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ʉʆɼɽʈɾɸʅʀɽ 
 

ʉʝʢʮʠʷ  

ʆɹɽʉʇɽʏɽʅʀɽ ɹɽɿʆʇɸʉʅʆʉʊʀ ɸʕʉ ʅɸ ɺʉɽʍ ʕʊɸʇɸʍ 

 ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ 

 

ɸʣʚʘʭʝʙʘ ɸ.ʀ., ʈʘʩ ʕʣʴ ʋʵʜ ɸ.ʈ.ɿ., ʉʫʨʠʥ ɺ.ʀ., ʑʝʨʙʘʢʦʚ ɸ.ɸ.
  
ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʪʘʣʷʭ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 
7 

ɸʣʴʩʘʬʠ
 
ʍ.ʄ., ʊʘʰʣʳʢʦʚ ʆ.ʃ., ʂ.ɸ. ʄʘʭʤʫʜ ʈʘʟʨʘʙʦʪʢʘ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʠʨʘʢʩʢʦʛʦ 

ʛʨʫʥʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʪʭʦʜʦʚ ʩʪʝʢʣʘ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

9 

ɹʝʩʩʦʥʦʚ ʀ.ɸ., ʈʝʚʷʢʠʥʘ ʇ.ɸ., ʃʝʟʦʚ ɸ.ɼ., ʌʠʣʠʥ ʀ.ɸ., ʊʘʰʣʳʢʦʚ ʆ.ʃ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʨʘʩʭʦʣʘʞʠʚʘʥʠʷ ʥʘʪʨʠʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʕʉ 

11 

ɺʦʣʯʠʭʠʥʘ ʖ.ɺ., ʏʘʣʧʘʥʦʚ ʉ.ɺ., ɻʣʫʭʦʚ ʉ.ʄ., ʊʘʰʣʳʢʦʚ ʆ.ʃ., ʈʫʩʩʢʠʭ ʀ.ʄ. ʆʧʳʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʨʠʣʣʠʝʚʳʭ ʙʣʦʢʦʚ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʀɺɺ-2ʄ 
14 

ɻʣʘʜʢʦʚ ɻ.ɺ., ɺʥʫʢʦʚ ʈ.ɸ. ʆʧʪʠʤʠʟʘʮʠʷ ʦʙʣʫʯʘʪʝʣʴʥʳʭ ʩʙʦʨʦʢ ʜʣʷ ʦʙʣʫʯʝʥʠʷ ʢʦʙʘʣʴʪʘ-60 ʚ 

ɹɿɺ ʨʝʘʢʪʦʨʘ ʪʠʧʘ ɹʅ 

16 

ɽʛʦʨʦʚ ɸ.ɸ, ʂʫʟʠʥ ʉ.ɸ. ɸʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʤʘʩʣʦʧʨʦʚʦʜʦʚ ʪʫʨʙʦʘʛʨʝʛʘʪʦʚ ɸʕʉ 19 

ɿʘʚʘʜʩʢʠʡ ɼ.ʀ., ʌʠʣʠʥ ʀ.ɸ., ʊʘʰʣʳʢʦʚ ʆ.ʃ. ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʧʨʠ 

ʧʦʚʪʦʨʥʦʤ ʧʨʦʜʣʝʥʠʠ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʩʪʨʳʭ ʥʘʪʨʠʝʚʳʭ ʨʝʘʢʪʦʨʦʚ 

21 

ɿʦʨʠʥ ɼ.ʀ., ɸʥʜʨʶʰʠʥ ʂ.ʇ., ʄʦʡʩʘ ʄ.ʆ., ɺʝʨʙʝʥʢʦ ʀ.ɸ., ʈʝʟʥʠʯʝʥʢʦ ʃ.ɸ ʉʝʛʥʝʪʦʞʸʩʪʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ 

24 

ʂʦʚʘʣʝʚ ʄ.ɺ., ʂʫʟʠʥ ʉ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
ʢʦʥʜʝʥʩʘʪʘ ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʝʡ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʩʭʝʤʝ ɸʕʉ 

26 

ʂʦʧʳʣʦʚ ɼ.ʄ. ʇʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʝʤʦʥʪʥʳʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ɸʕʉ 29 

ʂʦʨʦʣʝʚ ɸ.ʅ., ʂʫʟʠʥ ʉ.ɸ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʛʨʘʜʠʨʝʥ 

ʜʣʷ ʵʥʝʨʛʦʙʣʦʢʦʚ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ 

32 

ʂʨʘʚʮʦʚ ɺ.ɼ. ɺʝʨʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ISTAR ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʛʦʨʘʥʠʷ 

35 

ʂʫʟʠʥ ʉ.ɸ., ʊʫʧʠʝʚ ɽ.ʂ. ɺʣʠʷʥʠʝ ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʥʘ ʜʝʛʨʘʜʘʮʠʶ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʚʪʦʨʠʯʥʦʛʦ ʢʦʥʪʫʨʘ ɸʕʉ 

36 

ʅʠʢʠʪʘʩʴ ɻ.ʅ., ʃʘʧʢʠʩ ɸ.ɸ. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʞʠʤʦʚ ʧʨʦʜʣʝʥʠʷ ʢʘʤʧʘʥʠʠ ʥʘ 

ʵʥʝʨʛʦʙʣʦʢʝ ɺɺʕʈ-1000 
38 

ʅʦʚʦʩʝʣʦʚ ɻ.ɼ., ʃʘʧʢʠʩ ɸ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʘʥʘʣʠʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʩʯʸʪʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʸʞʥʦʩʪʠ ʘʨʤʘʪʫʨʳ ɸʕʉ 
42 

ʇʘʪʨʘʢʝʝʚʘ ɸ.ʀ., ʉʝʨʛʝʝʚ ɺ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʜʣʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ʚ ʙʘʩʩʝʡʥʘʭ ʚʳʜʝʨʞʢʠ ʨʝʘʢʪʦʨʦʚ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ 

44 

ʇʠʢʫʣʠʢ ɻ.ʆ., ʇʦʧʦʚ ʄ.ɸ., ɺʥʫʢʦʚ ʈ.ɸ. ʆʙʟʦʨ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʚʳʛʦʨʘʶʱʠʭ ʧʦʛʣʦʪʠʪʝʣʝʡ ʥʘ ʧʨʠʤʝʨʝ ʊɺʉ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000 
47 

ʇʦʧʦʚ ʄ.ɸ., ɺʥʫʢʦʚ ʈ.ɸ. ɺʣʠʷʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʪʚʵʣʦʚ ʥʘ 

ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 

49 

ʈʳʞʦʚ ʅ.ʀ., ʂʠʩʝʣʝʚ ɸ.ɽ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʭʦʜʘ ʈɹ-166-20 ʢ ʨʘʩʯʝʪʫ ʟʘʧʨʦʝʢʪʥʦʡ  ʘʚʘʨʠʠ 

ʙʦʣʴʰʘʷ ʪʝʯʴ ʩ ʦʙʝʩʪʦʯʠʚʘʥʠʝʤ ʥʘ ʈʋ ɺɺʕʈ-100 
51 

ʉʝʥʪʝʙʦʚ ʅ.ʆ., ʂʦʣʝʩʦʚ ɺ.ɺ., ɺʥʫʢʦʚ ʈ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʧʫʩʪʦʪʥʦʛʦ 
ʵʬʬʝʢʪʘ ʨʝʘʢʪʠʚʥʦʩʪʠ ʚ ʙʳʩʪʨʦʤ ʨʝʟʦʥʘʥʩʥʦʤ ʨʝʘʢʪʦʨʝ ʩʦ ʩʨʝʭʢʨʠʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʣʝʛʢʦʚʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩ ʧʦʤʦʱʴʶ ʙʣʘʥʢʦʚ ʩ ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʟʘʤʝʜʣʝʥʠʝʤ 

54 

ʉʢʫʣʢʠʥ ɺ.ʆ., ɺʥʫʢʦʚ ʈ.ɸ., ʂʦʣʝʩʦʚ ɺ.ɺ. ʂʦʥʮʝʧʮʠʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʚʳʞʠʛʘʥʠʷ ʘʤʝʨʠʮʠʷ ʚ 

ʪʝʧʣʦʚʦʤ ʨʝʘʢʪʦʨʝ ɺɺʕʈ-1200 
56 

ʉʣʝʩʴ ɼ.ʄ., ɼʝʤʙʠʮʢʠʡ ɸ.ɽ., ɹʘʨʘʥ ʉ.ɸ. ʇʨʦʙʣʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʚ 

ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ ʜʣʠʥʦʡ ʜʦ 40 ʤʝʪʨʦʚ ʠ ʤʝʪʦʜʳ ʠʭ ʘʥʘʣʠʟʘ 

59 

ʉʧʘʩʝʥʥʠʢʦʚ ɸ.ʍ., ʉʢʫʣʢʠʥ ɺ.ʆ.
 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʤʝʥʝʥʠʡ ʵʬʬʝʢʪʦʚ ʨʝʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʛʦʤʦʛʝʥʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʘʤʝʨʠʮʠʷ ʚ ʪʦʧʣʠʚʝ ʨʝʘʢʪʦʨʘ ɺɺʕʈ 
62 

ʉʫʨʠʥ ʀ.ɼ., ɹʝʢʝʪʦʚ ɺ.ɻ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠ ̫ ʩʠʩʪʝʤʳ ʉɺʆ-2 ʜʣʷ ʚʳʚʦʜʘ ʥʘ 

ʨʝʛʝʥʝʨʘʮʠʶ   
64 

ʊʘʨʘʩʝʥʢʦ ɸ.ɺ., ʈʝʢʘ. ɸ.ɻ., ʂʘʣʶʪʠʢ ɸ.ɸ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʙʠʥʘʮʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʣʦʛʠʢʦ-ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ɺɸɹ ʙʣʦʢʘ ɸʕʉ 

67 
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ʍʘʨʴʢʦʚ ʄ.ɸ., ɺʝʨʝʮʢʠ ɸ.ʇ., ʉʢʫʣʢʠʥ ɺ.ʆ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʛʦʨʘʥʠʷ ʥʝʧʪʫʥʠʷ ʚ 

ʨʝʘʢʪʦʨʝ ɺɺʕʈ-ʉ  
70 

ʍʨʘʤʢʦʚ ɺ.ɺ., ɸʣʠʝʚ ɼ.ʈ., ʉʢʫʣʢʠʥ ɺ.ʆ. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʢʶʨʠʷ ʥʘ ʜʣʠʥʫ ʪʦʧʣʠʚʥʦʡ 

ʢʘʤʧʘʥʠʠ ʨʝʘʢʪʦʨʦʚ ʪʠʧʘ ɹʅ ʠ ɺɺʕʈ ʚ ʫʩʣʦʚʠʷʭ ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 
71 

ʐʠʣʠʥ ɸ.ʅ., ʂʫʪʝʡʥʠʢʦʚ ʇ.ɼ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʨʝʣʝ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ  

 
73 

ʉʝʢʮʠʷ 

ʉʊʈʆʀʊɽʃʔʉʊɺʆ ʀ ʕʂʉʇʃʋɸʊɸʎʀʗ ɿɼɸʅʀʁ  

ʀ ʉʆʆʈʋɾɽʅʀʁ ɸʕʉ 

 

ɹʫʨʜʘʢʦʚ ʉ.ʄ., ɻʘʡʨʘʙʝʢʦʚ ʀ.ɻ., ɿʘʷʨʦʚ ʖ.ɺ., ʉʤʦʣʝʚʩʢʠʡ
 
ʄ.ɸ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʢʨʘʥʦʚʦʡ ʙʘʣʢʠ ʚ ʩʦʩʪʘʚʝ ʤʦʜʝʣʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʜʘʥʠʷ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, ʢʘʢ ʬʘʢʪʦʨʘ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʧʝʪʝʥʮʠʡ ʫʯʘʱʠʭʩʷ 

77 

ɿʘʷʨʦʚ ʖ.ɺ., ʂʦʣʝʩʥʠʢʦʚʘ ɺ.ɸ., ʉʪʝʧʘʥʝʥʢʦ ɸ.ɽ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ: ʩʦʚʨʝʤʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʙʫʜʫʱʝʝ 

79 

ɿʘʷʨʦʚ ʖ.ɺ., ʉʪʝʧʘʥʝʥʢʦ ɸ.ɽ., ʂʦʣʝʩʥʠʢʦʚʘ ɺ.ɸ. ʉʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 

81 

ʀʚʘʥʦʚ ʕ.ʅ. ʈʘʟʚʠʪʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ   

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ   ʢʦʥʩʪʨʫʢʮʠʡ    

82 

ʂʠʩʝʣʝʚ ɸ.ʉ., ʂʠʩʝʣʝʚ ɸ.ʉ.,  ʄʝʜʚʝʜʝʚ ɺ.ʅ., ʉʪʝʧʘʥʠʱʝʚʘ ʄ.ʀ., ʉʪʨʠʞʦʚ ɺ.ʌ., ʋʣʴʷʥʦʚ 

ɸ.ʅ.  ʆʮʝʥʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

85 

ʂʫʟʴʤʝʥʢʦ ʊ.ɸ., ɻʝʡʜʘʨʦʚʘ ɸ.ʅ.
 
ʕʣʝʢʪʨʦʧʨʦʛʨʝʚ ʙʝʪʦʥʘ ʩʚʘʡʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʥʘ 

ʚʝʯʥʦʤʸʨʟʣʳʭ ʛʨʫʥʪʘʭ 

88 

ʆʨʝʭʦʚ ʄ.ʀ., ʀʚʘʥʦʚʘ ʉ.ɺ., ʉʤʦʣʝʚʩʢʠʡ ʄ.ɸ. ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʩʢʚʝʨʘ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ 

90 

ʇʝʨʝʧʝʣʷʪʥʠʢʦʚʘ ʂ.ɼ., ʊʢʘʯʝʚ ɺ.ɻ., ʂʦʯʝʪʦʚʘ ɼ.ɸ. 3-D ʧʝʯʘʪʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ɸʕʉ: 

ʨʦʩʩʠʡʩʢʠʡ ʦʧʳʪ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

 

93 

ʉʝʢʮʠʷ 

ʂʋʃʔʊʋʈɸ ɹɽɿʆʇɸʉʅʆʉʊʀ ʅɸ ʆɹʒɽʂʊɸʍ ʗɼɽʈʅʆʁ ʕʅɽʈɻɽʊʀʂʀ  

ʀ ʊɽʈʈʀʊʆʈʀʗʍ ʀʍ ʈɸʉʇʆʃʆɾɽʅʀʗ: ʉʆʎʀʆʂʋʃʔʊʋʈʅʓʁ, 

ʕʂʆʅʆʄʀʏɽʉʂʀʁ ʀ ʇʈɸɺʆɺʆʁ ɸʉʇɽʂʊʓ 

 

ɸʨʙʝʪ ɻ.ʅ., ɹʫʥʘʤʝʩ ʅ.ɺ.
 
ʗʟʳʢ ʢʘʢ ʬʘʢʪʦʨ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 96 

ɹʦʥʜʘʨʝʥʢʦ ɺ.ɸ., ɻʘʩʧʘʨʷʥ ɸ.ɺ.  ʇʨʠʦʨʠʪʝʪʳ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʜʣʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ 

98 

ɹʫʥʘʤʝʩ ʅ.ɺ., ʋʭʘʣʠʥʘ ʀ.ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ: ʟʥʘʯʝʥʠʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʚʦʜʘ ʠ ʷʟʳʢʦʚʦʡ ʢʦʤʧʝʪʝʥʮʠʠ 
100 

ɺʜʦʚʢʠʥ ɸ.ʃ., ʂʦʨʦʙʦʚ ʉ.ɸ., ʂʦʥʴʢʦʚʘ ʄ.ʀ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ ñʩʪʫʜʝʥʪʦʚ-ʷʜʝʨʱʠʢʦʚò ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʛʦ ʘʩʧʝʢʪʘ ʷʜʝʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ 

102 

ɺʦʨʦʥʦʚ ɸ. ɸ., ʉʘʝʥʢʦ ɼ. ʄ. ʂʘʜʨʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʮʧʨʦʝʢʪʘ çʅʦʚʳʝ ʘʪʦʤʥʳʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè 

104 

ɻʘʣʢʠʥ ɸ.ʉ., ɸʙʠʜʦʚʘ ɽ.ɸ., ʈʷʙʳʰʝʚ ʄ.ɺ. ʆʙʫʯʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ 

ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʪʫʨʥʦ-ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʨʝʥʘʞʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

106 

ɻʘʣʢʠʥ ɸ.ʉ., ɽʚʜʦʰʢʠʥʘ ʖ.ɸ., ɼʝʤʙʠʮʢʠʡ ɸ.ɽ., ʈʫʜʝʥʢʦ ɺ.ɸ. ʆʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ 
108 

ɻʦʣʦʚʢʦ ʄ.ɺ., ʈʫʜʝʥʢʦ ɺ.ɸ., ɸʥʮʠʙʦʨ ɸ.ɺ., ʈʷʙʳʰʝʚ ʄ.ɺ. ʄʝʭʘʥʠʟʤʳ ʛʘʙʠʪʫʘʣʠʟʘʮʠʠ 

ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʧʘʨʪʥʝʨʩʢʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ 
110 

ɼʘʚʣʝʪʙʘʝʚ ɺ.ʇ., ʂʫʟʴʤʠʥ ɸ.ɺ., ʐʠʣʦ ʉ.ɺ., ʄʘʢʘʨʦʚʘ ʆ.ɸ., ʇʣʶʪʦ ɼ.ʀ. ɺʣʠʷʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʤʝʥʪʘʣʠʪʝʪʘ ʥʘ ʢʫʣʴʪʫʨʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ 

ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

113 

ɼʦʚʙʳʰ ɺ.ɽ., ɺʦʣʛʠʥʘ ʉ.ɺ., ʈʦʛʘʯʝʚʘ ɾ.ʉ.  ʆʧʳʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʈʦʩʩʠʠ ʩ ʂʠʪʘʝʤ ʠ ʀʥʜʠʝʡ 

ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 
116 
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ɿʝʣʝʥʦʚʘ ɻ.ɺ.,  ɽʚʝʮʢʠʡ ɸ.ɺ., ɽʚʝʮʢʘʷ ʉ.ɺ. ɼʠʜʘʢʪʠʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ʧʨʦʙʣʝʤʳ 

ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

119 

ʂʦʨʥʠʝʥʢʦ ɺ. ʊ., ʃʫʪʦʚʠʥʦʚ ɸ. ʄ. ʗʜʝʨʥʦʝ ʧʨʘʚʦ ʢʘʢ ʥʘʫʢʘ: ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʠ ʩʪʘʪʫʩ ʚ ʩʠʩʪʝʤʝ ʶʨʠʜʠʯʝʩʢʠʭ ʟʥʘʥʠʡ 
122 

ʂʦʨʥʠʝʥʢʦ ɺ. ʊ., ʄʘʢʝʝʚʘ ʆ.ɸ. çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʠʛʠʝʥʘè ʢʘʢ ʢʘʪʝʛʦʨʠʷ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ 

ʈʦʩʩʠʠ:  ʧʦʥʷʪʠʝ, ʩʫʱʥʦʩʪʴ ʠ ʥʦʨʤʘʪʠʚʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ 
125 

ʃʝʩʠʥ ʉ.ɸ. ɺɸʆ ɸʕʉ-ʄʎ - ʤʝʪʦʜʦʣʦʛʠʷ ʦʮʝʥʢʠ ʚʥʝʜʨʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ SOER 127 

ʅʝʜʦʨʫʙʦʚ ɸ.ʅ. ɻʫʤʘʥʠʪʘʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʩʥʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʘʪʦʤʥʦʡ 

ʦʪʨʘʩʣʠ 

130 

ʇʦʧʦʚʘ ʊ.ʉ., ɿʘʙʦʨʩʢʠʡ ʀ.ʅ. ɸʪʦʤʛʨʘʜʳ: ʛʝʥʝʟʠʩ, ʵʚʦʣʶʮʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʮʠʘʣʴʥʦ-
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ʉɽʂʎʀʗ 

ʆɹɽʉʇɽʏɽʅʀɽ ɹɽɿʆʇɸʉʅʆʉʊʀ ɸʕʉ ʅɸ ɺʉɽʍ ʕʊɸʇɸʍ 

ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ 

 
 

ʋɼʂ 539.2 (075) 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆɺɽʈʍʅʆʉʊʅʓʍ ɺʆʃʅ ʋʇʈʋɻʆʁ 

ɼɽʌʆʈʄɸʎʀʀ ɺ ʉʊɸʃʗʍ ʄɽʊʆɼʆʄ ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʆʁ 

ʍʈʆʄɸʊʆɻʈɸʌʀʀ 

 

ɸʣʚʘʭʝʙʘ ɸ.ʀ.
 1
, ʈʘʩ ʕʣʴ ʋʵʜ ɸ.ʈ.ɿ.
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʩʢʘʥʠʨʫʶʱʝʡ ʢʦʥʪʘʢʪʥʦʡ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ (ʉʂʇ) ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʷʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚʦʣʥ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʠʟʣʫʯʘʪʝʣʝʡ (ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ) ʜʣʷ 

ʦʮʝʥʢʠ ʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ, ʵʚʦʣʶʮʠʠ ʠ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʨʘʟʨʫʰʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ɺ 

ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʣʥ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʦʚ ʚ ʤʦʤʝʥʪ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʠʛʥʘʣʦʚ ʩ ʦʙʨʘʟʮʦʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʘʥʠʨʫʶʱʘʷ ʢʦʥʪʘʢʪʥʘʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ, ʧʦʪʝʥʮʠʦʛʨʘʤʤʳ ʢʦʥʪʨʦʣʷ, ʨʝʬʣʝʢʩʳ, 

ʫʧʨʫʛʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. 
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Abstract. The Scanning Contact Potentiometry (SCP) method allows you to use the phenomenon of stress wave 

emission from internal sources (structural defects) to assess their size and shape, evolution and stages of 

development, as well as the level of hazard they pose when predicting failure loads and residual service life of the 

inspected object. The findings of mathematical simulations of elastic deformation waves on metal surfaces at the 

point of bimetallic contact between the sample and the signal transducer are presented in the study. 
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ɹʣʘʛʦʜʘʨʷ ʪʦʯʝʯʥʦʤʫ ʨʘʟʤʝʨʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʝʛʠʩʪʨʠʨʫʝʪ 

ʜʝʬʝʢʪʳ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ, ʠʟʣʫʯʘʶʱʠʝ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ 

ʛʣʫʙʦʢʦ ʚʥʫʪʨʠ ʤʝʪʘʣʣʘ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʤʝʪʦʜʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʤʝʪʦʜ ʉʂʇ ʠʤʝʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʩ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, 

ʧʦʟʚʦʣʷʝʪ ʠʭ ʨʘʟʜʝʣʷʪʴ ʚ ʩʣʫʯʘʝ ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʣʠ ʢʣʘʩʪʝʨʠʥʛʘ, ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ 

ʧʦ ʛʨʘʜʠʝʥʪʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [1]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʢʦʥʪʘʢʪʥʦʡ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ [2-4]. 

ʋʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʦʚ, ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ 
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ʯʘʩʪʠʯʥʦʝ ʩʥʷʪʠʝ ʚʳʨʦʞʜʝʥʠʷ [5] ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. 

ʇʨʦʜʦʣʞʘʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʬʘʢʪʘʤʠ ʚ ʦʙʣʘʩʪʠ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʵʣʝʢʪʨʦʥʘʤʠ ʤʝʞʜʫ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʤʝʪʘʣʣʦʚ, ʘ ʥʘ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ ʌʝʨʤʠ ʤʝʞʜʫ ʥʠʤʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɺ ʤʦʤʝʥʪ ʢʘʩʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʷ, ʫʧʨʫʛʘʷ ʚʦʣʥʘ, ʧʨʦʭʦʜʷ 

ʟʦʥʫ ʢʦʥʪʘʢʪʘ, ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ. ʇʨʠ ʵʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʥʘʨʫʰʘʝʪʩʷ. ʊʦʢ ʵʤʠʩʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʨʘʩʪʝʪ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʥʪʘʢʪʥʦʡ 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʦʤʝʥʪ ʢʘʩʘʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʦʪʝʥʮʠʦʛʨʘʤʤʝ ʦʙʨʘʟʫʝʪʩʷ ʨʝʬʣʝʢʩ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʝʣʠʯʠʥʦʡ ʛʨʘʜʠʝʥʪʘ 

ʧʦʪʝʥʮʠʘʣʘ. 

ɽʩʣʠ ʠʟʣʫʯʘʪʝʣʴ ʠʤʝʝʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʨʘʟʤʝʨ, ʩʤʝʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʬʠʣʷ 

ʧʨʠ ʚʳʭʦʜʝ ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʦ ʝʜʠʥʠʮ-ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ 

[6]. 

ʉʤʝʱʝʥʠʝ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʘ ʛʨʘʜʠʝʥʪ ʧʦʪʝʥʮʠʘʣʘ ʛʝʥʝʨʠʨʫʝʪ ʚʦʢʨʫʛ ʨʝʬʣʝʢʩʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʘ 

ʪʘʢʞʝ ʠʟʤʝʥʷʝʪ ʨʘʙʦʪʫ ʚʳʭʦʜʘ. 

ʀʟʣʫʯʝʥʠʝ ʚʦʣʥ ʦʪ ʜʝʬʝʢʪʦʚ ʧʨʦʪʷʞʝʥʥʦʡ ʬʦʨʤʳ ʩʦʟʜʘʝʪ ʥʘ ʧʦʪʝʥʮʠʦʛʨʘʤʤʝ 

ʧʨʦʪʷʞʝʥʥʳʡ ʨʝʬʣʝʢʩ, ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʜʠʥʦʯʥʳʝ ʠʣʠ ʦʧʦʨʥʳʝ ʨʝʬʣʝʢʩʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʦʜʥʦʤʫ ʠʟ ʚʳʷʚʣʝʥʥʳʭ 

ʩʝʤʝʡʩʪʚ ʨʝʬʣʝʢʩʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ ʚ ʟʦʥʝ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʥʘʯʘʣʘ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʚ 

ʮʝʥʪʨʝ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ, ʦʙʨʘʟʫʝʪʩʷ ʬʠʛʫʨʘ ʠʟ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ. 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʚʦʣʥʘ ʙʳʩʪʨʦ ʫʙʳʚʘʝʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʫʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ. 
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ʈɸɿʈɸɹʆʊʂɸ ʂɽʈɸʄʀʂʀ ʅɸ ʆʉʅʆɺɽ ʀʈɸʂʉʂʆɻʆ ɻʈʋʅʊɸ ʉ 

ɼʆɹɸɺʃɽʅʀɽʄ ɹʆʈʅʆʁ ʂʀʉʃʆʊʓ ʀ ʆʊʍʆɼʆɺ ʉʊɽʂʃɸ ɼʃʗ 

ɿɸʑʀʊʓ ʆʊ ɻɸʄʄɸ-ʀɿʃʋʏɽʅʀʗ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʪʝʢʫʱʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʥʝʜʦʨʦʛʘʷ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʠʨʘʢʩʢʦʛʦ ʛʨʫʥʪʘ, ʥʝ 

ʩʦʜʝʨʞʘʱʘʷ ʩʚʠʥʮʘ, ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʂʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ 

ʬʦʨʤʫʣʝ (85-ʭ) ʤʘʩ.% ʠʨʘʢʩʢʦʡ ʧʦʯʚʳ + 15 ʤʘʩ.% ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ (H3BO3) + ʭ ʦʪʭʦʜʦʚ ʩʪʝʢʣʘ , ʛʜʝ ʭ= 0, 10, 

15, 20, 35, ʠ 50 ʤʘʩ.%. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʥʳ ʠʨʘʢʩʢʦʡ ʧʦʯʚʳ ʦʪʭʦʜʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʝʢʣʘ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʟʘʱʠʪʫ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʢʝʨʘʤʠʢʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʨʘʢʩʢʘʷ ʧʦʯʚʘ, ʦʪʭʦʜʳ ʩʪʝʢʣʘ, ʢʝʨʘʤʠʢʘ, ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ, ʟʘʱʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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Abstract. The paper considers a fabrication of new low cost and lead-free ceramics based Iraqi soil for ɔ-ray 

protection applications. The ceramic materials were fabricated according to the formula of (85-x) wt% Iraqi soil 

+ 15 wt% boric acid (H3BO3) + x glass waste , where x= 0, 10, 15, 20, 35, and 50 wt%. The impact of replacing 

the  Iraqi soil with glass waste on the structural and ɔ-ray shielding properties of the prepared ceramics was 

experimentally examined.   

      Keywords: Iraqi soil, glass waste, ceramics, gamma radiation, protective properties. 
 

ʇʨʠʥʮʠʧ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʘʢ ʦʜʠʥ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʨʠʥʮʠʧʦʚ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʠ ʥʘʩʝʣʝʥʠʷ, ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʤʝʜʠʮʠʥʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʦʙʣʘʩʪʷʭ [1,2], ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [3]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ 

ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʟʘʱʠʱʘʶʪ ʦʪ ʨʘʜʠʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟʫʯʘʶʪ ʥʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʝʨʘʤʠʢʫ, ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʳʤ, ʪʘʢʠʤ ʢʘʢ ʩʚʠʥʝʮ 

ʠ ʙʝʪʦʥ. ʕʪʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʰʝʚʣʝ, ʙʝʟʦʧʘʩʥʝʝ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳ [4]. ʇʦʵʪʦʤʫ ʪʝʢʫʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʥʝʜʦʨʦʛʦʡ 

ʢʝʨʘʤʠʢʠ, ʩʦʯʝʪʘʶʱʝʡ ʧʨʠʨʦʜʥʫʶ ʠʨʘʢʩʢʫʶ ʧʦʯʚʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʩʪʝʢʣʷʥʥʳʭ ʦʪʭʦʜʦʚ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʢʝʨʘʤʠʢʠ ʩʦʜʝʨʞʠʪ ʬʠʢʩʠʨʦʚʘʥʥʳʝ 

15 ʤʘʩ.% ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʩʪʝʢʣʘ (99,99%). H3BO3 (ʍʠʤʨʝʘʢʪʠʚʩʥʘʙ, ʈʦʩʩʠʷ).  

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʠʨʘʢʩʢʠʡ ʛʨʫʥʪ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʝʥ ʠ ʧʨʦʩʝʷʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʜʥʦʨʦʜʥʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 50 ʤʢʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʭʦʜʳ ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʙʳʣʠ 

ʠʟʤʝʣʴʯʝʥʳ ʜʦ ʧʦʣʫʯʝʥʠʷ ʙʝʣʦʛʦ ʤʝʣʢʦʛʦ ʧʦʨʦʰʢʘ. ʅʝʦʙʭʦʜʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʠʨʘʢʩʢʦʡ 

ʟʝʤʣʠ, ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʩʪʝʢʣʷʥʥʳʭ ʦʪʭʦʜʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ 
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ʚʳʩʦʢʦʪʦʯʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʦʚ Radwag (AS 220.R2, ʇʦʣʴʰʘ) ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ0,2 ʤʛ. 

ʆʪʤʝʨʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʰʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʠʢʩʝʨʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ. ʉʤʝʩʴ ʧʦʤʝʱʘʣʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ. ɿʘʪʝʤ ʝʛʦ ʧʨʝʩʩʦʚʘʣʠ ʧʨʠ ʜʘʚʣʝʥʠʠ 114,2 ʄʇʘ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʥʘ 15-ʪʦʥʥʦʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ (SD0821ROSSVIK, ʈʦʩʩʠʷ). ʉʧʨʝʩʩʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʝʯʴ (ʇɺʂ-1,4-17, "ʊʝʧʣʦʧʨʠʙʦʨ", ʈʦʩʩʠʷ). ʀʭ ʧʦʩʪʝʧʝʥʥʦ ʥʘʛʨʝʚʘʣʠ ʜʦ 

550ÜC ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʦʩʣʝ ʥʘʛʨʝʚʘ ʧʝʯʴ 

ʚʳʢʣʶʯʘʣʠ. ʆʙʨʘʟʮʳ ʦʭʣʘʞʜʘʣʠʩʴ ʚ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʢʝʨʘʤʠʢʠ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ SBGW0, SBGW10, SBGW15, SBGW20, 

SBGW35 ʠ SBGW50. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʕʩʢʠʟ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʛʦʪʦʚʦʡ ʢʝʨʘʤʠʢʠ SBGW 

ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʭʦʜʦʚ ʩʪʝʢʣʘ ʚ ʢʝʨʘʤʠʢʝ SBGW ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʨʠ ʵʥʝʨʛʠʠ 0,0595 ʄʵɺ 

LAC ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʩ 0,465 ʩʤ
-1

 ʜʣʷ SBGW0 (ʪ.ʝ. ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩ 0 ʤʘʩ.% 

ʦʪʭʦʜʦʚ ʩʪʝʢʣʘ) ʜʦ 0,474 ʩʤ
-1

 ʜʣʷ SBGW50 (ʪ.ʝ. ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩ 50 ʤʘʩ.% ʦʪʭʦʜʦʚ 

ʩʪʝʢʣʘ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʣʘʙʣʝʥʠʷ ʫʣʫʯʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʦʪʭʦʜʳ 

ʩʪʝʢʣʘ ʟʘʤʝʥʷʶʪ ʠʨʘʢʩʢʫʶ ʧʦʯʚʫ. ʋʚʝʣʠʯʝʥʠʝ ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ oʩʣʘʙʝʚʘʥʠʷ 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʢʝʨʘʤʠʢʠ SBGW ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʪʭʦʜʦʚ ʩʪʝʢʣʘ ʚ ʝʝ ʩʦʩʪʘʚʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʪʭʦʜʦʚ ʩʪʝʢʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʨʘʢʩʢʦʡ 

ʧʦʯʚʦʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʣʠʥʝʡʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 0,662 ʄʵɺ, ʧʨʠʤʝʨʥʦ ʩ 0,106 ʩʤ
-1

 ʧʨʠ 0 ʤʘʩ.% ʜʦ 

0,123 ʩʤ
-1

 ʧʨʠ 50 ʤʘʩ.%. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʭʦʜʦʚ ʩʪʝʢʣʘ ʥʘ ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ (LAC) 

ʛʦʪʦʚʦʡ ʢʝʨʘʤʠʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʷʭ ɔ-ʠʟʣʫʯʝʥʠʷ 
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ɸʥʥʦʪʘʮʠʷ.  ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʭʣʘʞʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩ ʨʝʘʢʪʦʨʘʤʠ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʦʭʣʘʞʜʝʥʠʷ ʙʘʢʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʇʨʦʚʝʜʝʥʦ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ COMSOL Multiphysics ʠ 

SolidWorks Flow Simulation. ɺʳʧʦʣʥʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 25ï48%, ʘ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʜʨʝʥʠʨʦʚʘʥʠʠ ʥʘʪʨʠʷ ï ʜʦ 90%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʥʘʪʨʠʡ. 
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Abstract.  The article considers the optimization of cooling processes in nuclear power plants with fast breeder 

reactors. The main attention is paid to the study of the cooling processes of sodium storage tank and pipelines with 

sodium coolant. Computer simulation using the COMSOL Multiphysics and SolidWorks Flow Simulation software 

packages has been performed. The results were verified with real direct measurement data. It is shown that 

optimization of the cooling process reduces the time to reach a safe temperature by 25-48%, and with  

preïdrainage of sodium - up to 90%. 

Keywords: Computer modeling, optimization of repair work, phase transition, sodium. 

 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘʤʢʥʫʪʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ (ɿʗʊʎ) 

ʧʦʟʚʦʣʠʪ ʈʦʩʩʠʠ ʦʙʝʩʧʝʯʠʪʴ ʩʝʙʝ ʥʘʜʝʞʥʫʶ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʘʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ɿʗʊʎ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʠʪʴ ʠʤʝʶʱʠʡʩʷ 

ʧʘʨʢ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʆʩʥʦʚʥʦʡ ʩʧʝʮʠʬʠʢʦʡ ʜʘʥʥʳʭ ʨʝʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

https://doi.org/10.3390/en15218222
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ʧʨʠʤʝʥʝʥʠʝ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʳ.  

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʈʦʩʩʠʷ ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʚ ʫʩʧʝʰʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʢʪʦʨʦʚ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ɹʝʣʦʷʨʩʢʘʷ ʘʪʦʤʥʘʷ ʩʪʘʥʮʠʷ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʪ ʩ 1980 ʛʦʜʘ ʨʝʘʢʪʦʨ 

ɹʅ-600. ɺ 2015 ʛʦʜʫ ʙʳʣ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʵʥʝʨʛʦʙʣʦʢ ʩ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ  

ɹʅ-800 [1]. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ɹʝʣʦʷʨʩʢʦʡ ɸʉ, ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʦʪʘʪʴ 

ʵʥʝʨʛʦʙʣʦʢ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʨʝʘʢʪʦʨʦʤ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ï ɹʅ-1200ʄ, ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʦʪʦʨʦʛʦ ʥʘ ʙʘʟʝ 

ɹʝʣʦʷʨʩʢʦʡ ɸʉ ʫʞʝ ʧʦʣʫʯʝʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʠ ʫʣʫʯʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʜʝʪʝʨʤʠʥʘʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʩʪʨʘʥʳ.  

ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʷʚʣʷʷʩʴ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʠ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʪʨʘʩʣʝʡ, ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʯʘʡʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʪʘʚʰʝʝ ʥʝ ʧʨʦʩʪʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʦʩʥʦʚʦʡ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ (ɸʉ) ï ʦʪ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʚʳʚʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ [2]. ɸʢʪʫʘʣʴʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʙʝʟʘʚʘʨʠʡʥʫʶ ʨʘʙʦʪʫ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ ʥʝʚʦʟʤʦʞʥʳ ʠʣʠ 

ʩʦʧʨʷʞʝʥʳ ʩ ʥʝʜʦʧʫʩʪʠʤʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʦʙʲʝʢʪʘʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʘʢʝʪ COMSOL Multyphysics. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʧʨʠʤʝʥʷʣʩʷ ʧʘʢʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ SolidWorks Flow Simulation. ʈʘʩʩʤʦʪʨʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʘʢʝʪ ʠʤʝʶʪ ʚ 

ʟʘʣʦʞʝʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʨʘʩʯʝʪʘ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ. ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʝʨʝʥʥʦʛʦ 

ʧʠʨʦʤʝʪʨʘ Testo 830-T1. 

ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʙʦʨ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʘʥʥʳʝ ʦʙʲʝʢʪʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʣʠʙʦ ʧʨʠʤʝʥʠʪʴ ʵʪʠ ʬʘʢʪʦʨʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ, ʣʠʙʦ ʫʩʪʨʘʥʠʪʴ ʠʭ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʦʧʨʘʚʢʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʫʯʝʪʦʤ ʠʩʢʣʶʯʝʥʠʷ 

ʥʘʡʜʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ɹʅ-600: 

- ʙʘʢ ʟʘʧʘʩʘ ʥʘʪʨʠʷ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʙʦʢʩʝ ʩʦʚʤʝʩʪʥʦ 
ʩ ʩʠʩʪʝʤʦʡ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʠ (ʛʨʫʧʧʘ ʦʙʲʝʢʪʦʚ ɸ); 

- ʪʨʫʙʦʧʨʦʚʦʜʳ ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ ʘʨʛʦʥʘ ʠʟ ʤʦʜʫʣʝʡ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʇɻʅ-200ʄ 

(ʛʨʫʧʧʘ ɹ); 

- ʜʚʫʭʤʝʨʥʦʝ ʩʝʯʝʥʠʝ ʙʘʢʘ ʟʘʧʘʩʘ ʥʘʪʨʠʷ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʝ (ʛʨʫʧʧʘ ɺ). 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʦʚʝʜʝʥʠʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʙʘʢʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʥʘʪʨʠʝʤ ʜʦ ʙʝʟʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ï ʜʦ 45 ÁC. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘʪʨʠʷ [3].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʛʨʫʧʧʳ ɸ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʢʘ ʟʘʧʘʩʘ ʥʘʪʨʠʷ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ. 

ʇʦʜʚʦʜ ʦʭʣʘʞʜʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʢʦʥ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʫʛʣʘʭ ʙʦʢʩʘ ʩ ʪʦʨʮʦʚʳʭ ʩʪʦʨʦʥ ʙʘʢʘ. 

ʉʣʦʞʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘʜ ʙʘʢʦʤ ʥʘʭʦʜʠʪʩʷ ʥʝʩʫʱʠʝ ʙʘʣʢʠ 

(ʜʚʫʪʘʚʨʳ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʜʣʷ ʚʦʟʜʫʭʘ [4]. 

ɸʥʘʣʠʟ ʨʘʩʭʦʞʜʝʥʠʡ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ. ɼʣʷ ʤʦʜʝʣʠ ˉ1 
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ʛʨʫʧʧʳ ɹ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ ʘʨʛʦʥʘ ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ (13-16%) 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʚʙʣʠʟʠ ʫʟʣʦʚ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʥʘ ʮʝʥʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʨʝʥʘʞʥʳʭ ʣʠʥʠʡ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ˉ1 ʩʦʩʪʘʚʠʣʦ 7,5%, ʜʣʷ ʫʯʘʩʪʢʘ ˉ2 ï 13%. ɼʣʷ ʤʦʜʝʣʠ ˉ2 ʫʯʘʩʪʢʘ 

ʢʦʣʣʝʢʪʦʨʘ ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ ʘʨʛʦʥʘ ʠʟ ʤʦʜʫʣʝʡ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʨʝʜʥʝʝ 

ʦʪʢʣʦʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʜʦʩʪʠʛʣʦ ʧʨʠʤʝʨʥʦ 11%. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʝʤʣʝʤʫʶ ʩʭʦʜʠʤʦʩʪʴ ʤʦʜʝʣʝʡ ʩ ʨʝʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʧʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʣʠʷʥʠʝ ʥʝ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ, ʩʦʟʜʘʚʘʝʤʳʡ ʩʠʩʪʝʤʦʡ ʚʝʥʪʠʣʷʮʠʠ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʦʪ ʩʪʦʨʦʥʥʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ 3 ʚʘʨʠʘʥʪʘ ʧʝʨʝʚʦʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʦʩʪʦʷʥʠʝ, ʜʦʧʫʩʪʠʤʦʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ (ʛʨʫʧʧʘ ɺ-1, ɺ-2, ɺ-3). ɼʘʥʥʫʶ ʛʨʫʧʧʫ ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʠʨʫʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ, ʜʚʫʭʤʝʨʥʦʩʪʴ ʤʦʜʝʣʠ, ʥʘʣʠʯʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʥʫʪʨʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʄʦʜʝʣʴ ɺ-1 ʦʧʠʩʳʚʘʝʪ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʙʘʢʝ ʩ ʥʘʪʨʠʝʤ, ʟʘʢʣʶʯʝʥʥʳʤ ʚ 

ʪʝʧʣʦʠʟʦʣʷʮʠʶ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚ ʜʚʘ ʩʣʦʷ: ʧʝʨʚʳʡ ʩʣʦʡ ï ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʠʟ 

ʢʦʘʣʠʥʦʚʦʛʦ ʚʦʣʦʢʥʘ; ʚʪʦʨʦʡ ʠʟ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ. ʇʦʚʝʨʭ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʥʘʣʦʞʝʥ ʩʣʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʣʠʮʦʚʢʠ.  

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ, ʢʦʛʜʘ 

ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʩʥʠʤʘʣʘʩʴ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʚʥʫʪʨʠ ʙʘʢʘ: ʤʦʜʝʣʴ  

ɺ-2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʩʥʷʪʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʪʨʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 98 
ʦ
ʉ (ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʪʨʠʷ); ʤʦʜʝʣʴ ɺ-3 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪʫ, ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʩʥʠʤʘʝʪʩʷ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʪʨʠʷ ʜʦʩʪʠʛʘʝʪ 

ʫʨʦʚʥʷ 60 
ʦ
ʉ (ʙʝʟʦʧʘʩʥʳʡ ʫʨʦʚʝʥʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠ-ʦʙʩʣʫʞʠʚʘʝʤʳʭ 

ʧʦʤʝʱʝʥʠʷʭ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʪʨʠʷ ʚ ʙʘʢʝ 

ʦʪ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʘ. ɺʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 30
ʦ
ʉ, ʩʦʢʨʘʪʠʣʦʩʴ ʜʣʷ ʤʦʜʝʣʠ 

ɺ-2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʶ ɺ-1 ʥʘ 25%, ʘ ʜʣʷ ʤʦʜʝʣʠ ɺ-3 ʥʘ 48%. 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʜʨʝʥʠʨʦʚʘʥʠʝ ʥʘʪʨʠʷ ʠʟ ʙʘʢʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʪʝʤʧʝʨʘʪʫʨʳ 30 
ʦ
ʉ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ 

ʤʦʜʝʣʷʤʠ, ʵʪʦʪ ʚʘʨʠʘʥʪ ʨʘʩʭʦʣʘʞʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ 

90% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ɺ-1. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʥʘʪʨʠʝʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ 

ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʦʚ ʥʘ ʦʙʲʝʢʪʘʭ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʦʚʧʘʜʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʦʣʝʝ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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Abstract. The paper considers the long-term (more than 55 years) experience of operating the beryllium blocks of 

the IVV-2M research nuclear reactor core. The main characteristics, advantages, and disadvantages of this material 

are shown. Ways to increase the resource of the beryllium blocks of the research reactor are proposed. 
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʥʘʫʯʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʦʪʦʧʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ (ʜʘʣʝʝ ï ʀʗʈ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʡ, ʙʝʟʦʧʘʩʥʦʡ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʇʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʀʗʈ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʪʨʦʣʷ ʟʘ ʝʛʦ 

ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʥʪʨʦʣʴ ʟʘ ʨʝʘʢʪʠʚʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ (ʧʦʣʦʞʝʥʠʝ ʦʨʛʘʥʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ) ʠ ʨʘʩʯʝʪʥʳʤʠ ʤʝʪʦʜʘʤʠ 

(ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ MCU-PTR, MCNP ʠ ʧʨ.). 

ʀʗʈ ʀɺɺ-2ʄ ʷʚʣʷʝʪʩʷ ʣʝʛʢʦʚʦʜʥʳʤ ʨʝʘʢʪʦʨʦʤ ʙʘʩʩʝʡʥʦʚʦʛʦ ʪʠʧʘ [1,2]. ʅʦʤʠʥʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 15 ʄɺʪ. ɸʢʪʠʚʥʘʷ ʟʦʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʚ ʦʧʦʨʥʫʶ 
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ʧʣʠʪʫ ʰʝʩʪʠʛʨʘʥʥʳʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ, ʰʝʩʪʠʛʨʘʥʥʳʭ ʙʣʦʢʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʦʙʣʫʯʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʢʪʦʨʘ 

ʀɺɺ-2ʄ ʷʚʣʷʝʪʩʷ ʙʦʢʦʚʦʝ ʦʢʨʫʞʝʥʠʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʙʝʨʠʣʣʠʝʤ [3]. ʉʦʯʝʪʘʥʠʝ ʤʘʣʦʡ 

ʘʪʦʤʥʦʡ ʤʘʩʩʳ, ʤʘʣʦʛʦ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ (0,009 ʙʘʨʥ ʥʘ ʘʪʦʤ) ʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʜʝʣʘʝʪ ʙʝʨʠʣʣʠʡ 

ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʤʝʜʣʠʪʝʣʝʡ ʠ ʦʪʨʘʞʘʪʝʣʝʡ ʥʝʡʪʨʦʥʦʚ ʚ 

ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ. ɺ ʀʗʈ ʀɺɺ-2ʄ ʙʝʨʠʣʣʠʡ ʩʥʠʞʘʝʪ ʫʪʝʯʢʫ ʥʝʡʪʨʦʥʦʚ ʯʝʨʝʟ ʙʦʢʦʚʳʝ 

ʛʨʘʥʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʧʦ 

ʨʘʜʠʫʩʫ ʘʢʪʠʚʥʦʡ ʟʦʥʳ.  

ʆʜʥʘʢʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʝʡʪʨʦʥʦʚ ʩ ʙʝʨʠʣʣʠʝʤ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʨʝʘʢʮʠʠ,  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʷʜʨʘ 
6
Li ʠ 

3
He ʩ ʚʳʩʦʢʠʤ ʩʝʯʝʥʠʝʤ ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ ï 940 ʠ 5333 ʙʘʨʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʢʦʧʣʝʥʠʝ ʪʘʢʠʭ ʤʦʱʥʳʭ ʧʦʛʣʦʪʠʪʝʣʝʡ ʚ 

ʙʝʨʠʣʣʠʝʚʦʤ ʦʪʨʘʞʘʪʝʣʝ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ çʦʪʨʘʚʣʝʥʠʝè ʙʝʨʠʣʣʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʞʝʣʘʪʝʣʴʥʦʤʫ 

ʧʦʛʣʦʱʝʥʠʶ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ ʟʘʧʘʩʘ ʨʝʘʢʪʠʚʥʦʩʪʠ ʀʗʈ. 

ʅʘʨʘʙʦʪʢʘ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʘʢʪʠʚʘʮʠʠ ʚ ʙʝʨʠʣʣʠʝʚʳʭ ʙʣʦʢʘʭ ʦʪʨʘʞʘʪʝʣʷ ʨʝʘʢʪʦʨʘ 

ʀɺɺ-2ʄ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ (n,Ŭ)-ʨʝʘʢʮʠʠ ʥʘ ʙʝʨʠʣʣʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ 2He
6
, 

ʢʦʪʦʨʳʡ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ 0,8 ʩ ʧʝʨʝʭʦʜʠʪ ʚ 3Li
6
. ɹʣʘʛʦʜʘʨʷ (n,Ŭ)-ʨʝʘʢʮʠʠ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ 3Li
6
 çʚʳʛʦʨʘʝʪè ʠ ʥʘʨʘʙʘʪʳʚʘʶʪʩʷ ʷʜʨʘ 1T

3
, ʢʦʪʦʨʳʝ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ 

12,3 ʛ ʨʘʩʧʘʜʘʶʪʩʷ ʚ 2He
3
. ɺ ʨʝʟʫʣʴʪʘʪʝ (n,ʨ)-ʨʝʘʢʮʠʠ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ ʷʜʨʘ 2He

3
 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʦʙʨʘʪʥʦ ʚ 1T
3
 [4]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʙʝʨʠʣʣʠʝʚʳʭ ʙʣʦʢʦʚ 

ʦʪʨʘʞʘʪʝʣʷ ʠ ʟʘʤʝʜʣʠʪʝʣʷ ï ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥ  

ʩ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʠʟʜʝʣʠʡ. ʈʘʩʪʨʝʩʢʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʨʤʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʙʣʦʢʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʠ ʥʘʣʠʯʠʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ) ʚ ʤʘʩʩʠʚʝ ʠʟʜʝʣʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʜʠʝʥʪʳ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʮʝʥʪʨʘ ʦʙʣʫʯʘʝʤʦʛʦ ʙʣʦʢʘ ʢ ʝʛʦ ʧʝʨʠʬʝʨʠʠ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʙʝʨʠʣʣʠʷ [5]. ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʙʝʨʠʣʣʠʷ ʩʠʣʴʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʳ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʀʗʈ ʀɺɺ-2ʄ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʞʠʤʝ ʯʘʩʪʠʯʥʳʭ ʧʝʨʝʛʨʫʟʦʢ ʪʦʧʣʠʚʘ 

ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʚʳʧʦʣʥʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦʛʨʘʤʤ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʦʪ ʢʘʤʧʘʥʠʠ ʢ ʢʘʤʧʘʥʠʠ, ʠʩʢʣʶʯʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʪʦʨʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʢʪʦʨʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʷʤʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʪʠʚʥʳʭ ʟʦʥ ʨʘʟʣʠʯʥʳʭ 

ʢʘʤʧʘʥʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʦʚ çʦʪʨʘʚʣʝʥʠʷè ʙʝʨʠʣʣʠʝʚʳʭ ʙʣʦʢʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. 

ʅʘ ʀʗʈ ʀɺɺ-2ʄ ʨʝʘʣʠʟʦʚʘʥʘ ʠ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʝʧʝʥʠ çʦʪʨʘʚʣʝʥʠʷè ʙʝʨʠʣʣʠʝʚʳʭ ʙʣʦʢʦʚ ï ʦʮʝʥʢʘ ʚʥʝʩʝʥʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʙʝʨʠʣʣʠʝʚʦʛʦ ʙʣʦʢʘ. ʆʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʝʨʠʣʣʠʝʚʳʝ ʙʣʦʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʦʪ ʮʝʥʪʨʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʷʯʝʡʢʘʭ, ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʠʦʙʨʝʪʘʶʪ ʩʚʦʡʩʪʚʘ ʧʦʛʣʦʪʠʪʝʣʷ ʥʝʡʪʨʦʥʦʚ, ʠ ʧʨʠ ʠʭ ʫʩʪʘʥʦʚʢʝ ʙʣʠʞʝ ʢ ʮʝʥʪʨʘʣʴʥʦʡ 

ʷʯʝʡʢʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʚʥʦʩʷʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʪʠʚʥʦʩʪʴ.  

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪ ʥʘʢʦʧʣʝʥʠʷ ʷʜʝʨ-ʦʪʨʘʚʠʪʝʣʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ ʣʶʙʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢ ʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʀʗʈ ʀɺɺ-2ʄ ʚ ʮʝʣʦʤ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʦʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩʝʤʝʡʩʪʚʘ MCU-5 [6]. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʨʝʘʢʪʦʨʘ ʀɺɺ-2ʄ, ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʜʠʥʘʤʠʢʝ ʥʘʢʦʧʣʝʥʠʷ ʷʜʝʨ 
6
Li ʠ 

3
He ʚ ʙʝʨʠʣʣʠʝʚʳʭ 

ʙʣʦʢʘʭ ʚ ʪʝʯʝʥʠʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ çʦʪʨʘʚʣʝʥʠʷè ʙʣʦʢʦʚ ʦʪʨʘʞʘʪʝʣʷ ʥʘ ʥʝʡʪʨʦʥʥʦ-

ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʀɺɺ-2ʄ. ʇʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʫʚʝʣʠʯʝʥʠʷ 
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ʨʝʩʫʨʩʘ ʙʝʨʠʣʣʠʝʚʳʭ ʙʣʦʢʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʚʦʡ ʧʘʨʪʠʠ ʙʣʦʢʦʚ ʙʝʨʠʣʣʠʷ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ 2025 ʛʦʜʫ. 
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ʛ. ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʘʨʘʙʦʪʢʠ ʠʤʝʶʱʠʤʠʩʷ ʨʝʘʢʪʦʨʘʤʠ 

ʠʟʦʪʦʧʘ ʢʦʙʘʣʴʪ-60. ʉʤʦʜʝʣʠʨʦʚʘʥʳ ʘʢʪʠʚʥʳʝ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ɹʅ-800 ʩ ʦʙʣʫʯʘʪʝʣʴʥʳʤʠ ʩʙʦʨʢʠ ʩʦʜʝʨʞʘʱʠʝ 

ʢʦʙʘʣʴʪ-60. ʈʘʩʩʯʠʪʘʥʳ ʫʜʝʣʴʥʳʝ ʠ ʩʫʤʤʘʨʥʳʝ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʆʉ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʚʵʣʴʥʦʛʦ 

ʚʜrʝʣʝʥʠʷ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʅ-800, ʢʦʙʘʣʴʪ-60, ʦʧʪʠʤʠʟʘʮʠʷ, ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ, ʥʘʨʘʙʦʪʢʘ, ʦʙʣʫʯʘʪʝʣʴʥʳʝ ʩʙʦʨʢʠ 
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Annotation. The article considers the problem of insufficient development by existing cobalt-60 isotope reactors. 

The active zones of BN-800 reactor with irradiated assemblies containing cobalt-60 were modelled. Calculated the 

specific and total activities for OS, as well as the distribution of downstream emissions. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʘʨʘʙʦʪʢʠ ʠʟʦʪʦʧʘ ʢʦʙʘʣʴʪ-60 ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ 

ʩʧʨʦʩʘ ʥʘ ʥʝʛʦ [1]. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʥʘʨʘʙʦʪʢʠ 

ʢʦʙʘʣʴʪʘ-60 ʟʘ ʩʯʸʪ ʦʙʣʫʯʝʥʠʷ ʢʦʙʘʣʴʪʘ-59 ʚ ɹɿɺ ʨʝʘʢʪʦʨʘ ɹʅ-800.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʙʦʪʢʠ ʢʦʙʘʣʴʪʘ-60 ʚ ʨʝʘʢʪʦʨʝ ɹʅ-800. ɼʣʷ 

ʵʪʦʛʦ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʨʝʘʢʪʦʨʘ. ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʷʪʳ ʠʟ [2].  



17 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 2 ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ: ʜʣʷ ʧʝʨʚʦʡ ʤʦʜʝʣʠ 

ʦʙʣʫʯʘʪʝʣʴʥʳʝ ʩʙʦʨʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʘʣʠ ʊɺʉ ɹɿɺ (ʯʠʩʣʦ ʆʉ ʨʘʚʥʦ 90), ʜʣʷ ʚʪʦʨʦʡ 

ʤʦʜʝʣʠ ʠʤʝʣʦ ʤʝʩʪʦ ʣʠʰʴ ʯʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʊɺʉ ʥʘ ʆʉ (ʯʠʩʣʦ ʆʉ ʨʘʚʥʦ 26). ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʠʙʦʣʴʰʝʡ ʫʜʝʣʴʥʦʡ ʠ ʩʫʤʤʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʙʘʣʴʪʘ-60 ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʜʦ 3500 ʵʬʬ. ʩʫʪʦʢ, ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʙʲʸʤ ʦʙʣʫʯʘʝʤʦʛʦ ʠʟʦʪʦʧʘ ʢʦʙʘʣʴʪʘ-59. ʇʦʧʝʨʝʯʥʳʝ 

ʩʨʝʟʳ ʜʣʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (90 ʆʉ ʠ 26 ʆʉ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʦʧʝʨʝʯʥʳʝ ʩʨʝʟʳ ʤʦʜʝʣʝʡ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʦʪʦʧʘ ʚ ʧʨʦʪʦʪʠʧ 

ʆʉ ʙʳʣ ʜʦʙʘʚʣʝʥ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʟʘʤʝʜʣʠʪʝʣʴ (ZrH1.85) [3], ʦʩʪʘʣʴʥʦʡ ʦʙʲʸʤ ʆʉ ʟʘʧʦʣʥʷʣʩʷ 

ʢʦʙʘʣʴʪʦʤ-59. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʣʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʦʙʲʸʤʘ ʟʘʤʝʜʣʠʪʝʣʷ ʧʫʪʸʤ 

ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʮʠʣʠʥʜʨʘ. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʆʉ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ʅʘ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʦʮʝʥʢʠ, ʧʦʵʪʦʤʫ ʩʭʝʤʘ ʷʚʣʷʝʪʩʷ 

ʫʧʨʦʱʝʥʥʦʡ. 

ʇʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʚʵʣʴʥʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ (ʤʦʱʥʦʩʪʠ ʜʝʣʝʥʠʡ) ʜʣʷ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʊɺʉ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʆʉ ʥʘ ʚʝʣʠʯʠʥʳ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʙʣʠʞʘʡʰʠʭ ʢ ʥʠʤ ʪʚʵʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʠʤʝʝʪʩʷ ʥʘʣʠʯʠʝ ʦʧʪʠʤʫʤʘ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʸʤʘ ʦʙʣʫʯʘʝʤʦʛʦ ʠʟʦʪʦʧʘ ʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʦʙʲʸʤʘ 

ʟʘʤʝʜʣʠʪʝʣʷ ʨʘʩʪʫʪ ʥʝ ʪʦʣʴʢʦ ʫʜʝʣʴʥʳʝ, ʥʦ ʠ ʩʫʤʤʘʨʥʳʝ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢ ʜʣʷ ʤʦʜʝʣʠ ʩ 90 ʠ 

26 ʆʉ ʥʘʠʙʦʣʴʰʠʝ ʫʜʝʣʴʥʳʝ ʘʢʪʠʚʥʦʩʪʠ ʩʦʩʪʘʚʠʣʠ 105,90 ʂʠ/ʛ ʠ 128,27 ʂʠ/ʛ. ʅʘʠʙʦʣʴʰʠʝ 

ʩʫʤʤʘʨʥʳʝ ï 196,5 ʄʂʠ 68,23 ʄʂʠ. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʙʘʣʴʪʘ-

60 ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʮʠʣʠʥʜʨʘ ZrH1.85 ʜʣʷ ʤʦʜʝʣʠ ʩ 

90 ʆʉ ʠ 26 ʆʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3, 4. 

  

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʆʉ 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʙʘʣʴʪʘ-60 ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʮʠʣʠʥʜʨʘ ZrH1.85 ʜʣʷ ʤʦʜʝʣʠ ʩ 90 ʆʉ 

 

 
ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʙʘʣʴʪʘ-60 ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʮʠʣʠʥʜʨʘ ZrH1.85 ʜʣʷ ʤʦʜʝʣʠ ʩ 26 ʆʉ 

 

ɼʦʩʪʠʛʥʫʪʳʡ ʨʝʟʫʣʴʪʘʪ ʦʪʨʘʞʘʝʪ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ.  ʇʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʦʙʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʧʦʢʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ (ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʣʠʥʝʡʥʳʡ). ʇʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ ʵʪʦ ʧʦʨʷʜʢʘ 2000 ʵʬʬʝʢʪʠʚʥʳʭ ʩʫʪʦʢ.  

ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʣʦʞʥʝʥʠʝ ʤʦʜʝʣʠ ʆʉ, ʧʦʩʢʦʣʴʢʫ ʚʣʠʷʥʠʝ ʟʘʤʝʜʣʠʪʝʣʷ 

ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʥʘ ʤʠʰʝʥʥʳʡ ʦʙʨʘʟʝʮ, ʘ ʚʳʩʦʢʦʝ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʦʙʣʦʢʠʨʦʚʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʟʘʤʝʜʣʠʪʝʣʷ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʆʉ), ʚʣʠʷʶʱʠʭ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʢʦʙʘʣʴʪʘ-60. 
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ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀ 

 ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 

VITIkafAE@mephi.ru 
 
ɸʥʥʦʪʘʮʠʷ. ɿʘʛʨʷʟʥʝʥʠʝ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʨʘʙʦʪʳ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʘʤʳʝ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʚ ʪʫʨʙʠʥʥʦʤ ʤʘʩʣʝ ʧʦ ʨʘʟʤʝʨʫ ʩʦʧʦʩʪʘʚʠʤʳ 

ʩ ʟʘʟʦʨʘʤʠ ʚ ʟʦʥʘʭ ʪʨʝʥʠʷ(ʩʢʦʣʴʞʝʥʠʷ) ʤʘʰʠʥ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʥʝʙʦʣʴʰʦʤʫ ʨʘʟʤʝʨʫ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʶ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʵʪʠ ʯʘʩʪʠʮʳ 

ʣʝʛʢʦ ʦʩʪʘʶʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʂʦʥʪʨʦʣʴ ʟʘʛʨʷʟʥʝʥʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʦʧʘʜʘʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʩʠʩʪʝʤʘʭ ʩʤʘʟʢʠ. 

ʅʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʪʦʪʳ ʠʭ ʤʘʩʣʦʭʦʟʷʡʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʧʘʨʦʚʘʷ ʪʫʨʙʠʥʘ, ʪʫʨʙʠʥʥʦʝ ʤʘʩʣʦ, ʤʘʩʣʦʩʥʘʙʞʝʥʠʝ ʪʫʨʙʦʘʛʨʝʛʘʪʘ,  

ʥʘʜʝʞʥʦʩʪʴ, ʦʯʠʩʪʢʘ ʤʘʩʣʦʧʨʦʚʦʜʦʚ 
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Abstract. Contamination of lubricants poses a significant threat to the operation and reliability of the equipment. 

The most destructive particles in turbine oil are comparable in size to the gaps in the friction (sliding) zones  

of machines. Due to their small size, as well as the presence of turbulent fluid movements and the absence  

of effective filtration systems, these particles easily remain suspended. Pollution control is the process  

of preventing the ingress, formation, and accumulation of contaminants in lubricants and lubrication systems. The 

reliability of steam turbine installations directly depends on the cleanliness of their oil production facilities. 

      Keywords: steam turbine, turbine oil, turbine unit oil supply, reliability, oil pipeline cleaning 

 

ʅʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʪʦʪʳ 

ʠʭ ʤʘʩʣʦʭʦʟʷʡʩʪʚ. ɺ ʵʪʠ ʩʠʩʪʝʤʳ ʚʭʦʜʷʪ: ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʪʫʨʙʠʥʳ  

ʠ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ; ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʢʠ ʠ ʟʘʱʠʪʳ ʪʫʨʙʠʥʳ; ʩʠʩʪʝʤʳ ʫʧʣʦʪʥʝʥʠʷ ʚʘʣʘ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ; ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʧʠʪʘʪʝʣʴʥʳʭ ʥʘʩʦʩʦʚ ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʘʛʨʝʛʘʪʦʚ; ʘ ʪʘʢʞʝ 

ʩʠʩʪʝʤʳ ʧʨʠʝʤʘ, ʭʨʘʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʩʣʘ, ʚʢʣʶʯʘʶʱʠʝ ʦʩʥʦʚʥʳʝ 

 ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʘʩʣʦʥʘʩʦʩʳ, ʤʘʩʣʷʥʳʡ ʙʘʢ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʥʳʝ, ʙʣʦʢʠʨʦʚʦʯʥʳʝ  

ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʩʣʦʩʠʩʪʝʤʳ. ʄʘʩʣʦʦʭʣʘʜʠʪʝʣʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ ʤʘʩʣʘ. ɿʘʛʨʷʟʥʝʥʠʝ ʤʘʩʣʘ ʰʣʘʤʘʤʠ ʠ ʚʣʘʛʦʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʦʵʨʦʟʠʠ ʚ ʧʦʜʰʠʧʥʠʢʘʭ, ʫʭʫʜʰʘʝʪ ʨʘʙʦʪʫ ʩʠʩʪʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʫʧʣʦʪʥʝʥʠʷ ʚʘʣʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʠʟʥʦʩ ʫʧʦʨʥʳʭ ʢʦʣʦʜʦʢ 

ʠ ʚʢʣʘʜʳʰʝʡ ʧʦʜʰʠʧʥʠʢʦʚ. ʕʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʤʝʥʴʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ 

ʪʫʨʙʠʥʥʳʭ ʤʘʩʝʣ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʤʘʩʣʦʧʨʦʚʦʜʘʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʫʭʫʜʰʘʶʪ ʢʘʯʝʩʪʚʦ ʪʫʨʙʠʥʥʳʭ ʤʘʩʝʣ. ʕʬʬʝʢʪʠʚʥʘʷ ʦʯʠʩʪʢʘ ʥʘʧʦʨʥʳʭ 

ʤʘʩʣʦʧʨʦʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʩʣʠʚʥʳʭ ʧʘʪʨʫʙʢʦʚ, ʩʣʠʚʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʩʘʤʦʛʦ ʤʘʩʣʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦʩʨʦʯʥʫʶ ʠ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʪʫʨʙʦʘʛʨʝʛʘʪʦʚ. ɸʥʘʣʠʟʳ ʦʪʢʘʟʦʚ  

ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʦ 20ï25% ʩʣʫʯʘʝʚ ʩʚʷʟʘʥʳ ʩ 

ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʩʠʩʪʝʤʝ ʤʘʩʣʦʩʥʘʙʞʝʥʠʷ ʠ ʢʘʯʝʩʪʚʦʤ ʪʫʨʙʠʥʥʦʛʦ ʤʘʩʣʘ. [1] 
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ɿʘʛʨʷʟʥʝʥʠʷ ʧʦʩʪʫʧʘʶʪ ʚ ʨʘʙʦʯʫʶ ʞʠʜʢʦʩʪʴ ʠʟʚʥʝ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʨʘʟʫʶʪʩʷ  

ʚ ʥʝʡ, ʘ ʫʜʘʣʷʶʪʩʷ ʠʟ ʥʝʝ ʩʨʝʜʩʪʚʘʤʠ ʦʯʠʩʪʢʠ. ʅʘʣʠʯʠʝ ʪʚʝʨʜʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʤʘʩʣʝ 

ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʘʤʦʡ 

ʨʘʙʦʪʘʶʱʝʡ ʩʠʩʪʝʤʦʡ (ʪʷʞʝʣʦ ʥʘʛʨʫʞʝʥʥʳʤʠ ʩʦʧʨʷʞʝʥʥʳʤʠ ʧʘʨʘʤʠ ʪʨʝʥʠʷ). ʇʦʵʪʦʤʫ 

ʥʦʨʤʳ ʯʠʩʪʦʪʳ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʭ ʢ 

ʪʚʝʨʜʳʤ ʯʘʩʪʠʮʘʤ ʟʘʛʨʷʟʥʝʥʠʡ. [2] 

ʅʘʠʙʦʣʝʝ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʚ ʪʫʨʙʠʥʥʳʭ ʤʘʩʣʘʭ ʧʨʠʤʝʨʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳ ʧʦ 

ʨʘʟʤʝʨʫ ʨʘʙʦʯʠʤ ʟʘʟʦʨʘʤ ʟʦʥ ʪʨʝʥʠʷ (ʩʢʦʣʴʞʝʥʠʷ) ʤʘʰʠʥ. ʊʨʝʙʦʚʘʥʠʝ ʢ ʯʠʩʪʦʪʝ ʨʘʙʦʯʠʭ 

ʞʠʜʢʦʩʪʝʡ ʦʩʥʦʚʘʥʦ ʥʘ ʢʦʣʠʯʝʩʪʚʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 10é25 ʤʢʤ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʛʠʜʨʦʩʠʩʪʝʤ. ʆʥʠ ʣʝʛʢʦ 

ʦʩʪʘʶʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʤʝʣʢʠʝ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʬʠʣʴʪʨʘʤʠ ʠ ʮʝʥʪʨʠʬʫʛʘʤʠ ʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʦʩʝʜʘʶʪ ʚ ʨʝʟʝʨʚʫʘʨʘʭ. ɹʦʣʝʝ 

ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʯʘʩʪʦ ʙʳʩʪʨʦ ʜʨʦʙʷʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʤʝʣʢʠʭ. ʂʦʛʜʘ ʩʠʣʴʥʦ ʥʘʛʨʫʞʝʥʥʳʡ 

ʚʘʣ ʪʫʨʙʠʥʳ ʚʨʘʱʘʝʪʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʧʦʜʰʠʧʥʠʢʝ, ʚʦʟʥʠʢʘʶʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʝʱʝ ʙʦʣʴʰʝ ʯʘʩʪʠʮ. ʂʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʯʘʩʪʠʮ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʪʠʧʘ ʤʘʰʠʥʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʠʣʴʪʨʦʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʟʦʥ ʪʨʝʥʠʷ, ʨʘʙʦʯʠʭ ʟʘʟʦʨʦʚ ʠ ʩʢʦʨʦʩʪʝʡ. ʉʦ ʚʨʝʤʝʥʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʦʙʨʘʟʫʝʪ ʘʙʨʘʟʠʚʥʫʶ ʩʨʝʜʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʥʘʥʝʩʪʠ ʤʘʰʠʥʝ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʨʝʜ. [3] 

 
ʊʘʙʣʠʮʘ 1 ï  ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʤʘʩʣʦʧʨʦʚʦʜʦʚ ʪʫʨʙʦʘʛʨʝʛʘʪʦʚ ɸʕʉ 

ʉʧʦʩʦʙ ʦʯʠʩʪʢʠ 

ʤʘʩʣʦʩʠʩʪʝʤʳ 

ɼʦʩʪʦʠʥʩʪʚʘ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ 

ʤʘʩʣʦʩʠʩʪʝʤʳ 

ʅʝʜʦʩʪʘʪʢʠ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʤʘʩʣʦʩʠʩʪʝʤʳ 

ʇʥʝʚʤʦʛʠʜʨʦʠʤ-ʧʫʣʴʩʥʘʷ 

ʧʨʦʤʳʚʢʘ 

- ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʯʠʩʪʢʘ ʥʘʧʦʨʥʳʭ 

ʤʘʩʣʦʧʨʦʚʦʜʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ 

ʧʥʝʚʤʦʛʠʜʨʦʠʤʧʫʣʴʩʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʧʨʦʤʳʚʦʯʥʦʛʦ ʧʦʪʦʢʘ; 

- ʵʬʬʝʢʪʠʚʥʦʝ ʦʯʠʱʝʥʠʝ ʩʣʠʚʥʳʭ 

ʧʘʪʨʫʙʢʦʚ ʠ ʩʣʠʚʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ 

ʜʠʘʤʝʪʨʦʤ ʜʦ 300 ʤʤ. 

 

- ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʠʪʴ ʠ 

ʧʨʦʚʝʩʪʠ ʵʬʬʝʢʪʠʚʥʫʶ ʦʯʠʩʪʢʫ ʩʣʠʚʥʳʭ 

ʢʦʣʣʝʢʪʦʨʦʚ ʢʨʫʧʥʦʛʦ ʜʠʘʤʝʪʨʘ (ʙʦʣʴʰʝ 300 

ʤʤ). 

ʇʥʝʚʤʦʛʠʜʨʦʠʤ-ʧʫʣʴʩʥʘʷ 

ʧʨʦʤʳʚʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʟʘʙʨʦʩʘ 

ʚʦʟʜʫʭʘ ʚ ʤʘʩʣʦʩʠʩʪʝʤʫ 

- ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʯʠʩʪʢʘ ʥʘʧʦʨʥʳʭ 

ʤʘʩʣʦʧʨʦʚʦʜʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ 

ʧʥʝʚʤʦʛʠʜʨʦʠʤʧʫʣʴʩʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʧʨʦʤʳʚʦʯʥʦʛʦ ʧʦʪʦʢʘ. 

- ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʷ ʤʘʩʣʦʧʨʦʚʦʜʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʛʠʜʨʦʫʜʘʨʦʚ; 

- ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʪʴ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦ ʦʯʠʱʘʪʴ ʩʣʠʚʥʳʝ ʢʦʣʣʝʢʪʦʨʘ 

ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ (ʙʦʣʝʝ 300 ʤʤ). 
 

ʊʫʨʙʦʪʝʨʤʦʧʥʝʚʤʦ-

ʛʠʜʨʦʠʤʧʫʣʴʩʥʘʷ ʧʨʦʤʳʚʢʘ 

- ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ 

ʥʘʧʦʨʥʳʭ ʤʘʩʣʦʧʨʦʚʦʜʦʚ ʟʘ ʩʯʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʠ 

ʩʢʦʨʦʩʪʠ ʧʨʦʤʳʚʦʯʥʦʛʦ ʧʦʪʦʢʘ; 

- ʫʩʧʝʰʥʘʷ ʦʯʠʩʪʢʘ ʩʣʠʚʥʳʭ ʧʘʪʨʫʙʢʦʚ ʠ 

ʩʣʠʚʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʜʠʘʤʝʪʨʦʤ 300 ʤʤ ʠ 

ʙʦʣʝʝ; 

- ʫʜʘʣʝʥʠʝ ʧʨʠʣʠʧʰʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ "ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ" ʚ 

ʤʘʩʣʦʧʨʦʚʦʜʘʭ; 

- ʫʩʪʨʘʥʝʥʠʝ ʨʠʩʢʘ ʛʠʜʨʦʫʜʘʨʦʚ ʚʦ ʚʨʝʤʷ 

ʧʨʦʤʳʚʦʯʥʳʭ ʨʘʙʦʪ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʳʚʢʠ 

ʤʘʩʣʦʩʠʩʪʝʤ ʜʘʞʝ ʚ ʧʝʨʠʦʜʳ ʩʨʝʜʥʠʭ ʠ 

ʪʝʢʫʱʠʭ ʨʝʤʦʥʪʦʚ ʙʣʘʛʦʜʘʨʷ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʨʦʤʳʚʦʯʥʳʤ 

ʫʩʪʨʦʡʩʪʚʘʤ. 

- ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ 

ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʤʳʚʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ 

ʤʦʥʪʘʞ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 250ï300 ʪʳʩʷʯ 

ʨʫʙʣʝʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʘʙʣʠʮʳ 1, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʯʠʩʪʢʠ 

ʷʚʣʷʶʪʩʷ: 

1. ʇʥʝʚʤʦʛʠʜʨʦʠʤʧʫʣʴʩʥʘʷ ʧʨʦʤʳʚʢʘ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʚ ʤʘʩʣʦʩʠʩʪʝʤʫ, ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ 

ʥʘʧʦʨʥʳʭ ʤʘʩʣʦʧʨʦʚʦʜʦʚ, ʩʣʠʚʥʳʭ ʧʘʪʨʫʙʢʦʚ ʠ ʢʦʣʣʝʢʪʦʨʦʚ ʜʠʘʤʝʪʨʦʤ ʜʦ 300 ʤʤ. ʕʪʦʪ 
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ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʩʦʟʜʘʥʠʠ ʧʥʝʚʤʦʛʠʜʨʦʠʤʧʫʣʴʩʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʯʠʩʪʢʘ, ʧʨʠ ʵʪʦʤ ʚʘʞʥʦ ʠʟʙʝʛʘʪʴ ʧʦʚʨʝʞʜʝʥʠʡ 

ʤʘʩʣʦʧʨʦʚʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʤʦʞʥʳʤʠ ʛʠʜʨʦʫʜʘʨʘʤʠ; 

2. ʊʫʨʙʦʪʝʨʤʦʧʥʝʚʤʦʛʠʜʨʦʠʤʧʫʣʴʩʥʘʷ ʧʨʦʤʳʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ 
ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʥʘʧʦʨʥʳʭ ʤʘʩʣʦʧʨʦʚʦʜʦʚ, ʩʣʠʚʥʳʭ ʧʘʪʨʫʙʢʦʚ ʠ ʢʦʣʣʝʢʪʦʨʦʚ ʜʠʘʤʝʪʨʦʤ 300 

ʤʤ ʠ ʙʦʣʝʝ. ʕʪʦʪ ʩʧʦʩʦʙ ʜʦʩʪʠʛʘʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʤʘʩʰʪʘʙʥʦʡ 

ʚʠʭʨʝʚʦʡ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʚ ʧʨʦʤʳʚʘʝʤʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʤʳʚʦʯʥʦʛʦ ʧʦʪʦʢʘ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʚʦʟʜʫʰʥʦ-

ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʩʣʠʚʥʳʭ ʧʘʪʨʫʙʢʘʭ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʜʦʟ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʵʥʝʨʛʦʙʣʦʢʝ ɹʅ-600 ɹʝʣʦʷʨʩʢʦʡ ɸʕʉ ʚ ʩʚʷʟʠ ʩ ʨʘʙʦʪʘʤʠ ʧʦ ʧʨʦʜʣʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʚʝʜʝʥʠʷ ʦ ʜʦʟʦʚʳʭ ʥʘʛʨʫʟʢʘʭ ʧʝʨʩʦʥʘʣʘ ʠ ʢʦʤʘʥʜʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʧʝʨʚʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʧʨʦʜʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ɹʅ-600. ʇʨʦʚʝʜʝʥʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʝʣʠʯʠʥ ʢʦʣʣʝʢʪʠʚʥʳʭ ʜʦʟ ʧʦ ʛʦʜʘʤ ʨʘʙʦʪʳ ʵʥʝʨʛʦʙʣʦʢʘ. ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ɹʅ-600 ʠʩʩʣʝʜʦʚʘʥ ʚʦʧʨʦʩ ʜʦʟʦʚʳʭ ʟʘʪʨʘʪ. ʆʧʠʩʘʥʳ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ɹʝʣʦʷʨʩʢʦʡ ɸʕʉ. ʅʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʧʦʤʝʱʝʥʠʡ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʨʘʜʠʘʮʠʦʥʥʳʤ ʬʦʥʦʤ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʣʝʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʥʘ ɹʝʣʦʷʨʩʢʦʡ ɸʕʉ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ çʇʨʦʛʨʘʤʤʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʟʘʱʠʪʳ ʥʘ ɸʕʉè ʥʘ 2025ï2029 ʛʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʳʩʪʨʳʡ ʥʘʪʨʠʝʚʳʡ ʨʝʘʢʪʦʨ, ʜʦʟʦʚʳʝ ʟʘʪʨʘʪʳ, ʢʦʣʣʝʢʪʠʚʥʘʷ ʜʦʟʘ, ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʜʦʟʘ, ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ 
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Abstract. The paper considers the dynamics of individual and collective doses received at the BN-600 power unit of 

the Beloyarsk NPP in connection with work on extending its operation. Information on the dose loads of personnel 

and specialists involved in the first and subsequent stages of extending the operation of the BN-600 is analyzed. A 

comparison of collective doses by year of power unit operation is provided. The issue of dose costs is examined 

using the BN-600 reactor unit as an example. Key areas for modernizing radiation monitoring and radiation 

monitoring systems, as well as improving radiation safety at the Beloyarsk NPP, are described. For example, the 

creation of three-dimensional models of rooms with elevated radiation backgrounds and the development of 

methods for optimizing personnel movement in conditions of uneven radiation fields. The main areas of activity for 

ʙʳʩʪʨʳʡ ʥʘʪʨʠʝʚʳʡ ʨʝʘʢʪʦʨ, ʜʦʟʦʚʳʝ ʟʘʪʨʘʪʳ, ʢʦʣʣʝʢʪʠʚʥʘʷ ʜʦʟʘ, ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʜʦʟʘ, ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ improving radiation protection at the Beloyarsk NPP, as 

provided for in the çRadiation Protection Program at NPPsè for 2025ï2029, are presented. 

Keywords: fast sodium reactor, dose costs, collective dose, individual dose, service life extension, radiation 

protection optimization 

 

ʇʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʇʉʕ) ʵʥʝʨʛʦʙʣʦʢʦʚ ɸʕʉ ï ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʆ çʂʦʥʮʝʨʥ ʈʦʩʵʥʝʨʛʦʘʪʦʤè, ʧʦʟʚʦʣʷʶʱʝʝ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʚʢʣʘʜʳʚʘʪʴ ʬʠʥʘʥʩʦʚʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ.  

ʉ ʥʘʯʘʣʘ 2000-ʭ ʛʦʜʦʚ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʧʦ 

ʧʨʦʜʣʝʥʠʶ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʚʪʦʨʥʦʛʦ) ʵʥʝʨʛʦʙʣʦʢʦʚ ɸʕʉ, ʧʫʱʝʥʥʳʭ  

ʚ 1970-1980-ʝ ʛʦʜʳ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʫʥʠʢʘʣʴʥʳʡ ʙʣʦʢ ʩ ʙʳʩʪʨʳʤ 

ʥʘʪʨʠʝʚʳʤ ʨʝʘʢʪʦʨʦʤ ɹʅ-600, ʧʦʣʫʯʠʚʰʠʡ 31 ʤʘʨʪʘ 2025 ʛ. ʣʠʮʝʥʟʠʶ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʥʘ 

ʧʨʦʜʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʦ 2040 ʛʦʜʘ [1]. ʆʧʳʪ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ɹʅ-600 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʫʯʸʪʘ ʚ ʧʨʦʝʢʪʘʭ ʥʦʚʳʭ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ 

ɹʅ, ʚ ʯʘʩʪʥʦʩʪʠ ɹʅ-1200. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʨʝʘʢʪʦʨʦʚ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʠ ʟʘʤʳʢʘʥʠʝ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʟʘʜʘʯ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʕʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʪʨʘʪʝʛʠʶ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʠʨʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ [2].  

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʇʉʕ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʦʚʝʜʝʥʠʝ 

ʤʘʩʰʪʘʙʥʳʭ ʨʘʙʦʪ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʝʛʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ 

ʟʘʤʝʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʟʦʚʳʭ ʟʘʪʨʘʪ ʧʝʨʩʦʥʘʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʣʫʯʘʝʤʦʩʪʠ ʧʝʨʩʦʥʘʣʘ, ʚʳʷʚʣʝʥʠʝ 

ʥʘʠʙʦʣʝʝ ʜʦʟʦʟʘʪʨʘʪʥʳʭ ʨʘʙʦʪ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ 

(ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ ʠ ʩʥʷʪʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʤʦʥʪʘʞ-ʜʝʤʦʥʪʘʞ ʣʝʩʦʚ). ɸʥʘʣʠʟ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʚʳʚʦʜʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ  

ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʝʜʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʙʣʫʯʘʝʤʦʩʪʴ ʧʝʨʩʦʥʘʣʘ. 

ʉ ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʘʙʦʪ ʧʦ ʇʉʕ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ  

ʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʜʦʟ ʦʙʣʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ɸʕʉ. ʇʦʵʪʦʤʫ ʦʥʠ ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ, 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ, ʧʣʘʥʠʨʫʶʪʩʷ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʵʥʝʨʛʦʙʣʦʢʘʭ; ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʜʦʟʘ 

ʦʙʣʫʯʝʥʠʷ ʠ ʯʠʩʣʦ ʦʙʣʫʯʘʝʤʳʭ ʣʠʮ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʚʦʟʤʦʞʥʦ ʥʠʟʢʦʤ ʠ ʜʦʩʪʠʞʠʤʦʤ 

ʫʨʦʚʥʝ ʩʦʛʣʘʩʥʦ ʅʈɹ-99/2009. ʇʨʠ ʭʦʨʦʰʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʘ 

80% ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʦʟ ʥʘ ʵʥʝʨʛʦʙʣʦʢʘʭ ɹʅ-600, ɹʅ-800 ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ 

ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ. 

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʨʘʙʦʪ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. ʇʨʠʦʨʠʪʝʪ ʦʪʜʘʝʪʩʷ ʚʘʨʠʘʥʪʘʤ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʜʦʟʦʟʘʪʨʘʪʘʤʠ. 

ʇʦʤʠʤʦ ʘʥʘʣʠʟʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪ. 

ʅʘʧʨʠʤʝʨ ʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʦʪʥʦʩʷʪʩʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ 

ʨʝʩʫʨʩʘ, ʝʞʝʛʦʜʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ɹʝʣʦʷʨʩʢʦʡ ɸʕʉ ʩʥʠʞʝʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʜʦʟ; ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʦʟʦʚʦʛʦ ʙʶʜʞʝʪʘ ʥʘ ʧʨʝʜʩʪʦʷʱʠʡ ʛʦʜ, 

ʩ ʫʯʝʪʦʤ ʨʝʤʦʥʪʥʳʭ ʢʘʤʧʘʥʠʡ; ʫʩʪʘʥʦʚʣʝʥʠʝ ʙʦʣʝʝ ʥʠʟʢʠʭ ʧʨʝʜʝʣʦʚ ʜʦʟ ʧʝʨʩʦʥʘʣʘ ʛʨʫʧʧ  

ɸ ʠ ɹ ʥʘ ʫʨʦʚʥʝ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ 

ʧʨʝʜʝʣʦʚ ʜʦʟ ʂʦʥʮʝʨʥʘ çʈʦʩʵʥʝʨʛʦʘʪʦʤè ʠ ʪʨʝʙʦʚʘʥʠʡ ʅʈɹ-99/2009; ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʦʚ ʚʳʙʨʦʩʦʚ ʠ ʩʙʨʦʩʦʚ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʝʞʝʛʦʜʥʘʷ ʧʫʙʣʠʢʘʮʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʯʸʪʘ; ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʧʦʜʛʦʪʦʚʢʘ ʛʨʘʬʠʢʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ, ʦʬʦʨʤʣʝʥʠʝ ʥʘʨʷʜ-ʜʦʧʫʩʢʦʚ, ʧʨʦʛʨʘʤʤ, ʙʣʘʥʢʦʚ ʧʝʨʝʢʣʶʯʝʥʠʡ).  

ʂ ʪʝʭʥʠʯʝʩʢʠʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʜʝʟʘʢʪʠʚʘʮʠʶ, 
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ʜʦʟʠʤʝʪʨʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ, ʦʪʤʳʚʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ  

ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ; ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʘ ʜʝʤʦʥʪʠʨʦʚʘʥʥʦʤ, ʦʪʤʳʪʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʚ ʩʧʝʮʤʘʩʪʝʨʩʢʠʭ; ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʘ ʧʝʨʩʦʥʘʣʘ ʧʨʠ 

ʧʦʤʦʱʠ ʦʙʫʯʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʚ ʪ.ʯ. ʠʥʪʝʨʘʢʪʠʚʥʳʭ), ʥʘ ʩʪʝʥʜʘʭ ʠ ʪʨʝʥʘʞʝʨʘʭ; 

ʪʨʝʭʤʝʨʥʦʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʤʝʱʝʥʠʡ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʘʜʠʘʮʠʦʥʥʳʤ 

ʬʦʥʦʤ, ʩʣʦʞʥʳʭ, ʥʘʩʳʱʝʥʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʤʝʱʝʥʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ 

ʤʘʨʰʨʫʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʣʷʭ 

[3],[4].  

ʇʦʤʠʤʦ ʩʧʝʮʠʘʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʚʦʡ ʚʢʣʘʜ  

ʚ ʩʦʢʨʘʱʝʥʠʝ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʦʙʣʫʯʘʝʤʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʚʥʦʩʷʪ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, 

ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʨʘʙʦʪʳ, ʥʘʢʦʧʣʝʥʥʳʤ ʦʧʳʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʥʝʰʪʘʪʥʳʤʠ 

ʩʠʪʫʘʮʠʷʤʠ. 

ʇʨʠʯʠʥʳ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʦʟʳ ʧʝʨʩʦʥʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʥʠʨʫʝʤʦʡ: 

ʩʦʢʨʘʱʝʥʠʝ ʜʦ ʤʠʥʠʤʫʤʘ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʩʦʥʘʣʘ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ; 

cʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʫʪʝʤ ʧʨʠʚʣʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ; ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ; ʚʳʚʝʜʝʥʠʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ 

ʟʦʥʳ ʩ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ; ʧʨʦʚʝʜʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭ 

ʨʘʙʦʪ (ʩ ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʦʟʦʡ ʙʦʣʝʝ 2 ʯʝʣ-ʤɿʚ) ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʈɹ. 

ʇʨʠʯʠʥʳ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ  

ʩ ʧʣʘʥʠʨʫʝʤʦʡ: ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʪʝʢʫʱʠʭ ʨʘʙʦʪ ʚʚʠʜʫ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʜʝʬʝʢʪʦʚ; ʨʝʞʠʤ ʧʨʦʜʣʝʥʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

(ʫʚʝʣʠʯʝʥʥʳʡ ʦʙʲʝʤ ʢʦʥʪʨʦʣʷ); ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ); ʰʝʩʪʠʤʝʩʷʯʥʳʡ 

ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ (ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʝ ʨʝʤʦʥʪʳ ʢʘʞʜʳʝ ʧʦʣʛʦʜʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʨʝʤʦʥʪʥʦʡ ʢʘʤʧʘʥʠʠ (ʨʝʤʦʥʪʥʘʷ ʢʘʤʧʘʥʠʷ ʜʣʠʪʩʷ  ʩʨʝʜʥʝʤ 4-5 ʥʝʜʝʣɹ); ʙʦӢʣɹ ʠhʡ 

ʦʙʲʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʣʦʢʘʤʠ ɺɺʕʈ (ʤʥʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʥʘʪʨʠʶ ʠ ʘʨʛʦʥʫ, ʙʘʩʩʝʡʥ ʚʳʜʝʨʞʢʠ). 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʇʉʕ-1 ʙʳʣ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʫʜʘʣʦʩʴ ʧʨʠʤʝʥʠʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʇʉʕ-2, ʯʪʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʝʣʠʯʠʥʘ 

ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʦʟʳ ʧʦ ʛʦʜʘʤ [5]. ɹʣʘʛʦʜʘʨʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʤʝʨʦʧʨʠʷʪʠʷʤ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʇʉʕ-1, ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʜʦʟʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʇʉʕ-2 ʥʝ 

ʧʨʝʚʳʰʘʝʪ 5ʤɿʚ, ʦʩʪʘʚʘʷʩʴ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʨʝʰʝʥʥʳʭ ʜʦʟ, ʩʦʛʣʘʩʥʦ [6], ʠ, ʥʝ ʧʨʝʚʳʰʘʷ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʠ ʢʦʥʪʨʦʣʴʥʳʡ ʫʨʦʚʥʠ ʦʙʣʫʯʝʥʠʷ. 
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Annotation. The work addresses the problem of reversible spectroscopy of PCR-8 material. 
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ʉʝʛʥʝʪʦʞʝʩʪʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʇʂʈ-8 [1] (ʇʂʈ-ʧʴʝʟʦʢʝʨʘʤʠʢʘ ʨʦʩʪʦʚʩʢʘʷ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʠʣʦʚʳʭ ʨʝʞʠʤʘʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʳʩʦʢʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʨʝʯʴ ʤʦʞʝʪ ʠʜʪʠ ʦʙ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʟʣʫʯʘʪʝʣʷʭ ʜʣʷ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʥʘʛʨʫʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʦʚʝʡʰʠʭ ʪʠʧʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʠ ʟʘʤʢʥʫʪʦʛʦ 

ʮʠʢʣʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʢ ʧʦʜʦʙʥʳʤ ʦʙʲʝʢʪʘʤ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ: ʝʤʢʦʩʪʠ 

ʠ ʪʨʫʙʦʧʨʦʚʦʜʳ ʦʙʦʠʭ ʢʦʥʪʫʨʦʚ ʦʭʣʘʞʜʝʥʠʷ, ʛʨʘʬʠʪʦʚʳʝ ʩʪʝʨʞʥʠ, ʩʠʩʪʝʤʳ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠ ʢʨʝʧʣʝʥʠʷ. ɺʩʝ ʵʪʠ ʫʟʣʳ ʦʧʨʝʜʝʣʷʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʦʚ, ʘ ʠʭ ʧʨʦʯʥʦʩʪʴ ʠʤʝʝʪ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʭʨʘʥʥʦʩʪʠ ʟʜʦʨʦʚʴʷ ʧʝʨʩʦʥʘʣʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʈʘʙʦʪʘʶʪ 

ʦʥʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʜʝʣʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠ ʨʝʟʠʩʪʠʚʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʠ ʵʪʦʤ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʢʪʠʚʥʳʭ 

ʩʨʝʜ ʢ ʫʩʣʦʚʠʷʤ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʫʩʣʦʚʠʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʢʨʘʪʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʧʦʩʪʨʦʠʪʴ ʘʜʝʢʚʘʪʥʳʝ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ 

ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʤʦʤʝʥʪʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʟʘʨʘʥʝʝ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ.  

ʅʘ ʵʪʦʤ ʬʦʥʝ ʫʩʠʣʠʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʨʝʚʝʨʩʠʚʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʘʢ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʝ ʚ ʭʦʜʝ ʧʨʷʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʠ ʥʘʢʦʧʠʪʴ 

ʥʝʦʙʭʦʜʠʤʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʨʠʪʠʯʝʩʢʘʷ ʤʘʩʩʘ 

ʢʦʪʦʨʳʭ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʜʦʣʞʥʘ ʧʨʠʚʝʩʪʠ ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʷʩʥʦʩʪʠ ʚ ʟʘʪʨʦʥʫʪʦʤ ʚʦʧʨʦʩʝ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʚʝʨʩʠʚʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʇʂʈ-8, ʧʦʜʚʝʨʛʥʫʪʦʛʦ, ʩ ʮʝʣʴʶ ʠʭ ʫʣʫʯʰʝʥʠʷ, ʚʦʟʜʝʡʩʪʚʠʶ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʢʠ ʤʝʭʘʥʦʘʢʪʠʚʠʨʫʶʱʠʭ (ʄɸ) ʧʨʦʮʝʜʫʨ [2]. ʆʩʥʦʚʥʳʝ ʵʬʬʝʢʪʳ,  
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ʢ ʢʦʪʦʨʳʤ ʦʥʠ ʧʨʠʚʦʜʷʪ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʟʤʝʣʴʯʝʥʠʠ ʧʦʨʦʰʢʦʚ, ʠʟʤʝʥʝʥʠʠ ʛʘʙʠʪʫʩʘ 

ʢʨʠʩʪʘʣʣʠʪʦʚ, ʥʘʢʦʧʣʝʥʠʠ ʚ ʥʠʭ ʜʝʬʝʢʪʦʚ, (ʪʦʯʝʯʥʳʭ, ʧʨʦʪʷʞʸʥʥʳʭ, ʜʝʬʦʨʤʘʮʠʦʥʳʭ) ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʫʩʠʣʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʚʝʱʝʩʪʚ ʢ ʩʣʝʜʫʶʱʝʡ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʨʠ ʩʧʝʢʘʥʠʠ  

ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʢʨʦʦʪʢʣʠʢʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʩʝʛʥʝʪʦʞʸʩʪʢʠʡ ʤʘʪʝʨʠʘʣ ʇʂʈ-8, 

ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ ʚʠʜʘ PbTiO3-PbZrO3-ɆnPbBô1-ŬBôôŬO3, ʛʜʝ n=2, 

Bô ʠ Bôô- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 5-ʪʠ ʠ 2-ʭ ʚʘʣʝʥʪʥʳʝ ʠʦʥʳ. ʄʘʪʝʨʠʘʣ ʧʦʣʫʯʝʥ ʜʚʫʭʩʪʘʜʠʡʥʳʤ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ ʧʨʠ Tʩʠʥʪ.1=1123 ʂ., Tʩʠʥʪ.2=1143 ʂ , Ű1,2=5 ʯʘʩ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
ʩʧʝʢʘʥʠʝʤ ʧʦ ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʜʠʩʧʝʨʩʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʧʝʨʝʜ ʩʧʝʢʘʥʠʝʤ ʧʨʦʮʝʜʫʨʝ ʄɸ ʚ ʪʝʯʝʥʠʝ 

(5é20) ʤʠʥ. 

ʄɸ ʧʨʦʚʦʜʠʣʠ ʚ ʰʘʨʦʚʦʡ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʤʦʣʘ 

ɸɻʆ-2 ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ çʅʦʚʠʮè (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). ʇʦʤʦʣ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʩʨʝʜʝ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ï 1050 ʦʙ./ʤʠʥ. 

ʀʟʤʝʨʝʥʠʷ ʨʝʚʝʨʩʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ  ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ (Ů/Ů0) 

ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʚ ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ ʫʩʪʘʥʦʚʢʝ, 

ʚʢʣʶʯʘʶʱʝʡ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʚʳʧʨʷʤʠʪʝʣʴ (ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ) ʜʣʷ ʧʣʘʚʥʦʡ 

ʧʦʜʘʯʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʦʪ 0 ʢɺ ʜʦ 4 ʢɺ), ʠʟʤʝʨʠʪʝʣʴ 

ʸʤʢʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʤʦʩʪ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ɽ-8/2), ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ, ʛʜʝ ʨʘʩʧʦʣʦʛʘʝʪʩʷ 

ʠʟʤʝʨʷʝʤʳʡ ʦʙʨʘʟʝʮ, ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʪʦʨʦʡ ʟʘʧʦʣʥʝʥʦ ʧʦʣʠʵʪʠʣʝʥʩʠʣʦʢʩʘʥʦʚʦʡ 

ʞʠʜʢʦʩʪʴʶ ʇʕʉ-5. ʆʙʨʘʟʝʮ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʦʜʢʣʶʯʝʥ ʢ ʠʩʪʦʯʥʠʢʫ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ʉ ʜʨʫʛʦʡ - ʢ ʠʟʤʝʨʠʪʝʣʶ ʸʤʢʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨʳ. 

ʀʟʤʝʨʝʥʠʷ ʸʤʢʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʯʝʨʝʟ (5õ10) ʤʠʥ. ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʦʙʨʘʟʮʝ. ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çKalipso v. 3.0.0.7è, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʚʝʨʩʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ LCR-ʤʝʪʨʘ Agilent 

4263B, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜ.ʬ.-ʤ.ʥ. ɸʥʜʨʶʰʠʥʳʤ ʂ. ʇ. (ʦʜʥʠʤ ʠʟ ʩʦʘʚʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ 

ʩʪʘʪʴʠ). ʇʨʦʛʨʘʤʤʘ [3] ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʸʤʢʦʩʪʠ ʠ ʪʘʥʛʝʥʩʝ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʘʩʪʦʪʳ 

((10
2
õ10

5
) ɻʮ) ʧʨʠʣʦʞʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

(Ů/Ů0) ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʘ ʇʂʈ-8, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʄɸ, ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů/Ů0) ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʤʘʪʝʨʠʘʣʘ ʇʂʈ-8, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʄɸ, ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʇʂʈ-8 ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʨʘʟʥʳʭ Ű, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʚʳʰʝʫʢʘʟʘʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠʩʧʦʣʴʟʫʝʤʦʤ ʥʘ ɸʕʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʕʉ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʪʫʨʙʦʫʩʪʘʥʦʚʦʢ  ɸʕʉ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɿʥʘʯʠʤʦʡ ʯʘʩʪʴʶ ʩʭʝʤ ʊʋ ɸʕʉ, ʦʢʘʟʳʚʘʶʱʝʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʥɻʝʨʛʦʙʣʦʢʘ, ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʩʝʧʘʨʘʮʠʠ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʧʘʨʘ. ʆʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʫʨʙʦʫʩʪʘʥʦʚʦʢ ɸʕʉ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʦʪʦʢ ʢʦʥʜʝʥʩʘʪʘ ʛʨʝʶʱʝʛʦ ʧʘʨʘ 

ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʩʝʧʘʨʘʮʠʠ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʤʦʞʝʪ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴʩʷ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: ʩʘʤʦʪʝʢʦʤ ʚ ʧʦʩʣʝʜʥʠʡ ʧʦ ʭʦʜʫ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʧʦʜʦʛʨʝʚʘʪʝʣʴ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʡ ʦʭʣʘʜʠʪʝʣʴ ʢʦʥʜʝʥʩʘʪʘ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ ï ʟʘʢʘʯʢʦʡ ʚ ʪʨʘʢʪ 

ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ. ʕʪʠ ʤʝʪʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʪʦʠʤʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʂɻʇ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʝʡ ʪʫʨʙʦʫʩʪʘʥʦʚʦʢ ɸʕʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʧʘʨʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʢʦʥʜʝʥʩʘʪ ʛʨʝʶʱʝʛʦ ʧʘʨʘ, ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʴ, ʧʦʜʦʛʨʝʚʘʪʝʣʴ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

 

 

STUDY OF THE EFFICIE NCY OF USE OF THERMAL POTENTIAL  

OF CONDENSATE OF HEATING STEAM OF STEAM SUPERHEATERS  

IN THE REGENERATIVE SCHEME OF NUCLEAR POWER PLANT  
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Abstract. Various technical solutions for the design of nuclear power plant turbine systems are the result of a 

constant search for ways to improve the efficiency of power generation. A significant component of a NPP's TP 

design, significantly impacting the efficiency and reliability of the power unit, is the steam separation and reheat 

system. Experience in the design and operation of NPP turbine installations shows that the highïpotential 

condensate flow of the heating steam of the second stage of superheaters of the separation and intermediate 

superheating systems can be disposed of in three ways: by gravity into the last high-pressure heater along the 

feedwater, through a special condensate cooler or by pumping into the feedwater tract. These methods differ in 

thermal efficiency, cost, and performance characteristics. The article examines the processes of heating feed water 

in various ways of using the thermal potential of the HSC superheaters of NPP turbine installations. 

Keywords: steam turbine unit, heating steam condensate, superheater, high-pressure heater, efficiency. 
 

ɼʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʪʨʝʙʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ ʚʳʷʚʣʝʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠ ʩʪʨʦʛʦʤ ʩʦʙʣʶʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  

ʚ ʈʦʩʩʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 17 ʵʥʝʨʛʦʙʣʦʢʦʚ ʩ ʨʝʘʢʪʦʨʘʤʠ ɺɺʕʈ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ 

1000 ʄɺʪ ʠ ʚʳʰʝ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʷʪʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ʕʪʠ ʙʣʦʢʠ ʦʩʥʘʱʝʥʳ 

ʪʫʨʙʠʥʘʤʠ ʢʘʢ ʪʠʭʦʭʦʜʥʦʛʦ ʪʠʧʘ (ɹʘʣʘʢʦʚʩʢʘʷ, ʈʦʩʪʦʚʩʢʘʷ, ʂʘʣʠʥʠʥʩʢʘʷ ɸʕʉ), ʪʘʢ  

ʠ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʪʠʧʘ (ʂʘʣʠʥʠʥʩʢʘʷ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ, ʅʦʚʦʚʦʨʦʥʝʞʩʢʘʷ ɸʕʉ). ʀʟ ʵʪʦʛʦ 

ʚʳʪʝʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʧʣʦʚʦʡ ʩʭʝʤʳ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ. ʆʜʠʥ ʠʟ 

ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʪʦʢʦʚ ʢʦʥʜʝʥʩʘʪʘ ʛʨʝʶʱʝʛʦ ʧʘʨʘ 

ʩʠʩʪʝʤʳ ʩʝʧʘʨʘʮʠʠ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʝʨʝʛʨʝʚʘ. [1] ʅʘ ʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʪʠʭʦʭʦʜʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ ʍʊɿ ʂ-1000-60/1500 ʠ ʝʝ ʤʦʜʠʬʠʢʘʮʠʷʭ, ʢʘʢ ʠ ʥʘ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ 

ʪʫʨʙʦʫʩʪʘʥʦʚʦʢ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʙʨʦʩ ʢʦʥʜʝʥʩʘʪʘ ʛʨʝʶʱʝʛʦ ʧʘʨʘ (ʂɻʇ) 

ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʦʩʣʝʜʥʠʡ ʧʦ ʧʦʪʦʢʫ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ 

ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʇɺɼ), ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʠʟʙʝʞʥʳʤʠ ʧʦʪʝʨʷʤʠ 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (ʨʠʩ. 1, ʘ). ʅʘ ʪʫʨʙʦʫʩʪʘʥʦʚʢʘʭ ʃʄɿ ʚ ʙʳʩʪʨʦʭʦʜʥʦʤ 

ʠʩʧʦʣʥʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ 

ʢʦʥʜʝʥʩʘʪʘ ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʷ ï ʝʛʦ ʟʘʢʘʯʢʘ ʚ ʪʨʘʢʪ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʟʘ 

ʧʦʜʦʛʨʝʚʘʪʝʣʝʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʇɺɼ). ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʥʜʝʥʩʘʪʥʳʡ 

ʛʠʜʨʦʪʫʨʙʠʥʥʳʡ ʥʘʩʦʩ (ʂɻʊʅ), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʅʇʆ ʎʂʊʀ (ʨʠʩ. 1, ʙ). ʅʘ ʥʝʤʝʮʢʠʭ 

ʪʫʨʙʦʫʩʪʘʥʦʚʢʘʭ KWU Konvoi, ʘ ʪʘʢʞʝ ʥʘ ʪʫʨʙʦʫʩʪʘʥʦʚʢʘʭ ɸʕʉ EPR-1750 (ʩʦʚʤʝʩʪʥʳʡ 

ʧʨʦʝʢʪ Siemens ʠ Areva) ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʠ ʪʝʧʣʘ ʢʦʥʜʝʥʩʘʪʘ ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʚʪʦʨʦʡ 
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ʩʪʫʧʝʥʠ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʷ (ʂɻʇ ʇʇ-2) ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʭʣʘʜʠʪʝʣʷ ʜʨʝʥʘʞʘ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʷ (ʆɼ-ʇʇ) (ʨʠʩ. 1, ʚ). [2] 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʧʦʩʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ ʂɻʇ ʇʇ2: ʘ ï ʩʦ ʩʙʨʦʩʦʤ ʚ ʇɺɼ; ʙ ï ʩ ʟʘʢʘʯʢʦʡ ʚ ʪʨʘʢʪ ʇɺ  

ʩ ʧʦʤʦʱʴʶ ʢʦʥʜʝʥʩʘʪʥʦʛʦ ʛʠʜʨʦʪʫʨʙʠʥʥʦʛʦ ʥʘʩʦʩʘ, ʚ - ʩʦ ʩʙʨʦʩʦʤ ʚ ʆɼ-ʇʇ 

 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʂɻʇ ʇʇ2 

ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʫʨʙʦʫʩʪʘʥʦʚʢʘʭ ɸʕʉ:  

- ʩʙʨʦʩ ʩʘʤʦʪʝʢʦʤ ʚ ʇɺɼ;  

- ʩʙʨʦʩ ʩʘʤʦʪʝʢʦʤ ʚ ʆɼ-ʇʇ;  

- ʟʘʢʘʯʢʘ ʚ ʪʨʘʢʪ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʭʝʤʘʭ ʪʝʧʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʧʦ ʢʦʤʧʦʥʦʚʢʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʂɻʇ ʇʇ2. 

ʇʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ ʂɻʇ ʇʇ2 ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚʳʧʦʣʥʠʪʴ ʠʭ ʩʨʘʚʥʝʥʠʝ. ʅʘʠʙʦʣʴʰʝʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʪʣʠʯʘʶʪʩʷ ʚʘʨʠʘʥʪʳ  

ʩ ʟʘʢʘʯʢʦʡ ʢʦʥʜʝʥʩʘʪʘ ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʷ (ʂɻʇ ʇʇ2) ʟʘ 

ʨʝʛʫʣʷʪʦʨ ʫʨʦʚʥʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ (ʈʋʇɻ). ɺ ʪʘʢʦʤ ʨʝʞʠʤʝ ʩʚʝʞʠʡ ʧʘʨ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ 

ʧʝʨʝʛʨʝʚʘ, ʧʝʨʝʜʘʸʪ ʚ ʧʘʨʦʪʫʨʙʠʥʥʳʡ ʮʠʢʣ ʪʦʣʴʢʦ ʪʝʧʣʦʪʫ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʦʩʪʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʨʦʢʘʯʢʫ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ  

ʚ ʥʘʛʨʝʚʘʪʝʣʴ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʙʨʦʩʦʤ ʚ ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʇɺɼ) ʧʨʠ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʝʨʚʦʛʦ ʦʪʙʦʨʘ (ʪʦ ʝʩʪʴ ʧʨʠ ʪʦʡ ʞʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ), ʨʘʟʥʠʮʘ ʚ ʯʠʩʪʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ  

2,2 ʄɺʪ. [3] 

 
ʊʘʙʣʠʮʘ 2 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʫʪʠʣʠʟʘʮʠʠ ʂɻʇ ʇʇ2 

ʉʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ ʢʦʥʜʝʥʩʘʪʘ ʛʨʝʶʱʝʛʦ 

ʧʘʨʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʷ 
ʀʟʤʝʥʝʥʠʝ ʯʠʩʪʦʡ ʤʦʱʥʦʩʪʠ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʄɺʪ 
ɿʘʢʘʯʢʘ ʟʘ ʨʝʛʫʣʷʪʦʨ ʫʨʦʚʥʷ ʇɻ: 

ʵʣʝʢʪʨʦʥʘʩʦʩʦʤ 

ʛʠʜʨʦʪʫʨʙʠʥʥʳʤ ʥʘʩʦʩʦʤ 

 

0,55 

0,45 

ɿʘʢʘʯʢʘ ʧʝʨʝʜ ʨʝʛʫʣʷʪʦʨʦʤ ʫʨʦʚʥʷ ʇɻ: 

ʵʣʝʢʪʨʦʥʘʩʦʩʦʤ  

ʛʠʜʨʦʪʫʨʙʠʥʥʳʤ ʥʘʩʦʩʦʤ (ʙʘʟʦʚʳʡ) 

 

 

0,36 

0,00 
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ʉʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ ʢʦʥʜʝʥʩʘʪʘ ʛʨʝʶʱʝʛʦ 

ʧʘʨʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʷ 
ʀʟʤʝʥʝʥʠʝ ʯʠʩʪʦʡ ʤʦʱʥʦʩʪʠ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʄɺʪ 
ʉʙʨʦʩ ʚ ʦʭʣʘʜʠʪʝʣʴ: 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʇɺ 

ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʧʝʨʚʦʤ ʦʪʙʦʨʝ 

 

- 0,56 

- 0,62 

ʉʙʨʦʩ ʚ ʇɺɼ: 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʇɺ 

ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʧʝʨʚʦʤ ʦʪʙʦʨʝ 

 

- 0,83 

- 1,71 

 

ɸʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʫʪʠʣʠʟʘʮʠʠ ʢʦʥʜʝʥʩʘʪʘ ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ 

ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ ʟʘʢʘʯʢʠ ʂɻʇ ʇʇ2  

ʚ ʪʨʘʢʪ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʟʘ ʈʋʇɻ ʠʣʠ ʜʦ ʥʝʛʦ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ 

ʛʠʜʨʦʪʫʨʙʠʥʥʦʛʦ ʥʘʩʦʩʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʩʭʝʤʝ 

ʧʘʨʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ɸʕʉ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ 

ʵʥʝʨʛʦʙʣʦʢʘ ʠ ʫʤʝʥʴʰʠʪʴ ʥʝʦʙʨʘʪʠʤʳʝ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʚ ʧʦʜʦʛʨʝʚʘʪʝʣʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʇɺɼ). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʦʜʥʦʡ ʠʟ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ɸʕʉ - ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ (ʊʆʠʈ) ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʕʉ. ʆʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ ʚ ʜʘʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʝʤʦʥʪʥʳʤʠ 

ʨʘʙʦʪʘʤʠ ʥʘ ɸʕʉ ʩʠʣʘʤʠ ʢʘʢ ʩʧʝʮʠʘʣʠʩʪʦʚ ɸʕʉ, ʪʘʢ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ/ʵʢʩʧʝʨʪʘʤʠ ʦʪʨʘʩʣʝʚʳʭ ʠ ʚʥʝʰʥʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ (ʚʢʣʶʯʘʷ ʤʝʞʜʫʥʘʨʦʜʥʳʝ).         

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ, ʟʥʘʥʠʷ, ʥʘʚʳʢʠ, ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ, ʧʨʘʢʪʠʢʠ 

ʧʝʨʩʦʥʘʣʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ. 
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Abstract. The presentation discusses the issue of ensuring nuclear safety in one of the functional areas of a nuclear 

power plant - the maintenance and repair (M&R) of nuclear power plant equipment. One of the most important 

aspects in this functional area is the process of monitoring the repair work at a nuclear power plant by both nuclear 

power plant specialists and representatives/experts from industry and external organizations (including international 

organizations).  

Keywords: Maintenance and repair, knowledge, skills, behavior patterns, staff practices, and restoration of the 

operational state of nuclear power plant components. 

 

ʇʨʝʜʧʦʩʳʣʢʦʡ ʩʦʟʜʘʥʠʷ ɺɸʆ ɸʕʉ ʷʚʠʣʘʩʴ ʘʚʘʨʠʷ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ  

ʚ 1986 ʛʦʜʫ. ʇʦʤʠʤʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʷ ʧʦʣʫʯʠʣʘ ʦʪʛʦʣʦʩʦʢ ʚʦ ʚʩʝʡ 

ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚ ʮʝʣʦʤ. ʆʥʘ ʚʳʥʫʜʠʣʘ ʦʧʝʨʘʪʦʨʦʚ ʧʝʨʝʦʮʝʥʠʪʴ ʧʨʦʙʣʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɸʕʉ ʠ ʟʘʜʫʤʘʪʴʩʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ʆʬʠʮʠʘʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ɺɸʆ ɸʕʉ ʙʳʣʦ ʧʨʦʚʦʟʛʣʘʰʝʥʦ ʥʘ ʫʯʨʝʜʠʪʝʣʴʥʦʡ ʘʩʩʘʤʙʣʝʝ 15 ʤʘʷ 1989 ʛʦʜʘ  

ʚ ʄʦʩʢʚʝ. 

ʄʠʩʩʠʷ ɺɸʆ ɸʕʉ - ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʳʰʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ɸʕʉ ʚʦ ʚʩʝʤ 

ʤʠʨʝ, ʧʨʠʣʘʛʘʷ ʩʦʚʤʝʩʪʥʳʝ ʫʩʠʣʠʷ ʜʣʷ ʦʮʝʥʢʠ, ʩʨʘʚʥʝʥʠʷ ʩ ʣʫʯʰʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ  

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ. 

ɺʠʜʝʥʴʝ ɺɸʆ ɸʕʉ ʠ ʝʸ ʦʨʛʘʥʠʟʘʮʠʠ- ʯʣʝʥʳ ʙʫʜʫʪ ʠʛʨʘʪʴ ʚʝʜʫʱʫʶ ʨʦʣʴ ʥʘ ʤʠʨʦʚʦʡ 

ʘʨʝʥʝ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʥʝʨʛʦʙʣʦʢʦʚ ɸʕʉ. 

ɻʣʘʚʥʦʝ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ɺɸʆ ɸʕʉ - ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʙʱʝʥʠʶ 

ʦʧʝʨʘʪʦʨʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʦʪʢʨʳʪʦʤʫ ʦʙʤʝʥʫ ʠʥʬʦʨʤʘʮʠʝʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʥʝ ʧʨʦʩʪʦ 

ʨʘʩʩʳʣʢʫ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʛʦ, ʯʪʦʙʳ ʥʫʞʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦʧʘʣʠ ʚ ʥʫʞʥʳʝ 

ʨʫʢʠ ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ. 

ʅʘʧʨʘʚʣʝʥʠʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ɺɸʆ ɸʕʉ-ʄʎ ʷʚʣʷʶʪʩʷ: 

- ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʧʣʦʱʘʜʢʘʭ ɸʕʉ/ʦʨʛʘʥʠʟʘʮʠʡ 

- ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ 

- ʈʘʟʚʠʪʠʝ ʦʪʨʘʩʣʝʚʦʛʦ ʣʠʜʝʨʩʪʚʘ ʠ ʢʦʤʧʝʪʝʥʮʠʡ 

- ʇʘʨʪʥʝʨʩʢʠʝ ʧʨʦʚʝʨʢʠ ʠ ʦʮʝʥʢʘ 

- ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʦʪʨʘʩʣʠ (ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ) 

- ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʠ ʨʘʙʦʪʘ ʩ ʤʦʣʦʜʝʞʴʶ 

- ʄʦʣʦʜʝʞʥʦʝ ʜʚʠʞʝʥʠʝ ɺɸʆ ɸʕʉ-ʄʎ 

- ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʎʝʣʠ ʜʝʡʩʪʚʠʷ ʠ ʧʨʦʮʝʩʩʘ. 

ɼʝʡʩʪʚʠʝ. ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʨʝʤʦʥʪʥʳʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ɸʕʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʥʠʪʦʨʠʥʛ 

ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ/ʜʝʡʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʪʘʥʮʠʠ.  

ʎʝʣʴ ʪʘʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ï ʚʦʚʨʝʤʷ ʚʳʷʚʠʪʴ çʧʨʦʙʣʝʤʫè/çʥʝʜʦʩʪʘʪʦʢè ʠ çʪʝʥʜʝʥʮʠʶè 

ʢ ʝʸ ʧʦʷʚʣʝʥʠʶ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠʥʷʪʴ ʧʨʘʚʠʣʴʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʠʣʠ ʫʩʪʨʘʥʠʪʴ çʨʠʩʢʠè.  

ʎʝʣʴ ʧʨʦʮʝʩʩʘ ï ʧʦʤʦʯʴ ɸʕʉ ʚʳʷʚʠʪʴ çʪʦʯʢʫ ʨʦʩʪʘè (ʆɼʋ, ʆʆɺ), ʢʦʪʦʨʘʷ ʠʤʝʝʪ  

ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʳʝ çʧʨʦʙʣʝʤʳè/çʥʝʜʦʩʪʘʪʢʠè/çʪʝʥʜʝʥʮʠʠè/çʨʠʩʢʠè. 

ʆʩʥʦʚʥʳʝ ʪʠʧʳ/ʚʠʜʳ ʥʘʙʣʶʜʝʥʠʡ/ʠʥʪʝʨʚʴʶ ʧʦ ʦʙʣʘʩʪʠ ʊʆʠʈ: 

1. ɸʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʊʆʠʈ: ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʟʘʚʝʨʰʝʥʥʳʭ ʨʘʙʦʪ, ʩʣʫʯʘʠ ʧʦʚʪʦʨʥʦʛʦ ʨʝʤʦʥʪʘ, ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʩ ʧʦʪʝʨʝʡ ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ, ʩʣʫʯʘʠ ʧʝʨʝʥʦʩʘ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʊʆʠʈ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʤʦʱʥʦʩʪʠ ʠ ʚʦ ʚʨʝʤʷ 

ʇʇʈ ʵʥʝʨʛʦʙʣʦʢʦʚ.  

2. ɸʥʘʣʠʟ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʨʘʙʦʪ ʧʦ ʊʆʠʈ, ʩ ʥʝʪʦʯʥʦʩʪʴʶ 
ʧʨʦʮʝʜʫʨ, ʥʝʧʨʘʚʠʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨ, ʧʦʧʘʜʘʥʠʝʤ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ, 

ʢʦʥʪʨʦʣʝʤ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʤ ʨʝʤʦʥʪʦʤ, ʟʘʧʘʩʥʳʤʠ ʯʘʩʪʷʤʠ; ʩʣʫʯʘʠ 

ʧʨʦʜʣʝʥʠʷ ʇʇʈ ʵʥʝʨʛʦʙʣʦʢʦʚ; ʧʝʨʝʯʝʥʴ ʧʨʦʪʝʯʝʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ; ʧʝʨʝʯʝʥʴ 

ʚʨʝʤʝʥʥʳʭ ʨʝʤʦʥʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. 
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3. ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʘʤʦʦʮʝʥʦʢ, ʧʣʘʥʦʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʠ/ʠʣʠ 

ʮʝʣʝʚʳʭ ʦʙʣʘʩʪʝʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʘʤʦʦʮʝʥʢʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤʠ ʚ ʊʆʠʈ. 

4. ʈʘʩʩʤʦʪʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ɸʕʉ. ʂʘʢ ʤʠʥʠʤʫʤ: ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ 
ʩʭʝʤʘ ʊʆʠʈ; ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ, ʚʳʧʦʣʥʷʶʱʠʤʠ ʊʆʠʈ ʠʣʠ 

ʬʫʥʢʮʠʠ; ʧʨʦʛʨʘʤʤʘ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʊʆʠʈ; ʩʪʘʥʜʘʨʪʳ ʠ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʊʆʠʈ, ʦʪʯʝʪʳ ʦ ʨʝʤʦʥʪʥʳʭ ʢʘʤʧʘʥʠʷʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʦʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ, ʧʨʠʤʝʥʝʥʠʶ ʠ ʩʦʙʣʶʜʝʥʠʶ ʧʨʦʮʝʜʫʨ, ʧʨʠʤʝʥʝʥʠʶ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʧʦʧʘʜʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ, 

ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪ ʩ ɻʇʄ. 

5. ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

6. ʇʨʦʚʝʜʝʥʠʝ ʠʥʪʝʨʚʴʶ ʩ ʧʝʨʩʦʥʘʣʦʤ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʊʆʠʈ, 
ʥʘʧʨʠʤʝʨ: ʩ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʊʆʠʈ, ʙʨʠʛʘʜʠʨʘʤʠ/ʤʘʩʪʝʨʘʤʠ, ʩʪʘʥʮʠʦʥʥʳʤ  

ʠ ʢʦʤʘʥʜʠʨʦʚʘʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʊʆʠʈ, ʣʠʮʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪ, 

ʣʠʮʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʢʚʘʣʠʬʠʢʘʮʠʶ ʧʝʨʩʦʥʘʣʘ, ʣʠʮʘʤʠ, 

ʧʦʜʛʦʪʘʚʣʠʚʘʶʱʠʤʠ ʜʦʢʫʤʝʥʪʘʮʠʶ ʊʆʠʈ, ʣʠʮʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʆʕ. 

7. ɸʥʘʣʠʟ ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʢʦʥʪʨʦʣʶ ʢʚʘʣʠʬʠʢʘʮʠʠ 
ʧʝʨʩʦʥʘʣʘ ʩʪʘʥʮʠʠ ʠ ʢʦʤʘʥʜʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʣʝʜʫʶʱʠʤ ʚʠʜʘʤ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ: 

- ʨʘʙʦʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʉɹ, ʉɺɹ; 

- ʨʘʙʦʪʳ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʟʦʥʝ (ɿʂɼ); 

- ʨʘʙʦʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ 

(ʊʊʆ); 

- ʨʘʙʦʪʳ ʩʦ ʚʩʢʨʳʪʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʇʇʇʇ); 

- ʨʘʙʦʪʳ ʥʘ ʚʳʩʦʪʝ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʕʊʆ; 

- ʢʦʤʧʣʝʢʩʥʳʝ ʨʘʙʦʪʳ, ʪʨʝʙʫʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ/ʩʣʫʞʙʘʤʠ. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʣʝʜʫʝʪ ʟʘʧʠʩʳʚʘʪʴ ʬʘʢʪʳ ʧʦ ʜʨʫʛʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʦʮʝʥʠʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ʇʨʦʚʦʜʠʪʴ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘʙʦʪʦʡ ʩʣʝʜʫʝʪ ʩ ʬʘʟʳ ʝʝ ʧʦʜʛʦʪʦʚʢʠ (ʧʦʜʛʦʪʦʚʢʘ ʤʝʩʪʘ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʠʥʩʪʨʫʢʪʘʞ ʧʝʨʝʜ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʨʘʙʦʪ). 

ɺʳʙʠʨʘʪʴ ʤʝʩʪʦ ʥʘʙʣʶʜʝʥʠʷ, ʯʪʦʙʳ ʭʦʨʦʰʦ ʚʠʜʝʪʴ ʠ ʩʣʳʰʘʪʴ, ʥʦ ʥʝ ʤʝʰʘʪʴ ʨʘʙʦʪʝ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʨʚʴʶ ʧʦʩʣʝ ʩʙʦʨʘ ʬʘʢʪʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʅʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʘʥʜʘʨʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ! ɽʩʣʠ ʨʘʙʦʪʥʠʢ ʜʝʣʘʝʪ ʯʪʦ-ʪʦ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʙʳʪʠʶ (ʥʘʨʫʰʝʥʠʶ ʚʠʜʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ) ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʩʧʝʨʪ/ʥʘʙʣʶʜʘʪʝʣʴ ʜʦʣʞʝʥ ʚʤʝʰʘʪʴʩʷ! 

ʕʪʘʧʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ: 

- ʇʦʜʛʦʪʦʚʢʘ. 

- ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ. 

- ɿʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ. 

- ʆʬʦʨʤʣʝʥʠʝ/ʟʘʧʠʩʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ.  

- ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ. ʆʙʩʫʞʜʝʥʠʝ. ʀʥʪʝʨʚʴʶ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

ɼʦʢʫʤʝʥʪʳ ɺɸʆ ɸʕʉ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʬʬʠʣʠʨʦʚʘʥʥʳʤʠ ʯʣʝʥʘʤʠ ɺɸʆ ɸʕʉ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʚʦʜʳ ʥʘ ʵʥʝʨʛʦʙʣʦʢʘʭ ˉ3,4 

ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ ʚ ʩʝʟʦʥ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʝ 

ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʛʨʘʜʠʨʝʥ ʚ ʢʦʥʪʫʨ ʦʭʣʘʞʜʝʥʠʷ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʚʦʜʳ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ɹʀɻ. 

ʇʨʦʚʝʜʝʥʠʝ ʙʘʣʘʥʩʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʩ ʮʝʣʴʶ ʧʦʢʘʟʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺɻ ʠ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʎʠʨʢʫʣʷʮʠʦʥʥʘʷ ʚʦʜʘ, ɹʀɻ, ɺʀɻ, ʚʪʦʨʦʡ ʢʦʥʪʫʨ, ʢʦʥʜʝʥʩʘʪʦʨʳ, ʦʭʣʘʞʜʝʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ. 
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FOR STORING REMOVABLE RCP COMPONENTS OF PWR  
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Abstract. The article addresses the problem of radioactive contamination of the primary circuit equipment of PWR 

reactors by corrosion products. It describes the mechanism of activation and transport of corrosion products, as well 

as provides characteristics of the main radionuclides formed during operation. A solution is proposed to reduce the 

radiation hazard associated with radioactive waste, in the form of a specialized container for washing and storing 

removable RCP components. The method for calculating the shielding thickness of the container using competing 

lines is described. 

Keywords:PWR, RCP, corrosion, corrosion deposits, primary circuit, radioactive contamination, competing lines 

method. 

 

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʚ ʩʝʟʦʥ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʵʥʝʨʛʦʙʣʦʢʝ ˉ3 

ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ, ʨʘʙʦʪʘʶʱʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʛʨʘʜʠʨʝʥ, ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɹʣʦʢ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʣʘʥʦʚʫʶ ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʶʛʝ 

ʈʦʩʩʠʠ. ʈʝʰʝʥʠʝ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʦʤʧʣʝʢʩʘ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʛʨʘʜʠʨʝʥ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʢʦʥʮʝʨʥʦʤ çʈʦʩʵʥʝʨʛʦʘʪʦʤè ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ. ʃʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ  

ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʧʨʝʚʳʰʘʝʪ 40 ÁC. ɺ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʦʚ, ʩ ʫʯʝʪʦʤ ʚʳʩʦʢʠʭ 

ʣʝʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʛʨʘʜʠʨʝʥ ʩʪʘʣʦ ʥʝʦʙʭʦʜʠʤʳʤ ʰʘʛʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʵʥʝʨʛʦʙʣʦʢʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʚ ʞʘʨʢʠʡ 

ʧʝʨʠʦʜ ʛʦʜʘ [4]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʛʨʘʜʠʨʥʠ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʵʥʝʨʛʦʙʣʦʢʦʚ ˉ3 ʠ ˉ4, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʩʥʦʚʥʳʝ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʛʨʘʜʠʨʥʠ. 

 ʉ ʤʦʤʝʥʪʘ ʚʚʝʜʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʦʤʧʣʝʢʩʘ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʛʨʘʜʠʨʝʥ ʜʣʷ 

ʵʥʝʨʛʦʙʣʦʢʘ ˉ3 ʚ 2021 ʛʦʜʫ, ʦʥʠ ʫʚʝʨʝʥʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ, ʨʘʙʦʪʘʷ ʵʬʬʝʢʪʠʚʥʦ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʪʨʝʭ ʩʝʟʦʥʦʚ. ʂʘʞʜʦʝ ʩʦʦʨʫʞʝʥʠʝ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 16 ʥʘ 16 ʤʝʪʨʦʚ, ʩʦʩʪʦʠʪ ʠʟ  

12 ʩʝʢʮʠʡ ʠ ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʩʭʦʜ ʦʭʣʘʞʜʘʝʤʦʡ ʚʦʜʳ ʥʘ ʫʨʦʚʥʝ 45000 ʤį/ʯ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʩʥʦʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʦʟʜʘʚʘʷ ʙʦʣʝʝ 
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ʱʘʜʷʱʠʝ ʫʩʣʦʚʠʷ ʝʛʦ ʨʘʙʦʪʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʫʩʪʨʦʡʩʪʚʦ  ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʛʨʘʜʠʨʥʠ. 

 

 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʛʨʘʜʠʨʥʠ  

ʇʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ ʧʨʦʭʦʜʠʪ, ʟʘ ʩʯʝʪ ʠʩʧʘʨʝʥʠʷ ʚ ʧʨʦʪʝʢʘʶʱʫʶ ʩʪʨʫʶ 

ʚʦʟʜʫʭʘ (ʪʨʘʥʩʧʦʨʪ ʤʘʩʩʳ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʪʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʪʝʧʣʦʪʳ 

ʠʩʧʘʨʝʥʠʷ), ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʚʦʜʥʦʡ ʩʪʨʫʠ, ʘ ʪʘʢʞʝ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʚʦʟʜʫʭʦʤ [1].  

 ʇʨʦʪʠʚʦʪʦʯʥʦʝ ʪʝʯʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʛʨʘʜʠʨʥʠ ʚʳʟʳʚʘʝʪʩʷ ʚʳʪʷʞʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʦʩʝʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʦʜʦʙʨʘʥʘ ʢ ʪʨʝʙʫʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʦʭʣʘʞʜʝʥʠʷ. ɺʝʥʪʠʣʷʪʦʨ ʫʩʪʘʥʦʚʣʝʥ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ, ʥʘ ʧʝʨʝʢʨʳʪʠʠ ʦʪʩʝʢʘ ʛʨʘʜʠʨʥʠ. 

ɺʦʟʜʫʭ ʚʪʷʛʠʚʘʝʪʩʷ ʚʥʫʪʨʴ ʦʪʩʝʢʘ ʯʝʨʝʟ ʚʭʦʜʥʳʝ ʦʢʥʘ, ʦʩʥʘʱʝʥʥʳʝ ʞʘʣʶʟʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʦʭʨʘʥʷʶʪ ʦʪ ʧʦʧʘʜʘʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ ʣʠʩʪʴʝʚ, ʘ ʪʘʢʞʝ 

ʦʪ ʨʘʟʙʨʳʟʛʠʚʘʥʠʷ ʦʭʣʘʞʜʘʝʤʦʡ ʚʦʜʳ ʚʥʝ ʛʨʘʜʠʨʥʠ. ɼʘʣʝʝ ʚʪʷʥʫʪʳʡ ʚʦʟʜʫʭ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʟʦʥʫ ʜʦʞʜʷ ʧʦʜ ʦʨʦʩʠʪʝʣʷʤʠ, ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴʥʦʝ ʟʘʧʦʣʥʝʥʠʝ, ʚ ʟʦʥʫ ʨʘʟʙʨʳʟʛʠʚʘʥʠʷ ʚʦʜʳ 

ʥʘʜ ʦʨʦʩʠʪʝʣʝʤ, ʘ ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʭʚʘʪ ʢʘʧʝʣʴ ʚʦʜʦʫʣʦʚʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪ 

ʧʦʪʝʨʶ ʚʦʜʳ ʠʟ-ʟʘ ʫʥʦʩʘ ʢʘʧʝʣʴ. ʇʦʜʦʛʨʝʪʳʡ ʠ ʫʚʣʘʞʥʝʥʥʳʡ ʚʦʟʜʫʭ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʚʝʥʪʠʣʷʪʦʨ, ʧʦʩʣʝ ʯʝʛʦ ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʨʘʟʨʝʟ ʢʦʨʧʫʩʘ ʚʝʥʪʠʣʷʪʦʨʘ ʚʳʜʫʚʘʝʪʩʷ,  

ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [3]. 

ʉʚʳʰʝ 32 ÁC ʚʚʦʜʷʪʩʷ ʚ ʨʘʙʦʪʫ ɺɻ ʧʦʦʯʝʨʝʜʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʠʥʩʪʨʫʢʮʠʝʡ ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʋʧʨʘʚʣʝʥʠʝ ɺʀɻ, ʟʘʧʦʨʥʦʡ ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  

ʩ ɹʇʋ.  

ɺʳʙʦʨ ʠ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʘʶʱʠʭ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʛʨʘʜʠʨʝʥ ʦʧʨʝʜʝʣʷʝʪʩʷ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʚʦʜʳ.  

ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʢʘʞʜʦʡ ʪʨʝʭʩʝʢʮʠʦʥʥʦʡ ʛʨʘʜʠʨʥʠ ʥʝ ʤʝʥʝʝ 1 ʯʘʩʘ. 

ʈʝʞʠʤ çʈʝʮʠʨʢʫʣʷʮʠʷè: ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʤʝʥʝʝ 5 ÁC. 

ʇʨʠ ʜʨʫʛʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʝʨʘʪʠʚʥʳʡ ʧʝʨʩʦʥʘʣ ʜʝʡʩʪʚʫʝʪ 

ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ. 
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ʈʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨ ʦʭʣʘʞʜʝʥʥʦʡ ʚʦʜʳ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʧʨʦʛʨʘʤʤʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ  

ʚ ʆɸʆ çɺʅʀʀɻ ʠʤ. ɹ.ɽ.ɺʝʜʝʥʝʝʚʘè [1] çʈʘʩʯʝʪ ʪʠʧʦʚʦʡ ʩʝʢʮʠʠ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʛʨʘʜʠʨʥʠè. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʦʚ ʚʢʣʶʯʘʝʪ ʩʦʚʤʝʩʪʥʳʡ ʪʝʧʣʦʚʦʡ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʛʨʘʜʠʨʥʠ, ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʝʥʪʠʣʷʪʦʨʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ (Gʚ ʤ
3
/ʩ) ʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʦʨʦʩʠʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ (Vʚ ʤ/ʩ).          

ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʧʦʣʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʛʨʘʜʠʨʥʠ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʫʤʤʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʛʨʘʜʠʨʥʠ: ʦʨʦʩʠʪʝʣʴʥʦʛʦ ʠ ʚʦʜʦʫʣʦʚʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʭʦʜʘ ʚʦʟʜʫʭʘ ʚ ʛʨʘʜʠʨʥʶ, ʧʦʚʦʨʦʪʘ ʚʦʟʜʫʭʘ  

ʚ ʦʨʦʩʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʚʦʜʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʛʨʘʜʠʨʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʬʨʘʛʤʝʥʪʦʚ ʵʪʠʭ 

ʫʩʪʨʦʡʩʪʚ [1].    

ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ [2] ʛʨʘʜʠʨʥʠ ʚʢʣʶʯʘʝʪ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʛʨʘʜʠʨʥʷʭ.  

ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʤʳ ʟʘʜʘʝʤʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʪʝʧʣʦʦʪʜʘʯʠ, ʤʘʩʩʦʦʪʜʘʯʠ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ ʛʨʘʜʠʨʥʠ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʩʦʦʪʜʘʯʠ ʠ ʪʝʧʣʦʦʪʜʘʯʠ ʦʨʦʩʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʦʤ ʩʪʝʥʜʝ.  

ɺ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʘʵʨʦʪʝʨʤʠʯʝʩʢʠʭ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʨʦʩʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʩʪʝʥʜʝ ʠʥʩʪʠʪʫʪʘ ʆɸʆ çɺʅʀʀɻ ʠʤ. ɹ.ɽ. ɺʝʜʝʥʝʝʚʘè [1].  

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʷʚʣʷʶʪʩʷ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʦʭʣʘʜʠʪʝʣʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʥʪʠʣʷʪʦʨʘ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ (ʦʙʱʠʡ ʨʘʩʭʦʜ 

ʦʭʣʘʞʜʘʝʤʦʡ ʚʦʜʳ, ʤ
3
 /ʯʘʩ), ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ (ȹt - ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʧʘʜ, 

ʦ
ʉ), ʧʘʨʘʤʝʪʨʳ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ - ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘʰʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʩ ʮʝʣʴʶ 

ʧʦʜʙʦʨʘ ʪʠʧʦʨʘʟʤʝʨʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʙʦʨ ʚʥʫʪʨʝʥʥʝʛʦ ʦʩʥʘʱʝʥʠʷ) ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʛʨʘʜʠʨʝʥ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ  

ʚ ʩʠʩʪʝʤʝ ʵʥʝʨʛʦʙʣʦʢʘ ˉ4 ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʯʝʪʳʨʝ 4-ʭ ʩʝʢʮʠʦʥʥʳʝ ʩʙʦʨʥʳʝ 

ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʛʨʘʜʠʨʥʠ ʉɺɻ-256-3. ʈʘʟʤʝʨ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʛʨʘʜʠʨʥʠ ʚ ʧʣʘʥʝ 16 ʭ 16 ʤ. 

ʂʘʞʜʘʷ ʩʝʢʮʠʷ ʦʩʥʘʱʝʥʘ ʚʝʥʪʠʣʷʪʦʨʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ Ï 8000 ʤʤ, ʤʦʱʥʦʩʪʴʶ 160 ʢɺʪ.  

ɺ ʛʨʘʜʠʨʥʷʭ ʧʨʠʤʝʥʠʪʴ ʦʨʦʩʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʆɼɻ-60/40 (1 ʷʨʫʩ) + ʆɼɻ-60/25 (2 ʷʨʫʩʘ) + 

ɺʉʉ-55-ʅɻ (1 ʷʨʫʩ), ʦʙʱʝʡ ʚʳʩʦʪʦʡ = 1,45 ʤ. 

ɹʀɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʛʨʘʜʠʨʝʥ ʦʙʝʩʧʝʯʠʪ ʧʦʜʜʝʨʞʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʵʥʝʨʛʦʙʣʦʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɺɽʈʀʌʀʂɸʎʀʗ ʇʈʆɻʈɸʄʄʅʆʁ ʉʀʉʊɽʄʓ ISTAR ɼʃʗ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʀɿʄɽʅɽʅʀʗ ʀɿʆʊʆʇʅʆɻʆ ʉʆʉʊɸɺɸ 

ʗɼɽʈʅʆɻʆ ʊʆʇʃʀɺɸ ɺ ʇʈʆʎɽʉʉɽ ɺʓɻʆʈɸʅʀʗ 
 

ʂʨʘʚʮʦʚ ɺ.ɼ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ  çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

 ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʚʝʨʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ (ʇʉ) ISTAR(ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʘʥʩʤʫʪʘʮʠʠʡ ʚ ʨʝʘʢʪʦʨʘʭ ʠ ʪʦʧʣʠʚʥʳʭ ʮʠʢʣʘʭ) ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʠʟʤʝʥʝʥʠʷ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʛʦʨʘʥʠʷ ʚ ʨʘʤʢʘʭ ʨʝʘʢʪʦʨʥʦʡ ʢʘʤʧʘʥʠʠ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ 

ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 ʧʝʨʚʦʡ ʪʦʧʣʠʚʥʦʡ ʟʘʛʨʫʟʢʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʵʬʬʝʢʪʳ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʳ 

ʩʨʘʚʥʝʥʠʷ ʤʘʩʩ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠʟʦʪʦʧʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʛʦʨʘʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʜʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ISTAR, ʚʝʨʠʬʠʢʘʮʠʷ, ʚʳʛʦʨʘʥʠʝ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʨʝʘʢʪʦʨʥʘʷ ʢʘʤʧʘʥʠʷ. 

 

VERIFICATION OF THE ISTAR PROGRAM SYSTEM  FOR MODELLING CHANGE S 

IN ISOTOPIC COMPOSIT ION OF NUCLEAR FUEL DURING BURNUP 
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Abstract In this paper, the ISTAR software system (SS) (Integrated System for Transmutation Analysis of Reactors 

and Fuel Cycles) is verified for a non-stationary problem of changes in the isotopic composition of nuclear fuel 

during burnup over the course of a reactor campaign. The task was accomplished with the creation of a full-scale 

neutron physical model of VVER-1200 reactor core with the first fueling. Reactivity effects were investigated,  

a comparison of the masses of the most significant isotopes during burnup was carried out and the average 

deviations of these characteristics are presented. 

Keywords: ISTAR, verification, nuclear fuel burnup, reactor campaign. 

 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʟʘʜʘʯ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʛʦʨʘʥʠʷ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ (ʇʉ) 

ISTAR (ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʘʥʩʤʫʪʘʮʠʠʡ ʚ ʨʝʘʢʪʦʨʘʭ ʠ ʪʦʧʣʠʚʥʳʭ 

ʮʠʢʣʘʭ) [1], ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʨʝʘʢʪʦʨʘ ʪʠʧʘ ɺɺʕʈ-1200 [2]. ɼʘʥʥʘʷ ʇʉ ʩʦʟʜʘʥʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʪʨʫʢʪʫʨ ʩʠʩʪʝʤ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ (ʚʳʛʦʨʘʥʠʷ ʠʣʠ 

ʚʳʜʝʨʞʢʠ). ɺ ISTAR ʜʣʷ ʨʘʩʯʸʪʘ ʵʚʦʣʶʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʝʣʴ ʦʜʥʦʛʨʫʧʧʦʚʦʡ ʥʫʢʣʠʜʥʦʡ ʢʠʥʝʪʠʢʠ. ʇʉ ʠʟ ʨʘʩʯʝʪʘ ʧʨʦʛʨʘʤʤʳ MCNP5 ʠʩʧʦʣʴʟʫʝʪ 

ʜʣʷ ʢʘʞʜʦʡ ʟʦʥʳ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝʡʪʨʦʥʦʚ ʩ ʷʜʨʘʤʠ ʩʨʝʜʳ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʦʙʲʝʤʫ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. ʇʦʩʣʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʤʠʢʨʩʝʯʝʥʠʡ ʨʝʘʢʮʠʡ, 

ʠʩʧʦʣʴʟʫʷ ʜʚʝ ʧʝʨʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠ ʧʦʜʙʠʨʘʝʪʩʷ ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. ɺʧʦʩʣʝʜʩʪʚʠʠ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʦʥʳ ʷʜʝʨʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʟʦʪʦʧʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʰʘʛʝ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʩʫʪʦʢ ʥʘ ʰʘʛ ʚʳʛʦʨʘʥʠʷ. ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ISTAR ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ  

MCNP6 [3] 

mailto:Krawsov-046@yandex.ru
mailto:Krawsov-046@yandex.ru


36 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʝʨʚʦʡ 

ʪʦʧʣʠʚʥʦʡ ʟʘʛʨʫʟʢʠ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 ʠ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʚʳʛʦʨʘʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʪʝʯʝʥʠʝ ʨʝʘʢʪʦʨʥʦʡ ʢʘʤʧʘʥʠʠ ʚ ʧʨʦʛʨʘʤʤʘʭ ISTAR ʠ MCNP6. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ 

ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ ENDF/B-VII.0 ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 
ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʇʘʨʘʤʝʪʨ ISTAR-MCNP5 MCNP6 ʆʪʢʣʦʥʝʥʠʝ, % 

ʇʦʪʝʨʷ ʨʝʘʢʪʠʚʥʦʩʪʠ ʟʘ 

ʤʠʢʨʦʢʘʤʧʘʥʠʶ, % 
Ў

 

 

13.1 12.8 
 

2.3 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʟʤʥʦʞʝʥʠʷ ʥʘ 

ʥʘʯʘʣʦ/ʢʦʥʝʮ ʢʘʤʧʘʥʠʠ 

1.1583/1.0091 1.1588/1.0055 0.045/0.36 

ʄʘʩʩʘ 

ʥʫʢʣʠʜʦʚ 

ʥʘ ʢʦʥʝʮ 

ʢʘʤʧʘʥʠʠ 

Pu(239,240,241), 

ʢʛ  

340.6 / 88.4 / 41.9 333.0 / 87.9 / 40.3 3.2 / 0.7 / 4.0 

U(235,236,238), 

ʢʛ 

1156.5 / 155.9 / 74612.4 1150.0 / 157.3 / 74640.0 0.6 / 0.9 / 0.04 

ʈʘʚʥʦʚʝʩʥʘʷ ʤʘʩʩʘ Xe - 135, 

ʢʛ 

1.487e-02 1.429e-02 0.29 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʜʣʷ  

ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʧʦʪʝʨʷ ʨʝʘʢʪʠʚʥʦʩʪʠ ʟʘ ʤʠʢʨʦʢʘʤʧʘʥʠʶ, ʤʘʩʩʳ 

ʥʫʢʣʠʜʦʚ ʠ ʨʘʚʥʦʚʝʩʥʦʡ ʤʘʩʩʳ Xe135.  
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ (ɺʍʈ) ʥʘ 

ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʚʪʦʨʠʯʥʦʛʦ ʢʦʥʪʫʨʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɸʕʉ). 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʛʦ pH, ʧʨʠʤʝʩʝʡ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʛʨʫʟʦʢ. ʇʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ɺʍʈ ʜʣʷ 

ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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Abstract. The article is devoted to the analysis of the influence of water chemistry parameters on corrosion 

processes in secondary circuit heat exchangers of nuclear power plants (NPPs). The main mechanisms of material 

degradation under the influence of high pH, impurities and temperature loads are considered. Experimental data and 

recommendations for optimizing water chemistry to extend the service life of equipment are presented. 

Keywords: Nuclear power plants, water chemistry, materials, Ph, nuclear energy 

 

ʊʝʧʣʦʦʙʤʝʥʥʠʢʠ ʚʪʦʨʠʯʥʦʛʦ ʢʦʥʪʫʨʘ ɸʕʉ (ʥʘʧʨʠʤʝʨ, ʧʘʨʦʛʝʥʝʨʘʪʦʨʳ, ʧʦʜʦʛʨʝʚʘʪʝʣʠ) 

ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 300ÁC) ʠ ʜʘʚʣʝʥʠʷ. ʂʘʯʝʩʪʚʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

(ʚʦʜʳ) ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʢʦʨʨʦʟʠʠ ʠ ʦʪʣʦʞʝʥʠʡ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ 

ʨʠʩʢʘ: 

1. ɺʳʩʦʢʠʡ pH (9.0ï10.5) ï ʩʧʦʩʦʙʩʪʚʫʝʪ ʱʝʣʦʯʥʦʡ ʢʦʨʨʦʟʠʠ. 

2. ʇʨʠʤʝʩʠ (ʭʣʦʨʠʜʳ, ʩʫʣʴʬʘʪʳ, ʢʠʩʣʦʨʦʜ) ï ʫʩʢʦʨʷʶʪ ʣʦʢʘʣʴʥʫʶ ʢʦʨʨʦʟʠʶ. 

3. ʊʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ï ʧʨʦʚʦʮʠʨʫʶʪ ʢʦʨʨʦʟʠʶ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ 

(ʂʇʅ). 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ 

ʚʘʨʴʠʨʫʝʤʳʤ pH ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʤʝʩʝʡ. 

2. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ 

ʩʨʝʜʘʭ. 

3. ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ ʠ 

ʦʪʣʦʞʝʥʠʡ [1]. 

ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ: 
1. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ (ʧʦ ʟʘʢʦʥʫ ʌʘʨʘʜʝʷ): 

 

ὠ
Ὅz ὓ

ὲz Ὂ ”z
 

 

ʛʜʝ I ï ʪʦʢ ʢʦʨʨʦʟʠʠ; 

Mï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʤʝʪʘʣʣʘ, 

n ï ʚʘʣʝʥʪʥʦʩʪʴ, 

F ï ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ, 

ɟ ï ʧʣʦʪʥʦʩʪʴ. 

2. ʇʦʪʝʥʮʠʘʣ ʢʦʨʨʦʟʠʠ (ʫʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ): 

 

Ὁ Ὁ ÌÎ ̏̋̉̒
̃̏̒̒̓
) 

 

ʛʜʝ Ὁ ï ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ, 

a ï ʘʢʪʠʚʥʦʩʪʴ ʠʦʥʦʚ. 

1. ɺʣʠʷʥʠʝ pH ʥʘ ʢʦʨʨʦʟʠʶ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 

ʇʨʠ pH > 10 ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʧʘʩʩʠʚʠʨʫʶʱʝʛʦ ʩʣʦʷ Fe3O4, ʥʦ ʣʦʢʘʣʴʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ pH (ʥʘʧʨʠʤʝʨ, ʚ ʟʘʩʪʦʡʥʳʭ ʟʦʥʘʭ) ʧʨʠʚʦʜʷʪ ʢ ʪʦʯʝʯʥʦʡ ʢʦʨʨʦʟʠʠ (ʪʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1 - ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH (T = 250ÁC) [2] 

pH ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ, ʤʤ/ʛʦʜ 

9.0 0.012 

9.5 0.008 

10.0 0.005 

10.5 0.015 (ʠʟ-ʟʘ ʨʘʩʧʘʜʘ ʧʘʩʩʠʚʘʮʠʠ) 

 

2. ʈʦʣʴ ʧʨʠʤʝʩʝʡ 

ʍʣʦʨʠʜʳ (Cl
-
 ʠ ʢʠʩʣʦʨʦʜ (O2) ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪ ʢʦʨʨʦʟʠʶ: 

¶ ʇʨʠ (Cl>0.1 ʤʛ/ʢʛ ʠ O2>5 ʤʢʛ/ʢʛ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʤʝʜʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 

40%. 

¶ ʉʫʣʴʬʘʪʳ (Ὓὕ ) ʦʙʨʘʟʫʶʪ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʥʠʞʘʷ 

ʪʝʧʣʦʧʝʨʝʜʘʯʫ. 

ɺ ʟʦʥʘʭ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʘʞʝ ʤʘʣʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ O2 ʠ Cl
-
 

ʧʨʦʚʦʮʠʨʫʶʪ ʪʨʝʱʠʥʳ. ʂʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ KISCC ʜʣʷ 

ʩʪʘʣʠ 20ɻʃ [3]: 

KISCC=25 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ɺʍʈ: 
o ʇʦʜʜʝʨʞʘʥʠʝ pH ʚ ʜʠʘʧʘʟʦʥʝ 9.5ï10.0 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʝʪʫʯʠʭ ʘʤʠʥʦʚ 

(ʥʘʧʨʠʤʝʨ, ʤʦʨʬʦʣʠʥ). 

o ʉʥʠʞʝʥʠʝ O2 ʜʦ < 2 ʤʢʛ/ʢʛ ʟʘ ʩʯʝʪ ʜʝʘʵʨʘʮʠʠ ʠ ʛʠʜʨʘʟʠʥʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 

o ʈʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʠʤʝʩʝʡ ʤʝʪʦʜʦʤ ʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʚʪʦʨʠʯʥʦʛʦ ʢʦʥʪʫʨʘ ʥʘ 30ï50%. ʂʣʶʯʝʚʳʝ ʤʝʨʳ: ʢʦʥʪʨʦʣʴ pH, 

ʤʠʥʠʤʠʟʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʠʦʥʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ. 
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ɸʕʉ ʩ ʨʝʘʢʪʦʨʦʤ ɺɺʕʈ-1000 ʚ ʧʝʨʠʦʜ ʧʨʦʜʣʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. ʈʘʩʩʤʦʪʨʝʥ ʨʝʞʠʤ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʥʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʪʠʚʥʦʩʪʠ (ʄʕʈ) ʠ ʩʢʦʣʴʟʷʱʝʛʦ ʜʘʚʣʝʥʠʷ (ʉɼ). ʉ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ United Cycle ʚʳʧʦʣʥʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʞʠʤʘ ʠ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʜʘʚʣʝʥʠʷ (ʇɼ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʞʠʤ ʉɼ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʤʧʘʥʠʠ ʣʠʙʦ ʧʦʚʳʩʠʪʴ ʪʝʧʣʦʚʫʶ ʤʦʱʥʦʩʪʴ ʚ ʨʝʛʣʘʤʝʥʪʥʳʡ ʧʝʨʠʦʜ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʦ 2 ʤʣʥ ʨʫʙʣʝʡ ʥʘ ʢʘʤʧʘʥʠʶ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʂʇɼ 

ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ ʠ ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ. 
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Abstract. This paper investigates the potential for improving the economic efficiency of a VVER-1000 reactor 

power unit during the fuel cycle extension period. An operating mode involving the combined use of the Power 

Reactivity Coefficient (PRC) and the Sliding Pressure (SP) mode is considered. A comparative assessment of the 

proposed mode and the conventional Constant Pressure (CP) mode was performed using the United Cycle software 

package. It is established that the SP mode allows for an increase in the cycle length or an increase in thermal power 

during the nominal period, as well as an additional economic benefit of up to 2 million rubles per cycle due to the 

improvement in turbine efficiency and the reduction in auxiliary power consumption. 

Keywords: reactor, VVER-1000, campaign, power effect, temperature effect, steam generator, sliding pressure. 

 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʥʝʨʛʦʙʣʦʢʦʚ 

ɸʕʉ ʷʚʣʷʝʪʩʷ ʧʨʦʜʣʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ (ʂʀʋʄ), ʧʝʨʝʥʝʩʪʠ ʩʨʦʢʠ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʨʝʤʦʥʪʘ (ʇʇʈ) ʠ ʠʟʙʝʞʘʪʴ ʦʩʪʘʥʦʚʢʠ ʵʥʝʨʛʦʙʣʦʢʘ ʚ ʧʝʨʠʦʜʳ ʧʠʢʦʚʳʭ 

ʥʘʛʨʫʟʦʢ [1]. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʨʝʞʠʤʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʵʥʝʨʛʦʙʣʦʢ ʩʦʭʨʘʥʷʝʪ ʥʦʤʠʥʘʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʪʠʚʥʦʩʪʠ (ʊʕʈ) ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦ ʚʪʦʨʦʤ ʢʦʥʪʫʨʝ. ʉʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʝʨʝʚʦʜʦʤ ʪʫʨʙʠʥʳ ʚ ʨʝʞʠʤ ʩʢʦʣʴʟʷʱʝʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʚʣʝʥʠʝ ʧʝʨʝʜ ʢʣʘʧʘʥʘʤʠ 

ʥʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ʉʪʦʜʦʣʳ-ʌʣʶʛʝʣʷ, ʩʚʷʟʳʚʘʶʱʠʤ ʨʘʩʭʦʜ ʧʘʨʘ ʠ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʥʘ ʉʈʂ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘ ʵʥʝʨʛʦʙʣʦʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʄʕʈ ʠ ʊʕʈ ʧʨʠ 

ʧʣʘʚʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʩʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚʦ ʚʪʦʨʦʤ ʢʦʥʪʫʨʝ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʥʝʨʛʦʙʣʦʢʘ ɺɺʕʈ-1000 ʚ ʨʝʞʠʤʝ ʧʨʦʜʣʝʥʠʷ ʢʘʤʧʘʥʠʠ ʩʦ ʩʢʦʣʴʟʷʱʠʤ ʜʘʚʣʝʥʠʝʤ, ʦʮʝʥʢʘ 

ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʂʇɼ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ.  

ɺ ʧʨʦʛʨʘʤʤʝ United Cycle ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʡ ʩʭʝʤʳ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʥʝʡ ʧʨʦʮʝʩʩʳ, ʠ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʝ ʪʝʧʣʦʚʳʭ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʙʘʣʘʥʩʦʚ. 

ʀʟʚʝʩʪʥʘ ʧʨʦʙʣʝʤʘ ʚʳʩʦʢʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ  ʚʣʘʞʥʦʩʪʠ ʧʘʨʘ ʥʘ ʚʳʭʣʦʧʝ 

ʪʫʨʙʠʥʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʦʚʦʛʦ ʨʝʞʠʤʘ ʥʘ ʚʣʘʞʥʦʩʪʴ ʧʘʨʘ. ɼʣʷ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʨʝʞʠʤʘ (104% ʤʦʱʥʦʩʪʠ), ʚʣʘʞʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 12,47%.  

ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʞʠʤʘʭ, ʟʥʘʯʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʦʢʘʟʘʣʦʩʴ ʤʝʥʴʰʝ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʫʭʦʩʪʠ ʧʘʨʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʂʇɼ ʦʪʩʝʢʦʚ ʪʫʨʙʠʥʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʨʝʞʠʤ ʩʦ ʩʢʦʣʴʟʷʱʠʤ ʜʘʚʣʝʥʠʝʤ, ʢʘʢ ʤʠʥʠʤʫʤ, ʥʝ ʫʩʪʫʧʘʝʪ ʥʦʤʠʥʘʣʴʥʦʤʫ ʨʝʞʠʤʫ ʧʦ 

ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ (ʨʠʩ.1). 

 



40 

 
ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʘʨʘ ʥʘ ʚʳʭʣʦʧʝ ʪʫʨʙʦʘʛʨʝʛʘʪʘ 

 

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ ʚ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʟʘʢʦʥʳ ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʣʷ ʨʝʞʠʤʦʚ ʇɼ ʠ ʉɼ ʧʨʠ ʧʨʦʜʣʝʥʠʠ ʢʘʤʧʘʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʟʘʢʦʥʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʙʨʫʪʪʦ (ʨʠʩ. 2) 

 

 
ʈʠʩʫʥʦʢ 2 ïʉʨʘʚʥʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʨʦʜʣʝʥʠʷ ʢʘʤʧʘʥʠʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚ ʨʝʞʠʤʝ ʉɼ ʟʥʘʯʝʥʠʝ ʛʝʥʝʨʠʨʫʝʤʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʚʳʰʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʨʝʞʠʤʘ ʇɼ. 
ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʨʝʞʠʤʝ ʉɼ ʥʝʪ ʧʦʪʝʨʴ ʥʘ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʧʘʨʘ, ʪʘʢ ʢʘʢ 

ʩʪʦʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʠʝ ʢʣʘʧʘʥʳ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʳ, ʘ ʚ ʨʝʞʠʤʝ ʇɼ ʨʝʛʫʣʠʨʫʶʪ 

ʤʦʱʥʦʩʪʴ. 

ʇʨʠ ʩʥʠʞʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʙʣʦʢʘ ʚ ʨʝʞʠʤʝ ʧʨʦʜʣʝʥʠʷ ʢʘʤʧʘʥʠʠ ʩʦ 

ʩʢʦʣʴʟʷʱʠʤ ʜʘʚʣʝʥʠʝʤ ʜʘʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 15 

ʢʛʩ/ʩʤ
2 
(ʨʠʩ.3). 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʩʤʦʪʨ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʙʣʦʢʠʨʦʚʦʢ ʠ ʟʘʱʠʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʝʜʝʣʦʚ 

ʧʦ ʜʘʚʣʝʥʠʶ ʧʘʨʘ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʝ (ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ ʩʢʦʣʴʟʷʱʝʛʦ ʧʨʝʜʝʣʘ ʚʤʝʩʪʦ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ~ 64 ʢʛʩ/ʩʤĮ) ʠ ʧʨʝʜʝʣʦʚ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʟʘʚʦʜʦʤ-ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʪʫʨʙʠʥʳ, ʧʨʦʝʢʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ 

ʥʘʜʟʦʨʥʳʤʠ ʦʨʛʘʥʘʤʠ. 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʥʘ ʉʈʂ 

 

ɺʳʧʦʣʥʝʥ ʨʘʩʯʸʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʩʨʝʜʥʝʡ ʦʪʧʫʩʢʥʦʡ ʦʧʪʦʚʦʡ ʮʝʥʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 1,8 ʨʫʙ/(ʢɺʪĿʯ) ʚ ʥʝʠʟʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 4).  

 

 
ʈʠʩʫʥʦʢ 4 ï ʕʢʦʥʦʤʠʷ ʦʪ ʧʨʦʜʣʝʥʠʷ ʢʘʤʧʘʥʠʠ ʥʘ ʩʢʦʣʴʟʷʱʝʤ ʜʘʚʣʝʥʠʠ, ʥʘ ʦʜʥʫ ʢʘʤʧʘʥʠʶ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩʦʯʝʪʘʥʠʝ ʤʦʱʥʦʩʪʥʦʛʦ ʵʬʬʝʢʪʘ ʠ ʩʢʦʣʴʟʷʱʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʙʣʦʢʝ 

ɺɺʕʈ-1000 ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʚʳʨʘʙʦʪʢʫ ʧʨʠ ʧʨʦʜʣʝʥʠʠ ʢʘʤʧʘʥʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʡʩʪʚʫʶʱʠʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʟʘʜʝʡʩʪʚʫʝʪ ʣʠʰʴ ʤʦʱʥʦʩʪʥʦʡ ʵʬʬʝʢʪ. ʈʘʩʯʝʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʪʠʧʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʜʣʝʥʠʷ ʢʘʤʧʘʥʠʠ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ 

ɸʕʉ ʦʪ 10 ʜʦ 15 ʵʬʬʝʢʪʠʚʥʳʭ ʩʫʪʦʢ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʦʪ 1 ʜʦ 2 ʤʣʥ ʨʫʙʣʝʡ ʥʘ ʦʜʥʫ ʢʘʤʧʘʥʠʶ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ. 
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Abstract. This paper addresses the problem of analyzing data streams to obtain equipment reliability indicators.  

A software module for calculating failure rates was developed. Failures of equipment that can be used for risk-based 

maintenance and repair were calculated. 

      Keywords: valve, NPP, maintenance, repair, failure rate, risk-based maintenance, PSA. 
 

ʅʘ ʢʘʞʜʦʡ ɸʕʉ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʪʳʩʷʯʠ ʝʜʠʥʠʮ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʧʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʨʝʛʣʘʤʝʥʪʘʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤ 

ʦʪʨʘʩʣʝʚʳʤ ʩʪʘʥʜʘʨʪʦʤ ʉʊʆ 1.1.1.01.002.1995-2022, ʪʨʘʜʠʮʠʦʥʥʳʝ ʨʝʛʣʘʤʝʥʪʥʳʝ ʩʪʨʘʪʝʛʠʠ 

ʊʆʠʈ ʜʦʣʞʥʳ ʫʩʪʫʧʘʪʴ ʤʝʩʪʦ ʨʠʩʢ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ. ɼʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤ ʦʙʲʝʢʪʠʚʥʳʡ ʠ ʘʢʪʫʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʥʘʜʸʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʥʝ ʥʘ ʧʨʦʝʢʪʥʳʭ 

ʦʮʝʥʢʘʭ. 

ɺ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʝʞʠʪ ʨʘʩʯʝʪ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

1. ʕʤʧʠʨʠʯʝʩʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ï ʵʪʦ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʪʢʘʟʘ ʜʣʷ ʦʜʥʦʪʠʧʥʦʡ ʘʨʤʘʪʫʨʳ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʣʫʯʘʡʥʳʝ ʦʪʢʘʟʳ. 

2. ʇʘʨʘʤʝʪʨʳ ʪʨʝʥʜʘ ï ʵʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʨʘʙʦʪʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʪʨʝʥʜʘ ʥʘ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʪʢʘʟʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʮʝʩʩʘʭ ʩʪʘʨʝʥʠʷ, ʠʟʥʦʩʘ ʠ ʫʩʪʘʣʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʙʦʣʝʝ 4500 ʟʘʧʠʩʝʡ ʦ ʜʝʬʝʢʪʘʭ ʥʘ ʙʦʣʝʝ ʯʝʤ 

2500 ʝʜʠʥʠʮ ʦʙʦʨʫʜʦʚʘʥʠʷ ʅɺɸʕʉ 4-7 ʙʣʦʢʦʚ. ɼʘʥʥʳʝ ʙʳʣʠ ʧʦʜʝʣʝʥʳ ʥʘ ʛʨʫʧʧʳ ʧʦ ʥʦʤʝʨʫ 

ʙʣʦʢʘ, ʪʠʧʫ ʘʨʤʘʪʫʨʳ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʝʣ ʜʝʬʝʢʪ, ʠ ʧʦ ʚʠʜʫ ʩʘʤʦʛʦ ʜʝʬʝʢʪʘ. ɹʳʣ ʩʦʟʜʘʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʥʘ Python ʜʣʷ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʸʞʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʜʝʬʝʢʪʘʭ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʝ ʅɺɸʕʉ. 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʦʜʥʦʛʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʦʜʫʣʝʤ. ʅʘ 

ʥʸʤ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʟʘʧʦʨʥʳʭ ʚʝʥʪʠʣʝʡ 

ʙʣʦʢʘ ˉ 5 ʅɺɸʕʉ.  

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʛʨʘʬʠʢʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ: 

1. ʌʘʢʪʠʯʝʩʢʫʶ ʨʘʩʩʯʠʪʘʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ (ʪʦʯʢʠ). 

2. ɽʸ ʘʧʧʨʦʢʩʠʤʘʮʠʶ (ʣʠʥʠʷ ʪʨʝʥʜʘ), ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ. 
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3. ɺʝʨʭʥʶʶ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʛʨʘʥʠʮʫ. 

4. ʉʨʘʚʥʝʥʠʝ ʩ ʥʦʨʤʘʪʠʚʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʟ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

(ɺɸɹ) ʵʥʝʨʛʦʙʣʦʢʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʧʨʦʛʨʘʤʤʳ 

 

ɼʣʷ ʵʥʝʨʛʦʙʣʦʢʦʚ, ʚʚʝʜʸʥʥʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʉʉʉʈ, ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ 

ʘʨʤʘʪʫʨʳ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʵʥʝʨʛʦʙʣʦʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʳʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʪʢʘʟʦʚ ʩ ʥʘʨʘʙʦʪʢʦʡ, ʥʘʯʠʥʘʷ ʩ ʦʧʨʝʜʝʣʸʥʦʛʦ ʝʸ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 25-30 ʛʦʜʘʤ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʠʯʥʦʤʫ ʥʘʟʥʘʯʝʥʥʦʤʫ ʩʨʦʢʫ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʥʘʜʸʞʥʦʩʪʠ ʪʘʢʦʛʦ ʚʠʜʘ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʘʨʘʙʦʪʢʠ, ʥʝʩʸʪ ʮʝʥʥʦʩʪʴ ʚ ʩʚʝʪʝ ʨʘʟʚʠʪʠʷ çʞʠʚʦʛʦè ɺɸɹ, 

ʚʳʧʦʣʥʷʝʤʦʛʦ ʥʘ ɸʕʉ ʩ ʫʯʸʪʦʤ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʸ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ 
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Abstract. The paper delves into the intricacies of designing models for the long-term preservation of spent nuclear 

fuel assemblies (SNFAs) in the context of çwetè storage within the containment pool of a small-scale reactor 

facility. 

Keywords: wet storage pool, an analytical evaporation model, and a point model of a wet storage pool are all 

related concepts. 
 

ʈʝʘʢʪʦʨʳ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʩʝʛʦʜʥʷ ʧʨʠʦʙʨʝʪʘʶʪ ʢʣʶʯʝʚʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʢʘʢ ʛʠʙʢʦʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʧʦʣʘʛʘʪʴ ʧʨʦʛʨʘʤʤʦʡ ï ʪʨʝʥʘʞʝʨʦʤ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʜʠʥʘʤʠʢʠ ɹɺ ʥʘ ʙʦʣʴʰʠʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ (ʛʦʜʳ) ʩ ʫʯʝʪʦʤ 

ʩʮʝʥʘʨʠʷ ʟʘʛʨʫʟʢʠ ʠʣʠ ʚʳʛʨʫʟʢʠ ʆʗʊ, ʩʝʟʦʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ, ʨʝʞʠʤʦʚ ʦʩʫʰʝʥʠʷ ɹɺ. 

ʉʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʘʩʩʝʡʥʦʚ ʆʗʊ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʧʨʠʤʝʨʝ ɹʠʣʠʙʠʥʩʢʦʡ 

ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ (ɹʠɸʕʉ) ʜʦʩʪʠʛʘʝʪ 50 ʣʝʪ. ɿʘ ʩʯʝʪ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʚ ɹɺ ʥʘ ʫʨʦʚʥʝ 

500 ʪʦʥʥ, ʙʘʩʩʝʡʥʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʝʡ, ʠ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʛʨʝʚ 

ʠʣʠ ʦʭʣʘʞʜʝʥʠʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 5 ʩʫʪʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʘʩʣʝʚʳʭ ʢʦʜʦʚ 
ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ɹɺ ʚʳʟʳʚʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ ɺ ʦʪʨʘʩʣʝʚʳʭ ʢʦʜʘʭ (ʥʘʧʨʠʤʝʨ ʂʆʈʉɸʈ [1]) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʫʥʝʷʚʥʘʷ ʩʭʝʤʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʨʘʩʯʝʪʥʦʛʦ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ ʂʫʨʘʥʪʘ 

ʥʘ ʫʨʦʚʥʝ ʥʝ ʙʦʣʝʝ 0,5 ʩʝʢ. ʊʘʢʦʡ ʰʘʛ ï ʩʣʠʰʢʦʤ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. 

ʇʫʪʴ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ï ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʢʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

(ʚʦʜʳ) ʚ ɹɺ ʠ ʨʝʰʘʪʴ ʯʠʩʣʝʥʥʦ ʪʦʣʴʢʦ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʪʝʧʣʘ ʧʦ ʪʦʯʝʯʥʦʡ ʤʦʜʝʣʠ 

ʙʘʩʩʝʡʥʘ. ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʨʝʘʣʴʥʦ ʚ ɹɺ ʠʟʤʝʨʷʝʪʩʷ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ. 

ɼʣʷ ʩʪʘʥʮʠʡ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʠʟʢʠʝ ʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 

ʧʦʨʷʜʦʢ ʫʩʪʫʧʘʶʪ ʧʦʢʘʟʘʪʝʣʷʤ ʙʦʣʴʰʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ɸʕʉ ʩ ʨʝʘʢʪʦʨʘʤʠ ʪʠʧʘ ɺɺʕʈ ʠ ɹʅ. 
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ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʥʘʣʘ ɹʠɸʕʉ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 
ˏ̓

̍
, ʦʙʲʝʤʥʦʝ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ 200 
ˏ̓

̍
 ʠ ʥʘʛʨʫʟʢʘ ʥʘ ʟʝʨʢʘʣʦ ʠʩʧʘʨʝʥʠʷ ʥʝ ʙʦʣʝʝ 1500 

ˏ̓

̍
. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ, ʦʧʠʩʳʚʘʶʱʝʡ ʪʦʯʝʯʥʫʶ 

(ʠʥʪʝʛʨʘʣʴʥʫʶ) ʤʦʜʝʣʴ ʙʘʩʩʝʡʥʘ ʤʦʢʨʦʛʦ ʭʨʘʥʝʥʠʷ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʫʨʘʚʥʝʥʠʠ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ ʜʣʷ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ ʚ ʙʘʩʩʝʡʥʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʜʠʥʘʤʠʢʠ ʤʘʩʩʳ 

ʞʠʜʢʦʩʪʠ ʩ ʫʯʝʪʦʤ ʠʩʧʘʨʝʥʠʷ ʠʣʠ ʧʦʜʧʠʪʢʠ ɹɺ. ʀʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ: 

 

ὓϽὅϽ
Ὕ

Äʐ
ὡ ʐ 1 Ὧ ὛϽ4  Ὕ 

&,!'ρϽὋ̓̏ϽὅϽ4  Ὕ̓  ̏ &,!'ςϽὋ ϽὅϽ4  Ὕ ȟ
 

 

(1) 

ὓ ὓ Ὃ Ͻ† Ὃ Ͻ† &,!'ςϽὋ  (2) 

 

ʛʜʝ ὓ ï ʪʝʢʫʱʘʷ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ ʚ ʙʘʩʩʝʡʥʝ; 

ὅ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ; 

Ὕ ï ʪʝʢʫʱʘʷ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʝ; 

ʐ ï ʚʨʝʤʷ,  
Вὡ ʐ ï ʩʫʤʤʘʨʥʘʷ ʪʝʢʫʱʘʷ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚʩʝʭ ʆʊɺʉ; 

1 ï ʩʫʤʤʘʨʥʳʝ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʩ ʟʝʨʢʘʣʘ, ʚʢʣʶʯʘʷ ʠʩʧʘʨʝʥʠʝ ʠ ʢʦʥʚʝʢʪʠʚʥʳʡ ʥʘʛʨʝʚ 

ʚʦʟʜʫʭʘ; 

ВὯ ὛϽ4  Ὕ  ï ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʯʝʨʝʟ ʩʪʝʥʳ ʠ ʜʥʠʱʝ ʙʘʩʩʝʡʥʘ ʚ ʛʨʫʥʪ; 

&,!'ρϽὋ̓ Ͻ̏ὅϽ4  Ὕ̓  ̏ ï ʦʪʚʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ (ʊʆ); 

&,!'ρ = 0 ʠʣʠ1 ï çʢʣʶʯè ʟʘʧʫʩʢʘ-ʦʩʪʘʥʦʚʘ ʨʘʙʦʪʳ ʊʆ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʩʣʦʚʠʷʤ; 

&,!'ςϽὋ ϽὅϽ4  Ὕ  ï ʦʪʚʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʟʘ ʩʯʝʪ ʧʦʜʧʠʪʢʠ ʙʘʩʩʝʡʥʘ   ʭʦʣʦʜʥʦʡ 

ʚʦʜʦʡ; 

&,!'ς = 0 ʠʣʠ 1 ï çʢʣʶʯè ʟʘʧʫʩʢʘ ʠʣʠ ʦʩʪʘʥʦʚʘ ʩʠʩʪʝʤʳ ʧʦʜʧʠʪʢʠ ʙʘʩʩʝʡʥʘ (ʧʦ ʫʩʪʘʚʢʝ 

ʫʨʦʚʥʷ); 

Ὃ   ï ʨʘʩʭʦʜ ʠʩʧʘʨʝʥʠʷ; 

Ὃ  ï ʨʘʩʭʦʜ ʚʦʟʚʨʘʪʘ ʢʦʥʜʝʥʩʘʪʘ ʠʟ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʦ ʚ ʙʘʩʩʝʡʥ. 

 

ʋʨʘʚʥʝʥʠʷ 1 ʠ 2 ʨʝʰʘʶʪʩʷ ʯʠʩʣʝʥʥʦ ʧʦ ʷʚʥʦʡ ʩʭʝʤʝ ʩ ʰʘʛʦʤ 1 ʯʘʩ. ʄʦʱʥʦʩʪʴ 

ʦʩʪʘʪʦʯʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʆʊɺʉ PWR ʚ ʧʨʦʛʨʘʤʤʝ ORIGEN-S ʜʣʷ ʦʢʩʠʜʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʦʙʦʛʘʱʝʥʠʝʤ 

4% ʩ ʚʳʛʦʨʘʥʠʝʤ 35 
ːˏϽ̓̒̔̓

̓̏̎̎̔ ̓̏̐̌̉̃́
 [2] ʠ ʣʠʥʝʡʥʳʤ ʧʝʨʝʩʯʝʪʦʤ ʥʘ ʤʝʥʴʰʝʝ ʚʳʛʦʨʘʥʠʝ ʜʣʷ 

ɹʠɸʕʉ (12 ï 16
ːˏϽ̓̒̔̓

̓̏̎̎̔ ̓̏̐̌̉̃́
) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʘʩʩʫ ʪʦʧʣʠʚʘ ʊɺʉ ɹʠɸʕʉ.  

ʄʦʱʥʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʟʘʣʝ (ʥʘ ʚʭʦʜʝ ʚ ʙʘʩʩʝʡʥ). ʂʨʦʤʝ ʪʦʛʦ, ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʟʘ ʩʯʝʪ 

ʠʩʧʘʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʱʘʜʠ ʟʝʨʢʘʣʘ ʠʩʧʘʨʝʥʠʷ ʠ ʪʝʢʫʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʄʦʜʝʣʴ 

ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʦʜʥʦʤʝʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʪʝʯʝʥʠʷ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘʜ ʟʝʨʢʘʣʦʤ ʠʩʧʘʨʝʥʠʷ [3]. 

ʈʘʩʭʦʜ ʠʩʧʘʨʷʶʱʝʛʦʩʷ ʧʘʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʧʦ ʵʪʦʡ 

ʤʦʜʝʣʠ. ɺ ʫʨʘʚʥʝʥʠʝ 2 ʚʭʦʜʠʪ ʨʘʩʭʦʜ ʚʦʟʚʨʘʪ ʢʦʥʜʝʥʩʘʪʘ ʠʟ ʚʝʥʪʠʣʷʮʠʠ. ʕʪʘ ʚʝʣʠʯʠʥʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʥʦʩʪʴʶ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ɹɺ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ  

ʠ ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʣʘʛʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʪʷʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, 

ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʚ ʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʙʘʩʩʝʡʥʝ.  

ɺ ʫʨʘʚʥʝʥʠʠ 1 ʪʝʤʧʝʨʘʪʫʨʘ Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʝʥ ʙʘʩʩʝʡʥʘ ʩ ʫʯʝʪʦʤ 

ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ 1ï2 ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʜʠʥʘʤʠʢʘ ʚʦʜʳ  
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ʚ ɹɺ ɹʠɸʕʉ ʚ ʪʝʯʝʥʠʝ 25 ʣʝʪ. ʉʮʝʥʘʨʠʡ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ ʩʣʝʜʫʶʱʠʡ: ʨʘʚʥʦʤʝʨʥʘʷ 

ʟʘʛʨʫʟʢʘ ʙʘʩʩʝʡʥʘ ʟʘ 12 ʣʝʪ ʧʝʨʠʦʜʦʤ ʨʘʟ ʚ ʢʚʘʨʪʘʣ ʤʝʞʜʫ ʟʘʛʨʫʟʢʘʤʠ. ʍʨʘʥʝʥʠʝ ʆʗʊ ʚ 

ʪʝʯʝʥʠʝ 10 ʣʝʪ. ɿʘʪʝʤ ʧʦʣʥʘʷ ʨʘʟʛʨʫʟʢʘ ʙʘʩʩʝʡʥʘ (ʩ ʚʳʚʦʟʦʤ ʩʦ ʩʪʘʥʮʠʠ). ʉʫʤʤʘʨʥʘʷ 

ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʆʊɺʉ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʮʝʥʘʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʆʊɺʉ ʚ ɹɺ 

 

ʇʨʠ ʪʘʢʦʤ ʩʮʝʥʘʨʠʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ɹɺ ʩʦʩʪʘʚʠʪ 55ᴈ ,  

ʘ ʤʠʥʠʤʘʣʴʥʘʷ 12ᴈ . ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ɹɺ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ɹɺ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʤʝʜʣʝʥʥʦʡ ʟʘʛʨʫʟʢʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʦʩʥʦʚʥʘʷ ʤʦʱʥʦʩʪʴ ʦʪʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ 

ʠʩʧʘʨʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʝ ʚʝʥʪʠʣʷʮʠʠ ʚ ɹɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʘʪʴ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʧʦʨʷʜʢʘ 15 ʤʠʥʫʪ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ) 25 ʣʝʪ ʜʠʥʘʤʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʝ. ʇʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʦʡ ʠ ʧʨʦʩʪʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʟʙʳʪʦʯʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʴʶ  

ʚ ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʪʠʧʘ ɺɺʕʈ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʢʘʤʧʘʥʠʠ. ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

Serpent ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʊɺʉ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000 ʩ ʪʚʵʣʘʤʠ, ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʢʦʪʦʨʳʭ 

ʛʝʪʝʨʦʛʝʥʥʦ ʨʘʟʤʝʱʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʳʛʦʨʘʶʱʠʝ ʧʦʛʣʦʪʠʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʵʨʙʠʷ, ʛʘʜʦʣʠʥʠʷ, ʝʚʨʦʧʠʷ, ʛʘʬʥʠʷ). ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʦʛʣʦʪʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ 

ʠʭ ʘʢʩʠʘʣʴʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʧʦ ʚʳʩʦʪʝ ʪʚʵʣʘ, ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʝ, 

ʩʨʝʜʥʠʡ ʪʝʤʧ ʧʦʪʝʨʠ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʛʦʨʘʶʱʠʝ ʧʦʛʣʦʪʠʪʝʣʠ, ʪʝʧʣʦʚʳʜʝʣʷʶʱʘʷ ʩʙʦʨʢʘ, ɺɺʕʈ-1000, ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʡ 

ʨʘʩʯʸʪ, Serpent, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ, ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ. 
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Abstract. The paper discusses the actual problem of managing excess reactivity in the core of VVER-type  

nuclear reactors during the initial stage of operation. The Serpent software package models the fuel assemblies  

of a VVER-1000 reactor, which contain fuel rods with various burn-up absorbers based on rare earth oxides 

(erbium, gadolinium, europium, and hafnium). The influence of different absorber configurations, including axial 

profiling, on the infinite coefficient of multiplication, the average reactivity loss rate, the multiplication coefficient, 

and energy release distribution is examined. 

Keywords: burnable absorbers, fuel assembly, VVER-1000, neutron physics calculation, Serpent, multiplication 

factor, reactivity control, profiling. 

 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʦʤ ʨʝʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. ʕʪʦʪ ʟʘʧʘʩ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʵʬʬʝʢʪʦʚ, ʩʥʠʞʘʶʱʠʭ ʨʝʘʢʪʠʚʥʦʩʪʴ: ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʥʘʢʦʧʣʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʨʘʚʣʝʥʠʷ Xe-135, Sm-149) ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʘ. ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʚ ʨʝʘʢʪʦʨʘʭ ɺɺʕʈ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ ʞʠʜʢʦʩʪʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ï ʨʘʩʪʚʦʨʝʥʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ [1, 2]. 

ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ: 

1. ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʣʦʪʥʦʩʪʥʦʡ ʵʬʬʝʢʪ ʨʝʘʢʪʠʚʥʦʩʪʠ [1]; 

2. ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʪʦʧʣʠʚʦ ʧʦʚʳʰʝʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ: ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 
ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʤʧʘʥʠʠ (ʜʦ 24 ʤʝʩʷʮʝʚ) ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʠʡ ʥʘʯʘʣʴʥʳʡ ʟʘʧʘʩ ʨʝʘʢʪʠʚʥʦʩʪʠ, 

ʯʪʦ ʚʝʜʝʪ ʢ ʚʳʩʦʢʦʡ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʨʘ ʠ ʫʩʣʦʞʥʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʠ [2]; 
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3. ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʥʝʡʪʨʦʥʦʚ ʙʦʨʦʤ, ʯʪʦ 
ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ. 

ʇʦʤʠʤʦ ʙʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʙʳʪʦʯʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʛʣʦʱʘʶʱʠʝ ʩʪʝʨʞʥʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘʱʠʪʳ (ʉʋɿ). ʆʜʥʘʢʦ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʟʘʧʘʩʘ ʥʝʵʬʬʝʢʪʠʚʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦʟʜʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥʳ ʧʫʪʠ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʫʪʸʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʛʦʨʘʶʱʠʭ ʧʦʛʣʦʪʠʪʝʣʝʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʦʧʣʠʚʥʫʶ 

ʤʘʪʨʠʮʫ ʠʣʠ ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʩʪʝʨʞʥʝʡ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʠʥʪʝʥʩʠʚʥʦ 

ʧʦʛʣʦʱʘʶʪ ʥʝʡʪʨʦʥʳ ʚ ʥʘʯʘʣʝ ʢʘʤʧʘʥʠʠ, ʘ ʧʦ ʤʝʨʝ ʚʳʛʦʨʘʥʠʷ ʠʭ ʷʜʝʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ 

ʧʦʛʣʦʱʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʤʝʥʴʰʘʶʪʩʷ, ʚʳʩʚʦʙʦʞʜʘʷ ʨʝʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʚʳʛʦʨʘʶʱʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʦʢʩʠʜ ʵʨʙʠʷ (Er2O3), ʦʢʩʠʜ ʛʘʜʦʣʠʥʠʷ (Gd2O3), ʦʢʩʠʜ 

ʝʚʨʦʧʠʷ (Eu2O3) ʠ ʛʘʬʥʠʷ [2, 5]. 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʦʛʣʦʪʠʪʝʣʝʡ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ: ʛʘʜʦʣʠʥʠʡ 

ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʩʝʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʚʵʛʘʭ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʘʧʘʩʘ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʛʦʨʘʝʪ. ʕʨʙʠʡ, ʝʚʨʦʧʠʡ ʠ 

ʛʘʬʥʠʡ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʛʣʦʪʠʪʝʣʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʨʝʘʢʪʦʨʥʦʡ ʢʘʤʧʘʥʠʠ, ʧʨʠʯʸʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ 

ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ [2]. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʳʛʦʨʘʶʱʠʭ ʧʦʛʣʦʪʠʪʝʣʝʡ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Serpent 2 [4] ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʊɺʉ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000 

(ʩʤ. ʨʠʩʫʥʦʢ 1), ʚ ʢʦʪʦʨʦʡ ʪʚʵʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʪʨʫʙʢʠ, ʚ 

ʢʦʪʦʨʳʭ ʚ ʢʦʣʴʮʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʜʠʫʩʘʤʠ (ʚʥʫʪʨʝʥʥʝʝ ʢʦʣʴʮʦ ʠ ʧʝʨʠʬʝʨʠʡʥʦʝ) [5] 

ʛʝʪʝʨʦʛʝʥʥʦ ʨʘʟʤʝʱʘʝʪʩʷ ʚʳʛʦʨʘʶʱʠʡ ʧʦʛʣʦʪʠʪʝʣʴ (ʵʨʙʠʡ, ʝʚʨʦʧʠʡ ʠʣʠ ʛʘʬʥʠʡ). ɼʘʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʪʚʵʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʯʪʦʙʳ ʠʟʫʯʠʪʴ, ʚʦʟʤʦʞʥʦ ʣʠ ʩʥʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚʳʛʦʨʘʶʱʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʚ ʊɺʉ ʜʣʷ ʦʜʠʥʘʢʦʚʦʛʦ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʫ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʥʘʯʘʣʝ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʪʚʵʣʦʚ ʩ ʨʘʟʥʳʤʠ ʚʳʛʦʨʘʶʱʠʤʠ ʧʦʛʣʦʪʠʪʝʣʷʤʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʦ ʚʝʣʠʯʠʥʘʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʪʝʤʧʘ ʧʦʪʝʨʠ ʨʝʘʢʪʠʚʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʧʝʨʝʯʥʳʡ ʩʨʝʟ ʤʦʜʝʣʠ ʊɺʉ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000 ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Serpent 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʤʝʱʝʥʠʷ 

ʚʳʛʦʨʘʶʱʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʛʦʤʦʛʝʥʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʚ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʝ 

ʵʣʝʤʝʥʪʳ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʢʦʣʝʮ ʚʳʛʦʨʘʶʱʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ ʚ ʪʚʵʣʝ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ 
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ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʩʦʭʨʘʥʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʵʣʦʚ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. 
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Abstract. The paper considers the problem of optimizing the fuel cellsô design from the perspective of a potential 

prolongation of the fuel campaign by bringing nuclear fuel burn-up closer to the tablet average and increasing the 

reserve working capacity of materials in a nuclear reactor. Using the example of the unit cell of the VVER-1200 

reactor, the distribution of energy emissions along the fuel element radius in the initial and profiled models was 

obtained by modeling in the Serpent PC, after which the effect of profiling on the thermal and hydraulic 

characteristics of the model was evaluated. 
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ʋʣʫʯʰʝʥʠʝ ʪʦʧʣʠʚʦʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʧʨʠʨʦʜʥʳʭ ʟʘʧʘʩʦʚ ʫʨʘʥʘ, ʘ ʪʘʢʞʝ  

ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʦʜʣʝʥʠʝ ʪʦʧʣʠʚʥʳʭ ʢʘʤʧʘʥʠʡ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ [1], ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʄʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ  

ʚ ʦʩʥʦʚʥʦʤ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʝʜʝʣʴʥʳʤ ʩʨʦʢʦʤ ʝʛʦ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʘ. ʆʙʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʘ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʥʘ ʧʝʨʠʬʝʨʠʠ ʪʦʧʣʠʚʥʦʡ 

ʪʘʙʣʝʪʢʠ, ʢʦʪʦʨʦʝ ʜʣʷ ʨʝʘʢʪʦʨʘ ʪʠʧʘ ɺɺʕʈ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʝ ʧʨʠʤʝʨʥʦ ʚ 2,5 ʨʘʟʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʪʦʧʣʠʚʥʦʡ ʪʘʙʣʝʪʢʝ [2], ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʧʨʝʜʝʣʴʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʚʵʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʳʛʦʨʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʣʷʱʠʭʩʷ ʷʜʝʨ ʧʦ ʦʙʲʸʤʫ 

ʪʦʧʣʠʚʥʦʡ ʪʘʙʣʝʪʢʠ (ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ) [3], ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʪʚʵʣʘ 

ʨʘʥʝʝ ʥʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʇʂ Serpent [4] ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʡ 

ʨʘʩʯʸʪ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 ʩ ʨʘʟʙʠʝʥʠʝʤ ʪʦʧʣʠʚʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʥʘ 

ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʩʣʦʸʚ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ 

ʨʘʜʠʘʣʴʥʦʤ ʧʨʦʬʠʣʝ ʚʳʛʦʨʘʥʠʡ, ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʘ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʡ ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ [5]. ʇʨʠ ʵʪʦʤ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʷʭ ʠʤʝʝʪ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ, ʧʨʠʯʸʤ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʦʧʣʠʚʘ ʚʩʸ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ ʩʤʝʱʘʝʪʩʷ ʥʘ ʧʝʨʠʬʝʨʠʶ (ʩʤ. ʨʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ ʚ ʪʚʵʣʝ ʜʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ (ʘ) ʠ ʧʦʩʣʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ (ʙ) 

 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʥʘ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʇʂ Ansys 

ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʦ ʠ 

ʧʦʩʣʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʥʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʝʸ ʨʘʟʙʠʝʥʠʝ ʥʘ 
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ʩʣʦʠ, ʧʦʩʢʦʣʴʢʫ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠʙʣʠʞʸʥʥʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʦʜʠʥʘʢʦʚʳʤʠ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ ʪʚʵʣʘ. ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ ʚ ʤʦʜʝʣʠ ʟʘʜʘʶʪʩʷ ʚ ʚʠʜʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ ʧʦ ʨʘʜʠʫʩʫ 

ʪʦʧʣʠʚʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪʘʤ ʮʝʥʪʨʦʚ ʨʘʜʠʘʣʴʥʳʭ ʩʣʦʸʚ, ʟʘʜʘʶʪʩʷ 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ  

ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʢʘʭ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʟʘʜʘʥʦ ʧʫʪʸʤ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʚ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʩʣʦʷʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʦʪʷ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ 

ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʥʘʯʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʢʘʤʧʘʥʠʠ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʦʣʦʯʢʠ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʢʨʫʛ ʪʚʵʣʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʣʷʱʠʭʩʷ ʷʜʝʨ ʧʦ ʨʘʜʠʫʩʫ 

ʪʦʧʣʠʚʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʙʦʨʴʙʳ ʩ ʠʟʙʳʪʦʯʥʳʤ ʚʳʛʦʨʘʥʠʝʤ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʝʘʢʪʦʨʘ 

ʪʠʧʘ ɺɺʕʈ-1200. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʡ ʚ ʤʦʜʝʣʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈɹ-166-20 ʙʳʣʘ ʚʚʝʜʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 

ʨʝʘʣʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩ ʫʯʝʪʦʤ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʧʨʠ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʧʨʦʝʢʪʥʳʭ ʘʚʘʨʠʡ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʬʝʜʝʨʘʣʴʥʳʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ 

ʅʇ-001-15 ʠ ʩʣʝʜʫʝʪ ʤʠʨʦʚʦʡ ʪʝʥʜʝʥʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʟʘʧʨʦʝʢʪʥʳʭ ʘʚʘʨʠʡ ʥʘʨʷʜʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʝʡ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʚʘʞʥʳʭ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ ʦʮʝʥʢʠ 

ʤʦʜʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ʤʘʩʩʳ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʮʠʨʢʦʥʠʷ, ʥʘ 

ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʟʘʜʘʯʝ QUENCH-06 ʜʣʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ʉʆʂʈɸʊ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ çʧʦʨʦʛʦʚʦʛʦ ʵʬʬʝʢʪʘè ʚ ʚʠʜʝ 

ʦʢʠʩʣʝʥʠʷ ʪʝʩʪʦʚʦʡ ʩʙʦʨʢʠ ʚ ʠʥʪʘʢʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʣʠʙʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʨʘʩʧʣʘʚʘ ʚ ʤʝʞʪʚʵʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ çʧʦʨʦʛʦʚʳʡ ʵʬʬʝʢʪè ʩʚʷʟʘʥ  

ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʫʩʪʘʥʦʚʢʝ QUENCH-06. ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʭʦʜʘ 

ʈɹ-166-20 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʘʧʨʦʝʢʪʥʦʡ ʘʚʘʨʠʠ çʙʦʣʴʰʘʷ 

ʪʝʯʴè ʩ ʥʘʣʦʞʝʥʠʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʝʩʪʦʯʠʚʘʥʠʷ ɸʕʉ ʩ ʨʝʘʢʪʦʨʦʤ ɺɺʕʈ-1000. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʧʨʠʤʝʨʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ ʥʘʠʣʫʯʰʝʡ ʦʮʝʥʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ 

ʤʘʩʩʳ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʚʥʫʪʨʠʢʦʨʧʫʩʥʦʡ ʩʪʘʜʠʠ ʘʚʘʨʠʠ. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʛʨʝʰʥʦʩʪʴ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʘʥʘʣʠʟ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʘʧʨʦʝʢʪʥʘʷ ʘʚʘʨʠʷ, ɺɺʕʈ. 

https://doi.org/10.1051/epjn/2024031%20(дата


52 

APPLICATION OF THE R B-166-20 APPROACH TO THE CALCULATION  

OF BEYOND DESIGN BASIS ACCIDENT LARGE BR EAK LOCA  

WITH STATION BLAKOUT  AT VVER -1000 

 

Ryzhov N.I.
 
, Kiselev A.E.

 
 

Nuclear Safety Institute, Moscow, Russian Federation 

rni@ibrae.ac.ru 

  
Abstract. The RB-166-20 safety guide introduced a methodology for obtaining a realistic estimate, taking into 

account errors and uncertainties, in the deterministic safety analysis of beyond-design-basis accidents. It allows for 

meeting the requirements of federal rules and regulations NP-001-15 and follows the global trend of performing 

uncertainty analysis when modeling beyond-design-basis accidents, along with using a realistic approach to obtain 

the best estimate of safety-important parameters. This paper demonstrates the estimation of the modeling error of the 

mass of hydrogen produced during zirconium oxidation, using the QUENCH-06 validation problem for the 

SOCRAT code. It was found that with the given technological uncertainties of the experiment, a ñcliff edge effectò 

can occur in the form of the test assembly oxidizing in intact geometry or with the presence of melt in the inter-rod 

space. Additional sensitivity analysis showed that the ñcliff edge effectò is related to the uncertainty in measuring 

electrical power at the QUENCH-06 facility. The application of the RB-166-20 approach is demonstrated using the 

example of a deterministic analysis of a beyond-design accident, a large break loss of coolant with the simultaneous 

station blackout with a VVER-1000 reactor. This example demonstrates how to obtain the best estimate and 

corresponding uncertainty for the mass of hydrogen released during the in-vessel stage of an accident. 

Keywords: error, uncertainty, safety assessment, beyond design basis accidents, VVER. 
 

ɺ 2020 ʛ. ʈʦʩʪʝʭʥʘʜʟʦʨ ʚʚʸʣ ʚ ʜʝʡʩʪʚʠʝ ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈɹ-166-20, 

ʢʦʪʦʨʦʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʪ ʤʝʪʦʜʦʣʦʛʠʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ, ʚʘʞʥʦʛʦ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ, ʚ ʯʘʩʪʠ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʟʘʧʨʦʝʢʪʥʳʭ ʘʚʘʨʠʡ. ʇʦʣʫʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʦʞʠʜʘʝʤʦʛʦ (ʥʘʠʣʫʯʰʝʡ, ʨʝʘʣʠʩʪʠʯʥʦʡ 

ʦʮʝʥʢʠ) ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʶ ʌʝʜʝʨʘʣʴʥʳʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʅʇ-001-

15 ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʣʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʟʘʧʨʦʝʢʪʥʳʭ ʘʚʘʨʠʡ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ, ʟʘʣʦʞʝʥʥʘʷ ʚ ʈɹ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʦʡ ʜʣʷ 

ʕɺʄ ʠ ʤʦʜʝʣʴʶ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɺʚʝʜʝʥʥʳʝ ʚ ʈɹ-166-20 ʪʝʨʤʠʥʳ çʧʦʛʨʝʰʥʦʩʪʴè  

ʠ çʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴè ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʯʝʪʘ ʦʩʥʦʚʘʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʧʦʣʴʟʫʝʤʳʭ  

ʚ ʤʝʪʨʦʣʦʛʠʠ ʪʝʨʤʠʥʘʭ [1], ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʘʥʘʣʠʟʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʥʠʤ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʜʭʦʜʳ  

ʠ ʪʝʨʤʠʥʦʣʦʛʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤ. 

ʆʩʥʦʚʦʡ ʦʮʝʥʢʠ ʤʦʜʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ʷʚʣʷʝʪʩʷ ʚʘʣʠʜʘʮʠʷ [2] 

ʥʘ ʙʘʟʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʠʥʪʝʛʨʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʚʘʣʠʜʘʮʠʠ, 

ʧʨʠʥʷʪʦʡ ʜʣʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ʉʆʂʈɸʊ, ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ QUENCH-06. ɼʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʫʯʘʩʪʥʠʢʘʤʠ 

ʢʦʦʨʜʠʥʠʨʫʝʤʦʛʦ ʄɸɻɸʊʕ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ [3] ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪʘ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʘʥʘʣʠʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʪʷʞʝʣʳʭ 

ʘʚʘʨʠʡ ʥʘ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʨʝʘʢʪʦʨʘʭ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ 

ʧʝʨʝʛʨʝʪʦʡ ʩʙʦʨʢʠ ʠʤʠʪʘʪʦʨʦʚ ʪʚʵʣ ʨʝʘʢʪʦʨʘ ʩ ʚʦʜʦʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʟʘʧʘʜʥʦʛʦ ʜʠʟʘʡʥʘ 

(PWR) ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʤʝʨʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʘʚʘʨʠʝʡ ï ʧʦʚʪʦʨʥʳʡ ʟʘʣʠʚ ʘ.ʟ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʳ ʜʚʘ ʚʦʟʤʦʞʥʳʭ 

ʚʘʨʠʘʥʪʘ ʧʦʚʝʜʝʥʠʷ ʩʙʦʨʢʠ ʩ ʨʘʚʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʦʡ. ɺʦʟʤʦʞʥʦ ʩʦʭʨʘʥʝʥʠʝ 

ʠʥʪʘʢʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʣʶʜʝʥʠʷʤ,  

ʠ ʚʦʟʤʦʞʝʥ ʚʳʭʦʜ ʨʘʩʧʣʘʚʘ ʮʠʨʢʦʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʦʣʦʯʝʢ ʪʚʵʣ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ 

ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. ʇʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ çʧʦʨʦʛʦʚʳʡ ʵʬʬʝʢʪè.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʚʘʣʠʜʘʮʠʠ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʤʦʜʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ 

ʚʘʣʠʜʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʤʘʩʩʳ ʚʦʜʦʨʦʜʘ, ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʥʘ ʢʦʥʝʮ ʵʢʩʧʝʨʠʤʝʥʪʘ,  

ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ. ɼʘʥʥʳʝ ʦʮʝʥʢʠ ʫʯʠʪʳʚʘʶʪ ʢʘʢ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 
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ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʥʛʦʚʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʠ ʜʘʥʘ ʬʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʦʥʦʪʦʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʚʘʣʠʜʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ  

ʠ ʚʘʨʴʠʨʫʝʤʳʤʠ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʘʨʘʤʝʪʨ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

çʧʦʨʦʛʦʚʦʛʦ ʵʬʬʝʢʪʘè, ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʧʨʠʥʷʪʦʛʦ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘʜʸʞʥʦʩʪʠ ʩʠʩʪʝʤ [4]: 

 

Ὓ ᷿ Ὢ ὼ Ὢ ὼȿὊ Ὠὼ, 

 

ʛʜʝ Ὢ ὼ  ï ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ i-ʦʛʦ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, Ὢ ὼȿὊ  ï ʫʩʣʦʚʥʘʷ 

ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ i-ʦʛʦ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʘʩʯʝʪʘʤ ʩ çʧʦʨʦʛʦʚʳʤ ʵʬʬʝʢʪʦʤè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʙʦʨʢʠ ʩʚʷʟʘʥʦ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ 

ʣɻʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʮʝʥʢʠ ʤʦʜʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʚʘʣʠʜʘʮʠʠ,  

ʠ ʜʝʤʦʥʩʪʨʘʮʠʷ ʧʦʣʫʯʝʥʠʷ ʨʝʘʣʠʩʪʠʯʥʦʡ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘ, ʚʘʞʥʦʛʦ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ,  

ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʄɸɻɸʊʕ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʥʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʟʘʧʨʦʝʢʪʥʦʡ ʘʚʘʨʠʠ 

çʙʦʣʴʰʘʷ ʪʝʯʴ ʩ ʦʙʝʩʪʦʯʠʚʘʥʠʝʤè ʜʣʷ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ɺɺʕʈ-1000 [2]. ɸʥʘʣʠʟ 

ʚʳʧʦʣʥʝʥ ʧʦ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʕɺʄ ʉʆʂʈɸʊ ʠ ʦʛʨʘʥʠʯʝʥ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʚʳʭʦʜʘ ʚʦʜʦʨʦʜʘ 

ʯʝʨʝʟ ʪʝʯʴ ʚ ʛʝʨʤʝʪʠʯʥʦʝ ʦʛʨʘʞʜʝʥʠʝ ʥʘ ʚʥʫʪʨʠʢʦʨʧʫʩʥʦʡ ʩʪʘʜʠʠ ʘʚʘʨʠʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʘʥʘʣʠʟʘ ʨʘʩʩʤʦʪʨʝʥʘ ʬʝʥʦʤʝʥʦʣʦʛʠʷ ʧʨʦʪʝʢʘʥʠʷ ʘʚʘʨʠʠ ʥʘ ʦʩʥʦʚʝ ʨʝʬʝʨʝʥʪʥʦʛʦ ʨʘʩʯʝʪʘ ʩʦ 

ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. ɿʘʪʝʤ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʩʝʪʦʯʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʤʦʜʝʣʠ (ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ) ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʝʥʘ 

ʯʠʩʣʝʥʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ, 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʈʦʫʯʝʤ [5]. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʫʜʝʣʝʥʦ 

ʧʝʨʝʯʥʶ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʟʘʜʘʥʠʠ ʠʭ ʜʠʘʧʘʟʦʥʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ. 

ʊʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʄʦʥʪʝ 

ʂʘʨʣʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʧʨʝʜʝʣʝʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʚʦʜʦʨʦʜʘ ʠ ʩʪʘʥʜʘʨʪʥʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʮʝʥʝʥ ʠʥʪʝʨʚʘʣ ʜʣʷ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʤʘʩʩʳ ʚʦʜʦʨʦʜʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈɹ-166-20, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʚʘʣʠʜʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ. 
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ɸʥʥʦʪʘʮʠʷ.  ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʫʩʪʦʪʥʦʛʦ ʵʬʬʝʢʪʘ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-ʉʂɼ ʩ ʜʚʫʭʭʦʜʦʚʦʡ ʩʭʝʤʦʡ ʮʠʨʢʫʣʷʮʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʘʥʢʦʚ ʠʟ ʠʟʦʪʦʧʘ ʫʨʘʥʘ-238  

ʩ ʪʚʝʨʜʦʪʝʣʴʥʳʤʠ ʟʘʤʝʜʣʠʪʝʣʷʤʠ ʥʘ ʩʪʝʥʢʘʭ ʯʝʭʣʦʚ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ ʫʨʘʥʘ-238. ɺ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʟʘʤʝʜʣʠʪʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ ZrH1,85 ʠ BeO.  
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Abstract. This paper examines the possibility of reducing the positive void effect of reactivity (PER)  

for a VVER-SKD reactor with a two-pass coolant circulation system without changing the basic design. The use  

of uranium-238 isotope blanks with solid moderators on the fuel assembly (FA) canister walls is proposed to soften 

the neutron spectrum and increase the uranium-238 capture cross-section. ZrH1.85 and BeO compounds are 

considered as solid moderators. 

Keywords: WWER-SKD, void reactivity effect, MOX fuel, solid moderator, blank, ZrH , BeO, closed fuel cycle, 

Generation IV reactors. 

 

ʈʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʮʝʣʝʥʦ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ 

ʵʥʝʨʛʦ ʚʳʨʘʙʦʪʢʠ ʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʩʪʘʚʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʙʳʯʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢ 

ʨʦʩʪʫ ʮʝʥʳ ʥʘ ʥʝʛʦ ʠ ʚ ʙʫʜʫʱʝʤ ʠʩʪʦʱʝʥʠʝʤ ʟʘʧʘʩʘ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ. ʇʦʵʪʦʤʫ ʩʪʘʚʠʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ: ʫʤʝʥʴʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
235

U ʠ ʧʝʨʝʭʦʜ ʢ ʟʘʤʢʥʫʪʦʤʫ 

ʪʦʧʣʠʚʥʦʤʫ ʮʠʢʣʫ. ʇʨʦʝʢʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʝʰʠʪʴ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʨʝʘʢʪʦʨ  

ɺɺʕʈ-ʉʂɼ ʩ ʙʳʩʪʨʳʤ ʨʝʟʦʥʘʥʩʥʳʤ ʩʧʝʢʪʨʦʤ.  

ʈʝʘʢʪʦʨ ɺɺʕʈ-ʉʂɼ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʬʦʨʫʤʘ ʇʦʢʦʣʝʥʠʝ IV, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʢʣʘʜʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʥʝʛʦ: ʜʝʰʸʚʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, 

ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʳʰʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʅʦ ʨʝʘʢʪʦʨ ɺɺʕʈ-ʉʂɼ  

ʩ ʄʆʂʉ-ʪʦʧʣʠʚʦʤ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʫʩʪʦʪʥʳʡ ʵʬʬʝʢʪ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʥʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʴʶ ʙʝʟʦʧʘʩʥʦʩʪʠ.  
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʇʕʈ ʜʣʷ ʧʨʦʝʢʪʘ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-ʉʂɼ ʩ ʜʚʫʭʭʦʜʦʚʦʡ ʩʭʝʤʦʡ ʮʠʨʢʫʣʷʮʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʝʢʪʘ, ʨʠʩʫʥʦʢ 1 [1], ʩ ʧʦʤʦʱʴʶ ʙʣʘʥʢʦʚ ʠʟ 
238

U ʩ ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʟʘʤʝʜʣʠʪʝʣʝʤ 

ʥʘ ʩʪʝʥʢʘʭ ʯʝʭʣʘ ʊɺʉ ʟʘ ʩʯʝʪ ʩʤʷʛʯʝʥʠʝ ʩʧʝʢʪʨʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ 
238

U. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʟʘʤʝʜʣʠʪʝʣʝʡ ZrH1,85 ʠ BeO. ʆʥʠ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʇʕʈ [2,3]. ʊʨʝʙʦʚʘʥʠʝ ʧʨʠ ʨʘʩʯʝʪʝ 

ʠʤʝʪʴ Kʵʬʬ=1,1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʚʫʭʭʦʜʦʚʘʷ ʩʭʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʪʦʨʘ ɺɺʕʈ ʉʂɼ 

 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʩ ʨʘʟʙʠʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʚʳʩʦʪʝ 

ʥʘ 20 ʫʯʘʩʪʢʦʚ. ɺʳʩʦʪʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 376 ʩʤ, ʢʦʣʠʯʝʩʪʚʦ ʪʚʵʣʦʚ ʚ ʊɺʉ 252, ʩ ʰʘʛʦʤ 12 ʤʤ, 

ʜʠʘʤʝʪʨ ʪʚʵʣʘ 10,7 ʤʤ, ʪʦʣʱʠʥʘ ʦʙʦʣʦʯʢʠ 0,55 ʤʤ, ʜʠʘʤʝʪʨ ʪʦʧʣʠʚʘ 0,94 ʤʤ. ʄʦʜʝʣʴ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 [4]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɸʢʪʠʚʥʘʷ ʟʦʥʘ 

 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʦ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʙʣʘʥʢʦʚ ʩ ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʟʘʤʝʜʣʠʪʝʣʝʤ  

ʥʘ ʇʕʈ ʦʪ ʪʠʧʘ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ ʠ ʦʪ ʨʘʟʨʝʰʝʥʠʷ ʙʣʘʥʢʦʚ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʚʳʞʠʛʘʥʠʷ ʘʤʝʨʠʮʠʷ ʚ ʪʝʧʣʦʚʦʤ ʨʝʘʢʪʦʨʝ 

ɺɺʕʈ-1200: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʝʨʞʥʝʡ ʠʟ ʘʤʝʨʠʮʠʷ (ʤʘʚʵʣʦʚ) ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʪʚʵʛʦʚ ʠ ʯʘʩʪʠ ʪʚʵʣʦʚ 

ʩ ʫʨʘʥʦʚʳʤ ʪʦʧʣʠʚʦʤ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʚʳʞʠʛʘʥʠʷ ʘʤʝʨʠʮʠʷ (ʤʘʩʩʘ, ʚʳʞʠʛʘʝʤʘʷ ʜʦʣʷ), ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ, 

ʠʟʤʝʥʝʥʠʷ ʥʫʢʣʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʩʣʫʯʘʝ ʨʘʟʤʝʱʝʥʠʷ ʤʘʚʵʣʦʚ ʚ ʊɺʉ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜ ʘʤʝʨʠʮʠʷ  

ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,2-0,5 ʛ/ʩʤ
3
. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʮʠʟʠʦʥʥʳʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Serpent 2, ʢʦʥʩʪʘʥʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ï Jeff 3.1.1. ʇʦʣʫʯʝʥʘ ʵʢʦʥʦʤʠʷ ʧʨʠʨʦʜʥʦʛʦ 

ʫʨʘʥʘ ʧʨʠ ʥʝʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʨʘʟʤʥʦʞʘʶʱʠʭ ʩʚʦʡʩʪʚ. ʉʥʠʞʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ ʥʘ 7.8%. ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʧʦʨʷʜʢʘ 40 ʢʛ/(ʛʦʜĿɻɺʪ(ʪ)), 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ (ʫʙʳʣʴ ʘʤʝʨʠʮʠʷ) ï 89%, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʞʠʛʘʥʠʷ (ʧʝʨʝʭʦʜ ʘʤʝʨʠʮʠʷ  

ʚ ʧʨʦʜʫʢʪʳ ʜʝʣʝʥʠʷ) ï 28%. ʇʨʠ ʵʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʩʥʠʞʝʥʘ ʩ 1.36 ʜʦ 1.26.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʠʥʦʨʥʳʝ ʘʢʪʠʥʠʜʳ, ʛʝʪʝʨʦʛʝʥʥʦʝ ʚʳʞʠʛʘʥʠʝ ʄɸ, ʘʤʝʨʠʮʠʡ, ʪʝʧʣʦʚʳʝ ʨʝʘʢʪʦʨʳ,  

ʘʢ-ʪʠʚʥʘʷ ʟʦʥʘ, ʤʘʚʵʣ, ʟʘʤʝʥʘ ʚʳʛʦʨʘʶʱʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ, ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʡ ʨʘʩʯʝʪ, Serpent 2. 
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Abstract. This work investigates the approach of heterogeneous americium transmutation in a VVER-1200 thermal 

reactor, where the introduction of americium-bearing rods (transmutation targets) involves the removal of guide 

thimbles and a number of fuel rods with uranium fuel. A comparative analysis of neutronics characteristics  

is performed, including the neutron multiplication factor, americium burnup (mass and fraction), power distribution, 

and changes in nuclide composition resulting from the placement of transmutation targets in fuel assemblies.  

These targets contain americium oxide with an effective density of 0.2-0.5 g/cmį. The simulations were carried out 

using the high-precision stochastic code Serpent 2 with the JEFF 3.1.1 nuclear data library. The results demonstrate 

savings in natural uranium consumption with a negligible impact on the core's multiplication properties.  

The consumption of natural uranium was reduced by 7.8%. Within the proposed approach, the transmutation rate  

is approximately 40 kg/(yearĿGW(th)), with a transmutation efficiency (americium depletion) of 89% and a burnup 
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efficiency (conversion of americium to fission products) of 28%. Furthermore, the power peaking factor was 

reduced from 1.36 to 1.26. 

Keywords: minor actinides, heterogeneous minor actinide transmutation, americium, thermal reactors, reactor core, 

mavel, burnable absorber replacement, neutronics calculation, Serpent 2. 

 

ɺ ʨʘʙʦʪʝ ʧʦʜʥʠʤʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʘʢʦʧʣʝʥʠʷ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ (ʄɸ). ʉʦʛʣʘʩʥʦ 

ʧʨʦʛʥʦʟʥʳʤ ʦʮʝʥʢʘʤ ʚ ʈʦʩʩʠʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺɺʕʈ ʜʦ 2100 ʛʦʜʘ ʚʦʟʤʦʞʥʦ ʥʘʢʦʧʣʝʥʠʝ 

188 ʪʦʥʥ ʄɸ [1]. ɼʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʚ ʤʠʨʝ 

ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʙʲʝʤ ʦʪʭʦʜʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʟʘʭʦʨʦʥʝʥʠʶ. 

ʆʜʥʠʤ ʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʚʳʞʠʛʘʥʠʝ ʄɸ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʘʤʝʨʠʮʠʡ, ʚ ʨʝʘʢʪʦʨʘʭ [2]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʚʳʞʠʛʘʥʠʷ (ʧʝʨʝʭʦʜ ʚ ʧʨʦʜʫʢʪʳ ʜʝʣʝʥʠʷ) ʘʤʝʨʠʮʠʷ ʚ ʪʝʧʣʦʚʦʤ ʨʝʘʢʪʦʨʝ ɺɺʕʈ-1200: 

ʘʤʝʨʠʮʠʡ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʪʝʨʞʥʷʭ ï ʤʘʚʵʣʘʭ.  

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʧʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʮʝʧʮʠʷ ʘʧʨʦʙʠʨʦʚʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʊɺʉ ɺɺʕʈ-1200 ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ 

ʨʘʩʯʝʪʘ. ʈʘʩʩʤʦʪʨʝʥʦ ʨʘʟʤʝʱʝʥʠʝ ʤʘʚʵʣʦʚ ʚ 9 ʨʷʜʫ, ʩʯʠʪʘʷ ʦʪ ʮʝʥʪʨʘ ʊɺʉ (ʨʠʩʫʥʦʢ 1). ʇʨʠ 

ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʚʵʣʳ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʦʩʝʜʥʠʭ ʊɺʉ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ, ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʚʵʣʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚʥʫʪʨʠ ʦʜʥʦʡ ʊɺʉ 

(ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ 12 ʤʘʚʵʣʦʚ ʚʣʠʷʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ). ʂʦʣʠʯʝʩʪʚʦ ʤʘʚʵʣʦʚ ʚ ʨʷʜʫ ʩʪʝʨʞʥʝʡ 

(ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 12 ʜʦ 48 ʰʪ) ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʪʥʦʩʪʴ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,2 ʜʦ 10,4 ʛ/ʩʤ
3
) ʙʳʣʠ 

ʚʟʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʤʦʜʝʣʴ ʊɺʉ ʩ 48 ʤʘʚʵʣʘʤʠ (ʨʘʟʨʝʟ xOy) 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʂʵʬʬ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʞʠʛʘʥʠʷ/ʚʳʛʦʨʘʥʠʷ ʘʤʝʨʠʮʠʷ (%), 

ʚʳʞʠʛʘʝʤʘʷ ʤʘʩʩʘ ʘʤʝʨʠʮʠʷ (ʢʛ). ɺʘʨʠʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʝʜʝʥʘ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʡ 

ʤʘʩʩʳ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʫʨʘʥʘ), ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʜʝʣʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʫʨʘʥʫ-235 ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ; ʘ ʚʳʛʦʨʘʶʱʠʡ ʧʦʛʣʦʪʠʪʝʣʴ,  

ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʘʢʪʦʨʝ ï ʛʘʜʦʣʠʥʠʡ, ʧʦʣʥʦʩʪʴʶ ʠʟʚʣʝʢʘʝʪʩʷ. ʉʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʘʤʝʨʠʮʠʷ ʚ ʤʘʚʵʣʘʭ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʝʨʪʥʦʡ ʤʘʪʨʠʮʳ. ʄʦʜʝʣʠ ʊɺʉ, 

ʠʤʝʶʱʠʝ 48 ʤʘʚʵʣʦʚ ʩ ʘʤʝʨʠʮʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,2-0,5 ʛ/ʩʤ
3
, ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʂʘʞʜʦʤʫ ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʠʧʫ ʊɺʉ (ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʛʨʫʟʢʘ ʢʦʥʮʝʧʮʠʠ ɺ-392ʄ [3]) ʩʦʧʦʩʪʘʚʣʝʥʘ ʊɺʉ ʩ ʘʤʝʨʠʮʠʝʤ. 

ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʣʘʛʘʝʤʫʶ ʢʦʥʮʝʧʮʠʶ ʚ ʤʘʚʵʣʘʭ, ʚʳʛʦʨʘʝʪ ʧʦʨʷʜʢʘ  

40 ʢʛ/(ʛʦʜĿɻɺʪ) ʘʤʝʨʠʮʠʷ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʳʞʠʛʘʥʠʷ 40% (ʧʝʨʝʭʦʜ ʚ ʧʨʦʜʫʢʪʳ ʜʝʣʝʥʠʷ). 

ʆʧʪʠʤʘʣʴʥʳʝ ʊɺʉ ʩ ʤʘʚʵʣʘʤʠ ʜʘʣʝʝ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʤʦʜʝʣʠ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200. 

ʈʘʙʦʪʘ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʘ ʥʘ ʵʪʘʧʳ: 

1. ʇʦʣʫʯʝʥʠʝ ʤʦʜʝʣʠ ʩ ʠʩʭʦʜʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʥʦʛʦ ʛʦʜʘ ʚʳʜʝʨʞʢʠ ʚ 
ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʩʦʛʣʘʩʥʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʧʝʨʝʛʨʫʟʢʘʤ; 
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2. ɿʘʤʝʱʝʥʠʝ ʠʩʭʦʜʥʳʭ ʊɺʉ ʥʘ ʠʟʤʝʥʝʥʥʳʝ (ʩ ʘʤʝʨʠʮʠʝʤ) ʚ ʪʝʯʝʥʠʝ 4 ʨʝʘʢʪʦʨʥʳʭ 
ʢʘʤʧʘʥʠʡ ʧʦ 12 ʤʝʩ.; 

3. ʈʘʩʯʝʪ ʧʦʩʣʝʜʫʶʱʠʭ ʨʝʘʢʪʦʨʥʳʭ ʢʘʤʧʘʥʠʡ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʦʩʪʘʚʦʚ 
(ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʤʝʞʜʫ ʢʘʤʧʘʥʠʷʤʠ). 

ʀʩʭʦʜʥʘʷ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 ʠʤʝʝʪ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2 [3,4]. ʉʪʨʫʢʪʫʨʥʦ ʚʳʜʝʣʷʝʪʩʷ ʚʳʛʦʨʦʜʢʘ, 

ʚʥʫʪʨʠʢʦʨʧʫʩʥʘʷ ʰʘʭʪʘ, ʢʦʣʣʝʢʪʦʨ, ʛʦʣʦʚʢʠ ʠ ʭʚʦʩʪʦʚʠʢʠ ʊɺʉ (ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʝ 

ʩʦʩʪʘʚʳ), ʘʢʪʠʚʥʘʷ ʟʦʥʘ (ʛʝʪʝʨʦʛʝʥʥʦʝ ʟʘʜʘʥʠʝ). 

ʊʦʧʣʠʚʥʘʷ ʯʘʩʪʴ ʪʚʵʣʦʚ ʠ ʤʘʚʵʣʦʚ ʨʘʟʙʠʪʘ ʥʘ 5 ʟʦʥ ʧʦ ʚʳʩʦʪʝ ʩ ʮʝʣʴʶ ʫʯʝʪʘ 

ʘʢʩʠʘʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ. ʊʝʧʣʦʥʦʩʠʪʝʣʴ ʪʘʢʞʝ ʨʘʟʙʠʪ ʥʘ  

5 ʟʦʥ ʧʦ ʚʳʩʦʪʝ ʩ ʮʝʣʴʶ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʯʝʨʝʟ ʘʢʪʠʚʥʫʶ ʟʦʥʫ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʀʩʭʦʜʥʘʷ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʨʘʟʨʝʟ xOz) 

 

ʀʩʭʦʜʥʳʝ ʩʦʩʪʘʚʳ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʩʧʝʢʪʨʝ ʊɺʉ, ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ ʨʘʟʤʝʱʝʥʠʷ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ  

ʠ ʨʘʩʯʝʪʘ ʤʠʢʨʦʢʘʤʧʘʥʠʡ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʝʮʠʟʠʦʥʥʳʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ SERPENT 2 ʩ ʢʦʥʩʪʘʥʪʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Jeff 3.1.1. ʉʪʘʪʠʩʪʠʢʘ: 10
8
 ʥʝʡʪʨʦʥʥʳʭ 

ʠʩʪʦʨʠʡ. 

ʈʘʩʯʝʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʚʳʞʠʛʘʥʠʷ ʘʤʝʨʠʮʠʷ 

ʪʝʧʣʦʚʦʤ ʨʝʘʢʪʦʨʝ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,2-0,5 ʛ/ʩʤ
3
. ʇʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʠʣʠʟʠʨʦʚʘʪʴ 40 ʢʛ/(ʛʦʜĿɻɺʪ(ʪ)), ʢʘʢ ʙʳʣʦ ʧʦʣʫʯʝʥʦ  

ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʩʯʝʪʘ ʥʘ ʤʦʜʝʣʷʭ ʊɺʉ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ (ʫʙʳʣʴ ʘʤʝʨʠʮʠʷ) 

ʩʦʩʪʘʚʠʣʘ 89%, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʞʠʛʘʥʠʷ ï 28%. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ 

ʪʚʵʛʦʚ ʩ ʦʢʩʠʜʦʤ ʛʘʜʦʣʠʥʠʷ ʥʘ ʤʘʚʵʣʳ ʩ ʦʢʩʠʜʦʤ ʘʤʝʨʠʮʠʷ (ʂʵʬʬ ʥʘ ʥʘʯʘʣʦ ʢʘʤʧʘʥʠʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʂʵʬʬ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ, ʥʘ ʢʦʥʝʮ ʢʘʤʧʘʥʠʠ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʚʘʨʠʘʥʪʘ ʙʝʟ 

ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ). ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʫʤʝʥʴʰʝʥʠʠ ʝʛʦ ʤʘʩʩʳ ʚ ʊɺʉ 

ʜʦʩʪʠʛʥʫʪʦ ʩʥʠʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ ʥʘ 7,8%. ʅʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘʢʦʧʣʝʥʠʷ ʢʶʨʠʷ ʚ ʆʗʊ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʨʘʥʩʤʫʪʘʮʠʝʡ ʘʤʝʨʠʮʠʷ ʚ ʤʘʚʵʣʘʭ. ʋʯʠʪʳʚʘʷ 

ʧʨʠʚʝʜʝʥʥʳʡ ʬʘʢʪʦʨ, ʚ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʄɸ ʆʗʊ ʚ ɺɺʕʈ ʧʨʠ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʥʝ ʪʦʣʴʢʦ ʥʝʡʪʨʦʥʥʦ-

ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʦ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʫʢʪʫʨ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ (ʏʈ) ʚ ʢʘʙʝʣʴʥʳʭ 

ʣʠʥʠʷʭ 6ï10 ʢɺ ʥʘ ʦʙʲʝʢʪʘʭ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ.  

ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʜʠʘʛʥʦʩʪʠʢʝ, ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠ ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʘʣʛʦʨʠʪʤʦʚ.ʆʪʤʝʯʘʶʪʩʷ ʠ ʨʷʜ 

ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʜʣʠʥʝ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʜʦ 40 ʤ ʚʦʟʥʠʢʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʪʨʘʞʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʪʦʯʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʠʩʪʦʯʥʠʢʦʚ [2]. ɺʳʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʮʠʬʨʦʚʫʶ ʦʙʨʘʙʦʪʢʫ 

ʩʠʛʥʘʣʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʠ ʩʠʩʪʝʤ ʦʥʣʘʡʥ-ʤʦʥʠʪʦʨʠʥʛʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʘʩʪʠʯʥʳʝ ʨʘʟʨʷʜʳ, ʜʠʘʛʥʦʩʪʠʢʘ, ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʋɺʏ, ʦʥʣʘʡʥ-

ʤʦʥʠʪʦʨʠʥʛ, ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ. 
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Abstract. The article addresses current issues of partial discharge (PD) detection in 6ï10 kV cable lines at nuclear 

power facilities. The main diagnostic approaches are presented, along with a comparative assessment of their 

accuracy and reliability, and prospects for the implementation of digital twins and self-learning algorithms.  

A number of difficulties are noted; specifically, in cable lines up to 40 m long, specific challenges arise related to 

signal reflection and high pulse density, which complicates their accurate localization and source identification [2]. 

Promising directions are highlighted, including digital signal processing, the application of AI, and online 

monitoring systems. 

Keywords: partial discharges, diagnostics, cable lines, transformers, UHF, online monitoring, digital processing. 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʨʷʜʢʘ 80% ʥʦʚʳʭ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʂʃ 6 ʢɺ ʚʳʧʦʣʥʝʥʦ ʠʟ 

ʩʰʠʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʦʪʢʘʟʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʚʳʝ 1ï5 ʣʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʏʘʩʪʠʯʥʳʝ ʨʘʟʨʷʜʳ (ʏʈ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʜʝʬʝʢʪʦʚ 

ʠʟʦʣʷʮʠʠ ʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʠ, ʚʢʣʶʯʘʷ ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ 6ï10 ʢɺ.  
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ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʦʪʢʘʟʦʚ ʷʚʣʷʶʪʩʷ: ʜʝʬʝʢʪʳ ʤʦʥʪʘʞʘ, ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʣʘʛʠ ʚ 

ʤʫʬʪʳ ʠʣʠ ʢʘʙʝʣʴ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ/ʚʦʜʥʳʡ ʪʨʠʥʠʥʛ, ʨʘʩʩʣʦʝʥʠʝ, ʧʦʣʦʩʪʠ ʚ 

ʦʙʦʣʦʯʢʝ ʠʟʦʣʷʮʠʠ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ, 

ʧʨʦʩʘʜʢʝ ʛʨʫʥʪʘ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʢʘʙʝʣʴʥʳʭ ʪʨʘʩʩ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʏʈ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʩʫʨʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ.  

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʏʈ ʚ ʢʦʨʦʪʢʠʭ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ ʷʚʣʷʝʪʩʷ 

ʥʘʣʦʞʝʥʠʝ ʦʪʨʘʞʸʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʨʠ ʜʣʠʥʝ ʤʝʥʝʝ 40 ʤ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʨʷʤʳʤʠ ʠ 

ʦʪʨʘʞʸʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʩʦʠʟʤʝʨʠʤʳʤ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʘʤʦʛʦ ʠʤʧʫʣʴʩʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʠ ʟʘʪʨʫʜʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʜʝʬʝʢʪʘ [3]. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʢʦʨʦʪʢʠʭ ʪʨʘʩʩʘʭ ʢʘʙʝʣʝʡ ʚʦʟʤʦʞʥʦ ʧʝʨʝʢʨʳʪʠʝ ʩʠʛʥʘʣʦʚ ʦʪ ʨʘʟʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʏʈ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʩ ʚʳʩʦʢʦʡ ʚʨʝʤʝʥʥʦʡ ʠ ʯʘʩʪʦʪʥʦʡ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [4]. 

ʉʦ ʚʨʝʤʝʥʝʤ ʚʦʟʜʝʡʩʪʚʠʝ ʏʈ ʧʨʠʚʦʜʠʪ ʢ ʵʨʦʟʠʠ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʝʧʣʦʚʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ. ɹʝʟ ʧʨʠʥʷʪʠʷ ʤʝʨ ʜʘʞʝ ʩʣʘʙʳʝ ʧʦ 

ʘʤʧʣʠʪʫʜʝ, ʥʦ ʯʘʩʪʳʝ ʏʈ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʜʚʝʩʪʥʠʢʘʤʠ ʧʦʣʥʦʛʦ ʧʨʦʙʦʷ. 

ʏʘʩʪʠʯʥʳʝ ʨʘʟʨʷʜʳ (ʏʈ) ʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʠ, ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ (ɸʕʉ), 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʸʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ ʨʘʥʥʠʤ ʧʨʠʟʥʘʢʦʤ 

ʜʝʛʨʘʜʘʮʠʠ ʠʟʦʣʷʮʠʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ ʩʪʨʦʷ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ 

ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. (ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʚʘʨʠʠ).  

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʏʈ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ (ʪʘʙʣ.1), ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ:  

1. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ï ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ ʏʈ ʚ ʮʝʧʠ 

ʟʘʟʝʤʣʝʥʠʷ ʠʣʠ ʥʝʡʪʨʘʣʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʘʪʯʠʢʠ ʪʦʢʘ, ʜʝʣʠʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʘʥʘʣʠʟʘʪʦʨʳ ʠʤʧʫʣʴʩʦʚ. ʄʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ  

ʠ ʬʘʟʳ, ʥʦ ʪʨʝʙʫʝʪ ʬʠʣʴʪʨʘʮʠʠ ʧʦʤʝʭ ʠ ʦʪʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

2. ʋʣʴʪʨʘʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ (ʋɺʏ) ʤʝʪʦʜʳ 

ʋɺʏ-ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʠʨʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʠʟʣʫʯʘʝʤʳʝ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʏʈ. ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ï 300 ʄɻʮ ʜʦ 1,5 ɻɻʮ. ɼʦʩʪʦʠʥʩʪʚʦ ʤʝʪʦʜʘ ï ʚʳʩʦʢʘʷ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʥʣʘʡʥ-ʤʦʥʠʪʦʨʠʥʛʘ. ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʢʘʙʝʣʴʥʳʭ ʤʫʬʪ 

ʠ ʛʦʣʦʚʦʢ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

3. ɸʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ 

ɸʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʤʠʢʨʦʚʟʨʳʚʘʭ ʚ ʜʠʵʣʝʢʪʨʠʢʝ. ɼʘʪʯʠʢʠ (ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ) 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʙʝʣʷ. ʄʝʪʦʜ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʝʢʪʦʚ ʠ ʥʝ 

ʪʨʝʙʫʝʪ ʦʪʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

4. ʆʧʪʦʚʦʣʦʢʦʥʥʳʝ ʤʝʪʦʜʳ 

ʆʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʘʢʫʩʪʠʯʝʩʢʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʵʬʬʝʢʪʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʏʈ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʦʪʨʘʞʝʥʠʷ 

ʈʵʣʝʷ, ɹʨʠʣʣʶʵʥʘ ʠ ʈʘʤʘʥʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ ï ʚʳʩʦʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ. 

5. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠ ʩʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʘʣʛʦʨʠʪʤʳ 

ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʠʨʪʫʘʣʴʥʳʝ ʢʦʧʠʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ  

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʏʈ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʠʟʦʣʷʮʠʠ. ʉʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʘʣʛʦʨʠʪʤʳ (ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ) ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʘʜʘʧʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʫʯʠʪʳʚʘʷ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʜʝʛʨʘʜʘʮʠʶ ʠ ʧʦʤʝʭʠ. ʇʦʜʦʙʥʳʝ 

ʨʝʰʝʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʀʥʜʫʩʪʨʠʷ 4.0. 
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ʊʘʙʣʠʮʘ 1 - ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʏʈ 

ʄʝʪʦʜ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥ 

ʏʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʧʦʤʝʭʘʤ 

ʀʩʧʳʪʘʪʝʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ 

ʋɺʏ ʆʥʣʘʡʥ-ʤʦʥʠʪʦʨʠʥʛ, 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʊʨʝʙʫʝʪ ʢʘʣʠʙʨʦʚʢʠ ʂʘʙʝʣʴʥʳʝ ʤʫʬʪʳ, ʈʋ 

ɸʢʫʩʪʠʯʝʩʢʠʡ ɹʝʟ ʦʪʢʣʶʯʝʥʠʷ, 

ʣʦʢʘʣʠʟʘʮʠʷ ʜʝʬʝʢʪʘ 

ʏʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʰʫʤʫ 

ʂʘʙʝʣʴʥʳʝ ʣʠʥʠʠ 6ï10 ʢɺ 

ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ɺʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʉʦʚʨʝʤʝʥʥʳʝ ʢʘʙʝʣʴʥʳʝ 

ʪʨʘʩʩʳ 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʉʣʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ 

ʂʦʤʧʣʝʢʩʥʳʝ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʦʪʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʋɺʏ ï ʩʣʦʞʥʦʡ ʥʘʩʪʨʦʡʢʠ, ʘ 

ʘʢʫʩʪʠʯʝʩʢʠʝ ï ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʥʝʰʥʝʤʫ ʰʫʤʫ. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ 

ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʵʪʠ 

ʥʝʜʦʩʪʘʪʢʠ ʥʠʚʝʣʠʨʫʶʪʩʷ. ʉʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʢʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ ʯʪʦ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʨʝʛʠʩʪʨʘʮʠʠ ʏʈ ʚ ʢʦʨʦʪʢʠʭ ʣʠʥʠʷʭ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʜʝʬʝʢʪʦʚ ʠ ʢʦʥʮʦʚ ʥʘʢʣʘʜʳʚʘʶʪʩʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʜʠʘʛʨʘʤʤʳ [7]. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʵʬʬʝʢʪʘ ʥʘʣʦʞʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʫʢʦʨʦʯʝʥʥʳʝ ʟʦʥʜʠʨʫʶʱʠʝ ʠʤʧʫʣʴʩʳ (10ï20 

ʥʩ) ʠ ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʠ ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʩʣʦʞʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ [8]. 

ʊʘʢ ʞʝ ʦʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ʋɺʏ) 

ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ ʏʈ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 300 ʜʦ 1500 ʄɻʮ. ʋɺʏ-ʜʠʘʛʥʦʩʪʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʣʴʪʨʘʮʠʶ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʠ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʘʪʴ ʩʠʛʥʘʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʣʠʥʠʠ [5]. ʊʘʢʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʜʝʣʠʨʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ [6]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ʋɺʏ) ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ ʏʈ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 300 ʜʦ 1500 ʄɻʮ. ʋɺʏ-

ʜʠʘʛʥʦʩʪʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʣʴʪʨʘʮʠʶ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʘʪʴ 

ʩʠʛʥʘʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʣʠʥʠʠ [5]. ʊʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʜʝʣʠʨʫʶʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʚ ʢʦʨʦʪʢʠʭ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ 

(ʜʦ 40 ʤ) ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘʣʦʞʝʥʠʝ ʦʪʨʘʞʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʚʢʣʶʯʘʷ ʋɺʏ-ʨʝʛʠʩʪʨʘʮʠʶ, ʨʝʬʣʝʢʪʦʤʝʪʨʠʶ ʩ ʢʦʨʦʪʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ 

ʠ ʮʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [3], [5], [8]. 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧʣʠʚʘ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 ʧʨʠ ʛʦʤʦʛʝʥʥʦʤ 

ʨʘʟʤʝʱʝʥʠʠ ʘʤʝʨʠʮʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ Serpent. ʉʦʟʜʘʥʘ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʡ ʩʙʦʨʢʠ (ʊɺʉ), ʚ ʦʩʥʦʚʥʦʝ 

ʪʦʧʣʠʚʦ ʢʦʪʦʨʦʡ ʛʦʤʦʛʝʥʥʦ ʜʦʙʘʚʣʷʣʩʷ ʦʢʩʠʜ ʘʤʝʨʠʮʠʷ (AmO ) ʚ ʢʦʣʠʯʝʩʪʚʝ 0,1% (ʜʦʣʷ ʚʳʙʨʘʥʘ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʰʣʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ). ʆʩʥʦʚʥʦʡ ʠʟʫʯʘʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʬʬʝʢʪʳ ʨʝʘʢʪʠʚʥʦʩʪʠ ʧʦ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

0,1 ʜʦ 1,0 ʛ/ʩʤ
 3 
ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ) ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʧʣʠʚʘ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 300 ʜʦ 1800 K) ʥʘ ʥʘʯʘʣʦ, 

ʩʝʨʝʜʠʥʫ ʠ ʢʦʥʝʮ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʘʤʝʨʠʮʠʷ ʥʘ ʵʬʬʝʢʪʳ ʨʝʘʢʪʠʚʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʤʝʨʠʮʠʡ, ʤʠʥʦʨʥʳʝ ʘʢʪʠʥʠʜʳ, ɺɺʕʈ-1200, ʊɺʉ, ʵʬʬʝʢʪ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʴ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʚʳʛʦʨʘʥʠʝ, ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ Serpent, ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 
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Abstract. The purpose of this work is to investigate changes in the reactivity effects (due to coolant density and fuel 

temperature) of a VVER-1200 reactor caused by the homogeneous placement of americium in the fuel. The Serpent 

software package was used for numerical modeling. A neutron-physical model of a fuel assembly (FA) was created, 

into whose base fuel americium oxide (AmO ) was homogeneously added in an amount of 0.1% (the fraction was 

chosen based on previous research). The main characteristic under study is the neutron multiplication factor, 

specifically the reactivity effects due to coolant density (in the range from 0.1 to 1.0 g/cm
 3 

of nominal) and fuel 

temperature (in the range from 300 to 1800 K) at the beginning, middle, and end of the fuel cycle. The conducted 

research allows for a quantitative assessment of the influence of americium on the reactivity effects of the  

VVER-1200 reactor. 

Keywords: americium, minor actinides, VVER-1200, FA, reactivity effect, coolant density, fuel temperature, 

neutron multiplication factor, burnup, Serpent software package, neutron-physical calculations. 
 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʛʦʤʦʛʝʥʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʘʤʝʨʠʮʠʷ ʥʘ 

ʵʬʬʝʢʪʳ ʨʝʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʪʦʨʝ ɺɺʕʈ-1200. ɸʤʝʨʠʮʠʡ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ), ʚʥʦʩʠʪ 
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ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʜʦʣʛʦʩʨʦʯʥʫʶ ʨʘʜʠʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʨʦʙʣʝʤʫ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, ʯʪʦ 

ʩʦʟʜʘʸʪ ʩʝʨʴʸʟʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʟʘʭʦʨʦʥʝʥʠʠ ʦʪʭʦʜʦʚ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʪʨʘʥʩʤʫʪʘʮʠʷ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʤʝʨʠʮʠʷ, ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʪʝʧʣʦʚʳʭ ʠ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʠʭ ʧʨʷʤʦʤʫ 

ʟʘʭʦʨʦʥʝʥʠʶ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʥʠʟʠʪʴ ʨʘʜʠʦʣʦʛʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [2]. 

ʆʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ ʘʤʝʨʠʮʠʷ ʚ ʪʦʧʣʠʚʦ ʚʣʠʷʝʪ ʥʘ ʢʣʶʯʝʚʳʝ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʵʬʬʝʢʪʳ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʝ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʛʦʤʦʛʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʦʢʩʠʜʘ ʘʤʝʨʠʮʠʷ (AmO )  

ʚ ʪʦʧʣʠʚʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʡ ʩʙʦʨʢʠ (ʊɺʉ) (ʨʠʩ.1) ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çSerpentè [3]. ɺʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʷʚʣʷʶʪʩʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʚ ʜʠʘʧʘʟʦʥʝ 0,1ï1,0 ʛ/ʩʤ
3 
ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ) ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʦʧʣʠʚʘ (300ï1800 K). 

 

 
ʈʠʩʫʥʦʢ ï 1 ʇʦʧʝʨʝʯʥʦʝ (ʩʣʝʚʘ) ʠ ʧʨʦʜʦʣʴʥʦʝ (ʩʧʨʘʚʘ) ʩʝʯʝʥʠʝ ʊɺʉ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200 (1 ï ʚʦʜʘ 

(ʟʘʤʝʜʣʠʪʝʣʴ/ʪʝʧʣʦʥʦʩʠʪʝʣʴ); 2 ï ʊɺʕʃ (312 ʰʪ.); 3 ï ʊɺʕɻʠ (12 ʰʪ.); 4 ï ʥʘʧʨʘʚʣʷʶʱʠʡ ʢʘʥʘʣ (18 ʰʪ.);  

5 ïʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʢʘʥʘʣ (1 ʰʪ.); 6 ï ʬʠʢʩʘʪʦʨ; 7 ï ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʟʘʛʣʫʰʢʠ) 

 

ʆʩʥʦʚʥʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ 

ʥʝʡʪʨʦʥʦʚ, ʘ ʠʤʝʥʥʦ ʵʬʬʝʢʪ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ (Kʵʬʬ). ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʚ ʥʘʯʘʣʝ, ʩʝʨʝʜʠʥʝ ʠ 

ʢʦʥʮʝ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʊɺʉ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʘʤʝʨʠʮʠʷ ʥʘ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʬʬʝʢʪʳ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʧʦ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʧʣʠʚʘ, ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʪʦʧʣʠʚʘ ʩ ʜʦʙʘʚʢʘʤʠ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʠʩʢ 

ʢʦʥʬʠʛʫʨʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʠʝʤʣʝʤʳʝ ʨʝʘʢʪʠʚʥʦʩʪʥʳʝ ʵʬʬʝʢʪʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʧʨʦʪʝʯʝʢ ʠ ʧʨʦʜʫʚʦʯʥʦʡ ʚʦʜʳ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʵʥʝʨʛʦʙʣʦʢʘ ɺɺʕʈ-1000 ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 1 ʢʦʥʪʫʨʘ. ʆʧʨʝʜʝʣʝʥʳ ʬʘʢʪʦʨʳ ʚʳʚʦʜʘ ʩʠʩʪʝʤʳ ʩʧʝʮʚʦʜʦʦʯʠʩʪʢʠ ʥʘ 

ʨʝʛʝʥʝʨʘʮʠʶ. ʈʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʍʦʣʴʪʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʉɺʆ-2. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺɺʕʈ, ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʢʦʨʨʦʟʠʷ, ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ, ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʘ. 
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Abstract. This paper examines the residual service life of the primary coolant treatment system for controlled leaks 

and blowdown water in the VVER-1000 power unit of the Rostov NPP. The primary coolant treatment scheme is 

considered. Factors for switching the special water treatment system to regeneration are determined. The Holt model 

for predicting the condition of the secondary water treatment system is considered. 

Keywords: VVER, water chemistry, corrosion, ion-exchange resins, residual service life, service life prediction. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ 

ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʧʝʨʚʦʤ ʢʦʥʪʫʨʝ ʩ ʫʯʝʪʦʤ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʚ 

ʨʝʘʢʪʦʨʘʭ ʪʠʧʘ BBʕP ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ʜʝʣʝʥʠʷ ʷʜʝʨ. ʆʮʝʥʠʚʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʚʦʛʦ 

ʢʦʥʪʫʨʘ, ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ ʩʘʤʦʝ ʩʝʨʴʝʟʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʙʣʝʤʳ ʢʦʨʨʦʟʠʠ ʠ ʠʟʥʦʩʘ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʥʪʫʨʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ, ʮʝʣʦʩʪʥʦʩʪʴ 

ʦʙʦʣʦʯʝʢ ʪʚʵʣ, ʟʘʛʨʷʟʥʝʥʠʝ ʩʠʩʪʝʤ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʆʪʣʦʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʵʣʦʚ Aʕʉ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʤʘʣʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʘʣʣʘ ʦʙʦʣʦʯʢʠ, ʘ ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ - ʢ ʧʝʨʝʞʦʛʫ 

ʦʙʦʣʦʯʢʠ. ʆʪʣʦʞʝʥʠʷ ʜʘʞʝ ʦʯʝʥʴ ʤʘʣʦʡ ʪʦʣʱʠʥʳ (ʦʢʦʣʦ 0,015-0,020 ʤʤ) ʥʘ ʦʙʦʣʦʯʢʘʭ ʪʚʵʣ 

ʚ ʤʝʩʪʘʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʫʩʣʦʚʠʡ ʜʣʷ 

ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʯʘʛʦʚ ʤʝʩʪʥʦʡ ʢʦʨʨʦʟʠʠ. ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʦʙʣʫʯʝʥʠʠ ʚ ʘʢʪʠʚʥʦʡ 
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ʟʦʥʝ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʤʳʪʳʭ ʩ ʦʩʪʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʢʦʥʪʫʨʘ, ʟʘʪʨʫʜʥʷʝʪʩʷ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʚʦ ʚʨʝʤʷ ʨʝʤʦʥʪʘ [1]. 

ʉʠʩʪʝʤʘ ʦʯʠʩʪʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʨʦʪʝʯʝʢ ʠ ʧʨʦʜʫʚʦʯʥʦʡ ʚʦʜʳ 1 ʢʦʥʪʫʨʘ (ʉɺʆ-2) 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ: 

ī ʦʯʠʩʪʢʠ ʧʨʦʜʫʚʦʯʥʦʡ ʚʦʜʳ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʠ ʚʦʜ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʨʦʪʝʯʝʢ ʦʪ 

ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ; 

ī ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 1 

ʢʦʥʪʫʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ; 

ī ʚʳʚʝʜʝʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʱʝʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (K
+
, Na

+
, Li

+
 ʠʣʠ ʘʤʤʠʘʢʘ) ʠʟ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ 1 ʢʦʥʪʫʨʘ; 

ī ʚʳʚʝʜʝʥʠʷ ʠʟ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 1 ʢʦʥʪʫʨʘ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʦʥʮʝ ʢʘʤʧʘʥʠʠ 

ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ [2]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʩʠʩʪʝʤʘ ʉɺʆ-2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʘʙʩʦʣʶʪʥʦ ʦʜʠʥʘʢʦʚʳʝ 

ʮʝʧʦʯʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʢʘʪʠʦʥʠʪʥʳʭ ʬʠʣʴʪʨʦʚ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʦʛʦ ʘʥʠʦʥʠʪʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʣʦʚʫʰʢʠ ʠʦʥʠʪʦʚ (ʨʠʩ.1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʉɺʆ-2 

 

 ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʘ ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ, ʢʦʪʦʨʳʤʠ ʟʘʛʨʫʞʝʥʳ 

ʬʠʣʴʪʨʳ ʊɽ10,20N01,02,03, ʧʦʛʣʦʱʘʶʪ ʠʟ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 1 ʢʦʥʪʫʨʘ ʧʨʠʤʝʩʠ ʚ ʚʠʜʝ 

ʢʘʪʠʦʥʦʚ, ʘʥʠʦʥʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʩʚʦʶ ʬʠʣʴʪʨʫʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʆʩʥʦʚʥʳʤ ʧʨʠʟʥʘʢʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʚʦʜʘ ʬʠʣʴʪʨʦʚ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ 

ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʣʠʪʠʷ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝ 1 ʢʦʥʪʫʨʘ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʣʠʪʠʷ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝ 1 ʢʦʥʪʫʨʘ ʜʣʷ 7-ʡ ʢʘʤʧʘʥʠʠ 

ʵʥʝʨʛʦʙʣʦʢʘ ˉ3 ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ ʚ ʧʝʨʠʦʜ ʩ 24 ʠʶʣʷ 2024 ʛʦʜʘ ʧʦ 24 ʬʝʚʨʘʣʷ 2025 ʛʦʜʘ: 
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ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Li
+ 
ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝ 1 ʢʦʥʪʫʨʘ 

 

 

ɿʜʝʩʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ ʧʝʨʠʦʜ ʩ 24 ʥʦʷʙʨʷ 2024 ʛʦʜʘ ʧʦ 24 ʜʝʢʘʙʨʷ 2024 ʛʦʜʘ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʟʦʰʣʦ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʣʠʪʠʷ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʦʤ ʩ ʊɽ10N01 ʥʘ ʊɽ10N02 ʠʟ-ʟʘ ʚʳʚʦʜʘ ʊɽ10N01 ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ 05 

ʜʝʢʘʙʨʷ 2024. 

ɺ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʪʠʷ ʷ ʠʩʧʦʣʴʟʦʚʘʣ 

ʤʦʜʝʣʴ ʍʦʣʴʪʘ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʳʤ ʪʨʝʥʜʦʤ ʠ 

ʥʝ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʩʪʠ [3]. ʇʦʜʦʙʨʘʚ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ ʧʘʨʘʤʝʪʨ ʩʛʣʘʞʠʚʘʥʠʷ 

ʫʨʦʚʥʷ Ŭ=0,3 ʠ ʧʘʨʘʤʝʪʨ ʩʛʣʘʞʠʚʘʥʠʷ ʪʨʝʥʜʘ ɓ=0,5, ʷ ʧʦʣʫʯʠʣ ʛʨʘʬʠʢ ʧʨʦʛʥʦʟʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʪʠʷ ʚ 1 ʢʦʥʪʫʨʝ (ʨʠʩ.3).  

 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ʧʨʦʛʥʦʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʪʠʷ ʚ 1 ʢʦʥʪʫʨʝ 

 

ʄʦʜʝʣʴ ʍʦʣʴʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʧʨʦʛʥʦʟ ʥʘ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʚʧʝʨʝʜ,  

ʚ ʯʘʩʪʥʦʩʪʠ, ʣʠʥʠʷ ʧʨʦʛʥʦʟʘ ʥʘ ʨʠʩʫʥʢʝ 3 ʨʘʩʩʯʠʪʘʥʘ ʥʘ 30 ʩʫʪʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʧʝʰʥʳʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʩʛʣʘʞʠʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ɺʍʈ ʚ ʫʩʣʦʚʠʷʭ 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʋʧʨʝʞʜʘʶʱʝʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ (ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʥʘ ʪʚʵʣʘʭ), ʩʥʠʞʝʥʠʶ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʢʦʥʪʫʨʘ 

ʧʨʦʜʫʢʪʘʤʠ ʢʦʨʨʦʟʠʠ, ʫʣʫʯʰʘʷ ʪʝʤ ʩʘʤʳʤ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʚʦʛʦ 

ʢʦʥʪʫʨʘ ɸʕʉ ʩ ɺɺʕʈ. ʂʨʦʤʝ ʪʦʛʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʰʠʨʠʪʴ ʧʨʦʛʥʦʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, 

ʚʢʣʶʯʠʚ ʚ ʥʝʛʦ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʜʨʫʛʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɺʍʈ (ʥʘʧʨʠʤʝʨ, 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ) ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ɸʕʉ. 
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ʀ ɺʅɽʐʅʀʍ ɺʆɿɼɽʁʉʊɺʀʁ ɺ ʃʆɻʀʂʆ-ɺɽʈʆʗʊʅʆʉʊʅʆʁ 

ʄʆɼɽʃʀ ɺɸɹ ɹʃʆʂɸ ɸʕʉ 
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1,3
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

 ʛ. ʉʘʥʢʪ - ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
1,2
ʆʙʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ çʈʀʉʂ ʄʆʅʀʊʆʈè 

ʛ. ɺʩʝʚʦʣʦʞʩʢ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʢʣʶʯʝʥʠʶ ʢʦʤʙʠʥʘʮʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʣʦʛʠʢʦ-ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʤʦʜʝʣʴ ʵʥʝʨʛʦʙʣʦʢʘ ɸʕʉ ʩ ʧʦʤʦʱʴʶ ʜʝʨʝʚʴʝʚ ʦʪʢʘʟʦʚ ʠ 

ʜʝʨʝʚʴʝʚ ʩʦʙʳʪʠʡ ï ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʚʨʝʤʝʥʥʦʝ ʇʆ ʠ 

ʨʫʢʦʚʦʜʩʪʚʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʣʘʛʘʝʤʳʭ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʢʦʪʦʨʳʤʠ ʘʚʪʦʨʘʤʠ ɹʘʡʝʩʦʚʩʢʠʭ ʩʝʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʝʨʦʷʪʥʦʩʪʥʳʡ ʘʥʘʣʠʟ ʙʝʟʦʧʘʩʥʦʩʪʠ, ɺɸɹ, ɸʕʉ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʘʨʠʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʘʚʘʨʠʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʢʦʤʙʠʥʘʮʠʷ ʚʦʟʜʝʡʩʪʚʠʡ, ʩʦʯʝʪʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʡ, 

ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʣʦʛʠʢʦ-ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ 
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Abstract. The paper describes possible approaches for inclusion of earthquake and external hazard combinations in 
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ɺ ʨʘʤʢʘʭ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʜʘʣʝʝ ɺɸɹ) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʜʘʣʝʝ ɺɺ) ʧʨʠʨʦʜʥʦʛʦ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʫʯʠʪʳʚʘʶʪʩʷ ʩʦʯʝʪʘʥʠʷ ɺɺ 

(ʩʥʝʛ ʠ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʜʘʨʳ ʤʦʣʥʠʠ ʠ ʦʩʘʜʢʠ ʠ ʪ.ʧ.). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ɺɸɹ ʜʣʷ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʜʘʣʝʝ ʉɺɸɹ) ʚʳʧʦʣʥʷʝʪʩʷ ʦʪʜʝʣʴʥʦ ʠʟ-ʟʘ ʝʛʦ ʪʨʫʜʦʸʤʢʦʩʪʠ. 

ʉʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʘʟʳʚʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʩʴ ʵʥʝʨʛʦʙʣʦʢ.  
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ʆʥʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʳʚʘʤ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ, ʨʘʟʨʫʰʝʥʠʶ ʟʜʘʥʠʡ, ʧʦʪʝʨʝ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʪ.ʜ. ʠʟ-ʟʘ ʯʝʛʦ ʜʘʣʴʥʝʡʰʘʷ ʘʚʘʨʠʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʠʟ ʵʪʠʭ ʩʦʙʳʪʠʡ ʨʝʘʣʠʟʦʚʘʣʠʩʴ (ʚ ʪ.ʯ. 

ʚʤʝʩʪʝ). ɼʣʷ ʫʯʸʪʘ ʵʪʦʛʦ ʚ ʉɺɸɹ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʜʝʨʝʚʴʷ ʩʦʙʳʪʠʡ (ʜʘʣʝʝ ʋɼʉ), 

ʤʦʜʝʣʠʨʫʶʱʠʝ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʠ. 

ʄʥʦʛʠʝ ɺɺ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʣʠʙʦ ʠʭ ʧʨʠʯʠʥʦʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʘʢʪʫʘʣʴʥʳʭ ʨʫʢʦʚʦʜʩʪʚ (ʧ. 13ʈɹ-123-17, ʧ. 8.15 SSG-3 

Rev.1, ʨʘʟʜʝʣ 9 IAEA-TECDOC-1937) ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʪʦ ʚ ʣʦʛʠʢʦ-ʚʝʨʦʷʪʥʦʩʪʥʦʡ 

ʤʦʜʝʣʠ ʵʥʝʨʛʦʙʣʦʢʘ (ʜʘʣʝʝ ʃɺʄ). ʆʜʥʘʢʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʦʯʝʪʘʥʠʡ ʧʦ ʤʥʦʛʠʤ 

ʧʨʠʯʠʥʘʤ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʦ ʩʪʦʣʴ ʨʝʜʢʠʭ ʩʦʙʳʪʠʷʭ. 

ɿʘʜʘʯʘ ʦʪʙʦʨʘ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ɺɺ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʙʦʙʱʸʥʥʦ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʙʦʪʝ [1].  

ʆʮʝʥʢʘ ʠʭ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʪʨʝʙʫʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʢʘʞʜʦʡ ʧʣʦʱʘʜʢʠ ɸʕʉ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʚʳʧʦʣʥʝʥʠʷ ɺɸɹ ʃɺʄ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʜʝʨʝʚʴʝʚ ʦʪʢʘʟʦʚ ʠ ʜʝʨʝʚʴʝʚ ʩʦʙʳʪʠʡ (ʜʘʣʝʝ ɼʆ ʠ ɼʉ). ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɼʆ ʠ ɼʉ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʯʝʪʘʥʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ɺɺ ʚ 

ʨʘʙʦʪʘʭ [2] ʠ [3] ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɹʘʡʝʩʦʚʩʢʠʭ 

ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʇʆ (Risk Spectrum, ɹɸʈʉ 3.0) ʠ ʥʝ ʫʧʦʤʠʥʘʶʪʩʷ 

ʚ ʘʢʪʫʘʣʴʥʳʭ ʨʫʢʦʚʦʜʩʪʚʘʭ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʌ ʠ ʜʦʢʫʤʝʥʪʘʭ ʄɸɻɸʊʕ ʚ ʯʘʩʪʠ  

ɺɸɹ. ʆʩʥʦʚʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʫʯʸʪ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʩʚʷʟʴ ʧʦʚʨʝʞʜʝʥʠʷ ʟʜʘʥʠʡ ʠʟ-ʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ 

ʠʟ-ʟʘ ɺɺ) [2,3]. ʀʥʦʛʜʘ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʦʜʥʘʢʦ ʤʥʦʛʠʝ 

ʢʦʤʙʠʥʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʃɺʄ ʠ ʙʝʟ ɹʘʡʝʩʦʚʩʢʠʭ ʩʝʪʝʡ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʢʣʶʯʝʥʠʶ ʢʦʤʙʠʥʘʮʠʡ 

ʚʥʝʰʥʠʭ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʃɺʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʆ ʠ ɼʉ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʉɺɸɹ ʜʣʷ ʉʤʦʣʝʥʩʢʦʡ ɸʕʉ.  

ɺʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʚʢʣʶʯʝʥʠʶ ʢʦʤʙʠʥʘʮʠʡ ʚ ʃɺʄ: 

1) ʀʥʪʝʛʨʘʮʠʷ ʩʦʙʳʪʠʡ ʢʦʤʙʠʥʘʮʠʡ ʚ ʜʝʨʝʚʴʷ ʦʪʢʘʟʦʚ ʟʘʪʨʘʛʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ï 

ʘʥʘʣʦʛʠʯʥʦ ʧʦʜʭʦʜʫ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚ ʉɺɸɹ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʥʝʰʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʘʟʠʩʥʦʛʦ ʩʦʙʳʪʠʷ (ʜʘʣʝʝ ɹʉ) ʠʣʠ ʪʨʘʥʩʬʝʨʥʦʛʦ ɼʆ, 

ʢʦʪʦʨʦʝ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʦʪʢʘʟʘʤ ʟʘʪʨʘʛʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʫʜʦʙʝʥ, ʝʩʣʠ 

ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʣʠʷʝʪ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʩʠʩʪʝʤ ʠ ʥʝ ʤʝʥʷʝʪ 

ʨʘʟʚʠʪʠʝ ʘʚʘʨʠʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʤʦʞʝʥ ʚʟʨʳʚ ʨʝʩʠʚʝʨʘ ʩ ʚʦʜʦʨʦʜʦʤ, ʢʦʪʦʨʳʡ ʟʘʪʨʘʛʠʚʘʝʪ 

ʪʦʣʴʢʦ ʟʜʘʥʠʝ ʜʠʟʝʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ɹʉ, ʤʦʜʝʣʠʨʫʶʱʝʝ ʩʝʡʩʤʠʯʝʩʢʦʝ 

ʧʦʚʨʝʞʜʝʥʠʝ ʨʝʩʠʚʝʨʘ, ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥʦ ʚ ɼʆ ʢʘʞʜʦʛʦ ʠʟ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʟʜʘʥʠʠ. 

2) ʀʥʪʝʛʨʘʮʠʷ ʩʦʙʳʪʠʡ ʢʦʤʙʠʥʘʮʠʡ ʚ ʋɼʉ ï ʘʥʘʣʦʛʠʯʥʦ ʧʦʜʭʦʜʫ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚ 

ʉɺɸɹ ʩʝʡʩʤʠʯʝʩʢʠʭ ʪʝʯʝʡ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ, ʦʙʝʩʪʦʯʠʚʘʥʠʷ ʠ ʜʨ. ʚ ʋɼʉ. ʂʦʤʙʠʥʘʮʠʷ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʘʟʠʩʥʦʛʦ ʩʦʙʳʪʠʷ (ʠʣʠ ʩʦʯʝʪʘʥʠʡ ɹʉ), ʢʦʪʦʨʦʝ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ɼʆ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʙʳʪʠʷ (ʜʘʣʝʝ ʌʉ), ʚʭʦʜʷʱʝʛʦ ʚ ʋɼʉ. ʃʠʙʦ ʧʫʪʝʤ 

ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʌʉ ʋɼʉ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʦʙʳʤ 

ʭʦʜʦʤ ʘʚʘʨʠʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʫʜʦʙʝʥ, ʝʩʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʥʷʝʪ 

ʨʘʟʚʠʪʠʝ ʘʚʘʨʠʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʥʘʯʠʤʳʤ ʦʙʨʘʟʦʤ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʩʭʦʞʠʡ ʩʮʝʥʘʨʠʡ 

ʫʞʝ ʙʳʣ ʫʯʪʝʥ ʨʘʥʝʝ ʚ ʋɼʉ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʦʟʤʦʞʝʥ ʧʨʦʨʳʚ ʜʘʤʙʳ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʚʦʜʦʡ ʟʘʪʦʧʠʪ ʦʪʢʨʳʪʳʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ (ʜʘʣʝʝ ʆʈʋ). ʊʦʛʜʘ ʩʦʙʳʪʠʝ ʧʨʦʨʳʚʘ ʜʘʤʙʳ ʩʪʦʠʪ ʫʯʝʩʪʴ ʚ ɼʆ ʜʣʷ ʌʉ ñʇʦʪʝʨʷ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷò ʚ ʋɼʉ. 

3) ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ˉ1 ʠ ˉ2 ʜʣʷ ʦʜʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ï ʚ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʪʨʘʛʠʚʘʝʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʟʜʘʥʠʡ, ʩʠʩʪʝʤ ʠʣʠ ʵʣʝʤʝʥʪʦʚ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʦʨʳʚ ʜʘʤʙʳ ʟʘʪʘʧʣʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʆʈʋ, ʥʦ ʝʱʝ ʥʘʩʦʩʳ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ 

ʚ ʙʝʨʝʛʦʚʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ ʠ ʧʝʨʝʜʚʠʞʥʳʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʣʦʱʘʜʢʝ 

ɸʕʉ, ʪʦ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʚʤʝʩʪʝ: ʩʦʙʳʪʠʝ ʧʨʦʨʳʚʘ ʜʘʤʙʳ ʩʪʦʠʪ 
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ʫʯʝʩʪʴ ʚ ɼʆ ʜʣʷ ʌʉ ñʇʦʪʝʨʷ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷò ʚ ʋɼʉ, ʘ ʪʘʢʞʝ ʚ ɼʆ ʚʩʝʭ 

ʟʘʪʨʘʛʠʚʘʝʤʳʭ ʥʘʩʦʩʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʠ ʧʝʨʝʜʚʠʞʥʳʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʉʘʤʦ ɹʉ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʪʴ ʘʥʘʣʦʛʠʯʥʦ 

ʩʝʡʩʤʠʯʝʩʢʠʤ ʦʪʢʘʟʘʤ ʚ ʉɺɸɹ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʟʘʤʝʥʳ ʩʦʙʳʪʠʡ (ʥʘʧʨʠʤʝʨ, Exchange 

Events ʚ Risk Spectrum) ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟ-ʟʘ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʳʟʚʘʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʚʟʨʳʚ, ʧʦʞʘʨ ʠʣʠ ʧʨʦʨʳʚ ʜʘʤʙʳ), ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʢʘʢ ʦʧʠʩʘʥʦ ʚ 

ʈɹ-123-17 ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʠʭ ʛʨʘʥʠʯʥʦʡ 

ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ. ɼʣʷ ʧʨʦʯʠʭ ɺɺ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʢʦʥʢʨʝʪʥʦʡ ʧʣʦʱʘʜʢʠ ɸʕʉ. 

ɽʩʣʠ ʢʘʢʦʝ-ʣʠʙʦ ɺɺ, ʚʳʟʚʘʥʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʴ ʪʦʣʴʢʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ (ʥʘʧʨʠʤʝʨ, ʚʳʣʝʪ ʣʦʧʘʪʦʢ ʠʟ-ʟʘ ʨʘʟʨʫʰʝʥʠʷ 

ʪʫʨʙʠʥʳ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʤʦʱʥʦʩʪʠ), ʪʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʫʯʝʩʪʴ ʩ ʧʦʤʦʱʴʶ ʣʦʛʠʯʝʩʢʠʭ 

ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ (House Events) ʥʘ ʫʨʦʚʥʝ ɼʆ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ 

ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʣʦʛʠʢʘ 

ʢʘʞʜʦʛʦ ʋɼʉ ʦʙʳʯʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʧʦʵʪʦʤʫ ʚ ʥʠʭ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʫʞʝ ʫʯʪʝʥʳ.  

ʉʦʦʨʫʞʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʟʘʱʠʱʘʶʱʠʝ ʵʥʝʨʛʦʙʣʦʢ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʤʦʛʫʪ 

ʦʪʢʘʟʳʚʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʠ ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʩʪʘʶʪ ʥʝʩʪʠ ʩʚʦʶ ʟʘʱʠʪʥʫʶ 

ʬʫʥʢʮʠʶ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʳʭ ʩʣʝʜʫʝʪ ʧʨʦʚʝʩʪʠ ʜʣʷ ʥʠʭ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʘʥʘʣʠʟ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ.  

ɹʉ ʦʪʢʘʟʦʚ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩʣʝʜʫʝʪ ʜʦʙʘʚʣʷʪʴ ʚ ʦʧʝʨʘʪʦʨ ñʀò ʚʤʝʩʪʝ ʩ ɹʉ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ɺɺ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʵʥʝʨʛʦʙʣʦʢ 

ʪʦʣɹʢʦ ʧʨʠ ʦʪʢʘʟʝ ʟʘʱʠʪʥʳʭ ʤʝʨ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥʘ ʚ ʃɺʄ 

ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ-ʟʘ ɺɺ. ɺʦ ʚʩʝʭ ʧʨʠʤʝʨʘʭ ʨʘʥʝʝ ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ɺɺ ʢʦʥʩʝʨʚʘʪʠʚʥʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʫ ʟʘʪʨʘʛʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ 

ʥʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ɹʘʡʝʩʦʚʩʢʠʭ ʩʝʪʝʡ ʵʪʘ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʭʦʜʠʣʘ ʙʳ 

ʚ ʪʘʙʣʠʮʫ ʚʝʨʦʷʪʥʦʩʪʠ ʫʟʣʘ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʦʪʢʘʟ ʵʣʝʤʝʥʪʘ, ʥʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʝʸ ʚ ɼʆ 

ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ɹʉ.   

ɽʩʣʠ ʩʦʯʝʪʘʥʠʝ ɺɺ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʩʦʟʜʘʝʪ ʟʥʘʯʠʤʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ, ʪʦ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʪ.ʧ. ʩ 

ʫʯʸʪʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʘʣʝʝ ʧʦ ʠʭ ʨʝʟʫʣʴʪʘʪʘʤ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʩʦʛʣʘʩʥʦʈɹ-123-17. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ 

ʫʩʠʣʠʝ ʦʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʥʘʛʨʫʟʢʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʤʝʩʪʦ ʫʩʠʣʠʷ ʦʪ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ, ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ (ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ) ʠ ʫʩʠʣʠʝ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ɽʩʣʠ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʛʜʝ ʥʘ ʟʜʘʥʠʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘʛʨʫʟʢʘ 

ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ɺɺ (ʥʘʧʨʠʤʝʨ, ʚʟʨʳʚ ʚ ʜʚʫʭ ʠ ʙʦʣʝʝ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ), 

ʪʦ ʵʪʦʪ ʧʦʜʭʦʜ ʢ ʩʦʩʪʘʚʣʝʥʠʶ ɼʆ ʤʦʞʝʪ ʙʳʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥ. ʆʜʥʘʢʦ, ʯʝʤ ʙʦʣʴʰʝ 

ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʥʘʛʨʫʟʦʢ ï ʪʝʤ ʙʦʣʴʰʝ ʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʨʘʩʯʝʪʦʚ ʠ ʪʝʤ 

ʙʦʣʝʝ ʛʨʦʤʦʟʜʢʦʡ ʧʨʠʜʸʪʩʷ ʩʪʨʦʠʪʴ ʣʦʛʠʢʫ ɼʆ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʫʩʪʫʧʘʶʪ ʧʦ ʫʜʦʙʩʪʚʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ɹʘʡʝʩʦʚʩʢʠʤ ʩʝʪʷʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʚʠʟʫʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ, ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʦʤʙʠʥʘʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ 

ʃɺʄ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʣʫʯʘʝʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʫʞʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʝʨʝʚʴʝʚ ʩʦʙʳʪʠʡ ʠ ʜʝʨʝʚʴʝʚ ʦʪʢʘʟʦʚ, ʘ ʥʝ ɹʘʡʝʩʦʚʩʢʠʭ ʩʝʪʝʡ.  
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʝʧʪʫʥʠʷ ʥʘ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ  

ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺɺʕʈ-ʉ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʘʷ 

ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʠ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ (ʜʘʣʝʝ ʊɺʉ) ʨʝʘʢʪʦʨʦʚ. ʅʝʧʪʫʥʠʡ ʜʦʙʘʚʣʷʣʩʷ  

ʢ ʦʩʥʦʚʥʦʤʫ ʪʦʧʣʠʚʫ ʛʦʤʦʛʝʥʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʜʦʣʷʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,1 ʜʦ 1% ʚ ʚʠʜʝ ʦʢʩʠʜʘ NpO . 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʝ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ, ʥʫʢʣʠʜʥʳʡ ʩʦʩʪʘʚ ʪʦʧʣʠʚʘ, ʧʣʫʪʦʥʠʝʚʳʡ ʚʝʢʪʦʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʧʪʫʥʠʡ, ʤʠʥʦʨʥʳʝ ʘʢʪʠʥʠʜʳ, ʦʪʨʘʙʦʪʘʚʰʝʝ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ, ʙʳʩʪʨʳʝ ʨʝʘʢʪʦʨʳ, 

ʪʝʧʣʦʚʳʝ ʨʝʘʢʪʦʨʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ, ʪʦʧʣʠʚʥʘʷ ʢʘʤʧʘʥʠʷ. 
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Abstract. The aim of this work is to investigate the effect of neptunium on the neutronics and thermal properties of 

the VVER-S reactor. Neutronics and thermal models of reactor fuel assemblies (FAs) were developed for the 

calculations. Neptunium was homogeneously added to the primary fuel in the form of NpO  oxide, with fractions 

ranging from 0.1% to 1%. The analyzed characteristics include the infinite medium multiplication factor, neutron 

energy spectrum, fuel nuclide composition, and plutonium vector. 

Keywords. neptunium, minor actinides, spent nuclear fuel, fast reactors, thermal reactors, neutron multiplication 

factor, neutron spectrum, fuel cycle. 

 

ʈʝʩʫʨʩʳ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʠʩʪʦʱʘʶʪʩʷ, ʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʠʭ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʧʨʦʙʣʝʤʦʡ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʚ 

ʨʝʘʢʪʦʨʘʭ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʪʠʧʝ ʨʝʘʢʪʦʨʘ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ (ɺɺʕʈ-ʉ) 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʠʢʨʦʢʘʤʧʘʥʠʠ ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʘʢʪʠʚʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʧʪʫʥʠʷ ʚ ʪʦʧʣʠʚʥʦʤ ʮʠʢʣʝ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. 

ʆʜʥʘʢʦ, ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʅʌʍ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ [1]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ [2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʪʫʥʠʷ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʪʠʣʠʟʘʮʠʠ ʦʙʱʝʤʠʨʦʚʳʭ ʥʘʢʦʧʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʜʦʣʛʦʞʠʚʫʱʠʭ ʘʢʪʠʥʠʜʦʚ, ʯʪʦ ʩʥʠʟʠʪ 

ʦʧʘʩʥʦʩʪʴ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʙʘʚʣʝʥʠʝ ʥʝʧʪʫʥʠʷ ʚ ʩʦʩʪʘʚ ʪʦʧʣʠʚʘ 

ʨʝʘʢʪʦʨʘ ɺɺʕʈ-ʉ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ ʟʘ ʩʯʝʪ ʥʘʨʘʙʦʪʢʠ ʧʣʫʪʦʥʠʷ, 
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ʧʨʦʜʣʠʪʴ ʪʦʧʣʠʚʥʫʶ ʢʦʤʧʘʥʠʶ ʠ ʫʣʫʯʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʪʦʨʘ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʦʧʣʠʚʥʳʭ ʢʘʤʧʘʥʠʡ 

ʨʝʘʢʪʦʨʘ ɺɺʕʈ-ʉ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʧʪʫʥʠʷ ʚ ʪʦʧʣʠʚʦ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʨʝʜʝ Serpent ʠ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʇʆ Ansys. ɺʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʝʧʪʫʥʠʷ ʚ ʪʦʧʣʠʚʝ.  

ʀʩʩʣʝʜʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ; 

¶ ʉʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ; 

¶ ʅʫʢʣʠʜʥʳʡ ʩʦʩʪʘʚ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʪʦʧʣʠʚʘ; 

¶ ʇʣʫʪʦʥʠʝʚʳʡ ʚʝʢʪʦʨ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʷʯʝʡʢʠ ʠ ʊɺʉ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-ʉ (ʨʠʩʫʥʦʢ 1) ʩ 

ʛʦʤʦʛʝʥʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʦʪʦʧʦʚ ʥʝʧʪʫʥʠʷ ʚʦ ʚʩʝʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ [3]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʤʦʜʝʣʠ ʊɺʉ ɺɺʕʈ-ʉ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʧʪʫʥʠʷ ʟʥʘʯʝʥʠʝ Kʙʝʩʢ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟʤʝʥʷʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ. ʉʨʘʚʥʝʥʠʝ ʩ ʙʘʟʦʚʳʤ ʟʥʘʯʝʥʠʝʤ 

Kʙʝʩʢ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʧʪʫʥʠʷ [4]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʠʢʨʦʢʘʤʧʘʥʠʠ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-ʉ. 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʶʨʠʷ ʥʘ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ  

ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺɺʕʈ-1200 ʠ ɹʅ-600. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʘʷ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʠ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ (ʜʘʣʝʝ ʊɺʉ) ʨʝʘʢʪʦʨʦʚ. ʂʶʨʠʡ 

ʜʦʙʘʚʣʷʣʩʷ ʢ ʦʩʥʦʚʥʦʤʫ ʪʦʧʣʠʚʫ ʛʦʤʦʛʝʥʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʜʦʣʷʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,1 ʜʦ 20% ʚ ʚʠʜʝ ʦʢʩʠʜʘ 

CmO2. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʝ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʤ ʵʣʝʤʝʥʪʝ (ʜʘʣʝʝ 

ʊɺʕʃʝ). ɹʦʣʝʝ ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʨʝʘʢʪʠʚʥʦʩʪʴ ʤʦʜʝʣʠ ɺɺʕʈ-1200, ʛʜʝ Kʙʝʩʢ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 3,85%. ɺ ʩʣʫʯʘʝ ʩ ɹʅ-600 ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʘʜʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 3%. ɼʦʙʘʚʣʝʥʠʝ ʢʶʨʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʪʝʧʣʦʚʦʡ ʦʙʣʘʩʪʠ ɺɺʕʈ-1200. ʊʘʢʞʝ ʢʶʨʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʝʘʢʪʠʚʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʨʝʘʢʪʦʨʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ  

ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʢʩʠʜʘ ʢʶʨʠʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧʣʠʚʘ ʩʥʠʞʘʶʪʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 500 ʛʨʘʜ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʶʨʠʡ, ʤʠʥʦʨʥʳʝ ʘʢʪʠʥʠʜʳ, ʦʪʨʘʙʦʪʘʚʰʝʝ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ, ʙʳʩʪʨʳʝ ʨʝʘʢʪʦʨʳ, 

ʪʝʧʣʦʚʳʝ ʨʝʘʢʪʦʨʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨ, ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ, 

ʪʦʧʣʠʚʥʘʷ ʢʘʤʧʘʥʠʷ.  
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 Abstract. The research aim is investigation of the curium affection on neutron-physical and thermophysical 

characteristics of VVER-1200 and BN-600. The fuel assemblies neutron-physical and thermophysical models have 

been created for the calculations to be made. Curium was added to the common fuel homogeneously in the 

proportions from 0,1 to 20 % as CmO2 oxide. Characteristics considered are: neutron multiplication factor, neutron 

spectrum, temperature distribution. A stronger effect on the reactivity is observed of the VVER-1200 model ï Keff 

decreases by 3,85%. The maximum decrease of BN-600 neutron multiplication factor is 3%. Adding curium 

increases the neutron flux density of VVER-1200. Also curium does a considerable positive effect on the fast 

reactorôs reactivity, that creates a possibility of using Cm as a fuel. The maximum fuel temperature decreases by 500 

grad, when curium is added.  
 Keywords. curium, minor actinides, spent nuclear fuel, fast reactors, thermal reactors, neutron multiplication factor, 

temperature gradient, neutron specter, reactor campaign.  

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʢʶʨʠʷ ʥʘ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʪʦʨʦʚ ʩ ʪʦʧʣʠʚʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʜʘʥʥʳʡ ʤʠʥʦʨʥʳʡ ʘʢʪʠʥʠʜ ʚ ʨʘʟʣʠʯʥʳʭ 

ʜʦʣʷʭ. ʂʶʨʠʡ, ʥʘʨʘʙʦʪʘʥʥʳʡ ʚʦ ʚʨʝʤʷ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʘʥʠʡ ʠ ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʆʗʊ, ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʆʗʊ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʸʟʥʫʶ ʫʛʨʦʟʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʩ ʝʛʦ ʥʘʢʦʧʣʝʥʠʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘ ʪʝʤʫ ʚʣʠʷʥʠʷ ʢʶʨʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ [1]. ɼʦʙʘʚʣʝʥʠʝ ʜʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʪʦʧʣʠʚʥʳʝ ʩʙʦʨʢʠ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʝʛʦ ʧʨʷʤʦʤʫ ʟʘʭʦʨʦʥʝʥʠʶ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʜʦʙʘʚʣʝʥʠʝ ʠʟʦʪʦʧʦʚ ʂʶʨʠʷ ʚ ʷʯʝʡʢʠ ʠ ʊɺʉ ʨʝʘʢʪʦʨʦʚ 

ʪʠʧʘ ɹʅ ʠ ɺɺʕʈ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʡʪʨʦʥʥʦ-

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʨʝʜʝ Serpent ʠ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʇʆ 

Ansys. ɺʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʶʨʠʷ ʚ ʪʦʧʣʠʚʝ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

1. ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ; 
2. ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨ ʊɺʕʃʘ; 
3. ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ. 
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ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ ʷʯʝʡʢʠ ʠ ʊɺʉ ʨʝʘʢʪʦʨʦʚ ɹʅ-600, ɺɺʕʈ-1200 

(ʨʠʩ.1) ʩ ʛʦʤʦʛʝʥʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʦʪʦʧʦʚ ʢʶʨʠʷ ʚʦ ʚʩʝʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʚ ʯʘʩʪʠ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʮʝʣʷʭ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʊɺʉ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʤʦʜʝʣʠ ʊɺʉ ɹʅ-600 (ʩʣʝʚʘ) ʠ ɺɺʕʈ-1200 (ʩʧʨʘʚʘ) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ ʪʠʧʦʚʳʤ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʪ 

ʨʘʟʤʝʱʝʥʠʷ ʪʚʵʣʦʚ ʚ ʊɺʉ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʪʝʧʣʦʚʳʭ ʨʝʘʢʪʦʨʦʚ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʤʝʱʝʥʠʝ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʠʟʙʳʪʦʯʥʫʶ ʨʝʘʢʪʠʚʥʦʩʪʴ ʧʦʛʣʦʪʠʪʝʣʝʡ (ʧʵʣʦʚ) ʚʥʫʪʨʠ ʊɺʉ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʦʛʣʦʪʠʪʝʣʷ ʚ ʙʳʩʪʨʳʭ ʨʝʘʢʪʦʨʘʭ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʢʘʩʩʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ ɺɺʕʈ ʦʪʩʫʪʩʪʚʫʝʪ ʯʝʭʦʣ [2], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠ ʜʣʷ ɹʅ-800, ʠ ʜʣʷ ɹʅ-600 

ʥʘʣʠʯʠʷ ʯʝʭʣʘ ʭʘʨʘʢʪʝʨʥʦ [3]. 

ʆʧʪʠʤʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʘʨʠʘʥʪʳ ʩʦ ʩʥʠʞʝʥʥʳʤ ʪʝʤʧʦʤ ʨʝʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʠʜʝʥʪʠʯʥʦʤ ʩʨʝʜʥʝʤ (ʥʘ ʜʣʠʥʫ ʪʦʧʣʠʚʥʦʡ ʢʘʤʧʘʥʠʠ) ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʘʟʤʥʦʞʝʥʠʷ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʃʫʢʴʷʥ ɽ. ʀ., ʊʝʨʝʭʦʚʘ ɸ. ʄ., ʍʦʨʘʩʘʥʦʚ ɻ. ʃ. ʆʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚ ʠʟʦʪʦʧʦʚ ʢʶʨʠʷ ʠ ʘʤʝʨʠʮʠʷ ʚ ʆʗʊ 

ʨʝʘʢʪʦʨʘ ɹʅ-600 //ɹʫʜʫʱʝʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ-AtomFuture. ïï 2017.ï ʉ. 56-57. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʣʝ ʯʘʩʪʦʪʳ  

ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʨʝʣʝ ʨʝʘʣʠʟʦʚʘʥ ʧʨʷʤʦʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʧʝʨʠʦʜʘ ʩʝʪʠ  

ʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʀʩʢʣʶʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʤʧʣʠʪʫʜʥʳʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʠʟʤʝʨʝʥʠʝ ʧʝʨʠʦʜʘ ʩʝʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʠʟʤʝʨʷʝʤʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʂʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʦʚʳʰʘʝʪ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ ʠ ʠʩʢʣʶʯʝʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʣʝʤʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʨʝʣʝ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʚʫʤʷ ʨʝʣʝ 

ʦʧʨʝʜʝʣʷʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ 
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ʠʟʤʝʨʝʥʠʠ ʜʚʫʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʱʠʝ ʵʣʝʤʝʥʪʳ ʫʩʪʨʦʡʩʪʚ ʠʟʤʝʨʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ, ʨʝʣʝ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ, ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ. 
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Abstract: The article presents the scheme and principle of operation of the developed adaptive frequency and 

minimum voltage relay. The relay implements a direct method for measuring the period of the network and a 

compensation method for measuring voltage. The converter uses automatic amplitude stabilization of the 

measured voltage, which eliminates the influence of various amplitude factors on the measurement of the mains 

period. The compensation method of voltage measurement improves measurement accuracy by reducing the 

measuring range and eliminating non-linearity of the characteristics of the elements. The developed relay allows 

you to quickly determine the operating mode of the power supply system with higher accuracy than with two 

relays. The increased accuracy is due to the fact that when measuring two quantities, common elements of 

measuring devices are used. 

Keywords: emergency modes, current, voltage and frequency relays, adaptive relay protection systems. 
 

ɺʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʦʪʢʘʟʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ ʯʘʩʪʳʤʠ ʘʚʘʨʠʷʤʠ ʠ ʥʠʟʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ  

ʚ ʥʘʩʪʦʷʱʠʝ ʜʥʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʈʦʩʩʠʠ. ʆʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʟʘʱʠʪʳ ʦʪ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠ ʪʦʢʦʚ ʧʝʨʝʛʨʫʟʦʢ ʚ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʨʝʣʝʡʥʘʷ ʟʘʱʠʪʘ,  

ʘ ʠʤʝʥʥʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʚ ʩʝʪʠ.  

ʂ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʩʝʨʴʝʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ  

ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ  

ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʝʡʯʘʩ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝ ʠʩʢʣʶʯʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʣʝ ʯʘʩʪʦʪʳ  

ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʫʩʪʨʦʡʩʪʚʦ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʝ ʙʣʦʢʠ ʢʦʥʪʨʦʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʘ ʪʘʢʞʝ ʪʘʡʤʝʨʳ  

ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ [1, 2]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʠʟ-ʟʘ ʯʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʘʜʘʧʪʠʚʥʦʝ ʨʝʣʝ 

ʯʘʩʪʦʪʳ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʪʦʯʥʦʩʪʴʶ [3]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʛʨʘʥʠʯʝʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʪʦʣʴʢʦ ʯʘʩʪʦʪʳ, ʥʦ ʥʝ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʩʚʷʟʠ  

ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʩʘʜʢʘ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʝʜʠʥʳʡ ʧʨʠʙʦʨ ʜʣʷ ʢʦʥʪʨʦʣʷ ʵʪʠʭ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. ɼʘʥʥʳʡ ʧʨʠʙʦʨ ʧʦʤʦʞʝʪ ʦʙʦʩʥʦʚʘʥʥʦ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʘʚʘʨʠʡʥʳʤ ʨʝʞʠʤʦʤ. ʈʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ 

ʧʦʩʚʷʱʝʥʘ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʪʘʪʴʷ. 

ʋʧʦʤʷʥʫʪʦʝ ʨʘʥʝʝ ʘʜʘʧʪʠʚʥʦʝ ʨʝʣʝ ʯʘʩʪʦʪʳ [3] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʢʦʥʪʫʨʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʩʠʛʥʘʣ ʥʘ ʵʣʝʤʝʥʪʝ ʩʨʘʚʥʝʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʦʪʢʣʦʥʝʥʠʶ ʨʝʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʉʦʚʤʝʱʝʥʠʝ 

ʠʟʤʝʨʝʥʠʷ ʜʚʫʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʦʜʥʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ  

ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʨʝʥʠʷ. 
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ʈʘʙʦʪʘʝʪ ʨʝʣʝ ʯʘʩʪʦʪʳ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʆʪ ʠʩʪʦʯʥʠʢʘ (ʩʝʪʠ) ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 1 ʯʝʨʝʟ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩ ʦʜʥʦʧʦʣʫʧʝʨʠʦʜʥʳʤ ʚʳʧʨʷʤʠʪʝʣʝʤ 2, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ 

ʜʚʫʭ ʧʦʣʷʨʥʳʡ ʩʠʛʥʘʣ ʚ ʦʜʥʦʧʦʣʷʨʥʳʡ ʩʠʛʥʘʣ. ʉʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʫʩʠʣʠʪʝʣʷ 1 ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʧʠʢ-ʜʝʪʝʢʪʦʨ 5, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʠʤʧʫʣʴʩʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, 

ʨʘʚʥʦʝ ʘʤʧʣʠʪʫʜʝ ʥʘʧʨʷʞʝʥʠʷ ʩʠʛʥʘʣʘ. ʇʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʧʠʢ-ʜʝʪʝʢʪʦʨʘ 5 ʧʦʩʪʫʧʘʝʪ 

ʥʘ ʠʥʚʝʨʪʠʨʫʶʱʠʡ ʚʭʦʜ ʵʣʝʤʝʥʪʘ ʩʨʘʚʥʝʥʠʷ (ʙʣʦʢ ʨʘʟʥʦʩʪʠ) 6, ʘ ʥʘ ʥʝʠʥʚʝʨʪʠʨʫʶʱʠʡ ʚʭʦʜ 

ʵʣʝʤʝʥʪʘ ʩʨʘʚʥʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʩ ʟʘʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 7. ʈʘʟʥʦʩʪʴ ʵʪʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʫʩʠʣʠʚʘʝʪʩʷ ʫʩʠʣʠʪʝʣʝʤ ʵʣʝʤʝʥʪʘ ʩʨʘʚʥʝʥʠʷ ʠ ʟʘʪʝʤ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ 

ʚʭʦʜ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 4, ʢʦʪʦʨʦʝ ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʢʘ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ 1 ʥʝ ʙʫʜʝʪ ʨʘʚʥʦ ʩ ʥʝʢʦʪʦʨʦʡ ʦʰʠʙʢʦʡ ʥʘʧʨʷʞʝʥʠʶ ʥʘ 

ʟʘʜʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʧʨʷʞʝʥʠʝ ʩ ʚʳʭʦʜʘ ʫʩʠʣʠʪʝʣʷ 1 ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʤʧʫʣʴʩʦʚ 8, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʦʜʥʦʧʦʣʫʧʝʨʠʦʜʥʳʡ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ 

ʩʠʛʥʘʣ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ. ɿʘʪʝʤ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ ʩ ʧʦʤʦʱʴʶ ʢʣʶʯʘ 9 

ʟʘʧʦʣʥʷʝʪʩʷ ʠʤʧʫʣʴʩʘʤʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʩ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ 10, ʯʠʩʣʦ 

ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʝʨʠʦʜʫ ʩʝʪʠ.  ʀʤʧʫʣʴʩʳ ʩ ʚʳʭʦʜʘ ʢʣʶʯʘ 9 ʧʦʩʪʫʧʘʶʪ ʥʘ ʩʯʝʪʯʠʢ 

ʠʤʧʫʣʴʩʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 11, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʯʠʩʣʦ ʠʤʧʫʣʴʩʦʚ ʚ ʮʠʬʨʫ. ʂ ʚʳʭʦʜʫ 

ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 6 ʵʣʝʤʝʥʪʘ ʩʨʘʚʥʝʥʠʷ ʧʦʜʢʣʶʯʝʥ ʤʘʩʰʪʘʙʥʳʡ ʦʧʝʨʘʮʠʦʥʥʳʡ 

ʫʩʠʣʠʪʝʣʴ 12, ʢʦʪʦʨʳʡ ʫʩʠʣʠʚʘʝʪ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʦʪʢʣʦʥʝʥʠʶ ʨʝʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦʛʦ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʩʦʛʣʘʩʥʦ ʪʘʨʠʨʦʚʢʝ. ɸʥʘʣʦʛʦʚʳʡ 

ʩʠʛʥʘʣ ʩ ʫʩʠʣʠʪʝʣʷ 12 ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 13 ʚ ʮʠʬʨʦʚʫʶ 

ʬʦʨʤʫ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʬʫʥʢʮʠʶ ʦʨʛʘʥʘ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʫʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʱʝʥʠʝ ʩʚʦʡʩʪʚ ʨʝʣʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʳʭʦʜʫ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʵʣʝʤʝʥʪʘ 

ʩʨʘʚʥʝʥʠʷ 6 ʤʘʩʰʪʘʙʥʦʛʦ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 12, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥ ʯʝʨʝʟ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 13 ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ 11, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ  

ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʚʫʤʷ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 

ʦʧʨʝʜʝʣʷʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʱʠʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ï ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʨʝʣʝ ʯʘʩʪʦʪʳ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ [4] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ  

ʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʛʦ ʚʝʣʠʯʠʥʳ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʤʝʨʳ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʘʣʦʡ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʥʫʣʴ-ʧʨʠʙʦʨ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ 

ʨʘʙʦʪʳ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʥʫʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʥʝʣʠʥʝʡʥʦʩʪʴ ʠ ʜʦʩʪʠʯʴ 

ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʟʥʘʯʠʤʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

ɺ ʩʣʫʯʘʝ ʫʨʘʚʥʦʚʝʰʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʥʫʣʴ-ʧʨʠʙʦʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʥʘʛʨʫʟʢʘ, ʠʟ-ʟʘ ʯʝʛʦ 

ʠʩʢʣʶʯʝʥʦ ʦʙʨʘʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɺʦʩʧʨʦʠʟʚʦʜʠʤʘʷ ʤʝʨʘ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ ʠʟʤʝʥʝʥʠʡ.  ʕʪʦʪ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ 
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ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʥʘʯʝʥʠʝ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ [5]: 

 

ЎὟ̒ ̓ ,       (1) 

 

ʛʜʝ     ὑ ρ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʢʦʥʪʫʨʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

Ὑτ ὑτϽὑφϽЎὟ̒  ̓ï ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʪʨʦʥʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ; 

ὑτ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʪʨʦʥʘ; 

ὑφ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʫʩʠʣʠʪʝʣʷ 6; 

ЎὟ  ὑφϽὑρςϽЎὟ̒  ̓ï ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʬʦʨʤʫʣʘ (1) ʩʧʨʘʚʝʜʣʠʚʘ ʪʘʢʞʝ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʰʠʙʢʘ ʚ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʜʣʷ ʫʩʠʣʠʪʝʣʷ ʩʠʩʪʝʤʳ. ɺ ʘʩʪʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʪʝʛʨʘʪʦʨ (ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʢʦʥʜʝʥʩʘʪʦʨ), ʦʰʠʙʢʘ ʨʘʚʥʘ ʥʫʣʶ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʫʩʪʨʦʡʩʪʚʝ ʘʩʪʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʝ 

ʧʨʠʤʝʥʠʤʘ, ʧʦʩʢʦʣʴʢʫ ʪʝʨʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʟʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʠʙʦʨʝ ï ʘʜʘʧʪʠʚʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʯʘʩʪʦʪʳ ʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ ï ʨʝʘʣʠʟʦʚʘʥ ʧʨʷʤʦʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʧʝʨʠʦʜʘ ʩʝʪʠ ʠ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʀʩʢʣʶʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʘʤʧʣʠʪʫʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʤʝʨʝʥʠʝ ʧʝʨʠʦʜʘ ʩʝʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʠʟʤʝʨʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʜʘʥʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ. 

ʂʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʚ ʩʚʷʟʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ. ɺ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʫ. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ɼɽʌʆʈʄɸʎʀʁ ʂʈɸʅʆɺʆʁ 

ɹɸʃʂʀ ɺ ʉʆʉʊɸɺɽ ʄʆɼɽʃʀ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ɿɼɸʅʀʗ ʇʈʀ 
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ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè 

 ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 

SMBurdakov@mephi.ru 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʵʪʘʞʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʦʩʥʘʱʸʥʥʳʝ 

ʤʦʩʪʦʚʳʤʠ ʢʨʘʥʘʤʠ. ʕʪʠ ʢʨʘʥʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʡ ʚʳʩʦʪʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʟʜʘʥʠʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʡ ʜʝʬʦʨʤʘʮʠʠ ʢʨʘʥʦʚʳʭ ʙʘʣʦʢ ʥʘ ʦʩʥʦʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʬʦʨʤʘʮʠʡ ʚ ʢʨʘʥʦʚʦʡ ʙʘʣʢʝ ʚ ʩʦʩʪʘʚʝ ʤʦʜʝʣʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʜʘʥʠʷ, ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʚʳʧʦʣʥʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʄʂʇɿ-7ʃʈ-11. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʨʘʩʯʝʪ ʢʦʨʨʝʢʪʠʨʦʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʦʚʝʜʝʥʠʝ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʘʥʘʣʠʟʘ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʶʪ ʩʦʧʦʩʪʘʚʠʪʴ ʨʝʘʣʴʥʫʶ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʨʘʩʯʝʪʥʳʤʠ 

ʤʦʜʝʣʷʤʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʫʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʩʯʸʪʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʩʪʦʚʳʝ ʢʨʘʥʳ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʦʨʤʘʮʠʡ, ʚʥʝʰʥʷʷ 

ʥʘʛʨʫʟʢʘ, ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʢʨʘʥʦʚʦʡ ʙʘʣʢʝ, ʠʟʛʠʙ, ʘʪʦʤʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʣʘʙʦʨʘʪʦʨʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʤʦʜʝʣʴ. 
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Abstract. In the nuclear power industry, one-story industrial structures equipped with bridge cranes are used. These 

cranes move at the required height, providing maintenance of the entire area of   buildings for loading and unloading 

operations and technological processes. Thus, the study of the features of changes in the deformation of crane beams 

based on laboratory models is an urgent task. The results of laboratory and experimental studies of deformations  

in a crane beam as part of a model of an industrial building are presented, under the action of an external load was 

carried out using a research complex of MKPZ-7LR-11. Analysis of the results, calculation of correction factors to 

explain the discrepancy between theoretical and practical values   of relative deformations was carried out. 

Conducting such experiments and analyzing their results make it possible to compare the real deformability of the 

structure with calculation models, while simultaneously forming practical skills in the design, research and 

calculation of metal structures in accordance with modern standards and modeling technologies. 

Keywords: overhead cranes, operation, experimental deformation study, external load, strain gauge, relative 

deformation in crane beam, bending, atomic energy complex, metal structures, laboratory-research model. 
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ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʚ ʘʪʦʤʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʧʦʣʫʯʠʣʠ 

ʦʜʥʦʵʪʘʞʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʜʘʥʠʷ, ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʤʦʩʪʦʚʳʤʠ ʢʨʘʥʘʤʠ. ʇʝʨʝʤʝʱʘʷʩʴ 

ʧʦ ʧʦʜʢʨʘʥʦʚʳʤ ʧʫʪʷʤ ʥʘ ʪʨʝʙʫʝʤʦʡ ʚʳʩʦʪʝ, ʪʘʢʠʝ ʢʨʘʥʳ ʤʦʛʫʪ ʦʙʩʣʫʞʠʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʶ ʧʣʦʱʘʜʴ ʟʜʘʥʠʷ, ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ [1]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʚ ʢʨʘʥʦʚʦʡ ʙʘʣʢʝ  

ʚ ʩʦʩʪʘʚʝ ʟʜʘʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʣʘʙʦʨʘʪʦʨʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ.  

ʕʪʦ ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʦʥʠʤʘʥʠʷ ʩʦʟʜʘʚʘʝʤʳʭ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦʜʦʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʨʘʩʯʝʪʘ ʚ ʩʦʩʪʘʚʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʃʀʈɸ, SCAD. ʅʝʩʦʤʥʝʥʥʦ, ʵʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʙʝʟʦʧʘʩʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʲʝʢʪʦʚ ʪʝʧʣʦʚʦʡ ʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʦʙʫʯʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʧʝʪʝʥʮʠʡ ʫʯʘʱʠʭʩʷ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ 

ʠʟʣʦʞʝʥʥʦʛʦ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: ʧʦʜʛʦʪʦʚʢʘ ʩʪʫʜʝʥʪʦʚ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʲʝʢʪʦʚ ʘʪʦʤʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʩʨʝʜʩʪʚʦʤ ʦʩʚʦʝʥʠʷ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ  

ʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʚ ʢʨʘʥʦʚʦʡ ʙʘʣʢʝ ʚ ʩʦʩʪʘʚʝ ʤʦʜʝʣʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʜʘʥʠʷ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ çʄʦʜʝʣʴ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʜʘʥʠʷè 

ʄʂʇɿ-7ʃʈ-11 (ʨʠʩʫʥʦʢ 1), ʦʩʥʘʱʝʥʥʦʛʦ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [2]. 

 

ʘ)             ʙ)  

 

ʈʠʩʫʥʦʢ 1 ï ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ʄʂʇɿ-7ʃʈ-11, 

ʩʭʝʤʘ ʩʪʝʥʜʘ (ʘ), ʚʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ (ʙ) 

 

ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʛʨʫʟʘ ʥʘ ʢʨʘʥʦʚʦʡ ʙʘʣʢʝ, ʧʦ 

ʤʝʪʦʜʠʢʝ [3, 4], ʩ ʫʯʝʪʦʤ [5]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʚ ʢʨʘʥʦʚʦʡ ʙʘʣʢʝ ʜʣʠʥʦʡ L=1690ʤʤ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʜʚʫʪʘʚʨʘ 30ʭ40ʤʤ, ʩ ʧʦʣʢʘʤʠ 30ʭ2ʤʤ, ʩʪʝʥʢʦʡ 36ʭ4ʤʤ, ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʛʨʫʟ 100ʅ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 1/4, 2/4, 3/4, 4/4 ʝʝ ʜʣʠʥʥʳ. ʆʧʨʝʜʝʣʷʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʤʝʩʪʝ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ. 

ʇʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʥʘʛʨʫʟʢʠ 100ʅ. ʇʨʠ ʧʦʣʦʞʝʥʠʠ 1/4(422,5ʤʤ ʦʪ ʢʨʘʷ), ʧʦ 

ʪʝʥʟʦʜʘʪʯʠʢʘʤ, ˉ1: 26Ö10
-6
, ˉ2: -42Ö10

-6
, ˉ3: 35Ö10

-6
, ˉ4:-34Ö10

-6
; 1/2(845ʤʤ)ï̄ 1: 44Ö10

-6
, 

ˉ2: -84Ö10
-6
, ˉ3:62Ö10

-6
, ˉ4: -78Ö10

-6
; 3/4(1267,5ʤʤ)ï̄ 1:20Ö10

-6
, ˉ2:-45Ö10

-6
, ˉ3:32Ö10

-6
, 

ˉ4:-41Ö10
-6
; 4/4(1690ʤʤ)ï̄ 1:-5Ö10

-6
, ˉ2:-16Ö10

-6
, ˉ3:5Ö10

-6
, ˉ4:-13Ö10

-6
.  

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʜʣʷ ʧʦʣʦʞʝʥʠʷ ʛʨʫʟʘ 1/4. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʯʝʪʢʦʝ ʯʝʨʝʜʦʚʘʥʠʝ 

ʟʥʘʢʦʚ: ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ-ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʠʟʛʠʙʘ ʙʘʣʢʠ. ɼʘʪʯʠʢʠ 

ˉ2 ʠ ˉ4 ʧʦʢʘʟʳʚʘʶʪ ʩʞʘʪʠʝ (ʥʘ ʚʝʨʭʥʝʡ ʧʦʣʢʝ). ɼʘʪʯʠʢʠ ˉ1 ʠ ˉ3 ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʪʷʞʝʥʠʝ 

(ʥʘ ʥʠʞʥʝʡ ʧʦʣʢʝ). ʈʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʫ ʜʘʪʯʠʢʦʚ ʥʘ ʦʜʥʦʡ ʧʦʣʢʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ: ʨʘʟʥʳʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ, ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʩʝʯʝʥʠʝʤ, ʥʘʣʠʯʠʝʤ ʢʨʫʯʝʥʠʷ, ʨʘʟʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʚʜʦʣʴ ʙʘʣʢʠ. ɽʩʣʠ ʪʝʥʟʦʜʘʪʯʠʢ ʧʦʢʘʟʘʣ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ Ů=26ẗ10
ī6
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ʧʨʠ ʥʘʛʨʫʟʢʝ 100ʅ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L/4 ʦʪ ʢʨʘʷ, ʪʦ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʟʘʢʦʥʫ ɻʫʢʘ: 

ů=EẗŮ, ʛʜʝ E=2,1ẗ10
5
ʄʇʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʜʘʪʯʠʢʘ ˉ1: ů=2,1ẗ10

5ẗ26ẗ10
ī6
=+5,46ʄʇʘ; ˉ2:   

-8,82ʄʇʘ; ˉ3: +7,35ʄʇʘ; ˉ4: -7,14ʄʇʘ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ: ůʪʝʦʨ=17,0 ʄʇʘ. 

ɼʣʷ ʯʠʩʪʦʛʦ ʠʟʛʠʙʘ, ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʣʢʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ.  

ʆʜʥʘʢʦ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʜʣʷ ʚʝʨʭʥʝʡ ʧʦʣʢʠ: -8,82ʄʇʘ ʠ -7,14ʄʇʘ (ʨʘʟʥʠʮʘ 

24%), ʥʠʞʥʝʡ ʧʦʣʢʠ: +5,46 ʄʇʘ ʠ +7,35 ʄʇʘ (ʨʘʟʥʠʮʘ 35%). ʊʘʢʘʷ ʥʝʩʠʤʤʝʪʨʠʷ ʫʢʘʟʳʚʘʝʪ 

ʥʘ: ʵʢʩʮʝʥʪʨʠʯʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘʛʨʫʟʢʠ (ʢʨʫʯʝʥʠʝ+ʠʟʛʠʙ), ʥʝʠʜʝʘʣʴʥʦʩʪʴ ʩʝʯʝʥʠʷ, ʨʘʟʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʜʘʪʯʠʢʦʚ ʦʪ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ, ʣʦʢʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʢʦʨʨʝʢʪʠʨʦʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʜʣʷ ʥʠʞʥʝʡ ʧʦʣʢʠ (ʨʘʩʪʷʞʝʥʠʝ): 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ: 17,0ʄʇʘ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ: (5,46+7,35)/2=6,41ʄʇʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,               

kʥʠʟ=6,41/17,0å0,38. ɼʣʷ ʚʝʨʭʥʝʡ ʧʦʣʢʠ (ʩʞʘʪʠʝ): ʧʨʘʢʪʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ: 

(8,82+7,14)/2=7,98ʄʇʘ, kʚʝʨʭ=7,98/17,0å0,47. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʣʷ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʧʦʣʢʠ: ȹk=0,47-0,38=0,09. ʕʪʦ ʚʳʟʚʘʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʨʫʯʝʥʠʝʤ ʦʪ 

ʵʢʩʮʝʥʪʨʠʯʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʪʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʤʦʛʫʪ ʩʦʩʪʦʷʪʴ,  

ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ: kʩʨ=(0,38+0,47)/2å0,43, ʫʯʠʪʳʚʘʪʴ 

ʘʩʠʤʤʝʪʨʠʶ ʯʝʨʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʜʣʷ ʢʘʞʜʦʛʦ ʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɺʳʧʦʣʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚʜʦʣʴ ʙʘʣʢʠ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ 

ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ. ɼʘʥʥʳʝ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʙʘʣʢʠ ʠ ʝʸ 

ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʯʸʪʥʳʤʠ ʤʦʜʝʣʷʤʠ. ʇʨʠ ʵʪʦʤ ʚʝʜʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʨʤʘʪʠʚʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʫʯʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɺ ʉʊʈʆʀʊɽʃʔʅʆʁ ʆʊʈɸʉʃʀ: ʉʆɺʈɽʄɽʅʅʓɽ ɺʆɿʄʆɾʅʆʉʊʀ  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ VR-ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚʢʣʶʯʘʷ 3D-ʚʠʟʫʘʣʠʟʘʮʠʶ, 

ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʫʜʘʣʸʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʟʘʪʨʘʪ. ʈʘʩʩʤʦʪʨʝʥʘ ʠʥʪʝʛʨʘʮʠʷ VR  

ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʠ ʤʝʪʘʚʩʝʣʝʥʥʳʤʠ, ʦʪʢʨʳʚʘʶʱʘʷ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʦʪʨʘʩʣʠ. ʇʦʢʘʟʘʥʦ, 

ʢʘʢ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʩʠʤʫʣʷʮʠʠ ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʄʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʚʩʝʭ, ʢʪʦ ʩʣʝʜʠʪ  

ʟʘ ʮʠʬʨʦʚʳʤʠ ʠʥʥʦʚʘʮʠʷʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ,  

VR-ʪʨʝʥʘʞʝʨʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 
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Abstract. The article explores the application of VR technologies in construction, including 3D visualization, staff 

training, remote monitoring, and cost optimization. It also examines the integration of VR with artificial intelligence 

and metaverses, which opens up new opportunities for the industry. The article shows how digital twins and virtual 

simulations enhance the accuracy, safety, and cost-effectiveness of construction processes. 

Keywods. This article is of interest to construction professionals, architects, and anyone interested in digital 

innovations in the industry. 

Keywords: virtual reality, construction, BIM modeling, digital twins, VR simulators, and artificial intelligence. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚʳʩʪʫʧʘʶʪ ʦʜʥʠʤ 

ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʚʩʝʭ ʩʪʘʜʠʡ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʩʦʟʜʘʶʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʩʨʝʜʳ, ʛʜʝ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʠ ʢʣʠʝʥʪʳ ʤʦʛʫʪ ʜʝʪʘʣʴʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʙʲʝʢʪʦʤ ʜʦ ʥʘʯʘʣʘ ʝʛʦ 

ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʚʝʜʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʠ ʫʪʚʝʨʞʜʘʪʴ ʠʪʦʛʦʚʳʝ 

ʚʘʨʠʘʥʪʳ. ʂʨʫʧʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʠ, ʚʢʣʶʯʘʷ Autodesk ʠ Unity, ʘʢʪʠʚʥʦ ʩʦʚʤʝʱʘʶʪ VR ʩ 

ʤʝʪʦʜʦʣʦʛʠʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ (BIM), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʚʳʩʦʢʦʪʦʯʥʳʝ ʮʠʬʨʦʚʳʝ ʢʦʧʠʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʪʴ ʯʠʩʣʦ ʥʝʜʦʯʝʪʦʚ ʚ 

ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [1]. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ VR ʚʥʦʩʠʪ ʚ ʦʙʣʘʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʣʘʛʘʷ immersive-ʪʨʝʥʘʞʝʨʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ʠ 

ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʝ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʦʡ. ʈʝʰʝʥʠʷ ʦʪ ʪʘʢʠʭ ʢʦʤʧʘʥʠʡ, ʢʘʢ Strivr ʠ 

PIXO VR, ʫʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘ ʧʨʘʢʪʠʢʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʘ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʧʦʜʭʦʜʳ ʢ 

ʫʜʘʣʝʥʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ, ʜʘʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʥʣʘʡʥ-ʠʥʩʧʝʢʮʠʠ ʩʪʨʦʷʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ ʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʩʦʚʝʱʘʥʠʷ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʩʦʢʨʘʱʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʢʦʤʘʥʜʠʨʦʚʦʯʥʳʭ ʠʟʜʝʨʞʝʢ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ VR ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʩʢʦʨʝʥʠʝʤ 

ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ, ʦʧʪʠʤʠʟʘʮʠʝʡ ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝʤ ʧʨʦʜʘʞ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʪʫʨʦʚ ʧʦʟʚʦʣʷʝʪ ʜʝʚʝʣʦʧʝʨʘʤ ʧʨʝʟʝʥʪʦʚʘʪʴ ʦʙʲʝʢʪʳ 

ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʣʠʝʥʪʘʤ ʝʱʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʂʨʫʧʥʳʝ ʠʛʨʦʢʠ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʳʥʢʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ Skanska, China State Construction ʠ Turner Construction, 

ʩʦʦʙʱʘʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʧʝʭʘʭ: ʚʨʝʤʷ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʨʦʝʢʪʦʚ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 40%, 

ʧʦʢʘʟʘʪʝʣʴ ʘʚʘʨʠʡʥʦʩʪʠ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 72%, ʘ ʨʘʩʭʦʜʳ ʥʘ ʢʦʤʘʥʜʠʨʦʚʢʠ ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʝʥʳ [3]. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʘʩʧʝʢʪ: VR-ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʦʢʨʘʱʝʥʠʶ ʨʘʩʭʦʜʘ ʬʠʟʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʥʘ ʩʦʟʜʘʥʠʝ ʤʘʢʝʪʦʚ, ʫʤʝʥʴʰʝʥʠʶ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʣʝʜʘ ʟʘ ʩʯʝʪ ʚʠʨʪʫʘʣʴʥʳʭ ʚʩʪʨʝʯ ʠ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʪʨʦʠʪʝʣʴʥʳʭ 
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ʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ ʪʦʯʥʦʤʫ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ [4]. ɺ ʧʝʨʩʧʝʢʪʠʚʝ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥʦ ʩ ʢʦʥʚʝʨʛʝʥʮʠʝʡ VR, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʤʝʪʘʚʩʝʣʝʥʥʳʭ, ʛʜʝ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʦʙʲʝʢʪʦʚ ʩʪʘʥʫʪ ʦʩʥʦʚʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʧʦʣʥʳʤ 

ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ, ʘ ʚʠʨʪʫʘʣʴʥʳʝ ʧʣʦʱʘʜʢʠ ï ʥʦʚʳʤ ʢʘʥʘʣʦʤ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ 

ʧʦʢʫʧʘʪʝʣʷʤʠ [5]. 

ʇʨʘʢʪʠʢʘ ʚʝʜʫʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʤʧʘʥʠʡ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ 

ʚʠʨʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʘʜʘʶʪ ʢʦʨʦʪʢʠʤ ʩʨʦʢʦʤ ʦʢʫʧʘʝʤʦʩʪʠ ʠ ʩʦʟʜʘʶʪ ʜʦʣʛʦʩʨʦʯʥʳʝ 

ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ɺ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ (3-5 ʣʝʪ) VR-ʨʝʰʝʥʠʷ ʩʪʘʥʫʪ 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʦʪʢʨʳʚʘʷ ʧʫʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʬʝʨʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʷ ʥʘʜ ʚʦʟʚʝʜʝʥʠʝʤ ʦʙʲʝʢʪʦʚ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʥʝʜʨʝʥʠʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʪʨʘʜʠʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 
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Annotation. The article is devoted to the analysis of remote monitoring systems used in the construction industry. 

The study demonstrates their significant superiority in efficiency compared to traditional methods of control over 

the construction of facilities. The main advantages of implementing such systems are a significant reduction in labor 

costs and an increase in the speed of construction work. 
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ɻʦʩʢʦʨʧʦʨʘʮʠʷ çʈʦʩʘʪʦʤè ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʪʦʤʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʛʨʦʟʠʪ ʧʨʝʚʳʰʝʥʠʝʤ ʙʶʜʞʝʪʘ, ʩʨʳʚʦʤ ʩʨʦʢʦʚ ʠ ʧʨʦʙʣʝʤʘʤʠ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʘʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ 
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ʚʥʝʜʨʝʥʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʜʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. [1] 

ʂʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ. ɽʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʠʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʚ ʫʜʘʣʸʥʥʦʤ 

ʜʦʩʪʫʧʝ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʦʡ ʧʣʘʪʬʦʨʤʳ 

ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʟʘʢʘʟʯʠʢʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʜʣʷ ʚʩʝʭ 

ʧʨʦʝʢʪʦʚ, ʯʪʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ 

ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʟʘʢʘʟʯʠʢʫ ʠ ʟʘʩʪʨʦʡʱʠʢʫ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ.  

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʙʣʘʛʦʜʘʨʷ ɹɺʉ, ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʦ-ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʠʤʝʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʩʪʨʦʡʱʠʢ ʠ ʫʧʨʘʚʣʷʶʱʠʡ ʧʨʦʝʢʪʦʤ ʪʨʝʙʫʶʪ 

ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. [2] 

ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳ ʩʚʝʜʝʥʠʷ ʩ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɹɸʉ), ʦʩʦʙʝʥʥʦ 

ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʷʤ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʘ ʦʙʲʝʢʪʠʚʥʘʷ ʢʘʨʪʠʥʘ ʧʨʦʛʨʝʩʩʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. [3] 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ (ʅʃʉ), ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʦʪʦʯʥʳʝ 3D-ʤʦʜʝʣʠ. ɹʝʩʧʠʣʦʪʥʳʝ 

ʩʠʩʪʝʤʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʥʘʣʠʟ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, ʚʳʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʛʨʘʬʠʢʘ. ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʣʦʱʘʜʢʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʧʨʝʚʦʩʭʦʜʠʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʟʘ ʩʯʸʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʚʦʟʚʝʜʝʥʠʷ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʚʠʜʫ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʚʣʘʞʥʦʩʪʥʳʭ ʧʦʣʝʡ ʚ ʤʘʩʩʠʚʝ. ɺʦʟʥʠʢʘʶʱʠʝ ʦʪ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʪʨʝʱʠʥʘʤ, ʟʘʢʨʳʪʠʝ ʢʦʪʦʨʳʭ ʚ ʧʝʨʠʦʜ ʪʚʝʨʜʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ ʦʪʩʫʪʩʪʚʫʝʪ ʯʸʪʢʘʷ ʧʨʦʮʝʜʫʨʘ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʘʷ ʫʯʸʪ ʚʣʘʞʥʦʩʪʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʩʦʜʝʨʞʘʱʘʷ ʫʩʣʦʚʠʝ ʚʣʘʞʥʦʩʪʥʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, ʚʳʩʪʫʧʘʶʱʝʝ ʟʘ ʨʘʩʯʸʪʥʳʡ ʢʨʠʪʝʨʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʘʜʢʝ ʙʝʪʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʦʣʦʜʦʡ ʙʝʪʦʥ, ʩʪʨʦʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ, ʚʣʘʞʥʦʩʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʫʩʘʜʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʫʩʘʜʦʯʥʳʝ ʪʨʝʱʠʥʳ. 
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Abstract. In both native and international practice of erecting concrete and reinforced-concrete structures, the issue 

of ensuring their crack resistance during the construction period arises due to the non-uniform distribution  

of temperature and moisture fields within the concrete mass. Stresses resulting from this may lead to cracks whose 

closure during the curing period is impossible. At the same time, the existing national regulatory framework lacks  

a clear procedure for accounting for moisture effects and does not include a moisture-related crack-resistance 

condition that could serve as the design criterion for the corresponding limit state.  

This article presents possible ways to overcome these obstacles in the design of reinforced-concrete structures 

during the construction period referring to the concrete shrinkage. 

Key words: concrete structures, reinforced concrete structures, early-age concrete, construction period, humidity 

influences, shrinkage stresses, shrinkage cracks. 

 

ɸʥʘʣʠʟ ʫʪʚʝʨʞʜʸʥʥʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʟʘʪʨʫʜʥʝʥʠʝ 

ʨʘʩʯʸʪʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʮʝʣʦʤ 

(ʪ.ʝ. ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʦʙʲʝʢʪʘ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʠʢʘʟʦʤ ʄʠʥʩʪʨʦʷ ʦʪ 02.11.2022 ʛ.  

ˉ 928/ʧʨ). 

ʆʩʥʦʚʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤ ʨʘʩʯʸʪ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ 

ʉʇ 41.13330.2012, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʡ ʜʨʫʛʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

ʉʦʛʣʘʩʥʦ ʧ. 10.4 ʉʇ 41.13330.2012 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʘʙʘʨʠʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʭ 

ʫʩʣʦʚʠʡ ʚʦʟʚʝʜʝʥʠʷ ʜʦʧʫʩʪʠʤʦ ʧʨʝʥʝʙʨʝʯʴ ʚʣʘʞʥʦʩʪʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʫʩʘʜʢʦʡ ʙʝʪʦʥʘ, ʦʜʥʘʢʦ ʢʨʠʪʝʨʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʪʥʝʩʪʠ ʢʦʥʩʪʨʫʢʮʠʶ ʢ ʤʘʩʩʠʚʥʦʡ ʠʣʠ 

ʪʦʥʢʦʩʪʝʥʥʦʡ, ʦʪʩʫʪʩʪʚʫʝʪ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʘʜʢʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ  

ʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʛʘʙʘʨʠʪʦʚ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ [1], [2]. 

ʉʦʛʣʘʩʥʦ 10.9, 10.13 ʉʇ 41.13330.2012: ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʤʘʩʩʠʚʥʦʩʪʴ ʚ ʚʳʨʘʞʝʥʠʷʭ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ: ‎ ρȟρυ ï ʜʣʷ ʤʘʩʩʠʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʠ 
1.0 ï ʜʣʷ ʦʩʪʘʣʴʥʳʭ, ʥʦ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʪʝʨʤʠʥ çʤʘʩʩʠʚʥʦʩʪʴè ʚ ʥʦʨʤʘʭ ʥʝ ʨʘʩʢʨʳʪ, ʯʪʦ 

ʚʝʜʸʪ ʢ ʙʦʣʝʝ ʯʝʤ 15% ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʨʫʰʝʥʠʶ ʢʨʠʪʝʨʠʷ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ (ʩʤ. ʨʠʩʫʥʢʠ 1 ʠ 2). 
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ʈʠʩʫʥʦʢ 1 ï ʅʘʧʨʷʞʝʥʠʷ ʙʝʟ ʫʩʘʜʢʠ ʚʜʦʣʴ ʦʩʠ X, ůxx,nsh, ʠ  

ʫʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ, Rcond ʧʨʠ ɔb6=1.15 ʜʣʷ ʞʙ ʧʣʠʪʳ 20Ĭ20Ĭ2,2(h) ʤ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʅʘʧʨʷʞʝʥʠʷ ʩ ʫʩʘʜʢʦʡ ʚʜʦʣʴ ʦʩʠ X, ůxx,ysh, ʠ  

ʫʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ, Rcond ʧʨʠ ɔb6=1.15 ʜʣʷ ʞʙ ʧʣʠʪʳ 20Ĭ20Ĭ2,2(h) ʤ 
 

ɺ ʧ. 7.2 ʉʇ 41.13330.2012. ʧ. 8.15 ʉʇ 58.13330.2019: ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʪʦʜʠʢʘ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʫʩʠʣʠʡ ʦʪ ʜʝʬʦʨʤʘʮʠʡ ʫʩʘʜʢʠ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʝ ʩʪʝʨʞʥʝʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʇʫʥʢʪʳ 7.9, 7.10 ʉʇ 41.13330.2012 ʧʨʦʪʠʚʦʨʝʯʘʪ ʧ. 7.7: 

ʧ. 7.9: çʇʨʠ ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ é ʧʦʩʣʝʜʥʠʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠè 

ʧ. 7.10: çʅʘʧʨʷʞʝʥʠʷ ʚ ʨʘʩʯʸʪʥʳʭ ʩʝʯʝʥʠʷʭ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʘʤʠ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ (ʩʤ. 7.7 ), éè  

ʧ. 7.7: çʇʨʠ ʧʨʦʚʝʨʢʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʠʛʦʜʥʦʩʪʠ ʢ ʥʦʨʤʘʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ, ʥʘʧʨʷʞʝʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʫʛʣʳ ʧʦʚʦʨʦʪʘ 

ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ, ʩ ʫʯʸʪʦʤ ʥʝʫʧʨʫʛʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡéè 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʩʫʪʩʪʚʠʝ ʯʸʪʢʦʡ ʧʨʦʮʝʜʫʨʳ ʫʯʸʪʘ ʫʩʘʜʢʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ [3] ʠ ʤʦʜʝʣʠ ʫʩʘʜʢʠ [4], ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʧʨʦʪʠʚʦʨʝʯʠʡ 

ʚ ʥʦʨʤʘʭ ʚʥʦʩʠʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ 

ʪʨʝʱʠʥ ʝʱʸ ʜʦ ʧʨʠʣʦʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ [5], ʠ ʘʚʘʨʠʷʤ ʥʘ ʩʪʘʜʠʠ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʨʘʩʢʨʳʪʳ ʚ ʦʩʥʦʚʥʦʤ ʪʝʢʩʪʝ 

ʩʪʘʪʴʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ʉ.ɺ. ʈʘʩʯʸʪ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ  

ʠ ʚʣʘʞʥʦʩʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʩ ʫʯʸʪʦʤ ʧʦʣʟʫʯʝʩʪʠ) // ʄʦʩʢʚʘ: ʉʪʨʦʡʠʟʜʘʪ. ï  1966. ï   444 ʩ. 

2. Chylik R., Fladr J., Bily P., Trtik T., Vrablik L. An analysis of the applicability of existing shrinkage 

prediction models to concretes containing steel ýbres or crumb rubber // Journal of Building Engineering. 

2019. ï  No. 24. ï pp. 1-12. 

3. ʐʝʩʪʘʢʦʚ ʅ.ʀ., ɸʢʩʝʥʯʠʢ ʂ.ɺ. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʝʨʤʦ- ʠ ʚʣʘʛʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʝʪʦʥʥʳʭ 

ʧʣʠʪ, ʧʦʜʚʝʨʛʘʝʤʳʭ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ // ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. 2012ï  ˉ 11. ï     ʉ. 77-

80. 

4. Pan Z., Zhang H., Zeng B., Wang Y. Statistical Evaluation of CEB-FIP 2010 Model for Concrete Creep and 

Shrinkage // Materials. ï  2023 ï  Vol. 16. ï   No. 1576. ï  pp. 1-14. 

5. Sayahi F. Plastic shrinkage crecking in concrete. Mitigation and Modelling: Doctoral thesis. Lulea. ï  2019. ï   

159 c. 

 

 
ʋɼʂ 624.04.45.001.3 

 

ʆʎɽʅʂɸ ʈɸɹʆʊʆʉʇʆʉʆɹʅʆʉʊʀ ɼɸʊʏʀʂʆɺ  

ʂʆʅʊʈʆʃʔʅʆ-ʀɿʄɽʈʀʊɽʃʔʅʆʁ ɸʇʇɸʈɸʊʋʈʓ 
 

ʂʠʩʝʣʝʚ ɸ.ʉ., ʂʠʩʝʣʝʚ ɸ.ʉ.,  ʄʝʜʚʝʜʝʚ ɺ.ʅ., ʉʪʝʧʘʥʠʱʝʚʘ ʄ.ʀ.,  

ʉʪʨʠʞʦʚ ɺ.ʌ.,  ʋʣʴʷʥʦʚ ɸ.ʅ. 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ  

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

cont@ibrae.ac.ru 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʝʡʩʪʚʠʡ ʧʦ ʦʮʝʥʢʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʘʪʯʠʢʦʚ 
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ʦʙʦʩʥʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʙʠʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʜʘʪʯʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʦʨʫʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʱʠʪʥʘʷ ʦʙʦʣʦʯʢʘ, ʜʘʪʯʠʢʠ, ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ, ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ, 

ʥʘʧʨʷʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ.   
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Abstract. The article describes an algorithm for evaluation the operability of sensors of the control and measuring 

equipment of the NPP containment, which can be used to substantiate the sufficiency of the number of stably 

operating sensors to assess the stress-strain state of the containment. 

Keywords: containment, sensors, instrumentation, calculation model, stresses, strain. 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ (ɿʆ) ɸʕʉ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ 

ʧʨʠʛʦʜʥʦʩʪʴ ʝʸ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ (ʅɼʉ), ʫʨʦʚʥʝʤ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ 

ʩʠʩʪʝʤʳ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ (ʉʇɿʆ). 

ɺ ʞʝʣʝʟʦʙʝʪʦʥ ɿʆ ʚ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʪʯʠʢʠ 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʂʀɸ): 
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ī  ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʨʞʥʝʚʦʡ ʘʨʤʘʪʫʨʝ ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʩʠʣʳ ʘʨʤʘʪʫʨʥʳʝ ʩʪʨʫʥʥʳʝ (ʇʉɸʉ),  

ī  ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʡ ʙʝʪʦʥʘ ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʣʠʥʝʡʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʥʥʳʝ (ʇʃɼʉ),  

ī  ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʪʦʥʘ ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʨʫʥʥʳʝ 

(ʇʊʉ). 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʘʪʯʠʢʦʚ ʂʀɸ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʨʘʙʦʪ: 

1)  ʆʮʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʪʯʠʢʦʚ ʟʘʚʦʜʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ;  

2) ʆʮʝʥʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʘʪʯʠʢʦʚ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʨʞʥʝʚʦʡ ʘʨʤʘʪʫʨʝ, ʜʝʬʦʨʤʘʮʠʡ ʚ ʙʝʪʦʥʝ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ (ʩ ʤʦʤʝʥʪʘ ʠʭ ʫʩʪʘʥʦʚʢʠ ʜʦ ʤʦʤʝʥʪʘ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ);  

3) ʀʟʤʝʨʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʩʠʛʥʘʣʳ ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʷʞʝʥʥʳʡ ʧʝʨʠʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʪʦʯʥʳʭ ʠ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ;   

4) ɺʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʅɼʉ ʟʘʱʠʪʥʦʡ 

ʦʙʦʣʦʯʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʨʦʙʥʦʡ 3D-ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ, ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʨʞʥʝʚʦʡ ʘʨʤʘʪʫʨʝ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʙʝʪʦʥʝ ɿʆ ʚ ʟʦʥʘʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʪʦʯʥʳʭ ʠ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ;   

5) ʉʦʧʦʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʘʪʯʠʢʦʚ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʮʝʥʢʠ ʠʭ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʝʨʭ ʥʘʟʥʘʯʝʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ʆʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʪʯʠʢʦʚ ʂʀɸ ʟʘʚʦʜʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ī  ʩʥʠʤʘʶʪʩʷ ʧʦʢʘʟʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʜʘʪʯʠʢʦʚ ʉʠʩʪʝʤʳ ʩʲʸʤʘ ʠʥʬʦʨʤʘʮʠʠ 

(ʉʠʩʪʝʤʳ);  

ī  ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʧʝʨʠʦʜʳ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ ʩ ʚʨʝʤʝʥʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ 

ʠ ʢʦʤʤʫʪʘʪʦʨʘ ʉʠʩʪʝʤʳ;  

ī  ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ;  

ī  ʚʳʙʠʨʘʶʪʩʷ ʜʘʪʯʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʧʘʩʧʦʨʪʥʦʤ ʨʝʞʠʤʝ;  

ī  ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʙʘʟʳ ʜʘʥʥʳʭ ʜʘʪʯʠʢʦʚ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʉʠʩʪʝʤʳ (ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ). 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʮʝʥʠʚʘʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʘʪʯʠʢʦʚ ʂʀɸ ʧʦ ʧʦʢʘʟʘʥʠʷʤ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʨʞʥʝʚʦʡ ʘʨʤʘʪʫʨʝ, ʜʝʬʦʨʤʘʮʠʡ ʚ ʙʝʪʦʥʝ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʩ  ʤʦʤʝʥʪʘ ʠʭ ʫʩʪʘʥʦʚʢʠ ʜʦ ʤʦʤʝʥʪʘ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʢʦʥʢʨʝʪʥʳʡ ʜʘʪʯʠʢ ʚʳʰʝʣ ʠʟ 

ʩʪʨʦʷ ʠ ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʫʶ ʧʨʠʯʠʥʫ ʦʪʢʘʟʘ, ʧʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨ ʧʦʢʘʟʘʥʠʡ ʥʝʠʩʧʨʘʚʥʳʭ 

ʜʘʪʯʠʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʥʦʨʤʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʉʪʦʣʴ 

ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʯʠʩʣʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ 

ʜʘʪʯʠʢʦʚ ʂʀɸ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʨʦʢʠ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʅɼʉ ɿʆ ʩ ʫʯʸʪʦʤ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʦʙʭʦʜʠʤʦ: 

ī  ʚʳʧʦʣʥʠʪʴ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ ʚʥʫʪʨʠ ʠ ʩ ʥʘʨʫʞʠ ʦʙʦʣʦʯʢʠ, ʘ ʪʘʢʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʘ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʚ ʩʪʚʦʨʘʭ ʫʩʪʘʥʦʚʢʠ 

ʜʘʪʯʠʢʦʚ ʂʀɸ; 

ī  ʩ ʟʘʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʧʦ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʧʦ 

ʥʘʧʨʷʞʝʥʠʷʤ ʚ ʩʪʝʨʞʥʝʚʦʡ ʘʨʤʘʪʫʨʝ ʠ ʜʝʬʦʨʤʘʮʠʷʤ ʙʝʪʦʥʘ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɿʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʪʦʯʥʳʭ ʠ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

ī  ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʦʮʝʥʢʫ ʅɼʉ ɿʆ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʅɼʉ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʩ 
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ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʨʦʙʥʦʡ 3D-ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʨʞʥʝʚʦʡ ʘʨʤʘʪʫʨʝ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʙʝʪʦʥʝ ɿʆ ʚ ʟʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʜʘʪʯʠʢʦʚ ʜʣʷ ʨʘʩʯʝʪʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʦʙʱʝʤ ʅɼʉ;   

ī  ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʅɼʉ ɿʆ ʦʪ ʩʠʣʦʚʳʭ 

ʬʘʢʪʦʨʦʚ: ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʩʦʦʨʫʞʝʥʠʷ ʠ ʜʝʡʩʪʚʠʝ ʥʘʛʨʫʟʢʠ ʦʪ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʝ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʨʪʠʥʳ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. 

ʅʘ ʬʠʥʘʣʴʥʦʤ ʵʪʘʧʝ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʘʪʯʠʢʦʚ ʂʀɸ ʩ 

ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʝʨʭ 

ʥʘʟʥʘʯʝʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʘʪʯʠʢʦʚ ʂʀɸ ʙʳʣ ʚʳʙʨʘʥ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 

ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʤʝʩʷʮʝʚ ʩ ʤʦʤʝʥʪʘ ʦʩʪʘʥʦʚʢʠ ʵʥʝʨʛʦʙʣʦʢʘ ʥʘ ʊʆ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʩʧʳʪʘʥʠʝ ɿʆ ʥʘ ʧʣʦʪʥʦʩʪʴ ʩ ʧʦʜʲʝʤʦʤ ʜʘʚʣʝʥʠʷ ʧʦʜ ʦʙʦʣʦʯʢʦʡ ʜʦ 0,14 ʄʇʘ. ʅʘ ʪʘʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʪʝʣʝ ʦʙʦʣʦʯʢʠ ʜʘʪʯʠʢʠ ʂʀɸ ʚ ʩʣʫʯʘʝ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʜʦʣʞʥʳ ʙʳʣʠ ʦʪʨʝʘʛʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʢʘʟʘʥʠʡ. ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ 

ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥ ʛʨʘʬʠʢ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ ʇʉɸʉ (ʢʦʣʴʮʝʚʦʛʦ ʥʘʨʫʞʥʦʛʦ) ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ. ʇʨʠʨʘʱʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʠʟʤʝʨʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ 

ʩʦʚʧʘʜʘʶʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʪʯʠʢ ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ ʠ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʥʘʛʨʫʟʢʫ. 

 

                
ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʝʯʥʦʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ɸʕʉ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʣʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ: ʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʙʝʪʦʥʝ ɿʆ, ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ  

ʚ ʙʝʪʦʥʝ ɿʆ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ ʇʉɸʉ (ʢʦʣʴʮʝʚʦʛʦ ʥʘʨʫʞʥʦʛʦ)  

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʧʦ ʦʮʝʥʢʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʘʪʯʠʢʦʚ 

ʂʀɸ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ 

ʩʪʘʙʠʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʜʘʪʯʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʦʨʫʞʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ  ʠʩʩʣʝʜʫʶʪʩʷ ʤʝʪʦʜʳ ʵʣʝʢʪʨʦʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʚʘʡʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʥʘ 

ʚʝʯʥʦʤʝʨʟʣʳʭ ʛʨʫʥʪʘʭ ʚ ʨʘʡʦʥʝ ʛʦʨʦʜʘ ʇʦʣʷʨʥʳʝ ɿʦʨʠ. ɹʳʣ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʪʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʤʘʪʦʚ ʠ ʧʨʦʛʨʝʚʘ ʵʣʝʢʪʨʦʜʘʤʠ. ʇʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ 

ʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʧʨʦʛʨʝʚ ʙʝʪʦʥʘ, ʚʝʯʥʦʤʸʨʟʣʳʝ ʛʨʫʥʪʳ, ʫʪʝʧʣʷʶʱʠʝ ʤʠʥʝʨʘʣʦʚʘʪʥʳʝ ʤʘʪʳ,  

ʧʨʦʛʨʝʚ ʙʝʪʦʥʘ ʵʣʝʢʪʨʦʜʘʤʠ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 
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Abstract. The paper studies the methods of electric heating of concrete during the development of pile foundations 

on permanently frozen soils in the area of the city of Polyarnye Zori. The paper performs a comparative analysis of 

the method application with using thermomats and heating with electrodes. The combined method of concrete 

heating is proposed. 

Keywords: electric heating of concrete, permanently frozen soils, insulating mineral wool mats for heating concrete 

with electrodes, combination of methods, construction technologies. 
 

ʂʦʣʴʩʢʘʷ ɸʕʉ ï ʨʦʩʩʠʡʩʢʘʷ ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ  

ʚ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʙʣʠʟʠ ʛʦʨʦʜʘ ʇʦʣʷʨʥʳʝ ɿʦʨʠ. ʉʦʦʨʫʞʝʥʠʝ ʪʘʢʦʛʦ ʢʨʫʧʥʦʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʘʢʠʤ ʷʚʣʷʝʪʩʷ ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ. [1] ʉʦʦʨʫʞʝʥʠʷ ʂʦʣʴʩʢʦʡ ɸʕʉ: 
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ʟʘʱʠʪʥʳʡ ʢʦʣʧʘʢ ʨʝʘʢʪʦʨʘ ʠ ʟʜʘʥʠʝ ʨʝʘʢʪʦʨʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʩʠʩʪʝʤʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʦʪʢʨʳʪʦʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʦʪʢʫʜʘ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʩʪʘʥʮʠʷ, ʧʦʩʪʫʧʘʝʪ ʢ ʧʦʪʨʝʙʠʪʝʣʶ. ɼʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʘʣʴʥʝʡʰʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʦʪʥʦʩʷʱʠʝʩʷ 

ʢ ɸʕʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʘʡʥʳʡ ʬʫʥʜʘʤʝʥʪ ʥʘ ʚʝʯʥʦʤʝʨʟʣʳʭ ʛʨʫʥʪʘʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ 

ʢʣʠʤʘʪʦʤ. ʇʝʨʝʭʦʜʥʳʝ ʩʝʟʦʥʳ ʢʦʨʦʪʢʠʝ, ʩ ʨʝʟʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʋʨʦʚʝʥʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ 1,5ï5,9 ʤ. ɺʦʜʳ ʩʫʙʥʘʧʦʨʥʳʝ. 

ʇʨʦʤʝʨʟʘʥʠʝ ʛʨʫʥʪʦʚ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ. ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʤʝʨʟʘʥʠʷ 

(ʜʦ 1 ʤ/ʤʝʩʷʮ) ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʥʦʷʙʨʝ-ʜʝʢʘʙʨʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʤʝʨʟʘʥʠʷ ʛʨʫʥʪʦʚ ʚ ʪʝʯʝʥʠʝ 

ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ ʥʝʦʜʠʥʘʢʦʚʘ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʥʘʢʦʧʣʝʥʠʷ  

ʠ ʚʳʩʦʪʳ ʩʥʝʛʘ. ɿʠʤʦʡ ʚ ʩʨʝʜʥʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ -11 ÁC. ʅʦʯʴʶ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ 

ʦʧʫʩʢʘʪʴʩʷ ʜʦ -28 ÁC, ʘ ʜʥʸʤ ʧʦʜʥʠʤʘʪʴʩʷ ʜʦ 4 ÁC. ɺ ʷʥʚʘʨʝ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ -

15 ÁC. ʃʝʪʦ ʢʦʨʦʪʢʦʝ ʠ ʧʨʦʭʣʘʜʥʦʝ. ʉʘʤʳʡ ʪʸʧʣʳʡ ʤʝʩʷʮ, ʠʶʣʴ, ʠʤʝʝʪ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʦʢʦʣʦ +17 ÁC, ʘ ʠʶʥʴ ʠ ʘʚʛʫʩʪ ï ʦʢʦʣʦ +13,2 ÁC ʠ +15,3 ÁC. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʘʠ ʧʨʠʤʝʥʷʝʪʩʷ ʙʝʪʦʥ ʥʝʦʙʭʦʜʠʤʦʡ ʧʣʦʪʥʦʩʪʠ. ʇʦʣʳʝ ʩʚʘʠ ʠ 

ʩʚʘʠ-ʦʙʦʣʦʯʢʠ ʟʘʧʦʣʥʷʶʪ ʢʘʢ ʧʨʘʚʠʣʦ ʙʝʪʦʥʦʤ ʢʣʘʩʩʘ ʥʝ ʥʠʞʝ ɺ7,5, ʘ ʚ ʧʨʝʜʝʣʘʭ ʩʣʦʷ 

ʩʝʟʦʥʥʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ ʠ ʚʳʰʝ-ʙʝʪʦʥʦʤ ʢʣʘʩʩʘ ʥʝ ʥʠʞʝ ɺ15-ɺ20 ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. [2] 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʚ ʦʛʦʣʦʚʢʝ ʩʚʘʠ ʠ ʫʩʢʦʨʝʥʠʷ ʥʘʙʦʨʘ 

ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʦʤ ʚ ʪʝʣʝ ʩʚʘʠ ʥʘ ʫʯʘʩʪʢʝ ʤʝʨʟʣʦʛʦ ʛʨʫʥʪʘ ʜʦʣʞʝʥ ʧʨʠʤʝʥʷʪʴʩʷ 

ʵʣʝʢʪʨʦʧʨʦʛʨʝʚ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ ʦʛʦʣʦʚʦʢ ʩʚʘʠ 

ʜʦʣʞʝʥ ʧʨʠʢʨʳʚʘʪʴʩʷ ʫʪʝʧʣʷʶʱʠʤʠ ʤʠʥʝʨʘʣʦʚʘʪʥʳʤʠ ʤʘʪʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʳʙʦʨ ʦʜʥʦʛʦ ʠʣʠ ʩʦʯʝʪʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ: ʧʨʦʛʥʦʟʥʦʛʦ (ʥʘ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ) 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ  

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʦʨʫʞʝʥʠʷ (ʤʦʩʪʘ), ʦʧʳʪʘ ʤʝʩʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ  

ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ. 

ʊʝʨʤʦʤʘʪʳ çʊʘʡʤʊʨʠʘʣè ï ʵʪʦ ʩʘʤʳʡ ʵʢʦʥʦʤʠʯʥʳʡ ʠ ʧʝʨʝʜʦʚʦʡ ʩʧʦʩʦʙ ʧʨʦʛʨʝʚʘ 

ʛʨʫʥʪʘ ʠ ʙʝʪʦʥʘ. ʆʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: 

1. ɺʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʦʛʨʝʚʘ; 

2. ʃʝʛʢʠʤ ʚʝʩʦʤ (ʤʘʩʩʘ 1 ʤ2 ʩʦʩʪʘʚʣʷʝʪ 0,5ï2 ʢʛ); 

3. ɺʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʩʥʦʚʳ (ʜʦ 1400 ʛ/ʤ2); 

4. ʆʪʣʠʯʥʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ (ʤʘʪʳ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ -60Á ʉ); 

5. ʈʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʧʣʘ; 

6. ʃʝʛʢʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʤʦʙʠʣʴʥʳ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʫʩʪʘʥʦʚʢʝ 

ʠ ʩʙʦʨʢʝ). 

7. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʤʘʪʦʚ ʜʣʷ ʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ ʠʤʝʝʪ ʩʚʦʠ ʤʠʥʫʩʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʭ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʩʧʦʩʦʙʦʤ ʧʨʠʤʝʥʝʥʠʷ. ɺʦʪ ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ: 

8. ɺʳʩʦʢʘʷ ʮʝʥʘ: ʪʝʨʤʦʤʘʪʳ ʩʪʦʷʪ ʜʦʨʦʞʝ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ; 

9. ʈʠʩʢ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ: ʥʝʧʨʘʚʠʣʴʥʘʷ ʫʢʣʘʜʢʘ ʪʝʨʤʦʤʘʪʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ  

ʢ ʯʨʝʟʤʝʨʥʦʤʫ ʥʘʛʨʝʚʫ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ; 

10. ʆʛʨʘʥʠʯʝʥʠʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ: ʪʝʨʤʦʤʘʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʢʣʶʯʘʶʪʩʷ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ 70ÁC, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ; 

11. ʆʛʨʘʥʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ: ʪʝʨʤʦʤʘʪʳ ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ 

ʧʨʦʛʨʝʚʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʛʣʫʙʦʢʦʛʦ ʧʨʦʛʨʝʚʘ 

ʙʝʪʦʥʘ. 

ʇʨʦʛʨʝʚ ʪʝʨʤʦʤʘʪʘʤʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʟʘʤʝʨʟʘʥʠʶ ʙʝʪʦʥʘ, ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʝʛʦ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʪʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʷʚʣʝʥʠʝ 

ʪʨʝʱʠʥ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʇɺʍ-ʪʢʘʥʴ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ ʦʪ 500 ʛ/ʤ2 ʜʦ 

1400 ʛ/ʤ2. ɻʝʨʤʝʪʠʯʥʦʩʪʴ ʪʝʥʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ ʩʚʘʨʢʠ ʠ ʧʦʜ ʩʪʨʦʛʠʤ 

ʢʦʥʪʨʦʣʝʤ ʢʘʯʝʩʪʚʘ ʢʘʞʜʦʛʦ ʠʟʜʝʣʠʷ. ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʙʠʨʘʝʪʩʷ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʪʨʝʙʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ -60 ʜʦ +70Á. 
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ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʘʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ. ʉʫʪʴ ʧʨʦʛʨʝʚʘ 

ʙʝʪʦʥʘ ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʦʪʨʝʟʢʠ 

ʘʨʤʘʪʫʨʳ ʠʣʠ ʧʨʦʚʦʣʦʢʠ ʢʘʪʘʥʢʠ 8ï10 ʤʤ. ʇʨʦʛʨʝʚ ʙʝʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʥʝʛʨʝʚʘʥʠʷ ʙʝʪʦʥʘ 

ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦ ʚʣʘʛʠ ʚ ʨʘʩʪʚʦʨʝ. ʅʘ ʵʣʝʢʪʨʦʜʳ ʧʦʜʘʶʪʩʷ ʪʨʠ ʬʘʟʳ 

ʩ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʨʠ ʧʨʦʛʨʝʚʝ ʢʦʣʦʥʳ ʜʦʩʪʘʪʦʯʥʦ ʚʦʪʢʥʫʪʴ ʦʜʠʥ ʵʣʝʢʪʨʦʜ, 

ʧʨʦʛʨʝʚ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʬʘʟʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʟʝʤʣʠ ʦʪ ʘʨʤʘʪʫʨʳ ʢʦʣʦʥʳ. [3] 

ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʦʜʦʤ ʟʘʣʠʚʢʠ, ʚ ʥʝʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʨʞʥʠ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʵʣʝʢʪʨʦʜʦʚ. ʅʘ ʵʪʠ ʵʣʝʢʪʨʦʜʳ ʧʦʜʘʝʪʩʷ 

ʧʦʥʠʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,6 ʜʦ 1 ʤʝʪʨʘ. 

ʕʣʝʢʪʨʦʜʥʳʡ ʩʧʦʩʦʙ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʙʳʩʪʨʳʤ ʤʦʥʪʘʞʦʤ 

ʩʠʩʪʝʤʳ ʧʨʦʛʨʝʚʘ. ʂ ʯʠʩʣʫ ʝʛʦ ʥʝʜʦʩʪʘʪʢʦʚ ʦʪʥʦʩʷʪʩʷ ʙʦʣʴʰʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʘ ʟʥʘʯʠʪ ï 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʛʨʝʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ  

ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʘʨʤʘʪʫʨʳ ʠʣʠ ʧʨʦʚʦʣʦʢʠ-ʢʘʪʘʥʢʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʵʣʝʤʝʥʪʳ ʦʜʥʦʨʘʟʦʚʳʝ  

ʠ ʦʩʪʘʶʪʩʷ ʚ ʪʝʣʝ ʙʝʪʦʥʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʦʛʨʝʚʘ. ʆʧʨʘʚʜʘʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʦʙʲʝʤʳ ʠ ʤʘʩʩʠʚʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʨʝʙʫʝʤʘʷ 

ʧʨʦʯʥʦʩʪʴ, ʤʝʪʝʦʫʩʣʦʚʠʷ ʠ ʥʘʣʠʯʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʩʪʨʦʡʧʣʦʱʘʜʢʝ. ʊʦʣʴʢʦ ʥʘʙʨʘʚʰʠʡ 

ʦʧʨʝʜʝʣʸʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥ ʩʧʦʩʦʙʝʥ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʨʘʟʨʫʰʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʤʦʨʦʟʦʚ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʩʣʝ ʦʪʪʘʠʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʴ ʥʘʙʦʨ ʧʨʦʯʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʝʪʦʜʘ ʦʙʦʛʨʝʚʘ ʠ ʝʛʦ ʛʨʘʤʦʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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Abstract:  This work analyzes the current state of the square, identifies the problems of landscaping, and proposes a 

project to solve them through reconstruction. The study included an assessment of the greening and overall 

condition of the area, as well as a survey of students. The data obtained allowed us to conclude that the proposed 

concept will have a positive impact, primarily on the aesthetic and landscape characteristics of the area directly 

adjacent to the institute, and more broadly, on the overall landscaping and greening of the urban space. 

Keywords: public area "Student", concept of the square renewal, improvement proposal, elements creating comfort 

and aesthetics in the square (MAFs), art element. 

 

ʃʘʥʜʰʘʬʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʟʘʥʠʤʘʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʢʦʤʬʦʨʪʥʳʭ, ʙʝʟʦʧʘʩʥʳʭ ʠ ʢʨʘʩʠʚʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʜʣʷ ʞʠʟʥʠ ʣʶʜʝʡ, ʛʜʝ ʛʣʘʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʠʨʦʜʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʜʝʨʝʚʴʷ, ʢʫʩʪʘʨʥʠʢʠ ʠ ʚʦʜʦʝʤʳ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʢʦʪʦʨʦʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʜʝʣʘʷ ʝʝ ʫʜʦʙʥʦʡ, ʙʝʟʦʧʘʩʥʦʡ ʠ ʧʨʠʷʪʥʦʡ ʜʣʷ ʯʝʣʦʚʝʢʘ,  

ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉʫʪʴ ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ï ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʪʝʨʨʠʪʦʨʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʠʨʦʜʳ 

(ʨʘʩʪʝʥʠʡ, ʚʦʜʳ ʠ ʪ.ʜ.) ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʘʨʤʦʥʠʯʥʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʨʝʜʳ ʜʣʷ ʣʶʜʝʡ. 

ʃʘʥʜʰʘʬʪʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ï ɻ ʪʦ ʯʘʩʪʴ ʦʙʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʦʝ 

ʫʯʠʪʳʚʘʝʪ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʥʦʩʪʠ ʠ ʪʦ, ʢʘʢ ʵʪʠ ʪʝʨʨʠʪʦʨʠʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʣʷ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦ ʧʨʦʮʝʩʩ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʫʥʠʢʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʚʠʜʘʭ ʝʝ ʦʩʚʦʝʥʠʷ. 

ʃʘʥʜʰʘʬʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ɻ ʪʦ ʩʦʟʜʘʥʠʝ ʯʝʨʪʝʞʝʡ ʠ ʜʦʢʫʤʝʥʪʦʚ ʜʣʷ ʦʙʲʝʢʪʦʚ 

ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʜʠʟʘʡʥʘ, ʩ ʮʝʣʴʶ ʩʜʝʣʘʪʴ ʦʪʢʨʳʪʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʜʦʙʥʳʤʠ, 

ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʚʠʟʫʘʣʴʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ. ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʦʚ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʘʩʠʚʳʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʦʪʢʨʳʪʳʭ ʟʦʥ. ʎʝʣʴ ʣʘʥʜʰʘʬʪʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʚʨʘʪʷʪ ʦʪʢʨʳʪʳʝ ʪʝʨʨʠʪʦʨʠʠ ʚ ʫʜʦʙʥʳʝ, 

ʙʝʟʦʧʘʩʥʳʝ ʠ ʵʩʪʝʪʠʯʝʩʢʠ ʚʳʨʘʟʠʪʝʣʴʥʳʝ ʤʝʩʪʘ. 

ʄʘʣʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ (ʄɸʌ) ï ɻ ʪʦ ʥʝʦʪʲʝʤʣʝʤʳʝ ʵʣʝʤʝʥʪʳ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ 

ʧʘʨʢʦʚ, ʩʢʚʝʨʦʚ ʠ ʜʨʫʛʠʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʯʘʩʪʴʶ ʛʦʨʦʜʩʢʦʡ ʞʠʟʥʠ  

ʠ ʦʩʚʦʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ. 

ʄɸʌ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʟʝʣʝʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʨʠʜʘʚʘʷ ʠʤ ʟʘʢʦʥʯʝʥʥʳʡ ʚʠʜ 

ʠ ʜʝʣʘʷ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʣʶʜʝʡ. ʀʭ ʨʘʟʨʘʙʦʪʢʘ ʪʨʝʙʫʝʪ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʧʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʝ ʫʯʘʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʘʨʭʠʪʝʢʪʦʨʳ, ʥʦ ʠ ʜʝʷʪʝʣʠ ʠʩʢʫʩʩʪʚʘ. 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩʢʚʝʨʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ  

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʷʪʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʦʪʜʳʭʘ, ʧʨʦʛʫʣʦʢ  

ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʩʪʫʜʝʥʪʦʚ ʠʥʩʪʠʪʫʪʘ. 

ʎʝʣʴʶ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʢʚʝʨʘ, ʩʦʟʜʘʚ ʢʦʤʬʦʨʪʥʦʝ  

ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʝ ʤʝʩʪʦ ʜʣʷ ʦʪʜʳʭʘ ʠ ʦʙʱʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʥʩʪʠʪʫʪʘ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ: 

- ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ: ʉʢʚʝʨ ʜʦʣʞʝʥ ʙʳʪʴ ʫʜʦʙʥʳʤ ʜʣʷ ʚʩʝʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʟʨʘʩʪʘ  

ʠ ʚʨʝʤʝʥʠ ʛʦʜʘ; 

- ʕʩʪʝʪʠʢʘ: ɺʘʞʥʦ ʩʦʟʜʘʪʴ ʢʨʘʩʠʚʦʝ ʠ ʧʨʠʷʪʥʦʝ ʛʣʘʟʫ ʧʨʦʩʪʨʘʥʩʪʚʦ; 

- ɼʦʩʪʫʧʥʦʩʪʴ: ʉʢʚʝʨ ʜʦʣʞʝʥ ʙʳʪʴ ʣʝʛʢʦ ʜʦʩʪʫʧʝʥ ʜʣʷ ʚʩʝʭ; 

- ʕʢʦʣʦʛʠʯʥʦʩʪʴ: ʋʯʠʪʳʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʝ; 

- ʀʥʥʦʚʘʮʠʦʥʥʦʩʪʴ: ɺʥʝʜʨʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʧʦʜʭʦʜʳ. 

- ɿʘʜʘʯʘʤʠ ʷʚʣʷʝʪʩʷ: 

- ʉʜʝʣʘʪʴ ʩʢʚʝʨ ʫʜʦʙʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʜʣʷ ʨʘʟʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʠ ʩʪʫʜʝʥʪʦʚ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʛʦʜʘ; 
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- ʇʨʠʚʣʝʯʴ ʚ ʩʢʚʝʨ ʩʪʫʜʝʥʪʦʚ, ʩʦʟʜʘʚ ʜʣʷ ʥʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʝ ʤʝʩʪʦ ʜʣʷ ʦʪʜʳʭʘ ʠ 
ʦʙʱʝʥʠʷ; 

- ʈʘʟʨʘʙʦʪʘʪʴ ʫʥʠʢʘʣʴʥʳʡ ʦʙʣʠʢ ʩʢʚʝʨʘ, ʯʪʦʙʳ ʦʥ ʟʘʧʦʤʠʥʘʣʩʷ ʠ ʚʳʟʳʚʘʣ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ; 

- ʉʬʦʨʤʠʨʦʚʘʪʴ ʫ ʧʦʩʝʪʠʪʝʣʝʡ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʧʝʯʘʪʣʝʥʠʷ ʠ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ 
ʧʨʠʷʪʥʦʛʦ ʚʨʝʤʷʧʨʝʧʨʦʚʦʞʜʝʥʠʷ. 

ʉʢʚʝʨ ʙʳʣ ʩʦʟʜʘʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʪʢʨʳʪʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʨʧʫʩʘ, ʥʳʥʝ ʠʟʚʝʩʪʥʦʛʦ 

ʢʘʢ ʛʣʘʚʥʳʡ ʢʦʨʧʫʩ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ, 45 ʣʝʪ ʥʘʟʘʜ. ʉʢʚʝʨ ʧʣʦʱʘʜʴʶ 1,2 ʛʝʢʪʘʨʘ 

ʥʫʞʜʘʝʪʩʷ ʚ ʦʙʥʦʚʣʝʥʠʠ. ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ ʩʢʚʝʨʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ 

ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʥʠʨʦʚʢʠ, ʪʘʢʠʝ ʢʘʢ ʧʝʰʝʭʦʜʥʳʝ ʘʣʣʝʠ, ʚʝʜʫʱʠʝ ʢ ʦʩʪʘʥʦʚʢʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʛʦʨʦʞʘʥ ʠ ʢ ʛʣʘʚʥʦʤʫ ʚʭʦʜʫ ʠʥʩʪʠʪʫʪʘ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʩʚʦʙʦʜʥʦʡ ʧʣʘʥʠʨʦʚʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʦʪʜʳʭʘ ʩʪʫʜʝʥʪʦʚ ʚʦ ʚʨʝʤʷ ʧʝʨʝʨʳʚʦʚ [1]. 

ʄʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʝʛʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʠʰʣʠ ʚ ʥʝʛʦʜʥʦʩʪʴ, ʘ ʩʘʤ ʩʢʚʝʨ ʫʞʝ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʥʫʞʜʘʝʪʩʷ ʚ ʨʝʤʦʥʪʝ ʠ ʦʙʥʦʚʣʝʥʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʩʢʚʝʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʤʘʣʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʫʣʫʯʰʠʪʴ ʝʛʦ 

ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʟʝʣʝʥʝʥʠʷ ʚʳʷʚʠʣ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʛʣʘʚʥʦʡ ʷʚʣʷʝʪʩʷ ʥʝʭʚʘʪʢʘ ʦʟʝʣʝʥʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʛʣʘʟ, ʦʪʩʫʪʩʪʚʠʝ ʮʚʝʪʥʠʢʦʚ, ʛʘʟʦʥʦʚ  

ʠ ʦʩʚʝʱʝʥʠʷ [2]. ʎʝʥʪʨʘʣʴʥʘʷ ʧʝʰʝʭʦʜʥʘʷ ʘʣʣʝʷ, ʷʚʣʷʶʱʘʷʩʷ ʢʣʶʯʝʚʦʡ ʯʘʩʪʴʶ ʚʭʦʜʥʦʡ 

ʟʦʥʳ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ, ʪʝʨʷʝʪ ʩʚʦʶ ʧʝʨʩʧʝʢʪʠʚʫ ʠʟ-ʟʘ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʬʦʥʪʘʥʘ ʠ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʝʝ ʧʝʨʝʩʝʢʘʶʪ. ʍʦʪʷ ʢʦʥʩʪʨʫʢʮʠʷ ʬʦʥʪʘʥʘ 

ʩʦʭʨʘʥʠʣʘʩʴ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʫʪʨʘʯʝʥʦ ʠ ʥʝ ʧʦʜʣʝʞʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʝʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʭʦʜʘ ʜʣʷ 

ʛʦʨʦʞʘʥ ʢ ʦʩʪʘʥʦʚʢʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʢ ʟʦʥʘʤ ʦʪʜʳʭʘ, ʘ ʪʘʢʞʝ  

ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ ʦʬʦʨʤʣʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʯʘʰʠ ʬʦʥʪʘʥʘ ʠ ʚʳʨʘʚʥʠʚʘʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʝʰʝʭʦʜʥʦʡ ʘʣʣʝʠ [4]. ʇʣʘʥʠʨʫʝʪʩʷ ʚʳʩʘʜʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ, 

ʩʦʟʜʘʥʠʝ ʮʚʝʪʥʠʢʦʚ ʠ ʛʘʟʦʥʦʚ, ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʪʝʨʨʠʪʦʨʠʠ ʬʦʥʪʘʥʘ  

ʩ ʫʩʪʘʥʦʚʢʦʡ ʘʨʪ-ʦʙʲʝʢʪʘ ʥʘ ʧʴʝʜʝʩʪʘʣʝ, ʘ ʪʘʢʞʝ ʦʙʫʩʪʨʦʡʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ  

ʩ ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʟʘʤʝʥʘ ʧʦʢʨʳʪʠʷ ʥʘ ʜʦʨʦʞʢʘʭ ʩʚʦʙʦʜʥʦʡ ʧʣʘʥʠʨʦʚʢʠ, ʚʢʣʶʯʘʷ 

ʦʩʚʝʱʝʥʠʝ [3]. 

ʉʨʝʜʠ 60 ʩʪʫʜʝʥʪʦʚ ʠʥʩʪʠʪʫʪʘ ʠ ʪʝʭʥʠʢʫʤʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ ʥʘ ʪʝʤʫ: çʏʪʦ ʥʝ 

ʭʚʘʪʘʝʪ ʚ ʩʢʚʝʨʝ çʉʪʫʜʝʥʯʝʩʢʠʡè ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʦʪʜʳʭʘ ʩʪʫʜʝʥʪʦʚ?è 

ʉʪʫʜʝʥʪʳ ʦʪʤʝʪʠʣʠ: 

1. ʆʪʩʫʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʩʪ ʜʣʷ ʩʠʜʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʦʪʜʳʭʘ ʩʪʫʜʝʥʪʦʚ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʫʯʝʙʥʳʤʠ ʟʘʥʷʪʠʷʤʠ; 

2. ʅʝʭʚʘʪʢʘ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʦʩʚʝʱʝʥʠʶ ʪʝʨʨʠʪʦʨʠʠ; 

3. ʊʝʨʨʠʪʦʨʠʷ ʥʫʞʜʘʝʪʩʷ ʚ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʝ: ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʛʘʟʦʥʳ, ʦʙʫʩʪʨʦʠʪʴ 

ʧʝʰʝʭʦʜʥʳʝ ʜʦʨʦʞʢʠ ʩ ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʜʦʙʘʚʠʪʴ ʟʝʣʸʥʳʝ ʥʘʩʘʞʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ 

ʢʫʩʪʘʨʥʠʢʠ ʥʘ ʫʨʦʚʥʝ ʛʣʘʟ. 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʠʜʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʣʘʥʜʰʘʬʪʥʳʡ ʜʠʟʘʡʥ 

ʚʭʦʜʥʦʡ ʟʦʥʳ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ, ʩʧʦʩʦʙʩʪʚʫʷ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʛʘʨʤʦʥʠʯʥʦʡ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʳ. 
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ʈʆʉʉʀʁʉʂʀʁ ʆʇʓʊ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 
 

ʇʝʨʝʧʝʣʷʪʥʠʢʦʚʘ ʂ.ɼ., ʊʢʘʯʝʚ ɺ.ɻ., ʂʦʯʝʪʦʚʘ ɼ.ɸ.
 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ , ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè 

ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 

kristinaa.redko@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ,  

ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʙʲʝʢʪʘʭ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʤʝʪʦʜʘ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʥʝ ʧʝʯʘʪʠ ʢʨʠʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʘʢʪʦʨʦʚ, ʘ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʧʝʨʘʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ɸʕʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D-ʧʝʯʘʪʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ɸʕʉ (ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ), 

ʈʦʩʘʪʦʤ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʝʤʦʥʪ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ, ʩʢʦʨʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ. 
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Abstract. The article focuses on the application of 3D printing technology in construction, particularly in the 

nuclear power industry. It highlights the key advantages of this method, such as its high speed, cost-effectiveness, 

and environmental friendliness. The article emphasizes the practical application of 3D printing for the creation of 

auxiliary buildings and technological components, which enhances the operational efficiency of nuclear power 

plants. 

Keywords: 3D printing in construction, additive technologies, NPP (nuclear power plant), Rosatom, component 

manufacturing, repair and modernization, speed of construction, economic efficiency, quality control. 

 

ɺ ʤʠʨʦʚʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʘʜʜʠʪʠʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢ 3D-ʧʝʯʘʪʠ. ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ  

ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʦʡʥʦʤ ʚʦʟʚʝʜʝʥʠʠ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʨʠʥʪʝʨʦʚ ʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ. ʇʦʩʣʦʡʥʦʝ ʩʦʟʜʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʨʦʢʠ, 

ʩʪʦʠʤʦʩʪʴ ʠ ʵʢʦʥʦʤʠʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʳʟʦʚʳ, ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʜʘʞʝ ʚ ʦʙʣʘʩʪʠ ɸʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. [1] 
ʂʣʶʯʝʚʦʡ ʧʨʠʥʮʠʧ ʧʨʠʤʝʥʝʥʠʷ 3D-ʧʝʯʘʪʠ ʥʘ ɸʕʉ ï ʵʪʦ ʥʝ ʧʝʯʘʪʴ ʚʩʝʛʦ ʨʝʘʢʪʦʨʥʦʛʦ 

ʙʣʦʢʘ ʠʣʠ ʦʩʥʦʚʥʳʭ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ, ʘ ʩʦʟʜʘʥʠʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ, ʩʣʦʞʥʳʭ ʠʣʠ 

ʩʨʦʯʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʨʝʤʦʥʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʂ ʯʠʩʣʫ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 3D-ʧʝʯʘʪʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʪʥʦʩʷʪʩʷ: ʩʢʦʨʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ï ʚʦʟʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘ ʯʘʩʳ ʚʤʝʩʪʦ ʥʝʜʝʣʴ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʨʘʙʦʯʫʶ ʩʠʣʫ ʜʦ 60% ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʦ 30%, 

ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʛʠʙʢʦʩʪʴ ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ, 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ ï ʤʠʥʠʤʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʥʘ 70% ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. [2] 

ʋʩʣʦʚʥʦ ʚʩʝ ʥʘʧʝʯʘʪʘʥʥʳʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʥʘ ɸʕʉ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʢʘʪʝʛʦʨʠʠ: 

1. ɿʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
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- ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʙʳʪʦʚʳʝ ʢʦʨʧʫʩʘ: ʅʝʙʦʣʴʰʠʝ ʟʜʘʥʠʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʬʠʩʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʩʪʦʣʦʚʳʭ, ʢʦʤʥʘʪ ʦʪʜʳʭʘ. 

- ʉʢʣʘʜʳ ʠ ʥʘʚʝʩʳ: ʇʨʦʩʪʳʝ ʩʦʦʨʫʞʝʥʠʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʚʝʥʪʘʨʷ ʠʣʠ 
ʩʦʟʜʘʥʠʷ ʫʢʨʳʪʠʡ ʜʣʷ ʪʝʭʥʠʢʠ. 

- ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʜʘʥʠʷ: ʅʘʧʨʠʤʝʨ, ʟʜʘʥʠʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠʣʠ ʚʝʥʪʠʣʷʮʠʠ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʥʝ ʪʘʢ ʢʨʠʪʠʯʥʳ. 

- ʆʛʨʘʞʜʝʥʠʷ ʠ ʧʝʨʠʤʝʪʨʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ: ʈʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ 
ʧʝʨʠʤʝʪʨʫ ʩʪʘʥʮʠʠ. 

2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤ  

- ʂʦʨʧʫʩʘ ʠ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ: ʅʝʩʪʘʥʜʘʨʪʥʳʝ 
ʢʦʨʧʫʩʘ ʜʣʷ ʜʘʪʯʠʢʦʚ, ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ. ʀʭ ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦ ʬʦʨʤʝ ʠ 

ʚʝʩʫ. 

- ʕʣʝʤʝʥʪʳ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʠ ʦʭʣʘʞʜʝʥʠʷ: ʉʣʦʞʥʳʝ ʚʦʟʜʫʭʦʚʦʜʳ, ʢʦʣʣʝʢʪʦʨʳ, 
ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

- ɸʨʤʘʪʫʨʘ ʠ ʢʨʝʧʝʞʥʳʝ ʵʣʝʤʝʥʪʳ: ʉʧʝʮʠʘʣʴʥʳʝ ʢʨʦʥʰʪʝʡʥʳ, ʜʝʨʞʘʪʝʣʠ, 

ʢʨʝʧʣʝʥʠʷ ʜʣʷ ʢʘʙʝʣʴʥʳʭ ʪʨʘʩʩ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʪʨʝʙʫʶʪʩʷ ʜʣʷ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʥʝ ʚʩʝʛʜʘ ʝʩʪʴ ʚ ʥʘʣʠʯʠʠ. 

- ɿʘʧʘʩʥʳʝ ʯʘʩʪʠ ʜʣʷ ʨʝʤʦʥʪʘ: ʆʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʢʝʡʩʦʚ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʤʝʩʷʮʘʤʠ 

ʞʜʘʪʴ ʧʦʩʪʘʚʢʫ ʫʥʠʢʘʣʴʥʦʡ ʩʥʷʪʦʡ ʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʠ ʜʣʷ ʪʫʨʙʠʥʳ ʠʣʠ ʥʘʩʦʩʘ, 

ʝʝ ʤʦʞʥʦ ʥʘʧʝʯʘʪʘʪʴ ʥʘ ʤʝʩʪʝ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ. ʕʪʦ ʨʘʜʠʢʘʣʴʥʦ ʩʦʢʨʘʱʘʝʪ 

ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʠ ʟʘʪʨʘʪʳ. [3] 
ʇʝʨʚʳʡ ʧʨʦʝʢʪ ʚ ʈʦʩʩʠʠ ʥʘ ɸʕʉ ʩʦʟʜʘʣ ʈʦʩʘʪʦʤ. ʆʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʠʨʦʚʳʭ 

ʣʠʜʝʨʦʚ ʚ ʦʙʣʘʩʪʠ, ʢʘʢ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʪʘʢ ʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (3D-ʧʝʯʘʪʠ). 

ʂʦʤʧʘʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ. 

ʇʝʯʘʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʟʜʘʥʠʡ: ɺ 2023 ʛʦʜʫ ʥʘ ʧʣʦʱʘʜʢʝ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ɸʕʉ-2ʙʳʣ 

ʥʘʧʝʯʘʪʘʥ ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ (ʟʜʘʥʠʝ ʂʇʆ-3 ï ʢʦʤʧʣʝʢʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ 

ʦʙʲʝʢʪʦʚ). ʕʪʦ ʧʝʨʚʦʝ ʚ ʈʦʩʩʠʠ ʢʘʧʠʪʘʣʴʥʦʝ ʟʜʘʥʠʝ, ʧʦʩʪʨʦʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ 3D-ʧʝʯʘʪʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʜʝʡʩʪʚʫʶʱʝʡ ɸʕʉ. [4] 
ʂʘʞʜʳʡ ʵʪʘʧ (ʤʘʪʝʨʠʘʣ, ʧʨʦʮʝʩʩ ʧʝʯʘʪʠ, ʛʦʪʦʚʘʷ ʜʝʪʘʣʴ) ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ 

ʩʪʨʦʞʘʡʰʠʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ (ʨʝʥʪʛʝʥ, ʫʣʴʪʨʘʟʚʫʢ, ʪʦʤʦʛʨʘʬʠʷ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʪʨʘʩʣʝʚʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ (ʥʘʧʨʠʤʝʨ, ASME NQA-1 ʚ ʉʐɸ ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʚ 

ʈʌ).ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʜʦʣʞʝʥ ʙʳʪʴ ʙʝʟʦʧʘʩʥʳʤ ʠ ʥʝ ʩʦʟʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʠʩʢʦʚ (ʧʳʣʴ, 

ʛʘʟʳ, ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʠ. [5] 
ʆʧʳʪ 3D-ʧʝʯʘʪʠ ʟʜʘʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʥʘ ʦʙʲʝʢʪʘʭ ɸʕʉ.  

ʅʝʣʴʟʷ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʪʝʢʫʱʝʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ) ï ʧʝʯʘʪʘʪʴ 

ʦʩʥʦʚʥʳʝ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʠʣʠ ʢʦʨʧʫʩ ʩʘʤʦʛʦ ʨʝʘʢʪʦʨʘ, ʪʘʢ ʢʘʢ 

ʢ ʥʠʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʢʘ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʳ ʜʣʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʜʫʪʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. [6] 
ʇʨʷʤʦ ʩʝʡʯʘʩ ʦʩʥʦʚʥʳʝ ʟʜʘʥʠʷ ɸʕʉ (ʨʝʘʢʪʦʨʥʳʝ ʦʪʜʝʣʝʥʠʷ, ʤʘʰʠʥʥʳʝ ʟʘʣʳ) ʥʝ 

ʧʝʯʘʪʘʶʪ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. ʅʦ ʪʝʭʥʦʣʦʛʠʷ ʫʞʝ ʘʢʪʠʚʥʦ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʧʣʦʱʘʜʢʘʭ ɸʕʉ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʝʸ ʚʥʝʜʨʝʥʠʶ ʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. 
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ʉɽʂʎʀʗ 

ʂʋʃʔʊʋʈɸ ɹɽɿʆʇɸʉʅʆʉʊʀ ʅɸ ʆɹʒɽʂʊɸʍ ʗɼɽʈʅʆʁ 

ʕʅɽʈɻɽʊʀʂʀ ʀ ʊɽʈʈʀʊʆʈʀʗʍ ʀʍ ʈɸʉʇʆʃʆɾɽʅʀʁ: 

 ʉʆʎʀʆʂʋʃʔʊʋʈʅʓʁ, ʕʂʆʅʆʄʀʏɽʉʂʀʁ ʀ ʇʈɸɺʆɺʆʁ ɸʉʇɽʂʊʓ 
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ʨʝʛʠʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ɸʕʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʠʥʦʩʪʨʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʷʟʳʢ, ʠʥʪʝʛʨʘʮʠʷ. 

 

 

LANGUAGE AS A FACTOR OF SAFETY CULTURE  

 

Arbeth G.N.
 1
, Bunames N.V.

2
 

1
WESNA Educational and Cultural Center e.V., 

Freiburg im Breisgau, Germany 
2
Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University çMEPhIè 

Volgodonsk, Russia 

galina.arbeth@web.de 

 
Abstract:  The paper addresses the issue of linguistic and socio-cultural training of foreign specialists working  

at nuclear power plants. Based on the authorôs concept ñForeign language as a start into a new lifeò, the necessity  

of developing a specialized course ñRussian for Nuclear Engineersò is substantiated. It argues that mastering 

professional Russian language is an essential element of safety culture, reducing risks of miscommunication and 

supporting the socio-cultural and legal integration of specialists in the regions where nuclear facilities are located. 

Keywords: safety culture, nuclear energy, foreign specialists, professional language, socio-cultural integration. 

 

ʂʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʪʨʘʜʠʮʠʦʥʥʦ ʩʚʷʟʳʚʘʝʪʩʷ  

ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʛʣʘʤʝʥʪʘʤʠ, ʢʦʥʪʨʦʣʝʤ ʢʘʯʝʩʪʚʘ ʠ ʧʨʘʚʦʚʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ʆʜʥʘʢʦ 

ʢʣʶʯʝʚʳʤ ʦʩʪʘʸʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ [2]. ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʸʨʢʠʚʘʶʪ, 

ʯʪʦ ʜʦ 70 % ʠʥʮʠʜʝʥʪʦʚ ʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʚʷʟʘʥʳ ʩ ʦʰʠʙʢʘʤʠ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ [1]. ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʧʨʠʚʣʝʯʝʥʠʷ 

ʠʥʦʩʪʨʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʵʪʘ ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

ʅʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʳʝ ʢʦʣʣʝʢʪʠʚʳ ʨʝʰʘʶʪ ʟʘʜʘʯʠ, ʪʨʝʙʫʶʱʠʝ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʥʠʤʘʥʠʷ. ɼʘʞʝ ʤʠʥʠʤʘʣʴʥʦʝ ʥʝʜʦʧʦʥʠʤʘʥʠʝ ʠʥʩʪʨʫʢʮʠʠ, 

ʪʝʨʤʠʥʦʣʦʛʠʠ ʠʣʠ ʫʩʪʥʦʛʦ ʫʢʘʟʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʗʟʳʢʦʚʦʡ ʙʘʨʴʝʨ ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ çʩʢʨʳʪʳʭ ʨʠʩʢʦʚè, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ  

ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ɸʚʪʦʨ ʩʪʘʪʴʠ ʨʘʟʨʘʙʦʪʘʣʘ ʢʦʥʮʝʧʮʠʶ çʀʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ ʢʘʢ ʩʪʘʨʪ ʚ ʥʦʚʫʶ ʞʠʟʥʴè 

[3], ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʠʜʝʷ ʠʥʪʝʛʨʘʮʠʠ ʷʟʳʢʦʚʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ. 

ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʨʷʜʝ ʧʨʦʝʢʪʦʚ: 

1. çJobs & Spracheè ï ʢʫʨʩʳ, ʩʦʯʝʪʘʶʱʠʝ ʦʙʫʯʝʥʠʝ ʥʝʤʝʮʢʦʤʫ ʷʟʳʢʫ  

ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ; 

2. çBankwissen kompaktè ï ʢʫʨʩ ʜʣʷ ʬʠʥʘʥʩʠʩʪʦʚ, ʛʜʝ ʷʟʳʢ ʠʟʫʯʘʣʩʷ ʚ ʩʚʷʟʢʝ  

ʩ ʙʘʥʢʦʚʩʢʠʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ; 

3. çDeutsch f¿r Buchhalterè ï ʧʨʦʛʨʘʤʤʘ, ʧʦʜʛʦʪʦʚʠʚʰʘʷ ʙʫʭʛʘʣʪʝʨʦʚ ʢ ʨʘʙʦʪʝ  

ʚ ʥʝʤʝʮʢʠʭ ʢʦʤʧʘʥʠʷʭ; 

4. ʢʫʨʩ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ ʬʘʙʨʠʢʠ Taifun Tofu ʚ ʛʦʨʦʜʝ  ʌʨʘʡʙʫʨʛ ʠʤ ɹʨʘʡʩʛʘʫ, 

ɻʝʨʤʘʥʠʷ, ʛʜʝ ʷʟʳʢ ʠʟʫʯʘʣʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

5. ʦʙʫʯʝʥʠʝ ʨʫʩʩʢʦʛʦʚʦʨʷʱʠʭ  ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʟʘʚʦʜʝ ʧʨʝʮʠʟʠʦʥʥʦʡ ʪʝʭʥʠʢʠ 

Steiert Prªzisionsformenbau GmbH , ʛʜʝ ʟʘʥʷʪʠʷ ʩʪʨʦʷʪʩʷ ʥʘ ʨʝʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ. 

 ʕʪʠ ʧʨʦʝʢʪʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʷʟʳʢʘ ʠ ʧʨʦʬʝʩʩʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʘʮʠʠ, ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ. 

ʅʘ ʦʩʥʦʚʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʘʢʪʠʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʫʨʩ, 

ʚʢʣʶʯʘʶʱʠʡ: 

1. ʄʦʜʫʣʴ çʊʝʨʤʠʥʦʣʦʛʠʷ ʠ ʜʦʢʫʤʝʥʪʘʮʠʷè ï ʨʘʙʦʪʘ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʝʢʩʪʘʤʠ  

ʠ ʠʥʩʪʨʫʢʮʠʷʤʠ; 

2. ʄʦʜʫʣʴ çʇʨʘʚʦʚʳʝ ʥʦʨʤʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴè ï ʷʟʳʢ ʨʝʛʣʘʤʝʥʪʦʚ, ʦʪʯʸʪʥʦʩʪʠ  

ʠ ʩʪʘʥʜʘʨʪʦʚ; 

3. ʄʦʜʫʣʴ çʂʦʤʘʥʜʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷè ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʘʣʦʛʦʚ ʠ ʨʘʙʦʯʠʭ 

ʩʠʪʫʘʮʠʡ; 

4. ʄʦʜʫʣʴ çʉʦʮʠʦʢʫʣʴʪʫʨʥʘʷ ʠʥʪʝʛʨʘʮʠʷè ï ʘʜʘʧʪʘʮʠʷ ʢ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ, 

ʤʝʞʢʫʣʴʪʫʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʊʘʢʦʡ ʢʫʨʩ ʩʪʘʥʦʚʠʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʥʪʝʛʨʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ  

ʠ ʫʢʨʝʧʣʝʥʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʗʟʳʢ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ, ʥʦ ʠ ʥʘ ʞʠʟʥʴ ʩʧʝʮʠʘʣʠʩʪʘ ʚ ʨʝʛʠʦʥʝ 

ʧʨʠʩʫʪʩʪʚʠʷ ɸʕʉ: ʦʙʱʝʥʠʝ ʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, 

ʰʢʦʣʘʭ. ʉʦʮʠʦʢʫʣʴʪʫʨʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ, ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ  

ʢ ʢʦʥʬʣʠʢʪʘʤ ʠ ʫʢʨʝʧʣʷʝʪ ʜʦʚʝʨʠʝ ʚ ʢʦʣʣʝʢʪʠʚʝ. 

ʂʫʨʩ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ 

(ʈʦʩʘʪʦʤ, ʚʫʟʳ, ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ ʧʨʦʛʨʘʤʤʳ). ɽʛʦ ʚʥʝʜʨʝʥʠʝ ʧʦʟʚʦʣʠʪ ʩʦʯʝʪʘʪʴ ʧʦʚʳʰʝʥʠʝ 

ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʟʘʜʘʯʘʤʠ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʠ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʂʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʢʘ ʠ ʨʝʛʣʘʤʝʥʪʳ, ʥʦ ʠ ʷʟʳʢ. ɸʚʪʦʨʩʢʘʷ 

ʢʦʥʮʝʧʮʠʷ çʀʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ ʢʘʢ ʩʪʘʨʪ ʚ ʥʦʚʫʶ ʞʠʟʥʴè [3] ʜʦʢʘʟʘʣʘ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ ʷʟʳʢʘ 

ʠ ʧʨʦʬʝʩʩʠʠ ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʝʨʝʥʦʩ ʵʪʦʛʦ ʧʦʜʭʦʜʘ  

ʚ ʩʬʝʨʫ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʫʩʪʦʡʯʠʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ  

ʠ ʫʢʨʝʧʣʝʥʠʷ ʧʨʘʚʦʚʦʡ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʅʘʤʠ ʚ ʨʘʤʢʘʭ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʧʨʠʦʨʠʪʝʪʳ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʜʣʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ.  ʂ ʜʘʥʥʳʤ ʧʨʠʦʨʠʪʝʪʘʤ ʦʪʥʦʩʷʪʩʷ 

ʧʝʨʝʜʦʚʳʝ ʧʨʘʢʪʠʢʠ HR-ʙʨʝʥʜʠʥʛʦʚʦʛʦ ʧʦʜʭʦʜʘ ʚ ʯʘʩʪʠ ʚʳʩʪʨʘʠʚʘʥʠʷ ʦʪʥʦʰʝʥʠʡ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʘʫʜʠʪʦʨʠʠ, ʧʨʠʚʣʝʢʘʝʤʦʡ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɿʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʳʡ ʮʠʢʣ ʦʙʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʛʨʦʚʳʭ ʤʝʭʘʥʠʢ, ʧʦʚʳʰʘʶʱʠʭ ʚʦʚʣʝʯʝʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʯʝʪ 

ʮʝʥʥʦʩʪʝʡ ʧʦʢʦʣʝʥʠʷ ʟʫʤʝʨʦʚ ʜʣʷ ʧʨʝʜʣʦʞʝʥʠʷ ʠʤ ʢʘʜʨʦʚʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ 

ʪʨʘʝʢʪʦʨʠʡ ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ, ʦʙʫʯʘʶʱʠʝʩʷ, ʤʦʣʦʜʝʞʴ, ʤʦʜʝʣʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʫʯʝʥʠʷ,  
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Abstract. As part of our research, we consider the main issues that determine the priorities for training personnel for 

electric power companies. These priorities include the best practices of HR branding in terms of building 

relationships with potential audiences who are interested in receiving relevant education. It is also important to 

consider the continuous learning cycle and the use of game mechanics that increase engagement, as well as the 

values of the Z-generation to offer them the right career paths.  
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ɼʣʷ ʣʶʙʦʡ ʩʬʝʨʳ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʝʡ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʡ ʢʘʜʨʦʚʳʡ ʚʦʧʨʦʩ ʠʤʝʝʪ ʦʜʥʦ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʥʘʯʝʥʠʡ. ʕʪʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʪʫʘʮʠʠ ʝʱʝ 

ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʜʘʝʪ ʦʙʲʝʢʪʠʚʥʦ ʧʨʦʷʚʠʚʰʠʡʩʷ ʚ ʩʦʮʠʫʤʝ 

ʟʘʧʨʦʩ ʥʘ ʠʥʞʝʥʝʨʥʳʝ ʢʘʜʨʳ.  ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʝʩʪʴ ʷʚʥʦʝ ʦʩʦʟʥʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʜʘʥʥʦʛʦ ʟʘʧʨʦʩʘ ʦʧʦʩʨʝʜʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʣʠʪʠʢʠ, ʢʦʪʦʨʘʷ 

ʧʦ ʩʚʦʝʤʫ ʠʜʝʡʥʦʤʫ ʥʘʧʦʣʥʝʥʠʶ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʨʘʟʚʠʪʳʤ HR-ʙʨʝʥʜʠʥʛʦʚʳʤ 

ʧʨʘʢʪʠʢʘʤ [1], ʧʦʩʢʦʣʴʢʫ ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʙʦʪʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ï 

ʫʯʘʱʠʤʠʩʷ ʰʢʦʣ ʠ ʢʦʣʣʝʜʞʝʡ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʚʳʙʠʨʘʶʪ ʚʳʩʰʝʝ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ ʥʫʞʥʦʛʦ 

ʧʨʦʬʠʣʷ ʠ ʧʣʘʥʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʢʘʨʴʝʨʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ.  

ʈʝʘʣʠʟʫʝʤʳʝ ʧʨʦʝʢʪʳ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʰʢʦʣ (ʚ ʯʘʩʪʠ ʧʨʦʬʠʣʴʥʳʭ 

ʢʣʘʩʩʦʚ), ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʰʢʦʣ, ʮʝʥʪʨʦʚ IT-ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦʧʫʣʷʨʠʟʠʨʫʶʪ ʩʨʝʜʠ ʤʦʣʦʜʳʭ ʣʶʜʝʡ ʧʨʝʩʪʠʞʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʛʦ ʚʳʙʦʨʘ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʴʝʨʳ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʬʝʨʝ.  

ʋʢʘʟʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʫʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ ʚʳʙʦʨʝ ʠʥʞʝʥʝʨʥʦʛʦ ʪʨʝʢʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʊʘʢ, ʚ 

2023/2024 ʛʛ. ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʥʘ ʧʨʦʛʨʘʤʤʘʭ, ʩʚʷʟʘʥʥʳʭ ʥʘʧʨʷʤʫʶ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʥʘʫʢʘʤʠ 

ʠ ʠʥʞʝʥʝʨʥʳʤ ʜʝʣʦʤ, ʦʙʫʯʝʥʠʝ ʧʨʦʭʦʜʠʤʦ ʙʦʣʝʝ 1,3 ʤʣʥ. ʯʝʣ. [4]. ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ 

ʚ ʜʘʥʥʦʤ ʢʣʶʯʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩ 2018 ʛ. ʠ ʟʘ ʧʝʨʠʦʜ ʩ 2023 ʧʦ 2024 ʛ. ʩʦʩʪʘʚʠʣʘ ʧʦʯʪʠ 5%, ʯʪʦ, 
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ʚʦ ʤʥʦʛʦʤ, ʦʙʲʷʩʥʷʝʪʩʷ ʘʢʪʠʚʥʦʡ ʧʦʣʠʪʠʢʦʡ ʚ ʯʘʩʪʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚʫʟʦʚ ʠ ʰʢʦʣ, 

ʚʢʣʶʯʝʥʥʦʩʪʴʶ ʤʦʣʦʜʝʞʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʦʚʝʩʪʢʫ ʠ ʥʘʣʠʯʠʝʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʙʶʜʞʝʪʥʳʭ ʤʝʩʪ [4]. 

ʈʷʜ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʤʦʣʦʜʝʞʴ, ʦʪʥʦʩʠʤʘʷ ʢ ʧʦʢʦʣʝʥʠʶ Z, 

ʘʢʪʠʚʥʦ ʚʳʙʠʨʘʝʪ ʠʥʞʝʥʝʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʚʷʟʳʚʘʶʪ ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩ 

ʮʝʥʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʦʩʧʨʠʷʪʠʷ ʟʫʤʝʨʦʚ [3]. ʆʥʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʠʥʞʝʥʝʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʨʝʘʪʠʚʥʦʛʦ ʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʤʦʛʫʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʠ ʢʨʝʘʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʟʘʧʨʦʩʳ ʥʘ ʘʢʮʝʥʪʠʨʦʚʢʫ ʥʘ ʨʝʘʣʴʥʦʤ ʤʠʨʝ ʠ ʝʛʦ 

ʦʙʲʝʢʪʘʭ (ʘ ʥʝ, ʥʘʧʨʠʤʝʨ, ʚʠʨʪʫʘʣʴʥʳʭ ʬʠʥʘʥʩʘʭ ʠ ʪ.ʜ.). ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʫʙʝʞʜʝʥʳ ʚ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʠ ʩʦʮʠʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ ʧʨʦʬʝʩʩʠʠ ʜʣʷ ʦʙʱʝʩʪʚʘ, 

ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʭ ʮʝʥʥʦʩʪʥʳʤ ʚʦʩʧʨʠʷʪʠʝʤ. ʊʘʢʞʝ ʨʦʩʩʠʡʩʢʠʝ ʟʫʤʝʨʳ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʮʝʥʠʚʘʶʪ ʚʢʣʶʯʝʥʥʦʩʪʴ ʚ ʩʦʦʙʱʝʩʪʚʘ ʧʦ ʠʥʪʝʨʝʩʘʤ ʠ ʚ ʵʪʦʤ ʧʣʘʥʝ ʫʯʘʩʪʠʝ ʚ ʠʥʞʝʥʝʨʥʳʭ 

ʩʦʦʙʱʝʩʪʚʘʭ ʜʣʷ ʥʠʭ ʧʨʠʦʨʠʪʝʪʥʦ ʠ ʧʦʥʷʪʥʦ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʠʭ ʤʦʪʠʚʘʮʠʶ [3].  

ʆʧʠʩʘʥʥʳʝ ʜʘʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʪʨʘʢʪʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʨʠʚʣʝʯʝʥʠʷ ʤʦʣʦʜʝʞʠ ʥʘ ʦʙʫʯʝʥʠʝ ʠ ʧʨʦʜʦʣʞʝʥʠʝ ʢʘʨʴʝʨʳ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʂʨʘʡʥʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʨʝʰʝʥʠʝʤ ʚ ʫʢʘʟʘʥʥʦʤ ʘʩʧʝʢʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʪʨʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʴʝʨʳ ʜʣʷ ʚʳʧʫʩʢʥʠʢʦʚ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʧʨʝʜʣʘʛʘʶʱʠʭ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʙʘʟʝ ʧʨʠʢʣʘʜʥʳʭ ʢʝʡʩʦʚ 

ʨʝʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ [2].  

ɺ ʨʘʤʢʘʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ ʧʨʠʚʣʝʯʝʥʠʶ ʢʘʜʨʦʚ ʚ ʚʳʙʦʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʢʘʨʴʝʨʳ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʬʝʨʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʘʷ ʤʦʜʝʣʴ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʥʪʝʨʝʩ ʢ ʦʩʚʦʝʥʠʶ ʥʦʚʦʛʦ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ 

ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʟʥʘʥʠʷ ʠ ʠʭ ʘʜʘʧʪʘʮʠʠ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʢʣʶʯʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʫʟʦʚ, ʰʢʦʣ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʯʘʩʪʠ ʨʘʙʦʪʳ ʧʨʦʬʠʣʴʥʳʭ ʢʣʘʩʩʦʚ, ʛʜʝ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʛʠʪʠʨʦʚʘʪʴ, ʤʦʪʠʚʠʨʦʚʘʪʴ ʠ ʧʦʚʳʰʘʪʴ ʤʦʪʠʚʘʮʠʶ ʫʯʘʱʠʭʩʷ ʚ ʯʘʩʪʠ ʚʳʙʦʨʘ 

ʧʨʦʬʝʩʩʠʠ ʠʥʞʝʥʝʨʘ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʠʷ ʚ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʝʢʪʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʤ 

ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʦʬʝʩʩʠʠ ʠ ʚʦʟʤʦʞʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʚʦʨʯʝʩʢʦʛʦ ʨʦʩʪʘ ʚ ʥʝʡ, ʯʪʦ 

ʟʥʘʯʠʤʦ ʜʣʷ ʤʦʣʦʜʝʞʠ.  

ʇʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʬʦʨʤʘʪ ʜʣʷ ʤʦʣʦʜʳʭ ʣʶʜʝʡ, ʫʯʘʱʠʭʩʷ ʰʢʦʣ ʠ ʢʦʣʣʝʜʞʝʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʢʮʝʥʪʦʤ ʥʘ ʩʦʨʝʚʥʦʚʘʥʠʷʭ, ʛʝʡʤʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʨʘʙʦʪʝ ʚ ʬʦʨʤʘʣʴʥʳʭ ʠ ʥʝʬʦʨʤʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʥʘ ʧʣʦʱʘʜʢʘʭ ʪʦʯʝʢ 

ʢʠʧʝʥʠʷ, ʚ ʨʘʤʢʘʭ ʭʘʢʘʪʦʥʦʚ. ɺ ʪʘʢʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʤʦʣʦʜʳʝ ʣʶʜʠ ʧʨʠʦʙʨʝʪʘʶʪ ʩʤʝʞʥʳʝ, 

ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʥʦʚʥʦʡ ʧʨʦʬʝʩʩʠʝʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʥʘʧʨʠʤʝʨ, ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʮʝʥʢʠ 

ʧʨʦʜʫʢʪʦʚ ʠ/ʠʣʠ ʩʝʨʚʠʩʦʚ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʨʪ-ʘʧʧʦʚ.  

ʀʛʨʦʚʦʡ ʧʦʜʭʦʜ ʠ ʠʥʪʝʨʝʩ ʢ ʨʘʟʚʠʪʠʶ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʨʘʤʢʘʭ ʢʦʤʴʶʥʠʪʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʦʣʦʜʦʡ ʘʫʜʠʪʦʨʠʝʡ, ʧʨʠʚʣʝʢʘʪʴ ʝʝ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʡ, ʥʘʫʯʥʳʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʫʯʝʙʳ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ. ɼʘʣʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʠʜʝʠ ʧʝʨʤʘʥʝʥʪʥʦʛʦ, 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟ-ʟʘ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚ, ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʚʦʨʯʝʩʢʦʛʦ 

ʨʦʩʪʘ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʯʪʦ ʜʦʣʞʥʦ ʙʳʪʴ 

ʪʨʘʥʩʧʦʨʝʥʪʥʳʤ.  

ʆʧʨʝʜʝʣʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʧʣʘʥʝ ʥʝʧʨʝʨʳʚʥʦʡ ʤʦʜʝʣʠ ʦʙʫʯʝʥʠʷ ʜʝʪʝʨʤʠʥʠʨʫʝʪ 

ʪʘʢʞʝ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʝʨʝʜʦʚʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʡ ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʦʭʚʘʪʘ, ʢʘʢ ʰʢʦʣʴʥʠʢʦʚ ʠ ʫʯʘʱʠʭʩʷ 

ʢʦʣʣʝʜʞʝʡ, ʪʘʢ ʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʚʫʟʘʭ ʩʪʫʜʝʥʪʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʣʶʯʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʨʠʦʨʠʪʝʪʳ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʧʝʨʝʩʝʢʘʶʪʩʷ ʩ ʪʘʢʠʤʠ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʬʝʩʩʠʡ, ʚ ʮʝʣʦʤ.  ʆʥʠ ʜʦʣʞʥʳ ʦʧʠʨʘʪʴʩʷ ʥʘ 

ʧʝʨʝʜʦʚʳʝ ʧʨʘʢʪʠʢʠ HR-ʙʨʝʥʜʠʥʛʦʚʦʛʦ ʧʦʜʭʦʜʘ ʚ ʯʘʩʪʠ ʚʳʩʪʨʘʠʚʘʥʠʷ ʦʪʥʦʰʝʥʠʡ ʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʘʫʜʠʪʦʨʠʠ, ʧʨʠʚʣʝʢʘʝʤʦʡ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ. ɿʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʮʠʢʣ ʦʙʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʛʨʦʚʳʭ 
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ʤʝʭʘʥʠʢ, ʧʦʚʳʰʘʶʱʠʭ ʚʦʚʣʝʯʝʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʯʝʪ ʮʝʥʥʦʩʪʝʡ ʧʦʢʦʣʝʥʠʷ ʟʫʤʝʨʦʚ ʜʣʷ 

ʧʨʝʜʣʦʞʝʥʠʷ ʠʤ ʢʘʜʨʦʚʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ 

ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʢ ʦʩʚʦʝʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʠʠ, ʨʘʩʰʠʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʶʪ ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʣʘʜʝʥʠʷ 

ʠʥʦʩʪʨʘʥʥʳʤʠ ʷʟʳʢʘʤʠ. ɼʦʩʪʠʞʝʥʠʝ ʟʥʘʯʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʣʘʜʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʦʤ ʙʫʜʫʱʠʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤʠ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʦʙʫʯʝʥʠʷ 

ʚʳʩʪʫʧʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʠʩʢʫʨʩʠʚʥʦʛʦ ʥʘʚʳʢʘ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ 

ʘʢʪʠʚʥʦʡ ʨʝʯʝʚʦʡ ʧʨʘʢʪʠʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʦʙʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʩʬʝʨʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ, ʜʠʩʢʫʨʩʠʚʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʢʦʤʧʝʪʝʥʮʠʷ. 
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Abstract. This article analyzes the growing interest in the development and application of nuclear energy, the 

expansion of which is inevitably accompanied by an increase in the risks associated with nuclear safety and the 

proliferation of nuclear weapons, which necessitates the adoption of comprehensive security measures. International 

cooperation, construction, and operation of nuclear facilities require the involvement of specialists with a high level 

of foreign language proficiency. Achieving significant results is only possible if future professionals have  
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a sufficient level of practical foreign language proficiency. The primary goal of the training is to develop  

a professionally oriented discourse skill based on active speech practice. 

Keywords: global electricity production, nuclear energy cooperation, specialized terminology, discursive 

competence, linguistic aspect, and information competence. 

 

ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʶʯʝʚʫʶ ʦʪʨʘʩʣʴ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʛʨʘʶʱʫʶ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʛʣʦʙʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʩʦʧʨʷʞʝʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʨʠʩʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ. ʕʪʠ ʬʘʢʪʦʨʳ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʨ 

ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʩʬʝʨʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚʢʣʶʯʘʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʘʪʦʤʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʘʮʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ, 

ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʣʘʜʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʤʠ 

ʷʟʳʢʘʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʙʦʪʳ ʩ ʥʘʩʳʱʝʥʥʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʠ ʝʝ ʧʝʨʝʚʦʜʦʤ. 

ʇʝʨʝʚʦʜ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚʢʣʶʯʘʷ 

ʠʥʩʪʨʫʢʮʠʠ, ʨʝʛʣʘʤʝʥʪʳ ʠ ʦʪʯʸʪʳ, ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ɼʘʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʪʨʝʙʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʭʦʜʥʦʛʦ 

ʪʝʢʩʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʰʠʙʢʠ ʚ ʧʝʨʝʚʦʜʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ. ʇʝʨʝʚʦʜʯʠʢʠ 

ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʛʣʫʙʦʢʠʤʠ ʟʥʘʥʠʷʤʠ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ ʩʧʝʮʠʬʠʢʠ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʰʪʘʪʝ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ [1]. 

ɸʥʘʣʠʟ ʨʳʥʢʘ ʪʨʫʜʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ  

ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʦʩʦʙʝʥʥʦ ʪʝʭ, ʢʪʦ ʚʣʘʜʝʝʪ ʠʥʦʩʪʨʘʥʥʳʤʠ ʷʟʳʢʘʤʠ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [2]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʷʟʳʢʦʚʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʜʦʣʞʥʘ ʚʳʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʙʘʟʦʚʦʛʦ ʯʪʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʆʥʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʫʤʝʥʠʝ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʤʳʩʣʠ, 

ʨʘʙʦʪʫ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ ʠ ʜʝʣʦʚʦʝ ʦʙʱʝʥʠʝ ʩ ʠʥʦʩʪʨʘʥʥʳʤʠ ʧʘʨʪʥʸʨʘʤʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʥʦʷʟʳʯʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʜʠʩʢʫʨʩʠʚʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ 

ʫ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʧʨʦʙʣʝʤʥʦʩʪʠ, ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʠ ʩʠʪʫʘʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-

ʢʦʥʪʝʢʩʪʥʳʭ ʩʠʪʫʘʮʠʡ. 

ɺ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʢʫʨʩʳ, ʪʘʢʠʝ ʢʘʢ 

"ʆʩʥʦʚʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ" ʠ "ʊʝʭʥʠʯʝʩʢʠʡ 

ʘʥʛʣʠʡʩʢʠʡ ʜʣʷ ʠʥʞʝʥʝʨʦʚ", ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʩʚʦʝʥʠʝ ʣʝʢʩʠʢʠ, ʪʠʧʦʚ ʜʠʩʢʫʨʩʘ ʠ ʪʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʂʫʣʴʪʫʨʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʠʢ. 

ʂʦʤʧʦʥʝʥʪʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʜʠʩʢʫʨʩʠʚʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ 

ʚʢʣʶʯʘʶʪ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʡ ʘʩʧʝʢʪ, ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ  

ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦ-ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʢʦʤʧʝʪʝʥʮʠʶ. ɼʠʩʢʫʨʩʠʚʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʦʠʪʴ ʩʚʷʟʥʳʝ ʪʝʢʩʪʳ ʠ ʚʳʩʢʘʟʳʚʘʥʠʷ, ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʤ 

ʥʦʨʤʘʤ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʢʩʪʳ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʢʦʤʤʫʥʠʢʘʮʠʶ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʨʫʛʘ ʩʫʙʲʝʢʪʦʚ ʠ ʮʝʣʝʡ ʚ ʷʜʝʨʥʦʡ ʦʪʨʘʩʣʠ [3]. 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʢʦʤʧʝʪʝʥʮʠʠ ʚʢʣʶʯʘʝʪ ʟʥʘʥʠʝ ʪʝʨʤʠʥʦʚ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʦʚ ʠ ʦʙʱʝʫʧʦʪʨʝʙʠʪʝʣʴʥʦʡ ʣʝʢʩʠʢʠ, ʘ ʪʘʢʞʝ ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ. ʂʦʤʤʫʥʠʢʘʪʠʚʥʳʡ ʘʩʧʝʢʪ 

ʦʭʚʘʪʳʚʘʝʪ ʨʘʟʚʠʪʠʝ ʨʝʯʝʚʳʭ ʫʤʝʥʠʡ ʘʫʜʠʨʦʚʘʥʠʷ, ʛʦʚʦʨʝʥʠʷ, ʯʪʝʥʠʷ ʠ ʧʠʩʴʤʘ ʥʘ 

ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʢʦʥʪʝʢʩʪʝ. 
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ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ, ʘʥʘʣʠʟ ʠ ʧʝʨʝʜʘʯʫ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʥʳʭ 

ʠ ʧʠʩʴʤʝʥʥʳʭ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʦʤʤʫʥʠʢʘʪʠʚʥʦ-ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʮʠʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʜʠʩʢʫʨʩ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʣʝʢʩʠʢʦʡ, ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʠ ʨʝʯʝʚʳʤʠ ʤʦʜʝʣʷʤʠ, ʘ ʝʛʦ ʦʩʚʦʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʟʜʘʥʠʶ ʮʝʣʦʩʪʥʦʛʦ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʛʦ ʤʘʩʪʝʨʩʪʚʘ ʠ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ. ɺʘʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʢʦʥʪʝʢʩʪʥʳʝ ʩʠʪʫʘʮʠʠ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʝ ʢ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʞʢʫʣʴʪʫʨʥʦʡ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʚʢʣʶʯʘʝʪ ʘʥʘʣʠʟ 

ʦʧʳʪʘ ʟʘʨʫʙʝʞʥʳʭ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ, ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʜʝʣʦʚʦʛʦ ʦʙʱʝʥʠʷ ʠ ʦʩʦʟʥʘʥʠʝ 

ʢʫʣʴʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʜʠʩʢʫʨʩʠʚʥʘʷ 

ʢʦʤʧʝʪʝʥʮʠʷ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʠʥʦʷʟʳʯʥʦʛʦ ʦʙʱʝʥʠʷ ʙʫʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 
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Abstract:  The paper considers the problem of excessive formalization of the learning process for students of 

ñatomicò fields of study. The basic concepts of pedagogical science in the field of teaching technical disciplines are 

introduced. Mathematical modeling is described as a way of learning. The Desmos graphing calculator is defined as 

a tool for building models. The necessary conclusions have been drawn. 

Keywords: Formal and figurative aspects of learning, information and communication technologies, mathematical 

modeling, Desmos graphing calculator. 

 

ɺʦʧʨʦʩ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʚʷʟʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʩʨʝʜʠ 

ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ ʠʟ-ʟʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʦʙʫʯʝʥʠʷ ʠʟʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ. ʄʥʦʛʠʝ ʧʝʜʘʛʦʛʠ ʠ ʫʯʸʥʳ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʠʟʣʠʰʥʝʡ ʬʦʨʤʘʣʴʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʟʥʘʥʠʡ ʥʘ 

ʙʫʜʫʱʫʶ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʫʯʘʝʤʦʛʦ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʫʶ 

ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ, ʧʨʝʜʣʦʞʝʥʦ ʩʢʫʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. ʊʘʢ ʞʝ ʚ 

ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʭ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʦʩʣʦ ʟʥʘʯʝʥʠʝ ʚʠʟʫʘʣʴʥʦʡ (ʦʙʨʘʟʥʦʡ) ʠʥʬʦʨʤʘʮʠʠ [1]. ɹʫʜʫʱʠʡ ʩʧʝʮʠʘʣʠʩʪ ʦʙʷʟʘʥ 

ʦʧʝʨʘʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʜʘʥʥʳʤʠ. ʕʪʠʤ ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ. 

ɺʳʜʝʣʠʤ ʜʚʘ ʘʩʧʝʢʪʘ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ: ʬʦʨʤʘʣʴʥʳʡ ʠ 

ʦʙʨʘʟʥʳʡ ʠ ʦʧʨʝʜʝʣʠʤ ʠʭ: 

¶ ʌʦʨʤʘʣʴʥʳʡ ʘʩʧʝʢʪ ï ʩʪʨʦʠʪʩʷ ʥʘ ʟʥʘʢʦʚʦ-ʩʠʤʚʦʣʴʥʦʤ ʦʧʠʩʘʥʠʠ ʤʘʪʝʨʠʘʣʘ. 

¶ ʆʙʨʘʟʥʳʡ ʘʩʧʝʢʪ ï ʩʪʨʦʠʪʩʷ ʥʘ ʵʤʧʠʨʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʧʨʠʜʘʥʠʝ 

ʦʙʲʝʢʪʫ ʦʙʨʘʟʥʦʡ (ʯʘʩʪʦ ʛʨʘʬʠʯʝʩʢʦʡ) ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʨʘʟʥʦʛʦ ʠ ʬʦʨʤʘʣʴʥʦʛʦ ʘʩʧʝʢʪʦʚ ʦʙʫʯʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ ʚʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʮʝʩʩʘ ʫʩʚʦʝʥʠʷ 

ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ: ʥʘʛʣʷʜʥʦ-ʦʙʨʘʟʥʳʡ, ʦʧʝʨʘʮʠʦʥʥʦ-ʜʝʡʩʪʚʝʥʥʳʡ ʠ ʬʦʨʤʘʣʴʥʦ-

ʣʦʛʠʯʝʩʢʠʡ [2, 3]. ʇʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʵʪʘʧʳ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʬʦʨʤʠʨʫʶʪ ʥʦʚʳʡ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʦʜ ʦʙʫʯʝʥʠʷ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʩʚʷʟʴ ʬʦʨʤʘʣʴʥʳʭ ʠ ʦʙʨʘʟʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʤʘʪʝʨʠʘʣʘ ʚ ʝʜʠʥʳʡ 

ʢʦʤʧʣʝʢʩ. 

ʂ ʩʨʝʜʩʪʚʘʤ ʩʦʦʪʥʝʩʝʥʠʷ ʬʦʨʤʘʣʴʥʦʛʦ ʠ ʦʙʨʘʟʥʦʛʦ ʘʩʧʝʢʪʦʚ ʦʪʥʝʩʝʤ, ʛʨʘʬʠʯʝʩʢʠʡ 

ʢʘʣʴʢʫʣʷʪʦʨ Desmos, ʪʘʢ ʢʘʢ ʦʥ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʜʦʩʪʫʧʝʥ ʠ ʥʘʚʳʢʠ 

ʨʘʙʦʪʳ ʩ ʥʠʤ ʤʦʛʫʪ ʧʨʠʛʦʜʠʪʴʩʷ ʦʙʫʯʘʶʱʝʤʫʩʷ ʚ ʜʘʣʴʥʝʡʰʝʡ ʧʨʘʢʪʠʢʝ. ʊʘʢ ʞʝ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ñʵʬʬʝʢʪ ʥʝʦʞʠʜʘʥʥʦʩʪʠò ʦʪ 

ʚʩʪʨʝʯʠ ʩ ʥʠʤʠ ʥʘ ʨʘʙʦʪʝ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʠʟʚʘʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʦʥʠʤʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ñʩʪʫʜʝʥʪʘʤʠ-ʷʜʝʨʱʠʢʘʤʠò ʧʦ ʙʘʟʦʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ. ʅʘʣʠʯʠʝ 

ʪʚʸʨʜʳʭ, ʛʣʫʙʦʢʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʬʦʨʤʠʨʫʝʪ ʧʦʥʠʤʘʥʠʝ ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ ʘʪʦʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʧʨʦʝʢʪʠʨʦʚʢʫ ʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. ʊʘʢʠʝ ʛʣʦʙʘʣʴʥʳʝ ʮʝʣʠ ʜʦʩʪʠʞʠʤʳ, ʝʩʣʠ 

ʠʥʪʫʠʪʠʚʥʦ-ʦʙʨʘʟʥʳʝ ʠ ʬʦʨʤʘʣʴʥʦ-ʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʜʠʘʣʝʢʪʠʯʝʩʢʦʤ ʝʜʠʥʩʪʚʝ[4]. ʊʘʢʦʝ ʠʭ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʳʩʪʨʘʠʚʘʝʪ ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ 

ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫ ʦʙʫʯʘʶʱʝʛʦʩʷ. ɹʝʟʫʩʣʦʚʥʦ, ʚʠʟʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʥʫʞʥʘ ʣʠʰʴ ʧʨʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʯʸʪʢʦ ʠ ʧʦʥʷʪʥʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʪʴ ʘʙʩʪʨʘʢʪʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʪʝʨʤʠʥ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʪʦʤʥʘʷ ʦʪʨʘʩʣʴ ʩʦʟʜʘʸʪ ʦʪʢʨʳʪʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʮʝʥʪʨʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʝʩʪʠ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ [5], ʯʪʦ ʝʱʸ ʨʘʟ ʧʦʢʘʟʳʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʨʳʚ ʚ 

ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʠ ʜʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʙʘʟʦʚʳʭ ʥʘʚʳʢʦʚ ʨʘʙʦʪʝ 

ʩ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 
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Abstract. National projects are a tool for the socio-economic development of the state, which is designed to bring 

priority sectors to a new, higher level. They are understood as comprehensive programs that have national 

significance and require large-scale injections of federal budget funds. In the article, the authors consider the main 

tasks of the national project "New Nuclear and Energy Technologies" and review the aspect of its implementation 

that involves staffing. 
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ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʠ ʨʝʛʠʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʬʝʨʦʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʫʩʣʦʚʠʡ ʜʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ [1], ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʨʝʟ ʨʝʘʣʠʟʘʮʠʶ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠʥʠʮʠʘʪʠʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ 
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çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ ʠ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʫ ʜʦ 2036 ʛʦʜʘè. 

ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 06.10.2021 N 2816-ʨ ʫʪʚʝʨʞʜʝʥ ʇʝʨʝʯʝʥʴ 

ʠʥʠʮʠʘʪʠʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2030 ʛʦʜʘ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʝʟʠʜʝʥʪʦʤ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʝʡ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ  

ʢ ʨʝʘʣʠʟʘʮʠʠ ʅʘʮʠʦʥʘʣʴʥʳʝ ʧʨʦʝʢʪʳ. ʀʤʝʥʥʦ ʟʘ ʩʯʝʪ ʠʭ ʠʩʧʦʣʥʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʦʩʫʱʝʩʪʚʠʪʴ ʤʘʩʰʪʘʙʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ ʢʣʶʯʝʚʳʭ 

ʩʬʝʨ ʞʠʟʥʠ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʥʘ ʩʦʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʛʨʘʞʜʘʥ. ʅʘʮʧʨʦʝʢʪʳ ʩʦʜʝʨʞʘʪ ʢʣʶʯʝʚʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʫʢʨʝʧʣʝʥʠʝ ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʩʪʨʘʥʳ, ʦʙʝʩʧʝʯʝʥʠʝ ʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʫʚʝʨʝʥʠʪʝʪʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʞʠʟʥʠ ʧʨʦʞʠʚʘʶʱʝʛʦ 

ʥʘʩʝʣʝʥʠʷ, ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʣʠʜʝʨʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ  

ʚ ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʉ 25 ʧʦ 28 ʩʝʥʪʷʙʨʷ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʚ ʯʝʩʪʴ 80-ʣʝʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɺɼʅʍ ʚ ʄʦʩʢʚʝ ʧʨʦʰʣʦ ʟʥʘʯʠʤʦʝ ʤʝʨʦʧʨʠʷʪʠʝ çʄʠʨʦʚʘʷ ʘʪʦʤʥʘʷ ʥʝʜʝʣʷè 

(World Atomic Week), ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʬʦʨʤʘʪʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʬʦʨʫʤʘ, 

ʧʦʩʚʷʱʸʥʥʦʛʦ ʨʘʟʚʠʪʠʶ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘ ʦʪʢʨʳʪʠʠ ʬʦʨʫʤʘ ʛʝʥʝʨʘʣʴʥʳʡ 

ʜʠʨʝʢʪʦʨ ʛʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè ɸ.ɽ. ʃʠʭʘʯʝʚ ʩʦʦʙʱʠʣ, ʯʪʦ ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʌ ʜʦʚʝʨʠʣʦ 

ʢʦʤʧʘʥʠʠ ʙʳʪʴ ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʧʦʯʪʠ ʚʩʝʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʩʪʨʘʥʳ. 

ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʠ ʦʨʠʝʥʪʠʨʘʤʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘʮʧʨʦʝʢʪʦʚ ʩʠʣʘʤʠ ʈʦʩʘʪʦʤʘ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ: 

ï ʧʝʨʝʭʦʜ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ 

ʘʪʦʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘ ʩʯʝʪ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ  

ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ; 

ï ʩʦʟʜʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʝʥʜʦʚʦʡ ʙʘʟʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ  

ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʰʝʥʠʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ; 

ï ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ 

ʙʫʜʫʱʝʛʦ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʚ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʝ ʠ ʤʠʨʦʚʦʛʦ ʣʠʜʝʨʩʪʚʘ ʚ ʘʪʦʤʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʠʭ ʘʤʙʠʮʠʦʟʥʳʭ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ ʜʣʷ ʩʪʨʘʥʳ ʮʝʣʝʡ ɻʂ 

ʈʦʩʘʪʦʤ ʜʦʣʞʥʘ çʠʤʝʪʴ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠè ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ï 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʙʣʘʩʪʝʡ. ɸ ʜʣʷ ʵʪʦʛʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʘʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʫʢʠ ʧʦ 

ʘʢʪʫʘʣʠʟʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ  

ʢ ʢʦʤʧʝʪʝʥʮʠʷʤ ʙʫʜʫʱʠʭ ʚʳʧʫʩʢʥʠʢʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʆʜʠʥ ʠʟ ʥʘʮʧʨʦʝʢʪʦʚ ʬʝʜʝʨʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ çʅʦʚʳʝ ʘʪʦʤʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠè, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʚʦʟʣʦʞʝʥʘ ʥʘ ʧʣʝʯʠ ʈʦʩʪʘʪʦʤʘ, ʠʤʝʝʪ ʩʚʦʝʡ ʮʝʣʴʶ 

ʩʜʝʣʘʪʴ ʈʦʩʩʠʶ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʚ ʘʪʦʤʥʦʡ ʩʬʝʨʝ ʠ ʦʙʝʩʧʝʯʠʪʴ ʝʡ ʩʫʚʝʨʝʥʠʪʝʪ ʚ ʥʦʚʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ. ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʪʦʤʥʳʝ ʵʥʝʨʛʦʙʣʦʢʠ ʠ ɸʕʉ, 

ʩʦʟʜʘʶʪ ʘʪʦʤʥʳʝ ʩʪʘʥʮʠʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. ʋʯʝʥʳʝ ʠ ʠʥʞʝʥʝʨʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʝʝ ʧʝʨʝʜʘʯʠ, ʘ ʪʘʢʞʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ  

ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ, 

ʚʢʣʶʯʘʷ ʫʛʣʝʚʦʜʦʨʦʜʥʫʶ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʫ, ʩʦʣʥʝʯʥʫʶ ʠ ʚʝʪʨʦʛʝʥʝʨʘʮʠʶ. ʕʪʦ ʧʦʤʦʞʝʪ 

ʚʩʝʡ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ ʚʳʡʪʠ ʥʘ ʧʝʨʝʜʦʚʳʝ ʧʦʟʠʮʠʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʠ ɻʂ çʈʦʩʘʪʦʤè ʦʙʲʝʜʠʥʠʣʠ ʫʩʠʣʠʷ ʜʣʷ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʝʢʪʘ, ʙʳʣ ʩʦʟʜʘʥ ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʩʦʚʝʪ ʩ ʫʯʘʩʪʠʝʤ ʚʝʜʫʱʠʭ ʠʥʞʝʥʝʨʥʳʭ ʚʫʟʦʚ ʩʪʨʘʥʳ 

(21 ʚʳʩʰʝʝ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ). ʉʦʚʝʪ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴʩʷ ʚʦʧʨʦʩʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʜʨʦʚʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʮʝʣʝʡ. ʉʦʟʜʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʦʨʛʘʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ  

ʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʨʘʙʦʪʝ ʛʦʩʫʜʘʨʩʪʚʘ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʮʝʣʝʚʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘʮʧʨʦʝʢʪʘ. 
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ɺ çʈʦʩʘʪʦʤʝè ʩʦʟʜʘʥʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʵʢʦʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʛʦʪʦʚʠʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʫʢʚʘʣʴʥʦ ʩʦ ʰʢʦʣʳ ʠ ʚʝʩʪʠ ʠʭ ʯʝʨʝʟ ʚʩʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʞʠʟʥʴ. 

[2] 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʦʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ  

ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʚʝʜʫʱʠʤʠ ʚʫʟʘʤʠ ʠ ʥʘʫʯʥʳʤʠ ʮʝʥʪʨʘʤʠ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʞʥʦʛʦ 

ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʦʟʥʘʯʝʥʥʦʛʦ 

ʥʘʮʧʨʦʝʢʪʘ [3]. ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ çʅʦʚʳʝ ʘʪʦʤʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʠʥʞʝʥʝʨʦʚ ʠ ʫʯʝʥʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʪʦʤʥʦʡ ʠ ʜʨʫʛʠʭ ʚʠʜʘʭ 

ʵʥʝʨʛʝʪʠʢʠ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʪʦ, ʯʪʦ ʦʙʫʯʝʥʠʝ ʥʦʩʠʪ 

ʧʨʘʢʪʠʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ: ʩʦʟʜʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʮʝʥʪʨʳ ʧʦʜʛʦʪʦʚʢʠ, ʛʜʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʦʪʪʘʯʠʚʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʚ ʨʝʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʘʜʨʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʮʧʨʦʝʢʪʘ çʅʦʚʳʝ ʘʪʦʤʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè 

ʟʘʪʨʘʛʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʘʪʦʤʥʫʶ ʵʥʝʨʛʝʪʠʢʫ, ʥʦ ʠ ʜʨʫʛʠʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʫʛʣʝʚʦʜʦʨʦʜʥʘʷ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʘ ʪʘʢʞʝ ʚʝʪʨʦʛʝʥʝʨʘʮʠʷ ʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʶʙʦʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ, ʘ ʥʝ ʪʦʣʴʢʦ 

ʥʘʮʧʨʦʝʢʪ çʅʦʚʳʝ ʘʪʦʤʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʙʝʟ 

ʧʦʤʦʱʠ ʩʘʤʦʛʦ ʛʣʘʚʥʦʛʦ ʨʝʩʫʨʩʘ ï ʯʝʣʦʚʝʯʝʩʢʦʛʦ, ʦ ʯʝʤ ʥʝ ʟʘʙʳʚʘʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʘʧʧʘʨʘʪ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʢʘʜʨʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ 

ʦʪʜʝʣʴʥʦ ʩʦʟʜʘʥʥʳʡ ʥʘʮʧʨʦʝʢʪ çʂʘʜʨʳè, ʟʘʧʫʱʝʥʥʳʡ ʩ 1 ʷʥʚʘʨʷ 2025 ʛʦʜʘ. ɽʛʦ ʮʝʣʴ ï 

ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʥʦʤʠʢʫ ʠ ʩʦʮʠʘʣʴʥʫʶ ʩʬʝʨʫ ʩʪʨʘʥʳ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, 

ʩʠʥʭʨʦʥʠʟʠʨʫʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʨʳʥʢʘ ʪʨʫʜʘ ʠ ʧʦʚʳʰʘʷ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʛʨʘʞʜʘʥ 

ʚ ʟʘʥʷʪʦʩʪʴ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʠ ʨʝʛʠʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʫʙʲʝʢʪʘʤʠ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ / ʂ. ɸ. ʂʘʨʪʘʰʦʚ, ɺ. ɻ. 

ɹʫʰ, ɽ. ɸ. ɼʝʨʢʘʯʝʚʘ [ʠ ʜʨ.]. ï ʂʨʘʩʥʦʜʘʨ : ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ ʂʘʙʘʥʦʚʘ ʖʣʠʷ 

ʀʚʘʥʦʚʥʘ (ʀʟʜʘʪʝʣʴʩʪʚʦ "ʅʦʚʘʮʠʷ")ï   2020. ï  302 ʩ.  

2. ɿʥʘʯʝʥʠʝ ʥʘʜʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʪʨʘʩʣʝʚʦʛʦ ʢʘʜʨʦʚʦʛʦ ʨʝʟʝʨʚʘ ɻʂ çʈʦʩʘʪʦʤè / ʊ. ʉ. ʇʦʧʦʚʘ, ʉ. ɺ. ɺʦʣʛʠʥʘ, ɸ. ɸ. ʇʦʧʦʚ, ʊ. ɸ. ɿʘʣʠʩʢʦ 

// ɻʣʦʙʘʣʴʥʘʷ ʷʜʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ï 2024. ï ʊ. 14, ˉ 3(52). ï ʉ. 101-108.  

3. ʇʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʘʷ ʢʦʦʧʝʨʘʮʠʷ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ / ɺ. ɸ. ʈʫʜʝʥʢʦ, ʉ. ɸ. ʊʦʤʠʣʠʥ, ɸ. ɺ. 

ɾʝʣʝʟʥʷʢʦʚʘ, ʅ. ʀ. ʃʦʙʢʦʚʩʢʘʷ // ɹʝʟʦʧʘʩʥʦʩʪʴ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ : ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ XVIII 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ɺʦʣʛʦʜʦʥʩʢ, 19ï20 ʤʘʷ 2022 ʛʦʜʘ. ï ɺʦʣʛʦʜʦʥʩʢ: 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʄʀʌʀ",ï   2022. ï  ʉ. 82-84.  

 

 
ʋɼʂ 004.853 

 

ʆɹʋʏɽʅʀɽ ʆʇɽʈɸʊʀɺʅʆɻʆ ʀ ʈɽʄʆʅʊʅʆɻʆ ʇɽʈʉʆʅɸʃɸ 

ɸʊʆʄʅʓʍ ʉʊɸʅʎʀʁ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʅɸʊʋʈʅʆ-

ɺʀʈʊʋɸʃʔʅʆɻʆ ʊʈɽʅɸɾɽʈʅʆɻʆ ʂʆʄʇʃɽʂʉɸ 
 

ɻʘʣʢʠʥ ɸ.ʉ., ɸʙʠʜʦʚʘ ɽ.ɸ., ʈʷʙʳʰʝʚ ʄ.ɺ. 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè 

ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 

 nii_energomash@mail.ru 
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ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʫ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʠ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʪʨʝʥʘʞʸʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʫʯʝʙʥʫʶ ʧʨʦʛʨʘʤʤʫ. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʟʜʘʥʘ ʢʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ 

ʫʤʝʥʠʡ ʫʯʘʱʠʭʩʷ ʚʦ ʚʨʝʤʷ ʪʨʝʥʘʞʸʨʝ ʪʨʝʥʠʨʦʚʦʢ ʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʪʫʨʥʦ-ʚʠʨʪʫʘʣʴʥʳʡ ʪʨʝʥʘʞʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʬʦʨʤʘʣʠʟʘʮʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʤʦʜʝʣʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʚʳʢʦʚ, ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʰʠʙʦʢ. 
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Abstract. This paper discusses the principles of training specialists in the operation and maintenance of nuclear 

power plants through the use of a physical and virtual simulator. As a result of studying technological processes, key 

elements necessary for inclusion in the training program were identified. Considering these elements, a concept was 

developed for the development of students' skills during simulator training. 

Keywords: physical-virtual simulator complex, formalization of the workflow, skills formation model, error 

prevention tools. 

 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʦʧʨʝʜʝʣʝʥ ʥʘʙʦʨ 

ʢʣʶʯʝʚʳʭ ʥʘʚʳʢʦʚ, ʪʨʝʙʫʝʤʳʭ ʧʨʠ ʨʘʙʦʪʝ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ [1]. ɸʥʘʣʠʟ 

ʧʨʘʢʪʠʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʡ ʦʙ 

ʫʩʪʨʦʡʩʪʚʝ ʠ ʧʨʠʥʮʠʧʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʘʤʦʪʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʨʷʜʦʢ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ  

ʠ ʩʦʭʨʘʥʷʪʴ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʋʯʠʪʳʚʘʷ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʥʦʚʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʫʯʝʙʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʩʦʯʝʪʘʶʱʝʛʦ ʨʝʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʚʠʨʪʫʘʣʴʥʫʶ ʩʨʝʜʫ (ʥʘʪʫʨʥʦ-ʚʠʨʪʫʘʣʴʥʳʡ 

ʪʨʝʥʘʞʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ï ʅɺʊʂ) [2, 3]. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʪʨʝʙʦʚʘʣʘ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʵʪʘʧʳ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʷ ʵʣʝʤʝʥʪʳ ʦʢʨʫʞʝʥʠʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʟʘʪʨʫʜʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʚ ʅɺʊʂ, ʘ ʪʘʢʞʝ ʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ (ʨʠʩ. 1). 

ʋʯʠʪʳʚʘʷ ʧʨʠʦʨʠʪʝʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ, ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ ʥʘ 

ʪʨʝʥʘʞʝʨʝ ʜʦʣʞʥʦ ʦʙʫʯʘʪʴ ʧʝʨʩʦʥʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʰʠʙʦʢ 

(ʀʇʆ) [4]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʫʯʝʙʥʦʤ ʪʨʝʥʘʞʝʨʝ 

 

ʄʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʚʢʣʶʯʘʶʪ ʦʧʠʩʘʥʠʝ ʢʣʶʯʝʚʳʭ ʦʧʝʨʘʮʠʡ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʠʦʙʨʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʥʘʚʳʢʠ ʠ ʦʩʚʦʠʪʴ ʀʇʆ. ʅʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʚʦʣʶʮʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʘʩʪʝʨʩʪʚʘ 

ʙʣʘʛʦʜʘʨʷ ʟʘʥʷʪʠʷʤ ʥʘ ʪʨʝʥʘʞʝʨʝ. 
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ʉʬʦʨʤʠʨʦʚʘʥʳ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʫʯʝʙʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʟʚʠʪʠʝʤ 

ʪʨʝʙʫʝʤʳʭ ʥʘʚʳʢʦʚ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥ ʦʙʟʦʨ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʤʝʨ ʦʙʝʩʧʝʯʝʥʠʷ ʢʫʣʴʪʫʨʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (ʂɹ) ʚ ʦʪʨʘʩʣʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʈʌ. ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ  

ʚ ʈʦʩʩʠʠ ʚʳʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʧʨʦʙʣʝʤʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʦʧʪʠʤʠʟʘʮʠʠ. ʂʘʢ 

ʚʦʟʤʦʞʥʳʝ ʤʝʨʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʂɹ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʦʪʨʘʙʦʪʢʫ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʚ ʯʘʩʪʠ ʦʩʦʟʥʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ) ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʥʘʞʝʨʘʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʯʝʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʠʭ ʜʦ ʘʚʪʦʤʘʪʠʟʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ, 

ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ (ʀʇʆ), ʫʩʣʦʚʠʷ ʪʨʫʜʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪ, ʘʪʤʦʩʬʝʨʘ 

ʦʪʢʨʳʪʦʩʪʠ, ʩʧʝʮʠʘʣʴʥʳʝ ʪʨʝʥʘʞʝʨʳ. 
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Abstract. The article provides an overview of the current safety culture measures in the nuclear power industry  

of the Russian Federation. By analyzing the development of safety culture in Russia, the most important problematic 

components have been identified that need to be optimized. As possible measures for further development of safety 

culture, it is proposed to practice the application of safety culture principles (in terms of conscious use of tools  

to prevent personnel errors) on special simulators during the execution of the working process in order to make them 

automatic.  
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ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʦʩʪʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ [1]. 

ʂʘʞʜʳʡ ʛʦʜ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʥʦʩʷʪ ʞʠʟʥʠ ʧʨʠʤʝʨʥʦ 2,3 ʤʣʥ ʯʝʣʦʚʝʢ.  

ʀ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʩʥʠʞʘʶʪʩʷ, ʦʥʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʚ 2ï3 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʩʦ ʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʵʢʦʥʦʤʠʢʠ [2]. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʥʠʤʠʟʘʮʠʠ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʩʪʠʛʣʘ 

ʩʚʦʝʛʦ ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʞʥʦ ʠʩʢʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʘʤʠʭ ʧʦʜʭʦʜʦʚ. ɸ ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʤʝʨ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʦʪʨʘʩʣʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʦʙʦʟʥʘʯʠʪʴ ʧʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʨʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ɸʕʉ ʈʌ ʫʢʘʟʘʥʳ  

ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1 ï ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʨʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ˉ 

ʧ/ʧ 

ʇʨʠʥʮʠʧʳ  

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ  

ʩ INSAG-4 [3] 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ ʚ ʈʦʩʩʠʠ ʇʨʘʢʪʠʯʝʩʢʠʝ  ʤʝʨʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ 

ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

1  ʇʨʠʚʝʨʞʝʥʥʦʩʪʴ 

ʢʫʣʴʪʫʨʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʫʨʦʚʥʝ ʨʫʢʦʚʦʜʩʪʚʘ 

- ʟʘʷʚʣʝʥʠʝ ʦ ʧʦʣʠʪʠʢʝ ʚ ʦʙʣʘʩʪʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ (ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʨʠʦʨʠʪʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʠ) ʜʦʚʝʜʝʥʦ ʜʦ ʩʚʝʜʝʥʠʷ ʚʩʝʛʦ 

ʧʝʨʩʦʥʘʣʘ,  

- ʫʩʪʘʥʦʚʣʝʥʘ ʠ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʝʪʩʷ 

ʜʠʩʮʠʧʣʠʥʘ ʧʨʠ ʯʝʪʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʧʝʨʩʦʥʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʠ ʠʩʧʦʣʥʠʪʝʣʝʡ,  

- ʧʦʣʥʦʤʦʯʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʩʦʥʘʣʘ ʩʪʨʦʛʦ 

ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʳ,  

- ʧʨʦʚʦʜʷʪʩʷ ʨʝʛʫʣʷʨʥʳʝ ʩʦʚʝʱʘʥʠʷ ʧʦ 

ʚʦʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ 

ʠʥʩʪʨʫʢʮʠʡ,  

- ʢʦʥʪʨʦʣʴ ʚʩʝʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

- ʚʩʝ ʨʘʙʦʪʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʨʘʙʦʪʳ ʠ 

ʩʨʝʜʩʪʚʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ; 

- ʧʨʦʚʦʜʷʪʩʷ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʟʘʧʘʜʥʳʡ ʦʧʳʪ ʚ ʩʬʝʨʝ 

ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʧʨʠʥʮʠʧʳ ALARA , 

STAR); 

- ʧʨʠʥʷʪʘ ʇʨʦʛʨʘʤʤʘ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʨʠʟʚʘʥʘ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʭʦʜ ʢ ʥʘʜʸʞʥʦʩʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ (RCM) ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʤʦʥʪʥʳʭ ʢʘʤʧʘʥʠʡ (ʧʦʩʨʝʜʩʪʚʦʤ ʥʦʚʳʭ 

ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ) 

2  ʆʧʨʝʜʝʣʝʥʳ 

ʧʨʠʥʮʠʧʳ 

ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ 

ʢʫʣʴʪʫʨʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ 

ʫʨʦʚʥʝ 

ʇʨʠʥʮʠʧʳ ʢʨʘʪʢʦ, ʥʦ ʸʤʢʦ, ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʠ 

ʧʦʥʷʪʥʦ ʦʧʠʩʘʥʳ ʚ ʩʝʤʠ ʠʥʩʪʨʫʤʝʥʪʘʭ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ (ʀʇʆ). 

ʇʨʠ ʯʸʪʢʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʦʤ ʠʭ ʩʦʙʣʶʜʝʥʠʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʧʫʱʝʥʠʷ ʦʰʠʙʢʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʘʝʪʩʷ 

- ʀʇʆ ʧʨʠʢʘʟʦʤ ʧʦ ʚʩʝʤʫ ʜʠʚʠʟʠʦʥʫ 

ʈʦʩʵʥʝʨʛʦʘʪʦʤ ʠ ʚ ʚʠʜʝ ʧʘʤʷʪʦʢ ʜʦʚʝʜʝʥʳ ʜʦ 

ʩʚʝʜʝʥʠʷ ʚʩʝʛʦ ʧʝʨʩʦʥʘʣʘ, 

- ʚʚʝʜʝʥʠʝ ʚ ʜʠʚʠʟʠʦʥʝ ʤʦʜʝʣʠ ʨʫʢʦʚʦʜʠʪʝʣʷ-

ʣʠʜʝʨʘ, ʨʘʟʚʠʚʘʶʱʝʛʦ ʚ ʢʦʣʣʝʢʪʠʚʝ ʢʫʣʴʪʫʨʫ 

ʙʝʟʦʧʘʩʥʦʩʪʠ  

3  ʇʦʜʙʦʨ ʧʝʨʩʦʥʘʣʘ ʆʧʨʝʜʝʣʝʥʳ ʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ 

- ʦʨʛʘʥʠʟʦʚʘʥʘ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʯʝʪʘ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʜʦʧʫʩʢʘ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ; 

- ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʥʝʜʨʝʥʘ ʩʠʩʪʝʤʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʦʪʨʘʩʣʝʚʘʷ ʨʘʤʢʘ 

ʢʚʘʣʠʬʠʢʘʮʠʠ 

4  ʆʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ - ʦʧʨʝʜʝʣʝʥʘ ʧʦʣʠʪʠʢʘ ʨʫʢʦʚʦʜʩʪʚʘ, ʯʪʦʙʳ 

ʧʝʨʩʦʥʘʣ ʢʘʢ ʤʦʞʥʦ ʣʫʯʰʝ ʟʥʘʣ ʪʨʝʙʦʚʘʥʠʷ 

ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ 

(ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʘʚʘʨʠʡʥʦʩʪʴ 

ʨʘʙʦʪʳ ɸʕʉ); 

- ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ; 

- ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʨʘʩʧʣʘʥʠʨʦʚʘʥʦ ʚ 

ʛʨʘʬʠʢʘʭ ʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ; 

- ʧʦʩʪʦʷʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʦʚʳʝ 

ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

- ʦʙʫʯʝʥʠʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʝʨʩʦʥʘʣʘ  ʧʦ 

ʤʦʜʝʣʠ ʨʫʢʦʚʦʜʠʪʝʣʷ-ʣʠʜʝʨʘ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ 

ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʚʦʩʧʠʪʘʥʠʝ ʚ ʥʠʭ 

ʧʦʜʭʦʜʦʚ ʜʝʤʦʥʩʪʨʘʮʠʠ ʣʠʯʥʦʛʦ ʧʨʠʤʝʨʘ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʚ ʢʦʣʣʝʢʪʠʚʝ, 

ʧʦʙʫʞʜʘʶʱʝʡ ʧʝʨʩʦʥʘʣ ʩʦʙʣʶʜʘʪʴ ʀʇʆ); 

- ʧʦʩʪʦʷʥʥʳʝ ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʝ ʟʘʥʷʪʠʷ 

ʥʘ ʪʨʝʥʘʞʝʨʘʭ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʧʦʚʝʜʝʥʠʷ ʚʦ ʚʩʝʭ ʰʪʘʪʥʳʭ ʠ ʚʝʨʦʷʪʥʳʭ 

ʥʝʰʪʘʪʥʳʭ ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ;  

- ʪʨʝʥʠʨʦʚʢʠ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʩʦʥʘʣʘ, 

ʧʦʚʳʰʝʥʠʷ ʛʦʪʦʚʥʦʩʪʠ ʢ ʜʝʡʩʪʚʠʷʤ ʚ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʷʭ 

5  ʇʦʚʳʰʝʥʠʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ. 

ɸʪʪʝʩʪʘʮʠʷ 

ʧʝʨʩʦʥʘʣʘ 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʚʚʝʜʝʥʘ ʩʠʩʪʝʤʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ (ʚʤʝʩʪʦ ʝʜʠʥʳʭ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ, ʨʘʟʤʝʱʝʥʳ ʚ 
ʝʜʠʥʦʤ ʨʝʝʩʪʨʝ ʥʘ ʩʘʡʪʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʪʨʫʜʘ) 

 

- ʧʝʨʩʦʥʘʣ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʭʦʜʠʪ ʢʫʨʩʳ 

ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ; 

- ʧʝʨʩʦʥʘʣ ʝʞʝʛʦʜʥʦ ʧʨʦʭʦʜʠʪ ʘʪʪʝʩʪʘʮʠʶ, ʢʘʢ 
ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʩ ʚʳʜʘʯʝʡ ʫʜʦʩʪʦʚʝʨʝʥʠʡ; 

- ʧʨʦʚʝʨʢʘ ʫʜʦʩʪʦʚʝʨʝʥʠʡ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʨʘʙʦʪ  

6  ʇʦʦʱʨʝʥʠʷ ʠ 

ʥʘʢʘʟʘʥʠʷ 

ʅʘʠʙʦʣʝʝ ʨʘʟʚʠʪʘʷ ʚ ʈʌ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ 
ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

- ʧʨʝʤʠʘʣʴʥʦʝ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ ʟʘ ʨʘʙʦʪʫ ʙʝʟ 
ʥʘʨʫʰʝʥʠʡ; 

- ʠʥʩʧʝʢʮʠʦʥʥʳʝ ʧʨʦʚʝʨʢʠ (ʢʦʥʪʨʦʣʴ ʩʦʙʣʶʜʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ) 
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ˉ 

ʧ/ʧ 

ʇʨʠʥʮʠʧʳ  

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ  

ʩ INSAG-4 [3] 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ ʚ ʈʦʩʩʠʠ ʇʨʘʢʪʠʯʝʩʢʠʝ  ʤʝʨʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ 

ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

7  ʉʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ 

ʧʝʨʩʦʥʘʣʦʤ ʪʨʝʙʦʚʘʥʠʡ 
ʜʝʡʩʪʚʫʶʱʝʡ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʩ 

ʫʯʝʪʦʤ ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ 
ʦʧʳʪʘ 

- ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʦʙʥʦʚʣʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ 

ʠʥʩʪʨʫʢʮʠʡ ʩ ʫʯʝʪʦʤ ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʦʧʳʪʘ; 
- ʢʦʥʪʨʦʣʴ ʦʙʥʦʚʣʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ; 

- ʢʦʥʪʨʦʣʴ ʚʩʝʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʩʦʙʣʶʜʝʥʠʝʤ ʆʊ; 
- ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʢʦʣʣʝʢʪʠʚʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ, 

ʧʦʙʫʞʜʘʶʱʝʡ ʧʝʨʩʦʥʘʣ ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘʥʠʡ 

ʥʦʨʤ ʠ ʧʨʘʚʠʣ 

- ʦʟʥʘʢʦʤʣʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʩʦ ʚʩʝʤʠ ʦʙʥʦʚʣʝʥʠʷʤʠ 

ʠʥʩʪʨʫʢʮʠʡ ʧʦʜ ʧʦʜʧʠʩʴ; 
- ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʘʚʠʣ 

ʠ ʠʥʩʪʨʫʢʮʠʡ; 

- ʦʙʫʯʝʥʠʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʝʨʩʦʥʘʣʘ  ʧʦ ʤʦʜʝʣʠ 
ʨʫʢʦʚʦʜʠʪʝʣʷ-ʣʠʜʝʨʘ; 

- ʠʥʩʧʝʢʮʠʦʥʥʳʝ ʧʨʦʚʝʨʢʠ (ʆʊ); 

- ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ɺɸʆ ɸʕʉ 

8  ɽʞʝʢʚʘʨʪʘʣʴʥʳʝ 
ʠʥʩʪʨʫʢʪʘʞʠ 

- ʧʦʩʪʦʷʥʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ  ʠ ʘʥʘʣʠʟ 
ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ ʠ ʚʩʝʭ ʩʦʙʳʪʠʡ ʚ ʦʪʨʘʩʣʠ 

(ʩʦ ʚʩʝʭ ɸʕʉ), ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʙʝʟʦʧʘʩʥʦʛʦ ʚʝʜʝʥʠʷ ʨʘʙʦʪ; 
- ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ï 

ʚʳʧʫʩʢʠ ʞʫʨʥʘʣʘ WANO JIT (ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʣʷ ʮʝʣʝʚʳʭ ʠʥʩʪʨʫʢʪʘʞʝʡ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʧʨʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ ʥʘ ʨʘʟʣʠʯʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ); 

- ʘʥʘʣʠʟ ʩʦʙʣʶʜʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ALARA, STAR 

ʚ ʢʦʥʪʝʢʩʪʝ ʥʘʨʫʰʝʥʠʡ 

- ʬʠʢʩʘʮʠʷ ʠʥʩʪʨʫʢʪʘʞʝʡ ʦ ʥʘʨʫʰʝʥʠʷʭ ʧʦʜ 
ʧʦʜʧʠʩʴ ʚ ʞʫʨʥʘʣʘʭ ʠʥʩʪʨʫʢʪʘʞʝʡ; 

- ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʥʘʨʷʜʘʤ ʚ ʨʘʤʢʘʭ 

ʮʝʣʝʚʦʛʦ ʠʥʩʪʨʫʢʪʘʞʘ ʨʘʟʙʠʨʘʝʪʩʷ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 
WANO JIT,  ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ, 

ʩʨʘʚʥʝʥʠʷ ʩ ʧʨʝʜʩʪʦʷʱʠʤʠ ʨʘʙʦʪʘʤʠ ʠ ʥʝʦʙʭʦʜʠʤʳʝ 

ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʥʝʜʦʧʫʱʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ 
ʥʘʨʫʰʝʥʠʡ, ʩ ʦʪʤʝʪʢʦʡ ʦʙ ʦʟʥʘʢʦʤʣʝʥʠʠ 

9  ɸʥʘʣʠʟ ʥʘʨʫʰʝʥʠʡ, 

ʩʨʘʚʥʝʥʠʷ, ʨʝʚʠʟʠʠ 

10  ʀʟʫʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 
ʘʪʤʦʩʬʝʨʳ 

ʆʧʨʝʜʝʣʝʥʳ ʧʨʠʦʨʠʪʝʪʳ ʨʝʬʦʨʤʳ ʩʠʩʪʝʤʳ 

ʧʦʦʱʨʝʥʠʡ ʠ ʥʘʢʘʟʘʥʠʡ:  
- ʦʪʢʘʟ ʦʪ ʞʝʩʪʢʠʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʬʦʨʤ 

ʫʧʨʘʚʣʝʥʠʷ,  

- ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʨʫʢʦʚʦʜʩʪʚʘ ʢ 
ʦʰʠʙʦʯʥʳʤ ʜʝʡʩʪʚʠʷʤ ʧʝʨʩʦʥʘʣʘ (ʩʪʨʝʤʣʝʥʠʝ 

ʨʘʙʦʪʥʠʢʦʚ ʩʦʦʙʱʘʪʴ ʦ ʥʝʜʦʩʪʘʪʢʘʭ ʚ ʨʘʙʦʪʝ 

ʜʦʣʞʥʦ ʧʦʦʱʨʷʪʴʩʷ, ʦʰʠʙʢʠ ʜʦʣʞʥʳ ʙʳʪʴ 
ʠʩʪʦʯʥʠʢʦʤ ʦʧʳʪʘ, ʥʘʢʘʟʘʥʠʷ ï ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ 

ʛʨʫʙʳʭ ʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʨʦʩʯʸʪʦʚ); 

- ʩʦʟʜʘʥʠʝ ʘʪʤʦʩʬʝʨʳ ʦʪʢʨʳʪʦʩʪʠ ʠ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʚʦʧʨʦʩʘʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ 

- ʦʙʫʯʝʥʠʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʝʨʩʦʥʘʣʘ  ʧʦ ʤʦʜʝʣʠ 

ʨʫʢʦʚʦʜʠʪʝʣʷ-ʣʠʜʝʨʘ ʚ ʦʙʣʘʩʪʠ ʢʫʣʴʪʫʨʳ 
ʙʝʟʦʧʘʩʥʦʩʪʠ; 

 

- ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʤʝʭʘʥʠʟʤ, 
ʧʦʙʫʞʜʘʶʱʠʡ  ʧʝʨʩʦʥʘʣ  ʢ  ʧʦʠʩʢʫ ʠ ʘʥʘʣʠʟʫ ʦʰʠʙʦʢ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʫʝʪ; 

- ʨʝʘʣʠʟʘʮʠʷ ʨʝʬʦʨʤʳ ʦʧʪʠʤʠʟʘʮʠʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʧʦʢʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

 

 

ɺ ʧʣʘʥʝ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʦʪʨʘʩʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʥʘʞʝʨʦʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʪʨʘʙʦʪʢʠ ʧʨʠʥʮʠʧʦʚ 

ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʚ ʯʘʩʪʠ ʦʩʦʟʥʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ) ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ.  
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ʧʨʝʜʧʨʠʷʪʠʡ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ, ʩʦʯʝʪʘʶʱʘʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ, 

https://report.rosatom.ru/go/rosatom/go_rosatom_2023/app/rosatom_2023_5.pdf
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ʨʝʧʫʪʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ 

ʠʥʪʝʛʨʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʡ-ʧʘʨʪʥʝʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘʪʦʤʥʘʷ ʦʪʨʘʩʣʴ, ʧʘʨʪʥʝʨʩʢʘʷ ʩʝʪʴ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ, 

ʨʝʧʫʪʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʛʘʙʠʪʫʘʣʠʟʘʮʠʷ. 
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Abstract. The article examines the mechanisms of safety culture habitulization in the partner network of nuclear 
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ʆʙʝʩʧʝʯʝʥʠʝ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʧʘʨʪʥʝʨʩʢʦʡ ʩʝʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ, ʚʢʣʶʯʘʷ ʚʥʝʰʥʠʭ ʧʘʨʪʥʝʨʦʚ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʢʦʥʪʫʨ ɻʂ 

çʈʦʩʘʪʦʤè, ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʨʝʧʫʪʘʮʠʦʥʥʳʝ ʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʨʝʟ 

ʧʨʦʮʝʩʩʳ ʛʘʙʠʪʫʣʠʟʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʘʨʪʥʝʨʘʤʠ. 

ʆʩʥʦʚʦʡ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʛʘʙʠʪʫʣʠʟʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʠʥʪʝʛʨʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʥʘ ʧʦʚʝʜʝʥʠʝ ʠ ʦʪʥʦʰʝʥʠʝ ʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʧʘʨʪʥʝʨʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ (ʪʘʙʣʠʮʘ 1). 

 
ʊʘʙʣʠʮʘ 1 ï ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʛʘʙʠʪʫʣʠʟʘʮʠʠ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʋʨʦʚʝʥʴ 

ʚʦʟʜʝʡʩʪʚʠʷ 

ʄʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʇʨʝʬʝʨʝʥʮʠʠ ʚ ʟʘʢʫʧʢʘʭ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ 

ʚʳʧʣʘʪʳ, ʩʠʩʪʝʤʘ ʩʪʨʘʭʦʚʘʥʠʷ ʨʠʩʢʦʚ 

ʇʨʷʤʘʷ ʤʘʪʝʨʠʘʣʴʥʘʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ 

ʩʦʙʣʶʜʝʥʠʠ ʩʪʘʥʜʘʨʪʦʚ 

ʈʝʧʫʪʘʮʠʦʥʥʳʡ ʈʝʡʪʠʥʛʠ ʥʘʜʝʞʥʦʩʪʠ, ʩʝʨʪʠʬʠʢʘʮʠʷ, 

ʧʫʙʣʠʯʥʦʝ ʧʨʠʟʥʘʥʠʝ 

ʇʦʚʳʰʝʥʠʝ ʩʪʘʪʫʩʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʨʳʥʢʝ 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʇʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ, ʩʪʘʞʠʨʦʚʢʠ, ʦʙʤʝʥ 

ʦʧʳʪʦʤ 

ɻʣʫʙʠʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʨʦʮʝʜʫʨ, ʨʝʛʫʣʷʨʥʳʡ ʘʫʜʠʪ, 

ʩʦʚʤʝʩʪʥʳʝ ʧʨʦʚʝʨʢʠ 

ɽʜʠʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ ʚʢʣʶʯʘʶʪ ʩʠʩʪʝʤʫ ʧʨʝʬʝʨʝʥʮʠʡ ʧʨʠ ʟʘʢʣʶʯʝʥʠʠ ʢʦʥʪʨʘʢʪʦʚ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʳʩʦʢʠʝ ʩʪʘʥʜʘʨʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ 

ʚʳʨʘʞʘʪʴʩʷ ʚ ʧʨʝʠʤʫʱʝʩʪʚʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʷʚʦʢ, ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʦʥʫʩʘʭ ʟʘ ʙʝʟʘʚʘʨʠʡʥʫʶ ʨʘʙʦʪʫ. ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʢʦʡ ʩʠʩʪʝʤʳ ʩʪʨʘʭʦʚʘʥʠʷ ʨʠʩʢʦʚ, ʫʯʠʪʳʚʘʶʱʝʡ ʫʨʦʚʝʥʴ ʢʫʣʴʪʫʨʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ-ʧʘʨʪʥʝʨʘ. 

ʈʝʧʫʪʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʦʟʜʘʥʠʝ ʧʨʦʟʨʘʯʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʠ 

ʧʨʠʟʥʘʥʠʷ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʡʪʠʥʛʦʚ ʥʘʜʝʞʥʦʩʪʠ 

ʧʘʨʪʥʝʨʦʚ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʦ ʢʫʣʴʪʫʨʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʫʙʣʠʯʥʦʝ 

ʧʨʠʟʥʘʥʠʝ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ ï ʚʩʝ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʨʝʧʣʝʥʠʶ ʜʝʣʦʚʦʡ ʨʝʧʫʪʘʮʠʠ ʠ 

ʧʦʚʳʰʘʝʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘ ʨʳʥʢʝ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʛʣʫʙʦʢʦʝ ʫʩʚʦʝʥʠʝ ʧʨʠʥʮʠʧʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʩʪʘʞʠʨʦʚʢʠ ʥʘ ʚʝʜʫʱʠʭ 
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ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʪʨʘʩʣʠ, ʩʦʚʤʝʩʪʥʳʝ ʪʨʝʥʠʥʛʠ ʠ ʫʯʝʥʠʷ, ʧʨʦʛʨʘʤʤʳ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʤʝʞʜʫ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʦʟʜʘʥʠʝ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʧʣʦʱʘʜʦʢ ʜʣʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʷ ʚʦʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʨʘʙʦʪʢʫ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʧʨʦʮʝʜʫʨ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʨʝʟ ʚʩʶ ʧʘʨʪʥʝʨʩʢʫʶ ʩʝʪʴ. 

ʈʝʛʫʣʷʨʥʳʡ ʘʫʜʠʪ, ʩʦʚʤʝʩʪʥʳʝ ʧʨʦʚʝʨʢʠ, ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʪʯʝʪʥʦʩʪʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʱʠʭ ʧʨʘʚʠʣ ʠ ʥʦʨʤ ʧʦʚʝʜʝʥʠʷ. 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʦʚ ʛʘʙʠʪʫʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ 

ʧʨʠʥʮʠʧʳ ʩʪʘʥʜʘʨʪʘ ɸɸ1000, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʠ 

ʢʦʥʪʨʦʣʶ. ʇʨʠʥʮʠʧ ʚʢʣʶʯʝʥʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʛʫʣʷʨʥʳʡ ʜʠʘʣʦʛ ʩ ʚʥʝʰʥʠʤʠ ʧʘʨʪʥʝʨʘʤʠ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʙʘʨʴʝʨʦʚ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠʥʮʠʧ ʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʘʩʧʝʢʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʘʨʪʥʝʨʦʚ. ʇʨʠʥʮʠʧ ʨʝʘʛʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʧʨʠʥʮʠʧ ʦʪʯʝʪʥʦʩʪʠ ʩʦʟʜʘʝʪ 

ʧʨʦʟʨʘʯʥʫʶ ʩʠʩʪʝʤʫ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʩʪʠʛʥʫʪʳʭ ʨʝʟʫʣʴʪʘʪʘʭ. ʉʠʩʪʝʤʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ɸɸ1000 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

 

 
 
 
 
 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ɺʟʘʠʤʦʩʚʷʟʴ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʛʘʙʠʪʫʘʣʠʟʘʮʠʠ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

ʂʦʥʪʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʛʘʙʠʪʫʘʣʠʟʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʨʝʛʫʣʷʨʥʦʛʦ ʘʫʜʠʪʘ, ʚʢʣʶʯʘʶʱʫʶ ʝʞʝʛʦʜʥʫʶ ʦʮʝʥʢʫ ʚʳʧʦʣʥʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʤʦʥʠʪʦʨʠʥʛ ʠʥʮʠʜʝʥʪʦʚ ʠ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʠ ʦʮʝʥʢʫ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʘʨʪʥʝʨʩʪʚʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʥʝʰʥʝʛʦ ʧʘʨʪʥʝʨʘ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʣʘʥ ʚʥʝʜʨʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʯʝʪʢʠʤʠ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ ʩʦʟʜʘʶʪ 

ʤʘʪʝʨʠʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʠʟʤʝʥʝʥʠʡ, ʨʝʧʫʪʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʫʶʪ ʜʦʣʛʦʩʨʦʯʥʫʶ 

ʤʦʪʠʚʘʮʠʶ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʜʫʨʳ ʟʘʢʨʝʧʣʷʶʪ ʜʦʩʪʠʛʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʝʨʝʟ 

ʧʨʦʮʝʩʩʳ ʛʘʙʠʪʫʘʣʠʟʘʮʠʠ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʟʤʝʨʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʢʘʟʘʪʝʣʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʩʪʨʘʭʦʚʘʥʠʝ, ʜʣʷ ʨʝʧʫʪʘʮʠʦʥʥʦʛʦ ï ʧʦʟʠʮʠʷ ʚ ʦʪʨʘʩʣʝʚʳʭ 

ʨʝʡʪʠʥʛʘʭ, ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ï ʨʝʟʫʣʴʪʘʪʳ ʘʪʪʝʩʪʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ 

ï ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ ʠ ʥʦʨʤʘʤ. 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʀʗʋ ʄʀʌʀ ʚʳʩʪʫʧʘʝʪ 

ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʠʩʪʝʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʨʪʥʝʨʩʢʦʡ ʩʝʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʘʪʦʤʘ. ʀʥʩʪʠʪʫʪ ʨʝʘʣʠʟʫʝʪ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ, ʩʦʯʝʪʘʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʩʚʦʝʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʋʥʠʢʘʣʴʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʩʦʟʜʘʥʠʝ ʨʝʘʣʠʩʪʠʯʥʳʭ 

ʪʨʝʥʘʞʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʪʫʘʮʠʠ, ʛʜʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʧʘʨʪʥʝʨʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦʪʨʘʙʘʪʳʚʘʶʪ ʥʘʚʳʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘʤ ʮʝʣʝʚʦʡ 
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ʧʦʜʛʦʪʦʚʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʢʦʥʢʨʝʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ-ʧʘʨʪʥʝʨʦʚ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʣʫʙʦʢʫʶ ʠʥʪʝʛʨʘʮʠʶ ʧʨʠʥʮʠʧʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʥʘʞʝʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʪʨʝʥʘʞʝʨʘ ʧʦ ʦʙʫʯʝʥʠʶ ʧʝʨʩʦʥʘʣʘ ɸʕʉ ʠ ʧʦʜʨʷʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʨʝʤʦʥʪʫ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ 

ʘʨʤʘʪʫʨʳ ʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʝʩʩʦʚʳʭ ʩʮʝʥʘʨʠʝʚ ʦʙʫʯʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʥʘʞʝʨʘ ʧʦʟʚʦʣʷʝʪ: 

ï ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ ʦʙʫʯʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʨʝʤʦʥʪʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʥʦʨʤʘʣʴʥʳʭ ʠ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʝʩʩʦʚʳʭ 

ʩʮʝʥʘʨʠʝʚ ʦʙʫʯʝʥʠʷ; 

ï ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʷʪʴ ʫʨʦʚʥʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʥʘʚʳʢʦʚ ʩʪʫʜʝʥʪʦʚ (ʧʝʨʩʦʥʘʣʘ); 

ï ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʫʤʝʥʠʷ 

ʩʪʫʜʝʥʪʦʚ ʠ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʦʢʦʚ ʦʪʨʘʩʣʝʚʦʛʦ ʦʧʳʪʘ, 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ ʠ ʩʪʨʝʩʩʦʚʳʭ ʩʮʝʥʘʨʠʝʚ ʦʙʫʯʝʥʠʷ; 

ï ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʫʯʘʝʤʳʭ ʚ ʯʘʩʪʠ ʦʩʦʟʥʘʥʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʨʝʜʩʪʚ ʠ ʧʨʠʝʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʥʝʧʨʘʚʠʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ɺʥʝʜʨʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʫʩʪʦʡʯʠʚʫʶ ʩʠʩʪʝʤʫ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʧʘʨʪʥʝʨʩʢʦʡ ʩʝʪʠ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʝʜʠʥʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʚʩʝʭ 

ʫʨʦʚʥʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʛʘʙʠʪʫʘʣʠʟʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʪʝʟʠʩʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʘʮʠʦʥʘʣʴʥʳʤ ʤʝʥʪʘʣʠʪʝʪʦʤ ʙʝʣʦʨʫʩʦʚ  

ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʬʠʣʴʥʦʛʦ 

ʬʦʨʫʤʘ ʚʳʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʯʝʨʪʳ ʙʝʣʦʨʫʩʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʪʨʫʜʦʣʶʙʠʝ, çʧʘʤʷʨʢʦ˄ʥʘʩʮʴè, ʢʦʣʣʝʢʪʠʚʠʟʤ)  

ʠ ʦʧʨʝʜʝʣʝʥʦ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 

https://www.google.com/url?sa=E&q=mailto%3Adavletbaev%40sosny.bas-net.by


114 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʩʪʦʨʦʥ ʤʝʥʪʘʣʠʪʝʪʘ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʮʠʦʥʘʣʴʥʳʡ ʤʝʥʪʘʣʠʪʝʪ, ʘʪʦʤʥʘʷ ʦʪʨʘʩʣʴ, ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ. 
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Abstract. The theses examine the relationship between the national mentality of Belarusians and the formation of a 

safety culture in the nuclear industry. Based on the analysis of a specialized forum's results, key traits of the 

Belarusian character (diligence, 'pamyarkounasts' (reasonableness), collectivism) are identified, and their influence 

on organizational behavior is determined. It is concluded that a targeted use of the mentality's strengths and 

managerial correction of potential limitations are necessary to enhance safety. 

Keywords: safety culture, national mentality, nuclear industry, human factor, Republic of Belarus. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘʜʝʞʥʦʩʪʠ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. ɽʝ ʩʪʘʥʦʚʣʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʨʘʟʚʠʪʠʝʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʠ ʘʥʘʣʠʟʘ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ.  

çʂʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʵʪʦ ʪʘʢʦʡ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʦʚʝʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʣʠʮ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʯʪʦ 

ʧʨʦʙʣʝʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ, ʢʘʢ ʦʙʣʘʜʘʶʱʠʤ ʚʳʩʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ, 

ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʠʭ ʟʥʘʯʠʤʦʩʪʴʶè [1]. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʝʸ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʘʢʞʝ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʩʝʨʠʠ ʜʦʢʣʘʜʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʧʦ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʩʝʨʠʠ ʥʦʨʤ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ  

ʚ ʩʝʨʠʠ ʜʦʢʣʘʜʦʚ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʟʘʢʨʝʧʣʝʥʦ ʧʦʥʷʪʠʝ çʢʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠè, 

ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʠʡ. ʇʨʠʚʝʨʞʝʥʥʦʩʪʴ ʢʫʣʴʪʫʨʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʚʩʝʭ 

ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ, ʧʦʜʜʝʨʞʘʥʠʝ, ʧʦʩʪʦʷʥʥʦʝ ʫʢʨʝʧʣʝʥʠʝ ʠ 

ʧʦʚʳʰʝʥʠʝ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʥʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʘʣʝʝ ï ʀʀʀ), ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʧʫʥʢʪʦʚ ʭʨʘʥʝʥʠʷ ʷʜʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ, ʦʩʦʙʝʥʥʦ ʫʨʦʢʠ ʘʚʘʨʠʡ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ ʠ ɸʕʉ 

çʌʫʢʫʩʠʤʘ-ʜʘʡʠʪʠè, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʦʢʘʟʳʚʘʝʪ ʥʝ ʤʝʥʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʯʝʤ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʢʫʣʴʪʫʨʥʳʡ ʢʦʥʪʝʢʩʪ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʘʢ ʦʪʤʝʪʠʣ ʧʨʝʜʩʝʜʘʪʝʣʴ ʅʝʟʘʚʠʩʠʤʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ ʘʚʘʨʠʠ ʥʘ 

ɸʕʉ çʌʫʢʫʩʠʤʘè, ʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʯʠʥʳ ʢʨʳʣʠʩʴ ʚ ʫʢʦʨʝʥʠʚʰʠʭʩʷ ʪʨʘʜʠʮʠʷʭ 

ʷʧʦʥʩʢʦʡ ʢʫʣʴʪʫʨʳ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʥʝ ʚ ʠʟʤʝʥʝʥʠʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ,  

ʘ ʚ ʧʦʥʠʤʘʥʠʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʩʪʦʨʦʥ 

ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʦʛʨʘʥʠʯʝʥʠʡ [2]. 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʘʪʦʤʥʦʡ ɻ ʥʝʨʛʠʠ (ʄɸɻɸʊʕ) ʩ 2014 ʛʦʜʘ ʨʝʘʣʠʟʫʝʪ 

ʧʨʦʛʨʘʤʤʫ Forum on Safety Culture with a Focus on National Characteristics (CSSCF), ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ. ɺ ʧʨʦʝʢʪʘʭ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʗʧʦʥʠʠ, ʂʘʥʘʜʝ, ʌʠʥʣʷʥʜʠʠ ʠ ʐʚʝʮʠʠ, ʧʦʢʘʟʘʥʦ, 
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ʯʪʦ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʢʦʣʣʝʢʪʠʚʠʟʤ, ʨʘʚʥʦʧʨʘʚʠʝ, ʧʨʘʛʤʘʪʠʟʤ ʠʣʠ ʢʦʥʩʝʨʚʘʪʠʟʤ, ʦʢʘʟʳʚʘʶʪ 

ʜʚʦʡʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ 11ï12 ʩʝʥʪʷʙʨʷ 2025 ʛʦʜʘ ʚ ʛʦʨʦʜʝ 

ʄʠʥʩʢʝ ʩʦʩʪʦʷʣʩʷ ʧʠʣʦʪʥʳʡ ʬʦʨʫʤ ʩ ʫʯʘʩʪʠʝʤ ʦʢʦʣʦ 70 ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʙʦʣʝʝ ʯʝʤ 15 

ʦʨʛʘʥʠʟʘʮʠʡ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʩʪʨʘʥʳ. ʌʦʨʫʤ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ɹʘʟʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʉʅɻ ʧʦ ʚʦʧʨʦʩʘʤ ʩʦʟʜʘʥʠʷ ʷʜʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʜ ʵʛʠʜʦʡ 

ʂʦʤʠʩʩʠʠ ʛʦʩʫʜʘʨʩʪʚ-ʫʯʘʩʪʥʠʢʦʚ ʉʅɻ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʚ ʤʠʨʥʳʭ ʮʝʣʷʭ. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʦʢʘʟʘʣʠ ɼʝʧʘʨʪʘʤʝʥʪ ʧʦ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʦ ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʠ ʆʙʥʠʥʩʢʠʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʇʨʦʛʥʦʟè. ʎʝʣʴʶ ʤʝʨʦʧʨʠʷʪʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ 

ʙʝʣʦʨʫʩʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʭʦʜʝ ʬʦʨʫʤʘ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʦʙʨʘʟʮʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ (ʣʠʜʝʨʩʪʚʦ, ʧʨʦʘʢʪʠʚʥʳʡ ʧʦʜʭʦʜ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, ʢʦʤʘʥʜʥʘʷ ʨʘʙʦʪʘ, ʩʠʩʪʝʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʤʤʫʥʠʢʘʮʠʷ, ʩʘʤʦʦʙʫʯʝʥʠʝ) ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʙʝʣʦʨʫʩʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʥʠʭ [3]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʬʦʨʫʤʘ, ʢʣʶʯʝʚʳʤʠ ʯʝʨʪʘʤʠ ʙʝʣʦʨʫʩʩʢʦʛʦ ʤʝʥʪʘʣʠʪʝʪʘ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ: ʪʨʫʜʦʣʶʙʠʝ, 

çʧʘʤʷʨʢʦ˄ʥʘʩʮʴè (ʨʘʩʩʫʜʠʪʝʣʴʥʦʩʪʴ), ʢʦʣʣʝʢʪʠʚʠʟʤ, ʪʦʣʝʨʘʥʪʥʦʩʪʴ, ʭʦʟʷʡʩʪʚʝʥʥʦʩʪʴ, 

ʜʠʩʮʠʧʣʠʥʠʨʦʚʘʥʥʦʩʪʴ, ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʤʦʪʠʚʘʮʠʷ, ʩʢʨʦʤʥʦʩʪʴ, ʯʝʩʪʥʦʩʪʴ, ʦʞʠʜʘʥʠʝ 

çʧʣʦʭʦʛʦè (ʪʨʝʚʦʞʥʦʩʪʴ), ʩʢʨʫʧʫʣʝʟʥʦʩʪʴ ʠ ʧʝʜʘʥʪʠʟʤ. ɸʥʘʣʠʟ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʦʙʨʘʟʮʳ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʶʪ ʥʘ ʢʫʣʴʪʫʨʫ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢ, ʪʨʫʜʦʣʶʙʠʝ ʠ ʜʠʩʮʠʧʣʠʥʠʨʦʚʘʥʥʦʩʪʴ ʥʘʧʨʷʤʫʶ 

ʫʩʠʣʠʚʘʶʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʢʦʤʘʥʜʥʫʶ ʨʘʙʦʪʫ. çʇʘʤʷʨʢʦ˄ʥʘʩʮʴè, ʭʦʟʷʡʩʪʚʝʥʥʦʩʪʴ ʠ 

ʩʢʨʫʧʫʣʝʟʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʩʠʩʪʝʤʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʠ ʚʥʠʤʘʥʠʶ ʢ 

ʜʝʪʘʣʷʤ. ʂʦʣʣʝʢʪʠʚʠʟʤ ʠ ʯʝʩʪʥʦʩʪʴ ʫʢʨʝʧʣʷʶʪ ʢʦʤʤʫʥʠʢʘʮʠʶ ʠ ʚʟʘʠʤʦʧʦʤʦʱʴ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʢ ï ʤʦʛʫʪ ʝʸ ʦʛʨʘʥʠʯʠʚʘʪʴ. ʅʘʧʨʠʤʝʨ, 

çʧʘʤʷʨʢʦ˄ʥʘʩʮʴè, ʩʧʦʩʦʙʩʪʚʫʷ ʚʟʚʝʰʝʥʥʦʩʪʠ, ʤʦʞʝʪ ʟʘʤʝʜʣʷʪʴ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ  

ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ. ʏʨʝʟʤʝʨʥʳʡ ʢʦʣʣʝʢʪʠʚʠʟʤ ʠ ʩʢʨʦʤʥʦʩʪʴ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʣʠʯʥʫʶ 

ʠʥʠʮʠʘʪʠʚʫ ʠ ʛʦʪʦʚʥʦʩʪʴ ʙʨʘʪʴ ʥʘ ʩʝʙʷ ʣʠʜʝʨʩʢʠʝ ʬʫʥʢʮʠʠ. ʊʨʝʚʦʞʥʦʩʪʴ, ʧʦʚʳʰʘʷ 

ʦʩʪʦʨʦʞʥʦʩʪʴ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʧʨʦʘʢʪʠʚʥʦʩʪʴ. ʕʪʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ 

ʦʪʨʘʞʝʥʘ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ, ʛʜʝ ʚ ʨʘʟʣʠʯʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʘʭ ʈʝʩʧʫʙʣʠʢʠ 

ɹʝʣʘʨʫʩʴ ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʥʷʪʠʷ çʢʫʣʴʪʫʨʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠè [4], [5]. 

ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʤʝʥʪʘʣʠʪʝʪ ʚ ʮʝʣʦʤ ʬʦʨʤʠʨʫʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. ʊʨʫʜʦʣʶʙʠʝ, ʜʠʩʮʠʧʣʠʥʠʨʦʚʘʥʥʦʩʪʴ  

ʠ ʯʝʩʪʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ, ʘ ʢʦʣʣʝʢʪʠʚʠʟʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʜʸʞʥʦʡ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʢʨʦʤʥʦʩʪʴ ʠ ʠʟʣʠʰʥʷʷ 

ʦʩʪʦʨʦʞʥʦʩʪʴ ʪʨʝʙʫʶʪ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘ ʩʯʸʪ ʨʘʟʚʠʪʠʷ ʣʠʜʝʨʩʢʠʭ ʢʘʯʝʩʪʚ, 

ʧʨʦʘʢʪʠʚʥʦʩʪʠ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʫ ʧʝʨʩʦʥʘʣʘ. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʆʀɸʕ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʝʪ: ʢʣʶʯ ʢ 

ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʜʸʞʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʩʦʢʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʝ ʧʝʨʩʦʥʘʣʘ, ʥʦ ʠ ʚ ʨʘʟʚʠʪʦʡ ʢʫʣʴʪʫʨʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠʛʨʘʝʪ ʩʪʦʣʴ ʞʝ ʚʘʞʥʫʶ ʨʦʣʴ, ʢʘʢ ʠ ʣʶʙʳʝ ʠʥʞʝʥʝʨʥʳʝ 

ʨʝʰʝʥʠʷ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ 

ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʩʦʟʥʘʥʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʤʝʥʪʘʣʠʪʝʪʘ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʧʨʘʢʪʠʢʫ. ʉʣʝʜʫʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʪʨʫʜʦʣʶʙʠʝ, ʜʠʩʮʠʧʣʠʥʘ ʠ ʢʦʣʣʝʢʪʠʚʠʟʤ ʩʪʘʥʦʚʷʪʩʷ ʩʠʩʪʝʤʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʫʣʴʪʫʨʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʘʟʚʠʚʘʪʴ ʣʠʜʝʨʩʪʚʦ  

ʠ ʧʨʦʘʢʪʠʚʥʦʩʪʴ ʯʝʨʝʟ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʯʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʝ ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʯʝʨʪ, ʢʘʢ ʩʢʨʦʤʥʦʩʪʴ ʠ ʠʟʣʠʰʥʷʷ ʦʩʪʦʨʦʞʥʦʩʪʴ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʦʩʩʠʷ, ʂʠʪʘʡ ʠ ʀʥʜʠʷ ʦʜʠʥʘʢʦʚʦ ʧʨʠʟʥʘʶʪ ʚʘʞʥʦʩʪʴ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚʦʧʨʦʩʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, 
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Abstract. Russia, China, and India all recognize the importance of nuclear energy in ensuring energy security. Of 
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ʅʘʮʠʦʥʘʣʴʥʳʝ ʧʨʦʝʢʪʳ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʦʢʘʟʳʚʘʶʪ ʥʘ ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥʳ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ: ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʛʣʦʙʘʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʮʝʣʷʤ ʠ ʧʦʚʳʰʘʝʪ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʘʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʨʝʥʝ. ʈʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʪʘʢʞʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʜʝʬʠʮʠʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʦʟʜʘʚʘʷ ʦʩʥʦʚʫ ʜʣʷ ʨʦʩʪʘ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʟʥʘʯʠʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ. 
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ʈʦʩʩʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʜʝʡʩʪʚʫʶʪ 36 ʨʝʘʢʪʦʨʦʚ ʤʦʱʥʦʩʪʴʶ 26802 ʄɺʪ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 7 ʨʝʘʢʪʦʨʦʚ ʩ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 4903 ʄɺʪ.  

ɻʂ çʈʦʩʘʪʦʤè ʦʙʲʝʜʠʥʷʝʪ ʨʷʜ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʠʥʞʠʥʠʨʠʥʛʫ  

ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ɸʕʉ.  

ɼʝʡʩʪʚʫʶʱʠʤ ʥʘʮʠʦʥʘʣʴʥʳʤ ʧʨʦʝʢʪʦʤ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪ 

çʅʦʚʳʝ ʘʪʦʤʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʨʦʚʦʛʦ 

ʣʠʜʝʨʩʪʚʘ ʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʠ ʜʦʩʪʠʞʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ. ʇʨʦʝʢʪ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ, ʚʢʣʶʯʘʷ ʤʘʣʳʝ, ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʡ 

ʟʘʤʢʥʫʪʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ, ʩʦʟʜʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʜʣʷ ʪʝʨʤʦʷʜʝʨʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʩʝʛʦ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʢ 2030 ʛʦʜʫ ʜʦʩʪʠʞʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ [1]: 

- ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʘʥ ʛʣʦʙʘʣʴʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʈʦʩʩʠʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ 

ʘʪʦʤʥʳʭ ʠ ʩʤʝʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï 75 ʝʜ.; 

- ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʘʪʦʤʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ï min 67%, max 81%; 

- ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚ ʕʂ ï 90%; 

- ʜʦʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʊʕʂ ï 90%; 

- ʦʙʲʸʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʊʕʂ ï 2719 ʤʣʨʜ. ʨʫʙ.; 

- ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï min 42%, max 82%;  

- ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʘ, ʚʩʝʛʦ ï min 1157,6 ʤʣʨʜ. ʨʫʙ., max
 
1438,8 ʤʣʨʜ. ʨʫʙ.,  

ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʩʨʝʜʩʪʚ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ ï min
 
190,5 ʤʣʨʜ. ʨʫʙʣʝʡ,  

max
 
421,0 ʤʣʨʜ ʨʫʙ. 

ʂʠʪʘʡ. ʈʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʂʠʪʘʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʥʠʞʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʦʪ ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʩʦʙʣʶʜʝʥʠʝʤ ʦʙʷʟʘʪʝʣʴʩʪʚ  

ʧʦ ʟʘʱʠʪʝ ʢʣʠʤʘʪʘ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʂʠʪʘʝ ʜʝʡʩʪʚʫʝʪ 58 ʨʝʘʢʪʦʨʦʚ ʤʦʱʥʦʩʪʴʶ 56930 ʄɺʪ, 32 ʨʝʘʢʪʦʨʘ ʤʦʱʥʦʩʪʴʶ  

34235 ʄɺʪ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʷʜʝʨʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʥʠ ʦʜʠʥ ʨʝʘʢʪʦʨ ʩʦ ʚʨʝʤʝʥʠ ʠʭ ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʙʳʣ ʦʩʪʘʥʦʚʣʝʥ. 

ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʚ ʩʪʨʘʥʝ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʦʤ. 

ʅʘʮʠʦʥʘʣʴʥʳʝ ʧʨʦʝʢʪʳ ʥʦʩʷʪ ʬʦʨʤʫ ʧʣʘʥʦʚ, ʧʨʦʛʨʘʤʤ ʠ ʦʪʜʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʂʠʪʘʡʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʢʦʤʠʪʝʪʦʤ ʧʦ ʜʝʣʘʤ ʨʘʟʚʠʪʠʷ ʠ ʨʝʬʦʨʤ, ʠ ʦʜʦʙʨʷʝʤʳʭ ɻʦʩʩʦʚʝʪʦʤ ʂʅʈ.  

ʉʝʡʯʘʩ ʚ ʩʪʨʘʥʝ ʜʝʡʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩʥʘʷ çʗʜʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʂʅʈè, ʦʭʚʘʪʳʚʘʶʱʘʷ 

ʢʘʢ ʤʠʨʥʫʶ, ʪʘʢ ʠ ʚ ʚʦʝʥʥʫʶ ʩʬʝʨʳ ʩ ʦʙʲʝʤʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʕʉ ʙʦʣʝʝ 

440 ʤʣʨʜ. ʜʦʣʣʘʨʦʚ. ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʛʨʘʤʤʳ çʗʜʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʂʅʈè [2]: 

- ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ɸʕʉ ʜʦ 200 ɻɺʪ ʢ 2030 ʛʦʜʫ, ʜʦ 400-500 ɻɺʪ ʢ 2050 ʛʦʜʫ;  

- ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦ 30 ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʚ ʩʪʨʘʥʘʭ, ʫʯʘʩʪʚʫʶʱʠʭ  

ʚ ʠʥʠʮʠʘʪʠʚʝ çʆʜʠʥ ʧʦʷʩ, ʦʜʠʥ ʧʫʪʴè ʢ 2030 ʛʦʜʫ; 

- ʜʦʩʪʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ 1400 ɻɺʪ ʢ 2100 ʛʦʜʫ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʛʦʜʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ 5500 ʢɺʪĿʯ  

ʢ 2030 ʛʦʜʫ, 8500 ʢɺʪĿʯ ʢ 2050 ʛʦʜʫ; 

- ʦʙʝʩʧʝʯʝʥʠʝ 10% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ɸʕʉ ʢ 2030 ʛʦʜʫ, 15% - ʢ 2050 ʛʦʜʫ. 

ʈʦʩʩʠʷ ʠ ʂʠʪʘʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʘ ʨʳʥʢʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ 

ʧʘʨʪʥʝʨʳ, ʨʝʘʣʠʟʫʷ ʤʘʩʰʪʘʙʥʳʝ ʩʦʚʤʝʩʪʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ɸʕʉ, ʪʘʢʠʝ ʢʘʢ 

çʊʷʥʴʚʘʥʴè ʠ çʉʶʡʜʘʧʫè. ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʪʘʢʞʝ ʦʭʚʘʪʳʚʘʝʪ ʧʦʣʥʳʡ ʷʜʝʨʥʳʡ ʪʦʧʣʠʚʥʳʡ 

ʮʠʢʣ, ʚʢʣʶʯʘʷ ʦʙʦʛʘʱʝʥʠʝ ʫʨʘʥʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʧʣʠʚʘ, ʠ ʨʘʩʰʠʨʷʝʪʩʷ ʥʘ 

ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʧʘʨʪʥʝʨʩʪʚʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʪʨʝʤʣʝʥʠʝʤ ʂʠʪʘʷ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʪʨʝʤʣʝʥʠʝʤ ʈʦʩʩʠʠ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ 

ʨʘʟʚʠʪʠʶ ʠ ʧʨʠʚʣʝʯʝʥʠʶ ʠʥʚʝʩʪʠʮʠʡ. 
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ʀʥʜʠʷ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʀʥʜʠʠ ʢʘʢ ʩʪʨʘʥʝ ʩ ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʵʢʦʥʦʤʠʢʦʡ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʜʝʬʠʮʠʪʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʢʘʨʙʦʥʠʟʘʮʠʠ ʦʪʨʘʩʣʝʡ ʠ ʩʠʣʴʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʉʝʡʯʘʩ ʚ ʀʥʜʠʠ ʜʝʡʩʪʚʫʝʪ 24 ʨʝʘʢʪʦʨʘ ʤʦʱʥʦʩʪʴʶ 7943 ʄɺʪ, 6 ʨʝʘʢʪʦʨʦʚ 

ʤʦʱʥʦʩʪʴʶ 4768 ʄɺʪ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʧʨʦʝʢʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʚʠʪʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʠ 

ʩʦʟʜʘʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ, ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʘʟʳ ʚʦʢʨʫʛ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʧʘʨʪʥʝʨʘʤʠ.  

ʇʨʘʚʦʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʫʧʨʘʚʣʝʥʠʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʝʡ ʦʙʣʘʜʘʝʪ ʛʦʩʫʜʘʨʩʪʚʦ. 

ʆʩʥʦʚʥʳʤ ʦʨʛʘʥʦʤ ʷʚʣʷʝʪʩʷ ʀʥʜʠʡʩʢʘʷ ʢʦʤʠʩʩʠʷ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ. ʆʧʝʨʘʪʦʨʘʤʠ ʚʩʝʭ 

ɸʕʉ ʷʚʣʷʶʪʩʷ ʀʥʜʠʡʩʢʘʷ ʢʦʨʧʦʨʘʮʠʷ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʨʘʥʝ ʜʝʡʩʪʚʫʝʪ ʜʦʣʛʦʩʨʦʯʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ çɸʪʦʤʥʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʤʠʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷè ʩ ʧʝʨʠʦʜʦʤ ʜʝʡʩʪʚʠʷ ʜʦ  

2047 ʛʦʜʘ. ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʩʥʠʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʫʛʣʝʨʦʜʘ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [3]: 

- ʫʚʝʣʠʯʝʥʠʝ ʘʪʦʤʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʪʨʠ ʨʘʟʘ ʢ 2032 ʛʦʜʫ; 

- ʜʦʩʪʠʞʝʥʠʝ ʦʙʱʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ɸʕʉ 22,5 ɻɺʪ ʢ 2031-2032 ʛʦʜʘʤ; 

- ʜʦʩʪʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʪʨʘʥʳ 100 ɻɺʪ ʢ 2047 ʛʦʜʫ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʢ 2070 ʛʦʜʫ. 

ʈʦʩʩʠʷ ʠ ʀʥʜʠʷ ʘʢʪʠʚʥʦ ʩʦʪʨʫʜʥʠʯʘʶʪ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʧʨʦʯʥʳʭ ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʩʦʛʣʘʰʝʥʠʷʭ. ʈʦʩʩʠʷ ʧʦʩʪʘʚʣʷʝʪ ʀʥʜʠʠ ʨʝʘʢʪʦʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʕʉ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʨʝʘʢʪʦʨʳ  ɺɺʕʈ-

1000, ʥʘʧʨʠʤʝʨ, ʥʘ ɸʕʉ "ʂʫʜʘʥʢʫʣʘʤ". ʀʥʜʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ  

ʚ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʨʝʘʢʪʦʨʦʚ,  

ʘ ʪʘʢʞʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠʥʜʠʡʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ɸʕʉ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʚʟʘʠʤʥʦʝ ʩʪʨʝʤʣʝʥʠʝ ʢ ʫʢʨʝʧʣʝʥʠʶ ʧʘʨʪʥʝʨʩʪʚʘ ʚ ʵʪʦʡ ʩʬʝʨʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʈʦʩʩʠʠ, ʂʠʪʘʷ ʠ ʀʥʜʠʠ ʥʘ ʨʳʥʢʝ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ, ʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ. ʈʦʩʩʠʷ, ʦʙʣʘʜʘʶʱʘʷ 

ʫʥʠʢʘʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʢʣʶʯʝʚʦʡ ʧʦʩʪʘʚʱʠʢ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ,  

ʘ ʂʠʪʘʡ, ʢʘʢ ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʘʢʪʠʚʥʳʡ ʫʯʘʩʪʥʠʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ, ʩʪʨʝʤʠʪʩʷ ʢ ʫʛʣʫʙʣʝʥʠʶ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ʀʥʜʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʦʪʢʨʳʪʦʩʪʴ ʢ ʨʘʟʚʠʪʠʶ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ 

ʚʘʞʥʳʤ ʧʘʨʪʥʝʨʦʤ ʜʣʷ ʈʦʩʩʠʠ ʠ ʂʠʪʘʷ.  

ɺ ʪʘʙʣʠʮʝ ʦʙʦʟʥʘʯʝʥʳ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʈʦʩʩʠʠ ʩ ʂʠʪʘʝʤ ʠ ʀʥʜʠʝʡ 

ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

 
ʊʘʙʣʠʮʘ 1 ï ʂʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ  

ʈʦʩʩʠʷ ʠ ʂʠʪʘʡ ʈʦʩʩʠʷ ʠ ʀʥʜʠʷ 

- ʉʪʨʦʠʪʝʣʴʩʪʚʦ ɸʕʉ: ʈʦʩʩʠʷ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ 

ʧʘʨʪʥʝʨʦʤ ʂʠʪʘʷ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʪʘʢʠʭ ʢʘʢ ɸʕʉ 

çʊʷʥʴʚʘʥʴè ʠ çʉʶʡʜʘʧʫè. 

- ʇʦʣʥʳʡ ʷʜʝʨʥʳʡ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ: ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʩʝ ʩʪʘʜʠʠ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ, 

ʚʢʣʶʯʘʷ ʩʦʚʤʝʩʪʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʚʦʜʦʚ ʧʦ 

ʦʙʦʛʘʱʝʥʠʶ ʫʨʘʥʘ ʠ ʩʦʟʜʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. 

- ʈʘʩʰʠʨʝʥʠʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ: ʇʣʘʥʠʨʫʝʪʩʷ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʰʠʨʝʥʠʝ ʜʚʫʩʪʦʨʦʥʥʝʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ 

ʥʝʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʪʝʭʥʦʣʦʛʠʡ ʤʠʨʥʦʛʦ 

- ʉʪʨʦʠʪʝʣʴʩʪʚʦ ɸʕʉ: ʈʦʩʩʠʷ ʚʳʩʪʫʧʘʝʪ ʦʩʥʦʚʥʳʤ 

ʠʥʦʩʪʨʘʥʥʳʤ ʧʘʨʪʥʝʨʦʤ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʀʥʜʠʠ, ʫʯʘʩʪʚʫʷ ʚ ʧʨʦʝʢʪʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʕʉ, 

ʪʘʢʠʭ ʢʘʢ ɸʕʉ "ʂʫʜʘʥʢʫʣʘʤ". 

- ʇʦʩʪʘʚʢʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ:  

ɺ ʨʘʤʢʘʭ ʢʦʥʪʨʘʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʘʚʢʘ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʨʦʩʩʠʡʩʢʠʭ ʵʥʝʨʛʦʙʣʦʢʦʚ. 

- ʉʦʚʤʝʩʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʷ: 

ʆʙʩʫʞʜʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʪʦʧʣʠʚʘ ʜʣʷ 

ʨʝʘʢʪʦʨʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʜʠʟʘʡʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʀʥʜʠʠ. 
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ʈʦʩʩʠʷ ʠ ʂʠʪʘʡ ʈʦʩʩʠʷ ʠ ʀʥʜʠʷ 

ʘʪʦʤʘ, ʪʘʢʠʭ ʢʘʢ ʢʚʘʥʪʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

- ɺʟʘʠʤʥʘʷ ʚʳʛʦʜʘ: ɼʣʷ ʈʦʩʩʠʠ ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʢʣʶʯʝʚʳʝ ʠʥʚʝʩʪʠʮʠʠ ʠ ʧʦʜʜʝʨʞʘʪʴ 

ʵʢʦʥʦʤʠʢʫ, ʘ ʜʣʷ ʂʠʪʘʷ ï ʦʙʝʩʧʝʯʠʪʴ ʨʘʩʪʫʱʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʥʝʨʛʠʠ ʠ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʜʨʫʛʠʭ ʧʦʩʪʘʚʱʠʢʦʚ. 

- ʈʦʣʴ ʈʦʩʘʪʦʤʘ: ʈʦʩʩʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʢʦʨʧʦʨʘʮʠʷ çʈʦʩʘʪʦʤè ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʠʛʨʦʢʦʚ ʚ ʵʪʦʤ ʧʘʨʪʥʝʨʩʪʚʝ. 

 

- ʇʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ: ʈʦʩʩʠʷ ʚʟʷʣʘ ʥʘ ʩʝʙʷ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠʥʜʠʡʩʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʬʝʨʝ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. 

- ɼʦʣʛʦʩʨʦʯʥʘʷ ʩʪʨʘʪʝʛʠʷ: ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʨʘʩʪʫʱʠʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʀʥʜʠʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

- ʋʢʨʝʧʣʝʥʠʝ ʜʚʫʩʪʦʨʦʥʥʠʭ ʩʚʷʟʝʡ: ʋʩʧʝʰʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʦʚ ʫʢʨʝʧʣʷʝʪ 

ʧʦʣʠʪʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʪʨʘʥʘʤʠ. 

 

ɼʘʣʴʥʝʡʰʝʝ ʫʢʨʝʧʣʝʥʠʝ ʪʨʝʭʩʪʦʨʦʥʥʝʛʦ ʧʘʨʪʥʝʨʩʪʚʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʚʟʘʠʤʦʚʳʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩʦʚʤʝʩʪʥʦʤ ʨʘʟʚʠʪʠʠ, ʩʧʦʩʦʙʥʦ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʩʪʨʘʥ, ʥʦ ʠ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʨʳʥʢʘ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʙʫʜʫʱʝʤ. ʈʘʟʚʠʪʠʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʈʦʩʩʠʠ, ʀʥʜʠʠ ʠ ʂʠʪʘʷ ʧʨʠʚʝʜʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʝʜʠʥʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʨʳʥʢʘ, ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʘʥʘʤ-ʫʯʘʩʪʥʠʮʘʤ ʨʘʟʚʠʚʘʪʴ ʩʚʦʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʨʘʥ ʜʦʣʞʥʦ ʩʪʨʦʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ 

ʧʦʩʪʘʚʦʢ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʥʦ ʠ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʩʦʟʜʘʥʠʠ ʩʦʚʤʝʩʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʙʤʝʥʝ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠ ʧʨ. 
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Abstract. The article addresses problematic issues regarding the didactics of artificial intelligence.  Analysis of the 

key problems faced by educational institutions when introducing AI technologies into the learning process and 

prospects for use in the learning process, opportunities and risks of using AI in education.  

Keywords: artificial intelligence, personality, learning, principles,  didactics of artificial intelligence.   

 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ)  

ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʦʙʱʝʩʪʚʘ ʘʢʪʫʘʣʠʟʠʨʫʝʪʩʷ ʚʦʧʨʦʩ ʦ ʜʠʜʘʢʪʠʢʝ, ʪʦ ʝʩʪʴ ʦʙ ʦʙʫʯʝʥʠʠ  

ʠ ʨʘʟʚʠʪʠʠ ʥʘʚʳʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʀʀ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ,  

ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʀʀ  

ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʟʦʚʘʥʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʠ ʠʭ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ. ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʫ ɺʩʝʤʠʨʥʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʬʦʨʫʤʘ (2020), ʢ 2026 ʛʦʜʫ ʦʢʦʣʦ 85 ʤʠʣʣʠʦʥʦʚ ʨʘʙʦʯʠʭ ʤʝʩʪ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʤʝʥʝʥʳ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʀʀ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 97 ʤʠʣʣʠʦʥʦʚ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ 

ʙʫʜʝʪ ʩʦʟʜʘʥʦ ʙʣʘʛʦʜʘʨʷ ʵʪʠʤ ʞʝ ʪʝʭʥʦʣʦʛʠʷʤ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʢ 2030 ʛʦʜʫ ʙʦʣʝʝ 80% 

ʧʨʦʬʝʩʩʠʡ ʧʦʪʨʝʙʫʶʪ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩ ʀʀ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʧʨʦʩ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ʇʦʷʚʣʝʥʠʝ ʀʀ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ, ʧʨʝʜʣʘʛʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʥʝʜʨʝʥʠʝ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ 

ʨʠʩʢʦʚ ʠ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ. ɼʘʥʥʘʷ 

ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʨʠʩʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʤʦʪʨʝʥʠʶ ʢʣʶʯʝʚʳʭ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ. 

ʅʦʚʠʟʥʘ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ ʧʨʦʙʣʝʤʘʪʠʢʠ ʜʠʜʘʢʪʠʢʠ 

ʀʀ, ʘ ʪʘʢʞʝ ʚ ʚʳʷʚʣʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʘʪʴʝ ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʜʠʜʘʢʪʠʢʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ  ʪʨʫʜʘ. 

ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʶʯʝʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ: ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʢʨʝʘʪʠʚʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ, ʯʪʦ 

ʢʨʘʡʥʝ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʛʦʩʷ ʨʳʥʢʘ ʪʨʫʜʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʪʝʥʜʝʥʮʠʠ, ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʠ ʨʷʜ ʧʨʦʙʣʝʤ. 

1. ʂʘʜʨʦʚʳʝ ʧʨʦʙʣʝʤʳ. ʇʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʛʣʫʙʦʢʠʝ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʥʪʝʛʨʘʮʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ  ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

2. ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʙʘʨʴʝʨʳ. 

ʄʥʦʛʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʥʝ ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʀ, ʚʢʣʶʯʘʷ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

3. ʋʩʪʘʨʝʚʰʠʝ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ. 

ʄʥʦʛʠʝ ʫʯʝʙʥʳʝ ʧʣʘʥʳ ʥʝ ʫʩʧʝʚʘʶʪ ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʛʨʝʩʩʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʪʨʝʥʠʶ ʤʝʞʜʫ ʪʝʦʨʠʝʡ ʠ ʧʨʘʢʪʠʢʦʡ. 

4. ʅʨʘʚʩʪʚʝʥʥʘʷ ʩʪʦʨʦʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. ʉ ʨʘʩʰʠʨʝʥʠʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʵʪʠʢʠ. ʅʝʦʙʭʦʜʠʤʦ 
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ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʝ ʫʯʘʱʠʭʩʷ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʟʘʱʠʱʘʶʪʩʷ, ʢʘʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ 

ʩʦʮʠʘʣʠʟʘʮʠʶ ʩʪʫʜʝʥʪʦʚ. 

5. ʇʨʦʙʣʝʤʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʙʦʨ ʠ ʭʨʘʥʝʥʠʝ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʨʠʩʢʠ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ 

ʯʝʪʢʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʥʦʨʤ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʟʘʱʠʪʫ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ.  

6. ɼʠʩʢʨʠʤʠʥʘʮʠʷ ʠ ʧʨʝʜʚʟʷʪʦʩʪʴ. ɸʣʛʦʨʠʪʤʳ ʀʀ ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʝʜʚʟʷʪʦʩʪʠ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ, ʠʩʢʘʞʝʥʥʳʭ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʘʪʴʩʷ ʥʘ ʦʮʝʥʢʝ ʫʯʘʱʠʭʩʷ. ɸʣʛʦʨʠʪʤʳ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʩʧʨʘʚʝʜʣʠʚʳʤʠ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʛʨʫʧʧʘʤ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʵʪʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʧʨʠʤʝʥʝʥʠʠ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʫʣʠʪ 

ʤʥʦʞʝʩʪʚʦ ʧʝʨʩʧʝʢʪʠʚ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ  ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ: 

- ɸʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ: ʀʀ ʤʦʞʝʪ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ ʧʨʦʚʝʨʢʘ 

ʜʦʤʘʰʥʠʭ ʟʘʜʘʥʠʡ, ʦʮʝʥʠʚʘʥʠʝ ʪʝʩʪʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʪʫʜʝʥʪʘʤ, 

ʦʩʚʦʙʦʞʜʘʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʜʣʷ ʙʦʣʝʝ ʪʚʦʨʯʝʩʢʦʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩʦ ʩʪʫʜʝʥʪʘʤʠ. 

- ʆʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ: ʀʀ-ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʠ ʧʦʜʜʝʨʞʢʫ ʩʪʫʜʝʥʪʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʠʣʠ 

ʠʤʝʶʱʠʤ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

- ɸʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ: ʀʀ ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʥʳʝ ʟʦʥʳ ʠ ʧʨʝʜʣʘʛʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɻʘʚʨʠʣʦʚʘ ʊ.ɸ. ʠ ʄʫʨʦʤʮʝʚ ɼ.ʀ.  

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʜʣʷ ʵʪʠʭ 

ʮʝʣʝʡ [1]. 

- ʇʝʨʩʦʥʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ: ʀʀ-ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴ ʫʯʝʙʥʳʡ ʢʦʥʪʝʥʪ ʠ 

ʪʝʤʧ ʦʙʫʯʝʥʠʷ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ ʩʧʦʩʦʙʥʦʩʪʷʤ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ [2.]. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʜʝ ʨʘʟʥʦʨʦʜʥʦʩʪʴ ʩʪʫʜʝʥʯʝʩʢʦʡ 

ʘʫʜʠʪʦʨʠʠ ʪʨʝʙʫʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʦ ʌɻʆʉ ɺʆ.   

- ʉʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤ: ʀʀ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʦʙʫʯʘʶʱʠʝ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʪʫʜʝʥʪʘʤ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ[1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʚʥʝʜʨʝʥʠʝ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʧʨʷʞʝʥʦ  

ʩ ʨʷʜʦʤ ʨʠʩʢʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ,  ʚʳʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ 

ʢʣʶʯʝʚʳʝ ʨʠʩʢʠ: 

- ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʭʥʦʣʦʛʠʡ: ʏʨʝʟʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʀʀ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ  

ʢ ʩʥʠʞʝʥʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 

- ʇʨʦʙʣʝʤʘ "ʯʝʨʥʦʛʦ ʷʱʠʢʘ": ʉʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʀʀ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ 

ʧʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʠʭ ʨʘʙʦʪʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʚʝʨʠʶ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ. 

- ʅʝʜʦʩʪʘʪʦʢ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʀʀ ʥʝ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ 

ʯʝʣʦʚʝʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

- ɺʦʧʨʦʩʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ: ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʪʫʜʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʀʀ-ʩʠʩʪʝʤʘʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʘʚʦʚʳʭ ʠ ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʀʀ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʨʷʜʘ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʪʠʯʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʂ ʪʘʢʠʤ ʧʨʠʥʮʠʧʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ:    
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- ʇʨʠʥʮʠʧ ʯʝʣʦʚʝʢʦʮʝʥʪʨʠʯʥʦʩʪʠ: ʀʀ ʜʦʣʞʝʥ ʩʣʫʞʠʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʠ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘ ʥʝ ʟʘʤʝʥʷʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

- ʇʨʠʥʮʠʧ ʠʥʪʝʛʨʘʮʠʠ: ʀʀ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʧʦʣʥʷʪʴ ʠ ʫʣʫʯʰʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ, ʘ ʥʝ ʟʘʤʝʥʷʪʴ 

ʠʭ. 

- ʇʨʠʥʮʠʧ ʘʜʘʧʪʠʚʥʦʩʪʠ: ʀʀ-ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʦʩʦʙʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ  

ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ ʩʧʦʩʦʙʥʦʩʪʷʤ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ. 

- ʇʨʠʥʮʠʧ ʧʨʦʟʨʘʯʥʦʩʪʠ: ɸʣʛʦʨʠʪʤʳ ʀʀ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʦʥʷʪʥʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʩʪʫʜʝʥʪʘʤ. 

- ʇʨʠʥʮʠʧ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʨʘʟʚʠʪʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 

- ʇʨʠʥʮʠʧ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ: ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʨʘʟʨʘʙʦʪʯʠʢʠ ʀʀ-ʩʠʩʪʝʤ ʜʦʣʞʥʳ ʥʝʩʪʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɺʘʡʥʜʦʨʬ-

ʉʳʩʦʝʚʦʡ ʄ.ɽ. ʠ ʉʫʙʦʯʝʚʦʡ ʄ.ʃ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝ ʧʨʦʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘ ʧʝʨʝʦʩʤʳʩʣʝʥʠʝ ʮʝʣʝʡ, ʩʦʜʝʨʞʘʥʠʷ ʠ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ [3]. ɺ ʵʪʦʤ 

ʢʦʥʪʝʢʩʪʝ, ʚʥʝʜʨʝʥʠʝ ʀʀ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʨʘʟʚʠʪʠʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ ʠ ʧʦʜʛʦʪʦʚʢʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʵʥʘʢʪʠʚʠʩʪʩʢʠʡ ʧʦʜʭʦʜ, 

ʧʦʜʯʝʨʢʠʚʘʶʱʠʡ ʚʘʞʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʟʥʘʥʠʷ ʫʯʘʱʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʀʀ-ʩʠʩʪʝʤʘʤʠ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʵʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ 

ʠʟʤʝʥʷʪʴ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʚʳʰʘʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ  ʧʨʦʮʝʩʩʘ. 

ʆʜʥʘʢʦ, ʚʥʝʜʨʝʥʠʝ ʀʀ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʨʠʩʢʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʜʠʜʘʢʪʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʯʝʣʦʚʝʢʦʮʝʥʪʨʠʯʥʦʩʪʴ, 

ʠʥʪʝʛʨʘʮʠʶ, ʘʜʘʧʪʠʚʥʦʩʪʴ, ʧʨʦʟʨʘʯʥʦʩʪʴ, ʨʘʟʚʠʪʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʀʀ ʩʤʦʞʝʪ ʩʪʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʣʝʟʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʷʜʝʨʥʦʝ ʧʨʘʚʦ, ʢʘʢ ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʦʪʨʘʩʣʴ ʶʨʠʜʠʯʝʩʢʦʡ 

ʥʘʫʢʠ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʝʸ ʧʨʝʜʤʝʪ ï ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʘʚʦʚʳʭ ʥʦʨʤ, 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʬʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʫʱʝʨʙ. ʇʦʜʯʸʨʢʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ ʤʝʪʦʜʦʣʦʛʠʠ, 

ʩʦʯʝʪʘʶʱʠʡ ʶʨʠʜʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩ ʪʝʭʥʠʢʦ-ʶʨʠʜʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ, ʝʛʦ ʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʦʪʨʘʩʣʷʤʠ ʧʨʘʚʘ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʥʘʫʢʘʤʠ. 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʜʠʩʢʫʩʩʠʷ ʦ ʩʪʘʪʫʩʝ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʣʶʯʝʚʳʝ ʚʝʢʪʦʨʳ ʝʛʦ ʨʘʟʚʠʪʠʷ, 

ʚʢʣʶʯʘʷ ʢʦʜʠʬʠʢʘʮʠʶ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʫʶ ʛʘʨʤʦʥʠʟʘʮʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʷʜʝʨʥʦʝ ʧʨʘʚʦ, ʤʝʪʦʜʦʣʦʛʠʷ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ, ʧʨʝʜʤʝʪ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ, ʷʜʝʨʥʘʷ ʠ 

ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʢʦʜʠʬʠʢʘʮʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ. 
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the patterns of emergence and functioning of legal norms regulating social relations in the field of atomic energy 

use, safety assurance, and liability for damage. The comprehensive methodology combining legal methods with a 

technical-legal approach is emphasized. The interdisciplinary nature of nuclear law, its connection with other 

branches of law and technical sciences is substantiated. The discussion on the status of nuclear law is analyzed, and 

key vectors for its development are identified, including codification of legislation and international legal 

harmonization. 

Keywords: nuclear law, methodology of nuclear law, subject of nuclear law, nuclear and radiation safety, 

codification of legislation, interdisciplinarity. 
 

ʗʜʝʨʥʦʝ ʧʨʘʚʦ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʶʨʠʜʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʚ ʪʨʫʜʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1]. ɽʛʦ ʩʪʘʥʦʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʙʲʝʢʪʠʚʥʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʥʘʫʯʥʦʤ ʦʩʤʳʩʣʝʥʠʠ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʴʶ ʠ ʩʣʦʞʥʦʩʪʴʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʜʦʣʞʘʶʱʠʝʩʷ 

ʜʠʩʢʫʩʩʠʠ ʦ ʝʛʦ ʩʪʘʪʫʩʝ, ʷʜʝʨʥʦʝ ʧʨʘʚʦ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʘʷ 

ʦʪʨʘʩʣʴ ʟʥʘʥʠʡ, ʦʪʚʝʯʘʶʱʘʷ ʥʘ ʚʳʟʦʚʳ, ʧʦʨʦʞʜʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʛʨʝʩʩʦʤ ʠ 

ʛʣʦʙʘʣʴʥʳʤʠ ʨʠʩʢʘʤʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʘʥʥʦʡ ʥʘʫʢʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʟʥʘʥʠʡ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, 

ʨʘʟʚʠʪʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʦʙʦʡ ʛʨʫʧʧʳ ʧʨʘʚʦʚʳʭ ʥʦʨʤ. ʕʪʠ ʥʦʨʤʳ ʨʝʛʫʣʠʨʫʶʪ 

ʢʦʤʧʣʝʢʩ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ: 

- ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʨʘʟʨʘʙʦʪʢʦʡ, ʜʦʙʳʯʝʡ, ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʦʙʝʩʧʝʯʝʥʠʝʤ ʷʜʝʨʥʦʡ, ʨʘʜʠʘʮʠʦʥʥʦʡ, ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʟʘ ʧʨʠʯʠʥʝʥʥʳʡ ʷʜʝʨʥʳʡ ʫʱʝʨʙ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʤʝʪ ʦʪʣʠʯʘʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ, ʢʦʤʧʣʝʢʩʥʦʩʪʴʶ ʠ ʪʝʩʥʦʡ ʩʚʷʟʴʶ ʩ 

ʚʦʧʨʦʩʘʤʠ ʚʳʩʦʯʘʡʰʝʛʦ ʫʨʦʚʥʷ ʦʧʘʩʥʦʩʪʠ. 

ʅʘʫʢʘ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ ʠʤʝʝʪ ʯʝʪʢʫʶ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʪʨʠ 

ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ: 

1. ʆʙʱʘʷ ʯʘʩʪʴ: ʠʟʫʯʘʝʪ ʧʦʥʷʪʠʡʥʦ-ʢʘʪʝʛʦʨʠʘʣʴʥʳʡ ʘʧʧʘʨʘʪ (ʥʘʧʨʠʤʝʨ, çʷʜʝʨʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴè, çʨʘʜʠʘʮʠʦʥʥʳʡ ʨʠʩʢè, çʷʜʝʨʥʳʡ ʫʱʝʨʙè), ʧʨʠʥʮʠʧʳ (ʘʙʩʦʣʶʪʥʳʡ ʧʨʠʦʨʠʪʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ), ʠʩʪʦʯʥʠʢʠ (ʂʦʥʩʪʠʪʫʮʠʷ ʈʌ, ʌɿ çʆʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠè, ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʜʦʛʦʚʦʨʳ) ʠ ʠʩʪʦʨʠʶ ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʘʚʘ. 

2. ʆʩʦʙʝʥʥʘʷ ʯʘʩʪʴ: ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʨʘʚʦʚʳʭ ʨʝʞʠʤʦʚ ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʙʲʝʢʪʦʚ. ʉʶʜʘ ʚʭʦʜʠʪ ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʙʨʘʱʝʥʠʷ ʩ ʷʜʝʨʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʦʪʭʦʜʘʤʠ (ʆʗʊ ʠ ʈɸʆ), ʙʝʟʦʧʘʩʥʦʩʪʴ ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʬʠʟʠʯʝʩʢʘʷ ʟʘʱʠʪʘ 

ʦʙʲʝʢʪʦʚ, ʙʦʨʴʙʘ ʩ ʪʝʨʨʦʨʠʟʤʦʤ, ʣʠʮʝʥʟʠʨʦʚʘʥʠʝ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʜʟʦʨ. 
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3. ʉʧʝʮʠʘʣʴʥʘʷ (ʤʝʞʜʫʥʘʨʦʜʥʘʷ) ʯʘʩʪʴ: ʘʥʘʣʠʟʠʨʫʝʪ ʥʦʨʤʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ, ʚʦʧʨʦʩ ʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʘʫʯʥʳʭ 

ʜʠʩʢʫʩʩʠʡ [2] (ʨʝʞʠʤ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʢʦʥʚʝʥʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, 

ʩʪʘʥʜʘʨʪʳ ʄɸɻɸʊʕ), ʦʩʥʦʚʳ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʝʱʸ ʚ ʩʦʚʝʪʩʢʦʡ ʧʨʘʚʦʚʦʡ ʜʦʢʪʨʠʥʝ 

[3].  

ʂʘʢ ʦʪʤʝʯʘʝʪ ɽ.ɸ. ɹʨʘʛʠʥʘ, ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʷʜʝʨʥʦʝ ʧʨʘʚʦ çʩʦʩʪʘʚʣʷʝʪ ʙʘʟʠʩ 

ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʠ ʧʨʝʢʨʘʱʘʶʱʠʭʩʷ ʧʨʘʚʦʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʘʤʠ, ʩʦʪʨʫʜʥʠʯʘʶʱʠʤʠ ʚ ʩʬʝʨʝ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʘʪʦʤʥʳʭ ʷʜʝʨè[4]. 

ʄʝʪʦʜʦʣʦʛʠʷ ʥʘʫʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʩʪʝʤʥʦʩʪʴʶ ʠ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʜʭʦʜʦʤ, 

ʦʙʲʝʜʠʥʷʶʱʠʤ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʶʨʠʜʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ: 

- ʜʦʛʤʘʪʠʯʝʩʢʠʡ (ʬʦʨʤʘʣʴʥʦ-ʶʨʠʜʠʯʝʩʢʠʡ) ʤʝʪʦʜ: ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʘʚʦʚʳʭ ʥʦʨʤ; 

- ʩʨʘʚʥʠʪʝʣʴʥʦ-ʧʨʘʚʦʚʦʡ ʤʝʪʦʜ: ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ; 

- ʠʩʪʦʨʠʢʦ-ʧʨʘʚʦʚʦʡ ʤʝʪʦʜ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʝʟʠʩʘ ʠ ʵʚʦʣʶʮʠʠ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ; 

- ʢʣʶʯʝʚʦʡ ʤʝʪʦʜ ï ʪʝʭʥʠʢʦ-ʶʨʠʜʠʯʝʩʢʠʡ: ʪʨʝʙʫʝʪ ʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʧʦʥʠʤʘʥʠʷ 

ʦʩʥʦʚ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʨʦʡʩʪʚʘ ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʧʨʘʚʦʚʳʭ ʥʦʨʤ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʫʱʥʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ. ʅʘʫʢʘ 

ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ: 

- ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʥʘʫʢʘʤʠ (ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʦʵʢʦʣʦʛʠʷ) ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʘʚʦʚʳʭ ʪʨʝʙʦʚʘʥʠʡ; 

- ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʦʪʨʘʩʣʷʤʠ ʧʨʘʚʘ (ʢʦʥʩʪʠʪʫʮʠʦʥʥʳʤ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ, 

ʛʨʘʞʜʘʥʩʢʠʤ, ʫʛʦʣʦʚʥʳʤ, ʵʢʦʣʦʛʠʯʝʩʢʠʤ, ʤʝʞʜʫʥʘʨʦʜʥʳʤ, ʪʨʫʜʦʚʳʤ), ʠʥʪʝʛʨʠʨʫʷ ʠʭ ʥʦʨʤʳ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʚʦʝʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʬʝʨʝ. 

ɺʦʧʨʦʩ ʦ ʩʪʘʪʫʩʝ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. ʉʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʧʦʟʠʮʠʠ: 

1. ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʦʪʨʘʩʣʴ ʧʨʘʚʘ ʠ ʥʘʫʢʠ. ʕʪʘ ʧʦʟʠʮʠʷ, ʦʪʩʪʘʠʚʘʝʤʘʷ 

ʥʘʤʠ, ʘʨʛʫʤʝʥʪʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʭ 

ʧʨʠʥʮʠʧʦʚ, ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʥʷʪʠʡʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʩʠʩʪʝʤʳ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ[5]; 

2. ʂʨʫʧʥʳʡ ʤʝʞʦʪʨʘʩʣʝʚʦʡ ʠʥʩʪʠʪʫʪ ʚ ʨʘʤʢʘʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʣʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʧʨʘʚʘ. ʉʪʦʨʦʥʥʠʢʠ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ 

ʢʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʢʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʪʨʘʩʣʝʡ. 

ʅʘʫʯʥʳʡ ʢʦʥʩʝʥʩʫʩ ʧʦʩʪʝʧʝʥʥʦ ʩʢʣʦʥʷʝʪʩʷ ʢ ʧʨʠʟʥʘʥʠʶ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʦʪʨʘʩʣʴʶ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʯʝʨʪʘʤʠ. 

ʇʝʨʝʜ ʥʘʫʢʦʡ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ ʩʪʦʷʪ ʤʘʩʰʪʘʙʥʳʝ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʟʘʜʘʯʠ: 

- ʢʦʜʠʬʠʢʘʮʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ: ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʗʜʝʨʥʦʛʦ ʢʦʜʝʢʩʘ ʈʌ; 

- ʤʝʞʜʫʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʘʷ ʛʘʨʤʦʥʠʟʘʮʠʷ: ʘʥʘʣʠʟ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʷ ʩʪʘʥʜʘʨʪʦʚ 

ʄɸɻɸʊʕ ʚ ʥʘʮʠʦʥʘʣʴʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ; 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʘʚʦʚʳʭ ʤʦʜʝʣʝʡ ʦʙʨʘʱʝʥʠʷ ʩ ʈɸʆ ʠ ʆʗʊ; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʘʚʦʚʳʭ ʤʝʨ ʧʦ ʙʦʨʴʙʝ ʩ ʷʜʝʨʥʳʤ ʪʝʨʨʦʨʠʟʤʦʤ ʠ 

ʦʙʝʩʧʝʯʝʥʠʶ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ; 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʚʳʟʦʚʦʚ: ʧʨʘʚʦʚʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ AI ʚ 

ʦʪʨʘʩʣʠ, ʵʪʠʢʦ-ʧʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ, ʨʘʟʚʠʪʠʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʅʘʫʢʘ ʷʜʝʨʥʦʛʦ ʧʨʘʚʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʧʨʝʦʜʦʣʝʚʘʷ ʜʠʩʢʫʩʩʠʠ ʦ ʩʚʦʝʤ ʩʪʘʪʫʩʝ. 

ɽʝ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʨʝʰʝʥʠʝʤ ʘʢʪʫʘʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʴʶ. ʎʝʥʪʨʘʣʴʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʨʘʟʚʠʪʠʷ 

ʷʚʣʷʶʪʩʷ ʢʦʜʠʬʠʢʘʮʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʫʛʣʫʙʣʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʘʚʦʚʦʛʦ ʦʪʚʝʪʘ ʥʘ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʩʦʮʠʘʣʴʥʳʝ ʨʠʩʢʠ.  
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ɸʥʥʦʪʘʮʠʷ. ʊʝʟʠʩʳ ʧʦʩʚʷʱʝʥʳ ʦʙʩʫʞʜʝʥʠʶ ʢʘʪʝʛʦʨʠʠ çʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʠʛʠʝʥʘè ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʗʜʝʨʥʦʤ 

ʧʨʘʚʝ ʈʦʩʩʠʠ. ʗʜʝʨʥʦʝ ʧʨʘʚʦ ʈʦʩʩʠʠ  ʢʘʢ ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʧʫʙʣʠʯʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʦʪʨʘʩʣʴ ʨʦʩʩʠʡʩʢʦʛʦ 

ʧʨʘʚʘ ʠʩʧʦʣʴʟʫʝʪ ʦʙʱʝʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʩʦʙʩʪʚʝʥʥʳʡ ʠ ʟʘʠʤʩʪʚʦʚʘʥʥʳʡ ʧʦʥʷʪʠʡʥʳʝ ʘʧʧʘʨʘʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʥʦʮʝʥʥʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ ʚʭʦʜʷʱʠʝ ʚ ʧʨʝʜʤʝʪ ʵʪʦʡ ʦʪʨʘʩʣʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ. ɹʳʩʪʨʦʝ 

ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, 

ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʧʦʥʷʪʠʡ ʠ ʢʘʪʝʛʦʨʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʬʝʨʫ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʗʜʝʨʥʦʝ ʧʨʘʚʦ ʈʦʩʩʠʠ, ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʘʚʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʠʛʠʝʥʘ. 
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Abstract. This paper discusses the concept of "information hygiene" in contemporary Russian nuclear law. Russian 

nuclear law, as a mature, public, and comprehensive branch of Russian law, utilizes general theoretical, proprietary, 

and borrowed conceptual frameworks, allowing for the comprehensive regulation of social relations within this 

field. The rapid development of information technology requires the creation of an appropriate regulatory 

framework, regulating the concepts and categories within the legal framework of information activities. 

Key words: Nuclear law of Russia, Information law, information pollution, information hygiene. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʮʠʬʨʦʚʠʟʘʮʠʷ ʦʙʱʝʩʪʚʘ  

ʚ ʮʝʣʦʤ ʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ï ʥʘʧʨʠʤʝʨ, 

ʩʬʝʨʘ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ), ʦʩʦʙʝʥʥʦ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ. ʀʥʬʦʨʤʘʮʠʷ ʩʪʘʣʘ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʝʩʫʨʩʦʤ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʥʦʨʤʘʪʠʚʥʫʶ ʨʝʛʣʘʤʝʥʪʘʮʠʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʬʝʨʳ, ʧʦʨʷʜʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʝʭʘʥʠʟʤʳ ʩʦʙʣʶʜʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʠʛʠʝʥʳ ʚ ʨʘʤʢʘʭ ʗʜʝʨʥʦʛʦ ʧʨʘʚʘ ʈʦʩʩʠʠ. 
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ʗʜʝʨʥʦʝ ʧʨʘʚʦ ʈʦʩʩʠʠ ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ ʦʪʨʘʩʣʴ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʘʚʘ, ʥʦʩʷʱʘʷ  

ʧʫʙʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ï ʵʪʦ ʩʠʩʪʝʤʘ (ʩʦʚʦʢʫʧʥʦʩʪʴ) ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʘʚʦʚʳʭ  ʥʦʨʤ, 

ʨʝʛʫʣʠʨʫʶʱʘʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʚʠʜʳ ʦʙʦʩʦʙʣʝʥʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʘʚʦʚʳʭ ʦʪʥʦʰʝʥʠʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʤʧʝʨʘʪʠʚʥʦʛʦ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ) ʤʝʪʦʜʘ. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʗʜʝʨʥʦʝ 

ʧʨʘʚʦ ʈʦʩʩʠʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʫʙʣʠʯʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʦʪʨʘʩʣʴ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʘʚʘ ʬʘʢʪʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ [1ï6]; ʦʥʦ ʦʙʣʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ, ʧʨʠʩʫʱʠʤʠ ʧʦʣʥʦʮʝʥʥʦʡ ʦʪʨʘʩʣʠ ʧʨʘʚʘ (ʧʨʝʜʤʝʪ, ʤʝʪʦʜ, ʧʨʠʥʮʠʧʳ ʧʨʘʚʦʚʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ). 

ʗʜʝʨʥʦʝ ʧʨʘʚʦ ʈʦʩʩʠʠ ʠʤʝʝʪ ʩʚʷʟʴ ʩ ʪʘʢʦʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʦʪʨʘʩʣʴʶ ʧʨʘʚʘ, ʢʘʢ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʘʚʦ, ʠʥʪʝʨʝʩ ʢ ʢʦʪʦʨʦʤʫ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʘʚʦ ʢʘʢ  ʢʦʤʧʣʝʢʩʥʘʷ  ʦʪʨʘʩʣʴ ʈʦʩʩʠʡʩʢʦʛʦ ʧʨʘʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ  ʧʨʘʚʦʚʳʭ ʥʦʨʤ, ʟʘʢʨʝʧʣʷʶʱʠʭ ʠ ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʭʨʘʥʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʘ ʪʘʢʞʝ ʟʘʱʠʪʳ ʦʪ ʥʝʧʨʘʚʦʤʝʨʥʦʛʦ (ʥʝʟʘʢʦʥʥʦʛʦ) ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʦʤʧʣʝʢʩʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʀʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʘʚʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʰʠʨʦʪʝ ʠ ʭʘʨʘʢʪʝʨʝ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʠʤ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ; ʦʥʦ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʪʘʢʠʝ ʩʬʝʨʳ, ʢʘʢ  ʧʨʘʚʦʚʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʨʘʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʥʪʝʨʥʝʪ-ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʘʚʦʚʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʨʝʜʩʪʚ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʢʘʢ ʦʬʬ-ʣʘʡʥ, ʪʘʢ ʠ ʦʥ-ʣʘʡʥ), 

ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʟʘʱʠʪʫ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ,  

ʵʣʝʢʪʨʦʥʥʫʶ ʪʦʨʛʦʚʣʶ, ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʟʨʝʰʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʧʦʨʦʚ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʘʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ  ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʆʥʦ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʘʢ ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʩʫʙʲʝʢʪʦʚ, ʪʘʢ ʠ ʯʘʩʪʥʳʭ ʣʠʮ ʧʦ ʟʘʱʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʢʨʘʞʠ, ʧʦʚʨʝʞʜʝʥʠʡ, ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʠʥʦʛʦ ʥʝʧʨʘʚʦʤʝʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭʥʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʧʨʘʚʦʚʳʭ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʜʦʩʪʫʧʥʦʩʪʠ, 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ (ʘʥʛʣ. Information pollution) ï ʟʘʛʨʷʟʥʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝʧʦʣʥʦʡ, ʧʨʦʪʠʚʦʨʝʯʠʚʦʡ, ʤʘʣʦʮʝʥʥʦʡ ʠʣʠ ʥʝ ʦʪʥʦʩʷʱʝʡʩʷ ʢ 

ʜʝʣʫ ʠʥʬʦʨʤʘʮʠʝʡ [7]. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʛʘʪʠʚʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʨʝʚʦʣʶʮʠʠ. 

ɺ ʮʝʣʷʭ ʩʦʙʣʶʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʠʛʠʝʥʘ (ʮʠʬʨʦʚʘʷ ʛʠʛʠʝʥʘ) ï 

ʵʪʦ ʩʠʩʪʝʤʘ ʧʨʘʚʠʣ ʠ ʧʨʠʥʮʠʧʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʱʘʪʴʩʷ ʩ ʠʥʬʦʨʤʘʮʠʝʡ 

ʠ ʟʘʱʠʱʘʪʴ ʩʝʙʷ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʧʨʦʚʝʨʝʥʥʳʭ ʠʣʠ ʚʨʝʜʦʥʦʩʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʥʦʨʤʳ ʠ ʧʨʠʥʮʠʧʳ ʗʜʝʨʥʦʛʦ ʧʨʘʚʘ, ʨʝʛʫʣʠʨʫʷ ʦʪʥʦʰʝʥʠʷ ʚ ʩʬʝʨʝ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʣʠʷʶʪ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘ ʩʘʤʦ ʗʜʝʨʥʦʝ ʧʨʘʚʦ ʈʦʩʩʠʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʘʚʦʚʳʭ ʥʦʨʤ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʫʶ ʩʬʝʨʫ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʟʥʘʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʠʛʠʝʥʳ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʗʜʝʨʥʦʛʦ ʧʨʘʚʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ. 

ʂʨʫʛ ʩʫʙʲʝʢʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʗʜʝʨʥʦʛʦ ʧʨʘʚʘ  ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ ï ʵʪʦ ʧʫʙʣʠʯʥʦ-

ʧʨʘʚʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʷʜʝʨʥʳʝ ʛʦʩʫʜʘʨʩʪʚʘ, ʛʦʩʫʜʘʨʩʪʚʘ, ʧʦʜʧʠʩʘʚʰʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʜʦʛʦʚʦʨʳ), ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʄɸɻɸʊʕ), ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ ʩʦ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʘʚʦʩʫʙʲʝʢʪʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ ʧʦ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʠʠ çʈʦʩʘʪʦʤè). ɺʩʝ ʵʪʠ ʣʠʮʘ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʫʙʲʝʢʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʛʠʛʠʝʥʳ ʚ ʨʝʛʫʣʠʨʫʝʤʳʭ ʗʜʝʨʥʳʤ ʧʨʘʚʦʤ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʷʭ.  

ʆʙʲʝʢʪʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʠʛʠʝʥʳ ʚ ʦʪʥʦʰʝʥʠʷʭ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʤ 

ʗʜʝʨʥʳʤ ʧʨʘʚʦʤ, ʚʳʩʪʫʧʘʶʪ  ʮʠʬʨʦʚʳʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʥʘʢʦʧʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ; ʠʥʬʦʨʤʘʮʠʷ 

(ʣʠʯʥʦʛʦ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʠʥʦʛʦ ʭʘʨʘʢʪʝʨʘ), ʧʦʣʴʟʦʚʘʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ (ʦʪʜʝʣʴʥʳʡ 

ʯʝʣʦʚʝʢ, ʛʨʫʧʧʳ ʣʶʜʝʡ ʠ ʥʘʩʝʣʝʥʠʝ ʚ ʮʝʣʦʤ).  
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ʂ ʧʨʠʥʮʠʧʘʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʗʜʝʨʥʦʛʦ ʧʨʘʚʘ, ʩʚʷʟʘʥʥʳʤ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʠʛʠʝʥʦʡ, 

ʤʳ ʦʪʥʦʩʠʤ  ʩʣʝʜʫʶʱʠʝ: 

1. ʇʨʠʥʮʠʧ ʨʘʟʨʝʰʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʗʜʝʨʥʦʝ ʧʨʘʚʦ ʪʨʝʙʫʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʣʠʮʝʥʟʠʠ, ʜʦʧʫʩʢʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʘ) ʜʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʩʱʝʧʣʷʶʱʠʤʩʷ ʤʘʪʝʨʠʘʣʦʤ ʠ ʨʘʜʠʦʠʟʦʪʦʧʘʤʠ, ʝʩʣʠ ʦʥʘ ʩʦʟʜʘʸʪ ʨʠʩʢ ʫʱʝʨʙʘ 

ʜʣʷ ʣʠʮ ʠʣʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

2. ʇʨʠʥʮʠʧ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ, ʩʦʩʪʦʷʱʠʡ ʚ ʪʦʤ, ʯʪʦ ʦʧʝʨʘʪʦʨ ʠʣʠ ʣʠʮʝʥʟʠʘʪ 
ʦʙʷʟʘʥ ʦʙʝʩʧʝʯʠʚʘʪʴ, ʯʪʦʙʳ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʩʦʭʨʘʥʥʦʩʪʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

3. ʇʨʠʥʮʠʧ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʡ ʪʘʢʦʚʫʶ ʜʣʷ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʠʥʬʦʨʤʘʮʠʝʡ.  

ʂ ʦʩʥʦʚʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʘʢʪʘʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ ʦʪʥʦʰʝʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ 

ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʗʜʝʨʥʦʛʦ ʧʨʘʚʘ ʈʦʩʩʠʠ, ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ  ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ 

ʦʪ 27.07.2006 ˉ149-ʌɿ çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘʱʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠè, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʠʭ ʥʘʨʫʰʝʥʠʝ;  

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 26.07.2017 ˉ 187-ʌɿ çʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʨʷʜʦʢ ʟʘʱʠʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʭʨʘʥʷʝʤʳʭ ʩʚʝʜʝʥʠʡ; ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 13.10.2018 ˉ 585 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʆʩʥʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2025 ʛʦʜʘ ʠ ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫè, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʚʢʣʶʯʘʷ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ 

ʦʧʦʚʝʱʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʧʨʠ ʫʛʨʦʟʘʭ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ;  ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʜʦʛʦʚʦʨʳ ʠ 

ʢʦʥʚʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʯʘʩʪʥʠʮʝʡ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ (ʂʦʥʚʝʥʮʠʷ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ 

ʩʙʨʦʩʘʤʠ ʦʪʭʦʜʦʚ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ɺʝʥʩʢʘʷ ʢʦʥʚʝʥʮʠʷ ʦ ʛʨʘʞʜʘʥʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʟʘ ʷʜʝʨʥʳʡ ʫʱʝʨʙ ʠ ʜʨ.). 
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ʇʨʦʮʝʩʩ (TPM ï Trends & Performance Monitoring ï ʄʦʥʠʪʦʨʠʥʛ ʪʝʥʜʝʥʮʠʡ  

ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ) ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ-ʯʣʝʥʘʤ ɺɸʆ ɸʕʉ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʟʚʣʝʯʝʥʥʳʭ ʫʨʦʢʦʚ: 

- SOER (Significant Operating Experience Report) ï ʆʪʯʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʧʳʪʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʨʝʢʦʤʝʥʜʘʮʠʠ SER (Significant Event Report) ï ʆʪʯʝʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʙʳʪʠʠ. 

- ENR (Early Notification Report) ï ʉʦʦʙʱʝʥʠʝ ï ʨʘʥʝʝ/ʦʧʝʨʘʪʠʚʥʦʝ ʫʚʝʜʦʤʣʝʥʠʝ  

ʦ ʩʦʙʳʪʠʠ ʊʝʤʘʪʠʯʝʩʢʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʯʝʪʳ /ʘʥʘʣʠʟʳ. 

- JIT (Just-In-Time) ï ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʮʝʣʝʚʳʭ ʠʥʩʪʨʫʢʪʘʞʝʡ. 

- ɸʢʪʫʘʣʴʥʳʝ ʪʝʤʳ / Hot Topics. 

- ʂʨʘʪʢʠʝ ʩʦʦʙʱʝʥʠʷ ʦ ʢʣʶʯʝʚʳʭ ʩʦʙʳʪʠʷʭ ʠ ʪʝʥʜʝʥʮʠʷʭ / CEO Updates. 

- ɹʘʟʘ ʜʘʥʥʳʭ ɺɸʆ ɸʕʉ ʧʦ ʦʧʳʪʫ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

- ɹʘʟʘ ʜʘʥʥʳʭ ɺɸʆ ɸʕʉ-ʄʎ ʧʦ ʦʧʳʪʫ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʟʘʢʨʳʪʘʷ ʯʘʩʪʴ ʩʘʡʪʘ  

ɺɸʆ ɸʕʉ-ʄʎ) . 

- ɹʘʟʘ ʜʘʥʥʳʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

- ɻʦʜʦʚʦʡ ʦʪʯʝʪ. 

- ɽʞʝʤʝʩʷʯʥʳʝ ʦʙʟʦʨʳ ʧʦ ʩʦʙʳʪʠʷʤ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʮʝʥʪʨʘʭ ɺɸʆ ɸʕʉ. 

- ɽʞʝʤʝʩʷʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʧʨʦʮʝʩʩʫ ʫʣʫʯʰʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ. 

- ʆʪʯʝʪ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʕʉ. 

- ʆʪʯʝʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʨʘʩʣʝʚʦʛʦ ʘʥʘʣʠʟʘ (ʚʳʷʚʣʝʥʠʝ ʦʪʨʘʩʣʝʚʳʭ ʧʨʦʙʣʝʤ). 

- ʆʪʯʝʪʳ ʧʦ ʘʥʘʣʠʟʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ / ʦʨʛʘʥʠʟʘʮʠʡ ʧʝʨʝʜ ʤʝʨʦʧʨʠʷʪʠʷʤʠ  

ɺɸʆ ɸʕʉ.   

ʅʘʯʠʥʘʷ ʩ 1998 ʛʦʜʘ ɺɸʆ ɸʕʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʦʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ-ʯʣʝʥʘʤ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʧʦ ʠʟʚʣʝʯʝʥʥʳʤ ʫʨʦʢʘʤ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʦʙʳʪʠʡ  

ʚ ʦʪʨʘʩʣʠ. 

ʉʦʦʙʱʝʥʠʷ ɺɸʆ ɸʕʉ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʧʳʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ (SOER) ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ɸʕʉ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤ ʨʝʢʦʤʝʥʜʘʮʠʡ ɺɸʆ ɸʕʉ ʦ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤʥʳʭ ʦʙʣʘʩʪʷʭ  

ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ɸʕʉ. 

ʉʦʦʙʱʝʥʠʷ SOER ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʘʞʥʳʝ ʧʨʦʙʣʝʤʳ, ʪʨʝʙʫʶʱʠʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʦʨʛʘʥʠʟʘʮʠʡ - ʯʣʝʥʦʚ ɺɸʆ ɸʕʉ. 

https://e.mail.ru/compose/?mailto=mailto%3Alesin%40wanomc.ru
mailto:lesin@wanomc.ru
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ɺ ʦʪʯʝʪʘʭ SOER ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʝʜʤʝʪ 

ʦʙʩʫʞʜʘʝʤʦʡ ʚ ʦʪʯʝʪʝ ʧʨʦʙʣʝʤʳ. ʉʦʜʝʨʞʘʥʠʝ SOER ʚʢʣʶʯʘʝʪ ʥʘʟʚʘʥʠʷ ʩʪʘʥʮʠʡ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʦʰʣʠ ʩʦʙʳʪʠʷ, ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʩʦʙʳʪʠʡ, ʧʨʠʯʠʥʳ, ʧʦʩʣʝʜʩʪʚʠʷ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ 

ʤʝʨʳ. 

ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʨʠʚʦʜʷʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʩʦʙʳʪʠʷ/ʧʨʦʙʣʝʤʳ ʚ ʦʪʨʘʩʣʠ. 

ʏʣʝʥʳ ɺɸʆ ɸʕʉ ʩʦʙʠʨʘʶʪ, ʘʥʘʣʠʟʠʨʫʶʪ ʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʦʧʳʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʧʨʦʚʦʜʷʪ ʦʮʝʥʢʫ ʠ ʚʳʧʦʣʥʷʶʪ ʚʩʝ ʜʝʡʩʪʚʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʯʝʪʦʚ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʧʳʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺɸʆ ɸʕʉ (SOER).  

ʈʘʙʦʪʥʠʢʘʤ ʦʨʛʘʥʠʟʘʮʠʡ-ʯʣʝʥʦʚ ɺɸʆ ɸʕʉ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, 

ʨʘʟʤʝʱʝʥʥʦʡ ʥʘ ʩʘʡʪʝ ɺɸʆ ɸʕʉ (https://members.wano.org/), ʦʙʝʩʧʝʯʠʚ ʪʝʤ ʩʘʤʳʤ 

ʩʪʘʥʮʠʦʥʥʳʡ ʧʝʨʩʦʥʘʣ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʙʱʝʥʠʷ ʧʦ ʦʧʳʪʫ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ɺɸʆ ɸʕʉ (ʪ.ʝ. ʦʪʯʸʪʳ SOER ʠ SER, ʩʦʦʙʱʝʥʠʷ ʧʦ ʦʧʳʪʫ ʧʨʦʚʝʜʝʥʠʷ ʮʝʣʝʚʳʭ 

ʠʥʩʪʨʫʢʪʘʞʝʡ, ʘʢʪʫʘʣʴʥʳʝ ʪʝʤʳ).  

ʌʫʥʢʮʠʠ ʩʪʘʥʮʠʦʥʥʦʡ ʛʨʫʧʧʳ (ʥʘ ɸʕʉ) ʧʦ ʘʥʘʣʠʟʫ ʨʝʢʦʤʝʥʜʘʮʠʠ SOER: 

- ɸʥʘʣʠʟ  ʠ ʦʮʝʥʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ SOER ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ 
ʩʪʘʥʮʠʠ (ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ, ʧʦʣʠʪʠʢʠ ʩʪʘʥʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ 

ʚ ʨʘʙʦʪʝ) ʠ ʧʨʠʤʝʥʠʤʦʩʪʠ SOER ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ  

ʠ ʥʘʜʸʞʥʦʩʪʠ. 

- ɺʳʷʚʣʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʩʪʘʥʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʤʝʪʦʜʘʭ ʨʘʙʦʪʳ. 

- ʈʘʟʨʘʙʦʪʢʘ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨ ʠ ʧʣʘʥʘ ʠʭ ʚʥʝʜʨʝʥʠʷ. 

- ʂʦʥʪʨʦʣʴ ʚʥʝʜʨʝʥʠʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨ. 

- ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨ. 

ʂʘʞʜʳʡ ʠʟ 19 SOER ʩʦʜʝʨʞʠʪ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʢʘʩʘʝʪʩʷ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʘʢʪʠʢʘ ʧʨʦʚʝʨʢʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ, ʢʦʛʜʘ ʩʪʘʥʮʠʷ ʥʘʟʥʘʯʘʝʪ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ SOER) 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ (ɺʣʘʜʝʣʴʮʘ) ʧʦ ʢʘʞʜʦʤʫ SOER. 

ɺʣʘʜʝʣʝʮ SOER ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʫʥʢʮʠʶ ʧʦ ʘʥʘʣʠʟʫ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʝʡʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʨʢʠ ɺɸʆ ɸʕʉ ʵʢʩʧʝʨʪ ʨʘʙʦʪʘʝʪ ʩ ɺʣʘʜʝʣʴʮʝʤ. ʅʝ ʠʩʢʣʶʯʘʝʪʩʷ, ʯʪʦ 

ɺʣʘʜʝʣʝʮ ʤʦʞʝʪ ʚʟʷʪʴ ʧʦʤʦʱʥʠʢʦʚ-ʩʧʝʮʠʘʣʠʩʪʦʚ. ʉʤʳʩʣ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʨʢʠ ʥʝ 

ʠʩʢʘʪʴ ʣʶʜʝʡ ʥʘ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʘʪʴ ʠʩʯʝʨʧʳʚʘʶʱʠʝ ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ. 

ʇʨʦʮʝʩʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ SOER. 

ʈʘʟʨʘʙʦʪʢʘ SOER ʚʝʜʝʪʩʷ ʨʘʙʦʯʝʡ ʛʨʫʧʧʦʡ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʚʩʝʭ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʮʝʥʪʨʦʚ ɺɸʆ ɸʕʉ, ʚʦʟʛʣʘʚʣʷʝʤʦʡ ʧʝʨʩʦʥʘʣʦʤ ʃʦʥʜʦʥʩʢʦʛʦ ʆʬʠʩʘ.  

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ  ʧʨʦʮʝʜʫʨʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʫʪʚʝʨʞʜʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʨʦʢʠ 

ʥʘʯʘʣʘ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ʆʨʛʘʥʠʟʘʮʠʷʤ-ʯʣʝʥʘʤ ɺɸʆ ɸʕʉ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʱʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ SOER  

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʦʠʭ ʩʪʘʥʮʠʦʥʥʳʭ ʠʥʩʪʨʫʢʮʠʡ, ʧʨʦʚʦʜʠʤʦʡ ʧʦʣʠʪʠʢʠ ʠ ʧʨʘʢʪʠʢʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʢʘʢ ʜʘʥʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ ʠʭ ʩʪʘʥʮʠʷʭ  

ʚ ʮʝʣʷʭ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ (ʩʘʤʦʦʮʝʥʢʘ). 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ SOER, ɸʕʉ ʚʥʫʪʨʝʥʥʠʤʠ ʨʘʩʧʦʨʷʜʠʪʝʣʴʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʨʷʜʢʘ ʧʨʦʭʦʞʜʝʥʠʷ 

ʜʦʢʫʤʝʥʪʦʚ,  ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʙʷʟʘʥʥʦʩʪʝʡ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʧʦ ʘʥʘʣʠʟʫ  

ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʨʘʟʨʘʙʦʪʢʝ ʘʜʝʢʚʘʪʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨ, ʩʨʦʢʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʢʦʥʪʨʦʣʷ ʠʭ ʚʥʝʜʨʝʥʠʷ.  

ʇʨʦʚʝʨʢʘ ʚʥʝʜʨʝʥʠʷ  ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʯʝʪʦʚ SOER ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ:   

- ɺʦ ʚʨʝʤʷ ʧʨʝʜʧʫʩʢʦʚʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʇʘʨʪʥʝʨʩʢʠʭ ʇʨʦʚʝʨʦʢ (ʇʇ) ʠ ʚ 
ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʘ çʋʣʫʯʰʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛè (ʋʄ).  

- ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʧʨʦʚʝʨʢʠ ï ʥʝ ʙʦʣʝʝ 2-ʭ ʣʝʪ. 

- ʂʨʠʪʝʨʠʡ ʛʦʪʦʚʥʦʩʪʠ ʧʨʦʚʝʨʢʠ SOER ï ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ ɸʕʉ ʩʘʤʦʦʮʝʥʢʘ  

ʦ ʚʥʝʜʨʝʥʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. 
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- ʇʨʦʚʝʨʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ SOER ʧʨʦʚʦʜʠʪʩʷ ʵʢʩʧʝʨʪʦʤ/-ʘʤʠ ɺɸʆ ɸʕʉ-ʄʎ (ʚ ʪʦʤ 

ʯʠʩʣʝ, ʠ ʠʟ ʦʪʨʘʩʣʠ). 

ʂʦʦʨʜʠʥʘʮʠʷ ʚʩʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʚʝʨʢʠ ʚʥʝʜʨʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ 

SOER ʥʘ ɸʕʉ ʚ ʄʦʩʢʦʚʩʢʦʤ ʮʝʥʪʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʪʜʝʣ ɸʈʆ ʩʝʢʨʝʪʘʨʠʘʪʘ ɺɸʆ ɸʕʉ-ʄʎ. 
 

 
ʋɼʂ 621.039.74 

 

ɻʋʄɸʅʀʊɸʈʅɸʗ ʉʆʉʊɸɺʃʗʖʑɸʗ ʆʉʅʆɺ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʇʈɽɼʇʈʀʗʊʀʁ ɸʊʆʄʅʆʁ ʆʊʈɸʉʃʀ  
 

ɸ.ʅ. ʅʝʜʦʨʫʙʦʚ
 

ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ï ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè, 

ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ
  

batrakan@rambler.ru 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʨʩʘ çʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠè. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʩʧʠʪʘʥʠʷ ʫ 

ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʟʥʘʥʠʷ ʧʦ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠʩʪʦʨʠʠ, ʚʝʣʠʯʘʡʰʠʭ ʠʥʞʝʥʝʨʘʭ ʠ ʨʫʢʦʚʦʜʠʪʝʣʷʭ ʘʪʦʤʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʴ, ʠʩʪʦʨʠʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ, ʠʩʪʦʨʠʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ, ʠʩʪʦʨʠʯʝʩʢʠʝ 

ʵʢʩʢʫʨʩʠʠ, ʦʥʣʘʡʥ-ʪʝʩʪʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʠʩʪʦʨʠʯʝʩʢʦʤ ʧʨʦʩʚʝʱʝʥʠʠ. 
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ɹʝʟʦʧʘʩʥʦʩʪʴ ʩʪʨʘʥʳ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝʤ ʚʦʝʥʥʳʭ ʩʠʣ, ʨʘʟʚʠʪʠʝʤ  

ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʵʢʦʥʦʤʠʢʠ, ʩʫʚʝʨʝʥʥʳʤ ʢʫʨʩʦʤ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʧʦʣʠʪʠʢʠ, ʥʦ  

ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ, ʧʘʪʨʠʦʪʠʯʥʳʤ ʤʳʰʣʝʥʠʝʤ ʝʸ ʛʨʘʞʜʘʥ. ʕʪʦ ʤʳʰʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʧʘʪʨʠʦʪʠʯʥʳʤ, ʩ ʛʦʨʜʦʩʪʴʶ ʦ ʩʚʦʝʡ ʨʦʜʠʥʝ ʠ ʩ ʚʝʨʦʶ ʚ ʩʚʦʸ ʛʦʩʫʜʘʨʩʪʚʦ. ɺ 1990-ʝ ʛʛ. 

ʧʨʦʠʟʦʰʣʦ ʨʘʟʨʫʰʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʥʘʰʠʭ ʛʨʘʞʜʘʥ, ʩʘʤʦ ʧʦʥʷʪʠʝ 

çʛʦʩʫʜʘʨʩʪʚʦè ʚʜʨʫʛ ʧʨʠʦʙʨʝʣʦ ʨʫʛʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʫʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʦ ʠ ʩʘʤʦ 

ʧʨʠʥʷʣʦ ʙʦʣʴʰʦʝ ʫʯʘʩʪʠʝ ʚ ʩʚʦʸʤ ʠʩʪʦʱʝʥʠʠ ʚ ʩʦʟʥʘʥʠʠ ʨʦʩʩʠʷʥ. ʆʥʦ ʩʘʤʦʫʩʪʨʘʥʠʣʦʩʴ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʩʦʮʠʘʣʴʥʳʭ ʩʬʝʨ ï ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʘ, ʢʫʣʴʪʫʨʘ. ʀ ʚʦʪ ʵʪʠ 

ʩʬʝʨʳ ʩʪʘʣʘ ʥʘʧʦʣʥʷʪʴ ʢʦʤʤʝʨʮʠʷ, ʮʝʣʴʶ ʟʜʝʩʴ ʩʜʝʣʘʣʦʩʴ ʟʘʨʘʙʘʪʳʚʘʥʠʝ ʜʝʥʝʛ, ʘ ʥʝ ʟʘʱʠʪʘ 

ʥʘʨʦʜʘ. ɿʘ ʵʪʠ ʛʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʠ ʨʘʟʤʳʚʘʥʠʝ ʠʜʝʡ ʧʘʪʨʠʦʪʠʯʥʦʩʪʠ ʠ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʛʦʨʜʦʩʪʠ. ɼʣʷ ʤʦʣʦʜʳʭ ʣʶʜʝʡ ʚʩʝ ʵʪʠ ʚʝʱʠ ʫʭʦʜʷʪ ʚ ʩʪʦʨʦʥʫ. ɺʳʨʦʩʣʦ ʮʝʣʦʝ ʧʦʢʦʣʝʥʠʝ 

ʣʶʜʝʡ çʥʝ ʟʥʘʶʱʠʭ ʨʦʜʩʪʚʘè, ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ, ʢʘʢʠʭ ʚʳʩʦʪ ʜʦʩʪʠʛʣʘ ʠʭ ʨʦʜʠʥʘ. ʀ ʚʦʪ 

ʚʳʧʫʩʢʥʠʢʠ ʚʫʟʦʚ 1990ʭ - ʥʘʯʘʣʘ 2000-ʭ ʩʪʘʣʠ ʧʨʠʭʦʜʠʪʴ ʥʘ ʨʘʙʦʯʠʝ ʤʝʩʪʘ. ʂʦʥʝʯʥʦ,  

ʛʣʘʚʥʘʷ ʮʝʣʴ ʫ ʥʠʭ ʦʩʪʘʚʘʣʘʩʴ ʟʘʨʘʙʦʪʦʢ ʠ ʯʝʤ ʚʳʰʝ ʦʥ, ʪʝʤ ʧʨʝʩʪʠʞʥʝʝ ʩʯʠʪʘʣʘʩʴ ʨʘʙʦʪʘ. 

ʅʦ ʚ 2000- ʧʨʠʭʦʜʠʪ ʦʩʦʟʥʘʥʠʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʤʝʥʷʪʴ ʩʦʜʝʨʞʘʥʠʝ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʜʘʚʘʪʴ ʠʤ ʥʝ ʪʦʣʴʢʦ ʩʫʛʫʙʦ ʫʟʢʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʥʦ ʚʘʞʥʳʝ, 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʠʯʝʩʢʠʝ ʠʜʝʠ. ʀʤʝʥʥʦ ʠʜʝʠ. ʇʨʠʤʝʥʠʪʴ ʩʪʘʥʜʘʨʪʥʳʡ 
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ʪʝʨʤʠʥ çʢʦʤʧʝʪʝʥʮʠʠè ʢ ʠʜʝʦʣʦʛʠʠ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʥʝ ʚʝʨʥʦ. ʂʦʤʧʝʪʝʥʮʠʠ ʵʪʦ ʢʦʤʧʣʝʢʩ 

ʥʘʚʳʢʦʚ ʠ ʟʥʘʥʠʡ. ɸ ʠʜʝʠ ʦʥʠ ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʚ ʧʦʜʩʦʟʥʘʥʠʠ ʠ ʚʳʭʦʜʷʪ ʥʘʨʫʞʫ ʚ ʚʘʞʥʳʝ 

ʤʦʤʝʥʪʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʀʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʵʢʟʠʩʪʝʥʮʠʘʣʴʥʳʤʠ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʵʪʠ ʠʜʝʠ 

ʧʨʠʦʙʨʝʪʘʶʪ ʚ ʪʝʭ ʦʪʨʘʩʣʷʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʣʷ 

ʣʶʙʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʪʘʢʠʭ ʢʘʢ, ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʦʨʦʥʘ, ʨʘʟʚʝʜʢʘ, ʦʙʦʨʦʥʥʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʥʘʫʢʘ. ʉʨʝʜʠ ʵʪʠʭ ʩʬʝʨ ʠ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʬʠʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴʥʳʤ 

ʟʘʢʦʥʦʤ ʦʪ 29 ʜʝʢʘʙʨʷ 2012 ʛ. ʌɿ- 273 çʆʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠè, ʫʜʝʣʷʝʪʩʷ 

ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʥʘʚʳʢʘʤ, ʥʦ ʠ ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʠ ʙʫʜʫʱʠʭ 

ʠʥʞʝʥʝʨʦʚ, ʤʝʜʠʢʦʚ, ʪʝʭʥʦʣʦʛʦʚ [1]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʩʪʦʨʠʷ. 

ʀʤʝʥʥʦ ʠʩʪʦʨʠʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ, ʬʦʨʤʠʨʫʝʤʦʝ ʫ ʦʙʫʯʘʶʱʠʭʩʷ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ. ɻʨʘʞʜʘʥʠʥ ʥʘʰʝʡ 

ʩʪʨʘʥʳ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʩʤʳʩʣʠʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʩʦʙʳʪʠʷ ʠ ʷʚʣʝʥʠʷ ʚ ʈʦʩʩʠʠ 

ʠ ʚ ʤʠʨʝ ʚ ʠʭ ʜʠʥʘʤʠʢʝ ʠ ʚʟʘʠʤʦʩʚʷʟʠ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʧʨʠʥʮʠʧʦʤ ʠʩʪʦʨʠʟʤʘ, 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʦ ʦʪʩʪʘʠʚʘʪʴ ʧʘʪʨʠʦʪʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʧʦ ʧʨʦʙʣʝʤʘʤ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠʩʪʦʨʠʠ. 

ɼʣʷ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ  

ʠ ʘʨʛʫʤʝʥʪʘʮʠʷ ʚ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ[2]. ʇʨʠ ʵʪʦʤ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʥʦ ʯʪʦ ʛʦʨʘʟʜʦ ʚʘʞʥʝʝ ï ʚ ʩʬʝʨʝ ʪʝʭ ʜʦʩʪʠʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʥʫʪʳ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʴʶ ʚ ʮʝʣʦʤ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʛʦʩʢʦʨʧʦʨʘʮʠʷ çʈʦʩʘʪʦʤè ʠʟʤʝʥʠʣʘ ʧʦʜʭʦʜ ʢ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʝ ʚ 

ʩʚʦʝʡ ʦʪʨʘʩʣʠ. ʊʝʧʝʨʴ, ʥʘʨʷʜʫ ʩ ʫʛʣʫʙʣʝʥʠʝʤ ʩʫʛʫʙʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʠ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʥʠʢʘʭ ʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʪʦʛʦ, 

ʯʪʦ ʙʳ ʨʘʙʦʪʥʠʢ ʥʝ ʪʦʣʴʢʦ ʦʩʫʱʝʩʪʚʣʷʣ ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʤʦʛ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʮʝʣʠ 

ʩʚʦʝʡ ʢʦʤʧʘʥʠʠ, ʤʦʛ ʚʠʜʝʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʝʸ ʨʘʟʚʠʪʠʷ. ɸ ʵʪʦ ʥʝ ʚʦʟʤʦʞʥʦ ʙʝʟ ʚʘʞʥʦʡ 

ʛʨʘʞʜʘʥʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʙʝʟ ʧʦʥʠʤʘʥʠʷ, ʯʪʦ ʘʪʦʤʥʘʷ ʦʪʨʘʩʣʴ ʵʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʩʝʡ ʵʢʦʥʦʤʠʢʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ. ʉʘʤ ʛʣʘʚʘ çʈʦʩʘʪʦʤʘè ɸ. ʃʠʭʘʯʝʚ, 

ʚʳʩʪʫʧʘʷ ʥʘ ʬʦʨʫʤʝ ʦʙʱʝʩʪʚʘ çɿʥʘʥʠʝè 24 ʷʥʚʘʨʷ 2025 ʛ. ʆʥ ʦʪʤʝʪʠʣ, ʯʪʦ ʪʘʢʠʝ ʫʯʝʥʳʝ ʢʘʢ, 

ʉʘʭʘʨʦʚ, ʍʘʨʠʪʦʥ, ʂʫʨʯʘʪʦʚ ʩʧʘʩʣʠ ʤʠʨ ʠ ʩʦʟʜʘʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʝʣʠʢʫʶ ʘʪʦʤʥʫʶ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʘʰʝʡ ʩʪʨʘʥʳ. ʉʫʚʝʨʝʥʠʪʝʪ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠ ʝʝ ʙʦʝʩʧʦʩʦʙʥʦʩʪʴ ʙʳʣʠ 

ʟʘʣʦʞʝʥʳ ʠʤʝʥ ʠʤʠ[3].  

ɺ ɺʦʣʛʦʜʦʥʩʢʦʤ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʝ ʅʀʗʋ ʄʀʌʀ ʫʞʝ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʚʦʩʧʠʪʘʥʠʶ ʧʘʪʨʠʦʪʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʫ ʙʫʜʫʱʠʭ 

ʠʥʞʝʥʝʨʦʚ ʠ ʨʘʙʦʪʥʠʢʦʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. ʇʨʦʚʦʜʷʪʩʷ ʥʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ, ʩʦʟʜʘʶʪʩʷ 

ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ, ʠʟʫʯʘʝʪʩʷ ʚʢʣʘʜ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʳʩʣʠʪʝʣʝʡ  

ʚ ʥʘʮʠʦʥʘʣʴʥʫʶ ʩʦʢʨʦʚʠʱʥʠʮʫ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ. çʃʶʜʠ, ʧʨʝʜʘʥʥʳʝ ʩʚʦʝʤʫ ʜʝʣʫ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʧʨʦʨʳʚʥʳʝ ʧʨʦʝʢʪʳ, ʩʦʩʪʘʚʣʷʶʪ ʛʣʘʚʥʦʝ ʙʦʛʘʪʩʪʚʦ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠè. 

ʀʤʝʥʥʦ ʦʙ ʵʪʦʤ ʟʘʷʚʠʣ ʧʨʝʜʩʝʜʘʪʝʣʴ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʩʦʚʝʪʘ ʛʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè 

ʉʝʨʛʝʡ ʂʠʨʠʝʥʢʦ[4]. 

14 ʠʶʣʷ 2022 ʛ. ʚ ʅʀʗʋ ʄʀʌʀ ʚ ʩʚʷʟʠ ʩ ʧʨʠʙʣʠʞʘʶʱʠʤʩʷ 80-ʣʝʪʠʝʤ ʚʫʟʘ ʙʳʣ ʠʟʜʘʥ 

ʧʨʠʢʘʟ ˉ195/4 çʆ ʧʨʦʚʝʜʝʥʠʠ ʦʥʣʘʡʥ ʟʘʥʷʪʠʡ ʧʦ ʢʫʨʩʫ çʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ʘʪʦʤʥʦʡ 

ʦʪʨʘʩʣʠè. ʀʟʥʘʯʘʣʴʥʦ ʢʫʨʩ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʣʠʰʴ ʥʘ ʫʩʚʦʝʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʥʝʢʦʪʦʨʳʭ ʟʥʘʥʠʡ 

ʠʟ ʠʩʪʦʨʠʠ ʵʪʦʡ ʦʪʨʘʩʣʠ ʠ ʠʤʝʣ çʶʙʠʣʝʡʥʦʝè ʟʥʘʯʝʥʠʝ. ʅʦ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʩ ʝʛʦ ʚʥʝʜʨʝʥʠʝʤ 

ʦʥ ʩʪʘʣ ʤʝʥʷʪʴ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʠʜʝʶ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ.  

ɺ ʢʫʨʩ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʦʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. ʊʘʢʠʝ ʢʘʢ: 

1. ɸʪʦʤʥʘʷ ʦʪʨʘʩʣʴ ʈʦʩʩʠʠ ï ʣʦʢʦʤʦʪʠʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʘʣʴʥʦʛʦ 

ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ. 

2. ʀ.ɺ. ʂʫʨʯʘʪʦʚ ʩʦʟʜʘʪʝʣʴ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. 

3. ʋʨʘʥ ʠ ʧʣʫʪʦʥʠʡ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʘʷ ʦʩʥʦʚʘ ʨʝʰʝʥʠʷ ʘʪʦʤʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʥʘʰʝʡ 
ʩʪʨʘʥʝ. 

4. ʈʝʘʢʪʦʨʦʩʪʨʦʝʥʠʝ ʦʩʥʦʚʘ ʢʘʢ ʛʨʘʞʜʘʥʩʢʦʛʦ, ʪʘʢ ʠ ʦʙʦʨʦʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʪʦʤʥʦʡ 
ʵʥʝʨʛʠʠ. 
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5. ʗʜʝʨʥʳʡ ʱʠʪ ʦʪʝʯʝʩʪʚʘ ï ʦʩʥʦʚʘ ʤʠʨʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 

ʜʝʩʷʪʠʣʝʪʠʡ. 

6. ʊʝʨʤʦʷʜʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ï ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʨʠʦʨʠʪʝʪ. 

7. ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ï ʤʘʩʰʪʘʙʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʨʥʦʡ ʵʥʝʨʛʠʠ. 

8. ʇʦʜʚʦʜʥʳʝ ʷʜʝʨʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

9. ʅʘʜʚʦʜʥʳʝ ʷʜʝʨʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ. 

10. ʂʦʩʤʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ. 

11. ʉʦʮʠʘʣʴʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʠʨʥʦʡ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ. 

ʉ ʵʪʦ ʮʝʣʴʶ ʅʀʗʋ ʄʀʌʀ ʙʳʣ ʩʥʷʪ ʚʠʜʝʦʢʫʨʩ ʣʝʢʮʠʡ, ʢʦʪʦʨʳʡ ʚʝʣ ʧʨʦʬ., ʜ.ʪ.ʥ., 

ʜʝʢʘʥ ʌɹʀʋʂʉ ɸʣʝʢʩʘʥʜʨ ɺʘʣʝʥʪʠʥʦʚʠʯ ʇʫʪʠʣʦʚ. ɺ ʬʠʣʠʘʣʘʭ ʚʫʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ɺʀʊʀ 

ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʧʨʦʩʤʦʪʨ ʣʝʢʮʠʡ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʥʷʪʠʷ, ʨʘʟʲʷʩʥʷʶʱʠʝ ʚʘʞʥʳʝ 

ʤʦʤʝʥʪʳ ʢʫʨʩʘ. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʢʣʶʯʠʪʴ ʢʫʨʩ çʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ʘʪʦʤʥʦʡ 

ʦʪʨʘʩʣʠè ʚ ʦʙʱʠʡ ʢʫʨʩ çʀʩʪʦʨʠʷ ʈʦʩʩʠʠè. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʠʩʭʦʜʷ ʠʟ 

ʧʨʝʜʣʦʞʝʥʠʡ çʂʦʥʮʝʧʮʠʠ ʧʨʝʧʦʜʘʚʘʥʠʷ  ʠʩʪʦʨʠʠ  ʈʦʩʩʠʠ ʜʣʷ ʥʝʠʩʪʦʨʠʯʝʩʢʠʭ  

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʦʪ 06.08.2024 ˉ  ɺʌ/35-ʧʨ. ɺ ʥʝʡ ʩʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʫʨʩʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʵʢʩʢʫʨʩʠʠ, ʧʨʠʛʣʘʰʝʥʠʝ ʫʯʝʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʣʘʡʥ-ʫʨʦʢʦʚ, ʠʩʪʦʨʠʯʝʩʢʠʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʠʛʨʳ ʠ ʪ.ʜ. 

ʉʪʫʜʝʥʪʳ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ ʧʦʥʘʯʘʣʫ ʩ ʦʧʘʩʢʦʡ ʚʢʣʶʯʠʣʠʩʴ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʥʦ 

ʟʘʪʝʤ ʠʭ ʠʥʪʝʨʝʩ ʪʦʣʴʢʦ ʨʦʩ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʙʠʙʣʠʦʪʝʢʠ, ʨʘʩʩʢʘʟʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʩʦʟʜʘʥʠʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʚʦ ʚʨʝʤʷ 

ʚʩʪʨʝʯ, ʵʢʩʢʫʨʩʠʠ ʥʘ ʦʙʲʝʢʪʳ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʟʘʚʦʜʘ çɸʪʦʤʤʘʰè, ʧʦʩʝʱʝʥʠʝ ʤʫʟʝʷ 

ʈʦʩʪʦʚʩʢʦʡ ɸʕʉ, ʵʢʩʢʫʨʩʠʠ ʥʘ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʘʪʦʤʥʦʡ ʠʥʜʫʩʪʨʠʠ. ʊʘʢ ʚ 2023 ʛ. ʩʪʫʜʝʥʪʳ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɸʕʉè ʦʩʫʱʝʩʪʚʠʣʠ ʧʦʝʟʜʢʫ ʚ ʛ. ʉʘʨʦʚ, ʛʜʝ ʧʦʩʝʪʠʣʠ ʈʦʩʩʠʡʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ï ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ. ʉʤʦʛʣʠ ʧʦʦʙʱʘʪʴʩʷ ʩ ʧʦʪʦʤʢʘʤʠ ʩʦʟʜʘʪʝʣʝʡ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ. ɺ 2024 ʛ. ʧʦʩʝʱʝʥʠʝ ʚʳʩʪʘʚʦʯʥʦʛʦ ʧʘʚʠʣʴʦʥʘ çɸʪʦʤè ʥʘ ɺɼʅʍ ʚ  

ʛ. ʄʦʩʢʚʝ. ɺ 2025 ʛ. ʵʢʩʢʫʨʩʠʷ ʚ ʛ. ʉʝʚʝʨʦʜʚʠʥʩʢ ʠ ʧʦʩʝʱʝʥʠʝ ʤʫʟʝʷ ʨʦʩʩʠʡʩʢʦʛʦ ʘʪʦʤʥʦʛʦ 

ʧʦʜʚʦʜʥʦʛʦ ʩʫʜʦʩʪʨʦʝʥʠʷ[5]. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʢʫʨʩʘ çʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠè ʩʪʫʜʝʥʪʳ 

ʧʨʦʭʦʜʠʣʠ ʦʥʣʘʡʥ-ʪʝʩʪʠʨʦʚʘʥʠʝ. ɻʨʘʤʦʪʥʦʝ ʦʩʚʦʝʥʠʝ ʢʫʨʩʘ, ʩ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʚʦʝʥʠʷ.  

ʇʦ ʠʪʦʛʘʤ ʦʥʣʘʡʥ-ʪʝʩʪʦʚ ʚ 2022 ʛ. 65 ʩʪʫʜʝʥʪʦʚ ʧʦʣʫʯʠʣʠ ʩʝʨʪʠʬʠʢʘʪʳ I-III ʩʪʝʧʝʥʠ,  

ʚ 2023 ʛ. ï 86, ʚ 2024 ʛ . ï 84. ʊʦ ʝʩʪʴ ʦʢʦʣʦ 60-70% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʝʨʚʦʢʫʨʩʥʠʢʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʚʝʯʘʷ ʥʘ ʦʜʥʫ ʠʟ ʟʘʜʘʯ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʝʟʠʜʝʥʪʦʤ ʈʌ 

ʇʫʪʠʥʳʤ ɺ.ɺ. ʚ çʆʩʥʦʚʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ 

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷè ʦʪ 8 ʤʘʷ 2024 ʛ. ˉ 314, ʚʢʣʶʯʝʥʠʝ ʢʫʨʩʘ çʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʠʩʪʦʨʠʷ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠè ʚ ʫʯʝʙʥʫʶ ʧʨʦʛʨʘʤʤʫ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ, 

ʦʩʫʱʝʩʪʚʣʷʝʪ çʧʦʧʫʣʷʨʠʟʘʮʠʶ ʜʦʩʪʠʞʝʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʠ ʠ ʢʫʣʴʪʫʨʳè, çʩʦʭʨʘʥʝʥʠʝ 

ʧʘʤʷʪʠ ʦ ʚʳʜʘʶʱʠʭʩʷ ʣʠʯʥʦʩʪʷʭ ʚ ʨʦʩʩʠʡʩʢʦʡ ʠʩʪʦʨʠʠ, ʚʥʝʩʰʠʭ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ  

ʠ ʧʨʦʮʚʝʪʘʥʠʝ ʈʦʩʩʠʠè. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʛʦʨʦʜʘ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʧʨʦʤʳʰʣʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʘʪʦʤʘ. ʂ ʵʪʦʤʫ ʩʧʠʩʢʫ 

ʦʪʥʝʩʝʥʳ ʛʦʨʦʜʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʟʘʢʨʳʪʳʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʫʢʦʛʨʘʜʳ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʮʝʥʪʨʳ ʘʪʦʤʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ.  

ɺ ʛʦʨʦʜʘʭ ʧʨʠʩʫʪʩʪʚʠʷ ɻʦʩʢʦʨʧʦʨʘʮʠʠ ʈʦʩʘʪʦʤʘ (ʘʪʦʤʛʨʘʜʘʭ) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʞʠʚʘʝʪ ʙʦʣʝʝ  

2,3 ʤʣʥ ʯʝʣʦʚʝʢ. ʈʘʟʚʠʪʠʝ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ ï ʦʜʥʘ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʛʦʩʫʜʘʨʩʪʚʘ. 
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Annotation. The cities where enterprises related to the production and industrial use of atomic energy are 

concentrated were chosen as the object of research. This list includes cities where nuclear power plants are located, 

closed administrative territorial formations of the nuclear industry, science cities and industrial centers of nuclear 

engineering. Today, more than 2.3 million people live in the cities where the Rosatom State Corporation operates 

(Atomgrad). The development of these territories is one of the priorities of the State. 
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ɺ ʮʝʣʷʭ ʜʦʩʪʠʞʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʦʨʦʥʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥʳ ʩʦʚʝʪʦʚ (ʉʦʚʝʪʩʢʦʛʦ 

ʉʦʶʟʘ) ʩʨʝʜʠ ʧʨʦʯʠʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʦʙʨʘʟʮʳ ʚʦʜʦʨʦʜʥʦʛʦ ʠ ʘʪʦʤʥʦʛʦ ʦʨʫʞʠʷ. ʕʪʦ ʚʨʝʤʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠʩʪʦʨʠʠ ʧʨʠʥʷʪʦ 

ʥʘʟʳʚʘʪʴ çʘʪʦʤʥʳʤ ʧʨʦʝʢʪʦʤè. ɼʘʪʠʨʫʶʪ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 1945-1953 ʛʛ. ʀʤʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ 

ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ (ʥʦ ʥʝ ʚʩʝʛʜʘ ʥʘ ʢʘʨʪʝ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʚ ʦʪʥʦʰʝʥʠʠ ɿɸʊʆ) ʘʪʦʤʥʳʝ ʛʦʨʦʜʘ, 

https://russia.ru/news/glava-goskorporacii-rosatom-aleksei-lixacev-vystupil-na-forume-znaniegosudarstvo
https://russia.ru/news/glava-goskorporacii-rosatom-aleksei-lixacev-vystupil-na-forume-znaniegosudarstvo
https://ria.ru/20250821/kirienko-2036659920.html
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ʠʣʠ ʘʪʦʤʛʨʘʜʳ, ʪʦ ʝʩʪʴ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʟʚʘʥʥʳʝ ʚʳʩʪʫʧʠʪʴ ʤʝʩʪʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʪʦʡ 

ʢʨʠʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʥʝʦʙʭʦʜʠʤʘ ʠ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʚʳʰʝ 

ʫʧʦʤʷʥʫʪʦʛʦ ʘʪʦʤʥʦʛʦ ʧʨʦʝʢʪʘ ʉʉʉʈ. 

ʈʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʠʩʪʦʨʠʠ ʩʦʚʝʪʩʢʦʛʦ ʘʪʦʤʥʦʛʦ ʧʨʦʝʢʪʘ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʠ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʢʦʛʜʘ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʣʠ ʩʥʠʤʘʪʴ çʛʨʠʬ 

ʩʝʢʨʝʪʥʦʩʪʠè ʠ ʩ ʘʨʭʠʚʦʚ, ʠ ʩ ʩʘʤʠʭ ʟʘʢʨʳʪʳʭ ʛʦʨʦʜʦʚ [1]. 

ʄʥʦʛʠʝ ʧʨʠʚʳʢʣʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʈʦʩʩʠʶ ʩ ʧʦʟʠʮʠʠ ʜʚʫʭ ʢʨʘʡʥʦʩʪʝʡ: ʣʠʙʦ 

çʩʪʦʣʠʮʳè (ʄʦʩʢʚʘ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʛʜʝ çʩʦʩʨʝʜʦʪʦʯʝʥʘ ʩʘʤʘ ʞʠʟʥʴè ʠ ʩʦʟʜʘʶʪʩʷ 

ʚʩʝʚʦʟʤʦʞʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʝʝ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ, ʣʠʙʦ çʛʣʫʙʠʥʢʘè, ʦʪʢʫʜʘ ʚʩʝ 

ʩʪʨʝʤʷʪʩʷ ʧʦʩʢʦʨʝʝ ʚʳʨʚʘʪʴʩʷ ʚ ʩʪʦʣʠʮʳ, ʧʦʩʢʦʣʴʢʫ ʞʠʟʥʴ ʤʝʩʪʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ʬʠʥʘʥʩʠʨʫʝʪʩʷ ʪʘʤ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦ ʦʩʪʘʪʦʯʥʦʤʫ ʧʨʠʥʮʠʧʫ. ʅʦ ʚʩʸ ʵʪʦ ʤʠʬ, ʢʦʪʦʨʳʡ 

ʣʝʛʢʦ ʦʧʨʦʚʝʨʛʥʫʪʴ ʠ ʨʘʟʚʝʷʪʴ ʭʦʪʷ ʙʳ ʬʘʢʪʦʤ ʥʘʣʠʯʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʪʘʢʠʭ ʛʦʨʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʵʪʦ ʫʩʣʦʚʥʦʝ ʦʰʠʙʦʯʥʦʝ ʨʘʟʜʝʣʝʥʠʝ. ʕʪʠ ʛʦʨʦʜʘ ï ʘʪʦʤʛʨʘʜʳ ï ʥʝ 

ʥʘ ʩʣʫʭʫ, ʠʭ ʥʝ ʯʘʩʪʦ ʚʩʪʨʝʪʠʰʴ ʥʘ ʦʙʣʦʞʢʘʭ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʞʫʨʥʘʣʦʚ, ʦʥʠ ʨʝʜʢʦ 

ʬʠʛʫʨʠʨʫʶʪ ʚ ʥʦʚʦʩʪʥʳʭ ʧʦʣʦʩʘʭ. ɾʠʚʫʪ ʪʘʢʠʝ ʛʦʨʦʜʘ ʠ ʠʭ ʞʠʪʝʣʠ ʚ ʜʨʫʛʦʡ çʰʢʘʣʝ 

ʚʨʝʤʝʥʠè ʠ ʚ ʜʨʫʛʦʡ ʨʝʘʣʴʥʦʩʪʠ ï ʥʝ ʚ ʥʦʚʦʩʪʥʦʡ (ʤʝʜʠʡʥʦʡ), ʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

(ʠʥʥʦʚʘʮʠʦʥʥʦʡ). 

ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʥʘ 1 ʷʥʚʘʨʷ 25 ʛʦʜʘ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 

146 ʤʣʥ. ʯʝʣ., ʩʦʚʦʢʫʧʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʘʪʦʤʛʨʘʜʘʭ (ʚ 31 ʛʦʨʦʜʝ) ï 2,3 ʤʣʥ. 

ʯʝʣ., ʪʦ ʝʩʪʴ ʚʩʝʛʦ 1,6% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ [2]. 

ɺ ʩʦʟʥʘʥʠʠ ʦʙʳʚʘʪʝʣʷ ʩʣʦʚʦ çʘʪʦʤʛʨʘʜè ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʝʡʟʘʞʝʤ, 

ʢʦʪʦʨʳʡ çʫʢʨʘʰʘʶʪè ʪʦʣʴʢʦ ʛʠʛʘʥʪʩʢʠʝ çʭʤʫʨʳʝè ʪʨʫʙʳ ʠ ʛʨʘʜʠʨʥʠ. ʊʨʘʜʠʮʠʦʥʥʦ 

ʘʪʦʤʛʨʘʜʳ ʪʘʢʞʝ ʩʚʷʟʳʚʘʶʪ ʩ ʩʝʢʨʝʪʥʳʤʠ ʦʙʦʨʦʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʟʘʢʨʳʪʳʤʠ 

ʛʦʨʦʜʘʤʠ, ʢʫʜʘ ʧʨʦʩʪʦʤʫ ʩʤʝʨʪʥʦʤʫ ʯʝʣʦʚʝʢʫ ʚʦʚʩʝ ʥʝ ʧʦʧʘʩʪʴ. ɺʦʦʙʨʘʞʝʥʠʝ ʨʠʩʫʝʪ ʦʙʨʘʟ 

ʫʯʸʥʳʭ, ʩʧʨʷʪʘʥʥʳʭ ʯʫʪʴ ʣʠ ʥʝ ʚ ʧʦʜʟʝʤʝʣʴʝ, ʟʘʥʷʪʳʭ ʩʣʦʞʥʦʡ ʨʘʙʦʪʦʡ ʧʦ ʛʦʩʦʙʦʨʦʥʟʘʢʘʟʫ, 

ʢʦʪʦʨʘʷ ʥʝ ʩʣʠʰʢʦʤ ʠʥʪʝʨʝʩʥʘ, ʜʘ ʠ ʚʦʚʩʝ ʥʝʧʦʥʷʪʥʘ ʦʙʳʯʥʳʤ ʣʶʜʷʤ. ʅʘ ʩʘʤʦʤ ʞʝ ʜʝʣʝ 

ʘʪʦʤʥʳʝ ʛʦʨʦʜʘ ï ʥʝ ʪʘʢʠʝ ʫʞ ʧʨʠʟʨʘʯʥʳʝ ʠ ʩʫʤʨʘʯʥʳʝ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʦʢʨʫʞʝʥʘ 

ʦʛʨʦʤʥʳʤʠ ʣʝʩʥʳʤʠ ʤʘʩʩʠʚʘʤʠ, ʥʘʭʦʜʷʪʩʷ ʦʥʠ ʫ ʢʨʫʧʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʠ 

ʨʘʟʚʷʟʦʢ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʣʶʜʝʡ ʩ ʮʝʣʴʶ 

ʧʦʩʝʱʝʥʠʷ ʠʤʠ ʧʦʜʦʙʥʳʭ ʛʦʨʦʜʦʚ. ʃʠʰʴ 12 ʛʦʨʦʜʦʚ ʧʨʠʩʫʪʩʪʚʠʷ ɻʂ ʈʦʩʘʪʦʤʘ ʠʤʝʶʪ ʩʪʘʪʫʩ 

ʟʘʢʨʳʪʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʥʦ ʠ ʦʥʠ ʠʤʝʶʪ çʙʫʬʝʨʥʳʝ 

ʟʦʥʳè, ʪʘʢʞʝ ʦʪʢʨʳʪʳʝ ʜʣʷ ʚʠʟʠʪʦʚ.  

ɸʥʛʘʨʩʢ ï ʩʠʙʠʨʩʢʠʡ ʛʦʨʦʜ ʩ ʯʝʪʢʦʡ ʛʝʦʤʝʪʨʠʝʡ ʫʣʠʮ ʠ ʤʥʦʛʦʣʝʪʥʠʤʠ ʩʦʩʥʘʤʠ. 

ɹʘʡʢʘʣʴʩʢ ï ʛʦʨʦʜ ʥʘ ʙʝʨʝʛʫ ʚʝʣʠʢʦʛʦ ʦʟʝʨʘ, ʛʜʝ ʧʦʙʝʞʜʘʝʪ ʵʢʦʢʫʣʴʪʫʨʘ. ʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʦʝ ï 

ʮʝʥʪʨ ʭʠʤʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʧʘʩʝʥʥʳʡ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ. ʅʦʚʦʚʦʨʦʥʝʞ ï ʛʦʨʦʜ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʤʦʨʝʤ ʠ ʢʨʘʩʠʚʳʤʠ ʟʘʢʘʪʘʤʠ ʥʘ ʬʦʥʝ ɸʕʉ. ʂʨʘʩʥʦʢʘʤʝʥʩʢ ï ʛʦʨʦʜ, 

ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ ʦʪ ʩʢʘʣ, ʢʨʘʩʥʝʶʱʠʭ ʥʘ ʟʘʢʘʪʝ. ʅʝʤʘʥ ï ʠʩʪʦʨʠʷ ʛʦʨʦʜʘ ʪʷʥʝʪʩʷ ʦʪ 

ʆʨʜʝʥʩʢʦʛʦ ʟʘʤʢʘ ʢʨʝʧʦʩʪʠ ʈʘʛʥʠʪ XIII ʚʝʢʘ ʜʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʛʠʛʘʬʘʙʨʠʢʠ. ʉʦʚʝʪʩʢ 

ï ʩʘʤʳʡ ʩʝʚʝʨʥʳʡ ʛʦʨʦʜ ʨʝʛʠʦʥʘ ʩ ʙʦʛʘʪʦʡ ʠʩʪʦʨʠʝʡ ʥʘ ʩʪʳʢʝ ʥʝʩʢʦʣʴʢʠʭ ʢʫʣʴʪʫʨ. ʆʙʥʠʥʩʢ 

ï ʩʧʫʪʥʠʢ ʧʝʨʚʦʡ ʚ ʤʠʨʝ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ ʩ ʩʦʟʚʝʟʜʠʝʤ ʥʘʫʯʥʳʭ (ʤʝʜʠʮʠʥʩʢʠʭ) ʮʝʥʪʨʦʚ. 

ɾʝʣʝʟʥʦʛʦʨʩʢ ï ʟʘʢʨʳʪʳʡ ʛʦʨʦʜ ʩ ʘʪʦʤʥʦʡ çʉʢʘʣʦʡè ʠ ʚʝʣʠʢʦʣʝʧʥʳʤʠ ʧʝʡʟʘʞʘʤʠ. 

ɿʝʣʝʥʦʛʦʨʩʢ ï ʟʘʢʨʳʪʳʡ ʛʦʨʦʜ ʥʘ ʜʥʝ ʛʣʫʙʦʢʦʡ ʯʘʰʠ ʚ ʩʝʨʜʮʝ ʪʘʡʛʠ. ʂʫʨʯʘʪʦʚ ï ʦʜʠʥ ʠʟ 

ʩʘʤʳʭ ʙʣʘʛʦʫʩʪʨʦʝʥʥʳʭ ʠ ʢʨʘʩʠʚʳʭ ʛʦʨʦʜʦʚ ʨʝʛʠʦʥʘ. ʉʦʩʥʦʚʳʡ ɹʦʨ ï ʩʧʫʪʥʠʢ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ɸʕʉ ʥʘ ʞʠʚʦʧʠʩʥʦʤ ʙʝʨʝʛʫ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʉʘʨʦʚ ï ʦʜʠʥ ʠʟ 

ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʛʦʨʦʜʦʚ ʩ ʙʦʣʴʰʠʤ ʠʩʪʦʨʠʯʝʩʢʠʤ ʠ ʧʨʘʚʦʩʣʘʚʥʳʤ ʧʨʦʰʣʳʤ. ʕʣʝʢʪʨʦʩʪʘʣʴ ï 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʛʠʛʘʥʪ ʥʝʧʦʜʘʣʝʢʫ ʦʪ ʨʦʩʩʠʡʩʢʦʡ ʩʪʦʣʠʮʳ. ʇʦʣʷʨʥʳʝ ɿʦʨʠ ï ʛʦʨʦʜ ʩʚʝʪʘ, 

ʛʦʨʥʦʣʳʞʥʳʭ ʩʢʣʦʥʦʚ ʠ ʩʝʚʝʨʥʦʛʦ ʩʠʷʥʠʷ. ɿʘʨʝʯʥʳʡ ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ï ʛʦʨʦʜ-ʢʫʨʦʨʪ 

ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʩ ʘʢʪʠʚʥʳʤ ʚʦʣʦʥʪʝʨʩʢʠʤ ʜʚʠʞʝʥʠʝʤ. ɺʦʣʛʦʜʦʥʩʢ ï ʢʨʘʡ ʪʨʘʜʠʮʠʡ 

ʢʘʟʘʯʝʩʪʚʘ ʠ ʜʦʥʩʢʦʡ ʧʨʠʨʦʜʳ ʩ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ. ɿʘʨʝʯʥʳʡ ʉʚʝʨʜʣʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ï ʩʧʫʪʥʠʢ ɹʝʣʦʷʨʩʢʦʡ ɸʕʉ ʩ ʞʠʚʦʧʠʩʥʳʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ. ʃʝʩʥʦʡ ï ʛʦʨʦʜ ʩ 

ʨʝʢʦʨʜʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʣʠʤʧʠʡʮʝʚ ʥʘ ʦʙʱʝʝ ʯʠʩʣʦ ʞʠʪʝʣʝʡ. ʅʦʚʦʫʨʘʣʴʩʢ ï çɸʪʦʤʥʘʷ 

ʐʚʝʡʮʘʨʠʷè ʩ ʧʨʠʨʦʜʥʳʤʠ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʷʤʠ. ɹʘʣʘʢʦʚʦ ï ʤʘʣʝʥʴʢʦʝ ʩʝʨʜʮʝ 

ʇʦʚʦʣʞʴʷ ʩ ʤʦʱʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ. ɼʝʩʥʦʛʦʨʩʢ ï ʤʝʩʪʦ ʜʣʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 



135 

ʟʘʧʣʳʚʦʚ ʦʢʦʣʦ ʉʤʦʣʝʥʩʢʦʡ ɸʕʉ. ʋʜʦʤʣʷ ï ʛʦʨʦʜ ʩ ʧʘʤʷʪʥʠʢʘʤʠ ʠʩʪʦʨʠʠ ʅʦʚʛʦʨʦʜʩʢʦʛʦ 

ʢʥʷʞʝʩʪʚʘ ʠ ʤʠʨʥʳʤ ʘʪʦʤʦʤ. ʉʝʚʝʨʩʢ ï ʩʠʙʠʨʩʢʠʡ ʟʘʢʨʳʪʳʡ ʛʦʨʦʜ, ʛʜʝ ʨʘʩʪʫʪ ʙʫʜʫʱʠʝ 

ʭʠʤʠʢʠ. ɼʠʤʠʪʨʦʚʛʨʘʜ ï ʥʘʫʢʦʛʨʘʜ ʚ ʦʢʨʫʞʝʥʠʠ ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ. ɻʣʘʟʦʚ ï ʩʝʚʝʨʥʘʷ ʩʪʦʣʠʮʘ 

ʋʜʤʫʨʪʠʠ ʩ ʤʦʣʦʜʝʞʥʦʡ ʫʣʠʯʥʦʡ ʢʫʣʴʪʫʨʦʡ. ʆʟʝʨʩʢ ï ʛʦʨʦʜ ʥʘ ʢʨʫʧʥʦʤ ʤʳʩʝ ʚ ʦʢʨʫʞʝʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʦʟʝʨ. ʉʥʝʞʠʥʩʢ ï ɿɸʊʆ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʧʘʨʫʩʥʦʡ ʨʝʛʘʪʦʡ. ʊʨʝʭʛʦʨʥʳʡ ï ʛʦʨʦʜ, 

ʢʦʪʦʨʳʡ ʦʭʨʘʥʷʶʪ ʪʨʠ ʛʦʨʳ (ɿʘʚʴʷʣʠʭʘ, ʐʫʡʜʘ ʠ ɹʘʨʭʦʪʠʥʘ). ɹʠʣʠʙʠʥʦ ï ʛʦʨʦʜ-ʩʧʫʪʥʠʢ 

ʩʘʤʦʡ ʩʝʚʝʨʥʦʡ ɸʕʉ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʧʣʘʥʝʪʝ. ʇʝʚʝʢ ï ʩʘʤʳʡ ʩʝʚʝʨʥʳʡ ʛʦʨʦʜ ʈʦʩʩʠʠ ʩ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʚ ʤʠʨʝ ʧʣʘʚʫʯʝʡ ɸʕʉ. 

ʋ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʦʨʦʜʦʚ ʩʘʤʳʝ ʨʘʟʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʢʘʨʪʝ, ʥʦ ʚʩʝ ʦʥʠ 

ʚʦʟʥʠʢʣʠ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʞʝʥʝʨʥʦʡ ʤʳʣʠ, ʦʙʨʘʟʦʚʘʚ ʩʚʦʝʦʙʨʘʟʥʫʶ 

ʵʢʦʩʠʩʪʝʤʫ, ʩʢʦʧʠʨʦʚʘʪʴ ʢʦʪʦʨʫʶ ʥʝ ʧʦʜ ʩʠʣʫ ʜʨʫʛʠʤ ʩʪʨʘʥʘʤ. ʋ ʚʩʝʭ ʘʪʦʤʥʳʭ ʛʦʨʦʜʦʚ ʦʜʠʥ 

ʚʝʢʪʦʨ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ï ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ, ʚʩʝ ʦʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʜʝʢʣʘʨʠʨʫʝʤʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ. ɸʪʦʤʛʨʘʜʳ 

ʚʳʩʪʫʧʘʶʪ çʢʫʟʥʠʮʝʡè ʦʪʢʨʳʪʠʡ ʠ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʧʦʟʚʦʣʷʷ 

ʈʦʩʩʠʠ çʟʘʜʘʚʘʪʴ ʪʝʤʧè: ʚ ʥʘʫʢʝ, ʚ ʵʥʝʨʛʝʪʠʢʝ, ʚ ʧʦʜʭʦʜʝ ʢ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ  

ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʙʫʜʫʱʝʛʦ, ʦʭʨʘʥʷʝʤʦʛʦ ʤʠʨʥʳʤ ʘʪʦʤʦʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʘ ʩʪʦʨʦʥʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʘʪʦʤʥʦʡ 

ʦʪʨʘʩʣʠ, ʢʦʪʦʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʢʦʥʮʝʧʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʢʦʤʧʘʥʠʷ ʜʦʙʨʦʚʦʣʴʥʦ ʧʨʠʥʠʤʘʝʪ ʥʘ ʩʝʙʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʣʠʷʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʙʱʝʩʪʚʦ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʦʤʠʤʦ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠ ʶʨʠʜʠʯʝʩʢʠʭ ʦʙʷʟʘʪʝʣʴʩʪʚ (ʟʘʙʦʪʫ ʦ ʩʦʪʨʫʜʥʠʢʘʭ, ʧʦʜʜʝʨʞʢʫ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ, ʫʯʘʩʪʠʝ ʚ 

ʨʘʟʚʠʪʠʠ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʵʪʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʩʦʮʠʘʣʴʥʘʷ ʦʪʚʝʩʪʚʝʥʥʦʩʪʴ, 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʂʦʨʧʦʨʘʮʠʷ çʈʦʩʪʘʦʤè, ʵʪʠʢʘ ʙʠʟʥʝʩʘ 
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Abstract. The side of the nuclear industry's activities that is focused on compliance with the principles of corporate 

social responsibility, according to which a company voluntarily assumes responsibility for the impact of its 

performance on society and the environment, in addition to its basic economic and legal obligations (caring for 

employees, supporting environmental initiatives, participating in development of local communities and promotion 

of ethical business standards). 

Keywords: socio-economic development, corporate social responsibility, Rostaom State Corporation, business 

ethics 

 

ʉʦʮʠʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʩʪʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʝʥʠʝʤ ʜʣʷ ʙʠʟʥʝʩʘ ʥʝ ʪʘʢ ʫʞ 

ʠ ʜʘʚʥʦ. ʅʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ, ʧʦʩʣʝ ʧʨʠʟʳʚʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʢ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤ 

çʙʳʪʴ ʩʦʮʠʘʣʴʥʦ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠè, ʨʫʢʦʚʦʜʩʪʚʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʡ ʩʪʘʣʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʝʤʳ ʠ ʤʝʪʦʜʳ ʩʦʮʠʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʳʥʦʯʥʦʛʦ ʧʦʚʝʜʝʥʠʷ.  ʉ ʪʦʛʦ 

ʞʝ ʧʝʨʠʦʜʘ ʚʦ ʤʥʦʛʠʭ ʨʦʩʩʠʡʩʢʠʭ ʚʫʟʘʭ ʥʘʯʘʣʦʩʴ ʠʟʫʯʝʥʠʝ ʠ ʧʨʝʧʦʜʘʚʘʥʠʝ ʢʫʨʩʦʚ ʧʦ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (ʂʉʆ). 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʜʠ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ çʘʟʳè ʂʉʆ ʧʨʦʩʣʝʞʠʚʘʣʠʩʴ ʫʞʝ ʚ 19 

ʩʪʦʣʝʪʠʠ, ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʤʠʤʦ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ 

ʫʯʠʪʳʚʘʣʠ ʪʘʢʞʝ ʠ çʧʨʠʥʮʠʧʳ ʩʦʮʠʘʣʴʥʦʛʦ ʦʨʠʝʥʪʠʨʘè. ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʠʩʪʦʨʠʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʤʳʩʣʠ ʜʦʚʦʣʴʥʦ ʠʟʚʝʩʪʥʘ ʣʠʯʥʦʩʪʴ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʠʢʘ 

ʕʥʜʨʶ ʂʘʨʥʝʛʠ. ɽʛʦ ʬʠʣʘʥʪʨʦʧʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʱʝʜʨʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʢʘʧʠʪʘʣʘ ʥʘ ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʦʩʪʴ (ʩʦʟʜʘʥʠʝ ʙʠʙʣʠʦʪʝʢ, ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʢʫʣʴʪʫʨʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʚʦʝʦʙʨʘʟʥʳʡ ʧʨʦʦʙʨʘʟ ʩʦʚʨʝʤʝʥʥʦʡ ʂʉʆ. 

ʉʦʛʣʘʩʥʦ ʧʦʟʠʮʠʠ ʚʳʩʰʝʛʦ ʦʨʛʘʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ 

(ɽʚʨʦʢʦʤʠʩʩʠʠ), ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʧʦʜʛʦʪʦʚʢʫ ʟʘʢʦʥʦʧʨʦʝʢʪʦʚ, ʢʦʥʮʝʧʮʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʦʪʨʘʞʘʝʪ ʜʦʙʨʦʚʦʣʴʥʦʝ ʨʝʰʝʥʠʝ ʢʦʤʧʘʥʠʡ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʫʣʫʯʰʝʥʠʠ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ ʠ ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʉʝʛʦʜʥʷ ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʩʦʮʠʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤ 

ʧʨʠʥʮʠʧʦʤ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, ʝʛʦ ʚʠʜʝʥʠʝʤ, ʬʠʣʦʩʦʬʠʝʡ, ʦʯʝʚʠʜʥʦʡ ʤʠʩʩʠʝʡ, 

ʜʨʘʡʚʝʨʦʤ ʩʠʩʪʝʤʥʳʭ ʠʟʤʝʥʝʥʠʡ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʭ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ 

ʚ ʩʬʝʨʝ ʘʪʦʤʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʢʘʢ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʦʜʦʣʞʘʝʪ 

ʦʩʪʘʚʘʪʴʩʷ ʚ ʮʝʥʪʨʝ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʡ.[1]  

ɺ ʩʠʣʫ ʤʘʩʰʪʘʙʘ ʠ ʩʧʝʮʠʬʠʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʙʠʟʥʝʩ-ʟʘʜʘʯ) ɻʦʩʢʦʨʧʦʨʘʮʠʷ çʈʦʩʘʪʦʤè ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʰʠʨʦʢʠʤ 

ʢʨʫʛʦʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʚ ʈʦʩʩʠʠ ʠ ʤʠʨʝ. ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʩ ʥʠʤʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʠ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʦʙʱʝʩʪʚʝʥʥʦʡ ʧʨʠʝʤʣʝʤʦʩʪʠ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ.[2] ʉʠʩʪʝʤʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ 

ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʤʘʨʢʝʪʠʥʛʘ ʦʪʥʦʰʝʥʠʡ, ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʙʨʝʥʜʠʥʛʘ ʚ ʨʘʤʢʘʭ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ [3]. 

ʉʦʮʠʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʥʝʡ ʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʟʥʘʯʠʤʳʭ ʘʩʧʝʢʪʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè. ɺ ʨʘʤʢʘʭ 

ʧʨʠʦʨʠʪʝʪʘ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ çʈʦʩʘʪʦʤè: 

ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ; 

ï ʟʘʙʦʪʠʪʩʷ ʦ ʟʜʦʨʦʚʴʝ ʠ ʢʘʯʝʩʪʚʝ ʞʠʟʥʠ ʨʘʙʦʪʥʠʢʦʚ ʠ ʯʣʝʥʦʚ ʠʭ ʩʝʤʝʡ; 

ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʬʦʨʪʥʫʶ ʩʨʝʜʫ ʠ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ; 

ï ʫʜʝʣʷʝʪ ʚʥʠʤʘʥʠʝ ʨʘʟʚʠʪʠʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ ʚ ʛʦʨʦʜʘʭ ʧʨʠʩʫʪʩʪʚʠʷ ï ʘʪʦʤʛʨʘʜʘʭ; 

ï ʩʦʜʝʡʩʪʚʫʝʪ ʩʪʘʙʠʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʦʚ ʧʨʠʩʫʪʩʪʚʠʷ ʠ ʨʦʩʪʫ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ 

ʠʭ ʥʘʩʝʣʝʥʠʷ; 

ï ʦʢʘʟʳʚʘʝʪ ʩʦʜʝʡʩʪʚʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ, ʢʘʨʴʝʨʥʦʤʫ ʠ ʣʠʯʥʦʩʪʥʦʤʫ ʨʦʩʪʫ 

ʨʘʙʦʪʥʠʢʦʚ; 

ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʠʥʢʣʶʟʠʚʥʦʩʪʠ ʠ ʨʘʚʝʥʩʪʚʘ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʚʩʝʭ ʠ ʢʘʞʜʦʛʦ. 

ɺ ʢʦʨʧʦʨʘʮʠʠ ʜʝʡʩʪʚʫʶʪ: 
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ï ɽʜʠʥʘʷ ʦʪʨʘʩʣʝʚʘʷ ʩʦʮʠʘʣʴʥʘʷ ʧʦʣʠʪʠʢʘ, ʢʦʪʦʨʘʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʧʨʦʟʨʘʯʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʦʪʢʨʳʪʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʜʜʝʨʞʢʫ ʨʘʙʦʪʥʠʢʦʚ ʯʝʨʝʟ 

ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ.  

ï ɽʜʠʥʘʷ ʦʪʨʘʩʣʝʚʘʷ ʧʦʣʠʪʠʢʘ ʧʦ ʧʨʘʚʘʤ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ ʂʦʨʧʦʨʘʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʠ ʥʘʮʠʦʥʘʣʴʥʳʤ ʥʦʨʤʘʤ ʚ 

ʦʙʣʘʩʪʠ ʧʨʘʚ ʯʝʣʦʚʝʢʘ.  

ï ɽʜʠʥʘʷ ʦʪʨʘʩʣʝʚʘʷ ʧʦʣʠʪʠʢʘ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʢʦʪʦʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʠ ʩʥʠʞʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʨʠʩʢʦʚ. 

ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʘʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʝʜʠʥʳʡ 

ʢʦʥʪʫʨ ʈʦʩʘʪʦʤʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʤʝʨ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʨʘʙʦʪʥʠʢʦʚ ʠ ʯʣʝʥʦʚ ʠʭ 

ʩʝʤʝʡ, ʩʦʜʝʡʩʪʚʠʝ ʩʪʘʙʠʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʦʚ ʧʨʠʩʫʪʩʪʚʠʷ ʠ ʨʦʩʪʫ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ 

ʥʘʩʝʣʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʝʢʪ çʐʢʦʣʘ ʈʦʩʘʪʦʤʘè 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʣʷ ʜʝʪʝʡ ʩʦʪʨʫʜʥʠʢʦʚ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʩʪʘ 

ʞʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪ ʠ ʨʘʟʚʠʚʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʦʨʦʜʘʭ ʧʨʠʩʫʪʩʪʚʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ɻʦʩʢʦʨʧʦʨʘʮʠʠ. ʇʨʦʝʢʪ çɹʝʨʝʞʣʠʚʘʷ 

ʧʦʣʠʢʣʠʥʠʢʘè ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʈʦʩʘʪʦʤ (ʇʉʈ) 

ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʦʙʱʫʶ 

ʜʦʩʪʫʧʥʦʩʪʴ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. ʇʨʦʝʢʪ çʊʝʨʨʠʪʦʨʠʷ ʢʫʣʴʪʫʨʳ ʈʦʩʘʪʦʤʘè ʟʥʘʢʦʤʠʪ ʩ 

ʣʫʯʰʠʤʠ ʦʙʨʘʟʮʘʤʠ ʠʩʢʫʩʩʪʚʘ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʣʦʢʘʣʴʥʳʝ ʢʫʣʴʪʫʨʥʳʝ ʠʥʠʮʠʘʪʠʚʳ ʚ ʛʦʨʦʜʘʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʪʦʤʥʘʷ ʦʪʨʘʩʣʴ ʢʨʘʡʥʝ ʟʥʘʯʠʤʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ, ʥʦ ʠ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ, ʧʦʵʪʦʤʫ çʩʦʮʠʘʣʴʥʳʡ ʚʝʢʪʦʨè 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʦʨʠʝʥʪʠʨʦʚ ɻʂ çʈʦʩʪʘʪʦʤè, 

ʢʦʨʨʝʣʠʨʫʷ ʩ ʜʝʢʣʘʨʠʨʫʝʤʳʤʠ ʢʦʤʧʘʥʠʝʡ ʧʨʠʥʮʠʧʘʤʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʙʳʣʘ ʚʳʙʨʘʥʘ ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. ɺ ʨʘʙʦʪʝ 

ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʨʳ ʝʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʨʘʙʦʪʢʘ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʠ ʠʭ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ʥʘʩʝʣʝʥʠʶ ʧʦ ʧʦʣʠʩʫ ʆʄʉ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʢʦʨʧʦʨʘʮʠʷʤʠ (çʈʦʩʘʪʦʤè) ʠ ʧʦʩʪʘʚʢʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʪʦʧʦʚ, ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ ʠ 
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20 ʘʚʛʫʩʪʘ 2025 ʛʦʜʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʦʩʴ 80 ʣʝʪ. ʆʜʥʦ 

ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ï ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ. 

ʆʩʥʦʚʥʦʡ ʪʦʚʘʨ ʥʘ ʨʳʥʢʝ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ï ʵʪʦ ʨʘʜʠʦʠʟʦʪʦʧʳ. ɼʣʷ ʪʘʢʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ 

ʪʦʚʘʨʘ ʭʘʨʘʢʪʝʨʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʫ, ʭʨʘʥʝʥʠʶ, ʫʧʘʢʦʚʢʝ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʫʪʠʣʠʟʘʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʨʝʛʫʣʠʨʦʚʘʥʠʶ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʪʘʢ ʠ ʩʦ 

ʩʪʦʨʦʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ [1] 

ʗʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʦʪʨʘʩʣʴ ʤʝʜʠʮʠʥʳ, ʚ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʦʩʦʙʝʥʥʦ ʚ ʜʠʘʛʥʦʩʪʠʢʝ, 

ʣʝʯʝʥʠʠ ʠ ʥʘʙʣʶʜʝʥʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʙʣʘʛʦʜʘʨʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʠ 

ʪʝʭʥʠʢʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʠ ʩʪʨʫʢʪʫʨʥʫʶ 

ʦʮʝʥʢʫ. 

ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ (ɿʅʆ) ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤʠ 

ʩʤʝʨʪʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ ʜʣʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ, 

ʚʢʣʶʯʘʷ ʈʦʩʩʠʡʩʢʫʶ ʌʝʜʝʨʘʮʠʶ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ 

ʯʠʩʣʘ ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʚʳʷʚʣʝʥʥʦʡ ʙʦʣʝʟʥʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʞʠʟʥʠ, ʠʟʤʝʥʝʥʠʷʤʠ ʦʙʨʘʟʘ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɿʅʆ ʦʩʪʘʶʪʩʷ ʦʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʧʨʠʯʠʥ ʩʤʝʨʪʥʦʩʪʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, 

ʫʩʪʫʧʘʷ ʣʠʰʴ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. [2] 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 

(ʪʘʙʣʠʮʘ 1), ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʞʝʛʦʜʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʝʚ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [3] 
 

ʊʘʙʣʠʮʘ 1 ï ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʙʦʣʝʟʥʷʤʠ 
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ʆʮʝʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1 ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʫʚʝʣʠʯʝʥʠʠ 

ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ (ʟʘ 23 ʛʦʜʘ) ʯʠʩʣʝʥʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ, ʩʦʩʪʦʷʱʠʭ ʧʦʜ ʜʠʩʧʘʥʩʝʨʥʳʤ 

ʥʘʙʣʶʜʝʥʠʝʤ ʥʘ 97,2% (4163,2 ʪʳʩ. ʯʝʣ. ʚ 2023 ʛʦʜʫ ʧʨʦʪʠʚ 2098 ʪʳʩ. ʯʝʣ ʚ 2000 ʛʦʜʫ), ʘ 

ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʘ ʧʘʮʠʝʥʪʦʚ ʩ ʚʧʝʨʚʳʝ ʚ ʞʠʟʥʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʟʦʤ ʥʘ 50,5% (674,6 

ʪʳʩ. ʯʝʣ. ʚ 2023 ʛʦʜʫ ʧʨʦʪʠʚ 448 ʪʳʩ. ʯʝʣ. ʚ 2000 ʛʦʜʫ). ʅʘ ʢʦʥʝʮ 2023 ʛʦʜʘ ʚ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ ʈʦʩʩʠʠ ʩʦʩʪʦʷʣʠ ʥʘ ʫʯʝʪʝ 4163202 ʧʘʮʠʝʥʪʘ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 2,8% ʯʠʩʣʝʥʥʦʩʪʠ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ. ʕʪʦ ʧʝʯʘʣʴʥʘʷ ʢʘʨʪʠʥʘ, 

ʪʨʝʙʫʶʱʘʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨ ʧʦ ʚʳʷʚʣʝʥʠʶ, ʣʝʯʝʥʠʶ ʠ ʦʙʣʝʛʯʝʥʠʶ ʧʨʦʪʝʢʘʥʠʷ 

ʙʦʣʝʟʥʝʡ. ʀ ʟʜʝʩʴ ʙʝʟ ʧʦʤʦʱʠ ʛʦʩʫʜʘʨʩʪʚʘ ʥʝ ʦʙʦʡʪʠʩʴ. 

ɺ ʧʦʩʣʘʥʠʠ ʌʝʜʝʨʘʣʴʥʦʤʫ ʩʦʙʨʘʥʠʶ, ʦʙʥʘʨʦʜʦʚʘʥʥʦʤ ʇʨʝʟʠʜʝʥʪʦʤ ʥʘʰʝʡ ʩʪʨʘʥʳ 

ɺ.ɺ. ʇʫʪʠʥʳʤ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ, ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʛʣʦʙʘʣʴʥʦʡ ʟʘʜʘʯʠ ʥʘ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʝʞʝʛʦʜʥʦ ʥʘʧʨʘʚʣʷʝʪʩʷ ʙʦʣʝʝ 4 % 

ɺɺʇ. ʈʘʟʨʘʙʦʪʘʥ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ çʇʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʠ ʘʢʪʠʚʥʘʷ ʞʠʟʥʴè, ʢʦʪʦʨʳʡ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʥʘʩʝʣʝʥʠʷ, ʫʢʨʝʧʣʝʥʠʝ ʟʜʦʨʦʚʴʷ ʠ ʧʦʚʳʰʝʥʠʝ ʙʣʘʛʦʧʦʣʫʯʠʷ ʣʶʜʝʡ, 

ʧʦʜʜʝʨʞʢʫ ʩʝʤʴʠ. ɺ ʩʚʷʟʠ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʝʢʪʘ ʧʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʞʠʜʘʝʤʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʜʦ 78 ʣʝʪ ʢ 2030 ʛʦʜʫ ʠ ʜʦ 81 ʛʦʜʘ ʢ 2036 ʛʦʜʫ. ʕʪʦʪ ʧʨʦʝʢʪ ʙʫʜʝʪ 

ʚʢʣʶʯʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʜʦʣʞʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʬʝʜʝʨʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʙʦʨʴʙʝ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʤʠ, 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. 

ʆʜʥʠʤ ʠʟ ʬʝʜʝʨʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʥʘʮʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ çɹʦʨʴʙʘ  

ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠè, ʢʣʶʯʝʚʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʢʦʪʦʨʦʛʦ ʛʦʩʫʜʘʨʩʪʚʦ ʚʠʜʠʪ 

ʩʣʝʜʫʶʱʠʝ:  

ï ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʤʠ ʦʙʲʝʤʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʚʦ 

ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʧʨʠ ʣʝʯʝʥʠʠ ʧʘʮʠʝʥʪʦʚ ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ  

ʚ ʢʨʫʛʣʦʩʫʪʦʯʥʦʤ ʠ ʜʥʝʚʥʦʤ ʩʪʘʮʠʦʥʘʨʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʚʝʨʞʜʝʥʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ; 

ï ʧʦʚʳʰʝʥʠʝ ʦʩʥʘʱʝʥʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʨʘʜʠʦʣʦʛʠʯʝʩʢʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ; 

ï ʢʘʯʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʩʠʩʪʝʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʘʮʠʝʥʪʦʚ ʦʪ ʤʦʤʝʥʪʘ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʦʟʨʝʥʠʷ ʥʘ ʥʘʣʠʯʠʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʘʣʝʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ʚ ʈʦʩʩʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʧʦ ʧʦʣʠʩʫ ʆʄʉ,  

ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʜʝʷʪʝʣʴʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʢʦʨʧʦʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ çʈʦʩʘʪʦʤè, ʢʦʪʦʨʳʡ 

ʧʨʦʠʟʚʦʜʠʪ ʠʟʦʪʦʧʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʦʙʦʟʥʘʯʝʥʳ ʥʠʞʝ: 

1. ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʬʝʜʝʨʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ: ɻʦʩʫʜʘʨʩʪʚʦ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʨʘʟʚʠʪʠʝ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ʯʝʨʝʟ ʮʝʣʝʚʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, ʚʢʣʶʯʘʷ ʩʦʟʜʘʥʠʝ 

ʠ ʦʩʥʘʱʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʎʝʥʪʨ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ʧʨʠ 

ʌʉʅʂʎ ʌʄɹɸ ʈʦʩʩʠʠ.  

2. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʥʘʩʝʣʝʥʠʶ ʧʦ ʧʦʣʠʩʘʤ ʆʄʉ: ʇʘʮʠʝʥʪʳ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ 

ʥʝʢʦʪʦʨʳʝ ʫʩʣʫʛʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ʙʝʩʧʣʘʪʥʦ, ʧʦ ʧʦʣʠʩʫ ʆʄʉ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʡʪʠ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʦʬʦʨʤʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʦʢʫʤʝʥʪʳ.  

3. ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʩʪʘʚʢʠ: ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʢʦʨʧʦʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

çʈʦʩʘʪʦʤè, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʦʪʨʘʩʣʠ, ʧʨʦʠʟʚʦʜʷ ʠ ʧʦʩʪʘʚʣʷʷ ʤʝʜʠʮʠʥʩʢʠʝ 

ʠʟʦʪʦʧʳ, ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ.  

4. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ: ɻʦʩʫʜʘʨʩʪʚʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ. 

5. ʇʦʷʚʣʝʥʠʝ ʚ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʚʩʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʝʥʪʨʦʚ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. 
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6. ʈʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʠʤʧʦʨʪʦʥʝʟʘʚʠʩʠʤʦʩʪʴ ʨʦʩʩʠʡʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʟʘʷʚʠʪʴ, ʯʪʦ ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʧʨʦʬʠʣʴʥʳʝ ʚʝʜʦʤʩʪʚʘ ʨʘʙʦʪʘʶʪ ʥʘʜ ʧʣʘʥʦʚʳʤ ʦʙʥʦʚʣʝʥʠʝʤ ʤʦʱʥʦʩʪʝʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ), ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʧʦʣʥʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʥʘʰʝʡ ʩʪʨʘʥʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
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ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʱʝʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʢʫʣʴʪʫʨʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʛʣʦʙʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ, 

ʧʦʣʠʪʠʯʝʩʢʠʝ, ʜʫʭʦʚʥʳʝ ʠ ʥʨʘʚʩʪʚʝʥʥʦ-ʵʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ.  

ʉʨʝʜʘ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ, ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ ʯʝʨʪʳ, ʩʚʦʡʩʪʚʘ 

ʠ ʢʘʯʝʩʪʚʘ, ʩʠʣʴʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʢʘʢ ʥʘ ʦʪʜʝʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʦʙʱʝʩʪʚʦ ʚ ʮʝʣʦʤ. 

ʆʢʨʫʞʘʶʱʠʡ ʤʠʨ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʜʠʥʘʤʠʯʥʳʤ, ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠ ʦʧʘʩʥʳʤ. ʅʦʚʘʷ 

ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʶʪ ʜʣʷ ʣʶʜʝʡ ʥʝʚʠʜʘʥʥʳʝ ʨʘʥʝʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ, ʚʳʟʦʚʳ ʠ ʫʛʨʦʟʳ [1]. 

ɼʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʥʦ ʠ ʩʚʦʝʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʪʦʨʦʥʦʡ. ʇʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʚʩʪʘʝʪ ʫʛʨʦʟʘ ʷʜʝʨʥʦʡ ʚʦʡʥʳ, ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʟʘʨʘʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ, ʧʨʦʙʣʝʤʳ ʨʝʩʫʨʩʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʘʥʩʠʠ, ʘʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚʦ ʚʩʝ ʩʬʝʨʳ 

ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʯʝʣʦʚʝʢʘ ʦʪ 

ʪʝʭʥʠʢʠ, ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʧʨʘʛʤʘʪʠʟʤʘ, ʜʫʭʦʚʥʦʛʦ ʦʩʢʫʜʝʥʠʷ ʣʶʜʝʡ, ʪʝʭʥʦʢʨʘʪʠʟʤʘ, 

ʘʥʪʠʛʫʤʘʥʥʦʩʪʠ, ʦʙʦʩʪʨʷʝʪʩʷ ʤʦʨʘʣʴʥʳʡ ʢʨʠʟʠʩ, ʢʨʠʟʠʩ ʯʝʣʦʚʝʯʝʩʢʦʡ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ [2].  

ʂ ʧʨʦʠʩʭʦʜʷʱʠʤ ʦʯʝʥʴ ʙʳʩʪʨʦ ʛʣʫʙʦʢʠʤ ʧʝʨʝʤʝʥʘʤ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʞʠʟʥʠ ʦʜʥʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʣʶʜʠ ʯʘʩʪʦ ʙʳʚʘʶʪ ʩʦʚʩʝʤ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʥʝ ʧʦʜʛʦʪʦʚʣʝʥʳ [1]. 

ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʳʥʝʰʥʝʝ ʩʦʩʪʦʷʥʠʝ ʦʙʱʝʩʪʚʘ ʪʨʝʙʫʝʪ ʦʩʤʳʩʣʝʥʠʷ, 

ʪʨʘʥʩʣʷʮʠʠ ʥʦʚʳʭ ʞʠʟʥʝʥʥʳʭ ʮʝʥʥʦʩʪʝʡ ʠ ʩʤʳʩʣʦʚ, ʧʨʝʦʜʦʣʝʥʠʝ ʘʥʪʠʮʝʥʥʦʩʪʝʡ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʜʨʳʚʘʪʴ ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʫʶ ʛʘʨʤʦʥʠʶ 

ʯʝʣʦʚʝʢʘ, ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʩʦʮʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʮʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

[2]. 

ʇʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʩʠʣʝʥʠʝ ʛʫʤʘʥʠʪʘʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʠʩʪʝʤʝ 

ʧʦʜʛʦʪʦʚʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ, ʫʩʪʨʘʥʝʥʠʝ ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʦʙʫʯʝʥʠʝʤ ʠ 

ʩʦʮʠʘʣʴʥʦʡ ʧʨʘʢʪʠʢʦʡ, ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʘʷ, ʜʫʭʦʚʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʠʩʪʝʤʳ ʦʙʫʯʝʥʠʷ ʠ 

ʚʦʩʧʠʪʘʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʫʤʘʥʠʩʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ. 

ʀʩʪʦʨʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʞʝʥʝʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʩʝʛʜʘ ʙʳʣʘ ʠ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʮʠʚʠʣʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʚʩʷ ʩʦʟʜʘʥʥʘʷ ʯʝʣʦʚʝʢʦʤ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ, 

ʦʪ ʝʛʠʧʝʪʩʢʠʭ ʧʠʨʘʤʠʜ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʩʤʘʨʪʬʦʥʦʚ, ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʫʝʪʩʷ ʢʘʞʜʳʡ 

ʩʦʚʨʝʤʝʥʥʳʡ ʯʝʣʦʚʝʢ, ʩʦʟʜʘʥʘ ʠʥʞʝʥʝʨʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʛʫʤʘʥʠʪʘʨʥʦʝ ʦʩʤʳʩʣʝʥʠʝ ʮʝʣʝʡ 

ʠ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʝʝ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʠ ʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ [3]. 

ʆʙʨʘʪʠʤʩʷ ʢ ʧʦʥʷʪʠʶ çʠʥʞʝʥʝʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴè. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʣʘʜʘʝʪ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʦʡ, ʧʨʠ ʵʪʦʤ ʤʥʦʛʦʛʨʘʥʥʦʡ ʩʧʝʮʠʬʠʢʦʡ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ, 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʀʥʞʝʥʝʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʠ ʦʪʢʨʳʪʠʷʤʠ, ʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʙʫʜʫʱʠʭ ʠʟʜʝʣʠʡ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʘʮʠʡ, ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʝʭʥʠʢʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʝʝ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʮʝʥʦʢ [3]. 

ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʬʠʣʦʩʦʬʩʢʠʡ ʚʟʛʣʷʜ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʪʘʣʘʥʪʣʠʚʳʤ ʨʫʩʩʢʠʤ ʠʥʞʝʥʝʨʦʤ-ʤʝʭʘʥʠʢʦʤ, ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ 

ʬʠʣʦʩʦʬʠʠ ʪʝʭʥʠʢʠ ʚ ʈʦʩʩʠʠ ʇ.ʂ. ʕʥʛʝʣʴʤʝʡʝʨʦʤ, ʪʚʦʨʠʚʰʠʤ ʚ ʢʦʥʮʝ XIX ï ʥʘʯʘʣʝ XX 

ʚʝʢʘ.  ʆʥ ʩʯʠʪʘʣ, ʯʪʦ ʠʥʞʝʥʝʨʠʷ ï ʵʪʦ ʠʩʢʫʩʩʪʚʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʫ, 

ʢʦʛʜʘ ʯʝʣʦʚʝʢ, ʧʦʣʴʟʫʷʩʴ ʟʘʢʦʥʘʤʠ ʧʨʠʨʦʜʳ, ʩʦʟʥʘʪʝʣʴʥʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʝʤʫ 

ʷʚʣʝʥʠʷ. ʕʪʦ ʙʝʟʫʩʣʦʚʥʦ ʪʨʝʙʫʝʪ ʦʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʬʠʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ. ɽʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʝ ʟʥʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʩʧʝʮʠʘʣʠʩʪʘʤ ʥʘʭʦʜʠʪʴ ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʵʪʦ ʫʩʪʨʦʝʥʦ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʠʨʦʜʝ, ʘ ʪʝʭʥʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ï ʦʧʨʝʜʝʣʷʪʴ ʩʧʦʩʦʙʳ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʚʦʧʣʦʱʝʥʠʷ ʩʚʦʝʛʦ ʟʘʤʳʩʣʘ, ʧʨʠ ʵʪʦʤ ʪʦʣʴʢʦ ʛʫʤʘʥʠʪʘʨʥʳʝ ʟʥʘʥʠʷ ʧʦʤʦʛʘʶʪ ʧʨʘʚʠʣʴʥʦ 

ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩʳ ʦ ʪʦʤ, ʢʦʤʫ ʠ ʟʘʯʝʤ ʵʪʦ ʥʫʞʥʦ ʠ ʢʘʢʠʝ ʩʦʮʠʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʤʦʞʝʪ 
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ʚʳʟʚʘʪʴ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠʣʠ ʪʝʭʥʦʣʦʛʠʠ [1]. ɹʝʟ ʵʪʦʛʦ ʟʥʘʥʠʷ ʵʪʦ ʙʫʜʝʪ ʪʦʣʴʢʦ 

ʣʠʰʴ ʫʯʝʥʳʡ ʨʝʤʝʩʣʝʥʥʠʢ. 

ʆʨʠʛʠʥʘʣʴʥʦʝ, ʠʥʥʦʚʘʮʠʦʥʥʦʝ, ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʪʝʭʥʠʯʝʩʢʠ ʠ ʚʳʛʦʜʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʠʥʞʝʥʝʨʥʦʝ ʨʝʰʝʥʠʝ ʚʧʦʣʥʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʦʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤ ʠ ʢʫʣʴʪʫʨʥʦ ʫʱʝʨʙʥʳʤ, ʘ 

ʝʛʦ ʘʚʪʦʨ ʙʝʟ ʜʦʣʞʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʝ ʟʘʤʝʪʠʪ ʵʪʦʛʦ. ɼʣʷ ʵʪʦʛʦ ʠ ʥʫʞʥʳ ʪʘʢʠʝ ʜʠʩʮʠʧʣʠʥʳ 

ʢʘʢ ʠʩʪʦʨʠʷ, ʢʫʣʴʪʫʨʦʣʦʛʠʷ, ʧʩʠʭʦʣʦʛʠʷ, ʩʦʮʠʦʣʦʛʠʷ, ʣʦʛʠʢʘ, ʵʪʠʢʘ, ʧʨʘʚʦʚʝʜʝʥʠʝ, 

ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ, ʦʩʥʦʚʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʜʨʫʛʠʝ ʛʫʤʘʥʠʪʘʨʥʳʝ 

ʜʠʩʮʠʧʣʠʥʳ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʩʦʜʝʡʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʥʦʮʝʥʥʦʡ, ʨʘʟʥʦʩʪʦʨʦʥʥʝ 

ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ-ʠʥʞʝʥʝʨʘ, ʩʚʦʙʦʜʥʦʡ ʦʪ ʪʝʭʥʦʢʨʘʪʠʯʝʩʢʦʛʦ 

ʫʢʣʦʥʘ, ʩʧʦʩʦʙʥʦʡ ʙʨʘʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʚʦʠ ʨʝʰʝʥʠʷ, ʤʳʩʣʠʪʴ ʠ ʜʝʡʩʪʚʦʚʘʪʴ ʢʦʥʢʨʝʪʥʦ 

ʠ ʧʦʣʝʟʥʦ; ʣʠʯʥʦʩʪʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʚʩʝʛʜʘ ʥʘʭʦʜʷʪʩʷ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʝ 

ʮʝʥʥʦʩʪʠ [3]. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʬʠʣʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʟʥʘʥʠʡ, ʦʨʛʘʥʠʟʘʮʠʠ 

ʫʯʝʙʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʫʯʘʶʱʠʡʩʷ ʥʘʨʷʜʫ ʩ ʦʩʚʦʝʥʠʝʤ 

ʧʨʦʬʝʩʩʠʠ ʧʨʠʦʙʨʝʪʘʣ ʚʳʩʦʢʫʶ ʤʳʩʣʠʪʝʣʴʥʫʶ ʢʫʣʴʪʫʨʫ, ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ.  

ʆʪʩʫʪʩʪʚʠʝ ʛʫʤʘʥʠʪʘʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʳʩʰʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʣʘʝʪ ʝʛʦ 

ʦʜʥʦʩʪʦʨʦʥʥʠʤ, ʣʠʰʘʝʪ ʚʳʧʫʩʢʥʠʢʘ ʮʝʣʴʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʤʠʨʘ, ʦʛʨʘʥʠʯʠʚʘʷ ʪʦʣʴʢʦ 

ʧʣʦʩʢʦʩʪʴʶ ʫʟʢʦʩʧʝʮʠʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʫʩʧʝʭʘ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʩʪʨʝʤʣʝʥʠʝ ʩʘʤʦʛʦ ʩʪʫʜʝʥʪʘ ʩʪʘʪʴ ʧʦʣʥʦʮʝʥʥʳʤ ʠʥʞʝʥʝʨʦʤ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʦʬʠʣʴʥʦʛʦ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ 

[3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʫʤʘʥʠʪʘʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʠʩʪʝʤʝ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʧʨʠʦʙʨʝʪʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʶ, ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ, 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʙʘʟʦʚʘʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ.  
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ʵʢʦʥʦʤʠʢʠ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʚ ʈʌ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʬʘʢʪʦʨʦʚ 

ʧʦʚʳʰʝʥʠʷ ʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʤʠʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ 
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ʇʝʨʝʭʦʜ ʦʪ ʨʝʞʠʤʘ ʩʚʦʙʦʜʥʦʡ ʪʦʨʛʦʚʣʠ ʢ ʩʘʥʢʮʠʦʥʥʦʤʫ ʨʝʞʠʤʫ, ʘ ʪʘʢʞʝ ʜʨʝʡʬ  

ʢ ʤʥʦʛʦʧʦʣʷʨʥʦʤʫ ʤʠʨʦʫʩʪʨʦʡʩʪʚʫ ʤʝʥʷʶʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʩʦʚʨʝʤʝʥʥʦʡ 

ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʉʤʝʥʘ ʘʨʭʠʪʝʢʪʫʨʳ ʤʠʨʦʚʳʭ ʨʳʥʢʦʚ ʠ ʬʦʨʤʘʪʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʨʘʩʩʪʘʥʦʚʢʫ ʩʠʣ ʚ ʤʠʨʦʚʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʇʨʦʰʣʳʡ ʦʧʳʪ ʠ ʘʚʪʦʨʠʪʝʪ ʈʦʩʩʠʠ ʢʘʢ ʢʨʫʧʥʦʛʦ ʠʛʨʦʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʨʳʥʢʘ ʙʦʣʴʰʝ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘʰʝʡ ʩʪʨʘʥʳ. ʅʘ ʪʝʢʫʱʝʤ 

ʵʪʘʧʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʦʚʦʛʦ ʤʠʨʦʧʦʨʷʜʢʘ ʦʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʛʠʙʢʦʩʪʴ ʢ ʤʝʥʷʶʱʠʤʩʷ 

ʫʩʣʦʚʠʷʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʦʯʝʢ ʨʦʩʪʘ, ʛʦʪʦʚʥʦʩʪʴ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʧʦʪʨʝʙʣʝʥʠʷ [1]. 

ʊʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡʩʷ ʩʧʨʦʩ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ: 

ʤʦʙʠʣʴʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʥʘ ʥʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʳʥʢʠ, ʧʨʝʜʣʦʞʝʥʠʝ ʵʥʝʨʛʦʪʦʚʘʨʦʚ  

ʩ ʥʦʚʳʤʠ ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʠ ʧʨ. [2]. 

ɿʘʜʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʨʝʜʝ ʨʘʩʪʫʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʥʝʨʛʠʠ ʥʘ ʬʦʥʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʥʘʫʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʦʩʪʘ ʜʣʷ ʈʦʩʩʠʠ, ʢʦʪʦʨʳʝ, ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ ʧʝʨʝʩʤʦʪʨʘ 

ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʣʘʥʦʚ. 

ʇʝʨʝʯʠʩʣʠʤ ʪʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʣʘʥʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ.  

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʢʩʧʦʨʪʘ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ 

ʨʘʩʰʠʨʝʥʠʠ ʨʳʥʢʦʚ ʩʙʳʪʘ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʳʥʢʠ ʩʪʨʘʥ ɸʬʨʠʢʠ, ʃʘʪʠʥʩʢʦʡ 

ɸʤʝʨʠʢʠ, ʫʩʠʣʝʥʠʝ ʚʥʠʤʘʥʠʷ ʥʘ ʨʳʥʢʠ ɸʟʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʳʥʢʦʚ ʩʙʳʪʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʈʘʟʚʠʪʠʝ 

ʚʝʪʨʦʚʦʡ, ʩʦʣʥʝʯʥʦʡ ʠ ʜʨʫʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʡ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ 

ʫʛʣʝʨʦʜʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʰʝʡ ʩʪʨʘʥʳ [3]. 

ɺ-ʪʨʝʪʴʠʭ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʪʘʢʠʭ ʢʘʢ ʩʤʘʨʪ-ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 

ʮʠʬʨʦʚʠʟʘʮʠʷ) ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ [4]. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ. ʄʠʥʠʩʪʨ ʵʥʝʨʛʝʪʠʢʠ ʉʝʨʛʝʡ 

ʎʠʚʠʣʝʚ 09.10.2025 ʛ. ʥʘ ʧʣʝʥʘʨʥʦʤ ʟʘʩʝʜʘʥʠʠ çʈʳʥʦʢ ʛʘʟʘ 2025ï2035: ʥʦʚʳʝ ʦʯʝʨʪʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠè ʚ ʨʘʤʢʘʭ XIV ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʛʘʟʦʚʦʛʦ ʬʦʨʫʤʘ 

ʩʦʦʙʱʠʣ, ʯʪʦ ʇʨʝʟʠʜʝʥʪʦʤ ʈʌ ɺ.ɺ. ʇʫʪʠʥʳʤ ʟʘʜʘʥʦ ʚʘʞʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʜʣʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʊʕʂ. ʕʪʦ ʜʦʩʪʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʠ ʣʠʜʝʨʩʪʚʘ. 
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ɺ-ʧʷʪʳʭ, ʫʣʫʯʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʦʠʩʢ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʧʨʦʩʘ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ. ʈʝʘʣʠʟʘʮʠʷ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʦʚ  

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠ ʩʪʨʘʥʘʤʠ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʧʝʨʝʜʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ  

ʠ ʠʥʚʝʩʪʠʨʦʚʘʥʠʶ [5]. 

ɸʜʘʧʪʘʮʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʈʦʩʩʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

ʌʦʢʫʩ ʥʘ ʠʥʥʦʚʘʮʠʷʭ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʤ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʚʘʞʝʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʌ 

ʥʘ ʛʣʦʙʘʣʴʥʦʡ ʘʨʝʥʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʦʩʪʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ. ʈʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ, ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʂʨʦʤʝ 

ʪʦʛʦ ʧʨʠʥʷʪʠʝ ʤʝʨ ʧʦ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʈʦʩʩʠʶ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʠʥʦʩʪʨʘʥʥʳʭ ʠʥʚʝʩʪʦʨʦʚ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ 

ʦʪʢʨʳʚʘʶʪ ʜʣʷ ʈʦʩʩʠʠ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʚʘʞʥʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʠʥʥʦʚʘʮʠʷʭ, ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ, 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʫʩʪʦʡʯʠʚʦʤ ʨʘʟʚʠʪʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʵʢʦʩʠʩʪʝʤʳ ʢʨʫʧʥʦʡ ʢʦʨʧʦʨʘʮʠʠ ʚ 

ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ɸʆ çʂʦʥʮʝʨʥ 

ʈʦʩʵʥʝʨʛʦʘʪʦʤè ʚ ʛ. ɺʦʣʛʦʜʦʥʩʢ ʠ ɺʦʣʛʦʜʦʥʩʢʦʤ ʨʘʡʦʥʝ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʩʣʫʞʠʣʘ ʪʝʪʨʘʜʥʘʷ ʤʦʜʝʣʴ ʵʢʦʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʜʚʦʡʩʪʚʝʥʥʦʤ ʧʦʜʭʦʜʝ ʢ ʦʮʝʥʢʝ 
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ʢʘʪʝʛʦʨʠʡ çʇʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷè ʠ çʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʚʨʝʤʝʥʥʦʛʦ ʨʝʩʫʨʩʘè. ʄʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʯʝʪʳʨʝʭ ʘʩʧʝʢʪʘʭ: 

ʦʙʲʝʢʪʥʦʤ, ʩʨʝʜʦʚʦʤ, ʧʨʦʮʝʩʩʥʦʤ ʠ ʧʨʦʝʢʪʥʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʤʘʨʢʝʪʠʥʛʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʵʢʦʩʠʩʪʝʤʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʧʨʠʷʪʠʷ 
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Abstract. The article discusses the issues of streamlining the ecosystem structure of a large corporation within  

a territorial entity using the example of the functioning of Rosatom Concern units in Volgodonsk and Volgodonsky 

district. The methodological basis of the study was the tetrad model of the enterprise ecosystem, based on a dual 

approach to assessing the categories "Space-time" and "intensity of space use ï the activity of using a temporary 

resource." The model assumes consideration of the enterprise ecosystem in four aspects: object, environment, 

process and project. 

Keywords: strategic marketing management, enterprise ecosystem, strategic potential of the enterprise 

 

ʀʩʩʣʝʜʫʷ ʨʘʟʚʠʪʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ ʝʜʠʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʧʨʠʭʦʜʠʪʩʷ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ 

ʬʘʢʪ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʧʦʜʭʦʜʘ ʦʪʜʝʣʴʥʳʭ ʘʚʪʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʳʡ 

ʚʦʧʨʦʩ ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ ʫ ɻ.ɹ. ʂʣʝʡʥʝʨʘ [1, 2], ʢʦʪʦʨʳʡ ʦʧʠʨʘʷʩʴ ʥʘ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ 

ʩʫʱʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʘʪʝʛʦʨʠʡ ʚʳʜʝʣʷʝʪ ʯʝʪʳʨʝʭ ʧʣʘʩʪʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʢʦʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ: ʦʙʲʝʢʪʥʳʡ, ʩʨʝʜʦʚʦʡ, ʧʨʦʮʝʩʩʥʳʡ ʠ ʧʨʦʝʢʪʥʳʡ. ɺ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ɸʆ çʂʦʥʮʝʨʥ ʈʦʩʵʥʝʨʛʦʘʪʦʤè ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ ʫʩʣʦʞʥʷʝʪʩʷ 

ʤʥʦʛʦʛʨʘʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʭʦʟʷʡʩʪʚʫʶʱʝʛʦ ʩʫʙʲʝʢʪʘ. 

ʕʢʦʩʠʩʪʝʤʘ, ʧʦ ʤʥʝʥʠʶ ʈ. ʕʜʥʝʨʘ, ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ, ʫ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ çʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʮʝʥʥʦʩʪʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷè. ʇʦʟʠʮʠʷ ɻ.ɹ. 

ʂʣʝʡʥʝʨʘ ʙʦʣʝʝ ʰʠʨʦʢʘʷ ʠ ʪʨʘʢʪʫʝʪ ʵʢʦʩʠʩʪʝʤʫ ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ çʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʤʧʣʝʢʩ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʩʠʩʪʝʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ 

ʭʦʜʝ ʩʦʟʜʘʥʠʷ ʠ ʦʙʨʘʱʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʩʠʤʚʦʣʠʯʝʩʢʠʭ ʙʣʘʛ ʠ ʮʝʥʥʦʩʪʝʡ, ʩʧʦʩʦʙʥʳʡ 

ʜʣʠʪʝʣʴʥʦ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ ʢʨʫʛʦʦʙʦʨʦʪʘ ʫʢʘʟʘʥʥʳʭ ʙʣʘʛ ʠ 

ʩʠʩʪʝʤè [1, 2]. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ ɸʆ çʂʦʥʮʝʨʥ 

ʈʦʩʵʥʝʨʛʦʘʪʦʤè. 

 
ʊʘʙʣʠʮʘ 1 - ʉʦʩʪʘʚʣʷʶʱʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʦʩʠʩʪʝʤʳ ɸʆ çʂʦʥʮʝʨʥ ʈʦʩʵʥʝʨʛʦʘʪʦʤè 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʦʩʠʩʪʝʤʳ ɸʆ çʂʦʥʮʝʨʥ ʈʦʩʵʥʝʨʛʦʘʪʦʤè 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʢʦʩʠʩʪʝʤʳ ʂʦʨʧʦʨʘʮʠʷ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʯʘʩʪʠʝʤ 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʢʦʩʠʩʪʝʤʳ ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩ 

ʫʯʝʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ.  

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʢʦʩʠʩʪʝʤʳ 

çʈʦʩʘʪʦʤ ʃʦʛʠʩʪʠʢʘè, çɸʪʦʤ ʄʝʜʠʘè 

ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʢʦʩʠʩʪʝʤʳ ʀʥʥʦʭʘʙ (ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘʮʠʡ) 

ɺʠʜʳ ʧʦʪʦʢʦʚ ʵʢʟʠʩʪʝʥʮʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʵʢʦʩʠʩʪʝʤʝ 

ʇʨʦʜʫʢʪʳ ʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ 

ɺʠʜʳ ʧʦʪʦʢʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʵʢʦʩʠʩʪʝʤʝ 

ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ 

ɸʨʝʘʣ ʵʢʦʩʠʩʪʝʤʳ ʈʌ, ʧʦʩʪʨʦʡʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚʘʭ 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʵʢʦʩʠʩʪʝʤʳ ɺʦʟʤʦʞʥʦ ʦʛʨʘʥʠʯʝʥ ʚʨʝʤʝʥʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʘ 
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʢʦʩʠʩʪʝʤʘ ʢʦʨʧʦʨʘʮʠʠ ʩʪʨʦʠʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʧʨʦʜʫʢʪʦʚʦʡ 

ʵʢʦʩʠʩʪʝʤʳ. ʉʧʝʮʠʬʠʢʘ ɸʆ çʂʦʥʮʝʨʥ ʈʦʩʵʥʝʨʛʦʘʪʦʤè ʚ ʪʦʤ, ʯʪʦ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʵʪʘʧʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʫʪʝʤ ʷʜʝʨʥʦʛʦ 

ʩʠʥʪʝʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʰʘʶʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʦʨʦʥʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ (ʷʜʝʨʥʳʡ ʱʠʪ) ʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ, 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʜʨʫʛʠʭ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʫʘʣʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʪʨʘʜʥʘʷ ʤʦʜʝʣʴ ʵʢʦʩʠʩʪʝʤʳ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʦʮʝʥʢʠ ʢʘʪʝʛʦʨʠʡ çʇʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷè ʠ 

çʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʝʩʫʨʩʘè. 

ʇʦ ʤʥʝʥʠʶ ɻ.ɹ. ʂʣʝʡʥʝʨʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʵʢʦʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ 

ʯʝʪʳʨʝ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ, ʩʨʝʜʦʚʘʷ, ʧʨʦʮʝʩʩʥʘʷ ʠ ʧʨʦʝʢʪʥʘʷ [1]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʢʦʨʧʦʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʯʝʨʝʟ ʯʝʪʳʨʝ ʢʘʪʝʛʦʨʠʠ ʩʫʙʲʝʢʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʝʤʫ ʧʣʘʩʪʫ ʵʢʦʩʠʩʪʝʤʳ: ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʣʘʩʪʝʨ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦ-ʢʦʛʥʠʪʠʚʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʧʨʦʮʝʩʩʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʝʪʴ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦ-

ʧʨʦʝʢʪʥʳʡ ʠʥʢʫʙʘʪʦʨ. ʕʣʝʤʝʥʪʳ ʵʢʦʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʊʘʙʣʠʮʘ 2 - ʕʣʝʤʝʥʪʳ ʵʢʦʩʠʩʪʝʤʳ ɸʆ çʂʦʥʮʝʨʥ ʈʦʩʵʥʝʨʛʦʘʪʦʤè ʚ ʛ. ɺʦʣʛʦʜʦʥʩʢ 

ʉʦʩʪʘʚʣʷʶʱʠʝ 

ʵʢʦʩʠʩʪʝʤʳ 

ɽʜʠʥʠʮʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ 

ʕʣʝʤʝʥʪʳ ʵʢʦʩʠʩʪʝʤʳ ɸʆ çʂʦʥʮʝʨʥ 

ʈʦʩʵʥʝʨʛʦʘʪʦʤè ʚ ʛ. ɺʦʣʛʦʜʦʥʩʢ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʣʘʩʪʝʨ 

ʌʠʣʠʘʣ ɸʆ çʂʦʥʮʝʨʥ ʈʦʩʵʥʝʨʛʦʘʪʦʤè 

çʈʦʩʪʦʚʩʢʘʷ ʘʪʦʤʥʘʷ ʩʪʘʥʮʠʷè, ʌʠʣʠʘʣ  

ɸʆ "ɸʕʄ-ʪʝʭʥʦʣʦʛʠʠ" "ɸʪʦʤʤʘʰ" ʚ  

ʛ. ɺʦʣʛʦʜʦʥʩʢ  

ʉʨʝʜʦʚʘʷ ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʦ-ʢʦʛʥʠʪʠʚʥʘʷ 

ʧʣʘʪʬʦʨʤʘ 

ʊʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ ʛ. ɺʦʣʛʦʜʦʥʩʢʘ ʠ ʨʘʡʦʥʘ 

ʇʨʦʮʝʩʩʥʘʷ ʇʨʦʮʝʩʩʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʝʪʴ ɺʀʊʀ ʅʀʗʋ ʄʀʌʀ, ʃʠʮʝʡ ˉ105 

ʇʨʦʝʢʪʥʘʷ ʀʥʥʦʚʘʮʠʦʥʥʦ-ʧʨʦʝʢʪʥʳʡ 

ʠʥʢʫʙʘʪʦʨ 

ʅʀʀ ɸʕʄ 

 

ɺʤʝʩʪʝ ʩ ʧʦʥʠʤʘʥʠʝʤ ʵʢʦʩʠʩʪʝʤʳ ʢʦʨʧʦʨʘʮʠʠ ʠʤʝʝʪʩʷ ʠ ʧʦʥʠʤʘʥʠʝ ʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʘʢʦʡ ʢʘʪʝʛʦʨʠʝʡ ʢʘʢ çʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʧʨʠʷʪʠʷè, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʫʶ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʦʨʧʦʨʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʪʩʷ ʚ ʪʨʝʭ ʫʨʦʚʥʷʭ. ʆʩʥʦʚʥʳʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʚʢʣʶʯʘʶʪ ʨʳʥʦʯʥʳʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʠ ʤʘʨʢʝʪʠʥʛʦʚʳʝ 

ʧʦʪʝʥʮʠʘʣʳ. ʇʨʠʢʣʘʜʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʤ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ, ʠʥʥʦʚʘʮʠʦʥʥʳʤ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʘʤʠ. ʊʨʝʪʠʡ 

ʫʨʦʚʝʥʴ ʩʦʩʪʘʚʣʷʶʪ ʨʝʩʫʨʩʥʳʝ ʧʦʪʝʥʮʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʜʨʦʚʳʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ, ʥʘʫʯʥʳʡ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ, ʤʘʪʝʨʠʘʣʴʥʦ-ʨʝʩʫʨʩʥʳʡ ʠ ʬʠʥʘʥʩʦʚʳʡ [3]. 

 
ʊʘʙʣʠʮʘ 3 - ʉʦʦʪʚʝʪʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʦʨʘʮʠʠ 

ʕʣʝʤʝʥʪʳ ʵʢʦʩʠʩʪʝʤʳ ʕʣʝʤʝʥʪʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʨʝʜʧʨʠʷʪʠʷ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʣʘʩʪʝʨ ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ, ʨʝʩʫʨʩʥʳʡ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʦ-ʢʦʛʥʠʪʠʚʥʘʷ ʧʣʘʪʬʦʨʤʘ ʈʳʥʦʯʥʳʡ, ʬʠʥʘʥʩʦʚʳʡ, ʢʘʜʨʦʚʳʡ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ, ʤʘʨʢʝʪʠʥʛʦʚʳʡ 

ʇʨʦʮʝʩʩʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʝʪʴ ʅʘʫʯʥʳʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʀʥʥʦʚʘʮʠʦʥʥʦ-ʧʨʦʝʢʪʥʳʡ ʠʥʢʫʙʘʪʦʨ ʅʘʫʯʥʳʡ, ʠʥʥʦʚʘʮʠʦʥʥʳʡ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ. 
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1. ʆʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ɸʆ çʂʦʥʮʝʨʥ ʈʦʩʵʥʝʨʛʦʘʪʦʤè ʩʣʫʞʠʪ 

ʧʨʦʜʫʢʪʦʚʘʷ ʤʦʜʝʣʴ, ʬʦʨʤʠʨʫʶʱʘʷ ʧʨʦʝʢʮʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ. 
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Abstract. This article discusses the prospects and practical aspects of using digital measurement technologies in the 

manufacturing process of equipment for nuclear power plants. The focus is on technologies such as laser scanning, 

three-dimensional coordinate metrology and systems based on artificial intelligence. The article highlights the role 

of these technologies in ensuring nuclear safety and facilitating the transition to digital manufacturing. 
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ʀʟʛʦʪʦʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɸʕʉ) ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʩʦʙʣʶʜʝʥʠʷ ʩʪʨʦʛʠʭ ʩʪʘʥʜʘʨʪʦʚ ʪʦʯʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ  

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʦʚ, ʧʘʨʦʛʝʥʝʨʘʪʦʨʳ, ʪʨʫʙʦʧʨʦʚʦʜʳ  

ʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʘʚʣʝʥʠʷ ʠ ʨʘʜʠʘʮʠʶ ʠ ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʪʦʯʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ [1]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ, ʚʢʣʶʯʘʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʘʣʠʙʨʳ, ʨʫʯʥʳʝ ʜʘʪʯʠʢʠ  

ʠ ʦʧʪʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʯʘʩʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʡ ʠ 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ. 

ʎʠʬʨʦʚʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʚʦʣʶʮʠʦʥʥʳʡ ʧʦʜʭʦʜ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 
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ʃʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ï ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʯʥʳʭ 3D-ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʧʨʦʮʝʩʩ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʝʪʘʣʠ ʚ ʫʩʣʦʚʠʷʭ ɸʆ çɸʕʄ-ʪʝʭʥʦʣʦʛʠʠè çɸʪʦʤʤʘʰè 

 

3D-ʢʦʦʨʜʠʥʘʪʥʘʷ ʤʝʪʨʦʣʦʛʠʷ (3D-CMM) ï ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʪʦʤ ʯʠʩʣʝ ʮʝʭʦʚʳʝ ʂʀʄ (ʨʠʩ.2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ Leica Absolute Tracker 

 

ɺʦʟʤʦʞʥʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ ʷʚʣʷʝʪʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʕʪʦ ʙʫʜʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ 

ʧʣʘʪʬʦʨʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʙʘʟʝ ʬʨʝʡʤʚʦʨʢʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʪ ʮʠʬʨʦʚʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ, 3D-CMM) ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ɸʕʉ. ʉʠʩʪʝʤʘ ʩʤʦʞʝʪ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʜʘʥʥʳʝ ʦ ʚʠʙʨʘʮʠʷʭ. ʀʀ 

ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʤʝʪʦʜʳ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ) ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʜʘʥʥʳʭ ʠ ʩʤʦʞʝʪ ʚʳʷʚʠʪʴ ʘʥʦʤʘʣʠʠ, ʯʪʦ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʜʝʬʝʢʪʦʚ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʜ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
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ʊʦʯʥʦʩʪʴ: ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʦʩʪʠʛʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ 0,01 ʤʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ  

ʩ 0,5 ʤʤ ʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ [3]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ: ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʠʥʩʧʝʢʮʠʠ ʥʘ 40% ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʉʪʦʠʤʦʩʪʴ: ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ +20ï25%, ʥʦ ʦʢʫʧʘʝʤʦʩʪʴ ʟʘ 1ï2 ʛʦʜʘ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʙʨʘʢʘ. 

 
ʊʘʙʣʠʮʘ 1 ï ʩʨʘʚʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʩ ʮʠʬʨʦʚʳʤʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʊʦʯʥʦʩʪʴ (ʤʤ) 
ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 

(ʯ) 

ʉʪʦʠʤʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ (%) 

ʉʥʠʞʝʥʠʝ 

ʨʠʩʢʦʚ (%) 

ʊʨʘʜʠʮʠʦʥʥʘʷ 0,5 10 0 0 

ʃʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 0,01 2 +15 20 

3D-CMM 0,02 1 +20 25 

 

ʂʣʶʯʝʚʳʝ ʚʳʟʦʚʳ ʧʨʠ ʧʦʣʥʦʤ ʧʝʨʝʭʦʜʝ ʢ ʮʠʬʨʦʚʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ: 

1. ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʩʪʘʥʜʘʨʪʘʤ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʠʙʝʨʫʛʨʦʟ. 

2. ʂʘʣʠʙʨʦʚʢʘ ʠ ʘʜʘʧʪʘʮʠʷ ï ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʜʠʘʮʠʠ; ʥʘʧʨʠʤʝʨ, ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ʪʨʝʙʫʶʪ ʵʢʨʘʥʠʨʦʚʘʥʠʷ. 

3. ʉʪʦʠʤʦʩʪʴ ʠ ʦʙʫʯʝʥʠʝ ï ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʝʨʩʦʥʘʣ; ʦʜʥʘʢʦ, 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʚʳʛʦʜʳ (ʩʥʠʞʝʥʠʝ ʙʨʘʢʘ ʥʘ 40%) ʦʧʨʘʚʜʳʚʘʶʪ ʠʥʚʝʩʪʠʮʠʠ. 

4. ʈʝʛʫʣʷʪʦʨʥʳʝ ʘʩʧʝʢʪʳ ï ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʤ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʩʝʨʪʠʬʠʢʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʬʨʦʚʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ɸʕʉ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʀʭ ʠʥʪʝʛʨʘʮʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʤʝʩʪʘ ʚ ʣʠʜʝʨʘʭ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ɸʕʉ ʥʘ ʤʠʨʦʚʦʡ 

ʘʨʝʥʝ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚ ʨʘʙʦʪʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʪʢʨʦʝʪ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʠʟʦʙʨʝʪʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʦʙʦʪʠʟʠʨʦʚʘʪʴ 

ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʫʶ 

ʤʘʰʠʥʫ (ʂʀʄ), ʩʧʦʩʦʙʥʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʥʘʭʦʞʜʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ 

ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʜʝʬʝʢʪʳ, ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ. 
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Abstract. This paper examines the problem of quality control. It is proposed to robotize visual inspection 

using machine vision systems and a coordinate measuring machine (CMM), which can automate the 

process of detecting defects and facilitate quality assurance in manufacturing. 

      Keywords: quality control, defects, visual and measuring control. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 

ɺʩʝ ʵʪʘʧʳ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘʯʠʥʘʷ ʦʪ ʟʘʛʦʪʦʚʦʢ ʠ ʟʘʢʘʥʯʠʚʘʷ ʫʞʝ 

ʛʦʪʦʚʳʤ ʠʟʜʝʣʠʝʤ, ʙʝʟʫʩʣʦʚʥʦ, ʟʘʥʠʤʘʶʪ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʚʚʠʜʫ ʚʥʫʰʠʪʝʣʴʥʳʭ 

ʨʘʟʤʝʨʦʚ ʠʟʜʝʣʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ ʥʘ ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ (ɺʀʂ) ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʵʪʘʧʘ ʫʭʦʜʠʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʇʦʜʦʙʥʳʝ ʧʨʦʤʝʜʣʝʥʠʷ ʠ ʟʘʜʝʨʞʢʠ 

ʩʚʷʟʘʥʥʳ ʩ ʧʨʠʤʠʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ, 

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʦʩʤʦʪʨʝʪʴ. 

ɺʚʠʜʫ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʦʨʜʠʥʘʪʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ (ʂʀʄ), ʩʧʦʩʦʙʥʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʥʘʭʦʞʜʝʥʠʷ ʜʝʬʝʢʪʦʚ 

ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ. 

ʂʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ (ʂʀʄ) ʠ ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ï 

ʵʪʦ ʥʝ ʦʜʥʦ ʠ ʪʦ ʞʝ, ʥʦ ʦʥʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʤʝʩʪʝ. 

ɺʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ï ʵʪʦ ʟʘʜʘʯʘ (ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʶ ʦʙʲʝʢʪʘ, 

ʥʘʡʪʠ ʜʝʬʝʢʪʳ). ʂʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ï ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʪʦʯʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʪʨʝʭʤʝʨʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʂʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʜʣʷ ɺʀʂ 
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ʂʘʤʝʨʳ ï ʵʪʦ "ʛʣʘʟʘ" ʩʠʩʪʝʤʳ. ʀʭ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩʚʝʪʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ 

ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ (ʠʟʦʙʨʘʞʝʥʠʝ), ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʞʝʪ ʦʙʨʘʙʦʪʘʪʴ ʢʦʤʧʴʶʪʝʨ (ʨʠʩ.2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï 3D ʢʘʤʝʨʘ ʜʣʷ ɺʀʂ 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʙʦʪʠʟʘʮʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ 
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ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʚʩʸ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʦʧʨʦʩ ʨʝʘʣʠʟʘʮʠʠ 

ʪʨʝʙʦʚʘʥʠʡ ʉʊʆ 1.1.1.002.1857-2021 [1] ʚ ʯʘʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ 

ʘʨʤʘʪʫʨʳ (ʕʇɸ), ʪʨʝʙʦʚʘʥʠʡ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʦʤ ʩʦʛʣʘʩʥʦ ʅʇ-096-15 [2] ʠ ʈɹ-136-17 [3]. 

ʆʙʱʠʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʩʦ ʩʪʦʨʦʥʳ ɸʉʋ ʊʇ ɸʕʉ, ʩʦʛʣʘʩʥʦ ɽʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʩʪʨʘʪʝʛʠʠ 

ɻʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè ʪʨʝʙʫʶʪ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʪʨʦʣʷ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʕʇɸ. 

ɸʥʘʣʠʟ ʦʧʳʪʘ ʢʦʣʣʝʛ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ ʕʇɸ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ [4], ʥʦ ʪʘʢʞʝ  

ʠ ʚʳʷʚʣʷʝʪ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʧʝʨʝʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʧʝʨʘʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʫʭʦʜʦʤ ʩ ʨʳʥʢʘ ʈʦʩʩʠʠ ʟʘʨʫʙʝʞʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ, ʪʘʢʠʭ ʢʘʢ AUMA, PECKY  

ʠ REGADA. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʦʙʩʪʚʝʥʥʳʡ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʝʨʠʡʥʳʭ ʧʦʩʪʘʚʦʢ 

ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʕʇɸ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ɸʕʉ, ɸʆ ɸʨʤʘʣʠʪè ʧʨʠʩʪʫʧʠʣʦ ʢ ʨʝʰʝʥʠʶ 

ʟʘʜʘʯ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʩʚʦʝʥʠʶ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ (ʕʀʄ), ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʅʇ-068-05 [5]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɹʘʟʦʚʳʡ ʩʦʩʪʘʚ ʕʀʄ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʕʀʄ ʩʦʩʪʦʷʪ ʠʟ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ (ʄʈ), ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʘʨʤʘʪʫʨʫ ʠ ʥʠʟʢʦʚʦʣʴʪʥʦʛʦ ʢʦʤʧʣʝʢʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʅʂʋ) 

ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 100 ʤ ʦʪ ʄʈ (ʨʠʩʫʥʦʢ 1). 

ʄʈ ʩʦʜʝʨʞʠʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʥʘ ʨʦʪʦʨʝ (ʉɼʇʄ), 

ʧʣʘʥʝʪʘʨʥʳʡ (ʯʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ) ʠ ʨʫʯʥʦʡ ʜʫʙʣʝʨ. ɹʣʘʛʦʜʘʨʷ ʢʦʥʩʪʨʫʢʮʠʠ ʉɼʇʄ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʫʩʢʦʚʦʡ ʤʦʤʝʥʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʥʝ ʤʝʥʝʝ 5:1 ʠ ʣʠʥʝʡʥʫʶ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʦʪ ʤʦʤʝʥʪʘ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʉɼʇʄ, ʠʟ ʩʦʩʪʘʚʘ ʄʈ ʕʀʄ ʙʳʣʠ 

ʠʩʢʣʶʯʝʥʳ ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʟʣʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ 

ʚʘʣʫ. ʇʨʠʤʝʥʝʥ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʄʈ ʕʀʄ ʠ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ. 

ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʉɼʇʄ ʠʤʝʝʪ ʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʤʦʤʝʥʪʘ ʠ ʤʝʥʴʰʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʨʝʜʫʢʪʦʨ  
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ʩ ʤʝʥʴʰʠʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ. ʇʦʤʠʤʦ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʚʨʘʱʘʶʱʠʭʩʷ ʜʝʪʘʣʝʡ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʛʘʙʘʨʠʪʦʚ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʣʦʰʫʤʥʦʩʪʴ ʕʀʄ. 

ʅʂʋ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʟʘʧʦʨʥʦʛʦ ʦʨʛʘʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʕʀʄ 

(ʨʝʟʢʦ), ʣʠʙʦ ʩ ʧʣʘʚʥʳʤ (ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ) ʥʘʨʘʩʪʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠ ʤʦʤʝʥʪʘ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʥʘʩʪʨʦʝʥʥʦʛʦ) ʟʥʘʯʝʥʠʷ ï çʧʣʘʚʥʳʡ ʧʫʩʢè. 

- ʦʙʝʩʧʝʯʝʥʠʝ ʫʧʣʦʪʥʝʥʠʷ (ʜʦʞʘʪʠʷ) ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʕʀʄ (ʨʝʟʢʦ), ʣʠʙʦ  

ʩ ʧʣʘʚʥʳʤ (ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ) ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠ ʥʘʨʘʩʪʘʥʠʝʤ ʤʦʤʝʥʪʘ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʥʘʩʪʨʦʝʥʥʦʛʦ) ʟʥʘʯʝʥʠʷ ï çʙʝʟʫʜʘʨʥʘʷ ʧʦʩʘʜʢʘè. 

ɼʣʷ ʢʘʞʜʦʛʦ ʧʝʨʝʚʦʜʘ ʅʂʋ ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʚʳʯʠʩʣʝʥʠʝ  

ʠ ʨʝʛʠʩʪʨʘʮʠʶ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʚʝʣʠʯʠʥʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ 

ʚʳʭʦʜʥʦʤ ʚʘʣʫ (ʪʦʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ), ʧʦʣʦʞʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ (ʧʦʣʦʞʝʥʠʷ ʘʨʤʘʪʫʨʳ), 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʪʠʧʠʯʥʳʭ ʟʦʥ ʕʇɸ: 1 ï 

ʉʪʘʨʪ ʠʟ ʧʦʣʦʞʝʥʠʷ "ʆʪʢʨʳʪʦ", "ʧʦʜʨʳʚ" ʟʘʧʦʨʥʦʛʦ ʦʨʛʘʥʘ, 2 ï çɿʘʜʠʨè/ çʇʦʜʢʣʠʥʠʚʘʥʠʝè, 

3 ï ʈʘʙʦʯʠʡ ʭʦʜ, 4 ï çɼʦʞʠʤ/ʫʧʣʦʪʥʝʥʠʝè ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʧʦʣʦʞʝʥʠʠ çɿʘʢʨʳʪʦè. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʦʩʪʦʷʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ʕʇɸ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʅʂʋ ʕʀʄ 

 

ɺʦʟʤʦʞʥʘ ʥʘʩʪʨʦʡʢʘ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ ʧʦʚʳʰʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʜʠʨʦʚ, ʠʟʥʦʩʘ ʠ ʪ.ʜ.) ʠʣʠ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ. 

ʅʘʩʪʨʦʡʢʘ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʛʨʘʤʤʥʦ ʙʝʟ ʚʩʢʨʳʪʠʷ ʢʦʨʧʫʩʘ 

ʕʀʄ. ʆʛʨʘʥʠʯʝʥʠʝ (ʨʝʛʫʣʠʨʦʚʢʘ) ʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʇʂ ʩ 

ʧʦʤʦʱʴʶ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʙʝʟ ʚʩʢʨʳʪʠʷ ʕʀʄ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʥʘʩʪʨʦʡʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʕʀʄ ʥʘ ʦʙʲʝʢʪʝ. 

ʅʂʋ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʩʚʷʟʴ ʩ ʩʠʩʪʝʤʘʤʠ ɸʉʋ 

ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦ ʜʠʩʢʨʝʪʥʦʤʫ ʢʘʥʘʣʫ, çʪʦʢʦʚʦʡ ʧʝʪʣʝè, ʮʠʬʨʦʚʳʤ ʢʘʥʘʣʘʤ 

RS-485 (ʧʨʦʪʦʢʦʣʳ Modbus ʠ Profibus) ʠ ʜʨʫʛʠʤ. ʕʀʄ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ 

ʢʘʢ ʧʦʩʪʘʚʱʠʢ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ ʜʣʷ ʝʜʠʥʦʡ ʧʣʘʪʬʦʨʤʳ 

ʧʦ ʦʙʤʝʥʫ ʜʘʥʥʳʤʠ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ 

ʘʨʤʘʪʫʨʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʰʪʘʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʂʋ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʕʀʄ ʠ ʘʨʤʘʪʫʨʳ ʚʩʪʨʦʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʠʭ 

ʩʨʝʜʩʪʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʕʀʄ ʠ ʘʨʤʘʪʫʨʳ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʕʀʄ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʦʤ 

ʩʦʛʣʘʩʥʦ ʅʇ-096-15 [3], ʈɹ-136-17 [4]: ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʝʜʦʪʢʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʠ ʘʨʤʘʪʫʨʳ, ʯʪʦ ʧʦʚʳʩʠʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʥʘʨʫʰʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʪʢʘʟʦʚ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʦʪ ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦ ʩʦʩʪʦʷʥʠʶ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʕʀʄ ʷʚʣʷʶʪʩʷ ʛʦʪʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʨʘʤʢʘʭ ɽʜʠʥʦʡ 

ʮʠʬʨʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ɻʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè. ɿʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʕʀʄ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ɻʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʘʪʦʤè ʧʦʣʫʯʘʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʕʇɸ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʣʘʥʠʨʫʝʪʩʷ ʧʠʣʦʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʕʀʄ ʨʘʟʨʘʙʦʪʢʠ 

ɸʆ ɸʨʤʘʣʠʪè ʥʘ ʃɸʕʉ-2, ʘ ʦʪʜʝʣʴʥʳʝ ʪʠʧʳ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘ ʧʨʝʜʤʝʪ 

ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʕʇɸ ʜʣʷ ʩʠʩʪʝʤ LAB, LBA, LCP, LBG, LCN, LAH, LAA 4-ʛʦ ʢʣʘʩʩʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʃɸʕʉ ʠ ʃɸʕʉ-2, ʉʤʦʣʝʥʩʢʦʡ ɸʕʉ-2, ʂʫʨʩʢʦʡ ɸʕʉ, ʂʦʣʴʩʢʦʡ ɸʕʉ ʠ ʜʨʫʛʠʭ. 
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ʋɼʂ 621 

ʇʈɽɼʇʆʉʓʃʂʀ ʇʈʀʄɽʅɽʅʀʗ ɺʀɹʈʆɺʆʃʅʆɺʆɻʆ 

ɼɽʌʆʈʄɸʎʀʆʅʅʆɻʆ ʋʇʈʆʏʅɽʅʀʗ ɼʃʗ ʇʆɺʓʐɽʅʀʗ 

ʂɸʏɽʉʊɺɸ ʉɺɸʈʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʈɽɸʂʊʆʈɸ 

ɾʠʜʢʦʚ ʄ.ɽ. 

ʌʠʣʠʘʣ ɸʆ çɸʕʄ-ʪʝʭʥʦʣʦʛʠʠè çɸʪʦʤʤʘʰè, ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʫʧʨʦʯʥʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʣʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʝʣʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʇʇɼ ʜʣʷ ʧʦʚʳʰʝʥʠʷ  ʧʨʦʯʥʦʩʪʠ  ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʫʧʨʦʯʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʯʥʦʩʪʴ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, 

ʦʙʨʘʙʦʪʢʘ ʚʦʣʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 
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Abstract A review of the most favoured hardening technologies for the treatment of welded joints is presented.  It is 

shown that the application of controlled deformation wave treatment makes it promising to use this method of RPM 

to increase the strength of welded joints. 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ ʚʚʦʜʷʪʩʷ ʦʧʝʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ [1-4].  ʂʘʞʜʳʡ ʩʧʦʩʦʙ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
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ʩʦʙʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʢʦʤʧʣʝʢʩʦʤ ʠ ʫʨʦʚʥʝʤ ʟʥʘʯʝʥʠʡ 

ʦʙʝʩʧʝʯʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʥʝʩʫʱʝʛʦ ʩʣʦʷ. ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʦʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʫʧʨʦʯʥʝʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʛʣʫʙʠʥʫ ʠ ʩʪʝʧʝʥʴ 

ʫʧʨʦʯʥʝʥʠʷ (ʪʚʝʨʜʦʩʪʴ, ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʫʧʨʦʯʥʝʥʥʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ). ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʫʧʨʦʯʥʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʠ ʫʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʫʧʨʦʯʥʷʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʪʨʝʙʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ (ʨʠʩʫʥʦʢ 1).  

 

 
ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʩʦʙʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʣʘʟʝʨʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʞʝ ʟʦʥʳ ʟʘʢʘʣʢʠ ʠʟ ʞʠʜʢʦʛʦ ʠʣʠ ʪʚʝʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʦʥʳ ʦʪʧʫʩʢʘ. 

ʆʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʪʨʝʥʠʠ ʢʘʯʝʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʟʘʢʘʣʝʥʥʦʡ 

ʟʦʥʳ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 8000é11000 ʄʇʘ. ʃʘʟʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʪʘʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ. ɻʣʫʙʠʥʘ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʧʨʠ 

ʣʘʟʝʨʥʦʡ ʟʘʢʘʣʢʝ ʙʝʟ ʦʧʣʘʚʣʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0,08é0,2 ʤʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʘʟʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦʡ ʟʘʢʘʣʢʦʡ ʧʦʚʳʰʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʠ ʥʘ 

70é80%, ʥʦ ʩʥʠʞʘʝʪʩʷ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ. ɼʣʷ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʩʣʝʜʩʪʚʠʝ ʣʦʢʘʣʴʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʭʘʨʘʢʪʝʨʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʨʝʞʠʤʘʭ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚ ʫʧʨʦʯʥʝʥʥʦʡ ʟʦʥʝ ʫ ʜʝʪʘʣʝʡ ʠʟ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʪʠʧʘ 

40ʍ, ʐʍ15 ʦʙʨʘʟʫʶʪʩʷ ʤʠʢʨʦʪʨʝʱʠʥʳ. 

ɺʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʦʣʩʪʳʝ; ʪʦʥʢʠʝ ʪʚʝʨʜʳʝ ʠ ʪʦʥʢʠʝ 

ʤʷʛʢʠʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʪʦʥʢʠʤ, ʠʭ ʪʦʣʱʠʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʩʣʦʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʜʝʩʷʪʢʘ ʤʠʢʨʦʤʝʪʨʦʚ. ɹʦʣʝʝ ʛʣʫʙʦʢʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʩʣʦʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʜʝʪʦʥʘʮʠʦʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ (0,1é1 ʤʤ), ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʨʘʩʧʣʘʚ 

(2é100 ʤʢʤ), ʥʘʧʣʘʚʣʝʥʠʝʤ ʠ ʧʣʘʢʠʨʦʚʘʥʠʝʤ (0,1é100 ʤʤ) [1].  

ʇʦʛʨʫʞʝʥʠʝʤ ʚ ʨʘʩʧʣʘʚ ʥʘʥʦʩʷʪ ʧʦʢʨʳʪʠʷ ʠʟ ʘʣʶʤʠʥʠʷ, ʮʠʥʢʘ, ʦʣʦʚʘ, ʩʚʠʥʮʘ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʠʣʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʚʝʨʜʦʩʪʴ ʵʪʠʭ 

ʧʦʢʨʳʪʠʡ ʥʝʚʝʣʠʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʝʝ 100 HV.  

ʅʘʧʣʘʚʣʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʪʚʝʨʜʦʩʪʴ ʧʦʨʷʜʢʘ 2500é7500 ʄʇʘ, ʦʪʥʦʩʷʪʩʷ ʢ 

ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʪʨʝʙʫʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʢʠ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʢʦʨʦʙʣʝʥʠʝ ʥʝʞʝʩʪʢʠʭ ʜʝʪʘʣʝʡ. 

ʇʣʘʢʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʫʭʩʣʦʡʥʳʝ ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʘʣʣïʤʝʪʘʣʣ, ʧʦʣʫʯʘʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ.  

ʀʟ ʧʦʢʨʳʪʠʡ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘʠʙʦʣʴʰʘʷ ʪʚʝʨʜʦʩʪʴ ʫ ʧʦʢʨʳʪʠʷ 

ʪʚʝʨʜʦʛʦ ʭʨʦʤʘ (8000é11000 ʄʇʘ), ʢʦʙʘʣʴʪʘ (2500é3500 ʄʇʘ), ʥʠʢʝʣʷ (2000é6000 ʄʇʘ) 

ʠ ʞʝʣʝʟʘ (1200é6000 ʄʇʘ). ʊʚʝʨʜʦʩʪʴ ʦʩʪʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʤʝʥʝʝ 100 HV. 

ʕʣʝʢʪʨʦʠʩʢʨʦʚʦʝ ʣʝʛʠʨʦʚʘʥʠʝ (ʕʀʃ) ʠʣʠ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ 
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ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʵʥʝʨʛʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʕʀʃ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʨʝʜʝ ʠʥʠʮʠʠʨʫʶʪ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʨʦʟʠʠ ʠ ʵʬʬʝʢʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ-ʠʥʩʪʨʫʤʝʥʪʘ (ʘʥʦʜʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʛʦʪʦʚʢʠ (ʢʘʪʦʜʘ). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʨʳʪʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʣʱʠʥʳ ʪʨʝʙʫʝʪ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʥʦʞʝʩʪʚʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʟʘʨʷʜʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʘʥʦʜʘ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʣʦʩʢʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʚʦʟʥʠʢʘʝʪ ʙʝʣʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʜʦ 

200 ʤʢʤ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʦʚʳʰʘʝʪʩʷ ʚ 3ï10 ʨʘʟ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 36000 ʄʇʘ. 

ɺʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʕʀʃ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʦʙʨʘʟʦʚʘʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ 

ʩʪʨʫʢʪʫʨ. ʆʜʥʘʢʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ 

ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 400é1200 ʄʇʘ, ʘ ʧʦʜ ʙʝʣʳʤ ʩʣʦʝʤ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ ï ʧʦʜʩʣʦʡ, ʢʦʪʦʨʳʡ ʜʣʷ ʟʘʢʘʣʝʥʥʳʭ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ ʦʪʧʫʩʢʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʕʀʃ ʩʥʠʞʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʫʩʪʘʣʦʩʪʠ. ɺʩʣʝʜʩʪʚʠʝ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʝʪʘʣʠ ʧʦʩʣʝ ʕʀʃ ʪʨʝʙʫʶʪ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʙʨʘʙʦʪʢʘ ʙʝʣʦʛʦ ʩʣʦʷ ʟʘʪʨʫʜʥʝʥʘ. 

ʍʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʯʘʩʪʦ ʦʪʥʦʩʷʪ ʢ ʜʠʬʬʫʟʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʥʘʥʝʩʝʥʠʷ 

ʧʦʢʨʳʪʠʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩʚʦʡʩʪʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʪʘʢʠʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʍʊʆ ʢʘʢ ʮʝʤʝʥʪʘʮʠʶ, ʘʟʦʪʠʨʦʚʘʥʠʝ ʠ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʶ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʯʠʪʘʝʪʩʷ ʛʘʟʦʚʘʷ ʍʊʆ, ʤʦʜʝʨʥʠʟʠʨʫʝʤʘʷ ʚ ʚʘʢʫʫʤʥʫʶ ʠ ʠʦʥʥʫʶ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ, ʧʦʩʣʝ ʍʊʆ ʥʝ ʫʩʪʫʧʘʝʪ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʝʚʳʰʘʝʪ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʡ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ. 

ɻʣʫʙʠʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 0,01é1,4 ʤʤ. ɹʦʣʴʰʘʷ ʛʣʫʙʠʥʘ 

ʫʧʨʦʯʥʝʥʠʷ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɿʥʘʢ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝ ʍʊʆ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 400é800 ʄʇʘ. 

ɸʟʦʪʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ  

(650é1100 ʄʇʘ), ʧʨʦʯʥʦʩʪʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʠ ʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʘʟʦʪʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʚʳʰʝ ʯʝʤ ʮʝʤʝʥʪʦʚʘʥʥʦʡ, ʦʜʥʘʢʦ ʪʦʥʢʠʡ 

ʘʟʦʪʠʨʦʚʘʥʥʳʡ ʩʣʦʡ (ʤʝʥʝʝ 0,7 ʤʤ) ʩʧʦʩʦʙʝʥ ʚʳʜʝʨʞʠʚʘʪʴ ʤʝʥʴʰʠʝ ʥʘʛʨʫʟʢʠ. ɸʟʦʪʠʨʦʚʘʥʠʝ 

ʯʘʩʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʩʣʦʡ ʧʦʜʚʝʨʛʘʶʪ ʰʣʠʬʦʚʘʥʠʶ. ʐʣʠʬʦʚʘʥʠʝ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 0,05 ʤʤ ʩʥʠʞʘʝʪ ʧʨʝʜʝʣ 

ʚʳʥʦʩʣʠʚʦʩʪʠ. ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʫ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʠʨʘʙʘʪʳʚʘʝʤʦʩʪʴ, ʫʧʨʦʯʥʝʥʥʳʡ ʩʣʦʡ ʩʣʘʙʦ ʩʚʷʟʘʥ ʩ ʩʝʨʜʮʝʚʠʥʦʡ ʚʚʠʜʫ 

ʚʳʩʦʢʠʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʨʘʥʠʯʥʦʡ ʟʦʥʝ. 

ʎʝʤʝʥʪʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ (ʜʦ 1000 ʄʇʘ) ʠ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ. ʂʦʥʪʘʢʪʥʘʷ ʧʨʦʯʥʦʩʪʴ ʮʝʤʝʥʪʦʚʘʥʥʦʛʦ ʩʣʦʷ 

ʚʳʰʝ, ʯʝʤ ʘʟʦʪʠʨʦʚʘʥʥʦʛʦ. ʎʝʤʝʥʪʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʰʣʠʬʦʚʘʥʠʷ. 

 ʋʯʠʪʳʚʘʷ ʚʝʣʠʯʠʥʫ ʧʨʠʧʫʩʢʘ ʥʘ ʰʣʠʬʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʪʦʣʱʠʥʫ 

ʮʝʤʝʥʪʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʧʨʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʮʝʤʝʥʪʘʮʠʠ 0,1 ʤʤ/ʯ ʚʝʜʝʪ ʢ ʫʜʣʠʥʝʥʠʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʘ 3é5 ʯ. ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʪʨʘʪ.  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʮʝʤʝʥʪʘʮʠʦʥʥʦʛʦ ʩʣʦʷ ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ 

ʛʣʫʙʠʥʝ ʦʢʦʣʦ 0,1 ʤʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠʧʫʩʢ ʥʘ ʰʣʠʬʦʚʘʥʠʝ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʧʨʝʚʳʰʘʝʪ 0,1 ʤʤ ʜʦʩʪʠʛʘʷ 0,5 ʤʤ. ʇʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʤʝʥʪʦʚʘʥʥʦʛʦ ʩʣʦʷ ʩʥʠʞʘʝʪʩʷ. 

ʅʠʪʨʦʮʝʤʝʥʪʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ (ʙʦʣʝʝ 1000 ʄʇʘ) ʠ ʭʦʨʦʰʫʶ 

ʧʨʠʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʛʣʫʙʠʥʦʡ ʜʦ 1 ʤʤ, ʟʘ 1é4 ʯ. ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʛʣʫʙʠʥʦʡ 0,03é0,08 ʤʤ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʧʨʠ 

ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʤʝʥʪʘʮʠʝʡ ʩʦʢʨʘʱʘʝʪʩʷ ʥʘ 50é60%. ʆʜʥʘʢʦ ʪʘʢ ʞʝ, ʢʘʢ 

ʧʨʠ ʮʝʤʝʥʪʘʮʠʠ, ʚʦʟʤʦʞʥʦ ʚʥʫʪʨʝʥʥʝʝ ʦʢʠʩʣʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʩʪʘʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʤʘʨʛʘʥʝʮ ʠ ʭʨʦʤ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʚʝʨʜʦʩʪʴ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
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ʫʩʪʘʣʦʩʪʠ ʠ ʢʦʥʪʘʢʪʥʘʷ ʧʨʦʯʥʦʩʪʴ. ɺʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʦʢʠʩʣʝʥʠʷ ʫʩʪʨʘʥʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʩʣʦʝ ʘʟʦʪʘ ʙʦʣʝʝ 0,15%, ʦʜʥʘʢʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʘʟʦʪʘ ʙʦʣʝʝ 0,4% 

ʚʦʟʥʠʢʘʝʪ ʜʨʫʛʦʡ ʜʝʬʝʢʪ ï "ʪʝʤʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ", ʟʘʣʝʛʘʶʱʘʷ ʥʘ 0,1 ʤʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʥʠʞʘʶʱʘʷ ʙʦʣʝʝ ʯʝʤ ʚ 6 ʨʘʟ ʢʦʥʪʘʢʪʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ [2]. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʇʇɼ) (ʨʠʩʫʥʦʢ 2): ʥʘʢʘʪʳʚʘʥʠʝ ʨʦʣʠʢʘʤʠ 

ʠʣʠ ʰʘʨʠʢʘʤʠ, ʜʦʨʥʦʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ, ʚʦʣʦʯʝʥʠʝ, ʯʝʢʘʥʢʘ ʩʬʝʨʠʯʝʩʢʠʤʠ ʙʦʡʢʘʤʠ, 

ʜʨʦʙʝʩʪʨʫʡʥʘʷ, ʛʠʜʨʦʜʨʦʙʝʩʪʨʫʡʥʘʷ ʠ ʧʥʝʚʤʦʛʠʜʨʦʜʨʦʙʝʩʪʨʫʡʥʘʷ ʦʙʨʘʙʦʪʢʠ, ʠʥʝʨʮʠʦʥʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ ʨʦʣʠʢʘʤʠ ʠʣʠ ʰʘʨʠʢʘʤʠ, ʚʠʙʨʦʛʘʣʪʦʚʢʘ ʠ ʛʠʜʨʦʛʘʣʪʦʚʢʘ ʜʨʦʙʴʶ, 

ʘʣʤʘʟʥʦʝ ʚʳʛʣʘʞʠʚʘʥʠʝ, ʚʠʙʨʦʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʜʨ.  

ʄʝʪʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʜʝʣʷʶʪ ʧʦ ʚʠʜʫ 

ʦʢʘʟʳʚʘʝʤʦʛʦ ʫʧʨʦʯʥʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ [3,4]. ʉʪʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʇʇɼ (ʥʘʧʨʠʤʝʨ, ʦʙʢʘʪʳʚʘʥʠʝ, ʨʘʩʢʘʪʳʚʘʥʠʝ, ʚʳʛʣʘʞʠʚʘʥʠʝ ʠ ʜʨ.) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʚʦ ʚʨʝʤʝʥʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʥʘ ʟʦʥʫ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʢʦʥʪʘʢʪʝ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʝʪʘʣʠ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʇʇɼ (ʪʘʢʠʝ ʢʘʢ 

ʮʝʥʪʨʦʙʝʞʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʜʨʦʙʝʩʪʨʫʡʥʘʷ, ʛʠʜʨʦʜʨʦʙʝʩʪʨʫʡʥʘʷ ʦʙʨʘʙʦʪʢʠ, ʯʝʢʘʥʢʘ, 

ʤʠʢʨʦʰʘʨʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʚʨʘʱʘʶʱʠʤʠʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʱʝʪʢʘʤʠ) 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʫʜʘʨʥʦʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʨʘʙʦʯʠʭ ʪʝʣ ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʨʳʚʠʩʪʦʛʦ ʢʦʥʪʘʢʪʘ. ʊʝʭʥʦʣʦʛʠʷ ʇʇɼ 

ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʴʶ, ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʨʝʜʢʠʭ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʣʝʛʠʨʦʚʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʧʪʠʤʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʷʪ ʢ ʧʣʘʚʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʷ. ʉʨʝʜʥʝʝ 

ʧʦʚʳʰʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 50%, ʬʦʨʤʠʨʫʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʩʞʠʤʘʶʱʠʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʮʠʢʣʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʝʪʘʣʝʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʫʩʪʘʣʦʩʪʥʳʭ ʥʘʛʨʫʟʦʢ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʩʦʙʦʚ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ 

 

ʆʙʢʘʪʳʚʘʥʠʝ ʠʣʠ ʨʘʩʢʘʪʳʚʘʥʠʝ ʰʘʨʘʤʠ ʠ ʨʦʣʠʢʘʤʠ (ʨʠʩʫʥʦʢ 2) ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʘʭ. ɼʝʪʘʣʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ 

ʮʝʥʪʨʘʭ ʠʣʠ ʧʘʪʨʦʥʝ, ʘ ʦʙʢʘʪʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ (ʦʙʢʘʪʥʠʢ) ï ʚ ʨʝʟʮʝʜʝʨʞʘʪʝʣʝ. ɼʘʚʣʝʥʠʝ 

ʧʨʠ ʦʙʢʘʪʳʚʘʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʦ ʪʘʨʠʨʦʚʘʥʥʦʡ ʧʨʫʞʠʥʦʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʆʙʢʘʪʳʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʛʣʫʙʠʥʦʡ ʜʦ 2é3 ʤʤ, ʠʤʝʶʱʝʛʦ 50% ʩʪʝʧʝʥʴ ʫʧʨʦʯʥʝʥʠʷ 

ʠ ʩʞʠʤʘʶʱʠʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 200é500 ʄʇʘ. 

ʇʨʠ ʘʣʤʘʟʥʦʤ ʚʳʛʣʘʞʠʚʘʥʠʠ (ɸɺ) (ʨʠʩʫʥʦʢ 2) ʩʞʠʤʘʶʱʠʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʜʦʩʪʠʛʘʶʪ 500é1400 ʄʇʘ, ʛʣʫʙʠʥʘ ʠʭ ʟʘʣʝʛʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,15é0,4 ʤʤ. ʉʪʝʧʝʥʴ 

ʫʧʨʦʯʥʝʥʠʷ ʧʦʩʣʝ ɸɺ ʜʦʩʪʠʛʘʝʪ 60%. ʋʩʠʣʠʷ ʚʳʛʣʘʞʠʚʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ 

ʨʘʜʠʫʩʘ ʜʝʬʦʨʤʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʜʝʥʪʦʨʘ ʥʝʚʝʣʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 
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ʪʦʥʢʦʩʪʝʥʥʳʝ ʠ ʥʝʞʝʩʪʢʠʝ ʜʝʪʘʣʠ. ɺʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ ʘʣʤʘʟʘ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʝʪʘʣʣʳ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ɸɺ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʩʪʘʣʷʭ ʩ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʢʘʣʝʥʥʳʭ ʠ ʮʝʤʝʥʪʦʚʘʥʥʳʭ. 

ɺʠʙʨʘʮʠʦʥʥʘʷ, ʜʨʦʙʝʤʝʪʥʘʷ ʠ ʜʨʦʙʝʩʪʨʫʡʥʘʷ ʦʙʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʪʘʣʴʥʳʤʠ 

ʰʘʨʠʢʘʤʠ ʜʠʘʤʝʪʨʦʤ 1é5 ʤʤ, ʫʧʨʦʯʥʝʥʠʝ ʤʠʢʨʦʰʘʨʠʢʘʤʠ ï ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʠʣʠ 

ʩʪʝʢʣʷʥʥʳʤʠ ʛʨʘʥʫʣʘʤʠ ʜʠʘʤʝʪʨʦʤ 30é315 ʤʢʤ.  

ʇʨʠ ʚʠʙʨʦʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʨʠʩʫʥʦʢ 2) ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ, ʠʤʝʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʣʝʙʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦʦʙʱʘʶʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʩ ʧʦʤʦʱʴʶ ʜʝʙʘʣʘʥʩʥʦʛʦ ʚʠʙʨʘʪʦʨʘ. ɺʩʣʝʜʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʨʘʙʦʯʘʷ ʩʨʝʜʘ ʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʜʝʪʘʣʠ ʠʤʝʶʪ ʧʝʨʝʤʝʥʥʳʝ ʧʦ ʟʥʘʢʫ ʫʩʢʦʨʝʥʠʷ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʥʩʠʚʥʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ, ʩʦʚʝʨʰʘʷ ʜʚʘ ʚʠʜʘ ʜʚʠʞʝʥʠʡ: ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ, ʟʘʚʠʩʷʱʝʡ 

ʦʪ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʠ ʢʨʫʛʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʩʝʡ ʤʘʩʩʳ ʥʘʛʨʫʟʢʠ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʜʝʪʘʣʠ ʠ ʨʘʙʦʯʠʭ ʪʝʣ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʪʩʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʥʠʢʘʶʪ ʩʦʫʜʘʨʝʥʠʷ ʠ ʫʩʠʣʝʥʥʦʝ ʪʨʝʥʠʝ [5]. 

ɼʨʦʙʝʩʪʨʫʡʥʳʡ ʥʘʢʣʝʧ (ʨʠʩʫʥʦʢ 2) ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ 

ʛʣʫʙʠʥʦʡ ʜʦ 1é1,5 ʤʤ ʩʦ ʩʪʝʧʝʥʴʶ ʫʧʨʦʯʥʝʥʠʷ 20é40% ʠ ʩʞʠʤʘʶʱʠʤʠ ʦʩʪʘʪʦʯʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ 200é1000 ʄʇʘ. ʆʙʨʘʙʦʪʢʘ ʤʠʢʨʦʰʘʨʠʢʘʤʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ 

ʜʝʪʘʣʝʡ ʩ ʦʩʪʨʳʤʠ ʢʨʦʤʢʘʤʠ (ʨʘʜʠʫʩ ʩʢʨʫʛʣʝʥʠʷ ʤʝʥʝʝ 0,1 ʤʤ), ʨʝʟʴʙ, ʘ ʪʘʢʞʝ ʥʝʞʝʩʪʢʠʭ ʠ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠ ʧʦʣʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ 50%-ʥʦʡ ʩʪʝʧʝʥʠ 

ʫʧʨʦʯʥʝʥʠʷ, ʛʣʫʙʠʥʝ ʥʘʢʣʝʧʘ ʜʦ 0,2 ʤʤ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʞʠʤʘʶʱʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʜʦ 1000 ʄʇʘ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʇʇɼ 

ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʜʦ 6é10 ʤʤ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʩʪʘʙʠʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʫʧʨʦʯʥʝʥʠʷ, ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʱʝ ʦʜʥʠʤ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʫʧʨʦʯʥʝʥʠʷ ʇʇɼ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʠʝ ʥʘʢʣʝʧʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʨʘʚʥʦʤʝʨʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʳʭ ʠ ʙʦʣʝʝ ʪʚʝʨʜʳʭ ʦʙʣʘʩʪʝʡ ʤʝʪʘʣʣʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʜʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʝʞʠʤʘʤ 

ʫʧʨʦʯʥʷʶʱʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ 

ʫʧʨʦʯʥʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʳʤ ʧʝʨʝʧʘʜʦʤ ʪʚʝʨʜʦʩʪʠ. 

ɺʦʣʥʦʚʦʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ (ɺɼʋ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʧʦʩʦʙʦʚ ʇʇɼ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʪʨʝʙʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ. 

ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʛʨʫʞʝʥʠʝʤ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʘʚʣʷʝʤʳʤ ʫʜʘʨʥʳʤ ʧʦʪʦʢʦʤ 

ʵʥʝʨʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʫʩʠʣʠʷ (ʨʠʩʫʥʦʢ 3).  

ɺɼʋ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʇʇɼ, ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ.  

ʋʧʨʦʯʥʝʥʠʝ ʚʦʣʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʞʘʪʠʷ ʫʧʨʦʯʥʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʥʝʝ.  

ʉʦʦʪʥʦʰʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʫʧʨʦʯʥʝʥʠʷ. ʉʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʘʢʪ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʠ 

ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 10 % ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʆʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʧʨʦʯʥʸʥʥʦʛʦ ʩʣʦʷ ʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʆʩʥʦʚʥʦʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʠʣʦʞʝʥʥʦʡ ʵʥʝʨʛʠʠ. ʇʦʩʪʦʷʥʥʳʡ ʢʦʥʪʘʢʪ ʩ ʜʝʬʦʨʤʠʨʫʝʤʳʤ ʪʝʣʦʤ ʩʦʟʜʘʝʪ 

ʵʬʬʝʢʪ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʦʣʥʦ ʧʝʨʝʜʘʚʘʪʴ 

ʵʥʝʨʛʠʶ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʥʘʛʨʫʞʘʝʤʦʡ ʩʨʝʜʝ. ʊʝʤ ʩʘʤʳʤ, ʂʇɼ ʧʨʦʮʝʩʩʘ ʫʧʨʦʯʥʝʥʠʷ ʚʦʣʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚʳʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʇʇɼ [4]. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʬʦʨʤʠʨʫʝʤʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʦʪʧʝʯʘʪʢʦʚ ï ʛʣʫʙʠʥʘ, ʰʠʨʠʥʘ, ʧʨʦʬʠʣʴ ʠ ʩʪʝʧʝʥʴ ʠʭ 

ʧʝʨʝʢʨʳʪʠʷ ï ʟʘʚʠʩʷʪ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʧʨʦʯʥʸʥʥʦʛʦ ʩʣʦʷ: ʛʣʫʙʠʥʫ ʫʧʨʦʯʥʝʥʠʷ, ʩʪʝʧʝʥʴ ʫʧʨʦʯʥʝʥʠʷ ʠ ʝʛʦ ʨʘʚʥʦʤʝʨʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʚʦʣʥʦʚʦʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʫʧʨʦʯʥʝʥʠʠ: 

1 ï ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ, 2 ï ʙʦʝʢ, 3 ï ʚʦʣʥʦʚʦʜ, 4 ï ʠʥʩʪʨʫʤʝʥʪ, 5 ï ʫʧʨʦʯʥʷʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ;  

ɸ ï ʵʥʝʨʛʠʷ ʫʜʘʨʦʚ, ʈʩʪ ï ʩʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, s ï ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʜʝʪʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

L1, L2 ï ʜʣʠʥʘ ʙʦʡʢʘ ʠ ʚʦʣʥʦʚʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, d1, d2 ï ʜʠʘʤʝʪʨ ʙʦʡʢʘ ʠ ʚʦʣʥʦʚʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  

f ï ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ, ŭ ï ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʦʪʧʝʯʘʪʢʘ, b ï ʰʠʨʠʥʘ ʠʥʩʪʨʫʤʝʥʪʘ 

 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʦʯʥʝʥʠʷ ʚʦʣʥʦʚʦʡ ʜʝʬʦʨʤʘʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʫʧʨʦʯʥʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʢ ʨʘʚʥʦʤʝʨʥʦ, ʪʘʢ ʠ ʛʝʪʝʨʦʛʝʥʥʦ ʫʧʨʦʯʥʸʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʯʝʪʘʶʱʫʶ 

ʚʳʩʦʢʫʶ ʪʚʸʨʜʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ. ʋʧʨʘʚʣʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʫʧʨʦʯʥʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʢʨʳʪʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʦʪʧʝʯʘʪʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʉʪʝʧʝʥʴ ʧʝʨʝʢʨʳʪʠʷ 

ʦʮʝʥʠʚʘʝʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʢʨʳʪʠʷ K (1), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʮʝʩʩʘ ʚʦʣʥʦʚʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ (ɺɼʋ) ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʰʘʛʘ ʦʙʨʘʙʦʪʢʠ ʢ ʰʠʨʠʥʝ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

    

   ὑ ρ
  
  ȟ (1) 

 

ʛʜʝ  ŭ ï ʨʘʟʤʝʨ ʦʪʧʝʯʘʪʢʘ, ʤʤ, s ï ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʟʘʛʦʪʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʤʤ/ʤʠʥ; f ï ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ, ɻʮ. 

ɽʩʣʠ ʂ = 0, ʪʦ ʢʨʘʡ ʦʜʥʦʛʦ ʦʪʧʝʯʘʪʢʘ ʛʨʘʥʠʯʠʪ ʩ ʢʨʘʝʤ ʜʨʫʛʦʛʦ; ʝʩʣʠ 0 < K < 1, ʪʦ 

ʦʪʧʝʯʘʪʢʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ; ʧʨʠ ʂ = 1 ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʛʦʢʨʘʪʥʦʝ ʚʜʘʚʣʠʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʦʜʥʦ ʠ ʪʦ ʞʝ ʤʝʩʪʦ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɺɼʋ ʷʚʣʷʶʪʩʷ: 

- ʵʥʝʨʛʠʷ ʫʜʘʨʦʚ; 

- ʩʪʘʪʠʯʝʩʢʘʷ ʩʠʣʘ ʧʦʜʞʘʪʠʷ ʚʦʣʥʦʚʦʜʘ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʢ ʫʧʨʦʯʥʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʢʨʳʪʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʦʪʧʝʯʘʪʢʦʚ ʂ; 

- ʯʠʩʣʦ ʧʨʦʭʦʜʦʚ. 

ʇʨʠ ɺɼʋ ʜʦʩʪʠʛʘʝʪʩʷ ʛʣʫʙʠʥʘ ʫʧʨʦʯʥʸʥʥʦʛʦ ʩʣʦʷ ʜʦ 15 ʤʤ ʠ ʩʪʝʧʝʥʴ ʫʧʨʦʯʥʝʥʠʷ ï ʜʦ 

150 %. ɺ ʨʝʞʠʤʝ ʦʪʜʝʣʦʯʥʦ-ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʫʧʨʦʯʥʸʥʥʳʡ ʩʣʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʧʨʦʯʥʝʥʠʷ, ʤʘʣʦʡ ʛʣʫʙʠʥʦʡ ʠ 

ʧʦʥʠʞʝʥʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ [4]. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʤʝʪʦʜʘ ɺɼʋ [4] 

ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʦʙʨʘʙʦʪʢʠ ʧʨʦʬʠʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʘʣʴʥʳʭ 

ʠʟʜʝʣʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʣʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʛʨʘʜʠʝʥʪʥʦ ʫʧʨʦʯʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩ ʚʳʩʦʢʦʡ 

ʪʚʝʨʜʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʫʩʪʘʣʦʩʪʠ ʜʝʣʘʝʪ 
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ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʇʇɼ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʛʜʝ ʫʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʛʨʘʶʪ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʨʦʣʝʡ.  
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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Abstract. This article examines the specifics of welding production for power engineering equipment housings, 

highlighting the distinct complexity and inherent challenges of small-scale production, such as process 

reproducibility testing and the high degree of uncertainty surrounding component condition. Pre-production costs 

can increase or even augment the costs of the actual process. A rationale for a comprehensive approach to 

improvement encompassing the entire production cycle is presented. 
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ʉʚʘʨʦʯʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʨʧʫʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʱʝʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʡ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʟʘʛʨʫʟʢʘ ʩʚʘʨʦʯʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʜʥʠʭ ʠ ʪʝʭ 

ʞʝ ʫʟʣʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝ ʚʝʣʠʢʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʦʥʝʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [1]. 

ɺ ʤʝʣʢʦʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʧʦʜʛʦʪʦʚʢʫ ʩʦʠʟʤʝʨʠʤʳ ʠʣʠ 

ʧʨʝʚʦʩʭʦʜʷʪ ʪʨʫʜʦʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʧʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʪʨʝʙʦʚʘʥʠʡ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʢʘʢ 

ʧʦʜʛʦʪʦʚʢʫ, ʪʘʢ ʠ ʨʝʘʣʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʥʮʝʧʮʠʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʭ ʩʠʩʪʝʤʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʦʥʝʥʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

[2, 3]. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ  ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʘʪʪʝʩʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ 

ʧʨʦʚʦʜʠʤʳʭ ʧʫʪʸʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʝʥʪ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʧʘʩʧʦʨʪʘʭ ʦʨʛʘʥʠʟʘʮʠʡ ï ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʦʜʛʦʪʦʚʢʠ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʸʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʘʪʪʝʩʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ [4]. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʨʘʟʨʘʙʦʪʢʫ 

ʩʪʨʫʢʪʫʨʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʠʩʪʝʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʆʨʠʝʥʪʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʠʥʮʠʧʝ ʩʦʚʧʘʜʘʝʪ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʦʜʥʘʢʦ ʙʫʜʫʯʠ  ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʠ ʧʦʚʳʰʘʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʦʙʣʝʤʥʳʝ ʦʨʠʝʥʪʘʮʠʷ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʠ ʟʘʪʨʘʛʠʚʘʝʪ ʘʧʧʘʨʘʪʥʫʶ ʨʝʘʣʠʟʘʮʠʶ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʥʘʜʸʞʥʳʤʠ ʠ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʮʝʭʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤ ʜʦʣʞʝʥ ʙʳʪʴ ʫʜʦʙʥʳʤ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʇʆ ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʷ ʪʝʧʣʦʚʳʭ ʟʘʜʘʯ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɸʕʉ). ʉʪʘʪʴʷ ʜʘʝʪ ʦʙʟʦʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ  ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

3ɼ-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʠ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʪʘʪʴʷ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʦʣʴ ʵʪʠʭ ʧʨʦʛʨʘʤʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʝʨʝʭʦʜʫ ʢ ʮʠʬʨʦʚʦʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʪʦʯʥʳʝ 3ɼ-ʤʦʜʝʣʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ɸʕʉ, 3D-ʤʦʜʝʣʠ, ʩʚʘʨʦʯʥʳʡ ʧʨʦʮʝʩʩ, ʪʝʧʣʦʚʦʝ 

ʧʦʣʝ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʷʜʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 
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Abstract. This article discusses various programs and software used for modeling and solving thermal problems in 

the process of manufacturing equipment for nuclear power plants. The article provides an overview of programs that 

can be used for 3D modeling of nuclear industry products in order to study and calculate thermal characteristics. The 

article highlights the role of these software in ensuring nuclear safety and the transition to digital production. 
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ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɸʕʉ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʘʞʥʝʡʰʠʡ ʵʪʘʧ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʪʦʯʥʦʩʪʠ, 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʩʚʘʨʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʝʸ ʯʨʝʟʤʝʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʝʬʦʨʤʘʮʠʷʤ, ʪʨʝʱʠʥʘʤ ʠʣʠ 

ʫʭʫʜʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʝʧʣʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʠʝ ʫʯʘʩʪʢʠ ʤʝʪʘʣʣʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʠʭ ʧʝʨʝʛʨʝʚʘ ʠ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ. ɺ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʪʘʢʠʝ ʢʘʢ ʪʝʨʤʦʧʘʨʳ ʠ ʠʥʬʨʘʢʨʘʩʥʳʝ ʜʘʪʯʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʨʝʞʠʤʘ ʩʚʘʨʢʠ ʠ ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʤʦʛʘʶʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʚʘʨʥʦʛʦ ʰʚʘ [1]. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʠ ʫʩʣʦʚʥʦ ʜʝʣʠʪʩʷ ʥʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʦʙʲʝʢʪʦʚ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʩʚʘʨʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʤʫʣʷʮʠʶ ʪʝʧʣʦʚʳʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʷʚʣʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʛʨʝʚʦʤ ʠ 

ʦʭʣʘʞʜʝʥʠʝʤ ʪʚʝʨʜʳʭ ʪʝʣ ʧʨʠ ʩʚʘʨʢʝ ʧʣʘʚʣʝʥʠʝʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʄɸɻ-ʄʀɻ 

ʩʚʘʨʢʠ, ʘ ʪʘʢʞʝ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ ʩʚʘʨʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. [2] 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʛʨʘʤʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʪʦʯʥʳʭ 3ɼ-ʤʦʜʝʣʝʡ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʝ 

çʃʆɻʆʉè. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS ʩ ʧʨʦʨʠʩʦʚʢʦʡ 

ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʚʘʨʥʦʛʦ ʰʚʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ çʃʆɻʆʉ ʊʝʧʣʦè 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʚ çANSYSè 

 

ʈʘʩʯʝʪ ʩʚʘʨʥʳʭ ʰʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʪʘʢʠʝ ʢʘʢ ʢʘʪʝʪ ʰʚʘ, ʟʦʥʫ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʘʭ. ʊʘʢʞʝ ʦʥ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩʚʘʨʥʦʛʦ ʰʚʘ, ʚʳʷʚʣʷʪʴ ʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʩʪʘʭ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʬʦʨʤʳ, 

ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʜʝʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʪʨʝʱʠʥʳ ʠ ʧʦʨʳ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʳ ʢʘʢ ʨʦʩʩʠʡʩʢʠʡ çʃʆɻʆʉè ʠ ʟʘʨʫʙʝʞʥʳʡ ANSYS, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʝʪʦʯʥʳʝ ʤʦʜʝʣʠ ʠ ʄʂʕ, ʧʦʚʳʰʘʶʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʟʜʝʣʠʡ ʘʪʦʤʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʘʟʚʠʪʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʇʆ, ʪʘʢʦʛʦ ʢʘʢ çʃʆɻʆʉè, ʚ ʨʘʤʢʘʭ ʧʦʣʠʪʠʢʠ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺʤʝʩʪʦ ʨʘʩʯʝʪʦʚ "ʥʘ 

ʧʨʦʯʥʦʩʪʴ" ʧʦ ʫʩʨʝʜʥʝʥʥʳʤ ʬʦʨʤʫʣʘʤ, ʠʥʞʝʥʝʨʳ ʧʦʣʫʯʘʶʪ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʛʣʫʙʦʢʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʢʠ ʨʘʙʦʪʳ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ, ʯʪʦ ʩʘʤʦʝ ʚʘʞʥʦʝ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʦʪʢʘʟʦʚ ʟʘ ʩʯʝʪ 

ʚʳʷʚʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʩʣʘʙʳʭ ʤʝʩʪ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʦ ʥʘʧʨʷʤʫʶ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʳʧʦʣʥʝʥʠʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ: ʥʝʜʦʧʫʱʝʥʠʝ ʚʳʭʦʜʘ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʉʝʛʦʜʥʷʰʥʷʷ ʟʘʜʘʯʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  

ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʨʝʜʳ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʪʦʤʥʳʝ ʩʪʘʥʮʠʠ ʨʘʙʦʪʘʶʪ ʧʦʜ ʚʳʩʦʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠ ʚ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʪʝʤʧʝʨʘʪʫʨʥʳʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ. ɼʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʝʢʪʳ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʘʚʘʨʠʷʤ, ʦʪ ʢʦʪʦʨʳʭ 

ʩʪʨʘʜʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʘʢ ʩʪʘʥʮʠʠ, ʪʘʢ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʚʳʷʚʣʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʠ ʧʨʝʜʘʚʘʨʠʡʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʪʘʣʘ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 

ʧʨʦʜʣʝʥʠʷ ʨʝʩʫʨʩʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʝʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ 

ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʨʝʤʦʥʪ, ʧʨʦʩʪʦʡ ʠʣʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ [2]. 

ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʦʚ  

ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʠʭ ʬʠʟʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ 
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ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ ï ʘʢʫʩʪʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ, ʦʧʪʠʯʝʩʢʠʭ  

ʠ ʜʨʫʛʠʭ ï ʚʳʟʚʘʥʥʳʭ ʜʝʬʝʢʪʘʤʠ (ʪʨʝʱʠʥʘʤʠ, ʢʦʨʨʦʟʠʝʡ, ʰʣʘʢʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ). ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [3].  

ʅʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʨʠʩʢʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ. 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʜʫʨ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʝʛʦ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʠʤʠ ʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ. ʅʘʧʨʠʤʝʨ, ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ, 

ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʡ ʧʨʦʚʝʨʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʨʫʙʦʧʨʦʚʦʜʳ ʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʣʠʷʥʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ  

ʠ ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʩʦʩʪʦʷʥʠʶ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠ ʟʘʱʠʪʝ ʦʪ ʵʨʦʟʠʠ ʠ ʢʦʨʨʦʟʠʠ  

[1,3]. 

ʂ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʦʪʥʦʩʷʪ 

ʩʣʝʜʫʶʱʠʝ [4]:  

ï ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ (ʋɿʂ) ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʧʨʦʥʠʢʘʶʪ ʚ ʤʝʪʘʣʣ, ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʜʝʬʝʢʪʦʚ ʠ ʚʳʷʚʣʷʶʪ 

ʠʭ ʨʘʟʤʝʨ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ. ʇʨʠʤʝʨ ï ʧʨʦʚʝʨʢʘ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ. 

ʋʣʴʪʨʘʟʚʫʢ ʚʳʷʚʣʷʝʪ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʟʘʤʝʥʠʪʴ ʧʨʦʙʣʝʤʥʳʡ ʫʯʘʩʪʦʢ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʫʪʝʯʢʫ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ [5].  

ï ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʠ ʛʘʤʤʘ-ʢʦʥʪʨʦʣʴ ʧʦʟʚʦʣʷʶʪ çʧʨʦʩʚʝʯʠʚʘʪʴè ʪʦʣʩʪʳʝ ʠ ʧʣʦʪʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʚʳʷʚʣʷʷ ʚʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ, ʚʢʣʶʯʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʪʨʝʱʠʥʳ. ʀʩʧʦʣʴʟʫʶʪʩ ̫

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʟʣʫʯʘʪʝʣʠ ʠ ʜʝʪʝʢʪʦʨʳ. ʇʦʢʘʟʘʥ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʩʚʘʨʥʳʭ ʰʚʦʚ 

ʢʦʨʧʫʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʘʢʪʦʨʘ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ ʧʦʤʦʛʘʶʪ ʚʳʷʚʠʪʴ ʚʥʫʪʨʝʥʥʠʝ 

ʜʝʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʨʠʩʪʦʩʪʴ, ʥʝʧʨʦʚʘʨʳ ʠ ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʧʨʦʯʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ [6]. 

ï ʄʘʛʥʠʪʥʦ-ʧʦʨʦʰʢʦʚʳʡ ʢʦʥʪʨʦʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʪʨʝʱʠʥ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʧʦʤʦʱʴʶ ʥʘʥʝʩʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʨʦʰʢʦʚ, 

ʢʦʪʦʨʳʝ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʥʘʨʫʰʝʥʠʡ. ʕʬʬʝʢʪʠʚʝʥ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʜʝʪʘʣʝʡ ʪʫʨʙʠʥ ʠ ʨʦʪʦʨʦʚ. ɹʳʩʪʨʦʝ ʚʳʷʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʨʝʱʠʥ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥ ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʚʦʟʤʦʞʥʳʡ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [7]. 

ï ɺʠʭʨʝʪʦʢʦʚʳʡ ʢʦʥʪʨʦʣʴ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʪʨʫʙ ʠ ʧʣʦʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʪʦʥʢʠʝ ʪʨʝʱʠʥʳ ʠ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ ʠʟʤʝʥʝʥʠʷʤ  

ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙʦʢ  

ʚ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ʇʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʨʝʱʠʥʳ ʠ ʠʟʥʦʩ, ʥʝ 

ʪʨʝʙʫʷ ʜʝʤʦʥʪʘʞʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘ ɸʕʉ ʨʝʛʫʣʷʨʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʘʚʘʨʠʡʥʳʝ ʦʪʢʘʟʳ [8]. 

ï ɺʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʦʙʦʪʦʚ, ʵʥʜʦʩʢʦʧʦʚ ʠ ʚʠʜʝʦʢʘʤʝʨ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʩʣʝʜʦʚʘʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʤʝʩʪʘ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʨʠʤʝʨʳ ï ʠʥʩʧʝʢʮʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʢʘʤʝʨ ʨʝʘʢʪʦʨʘ ʠ ʧʦʤʝʱʝʥʠʡ  

ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʘʜʠʘʮʠʠ. ʈʦʙʦʪʳ ʩ ʢʘʤʝʨʘʤʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʜʝʦ ʙʝʟ ʨʠʩʢʘ ʜʣʷ ʧʝʨʩʦʥʘʣʘ [9]. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʮʠʬʨʦʚʳʤ 

ʩʝʥʩʦʨʘʤ, ʧʨʦʛʨʘʤʤʥʳʤ ʩʠʩʪʝʤʘʤ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʪʠʧʳ ʜʝʬʝʢʪʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ 

ʨʘʟʚʠʪʠʝ. 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʘʥʘʣʠʟ 

ʦʙʲʸʤʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʦʮʝʥʦʢ ʠ ʧʦʤʦʛʘʝʪ ʧʨʠʥʠʤʘʪʴ 

ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ [9]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ: ʢʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʪʩʷ ʩ ʫʯʸʪʦʤ 

ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤ ʧʦ ʜʦʩʪʫʧʫ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʯʘʩʪʦ  
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ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʶʪ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʠʙʦʨʳ, ʘ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʦʚʝʨʢʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʩʪʘʥʜʘʨʪʳ ʪʠʧʘ ʈɼ, 

ɻʆʉʊ, ASME ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʘʮʠʠ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɸʕʉ ʠ ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʣʦʛʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺʝʜʴ ʨʘʥʥʝʝ 

ʚʳʷʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʨʦʢ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ. ʇʦʥʠʤʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʣʘʥʠʨʦʚʘʪʴ ʨʝʤʦʥʪʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʕʪʦ ʩʥʠʞʘʝʪ 

ʨʠʩʢ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʦʩʪʦʝʚ ʠ ʠʥʮʠʜʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʪʦʡʯʠʚʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ 

ʩʪʘʥʮʠʠ [10, 11]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ, ʭʦʪʝʣʦʩʴ ʙ  r ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ, ʯʪʦ 1) ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʅʂ) ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʕʉ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʘʚʘʨʠʡ ʠ ʧʨʦʜʣʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʫʟʣʦʚ ʠ ʩʠʩʪʝʤ; 2) ʪʝʭʥʦʣʦʛʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ, 

ʚʠʭʨʝʪʦʢʦʚʦʛʦ, ʤʘʛʥʠʪʥʦ-ʧʦʨʦʰʢʦʚʦʛʦ, ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʢʦʥʪʨʦʣʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʙʝʟ ʥʘʨʫʰʝʥʠʷ 

ʮʝʣʦʩʪʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ; 3) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʅʂ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ (ʥʘʧʨʠʤʝʨ, ISO 

9712, ʨʝʢʦʤʝʥʜʘʮʠʠ ʄɸɻɸʊʕ), ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʝʜʠʥʳʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ; 5) ʨʘʟʚʠʪʠʝ ʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ 

ʅʂ ʚ ʩʠʩʪʝʤʳ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [10, 11]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʶʪʩʷ 

ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ, 

ʧʦʟʚʦʣʷʷ ʵʬʬʝʢʪʠʚʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʜʝʬʝʢʪʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʝ ʧʦʜ ʩʣʦʝʤ ʬʣʶʩʘ ʥʘ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʘʭ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʪʦʢʘ, ʘ ʪʘʢ 

ʞʝ ʚʣʠʷʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʦʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʠʨʫʝʤʦʛʦ ʰʚʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  

ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ, ʯʪʦ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ  

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʘʪʦʤʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʚʘʨʢʘ ʧʦʜ ʬʣʶʩʦʤ, ʠʤʧʫʣʴʩʥʘʷ ʩʚʘʨʢʘ, ʧʫʣʴʩʠʨʫʶʱʘʷ ʜʫʛʘ, 
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Abstract. The article examines the effect of the amplitude of welding current pulses on the formation of a weld 

during automatic welding under a layer of flux in modulated modes. The features of the weld formation process at 

various parameters of the pulsating current are considered, as well as the influence of the pulse amplitude on the 

characteristics of the formed seam. 

The relevance of the research is due to the need to improve the quality of welded joints and optimize the 

technological parameters of the welding process, which is of particular importance in modern conditions of 

industrial production development in the field of nuclear power engineering. 

Keywords: Automatic quarrel underwater, pulse quarrel, pulsating arc, visual inspection, SAW process, Pulse SAW 

process. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʘʩʰʠʨʝʥʠʶ ʧʨʠʤʝʥʝʥʠʷ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʚʘʨʢʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ  

ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʪ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʜʦ ʘʪʦʤʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʂʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ  

ʠ ʩʣʫʞʝʙʥʳʭ ʩʚʦʡʩʪʚ, ʚʢʣʶʯʘʶʱʠʭ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʝ  

ʠ ʢʦʨʨʝʢʪʥʫʶ ʥʘʩʪʨʦʡʢʫ ʩʚʘʨʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʰʠʨʥʳʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʨʘʟʲʸʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʤʝʥʠʤʳʭ ʢ ʨʘʟʣʠʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ [2]. ʂʘʞʜʳʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʩʪʨʦʡʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʨʝʞʠʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʠ ʧʦʜ ʩʣʦʝʤ ʬʣʶʩʘ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʚʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʟʘʜʘʥʳ: ʥʘʧʨʷʞʝʥʠʝ 36 ɺ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʧʨʦʚʦʣʦʢʠ 44 ʤ/ʯ, 

ʙʘʟʦʚʳʡ ʪʦʢ 350 ɸ. ʈʝʞʠʤʳ ʨʘʙʦʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʅʘ ʢʘʞʜʦʤ 

ʨʝʞʠʤʝ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ ʰʠʨʠʥʳ ʠ ʜʣʠʥʥʳ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ. 

 
ʊʘʙʣʠʮʘ 1 ï ʈʝʞʠʤʳ ʨʘʙʦʪ ʧʫʣʴʩʠʨʫʶʱʝʡ ʜʫʛʦʡ 

ʈʝʞʠʤʳ 

ʨʘʙʦʪʳ 
ʇʝʨʚʳʡ ʦʧʳʪ ɺʪʦʨʦʡ ʦʧʳʪ ʊʨʝʪʠʡ ʦʧʳʪ 

ʏʝʪʚʝʨʪʳʡ 

ʦʧʳʪ 
ʇʷʪʳʡ ʦʧʳʪ 

ʇʝʨʚʳʡ 

ʧʦʣʫʧʝʨʠʦʜ, 

ɸ 

550 600 650 700 750 

ɺʪʦʨʦʡ 

ʧʦʣʫʧʝʨʠʦʜ, 

ɸ 

350 350 350 350 350 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʦʪʦ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʚʘʨʥʳʭ ʰʚʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

 
ʊʘʙʣʠʮʘ 2 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʚʘʨʥʳʭ ʰʚʦʚ 

ʅʦʤʝʨ ʦʧʳʪʘ ʇʠʢʦʚʳʡ ʪʦʢ, ɸ ʐʠʨʠʥʘ ʰʚʘ, ʤʤ 
ɼʣʠʥʥʘ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ, 

ʤʤ 

1 550 10 45 

2 600 12 50 

3 650 13 59 

4 700 12 48 

5 750 13 53 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʠʢʦʚʦʛʦ ʪʦʢʘ ʩ 550 ɸ 

ʜʦ 750 ɸ ʰʠʨʠʥʘ ʰʚʘ ʚʦʟʨʘʩʪʘʝʪ ʩ 10 ʤʤ ʜʦ 13 ʤʤ, ʘ ʜʣʠʥʘ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

45 ʤʤ ʜʦ 59 ʤʤ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʚʘʥʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʠʢʦʚʦʤʫ 

ʪʦʢʫ 650 ɸ, ʘ ʥʝ 750 ɸ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʦʪʦʡ ʧʫʣʴʩʘʮʠʠ ʩʚʘʨʦʯʥʦʡ ʜʫʛʠ.  

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʩʚʘʨʥʳʭ ʰʚʦʚ (ʰʠʨʠʥʘ ʰʚʘ ʠ ʜʣʠʥʘ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ) ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʝʣʠʯʠʥʳ ʧʠʢʦʚʦʛʦ ʪʦʢʘ [3]. ʋʚʝʣʠʯʝʥʠʝ ʧʠʢʦʚʦʛʦ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʰʠʨʠʥʳ ʰʚʘ ʠ 
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ʜʣʠʥʳ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ  

ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʨʝʞʠʤʦʚ 

ʩʚʘʨʢʠ ʥʘ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʘʭ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʰʚʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʢʠ, ʪʘʢʠʭ ʢʘʢ ʯʘʩʪʦʪʘ 

ʧʫʣʴʩʘʮʠʠ ʠʣʠ ʩʢʚʘʞʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ, ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʚʦʚ. 
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Abstract The degradation of the mechanical properties of austenitic steels, manifested as embrittlement, especially 

after heat treatment, is a critical risk factor for the operation of nuclear power plants. This process can lead to 

accidents and compromise safety. Therefore, studying the correlation between the parameters of heat treatment and 

the susceptibility of austenitic steels used in nuclear power plant equipment to embrittlement is an important 

scientific task that requires comprehensive analysis. 

Keywords: embrittlement, austenitic steels, heat treatment 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

(ɸʕʉ) ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʳ. ʇʨʦʝʢʪ 

ʨʝʘʢʪʦʨʘ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʟʘʤʢʥʫʪʳʤ ʪʦʧʣʠʚʥʳʤ ʮʠʢʣʦʤ ʠ 
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ʧʦʚʳʰʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʰʘʛʦʤ ʚʧʝʨʝʜ ʚ ʨʘʟʚʠʪʠʠ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ʆʜʥʘʢʦ, ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɸʕʉ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ. ʆʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳ ʢ ʚʳʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ, ʢʦʨʨʦʟʠʠ ʠ ʨʘʜʠʘʮʠʠ. ɸʫʩʪʝʥʠʪʥʳʝ ʩʪʘʣʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʝʘʢʪʦʨʘʭ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʛʫʪ ʩʦ ʚʨʝʤʝʥʝʤ ʫʭʫʜʰʘʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʘʥʦʚʠʪʴʩʷ ʭʨʫʧʢʠʤʠ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʩʢʣʦʥʥʦʩʪʴʶ 

ʢ ʦʭʨʫʧʯʠʚʘʥʠʶ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʳ, ʚʳʷʚʠʚ ʧʨʦʙʝʣʳ ʚ 
ʟʥʘʥʠʷʭ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ ʚ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, 

ʤʝʭʘʥʠʟʤʘʭ ʦʭʨʫʧʯʠʚʘʥʠʷ ʠ ʚʣʠʷʥʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘ. 

2. ʆʧʨʝʜʝʣʠʪʴ ʧʝʨʝʯʝʥʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʘʨʦʢ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʥʘʧʨʠʤʝʨ, ʩʪʘʣʠ ʤʘʨʦʢ 08ʍ18ʅ10ʊ, 

12ʍ18ʅ10ʊ, AISI 316), ʠ ʦʙʦʩʥʦʚʘʪʴ ʠʭ ʚʳʙʦʨ. 

3. ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʤʘʨʦʢ ʩʪʘʣʝʡ, ʫʯʠʪʳʚʘʷ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʦʭʨʫʧʯʠʚʘʥʠʝ. 

4. ʇʨʦʚʝʩʪʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ 

ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʦʙʨʘʟʮʦʚ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʨʝʞʠʤʘʤ, ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ (ʨʘʩʪʷʞʝʥʠʝ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ) ʠ ʜʝʪʘʣʴʥʳʡ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʦʭʨʫʧʯʠʚʘʥʠʶ ʠ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʪʦʪ ʧʨʦʮʝʩʩ. 

6. ʇʨʝʜʣʦʞʠʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ɸʕʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʦʚʳʰʝʥʠʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɸʫʩʪʝʥʠʪʥʳʝ ʩʪʘʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʨʢʘʤʠ 08ʍ18ʅ10ʊ ʠ 12ʍ18ʅ10ʊ, ʷʚʣʷʶʪʩʷ 

ʢʣʶʯʝʚʳʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ 

ʚʳʜʘʶʱʠʤʠʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʧʨʠ ʩʚʘʨʢʝ. ʆʜʥʘʢʦ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

(ɸʕʉ) ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʜʝʛʨʘʜʘʮʠʶ ʩʪʨʫʢʪʫʨʳ 

ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ, ʧʨʦʷʚʣʷʶʱʫʶʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʚʠʜʝ ʦʭʨʫʧʯʠʚʘʥʠʷ. 

ʆʭʨʫʧʯʠʚʘʥʠʝ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʧʨʦʮʝʩʩ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ [1]: 

- ʂʘʨʙʠʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ: ʜʣʠʪʝʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʠʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʢʘʨʙʠʜʦʚ 

ʭʨʦʤʘ (Cr23C6) ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʜʥʝʥʠʶ ʧʨʠʛʨʘʥʠʯʥʳʭ ʟʦʥ 

ʭʨʦʤʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʭʨʫʧʢʠʭ ʢʘʨʙʠʜʥʳʭ ʧʨʦʩʣʦʝʢ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʦʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ 

ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘʥʠʮ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. 

- ʆʙʨʘʟʦʚʘʥʠʝ ʩʠʛʤʘ-ʬʘʟʳ: ʚ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʨʠʪʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʨʦʤ ʠ ʤʦʣʠʙʜʝʥ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʘʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʠʛʤʘ-ʬʘʟ.r ʕʪʘ ʬʘʟʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʭʨʫʧʢʦʩʪʴʶ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʙʳʩʪʨʦ ʚʳʷʚʠʪʴ ʩʘʤʳʝ ʤʝʣʢʠʝ ʪʨʝʱʠʥʳ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ ʠʟʜʝʣʠʷ  

ʠ ʚ ʤʝʣʢʠʭ ʜʝʪʘʣʷʭ. ʇʨʝʜʣʦʞʝʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʢʦʥʪʘʢʪʥʦʡ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʜʝʣʠʷ ʠ ʜʝʪʘʣʠ, ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, ʤʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʢʦʥʪʘʢʪʥʦʡ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ. 
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Abstract. The paper discusses the problem of conducting non-destructive testing, which allows for the rapid 

detection of the smallest cracks and microscopic defects in hard-to-reach areas of the product and in small details. A 

technical solution is proposed for the production of a device for non-destructive testing of metal parts using 

scanning contact potentiometry. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʣʦʞʥʦ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʝʩʪʠ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʙʳʩʪʨʦ ʚʳʷʚʠʪʴ ʩʘʤʳʝ ʤʝʣʢʠʝ ʪʨʝʱʠʥʳ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ  

ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ ʠʟʜʝʣʠʷ ʠ ʚ ʤʝʣʢʠʭ ʜʝʪʘʣʷʭ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʜʫʢʪ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʢʦʥʪʘʢʪʥʦʡ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ (ʉʂʇ). 

ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʜʝʬʝʢʪʦʚ - ʤʠʢʨʦʪʨʝʱʠʥ, ʟʦʥ 

ʢʦʨʨʦʟʠʠ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ[1]. ɺ ʜʝʪʘʣʷʭ ʩʣʦʞʥʦʡ ʬʦʨʤʳ: ʩʚʘʨʥʳʭ ʰʚʘʭ, 

ʪʨʫʙʥʳʭ ʢʦʣʧʘʯʢʘʭ, ʢʦʨʧʫʩʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʜʨʫʛʠʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʫʟʣʘʭ. ʆʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʫʩʪʘʥʦʚʢʘ ʠʤʝʝʪ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʛʜʝ 

ʥʝʦʙʭʦʜʠʤ ʚʳʩʦʢʦʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ, ʛʜʝ ʥʝʜʦʩʪʫʧʥʳ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʅʂ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʫʩʪʘʥʦʚʢʠ: 
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ï ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ: ʢʦʥʪʨʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʩʚʘʨʥʳʭ ʰʚʦʚ, 

ʟʘʱʠʪʥʳʭ ʢʦʣʧʘʯʢʦʚ ʥʘ ɸʕʉ; 

ï ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ ʤʝʪʘʣʣʫʨʛʠʷ: ʜʠʘʛʥʦʩʪʠʢʘ ʬʣʘʥʮʝʚ, ʢʦʨʧʫʩʦʚ, ʦʪʣʠʚʦʢ ʠ 

ʩʚʘʨʥʳʭ ʫʟʣʦʚ; 

ï ɺ ʅʀʀ ʠ ʣʘʙʦʨʘʪʦʨʠʷʭ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʚʝʨʠʬʠʢʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ; 

ï ʉʝʨʚʠʩʥʳʝ ʢʦʤʧʘʥʠʠ: ʅʂ ʜʠʘʛʥʦʩʪʠʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʣʦʱʘʜʢʘʭ ʟʘʢʘʟʯʠʢʦʚ. 

ʇʨʝʜʣʦʞʝʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʉʂʇ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʣʦʢʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʢʦʥʪʘʢʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʟʦʥʜʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʜʝʬʝʢʪʳ - 

ʤʠʢʨʦʪʨʝʱʠʥʳ, ʟʦʥʳ ʢʦʨʨʦʟʠʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʜʘʞʝ ʚ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʧʨʠʤʝʥʝʥʠʝ ʋɿʂ ʠ 

ʈɻʂ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʨʦʮʝʩʩ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ: ʟʦʥʜ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʦ ʩ ʠʟʤʝʨʝʥʠʝʤ ʠ ʟʘʧʠʩʴʶ ʩʠʛʥʘʣʘ. ʆʧʝʨʘʪʦʨ ʧʦʣʫʯʘʝʪ ʛʦʪʦʚʫʶ ʜʚʫʤʝʨʥʫʶ 

ʢʘʨʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ, ʛʜʝ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʳ ʚʳʷʚʣʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

ʋʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ [3]: 

ï ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ (ʚʦʣʴʪʤʝʪʨ, ʟʦʥʜ ʩ ʧʨʠʞʠʤʦʤ); 

ï ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʩʢʘʥʠʨʦʚʘʥʠʷ; 

ï ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʇʂ ʩ ʠʥʪʝʨʬʝʡʩʦʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʳʙʨʘʥʥʦʛʦ ʨʝʰʝʥʠʷ: 

ï ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʚʳʷʚʣʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʜʝʬʝʢʪʦʚ, ʚ ʥʝʜʦʩʪʫʧʥʳʝ 

ʜʣʷ ʋɿʂ ʠ ʈɻʂ ʤʝʩʪʘʭ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʠʟʜʝʣʠʷ; 

ï ʇʨʦʩʪʦʪʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ, ʥʝ ʪʨʝʙʫʝʪʩʷ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʚʘʢʫʫʤʘ ʠʣʠ 

ʭʠʤʠʢʘʪʦʚ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʫʩʪʘʥʦʚʢʠ ʥʝʜʦʨʦʛʠʝ ʠ ʤʘʩʩʦʚʦ ʜʦʩʪʫʧʥʳ; 

ï ʄʦʜʫʣʴʥʦʩʪʴ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʘʜʘʧʪʠʨʫʝʪʩʷ ʧʦʜ ʦʙʲʝʢʪʳ ʨʘʟʥʦʡ ʬʦʨʤʳ ʠ 

ʨʘʟʤʝʨʦʚ; 

ï ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʧʦʣʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʟʦʥʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʤ 

ʠʟʤʝʨʝʥʠʡ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠ ʇʂ ʠʥʪʝʨʬʝʡʩ. 

ʀʤʝʶʱʠʡʩʷ ʟʘʜʝʣ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ: 

ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩ ʤʝʪʦʜʘʤʠ ʋɿʂ ʠ ʈɻʂ ʧʦ ʚʳʷʚʣʷʝʤʦʩʪʠ ʤʠʢʨʦʜʝʬʝʢʪʦʚ. 

ʆʧʫʙʣʠʢʦʚʘʥʦ 300+ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʅʀʆʂʈ ʠ ʦʙʫʯʝʥʠʠ. ɼʦʩʪʠʛʥʫʪ 8-

ʦʡ ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ (TRL-8) (ɻʆʉʊ ʈ 58048-2017) ʀʤʝʝʪʩʷ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʧʘʪʝʥʪ WO 2017/180007 A1 (ʚʣʘʜʝʣʝʮ ï ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ). 

ʉʦʟʜʘʥ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ, ʤʝʪʦʜ ʧʨʦʚʝʨʝʥ ʥʘ ʜʝʪʘʣʷʭ ʩ ʨʝʘʣʴʥʳʤʠ 

ʜʝʬʝʢʪʘʤʠ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʜʫʢʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ɸʕʉ, ʟʘʚʦʜʳ ʈʦʩʘʪʦʤʘ, ʅʀʀ ʠ ʩʝʨʚʠʩʥʳʝ 

ʢʦʤʧʘʥʠʠ ï ʙʦʣʝʝ 500 ʦʨʛʘʥʠʟʘʮʠʡ. ʅʘ ʨʳʥʢʝ ʥʝʪ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʪʦʯʥʦ ʠ ʙʝʟʦʧʘʩʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʝʣʢʠʝ ʜʝʪʘʣʠ ʠ ʩʣʦʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ ʨʝʥʪʛʝʥʘ ʠ ʫʣʴʪʨʘʟʚʫʢʘ [2]. ʉʂʇ 

ʟʘʢʨʳʚʘʝʪ ʵʪʦʪ ʜʝʬʠʮʠʪ: ʨʘʙʦʪʘʝʪ ʪʘʤ, ʛʜʝ ʢʦʥʢʫʨʝʥʪʳ ʪʝʭʥʠʯʝʩʢʠ ʥʝʧʨʠʤʝʥʠʤʳ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʩʥʦʚʝ ʉʂʇ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʬʝʨʝ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʂʣʶʯʝʚʳʝ ʩʝʛʤʝʥʪʳ:  

ï ɸʪʦʤʥʘʷ ʦʪʨʘʩʣʴ 11 ɸʕʉ (38 ʵʥʝʨʛʦʙʣʦʢʦʚ), å10 ʅʀʀ ʠ ʧʨʦʝʢʪʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, 

ʅʀʀ, ʣʘʙʦʨʘʪʦʨʠʠ, ʩʝʨʚʠʩʥʳʝ ʢʦʤʧʘʥʠʠ, ʙʦʣʝʝ 150 ʫʯʨʝʞʜʝʥʠʡ; 

ï ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ: ʙʦʣʝʝ 150 ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ; 

ï ʄʝʪʘʣʣʫʨʛʠʷ: ʙʦʣʝʝ 50 ʟʘʚʦʜʦʚ TAM (Total Addressable Market): 

ï ʄʠʨʦʚʦʡ ʨʳʥʦʢ ʅʂ ï $10,7 ʤʣʨʜ (2023), ʧʨʦʛʥʦʟ ʜʦ $25,8 ʤʣʨʜ ʢ 2032. ʈʦʩʩʠʡʩʢʘʷ 

ʜʦʣʷ (1,5%)  å14,4 ʤʣʨʜ  ʚ 2023, ʜʦ 34,8 ʤʣʨʜ  ʚ 2032, SAM (ʣʘʙʦʨʘʪʦʨʥʦʝ ʠ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʅʂ-ʦʙʦʨʫʜʦʚʘʥʠʝ) ~10%; TAM ʈʌ = å1,44 ʤʣʨʜ  ʚ 2023, ʜʦ 3,48 ʤʣʨʜ  ʚ 2032 SOM 

(Serviceable Obtainable Market): ʦʭʚʘʪ 5ï10% SAM = å72ï144 ʤʣʥ /ʛʦʜ, ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʨʦʩʪʘ 

ʜʦ 174ï348 ʤʣʥ / ʛʦʜ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʳʥʦʢ ʩʪʘʙʠʣʴʥʦ ʨʘʩʪʸʪ >10% ʚ ʛʦʜ, ʩʝʛʤʝʥʪ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʅʂ 

ʦʩʪʘʸʪʩʷ ʤʘʣʦ ʟʘʧʦʣʥʝʥʥʳʤ ʠ ʛʦʪʦʚ ʢ ʚʥʝʜʨʝʥʠʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʨʝʰʝʥʠʡ.  
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Abstract. The article compares Logos (version 5.3.23) with Ansys on the example of solving a specific practical 

problem. Attention is paid to the preparation of the task and analysis of the results. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ CAE ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʨʘʩʯʸʪʦʚ: 

ʧʨʦʯʥʦʩʪʴ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ, ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʜʨʫʛʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɻʦʩʢʦʨʧʦʨʘʮʠʷ 

çʈʦʩʘʪʦʤè ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʩʯʸʪʦʚ ï ʃʆɻʆʉ [1]. 

ɺ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʛʨʘʤʤ Ansys mechanical ʠ ʃʆɻʆʉ ʇʨʦʯʥʦʩʪʴ (ʚʝʨʩʠʷ 5.3.23) ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ. 
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ʉʨʘʚʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʚʳʧʦʣʥʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ: ʪʨʝʙʫʝʪʩʷ 

ʦʮʝʥʠʪʴ ʧʨʦʯʥʦʩʪʴ ʢʨʳʰʢʠ ʣʶʢʘ-ʣʘʟʘ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʦʙʞʘʪʠʠ ʧʨʦʢʣʘʜʢʠ. ʋʟʝʣ ʩʦʩʪʦʠʪ ʠʟ 

ʢʨʳʰʢʠ ʣʶʢʘ 1, ʣʶʢʘ 2, ʧʨʦʢʣʘʜʢʠ 3, ʰʧʠʣʝʢ 4, ʰʚʦʚ 5, ʫʧʦʨʦʚ 6, ʛʘʝʢ 7, ʰʘʡʙ 8. ʊʘʢʞʝ  

ʚ ʨʘʩʯʸʪʥʫʶ ʤʦʜʝʣʴ ʚʢʣʶʯʝʥʘ ʦʙʦʣʦʯʢʘ 9, ʚ ʢʦʪʦʨʫʶ ʠ ʚʚʘʨʝʥ ʚʝʩʴ ʣʶʢ (ʨʠʩ. 1).  

       
ʈʠʩʫʥʦʢ 1 ï ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʠʟʦʤʝʪʨʠʷ ʠ ʨʘʟʨʝʟ) 

 

ʐʧʠʣʴʢʠ ʟʘʪʷʥʫʪʳ ʩ ʫʩʠʣʠʝʤ 69 ʢʅ, ʥʘ ʢʨʳʰʢʫ ʣʶʢʘ ʜʝʡʩʪʚʫʝʪ ʜʘʚʣʝʥʠʝ 0,1 ʄʇʘ. 

ʇʨʦʢʣʘʜʢʘ ʩʜʝʣʘʥʘ ʠʟ ʩʫʧʨʘʥʠʪʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʜʝʪʘʣʠ ï ʠʟ ʩʪʘʣʠ. 

ʆʙʱʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ: ʊʝʪʨʘʵʜʘʣʴʥʘʷ ʩʝʪʢʘ, ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʜʣʷ 

ʦʙʦʣʦʯʢʠ ï 15 ʤʤ, ʜʣʷ ʣʶʢʘ ʠ ʫʧʦʨʦʚ ï 8 ʤʤ, ʜʣʷ ʦʩʪʘʣʴʥʦʛʦ ï 6 ʤʤ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʰʘʛʦʚ: ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʟʘʪʷʛʠʚʘʶʪʩʷ ʰʧʠʣʴʢʠ, ʘ ʥʘ ʚʪʦʨʦʤ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ. ʄʝʞʜʫ 

ʫʧʦʨʘʤʠ ʠ ʰʘʡʙʘʤʠ ʩ ʣʶʢʦʤ ʢʦʥʪʘʢʪ ʩ ʪʨʝʥʠʝʤ; ʤʝʞʜʫ ʧʨʦʢʣʘʜʢʦʡ ʠ ʣʶʢʦʤ ʩ ʢʨʳʰʢʦʡ 

ʢʦʥʪʘʢʪ ʩ ʪʨʝʥʠʝʤ. ʤʝʞʜʫ ʰʧʠʣʴʢʘʤʠ ʠ ʢʨʳʰʢʦʡ ʢʦʥʪʘʢʪʘ ʥʝʪ, ʦʩʪʘʣʴʥʳʝ ʢʦʥʪʘʢʪʳ ï 

ʩʢʣʝʡʢʠ. 

ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ ʚ ʦʙʝʠʭ ʧʨʦʛʨʘʤʤʘʭ ʦʜʠʥʘʢʦʚʦ ʢʦʤʬʦʨʪʥʳʡ. ɿʘʜʘʥʠʝ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʵʬʬʝʢʪʠʚʥʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ Ansys, ʪʘʢ ʢʘʢ ʪʘʤ ʝʩʪʴ ʙʘʟʘ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʞʝ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʃʦʛʦʩʝ ʞʝ ʚʩʝʛʜʘ ʥʫʞʥʦ ʚʨʫʯʥʫʶ ʟʘʜʘʚʘʪʴ 

ʩʚʦʡʩʪʚʘ. ɺ Ansys ʤʘʪʝʨʠʘʣ ʟʘʜʘʝʪʩʷ ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʣ, ʚ ʃʦʛʦʩʝ ï ʜʣʷ ʧʦʜʦʙʣʘʩʪʝʡ (ʪʦ 

ʝʩʪʴ ʜʣʷ ʥʘʙʦʨʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ). ʇʦʵʪʦʤʫ ʧʦʩʣʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʩʝʪʢʠ (ʯʪʦ ʚ ʧʨʘʢʪʠʢʝ 

ʜʝʣʘʝʪʩʷ ʯʘʩʪʦ), ʚ ʃʦʛʦʩʝ ʧʨʠʭʦʜʠʪʩʷ ʟʘʥʦʚʦ ʩʦʟʜʘʚʘʪʴ ʧʦʜʦʙʣʘʩʪʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʟʘʜʘʚʘʪʴ ʠʭ ʩʚʦʡʩʪʚʘ. 

ʇʨʠ ʥʘʩʪʨʦʡʢʝ ʢʦʥʪʘʢʪʦʚ, ʚ Ansys ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ ʠʟ 

ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ, ʧʦʟʚʦʣʷʶʱʫʶ ʚʳʙʠʨʘʪʴ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʟʘʜʘʥʥʳʤʠ ʪʝʣʘʤʠ  

ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ.  

ɺ ʃʦʛʦʩʝ ʧʨʠʭʦʜʠʪʩʷ ʠʩʢʘʪʴ ʥʫʞʥʳʝ ʢʦʥʪʘʢʪʳ ʧʝʨʝʙʦʨʦʤ ʠ ʧʦ ʥʦʤʝʨʘʤ ʧʦʜʦʙʣʘʩʪʝʡ, 

ʩʦʧʦʩʪʘʚʣʷʷ ʥʦʤʝʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʝʣʘʤʠ. ʂʦʥʪʘʢʪʳ ʧʨʠʚʷʟʘʥʳ ʢ ʧʦʜʦʙʣʘʩʪʷʤ, ʠʟ-ʟʘ 

ʵʪʦʛʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʝʪʢʠ ʧʨʠʭʦʜʠʪʩʷ ʟʘʥʦʚʦ ʠʭ ʥʘʩʪʨʘʠʚʘʪʴ.  

ɺ Ansys ʢʦʥʪʘʢʪʳ ʧʨʠʚʷʟʘʥʳ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ (ʠʣʠ ʛʨʘʥʷʤ ʠ ʫʟʣʘʤ) ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʩʝʪʢʫ, ʥʝ ʩʙʠʚʘʷ ʥʘʩʪʨʦʡʢʫ ʢʦʥʪʘʢʪʦʚ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʜʘʚʣʝʥʠʝ ʟʘʜʘʚʘʪʴ ʫʜʦʙʥʦ ʚ ʦʙʝʠʭ ʧʨʦʛʨʘʤʤʘʭ. ɿʘʜʘʥʠʝ ʟʘʪʷʞʢʠ 

ʰʧʠʣʝʢ ʨʝʘʣʠʟʦʚʘʥʦ ʣʫʯʰʝ ʚ Ansys: ʥʫʞʥʦ ʚʳʙʨʘʪʴ çbolt pretensionè ʫʢʘʟʘʪʴ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʰʧʠʣʴʢʠ ʠ ʟʘʜʘʪʴ ʫʩʠʣʠʝ. ɺ ʃʦʛʦʩʝ ʘʣʛʦʨʠʪʤ ʩʣʦʞʥʝʝ: 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʚʠʪʴ ʚʠʜʠʤʦʡ ʪʦʣʴʢʦ ʧʦʜʦʙʣʘʩʪʴ ʰʧʠʣʴʢʠ, ʩʦʨʠʝʥʪʠʨʦʚʘʪʴ ʩʝʢʫʱʫʶ 

ʧʣʦʩʢʦʩʪʴ, ʚʳʙʨʘʚ ʜʚʘ ʫʟʣʘ ʩʝʪʢʠ ʠ ʧʝʨʝʤʝʩʪʠʚ ʝʸ ʢʫʨʩʦʨʦʤ; ʟʘʜʘʪʴ ʚʝʢʪʦʨ ʧʨʠʣʦʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʠ ʫʢʘʟʘʪʴ ʚʝʣʠʯʠʥʫ ʩʠʣʳ. ɺʝʢʪʦʨ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʟʘʜʘʸʪʩʷ ʪʦʣʴʢʦ  

ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʝʫʜʦʙʥʦ, ʚʝʜʴ ʦʩʠ ʰʧʠʣʝʢ ʥʝ 

ʩʦʥʘʧʨʘʚʣʝʥʥʳ ʩ ʛʣʘʚʥʳʤʠ ʦʩʷʤʠ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʥʝʪʦʯʥʦʩʪʴ ʚ ʧʨʠʣʦʞʝʥʠʠ ʥʘʛʨʫʟʢʠ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʟʘʜʘʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʦ ʛʝʦʤʝʪʨʠʠ ʪʝʣ ʠ ʟʘʜʘʚʘʪʴ ʚʝʢʪʦʨ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʚʳʩʠʣʠ ʙʳ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʅʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʘʪʝʣʷ ʧʦ ʫʤʦʣʯʘʥʠʶ) ʫ Ansys ʫʰʣʦ 5 ʤʠʥʫʪ 31 

ʩʝʢʫʥʜʘ, ʘ ʫ ʃʦʛʦʩʘ ï 3 ʤʠʥʫʪʳ 59 ʩʝʢʫʥʜ. ʇʦʣʫʯʝʥʥʳʝ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 (ʦʙʦʣʦʯʢʘ ʠ ʦʜʠʥ ʫʧʦʨ ʩʢʨʳʪʳ). 
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ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʦʝ ʚ Ansys (ʩʣʝʚʘ) ʠ ʚ ʃʦʛʦʩ (ʩʧʨʘʚʘ) 

 

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʸʪʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ. ʊʦʣʴʢʦ ʚ ʩʚʘʨʥʳʭ ʰʚʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʦʪʣʠʯʘʝʪʩʷ. ʊʘʢʞʝ ʧʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʃʦʛʦʩʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʜʥʦʤ ʰʚʝ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʨʫʛʦʤ (ʨʠʩʫʥʦʢ 3). ɺʦʟʤʦʞʥʦ, ʵʪʦ ʚʳʟʚʘʥʦ ʥʝʪʦʯʥʦʩʪʴʶ 

ʟʘʜʘʥʠʷ ʟʦʥʳ ʧʨʝʜʥʘʪʷʞʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʰʚʘʭ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʃʦʛʦʩʝ 

 

ʊʨʝʙʫʝʤʦʝ ʜʘʚʣʝʥʠʝ ʦʙʞʘʪʠʷ ʧʨʦʢʣʘʜʢʠ ï 4 ʄʇʘ. ʀ ʃʦʛʦʩ ʠ Ansys ʦʜʠʥʘʢʦʚʦ ʫʜʦʙʥʦ 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʜʘʚʣʝʥʠʝ ʚ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʪʝʣʘʤʠ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4 ï ɼʘʚʣʝʥʠʝ ʥʘ ʧʨʦʢʣʘʜʢʝ, ʧʦʣʫʯʝʥʥʦʝ ʚ Ansys (ʩʣʝʚʘ) ʠ ʚ ʃʦʛʦʩ (ʩʧʨʘʚʘ) 

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ɻʆʉʊ ʈ 59115.19-2022 [2], ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʩʪʘʥʜʘʨʪʦʤ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʥʝʘʨʠʟʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʣʠʥʠʠ ʠʣʠ ʩʝʯʝʥʠʶ. ʉʧʝʮʠʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʵʪʦʛʦ ʧʨʠʥʸʩ ʙʳ ʢʦʣʦʩʩʘʣʴʥʫʶ ʧʦʣʴʟʫ. ɺ Ansys ʝʩʪʴ ʬʫʥʢʮʠʷ ʣʠʥʝʘʨʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʧʦ ʟʘʜʘʥʥʦʤʫ ʧʫʪʠ. ʊʘʢʞʝ, ʧʦ ɻʆʉʊ ʈ 59115.9-2021 [3], ʧʨʦʯʥʦʩʪʴ ʯʘʩʪʦ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ 

ʩʨʝʜʥʠʤ ʥʘʧʨʷʞʝʥʠʷʤ (ʩʨʝʜʥʠʤ ʤʝʤʙʨʘʥʥʳʤ, ʩʨʝʜʥʠʤ ʠʟʛʠʙʥʳʤ, ʩʨʝʜʥʠʤ ʢʘʩʘʪʝʣʴʥʳʤ, 

ʩʨʝʜʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ) ʚ ʩʝʯʝʥʠʠ. ʉʧʝʮʠʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ  

ʦʯʝʥʴ ʧʦʣʝʟʝʥ. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʷʚʠʣʦ ʥʝʢʦʪʦʨʳʝ ʤʦʤʝʥʪʳ, ʥʘʜ 

ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʧʦʨʘʙʦʪʘʪʴ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʃʦʛʦʩʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴ ʢʦʥʪʘʢʪʳ ʠ 
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ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʤʠʥʫʷ ʧʦʜʦʙʣʘʩʪʠ, ʧʨʠʥʝʩʝʪ ʧʦʣʴʟʫ. ɺʘʞʥʦ 

ʜʦʙʘʚʠʪʴ ʙʦʣʴʰʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʥʪʘʢʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ. 

ʌʫʥʢʮʠʠ çʟʦʥʘ ʧʨʝʜʥʘʪʷʞʝʥʠʷè ʥʝ ʭʚʘʪʘʝʪ ʛʠʙʢʦʩʪʠ ʥʘʩʪʨʦʡʢʠ. ʄʥʦʛʦ ʚʥʠʤʘʥʠʷ ʩʣʝʜʫʝʪ 

ʫʜʝʣʠʪʴ ʠʥʩʪʨʫʤʝʥʪʘʤ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʥʠ ʙʫʜʫʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʝʟʥʳ, ʝʩʣʠ 

ʧʦʟʚʦʣʷʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

Scientific View, ʚʝʨʦʷʪʥʦ, ʠ ʩʧʦʩʦʙʝʥ ʜʘʪʴ ʪʦ, ʯʪʦ ʥʫʞʥʦ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ, ʥʦ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʙʳʣʦ ʙʳ ʨʘʟʫʤʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ.  

ʇʨʠʚʝʜʸʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʞʫʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʃʦʛʦʩʘ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

5. ʃʦʛʦʩ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ:: https://logos.vniief.ru/logos/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 16.09.2025).  
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[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.consultant.ru/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 27.09.2025). 

6. ɻʆʉʊ ʈ 59115.9-2021 ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʘʪʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ. ʇʦʚʝʨʦʯʥʳʡ ʨʘʩʯʸʪ ʥʘ ʧʨʦʯʥʦʩʪʴ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.consultant.ru/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 27.09.2025). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʨʝʤʦʥʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɸʕʉè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʣʦʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʨʝʤʦʥʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɸʕʉ. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 

ʜʝʪʘʣʝʡ, ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʠʟʜʝʣʠʡ, ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ, ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʕʉ. 
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Abstract. The paper "Using Additive Manufacturing in the Manufacturing and Repair of Nuclear Power Plant 

Equipment" examines the application of additive manufacturing in the nuclear power industry. Currently, special 

attention is paid to layer-by-layer production technology in the manufacture and repair of nuclear power plant 

equipment. 

The advantages of additive manufacturing are analyzed, including the ability to create complex parts, reduce product 

weight, optimize material consumption, and reduce manufacturing lead times. 

Keywords: additive technologies, production of parts, repair of NPP equipment. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʕʉ. 

ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ ʠ 

ʦʧʝʨʘʪʠʚʥʦʤ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʠ ʧʨʠ ʨʝʤʦʥʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʕʉ.  

ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ (3D-ʧʝʯʘʪʴ) ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ, ʣʠʪʴʝ ʠ ʰʪʘʤʧʦʚʢʘ. ɽʛʦ ʢʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ - ʧʦʩʣʦʡʥʦʝ ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʦʚ, 

ʯʪʦ ʜʘʸʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʜʠʟʘʡʥʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʘʞʥʦ ʧʦʤʥʠʪʴ ʦʙ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʨʘʟʤʝʨʳ ʠʟʜʝʣʠʡ, ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʳʩʦʢʫʶ 

ʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʅʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ, ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʠʟʜʝʣʠʡ, ʦʧʪʠʤʠʟʘʮʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʥʝʜʨʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʷʜ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: 

ï ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ: ʫʩʢʦʨʝʥʥʦʝ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʦʚ  

ʠ ʤʝʣʢʦʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʩʥʘʩʪʢʝ  

ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʣʦʛʠʩʪʠʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʠʶ ʧʦʩʪʘʚʢʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ; 

ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ  

ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʨʝʘʣʠʟʘʮʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʳʭ, ʠ ʩʦʟʜʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʨʝʤʦʥʪʘ; 

ï ʨʝʤʦʥʪ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ: ʣʦʢʘʣʴʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʟʘʤʝʥʫ  

ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʥʠʢʘʣʴʥʳʭ ʜʝʪʘʣʝʡ; 

ï ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ: ʤʠʥʠʤʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ  

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï ʩʥʠʞʝʥʠʝ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʩʪʘʚʢʘʤʠ: ʣʦʢʘʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʧʘʩʥʳʭ 

ʯʘʩʪʝʡ ʠ ʩʥʠʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʜʣʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ: ʦʪ ʜʝʪʘʣʝʡ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʨʘʙʦʯʠʝ ʢʦʣʝʩʘ ʥʘʩʦʩʦʚ 

ʠ ʢʣʝʤʤʥʳʝ ʢʦʨʦʙʢʠ, ʜʦ ʵʣʝʤʝʥʪʦʚ ʨʝʘʢʪʦʨʦʚ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʠ ʤʘʢʝʪʦʚ ʸʤʢʦʩʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʠ ʦʙʲʸʤʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʧʨʠ 3ɼ ʧʝʯʘʪʠ ʠʟʜʝʣʠʡ ʠ ʠʭ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ  

ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʘʜʜʠʪʠʚʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚʢʣʶʯʘʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʣʘʡʩʝʨ Simplify3D, ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʝ ʢʘʢ Netfabb, ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  

ʠ ʩʠʤʫʣʷʮʠʠ (ʥʘʧʨʠʤʝʨ, Autodesk Netfabb), ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ ʘʜʜʠʪʠʚʥʦʡ ʰʪʘʤʧʦʚʢʠ, ʪʘʢʦʝ ʢʘʢ QForm 3D. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝ 

ʧʨʦʩʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ. ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʚʳʩʠʪʴ ʝʛʦ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʨʝʤʦʥʪʘ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʦʙʝʩʧʝʯʠʪ ʩʪʘʙʠʣʴʥʫʶ  

ʠ ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 
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ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʲʝʢʪ ʩʦʟʜʘʝʪʩʷ ʧʫʪʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʩʣʦʡ ʟʘ ʩʣʦʝʤ, ʚʤʝʩʪʦ ʫʜʘʣʝʥʠʷ ʠʣʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʠ ʜʝʪʘʣʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ 

ʦʙʲʝʢʪʦʚ.[1] 

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʤʝʣʢʦʩʝʨʠʡʥʳʝ ʠʟʜʝʣʠʷ 

ʚʝʩʴʤʘ ʜʝʰʝʚʣʝ, ʯʝʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ 

ʨʝʘʣʠʟʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʫʢʦʨʘʯʠʚʘʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʧʦʯʝʢ, ʫʤʝʥʴʰʝʥʠʶ ʫʯʘʩʪʠʷ 

ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪ. 

ɺʦʧʨʝʢʠ ʪʝʭʥʦʣʦʛʠʠ LENS, ʛʜʝ ʤʝʪʘʣʣ, ʥʘʧʣʘʚʣʷʝʤʳʡ ʥʘ ʠʟʜʝʣʠʝ, ʧʦʩʪʫʧʘʝʪ ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʘ, ʚ ʪʝʭʥʦʣʦʛʠʠ WAAM ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʣʴʥʘʷ ʧʨʦʚʦʣʦʢʘ. ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ 

ʥʘʧʣʘʚʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʵʪʘʧʝ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʦʛʨʦʤʥʫʶ 

ʥʦʤʝʥʢʣʘʪʫʨʫ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʠʟ ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ ʢʘʢ: ʪʠʪʘʥ, ʘʣʶʤʠʥʠʡ, ʘʫʩʪʝʥʠʪʥʳʝ 

ʩʪʘʣʠ, ʘ ʪʘʢʞʝ ʤʝʜʥʳʝ ʩʧʣʘʚʳ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʩʧʣʘʚʣʝʥʠʝ ʧʨʦʚʦʣʦʢʠ  

ʠ ʥʘʧʣʘʚʣʝʥʥʳʝ ʚʘʣʠʢʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʩʣʦʡ ʟʘ ʩʣʦʝʤ. ɺʳʧʦʣʥʷʪʴ ʥʘʧʣʘʚʢʫ ʤʦʞʥʦ ʢʘʢ  

ʩ ʧʦʤʦʱʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʥʘʧʣʘʚʢʠ ʧʨʦʚʦʣʦʢʠ ʥʘ ʠʟʜʝʣʠʝ (MIG, MAG), ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ 

ʭʦʣʦʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʤʝʪʘʣʣʘ ʥʘ ʠʟʜʝʣʠʝ (CMT). ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʚʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ 

ʵʣʝʤʝʥʪʘʨʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʥʘʧʣʘʚʢʠ (ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʧʦʜʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʛʦʨʝʣʢʘ), 

ʘ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʧʣʘʥʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ  

ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʜʦʙʘʚʦʢ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʛʦʥʥʘʷ ʵʥʝʨʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʢʦʣʦ 450 ɼʞ\ʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʩʢʣʶʯʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʚʦʣʦʢ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ, ʧʦʣʫʯʝʥʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʩʪʘʣʝʡ ʧʦʣʫʯʘʝʪʩʷ 5-6 ʤʤ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʪʠʧʘ ʧʨʦʮʝʩʩʦʚ WAAM ʚʟʘʠʤʦʩʚʷʟʠ ʦʪ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ:  

- ʩʚʘʨʢʘ ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ (GMAW); 

- ʩʚʘʨʢʘ ʚʦʣʴʬʨʘʤʦʚʳʤ ʵʣʝʢʪʨʦʜʦʤ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ (GTAW); 

- ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʘʷ ʩʚʘʨʢʘ (PAW) [4].   

 

 

                               ʘ)                                                                                       ʙ) 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ:  

(ʘ) ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʥʝʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ (GTAW) ʠ (ʙ) ʧʨʦʮʝʩʩ ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ (PAW) 

 

ɺ ʧʨʦʮʝʩʩʝ GMAW ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʘʯʘ ʧʨʦʚʦʣʦʢʠ ʩ ʦʙʪʝʢʘʥʠʝʤ ʝʸ ʜʫʛʦʡ 

(ʢʦʘʢʩʠʘʣʴʥʘʷ ʧʦʜʘʯʘ). ʇʨʦʮʝʜʫʨʳ GTAW ʠ PAW ʠʤʝʶʪ ʥʝ ʢʦʘʢʩʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʦʜʘʯʠ 

ʧʨʦʚʦʣʦʢʠ ʠ ʥʝʧʣʘʚʷʱʠʡʩʷ ʚʦʣʴʬʨʘʤʦʚʳʡ ʵʣʝʢʪʨʦʜ. ʂʨʘʡʥʝ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʧʨʦʮʝʩʩʘ WAAM ʥʘ ʦʩʥʦʚʝ GMAW ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʣʘʚʣʝʥʠʶ ʩ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʜʦʩʪʠʛʘʶʱʝʡ 2-3 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ PAW. ɸʣʛʦʨʠʪʤ GMAW 

ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʚ ʚʠʜʫ ʪʦʛʦ ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚʦʟʜʝʡʩʪʚʫʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʳʨʴʝ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʨʘʟʙʨʳʟʛʠʚʘʥʠʝ  
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ʠ ʯʨʝʟʤʝʨʥʳʡ ʥʘʛʨʝʚ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʪ ʢʘʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʧʣʘʚʣʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ WAAM ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʝʤʦʥʪ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʩʨʦʢ ʩʣʫʞʙʳ ʢʦʪʦʨʳʭ ʧʦʜʭʦʜʠʪ ʢ ʢʦʥʮʫ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʳʭ WAAM-

ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʦ ʢʘʩʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʥʘʧʣʘʚʢʠ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʧʦʜ ʫʧʣʦʪʥʝʥʠʷ  

ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʦʨʧʫʩʘʭ ʘʨʤʘʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʝʭʥʦʣʦʛʠʷ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʟʤʝʨʦʚ ʠʟʥʦʰʝʥʥʳʭ ʰʝʝʢ ʚʘʣʦʚ 

ʛʣʘʚʥʳʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ (ɻʎʅ) ʠ ʪʫʨʙʠʥ, ʘ ʪʘʢʞʝ ʨʝʤʦʥʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʟʦʥ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʙʣʘʩʪʠ çʪʨʫʙʘ-ʨʝʰʝʪʢʘè. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘ ʩʯʝʪ ʥʘʧʣʘʚʢʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʠʪʴ ʠʭ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠ ʠʟʙʝʞʘʪʴ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʟʘʤʝʥʳ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣ WAAM ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʨʧʫʩʘ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʮʠʬʨʦʚʳʤ ʤʦʜʝʣʷʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʟʘʤʝʥʳ ʫʩʪʘʨʝʚʰʠʭ 

ʠʣʠ ʩʥʷʪʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʳʭ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝʨʝʥʪʘʙʝʣʴʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʤʠʤʦ ʵʪʦʛʦ, WAAM 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʩʥʘʩʪʢʠ, ʢʦʥʜʫʢʪʦʨʦʚ ʠ ʜʝʨʞʘʚʦʢ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ 

ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥʦ ʩ ʢʦʥʮʝʧʮʠʝʡ ʛʠʙʨʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʢʦʪʦʨʦʝ ʦʙʲʝʜʠʥʷʝʪ ʘʜʜʠʪʠʚʥʳʝ ʠ ʩʫʙʪʨʘʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʂʦʤʙʠʥʘʮʠʷ WAAM ʠ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ ʩʦ ʩʣʦʞʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʛʝʦʤʝʪʨʠʝʡ, ʥʘʧʨʠʤʝʨ, ʵʣʝʤʝʥʪʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʦʩʪʷʤʠ ʠ 

ʢʘʥʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʝʪʦʜʘʤʠ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʠ. ʊʘʢʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ ʨʘʩʰʠʨʷʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʴ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ɺʥʝʜʨʝʥʠʝ WAAM ʚ ʘʪʦʤʥʫʶ ʦʪʨʘʩʣʴ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʥʦʨʤʘʪʠʚʥʳʭ 

ʚʳʟʦʚʦʚ, ʪʨʝʙʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ. ʂʣʶʯʝʚʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʚʳʩʦʯʘʡʰʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʟʘʜʘʥʥʳʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ ʥʘʧʣʘʚʣʝʥʥʳʭ ʠʟʜʝʣʠʡ. ɼʣʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ɸʕʉ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʦʜʥʦʨʦʜʥʦʩʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ (ʧʦʨ, ʪʨʝʱʠʥ), 

ʘ ʪʘʢʞʝ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ï ʧʨʦʯʥʦʩʪʴ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ  

ʠ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ 

ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʘʣʠʜʘʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʢʮʠʡ 

(ʊʀ), ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʝʥʠʝ 

ʪʝʧʣʦʚʣʦʞʝʥʠʝʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʧʦʜʦʛʨʝʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʩʣʦʡʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʣʷ ʩʥʷʪʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 

ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʪʨʦʛʦʛʦ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʩʦʯʝʪʘʶʱʝʛʦ ʤʝʪʦʜʳ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʠ ʨʘʟʨʫʰʘʶʱʝʛʦ ʠʩʧʳʪʘʥʠʷ. 

ʉʝʨʴʝʟʥʳʤ ʙʘʨʴʝʨʦʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʪʨʘʩʣʝʚʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ (ʥʦʨʤ ʈʦʩʪʝʭʥʘʜʟʦʨʘ, ʅɸʕʂ, ʆʇɹ), 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ɸʕʉ. ʇʨʝʦʜʦʣʝʥʠʝ ʵʪʦʛʦ ʙʘʨʴʝʨʘ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʙʰʠʨʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʦ ʩʚʦʡʩʪʚʘʭ ʠ ʧʦʚʝʜʝʥʠʠ WAAM-ʠʟʜʝʣʠʡ ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʣʦʙʙʠʨʦʚʘʪʴ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʩʪʘʥʜʘʨʪʦʚ. ɺʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʜʦʣʞʥʦ ʩʪʘʪʴ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʘʩʧʦʨʪʦʚ ʜʣʷ ʢʘʞʜʦʡ WAAM-ʜʝʪʘʣʠ, ʬʠʢʩʠʨʫʶʱʠʭ ʚʩʝ 

ʢʨʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ɽʱʝ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʚʘʨʦʯʥʳʝ ʧʨʦʚʦʣʦʢʠ ʤʦʛʫʪ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʪʴ ʩʪʨʦʛʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʚ ʘʢʪʠʚʥʦʡ 

ʟʦʥʝ ʨʝʘʢʪʦʨʘ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʨʦʢ ʧʨʦʚʦʣʦʢ, 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ  

ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʨʘʩʧʫʭʘʥʠʶ ʠ ʦʭʨʫʧʯʠʚʘʥʠʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʦʙʝʩʧʝʯʝʥʠʶ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ WAAM ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʧʦʜʭʦʜʦʚ ʢ ʨʝʤʦʥʪʫ, ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʠ ʩʪʦʠʤʦʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʨʠʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʠʙʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʳʟʦʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʝʡ, ʘʢʪʠʚʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʪ ʚ ʙʣʠʞʘʡʰʠʝ 5-10 ʣʝʪ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ WAAM ʚ ʘʨʩʝʥʘʣ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʫʶ, 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʫʶ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʫʚʝʨʝʥʥʫʶ ʨʘʙʦʪʫ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ. 

ɼʘʣʴʥʝʡʰʠʝ ʫʩʠʣʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʩʦʟʜʘʥʠʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʬʨʦʚʦʛʦ ʮʠʢʣʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʦʮʠʬʨʦʚʢʫ ʠʟʥʦʰʝʥʥʦʡ ʜʝʪʘʣʠ, ʘʜʘʧʪʘʮʠʶ ʝʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʦʜʦʤ WAAM, ʧʦʩʣʝʜʫʶʱʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʬʠʥʘʣʴʥʫʶ 

ʚʝʨʠʬʠʢʘʮʠʶ ʜʣʷ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʠʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʤʝʥʝʥʠʡ ʩʠʩʪʝʤ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ. ɺʳʷʚʣʝʥʘ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ: ʀʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʙʳʪʢʠ, ʘ ʨʘʙʦʪʥʠʢʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʣʫʯʠʪʴ ʪʨʘʚʤʳ, ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʪʘʢʠʝ ʥʘʨʫʰʝʥʠʷ ʩʠʩʪʝʤʥʦ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʥʦʚʦʚʚʝʜʝʥʠʷ, ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ ʩʥʠʞʝʥʠʝ ʥʘʨʫʰʝʥʠʡ 

ʥʘ 100%, ʪʦ ʝʩʪʴ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʘʰʠʥʥʦʝ ʟʨʝʥʠʝ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʚʳʷʚʣʝʥʠʝ ʥʘʨʫʰʝʥʠʡ, 

ʦʙʥʘʨʫʞʝʥʠʝ ʉʀɿʦʚ. 
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Abstract. The article discusses measures aimed at detecting safety violations using video analytics systems based on 

machine vision in an enterprise. The main task of solving the problem has been defined: - Due to safety violations, 

the company may incur significant losses, and employees of the company may be injured, and the use of this system 

makes it possible to detect such violations systematically and automatically. When applying the above innovation, it 

was possible to achieve a 100% reduction in violations, that is, to completely eliminate the human factor. 

Keywords: safety technology, machine vision, neural network, detection of violations, detection of PPE. 

 
ʆʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʡ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ  

ʚ ʌʠʣʠʘʣʝ ɸʆ çɸʕʄ-ʪʝʭʥʦʣʦʛʠʠè çɸʪʦʤʤʘʰè ʚ ʛ. ɺʦʣʛʦʜʦʥʩʢ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ 

ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʀʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʤʧʘʥʠʷ ʪʝʨʧʠʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʙʳʪʢʠ, 

ʨʘʙʦʪʥʠʢʠ ʧʦʣʫʯʘʶʪ ʪʨʘʚʤʳ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʪʘʢʠʝ ʥʘʨʫʰʝʥʠʷ ʩʠʩʪʝʤʥʦ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʊʘʢ ʫ ʥʘʩ ʧʦʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʥʘ ʚʠʜʝʦ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ (ʉʀɿ)  

ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʣʶʜʝʡ ʠʣʠ ʪʝʭʥʠʢʠ ʚ ʦʧʘʩʥʦʡ ʟʦʥʝ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ. TRASSIR ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ï ʛʠʙʢʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʇʨʠʤʝʥʝʥʠʝ çʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷè. ʊʝʨʤʠʥ çʄʘʰʠʥʥʦʝ ʟʨʝʥʠʝè ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ - ʢʦʤʧʴʶʪʝʨʘ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʉʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʪʝʭʥʠʢʝ),  

ʚ ʟʘʜʘʯʘʭ ʦʭʨʘʥʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʥʦʤʝʨʦʚ, ʣʠʮ) ʠ ʜʨʫʛʠʭ [1]. ʆʩʥʦʚʥʦʡ ʫʧʦʨ 

ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ ʜʝʣʘʝʪʩʷ ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ ʯʘʩʪʴ, ʤʘʪʝʤʘʪʠʢʫ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʚʳʙʨʘʥʥʘʷ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʪʘʢ 

ʢʘʢ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʘʨʫʞʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

YOLOv7 - ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʜʝʪʝʢʪʦʨ ʦʙʲʝʢʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ 

ʧʨʝʚʦʩʭʦʜʠʪ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʜʝʪʝʢʪʦʨʳ ʦʙʲʝʢʪʦʚ ʢʘʢ ʧʦ ʩʢʦʨʦʩʪʠ, ʪʘʢ ʠ ʧʦ ʪʦʯʥʦʩʪʠ  

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 FPS ʜʦ 160 FPS [2]. ʆʥ ʦʙʣʘʜʘʝʪ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ (56,8% AP) ʩʨʝʜʠ 

ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʦʙʲʝʢʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʯʘʩʪʦʪʦʡ 30 FPS ʠ ʚʳʰʝ ʥʘ GPU 

V100. ɹʦʣʝʝ ʪʦʛʦ, YOLOv7 ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʜʨʫʛʠʝ ʜʝʪʝʢʪʦʨʳ ʦʙʲʝʢʪʦʚ 

(ʈʠʩʫʥʦʢ 1), ʪʘʢʠʝ ʢʘʢ YOLOR, YOLOX, Scaled-YOLOv4, YOLOv5, ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
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ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ (ʈʠʩʫʥʦʢ 2). ʏʝʤ ʙʦʣʴʰʝ 

ʩʣʦʸʚ, ʪʝʤ ʤʦʱʥʝʝ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʣʫʯʰʝ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʠ [3]. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ: 

ǒʩʚʝʨʪʦʯʥʳʡ ʩʣʦʡ, 

ǒʧʫʣʠʥʛ, 

ǒʧʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ. 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʚʝʨʪʦʯʥʦʡ ʩʝʪʠ. 

ʉʣʝʚʘ ï ʠʟʦʙʨʘʞʝʥʠʝ, ʨʘʟʙʠʪʦʝ ʥʘ ʧʠʢʩʝʣʠ, ʧʦ ʮʝʥʪʨʫ ï ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʧʦʣʫʯʠʣ 

ʟʥʘʯʝʥʠʝ ʦʪ 0 ʜʦ 255, ʩʧʨʘʚʘ ï ʤʘʩʩʠʚ, ʩ ʢʦʪʦʨʳʤ ʨʘʙʦʪʘʝʪ ʩʚʸʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. 

 

ʈʠʩʫʥʦʢ 3 ï ʊʦʧʦʣʦʛʠʷ ʩʝʪʠ 

ɺʳʭʦʜʥʦʡ ʩʣʦʡ ʩʚʷʟʘʥ ʩʦ ʚʩʝʤʠ ʥʝʡʨʦʥʘʤʠ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ (ʈʠʩʫʥʦʢ 3). 

ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ ʢʣʘʩʩʦʚ, ʪʦ ʝʩʪʴ 2 ïʜʝʬʝʢʪ ʠ 

ʥʝ ʜʝʬʝʢʪ. ʅʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʝʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʙʠʥʘʨʥʦʛʦ ʩʣʫʯʘʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʥʝʡʨʦʥ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ, ʚʳʭʦʜ ʥʝʡʨʦʥʘ ʩʦ ʟʥʘʯʝʥʠʝʤ -1 ʦʟʥʘʯʘʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʢʣʘʩʩʫ 

ñʥʝ ʜʝʬʝʢʪò, ʥʘʧʨʦʪʠʚ ʚʳʭʦʜ ʥʝʡʨʦʥʘ ʩʦ ʟʥʘʯʝʥʠʝʤ 1 ï ʦʟʥʘʯʘʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʢʣʘʩʩʫ 

ʜʝʬʝʢʪʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʩʚʸʨʪʦʯʥʦʡ ʥʝʡʨʦʩʝʪʠ. ʉʚʸʨʪʢʘ ʠ ʧʫʣʠʥʛ ʯʝʨʝʜʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʯʪʦʙʳ 

ʚʳʜʝʣʷʪʴ ʚʩʸ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʧʨʠʟʥʘʢʠ. 

 

ʈʠʩʫʥʦʢ 4 ï ʆʙʫʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ ʉʀɿʦʚ 
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ɺ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʨʘʙʦʪʘʝʪ ʚ ʪʝʩʪʦʚʦʤ ʨʝʞʠʤʝ, 

ʩʦʙʠʨʘʷ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʦʥʠʤʘʥʠʷ (ʈʠʩʫʥʦʢ 4), ʠʟʦʙʨʘʞʝʥʠʷ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʥʘ ʯʝʪʳʨʝ 

ʚʠʜʘ: 

- ɾʝʣʪʳʡ ï ʯʝʣʦʚʝʢ ʚ ʢʘʜʨʝ; 

- ʉʠʥʠʡ ï ʢʘʩʢʝʪʢʘ ʠʣʠ ʢʘʩʢʘ; 

- ʂʨʘʩʥʳʡ ï ʭʘʣʘʪ ʠʣʠ ʫʥʠʬʦʨʤʘ; 

- ɿʝʣʝʥʳʡ ï ʙʘʭʠʣʳ ʠʣʠ ʩʧʝʮʦʙʫʚʴ. 

 

  

ʈʠʩʫʥʦʢ 5 ï ʆʙʥʘʨʫʞʝʥʠʝ ʉʀɿʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʦʚʦʜʠʪʴ 

ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʥʘʣʠʯʠʝʤ ʉʀɿʦʚ (ʈʠʩʫʥʦʢ 5), ʬʦʨʤʠʨʦʚʘʪʴ ʦʪʩʯʝʪʥʳʡ ʤʘʪʝʨʠʘʣ ʚ 

ʚʠʜʝ ʦʙʱʝʛʦ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚʠʜʝʦʨʷʜʘ ʠʣʠ ʢʦʥʢʨʝʪʥʦ ʚʟʷʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʭʨʘʥʷʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝ ʨʘʩʧʦʟʥʘʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʧʨʦʮʝʥʪʝ ʥʘʨʫʰʝʥʠʡ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʣʶʜʝʡ. 

ɹʣʘʛʦʜʘʨʷ ʦʙʫʯʝʥʥʦʡ ʩʠʩʪʝʤʝ, ʤʦʞʥʦ ʩʦ ʩʪʦʧʨʦʮʝʥʪʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʙʥʘʨʫʞʠʪʴ 

ʥʘʨʫʰʝʥʠʝ ʥʦʰʝʥʠʷ ʉʀɿʦʚ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚ ʥʘʨʫʰʝʥʠʠ 

ʦʭʨʘʥʳ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ ʢʨʘʪʥʦ ʧʦʚʳʩʠʪ ʩʪʝʨʠʣʴʥʦʩʪʴ ʚ çʯʠʩʪʦʡ ʟʦʥʝè ʫʩʪʘʥʦʚʢʠ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʜʣʷ ɸʕʉ.  
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Abstract. This paper examines the use of robotic equipment for the fabrication of a pressure compensator (PCC), an 

emergency zone cooling system (ECCS) tank, and a BZT frame at the Joint Stock Company Engineering company 

AEM-technology Atommash in Volgodonsk. 

 Keywords: robotic equipment, Joint Stock Company Engineering company AEM-technology Atommash in 

Volgodonsk, pressure compensator, PCC, emergency CCSA, PTU. 

 

ʇʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1] ʥʘ ʧʝʨʝʜʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʣʶʙʦʡ ʩʪʨʘʥʳ. ɺ ʥʘʩʪʦʷʱʠʝ 

ʚʨʝʤʷ ʚ ʬʠʣʠʘʣʘʭ çɸʕʄ-ʪʝʭʥʦʣʦʛʠʠè ʧʨʦʚʦʜʷʪʩʷ ʟʘʢʫʧʢʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʦʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ ʦʪʜʝʣʳ.  

ɺ ʨʘʤʢʘʭ XXI -ʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʨʘʟʙʝʨʝʤ 

ʚʦʟʤʦʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ɺʂʋ 

ʢʦʤʧʝʥʩʘʪʦʨʘ ʜʘʚʣʝʥʠʷ, ʝʤʢʦʩʪʠ ʉɸʆɿ ʠ ʢʘʨʢʘʩʦʚ ɹɿʊ ʥʘ ʧʣʦʱʘʜʢʝ ʌʠʣʠʘʣʘ 

ɸʆ çɸʕʄ-ʪʝʭʥʦʣʦʛʠʠè çɸʪʦʤʤʘʰè 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʚʥʝʜʨʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʧʣʦʱʘʜʢʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ 
ʧʝʨʚʠʯʥʳʭ ʬʠʥʘʥʩʦʚʳʭ/ʜʝʥʝʞʥʳʭ ʚʣʦʞʝʥʠʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʩʢʣʶʯʘʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, 

ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʷʤʠ, ʧʨʠʝʤʦʤ ʧʠʱʠ, 

ʧʝʨʝʨʳʚʳ ʠ ʪ.ʜ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʘʤʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ, ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʦʡ, ʥʘʣʠʯʠʝʤ 

ʦʭʨʘʥʳ ʪʨʫʜʘ. 

2. ɻʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

3. ʈʝʰʝʥʠʝ ʢʘʜʨʦʚʳʭ ʧʨʦʙʣʝʤ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʝʥʘʧʨʘʚʠʪʴ 

ʚʳʩʚʦʙʦʜʠʚʰʠʡʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʨʝʩʫʨʩ, ʥʘ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʦʩʚʦʙʦʞʜʘʷ ʦʪ 

ʤʦʥʦʪʦʥʥʦʛʦ ʠ ʪʷʞʝʣʦʛʦ ʪʨʫʜʘ.  

4. ʉʦʢʨʘʱʝʥʠʝ ʥʦʨʤ. ʯʘʩʦʚ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʢʘʥʝʨʦʚ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʜʝʣʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʩʨʘʚʥʠʚʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʨʝʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʩ ʛʝʦʤʝʪʨʠʝʡ ʝʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ. 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʣʦʱʘʜʢʫ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʧʦ 

ɻʆʉʊ 12.2.072-98 [2], ʘ ʪʘʢʞʝ, ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʧʣʘʥʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʚʥʝʜʨʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʥʳʡ ʧʣʘʥ ʩʪʨʫʢʪʫʨʳ: 

1. ʇʨʝʜʧʨʦʝʢʪʥʳʡ ʘʥʘʣʠʟ. 

mailto:1shvab_da@atommash.ru
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½ ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

½ ʂʘʯʝʩʪʚʦ 

½ ɿʘʪʨʘʪʳ 

½ ɼʝʤʦʥʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 

2. ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʚʳʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ 

½ ʉʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ 

½ ɺʳʙʦʨ ʢʦʤʧʣʝʢʪʫʶʱʠʭ (ʈʠʩʫʥʦʢ 1) 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ. ʐʝʩʪʠ ʦʩʝʚʦʡ ʨʦʙʦʪ ʜʣʷ ʩʚʘʨʢʠ çɹʘʡʢʘʣè [3] 

½ ɺʳʙʦʨ ʠʥʪʝʛʨʘʪʦʨʘ 

4. ʇʦʜʛʦʪʦʚʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

½ ʇʦʜʛʦʪʦʚʢʘ ʧʣʦʱʘʜʢʠ 

½ ʃʦʛʠʩʪʠʢʘ 

5. ʄʦʥʪʘʞ, ʫʩʪʘʥʦʚʢʘ ʠ ʧʫʩʢʦʥʘʣʘʜʢʘ 

½ ʋʩʪʘʥʦʚʢʘ ʨʦʙʦʪʘ 

½ ʕʣʝʢʪʨʦ ʠ ʧʥʝʚʤʦʤʦʥʪʘʞ 

½ ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʦʪʣʘʜʢʘ 

6. ʆʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ 

7. ʕʢʩʧʣʫʘʪʘʮʠʷ ʠ ʠʥʪʝʛʨʘʮʠʷ, ʤʦʥʠʪʦʨʠʥʛ, ʦʧʪʠʤʠʟʘʮʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʣʦʱʘʜʢʝ 

ɺʦʣʛʦʜʦʥʩʢʦʛʦ ʬʠʣʠʘʣʘ çɸʕʄ-ʪʝʭʥʦʣʦʛʠʠè çɸʪʦʤʤʘʰè ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʰʘʛʦʤ. ʆʥʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ɺʂʋ ʢʦʤʧʝʥʩʘʪʦʨʘ ʜʘʚʣʝʥʠʷ, ʝʤʢʦʩʪʠ ʉɸʆɿ 

ʠ ʢʘʨʢʘʩʘ ɹɿʊ 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʐʠʰʤʘʨʝʚ, ɺ. ʖ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ: ʫʯʝʙʥʠʢ / ɺ.ʖ. 

ʐʠʰʤʘʨʝʚ ï ʄʦʩʢʚʘ : ʂʨʦʥʫʩ, ï   2022. ï  420 ʩ. 

2. ɻʆʉʊ 12.2.072-98 ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. ʊʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʝʪʦʜʳ 

ʠʩʧʳʪʘʥʠʡ.  // ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʢʦʤʧʘʥʠʠ çʂʦʥʩʫʣʴʪʘʥʪʇʣʶʩè. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://consultant.ru/document/cons_doc_LAW_375099 / (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.10.2025). 

3. ʇʈʆʄʈʆɹʆʊ: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ɺʦʣʦʛʜʘ. ï   2025. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://welding.prom-robot.ru   

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 23.09.2025).  
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ʂʆʅʉʊʈʋʂʊʆʈʉʂʆ - ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ 

ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼʀʂ ʇʆʊʆʏɽʏʅʆɻʆ  

ʀ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʂʆʅʊʈʆʃʗ 

ʉɺɸʈʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 
 

ʑʝʨʙʘʥʴ ɸ.ʉ.
1
, ʉʫʨʠʥ ɺ.ʀ.

2
, ɾʠʜʢʦʚ ʄ.ɽ.

3
, ʇʘʚʣʠʯʝʥʢʦ ɸ.ɺ.

4
, ʊʦʤʠʣʠʥ ʉ.ɸ.

5
 

1,3,4
 ʌʠʣʠʘʣ ɸʆ  çɸʕʄ-ʪʝʭʥʦʣʦʛʠʠ çɸʪʦʤʤʘʰè, 

ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 
2
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
5
ɺʦʣʛʦʜʦʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ - ʬʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʌʀè,  

ʛ. ɺʦʣʛʦʜʦʥʩʢ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʪʨʝʙʫʶʪ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʠʢ ʨʫʯʥʦʛʦ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʈʫʯʥʦʡ ʢʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʪʨʘʬʘʨʝʪʫ ʠʣʠ ʤʘʩʢʝ, ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʟʘʜʘʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʰʘʛʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʨʘʟʤʝʨʫ ʷʯʝʡʢʠ ʪʨʘʬʘʨʝʪʘ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙ ʥʝʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʮʝʧʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʝʞʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʦʙʲʝʢʪʦʤ ʢʦʥʪʨʦʣʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʘʥʠʨʫʶʱʘʷ ʢʦʥʪʘʢʪʥʘʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ ɸʕʉ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

 

DESIGN AND TECHNOLOGICAL ENHANCEMENT  OF METHODS  

FOR POINTWISE AND AUTOMATED ELECTRICAL TESTING OF WELDED JOINTS  
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Abstract. Modern trends in the development of non-destructive testing within the nuclear industry necessitate the 

enhancement of existing methods and equipment for both manual and automated inspection of welded joints. 

Manual inspection is performed using a template or mask, with measurements taken at a specified scanning step 

value equal to the size of the template's cell. To automate the electrical inspection of small-diameter pipe welds, a 

design for a universal chain-style electromeasuring device has been developed. This chain-based design ensures 

reliable electrical contact between the transducers and the test object. 

Keywords: scanning contact potentiometry, electric non-destructive testing, nuclear power plant equipment, 

automation of non-destructive testing. 

 

ɼʠʥʘʤʠʢʘ ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ ʩʨʝʜʩʪʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʕʅʂ) ʚ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʨʫʯʥʦʛʦ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʀʟʤʝʥʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʧʦʷʚʣʷʶʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʢʘʥʠʨʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ, ʥʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʨʘʩʯʝʪʥʳʝ ʧʨʦʛʨʘʤʤʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʪʦʜʠʢ, ʯʪʦ ʚ ʮʝʣʦʤ 

ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʷ, ʚʳʷʚʣʷʝʤʦʩʪʴ ʜʝʬʝʢʪʦʚ ʠ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ [1]. 

ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʤʝʪʦʜʠʢ ʕʅʂ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 
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ʚ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʢʦʣʣʝʢʪʦʨʘ ʧʘʨʘ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʂʦʥʪʨʦʣʴ ʫʛʣʦʚʦʛʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʚʘʨʢʠ ʧʘʪʨʫʙʢʘ ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʤʝʪʦʜʠʢʝ ʨʫʯʥʦʛʦ 

7ʧʦʪʦʯʝʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʫʣʴʪʠʤʝʪʨʘ Keysight 34465ɸ, ʠʤʝʶʱʝʛʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʥʘʧʨʷʞʝʥʠʶ 1x10
-8

 ɺ. ʇʨʠʤʝʥʷʣʩʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʦʡ, ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ [2]. 

ʈʘʩʰʠʬʨʦʚʢʘ ʧʦʪʝʥʮʠʦʛʨʘʤʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʷʭ ʬʠʢʩʘʮʠʠ SLS = (1é7). 

ʇʦʪʝʥʮʠʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʩ ʫʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʯʝʢ ʢʦʥʪʨʦʣʷ ʥʝ ʤʝʥʝʝ  

0,5 ʩʤ
-2
. ʅʘ ʥʠʟʢʠʭ ʫʨʦʚʥʷʭ ʬʠʢʩʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʬʣʝʢʩʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʦʮʝʩʩʘʤʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʚʳʜʝʣʷʶʪʩʷ ʦʧʦʨʥʳʝ 

ʨʝʬʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʝʬʣʝʢʩʘʤʠ ʠʟ 

ʘʨʭʠʚʘ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʣʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʝʬʣʝʢʩʦʚ ʩʪʨʦʠʪʩʷ ʢʘʨʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʦʩʷʤ ʭ ʠ ʫ, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ [3].  

ʈʘʟʤʝʨ ʜʝʬʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʟʤʝʨʦʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʪʨʝʱʠʥ, ʧʦʨ ʠ ʚʢʣʶʯʝʥʠʡ ʧʨʠ ʨʘʩʰʠʬʨʦʚʢʝ 

ʧʦʪʝʥʮʠʦʛʨʘʤʤ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʣʦʞʝʥʥʫʶ ʩʝʪʢʫ (ʪʨʘʬʘʨʝʪ) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ. ʈʘʟʤʝʨ ʷʯʝʡʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʢʨʫʛʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪ ʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ 

ʟʦʥʳ ʢʦʥʪʨʦʣʷ ʥʘ ʯʠʩʣʦ N, ʛʜʝ N ï ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʷʯʝʝʢ. ʀʟʤʝʨʝʥʥʳʝ ʧʨʠ ʨʘʩʰʠʬʨʦʚʢʝ 

ʧʦʪʝʥʮʠʦʛʨʘʤʤ ʨʘʟʤʝʨʳ ʜʝʬʝʢʪʦʚ ʦʢʨʫʛʣʷʶʪʩʷ ʜʦ ʙʣʠʞʘʡʰʠʭ ʟʥʘʯʝʥʠʡ ʠʟ ʨʷʜʘ 0,2; 0,3; 0,4; 

0,5; 0,6; 0,8; 1,0; 1,2; 1,5; 2,0; 2,5; 3,0; 3,5 ʠ 4,0 ʤʤ ʠʣʠ ʙʣʠʞʘʡʰʠʭ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ ʚ ʤʤ ʜʣʷ 

ʠʟʤʝʨʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ʙʦʣʝʝ 4,0 ʤʤ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʠ 

ʥʦʨʤʘʤʠ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ [4]. 

ʇʨʠ ʢʦʥʪʨʦʣʝ ʧʦ ʪʨʘʬʘʨʝʪʫ ʠʣʠ ʤʘʩʢʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʰʘʛʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʨʘʟʤʝʨʫ ʷʯʝʡʢʠ ʪʨʘʬʘʨʝʪʘ. ʈʘʟʤʝʨ ʜʝʬʝʢʪʘ ʠʣʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʨʘʟʤʝʨʫ ʪʦʡ ʯʘʩʪʠ ʥʘ ʢʘʨʪʝ ʧʦʪʝʥʮʠʘʣʦʚ 

ʠʣʠ ʧʦʪʝʥʮʠʦʛʨʘʤʤʝ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʝʬʣʝʢʩʘ. ʆʥʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʜʝʩʷʪʳʭ ʜʦ ʩʦʪʳʭ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ. ɼʠʘʤʝʪʨ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʪʯʠʢʘ ʥʝ 

ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʨʘʟʤʝʨʘ ʪʨʘʬʘʨʝʪʥʦʡ ʷʯʝʡʢʠ. ʉʠʣʘ ʧʨʠʞʘʪʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 0,5 ʅ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʦʩʠ ʜʘʪʯʠʢʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʨʦʣʷ ʚʳʙʠʨʘʝʪʩʷ ʨʘʚʥʳʤ ʦʪ 70 ʜʦ 90 ʛʨʘʜʫʩʦʚ [5]. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʧʫʩʢʘʝʪʩʷ 

ʫʤʝʥʴʰʘʪʴ ʫʛʦʣ ʢʦʥʪʨʦʣʷ, ʥʦ ʥʝ ʤʝʥʝʝ, ʯʝʤ 45 ʛʨʘʜʫʩʦʚ. 

ʊʨʘʬʘʨʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʟʘʢʨʝʧʣʷʝʪʩʷ ʢʣʝʷʱʠʤʠʩʷ 

ʧʨʠʞʠʤʘʤʠ. ʉ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʪʨʘʬʘʨʝʪ ʜʦʣʞʝʥ ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʥʘ 5-7 ʤʤ. 

ʈʫʯʥʦʝ ʧʦʪʦʯʝʯʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʜʦʨʦʞʝʢ çʩʣʝʚʘ ʥʘʧʨʘʚʦè ʚ ʥʘʧʨʘʚʣʝʥʠʠ çʩʥʠʟʫ ʚʚʝʨʭè, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ 

ʪʨʘʬʘʨʝʪʘ. 

ʇʦʜʣʝʞʘʱʝʝ ʢʦʥʪʨʦʣʶ ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʯʠʱʝʥʦ ʦʪ ʦʢʘʣʠʥʳ, ʰʣʘʢʘ, 

ʙʨʳʟʛ ʤʝʪʘʣʣʘ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʠ ʦʙʝʟʞʠʨʝʥʦ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ʊʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʯʪʝʥʳ ʠ ʟʘʧʨʦʪʦʢʦʣʠʨʦʚʘʥʳ ʚʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠ ʚʥʝʰʥʝʤ ʦʩʤʦʪʨʝ ʥʘʨʫʞʥʳʝ ʜʝʬʝʢʪʳ,  

ʘ ʪʘʢʞʝ ʥʝʨʦʚʥʦʩʪʠ, ʨʝʬʣʝʢʩʳ ʦʪ ʢʦʪʦʨʳʭ ʥʘ ʧʦʪʝʥʮʠʦʛʨʘʤʤʝ ʤʦʛʫʪ ʧʦʤʝʰʘʪʴ ʚʳʷʚʣʝʥʠʶ  

ʠ ʨʘʩʰʠʬʨʦʚʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʨʘʙʦʪʝ  

ʩ ʧʦʪʝʥʮʠʦʛʨʘʤʤʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʣʴʪʨʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʣʫʯʘʝʚ ʯʘʩʪʠʯʥʦʛʦ, ʧʦʣʥʦʛʦ  

ʠ ʫʩʣʦʚʥʦʛʦ ʩʘʤʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʥʦʡ ʠ ʚʩʝʩʪʦʨʦʥʥʝʡ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʩʪʨʦʷʪʩʷ ʦʙʲʝʤʥʳʝ 3D-ʢʘʨʪʳ ʨʝʬʣʝʢʩʦʚ. 

ʂʦʥʪʨʦʣʠʨʫʝʤʦʝ ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʟʤʝʯʝʥʦ ʥʘ 10 ʫʯʘʩʪʢʦʚ  

ʠ ʚʳʜʝʣʝʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʟʦʥʘ. ʇʦʩʪʨʦʝʥʥʳʝ ʧʦʪʝʥʮʠʦʛʨʘʤʤʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʫʨʦʚʥʷ ʩʰʠʚʘʶʪʩʷ ʚ ʦʜʠʥ ʨʘʙʦʯʠʡ ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ 10 ʦʪʜʝʣʴʥʳʭ ʧʦʪʝʥʮʠʦʛʨʘʤʤ ʜʣʷ 

ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʢʦʥʪʨʦʣʷ. ɿʦʥʘ ʨʘʩʰʠʬʨʦʚʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʪʨʘʬʘʨʝʪʘ  

ʠ ʫʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʯʝʢ ʢʦʥʪʨʦʣʷ.  
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ʈʘʟʤʝʨʳ ʩʢʦʧʣʝʥʠʷ ʚʢʣʶʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʜʠʥʦʯʥʳʭ ʩʢʦʧʣʝʥʠʡ, ʛʨʫʧʧ ʚʢʣʶʯʝʥʠʡ  

ʠ ʜʨʫʛʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʧʨʘʚʠʣʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ [4].  

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʷ Ra ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʭʫʞʝ 40 ʤʢʤ. ɺ ʦʪʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʜʦʧʫʩʢʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʜʘʥʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ, ʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʩ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʜʨʫʛʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʕʅʂ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʧʣʶʩ 10 ʜʦ ʧʣʶʩ 

300 ʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʦʧʫʩʪʠʤʦʩʪʠ ʠ ʚʳʚʦʜʳ ʦ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ 

ʟʘʥʦʩʷʪʩʷ ʚ ʨʘʙʦʯʠʡ ʞʫʨʥʘʣ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 

ʄʘʨʢʠʨʦʚʢʘ ʫʯʘʩʪʢʘ ʢʦʥʪʨʦʣʷ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: 

½ ʥʦʤʝʨ ʟʘʢʣʶʯʝʥʠʷ; 

½ ʟʘʚʦʜʩʢʦʡ ʥʦʤʝʨ ʠʟʜʝʣʠʷ; 

½ ʤʘʨʢʠʨʦʚʢʫ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ; 

½ ʥʦʤʝʨ ʫʯʘʩʪʢʘ; 

½ ʰʠʬʨ ʜʝʬʝʢʪʦʩʢʦʧʠʩʪʘ ʕʅʂ. 

ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʛʨʝʪʘ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʕʅʂ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙ ʥʝʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʮʝʧʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʝʞʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ 

ʦʙʲʝʢʪʦʤ ʢʦʥʪʨʦʣʷ. ɼʘʪʯʠʢʠ ʩʦʝʜʠʥʝʥʳ ʚ ʮʝʧʴ, ʟʘʤʳʢʘʶʱʫʶʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʚʜʦʣʴ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʢʦʤʤʫʪʘʮʠʠ ʢʦʥʪʘʢʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʩ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤʠ ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʥʘʷ ʩʠʪʫʘʮʠʷ, ʩʣʦʞʠʚʰʘʷʩʷ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ: ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ. 

ʇʨʝʜʣʦʞʝʥʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʢʦʨʨʝʣʷʮʠʠ. ɼʣʷ ʨʘʟʣʦʞʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ Singular spectrum analysis (SSA). 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʝʬʝʢʪʘʤ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʕʉ, ʦʙʨʘʙʦʪʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

Singular spectrum analysis, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʝʬʝʢʪʘʤ. 
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Abstract. The problematic situation that has arisen during diagnostics of electromechanical equipment is solved: 

existing approaches to data processing do not always provide at an early stage. It is proposed to consider diagnostic 

signals as a set of components, the elements of which are in a ratio of greater or lesser interrelationship. To 

decompose the signal into the corresponding components and analyze the interrelationship, the Singular spectrum 

analysis (SSA) method is used. Sensitivity to defects at an early stage due to the implementation of the proposed 

approach is confirmed experimentally.  

Keywords: technical condition of NPP equipment, diagnostic information processing, Singular spectrum analysis, 

sensitivity to defects. 

ʇʨʦʙʣʝʤʘ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦ 

ʦʩʪʨʦ ʚʩʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ɸʕʉ: ʦʪʢʣʦʥʝʥʠʷ, ʥʝ ʚʳʷʚʣʝʥʥʳʝ ʚ ʧʝʨʠʦʜ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʨʝʤʦʥʪʘ (ʇʇʈ) [1], ʫʩʫʛʫʙʣʷʶʪʩʷ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʵʥʝʨʛʦʙʣʦʢʘ ʥʘ 

ʤʦʱʥʦʩʪʠ, ʩʥʠʞʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɸʕʉ. ʇʨʠʥʷʪʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʨʘʙʦʪʢʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʠʭ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʣʠʙʦ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ [2]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ʇʨʠʥʷʪʳʝ ʧʦʜʭʦʜʳ ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʳ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ:  

1) ʟʘʨʦʞʜʘʶʱʠʡʩʷ ʜʝʬʝʢʪ ʚʳʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ ʜʝʡʩʪʚʠʝʤ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ; 

2) ʜʝʣʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʤʦʥʦʪʦʥʥʦʤ ʨʦʩʪʝ (ʩʥʠʞʝʥʠʠ) ʧʘʨʘʤʝʪʨʘ ʧʦ ʤʝʨʝ 

ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʘ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʧʨʦʮʝʩʩʘ [3]; 

3) ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ, ʧʝʨʝʭʦʜ ʯʝʨʝʟ 

ʢʦʪʦʨʦʝ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʜʝʬʝʢʪʝ ʠ ʜʨ. 
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʦʙʨʘʙʦʪʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʝʝ 

ʩʪʨʫʢʪʫʨʳ [4]. ʇʦʜ ʩʪʨʫʢʪʫʨʦʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʥʠʤʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʥʦʞʝʩʪʚ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʚʷʟʥʦʩʪʴʶ. 

ʇʨʠ ʯʝʤ, ʜʘʥʥʳʝ ʤʥʦʞʝʩʪʚʘ ʨʘʥʞʠʨʦʚʘʥʳ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʭ 

ʵʣʝʤʝʥʪʘʤʠ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʤʥʦʞʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʘʟʠʩ. ʀʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʠʟʤʝʥʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʙʘʟʠʩʘ ʠ ʚ ʥʘʛʨʫʟʢʝ ʥʘ 

ʵʪʦʪ ʥʦʚʳʡ ʙʘʟʠʩ ʥʦʚʳʭ ʤʥʦʞʝʩʪʚ. ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

ʠʩʧʨʘʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʠʛʥʘʣʘ ʠʩʧʨʘʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. 

ʇʦʜʭʦʜ ʢ ʦʙʨʘʙʦʪʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʝʝ ʩʪʨʫʢʪʫʨʳ ʨʝʘʣʠʟʫʝʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ Singular spectrum analysis (SSA). ʅʘʜ ʩʠʛʥʘʣʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʨʷʜ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ:  

1) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʚʠʜʝ N-ʤʝʨʥʳʭ ʪʨʘʝʢʪʦʨʥʳʭ ʤʘʪʨʠʮ;  

2) ʧʦʩʪʨʦʝʥʠʝ ʧʦ ʤʘʪʨʠʮʝ ʩʠʛʥʘʣʘ ʠʩʧʨʘʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ N-ʤʝʨʥʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʙʘʟʠʩʘ 

ʠ N-ʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʛʨʫʟʦʢ ʚ ʵʪʘʣʦʥʥʦʤ ʙʘʟʠʩʝ; 

3) ʧʦʣʫʯʝʥʠʝ ʧʦ ʤʘʪʨʠʮʝ ʩʠʛʥʘʣʘ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ N-ʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʛʨʫʟʦʢ ʚ ʝʝ ʙʘʟʠʩʝ; 

4) ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʥʘ ʵʪʘʣʦʥʥʳʡ ʙʘʟʠʩ ʜʘʥʥʳʭ ʠʩʧʨʘʚʥʦʛʦ ʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʩʦʩʪʦʷʥʠʡ; ʫʤʥʦʞʝʥʠʝ ʧʨʦʝʢʮʠʡ ʠʩʧʨʘʚʥʦʛʦ ʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʦʩʪʦʷʥʠʡ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ N-ʤʝʨʥʳʝ ʚʝʢʪʦʨʘ ʥʘʛʨʫʟʦʢ; 

5) ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʮʠʡ ʚ ʵʪʘʣʦʥʥʦʤ ʙʘʟʠʩʝ. 

ʇʦʩʣʝʜʥʝʝ ʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʧʫʪʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʮʠʡ ʥʘ ʥʘʧʨʘʚʣʝʥʠʷ 

ʵʪʘʣʦʥʥʦʛʦ ʙʘʟʠʩʘ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʘʠʙʦʣʝʝ çʯʫʚʩʪʚʠʪʝʣʴʥʳʝè ʢʦʤʧʦʥʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʝʢʮʠʠ ʣʫʯʰʝ ʨʘʟʜʝʣʝʥʳ. ɺʳʙʦʨ ʚ N-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʜʥʦʡ-ʪʨʝʭ ʧʨʦʝʢʮʠʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʣʷʜʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ, ʦʜʥʘʢʦ ʦʥ ʥʝ ʚʧʦʣʥʝ ʦʙʲʝʢʪʠʚʝʥ, ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʩʝʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʩʠʛʥʘʣʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ. ɹʦʣʝʝ 

ʦʙʲʝʢʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʩʝʤʠ ʧʨʦʝʢʮʠʷʤʠ ʚ N-ʤʝʨʥʦʤ ʙʘʟʠʩʝ. 

ʆʮʝʥʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʝʢʮʠʡ ʚ N-ʤʝʨʥʦʤ ʠʣʠ ʩʦʢʨʘʱʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʢ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ. ʅʘʧʨʠʤʝʨ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʛʠʙʘʶʱʠʝ ʩʠʛʥʘʣʦʚ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ ʠʩʧʨʘʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʠʟʥʦʩʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʠʟʥʦʩʦʤ ʧʦʜʰʠʧʥʠʢʘ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʚʥʳʭ 

ʨʘʟʣʠʯʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʨʠʩ. 1.ʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 1-5 

ʥʘʜ ʩʠʛʥʘʣʘʤʠ ʧʦʣʫʯʝʥʳ ʧʨʦʝʢʮʠʠ ʥʘ ʧʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 1000-ʤʝʨʥʦʛʦ ʙʘʟʠʩʘ (ʨʠʩ. 1.ʙ). 

ʂʘʢ ʚʠʜʥʦ, ʧʨʦʝʢʮʠʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʰʠʙʦʢ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʩʥʠʟʠʣʠʩʴ. 

 

 
ʘ    ʙ 

ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ  

ʘ) ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʦʚ ʪʦʢʘ; ʙ) ʧʨʦʝʢʮʠʡ ʦʛʠʙʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʪʦʢʘ 

 

ʆʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʠʢʘʤʠ: 
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1) ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʜʝʬʝʢʪ ʙʣʘʛʦʜʘʨʷ ʩʦʚʦʢʫʧʥʦʤʫ ʫʯʝʪʫ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ, ʥʦ ʢʦʤʧʣʝʢʩʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʜʝʬʝʢʪʘ; 

2) ʧʨʦʩʪʦʪʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʜʘʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

(ʨʦʩʪ ʠʣʠ ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ, ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʚʷʟʥʦʩʪʴʶ) 

ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ; 

3) ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʢ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʯʪʦ, ʫʯʠʪʳʚʘʷ 

ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʧʨʘʚʜʘʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ, ʯʝʤ ʦʙʦʩʥʦʚʘʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ʋʢʘʟʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

[5]. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɸʕʉ: ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ, ʧʨʠʚʦʜʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘʱʠʪʳ ʨʝʘʢʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʠʩʪʦʯʥʠʢʦʚ ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ, ʤʘʰʠʥʳ ʧʝʨʝʛʨʫʟʢʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʧʦʚʳʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ SSA. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʛʠʩʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʳʩʪʨʝʝ ʠ ʧʨʦʱʝ, 

ʯʝʤ ʨʝʛʠʩʪʨʘʮʠʷ ʩʠʛʥʘʣʦʚ ʚʠʙʨʘʮʠʠ. 

ʇʦʜʭʦʜ ʢ ʦʙʨʘʙʦʪʢʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʝʝ ʩʪʨʫʢʪʫʨʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʩʝʨʴʝʟʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ 

ʜʝʬʝʢʪʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʕʉ ʚʦ ʚʨʝʤʷ ʇʇʈ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʪʢʘʟʘ 

ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʙʣʦʢʘ ʥʘ ʤʦʱʥʦʩʪʠ. ɺʥʝʜʨʝʥʠʝʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʝʬʝʢʪʘʤ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ, ʙʫʜʝʪ 

ʜʦʩʪʠʛʥʫʪʦ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ɸʕʉ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʦʚʘʨʦʚ ɺ.ʇ., ʌʝʜʦʨʦʚ ɸ.ʀ., ɺʠʪʢʦʚʩʢʠʡ ʉ.ʃ. ʅʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʧʨʠ ʢʘʥʘʣʠʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʵʥʝʨʛʠʝʡ 255 ʄʵɺ ʚ ʩʠʩʪʝʤʝ ʠʟ ʪʨʸʭ ʚʝʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʣʫʚʦʣʥʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ. ʊʘʢʞʝ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʯʢʘ ʚ ʢʘʞʜʦʤ ʢʨʠʩʪʘʣʣʝ ʩʠʩʪʝʤʳ ʠ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ 

çʚʧʝʨʝʜè ʧʨʠ ʢʘʥʘʣʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʥʘʣʠʨʦʚʘʥʠʝ ʚ ʧʦʣʫʚʦʣʥʦʚʦʤ ʢʨʠʩʪʘʣʣʝ, ʦʪʢʣʦʥʝʥʠʝ ʧʫʯʢʘ, ʠʟʣʫʯʝʥʠʝ ʧʨʠ 

ʢʘʥʘʣʠʨʦʚʘʥʠʠ  

 

 

RADIATION FROM ELECT RONS CHANNELED IN TH E SYSTEM  
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Abstract. The interaction of a 255 MeV electron beam with a system of three fan-oriented half-wavelength Si 

crystal was studied through the simulation. There were calculated the angular beam profiles in each crystal of the 

system and were investigated the channeling radiation spectra in forward direction.   

Keywords: half-wavelength crystal channeling, beam deflection, channeling radiation 

 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʘʥʘʣʠʨʦʚʘʥʠʶ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʯʘʩʪʠʮ ʚ ʢʨʠʩʪʘʣʣʘʭ [1], ʚʢʣʶʯʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʢʘʥʘʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ɻʵɺ ʧʨʠ ʧʣʦʩʢʦʩʪʥʦʤ ʢʘʥʘʣʠʨʦʚʘʥʠʠ [2], ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʪʦʥʥʳʭ ʠ ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʧʨʠ ʧʣʦʩʢʦʩʪʥʦʤ ʢʘʥʘʣʠʨʦʚʘʥʠʠ  

ʚ ʠʟʦʛʥʫʪʳʭ ʢʨʠʩʪʘʣʣʘʭ [3]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ʧʦ ʢʘʥʘʣʠʨʦʚʘʥʠʶ ʠ ʠʟʣʫʯʝʥʠʶ ʧʨʠ 

ʢʘʥʘʣʠʨʦʚʘʥʠʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʦʛʥʫʪʦʤ ʢʨʠʩʪʘʣʣʝ [4]. 

ʈʘʜʫʞʥʦʝ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʢʘʥʘʣʠʨʦʚʘʥʠʠ ʚ ʫʣʴʪʨʘʪʦʥʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʙʳʣʦ 

ʧʨʝʜʩʢʘʟʘʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ [5]. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʪʘʣʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʦʪʢʣʦʥʝʥʠʷ ʪʷʞʸʣʳʭ ʠʦʥʦʚ [6]  

ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ [7] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʚʦʣʥʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʇɺʂ). ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʵʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʨʘʟʚʠʪ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʸʥ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ 

ʧʫʯʢʘʤʠ ʯʘʩʪʠʮ, ʢʘʢ ʧʨʦʪʦʥʥʳʤʠ [8], ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ [9]. ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʪʢʣʦʥʝʥʠʷ ʜʦʩʪʠʛʘʣ ʟʥʘʯʝʥʠʷ 58 % ʜʣʷ ʧʨʦʪʦʥʦʚ ʠ ʜʦ 29 % ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʧʫʯʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʩʪʝʤʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʝʝʨʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [10]. ɺ ʨʘʙʦʪʝ [10] ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʸʪʳ 

ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʚ ʩʠʩʪʝʤʝ ʚʝʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʇɺʂ ʜʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʎʝʥʪʨʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʷʞʸʣʳʭ ʠʦʥʦʚ (GSI). ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʪʢʣʦʥʷʪʴ ʠʦʥʥʳʝ ʧʫʯʢʠ ʥʘ ʫʛʣʳ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʢʨʠʪʠʯʝʩʢʠʭ ʫʛʣʦʚ ʢʘʥʘʣʠʨʦʚʘʥʠʷ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʢʘʥʘʣʠʨʦʚʘʥʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʠʩʪʝʤʝ ʚʝʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʇɺʂ. ɺʢʣʘʜ ʚ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʚʥʦʩʷʪ ʜʚʝ 

ʬʨʘʢʮʠʠ ʢʘʥʘʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʜʙʘʨʴʝʨʥʳʝ (ʢʘʥʘʣʠʨʦʚʘʥʥʳʝ) ʵʣʝʢʪʨʦʥʳ ʜʚʠʞʫʪʩʷ 

ʚʙʣʠʟʠ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʢʨʠʩʪʘʣʣʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʪʨʘʝʢʪʦʨʠʠ, ʪʦʛʜʘ ʢʘʢ 

ʥʘʜʙʘʨʴʝʨʥʳʝ ʵʣʝʢʪʨʦʥʳ ʩʦʚʝʨʰʘʶʪ ʜʚʠʞʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʘʪʦʤʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ,  

ʠ ʧʝʨʝʩʝʢʘʶʪ ʠʭ. ʇʝʨʝʢʨʳʪʠʝ ʵʪʠʭ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ  

ʠ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʚʣʝʪʘ ʵʣʝʢʪʨʦʥʘ ʚ ʢʨʠʩʪʘʣʣ ï ʫʛʣʘ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʘ  

ʠ ʧʣʦʩʢʦʩʪʴʶ ʢʘʥʘʣʠʨʦʚʘʥʠʷ. ɺ ʩʣʫʯʘʝ ʢʘʥʘʣʠʨʦʚʘʥʠʷ ʚ ʇɺʂ ʯʘʩʪʠʮʳ ʩʦʚʝʨʰʘʶʪ ʧʦʣʦʚʠʥʫ 

ʢʦʣʝʙʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʧʣʦʩʢʦʩʪʷʤ ʢʘʥʘʣʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ ʧʦʜʦʙʥʘ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʠʟʣʫʯʘʝʤʳʡ ʩʧʝʢʪʨ ʜʦʣʞʝʥ 

ʙʳʪʴ ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʝʢʪʨʫ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʟʘʚʠʩʝʪʴ ʦʪ ʫʛʣʘ ʚʣʝʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʜʦʣʞʝʥ ʥʘʙʣʶʜʘʪʴʩʷ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ. 
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ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʘʥʘʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʠʩʪʝʤʝ ʚʝʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʇɺʂ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʘʤʠ ʠ 

ʫʛʦʣ ʠʭ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʝʤ ʧʫʯʢʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠ ʢʘʥʘʣʠʨʦʚʘʥʠʠ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩ ʵʥʝʨʛʠʝʡ 255 ʄʵɺ ʩ ʩʠʩʪʝʤʦʡ 

ʚʝʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʣʫʚʦʣʥʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʜʦʣʴ 

ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ (111), ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Basic Channeling with 

Mathematica (BCM-2.0) [11]. ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʫʯʢʘ ʚ ʢʘʞʜʦʤ ʢʨʠʩʪʘʣʣʝ ʩʠʩʪʝʤʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʢʘʥʘʣʠʨʦʚʘʥʠʠ ʚ 

ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʢʘʥʘʣʠʨʦʚʘʥʠʠ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʦʙʱʝʝ ʯʠʩʣʦ ʯʘʩʪʠʮ 

 

ɼʣʷ ʦʪʜʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʢʘʥʘʣʠʨʦʚʘʥʠʠ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ 

ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ [12]: 

ὨὉ

Ὠᴐ‫Ὠ 

‌

τ“

Î Î ɼɼ

ρ Îɼ
ẗὩ Ὠὸȟ 

 

ʛʜʝ       ï ʵʪʦ ʧʨʠʚʝʜʸʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, 

Ŭ ï ʧʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, 
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r(t) ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʵʣʝʢʪʨʦʥʘ, 

ɓ(t) = v(t)/c, ʛʜʝ v(t) ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʘ, 

c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, 

n ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʧʫʩʢʘʝʤʦʛʦ ʬʦʪʦʥʘ, 

k = (nĿɤ)/c ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʬʦʪʦʥʘ, 

Ű ï ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʢʨʠʩʪʘʣʣʝ. 

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʢʘʥʘʣʠʨʦʚʘʥʠʠ. 

ʇʝʨʚʳʡ ʢʨʠʩʪʘʣʣ ï ʩʠʥʷʷ ʣʠʥʠʷ, ʚʪʦʨʦʡ ʢʨʠʩʪʘʣʣ ïʟʝʣʸʥʘʷ, ʪʨʝʪʠʡ ʢʨʠʩʪʘʣʣ ï ʢʨʘʩʥʘʷ. 

ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʠʩʪʝʤʳ. ɼʣʷ ʰʪʨʠʭʦʚʘʥʥʦʡ ʣʠʥʠʠ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʬʦʪʦʥʘ ʥʘʧʨʘʚʣʝʥ ʚ 

ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʝʡ ʢʘʥʘʣʠʨʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʠʩʪʝʤʳ. 

ʊʘʢ ʢʘʢ ʢʘʞʜʳʡ ʢʨʠʩʪʘʣʣ ʚ ʚʝʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦʚʝʨʥʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʝʜʳʜʫʱʝʛʦ ʥʘ ʫʛʦʣ 2ɗ (ɗ ï ʫʛʦʣ ʚʣʝʪʘ ʵʣʝʢʪʨʦʥʘ ʚ ʧʝʨʚʳʡ ʢʨʠʩʪʘʣʣ), ʪʦ ʯʪʦʙʳ ʚʦʣʥʦʚʳʝ 

ʚʝʢʪʦʨʳ ʬʦʪʦʥʦʚ ʙʳʣʠ ʧʘʨʘʣʣʝʣʴʥʳ ʚʦ ʚʩʝʭ ʪʨʸʭ ʢʨʠʩʪʘʣʣʘʭ, ʚʦ ʚʪʦʨʦʤ ʢʨʠʩʪʘʣʣʝ ʫʛʦʣ 

ʠʟʣʫʯʝʥʠʷ ʬʦʪʦʥʘ ɗɔ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ 2ɗ, ʘ ʚ ʪʨʝʪʴʝʤ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4ɗ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʢʘʥʘʣʠʨʦʚʘʥʠʠ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ 

ʧʘʜʝʥʠʷ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʚʝʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʣʫʚʦʣʥʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʪʢʣʦʥʝʥʠʝ ʢʘʢ ʵʣʝʢʪʨʦʥʥʦʛʦ, ʪʘʢ ʠ ʬʦʪʦʥʥʦʛʦ ʧʫʯʢʘ, ʧʦʩʢʦʣʴʢʫ ʤʘʢʩʠʤʫʤ 

ʠʟʣʫʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʛʣʝ ʠʟʣʫʯʝʥʠʷ ʬʦʪʦʥʘ ɗɔ = 0. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʠʩʪʝʤʘ ʚʝʝʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʣʫʚʦʣʥʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʚʝʢʪʦʨʥʦʡ ʙʘʟʳ ʟʥʘʥʠʡ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʯʘʪ-

ʙʦʪʘ. ʇʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʟʘʛʨʫʟʢʠ ʪʝʢʩʪʦʚ ʚ ʚʠʜʝ 

ʵʤʙʝʜʜʠʥʛʦʚ. ʆʧʠʩʳʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ PostgreSQL ʠ ʨʘʩʰʠʨʝʥʠʝ pgvector, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʳʡ 
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ʧʦʠʩʢ ʧʦ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʠ. ɺʳʜʝʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ RAG-ʧʘʡʧʣʘʡʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʦʪʚʝʪʦʚ ʙʦʣʴʰʦʡ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʘʪ-ʙʦʪ, LLM, ʙʘʟʘ ʟʥʘʥʠʡ, pgvector, PostgreSQL, RAG, ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ. 
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Abstract. The article describes approaches to creating a vector knowledge base for an educational chatbot. The 

main stages of designing the database structure and loading texts as embeddings are presented. The technologies 

PostgreSQL and the pgvector extension, which provide efficient semantic similarity search, are described. The 

advantages of using a RAG pipeline to improve the accuracy and predictability of responses from a large language 

model are highlighted. 
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ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʯʘʪ-ʙʦʪʘ [1], ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʪʦʯʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʳʩʦʢʫʶ,  

ʚ ʩʨʝʜʥʝʤ, ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM ). 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʜʨʠʬʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʯʘʩʪʦʪʫ ʛʘʣʣʶʮʠʥʘʮʠʡ ʤʦʜʝʣʠ, 

ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʙʘʟʫ ʟʥʘʥʠʡ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʚʝʢʪʦʨʥʘʷ ʙʘʟʘ 

ʟʥʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʚʳʩʠʪʴ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ LLM  ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʤʝʥʷʣʘʩʴ ʉʋɹɼ PostgreSQL [2], ʪʘʢ ʢʘʢ ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʨʘʙʦʪʫ ʩ ʵʤʙʝʜʜʠʥʛʘʤʠ (ʙʣʘʛʦʜʘʨʷ ʨʘʩʰʠʨʝʥʠʶ pgvector [3]). 

ʏʘʪ-ʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʦʩʥʦʚʝ LLM. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʦʙʱʘʪʴʩʷ ʩ ʙʦʣʴʰʦʡ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʴʶ, ʧʨʠ ʵʪʦʤ ʧʝʨʝʧʠʩʢʘ ʭʨʘʥʠʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ  

ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʨʦʣʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʦʙʱʝʥʠʷ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ʪʘʙʣʠʮʘ knowledge_base (ʨʠʩʫʥʦʢ 1), 

ʦʥʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʘʪʨʠʙʫʪʳ: 

id ï ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʧʠʩʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʜʥʦʟʥʘʯʥʦ ʩʩʳʣʘʪʴʩʷ ʥʘ 

ʢʦʥʢʨʝʪʥʳʡ ʬʨʘʛʤʝʥʪ ʜʘʥʥʳʭ; 

doc_id ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʜʦʢʫʤʝʥʪʘ-ʠʩʪʦʯʥʠʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʨʫʧʧʠʨʦʚʢʫ  

ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ; 

chunk_index ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʬʨʘʛʤʝʥʪʘ ʪʝʢʩʪʘ ʚʥʫʪʨʠ ʜʦʢʫʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʦʭʨʘʥʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʘʩʪʝʡ ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʙʦʣʴʰʠʭ ʪʝʢʩʪʦʚ; 

content ï ʩʦʜʝʨʞʠʤʦʝ ʪʝʢʩʪʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ; 

embedding ï ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ, ʬʦʨʤʠʨʫʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ 

ʵʤʙʝʜʜʠʥʛʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʧʦ ʩʤʳʩʣʦʚʦʡ ʙʣʠʟʦʩʪʠ. 

ɹʳʣ ʩʦʟʜʘʥ ʠʥʜʝʢʩ ivfflat ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʨʠʢʠ cosine, ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʠʪʴ ʧʦʠʩʢ ʨʝʣʝʚʘʥʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʙʘʟʝ ʟʥʘʥʠʡ ʟʘ ʩʯʸʪ ʧʨʠʙʣʠʞʸʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʠʩʢʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ [4]. 
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ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʘʷ ʪʘʙʣʠʮʘ ʙʘʟʳ ʟʥʘʥʠʡ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʝʢʪʦʨʥʦʡ ʙʘʟʳ ʟʥʘʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʣʦʢʘʣʴʥʳʭ ʜʘʥʥʳʭ: 

- ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʤʙʝʜʜʠʥʛʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ SentenceTransformer all-

MiniLM -L6-v2. ɺʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʢʦʤʧʘʢʪʥʦʩʪʴʶ (384 ʠʟʤʝʨʝʥʠʷ) ʠ ʜʦʩʪʘʪʦʯʥʳʤ 

ʫʨʦʚʥʝʤ ʢʘʯʝʩʪʚʘ ʜʣʷ ʟʘʜʘʯ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ; 

- ʜʦʢʫʤʝʥʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʙʠʚʘʣʠʩʴ ʥʘ ʬʨʘʛʤʝʥʪʳ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ 
(ʯʘʥʢʠ ʧʦ 500 ʩʠʤʚʦʣʦʚ ʩ ʧʝʨʝʢʨʳʪʠʝʤ 50 ʩʠʤʚʦʣʦʚ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʭʨʘʥʠʪʴ 

ʢʦʥʪʝʢʩʪ ʠ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʛʨʘʥʠʮʘʭ ʪʝʢʩʪʘ; 

- ʧʦʣʫʯʝʥʥʳʝ ʯʘʥʢʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʚʝʢʪʦʨʳ ʠ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʪʘʙʣʠʮʝ 

knowledge_base, ʛʜʝ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʤʝʪʘʜʘʥʥʳʝ (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʜʦʢʫʤʝʥʪʘ, ʠʥʜʝʢʩ 

ʬʨʘʛʤʝʥʪʘ, ʩʦʜʝʨʞʠʤʦʝ ʠ ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ); 

- ʧʦʠʩʢ ʨʝʣʝʚʘʥʪʥʳʭ ʜʘʥʥʳʭ ʨʝʘʣʠʟʦʚʘʥ ʯʝʨʝʟ ʦʧʝʨʘʪʦʨ <=>, ʧʦʟʚʦʣʷʶʱʠʡ 

ʚʳʯʠʩʣʷʪʴ ʢʦʩʠʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʤʙʝʜʜʠʥʛʘʤʠ ʟʘʧʨʦʩʘ ʠ ʬʨʘʛʤʝʥʪʦʚ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦʨʦʤ top-N ʙʣʠʞʘʡʰʠʭ ʯʘʥʢʦʚ; 

- ʬʠʥʘʣʴʥʳʡ ʟʘʧʨʦʩ ʜʣʷ LLM ʬʦʨʤʠʨʦʚʘʣʩʷ ʧʫʪʸʤ ʦʙʲʝʜʠʥʝʥʠʷ ʥʘʡʜʝʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʚ ʝʜʠʥʳʡ ʢʦʥʪʝʢʩʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʦʣʝʝ ʪʦʯʥʳʡ ʠ ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʬʘʢʪʘʭ ʦʪʚʝʪ ʤʦʜʝʣʠ. 

ʊʝʩʪʦʚʘʷ ʚʳʙʦʨʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʝʩʪʦʚʘʷ ʚʳʙʦʨʢʘ ʠʟ ɹɿ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʦʚʦʛʦ ʟʘʧʨʦʩʘ çʇʨʝʜʦʩʪʘʚʴ ʩʧʠʩʦʢ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢʘʬʝʜʨʳ ʀʉʊè 

ʩʠʩʪʝʤʘ ʩʬʦʨʤʠʨʦʚʘʣʘ ʠʪʦʛʦʚʳʡ ʢʦʥʪʝʢʩʪ, ʩʦʜʝʨʞʘʱʠʡ ʨʝʣʝʚʘʥʪʥʳʝ ʬʨʘʛʤʝʥʪʳ ʪʝʢʩʪʘ ʠʟ 


