, ʘ ʪʘʢʞʝ ʢʥʠʛʠ, ʢʦʪʦʨʳʝ ʯʠʪʘʪʝʣʠ ʚʦʟʚʨʘʱʘʶʪ ʚ ʙʠʙʣʠʦʪʝʢʫ. ɿʘ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʨʘʙʦʪʳ ʩʘʤʦʡ ʩʠʩʪʝʤʳ ʩʣʝʜʠʪ ʧʝʨʩʦʥʘʣ ʙʠʙʣʠʦʪʝʢʠ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʩʠʩʪʝʤʳ ʢ ʥʝʡ ʩ ʟʘʧʨʦʩʘʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʤ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʥʠʛʠ ʠʣʠ ʯʪʦʙʳ ʚʝʨʥʫʪʴ ʫʞʝ ʧʨʦʯʠʪʘʥʥʫʶ ʢʥʠʛʫ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʙʠʙʣʠʦʪʝʯʥʦʡ ʩʠʩʪʝʤʳ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʘ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ. ʀʭ 

ʨʝʛʫʣʠʨʫʶʪ ʥʦʨʤʘʪʠʚʥʳʝ ʘʢʪʳ, ʘ ʪʘʢʞʝ ʫʩʪʘʚ ʩʘʤʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʨʷʜʦʢ 

ʚʳʜʘʯʠ, ʫʯʸʪʘ, ʦʪʯʸʪʥʦʩʪʠ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ, ʧʨʘʚʠʣʘ ʧʦʚʝʜʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʚ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʩʠʪʫʘʮʠʷʭ. 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ 

 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʝʢʩʪʥʦʡ ʜʠʘʛʨʘʤʤʳ ʩʪʨʦʠʪʴʩʷ ʜʠʘʛʨʘʤʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ 

 

ʇʨʦʮʝʩʩ çɺʝʜʝʥʠʝ ʢʘʪʘʣʦʛʦʚ ʢʥʠʛè ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ ʠ ʫʩʪʘʚʦʤ 

ʙʠʙʣʠʦʪʝʢʠ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʈʌ. ɿʘ ʜʦʙʘʚʣʝʥʠʝ ʫʜʘʣʝʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʢʥʠʛʘʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʦʪʚʝʯʘʝʪ ʙʠʙʣʠʦʪʝʢʘʨʴ. ʀʤʝʥʥʦ ʪʘʤ ʧʨʦʠʩʭʦʜʠʪ ʦʨʛʘʥʠʟʘʮʠʷ ʢʘʪʘʣʦʛʦʚ, 

ʫʯʸʪ ʢʥʠʛ, ʢʘʢ ʚʳʜʘʥʥʳʭ ʥʘ ʨʫʢʠ ʯʠʪʘʪʝʣʷʤ, ʪʘʢ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʙʠʙʣʠʦʪʝʯʥʦʤ ʬʦʥʜʝ. 
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ʇʨʦʮʝʩʩ çɺʝʜʝʥʠʝ ʢʘʨʪʦʪʝʢʠ ʯʠʪʘʪʝʣʝʡè ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ ʠ ʫʩʪʘʚʦʤ 

ʙʠʙʣʠʦʪʝʢʠ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʈʌ. ɼʦʙʘʚʣʝʥʠʝ, ʫʜʘʣʝʥʠʝ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʯʠʪʘʪʝʣʝʡ 

ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘʨʝʤ. 

ʅʘ ʦʩʥʦʚʝ ʜʠʘʛʨʘʤʤʳ ʜʝʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʙʣʠʦʪʝʯʥʳʭ ʢʘʪʘʣʦʛʦʚ 

 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʝʨʩʦʥʘʣ 

ʙʠʙʣʠʦʪʝʢʠ ʚ ʥʝʡ ʜʦʣʞʥʳʡ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

1. ɺʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ, ʫʜʘʣʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦ ʯʠʪʘʪʝʣʷʭ ʠ ʢʥʠʛʘʭ; 

2. ʌʠʣʴʪʨʘʮʠʷ ʠ ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

3. ʉʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʸʪʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʢʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ. 

 

 
 

ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ 
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ɼʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʢʦʜʘ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʦ ʢʥʠʛʘʭ, 

ʠʤʝʶʱʠʭʩʷ ʩʝʡʯʘʩ ʚ ʥʘʣʠʯʠʝ ʚ ʙʠʙʣʠʦʪʝʢʝ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʩʥʦʚʥʦʝ ʦʢʥʦ ʧʨʠʣʦʞʝʥʠʷ. ʆʥʦ ʩʦʜʝʨʞʠʪ ʛʣʘʚʥʦʝ ʤʝʥʶ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʢʥʦʧʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʩʩʳ ʨʘʙʦʪʥʠʢʘ ʙʠʙʣʠʦʪʝʢʠ. 

ɿʜʝʩʴ ʨʝʘʣʠʟʦʚʘʥʳ ʪʘʢʠʝ ʬʫʥʢʮʠʠ ʢʘʪʘʣʦʛʘ ʙʠʙʣʠʦʪʝʢʠ ʢʘʢ: çɺʳʜʘʯʘ ʢʥʠʛè, çʏʠʪʘʪʝʣʠè, 

çʉʧʠʩʘʥʠʝ ʢʥʠʛè, çʇʦʩʪʫʧʣʝʥʠʝ ʢʥʠʛè, ʘ ʪʘʢʞʝ ʪʘʢʠʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʢʘʢ: çʉʧʨʘʚʦʯʥʠʢʠè, 

çʇʨʦʠʟʚʝʜʝʥʠʷè, çʆʪʯʸʪʳè, çɺʳʭʦʜè. 

 

 
 

ʈʠʩ. 5. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

 

ʇʨʝʜʩʪʘʚʠʤ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʦʜʫʣʝʡ: 

ʄʦʜʫʣʴ çɺʳʜʘʯʘ ʢʥʠʛè ʨʝʘʣʠʟʦʚʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʦʜʫʣʝʤ. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʜʘʚʘʝʤʳʭ ʢʥʠʛʘʭ ʯʠʪʘʪʝʣʷʤ. ʉʦʜʝʨʞʠʪ ʪʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʘʢ: 

ʠʤʷ, ʬʘʤʠʣʠʷ ʠ ʦʪʯʝʩʪʚʦ ʯʠʪʘʪʝʣʷ, ʢʘʢʫʶ ʢʥʠʛʫ ʦʥ ʚʟʷʣ, ʜʘʪʘ ʚʳʜʘʯʠ ʢʥʠʛʠ, ʜʘʪʘ ʚʦʟʚʨʘʪʘ 

ʢʥʠʛʠ, ʘ ʪʘʢʞʝ ʩʪʘʪʫʩ ʚʳʜʘʥʥʳʭ ʢʥʠʛ. 

ʄʦʜʫʣʴ çʏʠʪʘʪʝʣʠè ʥʫʞʝʥ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʯʠʪʘʪʝʣʝʡ ʚ ʙʠʙʣʠʦʪʝʢʝ. 

ʄʦʜʫʣʴ çʉʧʠʩʘʥʠʝ ʢʥʠʛè ʥʫʞʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʤʝʯʘʪʴ ʵʢʟʝʤʧʣʷʨʳ ʢʥʠʛ, ʧʦ ʢʘʢʠʤï

ʪʦ ʧʨʠʯʠʥʘʤ ʫʞʝ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʯʪʝʥʠʷ. 

ɺ ʤʦʜʫʣʝ çʇʦʩʪʫʧʣʝʥʠʝ ʢʥʠʛè ʦʧʠʩʳʚʘʶʪʩʷ ʚʩʝ ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʙʠʙʣʠʦʪʝʯʥʳʡ ʬʦʥʜ 

ʢʥʠʛʠ, ʘ ʠʤʝʥʥʦ ʠʭ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠ ʜʘʪʘ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʙʠʙʣʠʦʪʝʢʫ. 

ʆʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʙʠʙʣʠʦʪʝʯʥʦʛʦ ʢʘʪʘʣʦʛʘ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʘʷ ʝʛʦ ʨʘʙʦʪʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʯʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʯʠʪʘʪʝʣʶ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʦʩʪʦʷʥʠʠ ʙʠʙʣʠʦʪʝʯʥʦʛʦ ʬʦʥʜʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: ʩʦʟʜʘʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ 

ʩʧʠʩʢʘ ʯʠʪʘʪʝʣʝʡ ʠ ʢʥʠʛ, ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʙʠʦʛʨʘʬʠʝʡ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ, ʚʳʚʦʜ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʦʪʯʸʪʦʚ ʦ ʢʥʠʛʘʭ ʠ ʯʠʪʘʪʝʣʷʭ. ʆʩʥʦʚʥʳʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʬʫʥʢʮʠʠ ʚʢʣʶʯʘʶʪ: 
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ʨʘʟʨʘʙʦʪʢʫ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʳ, ʤʝʥʶ ʥʘʚʠʛʘʮʠʠ, ʩʪʨʘʥʠʮʳ ʨʘʙʦʪʳ ʩ ʦʬʦʨʤʣʝʥʠʝʤ ʢʥʠʛ, 

ʬʫʥʢʮʠʶ ʧʦʠʩʢʘ. 
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ʠʤ. ʄʘʨʰʘʣʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʉ.ʄ. ɹʫʜʝʥʥʦʛʦ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʆ ʄɽʊʆɼɸʍ ʈɽʐɽʅʀʗ çɾɪʉʊʂʀʍè ʉʀʉʊɽʄ ʋʈɸɺʅɽʅʀʁ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ çʞʸʩʪʢʠʭè ʟʘʜʘʯ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ çʞʸʩʪʢʘʷè ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʞʸʩʪʢʦʩʪʴ ʠ ʨʝʰʘʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʢʠʥʝʪʠʢʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʢ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʨʝʘʢʮʠʠ. ʈʘʟʚʠʪʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʧʨʦʛʨʘʤʤʝ Mathcad ʠ ʨʝʰʘʪʴ 

çʞʸʩʪʢʠʝè ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: çʞʸʩʪʢʘʷè ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ; ʢʦʥʮʝʥʪʨʘʮʠʷ; ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ; ʰʘʛ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; ʩʭʦʜʠʤʦʩʪʴ; ʧʨʦʛʨʘʤʤʘ Mathcad. 
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ON METHODS FOR SOLVING RIGID SYSTEMS OF EQUATIONS  

 

Abstract. The paper considers methods for solving ñrigidò problems. The presented ñrigidò 

system of equations is investigated for rigidity and solved by various numerical methods. Numerical 

solution of the system of ordinary differential equations of kinetics of chemical reactions under initial 

conditions allowed to obtain values of concentrations of all components as functions of time 

throughout the reaction. Developed software of modern computers allows to carry out computational 

experiments in Mathcad program and to solve ñhardò problems. 

Keywords: ñrigidò system of equations; concentration; numerical methods; integration step; 

convergence; Mathcad. 

 

çɾʸʩʪʢʠʝè ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʩʦʙʝʥʥʦ ʯʘʩʪʦ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʷʚʣʝʥʠʡ, ʛʜʝ ʨʘʟʙʨʦʩ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʣʦʞʝʥ ʚ ʩʘʤʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʝ. ʇʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ [1, c. 33]. 
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çɾʸʩʪʢʠʝè ʩʠʩʪʝʤʳ ʧʦʷʚʣʷʶʪʩʷ  ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʤʝʜʠʮʠʥʘ, 

ʙʠʦʣʦʛʠʷ, ʩʦʮʠʦʣʦʛʠʷ ʠ ʜʨ. [2, c. 437]. 

ʇʫʩʪʴ  ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (ʆɼʋ) ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ:  
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,                         (1) 

 ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: 

0
11 )0( ʩc = , 0

22 )0( ʩc = , 0
33 )0( ʩʩ = ,                                                                (2) 

ʛʜʝ )(),(),( 321 tctctc ï ʢʦʥʮʝʥʪʨʘʮʠʠ  ʭʠʤʠʯʝʩʢʠʭ (ʨʝʘʛʠʨʫʶʱʠʭ) ʚʝʱʝʩʪʚ, )0(),0(),0( 321 ʩʩʩ

- ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʠ  0=t . ɿʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1) - (2) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

 
0
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ʩ  0 ʤʦʣʴ/ʣ 

0
2
ʩ  0 ʤʦʣʴ/ʣ 

0
3
ʩ  1 ʤʦʣʴ/ʣ 

 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1) ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (2) 

ʦʧʠʩʳʚʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʛʦʤʦʛʝʥʥʳʝ ʨʝʘʢʮʠʠ  ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. 

ʇʦʢʘʞʝʤ, ʯʪʦ ʩʠʩʪʝʤʘ (1) ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (2) ʜʝʡʩʪʚʠʪʝʣʴʥʦ çʞʸʩʪʢʘʷè. ɼʣʷ 

ʵʪʦʛʦ ʧʦʩʪʨʦʠʤ ʤʘʪʨʠʮʫ ʗʢʦʙʠ, ʥʘʡʜʸʤ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ,  ʠʩʧʦʣʴʟʫʷ 

ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1: 
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ʈʘʩʧʠʩʳʚʘʷ ʧʦ ʵʣʝʤʝʥʪʘʤ ʧʦʩʣʝʜʥʝʡ ʩʪʨʦʢʠ ʦʧʨʝʜʝʣʠʪʝʣʷ  ʠ ʧʨʠʚʦʜʷ ʧʦʜʦʙʥʳʝ ʯʣʝʥʳ, 

ʧʦʣʫʯʠʤ: 

0013,25003500 23 =--- lll                                           (4) 

ʅʘʭʦʜʠʤ ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ (4). ʇʦʣʫʯʘʝʤ  01=l  ʠ ʦʩʪʘʚʰʠʝʩʷ ʜʚʘ ʢʦʨʥʷ ʦʧʨʝʜʝʣʷʝʤ ʠʟ 

ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʅʝʪʨʫʜʥʦ ʚʳʯʠʩʣʠʪʴ, ʯʪʦ .7141,0,7141,3500 32 == ll  

ʆʧʨʝʜʝʣʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪ çʞʝʩʪʢʦʩʪʠè ʧʦ ʬʦʨʤʫʣʝ [2, c.439]: 

() 12161,4898
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʆɼʋ  (1)-(2) ï çʞʸʩʪʢʘʷè. 
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ʅʘʡʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)-(2) ʩʣʦʞʥʦ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʏʠʩʣʝʥʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ (1)-(2) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ: 

ï ʷʚʥʳʤ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ (I); 

ï ʥʝʷʚʥʳʤ ʤʝʪʦʜʦʤ ɸʜʘʤʩʘ-ʄʦʫʣʪʦʥʘ (II); 

ï ʤʝʪʦʜʦʤ ɻʠʨʘ (III) [3, ʩ. 172]; 

ï ʘʣʛʦʨʠʪʤʦʤ ɹʫʣʠʨʰʘ-ʐʪʝʨʘ ʚ ʧʨʦʛʨʘʤʤʝ Mathcad (IV). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʷʚʥʳʡ ʤʝʪʦʜ ʕʡʣʝʨʘ (ʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʳʡ) ʠʤʝʝʪ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ 

ʪʦʯʥʦʩʪʠ, ʘ ʫʩʪʦʡʯʠʚʳʡ ʤʝʪʦʜ ɸʜʘʤʩʘ-ʄʦʫʣʪʦʥʘ ʩ ʠʪʝʨʘʮʠʷʤʠ ʜʘʝʪ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʘʟʥʦʩʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦʨʷʜʢʘ 

,  ʛʜʝ 
N

t
=t , N ï ʯʠʩʣʦ ʫʟʣʦʚ ʥʘ ʩʝʪʢʝ, t  ï ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

( ]1,0[Ít ), t ï ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)ï(2) ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʰʘʛʘʤʠ (00005,0=t ; 0005,0=t ; 001,0=t ;

01,0=t ; 1,0=t ) ʠ ʪʦʯʥʦʩʪʴʶ (00001,0=e ; 0001,0=e ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (I), (II) ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ 

ʥʘʢʣʘʜʳʚʘʝʪ ʞʸʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (001,0¢t ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʧʦʧʳʪʢʘ ʫʚʝʣʠʯʠʪʴ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (001,0>t ) ʧʨʠʚʦʜʠʪ ʢ  ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʆɼʋ, ʢ çʚʟʨʳʚʫ ʧʦʛʨʝʰʥʦʩʪʝʡè. ʇʦʵʪʦʤʫ ʥʘʨʷʜʫ ʩ ʤʝʪʦʜʘʤʠ (I), 

(II) ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1) ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (2) 

ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ɻʠʨʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ [3, ʩ. 172] ʠʣʠ ʘʣʛʦʨʠʪʤ ɹʫʣʠʨʰʘ-ʐʪʝʨʘ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Mathcad. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʙʦʨ ʚʝʣʠʯʠʥʳ ʰʘʛʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪ. ʢ. ʦʪ ʥʝʛʦ 

ʟʘʚʠʩʠʪ ʦʙʱʠʡ ʦʙʲʝʤ ʚʳʯʠʩʣʝʥʠʡ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʰʝʥʠʝ çʞʸʩʪʢʠʭè ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʩʨʝʜʝ Mathcad 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ: 

1) ( )FNttyRadau ,,,, 100 ; 

2) ( )JFMttyStiffb ,,,,, 100  ï ʘʣʛʦʨʠʪʤ ɹʫʣʠʨʰʘ-ʐʪʝʨʘ; 

3) ( )JFNttyStiffr ,,,,, 100  ï ʘʣʛʦʨʠʪʤ ʈʦʟʝʥʙʨʦʢʘ: 

y0 ï ʚʝʢʪʦʨ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʪʦʯʢʝ t0 (t0 ï ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ ʨʘʩʯʸʪʘ); 

t1 ïʢʦʥʝʯʥʘʷ ʪʦʯʢʘ ʨʘʩʯʸʪʘ; 

M, N ï ʯʠʩʣʦ ʰʘʛʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ; 

F ï ʚʝʢʪʦʨʥʘʷ ʬʫʥʢʮʠʷ ( )ytF , , ʟʘʜʘʶʱʘʷ ʩʠʩʪʝʤʫ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ; 

J ï ʤʘʪʨʠʯʥʘʷ ʬʫʥʢʮʠʷ ( )ytJ , , ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʚʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ ( )ytF ,  ʧʦ 

t (ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ) ʠ ʝ yʷʢʦʙʠʘʥʘ  (Nï ʣʝʚʳʭ ʩʪʦʣʙʮʦʚ). 

2( )Ot
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ʇʨʝʠʤʫʱʝʩʪʚʦ ʦʧʮʠʠ Radau ʚ ʪʦʤ, ʯʪʦ ʥʝ ʥʫʞʥʦ ʟʥʘʪʴ ʷʢʦʙʠʘʥ ʩʠʩʪʝʤʳ ʆɼʋ. ʆʜʥʘʢʦ 

ʵʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʦʞʝʪ ʩʪʘʪʴ ʥʝʜʦʩʪʘʪʢʦʤ, ʧʦʩʢʦʣʴʢʫ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʷʢʦʙʠʘʥ ʤʦʛʫʪ 

ʙʳʪʴ ʙʦʣʝʝ ʪʦʯʥʳʤʠ. 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ (1)ï(2) ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ ( )JFMttyStiffb ,,,,, 100  

ʚ ʩʨʝʜʝ Mathcad  ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʇʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ( )JFMttyStiffb ,,,,, 100  

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʜʘʯʠ (1)-(2) ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2, 3. 

ʊʘʙʣʠʮʘ 2 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)-(2) ʤʝʪʦʜʦʤ (III ) 

 

-t ʰʘʛ 

e-ʪʦʯʥʦʩʪʴ 
)(1 tc , )(2 tc , )(3 tc  III  t-ʚʨʝʤʷ 

00005,0=t  

00001,0=e  

)(1 tc  1,00000.100 

0 )(2 tc  1,00000.100 

)(3 tc  3,60401.10-6 

00005,0=t  

00001,0=e  

)(1 tc  9,99998.10-1 

0,69.10-2 )(2 tc  1,00500.100 

)(3 tc  3,71401.10-6 

00005,0=t  

00001,0=e  

)(1 tc  9,99998.10-1 

0,406 )(2 tc  1,01205.100 

)(3 tc  3,69472.10-6 

00005,0=t  

00001,0=e  

)(1 tc  9,99998.10-1 

1 )(2 tc  1,02401.100 

)(3 tc  3,66531.10-6 
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ʊʘʙʣʠʮʘ 3 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)-(2) ʤʝʪʦʜʦʤ (IV)  

 

001,0=t ï ʰʘʛ, e ï ʪʦʯʥʦʩʪʴ, N ï ʯʠʩʣʦ ʫʟʣʦʚ )(1 tc , )(2 tc , )(3 tc  IV  t ï ʚʨʝʤʷ 

001,0=t  

00001,0=e  

1000=N  

)(1 tc  9.9999.10-1 

0,001 )(2 tc  1.0000.100 

)(3 tc  3.6104.10-6 

001,0=t  

00001,0=e  

1000=N  

)(1 tc  9.9998.10-1 

0,002 )(2 tc  1.0000.100 

)(3 tc  3.7113.10-6 

001,0=t  

00001,0=e  

1000=N  

)(1 tc  9.9997.10-1 

0,004 )(2 tc  1.0000.100 

)(3 tc  3.7141.10-6 

001,0=t  

00001,0=e  

1000=N  

)(1 tc  9.9073.10-1 

1,0 )(2 tc  1.0093.100 

)(3 tc  3.6653.10-6 

0005,0=t  

00001,0=e  

2000=N  

)(1 tc  9.9999.10-1 

0,0005 )(2 tc  1.0000.100 

)(3 tc  3.0725.10-6 

0005,0=t  

00001,0=e  

2000=N  

)(1 tc  9.9073.10-1 

1,0 )(2 tc  1.0093.100 

)(3 tc  3.6653.10-6 

 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

ʠ ʥʘ ʨʠʩʫʥʢʘʭ 2ï4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

 

 
 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ )(1 tc  
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ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ )(2 tc  

 

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ )(3 tc  

 

ʉʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʤʝʪʦʜʘʤ I, II , III , IV, ʠʤʝʝʤ ʧʦʭʦʞʫʶ ʢʘʨʪʠʥʫ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ : ( 1ʩ ï ʫʙʳʚʘʝʪ  ʠ  ʩʦʭʨʘʥʷʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ 1109355,9 -Ö ; 2ʩ ï ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʚ 1=t  ʨʘʚʥʦ 0065,1 ; ʚ 3ʩ ï 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʦʢ: ʬʫʥʢʮʠʷ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0=t  ʜʦ 067,0=t  ʠ ʟʘʪʝʤ ʜʦ 1=t  ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ 6106653,3 -Ö ). ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʨʝʰʝʥʠʠ 3ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ. ɽʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ  ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0,001 (ʥʘ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʫʩʣʦʚʠʝ 001,0¢t ). ʊʘʢʦʝ ʞʝ ʥʝʨʘʚʝʥʩʪʚʦ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʪ.ʝ. 001,0
2

max

º¢
l

t . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʣʴʢʦ ʧʨʠ 001,0¢t  ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ 

ʢ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʨʠ . 

ʇʨʠʩʫʪʩʪʚʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ [4, c. 8] ʚ ʨʝʰʝʥʠʠ  3ʩ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʘ ʢʦʤʧʦʥʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

t

1t=
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ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʘ 21, ʩʩ  ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʥʝʝ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʇʦʵʪʦʤʫ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʚʥʦʩʠʪ  ʪʨʝʪʴʷ ʢʦʤʧʦʥʝʥʪʘ 
3ʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ (1)-(2) ʥʘ çʞʸʩʪʢʦʩʪʴè. 

ʀʟʫʯʝʥʳ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ çʞyʩʪʢʠʭè ʩʠʩʪʝʤ. ɿʘʜʘʯʘ (1)-(2) ʙʳʣʘ ʨʝʰʝʥʘ ʩʣʝʜʫʶʱʠʤʠ 

ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʷʚʥʳʤ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ, ʥʝʷʚʥʳʤ ʤʝʪʦʜʦʤ ɸʜʘʤʩʘ-ʄʦʫʣʪʦʥʘ, ʤʝʪʦʜʦʤ 

ɻʠʨʘ ʠ c ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ɹʫʣʠʨʰʘ-ʐʪʝʨʘ ʚ ʧʨʦʛʨʘʤʤʝ Mathcad. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ɻʠʨʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʣʠ 

ʘʣʛʦʨʠʪʤʘ ɹʫʣʠʨʰʘ-ʐʪʝʨʘ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ çʞyʩʪʢʠʭè ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺ ʜʘʥʥʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʶʪ ʢʘʢ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ,  ʪʘʢ ʠ ʤʝʥʝʝ ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ. 
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DEVELOPMENT OF A SOFTWARE APPLICATION  

FOR PERFORMING OPERATIONS ON SETS 

 

Abstract. This article provides an example of the task "Development of a software application 

for performing operations on sets" in the conditions of a student scientific circle. The main stages of 
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program development are considered, as well as factors affecting the operation of the program and 

its functionality. The description of a program designed to perform five operations on two user sets, 

as well as a user interface, is given. 

Keywords: program development; functionality; operations; sets; C++. 

 

ʆʜʥʦʡ ʠʟ ʬʦʨʤ ʘʢʪʠʚʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʦʙʫʯʘʶʱʠʭʩʷ ʷʚʣʷʝʪʩʷ 

ʢʨʫʞʢʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʩʪʫʜʝʥʪʳ ʟʘʢʨʝʧʣʷʶʪ ʠ ʨʘʩʰʠʨʷʶʪ ʟʥʘʥʠʷ, ʫʤʝʥʠʷ 

ʠ ʥʘʚʳʢʠ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ [1]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʥʘ ʦʩʥʦʚʝ 

ʦʧʳʪʘ ʨʘʙʦʪʳ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʢʨʫʞʢʘ çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʤʘʪʝʤʘʪʠʢʝè [2]. ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʪʝʤʳ çʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚè ʩʪʫʜʝʥʪʘʤʠ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʪʝʤʘ çʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘʜ 

ʤʥʦʞʝʩʪʚʘʤʠè. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. ɼʘʜʠʤ ʠʤ ʢʨʘʪʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

I . ʕʪʘʧ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʯʸʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʧʨʦʙʣʝʤʫ, ʢʦʪʦʨʫʶ ʜʦʣʞʥʘ ʨʝʰʘʪʴ ʥʘʰʘ ʙʫʜʫʱʘʷ ʧʨʦʛʨʘʤʤʘ. ʇʦʪʦʤʫ ʯʪʦ, ʥʝ ʠʤʝʷ ʯʸʪʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʤʳ ʤʦʞʝʤ ʧʦʪʨʘʪʠʪʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʫʩʠʣʠʡ ʥʘ ʨʝʰʝʥʠʝ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʧʨʦʙʣʝʤʳ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʩʪʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʩʫʪʠ 

ʧʨʦʙʣʝʤʳ ʙʝʟ ʫʧʦʤʠʥʘʥʠʷ ʝ y ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʥʘ ʧʦʥʷʪʥʦʤ ʧʦʣʴʟʦʚʘʪʝʣʶ ʷʟʳʢʝ, ʪ.ʝ. ʦʧʠʩʳʚʘʪʴʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʧʨʦʙʣʝʤʫ ï ʵʪʦ 

ʚʳʧʦʣʥʝʥʠʝ ʨʝʘʣʠʟʫʝʤʳʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʚʚʦʜʠʪ ʧʦʣʴʟʦʚʘʪʝʣʴ. 

II.  ɺʳʨʘʙʦʪʢʘ ʪʨʝʙʦʚʘʥʠʡ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʝ ï ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʬʫʥʢʮʠʡ ʧʨʦʛʨʘʤʤʳ ʠ ʜʝʡʩʪʚʠʡ, 

ʢʦʪʦʨʳʝ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ. ʊʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠʥʦʛʜʘ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ 

çʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʧʝʮʠʬʠʢʘʮʠʷʤʠè ʠʣʠ ʧʨʦʩʪʦ çʩʧʝʮʠʬʠʢʘʮʠʷʤʠè. 

ʂ ʬʫʥʢʮʠʷʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʧʨʦʛʨʘʤʤʳ ʦʪʥʦʩʷʪʩʷ: ʫʜʦʙʥʳʡ ʚʚʦʜ-ʚʳʚʦʜ ʜʘʥʥʳʭ 

(ʚʚʦʜ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚ ʠ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝ ʦʧʝʨʘʮʠʡ ʥʘʜ ʥʠʤʠ), ʧʨʘʚʠʣʴʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʥʘʜ ʟʘʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʤʥʦʞʝʩʪʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʧʨʦʛʨʘʤʤʳ ʩ ʫʜʦʙʥʳʤ ʠ ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

III . ʂʦʜʠʨʦʚʘʥʠʝ ʠ ʦʪʣʘʜʢʘ 

ɽʩʣʠ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʰʘʛʠ ʚʳʧʦʣʥʝʥʳ, ʜʘʥʥʳʡ ʰʘʛ ʷʚʣʷʝʪʩʷ çʤʝʭʘʥʠʯʝʩʢʦʡè 

ʨʘʙʦʪʦʡ, ʪʦ ʝʩʪʴ ʢʦʜʠʨʦʚʘʥʠʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʠʩʪʫ ʥʝ ʥʫʞʥʦ ʥʠʯʝʛʦ ʠʟʦʙʨʝʪʘʪʴ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʥʘʧʠʩʘʪʴ ʢʦʜ, ʨʝʘʣʠʟʫʶʱʠʡ ʵʪʦʪ ʘʣʛʦʨʠʪʤ, 

ʢʦʪʦʨʳʡ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ ʧʨʦʝʢʪʝ. 

ʇʦʩʣʝ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʨʘʟʨʘʙʦʪʯʠʢʫ ʥʝʦʙʭʦʜʠʤʦ ʦʪʣʘʜʠʪʴ ʵʪʦʪ ʢʦʜ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʦʰʠʙʦʢ. 
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ʂʦʜ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ ʦʩʥʦʚʘʥ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ++ [3]. 

ʆʩʥʦʚʥʦʡ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʷ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ ʙʫʜʝʪ Array. Array ï ʩʪʨʫʢʪʫʨʘ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʭʨʘʥʠʪ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʥʜʝʢʩʦʤ ʠʣʠ ʥʘʙʦʨʦʤ 

ʠʥʜʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ. 

ʄʘʩʩʠʚ ï ʧʨʦʩʪʝʡʰʠʡ ʪʠʧ ʘʛʨʝʛʘʪʘ. ʄʦʜʝʣʠʨʫʝʪ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʛʦ ʪʠʧʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʷʜ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʙʣʦʢʝ ʧʘʤʷʪʠ. ʄʘʩʩʠʚʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʦʯʪʠ ʚʩʝʤʠ ʷʟʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʦʥʠ 

ʧʦʷʚʠʣʠʩʴ ʚ ʨʘʥʥʠʭ ʚʝʨʩʠʷʭ C, ʘ ʟʘʪʝʤ ʩʪʘʣʠ ʯʘʩʪʴʶ C ++. 

ʄʘʩʩʠʚʳ ʣʝʛʢʠ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʬʫʥʢʮʠʦʥʘʣ ʚ ʭʨʘʥʝʥʠʠ ʜʘʥʥʳʭ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʠʜʘ ʤʘʩʩʠʚʦʚ: ʩʪʘʪʠʯʝʩʢʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ. 

ʈʘʟʤʝʨ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʢʦʜʝ. ʊ.ʝ. ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʤʘʩʩʠʚʘ ʨʘʟʨʘʙʦʪʯʠʢ ʫʢʘʟʳʚʘʝʪ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʤʝʨʘ ʤʘʩʩʠʚʘ 

(ʢʦʣʠʯʝʩʪʚʦ ʝʛʦ ʵʣʝʤʝʥʪʦʚ), ʢʦʪʦʨʦʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʟʤʝʥʠʪʴ ʥʝ ʩʤʦʞʝʪ, ʯʪʦ ʠ ʩʪʘʚʠʪ ʚ ʪʫʧʠʢ 

ʢʦʥʮʝʧʪ ʧʨʦʛʨʘʤʤʳ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʩʤʦʞʝʪ ʚʚʝʩʪʠ ʙʦʣʴʰʝ ʵʣʝʤʝʥʪʦʚ, ʯʝʤ ʬʠʢʩʠʨʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʚ ʵʪʦʤ ʠ ʧʨʦʙʣʝʤʘ. ʆʙʨʘʪʠʤʩʷ ʢ ʧʨʠʤʝʨʫ (çʂʦʜ 1è): 

int a[10] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʦʟʜʘʚʘʝʤʳʡ ʤʘʩʩʠʚ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ, 

10. ɿʘʜʘʪʴ ʵʣʝʤʝʥʪʦʚ ʙʦʣʴʰʝ ʯʝʤ 10, ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʩʤʦʞʝʪ, ʪ.ʢ. ʨʘʟʤʝʨ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʟʘʜʘʸʪʩʷ ʢʦʥʩʪʘʥʪʦʡ. 

ʀ ʪʫʪ ʧʨʠʭʦʜʠʪ ʥʘ ʧʦʤʦʱʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʘʩʩʠʚ. ʊʘʢ ʨʘʟʤʝʨ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺʩʸ ʯʪʦ ʥʫʞʥʦ, ʵʪʦ ʧʦʣʫʯʠʪʴ ʥʘ ʚʭʦʜ 

ʯʠʩʣʦ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʕʪʦ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʠʜʝʶ ʨʘʟʨʘʙʦʪʢʠ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ (ʵʣʝʤʝʥʪ ʤʘʩʩʠʚʘ ʨʘʚʝʥ ʵʣʝʤʝʥʪʫ ʤʥʦʞʝʩʪʚʘ). 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ (çʂʦʜ 2è): 

int * array = new int[length]().  

ɿʜʝʩʴ çarrayè ï ʥʘʟʚʘʥʠʝ ʤʘʩʩʠʚʘ, ʢʦʪʦʨʳʡ ʤʳ ʭʦʪʠʤ ʩʦʟʜʘʪʴ, çintè ï ʮʝʣʦʯʠʩʣʝʥʥʳʡ ʪʠʧ 

ʜʘʥʥʳʭ, çlengthè ï ʨʘʟʤʝʨ ʤʘʩʩʠʚʘ, ʧʝʨʝʤʝʥʥʘʷ, ʢʦʪʦʨʘʷ ʟʘʜʘʸʪʩʷ ʯʠʩʣʦʤ. ɺ ʜʘʥʥʦʤ ʪʠʧʝ 

ʤʘʩʩʠʚʘ ʫʞʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʜʙʦʨʢʫ ʨʘʟʤʝʨʘ ʤʥʦʞʝʩʪʚʘ ʧʫʪʸʤ ʧʨʠʩʚʦʝʥʠʷ çlengthè 

ʟʥʘʯʝʥʠʷ ʯʝʨʝʟ ʚʚʦʜ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʫʞʥʦʛʦ ʝʤʫ ʨʘʟʤʝʨʘ ʤʘʩʩʠʚʘ (ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʤʥʦʞʝʩʪʚʘ). 

ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʥʘʟʥʘʯʝʥʠʷ ʚʩʝʭ ʬʫʥʢʮʠʡ ʧʨʦʛʨʘʤʤʳ ʠʜʸʪ ʧʦʣʥʘʷ ʦʪʣʘʜʢʘ 

ʠ ʩʙʦʨʢʘ ʧʨʦʝʢʪʘ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ ʟʘʧʫʩʢʘʪʴ ʧʨʦʛʨʘʤʤʫ ʚʥʝ ʩʨʝʜʳ ʝʸ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʨʝʜʦʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ Visual Studio 2019. 

ʇʦʥʷʪʥʳʡ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʠʩʪʫ ʣʝʛʢʦ ʦʩʚʦʠʪʴʩʷ ʠ ʧʨʠʩʪʫʧʠʪʴ 

ʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ [4]. ʇʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʉ++, ʉ#, JS (Java Script), Basic, F#. 
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IV.  ʊʝʩʪʠʨʦʚʘʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʪʝʩʪʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʩ ʫʯʸʪʦʤ ʠʥʪʝʛʨʘʮʠʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʠ ʠʩʧʨʘʚʠʪʴ ʧʨʦʙʣʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ɺʘʞʥʦʡ ʪʝʤʦʡ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʫʪʝʯʢʘ ʨʝʩʫʨʩʦʚ ʠ ʜʨʫʛʠʝ 

ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʧʨʦʚʝʨʠʪʴ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʫʨʦʚʥʷʭ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʛʦʪʦʚʘ ʢ ʚʳʧʦʣʥʝʥʠʶ ʩʚʦʝʡ 

ʟʘʜʘʯʠ. 

ʅʘʰʘ ʧʨʦʛʨʘʤʤʘ ʥʘʟʳʚʘʝʪʩʷ OoS (Operations on set). ʉʩʳʣʢʘ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ: 

https://disk.yandex.ru/d/ISNmO0xeByz9hQ. 

ʀʥʩʪʨʫʢʮʠʷ 

1. ɺʚʝʜʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚʦ ʤʥʦʞʝʩʪʚʘʭ ɸ ʠ ɺ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʣʷ ʚʚʦʜʘ çʂʦʣ-ʚʦ ʵʣʝʤʝʥʪʦʚè (ʚʝʨʭʥʝʝ ʠ ʥʠʞʥʝʝ) ʚʚʝʜʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚʘʰʠʭ 

ʤʥʦʞʝʩʪʚ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ʩʦ ʟʥʘʢʦʤ ç+è. ʇʦʣʷ ʚʚʦʜʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʥʦʧʢʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʆʢʥʦ ʚʚʦʜʘ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 

 

2. ʇʦʦʯʝʨʸʜʥʦ ʚʚʦʜʠʪʝ ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚ. ʊ. ʝ. ʚ ʧʦʣʝ ʚʚʦʜʘ (ʚʝʨʭʥʝʝ) çʕʣʝʤʝʥʪè (ʨʠʩ. 

2) ʚʚʝʩʪʠ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʤʥʦʞʝʩʪʚʘ ɸ, ʥʘʞʘʪʴ ʢʥʦʧʢʫ ʩʦ ʟʥʘʢʦʤ ç+è, ʚʚʝʩʪʠ ʚʪʦʨʦʡ ʵʣʝʤʝʥʪ 

ʤʥʦʞʝʩʪʚʘ ɸ, ʥʘʞʘʪʴ ʢʥʦʧʢʫ ʩʦ ʟʥʘʢʦʤ ç+è. ʇʨʦʜʦʣʞʘʪ,ɹ ʧʦʢʘ ʥʝ ʚʚʝʜʸʪʝ ʚʩʝ ʵʣʝʤʝʥʪʳ ʚʘʰʝʛʦ 

ʤʥʦʞʝʩʪʚʘ ɸ. 

 

 
 

ʈʠʩ. 2. ʆʢʥʦ ʚʚʦʜʘ ʵʣʝʤʝʥʪʦʚ 

 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʧʦʣʥʷʝʤ ʜʝʡʩʪʚʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʥʦʞʝʩʪʚʘ ɺ. ɺʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʧʦʣʝ ʚʚʦʜʘ (ʥʠʞʥʝʝ). 

ʂʘʞʜʳʡ ʥʦʚʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʘʤʠ ʚʚʝʜʸʥ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʫʜʝʪ ʧʦʷʚʣʷʪʴʩʷ ʚ 

ʧʦʣʝ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʤʥʦʞʝʩʪʚ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʆʢʥʦ çʄʥʦʞʝʩʪʚʘè 

 

ʇʨʠ ʵʪʦʤ ʚʳ ʥʝ ʩʤʦʞʝʪʝ ʚʚʝʩʪʠ ʚ ʤʥʦʞʝʩʪʚʦ ʙʦʣʴʰʝ ʵʣʝʤʝʥʪʦʚ, ʯʝʤ ʙrʣʦ ʫʢʘʟʘʥʦ ʚ ʧʦʣʝ 

ʚʚʦʜʘ çʂʦʣ-ʚʦ ʵʣʝʤʝʥʪʦʚè. 

3. ʇʦʩʣʝ ʚʚʦʜʘ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʚʘʰʠʭ ʤʥʦʞʝʩʪʚ ɸ ʠ ɺ, ʤʦʞʝʪʝ 

ʚʳʧʦʣʥʠʪʴ ʦʧʝʨʘʮʠʠ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ. 

 

 
 

ʈʠʩ. 4. ʆʢʥʦ ʩ ʦʧʝʨʘʮʠʷʤʠ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ 

 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ: 

1) ʧʝʨʝʩʝʯʝʥʠʝ; 

2) ʦʙʲʝʜʠʥʝʥʠʝ; 

3) ʨʘʟʥʦʩʪʴ (ʤʥʦʞʝʩʪʚʘ ɺ ʠʟ ʤʥʦʞʝʩʪʚʘ ɸ); 

4) ʨʘʟʥʦʩʪʴ (ʤʥʦʞʝʩʪʚʘ ɸ ʠʟ ʤʥʦʞʝʩʪʚʘ ɺ); 

5) ʩʠʤʤʝʪʨʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʦʧʝʨʘʮʠʠ ʥʘʞʤʠʪʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʥʦʧʢʫ. ʇʦʩʣʝ 

ʯʝʛʦ ʚ ʧʦʣʝ ʚʳʚʦʜʘ çʆʪʚʝʪè ʚʳ ʧʦʣʫʯʠʪʝ ʨʝʟʫʣʴʪʘʪ (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ʆʢʥʦ ʜʣʷ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʘ 

 

ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʩ ʧʨʠʣʦʞʝʥʠʝʤ 

1. ɺʚʦʜ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʤʥʦʞʝʩʪʚʝ ɸ (ʚʝʨʭʥʝʝ ʧʦʣʝ ʚʚʦʜʘ) ï ç5è. ɺʚʦʜ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʤʥʦʞʝʩʪʚʝ ɺ (ʥʠʞʥʝʝ ʧʦʣʝ ʚʚʦʜʘ) ï ç4è. ʅʘʞʠʤʘʝʤ ʢʥʦʧʢʫ ʩʦ 

ʟʥʘʢʦʤ ç+è. 
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2. ɺʚʦʜ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ ɸ ʚ ʧʦʣʝ ʚʚʦʜʘ (ʚʝʨʭʥʝʝ) çʕʣʝʤʝʥʪè, ʚʚʦʜ ç1è, ʥʘʞʘʪʠʝ 

ʢʥʦʧʢʠ ʩʦ ʟʥʘʢʦʤ ç+èè, ʚʚʦʜ ç2è, ʥʘʞʘʪʠʝ ʢʥʦʧʢʠ ʩʦ ʟʥʘʢʦʤ ç+èè, ʚʚʦʜ ç3è, ʥʘʞʘʪʠʝ ʢʥʦʧʢʠ 

ʩʦ ʟʥʘʢʦʤ ç+èè, ʚʚʦʜ ç4è, ʥʘʞʘʪʠʝ ʢʥʦʧʢʠ ʩʦ ʟʥʘʢʦʤ ç+èè, ʚʚʦʜ ç5è, ʥʘʞʘʪʠʝ ʢʥʦʧʢʠ ʩʦ ʟʥʘʢʦʤ 

ç+èè. ɸʥʘʣʦʛʠʯʥʦ ʚʚʦʜʠʤ ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ ɺ ʚ ʧʦʣʝ ʚʚʦʜʘ (ʥʠʞʥʝʝ) çʕʣʝʤʝʥʪè. 

3. ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʦʧʝʨʘʮʠʶ çʉʠʤʤʝʪʨʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴè. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʦʚʦʝ ʤʥʦʞʝʩʪʚʦ, ʚʢʣʶʯʘʶʱʝʝ ʚʩʝ ʵʣʝʤʝʥʪʳ ʠʩʭʦʜʥʳʭ 

ʤʥʦʞʝʩʪʚ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʦʠʤ ʠʩʭʦʜʥʳʤ ʤʥʦʞʝʩʪʚʘʤ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ, ʥʘʞʠʤʘʝʤ ʥʘ ʢʥʦʧʢʫ çA ȹ B (ʉʠʤʤʝʪʨ. ʨʘʟʥʦʩʪʴ)è. 

ʇʫʩʪʴ ɸ = {1, 2, 3, 4, 5}, B = {1, 3, 5, 7}.  

ʉʠʤʤʝʪʨʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʙʫʜʝʪ ʨʘʚʥʘ {2, 4, 7}. 

ʅʘ ʨʠʩʫʥʢʝ 6 ʚ ʧʦʣʝ ʚʳʚʦʜʘ çʆʪʚʝʪè ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ 

ʨʘʟʥʦʩʪʠ ʤʥʦʞʝʩʪʚ A ʠ B. 

 

 
 

ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ 

 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ʦʙʫʯʘʶʱʠʤʠʩʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ. 
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ORCID: 0000-0002-3271-2163, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ʛ. ʅʫʨ-ʉʫʣʪʘʥ, ʂʘʟʘʭʩʪʘʥ 

 

ʍʈɸʅɽʅʀɽ ɼɸʅʅʓʍ ɺ ʆɹʃɸʏʅʓʍ ʍʈɸʅʀʃʀʑɸʍ  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʦʧʝʨʘʮʠʠ ʠ 

ʧʨʠʣʦʞʝʥʠʷ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ ʩ ʨʘʟʚʠʪʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʥʝʪ-ʩʝʨʚʠʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʭʨʘʥʠʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʚ çʦʙʣʘʢʝè. 

ʆʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ï ʤʦʜʝʣʴ ʦʥʣʘʡʥ-ʭʨʘʥʠʣʠʱʘ, ʚ ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʩʝʨʚʝʨʘʭ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʩʝʪʠ ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʢʣʠʝʥʪʘʤ, ʚ ʦʩʥʦʚʥʦʤ ʪʨʝʪʴʠʤʠ 

ʩʪʦʨʦʥʘʤʠ. 
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DATA STORAGE ON A CLOUD SERVICES  

 

Abstract. This article describes the unique features, operations and applications of cloud 

storage, which is becoming increasingly important with the development of various Internet services 

that allow you to store and process data in the ñcloudò. Cloud data storage is an online storage model 

in which data is stored on multiple servers distributed over a network and offered to customers, mainly 

by third parties. 

Keywords: cloud services; cloud storage; data storage; internet service; data processing. 

 

ʆʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ ï ʤʦʜʝʣʴ ʦʥʣʘʡʥ-ʭʨʘʥʠʣʠʱʘ, ʚ ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʩʝʨʚʝʨʘʭ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʩʝʪʠ. ʉʝʨʚʝʨʳ ʦʙʳʯʥʦ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʟʘʢʘʟʯʠʢʫ 

ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʦʡ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʝʨʚʝʨʦʚ ʠ ʵʣʝʤʝʥʪʘʭ ʠʭ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ 

ʦʙʳʯʥʦ ʥʝ ʚʠʜʥʘ ʟʘʢʘʟʯʠʢʫ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʚʳʜʝʣʝʥʥʳʭ ʩʝʨʚʝʨʘʭ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʪʘʶʪʩʷ ʠʣʠ ʘʨʝʥʜʫʶʪʩʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ [1]. 

ɺ ʤʦʜʝʣʠ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʦʙʣʘʢʝ. 
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ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʢʘʟʯʠʢʘ çʦʙʣʘʢʦè ï ʙʦʣʴʰʦʡ ʚʠʨʪʫʘʣʴʥʳʡ ʩʝʨʚʝʨ. ʆʜʥʘʢʦ ʵʪʠ ʩʝʨʚʝʨʳ 

ʤʦʛʫʪ ʙʳʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʠʟʥʝʩʝ, ʪʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʯʥʳʭ 

ʩʝʨʚʠʩʦʚ ʧʨʠʚʣʝʢʘʝʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ [2].  

ʌʦʨʤʫʣʠʨʦʚʢʘ ʮʝʣʠ ʩʪʘʪʴʠ: ʦʙʝʩʧʝʯʠʪʴ ʫʛʣʫʙʣʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʦʪʨʘʩʣʝʡ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʇʨʦʮʝʩʩ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ ʢʥʠʛʝ ɼʞ. 

ʈʠʩʘ. ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʚʦʟʤʦʞʥʦ 

ʥʝ ʪʦʣʴʢʦ ʚ ʙʠʟʥʝʩʝ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʀʥʪʝʨʥʝʪʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ ʧʦʜʯʸʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʚ ʤʝʜʠʮʠʥʫ ʠ ʦʙʨʘʟʦʚʘʥʠʝ. 

ʈʷʜ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʠʟʫʯʘʣʠ ʨʘʟʚʠʪʠʝ ʨʳʥʢʘ, ʩʦʟʜʘʥʠʝ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, Forrester Research ʦʮʝʥʠʣʘ ʪʝʢʫʱʫʶ ʜʠʥʘʤʠʢʫ 

ʚʥʝʜʨʝʥʠʷ ʦʙʣʘʯʥʳʭ ʭʨʘʥʠʣʠʱ ʠ ʧʨʠʰʣʘ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʢ 2020 ʛʦʜʫ ʦʙʲʝʤ ʨʳʥʢʘ ʦʙʣʘʯʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʜʦʩʪʠʛʥʝʪ 241 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ [2]. 

ɸʥʘʣʠʪʠʢʠ ʠʟ Gartner Group (çGartner Groupè) ʧʨʦʚʝʣʠ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʠʣʠ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʦʙʝʱʘʶʱʝʡ ʦʙʣʘʩʪʴʶ ʜʣʷ ʫʣʫʯʰʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʭʦʜʠʪ ʚ ʦʙʣʘʢʦ 

ʪʦʣʴʢʦ ʚ ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ-ʩʝʤɹ ʣʝʪ [3]. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʦʚʦʡ ʦʙʣʘʩʪʴʶ ʠ ʯʪʦ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʟʜʘʥʠʷ ʦʙʣʘʯʥʳʭ ʭʨʘʥʠʣʠʱ ʠ ʠʭ ʫʩʧʝʰʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʙʠʟʥʝʩʝ, ʘ ʪʘʢʞʝ ʚ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

ʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ - ʵʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʯrʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʚʠʜʝ ʠʥʪʝʨʥʝʪ-ʩʝʨʚʠʩʦʚ. ʂʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩ 

ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ - ʵʪʦ ʦʩʦʙʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʢʣʠʝʥʪʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʠʤ ʨʝʩʫʨʩʳ (ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʘʤʷʪʴ, ʢʦʥʪʨʦʣʣʝʨʳ, ʩʝʪʝʚʳʝ ʢʘʥʘʣʳ ʠ 

ʪ. ʜ.). ʋ ʟʘʢʘʟʯʠʢʘ ʝʩʪʴ ʮʝʣʘʷ ʛʨʫʧʧʘ ʩʝʪʝʚʳʭ ʩʝʨʚʝʨʦʚ ʚ ʚʠʜʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʧʨʘʚʦ ʠʟʤʝʥʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʦʡ ʩ ʧʦʷʚʣʝʥʠʝʤ ʦʙʣʘʯʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦʙʳ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʤʘʩʰʪʘʙʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʏʪʦʙʳ ʣʫʯʰʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʳʧʫʩʢ 

TAdviser ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʤʝʨ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʤʠʣʣʠʘʨʜʘʭ ʜʦʣʣʘʨʦʚ 

ʉʐɸ. 
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ʈʠʩ. 1. ʆʙʲʤy ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

 

ʀʟ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʦʙʣʘʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ 

ʩʝʨʚʠʩʦʚ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ [5]. 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ ʩʨʘʚʥʠʤ, ʢʘʢ ʨʘʙʦʪʘʶʪ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: 

1. çʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʘʢ ʫʩʣʫʛʘè (IaaS). ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ çʧʫʩʪʳʤè 

ʚʠʨʪʫʘʣʴʥʳʤ ʩʝʨʚʝʨʘʤ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʦʙʨʝʪʘʪʴ ʙʘʟʦʚʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʪʘʢʠʝ 

ʢʘʢ ʧʨʦʮʝʩʩʦʨʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʭʨʘʥʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʘʤ ʩʦʟʜʘʚʘʪʴ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ 

ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʦʪʢʨʳʪ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʪʦʠʤʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ.  

2. ʇʣʘʪʬʦʨʤʘ ʢʘʢ ʫʩʣʫʛʘ (PaaS). ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʨʝʰʘʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʣʘʪʬʦʨʤʝ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʧʦʩʪʘʚʱʠʢʦʤ ʫʩʣʫʛ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʥʦʩʠʪ ʣʠʰʴ 

ʤʠʥʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʥʝ ʠʤʝʝʪ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ 

ʚʠʨʪʫʘʣʴʥʳʤ ʤʘʰʠʥʘʤ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ IaaS) ʷʚʣʷʶʪʩʷ 

ʣʸʛʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʧʨʘʚʦ ʚʳʙʨʘʪʴ ʠʟ 

ʩʧʠʩʢʘ ʫʩʣʫʛ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʦʙʣʘʯʥʦʡ ʩʣʫʞʙʦʡ, ʪʝ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʟʘʜʘʯʠ. ʅʝʜʦʩʪʘʪʢʠ: ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʨʠʩʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

3. çʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʢ ʫʩʣʫʛʘè (SaaS). ɿʜʝʩʴ ʧʦʣʴʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩ 

ʩʦʙʩʪʚʝʥʥʦʡ CRM ʠʣʠ CMS. ʋ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʪ ʜʦʩʪʫʧʘ ʢ ʚʝʙ-ʩʝʨʚʝʨʫ, ʉʋɹɼ ʠʣʠ ʜʘʞʝ ʢ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʜʘʥʥʳʝ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ 

ʧʨʠʣʦʞʝʥʠʷ ʭʨʘʥʷʪʩʷ ʚ ʦʙʣʘʢʝ, ʠ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʷʪʴ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʠʣʠ ʧʘʨʘʤʝʪʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʫʞʙʳ, ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʩ 

ʚʝʙ-ʙʨʘʫʟʝʨʦʤ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʝ ʥʫʞʥʦ ʧʦʢʫʧʘʪʴ ʜʦʨʦʛʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘ ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʪʝʭ 

ʮʝʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥʦ ʥʝʦʙʭʦʜʠʤʦ [4]. 

ɼʣʷ ʫʩʧʝʭʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʧʣʦʱʝʥʘ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʤʦʜʝʣʝʡ SaaS, ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ 

ʚʝʙ-ʩʣʫʞʙʳ Amazon, Google App Engine ʠ Microsoft Windows Azure, ʠ ʩ ʠʭ ʧʦʤʦʱʴʶ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʜʘʸʪ ʚʘʤ ʧʨʘʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʧʝʢʪʨ ʫʩʣʫʛ, ʦʪ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ 
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ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʚʷʟʠ, ʜʦ ʨʘʙʦʪʳ ʩ ʦʬʠʩʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ [5]. 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʙʩʪʨʘʢʮʠʷ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʄʦʜʝʣʠ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ 

 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʚʷʟʠ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ï ʵʪʦ çʦʙʣʘʢʦè. 

ʏʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʦʙʣʘʢʘ, ʧʨʠʥʷʪʦ ʨʘʟʣʠʯʘʪʴ ʪʨʠ ʪʠʧʘ 

ʯʘʩʪʥʳʭ ʦʙʣʘʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ ʜʦʧʫʩʢʘʶʪ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ; Public ï ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʠʤ; ɻʠʙʨʠʜʥʳʝ ï 

ʫʥʠʢʘʣʴʥʳʝ ʩʘʤʠ ʧʦ ʩʝʙʝ, ʩʚʷʟʘʥʥʳʝ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʦʙʲʝʢʪʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʨʠʣʦʞʝʥʠʡ; ʆʙʱʝʜʦʩʪʫʧʥʳʡ ï 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʦʡ. 

ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʪʝʢʫʱʠʭ ʠʥʠʮʠʘʪʠʚ ʚ ʠʥʜʫʩʪʨʠʠ ʦʙʣʘʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ 

Amazon Web Services (AWS). 

ʕʪʦ ʦʙʣʘʢʦ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʧʫʙʣʠʯʥʳʭ ʦʙʣʘʢʦʚ, ʠ ʝʛʦ ʦʩʥʦʚʥʳʤʠ ʫʩʣʫʛʘʤʠ 

ʷʚʣʷʶʪʩʷ ʭʦʩʪʠʥʛ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʦʩʥʦʚʝ Xen (Amazon EC2) ʠ ʭʦʩʪʠʥʛ ʜʘʥʥʳʭ (S3). ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʠʤ ʦʩʥʦʚʥʳʤ ʩʝʨʚʠʩʘʤ AWS ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ: Amazon EBS, 

ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʜʣʷ EC2; Amazon CloudFront, CDN ʜʣʷ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʲʝʢʪʦʚ S3; Amazon MapReduce, ʛʦʪʦʚʘʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʩʪʘʥʦʚʢʘ Hadoop; ʠ çAmazon 

MapReduceè, ʥʝʨʝʣʷʮʠʦʥʥʦʡ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ çAmazon SimpleDBè ʠ ʦʯʝʨʝʜʠ 

ʩʦʦʙʱʝʥʠʡ çAmazon Simple Queue Serviceè. 

ʇʣʘʪʬʦʨʤʘ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʧʦʭʦʞʘʷ ʥʘ Amazon Web Services, ï Windows Azure, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ Microsoft Windows 2008 ʩ Hyper-V ʠ SQL Azure. 

ʇʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʩʝʨʚʠʩʦʚ, Azure ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʣʝʜʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ: 

Azure Table ï ʥʝʨʝʣʷʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘʥʘʣʦʛʠʯʥʳʤʠ Amazon 
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SimpleDB; Azure Blob - ʦʙʦʣʦʯʢʘ ʜʣʷ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʘʥʘʣʦʛʠʯʥʘʷ Amazon EBS; 

Azure Queue - ʫʩʪʘʥʦʚʢʘ Microsoft Message Queuing, Azure Drive ï ʚʠʨʪʫʘʣʴʥʳʡ ʞʸʩʪʢʠʡ ʜʠʩʢ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʬʘʡʣʘʤʠ, ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩʣʫʞʙʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʩʥʦʚʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʧʣʘʪʬʦʨʤʝ Windows Azure, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʫ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʧʣʘʪʬʦʨʤʝ Windows Azure. 

ʅʝ ʤʝʥʝʝ ʧʦʧʫʣʷʨʥʘ Force.com, ʧʣʘʪʬʦʨʤʘ ʦʙʣʘʯʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ Salesforce Force.com ï ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ SaaS-ʨʝʰʝʥʠʷ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ Sales Cloud ʠ Service Cloud ʧʦʩʪʨʦʝʥʳ ʥʘ ʵʪʦʡ ʧʣʘʪʬʦʨʤʝ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ CRM-ʩʠʩʪʝʤʳ Salesforce.com ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ. 

ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʫʩʧʝʭʘ ʥʘ ʵʪʦʡ ʧʣʘʪʬʦʨʤʝ, ʧʨʠʣʦʞʝʥʠʷ ʜʦʣʞʥʳ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩ ʥʫʣʷ ʚ ʩʨʝʜʝ Oracle Apex ʠ Visualforce. 

ʈʘʟʨʘʙʦʪʯʠʢʠ ʮʝʥʷʪ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʠʤ ʧʨʠʣʦʞʝʥʠʡ, ʥʦ ʩʯʠʪʘʶʪ, ʯʪʦ ʵʪʘ ʧʣʘʪʬʦʨʤʘ ʩʚʷʟʳʚʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʦ 

ʩʣʫʞʙʘʤʠ, ʩʦʟʜʘʥʥʳʤʠ ʥʘ ʫʨʦʚʥʝ ʢʦʜʘ, ʠ ʧʦʟʚʦʣʷʝʪ ʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ. ʍʦʪʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ, ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʤʝʥʝʝ 

ʫʜʦʙʥʳ. 

ʅʘʤ ʥʝ ʥʫʞʥʦ ʙʫʢʚʘʣʴʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚʘʤ ʥʫʞʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʢʦʤʧʴʶʪʝʨ, ʢʦʪʦʨʳʡ ʜʝʣʘʝʪ ʚʩʶ ʨʘʙʦʪʫ. 

ʈʘʟʨʘʙʦʪʯʠʢʘʤ ʥʝ ʥʫʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʩʣʫʞʙʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦʙʳ ʟʘʧʫʩʢʘʪʴ ʠʭ 

ʢʦʜ, ʧʦʪʦʤʫ ʯʪʦ ʧʣʘʪʬʦʨʤʘ, ʢʦʪʦʨʘʷ ʠʤ ʥʫʞʥʘ, ʫʧʨʘʚʣʷʝʪʩʷ ʪʘʤ. ɹʝʩʩʝʨʚʝʨʥʳʡ ʢʦʜ ʧʦʯʪʠ 

ʚʩʝʛʜʘ ʩʪʨʦʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ (ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʩʝʨʚʠʩʦʚ) [2]. 

ʊʘʢʞʝ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʠ ʨʘʟʤʝʱʘʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ Google App Engine 

(GAE); ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʧʣʘʪʬʦʨʤʦʡ Force.com, ʠʥʪʝʛʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ 

ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ, ʚ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʗʟʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ, ʷʚʣʷʶʪʩʷ Python, Java, ʚʩʝ ʷʟʳʢʠ JVM (Groovy, JRuby, Jython ʠ ʪ. ʜ.) ʠ Go. GAE 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʝʨʝʣʷʮʠʦʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ, ʧʦʜʦʙʥʦʛʦ SQL. GQL. Google App Engine. 

ʅʝʩʣʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ Google App Engine ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʦʪ ʧʦʩʪʨʦʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪ ʟʘʚʠʩʠʪ ʦʪ GAE, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʵʪʦʡ 

ʧʣʘʪʬʦʨʤʳ [3]. 

ɺ ʥʘʰʝʡ ʦʮʝʥʢʝ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʪʘʢʠʝ ʧʣʘʪʬʦʨʤʳ, ʢʘʢ çGoogle 

ɼʠʩʢè, çMEGAè, çʗʥʜʝʢʩ.ɼʠʩʢè, ç4sharedè ʠ çOneDriveè ʧʨʝʜʣʘʛʘʶʪ ʤʥʦʛʦ ʤʝʩʪʘ ʜʣʷ 

ʭʨʘʥʝʥʠʷ, ʥʦ ʥʝ ʚʩʝ ʵʪʠ ʩʝʨʚʠʩʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥʳ ʜʣʷ ʙʝʩʧʣʘʪʥʦ. ʅʝ ʚʩʝ ʵʪʠ ʫʩʣʫʛʠ 

ʤʦʞʥʦ ʙʝʩʧʣʘʪʥʦ ʨʘʩʰʠʨʷʪʴ. ʆʙʳʯʥʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʫʚʝʣʠʯʠʚʘʶʪ ʸʤʢʦʩʪʴ ʭʨʘʥʠʣʠʱʘ, 

ʧʨʠʛʣʘʰʘʷ ʜʨʫʟʝʡ ʠ ʟʥʘʢʦʤʳʭ. 

ɺ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʙʣʘʢʘʭ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʬʘʡʣʘʤʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ 

ʠʭ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʆʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ 
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ʜʦʩʪʫʧʥʦ ʠʟ ʣʶʙʦʛʦ ʤʝʩʪʘ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʀʥʪʝʨʥʝʪʫ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ɼʘʚʘʡʪʝ ʚʟʛʣʷʥʝʤ ʥʘ ʥʝʢʦʪʦʨʳʝ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʢʦʪʦʨʳʤ 

ʧʦʩʚʷʱʝʥʘ ʵʪʘ ʩʪʘʪʴʷ. ʅʝʟʘʚʠʩʠʤʳʝ ʢʦʤʧʘʥʠʠ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ, ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʦʝʡ ʨʘʙʦʪʳ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʠ 

ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ, 

ʢʦʪʦʨʳʝ ʦʥʠ ʩʦʟʜʘʶʪ. ɽʩʪʴ ʜʚʘ ʩʧʦʩʦʙʘ ʧʨʝʜʣʦʞʠʪʴ ʫʩʣʫʛʠ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ: 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʢʦʤʧʘʥʠʠ (ʢʦʨʧʦʨʘʪʠʚʥʦʝ ʦʙʣʘʢʦ) ʠʣʠ ʯʝʨʝʟ 

ʧʦʩʪʘʚʱʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʜʘʶʪ ʩʦʟʜʘʚʘʝʤʳʝ ʠʤʠ ʦʙʣʘʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʫʜʘʸʪʩʷ ʥʘʧʨʷʤʫʶ ʧʨʝʜʣʦʞʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʫʞʥʳʝ ʠʤ 

ʫʩʣʫʛʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʣʫʛʠ ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ, ʪ.ʝ. ʥʝʦʙʭʦʜʠʤ çʧʦʩʨʝʜʥʠʢè 

[2]. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʩʪʦʠʪ ʟʘʜʘʯʘ ʜʦʩʪʘʚʠʪʴ ʛʦʪʦʚʫʶ ʫʩʣʫʛʫ ʢʦʥʝʯʥʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʝʨʝʜ ʢʦʤʧʘʥʠʝʡ-ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʩʪʦʠʪ ʟʘʜʘʯʘ ʚʥʝʜʨʝʥʠʷ 

ʩʚʦʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʝʥʜʦʨʘ. ʕʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʫʪʸʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 

ʦʙʲʝʢʪʝ ʧʦʩʪʘʚʱʠʢʘ ʠʣʠ ʧʫʪʸʤ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʚʳʩʪʘʚʣʝʥʠʷ ʩʯʝʪʦʚ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʠ-ʨʘʟʨʘʙʦʪʯʠʢʫ ʦʧʨʝʜʝʣʷʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʩʪʦʠʤʦʩʪʴʶ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ 

ʦʙʣʘʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩʚʦʠʤ ʢʣʠʝʥʪʘʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʭʦʜ ʢ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʩʝʨʚʠʩʦʚ ʚ ʦʙʣʘʯʥʫʶ ʩʨʝʜʫ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʛʨʘʥʠʯʝʥ ʦʜʥʠʤ ʧʫʪʸʤ. ʉʪʘʥʜʘʨʪ APS ʜʣʷ ʫʧʘʢʦʚʢʠ ʧʨʠʣʦʞʝʥʠʡ ʦʯʝʥʴ 

ʧʦʣʝʟʝʥ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʘʚʱʠʢʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʩʪʘʚʣʷʪʴ ʧʨʠʣʦʞʝʥʠʷ, 

ʫʧʘʢʦʚʘʥʥʳʝ ʚ ʵʪʦʤ ʬʦʨʤʘʪʝ. 

ʀʟ ʵʪʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʘʚʢʠ ʧʨʠʣʦʞʝʥʠʡ ʚ ʨʘʤʢʘʭ ʦʨʛʘʥʠʟʘʮʠʠ-ʨʘʟʨʘʙʦʪʯʠʢʘ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʝʧʦʟʠʪʦʨʠʠ ʦʙʱʝʜʦʩʪʫʧʥʦʛʦ ʦʙʣʘʢʘ. ʉʘʤʘʷ ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ʜʣʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ - ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʩʣʦʡ ʥʘ ʦʩʥʦʚʝ ʪʨʝʙʫʝʤʦʡ ʤʦʜʝʣʠ. 

ʅʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʚ ʠʝʨʘʨʭʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʠ 

ʯʘʩʪʥʳʤʠ ʦʙʣʘʢʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʨʷʜʦʢ ʦʙʣʘʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʜʠʥʘʢʦʚ: 1) ʚʳʙʦʨ ʫʩʣʫʛʠ, 2) 

ʚʳʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʜʣʷ ʫʩʣʫʛʠ, 3) ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠ ʫʩʪʘʥʦʚʢʘ ʫʩʣʫʛʠ, 4) ʚʳʩʪʘʚʣʝʥʠʝ ʩʯʝʪʦʚ. 

ʫʩʣʫʛʠ; 5) ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʫʧʦʨʷʜʦʯʠʚʘʪʴ ʫʩʣʫʛʫ; 6) ʦʪʢʘʟ ʦʪ 

ʫʩʣʫʛʠ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʤʘʩʩʦʚʦʤ ʨʳʥʢʝ 

ʧʦʧʫʣʷʨʥʳ ʩʪʘʥʜʘʨʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʝʨʚʠʩʦʚ ʦʙʣʘʯʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʤʝʪʦʜʦʚ ʙʝʩʩʝʨʚʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʥʠʝ ʦʪʢʨʳʪʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ï ʙʦʣʴʰʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʙʝʩʧʣʘʪʥʦ ʨʘʩʰʠʨʷʪʴ ʭʨʘʥʠʣʠʱʝ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʜʦʢʫʤʝʥʪʳ. ʧʦ ʤʝʨʝ 
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ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʫʣʫʯʰʝʥʠʝ ʨʘʙʦʪʳ ʩʝʪʝʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʧʨʠʚʝʣʠ ʢ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʨʝʰʝʥʠʡ ʙʫʜʝʪ ʨʘʩʪʠ ʧʦ ʤʝʨʝ ʪʦʛʦ, 

ʢʘʢ ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ. 
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ʂʫʟʙʘʩʩʢʠʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʝʤʝʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʛ. ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ 

 

ʉʈɽɼʉʊɺɸ ʈɽɸʃʀɿɸʎʀʀ ʀʅʊɽʈʌɽʁʉɸ ʇʆʃʔɿʆɺɸʊɽʃʗ ɺ ʉʈɽɼɽ 

ʌʋʅʂʎʀʆʅɸʃʔʅʆ-ʆɹʒɽʂʊʅʆɻʆ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʩʨʝʜʳ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʨʝʜʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʚʳʧʦʣʥʷʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʚ ʚʠʜʝ ʩʭʝʤʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʯʠʩʣʷʝʤʳʭ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ (ʘʣʛʦʤʘʪʦʚ), ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʫʧʨʘʚʣʷʶʱʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʨʦʤʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʙʲʝʢʪʥʳʭ ʩʭʝʤ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʪʝʢʩʪʦʤ, ʟʘʜʘʥʥʳʤ ʚʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʢʘʢ ʩʚʦʡʩʪʚʦ ʘʣʛʦʤʘʪʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ. ʋʧʨʘʚʣʷʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʩʦʙʳʪʠʡ 

ʦʙʲʝʢʪʦʚ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʬʦʨʤ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʩʝʪʝʡ ʘʣʛʦʤʘʪʦʚ ʠ ʩʢʨʠʧʪʦʚ, ʘ 

ʩʚʷʟʳʚʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠ çʰʪʝʢʝʨ-ʛʥʝʟʜʦè. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʨʝʜʩʪʚ 

ʧʦʟʚʦʣʷʝʪ ʩʨʝʜʩʪʚʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʙʲʝʢʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʪʴ 

ʥʘʩʳʱʝʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ.  
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MEANS OF IMPLEMENTATION A USER INTERFACE  

IN THE FUNCTIONAL -OBJECT PROGRAMMING ENVIRONMENT  

 

Abstract. The implementation of the visual programming environment is described. The 

developed environment makes it possible to specify executable algorithms as a functional 

dependencies diagram  of computable finite automat (algomat). The considered environment provides 

tools for making interactive visual interface and setting up a control algorithm for its events. The 

presentation of the user interface is determined by structured text specified during the development 

of an application program as a special type algomat property. Control algorithms for interactive forms 

events are formed by networks of algomats and scripts, and are connected using the ñplug-hollowò 

model. The use of the developed tools makes it possible by means of functional-object programming 

to build rich interfaces for applied computing programs. 

Keywords: complex of programs; program; algorithm; algomat; interface. 

 

ʉʨʝʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʙʲʝʢʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ çɸʣʛʦʟʠʪè [1; 2] ʨʝʛʫʣʷʨʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʯʸʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʯʘʩʪʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ [3; 4]. ɺ ʭʦʜʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʨʠʥʠʤʘʶʪʩʷ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʫʪʦʯʥʷʶʪʩʷ ʨʘʙʦʯʠʝ ʛʠʧʦʪʝʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [5-8], (https://clck.ru/eYGyf; https://clck.ru/eYGrA; https://clck.ru/eYGsz) ʩʦʜʝʨʞʘʪ 

ʟʘʣʦʞʝʥʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʠ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʟʘʢʨʳʪʳ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʯʸʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʦʵʪʦʤʫ 

ʨʝʰʝʥʠʝ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʜʦʩʪʫʧʥʳʤ ʠʣʠ 

ʥʝʦʧʨʘʚʜʘʥʥʦ ʪʨʫʜʦʸʤʢʠʤ. 

ɹʣʘʛʦʜʘʨʷ ʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʚ ʩʨʝʜʝ çɸʣʛʦʟʠʪè ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʳʩʦʢʘʷ ʛʠʙʢʦʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʦʪʢʨʳʪʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ 

ʘʣʛʦʤʘʪʦʚ ʠ ʚʩʪʨʦʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʛʦ ʷʟʳʢʘ çʗʜʨʦè [2] ʧʦʟʚʦʣʷʶʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʣʠ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʨʘʩʯʸʪʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʷ ʩʫʱʝʩʪʚʫʶʱʠʝ. 

ʀʟʚʝʩʪʥʳʝ ʧʦʜʭʦʜʳ ʚ ʦʙʣʘʩʪʠ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʚ ʦʩʥʦʚʥʦʤ 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʜʚʫʭ ʧʘʨʘʜʠʛʤʘʭ: ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [9; 10]. ʆʜʥʘʢʦ ʠʩʭʦʜʥʳʝ ʢʦʜʳ ʧʨʦʛʨʘʤʤ, ʚʢʣʶʯʘʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʚ ʪʝʢʩʪʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʪʨʫʜʥʦ ʯʠʪʘʝʤʳ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦ 

ʚʠʟʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʯʠʩʣʷʝʤʳʭ ʦʙʲʝʢʪʦʚ (ʘʣʛʦʤʘʪʦʚ) ʚ ʚʠʜʝ 

ʦʨʛʨʘʬʘ. 

ʂʦʜ ʧʨʦʛʨʘʤʤʳ ʚ ʩʨʝʜʝ çɸʣʛʦʟʠʪè ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʦʨʛʨʘʬʦʤ ʘʣʛʦʤʘʪʦʚ ʚ ʚʠʟʫʘʣʴʥʦʤ ʚʠʜʝ, ʠ ʦʙʲʝʢʪʥʦʡ, ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʦʜʥʦʤ 

ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ, ʥʘʧʨʠʤʝʨ, ʉ++. ʊʘʢʦʡ ʚʘʨʠʘʥʪ 

ʧʘʨʘʜʠʛʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʣʦʛʠʯʥʦ ʥʘʟʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʙʲʝʢʪʥʳʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ (ʌʆʇ) ʩ ʚʠʟʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ. ʊʨʘʥʩʣʷʮʠʶ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʧʝʨʘʮʠʡ ʩ ʘʣʛʦʤʘʪʘʤʠ ʠ ʠʭ ʚʳʧʦʣʥʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ çɸʣʛʦʟʠʪè. 
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ʕʪʘ ʩʨʝʜʘ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʪʝʭʥʦʣʦʛʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʙʳʩʪʨʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʠ 

ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʩʨʝʜʳ ʠ ʝʸ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʚʦʜʠʪʩʷ ʚ [1]. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʙʲʝʢʪʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ʌʆʇ) ï ʨʘʟʚʠʪʠʝ ʧʘʨʘʜʠʛʤʳ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʥʮʝʧʮʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɸʣʛʦʨʠʪʤʳ ʚ ʌʆʇ ʩʪʨʦʷʪʩʷ ʧʫʪʸʤ ʫʩʪʘʥʦʚʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʘʣʛʦʤʘʪʘʤʠ ʩ ʟʘʜʘʥʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ. ɸʣʛʦʤʘʪ ï ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ, ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʡ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʘ ʧʦʚʝʜʝʥʠʝʤ. ʆʥ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠ ʧʦʤʦʱʠ ʩʨʝʜʩʪʚ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʘʢ ʵʢʟʝʤʧʣʷʨ ʧʦʣʠʤʦʨʬʥʦʛʦ ʢʣʘʩʩʘ. ʄʝʪʦʜʳ 

ʠʥʪʝʨʬʝʡʩʘ ʜʦʩʪʫʧʥʳ ʠʥʪʝʨʧʨʝʪʘʪʦʨʫ ʠ ʚʳʟʳʚʘʶʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʩ ʘʣʛʦʤʘʪʘʤʠ 

ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʤ. ʇʨʠ ʵʪʦʤ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʦʧʨʝʜʝʣʝʥʘ ʢʦʥʝʯʥʳʤ ʢʣʘʩʩʦʤ ʘʣʛʦʤʘʪʘ 

(ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʣʘʩʩʘ) ʠʣʠ ʩʢʨʠʧʪʘʤʠ. ɹʦʣʝʝ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʘʨʘʜʠʛʤʳ ʠ ʩʨʝʜʳ ʩʦʜʝʨʞʠʪʩʷ ʚ [1]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ 

ʧʨʦʩʪʝʡʰʝʡ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʙʲʝʢʪʥʦʡ ʩʭʝʤʳ. 

 

 
 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʌʆʉ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ: çxĬy+7è 

 

ʌʆʉ ʷʚʣʷʝʪʩʷ ʥʝʮʠʢʣʠʯʝʩʢʠʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʛʨʘʬʦʤ ʩ ʦʜʥʠʤ ʚʭʦʜʦʤ 

(ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʦʙʲʝʢʪ) ʠ ʥʝʩʢʦʣʴʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ). ɺʭʦʜ ʌʆʉ 

ʟʘʢʦʥʯʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ï ʘʣʛʦʤʘʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʣʘʩʩʘ çʈʝʟʫʣʴʪʘʪè (ʨʠʩ. 1). ɺr ʭʦʜʳ ʩʝʪʠ ï 

ʘʣʛʦʤʘʪʳ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʘʨʛʫʤʝʥʪʦʚ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʚʚʦʜ 

ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʘ ʠʣʠ ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʷ-ʢʦʥʩʪʘʥʪʳ). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʝʪʴ ʚʢʣʶʯʘʶʪʩʷ ʘʣʛʦʤʘʪʳ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʬʦʨʤ ʨʘʩʯʸʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2. ʇʨʠʤʝʨ ʥʘʩʪʨʦʝʥʥʳʭ ʘʣʛʦʤʘʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʬʦʨʤʫ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʬʦʨʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʬʦʨʤʝʥʥʦ-ʥʝʟʘʚʠʩʠʤʳʡ ʧʦʜʭʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʘʙʣʦʥʘ çʤʦʩʪè [11]. ɸʙʩʪʨʘʢʮʠʝʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʛʣʠʬ. ɻʣʠʬʳ 

ʬʦʨʤʠʨʫʶʪ ʠʝʨʘʨʭʠʶ, ʩʭʦʜʥʫʶ ʩ ʠʝʨʘʨʭʠʝʡ ʦʙʲʝʢʪʦʚ ʧʣʘʪʬʦʨʤʳ ʠʥʪʝʨʬʝʡʩʘ, ʧʨʠ ʵʪʦʤ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʣʘʪʬʦʨʤʳ. ɸʙʩʪʨʘʢʪʥʳʝ ʛʣʠʬʳ ʭʨʘʥʷʪ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ (ʠʤʷ, ʛʣʠʬ-ʚʣʘʜʝʣʝʮ, ʧʦʣʦʞʝʥʠʝ ʥʘ ʬʦʨʤʝ) ʠ ʫʢʘʟʘʪʝʣʴ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʦʙʲʝʢʪ 

ï ʘʙʩʪʨʘʢʪʥʫʶ ʨʝʘʣʠʟʘʮʠʶ (ʚ ʠʝʨʘʨʭʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʝʥʳ ʚʝʪʚʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʢʦʥʢʨʝʪʥʫʶ ʧʣʘʪʬʦʨʤʫ). ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʬʦʨʤʳ, ʚʢʣʶʯʘʷ ʢʦʨʥʝʚʦʡ 

ʦʙʲʝʢʪ-ʦʢʥʦ, ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʜʠʥʘʢʦʚʳʡ ʚʠʜ (ʨʠʩ. 3). ʂʣʘʩʩʳ 

çʛʣʠʬè, çʘʙʩʪʨʘʢʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷè, çʨʝʘʣʠʟʘʮʠʷ ʜʣʷ ʧʣʘʪʬʦʨʤʳè ʠ çʦʙʲʝʢʪ ʧʣʘʪʬʦʨʤʳè 

ʦʙʨʘʟʫʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʠʝʨʘʨʭʠʠ.  

 

 
 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʜʣʷ ʦʙʲʝʢʪʘ ʬʦʨʤʳ 

 

ʇʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʦʨʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʨʝʜʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʘʪʨʠʙʫʪ 

ʘʣʛʦʤʘʪʘ ʬʦʨʤʳ. ʇʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ: 
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    end 

  end 

end. 

ʅʘ ʨʠʩ.4 ʧʨʠʚʝʜʝʥ ʢʦʥʝʯʥʳʡ ʚʠʜ ʦʢʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʜʫ ʠʟ ʧʨʠʤʝʨʘ. 

 

 
 

ʈʠʩ. 4. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʬʦʨʤʘ ʚʚʦʜʘ ʟʥʘʯʝʥʠʷ ʘʣʛʦʤʘʪʘ 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʤ ʢʦʤʘʥʜʳ ʚʳʯʠʩʣʝʥʠʷ ʘʣʛʦʤʘʪʘ ʪʝʢʩʪʦʚʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʝʨʝʜʘʸʪʩʷ ʧʦʩʪʨʦʠʪʝʣʶ ʬʦʨʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʫʩʪʘʥʦʚʢʠ ʬʫʥʢʮʠʡ-ʦʙʨʘʙʦʪʯʠʢʦʚ ʚ ʛʥʝʟʜʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʪʦʢ ʚʳʧʦʣʥʝʥʠʷ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ 

ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʦʞʠʜʘʥʠʠ ʟʘʚʝʨʰʝʥʠ ̫ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ.  

ʆʙʨʘʙʦʪʯʠʢʠ ʩʦʙʳʪʠʡ ʵʣʝʤʝʥʪʦʚ ʬʦʨʤʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʘʪʨʠʙʫʪʘʤʠ ʘʣʛʦʤʘʪʘ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʪʝʢʩʪ ʩʢʨʠʧʪʘ ʥʘ ʚʩʪʨʦʝʥʥʦʤ ʷʟʳʢʝ çʗʜʨʦè. ʉʢʨʠʧʪʳ ʷʚʣʷʶʪʩʷ 

ʫʧʨʘʚʣʷʶʱʠʤ ʢʦʜʦʤ ʵʣʝʤʝʥʪʦʚ ʬʦʨʤʳ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʝ y ʧʦʪʦʢʝ, ʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʳʝ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ʘʣʛʦʤʘʪʘ ʠʥʪʝʨʬʝʡʩʘ ʠʣʠ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʦʚʪʦʨʥʦʝ 

ʚʳʯʠʩʣʝʥʠʝ ʘʨʛʫʤʝʥʪʦʚ ʘʣʛʦʤʘʪʘ ʠʥʪʝʨʬʝʡʩʘ ʩ ʧʝʨʝʜʘʯʝʡ ʧʘʨʘʤʝʪʨʦʚ.  

ʉʚʷʟʳʚʘʥʠʝ çʛʥʸʟʜè ʛʣʠʬʦʚ ʬʦʨʤʳ ʩ ʘʪʨʠʙʫʪʘʤʠ ʘʣʛʦʤʘʪʘ, ʚʢʣʶʯʘʶʱʠʤʠ ʩʢʨʠʧʪʳ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ çʰʪʝʢʝʨ-ʛʥʝʟʜʦè. çʐʪʝʢʝʨʦʤè ̫ ʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʠʤʷ ʜʦʧʫʩʪʠʤʦʛʦ ʢʣʘʩʩʘ-ʚʣʘʜʝʣʴʮʘ çʛʥʝʟʜʘè, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʪʦʪʠʧʘ 

ʬʫʥʢʮʠʠ-ʰʪʝʢʝʨʘ, ʫʢʘʟʘʪʝʣʴ ʥʘ ʬʫʥʢʮʠʶ-ʰʪʝʢʝʨ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʠ ʘʪʨʠʙʫʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʦʢʦʚ. çɻʥʝʟʜʦè ï ʦʙʲʝʢʪ ʦʪʜʝʣʴʥʦʛʦ ʢʣʘʩʩʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʜʦʧʫʩʪʠʤʦʩʪʠ ʧʨʠʩʚʦʝʥʠʷ ʠ ʭʨʘʥʝʥʠʠ ʫʢʘʟʘʪʝʣʷ ʥʘ ʰʪʝʢʝʨʥʫʶ ʬʫʥʢʮʠʶ. çɻʥʝʟʜʦè ʚʭʦʜʠʪ ʚ 

ʢʦʤʧʦʟʠʮʠʶ ʦʙʲʝʢʪʘ-ʚʣʘʜʝʣʴʮʘ. ʇʦʩʣʝ ʢʦʨʨʝʢʪʥʦʡ ʫʩʪʘʥʦʚʢʠ çh ʪʝʢʝʨʘè ʚ çʛʥʝʟʜʦè 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʳʟʦʚ ʰʪʝʢʝʨʥʦʡ ʬʫʥʢʮʠʠ ʠʟ ʦʙʲʝʢʪʘ ʬʦʨʤʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʙʳʪʠʠ 

ʥʘʞʘʪʠʷ ʥʘ ʢʥʦʧʢʫ ʬʦʨʤʳ çʛʦʪʦʚʦè ʩʢʨʠʧʪ ʟʘʧʠʰʝʪ ʚʚʝʜʸʥʥʦʝ ʚ ʨʝʜʘʢʪʦʨ ʟʥʘʯʝʥʠʝ ʢʘʢ 

ʟʥʘʯʝʥʠʝ ʘʣʛʦʤʘʪʘ ʠ ʟʘʢʨʦʝʪ ʬʦʨʤʫ. ʇʨʠ ʟʘʢʨʳʪʠʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʚʳʧʦʣʥʝʥʠʝ 

ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ ʚʦʟʦʙʥʦʚʠʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʳ ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʬʦʨʤ ʜʣʷ ʩʨʝʜʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʙʲʝʢʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ çɸʣʛʦʟʠʪè. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʩʨʝʜʩʪʚ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʦʪ ʧʣʘʪʬʦʨʤʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʰʘʙʣʦʥ çʤʦʩʪè, ʘ ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ ʩʦʙʳʪʠʡ ʬʦʨʤʳ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʢʦʜʦʤ ï ʤʦʜʝʣʴ çʰʪʝʢʝʨ-ʛʥʝʟʜʦè. ɹʣʘʛʦʜʘʨʷ 

ʚʥʝʜʨʸʥʥʳʤ ʩʨʝʜʩʪʚʘʤ ʚ ʩʨʝʜʫ çɸʣʛʦʟʠʪè ʚʢʣʶʯʝʥʘ ʧʦʜʜʝʨʞʢʘ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʌʆʇ. 
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Abstract. This article discusses the unmanned aerial vehicle model of the ñflying wing" scheme 

and the features of its development for a mobile aerobatic complex. The decisions taken and 

successful approaches are described. 

Keywords: unmanned aerial vehicle; the ñflying wingò scheme. 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɹʇʃɸ) ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʤʦʜʝʣʠ ʚ ʤʦʙʠʣʴʥʳʡ ʧʠʣʦʪʘʞʥʳʡ ʩʪʝʥʜ ʜʣʷ 

ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ (ʃɸ). 
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ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʛʝʦʤʝʪʨʠʷ ʢʨʳʣʘ, 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʠ ʜʘʣʝʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ. 

 
ʈʠʩ. 1. ɹʇʃɸ ʚ ʪʨʸʭ ʚʠʜʘʭ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ɹʇʃɸ ʦʙʣʘʜʘʝʪ ʩʭʝʤʦʡ çʣʝʪʘʶʱʝʝ ʢʨʳʣʦè: 

1. ʎʝʥʪʨʦʧʣʘʥ; 

2. ʂʦʥʩʦʣʴ ʢʨʳʣʘ; 

3. ʇʣʦʩʢʦʝ ʩʦʧʣʦ (ʠʣʠ ʧʨʦʩʪʦ ï ʩʦʧʣʦ, ʩʦʧʣʦ ʜʚʠʛʘʪʝʣʷ, ʩʦʧʣʦ ʊʈɼɼ ʠ ʜʨ.); 

4. S-ʦʙʨʘʟʥʳʡ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ (ʠʣʠ ʧʨʦʩʪʦ ï ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ, ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ 

ʜʚʠʛʘʪʝʣʷ, ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʊʈɼɼ ʠ ʜʨ.) 

5. ʀʥʪʝʨʮʝʧʪʦʨ 

6. ɺʥʝʰʥʠʡ ʵʣʝʚʦʥ 

7. ɺʥʫʪʨʝʥʥʠʡ ʵʣʝʚʦʥ 

8. ʏʘʩʪʴ ʢʨʳʣʘ, ʩʦʜʝʨʞʘʱʘʷ ʩʠʩʪʝʤʫ: ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ, ʜʚʠʛʘʪʝʣʴ, ʩʦʧʣʦ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʭʝʤʳ ʣʝʪʘʶʱʝʝ ʢʨʳʣʦ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ: 

1. ɺʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʃɸ ʨʘʙʦʪʘʝʪ ʢʘʢ ʦʜʥʦ ʢʨʳʣʦ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʪʘʣʴʥʳʭ ʩʭʝʤ. ɼʘʥʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠ 

ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ ʨʘʟʤʘʭʘ ʢʨʳʣʴʝʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʩʘʤʦʛʦ ʃɸ ʠ ʧʦʚʳʩʠʪʴ 

ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʨʘʟʤʘʭʝ ʦʙʦʠʭ ʃɸ, 

ʜʣʷ ʃɸ ʩʦ ʩʭʝʤʦʡ çʣʝʪʘʶʱʝʝ ʢʨʳʣʦè ʧʦʥʘʜʦʙʠʪʩʷ ʜʚʠʛʘʪʝʣʴ ʥʘ 33% ʩʣʘʙʝʝ ʧʦ ʤʦʱʥʦʩʪʠ, ʯʝʤ 

ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ. 

2. ʊʘʢʞʝ ʩʭʝʤʘ çʣʝʪʘʶʱʝʝ ʢʨʳʣʦè ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʫʶ ʟʘʤʝʪʥʦʩʪʴ, ʟʘ 

ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʩʩʝʷʥʠʷ ʣʫʯʝʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʩʭʝʤʘʤʠ. 

3. ʇʣʶʩʦʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʳʢʦʚʳʭ ʫʟʣʦʚ, ʥʝʞʝʣʠ ʯʝʤ ʚ ʦʩʪʘʣʴʥʳʭ 

ʩʭʝʤʘʭ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: 

ʈʘʟʤʘʭ ʢʨʳʣʘ ï 2 ʤʝʪʨʘ. 
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ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: 

ʎʝʥʪʨʦʧʣʘʥ ï Lockheed C-5A, 50 ʛʨʘʜʫʩʦʚ. 

ʂʦʥʩʦʣʠ ï Lockheed C-5A ʧʝʨʝʭʦʜʠʪ ʚ NACA 0009, 35 ʛʨʘʜʫʩʦʚ. 

ɿʘʢʦʥʮʦʚʢʠ - NACA 0009, 35 ʛʨʘʜʫʩʦʚ.  

ʉʦʟʜʘʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʚʦʜʳ ʧʦ ʜʘʥʥʳʤ ʧʨʦʬʠʣʷʤ ʤʳ ʪʘʢʞʝ ʩʜʝʣʘʣʠ S-ʦʙʨʘʟʥʳʡ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʜʣʷ ʜʦʟʚʫʢʦʚʦʛʦ ʃɸ ʠ ʧʨʦʜʫʣʠ ʤʦʜʝʣʴ ʚ ʨʘʟʤʘʭʝ 1500 ʤʤ ʚ ʧʨʦʛʨʘʤʤʝ Solid 

FloEFD. ʈʝʟʫʣʴʪʘʪʳ. ʅʘ ʤʦʜʝʣʠ ʦʙʱʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʨʫʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 6 ʛʨʘʜʫʩʦʚ: 3 ʛʨʘʜʫʩʘ 

ʥʘ ʮʝʥʪʨʦʧʣʘʥʝ ʠ 3 ʛʨʘʜʫʩʘ ʥʘ ʢʦʥʩʦʣʠ. ʎʝʥʪʨ ʪʷʞʝʩʪʠ ʚʟʷʪ ʥʘ 25% ʉɸʍ. 

ʋʩʣʦʚʠʷ ʧʨʦʜʫʚʢʠ: 

ʈʘʟʤʘʭ ʢʨʳʣʘ: 1500 ʤʤ; 

ʉʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ: 28 ʤ/ʩ; 

ɺʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ: 100. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʩʭʝʤʳ, ʧʨʦʜʫʚʢʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʣʸʪʘ ʥʘ 

ʤʦʙʠʣʴʥʦʤ ʧʠʣʦʪʘʞʥʦʤ ʩʪʝʥʜʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʚ ʨʘʟʤʘʭʝ 10 ʤʝʪʨʦʚ. ɹʳʣ ʩʜʝʣʘʥ 

ʚʳʙʦʨ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʤ ʦʢʘʟʘʣʩʷ ʜʚʠʛʘʪʝʣʴ ʈɼ-1700 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ 

 

ɼʣʷ ʜʚʠʛʘʪʝʣʷ (ʨʠʩ. 3) ʠ ʜʣʷ ʜʦʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘʰʘ ʢʦʤʘʥʜʘ ʩʜʝʣʘʣʘ S-ʦʙʨʘʟʥʳʡ 

ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʩ ʫʟʢʠʤ ʩʦʧʣʦʤ (ʨʠʩ. 4). S-ʦʙʨʘʟʥʳʡ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʧʦʟʚʦʣʷʝʪ ʩʢʨʳʪʴ 

ʢʦʤʧʨʝʩʩʦʨ ʊʈɼɼ, ʫʣʫʯʰʘʝʪʩʷ ʈʃʉ ʥʝʟʘʤʝʪʥʦʩʪʴ. ʇʣʘʩʪʠʥʘ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʝ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʟʦʥ ʨʘʩʩʝʷʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. 

ʇʣʦʩʢʦʝ ʩʦʧʣʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʨʘʩʩʝʠʚʘʪʴ ʪʝʧʣʦ ʨʝʘʢʪʠʚʥʦʡ ʩʪʨʫʠ, ʯʪʦ ʫʣʫʯʰʘʝʪ 

ʥʝʟʘʤʝʪʥʦʩʪʴ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ. 
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ʈʠʩ. 3. ʏʝʨʪʸʞ ʜʚʠʛʘʪʝʣʷ 

 

 
 

ʈʠʩ. 4. S-ʦʙʨʘʟʥʳʡ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ 

 

ɼʘʣʝʝ ʥʘʯʘʣʩʷ ʨʘʩʯʸʪ ʤʘʩʩ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ: 

1) m ʧʥ=800 ʢʛ (ʤʘʩʩʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ) 

2) m ʩʥ=65 ʢʛ (ʤʘʩʩʘ ʫʟʣʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ) 

3) m ʦʫ=300 ʢʛ (ʤʘʩʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ) 

4) m ʩʫ=600 ʢʛ (ʈɼ-1700 2000 ʢʛʩ + ʪʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ) 

5) m ʪ = 1500 ʢʛ (ʤʘʩʩʘ ʪʦʧʣʠʚʘ) 

6) m ʢ = 800 ʢʛ 

Mʦʙʱ = 4130 ʢʛ 

ɺ ʛʨʘʞʜʘʥʩʢʦʡ ʩʬʝʨʝ ɹʇʃɸ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʘʢʠʭ ʩʨʝʜʘʭ ʢʘʢ: 

1 ʉʧʘʩʘʪʝʣʴʥʘʷ ï ʜʦʩʪʘʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʚʠʟʠʠ, ʤʝʜʠʢʘʤʝʥʪʦʚ ʠ ʧʨʦʯʝʛʦ ʚ ʫʯʘʩʪʢʠ 

ʩʧʘʩʘʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ. 

2 ʇʦʞʘʨʥʘʷ ï ɹʇʃɸ ʤʦʞʝʪ ʥʝʩʪʠ ʨʘʟʚʝʜʢʫ ʛʦʨʷʱʝʛʦ ʫʯʘʩʪʢʘ, ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʤʘʩʩʫ 

ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ɹʇʃɸ ʤʦʞʝʪ ʥʝʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʲʝʤ ʪʫʰʘʱʝʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ 
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ʤʦʞʥʦ ʙʫʜʝʪ ʩʙʨʦʩʠʪʴ ʥʘ ʫʯʘʩʪʦʢ ʧʦʞʘʨʘ. ʋ ʘʧʧʘʨʘʪʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 

ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʨʘʩʪʚʦʨʦʤ ʥʘʨʫʞʫ. 

ɺ ʚʦʝʥʥʦʡ ʩʬʝʨʝ ɹʇʃɸ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ: 

1 ɼʣʷ ʨʘʟʚʝʜʢʠ 

2 ʋʥʠʯʪʦʞʝʥʠʝ ʥʘʟʝʤʥʳʭ ʮʝʣʝʡ. (ɼʘʥʥʳʡ ʃɸ ʩʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʦʡʩʢʘ ʦʙʩʪʨʝʣʦʤ 

ʧʨʦʪʠʚʥʠʢʘ ʨʘʢʝʪʘʤʠ çɺʠʭʨʴè ʢʣʘʩʩʘ çʚʦʟʜʫʭ-ʧʦʚʝʨʭʥʦʩʪʴè (ʤʘʩʩʘ ʨʘʢʝʪʳ 40 ʢʛ, ʤʘʩʩʘ ʙʦʝʚʦʡ 

ʯʘʩʪʠ ï 12 ʢʛ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ɹʝʩʧʠʣʦʪʥʳʡ ʢʦʤʧʣʝʢʩ ʩʧʦʩʦʙʝʥ ʥʝʩʪʠ ʥʘ ʩʝʙʝ ʤʠʥʠʤʫʤ 8 ʨʘʢʝʪ). 

3 ʇʦʜʜʝʨʞʢʘ ʤʦʪʦʩʪʨʝʣʢʦʚʳʭ ʚʦʡʩʢ ʜʦʩʪʘʚʢʦʡ ʙʦʝʧʨʠʧʘʩʦʚ, ʧʨʦʚʠʟʠʠ, ʤʝʜʠʢʘʤʝʥʪʦʚ ʠ 

ʜʨ. ʚ ʛʦʨʷʯʠʝ ʪʦʯʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʙʦʝʚʦʡ ʨʘʜʠʫʩ ɹʇʃɸ: 

 

 
 

ʈʠʩ. 5. ɹʦʝʚʦʡ ʨʘʜʠʫʩ ɹʇʃɸ 

 

ʄʦʜʝʣʴ ɹʇʃɸ ʙʳʣʘ ʚʥʝʜʨʝʥʘ ʚ ʤʦʙʠʣʴʥʳʡ ʧʠʣʦʪʘʞʥʳʡ ʢʦʤʧʣʝʢʩ. ʇʦʜʨʦʙʥʦ ʦ ʥʸʤ 

ʨʘʩʩʢʘʟʘʥʦ ʚ [1]. ʇʦʩʣʝ ʩʝʨʠʠ ʪʝʩʪʦʚ ʤʦʜʝʣʠ ʥʘ ʢʦʤʧʣʝʢʩʝ ʚ ʧʨʦʛʨʘʤʤʝ Flightgear ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʅʘ ʨʠʩʫʥʢʝ 6 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʩʘʤ 

ʢʦʤʧʣʝʢʩ: 
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ʈʠʩ. 6. ʄʦʙʠʣʴʥʳʡ ʧʠʣʦʪʘʞʥʳʡ ʢʦʤʧʣʝʢʩ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʥʪʦʥʦʚ ʀ.ʄ., ʄʝʣʶʢʦʚ ʉ.ɸ., ʀʚʘʥʦʚ ɹ.ɸ., ʃʷʤʢʠʥ ʌ.ʂ. ʄʦʙʠʣʴʥʳʡ ʧʠʣʦʪʘʞʥʳʡ 

ʢʦʤʧʣʝʢʩ // ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ: ʉʙ. ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ XXX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

(ʛ. ɸʣʫʰʪʘ, 14-20 ʩʝʥʪʷʙʨʷ 2021 ʛʦʜʘ). ɸʣʫʰʪʘ, 2021.  

 

É ɹʘʩʢʘʢʦʚ ʉ.ɸ., ʅʦʛʪʝʚ ʉ.ʉ., ɸʥʪʦʥʦʚ ʀ.ʄ., ʏʝʤʦʜʘʥʦʚ ɺ.ɹ., 2022 
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ʉʫʣʝʡʤʝʥʦʚʘ ʉ.ʊ. 

ɹʘʷʭʤʝʪʦʚʘ ʂ.ɽ. 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʝʚʘ 

ʛ. ʅʫʨ-ʉʫʣʪʘʥ, ʂʘʟʘʭʩʪʘʥ 

 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ʏɸʉʊʆʊʅʆɻʆ ʈɽɻʋʃʀʈʆɺɸʅʀʗ 

ʇʈʀɺʆɼɸ ʂɸʉʂɸɼʅʆʁ ʅɸʉʆʉʅʆʁ ʉʊɸʅʎʀʀ ʇʈʆʀɿɺʆʃʔʅʆʁ 

ʂʆʅʌʀɻʋʈɸʎʀʀ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʢʘʩʢʘʜʥʦʡ 

ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ. ʇʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʘʣʠʟʦʚʘʥʦ 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʙʝʟ ʠ ʩ ʚʦʟʤʫʱʘʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʧʣʶʩʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ. ʋʥʠʚʝʨʩʘʣʴʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʧʨʦʛʨʘʤʤʝ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦʪ ʙʣʦʢ ʧʦʟʚʦʣʠʪ ʫʧʨʘʚʣʷʪʴ 

ʥʘʩʦʩʘʤʠ ʩʣʫʯʘʡʥʦʛʦ ʯʠʩʣʘ ʠ ʩʦ ʩʣʫʯʘʡʥʦʡ ʩʭʝʤʦʡ ʧʠʪʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʝʪʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʫʣʫʯʰʠʪʴ ʚʳʭʦʜʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ, ʩʥʠʟʠʪʴ ʠʟʥʦʩ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ; ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ; ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ; 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ. 
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AUTOMATED FREQUENCY CONTROL SYSTEM FOR THE DRIVE  

OF A CASCADE PUMPING STATION OF ARBITRARY CONFIGURATION  

 

Abstract. A system of automatic frequency control of a cascade pumping station has been 

developed. Mathematical modeling of the developed system is carried out. The parameters of the 

transfer function of the control system are calculated. Simulation modeling of the system without and 

with disturbing influences and using proportional-plusintegral control law is implemented. The 

universal functional unit was developed in the management program. This unit will allow you to 

control pumps of a random number and with a random power scheme. The use of this control system 

makes it possible to increase the reliability of the water supply network, improve the output 


