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ʈɽʌɽʈɸʊ 

ʆʪʯʝʪ 118 ʩ., 158 ʨʠʩ., 4 ʪʘʙʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʀʈʊʋɸʃʔʅʓʁ ʉɸʄʆʃɽʊ, ɺʀʈʊʋɸʃʔʅɸʗ 

ʄʆɼɽʃʔ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ, ʎʀʌʈʆɺʆʁ ɼɺʆʁʅʀʂ, 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ 

ɻʀɼʈʆɼʀʅɸʄʀʂɸ, ɸʕʈʆɼʀʅɸʄʀʂɸ, ʂʀʅɽʄɸʊʀʂɸ, ɸʃɻʆʈʀʊʄ, 

ʃɽʊɸʊɽʃʔʅʓʁ ɸʇʇɸʈɸʊ, ɸɺʊʆʄɸʊʀʂɸ, ʆʈɻɸʅʓ ʋʇʈɸɺʃɽʅʀʗ, 

ɻʀɼʈʆʉʀʉʊɽʄɸ, ʋʇʈʋɻʆ-ʄɸʉʉʆɺɸʗ ʄʆɼɽʃʔ. 

ʇʨʝʜʤʝʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʦʚʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʘʥʝʚʨʝʥʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʝʛʦ ʩʠʩʪʝʤ ʠ ʘʛʨʝʛʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʠʪʫʘʮʠʷʭ ï ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʝʚʦʛʦ ʤʘʥʝʚʨʝʥʥʦʛʦ 

ʩʘʤʦʣʝʪʘ. 

ʎʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ [1, 2]: 

- ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʠʥʞʝʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ 

ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

- ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʤʘʥʝʚʨʝʥʥʦʛʦ ʩʘʤʦʣʝʪʘ ʥʘ ʦʩʥʦʚʝ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɼʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʝʭʤʝʨʥʳʭ 

ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʫʶ ʚʠʨʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʝʚʦʛʦ ʤʘʥʝʚʨʝʥʥʦʛʦ ʩʘʤʦʣʝʪʘ ʥʘ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ 

ʧʦʣʝʪʘ ʩ ʫʯʝʪʦʤ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ɽʜʠʥʘʷ ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʝʚʦʛʦ ʤʘʥʝʚʨʝʥʥʦʛʦ 

ʩʘʤʦʣʝʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙ ̫[3]-[23]: 

- ʥʘʙʦʨ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʤʘʥʝʚʨʝʥʥʦʛʦ 

ʩʘʤʦʣʝʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʝʞʠʤʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʥʝʚʨʝʥʥʦʛʦ ʩʘʤʦʣʝʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʯʘʣʴʥʳʝ ʠ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʞʠʤʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʜʝʣʝʡ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʤʘʥʝʚʨʝʥʥʦʛʦ ʩʘʤʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʱʠʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʜʘʥʠʷ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ; 

- ʥʘʙʦʨ ʩʮʝʥʘʨʠʝʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ 

ʤʘʥʝʚʨʝʥʥʦʛʦ ʩʘʤʦʣʝʪʘ ʜʣʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʝʜʠʥʦʡ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʝʚʦʛʦ ʤʘʥʝʚʨʝʥʥʦʛʦ ʩʘʤʦʣʝʪʘ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟ ʝʜʠʥʦʛʦ ʨʝʝʩʪʨʘ ʨʦʩʩʠʡʩʢʠʭ ʧʨʦʛʨʘʤʤ 

ʜʣʷ ʕɺʄ ʠ ʙʘʟ ʜʘʥʥʳʭ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʫʧʨʫʛʦ-ʤʘʩʩʦʚʳʭ 

ʤʦʜʝʣʝʡ ʧʨʠʤʝʥʷʣʩ ̫ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ çʃʦʛʦʩ-ʇʨʝʧʦʩʪè [24]. 

ʆʜʥʦʤʝʨʥʳʝ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ SimInTech [25, 

26] ʠ Flow-Designer. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʧʨʝʧʨʦʮʝʩʩʦʨʝ 

Euler [27] ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʯʝʪʘ ʚ ʩʨʝʜʝ çʃʦʛʦʩ-ʂʠʥʝʤʘʪʠʢʘè. ʈʘʩʯʝʪʥʳʝ 

ʮʠʢʣʳ ʧʦʩʪʨʦʝʥʳ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʌɻʋʇ ʈʌʗʎ-ɺʅʀʀʕʌ 

ʠʥʪʝʛʨʘʮʠʦʥʥʦʤ ʤʦʜʫʣʝ ʜʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤ ʤʘʥʝʚʨʝʥʥʦʛʦ ʩʘʤʦʣʝʪʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʝʰʘʪʝʣʝʡ ʃʦʛʦʩ-ɸʵʨʦʛʠʜʨʦ, ʃʦʛʦʩ-ʇʨʦʯʥʦʩʪʴ, ʃʦʛʦʩ-ʂʠʥʝʤʘʪʠʢʘ, ʃʦʛʦʩ-

ʄʀʇ, SimInTech ʠ Euler. ɺʳʧʦʣʥʝʥʘ ʥʘʩʪʨʦʡʢʘ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʙʦʪʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ 

ʠ ʠʭ ʘʥʘʣʠʟ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʠʪʴ ʩʚʷʟʳʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ ɺʄʌ ʠʤʝʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ2021662027 ʦʪ 21.07.2021ʛ. (ʩʤ. 

ʇʨʠʣʦʞʝʥʠʝ 1).   

ʈʘʟʨʘʙʦʪʘʥ ʩʪʘʥʜʘʨʪ ʦʨʛʘʥʠʟʘʮʠʠ (ɸʆ çʂʦʤʧʘʥʠʷ çʉʫʭʦʡè ʆʂɹ ʉʫʭʦʛʦ) 

ʉʊʆ 04.230-2021 çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɽɼʀʅɸʗ ʄʆɼɽʃʔ 

ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ ɹʆɽɺʆɻʆ ʄɸʅɽɺʈɽʅʅʆɻʆ ʉɸʄʆʃɽʊɸ. 

ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ. ʇʦʨʷʜʦʢ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʨʠʤʝʥʝʥʠʷè (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 2).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʧʝʨʠʦʜ ʩ 2019 ʧʦ 2021 ʛʛ. ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊɿ [1, 2] 

çʉʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʝʚʦʛʦ 

ʤʘʥʝʚʨʝʥʥʦʛʦ ʩʘʤʦʣʝʪʘè ʠ ʬʠʥʘʥʩʠʨʦʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʩʫʙʩʠʜʠʠ ʚ ʨʘʤʢʘʭ 

ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ707. ʋʩʧʝʰʥʦʩʪʴ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ɸʢʪʦʤ ʚʥʝʜʨʝʥʠʷ ʚ ɸʆ çʂʦʤʧʘʥʠʷ çʉʫʭʦʡè (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 

3). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ  

ɸʆ çʂʦʤʧʘʥʠʷ çʉʫʭʦʡè ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʡ ʥʦʚʳʭ ʠ 

ʤʦʜʝʨʥʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʦʝʢʪ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʃɸ ñCheck-Mateò ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ɺʄʌ. 

ɺ ʪʝʯʝʥʠʠ 2021ʛ. ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ɺʄʌ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ [28, 29] ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʦʢʣʘʜʘʭ ʢʦʥʬʝʨʝʥʮʠʡ [30] ï [34], ʚ 

ʪʦʤ ʯʠʩʣʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ [31, 34]. 
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ʆʇʈɽɼɽʃɽʅʀʗ, ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

 

ɺ ʥʘʩʪʦʷʱʝʤ ʦʪʯʝʪʝ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʠʷ ʠ 

ʩʦʢʨʘʱʝʥʠʷ: 
ɸɼʍ ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɸʉʇ ï ʘʚʠʘʮʠʦʥʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʨʘʞʝʥʠʷ 

ɸʊ ɺʅ ï ʘʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ɺʀ ï ʚʠʨʪʫʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ɺʄʌ ï ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ɺʇʇ ï ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʘʷ ʧʦʣʦʩʘ 

ɻʀ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ɻʉʀ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʦʚʤʝʩʪʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ɻʋ ï ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ 

ɽɹɼ ï ʝʜʠʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 

ʂɹ ï ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ 

ʂʄ ï ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ 

ʃɸ ï ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ 

ʃʦʛʦʩ ɸʵʨʦ-

ɻʠʜʨʦ 

ï ʤʦʜʫʣʴ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚ ʇʇ ʃʦʛʦʩ 

ʃʦʛʦʩ 

ʂʠʥʝʤʘʪʠʢʘ 

ï ʤʦʜʫʣʴ ʨʘʩʯʝʪʘ ʢʠʥʝʤʘʪʠʢʠ ʚ ʇʇ ʃʦʛʦʩ 

ʃʦʛʦʩ ʄʀʇ ï ʤʦʜʫʣʴ ʩʚʷʟʳʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ ʚ ʇʇ ʃʦʛʦʩ 

ʃʦʛʦʩ 

ʇʨʦʯʥʦʩʪʴ 

ï ʤʦʜʫʣʴ ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʚ ʇʇ ʃʦʛʦʩ 

ʄʄ ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʅɼʉ ï ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʅʀʈ ï ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ 

ʅʊɼ ï ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ 

ʅʊʆ ï ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʦʪʯʝʪ 

ʆʂɹ ï ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ 

ʆʂʈ ï ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʨʘʙʦʪʘ 

ʆʆʐ ï ʦʩʥʦʚʥʘʷ ʦʧʦʨʘ ʰʘʩʩʠ 

ʆʊʊ ɺɺʉ ï ʦʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣ 

ʇɻʆ ï ʧʝʨʝʜʥʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʦʧʝʨʝʥʠʝ 

ʇʀ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʇʂ ï ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ʇʂʄ ï ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʇʆʐ ï ʧʝʨʝʜʥʷʷ ʦʧʦʨʘ ʰʘʩʩʠ 

ʇʇ ï ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ 

ʇʇ çʃʦʛʦʩè ï ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʢʠ 

ʌɻʋʇ "ʈʌʗʎ-ɺʅʀʀʕʌ" 

ʇʬʣʦʧ/ʩ ï ʢʚʘʜʨʠʣʣʠʦʥ (1015) ʦʧʝʨʘʮʠʡ ʩ ʚʝʱʝʩʪʚʝʥʥʳʤ ʯʠʩʣʦʤ ʚ ʩʝʢʫʥʜʫ 

ʈɼʊʊ ï ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ 

ʈʀɸʊ ï ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʠʩʧʳʪʘʥʠʷʤ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ 

ʉʂɺ ï ʩʠʩʪʝʤʘ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ 

ʉʇʊ ï ʩʠʩʪʝʤʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

ʉʋɹɼ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ʩʫʧʝʨ-ʕɺʄ ï ʩʫʧʝʨʢʦʤʧʴʶʪʝʨ, ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʘʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ ʕɺʄ 

ʉʏ ï ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ 
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ʊɿ ï ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ 

ʊʬʣʦʧ/ʩ ï ʪʨʠʣʣʠʦʥ (1012) ʦʧʝʨʘʮʠʡ ʩ ʚʝʱʝʩʪʚʝʥʥʳʤ ʯʠʩʣʦʤ ʚ ʩʝʢʫʥʜʫ 

ʌʎɼ ï ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ 

ʎʇɻʆ ï ʮʝʣʴʥʦʧʦʚʦʨʦʪʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʦʧʝʨʝʥʠʝ 

ʕɺʄ ï ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ 

1D ï ʦʜʥʦʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

3D ï ʪʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

Angular ï ʘʥʛʣ. ʦʪʢʨʳʪʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

API ï ʘʥʛʣ. ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ 

Binder ï ʘʥʛʣ. ʩʧʝʮʠʘʣʴʥʳʡ ʤʦʜʫʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ 

CCF ï ʘʥʛʣ. ʙʠʙʣʠʦʪʝʢʘ ʤʝʞʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

CCF_Bridge ï ʘʥʛʣ. ʤʦʜʫʣʴ ʩʦʧʨʷʞʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ 

CORBA ï ʘʥʛʣ. ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʘʥʜʘʨʪ ʥʘʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ 

Euler ï ʘʥʛʣ. ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʟʨʘʙʦʪʢʠ ʆʆʆ "ɸʚʪʦʄʝʭʘʥʠʢʘ" 

Flow-

Designer 

ï ʘʥʛʣ. ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʟʨʘʙʦʪʢʠ ʌɻʋʇ "ʈʌʗʎ-ɺʅʀʀʕʌ" 

HTML ï ʘʥʛʣ. ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʨʘʟʤʝʪʢʠ ʚʝʙ-ʜʦʢʫʤʝʥʪʦʚ 

IPv6 ï ʘʥʛʣ. ʠʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣ 

JSON-RPC ï ʘʥʛʣ. ʧʨʦʪʦʢʦʣ ʫʜʘʣʝʥʥʦʛʦ ʚʳʟʦʚʘ ʧʨʦʮʝʜʫʨ 

LES ï ʘʥʛʣ. ʤʝʪʦʜ ʢʨʫʧʥʳʭ ʚʠʭʨʝʡ 

MPI ï ʘʥʛʣ. ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʘʤʠ 

PDM ï ʘʥʛʣ. ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʦʙ ʠʟʜʝʣʠʠ 

POSIX ï ʘʥʛʣ. ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʥʪʝʨʬʝʮʩʳ ʤʝʞʜʫ 

ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

PostgreSQL ï ʘʥʛʣ. ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 

REST ï ʘʥʛʣ. ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʝʪʠ 

RPC ï ʘʥʛʣ. ʫʜʘʣʝʥʥʳʡ ʚʳʟʦʚ ʧʨʦʮʝʜʫʨ 

SimInTech ï ʘʥʛʣ. ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʟʨʘʙʦʪʢʠ ʆʆʆ "3ɺ-ʩʝʨʚʠʩ" 

SOA ï ʘʥʛʣ. ʤʦʜʫʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

SOAʈ ï ʘʥʛʣ. ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ 

SPDM ï ʘʥʛʣ. ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʯʝʪʘʤʠ ʠ ʜʘʥʥʳʤʠ ʦʙ ʠʟʜʝʣʠʠ 

SST ï ʘʥʛʣ. ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ k-w 

Symfony ï ʘʥʛʣ. ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

TCP-IP ï ʘʥʛʣ. ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ 

T-FLEX 

DOCs 

ï ʘʥʛʣ. ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʞʝʥʝʨʥʳʤʠ ʜʘʥʥʳʤʠ ʨʘʟʨʘʙʦʪʢʠ ɿɸʆ "ʊʦʧ ʉʠʩʪʝʤʳ" 

TypeScript ï ʘʥʛʣ. ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

URANS ï ʘʥʛʣ. ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʦʩʨʝʜʥʝʥʥʳʝ ʧʦ 

ʈʝʡʥʦʣʴʜʩʫ 

WSDL ï ʘʥʛʣ. ʷʟʳʢ ʦʧʠʩʘʥʠʷ ʚʝʙ-ʩʝʨʚʠʩʦʚ 
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ɺɺɽɼɽʅʀɽ 

ɸʆ çʂʦʤʧʘʥʠʷ çʉʫʭʦʡè ʩʦʚʤʝʩʪʥʦ ʩ ʧʘʨʪʥʝʨʘʤʠ ʌɻʋʇ çʈʌʗʎ-

ɺʅʀʀʕʌè, ʆʆʆ ç3ɺ-ʉʝʨʚʠʩè ʠ ɸʆ çɸʚʪʦʤʝʭʘʥʠʢʘè ʚʳʧʦʣʥʷʶʪ ʨʘʙʦʪʳ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠʟʜʝʣʠʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʨʛʦʚʣʠ ʈʌ, ʘ ʪʘʢʞʝ 

ʨʘʟʚʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʂʦʤʧʘʥʠʡ. ɼʦʩʪʠʛʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʠ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʟʘʤʝʥʳ 

ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʵʪʘʧʘʭ ʩʪʝʥʜʦʚʳʭ ʠ ʥʘʟʝʤʥʳʭ ʦʪʨʘʙʦʪʦʢ, ʇʀ ʠ ɻʉʀ 

(ɻʀ). ʇʨʠʤʝʥʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʥʞʝʥʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʜʦʢʫʤʝʥʪʘʤʠ [35] - [39]: 

1) ʇʫʥʢʪ ˉ2 ʧʝʨʝʯʥʷ ʧʦʨʫʯʝʥʠʡ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
ɺ.ɺ. ʇʫʪʠʥʘ ʦʪ 7 ʘʚʛʫʩʪʘ 2016 ʛ. ˉ ʇʨ-1552; 

2) ʇʫʥʢʪ ˉ5 ʧʨʦʪʦʢʦʣʘ ʩʦʚʝʱʘʥʠʷ ʫ ʇʨʝʜʩʝʜʘʪʝʣʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɼ.ɸ. ʄʝʜʚʝʜʝʚʘ çʆ ʨʦʩʩʠʡʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭè ʦʪ 19.02.2016 ˉ ɼʄ-ʇ7-18ʧʨ; 

3) ʇʦʨʫʯʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 09 ʠʶʥʷ 2017 ʛ. 

ˉʈɼ-ʇ7-3706 çʆ ʨʘʟʨʘʙʦʪʢʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʜʝʣʠʡ 

ɺɺʉʊ ʪʦʣʴʢʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè; 

4) ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 07.05.2018ʛ. ˉ204 çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʨʘʟʚʠʪʠʷ ʈʌ ʥʘ ʧʝʨʠʦʜ ʜʦ 2024 ʛʦʜʘè; 

5) ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 20.06.2018ʛ. ˉ707 çʆʙ 

ʫʪʚʝʨʞʜʝʥʠʷ ʇʨʘʚʠʣ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʫʙʩʠʜʠʡ ʠʟ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʚʦʟʤʝʱʝʥʠʝ ʟʘʪʨʘʪ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ, ʚʢʣʶʯʘʷ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʠʥʪʝʨʝʩʘʭ ʩʦʟʜʘʥʠʷ ʚʦʦʨʫʞʝʥʠʡ, ʚʦʝʥʥʦʡ ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠè. 

ʅʘ ʩʪʘʜʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʆʂɹ ʉʫʭʦʛʦ ʥʘʭʦʜʷʪʩʷ 

ʚʳʩʦʢʦʪʦʯʥʳʝ 3D ʤʝʪʦʜʳ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʇʇ çʃʦʛʦʩè. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1, ʛʜʝ: 

ɸ, ɹ, ɺ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʚʠʭʨʝʚʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʦʪʨʳʚʥʳʭ/ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʪʝʯʝʥʠʡ ʜʣʷ ʚʩʝʛʦ ʃɸ ʩ ʫʯʝʪʦʤ ʟʘʢʦʥʦʚ 

ʦʪʢʣʦʥʝʥʠʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ 

ʦʢʦʣʦʥʫʣʝʚʳʭ, ʜʦ-, ʪʨʘʥʩ- ʠ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʣʝʪʘ; ɻ+ɼ ï 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʃɸ ʠ ʝʛʦ ʘʛʨʝʛʘʪʳ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʩʪʘʪʠʯʝʩʢʦʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʵʨʦʫʧʨʫʛʦʩʪʠ; ɽ, ɾ, ɿ ï ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʙʝʟʦʧʘʩʥʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ɸʉʇ ʦʪ ʥʦʩʠʪʝʣʷ ʩ ʫʯʝʪʦʤ: ʜʠʥʘʤʠʢʠ ʧʫʩʢʦʚʳʭ ʠ ʢʘʪʘʧʫʣʴʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʘʵʨʦʘʢʫʩʪʠʢʠ, ʪʝʧʣʦʚʦʛʦ, ʵʨʦʟʠʦʥʥʦʛʦ, ʘʙʣʷʮʠʦʥʥʦʛʦ ʠ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʥʝʨ (ʭʠʤʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ ʛʦʨʝʥʠʷ 

ʪʚʝʨʜʳʭ ʪʦʧʣʠʚ ʨʘʟʛʦʥʥʳʭ ʈɼʊʊ), ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ; ʀ+ʂ ï ʘʥʘʣʠʟ ʨʝʩʫʨʩʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʧʦʣʥʝʥʥʦʡ ʠʟ 

ʇʂʄ, ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʪʨʝʣʦʚ ʘʚʠʘʮʠʦʥʥʦʡ 
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ʧʫʰʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ; ʃ ï ʩʦʧʨʷʞʝʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʩ ʫʯʝʪʦʤ ʚʣʘʞʥʦʩʪʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ/ʨʘʟʨʫʰʝʥʠʷ ʣʝʜʷʥʳʭ ʥʘʨʦʩʪʦʚ/ʧʣʝʥʦʢ (ʢʠʥʝʪʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʦʪ 

ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, 

ʢʦʥʚʝʢʮʠʷ ʚ ʢʘʙʠʥʝ ʠʣʠ ʦʪʩʝʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ). ʊʘʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10-9 ʜʦ 102 

ʩʝʢʫʥʜ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʜʝʣʴ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. ʉʝʛʦʜʥʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʃɸ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʫʨʦʚʥʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʫʧʝʨ-ʕɺʄ ʷʚʣʷʶʪʩʷ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʊʬʣʦʧ/ʩ. 

 
ʈʠʩʫʥʦʢ 1 ï ʅʘʙʦʨ ʪʝʭʥʦʣʦʛʠʡ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ  

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʃɸ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʠʪʫʘʮʠʷʭ 
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ʂɹ ʧʨʠʤʝʥʷʝʪ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʝ ʄʄ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʃɸ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʘʤʦʣʝʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʣʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ. ʇʦʩʪʨʦʝʥʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʘʢʝʪʘʭ 

ʧʨʦʛʨʘʤʤ ʦʜʥʦʤʝʨʥʦʛʦ ʘʥʘʣʠʟʘ SimInTech ʠ ʚ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ Euler. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʛʜʝ: ʛʨʫʧʧʘ ɸ ï ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʫʚʷʟʘʥʥʳʭ ʘʣʛʦʨʠʪʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʄʄ ʩʘʤʦʣʝʪʥʳʭ ʩʠʩʪʝʤ; ʛʨʫʧʧʘ ɹ ï ʥʘʙʦʨ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨʳ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʄʄ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʃɸ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ  

ʩʘʤʦʣʝʪʥʳʭ ʩʠʩʪʝʤ 

 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʦʜʠʥʦʯʥʳʭ ʨʘʩʯʝʪʥʳʭ 

ʩʣʫʯʘʝʚ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʫʧʝʨ-ʕɺʄ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʢʘʣʷʨʥʦʤ ʨʝʞʠʤʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ, ʦʜʥʘʢʦ ʧʨʠ ʤʘʩʩʠʨʦʚʘʥʥʦʤ 
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ʨʘʩʯʝʪʝ ʥʝʩʢʦʣʴʢʠʭ (ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ) ʧʨʦʬʠʣʝʡ ʧʦʣʝʪʘ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʥʘ ʫʨʦʚʥʝ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʧʝʨ-

ʕɺʄ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ: 

- ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʫʚʷʟʢʠ ʚʩʝʭ ʩʠʩʪʝʤ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪ; 

- ʘʥʘʣʠʟʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʦʩʪʘʚʥʳʤ ʯʘʩʪʷʤ; 

- ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʠ ʜʦʩʪʠʛʘʝʤʦʛʦ ʫʨʦʚʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ; 

- ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ; 

- ʦʮʝʥʢʠ ʧʨʠʯʠʥ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʦʚ ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʛʨʫʧʧ 
ʘʛʨʝʛʘʪʦʚ. 

ʂʘʞʜʘʷ ʠʟ ʛʨʫʧʧ ʄʄ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ. ɼʣʷ ʛʨʫʧʧʳ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʄʄ ʪʨʝʙʫʝʪʩʷ ʥʘʙʦʨ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʩʣʦʞʥʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʝʜʳʩʪʦʨʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʙʳʪʠʷ. 

ɻʨʫʧʧʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʦʧʠʩʳʚʘʝʪ ʫʧʨʦʱʝʥʥʦ 

ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʣʦʞʥʳʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ. ʆʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʜʦʩʪʘʪʢʦʚ ʦʙʝʠʭ ʛʨʫʧʧ 

ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʦʙʲʝʜʠʥʝʥʠʝ ʠʣʠ ʩʚʷʟʳʚʘʥʠʝ: 

1) ʇʝʨʝʜʘʯʘ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʳʩʦʢʦʪʦʯʥʳʤ ʤʦʜʝʣʷʤ 

ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ (ʩʤ. ʨʠʩʫʥʦʢ 3); 

2) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʨʨʦʛʘʪʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʫʪʝʤ ʟʘʧʠʩʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʨʘʩʯʝʪʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʦʜʝʣʝʡ (ʩʤ. ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʥʘʯʘʣʴʥʳʤʠ ʠ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 



11 

 

 

 
ʈʠʩʫʥʦʢ 4 ï ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʩʫʨʨʦʛʘʪʥʦʡ ʤʦʜʝʣʠ ʩʣʦʞʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

 

ɺʳʧʦʣʥʠʚ ʦʙʦʙʱʝʥʠʝ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʠ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤ ʄʄ (ʩʤ. ʨʠʩʫʥʦʢ 5), ʦʙʝʩʧʝʯʠʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʠʥʮʠʧʘʤʠ ʩʚʷʟʳʚʘʥʠʷ (ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ), ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 

ʄʄ, ʠʣʠ ɺʄʌ ï ʢʘʢ ʧʨʦʪʦʪʠʧ ʌʎɼ. ɺʄʌ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ʜʘʝʪ ʧʝʨʚʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʚʝʜʝʥʠʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ, 

ʢʦʪʦʨʦʝ ʫʪʦʯʥʷʝʪʩʷ, ʥʘʯʠʥʘʷ ʩʦ ʩʪʝʥʜʦʚʳʭ, ʥʘʟʝʤʥʳʭ ʠ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʠʟʜʝʣʠʷ ï ʵʪʦ 

ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʦʰʝʜʰʘ ̫ ʚʘʣʠʜʘʮʠʶ 

(ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ) ʥʘ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ. 
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ʈʠʩʫʥʦʢ 5 ï ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʛʨʘʬʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ɺʄʌ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʩʧʦʩʦʙʦʤ, ʧʨʝʩʣʝʜʫʝʪ ʨʝʰʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1) ʂʘʯʝʩʪʚʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ, 

ʧʨʠʥʠʤʘʝʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʝʢʪʘ; 

2) ʇʨʦʚʝʜʝʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʜʫʱʠʭ ʥʘʪʫʨʥʳʭ ʨʘʙʦʪ, ʧʦʚʳʰʝʥʠʷ ʟʘʯʝʪʥʦʩʪʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʚʢʣʶʯʘʷ ʦʙʦʩʥʦʚʘʥʠʝ ʝʝ ʩʦʢʨʘʱʝʥʠʷ; 

3) ʈʘʩʯʝʪʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʩʪʝʥʜʦʚ ʧʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ.  

ʉʦʚʦʢʫʧʥʳʡ ʦʞʠʜʘʝʤʳʡ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ɺʄʌ ʠ ʌʎɼ ï 

ʩʦʢʨʘʱʝʥʠʝ ʚʩʝʛʦ ʮʠʢʣʘ ʆʂʈ ʧʦ ʩʨʦʢʘʤ ʥʘ 10-20% (ʩʤ. ʨʠʩʫʥʦʢ 6) ʟʘ ʩʯʝʪ 

ʩʠʥʝʨʛʠʠ: ʚʳʩʦʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʝʨʚʳʭ ʦʙʨʘʟʮʦʚ ʢ ʠʩʧʳʪʘʥʠʷʤ, ʩʦʢʨʘʱʝʥʠʶ 

ʇʀ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ɻʉʀ. 
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ʈʠʩʫʥʦʢ 6 ï ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʛʨʘʬʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ɺʄʌ ʠʟʜʝʣʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʨʷʜ ʢʦʤʧʣʝʢʩʥʳʭ ʟʘʜʘʯ:  

1) ʆʩʥʘʱʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ; 

2) ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʨʝʜʳ ɺʄʌ; 

3) ʈʘʟʚʠʪʠʝ ʅʊɼ ʚ ʯʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʨʦʙʣʝʤʘ ʦʩʥʘʱʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʦʙʫʩʣʦʚʣʝʥʘ 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃɸ ʠ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʛʦ ʩ 

ʫʯʝʪʦʤ ʦʪʢʣʦʥʝʥʠʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʨʫʟʦʚ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʧʨʠ ʠʭ ʦʪʜʝʣʝʥʠʠ, 

ʘʵʨʦʫʧʨʫʛʦʩʪʠ ï ʩʝʛʦʜʥʷ ʵʪʦ ʛʠʙʨʠʜʥʳʝ URANS+LES ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʪʨʳʚʥʳʝ ʪʝʯʝʥʠʷ ʠ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʢʘʯʢʦʚ 

ʫʧʣʦʪʥʝʥʠʷ. ʆʮʝʥʢʘ ʧʦʪʨʝʙʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʩʝʛʦ ʩʧʝʢʪʨʘ ɸɼʍ [40] ʩ ʫʯʝʪʦʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦ ʚʩʝʡ 

ʦʙʣʘʩʪʠ ʫʛʣʦʚ ʘʪʘʢʠ ʠ ʩʢʦʣʴʞʝʥʠʷ, ʚʳʩʦʪ, ʩʢʦʨʦʩʪʝʡ ʠ ʧʝʨʝʛʨʫʟʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7, ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʩʫʧʝʨ-ʕɺʄ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1 ʇʬʣʦʧ/ʩ (1000 ʊʬʣʦʧ/ʩ) ʤʝʥʝʝ ʯʝʤ ʟʘ 12 ʤʝʩʷʮʝʚ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʤʝʥʠʚ 10 


