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ʉʆɼɽʈɾɸʅʀɽ 

 

ʉʝʢʮʠʷ çʗʜʝʨʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè 
 

ʃʝʚʯʝʥʢʦ ɺ.ɸ., ʂʘʱʝʝʚ ʄ.ɺ., ʐʦʚʠʢʦʚ ɸ.ɺ. ʈʘʩʯʝʪ ʟʘʱʠʪʳ ʦʪ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʙʦʢʩʘ ʨʝʘʢʪʦʨʘ ʄɹʀʈ 
9 

ɻʝʨʜʪ ʕ.ɸ., ɺʥʫʢʦʚ ʈ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʘʢʩʠʘʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʪʚʵʛʦʚ ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʧʣʫʪʦʥʠʷ ʚ ʊɺʉ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 (ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠ Z49A2) 
11 

ɿʘʢʠʨʦʚ ʅ.ɸ., ʂʦʪʦʚ ʗ.ɸ. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʩʧʝʢʪʨʘ ʚ ʨʝʘʢʪʦʨʝ ɺɺʕʈ-ʉ ʩ 

ʫʯʝʪʦʤ ʚʳʛʦʨʘʥʠʷ 
12 

ʀʩʘʥʦʚ ʂ.ɸ., ʂʦʣʝʩʦʚ ɺ.ɺ. ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʧʣʫʪʦʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʢʨʘʪʥʦʛʦ ʨʝʮʠʢʣʘ ʚ ʨʝʘʢʪʦʨʝ ʪʠʧʘ ɹʅ-1200 
14 

ʐʠʨʢʦʚʘ ɼ.ɽ., ʊʝʨʝʭʦʚʘ ɸ.ʄ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ Cm
244
 ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ 
15 

ʂʠʩʝʣʝʚ ʃ.ʄ. ʈʝʘʢʪʦʨ ʥʘ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʩʦʣʷʭ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ  
17 

ʉʢʫʣʢʠʥ ɺ.ʆ. ɺʥʫʢʦʚ ʈ. ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʜʦʣʠ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʦʢʩʠʜʘ ʘʤʝʨʠʮʠʷ ʚ ʫʨʘʥʦʚʦʝ ʦʢʩʠʜʥʦʝ ʪʦʧʣʠʚʦ ʪʝʧʣʦʚʦʛʦ ʨʝʘʢʪʦʨʘ 
19 

ʋʣʷʭʠʥ ʉ.ʄ., ʂʦʪʦʚ ʗ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʝʡ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʢʘʥʘʣʦʚ ʩ 

ʚʳʪʝʩʥʠʪʝʣʷʤʠ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-ʉ ʚ ʭʦʜʝ ʚʳʛʦʨʘʥʠʷ 
20 

ʌʠʨʩʦʚ ɽ.ʀ., ɺʥʫʢʦʚ ʈ.ɸ. ʇʦʜʭʦʜʳ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 
22 

ʄʦʨʝʥʢʦ ɺ.ɸ., ʉʝʥʪʝʙʦʚ ʅ.ʆ., ʊʝʨʝʭʦʚʘ ɸ.ʄ ɺʪʦʨʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʫʪʦʥʠʷ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʧʨʠ ʛʝʪʝʨʦʛʝʥʥʦʤ ʨʘʟʤʝʱʝʥʠʠ  
24 

ʎʳʭʣʝʨ ʃ.ɺ., ʅʦʚʦʩʝʣʦʚ ɻ.ɼ., ʂʘʨʧʠʢʦʚ ɼ.ʅ., ʃʘʧʢʠʩ ɸ.ɸ. ʇʝʨʩʧʝʢʪʠʚʳ ʚʳʩʦʪʥʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʡ ʩʙʦʨʢʠ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000 
26 

ʂʦʪ ʉ. ɸ., ʅʦʚʦʩʝʣʦʚ ɻ.ɼ., ɻʦʣʦʚʘʥʦʚ ɼ. ɸ., ʃʘʧʢʠʩ ɸ.ɸ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʬʠʣʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ɺɺʕʈ-1000 
29 

ʄʘʩʣʦʚ ɸ.ʉ., ʐʧʠʮʝʨ ɺ.ʗ. ʀʤʠʪʘʮʠʷ ʨʝʘʢʪʠʚʥʦʩʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʨʝʘʢʪʦʨʦʚ ʪʠʧʘ ɺɺʕʈ-1000 
31 

ʇʦʚʦʣʦʮʢʘʷ ɸ.ɸ.,  ʂʫʟʠʥ ʉ.ɸ., ɻʫʣʘʤʦʚ ɺ.ʍ. ʂʠʢʠʥʯʫʢ ʆ.ɸ.  ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʣʘʧʘʥʘ ʦʙʨʘʪʥʦʛʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 33 

ʉʠʥʝʣʴʱʠʢʦʚʘ ʉ.ɽ., ʃʝʙʝʜʝʚ ɸ.ʈ., ʂʫʟʠʥ ʉ.ɸ. ʈʘʩʯʝʪ ʜʝʬʦʨʤʘʮʠʡ ʫʧʣʦʪʥʝʥʠʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʰʣʶʟʦʚ ʵʥʝʨʛʦʙʣʦʢʦʚ ʩ ɺɺʕʈ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ 
35 

ɹʘʨʘʥʯʠʢʦʚʘ ɸ.ʈ., ʀʩʘʥʦʚ ʂ.ɸ, ʄʘʥʪʫʨʦʚ ɻ.ʅ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʩʪʘʥʪʥʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʋʨʘʥʘ-238 ʥʘ  ʦʩʥʦʚʥʳʝ   ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ   ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ   ʨʝʘʢʪʦʨʘ 

ɺɺʕʈ-1200 
38 

ɺʦʨʦʥʮʦʚʘ ɸ. ɸ., ɺʥʫʢʦʚ ʈ. ɸ. ʈʝʘʢʪʦʨʳ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ï ʧʫʪʴ ʢ ʧʨʦʜʣʝʥʠʶ 

ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ 
40 

ʃʝʚʯʝʥʢʦ ɺ.ɸ., ʂʘʱʝʝʚ ʄ.ɺ., ɸʢʩʝʥʦʚ ʀ.ɸ. ʈʝʰʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ 

ʧʨʷʤʦʤ ʨʝʙʨʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʩ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝʤ 
42 

ʉʫʩʘʢʠʥ ɺ.ʉ., ʇʨʘʚʦʩʫʜ ʉ.ʉ., ʗʢʫʙʦʚ ʗ.ʆ. , ʄʘʩʣʘʢʦʚ ɼ. ʉ. ʋʧʨʦʱʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʘʨʠʠ ʩ 

ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʣʝʛʢʦʚʦʜʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MATLAB 
44 

ɻʨʘʯʝʚʘ ɼ.ʂ., ʗʢʫʙʦʚʘ ʄ.ʀ., ɻʨʘʯʝʚ ɽ.ʂ., ʂʠʢʝʥʠʥʘ ʀ.ʂ., ʀʣʝʢʠʩ ɺ.ʄ., ʄʫʩʣʠʤʦʚʘ ɸ.ɺ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʧʣʘʚʦʚ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʛʥʠʪʦʚ ʧʦ ʩʤʝʰʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 
46 

ɿʘʡʮʝʚ ɼ.ɺ., ɹʦʣʜʳʰʝʚ ɼ.ɺ., ɻʨʘʯʝʚ ɽ.ʂ., ʂʠʢʝʥʠʥʘ ʀ.ʂ., ʗʢʫʙʦʚʘ ʄ.ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʧʨʦʮʝʩʩʘ ʚʦʜʦʨʦʜʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʤʘʛʥʠʪʥʳʭ  ʩʧʣʘʚʦʚ   ʩʦʩʪʘʚʘ  

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ Fe-B 
47 

ʗʢʫʙʦʚ ʗ.ʆ., ʇʨʘʚʦʩʫʜ ʉ.ʉ., ʉʫʩʘʢʠʥ ɺ.ʉ., ʄʘʩʣʘʢʦʚ ɼ. ʉ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʨʝʘʢʪʦʨʝ PWR ï 1000 c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʜʘ ATHLET 
49 

ʗʢʫʙʦʚʘ ʄ.ʀ., ɻʨʘʯʝʚ ɽ.ʂ., ɻʨʘʯʝʚʘ ɼ.ʂ., ʂʠʢʝʥʠʥʘ ʀ.ʂ., ʀʣʝʢʠʩ ɺ.ʄ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʧʨʦʮʝʩʩʘ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ ʛʠʜʨʠʜʦʚ ʩʧʣʘʚʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ  

Fe-B 
50 

ʂʠʢʝʥʠʥʘ ʀ.ʂ., ɻʨʘʯʝʚʘ ɼ.ʂ., ʗʢʫʙʦʚʘ ʄ.ʀ., ɻʨʘʯʝʚ ɽ.ʂ., ʀʣʝʢʠʩ ɺ.ʄ. ʈʝʞʠʤʳ ʧʨʦʮʝʩʩʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ ʚʪʦʨʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 
52 
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ɺʝʨʝʤʴʝʚ ʅ.ɽ., ɹʘʨʘʥ ʉ.ɸ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʦʪʢʨʳʪʦʛʦ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 220 ʢɺ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ 
54 

ʄʦʣʦʣʢʠʥ ʂ.ɺ., ɹʘʨʘʥ ʉ.ɸ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʘʚʘʨʠʡʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʵʥʝʨʛʦʙʣʦʢʘ ˉ1 

ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ ʩ ʟʘʤʝʥʦʡ ʢʦʤʧʣʝʢʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
56 

ʗʨʫʪʘ ɽ.ɺ., ɹʘʨʘʥ ʉ.ɸ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʛʣʘʚʥʦʡ ʩʭʝʤʳ ʆʈʋ 500 ʢɺ ɸʕʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 
58 

ʂʠʰʢʦ ʅ.ʉ., ɹʘʨʘʥ ʉ.ɸ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ ʢ ʩʦʜʝʨʞʘʥʠʶ ʛʘʟʦʚ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʤʘʩʣʝ 
60 

ɸʙʘʜʞʝʚ ʄ.ʅ., ʄʝʣʴʥʠʢʦʚ ʀ.ɺ.  ʄʦʜʝʨʥʠʟʘʮʠʷ ʦʩʥʦʚʥʦʡ ʟʘʱʠʪʳ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 62 

ʊʢʘʯʝʚ ʅ.ʉ., ʄʝʣʴʥʠʢʦʚ ʀ.ɺ. ʉʥʠʞʝʥʠʝ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʰʠʥ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 
64 

ɻʘʥʦʚ ɽ. ʉ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 66 

ɻʦʨʷʯʠʡ ɼ.ʖ., ʉʤʦʣʠʥ ɸ.ʖ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʠʣʫʯʰʠʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʯʘʩʪʦʪʳ ʚ ʝʜʠʥʦʡ 

ʵʥʝʨʛʦʩʠʩʪʝʤʝ 
68 

ʐʘʧʦʚʘʣʦʚ ɸ.ɸ., ɹʝʢʝʪʦʚ ɺ.ɻ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʚʳʝʤʥʳʭ ʯʘʩʪʝʡ ɻʎʅ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʝʤʦʥʪʘ ʵʥʝʨʛʦʙʣʦʢʦʚ ʈʦɸʕʉ 
70 

ɹʦʜʨʠʢʦʚ ʉ.ɻ., ʃʘʧʢʠʩ ɸ.ɸ. ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʙʨʳʟʛʘʣʴʥʳʭ 

ʙʘʩʩʝʡʥʦʚ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ 
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ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷè 
 

ʀʛʦʥʠʥʘ ʖ. ʄ., ʂʫʟʥʝʮʦʚ ɸ.ʆ., ʂʦʟʣʦʚ ɸ.ɺ., ʄʘʪʝʨʥʦʚʩʢʠʡ ɼ.ɸ  ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ 

ʩʪʝʥʦʢ ʧʨʠ ʛʠʙʢʝ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ 26 ʤʤ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ   
76 

ʃʝʦʥʪʴʝʚʘ ɸ.ʄ., ɹʫʟʦʚʝʨʷ ʄ.ʕ., ʖʪʢʠʥʘ ɽ.ɻ. ʄʝʪʦʜ ɸʉʄ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʦʚʳʭ ʨʝʥʪʛʝʥʦ-ʟʘʱʠʪʥʳʭ ʩʘʤʦʢʣʝʶʱʠʭʩʷ ʧʦʢʨʳʪʠʡ 
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ʊʦʤʠʣʠʥ ʉ.ɸ., ɺʠʥʥʠʡʯʫʢ ʂ.ɸ., ɺʠʥʥʠʡʯʫʢ ɺ.ɸ. ʆʪʨʘʙʦʪʢʘ ʩʫʙʪʨʘʢʪʠʚʥʦʡ ʧʨʦʛʨʘʤʤʥʦ-

ʫʧʨʘʚʣʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʵʣʝʤʝʥʪʦʚ ʘʨʤʘʪʫʨʳ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ɸʕʉ 
80 

ʄʠʥʠʭʘʥʦʚʘ ɼ.ɸ., ɹʣʦʭʠʥ ʄ. ɸ., ʊʦʢʘʨʝʚ ɸ.ʉ. ʉʦʟʜʘʥʠʝ ʘʥʘʣʦʛʘ ʛʠʙʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʤʦʜʫʣʷ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʠ ʠʟʜʝʣʠʡ ʥʘ ʧʨʠʤʝʨʝ ʜʝʪʘʣʠ çɺʠʣʢʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 4 ʠ 5 

ʧʝʨʝʜʘʯʠè ʥʘ ɸɿ çʋʈɸʃè 
82 

ʅʘʙʦʢʠʥ ɸ.ʆ., ʂʦʞʝʤʷʢʠʥ ɻ.ʈ., ʌʝʜʦʪʦʚʘ ʄ. ɸ., ʆʣʴʭʦʚʩʢʘʷ ʈ. ɸ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 
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ʊʦʤʠʣʠʥ ʉ.ɸ., ʇʫʪʠʥʮʝʚ ɼ.ɺ., ɺʠʥʥʠʡʯʫʢ ɺ.ɸ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʠʪʳ 
ʙʣʦʢʘ ʟʘʱʠʪʥʳʭ ʪʨʫʙ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 

86 

ɹʫʨʥʘʝʚ ʗ.ɼ., ɺʠʥʥʠʡʯʫʢ ɺ.ɸ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʚʘʨʢʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚ 

ʘʪʦʤʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 
88 

ɺʠʥʥʠʡʯʫʢ ʂ.ɸ., ʇʝʨʝʧʝʣʠʮʳʥʘ ɸ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʤʝʥʝʥʠʷ 
ʠʤʧʫʣʴʩʥʦʡ ʩʚʘʨʢʠ ʚ ʭʦʜʝ ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʡ ʜʣʷ ɸʕʉ  

89 

ʌʝʜʦʪʦʚʘ ʄ.ɸ., ɺʠʥʥʠʡʯʫʢ ɺ.ɸ. ʇʝʨʩʧʝʢʪʠʚʳ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ WAAM ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ   
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Abstract. The paper considers various aspects related to ensuring neutron protection for medical personnel 

during neutron capture therapy. To isolate the place of therapy, it is proposed to use a specialized design ï a medical 

box. A model of a medical box has been developed, the optimal material and suitable wall thickness of the box have 

been determined. Computational studies were carried out to justify the use of certain protective compositions. 

Comparative analysis of materials was performed using the NSMB program. 

Keywords: protection calculation, neutron radiation, MBIR, protective materials, medical box, Monte Carlo 

method. 

 

ɺ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʚ ɼʠʤʠʪʨʦʚʛʨʘʜʝ ʥʘ ʧʣʦʱʘʜʢʝ ɸʆ çɻʅʎ ʅʀʀɸʈè ʙʫʜʝʪ 

ʟʘʚʝʨʰʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʷʜʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʤʥʦʛʦʮʝʣʝʚʳʤ ʙʳʩʪʨʳʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʨʝʘʢʪʦʨʦʤ (ʄɹʀʈ). ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʪʦʨʥʳʭ 

ʠʟʣʫʯʝʥʠʡ, ʚʢʣʶʯʘʷ ʥʝʡʪʨʦʥʥʳʝ ʧʫʯʢʠ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʝʡ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʘ ʢʦʨʧʫʩʦʤ ʨʝʘʢʪʦʨʘ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʘʥʘʣʳ ʜʣʷ ʚʳʚʦʜʘ 

ʥʝʡʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʠʟ ʨʝʘʢʪʦʨʘ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʡ ʚʠʜ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ï ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʘʷ ʪʝʨʘʧʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 
10
B ʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤʠ ʵʧʠʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ Ŭ-ʯʘʩʪʠʮ ʩ ʚʳʩʦʢʦʡ ʣʠʥʝʡʥʦʡ 

ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (ʨʠʩʫʥʦʢ 1). ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ 

ʥʝʡʪʨʦʥʥʳʡ ʧʫʯʦʢ ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ρπ 
̎̆̊̓̑

̒ Ͻ̍̒
 ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʢʘʯʝʩʪʚʦʤ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʛʣʫʙʠʥʦʡ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʪʢʘʥʴ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʩʝʯʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦʟʳ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ 

 

ʅʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʥʝʡʪʨʦʥʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʨʝʘʢʪʦʨʝ ʄɹʀʈ ʧʫʪʝʤ 

ʟʘʤʝʜʣʝʥʠʷ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʜʦ ʵʧʠʪʝʧʣʦʚʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ (ʦʪ 0,4 ʵɺ ʜʦ 10 ʢʵɺ). ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʘ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʩʧʝʢʪʨʦʤ ʵʥʝʨʛʠʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ 

ɔ-ʜʦʙʘʚʢʠ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʦʜʠʬʠʢʘʪʦʨʳ, 

ʢʦʣʣʠʤʘʪʦʨʳ ʠ ʬʠʣʴʪʨʳ [2]. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʘʧʠʠ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʥʝʡʪʨʦʥʥʦʡ ʟʘʱʠʪʳ 

ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʙʦʢʩʘ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʦʙʣʫʯʘʝʤʳʡ ʧʘʮʠʝʥʪ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʙʦʢʩʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤ ʜʣʷ ʧʝʨʩʦʥʘʣʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ 

ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʢʪʦʨʦʤ, ʘ ʪʘʢʞʝ ʧʝʨʩʦʥʘʣʘ, ʧʨʦʚʦʜʷʱʝʛʦ ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʫʶ ʪʝʨʘʧʠʶ. ɺʳʚʦʜ 

ʥʝʡʪʨʦʥʦʚ ʠʟ ʨʝʘʢʪʦʨʘ ʯʝʨʝʟ ʢʘʥʘʣʳ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʝʨʘʧʠʠ ʥʝʡʪʨʦʥʥʳʡ ʧʫʯʦʢ 

ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ, ʦʜʥʘʢʦ ʥʝʡʪʨʦʥʥʘʷ ʟʘʱʠʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʦʨʧʫʩʦʤ 

ʨʝʘʢʪʦʨʘ, ʣʦʢʘʣʴʥʦ ʥʝ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʬʫʥʢʮʠʶ. 

ʇʦʵʪʘʧʥʳʡ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʜʠʮʠʥʩʢʦʛʦ ʙʦʢʩʘ ʚʝʜʝʪ ʢ ʧʦʥʠʤʘʥʠʶ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʪʝʥʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ 

ʥʘʧʨʦʪʠʚ ʚʳʭʦʜʘ ʢʘʥʘʣʘ ʥʝʡʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʧʣʦʩʢʫʶ ʬʦʨʤʫ 

ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʥʝʡʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. ʕʪʘ ʩʪʝʥʢʘ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʝʡʪʨʦʥʥʦʡ ʟʘʱʠʪʳ. 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʜʭʦʜʷʱʝʡ ʪʦʣʱʠʥʳ 

ʩʪʝʥʢʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʡ ʟʘʱʠʪʳ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ Neutron 

Shielding for Medical Box (NSMB). ʇʨʦʛʨʘʤʤʘ NSMB ʨʝʘʣʠʟʫʝʪ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ [3]. 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʩʪʝʥʢʠ: ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʚʦ ʚʩʝʡ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ, ʘ ʪʘʢʞʝ ʪʦʣʱʠʥʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʟʘʜʘʶʪʩʷ ʥʘʯʘʣʴʥʦʝ ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ, ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ ʚʝʱʝʩʪʚʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʘʝʪʩʷ ʯʠʩʣʦ ʧʨʦʰʝʜʰʠʭ ʩʪʝʥʢʫ ʥʝʡʪʨʦʥʦʚ ʠ ʯʠʩʣʦ ʧʦʛʣʦʱʝʥʥʳʭ 

ʥʝʡʪʨʦʥʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʧʦʛʣʦʱʝʥʥʳʭ 

ʥʝʡʪʨʦʥʦʚ ʢ ʧʦʣʥʦʤʫ ʯʠʩʣʫ ʥʝʡʪʨʦʥʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʨʘʩʯʝʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ. ɼʘʣʝʝ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʠʟ ʥʠʭ ʚʳʙʨʘʥ ʩʘʤʳʡ ʣʫʯʰʠʡ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʘʱʠʪʳ. 
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Abstract. Currently, much attention is being paid to the closure of the nuclear fuel cycle and the main option in 

this direction is the VVER-BN bundle. Since axial profiling is carried out by redistributing the concentrations of fuel 

cores along the height of the fuel rod, the energy release field is affected. This may have an impact on the accumulation 

of plutonium and the rational use of WWER-1200 in the nuclear power plant. 

Keywords: fuel assemblies, burnout absorber, plutonium, WWER-1200, axial profiling. 

 

ɺʳʙʨʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʘʢʩʠʘʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʪʚʵʛʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʜʦʣʠʥʠʝʚʦʛʦ ʚʳʛʦʨʘʶʱʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʧʦ ʚʳʩʦʪʝ ʪʚʵʛʘ (ʛʣʝ ʇʇʅ 

ʙʦʣʴʰʝ, ʪʘʤ ʛʘʜʦʣʠʥʠʷ ʥʫʞʥʦ ʙʦʣʴʰʝ ʠ ʥʘʦʙʦʨʦʪ). ʇʦʩʣʝ ʧʝʨʝʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚʳʛʦʨʘʶʱʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʯʸʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʩʪʘʣʴʥʳʭ ʷʜʝʨ ʪʦʧʣʠʚʘ ʪʘʢ, 

ʯʪʦʙʳ ʧʣʦʪʥʦʩʪʴ ʪʘʙʣʝʪʢʠ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʣʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ (ʨʠʩʫʥʦʢ 1) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ [1]. 
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ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʘʢʩʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʇʅ 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʸ ʯʘʱʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʟʘʤʳʢʘʥʠʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʘʥʦʚʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ ʆʗʊ. 

ʅʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʘʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʩʭʝʤʘ ʟʘʤʳʢʘʥʠʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʫʪʦʥʠʷ ʚ ʨʝʘʢʪʦʨʘʭ ɺɺʕʈ ʠ 

ɹʅ [2]. ʆʜʥʘʢʦ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʟʘʤʢʥʫʪʦʤ ʷʜʝʨʥʦʤ ʪʦʧʣʠʚʥʦʤ 

ʮʠʢʣʝ, ʷʚʣʷʝʪʩʷ ʯʠʩʪʦʪʘ ʚʥʝʜʨʷʝʤʦʛʦ ʧʣʫʪʦʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʘʢʩʠʘʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ 

ʪʚɻʛʦʚ ʥʘ ʯʠʩʪʦʪʫ ʥʘʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʣʫʪʦʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʚʳʜʚʠʥʫʪʴ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, 

ʢʘʢ ʘʢʩʠʘʣʴʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ɺɺʕʈ-1200 ʩʢʘʞʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʤʢʥʫʪʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʮʠʢʣʘ. 
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ESTIMATION OF INFLUENCE OF LOCAL HETEROGENEITIES OF 

SPECTRUM IN VVER -C REACTOR TAKING INTO ACCOUNT BURNOUT  
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Abstract. The paper examines the VVER-C fuel assembly model for azimuthal and radial heterogeneities of 

the spectrum and burnout in fuel rods located near the displacer channel. The listed characteristics will be important for 

the methodology of calculating and evaluating the performance of fuel assemblies due to the effects that arise. 

Keywords: spectral shift control, reaction rates, spectrum stiffness, displacer, calculation method. 
 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʙʳʪʦʯʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ ʨʝʘʢʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ [1]. ʉʧʦʩʦʙ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʚʦʜʦ-

ʪʦʧʣʠʚʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʚʝʜʝʥʠʝʤ ʚʳʪʝʩʥʠʪʝʣʷ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʥʘʣʳ. ʂʦʤʧʝʥʩʘʮʠʷ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʘ ʚ ʨʝʟʦʥʘʥʩʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʣʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʜʝʣʷʱʠʭʩʷ ʠʟʦʪʦʧʦʚ [2]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʊɺʉ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-ʉ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʦʚʘʥʦ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʚʳʪʝʩʥʠʪʝʣʝʡ ʚ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʢʘʥʘʣʘʭ 

(ʨʠʩʫʥʦʢ 1ʘ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʣʦʢʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʜʘʥʥʦʡ 

ʢʘʩʩʝʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʘ ʛʨʘʥʠʮʝ ʢʘʥʘʣʘ ʩ ʚʳʪʝʩʥʠʪʝʣʝʤ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ 

ʪʚʵʣʦʚ. ɺ ʩʣʫʯʘʝ ʩ ʠʟʚʣʝʯʝʥʥʳʤʠ ʚʳʪʝʩʥʠʪʝʣʷʤʠ ʚ ʢʘʥʘʣʘʭ ʥʘʭʦʜʠʪʩʷ ʧʣʦʪʥʳʡ 

ʪʝʧʣʦʥʦʩʠʪʝʣʴ-ʟʘʤʝʜʣʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʦʢʘʣʴʥʦʝ ʟʘʪʝʧʣʝʥʠʝ ʩʧʝʢʪʨʘ. ʀʟ-ʟʘ 

ʵʪʦʛʦ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ (ʢʘʢ ʨʘʜʠʘʣʴʥʳʝ, ʪʘʢ ʠ 

ʘʟʠʤʫʪʘʣʴʥʳʝ), ʪʘʢʞʝ ʵʪʦ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ, ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʠ ʥʫʢʣʠʜʥʫʶ 

ʜʠʥʘʤʠʢʫ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʙʫʜʝʪ ʦʢʘʟʘʥʦ ʥʘ ʪʚʵʣʳ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʚʳʪʝʩʥʠʪʝʣʷ 

ʠʟ-ʟʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʘʤʝʜʣʠʪʝʣʷ ʚ ʢʘʥʘʣʝ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʦ ʘʟʠʤʫʪʘʣʴʥʦʝ ʠ 

ʨʘʜʠʘʣʴʥʦʝ ʨʘʟʙʠʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʚʵʣʦʚ, ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʩ ʚʳʪʝʩʥʠʪʝʣʷʤʠ, ʠ ʧʨʦʚʝʜʝʥʳ 

ʨʘʩʯʸʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. (ʈʠʩʫʥʦʢ 1 ʙ). 

 

 

                                              ʘ)                                                     ʙ) 

ʈʠʩʫʥʦʢ 1 - ʊɺʉ ɺɺʕʈ-ʉ (ʘ) ʠ ʪʚʵʣ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʟʦʥʘʤʠ ʧʦ ʨʘʜʠʫʩʫ ʠ ʘʟʠʤʫʪʫ (ʙ) 

ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ, ʞʝʩʪʢʦʩʪʴ ʩʧʝʢʪʨʘ, ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʠ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʳʡ 
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ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ. ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʝʪʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʩ 

ʫʧʨʦʱʝʥʥʳʤ ʠ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʦʜʦʙʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ʇʨʠ ʨʘʩʯʝʪʘʭ 

ʚʳʛʦʨʘʥʠʷ ʫʯʠʪʳʚʘʣʦʩʴ ʜʚʠʞʝʥʠʝ ʚʳʪʝʩʥʠʪʝʣʝʡ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʵʬʬʝʢʪʦʚ. 

ɼʘʥʥʳʝ ʷʚʣʝʥʠʷ ʚʘʞʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ɺɺʕʈ-ʉ, ʘ ʚʦʟʥʠʢʘʶʱʠʝ 

ʵʬʬʝʢʪʳ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʊɺʉ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ɺɺʕʈ-ʉ. 
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ʨʘʟʣʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚ ʨʝʘʢʪʦʨʝ ʪʠʧʘ ɹʅ-1200 ʚ ʪʝʯʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʣʫʪʦʥʠʷ. 
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Abstract. The paper considers the relevance of the implementation of a two-component fuel cycle based on 

thermal and fast reactors. Estimates of the plutonium reserve are given. The spectral effect of plutonium refining in a 

BN-1200 reactor is considered. Computational modeling of the irradiation of plutonium of various qualities  in a      

BN-1200 reactor during the fuel campaign was carried out. Conclusions are drawn about the effectiveness of refining 

various types of plutonium. 

Keywords: fast neutron reactors, BN-1200, plutonium refining, two-component power engineering. 

 

ɺʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʠʩʪʦʱʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʟʘʧʘʩʦʚ ʫʨʘʥʘ, ʘ 

ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʫʨʘʥʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚʩʝ ʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʭʦʜ ʢ ʟʘʤʢʥʫʪʦʤʫ ʪʦʧʣʠʚʥʦʤʫ ʮʠʢʣʫ. ɿʘʤʢʥʫʪʳʡ ʪʦʧʣʠʚʥʳʡ 

ʮʠʢʣ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ, ʢʘʢ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʨʘʤʢʘʭ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʮʠʢʣʘ, ʥʘ ʙʘʟʝ ʪʝʧʣʦʚʳʭ ʠ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʦʚ. 

ʋʯʠʪʳʚʘʷ, ʦʩʚʦʝʥʥʦʩʪʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʣʝʛʢʦʚʦʜʥʳʭ ʨʝʘʢʪʦʨʦʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʵʪʘʧʦʤ ʧʝʨʝʭʦʜʘ ʢ ʟʘʤʢʥʫʪʦʤʫ 

ʪʦʧʣʠʚʥʦʤʫ ʮʠʢʣʫ ʙʫʜʝʪ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʘʷ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ 

ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʤʫ ʪʦʧʣʠʚʥʦʤʫ ʮʠʢʣʫ, 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʧʣʫʪʦʥʠʷ [2-4].  
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ɺ ʦʩʥʦʚʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ ʣʝʞʘʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʵʬʬʝʢʪʳ 

ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʧʣʫʪʦʥʠʷ. ʆʙʣʘʛʦʨʘʞʠʚʘʥʠʝ ʧʣʫʪʦʥʠʷ ï ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʣʫʪʦʥʠʷ, ʘ 

ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʣʫʪʦʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠ 

ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʢʨʘʪʥʦʛʦ ʨʝʮʠʢʣʘ ʚ ʨʝʘʢʪʦʨʝ  ʪʠʧʘ  

ɹʅ-1200 [5]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï  ʅʫʢʣʠʜʥʘʷ ʜʠʥʘʤʠʢʘ Pu-239 ʧʣʫʪʦʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʢʨʘʪʥʦʛʦ 

ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʥʫʢʣʠʜʥʦʡ ʜʠʥʘʤʠʢʝ Pu-239 ʚ ʩʦʩʪʘʚʝ ʧʣʫʪʦʥʠʷ ʨʘʟʣʠʯʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʟʘ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʚ ʨʝʘʢʪʦʨʝ ʪʠʧʘ ɹʅ-1200, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʜʥʦʡ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ.  

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʣʫʪʦʥʠʷ, ʪʘʢ ʠ ʧʦʣʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʭ ʚʝʢʪʦʨʦʚ  (Pu-238,  

Pu-239, Pu-240, Pu-241, Pu-242) ʟʘ ʚʨʝʤʷ ʦʜʥʦʢʨʘʪʥʦʛʦ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ.  

ʅʦ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ 

ʧʣʫʪʦʥʠʝʚ ʨʘʟʣʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʧʣʫʪʦʥʠʷ. ʊʘʢʞʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʦʮʝʥʢʠ ʦʙ ʫʚʝʣʠʯʝʥʠʝ ʮʝʥʥʦʩʪʠ ʧʣʫʪʦʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʦʚʦʛʦ 

ʩʧʝʢʪʨʘ, ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Cm
244 
ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʚ 

ʨʝʘʢʪʦʨʘʭ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʂʶʨʠʡ ʥʝ ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʨʘʥʩʤʫʪʘʮʠ ʚ ʪʝʧʣʦʚʳʭ ʨʝʘʢʪʦʨʘʭ.  
ʋ ʉm

244
 ʙʦʣʴʰʦʝ ʩʝʯʝʥʠʝ ʜʝʣʝʥʠʝ ʚ ʙʳʩʪʨʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ 

ʙʳʩʪʨʦʛʦ ʨʝʘʢʪʦʨʘ.  
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Abstract. The work is devoted to investigating the possibility of using Cm
244
as fuel in fast neutron reactors. 

Curium is not well suited for transmutation in thermal reactors. Cm
244
 has a large fission cross section in the fast region, 

which allows it to be considered as a fast reactor fuel. 

Keywords: curium, alternative fuel, reactors, BN, fuel cycle. 

 

ʂʶʨʠʡ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʛʘʤʤʘ-ʘʢʪʠʚʥʦʩʪʴ (ʜʣʷ Cm
244 
80,9 ʂʶ/ʛ) ʠ 

ʨʘʜʠʦʪʦʢʩʠʯʥʦʩʪʴ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ʂʶʨʠʡ ʥʝ ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʪʨʘʥʩʤʫʪʘʮʠʠ ʚ ʪʝʧʣʦʚʳʭ ʨʝʘʢʪʦʨʘʭ, ʧʦʪʦʤʫ ʯʪʦ ʩʝʯʝʥʠʷ ʜʝʣʝʥʠʷ ʠ ʟʘʭʚʘʪʘ ʦʩʥʦʚʥʳʭ 

ʠʟʦʪʦʧʦʚ (Cm
242
 ʠ Cm

244
) ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʝ ʠ ʠʭ ʪʨʫʜʥʦ ʵʬʬʝʢʪʠʚʥʦ ʪʨʘʥʩʤʫʪʠʨʦʚʘʪʴ. ʀʟ-ʟʘ 

ʙʳʩʪʨʦʛʦ ʨʘʩʧʘʜʘ ʦʩʥʦʚʥʳʭ ʠʟʦʪʦʧʦʚ ʢʶʨʠʷ (ʩ ʚʨʝʤʝʥʘʤʠ ʧʦʣʫʨʘʩʧʘʜʘ 18,1 ʛʦʜʘ ʉm
244
) 

ʤʘʩʩʘ ʢʶʨʠʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʦʪʨʘʙʦʪʘʚʰʝʤ ʪʦʧʣʠʚʝ, ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ 

ʯʝʨʝʟ 50 ʣʝʪ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʠʟ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʂʶʨʠʡ ʤʦʞʝʪ ʩʪʘʪʴ ʭʦʨʦʰʠʤ 

ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ʀʟʦʪʦʧ Cm
244
 ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʶʨʠʝʚʦʤ ʚʝʢʪʦʨʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ Cm
244
 ʚ ʆʗʊ ɺɺʕʈ-1000 31,7 ʛ/ʪ U.  

ʉʭʝʤʘ ʨʘʩʧʘʜʘ ʉm
244
 ʠʤʝʝʪ ʚʠʜ: 

ʉm
244
 (ʊ1/2 = 18.1 ʣʝʪ; Ŭ) Ÿ Pu-240 (ʊ1/2 = 6.56Ŀ103 ʣʝʪ; Ŭ). 

ʋ ʉm
244
 ʙʦʣʴʰʦʝ ʩʝʯʝʥʠʝ ʜʝʣʝʥʠʷ ʚ ʙʳʩʪʨʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 1), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʛʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʙʳʩʪʨʦʛʦ ʨʝʘʢʪʦʨʘ.  
 

 
ʈʠʩʫʥʦʢ 1ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʜʝʣʝʥʠʷ ʦʪ ʵʥʝʨʛʠʠ ʥʘʣʝʪʘʶʱʝʛʦ ʥʝʡʪʨʦʥʘ  
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ɼʣʷ ʚʩʝʭ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ (ʄɸ) ʦʪʥʦʰʝʥʠʝ ʩʝʯʝʥʠʷ ʜʝʣʝʥʠʷ ʢ ʩʝʯʝʥʠʶ 

ʧʦʛʣʦʱʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʙʳʩʪʨʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʚʳʰʝ, ʯʝʤ ʚ ʪʝʧʣʦʚʦʡ.  ɺʝʨʦʷʪʥʦʩʪʴ 

ʜʝʣʝʥʠʷ ʦʩʪʘʸʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʜʣʷ ʠʟʦʪʦʧʘ Cm
244
 ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʩʧʝʢʪʨʝ ʥʝʡʪʨʦʥʦʚ. 

ʏʠʩʣʦ ʜʝʣʝʥʠʡ ʥʘ ʦʜʥʦ ʧʦʛʣʦʱʝʥʠʝ ʥʝʡʪʨʦʥʘ ʚ ʪʝʧʣʦʚʦʡ, ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠ ʙʳʩʪʨʦʡ 

ʦʙʣʘʩʪʷʭ ʵʥʝʨʛʠʡ ʜʣʷ Cm
244
 0,063 (En å 0,025 ɻ ɺ), 0,107 (En å 100 ʢʵɺ), 0,937 (En å 2 ʄʵɺ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤ ʞʸʩʪʢʠʡ ʩʧʝʢʪʨ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ, ʠ ʤʠʥʠʤʠʟʘʮʠʷ ʟʘʤʝʜʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ.   

ɸʚʪʦʨʳ ʧʦʥʠʤʘʶʪ ʦ ʧʨʦʙʣʝʤʘʭ ʜʦʙʳʯʠ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʦʙʨʘʱʝʥʠʷ ʩ ʢʶʨʠʝʤ. ɼʘʥʥʘʷ 

ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ 

ʠ ʦʙʨʘʱʝʥʠʷ ʩ ʢʶʨʠʝʤ.   

ʇʨʦʙʣʝʤʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʶʨʠʚʦʛʦ ʪʦʧʣʠʚʘ ʤʦʞʝʪ ʩʪʘʪʴ ʙʦʣʴʰʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ 

(ʥʘ ʧʦʨʷʜʢʠ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʫʨʘʥʘ), ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʦʣʦʯʢʫ ʪʚʵʣʦʚ 

ʠ ʪʦʧʣʠʚʥʫʶ ʤʘʪʨʠʮʫ. ʋ ʢʶʨʠʷ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʩʲʸʤʘ. 

ʅʦ ʚ ʩʣʫʯʘʝ ʪʦʧʣʠʚʘ ʠʟ ʦʜʥʠʭ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ (ʘ ʢʦʥʢʨʝʪʥʦ ʢʶʨʠʷ) ʦʥ ʙʫʜʝʪ 

ʚʳʞʠʛʘʪʴ ʪʦʣʴʢʦ çʩʚʦʠè ʤʠʥʦʨʥʳʝ ʘʢʪʠʥʠʜʳ. ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [3], ʪʘʢʦʡ ʨʝʘʢʪʦʨ ʤʦʞʝʪ 

ʙʳʪʴ ʵʬʬʝʢʪʠʚʝʥ ʪʦʣʴʢʦ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʥʝʡʪʨʦʥʥʳʭ ʩʝʯʝʥʠʡ ʟʘʭʚʘʪʘ ʠ ʜʝʣʝʥʠʷ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʪʦʧʣʠʚʥʳʤʠ ʥʫʢʣʠʜʘʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʦʙʣʠʢʘ ʞʠʜʢʦʩʦʣʝʚʦʛʦ ʨʝʘʢʪʦʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʨʝʘʢʪʦʨʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʘ MSRE, ʧʨʦʚʝʜʝʥʳ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ ʩʦʩʪʘʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʝʛʦ ʢʦʤʧʘʥʠʠ ʩ ʫʯʝʪʦʤ ʥʝʧʨʝʨʳʚʥʦʡ ʦʯʠʩʪʢʠ ʦʪ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʠ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʜʧʠʪʢʠ 

ʪʦʧʣʠʚʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʜʢʦʩʦʣʝʚʦʡ ʨʝʘʢʪʦʨ, ʘʪʦʤʥʘʷ ʩʪʘʥʮʠʷ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʜʦʞʠʛʘʥʠʝ ʤʠʥʦʨʥʳʭ 

ʘʢʪʠʥʠʜʦʚ, ʄʦʥʪʝ-ʂʘʨʣʦ, ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ, ʢʦʤʧʘʥʠʷ ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʦʯʠʩʪʢʦʡ ʠ ʧʦʜʧʠʪʢʦʡ. 
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Abstract. The work is devoted to the development of the appearance of a molten salt reactor designed to 

operate as part of a low-power nuclear power plant. A design model of the reactor based on the MSRE reactor design 

has been developed, optimization calculations of the core composition have been carried out, and its company has been 
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modeled taking into account continuous purification from fission products and continuous fuel replenishment. 

Keywords: molten salt reactor, low-power nuclear power plant, burning of minor actinides, Monte Carlo 

simulation, nuclear fuel, a company with continuous purification and recharge. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʪʦʤʥʳʝ ʩʪʘʥʮʠʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (ɸʉʄʄ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè [1]. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʛʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʙʦʣʝʝ 

ʤʦʱʥʳʭ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɾʠʜʢʦʩʦʣʝʚʳʝ ʨʝʘʢʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʠʧʦʚ ʨʝʘʢʪʦʨʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ɸʉʄʄ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʧʨʠʯʠʥʘʤ: 

- ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʞʠʜʢʦʩʦʣʝʚʳʤ ʨʝʘʢʪʦʨʘʤ ʧʨʠʩʫʱʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʪ ʨʝʘʢʪʠʚʥʦʩʪʥʳʝ ʘʚʘʨʠʠ; 

- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ï ʨʘʩʧʣʘʚʥʘʷ ʬʦʨʤʘ ʪʦʧʣʠʚʘ ʧʦʟʚʦʣʷʝʪ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʫʚʦʜʘ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʠʟ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʜʧʠʪʢʫ ʜʝʣʷʱʠʤʠʩʷ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʪʥʦʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʘʢʪʦʨʘ MSRE [2]. ʄʦʜʝʣʴ 

ʨʝʘʢʪʦʨʘ MSRE ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ SERPENT-2 [3] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. ɺ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʡ ʩʦʣʠ ʧʨʠʥʷʪʘ ʩʦʣʴ ï 65LiF-30BeF2-5ZrF4 ʚ ʢʘʯʝʩʪʝ ʪʦʧʣʠʚʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ï 73LiF-27UF4. 

 

  
 ͊  ͋

ʘ - ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʥʘ ʫʨʦʚʥʝ ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʪʦʧʣʠʚʘ; ʙ - ʧʨʦʜʦʣʴʥʦʝ ʩʝʯʝʥʠʝ (ʩʤʝʱʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʢʘʥʘʣʦʚ ʨʝʛʫʣʠʨʫʶʱʠʭ ʩʪʝʨʞʥʝʡ) 

ʈʠʩʫʥʦʢ 1 ï  ʄʦʜʝʣʴ ʨʝʘʢʪʦʨʘ MSRE ʚ ʇʉ SERPENT-2 

 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʘʨʪʦʚʦʡ ʪʦʧʣʠʚʥʦʡ ʟʘʛʨʫʟʢʠ ʙʳʣʘ ʨʘʩʯʠʪʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʦʪ ʦʙʦʛʘʱʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʦ 
235

U, 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
ʈʠʩʫʥʦʢ 2 ï  ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʦʪ ʩʪʝʧʝʥʠ ʦʙʦʛʘʱʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

 

ʅʘʠʙʦʣʴʰʠʡ ʨʦʩʪ ʦʙʲʝʤʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʙʦʛʘʱʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʧʨʠʤʝʨʥʦ ʧʨʠ 

18 %. ʆʙʦʛʘʱʝʥʠʝ ʥʠʞʝ 19.5 % ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʷʜʝʨʥʦʛʦ 
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ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʦʙʦʛʘʱʝʥʠʷ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, 

ʦʧʪʠʤʘʣʴʥʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʙʲʝʤ ʟʦʥʳ ʨʘʚʥʳʡ 3.05 ʤ
3
, ʪʘʢʦʡ ʦʙʲʝʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʪʝ 

ʘ.ʟ. 153.40 ʩʤ ʠ ʨʘʜʠʫʩʫ 79.56 ʩʤ. ʂʦʥʝʯʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 19.5 % ʧʦ 
235

U. 

ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. ʉʨʦʢ 

ʩʣʫʞʙʳ ʨʝʘʢʪʦʨʘ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 20 ʣʝʪ ʥʘ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ 20 ʄɺʪ. ɼʣʷ ʥʝʸ ʙʳʣʠ 

ʧʦʜʦʙʨʘʥʳ ʩʢʦʨʦʩʪʠ ʧʦʜʧʠʪʢʠ ʜʝʣʷʱʠʤʠʩʷ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʩʢʦʨʦʩʪʠ ʦʯʠʩʪʢʠ ʦʪ ʧʨʦʜʫʢʪʦʚ 

ʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʘʢʪʦʨʫ ʨʘʙʦʪʘʪʴ ʚ ʪʝʯʝʥʠʠ ʚʩʝʡ ʢʘʤʧʘʥʠʠ ʚ ʧʨʝʜʝʣʘʭ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʘʧʘʩʘ ʨʝʘʢʪʠʚʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʩ ʞʠʜʢʦʩʦʣʝʚʳʤ ʨʝʘʢʪʦʨʦʤ. 
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ʋɼʂ 621.039.54 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀɿʄɽʅɽʅʀʗ ɼʆʃʀ ɿɸʇɸɿɼʓɺɸʖʑʀʍ 

ʅɽʁʊʈʆʅʆɺ ʇʈʀ ɼʆɹɸɺʃɽʅʀʀ ʆʂʉʀɼɸ ɸʄɽʈʀʎʀʗ ɺ ʋʈɸʅʆɺʆɽ 

ʆʂʉʀɼʅʆɽ ʊʆʇʃʀɺʆ ʊɽʇʃʆɺʆɻʆ ʈɽɸʂʊʆʈɸ 
 

ʉʢʫʣʢʠʥ ɺ.ʆ. ɺʥʫʢʦʚ ʈ. ɸ. 

ʆʙʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ 

info@iate.obninsk.ru 
 
ɸʥʥʦʪʘʮʠʷ. ɿʘʜʘʯʘ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʤʝʨʠʮʠʷ, ʚ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʨʝʰʝʥʠʡ. ʆʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ ʘʤʝʨʠʮʠʷ ʚ ʪʦʧʣʠʚʦ ʫʭʫʜʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʷʜʝʨʥʳʤ ʨʝʘʢʪʦʨʦʤ ʚ ʩʠʣʫ ʤʝʥʴʰʝʡ ʜʦʣʠ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ, ʧʦʨʷʜʢʘ 0.2%. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʜʦʣʠ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʢʩʠʜʘ ʘʤʝʨʠʮʠʷ ʚ 

ʫʨʘʥʦʚʦʝ ʪʦʧʣʠʚʦ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʥʦʨʥʳʝ ʘʢʪʠʥʠʜʳ, ʘʤʝʨʠʮʠʡ, ʜʦʣʷ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ, ʪʝʧʣʦʚʦʡ ʨʝʘʢʪʦʨ 
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Abstract. The problem of using minor actinides, particularly americium, in a nuclear reactor currently has 

several solutions. However, the addition of americium to the fuel impairs the ability to control the nuclear reactor due to 

the smaller fraction of delayed neutrons, of the order of 0.2%. This paper examines the change in the delayed neutron 

fraction when americium oxide is added to the uranium fuel of a VVER-1200 reactor. 

Keywords: minor actinides, americium, delayed neutron fraction, thermal reactor. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ (ʄɸ) ʥʝ ʚʳʟʳʚʘʝʪ 

ʩʦʤʥʝʥʠʷ [1]. ʆʧʨʝʜʝʣʝʥʠʝ ʠʣʠ ʠʟʦʙʨʝʪʝʥʠʝ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʄɸ ʚ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ [2]. ɺ ʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʄɸ ʚ ʪʝʧʣʦʚʦʤ ʨʝʘʢʪʦʨʝ. 

ʅʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʦʢʩʠʜʘ ʘʤʝʨʠʮʠʷ 

ʚ ʫʨʘʥʦʚʦʝ ʪʦʧʣʠʚʦ ʥʘ ʨʘʟʤʥʦʞʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ, ʚʳʛʨʫʞʘʝʤʳʡ ʩʦʩʪʘʚ ʪʦʧʣʠʚʘ. 
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ʇʨʦʚʦʜʠʣʘʩʴ ʚʘʨʠʘʮʠʷ ʜʦʣʠ ʦʢʩʠʜʘ ʘʤʝʨʠʮʠʷ ʚ ʪʦʧʣʠʚʝ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 [3, 4] ʩʦʛʣʘʩʥʦ 

ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʘʤʝʨʠʮʠʷ, ʧʝʨʝʨʘʙʦʪʘʥʥʦʤʫ ʠʟ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ) 

[5]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩ ʧʦʟʠʮʠʠ ʢʘʢ ʚʳʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ, ʪʘʢ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʦʛʦ ʜʝʣʷʱʝʛʦʩʷ ʥʫʢʣʠʜʘ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. ʊʘʢʞʝ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʢʩʠʜʘ ʘʤʝʨʠʮʠʷ. 

ɸʥʘʣʠʟʠʨʫʷ ʠʟʦʪʦʧʳ ʘʤʝʨʠʮʠʷ ʩ ʧʦʟʠʮʠʠ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ, ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʜʦʣʶ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0.2%. ʕʪʦ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʦʢʩʠʜʘ ʘʤʝʨʠʮʠʷ ʚ ʪʦʧʣʠʚʦ ʪʝʧʣʦʚʦʛʦ ʨʝʘʢʪʦʨʘ ʥʝʛʘʪʠʚʥʦ ʩʢʘʞʝʪʩʷ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʷʜʝʨʥʳʤ ʨʝʘʢʪʦʨʦʤ. ʎʝʣʴʶ ʵʪʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʠʟʤʝʥʝʥʠʷ ʜʦʣʠ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ ʚ ʪʝʯʝʥʠʝ ʢʘʤʧʘʥʠʠ ʨʝʘʢʪʦʨʘ ʧʨʠ ʫʩʣʦʚʠʠ 

ʥʘʣʠʯʠʷ ʦʢʩʠʜʘ ʘʤʝʨʠʮʠʷ ʚ ʪʦʧʣʠʚʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʜʝʣʘʥʳ ʤʦʜʝʣʠ ʊɺʉ ʨʝʘʢʪʦʨʘ 

ɺɺʕʈ-1200. ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʪʠʧʦʚ ʊɺʉ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʘʩʯʝʪʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʧʠʩʘʥʠʝ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʪʠʧʦʚ ʊɺʉ 

ʊʠʧ ʊɺʉ 

ʆʙʦʛʘʱʝʥʠʝ ʪʚʵʣʦʚ ʚ ʊɺʉ 

ʧʦ ʫʨʘʥʫ-235 (ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ) 

ʂʦʣʠʯʝʩʪʚʦ ʪʚʵʛʦʚ, ʰʪ \ ʦʙʦʛʘʱʝʥʠʝ ʪʦʧʣʠʚʘ ʚ ʥʠʭ ʧʦ 

ʫʨʘʥʫ-235, % \ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʛʘʜʦʣʠʥʠʷ, % 

Z49 4,95 (312) ï \ ï \ ï 

Z49A2 4,95 (300) 12 \ 3,6 \ 5 

Z49B6 4,95 (306) 6 \ 3,6 \ 5 

ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ 

Z49(A4) 
4,95 (288) 24 \ 3,6 \ 5 

 

ɼʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʨʝʘʣʠʟʫʶʱʠʡ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ɻʦʚʦʨʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʵʪʦʡ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʦʢʩʠʜʘ ʘʤʝʨʠʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ, ʢʘʢ ʚ 

ʥʘʯʘʣʝ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ, ʪʘʢ ʠ ʚ ʢʦʥʮʝ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʤʦʜʝʣʴ ʊɺʉ ɺɺʕʈ-ʉ ʥʘ ʧʨʝʜʤʝʪ ʘʢʩʠʘʣʴʥʳʭ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʝʡ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠ ʚʳʛʦʨʘʥʠʷ ʚ ʪʚʵʣʘʭ. ʆʪ ʚʳʰʝʩʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʷʪ: ʣʠʥʝʡʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʢʦʨʦʩʪʴ 

ʥʘʙʦʨʘ ʚʳʛʦʨʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨ. ɼʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʣʦʢʘ. 
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Abstract. The paper examines the WWER-C fuel assembly model for axial irregularities of heat release and 

burnout in fuel rods. The above characteristics depend on: linear load, burnout rate, temperature, etc. These functions 

are important from the point of view of the safety indicators of the block. 

Keywords:  spectral regulation, WWER-C, local, unevenness, heat dissipation, burnout, displacer, displacer 

channel. 

 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʈʌ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʝʢʪ ʨʝʘʢʪʦʨʘ ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ï ɺɺʕʈ-ʉ [1]. ɹʣʘʛʦʜʘʨʷ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ 

ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʩʦʭʨʘʥʠʚ ʦʩʥʦʚʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʝʘʢʪʦʨʘ ɺɺʕʈ. ɺ ɺɺʕʈ-ʉ ʩʠʩʪʝʤʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʚʳʪʝʩʥʠʪʝʣʝʡ, ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʚ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʜʣʷ ʥʠʭ 

ʢʘʥʘʣʘʭ. 

ʇʨʠ ʠʟʚʣʝʯʸʥʥʦʤ ʚʳʪʝʩʥʠʪʝʣʝ ʚ ʢʘʥʘʣʝ ʥʘʭʦʜʠʪʩʷ ʩʢʦʧʣʝʥʠʝ ʟʘʤʝʜʣʠʪʝʣʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʩʧʣʝʩʢʫ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʚʦʟʣʝ ʥʝʛʦ, ʠ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʣʦʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʣʠʥʝʡʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʢʦʨʦʩʪʴ ʥʘʙʦʨʘ 

ʚʳʛʦʨʘʥʠʷ, ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʠ ʧʨʦʯʝʝ. ɼʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʳ ʷʚʣʷʶʪʩʷ ʢʘʢ ʚʘʞʥʳʤʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʣʦʢʘ, ʪʘʢ ʠ ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʀʟ-ʟʘ ʨʘʟʤʝʨʘ ʣʦʢʘʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʩʦʠʟʤʝʨʠʤ ʩ 

ʜʠʘʤʝʪʨʦʤ ʪʚʵʣʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʘʟʠʤʫʪʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʳʛʦʨʘʥʠʷ ʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ 

ʪʚʵʣʘʭ ʦʢʦʣʦ ʚʳʪʝʩʥʠʪʝʣʝʡ, ʧʦʵʪʦʤʫ ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʠʤʝʣʠ ʚʳʩʦʢʫʶ ʜʝʪʘʣʠʟʘʮʠʶ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʚʳʰʝʥʥʦʝ ʚʳʛʦʨʘʥʠʝ ʜʦʣʞʥʦ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʝʣʷʱʠʭʩʷ ʠʟʦʪʦʧʦʚ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʛʣʦʱʘʶʱʠʭ ʦʩʢʦʣʢʦʚ. 

ɺʘʞʥʦ, ʯʪʦ ʯʘʩʪʴ ʠʟ ʵʪʠʭ ʦʩʢʦʣʢʦʚ ʷʚʣʷʶʪʩʷ ʛʘʟʘʤʠ, ʢʦʪʦʨʳʝ ʩʢʣʦʥʥʳʝ ʢ ʤʠʛʨʘʮʠʠ. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʠʩʘʥʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʠ ʚʳʭʦʜʫ ʇɼ ʠʟ ʤʘʪʨʠʮʳ 

ʪʦʧʣʠʚʘ, ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚ ʨʘʙʦʪʝ. 

ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʇʂ Serpent [2]. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʨʘʩʯʸʪ ʚʳʛʦʨʘʥʠʷ 

ʊɺʉ ɺɺʕʈ-ʉ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʩʧʝʢʪʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʚʨʝʤʝʥʥʦʛʦ ʦʪʨʝʟʢʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʤʠʢʨʦʢʘʤʧʘʥʠʷ ʨʝʘʢʪʦʨʘ ʜʣʠʥʦʡ 1 ʛʦʜ [3]. ɺ ʧʝʨʚʳʝ ʧʦʣʛʦʜʘ ʚʳʪʝʩʥʠʪʝʣʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʘʢʪʠʚʥʦʡ ʟʦʥʝ, ʘ ʚʦ ʚʪʦʨʳʝ ʧʦʣʛʦʜʘ ʦʥʠ ʠʟʚʣʝʢʘʶʪʩʷ, ʦʩʪʘʚʣʷʷ ʢʘʥʘʣʳ ʩ ʚʦʜʦʡ (ʈʠʩ 1.). 
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ʈʠʩʫʥʦʢ 1 ï ʗʯʝʡʢʘ ʊɺʉ ɺɺʕʈ-ʉ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʩʯʸʪʦʚ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʦʙʣʘʩʪʠ ʊɺʉ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪʚʵʣʳ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʪʝʯʝʥʠʠ ʢʘʤʧʘʥʠʠ ʙʳʣʦ 

ʙʦʣʝʝ 10%. ʊʘʢʞʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʘʟʠʤʫʪʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʪʚʵʣʘʭ, ʠ ʦʥʘ 

ʩʦʩʪʘʚʣʷʣʘ ʙʦʣʝʝ 7% ʧʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʶ. 

ɺ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʥʘʡʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʦʣʦʯʝʢ ʪʚʵʣ ʠ ʦʮʝʥʠʪʴ ʣʠʥʝʡʥʳʝ ʥʘʛʨʫʟʢʠ. 
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1. ʅʦʚʦʩʪʥʦʡ ʩʘʡʪ: ʩʘʡʪ / ʆʪʨʘʩʣʝʚʦʝ ʠʟʜʘʥʠʝ ʛʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè. ï ʄʦʩʢʚʘ. : URL: https://strana-

rosatom.ru/2019/06/05/vladimir-piminov-reaktor-so-spektra/?ysclid=ltgfpyyky4481845508 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

07.02.2024).  

2. Jaakko Leppªnen. Userôs Manual. Serpent ï a Continuous-energy Monte Carlo Reactor Physics Burnup 

Calculation Code ï 2015. ï p. 164. 

3. ɸ.ʀ. ʕʣʘʟʘʢʘ, ɻ. ɺ. ʊʠʭʦʤʠʨʦʚ. ʇʦʪʝʥʮʠʘʣ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ɺɺʕʈ ʩ ʫʯʝʪʦʤ ʚʳʛʦʨʘʥʠʷ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʜʭʦʜʳ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200. 

ʇʨʦʠʟʚʝʜʝʥʘ   ʦʮʝʥʢʘ   ʚʦʟʤʦʞʥʦʩʪʠ   ʧʦʣʫʯʝʥʠʷ   ʩʦʩʪʘʚʦʚ    ʯʘʩʪʠʯʥʦ   ʦʪʨʘʙʦʪʘʚʰʠʭ  ʊɺʉ.  ʀʩʧʦʣʴʟʦʚʘʥʳ  

12-ʤʝʩʷʯʥʳʝ ʪʦʧʣʠʚʥʳʝ ʟʘʛʨʫʟʢʠ. ɺ ʦʜʥʦʤ ʚʘʨʠʘʥʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʛʨʫʞʘʣʠʩʴ ʊɺʉ ʦʪ ʩʪʘʨʪʦʚʦʡ 

ʟʘʛʨʫʟʢʠ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ. ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʛʨʫʟʦʢ ʜʣʷ ʧʝʨʝʭʦʜʘ 4: ʯʠʩʣʦ ʧʦʜʦʙʨʘʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʥʮʝʧʮʠʝʡ, ʯʪʦ ʯʝʪʚʝʨʪʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʝʨʝʛʨʫʞʘʝʪʩʷ ʢʘʞʜʳʡ ʛʦʜ. ɺ ʜʨʫʛʦʤ ʚʘʨʠʘʥʪʝ ʩʦʩʪʘʚʳ ʯʘʩʪʠʯʥʦ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʊɺʉ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʛʨʫʟʢʠ ʧʦʣʫʯʝʥʳ ʟʘ ʩʯʝʪ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚʳʛʦʨʘʥʠʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚ 

ʩʦʙʩʪʚʝʥʥʦʤ ʩʧʝʢʪʨʝ. ʉʨʘʚʥʝʥʠʝ ʚʳʛʦʨʘʥʠʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʛʨʫʟʢʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʩ ʨʘʟʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʪʣʠʯʠʝ ʚ ʂʵʬʬ ʥʘ ʥʘʯʘʣʦ ʢʘʤʧʘʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 0.47% ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʦʚ 

0.04%. ɺ ʧʨʦʮʝʩʩʝ ʚʳʛʦʨʘʥʠʷ ʦʪʢʣʦʥʝʥʠʝ ʩʥʘʯʘʣʘ ʧʘʜʘʝʪ, ʟʘʪʝʤ ʨʘʩʪʝʪ, ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 1.5%.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺɺʕʈ, ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʛʨʫʟʢʘ, ʚʘʣʠʜʘʮʠʷ, ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʘʢʪʠʚʥʘʷ ʟʦʥʘ. 
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Abstract. The paper considers approaches to validation of the WWER-1200 reactor core model. The 

possibility of obtaining compositions of partially spent fuel assemblies has been assessed. 12-month fuel loads were 

used. In one variant, the fuel assemblies were sequentially overloaded from the initial load to the stationary one. The 

number of overloads for the transition is 4: the number is selected in accordance with the concept that a quarter of the 

core is overloaded every year. In another variant, the compositions of partially spent fuel assemblies of stationary 

loading are obtained due to independent burnout of each type in its own spectrum. A comparison of the burnouts of the 

stationary core loading with different variants showed that the difference in the Keff at the beginning of the campaign is 

0.47% with a statistical error of 0.04%. In the process of burnout, the deviation first decreases, then increases, while not 

exceeding 1.5%. 

Keywords: WWER, stationary loading, validation, neutronics, core. 

 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʦʙʦʩʥʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. ʉ ʧʦʟʠʮʠʠ ʥʝʡʪʨʦʥʥʦʡ ʨʝʘʢʪʦʨʥʦʡ ʬʠʟʠʢʠ ʧʦʜʭʦʜʳ ʦʪ 

ʨʝʘʢʪʦʨʘ ʢ ʨʝʘʢʪʦʨʫ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ. 

ɺ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʘʭ (ɹʅ-600, ɹʅ-800, ɹʅ-1200) ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʜʠʘʣʴʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʬʦʨʤʘʪʝ çin-outè [1]. ɺ ʪʝʧʣʦʚʳʭ ʨʝʘʢʪʦʨʘʭ ʪʠʧʘ 

ɺɺʕʈ ʩʠʪʫʘʮʠʷ ʤʝʥʝʝ ʦʜʥʦʟʥʘʯʥʘʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʧʝʨʠʬʝʨʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʚʝʞʠʝ 

ʊɺʉ, ʩ ʜʨʫʛʦʡ, ʪʘʤ ʞʝ ʥʘʭʦʜʷʪʩʷ ʠ ʦʪʨʘʙʦʪʘʚʰʠʝ. ʅʘ ʧʨʠʤʝʨʝ ɺɺʕʈ-1200 ʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ 

ʩʪʘʨʪʦʚʫʶ ʠ ʩʪʘʮʠʦʥʘʨʥʫʶ ʟʘʛʨʫʟʢʠ ʨʝʘʢʪʦʨʘ [2-3]. ʆʯʝʚʠʜʥʦ, ʚ ʩʪʘʨʪʦʚʦʡ ʟʘʛʨʫʟʢʝ, 

ʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʮʠʦʥʘʨʥʫʶ ʩ ʧʦʟʠʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ ʠ ʩʧʝʢʪʨʘ 

ʥʝʡʪʨʦʥʦʚ, ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʦʙʦʛʘʱʝʥʠʝ ʥʘ ʧʝʨʠʬʝʨʠʠ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ ʨʝʘʢʪʦʨʘʤ ʪʠʧʘ ɹʅ, 

ʦʜʥʘʢʦ ʚ ʮʝʥʪʨʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʥʘʙʣʶʜʘʶʪʩʷ ʊɺʉ ʩ ʪʦʧʣʠʚʦʤ ʨʘʟʥʳʭ ʦʙʦʛʘʱʝʥʠʡ.  

ɺ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʛʨʫʟʢʝ ʩʠʪʫʘʮʠʷ ʘʥʘʣʦʛʠʯʥʘʷ, ʧʨʠ ʵʪʦʤ ʟʘʜʘʯʠ ʧʦ ʦʮʝʥʢʝ ʥʘʨʘʙʦʪʢʠ 

ʥʫʢʣʠʜʦʚ, ʧʨʦʚʝʜʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ (ʦʮʝʥʢʘ ʬʣʶʝʥʩʦʚ ʥʘ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʧ.) ʘʢʪʫʘʣʴʥʳ ʠ ʪʨʝʙʫʶʪ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʘʢʪʠʚʥʳʭ ʟʦʥ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʘʢʪʫʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʢʘʞʜʦʡ ʊɺʉ. 

ʆʜʥʘʢʦ ʦʪʢʨʳʪʦ ʧʦʜʦʙʥʳʝ ʜʘʥʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ ʥʝ ʤʦʛʫʪ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʘ 

ʚʳʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʝʨʝʭʦʜʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʦʪ ʩʪʘʨʪʦʚʦʡ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʛʨʫʟʢʝ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʩʪʘʨʪʦʚʘʷ ʟʘʛʨʫʟʢʘ ʠ ʩʚʝʞʠʝ ʊɺʉ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʟʘʛʨʫʟʢʠ. ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʝʨʝʛʨʫʟʢʠ ʪʦʧʣʠʚʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʚ 

ʢʘʞʜʦʡ ʊɺʉ ʩʣʘʙʦ ʦʪʣʠʯʘʣʦʩʴ ʜʨʫʛ  ʦʪ ʜʨʫʛʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ ʤʠʢʨʦʢʘʤʧʘʥʠʡ, ʘ ʧʨʠ 

ʧʝʨʝʛʨʫʟʢʘʭ ʙʳʣʦ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʢʦʩʘ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ ʧʦ ʘʢʪʠʚʥʦʡ ʟʦʥʝ (ʨʘʜʠʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣ ʧʨʝʜʝʣʴʥʦ ʨʘʟʨʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ). 

ɸʣʴʪʝʨʥʘʪʠʚʝʥ ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʩʪʘʚʳ ʯʘʩʪʠʯʥʦ ʚʳʛʦʨʝʚʰʠʭ ʊɺʉ ʧʦʣʫʯʘʣʠʩʴ ʟʘ ʩʯʝʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʩʧʝʢʪʨʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʡʪʨʦʥʥʳʡ 

ʧʦʪʦʢ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʘʢʪʦʨʥʦʛʦ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢ ʨʠʩʢ ʧʦʣʫʯʝʥʠʷ ʦʪʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ 

ʦʪ ʨʝʘʣʴʥʳʭ. ɼʣʷ ʤʦʜʝʣʠ ʚʳʙʨʘʥʘ ʘʢʪʠʚʥʘʷ ʟʦʥʘ ɺɺʕʈ-1200 ʩ 12-ʤʝʩʷʯʥʳʤʠ ʨʝʘʢʪʦʨʥʳʤʠ 

ʢʘʤʧʘʥʠʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʪʢʣʦʥʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʛʨʫʟʦʢ ʤʦʜʝʣʝʡ ʩ ʩʦʩʪʘʚʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʛʨʫʟʦʢ ʦʪ ʩʪʘʨʪʦʚʦʡ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʦʪ 

ʚʳʛʦʨʘʥʠʷ ʊɺʉ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʩʧʝʢʪʨʝ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʆʪʢʣʦʥʝʥʠʷ ʚ ʂʵʬʬ ʤʝʞʜʫ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʩʦʩʪʘʚʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʛʨʫʟʢʠ 

 ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

 

ʂʘʢ ʚʠʜʥʦ, ʩ ʨʦʩʪʦʤ ʚʨʝʤʝʥʠ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʨʘʩʪʝʪ ʦʪʢʣʦʥʝʥʠʷ ʚ ʤʦʜʝʣʷʭ, 

ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʥʘ 0.47% ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʚ 0.04%. 
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Abstract. The use of MOX fuel makes it possible to increase the concentration of fissile nuclides, thereby 

achieving good burnup performance, without increasing the residence time of the fuel assemblies in the core and 

without enriching the U235 isotope. This work is devoted to comparing the use of heterogeneous and homogeneous 

MOX fuel in the BN-600 reactor. 

Keywords: MOX fuel, homogeneous placement, heterogeneous placement, uranium-plutonium oxide fuel, 

fuel element. 
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ʂʦʣʦʩʩʘʣʴʥʳʝ ʦʙʲʝʤʳ ʥʘʢʦʧʠʚʰʝʛʦʩʷ ʟʘ ʛʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʦʪʭʦʜʦʚ ʠ ʦʪʚʘʣʴʥʦʛʦ ʫʨʘʥʘ, ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʝʛʦ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʦʨʤʘʪʝ MOX-ʪʦʧʣʠʚʘ [1, 2]. ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʦʙʦʛʘʱʝʥʠʷ ʫʨʘʥʘ ʧʦ ʠʟʦʪʦʧʫ U-235 ʠ ʥʘʙʠʨʘʶʱʠʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʜʝʠ ʵʢʦʥʦʤʠʠ ʧʨʠʨʦʜʥʳʭ 

ʜʝʣʷʱʠʭʩʷ ʥʫʢʣʠʜʦʚ ʩʪʘʚʷʪ ʟʘʜʘʯʫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ MOX-ʪʦʧʣʠʚʦ ʩ 

ʛʦʤʦʛʝʥʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʜʠʦʢʩʠʜʦʚ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɻʝʪʝʨʦʛʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʛʦ ʪʦʧʣʠʚʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

çʫʜʝʨʞʘʥʠʷè ʚ ʧʨʝʜʝʣʘʭ ʧʣʫʪʦʥʠʝʚʦʡ ʚʩʪʘʚʢʠ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ ʠ ʯʝʪʥʳʭ ʠʟʦʪʦʧʦʚ 

ʧʣʫʪʦʥʠʷ. 

ɼʣʷ ʤʦʜʝʣʠ ʪʚʵʣʘ ʩ ʛʝʪʝʨʦʛʝʥʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʦʢʩʠʜʥʦʛʦ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʛʦ 

ʪʦʧʣʠʚʘ [1] ʙʳʣ ʧʦʜʦʙʨʘʥ ʨʘʜʠʫʩ ʧʣʫʪʦʥʠʝʚʦʡ ʚʩʪʘʚʢʠ ʩ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʚʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʣʫʪʦʥʠʷ ʚ ʛʦʤʦʛʝʥʥʦʤ ʠ ʛʝʪʝʨʦʛʝʥʥʦʤ ʪʚʵʣʝ. ʅʝʦʙʭʦʜʠʤʳʡ ʨʘʜʠʫʩ ʧʣʫʪʦʥʠʝʚʦʡ 

ʚʩʪʘʚʢʠ ʩʦʩʪʘʚʠʣ 1,23 ʤʤ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ UNK [3]. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ çʛʝʪʝʨʦʛʝʥʥʦʛʦè ʪʚʵʣʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʘ ʪʦʧʣʠʚʘ ʙʳʣʠ ʚʟʷʪʳ MOX-ʪʦʧʣʠʚʦ ʠʟ ʜʠʦʢʩʠʜʦʚ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ. 

ʋʨʘʥ ʙʳʣ ʚʟʷʪ ʧʨʠʨʦʜʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʠʟʦʪʦʧʘ U-235 - 0.72%, ʧʣʫʪʦʥʠʡ ʩ 

ʥʫʢʣʠʜʥʳʤ ʩʦʩʪʘʚʦʤ Pu-239 ï 60%, Pu-240 ï 30%, Pu-244 ï 10%.  

ɿʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʥʘ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʢʘʤʧʘʥʠʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʦʣʛʦʜʘ ʜʣʷ ʛʦʤʦʛʝʥʥʦʛʦ ʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʪʦʧʣʠʚʘ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʥʘ ʨʠʩʫʥʢʝ 2. ʀʟʤʝʥʝʥʠʝ ʥʫʢʣʠʜʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʣʫʪʦʥʠʷ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 1 ï ʕʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ 
 ʅʘʯʘʣʦ ʢʘʤʧʘʥʠʠ ʂʦʥʝʮ ʢʘʤʧʘʥʠʠ 

ɻʦʤʦʛʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ 1,206 1,139 

ɻʝʪʝʨʦʛʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ 1,228 1,163 
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ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 

 ʜʣʷ ʛʦʤʦʛʝʥʥʦʛʦ ʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʪʚʵʣʘ 

 

ʊʘʙʣʠʮʘ 2 ï ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʫʢʣʠʜʦʚ ʧʣʫʪʦʥʠʷ ʜʣʷ ʛʦʤʦʛʝʥʥʦʛʦ ʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʪʚʵʣʦʚ 
ʅʫʢʣʠʜ ɻʝʪʝʨʦʛʝʥʥʦʝ 

ʨʘʟʤʝʱʝʥʠʝ 

(ʥʘʯʘʣʦ ʢʘʤʧʘʥʠʠ), 

 ʙʘʨʥ/ʩʤ
3
 

ɻʦʤʦʛʝʥʥʦʝ 

ʨʘʟʤʝʱʝʥʠʝ 

(ʥʘʯʘʣʦ ʢʘʤʧʘʥʠʠ),  

ʙʘʨʥ/ʩʤ
3
 

ɻʝʪʝʨʦʛʝʥʥʦʝ 

ʨʘʟʤʝʱʝʥʠʝ (ʢʦʥʝʮ 

ʢʘʤʧʘʥʠʠ), 

ʙʘʨʥ/ʩʤ
3
 

ɻʦʤʦʛʝʥʥʦʝ 

ʨʘʟʤʝʱʝʥʠʝ (ʥʘʯʘʣʦ 

ʢʘʤʧʘʥʠʠ), 

 ʙʘʨʥ/ʩʤ
3
 

Pu-239 ρȟυςψςφρzπ υȟχψτυχρzπ υȟπωχρπρzπ τȟψψτςρρzπ 

Pu-240 χȟφτρςψρzπ ςȟψωςςωρzπ σȟρψτςφρzπ σȟπφψρςρzπ 

Pu-242 0 0 τȟψρφφψρzπ υȟσρτπσρzπ 

Pu-241 0 0 ρȟφσχσςρzπ ρȟχσρυωρzπ 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʦʛʦ 

ʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ MOX-ʪʦʧʣʠʚʘ. ʂʦʪʦʨʦʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ Kʵʬʬ ʧʨʠ ʛʝʪʝʨʦʛʝʥʥʦʤ ʨʘʟʤʝʱʝʥʠʠ 

ʧʨʝʚʦʩʭʦʜʠʪ Kʵʬʬ ʧʨʠ ʛʦʤʦʛʝʥʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʥʘʯʘʣʦ ʢʘʤʧʘʥʠʠ ʥʘ 1,79%, ʘ ʥʘ ʢʦʥʝʮ 

ʢʘʤʧʘʥʠʠ ʥʘ 2%. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʡ ʩʙʦʨʢʠ (ʊɺʉ) ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000, ʜʣʷ 
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ʟʘʛʨʫʟʢʠ. ɿʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʥʘ ʢʘʩʩʝʪʝ ʪʠʧʘ U49G6, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʥʝʡʪʨʦʥʥʦ-

ʬʠʟʠʯʝʩʢʦʤ ʢʦʜʝ Serpent. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʛʦʨʘʥʠʝ, ʟʘʛʨʫʟʢʘ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ, ʊɺʉ, ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ, ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ. 

 

PROSPECTS FOR HIGH -ALTITUDE PROFILING OF THE WW ER-1000 

REACTOR FUEL ASSEMBLY  
 

Tsikhler L.V., Novoselov G.D., Karpikov D.N., Lapkis A.A. 
Volgodonsk Institute of Engineering and Technology - branch of the National Research Nuclear University "MEPhI", 

Volgodonsk, Russia 

lev.zukerman.slastenov@mail.ru 

 

Abstract. In this work, a model of the fuel assembly (FA) of the WWER-1000 reactor was created, for 

which burnout was evaluated during high-altitude core profiling (AZ). High-altitude profiling can affect the 

appearance of the energy release field, which can increase the efficiency of fuel loading. The problem was 

considered on a U49G6 type cassette, modeling and calculations were carried out in the Serpent neutron physics 

code. 

Keywords: burnout, loading, unevenness, fuel assemblies, profiling, energy release. 

 

ɼʣʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ɺʳʩʦʪʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʢʘʩʩʝʪʳ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʧʦʣʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʨʝʘʢʪʦʨʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʦʣʶ ʥʝʚʳʛʦʨʝʚʰʠʭ ʪʦʧʣʠʚʥʳʭ ʥʫʢʣʠʜʦʚ 

ʢ ʢʦʥʮʫ ʢʘʤʧʘʥʠʠ ɺɺʕʈ-1000. ʇʨʦʪʦʪʠʧʦʤ ʤʦʜʝʣʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʣʫʞʠʣʘ ʢʘʩʩʝʪʘ   

ʊɺʉ-2ʄ ʦʙʨʘʟʮʘ U49G6 c 306 ʪʚʵʣʘʤʠ ʠ 6 ʪʚʵʛʘʤʠ. ʉʨʝʜʥʷʷ ʨʘʩʯʝʪʥʘʷ ʫʩʣʦʚʥʘʷ ʤʘʩʩʦʚʘʷ 

ʜʦʣʷ ʫʨʘʥʘ-235 ʚ ʩʚʝʞʝʤ ʪʚʵʣʝ ï 4,92 %, ʪʚʵʛʝ ï 3,6 % ʩ ʜʦʙʘʚʢʦʡ ʦʢʩʠʜʘ ʛʘʜʦʣʠʥʠʷ ʤʘʩʩʦʚʦʡ 

ʜʦʣʝʡ 5,0 %. 

ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʩ ʧʦʤʦʱʴʶ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʜʘ Serpent, ʩʦʛʣʘʩʥʦ 

ʤʘʪʝʨʠʘʣʘʤ [2], [3], [4]  ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ  ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʊɺʉ-2ʄ. Serpent 

ʦʩʥʦʚʘʥ ʥʘ ʩʪʦʭʘʩʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʄʦʥʪʝ-ʂʘʨʣʦ, ʢʦʪʦʨʳʡ ʤʦʜʝʣʠʨʫʝʪ ʩʣʫʯʘʡʥʳʝ ʪʨʘʝʢʪʦʨʠʠ 

ʥʝʡʪʨʦʥʦʚ. ɹʦʢʦʚʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʷʚʣʷʶʪʩʷ ʟʝʨʢʘʣʴʥʳʤʠ, ʘ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ï 

ʛʨʘʥʠʮʝʡ ʩ ʚʘʢʫʫʤʦʤ. ɻʝʦʤʝʪʨʠʷ ʜʣʷ ʊɺʉ ʩ ʧʷʪʴʶ ʟʦʥʘʤʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ɻʝʦʤʝʪʨʠʷ ʊɺʉ ʩ ʧʷʪʴʶ ʟʦʥʘʤʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ 

 

ʇʦʣʫʯʝʥʳ ʧʦʰʘʛʦʚʳʝ ʛʨʘʬʠʢʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ  ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʡ ʪʦʧʣʠʚʥʦʡ ʟʘʛʨʫʟʢʠ 

ʠ ʜʣʷ ʟʘʛʨʫʟʦʢ ʩ 5, 7 ʠ 15 ʟʦʥʘʤʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʦ ʚʳʩʦʪʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʘ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ. ɼʣʷ ʠʭ ʫʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
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ʧʦʜʢʣʶʯʘʝʤʳʡ ʢ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʤʫ ʢʦʜʫ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʢʘʢ ʵʪʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦ ʚ [5].  ʇʨʠʤʝʨ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʦʪ ʚʳʩʦʪʳ ʊɺʉ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

  
ʈʠʩʫʥʦʢ 2 ï ʇʦʣʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʧʦ ʚʳʩʦʪʝ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʚ ʊɺʉ ʧʨʠ 

ʛʣʫʙʠʥʝ ʚʳʛʦʨʘʥʠʷ 4 ʄɺʪ*ʩʫʪ/ʢʛ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ 

ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤ ʚ ʩʚʷʟʠ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ, ʤʝʥʷʶʱʠʭ 

ʨʘʟʤʥʦʞʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʷʯʝʡʢʠ [6]. ɼʘʣʴʥʝʡʰʘʷ ʢʦʨʨʝʢʮʠʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʜʦʣʞʥʘ 

ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʳʛʦʨʘʥʠʷ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  
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ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 
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s9286278027@gmail.com 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ 

ʤʦʜʝʣʠ ʪʚʵʣʘ ɺɺʕʈ-1000. ʊʦʧʣʠʚʥʘʷ ʪʘʙʣʝʪʢʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ Elcut. ʄʦʜʝʣʴ ʪʚʵʣʘ, ʦʢʨʫʞʝʥʥʦʛʦ ʚʦʜʦʡ, ʟʘʜʘʥʘ ʚ 

ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʤ ʢʦʜʝ Serpent ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʛʦ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʚʵʣʝ. ʇʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʜʦʩʪʠʛʥʫʪʘ ʩʭʦʜʠʤʦʩʪʴ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

Elcut. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʚʵʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊɺʕʃ, ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ, ʪʦʧʣʠʚʥʘʷ ʪʘʙʣʝʪʢʘ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 
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Abstract. This paper presents a solution to the equation of nonstationary thermal conductivity based on the 

WWER-1000 fuel element model. The fuel tablet is modeled in a program for two-dimensional modeling and solving 

engineering problems using the Elcut finite element method. Also, the model of a fuel element surrounded by water is 

specified in the Serpent neutron physics code, where convergence with the data obtained in Elcut was checked by 

successive approximations. Thus, the effective temperature of the fuel element was determined. 

Keywords: fuel element, energy release, fuel tablet, thermal conductivity. 

 

ʆʧʨʝʜʝʣʝʥʠʝ  ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠ ʧʦʣʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʪʚʵʣʝ ï ʩʣʦʞʥʘʷ 

ʠʥʞʝʥʝʨʥʘʷ ʟʘʜʘʯʘ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ 

ʷʜʝʨʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1]. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʘ ʟʘʪʝʤ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. 

ʄʦʜʝʣʴ ʪʘʙʣʝʪʢʠ, ʩʦʟʜʘʥʥʘʷ ʚ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʚʝʨʩʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʢʦʜʘ Elcut [2], ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʊʦʧʣʠʚʥʘʷ ʪʘʙʣʝʪʢʘ ʦʙʨʘʟʦʚʘʥʘ ʧʨʠ 

ʚʨʘʱʝʥʠʠ ʜʘʥʥʦʡ ʬʠʛʫʨʳ, ʛʜʝ ʦʩʴ ʍ ʷʚʣʷʝʪʩʷ ʦʩʴʶ ʚʨʘʱʝʥʠʷ. ʉʦʟʜʘʥʘ ʩʝʪʢʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʤʦʜʝʣʴ ʫʩʣʦʚʥʦ ʨʘʟʙʠʪʘ ʥʘ 8 ʟʦʥ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʦʣʴʮʦ, 

ʚ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʟʘʜʘʥʳ ʦʙʲʝʤʥʳʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ 

ʢʘʞʜʦʡ ʟʦʥʝ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʝʦʤʝʪʨʠʷ ʪʚʵʣʘ: ɸ) ʄʦʜʝʣʴ ʚ Elcut; ɹ) ʄʦʜʝʣʴ ʚ Serpent 
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ɿʘ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʚʟʷʪ ʪʚʵʣ ɺɺʕʈ-1000. ʇʣʦʪʥʦʩʪʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʟʦʥ ʪʚʵʣʘ 

ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʜʘ Serpent, ʛʜʝ ʩʦʟʜʘʥʘ ʙʝʩʢʦʥʝʯʥʘʷ ʤʦʜʝʣʴ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ɺɺʕʈ ʩʦʛʣʘʩʥʦ ʤʘʪʝʨʠʘʣʘʤ [3], [4]. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʫʩʪʘʥʦʚʣʝʥʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʧʦ ʪʚʵʣʫ. ɿʘʜʘʥʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʪʘʙʣʝʪʢʠ ʧʦ ʩʣʦʷʤ. 

Elcut ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʯʝʪʳ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ. ʈʝʰʝʥʦ 

ʫʨʘʚʥʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (1), ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʧʦʣʝ. 

                                                            ɳ Ὕ π                                                                  

 

ʛʜʝ qv ï ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʜʘʥʥʦʡ ʟʦʥʝ ʪʚʵʣʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ Serpent.  

ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʯʝʪʘ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ Serpent ʪʨʝʙʫʝʪ ʫʢʘʟʘʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʦʧʣʠʚʘ ʚ ʵʪʦʡ ʟʦʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʸʪ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 2 ï  ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʪʚʵʣʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʩʪʠʛʥʫʪʘ ʩʭʦʜʠʤʦʩʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 Áʉ ʠ ʧʦʣʫʯʝʥʘ ʵʬʬʝʢʪʠʚʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʚʵʣʘ ɺɺʕʈ-1000. 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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Abstract. This paper presents the results of the application of stochastic tests of the core of the WWER-1000 

reactor on a variety of possible reactivity disturbances to study the accumulation and evolution of defects. Testing 

during the operation is carried out using the signatures of the neutron measurement matrix. The results were obtained by 

statistical modeling. 

Keywords: WWER-1000, core, reactivity, stochastic modeling. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ɸɿ ʨʝʘʢʪʦʨʦʚ ʪʠʧʘ ɺɺʕʈ-1000 ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʟʥʘʯʝʥʠʶ ʤʛʥʦʚʝʥʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʮʝʜʫʨʳ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʨʝʘʢʪʠʤʝʪʨʘʭ 

ɸɿ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʚʷʟʠ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʤʫʱʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʙʠʙʣʠʦʪʝʢʫ ʦʧʳʪʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʜʝʥʪʠʯʥʳʭ ɸɿ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ:  

1. ʀʟ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʩʦʟʜʘʸʪʩʷ ʤʘʪʨʠʮʘ 

ʠʟʤʝʨʝʥʠʡ çnexpè. 

2. ɼʣʷ ʤʘʪʨʠʮʳ ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ - ʩʠʛʥʘʪʫʨʘ ʪʝʩʪʘ. 

3. ʇʦ ʵʪʦʡ ʩʠʛʥʘʪʫʨʝ ʩʨʝʜʠ ʩʠʛʥʘʪʫʨ ʤʦʜʝʣʴʥʳʭ ʦʪʢʣʠʢʦʚ ç{S}è ʥʘ ʪʝʩʪʳ ʙʠʙʣʠʦʪʝʢʠ 

ʦʪʙʠʨʘʝʪʩʷ ʙʣʠʞʘʡʰʘʷ. 

4. ʂʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʧʨʠʯʠʥʘ ʚʦʟʤʫʱʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ɸɿ ʩ ʧʨʠʧʠʩʳʚʘʝʤʦʡ ʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ʈʝʘʣʴʥʦ ʠʟʤʝʨʷʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-100 

ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʩʯʸʪʘ ʜʝʪʝʢʪʦʨʦʚ ʥʝʡʪʨʦʥʦʚ ʚ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ, ʘ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʷ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʠʟ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɸɿ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʨʠʮʘ çnè 

ʧʣʦʪʥʦʩʪʝʡ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʵʤʧʠʨʠʯʝʩʢʠʤ ʟʥʘʥʠʝʤ, ʥʘʧʨʷʤʫʶ 

ʩʚʷʟʘʥʥʳʤ ʩʦ ʟʥʘʯʝʥʠʝʤ ʨʝʘʢʪʠʚʥʦʩʪʠ.  

ʉʠʛʥʘʪʫʨʘ ʪʝʩʪʘ ʷʚʣʷʝʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʩʣʫʞʘʱʠʤ 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ɸɿ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ 

ʚʨʝʤʝʥʠ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʫʯʠʪʳʚʘʝʪ ʩʣʫʯʘʡʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠʟʤʝʥʝʥʠʷ ʨʝʘʢʪʠʚʥʦʩʪʠ. 

 ʆʩʥʦʚʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʨʝʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʬʣʫʢʪʫʘʮʠʠ 

ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ [1]. ʂʨʦʤʝ ʪʦʛʦ, ʛʣʘʚʥʳʡ 
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ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʢʦʥʪʫʨ (ɻʎʂ) ʈʋ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʫʣʴʩʘʮʠʡ 

ʜʘʚʣʝʥʠʷ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʝʧʣʦʦʙʤʝʥ ʚ ɸɿ [2].  ʆʧʠʨʘʷʩʴ ʥʘ ʵʪʠ ʬʘʢʪʳ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʠʥʷʪ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʬʦʨʤʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ [3,4]: 

ὢὸ ὃ ὸȟ‘ϽÃÏÓὄ ὸȟ‘Ͻὸ ‰  

 

ɺʘʨʴʠʨʫʷ ʚʠʜʦʤ ʬʫʥʢʮʠʡ ὃ ὸȟ‘ ʠ ὄ ὸȟ‘, ʤʦʞʥʦ ʩʳʤʠʪʠʨʦʚʘʪʴ ʰʠʨʦʢʠʡ ʢʣʘʩʩ 

ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʭ, ʪʘʢ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ 

ʧʨʠʤʝʥʷʣʠʩʴ ʫʧʨʦʱʸʥʥʳʝ ʤʦʜʝʣʠ, ʧʨʝʥʝʙʨʝʛʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷʤʠ ʯʘʩʪʦʪʳ ʠʣʠ ʘʤʧʣʠʪʫʜʳ 

ʨʝʘʢʪʠʚʥʦʩʪʠ. 

ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʢʦʥʩʪʨʫʠʨʦʚʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Matchcad ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

çʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘè. ʂʘʞʜʦʝ ʧʦʣʦʞʝʥʠʝ çʦʢʥʘè ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʤʫ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ. çʆʢʥʦè (ʧʘʢʝʪ) ʬʦʨʤʠʨʫʝʪʩʷ k ʜʠʩʢʨʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʟ ʥʝʢʦʪʦʨʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɸɿ ʧʨʠʤʝʥʷʣʘʩʴ ʪʦʯʝʯʥʘʷ ʤʦʜʝʣʴ ʨʝʘʢʪʦʨʘ ʩ ʦʜʥʦʡ 

ʛʨʫʧʧʦʡ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ, ʢʦʪʦʨʫʶ ʧʨʠʚʦʜʠʤ ʢ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 
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ʅʘ ʤʘʪʨʠʮʝ çnexpè ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʪʫʨ, ʠʟ ʢʦʪʦʨʳʭ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʢʪʦʨ ʩʠʛʥʘʪʫʨʳ (I,J,K,L):  

Ὅ В
ộỚ

ộỚ   ï ʩʫʤʤʘ ʦʪʥʦʰʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʢ ʩʨʝʜʥʝʤʫ ʧʦ 

ʩʪʦʣʙʮʘʤ. ʇʨʠʟʥʘʢ ʬʣʶʢʪʫʘʮʠʠ ʥʝʡʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ.  

1. ὐ ὶὥὲὯὲ ï ʨʘʥʛ ʤʘʪʨʠʮʳ ï ʧʨʠʟʥʘʢ ʧʦʜʦʙʠʷ. 

2. ὑ ВВ ὲȟ
Ⱦ  ï ʝʚʢʣʠʜʦʚʘ ʥʦʨʤʘ ʤʘʪʨʠʮʳ ï ʧʨʠʟʥʘʢ ʬʠʥʠʪʥʦʩʪʠ. 

3. ὒ άὥὸὶὭὼὧὺὥὶὲộỚȟὲộỚϽρπ ï ʜʝʪʝʨʤʠʥʘʥʪ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ï 

ʧʨʠʟʥʘʢ ʩʚʷʟʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɸɿ ʨʝʘʢʪʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʥʘ ʢʦʪʦʨʳʡ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʚʥʝʰʥʠʡ ʬʘʢʪʦʨ - ʨʝʘʢʪʠʚʥʦʩʪʴ. ʈʝʘʢʪʠʚʥʦʩʪʴ ʟʘʜʘʸʪʩʷ ʬʨʘʛʤʝʥʪʦʤ ʩʧʝʮʠʘʣʴʥʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ - ʚʭʦʜʥʳʤ ʪʝʩʪʦʤ.  

ʅʘʙʦʨ ʪʝʩʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʙʠʙʣʠʦʪʝʢʫ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ɸɿ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʙʦʨʦʤ ʘʜʝʢʚʘʪʥʦʛʦ ʦʪʢʣʠʢʘ ʪʦʯʝʯʥʦʡ ʤʦʜʝʣʠ ɸɿ 

ʥʘ ʪʝʩʪ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʪʝʩʪʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʪʝʩʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʠʤʠʪʘʮʠʠ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʠʟʤʝʥʝʥʠʡ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʩʪʦʚ ʠ ʟʥʘʯʝʥʠʷʤʠ ʠʭ ʩʠʛʥʘʪʫʨ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʪʦʛʠ ʠʩʧʳʪʘʥʠʡ ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʣʘʧʘʥʘ ʦʙʨʘʪʥʦʛʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ DN300,  
ʩ ʨʘʙʦʯʠʤ ʜʘʚʣʝʥʠʝʤ ʜʦ 1,6 ʄʇʘ ʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ ʧʣʶʩ 5

0
ʉ ʜʦ ʧʣʶʩ 200

0
ʉ ʧʦ ʊʋ 6981-254-
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Abstract. The relevance of this work is determined by the need to analyze the test results to determine the 

coefficient of hydraulic resistance of an axisymmetric check valve DN300, with an operating pressure of up to 1.6 MPa 

and an operating temperature from plus 5
0
C to plus 200

0
C according to TU 6981-254-08847871-07 coefficient of 

hydraulic resistance of the axisymmetric check valve DN300, with operating pressure up to 1.6 MPa and operating 

temperature from plus 50C to plus 2000C according to TU 6981-254-08847871-07.  

Keywords: drag coefficient, axially symmetrical check valve, Reynolds number, working pressure, working 

temperature. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ʩ ɺɺʕʈ-1000 ʠ  

ɺɺʕʈ-1200 ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʣʘʧʘʥʳ ʦʙʨʘʪʥʳʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ DN100-600, ʩ 

ʨʘʙʦʯʠʤ ʜʘʚʣʝʥʠʝʤ ʜʦ 20 ʄʇʘ ʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ ʧʣʶʩ 5
0
ʉ ʜʦ ʧʣʶʩ 350

0
ʉ ʧʦ ʊʋ 

6981-254-08847871-07. ʕʩʢʠʟ ʘʨʤʘʪʫʨʳ DN300 ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1- ʂʣʘʧʘʥ ʦʙʨʘʪʥʳʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ DN300 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʘʨʤʘʪʫʨʫ ʜʣʷ ɸʕʉ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ ʢʣʘʧʘʥʳ ʦʙʨʘʪʥʳʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʦʙʷʟʘʥʳ ʧʦʜʚʝʨʛʘʪʴʩʷ ʧʨʠʝʤʦʯʥʳʤ 
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ʠʩʧʳʪʘʥʠʷʤ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʣʘʧʘʥʘ [1]. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʄʝʪʦʜʠʢʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʨʤʘʪʫʨʳ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ (ʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʦʜʦʙʥʳʭ ʦʙʨʘʪʥʳʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʣʘʧʘʥʦʚ ɸʆ 

çʅʀʎ ɸʕʉè ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ɻʆʉʊ 34437-2018). 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ɻʆʉʊ 34437-2018 ʧʦ ʧ. 7.2.5.2, ʟʘ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ‒ ʧʨʠʥʠʤʘʣʦʩʴ 
ʟʥʘʯʝʥʠʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ: 

 

‒ ‒ σ„ ςȟχρ σϽπȟςσρσȟτπσ                         
 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʧ. 7.2.5.2 ɻʆʉʊ 34437-2018 ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʜʝʪ ʚ ʩʫʱʝʩʪʚʝʥʥʳʡ ʟʘʧʘʩ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦ ʠʩʧʳʪʘʥʠʶ ʢʣʘʧʘʥʘ ʦʙʨʘʪʥʦʛʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ɸʕ 

254.300.02.000-140, ʟʘʚ. ˉ 1, ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çɸʪʦʤʤʘʰʵʢʩʧʦʨʪè, ʢʘʢ ʤʳ ʩʯʠʪʘʝʤ, ʜʦʣʞʥʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ.7.5.2 ɻʆʉʊ 34437-2018 [1,2]. ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 

ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʢʣʘʧʘʥʘ DN300 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʧʦ 

ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʦʧʠʩʳʚʘʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪ 

ʩʢʦʨʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ [3]. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ: 

 

‒̞̋̒Ὢ ”Ͻ
ὺ

ς
ὥ ὥϽὼ ὥϽὼ 

 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʠʥʦʤʦʚ 1-ʦʡ ʠ 3-ʝʡ ʩʪʝʧʝʥʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ʊʦʯʥʦʩʪʴ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 0,1. 
 

  
ʈʠʩʫʥʦʢ 2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʠʥʦʤʦʚ, ʣʠʥʝʡʥʘʷ ʠ ʢʫʙʠʯʝʩʢʘʷ 

 

ɺʳʚʦʜʳ: 

1. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ 

ʢʣʘʧʘʥʘ DN 300, ʧʦʣʫʯʝʥʥʳʝ ɸʆ çʅʀʎ ɸʕʉè. 

2. ɸʆ çɸʪʦʤʤʘʰʵʢʩʧʦʨʪè ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʢʣʘʧʘʥʘ DN 300 ʧʦ ʊʋ 6981-254-08847871-07 ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʤʦʜʫʣʝ ANSYS CFX ʨʘʩʯʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ANSYS. 

3. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10%, ʯʪʦ 
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ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʫʜʫʯʠ ʫʚʝʨʝʥʥʳʤʠ ʚ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʫʟʣʦʚ 

ʫʧʣʦʪʥʝʥʠʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʰʣʶʟʦʚ ʵʥʝʨʛʦʙʣʦʢʦʚ ʩ ɺɺʕʈ-1000, ɺɺʕʈ-1200 ʠ ɺɺʕʈ-ʊʆʀ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʨʝʟʠʥʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʨʝʟʠʥʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ , ʚʳʧʦʣʥʝʥʳ 

ʨʘʩʯʝʪʳ ʜʝʬʦʨʤʘʮʠʡ ʨʝʟʠʥʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʄʂʕ. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʫʟʣʦʚ ʫʧʣʦʪʥʝʥʠʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʰʣʶʟʦʚ ʵʥʝʨʛʦʙʣʦʢʦʚ ʩ ɺɺʕʈ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʚʳʙʦʨʫ ʚʝʣʠʯʠʥʳ ʦʙʞʘʪʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʩʠʣʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʚ ʥʘʯʘʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʯʝʨʝʟ 5000 ʮʠʢʣʦʚ ʦʪʢʨʳʪʠʷ-ʟʘʢʨʳʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺɺʕʈ, ʰʣʶʟ, ʨʝʟʠʥʦʚʳʝ ʫʧʣʦʪʥʝʥʠʷ, ʫʟʝʣ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʝʞʠʤʳ. 
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Abstract. The relevance of this work is determined by the need to predict the operation of seal units for 

transport gateways of power units with WWER (WWER-640, WWER-1000, WWER-1200 and WWER-TOI) in 

operating modes. The results of tests of rubber seals for tightness and cyclic loads are presented. Based on the 

study, the tightness of the rubber seals used was assessed, and the deformations of the rubber seals were calculated 

using the FEM software package. Recommendations have been developed to increase the reliability of sealing 
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units for transport locks of power units with WWER in operating modes and to select the compression value to 

determine the required force to ensure tightness at the beginning of operation and after 5,000 opening-closing 

cycles. 

Keywords: WWER-1000, airlock, rubber seals, assembly, operating modes. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʰʣʶʟʦʚ ʵʥʝʨʛʦʙʣʦʢʦʚ ͫ ɺɺʕʈ (ɺɺʕʈ-640, 

ɺɺʕʈ-1000, ɺɺʕʈ-1200 ʠ ɺɺʕʈ-ʊʆʀ) [1-2] ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʧʣʦʪʥʝʥʠʷ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʚ ʨʘʜʠʘʮʠʦʥʥʦʩʪʦʡʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʙʲʝʢʪʘʭ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ [3-4] ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 70 ʜʦ ʧʣʶʩ 200
0
ʉ ʧʦ ʊʋ 38 1051325-2008. ɺ ʢʦʥʩʪʨʫʢʮʠʠ 

ʰʣʶʟʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʘʟʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʦʪʜʝʣʷʶʱʝʝ 

ʤʝʞʦʙʦʣʦʯʝʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʧʦʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʰʣʶʟʘ. 

ʉ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʫʧʣʦʪʥʝʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʨʝʟʠʥʦʪʝʭʥʠʯʩʢʠʭ ʠʟʜʝʣʠʡ ʚ ʨʘʜʠʘʮʠʦʥʥʦʩʪʦʡʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʠʟ ʩʤʝʩʠ 

ʨʝʟʠʥʦʚʦʡ 51-1758 ʈʘʜ ʧʦ ʊʋ 1051325-2008, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʰʣʶʟʦʚ ʅʦʚʦʚʦʨʦʥʝʞʩʢʦʡ 

ɸʕʉ-2 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʆɸʆ çɺʅʀʀɸʄè ʛ. ɺʦʣʛʦʜʦʥʩʢʘ 

[5-6]. 

ʋʟʝʣ ʫʧʣʦʪʥʝʥʠʷ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʰʣʶʟʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʣʦʢʘ ʩ  

ɺɺʕʈ-1200 ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʋʧʣʦʪʥʝʥʠʝ ʰʣʶʟʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʘ ʫʩʪʘʥʦʚʢʘ 

ʫʧʣʦʪʥʝʥʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.  
 

                        
           ʈʠʩʫʥʦʢ 1 ï ʋʟʝʣ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʰʣʶʟʘ                             ʈʠʩʫʥʦʢ 2 ï ʋʧʣʦʪʥʝʥʠʝ ʰʣʶʟʘ      

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 

2500, 5000 ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦ ʠʩʧʳʪʘʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʢʣʘʜʢʠ (ʨʠʩʫʥʦʢ 2) ʧʦʩʣʝ 

ʥʘʨʘʙʦʪʢʠ 2500, 5000 ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ ʧʨʦʚʝʜʝʥʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʦʧʠʩʳʚʘʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʦʙʞʘʪʠʷ ̞‏ ̋̒ ʦʪ ʫʩʠʣʠʷ ὖ ʧʦ [7-11]. 

ʋʨʘʚʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ:   

 

‏̞   ̋̒ὥϽὖ̞̋̒ b  (1) 

 

ɺ ʩʣʫʯʘʝ ʧʨʷʤʦ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ ̞‏ ̋ȟ̒ὖ̞̋̒ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʳ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ a ʠ b ʚ ʫʨʘʚʥʝʥʠʠ (1): 

 

ὦ
ϽВ Ͻ В ϽВ

ϽВ В
                                                               (2) 

 

ὥ
В ὖ ϽВ ‏ В ὖϽВ ὖϽ‏

ὲϽВ ὖ В ὖ
                                            σ 

 

ʛʜʝ n=10 ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ὶ
В ὖ ὖϽ‏ Ӷ‏

В ὖ ὖ ϽВ ‏ Ӷ‏
                                                                τ 

 

ʛʜʝ ὖ
В

Ӷ‏ ,
В

 ï ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʷ ʦʙʞʘʪʠʷ ʠ ʚʝʣʠʯʠʥʳ ʦʙʞʘʪʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ Ὓ, Ὓ ʜʣʷ ʚʝʣʠʯʠʥ ὥȟὦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ: 

 Ὓ
В Ͻ

ϽϽВ В
   ,        Ὓ

В ϽВ  

ϽϽВ В
                        (5) 

 
ʈʠʩʫʥʦʢ 3 ï ʋʩʪʘʥʦʚʢʘ ʫʧʣʦʪʥʝʥʠʡ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʢʣʘʜʢʠ (ʨʠʩʫʥʦʢ 2) ʧʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 

2500, 5000 ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 - ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʢʣʘʜʢʠ  

ʋʩʠʣʠʝ 

ʦʙʞʘʪʠʷ, ʢʛʩ 

ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ 
ʇʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 2500 

ʮʠʢʣʦʚ 

ʇʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 5000 

ʮʠʢʣʦʚ 

ʆʙʞʘʪʠʝ, ʤʤ ʇʨʦʪʝʯʢʠ, ʇʘ ʆʙʞʘʪʠʝ, ʤʤ ʇʨʦʪʝʯʢʠ, ʇʘ ʆʙʞʘʪʠʝ, ʤʤ ʇʨʦʪʝʯʢʠ, ʇʘ 

374 0,99 
ʥʝʛʝʨʝʤ 

>500ʇɸ 
0,9 

ʥʝʛʝʨʝʤ 

>500ʇɸ 
0,91 

ʥʝʛʝʨʝʤ 

>500ʇɸ 

688 1,45 
ʥʝʛʝʨʝʤ 

>500ʇɸ 
1,39 

ʥʝʛʝʨʝʤ 

>500ʇɸ 
1,54 40 

1002 2,0 40 1,99 50 2,21 40 

1316 2,42 40 2,33 40 2,45 40 

1630 3,01 30 2,82 40 2,81 50 

1944 3,52 30 3,0 40 3,07 30 

2258 3,76 30 3,21 40 3,24 30 

2572 3,97 20 3,43 40 3,45 40 

2886 4,11 20 3,7 30 3,64 30 

3200 4,17 20 3,75 30 3,71 30 

 

ɺʳʚʦʜʳ: 

1. ʇʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 5000 ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʢʣʘʜʢʠ (ʨʠʩʫʥʦʢ 2) 

ʩʦʭʨʘʥʠʣʠʩʴ (ʚʝʣʠʯʠʥʳ ʧʨʦʞʘʪʠʷ ʧʨʦʢʣʘʜʢʠ ʦʪ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʩʪʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʳʤʠ). ɺʠʜʠʤʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʥʘʨʫʰʝʥʠʡ ʮʝʣʦʩʪʥʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʇʨʦʢʣʘʜʢʘ ʩʦʭʨʘʥʠʣʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʙʞʘʪʠʷ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʜʦ ʮʠʢʣʠʯʝʩʢʦʡ ʥʘʨʘʙʦʪʢʠ. 

2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʰʣʶʟʦʚ ʵʥʝʨʛʦʙʣʦʢʦʚ ʩ 

ɺɺʕʈ-1000 ʠ ɺɺʕʈ-1200 ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢ ʧʨʠʤʝʥʝʥʠʶ ʫʧʣʦʪʥʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ 
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ʧʨʦʬʠʣʷ (ʨʠʩʫʥʦʢ 2) ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ Ï2,2 ʤʤ ʠʟ ʩʤʝʩʠ ʨʝʟʠʥʦʚʦʡ 51-1758 ʈʘʜ ʧʦ ʊʋ 

1051325-2008. 

3. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʫʧʣʦʪʥʝʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʰʣʶʟʘ, ʧʦʣʫʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʰʣʶʟʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʰʣʶʟʘ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  

1.   ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʅʇ-001-15 

http://www.seogan.ru/np-001-15-obshie-polozheniya-obespecheniya-bezopasnosti-atomnix-stanciiy.html. 

2.     ʅʦʨʤʳ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʘʪʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʇʅɸʕ 

ɻ-7-002-86 [ʊʝʢʩʪ]. ï ʄ. : ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1989. ï 525 ʩ. : ʠʣ. ï (ʇʨʘʚʠʣʘ ʠ ʥʦʨʤʳ ʚ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʝ). 
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ʇʦʜ ʦʙʱ. ʈʝʜ. ɸ.ʀ.ɻʦʣʫʙʝʚʘ, ʃ.ɸ.ʂʦʥʜʘʢʦʚʘ.-ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1986.-464 ʩ., ʠʣ. 

4.  ʄʘʢʘʨʦʚ ɺ.ɻ. ʋʧʣʦʪʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʀʟʜ. 2-ʝ, ʧʝʨʝʨʘʙʦʪ.ʠ ʜʦʧ. ʃ., çʄʘʰʠʥʦʤʪʨʦʝʥʠʝè 

(ʃʝʥʠʥʛʨʘʜʩʢʦʝ ʦʪʜʝʣʝʥʠʝ), 1973. -232 ʩ. 

5.    ʂʫʟʠʥ ʉ.ɸ., ʂʨʘʚʝʮ ʉ.ɹ., ʇʘʨʳʛʠʥ ɽ.ɺ., ʂʨʘʩʥʦʢʫʮʢʠʡ ɺ.ɺ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʫʟʣʦʚ ʫʧʣʦʪʥʝʥʠʡ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʰʣʶʟʦʚ ʵʥʝʨʛʦʙʣʦʢʦʚ ʩ ɺɺʕʈ-1000 ʠ ɺɺʕʈ-1200 ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ//   

ɻʣʦʙʘʣʴʥʘʷ ʷʜʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. -2022. -ˉ4(45).-ʉ.61-68.http://dx.doi.org/10.26583/gns-2022-04-06. 

6.   ʈʘʩʯʝʪʥʳʡ ʢʦʤʧʣʝʢʩ ANSYS, ʣʠʮʝʥʟʠʷ ˉ 1070122. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://cvs.spb.su/PAPERS/ANSYS-

CVS.pdf. (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.03.2024) 
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ʋɼʂ 621.039.51 

ʆʇʈɽɼɽʃɽʅʀɽ ɺʃʀʗʅʀʗ ʂʆʅʉʊɸʅʊʅʆʁ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ 

ʋʈɸʅɸ-238 ʅɸ ʆʉʅʆɺʅʓɽ ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀɽ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʈɽɸʂʊʆʈɸ ɺɺʕʈ-1200 
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1
, ʄʘʥʪʫʨʦʚ ɻ.ʅ.
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1
 ʆʙʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʅʀʗʋ ʄʀʌʀ, ʛ. ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ 

2
ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ɸ.ʀ. ʃʝʡʧʫʥʩʢʦʛʦ, ʛ. ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ 
 
anastasiya.baranchicova@gmail.com 

 
ɸʥʥʦʪʘʮʠʷ. ʊʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʚʠʩʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʢʦʥʩʪʘʥʪʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

U-238 (ʫʨʘʥʘ-238) ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ. ɺ ʮʝʣʦʤ, ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʦʙʦʩʥʦʚʘʥʠʷ ʥʦʚʳʭ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʧʨʠʤʝʥʷʷ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʘ ʠ ʫʤʝʥʴʰʠʪʴ ʨʠʩʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺɺʕʈ-1200, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʝʯʝʥʠʷ, ʚʦʟʤʫʱʝʥʠʝ ʛʨʫʧʧʦʚʳʭ ʢʦʥʩʪʘʥʪ, 26-ʪʠ 

ʛʨʫʧʧʦʚʦʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʜʚʫʭʤʝʨʥʳʡ ʢʦʜ, ʨʘʩʯʝʪ ʦʪʢʣʦʥʝʥʠʡ. 
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Abstract. The research topic of this paper is the dependence of the influence of the constant uncertainty of U-238 

(uranium-238) on the results of neutron physics calculations. In general, for the successful design and justification of new reactor 

facilities, it is important to consider and minimize various types of uncertainties by applying approaches that will help improve the 

quality of the project and reduce risks. 

Keywords: WWER-1200, cross-sectional uncertainties, perturbation of group constants, 26-group diffusion two-

dimensional code, calculation of deviations. 

 

ʄʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʰʠʙʢʫ, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʧʨʠʙʣʠʞʝʥʠʡ ʚ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ. ʝʝ ʤʦʞʥʦ ʪʘʢʞʝ 

ʨʘʟʣʦʞʠʪʴ ʥʘ ʛʨʫʧʧʦʚʫʶ ʠ ʛʝʪʝʨʦʛʝʥʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. ʕʪʘ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥʘ ʥʘ ʛʨʫʧʧʦʚʫʶ ʠ ʛʝʪʝʨʦʛʝʥʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ 

ʭʘʨʘʢʪʝʨ ʵʪʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʢʘʟʘʥʳ. ɼʨʫʛʦʡ ʪʠʧ ʧʦʛʨʝʰʥʦʩʪʠ - 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʪʦʯʥʦʩʪʠ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʊʨʝʪʠʡ ʪʠʧ ʧʦʛʨʝʰʥʦʩʪʠ - ʢʦʥʩʪʘʥʪʥʳʡ, ʢʦʪʦʨʳʡ 

ʟʘʚʠʩʠʪ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʠ ʩʤʝʥʝ ʪʠʧʘ ʪʦʧʣʠʚʘ ʠʣʠ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ, 

ʚʘʞʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʫʪʦʯʥʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʮʝʥʥʳʭ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʝʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʟʘʭʚʘʪʘ ʫʨʘʥʘ-238 ʥʘ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʳ: K-inf, K-eff, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʤʧʘʥʠʠ, ʚʣʠʷʥʠʝ 

ʥʘ ʥʘʨʘʙʦʪʢʫ ʠʟʦʪʦʧʦʚ ʧʣʫʪʦʥʠʷ ʠ ʘʤʝʨʠʮʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʚʳʙʨʘʥʘ ʨʝʘʢʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ɺɺʕʈ-1200 [1,2]. ʈʘʩʯʝʪ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ 26-ʪʠ ʛʨʫʧʧʦʚʦʤ ʜʠʬʬʫʟʠʦʥʥʦʤ ʜʚʫʭʤʝʨʥʦʤ ʢʦʜʝ, ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʨʘʟʙʠʚʢʦʡ 

ʙʠʙʣʠʦʪʝʢ ʧʦ ʛʨʫʧʧʘʤ (ɹʅɸɹ). ɹʳʣ ʧʨʦʚʝʜʝʥ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʯʝʪ, ʦʧʨʝʜʝʣʝʥʦ ʦʙʦʛʘʱʝʥʠʷ 

ʜʣʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʘʧʘʩʘ ʨʝʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʘʤʧʘʥʠʶ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʦʦʯʝʨʝʜʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʛʨʫʧʧʦʚʳʭ ʢʦʥʩʪʘʥʪ ʥʘ +-10%, ʧʘʨʘʣʣʝʣʴʥʦ ʬʠʢʩʠʨʦʚʘʣʠʩʴ 

ʦʩʥʦʚʥʳʝ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʚʘʨʠʘʥʪʦʤ 

ʨʠʩʫʥʦʢ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʣʠʷʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʛʨʫʧʧʦʚʳʭ ʢʦʥʩʪʘʥʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣ Kinf  
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ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʦʪʢʣʦʥʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʬʫʥʢʮʠʦʥʘʣʦʚ ʧʦʩʣʝ ʧʦʦʯʝʨʝʜʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ 

ʢʦʥʩʪʘʥʪ, ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʬʫʥʢʮʠʦʥʘʣʦʚ. ʅʘ 

ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʨʘʙʦʪʢʠ ʠʟʦʪʦʧʦʚ ʧʣʫʪʦʥʠʷ ʥʘ ʢʦʥʝʮ ʢʘʤʧʘʥʠʠ 1500 ʵʬʬ. ʩʫʪʦʢ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʅʘʨʘʙʦʪʢʘ ʠʟʦʪʦʧʦʚ ʧʣʫʪʦʥʠʷ 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʅ.ɺ. ʂʦʚʘʣʝʚ, ɸ. ʄ. ʇʨʦʢʦʰʠʥ ʠ ʜʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʫʪʦʥʠʷ ʠʟ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʩʤʝʰʘʥʥʦʛʦ ʪʦʧʣʠʚʘ 

ʈɽʄʀʂʉ ʚ ʨʝʘʢʪʦʨʝ ɹʅ-1200.- ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ï 2023. - ˉ1. ï ʉ. 70-71. 

2. ɸ.ɸ. ɸʥʜʨʠʘʥʦʚ, ɺ.ɺ. ʂʦʨʦʙʝʡʥʠʢʦʚ ʠ ʜʨ. ʆʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʪʝʧʣʦʚʳʭ ʠ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ 

MESSAGE. ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ï 2010. - ˉ2. ï C. 160-163. 
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ɸʥʥʦʪʘʮʠʷ. ɹʣʠʞʘʡʰʘʷ ʧʝʨʩʧʝʢʪʠʚʘ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ɺɺʕʈ ï ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʧʣʠʚʘ ʠ ʧʝʨʝʭʦʜ ʥʘ ʟʘʤʢʥʫʪʳʡ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ 

ʫʞʝʩʪʦʯʝʥʠʷ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʧʦʤʦʱʠ ʩʪʝʨʞʥʝʡ-ʚʳʪʝʩʥʠʪʝʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 2 ʤʦʜʝʣʠ 

ʊɺʉ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʨʘʟʤʝʱʝʥʠʷ ʚʳʪʝʩʥʠʪʝʣʝʡ. ʆʮʝʥʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʪʦʧʣʠʚʥʦʡ 

ʢʘʤʧʘʥʠʠ ʧʨʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʟʘʛʨʫʞʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʪʝʧʣʦʚʳʝ ʨʝʘʢʪʦʨʳ, ʪʦʧʣʠʚʥʘʷ ʢʘʤʧʘʥʠʷ, ʩʧʝʢʪʨ 

ʥʝʡʪʨʦʥʦʚ, ʚʳʪʝʩʥʠʪʝʣʠ. 

 

REACTORS WITH SPECTRAL REGULATION ï THE WAY TO 
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Abstract. The immediate prospect of Russian nuclear energy is based on the development of WWER 

technology ï an increase in the fuel reproduction coefficient and the transition to a closed fuel cycle carried out using 
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spectral regulation. In this paper, a method for tightening the neutron spectrum using displacer rods is considered. For 

this purpose, 2 models of fuel assemblies with different principles of displacer placement were developed. The 

possibility of increasing the fuel campaign with the invariance of the loaded fuel is estimated. 

Keywords: spectral regulation, thermal reactors, fuel campaign, neutron spectrum, displacers. 

 

ʅʘ ʦʩʥʦʚʝ ʜʚʫʭ ʤʦʜʝʣʝʡ ʊɺʉ ʙʳʣ ʦʮʝʥʝʥ ʚʢʣʘʜ ʚ ʧʨʦʜʣʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʨʞʥʝʡ-ʚʳʪʝʩʥʠʪʝʣʝʡ ʚ ʨʝʘʢʪʦʨʘʭ ʪʠʧʘ ɺɺʕʈ.  

ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʨʝʰʝʪʢʠ ʩ ɺɺʕʈ-1200 [1] (ʨʠʩʫʥʦʢ 

1). ɹʳʣʠ ʫʙʨʘʥʳ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʘʥʘʣʳ, ʘ ʚ ʤʝʞʪʚʵʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʤʝʱʝʥʳ 

ʚʳʪʝʩʥʠʪʝʣʠ ʠʟ ʮʠʨʢʦʥʠʷ ʩ ʚʘʨʴʠʨʫʝʤʳʤ ʨʘʜʠʫʩʦʤ ʦʪ 0 ʜʦ 2.5 ʤʤ. ʂʦʣʠʯʝʩʪʚʦ ʪʚʵʣʦʚ 

ʫʚʝʣʠʯʝʥʦ ʜʦ 331, ʦʙʦʛʘʱʝʥʠʝ ʧʨʠʥʷʪʦ 4,95%.  

 

ʈʠʩʫʥʦʢ 1 ï ʇʦʧʝʨʝʯʥʳʡ ʩʨʝʟ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʩ ʨʘʟʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʚʳʪʝʩʥʠʪʝʣʝʡ 

ɺʪʦʨʘʷ ʤʦʜʝʣʴ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʊɺʉ ʧʨʦʝʢʪʘ ɺɺʕʈ-ʉ (ʨʠʩʫʥʦʢ 2) [2]. ʂʦʣʠʯʝʩʪʚʦ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʘʥʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 19, 

ʢʦʣʠʯʝʩʪʚʦ ʪʚʵʣʦʚ ʫʤʝʥʴʰʝʥʦ ʜʦ 264 ʰʪ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʪʝʩʥʠʪʝʣʝʡ ʤʝʥʷʣʦʩʴ ʚ ʪʝʯʝʥʠʠ ʢʘʤʧʘʥʠʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ɺɺʕʈ-ʉ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʚʳʪʝʩʥʠʪʝʣʝʡ ʚʥʫʪʨʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʢʘʥʘʣʘ 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʝʨʞʥʝʡ-ʚʳʪʝʩʥʠʪʝʣʝʡ ʢʘʢ 

ʩʧʦʩʦʙ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʧʨʦʜʣʠʪʴ ʪʦʧʣʠʚʥʫʶ ʢʘʤʧʘʥʠʶ. 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʥʝʦʩʫʱʝʩʪʚʠʤʘ ʠʟ-ʟʘ 

ʨʘʟʤʝʱʝʥʠʷ ʚʳʪʝʩʥʠʪʝʣʝʡ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʝʡ ʨʝʰʝʪʢʠ ʊɺʉ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʜʝʣʠ 2 ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʵʚʦʣʶʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚʦʜʦ-

ʚʦʜʷʥʳʭ ʨʝʘʢʪʦʨʦʚ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʧʣʠʚʘ ʠ ʜʘʣʴʥʝʡʰʝʤʫ ʟʘʤʳʢʘʥʠʶ 

ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ. 
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ɸʥʥʦʪʘʮʠʷ.  ɺ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʘ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʧʨʷʤʦʛʦ ʨʝʙʨʘ ʩ 

ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʨʝʙʨʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. ʄʝʪʦʜʦʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʃʘʧʣʘʩʘ ʧʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʧʨʷʤʦʤ ʨʝʙʨʝ ʩ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʠ ʥʝʧʨʝʨʳʚʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ. ʆʧʨʝʜʝʣʝʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʙʨʘ 

ʠ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʯʝʨʝʟ ʦʩʥʦʚʘʥʠʝ ʨʝʙʨʘ. ʕʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʚ ʨʝʙʨʝ ʧʦʚʳʰʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʙʨʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. ʅʘʡʜʝʥʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʨʝʙʨʝ ʢʘʢ ʫʩʣʦʚʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʨʝʙʨʝʥʠʷ. ʃʠʥʝʡʥʳʡ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʯʝʨʝʟ ʦʩʥʦʚʘʥʠʝ ʨʝʙʨʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ ʥʫʣʷ. ɽʩʣʠ ʣʠʥʝʡʥʳʡ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʤʝʥʴʰʝ ʥʫʣʷ, ʨʝʙʨʦ ʠʛʨʘʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʨʦʣʴ: ʧʦʪʦʢ ʥʘʧʨʘʚʣʝʥ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ. ɺ ʨʘʙʦʪʝ 

ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʨʘʱʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ kʅ. ʇʨʠ ʨʘʩʯʝʪʝ ʥʘʛʨʝʚʘʥʠʷ (ʦʭʣʘʞʜʝʥʠʷ) 

ʪʝʣʘ ʩ ʦʨʝʙʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʚ kʅ ʨʘʟ. ɺʳʧʦʣʥʝʥʥʳʝ ʚ 

ʨʘʙʦʪʝ ʨʘʩʯʝʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʙʨʘ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʨʦʮʝʩʩʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʝʙʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ, ʥʘʨʘʱʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʷʤʦʝ ʨʝʙʨʦ, 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʧʨʦʬʠʣʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʙʨʘ, ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʤʝʪʦʜ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ. 
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Abstract. A non-stationary problem of heat conduction for a straight fin with an arbitrary profile in the 

presence of energy release in the fin is set in this paper. An analytical solution of the non-stationary problem of heat 

conduction in a straight fin with a rectangular profile and continuously operating heat sources is obtained by applying 

the Laplace integral transform method. The efficiency of the fin and the heat flow through the base of the fin are 

determined. The energy release in the fin increases its efficiency in comparison with the efficiency of the fin in the 
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absence of energy release, and also reduces the heat flow. The restriction by the values of energy release in the fin is 

found as condition for the applicability of the finning. The linear heat flow through the base of the fin at any time must 

be greater than zero. If the linear heat flow is less than zero, the fin plays the opposite role: the flow is directed in the 

reverse side. In this paper, an expression is obtained for the surface build-up coefficient kb. When calculating the 

heating (cooling) of a body with a finned surface, the heat transfer coefficient should be increased by kb times. The 

calculations performed in the paper demonstrated the influence of energy release on the characteristics of the fin in non-

stationary processes. 

Keywords: surface finning, energy release, extended surface, straight fin, rectangular profile, fin efficiency, 

heat flow, non-stationary heat conduction problem, Laplace integral transform method. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʨʝʙʨʘʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʙʨʘ ʚ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ɺ ʢʥʠʛʝ [1] ʥʘʡʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʷʤʳʭ ʠ ʢʦʣʴʮʝʚʳʭ ʨʝʙʝʨ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʬʠʣʷ 

ʙʝʟ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʨʝʙʨʘʭ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʨʘʙʦʪʘʭ [2], [3] ʦʧʨʝʜʝʣʝʥʦ 

ʚʣʠʷʥʠʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʧʨʷʤʦʤ ʨʝʙʨʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʥʘ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦ ʦʜʥʦʤʝʨʥʦʡ ʠ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʷʤ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʷʤʦʛʦ ʨʝʙʨʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ (ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʣʠʥʝʡʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʯʝʨʝʟ ʦʩʥʦʚʘʥʠʝ ʨʝʙʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʘʨʘʱʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʠ ʨʝʙʨʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʯʝʨʝʟ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʨʝʙʨʘ ʩ ʫʯʝʪʦʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʧʨʷʤʦʛʦ 

ʨʝʙʨʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʧʨʦʬʠʣʝʤ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʜʣʷ ʨʝʙʨʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʧʨʦʬʠʣʷ ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ [4]. ʅʘʡʜʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʙʨʘ, ʣʠʥʝʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʦʩʥʦʚʘʥʠʝ ʨʝʙʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʘʨʘʱʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʚʨʝʤʝʥʠ t­¤ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʧʦʣʷ ʨʝʙʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠʟ ʨʘʙʦʪʳ [2]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʨʝʙʨʘ U ʦʪ ʚʨʝʤʝʥʠ t 

ʚ ʩʝʯʝʥʠʠ X = 0,5 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠ ̫

ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʙʨʘ ʚʦʟʨʘʩʪʘʝʪ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʫʩʣʦʚʠʠ ( )0 1, U X =  

ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 % ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʚʨʝʤʷ 0,36,t= ʧʨʠ Po 0,5=  - ʟʘ 0,32,t=  ʧʨʠ Po 1,0=  - ʟʘ 0,30.t=  

 

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʨʝʙʨʘ ʧʨʠ X = 0,5: 

1 ï Po = 0, 2 - Po = 0,5, 3 ï Po = 1,0 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʚ ʨʝʙʨʝ ʧʦʚʳʰʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʘʨʘʱʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʤʝʥʴʰʘʝʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʯʝʨʝʟ ʦʩʥʦʚʘʥʠʝ ʨʝʙʨʘ. 
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ɸʥʥʦʪʘʮʠʷ. MATLAB ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧʣʠʚʘ ʠ ʦʙʦʣʦʯʢʠ ʊɺʕʃ ʣʝʛʢʦʚʦʜʥʦʛʦ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ 

ʘʚʘʨʠʠ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 
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Abstract. MATLAB is a software designed for analyzing and modelling processes with use of programming 

language.  In this paper, the modelling of temperature change in LWR core and its cladding under the loss-of-coolant 

accident is performed. 

Keywords: MATLAB, nuclear safety, modelling, thermal hydraulics, LWR, LOCA. 

 

ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʘʜʸʞʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ, ʚʢʣʶʯʘʷ ʘʚʘʨʠʡʥʳʝ. ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ 

ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦʟʚʦʣʠʪ ʪʦʯʥʝʝ ʧʦʜʦʡʪʠ ʢ ʩʦʟʜʘʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʦʨʛʘʥʦʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʉ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʨʠʬʠʮʠʨʫʝʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʆʜʥʦʡ 

ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʭʦʜʷʱʠʭ ʧʦʜ ʜʘʥʥʳʝ ʢʨʠʪʝʨʠʠ, ʷʚʣʷʝʪʩʷ 

MATLAB [1]. 

mailto:sspravosud@mephi.ru
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ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ MATLAB ̫ʚʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʝʜʣʘʛʘʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ 

ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ; ʦʥ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ. ʉʨʝʜʩʪʚʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʜʦʡʪʠ ʢ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʙʣʦʢʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʛʦʪʦʚʳʝ ʬʫʥʢʮʠʠ ʠʣʠ ʚʭʦʜʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʥʘʧʠʩʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ ʠ ʚʢʣʶʯʝʥʠʷ ʝʸ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʙʣʦʢ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʳ. ɼʘʥʥʳʝ 

ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʚʝʨʠʬʠʮʠʨʫʝʤʫʶ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ 

ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [2]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʧʦʪʝʨʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (LOCA) ʜʣʷ ʣʝʛʢʦʚʦʜʥʳʭ ʨʝʘʢʪʦʨʦʚ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʪʠʚʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʫʯʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʠ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ [3-5]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʚʘʨʠʠ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (LOCA) ʚ 

ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 ʩʦ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ [6]. ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʟʘʜʘʯʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʜʦʧʫʱʝʥʠʷ: ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ π ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʳʚ ʦʜʥʦʡ ʠʟ ʧʝʪʝʣʴ ʛʣʘʚʥʦʛʦ 
ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ (ɻʎʅ), ʯʪʦ ʠʥʠʮʠʠʨʫʝʪ ʤʛʥʦʚʝʥʥʳʡ ʦʩʪʘʥʦʚ ʨʝʘʢʪʦʨʘ; 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ π ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ‗. ʋʙʳʣʴ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ 
ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʦʣʶ ὼ ʦʪ ʥʘʯʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ 
ὖ. ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʤʝʞʜʫ ʪʦʧʣʠʚʥʦʡ 
ʦʙʦʣʦʯʢʦʡ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. ɺ ʤʦʜʝʣʠ ʪʘʢʞʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʟʘʟʦʨ ʤʝʞʜʫ ʪʦʧʣʠʚʦʤ ʠ ʦʙʦʣʦʯʢʦʡ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ (ʊɺʕʃ).  

ʇʨʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʥʘʡʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʚʝʜʝʥʠʷ 

ʬʫʥʢʮʠʡ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ ʦʙʦʣʦʯʢʠ ʜʘʥʥʦʛʦ ʊɺʕʃ. ɺ 

ʩʨʝʜʝ MATLAB ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧʣʠʚʘ ʠ ʦʙʦʣʦʯʢʠ ʊɺʕʃ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʣʝʛʢʦʚʦʜʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʨʘʩʯʝʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʘʚʘʨʠʡʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ (ʉɸʆɿ). 
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ɸʥʥʦʪʘʮʠʷ. ʉ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘʥʠʷ ʨʦʣʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʈɿʄïFeïB ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʠʭ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʰʣʠʬʦʚʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʤʘʛʥʠʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢʞʝ ʙʫʜʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʰʣʠʬ-ʦʪʭʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʧʦʠʩʢ 

ʨʝʥʪʘʙʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʜʝʣʝʥʠʷ ʥʝʦʜʠʤʘ ʠ ʜʨʫʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: hʣʠʬʦʚʘʣʴʥʳʝ ʦʪʭʦʜʳ, ʩʤʝʰʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ, ʨʝʮʠʢʣʠʨʦʚʘʥʠʝ, 

ʨʘʩʪʚʦʨʝʥʠʝ, ʦʩʘʞʜʝʥʠʝ. 
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Abstract. Taking into account the increasing role of strong magnets based on the REMïFeïB system in 

various areas of their consumption, the amount of grinding waste from the magnetic industry will also increase. 

Currently, grinding waste is practically not processed in Russia, so the search for a cost-effective technology for 

separating neodymium and other rare earth metals and alloying elements is a very urgent task. 

Key words: grinding waste, mixed processing technology, recycling, dissolution, precipitation. 

 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ ʩʠʩʪʝʤʳ ʈɿʄ-Fe-B, ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʪʝʨʷʝʪʩʷ ʚ 

ʚʠʜʝ ʦʪʭʦʜʦʚ, ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʰʣʠʬʦʚʘʣʴʥʳʝ ʦʪʭʦʜʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢ ʢʘʢ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʣʠʬ-ʦʪʭʦʜʳ ʤʘʛʥʠʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʚʪʦʨʠʯʥʳʝ (ʦʪʨʘʙʦʪʘʚʰʠʝ) ʤʘʛʥʠʪʳ ʩʠʩʪʝʤʳ ʈɿʄ-Fe-B ʚ ʈʦʩʩʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ, ʩʦʟʜʘʥʠʝ ʧʨʦʩʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʭ çʨʝʮʠʢʣʠʨʦʚʘʥʠʷè ̫ʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʚʦʟʚʨʘʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʥʝʦʜʠʤʘ ʠ 

ʜʨʫʛʠʭ ʈɿʄ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʫ 

ʠʥʦʩʪʨʘʥʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʪʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʘʛʥʠʪʦʚ ʙʦʣʝʝ 

ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦ.  

ʅʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʉʊʀ ʅʀʗʋ ʄʀʌʀ ʙʳʣʠ ʠʟʫʯʝʥʳ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ 

ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ, ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʠʬ-ʦʪʭʦʜʦʚ, ʪʘʢʠʤ ʢʘʢ: ʬʦʨʤʠʘʪʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʜʝʣʝʥʠʷ ʈɿʄ, ʬʪʦʨʠʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʜʝʣʝʥʠʷ 

ʈɿʄ ʠ ʩʝʨʥʦʢʠʩʣʦʪʥʦ-ʦʢʩʘʣʘʪʥʳʡ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʠʬ-ʦʪʭʦʜʦʚ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʛʨʫʧʧʦʡ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʧʝʨʘʮʠʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʝʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʤʘʛʥʠʪʦʚ.  
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ʇʨʝʜʧʨʠʷʪʠʝ çʇʆɿ-ʇʨʦʛʨʝʩʩè ʧʦʩʪʘʚʠʣʦ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ ʟʘʜʘʯʫ 

ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʩʦʩʪʘʚʘ ʈɿʄ-Fe-B, ʩ ʚʳʜʝʣʝʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ, ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʅʘʫʯʥʦʡ 

ʛʨʫʧʧʦʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʤʝʰʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʠ ʚʪʦʨʠʯʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʦʮʝʩʩʘʭ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ. 

ʇʦ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʣʴʯʝʥʠʝ ʰʣʠʬ-ʦʪʭʦʜʦʚ. ɼʘʣʝʝ 

ʧʦʨʦʰʢʠ ʠʟʤʝʣʴʯʝʥʥʳʭ ʰʣʠʬʦʚʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʨʘʩʪʚʦʨʷʣʠʩʴ ʠ ʧʦʩʪʫʧʘʣʠ ʥʘ ʦʩʘʞʜʝʥʠʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʠ 

ʥʝʙʦʣʴʰʦʡ ʤʘʩʩʦʡ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʩʪʘʪʢʦʚ ʰʣʠʬʦʚʘʣʴʥʳʭ ʦʪʭʦʜʦʚ.  

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʩʪʘʜʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʦʪʭʦʜʦʚ, ʘʚʪʦʨʘʤʠ ʫʜʘʣʦʩʴ 

ʜʦʩʪʠʯʴ ʨʘʟʜʝʣʝʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʫʤʤʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʘʚʪʦʨʘʤʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʚʩʝʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʠʤʝʥʥʦ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʤʘʩʩʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ (ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ) ʥʘ ʧʨʦʮʝʩʩ ʚʦʜʦʨʦʜʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʦʪʨʘʙʦʪʘʚʰʠʭ ʤʘʛʥʠʪʥʳʭ 

ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ-Fe-B ʠ ʠʭ ʩʚʦʡʩʪʚʘ. ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʘʥʥʳʝ ʦ ʧʨʦʮʝʩʩʝ ʚʦʜʦʨʦʜʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ-Fe-B ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʛʠʜʨʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʨʦʜʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ, ʨʝʮʠʢʣʠʨʦʚʘʥʠʝ, ʛʠʜʨʠʨʦʚʘʥʠʝ, ʩʧʣʘʚ Nd-Fe-B, 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ. 
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Abstract. The paper presents studies of the influence of certain parameters, namely temperature, pressure, 

mass, preliminary processes of preparation of magnetic alloys (heat treatment and chemical etching) on the process of 
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hydrogen dispersion of spent magnetic alloys of the composition of rare earth metals-Fe-B and their properties. The 

authors of this work will present data on the process of hydrogen dispersion of rare earth metal systems-Fe-B and the 

possibility of using the data obtained to improve the technological process of obtaining rare earth metal powders by 

hydrogenation. 

Keywords: hydrogen decrepitation, recycling, hydrogenation, Nd-Fe-B alloy, heat treatment. 

 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʘʛʥʠʪʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ ʩʚʦʝ ʩʪʨʝʤʠʪʝʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ ʥʘʨʷʜʫ ʩ ʨʦʩʪʦʤ ʢʨʫʛʘ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ            

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ) Fe-B. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʦʩʦʙʦʡ ʧʦʣʠʪʠʢʦʡ ʵʢʩʧʦʨʪʘ 

ʤʘʛʥʠʪʦʚ ʠʟ ʂʠʪʘʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʝʨʝʜ ʤʘʛʥʠʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʦʩʪʨʦ ʚʩʪʘʝʪ 

ʚʦʧʨʦʩ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʣʘʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ (ʪ.ʝ. ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʠʟʜʝʣʠʡ ʩ ʠʭ ʚʦʟʚʨʘʪʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ) ʦʪʨʘʙʦʪʘʚʰʠʭ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʮʠʢʣʠʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʝʪʩʷ ʣʠʰʴ 1 % ʚʪʦʨʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʧʣʘʚʦʚ [1]. 

ʊʘʢ, ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʶʪʩʷ: 

ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ ʠ ʤʝʪʦʜ çʦʪ ʤʘʛʥʠʪʘ ʢ 

ʤʘʛʥʠʪʫè. ʇʦʩʣʝʜʥʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʣʠʙʦ ʚʦʜʦʨʦʜʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ 

ʠʣʠ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʛʠʜʨʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʩʧʣʘʚʘ, ʣʠʙʦ ʞʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ, ʜʝʩʦʨʙʮʠʠ ʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ, ʦʪʢʫʜʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʟʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ï HDDR (ʧʦ ʧʝʨʚʳʤ ʙʫʢʚʘʤ 

ʧʨʦʮʝʩʩʦʚ ï hydrogenation, disproportionation, desorbtion ʠ recombination). 

ʅʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [2] ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʧʨʦʮʝʩʩ HDDR 

ʫʩʪʫʧʘʝʪ ʧʨʦʮʝʩʩʫ ʚʦʜʦʨʦʜʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʮʝʩʩʘ), ʙʦʣʝʝ 

ʜʣʠʪʝʣʝʥ ʧʦ ʚʨʝʤʝʥʠ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʜʫʢʪ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʠʤʝʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʢ ʦʯʝʥʴ ʙʳʩʪʨʦʤʫ ʦʢʠʩʣʝʥʠʶ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ, ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʣʫʯʘʝʤʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʛʠʜʨʠʜʦʚ 

ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʈɿʄ Fe-B ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʦʜʦʨʦʜʥʦʛʦ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ (ʛʠʜʨʠʨʦʚʘʥʠʷ). ʇʨʦʜʫʢʪʦʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʧʦʨʦʰʦʢ ʛʠʜʨʠʜʦʚ, 

ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʧʝʨʘʮʠʠ ʪʦʥʢʦʛʦ ʧʦʤʦʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʤʝʣʢʦʡ 

ʬʨʘʢʮʠʠ. ɿʘʢʣʶʯʠʪʝʣʴʥʳʤʠ ʩʪʘʜʠʷʤʠ ʧʨʦʮʝʩʩʘ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʝʩʩʦʚʘʥʠʝ, 

ʩʧʝʢʘʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʢʦʥʝʯʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʛʦʪʦʚʳʡ ʤʘʛʥʠʪ, ʠʤʝʶʱʠʡ ʚʳʩʦʢʠʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ 

ʧʨʦʮʝʩʩʘ ʚʦʜʦʨʦʜʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. ʊʘʢ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʨʦʮʝʩʩʝ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʨʝʘʢʪʦʨʝ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʚʣʠʷʥʠʝ ʤʘʩʩʳ ʚʟʷʪʳʭ 

ʦʙʨʘʟʮʦʚ ʤʘʛʥʠʪʥʦʛʦ ʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʤʘʛʥʠʪʥʳʭ 

ʩʧʣʘʚʦʚ ʢ ʧʨʦʮʝʩʩʫ ʚʦʜʦʨʦʜʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ (ʚʘʢʫʫʤʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ). 

ɺ ʜʦʢʣʘʜʝ ʘʚʪʦʨʘʤʠ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʮʝʩʩʫ 

ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʛʠʜʨʠʜʦʚ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ ʈɿʄ Fe-B ʤʝʪʦʜʦʤ ʚʦʜʦʨʦʜʥʦʛʦ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ (ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʜʘʚʣʝʥʠʡ ʠ 

ʧʨ.), ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʦʪʨʘʙʦʪʘʚʰʠʭ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ, ʦʙʦʩʥʦʚʘʥ 

ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʨʦʜʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Binnemans K. et al // Journal of Cleaner Production. 2013. V. 51. P. 1-22. 

2. ɸ.ɻ. ɺʘʩʠʣʴʝʚ. ɺʣʠʷʥʠʝ ʬʘʟʦʚʦʛʦ ʨʘʩʧʘʜʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʪʠʧʘ RFe2 ʥʘ ʩʦʨʙʮʠʶ ʚʦʜʦʨʦʜʘ // ʌʠʟʠʢʘ ʠ 

ʪʝʭʥʠʢʘ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. ï 2012. ï ˉ 22. ï ʉ. 65-71. 

3. Manlong Xia, Asger B. Abrahamsen, Christian R.H. Bahl, Badrinath Veluri, Allan I. Sßegaard, Poul Bßjsße // 

Journal of Magnetism and Magnetic Materials. 2017. V. 441. P. 55-61  



49 

 

ʋɼʂ 621.039.586 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇɽʈɽʍʆɼʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ ʈɽɸʂʊʆʈɽ PWR ï 

1000 C ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʇʃʆɻʀɼʈɸɺʃʀʏɽʉʂʆɻʆ 

ʂʆʄʇʔʖʊɽʈʅʆɻʆ ʂʆɼɸ ATHLET 

 
ʗʢʫʙʦʚ ʗ.ʆ.

 1
, ʇʨʘʚʦʩʫʜ ʉ.ʉ.

1,2
, ʉʫʩʘʢʠʥ ɺ.ʉ.

 1
, ʄʘʩʣʘʢʦʚ ɼ. ʉ.

1 

1
ʉʝʚʝʨʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅʀʗʋ ʄʀʌʀ, ʛ. ʉʝʚʝʨʩʢ, ʈʦʩʩʠʷ 
2
 ɸʅʆ ɼʇʆ çʊʝʭʥʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʈʦʩʘʪʦʤʘè, ʛ. ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ  

sspravosud@mephi.ru  

ssepravosud@rosatom.ru 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ATHLET ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʝʡʪʨʦʥʥʦ-ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʨʘʩʯʸʪʦʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʣʝʛʢʦʚʦʜʥʳʭ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ PWR.  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ATHLET, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘʥʘʣʠʟ, ʪʝʨʤʦʛʠʜʨʘʚʣʠʢʘ, ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ, LOCA. 

 

SIMULATION OF TRANSIENT PROCESSES IN THE PWR-1000 REACTOR 

USING THE ATHLET THERMOHYDRAULIC CODE 

 

Yakubov Ya. O.
1
, Pravosud S.S.

1,2
,  Susakin V.S.

1
, Maslakov D.S.

1 

1
Seversk Technological Institute ï a branch of the National Research Nuclear University MEPhI, Seversk, Russia 

2
Rosatom Technical Academy, Obninsk, Russia

 

sspravosud@mephi.ru  

ssepravosud@rosatom.ru 

 
Abstract. The ATHLET thermohydraulic code is designed for neutron-thermohydraulic calculations of non-

stationary physical processes of light-water nuclear power plants of the PWR type. In this paper, the simulation of 

transients under various loads is performed. 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʩʧʦʩʦʙʥʳʡ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʧʨʦʚʦʜʠʪʴ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʰʪʘʪʥʳʭ ʠ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʷʚʣʷʝʪʩʷ Analysis of Thermal Hydraulics of Leaks and Transients (ATHLET), ʢʦʪʦʨʳʡ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʥʝʤʝʮʢʠʤʠ ʫʯʝʥʥʳʤʠ Gesellschaft fur Anlagen und Reaktorsicherheit (GRS) ʜʣʷ 

ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʣʝʛʢʦʚʦʜʥʳʭ ʨʝʘʢʪʦʨʦʚ (LWR) ʪʠʧʘ PWR, ʨʝʘʢʪʦʨʦʚ ʩ ʚʦʜʦʡ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ BWR, ʨʝʘʢʪʦʨʦʚ ʩ ʢʠʧʷʱʝʡ ʚʦʜʦʡ. ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ 

ʜʦʧʦʣʥʝʥ ʙʠʙʣʠʦʪʝʢʦʡ ʢʦʜʘ BIPR8KN ʨʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ ʮʝʥʪʨʦʤ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè ʠ ʩʪʘʣ ʧʨʠʤʝʥʠʤ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʪʠʧʘ ɺɺʕʈ ʠ ʈɹʄʂ. ʂʦʤʧʣʝʢʩ 

ATHLET/BIPR ï VVER ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʦʧʨʷʞʝʥʥʳʭ ʧʨʦʛʨʘʤʤ: ʪʝʨʤʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ATHLET ʠ ʥʝʪʡʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʡ ɹʀʇʈï8 ʠ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʧʨʦʚʦʜʠʣʦʩʴ ʚʥʝʜʨʝʥʠʝ ʪʦʧʣʠʚʥʳʭ 

ʩʙʦʨʦʢ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠʣʠ ʞʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʙʦʨʢʠ ʩ ʫʚʝʣʠʯʝʥʥʦʡ 

ʚʳʩʦʪʦʡ ʪʦʧʣʠʚʥʦʛʦ ʩʪʦʣʙʘ, ʘ ʪʘʢ ʞʝ ʧʝʨʝʚʦʜ ʜʝʡʩʪʚʫʶʱʠʭ ɸʕʉ ʥʘ 5-6 ʣʝʪʥʠʡ ʪʦʧʣʠʚʥʳʡ 

ʮʠʢʣ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʩʭʝʤʘʤʠ ʧʝʨʝʛʨʫʟʢʠ ʪʦʧʣʠʚʘ [1]. 

ʉʪʨʫʢʪʫʨʘ ʢʦʜʘ ATHLET ̫ ʚʣʷʝʪʩʷ ʤʦʜʫʣʴʥʦʡ ʠ ʩʦʩʪʦʠʪ ʠʟ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʲʝʢʪʦʚ, ʯʪʦ ʩʦʟʜʘʸʪ ʛʠʙʢʦʩʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʯʝʪʘʭ. ɺ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʚʭʦʜʷʪ: 

ʤʦʜʫʣʴ ʪʝʨʤʦʛʠʜʨʘʚʣʠʢʠ, ʤʦʜʫʣʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʤʦʜʫʣʴ ʥʝʡʪʨʦʥʥʦʡ 

ʢʠʥʝʪʠʢʠ, ʤʦʜʫʣʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨ. ʄʦʜʫʣʴ ʪʝʨʤʦʛʠʜʨʘʚʣʠʢʠ ʦʩʥʦʚʘʥ ʥʘ ʨʝʰʝʥʠʠ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʧʷʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: ʩʦʭʨʘʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʜʣʷ 

ʧʘʨʦʚʦʜʷʥʦʡ ʩʤʝʩʠ, ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʧʘʨʘ ʠ ʚʦʜʳ, ʩʦʭʨʘʥʝʥʠʠ ʵʥʝʨʛʠʠ ʜʣʷ ʧʘʨʘ ʠ ʚʦʜʳ [2]. 

ʊʘʢ ʞʝ ʜʘʥʥʳʡ ʤʦʜʫʣʴ ʫʯʠʪʳʚʘʝʪ ʧʝʨʝʥʦʩ ʙʦʨʘ ʠ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʢʦʥʜʝʥʩʠʨʫʝʤʳʝ 
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ʛʘʟʳ. ʉ ʧʦʤʦʱʴʶ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʠʣʠ ʤʦʜʝʣʠ ʪʦʯʝʯʥʦʡ ʢʠʥʝʪʠʢʠ ʦʧʠʩʳʚʘʝʪʩʷ ʷʜʝʨʥʘʷ 

ʛʝʥʝʨʘʮʠʷ ʪʝʧʣʘ, ʘ ʩʠʩʪʝʤʘ ʪʝʧʣʦʦʙʤʝʥʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ɹʀʇʈ-8 ʦʩʥʦʚʘʥ ʥʘ ʜʚʫʭ-ʛʨʫʧʧʦʚʦʤ 

ʜʠʬʬʫʟʠʦʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ [3], ʪʦʛʜʘ ʢʘʢ ɹʀʇʈ-8KN  ʦʩʥʘʱʝʥ ʚʝʪʚʴʶ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʘʩʯʝʪʘ ʢʠʥʝʪʠʢʠ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʨʘʩʯʝʪʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʯʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ: 

ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʧʨʠ ʪʨʝʭʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʝʡʪʨʦʥʦʚ; ʠʟʤʝʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʚ ʧʨʦʮʝʩʩʝ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ; ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʫʶ ʟʦʥʫ  

Xe-135 ʠ Sm-149 [4]. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʙʝʟ ʙʦʣʴʰʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʢʘʢ Windows, 

ʪʘʢ ʠ Linux. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ: ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ 

ʧʝʨʝʭʦʜʝ ʤʦʱʥʦʩʪʠ ʩʦ 100% ʜʦ 50% ʟʘ 1 ʩʝʢʫʥʜʫ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʫ; ʣʠʥʝʡʥʦʤ ʠʟʤʝʥʝʥʠʠ ʥʘʛʨʫʟʢʠ (ʨʝʞʠʤ ʩʣʝʜʦʚʘʥʠʷ ʟʘ ʥʘʛʨʫʟʢʦʡ) ʩʦ 

100% ʜʦ 25% ʠ ʩ 25% ʜʦ 100% ʩ ʰʘʛʦʤ 25%, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʦʝ ʠʟʤʝʥʝʥʠʝ ʰʘʛʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ 

ʪʝʯʝʥʠʠ 1 ʩʝʢʫʥʜʳ, ʧʨʠ ʦʙʱʝʤ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 5000 ʩʝʢʫʥʜ; ʦʪʢʣʶʯʝʥʠʠ ʚʥʝʰʥʝʛʦ 

ʧʠʪʘʥʠʷ ɸɿ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʵʣʝʢʪʨʦʩʝʪʝʡ; ʦʪʢʣʶʯʝʥʠʠ ʛʣʘʚʥʦʛʦ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ (ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ); ʘʚʘʨʠʠ ʩ ʙʦʣʴʰʦʡ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ çLoss-

of-coolant accidentè (LOCA) ʠʣʠ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ çLarge-

break LOCAè (LBLOCA). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʚʝʜʝʥʠʶ 

ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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Abstract. Currently, the demand for highly coercive magnetic materials, which are an important component 

for industry, energy and the country's economy, necessitates the introduction of optimal technology for recycling spent 

magnetic alloys. Magnetic materials must have high coercivity, high-quality composition and magnetic characteristics 

required by the market. 

Keywords: recycling, high-coercivity magnetic materials, fine grinding method. 

 

ʄʝʪʦʜ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ (ʧʦʤʦʣʘ) ʧʦʨʦʰʢʦʚ ʛʠʜʨʠʜʦʚ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ï 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʠʟʤʝʣʴʯʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʨʦʰʢʠ 

ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʨʘʟʤʝʨʦʤ ʦʪ 3 ʜʦ 5 ʤʢʤ. ɼʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 
ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ). ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʳʭ ʤʘʛʥʠʪʦʚ 

ʥʘʧʨʷʤʫʶ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʠ 

ʝʛʦ ʩʚʦʡʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʩʣʠʧʘʝʤʦʩʪʴ, ʩʳʧʫʯʝʩʪʴ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, 

ʘʙʨʘʟʠʚʥʦʩʪʴ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ ʛʠʜʨʠʜʦʚ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ. ʄʝʪʦʜ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʘʜʠʝʡ ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʘ ʠʤʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʚʦʜʦʨʦʜʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʜʘʞʝ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ, ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʨʦʰʢʠ ʩ ʪʨʝʙʫʝʤʳʤ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ 3-5 ʤʢʤ.  

ʇʨʦʮʝʩʩ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʛʠʜʨʠʜʦʚ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʟʤʦʣʴʥʳʭ ʪʝʣ ʧʨʠʤʝʥʷʣʠʩʴ ʰʘʨʳ ʨʘʟʣʠʯʥʦʛʦ 

ʜʠʘʤʝʪʨʘ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ ʐʍ-15, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʩʢʦʣʦʚ ʦʪ ʩʦʫʜʘʨʝʥʠʡ ʨʘʟʤʦʣʴʥʳʭ ʪʝʣ ʚ ʢʦʥʝʯʥʳʭ ʦʙʨʘʟʮʘʭ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʨʘʟʤʦʣʴʥʳʝ ʰʘʨʳ ʜʘʥʥʦʡ ʤʘʨʢʠ ʷʚʣʷʶʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦ- ʠ ʞʘʨʦʩʪʦʡʢʠʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʣʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʜʝʣʘʪʴ 

ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩ ʪʦʥʢʦʛʦ ʧʦʤʦʣʘ ʧʦʨʦʰʢʦʚ ʛʠʜʨʠʜʦʚ 

ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʘ ʠʤʝʥʥʦ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʀʟʤʝʣʴʯʝʥʠʝ ʚ ʩʨʝʜʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʩʧʳʣʝʥʠʶ 

ʤʘʪʝʨʠʘʣʘ, ʢʦʘʛʫʣʷʮʠʠ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʧʦʥʠʞʘʝʪ ʪʨʝʥʠʝ ʤʝʞʜʫ ʨʘʟʤʦʣʴʥʳʤʠ ʪʝʣʘʤʠ, ʯʝʤ 

ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʤʦʣʘ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʠʟ ʨʘʟʤʦʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʦʥʢʠʡ ʧʦʤʦʣ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʝʩʧʝʯʝʥʠʶ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʥʝʯʥʳʭ ʦʙʨʘʟʮʦʚ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʥʘʩʳʧʥʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʰʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʠʯʝʩʢʠʡ ʵʪʠʣʦʚʳʡ 

ʩʧʠʨʪ, ʪʝʭʥʠʯʝʩʢʠʡ ʘʮʝʪʦʥ ʠ ʛʝʢʩʘʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ ʛʠʜʨʠʜʦʚ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʢʦʥʝʯʥʳʭ 

ʦʙʨʘʟʮʦʚ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʳ ʙʳʣ 

ʚʳʙʨʘʥ ʪʝʭʥʠʯʝʩʢʠʡ ʘʮʝʪʦʥ. ʆʜʥʘʢʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʛʠʜʨʠʜʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ʩʢʦʧʣʝʥʠʶ ʫʛʣʝʨʦʜʘ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʤʠʤʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʚʦʡʩʪʚʘ ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ 

ʛʠʜʨʠʜʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʚʳʙʨʘʥʥʳʡ ʨʝʞʠʤ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʘʧʧʘʨʘʪʘ 

ʠʟʤʝʣʴʯʝʥʠʷ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 



52 

 

ʚʨʝʤʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʜʠʘʤʝʪʨʘ ʤʝʣʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ï h ʘʨʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʪʦʥʢʦʛʦ ʧʦʤʦʣʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʦʢʠʩʣʷʝʤʦʩʪʴ ʧʦʨʦʰʢʦʚ ʠ ʘʜʩʦʨʙʮʠʶ 

ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʘʟ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʦʩʪʘʪʦʯʥʦʡ ʚʣʘʛʦʡ ʠʣʠ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʦʙʨʘʟʫʶʪʩʷ ʬʘʟʳ 

Nd(OH)3 ʠ Nd2O3 ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦ ʨʝʘʢʮʠʷʤ: 

Nd + 3H2O Ÿ Nd(OH)3 + 3H2ŷ, 

4Nd + 3O2 Ÿ 2Nd2O3. 

ʇʦʷʚʣʝʥʠʝ ʜʘʥʥʳʭ ʬʘʟ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʳʭ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ ʤʘʛʥʠʪʦʚ. ʊʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʠʟʙʝʛʘʪʴ ʧʝʨʝʛʨʝʚʘ ʠʟʤʝʣʴʯʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʚʚʠʜʫ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʇʝʨʝʛʨʝʚ 

ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʠʩʧʘʨʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʜʝʩʦʨʙʮʠʶ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚrh ʘʝʪ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʝʯʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʝʚʳʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʙʦʣʝʝ 1%), ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤ ʨʝʞʠʤʦʤ ʠʟʤʝʣʴʯʝʥʠʷ. ɺʦ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʮʝʩʩʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʘʤʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ, ʧʦʨʦʰʦʢ ʩʧʦʩʦʙʝʥ ʦʢʠʩʣʠʪʴʩʷ ʦʩʪʘʪʦʯʥʦʡ ʚʣʘʛʦʡ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʠʟʤʝʣʴʯʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʨʘʢʮʠʠ ʧʦʨʦʰʢʦʚ ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ ʠ ʦʪʩʫʪʩʪʚʠʷ ʥʘʛʨʝʚʘ 

ʩʠʩʪʝʤʳ ʟʘ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʢʦʥʝʯʥʳʭ ʦʙʨʘʟʮʘʭ ʚʩʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʪʝʭʥʦʣʦʛʠʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ï ʧʨʦʮʝʩʩʘ 

ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʟʘʛʨʫʟʢʘ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʟʤʦʣʴʥʳʡ ʩʪʘʢʘʥ, ʧʨʦʩʝʠʚʘʥʠʝ ʠ 

ʩʫʰʢʘ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʛʠʜʨʠʜʦʚ, ʘ ʪʘʢʞʝ ʚʳʛʨʫʟʢʘ ʢʦʥʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʳ 

ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ.  

ɺ ʜʦʢʣʘʜʝ ʘʚʪʦʨʘʤʠ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʜʨʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ʪʦʥʢʦʛʦ ʧʦʤʦʣʘ ʧʦʨʦʰʢʦʚ ʛʠʜʨʠʜʦʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʠ ʚʣʠʷʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʨʝʞʠʤʘ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɽʚʛʝʥʠʡ ʂʠʨʠʣʣʦʚʠʯ ɻʨʘʯʝʚ, ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ ɹʫʡʥʦʚʩʢʠʡ, ɸʣʝʢʩʘʥʜʨʘ ɺʘʣʝʨʴʝʚʥʘ ʄʫʩʣʠʤʦʚʘ, 

ɺʘʮʣʦʚʘʩ ʄʠʭʘʡʣʦʚʠʯ ʀʣʝʢʠʩ, ɽʚʛʝʥʠʡ ʖʨʴʝʚʠʯ ʂʘʨʪʘʰʦʚ, ʄʘʢʩʠʤ ʉʝʨʛʝʝʚʠʯ ʉʳʨʪʘʥʦʚ, ʄʘʨʢ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʂʨʫʛʣʷʢʦʚ, ɺʠʢʪʦʨ ʀʚʘʥʦʚʠʯ ʉʘʯʢʦʚ "ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʦʜʦʨʦʜʥʦʡ 

ʜʝʢʨʠʧʠʪʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʤʘʛʥʠʪʦʚ NdFeB ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʨʝʭʩʪʘʜʠʡʥʦʡ ʦʯʠʩʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ". 

ɺʝʩʪʥʠʢ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʍʠʤʠʷ. 2023 ˉ 32 ʉ. 185ï199. 

2. ɻʨʘʯʝʚʘ ɼ.ʂ., ʐʘʯʥʝʚʘ ʄ.ʀ., ʂʠʢʝʥʠʥʘ ʀ.ʂ., ɻʨʘʯʝʚ ɽ.ʂ., ʄʫʩʣʠʤʦʚʘ ɸ.ɺ. "ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚʘ 

ʩʧʣʘʚʘ ʈɿʄ- Fʝ,Cʦ ʜʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚ ʚʪʦʨʠʯʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ" //XIV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ - ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ "ʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ XXI ʚʝʢʝ"ʠʤʝʥʠ ʚʳʜʘʶʱʠʭʩʷ ʭʠʤʠʢʦʚ ʃ.ʇ. ʂʫʣʝʚʘ ʠ ʅ.ʄ. 

ʂʠʞʥʝʨʘ, ʧʦʩʚʷʱʝʥʥʘʷ 85-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʧʨʦʬʝʩʩʦʨʘ ɸ.ɺ. ʂʨʘʚʮʦʚʘ. ɺ 2 ʪʦʤʘʭ. ʊʦʤ 2  
(ʛ. ʊʦʤʩʢ, 15ï19 ʤʘʷ 2023 ʛ.) / ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ : ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ 

ʚʪʦʨʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ R-Fe-B. ʇʨʠʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʳʙʦʨʘ ʨʝʘʛʝʥʪʦʚ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʘ ʪʨʘʚʣʝʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ  ʜʚʫʭʦʩʥʦʚʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʦʜʥʦʦʩʥʦʚʥʳʭ ʩʦʣʷʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʤʳʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʚ ʘʮʝʪʦʥʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ, ʨʘʩʪʚʦʨ ʪʨʘʚʣʝʥʠʷ, ʛʠʜʨʠʜʥʘʷ ʬʘʟʘ, ʨʝʮʠʢʣʠʨʦʚʘʥʠʝ, 

ʛʠʜʨʠʜʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ, ʚʪʦʨʠʯʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʧʣʘʚʳ.  
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Abstract. The paper presents studies of the modes of the chemical etching process of secondary magnetic 

alloys of the R-Fe-B system. The substantiation of the phase and chemical compositions of the studied material, the 

choice of reagents and the conditions of the process is given. The studies were carried out using aqueous solutions of 

dibasic sulfuric acid and monobasic hydrochloric and nitric acids as an etching solution, followed by washing the 

material in acetone. 

Keywords: chemical etching, etching solution, hydride phase, recycling, hydride dispersion, secondary 

magnetic alloys. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ R-Fe-B ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʦʮʝʩʩʳ ʨʘʬʠʥʠʨʦʚʘʥʠʷ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʠʪʩʷ ʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. ɺ ʧʝʨʠʦʜ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʧʣʘʚʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʢʠʩʣʝʥʠʶ, ʢʦʨʨʦʟʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʞʝʣʝʟʥʦʡ ʦʢʘʣʠʥʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʘ ʠ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩʘʤ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ HD. ʉ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʨʠʤʝʩʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʜʨʠʜʥʦʡ ʬʘʟʳ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ 

ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʣʫʯʠʪʴ ʤʘʛʥʠʪʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʤʘʨʢʠ. 

ɺ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʣʝʞʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪʳ ʠ ʤʝʪʘʣʣʘ, 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ. ʊʘʢʞʝ ʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʩʧʣʘʚʦʚ 

ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʜʠʡ: 

1. ɼʠʬʬʫʟʠʷ ʨʝʘʛʝʥʪʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ; 

2. ɸʜʩʦʨʙʮʠʷ ʨʝʘʛʝʥʪʘ; 

3. ʍʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ; 

4. ɼʝʩʦʨʙʮʠʷ ʨʝʘʛʝʥʪʘ; 

5. ɼʠʬʬʫʟʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ. 

ʄʘʛʥʠʪʥʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ R-Fe-B ʠʤʝʶʪ ʪʨʝʭʬʘʟʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʛʜʝ ʢʘʞʜʘʷ 

ʬʘʟʘ ʠʤʝʝʪ ʦʪʣʠʯʥʳʝ ʦʪ ʜʨʫʛʦʡ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʩʢʦʨʦʩʪʴ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ ʬʘʟʘʭ ʥʝʦʜʠʥʘʢʦʚʘ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ. ʊʘʢʞʝ 

ʥʘ ʩʪʘʜʠʠ çʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠè ʯʘʩʪʴ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦʨʘʭ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʠ ʥʝ ʧʦʜʚʝʨʛʘʪʴʩʷ ʧʦʩʣʝʜʫʶʱʠʤ ʩʪʘʜʠʷʤ çʜʝʩʦʨʙʮʠʠ ʨʝʘʛʝʥʪʘè ʠ 

çʜʠʬʬʫʟʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘè. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩʧʣʘʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʠʜʥʦʡ 

ʬʘʟʳ R-Fe-BHx. 

ʇʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʘ ʪʨʘʚʣʝʥʠʷ ʜʚʫʭʦʩʥʦʚʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤ 
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ʚʳʜʝʣʝʥʠʝʤ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʤʫ ʝʛʦ ʧʦʛʣʦʱʝʥʠʶ ʩʧʣʘʚʦʤ, ʘ 

ʪʘʢʞʝ ʙʦʣʴʰʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʝʤ ʪʨʘʚʣʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʜʥʦʦʩʥʦʚʥʳʭ ʢʠʩʣʦʪ. ʆʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʠʜʥʦʡ ʬʘʟʳ ʥʘ ʩʪʘʜʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ ʠʟ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʘʯʝʩʪʚʦ 

ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʜʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. 

ɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʫʜʘʣʝʥʠʷ ʦʢʠʩʝʡ ʠ ʜʨʫʛʠʭ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʠ ʮʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ,  ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʚʦʙʦʞʜʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʪʨʘʚʣʝʥʠʷ 

ʩʦʟʜʘʶʪʩʷ ʰʣʠʬʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʩʧʣʘʚʘ. ʉ ʧʦʤʦʱʴ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʤʦʞʥʦ ʠʟʫʯʠʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʰʣʠʬʘ ʚʪʦʨʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʩʧʣʘʚʘ ʜʦ ʠ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʷʚʣʝʥʠʝʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʨʦʪʝʢʘʥʠʷ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʢʘʞʜʦʡ ʬʘʟʝ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ. ʊʘʢʞʝ ʵʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʠ ʧʦʜʦʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ 

ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ. 

ɺ ʜʦʢʣʘʜʝ ʘʚʪʦʨʘʤʠ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʚʨʝʤʝʥʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʪʨʘʚʣʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʚʦʙʦʞʜʝʥʥʦʛʦ ʚ ʭʦʜʝ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʞʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ 

ʚʪʦʨʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ R-Fe-B. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ 

ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ ʧʦ ʧʨʠʯʠʥʝ ʬʠʟʠʯʝʩʢʦʛʦ ʫʩʪʘʨʝʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʟʘʤʝʥʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʟʘʱʠʪ ʥʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʥʘʜʝʞʥʦʩʪʠ, ʫʚʝʣʠʯʠʪ ʪʦʯʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʧʨʦʩʪʠʪ ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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Abstract. The article deals with the justification of modernization of relay protection systems of Rostov NPP 

due to physical obsolescence of equipment, which consists in replacement of electromechanical and microelectronic 

protections with microprocessor protections, which will lead to improved reliability, increase accuracy and sensitivity, 

as well as simplify diagnostics and maintenance of equipment. 

Keywords: modernization, relay protection, NPP, equipment, microprocessor, reliability. 

 

ʈʝʣʝʡʥʘʷ ʟʘʱʠʪʘ - ʢʦʤʧʣʝʢʩ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʙʳʩʪʨʦʛʦ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠ ʦʪʜʝʣʝʥʠʷ ʠʣʠ ʦʪʢʣʶʯʝʥʠʷ ʦʪ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʧʦʚʨʝʞʜʸʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʦ ʚʩʝʚʦʟʤʦʞʥʳʭ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʝʸ ʯʘʩʪʝʡ, ʪʘʢ 

ʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ɼʝʡʩʪʚʠʷ ʩʨʝʜʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʦʚʘʥʳ ʧʦ ʧʨʠʥʮʠʧʫ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʈʝʣʝʡʥʘʷ ʟʘʱʠʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʝʧʨʝʨʳʚʥʳʡ 

ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʨʝʘʛʠʨʫʝʪ ʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʣʶʙʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʥʝʥʦʨʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʥʝʧʦʣʘʜʦʢ ʈɿ ʜʦʣʞʥʘ ʪʦʯʥʦ ʚʳʷʚʠʪʴ ʧʦʚʨʝʞʜʸʥʥʳʡ ʫʯʘʩʪʦʢ ʠ ʦʪʢʣʶʯʠʪʴ ʝʛʦ ʦʪ ʕʕʉ. 

ʈʝʣʝʡʥʘʷ ʟʘʱʠʪʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʙʝʟ ʢʦʪʦʨʦʡ 

ʥʝʚʦʟʤʦʞʥʘ ʥʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʵʥʝʨʛʦʩʠʩʪʝʤ. 

ʇʦʩʢʦʣʴʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ ʥʘʯʘʣʦʩʴ ʝʱʝ ʚ 80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʆʈʋ-220 ʢɺ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʨʝʣʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʨʝʰʝʥʠʷʤ ʥʘ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʙʘʟʝ ʢʘʢ ʚ ʩʢʦʨʦʩʪʠ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʪʘʢ ʠ ʚ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. ʀʤ ʥʘ ʟʘʤʝʥʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʪʝʨʤʠʥʘʣʘ 

ʟʘʱʠʪʳ ʪʠʧʘ ʊʆʈ-300, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥ ʥʘ ʧʦʣʫʯʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ 

ʦʪ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʣʦʛʠʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʚʳʧʦʣʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʡʩʪʚʠʡ. ʊʘʢ ʞʝ ʵʪʦ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʟʘʱʠʪʳ, ʦʙʝʩʧʝʯʠʚ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʠʩʪʝʤʘʤʠ ʟʘʱʠʪ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʩʠʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʥʝʧʦʣʘʜʢʠ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʋʩʪʘʨʝʚʰʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʥʝ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʣʝʞʘʱʠʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʦʪ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ 

ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʦʣʝʝ ʪʦʯʥʦʡ ʠ ʙʳʩʪʨʦʡ ʨʝʘʢʮʠʠ ʥʘ ʚʦʟʤʦʞʥʳʝ ʥʝʧʦʣʘʜʢʠ ʚ ʩʠʩʪʝʤʝ. ʅʦʚʳʝ ʘʧʧʘʨʘʪʳ 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʠ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʥʘ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʥʠʭ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʤʝʨʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
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ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʦʙʝʩʪʦʯʠʚʘʥʠʠ ʩʠʩʪʝʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ.  
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Abstract. The article considers the possibility and justification of modernization of emergency power supply 

system of power unit ˉ1 of Rostov NPP due to moral and physical obsolescence of safety systems equipment. 

Functioning of the emergency power supply system is required in all operating modes of the power unit, including when 

the auxiliary system is de-energized. 

Keywords: NPP, modernization, EPSS, CSG, safety system, power unit, auxiliary system.  

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʥʘʜʸʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ɸʕʉ, ʵʣʝʢʪʨʦʧʨʠʸʤʥʠʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʦʪʥʦʩʷʪʩʷ ʢ 

ʦʩʦʙʦʡ ʛʨʫʧʧʝ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʩʦʛʣʘʩʥʦ ʇʋʕ ʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʩʦʛʣʘʩʥʦ 

ʇʅɸʕ: 
ʇʝʨʚʘʷ ʛʨʫʧʧʘ ï ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ, ʥʝ ʜʦʧʫʩʢʘʶʱʠʝ ʧʝʨʝʨʳʚʘ 

ʧʠʪʘʥʠʷ ʙʦʣʝʝ ʯʝʤ ʥʘ ʜʦʣʠ ʩʝʢʫʥʜʳ ʠ ʪʨʝʙʫʶʱʠʝ ʥʘʣʠʯʠʷ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʧʦʩʣʝ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ ʨʝʘʢʪʦʨʘ. 

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

 ʂʀʇ; 

 ʩʠʩʪʝʤʳ ʜʦʟʠʤʝʪʨʠʠ; 

 ʧʨʠʙʦʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʨʝʘʢʪʦʨʘ ʠ ʝʛʦ ʩʠʩʪʝʤ; 

 ʯʘʩʪʴ ʘʚʘʨʠʡʥʦʛʦ ʦʩʚʝʱʝʥʠʷ; 

 ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ ʧʨʠʚʦʜʦʚ ʉʋɿ; 

 ʩʠʩʪʝʤʳ ʧʘʤʷʪʠ ʠ ʣʦʛʠʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ɸʉʋ ʊʇ; 

 ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʩʤʘʟʢʠ ʪʫʨʙʠʥʳ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ï ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ, ʜʦʧʫʩʢʘʶʱʠʝ ʧʝʨʝʨʳʚ ʧʠʪʘʥʠʷ ʥʘ 

ʚʨʝʤʷ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʫʩʣʦʚʠʷʤʠ ʘʚʘʨʠʡʥʦʛʦ ʨʘʩʭʦʣʘʞʠʚʘʥʠʷ ʠ ʪʨʝʙʫʶʱʠʝ ʥʘʣʠʯʠʷ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ ʨʝʘʢʪʦʨʘ. 

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

 ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʉɸʆʈ; 
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 ʩʧʝʮʚʝʥʪʠʣʷʮʠʷ; 

 ʧʨʦʪʠʚʦʧʦʞʘʨʥʘʷ ʟʘʱʠʪʘ; 

 ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʧʠʪʘʪʝʣʴʥʳʭ ʥʘʩʦʩʦʚ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ. 

ʊʨʝʪʴʷ ʛʨʫʧʧʘ ï ʧʦʪʨʝʙʠʪʝʣʠ, ʥʝ ʧʨʝʜʲʷʚʣʷʶʱʠʝ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʥʘʜʸʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʜʦʧʫʩʢʘʶʱʠʝ ʧʝʨʝʨʳʚʳ ʧʠʪʘʥʠʷ ʥʘ ʚʨʝʤʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʚʚʦʜʘ ʨʝʟʝʨʚʘ ʠ ʥʝ ʪʨʝʙʫʶʱʠʝ ʥʘʣʠʯʠʷ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ ʨʝʘʢʪʦʨʘ. 

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʘʚʘʨʠʡʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ.  

ʉʠʩʪʝʤʘ ʘʚʘʨʠʡʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ʉɸʕ) ʵʥʝʨʛʦʙʣʦʢʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʥʝʨʛʦʙʣʦʢʘ. ʅʘʟʥʘʯʝʥʠʝ ʉɸʕ ʩʦʩʪʦʠʪ 

ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʪʘʥʮʠʠ ʥʝʦʙʭʦʜʠʤʳʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝʤ ʚʦ ʚʩʝʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʝʢʪʥʳʭ ʦʩʥʦʚ ʪʘʢ, ʯʪʦʙʳ ʩʪʘʥʮʠʷ ʤʦʛʣʘ ʦʩʪʘʚʘʪʴʩʷ ʚ ʙʝʟʦʧʘʩʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʧʦʩʪʫʣʠʨʫʝʤʳʭ ʠʩʭʦʜʥʳʭ ʩʦʙʳʪʠʡ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʣʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ ʨʝʘʢʪʦʨʘ.  

ʉʠʩʪʝʤʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʦ ʢʘʥʘʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʘʞʜʳʡ ʠʟ ʪʨʸʭ ʢʘʥʘʣʦʚ ʉɸʕ ʧʠʪʘʝʪ ʚʩʶ 

ʥʘʛʨʫʟʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʥʘʣʘ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʫʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʘʨʫʰʝʥʠʡ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʘʚʘʨʠʠ ʥʘ ʩʪʘʥʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʩʪʘʥʦʚʘ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʵʥʝʨʛʦʙʣʦʢʘ ʚ ʙʝʟʦʧʘʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʪʨʸʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ ʧʦ ʮʝʧʷʤ ʫʧʨʘʚʣʝʥʠʷ.  

ʄʝʞʜʫ ʪʨʝʤʷ ʢʘʥʘʣʘʤʠ ʉɸʕ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʟʘʠʤʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʢʘʞʜʳʡ ʠʟ ʢʘʥʘʣʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʠʤʝʶʱʠʤʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʠʪʴ 

ʣʦʢʘʣʠʟʘʮʠʶ ʘʚʘʨʠʠ ʠ ʘʚʘʨʠʡʥʦʝ ʨʘʩʭʦʣʘʞʠʚʘʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʚʢʣʶʯʘʷ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʧʨʦʝʢʪʥʫʶ ʘʚʘʨʠʶ ʩ ʦʙʝʩʪʦʯʠʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ 

ʚʟʘʠʤʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʚʠʪʠʝ ʘʚʘʨʠʠ ʥʘ ʜʨʫʛʠʭ 

ʢʘʥʘʣʘʭ ʉɸʕ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʅʊɼ ʉɸʕ ʷʚʣʷʝʪʩʷ: 

 ʧʦ ʥʘʟʥʘʯʝʥʠʶ ï ʩʠʩʪʝʤʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

 ʧʦ ʚʣʠʷʥʠʶ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʩʠʩʪʝʤʦʡ ʚʘʞʥʦʡ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

 ʧʦ ʭʘʨʘʢʪʝʨʫ ʚʳʧʦʣʥʷʝʤʦʡ ʬʫʥʢʮʠʠ ï ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ. 

ɺ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʉɸʕ ʚʭʦʜʷʪ: 

 ʨʝʟʝʨʚʥʳʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʳ; 

 ʈʋʉʅ 6 ʢɺ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʥʘʜʸʞʥʦʩʪʠ; 

 ʈʋ 0,4 ʢɺ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧ ʥʘʜʸʞʥʦʩʪʠ; 

 ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 6/0,4 ʢɺ; 

 ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ 220 ɺ; 

 ʱʠʪʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 220 ɺ; 

 ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ: ɿʇʋ ʠ ʠʥʚʝʨʪʦʨʳ; 

 ʛʝʨʤʝʪʠʯʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʭʦʜʢʠ (ʚʚʦʜʳ ʚ ʛʝʨʤʦʟʦʥʫ) ʜʣʷ ʩʠʣʦʚʳʭ ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʢʘʙʝʣʝʡ. 

ʕʥʝʨʛʦʙʣʦʢ ˉ1 ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ ʙʳʣ ʚʚʝʜʸʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʜʝʢʘʙʨʝ 2001 ʛʦʜʘ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʉɸʕ ʤʦʨʘʣʴʥʦ ʠ ʬʠʟʠʯʝʩʢʠ ʫʩʪʘʨʝʣʦ. ʗʯʝʡʢʠ ʂʈʋ 

6 ʢɺ ʂʕ-6ʉ ʧʦʯʪʠ ʚʳʨʘʙʦʪʘʣʠ ʩʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʠʭ ʨʝʤʦʥʪ ʠ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʟʘʪʨʫʜʥʝʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʙʦʣʴʰʝ 

ʥʝ ʚʳʧʫʩʢʘʝʪ ʧʦʜʦʙʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʵʥʝʨʛʦʙʣʦʢʝ ˉ1 ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ 

ʧʣʘʥʠʨʫʝʪʩʷ ʤʘʩʰʪʘʙʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʚʩʝʭ ʩʠʩʪʝʤ ʵʥʝʨʛʦʙʣʦʢʘ, ʚʢʣʶʯʘʷ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʉɸʕ ʩ ʟʘʤʝʥʦʡ ʷʯʝʝʢ ʂʈʋ 6 ʢɺ ʂʕ-6ʉ ʥʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʪʠʧ ʉʕʑ-70, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʦʪʜʝʣʴʥʳʭ ʰʢʘʬʦʚ ʚ ʚʠʜʝ ʤʦʜʫʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʦʪʩʝʢʘʤʠ ʜʣʷ 
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ʚʳʢʘʪʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʜʣʷ ʨʝʣʝʡʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʜʣʷ ʢʘʙʝʣʝʡ ʠ ʜʣʷ ʩʙʦʨʥʳʭ 

ʰʠʥ. ʐʢʘʬʳ ʂʈʋ 6 ʢɺ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʘʧʧʘʨʘʪʳ, ʧʨʠʙʦʨʳ ʠʟʤʝʨʝʥʠʷ, 

ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ ʦʪʩʝʢʦʚ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ʦʪʢʨʳʪʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʦʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʰʢʘʬʘʭ ʂʈʋ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʙʣʦʢʠʨʦʚʢʠ, ʠʩʢʣʶʯʘʶʱʠʝ 

ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʝ ʦʰʠʙʢʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 ʇʦʜʦʙʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʫʥʠʬʠʢʘʮʠʶ ʠ 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠ ʫʚʝʣʠʯʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʘʚʘʨʠʡʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʝʸ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʠ ʥʘʜʸʞʥʦʡ ʨʘʙʦʪʳ ʟʘʚʠʩʠʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʘ.  
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Abstract. The article deals with the design of a 500 kV NPP open switchgear using optical measuring 

transformers instead of traditional electromagnetic ones. At important power facilities, including NPPs, it is required to 

observe the accuracy of measuring devices for correct operation of automatics and control of operation modes. 

Keywords: NPP, measurements, measuring transformers, switchgear, error, design. 

 

ʇʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʝ ʠ ʚ ʮʝʣʦʤ ʧʦ ʤʠʨʫ ï ʵʪʦ 

ʦʙʱʝʠʟʚʝʩʪʥʳʡ ʬʘʢʪ. ʂʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʨʘʩʪʸʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʧʦʪʨʝʙʣʝʥʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʂ ʚʦʟʚʦʜʠʤʳʤ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʥʘʜʸʞʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ʀ ʚʩʸ ʯʘʱʝ ʧʦʜʥʠʤʘʶʪʩʷ 

ʚʦʧʨʦʩʳ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚʦʧʨʦʩʦʚ ʪʨʝʙʫʶʪʩʷ ʥʦʚʳʝ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʘʨʝʚʰʠʭ.  
ʈʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʈʋ) ï ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘ, ʩʣʫʞʘʱʘʷ ʜʣʷ ʧʨʠʸʤʘ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʷ. ʈʋ ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʈɿʠɸ ʠ ʩʨʝʜʩʪʚʘ ʫʯʸʪʘ ʠ 

ʠʟʤʝʨʝʥʠʷ. ʆʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʠʤʝʶʪ ʧʨʠʙʦʨʳ ʠʟʤʝʨʝʥʠʷ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʪʦʢʦʚʝʜʫʱʠʝ ʣʠʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ 
ʨʝʣʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʮʝʧʝʡ ʠʟʤʝʨʝʥʠʷ ʠ ʟʘʱʠʪʳ ʦʪ ʧʝʨʚʠʯʥʳʭ ʮʝʧʝʡ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʘʥʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʥʘʣʦʛʦʚʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʥʦʩʠʤʦʡ ʚ ʠʟʤʝʨʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʧʦʪʝʨʠ ʚ ʧʝʨʚʠʯʥʦʡ 

ʠ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʢʘʭ, ʘ ʪʘʢʞʝ ʚ ʩʪʘʣʠ ʩʝʨʜʝʯʥʠʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʪʘʪʴʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʵʣʝʢʪʨʦʛʠʨʘʮʠʠ ʠʣʠ ʵʬʬʝʢʪʝ ʌʘʨʘʜʝʷ.  

ʆʧʪʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ 

50 ɻʮ ʩ ʟʘʟʝʤʣʝʥʥʦʡ ʥʝʡʪʨʘʣʴʶ ʚ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ 50 ɻʮ ʠ ʧʝʨʝʜʘʯʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʚ ʩʠʩʪʝʤʳ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʫʩʪʨʦʡʩʪʚʘʤ ʠʟʤʝʨʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ), ʟʘʱʠʪʳ, 

ʘʚʪʦʤʘʪʠʢʠ, ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ.  

ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʧʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

ï ʦʪʩʫʪʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʨʝʜʳ (ʤʘʩʣʦ, ʵʣʝʛʘʟ ʠ ʪ. ʜ.);  

ï ʦʪʩʫʪʩʪʚʠʝ ʦʧʘʩʥʦʩʪʠ ʨʘʟʤʳʢʘʥʠʷ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʧʦʜ ʥʘʛʨʫʟʢʦʡ;  

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ;  

ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʝʜʠʥʩʪʚʘ ʜʣʷ ʚʩʝʭ ʧʨʠʙʦʨʦʚ 

ʧʦʣʫʯʘʪʝʣʝʡ ʜʘʥʥʳʭ; 

ʐʠʨʦʢʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ ʚ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʧʦʣʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ ʙʦʣʝʝ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ. ʂʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʦʚʳʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʨʦʚʥʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʎʉʀ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʎʠʬʨʦʚʘʷ 

ʇʦʪʝʨʠ ʚʦ ʚʪʦʨʠʯʥʳʭ ʮʝʧʷʭ  ʆʪʩʫʪʩʪʚʠʝ ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ 

ʄʥʦʛʦʢʨʘʪʥʳʝ ɸʎ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʆʜʥʦʢʨʘʪʥʦʝ ɸʎ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʅʝʩʠʥʭʨʦʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʉʠʥʭʨʦʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʕʄ-ʵʬʬʝʢʪʦʚ ʆʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʕʄ-ʵʬʬʝʢʪʦʚ 

 ʅʝʦʛʨʘʥʠʯʝʥʥʦʝ ʪʠʨʘʞʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 
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Abstract. The article considers the calculation of the mathematical dependence of the transformer oil 

temperature and the content of dissolved gases in this transformer oil. Transformers are responsible equipment, which 

must be monitored constantly and efficiently, as well as to predict developing defects in the transformer. 

Keywords: NPP, transformer, power unit, oil, safety. 

 

ɹʣʦʯʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʥʘ ʢʘʞʜʦʡ ɸʕʉ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʤʘʩʣʦʥʘʧʦʣʥʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʪʠʧʘ ʊʎ-630000/500 ʥʘʭʦʜʠʪʩʷ 73 ʪʦʥʥʳ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʤʘʩʣʘ.  

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʪʠʧʘ ʊʎ-630000/500 ʷʚʣʷʝʪʩʷ ʩʠʣʦʚʳʤ ʪʨʝʭʬʘʟʥʳʤ ʜʚʫʭʦʙʤʦʪʦʯʥʳʤ 

ʧʦʚʳʰʘʶʱʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʩ ʥʝʥʘʧʨʘʚʣʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʤʘʩʣʘ ʚʥʫʪʨʠ ʦʙʤʦʪʦʢ ʠ 

ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʤʘʩʣʘ, ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʘ ʩʪʘʥʮʠʠ ʧʨʠʤʝʥʝʥʳ ʚʦʜʷʥʳʝ 

ʤʘʩʣʦʦʭʣʘʜʠʪʝʣʠ ʪʠʧʘ ʄʆɻ-45[1]. 

https://rep.bntu.by/bitstream/handle/data/51526/Opticheskie_transformatory_toka.pdf?sequence=1&isAllowed=y
https://rep.bntu.by/bitstream/handle/data/51526/Opticheskie_transformatory_toka.pdf?sequence=1&isAllowed=y
https://scientificjournal.ru/images/PDF/2020/86/opticheskie-transform-n.pdf
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ʇʨʝʜʚʠʜʝʪʴ ʦʪʢʣʦʥʝʥʠʝ ʚ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʦʞʥʦ ʧʫʪʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʤʦʥʪʘ. ʆʜʥʠʤʠ ʠʟ ʩʧʦʩʦʙʦʚ 

ʢʦʥʪʨʦʣʷ ʷʚʣʷʶʪʩʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ï 

ʍɸʈɻ) ʚ ʤʘʩʣʝ, ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨ ʤʘʩʣʘ ʠ ʩʪʘʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʨʦʚʝʜʝʥʠʝ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʀ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʤʦʞʥʦ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ. 

ɺ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʤʘʩʣʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ: 

 ʦʪʚʦʜʠʪ ʪʝʧʣʦ; 

 ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʦʣʷʮʠʶ ʤʝʞʜʫ ʦʙʤʦʪʢʘʤʠ; 

 ʧʨʝʧʷʪʩʪʚʫʝʪ ʢʦʨʦʪʢʦʤʫ ʟʘʤʳʢʘʥʠʶ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʤʘʩʣʝ ʛʘʟʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʫʩʣʦʚʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘ ʧʨʝʜʳʜʫʱʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʠ ʬʘʢʪʦʨʳ, ʚʳʟʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʩʦʩʪʘʚʘ ʛʘʟʦʚ ʥʦʨʤʘʣʴʥʦ 

ʨʘʙʦʪʘʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ʉʦʛʣʘʩʥʦ ʈɼ153-34.0-46.302-00 ʚʠʜ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʜʝʬʝʢʪʦʚ 

(ʪʝʧʣʦʚʦʡ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ) ʤʦʞʥʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʘʨ ʠʟ ʯʝʪʳʨʝʭ ʛʘʟʦʚ: ʅ2, ʉʅ4, ʉ2ʅ2 ʠ ʉ2ʅ4. 

ʋʩʣʦʚʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ "ʨʘʟʨʷʜʘ": 

#(

#(
πȢρ  ʠ 

#(

(
πȢυ   

ʋʩʣʦʚʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ "ʧʝʨʝʛʨʝʚʘ": 

#(

#(
πȢρ  ʠ 

#(

(
πȢυ   

 

ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʆ<0.05%ʦʙ, ʪʦ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ "ʧʝʨʝʛʨʝʚ ʤʘʩʣʘ", ʘ ʝʩʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʆ>0.05%ʦʙ - "ʧʝʨʝʛʨʝʚ ʪʚʝʨʜʦʡ ʠʟʦʣʷʮʠʠ". 

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʉʆ2 ʠ ʉʆ ʦʙʨʘʟʫʶʪʩʷ ʚ ʤʘʩʣʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ [2,12c.]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʫʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ 

ʥʦʨʤʫ ʧʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʚ ʚ ʤʘʩʣʝ ʙʫʜʝʪ ʠʤʝʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʈʘʩʯʝʪ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʜʦʣʛʠʤ ʧʨʦʮʝʩʩʦʤ, ʧʦʵʪʦʤʫ ʮʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʫʩʢʦʨʝʥʠʝ ʠ ʦʙʣʝʛʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ 

ʜʝʬʝʢʪʦʚ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʩʦʜʝʨʞʘʥʠʷ ʛʘʟʦʚ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʩʣʘ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʥʦʩʠʪ ʚʝʩʦʤʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʙʦʪʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʝ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʍɸʈɻ, ʪʝʤʧʝʨʘʪʫʨ ʤʘʩʣʘ ʠ ʩʪʘʣʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʚ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʦʪʙʦʨʘ ʧʨʦʙ ʤʘʩʣʘ. ɺ 

ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʤʝʪʦʜʘ ʣʠʥʝʡʥʦʡ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʘʩʣʘ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʚ ʤʘʩʣʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʘʩʣʘ ʠ ʦʙʱʠʤ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ 

ʩʫʱʝʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʚ ʦʙʦʠʭ ʤʝʪʦʜʘʭ ʨʘʩʯʝʪʦʚ ʧʨʦʩʣʝʞʠʚʘʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʢʦʨʨʝʣʷʮʠʠ ʠ ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʦ ʤʘʩʣʫ ɻʊ-2, ʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʩʪʦʨʦʥʥʠʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ ʆɻʉ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ 

ʥʝʚʳʧʦʣʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ, ʜʦʢʘʟʳʚʘʶʱʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʤʦʜʝʣʠ, ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʥʦʩʪʴʶ ʦʪʨʠʮʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʆɻʉ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 
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ʝʱʝ ʨʘʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʥʘʢʦʧʠʪʴ ʙʦʣʝʝ ʦʙʰʠʨʥʫʶ ʙʘʟʫ ʟʥʘʯʝʥʠʡ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 
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Abstract. This paper examines the basic protection of power oil-filled equipment, gas protection and problems 

associated with false triggering of this system. It is proposed to use an effective method of insulation control in order to 

prevent possible emergencies in power supply systems. 
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ɻʘʟʦʚʘʷ ʟʘʱʠʪʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʤʦʱʥʦʩʪʴʶ 6,3 ʄɺɸ ʠ 

ʙʦʣʝʝ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʦʪ 35 ʢɺ ʠ ʚʳʰʝ [1]. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʙʣʦʯʥʳʝ ʧʦʚʳʰʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ (ɹʇʊ), ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʥʝʨʛʦʙʣʦʢʘʭ ʪʠʧʘ 

çʛʝʥʝʨʘʪʦʨ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨè, ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʩʦʙʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɽʩʣʠ ɹʇʊ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ 

ʦʪʢʣʶʯʝʥʠʝ ʵʥʝʨʛʦʙʣʦʢʘ ʠ ʚʦʟʤʦʞʥʳʡ ʨʘʟʚʘʣ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ [2]. ʇʦʵʪʦʤʫ 

ʧʨʠʤʝʥʝʥʠʝ ʛʘʟʦʚʦʡ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʨʠʤʝʨ 

ʢʦʥʩʪʨʫʢʮʠʠ ʛʘʟʦʚʦʛʦ ʨʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʋʧʨʦʱʸʥʥʳʡ ʵʩʢʠʟ ʛʘʟʦʚʦʛʦ ʨʝʣʝ: ʵʣʝʤʝʥʪʳ 1 ʠ 3 - ʧʦʧʣʘʚʢʠ, 2 - ʥʘʧʦʨʥʘʷ ʧʣʘʩʪʠʥʘ 

 

ɻʘʟʦʚʘʷ ʟʘʱʠʪʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʤʦʞʥʳʝ ʫʪʝʯʢʠ 

ʛʘʟʘ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʪʴ ʠ ʫʩʪʨʘʥʠʪʴ ʚʦʟʤʦʞʥʳʝ 

ʧʨʦʙʣʝʤʳ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʧʨʠʚʝʜʫʪ ʢ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʘʟʦʚʦʡ ʟʘʱʠʪʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʇʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʠʟʦʣʷʮʠʠ ʛʘʟʦʚʦʡ ʟʘʱʠʪʳ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʩʪʨʦʡʩʪʚ ʢʦʥʪʨʦʣʷ 

ʠʟʦʣʷʮʠʠ  ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʦʥʪʘʢʪʳ ʛʘʟʦʚʦʛʦ 

ʨʝʣʝ ʨʘʟʦʤʢʥʫʪʳ, ʫʩʪʨʦʡʩʪʚʦ ʈɿɸ ʥʘʭʦʜʠʪʩʷ ʚ ʜʝʞʫʨʥʦʤ ʨʝʞʠʤʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɿʘʤʳʢʘʥʠʝ ʢʦʥʪʘʢʪʦʚ ʈɻɿ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʠʩʢʨʝʪʥʳʡ ʚʭʦʜ ʫʩʪʨʦʡʩʪʚʘ 

ʈɿɸ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʦʪʢʣʶʯʝʥʠʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ. 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠʟʦʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʳʭ ʮʝʧʝʡ, ʥʦ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʣʦʞʥʫʶ ʨʘʙʦʪʫ ʢʦʤʧʣʝʢʪʘ 

ʛʘʟʦʚʦʡ ʟʘʱʠʪʳ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʪ ʧʘʥʝʣʝʡ ʟʘʱʠʪ ʜʦ ʛʘʟʦʚʦʛʦ 

ʨʝʣʝ. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ ʠʟʦʣʷʮʠʠ ʤʦʞʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʋʩʪʨʦʡʩʪʚʦ ʢʦʥʪʨʦʣʷ ʠʟʦʣʷʮʠʠ ʚ ʮʝʧʷʭ ɻɿ 

 

 ʂʦʛʜʘ ʠʟʦʣʷʮʠʷ ʜʦʩʪʠʛʘʝʪ ʠʣʠ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʫʩʪʨʦʡʩʪʚʦ ʢʦʥʪʨʦʣʷ ʠʟʦʣʷʮʠʠ ʥʝʤʝʜʣʝʥʥʦ ʨʝʘʛʠʨʫʝʪ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʚ 

ʘʢʪʠʚʘʮʠʠ ʩʠʛʥʘʣʠʟʘʮʠʠ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʦʙ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠʣʠ ʚ 

ʦʪʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʘʚʠʣʴʥʦ ʥʘʩʪʨʦʝʥʥʦʝ ʠ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʢʦʥʪʨʦʣʷ ʠʟʦʣʷʮʠʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶʙʳʝ ʫʛʨʦʟʳ ʠ ʠʟʙʝʞʘʪʴ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡʥʳʭ ʦʪʢʣʶʯʝʥʠʡ. 
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Abstract. This article examines the reasons for the introduction of a tire damping system for turbo generators 

and identifies the potential benefits that can be achieved through its application 

Keywords: turbo generator, TVV-1000, tires, damping, vibrations. 

 
ʈʦʩʪ ʤʦʱʥʦʩʪʠ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ɸʕʉ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʩʪʘʪʦʨʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ. 

ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ, ʫʧʨʫʛʦʡ ʧʦʜʚʝʩʢʠ ʩʝʨʜʝʯʥʠʢʘ 

ʚ ʢʦʨʧʫʩʝ, ʩʪʝʨʞʥʝʡ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ, ʘ ʪʘʢʞʝ ʬʫʥʜʘʤʝʥʪʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ. ʉʘʤʳʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʩʪʘʪʦʨʦʚ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʠ 

ʨʘʟʨʫʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʣʝʥʠʷ ʣʦʙʦʚʳʭ ʯʘʩʪʝʡ, ʠʩʪʠʨʘʥʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʢʦʨʧʫʩʥʦʡ ʠʟʦʣʷʮʠʠ, ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩʪʝʨʞʥʝʡ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʥʠʞʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʵʪʘʧʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʜʝʡʩʪʚʠʡ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʤʦʱʥʳʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʠʦʜʘ. ɿʘʱʠʪʳ ʧʦ ʚʠʙʨʘʮʠʠ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʥʘ ʜʘʥʥʦʤ ʧʝʨʠʦʜʝ ʜʝʡʩʪʚʫʶʪ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʵʥʝʨʛʦʙʣʦʢʦʚ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʠʠ ʚʠʙʨʘʮʠʡ ʚʳʰʝ ʥʦʨʤʳ. [1] 

ʉʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʚʠʙʨʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʜʠʩʩʠʧʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʦʙʲʝʢʪʝ. ʕʪʦʪ ʩʧʦʩʦʙ ʚʠʙʨʦʟʘʱʠʪʳ ʥʘʟʳʚʘʝʪʩʷ ʜʝʤʧʬʠʨʦʚʘʥʠʝʤ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ʠʩʧʦʣʴʟʫʝʤ ʤʥʦʛʦʮʝʣʝʚʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʯʝʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ANSYS. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ, ʨʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʰʠʥ 

ʩʪʘʪʦʨʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2. 
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ʈʠʩʫʥʦʢ 1 - ʂʦʥʝʯʥʦ ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʢʨʝʧʣʝʥʠʝʷ ʰʠʥ ʢ ʥʘʞʠʤʥʦʤʫ ʢʦʣʴʮʫ 

 
ʈʠʩʫʥʦʢ 2 - ʂʨʝʧʣʝʥʠʝ ʰʠʥ ʢ ʥʘʞʠʤʥʦʤʫ ʢʦʣʴʮʫ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʠʤʠ 

ʚʠʙʨʦʧʦʛʣʦʱʘʶʱʠʤʠ ʩʦʚʦʡʩʪʚʘʤʠ ɺʊʇ-1ɺ (ʚʠʙʨʦʧʦʛʣʦʱʘʶʱʠʡ ʪʝʨʤʦʵʣʘʩʪʦʧʣʘʩʪ), ɺʊʇ-

1ɺ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʭʣʘʞʜʝʥʠʶ ʰʠʥ.  

ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ [2] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ ʠʟʦʣʷʮʠʠ, ʘ 

ʫʚʝʣʠʯʝʥʠʝ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʩʣʦʷ, ʥʘʧʨʦʪʠʚ, ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʘʤʧʣʠʪʫʜʫ ʚʳʥʫʞʜʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʚʦʝ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 
 

 
ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ 
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ʅʘʥʝʩʝʥʠʝ ʥʘ ʥʘʨʫʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʰʠʥʳ ʩʣʦʷ ʚʠʙʨʦʧʦʛʣʦʱʘʶʱʝʛʦ ʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʢʨʝʧʣʝʥʠʝ ʢʨʦʥʰʪʝʡʥʦʚ-ʰʠʥʦʜʝʨʞʘʪʝʣʝʡ, ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ (ʜʦ ʜʚʫʭ ʨʘʟ) ʫʤʝʥʴʰʠʪʴ ʘʤʧʣʠʪʫʜʫ 

ʢʦʣʝʙʘʥʠʡ ʠ ʫʣʫʯʰʠʪʴ ʚʠʙʨʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʩʪʘʪʦʨʘ ʠ ʤʝʩʪ ʩʦʝʜʠʥʝʥʠʡ 

ʚʳʚʦʜʦʚ ʛʝʥʝʨʘʪʦʨʘ ʩ ʰʠʥʘʤʠ ʪʦʢʦʧʨʦʚʦʜʦʚ. 
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Abstract. Increasing the efficiency of protection of wind power plants due to the device of arc protection, 

installation of arc sensors on the stator windings of the generator. Selecting the location of the sensors in such a way as 

to eliminate dead zones of photosensitivity, for complete protection of the generator. 

Keywords: wind turbine, generator, short circuit, vemp 120 device, arc sensors. 

 
ɺʝʪʨʦʵʥʝʨʛʝʪʠʢʘ ï ʵʪʦ ʩʝʢʪʦʨ ʵʥʝʨʛʝʪʠʢʠ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ ʠʟ 

ʵʥʝʨʛʠʠ ʚʝʪʨʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʝʪʨʘ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʘ ʟʘʪʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. 

ɺʝʪʨʷʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʚʳʩʦʢʠʭ ʨʘʚʥʠʥʘʭ, ʭʦʣʤʠʩʪʳʭ 

ʤʝʩʪʥʦʩʪʷʭ ʠ ʧʦʙʝʨʝʞʴʷʭ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚʳʰʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ 

ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. [2] 

ɺʝʪʨʷʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ (ɺʕʋ) ʠʩʧʦʣʴʟʫʝʪ ʢʦʥʚʝʨʪʝʨ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʩʠʩʪʝʤʦʡ 

ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʕʪʦʪ ʢʦʥʚʝʨʪʝʨ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʣʦʱʘʜʢʝ ʚ ʦʩʥʦʚʘʥʠʠ ʚʝʪʨʷʥʦʡ 

ʪʫʨʙʠʥʳ. ʆʥ ʧʦʜʢʣʶʯʝʥ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʄʦʱʥʦʩʪʴ 

ʛʝʥʝʨʘʪʦʨʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʦʥʚʝʨʪʝʨ. ʈʦʪʦʨ ʪʫʨʙʠʥʳ ʧʨʝʚʨʘʱʘʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʚʝʪʨʘ ʚ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ ʚʘʣʘ. ʂʦʥʚʝʢʪʦʨ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʧʝʨʝʤʝʥʥʳʡ 

ʪʦʢ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʚ ʧʦʩʪʦʷʥʥʳʡ, ʘ ʟʘʪʝʤ ʦʧʷʪʴ ʚ ʧʝʨʝʤʝʥʥʳʡ. ɿʘʪʝʤ ʵʪʦʪ ʪʦʢ ʧʦʜʘʝʪʩʷ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ɺʘʣ ʨʦʪʦʨʘ ʦʩʥʘʱʝʥ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʣʘʚʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʣʘʚʥʦʩʪʴ ʨʘʙʦʪʳ. ʂʦʥʚʝʨʪʝʨ ʨʝʛʫʣʠʨʫʝʪ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ, ʯʪʦ 
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ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ɺʕʋ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʝʨʝʜʘʝʪʩʷ ʥʘ 

ʢʦʥʪʨʦʣʣʝʨ ʚʝʪʨʦʚʦʡ ʪʫʨʙʠʥʳ. ʄʦʱʥʦʩʪʴ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʚʝʪʨʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʧʦʩʪʫʧʘʝʪ 

ʥʘ ʧʦʚʳʰʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ɿʜʝʩʴ ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 35 ʢʠʣʦʚʦʣʴʪ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʵʥʝʨʛʠʷ ʯʝʨʝʟ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʩʪʫʧʘʝʪ ʚ ʩʝʪʴ. 

ʉʦ ʚʨʝʤʝʥʝʤ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʝʛʦ ʠʟʦʣʷʮʠʷ ʩʪʘʨʝʝʪ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ: ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʧʣʘ ʦʪ ʨʘʙʦʯʠʭ, ʧʫʩʢʦʚʳʭ ʠ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʡ ʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʩʠʣʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʚʦʜʷʱʠʭ ʪʦʢ ʵʣʝʤʝʥʪʦʚ, ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʪʘʢʞʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ 

ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʟʘʧʳʣʝʥʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʜʝʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʯʘʩʪʦʪʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʛʝʥʝʨʘʪʦʨʘ ʠ ʩʦʢʨʘʪʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʏʪʦʙʳ ʚʳʙʨʘʪʴ 

ʧʦʜʭʦʜʷʱʫʶ ʩʠʩʪʝʤʫ ʟʘʱʠʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʝʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʋʩʪʨʦʡʩʪʚʦ ɺʕʄʇ 120 ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʠʙʦʨʦʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ɺʕʄʇ 120 ʚ ʩʠʩʪʝʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʚʦʟʤʦʞʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʜʫʛʠ, ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʠʥʠʤʠʟʠʨʫʝʪ ʫʱʝʨʙ ʚ ʩʣʫʯʘʝ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ.[1] 

ɼʘʪʯʠʢʠ ʜʫʛʠ - ʵʪʦ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪʩʷ ʩʠʣʴʥʳʤ 

ʩʚʝʪʦʤ. ɼʘʪʯʠʢʠ ʜʦʣʞʥʳ ʤʦʥʪʠʨʦʚʘʪʴʩʷ ʚ ʷʯʝʡʢʘʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʭ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʯʘʩʪʠ ʧʦʢʨʳʚʘʣʠ ʟʘʱʠʱʘʝʤʫʶ ʦʙʣʘʩʪʴ ʢʘʢ ʤʦʞʥʦ 

ʙʦʣʝʝ ʧʣʦʪʥʦ [1]. ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, 2. 

 

 
ʈʠʩʫʥʦʢ 1 - ɼʠʘʛʨʘʤʤʘ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʘ 
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ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʦʚ ʜʫʛʠ 

ɺʳʚʦʜʳ: ʋʩʪʨʦʡʩʪʚʦ ɺʕʄʇ 120 ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ. 

ɻʣʘʚʥʳʝ ʝʸ ʧʨʝʠʤʫʱʝʩʪʚʘ - ʵʪʦ ʥʘʜʸʞʥʦʩʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʋʩʪʨʦʡʩʪʚʦ 

ɺʕʄʇ 120 ʧʦʢʘʞʝʪ ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦ ʩʜʝʣʘʝʪ ʦʪʢʣʶʯʝʥʠʝ, 

ʥʝ ʚʳʚʦʜʷ ʚʩʶ ʫʩʪʘʥʦʚʢʫ ʠʟ ʩʪʨʦʷ. ʉʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʩʚʝʜʫʪ ʢ ʤʠʥʠʤʫʤʫ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʟʘʱʠʪʳ ɺʕʄʇ 120 ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ 

ʩʣʫʞʙʳ ɺʕʋ, ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ, ʧʨʝʜʦʪʚʨʘʪʠʪ ʬʘʪʘʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʠʭ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʨʝʤʦʥʪ. 
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Abstract. The article discusses examples of frequency optimization in the Unified Energy System during an 

emergency shutdown of one of the nuclear power plant units. A decrease in frequency can lead to disruption of the 

synchronization of generators and even to the complete shutdown of some parts of the system due to the impossibility 

of maintaining them in operation. 

Keywords: NPP, UES, frequency. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʥʘʜʸʞʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʯʘʩʪʦʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ  
ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ (ɸʕʉ) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʧʦʪʨʝʙʣʝʥʠʝʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦʚʨʝʤʷ ʠ ʪʦʯʥʦ. ʆʥʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʝʨʝʛʨʝʚ ʠ ʘʚʘʨʠʠ. 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘ ɸʕʉ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ: ʨʝʘʢʪʦʨʘ, ʪʫʨʙʠʥʳ ʠ ʛʝʥʝʨʘʪʦʨʘ. ʇʝʨʚʳʡ ʵʣʝʤʝʥʪ ï ʨʝʘʢʪʦʨ ï ʩʦʜʝʨʞʠʪ ʷʜʨʦ 

ʪʦʧʣʠʚʘ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʩʪʝʨʞʥʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʧʨʘʚʣʷʝʤʳʤʠ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ. 

ʋʧʨʘʚʣʷʝʤʳʝ ʩʪʝʨʞʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʫʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʩʪʝʨʞʥʠ ʦʪʚʝʯʘʶʪ ʟʘ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʝʛʫʣʠʨʦʚʢʫ ʤʦʱʥʦʩʪʠ. 

ʂʦʛʜʘ ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʥʘʯʠʥʘʝʪ ʤʝʥʷʪʴʩʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʪʝʨʞʥʠ ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʵʪʫ ʠʟʤʝʥʝʥʠʝ ʠ ʠʟʤʝʥʷʶʪ ʫʨʦʚʝʥʴ ʨʝʘʢʪʠʚʥʦʩʪʠ ʚ ʷʜʨʝ ʨʝʘʢʪʦʨʘ, ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʤʦʱʥʦʩʪʴ. 

ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʙʝʟ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ. 

ʉʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ï ʵʪʦ 

ʪʫʨʙʠʥʘ. ʊʫʨʙʠʥʘ ʧʨʝʦʙʨʘʟʫʝʪ ʵʥʝʨʛʠʶ ʧʘʨʘ, ʩʦʟʜʘʥʥʫʶ ʚ ʨʝʘʢʪʦʨʝ, ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ. ʄʦʱʥʦʩʪʴ ʪʫʨʙʠʥʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘ, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʸ. 

ʇʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ï ʛʝʥʝʨʘʪʦʨ ï ʠʩʧʦʣʴʟʫʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʩʦʟʜʘʥʥʫʶ 

ʪʫʨʙʠʥʦʡ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʕʪʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʜʘʸʪʩʷ ʥʘ 

ʩʝʪʴ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠ [1]. 

ɺʳʜʝʣʷʶʪ ʪʨʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʚʠʜʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ: 

1) ʧʝʨʚʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ: 

ï ʦʙʱʝʝ ʧʝʨʚʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ; 

ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʧʝʨʚʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ; 

2) ʚʪʦʨʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ; 

3) ʪʨʝʪʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ. 

ʄʦʥʠʪʦʨʠʥʛ ʫʯʘʩʪʠʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʦʪʜʝʣʴʥʳʭ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ ʠ ʠʭ ʚʢʣʘʜʝ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʫʧʨʘʚʣʷʪʴ 

ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʯʘʩʪʦʪʳ. ʕʪʠ ʩʠʩʪʝʤʳ ʦʙʳʯʥʦ ʦʩʥʦʚʘʥʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ [2]. 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʤʦʥʠʪʦʨʠʥʛʘ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʪʝʣʝʤʝʪʨʠʠ ʠ ʫʜʘʣʸʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ ʠ ʠʭ 

ʚʢʣʘʜʝ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʠ ʥʘʜʸʞʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʥʘ ʦʩʥʦʚʝ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʊʘʢʞʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʫʯʘʩʪʠʷ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʯʘʩʪʦʪʳ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʪʝ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʭ ʚʢʣʘʜ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʯʘʩʪʦʪʳ ʠ ʪ.ʜ. 

ʄʦʥʠʪʦʨʠʥʛ ʫʯʘʩʪʠʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʦʪʜʝʣʴʥʳʭ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʠ 
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ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʚʢʣʶʯʘʷ 

ʛʝʥʝʨʠʨʫʶʱʠʝ ʢʦʤʧʘʥʠʠ, ʜʠʩʪʨʠʙʴʶʪʦʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʨʝʛʫʣʠʨʫʶʱʠʝ ʦʨʛʘʥʳ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʅʝʤʠʨʦʚʩʢʠʡ, ɸ. ɽ. ʕʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ : ʫʯʝʙʥʦʝ 
ʧʦʩʦʙʠʝ / ɸ. ɽ. ʅʝʤʠʨʦʚʩʢʠʡ, ʀ. ʖ. ʉʝʨʛʠʝʚʩʢʘʷ, ʃ. ʖ. ʂʨʝʧʳʰʝʚʘ. ï 3-ʝ ʠʟʜ., ʜʦʧ. ï ʄʦʩʢʚʘ : ʅʀʋ 

ʄʕʀ, 2018. ï 224 ʩ. ï ISBN 978-5-7046-1991-8. ï ʊʝʢʩʪ : ʵʣʝʢʪʨʦʥʥʳʡ // ʃʘʥʴ : ʵʣʝʢʪʨʦʥʥʦ-

ʙʠʙʣʠʦʪʝʯʥʘʷ ʩʠʩʪʝʤʘ. ï URL: https://e.lanbook.com/book/276881 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.03.2024).  

 2.     ɸʚʪʦʤʘʪʠʢʘ ʦʛʨʘʥʠʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʯʘʩʪʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤ ɼʘʥʠʣʴʯʫʢ ɺ.ʅ. ɸʆʉʏ ʠ ɸʆʇʏ. 

 

 

ʋɼʂ 620.1, 621.0 

ʇʈʀʄɽʅɽʅʀɽ ʂʆʅʊɽʁʅɽʈʆɺ ɼʃʗ ʍʈɸʅɽʅʀʗ ɺʓɽʄʅʓʍ 

ʏɸʉʊɽʁ ɻʎʅ ʇʈʀ ɺʓʇʆʃʅɽʅʀʀ ʈɽʄʆʅʊɸ ʅɸ ʈʆʉʊʆɺʉʂʆʁ ɸʕʉ 
 

ʐʘʧʦʚʘʣʦʚ ɸ.ɸ., ɹʝʢʝʪʦʚ ɺ.ɻ. 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 

alexandrshapovalov@mail.ru 

 
ɸʥʥʦʪʘʮʠʷ.  ʂʦʥʪʝʡʥʝʨ ʜʣʷ ʚʳʝʤʥʳʭ ʯʘʩʪʝʡ ɻʎʅ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʛʣʘʚʥʦʛʦ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 1-ʛʦ ʢʦʥʪʫʨʘ ʵʥʝʨʛʦʙʣʦʢʦʚ ʈʦɸʕʉ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʝʩʧʝʯʝʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʦʪ ʯʘʩʪʝʡ ʠ ʵʣʝʤʝʥʪʦʚ 1-ʛʦ 

ʢʦʥʪʫʨʘ ʦʙʣʘʜʘʶʱʠʭ ʥʘʚʝʜʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴʶ ʠ ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʈɸɺ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʧʝʨʩʦʥʘʣʘ ʚ ʧʦʤʝʱʝʥʠʷʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʶ ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʧʝʨʩʦʥʘʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʘʜʠʘʮʠʦʥʥʘʷ ʟʘʱʠʪʘ, ʩʥʠʞʝʥʠʝ ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ, ɸʕʉ, 

ɻʎʅ. 

 

THE USE OF CONTAINERS FOR STORING DREDGED PARTS  

OF THE MCP DURING REPAIRS AT THE ROSTOV NPP   

 
Shapovalov A.A., Beketov V.G. 

Volgodonsk Institute of Engineering and Technology - branch of the National Research Nuclear University çMEPhIè, 

Volgodonsk, Russia 

alexandrshapovalov@mail.ru 

 
Abstract. The container for the dredged parts of the MCP is designed to store the main parts of the main 

circulation pump when repairing equipment of the 1st circuit of the ROPP power units. The use of containers helps to 

ensure radiation protection from parts and elements of the 1st circuit with induced radioactivity and contamination of 

RAW materials, radiation safety when personnel are in the work areas and, as a result, reduce the dose burden on 

personnel.  

Keywords: radiation safety, radiation protection, dose reduction, NPP, MCP. 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ 1-ʛʦ ʢʦʥʪʫʨʘ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʘ ʧʝʨʩʦʥʘʣʘ ʦʪ 

ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʉʀɿ, ʫʯʝʪ ʜʦʟʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʚ ʟʦʥʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʩʫʱʝʩʪʚʫʝʪ 

ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʤʝʱʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʥʘʣʠʯʠʝ ʩʠʣʴʥʦʛʦ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʚʝʜʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ 

ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʤʝʥʪʦʚ 1-ʛʦ ʢʦʥʪʫʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʟʘʱʠʪʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʩʧʝʮʠʘʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʥʠʚʝʣʠʨʦʚʘʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʠʟʣʫʯʝʥʠʷ ʧʫʪʝʤ ʣʦʢʘʣʠʟʘʮʠʠ 

ʚʳʝʤʥʳʭ ʯʘʩʪʝʡ ʥʘ ʚʨʝʤʷ ʨʝʤʦʥʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʨʧʫʩʝ ʢʦʥʪʝʡʥʝʨʘ. 
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ʂʦʥʪʝʡʥʝʨʳ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ, ʤʥʦʛʦʢʨʘʪʥʦ ʩʥʠʞʘʶʱʠʭ ʜʦʟʳ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʥʪʝʡʥʝʨʘ ʩʦʩʪʦʠʪ ʠʟ 2ʭ ʯʘʩʪʝʡ: ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʚʳʧʦʣʥʝʥʘ 

ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʉʪ3, ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 08ʍ18ʅ10ʊ. ɼʠʘʤʝʪʨ ʚʥʝʰʥʝʡ 

ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 1860 ʤʤ (1895 ʤʤ ʧʦ ʚʥʝʰʥʠʤ 

ʨʝʙʨʘʤ ʞʝʩʪʢʦʩʪʠ), ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ 1448 

ʤʤ. ʏʘʩʪʠ ʚʩʪʘʚʣʷʶʪʩʷ ʦʜʥʘ ʚ ʜʨʫʛʫʶ ʠ ʩʢʨʝʧʣʷʶʪʩʷ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʰʧʠʣʴʢʘʤʠ ʩ ʨʝʟʴʙʦʚʳʤ 

ʢʨʝʧʣʝʥʠʝʤ. ʇʦʣʦʩʪʴ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʟʘʧʦʣʥʷʝʪʩʷ 

ʩʚʠʥʮʦʚʦʡ ʜʨʦʙʴʶ ʪʠʧʘ ʃʆʊ-5 ʯʝʨʝʟ ʟʘʛʨʫʟʦʯʥʳʝ 

ʦʢʥʘ ʚʝʨʭʥʝʛʦ ʬʣʘʥʮʘ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʤʝʩʪʦ 

ʭʨʘʥʝʥʠʷ ʚʳʝʤʥʦʡ ʯʘʩʪʠ ɻʎʅʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʝʝ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ 

ʯʘʩʪʠ ʢʦʥʪʝʡʥʝʨʘ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ 

ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʛʣʝʨʦʜʠʩʪʳʤʠ ʩʪʘʣʷʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʜʘʥʥʦʡ ʤʘʨʢʝ ʩʪʘʣʠ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦʡ ʢ 

ʢʦʨʨʦʜʠʨʦʚʘʥʠʶ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʤʘʪʝʨʠʘʣ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʚʠʥʮʘ ʚ ʚʠʜʝ ʤʘʪʝʨʠʘʣʘ, 

ʠʟʦʣʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ 

ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢ ʧʦʛʣʦʱʝʥʠʶ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʥʦʣʠʪʥʦʛʦ ʩʚʠʥʮʦʚʦʛʦ ʙʣʦʢʘ ʠʣʠ ʩʚʠʥʮʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ (ʣʠʩʪʦʚ) 

ʥʝʪʝʭʥʦʣʦʛʠʯʥʦ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʫʜʦʙʥʦʝ ʭʨʘʥʝʥʠʝ ʧʦʛʣʦʪʠʪʝʣʷ 

ʦʪʜʝʣʴʥʦ ʦʪ ʢʦʥʪʝʡʥʝʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʙʠʣʴʥʦ ʧʝʨʝʤʝʱʘʪʴ ʢʦʥʪʝʡʥʝʨ ʠ ʧʦʛʣʦʱʘʶʱʠʡ 

ʥʘʧʦʣʥʠʪʝʣʴ (ʩʚʠʥʮʦʚʫʶ ʜʨʦʙʴ) ʦʪʜʝʣʴʥʦ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ. 

ʇʦʛʣʦʱʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʨʘʟʜʝʣʝʥʥʳʤʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʝʡ, ʧʨʠ ʵʪʦʤ ʠʭ 

ʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʘʷ ʯʘʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʚ ʪʦʤ 

ʢʦʣʠʯʝʩʪʚʝ, ʚ ʢʦʪʦʨʦʤ ʪʨʝʙʫʝʪʩʷ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʣʠʰʥʝʡ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʦʩʪʘʣʴʥʦʡ 

ʯʘʩʪʴʶ ʧʦʛʣʦʪʠʪʝʣʷ. ʊʘʢʞʝ ʩʚʠʥʮʦʚʳʡ ʧʦʛʣʦʪʠʪʝʣʴ ʚ ʚʠʜʝ ʜʨʦʙʠ ʤʝʥʴʰʝ ʧʦʜʚʝʨʞʝʥ 

ʜʝʬʦʨʤʘʮʠʠ ʥʝʞʝʣʠ ʤʦʥʦʣʠʪʥʘʷ ʯʘʩʪʴ ʣʠʙʦ ʩʚʠʥʝʮ ʚ ʚʠʜʝ ʙʣʦʢʦʚ (ʣʠʩʪʦʚ), ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʚʝʨʜʦʛʦ ʪʠʧʘ ʜʨʦʙʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʥʴʰʫʶ ʜʝʬʦʨʤʘʮʠʶ ʝʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʜʨʦʙʠʥ). 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʥʪʝʡʥʝʨʦʚ ʥʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʩʯʝʪʘ, ʨʝʟʫʣʴʪʘʪ ʢʦʪʦʨʦʛʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʙʝʨʝʤ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʠʟʣʫʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ï 2500 ʤʢɿʚ/ʯ 

ɼʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʠʟʣʫʯʝʥʠʷ ʩ ʟʘʱʠʪʦʡ ʧʦ ʉʘʥʇʠʥ 2.6.1.24-03 ï 6 ʤʢɿʚ/ʯ 

ʄʘʪʝʨʠʘʣ ʟʘʱʠʪʳ ï ʩʚʠʥʝʮ ʉ2 

ɿʘ ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠʩʪʦʯʥʠʢʘ ʙʝʨʝʤ ʠʟʦʪʦʧ ʢʦʙʘʣʴʪʘ 
60
ʉʦ 

ʢʘʢ ʚʥʦʩʷʱʠʡ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʜʦʟʫ ʦʙʣʫʯʝʥʠʷ. 

ʉʫʤʤʘʨʥʘʷ ʢʨʘʪʥʦʩʪʴ ʦʩʣʘʙʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦʟʳ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʢ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʟʘ ʚʥʝʰʥʝʡ ʩʪʝʥʢʦʡ ʢʦʥʪʝʡʥʝʨʘ: 

 

ʂʪʨʝʙ=2500/6=416,7; 

 

ʋ ʠʟʦʪʦʧʘ 
60
ʉʦ ʜʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʣʠʥʠʠ: 
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1 ï 1.17 ʄʵɺ ï 50% 

2 ï 1.33 ʄʵɺ ï 50% 

 

ʇʘʨʮʠʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʣʠʥʠʠ ï 208,3. 

ɼʣʷ ʛʣʘʚʥʦʡ ʣʠʥʠʠ (1.33 ʄʵɺ) ʪʦʣʱʠʥʘ ʧʦʣʦʚʠʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ æ1/2= 15.6 ʤʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʤ ʚ ʚʠʜʝ: 

 

ʂʪʨʝʙ=1*10
m
.      (1) 

 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ 1=2.08, m=2. 

ɼʣʷ m=2 ʪʦʣʱʠʥʫ ʟʘʱʠʪʳ ʩʯʠʪʘʝʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

d= æ1/100+(æ1/1000 - æ1/100)*e      (2) 

 

ʛʜʝ:  æ1/100 - ʪʦʣʱʠʥʘ ʩʣʦʷ ʦʩʣʘʙʣʝʥʠʷ 1/100; 

 æ1/1000 ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʦʩʣʘʙʣʝʥʠʷ 1/1000; 

 

e=ln(l)/2,3.      (3) 

 

ɼʣʷ l=2.08 ʧʦ ʬʦʨʤʫʣʝ (3): e=0,32. 

ɼʣʷ ʣʠʥʠʠ 1.17 ʄʵɺ: 

 

æ1/100 =79,8ʤʤ, æ1/1000 =116,9ʤʤ. 

 

ɼʣʷ ʣʠʥʠʠ 1.33 ʄʵɺ: 

 

æ1/100 = 88,2ʤʤ, æ1/1000 = 129ʤʤ. 

 

ɺʝʣʠʯʠʥʳ æ1/100 ʠ æ1/1000 ʜʣʷ ʵʥʝʨʛʠʡ 1,17 ʄʵɺ ʠ 1,33 ʄʵɺ ʚʳʯʠʩʣʷʶʪʩʷ 

ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʪʘʙʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟ ʩʧʨʘʚʦʯʥʠʢʘ. ʇʦ ʬʦʨʤʫʣʝ (2) ʚʳʯʠʩʣʷʝʤ ʪʦʣʱʠʥʳ 

ʟʘʱʠʪʳ ʜʣʷ ʢʘʞʜʦʡ ʣʠʥʠʠ. 

ʊʦʣʱʠʥʘ ʟʘʱʠʪʳ ʛʣʘʚʥʦʡ ʣʠʥʠʠ 1,33 ʄʵɺ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (2): 

 

dʛʣ=101,3 ʤʤ 

 

ʊʦʣʱʠʥʘ ʟʘʱʠʪʳ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʣʠʥʠʠ 1,17 ʄʵɺ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (2): 

 

dʢ=91,7 ʤʤ 

 

ɼʘʣʝʝ ʩʨʘʚʥʠʚʘʝʤ ʤʝʞʜʫ ʩʦʙʦʡ ʪʨʠ ʚʝʣʠʯʠʥʳ: dʛʣ, dʢ ʠ æ1/2. 

ʊʘʢ ʢʘʢ dʛʣ-dʢ=9,6 < 15,6 (ʤʤ), ʪʦ 

 

0<dʛʣ-dʢ<æ1/2      (4) 

 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʪʦʣʱʠʥʫ ʟʘʱʠʪʳ ʦʧʨʝʜʝʣʷʝʤ, ʢʘʢ 

 

d=dʢ+æ1/2      (5) 

 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʪʦʣʱʠʥʘ ʟʘʱʠʪʳ ʙʫʜʝʪ: 

 

d=107,3ʤʤ 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʠʥʮʦʚʳʭ ʰʘʨʠʢʦʚ ʠʟʤʝʥʷʝʪʩʷ 

ʧʣʦʪʥʦʩʪʴ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ. ʇʨʠ ʩʣʫʯʘʡʥʦʡ ʥʘʩʳʧʢʝ ʰʘʨʠʢʦʚ ʙʝʟ ʚʠʙʨʦʫʢʣʘʜʢʠ ʠʭ ʧʣʦʪʥʦʩʪʴ 

ʩʦʩʪʘʚʠʪ 60% ʦʪ ʤʦʥʦʣʠʪʥʦʡ ʟʘʱʠʪʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʚʝʣʠʯʠʚ ʪʦʣʱʠʥʫ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ 

ʩʚʠʥʮʦʚʦʡ ʜʨʦʙʠ ʥʘ 40% ʤʳ ʧʦʣʫʯʠʤ 150ʤʤ. 

ʕʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʚʳʝʤʥʳʭ ʯʘʩʪʝʡ ɻʎʅ ʩʦʩʪʦʠʪ ʚ ʩʥʠʞʝʥʠʠ 

ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʟʘ ʚʥʝʰʥʝʡ ʩʪʝʥʢʦʡ ʢʦʥʪʝʡʥʝʨʘ ʩ ʟʥʘʯʝʥʠʡ 2500 ʤʢɿʚ ʜʦ ʫʨʦʚʥʷ ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʛʦ 6 ʤʢɿʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʢʘʪʝʛʦʨʠʠ III 

(ʧʦʤʝʱʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʛʜʝ ʨʘʜʠʘʮʠʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʜʦʧʫʩʢʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʧʝʨʩʦʥʘʣʘ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ) ʧʦ 

ʉʘʥʇʠʥ 2.6.1.24-03. 
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ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʚʳʧʦʣʥʝʥ ʧʝʨʝʨʘʩʯʝʪ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʙʨʳʟʛʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ.  
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IMPROVING THE  RELIABILITY OF THE SPRAY POND POWER SUPPLY 

SYSTEM OF THE ROSTOV NPP   
 

Bodrikov S.G., Lapkis A.A. 
Volgodonsk Institute of Engineering and Technology - branch of the National Research Nuclear University çMEPhIè, 

Volgodonsk, Russia 

Bodrikov-sg@mail.ru 

 

Abstract. The reliability calculation and modeling of events leading to an accident due to a malfunction of the 

power supply system of the spray pond of the Rostov NPP were carried out. An event tree and a failure tree have been 

built to detect vulnerabilities. Based on the suggestions for improvement, a recalculation was performed, confirming an 

increase in the reliability of the power supply system for spray pond.  

Keywords: reliability, power supply, spray pond, nuclear power plant, failure tree.   

ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʨʘʩʯʝʪ ʧʨʦʝʢʪʥʳʭ ʠ ʟʘʧʨʦʝʢʪʥʳʭ ʘʚʘʨʠʡ, ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʜʝʬʝʢʪʳ, 
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ʩʥʠʞʘʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. ɸʥʘʣʠʟ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʙʨʳʟʛʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʙʣʦʢʦʚ ˉ2-4 ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ ʤʝʪʦʜʦʤ ʜʝʨʝʚʘ 

ʦʪʢʘʟʦʚ ʧʦʟʚʦʣʠʪ ʥʘʡʪʠ ʫʷʟʚʠʤʳʝ ʤʝʩʪʘ ʠ ʩʧʦʩʦʙʳ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. 

ɸʥʘʣʠʟ ʧʨʠʤʝʥʠʤ ʢ ʣʶʙʦʤʫ ʪʠʧʫ ʩʠʩʪʝʤ ʠ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚʢʣʶʯʘʣ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

1. ɸʥʘʣʠʟ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʠʢʩʠʨʫʝʤʳʭ ʜʝʬʝʢʪʦʚ ʩʠʩʪʝʤʳ [1]. ɹʣʘʛʦʜʘʨʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʜʝʬʝʢʪʦʚ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʤʝʯʘʥʠʡ. ʆʜʥʘʢʦ ʜʦʣʷ ʜʝʬʝʢʪʦʚ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ 

ʚʦʟʨʦʩʣʘ (ʨʠʩʫʥʦʢ 1). 
 

 
ʂʃ ï ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ, ʂʄʂ ï ʢʘʙʝʣʴʥʳʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ 

ʈʠʩʫʥʦʢ 1 ï ɿʘʤʝʯʘʥʠʷ, ʬʠʢʩʠʨʫʝʤʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʨʳʟʛʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ 

 

2. ʇʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʦʪʢʘʟʦʚ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʙʦʨʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʫʷʟʚʠʤʳʭ ʤʝʩʪ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ - ʧʨʠʚʝʜʝʥʘ ʣʦʛʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ ʨʘʟʚʠʪʠʷ ʚʳʷʚʣʝʥʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ, ʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʚʣʠʷʣʠ ʥʘ ʨʘʟʚʠʪʠʝ ʜʘʥʥʳʭ ʜʝʬʝʢʪʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʢʘʟʳ ʚ ʚʳʷʚʣʝʥʥʳʭ ʫʷʟʚʠʤʳʭ ʤʝʩʪʘʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʠ ʥʘ ɸʕʉ. 

3. ʇʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʩʦʙʳʪʠʡ [3]. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʮʝʥʘʨʠʷ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʜʝʨʝʚʴʷ ʩʦʙʳʪʠʡ. ɼʘʥʥʦʝ ʜʝʨʝʚʦ ʦʪʦʙʨʘʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ  

ʩʦʙʳʪʠʡ ʜʣʷ ʫʷʟʚʠʤʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʚʳʷʚʣʝʥʳ ʜʝʬʝʢʪʳ. ʀʩʢʣʶʯʠʚ ʤʘʣʦʚʝʨʦʷʪʥʳʝ 

ʩʦʙʳʪʠʷ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦʜʩʠʩʪʝʤʳ. 

4. ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʛʠʧʦʪʝʟʳ ʥʘ 

ʦʩʥʦʚʝ ʫʷʟʚʠʤʳʭ ʤʝʩʪ, ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ P(p). ʊʘʢ ʢʘʢ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʧʘʨʘʣʣʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʦ ʦʪʢʘʟ 

ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʪʢʘʟʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ.  

 
ὖὴ ρ ρ ὴρᶻρ ὴς ȢzȢȢz ρ ÐÎ 

 

ʛʜʝ pn ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʦʜʥʦʡ ʠʟ ʩʠʩʪʝʤ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʘ 

ʩʦʙʳʪʠʡ ʩʠʩʪʝʤʳ. 

ɺ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʘʙʝʣʴʥʳʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʠʪʘʶʱʠʝ ʩʙʦʨʢʠ, ʥʝʧʨʠʛʦʜʥʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʦʜʦʙʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ. 

ɺ ʩʚʷʟʠ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʧʠʪʘʶʱʠʭ ʩʙʦʨʦʢ ʠ ʢʘʙʝʣʴʥʳʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʢʘʙʝʣʴʥʳʝ 

ʣʠʥʠʠ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʨʫʰʝʥʠʶ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ. ʉʘʤʳʡ 

ʥʠʟʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʫ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ï 67% [4]. 

ʋʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʠʧʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ:  
1. ɺʳʧʦʣʥʠʪʴ ʤʦʥʪʘʞ ʰʢʘʬʦʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʩʝʭ ʪʨʘʥʟʠʪʥʳʭ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʧʫʥʢʪʦʚ ʠ ʢʘʙʝʣʴʥʳʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. 
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2. ɺ ʤʝʩʪʘʭ ʚʳʚʦʜʘ/ʚʚʦʜʘ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʟʘʤʝʥʠʪʴ ʩʘʣʴʥʠʢʦʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʠʟ 

ʧʣʘʩʪʠʢʘ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩʦ ʩʪʝʧʝʥʴʶ ʟʘʱʠʪʳ IP68. 
3. ʇʨʦʚʝʩʪʠ ʨʝʚʠʟʠʶ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʩʥʦʚʥʦʡ ʣʠʥʠʠ 6 ʢɺ ʩ ʯʘʩʪʠʯʥʦʡ 

ʟʘʤʝʥʦʡ ʦʪʭʦʜʷʱʠʭ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ. 
4. ʇʨʦʚʝʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ʩ ʟʘʤʝʥʦʡ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʥʘ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʫʶ. 

ʇʨʦʚʝʜʝʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʙʨʳʟʛʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʙʣʦʢʦʚ ˉ 2-4 

ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ, ʚ ʩʨʝʜʥʝʤ ʥʘ 7-10% ʧʦ ʩʠʩʪʝʤʝ ʚ ʮʝʣʦʤ, ʠ ʥʘ 10-15% ʧʦ ʢʘʞʜʦʡ ʠʟ 

ʧʦʜʩʠʩʪʝʤ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʭʦʣʦʜʥʦʡ ʛʠʙʢʠ ʪʨʫʙ ʩ ʨʘʩʢʘʪʳʚʘʥʠʝʤ ʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʛʠʙʘʝʤʦʡ ʪʨʫʙʳ, ʘ ʠʤʝʥʥʦ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ 

ʪʨʫʙ. ʀʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚʳʩʦʢʦʪʦʯʥʳʤ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ. ʀʩʧʳʪʫʝʤʘʷ ʪʨʫʙʘ ʙʳʣʘ ʟʘʤʝʨʝʥʘ ʦʪ ʥʘʯʘʣʦ 

ʜʦ ʢʦʥʮʘ ʛʠʙʘ. ʅʘ ʛʨʘʬʠʢʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʠ ʟʘʥʝʩʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ.  
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ʩʝʯʝʥʠʷ ʪʨʫʙʳ. 
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Abstract. In this article, the issue of the influence of cold bending of pipes with rolling on the geometric 

parameters of the bent pipe, namely the wall thickness, is considered. Pipe samples were made for this purpose. 

Measurements were carried out with a high-precision vernier caliper. The pipe sample was measured in three sections: 

at the beginning, in the middle and at the end of the bend. The measurement results are reflected in the graph. 

Keywords: pipe bending, wall thickness, high-precision vernier caliper, control points, pipe sections. 

 

ʊʨʫʙʦʧʨʦʚʦʜʳ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʪʘʢʠʭ ʢʘʢ: 

ʢʦʤʤʫʥʘʣʴʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʥʝʬʪʷʥʘʷ ʠ ʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ɼʣʷ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʢʨʠʚʦʣʠʥʝʡʥʳʝ 

ʫʯʘʩʪʢʠ [2]. 

ʄʝʪʦʜ ʛʠʙʢʠ ʪʨʫʙ ʚ ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʚʠʛʘʶʱʝʛʦʩʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ. ɺ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʪʝʥʢʘ ʫʪʦʥʷʝʪʩʷ ʠ ʥʘ 

ʥʘʨʫʞʥʦʡ ʯʘʩʪʠ ʛʠʙʘ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʵʬʬʝʢʪ ʚ ʚʠʜʝ ʫʪʦʣʱʝʥʠʷ 

ʚʦʟʥʠʢʘʝʪ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ. ʇʨʦʜʝʣʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ. 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʛʠʙʢʦʡ ʩ ʨʘʩʢʘʪʳʚʘʥʠʝʤ ʦʙʨʘʟʮʳ ʪʨʫʙ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʦʙʨʘʟʝʮ, ʠʤʝʶʱʠʡ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  
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ï ʜʠʘʤʝʪʨ 26 ʤʤ; 

ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 2 ʤʤ; 

ï ʩʪʘʣʴ 12ʍ18ʅ10ʊ ɻʆʉʊ 5632-2014. 

ʇʨʠ ʧʦʤʦʱʠ ʮʠʬʨʦʚʦʛʦ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ADA Mechanic 150 ɸ00379 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ. 

ʆʙʨʘʟʝʮ ʪʨʫʙʳ ʙʳʣ ʨʘʟʨʝʟʘʥ ʥʘ ʢʦʣʴʮʝʚʳʝ ʫʯʘʩʪʢʠ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʤʝʪʦʜ ʟʘʤʝʨʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʟʘʤʝʨʘ ʪʦʣʱʠʥ ʩʪʝʥʦʢ  

 

ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʯʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʚʜʦʣʴ ʩʝʯʝʥʠʡ 

 

ʀʟʤʝʨʝʥʠʷ ʩʪʝʥʢʠ ʥʘ ʥʘʨʫʞʥʦʡ ʯʘʩʪʠ ʛʠʙʘ ʧʦʢʘʟʘʣʦ ʥʘʠʤʝʥʴʰʫʶ ʚʝʣʠʯʠʥʫ ʩʪʝʥʢʠ ʠ 

ʩʦʩʪʘʚʠʣʦ ʦʪ 1,69 ʜʦ 1,93. ʀʟʤʝʨʝʥʠʷ ʩʪʝʥʢʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʛʠʙʘ ʫʩʪʘʥʦʚʠʣʦ 

ʥʘʠʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʩʪʝʥʢʠ ʠ ʩʦʩʪʘʚʠʣʦ ʦʪ 2,11 ʜʦ 2,15 ʤʤ. ʀʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʡ ʩʪʝʥʢʠ 

ʧʦʢʘʟʘʣʦ ʜʠʘʧʘʟʦʥ ʦʪ 1,96 ʜʦ 2,09. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʥʘʨʫʞʥʦʡ ʯʘʩʪʠ ʛʠʙʘ ʦʙʥʘʨʫʞʝʥʦ ʫʪʦʣʱʝʥʠʝ 

ʩʪʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʳ ï 8%.  ʋʪʦʥʝʥʠʝ ʩʪʝʥʢʠ ʚ 15% ʷʚʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʨʫʞʥʦʡ ʯʘʩʪʠ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ɸʉʄ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʙʣʫʯʝʥʠʷ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʘʤʦʢʣʝʶʱʠʭʩʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. ʇʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʦʙ ʵʚʦʣʶʮʠʠ ʨʝʣʴʝʬʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʀʀ; 

ʧʨʝʜʣʦʞʝʥʳ ʯʠʩʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʘʣʛʦʨʠʪʤʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʥʝʰʥʝʤ ʨʘʜʠʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. 
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Abstract. The paper presents the first results of the AFM study of the effect of radiation on the surface 

condition of self-adhesive radiation shielding coatings. Experimental data on the evolution of the surface relief pattern 

and morphology depending on the time of exposure to ionizing radiation was obtained; numerical parameters and 

algorithms for surface morphology characterization were proposed, which allow diagnosing changes in the state of the 

material under external exposure to radiation, including the initial stage.  

Keywords: Radiation exposure, atomic force microscopy, AFM, surface morphology, microrelief, self-

adhesive radiation shielding coatings. 

 

ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʣʫʯʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ,  

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ, ʘ ʪʘʢʞʝ ʚ 

ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʤʧʦʟʠʪʳ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. ʊʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʨʝʥʪʛʝʥʦʟʘʱʠʪʥʳʭ ʧʦʣʠʤʝʨʥʦ-ʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʚʚʝʜʝʥʠʠ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ (ʥʘʧʨʠʤʝʨ, Pb, W ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ) [1]. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʧʦʣʠʤʝʨʦʚ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [2]. ʇʦʵʪʦʤʫ, ʢʦʤʙʠʥʠʨʫʷ ʩʦʩʪʘʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʥʘʟʥʘʯʝʥʠʷ, 

ʦʪʚʝʯʘʶʱʠʝ ʢʨʠʪʝʨʠʷʤ ʟʘʱʠʪʳ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ.  

ʄʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʥʪʛʝʥʦʟʘʱʠʪʥʳʭ (ʈɿʄ) ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʝ ï ʵʪʦ ʩʘʤʦʢʣʝʷʱʠʡʩʷ 

ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʪ, ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʄʦʨʜʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘ (ʄɻʋ 

ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘ) [3]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʵʪʦʛʦ ʪʠʧʘ (ʪʘʙʣʠʮʘ 1) ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʉʢʘʥʠʨʫʶʱʝʤ ʟʦʥʜʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ Solver Next ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʅʊ-ʄɼʊè 

(ʛ. ɿʝʣʝʥʦʛʨʘʜ, ʈʦʩʩʠʷ) ʥʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʫʨʦʚʥʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʘʭ ɸʉʄ-ʤʠʢʨʦʩʢʦʧʠʠ. ʅʘ 

ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʘ 1 (ʩʤ. ʪʘʙʣʠʮʘ 1) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʘʣʛʦʨʠʪʤ ɸʉʄ-

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʤʠʢʨʦʨʝʣʴʝʬʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1 - ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ˉ 

 

ʄʘʨʢʠʨʦʚʢʘ 

ʦʙʨʘʟʮʦʚ 

ʉʦʩʪʘʚ ʃʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ, 

m,ʩʤ
-1
 ʧʨʠ ʵʥʝʨʛʠʠ 59ʢʵɺ ʤʘʪʨʠʮʘ ʥʘʧʦʣʥʠʪʝʣʴ 

1. ʆʙʨʘʟʝʮ 1, ʩʝʨʠʷ 1 ʙʫʪʠʣʢʘʫʯʫʢ ʙʘʨʠʪ 15,58 

 

ʆʙʨʘʟʮʳ ʦʙʣʫʯʘʣʠʩʴ ʥʘ ʫʩʢʦʨʠʪʝʣʝ ʕɻʇ-10. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʫʩʢʦʨʠʪʝʣʴ ʷʚʣʷʣʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʫʩʢʦʨʝʥʥʳʭ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 4 ʄʵɺ. ʆʙʣʫʯʝʥʠʝ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʨʸʭ ʟʦʥʘʭ ʚ ʨʝʞʠʤʝ ʫʩʢʦʨʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ. ʇʣʦʱʘʜʴ ʢʘʞʜʦʡ ʟʦʥʳ ʦʙʣʫʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 0,0016 ʩʤ
2
. ɺʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʢʘʞʜʦʡ ʟʦʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 30, 300 ʠ 3000 ʩʝʢ [4]. 

 ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 1. ɺʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 300 ʩʝʢ ʤʝʥʷʝʪʩʷ ʤʦʨʬʦʣʦʛʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1ʙ). ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ 

ʚ ʧʷʪʴ ʨʘʟ, ʘ ʨʘʟʤʝʨ ʠʭ ʫʤʝʥʴʰʘʝʪʩʷ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʦʙʦʣʦʯʢʝ ʚʦʢʨʫʛ ʠ ʚʥʫʪʨʠ ʘʛʨʝʛʘʪʦʚ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ, 

ʧʦʜʦʙʥʳʡ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʪʨʘʚʣʝʥʠʶ ʧʦʣʠʤʝʨʘ. ʈʝʟʫʣʴʪʘʪʦʤ  ʦʙʣʫʯʝʥʠʷ ʚʳʷʚʣʷʶʪʩʷ ʪʦʥʢʠʝ 

ʜʝʪʘʣʠ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ ʥʘʧʦʣʥʠʪʝʣʷ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ: ʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʧʦʨʦʰʢʘ 

ʨʘʚʥʦʤʝʨʥʦ. ɺ ʥʝʦʙʣʫʯʝʥʥʦʤ ʦʙʨʘʟʮʝ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ (ʤʝʥʝʝ 1 ʤʢʤ) ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

(ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1ʘ). 
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ʈʠʩʫʥʦʢ 1 ï ɸʉʄ ʩʢʘʥ, ʨʘʟʤʝʨ 90ʭ90ʤʢʤ: ʘ - ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʦʙʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠ  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ 

ʥʘʧʦʣʥʠʪʝʣʷ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʨʘʟʤʝʨʫ; ʙ - ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʦʙʣʫʯʝʥʥʦʛʦ 

ʦʙʨʘʟʮʘ ʚ ʪʝʯʝʥʠʝ 300 ʩʝʢ. 

 

ɺʳʚʦʜʳ: 

-  ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʀʀ) ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʤʝʪʦʜʠʢʘ 

ɸʉʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦ-ʤʘʪʨʠʯʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʚ ʤʦʜʝ çʪʦʧʦʛʨʘʬʠʷè ʠ 

çʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘè; 

-  ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ ʵʚʦʣʶʮʠʠ ʨʝʣʴʝʬʘ ʠ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʀʀ;  

-  ʧʨʝʜʣʦʞʝʥʳ ʯʠʩʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʘʣʛʦʨʠʪʤʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʥʝʰʥʝʤ 

ʨʘʜʠʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʶ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʘʨʤʘʪʫʨʳ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʜʣʷ ɸʕʉ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʣʝʞʘʱʝʛʦ ʢʘʯʝʩʪʚʘ 

ʚʳʧʫʩʢʘʝʤʦʡ ʩʣʦʞʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʧʫʩʢʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ɸʕʉ.[1] 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʕʉ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʦʧʪʠʤʠʟʘʮʠʷ, 

ʘʨʤʘʪʫʨʘ, ʠʤʠʪʘʮʠʷ. 
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Abstract. In modern energy engineering, much attention is paid to the development of digital technologies, 

including in the manufacture of critical primary circuit fittings for nuclear power plants. Digitalization of production 

creates additional conditions for ensuring the proper quality of complex products according to modern manufacturing 

processes and non-destructive testing, which meets the requirements of safe operation of manufactured equipment at 

nuclear power plants. 
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ɺ ʧʦʪʦʢʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʯʝʪʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠ ʬʘʢʪʠʯʝʩʢʦʤ 

ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ/ʢʦʥʪʨʦʣʴʥʳʭ ʦʧʝʨʘʮʠʡ.  

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-

ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʞʥʦʪʝʭʥʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʠ ʘʨʤʘʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʧʨʦʝʢʪʝ ï ʢʣʘʧʘʥ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʨʝʛʫʣʠʨʫʶʱʠʡ. ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ, ʦʪʨʘʙʦʪʢʘ ʩʫʙʪʨʘʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʘʨʤʘʪʫʨʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʦʛʦ ʮʝʥʪʨʘ 

MULTICUT 630/2000S. [2] ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʥʪʨʘ: 

- ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʢʘ ï 5 

- ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʛʣʘʚʥʦʛʦ ʧʨʠʚʦʜʘ ï 43 ʢɺʪ; 

- ʜʠʘʤʝʪʨ ʦʙʨʘʙʦʪʢʠ ʥʘʜ ʥʘʧʨʘʚʣʷʶʱʠʤ ï 1150 ʤʤ; 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʪʦʯʝʥʠʷ ï 2100 ʤʤ; 

- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʩʪʘʥʢʘ ï 2400 ʤʤ; 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ ʟʘʛʦʪʦʚʢʠ ï 3000 ʢʛ; 

- ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦ ʦʩʷʤ X/Y/Z ï 4/4/10 ʤʢʤ; 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ ï 12 000 ʤʠʥ
-1

. 

MULTICUT 630/2000S ʩʦʚʤʝʱʘʝʪ ʩʚʦʡʩʪʚʘ ʪʦʢʘʨʥʦʛʦ ʠ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʦʚ ʚ ʦʜʥʦʤ 

ʫʥʠʚʝʨʩʘʣʴʥʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʦʙʨʘʙʦʪʢʫ ʬʘʩʦʥʥʳʭ ʜʝʪʘʣʝʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʄʦʜʠʬʠʢʘʮʠʷ S ʜʘʥʥʦʛʦ ʩʪʘʥʢʘ ʦʩʥʘʱʝʥʘ 

ʧʨʦʪʠʚʦʰʧʠʥʜʝʣʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʫʙʪʨʘʢʪʠʚʥʫʶ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʦʜʥʦʛʦ ʫʩʪʘʥʦʚʘ, ʯʪʦ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʜʝʣʠʷ.  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʝʢʪʝ ʧʨʠʤʝʥʷʝʪʩʷ ʫʧʨʦʱʸʥʥʘʷ ʤʦʜʝʣʴ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʦʧʫʱʝʥʠʠ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʜʝʪʘʣʠ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦ-
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ʫʧʨʘʚʣʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʘʣʛʦʨʠʪʤ ɺʝʡʣʝʨʘ-ɸʡʟʝʨʪʦʥʘ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʩʫʙʪʨʘʢʪʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʪʨʦʷʪʩʷ ʮʠʢʣʠʯʝʩʢʠʝ ʩʧʠʩʢʠ ʚʝʨʰʠʥ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʠ ʦʢʥʘ ʦʪʩʝʯʝʥʠʷ ʜʣʷ 

ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʛʦ ʢʦʥʪʫʨʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʥʜʝʢʩʘʮʠʝʡ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʡ ʢʦʥʪʫʨ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʜʝʪʘʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʧʨʦʠʩʭʦʜʠʪ 

ʜʠʩʢʨʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʢʦʥʪʫʨʘ ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʫʨʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ. ʈʘʟʨʘʙʦʪʢʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʪʨʝʥʘʞʝʨʦʚ ʩ ʮʝʣʴʶ ʦʪʨʘʙʦʪʢʠ ʵʣʝʤʝʥʪʦʚ 

ʩʫʙʪʨʘʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʪʝʛʦʨʠʠ ʢʘʯʝʩʪʚʘ QA2 ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʣʘʧʘʥʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʚ ʫʩʣʦʚʠʷʭ 

ʜʝʡʩʪʚʫʶʱʝʡ ɸʕʉ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʡ ʘʥʘʣʠʟ (ʌʉɸ) ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʩʷ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʌʉɸ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʜʣʷ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʲʝʤʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ɼɽʊɸʃʀ çɺʀʃʂɸ ʇɽʈɽʂʃʖʏɽʅʀʗ 4 ʀ 5 ʇɽʈɽɼɸʏʀè ʅɸ ɸɿ çʋʈɸʃè 
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ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʡ, 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ ɸɿ çʋʨʘʣè. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʊʘʢʞʝ 

ʧʨʝʜʣʦʞʝʥ ʘʥʘʣʦʛ ʟʘʨʫʙʝʞʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʠ ʚ ʨʘʤʢʘʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, 

ʧʣʘʥ ʛʠʙʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʤʦʜʫʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ, ʛʠʙʢʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʤʦʜʫʣʴ, ʢʦʥʪʨʦʣʴ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʠ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ. 
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Abstract. This article discusses the control of geometric parameters of products manufactured at AZ Ural. The 

influence of the human factor on the accuracy of measurements is considered. An analogue of a foreign automated 

geometry control system within the framework of import substitution, a flexible production module plan, is also 

proposed. 

Key words: import substitution, flexible production module, control, automation, robotic technical complex, 

geometry control, industrial robots. 

 

ʊʝʤʘ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʈʘʩʩʤʦʪʨʝʚ ʚʳʧʫʩʢʘʝʤʳʝ ʜʝʪʘʣʠ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʙʳʣʦ 

ʟʘʤʝʯʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʠʣʢʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 4 ʠ 5 ʧʝʨʝʜʘʯʠ ʢʦʨʦʙʢʠ ʩʢʦʨʦʩʪʝʡ 

ʘʚʪʦʤʦʙʠʣʷ çʋʨʘʣè.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʨʪʸʞ ʚʠʣʢʠ ʧʝʨʝʢʣʶʯʝʥʠʷ 4 ʠ 5 ʧʝʨʝʜʘʯʠ ʢʦʨʦʙʢʠ 

ʩʢʦʨʦʩʪʝʡ ʘʚʪʦʤʦʙʠʣʷ çʋʨʘʣè. ʅʘ ʯʝʨʪʝʞʝ ʥʘʟʥʘʯʝʥʳ ʜʦʧʫʩʢʠ ʦʨʠʝʥʪʘʮʠʠ ʠ 

ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʠʟʜʝʣʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʧʨʘʚʠʪʴ 

ʜʝʪʘʣʴ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ, ʣʠʙʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʩʦʢʦʪʦʯʥʳʤʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. [1] 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʠʣʢʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 4 ʠ 5 ʧʝʨʝʜʘʯʠ 
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ɼʘʥʥʳʝ ʩʧʦʩʦʙʳ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳ, ʚ ʩʚʷʟʠ ʩ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʘʥʥʦʡ ʜʝʪʘʣʠ ʠ 

ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʷ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ.  

ɿʘ ʦʩʥʦʚʫ ʚʟʷʪ ʟʘʨʫʙʝʞʥʳʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʦʙʦʪʦʚ 

KUKA . ʄʳ ʟʘʤʝʥʷʝʤ ʚʩʝ ʟʘʨʫʙʝʞʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʪ ʨʦʩʩʠʡʩʢʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʉʭʝʤʘ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʘʤʠ ʩʠʩʪʝʤʳ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʢʦʚʢʘ 

ʚʠʣʢʠ ʧʝʨʝʢʣʶʯʝʥʠʷ 4 ʠ 5 ʧʝʨʝʜʘʯʠ ʧʦʩʪʫʧʘʝʪ ʧʦ ʢʦʥʚʝʡʝʨʫ ʥʘ ʧʦʟʠʮʠʶ ʢʦʥʪʨʦʣʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʷ. ʅʘ ʧʦʟʠʮʠʠ ʠʟʤʝʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʠʣʢʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʨʦʙʦʪʦʤ-ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʠ ʠʟʤʝʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʟʘʨʘʥʝʝ ʥʘʧʠʩʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. ʉʠʩʪʝʤʘ 

ʩʨʘʚʥʠʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʤʝʨʳ ʩ ʜʦʧʫʩʪʠʤʳʤʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʛʦʜʥʦʩʪʴ ʧʦʢʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʚʳʚʦʜʷʪʩʷ ʥʘ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ ʦʧʝʨʘʪʦʨʘ. ɿʘʪʝʤ ʪʘʢʞʝ ʨʦʙʦʪʦʤ-ʤʘʥʠʧʫʣʷʪʦʨʦʤ 

ʧʦʢʦʚʢʘ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʩʦʨʪʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʤʝʨʦʚ. ʇʦʢʦʚʢʠ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʥʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʛʦʜʥʳʭ ʧʦʢʦʚʦʢ [2] 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʟʘʪʨʘʪ ʥʘ ʩʦʟʜʘʥʠʝ ʘʥʘʣʦʛʘ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪ 169%. 
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Abstract. Nowadays, there is active progress in the field of industrial equipment, every year new types of 

metalworking appear, which surpass the already accepted methods of turning. Today, such types of processing as 

magnetopulse, high-frequency, waterjet and plasma metal processing are actively used in our country.  
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ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʥʘʰʝʛʦ ʦʙʱʝʩʪʚʘ ʠ 

ʤʠʨʘ ʚ ʮʝʣʦʤ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʥʦʚʳʤʠ ʠʟʦʙʨʝʪʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʫʣʫʯʰʘʶʪ ʥʘʰʫ ʞʠʟʥʴ ʠ ʜʝʣʘʶʪ ʝʝ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʦʡ ʠ ʧʨʦʜʫʢʪʠʚʥʦʡ.  

ɺʘʞʥʝʡʰʠʤ ʧʨʦʛʨʝʩʩʦʤ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ ʷʚʣʷʝʪʩʷ ʨʝʟʢʘ ʤʝʪʘʣʣʘ, ʚ ʢʦʪʦʨʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ, ʜʣʷ ʧʨʠʜʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʝʪʘʣʣʘʤ 

ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʳ.  ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʤʝʪʦʜʳ ʨʝʟʢʠ ʤʝʪʘʣʣʘ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʥʫʶ ʪʦʯʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ.  

ɽʩʣʠ ʤʳ ʙʫʜʝʤ ʩʨʘʚʥʠʚʘʪʴ ʧʨʦʰʣʦʝ ʠ ʥʘʩʪʦʷʱʝʝ ï ʤʳ ʫʚʠʜʠʤ ʛʣʘʚʥʦʝ ʨʘʟʣʠʯʠʝ 

ʚʨʝʤʝʥ ï ʘʣʴʪʝʨʥʘʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʝʩʣʠ ʨʘʥʴʰʝ ʤʳ ʰʣʠ ʪʦʣʴʢʦ ʧʦ ʥʝʢʦʪʦʨʳʤ ʩʧʦʩʦʙʘʤ 

ʦʙʨʘʙʦʪʢʠ, ʪʦ ʩʝʡʯʘʩ ʠʭ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ. ʅʦ ʪʘʢ ʣʠ ʦʥʠ ʵʬʬʝʢʪʠʚʥʳ? 

ʗʚʣʷʶʪʩʷ ʣʠ ʦʥʠ ʪʘʢʠʤ ʦʪʢʨʳʪʠʝʤ, ʟʘʩʪʘʚʣʷʶʱʠʤ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠʚʳʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ, ʚ ʧʦʣʴʟʫ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʡ? ɼʣʷ ʵʪʦʛʦ ʧʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʤʦʪʨʠʤ, ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʟʘʤʝʥʘ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʴʝʤ [1]. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʥʘʟʳʚʘʝʪʩʷ ʤʘʛʥʠʪʥʦʠʤʧʫʣʴʩʥʳʡ, ʩʦʢʨʘʱʝʥʥʦʝ 

ʥʘʟʚʘʥʠʝ ʄʀʆ. ʇʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʦʙʨʘʙʦʪʢʘ ʠʜʝʪ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʚ ʩʘʤʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʠʟʜʝʣʠʠ. ɼʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, 

ʩʣʝʜʫʶʱʠʝ: 

1. ɹʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʬʦʨʤʦʚʘʪʴ ʜʝʪʘʣʠ ʠʟ ʤʘʣʦʚʷʟʢʠʭ ʠ 
ʪʚʝʨʜʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʜʘʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʦʙʳʯʥʳʭ 

ʩʢʦʨʦʩʪʷʭ; 

2. ʆʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʤʝʞʜʫ ʜʝʪʘʣʴʶ ʠ ʠʥʜʫʢʪʦʨʦʤ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʰʪʘʤʧʦʚʘʪʴ ʤʝʪʘʣʣʳ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʟʘʱʠʪʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ; 

3. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʥʝʩʣʦʞʥʦʩʪʴ; 

4. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʛʠʙʢʦʩʪʴ; 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʠʣʠ ʞʝ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ. ʇʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪ ʧʦʣʫʯʘʝʪ ʢʦʣʝʙʘʥʠʷ ʦʪ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʩʝʨʜʝʯʥʠʢʦʤ ʠʟ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʦʷʚʣʷʶʪʩʷ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʘʙʨʘʟʠʚʥʳʤʠ ʟʝʨʥʘʤʠ. 

ɺ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʩʣʫʞʘʪ: 

1. ʄʥʦʛʦʢʨʘʪʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʘ; 

2. ʋʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʨʘʙʦʯʠʭ ʯʘʩʪʝʡ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 8ï10 

ʨʘʟ; 

3. ɺʦʟʤʦʞʥʦʩʪʴ ʩʚʝʨʣʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ʩ ʙʦʣʴʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʛʣʫʙʠʥʳ ʠ ʜʠʘʤʝʪʨʘ; 

4. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ. 

ʊʨʝʪʠʡ ʩʧʦʩʦʙ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʚʦʜʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʝʪʘʣʣʦʚ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʩ 

ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʦ ʵʪʦ ʪʘʢʦʡ ʚʠʜ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʴʝʤ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʨʫʷ ʚʦʜʳ ʠʣʠ ʩʫʩʧʝʥʟʠʷ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [2]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ: 

1. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ (ʚʳʩʦʢʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ); 

2. ʊʦʯʥʦʩʪʴ ʠ ʘʢʢʫʨʘʪʥʦʩʪʴ (ʪʦʯʥʦʩʪʴ ʨʝʟʢʠ Ñ0,005 ʜʶʡʤʘ); 

3. ʆʪʩʫʪʩʪʚʠʝ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ; 

4. ʕʢʦʣʦʛʠʯʥʦʩʪʴ. 

ʀ ʥʘʢʦʥʝʮ, ʧʦʩʣʝʜʥʠʡ ʩʧʦʩʦʙ ʚ ʥʘʰʝʤ ʧʨʦʝʢʪʝ ʥʘʟʳʚʘʝʪʩʷ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʦʡ 

ʤʝʪʘʣʣʘ. ɺ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʨʝʞʫʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʣʘʟʤʘ 

[3], ʢʦʪʦʨʘʷ ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʳʤ ʜʶʟʘʤ ʠʣʠ ʩʪʨʫʡʥʳʤ ʩʦʧʣʘʤ ʜʦʩʪʘʚʣʷʝʪʩʷ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʦʚʳʤ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ, ʥʦ ʠ ʫʣʫʯʰʘʝʪ ʩʚʦʡʩʪʚʘ ʠ 

ʢʘʯʝʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʫʥʢʪʘʭ: 

1. ʇʣʘʟʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʟʘʪʴ ʣʶʙʳʝ ʤʝʪʘʣʣʳ, ʜʘʞʝ ʮʚʝʪʥʳʝ, ʪʫʛʦʧʣʘʚʢʠʝ ʠ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʚʳʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʠʝ ʩʣʦʞʥʦʩʪʠ. 
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2.  ʇʣʘʟʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʟʘʪʴ ʣʶʙʳʝ ʤʝʪʘʣʣʳ, ʜʘʞʝ ʮʚʝʪʥʳʝ, ʪʫʛʦʧʣʘʚʢʠʝ ʠ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʚʳʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʠʝ ʩʣʦʞʥʦʩʪʠ. 

3. ɼʘʥʥʳʡ ʤʝʪʦʜ ʫʥʠʚʝʨʩʘʣʝʥ, ʧʦʩʢʦʣʴʢʫ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʢʘʢ ʩ ʤʝʪʘʣʣʘʤʠ, 
ʪʘʢ ʠ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

4. ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʚʟʨʳʚʦʦʧʘʩʥʳʭ 
ʛʘʟʦʚʳʭ ʙʘʣʣʦʥʦʚ. 

ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʘ ï ʵʪʦ ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʚʦʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʦʪ ʜʨʫʛʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʨʝʘʢʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ 

ʦʪʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʢ ʧʨʦʮʝʩʩʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʠ ʦʙʷʟʳʚʘʝʪ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʢʦʥʮʝʧʮʠʠ ʠʭ ʪʦʯʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʈʋ) ɸʕʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ, ʘʪʦʤʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 
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Abstract. The main difference between nuclear energy and other energy technologies is that the reactor plant 

is a source of radioactive substances and ionizing radiation. This difference significantly increases the responsibility for 

the processes of designing, modeling and developing the components of a nuclear reactor, and obliges to adhere to the 

concept of their precise manufacture to ensure the safe operation of the reactor plant (RU) of the NPP. 
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ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʙʣʦʢ ʟʘʱʠʪʥʳʭ ʪʨʫʙ 

(ɹɿʊ),[1] ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ: 

ï ʜʠʩʪʘʥʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʪʦʯʥʦʡ ʬʠʢʩʘʮʠʠ ʧʦ ʚʳʩʦʪʝ ʠ ʚ ʧʣʘʥʝ ʛʦʣʦʚʦʢ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ (ʊɺʉ) ʙʝʟ ʦʨʛʘʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʆʈ) ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʟʘʱʠʪʳ (ʉʋɿ) ʨʝʘʢʪʦʨʘ; 

ï ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʊɺʉ ʩ ʆʈ ʉʋɿ ʚ ʢʦʨʧʫʩʝ ʨʝʘʢʪʦʨʘ; 

ï ʨʘʟʤʝʱʝʥʠʝ ʟʘʱʠʪʥʳʭ ʪʨʫʙ ʜʣʷ ʟʘʱʠʪʳ ʦʨʛʘʥʦʚ ʉʋɿ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʪʦʢʦʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʩʢʦʨʦʩʪʠ ʧʘʜʝʥʠʷ ʆʈ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʭ 

ʟʘʢʣʠʥʠʚʘʥʠʷ; 

ï ʨʘʟʤʝʱʝʥʠʷ ʟʘʱʠʪʥʳʭ ʪʨʫʙ ʯʝʭʣʦʚ ʢʘʥʘʣʦʚ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʟʘʢʨʝʧʣʝʥʠʝ ʠ ʬʠʢʩʘʮʠʶ; 

ï ʨʘʟʤʝʱʝʥʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ ʩʦ ʩʙʦʨʢʘʤʠ çʪʝʧʣʦʚʳʭè ʦʙʨʘʟʮʦʚ-

ʩʚʠʜʝʪʝʣʝʡ. 

ɹɿʊ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʘʨʥʫʶ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʚʝʨʭʥʝʡ, 

ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʧʣʠʪ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤ ʢʦʨʧʫʩʦʤ ʠ ʟʘʱʠʪʥʳʤʠ 

ʪʨʫʙʘʤʠ ʉʋɿ, ʢʘʥʘʣʦʚ ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʨʝʘʢʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʘʩʩʦʡ 60 ʪʦʥʥ. ʄʘʪʝʨʠʘʣ ʧʣʠʪ 

ɹɿʊ ïʩʧʝʮʠʘʣʴʥʘʷ  ʘʫʩʪʝʥʠʪʥʘʷ ʩʪʘʣʴ 08ʍ18ʅ10ʊ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʚ ʨʘʙʦʪʝ ʩʣʦʞʥʦʪʝʭʥʠʯʝʩʢʘʷ ʜʝʪʘʣʴ, ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʡ ʧʣʠʪʦʡ ɹɿʊ 

ʪʦʣʱʠʥʦʡ 200 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 3400 ʤʤ, ʤʘʩʩʦʡ 7,7 ʪ, ʚ ʢʦʪʦʨʦʡ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ: 

ï 121 ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʠʤʝʪʨʦʤ 185ʤʤ; 

ï 258 ʩʢʚʦʟʥʳʭ ʦʪʚʝʨʩʪʠʡ ʜʠʘʤʝʪʨʦʤ 55 ʤʤ; 

ï 42 ʩʢʚʦʟʥʳʭ ʦʪʚʝʨʩʪʠʷ ʜʠʤʝʪʨʦʤ 100 ʤʤ; 

ï 14 ʩʢʚʦʟʥʳʭ ʦʪʚʝʨʩʪʠʡ ʜʠʘʤʝʪʨʦʤ 23ʤʤ. 

ʂ ʧʣʠʪʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢʘʢ ʧʦ ʪʦʯʥʦʩʪʠ ʨʘʟʤʝʪʢʠ 435 

ʦʪʚʝʨʩʪʠʡ, ʪʘʢ ʠ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʜʝʪʘʣʠ çʧʣʠʪʘè ʤʝʪʦʜʦʤ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ.[2] 

ʇʨʦʪʦʪʠʧʠʨʦʚʥʠʝ (ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛ), ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʙʪʨʘʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʣʠʪʳ 

ɹɿʊ. ʉ ʧʦʤʦʱʴʶ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʟʜʘʝʪʩʷ ʚʠʨʪʫʘʣʴʥʘʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʣʠʪʳ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʢʨʘʪʥʦ ʧʦʚʳʰʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ. 

ʂ ʯʠʩʣʫ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ  ʦʪʥʦʩʷʪʩʷ: 

ï ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʙʪʨʘʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʣʠʪʳ; 

ï ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ - ʩʪʦʠʤʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʠʪʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʠʪʳ ʩʨʝʜʥʝʡ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ɹɿʊ 

ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʧʨʦʝʢʪʦʚ ɺɺʕʈ ï 1200 ʠ ɺɺʕʈ ï ʊʆʀ, ʪʝʤ ʩʘʤʳʤ, ʧʦʚʳʩʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ. 
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Abstract. The key driving factors of modern assembly and welding workshops in the manufacturing industries 

are higher efficiency and repeatability, improved quality and safety, as well as the shortest possible development cycle 

time at lower costs. Process technologists and welding engineers must ensure the above-mentioned key performance 

indicators. SYSWELD software offers comprehensive virtual modeling of welding and heat treatment processes, which 

significantly simplifies these processes. 

Keywords: digitalization, welding, mechanical engineering, modeling, simulation, automation. 

 

 SYSWELD ï ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʚʘʨʢʠ ʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (ʊʆ) ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [1]. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ 

SYSWELD ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʢʘʢ ʠʟʜʝʣʠʷ, ʪʘʢ ʠ ʧʨʦʮʝʩʩʘ. 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ (ʩ ʘʥʛʣ. çdigital twinè) ï ʵʪʦ ʢʦʤʧʴʶʪʝʨʥʘʷ ʢʦʧʠʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ, ʧʨʦʮʝʩʩʘ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʜʘʞʝ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʟʥʘʪʴ, ʯʪʦ ʙʫʜʝʪ ʩ ʦʨʠʛʠʥʘʣʦʤ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʩʣʦʚʠʷʭ [2]. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʘʤ ʨʘʙʦʪʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʜʫʢʪʠʚʥʦ, 

ʩʦʟʜʘʚʘʷ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʩʪʠʯʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɹʦʣʝʝ ʪʦʛʦ, 

ʦʙʲʝʜʠʥʷʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʩʚʘʨʢʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʠ ʜʝʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʩʥʦʚʥʳʝ ʤʦʜʫʣʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ SYSWELD: 

1. ʄʦʜʫʣʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʩʚʘʨʢʠ: 

-  WELD PLANNER ï ʤʦʜʫʣʴ ʨʘʩʯʸʪʘ ʧʨʦʮʝʩʩʦʚ ʩʚʘʨʢʠ ʤʝʪʦʜʦʤ çʫʩʘʜʢʠè; 

-  VISUAL-VIEWER ï ʤʦʜʫʣʴ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ; 

-  VISUAL-MESH ï ʛʝʥʝʨʘʪʦʨ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ; 
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-  VISUAL-ASSEMBLY ï ʤʦʜʫʣʴ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʢʦʨʦʙʣʝʥʠʡ ʙʦʣʴʰʠʡ 

ʢʦʥʩʪʨʫʢʮʠʡ; 

-  VISUAL-WELD ï ʛʝʥʝʨʘʪʦʨ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

2. ʄʦʜʫʣʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʊʆ: 

-  VISUAL-HEAT TREATMENT ï ʤʦʜʫʣʴ ʟʘʜʘʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʊʆ; 

-  VISUAL-VIEWER ï ʤʦʜʫʣʴ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ; 

-  VISUAL-MESH ï ʛʝʥʝʨʘʪʦʨ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʘʨʢʠ ʠ ʩʙʦʨʢʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʟʘʪʨʘʪʳ ʥʘ ʪʘʢʠʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʜʫʢʪʘ, ʢʘʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʳʪʘʥʠʷ, ʠ ʦʙʣʘʜʘʝʪ 

ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

-  ʤʠʥʠʤʠʟʘʮʠʷ ʚʨʝʤʝʥʠ ʠ ʟʘʪʨʘʪ ʥʘ ʚʳʚʦʜ ʧʨʦʜʫʢʪʘ ʥʘ ʨʳʥʦʢ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ 

ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ; 

-  ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʬʠʟʠʯʝʩʢʦʤ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʠ; 

-  ʢʦʥʪʨʦʣʴ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ; 

-  ʫʜʝʨʞʘʥʠʝ ʧʦʩʣʝʩʚʘʨʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʳʭ ʜʦʧʫʩʢʦʚ; 

-  ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʷ ʠ ʦʙʱʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʩʚʘʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʪʦʯʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (FEA) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʘʨʢʠ 

ʧʣʘʚʣʝʥʠʝʤ (ʜʫʛʦʚʘʷ, ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ, ʣʘʟʝʨʥʘʷ, ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʪʦʯʝʯʥʘʷ 

ʩʚʘʨʢʘ) [3].  

ʋʯʠʪʳʚʘʷ ʚʩʝ ʚʘʞʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʵʬʬʝʢʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʥʦʩ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʵʪʘʧʘ ʥʘ ʜʨʫʛʦʡ, SYSWELD ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʫʶʱʝʝ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʟʜʝʣʠʡ 

ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʘʥʘʣʠʟ ʠʤʧʫʣʴʩʥʦʡ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʚʘʨʢʠ. ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʢʦʨʦʩʪʠ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʤʧʫʣʴʩʥʦʡ ʩʚʘʨʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʧʫʣʴʩʥʘʷ ʩʚʘʨʢʘ, ʧʫʣʴʩʠʨʫʶʱʘʷ ʜʫʛʘ, ʩʥʠʞʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʩʥʠʞʝʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʚʘʨʦʯʥʘʷ ʜʫʛʘ, ʬʦʥʦʚʳʡ ʪʦʢ, 

ʠʤʧʫʣʴʩʥʳʡ ʪʦʢ. 

 



90 

 

FEATURES, ADVANTAGES AND DISADVANTAGES OF USING PULSE 

WELDING DURING THE CREATION OF PRODUCTS FOR NUCLEAR 

POWER PLANTS 

 
Vinniychuk K. A., Perepelitsyna A.V. 

Volgodonsk Institute of Engineering and Technology - branch of the National Research Nuclear University "MEPhI", 

Volgodonsk, Russia 

novicovaav@mail.ru 

 
Abstract. This article discusses the features of the production of products for nuclear power plants using 

pulsed (pulsating) welding. Special attention is paid to the difficulties of achieving the desired quality of welding seams 

using conventional welding, as well as a comparative analysis of pulse and other types of welding. The article provides 

important information about the possibility of significantly improving the quality of welded joints and the speed of their 

execution using automatic and semi-automatic pulse welding technology. 

Keywords: pulse welding, pulsating arc, reduction of deformation, reduction of internal stresses, welded 

joints, quality of welded joints, welding arc, background current, pulse current. 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʆʆʆ ɸʕʄ-ʪʝʭʥʦʣʦʛʠʠ çɸʪʦʤʤʘʰè 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʚʘʨʢʘ ʧʣʘʚʷʱʝʡʩʷ ʧʨʦʚʦʣʦʢʦʡ ʚ 

ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʙʰʠʨʥʦʤʫ ʜʠʘʧʘʟʦʥʫ 

ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʦʣʱʠʥ, ʥʝʚʳʩʦʢʦʡ ʮʝʥʝ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠ ʝʛʦ ʤʘʣʳʭ 

ʛʘʙʘʨʠʪʘʭ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ. ʕʪʦʪ ʚʠʜ ʩʚʘʨʢʠ ʧʦʟʚʦʣʷʝʪ 

ʩʦʝʜʠʥʷʪʴ ʜʝʪʘʣʠ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ, ʢʘʢ ʪʦʥʢʠʝ ʣʠʩʪʳ ʜʦ 1 ʤʤ, ʪʘʢ ʠ ʪʦʣʩʪʦʩʪʝʥʥʳʝ 

ʦʙʝʯʘʡʢʠ ʪʦʣʱʠʥʦʡ ʦʪ 50 ʤʤ ʠ ʚʳʰʝ. ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʥʳʭ ʰʚʦʚ ʥʝ ʚʩʝʛʜʘ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʅʇ-105, ʠ ʧʨʦʯʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʜʣʷ 

ɸʕʉ [2]. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʰʚʦʚ ʥʘ ʪʦʥʢʦʩʪʝʥʥʳʭ ʠʟʜʝʣʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʧʨʠʤʝʨ ʪʘʢʠʝ ʢʘʢ: ʧʝʨʝʛʨʝʚ ʠ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʢʦʨʦʙʣʝʥʠʝ ʤʝʪʘʣʣʘ, ʠʩʢʘʞʝʥʠʝ ʝʛʦ ʛʝʦʤʝʪʨʠʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʪʘʣʣʝ. ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʨʝʰʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʚʳʧʦʣʥʝʥʠʷ 

ʨʫʯʥʦʡ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʘʟʦʚʦʡ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʚʘʨʢʠ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʦʡ ʩʚʘʨʢʠ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪ: ʦʜʠʥ ʠʤʧʫʣʴʩ ï ʦʜʥʘ ʢʘʧʣʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʚʘʨʢʠ ʚ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ. ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʤʧʫʣʴʩʥʦʡ ʩʚʘʨʢʠ, ʚ ʦʜʥʠʭ ʪʦʢ 

ʧʫʣʴʩʠʨʫʝʪ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʵʪʫ ʯʘʩʪʦʪʫ ʤʦʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ (ʘʧʧʘʨʘʪʳ ʩ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ), ʚ ʜʨʫʛʠʭ ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ [1].  

ʉʠʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʢʘʢ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʚʝʣʠʯʠʥʫ ʬʦʥʦʚʦʛʦ ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ, ʚʨʝʤʷ ʠʭ ʧʨʦʪʝʢʘʥʠʷ, ʜʣʠʥʫ 

ʜʫʛʠ, ʥʘʧʨʷʞʝʥʠʷ, ʯʘʩʪʦʪʳ, ʘ ʪʘʢʞʝ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʦʪ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʜʘʥʥʳʝ, ʢʘʢ ʩʚʘʨʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ çʨʘʩʭʦʜʥʠʢʦʚè: ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʟʘʱʠʪʳ ʠ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ. 

ɺʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʳʪʘʥʠʡ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʣʘʚʣʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʥʝ ʨʘʚʥʘ ʝʸ ʧʦʜʘʯʠ ʚ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ, ʙʳʣ ʚʚʝʜʸʥ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʝʨʝʥʦʩʘ ʤʝʪʘʣʣʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʤʘʣʳʭ ʪʦʢʘʭ ʧʫʪʸʤ 

ʥʘʣʦʞʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚʳʩʦʢʦʛʦ ʪʦʢʘ ʢʦʨʦʪʢʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʊʦ ʝʩʪʴ ʩʚʘʨʦʯʥʳʡ ʮʠʢʣ 

ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʚ ʪʝʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʬʦʥʦʚʦʛʦ 

ʪʦʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʧʣʠ ʥʘ ʢʦʥʮʝ ʵʣʝʢʪʨʦʜʘ. ʇʨʠ ʵʪʦʤ ʩʙʨʦʩ ʢʘʧʣʠ ʚ 

ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʣ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʠʤʧʫʣʴʩʦʚ ʠ ʧʘʫʟ ʤʝʞʜʫ ʥʠʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ [3]. 
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ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʧʦʜʙʦʨʘ ʪʦʢʘ ʠʤʧʫʣʴʩʦʚ ʠ ʜʫʛʠ ʤʦʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʠʣʠ ʞʝ 

ʫʤʝʥʴʰʘʪʴ ʩʢʦʨʦʩʪʴ ʧʣʘʚʣʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʵʣʝʢʪʨʦʜʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʝʛʫʣʠʨʫʝʪ 

ʨʘʟʤʝʨʳ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʋʤʝʥʴʰʝʥʠʝ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ ʜʫʛʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʩʚʘʨʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʫʙʨʘʪʴ ʪʘʢʠʝ ʜʝʬʝʢʪʳ ʢʘʢ 

ʨʘʟʙʨʳʟʛʠʚʘʥʠʝ ʤʝʪʘʣʣʘ, ʠʩʢʣʶʯʘʝʪ ʦʙʣʘʩʪʠ ʥʝʩʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʧʦʣʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʥʝʧʨʦʥʠʮʘʝʤʳʭ (ʛʝʨʤʝʪʠʯʥʳʭ) ʰʚʦʚ. ʂʨʦʤʝ ʪʦʛʦ ʧʦ ʩʨʘʚʥʝʥʠʝ, 

ʥʘʧʨʠʤʝʨ ʩʦ ʩʚʦʨʢʦʡ ʥʝʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʩʚʘʨʢʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʯʪʦ ʠʤʝʝʪ ʥʝ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. ʀʤʧʫʣʴʩʥʳʡ ʨʝʞʠʤ ʩʚʘʨʢʠ ʧʦʟʚʦʣʷʝʪ 

ʩʚʘʨʠʚʘʪʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʪʘʤ, ʛʜʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʦʛʨʫʞʥʫʶ ʜʫʛʫ ʠ 

ʩʪʨʫʡʥʳʡ ʧʝʨʝʥʦʩ. 

ʇʦʞʘʣʫʡ, ʩʘʤʦʝ ʚʘʞʥʦ, ʯʪʦ ʚʳʜʝʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ (ʧʫʣʴʩʠʨʫʶʱʝʡ) ʩʚʘʨʢʠ 

ʩʨʝʜʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ï ʵʪʦ ʩʥʠʞʝʥʠʝ ʩʚʘʨʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʤʝʪʘʣʣʘ ʧʦʩʣʝ ʩʚʘʨʢʠ. ʊʘʢ ʢʘʢ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʠ 

ʦʩʪʳʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʂʨʦʤʝ ʪʦʛʦ ʠʤʧʫʣʴʩʥʘʷ ʩʚʘʨʢʠ ʧʦʟʚʦʣʷʝʪ 

ʩʦʝʜʠʥʷʪʴ ʪʘʢʠʝ ʪʨʫʜʥʦ ʩʚʘʨʠʚʘʝʤʳʝ ʩʧʣʘʚʳ ʢʘʢ ʤʝʜʴ, ʘʣʶʤʠʥʠʡ, ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʠ 

ʪʠʪʘʥʘ ʪʦʣʱʠʥʦʡ ʦʪ 1 ʜʦ 50 ʤʤ. ʇʨʠʯʸʤ ʜʦʧʫʩʢʘʝʪʩʷ ʠ ʧʨʠʚʝʪʩʪʚʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ 

ʚʠʜʘ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʧʨʠ ʩʚʘʨʢʝ ʘʣʶʤʠʥʠʷ ʪʦʣʱʠʥʦʡ ʜʦ 1 ʤʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʩʚʘʨʢʠ.  ɺʳʧʦʣʥʷʪʴ ʜʘʥʥʫʶ ʩʚʘʨʢʫ ʤʦʞʥʦ ʚʦ ʚʩʝʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʧʨʠʯʸʤ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʪ ʵʪʦʛʦ ʥʝ 

ʠʟʤʝʥʠʪʴʩʷ [4]. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʪʘʚʨʦʚʦʛʦ ʰʚʘ ʠʤʧʫʣʴʩʥʘʷ ʩʚʘʨʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʚʦʛʥʫʪʳʡ ʢʘʪʝʪ ʙʝʟ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ. 

ʊʘʢʦʡ ʚʠʜ ʩʚʘʨʢʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʩʣʫʯʘʷʭ ʫʟʢʦʱʝʣʝʚʦʡ ʨʘʟʜʝʣʢʠ ʢʨʦʤʦʢ ʠ 

ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʀ ʜʦʩʪʠʛʘʝʪʩʷ ʵʪʦ ʟʘ ʩʯʸʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʙʦʣʴʰʦʡ ʜʣʠʥʳ ʚʳʣʝʪʘ ʵʣʝʢʪʨʦʜʘ. 

ɽʱʸ ʦʜʥʠʤ ʧʣʶʩʦʤ ʠʤʧʫʣʴʩʥʦʡ ʩʚʘʨʢʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ ʵʣʝʢʪʨʦʜʦʚ, ʚʦ ʚʨʝʤʷ ʠʤʧʫʣʴʩʥʦʛʦ ʛʦʨʝʥʠʷ ʜʚʫʭ ʜʫʛ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʳʡ 

ʧʝʨʝʥʦʩ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʝʪ ʨʘʟʙʨʳʟʛʠʚʘʥʠʝ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʚʘʨʢʠ ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʪʦ, ʯʪʦ ʠʤʧʫʣʴʩʥʘʷ ʩʚʘʨʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʚʘʨʠʚʘʪʴ ʥʘ 

ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ, ʢʨʦʤʝ ʪʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʠʣʴʥʦ ʥʘʛʨʝʚʘʝʪʩʷ, 

ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʥʷʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʠʤʧʫʣʴʩʥʦʡ ʩʚʘʨʢʠ: 

1) ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʩʚʘʨʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʚʘʨʠʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʥʝʨʞʘʚʝʶʱʠʭ 

ʩʧʣʘʚʦʚ, ʠʩʧʦʣʴʟʫʝʪ ʪʦʢʠ 100000ɸ ʠ ʙʦʣʝʝ. ɼʘʥʥʳʝ ʘʧʧʘʨʘʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʜʦʟʠʨʦʚʢʠ ʵʥʝʨʛʠʠ. 

2) ʠʥʝʨʮʠʦʥʥʘʷ ʩʚʘʨʢʘ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʥʘʢʦʧʣʝʥʥʦʡ ʩ 

ʧʦʤʦʱʴʶ ʤʘʭʦʚʠʢʘ ʛʝʥʝʨʘʪʦʨʘ ʵʥʝʨʛʠʠ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʥʝʨʮʠʦʥʥʳʡ ʨʝʟʦʥʘʥʩ ï 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪ ʠʤʧʫʣʴʩʥʳʡ ʩʚʘʨʦʯʥʳʡ ʠʥʚʝʨʪʦʨ, ʧʨʠʤʝʥʷʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʚʳʩʦʢʦʤʦʱʥʦʛʦ ʤʘʭʦʚʠʢʘ. 

3) ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʦʙʲʝʢʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʸʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɺ ʦʩʥʦʚʫ ʧʨʦʮʝʩʩʘ 

ʟʘʣʦʞʝʥʳ ʧʨʠʥʮʠʧʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ ʠ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ. 

4) ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʧʧʘʨʘʪʳ ʚʳʜʝʨʞʠʚʘʶʱʠʝ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ. 

ʂʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʭʦʜʝ ʨʦʟʞʠʛʘ ʜʫʛʠ, ʘ ʧʦʪʦʤ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ. 

5) ʤʠʢʨʦʠʤʧʫʣʴʩʥʘʷ ï ʜʘʥʥʳʡ ʚʠʜ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʘʯʝʩʪʚʦʤ ʩʚʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʨʦʤʝ ʪʦʛʦ ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʤʝʥʥʦ ʵʪʦʪ 

ʚʠʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʚʘʨʢʠ ʪʦʥʢʦʣʠʩʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʦʨʧʫʩ ʜʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʟʘʢʨʳʪʳʡ, ʘ 

ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʰʚʘ ʥʠʯʫʪʴ ʥʝ ʫʩʪʫʧʘʝʪ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʝ. 
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ʀʟ ʚʩʝʛʦ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʤʧʫʣʴʩʥʘʷ ʩʚʘʨʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʪʣʠʯʥʦʝ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʥʦʩʪʴʶ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʪʝʧʣʦʚʣʦʞʝʥʠʝ ʠ ʬʦʨʤʫ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʨʫʜʥʦ 

ʩʚʘʨʠʚʘʝʤʳʭ ʩʧʣʘʚʦʚ, ʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʠʟʜʝʣʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ʊʝʭʥʦʣʦʛʠʷ Wire Arc Additive Manufacturing (WAAM) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʱʣʝʥʥʦʩʪʠ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʣʝʛʯʝ ʠ ʧʨʦʯʥʝʝ ʘʥʘʣʦʛʠʯʥʳʭ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʥ ʙʣʘʛʦʜʘʨʷ ʩʥʠʞʝʥʥʳʤ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ ʠ ʫʤʝʥʴʰʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʦʪʭʦʜʦʚ 

ʤʘʪʝʨʠʘʣʦʚ. 
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Abstract. Wire Arc Additive Manufacturing (WAAM) technology is used to create metal components for 

various industries. This technology allows you to obtain components that are lighter and stronger than similar parts 

made using traditional methods. In addition, the process is more environmentally friendly due to reduced energy 

consumption and reduced amount of waste materials. 

Keywords: additive technologies; welding; MIG; MAG; 3D printing; automation. 

 

 ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʨʫʧʥʳʭ ʜʝʪʘʣʝʡ ʙʣʘʛʦʜʘʨʷ "ʞʠʨʥʳʤ" ʩʣʦʷʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʧʨʠ ʥʘʧʣʘʚʢʝ ʧʨʦʚʦʣʦʢʦʡ. 

ʇʨʦʮʝʩʩ WAAM ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʩʥʘʩʪʢʠ ʜʣʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ [1]. 

ʉ 2021 ʛʦʜʘ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʤʧʫʩʝ ʢʦʤʧʘʥʠʠ BMW Group ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʩʪʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ 

https://sudact.ru/law/prikaz-rostekhnadzora-ot-14112018-n-553-ob/np-105-18/
https://sudact.ru/law/prikaz-rostekhnadzora-ot-14112018-n-553-ob/np-105-18/
https://cyberleninka.ru/article/n/sovremennye-sposoby-impulsno-dugovoy-mig-mag-svarki
https://cyberleninka.ru/article/n/sovremennye-sposoby-impulsno-dugovoy-mig-mag-svarki
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ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʧʦʨʳ ʩʪʦʡʢʠ ʧʦʜʚʝʩʢʠ, ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ ʧʨʦʰʣʘ ʠʩʧʳʪʘʥʠʷ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ WAAM ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʥʘʛʨʫʟʢʘʭ ʜʘʞʝ ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. ɺʥʝʜʨʷʷ ʛʝʥʝʨʘʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚ ʧʨʦʝʢʪʳ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʣʝʛʢʠʝ ʠ ʧʨʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʣʫʯʰʘʷ ʜʠʥʘʤʠʢʫ 

ʜʚʠʞʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʠ ʪʝʣ ʚʨʘʱʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʪʝʭʥʦʣʦʛʠʶ WAAM  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʫʶ, ʘ ʥʝ ʢʦʥʢʫʨʠʨʫʶʱʫʶ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ WAAM ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʜʝʪʘʣʠ ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ. ʉʥʘʯʘʣʘ ʚʳʙʠʨʘʝʪʩʷ ʩʘʤʳʡ ʧʦʜʭʦʜʷʱʠʡ ʚʠʜ ʩʚʘʨʢʠ ʠ ʧʦʜʙʠʨʘʶʪʩʷ 

ʨʝʞʠʤʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʩʧʣʘʚʦʚ [2]. ʈʝʞʠʤʳ ʩʚʘʨʢʠ ʧʦʜʙʠʨʘʶʪ, ʠʩʭʦʜʷ ʠʟ ʦʧʳʪʘ 

ʩʚʘʨʢʠ ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʝʪʘʣʣʘ, ʚʳʙʨʘʥʥʦʛʦ ʜʣʷ ʩʚʘʨʢʠ. ʄʝʪʘʣʣ ʧʦʜʙʠʨʘʶʪ ʠʩʭʦʜʷ ʠʟ 

ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʜʣʷ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʜʝʪʘʣʠ. ʅʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ 

ʩʧʣʘʚʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪ ʚ ʩʚʷʟʠ ʩ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ ʧʦʚʝʜʝʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ, ʯʪʦʙʳ ʟʘʪʝʤ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʡ ʜʣʷ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʇʦʩʣʝ 

ʨʘʩʯʝʪʦʚ ʜʝʣʘʶʪ ʚʳʚʦʜʳ ʧʨʠʛʦʜʝʥ ʣʠ ʩʧʣʘʚ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʜʫʛʦʚʦʡ 

ʩʚʘʨʢʦʡ ʠ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɼʚʠʞʝʥʠʝ ʛʦʨʝʣʢʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʨʦʙʦʪʦʤ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʰʣʦ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʘʩʧʝʢʪʦʚ ï ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ, 

ʂʇɼ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʚʦʡʩʪʚʘʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ 

ʢʘʞʜʦʤ ʩʧʣʘʚʝ [3]. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ WAAAM ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ, 

ʦʥ ʥʝʜʦʨʦʛ ʠ ʩʦʩʪʦʠʪ ʠʟ ʛʦʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ.  

ʆʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ WAAM ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʞʝʣʘʝʤʳʝ ʜʝʪʘʣʠ ʩ 

ʨʘʟʤʝʨʘʤʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʢ ʟʘʜʘʥʥʳʤ. WAAM ʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʧʨʦʠʟʚʦʜʷ ʩʣʦʞʥʳʝ ʦʙʲʝʢʪʳ ʟʘ ʦʜʠʥ ʰʘʛ.  

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʷ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʘʟʯʠʢʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩ 

ʫʥʠʢʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʜʜʠʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ WAAM  ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʉ ʧʦʩʪʦʷʥʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʠ ʠʥʥʦʚʘʮʠʷʤʠ, ʵʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʩʪʘʪʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʚʝʩʪʠ ʢ ʥʦʚʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 
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SAM146. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʧʠʩʘʥʠʶ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʥʠʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʦʞʠʜʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʣʷ ʜʚʠʛʘʪʝʣʷ SAM146, ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ, ʘʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ SaM146, ʘʚʠʘʮʠʷ, ʘʚʠʘʮʠʦʥʥʦʝ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʝ, ʘʚʠʘʮʠʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 
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Abstract. This article deals with import substitution of parts of aircraft engine SAM146. Special attention is 

paid to the description of the need to reduce dependence on the import of aircraft components and the expected results 

of import substitution. The article provides important information about the prospects of development of the Russian 

aviation industry through the creation of domestic components for the SAM146 engine, emphasizes the need for further 

research in this field. 
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ɺ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʚʦʜʘ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʨʦʩʩʠʡʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʧʣʦʱʘʜʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʡ ʠʤʧʦʨʪʦʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ. 

ʈʦʩʩʠʡʩʢʠʝ ʘʚʠʘʮʠʦʥʥʳʝ ʟʘʚʦʜʳ ʆɸʂ ʧʦʜʚʝʨʛʣʠʩʴ ʤʦʱʥʦʤʫ ʩʘʥʢʮʠʦʥʥʦʤʫ ʜʘʚʣʝʥʠʶ ʩ 

2014 ʛʦʜʘ. ʇʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ 

ʠʤʧʦʨʪʦʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʩ 2014 ʛʦʜʘ ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʦʤ ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʩʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ 

ʤʝʭʘʥʠʟʤʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʆʙʲʝʜʠʥʝʥʥʦʡ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʨʧʦʨʘʮʠʠ, 

ʧʨʝʜʧʨʠʷʪʠʷ ʢʦʪʦʨʦʡ ʚʳʚʝʣʠ ʥʘ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʜʚʠʛʘʪʝʣʠ ʇɼ-14 ʠ ʇɼ-8. 

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʌ ʦʜʦʙʨʠʣʦ ʧʨʝʜʣʦʞʝʥʠʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʨʛʦʚʣʠ 

ʈʌ ʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʤʦʜʝʣʠ ʩʘʤʦʣʝʪʘ çSukhoi Superjet Newè ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʠʤʧʦʨʪʥʳʭ ʜʝʪʘʣʝʡ. ɺ ʥʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʩʘʤʦʣʝʪʘ ʙʫʜʝʪ ʟʘʤʝʥʝʥʦ 97% 

ʟʘʨʫʙʝʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʣʘʥʠʨʫʝʪʩʷ 

ʩʦʟʜʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, 

ʪʦʨʤʦʟʘ, ʩʠʛʥʘʣʠʟʘʮʠʶ, ʰʘʩʩʠ, ʵʣʝʤʝʥʪʳ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʤʦʣʝʪʘ ʠ ʢʘʙʠʥʳ ʵʢʠʧʘʞʘ. ʉʘʤʳʤ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʜʚʠʛʘʪʝʣʴ ʇɼ-8. ʉʝʡʯʘʩ ʩʘʤʦʣʝʪʳ ʩʝʤʝʡʩʪʚʘ çSukhoi Superjetè ʢʦʤʧʣʝʢʪʫʶʪʩʷ ʘʚʠʘʮʠʦʥʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ SaM146, ʢʦʪʦʨʳʡ ʩʦʚʤʝʩʪʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʦʩʩʠʡʩʢʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ 

ʆʙʲʝʜʠʥʝʥʥʦʡ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʨʧʦʨʘʮʠʠ çʉʘʪʫʨʥè ʠ ʬʨʘʥʮʫʟʩʢʦʡ ʬʠʨʤʦʡ çSafran 
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ʇʨʝʜʧʨʠʷʪʠʷʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʪʨʫʢʪʫʨʫ ɻʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʪʝʭè, ʙʳʣ ʫʩʧʝʰʥʦ 

ʦʩʫʱʝʩʪʚʣʝʥ ʧʨʦʝʢʪ ʧʝʨʚʦʛʦ ʨʦʩʩʠʡʩʢʦʛʦ ʘʚʠʘʜʚʠʛʘʪʝʣʷ ʇɼ-14, ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʪʦʨʦʛʦ 

ʙʳʣʦ ʚʥʝʜʨʝʥʦ ʦʢʦʣʦ 20 ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ ʩ ʩʦʚʨʝʤʝʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ. ɼʘʥʥʳʡ ʘʚʠʘʜʚʠʛʘʪʝʣʴ ʧʦʢʘʟʘʣ ʩʚʦʶ ʚʳʩʦʢʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʠ 

ʫʩʧʝʰʥʦ ʧʨʦʭʦʜʠʪ ʣʝʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʜ ʢʨʳʣʦʤ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʣʘʡʥʝʨʘ ï ʄʉ-21. 

ʉʦʟʜʘʥʠʝ ʘʚʠʘʜʚʠʛʘʪʝʣʷ ʇɼ-14 ʦʪʢʨʳʣʦ ʜʣʷ ʈʦʩʩʠʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. ʆʜʠʥ ʠʟ ʥʠʭ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ 

ʜʚʠʛʘʪʝʣʴ ʇɼ-8 ʩ ʪʷʛʦʡ ʚ 8 ʪʦʥʥ. ɸʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʇɼ-8 ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʥʝ 

ʪʦʣʴʢʦ ʥʘ çSukhoi Superjetè ʠ ʥʘ ʤʥʦʛʦʮʝʣʝʚʦʡ ʩʘʤʦʣʸʪ-ʘʤʬʠʙʠʶ ɹʝ-200 çɸʣʴʪʘʠʨè, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʊʘʛʘʥʨʦʛʩʢʠʤ ɸʚʠʘʮʠʦʥʥʳʤ ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʂʦʤʧʣʝʢʩʦʤ ʠʤʝʥʠ 

ɻ. ʄ. ɹʝʨʠʝʚʘ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʫʞʝ ʨʝʰʠʣʠ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ, 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ. ʇɼ-8 ʧʦʣʫʯʠʪ ʮʠʬʨʦʚʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ (ICAO) ʧʦ ʰʫʤʫ ʠ ʵʤʠʩʩʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ.  
ʆʙʲʝʜʠʥʝʥʥʘʷ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷ, ʚʭʦʜʷʱʘʷ ʚ ɻʦʩʢʦʨʧʦʨʘʮʠʶ 

ʈʦʩʪʝʭ, ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʣʘ ʧʨʦʛʨʘʤʤʫ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʜʣʷ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʬʨʘʥʢʦ-ʨʦʩʩʠʡʩʢʦʛʦ ʘʚʠʘʜʚʠʛʘʪʝʣʷ SaM146, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ çʉʫʧʝʨʜʞʝʪʘʭè. ʉʧʝʮʠʘʣʠʩʪʳ 

ʢʦʨʧʦʨʘʮʠʠ ʦʩʚʦʠʣʠ ʤʦʜʫʣʴʥʳʡ ʨʝʤʦʥʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ 

ʢʨʠʪʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʘʥ ʩʦʚʤʝʩʪʥʦ ʢʦʤʧʘʥʠʷʤʠ 

ʆɼʂ-ʉʘʪʫʨʥ, ʆɼʂ-ʉʪʘʨ ʠ çɸʵʨʦʬʣʦʪè. ʊʘʢʞʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʨʦʩʩʠʡʩʢʠʝ ʪʦʧʣʠʚʥʳʝ 

ʬʠʣʴʪʨʳ, ʧʝʨʚʘʷ ʧʘʨʪʠʷ ʢʦʪʦʨʳʭ ʫʞʝ ʧʦʩʪʫʧʠʣʘ ʵʢʩʧʣʫʘʪʘʥʪʘʤ ʧʦʩʣʝ ʫʩʧʝʰʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʢʦʤʧʘʥʠʷ çʆɼʂ-ʉʘʪʫʨʥè ʩʝʨʪʠʬʠʮʠʨʦʚʘʣʘ ʤʦʜʠʬʠʢʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ SaM146 ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʪʦʧʣʠʚʥʳʤʠ ʬʠʣʴʪʨʘʤʠ. ʊʘʢʞʝ ʚʝʜʸʪʩʷ ʨʘʙʦʪʘ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʤʳʚʢʠ ʵʪʠʭ ʬʠʣʴʪʨʦʚ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʠʭ ʩʨʦʢʘ ʩʣʫʞʙʳ.  

ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʙʳʣʠ ʦʜʦʙʨʝʥʳ ʨʝʤʦʥʪʳ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ SaM146, ʚʢʣʶʯʘʷ ʢʣʘʧʘʥ ʚʦʟʜʫʰʥʦʛʦ ʩʪʘʨʪʝʨʘ, ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʜʨʫʛʠʝ 

ʵʣʝʤʝʥʪʳ. ɺ ʜʝʢʘʙʨʝ 2023 ʛʦʜʘ ʪʘʢʞʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʧʘʨʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʚʝʯʝʡ 

ʟʘʞʠʛʘʥʠʷ ʜʣʷ SaM146, ʜʝʤʦʥʩʪʨʠʨʫʷ ʜʘʣʴʥʝʡʰʠʝ ʰʘʛʠ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʩʥʦʚʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʜʣʷ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʟʘʢʫʧʢʘʭ ʨʦʩʩʠʡʩʢʠʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʤʘʰʠʥ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʤʘʪʝʨʠʘʣʦʚ ï ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʘʥʘʣʦʛʦʚ. ɼʣʷ ʫʢʨʝʧʣʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʨʝʩʫʨʩʦʚ ʄʠʥʧʨʦʤʪʦʨʛʘ ʈʦʩʩʠʠ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʢʦʨʧʦʨʘʮʠʠ çʈʦʩʪʝʭè, ʆʙʲʝʜʠʥʝʥʥʦʡ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʨʧʦʨʘʮʠʠ, ʆʙʲʝʜʠʥʝʥʥʦʡ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʨʧʦʨʘʮʠʠ. ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ ʫʩʧʝʰʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʝʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʈʦʩʩʠʠ. 

 
 ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ ʩ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʏʇʋ ʉɸ1800, ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʘʥʘʣʦʛʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʘʥʘʣʠʟʝ ʧʝʨʩʧʝʢʪʠʚ 

ʨʘʟʚʠʪʠʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʚ ʦʪʨʘʩʣʠ ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ. ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʦʚʦʤ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʠʪʴ ʠʤʧʦʨʪʥʳʝ 

ʘʥʘʣʦʛʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʘ. ʕʪʦʪ ʩʪʘʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  
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Abstract. The aim of the article is to examine the features of the CA1800 heavy lathe, its capabilities, 

advantages over analogues, as well as to analyse development prospects and the potential impact on import substitution 

in the machine building industry. The paper provides significant information on the newly developed CA1800 heavy 

lathe featuring a domestic CNC system capable of replacing imported analogues and ensuring independence from 

imports. This machine demonstrates high performance, reliability and metal processing quality, thus being attractive for 

enterprises of various industries. Furthermore, the paper examines the benefits of utilising domestic equipment such as 

reduced purchase and maintenance costs, enhanced production efficiency and improved enterprise competitiveness on 

the market. 

Keywords: Import substitution, CA1800 heavy lathe, domestically developed CNC system, mechanical 

engineering, technologies, innovations, economy, enterprises, tasks, development, competitiveness.  

 

ʊʦʢʘʨʥʳʡ ʩʪʘʥʦʢ - ʵʪʦ ʤʝʪʘʣʣʦʨʝʞʫʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʪʦʯʝʥʠʝʤ ʠ ʜʨʫʛʠʤʠ ʦʧʝʨʘʮʠʷʤʠ. ʆʥ ʦʩʥʘʱʝʥ ʨʝʟʮʦʤ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ. ʉʪʘʥʦʢ ʤʦʞʝʪ ʙʳʪʴ ʩ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʦʡ, ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʜʝʪʘʣʝʡ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʩʪʘʥʠʥʘ, ʬʘʨʪʫʢ, ʰʧʠʥʜʝʣʴʥʘʷ ʙʘʙʢʘ, ʩʫʧʧʦʨʪ, ʢʦʨʦʙʢʘ ʧʦʜʘʯ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʢʦʪʦʨʳʝ ʫʥʠʬʠʮʠʨʦʚʘʥʳ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. 

ʉʪʘʥʢʠ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (ʏʇʋ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʟʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ. CNC-ʩʪʘʥʢʠ ʫʧʨʘʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʦʩʥʦʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ G-code, ʦʥʠ ʚʢʣʶʯʘʶʪ ʬʨʝʟʝʨʥʳʝ, ʪʦʢʘʨʥʳʝ, ʩʚʝʨʣʠʣʴʥʳʝ 

ʩʪʘʥʢʠ, ʫʩʪʨʦʡʩʪʚʘ ʣʘʟʝʨʥʦʡ ʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ ʠ ʜʨʫʛʠʝ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʩ ʏʇʋ ʰʠʨʦʢʦ 
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ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʥʠʢʠ, ʤʝʙʝʣʠ, ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ, ʛʜʝ ʚʘʞʥʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ.  

ʂʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (ʏʇʋ) 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʫʶ, 

ʩʚʷʟʴ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ, ʧʦʟʚʦʣʷʷ ʫʚʝʣʠʯʠʚʘʪʴ 

ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʞʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ.  

ʀʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ - ʵʪʦ ʧʨʦʮʝʩʩ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʧʨʝʢʨʘʱʝʥʠʷ ʠʤʧʦʨʪʘ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʚʘʨʦʚ ʧʫʪʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʥʘʣʦʛʠʯʥʳʭ ʪʦʚʘʨʦʚ ʚʥʫʪʨʠ ʩʪʨʘʥʳ. 

ʀʤʧʦʨʪʦʟʘʤʝʱʘʶʱʘʷ ʤʦʜʝʣʴ ʵʢʦʥʦʤʠʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʠʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʜʦʣʞʥʦ ʩʪʘʪʴ ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ. ʉʪʨʘʪʝʛʠʷ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʭʦʜ ʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʩʪʳʭ ʪʦʚʘʨʦʚ ʢ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʦʚ ʠ ʨʘʟʚʠʪʠʝ ʠʥʥʦʚʘʮʠʡ. ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʦʩʪʠʞʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʪʦʨʛʦʚʦʛʦ ʙʘʣʘʥʩʘ ʠ 

ʚʳʨʘʱʠʚʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʣʠʜʝʨʦʚ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʨʳʥʢʝ. ʕʢʩʧʦʨʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 
ʤʦʜʝʣʴ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʵʢʩʧʦʨʪ. ʆʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʢʣʶʯʝʥʠʶ ʩʪʨʘʥʳ ʚ ʤʠʨʦʚʫʶ ʵʢʦʥʦʤʠʢʫ, ʜʦʩʪʫʧʫ ʢ 

ʨʝʩʫʨʩʘʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ, ʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʩʳʨʴʝʚʦʡ 

ʵʢʩʧʦʨʪ, ʢʦʨʨʫʧʮʠʷ ʠ ʦʪʪʦʢ ʨʝʩʫʨʩʦʚ ʠʟ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʈʷʟʘʥʩʢʠʡ ʩʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ çʉʘʩʪʘè ʚʳʧʫʩʪʠʣ ʥʦʚʳʡ ʪʷʞʝʣʳʡ ʪʦʢʘʨʥʳʡ 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʮʝʥʪʨ ʉɸ1800 ʩ ʧʨʦʭʦʜʥʳʤʠ ʩʫʧʧʦʨʪʘʤʠ. ʉʪʘʥʦʢ ʠʤʝʝʪ ʜʠʘʤʝʪʨ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ 1800 ʤʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ 12 ʤʝʪʨʦʚ ʠ ʤʦʞʝʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʛʦʪʦʚʢʫ ʤʘʩʩʦʡ ʜʦ 60 ʪʦʥʥ. ʄʦʱʥʦʩʪʴ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 

125 ʢɺʪ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʰʧʠʥʜʝʣʝ 32 ʢʅʤ. ʉʠʩʪʝʤʘ ʏʇʋ ʨʦʩʩʠʡʩʢʘʷ. 
ʉʪʘʥʦʢ ʉɸ1800 ʪʘʢʞʝ ʠʤʝʝʪ ʬʨʝʟʝʨʥʫʶ ʬʫʥʢʮʠʶ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʩʠ ñʉò. ʆʥ ʧʨʦʠʟʚʝʜʝʥ ʚ ʈʦʩʩʠʠ ʠ ʧʦʣʫʯʠʣ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦ 719-ʤʫ ʧʦʩʪʘʥʦʚʣʝʥʠʶ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ. ʅʘ ʟʘʚʦʜʝ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʘʥʦʯʥʳʝ ʫʟʣʳ ʠ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʦʜʦʙʥʳʝ ʪʷʞʝʣʳʝ ʩʪʘʥʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʟʘʛʦʪʦʚʦʢ. ɺ ʈʦʩʩʠʠ ʥʝʪ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʪʘʢʠʭ 

ʩʪʘʥʢʦʚ.  

 

ʊʘʙʣʠʮʘ 1 - ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɿʦʥʘ ʦʙʨʘʙʦʪʢʠ ʇʦʢʘʟʘʪʝʣʴ 
ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ʅʘʠʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ: 

ʥʘʜ ʩʪʘʥʠʥʦʡ  

ʥʘʜ ʩʫʧʧʦʨʪʦʤ  

 

1800 

1200 

 

 

ʤʤ 

ʤʤ 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ  ɼʦ 20000 ʄʤ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʜʝʪʘʣʠ  35000 ʂʛ 

ʐʧʠʥʜʝʣʴ  
  

ʇʨʝʜʝʣʳ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ  1-400 ʦʙ/ʤʠʥ 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ   
ɹʝʩʩʪʫʧʝʥʯʘʪʦʝ,  

ʚ 2-ʭ ʜʠʘʧʘʟʦʥʘʭ  

ʂʦʣʠʯʝʩʪʚʦ ʜʠʘʧʘʟʦʥʦʚ ʩʢʦʨʦʩʪʝʡ ʰʧʠʥʜʝʣʷ  4 
 

ʄʦʱʥʦʩʪʴ ʛʣʘʚʥʦʛʦ ʧʨʠʚʦʜʘ  125 ʂʚʪ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ  32000 ʅʤ 

ʊʦʨʝʮ ʰʧʠʥʜʝʣʷ ʧʦ din55026  ɸ15  

ɼʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʚ ʰʧʠʥʜʝʣʝ   150 ʄʤ 

ʋʩʢʦʨʝʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ   
  

ʇʦ ʦʩʠ ʭ  10000 ʄʤ/ʤʠʥ 

ʇʦ ʦʩʠ z 10000 ʄʤ/ʤʠʥ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

ɿʦʥʘ ʦʙʨʘʙʦʪʢʠ ʇʦʢʘʟʘʪʝʣʴ 
ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ʇʦʜʘʯʠ  
  

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʧʦʜʘʯ ʧʦ ʦʩʠ x, z  1-4000 ʄʤ/ʤʠʥ 

ʇʨʝʜʝʣʳ ʰʘʛʦʚ ʥʘʨʝʟʘʝʤʳʭ ʨʝʟʴʙ  0,5-250 ʄʤ/ʦʙ 

ʈʝʚʦʣʴʚʝʨʥʘʷ ʛʦʣʦʚʢʘ  
  

ʂʦʣʠʯʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʧʦʟʠʮʠʡ  4 (12*) 
 

ʅʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʨʝʟʮʦʚ  50 ʄʤ 

ʈʝʚʦʣʴʚʝʨʥʘʷ ʛʦʣʦʚʢʘ ʩ ʧʨʠʚʦʜʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ (ʦʧʮʠʷ) 
  

ʂʦʣʠʯʝʩʪʚʦ ʧʨʠʚʦʜʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ   12 
 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʦʜʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ  7,5* ʂʚʪ 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ   3000 ʆʙ/ʤʠʥ 

ɿʘʜʥʷʷ ʙʘʙʢʘ   
  

ʇʝʨʝʤʝʱʝʥʠʝ ʧʠʥʦʣʠ   320 ʄʤ 

ɼʠʘʤʝʪʨ ʧʠʥʦʣʠ  400 ʄʤ 

ʂʦʥʫʩ ʧʠʥʦʣʠ  ʂʤ6 
 

ʄʘʩʩʘ ʠ ʛʘʙʘʨʠʪʳ  
  

ɼʣʠʥʘ   ʆʪ 21000 ʄʤ 

ʐʠʨʠʥʘ  5500 ʄʤ 

ɺʳʩʦʪʘ   3100 ʄʤ 

ʄʘʩʩʘ   ʆʪ 100000 ʂʛ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʥʘʣʦʛʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʦʩʩʠʡʩʢʠʤʠ 

ʠʥʞʝʥʝʨʘʤʠ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ ʧʦʢʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʩʪʘʥʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʦʡ ʧʦʣʥʦʮʝʥʥʦʝ ʠʟʜʝʣʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʥʦ ʠ ʟʘ ʨʫʙʝʞʦʤ. 
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ʉʝʢʮʠʷ çʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ  

cʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚè 
 
ʋɼʂ 691:621.311.22 

ɺʓɹʆʈ ɺɸʈʀɸʅʊɸ ʂʈʆɺɽʃʔʅʆɻʆ ʇʆʂʈʓʊʀʗ ʎɽʍɸ ʇʆ ʈɽʄʆʅʊʋ 

ʂʆʊɽʃʔʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ ʊʕʎ 
 

ʂʣʝʚʮʦʚ ʇ.ɸ., ɹʫʨʜʘʢʦʚ ʉ.ʄ. 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʠʜʦʚ ʢʨʦʚʝʣʴʥʳʭ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʟʜʘʥʠʷ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʜʚʠʯ-ʧʘʥʝʣʝʡ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɹʳʣ 

ʧʦʜʚʝʜʸʥ ʠʪʦʛ ʦ ʣʫʯʰʝʤ ʤʘʪʝʨʠʘʣʝ ʜʣʷ ʢʨʦʚʣʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʝʥʜʚʠʯ-ʧʘʥʝʣʠ, ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ, ʧʝʥʦʧʦʣʠʫʨʝʪʘʥ, ʩʪʝʢʣʦʚʦʣʦʢʥʦ, 
ʧʝʥʦʧʦʣʠʠʟʦʮʠʘʥʫʨʘʪ.  
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Abstract. The work is devoted to the consideration of types of roofing sandwich panels for an industrial 

building. The characteristics of sandwich panels, their advantages and disadvantages were analyzed. The best material 

for the roof of industrial buildings was summed up. 
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ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʪʨʝʭʩʣʦʡʥʳʝ ʧʘʥʝʣʠ ʩ ʫʪʝʧʣʠʪʝʣʝʤ (ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ) ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʜʚʫʭ ʣʠʩʪʦʚ ʞʸʩʪʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʇɺʍ, ɼʌʇ, ʤʝʪʘʣ), ʩʢʨʳʚʘʶʱʠʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʦʡ ʫʪʝʧʣʠʪʝʣʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʤʝʥʥʘʷ ʚʘʪʘ, ʩʪʝʢʣʦʚʘʪʘ, 

ʧʝʥʦʧʦʣʠʫʨʝʪʘʥ, ʧʝʥʦʧʦʣʠʠʟʦʮʠʘʥʫʨʘʪ ʠ ʜʨʫʛʠʝ. 

ʉʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʧʣʶʩʳ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ: ʚʳʩʦʢʘʷ ʪʝʧʣʦ-ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʟʜʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, 

ʙʳʩʪʨʦʪʘ ʠ ʧʨʦʩʪʦʪʘ ʤʦʥʪʘʞʘ, ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʝ ʩʚʦʡʩʪʚʘ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʵʢʦʥʦʤʠʷ ʥʘ 

ʦʪʦʧʣʝʥʠʠ. ʄʦʥʪʘʞ ʢʨʦʚʝʣʴʥʳʭ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʚʥʝʰʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʪʜʝʣʢʠ. ʉʵʥʜʚʠʯ-ʧʘʥʝʣʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʢʨʳʪʠʷ ʩʢʘʪʥʦʡ ʢʨʳʰʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʢʘʨʢʘʩ ʠʟ ʜʝʨʝʚʘ 

ʠʣʠ ʤʝʪʘʣʣʘ. ɻʝʨʤʝʪʠʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʤʢʦʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʚ 

ʉʵʥʜʚʠʯ-ʧʘʥʝʣʷʭ ʠʛʨʘʝʪ ʩʨʝʜʥʠʡ ʩʣʦʡ ï ʫʪʝʧʣʠʪʝʣʴ. ʕʪʦʪ ʪʠʧ ʧʘʥʝʣʝʡ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ 

ʧʣʦʩʢʠʭ ʢʨʳʰʘʭ ʞʠʣʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʫʪʝʧʣʠʪʝʣʠ. 
 ʂʘʤʝʥʥʘʷ ʚʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣ ʩ ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʟ ʨʘʩʧʣʘʚʦʚ 

ʩʠʣʠʢʘʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʛʦʨʥʳʭ ʠ ʰʣʘʢʦʚʳʭ ʧʦʨʦʜ. ʄʘʪʝʨʠʘʣ ʠʤʝʝʪ ʪʘʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʭʦʨʦʰʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʪʦʡʢʦʩʪʴ ʢ 

ʚʣʘʛʝ, ʦʪʥʦʩʠʪʴʩʷ ʢ ʢʣʘʩʩʫ ʛʦʨʶʯʝʩʪʠ ʅɻ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 0,041 ɺʪ/ʤÅʢ, ʠʟ 

ʤʠʥʫʩʦʚ ʵʪʦ ï ʙʦʣʴʰʦʡ ʚʝʩ ʥʘ 1 ʤ
2
, ʥʝʙʦʣʴʰʦʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤʦʥʪʘʞ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʛʦʜʳ, ʧʦʚʳʰʝʥʥʦʝ ʚʦʜʦʥʘʩʳʱʝʥʠʝ ʠ ʧʦʜʚʝʨʞʝʥ ʨʘʟʚʠʪʠʶ ʛʨʠʙʢʘ. 

ʉʪʝʢʣʦʚʘʪʘ - ʵʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʦʥʢʠʭ ʚʦʣʦʢʦʥ ʩʪʝʢʣʘ. ʆʥʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʣʘʚʣʝʥʠʷ ʩʪʝʢʣʘ ʠ ʝʛʦ ʚʳʪʷʛʠʚʘʥʠʷ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʥʠʪʝʡ ʠʣʠ ʚʦʣʦʢʦʥ, 

ʢʦʪʦʨʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʦʡ ʦʙʨʘʟʫʶʪ ʵʣʘʩʪʠʯʥʳʝ ʧʣʠʪʳ. ʇʨʦʯʥʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʙʦʣʴʰʦʡ ʜʣʠʥʳ ʠ ʪʦʣʱʠʥʳ ʚʦʣʦʢʦʥ. ɺʦʣʦʢʥʦ ʫʩʪʦʡʯʠʚʦ ʢ ʭʠʤʠʯʝʩʢʠʤ 
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ʨʝʘʛʝʥʪʘʤ ʠ ʵʢʦʣʦʛʠʯʥʦ. ʂʣʘʩʩ ʛʦʨʶʯʝʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʅɻ-ɻ1, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

0,030 ɺʪ/ʤÅʢ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʠʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʚʦʜʦʥʘʩʳʱʝʥʠʝ, ʧʦʜʚʝʨʞʝʥ ʨʘʟʚʠʪʠʶ 

ʛʨʠʙʢʘ. ʇʨʠ ʤʦʥʪʘʞʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʨʘʟʜʨʘʞʝʥʠʝ ʢʦʞʠ ʠ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ.  

ʇʝʥʦʧʦʣʠʫʨʝʪʘʥ (ʇʇʋ) - ʵʪʦ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ ʧʦʣʠʦʣʘʤʠ ʠ ʠʟʦʮʠʘʥʘʪʘʤʠ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ 

ʧʫʟʳʨʴʢʦʚʦʦʙʨʘʟʦʚʘʪʝʣʠ. ʕʪʘ ʨʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ - ʧʝʥʳ, 

ʢʦʪʦʨʘʷ ʠ ʷʚʣʷʝʪʩʷ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʤ. ʇʝʥʦʧʦʣʠʫʨʝʪʘʥ ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘʛʨʝʩʩʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʠ ʢʦʨʨʦʟʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 0,018-0,028 ɺʪ/ʤÅʢ. ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ, ʯʪʦ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥ ʫʷʟʚʠʤ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʣʘʩʩ 

ʛʦʨʶʯʝʩʪʠ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ɻ1-ɻ4 

ʇʝʥʦʧʦʣʠʠʟʦʮʠʘʥʫʨʘʪ (ʇʇʀ) - ʵʪʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʟʦʮʠʘʥʫʨʘʪʘ ʠ ʧʦʣʠʦʣʘ ʚ ʧʨʦʧʦʨʮʠʠ 1:2. ʕʪʦ ʚʝʱʝʩʪʚʦ 

ʧʨʦʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠʣʠ ʦʪʢʨʳʪʦʤʫ 

ʧʣʘʤʝʥʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʛʣʝʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʦʫʩʪʦʡʯʠʚʳʤʠ 

ʩʚʷʟʷʤʠ. ʀʤʝʝʪ ʥʘʠʤʝʥʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ï 0,01-0,02%, ʜʦʣʛʦʚʝʯʝʥ ʠ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʫʩʣʦʚʠʷʤ, ʢʣʘʩʩ 

ʛʦʨʶʯʝʩʪʠ ɻ-1. ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ: ʫʷʟʚʠʤ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ,  

ɻʝʦʛʨʘʬʠʯʝʩʢʠ ʮʝʭ ʨʘʩʧʦʣʦʞʝʥ ʚ ʛʦʨʦʜʝ ɺʦʣʛʦʜʦʥʩʢ. ʇʣʦʱʘʜʴ ʢʨʦʚʣʠ ʮʝʭʘ ʧʦ 

ʨʝʤʦʥʪʫ ʢʦʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʕʎ ʩʦʩʪʘʚʣʷʝʪ 3204 ʤ
2
. ʉʪʦʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ 

ʢʨʦʚʣʠ ʠʟ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʩʦ ʩʚʦʠʤ ʚʘʨʠʘʥʪʦʤ ʫʪʝʧʣʠʪʝʣʷ: 

 

ʊʘʙʣʠʮʘ 1 ï ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ 

ʋʪʝʧʣʠʪʝʣʴ 

ʊʦʣʱʠʥʘ 

ʫʪʝʧʣʠʪʝʣʷ, 

ʤʤ 

ʎʝʥʘ ʟʘ ʤ
2
 

ʇʣʦʪʥʦʩʪʴ 

ʫʪʝʧʣʠʪʝʣʷ, 

ʢʛ/ʤ
3
 

ʇʣʦʱʘʜʴ 

ʢʨʦʚʣʠ 

ʇʦʣʥʘʷ 

ʩʪʦʠʤʦʩʪʴ 

ʂʘʤʝʥʥʘʷ ʚʘʪʘ 200 2809 150 

3204 

9000036 

ʉʪʝʢʣʷʥʥʘʷ ʚʘʪʘ 200 3300 130 10573200 

ʇʝʥʦʧʦʣʠʫʨʝʪʘʥ 120 4230 60 13559200 

ʇʝʥʦʧʦʣʠʠʟʦʮʠʘʥʫʨʘʪ 120 4258 60 13642632 

 

ʇʦʜʚʝʜʷ ʠʪʦʛʠ ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʴ ʥʘ ʦʩʥʦʚʝ ʫʪʝʧʣʠʪʝʣʷ ʠʟ 
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Abstract. The work is devoted to the use of self-healing concrete in the construction of an oil regeneration 

workshop. During it, the pros and cons of using this concrete, as well as its characteristics, were analyzed. 

Keywords: self-healing concrete, microcracks, healing, minerals. 

 

ɹʝʪʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʠʨʝ, ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʠ ʩʧʨʦʩ ʥʘ ʥʝʛʦ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ, ʦʥ ʜʦʣʛʦʚʝʯʝʥ ʠ ʠʤʝʝʪ ʙʦʣʝʝ 

ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʩʚʦʝʡ ʩʣʘʙʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ʫʩʘʜʢʝ, ʫʩʪʘʣʦʩʪʥʦʡ ʥʘʛʨʫʟʢʝ ʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʙʝʪʦʥ 

ʧʦʜʚʝʨʞʝʥ ʪʨʝʱʠʥʘʤ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ ʙʝʪʦʥʥʳʭ ʠ ʮʝʤʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʡ, ʤʦʞʝʪ ʨʝʰʠʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ. 

ʉʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ ʙʝʪʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʣʘʛʘʶʪ ʨʝʰʝʥʠʝ ʜʣʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʧʦʩʦʙʥʳ ʟʘʞʠʚʣʷʪʴ ʪʨʝʱʠʥʳ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʥʝʰʥʝʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ʕʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʩʦʙʝʥʥʦ ʧʨʠʤʝʥʠʤʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʮʝʭʦʚ ʨʝʛʝʥʝʨʘʮʠʠ ʤʘʩʝʣ, ʪʘʢ ʢʘʢ ʵʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʙʝʪʦʥʘ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʮʝʭʘ ʨʝʛʝʥʝʨʘʮʠʠ ʤʘʩʝʣ ʚʢʣʶʯʘʶʪ: 

- ʋʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ: ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʘʚʪʦʥʦʤʥʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʪʘʢʦʡ ʙʝʪʦʥ ʤʦʞʝʪ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʜʣʠʪʝʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʨʝʱʠʥ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʝʚʘʝʪ 

ʩʨʦʢ ʩʣʫʞʙʳ ʩʦʦʨʫʞʝʥʠʷ. 

- ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʙʝʪʦʥʘ 
ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʝʛʫʣʷʨʥʳʭ ʨʝʤʦʥʪʘʭ ʠ ʟʘʤʝʥʘʭ ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, 

ʯʪʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʠ ʜʝʥʴʛʠ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʦʦʨʫʞʝʥʠʷ. 

- ʋʣʫʯʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʪʘʢʦʡ ʙʝʪʦʥ ʩʥʠʞʘʝʪ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʪʨʝʱʠʥ, ʯʪʦ 
ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ ʚ ʟʜʘʥʠʠ. [1] 
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ʉʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʘʷʩʷ ʩʠʩʪʝʤʘ ʚ ʙʝʪʦʥʝ ʚ ʦʩʥʦʚʥʦʤ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: 

ʘʫʪʦʛʝʥʥʫʶ ʠ ʘʚʪʦʥʦʤʥʫʶ. ɸʫʪʦʛʝʥʥʘʷ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʩʪʴ ʚ ʙʝʪʦʥʝ - ʵʪʦ ʩʚʦʡʩʪʚʦ 

ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʠʮʠʠʨʫʝʪʩʷ ʟʘ 

ʩʯʝʪ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʞʝ ʩʦʜʝʨʞʘʪʩʷ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ. ʂ ʧʨʠʤʝʨʫ, ʮʝʤʝʥʪʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʙʣʘʛʦʜʘʨʷ ʚʦʟʚʨʘʪʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʮʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʦʩʪʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ 

ʪʨʝʱʠʥʳ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʜʦʙʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʘ, ʦʙʳʯʥʦ ʥʝ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʙʝʪʦʥʝ, ʥʘʟʳʚʘʝʪʩʷ 

ʘʚʪʦʥʦʤʥʳʤ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ.. 

ɺ ʩʠʩʪʝʤʘʭ ʘʚʪʦʥʦʤʥʦʛʦ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʘʢʪʠʚʥʳʭ 

ʟʘʞʠʚʣʷʶʱʠʭ ʘʛʝʥʪʦʚ ʧʦʤʝʱʘʶʪʩʷ ʚʥʫʪʨʴ ʙʝʪʦʥʘ ʠʣʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʠʢʨʦʢʘʧʩʫʣʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʨʫʙ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʪʦʥʘ ʜʣʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʵʪʦʡ 

ʪʝʭʥʠʢʝ ʤʠʢʨʦʢʘʧʩʫʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʝʘʢʪʠʚʥʳʝ ʟʘʞʠʚʣʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʨʘʟʨʫʰʘʶʪʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʠʭ ʦʙʦʣʦʯʢʫ ʠʟ-ʟʘ ʨʘʩʰʠʨʝʥʠʷ ʪʨʝʱʠʥ ʚ ʩʪʨʫʢʪʫʨʝ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʥʳʡ ʟʘʞʠʚʣʷʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʮʝʤʝʥʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʝʱʠʥʳ ʚ ʤʘʪʨʠʮʝ, ʬʦʨʤʠʨʫʷ ʟʘʞʠʚʣʷʶʱʠʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʶʪ 

ʧʨʦʙʝʣʳ ʠ ʚ ʠʪʦʛʝ ʟʘʞʠʚʣʷʶʪ ʪʨʝʱʠʥʳ. 

ʂʦʤʧʦʟʠʮʠʷ ʤʠʢʨʦʢʘʧʩʫʣ ʠ ʩʳʧʫʯʠʡ ʙʝʪʦʥ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʤʥʦʞʝʩʪʚʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʡ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʠʢʨʦʢʘʧʩʫʣ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 
ʨʠʩʫʥʢʝ 1. ʂʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʵʪʫ ʩʤʝʩʴ, ʷʚʣʷʶʪʩʷ ʨʘʟʤʝʨʳ ʠ 

ʧʨʦʧʦʨʮʠʠ ʤʠʢʨʦʢʘʧʩʫʣ, ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʮʝʧʣʝʥʠʶ 

ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʬʦʨʤʫ ʤʠʢʨʦʢʘʧʩʫʣ, ʚʩʪʨʘʠʚʘʝʤʳʭ 

ʚ ʙʝʪʦʥ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʂʘʧʩʫʣʳ ʩ ʢʨʫʛʣʦʡ 

ʬʦʨʤʦʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʫʧʨʘʚʣʷʝʤʦʤʫ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʟʘʞʠʚʣʷʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʩʣʫʯʘʝ ʧʦʚʨʝʞʜʝʥʠʷ. ʕʪʦ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʚʦʢʨʫʛ 

ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʦʣʦʩʪʠ ʧʦʩʣʝ ʠʩʯʝʟʥʦʚʝʥʠʷ ʢʘʧʩʫʣʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʧʩʫʣʳ ʪʨʫʙʯʘʪʦʡ 

ʬʦʨʤʳ ʧʦʟʚʦʣʷʶʪ ʣʫʯʰʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʙʝʪʦʥʦʤ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʦʙʲʝʤʝ 

ʟʘʞʠʚʣʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ (ʙʦʣʴʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫ). [2] 

 

 
ʈʠʩʫʥʦʢ 1 ï a) ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʠʢʨʦʢʘʧʩʫʣ;  

b) ʨʘʟʦʨʚʘʥʥʳʝ ʤʠʢʨʦʢʘʧʩʫʣʳ 

 

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʙʝʪʦʥʘ 

ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʙʝʪʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʍʦʪʷ ʪʝʭʥʦʣʦʛʠʷ 
ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʙʝʪʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʙʝʪʦʥʘ. 
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Abstract. The work is devoted to the use of photocatalytic concrete in the construction of nuclear energy 

facilities. The characteristics of this concrete, their advantages and disadvantages were analyzed.  
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ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʝʪʦʥ ʧʦʣʫʯʠʣ ʩʚʦʝ ʥʘʟʚʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʭʠʤʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ï 

ʬʦʪʦʢʘʪʘʣʠʟʫ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʪʦʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʘʛʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʳʣʴ, ʧʣʝʩʝʥʴ, ʙʘʢʪʝʨʠʠ, 

ʯʘʩʪʠʮʳ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʝʪʦʥ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʪʘʢ ʢʘʢ ʦʥ ʩʧʦʩʦʙʝʥ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʛʦʨʦʜʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʘʤʦʦʯʠʩʪʢʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʜʘʥʠʡ. 

ʉʚʦʡʩʪʚʘ ʩʘʤʦʦʯʠʱʝʥʠʷ ʜʦʩʪʠʛʘʶʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ. ʕʪʦʪ ʥʦʚʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ 

ʜʝʩʷʪʠʣʝʪʠʷ, ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʚʢʣʶʯʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ. 

ʆʥ ʥʝ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʥʝʰʥʠʡ ʚʠʜ ʬʘʩʘʜʦʚ, ʥʦ ʠ ʨʘʟʣʘʛʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʘʟʦʚ, 

ʚʳʜʝʣʷʶʱʠʭʩʷ ʠʟ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʘʚʪʦʤʦʙʠʣʝʡ, ʘ ʪʘʢʞʝ ʛʘʟʦʚ, ʚʳʜʝʣʷʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʦʞʜʝʚʦʡ ʚʦʜʳ. 

ʕʪʦ ʩʚʦʡʩʪʚʦ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʜʦʙʘʚʣʝʥʠʝ ʢ ʙʝʪʦʥʫ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ, ʚ ʥʘʥʦʜʠʩʧʝʨʩʥʦʡ ʬʦʨʤʝ (ʩʤ. ʨʠʩʫʥʦʢ 1). ʊʘʢʘʷ ʛʨʘʥʫʣʠʨʦʚʢʘ 

ʜʝʣʘʝʪ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʦʪʣʠʯʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʘʢʪʠʚʠʟʠʨʫʷ 

ʮʝʧʦʯʢʫ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʦʢʠʩʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʟʣʘʛʘʶʪ ʛʘʟʳ ʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʫʣʫʯʰʘʷ 

ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʚʦʢʨʫʛ ʟʜʘʥʠʡ. [1] 
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ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 

 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʝʪʦʥ ʩʦʭʨʘʥʷʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ 

ʦʩʘʜʢʘ, ʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ, ʫʜʝʣʴʥʳʡ ʚʝʩ, ʚʨʝʤʷ ʩʭʚʘʪʳʚʘʥʠʷ, ʧʨʦʯʥʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

ʆʥ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʪʨʘʞʘʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ, ʧʦʤʦʛʘʷ 

ʩʦʭʨʘʥʷʪʴ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ. 

ʆʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʘʤʦʦʯʠʱʝʥʠʷ 

ʩʘʤʦʦʯʠʱʘʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ ʚʢʣʶʯʘʶʪ: 

- ʫʣʫʯʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʢʦʤʧʦʟʠʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʠ ʩ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ; 

- ʚʳʙʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ, ʧʦʪʝʨʷʚʰʠʭ ʩʚʦʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ ʠʟ-ʟʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. [2] 

ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʝʪʦʥʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʧʦʣʥʦʮʝʥʥʦ ʦʮʝʥʠʪʴ ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɼʦʙʘʚʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʚ ʙʝʪʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʢʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʦʧʘʩʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʥʠʞʘʷ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʝʪʦʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʪʨʦʪʫʘʨʥʳʝ ʙʣʦʢʠ, ʪʠʪʫʣʳ ʠ ʩʪʝʥʳ ʟʜʘʥʠʡ. ʂʦʥʝʯʥʦ, ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʦʚ 
ʩʘʤʦʦʯʠʱʝʥʠʷ ʙʝʪʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʚʪʦʛʠʜʨʦʬʦʙʠʟʘʮʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ, ʦʪʪʘʣʢʠʚʘʶʱʝʛʦ ʚʦʜʫ ʠ ʟʘʛʨʷʟʥʝʥʠʷ.  

ɸ ʜʨʫʛʠʤ - ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʝʪʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʠʚʥʦʡ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʚʝʪʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʣʦʞʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʝʪʦʥʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʦ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʦʩʦʙʝʥʥʦ ʩʦ ʩʪʦʨʦʥʳ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ çMESH MOULDè ɺ 
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ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ ʧʨʠ ʧʦʤʦʱʠ 

ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ, ʦʜʥʘʢʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʝʩʦʚʝʨʰʝʥʥʳʤʠ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʩʪʝʥʘʭ ʟʘʣʦʞʝʥʥʦʛʦ 

ʘʨʤʘʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ. ʕʪʫ ʧʨʦʙʣʝʤʫ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʤʫ ʩʦʟʜʘʥʠʶ ʩʝʪʯʘʪʦʡ 

ʬʦʨʤʳ çMesh Mouldè. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘ ʩʯʝʪ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʩʦʟʜʘʥʠʷ ʩʝʪʢʠ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʦʙʦʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʧʘʣʫʙʢʘ, ʘʨʤʠʨʦʚʘʥʠʝ ʙʝʪʦʥʘ, 

3D-ʧʝʯʘʪʴ, ʩʝʪʯʘʪʘʷ ʬʦʨʤʘ. 
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Abstract. At the moment, there are already technologies for the construction of buildings using three-

dimensional printing, but they are imperfect due to the lack of a reinforced frame embedded in the walls. This problem 

can be solved by the technology for the robotic creation of a mesh shape "Mesh Mould". This method allows you to 

increase the strength and accuracy of the structure due to computer calculations and the creation of a grid using a 

special robot. 

Keywords: Robotic Fabrication, Functional Formwork, Concrete Reinforcement, 3D Printing, Mesh Mould. 
 

çMesh mouldè - ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʪʯʘʪʳʭ ʬʦʨʤ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ. ʆʜʥʘ ʠʟ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʯʝʨʪ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʦʙʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʥʠʮʠʘʪʠʚʘʤʠ ʧʦ 3D-ʧʝʯʘʪʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ï ʵʪʦ ʩʦʟʥʘʪʝʣʴʥʳʡ ʦʪʢʘʟ ʦʪ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʡ 

ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ. ʄʦʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʩ ʨʫʯʢʘʤʠ ʜʣʷ 3D-ʧʝʯʘʪʠ, ʧʦʩʢʦʣʴʢʫ ʤʘʪʝʨʠʘʣ 

ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʚʝʩʫ ʪʘʤ, ʛʜʝ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ï ʠʤʝʥʥʦ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʣʦʞʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ.  

ɺʦʟʚʝʜʝʥʠʝ ʟʜʘʥʠʷ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʤ ʨʘʩʯʝʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʝʪ ʚʦ ʤʥʦʛʦ ʨʘʟ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʆʜʥʘʢʦ ʚʦʟʚʝʜʝʥʠʝ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʧʘʣʫʙʢʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʜʚʦʡʥʦʡ ʢʨʠʚʠʟʥʦʡ ʟʘʪʨʘʪʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

75% ʦʪ ʩʪʦʠʤʦʩʪʠ ʢʦʥʝʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʪʘʢʘʷ ʦʧʘʣʫʙʢʘ ʦʙʳʯʥʦ 

ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʝʜʠʥʩʪʚʝʥʥʦʡ ʚ ʩʚʦʝʤ ʨʦʜʝ ʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ 

ʨʘʟ ʠ ʥʝ ʧʦʜʣʝʞʠʪ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʟʜʘʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ ʚʨʷʜ ʣʠ ʷʚʣʷʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʤʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠʣʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʜʘʞʝ ʝʩʣʠ ʚʦʟʚʦʜʠʤʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳ [1]. 

ʆʧʘӢʣʫʙʢʘ (ʦʪ ʧʘӢʣʫʙʘ) ï ʵʪʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟ ʜʝʨʝʚʘ, ʤʝʪʘʣʣʘ ʣʠʙʦ 

ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʜʣʷ ʧʨʠʜʘʥʠʷ ʤʦʥʦʣʠʪʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʠʟ ʙʝʪʦʥʘ, 

ʞʝʣʝʟʦʙʝʪʦʥʘ, ʜʨʫʛʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʪʘʢʠʭ ʢʘʢ ʬʦʨʤʘ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʨ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʩʝʪʯʘʪʳʡ ʢʘʨʢʘʩ ʥʝ ʪʨʝʙʫʝʪ ʝʝ ʫʩʪʘʥʦʚʢʠ, ʪʘʢ ʢʘʢ ʩʘʤ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʦʧʘʣʫʙʢʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʩʦʟʜʘʥʠʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ  ʥʝ ʧʦʪʝʨʷʚ ʚ 
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ʪʦʯʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʬʦʨʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʦʥʘ ʢʨʠʚʦʣʠʥʝʡʥʘʷ [2]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʝ 

ʬʦʨʤʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʵʢʦʥʦʤʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʝ ʚʝʜʫʪ ʢ ʩʥʠʞʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʦʡʥʳʭ ʠʟʛʠʙʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ ʢ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʤʝʤʙʨʘʥʘʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʝʝ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʫ. ʕʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʨʤʘʪʫʨʳ ʠ ʨʘʟʤʝʨʳ ʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʣʦʩʢʠʤʠ ʬʦʨʤʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʝʢʪʘʥʪʳ ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʚʦʙʦʜʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʦʨʠʝʥʪʘʮʠʶ ʘʨʤʠʨʫʶʱʝʡ ʩʝʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʝʝ ʥʘʟʥʘʯʝʥʠʷ [3]. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʝʧʨʝʨʳʚʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʦ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʦ, ʪʘʢ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʮʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʩʦʟʜʘʚʘʪʴ ʩʝʪʢʠ ʚ ʜʚʫʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʄʦʙʠʣʴʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʨʦʙʦʪ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʪʢʠ ʥʘʟʳʚʘʝʪʩʷ çIN 

SITU FABRICATORè [4]. ʆʥ ʦʙʣʘʜʘʝʪ ʚʩʪʨʦʝʥʥʦʡ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʦʡ ʜʘʪʯʠʢʦʚ ʠ 

ʚʳʯʠʩʣʝʥʠʡ ʧʦʟʚʦʣʷʶʱʠʭ ʝʤʫ ʘʚʪʦʥʦʤʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ, ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʧʨʝʜʚʠʜʝʥʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʠ ʜʦʧʫʩʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ.  
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Abstract. Diving into the world of research in the field of artificial intelligence, we see how its importance is 

growing parabolically in various spheres of human activity. However, it is in construction that this rise gets special 

colorfulness and significance. The application of innovative artificial intelligence technologies in this field is like an 

inspiring puzzle that can change all the games of design, construction and construction management. Let's look together 

at the vast prospects that open up before us with the introduction of artificial intelligence on construction sites. 

Keywords: artificial intelligence, optimization, design, workflow automation, construction. 

 

ʇʨʦʩʣʝʜʠʤ, ʢʘʢ ʚʥʝʜʨʝʥʠʝ ʀʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʩʪʘʥʦʚʠʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʫʣʫʯʰʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʠ 

ʧʨʦʛʥʦʟʠʨʫʷ ʪʝʥʜʝʥʮʠʠ, ʀʀ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʙʫʜʫʱʠʡ ʩʧʨʦʩ ʥʘ ʞʠʣʴʝ ʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʀʀ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʩʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʠ ʟʘʪʨʘʪʳ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʀʀ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʫʧʨʘʚʣʷʪʴ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʢʦʥʪʨʦʣʴ ʠ ʢʦʦʨʜʠʥʘʮʠʶ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ. 

ɺ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʵʢʦʥʦʤʠʯʥʳʤ ʠ ʫʩʪʦʡʯʠʚʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʨʝʰʝʥʠʷʤ. 

ʀʀ ʤʦʞʝʪ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ. ʅʘʧʨʠʤʝʨ, ʦʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʟʜʘʥʠʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʊʘʢʞʝ ʀʀ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʜʠʟʘʡʥʝʨʘʤ ʠ ʩʪʨʦʠʪʝʣʷʤ ʧʨʦʚʝʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʰʝʥʠʷ ʠ ʦʮʝʥʠʚʘʪʴ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʧʨʦʝʢʪ ʜʦ ʥʘʯʘʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɹʝʟʫʩʣʦʚʥʦ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʀʀ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʨʝʥʜʦʚ ʠ ʩʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ. ɺʩʝ ʵʪʦ ʧʦʤʦʛʘʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʠ ʠʟʜʝʨʞʢʠ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʦʚʳʰʘʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʜʝʣʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ, ʧʦʟʚʦʣʷʷ ʧʣʘʥʠʨʦʚʘʪʴ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʛʦʨʦʜʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʡʦʥʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʧʨʦʩʦʤ ʥʘ ʞʠʣʫʶ ʧʣʦʱʘʜʴ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ. ʕʪʠ ʤʦʜʝʣʠ ʧʦʤʦʛʘʶʪ ʛʦʨʦʜʩʢʠʤ ʧʣʘʥʠʨʦʚʱʠʢʘʤ ʧʨʠʥʠʤʘʪʴ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠʡ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ 

ʩʳʛʨʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠʡ. ɸʥʘʣʠʟʠʨʫʷ 

ʜʘʥʥʳʝ ʠ ʧʨʦʛʥʦʟʠʨʫʷ ʙʫʜʫʱʠʝ ʪʝʥʜʝʥʮʠʠ, ʀʀ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 
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ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʀʀ ʪʘʢʞʝ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʟʜʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʪʝʩʪʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʠʟʘʡʥʝʨʩʢʠʝ ʨʝʰʝʥʠʷ ʧʝʨʝʜ 

ʥʘʯʘʣʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʣʘʥʠʨʦʚʢʠ ʵʪʘʞʝʡ ʠ ʢʚʘʨʪʠʨ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ 

ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʢʠ ʵʪʘʞʝʡ ʠ ʢʚʘʨʪʠʨ. 

ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʧʨʝʜʧʦʯʪʝʥʠʷ ʙʫʜʫʱʠʭ ʞʠʣʴʮʦʚ, ʩʚʝʪʦʚʳʝ ʫʩʣʦʚʠʷ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʣʦʱʘʜʠ ʤʝʞʜʫ ʢʦʤʥʘʪʘʤʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʫʜʦʙʥʳʝ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɸʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ. ʉʠʩʪʝʤʳ ʀʀ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʥʥʳʝ ʠʟ ʧʨʦʰʣʳʭ ʧʨʦʝʢʪʦʚ, ʪʘʢʠʝ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ ʜʨʫʛʠʝ 

ʟʘʪʨʘʪʳ, ʯʪʦʙʳ ʧʨʝʜʩʢʘʟʘʪʴ ʦʙʱʫʶ ʩʪʦʠʤʦʩʪʴ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʪʨʦʠʪʝʣʴʥʳʤ 

ʢʦʤʧʘʥʠʷʤ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʦʚ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʨʝʩʫʨʩʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. ʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ (ʀʀ), ʩʧʦʩʦʙʥʳ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʩ ʢʘʤʝʨ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʜʘʪʯʠʢʦʚ ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦʙʳ 

ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ ʠ ʫʛʨʦʟʳ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʨʘʙʦʯʠʭ ʠ ʩʥʠʞʘʝʪ 

ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʣʦʱʘʜʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʩʣʦʞʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʘʟʚʠʪʠʷ 

ʵʪʦʡ ʦʪʨʘʩʣʠ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʙʦʣʝʝ ʪʦʯʥʳʤ, ʙʳʩʪʨʳʤ ʠ 

ʙʝʟʦʧʘʩʥʳʤ. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://dzen.ru/a/ZB8K5XmL5BUVDgyP (ʜʘʪʘ ʦʙʨʘʮʝʥʠʷ: 05.03.2024) 

2.  ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʨʠʤʝʨʳ ʀʀ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. URL: Https://elport.ru/articles/iskusstvennyiy_intellekt_v_stroitelstve_primeryi_ii_dlya_str 

oitelnoy_otrasli (ʜʘʪʘ ʦʙʨʘʮʝʥʠʷ: 05.03.2024) 

3. ʇʨʦʙʣʝʤʳ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

Https://academy.tsus.ru/problemy-i-preimushhestvaiskusstvennogo-intellekta-v-stroitelstve (ʜʘʪʘ ʦʙʨʘʮʝʥʠʷ: 

05.03.2024) 

 

 

ʋɼʂ 691.322.7 

ʊʆʂʆʇʈʆɺʆɼʗʑʀʁ ɹɽʊʆʅ ʂɸʂ ʅʆɺʓʁ ʄɸʊɽʈʀɸʃ ɺ 

ʉʊʈʆʀʊɽʃʔʉʊɺɽ ɸʕʉ 

 
ʆʩʘʜʯʠʡ ʄ.ʉ., ɿʘʷʨʦʚ ʖ.ɺ. 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 

m.osadchy2015@yandex.ru 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʥʳʡ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʧʦʪʨʝʙʠʪʝʣʶ ʚʩʝ ʙʦʣʴʰʝ ʠʥʥʦʚʘʮʠʡ ʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʝʰʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʙʳʣʠ ʙʳ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʤʠ ʚ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɸʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʞʠʣʴʷ ʠ ʚʩʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʀ ʚʦʪ ʧʝʨʝʜ ʥʘʤʠ ʩʦʚʝʨʰʝʥʥʦ 

ʫʥʠʢʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ - ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ ñShot Creteò. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʚ ʦʩʥʦʚʥʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʨʠʪʝʣʴʩʪʚʝ ʞʠʣʳʭ ʜʦʤʦʚ, ʤʦʩʪʦʚ ʠ ʜʦʨʦʛ, ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʩʚʦʡʩʪʚʘʤ, ʝʤʫ 

ʤʦʞʥʦ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ɽʛʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʨʘʞʘʪʴ ʠ ʧʦʛʣʦʱʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ ñShot Creteò, ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ , ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. 
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Abstract. Currently, the construction market offers the consumer more and more innovations and materials 

that should solve some problems in construction and would be cost-effective in further operation. Research is being 

actively carried out in order to create the most productive materials for the construction of housing and all 

infrastructure. And here we have a completely unique material - conductive concrete ñShot Creteò. Although this 

material is mainly considered for use in the construction of residential buildings, bridges and roads, due to its properties, 

it can be used in the construction of nuclear power plant facilities. Its exclusivity lies in its ability to reflect and absorb 

electromagnetic waves. 

Keywords: conductive concrete ñShot Creteò, unique properties, nuclear power plant, practical application in 

the field of construction of nuclear power plants, electromagnetic waves 
 

ɹʝʪʦʥ ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘ ʚʩʝʭ ʦʙʲʝʢʪʘʭ ʘʪʦʤʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʆʙʳʯʥʳʡ ʙʝʪʦʥ ʧʨʦʚʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʘ ʪʝʤ 

ʙʦʣʝʝ ʫʧʨʘʚʣʷʪʴ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʥʝʚʦʟʤʦʞʥʦ ʠ ʵʪʦ ʧʣʦʭʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʦʙʲʝʢʪʘʭ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʚ ʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ. ñShot Creteò 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʙʝʪʦʥʘ, ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥ ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʧʨʦʯʥʦʩʪʴ ʠ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʊʦʢʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ ñShot Creteñ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʘʪʴ, ʥʦ ʠ ʧʦʛʣʦʱʘʪʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʧʨʠʯʝʤ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢʘʢ ʢ ʠʩʢʫʩʩʪʚʝʥʥʳʤ, ʪʘʢ ʠ ʢ ʧʨʠʨʦʜʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣ ʦʙʷʟʘʥ ʥʘʣʠʯʠʶ ʚ ʝʛʦ ʩʦʩʪʘʚʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ - ʤʘʛʥʝʪʠʪʘ, ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʫʛʣʝʨʦʜʥʦʡ ʩʪʨʫʞʢʠ, 

ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʪʦʥʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʠʪʦʛʘʤ, ʧʨʦʚʝʜʝʥʥʳʭ 
ʠʩʧʳʪʘʥʠʡ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ -  ʥʦʚʳʡ ʙʝʪʦʥ ʥʝ ʪʦʣʴʢʦ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʥʦ ʠ ʥʘ 

30-35 ʧʨʦʮʝʥʪʦʚ ʧʨʦʯʥʝʝ, ʯʝʤ ʛʦʩʪʦʚʩʢʠʝ ʦʙʨʘʟʮʳ. 

ɿʘ ʩʯʝʪ ʩʚʦʠʭ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʪʦʤʫ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʤʦʞʥʦ ʥʘʡʪʠ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʅʘʧʨʠʤʝʨ, 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʦʚ ʠ ʩʪʝʥ ʚ ʧʦʤʝʱʝʥʠʷʭ 

ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ, ʪʘʢ ʢʘʢ ʝʛʦ ʦʪʨʘʞʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʧʦʩʦʙʥʳ ʟʘʱʠʪʠʪʴ ʩʣʦʞʥʫʶ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʫʶ ʵʣʝʢʪʨʦʥʠʢʫ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʤʦʞʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ. ʊʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʡʩʪʚʫ ʧʦʛʣʦʱʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʵʪʦʪ ʙʝʪʦʥ ʤʦʞʝʪ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʠʭ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʠ ʙʦʨʦʪʴʩʷ ʩ ʦʙʣʝʜʝʥʝʥʠʝʤ ʥʘ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʘʭ 

ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʛʜʝ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ. ʀʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʡ: ʧʨʦʭʦʜʷʱʘʷ ʧʦʙʣʠʟʦʩʪʠ ʃʕʇ ʠʣʠ ʜʘʞʝ ʩʦʙʩʪʚʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʟʝʤʣʠ.  ɽʱʝ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʳʤ ʧʣʶʩʦʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʦʙʲʝʢʪʝ. 

ɺ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ ñShot Creteñ ʝʱʝ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢ ʢʘʢ 

ʦʥ ʚʩʝ ʝʱʝ ʧʨʦʭʦʜʠʪ ʠʩʧʳʪʘʥʠʷ ʠ ʨʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʥʩʪʠʪʫʪʝ ʅʝʙʨʘʩʢʠ, ʛʜʝ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ, ʥʦ ʫʞʝ ʝʩʪʴ ʛʦʪʦʚʳʝ ʦʙʲʝʢʪʳ ʚ ʢʦʪʦʨʳʭ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʝʥ ʠ ʧʦʢʘʟʘʣ ʚʩʝ ʩʚʦʠ ʢʣʶʯʝʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʜʦʩʪʦʠʥʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʙʝʪʦʥʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʪʠʭ ʦʙʲʝʢʪʦʚ.  
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ʀɿ ɼʀʆʂʉʀɼɸ ʋɻʃɽʈʆɼɸ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 

 
ʄʝʣʴʥʠʢʦʚʘ ʉ. ʀ. 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘʤ ʵʥʝʨʛʦ-

ʚʦʜʦʩʙʝʨʝʞʝʥʠʶ, ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʩʦʚ, ʯʪʦ 

ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʪʝʤʫ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʪʦʥʘ ʠ ʧʨʦʮʝʩʩʦʚ ʙʝʪʦʥʠʨʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʫʢʣʘʜʢʠ ʙʝʪʦʥʘ ʠʟ ʜʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʝʡʰʝʡ ʢʘʥʘʜʩʢʦʡ ʢʦʤʧʘʥʠʠ CarbonCure 

Technologies, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʳʧʫʩʢʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʪʦʥ ʠʟ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʜʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. 

ʇʦʢʘʟʳʚʘʝʪ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚ ʩʬʝʨʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʚʣʠʷʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺʳʷʚʣʝʥʳ ʧʨʠʯʠʥʳ ʦʩʥʦʚʥʳʭ 

ʧʨʦʙʣʝʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʢʣʘʜʢʠ ʙʝʪʦʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʪʦʥ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʤʠʥʝʨʘʣʳ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ, 

ʧʨʦʯʥʦʩʪʴ ʠ ʚʦʜʦʧʦʛʣʘʱʝʥʠʝ. 
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 Abstract. Today considerable attention is paid to the problems of energy and water saving, environmental 

protection and rational consumption of natural resources, which actualizes the topic of development of new 

technologies of concrete production and concreting processes. In this case, one of such materials, which allows to 

optimize the process of concrete paving from carbon doxide. This article discusses the development of the latest 

Canadian company CarbonCure Technologies, which allows the production and use of concrete from crystallized 

carbon doxide. Shows its advantages and disadvantages, as well as applications and prospects for development in the 

field of construction. The impact of this technology on the environment is presented. Reasons for the main problems of 

practical application of this technology of concrete production and placement are revealed.  

 Keywords:  concrete, building materials, carbon dioxide, calcium carbonate minerals, strength and water 

absorption. 

 

CarbonCure Technologies Inc. ï ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʪʝʭʥʦʣʦʛʠʡ ʫʜʘʣʝʥʠʷ ʠʣʠ ʫʪʠʣʠʟʘʮʠʠ 

ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪ ʫʣʦʚʣʝʥʥʳʡ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚ ʙʝʪʦʥ, ʛʜʝ ʦʥ ʧʦʩʪʦʷʥʥʦ ʭʨʘʥʠʪʩʷ. 

ʂʦʤʧʘʥʠʷ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʚ 2012 ʛʦʜʫ ʈʦʙʝʨʪʦʤ ʅʠʚʝʥʦʤ, ʘ ʰʪʘʙ-ʢʚʘʨʪʠʨʘ ʢʦʤʧʘʥʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ɻʘʣʠʬʘʢʩʝ, ʅʦʚʘʷ ʐʦʪʣʘʥʜʠʷ. ʉʨʝʜʠ ʧʨʦʝʢʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʙʝʪʦʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ çCarbonCureè, ï Amazon HQ2 ʚ ɸʨʣʠʥʛʪʦʥʝ, ʰʪʘʪ ɺʠʨʜʞʠʥʠʷ, 

ʟʘʚʦʜ General Motors Spring Hill ʚ ʉʧʨʠʥʛ-ʍʠʣʣʝ, ʰʪʘʪ ʊʝʥʥʝʩʩʠ.  

ʉʘʤʦʫʧʣʦʪʥʷʶʱʠʡʩʷ ʙʝʪʦʥ ʠʟ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʜʘʣʝʝ ʉʋɹ) - ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʝʪʦʥʘ ʩ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʘ 
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ʢʘʣʴʮʠʷ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʅ ʞʠʜʢʦʡ ʬʘʟʳ ʙʝʪʦʥʘ ʠ ʫʪʨʘʪʦʡ ʙʝʪʦʥʦʤ ʧʘʩʩʠʚʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʥʘ ʩʪʘʣʴʥʫʶ ʘʨʤʘʪʫʨʫ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʪʦʥʘ ʧʨʠ ʧʦʤʦʱʠ ʉʆ2. 

ʂʦʤʧʘʥʠʷ çCarbonCure Technologiesè ʨʘʟʨʘʙʦʪʘʣʘ ʩʦʚʨʝʤʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʢʘʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʫʩʢʘʪʴ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʠʟ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ - ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʳʭ 

ʤʠʥʝʨʘʣʦʚ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʩʥʠʟʠʪʴ 

ʚʳʙʨʦʩʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʠʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʂʦʥʚʝʨʩʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʪʚʝʨʜʳʝ ʤʠʥʝʨʘʣʳ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʉʆ2 

ʧʦʩʪʦʷʥʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʙʝʪʦʥʝ ʠ ʥʠʢʦʛʜʘ ʥʝ ʩʤʦʞʝʪ ʚʳʩʚʦʙʦʜʠʪʩʷ ʦʙʨʘʪʥʦ ʚ ʘʪʤʦʩʬʝʨʫ, 

ʙʣʘʛʦʜʘʨʷ, ʯʝʤʫ ʚʦʟʨʘʩʪʘʝʪ ʝʛʦ ʧʨʦʯʥʦʩʪʴ.  

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ, ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʧʨʠʥʮʠʧʦʚ: 

1. ɺ ʧʝʨʚʦʤ ʟʘʤʝʩʝ ʜʦʙʘʚʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ; 

2. ɺ ʭʦʜʝ ʚʪʦʨʦʛʦ ʪʝʩʪʘ ʙʳʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ ʧʘʨʪʠʷ ʙʝʪʦʥʘ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʪʦʨʦʡ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʧʦʢʘʟʘʪʝʣʠ, ʜʦʙʘʚʣʷʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʫ 

ʧʦʩʣʝ ʧʦʜʘʯʠ ʉʆ2; 

3. ɼʣʷ ʠʪʦʛʦʚʦʛʦ ʠʩʧʳʪʘʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʣʫʯʰʘʶʱʘʷ ʫʧʣʦʪʥʝʥʠʝ ʜʦʙʘʚʢʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ɹʣʦʢ ʩ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʜʦʙʘʚʣʷʝʤʦʡ ʚ ʩʤʝʩʴ, ʙʳʣ ʥʘ 18-19% 

ʧʨʦʯʥʝʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʙʣʦʢʘ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ;  

2. ɿʘʤʝʩ ʩ ʜʦʙʘʚʢʘʤʠ ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʩʤʝʩʠ, ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʙʝʪʦʥʥʳʝ ʙʣʦʢʠ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ - ʥʘ 49% ʧʨʦʯʥʦʩʪʴ ʚʳʰʝ ʦʪ ʙʣʦʢʘ, ʧʦ ʧʨʠʚʳʯʥʦʡ ʥʘʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ.  

3. ɺʩʣʝʜʩʪʚʠʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʨʙʦʥʠʟʘʮʠʷ ʧʦʟʚʦʣʠʣʘ 
ʧʦʚʳʩʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʚʦʜʦʧʦʛʣʘʱʝʥʠʝ ʤʘʪʝʨʠʣʘ ʧʦ ʚʩʝʤ ʪʨʝʤ ʧʨʦʙʘʤ: ʥʘ 11%, 18% ʠ 32%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ CarbonCureTM:  

1. ʅʝʩʦʨʘʟʤʝʨʥʳʝ ʤʠʥʝʨʘʣʳ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʜʝʡʩʪʚʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʝʩʪʘ 

ʟʘʨʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ.  

2. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʤʝʩʘ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʦʪʤʝʯʘʶʪ ʩʨʝʜʥʝʝ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʥʘ 10-19% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ.  

3. ɺʦʟʨʘʩʪʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʙʝʪʦʥʥʫʶ 
ʩʤʝʩʴ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʥʠʞʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʮʝʤʝʥʪʘ. ɺ ʩʨʝʜʥʝʤ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʛʦʪʦʚʦʛʦ ʩʤʝʰʘʥʥʦʛʦ ʙʝʪʦʥʘ CarbonCure ʤʦʛʫʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʮʝʤʝʥʪʘ, ʥʘ 5-8% ʠ ʩʦʭʨʘʥʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ.  

4. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜʳ ʵʥʝʨʛʠʠ ʧʨʠ ʚʳʧʫʩʢʝ ʨʘʟʥʳʭ ʚʠʜʦʚ 
ʧʨʦʜʫʢʮʠʠ. 

5. ʇʨʝʜʧʨʠʷʪʠʷ ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʵʢʦʣʦʛʠʯʥʦ ʙʝʟʦʧʘʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʩʝʨʪʠʬʠʢʘʪʳ ʟʜʘʥʠʡ LEED (ʩʪʘʥʜʘʨʪ LEED - ʈʫʢʦʚʦʜʩʪʚʦ ʚ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠè).  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʘʤʦʫʧʣʦʪʥʷʶʱʝʛʦʩʷ ʙʝʪʦʥʘ ʠʟ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʥʝʰʥʠʭ ʜʝʬʝʢʪʦʚ, 

ʥʘʧʨʠʤʝʨ, ʪʨʝʱʠʥʳ, ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʪʨʝʱʠʥʳ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʝʜʚʝʩʪʥʠʢʦʤ 

ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪ ʠ 

ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʢʦ ʤʥʦʛʠʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ 

ʨʘʩʯʝʪʘʤ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 100 ʪʳʩʷʯ ʙʣʦʢʦʚ ʧʦ ʜʘʥʥʦʡ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ ʩʤʦʛʣʠ ʙʳ ʧʦʛʣʦʪʠʪʴ 92 ʚʟʨʦʩʣʳʭ ʜʝʨʝʚʘ ʱʘ 

ʦʜʠʥ ʩʚʝʪʦʚʦʡ ʛʦʜʶ 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʦʚʝʡʰʝʡ ʪʝʭʥʦʣʦʛʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʪʦʥʥʦʡ 

ʩʤʝʩʠ ʠʟ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʭʦʜʠʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ 

ʘʤʝʨʠʢʘʥʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʠ ʩʫʜʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʥʘ ʦʧʨʘʚʜʳʚʘʝʪ ʩʝʙʷ. 
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ʉʘʤʦʫʧʣʦʪʥʷʶʱʠʡʩʷ ʙʝʪʦʥ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʤʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʷʥʥʦʡ ʯʝʨʝʧʠʮʳ. ʆʧʠʩʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʩʚʦʡʩʪʚʘ, ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʪʘʞʘ ʠ ʦʙʣʠʮʦʚʢʠ ʢʨʦʚʣʠ ʩʪʝʢʣʷʥʥʦʡ ʯʝʨʝʧʠʮʝʡ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʟʘʡʥʝʨʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠ 

ʩʪʠʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ. ɼʘʥʥʘʷ ʘʥʥʦʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʪʝʢʣʷʥʥʦʡ ʯʝʨʝʧʠʮʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʶ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʩʪʝʪʠʢʫ ʟʜʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʢʣʷʥʥʘʷ ʯʝʨʝʧʠʮʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʪʝʭʥʦʣʦʛʠʷ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʩʪʝʢʣʷʥʥʦʡ ʯʝʨʝʧʠʮʳ, ʢʨʦʚʣʷ, ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʤʦʜʝʨʥʠʟʘʮʠʷ, ʤʦʥʪʘʞ, ʧʨʝʠʤʫʱʝʩʪʚʘ. 
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Abstract. This article discusses the main aspects of building houses using glass tiles. The features of this 

material, its properties, advantages and disadvantages are described. The technologies of installation and cladding of the 

roof with glass tiles are analyzed, and the possibilities of design application of this material for creating modern and 

stylish architectural solutions are considered. This abstract allows us to understand the prospects of using glass tiles in 

construction and its impact on the environment, energy efficiency and aesthetics of buildings.  
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ʉʪʝʢʣʷʥʥʘʷ ʢʨʳʰʘ - ʵʪʦ ʧʨʦʟʨʘʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ʢʨʦʚʣʠ, ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ 

ʥʘʜ ʚʝʨʘʥʜʦʡ, ʪʝʨʨʘʩʦʡ, ʦʨʘʥʞʝʨʝʝʡ ʠʣʠ ʟʠʤʥʠʤ ʩʘʜʦʤ. ʗ ʩʯʠʪʘʶ, ʯʪʦ ʵʪʘ ʢʦʥʮʝʧʮʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʚʣʝʢʘʪʝʣʴʥʳʡ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʡ ʵʣʝʤʝʥʪ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʢʦʪʦʨʳʡ 

ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʙʫʜʝʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʟʨʘʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʯʥʦʝ ʟʘʢʘʣʝʥʥʦʝ ʩʪʝʢʣʦ, ʘʢʨʠʣʦʚʦʝ ʩʪʝʢʣʦ ʠʣʠ ʤʦʥʦʣʠʪʥʳʡ 

ʧʦʣʠʢʘʨʙʦʥʘʪ [1]. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʝʢʣʷʥʥʦʡ ʢʨʳʰʠ ʚʢʣʶʯʘʶʪ: 

1. ɺʳʩʦʢʫʶ ʩʚʝʪʦʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʢʨʦʚʝʣʴʥʦʝ ʩʪʝʢʣʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʥʠʢʘʥʠʶ ʩʚʝʪʘ ʜʦ 95 ʧʨʦʮʝʥʪʦʚ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʧʨʦʟʨʘʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ. 

2. ʇʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʉʪʝʢʣʷʥʥʘʷ ʢʨʳʰʘ ʚʳʜʝʨʞʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʥʘʛʨʫʟʢʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʙʣʘʛʦʜʘʨʷ ʧʨʦʯʥʦʩʪʠ ʢʘʨʢʘʩʘ ʠ ʟʘʢʘʣʝʥʥʦʛʦ ʩʪʝʢʣʘ. 
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3. ɻʣʘʜʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʪʝʢʣʷʥʥʳʭ ʢʨʳʰ, ʠʤʝʶʪ 

ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʜʝʨʞʘʥʠʝ ʩʥʝʛʘ ʠ ʜʦʞʜʷ, ʧʦʟʚʦʣʷʷ ʠʤ ʣʝʛʢʦ 

ʩʪʝʢʘʪʴ. 

4. ʈʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ. ʉʪʝʢʣʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʳʰʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʣʶʙʦʡ ʬʦʨʤʳ - ʢʫʧʦʣʘ, ʧʦʣʫʩʬʝʨʳ, ʪʨʝʫʛʦʣʴʥʠʢʘ, ʧʠʨʘʤʠʜʳ [1]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

1. ʆʨʠʛʠʥʘʣʴʥʦʩʪʴ. 

2. ʅʘʜʝʞʥʦʩʪʴ. ʂʘʯʝʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠ ʧʦʩʪʨʦʝʥʥʘʷ ʩʪʝʢʣʷʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ 

ʫʩʪʫʧʘʝʪ ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʨʦʚʣʷʤ ʠʟ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

3. ʈʘʟʥʦʦʙʨʘʟʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ʉʪʝʢʣʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʨʳʰʠ ʣʶʙʳʭ 

ʬʦʨʤ: ʦʜʥʦʩʢʘʪʥʳʝ, ʜʚʫʩʢʘʪʥʳʝ, ʚ ʬʦʨʤʝ ʧʠʨʘʤʠʜʳ, ʢʫʧʦʣʘ ʠʣʠ ʘʨʢʠ. 

4. ʕʢʦʥʦʤʠʯʥʦʩʪʴ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʢʨʳʰʠ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʤʝʱʝʥʠʡ ʥʘ 40-50% ʠ ʙʦʣʝʝ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʚʥʝʰʥʶʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ 

ʜʦʤʘ ʠ ʝʛʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ ʭʦʨʦʰʦ ʧʨʦʛʨʝʚʘʝʪ 

ʧʦʤʝʱʝʥʠʷ ʠ ʫʤʝʥʴʰʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ ʚʝʯʝʨʦʤ [2]. 

ʅʝʜʦʩʪʘʪʢʠ: 

1. ʊʨʝʙʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʧʪʠʮ. 

ʂʨʳʰʠ ʠʟ ʩʪʝʢʣʘ ʜʦʣʞʥʳ ʤʳʪʴʩʷ ʠʣʠ ʦʯʠʱʘʪʴʩʷ ʥʝ ʨʝʞʝ ʯʝʤ ʨʘʟ ʚ ʧʦʣʛʦʜʘ, ʠʥʘʯʝ ʵʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʢʨʳʰʠ. 

2. ɿʘʱʠʪʘ ʦʪ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ʀʟʙʳʪʦʢ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʤʦʞʝʪ ʧʦʚʨʝʜʠʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʦʪʜʝʣʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʠʚʝʩʪʠ ʢ ʠʭ ʚʳʛʦʨʘʥʠʶ ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ. ʈʝʰʝʥʠʝ ï 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʱʠʱʘʶʱʠʭ ʦʪ ʋʌ-ʠʟʣʫʯʝʥʠʷ. 

3. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʭʦʨʦʰʝʡ ʚʝʥʪʠʣʷʮʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ ʚʦʟʜʫʭʘ ʧʦʜ 

ʩʪʝʢʣʦʤ ʚ ʞʘʨʢʫʶ ʧʦʛʦʜʫ. 

ʍʦʪʴ ʩʪʦʠʤʦʩʪʴ ʩʪʝʢʣʷʥʥʦʡ ʢʨʳʰʠ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʚʩʝ ʬʘʢʪʦʨʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ï ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʘ 

ʜʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʦʪ ʚʣʘʛʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʥʝʜʦʩʪʘʪʢʦʚ 

ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʥʘ ʵʪʘʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʫʯʠʪʳʚʘʷ ʚʩʝ ʘʩʧʝʢʪʳ ʚ ʧʨʦʝʢʪʝ [2]. 

ɸʥʘʣʠʟ ʩʨʘʚʥʝʥʠʷ ʩʪʝʢʣʷʥʥʦʡ ʢʨʦʚʣʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʯʝʨʝʧʠʮʳ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʪʝʢʣʷʥʥʦʡ ʢʨʦʚʣʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʦʥʦʤʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʣʠ ʦʥʦ ʪʦʛʦ? ɼʘʚʘʡʪʝ ʩʨʘʚʥʠʤ ʩ ʦʙʳʯʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʯʝʨʝʧʠʮʝʡ. 

ɺ ʩʨʝʜʥʝʤ ʩʪʦʠʤʦʩʪʴ ʩʪʝʢʣʷʥʥʦʡ ʢʨʳʰʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 8000 ʨʫʙʣʝʡ ʟʘ ʢʚʘʜʨʘʪʥʳʡ 

ʤʝʪʨ, ʪʦʛʜʘ ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʯʝʨʝʧʠʮʘ ʦʙʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ ʦʪ 700 ʨʫʙʣʝʡ ʟʘ ʤ
2
, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ. 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʯʝʨʝʧʠʮʘ ʩʣʫʞʠʪ ʦʪ 15 ʜʦ 20 ʣʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʪʝʢʣʷʥʥʦʡ 

ʢʨʦʚʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʝ ʫʢʘʟʳʚʘʶʪ ʢʦʥʢʨʝʪʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ. ʉʪʝʢʣʦ ʤʦʞʝʪ ʧʨʦʩʣʫʞʠʪʴ 

ʜʘʞʝ ʜʦʣʴʰʝ, ʯʝʤ ʩʘʤ ʢʘʨʢʘʩ, ʥʘ ʢʦʪʦʨʳʡ ʦʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʫʜʘʨʦʧʨʦʯʥʦʩʪʴʶ. ʍʦʪʷ ʢʨʦʚʣʷ ʠʟ ʩʪʝʢʣʘ ʧʨʦʯʥʘʷ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʝʝ ʚ ʭʦʨʦʰʝʤ ʩʦʩʪʦʷʥʠʠ 

ʥʝʦʙʭʦʜʠʤʘ ʝʞʝʛʦʜʥʘʷ ʦʯʠʩʪʢʘ. ɹʣʘʛʦʜʘʨʷ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʢʣʦʥʫ ʦʥʘ ʯʠʩʪʠʪʩʷ ʦʪ 

ʦʩʘʜʢʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʦʜʥʘʢʦ ʦʪ ʥʘʣʝʪʘ ʥʫʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʯʠʩʪʦʪʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʋʜʘʨʦʧʨʦʯʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʘʢʘʣʝʥʥʦʛʦ ʩʪʝʢʣʘ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʯʝʨʝʧʠʮʳ (400ʢʛ/ʤ
3
 ʧʨʦʪʠʚ ʫʢʘʟʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ). ɼʘʞʝ ʩʫʱʝʩʪʚʫʶʪ 

ʩʧʝʮʠʘʣʴʥʳʝ ʚʠʜʳ ʩʪʝʢʣʘ, ʩʧʦʩʦʙʥʳʝ ʟʘʜʝʨʞʠʚʘʪʴ ʧʫʣʶ. 

ʉʪʝʢʣʦ ʥʝ ʛʦʨʠʪ ʠ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʦʛʦʥʴ, ʠ, ʭʦʪʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʯʝʨʝʧʠʮʘ ʪʘʢʞʝ 

ʫʩʪʦʡʯʠʚʘ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ (ʜʦ 130 ʛʨʘʜʫʩʦʚ), ʩʪʝʢʣʦ ʥʝ ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʟʘʱʠʪʫ ʦʪ ʋʌ-ʣʫʯʝʡ. ʉʪʝʢʣʘ ʩ ʦʩʦʙʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʜʝʣʘʶʪ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʳʤ, ʟʘʱʠʱʘʷ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʘ, ʚʢʣʶʯʘʷ UVA-ʣʫʯʠ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ 

ʬʦʪʦʩʪʘʨʝʥʠʝ ʢʦʞʠ [1]. 

ʀʪʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʢʣʷʥʥʦʡ ʯʝʨʝʧʠʮʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʤʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʥʦʞʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʩʧʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʢʨʳʰʘ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ ʩʪʝʢʣʘ ʥʝ ʙʦʠʪʩʷ 
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ʫʣʴʪʨʘʬʠʦʣʝʪʘ, ʪʘʢʞʝ ʯʝʨʝʧʠʮʘ ʠʟ ʩʪʝʢʣʘ ʛʝʥʝʨʠʨʫʝʪ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ, ʫʜʝʨʞʠʚʘʝʪ ʪʝʧʣʦ, ʯʪʦ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʳʭ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʝ 

ʤʠʥʝʨʘʣʳ ʩ ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ - ʙʝʥʪʦʥʠʪʳ. ʕʪʠ ʤʠʥʝʨʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʚʷʟʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳ ʠ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʳ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʧʨʠʟʥʘʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʙʝʥʪʦʥʠʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʚʠʜʳ ʠ ʧʨʠʤʝʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 
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Abstract. Currently, there is a tendency to use new non-traditional sources of mineral raw materials in  the 

construction industry. The most notable of these are natural minerals with high  adsorption capacity - bentonites. These 

minerals have high binding capacity and adsorption  properties, are relatively cheap and widely available, which makes 

them ideal for use in the  construction of nuclear facilities. The article describes the main properties, signs and 

advantages of bentonite materials, their applications, types and examples of use in construction. 

Keywords: bentonite, bentonite materials, construction, clay, blocks, nuclear industry. 

 

ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʢʣʶʯʝʚʦʡ ʠ ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʟʘʛʣʫʙʣʝʥʠʝ 

ʧʦʜʟʝʤʥʳʭ ʯʘʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʜʟʝʤʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʯʝʥʴ 

ʘʢʪʫʘʣʴʥʦ ʢʘʢ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʦʤ, ʪʘʢ ʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʦʧʨʦʩ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʢʦʥʩʪʨʫʢʮʠʠ.  

ɹʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʝʙʦʚʘʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʝʢʪʠʨʫʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʠʝ 
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ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʂ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʤʘʪʝʨʠʘʣʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʙʝʥʪʦʥʠʪʘ, ʘ ʠʤʝʥʥʦ - ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ. ɹʝʥʪʦʥʠʪ - ʵʪʦ 

ʛʣʠʥʘ, ʩʦʩʪʦʷʱʘʷ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ʠ ʜʠʩʧʝʨʛʠʨʫʶʱʘʷʩʷ ʚ 

ʚʦʜʝ ʜʦ ʢʦʣʣʦʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʝʥʪʦʥʠʪ ʠʤʝʝʪ ʙʦʣʝʝ 200 ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʦʙʣʘʩʪʠ ʢʦʩʤʝʪʠʢʠ, ʢʦʨʤʦʚ ʜʣʷ ʞʠʚʦʪʥʳʭ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʪʘʣʣʫʨʛʠʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɹʝʥʪʦʥʠʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʷʜʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ, 

ʢʦʥʩʝʨʚʘʮʠʠ, ʫʪʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ ʚʳʚʦʜʝ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʜʝʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ [1]. 

ʂ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʥʪʦʥʠʪʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʟʘʭʦʨʦʥʝʥʠʷ 

ʈɸʆ 3-4 ʢʣʘʩʩʦʚ, ʛʣʫʙʠʥʥʳʝ ʟʘʭʦʨʦʥʝʥʠʷ ʈɸʆ 1-2 ʢʣʘʩʩʦʚ ʥʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 100 ʤ, ʚʳʚʦʜ ʠʟ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʗʈʆʆ ʧʫʪʝʤ ʢʦʥʩʝʨʚʘʮʠʠ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ, ʢʦʥʩʝʨʚʘʮʠʷ ʧʫʥʢʪʦʚ 

ʭʨʘʥʝʥʠʷ ʦʩʦʙʳʭ ʈɸʆ, ʫʩʪʘʥʦʚʢʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ɾʈʆ). 

ɻʝʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʙʝʥʪʦʥʠʪʘ, ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʚʘʞʥʳʝ  ʜʣʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʩʚʦʡʩʪʚʘ: ʥʠʟʢʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʢ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʩʘʤʦʫʧʣʦʪʥʝʥʠʶ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʘʙʫʭʘʥʠʶ, ʥʠʟʢʠʝ 

ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ, ʩʥʠʞʝʥʠʝ ʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʜʘʚʣʝʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʤʝʱʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ , ʜʦʣʛʦʩʨʦʯʥʘʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʠʣʠ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʙʝʥʪʦʥʠʪʦʚʳʭ ʨʫʣʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʵʢʨʘʥʦʚ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ 

ʨʘʟʤʝʱʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ, ʢʦʤʤʫʥʘʣʴʥʳʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʠʭ ʨʝʢʫʣʴʪʠʚʘʮʠʠ; 

ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʧʦʜʟʝʤʥʳʭ ʯʘʩʪʝʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ; ʫʩʪʨʦʡʩʪʚʝ 

ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʵʢʨʘʥʦʚ ʟʝʤʣʷʥʳʭ ʥʘʩʳʧʝʡ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ [2]. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʘʪʝʨʠʘʣʘ ʦʪʥʦʩʷʪ: ʩʦʭʨʘʥʝʥʠʝ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʭ ʠ 

ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʳʭ ʩʚʦʡʩʪʚ, ʥʘʣʠʯʠʝ ʜʚʦʡʥʦʡ ʟʘʱʠʪʳ, ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʘʛʨʝʩʩʠʚʥʳʤ 

ʩʨʝʜʘʤ, ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ  ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʠʥʪʝʨʚʘʣʝ 

ʦʪ -70 ↔ʉ ʜʦ +70 ↔ʉ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʷʭ, 

ʙʦʣʴʰʦʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʥʝʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʘʥʦʚʢʫ ʠʟʜʝʣʠʡ [3]. 

ʂ ʙʝʥʪʦʥʠʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʧʨʠʨʦʜʥʫʶ ʛʣʠʥʫ (ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ, ʜʨʦʙʣʝʥʫʶ), ʛʣʠʥʦʧʦʨʦʰʢʠ, ʙʝʥʪʦʛʨʘʥʫʣʳ, 

ʢʦʤʧʘʢʪʠʨʦʚʘʥʥʳʡ ʙʝʥʪʦʥʠʪ (ʙʣʦʢʠ, ʢʦʣʴʮʘ, ʜʠʩʢʠ, ʧʝʣʣʝʪʳ), ʙʝʥʪʦʥʠʪʦʚʳʝ ʤʘʪʳ ʠ 

ʠʥʲʝʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

ɺ ʢʘʯʝʩʪʚʝ ʷʨʢʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʙʝʥʪʦʥʠʪʦʚʳʝ ʙʣʦʢʠ ʧʨʠ ʟʘʭʦʨʦʥʝʥʠʠ 

ʦʪʭʦʜʦʚ ʷʜʝʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ɺ ʥʘʮʠʦʥʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʘʭ ʩʪʨʘʥ ʩ ʘʪʦʤʥʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʣʘʥʳ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ʕʪʠ ʧʣʘʥʳ 

ʘʥʘʣʦʛʠʯʥʳ ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʨʘʟʤʝʱʝʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʦʪʭʦʜʦʚ ʚ ʰʘʭʪʘʭ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ. 

 ʕʪʦ ʩʣʦʞʥʳʝ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʧʨʦʝʢʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʫ 

ʧʦʜʭʦʜʷʱʝʛʦ ʤʝʩʪʘ ʟʘʭʦʨʦʥʝʥʠʷ, ʙʫʨʝʥʠʝ ʰʘʭʪ, ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʦʥʪʝʡʥʝʨʦʚ ʠ 

ʛʝʨʤʝʪʠʟʘʮʠʶ ʧʨʦʩʪʨʘʥʩʪʚ. ɹʝʥʪʦʥʠʪ ʙʳʣ ʝʜʠʥʦʛʣʘʩʥʦ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʤʫ ʥʘʙʦʨʫ ʩʚʦʡʩʪʚ: ʚʳʩʦʢʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ; ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʜʝʞʥʦʛʦ ʠʟʦʣʠʨʫʶʱʝʛʦ ʩʣʦʷ. 

ɺ ʧʣʘʥʘʭ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʷʜʝʨʥʳʭ ʦʪʭʦʜʦʚ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʫʧʦʤʠʥʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʙʝʥʪʦʥʠʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʨʘʥʫʣʳ, ʙʣʦʢʠ ʠ ʧʝʣʣʝʪʳ.  
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ɹʝʥʪʦʥʠʪʦʚʳʝ ʙʣʦʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʥʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʦʤʝʱʝʥʳ ʚ ʢʦʣʦʜʝʮ, ʛʜʝ ʙʫʜʝʪ ʨʘʟʤʝʱʝʥ ʢʦʥʪʝʡʥʝʨ ʩ ʦʪʭʦʜʘʤʠ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʣʥʫʶ ʛʝʨʤʝʪʠʟʘʮʠʶ, ʣʶʙʦʝ ʦʩʪʘʚʰʝʝʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʫʜʝʪ ʟʘʧʦʣʥʝʥʦ ʛʨʘʥʫʣʘʤʠ ʠʣʠ 

ʧʝʣʣʝʪʘʤʠ. 

ɽʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʭʦʜʷʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʥʪʦʥʠʪʦʚʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʝʩʩʦʚʘʥʠʝ ʩʳʨʴʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʚʣʘʞʥʦʩʪʠ [5]. 

ʂʨʦʤʝ ʪʦʛʦ ʩʫʱʝʩʪʚʫʶʪ ʙʝʥʪʦʥʠʪʦʚʳʝ ʤʘʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʛʠʜʨʦʠʟʦʣʷʮʠʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʤʠʛʨʘʮʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʦʙʝʩʧʝʯʠʚʘʷ 

ʥʘʜʝʞʥʳʡ ʙʘʨʴʝʨ. ɹʝʥʪʦʥʠʪ ʠʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʤʝʥʝʝ 0,7Ĭ10-11 ʤ/ʩ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʛʠʜʨʦʠʟʦʣʷʮʠʶ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʙʝʥʪʦʥʠʪʘ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʘʢ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʪʘʢ ʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʜʨʫʛʠʭ ʥʘʟʥʘʯʝʥʠʡ. ɹʝʥʪʦʥʠʪ ï ʭʦʨʦʰʠʡ 

ʢʦʤʧʦʥʝʥʪ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʤʥʦʛʦ ʧʨʦʜʫʢʮʠʠ, ʦʪʚʝʯʘʶʱʝʡ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩʪʘʥʜʘʨʪʘʤ. ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʥʪʦʥʠʪʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʧʦʚʝʜʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʩʪʦʷʯʝʡ ʚʦʜʳ ʠ ʪʝʧʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʧʨʦʚʝʜʝʥʳ ʚ 

ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ, ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʫʢʮʠʷ ʧʦʩʪʫʧʘʝʪ ʠʟ ʠʤʧʦʨʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. 
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ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  
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Abstract. The strengthening of the ribbon foundation of the NPP fan cooling tower is due to the problem of 

import substitution. Foreign companies supplying the necessary structures (fans, lubricants, etc.) have left the Russian 

markets due to the political situation. However, domestic production can offer a wide range of analogues, which are not 

much inferior to foreign products in terms of capacity and quality of work.  

However, domestic analogues have a larger mass, which is why the replacement of existing foreign fan cooling 

towers with a modern analogue leads to a significant increase in the load on the foundation. In order to avoid reducing 

the load-bearing capacity, as well as its overload, it is necessary to take measures to strengthen it in such a way that it 

meets technical and regulatory requirements. 

Keywords: fan cooling tower, fan, nuclear power plant, reinforcement, foundation. 
 

ɻʨʘʜʠʨʥʷ ï ʥʝʦʙʭʦʜʠʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 

ʚʦʜʷʥʦʛʦ ʧʦʪʦʢʘ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɺʠʜʦʚ ʛʨʘʜʠʨʝʥ- ʥʝ ʪʘʢ ʫʞ ʠ ʤʥʦʛʦ, 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʦʨʦʩʠʪʝʣʴʥʳʝ ʛʨʘʜʠʨʥʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʙʘʰʝʥʥʳʝ, ʦʜʥʘʢʦ ʚʩʝ ʙʦʣʴʰʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʛʨʘʜʠʨʥʠ. 

ʀʟʫʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʤʦʛʣʦ ʥʘʤ ʫʟʥʘʪʴ, ʚ ʢʘʢʠʭ ʩʬʝʨʘʭ ʠ ʩʪʝʧʝʥʠ 

ʠʟʫʯʘʣʘʩʴ ʜʘʥʥʘʷ ʪʝʤʘ. 

ɸ.ʇ. ɽʧʝʨʠʥ ʚ ʩʚʦʝʡ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ çʆ ʧʨʦʙʣʝʤʝ ʦʭʣʘʞʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ 

ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡè ʠʟʫʯʠʣ ʚʦʧʨʦʩ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʫʭʠʭ 

ʛʨʘʜʠʨʝʥ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ [1]. ʉʦʛʣʘʩʥʦ ʝʛʦ ʨʘʙʦʪʘʤ, ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʛʨʘʜʠʨʥʠ ʥʝ ʪʦʣʴʢʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʘʪʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, 

ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʛʨʘʜʠʨʥʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʜʠʨʝʥ ʩʫʭʦʛʦ ʪʠʧʘ 

ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʥʦ ʪʘʢ ʞʝ ʘʚʪʦʨ 

ʨʘʩʩʤʦʪʨʝʣ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ  ʵʪʠʭ ʛʨʘʜʠʨʝʥ ʜʣʷ ʩʪʨʦʷʱʠʭʩʷ, ʠʣʠ ʦʞʠʜʘʶʱʠʭ ʚ 

ʦʯʝʨʝʜʠ ʧʨʦʝʢʪʦʚ ɸʕʉ.  

ʆʩʥʦʚʥʦʝ ʠʭ ʦʪʣʠʯʠʝ ʦʪ ʙʘʰʝʥʥʳʭ ʛʨʘʜʠʨʝʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʥʪʠʣʷʪʦʨʳ, 

ʟʘʤʝʩʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʛʨʦʤʥʳʭ ʚʳʪʷʞʥʳʭ ʙʘʰʝʥ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʦʩʪʴ ʚ ʥʘʯʘʣʝ ʨʘʟʙʨʳʟʛʠʚʘʝʪʩʷ ʥʘ ʦʨʦʩʠʪʝʣʝ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʪʝʢʘʥʠʷ ʚ 

ʥʘʢʦʧʠʪʝʣʴ. ɿʘ ʩʯʝʪ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʘ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʢʦʥʩʪʨʫʢʮʠʡ 

ʚʦʟʜʫʭ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠʜʝʪ ʧʦ ʧʨʠʥʮʠʧʫ ʩʥʠʟʫ-ʚʚʝʨʭ, ʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʦʜʦʧʦʪʝʨʴ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʤʦʥʪʠʨʫʶʪ ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʫʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

ʅʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʈʦʩʘʪʦʤʘ ʚʳʰʣʘ ʩʪʘʪʴʷ ʦʪ 20 ʷʥʚʘʨʷ 2022 ʛʦʜʘ ç ʅʘ ʈʦʩʪʦʚʩʢʦʡ 

ɸʕʉ ʚʚʝʣʠ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʛʨʘʜʠʨʥʠ ʜʣʷ ʵʥʝʨʛʦʙʣʦʢʘ ˉ 3è, 

ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʚʫʶ ʛʨʘʜʠʨʥʶ ʪʘʢʦʛʦ ʪʠʧʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʠ ʙʫʜʫʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʧʨʠʤʝʥʷʶʪ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ 

ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʛʨʘʜʠʨʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʯʝʤ-ʪʦ ʥʦʚʳʤ [2]. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʥʦʩʪʨʘʥʥʳʝ ʤʦʜʝʣʠ, ʢʘʢ Gohl 82 z ʦʪ ʛʝʨʤʘʥʩʢʦʡ ʢʦʤʧʘʥʠʠ E.W. Gohl GmbH, ʦʜʥʘ ʩʝʢʮʠʷ 

ʚʝʥʪʠʣʷʪʦʨʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʤʘʩʩʝ 1190 ʢʛ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʪʝʤ ʞʝ ʦʙʲʝʤʦʤ ʚʦʜʳ, ʯʪʦ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʦʛ ɺɽʅʊɸ ʉʊʇ-250, ʠʤʝʷ ʤʘʩʩʫ 3300 ʢʛ [3].  

ɺʚʠʜʫ ʥʳʥʝʰʥʝʡ ʩʠʪʫʘʮʠʠ ʠʥʦʩʪʨʘʥʥʳʝ ʙʨʝʥʜʳ ʪʦ ʠ ʜʝʣʦ ʧʦʢʠʜʘʶʪ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʨʳʥʢʠ, ʘ ʧʨʠ ʵʪʦʤ ʠʭ ʫʩʪʘʥʦʚʢʠ ʚʩʝ ʝʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʊʝʭʥʠʢʘ ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ ʣʦʤʘʪʴʩʷ, 

ʚʳʭʦʜʠʪʴ ʠʟ ʩʪʨʦʷ, ʪʨʝʙʦʚʘʪʴ ʟʘʤʝʥʳ, ʠʣʠ ʜʘʞʝ ʘʧʛʨʝʡʜʘ. ɽʩʣʠ ʤʳ ʧʨʦʩʪʦ ʟʘʤʝʥʠʤ 

ʩʣʦʤʘʥʥʫʶ ʤʦʜʝʣʴ ʥʘ ʜʨʫʛʫʶ, ʧʨʝʚʳʰʘʶʱʫʶ ʝʸ ʚʝʩ ʚ 2 ʠ ʙʦʣʝʝ ʨʘʟʘ, ʪʦ ʥʘʛʨʫʟʢʘ ʥʘ 

ʬʫʥʜʘʤʝʥʪ ʫʚʝʣʠʯʠʪʩʷ ʜʦ ʥʝʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʯʨʝʚʘʪʦ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʘʜʢʠ 
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ʬʫʥʜʘʤʝʥʪʘ ʚ ʛʨʫʥʪ, ʥʦ ʠ ʨʘʟʨʫʰʝʥʠʶ.  

ɺʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ: çʂʘʢʠʤ ʩʧʦʩʦʙʦʤ ʫʩʠʣʠʪʴ ʬʫʥʜʘʤʝʥʪ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʛʨʘʜʠʨʥʠ, 

ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ?è 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʙʣʝʤʳ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ: ʫʩʠʣʠʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʡ ʧʣʠʪʥʳʡ 

ʬʫʥʜʘʤʝʥʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʥʝʯʥʳʡ ʠʪʦʛ ʫʜʦʚʣʝʪʚʦʨʷʣ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʥʦʨʤʘʪʠʚʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

ɸ.ɸ. ɸʬʘʥʘʩʴʝʚ ʠ ɽ.ʇ. ʄʘʪʚʝʝʚ ʧʨʝʜʣʦʞʠʣʠ ʚ ʩʚʦʝʤ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ  

çʈʝʢʦʥʩʪʨʫʢʮʠʷ ʞʠʣʳʭ ʟʜʘʥʠʡ ʏʘʩʪʴ I ʊʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʥʘʜʝʞʥʦʩʪʠ ʞʠʣʳʭ ʟʜʘʥʠʡè ʩʧʦʩʦʙ ʫʩʠʣʝʥʠʷ ʣʝʥʪʦʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʬʫʥʜʘʤʝʥʪ ʚʚʦʜʷʪ ʪʨʘʚʝʨʩʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ, ʜʚʫʭʢʦʥʩʦʣʴʥʳʝ ʙʘʣʢʠ, 

ʘ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʧʦʣʦʩʳ ʠʟ ʜʚʫʪʘʚʨʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʧʦʩʣʝʜʩʪʚʠʝʤ ʙʝʪʦʥʠʨʫʶʪ [4]. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʫʩʠʣʝʥʠʷ ʧʣʠʪʦʯʥʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ. ʌʘʢʪʠʯʝʩʢʠ ʚʦʢʨʫʛ ʧʣʠʪʦʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʚʦʟʚʦʜʠʪʩʷ ʘʨʤʦʧʦʷʩ, ʘ ʚʜʦʣʴ 

ʢʦʣʦʥʥ- ʩʝʪʢʠ. ɺ ʘʨʤʦʧʦʷʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʙʘʣʦʯʥʳʭ ʜʚʫʪʘʚʨʘ 212, ʘ ʚ ʩʝʪʢʝ 2 10. 

ɹʝʪʦʥʠʨʫʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʙʝʪʦʥʥʦʤ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʠ. ʇʨʠ 

ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʬʫʥʜʘʤʝʥʪ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦ ʰʠʨʠʥʝ ʠ ʜʣʠʥʝ ʥʘ 3000ʤʤ, ʫʚʝʣʠʯʠʚʘʷ 

ʨʘʩʯʝʪʥʫʶ ʥʘʛʨʫʟʢʫ, ʚʦʩʧʨʠʥʠʤʘʝʤʫʶ ʬʫʥʜʘʤʝʥʪʦʚ ʚ 2,5 ʨʘʟʘ, ʯʪʦ ʨʝʰʘʝʪ ʧʦʩʪʘʚʣʝʥʥʫʶ 

ʧʨʦʙʣʝʤʫ. 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʝʛʦ ʬʫʥʜʘʤʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ ʩʧʦʩʦʙ ʨʘʩʰʠʨʝʥʠʝ ʙʝʪʦʥʠʨʦʚʘʥʠʝʤ ʧʦʣʦʩ 

ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ ʩ ʜʚʫʭ ʩʪʦʨʦʥ. ʇʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʥʘʜ ʫʞʝ ʠʤʝʶʱʠʤʩʷ ʙʝʪʦʥʝ ʚ ʩʪʝʥʘʭ 

ʧʨʦʙʠʚʘʶʪ ʦʪʚʝʨʩʪʠʷ ʰʘʛʦʤ ʥʝ ʙʦʣʝʝ 1.5 ʤ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʚʚʦʜʷʪ ʜʚʫʭʢʦʥʩʦʣʴʥʳʝ ʙʘʣʢʠ 

(ʪʨʘʚʝʨʩʳ) ʠʟ ʩʧʘʨʝʥʥʳʭ ʰʚʝʣʣʝʨʦʚ (ʜʚʫʪʘʚʨʦʚ), ʟʘʜʝʣʘʥʥʳʝ ʥʘ ʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʙʝʪʦʥʝ ʚ 

ʢʠʨʧʠʯʥʳʝ ʩʪʝʥʳ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʢʦʨʨʦʟʠʠ, ʧʦʩʣʝ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʧʦʣʦʩ ʠʭ ʛʠʜʨʦʠʟʦʣʠʨʫʶʪ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦ ʫʩʠʣʝʥʠʶ ʬʫʥʜʘʤʝʥʪʘ ʧʦʟʚʦʣʠʣʠ ʜʦʩʪʠʯʴ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʫʥʜʘʤʝʥʪʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʦʨʤʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʥʝʛʦ, ʙʝʟ ʧʦʣʥʦʛʦ ʜʝʤʦʥʪʘʞʘ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  

1. ɽʧʝʨʠʥ, ɸ.ʇ. ʆ ʧʨʦʙʣʝʤʝ ʦʭʣʘʞʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ : 

ʩʪʘʪʴʷ/ɽʧʝʨʠʥ ɸ.ʇ. ; ʉʦʩʥʦʚʳʡ ɹʦʨ: ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ (ʬʠʣʠʘʣ) ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪ, 2011. 

2. ʈʦʩʘʪʦʤ// ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ : [ʩʘʡʪ].-2020.-URL: https://www.rosatom.ru/index.html (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ:11.03.2024). 

3. ʊʶʢʘʚʢʠʥ, ʅ.ʄ., ɸʥʠʩʠʤʦʚʘ, ɺ.ʖ., ʇʨʦʮʝʩʩʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʦʩʩʠʠ: ʪ    

ʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʅ.ʄ. ʊʶʢʘʚʠʥ, ɺ.ʖ. ɸʥʠʩʠʤʦʚʘ, ; ʉʘʤʘʨʘ: 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʝʚʘ; 2022.. - 

ISSN 2079-4665, E-ISSN 2411-796X ï ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ. 

4. ɸʬʘʥʘʩʴʝʚ, ɸ.ɸ., ʄʘʪʚʝʝʚ, ɽ.ʇ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʞʠʣʳʭ ʟʜʘʥʠʡ ʏʘʩʪʴ I ʊʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʞʠʣʳʭ ʟʜʘʥʠʡ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɸ.ɸ. ɸʬʘʥʘʩʴʝʚ, ɽ.ʇ. ʄʘʪʚʝʝʚ; 

ʄʦʩʢʚʘ: ʄ.ï ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʩ ʠʣʣʶʩʪʨʘʮʠʷʤʠ. 2008. 

 

 

ʋɼʂ 692.115 

ʊɽʍʅʆʃʆɻʀʗ ʋʉʊʈʆʁʉʊɺɸ ʉɺɸʁʅʓʍ ʌʋʅɼɸʄɽʅʊʆɺ 

ʄɽʊʆɼʆʄ ʋʇʃʆʊʅɽʅʀʗ çʈɸʉʂɸʊʂʀè ɻʈʋʅʊɸ 

 

ʉʘʧʝʣʴʥʠʢʦʚ ɸ.ʌ., ɻʝʡʜʘʨʦʚʘ ɸ. ʅ. 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 
tolik.sapelnikov@gmail.com 

 
ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ çʨʘʩʢʘʪʢʠè ʩʪʝʥʦʢ ʩʢʚʘʞʠʥ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʠʤʝʥʝʥʠʷ çʨʘʩʢʘʪʢʠè ʩ ʫʯʝʪʦʤ ʪʝʢʫʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʠ 
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ʪʨʝʙʦʚʘʥʠʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʄʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʧʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʜʫʱʠʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʘ, çʨʘʩʢʘʪʢʘè ʩʪʝʥʦʢ ʩʢʚʘʞʠʥ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʬʫʥʜʘʤʝʥʪʳ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʫʥʪʘ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 
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Abstract. The research is devoted to the study of the technology of "rolling out" the walls of wells, which is an 

innovative method of soil compaction in the construction industry. Special attention is paid to the long-term perspective 

of the application of "rolling out", taking into account current environmental standards and requirements of sustainable 

development. The material can be useful in choosing methods to improve the efficiency of future structures. 
Keywords: soil compaction, "rolling" of well walls, construction technologies, foundations, bearing capacity 

of soil, innovative methods in construction. 

 

ʅʠ ʦʜʥʦ ʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʥʝ ʦʙʦʡʜʝʪʩʷ ʙʝʟ ʢʨʝʧʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, 

ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʝʛʦ ʥʘʜʸʞʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʢʘʯʝʩʪʚʦ ʛʨʫʥʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʚʦʟʚʦʜʠʪʩʷ ʦʙʲʝʢʪ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʫʣʫʯʰʘʪʴ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʢʣʶʯʘʷ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʜʝʬʦʨʤʘʮʠʷʤ, ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ.  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ çʨʘʩʢʘʪʢʠè ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʛʨʫʥʪʦʚʳʭ ʦʩʥʦʚʘʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʜʦʚʦʡ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚʳ [1]. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʢʘʣʴʥʦʛʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʦʛʦ, ʚʢʣʶʯʘʷ ʜʠʘʤʝʪʨ, ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʠ ʪʠʧʘ ʛʨʫʥʪʘ. 

ɿʘʛʣʫʙʣʷʷʩʴ ʚ ʟʝʤʣʶ ʧʦ ʩʧʠʨʘʣʠ, ʵʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʤʫ 

ʫʧʣʦʪʥʝʥʠʶ ʧʦʯʚʳ, ʥʦ ʠ ʫʩʠʣʠʚʘʝʪ ʝʸ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʟʘ ʩʯʸʪ ʩʦʟʜʘʥʠʷ 

ʫʧʣʦʪʥʸʥʥʦʛʦ ʮʠʣʠʥʜʨʘ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʣʘʜʘʶʱʝʛʦ ʦʪʪʦʯʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʙʦʢʦʚʳʤ ʩʠʣʘʤ ʪʨʝʥʠʷ ʠ ʜʘʚʣʝʥʠʷ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 

ʵʢʦ-ʙʣʘʛʦʨʦʜʥʳʡ ʧʨʦʮʝʩʩ, ʠʩʢʣʶʯʘʶʱʠʡ ʠʟʚʣʝʯʝʥʠʝ ʛʨʫʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʚʘʡʥʦʛʦ ʩʪʦʣʙʘ, ʚʦʧʣʦʱʘʶʱʝʛʦ ʚ ʩʝʙʝ ʥʝʧʨʝʚʟʦʡʜʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʘʠ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʙʝʪʦʥ ʥʝʦʙʭʦʜʠʤʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ [2]. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʣʶʙʳʭ ʛʨʫʥʪʘʭ, ʚ ʦʩʥʦʚʥʦʤ ʚ ʥʝʩʚʷʟʘʥʥʳʭ ʠ ʩʣʘʙʦʩʚʷʟʘʥʥʳʭ 

ʛʨʫʥʪʘʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʧʦ ʥʝʫʩʪʦʡʯʠʚʳʤ ʛʨʫʥʪʘʤ ʦʙʫʩʣʦʚʣʝʥʦ ʫʨʦʚʥʝʤ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʛʨʫʥʪʘ ʢ ʜʘʚʣʝʥʠʶ 

ʞʠʜʢʦʛʦ ʙʝʪʦʥʘ, ʪʘʢ ʞʝ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʨʦʡʩʪʚʘ 

ʥʘʙʠʚʥʳʭ ʩʚʘʡ ʙʝʟ ʧʦʩʪʦʷʥʥʦʡ ʦʙʩʘʜʢʠ [3]. 

ʄʝʪʦʜ ʙʦʢʦʚʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ ʛʨʫʥʪʘ ʥʘʭʦʜʠʪ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʢʣʶʯʘʷ ʩʣʝʜʫʶʱʠʝ ʩʬʝʨʳ: 

- ʚʦʟʚʝʜʝʥʠʝ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʜʣʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʘʪʴ 

ʥʘʛʨʫʟʢʫ ʜʦ 3500 ʢʅ; 

- ʫʢʨʝʧʣʝʥʠʝ ʩʣʘʙʳʭ, ʥʝʫʢʨʝʧʣʝʥʥʳʭ ʠ ʚʣʘʞʥʳʭ ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ, 

ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʪʨʘʩʩ ʠ ʥʘʩʳʧʝʡ; 

- ʩʦʟʜʘʥʠʝ ʥʘʜʸʞʥʦʛʦ ʩʚʘʡʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʤʦʩʪʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʥʘʜʟʝʤʥʳʭ 

ʧʝʨʝʭʦʜʦʚ; 

- ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʚ ʮʝʣʷʭ ʟʘʱʠʪʳ ʦʪ ʦʧʦʣʟʥʝʡ; 

- ʦʙʫʩʪʨʦʡʩʪʚʦ ʦʧʦʨ ʜʣʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʩʝʪʝʡ, ʘʢʚʝʜʫʢʦʚ ʠ ʜʨʫʛʠʭ ʚʘʞʥʝʡʰʠʭ 

ʦʙʲʝʢʪʦʚ ʠʥʞʝʥʝʨʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
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ɺ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʫʩʪʨʦʡʩʪʚʘ ʩʚʘʠ 

ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʥʝ ʚʳʙʫʨʠʚʘʝʪ ʛʨʫʥʪ, ʘ ʟʘ ʩʯʝʪ ʙʦʢʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʫʧʣʦʪʥʷʝʪ ʝʛʦ. ʊʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʠʚʘʷ ʙʦʢʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʦʢʨʫʞʘʶʱʝʤ ʛʨʫʥʪʝ, ʩʦʟʜʘʚʘʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʥʘ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʘʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʚʳʩʰʫʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʳʭ ʩʳʧʫʯʠʭ ʛʣʠʥʠʩʪʳʭ ʧʦʯʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʥʠʞʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʧʣʘʥʝ ʧʨʦʯʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʜʝʬʦʨʤʘʮʠʠ. ʊʘʢ ʧʨʠ ʨʘʙʦʪʝ ʚ ʥʝ ʧʣʦʪʥʳʭ 

ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʘʭ ʩʚʘʠ Omega ʫʚʝʣʠʯʠʚʘʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʛʨʫʥʪʝ ʠ 

ʫʧʣʦʪʥʷʶʪ ʩʣʦʠ ʧʝʩʯʘʥʠʢʘ ʚʦʢʨʫʛ ʩʚʘʠ ʚ ʧʨʦʮʝʩʩʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ  

- ʚʳʩʦʢʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʩʚʘʠ;  

- ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 

- ʦʪʩʫʪʩʪʚʠʝ ʜʝʢʦʤʧʨʝʩʩʠʠ; 

- ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; 

- ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʠ ʟʘʪʨʘʪ. 

ʊʝʭʥʦʣʦʛʠʷ çʨʘʩʢʘʪʢʠè ʩʪʝʥʦʢ ʩʢʚʘʞʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʋʞʝ ʩʝʡʯʘʩ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʫʥʠʢʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʢʣʘʩʩʘ ʤʝʛʘʩʘʡʝʥʩ ï ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ çʉʠʙʠʨʩʢʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʬʦʪʦʥʦʚè (ʉʂʀʌ). ɽʸ ʜʘʣʴʥʝʡʰʘʷ ʨʘʟʨʘʙʦʪʢʘ 
ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʤʝʪʦʜʠʢʘʤʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʫʩʠʣʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʞʠʟʥʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 
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Abstract. Existing additives in concrete, in order to obtain maximum protection from radiation exposure. 

Radiation-protective concrete plays a crucial role in mitigating the harmful effects of ionizing radiation in various 

applications such as nuclear facilities, medical facilities and space exploration. This article analyzes the importance of 

existing additives in concrete, their effect and optimal concentrations, this study aims to identify the most suitable 

existing additives to improve its radiation-protective properties. 

Keywords: additives in concrete, radiation exposure, radiation-protective concrete, radiation, radiation-

protective properties of concrete. 

 

ʗʜʝʨʥʳʡ ʩʝʢʪʦʨ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʯʠʩʪʦʡ ʠ ʥʘʜʝʞʥʦʡ ʵʥʝʨʛʠʠ, ʨʘʟʚʠʪʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʫʢʨʝʧʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʷʜʝʨʥʦʛʦ ʩʜʝʨʞʠʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʧʘʩʥʦʩʪʠ, 

ʦʥ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʙʦʨʴʙʝ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʥʝʝ. ʍʦʪʷ 

ʙʝʪʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʢʦʪʦʨʫʶ ʟʘʱʠʪʫ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʣʦʪʥʦʡ ʧʨʠʨʦʜʝ, ʫʣʫʯʰʝʥʠʝ ʝʛʦ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʝʛʦ ʟʘʱʠʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʇʨʠ ʦʮʝʥʢʝ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʤʘʪʝʨʠʘʣʳ ʩʦʧʨʦʪʠʚʣʷʶʪʩʷ ʨʘʜʠʘʮʠʠ, 

ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʯʘʩʪʠʮ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʜʠʘʮʠʠ ʠ 

ʧʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ ʨʘʜʠʘʮʠʠ. ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʠʣʠ ʢʚʘʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ 

ʯʘʩʪʠʮ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʩʬʝʨʫ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʜʝʣʝʥʥʦʡ ʥʘ 

ʧʨʦʝʮʠʨʫʝʤʫʶ ʧʣʦʱʘʜʴ ʩʬʝʨʳ (ʚʳʨʘʞʝʥʥʫʶ ʚ ʢʦʣʠʯʝʩʪʚʝ ʯʘʩʪʠʮ ʚ ʩʝʢʫʥʜʫ ʥʘ ʢʚʘʜʨʘʪʥʳʡ 

ʤʝʪʨ). 

ɺ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʯʘʩʪʦ ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʣʦʪʥʳʡ ʙʝʪʦʥ ʚʝʩʦʤ ʦʪ 2500 ʜʦ 7000 ʢʛ/ʤ
3
, 

ʪʨʝʙʫʶʱʠʡ ʪʷʞʝʣʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, 

ʣʠʤʦʥʠʪʦʚʳʝ ʞʝʣʝʟʥʳʝ ʨʫʜʳ, ʙʘʨʠʪ, ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʣʦʤ ʠ ʩʚʠʥʮʦʚʘʷ ʜʨʦʙʴ.[4] 

ɺʦʟʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʠ ʥʘ ʙʝʪʦʥ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʣʦʪʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʶ ʟʝʨʝʥ 

ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʧʝʨʝʭʦʜʫ ʤʠʥʝʨʘʣʦʚ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʘʤʦʨʬʥʦʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʰʠʨʝʥʠʝʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʜʠʘʮʠʷ ʧʨʠʚʦʜʠʪ 

ʢ ʜʝʬʝʢʪʘʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʧʦʣʠʤʦʨʬʥʦʤʫ ʧʝʨʝʭʦʜʫ ʠ ʘʤʦʨʬʠʟʘʮʠʠ ʦʙʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ.[1] 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʝ ʙʝʪʦʥʳ ʠ ʨʘʩʪʚʦʨʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʤʠʥʝʨʘʣʴʥʳʭ, ʪʘʢ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʷʞʫʱʠʭ. ʇʦʧʫʣʷʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʚʷʟʫʶʱʠʝ ʚʢʣʶʯʘʶʪ ʵʧʦʢʩʠʜʥʳʝ, ʬʫʨʘʥʦʚʳʝ, ʬʝʥʦʣʴʥʳʝ, ʧʦʣʠʵʬʠʨʥʳʝ, 

ʨʝʟʦʨʮʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʩʤʦʣʳ ʠ ʧʦʣʠʙʫʪʘʜʠʝʥʦʚʳʝ ʦʣʠʛʦʤʝʨʳ. ʄʠʥʝʨʘʣʴʥʳʝ ʚʷʞʫʱʠʝ 

ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʛʣʠʥʦʟʝʤʠʩʪʳʡ ʠ ʩʝʨʥʳʡ ʮʝʤʝʥʪʳ, ʩʧʝʮʠʘʣʴʥʳʝ 

ʮʝʤʝʥʪʳ (ʥʘʧʨʠʤʝʨ, ʙʦʨʩʦʜʝʨʞʘʱʠʝ, ʤʘʛʥʠʝʚʳʝ, ʙʘʨʠʪʦʚʳʝ, ʩʦʨʝʣʴʩʢʠʝ, ʩʫʣʴʬʘʪʥʦ-

ʨʘʩʰʠʨʷʶʱʠʝʩʷ ʰʣʘʢʠ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʮʝʤʝʥʪʳ ʩʦ ʩʚʠʥʮʦʤ, ʪʘʢʠʝ ʢʘʢ ʩʚʠʥʮʦʚʦ-ʙʘʨʠʝʚʳʝ ʠ 

ʞʝʣʝʟʦ-ʩʚʠʥʮʦʚʦ-ʙʘʨʠʝʚʳʝ), ʠ ʨʘʩʪʚʦʨʳ ʛʠʜʨʦʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ (çʞʠʜʢʦʝ ʩʪʝʢʣʦè).[3] 

ʏʪʦʙʳ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʘ ʠ ʨʘʩʪʚʦʨʘ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʢʣʶʯʘʪʴ ʜʦʙʘʚʢʠ-

ʤʦʜʠʬʠʢʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ ʢʘʯʝʩʪʚʦ ʠ ʩʚʦʡʩʪʚʘ ʩʤʝʩʠ, ʚʢʣʶʯʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʟʘʱʠʱʘʪʴ ʦʪ ʨʘʜʠʘʮʠʠ. ʉʦʣʠ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʚʢʣʶʯʘʶʱʠʝ 

ʩʚʠʥʝʮ, ʚʠʩʤʫʪ, ʚʦʣʴʬʨʘʤ, ʮʠʨʢʦʥʠʡ, ʞʝʣʝʟʦ, ʦʣʦʚʦ, ʢʘʜʤʠʡ, ʣʠʪʠʡ ʠ ʙʘʨʠʡ, ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 2,5-3,5%. ʅʘʣʠʯʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʤʦʜʠʬʠʢʘʪʦʨʘʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʝʪ ʟʘʱʠʪʫ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʅʝʡʪʨʦʥʥʘʷ ʟʘʱʠʪʘ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʚʢʣʶʯʝʥʠʷ ʚ ʙʝʪʦʥ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ (ʥʘʧʨʠʤʝʨ, ʢʦʣʝʤʘʥʠʪ, 

ʜʘʪʦʣʠʪ, ʙʦʨʦʢʘʣʴʮʠʪ).[2] 

ɺ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʩʤʝʩʠ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ ʧʫʪʝʤ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʦʢʨʳʪʠʡ, ʛʝʨʤʝʪʠʟʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʛʨʫʥʪʘ ʠ ʤʥʦʛʦʛʦ ʜʨʫʛʦʛʦ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʠʙʨʦʜʝʤʧʬʠʨʫʶʱʠʭ ʵʣʘʩʪʦʤʝʨʥʳʭ ʧʣʘʩʪʠʥ, 

ʘ  ʪʘʢʞʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʠʥʳʤʠ ʟʚʫʢʦ- ʠ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ 

ʧʨʠʚʝʜʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʚ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʤʝʱʝʥʠʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʨʘʟʤʝʱʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʦʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʧʦʣʠʤʝʨʳ, ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʧʨʫʛʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ, ʫʤʝʥʴʰʝʥʠʝ ʚʠʙʨʘʮʠʡ. 
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Abstract. The subject of the study is the study of vibration damping elastomeric plates, as well as their 

application and comparison with other sound and vibration insulating materials. In the course of the work, the physical 

and mechanical properties and effectiveness of the product in wide application are presented, in particular in the 

operation of premises providing for the placement of industrial equipment. The advantages and disadvantages of their 

operation are given. 

Keywords: vibration damping, polymers, negative effects, multilayer elastic materials, vibration isolators, 

vibration reduction. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʤʘʰʠʥ ʠ 

ʤʝʭʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʠ ʫʩʢʦʨʝʥʠʷʭ[1]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʚʦʟʨʘʩʪʘʝʪ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʠʙʨʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʰʠʥ, 

ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʙʳʩʪʨʦʡ ʫʪʦʤʣʷʝʤʦʩʪʠ[2]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʛʣʦʱʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʟʘʱʠʪʳ[3].  

ɺʠʙʨʦʜʝʤʧʬʠʨʫʶʱʠʝ ʵʣʘʩʪʦʤʝʨʥʳʝ ʧʣʘʩʪʠʥʳ - ʵʪʦ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʘʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʠ 

ʢʦʥʩʪʨʫʢʮʠʷʭ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʘʩʪʠʥʫ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʛʣʦʱʝʥʠʷ ʚʠʙʨʘʮʠʠ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʦʢʨʘʱʝʥʠʝ ʰʫʤʦʚʳʭ ʵʤʠʩʩʠʡ. ɻʠʙʢʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʧʣʘʩʪʠʥ ʠ ʠʭ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ 
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ʚʠʙʨʘʮʠʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʥʠʞʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʟʚʫʢʘ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʩʤʷʛʯʘʪʴ ʫʜʘʨʳ, ʧʫʣʴʩʘʮʠʠ ʠ ʜʨʫʛʠʝ ʧʝʨʝʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʦʦʨʫʞʝʥʠʡ, ʫʣʫʯʰʘʶʪ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʝʛʦ ʩʨʦʢ ʩʣʫʞʙʳ. ʉʥʠʞʘʶʪ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʠʙʨʘʮʠʝʡ ʠ ʰʫʤʦʤ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʠʙʨʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʷʟʢʦʫʧʨʫʛʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ. ʊʝʨʤʠʥ çʚʷʟʢʦʫʧʨʫʛʦʝè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʝʤʧʬʠʨʫʶʱʠʡ 

ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʢʘʢ ʵʣʘʩʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʦʚʝʜʝʥʠʷ[1]. 

ʋʧʨʫʛʠʡ ʤʘʪʝʨʠʘʣ - ʵʪʦ ʪʦʪ, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪ ʵʥʝʨʛʠʶ ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʢʠ, ʥʦ ʚʩʷ 

ʵʥʝʨʛʠʷ ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ ʫʜʘʣʝʥʘ. ʇʣʘʩʪʠʯʥʳʡ ʞʝ ʤʘʪʝʨʠʘʣ ʥʝ 

ʚʦʟʚʨʘʱʘʝʪ ʵʥʝʨʛʠʶ, ʪʘʢ ʢʘʢ ʚʩʷ ʵʥʝʨʛʠʷ ʪʝʨʷʝʪʩʷ ʚ ʚʠʜʝ çʯʠʩʪʦʛʦ ʟʘʪʫʭʘʥʠʷè, ʢʘʢ ʪʦʣʴʢʦ 

ʩʥʠʤʘʝʪʩʷ ʥʘʛʨʫʟʢʘ. ɺ ʚʷʟʢʦʫʧʨʫʛʦʤ ʤʘʪʝʨʠʘʣʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʭʨʘʥʷʝʪʩʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʚʦ 

ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʢʠ, ʘ ʟʘʪʝʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʝʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʠʙʨʦʜʝʤʧʬʠʨʫʶʱʠʭ ʵʣʘʩʪʦʤʝʨʥʳʭ ʧʣʘʩʪʠʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʦʙʣʘʩʪʠ: ʟʘʱʠʪʘ ʦʪ ʚʠʙʨʘʮʠʠ ʬʫʥʜʘʤʝʥʪʦʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʬʫʥʜʘʤʝʥʪʘʭ ʠ ʦʩʥʦʚʘʥʠʷʭ ʢʨʫʧʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʩʦʟʜʘʥʠʝ ʚʠʙʨʦʛʘʩʷʱʠʭ 

ʦʧʦʨ ʜʣʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʧʨʠʤʝʥʝʥʠʝ ʚʠʙʨʦ- ʠ 

ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʝʤʙʨʘʥ ʜʣʷ ʧʣʘʚʘʶʱʠʭ ʧʦʣʦʚ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʟʦʣʷʮʠʠ 

ʧʦʪʦʣʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʦʪ ʰʫʤʘ; ʫʩʪʘʥʦʚʢʘ ʧʦʜʧʦʨʦʢ ʜʣʷ ʧʦʣʦʚ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʫʜʘʨʥʦʛʦ 

ʰʫʤʘ; ʫʤʝʥʴʰʝʥʠʝ ʚʠʙʨʘʮʠʡ ʚ ʧʝʨʝʢʨʳʪʠʷʭ ʤʝʞʜʫ ʵʪʘʞʘʤʠ; ʦʪʜʝʣʢʘ ʧʦʤʝʱʝʥʠʡ ʣʠʬʪʦʚ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ[1]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ: 

- ʧʦʚʳʰʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ; 

- ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ; 

- ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʚʦʜʥʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʘʭ; 

- ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʨʘʙ. ʥʘʛʨʫʟʢʫ ʜʦ 100 ʢʛ ʥʘ 1 ʩʤĮ; 

- ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʙʨʦʜʝʤʧʬʠʨʫʶʱʠʝ ʧʣʘʩʪʠʥʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʷ ʠʤ ʨʘʙʦʪʘʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠ ʙʝʟʦʧʘʩʥʦ. ʂʘʯʝʩʪʚʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʝʣʘʶʪ ʠʭ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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Abstract. This article discusses the use of a thermocouple in the construction of houses, the process of forming 

a thermocouple, as well as its quality control. The main advantages of the material, the process of forming thermo 

porous blocks, the main components of the thermopore and the performance of surface treatment are presented. 

Keywords: thermocouple, polymer, foam, granules, mold, lamination. 

 

ʊʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʘʥʘʣʦʛʠʯʥʳʡ ʊʝʨʤʦʧʦʨʫ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʀʥʩʪʠʪʫʪʝ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʛ. ʐʪʫʪʛʘʨʪʘ (ɻʝʨʤʘʥʠʷ). ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 30 ʣʝʪ. ʕʪʦʪ 

ʤʘʪʝʨʠʘʣ ʩʪʘʣ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʅʦʨʚʝʛʠʠ ʜʣʷ ʟʘʱʠʪʳ ʜʦʤʦʚ ʦʪ ʭʦʣʦʜʘ, ʘ ʚ ʀʟʨʘʠʣʝ 

ʠ ʀʨʘʢʝ ï ʦʪ ʞʘʨʳ. ɺ ʏʝʭʠʠ ʠʤ ʫʪʝʧʣʝʥʦ ʙʦʣʝʝ 10 ʤʣʥ. ʤ2 ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʜʦ 60%. 

ʊʝʨʤʦʧʦʨ - ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʝʥʦʧʣʘʩʪʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʛʨʘʥʫʣ ʧʦʣʠʩʪʠʨʦʣʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʥʘʙʫʭʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ 

ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʞʘʪʠʝ, ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʦʪʣʠʯʥʳʤʠ ʠʟʦʣʷʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɽʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʬʦʨʤʫ ʠ ʤʘʣʳʡ ʚʝʩ ʜʝʣʘʶʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ 

ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. [1] 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʨʤʦʧʦʨ ʚʢʣʶʯʘʝʪ ʧʦʣʫʯʝʥʠʝ ʩʳʨʴʷ. 

ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʠʩʪʠʨʦʣ, ʧʦʣʠʤʝʨ ʥʘ ʤʘʩʣʷʥʦʡ ʦʩʥʦʚʝ. ɻʨʘʥʫʣʳ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʤʝʪʦʜʘʤʠ ʩʫʩʧʝʥʟʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʣʠ ʥʝʧʨʝʨʳʚʥʦʡ ʵʢʩʪʨʫʟʠʠ. 

ʇʝʨʝʜ ʧʨʦʮʝʩʩʦʤ ʚʩʧʝʥʠʚʘʥʠʷ ʛʨʘʥʫʣʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʜʫʪʴ, ʯʪʦʙʳ 

ʩʜʝʣʘʪʴ ʛʨʘʥʫʣʳ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤʠ ʠ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʘ ʠ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʝʥʪʘʥʘ ʦʙʳʯʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʩʧʝʥʠʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʛʨʘʥʫʣʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 50 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ (ʩʤ. 

ʨʠʩʫʥʦʢ 1).  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʝʨʤʦʧʦʨ, ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. [1] 

 

ʌʦʨʤʦʚʘʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʨʤʦʧʦʨ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥʥʳʝ ʰʘʨʠʢʠ ʧʦʤʝʱʘʶʪʩʷ ʚ ʬʦʨʤʳ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ. 

ʕʪʠ ʬʦʨʤʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʧʘʨʘ ʠ ʪʝʧʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʰʘʨʠʢʠ ʝʱʝ ʙʦʣʴʰʝ 

ʨʘʩʰʠʨʷʶʪʩʷ ʠ ʧʣʘʚʷʪʩʷ, ʦʙʨʘʟʫʷ ʮʝʣʴʥʳʡ ʙʣʦʢ ʞʝʣʘʝʤʦʡ ʬʦʨʤʳ. ɹʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʝʩʩ-ʬʦʨʤ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʠʟʜʝʣʠʷ ʠʟ ʪʝʨʤʦʧʦʨʠʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 
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ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʚʘʥʠʷ ʪʝʨʤʦʧʦʨʠʩʪʳʤʠ ʙʣʦʢʘʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʭʣʘʞʜʝʥʠʝ ʠ 

ʦʙʨʝʟʢʘ ʠʟʣʠʰʢʦʚ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʙʣʦʢʠ ʦʙʨʝʟʘʶʪʩʷ ʜʦ ʞʝʣʘʝʤʳʭ ʨʘʟʤʝʨʦʚ ʠ ʠʤ 

ʧʨʠʜʘʝʪʩʷ ʦʩʦʙʘʷ ʬʦʨʤʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʠʭ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤ ʧʨʦʮʝʩʩ ʨʝʟʢʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʢʘʣʝʥʥʦʡ 

ʧʨʦʚʦʣʦʢʠ, ʧʠʣ ʠʣʠ ʜʨʫʛʠʭ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʟʢʠ. [2] 

ʆʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ 

ʪʝʨʤʦʧʦʨʠʩʪʳʭ ʠʟʜʝʣʠʡ. ʕʪʘ ʦʙʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʥʘʥʝʩʝʥʠʝ ʪʦʥʢʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʧʘʨʘʬʠʥ, ʩʤʦʣʘ ʠʣʠ ʧʦʣʠʤʝʨʥʳʝ ʧʦʢʨʳʪʠʷ. ʇʦʢʨʳʪʠʝ ʧʦʤʦʛʘʝʪ ʧʦʚʳʩʠʪʴ 

ʚʦʜʦʩʪʦʡʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʇʣʘʤʝʥʥʦʝ ʣʘʤʠʥʠʨʦʚʘʥʠʝ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʠʢʣʝʠʚʘʥʠʷ ʪʝʨʤʦʧʦʨʳ ʢ ʜʨʫʛʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʪʘʢʠʤ ʢʘʢ ʙʫʤʘʛʘ ʠʣʠ 

ʪʢʘʥʴ. 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʪʝʨʤʦʧʦʨ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʦʚʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʪʝʩʪʳ, ʚʢʣʶʯʘʷ ʪʝʩʪʳ ʥʘ ʧʣʦʪʥʦʩʪʴ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʠ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʪʨʘʩʣʝʚʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ 

ʟʘʢʘʟʯʠʢʘ. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʊʝʨʤʦʧʦʨʦʤ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɹʫʜʫʯʠ ʧʨʦʜʫʢʪʦʤ ʥʘ ʥʝʬʪʷʥʦʡ ʦʩʥʦʚʝ, ʦʥ ʥʝ ʧʦʜʜʘʝʪʩʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ, ʘ ʥʝʧʨʘʚʠʣʴʥʘʷ ʫʪʠʣʠʟʘʮʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʛʨʷʟʥʝʥʠʶ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʫʩʠʣʠʷ ʧʦ ʩʤʷʛʯʝʥʠʶ ʝʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩ ʧʦʤʦʱʴʶ ʠʥʠʮʠʘʪʠʚ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʇʝʨʝʨʘʙʦʪʢʘ ʪʝʨʤʦʧʦʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʙʦʨ ʠ ʧʝʨʝʨʘʙʦʪʢʫ ʦʪʭʦʜʦʚ ʠʟʜʝʣʠʡ ʠʟ 

ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ. ʄʘʪʝʨʠʘʣ ʠʟʤʝʣʴʯʘʝʪʩʷ, ʧʨʝʩʩʫʝʪʩʷ ʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʫʧʣʦʪʥʝʥʥʳʭ ʙʨʝʚʝʥ ʠʣʠ ʛʨʘʥʫʣ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʠʟ ʪʝʨʤʦʧʦʨʘ. ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʩʦʟʜʘʥʳ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʜʝʡʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʥʳʝ ʘʢʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ 

ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ. 

ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʤʘʪʝʨʠʘʣʘ: 

- ʵʢʦʥʦʤʠʷ ʥʘ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʨʝʤʝʥʠ ʨʘʙʦʪ: ʟʘ ʦʜʥʫ ʦʧʝʨʘʮʠʶ 

ʚʳʧʦʣʥʷʝʪʩʷ ʪʝʧʣʦʠ ʰʫʤʦʠʟʦʣʷʮʠʷ; 

- ʚʳʩʦʢʘʷ ʰʫʤʦï ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʷ; 

- ʣʝʛʢʠʡ ʚʝʩ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ. ʃʝʛʢʠʡ ʚʝʩ ï ʤʝʥʴʰʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʬʫʥʜʘʤʝʥʪ ʠ 

ʤʝʞʵʪʘʞʥʳʝ ʧʝʨʝʢʨʳʪʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʨʝʤʦʥʪʝ ʩʪʘʨʦʛʦ ʞʠʣʦʛʦ ʬʦʥʜʘ; 

- ʥʠʟʢʘʷ ʪʝʢʫʯʝʩʪʴ ʠ ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʷ; 

- ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʠ ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʨʤʦʧʦʨ - ʵʪʦ ʩʣʦʞʥʳʡ ʧʫʪʴ ʦʪ ʩʳʨʴʷ ʜʦ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʠʠ ʵʪʘʧʦʚ ʧʦʣʠʩʪʠʨʦʣʴʥʳʝ ʰʘʨʠʢʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʣʝʛʢʠʡ, 

ʠʟʦʣʠʨʫʶʱʠʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʝʥʠʡ. ʍʦʪʷ 

ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʨʤʦʧʦʨ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʦʡ, ʧʦʩʪʦʷʥʥʳʝ ʫʩʠʣʠʷ ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʤʳ ʤʦʞʝʤ ʦʞʠʜʘʪʴ ʝʱʝ ʙʦʣʝʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʦʛʦ 

ʮʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʂʘʢ ʧʦʪʨʝʙʠʪʝʣʠ, ʜʝʣʘʶʱʠʝ ʦʩʦʟʥʘʥʥʳʡ ʚʳʙʦʨ 

ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʠʥʠʮʠʘʪʠʚʳ, ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʤʫ ʙʫʜʫʱʝʤʫ ʪʝʨʤʦʧʦʨʘ ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʥʦʚʦʤʫ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ ʠʟ ʤʦʣʦʪʦʛʦ 

ʩʝʥʘ, ʢʦʣʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʤʠʮʝʣʠʝʤ. ʄʠʮʝʣʠʡ ʩʣʫʞʠʪ ʩʚʷʟʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʩʢʣʝʠʚʘʝʪ ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʤʘʪʝʨʠʘʣ ʠ ʧʨʠʜʘʝʪ ʝʤʫ ʧʨʦʯʥʦʩʪʴ ʠ ʮʝʣʦʩʪʥʦʩʪʴ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʪʘʢʠʝ ʢʘʢ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠ ʜʨʫʛʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʮʝʣʠʡ, ʤʠʮʝʣʠʘʣʴʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʵʢʩʧʝʨʝʤʝʥʪʘʣʴʥʳʡ, ʤʠʮʝʣʠʘʣʴʥʳʝ ʙʣʦʢʠ, 

ʢʦʣʦʥʠʟʠʨʦʚʘʥʥʳʡ ʤʠʮʝʣʠʝʤ. 
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Abstract. The work is devoted to a new ecological material that is created from ground hay colonized by 

mycelium. Mycelium serves as a binder that glues the material used and gives it strength and integrity. The basic 

physical and hydrophysical properties of the material, such as bulk density, hygroscopicity, water absorption and others, 

are determined. 

Keywords: mycelium-mycelial composites, experimental, mycelial blocks colonized by mycelium. 

 

ʄʠʮʝʣʠʘʣʴʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʦʷʪ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʩʫʙʩʪʨʘʪʘ), ʢʦʪʦʨʳʡ ʙʳʣ ʢʦʣʦʥʠʟʠʨʦʚʘʥ ʤʠʮʝʣʠʝʤ. ʄʠʮʝʣʠʡ - ʵʪʦ ʚʝʛʝʪʘʪʠʚʥʘʷ ʯʘʩʪʴ 

ʛʨʠʙʦʚ. ʅʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ ʩʚʦʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʠʮʝʣʠʡ ʨʘʟʤʥʦʞʘʝʪʩʷ ʩʧʦʨʘʤʠ, 

ʦʙʨʘʟʫʷ ʧʣʦʜʦʚʳʝ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʣʶʜʠ ʨʘʩʧʦʟʥʘʶʪ ʢʘʢ ʛʨʠʙʳ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʥʠʪʝʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ (ʛʠʬ), ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʙʝʣʳʝ ʧʦ ʮʚʝʪʫ. ʆʥʠ, ʢʘʢ 

ʩʚʷʟʫʶʱʝʝ ʚʝʱʝʩʪʚʦ, ʩʢʣʝʠʚʘʶʪ ʩʫʙʩʪʨʘʪ, ʩʦʭʨʘʥʷʷ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʞʝ ʧʦʩʣʝ ʛʠʙʝʣʠ 

ʛʨʠʙʘ [2]. 

ɼʦ ʩʠʭ ʧʦʨ ʤʠʮʝʣʠʘʣʴʥʳʝ ʙʣʦʢʠ ʥʘʭʦʜʷʪ ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʫʜʘʨʦʧʨʦʯʥʦʛʦ ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʩʤ. ʨʠʩʫʥʦʢ 1 ï ʣʝʚʳʡ). ɹʣʘʛʦʜʘʨʷ ʵʣʘʩʪʠʯʥʦʤʫ 

ʧʦʚʝʜʝʥʠʶ ʤʘʪʝʨʠʘʣʘ, ʦʥ ʧʦʛʣʦʱʘʝʪ ʵʥʝʨʛʠʶ ʫʜʘʨʦʚ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʭʨʘʥʷʝʪ ʫʧʘʢʦʚʢʫ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʠʮʝʣʠʘʣʴʥʳʝ ʢʦʤʧʦʟʠʪʳ ʚʩʝ ʝʱʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʘʜʠʠ. ɹʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʤʫ ʨʦʩʪʫ, ʥʝʪʦʢʩʠʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʤʠʮʝʣʠʘʣʴʥʳʝ ʢʦʤʧʦʟʠʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʘʥʛʘʨʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʧʨʦʝʢʪ Mycotechure (ʩʤ. ʨʠʩʫʥʦʢ 1 ï ʧʨʘʚʳʡ) ʠʣʠ ʧʨʦʪʦʪʠʧ ʫʩʪʦʡʯʠʚʦʛʦ ʟʜʘʥʠʷ ʚ 

ʂʫʥʴʤʠʥʝ, ʖʞʥʳʡ ʂʠʪʘʡ. ʅʝʢʦʪʦʨʳʝ ʠʩʪʦʯʥʠʢʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʠʮʝʣʣʷʨʥʳʝ ʢʦʤʧʦʟʠʪʳ 

ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʜʝ, ʧʣʝʩʝʥʠ ʠ ʦʛʥʶ [1]. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʥʝʥʠʝ ʤʠʮʝʣʣʷʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʫʧʘʢʦʚʢʝ (ʩʣʝʚʘ)  

ʠ ʘʨʭʠʪʝʢʪʫʨʝ (ʩʧʨʘʚʘ)[4] 

 

ʉʦʟʜʘʥʠʝ ʤʠʮʝʣʠʘʣʴʥʳʭ ʙʣʦʢʦʚ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. ʉʥʘʯʘʣʘ ʩʦʣʦʤʝʥʥʳʝ 

ʪʶʢʠ ʠʟʤʝʣʴʯʘʶʪ ʠ ʧʘʩʪʝʨʠʟʫʶʪ. ɿʘʪʝʤ ʢ ʠʟʤʝʣʴʯʝʥʥʦʡ ʩʦʣʦʤʝ ʜʦʙʘʚʣʷʶʪ ʨʘʟʚʠʚʠʰʠʡʩʷ 

ʤʠʮʝʣʠʡ ʠ ʬʦʨʤʠʨʫʶʪ ʙʣʦʢʠ. ʇʦʩʣʝ ʯʝʛʦ ʙʣʦʢʠ ʩʫʰʘʪ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʯʝʣʠʥʳʤ ʚʦʩʢʦʤ.  

ʆʙʨʘʟʮʳ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʳʨʝʟʘʶʪʩʷ ʠʟ ʙʣʦʢʦʚ ʨʘʟʤʝʨʦʤ 200x200x100 

ʤʤ. ɼʘʣʝʝ ʬʦʨʤʠʨʫʶʪʩʷ ʢʫʙʳ ʠ ʧʨʠʟʤʳ ʩ ʧʦʜʭʦʜʷʱʠʤʠ ʨʘʟʤʝʨʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʤ. ʨʠʩʫʥʦʢ 2). ʇʦʩʣʝ ʦʙʨʝʟʢʠ ʤʠʮʝʣʠʷ, 

ʙʣʦʢʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʣʦʪʥʳʤʠ ʩʥʘʨʫʞʠ. ʕʪʦʪ ʩʣʦʡ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʦʙʦʣʦʯʢʘ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʙʣʦʢʘ, ʘ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ ʤʠʛʨʘʮʠʶ 

ʚʦʜʷʥʳʭ ʧʘʨʦʚ.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʙʥʳʝ ʪʝʣʘ ʠʟ ʤʠʮʝʣʠʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʘ 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘʯʠʥʘʶʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʘʥʠʷ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʦʙʨʘʟʮʦʚ, ʧʨʠ 

ʨʘʟʥʠʮʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʙʦʣʝʝ 15%. ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ: ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Travaglini S. Noble J., Ross PG, Dharan CKH. Mycology Matrix Composites, American Society for 

CompositesïTwenty-Eighth Technical Conference. ʈ. 123. 

2. Boyer M. ñPhillip Ross Molds Fast-Growing Fungi Into Mushroom Building Bricks That Are Stronger than 

Concrete | Inhabitat - Sustainable Design Innovation, Eco Architecture, Green Buildinò, 25.06.2014. ʈ. 56. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʪʦʢʦʧʨʦʚʦʜʷʱʝʤʫ ʙʝʪʦʥʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʚʦʡʩʪʚʘ  ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ 

ʙʝʪʦʥʘ, ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʧʦʣʴʟʘ. ʇʨʠʰʣʠ ʢ ʟʘʢʣʶʯʝʥʠʶ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ 

ʙʝʪʦʥʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʤʦʩʪʦʚʳʝ ʥʘʩʪʠʣʳ, ʟʘʱʠʪʘ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ. 
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Abstract. The work is devoted to conductive concrete. The properties of conductive concrete, its manufacture 

and use are considered. We came to the conclusion about the expediency of using conductive concrete in the 

construction industry 

Keywords de-icing treatment, bridge decking, protection of electrical appliances, electricity, technological 

innovations. 
 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʠʤ ʩʨʘʟʫ ʜʚʝ ʟʘʜʘʯʠ: 

ʇʝʨʚʘʷ ï ʵʪʦ ʚʳʙʨʦʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʚʝʩʪʠ ʠʟ ʩʪʨʦʷ 

ʚʘʞʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʕʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʛʨʦʟʫ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʪʘʢʦʡ ʢʘʢ ʵʣʝʢʪʨʦʩʝʪʠ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʚʩʶʜʫ. ʆʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʦʣʥʘʤʠ ʠ 

ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ, ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʨʘʜʠʦʚʦʣʥ ʠ ʤʠʢʨʦʚʦʣʥ ʜʦ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʠ ʛʘʤʤʘ-ʣʫʯʝʡ. ʅʦ ʚʩʧʣʝʩʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʢʘʯʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʤʘʩʩʦʚʳʤ ʦʪʢʘʟʘʤ ʵʣʝʢʪʨʦʥʠʢʠ. 

ɺʪʦʨʘʷ ï ʵʪʦ ʪʨʘʚʤʦʦʧʘʩʥʦʩʪʴ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʦ ʚʨʝʤʷ ʛʦʣʦʣʝʜʘ.  ʇʦ ʩʪʘʪʠʩʪʠʢʝ 

ʪʦʣʴʢʦ ʟʘ ʜʝʢʘʙʨʴ ʧʨʦʰʝʜʰʝʛʦ ʛʦʜʘ ʚʦʟʨʦʩʣʦ ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ, ʪʦʣʴʢʦ ʟʘ 10-12 ʜʝʢʘʙʨʷ ʚ 

ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 289 ʩʣʫʯʘʝʚ. ɺ ʪʨʘʚʤʧʫʥʢʪʳ ʦʙʨʘʪʠʣʠʩʴ ʙʦʣʝʝ 333 

ʧʦʩʪʨʘʜʘʚʰʠʭ ʦʪ ʛʦʣʦʣʝʜʘ, ʠʟ ʥʠʭ 71 ï ʜʝʪʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʠʩʪʝʤʫ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʦʙʣʘʩʪʠ.[1] 

ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʘʚʘʨʠʡ ʦʪ ʛʦʣʦʣʝʜʘ ʠ ʦʙʝʟʦʧʘʩʠʪʴ ʵʣʝʢʪʨʦʥʠʢʫ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʠʤ ʙʝʪʦʥ Shot ʉrete, ʢʦʪʦʨʳʡ ʩʪʘʣ 

ʥʘʜʝʞʥʳʤ ʩʧʦʩʦʙʦʤ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʊʦʢʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʘʪʴ ʠ ʦʪʨʘʞʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʚʦʣʥʳ ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ, ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʅʝʙʨʘʩʢʠ, ʛʦʨʦʜ ʃʠʥʢʦʣʴʥ, ʚ ʙʝʪʦʥ ʜʦʙʘʚʠʣʠ 

ʤʘʛʥʝʪʠʪ ʠʣʠ ʤʘʛʥʠʪʥʳʡ ʞʝʣʝʟʥʷʢ ï ʧʨʠʨʦʜʥʳʡ ʤʠʥʝʨʘʣ, ʢʦʪʦʨʳʡ ʚʧʠʪʳʚʘʝʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ. ɼʣʷ ʫʩʠʣʝʥʠʷ ʵʬʬʝʢʪʘ ʜʦʙʘʚʣʷʶʪ ʫʛʣʝʨʦʜʥʳʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ. 
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ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ, ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ Shot Crete ʧʦʛʣʦʱʘʝʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʣʝʞʘʱʠʝ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʦʩʣʝ ʯʝʛʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ 

ʠʭ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. ʀʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ʪʘʢʦʛʦ ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʦʭʦʜʷʱʘʷ 

ʧʦʙʣʠʟʦʩʪʠ ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʧʨʦʝʟʞʘʶʱʠʡ ʵʣʝʢʪʨʦʤʦʙʠʣʴ ʠ ʜʘʞʝ ʩʦʙʩʪʚʝʥʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʟʝʤʣʠ.[2] 

ʊʘʢʞʝ ʟʘ ʨʫʙʝʞʦʤ ʪʘʢʫʶ ʪʝʭʥʦʣʦʛʠʶ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛ, 

ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʠ ʪʨʦʪʫʘʨʦʚ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʪʘʧʣʠʚʘʥʠʷ ʣʴʜʘ. 

ʇʦʢʨʳʪʠʝ ʙʝʟʦʧʘʩʥʦ ʜʣʷ ʣʶʜʝʡ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʙʫʜʝʪ ʚ 

ʨʘʟʳ ʜʝʰʝʚʣʝ, ʯʝʤ ʥʘʥʠʤʘʪʴ ʤʘʰʠʥʳ ʜʣʷ ʫʙʦʨʢʠ ʩʥʝʛʘ ʠʣʠ ʧʦʩʳʧʘʪʴ ʜʦʨʦʛʠ ʨʝʘʛʝʥʪʘʤʠ. 

ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ï ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʨʦʛ ʠ 

ʧʝʰʝʭʦʜʥʳʭ ʟʦʥ. ɺ 2002 ʛʦʜʫ ɼʝʧʘʨʪʘʤʝʥʪ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʛʦʨʦʜʘ ʃʠʥʢʦʣʴʥ 

ʩʦʚʤʝʩʪʥʦ ʩ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʅʝʙʨʘʩʢʠ ʧʦʩʪʨʦʠʣʠ 150-ʬʫʪʦʚʳʡ ʤʦʩʪ Roca Spur (ʩʤ. ʨʠʩʫʥʦʢ 

1) - ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʤʦʩʪ ʠʟ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʙʝʪʦʥʘ. 

ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʙʳʣʦ ʧʨʝʜʦʪʚʨʘʱʝʥʦʦʙʣʝʜʝʥʝʥʠʝ ʪʨʘʩʩ ʠ ʩʥʠʟʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ 

ʘʚʘʨʠʡ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ. 

ʄʦʩʪ, ʠʥʢʨʫʩʪʠʨʦʚʘʥʥʳʡ 52 ʪʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʧʣʠʪʘʤʠ, ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʟʘʱʠʱʘʶʪ 

ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʦʙʣʝʜʝʥʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʫ Shot Crete ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʵʢʦʥʦʤʠʪʴ ʥʘ ʩʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʩʩ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʩʪ çRoca Spurtè 

 

ɺ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʙʝʪʦʥ Shot ʉrete ʪʦʞʝ ʩʤʦʛ ʥʘʡʪʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ï ʟʘʱʠʪʘ ʧʨʠʙʦʨʳ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʦʪ ʧʦʚʨʝʞʜʝʥʠʷ. 

ɿʜʘʥʠʷ ʤʦʞʥʦ ʚʦʟʚʦʜʠʪʴ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʙʝʪʦʥʥʳʭ ʧʣʠʪ ʠ ʨʘʩʧʳʣʷʪʴ ʞʠʜʢʫʶ ʬʦʨʤʫ 

ʩʦʩʪʘʚʘ ʥʘ ʫʞʝ ʧʦʩʪʨʦʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 2). ɽʩʣʠ ʧʦʢʨʳʪʴ ʟʜʘʥʠʝ ʧʦʜʦʙʥʳʤ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʤ ʙʝʪʦʥʦʤ, ʪʦ ʦʥ ʙʫʜʝʪ ʵʢʨʘʥʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʠʟʚʥʝ ʠ 

ʟʘʱʠʱʘʪʴ ʙʳʪʦʚʫʶ ʪʝʭʥʠʢʫ ʠ ʵʣʝʢʪʨʦʥʠʢʫ ʦʪ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɿʜʘʥʠʷ ʤʦʞʥʦ ʚʦʟʚʦʜʠʪʴ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʙʝʪʦʥʥʳʭ ʧʣʠʪ ʠ ʨʘʩʧʳʣʷʪʴ ʞʠʜʢʫʶ ʬʦʨʤʫ ʩʦʩʪʘʚʘ 

ʥʘ ʫʞʝ ʧʦʩʪʨʦʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʥʝʥʠʝ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʙʝʪʦʥʘ Shot Crete 

 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ 

Shot Crete ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʫʪʝʤ ʧʦʢʨʳʪʠʷ ʩʪʝʥ ʜʣʷ 

ʟʘʱʠʪʳ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ 

ʭʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʙʦʨʴʙʳ ʩ ʛʦʣʦʣʝʜʦʤ ʧʫʪʝʤ ʨʘʩʧʳʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɻʦʣʦʣʝʜ ʟʘʧʦʣʥʠʣ ɼʦʥʩʢʫʶ ʪʨʘʚʤʫ ʥʘ 100% [ʕʣʝʢʪʨʦʥʥʳʡʨʝʩʫʨʩ] URL: 

https://vestikavkaza.ru/news/gololed-zapolnil-donskuu-travmu-na-100.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.03.2024). 

2.  Conductive concreteô shields electronics from EMP attack [ʕʣʝʢʪʨʦʥʥʳʡʨʝʩʫʨʩ] URL: 

https://news.unl.edu/newsrooms/today/article/conductive-concrete-shields-electronics-from-emp-attack/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 09.03.2024). 
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ɸʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʩʢʚʝʨʘ ʠ ʧʨʦʝʢʪʥʦʝ 

ʧʨʝʜʣʦʞʝʥʠʝ. ɹʳʣ ʧʨʦʚʝʜʝʥ  ʘʥʘʣʠʟ ʦʟʝʣʝʥʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʩʢʚʝʨʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʧʨʦʚʝʣʠ ʦʧʨʦʩ ʩʨʝʜʠ 

ʩʪʫʜʝʥʪʦʚ. ʇʨʠʰʣʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʥʘʰʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʶʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʥʘ ʵʩʪʝʪʠʯʝʩʢʠʝ ʠ ʣʘʥʜʰʘʬʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʚʝʨ çʉʪʫʜʝʥʯʝʩʢʠʡè, ʧʨʦʝʢʪʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʝʨʘ, 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ. 
 

RECONSTRUCTION OF TH E SQUARE VITI NRNU M EPHI  

 

Tomchenko A.V., Orekhov M.I.  
Volgodonsk Institute of Engineering and Technology - branch of the National Research Nuclear University çMEPhIè, 

Volgodonsk, Russia 

nastya18-80@mail.ru 

 

Abstract. The announcement. This article examines the current situation of the square and the project 

proposal. An analysis of the landscaping and the state of the park at the moment was carried out, a survey was 

conducted among students. We came to the conclusion that our conceptual proposals will have a positive impact, in 

particular, on aesthetic and landscape features. 

Keywords: Studentskiy Square, a project proposal for the reconstruction of the square, architectural forms of 

landscaping. 
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ʉʢʚʝʨ ʙʳʣ ʟʘʣʦʞʝʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʜʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʢʦʨʧʫʩʘ (ʥʳʥʝ ʛʣʘʚʥʳʡ ʢʦʨʧʫʩ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ) ï 45 ʣʝʪ ʥʘʟʘʜ. ɽʛʦ ʧʣʦʱʘʜʴ - 1,2 ʛʘ. 

ɸʨʭʠʪʝʢʪʫʨʥʦ - ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ ʩʢʚʝʨʘ ʩʤʝʰʘʥʥʦʝ, ʩʫʱʝʩʪʚʫʶʪ ʵʣʝʤʝʥʪʳ 

ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʥʠʨʦʚʢʠ - ɻ ʪʦ ʪʨʘʥʟʠʪʥʳʝ ʧʝʰʝʭʦʜʥʳʝ ʘʣʣʝʠ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʞʠʪʝʣʝʡ ʠ 

ʩʪʫʜʝʥʪʦʚ ʢ ʦʩʪʘʥʦʚʢʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʵʣʝʤʝʥʪʳ ʩʚʦʙʦʜʥʦʡ ʧʣʘʥʠʨʦʚʢʠ - ʜʣʷ 

ʦʪʜʳʭʘ ʩʪʫʜʝʥʪʦʚ ʚʦ ʚʨʝʤʷ ʧʝʨʝʨʳʚʦʚ ʤʝʞʜʫ ʟʘʥʷʪʠʷʤʠ [1]. ʉʢʚʝʨ ʣʠʰʝʥ ʤʘʣʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ. ɿʘ ʧʨʦʰʝʜʰʝʝ ʚʨʝʤʷ ʠʟʤʝʥʠʣʠʩʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʢʚʝʨʘ. ɹʳʣʠ ʫʪʨʘʯʝʥʳ ʢʦʛʜʘ-ʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ, ʘ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʬʠʟʠʯʝʩʢʠ ʠ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʣʠ. ɺʭʦʜʝ ʘʥʘʣʠʟʘ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʟʝʣʝʥʝʥʠʷ ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ ʧʨʦʙʣʝʤ, ʦʩʥʦʚʥʦʡ ʠʟ ʢʦʪʦʨʳʭ, ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʦʟʝʣʝʥʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʛʣʘʟ ʯʝʣʦʚʝʢʘ, ʦʪʩʫʪʩʪʚʠʝ ʮʚʝʪʥʠʢʦʚ, ʛʘʟʦʥʦʚ ʠ ʦʩʚʝʱʝʥʠʷ 

[2]. ʎʝʥʪʨʘʣʴʥʘʷ ʧʝʰʝʭʦʜʥʘʷ ʘʣʣʝʷ, ʷʚʣʷʶʱʘʷʩʷ ʦʩʥʦʚʥʦʡ ʦʩʴʶ ʚʭʦʜʥʦʡ ʟʦʥʳ ɺʀʊʀ ʅʀʗʋ 

ʄʀʌʀ ʣʠʰʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠʟ-ʟʘ ʧʝʨʝʩʝʯʝʥʠʷ ʝʝ ʢʦʥʩʪʨʫʢʮʠʝʡ ʯʘʰʠ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʬʦʥʪʘʥʘ ʠ ʟʝʣʝʥʳʤʠ ʥʘʩʘʞʜʝʥʠʷʤʠ. ʂʦʥʩʪʨʫʢʪʠʚ ʯʘʰʠ ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʬʦʥʪʘʥʘ ʩʦʭʨʘʥʠʣʩʷ, ʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʫʪʨʘʯʝʥʦ ʧʦʣʥʦʩʪʴʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʝ 

ʧʦʜʣʝʞʠʪ. ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʝʨʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʤʬʦʨʪʥʦʛʦ ʪʨʘʥʟʠʪʘ 

ʛʦʨʦʜʩʢʠʭ ʞʠʪʝʣʝʡ ʢ ʦʩʪʘʥʦʚʢʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʪʫʜʝʥʪʦʚ ʢ ʤʝʩʪʫ ʦʪʜʳʭʘ, 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʯʘʰʠ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʬʦʥʪʘʥʘ, 

ʩʧʨʷʤʣʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʰʝʭʦʜʥʦʡ ʘʣʣʝʠ [4]. ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʘʜʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ, ʢʫʩʪʘʨʥʠʢʦʚ, ʮʚʝʪʥʠʢʦʚ, ʛʘʟʦʥʦʚ, ʫʩʪʨʘʠʚʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʢʠ ʩ 

ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ, ʟʘʤʝʥʷʝʪʩʷ ʧʦʢʨʳʪʠʝ ʥʘ ʜʦʨʦʞʢʘʭ ʩʚʦʙʦʜʥʦʡ ʧʣʘʥʠʨʦʚʢʠ, ʧʨʦʝʢʪʦʤ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʦʩʚʝʱʝʥʠʝ [3]. 

ʉʨʝʜʠ 60  ʩʪʫʜʝʥʪʦʚ ʠʥʩʪʠʪʫʪʘ ʠ ʪʝʭʥʠʢʫʤʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ, ʥʘ ʪʝʤʫ: çʉ ʢʘʢʠʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ ʚʳ ʩʪʘʣʢʠʚʘʝʪʝʩʴ ʧʨʠ ʧʦʩʝʱʝʥʠʠ ʩʢʚʝʨʘ  çʉʪʫʜʝʥʯʝʩʢʠʡ?è: 

1. ʅʝ ʭʚʘʪʘʝʪ ʣʘʚʦʯʝʢ ʜʣʷ ʦʪʜʳʭʘ ʤʝʞʜʫ ʟʘʥʷʪʠʷʤʠ. ʅʦ ʜʘʥʥʳʝ ʣʘʚʦʯʢʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥʳ ʧʝʨʠʣʘʤʠ  ʥʘ ʩʝʢʪʦʨʘ ʠʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʥʝʦʙʳʯʥʦʡ ʬʦʨʤʝ, ʯʪʦʙʳ ʥʘ ʥʠʭ 

ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ  ʣʝʯʴ.  

2. ʅʝ ʭʚʘʪʘʝʪ ʦʩʚʝʱʝʥʠʷ. ɺ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʩʚʝʪʦʚʦʡ ʜʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ. 

ʀʤʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ ʩʪʫʜʝʥʪʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʦʣʥʳʤ  ʦʪʩʫʪʩʪʚʠʝʤ ʦʩʚʝʱʝʥʠʷ ʘʣʣʝʡ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʟʘʥʷʪʠʡ. 
3. ʅʝ ʭʚʘʪʘʝʪ ʦʟʝʣʝʥʝʥʠʷ. ʄʥʦʛʠʝ ʩʪʫʜʝʥʪʳ ʦʪʤʝʪʠʣʠ ʧʦʯʪʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʦʟʝʣʝʥʝʥʠʝ ʥʘ ʫʨʦʚʥʝ ʛʣʘʟ ʯʝʣʦʚʝʢʘ. 

ʊʘʢʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ 

ʵʩʪʝʪʠʯʝʩʢʠʝ ʠ ʣʘʥʜʰʘʬʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʭʦʜʥʦʡ ʟʦʥʳ ʠʥʩʪʠʪʫʪʘ ɺʀʊʀ 

ʅʀʗʋ ʄʀʌʀ, ʘ ʚ ʦʙʱʝʤ - ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʠʤʝʝʪ ʮʝʣʴ ʧʦ ʦʙʦʩʥʦʚʘʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʚʘʨʠʘʥʪʘ ʥʘʨʫʞʥʦʛʦ (ʚʥʝʰʥʝʛʦ) 

ʦʛʨʘʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʘ ʩʵʥʜʚʠʯïʧʘʥʝʣʠ (ʩʪʝʥʦʚʦʡ), ʠʤʝʶʱʝʡ ʩʪʨʫʢʪʫʨʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʚ ʚʠʜʝ 

ʪʨʸʭʩʣʦʡʥʦʛʦ ʤʘʩʩʠʚʘ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʣʠʩʪʦʚ ʞʸʩʪʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ 

ʠʟ ʤʝʪʘʣʣʘ, ʇɺʍ, ɼɺʇ, ʤʘʛʥʝʟʠʪʦʚʘʷ ʧʣʠʪʘ) ʠ ʩʣʦʷ ʫʪʝʧʣʷʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʥʠʤʠ (ʨʠʩʫʥʦʢ 1). ɺ 

ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʜʣʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠʟ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʘ, ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ, ʧʝʥʦʧʦʣʠʠʟʦʮʠʘʥʫʨʘʪʘ (ʇʀʈ) 

ʠʣʠ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʪʘʢʠʝ ʢʘʢ 

ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠ ʜʨʫʛʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ, ʥʘʧʦʣʥʠʪʝʣʴ, ʫʪʝʧʣʠʪʝʣʴ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʜʘʥʠʷ, ʪʝʧʣʦʠʟʦʣʷʮʠʷ. 
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Abstract. The work is devoted to substantiating the choice of an external wall sandwich panel, which has a 

three-layer structure consisting of two sheets of rigid material (metal, PVC, fiberboard, magnesite plate) and a layer of 

insulation between them.. Filler for thermal insulation made of polyurethane foam, expanded polystyrene, 

polyisocyanurate foam or mineral wool. The basic physical and hydrophysical properties of the material, such as bulk 

density, hygroscopicity, water absorption and others, are determined. 

Keywords: sandwich panels, filler, insulation, industrial buildings, thermal insulation. 

 

ʉʵʥʜʚʠʯ-ʧʘʥʝʣʴ - ʵʪʦ ʧʠʨʦʛ(ʧʦʩʣʦʡʥʳʡ ʘʛʣʦʤʝʨʘʪ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʝʭ ʩʣʦʝʚ [1]: 

- ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʣʠʩʪʦʚ ʩ ʧʦʢʨʳʪʠʷʤʠ(ʣʘʢʦʢʨʘʩʦʯʥʦʝ ʠʣʠ 

ʧʦʣʠʤʝʨʥʦʝ) ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʢʦʨʨʦʟʠʠ. 

- ʫʪʝʧʣʠʪʝʣʴ ʠʟ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʘ, ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ, ʧʝʥʦʧʦʣʠʠʟʦʮʠʘʥʫʨʘʪʘ ʠʣʠ 
ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ (ʦʙʨʘʟʦʚʘʥʘ ʠʟ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʪʝʢʣʦʚʦʣʦʢʥʘ (ʥʠʪʝʡ)), 

ʠʤʝʝʪ ʧʨʦʧʠʪʢʫ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʠʚʦʬʫʥʛʠʮʠʜʥʳʭ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʇʝʨʚʦʦʙʨʘʟʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʵʥʜʚʠʯ ʧʘʥʝʣʝʡ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʠʟʦʙʨʝʪʝʥʥʘʷ 

ʘʤʝʨʠʢʘʥʩʢʠʤ ʠʥʞʝʥʝʨʦʤ ʌʨʵʥʢʦʤ ʃ.ʃ. ʚ ʪʨʠʜʮʘʪʳʭ ʛʦʜʘʭ 20 ʚʝʢʘ. ɹʣʘʛʦʜʘʨʷ  ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʫ ʚʳʩʦʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʦʟʜʘʥʠʡ ʩʪʝʥʦʚʳʭ 

ʦʛʨʘʞʜʝʥʠʡ(ʥʘʨʫʞʥʳʭ) ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ.  
ʉʵʥʜʚʠʯ-ʧʘʥʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʪʜʝʣʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʘ ʥʘʨʫʞʥʠʭ 

(ʚʥʝʰʥʠʭ) ʩʪʝʥʦʚʳʭ ʦʛʨʘʞʜʝʥʠʡ ʞʠʣʳʭ ʠ ʚ ʧʨʝʚʘʣʠʨʫʶʱʝʡ ʩʪʝʧʝʥʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ 

(ʨʠʩʫʥʦʢ 2). ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʦʪʜʝʣʳʚʘʪʴ ʬʘʩʘʜʳ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʦʙʲʝʢʪʦʚ [2]. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʘʥʝʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʫʞʘʪ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʠ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʥʝʩʫʱʠʝ ʵʣʝʤʝʥʪʳ. 

ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ (ʩʵʥʜʚʠʯ ʧʘʥʝʣʝʡ) ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ, 

ʥʘʧʦʣʥʝʥʠʶ, ʪʠʧʫ ʧʦʢʨʳʪʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ,ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ 

ʥʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʦʪʜʝʣʢʠ ʦʙʲʝʢʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ (ʩʪʝʧʝʥʝʡ). 

ʇʝʨʚʳʡ ʵʪʘʧ (1), ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʡ ʣʠʩʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʙʦʨʦʯʥʦʤ ʩʪʝʥʜʝ 

ʦʢʨʘʰʝʥʥʦʡ ʩʪʦʨʦʥʦʡ ʚʥʠʟ. 

ɺʪʦʨʦʡ ʵʪʘʧ (2), ʥʘ ʣʠʩʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʣʠ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ (ʧʨʠ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ) ʥʘʥʦʩʠʪʩʷ ʢʣʝʝʚʦʡ ʩʦʩʪʘʚ. 

ʊʨʝʪʠʡ ʵʪʘʧ (3), ʥʘ ʣʠʩʪʝ ʚʧʣʦʪʥʫʶ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʥʘ ʢʣʝʶ ʨʘʩʢʣʘʜʳʚʘʶʪʩʷ ʙʝʟ ʟʘʟʦʨʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʣʘʤʝʣʠ ʠʟ ʤʠʥʝʨʘʣʦʚʘʪʥʳʭ ʧʣʠʪ. ʉʪʳʢʠ ʩʦʩʝʜʥʠʭ ʣʘʤʝʣʝʡ 

ʩʤʝʱʘʝʪʩʷ ʧʦ ʜʣʠʥʝ. ʇʦ ʢʨʘʷʤ ʫʢʣʘʜʳʚʘʶʪʩʷ ʬʨʝʟʝʨʦʚʘʥʥʳʝ ʣʘʤʝʣʠ, ʬʦʨʤʠʨʫʶʱʠʝ 

ʧʘʟʦʛʨʝʙʥʝʚʳʡ ʩʪʳʢ. 

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ (4) ʥʘ ʚʳʣʦʞʝʥʥʳʝ ʣʘʤʝʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʣʠ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ 

ʥʘʥʦʩʠʪʩʷ ʩʣʦʡ ʢʣʝʷ ʚʪʦʨʦʡ ʣʠʩʪ ʦʙʣʠʮʦʚʢʠ ʚʳʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʣʘʤʝʣʠ.  
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ʈʠʩʫʥʦʢ 1 ï  ʆʩʥʦʚʥʳʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ.  

 

ʇʷʪʳʤ ʵʪʘʧʦʤ (5) ʩʣʫʞʠʪ ʧʨʝʩʩʦʚʢʘ  ʩʦʙʨʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʘʥʝʣʠ ʩ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ 

ʢʣʝʷ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʧʘʢʦʚʢʫ ʠ ʦʪʧʨʘʚʢʫ ʥʘ ʩʢʣʘʜ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʥʝʥʠʝ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʞʠʣʳʭ ʜʦʤʦʚ (ʩʣʝʚʘ) 

 ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ (ʩʧʨʘʚʘ) 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʷʜ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʵʪʦ: ʰʠʨʠʥʘ, ʜʣʠʥʘ, ʪʦʣʱʠʥʘ, ʚʝʩ, ʦʛʥʝʩʪʦʡʢʦʩʪʴ, ʟʚʫʢʦʠʟʦʣʷʮʠʷ, ʥʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʠ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʙʦʨʝ 

ʜʣʠʥʥʳ ʠ ʰʠʨʠʥʳ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʠʟʣʠʰʢʦʚ ʤʘʪʝʨʠʘʣʘ ʠ ʥʝʥʫʞʥʳʭ ʦʙʨʝʟʢʦʚ, ʢʦʛʜʘ 

ʨʝʯʴ ʠʜʝʪ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘ ʪʘʢʞʝ ʨʝʰʘʝʪ ʚʦʧʨʦʩ ʦ ʛʨʘʤʦʪʥʦʡ ʧʝʨʝʚʦʟʢʝ ʩʘʥʜʚʠʯ-ʧʘʥʝʣʝʡ. 

ɺʳʚʦʜ: ʉʵʥʜʚʠʯ-ʧʘʥʝʣʠ ï ʢʦʤʧʦʟʠʪʥʳʡ ʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʤʦʥʪʘʞʘ. ɺʦʟʚʝʜʝʥʠʝ ʟʜʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʵʥʜʚʠʯʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʛʨʘʞʜʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʠʤʝʝʪ ʢʦʥʢʫʨʝʥʪʦʚ ʥʘ ʨʳʥʢʝ ʧʦ ʩʨʦʢʘʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʋʤʝʥʴʰʝʥʠʝ ʟʘʪʨʘʪ. ʄʝʥʴʰʠʡ ʚʝʩ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ 

ʩʪʨʦʡʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʬʫʥʜʘʤʝʥʪʝ ʠ ʪʷʞʝʣʦʡ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɻʆʉʊ ʈ 54851-2011- ʥʘʮʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʝʪʦʜʳ 
ʨʘʩʯʸʪʘ ʧʨʠʚʝʜʸʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʥʝʦʜʥʦʨʦʜʥʳʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

2. ɻʆʉʊ 32603-2021 çʇʘʥʝʣʠ ʪʨʝʭʩʣʦʡʥʳʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʦʙʣʠʮʦʚʢʘʤʠ ʠ ʩʝʨʜʝʯʥʠʢʦʤ ʠʟ 

ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè. 
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ʋɼʂ 004.5 

ʈɽɸʃʀɿɸʎʀʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆ-ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ 

ʂʆʄʇʃɽʂʉɸ ʇʆ ʆʇʈɽɼɽʃɽʅʀʖ ʉʂʆʈʆʉʊʀ ʈɽɸʂʎʀʀ ʏɽʃʆɺɽʂɸ 

ɺ ʋʇʈɸɺʃɽʅʀʀ ʉʈɽɼʉʊɺ, ʊʈɽɹʋʖʑʀʍ ʇʆɺʓʐɽʅʅʆɻʆ 

ɺʅʀʄɸʅʀʗ 
 

ɹʳʩʪʨʦʚ ʆ. ɺ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

bystrovmroleg@yandex.ru
 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ, ʪʨʝʙʫʶʱʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʦʞʜʝʥʠʝ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʨ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦ-ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʯʝʣʦʚʝʢʘ ʧʝʨʝʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʩʨʝʜʩʪʚʘʤʠ, ʪʨʝʙʫʶʱʠʭ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ. ɺ 

ʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʦʙʦʪʦʚ, 

ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʠʩʰʝʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʚʥʠʤʘʥʠʝʤ ʠ ʥʝʩʚʦʝʚʨʝʤʝʥʥʳʤ ʨʝʘʛʠʨʦʚʘʥʠʝʤ ʯʝʣʦʚʝʢʦʤ ʥʘ 

ʧʨʦʠʩʭʦʜʷʱʝʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 
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Abstract. The article discusses the problems that require increased attention when performing certain 

activities, such as driving ground vehicles, aircraft, etc. The main purpose of this work is to develop a new automated-

robotic complex to determine the speed of human reaction before direct human control of means requiring increased 

attention. During the design and implementation of this complex, the methods of developing software robots, the 

principles of creating automated systems and neural network-based training methods of the software complex were 

studied. The complex implemented during the development makes it possible to reduce the risk of accidents associated 

with insufficient attention and untimely response to what is happening by a person. 

Keywords: automated systems, robotic systems, neural networks. 

 

ʇʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʟʝʤʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʯʝʣʦʚʝʢʫ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʵʪʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʪʘʢʠʭ ʢʘʢ ʙʳʩʪʨʘʷ 

ʨʝʘʢʮʠʷ ʠ ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʠʩʭʦʜʷʱʝʤ. ʆʜʥʘʢʦ, ʬʘʢʪʦʨʳ ʫʩʪʘʣʦʩʪʠ, ʩʪʨʝʩʩʘ ʠʣʠ 

ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʪʚʣʝʯʝʥʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ ʧʦʚʳʩʠʪʴ 

ʨʠʩʢ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ [1]. ɺʘʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʚʥʠʤʘʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠʣʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ 

ʨʘʩʪʫʱʠʤ ʯʠʩʣʦʤ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʘʚʠʘʮʠʦʥʥʳʭ ʠʥʮʠʜʝʥʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʥʦʚʘʮʠʦʥʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠʩʧʳʪʫʝʤʦʛʦ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʨʨʝʢʪʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘ ʫʨʦʚʥʷʭ ʙʳʩʪʨʘʷ/ʩʨʝʜʥʷʷ/ʤʝʜʣʝʥʥʘʷ ʚʳʩʪʫʧʘʝʪ ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ ʠ ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ [2], 
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ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʭʦʜʷʱʠʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʪʝʯʝʥʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʦʤ ʨʝʟʫʣʴʪʘʪʘ ʫʨʦʚʥʷ 

ʨʝʘʢʮʠʠ ʯʝʣʦʚʝʢʘ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʜʝʚʘʝʤʳʝ ʥʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʯʘʪʢʠ ʩ ʜʘʪʯʠʢʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʨʦʩʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ [3]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʠʩʧʳʪʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦ-

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʳʚʘʶʪ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʥʠʟʢʠʤʠ 

ʦʮʝʥʢʘʤʠ ʥʘ 20% ʚ ʦʙʣʘʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʚʨʝʤʝʥʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʧʦʩʣʝʜʫʶʱʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʢʦʤʧʣʝʢʩʘ ʦʙ ʦʛʨʘʥʠʯʝʥʠʠ ʫʧʨʘʚʣʝʥʠʝʤ ʩʨʝʜʩʪʚ ʠ ʚʳʷʚʣʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ 15% ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʳʪʫʝʤʳʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʯʝʣʦʚʝʢʘ. ʆʢʦʥʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠʩʧʳʪʫʝʤʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʝʤʦʥʩʪʨʘʮʠʷ ʦʢʦʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʯʝʣʦʚʝʢʘ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʛʣʫʙʦʢʦʝ ʠʟʫʯʝʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʧʦʛʨʫʞʝʥʠʡ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʪʦʤ ʪʨʫʜʥʦʩʪʝʡ. ʈʘʟʨʘʙʦʪʘʥ 

ʫʥʠʢʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ ʠ ʦʙʲʝʤʘ ʜʳʭʘʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʥʦʞʝʩʪʚʦ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʧʦʜʛʦʪʦʚʢʠ ʠ ʩʥʘʙʞʝʥʠʷ ʚʦʜʦʣʘʟʦʚ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʳʭʘʪʝʣʴʥʦʡ ʩʤʝʩʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʫʙʦʢʦʚʦʜʥʦʝ ʧʦʛʨʫʞʝʥʠʝ, ʜʳʭʘʪʝʣʴʥʘʷ ʛʘʟʦʚʘʷ ʩʤʝʩʴ, ʘʣʛʦʨʠʪʤ ʧʦʜʙʦʨʘ ʩʤʝʩʠ, ʇʆ 

ʜʣʷ ʚʦʜʦʣʘʟʦʚ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʜʚʦʜʥʳʭ ʨʘʙʦʪ, ʦʧʪʠʤʠʟʘʮʠʷ ʚʦʜʦʣʘʟʥʳʭ ʦʧʝʨʘʮʠʡ. 
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Abstract. The project involved an in-depth study of the subject area of deep diving, its peculiarities, and 

difficulties. A unique algorithm was developed to select the composition and volume of the breathing gas mixture, 

considering many critical parameters: maximum diving depth, duration of stay underwater, intensity of work, as well as 

various extreme conditions such as water temperature and underwater currents. A software structure has been developed 

to optimize the process of preparation and supply of divers with the necessary amount of breathing mixture, which 

significantly increases the safety and efficiency of underwater operations. 

Keywords: deep sea diving, breathing gas mixture, mixture selection algorithm, software for divers, safety of 

underwater operations, optimization of diving operations. 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʦʣʘʟʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʙʝʣ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʢʘʩʘʶʱʠʭʩʷ ʧʦʜʛʦʪʦʚʢʠ 

ʜʳʭʘʪʝʣʴʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. ʊʨʘʜʠʮʠʦʥʥʦ, ʨʘʩʯʸʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʜʳʭʘʪʝʣʴʥʦʡ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʜʣʷ ʚʦʜʦʣʘʟʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʨʫʯʥʫʶ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ 

ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʦʛʨʫʞʝʥʠʶ, ʥʦ ʠ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʦʰʠʙʦʢ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʠ ʞʠʟʥʠ ʚʦʜʦʣʘʟʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʠ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʸʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʧʦʨʮʠʡ ʜʳʭʘʪʝʣʴʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʤʥʦʞʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʬʘʢʪʦʨʦʚ. 
ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ 

ʤʝʜʠʮʠʥʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʧʦʛʨʫʞʝʥʠʡ ʜʦ ʛʣʫʙʠʥʳ 60 ʤʝʪʨʦʚ [1]. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʧʦʜʙʦʨʘ 

ʩʦʩʪʘʚʘ ʜʳʭʘʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ [2]. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʫʥʠʢʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ VODLAZ.PRO, ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʦʣʘʟʦʚ ʢ ʧʦʛʨʫʞʝʥʠʷʤ. ʇʨʦʛʨʘʤʤʘ 

ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʩʦʩʪʘʚ ʠ ʦʙʲʝʤ 

ʜʳʭʘʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠʩʭʦʜʷ ʠʟ ʪʘʢʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ, ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʛʣʫʙʠʥʝ, 

ʜʝʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ, ʧʨʦʮʝʥʪ ʨʝʟʝʨʚʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʘ ʪʘʢʞʝ ʫʯʝʪ 

ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʳʙʦʨʫ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʤʘʨʢʝʨʦʚ 

ʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʜʚʦʜʥʳʭ 

ʨʘʙʦʪ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʪʱʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʠ 

ʩʨʘʚʥʝʥʘ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʛʣʫʙʦʢʦʚʦʜʥʳʤ ʧʦʛʨʫʞʝʥʠʷʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ VODLAZ.PRO ʚ 25 ʨʘʟ ʵʬʬʝʢʪʠʚʥʝʝ ʪʝʢʫʱʠʭ ʧʨʘʢʪʠʢ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʦʜʚʦʜʥʦʡ ʠʥʜʫʩʪʨʠʠ. ʊʘʢʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʨʘʩʯʝʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʝʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʜʚʦʜʥʳʭ ʦʧʝʨʘʮʠʡ [3]. 
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ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʶʪ ʬʝʨʤʝʨʩʢʠʝ ʭʦʟʷʡʩʪʚʘ, ʠ ʠʭ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪ ʨʦʙʦʪ ʚ ʩʚʦʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ 

ʦʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʜʦʞʜʝʚʘʣʴʥʦʡ 

ʤʘʰʠʥʳ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʨʦʙʦʪʘ ʠ API ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠʥʠʤʘʶʪ 

ʫʯʘʩʪʠʝ ʬʝʨʤʝʨʩʢʠʝ ʭʦʟʷʡʩʪʚʘ, ʭʦʟʷʡʩʪʚʘ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ. ʈʦʩʪ ʧʨʦʮʝʥʪʘ ʧʦʩʪʘʚʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʫʤʝʥʴʰʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʣʶʜʝʡ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʠ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ. ɺ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʩʸ ʯʘʱʝ ʧʨʠʙʝʛʘʶʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʦʙʦʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ: ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʟʝʨʥʘ ʚ ʘʥʛʘʨʘʭ, ʙʦʨʴʙʳ ʩ ʩʦʨʥʷʢʘʤʠ, ʧʦʩʝʚʘ ʩʝʤʷʥ, 

ʩʙʦʨʘ ʫʨʦʞʘʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʘʥʘʣʠʟʘ ʧʦʯʚʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʦʙʦʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʨʦʙʦʪʘ Transbot-RPi4B. ʆʥ ʦʩʥʘʱʝʥ 

ʨʘʟʣʠʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʩʨʝʜʠ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʘʥʠʧʫʣʷʪʦʨ-ʢʣʝʰʥʶ,  

hd-ʢʘʤʝʨʫ ʠ ʣʠʜʘʨ.  

ʊʘʢ, ʤʘʥʠʧʫʣʷʪʦʨ-ʢʣʝʰʥʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʨʦʙʦʪ ʤʦʞʝʪ ʧʝʨʝʪʘʩʢʠʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʘʥʘʣʠʟʘ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʟʘ ʩʯʸʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʘʪʯʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʥʝʤ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʨʦʰʝʥʠʝ ʧʦʯʚʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʜʦʞʜʝʚʘʣʴʥʳʭ ʤʘʰʠʥ. ʕʪʦʪ ʤʝʪʦʜ 

ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʧʦʜʘʯʠ ʞʠʜʢʦʩʪʠ ʫ ʜʦʞʜʝʚʘʣʴʥʦʡ ʤʘʰʠʥʳ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʠʟʙʳʪʢʫ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʚʨʝʜʠʪʴ 

ʝʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ 

ʜʦʞʜʝʚʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʦʙʦʪ ʠ API ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ ï ʠʥʪʝʨʬʝʡʩ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʛʦʜʥʳʝ ʜʘʥʥʳʝ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ.  

ʇʦʩʣʝ ʚʳʷʚʣʝʥʠʷ ʮʝʣʝʡ ʚʥʝʜʨʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʧʦʣʠʚʘ ʥʦʚʦʚʚʝʜʝʥʠʡ ʠ ʚʳʧʦʣʥʷʝʤʳʭ 

ʠʤʠ ʟʘʜʘʯ, ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ IDEF0. ʂʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʧʨʦʮʝʩʩʘ çʋʧʨʘʚʣʝʥʠʝ ʜʦʞʜʝʚʘʣʴʥʦʡ ʤʘʰʠʥʦʡè ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʘ ʜʠʘʛʨʘʤʤʘ ʝʛʦ 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ çʋʧʨʘʚʣʝʥʠʝ ʜʦʞʜʝʚʘʣʴʥʦʡ ʤʘʰʠʥʦʡè 
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ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʨʦʮʝʩʩʘ çʋʧʨʘʚʣʝʥʠʝ ʜʦʞʜʝʚʘʣʴʥʦʡ ʤʘʰʠʥʦʡè 

 

ɺʥʝʜʨʝʥʠʝ ʚ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʦʙʦʪʘ Transbot-

RPi4B ʠ API ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ ʩʧʦʩʦʙʥʦ ʦʩʚʦʙʦʜʠʪʴ ʘʛʨʦʥʦʤʘ ʠ ʪʝʭʥʠʢʘ-ʠʥʞʝʥʝʨʘ ʦʪ 

ʨʫʪʠʥʥʦʡ ʨʘʙʦʪʳ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʜʦʞʜʝʚʘʣʴʥʦʡ ʤʘʰʠʥʦʡ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʩʧʦʩʦʙʥʳ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʧʨʦʚʦʜʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʘʥʘʣʠʟ ʠ ʨʘʩʯʝʪʳ. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʥʝʦʩʧʦʨʠʤʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʨʠ ʜʝʬʠʮʠʪʝ ʢʘʜʨʦʚ ʚ ʩʬʝʨʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ API ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʢʨʘʱʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʦʜʜʝʨʞʢʫ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. 
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1. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʚ ʈʦʩʩʠʠ. 2023: ʉʪʘʪ.ʩʙ. ï Mʦʩʢʚʘ: ʈʦʩʩʪʘʪ, 2023. ï 103 c. 
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ʨʳʥʢʘ ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ ï URL: https://ntr.ai/publications/iot-ru-robototehnika-v-selskom-hozyajstve-
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Abstract: The literature on the topic of neurointerface technologies and sensory substitution of vision is 

analyzed in order to obtain information for the review of non-invasive devices based on the brain-computer interface. 

The result of the work was to obtain a circuit, the active mechanism of which, by acting on the visual cortex of the brain 

using transcranial magnetic induction, transmits an image from the external environment to the brain, bypassing the 

visual organ. 

Keywords: BCI, neurointerfaces, TMS, sensory substitution of vision. 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʧʦʩʦʙʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʣʫʯʘʠ ʫʭʫʜʰʝʥʠʷ ʟʨʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʯʘʩʪʠʣʠʩʴ[1]. ʇʦʣʥʘʷ ʧʦʪʝʨʷ ʟʨʝʥʠʷ ï ʢʦʛʜʘ ʩʠʛʥʘʣ ʥʝ ʧʦʩʪʫʧʘʝʪ ʚ ʟʨʠʪʝʣʴʥʫʶ 

ʢʦʨʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʥʘʟʳʚʘʝʪʩʷ ʩʣʝʧʦʪʦʡ. ʅʠ ʦʜʥʘ ʢʦʨʨʝʢʮʠʷ ʟʨʝʥʠʷ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʧʦʥʠʤʘʥʠʠ, ʥʝ ʧʦʤʦʞʝʪ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʪʘʥʦʚʷʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʥʦʚʳʝ ʤʝʪʦʜʳ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʦʟʛ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʶʪ ʣʶʜʷʤ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʨʝʥʠʷ ʧʨʝʦʜʦʣʝʚʘʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ ʠ 

ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʦ ʠʭ ʞʠʟʥʠ. 

ʀʥʪʝʨʬʝʡʩ ʤʦʟʛ-ʢʦʤʨʴʶʪʝʨ (ʀʄʂ) ï ɻ ʪʦ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʢʦʤʧʴʶʪʝʨʦʤ ʠʣʠ ʜʨʫʛʠʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʘʢʪʠʚʥʦʩʪʴ 

ʤʦʟʛʘ, ʦʙʳʯʥʦ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠʣʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʤʦʟʛʘ. ʈʝʘʣʠʟʘʮʠʠ ʀʄʂ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʥʝʠʥʚʘʟʠʚʥʳʭ (ʕʕɻ, ʄʕɻ, ʄʈʊ) ʠ ʯʘʩʪʠʯʥʦ 

ʠʥʚʘʟʠʚʥʳʭ ʜʦ ʠʥʚʘʟʠʚʥʳʭ. ʊʨʘʥʩʢʨʘʥʠʘʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ (ʊʄʉ) - ɻ ʪʦ ʤʝʪʦʜ 

ʥʝʠʥʚʘʟʠʚʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʧʦʤʦʱʴʶ ʢʦʨʦʪʢʠʭ ʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʊʦʢ, 

ʚʦʟʥʠʢʰʠʡ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʢʘʪʫʰʢʝ ʧʦʩʣʝ ʢʦʨʦʪʢʦʛʦ ʟʘʨʷʜʘ ʤʦʱʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʩʪʠʤʫʣʘ, ʛʝʥʝʨʠʨʫʝʪ ʤʝʥʷʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʥʜʫʮʠʨʫʝʪ ʚ 

ʪʢʘʥʷʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʨʢʦʚʳʝ ʥʝʡʨʦʥʳ. 

ʀʄʂ ʚʳʧʦʣʥʷʝʪ ʨʘʙʦʪʫ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

1. ʉʙʦʨ ʩ ʢʘʤʝʨʳ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ï ʩʠʛʥʘʣʦʚ ʘʢʪʠʚʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. 

2. ɹʝʩʧʨʦʚʦʜʥʘʷ ʧʝʨʝʜʘʯʘ ʧʦʣʫʯʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ, ʠʭ ʧʝʨʚʠʯʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʠ ʧʝʨʝʜʘʯʠ ʥʘ ʜʨʘʡʚʝʨʳ. 

3. ɼʨʘʡʚʝʨʳ ʥʘʩʪʨʘʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʝʥʝʨʘʪʦʨʘ ʩʠʣʴʥʦʪʦʯʥʳʭ ʠʤʧʫʣʴʩʦʚ, 

ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʪʦʢ ʠ ʥʘʧʨʘʚʣʷʝʪ ʝʛʦ ʥʘ ʢʘʪʫʰʢʫ.  

4. ʇʨʦʚʝʜʝʥʠʝ ʊʄʉ. 

5. ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʥʝʡʨʦʥʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

6. ʏʘʩʪʠʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʨʝʥʠʷ ʯʝʣʦʚʝʢʘ. 

ɹʣʦʢ-ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʦʩʚʦʝʥʠʷ ʜʘʥʥʦʡ ʪʝʤʳ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʜʨʘʡʚʝʨʦʚ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʩʙʦʨʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʠ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʦʡ ʩʭʝʤʦʡ, ʩ ʠʭ ʜʘʣʴʥʝʡʰʠʤ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ, ʯʪʦ 

ʧʦʤʦʞʝʪ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ ʠ ʤʝʪʦʜʳ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. 
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ʈʠʫʥʦʢ.1 ï  ɹʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

ʂ ï ʢʘʤʝʨʘ ʜʣʷ ʩʙʦʨʘ ʩʠʛʥʘʣʦʚ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʄʂ ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ; ɼ ï ʜʨʘʡʚʝʨʳ 

ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ; ɻʉʀ ï ʛʝʥʝʨʘʪʦʨ ʩʠʣʴʥʦʪʦʯʥʳʭ ʠʤʧʫʣʴʩʦʚ; ɹʇ ï ʙʣʦʢ ʧʠʪʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 
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Abstract. A wireless all-terrain radiation monitoring system for rough terrain has been developed. This 

development allows you to control the places of accidents, as well as places of radiation pollution without direct human 

involvement. 

Keywords: monitoring, all-terrain vehicle, drone, accident, radiation. 
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ʄʦʥʠʪʦʨʠʥʛ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ - ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʨʥʳʭ ʜʣʠʪʝʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʩʦʟʜʘʶʱʠʭʩʷ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ, ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʣʶʜʝʡ ʠ ʜʨʫʛʠʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʈʘʟʣʠʯʘʶʪ ʙʘʟʦʚʳʡ, ʛʣʦʙʘʣʴʥʳʡ, ʨʝʛʠʦʥʘʣʴʥʳʡ ʠ 

ʠʤʧʘʢʪʥʳʡ ʤʦʥʠʪʦʨʠʥʛʠ. ʇʨʦʚʝʜʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʩʦʧʨʷʞʝʥʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʚʝʜʢʝ ʠ ʢʦʥʪʨʦʣʶ 

ʪʝʨʨʠʪʦʨʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʣʫʞʙʘʤʠ. 

ʈʘʩʭʦʜʳ ʥʘ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʢʦʥʪʨʦʣʷ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ 

ʦʧʘʩʥʦʩʪʴ, ʢʦʪʦʨʦʡ ʧʦʜʚʝʨʞʝʥʳ ʩʦʪʨʫʜʥʠʢʠ ʩʣʫʞʙ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʶʪ ʨʘʙʦʪʫ, ʯʪʦ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ ʠ ʜʦʣʞʥʘ ʨʝʰʠʪʴ ʜʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʧʣʘʪʬʦʨʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʥʘʯʘʪʴ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʜʠʦ ʜʝʪʝʢʪʦʨʘ, ʜʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʢʦʣʝʩʥʫʶ ʠ ʢʘʨʢʘʩʥʫʶ ʙʘʟʫ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʜʝʪʝʢʪʦʨʦʚ. ɺʢʣʘʜ ʙʝʪʘ-ʠʟʣʫʯʝʥʠʷ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʝʥ ʚ ʜʦʣʶ 

ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʜʝʪʝʢʪʦʨʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʩʪʳ ʥʘ 

ʘʢʪʠʚʥʦʤ ʠʩʪʦʯʥʠʢʝ ʥʝʡʪʨʦʥʦʚ ʩ ʜʝʣʷʱʠʤʩʷ ʤʘʪʝʨʠʘʣʦʤ, ʜʘʥʥʳʝ ʙʳʣʠ ʩʨʘʚʥʝʥʳ ʩ 

ʵʪʘʣʦʥʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʧʦʢʘʟʘʥʠʡ ʤʦʱʥʦʩʪʠ ʜʦʟʳ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʙʦʪʳ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʚʝʟʜʝʭʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʣʠʩʪʠʥʛʠ ʢʦʜʘ, ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʠ ʨʘʟʤʝʨʳ. ʇʨʦʚʝʜʝʥʘ 

ʨʘʙʦʪʘ ʧʦ ʧʝʨʝʜʝʣʳʚʘʥʠʶ ʩʠʩʪʝʤʳ Ardupilot ʧʦʜ ʜʨʦʥ-ʚʝʟʜʝʭʦʜ. ʉʦʟʜʘʥ ʨʘʙʦʯʠʡ ʧʨʦʪʦʪʠʧ ʠ 

ʢʦʜ-ʧʨʦʛʨʘʤʤʳ ʩʠʩʪʝʤʳ ʨʦʷ. ʇʨʦʚʝʜʝʥʳ ʧʦʚʝʨʦʯʥʳʝ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʳʙʨʘʥ 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ, ʧʦʩʪʨʦʝʥʘ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʧʝʨʘʪʦʨʦʤ. 

ɿʘʚʝʨʰʝʥ ʵʪʘʧ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ 
 

ʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʨʘʞʝʥʥʳʭ ʟʦʥ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ ï 

ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ. 
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Abstract. When building a strategic facility, it is important to take into account its protection from unmanned 

aerial vehicles (UAVs). The aim of the work is to develop a more suitable UAV detection system to prevent UAVs 

from entering the airspace over strategic objects. 
Keywords: UAV, monitoring, antenna, radio signal, detection. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɹʃɸ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʩʪʘʣʦ ʦʙʳʜʝʥʥʦʩʪʴʶ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɹʃɸ ʤʦʞʝʪ ʥʝʩʪʠ ʫʱʝʨʙ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʘʨʫʞʠʪʴ ɹʃɸ. 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ɹʃɸ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

ï ɺʠʟʫʘʣʴʥʳʡ; 

ï ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ; 

ï ɸʢʫʩʪʠʯʝʩʢʠʡ; 

ï ʆʙʥʘʨʫʞʝʥʠʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ) ʠʟʣʫʯʝʥʠʷ. [1] 

ɺʠʟʫʘʣʴʥʳʡ ʥʝ ʧʦʜʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʟʨʝʥʠʷ. ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʘʚʪʦʥʦʤʝʥ ʠ ʩʧʦʩʦʙʝʥ ʦʙʥʘʨʫʞʠʚʘʪʴ ʤʘʣʳʝ 

ɹʃɸ ʥʘ ʙʦʣʴʰʠʭ ʜʠʩʪʘʥʮʠʷʭ. ɸʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʣʦʭ ʪʝʤ, ʯʪʦ ʤʦʞʝʪ ʪʘʢʞʝ ʟʘʤʝʯʘʪʴ ʧʪʠʮ, 

ʯʪʦ ʩʦʟʜʘʩʪ ʪʨʫʜʥʦʩʪʠ ʚ ʘʥʘʣʠʟʝ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʚʠʛʘʪʝʣʠ ɹʃɸ ʥʝ ʪʘʢ ʩʠʣʴʥʦ 

ʥʘʛʨʝʚʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʦʙʥʘʨʫʞʝʥʠʝ ɹʃɸ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ.  

ɼʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ.  

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʥʘʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʢʨʳʪʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʘʩʩʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʨʨʠʪʦʨʠʠ. [2] 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ɹʃɸ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʦʟʠʮʠʦʥʥʳʡ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʣʠ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ 

ʦʙʲʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʪʚʝʯʘʶʱʠʭ ʫʩʣʦʚʠʶ ʧʦʩʪʦʷʥʩʪʚʘ 

ʧʘʨʘʤʝʪʨʘ ʠʟʤʝʨʷʝʤʦʡ ʢʦʦʨʜʠʥʘʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʛʦ ʧʫʥʢʪʘ. [3] 

ʈʘʙʦʪʘʷ, ʢʘʢ ʧʨʦʩʪʳʝ ʧʨʠʝʤʥʠʢʠ, ʧʘʩʩʠʚʥʳʝ ʨʘʜʘʨʥʳʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʠʚʘʶʪ 

ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ, ʘʥʘʣʠʟʠʨʫʷ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʦʥʠ ʦʪʨʘʞʘʶʪ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʦʨʦʥʥʠʭ 

ʠʟʣʫʯʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʘʜʠʦ- ʠ ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʩʪʘʥʮʠʠ.  
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ʈʠʩʫʥʦʢ 1ï ʈʘʙʦʪʘ ʘʥʪʝʥʥ ʠ ʧʨʠʸʤʥʠʢʘ ʚ ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʝ ʦʙʥʘʨʫʞʝʥʠʷ ɹʃɸ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ɹʃɸ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 
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ɸʥʥʦʪʘʮʠʷ: ɺʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ ʯʘʩʪʦ 

ʚʳʙʨʘʩʳʚʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʚʝʨʜʳʭ ʥʝʩʛʦʨʝʚʰʠʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʚʨʝʜʥʳʝ ʛʘʟʳ. ʕʪʠ 

ʚʳʙʨʦʩʳ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʚʦʜʦʝʤʘ ʠ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ. ʎʝʣʴʶ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʝʩʧʠʣʦʪʥʦʡ ʧʦʜʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʩʙʦʨʘ ʦʙʨʘʟʮʦʚ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ 

ʚʦʜʦʝʤʦʚ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʙ ʚʦʜʳ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʜʘʣʴʥʝʡʰʠʭ ʩʪʨʘʪʝʛʠʡ ʧʦ ʟʘʱʠʪʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʦʭʨʘʥʝʥʠʶ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʘʷ ʧʦʜʚʦʜʥʘʷ ʣʦʜʢʘ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʝ, ʤʦʥʠʪʦʨʠʥʛ, 

ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʚʦʜʦʸʤ. 
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Abstract. During the operation of industrial infrastructure facilities, enterprises often emit large amounts of 

solid unburned particles into the atmosphere, as well as harmful gases. These emissions have a negative impact on the 

ecosystem of the reservoir and can reduce water quality. The purpose of this work is to develop an unmanned 

underwater system for collecting samples in hard-to-reach places of reservoirs. The analysis of the obtained water 
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samples can help in the development of further strategies for environmental protection and conservation of aquatic 

ecosystems. 

Keywords: unmanned submarine, microcontroller, radio control, monitoring, environment, reservoir. 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʵʢʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɸʚʪʦʥʦʤʥʘʷ ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʘʷ ʧʦʜʚʦʜʥʘʷ ʣʦʜʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʜʥʘ 

ʚʦʜʦʸʤʘ, ʘ ʪʘʢʞʝ ʚʟʷʪʠʝ ʧʨʦʙʳ ʚʦʜʳ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠʣʠ ʦʧʘʩʥʳʭ ʤʝʩʪʘʭ ʜʣʷ ʯʝʣʦʚʝʢʘ. 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʟʘʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʚʦʜʦʸʤʝ, ʘ ʪʘʢʞʝ 

ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʩʥʷʪʠʷ ʧʨʦʙ ʚʦʜʳ.  

ʈʘʜʠʦʫʧʨʘʚʣʷʝʤʘʷ ʧʦʜʚʦʜʥʘʷ ʣʦʜʢʘ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ, ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʛʠʜʨʦʠʟʦʣʷʮʠʠ. ɺ ʢʦʨʧʫʩʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʜʘʪʯʠʢ ʧʨʠʸʤʘ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʘʢʢʫʤʫʣʷʪʦʨʘ, ʜʚʠʛʘʪʝʣʝʡ ʜʚʠʞʝʥʠʷ, ʜʚʠʛʘʪʝʣʝʡ ʦʪʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ 

ʢʨʳʢhʠ ʢʦʣʙʳ, ʢʘʤʝʨʳ. ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦʩʪʦʠʪ ʠʟ ʵʢʨʘʥʘ, ʵʣʝʤʝʥʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʘʪʯʠʢʘ ʧʨʠʸʤʘ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ. ʆʧʝʨʘʪʦʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ 4-ʤ ʜʚʠʛʘʪʝʣʷʤ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʚʠʞʝʥʠʝ ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʦʡ ʧʦʜʚʦʟʥʦʡ 

ʣʦʜʢʦʡ ʚ 3-ʭ ʧʣʦʩʢʦʩʪʷʭ. ʆʧʝʨʘʪʦʨ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʢʨʳʰʢʠ ʢʦʣʙʳ ʧʨʠ 

ʧʦʤʦʱʠ ʜʚʠʛʘʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʟʷʪʴ ʧʨʦʙʫ ʥʘ ʜʦʩʪʫʧʥʦʡ ʛʣʫʙʠʥʝ ʚʦʜʦʸʤʘ. ɼʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʝʥʠʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʤʝʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ 

ʧʦʜʣʦʜʢʠ. ʉʠʛʥʘʣ ʩ ʢʘʤʝʨʳ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʟʘʪʝʤ ʦʙʨʘʪʥʦ ʚ 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ ʠ ʩ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ ʥʘ ʵʢʨʘʥ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠ 

ʢʘʤʝʨʘ ʙʫʜʫʪ ʧʠʪʘʪʴʩʷ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ. ɺʠʜ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʦʜʣʦʜʢʠ ʠ ʧʫʣʴʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 1: ʕʋ ï ɻ ʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʕ - ɻ ʢʨʘʥ, ʇʇ1 ï ʜʘʪʯʠʢ ʧʨʠʸʤʘ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʘ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʧʫʣʴʪʝ ʫʧʨʘʚʣʝʥʠʷ, ʇʇ2 ï ʜʘʪʯʠʢ ʧʨʠʸʤʘ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʢʦʨʧʫʩʝ ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʦʡ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʝ, ʄʂ ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ,  

ʂ ï ʢʘʤʝʨʘ, ɼʂ ï ʜʚʠʛʘʪʝʣʴ ʢʨʳʰʢʠ ʢʦʣʙʳ, ɼɼ ï ʜʚʠʛʘʪʝʣʠ ʜʚʠʞʝʥʠʷ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʤ ʪʝʢʩʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʘʩʧʝʢʪʳ ʘʪʦʤʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʆʧʠʩʳʚʘʝʪʩʷ ʨʦʣʴ ʀʊ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
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ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʣʫʯʰʘʝʪ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʜʝʣʘʷ 

ʝʛʦ ʙʦʣʝʝ ʪʦʯʥʳʤ, ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʨʦʟʨʘʯʥʳʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʟʥʘʥʠʡ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʘʪʦʤʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 
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Abstract. This text examines the impact of information technology on various aspects of nuclear and power 

engineering. The role of IT in optimizing production processes, improving product quality, increasing the efficiency of 

enterprises and ensuring industrial safety is described. The introduction of digital technologies improves control over 

production, making it more accurate, efficient and transparent. The study highlights the relevance of the topic and the 

need for constant updating of knowledge for the successful application of new technologies in the industry. 
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ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʀʊ) ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʩʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʣʫʯʰʘʷ 

ʧʨʦʮʝʩʩʳ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʘʩʰʠʨʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɹʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʀʊ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʟʥʘʥʠʡ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʫ 

ʪʝʤʫ ʘʢʪʫʘʣʴʥʦʡ. ɺ ʘʪʦʤʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʛʨʘʶʪ ʦʩʦʙʫʶ ʨʦʣʴ, ʦʧʪʠʤʠʟʠʨʫʷ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʚʳʰʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʩʪʘʥʦʚʦʢ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠʶ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʶ ʠʟʜʝʨʞʝʢ ʙʠʟʥʝʩʘ, ʥʘ ʩʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ, ʤʘʨʢʝʪʠʥʛʦʚʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʮʝʣʦʤ, ʨʷʜ ʵʢʩʧʝʨʪʦʚ 

ʧʦʣʘʛʘʶʪ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʤʝʭʘʥʠʟʤʦʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. 

ɺ ʘʪʦʤʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ, ʧʦʤʦʛʘʶʱʠʝ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʤʦʞʝʪ ʤʦʥʠʪʦʨʠʪʴ ʠ ʦʮʝʥʠʪʴ 

ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ ʚ ʢʘʢʦʤ-ʥʠʙʫʜʴ ʤʝʩʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ ʧʦʜʦʙʨʘʪʴ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʨʘʙʦʪʳ. 

ʋ ʈʦʩʘʪʦʤʘ ʝʩʪʴ ʮʠʬʨʦʚʳʝ ʧʨʦʜʫʢʪʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ. ʆʥʠ 

ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʞʘʶʪ ʧʨʦʮʝʥʪ ʙʨʘʢʘ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʦʰʠʙʦʢ, ʫʤʝʥʴʰʘʶʪ ʙʶʜʞʝʪ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʮʠʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 
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ʊʘʙʣʠʮʘ 1 ï ʎʠʬʨʦʚʳʝ ʧʨʦʜʫʢʪʳ ʈʦʩʘʪʦʤʘ (ʩʦʩʪʘʚʣʝʥʦ ʧʦ [2, 3]) 
ʎʠʬʨʦʚʦʡ 

ʧʨʦʜʫʢʪ 
ʆʧʠʩʘʥʠʝ 

ɸʪʦʤ ʄʘʡʥʜ ʇʨʦʚʦʜʠʪ ʤʦʥʠʪʦʨʠʥʛ, ʜʝʣʘʝʪ ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʦʛʥʦʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʉʘʨʫʩ ʇʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʜʘʥʥʳʤʠ ʠʟʜʝʣʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʦʪ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʇʨʠʟʤʘ ʇʦʤʦʛʘʝʪ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʘʤʠ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ɼʝʜʘʣ-ʉʢʘʫʪ ɸʚʪʦʤʘʪʠʟʠʨʫʝʪ ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦʜʨʷʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ 

Almaz-BI ɸʥʘʣʠʟʠʨʫʝʪ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʟʘʜʘʥʥʦʛʦ ʧʣʘʥʘ 

ɸʪʦʤ.ʈʀʊɸ ʠ 

ɸʪʦʤɹʦʪ 

ɸʚʪʦʤʘʪʠʟʠʨʫʝʪ ʨʫʪʠʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʦʚʳʰʘʝʪ ʦʧʝʨʘʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʦʟʜʘʚʘʷ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʦʙʦʪʦʚ 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʛʘʶʪ ʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʜʝʣʠʡ. 

ɹʣʘʛʦʜʘʨʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʭ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʩʜʝʣʘʪʴ ʧʦʜʨʦʙʥʳʝ ʠ ʪʦʯʥʳʝ ʯʝʨʪʝʞʠ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʝʜʝʥʠʝ. ʊʝʧʝʨʴ, 

ʢʦʛʜʘ ʠʟʜʝʣʠʝ ʦʮʠʬʨʦʚʘʥʦ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʜʘʚʘʪʴ ʝʸ 3D-ʤʦʜʝʣʴ ʜʨʫʛʠʤ ʩʦʪʨʫʜʥʠʢʘʤ ɸʕʄ ʯʝʨʝʟ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠ. 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʝʨʝʜʘʯʫ ʜʝʪʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʜʝʣʠʠ [4]. 

ʆʮʠʬʨʦʚʢʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ, ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʠʥʘʤʠʢʝ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʬʠʢʩʠʨʫʷ ʦʪʢʣʦʥʝʥʠʷ ʠ ʦʧʦʚʝʱʘʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ. ʎʠʬʨʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʢʘʞʜʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʦʧʝʨʘʮʠʠ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ, ʩʦʢʨʘʪʠʪʴ 

ʧʨʦʩʪʦʠ. 

ɺʘʞʥʝʡʰʠʡ ʵʪʘʧ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʪʦʯʥʳʤ, ʜʦʩʪʫʧʥʳʤ ʠ ʙʳʩʪʨʳʤ ʙʣʘʛʦʜʘʨʷ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ɸʕʄ 

ʠʩʧʦʣʴʟʫʶʪʩʷ 3D-ʩʢʘʥʝʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʠ ʠʟʜʝʣʠʡ ʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʠʩʪʘʥʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʝʤʢʠ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʤʦʱʴʶ AR-ʦʯʢʦʚ 

ʪʘʢʞʝ ʫʣʫʯʰʘʝʪ ʧʨʦʮʝʩʩʳ ʠ ʙʳʣʘ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ɸʪʦʤʵʥʝʨʛʦʤʘʰʝ. ʇʦʜʦʙʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʠ ʥʘ ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʧʦʤʦʛʘʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʚʷʟʴ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʤʤʫʥʠʢʘʮʠʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɹʝʟʫʩʣʦʚʥʦ, ʟʘʪʨʘʪʳ ʥʘ ʮʠʬʨʦʚʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʩʝʨʴʝʟʥʳʝ, ʦʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʢʦʥʢʨʝʪʥʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ, ʧʦʟʚʦʣʷʝʪ ʠʭ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʦ ʪʘ ʠʥʥʦʚʘʮʠʷ, ʙʝʟ ʢʦʪʦʨʦʡ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʷ ʪʘʢʦʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʛʦ ʜʣʷ ʩʪʨʘʥʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʝʚʦʟʤʦʞʥʦ. ʆʧʳʪ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʚʭʦʜʷʱʠʭ ʚ ʢʦʥʪʫʨ ɻʂ çʈʦʩʘʪʦʤè ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ 

ʠʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʦʛʫʪ ʩʪʘʪʴ ʦʙʲʝʢʪʦʤ ʙʝʥʯʤʘʨʢʠʥʛʘ ʜʣʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  
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 ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ 4500 ʟʘʙʦʣʝʚʘʥʠʡ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʬʦʨʤ ʯʝʣʦʚʝʯʝʩʢʠʭ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥʳ ʤʫʪʘʮʠʷʤʠ ʛʝʥʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʝʥʦʤʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ CRISPR/Cas9, 

ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʚʦʜʠʪʴ ʥʝʢʦʪʦʨʫʶ ʤʫʪʘʮʠʶ ʚ ʛʝʥʦʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ 

ʠʩʧʨʘʚʣʷʪʴ ʠʭ. ʉʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʦʪʢʨʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʟʜʘʥʠʷ ʢʣʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʙʦʣʝʟʥʝʡ ʯʝʣʦʚʝʢʘ ʠ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʠ ʧʨʠʥʮʠʧʦʚ ʛʝʥʥʦʡ ʠ 

ʢʣʝʪʦʯʥʦʡ ʪʝʨʘʧʠʠ. ɺ ʜʘʥʥʦʤ ʪʝʟʠʩʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʧʨʠʤʝʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʫʚʠʜʝʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ CRISPR/Cas9. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʛʝʥʳ, ʥʘʫʢʘ, ʤʝʜʠʮʠʥʳ, ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, 

ɼʅʂ. 
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Abstract. Currently, more than 4,500 human diseases are classified as inherited. Most forms of inherited 

human diseases are caused by genetic mutations. Thanks to the development of new methods for manipulating 

genomes, particularly using the CRISPR/Cas9 system, it has become possible to artificially introduce specific mutations 

into the genome of a studied organism, as well as to correct gene mutations. Modern science has opened up the 

possibility of creating cellular models of inherited human diseases and conducting experiments to test theories and 

principles of gene and cellular therapy. This article will discuss some of the most interesting examples of research that 

allow us to glimpse the future of using the CRISPR/Cas9 system. 
Keywords: information technology, gens, since, medicine, inherited diseases, DNA. 

 

ʄʥʦʛʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʨʘʚʣʝʥʳ, ʝʩʣʠ ʚʤʝʰʘʪʴʩʷ ʚ ʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʜ 

ʯʝʣʦʚʝʢʘ. ʕʪʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʚʨʦʞʜʝʥʥʳʝ ʧʦʨʦʢʠ, ʩʣʝʧʦʪʫ ʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʤʫʪʘʮʠʠ ʢʣʝʪʦʢ, ʪʘʢʠʝ ʢʘʢ ʦʥʢʦʣʦʛʠʷ, ʠ ʣʝʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʠʥʬʝʢʮʠʡ. ʇʝʨʚʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ ʥʘʯʘʪʳ ʚ 1960-ʭ ʛʦʜʘʭ, ʢʦʛʜʘ ʙʳʣʘ ʦʪʢʨʳʪʘ ɼʅʂ. ʉ ʪʝʭ 

ʧʦʨ ʛʝʥʝʪʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ ʩʪʘʣʢʠʚʘʣʘʩʴ ʢʘʢ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʧʨʦʨʳʚʦʚ, ʪʘʢ ʠ ʩʦ ʩʝʨʴʝʟʥʳʤʠ 

ʧʨʝʧʷʪʩʪʚʠʷʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʛʝʥʝʪʠʢʝ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʝʢʪʦʚ 

ʧʦʣʫʯʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʪʨʝʙʫʶʱʠʭ ʦʙʨʘʙʦʪʢʠ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ 

ʦʙʨʘʙʦʪʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʦʛʜʘ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʛʝʥʦʤ, ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʙʦʪʘʪʴ. ɼʘʣʝʝ ʝʝ ʪʨʝʙʫʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʚ ʙʘʟʫ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʦʥʘ ʩʘʤʦʦʙʫʯʘʣʘʩʴ ʠ ʧʦʤʦʛʘʣʘ ʚ ʩʣʝʜʫʶʱʠʡ ʨʘʟ ʙʦʣʝʝ ʪʦʯʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ 

ʠʣʠ ʦʧʨʝʜʝʣʷʪʴ ʨʠʩʢʠ. ʊʝʣʝʤʝʜʠʮʠʥʘ ʪʘʢʞʝ ʚʘʞʥʳʡ ʜʦʧʦʣʥʷʶʱʠʡ ʵʣʝʤʝʥʪ. [1] 

ʉʝʛʦʜʥʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʦʟʜʘʥʠʝʤ ʤʦʜʝʣʝʡ çin vitroè. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʘʥ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʠʩʪʝʤʳ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʛʝʥʦʤʘ CRISPR. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʧʨʠʯʠʥʦʡ ʨʘʟʚʠʪʠʷ 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʩʝʥʳ ʚ ʛʝʥʦʤ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ (ʇʉʂ) ʯʝʣʦʚʝʢʘ. [6] 

ʇʠʢ ʨʘʟʚʠʪʠʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʦʚ ʧʨʠʰʝʣʩʷ ʥʘ 2020 ʛʦʜ. ɼʞʝʥʥʠʬʝʨ ɼʫʜʥʘ ʠ 

ʕʤʤʘʥʫʵʣʴ ʐʘʨʧʘʥʪʴʝ ʧʦʣʫʯʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ CRISPR. ʆʩʝʥʴʶ 
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2023 ʛʦʜʘ ʩʦʦʙʱʠʣʠ ʦ ʥʦʚʦʤ ʟʥʘʯʠʤʦʤ ʧʨʦʨʳʚʝ, ʢʦʪʦʨʳʡ ʜʝʣʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʙʦʣʝʝ ʪʦʯʥʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ. ʆʪʢʨʳʪʠʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ʂʦʥʥʝʢʪʠʢʫʪʘ. 

ʅʘʠʙʦʣʴʰʠʝ ʩʦʤʥʝʥʠʷ ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʘʧʠʠ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʛʝʥʦʤʘ ʵʤʙʨʠʦʥʦʚ ʯʝʣʦʚʝʢʘ.  

ɻʝʥʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʦ ʠ ʚ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ï ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʢʘʢ ʩʨʝʜʩʪʚʦ ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝʣʷʤʠ. ɻʝʥʥʫʶ 

ʪʝʨʘʧʠʶ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʩʧʦʩʦʙ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʠʪʴ ʞʠʟʥʴ. ʉ ʝʸ ʧʦʤʦʱʴʶ ʫʜʘʣʦʩʴ ʫʞʝ 

ʚ 10 ʨʘʟ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʯʝʨʚʝʡ. [3] 

ɺ 2022 ʛʦʜʫ ʫʯʝʥʳʝ ʠʟ ʊʘʡʚʘʥʷ ʦʪʢʨʳʣʠ ʛʝʥ Cisd2, ʩʧʦʩʦʙʥʳʡ ʟʘʤʝʜʣʷʪʴ ʩʝʨʜʝʯʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʜʠʩʬʫʥʢʮʠʶ ʤʳʰʮ ʠ ʜʨʫʛʠʝ ʧʨʠʟʥʘʢʠ ʩʪʘʨʝʥʠʷ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʤʳʰʘʤʠ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢ ʫʞʝ ʚʟʨʦʩʣʳʤ ʞʠʚʦʪʥʳʤ ʧʨʠʚʝʣʦ ʢ ʧʨʦʜʣʝʥʠʶ ʠʭ ʞʠʟʥʠ ʥʘ 9% ʚ ʩʨʝʜʥʝʤ 

ʠ ʥʘ 14% ï ʤʘʢʩʠʤʘʣʴʥʦ. 

ɺ ʤʝʜʠʮʠʥʝ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʥʦʡ ʪʝʨʘʧʠʠ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʦ. ɺ 

ʬʝʚʨʘʣʝ 2020 ʛʦʜʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ CRISPR ʜʣʷ ʪʨʝʭ ʙʦʣʴʥʳʭ, 

ʩʪʨʘʜʘʶʱʠʭ ʦʪ ʨʘʢʘ.  

ɽʱʝ ʛʝʥʥʘʷ ʪʝʨʘʧʠʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʦʨʛʘʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʘʧʝʯʘʪʘʥʥʳʭ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. ʊʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʝʣʢʦʚ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʦʪʪʦʨʞʝʥʠʝ ʪʨʘʥʩʧʣʘʥʪʘʪʘ. 

ɹʳʚʰʠʡ ʢʦʤʠʩʩʘʨ FDA ʩʜʝʣʘʣ ʧʨʦʛʥʦʟ: ʢ 2025 ʛʦʜʫ ʦʨʛʘʥʠʟʘʮʠʷ ʙʫʜʫʪ ʦʜʦʙʨʷʪʴ 10-20 

ʤʝʪʦʜʦʚ ʢʣʝʪʦʯʥʦʡ ʠʣʠ ʛʝʥʥʦʡ ʪʝʨʘʧʠʠ ʚ ʛʦʜ. Allied Market Research ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʣʠ, 

ʯʪʦ ʢ 2026 ʛʦʜʫ ʦʪʨʘʩʣʴ ʜʦʩʪʠʛʥʝʪ 6,21 ʤʣʨʜ ʜʦʣʣʘʨʦʚ. [5] 
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Abstract. Any complex equipment is subject to various accidental and non-accidental influences during use 

and operation. This leads to various failures that lead to the interruption of production, technical and information 

processes, as well as to the cost of restoration and maintenance of equipment. 
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ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʜʝʞʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʕʪʠ 

ʠʥʩʪʨʫʤʝʥʪʳ ʚʢʣʶʯʘʶʪ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʝʦʨʠʷ ʥʘʜʝʞʥʦʩʪʠ ʟʘʥʠʤʘʝʪʩʷ ʨʘʩʯʝʪʘʤʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʦʡ, 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʘʜʝʞʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʠʩʪʝʤ, ʠ ʦʥʘ ʚʥʝʩʣʘ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʅʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʭʦʜʦʚ 

ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ (ʊʆʠʈ). ʇʦʵʪʦʤʫ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ 

ʨʫʙʝʞʦʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʚʳʜʝʣʷʝʤʳʭ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʊʆʠʈ, ʪʨʝʙʫʝʪ ʠʭ 

ʪʱʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʟʫʯʝʥʠʝ 

ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠ ʪʨʝʙʫʝʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʇʨʝʜʤʝʪʦʤ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʊʆʠʈ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ.  

ɼʣʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʊʆʠʈ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʘʭʦʚʳʭ ʬʦʥʜʦʚ, ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪ ʜʚʝ ʬʫʥʢʮʠʠ ʜʣʷ ʦʧʣʘʪʳ ʨʘʩʭʦʜʦʚ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ 

ʦʙʦʨʫʜʦʚʘʥʠʷ: 

1) ʅʘʢʦʧʣʝʥʠʝ ʧʣʘʪʝʞʝʡ ʟʘ ʨʘʟʣʠʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ; 

2) ʆʧʣʘʪʘ ʵʪʠʭ ʨʘʙʦʪ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɼʝʥʝʞʥʳʝ ʧʦʪʦʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʘʭʦʚʦʛʦ ʬʦʥʜʘ, ʤʦʞʥʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʚʭʦʜʷʱʠʝ ï ʧʦʩʪʫʧʣʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʩʪʨʘʭʦʚʳʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʦʧʣʘʪʳ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʦʚ ʊʆʠʈ, ʚʢʣʶʯʘʶʱʠʭ ʚʩʝ ʚʠʜʳ ʨʝʤʦʥʪʦʚ (ʪʝʢʫʱʠʭ, ʘʚʘʨʠʡʥʳʭ ʠ 

ʢʧʠʪʘʣʴʥʳʭ). ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʨʘʙʦʪ ʧʣʘʥʠʨʫʝʪʩʷ ʯʘʩʪʦʪʘ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʦʙʲʝʤʳ ʩʪʨʘʭʦʚʳʭ 

ʩʨʝʜʩʪʚ; 

2) ʠʩʭʦʜʷʱʠʝ (ʩʦʢʨʘʱʝʥʠʝ ʩʪʨʘʭʦʚʳʭ ʩʨʝʜʩʪʚ), ʚʝʣʠʯʠʥʘ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʦʙʫʩʣʦʚʣʝʥʳ ʚʝʣʠʯʠʥʦʡ ʟʘʪʨʘʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʨʘʙʦʪ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʪʨʘʭʦʚʳʭ ʬʦʥʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʨʠʩʢʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʏʪʦʙʳ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʩʦʙʳʪʠʡ. ʇʨʦʛʨʘʤʤʘ 

ʬʦʨʤʠʨʫʝʪ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʦʢʠ, ʘ ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʭʦʜʦʚʘʥʠʷ 
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ʩʨʝʜʩʪʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʊʆʠʈ. ʇʦʜʜʝʨʞʢʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʩʦʙʳʪʠʡʥʦʛʦ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʢʘʣʝʥʜʘʨʝ ʩʦʙʳʪʠʡ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʳʪʠʡ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʊʆʠʈ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ ʧʦʚʦʨʦʪʘ 

ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʰʪʘʥʛʠ ʤʘʰʠʥʳ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʢʘʤʧʘʥʠʠ ʚ ʧʝʨʠʦʜʳ ʧʣʘʥʦʚʦʛʦ 

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʥʘ ɸʕʉ. ɺʦ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʨʘʙʦʯʝʡ ʟʦʥʳ ʝʩʪʴ ʦʧʨʝʜʝʣʸʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʢʦʚ, 

ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʦʤʝʭʘ ʜʣʷ ʧʦʚʦʨʦʪʘ ʰʪʘʥʛʠ. ɺʳʷʚʣʝʥʳ ʠʭ ʪʦʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʜʦʧʫʩʪʠʤʳʝ 

ʜʣʷ ʥʠʭ ʫʛʣʳ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ. ʈʘʩʩʯʠʪʘʥʦ ʚʨʝʤʷ ʧʦʚʦʨʦʪʘ ʤʝʞʜʫ ʜʦʧʫʩʪʠʤʳʤʠ ʫʛʣʘʤʠ 

ʥʘʙʣʶʜʝʥʠʷ. 
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Abstract. The paper examines the issues of optimizing the operation of the rotation mechanism of the 

television mast of the refuelling machine during the refueling campaign during the scheduled preventive maintenance at 

the NPP. In all parts of the working area there is a certain number of sections in which interference of rotation of the 

mast may occur. The exact location and the permissible angles of movement and observation for them are revealed. It is 

calculated how long it takes to turn between permissible viewing angles. 

Keywords: television mast, refuelling machine, optimization, NPP, algorithm, fuel assembly, reactor, 

observation angles, racks, cells. 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʚʝʜʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ ʧʦʚʦʨʦʪʘ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʰʪʘʥʛʠ (ʊʐ) ʤʘʰʠʥʳ ʧʝʨʝʛʨʫʟʦʯʥʦʡ 
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(ʄʇ) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʢʘʤʧʘʥʠʠ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʥʦʚʦʛʦ 

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʥʘ ɸʕʉ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘ ʠʭ ʦʩʥʦʚʝ: ʠʟʫʯʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʥʘʟʥʘʯʝʥʠʝ ʨʘʙʦʯʝʡ 

ʟʦʥʳ, ʤʘʰʠʥʳ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʷʭ; ʚʳʷʚʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʯʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ; ʠʟʫʯʠʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ; ʫʪʦʯʥʠʪʴ ʠ ʜʦʧʦʣʥʠʪʴ 

ʠʟʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʝʡ 

ʟʦʥʳ; ʚʳʷʚʠʪʴ ʪʦʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʩʝʭ ʫʯʘʩʪʚʫʶʱʠʭ ʷʯʝʝʢ ʠ ʜʦʧʫʩʪʠʤʳʝ ʜʣʷ ʥʠʭ ʫʛʣʳ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ; ʧʨʦʚʝʩʪʠ ʨʘʩʯʸʪ ʚʨʝʤʝʥʠ ʜʣʷ ʦʧʝʨʘʮʠʠ ʩ ʤʘʰʠʥʦʡ 

ʧʝʨʝʛʨʫʟʦʯʥʦʡ [1 ï 3]. 

ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʠʥʪʝʨʝʩʫʶʱʠʝ ʥʘʩ ʦʙʲʝʢʪʳ, ʧʨʠʥʠʤʘʶʱʠʝ ʫʯʘʩʪʠʝ ʚ ʵʪʦʡ ʟʘʜʘʯʝ 

[4 ï 5]. ʈʘʙʦʯʘʷ ʟʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʦʚ: ʙʘʩʩʝʡʥ ʚʳʜʝʨʞʢʠ, ʨʝʘʢʪʦʨ, ʢʦʣʦʜʝʮ 

ʧʝʨʝʛʨʫʟʢʠ ʠ ʜʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʘ. ɺ ʙʘʩʩʝʡʥʝ ʚʳʜʝʨʞʢʠ ʥʘʭʦʜʷʪʩʷ ʜʚʝʥʘʜʮʘʪʴ 

ʩʪʝʣʣʘʞʝʡ ʩ ʷʯʝʡʢʘʤʠ ʜʣʷ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ (ʊɺʉ). 

ʊʐ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʠ ʠʟʚʣʝʯʝʥʠʠ ʊɺʉ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʫʛʣʝ 45, 135, 225, 315 

ʛʨʘʜʫʩʦʚ ʠ 0 ʠʣʠ 180 ʛʨʘʜʫʩʦʚ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʞʝ ʯʝʨʝʟ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʨʠʜʦʨ. ɺʦ ʚʩʝʭ 

ʫʯʘʩʪʢʘʭ ʝʩʪʴ ʦʧʨʝʜʝʣʸʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ çʧʨʦʙʣʝʤʥʳʭè ʷʯʝʝʢ, ʫ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ 

ʧʦʤʝʭʘ ʧʦʚʦʨʦʪʘ ʊʐ. 

ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨ ʨʘʩʯʸʪʘ ʘʣʛʦʨʠʪʤʘ ʠʟʚʣʝʯʝʥʠʷ ʊɺʉ ʠʟ ʷʯʝʡʢʠ ʩʪʝʣʣʘʞʘ ʙʘʩʩʝʡʥʘ 

ʚʳʜʝʨʞʢʠ ʠ ʝʸ ʫʩʪʘʥʦʚʢʠ ʚ ʷʯʝʡʢʫ ʨʝʘʢʪʦʨʘ. ɺʳʙʝʨʝʤ ʜʣʷ ʵʪʦʛʦ ʦʧʝʨʘʮʠʶ ʩ ʤʘʨʰʨʫʪʦʤ ʦʪ 

ʷʯʝʡʢʠ ʧʝʨʚʦʛʦ ʩʪʝʣʣʘʞʘ ʜʦ ʷʯʝʡʢʠ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʫʛʣʫ ʨʝʘʢʪʦʨʘ. 

ɺʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʄʇ ʧʝʨʝʤʝʩʪʠʪʩʷ ʦʪ ʷʯʝʡʢʠ ʚ ʧʝʨʚʦʤ ʩʪʝʣʣʘʞʝ ʢʦ ʚʭʦʜʫ ʚ ʢʦʨʠʜʦʨ, 

ʨʘʚʥʷʝʪʩʷ 23,916 ʩ. ʏʪʦʙʳ ʊʐ ʫʩʧʝʣʘ ʨʘʟʚʝʨʥʫʪʴʩʷ ʦʪ 135 ʜʦ 0Á ʥʫʞʥʦ 11,25 ʩ, ʪ.ʝ. ʊʐ 

ʫʩʧʝʝʪ ʨʘʟʚʝʨʥʫʪʴʩʷ ʥʘ ʥʝʦʙʭʦʜʠʤʳʡ ʫʛʦʣ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʘ. ʇʫʪʴ 

ʜʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʷʯʝʡʢʠ ʨʝʘʢʪʦʨʘ ʨʘʚʝʥ 33,65 ʩ. ɼʣʷ ʨʘʟʚʦʨʦʪʘ ʊʐ ʦʪ 0 ʜʦ 45Á ʥʫʞʥʦ 

3,75 ʩʝʢʫʥʜ, ʪʘʢ ʯʪʦ ʚʨʝʤʝʥʠ ʜʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ. ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʫʩʪʘʥʦʚʠʤ, ʯʪʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʣʷʶʪ 57,566 ʩʝʢʫʥʜ. 

ʊʝʧʝʨʴ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʩʣʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʠʜʫʪ ʝʱʸ ʜʚʝ. ʇʦʥʘʯʘʣʫ ʧʨʦʮʝʩʩ 

ʥʝʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ï ʤʳ ʪʘʢʞʝ ʧʝʨʝʤʝʱʘʝʤʩʷ ʯʝʨʝʟ ʢʦʨʠʜʦʨ. 

ʆʜʥʘʢʦ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʨʠʜʦʨʘ ʄʇ ʜʦʣʞʥʘ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʢ ʷʯʝʡʢʝ, 

ʜʦʧʫʩʪʠʤʳʝ ʫʛʣʳ ʢʦʪʦʨʦʡ 45 ʠ 315Á. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʣʛʦʨʠʪʤʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʪʦʣʴʢʦ 

ʪʝʢʫʱʫʶ ʦʧʝʨʘʮʠʶ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʚʘʨʠʘʥʪʦʤ ʙʫʜʝʪ ʨʘʟʚʝʨʥʫʪʴʩʷ ʧʝʨʝʜ ʢʦʨʠʜʦʨʦʤ ʜʦ 

0Á, ʧʦʩʣʝ ʯʝʛʦ ʜʦ 45Á. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝ ʵʪʦʛʦ ʦʧʝʨʘʮʠʠ 

ʄʇ ʜʦʣʞʥʘ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʢʦ ʚʪʦʨʦʡ ʷʯʝʡʢʝ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʦʧʫʩʪʠʤʳʤ ʫʛʣʦʤ 315Á. ʊʐ 

ʧʨʠʜʸʪʩʷ ʩʦʚʝʨʰʠʪʴ ʜʦʣʛʠʡ ʧʦʚʦʨʦʪ ʟʘ 22,5 ʩ, ʯʪʦ ʥʝ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʧʫʪʴ ʜʦ ʷʯʝʡʢʠ 16,88 ʩ.  

ʂ ʪʦʤʫ ʞʝ ʄʇ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʤʝʩʪʝ ʛʜʝ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʜʦʙʥʳʡ ʨʘʟʚʦʨʦʪ, ʪ.ʝ. ʧʝʨʝʜ ʜʦʣʛʠʤ 

ʧʦʚʦʨʦʪʦʤ ʪʘʢʞʝ ʧʦʪʨʝʙʫʝʪʩʷ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʥʘ ʙʝʟʦʧʘʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʪʝʥʳ. 

ɺ ʩʣʫʯʘʝ ʞʝ ʫʣʫʯʰʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ, ʩʠʪʫʘʮʠʷ 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ: ʄʇ ʧʦʢʠʜʘʝʪ ʢʦʨʠʜʦʨ ʩ ʊʐ ʥʘ ʫʛʣʝ 180Á, ʠ ʜʣʷ ʧʦʚʦʨʦʪʘ ʜʦ 

315Á ʝʡ ʧʦʪʨʝʙʫʝʪʩʷ 11,25 ʩ, ʪʦʣʴʢʦ ʧʦʚʦʨʦʪ ʤʦʞʥʦ ʥʘʯʠʥʘʪʴ ʩʨʘʞʫ ʞʝ, ʪʘʢ ʢʘʢ ʝʩʪʴ 

ʩʚʦʙʦʜʥʦʝ ʤʝʩʪʦ. ʇʝʨʝʭʦʜʷ ʢ ʩʣʝʜʫʶʱʝʡ ʦʧʝʨʘʮʠʠ, ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʧʦʣʫʯʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ ʚʠʜʝ, ʯʪʦ ʊʐ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʤ ʫʛʣʝ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʦʩʪʘʸʪʩʷ ʣʠʰʴ ʜʚʠʞʝʥʠʝ ʄʇ. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʘ ʘʣʛʦʨʠʪʤʘ ʩʦʯʣʠ ʦʧʪʠʤʘʣʴʥʳʤ ʟʘʤʝʜʣʠʪʴ ʜʚʠʞʝʥʠʝ ʄʇ, 

ʯʪʦʙʳ ʜʘʪʴ ʊʐ ʚʨʝʤʷ ʜʣʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʦʚʦʨʦʪʘ, ʪʦ ʵʪʦ ʫʞʝ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʵʢʦʥʦʤʠʪʴ 

3,21 ʩ (10,24 % ʦʪ 31,34 ʩʝʢ. ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ) ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʸʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʦʚʦʨʦʪʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ ʚʳʛʨʫʟʢʠ ʠ ʧʝʨʝʛʨʫʟʢʠ ʩ ʄʇ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 

ʩʦʪʝʥ ʦʧʝʨʘʮʠʡ, ʟʘʚʝʨʰʸʥʥʳʡ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʧʦʤʦʯʴ ʦʱʫʪʠʤʦ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. 
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Abstract. The paper discusses some aspects of the development of a mobile application for data collection 

terminals based on the 1C mobile platform, which would allow automating the formation of documents accompanying 

the movement of a piece of furniture in production process. The choice of the data exchange mechanism that would be 

the best for the production process and the implemented configuration, the selection of objects for the application, as 

well as the implemented synchronization algorithm are described. 

Keywords: furniture production, data collection terminal, 1ʉ:Enterprise, data exchange mechanisms, mobile 

application development. 
 

ʈʘʥʝʝ ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʆʆʆ çɺʂɼʇè. [1] ʀʪʦʛʦʤ ʘʥʘʣʠʟʘ 

ʩʪʘʣʦ ʧʨʝʜʣʦʞʝʥʠʝ ʦ ʚʥʝʜʨʝʥʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʪʝʨʤʠʥʘʣʦʚ 
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ʩʙʦʨʘ ʜʘʥʥʳʭ  (ʊʉɼ), ʧʦʟʚʦʣʷʶʱʝʛʦ ʬʦʨʤʠʨʦʚʘʪʴ ʜʦʢʫʤʝʥʪʳ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʧʝʨʘʮʠʷʭ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ ʰʪʨʠʭ-ʢʦʜʦʚ, ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʘʤ ʨʘʟʨʘʙʦʪʢʠ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʆʜʠʥ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʘʟʦʡ ï ʨʘʟʚʦʨʘʯʠʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʧʣʘʥʦʚ ʦʙʤʝʥʘ. ʇʣʘʥ 

ʦʙʤʝʥʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʟʣʘʭ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ, ʠ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʘʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʤʝʥʘ ʠ ʨʝʞʠʤ ʨʝʛʠʩʪʨʘʮʠʠ ʠʭ 

ʠʟʤʝʥʝʥʠʡ. [2] ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʩʢʦʨʦʩʪʴ ʠ ʥʝʠʟʤʝʥʥʦʩʪʴ ʦʩʥʦʚʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʩ ʤʦʙʠʣʴʥʳʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʠʜʝʥʪʠʯʥʦʩʪʴ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʜʘʯʝ ʣʠʰʥʝʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ. 

ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʟʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʘʤʦʧʠʩʥʦʛʦ 

ʦʙʤʝʥʘ. 

ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʠ ʥʘʜʸʞʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ (ɹɼ) ʠ 

ʤʦʙʠʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʥʦ ʦʥ ʪʨʝʙʫʝʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʳ. 

ɼʨʫʛʠʤ ʧʦʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ɹɼ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʚʝʨʩʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʙʘʟʳ. ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʙʘʟʘ ʚʳʩʪʫʧʘʝʪ ʧʦʩʨʝʜʥʠʢʦʤ ʚ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ 

ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʦʡ ʠ ʤʦʙʠʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. ʅʝʜʦʩʪʘʪʦʢ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ï ʫʚʝʣʠʯʝʥʠʝ ʫʷʟʚʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʩʚʷʟʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʦʚʦʛʦ ʟʚʝʥʘ. [3] 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʚʳʙʨʘʥ ʛʠʙʨʠʜʥʳʡ ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ɹɼ, ʘ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʙʘʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʕʪʦ ʦʙʦʩʥʦʚʘʥʦ 

ʪʝʤ, ʯʪʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʨʘʡʥʝ ʚʘʞʥʘ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ 

ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ɺ ʬʫʥʢʮʠʦʥʘʣ ʪʘʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʣʫʯʘʝ ʆʆʆ çɺʂɼʇè ʚʭʦʜʠʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʜʦʩʪʫʧʘ ʢ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʝʪʘʣʠ ʠʟ ʩʝʨʪʠʬʠʢʘʪʘ, ʢʘʢ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ, ʝʸ 

ʧʘʨʘʤʝʪʨʳ ʠ ʟʘʢʘʟ, ʢ ʢʦʪʦʨʦʤʫ ʦʥʘ ʦʪʥʦʩʠʪʩʷ, ʘ ʪʘʢʞʝ ʟʘʧʦʣʥʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʦʪʨʘʞʘʶʱʠʭ 

ʭʦʜ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ: ʟʘʢʘʟʘ ʥʘ ʜʦʧʦʩʪʘʚʢʫ, ʩʪʨʦʢʠ ʟʘʢʘʟʘ ʥʘ ʜʦʧʦʩʪʘʚʢʫ, ʘʢʪʘ ʨʘʩʢʨʦʷ 

ʜʦʧʦʩʪʘʚʢʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʚʳʧʦʣʥʝʥʠʷ ʜʦʧʦʩʪʘʚʢʠ, ʦʪʙʨʘʢʦʚʢʠ ʜʦʧʦʩʪʘʚʢʠ, 

ʫʧʘʢʦʚʢʠ ʜʦʧʦʩʪʘʚʢʠ, ʧʝʨʝʜʘʯʠ ʜʦʧʦʩʪʘʚʢʠ ʥʘ ʩʢʣʘʜ, ʦʪʛʨʫʟʢʠ ʜʦʧʦʩʪʘʚʢʠ. 

ɼʦʢʫʤʝʥʪ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʚʳʧʦʣʥʝʥʥʦʡ 

ʦʧʝʨʘʮʠʠ, ʮʝʥʪʨʝ ʦʙʨʘʙʦʪʢʝ, ʥʘ ʢʦʪʦʨʦʤ ʦʥʘ ʚʳʧʦʣʥʝʥʘ, ʦʧʝʨʘʪʦʨʝ, ʢʦʪʦʨʳʡ ʝʸ ʚʳʧʦʣʥʠʣ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʜʝʪʘʣʠ. ʇʨʦʯʠʝ ʜʦʢʫʤʝʥʪʳ ʦʙ ʵʪʘʧʘʭ ʚʳʧʦʣʥʝʥʠʷ ʜʦʧʦʩʪʘʚʢʠ 

ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʢʘʢʠʝ ʜʝʪʘʣʠ ʠ ʚ ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʰʣʠ ʥʝʢʦʪʦʨʳʡ ʵʪʘʧ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʭʨʘʥʠʪʴ ʩʪʘʪʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʝʥʪʨʘʭ ʦʙʨʘʙʦʪʢʠ, ʚʳʧʦʣʥʷʝʤʳʭ ʩ ʠʭ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʷʭ ʠ ʠʭ ʧʘʨʘʤʝʪʨʘʭ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠʟʜʝʣʠʷʭ ʠ ʠʭ ʜʝʪʘʣʷʭ, ʨʘʙʦʪʥʠʢʘʭ, ʢʦʥʪʨʘʛʝʥʪʘʭ ʠ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʩʷ ʧʝʨʝʯʠʩʣʝʥʥʘʷ ʩʪʘʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʚ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʧʝʨʝʯʠʩʣʝʥʠʡ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ ʙʳʣʠ ʥʘʧʠʩʘʥʳ 

ʟʘʧʨʦʩʳ ʢʦ ʚʩʝʤ ʦʙʲʝʢʪʘʤ, ʚʢʣʶʯʝʥʥʳʤ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʦʮʝʜʫʨʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʚʳʛʨʫʟʢʫ 

ʩʧʨʘʚʦʯʥʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʝʜʢʦ ʠʟʤʝʥʷʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʠ ʚʳʛʨʫʟʢʫ ʜʦʢʫʤʝʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʧʨʦʩʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʪʴ ʧʝʨʝʜʘʶʪʩʷ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ 

ʬʨʘʛʤʝʥʪʘʤʠ ʧʦ 4000 ʟʘʧʠʩʝʡ, ʧʦʟʠʮʠʷ ʧʝʨʚʦʡ ʟʘʧʠʩʠ ʧʨʠ ʢʘʞʜʦʤ ʩʦʝʜʠʥʝʥʠʠ ʚʳʯʠʩʣʷʝʪʩʷ, 

ʢʘʢ ʢʦʜ ʠʣʠ ʥʦʤʝʨ ʧʦʩʣʝʜʥʝʛʦ ʧʨʠʥʷʪʦʛʦ ʦʙʲʝʢʪʘ. ʂʣʠʝʥʪ ʦʙʨʘʱʘʝʪʩʷ ʢ ʬʫʥʢʮʠʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʩʝʨʚʝʨʝ, ʧʝʨʝʜʘʚʘʷ ʝʡ ʧʦ ʦʯʝʨʝʜʠ ʪʠʧʳ ʚʩʝʭ ʚʳʛʨʫʞʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ 

ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʧʨʦʩʘ ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ, 
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ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʧʝʨʝʙʠʨʘʶʪʩʷ ʩ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ, 

ʩʩʳʣʢʠ ʥʘ ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʠʪ ʪʘʙʣʠʮʘ. ʆʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ, ʥʦ ʩ 

ʢʣʠʝʥʪʘ ʥʘ ʩʝʨʚʝʨ ʦʪʧʨʘʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʜʦʢʫʤʝʥʪʳ. 

ʉʦʟʜʘʥʥʦʝ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʦʢʫʤʝʥʪʳ ʦ 

ʧʨʦʭʦʞʜʝʥʠʠ ʜʝʪʘʣʷʤʠ ʵʪʘʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʝʪʘʣʴ ʩ ʧʦʤʦʱʴʶ ʊʉɼ. 

ʕʪʦ, ʭʦʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ  ʩʥʠʞʝʥʠʶ ʯʠʩʣʘ ʧʝʨʝʤʝʱʝʥʠʡ ʨʘʙʦʪʥʠʢʘ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ 

ʪʝʨʤʠʥʘʣʫ, ʚʩʸ ʝʱʸ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ, ʧʦʩʢʦʣʴʢʫ ʚʥʝʩʝʥʠʝ ʜʘʥʥʳʭ ʦʩʪʘʸʪʩʷ 

ʨʫʯʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʴʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʨʫʯʥʦʛʦ ʚʚʦʜʘ ʩʯʠʪʳʚʘʥʠʝʤ 

ʜʘʥʥʳʭ ʩʦ ʰʪʨʠʭ-ʢʦʜʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʤʦʜʝʣʴ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʧʦʞʘʨʘʤʠ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʘʚʪʦʥʦʤʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʣʦʢʘʣʠʟʦʚʘʪʴ ʠ ʪʫʰʠʪʴ ʚʦʟʛʦʨʘʥʠʷ. ʇʨʦʝʢʪ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʨʦʙʦʪʦʤ-ʧʦʞʘʨʥʳʤ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʩʠʩʪʝʤ ʜʝʪʝʢʮʠʠ ʧʦʞʘʨʦʚ, ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʪʫʰʝʥʠʷ, ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʥʘʚʠʛʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʞʘʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʫʰʝʥʠʝ ʧʦʞʘʨʘ, ʘʚʪʦʤʘʪʠʢʘ, ʨʦʙʦʪ-ʧʦʞʘʨʥʳʡ, ʧʦʤʦʱʴ ʧʦʞʘʨʥʳʤ, ʚʦʟʛʦʨʘʥʠʝ, 

ʣʦʢʘʣʠʟʘʮʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 
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Abstract. The aim of this project is to develop and create a robotic system for firefighting, which is capable of 

autonomously and effectively localizing and extinguishing fires. The project includes the development of software to 
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control the fire-fighting robot, as well as the creation of mechanisms and fire detection systems, efficient extinguishing 

means, and safe navigation in fire conditions. 

Keywords: firefighting, fire-fighting robot, assistance to firefighters, fire, localization, automation. 

 
ɺ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʪʦʪʠʧ ʨʦʙʦʪʘ-ʧʦʞʘʨʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LEGO 

Mindstorms EV3 ʜʣʷ ʙʦʨʴʙʳ ʩ ʚʦʟʛʦʨʘʥʠʷʤʠ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ 

ʙʳʩʪʨʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʥʫʪʨʠ ʟʜʘʥʠʷ, ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʞʘʨʘ ʥʘ 

ʝʛʦ ʧʫʪʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʤʦʜʫʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʧʦʞʘʨʘ ʠ ʩʠʩʪʝʤʳ ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʦʞʘʨʝ. ɺ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʪʯʠʢ ʜʣʷ 

ʦʙʭʦʜʘ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʜʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚʦʟʛʦʨʘʥʠʷ. ʇʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʞʘʨʘ ʦʥ ʦʪʧʨʘʚʠʪ ʣʶʜʷʤ ʚ ʟʜʘʥʠʠ ʩʦʦʙʱʝʥʠʝ ʦ ʧʦʞʘʨʝ ʠ ʪʫʰʠʪ ʧʦʞʘʨ.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʨʦʙʦʪʫ: ʥʝ ʜʦʨʦʛʦʡ ʠ ʥʝʩʣʦʞʥʳʡ ʚ ʠʩʧʦʣʥʝʥʠʠ, ʫʩʪʦʡʯʠʚʳʡ, 

ʤʘʥʝʚʨʝʥʥʳʡ ʠ ʥʘʜʝʞʥʳʡ, ʥʘ ʥʝʟʘʚʠʩʠʤʦʤ ʠʩʪʦʯʥʠʢʝ ʵʥʝʨʛʠʠ, ʩ ʧʨʦʩʪʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʈʘʙʦʪʘ ʧʨʦʝʢʪʘ ʙʳʣʘ ʨʘʟʙʠʪʘ ʥʘ ʯʝʪʳʨʝ ʵʪʘʧʘ: ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ, ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʢʘ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʇʨʦʪʦʪʠʧ ʨʦʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʣʝʩʥʫʶ ʧʣʘʪʬʦʨʤʫ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʩʦʝʜʠʥʝʥʳ 

ʠʥʬʨʘʢʨʘʩʥʳʡ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʪʯʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʚ ʥʝʤ. ɼʣʷ ʧʨʠʚʦʜʘ ʢʦʣʝʩ ʚʳʙʨʘʥʳ ʰʘʛʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ. ʀʭ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʤʦʱʥʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʥʦ ʠ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ʚʘʣʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʜʚʠʛʘʪʝʣʴ ʚʩʪʨʦʝʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʦʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʦʢʘʟʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʙʣʦʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ.[1] 

 

 
ʈʠʩʫʥʦʢ 1- ʈʝʞʠʤʳ ʫʧʨʘʚʣʝʥʠʷ h ʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ 

 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʳʙʨʘʥ ʨʝʞʠʤ ʣʦʢʘʣʴʥʦʛʦ ʪʫʰʝʥʠʷ ʦʛʥʷ, ʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 360
ʦ
 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʘʛʘ ʚʦʟʛʦʨʘʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʲʝʤ ʦʜʥʦʡ ʠʟ ʧʘʨ ʢʦʣʝʩ ʩ 

ʧʦʤʦʱʴʶ ʧʥʝʚʤʦʮʠʣʠʥʜʨʦʚ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ EV3. [2] ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʜʢʣʶʯʘʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʧʦ ʧʦʨʪʘʤ. 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʪʦʚ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ 



157 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʜʝʣʴ ʦʩʥʘʱʘʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʜʘʪʯʠʢʘʤʠ ʨʘʩʩʪʦʷʥʠʷ ʠ 

ʜʘʪʯʠʢʘʤʠ ʢʘʩʘʥʠʷ ʧʨʝʜʤʝʪʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʤʧʨʦʚʠʟʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʟʛʦʨʘʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʮʚʝʪʘ, ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʩʪʦʷʥʠʷ.  

ʊʫʰʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʝʥʪʠʣʷʪʦʨʘ. ʋʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷʤʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʙʣʦʢ, ʢʦʪʦʨʳʡ ʨʫʢʦʚʦʜʩʪʚʫʝʪʩʷ ʥʘʧʠʩʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʢʦʜʦʤ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʉ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʪʯʠʢʦʚ, ʚʦʟʤʦʞʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʝʞʠʤʘ ʧʦʠʩʢʘ 

ʦʯʘʛʘ ʚʦʟʛʦʨʘʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʦʙʦʪʘ ʢ ʵʪʦʤʫ ʫʯʘʩʪʢʫ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ 

 

ɼʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ Bluetooth.[1] ʅʘ 

ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ. 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 4 - ʇʦʜʢʣʶʯʝʥʠʝ ʩʚʷʟʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ Bluetooth 

 

ɺ ʤʦʜʝʣʠ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠʚʦʜ ʩ ʢʦʤʧʨʝʩʩʦʨʦʤ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ ʩ ʥʝʟʘʚʠʩʠʤʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ. ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʨʝʩʠʚʝʨʘ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʙʝʩʧʝʯʠʪʴ 10 ʮʠʢʣʦʚ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʢʦʣʝʩ   ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʢʘʯʢʠ. ɺʝʥʪʠʣʠ 

ʫʧʨʘʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʰʘʨʥʠʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʰʘʛʦʚʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷʤ ʧʨʠʚʦʜʘ ʢʦʣʝʩ.[2] ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʧʨʠʚʦʜʘ ʢʦʣʝʩ. 
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ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠ ʨʦʙʦʪʘ 

 

ʇʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʠʩʧʳʪʘʥʠʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʙʳʣʘ ʦʮʝʥʝʥʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ: ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʪʦʯʥʦʩʪʴ ʤʘʥʝʚʨʦʚ, ʦʙʲʝʤ 

ʪʫʰʝʥʠʷ ʚʦʟʛʦʨʘʥʠʡ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɺ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʨʦʙʦʪ ʩʧʨʘʚʠʣʩʷ ʩ ʪʫʰʝʥʠʝʤ 

ʤʘʣʝʥʴʢʠʭ ʧʦʞʘʨʦʚ ʚ ʩʨʝʜʥʝʤ ʟʘ 2 ʤʠʥʫʪʳ. ʆʜʥʘʢʦ ʧʨʠ ʛʦʨʝʥʠʷʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ 

ʚʨʝʤʷ ʫʚʝʣʠʯʠʚʘʣʦʩʴ. ʊʘʢʞʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʤʦʤʝʥʪʳ, ʪʨʝʙʫʶʱʠʝ ʫʣʫʯʰʝʥʠʷ ʚ ʜʘʪʯʠʢʘʭ, 

ʤʝʭʘʥʠʟʤʘʭ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʧʝʨʝʜʚʠʞʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘʚʠʛʘʮʠʠ ʧʦ ʢʦʤʥʘʪʘʤ ʜʣʷ ʙʳʩʪʨʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʚʦʟʛʦʨʘʥʠʷ. ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠ ʪʫʰʝʥʠʠ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ ʚʦʟʛʦʨʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ.  

 

ʈʠʩʫʥʦʢ 5 ï ʇʨʦʪʦʪʠʧ ʨʦʙʦʪʘ ʜʣʷ ʪʫʰʝʥʠʷ ʚʦʟʛʦʨʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʪʦʨʘ LEGO Mindstorms 

 

ɺʳʚʦʜ: ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʙʦʪʦʩʪʨʦʝʥʠʝ ï ʩʘʤʘʷ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʠ ʧʨʠʦʨʠʪʝʪʥʘʷ 

ʦʪʨʘʩʣʴ ʚ ʈʦʩʩʠʠ. ɺʦ ʚʩʝʤ ʤʠʨʝ ʧʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʦʙʰʠʨʥʝʝ: ʨʦʙʦʪʳ-ʧʦʞʘʨʥʳʝ, ʨʦʙʦʪʳ-ʩʘʧʝʨʳ ʠ 

ʨʦʙʦʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ. ɺ ʩʚʝʪʝ ʧʦʩʣʝʜʥʠʭ ʩʦʙʳʪʠʡ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ ʩʪʦʠʪ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʪʫʰʝʥʠʝ ʧʦʞʘʨʘ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠ ʦʧʘʩʥʳʭ 

ʤʝʩʪʘʭ ʜʣʷ ʯʝʣʦʚʝʢʘ. 
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ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʟʘʱʠʱʘʝʪ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ ʠ 

ʠʤʫʱʝʩʪʚʦ ʦʪ ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʧʨʠ ʧʦʞʘʨʝ. ʄʦʜʝʣʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʣʝʟʥʫʶ 

ʩʠʤʫʣʷʮʠʶ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʈʝʘʣʠʟʫʝʤʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 5. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʆʚʩʷʥʠʮʢʘʷ, ʃ.ʖ. ʂʫʨʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ EV3 ʚ ʩʨʝʜʝ Lego Mindstorms EV ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

çʇʝʨʦè, 2016. ï 300 ʩ. 

2. ɻʦʨʙʘʥʴ ʖ.ʀ., ʉʠʥʝʣʴʥʠʢʦʚʘ ɽ.ɸ. ʇʦʞʘʨʥʳʝ ʨʦʙʦʪʳ ï ʥʦʚʳʡ ʛʣʦʙʘʣʴʥʳʡ ʧʨʦʜʫʢʪ ʚ ʩʠʩʪʝʤʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ//ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʄʘʪʝʨʠʘʣʳ XXVIII ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 2016 

 

 

ʋɼʂ 0.049 

ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊɽʁ BLENDER ɺ ʂʆʄʇʔʖʊɽʈʅʆʄ 

ʄʆɼɽʃʀʈʆɺɸʅʀʀ  
 

ɼʴʷʢʦʚ ɼ.ʇ., ɽʣʠʟʘʨʦʚʘ ɽ.ʖ 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 

danildiakov15@yandex.ru 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʢʦʤʥʘʪʳ ʚ ʧʨʦʛʨʘʤʤʝ Blender. 

ʉʦʟʜʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʮʝʥʘ ʩ ʪʨʝʭʤʝʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʥʠʟʢʦ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ Blender ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D -  ʄʦʜʝʣʠʨʦʚʘʥʠʝ, Blender, ʛʨʘʬʠʢʘ, ʧʣʘʛʠʥ, ʩʧʣʘʡʥ, ʧʨʠʤʠʪʠʚ, ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ, 

ʘʥʠʤʘʮʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʷ. 
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Abstract. The paper presents the analysis of 3Ds MAX, ZBrush, Blender three-dimensional computer 

modelling programs. The questions of low-polygonal modelling in Blender program its features and possibilities are 

considered. The computer scene with three-dimensional elements developed by means of the investigated software 

package is created. 

Keywords: 3D - Modelling, Blender, graphics, plugin, spline, primitive, texturing, animation, visualization. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: 3 D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʚ ʥʘʰʝʡ 

ʞʠʟʥʠ, ʦʥʦ ʘʢʪʫʘʣʴʥʦ ʠ ʚʦʩʪʨʝʙʦʚʘʥʦ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, 

ʜʠʟʘʡʥʝ, ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ, ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʨ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦ 

ʦʮʝʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʢʣʘʤʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʘʜʠʪʴ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʟʘ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʥʘ 

ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʟʜʘʪʴ ʩʧʝʮʵʬʬʝʢʪʳ,  

3D-ʜʠʟʘʡʥ, ʨʝʥʜʝʨʠʥʛ, ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʘʥʠʤʘʮʠʶ, ʦʥʠ ʧʨʝʚʨʘʪʷʪ ʠʜʝʠ ʚ ʮʠʬʨʦʚʫʶ ʛʨʘʬʠʢʫ, 

ʩʦʟʜʘʜʫʪ ʦʙʨʘʟ ʙʫʜʫʱʝʛʦ ʧʨʦʜʫʢʪʘ ʚ ʦʙʲʝʤʥʦʤ ʬʦʨʤʘʪʝ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʨʳʥʦʢ ʧʨʦʛʨʘʤʤ, ʧʨʝʜʣʘʛʘʶʱʠʭ 

ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʤʥʳʝ ʤʦʜʝʣʠ, ʬʦʨʤʠʨʦʚʘʪʴ ʪʨʸʭʤʝʨʥʳʝ ʩʮʝʥʳ ʠ ʦʙʲʝʢʪʳ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ, ʢʘʢ 3Ds Max, Autodesk Maya, Blender. 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʧʨʦʛʨʘʤʤ ʧʦ ʥʝʢʦʪʦʨʳʤ ʘʩʧʝʢʪʘʤ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 
 

ʇʨʦʚʝʜʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ ʪʨʝʭʤʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʢʘʞʜʦʛʦ ʠʟ 

ʧʘʢʝʪʦʚ, ʘ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ Blender. 

Blender ï ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʩʨʝʜʩʪʚʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʢʫʣʴʧʪʠʥʛʘ, ʘʥʠʤʘʮʠʠ, ʩʠʤʫʣʷʮʠʠ, ʨʝʥʜʝʨʠʥʛʘ ʠ ʤʦʥʪʘʞʘ ʚʠʜʝʦ ʩʦ ʟʚʫʢʦʤ. 

ʆʥ ʠʩʧʦʣʴʟʫʝʪ ʧʦʣʠʛʦʥʘʣʴʥʳʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʜʘʢʪʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʝʜʘʢʪʠʨʫʝʤʦʛʦ ʧʦʣʠʛʦʥʘ. ʉʯʠʪʘʝʪʩʷ ʩʘʤʳʤ ʫʜʦʙʥʳʤ ʠ 

ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʝʡ [3]. 

ɺʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Blender ʧʨʦʨʘʙʦʪʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʨʘʙʦʪʝ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ, ʧʦʣʠʛʦʥʦʚ, ʢʨʠʚʳʭ 

ɹʝʟʴʝ, Subdivision Surface ʠ ʙʘʟʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʢʫʣʴʧʪʠʥʛʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʝʩʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʮʝʥʳ, ʦʩʥʦʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ: ʠʥʪʝʨʴʝʨ ʚ ʪʨʝʭ ʢʦʤʥʘʪʘʭ, ʧʝʨʩʦʥʘʞ ʠ ʘʥʠʤʘʮʠʷ (ʜʚʠʞʝʥʠʝ 

ʧʝʨʩʦʥʘʞʘ ʧʦ ʚʩʝʡ ʪʨʘʝʢʪʦʨʠʠ). 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʝʥ ʚʟʷʪʘ ʧʣʦʩʢʦʩʪʴ (Plane), ʨʘʟʙʠʪʘʷ ʥʘ ʨʘʚʥʳʝ ʯʘʩʪʠ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʨʝʜʘʢʪʠʨʫʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (Editable Mesh) ʩʪʘʥʦʚʷʪʩʷ ʧʦʣʠʛʦʥʘʤʠ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʦʣʠʛʦʥʦʚ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʘʚʠʪʴ ʚʚʝʨʭ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʧʝʨʘʮʠʠ Extrude. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪʦʚ ʠʥʪʝʨʴʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʜʠʬʠʢʘʪʦʨʳ 

Spin (ʪʘʨʝʣʢʘ ʩ ʷʙʣʦʢʘʤʠ) ʠ Extrude ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʴʝʨʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʠʟ 

ʟʘʤʢʥʫʪʦʛʦ ʩʧʣʘʡʥʘ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʩʮʝʥʘ ʚʢʣʶʯʘʝʪ ʧʝʡʟʘʞ ʟʘ ʦʢʥʦʤ, ʢʦʪʦʨʳʡ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʜʚʫʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʧʦ ʦʩʠ Z. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʝʡʟʘʞʘ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʪʨʦʚʦʡ ʢʘʨʪʳ (Bitmap) ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʮʝʜʫʨʥʦʡ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʪʝʢʩʪʫʨʳ. ʅʘʧʨʠʤʝʨ, ʪʝʢʩʪʫʨʘ 

ʧʦʣʘ ʠ ʩʪʝʥ, ʪʝʢʩʪʫʨʘ ʜʝʨʝʚʘ ʥʘ ʩʪʦʣʝ ʠ ʧʦʣʢʘʭ, ʪʝʢʩʪʫʨʘ ʦʙʦʝʚ ʥʘ ʩʪʝʥʘʭ, ʪʢʘʥʠ ï ʥʘ 

ʢʨʦʚʘʪʠ [1]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʩʦʥʘʞʘ (ʯʝʣʦʚʝʢʘ) ʚʳʙʨʘʥ ʩʢʫʣʴʧʪʠʥʛ. ʕʪʦ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʥʪʫʠʪʠʚʥʦ ʧʨʠʜʘʚʘʪʴ ʬʦʨʤʫ ʠ ʜʦʙʘʚʣʷʪʴ 

ʜʝʪʘʣʠ, ʧʦʜʦʙʥʦ ʣʝʧʢʝ ʠʟ ʧʣʘʩʪʠʣʠʥʘ ʠʣʠ ʛʣʠʥʳ. ʉʢʫʣʴʧʪʠʥʛ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ 

ʨʝʞʠʤʝ Sculpt Mode. [3] 

ʌʨʘʛʤʝʥʪ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʦʚ ʠ ʧʣʘʛʠʥʦʚ. ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʭʦʨʦʰʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʨʠʩʫʥʦʢ 1.  
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ʈʠʩʫʥʦʢ 1- ʉʢʫʣʴʧʪʠʥʛ ʧʝʨʩʦʥʘʞʘ 

ʊʝʢʩʪʫʨʠʨʦʚʘʥʠʝ ʠ ʥʘʙʦʨʳ ʰʝʡʜʝʨʦʚ ʧʦʟʚʦʣʷʶʪ ʥʘʢʣʘʜʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʪʝʢʩʪʫʨ 

ʥʘ ʦʜʠʥ ʦʙʲʝʢʪ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʦʙʲʝʢʪʫ ʦʙʲʝʤ ʠ ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʮʠʬʨʦʚʳʭ ʢʘʨʪʠʥ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʩʣʦʞʥʳʭ 

ʜʝʪʘʣʝʡ ʥʘ ʤʦʜʝʣʴ.  ʊʝʢʩʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʤʦʜʝʣʠ ʷʙʣʦʢ, ʨʠʩʫʥʦʢ 2.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʷʙʣʦʢ 

 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚʩʪʨʦʝʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʥʝʰʥʠʤʠ ʨʝʥʜʝʨʘʤʠ. ʉ ʧʦʤʦʱʴʶ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʩʦʟʜʘʥʳ 

ʜʝʬʦʨʤʘʮʠʠ ʨʘʟʥʳʭ ʚʠʜʦʚ: ʠʩʢʨʠʚʣʝʥʠʝ, ʩʤʝʱʝʥʠʝ, ʩʛʣʘʞʠʚʘʥʠʝ, ʠʟʛʠʙʘʥʠʝ ʠ ʜʨʫʛʠʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʮʝʥʳ, ʩʦʜʝʨʞʘʱʝʡ ʪʨʝʭʤʝʨʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʩʦʟʜʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ. ʌʨʘʛʤʝʥʪ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ʀʥʪʝʨʴʝʨ ʩʮʝʥʳ ʚ ʦʩʥʦʚʥʦʡ ʢʦʤʥʘʪʝ 
  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʠ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʡ Blender ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʦʡ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʬʫʥʢʮʠʡ, ʫʧʨʦʱʘʶʱʠʭ ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ 3D-ʦʙʲʝʢʪʦʚ ʠ ʩʮʝʥ, ʘ ʠʤʝʶʱʠʝʩʷ ʨʝʞʠʤʳ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʬʠʛʫʨ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʜʦʠʟʤʝʥʷʪʴ ʧʨʠʤʠʪʠʚʳ ʠ ʨʝʰʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʟʘʜʘʯ ʜʣʷ ʧʨʦʨʠʩʦʚʢʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʫʞʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɺʩʝ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʮʝʥʳ, 

ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ: ʠʥʪʝʨʴʝʨ, ʧʝʨʩʦʥʘʞ ʠ ʘʥʠʤʘʮʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʨʘʙʦʪʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʠʢʣʘʜʥʳʭ ʧʘʢʝʪʦʚ.  
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ɸʥʥʦʪʘʮʠʷ.  ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠʭ ʦʩʥʦʚʥʳʝ 

ʦʪʣʠʯʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʩʬʝʨʝ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʜ ʩʧʝʢʪʨʦʤ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʯʘʩʪʦʪʘʤ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʞʝ - ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʠ ʫʣʴʪʨʘʟʚʫʢʘ. 
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Abstract. The article discusses the methods of spectral analysis, analyzes their main differences, advantages 

and disadvantages. In the field of diagnostics, the spectrum is usually understood as the frequency distribution of the 

amplitude of the diagnostic signal. Spectral analysis is widely used in the processing of vibration measurement results 

of electromechanical equipment, less often - in the processing of current and ultrasound measurement results. 

Keywords: spectral analysis, diagnostics, harmonics, signal, method. 

 

ɸʥʘʣʠʟ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʥʘʧʨʠʤʝʨ ʘʚʘʨʠʡʥʳʭ ʠ ʘʥʦʨʤʘʣʴʥʳʭ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʧʦʣʦʤʢʠ, ʪʨʝʙʫʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ, ʫʩʪʨʦʡʩʪʚ ʠ ʩʨʝʜʩʪʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ, ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ, 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ 

ʨʘʟʚʠʪʠʷ, ʪʘʢ ʢʘʢ ʧʦ ʤʠʤʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ, ʨʘʩʪʝʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʦ ʚʨʝʤʝʥʝʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ: 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʦʞʠʪʴ 

ʩʠʛʥʘʣ ʥʘ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ ʯʘʩʪʦʪʳ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʘʥʘʣʠʟ ʟʚʫʢʘ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʄʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ï ʵʪʦ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ. ʄʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢʠʭ ʢʘʢ 

ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʘ (ʕʕɻ) ʠ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘ (ʕʂɻ). 

ʄʝʪʦʜ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ï ʵʪʦ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʦʞʠʪʴ ʩʠʛʥʘʣ ʥʘ ʝʛʦ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʡʚʣʝʪʳ. ɺʝʡʚʣʝʪʳ ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʣʦʢʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʚʦ ʚʨʝʤʝʥʠ ʠ ʯʘʩʪʦʪʝ. ʄʝʪʦʜ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢʠʭ ʢʘʢ ʩʠʛʥʘʣʳ ʨʝʯʠ ʠ 

ʩʠʛʥʘʣʳ ʚʠʙʨʘʮʠʠ. 

ʉʠʛʥʘʣ ʚʠʙʨʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʩʝʭ ʩʦʫʜʘʨʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʝʪʘʣʝʡ ʚ ʤʝʭʘʥʠʟʤʝ, ʪʘʢʞʝ ʥʘ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʢʘʟʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪ.ʝ. ʧʦʤʝʭʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʟʤʘ ʠ ʦʪʩʪʨʦʡʢʠ ʦʪ ʧʦʤʝʭ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʆʙʳʯʥʦ 

ʨʘʟʣʦʞʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

ʂʘʢ ʚʠʜʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ 

ʦʪ ʚʨʝʤʝʥʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦ ʯʘʩʪʦʪʝ. ɿʥʘʷ, ʢʘʢʠʝ ʯʘʩʪʦʪʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʘʢʠʤ ʜʝʪʘʣʷʤ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʜʝʬʝʢʪ. ʉʣʦʞʥʳʡ ʩʧʝʢʪʨ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 

ʤʥʦʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʨʫʩʩʢʠʝ ʠʥʞʝʥʝʨʳ ʥʘʟʳʚʘʶʪ çʣʝʩʦʤè. ʏʪʦʙ ʥʝ ʟʘʙʣʫʜʠʪʴʩʷ ʚ ʵʪʦʤ 

çʣʝʩʫè ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. 

ʇʝʨʚʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʨʷʜʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʩʠʩʪʝʤʘʭ, ʢʦʣʝʙʘʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʬʦʨʤʳ ʠ ʧʨʠʨʦʜʳ ʬʦʨʤʠʨʫʶʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʨʷʜʳ. 

ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʨʷʜ ï ʩʫʤʤʘ ʛʘʨʤʦʥʠʢ (ʩʠʥʫʩʦʚ/ʢʦʩʠʥʫʩʦʚ), ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʯʘʩʪʦʪʝ ʚ ʮʝʣʦʝ ʯʠʩʣʦ ʨʘʟ. ʇʝʨʚʘʷ ʚ ʵʪʦʤ ʨʷʜʫ ʛʘʨʤʦʥʠʢʘ (ʛʘʨʤʦʥʠʢʘ, ʥʦʤʝʨ ʢʦʪʦʨʦʡ ʨʘʚʝʥ 

ʝʜʠʥʠʮʝ) ï ʦʩʥʦʚʥʘʷ. ʇʦʩʣʝʜʫʶʱʠʝ ʥʘʟʳʚʘʶʪʩʷ ʚʳʩʰʠʤʠ. ʇʦ ʘʤʧʣʠʪʫʜʝ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ 

ʥʠʞʝ, ʯʝʤ ʦʩʥʦʚʥʘʷ. 
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ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʩʥʦʚʥʘʷ ʛʘʨʤʦʥʠʢʘ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ 50 ɻʮ, ʪʦ ʚʳʩʰʠʝ 100, 

150 ɻʮé ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʚʳʩʰʝʡ ʛʘʨʤʦʥʠʢʠ: 

 

Ὢ̜̙̃̒́ ὔ̠ Ὢz̠̏̒̎̏̃̎́ ; N=2,3,4é 

 

ɼʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʧʝʢʪʨʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʧʝʢʪʨʳ ʩ 

ʫʯʝʪʦʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʉʠʛʥʘʣʳ, ʧʦʭʦʞʠʝ ʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʭ ʥʘʩʪʨʦʡʢʠ, ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʩʝʪʝʡ. ʅʘʧʨʠʤʝʨ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʨʷʜ: 

 

ὃὸ ὃÃÏÓς“█ὸ ὃÃÏÓς“█ὸὃÃÏÓς“█ὸ ὃÃÏÓς“█ὸȣ 
 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʨʷʜʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʢʣʘʜʳʚʘʪʴʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʜʝʬʝʢʪʘʭ ʧʦʜʰʠʧʥʠʢʦʚ 

ʬʦʨʤʠʨʫʶʪʩʷ ʯʝʪʳʨʝ ʨʷʜʘ: ʧʝʨʚʳʡ ï ʦʩʥʦʚʥʘʷ ʠ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʯʘʩʪʦʪʳ ʥʘʨʫʞʥʦʛʦ 

ʢʦʣʴʮʘ, ʛʘʨʤʦʥʠʢʠ ʩʝʧʘʨʘʪʦʨʘ, ʛʘʨʤʦʥʠʢʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ, ʛʘʨʤʦʥʠʢʠ ʪʝʣ ʢʘʯʝʥʠʷ. 

ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ï ʤʦʜʫʣʷʮʠʷ. ʄʦʜʫʣʷʮʠʷ ï ʠʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʛʦ ʢʦʣʝʙʘʥʠʷ (ʥʝʩʫʱʝʛʦ), ʧʦ ʟʘʢʦʥʫ ʠʟʤʝʥʝʥʠʷ ʜʨʫʛʦʛʦ ʢʦʣʝʙʘʥʠʷ ï 

ʤʦʜʫʣʠʨʫʶʱʝʛʦ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ (ʘʤʧʣʠʪʫʜʘ, ʯʘʩʪʦʪʘ, 

ʬʘʟʘ) ʨʘʟʣʠʯʘʶʪ ʨʘʟʥʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʛʘʨʤʦʥʠʢʘ ʪʦʢʘ ʠʣʠ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ, ʥʝʩʫʱʝʡ, ʘ ʠʥʪʝʨʝʩʫʶʱʠʝ 

ʥʘʩ ʛʘʨʤʦʥʠʢʠ ʜʝʪʘʣʝʡ ʤʦʜʫʣʠʨʫʶʱʠʤʠ. ʄʦʜʫʣʷʮʠʷ ʛʘʨʤʦʥʠʢʠ ʚʘʣʘ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ 

ʟʘʪʠʨʘʥʠʡ ʠʣʠ ʩʢʦʣʦʚ ʚ ʜʝʪʘʣʷʭ ʨʝʜʫʢʪʦʨʘ, ʧʦʵʪʦʤʫ ʪʘʢ ʚʘʞʥʦ ʥʘʭʦʜʠʪʴ ʚ ʩʧʝʢʪʨʝ 

ʤʦʜʫʣʠʨʫʶʱʠʝ ʛʘʨʤʦʥʠʢʠ. ʇʦ ʘʤʧʣʠʪʫʜʝ ʤʦʜʫʣʠʨʫʶʱʠʝ ʛʘʨʤʦʥʠʢʠ ʥʠʞʝ, ʯʝʤ ʥʝʩʫʱʘʷ. 

ʄʦʜʫʣʠʨʫʶʱʠʝ ʛʘʨʤʦʥʠʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʝʩʫʱʝʡ, ʠʭ ʝʱʝ ʥʘʟʳʚʘʶʪ 

ʙʦʢʦʚʳʤʠ ʠʣʠ ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ.  ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʝʩʫʱʘʷ 50, ʘ ʤʦʜʫʣʠʨʫʶʱʘʷ 2, ʪʦ ʚ 

ʩʧʝʢʪʨʝ ʧʦ ʷʚʷʪʩʷ ʛʘʨʤʦʥʠʢʠ 52, 54, 56é, ʘ ʪʘʢʞʝ 48, 46, 44é ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ 

ʤʦʜʫʣʠʨʫʶʱʝʡ ʛʘʨʤʦʥʠʢʠ: 

 

Ὢ̗̠̋̏̍̂̉̎́̉̏̎̎́Ὢ̎̆̒̔́̚ὔ̠ Ὢz̟̠̍̏̅̔̌̉̑̔́̚ ; N = 2,3,4é 

 

ɺʳʨʘʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʘʤʧʣʠʪʫʜʥʫʶ ʠ ʬʘʟʦʚʫʶ ʤʦʜʫʣʷʮʠʶ. 

 

ὃὸ ρ ὃ ὧέίς“Ὢὸ̱ ὧ̊έίς“Ὢ̊ὸ 
ὃὸ ˍ̊ÃÏÓ ς“Ὢ̊ὸ ὃ ὧέίς“Ὢὸ 

 

ʛʜʝ  ɸʥ, ɸʤ ï ʘʤʧʣʠʪʫʜʘ ʥʝʩʫʱʝʡ ʠ ʤʦʜʫʣʠʨʫʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ;  

       fʥ, fʤ ï ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ ʠ ʤʦʜʫʣʠʨʫʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʀʪʘʢ, ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʘʞʥʳʝ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ (ʠʥʪʝʨʧʨʝʪʘʮʠʠ) ʩʧʝʢʪʨʦʚ ï 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʨʷʜʦʚ ʠ ʤʦʜʫʣʷʮʠʷ. ɽʱʸ ʚʘʞʥʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʫʨʦʚʝʥʴ 

ʰʫʤʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʦʚ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 20-40 ʜɹ, ʯʪʦ ʟʘʤʝʪʥʦ ʧʦ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʩʧʝʢʪʨʫ. ʇʦʚʳʰʘʝʪʩʷ ʢʘʢ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ, ʪʘʢ ʠ ʰʫʤʘ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʛʘʨʤʦʥʠʢ ʪʦʢʘ, ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʠ ʪ.ʜ., ʥʘ ʞʘʨʛʦʥʝ ʜʠʘʛʥʦʩʪʦʚ ʪʘʢʦʡ ʰʫʤ 

ʥʘʟʳʚʘʶʪ ʛʦʨʙʘʤʠ.  

 

 
ʘ) 
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ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʕʩʢʠʟʳ ʩʧʝʢʪʨʘ (f0 ï ʦʩʥʦʚʥʘʷ ʛʘʨʤʦʥʠʢʘ, fm1, fm2 ï ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ): ʘ) ʵʩʢʠʟ ʩʧʝʢʪʨʘ 

ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ, ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʥʝʩʢʦʣʴʢʠʤʠ ʛʘʨʤʦʥʠʢʘʤʠ; ʙ) ʵʩʢʠʟ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ,  

ʩʦʜʝʨʞʘʱʝʛʦ ʩʫʙ- ʠ  ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ 

 

ʂʘʞʜʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʣʦʞʥʦʩʪʠ. ʉʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ: 

ʥʝʩʢʦʣʴʢʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʤʦʜʫʣʷʮʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʛʘʨʤʦʥʠʢʘʤʠ, ʨʦʩʪ ʫʨʦʚʥʷ ʰʫʤʘ. 

ɹʳʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʠʛʥʘʣʦʚ, ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. ɼʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 
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Abstract. The stationary diagnostic system for electric drive valves is designed to measure signals of current, 

voltage and active power of an electric drive, limit switches, record data and generate files with diagnostic information, 
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and transmit them to external systems. A stationary data collection system allows data collection at any time and has a 

number of advantages over mobile diagnostic tools. 

Keywords:  electric drive valves, diagnostic system, current signal, scheduled maintenance, electrical control 

parameters 

 

ʅʘʜʝʞʥʘʷ ʨʘʙʦʪʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ (ʕʇɸ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʬʘʢʪʦʨʦʚ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʩʪʨʘʪʝʛʠʶ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʵʪʘ 

ʩʪʨʘʪʝʛʠʷ ʙʦʣʝʝ ʨʝʥʪʘʙʝʣʴʥʘ, ʯʝʤ ʩʪʨʘʪʝʛʠʷ ʧʣʘʥʦʚʦʛʦ ʨʝʤʦʥʪʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʨʦʜʠʢʪʦʚʘʥ çʇʨʘʚʠʣʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʩʠʩʪʝʤ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡè ʈɼ ʕʆ 0099-97. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʙʣʶʜʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʪʢʘʟʳ ʧʨʠ ʩʙʦʨʢʝ, 

ʨʝʛʫʣʠʨʦʚʢʝ ʠ ʥʘʩʪʨʦʡʢʝ ʘʨʤʘʪʫʨʳ ʠ ʧʨʠʚʦʜʦʚ ʧʦʩʣʝ ʨʝʤʦʥʪʘ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʳ ʩ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʘʨʤʘʪʫʨʳ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʥʝʡ ʩʘʤʦʡ ʠ ʮʝʧʷʭ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʧʠʩʳʚʘʝʤʳʝ ʚʦ ʚʨʝʤʷ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʧʨʠʚʦʜʘ, ʢʘʢ ʦʪʜʝʣʴʥʦ, ʪʘʢ ʠ ʘʨʤʘʪʫʨʳ ʚ ʩʙʦʨʝ. ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ 

ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʧʨʠʚʦʜʦʤ ʘʢʪʠʚʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʉʝʛʦʜʥʷ, ʯʪʦʙʳ ʦʭʚʘʪʠʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʘʨʤʘʪʫʨʳ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʕʇɸ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʤʦʙʠʣʴʥʳʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʠʟʤʝʨʷʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʕʇɸ ʧʨʠ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʤ ʨʝʤʦʥʪʝ ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʙʳʩʪʨʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʘʨʤʘʪʫʨʳ ʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʣʦʚ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʩʠʛʥʘʣʦʚ ʪʦʢʘ ʠ ʢʦʥʮʝʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʧʨʠ ʫʯʘʩʪʠʠ ʦʧʝʨʘʪʦʨʦʚ, ʧʨʠ ʵʪʦʤ ʧʦʜʢʣʶʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢ ʕʇɸ ʥʘ ʚʨʝʤʷ ʭʦʜʘ ʧʨʠʚʦʜʘ. 

ʉʪʘʮʠʦʥʘʨʥʘʷ ʞʝ ʩʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʘʨʤʘʪʫʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʢʦʥʮʝʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ, 

ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʡʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʠ 

ʧʝʨʝʜʘʯʠ ʠʭ ʚʦ ʚʥʝʰʥʠʝ ʩʠʩʪʝʤʳ. ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ 

ʫʩʪʘʥʦʚʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʨʷʜʦʤ ʩ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ ʘʨʤʘʪʫʨʦʡ ʠʣʠ ʚ ʰʢʘʬʘʭ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ ʘʨʤʘʪʫʨʦʡ 

(ʩʙʦʨʢʠ ʈʊɿʆ) ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʙʦʨ ʜʘʥʥʳʭ ʚ ʣʶʙʦʝ ʚʨʝʤʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ 

ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ [1]: 

1) ʙʦʣʴʰʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ (ʜʦ 3 %); 

2) ʧʨʦʚʝʜʝʥʠʝ (90 %) ʠʟʤʝʨʝʥʠʡ ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʣʘʥʦʚʳʭ ʧʨʦʢʨʫʪʦʢ ʚʦ 

ʚʨʝʤʷ ʇʇʈ; 

3) ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʨʘʙʘʪʳʚʘʶʱʝʡ ʘʨʤʘʪʫʨʳ; 

4) ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʘʨʤʘʪʫʨʳ; 

5) ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʨʦʚʝʜʝʥʠʝʤ ʟʘʤʝʨʦʚ ʠ ʚʳʥʝʩʝʥʠʝʤ 

ʟʘʢʣʶʯʝʥʠʷ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʘʨʤʘʪʫʨʳ; 

6) ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʟʘʤʝʨʦʚ. 

ɼʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʧʨʠ ʦʩʥʘʱʝʥʠʠ ʵʥʝʨʛʦʙʣʦʢʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʩʠʩʪʝʤʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ. 
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ʇʦʤʠʤʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʥʘ ʥʠʞʥʝʤ 

ʫʨʦʚʥʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʮʝʥʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠ ʧʝʨʝʜʘʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʚʦ ʚʥʝʰʥʠʝ ʩʠʩʪʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʰʪʘʪʥʳʭ ʊʇʊʉ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ [2]: 

- ʚʳʧʦʣʥʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʧʠʪʘʶʱʝʡ ʮʝʧʠ ʧʨʠ 

ʩʨʘʙʘʪʳʚʘʥʠʠ ʘʨʤʘʪʫʨʳ; 

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʠʟʤʝʨʝʥʠʡ; 

- ʠʩʢʣʶʯʘʪʴ ʚʣʠʷʥʠʝ çʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘè ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ; 

- ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʙʦʪʳ ʧʦ ʤʦʥʪʘʞʫ ʠ ʥʘʩʪʨʦʡʢʝ ʩʠʩʪʝʤʳ ʦʜʥʦʢʨʘʪʥʦ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 
ʩʠʩʪʝʤʳ; 

- ʠʩʢʣʶʯʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ; 

- ʠʩʢʣʶʯʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚ 
ʧʦʤʝʱʝʥʠʷʭ ʩʙʦʨʦʢ ʈʊɿʆ; 

- ʠʩʢʣʶʯʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʢʣʘʜʢʠ ʣʠʥʠʡ ʩʚʷʟʠ; 

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ, ʢʘʢ ʚʦ ʚʨʝʤʷ ʧʣʘʥʦʚʳʭ ʧʨʦʢʨʫʪʦʢ ʘʨʤʘʪʫʨʳ, 
ʪʘʢ ʠ ʧʨʠ ʨʘʙʦʪʝ ʙʣʦʢʘ ʥʘ ʤʦʱʥʦʩʪʠ; 

- ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʇʆ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ 
ʠʤʝʶʱʝʡʩʷ ʩʪʘʥʮʠʦʥʥʦʡ ʃɺʉ, ʯʪʦ ʜʘʩʪ ʜʦʩʪʫʧ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʮʝʭʘʤ-ʚʣʘʜʝʣʴʮʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʩʝʪʝʚʦʤ 

ʨʝʞʠʤʝ. 
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Abstract. The work is devoted to the organization of virtual laboratory work on the discipline "Theoretical 

foundations of electrical engineering" for students of technical schools and higher educational institutions. 

Keywords: virtual laboratory work, Electronics Workbench, LabVIEW, distance learning, electrical 

engineering. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʥʳʭ ʦʩʫʱʝʩʪʚʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩ ʧʝʜʘʛʦʛʦʤ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʝʛʦ 

ʟʘʤʝʥʳ. ʕʪʦ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʫʥʢʮʠʡ ʧʝʜʘʛʦʛʘ ʠ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʥʝʜʨʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʙʘʟʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

ɻʦʚʦʨʠʪʴ ʦ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʬʠʟʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʪʝʥʜʦʚ ʩ ʠʭ ʥʘʛʣʷʜʥʦʩʪʴʶ ʠ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴʶ ʥʝʣʴʟʷ, ʥʦ ʚʥʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʘʨʘʣʣʝʣʴ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʠ 

ʥʝʦʙʭʦʜʠʤʦ. ʌʠʟʠʯʝʩʢʦʝ ʣʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫʶ ʮʝʥʫ ʧʦʵʪʦʤʫ 

ʨʘʙʦʯʠʭ ʤʝʩʪ ʜʣʷ ʚʩʝʭ ʩʪʫʜʝʥʪʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʨʘʙʦʯʝʛʦ 

ʤʝʩʪʘ ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʯʘʩʪʴ ʨʝʙʷʪ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʦʭʚʘʯʝʥʳ ʧʨʦʮʝʩʩʦʤ ʨʘʙʦʪʳ. ʕʣʝʢʪʨʦʥʥʘʷ 

ʣʘʙʦʨʘʪʦʨʠʷ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʫʜʝʥʪʘʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʆʥʠ ʧʦʣʫʯʘʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʝʣʫʶ 

ʩʝʨʠʶ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʩ ʰʠʨʦʢʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʢʦʪʦʨʳʝ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ 

ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʤʳʰʣʝʥʥʳʤ ʘʥʘʣʦʛʘʤ.  ʊʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʥʝ ʠʤʝʶʪ 

ʫʯʝʙʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʪʝʥʜʳ.  ʅʝʤʘʣʦʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʶʪʩʷ ʧʦʥʠʞʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʝʥʜʦʚʳʤʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʴʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʙʦʨʢʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʚ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʩʪʝʧʝʥʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ, ʥʘʙʦʨʥʳʝ ʧʘʥʝʣʠ ʠ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʩʭʝʤ ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʶʪʝʨʘ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʟʘʚʠʩʷʪ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʪ ʨʝʘʣʴʥʳʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʤʦʜʝʣʠʨʫʝʤ. 

ʉʝʡʯʘʩ ʥʘ ʨʳʥʢʝ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʧʝʨʝʯʝʥʴ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʭʝʤʳ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ 

ʵʪʦ ʩʨʝʜʘ Multisim (Electronics Workbench), ʟʜʝʩʴ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʣʶʙʫʶ ʩʭʝʤʫ, ʧʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʠ ʩʜʝʣʘʪʴ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʨʘʬʠʢʦʚ.  Multisim 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪ ʚ ʦʩʚʦʝʥʠʠ, ʠʤʝʝʪ ʝʚʨʦʧʝʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʠ ʥʘʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ.  

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʚʟʷʪʘ ʠʟ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ ʜʠʩʮʠʧʣʠʥʳ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʠè. ʊʝʤʘ ʨʘʙʦʪʳ çʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ RLC ʮʝʧʷʭ. ʊʝʤʘ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʠʣʠ ʦʪʢʣʶʯʝʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʵʣʝʤʝʥʪʦʚ ʮʝʧʠ, ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ 

ʠ ʦʙʨʳʚʘʭ ʧʨʦʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʮʝʧʴ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʘʭ. [2] 

ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʤʘʢʝʪ ʮʝʧʠ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ.[1] ʎʝʧʴ ʩʦʜʝʨʞʠʪ ʠʩʪʦʯʥʠʢ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʠ 

ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʜʘʥʥʦʡ ʝʤʢʦʩʪʠ, ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʘ)                                                                     ʚ) 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ Multisim,  

RC ʠ RLC ʮʝʧʠ 

 

ʇʦ ʟʘʜʘʥʠʶ ʩʪʫʜʝʥʪʫ ʚʳʜʘʝʪʩʷ ʚʘʨʠʘʥʪ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ 

ʩʦʙʠʨʘʶʪ ʩʭʝʤʫ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʦʤʠʥʘʣ ʵʣʝʤʝʥʪʦʚ. ɸʥʘʣʠʟ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ, ʧʦʜʢʣʶʯʠʚ ʢʣʝʤʤʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʵʣʝʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ ʚ Multisim ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2. ʉ ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʦʚ ʥʘ ʵʢʨʘʥʝ ʦʩʮʠʣʣʦʛʨʘʬʘ ʠʟʤʝʨʷʶʪ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ ʠ 

ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʟʠʩʪʦʨʝ ʠ ʝʤʢʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʝʨʷʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʦʤ, ʩʦʩʪʘʚʠʚ ʬʦʨʤʫʣʳ ʧʦ 

ʟʘʢʦʥʘʤ ʢʦʤʤʫʪʘʮʠʠ. [1] ʄʦʞʥʦ ʧʨʠʤʝʥʠʪʴ Exel ʠʣʠ Mathcad. ʌʨʘʛʤʝʥʪ ʨʘʩʯʝʪʘ ʧʘʜʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʝʟʠʩʪʦʨʝ uR(t) ʠ ʝʤʢʦʩʪʠ uʉ(t) ʧʨʠʚʝʜʝʥ ʥʠʞʝ. 

 ɺʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ çⱲ╬è ʜʣʷ RC ʠ  RLC ʮʝʧʠ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ [1]: 

 

† Ὑὅ ρπϽςσȢτϽρπ ςστ ̍̋̒, 

†
ὅϽὙϽὙ

Ὑ Ὑ

ςσȢτϽρπ ϽρππππϽσππππ

ρππππσππππ
ρχυȢυ ̍̋̒ 

 

ʅʘʧʨʷʞʝʥʠʝ ʜʚʫʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ: 

 

Ὗ ὸ
ὉϽὙ

Ὑ Ὑ

ρȢυϽσππππ

τππππ
ρȢρςυ ˏ  

Ὗ ὸ
ὉϽὙ

Ὑ Ὑ

ρȢυϽρππππ

τππππ
πȢσχυ ˏ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ Ὗ ὸ ʠ Ὗ ὸ. ʇʦʣʫʯʝʥʥʳʝ 

ʛʨʘʬʠʢʠ ʩʨʘʚʥʠʪʴ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʣʠʮʝʚʦʡ ʧʘʥʝʣʠ ʦʩʮʠʣʣʦʛʨʘʬʘ [3]. 

ʃʠʮʝʚʘʷ ʧʘʥʝʣʴ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ ʚ Multisim ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 - ʇʘʥʝʣʴ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ ʚ Multisim 

 

ʉʨʘʚʥʠʚʘʷ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʥʘ ʤʘʢʝʪʘʭ ʚʠʨʪʫʘʣʴʥʳʭ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʥʘ ʦʙʳʯʥʦʤ ʩʪʝʥʜʝ ʩʪʫʜʝʥʪʳ ʚʠʜʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ ʠ ʧʨʠʙʦʨʳ, ʤʦʛʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʙʠʨʘʪʴ ʮʝʧʴ, ʧʦʣʫʯʘʷ ʥʘʚʳʢ ʨʘʙʦʪʳ ʩ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʢʣʘʩʩʦʤ ʪʦʯʥʦʩʪʠ ʠ ʮʝʥʦʡ ʜʝʣʝʥʠʷ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʩʪʫʜʝʥʪʳ 

ʤʘʥʠʧʫʣʠʨʫʶʪ ʨʘʟʣʠʯʥʳʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ ʠ ʢʥʦʧʢʘʤʠ, ʧʨʠʦʙʨʝʪʘʷ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ 

ʨʝʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ. ʂʦʥʝʯʥʦ, ʵʪʦʪ ʦʧʳʪ ʧʦʣʫʯʝʥʠʷ ʥʘʚʳʢʦʚ ʥʝʦʩʧʦʨʠʤ, ʥʦ ʵʣʝʤʝʥʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ, ʪʘʢʠʝ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, ʨʝʟʠʩʪʦʨʳ, ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʢʦʥʜʝʥʩʘʪʦʨʳ, ʚ ʩʪʝʥʜʦʚʦʤ ʠʩʧʦʣʥʝʥʠʠ ʠʤʝʶʪ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ɺʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʜʘʝʪ ʙʦʣʴʰʦʡ ʬʫʥʢʮʠʦʥʘʣ ʧʦ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʘʤʦʡ ʩʭʝʤʳ. ʅʘʣʠʯʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʘʨʢʘ ʧʨʠʙʦʨʦʚ ʠ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʬʠʨʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʟʠʪʴ ʧʨʦʮʝʩʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢ ʨʝʘʣʴʥʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʫʜʦʙʥʦ, ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʩʝʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʟʘʦʯʥʦʡ ʠ ʣʶʜʝʡ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʅʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʟʘʥʷʪʠʡ ʚ ʬʠʟʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʧʦʩʢʦʣʴʢʫ ʩʙʦʨʢʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʟʥʘʢʦʤʩʪʚʦ ʩ ʨʝʘʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʙʫʜʫʱʠʭ 

ʠʥʞʝʥʝʨʦʚ ʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʪʨʝʙʦʚʘʥʠʷʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. [3]  

ɺʳʚʦʜ: ʚʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʠʥʦʛʜʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʠ ʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ ʦʙʨʘʟʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʝʝ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʨʘʟʜʝʣʦʚ 
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ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ 

ʦʙʫʯʝʥʠʷ ʠ ʚʳʭʦʜ ʝʛʦ ʟʘ ʨʘʤʢʠ ʦʙʳʯʥʳʭ ʫʯʝʙʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ.  
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Abstract. The work presents a virtual simulator intended for use in lectures and practical classes. It has an 

installation distribution for installation on any modern computer and guidelines for performing work on it 
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ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ. ʇʨʘʚʠʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʧʝʨʩʦʥʘʣʘ.  

ʌʦʨʤʳ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʫʯʝʥʠʠ ʟʘʚʠʩʷʪ ʦʪ ʩʧʝʮʠʬʠʢʠ 

ʢʦʥʢʨʝʪʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʘ ʪʘʢʞʝ ʦʪ ʫʨʦʚʥʷ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʧʦʜʜʝʨʞʢʠ ʢʫʨʩʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʪʘʢʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʢʘʢ çʆʩʥʦʚʳ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷè 

ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚʠʨʪʫʘʣʴʥʳʝ 

ʪʨʝʥʘʞʝʨʳ [1].  

ɺ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ çɺʠʨʪʫʘʣʴʥʳʡ 

ʪʨʝʥʘʞʝʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʨʝʟʝʨʚʫʘʨʝè. ʆʥ ʙʳʣ 

ʩʦʟʜʘʥ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ LabVIEW,  ʨʘʙʦʪʘʝʪ ʘʚʪʦʥʦʤʥʦ, ʟʘʥʠʤʘʝʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʥʘ ʜʠʩʢʝ ʢʦʤʧʴʶʪʝʨʘ ʠ ʥʝ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʄʦʜʝʣʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ ï ʵʪʦ ʨʝʟʝʨʚʫʘʨ ʩ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ S, 

ʥʘʧʦʣʥʝʥʥʳʡ ʞʠʜʢʦʩʪʴʶ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʭʦʜʥʦʡ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ, 



172 

 

ʠʟʤʝʥʷʷ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʥʘʩʦʩʘ u(t). ʅʘ ʜʥʝ ʨʝʟʝʨʚʫʘʨʘ ʫʩʪʘʥʦʚʣʝʥ ʚʳʭʦʜʥʦʡ ʢʣʘʧʘʥ ʩ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʪʝʧʝʥʴʶ ʦʪʢʨʳʪʠʷ Ὧὺ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʞʠʜʢʦʩʪʴ ʩʣʠʚʘʝʪʩʷ. ʊʨʝʥʘʞʝʨ ʜʦʣʞʝʥ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʠ ʦʪʦʙʨʘʞʘʪʴ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ h(t) ʚ ʣʶʙʦʡ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʪʨʝʥʘʞʝʨʘ ʥʘʯʘʣʘʩʴ ʩ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ. ɼʘʣʝʝ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʠʟʦʙʨʘʞʝʥʘ ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 
 

ɿʘʪʝʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘ 

ʣʠʮʝʚʦʡ ʧʘʥʝʣʠ ʪʨʝʥʘʞʝʨʘ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʣʷ ʜʣʷ ʚʚʦʜʘ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʦʨʘ 

ʥʘʩʦʩʘ, ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝʟʝʨʚʫʘʨʘ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ku 

ʠ kv, ʤʦʜʝʣʴ ʨʝʟʝʨʚʫʘʨʘ, ʛʨʘʬʠʢ ʜʣʷ ʚʳʚʦʜʘ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ 

ʜʨ.  

ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʝʥʘʞʝʨʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʣʦʢ-ʜʠʘʛʨʘʤʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ 

ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʦʪʢʣʦʥʝʥʠʶ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ.   

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʜʘʥʥʦʤ ʪʨʝʥʘʞʝʨʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʠ 

ʩʪʫʜʝʥʪʘʤʠ ʢʘʢ ʚ ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʨʘʤʢʘʭ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ ʥʘ 

ʩʦʙʩʪʚʝʥʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʚʦ ʚʨʝʤʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʜʦʤʘ. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʝʥʘʞʝʨ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʢʦʤʧʴʶʪʝʨ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʟʘʧʫʩʢʘ ʥʝʦʙʭʦʜʠʤ 

ʜʠʩʪʨʠʙʫʪʠʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʝ ʠʩʧʦʣʥʷʝʤʳʝ 

ʧʨʠʣʦʞʝʥʠʷ LabView [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʨʝʥʘʞʝʨʘ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʢʮʠʦʥʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. 
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Abstract. The work is devoted to the polarization effects of rainbow scattering on the surface of crystals. The 

dependence of the energy of incident nitrogen atoms on the scattering angle was simulated using the Morse potential. 

Keywords: rainbow scattering, atom, crystal. 

 

ɺ ʨʷʜʝ ʥʝʜʘʚʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʩʤ., ʥʘʧʨʠʤʝʨ, [1]) ʚʳʷʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʨʘʜʫʞʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʘʪʦʤʦʚ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʠʭ 

ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʫʩʢʦʨʝʥʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʩʣʫʯʘʝ ʨʘʩʩʝʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʘ ʘʣʶʤʠʥʠʷ ʫʚʝʣʠʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʫʞʥʦʛʦ ʫʛʣʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʦʧʝʨʝʯʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʵʥʝʨʛʠʠ. ɺ ʩʣʫʯʘʝ ʞʝ ʨʘʩʩʝʷʥʠʷ ʘʪʦʤʦʚ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʠʵʣʝʢʪʨʠʢʘ (LiF) ʧʨʠ 

ʪʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ ʚʝʣʠʯʠʥʘ ʨʘʜʫʞʥʦʛʦ ʫʛʣʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʜʚʠʛʘʝʪʩʷ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʚ 

ʨʘʩʩʝʷʥʠʠ ʩʚʷʟʘʥʳ ʩ ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʵʥʝʨʛʠʠ ʧʦʪʝʥʮʠʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʄʦʨʟʝ [2]: 

 

ὠὶᴆ ‐Ὡ ςὩ ȟΠρ  

 

ʛʜʝ ‐, ‌ ʠ „ ï ʧʦʜʛʦʥʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɿʥʘʯʝʥʠʷ ʟʘʚʠʩʷʱʠʭ ʦʪ ʵʥʝʨʛʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Ů 

ʠ ů ʧʨʠʚʝʜʝʥʳ ʚ [2]. ʇʨʦʮʝʩʩ ʨʘʩʩʝʷʥʠʷ ʧʫʯʢʘ ʤʦʜʝʣʠʨʦʚʘʣʠ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ 

ʯʘʩʪʠʮʳ ʚ ʧʦʣʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʘʣʶʤʠʥʠʷ ʩ ʫʯʝʪʦʤ ʜʚʫʭʯʘʩʪʠʯʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (1). ɼʣʷ ʥʘʙʦʨʘ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʘʢʘʧʣʠʚʘʣʠ ʜʘʥʥʳʝ ʜʣʷ 20000 

ʪʨʘʝʢʪʦʨʠʡ. 
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ʈʠʩʫʥʦʢ 1  ï ʊʝʦʨʝʪʠʯʝʩʢʠʝ (ʩʠʥʠʝ ʪʦʯʢʠ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ [1] (ʢʨʘʩʥʳʝ ʪʦʯʢʠ) ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʜʫʞʥʦʛʦ 

ʫʛʣʘ ɗrb ʦʪ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ E 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʧʦʢʘʟʳʚʘʶʪ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ɗrb ʦʪ E ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

 
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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Research B. 2009. No.267, P. 2621-2624. 

2. ɼʝʨʛʘʯʝʚʘ ɽ. ɺ., ʄʘʣʳʰʝʚʩʢʠʡ ɺ. ʉ., ʌʦʤʠʥ ɻ. ɺ.. ɼʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʘ. ʇʦʚʝʨʭʥʦʩʪʴ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ, ʩʠʥʭʨʦʪʨʦʥʥʳʝ ʠ 

ʥʝʡʪʨʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ï2019,  ˉ 4. ï ʉ. 53ï55. 
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ʨʘʜʠʦʥʫʢʣʠʜʘ 
137
Cs ʚ ʧʦʯʚʘʭ 30-ʢʠʣʦʤʝʪʨʦʚʦʡ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ. ɿʘʧʘʩʳ ʜʘʥʥʦʛʦ 

ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ ʥʘʩʪʦʷʱʝʝ ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʭʥʝʤ 10 ʩʤ ʩʣʦʝ ʧʦʯʚʳ ʠ ʩʥʠʞʘʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʆʩʥʦʚʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʠʪʝʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪʩʫʪʩʪʚʠʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʨʘʙʦʪʳ ɸʕʉ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʘʜʠʦʮʝʟʠʡ, ʧʦʯʚʳ, ʈʦʩʪʦʚʩʢʘʷ ɸʕʉ, 
137

Cs 

 

RESULTS OF LONG-TERM MEASUREMENTS OF SPECIFIC ACTIVITY 

OF RADIOCESIUM IN SOILS OF THE ROSTOV NPP OBSERVATION 

ZONE 
 

Saifudinov T.K., Buraeva E.A. 
Scientific Research Institute of Physics of the Southern Federal University, Rostov-on-Don, Russia 

tima.saufydionv2001@gmail.com 

 
Abstract: The paper presents the results of long-term studies of the artificial radionuclide 137Cs in the soils of 

the 30-kilometer observation zone of the Rostov NPP. The reserves of this radionuclide are currently located in the 
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upper 10 cm layer of soil and are decreasing over time. The main result of long-term monitoring of the Rostov NPP 

surveillance zone is confirmation of the absence of a negative impact of the NPP operation on the environment. 

Key words: Radiocesium, soil, Rostov NPP, 
137

Cs 

 

ɽʞʝʛʦʜʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ 
137

Cs ʚ ʦʙʲʝʢʪʘʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʟʦʥʘʭ ʨʘʟʤʝʱʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʷʜʝʨʥʦʡ ʪʦʧʣʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʥʘʜʟʦʨʥʳʭ ʩʣʫʞʙ, ʥʦ ʠ ʜʣʷ ʥʝʟʘʚʠʩʠʤʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ. ʊʘʢʞʝ ʤʥʦʛʦʣʝʪʥʠʝ ʥʝʧʨʝʨʳʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ ʤʦʛʫʪ ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʠʥʘʤʠʢʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, 

ʢʘʢ ʚ ʣʘʪʝʨʘʣʴʥʦʤ, ʪʘʢ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʠʟʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʮʝʟʠʷ ʚ ʚʝʨʭʥʝʤ 

(0ï10 ʩʤ) ʧʦʯʚʝʥʥʦʤ ʩʣʦʝ ʚ ʧʨʝʜʝʣʘʭ 30-ʢʠʣʦʤʝʪʨʦʚʦʡ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ. 

ʋʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʮʝʟʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ (ʂʋ), ʟʘʣʦʞʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʇʨʝʜʧʫʩʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

(ʦʧʨʝʜʝʣʝʥʠʝ çʅʫʣʝʚʦʛʦ ʬʦʥʘè) ʚ 2000 ʛʦʜʫ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʜʠʮʝʟʠʷ ʚ ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ 

ʠʟʤʝʨʷʣʠ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʠʢʠ 

ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚ. ʆʪʙʠʨʘʣʠ ʧʦʯʚ ʦʪʙʠʨʘʣʠ ʩ ʛʣʫʙʠʥʳ 0ï10 ʩʤ, ʧʣʦʱʘʜʴ ʦʪʙʦʨʘ ʧʦʯʚʳ, ʚ 

ʩʨʝʜʥʝʤ, ʩʦʩʪʘʚʣʷʣʘ 10ʭ10 ʩʤ.  

 

ʊʘʙʣʠʮʘ 1 ï ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʮʝʟʠʷ ʚ ʧʦʯʚʘʭ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ 

ʇʘʨʘʤʝʪʨ 
ɻʦʜ 

2000 2016 2018 2019 

ʄʠʥʠʤʫʤ, ɹʢ/ʢʛ 1,0 0,1 0,9 0,7 

ʄʘʢʩʠʤʫʤ, ɹʢ/ʢʛ 156,1 63,2 54,5 55,3 

ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, ɹʢ/ʢʛ 28,6 16,4 14,7 14,7 

ʉʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ, ɹʢ/ʢʛ 20,3 12,4 11,4 12,5 

ʄʝʜʠʘʥʘ, ɹʢ/ʢʛ 19,0 14,7 11,9 17,6 

ʄʦʜʘ, ɹʢ/ʢʛ 12,3 21,0 5,9 13,4 

ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ, ɹʢ/ʢʛ 1,6 0,6 0,7 0,6 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ɹʢ/ʢʛ 24,9 10,9 10,5 8,3 

ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ, ʰʪ 253 331 198 193 

 

ɺʘʨʠʘʮʠʠ ʨʘʜʠʦʮʝʟʠʷ (ʪʘʙʣ. 1) ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʧʦʯʚʳ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ. ʇʨʠ 

ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ ʩʦ ʚʨʝʤʝʥʝʤ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʢʘʢ ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʘʩʧʘʜʦʤ (ʊ1/2=30 ʣʝʪ), ʪʘʢ ʠ ʤʠʛʨʘʮʠʝʡ ʧʦ ʧʦʯʚʝʥʥʦʤʫ 

ʧʨʦʬʠʣʶ ʚ ʩʚʷʟʠ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʟʘʩʫʰʣʠʚʳʭ ʠ ʜʦʞʜʣʠʚʳʭ ʧʝʨʠʦʜʦʚ ʥʘʢʘʥʫʥʝ ʦʪʙʦʨʘ ʧʨʦʙ 

ʧʦʯʚʳ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʫʭʦʩʪʝʧʥʳʭ ʨʘʡʦʥʦʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ, ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʜʠʦʮʝʟʠʷ ʚ ʧʦʯʚʘʭ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʨʝʜʥʝʤʠʨʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ ʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʚʳʧʘʜʝʥʠʷʤʠ ʧʦʩʣʝ ʘʚʘʨʠʠ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ. 

ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ ʈʦʩʪʦʚʩʢʦʡ 

ɸʕʉ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʮʝʟʠʷ ʟʘ ʧʝʨʠʦʜ ʩ 2001 ʧʦ 

2019 ʛʦʜʳ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʘʥʥʳʭ ʧʨʝʜʧʫʩʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ ʈʦʩʪʦʚʩʢʦʡ 

ɸʕʉ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩʪʦʨʦʥʥʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʥʘʜʟʦʨʥʳʤʠ ʩʣʫʞʙʘʤʠ [1, 2, 3]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 2023 ʛ.). ʇʨʦʝʢʪ  

ˉ FENW-2023-0010/(ɻɿ0110/23-11-ʀʌ). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʫʯʝʥʳ ʠʥʥʦʚʘʮʠʦʥʥʳʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʣʫʯʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʥʥʳʝ ʧʦʢʨʳʪʠʷ 

ʧʦʚʳʰʘʶʪ ʚʩʝ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʝʤʥʠʝʚʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ ʢ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʧʨʦʜʣʷʪ ʩʨʦʢ ʩʣʫʞʙʳ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ 10ï20 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʇʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʴ, ʫʛʣʝʨʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ, ʟʘʱʠʪʘ ʦʪ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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Abstract. In this study, innovative, functional coatings based on carbon quantum dots and polyvinyl butyral on 

the surface of silicon solar cells were obtained. The results obtained demonstrate improving the parameters of solar 

cells. These coatings enhance all the output characteristics of silicon solar cells, including their resistance to solar 

radiation. It is assumed that these innovative coatings will extend the life of solar cells by 10-20%. 

Keywords : Polyvinyl butyral, carbon quantum dots, solar cells, functional coatings, protection from solar 

radiation, increased efficiency. 

 

ʋʛʣʝʨʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʦʪʢʨʳʪʳʝ ʥʝʜʘʚʥʦ ʉʶ ʠ ʜʨ. [1], ʧʨʦʯʥʦ ʚʦʰʣʠ ʚ 

ʠʥʪʝʨʝʩʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʆʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʫʛʣʝʨʦʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ï 

ʵʪʦ ʧʦʛʣʦʱʝʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʩʚʝʪʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʝʛʦ ʚ ʠʟʣʫʯʝʥʠʝ ʙʦʣʝʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦ ʤʝʭʘʥʠʟʤʫ ʘʧ-ʢʦʥʚʝʨʩʠʠ ʦʥʠ, ʥʘʭʦʜʷʩʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʣʶʤʠʥʝʩʮʠʨʫʶʪ ʚ ʜʠʘʧʘʟʦʥʝ, ʚ ʢʦʪʦʨʦʤ ʢʨʝʤʥʠʝʚʳʡ 

ʩʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʦʙʣʘʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʋʛʣʝʨʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ 
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ʪʦʯʢʠ ʧʨʦʯʥʦ ʩʮʝʧʣʝʥʳ ʩ ʩʦʣʥʝʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʙʣʘʛʦʜʘʨʷ ʧʣʸʥʢʠ ʠʟ ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʷ ʚ 

ʤʘʪʨʠʮʝ ʢʦʪʦʨʦʛʦ ʦʥʠ ʠ ʥʘʭʦʜʷʪʩʷ. ʇʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʴ ï ʵʪʦ ʧʦʣʠʤʝʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʦʙʣʘʜʘʶʱʠʡ ʭʦʨʦʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʫʩʢʘʥʠʷ 

ʨʘʚʥʳʤ 1,41, ʯʪʦ ʣʫʯʰʝ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʩʪʸʢʦʣ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʟʤʝʨʷʶʪʩʷ ʜʦ ʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʠʤʠʪʘʪʦʨʝ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ SolarLab 20-UST. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʨʘʩʩʯʠʪʘʥʳ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʨʘʟʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝ ʠ ʜʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʟʥʘʯʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ (ʨʠʩʫʥʦʢ 1). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠʨʦʩʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʩ ʧʠʢʘʤʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 450 ʥʤ ʠ 650 ʥʤ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʋʂʊ ʥʘ ʜʘʥʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʩ ʋʂʊ ʚ 

ʤʘʪʨʠʮʝ ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʷ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʚ ʬʦʪʦʚʦʣʴʪʘʠʢʝ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ [2-3]. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʜʦ ʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʧʦʢʨʳʪʠʷ 
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ʈʝʩʧʫʙʣʠʢʠ ɸʜʳʛʝʠ ʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʂʨʘʷ. ɺʳʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʠʨʦʜʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʢʦʩʤʦʛʝʥʥʳʡ ʪʨʠʪʠʡ, ʘʢʪʠʚʥʦʩʪʴ ʪʨʠʪʠʷ, ʰʠʨʦʪʥʳʡ ʵʬʬʝʢʪ, ʘʪʤʦʩʬʝʨʘ, ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ, ʛʝʥʝʨʘʮʠʷ ʪʨʠʪʠʷ, ʤʠʛʨʘʮʠʷ ʪʨʠʪʠʷ. 

 

LATITUDE AND ALTITUDE DEPENDENCES OF GENERATION OF 

COSMOGENIC TRITIUM IN THE EARTH'S ATMOSPHERE  

 
Zemtsov R.A. 

Scientific Research Institute of Physics of the Southern Federal University, Rostov-on-Don, Russia 

zemcov@sfedu.ru 

 
Abstract. The work establishes the dependence of the rate of formation of cosmogenic tritium on geomagnetic 

latitude. The specific activity of cosmogenic tritium in various water bodies of the Republic of Adygea and the 

Krasnodar Territory is determined. The mechanisms of its production in the atmosphere and distribution in nature are 

revealed. 

Keywords: cosmogenic tritium, tritium activity, latitudinal effect, atmosphere, water bodies, tritium 

generation, tritium migration. 

 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʩʤʦʛʝʥʥʦʛʦ ʪʨʠʪʠʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʠʟʤʝʨʝʥʠʝ ʝʛʦ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʈʝʩʧʫʙʣʠʢʠ 

ɸʜʳʛʝʠ ʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʂʨʘʷ. ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʨʘʙʦʪʳ: ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʷʜʝʨʥʦ-

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʘʩʢʘʜ ʥʝʡʪʨʦʥʥʳʭ ʠ ʧʨʦʪʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

PARMA, ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʩʤʦʛʝʥʥʦʛʦ ʪʨʠʪʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʨʠʪʠʷ ʧʦʜ ʩʚʷʟʘʥʦ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʪʦʥʦʚ ʠ 

ʥʝʡʪʨʦʥʦʚ ʚʪʦʨʠʯʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʨʝʘʢʮʠʷʤ: 
8
O16(P,X)

1
H3, 

8
O16(N,X)

1
H3, 

7
N14(N,T)

6
C12, 

7
N14(P,X)

1
H3 [1]. ʆʢʦʣʦ 70% 

ʢʦʩʤʦʛʝʥʥʦʛʦ ʪʨʠʪʠʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʩʪʨʘʪʦʩʬʝʨʝ, ʘ 30% ʚ ʪʨʦʧʦʩʬʝʨʝ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʳʩʦʪʥʦʡ (ʧʦ ʛʣʫʙʠʥʝ ʘʪʤʦʩʬʝʨʳ) ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʩʤʦʛʝʥʥʦʛʦ ʪʨʠʪʠʷ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʣʷ ʧʦʣʶʩʦʚ ɿʝʤʣʠ, ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʦʷʩʘ. ɺʦ ʚʩʝʭ 

ʪʠʧʘʭ ʨʝʘʢʮʠʡ, ʜʣʷ ʚʩʝʭ ʵʪʠʭ ʟʦʥ, ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʠʪʠʷ ʩ ʨʦʩʪʦʤ ʚʳʩʦʪʳ 

(ʫʤʝʥʴʰʝʥʠʝʤ ʛʣʫʙʠʥʳ) ʘʪʤʦʩʬʝʨʳ ʦʪ 0 ʤ (ʫʨʦʚʝʥʴ ʤʦʨʷ) ʜʦ 16 ʢʤ (ʚʳʩʦʪʘ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʢʦʩʤʦʛʝʥʥʦʛʦ ʪʨʠʪʠʷ), ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ (ʩʤ. ʨʠʩʫʥʦʢ 1). ɺ ʤʦʜʝʣʠ 

PARMA ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʝʡ 

ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʥʘ ʚʩʝʭ ʚʳʩʦʪʘʭ ʘʪʤʦʩʬʝʨʳ ʠ ʥʘ ʚʩʝʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʰʠʨʦʪʘʭ.  

 

 
 

ʈʠʩʫʥʦʢ 1 - ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʩʤʦʛʝʥʥʦʛʦ ʪʨʠʪʠʷ ʧʦ ʛʣʫʙʠʥʝ ʘʪʤʦʩʬʝʨʳ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʰʠʨʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʣ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʠʪʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ (ʩʤ. ʨʠʩʫʥʦʢ 2). ʄʘʢʩʠʤʫʤ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʘ ʧʦʣʶʩʘʭ ʩʦ ʟʥʘʯʝʥʠʝʤ ʚ  0,18 ʩʤ
-2
ʩ

-1
, ʤʠʥʠʤʫʤ ʥʘ ʵʢʚʘʪʦʨʝ ʩʦ ʟʥʘʯʝʥʠʝʤ ʚ 0,1 ʩʤ

-2
ʩ

-1
. ɼʣʷ 
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ʚʩʝʭ ʪʠʧʦʚ ʨʝʘʢʮʠʡ, ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 4 ʨʘʟʘ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʪ ʵʢʚʘʪʦʨʘ ʢ ʧʦʣʶʩʘʤ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʰʠʨʦʪʥʳʤ ʵʬʬʝʢʪʦʤè [2].  

 

  
 

ʈʠʩʫʥʦʢ 2 - ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʩʤʦʛʝʥʥʦʛʦ ʪʨʠʪʠʷ ʧʦ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʝ 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʝʢʩʝʝʚʦ-ʃʦʟʦʚʩʢʦʛʦ 

ʩʝʣʴʩʢʦʛʦ ʧʦʩʝʣʝʥʠʷ ʏʝʨʪʢʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ 
226
Rʘ, 

232
Th, 

40
K ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

137
Cs ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʧʦʯʚʘʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʆʮʝʥʢʘ 

ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ (
226
Rʘ, 

232
Th, 

40
K) 

ʩʦʩʪʘʚʣʷʶʪ 24,9 ɹʢ/ʢʛ, 24,9 ɹʢ/ʢʛ ʠ 317 ɹʢ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʠ ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
137
ʉs ʨʘʚʥʳ 9,1 ɹʢ/ʢʛ ʠ 9 ɹʢ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʧʦʯʚʘʭ ʏʝʨʪʢʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʩʨʝʜʥʝʤʠʨʦʚʳʝ ʟʥʘʯʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʘʮʠʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʧʦʯʚʘ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʨʘʜʠʦʥʫʢʣʠʜʳ, 

ʤʠʛʨʘʮʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʜʦʟʦʚʳʝ ʥʘʛʨʫʟʢʠ.     
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Abstract. The work is devoted to assessing the radiation situation on the territory of the Alekseevo-Lozovsky 

rural settlement of the Chertkovsky district of the Rostov region with a study of the content of natural 226Ra, 232Th, 
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40K and artificial 137Cs radionuclides in the soils of urbanized areas. An assessment of the specific activity showed 

that the arithmetic average values for natural (226Ra, 232Th, 40K) are 24.9 Bq/kg, 24.9 Bq/kg and 317 Bq/kg, 

respectively. The geometric mean and median value of the specific activity of 137Cs are 9.1 Bq/kg and 9 Bq/kg, 

respectively. The obtained indicators of the content of natural and artificial radionuclides in the soils of the Chertkovsky 

region are typical for the Rostov region and do not exceed the world average values. 

Keywords: radiation situation, soil, natural and artificial radionuclides, migration of radionuclides, dose loads. 

 

ʀʟʤʝʨʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʧʦʯʚʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʦʮʝʥʢʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1]. ʇʦʯʚʘ 

ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ çʭʨʘʥʠʣʠʱʝʤè ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʥʝʝ ʢʘʢ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʚ ʩʚʷʟʠ ʩ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʝʢʩʝʝʚʦ-

ʃʦʟʦʚʩʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʧʦʩʝʣʝʥʠʷ ʠ ʦʮʝʥʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

(
226

Ra, 
232

Th, 
40
K) ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

137
Cs ʚ ʧʨʦʙʘʭ ʧʦʯʚ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ɸʣʝʢʩʝʝʚʦ-ʃʦʟʦʚʩʢʦʝ ʩʝʣʴʩʢʦʝ ʧʦʩʝʣʝʥʠʝ 

ʏʝʨʪʢʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʪʙʦʨ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʫʯʘʩʪʢʘʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʮʝʣʠʥʝ ʠ ʯʘʩʪʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ ʥʘ 14 

ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ (ʂʋ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ 

çʇʨʦʛʨʝʩʩ-ɻʘʤʤʘè, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʦʪʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 1 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʧʦʯʚʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ 
137

Cs 

ʥʘʠʙʦʣʴʰʝʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʝʧʘʭʘʥʳʭ 

ʧʦʣʝʡ (ʅʇ). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 
137

Cs ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʩʦʩʪʘʚʣʷʝʪ 10,5 ɹʢ/ʢʛ, ʩʦʛʣʘʩʥʦ 

ʅʦʨʤʘʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʅʈɹ-99/2009), ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʥʝ ʜʘʸʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʚʢʣʘʜʘ ʚ ʛʦʜʦʚʫʶ ʵʬʬʝʢʪʠʚʥʫʶ ʜʦʟʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʥʘʩʝʣʝʥʠʝ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 
226

Ra ʠ 
232

Th ʥʘ ʢʘʞʜʦʤ ʠʟ ʫʯʘʩʪʢʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʨʘʚʥʦʤʝʨʥʳʤ, ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ 21,6 ɹʢ/ʢʛ ʠ 24,9 ɹʢ/ʢʛ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 
226

Ra ʠ 
232

Th. ʊʘʢʦʝ ʩʭʦʜʩʪʚʦ ʢʦʥʮʝʥʪʨʘʮʠʡ 
226

Ra ʠ 
232

Th ʥʘ ʂʋ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʥʝ 

ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤ ʥʘ ʤʠʛʨʘʮʠʶ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʢʘʢ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ, ʪʘʢ ʠ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʧʦʯʚʳ.  



181 

 

ʉʦʜʝʨʞʘʥʠʝ 
40

K ʚ ʧʦʯʚʘʭ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʘʙʩʦʣʶʪʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ, ʠ ʣʝʞʠʪ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 138 ɹʢ/ʢʛ ʜʦ 513 ɹʢ/ʢʛ, ʪʘʢʦʝ ʨʘʟʣʠʯʠʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 
40

K ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ 

ʧʨʠʨʦʜʝ, ʧʦʵʪʦʤʫ ʠ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʧʦʯʚʝ ʟʥʘʯʠʪʝʣʴʥʦʝ.  

ɺʘʞʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʫʜʝʣʴʥʳʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʦʯʚʘʭ ʏʝʨʪʢʦʚʩʢʦʛʦ ʨʘʡʦʥʘ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʩʨʝʜʥʝʤʠʨʦʚʳʝ ʟʥʘʯʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ ʥʝ ʚʥʦʩʷʪ ʚʝʩʦʤʳʡ ʚʢʣʘʜ ʚ ʛʦʜʦʚʫʶ ʵʬʬʝʢʪʠʚʥʫʶ ʜʦʟʫ, 

ʩʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʘʚʥʦ 0,05 ʤɿʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 1/20 ʦʪ ʩʨʝʜʥʝʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʛʦʜʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʟʳ ʜʣʷ ʥʘʩʝʣʝʥʠʷ (1 ʤɿʚ), ʩʦʛʣʘʩʥʦ ʅʦʨʤʘʤ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʅʈɹ-99/2009 ʠ ʆʉʇʆʈɹ-99/2009) [2,3].   
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ 

(ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 2023 ʛ.). ʇʨʦʝʢʪ ˉ FENW-2023-0010/(ɻɿ0110/23-11-

ʀʌ). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʛʘʤʤʘ-ʬʦʥʘ ʥʘ ʟʘʢʨʳʪʳʭ ʠ ʦʪʢʨʳʪʳʭ 

ʫʯʘʩʪʢʘʭ ʆʢʪʷʙʨʴʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʦʨʤʘʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʞʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʬʦʥ ʚ ʧ. ɼʦʥʩʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʪʘʥʠʮʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʘ ʬʦʥ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʦʩʸʣʢʘ ʚʳʰʝ ʛʦʨʦʜʩʢʦʛʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʱʥʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʦʟʳ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, 

ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ. 
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Abstract.  The paper presents the results of measuring the gamma background in the closed and open areas of 

the village Rostov Don region. It was also found that the background in Donskoy is much higher compared to pages, 

and the background outside the village is higher than the urban one. These results are justified by a large number of 

surrounding Danube farms and arable land. 

Keywords: equivalent dose rate of gamma radiation, distribution, environment, natural areas, urbanized areas. 

 

ɺ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʩ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʦʡ ʠ ʙʦʣʴʰʠʤ ʥʘʩʝʣʝʥʠʝʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʧʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʜʨʫʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 
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ɺʦʢʨʫʛ ʅʦʚʦʯʝʨʢʘʩʩʢʦʡ ɻʈʕʉ ʨʘʩʧʦʣʦʞʝʥʳ ʪʨʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘ. ʇʦʩʝʣʝʥʠʷ 

ʠʤʝʶʪ ʨʘʟʥʳʝ ʪʠʧʳ ʞʠʣʳʭ ʜʦʤʦʚ, ʙʣʠʟʣʝʞʘʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʘʭʦʪʥʳʝ ʧʦʣʷ. ʉʪʘʥʠʮʳ 

ʂʨʠʚʷʥʩʢʘʷ ʠ ɿʘʧʣʘʚʩʢʘʷ-ɹʝʩʩʝʨʛʝʥʝʚʩʢʘʷ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʦʩʪʦʷʪ ʠʟ ʜʦʤʦʚ ʢʦʪʪʝʜʞʥʦʛʦ ʠ 

ʜʘʯʥʦʛʦ ʪʠʧʘ. ʇʦʩʸʣʦʢ ɼʦʥʩʢʦʡ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʠʪ ʠʟ ʜʦʤʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʢʠʨʧʠʯʘ ʠʣʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʘʥʝʣʝʡ. ʆʪʦʧʣʝʥʠʝ ʚ ʜʦʤʘʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ (ʧʦʜʘʸʪʩʷ ʦʪ 

ʅʦʚʦʯʝʨʢʘʩʩʢʦʡ ɻʈʕʉ) ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʛʘʟʦʚʦʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʜʦʨʦʛ ʧʦʩʝʣʝʥʠʡ ʠʤʝʶʪ 

ʘʩʬʘʣʴʪʦʚʦʝ ʧʦʢʨʳʪʠʝ. ʊʘʢʞʝ ʢ ʅʦʚʦʯʝʨʢʘʩʩʢʦʡ ɻʈʕʉ ʧʦʜʭʦʜʷʪ ʧʦʜʚʦʜʷʱʠʡ ʠ ʩʙʨʦʩʥʦʡ 

ʢʘʥʘʣʳ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ, ʦʜʥʘʢʦ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʄʦʱʥʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʦʟʳ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ (ʄʕɼ) ʠʟʤʝʨʷʣʩʷ ʤʝʪʦʜʦʤ 

ʧʝʰʝʭʦʜʥʦʡ ʛʘʤʤʘ-ʩʲʸʤʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʜʦʟʠʤʝʪʨʦʚ-ʨʘʜʠʦʤʝʪʨʦʚ. ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʧʦʯʚʘʭ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʆʙʲʸʤʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʦʥʘ ʠʟʤʝʨʷʣʘʩʴ 

ʤʝʪʦʜʦʤ ʧʘʩʩʠʚʥʦʡ ʩʦʨʙʮʠʠ [1-7]. ʉʨʝʜʥʠʝ ʛʦʜʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʜʦʟʳ ʦʪ ʧʨʠʨʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʥʘ ʦʪʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʚ ʧʦʤʝʱʝʥʠʷʭ 

ʆʢʪʷʙʨʴʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 - ɻʦʜʦʚʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʜʦʟʘ ʥʘ ʦʪʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʚ ʧʦʤʝʱʝʥʠʷʭ 

ʆʢʪʷʙʨʴʩʢʦʛʦ ʨʘʡʦʥʘ 

ɼʦʟʘ, ʤɿʚ/ʛ ʆʪʢʨʳʪʳʝ ʪʝʨʨʠʪʦʨʠʠ ʇʦʤʝʱʝʥʠʷ 

Hɔ 0,17 0,90 

(  0,06 -//- 

(  0,01 -//- 

(  -//- 0,04 

Ɇ 0,24 0,94 

 

ʛʜʝ Hɔ ï ɻʦʜʦʚʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʜʦʟʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ; ( ï ɻʦʜʦʚʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʜʦʟʘ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ; (  ï ɻʦʜʦʚʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʜʦʟʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ; (  ï ɻʦʜʦʚʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʜʦʟʘ 
222

Rn ʚ ʧʦʤʝʱʝʥʠʷʭ; Ɇ ï ɻʦʜʦʚʘʷ 

ʵʬʬʝʢʪʠʚʥʘʷ ʜʦʟʘ ʥʘ ʦʪʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʚ ʧʦʤʝʱʝʥʠʷʭ. 

 

ɺ ʮʝʣʦʤ, ʛʘʤʤʘ-ʬʦʥ, ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʧʦʯʚʘʭ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʅʦʨʤʘʤʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [8-12]. ʈʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʷʭ ʄʕɼ ʠ ʚ ʩʦʜʝʨʞʘʥʠʠ ʧʦʯʚʝʥʥʳʭ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʚʣʠʷʥʠʝʤ ʅʦʚʦʯʝʨʢʘʩʩʢʦʡ ɻʈʕʉ, ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʙʣʠʟʦʩʪʴʶ ʧʘʭʦʪʥʳʭ ʧʦʣʝʡ ʠ ʜʨ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʦʟʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʘʩʝʣʝʥʠʝ 

ʆʢʪʷʙʨʴʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʦʜʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʜʦʟʳ ʦʪ 

ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʶʪ ʅʦʨʤʳ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʅʈɹ-99/2009) ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, 

ʢʨʫʧʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 
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ɸʥʥʦʪʘʮʠʷ. ʂʚʘʥʪʦʚʘʷ ʬʠʟʠʢʘ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʟʘʛʘʜʦʯʥʳʭ ʨʘʟʜʝʣʦʚ ʥʘʫʢʠ. ɺ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʮʝʣʳʡ 

ʩʙʦʨʥʠʢ ʪʝʦʨʠʡ ʠ ʜʦʛʘʜʦʢ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʝʛʦ ʪʝʦʨʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʝʦʨʠʶ ʩʪʨʫʥ, ʪʘʢ ʢʘʢ ʥʘ ʥʝʡ ʩʪʦʠʪ 
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ʥʘʰʝʡ ʚʩʝʣʝʥʥʦʡ. 
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Abstract. Quantum physics is one of the most mysterious branches of science. It contains a whole collection of 

theories and guesses. String theory can be considered one of his important theories, since it is based on the reliability of 

the Standard Model and contains the key to solving many mysteries about the structure of our universe. 
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ɺʩʝ ʚ ʥʘʰʝʤ ʤʠʨʝ ʩʦʩʪʦʠʪ ʠʟ ʤʘʪʝʨʠʠ. ʄʘʪʝʨʠʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʩʪʦʠʪ ʠʟ 

ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ ï ʢʚʘʥʪʦʚ. ʕʪʠ ʤʝʣʴʯʘʡʰʠʝ ʯʘʩʪʠʮʳ ʜʚʠʛʘʶʪʩʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ ʧʨʠ ʧʦʤʦʱʠ ʜʨʫʛʠʭ ʯʘʩʪʠʮ. ʊʘʢʦʝ ʫʯʝʥʠʝ ʦ ʯʘʩʪʠʮʘʭ ʥʘʟʳʚʘʝʪʩʷ ʉʪʘʥʜʘʨʪʥʦʡ 

ʄʦʜʝʣʴʶ. 

ʉʪʘʥʜʘʨʪʥʘʷ ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʝʨʤʠʦʥʳ ï ʯʘʩʪʠʮʳ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ 

ʤʘʪʝʨʠʷ; ʠ ʙʦʟʦʥʳ ï ʯʘʩʪʠʮʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʩʧʦʣʴʟʫʷ ʫʯʝʥʠʝ ʦ ʙʦʟʦʥʘʭ ʠ ʬʝʨʤʠʦʥʘʭ, ʤʳ 

ʤʦʞʝʤ ʩʦʩʪʘʚʠʪʴ ʬʦʨʤʫʣʫ ʦʧʠʩʘʥʠʷ ʨʝʘʣʴʥʦʩʪʠ. 
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ɺʩʝ ʚʳʛʣʷʜʠʪ ʭʦʨʦʰʦ, ʥʦ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʝʩʪʴ ʦʜʥʘ ʧʨʦʙʣʝʤʘ: ʦʥʘ ʥʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʦʧʠʩʘʥʠʝ ʛʨʘʚʠʪʘʮʠʠ. 

ɻʨʘʚʠʪʘʮʠʷ, ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʕʡʥʰʪʝʡʥʘ, ʵʪʦ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʠʩʢʨʠʚʣʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʜʥʠʤ ʦʙʲʝʢʪʦʤ, ʢʦʪʦʨʦʝ ʧʨʠʪʷʛʠʚʘʝʪ ʜʨʫʛʠʝ 

ʦʙʲʝʢʪʳ.  

ʇʨʦʩʪʨʘʥʩʪʚʦ ï ʵʪʦ ʤʘʪʝʨʠʷ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ. ʏʘʩʪʠʮʳ ʵʪʦʡ ʤʘʪʝʨʠʠ 

ʪʦʯʥʦ ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʨʠ 

ʧʦʤʦʱʠ ʩʦʙʩʪʚʝʥʥʳʭ ʙʦʟʦʥʦʚ ï ʛʨʘʚʠʪʦʥʦʚ. 

ɺ ʩʫʪʠ ʚʩʸ ʜʦʣʞʥʦ ʨʘʙʦʪʘʪʴ ʠʤʝʥʥʦ ʪʘʢ, ʥʦ ʧʨʠ ʧʦʧʳʪʢʝ ʚʢʣʶʯʠʪʴ ʛʨʘʚʠʪʦʥʳ ʚ 

ʬʦʨʤʫʣʫ ʦʧʠʩʘʥʠʷ ʨʝʘʣʴʥʦʩʪʠ ʤʳ ʧʦʣʫʯʘʝʤ ʩʦʚʝʨʰʝʥʥʦ ʘʙʩʫʨʜʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʫʭʦʜʠʤ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʥʝ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʛʨʘʚʠʪʘʮʠʶ. 

ʋʯʝʥʳʝ ʜʘʚʥʦ ʩʪʨʦʷʪ ʪʝʦʨʠʠ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʥʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʘʤʦʡ 

ʧʦʧʫʣʷʨʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʩʪʨʫʥ 

ʏʪʦ ʞʝ ʠʟ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʘʥʥʘʷ ʪʝʦʨʠʷ? 

ʊʝʦʨʠʷ ʩʪʨʫʥ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʯʘʩʪʠʮʳ, ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʢʘʢ ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʪʦʯʢʠ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʷʚʣʷʶʪʩʷ ʪʦʥʢʠʤʠ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʤʠ ʢʫʩʦʯʢʘʤʠ ʧʨʷʤʦʡ. ʕʪʠ ʢʫʩʦʯʢʠ 

ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ ʩʪʨʫʥʳ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʦʤʢʥʫʪʳʤʠ ʠ 

ʟʘʤʢʥʫʪʳʤʠ ʠ, ʧʦʜʦʙʥʦ ʥʘʩʪʦʷʱʠʤ ʩʪʨʫʥʘʤ, ʢʦʣʝʙʘʪʴʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʦʡ. ʀʤʝʥʥʦ ʵʪʘ 

ʯʠʩʪʦʪʘ ʦʧʨʝʜʝʣʷʝʪ ʚʠʜ ʯʘʩʪʠʮʳ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʨʝʜʩʢʘʟʳʚʘʝʪ 

ʥʝʜʦʩʪʘʶʱʫʶ ʯʘʩʪʠʮʫ ʛʨʘʚʠʪʦʥ. ʊʘʢ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʘʩʪʠʮ ʚ ʚʠʜʝ ʩʪʨʫʥ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʱʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʭʦʞʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʤʝʥʥʦ ʵʪʘ ʜʝʪʘʣʴ 

ʠʩʢʣʶʯʘʝʪ ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʬʦʨʤʫʣʳ ʨʝʘʣʴʥʦʩʪʠ. 

ʊʝʧʝʨʴ ʨʝʰʝʥʘ ʩʘʤʘʷ ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ: ʪʝʧʝʨʴ ʦʥʘ ʩʧʦʩʦʙʥʘ 

ʦʧʠʩʘʪʴ ʢʚʘʥʪʦʚʫʶ ʛʨʘʚʠʪʘʮʠʶ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʘʥʥʘʷ ʪʝʦʨʠʷ ʠʤʝʝʪ ʨʷʜ ʧʨʦʙʣʝʤ. 

ɺʦ-ʧʝʨʚʳʭ, ʚʩʝ ʩʪʨʫʥʳ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʧʦʚʝʜʝʥʠʝ ʪʦʣʴʢʦ ʙʦʟʦʥʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʪʝʦʨʠʷ 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʥʦʚʫʶ ʯʘʩʪʠʮʫ ʩ ʤʘʩʩʦʡ ʚ ʚʠʜʝ ʤʥʠʤʦʛʦ ʯʠʩʣʘ ( ʪʘʭʠʦʥ). ɺ-ʪʨʝʪʴʠʭ, ʜʣʷ ʩʚʦʝʡ 

ʨʘʙʦʪʳ ʪʝʦʨʠʷ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 27ʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʠʤʝʝʤ ʪʦʣʴʢʦ 4ʭʤʝʨʥʦʝ).  

ʅʦ ʫʯʝʥʳʝ ʥʘ ʵʪʦʤ ʥʝ ʦʩʪʘʥʦʚʠʣʠʩʴ ʠ ʨʘʟʚʠʣʠ ʪʝʦʨʠʶ ʩʪʨʫʥ, ʜʦʙʘʚʠʚ ʢ ʥʝʡ ʩʧʠʥʦʨʳ. 

ʉʧʠʥʦʨ ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠʥʛʨʝʜʠʝʥʪ, ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʙʱʝʥʥʦʝ ʧʦʥʷʪʠʝ ʚʝʢʪʦʨʘ-

ʚʨʘʱʝʥʠʷ. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʪʝʦʨʠʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʪʝʦʨʠʷ ʩʫʧʝʨ-ʩʪʨʫʥ. ʉʫʧʝʨ-ʩʪʨʫʥʳ 

ʨʝʰʘʶʪ ʧʝʨʚʳʝ ʜʚʝ ʧʨʦʙʣʝʤʳ: ʪʝʧʝʨʴ ʩʪʨʫʥʳ ʦʙʲʷʩʥʷʶʪ ʧʦʚʝʜʝʥʠʝ ʠ ʬʝʨʤʠʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʙʦʣʴʰʝ ʥʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʪʘʭʠʦʥ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʫʣʫʯʰʠʣʘʩʴ ʧʨʦʙʣʝʤʘ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʝʧʝʨʴ ʜʣʷ ʨʘʙʦʪʳ ʪʝʦʨʠʠ ʥʝʦʙʭʦʜʠʤʦ 10ʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʦ ʠ ʟʜʝʩʴ 

ʫʯʝʥʳʝ ʚʳʜʚʠʛʘʶʪ ʛʠʧʦʪʝʟʳ ʦ ʨʝʰʝʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ.  

ʊʝʦʨʠʷ ʩʪʨʫʥ ï ʥʝʩʦʤʥʝʥʥʦ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʘʷ ʛʠʧʦʪʝʟʘ, ʦʧʨʝʜʝʣʝʥʥʦ ʠʤʝʶʱʘʷ ʧʨʘʚʦ 

ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʠ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʦʨʠʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʚ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʝ. ʆʥʘ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʜʘʞʝ ʝʩʣʠ ʥʘʤ ʫʜʘʩʪʩʷ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚ ʩʠʣʫ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʳ ʥʝ ʤʦʞʝʤ ʜʦʢʘʟʘʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʪʨʫʥ. 

ʉʝʡʯʘʩ ʥʘʤ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʩʪʨʦʠʪʴ ʜʦʛʘʜʢʠ ʠ ʪʝʦʨʠʠ. ʂʪʦ ʟʥʘʝʪ, ʙʳʪʴ ʤʦʞʝʪ ʚ 

ʙʫʜʫʱʝʤ ʠʤʝʥʥʦ ʜʘʥʥʘʷ ʪʝʦʨʠʷ ʧʦʟʚʦʣʠʪ ʥʘʤ ʦʪʢʨʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, 

ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʩʶʞʝʪʘʤ ʥʘʫʯʥʦʡ-ʬʘʥʪʘʩʪʠʢʠ ʦ ʧʫʪʝʰʝʩʪʚʠʷʭ ʩʢʚʦʟʴ ʤʠʨʳ ʠ ʨʘʩʢʨʳʪʴ 

ʪʘʡʥʳ ʯʝʨʥʳʭ ʜʳʨ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ  ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʧʦʩʪʫʣʘʪʦʚ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʅ.ʀ. ʇʨʦʚʦʜʷʪʩʷ 

ʧʘʨʘʣʣʝʣʠ ʩ ʘʢʩʠʦʤʘʤʠ ʘʙʩʦʣʶʪʥʦʡ ʛʝʦʤʝʪʨʠʠ; ʫʢʘʟʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʧʷʪʦʡ ʛʨʫʧʧʝ ʘʢʩʠʦʤ 

(ʧʷʪʦʤ ʧʦʩʪʫʣʘʪʝ) ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʠ ɽʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ɽʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʧʨʦʝʢʪʝ 

ʧʨʠʚʦʜʷʪʩʷ ʤʦʜʝʣʴ ʂʣʝʡʥʘ ʠ ʤʦʜʝʣʴ ʇʫʘʥʢʘʨʝ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʧʣʘʥʠʤʝʪʨʠʶ ʃʦʙʘʯʝʚʩʢʦʛʦ. ɺʚʦʜʷʪʩʷ 

ʧʦʥʷʪʠʷ ʘʙʩʦʣʶʪʘ ʠ ʧʩʝʚʜʦʩʬʝʨʳ; ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʨʘʩʭʦʜʷʱʠʭʩʷ ʧʨʷʤʳʭ ʥʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ; 

ʜʝʬʝʢʪʘ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʊʘʢʞʝ ʜʘʶʪʩʷ ʢʨʘʪʢʠʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ, ʛʝʦʤʝʪʨʠʷ ʃʦʙʘʯʝʚʩʢʦʛʦ, ʫʛʦʣ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʧʨʷʤʳʭ, 

ʧʩʝʚʜʦʩʬʝʨʘ, ʘʙʩʦʣʶʪ, ʤʦʜʝʣʴ ʂʣʝʡʥʘ,  ʤʦʜʝʣʴ ʇʫʘʥʢʘʨʝ 
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Abstract. The paper provides a brief overview of the postulates of Lobachevsky's geometry N.I. Parallels are 
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ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ, ʢʘʢ ʠ ʚ ʘʙʩʦʣʶʪʥʦʡ ʛʝʦʤʝʪʨʠʠ, 

ʷʚʣʷʶʪʩʷ ʪʦʯʢʠ, ʧʨʷʤʳʝ ʠ ʧʣʦʩʢʦʩʪʠ. ʂʨʦʤʝ ʥʠʭ ʚʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ,  

çʪʦʯʢʘ ʣʝʞʠʪ ʥʘ ʧʨʷʤʦʡè, çʪʦʯʢʘ ʣʝʞʠʪ ʥʘ ʧʣʦʩʢʦʩʪʠè, çʪʦʯʢʘ ʣʝʞʠʪ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠè, 

çʥʘʣʦʞʝʥʠʝè [1].  ɺ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʚ ʧʷʪʦʡ ʛʨʫʧʧʝ ʘʢʩʠʦʤ ʧʨʠʥʠʤʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʘʢʩʠʦʤʘ: ʯʝʨʝʟ ʪʦʯʢʫ, ʥʝ ʣʝʞʘʱʫʶ ʥʘ ʜʘʥʥʦʡ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʝ ʧʨʷʤʳʝ, 

ʣʝʞʘʱʠʝ ʩ ʜʘʥʥʦʡ ʧʨʷʤʦʡ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʥʝ ʧʝʨʝʩʝʢʘʶʱʠʝ ʝʸ [2].  ɺ ʛʝʦʤʝʪʨʠʠ 

ʃʦʙʘʯʝʚʩʢʦʛʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʦʙʥʳʭ, ʥʦ ʥʝʨʘʚʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ; ʪʨʝʫʛʦʣʴʥʠʢʠ ʨʘʚʥʳ, 

ʝʩʣʠ ʠʭ ʫʛʣʳ ʨʘʚʥʳ. ʉʫʤʤʘ ʫʛʣʦʚ ʚʩʷʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʤʝʥʴʰʝ “ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʣʴ 
ʫʛʦʜʥʦ ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ (ʨʘʟʥʠʮʘ ʤʝʞʜʫ 180Á ʠ ʩʫʤʤʦʡ ʫʛʣʦʚ ʪʨʝʫʛʦʣʴʥʠʢʘ ABC ʚ ʛʝʦʤʝʪʨʠʠ 

ʃʦʙʘʯʝʚʩʢʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʘ ï ʝʸ ʥʘʟʳʚʘʶʪ ʜʝʬʝʢʪʦʤ ʵʪʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ).  

♯=Ⱬī(♪+♫+♬) - ʜʝʬʝʢʪ ʪʨʝʫʛʦʣʴʥʠʢʘ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ [1].  ʂʨʦʤʝ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ ʚ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʝʩʪʴ ʨʘʩʭʦʜʷʱʠʝʩʷ 

ʧʨʷʤʳʝ (ʵʪʦ ʪʝ, ʢʦʪʦʨʳʝ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʠ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳ). ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ 
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ʤʦʜʝʣʴ ʇʫʘʥʢʘʨʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩʫʥʦʢ 1), ʪʦ ʧʨʷʤʳʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʧʨʷʤʦʡ ʘ ʙʫʜʫʪ ʧʨʷʤʳʝ b ʠ ʝ, ʧʨʷʤʳʝ ʘ ʠ ʩ ʙʫʜʫʪ ʨʘʩʭʦʜʷʱʠʤʠʩʷ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚ ʤʦʜʝʣʠ ʇʫʘʥʢʘʨʝ ʧʨʷʤʳʝ ʠʟʦʙʨʘʞʘʶʪʩʷ ʜʫʛʘʤʠ ʦʢʨʫʞʥʦʩʪʝʡ ʠ ʣʫʯʘʤʠ. 

 
ʈʠʩʫʥʦʢ 1ï ʄʦʜʝʣʴ ʇʫʘʥʢʘʨʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʨʫʛʫʶ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 2). ʇʫʩʪʴ ʧʨʷʤʳʝ a || b ʚ ʥʝʢʦʪʦʨʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ɸ ï ʣʶʙʘʷ ʪʦʯʢʘ ʥʘ ʧʨʷʤʦʡ ʘ, AB Ṷ b . ʃʦʙʘʯʝʚʩʢʠʡ ʚʚʝʣ ʧʦʥʷʪʠʝ ʫʛʣʘ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʶ ʦʪʨʝʟʢʘ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ (ʥʘ ʨʠʩʫʥʢʝ 2 ʦʪʨʝʟʢʘ ɸɺ=ʭ). 

 

 

 
ʈʠʩʫʥʦʢ 2 ï ʋʛʦʣ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ 

 

ʃʦʙʘʯʝʚʩʢʠʡ ʥʘʰʝʣ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ ʫʛʣʘ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ᶿ ˜̖. ɸ 
ʠʤʝʥʥʦ:  

ὸὫ 
ᶿ
Ὡ   ʠʣʠ  ᶿ ὥὶὧὸὫ Ὡ   , 

 

ʛʜʝ k ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʨʦʩʪʨʘʥʩʪʚʘ,  ï ʢʨʠʚʠʟʥʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʃʦʙʘʯʝʚʩʢʦʛʦ.  

ɽʩʣʠ ʧʨʠʙʣʠʞʘʪʴ k ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪʦ ʚ ʧʨʝʜʝʣʝ ʧʦʣʫʯʘʝʤ ‌  , ʪ.ʝ. ʛʝʦʤʝʪʨʠʶ 

ɽʚʢʣʠʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ɽʚʢʣʠʜʦʚʘ ʛʝʦʤʝʪʨʠʷ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ [3]. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʦʙʣʘʩʪʠ 

ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʠʤʝʝʪ ʤʝʩʪʦ ɽʚʢʣʠʜʦʚʘ ʛʝʦʤʝʪʨʠʷ. ʅʘʧʨʠʤʝʨ, ʯʝʤ 

ʤʝʥʴʰʝ ʪʨʝʫʛʦʣʴʥʠʢ, ʪʝʤ ʤʝʥʴʰʝ ʩʫʤʤʘ ʝʛʦ ʫʛʣʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ Ⱬ; ʯʝʤ ʤʝʥʴʰʝ ʦʢʨʫʞʥʦʩʪʴ, 
ʪʝʤ ʤʝʥʴʰʝ ʦʪʥʦʰʝʥʠʝ ʝʸ ʜʣʠʥʳ ʢ ʨʘʜʠʫʩʫ ʦʪʣʠʯʘʝʪʩʷ ʦʪ Ⱬ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʝʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ 

ʛʝʦʤʝʪʨʠʷ, ʥʘʧʨʠʤʝʨ, ʵʪʦ ʩʝʜʣʦ, ʣʠʩʪ ʩʘʣʘʪʘ, ʥʝʢʦʪʦʨʳʝ ʢʦʨʘʣʣʳ, ʮʚʝʪʳ ʢʘʣʣʳ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʝʩʣʠ ʚʟʷʪʴ ʣʠʩʪ ʩʘʣʘʪʘ, ʪʦ ʝʛʦ ʥʝʣʴʟʷ ʫʣʦʞʠʪʴ ʧʣʦʩʢʦ, ʝʩʣʠ ʧʦʧʳʪʘʪʴʩʷ ʝʛʦ ʨʘʟʛʣʘʜʠʪʴ ʥʘ 

ʧʣʦʩʢʦʩʪʠ, ʦʥ ʚʩʝ ʚʨʝʤʷ ʙʫʜʝʪ ʪʦʧʦʨʱʠʪʴʩʷ.  

ʇʨʠʤʝʥʠʤʘ ʛʝʦʤʝʪʨʠʷ ʃʦʙʘʯʝʚʩʢʦʛʦ ʠ ʚ ʠʩʢʫʩʩʪʚʝ: ʚ ʞʠʚʦʧʠʩʠ ï ʵʪʦ ʪʚʦʨʯʝʩʪʚʦ 

ʄʘʫʨʠʮʘ ʂʦʨʥʝʣʠʩʘ ʕʰʝʨʘ;  ʘʨʭʠʪʝʢʪʫʨʝ - ʪʚʦʨʯʝʩʪʚʦ ʌʨʵʥʢʘ ɻʝʨʠ.  

ʊʘʢʞʝ ʧʨʠʤʝʥʠʤʳ ʤʦʜʝʣʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʕʡʥʰʪʝʡʥʘ ʠ ʚ ʘʩʪʨʦʥʦʤʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ çʯʝʨʥʳʭ ʜʳʨè. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʪʝʦʨʠʷʭ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʠ ʚ ʥʝʤ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʦʙʣʘʩʪʷʭ ʩʢʦʧʣʝʥʠʷ ʙʦʣʴʰʠʭ 

ʤʘʩʩ ʤʘʪʝʨʠʠ ʛʝʦʤʝʪʨʠʷ ʃʦʙʘʯʝʚʩʢʦʛʦ ʧʨʠʤʝʥʠʤʘ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ [1]. ɼʣʷ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ çʢʦʩʤʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚè ʩʫʤʤʳ ʠʭ ʫʛʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʤʝʥʴʰʝ ʯʝʤ 180 

ʛʨʘʜʫʩʦʚ, ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʃʦʙʘʯʝʚʩʢʦʛʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [1]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʢʦʤʩʪʚʦ ʩ ʪʝʦʨʠʝʡ ʃʦʙʘʯʝʚʩʢʦʛʦ ʅ.ʀ. ʧʦʟʚʦʣʠʪ 

ʩʪʫʜʝʥʪʘʤ ʘʪʦʤʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʨʘʩʰʠʨʠʪʴ ʩʚʦʡ ʢʨʫʛʦʟʦʨ, ʧʦʷʩʥʠʪ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ɽʚʢʣʠʜʦʚʦʡ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʧʦʚʳʩʠʪ ʠʥʪʝʨʝʩ ʚ ʮʝʣʦʤ ʢ ʤʘʪʝʤʘʪʠʢʝ, ʯʪʦ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʧʝʰʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʥʘʙʣʶʜʘʪʴ ʷʚʣʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ɺ ʫʩʪʘʥʦʚʢʝ ʨʝʘʣʠʟʦʚʘʥʳ ʤʝʭʘʥʠʟʤ ʥʘʩʪʨʦʡʢʠ ʥʘ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʠ ʷʚʣʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʘʚʠʣʘ ʃʝʥʮʘ. ʋʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʬʠʟʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ, ʧʨʠʢʣʘʜʥʘʷ ʬʠʟʠʢʘ, ʢʦʥʪʫʨ ʩ 

ʪʦʢʦʤ, ʨʝʟʦʥʘʥʩ, ʯʘʩʪʦʪʘ. 
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Abstract. In the present work, an installation is considered that allows observing the phenomenon of 

electromagnetic induction. The installation implements a mechanism for tuning to a resonant frequency and the 

phenomenon of electromagnetic induction with the possibility of visualizing the Lenz rule. The installation can be used 

for career guidance and popularization of physics. 

Keywords: physical phenomena, electromagnetic induction, applied physics, circuit with current, resonance, 

frequency. 

 

ʃʶʙʦʝ ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʪʨʝʙʫʝʪ ʯʸʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʜʣʷ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʲʷʩʥʝʥʠʝ ʧʨʦʩʪʳʤ ʷʟʳʢʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. 

ʀʥʦʛʜʘ ʦʧʠʩʘʪʴ ʷʚʣʝʥʠʝ ʥʝʥʘʫʯʥʳʤ ʷʟʳʢʦʤ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ʇʦʵʪʦʤʫ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 
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ʧʨʠʙʝʛʘʶʪ ʢ ʚʠʟʫʘʣʠʟʘʮʠʠ ʷʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʬʦʨʤʘʮʠʷ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʪʘʢʞʝ ʠ ʥʘ 

ʟʨʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʙʦʣʝʝ ʣʸʛʢʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʦʨʤʝ. 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ï ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʝ ʦʪʢʨʳʪʠʝ, ʩʜʝʣʘʥʥʦʝ 

ʄʘʡʢʣʦʤ ʌʘʨʘʜʝʝʤ [1]. ɽʛʦ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 ,
tD

DF
-=e                        (1) 

ʛʜʝ DF - ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, 

      tD - ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʳʡ ʧʨʦʠʟʦʰʣʦ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. [2] 

 

ɿʥʘʢ çʤʠʥʫʩè ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʠʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ ʩʦʟʜʘʸʪ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ, ʩʪʨʝʤʷʱʝʝʩʷ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʕʤʠʣʠʡ 

ʍʨʠʩʪʠʘʥʦʚʠʯ ʃʝʥʮ ʨʝʰʠʣ ʚʦʧʨʦʩ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ [3]. 

ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʦʥʪʫʨʦʚ ʩ ʧʦʜʢʣʶʯʸʥʥʳʤʠ ʢ ʥʠʤ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ, ʥʘ ʦʜʠʥ ʠʟ 

ʢʦʥʪʫʨʦʚ ʧʦʜʘʸʪʩʷ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ. ɺ ʥʘʙʦʨʝ ʠʤʝʶʪʩʷ ʩʦʝʜʠʥʸʥʥʳʝ ʩ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ 

ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʦʯʢʠ, ʢʦʪʦʨʳʝ ʥʘʩʪʨʦʝʥʳ ʥʘ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʩ ʛʝʥʝʨʘʪʦʨʦʤ 

ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʦʩʪʦʡ ʢʦʥʪʫʨ ʩʣʫʞʠʪ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʘʚʠʣʘ ʃʝʥʮʘ. 

ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ 

 

ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʦʥʪʫʨʦʚ, ʜʦʢʘʟʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʠʪʴ ʧʨʘʚʠʣʦ ʃʝʥʮʘ ʦ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. 

ʋʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚʦʢʨʫʛ 

ʢʦʥʪʫʨʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ. 

ʋʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʚʠʜʫ ʝʸ 

ʜʦʩʪʘʪʦʯʥʦʡ ʥʘʛʣʷʜʥʦʩʪʠ. 
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ʆ ʅʆɺʓʍ ʇʆɼʍʆɼɸʍ ʇʈɽʇʆɼɸɺɸʅʀʗ ʄɸʊɽʄɸʊʀʂʀ ɺ ʐʂʆʃɽ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʚ ʰʢʦʣʝ. 

ʋʢʘʟʳʚʘʝʪʩʷ ʨʷʜ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʧʦʜʘʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʨʘʟʨʝʰʝʥʠʷ; ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ, ʠʣʣʶʩʪʨʠʨʫʶʱʝʛʦ ʨʘʟʚʠʪʠʝ 

ʨʝʙʝʥʢʘ ʢʘʢ ʣʠʯʥʦʩʪʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʧʦʜʘʚʘʥʠʝ ʤʘʪʝʤʘʪʠʢʠ, ʣʠʯʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʠʥʪʝʨʘʢʪʠʚʥʳʡ 

ʧʦʜʭʦʜ, ʠʛʨʦʚʦʡ ʧʦʜʭʦʜ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, ʩʠʩʪʝʤʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, ʧʨʦʙʣʝʤʥʳʡ ʧʦʜʭʦʜ. 
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Abstract . The paper provides a brief overview of new approaches to teaching mathematics at school. A 

number of problems arising in the teaching process are indicated, as well as some possibilities for their resolution; a 

description of each approach to teaching mathematics is provided, illustrating the development of a child as a person.  

Keywords: teaching mathematics, personality-oriented approach, interactive approach, game approach, 

competence approach, system-activity approach, problem approach. 

 

ʄʘʪʝʤʘʪʠʢʘ ʩ ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʛʦ ʧʝʨʝʚʦʜʠʪʩʷ ʢʘʢ çʧʦʟʥʘʥʠʝè. ʆʩʥʦʚʥʘʷ ʮʝʣʴ 

ʤʘʪʝʤʘʪʠʢʠ, ʢʘʢ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ, ʵʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʙʢʦʛʦ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠ ʢʨʠʪʠʯʥʦʛʦ ʤʳʰʣʝʥʠʷ; ʨʘʟʚʠʪʠʝ ʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫ ʜʝʪʝʡ. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʙʳʩʪʨʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʠʨʝ ʤʝʥʷʶʪʩʷ ʠ ʦʙʫʯʘʶʱʠʝʩʷ. 

ʇʦʵʪʦʤʫ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʜʛʦʪʦʚʢʠ ʫʯʠʪʝʣʝʡ (ʦʩʦʙʝʥʥʦ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʘ) ʚ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʥʘʚʳʢʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʢ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʙʱʝʥʠʶ ʫʯʝʥʠʢʘ ʠ ʫʯʠʪʝʣʷ. ʀ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ,  ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʩʣʘʙʦʡ ʤʦʪʠʚʘʮʠʠ ʢ ʦʙʫʯʝʥʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʟʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʠ. ʋʯʠʪʝʣʷ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʚʦʝʤ, ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʫʯʘ ʧʦ-ʩʪʘʨʠʥʢʝ [2]. 

ʊʨʝʙʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ï ʵʪʦ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʥʘʚʳʢʦʚ. ʈʷʜ ʠʟ ʵʪʠʭ ʥʘʚʳʢʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʝʱʝ ʚ ʰʢʦʣʝ. ʅʘʧʨʠʤʝʨ, ʠʟ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʚʳʢʦʚ, ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʫʧʦʨ ʥʘ 

ʩʘʤʦʨʘʟʚʠʪʠʠ ʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ. ʂ ʩʘʤʦʨʘʟʚʠʪʠʶ ʦʪʥʦʩʷʪʩʷ ʩʘʤʦʦʙʫʯʘʝʤʦʩʪʴ, ʚʦʩʧʨʠʷʪʠʝ 

ʢʨʠʪʠʢʠ, ʫʤʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩ ʫʯʠʪʝʣʝʤ, ʣʶʙʦʟʥʘʪʝʣʴʥʦʩʪʴ. ʊʘʢʞʝ ʠʟ 

ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʚʳʢʦʚ ʩʣʝʜʫʝʪ ʨʘʟʚʠʚʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ, ʥʘʚʳʢ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʚʳʢ ʨʝʰʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʠ ʥʘʚʳʢ ʘʜʘʧʪʠʚʥʦʩʪʠ. 

ʋʧʨʘʚʣʝʥʯʝʩʢʠʝ: ʫʯʘʱʠʡʩʷ ʜʦʣʞʝʥ ʫʤʝʪʴ ʨʘʩʩʪʘʚʣʷʪʴ ʧʨʠʦʨʠʪʝʪʳ, ʩʪʘʚʠʪʴ ʢʦʥʢʨʝʪʥʳʝ 

ʟʘʜʘʯʠ, ʫʤʝʪʴ ʤʦʪʠʚʠʨʦʚʘʪʴ ʜʨʫʛʠʭ ʜʝʪʝʡ, ʜʝʣʝʛʠʨʦʚʘʪʴ ʧʦʣʥʦʤʦʯʠʷ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʘʥʜʳ 

ʧʦ ʨʝʰʝʥʠʶ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʦʙʣʝʤʳ. ɺ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʫʯʝʥʠʢʠ 

ʜʦʣʞʥʳ ʥʘʫʯʠʪʴʩʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʢʨʝʘʪʠʚʥʦʩʪʠ, ʫʤʝʥʠʶ ʫʚʠʜʝʪʴ ʨʘʟʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʩʧʦʩʦʙʳ, ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʦʥʳ ʜʦʣʞʥʳ 

ʥʘʫʯʠʪʴʩʷ ʢʨʠʪʠʯʝʩʢʠ ʤʳʩʣʠʪʴ. ɸʜʘʧʪʠʚʥʦʩʪʴ ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ ʢʘʢ ʫʤʝʥʠʝ ʫʯʠʪʴʩʷ ʚ 

ʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ. ʂʘʢ ʷʨʢʠʡ ʧʨʠʤʝʨ ʵʪʦʛʦ ï ʫʤʝʥʠʝ ʫʯʠʪʴʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʢʘʢ ʥʘ 

ʦʪʢʨʳʪʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʠʣʫ 
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ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ɺʝʙʠʥʘʨʳ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʚʠʨʪʫʘʣʴʥʳʝ ʢʣʘʩʩʳ, ʚʠʜʝʦ-

ʢʦʥʬʝʨʝʥʮʠʠ, ʬʦʨʫʤʳ, ʠʛʨʦʚʦʝ ʦʙʫʯʝʥʠʝ ï ʵʪʦ ʪʝ ʠʥʩʪʨʫʤʝʥʪʳ ʮʠʬʨʦʚʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʧʨʝʧʦʜʘʚʘʥʠʠ ʤʘʪʝʤʘʪʠʢʠ ʚ ʰʢʦʣʝ.  

ʇʦʤʠʤʦ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʚʳʢʦʚ ʫ ʫʯʘʱʠʭʩʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʩʦʮʠʘʣʴʥʦ-

ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʥʘʚʳʢʠ. ʋʯʝʥʠʢʠ ʜʦʣʞʥʳ ʥʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʚ ʢʦʤʘʥʜʝ, ʘʜʝʢʚʘʪʥʦ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʨʠʪʠʢʫ, ʙʳʪʴ ʦʪʢʨʳʪʳʤʠ ʢ ʥʝʡ, ʙʳʪʴ ʵʪʠʯʥʳʤʠ. ʋ ʦʙʫʯʘʶʱʠʭʩʷ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʚʠʚʘʪʴ ʵʤʧʘʪʠʶ ʢ ʪʦʚʘʨʠʱʘʤ, ʯʪʦʙʳ ʦʪʩʪʘʶʱʠʝ ʥʝ ʟʘʢʨʳʚʘʣʠʩʴ ʚ ʩʚʦʝʤ ʥʝʧʦʥʠʤʘʥʠʠ 

ʤʘʪʝʤʘʪʠʢʠ, ʘ ʧʦʣʫʯʘʣʠ ʧʦʤʦʱʴ ʩʦ ʩʪʦʨʦʥʳ ʚʩʝʡ ʛʨʫʧʧʳ.  

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ,  ʫʯʝʥʠʢʠ, ʢʘʢ ʠ ʫʯʠʪʝʣʷ, ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʤʧʝʪʝʥʪʥʳʤʠ ʚ 

ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʳʭ ʥʘʚʳʢʦʚ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʥʘʧʨʠʤʝʨ,  ʟʥʘʥʠʝ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʘʣʛʝʙʨʳ, ʪʘʢʠʭ ʢʘʢ Mathematica, Maple, Mathcad,  MATHLAB ʠ ʨʷʜʘ ʜʨʫʛʠʭ. ʂ ʵʪʦʡ ʞʝ 

ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʩʷ ʠ ʫʤʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʧʨʠʤʝʨ, Excel; ʦʙʣʘʜʘʥʠʝ ʧʨʝʟʝʥʪʘʮʠʦʥʥʳʤʠ ʥʘʚʳʢʘʤʠ. 

ʊʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ. ʅʘʧʨʠʤʝʨ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʦïʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ;  ʧʨʦʝʢʪʥʘʷ;  ʫʨʦʚʥʝʚʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ; ʠʛʨʦʚʳʝ;  ʨʘʟʚʠʪʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ;  ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

ʛʨʫʧʧʦʚʳʝ; ʨʘʟʚʠʚʘʶʱʝʛʦ ʦʙʫʯʝʥʠʷ; ʧʨʦʙʣʝʤʥʦʛʦ ʦʙʫʯʝʥʠʷ; ʤʦʜʫʣʴʥʘʷ; ʪʝʭʥʦʣʦʛʠʷ 

ʤʘʩʪʝʨʩʢʠʭ; ʢʝʡʩïʪʝʭʥʦʣʦʛʠʷ; ʧʝʜʘʛʦʛʠʢʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ; ʘ ʪʘʢʞʝ ʪʨʘʜʠʮʠʦʥʥʳʝ  (ʢʣʘʩʩʥʦ-

ʫʨʦʯʥʘʷ ʩʠʩʪʝʤʘ) [3]. ʂʘʢʫʶ ʠʟ ʥʠʭ ʚʳʙʨʘʪʴ ï ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʝʡ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʫʯʝʥʠʢʦʚ, 

ʠʭ ʚʦʟʨʘʩʪʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʅʦ ʛʣʘʚʥʦʝ ï ʵʪʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʟʘʜʘʯʘ ʫʯʠʪʝʣʷ ʤʘʪʝʤʘʪʠʢʠ - ʥʘʫʯʠʪʴ ʰʢʦʣʴʥʠʢʦʚ 

ʜʫʤʘʪʴ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ: ʥʘʫʯʠʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ; ʦʪʳʩʢʠʚʘʪʴ ʤʝʪʦʜʳ; ʦʙʦʙʱʘʪʴ; 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʛʠʧʦʪʝʟʳ,  ʦʧʨʦʚʝʨʛʘʪʴ ʠʭ ʠʣʠ ʜʦʢʘʟʳʚʘʪʴ; ʟʘʧʦʤʠʥʘʪʴ ʘʣʛʦʨʠʪʤʳ, ʘ ʥʝ 

ʟʘʟʫʙʨʠʚʘʪʴ. ʊʘʢʞʝ ʫʯʠʪʝʣʴ ʤʘʪʝʤʘʪʠʢʠ ʜʦʣʞʝʥ ʥʘʫʯʠʪʴ ʰʢʦʣʴʥʠʢʦʚ ʫʤʝʥʠʶ ʥʝ ʙʦʷʪʴʩʷ 

ʦʰʠʙʦʢ, ʫʤʝʥʠʶ ʩʧʦʢʦʡʥʦʛʦ, ʨʘʩʩʫʜʠʪʝʣʴʥʦʛʦ ʠʭ ʦʪʳʩʢʘʥʠʷ ʠ ʠʩʧʨʘʚʣʝʥʠʷ.  ʋʯʝʥʠʢʫ 

ʥʝʦʙʭʦʜʠʤʦ  ʧʨʝʜʦʩʪʘʚʠʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩ 

ʦʙʫʯʝʥʠʷ ʚʦ ʚʩʝ ʚʨʝʤʷ ʫʨʦʢʘ ʤʘʪʝʤʘʪʠʢʠ. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʭʦʜʘ ʚ ʦʙʫʯʝʥʠʠ,  ʭʦʨʦʰʠʡ 

ʫʯʠʪʝʣʴ  ʜʦʣʞʝʥ ʜʘʪʴ ʦʩʥʦʚʥʦʡ ʩʦʚʝʪ ʜʝʪʷʤ: ʤʘʪʝʤʘʪʠʢʝ ʥʝʣʴʟʷ ʥʘʫʯʠʪʴ, ʝʡ ʤʦʞʥʦ ʪʦʣʴʢʦ 

ʥʘʫʯʠʪʴʩʷ [3]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ 

ʤʘʪʝʤʘʪʠʢʠ ʧʦʟʚʦʣʠʪ ʫʯʠʪʝʣʷʤ ʥʝ ʪʦʣʴʢʦ ʜʘʪʴ ʟʥʘʥʠʷ ʫʯʘʱʠʤʩʷ, ʥʦ ʠ ʨʘʩʰʠʨʠʪʴ ʠʭ 

ʢʨʫʛʦʟʦʨ, ʧʦʚʳʩʠʪʴ ʠʥʪʝʨʝʩ ʚ ʮʝʣʦʤ ʢ ʤʘʪʝʤʘʪʠʢʝ, ʯʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʡ  

ʫʩʧʝʰʥʦʡ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʤʝʥʠʶ ʫʯʠʪʴʩʷ. 
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Abstract .This project is dedicated to investigating the role of mathematics in the training of specialists in the 

nuclear industry. In the course of the work, the application of mathematical methods and models in various disciplines 

related to nuclear energy will be analyzed. 

Keywords: nuclear power engineering, mathematics, differential equations, neutron flux density, diffusion 

equation, specialist training. 

 

ʄʘʪʝʤʘʪʠʢʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ, ʪʘʢ 

ʢʘʢ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʩʯʝʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʀʟʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʢʠ 

ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʘʤ ʘʪʦʤʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʨʘʟʚʠʪʴ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ ʙʘʟʦʚʳʝ ʥʘʚʳʢʠ ʜʣʷ ʫʩʧʝʰʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʪʨʘʩʣʠ. 

ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʠʬʬʫʟʠʠ, ʚ ʪʨʝʭʤʝʨʥʦʡ 

ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 

 

ʛʜʝ ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ: 

 

Ўḳᶯḳ
Ὠ

Ὠὼ

Ὠ

Ὠώ

Ὠ

Ὠᾀ
 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʦʜʥʦʤʝʨʥʳʡ ʧʣʦʩʢʠʡ  ʨʝʘʢʪʦʨ ï ʙʝʩʢʦʥʝʯʥʫʶ ʧʣʘʩʪʠʥʫ  

ʪʦʣʱʠʥʦʡ ʘ. 

ɺ ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʝ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ ʟʘʧʠʰʝʤ ʪʦʣʴʢʦ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʭ: 

0)r(S)r(ʌ)r(ʌD a =+SÖ-DÖ
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ʛʜʝ      ʌ(ʍ) ï ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ.   

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ  ʠʤʝʝʤ ʣʠʥʝʡʥʦʝ ʦʜʥʦʨʦʜʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʛʜʝ ʢ
2
  - ʢʦʥʩʪʘʥʪʘ. 

 

  
ʈʠʩʫʥʦʢ 1 ï ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʦʜʥʦʤʝʨʥʳʡ ʧʣʦʩʢʠʡ ʨʝʘʢʪʦʨ 

 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ ʫʩʣʦʚʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 

 

 

ʋʯʠʪʳʚʘʷ ʩʠʤʤʝʪʨʠʶ ʧʣʘʩʪʠʥʳ, ʚ ʮʝʥʪʨʝ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʵʢʩʪʨʝʤʫʤ ʌ(ʭ). 

ʇʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʵʢʩʪʨʝʤʫʤʘ ï ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ, ʪʦ 

ʌô(0)=0. 

 

 

 

ʂʦʥʩʪʘʥʪʫ ʉ2 ʥʘʡʪʠ ʪʦʣʴʢʦ ʠʟ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʨʘʩʯʝʪʘ ʜʚʫʭ ʢʦʥʩʪʘʥʪ ʥʫʞʥʳ  2  ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷ. ʈʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʪʘʢ, ʯʪʦ ʫʨʘʚʥʝʥʠʶ ʜʠʬʬʫʟʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʥʘ ʣʶʙʦʡ 

ʤʦʱʥʦʩʪʠ, ʪ.ʝ. ʩ ʣʶʙʦʡ ʘʤʧʣʠʪʫʜʦʡ ʌ(ʭ). 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʢʦʥʩʪʘʥʪʳ ʉ2 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʚ ʠʪʦʛʦʚʦʝ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʌ(ʭ)     ʟʥʘʯʝʥʠʝ ʭ=0: 

 
ˡπ ˞ϽÃÏÓπ ˞ 

 

ʊʦʛʜʘ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʉ2 ï ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʚ ʮʝʥʪʨʝ ʨʝʘʢʪʦʨʘ-

ʧʣʘʩʪʠʥʳ ʌ(0). ʀ ʪʦʛʜʘ ʧʨʦʬʠʣʴ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʙʫʜʝʪ ʪʘʢʠʤ: 

 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʷ ʚ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ 

ʪʨʝʙʫʶʪ ʟʥʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʤʝʥʠʝ ʨʝʰʘʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 
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Abstract.This article discusses the golden ratio as a mathematical concept and the basics of architecture, its 

application in construction. The author provides examples based on theoretical and practical research.  

Keywords: mathematics, mathematical harmony, golden ratio, architecture, construction. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʠ ʧʨʘʢʪʠʢʦʚ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ 

çɿʦʣʦʪʦʛʦ ʩʝʯʝʥʠʷè ʠ ʝʛʦ ʨʦʣʠ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʀʤʝʥʥʦ ʵʪʦ ʧʦʥʷʪʠʝ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ɻʘʨʤʦʥʠʠ, ʪʘʢ ʢʘʢ ʛʘʨʤʦʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʨʘʚʝʥʩʪʚʦ ʠʣʠ 

ʩʦʨʘʟʤʝʨʥʦʩʪʴ ʯʘʩʪʝʡ ʩ ʜʨʫʛ ʜʨʫʛʦʤ ʠ ʯʘʩʪʠ ʩ ʮʝʣʳʤ.  

ʊʘʢ, ʜʘʞʝ ʩʘʤʠ ʤʘʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʳʝ ʟʥʘʢʦʤʳ ʩ ʵʪʠʤ ʧʦʥʷʪʠʝʤ ʝʱʝ ʩ ʜʨʝʚʥʦʩʪʠ, ʪʘʢ 

ʢʘʢ ʦʥʦ ʠʛʨʘʣʦ ʦʩʦʙʫʶ ʨʦʣʴ ʚ ʫʯʝʥʠʠ ʧʠʬʘʛʦʨʝʡʮʝʚ ʠ ʥʘʟʳʚʘʣʦʩʴ çʜʝʣʝʥʠʝʤ ʚ ʢʨʘʡʥʝʤ ʠ 

ʩʨʝʜʥʝʤ ʦʪʥʦʰʝʥʠʠè, ʚʳʜʝʣʷʶʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʚʟʛʣʷʜʦʚ ʥʘ ʠʩʪʦʨʠʶ 

ʤʘʪʝʤʘʪʠʢʠ, ʠ ʦʧʨʝʜʝʣʷʶʪ ʦʜʥʦʡ ʠʟ çʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢè ʚ ʝʝ ʨʘʟʚʠʪʠʠ ï  

ʧʨʝʥʝʙʨʝʞʝʥʠʝ çʟʦʣʦʪʳʤ ʩʝʯʝʥʠʝʤè, ʯʪʦ ʧʦ ʠʭ ʤʥʝʥʠʶ, ʧʨʠʚʝʣʦ ʢ  ʦʜʥʦʩʪʦʨʦʥʥʝʤʫ ʚʟʛʣʷʜʫ 

ʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʩʢʣʶʯʝʥʠʶ çʄʘʪʝʤʘʪʠʢʠ ɻʘʨʤʦʥʠʠè ʠʟ ʩʪʨʫʢʪʫʨʳ 

çʢʣʘʩʩʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʢʠè. 

ɺ ʵʧʦʭʫ ɺʦʟʨʦʞʜʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʦʠʩʢʠ çʩʦʚʝʨʰʝʥʥʦʡ ʧʨʦʧʦʨʮʠʠè. ʃʝʦʥʘʨʜʦ ʜʘ 

ɺʠʥʯʠ ʚʚʦʜʠʪ ʵʪʦ ʥʘʟʚʘʥʠʝ ʚ ʰʠʨʦʢʦʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʠ  ʧʦʜ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ 

ʧʫʙʣʠʢʫʝʪʩʷ ʧʝʨʚʦʝ ʩʦʯʠʥʝʥʠʝ, ʧʦʩʚʷʱʝʥʥʦʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ çʟʦʣʦʪʦʤʫ ʩʝʯʝʥʠʶè - ʪʨʘʢʪʘʪ  

ʠʟʚʝʩʪʥʦʛʦ ʠʪʘʣʴʷʥʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʃʫʢʠ ʇʘʯʦʣʠ  çɹʦʞʝʩʪʚʝʥʥʘʷ ʧʨʦʧʦʨʮʠʷè [1]. 

ʀ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʘʢ, ʧʦʩʤʦʪʨʝʚ ʥʘ ʨʠʩʫʥʦʢ 1, ʤʳ ʚ ʵʪʦʤ ʫʙʝʞʜʘʝʤʩʷ: 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨʳ çʟʦʣʦʪʦʛʦ ʩʝʯʝʥʠʷè ʚ ʷʚʣʝʥʠʷʭ ʧʨʠʨʦʜʳ 

 

ɸ ʦʩʥʦʚʫ ʵʪʦʡ ʛʘʨʤʦʥʠʠ ʩʦʩʪʘʚʣʷʝʪ  ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ  ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ:  x
2
ï ʘx ï ʘ

2
 = 0, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʟʦʣʦʪʦʡ ʧʨʦʧʦʨʮʠʠ. ʕʪʦ ʪʘʢʦʝ 

ʦʪʥʦʰʝʥʠʝ ʯʠʩʝʣ, ʨʘʚʥʦʝ 1,618, ʢʦʛʜʘ ʙʦʣʴʰʝʝ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʥʴʰʝʤʫ ʪʘʢ ʞʝ, ʢʘʢ ʩʫʤʤʘ ʵʪʠʭ 

ʯʠʩʝʣ ʢ ʙʦʣʴʰʝʤʫ. ʃʝʛʢʦ ʧʦʥʷʪʴ ʥʘ ʧʨʠʤʝʨʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʵʪʦʤʫ 

ʧʨʘʚʠʣʫ: ʝʩʣʠ ʤʝʥʴʰʘʷ ʩʪʦʨʦʥʘ ʙʫʜʝʪ ʨʘʚʥʘ 10, ʪʦ ʙʦʣʴʰʘʷ 16,18, ʠ ʚ ʠʪʦʛʝ ʦʪʥʦʰʝʥʠʝ 

ʩʪʦʨʦʥ ʙʫʜʝʪ ʨʘʚʥʦ 1,618, ʘ ʯʘʩʪʠ ʵʪʦʡ ʬʠʛʫʨʳ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʙʫʜʫʪ ʨʘʚʥʳ 62% 

ʠ 38% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2].   

ʊʘʢ ʢʘʢ ʥʘʰʘ ʨʘʙʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʛʘʨʤʦʥʠʶ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘ 

ʣʁ ʙʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʘʪʝʤʘʪʠʢʠ, ʠ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʯʝʨʪʝʞʠ ʠ ʨʘʩʯʝʪʳ. ʂʨʦʤʝ 

ʥʘʜʝʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʢʘʨʢʘʩʝ ʟʜʘʥʠʷ, ʚ ʝʛʦ ʚʥʝʰʥʝʤ ʚʠʜʝ ʪʦʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʛʘʨʤʦʥʠʷ, 

ʜʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʥʮʠʧ ʟʦʣʦʪʦʛʦ ʩʝʯʝʥʠʷ. ɿʦʣʦʪʦʝ ʩʝʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʥʝ ʦʜʥʦ ʪʳʩʷʯʝʣʝʪʠʝ. ʆʥʦ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ 

ʠ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʵʪʦʤʫ ʤʥʦʛʠʝ ʩʯʠʪʘʶʪ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ 

ʟʘʢʦʥʦʤ. 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʧʦʨʮʠʠ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʧʨʠʨʦʜʝ, ʯʝʣʦʚʝʢ ʧʝʨʝʥʦʩʠʪ ʥʝ ʪʦʣʴʢʦ ʚ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʥʦ ʠ ʚ ʜʠʟʘʡʥ ʚʥʫʪʨʝʥʥʠʭ ʧʦʤʝʱʝʥʠʡ. ʉʦʦʪʥʦʰʝʥʠʝ 1:1,618 ʧʦʤʦʛʘʝʪ ʟʘʜʘʪʴ 

ʧʨʦʧʦʨʮʠʠ ʬʘʩʘʜʦʚ, ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʢʦʥʥʳʭ ʠ ʜʚʝʨʥʳʭ ʧʨʦʝʤʦʚ, ʨʘʩʩʪʘʚʠʪʴ 

ʤʝʙʝʣʴ ʠ ʧʦʜʦʙʨʘʪʴ ʮʚʝʪʦʚʫʶ ʧʘʣʠʪʨʫ ʦʪʜʝʣʦʢ [3]. 

ɼʘʨʤʘʥʩʢʘʷ ʊ.ɸ. ʚ ʩʚʦʝʡ ʩʪʘʪʴʝ çʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʛʘʨʤʦʥʠʠè 

ʘʥʘʣʠʟʠʨʫʝʪ ʚʟʘʠʤʦʩʚʷʟʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʤʘʪʝʤʘʪʠʢʠ. ɸʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ çʦʩʥʦʚʥʳʝ 

ʩʧʦʩʦʙʳ ʜʦʩʪʠʞʝʥʠʷ ʬʦʨʤʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʣʫʯʰʝʤʫ ʟʨʠʪʝʣʴʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʠ 

ʦʱʫʱʝʥʠʶ ʢʨʘʩʦʪʳ ʠ ʛʘʨʤʦʥʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʦʯʝʪʘʥʠʠ ʩʠʤʤʝʪʨʠʠ ʠ ʟʦʣʦʪʦʡ ʧʨʦʧʦʨʮʠʠè 

[4]. 

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʟʦʣʦʪʦʡ ʧʨʦʧʦʨʮʠʠ ʘ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʥʝʥʠʷ ʟʦʣʦʪʦʡ ʧʨʦʧʦʨʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

 

 ɺ ʠʩʪʦʨʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ  ʤʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ, ʩʦʟʜʘʶʱʠʭ ʦʱʫʱʝʥʠʝ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʨʘʩʦʪʳ, ʪʱʘʪʝʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʥʠ ʚʦʟʚʦʜʠʣʠʩʴ ʧʦ ʧʨʘʚʠʣʫ ʟʦʣʦʪʦʛʦ ʩʝʯʝʥʠʷ: ʧʠʨʘʤʠʜʳ, ʭʨʘʤʳ, ʦʙʱʝʩʪʚʝʥʥʳʝ ʟʜʘʥʠʷ, 

ʢʦʨʦʣʝʚʩʢʠʭ ʨʝʟʠʜʝʥʮʠʡ ʠ ʜʨ. 
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ɺ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ ʢʣʘʩʩʠʢʘ ʪʚʦʨʯʝʩʢʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʘʩʴ, ʥʦ ʟʦʣʦʪʦʝ ʩʝʯʝʥʠʝ ʧʦ-

ʧʨʝʞʥʝʤʫ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʠ ʚʳʙʦʨʝ ʧʨʦʧʦʨʮʠʡ ʩʦʦʨʫʞʝʥʠʡ. ʇʨʠʤʝʨʦʤ ʧʦʜʦʙʥʳʭ 

ʨʝʰʝʥʠʡ ʩʣʫʞʠʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʥʘ ɺʦʨʦʙʴʝʚʳʭ ʛʦʨʘʭ ʚ ʄʦʩʢʚʝ, ɼʦʤ 

ʉʦʚʝʪʦʚ ʥʘ ʄʦʩʢʦʚʩʢʦʡ ʧʣʦʱʘʜʠ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ.   

ʄʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʦ ʚʳʷʚʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘʰʝʛʦ 

ʠʥʩʪʠʪʫʪʘ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ çʟʦʣʦʪʦʡ ʧʨʦʧʦʨʮʠʠè ʚ ʩʚʦʠʭ ʨʘʟʤʝʨʘʭ. ɹʳʣ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʨʘʟʤʝʨʦʚ ʧʦʤʝʱʝʥʠʡ 1-4ʭ ʵʪʘʞʝʡ, ʚʩʝʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩʦʩʪʦʷʥʠʝ 180 ʧʦʤʝʱʝʥʠʡ 

ʠ ʚʭʦʜʘ ʚ ʠʥʩʪʠʪʫʪ. ɺʩʝʛʦ 13 ʧʦʤʝʱʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ çʟʦʣʦʪʦʡ ʧʨʦʧʦʨʮʠʠè. 

 

ʊʘʙʣʠʮʘ 1 ï ɸʥʘʣʠʟ ʨʘʟʤʝʥʦʚ ʧʦʤʝʱʝʥʠʡ ʙʣʠʟʢʠʭ ʢ çʟʦʣʦʪʦʡ ʧʨʦʧʦʨʮʠʠè 

ˉ ʇʦʤʝʱʝʥʠʷ  ɼʣʠʥʘ ʐʠʨʠʥʘ ʆʪʥʦʰʝʥʠʝ ɺʳʚʦʜ 

4 ʵʪʘʞ 

19 8,87 5,5 1,61272727 + 

20 9 5,53 1,62748644 + 

21 8,69 5,55 1,56576577 + 

29 8,77 5,54 1,58303249 + 

3 ʵʪʘʞ 

15 8,88 5,54 1,60288809 + 

17 8,69 5,48 1,58576642 + 

29 8,86 5,63 1,57371226 + 

30 8,84 5,58 1,58422939 + 

2 ʵʪʘʞ 

38 9,03 5,6 1,6125 + 

40 8,82 5,58 1,58064516 + 

1 ʵʪʘʞ  

146 7,9 4,75 1,66315789 + 

1 ʵʪʘʞ (ʣʘʙʦʨʘʪʦʨʥʳʡ ʢʦʨʧʫʩ) 

77 2,7 1,69 1,59763314 + 

61 9,85 5,97 1,64991625 + 

 

ʀʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʧʦʜ çʟʦʣʦʪʫʶ ʧʨʦʧʦʨʮʠʶè ʨʘʟʤʝʨʳ ʚʭʦʜʘ ʚ ʠʥʩʪʠʪʫʪ ʠ ʥʝʢʦʪʦʨʳʝ 

ʠ ʥʝʢʦʪʦʨʳʝ ʘʪʨʠʙʫʪʳ: 

 

      
 

ʈʠʩʫʥʦʢ 3 ï  ʇʨʠʤʝʨʳ çɹʦʞʝʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʠè ʥʘʰʝʛʦ ʠʥʩʪʠʪʫʪʘ 

 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ çɿʦʣʦʪʦʡ ʧʨʦʧʦʨʮʠʠè ʧʨʦʧʦʨʮʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ  

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʚ ʜʠʟʘʡʥʝ ʧʦʤʝʱʝʥʠʡ ʠ ʚ ʣʘʥʜʰʘʬʪʥʦʤ ʜʠʟʘʡʥʝ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʢʫʨʩ çʆʩʥʦʚʳ ʛʘʨʤʦʥʠʠ ʩʠʩʪʝʤè, ʢʦʪʦʨʳʡ ʢʘʢ 

ʟʘʚʝʨʰʘʶʱʠʡ ʢʫʨʩ  ʥʘʫʯʥʦʛʦ ʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʘʢʘʣʘʚʨʦʚ ʚʩʝʭ 

ʩʧʝʮʠʘʣʠʟʘʮʠʡ, ʩ ʮʝʣʴʶ ʚʳʨʘʙʦʪʢʠ ʫ ʩʪʫʜʝʥʪʦʚ ʥʦʚʦʛʦ ʥʘʫʯʥʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, 
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ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʥʮʠʧʘʭ ɻʘʨʤʦʥʠʠ ʠ ɿʦʣʦʪʦʛʦ ʉʝʯʝʥʠʷ. ʂʫʨʩ çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʛʘʨʤʦʥʠʠè  ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʤʘʛʠʩʪʝʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʢʘʢ ʥʦʚʦʛʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ [1]. 
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Abstract . This article analyzes the practical orientation of mathematical knowledge in the practical activities 

of the thermal energy sector. 

Keywords: mathematics, mathematical methods, integral, thermal power engineering. 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʤʘʪʝʤʘʪʠʢʘ, ʢʘʢ ʫʯʝʙʥʘʷ 

ʜʠʩʮʠʧʣʠʥʘ, ʠʟʫʯʘʝʪʩʷ ʥʘ 1 ʠ 2 ʢʫʨʩʘʭ, ʢʦʛʜʘ ʩʪʫʜʝʥʪʳ ʝʱʝ ʥʝ ʟʥʘʢʦʤʳ ʩʦ ʚʩʝʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʛʫʪ ʚʳʜʝʣʠʪʴ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʤʳ, ʧʦʥʷʪʠʷ, ʬʦʨʤʫʣʳ ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʠʭ ʜʘʣʴʥʝʡʰʝʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟʠʨʫʷ ʚʦʧʨʦʩʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʫʜʫʱʝʛʦ ʠʥʞʝʥʝʨʘ ʠ 

ʧʨʦʙʣʝʤʳ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ, ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʚʳʜʝʣʷʶʪ, ʯʪʦ: 

ü ʦʙʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʢʝ ʜʦʣʞʥʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʥʘ ʧʨʠʦʨʠʪʝʪ ʢʦʤʧʣʝʢʩʘ ʟʥʘʥʠʡ, 

ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʫʜʝʥʪʘʤ ʚ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 
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ü ʙʝʟ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʘʪʝʤʘʪʠʢʠ ʚ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʨʫʜʥʦ ʫʙʝʜʠʪʴ ʩʪʫʜʝʥʪʦʚ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ [1]. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʤ ʥʘ ʧʝʨʚʦʤ ʢʫʨʩʝ, ʚʩʝʛʜʘ ʚʳʟʳʚʘʝʪ 

ʚʦʧʨʦʩ ʫ ʩʪʫʜʝʥʪʦʚ, ʘ ʟʘʯʝʤ ʵʪʦ  ʥʫʞʥʦ, ʛʜʝ   ʵʪʦ ʚ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʫʜʝʪ 

ʥʝʦʙʭʦʜʠʤʦ. 

 ʆʪʚʝʪʘʤ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʠ ʧʦʩʚʷʱʝʥʦ ʵʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʚʪʦʨʘ, 

ʧʨʦʚʝʜʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘ ʠ 

ʪʝʧʣʦʪʝʭʥʠʢʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʧʦʩʦʙʠʷ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʪʦ: 

ü ʛʜʝ ʠ ʢʝʤ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʩ ʜʠʧʣʦʤʦʤ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʊʝʧʣʦʪʝʭʥʠʢʘ ʠ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘè: ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ, ʩʧʝʮʠʘʣʠʩʪʦʤ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʠʥʞʝʥʝʨʦʤ-

ʵʥʝʨʛʝʪʠʢʦʤ, ʠʥʞʝʥʝʨʦʤ-ʪʝʧʣʦʪʝʭʥʠʢʦʤ, ʜʠʩʧʝʪʯʝʨʦʤ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʯʣʝʥʦʤ ʤʦʥʪʘʞʥʦʡ ʠʣʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʙʨʠʛʘʜʳ, ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʫʶ ʜʦʣʞʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʙʳʪʴ ʪʝʭʥʦʣʦʛʦʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ; 

ü ʢʘʢʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ: ʤʦʥʪʘʞ ʠ ʥʘʣʘʜʢʘ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʩʝʨʚʠʩʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʨʝʤʦʥʪ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʝʧʣʦʪʳ, 

ʝʸ ʧʨʠʤʝʥʝʥʠʶ, ʫʧʨʘʚʣʝʥʠʶ ʝʝ ʧʦʪʦʢʘʤʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʪʫ; 

ü ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʪʝʧʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʤʦʥʪʘ [2]. 

ʂʘʢ ʧʦʢʘʟʘʣʦ ʠʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, ʚ ʨʘʩʯʝʪʘʭ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʳ ʠ ʤʝʪʦʜʳ ʩʣʝʜʫʶʱʠʭ 

ʠʟʫʯʘʝʤʳʭ ʥʘʤʠ ʪʝʤ: ʦʧʨʝʜʝʣʠʪʝʣʠ ʠ ʤʘʪʨʠʮʳ; ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʬʫʥʢʮʠʠ, 

ʧʨʝʜʝʣʳ; ʬʫʥʢʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ; ʠʥʪʝʛʨʘʣ; ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ; 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. ʅʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʠʥʪʝʛʨʘʣʦʚ. ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʠʥʪʝʛʨʘʣʳ ʠ ʷʚʣʷʣʠʩʴ ʧʨʝʜʤʝʪʦʤ ʥʘʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ.   

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʩʧʨʘʚʦʯʥʦʡ ʩʝʨʠʠ ʚ ʯʝʪʳʨʝʭ ʢʥʠʛʘʭ çʊʝʧʣʦʵʥʝʨʛʝʪʠʢʘ ʠ 

ʪʝʧʣʦʪʝʭʥʠʢʘè ʧʦ ʦʩʥʦʚʥʳʤ ʫʯʝʙʥʳʤ ʧʦʩʦʙʠʷʤ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʠʟʫʯʝʥʠʷ, ʢʘʢ ʧʨʠʤʝʨʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʠʥʪʝʛʨʘʣʦʚ: 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʥʪʝʛʨʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʘʩʯʝʪʘʭ  

 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʯʝʪʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʦʡʥʳʝ ʠ ʪʨʦʡʥʳʝ ʠʥʪʝʛʨʘʣʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ, ʯʪʦ   ʚ ʨʘʩʯʝʪʘʭ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʠ ʪʝʧʣʦʪʝʭʥʠʢʠ ʚʩʝ 

ʨʘʟʜʝʣʳ ʤʘʪʝʤʘʪʠʢʠ ʠʤʝʶʪ ʧʨʠʤʝʥʝʥʠʝ, ʥʦ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ, ʚʩʝʭ ʚʠʜʦʚ ʠʥʪʝʛʨʘʣʦʚ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʠʤʝʨʳ, 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʜʠʘʛʥʦʩʪʠʢʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ (ʕʇɸ). ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʥʘ ʩʠʛʥʘʣʘʭ ʪʦʢʦʚ ʠ 
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ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʕʇɸ. 
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THE UNCERTAINTY OF INDIRECT POWER MEASUREMENTS IN THE 

DIAGNOSIS OF ELECTRIC DRIVE VALVES  
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Volgodonsk, Russia 

 
Abstract. The paper evaluates the uncertainty of indirect power measurements in the diagnosis of electric 

drive valves (EDV). The metrological task was considered on the signals of currents and voltages in three phases of the 

supply network of the electric drive of the NPP gate valve, which are data for diagnosing the technical condition of the 

EDV. 
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ɼʣʷ ʦʮʝʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɼʠʘʛʥʦʩʪʠʢʘ ʕʇɸ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ ʄʊ 1.2.3.02.999.0085-2010 [1]. ʆʮʝʥʢʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʤʦʱʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʕʇɸ ʧʨʦʚʦʜʠʣʠʩʴ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ ʠ ʨʘʥʝʝ [2].   

ʄʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʦʡ. 

ὖ ὟὍ ὟὍ ὟὍ 
 

ʛʜʝ Ui ï ʥʘʧʨʷʞʝʥʠʝ, Ii ï ʩʠʣʘ ʪʦʢʘ 

 ʈʘʩʯʝʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʩʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 34100.3-2017 [3]. ɺʦ ʚʥʠʤʘʥʠʝ 

ʙʳʣʘ ʧʨʠʥʷʪʘ ʢʦʨʨʝʣʷʮʠʷ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ ʠ ʬʦʨʤʫʣʘ ʩ ʫʯʸʪʦʤ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

 

ό ώ ὧό ὼ ς ὧὧόὼόὼὶὼȟὼ  

 

ʛʜʝ uc
2
 ï ʜʠʩʧʝʨʩʠʷ ʢʦʩʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʝʣʠʯʠʥʳ, ὧ ȟὧ  ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦ ʭi ʠ xj ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, u(xi) ʠ u(xj) ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 

(ʉʂʆ) ʧʦ ʭi ʠ xj ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, r(xi,xj) ï ʢʦʨʨʝʣʷʮʠʷ ʧʨʠʟʥʘʢʦʚ ʭi ʠ xj, u
2
(xi) ï ʜʠʩʧʝʨʩʠʷ 

ʧʨʠʟʥʘʢʘ xi. 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʙʝʟ ʫʯʸʪʘ ʢʦʨʨʝʣʷʮʠʠ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ, ʪʦ ʝʩʪʴ ʧʨʠ 

r(xi,xj) = 0 

ɼʣʷ ʫʨʦʚʥʷ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 95%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ ʚ ʪʨʠ ʉʂʆ 

[4]. ʈʘʩʩʤʦʪʨʝʥ ʨʘʙʦʯʠʡ ʭʦʜ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʟʘʧʦʨʥʳʭ ʟʘʜʚʠʞʝʢ ʩʠʩʪʝʤʳ ʘʚʘʨʠʡʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ɹʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʜʣʷ ʟʥʘʯʝʥʠʡ ʤʛʥʦʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 

ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʦʯʝʢ. ɻʨʘʬʠʢ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

  
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. 

 

ʉʥʘʯʘʣʘ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʙʨʘʥʦ 7200 ʪʦʯʝʢ ʨʘʙʦʯʝʛʦ ʭʦʜʘ, ʦʮʝʥʝʥʘ ʢʦʨʨʝʣʷʮʠʷ 

ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʬʘʟʘʤ ʠ ʤʝʞʜʫ ʥʠʤʠ. ɼʘʣʝʝ, ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ, ʚʟʷʪʘ  

ʚʳʙʦʨʢʘ ʠʟ 1500 ʪʦʯʝʢ ʚ ʩʝʨʝʜʠʥʝ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʠ ʠʟ 500 ʪʦʯʝʢ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʦʣʫʯʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ 
ʂʦʨʨʝʣʷʮʠʠ ʧʨʠʟʥʘʢʦʚ ʆʢʥʦ 1 - 7200 ʪʦʯʝʢ ʆʢʥʦ 2 - 1500 ʪʦʯʝʢ ʆʢʥʦ3 ï 500 ʪʦʯʝʢ 

IɸIɺ -0,4795 -0,4795 Ñ 0,00001 -0,4795 Ñ 0,00002 

IAIC -0,5089 -0,5089 Ñ 0,00001 -0,5089 Ñ 0,00002 

IAUA -0,8166 -0,8166 Ñ 0,00001 -0,8166Ñ 0,00002 

IAUB -0,01748 -0,01748 Ñ 0,00001 -0,01748 Ñ 0,00002 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ r1 
ʂʦʨʨʝʣʷʮʠʠ ʧʨʠʟʥʘʢʦʚ ʆʢʥʦ 1 - 7200 ʪʦʯʝʢ ʆʢʥʦ 2 - 1500 ʪʦʯʝʢ ʆʢʥʦ3 ï 500 ʪʦʯʝʢ 

IAUC 0,8703 0,8703 Ñ 0,00001 0,8703 Ñ 0,00002 

IBIC -0,5113 -0,5113 Ñ 0,00001 -0,51134 Ñ 0,00002 

IBUA 0,8969 0,8969 Ñ 0,00001 0,8969 Ñ 0,00002 

IBUB -0,8684 -0,8684 Ñ 0,00001 -0,8684 Ñ 0,00002 

IBUC 0,01374 0,01374 Ñ 0,00001 0,01374 Ñ 0,00002 

ICUA -0,08017 -0,08017 Ñ 0,00001 -0,08017 Ñ 0,00002 

ICUB 0,8689 0,8689 Ñ 0,00001 0,8689 Ñ 0,00002 

ICUC -0,8658 -0,8658 Ñ 0,00001 -0,8658 Ñ 0,00002 

UAUB -0,5613 -0,5613 Ñ 0,00001 -0,5613 Ñ 0,00002 

UAUC -0,4279 -0,4279 Ñ 0,00001 -0,4279 Ñ 0,00002 

UBUC 0,5061 0,5061 Ñ 0,00001 0,5061 Ñ 0,00002 

 

ʂʦʨʨʝʣʷʮʠʷ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʚʳʙʦʨʫ ʦʢʥʘ ʜʣʷ ʘʥʘʣʠʟʘ, ʪʘʢ ʢʘʢ ʨʘʩʭʦʞʜʝʥʠʷ 

ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ 4 ʟʥʘʯʘʱʝʡ ʮʠʬʨʳ.  

ɼʣʷ ʟʘʜʚʠʞʢʠ, ʚʳʙʨʘʥʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ ʢʦʨʨʝʣʷʮʠʠ ʜʘʝʪ 

ʨʝʟʫʣʴʪʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 0,56%. ʇʨʠ ʵʪʦʤ ʙʝʟ ʫʯʝʪʘ ʢʦʨʨʝʣʷʮʠʠ ʦʥʘ ʩʦʩʪʘʚʠʣʘ 

12%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʘʤ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʦʡ, 

ʩʥʠʞʘʶʱʝʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʦʮʝʥʢʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʪʨʝʭʬʘʟʥʦʡ ʩʝʪʠ ʥʝʡʪʨʘʣʠʟʫʶʪʩʷ ʟʘ ʩʯʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʄʊ 1.2.3.02.999.0085-2010 çɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ. ʄʝʪʦʜʠʢʘè, ʅʀʀ 

çʕʥʝʨʛʦʤʘʰʠʥʦʩʪʨʦʝʥʠʷè, 2010. ï 127 ʩ. 

2. ɽ.ɸ. ɸʙʠʜʦʚʘ, ʖ.ʇ. ʄʫʭʘ, ʆ.ʖ. ʇʫʛʘʯʝʚʘ, ɸ.ɺ. ʏʝʨʥʦʚ çʉʥʠʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳè, ɻʣʦʙʘʣʴʥʘʷ ʷʜʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ ˉ 1 (2) 2012, - ʉ. 119-124. 

3. ɻʆʉʊ 34100.3-2017 çʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷè 

4. ʀʚʯʝʥʢʦ ɻʨʠʛʦʨʠʡ ʀʚʘʥʦʚʠʯ, ʄʝʜʚʝʜʝʚ ʖʨʠʡ ʀʚʘʥʦʚʠʯ ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ: ʋʯʝʙʥʠʢ. ï ʄ.: 

ʂʥʠʞʥʳʡ ʜʦʤ çʃʀɹʈʆʂʆʄè, 2014. ï 352 ʩ. 

 

 

ʋɼʂ 539.17 

ʆʇʈɽɼɽʃɽʅʀɽ ʇʈʆʌʀʃʗ ʕʅɽʈɻʆɺʓɼɽʃɽʅʀʗ 

ʊɽʇʃʆɺʓɼɽʃʗʖʑɽɻʆ ʕʃɽʄɽʅʊɸ ɺɺʕʈ-1000 ʄɽʊʆɼʆʄ 

ʂʆʅɽʏʅʓʍ ʕʃɽʄɽʅʊʆɺ 
 

ʂʦʪ ʉ. ɸ., ʎʳʭʣʝʨ ʃ.ɺ., ʅʦʚʦʩʝʣʦʚ ɻ.ɼ., ʃʘʧʢʠʩ ɸ.ɸ. 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ  ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ (ɼʋʏʇ) ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʜʠʬʬʫʟʠʠ ʥʝʡʪʨʦʥʦʚ. ʆʙʲʝʢʪʦʤ ʨʘʩʯʝʪʦʚ ʷʚʣʷʝʪʩʷ 

ʪʚʵʣ ɺɺʕʈ-1000. ʕʣʝʤʝʥʪʘʨʥʘʷ ʪʦʧʣʠʚʥʘʷ ʷʯʝʡʢʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʚ ʩʨʝʜʘʭ Elcut ʠ Serpent. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʚʵʣʘ ʠ ʝʛʦ ʧʦʣʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊɺʕʃ, ɼʋʏʇ, ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

 

ASSESSMENT OF THE ENERGY RELEASE PROFILE OF THE VVER -1000 

FUEL ELEMENT BY THE FINITE ELEMENT METHOD  
 

Kot S. A., Tsikhler L.V., Novoselov G.D., Lapkis A.A. 
Volgodonsk Institute of Engineering and Technology - branch of the National Research Nuclear University "MEPhI", 

Volgodonsk, Russia 

 



201 

 

Abstract. In this paper, the solution of partial differential equations (PDE) of stationary thermal conductivity 

and neutron diffusion is presented. The object of calculations is the TVEL VVER-1000. The elementary fuel cell is 

modeled in the Elcut and Serpent calculation code environments. As a result of solving the equations, the effective 

temperature of the fuel element and its energy release field are determined. 

Keywords: fuel element, DUCP, energy release, thermal conductivity. 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɼʋʏʇ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʚʳʯʠʩʣʝʥʠʡ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʜʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʭ 

ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʣʷʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʘʞʥʳʭ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. ʉ ʜʘʥʥʦʡ 

ʟʘʜʘʯʝʡ ʧʦʤʦʛʘʝʪ ʩʧʨʘʚʠʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʜʦʚ ʠ ʧʘʢʝʪʦʚ ʜʣʷ ʇʆ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʠ  ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ɺɺʕʈ-1000 ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ɸɿ) - 

ʪʚʵʣʝ.      

ɿʘʜʘʯʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʨʝʰʝʥʘ ʜʣʷ ʤʦʜʝʣʠ ʪʦʧʣʠʚʥʦʡ ʪʘʙʣʝʪʢʠ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʚ 

ʜʦʩʪʫʧʥʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʚʝʨʩʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʡ 

ʄʂʕ - Elcut [2], ʤʦʜʝʣʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʦʟʜʘʥʘ ʩʝʪʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 192 ʵʣʝʤʝʥʪʦʚ. ʆʩʦʙʝʥʥʦʩʪʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʬʫʥʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʤʦʜʝʣʴ ʪʘʙʣʝʪʢʠ ʨʘʟʛʨʘʥʠʯʝʥʘ ʥʘ 8 ʟʦʥ ʧʦ ʨʘʜʠʫʩʫ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʵʪʠ 

ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʥʠʤʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ.  
 

 
 

ʈʠʩʫʥʦʢ 1 ï ɻʝʦʤʝʪʨʠʷ ʪʚʵʣʘ: ɸ) ʄʦʜʝʣʴ ʚ Elcut; ɹ) ʄʦʜʝʣʴ ʚ Serpent 

 

ʕʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʧʦ ʨʘʜʠʫʩʫ ʪʚʵʣʘ ʦʧʨʝʜʝʣʝʥʦ ʚ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʤ ʢʦʜʝ, 

ʙʘʟʠʨʫʶʱʠʤʩʷ ʥʘ ʤʝʪʦʜʝ ʄʦʥʪʝ-ʂʘʨʣʦ - Serpent [3], [4]. ɼʣʷ  ʢʘʞʜʦʡ ʨʘʜʠʘʣʴʥʦʡ ʟʦʥʳ 

ʟʘʜʘʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ. ɿʘʜʘʥʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʪʘʙʣʝʪʢʠ ʧʦ ʟʦʥʘʤ. ɺʳʷʚʣʝʥʘ ʨʘʜʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʷ 

ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

Elcut ʧʨʦʠʟʚʦʜʠʪ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ. ʇʦʣʫʯʝʥʦ 

ʨʝʰʝʥʠʝ ɼʋʏʇ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (1): 

 

 ɳ Ὕ π (1),  


