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ʉʆɼɽʈɾɸʅʀɽ 

 
ɸʩʢʘʨʦʚ ʈ.ʈ. 
ʉʚʝʪʦʚʦʜʳ ʢʘʢ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʚʳʰʘʶʱʠʝ ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʚʝʪʦʤ ʚ 

ʛʣʫʙʠʥʝ ʧʦʤʝʱʝʥʠʷ 
5 

ɹʦʣʦʙʦʚ ɺ.ʀ., ʇʦʧʦʚ ɻ.ɻ., ʃʘʪʠʧʦʚ ʀ.ʋ., ʋʩʠʢʦʚ ɼ.ɺ., ʏʝʨʥʳʰʦʚ ɺ.ɽ. 
ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʩʪʘʣʠ 
6 

ɻʘʣʠʝʚ C.ʅ. 
ɺʦʧʨʦʩʳ ʦ ʩʦʝʜʠʥʝʥʠʠ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ 

7 

ɻʘʨʠʝʚ ɸ.ʈ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʉʪʠʨʣʠʥʛʘ ʚ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 

19 

ɻʦʜʫʥʦʚ ʉ.ɸ., ʐʠʷʥ ʅ.ɺ., ʂʦʟʠʥʘ ʅ.ʀ. 
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʥʪʠʚʠʨʫʩʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 

20 

ɻʫʞʚʠʥʘ ʅ.ʉ., ɽʚʜʦʢʠʤʦʚ ɸ.ʖ. 
ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

22 

ɻʫʞʚʠʥʘ ʅ.ʉ., ɽʚʜʦʢʠʤʦʚ ɸ.ʖ. 
ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 
27 

ɽʨʦʰʝʥʢʦ ɺ. ɸ., ʃʘʨʠʯʢʠʥ ɼ.ɸ., ʐʝʚʯʫʢ ɺ.ʂ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ 3D ʧʝʯʘʪʠ Direct Energy 

Deposition 
30 

ɾʘʛʣʠʥ ɼ.ɸ., ʈʳʯʝʥʢʦʚʘ ʆ.ʆ., ʉʪʘʨʠʢʦʚʘ ʄ.ʉ. 
ɺʣʠʷʥʠʝ 10 (6'ʧʣʘʩʪʦʭʠʥʦʥʠʣ) ʜʝʮʠʣʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʮʠʨʢʫʣʠʨʫʶʱʠʭ 

ʠʤʤʫʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ ʵʨʠʪʨʦʮʠʪʦʚ ʫ ʢʨʳʩ ʧʨʠ ʨʝʚʤʘʪʦʠʜʥʦʤ ʘʨʪʨʠʪʝ 
46 

ɾʘʛʣʠʥ ɼ.ɸ., ʈʳʯʝʥʢʦʚʘ ʆ.ʆ., ʉʪʘʨʠʢʦʚʘ ʄ.ʉ., 

ɺʣʠʷʥʠʝ SKQ1 ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʘʢʦʥʠʪʘʪʛʠʜʨʘʪʘʟʳ ʠ ʩʦʜʝʨʞʘʥʠʝ ʮʠʪʨʘʪʘ ʚ ʩʝʨʜʮʝ ʠ 

ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʨʳʩ ʧʨʠ ʨʝʚʤʘʪʦʠʜʥʦʤ ʘʨʪʨʠʪʝ 

48 

ɿʘʢʠʨʦʚ ʀ.ʄ., 
ʅʘʫʯʥʳʡ ʚʟʛʣʷʜ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

50 

ʀʚʘʥʦʚ ʄ.ɸ., ʀʚʘʥʦʚ ʉ.ɸ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ 
51 

ʀʚʘʥʦʚ ʄ.ɸ., ʀʚʘʥʦʚ ʉ.ɸ. 
ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʩʝʨʚʝʨʦʚ ʠ ʠʭ ʥʘʟʥʘʯʝʥʠʝ 

54 

ʀʚʘʥʦʚ ʄ.ɸ., ʀʚʘʥʦʚ ʉ.ɸ. 
ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ TO-BE ʠʥʪʝʨʥʝʪ-ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ ʢʦʤʧʘʥʠʠ 

59 

ʂʘʟʘʥʢʦʚʘ ɽ.ɼ. 
ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚʝʜʝʥʠʷ ʫʯʝʪʘ ʧʦʙʝʜʥʳʭ ʦʯʢʦʚ ʠʛʨʦʢʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʦʨʝʚʥʦʚʘʥʠʡ 
62 

ʂʘʟʘʥʢʦʚʘ ɽ.ɼ. 
ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ covid-19 

64 

ʄʝʱʝʫʣʦʚ ʅ.ɺ. 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʛʠʙʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦ ʩʞʘʪʠʝʤ ʚ ʦʙʣʘʩʪʠ ʫʧʨʫʛʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʧʦʜʘʪʣʠʚʦʤ ʦʧʠʨʘʥʠʠ 
66 

ʅʠʢʠʰʝʯʢʠʥ ʇ.ɸ., ʅʠʢʠʯ ɸ.ʅ. 
ʈʘʟʨʘʙʦʪʢʘ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦ-ʦʪʣʘʜʦʯʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʨʦʪʦʪʠʧʘ 

ʧʣʘʪʬʦʨʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
71 

ʅʦʚʦʩʝʣʦʚ ʇ.ɸ., ʄʘʢʩʠʤʦʚ ʅ.ɸ., ʉʫʜʥʠʮʳʥʘ ʇ.ɸ., ɼʘʠʥʦʚ ɸ.ɸ. 
ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʧʦʤʦʱʴʶ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ 

74 

ʉʜʝʨʠʭʠʥ ʄ.ɸ., ʐʢʫʨʘʢʦʚʘ ɽ.ɸ. 

ʇʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʭʠʤʠʠ ʚ ɺʋɿʝ 
76 

ʉʠʜʦʨʦʚ ɺ.ʅ., ʊʫʨʯʠʥʘ ɽ.ɺ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʘʶʱʝʛʦʩʷ ʵʣʝʢʪʨʦʜʘ-ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʨʘʟʤʝʨ ʝʛʦ ʠʟʦʣʷʮʠʠ 

ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʥʠʯʝʩʢʠʭ ʦʪʚʝʨʩʪʠʡ 
78 

ʊʶʤʥʝʚʘ ʇ.ʉ., ʂʦʞʦʢʠʥʘ ʆ.ʄ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ 

ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ 
81 

ʌʸʜʦʨʦʚ ɸ.ɺ. 
ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʦʣʠʪʦʚʳʭ ʧʦʨʦʜ ʍʦʥʛʫʨʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʘ 
86 

ʏʫʜʠʥʦʚʘ ʆ.ʉ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʭʦʜʦʚ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ: ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘ 2018 ʠ 

2021 ʛʦʜʳ 
88 



4 
 

ʗʤʘʣʦʚʘ ɸ.ʋ., ʊʶʢʘʚʢʠʥʘ ʆ.ɺ. 
ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʢ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʨʝʟʫ ʠ ʦʙʨʘʙʦʪʢʘ 

ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ 
90 
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ʋɼʂ 628.92 
ɸʩʢʘʨʦʚ ʈ.ʈ., 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʀʚʘʥʦʚʘ ɺ.ʈ., 

ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʌɻɹʆʋ ɺʆ çʂɻʕʋè, ʛ. ʂʘʟʘʥʴ 

 

ʉʚʝʪʦʚʦʜʳ ʢʘʢ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʚʳʰʘʶʱʠʝ ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʚʝʪʦʤ ʚ 

ʛʣʫʙʠʥʝ ʧʦʤʝʱʝʥʠʷ 

 

ɸʥʥʦʪʘʮʠʷ: ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʥʘ ʩʚʝʪʦʚʦʡ ʢʦʣʦʜʝʮ (ʩʚʝʪʦʚʦʜ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʪʦʚʦʜ, ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ, ʦʩʚʝʱʝʥʠʝ, ʩʚʝʪ. 

 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʫʪʝʤ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ 

ʦʩʚʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ çʯʠʩʪʳʭè ʪʝʭʥʦʣʦʛʠʡ. ɻʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʯʠʩʪʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʩʪʨʦʝʢ ʷʚʣʷʝʪʩʷ ʦʩʚʝʱʝʥʠʝ ʧʦʤʝʱʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʚʝʪʦʤ ʩʦʣʥʮʘ, 

ʧʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʥʘʠʙʦʣʝʝ ʢʦʤʬʦʨʪʝʥ ʜʣʷ ʦʨʛʘʥʦʚ ʟʨʝʥʠʷ ʯʝʣʦʚʝʢʘ. ʀʩʢʫʩʩʪʚʝʥʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʠʤʝʝʪ ʜʨʫʛʦʡ ʩʧʝʢʪʨ ʩʚʝʪʘ, ʧʦʵʪʦʤʫ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʛʣʘʟ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʠʥʦʨʦʜʥʳʡ ʩʚʝʪ.  

ʅʝʨʘʚʥʦʤʝʨʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʚʝʪʦʤ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʩʚʝʱʝʥʠʷ 

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʩʪʨʦʡʢʘʭ.  ɺ ʙʣʠʟʠ ʦʢʦʥ, ʩʚʝʪʘ ʜʦʩʪʘʪʦʯʥʦ, ʘ ʫʞʝ ʚ ʛʣʫʙʠʥʝ ʧʦʤʝʱʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʩʚʝʪʘ. ʉʚʝʪʦʚʦʜʳ ʧʨʠʟʚʘʥʳ ʯʪʦ ʙʳ ʫʩʪʨʘʥʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ.  

ʉʚʝʪʦʚʦʜʳ ʪʘʢʞʝ ʥʝ ʚʳʟʳʚʘʶʪ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʧʦʤʝʱʝʥʠʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʭ ʞʝ ʦʢʦʥ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʦʚ, ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʥʦ ʠ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ 

ʚʝʥʪʠʣʷʮʠʶ. 

ʉʚʝʪʦʚʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʧʝʨʝʥʘʧʨʘʚʣʷʶʱʝʝ ʧʦʪʦʢ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 

 

ʉʚʝʪʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʩʦʜʝʨʞʘʪ ʣʠʥʝʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʘʥʘʣʠʟʠʨʫʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ ʚ ʟʜʘʥʠʝ. ʕʪʠ ʩʠʩʪʝʤʳ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʛʨʫʧʧʦʡ ʵʢʩʧʝʨʪʦʚ ʚ 

ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʄʂʆ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʩʚʝʪʦʚʦʜ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʭʚʘʪʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʩ ʥʘʨʫʞʥʦʡ 

ʩʪʦʨʦʥʳ ʠ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʘ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ ï ʩ ʚʥʫʪʨʝʥʥʝʡ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʚʝʪʦʚʦʜʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʥʪʘʞʘ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʘʭ, ʛʜʝ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʥʪʘʞʘ ʦʢʦʥʥʳʭ ʧʨʦʝʤʦʚ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʩʚʝʪʦʚʦʜʳ ʥʝ ʠʤʝʶʪ 

ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʥʦ ʪʝʥʜʝʥʮʠʷ ʥʘ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʀ.ʖ. ʃʦʰʢʘʨʝʚ, ʅ.ɺ. ʆʩʘʜʯʠʡ, ɸ.ʗ. ɸʙʝʨʷʩʴʝʚ, ʉ.ɺ. ʉʘʝʥʢʦ. ɸʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʩʚʝʪ ʟʘʭʚʘʪʘ 

ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʧʦʤʝʱʝʥʠʡ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʝʪʠʢʠ ɸʇʂ (ʉʘʨʘʪʦʚ, 22 ʘʧʨʝʣʷ 2019)  

ʉʘʨʘʪʦʚ, 2019.  ʉ. 142-146. 

2. ʉʪʝʮʢʠʡ ʉ.ɺ. ʉʦʣʥʮʝʟʘʱʠʪʘ ʧʦʤʝʱʝʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʦʩʚʝʱʝʥʠʝʤ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʩʚʝʪʦʚʳʭ ʢʦʣʦʜʮʝʚ // ʇʨʦʤʳʰʣʝʥʥʦʝ ʠ ʛʨʘʞʜʘʥʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 2016. 

ˉ 4. ʉ. 72-76 

3. Soltech energy: crystalline solar panel roofing system [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.designboom.com/technology/soltech-energy-crystalline-solarpanel-roofing-system/ ï ʜʘʪʘ 

ʜʦʩʪʫʧʘ: 11.04.2020. 
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ɹʦʣʦʙʦʚ ɺ.ʀ., ʇʦʧʦʚ ɻ.ɻ., ʃʘʪʠʧʦʚ ʀ.ʋ., ʋʩʠʢʦʚ ɼ.ɺ., ʏʝʨʥʳʰʦʚ ɺ.ɽ.,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʩʪʘʣʠ 

 

ʈʘʟʚʠʪʠʝ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʪʨʝʙʫʝʪ ʘʢʪʠʚʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʦʜʦʨʦʜʘ. ʆʜʥʠʤ ʠʟ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʦʚ 

ʪʨʘʥʩʧʦʨʪʘ ʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʠ ʨʝʛʫʣʷʨʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʦʣʥʦʩʪʴʶ ʟʘʛʨʫʞʝʥʘ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʦʜʦʨʦʜʘ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʩʪʘʣʝʡ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨ. ʉ ʮʝʣʴʶ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʘʢ, ʚ [1, c. 33] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʪʨʫʙʳ ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʧʦʢʨʳʪʠʝʤ ʥʘ ʦʩʥʦʚʝ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʘʤʠʜʘ ʠ ʩ ʪʨʫʙʥʦʡ ʩʪʘʣʴʶ ʠ ʚʥʝʰʥʠʤ ʧʦʢʨʳʪʠʝʤ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʫʨʝʪʘʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʤʦʛʫʪ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ, ʧʦ-ʧʨʝʞʥʝʤʫ, ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʣʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʣʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʚʦʜʦʨʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʦʨ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ. ɼʣʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʙʝʟʦʧʘʩʥʦʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ. ɺ ʜʦʢʫʤʝʥʪʝ [2, ʩ. 15] ʜʘʥ ʨʷʜ 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʪʘʣʝʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʨʝʜʘʭ. ɺ ʥʦʨʤʘʪʠʚʥʦʤ ʜʦʢʫʤʝʥʪʝ [3, 

c. 1] ʦʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ ʩʪʘʣʝʡ ʥʘ ʧʨʝʜʤʝʪ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʳʪʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʦʜʫʚʢʦʡ ʛʘʟʦʤ H2S ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʘʣʴ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʚʩʝʭ 

ʚʠʜʠʤʳʭ ʪʨʝʱʠʥ (ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦ 100ʍ) ʚ ʢʨʠʚʦʣʠʥʝʡʥʳʭ, ʣʠʙʦ ʢʦʣʴʮʝʚʳʭ ʩʝʯʝʥʠʷʭ. ʊʘʢʞʝ, ʚ ʩʪʘʪʴʝ 

[4, c. 314] ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʵʪʦʤ, ʧʦ ʦʢʦʥʯʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʜʥʦʦʩʥʦʤʫ ʨʘʩʪʷʞʝʥʠʶ ʜʦ ʨʘʟʨʳʚʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʦʙʨʘʟʮʘʤʠ, 

ʥʝ ʧʦʜʚʝʨʛʥʫʪʳʤʠ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʶ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ ʩʪʘʣʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʤʘʣʦ ʠʟʫʯʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ 

ʚʦʜʦʨʦʜʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʠʬʬʫʟʠʠ ʚʦʜʦʨʦʜʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʘʨʢʠ 

ʩʪʘʣʠ ʚ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʵʣʝʢʪʨʦʣʠʟʥʦʡ 

ʫʩʪʘʥʦʚʢʝ. ʆʙʨʘʟʝʮ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʪʘʣʠ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʩʪʨʫʙʮʠʥʝ, ʠʣʠ ʠʥʦʤ 

ʥʘʛʨʫʞʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩʨʝʜʥʷʷ ʨʘʙʦʯʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ. ɺʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʤʝʱʘʝʪʩʷ ʚ ʪʝʨʤʦʩʪʘʪ - 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʫʶ ʷʯʝʡʢʫ ʩ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʦʡ, ʥʘʧʨʠʤʝʨ, 0.1 ʥ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʪʠʦʤʦʯʝʚʠʥʳ, ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʯʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʢʘʪʦʜʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʜʝʣʝʥʠʝ 

ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʜʠʬʬʫʥʜʠʨʫʶʱʝʛʦ ʚ ʤʝʪʘʣʣ. ʇʨʦʚʦʜʠʪʩʷ ʧʨʦʮʝʩʩ 

ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʩʪʘʣʠ ʩ ʟʘʤʝʨʦʤ ʜʠʬʬʫʥʜʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʠ ʦʩʤʦʪʨʦʤ ʝʛʦ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ. 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʷ ʧʣʘʩʪʠʥ ʠʟ 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʪʘʣʝʡ. 

  

1 ï ʢʦʣʙʳ ʜʣʷ ʩʙʦʨʘ ʛʘʟʦʚ; 2 ï ʵʣʝʢʪʨʦʣʠʪ; 3 ï ʢʦʨʧʫʩ ʵʣʠʢʪʨʦʣʠʟʝʨʘ; 4 ï ʥʘʛʨʫʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 5 ï 

ʠʟʦʣʠʨʫʶʱʠʝ ʧʨʦʢʣʘʜʢʠ; 6 ï ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʚʠʥʪ; 7 ï ʩʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʪʘʣʠ; 

8 ï ʧʦʜʩʪʘʚʢʠ ʧʦʜ ʢʦʣʙʳ; 9 ï ʘʥʦʜ; 10 ï ʢʨʝʧʝʞ ʘʥʦʜʘ; 11 ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ; 12 ï ʚʳʧʨʷʤʠʪʝʣʴ; 13 ï 

ʨʝʟʠʩʪʦʨ; 14 ï ʧʨʦʚʦʜʘ; 15 ï ʢʨʳʰʢʘ; 16 ï ʧʘʪʨʫʙʢʠ ʦʪʚʦʜʘ ʛʘʟʦʚ 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 
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2. B31.12 - Hydrogen Piping & Pipelines | Digital Book - ASME. (n.d.) 

3. NACE International. NACE Standard TM0284-2003. Item No. 21215. Standard test method : 

evaluation of pipeline and pressure vessel steels for resistance to hydrogen-induced cracking. : NACE 

International, 2003. 12 ʩ. 

4. Astafurova, E.G., Melnikov, E.V., Astafurov, S.V. et al. Hydrogen Embrittlement of Austenitic 

Stainless Steels with Ultrafine-Grained Structures of Different Morphologies. Phys Mesomech 22, 313ï326 

(2019). https://doi.org/10.1134/S1029959919040076 
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ʋɼʂ 621.313.013.8 

ɻʘʣʠʝʚ C.ʅ., 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʘʥʜʘʢʦʚ ɺ.ɼ., 

ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʌɻɹʆʋ ɺʆ çʂɻʕʋè, ʛ. ʂʘʟʘʥʴ 

 

ɺʦʧʨʦʩʳ ʦ ʩʦʝʜʠʥʝʥʠʠ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ 

 

ɺʚʝʜʝʥʠʝ 

ɸʥʥʦʪʘʮʠʷ: ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʦʜʠʥ ʠʟ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʦʙʨʘʥ 

ʜʨʘʡʚʝʨ. ɼʣʷ ʨʘʙʦʪʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ɼʘʣʝʝ ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʳʣʠ ʩʦʝʜʠʥʝʥʳ ʚ 

ʦʜʥʫ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. ʅʘʧʠʩʘʥ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʧʨʦʚʝʨʷʣ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʘ ʠʤʝʥʥʦ 

ʧʦʚʦʨʦʪ ʨʦʪʦʨʘ ʥʘ ʟʘʜʘʥʥʳʝ ʫʛʣʳ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʠʪʴ ʢ ʩʭʝʤʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʥʝʟʘʚʠʩʠʤʦʡ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʘʙʦʪʳ. 

https://doi.org/10.1134/S1029959919040076
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʤʦʜʫʣʴ ʜʨʘʡʚʝʨʘ, ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʰʘʛʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʷ 

ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ 28BYJ-48 
ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʘʰʠʥʫ, ʛʜʝ ʠʤʧʫʣʴʩʥʦʝ ʧʠʪʘʥʠʝ 

ʪʦʢʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʨʦʪʦʨʥʦʡ ʯʘʩʪʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʛʦʣ. ʄʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʫʛʦʣ 

ʧʝʨʝʤʝʱʝʥʠʷ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʥʘʟʳʚʘʝʪʩʷ ʰʘʛʦʤ. 

 
ʈʠʩ.1 ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ 28BYJ-48 

 

ɺ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ 28BYJ-48. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 28BYJ-48: 

- ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ï 5ɺ ʠʣʠ 12ɺ; 

- ʏʠʩʣʦ ʬʘʟ ï 4; 

- ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʜʫʢʮʠʠ ï 1/63.68395; 

- ʂʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʨʦʪʦʨʘ ï 64; 

- ʅʦʤʠʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ï 15 ʦʙʦʨʦʪ/ʤʠʥ; 

- ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ï 450 ʛ*ʩʤ; 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ 28BYJ 48 ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥ ʠʟ ʜʚʫʭ ʨʝʞʠʤʦʚ ʧʦʜʢʣʶʯʝʥʠʷ. 

1) ʧʦʣʥʦʰʘʛʦʚʳʡ ʨʝʞʠʤ ï 4 ʩʪʫʧʝʥʠ ʠʤʧʫʣʴʩʦʚ ʥʘ 1 ʰʘʛ; 
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ʈʠʩ.2 ʉʭʝʤʘ ʧʦʣʥʦʰʘʛʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

2) ʧʦʣʫʰʘʛʦʚʳʡ ʨʝʞʠʤ ï 8 ʩʪʫʧʝʥʝʡ ʠʤʧʫʣʴʩʦʚ ʥʘ 1 ʰʘʛ. 

 

 

ʈʠʩ.3 ʉʭʝʤʘ ʧʦʣʫʰʘʛʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

 

ʊʘʢ ʢʘʢ ʜʣʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʰʘʛʦʚ ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ ʨʦʪʦʨʘ ʥʝ 

ʠʛʨʘʝʪ ʚʘʞʥʦʡ ʨʦʣʠ, ʚ ʩʦʙʨʘʥʥʦʡ ʩʭʝʤʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ 28BYJ 48 ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʣʥʦʰʘʛʦʚʳʡ ʨʝʞʠʤ ʧʦʜʢʣʶʯʝʥʠʷ. 

 

ʄʦʜʫʣʴ ʜʨʘʡʚʝʨʘ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʎʠʬʨʦʚʦʡ ʚʳʚʦʜ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʤʦʞʝʪ ʚʳʜʘʪʴ ʪʦʢ ~40 ʤɸ, ʘ ʦʜʥʘ ʦʙʤʦʪʢʘ 28BYJ-48 ʚ ʧʠʢʝ 

ʧʦʪʨʝʙʣʷʝʤ ~320 ʤɸ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʧʦʜʢʣʶʯʠʪʴ ʜʚʠʛʘʪʝʣʴ ʥʘʧʨʷʤʫʶ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʛʦʨʠʪ. 

ɼʣ̫ ʟʘʱʠʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ çʄʦʜʫʣʴ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ULN2003ǌ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʠʢʨʦʩʭʝʤʘ ULN2003A (ʧʦ ʩʫʪʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ 7 ʢʣʶʯʝʡ), ʧʦʟʚʦʣʷʶʱʘʷ ʫʧʨʘʚʣʷʪʴ ʥʘʛʨʫʟʢʦʡ ʜʦ 500 

ʤɸ (ʦʜʠʥ ʢʣʶʯ). ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ 5ɺ ʠ 12ɺ ʜʚʠʛʘʪʝʣʝʤ 28BYJ-48, ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʠʣʠ ʫʙʨʘʪʴ ʧʝʨʝʤʳʯʢʫ (ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʝʨʝʤʳʯʢʘ ʫʩʪʘʥʦʚʣʝʥʘ, ʧʠʪʘʥʠʝ 5ɺ). 
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ʈʠʩ.4 ʉʭʝʤʘ ʤʦʜʫʣʷ ʜʨʘʡʚʝʨʘ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ULN2003 

 

ʅʘʟʥʘʯʝʥʠʝ X1 

 IN1 . . . IN7: ɺʭʦʜ 1 é 7  

ʅʘʟʥʘʯʝʥʠʝ X2 

 1 ð GND:  ç-è ʧʠʪʘʥʠʝ ʤʦʜʫʣʷ 

 2 ð Vcc:  ç+è ʧʠʪʘʥʠʝ ʤʦʜʫʣʷ (5ɺ ʠʣʠ 12ɺ) 

 3 ð Vcc:  ç+è ʧʠʪʘʥʠʝ ʤʦʜʫʣʷ (ʧʝʨʝʤʳʯʢʘ, ʪʦʣʴʢʦ ʧʨʠ 5ɺ) 

 4 ð Vcc:  ç+è ʧʠʪʘʥʠʝ ʤʦʜʫʣʷ (ʧʝʨʝʤʳʯʢʘ, ʪʦʣʴʢʦ ʧʨʠ 5ɺ) 

ʅʘʟʥʘʯʝʥʠʝ X3 

 A . . . G: ɺʳʭʦʜ  1 é 7 

ʅʘʟʥʘʯʝʥʠʝ X3 

 1 ð  ʇʠʪʘʥʠʝ 

 2 ð  A 

 3 ð  B 

 4 ð  C 

 5 ð  D 

ʇʦʜʢʣʶʯʝʥʠʝ ʤʦʜʫʣʷ ULN2003 ʢ ʧʣʘʪʝ Arduino  

ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʨʘʡʚʝʨʘ ʢ ʧʣʘʪʝ Arduino ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ:

 
ʈʠʩ.5 ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʨʘʡʚʝʨʘ ʢ ʧʣʘʪʝ Arduino 
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ʇʠʪʘʥʠʝ ʜʚʠʛʘʪʝʣʷ 

 ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ 28BYJ 48 ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪ 5-12ɺ ʧʠʪʘʥʠʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʢ ʧʣʘʪʝ 

Arduino ʧʦʜʘʝʪʩʷ ʧʠʪʘʥʠʝ ʠʟ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʯʝʨʝʟ ʢʘʙʝʣʴ USB, ʣʠʙʦ ʯʝʨʝʟ ʨʘʟʲʝʤ 5,5 ʭ 2,1 ʤʤ. ʂ 

ʧʦʩʣʝʜʥʝʤʫ ʤʦʞʥʦ ʧʦʜʘʚʘʪʴ 7-12ɺ ʧʠʪʘʥʠʷ. ɼʘʣʴʰʝ ʧʠʥ 5V ʥʘ ʧʣʘʪʝ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʧʠʥʫ 12V (5-12V) 

ʜʨʘʡʚʝʨʘ, ʘ ʧʠʥ GND ï 5V (GND) ʜʨʘʡʚʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʰ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦʣʫʯʘʝʪ 

ʪʨʝʙʫʝʤʦʝ ʧʠʪʘʥʠʝ ʜʣʷ ʟʘʧʫʩʢʘ ʠ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ. 

 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʧʣʘʪʦʡ Arduino ʠ ʟʘʧʫʩʢʘ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ 

Arduino IDE. 

ʇʣʘʪʘ Arduino ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʇʂ ʩ ʧʦʤʦʱʴʶ USB ʢʘʙʝʣʷ. ɺ ʩʘʤʦʡ ʧʨʦʛʨʘʤʤʝ ʫʢʘʟʳʚʘʝʪʩʷ 

ʇʦʨʪ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ.  

ɼʣʷ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʧʦ ʯʘʩʦʚʦʡ ʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʠʩʧʦʣʴʟʫʝʤ ʙʠʙʣʠʦʪʝʢʫ 

çCustomStepperè. ɼʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʥʝ ʚʭʦʜʠʪ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ Arduino IDE. 

 

 

 
ʈʠʩ.6 ʃʠʩʪʠʥʛ ʩʢʝʪʯʘ çCustomStepperè 

 

ɼʘʥʥʳʡ ʩʢʝʪʯ ʢʦʤʧʠʣʠʨʫʝʪʩʷ ʠ ʟʘʛʨʫʞʘʝʪʩʷ ʥʘ ʧʣʘʪʫ Arduino. ʇʣʘʪʘ ʧʝʨʝʟʘʛʨʫʞʘʝʪʩʷ ʠ 

ʥʘʯʠʥʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʩʢʝʪʯʘ. 

ʇʦʩʣʝ ʝʛʦ ʟʘʧʫʩʢʘ ʩʦʟʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʤʦʤʝʥʪ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʪʦʨʦʛʦ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʦʤʠʤʦ ʥʝʛʦ, ʧʦʪʨʝʙʫʝʪʩʷ ʚʪʦʨʦʡ 

ʤʦʜʫʣʴ ʜʨʘʡʚʝʨʘ ULN2003, ʘ ʪʘʢʞʝ ʙʝʩʧʘʝʯʥʘʷ ʧʣʘʪʘ Breadboard: 
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ʈʠʩ.7 ʇʣʘʪʘ Breadboard 

 

Breadboard - ʵʪʦ ʙʝʩʧʘʝʯʥʘʷ ʤʦʥʪʘʞʥʘʷ ʧʣʘʪʘ. ʕʪʦ ʦʪʣʠʯʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʪʦʪʠʧʦʚ ʠʣʠ ʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʩʭʝʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʡ ʚʘʤ ʥʝ ʧʦʥʘʜʦʙʠʪʩʷ ʧʘʷʣʴʥʠʢ ʠ 

ʚʩʝ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʧʨʦʙʣʝʤʳ ʠ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʨʘʩʧʘʡʢʫ. 

 

 

ʈʠʩ.8 ʈʝʣʴʩʳ ʧʠʪʘʥʠʷ ʚ ʧʣʘʪʝ breadboard 
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ʇʦʩʢʦʣʴʢʫ ʧʣʘʪʘ Arduino ʠʤʝʝʪ 14 ʧʠʥʦʚ, ʪʦ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ 3 ʜʚʠʛʘʪʝʣʷ, ʪʘʢ ʢʘʢ ʦʜʠʥ 

ʜʚʠʛʘʪʝʣʴ ʟʘʥʠʤʘʝʪ 4 ʧʠʥʘ. 

 

 

ʈʠʩ.9 ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʪʨʸʭʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ 

 

ʆʜʥʘʢʦ, ʜʘʥʥʘʷ ʩʭʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʘʢʩʠʤʫʤ 3 ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʨʝʙʫʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʫʩʪʘʥʦʚʢʠ. 

 

ʄʦʜʫʣʴ ʨʘʩʰʠʨʝʥʠʷ ʧʦʨʪʦʚ ʥʘ ʯʠʧʝ PCF8574 

ʆʩʥʦʚʥʘʷ ʠ ʝʜʠʥʩʪʚʝʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ ʥʘ ʤʦʜʫʣʝ ʵʪʦ PCF8574, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʠʪʝʣʝʤ 

ʚʚʦʜʘ-ʚʳʚʦʜʘ ʩ ʜʚʫʭʧʨʦʚʦʜʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ I2C. ɼʘʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʪʦʚ ʥʘ 8 ʰʪʫʢ, ʘ ʝʩʣʠ ʧʦʜʢʣʶʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʩʭʝʤ PCF8574, ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʜʦ 

64 ʧʦʨʪʦʚ. ʊʘʢ ʞʝ, ʥʘ ʤʦʜʫʣʝ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʧʦʜʪʷʛʠʚʘʶʱʠʭ ʨʝʟʠʩʪʦʨʘ ʥʘ 1 ʢʆʤ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʨʘʙʦʪʳ ʰʠʥʳ I2C. 
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ʈʠʩ.10 ʄʦʜʫʣʴ ʨʘʩʰʠʨʝʥʠʷ ʧʦʨʪʦʚ ʥʘ ʯʠʧʝ PCF8574 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ: 3 ð 5.5 ɺ; 

- ʀʥʪʝʨʬʝʡʩ: I2C; 

- ʂʦʣʠʯʝʩʪʚʦ ʧʦʨʪʦʚ GPIO: 8; 

- ʈʘʟʤʝʨʳ: 55 x 15 x 12 ʤʤ; 

- ɺʝʩ: 5 ʛʨʘʤʤ. 

ʅʘ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ, ʧʦʢʘʟʘʥʦ ʧʦʜʢʣʶʯʝʥʠʝ 9-ʪʠ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʝʜʠʥʫʶ 

ʩʠʩʪʝʤʫ:
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ʈʠʩ.11 ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ 9-ʪʠ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʫʣʷ PCF8574


