
 

 

ʍVI I I  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
 

 

çɼʀɸɻʅʆʉʊʀʂɸ 

ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʆʁ ʇʃɸɿʄʓè  

 

 

 
ɼɺʇ-18 

 
 

 

ʇʈʆɻʈɸʄʄɸ ʂʆʅʌɽʈɽʅʎʀʀ 

ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

 

 
 

 

 

 

 

 

 

 

 

 

 
11-13 ʩʝʥʪʷʙʨʷ 2019ʛ. 

ʛ. ʄʦʩʢʚʘ, ʧʦʩ. ʂʨʘʩʥʦʧʘʭʦʨʩʢʦʝ, ʩ. ʂʨʘʩʥʦʝ 

  



1 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ çʈʦʩʘʪʦʤè 

ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ  

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʌ 

ʊʨʦʠʮʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʪʝʨʤʦʷʜʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡè 

 

 

 

 

 

 

 

 

 

 

ʇʈʆɻʈɸʄʄɸ ʂʆʅʌɽʈɽʅʎʀʀ 

ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

 

 
 

 

 

 

11-13 ʩʝʥʪʷʙʨʷ 2019ʛ. 

ʂʫʨʦʨʪ çʂʨʘʩʥʘʷ ʇʘʭʨʘè 

ʛ. ʄʦʩʢʚʘ, ʧʦʩ. ʂʨʘʩʥʦʧʘʭʦʨʩʢʦʝ, ʩ. ʂʨʘʩʥʦʝ 

 

 

ʈʝʛʠʩʪʨʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ 

10 ʩʝʥʪʷʙʨʷ 2019 ʩ 15:00 

  



2 

ʆʈɻʂʆʄʀʊɽʊ 

ɸ.ɺ. ʂʨʘʩʠʣʴʥʠʢʦʚ (ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè) ïʜ.ʬ.-

ʤ.ʥ., ʧʨʝʜʩʝʜʘʪʝʣʴ 

ɽ.ʇ. ɺʝʣʠʭʦʚ (ʅʀʎ ʂʀ) - ʘʢʘʜʝʤʠʢ 

ʉ.ɻ. ɻʘʨʘʥʠʥ (ʈʌʗʎ ɺʅʀʀʕʌ)- ʘʢʘʜʝʤʠʢ 

ɸ.ɸ. ʀʚʘʥʦʚ (ʀʗʌ ʉʆ ʈɸʅ) - ʜ.ʬ.-ʤ.ʥ. 

ʖ.ɸ. ʂʘʱʫʢ (ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè) -ʢ.ʬ.-ʤ.ʥ., 

ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ 

ɺ.ɸ. ʂʫʨʥʘʝʚ (ʄʀʌʀ) - ʜ.ʬ.-ʤ.ʥ. 

ʇ.ɺ. ʈʦʤʘʥʦʚ (ʈʦʩʘʪʦʤ) ï ʢ.ʬ.-ʤ.ʥ. 

ʆ.ɻ. ʌʠʣʘʪʦʚ (ʅʀʀʕʌɸ) - ʜ.ʬ.-ʤ.ʥ. 

ɺ.ɽ. ʏʝʨʢʦʚʝʮ (ɻʅʎ ʈʌ ʊʈʀʅʀʊʀ) - ʜ.ʬ.-ʤ.ʥ. 

ʉ.ɺ. ʃʝʙʝʜʝʚ (ʌʊʀ ʈɸʅ) - ʜ.ʬ.-ʤ.ʥ 

  

ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʀʊɽʊ 

ɺ.ʀ. ɿʘʡʮʝʚ (ɻʅʎ ʈʌ ʊʈʀʅʀʊʀ) - ʜ.ʪ.ʥ. 

ʖ.ɸ. ʂʘʱʫʢ (ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè) - ʢ.ʬ.-ʤ.ʥ. 

ʃ ʄ. ʂʦʚʨʠʞʥʳʭ (ʀʆʌ ʈɸʅ) - ʜ.ʬ.-ʤ.ʥ. 

ʄ.ʀ. ʇʝʨʛʘʤʝʥʪ (ɻʅʎ ʈʌ ʊʈʀʅʀʊʀ) - ʜ.ʬ.-ʤ.ʥ. 

ʄ.ʇ. ʇʝʪʨʦʚ (ʌʊʀ ʈɸʅ) - ʜ.ʬ.-ʤ.ʥ., ʧʨʝʜʩʝʜʘʪʝʣʴ 

ɸ.ʅ. ʈʦʤʘʥʥʠʢʦʚ (ɻʅʎ ʈʌ ʊʈʀʅʀʊʀ) - ʜ.ʬ.-ʤ.ʥ. 

ɺ.ʄ. ʉʘʬʨʦʥʦʚ (ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè) - ʜ.ʬ.-ʤ.ʥ., 

ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ 

ɹ.ɺ. ʃʶʙʣʠʥ (ʅʀʀʕʌɸ) - ʢ.ʬ.-ʤ.ʥ. 

ʉ. ɸ. ɹʝʣʴʢʦʚ (ʈʌʗʎ ɺʅʀʀʕʌ) - ʜ.ʬ.-ʤ.ʥ. 

ɸ.ɺ. ɹʫʨʜʘʢʦʚ (ʀʗʌ ʉʆ ʈɸʅ) - ʜ.ʬ.-ʤ.ʥ. 

ɸ.ɻ. ɸʣʝʢʩʝʝʚ (ʅʀʎ ʂʀ) - ʢ.ʬ.-ʤ.ʥ. 

  

ʊɽʍʅʀʏɽʉʂʀʁ ʂʆʄʀʊɽʊ 

ʆ.ʀ. ʉʝʤʝʥʦʚ (ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè) 

ɺ.ɺ. ɸʣʠʬʘʥʦʚʘ (ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè) 

ɸ.ɸ. ʐʫʚʘʣʦʚʘ (ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè) 

ɼ.ɸ. ʉʢʦʧʠʥʮʝʚ (ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè) 

ɸ.ʆ. ʂʦʚʘʣʝʚ (ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè) 
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ʇʈʆɻʈɸʄʄɸ ʂʆʅʌɽʈɽʅʎʀʀ 

 

ɼʝʥʴ 11.09 ʉʨʝʜʘ 

ʅʘʯʘʣʦ ɿɸʃ 1 ʅʘʯʘʣʦ ɿɸʃ 2 

10:00 ʆʪʢʨʳʪʠʝ ʢʦʥʬʝʨʝʥʮʠʠ 

    

10:30 

ʉ
 
1

 

ʂʨʘʩʠʣʴʥʠʢʦʚ ɺ.ɸ. 

10:50 ʂʘʱʫʢ ʖ.ɸ. 

11:10 ʅʝʤʮʝʚ ɻ.ɽ. 

11:30 ʊʫʛʘʨʠʥʦʚ ʉ.ʅ. 

12:00 ʂʦʬʝ ʙʨʝʡʢ 

12:30 

ʉ
 
1

 

ʄʫʭʠʥ ɽ.ɽ. 12:30 
ʉ
 
2

 
Micka±l Portal¯s 

12:50 ʂʫʨʩʢʠʝʚ ɻ.ʉ. 12:50 ʈʦʜʠʦʥʦʚ ʈ.ʅ. 

13:10 ʉʫʙʙʦʪʠʥ ɻ.ʌ. 13:10 ɸʥʜʨʝʝʥʢʦ ɽ.ʅ. 

13:30 ʇʝʪʨʦʚ ɺ.ɻ. 13:30 ʐʦʰʠʥ ɸ.ɸ. 

13:45 ʅʘʚʦʣʦʮʢʠʡ ɸ.ʉ. 13:50 ʈʦʜʠʦʥʦʚ ʅ.ɹ. 

14:00 ʉʝʤʝʥʦʚ ʀ.ɹ. 

14:10 ʃʠʩʪʦʧʘʜ ɸ.ɸ. 
14:15 ʉʝʤʝʥʦʚ ʆ.ʀ. 

14:30 ʇʝʨʝʨʳʚ ʥʘ ʦʙʝʜ 

15:30 ʉ
 
1

 

ʉʝʤʝʥʦʚ ɽ.ɺ. 15:30 

ʉ
 
2

 

ʉʫʣʷʝʚ ʖ.ʉ. 

15:50 

ʉ
 
6

 ʂʫʨʥʘʝʚ ɺ.ɸ., 

ʅʠʢʦʣʘʝʚʘ ɺ.ɽ. 
15:50 ʂʘʧʫʩʪʠʥ ʖ.ɺ. 

16:10 ʄʫʥʪʷʥ ɸ.ʅ. 16:10 ʂʦʟʣʦʚ ɸ.ʄ. 

16:30 ʂʦʬʝ ʙʨʝʡʢ 

17:00 

ʉ
 
6

 ʄʫʥʪʷʥ ɸ.ʅ. 17:00 

ʉ
 
2

 ɻʘʚʨʠʣʝʥʢʦ ɼ.ɽ. 

17:20 ʅʝʤʝʮ ɸ.ʈ. 17:20 ʄʝʱʘʥʠʥʦʚ ʉ.ɸ. 

17:40 ʇʠʩʘʨʝʚ ɸ.ɸ. 17:40 ɹʝʛʨʘʤʙʝʢʦʚ ʃ.ɹ. 
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 ɼʝʥʴ 12.09 ʏʝʪʚʝʨʛ 

ʅʘʯʘʣʦ ɿɸʃ 1 ʅʘʯʘʣʦ ɿɸʃ 2 

10:00 

ʉ
 
7

 

ʇʦʨʪʦʥʝ ʉ.ʉ. 
10:00 

ʉ
 
3

 

ɺʫʢʦʣʦʚ ʂ.ʖ. 
10:15 ʄʠʨʦʥʦʚʘ ɽ.ʖ. 

10:30 ʄʠʨʦʥʦʚ ɸ.ʖ. 10:40 ɻʦʨʙʫʥʦʚ ɸ.ɺ. 

10:45 

ʇʠʱʫʣʠʥʘ ʇ.ɸ. 

ɿʚʦʥʘʨʝʚʘ ɸ.ɸ. 

ɺʝʨʚʝʣʘʢʠʩ ɻ.ʄ. 

11:00 ʂʣʶʯʥʠʢʦʚ ʃ.ɸ. 

11:00 ʉʦʨʦʢʠʥ ɸ.ʉ. 
11:20 ɿʠʤʠʥ ɸ.ʄ. 

11:15 ɼʨʘʧʠʢʦ ɽ.ɸ. 

11:30 ɺʝʨʚʝʣʘʢʠʩ ɻ.ʄ. 
11:40 ʄʠʨʦʥʦʚ ɸ.ʖ. 

11:45 ʂʫʜʨʷʚʮʝʚ ɸ.ɺ. 

12:00 ʂʦʬʝ ʙʨʝʡʢ 

12:30 

ʉ
 
7

 

ʅʘʚʦʣʦʮʢʠʡ ɸ.ʉ. 12:30 

ʉ
 
3

 

ʇʫʨʳʛʘ ɽ.ɸ. 

12:45 ʍʠʣʴʢʝʚʠʯ ɽ.ʄ. 12:50 ɹʘʙʠʥʦʚ ʅ.ɸ. 

13:00 ɿʫʙʘʨʝʚ ʇ.ɺ. 13:10 ɼʤʠʪʨʠʝʚ ɸ.ʄ. 

13:15 ɼʞʫʨʠʢ ɸ.ʉ. 13:30 ʉʘʤʩʦʥʦʚ ɼ.ʉ. 

13:30 ɺʦʨʦʙʴʝʚ ɺ.ɸ. 13:50 ʆʨʣʦʚʩʢʠʡ ʀ.ʀ. 

13:45 ʌʝʜʦʨʦʚ ɺ.ɸ. 

14:10 ʄʫʭʠʥ ɽ.ɽ. 14:00 ɸʣʷʝʚ ʀ.ɺ. 

14:15 ʇʘʨʳʰʢʠʥ ʖ.ɸ. 

14:30 ʇʝʨʝʨʳʚ ʥʘ ʦʙʝʜ 

15:30 ʉʊɽʅɼʆɺɸʗ ʉɽʉʉʀʗ 

16:30 ʂʦʬʝ ʙʨʝʡʢ 

17:00 

ʉ
 
7

 

ʆʙʫʜʦʚʩʢʠʡ ʉ.ʖ. 17:00 ʉ
 
3

 

ʂʦʨʥʠʝʥʢʦ ɼ.ʉ. 

17:15 ɼʫʰʠʥʘ ʃ.ɸ. 

    

  



5 

 ɼʝʥʴ 13.09 ʇʷʪʥʠʮʘ 

ʅʘʯʘʣʦ ɿɸʃ 1 ɿɸʃ 2 

10:00 

ʉ
 
4

 

ʂʦʨʥʝʚ ɺ.ɸ. 

ʉ
 
5

 

ʇʝʪʨʦʚ ɺ.ɻ. 

10:20 ɸʨʪʝʤʴʝʚ ʂ.ʂ. ɸʬʦʥʠʥ ɸ.ʖ. 

10:40 ʇʦʨʪʥʦʚ ɼ.ɺ. ɸʬʦʥʠʥ ʂ.ʖ. 

11:00 ʈʦʜʠʦʥʦʚ ʈ.ʅ. ʉʦʣʦʚʴʸʚ ʅ.ɸ. 

11:20 ʂʦʨʤʠʣʠʮʳʥ ʊ.ʄ. ɻʨʠʥʝʤʘʡʝʨ ʂ.ɸ. 

11:40 ʀʣʴʷʩʦʚʘ ʄ.ɺ. ʅʝʨʫʰ ʄ.ʅ. 

12:00 ʂʦʬʝ ʙʨʝʡʢ 

12:30 

ʉ
 
4

 

ɸʤʦʩʦʚ ɺ.ʅ. ʉ
 
5

 
ʃʝʪʫʥʦʚ ɸ.ɸ. 

12:50 ʇʠʥʞʝʥʠʥ ɽ.ʀ. 

  13:10 ʈʦʜʠʦʥʦʚ ʅ.ɹ. 

  13:30 ʄʝʱʘʥʠʥʦʚ ʉ.ɸ. 
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ʊɽʄɸʊʀʂʀ ʂʆʅʌɽʈɽʅʎʀʀ 

  

ʉ1. ɼʠʘʛʥʦʩʪʠʢʘ ʀʊʕʈ 

ʉ2. ʀʥʞʝʥʝʨʥʳʝ ʚʦʧʨʦʩʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʣʘʟʤʳ 

ʉ3. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʧʣʘʟʤʳ ʠ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʉ4. ʂʦʨʧʫʩʢʫʣʷʨʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʉ5. ʄʠʢʨʦʚʦʣʥʦʚʳʝ ʠ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʳʝ ʤʝʪʦʜʳ 

ʜʠʘʛʥʦʩʪʠʢʠ 

ʉ6. ɼʠʘʛʥʦʩʪʠʢʘ ʧʣʘʟʤʳ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʨʤʦʷʜʝʨʥʳʭ 
ʫʩʪʘʥʦʚʢʘʭ 

ʉ7. ʉʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 
ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʠʟʤʝʨʝʥʠʡ 
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ʉʊɽʅɼʆɺɸʗ ʉɽʉʉʀʗ 

 ̄ ʌʀʆ ʉʝʢʮʠʷ 

1 ɻʦʨʰʢʦʚ ɸ.ɺ. ʉ1 

2 ʂʦʚʘʣʝʚ ɸ.ʆ. ʉ1 

3 ʄʝʣʴʥʠʢ ɸ.ɼ. ʉ1 

4 ʄʝʣʴʥʠʢ ɸ.ɼ. ʉ2 

5 ʄʝʣʴʥʠʢ ɸ.ɼ. ʉ6 

6 ʅʘʚʦʣʦʮʢʠʡ ɸ.ʉ. ʉ2 

7 ʊʘʩʢʘʝʚ ɸ.ʉ. ʉ2 

8 ʊʘʩʢʘʝʚ ɸ.ʉ. ʉ2 

9 ʍʘʬʠʟʦʚ ʈ.ʈ. ʉ2 

10 ʈʦʜʠʦʥʦʚʘ ɺ.ʇ. ʉ2 

11 ʅʘʛʦʨʥʳʡ ʅ.ɺ. ʉ3 

12 ɹʘʨʳʢʦʚ ʀ.ɸ. ʉ4 

13 ʂʫʤʧʠʣʦʚ ɼ.ɸ. ʉ4 

14 ʂʦʨʤʠʣʠʮʳʥ ʊ.ʄ. ʉ4 

15 ʄʫʥʪʷʥ ɸ.ʅ. ʉ4 

16 ɼʘʥʠʣʦʚ ɺ.ɺ. ʉ5 

17 ɹʫʜʘʝʚʘ ɺ.ɺ. ʉ6 

18 ɼʞʫʨʠʢ ɸ.ʉ. ʉ6 

19 ʄʝʱʝʨʷʢʦʚ ɸ.ʀ. ʉ6 

20 ɸʨʪʝʤʴʝʚ ʂ.ʂ. ʉ6 

21 ɻʦʣʘʯʝʚ ɺ.ʄ. ʉ7 

22 ɻʦʣʘʯʝʚ ɺ.ʄ. ʉ7 

23 ɾʫʨʘʚʣʝʚ ʄ.ʂ. ʉ7 

24 ʄʘʨʪʘʟʦʚ ɽ.ʉ. ʉ7 

25 ʄʘʨʪʘʟʦʚ ɽ.ʉ. ʉ7 
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ʇʆɼʈʆɹʅɸʗ ʇʈʆɻʈɸʄʄɸ ʂʆʅʌɽʈɽʅʎʀʀ 

 
ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ɺʪʦʨʥʠʢ, 10 ʩʝʥʪʷʙʨʷ 2019 

15:00-20:00 ʈʝʛʠʩʪʨʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ 

 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ  ʢʦʥʬʝʨʝʥʮʠʷ ʉʨʝʜʘ, 11 ʩʝʥʪʷʙʨʷ 2019 

ɿʘʣ ˉ1 

10:00      ʇʨʠʚʝʪʩʪʚʠʝ:     ʜ.ʬ.-ʤ.ʥ. ʂʨʘʩʠʣʴʥʠʢʦʚ ɸ.ɺ. 

ʉʝʢʮʠʷ 1 ɼʠʘʛʥʦʩʪʠʢʘ ʀʊʕʈ          

10:30 ʅɽʁʊʈʆʅʅʓɽ ɼʀɸɻʅʆʉʊʀʂʀ ʀʊʕʈ ʀ ʀʍ ɸɹʉʆʃʖʊʅɸʗ 

ʂɸʃʀɹʈʆɺʂɸ ʂʨʘʩʠʣʴʥʠʢʦʚ ɺ.ɸ. 

10:50 ʉʆʉʊʆʗʅʀɽ ʈɸɿʈɸɹʆʊʂʀ ɼʀɸɻʅʆʉʊʀʂʀ çɼʀɺɽʈʊʆʈʅʓʁ 

ʄʆʅʀʊʆʈɸ ʅɽʁʊʈʆʅʅʆɻʆ ʇʆʊʆʂɸè ʀʊʕʈ ʂʘʱʫʢ ʖ.ɸ. 

11:10 ʇʈʆɽʂʊ ɺɽʈʊʀʂɸʃʔʅʆʁ ʅɽʁʊʈʆʅʅʆʁ ʂɸʄɽʈʓ ʀʊʕʈ 

ʅʝʤʮʝʚ ɻ.ɽ. 

11:30 ʈɸɿʈɸɹʆʊʂɸ ɼʀɸɻʅʆʉʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ çɸʂʊʀɺʅɸʗ 

ʉʇɽʂʊʈʆʉʂʆʇʀʗè ʋʉʊɸʅʆɺʂʀ ʀʊʕʈ ʊʫʛʘʨʠʥʦʚ ʉ.ʅ. 

12:00 ʂʦʬʝ ʙʨʝʡʢ 

ɿʘʣ ˉ1 ɿʘʣ ˉ2 

ʉʝʢʮʠʷ 1 ɼʠʘʛʥʦʩʪʠʢʘ ʀʊʕʈ 
ʉʝʢʮʠʷ 2 ʀʥʞʝʥʝʨʥʳʝ ʚʦʧʨʦʩʳ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʣʘʟʤʳ 

12:30 

ʉʊɸʊʋʉ ɼʀɸɻʅʆʉʊʀʂʀ 

ʊʆʄʉʆʅʆɺʉʂʆɻʆ 

ʈɸʉʉɽʗʅʀʗ ɺ ɼʀɺɽʈʊʆʈɽ 

ʀʊʕʈ ʄʫʭʠʥ ɽ.ɽ. 

12:30 

ʈɸɿʈɸɹʆʊʂɸ ʀ 

ʀɿɻʆʊʆɺʃɽʅʀɽ 

ɸʅʊɽʅʅʓ ɼʃʗ 

ʈɽʌʃɽʂʊʆʄɽʊʈʀʀ ʀʊʕʈ 

ʉʆ ʉʊʆʈʆʅʓ ʉʀʃʔʅʆɻʆ 

ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ 

Micka±l Portal¯s 

12:50 

ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ 

ʈɽɻʀʉʊʈɸʎʀʀ 

ʆʇʊʀʏɽʉʂʀʍ ʉʀɻʅɸʃʆɺ ɺ 

ɼʀɸɻʅʆʉʊʀʏɽʉʂʀʍ 

ʉʀʉʊɽʄɸʍ 

ʊʆʄʉʆʅʆɺʉʂʆɻʆ 

ʈɸʉʉɽʗʅʀʗ ʇʃɸɿʄʓ 

ʊɽʈʄʆʗɼɽʈʅʓʍ 

ʋʉʊɸʅʆɺʆʂ ʂʫʨʩʢʠʝʚ ɻ.ʉ. 

12:50 

ɸʂʊʀɺɸʎʀʗ 

ʂʆʅʉʊʈʋʂʎʀʆʅʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ 

ɻɽʅɽʈɸʊʆʈɸ ɹʓʉʊʈʓʍ 

ʅɽʁʊʈʆʅʆɺ ʅɻ 24ʄ 

ʈʦʜʠʦʥʦʚ ʈ.ʅ. 

13:10 

ʊɽʂʋʑɽɽ ʉʆʉʊʆʗʅʀɽ 

ʈɽʌʃɽʂʊʆʄɽʊʈʀʀ ʉʉʇ 

ʀʊʕʈ ʉʫʙʙʦʪʠʥ ɻ.ʌ. 
13:10 

ʀʉʉʃɽɼʆɺɸʅʀɽ 

ʈɸɼʀɸʎʀʆʅʅʆʁ 

ʉʊʆʁʂʆʉʊʀ 

ʅɽʂʆʊʆʈʓʍ 

ʆʇʊʀʏɽʉʂʀʍ 

ʂʆʄʇʆʅɽʅʊ ʉɺʃ 

ɸʥʜʨʝʝʥʢʦ ɽ.ʅ. 

13:30 
ʉʆʆʊʅʆʐɽʅʀɽ 

ʉʀɻʅɸʃ/ʐʋʄ ɺ 
13:30 

ʈɽɿʋʃʔʊɸʊʓ 

ʀʉʉʃɽɼʆɺɸʅʀʁ 
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ʈɽʌʈɸʂʊʆʄɽʊʈʀʀ ʀʊʕʈ 

ʇʝʪʨʦʚ ɺ.ɻ. 

ʉɺʆʁʉʊɺ ʂɽʈɸʄʀʂʀ 

ɼʃʗ ɿɸʑʀʊʓ 

ʇʆʈʊʇʃɸɻʆɺ ʀʊʕʈ 

ʐʦʰʠʥ ɸ.ɸ. 

13:45 

ʅɽʁʊʈʆʅʅʓʁ 

ʂʆʃʃʀʄɸʊʆʈ ɺ 

ɼʀɸɻʅʆʉʊʀʏɽʉʂʆʁ 

ʉʀʉʊɽʄɽ ɸʊʆʄʅʓʍ 

ɸʅɸʃʀɿɸʊʆʈʆɺ ʅɸ ITER 

ʅʘʚʦʣʦʮʢʠʡ ɸ.ʉ. 

13:50 

ʉʊɽʅɼʆɺʓʁ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʁ 

ʂʆʄʇʃɽʂʉ çɸʃʄɸɿʅʓʁ 

ɼɽʊɽʂʊʆʈ ʀʊʕʈè ɼʃʗ 

ʈɸɿʈɸɹʆʊʂʀ ʀ 

ʀɿɻʆʊʆɺʃɽʅʀʗ 

ɸʃʄɸɿʅʓʍ 

ɼɽʊɽʂʊʆʈʆɺ 

ʈʦʜʠʦʥʦʚ ʅ.ɹ. 

14:00 

ʉʊɸʊʋʉ ʉʀʉʊɽʄ 

ʋʇʈɸɺʃɽʅʀʗ ʀʊʕʈ 

ʉʝʤʝʥʦʚ ʀ.ɹ. 

14:10 

ʇʈɽɼɺɸʈʀʊɽʃʔʅʓʁ 

ʇʈʆɽʂʊ ʀʅʊɽɻʈɸʎʀʀ 

ɺʇˉ02 ʀ ɺʇˉ08 ʀʊʕʈ 

ʃʠʩʪʦʧʘʜ ɸ.ɸ. 14:15 

ʄʆɼɽʃʔ ʎɽʅʊʈɸ 

ʋɼɸʃɽʅʅʆɻʆ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʉ 

ʋʉʊɸʅʆɺʂʆʁ ʀʊʕʈ 

ʉʝʤʝʥʦʚ ʆ.ʀ. 

14:30 ʇʝʨʝʨʳʚ ʥʘ ʦʙʝʜ 

15:30 

ʇʈʆɽʂʊ ʈʆʉʉʀʁʉʂʆʁ 

ʅɸʎʀʆʅɸʃʔʅʆʁ ɹɸɿʓ 

ɿʅɸʅʀʁ ʊɽʈʄʆʗɼɽʈʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʉʝʤʝʥʦʚ ɽ.ɺ. 
15:30 

ʀʅʊɽɻʈɸʎʀʗ 

ʕʂɺɸʊʆʈʀɸʃʔʅʆɻʆ 

ʇʆʈʊɸ ˉ11 ʀʊʕʈ 

ʉʫʣʷʝʚ ʖ.ʉ. ʉʝʢʮʠʷ 6  ɼʠʘʛʥʦʩʪʠʢʘ ʧʣʘʟʤʳ ʥʘ 

ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʨʤʦʷʜʝʨʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ 

15:50 

ʉʀʉʊɽʄʓ ɼʀɸɻʅʆʉʊʀʂʀ 

ʋʏɽɹʅʆ-

ɼɽʄʆʅʉʊʈɸʎʀʆʅʅʆɻʆ 

ʊʆʂɸʄɸʂɸ ʄʀʌʀʉʊ. 

ʇʈʆɽʂʊ ʂʆʄʇʃɽʂʉɸ 

ɼʀɸɻʅʆʉʊʀʂ ɼʃʗ 

ʊʆʂɸʄɸʂɸ ʄʀʌʀʉʊ 

ʂʫʨʥʘʝʚ ɺ.ɸ., ʅʠʢʦʣʘʝʚʘ ɺ.ɽ. 

15:50 

ʀʅɾɽʅɽʈʅɸʗ 

ʇʈʆʈɸɹʆʊʂɸ 

ʕʃɽʄɽʅʊʆɺ DC/PDC 

ʉʀʉʊɽʄʓ ʇʃɸɿʄɽʅʅʆʁ 

ʆʏʀʉʊʂʀ ɿɽʈʂɸʃ 

ɼʀɸɻʅʆʉʊʀʂ 

ñʉʇɽʂʊʈʆʉʂʆʇʀʗ 

ɺʆɼʆʈʆɼʅʓʍ ʃʀʅʀʁò ʀ 

ñɸʂʊʀɺʅɸʗ 

ʉʇɽʂʊʈʆʉʂʆʇʀʗò ɺ 

ʀʊʕʈ ʂʘʧʫʩʪʠʥ ʖ.ɺ. 

16:10 

ʄɽʊʆɼʀʂɸ ʀɿʄɽʈɽʅʀʗ 

ʇɸʈɸʄɽʊʈʆɺ 

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ 

ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ 

ʀɿʃʋʏɽʅʀʗ ɺ 

ɿɸʄʂʅʋʊʓʍ ʇʆʃʆʉʊʗʍ 

16:10 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ 

ʇʈʀɺʆɼɸ ʀ ʉʀʉʊɽʄʓ 

ʇʀʊɸʅʀʗ ɿɸʑʀʊʅʆʁ 

ʐʊʆʈʂʀ ɼʀɸɻʅʆʉʊʀʂʀ 

ʉɺʃ ʂʦʟʣʦʚ ɸ.ʄ. 
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ʀ ɺʈɽʄɽʅʀ ʊɽʇʃʆɺʆɻʆ 

ʇʈʆɹʆʗ ʌʆʃʔɻ 
ʄʫʪʷʥ ɸ.ʅ. 

16:30 ʂʦʬʝ ʙʨʝʡʢ 

17:00 

ʄɽʊʆɼʀʂɸ 

ʈɽɻʀʉʊʈɸʎʀʀ 

ɸɹʉʆʃʖʊʅʓʍ 

ʇʆʊʆʂʆɺ 

ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ 

ʀɿʃʋʏɽʅʀʗ ʃɸɿɽʈʅʆʁ 

ʇʃɸɿʄʓ ɺ 

ʉʇɽʂʊʈɸʃʔʅʆʄ 

ɼʀɸʇɸɿʆʅɽ 0,15 ï 1,0 

ʂʕɺ ʉʆ ʉʇɽʂʊʈɸʃʔʅʓʄ 

ɚ/dɚ~20 ʀ 30 ʇʉ 

ɺʈɽʄɽʅʅʓʄ 

ʈɸɿʈɽʐɽʅʀʗʄʀ 
ʄʫʪʷʥ ɸ.ʅ. 

17:00 

ʉʆɿɼɸʅʀɽ ʀ 

ʀʉʇʓʊɸʅʀʗ ʉʀʉʊɽʄʓ 

ɺʆɼʗʅʆɻʆ 

ʆʍʃɸɾɼɽʅʀʗ 

ɼʀɸɻʅʆʉʊʀʏɽʉʂʀʍ 

ɿɸʑʀʊʅʓʍ ʄʆɼʋʃɽʁ 

ʕʂɺɸʊʆʈʀɸʃʔʅʆɻʆ 

ʇʆʈʊɸ ˉ11 ɻʘʚʨʠʣʝʥʢʦ 

ɼ.ɽ. 

17:20 

ɼʀɸɻʅʆʉʊʀʂɸ 

ʕʌʌɽʂʊʀɺʅʆɻʆ ɿɸʈʗɼɸ 

ʇʃɸɿʄʓ ʊʆʂɸʄɸʂɸ ʊ-

15ʄɼ ʅʝʤʝʮ ɸ.ʈ. 

17:20 

ʈɸɼʀʎʀʆʅʅʓɽ 

ʀʉʇʓʊɸʅʀʗ ɹʃʆʂɸ 

ɼɽʊɽʂʊʀʈʆɺɸʅʀʗ 

ɹʓʉʊʈʓʍ ʅɽʁʊʈʆʅʆɺ 

ɺʅʂ ʄʝʱʘʥʠʥʦʚ ʉ.ɸ. 

17:40 

POST MORTEM ɸʅɸʃʀɿ 

ʇʆɺɽʈʍʅʆʉʊɽʁ, 

ʆɹʈɸʑɽʅʅʓʍ ɺ ʑɽʃʔ 

ʄɽɾɼʋ ʊɸʁʃɸʄʀ 

ʃʀʄʀʊɽʈɸ ʊʆʂɸʄɸʂɸ 

ʊ-10 ʇʠʩʘʨʝʚ ɸ.ɸ. 

17:40 

ʄʆɼʀʌʀʂɸʎʀʗ 

ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆɻʆ 

ɿʆʅɼɸ ʉ ʎɽʃʔʖ 

ʋɺɽʃʀʏɽʅʀʗ ɽɻʆ 

ɽʄʂʆʉʊʀ ʀ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ɹʝʛʨʘʤʙʝʢʦʚ ʃ.ɹ. 
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ɺʩʝʨʦʩʩʠʡʩʢʘʷ  ʢʦʥʬʝʨʝʥʮʠʷ ʏʝʪʚʝʨʛ, 12 ʩʝʥʪʷʙʨʷ 2019 

ɿʘʣ ˉ1 ɿʘʣ ˉ2 

ʉʝʢʮʠʷ 7 ʉʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʠʟʤʝʨʝʥʠʡ 

ʉʝʢʮʠʷ 3 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʧʣʘʟʤʳ ʠ 

ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ 

10:00 ʇʈɽɼɺɸʈʀʊɽʃʔʅʓʁ 

ʇʈʆɽʂʊ ʉʀʉʊɽʄʓ ʉɹʆʈɸ 

ɼɸʅʅʓʍ ʀ ʋʇʈɸɺʃɽʅʀʗ 

ɼʀɸɻʅʆʉʊʀʂʀ 

ɺɽʈʊʀʂɸʃʔʅɸʗ 

ʅɽʁʊʈʆʅʅɸʗ ʂɸʄɽʈɸ 

ʇʦʨʪʦʥʝ ʉ.ʉ. 

10:00 

ʉʇɽʂʊʈɸʃʔʅɸʗ 

ɼʀɸɻʅʆʉʊʀʂɸ ʇʃɸɿʄʓ 

ʅɸ ʉʆɺʈɽʄɽʅʅʓʍ 

ʊʆʂɸʄɸʂɸʍ 

ɺʫʢʦʣʦʚ ʂ.ʖ. 

10:15 ʇʈɽɼɺɸʈʀʊɽʃʔʅʓʁ 

ʇʈʆɽʂʊ ʉʀʉʊɽʄʓ ʉɹʆʈɸ 

ɼɸʅʅʓʍ ʀ ʋʇʈɸɺʃɽʅʀʗ 

ɼʀɸɻʅʆʉʊʀʂʀ ɸʂʊʀɺʅɸʗ 

ʉʇɽʂʊʈʆʉʂʆʇʀʗ 

ʄʠʨʦʥʦʚʘ ɽ.ʖ. 

10:40 

ʃɸɿɽʈʅɸʗ 

ʉʇɽʂʊʈʆʉʂʆʇʀʗ 

ɺʆɼʆʈʆɼɸ ɺ ʇʃɸɿʄɽ 

ʊʆʂɸʄɸʂɸ ɻʦʨʙʫʥʦʚ ɸ.ɺ. 

10:30 ʀʉʇʆʃʔɿʆɺɸʅʀɽ 

ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʆɻʆ 

ʇʈʆɻʈɸʄʄʅʆɻʆ 

ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ 

ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ 

ʋʉʊɸʅʆɺʂʀ ʀʊʕʈ 

ʄʠʨʦʥʦʚ ɸ.ʖ. 

11:00 

CXRS-ɼʀɸɻʅʆʉʊʀʂɸ 

ʊʆʂɸʄɸʂɸ ʊ-15ʄɼ 

ʂʣʶʯʥʠʢʦʚ ʃ.ɸ. 

10:45 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ 

ʇʈʆɻʈɸʄʄʅʆɻʆ 

ʀʅʉʊʈʋʄɽʅʊɸ PSPS-

EDITOR ɼʃʗ 

ʂʆʅʌʀɻʋʈʀʈʆɺɸʅʀʗ 

ʉʀʉʊɽʄ ʉɹʆʈɸ ɼɸʅʅʓʍ ʀ 

ʋʇʈɸɺʃɽʅʀʗ ʀʊʕʈ; 

ʆʈɻɸʅʀɿɸʎʀʗ 

ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ 

ɺʓʉʆʂʆɺʆʃʔʊʅʓʄ 

ʀʉʊʆʏʅʀʂʆʄ ʇʀʊɸʅʀʗ 

ʇʆɼʉʀʉʊɽʄʓ ʆʏʀʉʊʂʀ 

ʇɽʈɺʆɻʆ ɿɽʈʂɸʃɸ; 

ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɽʅʀʗ 

ʉʊɽʅɼʆʄ ɼʃʗ 

ʀʉʇʓʊɸʅʀʁ ʇʆʈʊ-ʇʃɸɻʆɺ 

ʀ ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ 

ʊɽʉʊʓ ɼʀɸɻʅʆʉʊʀʏɽʉʂʀʍ 
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ʉʀʉʊɽʄ 

ʇʠʱʫʣʠʥʘ ʇ.ɸ. 

ɿʚʦʥʘʨʝʚʘ ɸ.ɸ. 

ɺʝʨʚʝʣʘʢʠʩ ɻ.ʄ. 

11:00 

ɸʅɸʃʀɿ ʀʄɽʖʑʀʍʉʗ 

ʉʈɽɼʉʊɺ ʀ ʊʈɽɹʆɺɸʅʀʁ ʂ 

ʉʆɿɼɸʅʀʖ ʉʀʉʊɽʄʓ 

ʉɹʆʈɸ ɼɸʅʅʓʍ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʋʉʊʈʆʁʉʊɺ NATIONAL 

INSTRUMENTS ʅɸ ʆʉʅʆɺɽ 

FPGA ɼʃʗ ʇʈʆɽʂʊɸ ʀʊʕʈ 

ʉʦʨʦʢʠʥ ɸ.ʉ. 
11:20 

ʉʇɽʂʊʈɸʃʔʅɸʗ 

ɼʀɸɻʅʆʉʊʀʂɸ 

ɸʈɻʆʅʆɺʆʁ ʇʃɸɿʄʓ ɺ 

ʄɸɻʅɽʊʈʆʅʅʆʄ 

ʈɸɿʈʗɼɽ ɿʠʤʠʥ ɸ.ʄ. 

11:15 

ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ 

ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ DC/PDC 

ʉʀʉʊɽʄʆʁ ʇʃɸɿʄɽʅʅʆʁ 

ʆʏʀʉʊʂʀ ɿɽʈʂɸʃ 

ɼʀɸɻʅʆʉʊʀʂʀ 

ñʉʇɽʂʊʈʆʉʂʆʇʀʗ 

ɺʆɼʆʈʆɼʅʓʍ ʃʀʅʀʁò ɺ 

ʀʊʕʈ ɼʨʘʧʠʢʦ ɽ.ɸ. 

11:30 

ʉɽʈʊʀʌʀʂɸʎʀʗ 

ʉʇɽʎʆɹʆʈʋɼʆɺɸʅʀʗ ʇʆ 

ɽɺʈʆʇɽʁʉʂʀʄ 

ʉʊɸʅɼɸʈʊɸʄ ʇʈʀ ɽɻʆ 

ʇʆʉʊɸɺʂɽ ɺ ʈɸʄʂɸʍ 

ʇʈʆɽʂʊɸ ʀʊʕʈ 

ɺʝʨʚʝʣʘʢʠʩ ɻ.ʄ. 
11:40 

ʄɽʊʆɼʀʂɸ 

ʂɸʃʀɹʈʆɺʂʀ 

ʄʅʆɻʆʂɸʅɸʃʔʅʆɻʆ 

ʉʇɽʂʊʈʆʄɽʊʈɸ-

ʇʆʃʀʍʈʆʄɸʊʆʈɸ ʇʆ 

ɼʃʀʅɸʄ ɺʆʃʅ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʕʊɸʃʆʅɸ ʌɸɹʈʀ-ʇɽʈʆ 

ʄʠʨʦʥʦʚ ɸ.ʖ. 
11:45 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʇʆɼʉʀʉʊɽʄʓ ʉɹʆʈɸ 

ɼɸʅʅʓʍ ʉʆ 

ʉʇɽʂʊʈʆʄɽʊʈʆɺ 

ɼʀɸɻʅʆʉʊʀʂʀ "ɸʂʊʀɺʅɸʗ 

ʉʇɽʂʊʈʆʉʂʆʇʀʗ" 

ʂʫʜʨʷʚʮʝʚ ɸ.ɺ. 

12:00 ʂʦʬʝ ʙʨʝʡʢ 

12:30 

ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄ 

ʋʇʈɸɺʃɽʅʀʗ ʀ 

ʈɽɻʀʉʊʈɸʎʀʀ ɼɸʅʅʓʍ 

ɼʃʗ ʂʆʄʇʃɽʂʉɸ 

ɸʊʆʄʅʓʍ ɸʅɸʃʀɿɸʊʆʈʆɺ 

ʅɸ ITER ʅʘʚʦʣʦʮʢʠʡ ɸ.ʉ. 

12:30 

ʄʆɼɽʈʅʀɿɸʎʀʗ 

ʀɿʄɽʈʀʊɽʃʔʅʆɻʆ 

ʂʆʄʇʃɽʂʉɸ ɼʃʗ 

ɼʀɸɻʅʆʉʊʀʂʀ 

ʊʆʄʉʆʅʆɺʉʂʆɻʆ 

ʈɸʉʉɽʗʅʀʗ ʅɸ 

ʋʉʊɸʅʆɺʂɽ ɻɼʃ 

ʇʫʨʳʛʘ ɽ.ɸ. 

12:45 

ʉʊɸʊʋʉ ʈɸɿʈɸɹʆʊʂʀ 

ʂɸʅɸʃɸ ʈɽɻʀʉʊʈɸʎʀʀ 

ɻɸʄʄɸ-ʉʇɽʂʊʈʆʄɽʊʈɸ ɺ 
12:50 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʈɸʉʇʓʃɽʅʀʗ, 

ʊʈɸʅʉʇʆʈʊɸ ʀ 
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ʉʆʉʊɸɺɽ ɸʅɸʃʀɿɸʊʆʈʆɺ 

ɸʊʆʄʆɺ ʇɽʈɽɿɸʈʗɼʂʀ 

ʀʊʕʈ 

ʍʠʣʴʢʝʚʠʯ ɽ.ʄ. 

ʇɽʈɽʆʉɸɾɼɽʅʀʗ 

ʏɸʉʊʀʎ ɺ ʏʀʉʊʗʑɽʄ 

ɺʏ-ʈɸɿʈʗɼɽ ʀʊʕʈ 

ɹʘʙʠʥʦʚ ʅ.ɸ. 

13:00 

ɸʈʍʀʊɽʂʊʋʈɸ ʀ 

ʇʈʆɻʈɸʄʄʅʓɽ ʉʈɽɼʉʊɺɸ 

ʄʆɼɽʈʅʀɿʀʈʆɺɸʅʅʆʁ 

ʉʀʉʊɽʄʓ ʈɽɻʀʉʊʈɸʎʀʀ, 

ʉɹʆʈɸ ʀ ʆɹʈɸɹʆʊʂʀ 

ɼɸʅʅʓʍ ɺʅʂ 

ɿʫʙʘʨʝʚ ʇ.ɺ. 13:10 

ʋɿɽʃ ʇɽʈɺʆɻʆ 

ɼʀɸɻʅʆʉʊʀʏɽʉʂʆɻʆ 

ɿɽʈʂɸʃɸ ɼʃʗ ʀʊʕʈ: 

ʇʈʆɹʃɽʄʓ ʀ ʇʋʊʀ ʀʍ 

ʈɽʐɽʅʀʗ 

ɼʤʠʪʨʠʝʚ ɸ.ʄ. 

13:15 

ʆɹʈɸɹʆʊʂɸ ʉʀɻʅɸʃʆɺ 

ʅɽʁʊʈʆʅʅʆɻʆ 

ʉʇɽʂʊʈʆʄɽʊʈɸ ʅɸ 

ʆʉʅʆɺɽ ʆʈɻɸʅʀʏɽʉʂʀʍ 

ʉʎʀʅʊʀʃʃʗʊʆʈʆɺ 

ɼʞʫʨʠʢ ɸ.ʉ. 

13:30 

ʀɿʄɽʈʀʊɽʃʔʅʓʁ ʂɸʅɸʃ 

ʀʂɼ. ʆɹɿʆʈ 

ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʓʍ 

ʉʈɽɼʉʊɺ ʀ ʈɽɿʋʃʔʊɸʊʆɺ 

ɺʦʨʦʙʴʝʚ ɺ.ɸ. 

13:30 

ʉʊɸʊʋʉ ʈɽɸʃʀɿɸʎʀʀ 

ʋɿʃɸ ʇɽʈɺʓʍ ɿɽʈʂɸʃ 

ɼʃʗ ITER 

ʉʘʤʩʦʥʦʚ ɼ.ʉ. 

13:45 

ʆɹʈɸɹʆʊʂɸ ʉʀɻʅɸʃʆɺ 

ʀɿʄɽʈʀʊɽʃʔʅʓʍ 

ʂɸʅɸʃʆɺ ʉʉɼ ɼʄʅʇ 

ʌʝʜʦʨʦʚ ɺ.ɸ. 

13:50 

ʄɸʂɽʊʀʈʆɺɸʅʀɽ ʋɿʃɸ 

ɺʍʆɼʅʆɻʆ ɿɽʈʂɸʃɸ 

ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ ʉɺʃ 

ɺ ʀʊʕʈ 

ʆʨʣʦʚʩʢʠʡ ʀ.ʀ. 

14:00 

ʇʈʆɻʈɸʄʄʅʆ-

ɸʇʇɸʈɸʊʅʓʁ ʂʆʄʇʃɽʂʉ 

ɼʃʗ ʇʈʆɺɽɼɽʅʀʗ ʇʈʀɽʄʆ 

ʉɼɸʊʆʏʅʓʍ ʀʉʇʓʊɸʅʀʁ 

ʉʉɼ ɼʄʅʇ ɸʣʷʝʚ ʀ.ɺ. 

14:10 

ʆɹʆʉʅʆɺɸʅʀɽ 

ʅɽʆɹʍʆɼʀʄʆʉʊʀ 

ɼʀɸɻʅʆʉʊʀʂʀ 

ʃɸɿɽʈʅʆʁ 

ʀʅɼʋʎʀʈʆɺɸʅʅʆʁ 

ʌʃʋʆʈɽʉʎɽʅʎʀʀ ɺ 

ɼʀɺɽʈʊʆʈɽ ʀʊʕʈ 

ʄʫʭʠʥ ɽ.ɽ. 
14:15 

ʇʈʆɻʈɸʄʄʅʆɽ 

ʆɹɽʉʇɽʏɽʅʀɽ 

ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʆʁ 

ɼʀɸɻʅʆʉʊʀʂʀ ɼʄʅʇ 

ʇʈʆɽʂʊɸ ʀʊʕʈ 

ʇʘʨʳʰʢʠʥ ʖ.ɸ. 

14:30 ʇʝʨʝʨʳʚ ʥʘ ʦʙʝʜ 

15:30 ʉʊɽʅɼʆɺɸʗ ʉɽʉʉʀʗ 

16:30 ʂʦʬʝ ʙʨʝʡʢ 

17:00 

ʀʉʇʓʊɸʅʀʗ ʄɸʂɽʊɸ 

ʉʀʉʊɽʄʓ ʉɹʆʈɸ 

ɼɸʅʅʓʍ ʅɸ 

ʀʄʇʋʃʔʉʅʆʄ 

17:00 

4-ʍ ʂɸɼʈʆɺʓʁ 

ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆʁ 

ʕʃɽʂʊʈʆʅʅʆ-

ʆʇʊʀʏɽʉʂʀʁ 

ʈɽɻʀʉʊʈɸʊʆʈ 



24 

ʈɽɸʂʊʆʈɽ ʀɹʈ-2 

ʆʙʫʜʦʚʩʢʠʡ ʉ.ʖ. 

ʇʆɺʓʐɽʅʅʆɻʆ 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆɻʆ 

ʈɸɿʈɽʐɽʅʀʗ 

ʂʦʨʥʠʝʥʢʦ ɼ.ʉ. 

17:15 

ʅɽʃʀʅɽʁʅʓɽ 

ʀʉʂɸɾɽʅʀʗ ɺ 

ʌʆʊʆʍʈʆʅʆɻʈɸʌɸʍ 

ʈɸɿʃʀʏʅʆɻʆ ʊʀʇɸ ʇʈʀ 

ʈɽɻʀʉʊʈɸʎʀʀ 

ʀʄʇʋʃʔʉʆɺ ɺ 

ɼʀɸʇɸɿʆʅɽ 

ɼʃʀʊɽʃʔʅʆʉʊʀ 10-13-10-8 

ʉɽʂʋʅɼʓ ɼʫʰʠʥʘ ʃ.ɸ. 

 

  



25 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʇʷʪʥʠʮʘ, 13 ʩʝʥʪʷʙʨʷ 2019 

ʉʝʢʮʠʷ 4 ʂʦʨʧʫʩʢʫʣʷʨʥʳʝ ʤʝʪʦʜʳ 

ʜʠʘʛʥʦʩʪʠʢʠ 

ʉʝʢʮʠʷ 5 ʄʠʢʨʦʚʦʣʥʦʚʳʝ ʠ 

ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʳʝ ʤʝʪʦʜʳ 

ʜʠʘʛʥʦʩʪʠʢʠ 

10:00 ʀʉʉʃɽɼʆɺɸʅʀɽ 

ʋɼɽʈɾɸʅʀʗ ɹʓʉʊʈʓʍ 

ʀʆʅʆɺ ɺ ʂʆʄʇɸʂʊʅʆʄ 

ʊʆʂɸʄɸʂɽ ʊʋʄɸʅ-3ʄ ʉ 

ʇʆʄʆʑʔʖ ʀɿʄɽʈɽʅʀʗ 

ʇʆʊʆʂʆɺ ʅɽʁʊʈʆʅʆɺ 

ʂʦʨʥʝʚ ɺ.ɸ. 

ʀɿʄɽʈɽʅʀʗ ʇʃʆʊʅʆʉʊʀ ʇʃɸɿʄʓ 

ɺ ʈɽɾʀʄɽ ʅɸ ʇʈʆʉɺɽʊ ʅɸ 

ʊʆʂɸʄɸʂɽ ʊ-10 

ʇʝʪʨʦʚ ɺ.ɻ. 

10:20 ɼɽʊɽʂʊʆʈ ʅɸ ʆʉʅʆɺɽ 

ɻʆʄʆʕʇʀʊɸʂʉʀɸʃʔʅʆʁ 

ɸʃʄɸɿʅʆʁ ʉʊʈʋʂʊʋʈʓ 

ɼʃʗ ɸʃʄɸɿʅʆɻʆ 

ʉʇɽʂʊʈʆʄɽʊʈɸ 

ʅɽʁʊʈɸʃʔʅʓʍ ʏɸʉʊʀʎ 

ɸʨʪʝʤʴʝʚ ʂ.ʂ. 

ʊɽʉʊʀʈʆɺɸʅʀɽ ɼɺʋʍʏɸʉʊʆʊʅʆɻʆ 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆɻʆ 

ʈɽʌʈɸʂʊʆʄɽʊʈɸ ʅɸ ʊʆʂɸʄɸʂɽ ʊ-

11ʄ ɸʬʦʥʠʥ ɸ. ʖ. 

10:40 ʈɸɼʀɸʎʀʆʅʅʓʁ 

ɸʅɸʃʀɿ ɼʄʅʇ ʇʈʀ 

ʈɸʉʇʆʃʆɾɽʅʀʀ ʇʆɼ 

ɼʀɺɽʈʊʆʈʆʅʆʁ 

ʂɸʉʉɽʊʆʁ ʀʊʕʈ ʇʦʨʪʥʦʚ 

ɼ.ɺ. 

ɺʃʀʗʅʀɽ 

ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʓʍ 

ʕʌʌɽʂʊʆɺ ʅɸ ʀɿʄɽʈɽʅʀʗ 

ʇʃʆʊʅʆʉʊʀ ʇʃɸɿʄʓ ɸʬʦʥʠʥ ʂ.ʖ. 

11:00 ɸʅɸʃʀʊʀʏɽʉʂɸʗ 

ʄʆɼɽʃʔ 

ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʀ 

ʋɻʃʆɺʆɻʆ 

ʈɸʉʇʈɽɼɽʃɽʅʀʗ 

ʅɽʁʊʈʆʅʆɺ ɼʃʗ 

ʅɽʁʊʈʆʅʅʆɻʆ 

ɻɽʅɽʈɸʊʆʈɸ ʅɻ 24ʄ 

ʈʦʜʠʦʥʦʚ ʈ.ʅ. 

ɼʀɸɻʅʆʉʊʀʂɸ ʕʃɽʂʊʈʆʅʅʆ-

ʎʀʂʃʆʊʈʆʅʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʅɸ 

ʊʆʂɸʄɸʂɽ ʊ-15ʄɼ. ʇɽʈʉʇɽʂʊʀɺʓ 

ʀ ʆʎɽʅʂɸ ɺʆɿʄʆɾʅʆʉʊɽʁ ʉʦʣʦʚʴʸʚ 

ʅ.ɸ. 

11:20 ʆɹɿʆʈ ʉʆɺʈɽʄɽʅʅʓʍ 

ʉʈɽɼʉʊɺ 

ʉʇɽʂʊʈʆʄɽʊʈʀʀ DD 

ʅɽʁʊʈʆʅʆɺ ʂʦʨʤʠʣʠʮʳʥ 

ʊ.ʄ. 

ʌɸɿʆʄɽʊʈ ɼʀʉʇɽʈʉʀʆʅʅʆɻʆ 

ʀʅʊɽʈʌɽʈʆʄɽʊʈɸ ʅɸ ʆʉʅʆɺɽ CO2-

ʃɸɿɽʈɸ ɻʨʠʥʝʤʘʡʝʨ ʂ.ɸ. 

11:40 ʂɸʃʀɹʈʆɺʂɸ 

ʅɽʁʊʈʆʅʅʆɻʆ 

ʉʇɽʂʊʈʆʄɽʊʈɸ ʅɸ 

ʆʉʅʆɺɽ ɾʀɼʂʆɻʆ 

ʉʎʀʅʊʀʃʃʗʊʆʈɸ BC-

501A ʀʣʴʷʩʦʚʘ ʄ.ɺ. 

ʇʈʀʄɽʅɽʅʀɽ ɸʎʇ ɼʃʗ 

ʆʇʈɽɼɽʃɽʅʀʗ ʌɸɿʓ ɺ ʃɸɿɽʈʅʆʄ 

ʀʅʊɽʈʌɽʈʆʄɽʊʈɽ ʅɸ ʊʆʂɸʄɸʂɽ ʊ-

10 ʅʝʨʫʰ ʄ.ʅ. 

12:00 ʂʦʬʝ ʙʨʝʡʢ 

12:30 ɸʅɸʃʆɻʆɺɸʗ 

ʕʃɽʂʊʈʆʅʀʂɸ ʉ 

ɸʃʄɸɿʅʓʄ 

ɼʀʅɸʄʀʂɸ ʇʈʆʌʀʃʗ 

ʕʃɽʂʊʈʆʅʅʆʁ ʇʃʆʊʅʆʉʊʀ 

ʇʃɸɿʄʓ ʉʊɽʃʃɸʈɸʊʆʈɸ ʃ-2ʄ ɺ 
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ɼɽʊɽʂʊʆʈʆʄ ɼʃʗ 

ɺʈɽʄʗʇʈʆʃɽʊʅʆʁ 

ʉʇɽʂʊʈʆʄɽʊʈʀʀ ɸʤʦʩʦʚ 

ɺ.ʅ. 

ʐʀʈʆʂʆʄ ɼʀɸʇɸɿʆʅɽ 

ʀɿʄɽʅɽʅʀʗ ʇɸʈɸʄɽʊʈʆɺ ʕʎʈ-

ʅɸɻʈɽɺɸ ʃʝʪʫʥʦʚ ɸ.ɸ. 

12:50 ʉʎʀʅʊʀʃʃʗʎʀʆʅʅʓʁ 

ʅɽʁʊʈʆʅ-ɻɸʄʄɸ 

ʉʇɽʂʊʈʆʄɽʊʈ ʉ 

ʈɸɿɼɽʃɽʅʀɽʄ 

ʉʀɻʅɸʃʆɺ ʇʆ ʌʆʈʄɽ 

ʀʄʇʋʃʔʉɸ ʇʠʥʞʝʥʠʥ ɽ.ʀ. 

13:10 ɺʈɽʄʗʇʈʆʃɽʊʅʓʁ 

ʉʇɽʂʊʈʆʄɽʊʈ 

ʀʄʇʋʃʔʉʅʓʍ 

ʅɽʁʊʈʆʅʅʓʍ ʀ 

ʂʆʇʋʉʂʋʃʗʈʅʓʍ 

ʇʆʊʆʂʆɺ ʅɸ ʆʉʅʆɺɽ 

ɸʃʄɸɿʅʆɻʆ ɼɽʊɽʂʊʆʈɸ 

ɼʃʗ ʃɸɿɽʈʅʆɻʆ 

ʊɽʈʄʆʗɼɽʈʅʆɻʆ 

ʉʀʅʊɽɿɸ 

ʈʦʜʠʦʥʦʚ ʅ.ɹ. 

13:30 ʄʆʅʀʊʆʈ ʄʆʑʅʆʉʊʀ 

ɼʆɿʓ ɹʓʉʊʈʓʍ 

ʅɽʁʊʈʆʅʆɺ ʅɸ ʆʉʅʆɺɽ 

ɸʃʄɸɿʅʆɻʆ ɼɽʊɽʂʊʆʈɸ 

ʄʝʱʘʥʠʥʦʚ ʉ.ɸ. 
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ɼʠʘʛʥʦʩʪʠʢʘ ʀʊʕʈ 
 

 

 

 

ʉʆʉʊʆʗʅʀɽ ʈɸɿʈɸɹʆʊʂʀ ɼʀɸɻʅʆʉʊʀʂʀ 

çɼʀɺɽʈʊʆʈʅʓʁ ʄʆʅʀʊʆʈɸ ʅɽʁʊʈʆʅʅʆɻʆ 

ʇʆʊʆʂɸè ʀʊʕʈ 
 

 

ʉ.ʖ. ʆʙʫʜʦʚʩʢʠʡ, ɺ.ɸ. ɺʦʨʦʙʴʝʚ, ʖ.ɸ. ʂʘʱʫʢ 

ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʠ ʧʦ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʠʠ çʈʦʩʘʪʦʤè çʇʨʦʝʢʪʥʳʡ ʮʝʥʪʨ ʀʊʕʈè 

 

 

ɼʠʘʛʥʦʩʪʠʢʘ çɼʄʅʇè ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʘ 

ʥʝʡʪʨʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ 

ʨʝʘʢʪʦʨʘ ʀʊʕʈ. ɺ ʭʦʜʝ ʟʘʱʠʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʨʝʘʣʠʟʫʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʥʝʡ, ʘ ʠʤʝʥʥʦ: 

- ʚʳʧʦʣʥʠʪʴ ʘʙʩʦʣʶʪʥʫʶ ʢʘʣʠʙʨʦʚʢʫ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʪʝʯʝʥʠʝ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ; 

- ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʥʳʡ ʚʳʭʦʜ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ DD 

ʠ DT ʧʣʘʟʤʳ ʩ ʪʨʝʙʫʝʤʳʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʢʘʤʝʨʳ ʜʝʣʝʥʠʷ (ʀʂɼ) ʩ ʨʘʜʠʘʪʦʨʦʤ 

ʠʟ ʫʨʘʥʘ 235 ʠ 238. ʕʪʠ ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʨʘʟʤʝʱʝʥʳ 

ʚʥʫʪʨʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʀʊʕʈ, ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʩʦʝʜʠʥʝʥʳ ʢ ʩʠʩʪʝʤʝ 

ʢʦʥʪʨʦʣʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. ʈʝʘʣʠʟʦʚʘʪʴ ʜʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʤʦʞʥʦ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʤʦʜʫʣʝʡ ɼʄʅʇ ʩ ʪʝʣʘ ʜʠʚʝʨʪʦʨʥʦʡ 

ȷȫȰȼȮɅ 

1 
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ʢʘʩʩʝʪʳ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ. ʉ ʵʪʦʡ 

ʮʝʣʴ ʠʥʠʮʠʠʨʦʚʘʥ ʟʘʧʨʦʩ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʨʦʝʢʪʘ (PCR).  

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ PCR, ʧʨʝʜʩʪʘʚʣʝʥ ʜʠʟʘʡʥ ʤʦʜʫʣʷ ɼʄʅʇ ʩ 

ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʠʥʪʝʛʨʘʮʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɼʄʅʇ ʚ ʥʠʞʥʝʤ 

ʧʦʨʪʫ ʠ ʚ ʧʦʨʪʦʚʦʡ ʷʯʝʡʢʝ. ɺʳʧʦʣʥʝʥʘ ʜʦʨʘʙʦʪʢʘ ʠʩʧʳʪʘʪʝʣʴʥʳʭ 

ʩʪʝʥʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʟʘʚʦʜʩʢʠʭ ʧʨʠʝʤʦ-ʩʜʘʪʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ 

(Factory Acceptance Tests) ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʚʩʝʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʩʙʦʨʝ. 

ʆʙʩʫʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʘʢʝʪʘ 3-ʭ ʢʘʥʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʜʝʪʝʢʪʦʨʦʚ ɼʄʅʇ ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʷʭ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʄʘʢʝʪ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʩ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1ʤʩ ʜʣʷ ʪʨʝʭ ʀʂɼ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʠʤʧʫʣʴʩʥʦʤ, ʬʣʫʢʪʘʮʠʦʥʥʦʤ ʠ ʪʦʢʦʚʦʤ 

ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ʀʩʧʳʪʘʥʠʷ ʤʘʢʝʪʘ ʪʨʝʭʢʘʥʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʀʂɼ ʂʅʊ30-5 ʚʳʧʦʣʥʝʥʳ ʥʘ ʠʤʧʫʣʴʩʥʦʤ 

ʙʳʩʪʨʦʤ ʨʝʘʢʪʦʨʝ ʀɹʈ-2 ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʥʝʡʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʚ 

ʆʀʗʀ (ɼʫʙʥʘ). ʉʤʦʜʝʣʠʨʦʚʘʥʳ ʨʝʞʠʤʳ ʚʳʭʦʜʘ ʥʘ ʤʦʱʥʦʩʪʴ ʠ 

ʦʩʪʘʥʦʚʢʠ ʪʦʢʘʤʘʢʘ-ʨʝʘʢʪʦʨʘ.  

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʦʪʦʙʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʧʝʨʠʦʜ 2017-2019 ʛʛ. 

ʈʘʙʦʪʘ ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʥʘ ʈʦʩʘʪʦʤʦʤ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʢʦʥʪʨʘʢʪʦʚ ˉ ʅ.4ʘ.241.9ɹ.17.1001, 

 ̄ʅ.4ʘ.241.19.18.1027 ʠ ˉ ʅ.4ʘ.241.19.19.1009. 
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ʇʈʆɽʂʊ ɺɽʈʊʀʂɸʃʔʅʆʁ ʅɽʁʊʈʆʅʅʆʁ 

ʂɸʄɽʈʓ ʀʊʕʈ 

 
 

ɻ.ɽ. ʅʝʤʮʝʚ, ʈ.ʅ. ʈʦʜʠʦʥʦʚ, ʈ.ʈ. ʍʘʬʠʟʦʚ, ʊ.ʄ. ʂʦʨʤʠʣʠʮʳʥ, ʅ.ɹ. 

ʈʦʜʠʦʥʦʚ, ʉ.ɸ. ʄʝʱʘʥʠʥʦʚ, ɺ.ʄ. ɻʦʣʘʯʝʚ 

 

 

ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʠ ʧʦ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʠʠ çʈʦʩʘʪʦʤè çʇʨʦʝʢʪʥʳʡ ʮʝʥʪʨ ʀʊʕʈè 

 

 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʝʢʪ ɺʝʨʪʠʢʘʣʴʥʦʡ 

ʅʝʡʪʨʦʥʥʦʡ ʂʘʤʝʨʳ (ɺʅʂ) ï ʜʠʘʛʥʦʩʪʠʢʠ ʀʊʕʈʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʧʣʘʟʤʝʥʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ[1]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʦʮʝʩʩ ʝʝ ʠʥʪʝʛʨʘʮʠʠ ʚ ʚʘʢʫʫʤʥʫʶ 

ʢʘʤʝʨʫ ʪʦʢʘʤʘʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʜʝʪʝʢʪʦʨʦʚ 

ʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʧʦʢʘʟʘʥʳ ʨʘʩʯʝʪʳ ʩʠʛʥʘʣʦʚ ʜʝʪʝʢʪʦʨʦʚ. 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ɺʅʂ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʩʠʩʪʝʤʦʡ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʀʊʕʈʘ. ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʜʠʘʛʥʦʩʪʠʢʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʤʝʥʷʶʱʝʛʦʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ 

ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʩ ʥʠʟʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. 

 ɺʅʂ ʩʦʜʝʨʞʠʪ 11 ʢʘʥʘʣʦʚ ʥʝʡʪʨʦʥʥʳʭ ʢʦʣʣʠʤʘʪʦʨʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʝʨʭʥʝʤ 18 ʠ ʥʠʞʥʝʤ 14 ʧʦʨʪʘʭ ʚʘʢʫʫʤʥʦʡ 

ʢʘʤʝʨʳ ʪʦʢʘʤʘʢʘ. ɼʣʷ ʨʘʙʦʪʳ ʚ ʰʠʨʦʢʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʡʪʨʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʨʘʟʣʠʯʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ: ʜʚʝ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʢʘʤʝʨʳ ʜʝʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

238U ʠ ʜʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ CVD ʘʣʤʘʟʘ. ɼʝʪʝʢʪʦʨʳ ɺʅʂ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʦʛʦ ʚʘʢʫʫʤʘ, ʚʳʩʦʢʠʭ ʥʝʡʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ ʜʦ 1012 

ʥ/ʩʤ2ʩ, ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 1,5 ʊʣ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ, 

ʢʦʪʦʨʫʶ ʧʨʠʭʦʜʠʣʦʩʴ ʨʝʰʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ï 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʬʦʥʦʚʳʡ ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʦʚ, ʚʦʟʥʠʢʘʶʱʠʡ ʠʟ-ʟʘ 
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ʥʝʡʪʨʦʥʦʚ, ʧʨʦʰʝʜʰʠʭ ʥʝ ʯʝʨʝʟ ʢʘʥʘʣ ʢʦʣʣʠʤʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ 

ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʷ. ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ɺʅʂ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʬʦʥ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʘʭ ɺʅʂ ʙʳʣʦ 

ʦʢʦʣʦ 1[2]. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʬʦʥ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʦʧʪʠʤʠʟʘʮʠʷ ʬʦʨʤʳ ʜʝʪʝʢʪʦʨʦʚ ʠ ʢʦʣʣʠʤʘʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʬʠʣʷ ʥʝʡʪʨʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ 

ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ.  

 ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʜʠʘʛʥʦʩʪʠʢʘ ɺʅʂ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʦʝʢʪʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʠʩʪʝʤʝ. 

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʢʦʥʪʨʘʢʪʦʤ ʦʪ 19.04.2018 ˉ ʅ.4ʘ.241.19.18.1027 çʈʘʟʨʘʙʦʪʢʘ, 

ʦʧʳʪʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʠʩʧʳʪʘʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʦʩʪʘʚʢʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʨʦʩʩʠʡʩʢʠʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʧʨʦʝʢʪʫ ʀʊʕʈ ʚ 2018 ʛʦʜʫè. 

 

ʃʠʪʝʨʘʪʫʨʘ. 

 

[1]  L. Bertalot, et.al. ï Concept design and integration aspects of 

ITER Vertical Neutron Camera // Proceedings of the 1st EPS 

conference on Plasma Diagnostics (ECPD2015). 14-17 April 2015 

[2]  ɹʦʨʠʩʦʚ ɸ.ɸ., ʠ ʜʨ. ï ʅʝʡʪʨʦʥʥʳʡ ʘʥʘʣʠʟ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʥʝʡʪʨʦʥʥʦʡ ʢʘʤʝʨʳ ʪʦʢʘʤʘʢʘ-ʨʝʘʢʪʦʨʘ ʀʊʕʈ // ʇʨʠʙʦʨʳ ʠ 

ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ï 2014. ï ˉ 2. ï ʉ. 5-12.  
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ʀʊʕʈ (ITER, International Thermonuclear Experimental 

Reactor) ï ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʪʝʨʤʦʷʜʝʨʥʳʡ 

ʨʝʘʢʪʦʨ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʦʪʦʨʦʛʦ ʩʝʡʯʘʩ ʚʝʜʝʪʩʷ ʥʘ ʧʣʦʱʘʜʢʝ 

ʛ.ʂʘʜʘʨʘʰ, ʚʦ ʌʨʘʥʮʠʠ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ 

ʷʚʣʷʝʪʩʷ, ʜʝʤʦʥʩʪʨʘʮʠʷ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʨʤʦʷʜʝʨʥʦʡ D-T 

ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʚʳʭʦʜʘ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʨʝʘʢʪʦʨʘ ʀʊʕʈ ʪʨʝʙʫʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʷʜʝʨʥʦʡ ʧʣʘʟʤʳ. ʆʜʥʦʡ ʠʟ 

ʩʦʟʜʘʚʘʝʤʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʢʘ 

ɸʢʪʠʚʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ɸʢʪʠʚʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʘʥʛʣʠʡʩʢʘʷ 

ʘʙʙʨʝʚʠʘʪʫʨʘ CXRS ï Charge Exchange Recombination Spectroscopy) 

ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠʣʠ ʥʘʛʨʝʚʥʦʛʦ 

ʧʫʯʢʘ ʘʪʦʤʦʚ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʦʢʘʤʘʢʘʭ. ɸʢʪʠʚʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʨʷʪʴ ʪʘʢʠʝ ʚʘʞʥʝʡʰʠʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʢʘʢ, ʠʦʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʠ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʠ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʧʣʘʟʤʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʝʛʢʠʭ ʧʨʠʤʝʩʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʣʠʝʚʦʡ 

ʟʦʣʳ), ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ ʩ ʚʳʩʦʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠ ʫʨʦʚʥʷ 

ʨʘʟʨʘʙʦʪʢʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɸʢʪʠʚʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 
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(CXRS) ʥʘ ʩʪʘʜʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʱʠʪʳ ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ 

ʜʠʘʛʥʦʩʪʠʢʠ (PDR ï Preliminary Design Review). ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ɸʢʪʠʚʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʦʢ ʠ 

ʠʩʧʳʪʘʥʠʡ ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤ ʜʘʥʥʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʫʟʣʘ 

ʧʝʨʚʦʛʦ ʟʝʨʢʘʣʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʟʘʱʠʪʥʫʶ ʰʪʦʨʢʫ ʠ ʩʠʩʪʝʤʫ 

ʦʯʠʩʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʨʦʧʫʩʢʘʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʠ ʧʨʝʮʝʟʠʦʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʢʘʣʠʙʨʦʚʢʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʦ ʜʣʠʥʘʤ ʚʦʣʥ, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʷ ʩʧʝʢʪʨʦʤʝʪʨʘ-

ʧʦʣʠʭʨʦʤʘʪʦʨʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʘʢʪʘ ˉʅ.4ʘ.241.19.19.1009 ʦʪ 26.12.2018 ʛ. 
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ʉʊɸʊʋʉ ɼʀɸɻʅʆʉʊʀʂʀ ʊʆʄʉʆʅʆɺʉʂʆɻʆ 

ʈɸʉʉɽʗʅʀʗ ɺ ɼʀɺɽʈʊʆʈɽ ʀʊʕʈ 
 

 
ɽ.ɽ. ʄʫʭʠʥ1, ʉ.ʖ. ʊʦʣʩʪʷʢʦʚ1, ɻ.ʉ. Kʫʨʩʢʠʝʚ1, ɸ.ɻ. ʈʘʟʜʦʙʘʨʠʥ1, 

ʉ.ɺ. ʄʘʩʶʢʝʚʠʯ1, ɸʣ.ʇ. ʏʝʨʥʘʢʦʚ1, ɸʥ.ʇ.ʏʝʨʥʘʢʦʚ1, 

ɸ.ʄ.ɼʤʠʪʨʠʝʚ1, ɼ.ʉ. ʉʘʤʩʦʥʦʚ1, ɸ.ɽ. ʃʠʪʚʠʥʦʚ1, ɸ.ʅ. ɹʘʞʝʥʦʚ1, 

ɸ.ʅ. ʂʦʚʘʣʴ1, ʅ.ɸ.ɹʘʙʠʥʦʚ1, ʅ.ʉ.ɾʠʣʴʮʦʚ1, ʀ.ɸ.ʍʦʜʫʥʦʚ1, 

ɺ.ɸ.ʉʦʣʦʚʝʡ1, ɸ.ʅ.ɹʘʞʝʥʦʚ1, ɺ.ɸ.ʉʝʥʠʯʝʥʢʦʚ1, ʀ.ʄ.ɹʫʢʨʝʝʚ1, 

ʃ.ɸ.ɺʘʨʰʘʚʯʠʢ1, ʇ.ɸ.ɿʘʪʳʣʢʠʥ1, ʀ.ɹ.ʊʝʨʝʱʝʥʢʦ1, ɸ.ʌ,ʂʦʨʥʝʚ2, 

ʇ.ɺ.ʏʝʨʥʘʢʦʚ3, ɸ.ʅ.ʄʦʢʝʝʚ4 
 

 

1ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ, 194021, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʫʣ. 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʘʷ, 26 
2ʃʆʉ ʆʆʆ, 199034, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2-ʷ ʣʠʥʠʷ ɺʆ, ʜ.5, ʣʠʪʝʨʘ ɹ 
3ʉʧʝʢʪʨʘʣ-ʊʝʭ, ʆʆʆ, 194223, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʫʣ. ʂʫʨʯʘʪʦʚʘ, 10 
4ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè, 123182, ʄʦʩʢʚʘ, ʧʣ. 

ʂʫʨʯʘʪʦʚʘ 1 

 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʦʤʩʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʠʚʝʨʪʦʨʘ 

ʪʦʢʘʤʘʢʘ ʀʊʕʈ. ʕʣʝʢʪʨʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʟʤʳ, ʥʫʞʜʘʶʪʩʷ ʚ 

ʠʟʤʝʨʝʥʠʷʭ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ. ɼʠʘʛʥʦʩʪʠʢʘ ʥʘʨʫʞʥʦʡ çʥʦʛʠè ʜʠʚʝʨʪʦʨʘ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʦʡ 

ʪʦʤʩʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʜʠʚʝʨʪʦʨʘ, ʜʦʧʫʩʢʘʷ ʧʨʠ ʵʪʦʤ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʝʢʪʥʳʤ ʟʘʜʘʥʠʝʤ 

ʀʊʕʈ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝʤ ʥʘ ʜʠʚʝʨʪʦʨʥʦʡ ʧʣʘʩʪʠʥʝ ʠ ʜʠʩʩʠʧʘʮʠʝʡ 

ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʠʟʣʫʯʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʠʦʥʠʟʘʮʠʦʥʥʳʤ 

ʨʘʚʥʦʚʝʩʠʝʤ ʧʨʠʤʝʩʝʡ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʨʘʚʥʦʚʝʩʠʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ 
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ʟʘʜʘʯʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʥʘʨʫʞʥʦʡ çʥʦʛʝè ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ 

ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʧʦʣʦʠʜʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʥʘ ʙʦʣʴʰʦʤ ʧʨʦʪʷʞʝʥʠʠ ʚʜʦʣʴ ʜʠʚʝʨʪʦʨʥʦʡ 

ʧʣʘʩʪʠʥʳ. ɺʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ Te~1 ʵɺ ʚʙʣʠʟʠ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʬʨʦʥʪʘ. 

ʅʘʙʣʶʜʝʥʠʝ ʨʘʩʩʝʷʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʴ ʯʝʨʝʟ ʱʝʣʝʚʦʡ ʟʘʟʦʨ ʤʝʞʜʫ ʜʠʚʝʨʪʦʨʥʳʤʠ ʢʘʩʩʝʪʘʤʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʜʠʚʝʨʪʦʨʘ ʤʝʪʦʜʦʤ ʪʦʤʩʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʘ ʪʘʢʞʝ 

ʤʘʢʝʪʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʢʘʢ ʜʣʷ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʪʘʢ ʠ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʪʦʢʘʤʘʢʦʚ 

ʙʫʜʫʱʝʛʦ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʴ: ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʘʪʦʤʦʤ (ʢʦʥʪʨʘʢʪ -

N.4k.52.9ɹ.14.1001) ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʪʦʢʘʤʘʢʘ ʀʊʕʈ. 

ʄʥʝʥʠʷ, ʚʳʨʘʞʝʥʥʳʝ ʟʜʝʩʴ, ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʦʪʨʘʞʘʶʪ ʪʦʯʢʫ ʟʨʝʥʠʷ 

ʆʨʛʘʥʠʟʘʮʠʠ ʀʊʕʈ. 
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ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ ʈɽɻʀʉʊʈɸʎʀʀ 

ʆʇʊʀʏɽʉʂʀʍ ʉʀɻʅɸʃʆɺ ɺ 

ɼʀɸɻʅʆʉʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ 

ʊʆʄʉʆʅʆɺʉʂʆɻʆ ʈɸʉʉɽʗʅʀʗ ʇʃɸɿʄʓ 

ʊɽʈʄʆʗɼɽʈʅʓʍ ʋʉʊɸʅʆɺʆʂ 
 

 

ɻ.ʉ. Kʫʨʩʢʠʝʚ1, ɸʣ.ʇ. ʏʝʨʥʘʢʦʚ1,2, ɺ.ɸ. ʉʦʣʦʚʝʡ2, ʅ.ʉ. ɾʠʣʴʮʦʚ1, 

ʀ.ɸ.ʍʦʜʫʥʦʚ1, ʉ.ʖ. ʊʦʣʩʪʷʢʦʚ1, ɽ.ɽ. ʄʫʭʠʥ1, ɸ.ʅ. ʂʦʚʘʣʴ1, ɸ.ʅ. 

ɹʘʞʝʥʦʚ1, ʉ.ɽ. ɸʣʝʢʩʘʥʜʨʦʚ1, ɺ.ɸ.ʉʝʥʠʯʝʥʢʦʚ1, ɸ.ɺ. ʃʫʢʦʷʥʦʚʘ2, 

ʇ.ɺ.ʏʝʨʥʘʢʦʚ2, ɺ.ʂ. ɻʫʩʝʚ1, ɺ.ʀ. ɺʘʨʬʦʣʦʤʝʝʚ1, ɽ.ʆ. ʂʠʩʝʣʝʚ1, 

ʖ.ɺ. ʇʝʪʨʦʚ1, ʅ.ɺ. ʉʘʭʘʨʦʚ1, ɺ.ɹ. ʄʠʥʘʝʚ1, ɸ.ʅ. ʅʦʚʦʭʘʮʢʠʡ1, 

ʄ.ʀ. ʇʘʪʨʦʚ1, ɸ.ɺ. ɻʦʨʰʢʦʚ3, ɻ.ʄ. ɸʩʘʜʫʣʠʥ3. 

 

 
1 ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ, ʉ.-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ  
2 ɸʆ ʉʧʝʢʪʨʘʣʊʝʭ, ʉ.-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
3 ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

gleb.kurskiev@gmail.com 

 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʚʝʪʦʬʠʣʴʪʨʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʣʘʟʝʨʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʥʘ ʧʣʘʟʤʝ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ (500-1070 ʥʤ). 

ʐʝʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʢʨʳʪʴ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʣʴʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠʙʦʨ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʢʘʢ ʮʝʥʪʨʘʣʴʥʦʡ, ʪʘʢ ʠ ʢʨʘʝʚʦʡ ʠ 

ʧʨʠʩʪʝʥʦʯʥʦʡ ʧʣʘʟʤʳ ʪʦʢʘʤʘʢʘ. ʆʧʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʧʨʠʙʦʨʘ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʠʝʤʘ ʠʟʣʫʯʝʥʠʷ ʚʦʣʦʢʥʦʤ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ ʩ 

ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʦʡ 0,22. ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʣʘʚʠʥʥʳʝ ʬʦʪʦʜʠʦʜʳ ʜʠʘʤʝʪʨʦʤ 1,5 ʤʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 100% 

ʵʥʝʨʛʠʠ ʩʦʙʨʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʬʦʢʫʩʠʨʫʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʜʠʘʤʝʪʨʦʤ 

1,4 ʤʤ. ʇʨʠʤʝʥʝʥʠʝ ʜʝʪʝʢʪʦʨʦʚ ʩ ʤʘʣʦʡ ʘʧʝʨʪʫʨʦʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʢʦʨʦʪʢʠʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ < 3 ʥʩ, ʯʪʦ 
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ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʢʣʘʜ ʰʫʤʦʚ ʦʪ ʬʦʥʦʚʦʛʦ ʩʚʝʪʘ ʧʣʘʟʤʳ. ɺ 

ʦʪʩʫʪʩʪʚʠʠ ʬʦʥʦʚʦʡ ʟʘʩʚʝʪʢʠ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʨʦʙʦʚʳʤ ʰʫʤʦʤ ʩʘʤʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ 

ʧʨʝʚʳʰʘʝʪ ʰʫʤʳ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʨʠ ʫʨʦʚʥʝ ʩʠʛʥʘʣʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 25 ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ (ʧʨʠʚʝʜʝʥʥʳʭ ʢʦ ʚʭʦʜʫ ʜʝʪʝʢʪʦʨʘ) 

ʠ ʚʳʰʝ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʝʨʠʬʝʨʠʡʥʦʡ ʠ ʧʨʠʩʪʝʥʦʯʥʦʡ ʧʣʘʟʤʳ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʠʛʥʘʣʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʤʦʜʫʣʝʤ ɸʎʇ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʦʛʦʚʦʡ ʧʘʤʷʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ 

ʢʦʨʧʫʩʝ ʧʨʠʙʦʨʘ ʩ ʯʘʩʪʦʪʦʡ ʦʮʠʬʨʦʚʢʠ 5, 2,5 ʠ 1 ʩʦʙʳʪʠʡ ʚ 

ʩʝʢʫʥʜʫ ʧʨʠ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 500 ʄɻʮ. ɺʨʝʤʷ ʩʯʠʪʳʚʘʥʠʷ ʠʟ 

ʘʥʘʣʦʛʦʚʦʡ ʧʘʤʷʪʠ ʩʦʩʪʘʚʣʷʝʪ 320 ʤʢʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʦʙʳʪʠʷ ʩ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ 3ʢɻʮ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʚʳʜʘʯʝʡ 

ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʠʥʪʝʨʬʝʡʩʫ Ethernet 1 GBit. 

ʇʨʦʚʝʜʝʥʥʘʷ ʘʧʨʦʙʘʮʠʷ ʜʚʫʭ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʚ ʩʦʩʪʘʚʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʊʦʤʩʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʪʦʢʘʤʘʢʝ 

ɻʣʦʙʫʩ-ʄ2 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʠ ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ 6% ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʣʘʟʤʳ 1-1,5 1019 ʤ-3 ʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʵʥʝʨʛʠʠ ʟʦʥʜʠʨʫʶʱʝʛʦ 

ʣʘʟʝʨʘ 0,4 ɼʞ.  
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ʉʉʇ1 ʀʊʕʈ 
 

 

ɼ.ɸ. ʐʝʣʫʭʠʥ 1,2, ɺ.ɸ. ɺʝʨʰʢʦʚ 1,2, ɸ.ɺ. ɻʦʨʙʫʥʦʚ1,2, ɺ.ɺ, 

ʃʫʢʴʷʥʦʚ1,2, ɺ.ɻ. ʇʝʪʨʦʚ1,3, ɼ.ɺ, ʉʘʨʳʯʝʚ1,2, ɻ.ʌ. ʉʫʙʙʦʪʠʥ1,2 

 

 

1 ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʮʝʥʪʨ çʋʧʨʘʚʣʷʝʤʳʡ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ - 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʦʝʢʪʳè (ʋʊʉ-ʎʝʥʪʨ), 123182, ʧʣ. ɸʢʘʜʝʤʠʢʘ 

ʂʫʨʯʘʪʦʚʘ, ʜ.1, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ  
2 ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʣʴʩʢʠʡ ʎʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʀʥʩʪʠʪʫʪè, 123182, ʧʣ. ɸʢʘʜʝʤʠʢʘ ʂʫʨʯʘʪʦʚʘ, ʜ. 1, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
3 ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʎʝʥʪʨ ʈʌ çʊʨʦʠʮʢʠʡ 

ʠʥʩʪʠʪʫʪ ʠʥʥʦʚʘʮʠʡ ʠ ʪʝʨʤʦʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡè, 108840, ʫʣ. 

ʇʫʰʢʦʚʳʭ, ʚʣ. 12, ʊʨʦʠʮʢ, ʈʦʩʩʠʡʩʢʘʷ ʬʝʜʝʨʘʮʠʷ  

e-mail: subbotingf@gmail.com 

 

 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ 

ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʀʊʕʈ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 

ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʩʦ ʩʪʦʨʦʥʳ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(ʨʝʬʨʝʢʪʦʤʝʪʨʘ ʉʉʇ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʪʘʪʫʩʘ 

ʨʘʟʨʘʙʦʪʢʠ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʉʉʇ ʜʣʷ ʀʊʕʈ, ʘ ʪʘʢʞʝ 

ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʥʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ. ʆʩʥʦʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʝʨʝʜʘʶʱʠʭ ʣʠʥʠʡ. 

ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ, ʠʥʪʝʛʨʘʮʠʠ, ʷʜʝʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʭʦʨʦʰʠʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʦʢ ʥʘʛʨʫʟʦʢ ʥʘ ʚʦʣʥʦʚʦʜʥʫʶ ʣʠʥʠʶ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʢʫʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ 

ʧʨʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʫʯʰʠʭ ʧʨʦʯʥʦʩʪʥʳʭ 

                                                 
1 ʉʉʇ ï ʩʪʦʨʦʥʘ ʩʠʣʴʥʦʛʦ (ʤʘʛʥʠʪʥʦʛʦ) ʧʦʣʷ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʤʝʥʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚʦʣʥʦʚʦʜʦʚ ʥʘ ʩʧʣʘʚ 718 ʜʣʷ ʚʥʫʪʨʠʢʘʤʝʨʥʦʡ ʯʘʩʪʠ ʧʝʨʝʜʘʶʱʝʡ 

ʣʠʥʠʠ. ʊʝʩʪʦʚʘʷ ʧʘʨʪʠʷ ʚʦʣʥʦʚʦʜʦʚ ʙʳʣʘ ʫʩʧʝʰʥʦ ʠʟʛʦʪʦʚʣʝʥʘ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʝʨʚʠʯʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʦʢʥʘ 

ʥʝ ʦʧʨʘʚʜʘʣʘ ʩʝʙʷ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʦʚʳʡ 

ʜʠʟʘʡʥ ʠʩʧʦʣʴʟʫʝʪ ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ ʦʢʦʥ ʠʟ 

ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ ʢ ʛʠʣʴʟʘʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʦʢʥʘ ʩ ʤʘʣʦʡ ʘʧʝʨʪʫʨʦʡ ʚ ʨʘʟʨʳʚ 

ʚʦʣʥʦʚʦʜʘ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʢʥʘ ʚ ʘʪʤʦʩʬʝʨʥʦʡ ʯʘʩʪʠ ʧʝʨʝʜʘʶʱʝʡ 

ʣʠʥʠʠ ʪʨʝʙʫʶʪʩʷ ʧʦ ʩʦʦʙʨʘʞʝʥʠʷʤ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʤʝʱʝʥʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʦʢʦʥ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʦʢʥʘ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʘ 

ʈʦʭʘʩʝʣʣ ʠ ʧʨʦʚʝʜʝʥʳ ʪʝʩʪʳ ʚ ʧʦʜʜʝʨʞʢʫ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʪʘʥʛʝʥʩ ʫʛʣʘ 

ʧʦʪʝʨʴ ʧʦʩʪʦʷʥʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 12 ʜʦ 170 ɻɻʮ, ʘ ʪʝʩʪʳ ʛʘʟʦʚʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ ʜʠʬʬʫʟʠʶ ʜʝʡʪʝʨʠʷ ʯʝʨʝʟ 

ʤʘʪʝʨʠʘʣ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʩʪʳ ʩʠʩʪʝʤʳ ʩʣʦʞʝʥʠʷ, ʨʘʩʰʠʨʝʥʥʦʡ ʜʦ 

5 ʢʘʥʘʣʦʚ. ʄʠʢʨʦʚʦʣʥʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʨʘʙʦʪʫ 

ʩʠʩʪʝʤʳ ʩʣʦʞʝʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 140 ɻɻʮ. 

ʅʦʚʳʡ ʢʘʥʘʣ ʜʣʷ ʨʘʙʦʪʳ ʩʢʚʦʟʴ ʧʣʘʟʤʫ ʙʳʣ ʚʢʣʶʯʝʥ ʚ 

ʩʦʩʪʘʚ ʜʠʘʛʥʦʩʪʠʢʠ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʝʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ 

ʠʟʤʝʨʝʥʠʶ ʩʨʝʜʥʝʭʦʨʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ. ʊʝʢʫʱʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʤ ʧʨʷʤʦʫʛʦʣʴʥʦʤ 

ʨʫʧʦʨʝ ʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʚʦʣʥʦʚʦʜʝ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ 

ʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʨʝʜʥʝʭʦʨʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ: ʥʘ ʦʩʥʦʚʝ 

ʧʦʠʩʢʘ ʥʝʚʷʟʢʠ ʤʥʦʛʦʤʝʨʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʆʙʘ ʧʦʜʭʦʜʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʪʦʯʥʦʩʪʴ ʚ ʦʩʥʦʚʥʳʭ ʩʮʝʥʘʨʠʷʭ ʨʘʙʦʪʳ ʀʊʕʈ ʠ 

ʠʭ ʨʘʟʚʠʪʠʝ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ɸʢʪʠʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʘʛʥʦʩʪʠʢʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ 

ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʜʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʩʮʝʥʘʨʠʝʚ. ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʬʣʫʢʪʫʘʮʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʘʤʧʣʠʪʫʜʦʡ 0.1% ʧʨʠʚʦʜʷʪ ʢ 
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ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʬʘʟʳ ʩʠʛʥʘʣʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ 

ʜʣʷ ʦʜʥʦʛʦ ʩʢʘʥʘ ʧʦ ʯʘʩʪʦʪʝ. ʆʜʥʘʢʦ, ʩʧʝʢʪʨ, ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ 10 

ʠʟʤʝʨʝʥʠʷʤ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʦʩʪʦʚʝʨʥʦʝ ʠʟʤʝʨʝʥʠʝ ʯʘʩʪʦʪʳ 

ʙʠʝʥʠʡ ʩ ʦʩʣʘʙʣʝʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʧʠʢʘ ʥʘ 2 ʜɹ. ɸʣʛʦʨʠʪʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʬʠʣʷ ʙʳʣ ʫʣʫʯʰʝʥ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʇʦʜʭʦʜ çʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠè ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʪʦʨʦʠʜʘʣʴʥʳʝ 

ʘʣʴʬʚʝʥʦʚʩʢʠʝ ʤʦʜʳ (ʊɸɽ ʤʦʜʳ) ʚ ʀʊʕʈ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʚʦʟʤʫʱʝʥʠʡ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 0,4 ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʨʝʬʣʝʢʪʦʤʝʪʨʦʤ. ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʦʪʢʣʠʢ ʥʘ ʚʳʟʚʘʥʥʳʝ TAE ʤʦʜʘʤʠ ʚʦʟʤʫʱʝʥʠʷ, ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʦʥʜʠʨʫʶʱʠʭ ʯʘʩʪʦʪ, ʧʦʵʪʦʤʫ ʤʝʪʦʜʠʢʘ 

ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʤʦʜ ʚ ʀʊʕʈ ʜʦʣʞʥʘ ʙʳʪʴ ʧʝʨʝʩʤʦʪʨʝʥʘ.  
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ʇɽʈɽʉʊʈɸʀɺɸɽʄʓʁ ʉʇɽʂʊʈʆʄɽʊʈ 

ɺʓʉʆʂʆɻʆ ʈɸɿʈɽʐɽʅʀʗ ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ 

ʉʇɽʂʊʈʆʉʂʆʇʀʀ ɺʆɼʆʈʆɼʅʓʍ ʃʀʅʀʁ ɺ 

ʀʊʕʈ 

 

 
ɸ.ɺ. ɻʦʨʰʢʦʚ1,2, ɻ.ʄ. ɸʩʘʜʫʣʠʥ1,2 

 

 
1ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʀʥʩʪʠʪʫʪè, ʈʦʩʩʠʷ, 123182 ʄʦʩʢʚʘ, ʧʣ. 

ʂʫʨʯʘʪʦʚʘ 1 
2ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʮʝʥʪʨ çʋʧʨʘʚʣʷʝʤʳʡ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ - 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʦʝʢʪʳè, ʈʦʩʩʠʷ, 123182 ʄʦʩʢʚʘ, ʧʣ. ʂʫʨʯʘʪʦʚʘ 

1 

 

 

ɼʠʘʛʥʦʩʪʠʢʘ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʦʜʦʨʦʜʥʳʭ ʣʠʥʠʡ ʚʭʦʜʠʪ ʚ 

ʩʧʠʩʦʢ ʜʠʘʛʥʦʩʪʠʢ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʠ ʜʦʣʞʥʘ ʥʘʯʘʪʴ ʨʘʙʦʪʫ ʩ 

ʧʝʨʚʦʡ ʧʣʘʟʤʦʡ ʥʘ ʫʩʪʘʥʦʚʢʝ ITER. ɼʣʷ ʜʘʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʨʠʙʦʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʠʪʴ ʚʢʣʘʜʳ ʜʠʚʝʨʪʦʨʥʦʛʦ ʠ ʧʨʠʩʪʝʥʦʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʠʟʤʝʨʷʝʤʳʭ ʩʠʛʥʘʣʘʭ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʧʩʝʚʜʦ 

ʘʚʪʦʢʦʣʣʠʤʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʩ ʜʚʫʤʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʨʝʰʸʪʢʘʤʠ, ʚ ʢʦʪʦʨʦʡ ʦʙʨʘʪʥʳʡ ʭʦʜ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʜʨʫʛʦʡ ʫʨʦʚʝʥʴ ʧʦ ʚʝʨʪʠʢʘʣʠ. ʊʘʢʞʝ ʜʘʥʥʘʷ 

ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʜʠʩʧʝʨʩʠʠ ʦʪ ʜʣʠʥʥʳ ʚʦʣʥʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʷ ʤʘʢʝʪʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʭ 

ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɹʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ: 

ʧʨʦʚʝʨʢʘ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʦʙʨʘʪʥʦʡ ʜʠʩʧʝʨʩʠʠ, 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʢʦʥʪʨʘʩʪʘ ʧʨʠʙʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʝʪʝʢʪʦʨʘ ʥʘ ʚʳʭʦʜʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʘʫʯʥʘʷ CMOS 

ʢʘʤʝʨʘ PCO Edge 4.2. ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʜʚʫʭ ʫʛʣʘʭ 

ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ï 65ę ʠ 75ę. ʆʙʨʘʪʥʘʷ 
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ʜʠʩʧʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2,06 ¡/ʤʤ ʠ 1,3 ¡/ʤʤ. 

ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʦʩʥʦʚʥʦʤ ʨʘʙʦʯʝʤ ʫʛʣʝ ʚ 65ę - 0,1 ¡. 

ɹʣʠʞʥʠʡ ʢʦʥʪʨʘʩʪ, ʠʟʤʝʨʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ HeNe ʣʘʟʝʨʘ, ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 0,7 ʥʤ ʦʪ ʣʘʟʝʨʥʦʡ ʣʠʥʠʠ ʩʦʩʪʘʚʠʣ 2Ŀ10-6. 

 ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦʢʘʟʘʣʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ ʠ 

ʩʦʚʧʘʜʝʥʠʝ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 
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ʉʆʆʊʅʆʐɽʅʀɽ ʉʀɻʅɸʃ/ʐʋʄ ɺ 

ʈɽʌʈɸʂʊʆʄɽʊʈʀʀ ʀʊʕʈ 
 

 

ɺʝʨʰʢʦʚ ɺ.ɸ.,1,2 ʇʝʪʨʦʚ ɺ.ɻ.,2,3 ʉʢʦʧʠʥʮʝʚ ɼ.ɸ.2,3, ʉʫʙʙʦʪʠʥ ɻ.ʌ.,1,2 

ʐʝʣʫʭʠʥ ɼ.ɸ.1,2 

 

 
1ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè (123182 ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, ʧʣ. 

ɸʢʘʜʝʤʠʢʘ ʂʫʨʯʘʪʦʚʘ, ʜ. 1) 

 2ʋʊʉ-ʮʝʥʪʨ (123182 ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, ʧʣ. ɸʢʘʜʝʤʠʢʘ ʂʫʨʯʘʪʦʚʘ, ʜ. 

1) 

 3ɸʆ ɻʅʎ ʈʌ ʊʈʀʅʀʊʀ (108840, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʫʣ. 

ʇʫʰʢʦʚʳʭ, ʚʣ. 12), vpetrov@triniti.ru 

 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʝʬʨʘʢʪʦʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʨʝʜʥʶʶ 

ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ (ʩʚʦʙʦʜʥʫʶ ʦʪ çʧʝʨʝʩʢʦʢʦʚè ʬʘʟʳ) ʚ 

ʧʣʘʟʤʝ ʪʦʢʘʤʘʢʘ ʟʘ ʩʯʝʪ ʠʟʤʝʨʝʥʠʡ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʣʘʟʤʝ [1, 2]. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʜʦʙʝʥ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʨʝʬʣʝʢʪʦʤʝʪʨʘ, ʪʦʣʴʢʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʟʦʥʜʠʨʦʚʘʥʠʝ ʧʣʘʟʤʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 

ʯʘʩʪʦʪʝ, ʥʘ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʝʤʘʷ ʧʣʘʟʤʘ ʧʨʦʟʨʘʯʥʘ, ʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʠʛʥʘʣ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʧʣʘʟʤʫ (ʩʭʝʤʘ ʩ ʦʜʥʠʤ 

ʧʨʦʭʦʜʦʤ) ʠʣʠ ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʚʘʢʫʫʤʥʦʡ 

ʢʘʤʝʨʳ (ʩʭʝʤʘ ʩ ʜʚʦʡʥʳʤ ʧʨʦʭʦʜʦʤ ʯʝʨʝʟ ʧʣʘʟʤʫ). ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ 

ʩʠʛʥʘʣʘ ʚ ʧʣʘʟʤʝ †  ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʟʦʥʜʠʨʫʝʤʦʡ ʧʣʘʟʤʳ. 

ʈʝʬʨʘʢʪʦʤʝʪʨ ʀʊʕʈ ʚʭʦʜʠʪ ʚ ʨʘʩʰʠʨʝʥʥʳʡ ʧʨʦʝʢʪ 

ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʀʊʕʈ ʩʦ ʩʪʦʨʦʥʳ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʈʉʇ, 

HFS-ʨʝʬʣʝʢʪʦʤʝʪʨ ʀʊʕʈ, HFSR), ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ ʨʝʬʨʘʢʪʦʤʝʪʨʘ ï ʥʘ ʧʨʦʩʚʝʪ [3], ʠʩʧʦʣʴʟʫʷ ʦʢʥʦ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʣʘʟʤʳ ʀʊʕʈ ʥʘ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥʝ ʤʝʞʜʫ 

ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʦʪʘʤʠ ʦʪʩʝʯʢʠ (40ï110 ɻɻʮ), ʥʠʞʝ ʯʘʩʪʦʪ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʳʭ ʨʝʟʦʥʘʥʩʘʭ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʚʳʰʝ 2.5x1020 ʤ-3, ʵʪʦ ʦʢʥʦ 
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ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʫʞʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʠʩʯʝʟʘʝʪ, ʠ ʦʞʠʜʘʝʤʳʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʨʷʝʤʳʭ ʨʝʬʨʘʢʪʦʤʝʪʨʦʤ ʧʣʦʪʥʦʩʪʝʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʚʝʨʭʫ 

ʚʝʣʠʯʠʥʦʡ ~2x1020 ʤ-3, ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ, ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʀʊʕʈ ʨʝʬʨʘʢʪʦʤʝʪʨ 

ʜʦʣʞʝʥ ʠʟʤʝʨʷʪʴ ʧʣʦʪʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 1x1018 ʤ-3. 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʨʦʝʢʪʘ HFS-

ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʀʊʕʈ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʮʝʥʢʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʨʝʬʨʘʢʪʦʤʝʪʨʠʠ ʀʊʕʈ [4] ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʠ ʩʠʛʥʘʣʘ ʥʘ ʚʩʝʭ 

ʵʣʝʤʝʥʪʘʭ ʘʥʪʝʥʥʦ-ʚʦʣʥʦʚʦʜʥʦʛʦ ʪʨʘʢʪʘ ʥʘ ʧʫʪʠ ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ ʢ 

ʧʨʠʝʤʥʠʢʫ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 40ð90 ɻɻʮ, ʜʣʷ ʧʝʨʝʜʘʶʱʝʡ 

ʘʥʪʝʥʥʳ ʨʘʟʤʝʨʘʤʠ 30ʭ120 ʤʤ (ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʦʡ ʜʣʷ 

ʨʝʬʨʘʢʪʦʤʝʪʨʘ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʘʥʪʝʥʥʘʷ ʩʠʩʪʝʤʘ ʈʉʇ, ʢʦʥʩʪʨʫʢʮʠʷ 

ʠ ʨʘʟʤʝʨʳ ʝʝ -- 18ʭ58 ʤʤ ʟʘʬʠʢʩʠʨʦʚʘʥʳ). ʉ ʮʝʣʴʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʚ ʨʝʬʨʘʢʪʦʤʝʪʨʝ ʧʨʠʥʷʪʘ 

ʦʜʥʦʧʨʦʭʦʜʥʘʷ ʩʭʝʤʘ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʨʝʬʨʘʢʪʦʤʝʪʨʘ, ʩʪʨʫʢʪʫʨʘ ʧʦʪʝʨʴ ʩʠʛʥʘʣʘ ʘʥʘʣʦʛʠʯʥʘ 

ʪʘʢʦʚʦʡ ʚ ʨʝʬʣʝʢʪʦʤʝʪʨʝ. ʊʦʣʴʢʦ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʪʝʨʴ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʦʪʝʨʠ ʚ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʝ ʨʝʬʨʘʢʪʦʤʝʪʨʘ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʩʠʛʥʘʣʘ ʦʪ ʧʝʨʝʜʘʶʱʝʡ ʢ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ʠ ʫʯʝʩʪʴ, 

ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʬʣʝʢʪʦʤʝʪʨʘ, ʚ ʨʝʬʨʘʢʪʦʤʝʪʨʝ ʀʊʕʈ ʩʠʛʥʘʣ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʦʣʥʦʚʦʜʥʦ-ʘʥʪʝʥʥʫʶ ʩʠʩʪʝʤʫ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʚ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʝ ʨʝʬʨʘʢʪʦʤʝʪʨʘ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʠʟʣʫʯʝʥʠʷ ʚ ʧʣʘʟʤʝ 

ʀʊʕʈ (ray-tracing). ʇʨʠ ʨʘʩʯʝʪʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ 

ʧʣʘʟʤʳ ʜʣʷ ʟʦʥʜʠʨʫʶʱʝʡ ʍ-ʚʦʣʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʞʠʜʘʝʤʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʜʣʷ ʩʮʝʥʘʨʠʷ ʩ ʪʦʢʦʤ 15 ʄɸ [5]. ɼʘʣʝʝ ʧʣʘʟʤʘ ʀʊʕʈ ʩ 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʍ-ʚʦʣʥʳ ʚʥʦʩʠʣʘʩʴ, ʢʘʢ ʵʣʝʤʝʥʪ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʚ ʧʘʢʝʪ ZEMAX ʩ ʘʢʪʫʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʀʊʕʈ, ʪ.ʝ. ʩ 

ʨʝʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʨʠʝʤʥʦʡ ʠ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʨʵʡ-ʪʨʝʡʩʠʥʛʘ ʩ ʫʯʝʪʦʤ 

ʨʝʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʀʊʕʈ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʚ ʠʟʤʝʨʝʥʠʷʭ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʦʮʝʥʠʚʘʣʦʩʴ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʉɺʏ 

ʤʦʱʥʦʩʪʠ ʚ ʧʦʚʦʨʦʪʘʭ, ʚʦʣʥʦʚʦʜʘʭ ʠ ʩʠʩʪʝʤʘʭ ʩʣʦʞʝʥʠʷ 
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ʜʠʘʧʘʟʦʥʦʚ [6]. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʜʚʫʭ ʉɺʏ ʜʠʘʧʘʟʦʥʦʚ U 

(40-60 ɻɻʮ) ʠ ɽ (60-90 ɻɻʮ), ʢʦʪʦʨʳʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʥʘʣ 

ʨʝʬʨʘʢʪʦʤʝʪʨʘ. ʆʮʝʥʢʠ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʜʣʷ ʨʘʙʦʪʳ ʨʝʬʨʘʢʪʦʤʝʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʨʝʞʠʤʘ ʝʛʦ ʨʘʙʦʪʳ ʩ (ʘʤʧʣʠʪʫʜʥʦʡ) ɸʄ-ʤʦʜʫʣʷʮʠʝʡ, ʩ ʫʯʝʪʦʤ 

ʚʣʠʷʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ [7] ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʧʣʘʟʤʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʤʝʱʝʥʠʝ ʧʣʘʟʤʳ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʩʠʛʥʘʣʘ ʥʘ ʧʫʪʠ ʦʪ ʧʝʨʝʜʘʶʱʝʡ 

ʢ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ, ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʩʤʝʱʝʥʠʷ ʧʣʘʟʤʳ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʨʝʬʨʘʢʪʦʤʝʪʨʘ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ ʩ ʯʝʨʝʜʫʶʱʠʤʠʩʷ 

ʤʘʢʩʠʤʫʤʘʤʠ ʠ ʤʠʥʠʤʫʤʘʤʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ ʥʘ 

ʯʘʩʪʦʪʝ, ʙʣʠʟʢʦʡ ʢ ʯʘʩʪʦʪʝ ʦʪʩʝʯʢʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʣʘʙʣʝʥʠʝ 

ʚʥʦʩʠʪ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʣʘʟʤʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʷ ʦʩʣʘʙʣʝʥʠʷ 

ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʧʨʦʭʦʜʝ ʝʛʦ ʯʝʨʝʟ ʧʣʘʟʤʫ ʜʦʩʪʘʪʦʯʥʦ 

ʦʧʪʠʤʠʩʪʠʯʥʳ ʠ ʧʦʟʚʦʣʷʶʪ, ʚ ʧʨʠʥʮʠʧʝ, ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʳʝ 

ʧʦʣʝʟʥʳʝ ʩʠʛʥʘʣʳ ʚ ʨʝʞʠʤʝ ʨʝʬʨʘʢʪʦʤʝʪʨʘ ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʙʦʣʝʝ ʫʟʢʦʧʦʣʦʩʥʦʡ ʩʭʝʤʳ ʧʨʠʝʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʤʝʥʷʝʤʦʡ ʚ 

HFSR ʀʊʕʈ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʠʘʧʘʟʦʥʝ U ʦʞʠʜʘʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʚʦ ʚʩʝʤ ʪʨʘʢʪʝ ʩʦʩʪʘʚʣʷʝʪ 33é37 ʜɹ, ʘ 

ʚ ʜʠʘʧʘʟʦʥʝ ɽ ï 24é28 ʜɹ ʧʨʠ ʨʘʙʦʪʝ ʨʝʬʨʘʢʪʦʤʝʪʨʘ ʚ ʨʝʞʠʤʝ 

ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʧʦʣʦʩʦʡ 1 ʄɻʮ. 

 

ʃʠʪʝʨʘʪʫʨʘ. 
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ʇʈʆɻʈɽʉʉ ɺ ʈɸɿʈɸɹʆʊʂɽ ʕʃɽʄɽʅʊʆɺ 

ʋʉʂʆʈʀʊɽʃʗ ʀʆʅʆɺ ɼʃʗ ɸʅɸʃʀɿɸʊʆʈɸ 

LENPA ɼʀɸɻʅʆʉʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 

ɸʊʆʄʅʓʍ ɸʅɸʃʀɿɸʊʆʈʆɺ ʅɸ ITER 
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ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʙʦʪʝ ʘʥʘʣʠʟʘʪʦʨʘ LENPA [1] ʚʳʧʦʣʥʷʝʪ 

ʫʩʢʦʨʠʪʝʣʴ ʠʦʥʦʚ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʚʪʦʨʠʯʥʳʝ ʠʦʥʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʚ ʦʙʜʠʨʦʯʥʦʡ ʧʣʝʥʢʝ ʘʥʘʣʠʟʘʪʦʨʘ, ʧʦʣʫʯʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʵʥʝʨʛʠʶ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʨʝʛʠʩʪʨʘʮʠʶ ʯʘʩʪʠʮ ʩ ʥʠʟʢʦʡ 

(<100 ʢʵɺ) ʵʥʝʨʛʠʝʡ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʬʦʥʘ ʥʝʡʪʨʦʥʥʦʛʦ ʠ 

ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʷʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʯʘʩʪʠʮ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʫʩʢʦʨʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʩʚʷʟʢʘ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʢʦʣʦʥʥ, ʦʙʨʘʟʫʶʱʘʷ ʮʝʥʪʨʘʣʴʥʳʡ ʚʘʢʫʫʤʥʳʡ 

ʢʘʥʘʣ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ. ʊʘʢ ʢʘʢ ʢʦʣʦʥʥʳ 

ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʮʝʡ ʧʝʨʚʠʯʥʦʛʦ ʚʘʢʫʫʤʘ, ʩʦ ʩʪʦʨʦʥʳ ʀʊʕʈ ʢ ʥʠʤ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ï ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʣʘʩʩʫ 

ʙʝʟʦʧʘʩʥʦʩʪʠ SIC-1 ʠ ʚʘʢʫʫʤʥʦʤʫ ʢʣʘʩʩʫ VQC1A. ʉʦʛʣʘʩʥʦ 

ʚʘʢʫʫʤʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ VQC1A ʢʦʣʦʥʥʳ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʪʝʨʤʦʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʘʨʢʠ. ʕʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʧʨʠʢʣʘʜʳʚʘʝʤʳʝ ʢ ʢʦʣʦʥʥʘʤ. 
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ɼʘʥʥʳʡ ʜʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʦʧʠʩʘʥʠʶ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʩʠʣʠʷ ʦʩʝʚʦʛʦ ʩʞʘʪʠʷ 

ʢʦʣʦʥʥ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʢʦʨʠʪʝʣʷ. ʇʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʫʩʠʣʠʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʥʦ 

ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʷ ʫʩʠʣʠʷ ʦʩʝʚʦʛʦ ʩʞʘʪʠʷ ʧʨʠ ʨʘʟʥʳʭ ʜʘʚʣʝʥʠʷʭ 

ʦʢʨʫʞʘʶʱʝʛʦ ʢʦʣʦʥʥʳ ʠʟʦʣʠʨʫʶʱʝʛʦ ʛʘʟʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʦ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʢʦʨʠʪʝʣʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʠʣʠʝ 

ʩʞʘʪʠʷ ʦʩʪʘʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʢʦʣʦʥʥ. 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ: ʛʦʩʢʦʥʪʨʘʢʪ ˉ ʅ.4ʘ.241.19.19.1009 

ʦʪ 26.12.2018, ʯʘʩʪʴ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʟʤʝʨʝʥʠʝʤ ʚʝʣʠʯʠʥʳ 

ʫʩʠʣʠʷ ʩʞʘʪʠʷ, ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ ˉ 0040-

2019-0023.  

 

ʃʠʪʝʨʘʪʫʨʘ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ 

ʜʠʘʛʥʦʩʪʠʢʠ çʅʝʡʪʨʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨè. ɼʠʘʛʥʦʩʪʠʢʘ 

çʅʝʡʪʨʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨè (ʅʉ) ʷʚʣʷʝʪʩʷ ʧʦʜʩʠʩʪʝʤʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ çɸʥʘʣʠʟʘʪʦʨ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮè (ɸʅʏ) ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʚ ʟʦʥʝ ʦʙʟʦʨʘ 

ɸʅʏ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʩ ʚʨʝʤʝʥʥʳʤ ʠ 

ʥɻʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɺ ʯʠʩʣʝ ʧʘʨʘʤʝʪʨʦʚ - ʠʦʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʨʠʪʠʷ ʚ ʧʣʘʟʤʝ 

(ʪʦʧʣʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ). ɺ ʜʠʘʛʥʦʩʪʠʢʝ ʅʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʤʘʟʥʳʝ 

ʠ ʩʪʠʣʴʙʝʥʦʚʳʝ ʜʝʪʝʢʪʦʨʳ ʥʝʡʪʨʦʥʦʚ [1]. ʇʦ ʠʟʤʝʨʝʥʠʷʤ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ ʅʉ ʠ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ ʪʨʘʥʩʧʦʨʪʘ ʥʝʡʪʨʦʥʦʚ ʤʦʞʥʦ ʪʘʢ ʞʝ ʦʮʝʥʠʪʴ 

ʚʝʣʠʯʠʥʫ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʜʝʪʝʢʪʦʨʦʚ ɸʅʏ. 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʧʣʠʚʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ 

ʨʘʟʣʠʯʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʝʪʝʢʪʦʨʦʚ ʅʉ ʢ ɼɼ ʠ ɼʊ ʥʝʡʪʨʦʥʘʤ. 

ʊʦʧʣʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ, ʨʦʞʜʸʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ɼʊ ʠ ɼɼ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ [2]. 

ɺ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʅʉ 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʅʉ, ʦʧʨʝʜʝʣʸʥ ʪʠʧ ʠ 

ʧʘʨʘʤʝʪʨʳ ʜʝʪʝʢʪʦʨʦʚ ʥʝʡʪʨʦʥʦʚ, ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʪʝʧʣʦʚʳʭ, 

mailto:A.Kovalev@iterrf.ru
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ʨʘʜʠʘʮʠʦʥʥʳʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ çʉʪʝʥʜʝ 

ʥʝʡʪʨʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠè ɸʆ ɻʅʎ ʈʌ çʊʈʀʅʀʊʀè, ʧʨʦʚʝʜʸʥ 

ʨʘʩʯʸʪ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʩʪʠʣʴʙʝʥʦʚʦʛʦ ʠ ʘʣʤʘʟʥʦʛʦ ʜʝʪʝʢʪʦʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʢʦʥʪʨʘʢʪʦʤ ʦʪ 19.04.2018 ˉ ʅ.4ʘ.241.19.18.1027 çʈʘʟʨʘʙʦʪʢʘ, 

ʦʧʳʪʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʠʩʧʳʪʘʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʦʩʪʘʚʢʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʨʦʩʩʠʡʩʢʠʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʧʨʦʝʢʪʫ ʀʊʕʈ ʚ 2018 ʛʦʜʫè. 

 

ʃʠʪʝʨʘʪʫʨʘ. 
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ɼʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘʪʦʨʦʚ ʘʪʦʤʦʚ ʧʝʨʝʟʘʨʷʜʢʠ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 11-ʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʨʪʫ ʪʦʢʘʤʘʢʘ-ʨʝʘʢʪʦʨʘ 

ʀʊʕʈ ʟʘ ʧʨʝʜʝʣʘʤʠ ʙʝʪʦʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ [1]. ʆʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʚʳʭʦʜʷʱʠʝ ʠʟ 

ʧʣʘʟʤʳ ʧʦʪʦʢʠ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʜʝʡʪʝʨʠʷ ʠ ʪʨʠʪʠʷ, ʜʘʶʱʠʝ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʦʪʦʧʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʝʡʪʝʨʠʡ-ʪʨʠʪʠʝʚʦʡ 

ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ ʚʥʫʪʨʠ ʧʣʘʟʤʳ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʘʪʦʤʦʚ ʦʪ 

ʢʘʤʝʨʳ ʨʝʘʢʪʦʨʘ ʜʦ ʘʥʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʷʤʦʡ ʚʘʢʫʫʤʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ, ʧʨʦʭʦʜʷʱʠʡ ʩʢʚʦʟʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʟʘʱʠʪʫ. ɺʦ ʚʨʝʤʷ 

ʜʝʡʪʝʨʠʡ-ʪʨʠʪʠʝʚʦʡ ʬʘʟʳ ʚʘʢʫʫʤʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʩʪʘʥʝʪ ʧʨʷʤʳʤ 

ʢʘʥʘʣʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʨʤʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʥʦʚ ʟʘ ʧʨʝʜʝʣʳ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ʈʘʩʩʝʠʚʘʷʩʴ ʥʘ ʵʣʝʤʝʥʪʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʥʝʡʪʨʦʥʳ ʙʫʜʫʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʢʘʢ ʩʘʤ ʪʨʫʙʦʧʨʦʚʦʜ, ʪʘʢ ʠ 

ʦʢʨʫʞʘʶʱʠʝ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ɼʣʷ ʦʩʣʘʙʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ 

ʨʘʜʠʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ ʚ ʤʝʞʧʦʨʪʦʚʦʤ ʠ ʧʦʨʪʦʚʦʤ ʧʦʤʝʱʝʥʠʷʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʘʷ ʥʝʡʪʨʦʥʥʘʷ ʟʘʱʠʪʘ, ʦʢʨʫʞʘʶʱʘʷ 

ʚʘʢʫʫʤʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ ʠ ʢʘʨʙʠʜ ʙʦʨʘ. ʆʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʧʦ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʦʤʫ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʢʦʤʧʣʝʢʩ 

ʥʝʡʪʨʦʥʥʦʡ ʟʘʱʠʪʳ ʘʪʦʤʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʢʦʥʪʘʢʪʥʦʡ ʜʦʟʳ ʚ ʜʚʫʭ ʟʦʥʘʭ: ʚ 

ʤʝʞʧʦʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ï 100 ʤʢɿʚ/ʯ ʯʝʨʝʟ 12 ʜʥʝʡ ʧʦʩʣʝ 

ʦʩʪʘʥʦʚʢʠ ʨʝʘʢʪʦʨʘ ʀʊʕʈ, ʠ ʚ ʧʦʨʪʦʚʦʤ ʧʦʤʝʱʝʥʠʠ ï 10 ʤʢɿʚ/ʯ 

ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʨʝʘʢʪʦʨʘ ʀʊʕʈ. ʅʘʠʙʦʣʝʝ 

ʢʨʠʪʠʯʥʳʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ 

ʜʣʷ ʤʝʞʧʦʨʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʜʥʘʢʦ, ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʥʝʡʪʨʦʥʥʦʡ 

ʟʘʱʠʪʳ ʚʦʢʨʫʛ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʛʘʙʘʨʠʪʦʚ ʟʘʱʠʪʳ ï ʝʝ 

ʜʠʘʤʝʪʨ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 80 ʩʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʟʘʱʠʪʥʦʤ ʤʦʜʫʣʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʭʦʜʦʤ 

ʚ ʚʘʢʫʫʤʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʩʠʩʪʝʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʱʠʪʫ ʚ ʚʠʜʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʢʦʣʣʠʤʘʪʦʨʘ [2]. ʂʦʥʩʪʨʫʢʮʠʷ 

ʢʦʣʣʠʤʘʪʦʨʘ ʠʤʝʝʪ ʷʯʝʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʨʦʟʨʘʯʥʦʩʪʴʶ 80% ʜʣʷ 

ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʧʣʘʟʤʳ ʠ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘʤʠ ʧʦʪʦʢʘ 

ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʝʷʥʠʝ ʥʝʡʪʨʦʥʦʚ ʚ ʧʣʘʩʪʠʥʘʭ 

ʢʦʣʣʠʤʘʪʦʨʘ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʥʝʡʪʨʦʥʥʦʡ ʟʘʱʠʪʝ 

ʧʦʨʪʦʚʦʡ ʟʘʛʣʫʰʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʛʣʘ ʨʘʟʣʝʪʘ 

ʥʝʡʪʨʦʥʦʚ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʠʭ ʧʦʪʦʢʘ, ʧʦʧʘʜʘʶʱʝʛʦ ʚ 

ʚʘʢʫʫʤʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʪʝʧʣʦʚʦʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ 

ʨʝʘʢʪʦʨʘ ʚ ʨʝʞʠʤʘʭ ʩ ʛʝʥʝʨʘʮʠʝʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 500 

ʄɺʪ, ʠʟʣʫʯʝʥʠʝ ʧʣʘʟʤʳ ʚʳʟʦʚʝʪ ʥʘʛʨʝʚ ʨʝʰʝʪʢʠ ʢʦʣʣʠʤʘʪʦʨʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 2500ʉ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʣʣʠʤʘʪʦʨʘ ʥʝʨʞʘʚʝʶʱʫʶ 

ʩʪʘʣʴ ʤʘʨʢʠ 316L(N)-IG. ʇʨʠ ʵʪʦʤ ʮʠʢʣʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ 

ʢʦʣʣʠʤʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʨʝʘʢʪʦʨʘ ʀʊʕʈ, ʠ ʦʥ 
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ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʙʝʟ ʟʘʤʝʥʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʜʝʡʪʝʨʠʡ-ʪʨʠʪʠʝʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʦʢʘʤʘʢʘ-ʨʝʘʢʪʦʨʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʝʡʪʨʦʥʥʳʡ ʢʦʣʣʠʤʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʜʨʫʛʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʘʢʫʫʤʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʩ ʧʣʘʟʤʦʡ ʨʝʘʢʪʦʨʘ, ʩ ʮʝʣʴʶ 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʜʦʟʳ ʨʘʜʠʘʮʠʠ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʛʜʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʜʠʘʛʥʦʩʪʠʢ. 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ: ʛʦʩʢʦʥʪʨʘʢʪ ˉ ʅ.4ʘ.241.19.19.1009 

ʦʪ 26.12.2018, ʯʘʩʪʴ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʘʷ ʩ ʘʥʘʣʠʟʦʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ ˉ 

0040-2019-0023 
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ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʘʥʦʚʢʦʡ ʀʊʕʈ - CODAC (Control, 

Data Acquisition and Communication) ʨʘʟʜʝʣʝʥʘ ʜʚʘ ʫʨʦʚʥʷ 

ʫʧʨʘʚʣʝʥʠʷ - ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʩʫʧʝʨʚʘʡʟʦʨ, ʟʘ ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʦʛʦ 

ʦʪʚʝʯʘʝʪ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʆʨʛʘʥʠʟʘʮʠʷ ʀʊʕʈ ʠ ʥʠʞʥʠʡ ʣʦʢʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ, ʟʘ ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʶʪ ʅʘʮʠʦʥʘʣʴʥʳʝ 

ɸʛʝʥʪʩʪʚʘ. ʉʫʧʝʨʚʘʡʟʝʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʮʝʥʪʨʘʣʴʥʦʝ ʷʜʨʦ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ (CODAC Core System), ʩʠʩʪʝʤʫ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʩʠʩʪʝʤʫ ʙʣʦʢʠʨʦʚʦʢ ʠ ʟʘʱʠʪ, ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʟʤʦʡ ʠ 

ʮʝʥʪʨʘʣʴʥʦʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʘʙʦʪʫ 

ʫʩʪʘʥʦʚʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʅʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʥʘʭʦʜʷʪʩʷ ʦʢʦʣʦ 

130 ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ ʫʩʪʘʥʦʚʢʠ. 

CODAC ʠʩʧʦʣʴʟʫʝʪ SCADA (Supervisory Control And Data 

Acquisition) EPICS. ʆʥʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʠʜʝʦʣʦʛʠʠ ʩʝʨʚʝʨ-ʢʣʠʝʥʪ ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ ʩ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ 10-40 ɻʙʠʪ/ʩʝʢ. 

ɺ ʜʦʢʣʘʜʝ ʜʘʥ ʦʙʟʦʨ ʩʦʩʪʦʷʥʠʷ ʜʝʣ ʥʘ ʬʝʚʨʘʣʴ 2019 ʛʦʜʘ ʧʦ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʘ ʪʘʢʞʝ ʧʦ ʩʠʩʪʝʤʘʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʟʘ ʢʦʪʦʨʳʝ 

ʦʪʚʝʯʘʝʪ ʈʦʩʩʠʡʩʢʦʝ ʅʘʮʠʦʥʘʣʴʥʦʝ ɸʛʝʥʪʩʪʚʦ ʀʊʕʈ (ʇʨʦʝʢʪʥʳʡ 

ʮʝʥʪʨ ʀʊʕʈ). 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ 

ʨʝʰʘʣʠʩʴ ʧʦ ʤʝʨʝ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚ 2018 ʛʦʜʫ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʝʯʥʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʝʨʝʜʘʯʠ ʠʩʭʦʜʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (Raw Data). ʊʘʢʞʝ 
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ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʦʪʦʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʞʜʫ ʟʘʱʠʱʸʥʥʦʡ ʟʦʥʦʡ ʫʩʪʘʥʦʚʢʠ 

(POZ ï Plant Operation Zone), ʚʥʝʰʥʝʡ ʟʦʥʦʡ ʥʘ ʩʘʡʪʝ ʀʊʕʈ 

(XPOZ), ʨʘʙʦʪʦʡ ʚ ʨʝʞʠʤʝ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʠ ʤʝʞʜʫ ʵʪʠʤʠ ʟʦʥʘʤʠ. 

ɼʦʢʣʘʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʬʠʟʠʢʦʚ ʠ ʠʥʞʝʥʝʨʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʂʦʥʪʨʘʢʪʫ ʩ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʂʦʨʧʦʨʘʮʠʝʡ ʈʆʉɸʊʆʄ ˉʅ.4ʘ.241.9ɹ.19.18.1027 
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ʄʆɼɽʃʔ ʎɽʅʊʈɸ ʋɼɸʃɽʅʅʆɻʆ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʉ ʋʉʊɸʅʆɺʂʆʁ ʀʊʕʈ 

 

 
ʆ. ʉʝʤʝʥʦʚ, ɸ. ʃʘʨʠʦʥʦʚ, ʉ. ʃʘʟʘʨʝʚʘ, ɽ. ʄʠʨʦʥʦʚʘ, ʉ. ʇʦʨʪʦʥʝ, 

 ɼ. ʇʦʨʪʥʦʚ, ʀ. ʉʝʤʝʥʦʚ 

 

 

ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʠʤʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤʠ ʯʣʝʥʳ 

ʢʦʦʧʝʨʘʮʠʠ ʀʊʕʈ ʧʦʩʪʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʇʝʨʝʜ ʧʦʩʪʘʚʢʦʡ ʚʦ ʌʨʘʥʮʠʶ ʥʘ 

ʧʣʦʱʘʜʢʫ ʀʊʕʈ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʠʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʧʦʩʪʘʚʢʝ, ʚʚʦʜʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʠ 

ʚ ʙʫʜʫʱʝʤ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʎʝʥʪʨ ɼʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʣʦʱʘʜʢʦʡ ʀʊʕʈ ʚ ʢʘʞʜʦʤ ʠʟ ʜʦʤʘʰʥʠʭ 

ʘʛʝʥʪʩʪʚ ʩʪʨʘʥ ʫʯʘʩʪʥʠʢʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʛʘʨʘʥʪʠʡʥʳʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʠ ʫʯʘʩʪʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠ ʜʣʷ ʮʝʣʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʦʪʨʘʙʦʪʢʠ ʬʫʥʢʮʠʡ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʄʆ ʀʊʕʈ ʚ ʈʦʩʩʠʡʩʢʦʤ 

ʇʨʦʝʢʪʥʦʤ ʎʝʥʪʨʝ ʀʊʕʈ ʩʦʟʜʘʝʪʩʷ ʤʦʜʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʮʝʥʪʨʘ 

ʫʜʘʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʀʊʕʈ (Remote 

Participation Centre - RPC) ʩ ʫʜʘʣʝʥʥʦʡ ʧʫʣʴʪʦʚʦʡ.  

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʨʝʰʘʝʪ ʜʘʥʥʘʷ ʤʦʜʝʣʴ: 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʳ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʩʘʤʠʭ ʩʝʨʚʠʩʦʚ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ 

(Unified Data Access Servers,  Data Visualization and Analysis tool, 

TermalVIP, Onedata, TERADICI, ʨʘʟʣʠʯʥʳʝ NX ʩʝʨʚʠʩʳ ʠ ʪ.ʜ.).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʜʘʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʩʝʪʷʤ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

(reliability, speed accuracy, latency). ʆʪʨʘʙʦʪʢʘ ʚʦʧʨʦʩʦʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʪʨʝʙʦʚʘʥʠʷ ʄʆ ʀʊʕʈ, 

ʌʨʘʥʮʫʟʩʢʦʛʦ ʗʜʝʨʥʦʛʦ ʈʝʛʫʣʷʪʦʨʘ ʠ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ IEC 
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62645. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʳ ʨʦʣʠ ʧʝʨʩʦʥʘʣʘ ʎʝʥʪʨʘ 

ʫʜʘʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʀʊʕʈ. 

ɼʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ RPC ʠʩʧʦʣʴʟʫʝʪ ʚʳʜʝʣʝʥʥʳʡ 

ʢʘʥʘʣ ʩʚʷʟʠ ʤʝʞʜʫ ʄʆ ʀʊʕʈ ʠ ʟʘʱʠʱʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʝʪʴʶ 

RPC, ʚ ʨʘʤʢʘʭ ʧʦʩʪʨʦʝʥʠʷ ʢʦʪʦʨʦʛʦ ʨʝʰʘʶʪʩʷ ʩʝʪʝʚʳʝ ʧʨʦʙʣʝʤʳ, 

ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʧʨʦʩʦʚ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʢʦʥʪʨʘʢʪʦʤ ˉ ʅ.4ʘ.241.19.18.1027 çʈʘʟʨʘʙʦʪʢʘ, ʦʧʳʪʥʦʝ 

ʠʟʛʦʪʦʚʣʝʥʠʝ, ʠʩʧʳʪʘʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʦʩʪʘʚʢʝ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʨʦʩʩʠʡʩʢʠʭ ʦʙʷʟʘʪʝʣʴʩʪʚ 

ʧʦ ʧʨʦʝʢʪʫ ʀʊʕʈ ʚ 2018 ʛʦʜʫè ʦʪ 19.04.2018  ʠ ʉʦʛʣʘʰʝʥʠʝʤ ʦ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ C45TD15FR ʩ ʄʆ ʀʊʕʈ. 
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ʇʈʆɽʂʊ ʈʆʉʉʀʁʉʂʆʁ ʅɸʎʀʆʅɸʃʔʅʆʁ ɹɸɿʓ 

ɿʅɸʅʀʁ ʊɽʈʄʆʗɼɽʈʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 
 

 

ɽ.ɺ. ʉʝʤʝʥʦʚ, ʉ.ʉ. ʇʦʨʪʦʥʝ, ɽ.ʖ. ʄʠʨʦʥʦʚʘ, ʆ.ʀ. ʉʝʤʝʥʦʚ, ʇ.ɸ. 

ʉʝʨʛʝʝʚ, ɻ.ʉ. ʂʠʨʥʝʚ, ʀ.ɹ. ʉʝʤʝʥʦʚ 

 

 

ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè, support@iterrf.ru 

 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʮʠʬʠʢʠ ʪʝʨʤʦʷʜʝʨʥʳʭ ʟʥʘʥʠʡ, ʠʭ 

ʪʠʧʦʚ ʠ ʟʘʜʘʯ ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʧʦʜʭʦʜ ʢ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʟʥʘʥʠʡ 

ʧʦ ʧʨʦʝʢʪʫ ʈʦʩʩʠʡʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʘʟʳ ʪʝʨʤʦʷʜʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʘʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ, ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʋʊʉ). 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʙʘʟʘ ʟʥʘʥʠʡ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʧʳʪ ʩʦʟʜʘʥʠʷ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ), ʚ ʯʘʩʪʥʦʩʪʠ ʙʘʟʠʨʫʝʤʳʡ ʥʘ 

ʧʨʦʝʢʪʝ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʀʊʕʈ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʘ ʢʣʶʯʝʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʫʩʪʘʥʦʚʢʝ ʀʊʕʈ, ʝʸ 

ʧʦʜʩʠʩʪʝʤʘʤ, ʚʢʣʶʯʘʷ ʧʦʜʩʠʩʪʝʤʳ, ʧʦʩʪʘʚʣʷʝʤʳʝ ʈʌ, ʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. ʊʘʢʞʝ ʦʙʦʙʱʝʥ ʧʝʨʝʜʦʚʦʡ ʦʧʳʪ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

(ʄɸɻɸʊʕ) ʠ ʨʦʩʩʠʡʩʢʠʭ (ʈʆʉɸʊʆʄ, ʅʀʗʋ ʄʀʌʀ) ʦʨʛʘʥʠʟʘʮʠʡ 

ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʪʦʜʦʚ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʳʤʠ 

ʟʥʘʥʠʷʤʠ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʈʦʩʩʠʡʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʘʟʳ ʟʥʘʥʠʡ ʪʝʨʤʦʷʜʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʝʢʪʘ ʀʊʕʈ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʝʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʢʦʥʪʨʘʢʪʦʤ ʦʪ 26.12.2018 ˉ ʅ.4ʘ.241.19.19.1009 çʈʘʟʨʘʙʦʪʢʘ, 

ʦʧʳʪʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʠʩʧʳʪʘʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʦʩʪʘʚʢʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʨʦʩʩʠʡʩʢʠʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʧʨʦʝʢʪʫ ʀʊʕʈ ʚ 2019 ʛʦʜʫè.  

mailto:support@iterrf.ru
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ʅɽʁʊʈʆʅʅʓɽ ɼʀɸɻʅʆʉʊʀʂʀ ʀʊʕʈ ʀ ʀʍ 

ɸɹʉʆʃʖʊʅɸʗ ʂɸʃʀɹʈʆɺʂɸ 
 

 

ɺ. ʂʨʘʩʠʣʴʥʠʢʦʚ1,2, ʃ. ɹʝʨʪʘʣʦʪ1, ʖ. ʂʘʱʫʢ2, ʅ. ʖʭʥʦʚ1,2, 

ɸ. ʉʘʢʩʝʥʘ1 ʠ ʃ. ʂʦʨʝ1 

 

 
1ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʆʨʛʘʥʠʟʘʮʠʷ ʀʊʕʈ, ʂʘʜʘʨʘʰ, ʌʨʘʥʮʠʷ; 
2ʊʦʢʘʤʘʢ ʕʥʝʨʜʞʠ ʣʪʜ, ɸʙʠʥʛʜʦʥ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ; 
3ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʠ ʧʦ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʠʠ çʈʦʩʘʪʦʤè çʇʨʦʝʢʪʥʳʡ ʮʝʥʪʨ ʀʊʕʈè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʅʝʡʪʨʦʥʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʀʊʕʈ, ʪʘʢʠʭ ʢʘʢ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʤʦʱʥʦʩʪʴ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ 

ʠʣʠ ʠʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʀʊʕʈ, ʪʘʢʠʭ ʢʘʢ 

ʨʘʜʠʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʝʡʪʨʦʥʥʳʝ ʢʘʤʝʨʳ, ʚʥʫʪʨʝʚʘʢʫʫʤʥʳʝ 

ʠ ʚʥʝʚʘʢʫʫʤʥʳʝ ʤʦʥʠʪʦʨʳ ʥʝʡʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʘʢʪʠʚʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʠ ʥʝʡʪʨʦʥʥʳʝ ʩʧʝʢʪʨʦʤʝʪʨʳ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʠʟʤʝʨʝʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 

ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ï ʧʘʨʪʥʸʨʘʭ ʀʊʕʈ ʙʫʜʫʪ ʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʠʭ ʩʠʥʝʨʛʠʷ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʠʩʢʦʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʥʝʡʪʨʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʚ ʢʦʥʢʨʝʪʥʳʭ ʤʝʩʪʘʭ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʡ ʥʘ 

ʀʊʕʈ ʧʣʘʥʠʨʫʝʪʩʷ ʢʘʤʧʘʥʠʷ ʧʦ ʢʘʣʠʙʨʦʚʢʝ ʘʙʩʦʣʶʪʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝʡʪʨʦʥʥʳʭ ʜʠʘʛʥʦʩʪʠʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ DD ʠ DT 

ʥʝʡʪʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʅʝʡʪʨʦʥʥʳʡ ʚʳʭʦʜ ʪʘʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴ 109 ʠ 1011 ʥ/ʩ ʜʣʷ DD ʠ DT ʛʝʥʝʨʘʪʦʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʣʘʟʤʘ ʙʫʜʝʪ ʵʤʠʪʠʨʦʚʘʪʴʩʷ ʪʦʯʝʯʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ, ʧʝʨʝʤʝʱʘʝʤʳʤ ʚ ʨʘʟʣʠʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʚʥʫʪʨʠ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʀʊʕʈ. ʈʘʩʯʸʪʳ ʥʝʡʪʨʦʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 



59 

ʢʦʜʦʚ ʙʫʜʫʪ ʩʨʘʚʥʝʥʳ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʜʝʪʝʢʪʦʨʦʚ ʚ ʭʦʜʝ ʵʪʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʧʨʘʚʦʢ ʢ 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʤʦʜʝʣʷʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠ ʨʘʩʯʸʪʘʭ. ʀʊʕʈ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʦʠʪʩʷ ʚ ʂʘʜʘʨʘʰʝ (ʌʨʘʥʮʠʷ), ʠ ʩʠʩʪʝʤʳ 

ʥʝʡʪʨʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ï ʦʪ 

ʨʘʟʨʘʙʦʪʢʠ ʬʠʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʛʦʪʦʚʥʦʩʪʠ ʢ 

ʧʦʩʪʘʚʢʝ. 
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ʀʥʞʝʥʝʨʥʳʝ ʚʦʧʨʦʩʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʣʘʟʤʳ 
 

 

 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʀɿɻʆʊʆɺʃɽʅʀɽ ɸʅʊɽʅʅʓ ɼʃʗ 

ʈɽʌʃɽʂʊʆʄɽʊʈʀʀ ʀʊʕʈ ʉʆ ʉʊʆʈʆʅʓ 

ʉʀʃʔʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ 
 

 

ɺ.ɸ. ɺʝʨʰʢʦʚ1,2, Micka±l Portal¯s3, ɺ.ɺ. ʃʫʢʴʷʥʦʚ1,2, ɼ.ɸ. 

ʐʝʣʫʭʠʥ1,2, Laurent Saint-Michel3 

 

 
1ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʮʝʥʪʨ çʋʧʨʘʚʣʷʝʤʳʡ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ - 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʦʝʢʪʳè (ʋʊʉ-ʎʝʥʪʨ), 123182, ʧʣ. ɸʢʘʜʝʤʠʢʘ 

ʂʫʨʯʘʪʦʚʘ, ʜ.1, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ  
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʎʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʀʥʩʪʠʪʫʪè, 123182, ʧʣ. ɸʢʘʜʝʤʠʢʘ ʂʫʨʯʘʪʦʚʘ, ʜ. 1, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
3ʌʠʨʤʘ çʂʦʥʚʝʢʩʫʤè, 514 Chemin de Saint-Jean-de-Garguier 13400 

Aubagne, France.  

e-mail: mpo@convexum.fr  

 

 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʤʥʦʛʠʭ 

ʪʝʨʤʦʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʣʦʢʘʮʠʷ ʧʣʘʟʤʳ ʩʦ ʩʪʦʨʦʥʳ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɼʣʷ ʙʘʟʦʚʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʟʨʷʜʘ ʚ ʫʩʪʘʥʦʚʢʝ ʀʊʕʈ ʣʦʢʘʮʠʷ 

ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʩʦ ʩʪʦʨʦʥʳ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʧʣʦʩʢʦʛʦ ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

ʧʦʛʣʦʱʝʥʠʷ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʮʠʢʣʦʪʨʦʥʥʦʤ ʨʝʟʦʥʘʥʩʝ. 

ȷȫȰȼȮɅ 

2 
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ʈʠʩʫʥʦʢ 1. ɼʝʪʘʣʠ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥʳ ʜʠʘʛʥʦʩʪʠʢʠ HFS 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ 

ʆʜʥʘʢʦ ʮʝʥʪʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʰʥʫʨʘ ʜʦʩʪʫʧʥʳ ʜʣʷ ʣʦʢʘʮʠʠ ʩʦ 

ʩʪʦʨʦʥʳ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʞʥʝʡ 

ʦʪʩʝʯʢʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥʳ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʧʝʨʝʜʘʯʠ ʉɺʏ ʩʠʛʥʘʣʦʚ 

ʚ ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘ ʩʪʦʨʦʥʫ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʘʥʪʝʥʥʳ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʯʘʩʪʠ ʢʘʤʝʨʳ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ 

ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʶ ʘʥʪʝʥʥʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ ʩʦ ʩʪʦʨʦʥʳ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (HFS 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ). 

ɼʠʘʛʥʦʩʪʠʢʘ ʪʨʝʙʫʝʪ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʦʙʚʦʜʝ 

ʢʘʤʝʨʳ ʠʟʣʫʯʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʤʝʱʝʥʠʷ ʘʥʪʝʥʥʳ ʚʥʫʪʨʠ ʫʟʢʦʡ ʱʝʣʠ ʤʝʞʜʫ ʙʣʘʥʢʝʪʘʤʠ ʠ 

ʤʘʣʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʚʘʨʠʘʥʪ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʜʚʫʭ 

ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʨʫʧʦʨʦʚ ʥʝʵʬʬʝʢʪʠʚʝʥ ʠʟ-ʟʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ 

ʨʫʧʦʨʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ 

ʟʝʨʢʘʣʴʥʦ-ʨʫʧʦʨʥʦʡ ʘʥʪʝʥʥʳ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʈʠʩ.1. ɸʥʪʝʥʥʘ 

ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʜʚʫʭ ʚʦʣʥʦʚʦʜʦʚ 1 ʠ 2 ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʠʟʣʫʯʘʶʱʝʛʦ ʨʫʧʦʨʘ 3, ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ 4 ʠ ʧʣʦʩʢʦʛʦ 

ʟʝʨʢʘʣʘ 5. ʎʝʥʪʨ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ 

ʢʘʤʝʨʳ ʠ ʘʥʪʝʥʥʘ 

 ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦ ʬʦʢʫʩʠʨʫʝʪ 

ʣʫʯʠ ʚ ʧʨʠʝʤʥʳʡ ʚʦʣʥʦʚʦʜ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʚʷʟʴ ʧʨʠʝʤʥʦʛʦ 

ʠ ʧʝʨʝʜʘʶʱʝʛʦ ʨʫʧʦʨʦʚ ʚ ʪʘʢʦʡ ʘʥʪʝʥʥʳ ʥʘ 10-15 ʜɹ ʙʦʣʴʰʝ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʦʜʥʘʢʦ ʘʥʪʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʣʦʞʥʘ ʜʣʷ 

1 

2 

4 

3 

5 
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ʈʠʩʫʥʦʢ 2.  

3D ʤʦʜʝʣʴ ʘʥʪʝʥʥʳ 

ʈʠʩʫʥʦʢ 3.  

ʄʘʢʝʪ ʘʥʪʝʥʥʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

(ʬʨʝʟʝʨʦʚʢʘ, ʩʚʘʨʢʘ, ʵʣʝʢʪʨʦʵʨʦʟʠʷ). ɸʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʠʚʝʣ ʢ ʚʳʙʦʨʫ ʚ ʢʘʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ (ʉʃʇ) ʠʟ ʧʦʨʦʰʢʘ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 316 L. 

ʅʘ ʈʠʩ. 2 ʧʦʢʘʟʘʥʘ 3-ʭ ʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʘ ʥʘ ʈʠʩ. 3 ʬʦʪʦʛʨʘʬʠʷ  

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʦ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʢʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʘʥʪʝʥʥʳ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʘʥʪʝʥʥʳ ʚ ʀʊʕʈ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʉʃʇ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʚʥʫʪʨʠʢʘʤʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʫʪʚʝʨʞʜʝʥʘ ʚ ʄʆ ʀʊʕʈ ʧʨʦʛʨʘʤʤʘ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʉʃʇ. ʇʨʦʚʝʜʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʪʚʝʨʞʜʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʢʚʘʣʠʬʠʢʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ SS316LN. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ (ʚ 6.6 ʨʘʟ), ʯʝʤ ʫ ʩʪʘʣʠ 

SS316LN, ʯʪʦ, ʦʜʥʘʢʦ, ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʠʤʝʥʝʥʠʶ ʠʟʜʝʣʠʡ ʠʟ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ʀʊʕʈ ʧʨʠ ʫʩʣʦʚʠʠ ʥʠʟʢʠʭ ʥʘʚʝʜʝʥʥʳʭ 

ʛʘʣʦ-ʪʦʢʦʚ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ 

ʠ ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʪʘʣʴʶ SS316 LN. ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ SLM 

ʧʦʢʘʟʘʣʠ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʘʢʫʫʤʥʳʤ ʢʨʠʪʝʨʠʷʤ ʀʊʕʈ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʟʜʝʣʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʮʝʜʫʨʳ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʀʊʕʈ. 
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ʉɺʏ ʩʚʦʡʩʪʚʘ ʘʥʪʝʥʥʳ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ ʩʧʝʮʠʘʣʴʥʦʡ 

ʙʝʟʵʭʦʚʦʡ ʢʘʤʝʨʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʩʯʝʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʅʝʡʪʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʦʚ. ʀʭ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʥʝʡʪʨʦʥʥʦʛʦ ʢʘʨʦʪʘʞʘ ʩʢʚʘʞʠʥ, ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʜʣʷ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʨʢʦʪʠʯʝʩʢʠʭ 

ʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1]. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʅɻ-24ʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʧʘʷʥʥʘʷ 

ʥʝʡʪʨʦʥʥʘʷ ʪʨʫʙʢʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʘ ʩʝʢʮʠʷ ʫʩʢʦʨʝʥʠʷ 

ʠʦʥʦʚ, ʠʩʪʦʯʥʠʢ ʠʦʥʦʚ ʇʝʥʥʠʥʛʘ, ʪʨʠʪʠʝʚʘʷ ʤʠʰʝʥʴ, ʩʠʩʪʝʤʘ 

ʥʘʧʦʣʥʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʜʝʡʪʝʨʠʡ-ʪʨʠʪʠʝʚʦʡ ʩʤʝʩʠ. ʄʝʜʠʮʠʥʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʪʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʙʦʨ ʠ 

ʦʧʪʠʤʠʟʘʮʠʶ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʘʢʪʠʚʘʮʠʠ ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʝʥʠʝ 

ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʘʮʠʝʥʪʘ ʚʦ ʚʨʝʤʷ ʶʩʪʠʨʦʚʢʠ ʧʫʯʢʘ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʊʘʢʞʝ ʟʥʘʥʠʝ ʫʨʦʚʥʷ 

ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʰʝʥʥʦʛʦ ʫʟʣʘ ʧʦʟʚʦʣʠʪ ʩʧʣʘʥʠʨʦʚʘʪʴ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʜʝʤʦʥʪʘʞ ʠ ʟʘʭʦʨʦʥʝʥʠʝ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʦʪʭʦʜʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʘʮʠʠ 

ʥʝʡʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʅɻ-24ʄ. ʈʘʩʩʤʦʪʨʝʥʦ ʜʚʘ ʩʮʝʥʘʨʠʷ 

ʨʘʙʦʪʳ ʥʝʡʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: 16 ʯʘʩʦʚ ʩ ʥʝʡʪʨʦʥʥʳʤ ʚʳʭʦʜʦʤ 

2Ĭ1010 ʥ/ʩ, ʠ 25 ʜʥʝʡ ʧʦ 4 ʯʘʩʘ ʨʘʙʦʪʳ ʩ ʚʳʭʦʜʦʤ 2Ĭ1010 ʥ/ʩ. ʉ 

ʧʦʤʦʱʴʶ ʢʦʜʘ MCNP [2] ʨʘʩʩʯʠʪʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʅɻ-24ʄ. ɼʣʷ 

ʨʘʩʯʝʪʘ ʘʢʪʠʚʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʜ FISPACT [3]. ʅʘ 

ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʘʢʪʠʚʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʬʦʨʤʠʨʦʚʘʣʩʷ ʦʙʲʝʤʥʳʡ 

ʠʩʪʦʯʥʠʢ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʪʨʘʥʩʧʦʨʪʘ ʬʦʪʦʥʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʦʟʳ.  

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʩʪʘʣʝʡ 

(03ʍ16ʅ15ʄ3, 12ʍ18ʅ10ʊ, 316L, 316L-IG), ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ 

ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʅɻ-24ʄ, ʥʘ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʦʟʳ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʥʝʡʪʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ. ɺ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʚʳʙʦʨ ʤʘʨʢʠ 

ʩʪʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʤʦʱʥʦʩʪʴ ʜʦʟʳ ʚ ʦʢʨʫʞʘʶʱʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʣʠ 316L-IG ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʤʦʱʥʦʩʪʴ ʜʦʟʳ (ʜʦ 40%) ʧʨʠ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ ʚʳʜʝʨʞʢʠ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʯʝʪ ʧʦʥʠʞʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (0,05%) 

ʢʦʙʘʣʴʪʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸɼʀɸʎʀʆʅʅʆʁ ʉʊʆʁʂʆʉʊʀ 

ʅɽʂʆʊʆʈʓʍ ʆʇʊʀʏɽʉʂʀʍ ʂʆʄʇʆʅɽʅʊ ʉɺʃ 
 

 

ɽ.ʅ. ɸʥʜʨʝʝʥʢʦ1,2, ʀ.ʀ. ʆʨʣʦʚʩʢʠʡ1,2, ʂ.ʖ. ɺʫʢʦʣʦʚ1,2, ɸ.ɻ. 

ɸʣʝʢʩʝʝʚ1,2 

 

 

1ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʀʥʩʪʠʪʫʪè, ʈʦʩʩʠʷ, 123182 ʄʦʩʢʚʘ, ʧʣ. 

ʂʫʨʯʘʪʦʚʘ 1 
2ʋʊʉ-ʎʝʥʪʨ, ʈʦʩʩʠʷ, 123182 ʄʦʩʢʚʘ, ʧʣ. ʂʫʨʯʘʪʦʚʘ 1 

 

 

ʆʧʪʠʯʝʩʢʠʝ ʢʘʥʘʣʳ ʜʠʘʛʥʦʩʪʠʢʠ çʉʧʝʢʪʨʦʩʢʦʧʠʷ 

ʚʦʜʦʨʦʜʥʳʭ ʣʠʥʠʡè (ʉɺʃ) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʧʘʪʨʫʙʢʘʭ ʀʊʕʈ. ɼʣʷ ʚʳʚʦʜʘ ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ ʠ ʧʝʨʝʜʘʯʠ ʝʛʦ ʥʘ 

ʜʝʪʝʢʪʦʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʟʝʨʢʘʣʴʥʘʷ, ʪʘʢ ʠ ʧʨʦʧʫʩʢʘʶʱʘʷ 

ʦʧʪʠʢʘ. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʪʦʢʘʤʘʢʦʚ ʥʘ ʀʊʕʈ 

ʙʫʜʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʝ ʨʘʜʠʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʦʧʫʩʢʘʶʱʝʡ ʦʧʪʠʢʠ ʩ 

ʫʯʸʪʦʤ ʵʪʦʛʦ ʬʘʢʪʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ 2-ʭ ʪʠʧʦʚ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʦʣ ʂʋ-1 ʠ ʂʉ-

4ɺ, ʥʝʩʢʦʣʴʢʠʭ ʤʘʨʦʢ ʩʪʸʢʦʣ ʪʠʧʘ ʬʣʠʥʪ, ʘ ʪʘʢʞʝ 3-ʭ ʪʠʧʦʚ 

ʢʚʘʨʮʝʚʦʛʦ ʦʧʪʦʚʦʣʦʢʥʘ.  

 ʆʩʥʦʚʥʳʤ ʢʘʥʜʠʜʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʚʘʢʫʫʤʥʳʭ ʩʪʸʢʦʣ ʜʣʷ ʀʊʕʈ ʷʚʣʷʝʪʩʷ ʧʣʘʚʣʝʥʳʡ 

ʢʚʘʨʮ. ʆʞʠʜʘʝʤʘʷ ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʥʘ ʚʘʢʫʫʤʥʳʝ ʦʢʥʘ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʘʪʨʫʙʢʘʭ ʀʊʕʈ ʩʦʩʪʘʚʣʷʝʪ ~108 ʩʤ-2ʩ-1, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʣʶʝʥʩʫ 2Ĭ1015 ʩʤ-2 ʟʘ ʚʩʸ ʚʨʝʤʷ ʞʠʟʥʠ ʀʊʕʈ. ɺ 

ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʀʥʩʪʠʪʫʪè ʥʘ ʨʝʘʢʪʦʨʝ ʀʈ-8 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʦʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʢʚʘʨʮʘ ʂʋ-1 ʠ ʂʉ-4ɺ ʪʦʣʱʠʥʦʡ 1 ʩʤ ʜʦ 

ʬʣʶʝʥʩʘ 6Ĭ1016 ʩʤ-2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʛʨʘʜʘʮʠʷ 

ʧʨʦʧʫʩʢʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚʚʠʜʫ ʥʘʚʝʜʸʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

(ʅʆʇ) ʥʝ ʧʨʝʚʳʰʘʝʪ 5% ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ [1]. 

ʉʪʸʢʣʘ ʪʠʧʘ ʬʣʠʥʪ ʚ ʧʘʨʝ ʩ ʢʚʘʨʮʝʚʳʤʠ ʩʪʸʢʣʘʤʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʀʊʕʈ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʭʨʦʤʘʪʠʯʝʩʢʠʭ 
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ʦʙʲʝʢʪʠʚʦʚ. ʅʦ, ʧʦʩʢʦʣʴʢʫ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʘʥʥʳʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʤʘʨʦʢ ʬʣʠʥʪʦʚ ʢ 

ʥʝʡʪʨʦʥʥʦʤʫ ʦʙʣʫʯʝʥʠʶ, ʚ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʀʥʩʪʠʪʫʪè ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʩʪʸʢʣʘ ʰʝʩʪʠ ʤʘʨʦʢ. ʆʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʨʝʘʢʪʦʨʝ ʀʈ-8 ʠ ʚʝʣʦʩʴ ʜʦ ʜʚʫʭ ʬʣʶʝʥʩʦʚ ~1012 ʩʤ-

2 ʠ ~1015 ʩʤ-2, ʯʪʦ ʨʝʣʝʚʘʥʪʥʦ ʬʣʶʝʥʩʘʤ ʚ ʟʦʥʘʭ ʷʯʝʡʢʠ ʧʦʨʪʘ ʠ 

ʧʨʦʤʝʞʫʪʢʘ ʧʦʨʪʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʀʊʕʈ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʠʙʦʣʴʰʫʶ ʨʘʜʠʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʪʸʢʣʘ 

ʤʘʨʦʢ ʌ108 ʠ ʊʌ200. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʦʥʝ ʷʯʝʡʢʠ ʧʦʨʪʘ 

ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʩʪʝʢʣʦ ʌ108 ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʥʦ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʧʨʦʧʫʩʢʘʥʠʝʤ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʘ ʝʛʦ ʅʆʇ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʜʦ ʬʣʶʝʥʩʘ ~1012 ʩʤ-2 ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,5 ʜɹ/ʩʤ. ʌʣʠʥʪ ʤʘʨʢʠ ʊʌ-200 ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʦʥʝ ʧʨʦʤʝʞʫʪʢʘ ʧʦʨʪʘ, ʪ.ʢ. ʦʥ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʙʦʣʴʰʫʶ ʨʘʜʠʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʜʦ ʬʣʶʝʥʩʘ ~1015 ʩʤ-2, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʠʥʷʷ ʛʨʘʥʠʮʘ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʵʪʦʛʦ ʩʪʝʢʣʘ ʥʘʯʠʥʘʝʪʩʷ ʚ 

ʨʘʡʦʥʝ 450 ʥʤ [2].   

ʆʧʪʦʚʦʣʦʢʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʀʊʕʈ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ ʥʘ ʫʜʘʣʝʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʧʫʣʴʪʦʚʦʡ. ɺ ʤʝʩʪʝ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ ʧʦ 

ʦʮʝʥʢʘʤ ʥʝ ʧʨʝʚʳʩʠʪ 10 ʢɻʨ (ʧʦ ʢʨʝʤʥʠʶ). ɼʣʷ ʚʳʙʦʨʘ 

ʧʦʜʭʦʜʷʱʝʛʦ ʪʠʧʘ ʦʧʪʦʚʦʣʦʢʥʘ ʥʘ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʝ ɻʋʊ-200ʄ 

ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʦʙʨʘʟʮʳ 3-ʭ ʪʠʧʦʚ. ɺ ʪʝʩʪʘʭ ʠʟʤʝʨʝʥʠʷ ʅʆʇ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʚʦʜʦʨʦʞʝʥʥʳʝ 

ʢʚʘʨʮʝʚʳʝ ʚʦʣʦʢʥʘ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʀʊʕʈ, ʠʭ ʅʆʇ ʚ ʦʧʪʠʯʝʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,1 ʜɹ/ʤ ʧʨʠ ʥʘʙʨʘʥʥʦʡ ʜʦʟʝ 15 ʢɻʨ (ʧʦ 

ʢʨʝʤʥʠʶ) [3].  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʙʦʨ 

ʧʦʜʭʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʧʫʩʢʘʶʱʝʡ ʦʧʪʠʢʠ, 

ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʜʠʘʛʥʦʩʪʠʢʠ ʉɺʃ ʥʘ ʀʊʕʈ. 
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ʃʠʪʝʨʘʪʫʨʘ. 
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ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʉɺʆʁʉʊɺ 

ʂɽʈɸʄʀʂʀ ɼʃʗ ɿɸʑʀʊʓ ʇʆʈʊʇʃɸɻʆɺ ʀʊʕʈ 
 

 

ʐʦʰʠʥ ɸ.ɸ.1,2, ɹʫʨʜʘʢʦʚ ɸ.ɺ.1,3, ʀʚʘʥʮʠʚʩʢʠʡ ʄ.ɺ.1,3, ʇʦʣʦʩʘʪʢʠʥ 

ʉ.ɺ.1,2,3, 

ʂʣʠʤʝʥʢʦ ʄ.ɺ. 1,3, ʉʝʤʝʥʦʚ ɸ.ʄ.1,3
, ʊʘʩʢʘʝʚ ʉ.ʖ.

1,2, ʂʘʩʘʪʦʚ ɼ.ɸ.1, 

ʄʘʢʘʨʦʚ ɸ.ʅ.1 

 

 

1ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ 

2ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ 
3ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʅʦʚʦʩʠʙʠʨʩʢ 

 

 

ʇʦ ʩʧʝʮʠʬʠʢʘʮʠʠ ʀʊʕʈ, ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʩʦʥʘʣʦʤ 

ʦʙʩʣʫʞʠʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ ʚʙʣʠʟʠ ʚʘʢʫʫʤʥʦʛʦ 

ʬʣʘʥʮʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʨʪʘ ʯʝʨʝʟ 106 ʩ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʨʘʙʦʪʳ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʤʝʥʝʝ 100 ʤʢɿʚ/ʯ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʦʩʣʘʙʣʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʠʟ ʧʣʘʟʤʳ ʙʦʣʝʝ ʯʝʤ ʚ 

107 ʨʘʟ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʡʪʨʦʥʥʦʡ ʟʘʱʠʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʨʪ-ʧʣʘʛʘʭ ʪʦʢʘʤʘʢʘ ʀʊʕʈ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʝʨʘʤʠʢʫ ʠʟ ʢʘʨʙʠʜʘ ʙʦʨʘ. ɺ ʭʦʜʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʀʊʕʈ ʥʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ 

ʢʝʨʘʤʠʢʠ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʀʊʕʈ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʟʘʜʘʯʘ 

ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʢʘʨʙʠʜ ʙʦʨʘ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʨʪʘʭ.  

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚʘʢʫʫʤʥʳʭ ʠ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ ʥʘ 

ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʥʘ ʨʦʩʩʠʡʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. ʆʙʨʘʟʮʳ ʢʝʨʘʤʠʢʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʆʆʆ 

çɺʠʨʠʘʣè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ɸʆ çʅʕɺɿ-ʂʝʨʘʤʠʢʩè (ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ), ʆʆʆ ɹʠʬʦʨʩ (ʛ. ʊʚʝʨʴ). ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʡ, ʨʝʘʢʮʠʦʥʥʦʩʧʝʯʝʥʥʳʡ, ʩʧʝʯʝʥʥʳʡ ʢʘʨʙʠʜ 

ʙʦʨʘ, ʘ ʪʘʢʞʝ ʠʩʭʦʜʥʳʡ ʧʦʨʦʰʦʢ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʤʝʪʦʜ, ʘ ʪʘʢʞʝ ʥʝʡʪʨʦʥʥʳʡ 

ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʤʝʪʦʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʘʷ ʠ 

ʩʧʝʯʝʥʥʘʷ ʢʝʨʘʤʠʢʘ ʩʦʜʝʨʞʠʪ ʥʝ ʙʦʣʝʝ 1 % ʨʘʟʨʝʰʝʥʥʳʭ ʧʨʠʤʝʩʝʡ. 

ʇʨʦʚʝʜʝʥʳ ʪʝʩʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʛʘʟʦʦʪʜʝʣʝʥʠʷ ʚ 

ʚʘʢʫʫʤ ʩʦʛʣʘʩʥʦ ITER Vacuum Handbook. ɼʣʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ 

ʧʦʨʪ-ʧʣʘʛʘ ˉ11 ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʧʦʣʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʢʘʨʙʠʜʘ ʙʦʨʘ. 

ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʢʦʥʪʘʢʪʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ 

ʛʨʘʥʠʮʝ ʢʝʨʘʤʠʢʠ ʢʘʨʙʠʜʘ ʙʦʨʘ ʠ CuCrZr ʙʨʦʥʟʳ. ʀʟ ʙʨʦʥʟʳ ʙʫʜʫʪ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʪʨʝʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʢʝʨʘʤʠʢʘ ʙʫʜʝʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚ ʧʦʨʪ-ʧʣʘʛʘʭ ʀʊʕʈ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʘ 

ʛʨʘʥʠʮʝ ʙʨʦʥʟʳ ʠ ʢʝʨʘʤʠʢʠ ʚʣʠʷʝʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʢʝʨʘʤʠʢʠ ʢʘʢ 

ʧʨʠ ʧʨʦʛʨʝʚʝ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʀʊʕʈ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʪʘʢ ʠ 

ʧʨʠ ʨʘʙʦʪʝ ʧʦʨʪʘ ʧʦʜ ʥʝʡʪʨʦʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʚʦ ʚʨʝʤʷ ʨʘʟʨʷʜʦʚ.  
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ʇʈʆɻʈɽʉʉ ɺ ʈɸɿʈɸɹʆʊʂɽ ʅɽʁʊʈʆʅʅʆʁ ʀ 

ʄɸɻʅʀʊʅʆʁ ɿɸʑʀʊʓ ɼʀɸɻʅʆʉʊʀʏɽʉʂʆʁ 

ʉʀʉʊɽʄʓ ɸʊʆʄʅʓʍ ɸʅɸʃʀɿɸʊʆʈʆɺ ʅɸ ITER  
 

 

ɸ.ʉ. ʅʘʚʦʣʦʮʢʠʡ1, ɺ.ʀ. ɸʬʘʥʘʩʴʝʚ1, ɸ.ɼ. ʄʝʣʴʥʠʢ1, ʄ.ʀ. 

ʄʠʨʦʥʦʚ1, ɺ.ɻ. ʅʝʩʝʥʝʚʠʯ1, ʄ.ʇ. ʇʝʪʨʦʚ1, ʉ.ʗ. ʇʝʪʨʦʚ1, ʌ.ɺ. 

ʏʝʨʥʳʰʝʚ1, ʀ.ɺ. ɸʣʝʢʩʘʥʜʨʦʚ2, ɻ.ɺ. ʄʘʨʠʥʠʥ2, ɸ.ʂ. ɺʘʣʝʝʚ3, ɸ.ʀ. 

ʄʘʨʢʝʣʦʚ3, ɸ.ʇ. ʊʝʨʝʰʝʥʦʢ3, ʀ.ɺ. ʂʝʜʨʦʚ4, ɹ.ɺ. ʃʶʙʣʠʥ4, ʅ.ʌ. 

ʐʠʣʢʠʥ4 

 

 

1ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʆʆʆ çʈʋʉʉʂʀɽ ʊɽʍʅʆʃʆɻʀʀè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
3ʆʆʆ ʅʇʇ çʄʝʪʘʣʣ-ʂʦʤʧʦʟʠʪè, ʋʣʴʷʥʦʚʩʢ, ʈʦʩʩʠʷ 
4ɸʆ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʠʤ. ɼ.ɺ. ɽʬʨʝʤʦʚʘè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʘʪʦʤʥʳʭ 

ʘʥʘʣʠʟʘʪʦʨʦʚ ʥʘ ʀʊʕʈ ʷʚʣʷʶʪʩʷ ʠʩʧʫʩʢʘʝʤʳʝ ʧʣʘʟʤʦʡ ʧʦʪʦʢʠ 

ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʜʝʡʪʝʨʠʷ ʠ ʪʨʠʪʠʷ. ʀʟʤʝʨʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʵʪʠʭ ʘʪʦʤʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʦʪʦʧʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʝʡʪʝʨʠʡ-ʪʨʠʪʠʝʚʦʡ 

ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ ʚʥʫʪʨʠ ʧʣʘʟʤʳ. ʂʦʥʪʨʦʣʴ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʚʘʞʥʦʩʪʠ ï ʝʸ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʛʦʨʝʥʠʷ. 

ʇʨʦʪʦʪʠʧʳ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʀʊʕʈ, ʫʞʝ ʙʳʣʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʨʫʧʥʝʡʰʠʭ ʪʦʢʘʤʘʢʘʭ: JET (ɽʚʨʘʪʦʤ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) [1, 2], TFTR (ʉʐɸ) [3], JT-60U (ʗʧʦʥʠʷ) [4]. ʊʝʤ 

ʥʝ ʤʝʥʝʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʘʥʘʣʠʟʘʪʦʨʦʚ ʘʪʦʤʦʚ ʜʣʷ ʀʊʕʈ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʧʨʠʥʷʪʠʷ ʥʦʚʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ. 
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ɺʦ-ʧʝʨʚʳʭ, ʥʘʣʠʯʠʝ ʨʘʩʩʝʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʜʦʩʪʠʛʘʶʱʝʛʦ 103 ɻʩ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ 

ʢʘʢ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʘʥʘʣʠʟʘʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʝʪʝʢʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʨʘʩʩʝʷʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʘʥʘʣʠʟʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ 

ʢʘʞʜʦʛʦ ʠʟ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʤʘʛʥʠʪʥʦʡ ʟʘʱʠʪʳ ʜʣʷ ʜʝʪʝʢʪʦʨʥʳʭ ʤʦʜʫʣʝʡ. 

 ɺʦ-ʚʪʦʨʳʭ, ʚʦ ʚʨʝʤʷ ʜʝʡʪʝʨʠʡ-ʪʨʠʪʠʝʚʦʡ ʬʘʟʳ 

ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʪʦʢʠ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʙʫʜʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʠʥʪʝʥʩʠʚʥʳʤʠ ʧʦʪʦʢʘʤʠ ʪʝʨʤʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʚʘʢʫʫʤʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʠ ʦʢʨʫʞʘʶʱʠʝ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʫʜʦʚʣʝʪʚʦʨʷʣ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʧʨʠʤʝʥʷʝʤʳʤ ʥʘ ʀʊʕʈ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʥʝʡʪʨʦʥʥʦʡ 

ʟʘʱʠʪʳ ʢʘʢ ʚʦʢʨʫʛ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʘʢ ʠ ʚʦʢʨʫʛ ʘʥʘʣʠʟʘʪʦʨʦʚ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʤʘʛʥʠʪʥʳʭ 

ʵʢʨʘʥʦʚ ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ ʠ ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʥʝʡʪʨʦʥʥʦʡ ʟʘʱʠʪʳ. ʆʧʠʩʘʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʵʢʨʘʥʘ ʘʥʘʣʠʟʘʪʦʨʘ HENPA ʚ ʢʦʪʦʨʫʶ 

ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʥʝʡʪʨʦʥʥʘʷ ʟʘʱʠʪʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʵʣʝʤʝʥʪʦʚ ʥʝʡʪʨʦʥʥʦʡ ʟʘʱʠʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ: ʛʦʩʢʦʥʪʨʘʢʪ ˉ ʅ.4ʘ.241.19.19.1009 

ʦʪ 26.12.2018, ʯʘʩʪʴ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʘʷ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʚʳʧʦʣʥʝʥʘ ʚ 

ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ ˉ 0040-2019-0023. 
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ʊʆʅʂʀʍ ʉʎʀʅʊʀʃʃʗʊʆʈʆɺ ʅɸ ɺʍʆɼʅʓɽ 
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ʄʝʣʴʥʠʢ ɸ.ɼ., ɸʬʘʥʘʩʴʝʚ ɺ.ʀ., ʂʦʟʣʦʚʩʢʠʡ ʉ.ʉ.1, ʄʠʨʦʥʦʚ ʄ.ʀ., 

ʅʘʚʦʣʦʮʢʠʡ ɸ.ʉ., ʅʝʩʝʥʝʚʠʯ ɺ.ɻ., ʇʝʪʨʦʚ ʄ.ʇ., ʇʝʪʨʦʚ ʉ.ʗ., 
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ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈʦʩʩʠʡʩʢʦʡ 
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ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦè, ʈʦʩʩʠʷ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʇʦʣʠʪʝʭʥʠʯʝʩʢʘʷ 29, 195251 

E-mail: amelnik@npd.ioffe.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʚʝʜʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʘʪʦʤʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ [1, 2] 

ʜʣʷ ʩʪʨʦʷʱʝʛʦʩʷ ʪʦʢʘʤʘʢʘ-ʨʝʘʢʪʦʨʘ ITER. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʧʨʠʙʦʨʦʚ ï ʘʥʘʣʠʟʘʪʦʨʦʚ LENPA ʠ HENPA, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʘʪʦʤʦʚ ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʧʣʦʚʳʭ (10 ï 200 ʢʵɺ) ʠ ʥʘʜʪʝʧʣʦʚʳʭ (ʜʦ 2.2 ʄʵɺ)  

ʵʥʝʨʛʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʘʥʘʣʠʟʘʪʦʨʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʛʦʨʝʥʠʷ ʜʝʡʪʝʨʠʡ-ʪʨʠʪʠʝʚʦʡ ʧʣʘʟʤʳ ʪʦʢʘʤʘʢʘ ʀʊʕʈ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʠ ʛʘʤʤʘ-ʬʦʥʘ. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ ʚ ʘʥʘʣʠʟʘʪʦʨʘʭ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʤʥʦʛʦʘʥʦʜʥʳʭ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ (ʌʕʋ) 

HAMAMATSU H8500D ʠ ʢʨʠʩʪʘʣʣʦʚ CsI(Tl). ʇʨʠʤʝʥʝʥʠʝ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʤʠʢʨʦʥʥʦʡ ʪʦʣʱʠʥʳ (2-27 ʤʢʤ), ʥʘʥʝʩʝʥʥʳʭ ʥʘ 

ʚʭʦʜʥʳʝ ʦʢʥʘ ʌʕʋ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʝʢʪʦʨʳ ʠʦʥʦʚ ʩ ʤʘʣʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʥʝʡʪʨʦʥʘʤ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤ [3, 4]. ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ 
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ʜʝʪʝʢʪʦʨʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ɺ 

ʥʘʯʘʣʝ ʥʘ ʧʦʜʣʦʞʢʠ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘʥʦʩʠʪʩʷ ʩʮʠʥʪʠʣʣʷʪʦʨ ʪʨʝʙʫʝʤʦʡ 

ʪʦʣʱʠʥʳ. ʇʦʩʣʝ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘʧʳʣʝʥʥʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ 

ʧʦʜʣʦʞʢʠ ʧʨʠʢʣʝʠʚʘʶʪʩʷ c ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʢʣʝʷ ʥʘ ʚʭʦʜʥʦʝ 

ʦʢʥʦ ʤʥʦʛʦʘʥʦʜʥʦʛʦ ʌʕʋ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʧʦʤʦʱʠ ʠʩʪʦʯʥʠʢʘ 

ʘʣʴʬʘ-ʯʘʩʪʠʮ. ɺ ʜʦʢʣʘʜʝ ʦʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʵʪʘʧʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʠʥ ʠʭ ʧʨʦʠʟʚʝʜʝʥʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ: ʛʦʩʢʦʥʪʨʘʢʪ ˉ ʅ.4ʘ.241.19.19.1009 

ʦʪ 26.12.2018, ʯʘʩʪʴ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ 

ʛʦʩʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ ˉ 0040-2019-0023 

 

ʃʠʪʝʨʘʪʫʨʘ. 
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ɺ ʧʨʦʝʢʪʥʦʤ ʮʝʥʪʨʝ ʀʊʕʈ ʩʦʟʜʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʩʪʝʥʜʦʚʳʡ ʢʦʤʧʣʝʢʩ çɸʣʤʘʟʥʳʡ ʜʝʪʝʢʪʦʨè. ʎʝʣʴ ʩʪʝʥʜʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʘʣʤʘʟʥʳʭ ʜʝʪʝʢʪʦʨʦʚ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʜʣʷ ʪʝʨʤʦʷʜʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʀʊʕʈ, ʘ 

ʪʘʢʞʝ ʘʣʤʘʟʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉʪʝʥʜʦʚʳʡ 

ʢʦʤʧʣʝʢʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʪʘʢ ʠ ʜʝʪʝʢʪʦʨʦʚ ʚ ʮʝʣʦʤ. ɺ ʩʦʩʪʘʚ ʩʪʝʥʜʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʷʪ ʥʘʧʳʣʠʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʧʝʯʴ ʜʣʷ ʦʪʞʠʛʘ ʢʨʠʩʪʘʣʣʦʚ, ʣʘʟʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʫʩʪʘʥʦʚʢʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʠʢʨʦʩʚʘʨʢʠ, ʫʯʘʩʪʦʢ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʘʣʤʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʜʝʪʝʢʪʦʨʦʚ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ 

ʩʦʩʪʦʠʪ ʠʟ ʵʪʘʧʦʚ: ʦʪʞʠʛ ʢʨʠʩʪʘʣʣʦʚ, ʭʠʤʠʯʝʩʢʘʷ ʠ ʠʦʥʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʥʘʧʳʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʥʪʘʢʪʦʚ, ʧʨʠʚʘʨʢʘ ʪʦʢʦʚʦʜʦʚ ʠ ʤʦʥʪʘʞ ʜʝʪʝʢʪʦʨʘ. 

ɼʣʷ ʦʪʞʠʛʘ ʘʣʤʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʚʘʢʫʫʤʥʘʷ ʧʝʯʴ RD WEBB 117, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʞʠʛ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 2000ʦʉ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʨʘʥʝʥʠʶ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʘ. ʋʯʘʩʪʦʢ ʭʠʤʠʯʝʩʢʦʡ 
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ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʦʩʥʘʩʪʢʠ, ʧʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ, ʘ 

ʪʘʢʞʝ ʢʦʨʧʫʩʦʚ ʠ ʜʝʪʘʣʝʡ ʜʝʪʝʢʪʦʨʦʚ ʧʝʨʝʜ ʩʙʦʨʢʦʡ. ʅʘ ʫʯʘʩʪʢʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʢʠʩʣʦʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʩʦʣʷʥʘʷ, ʘʟʦʪʥʘʷ, ʩʝʨʥʘʷ, ʦʨʪʦʬʦʩʬʦʨʥʘʷ, ʱʝʣʦʯʠ, ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ (ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ, ʘʮʝʪʦʥ), ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʠ 

ʜʝʠʦʥʠʟʦʚʘʥʥʘʷ ʚʦʜʘ. 

ʅʘʧʳʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ. ʂʦʤʧʣʝʢʩ ʦʩʥʘʱʝʥ 

ʚʘʢʫʫʤʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ ʜʣʷ ʥʘʧʳʣʝʥʠʷ ʢʦʥʪʘʢʪʦʚ 

ʘʣʤʘʟʥʳʭ ʜʝʪʝʢʪʦʨʦʚ çʌɽʈʄʀ 450-ɼʀè ʠ ʪʨʝʤʷ ʥʘʩʪʦʣʴʥʳʤʠ 

ʥʘʧʳʣʠʪʝʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ çDESK Vè. ɺʘʢʫʫʤʥʘʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʧʳʣʝʥʠʷ ʢʦʥʪʘʢʪʦʚ ʘʣʤʘʟʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ çʌɽʈʄʀ 450-ɼʀè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʚ ʤʘʛʥʝʪʨʦʥʥʦʤ ʨʘʟʨʷʜʝ. ʋʩʪʘʥʦʚʢʘ 

ʧʦʟʚʦʣʷʝʪ ʥʘʧʳʣʷʪʴ ʦʜʥʦ- ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʠʤʝʝʪ 3 ʤʘʛʥʝʪʨʦʥʘ ʠ ʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ. ʆʧʝʨʘʮʠʠ ʠʦʥʥʦʡ ʯʠʩʪʢʠ ʠ 

ʥʘʧʳʣʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʦʜʥʦʤ ʚʘʢʫʫʤʥʦʤ ʦʙʲʝʤʝ. 

ʅʘʩʪʦʣʴʥʳʝ ʥʘʧʳʣʠʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ çDESK Vè 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʘʢʝʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʠʰʝʥʷʤʠ. 

ʋʩʪʘʥʦʚʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʣʘʟʝʨʥʳʡ ʢʦʤʧʣʝʢʩ DIAMAX  

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʩʥʘʩʪʢʠ ʜʣʷ ʥʘʧʳʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʜʝʪʘʣʝʡ ʢʦʨʧʫʩʦʚ ʜʝʪʝʢʪʦʨʦʚ 

(ʩʘʧʬʠʨʦʚʳʝ ʦʧʨʘʚʢʠ ʠ ʜʠʘʬʨʘʛʤʳ ʠʟ ʙʝʨʠʣʠʝʚʦʡ ʙʨʦʥʟʳ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʢʦʨʧʫʩʝ ʜʝʪʝʢʪʦʨʘ), ʘ ʪʘʢʞʝ ʤʘʩʢʠ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ çʨʠʩʫʥʢʘè ʜʝʪʘʣʝʡ 50-100 ʤʢʤ. 

ʋʧʨʘʚʣʝʥʠʝ ʣʘʟʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩ ʢʦʤʧʴʶʪʝʨʘ.  

ʅʘ ʫʯʘʩʪʢʝ ʩʙʦʨʢʠ ʜʝʪʝʢʪʦʨʦʚ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠʚʘʨʢʠ 

ʪʦʢʦʚʦʜʦʚ ʢ ʢʦʥʪʘʢʪʘʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʜʝʪʝʢʪʦʨʘ ʠ ʤʦʥʪʘʞ ʜʝʪʝʢʪʦʨʦʚ. ɼʣʷ ʧʨʠʚʘʨʢʠ ʪʦʢʦʚʦʜʦʚ ʫʯʘʩʪʦʢ 

ʫʢʦʤʧʣʝʢʪʦʚʘʥ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʤʠʢʨʦʩʚʘʨʢʠ TPT HB16.  

ʉʪʝʥʜʦʚʳʡ ʢʦʤʧʣʝʢʩ ʦʩʥʘʱʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʫʯʘʩʪʢʦʤ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 
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- ʕʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ TESCAN VEGA 3LMH; 

- ʃʶʤʠʥʝʩʮʝʥʪʥʳʡ ʤʠʢʨʦʩʢʦʧ OLYMPUS BX43; 

- ʉʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ çɸʣʴʪʘʤʠ ʖʚʝʣʠʨ 1è; 

- ʆʧʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʦʤʝʪʨ çProFilm 3D 205-0835è; 

- ʉʧʝʢʪʨʦʤʝʪʨ  ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ Spectrum 

TWO; 

- ʉʧʝʢʪʨʦʤʝʪʨ ʚʠʜʠʤʦʛʦ ʠ ʋʌ ʜʠʘʧʘʟʦʥʘ Lambda 265. 

ʋʯʘʩʪʦʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʘʣʤʘʟʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʘʯʝʩʪʚʘ ʥʘʧʳʣʝʥʠʷ ʢʦʥʪʘʢʪʦʚ, ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʜʝʪʝʢʪʦʨʦʚ. 

ʉʪʝʥʜ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʩʦʟʜʘʥʠʝʤ ʜʝʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʦʚʦʜʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʨʘʜʠʘʮʠʦʥʥʦ-

ʩʪʦʡʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ, ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʘʛʜʝʟʠʦʥʥʦ-ʧʨʦʯʥʳʭ ʧʦʢʨʳʪʠʡ. 
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ɺʳʩʦʢʘʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʤʠʥʠʘʪʶʨʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʘʣʤʘʟʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ [1]. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʜʝʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʚʘʞʥʦ ʵʣʝʢʪʨʦʥʥʦʝ ʢʘʯʝʩʪʚʦ 

ʘʣʤʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʅʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ, ʠʥʦʨʦʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, 

ʜʝʬʝʢʪʦʚ ʨʦʩʪʘ ʚ ʢʨʠʩʪʘʣʣʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʦʣʥʳʡ ʩʙʦʨ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʜʝʪʝʢʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʘʣʤʘʟʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʤʘʪʝʨʠʘʣʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʠ ʙʦʨʘ) ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʜʘʯʘ 

ʧʦʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʜʦ 10 ppb ʠ ʤʝʥʝʝ ʨʝʰʝʥʘ 

ʦʩʥʦʚʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʆʜʥʘʢʦ, ʯʪʦʙʳ ʜʦʩʪʠʛʥʫʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʩ ʤʘʣʳʤ ʯʠʩʣʦʤ ʜʝʬʝʢʪʦʚ ʪʨʝʙʫʝʪʩʷ 

ʫʥʠʢʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ 

ʘʣʤʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʧʪʠʯʝʩʢʠʤʠ 

mailto:n.rodionov@iterrf.ru
mailto:v.rodionova@iterrf.ru
mailto:trapag@triniti.ru
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ʤʝʪʦʜʘʤʠ ʠ ʠʟʤʝʨʝʥʠʝʤ ʩʧʝʢʪʨʦʚ ʦʪʢʣʠʢʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʥʝʡʪʨʦʥʘʤʠ, ʘʣʴʬʘïʯʘʩʪʠʮʘʤʠ, ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʩʧʝʢʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ. ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʜʝʬʝʢʪʥʦʩʪʠ 

ʘʣʤʘʟʘ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʨʠʙʦʨʘʭ: ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ 

ʤʠʢʨʦʩʢʦʧ çOLYMPUS BX 43è, ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ çTESCAN 

VEGA 3LMHè, ʦʧʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʦʤʝʪʨ çProFilm 3D 205-0835è, 

ʩʧʝʢʪʨʦʤʝʪʨʳ ʀʂ-ʌʫʨʴʝ çSpectrum Twoè  ʠ ʋʌ ʠ ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ çLambda 265. 

ɺʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ ʦʩʦʙʝʥʥʦʩʪʠ 

ʘʣʤʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 1) 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ 2) ʦʙʲʸʤʥʳʝ ʜʝʬʝʢʪʳ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʥʘ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʤʠʢʨʦʩʢʦʧʝ: ʥʘʙʣʶʜʝʥʠʝ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ 

ʤʝʪʦʜʘʤʠ ʩʚʝʪʣʦʝ ʧʦʣʝ, ʪʝʤʥʦʝ ʧʦʣʝ, ʧʦʣʷʨʠʟʘʮʠʷ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʢʦʥʪʨʘʩʪ ʠ ʚ ʦʪʨʘʞʝʥʥʦʤ 

ʩʚʝʪʝ ʤʝʪʦʜʘʤʠ ʩʚʝʪʣʦʝ ʧʦʣʝ, ʪʝʤʥʦʝ ʧʦʣʝ, ʧʦʣʷʨʠʟʘʮʠʷ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʢʦʥʪʨʘʩʪ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

(ʣʶʤʠʥʝʩʮʝʥʮʠʷ). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʤʘ ʧʨʦʟʨʘʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʞʠʤʳ ʥʘʙʣʶʜʝʥʠʷ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʚ ʩʚʝʪʣʦʤ 

ʧʦʣʝ ʠ ʥʘʙʣʶʜʝʥʠʝ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ. 

ʇʦʩʣʝ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʪʝʢʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʘʣʤʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʥʘ ʘʣʤʘʟʥʳʡ ʢʨʠʩʪʘʣʣ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʧʣʘʪʠʥʦʚʳʝ ʢʦʥʪʘʢʪʳ 

ʪʦʣʱʠʥʦʡ 35 ʥʤ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩʤʦʥʪʠʨʦʚʘʥ ʚ 

ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʦʨʧʫʩ. ʈʘʜʠʘʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʝʡʪʨʦʥʥʦʤ ʛʝʥʝʨʘʪʦʨʝ ʀʅɻ-07ʊ2 ʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʦʪʢʣʠʢʘ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʝ, ʥʝʡʪʨʦʥʥʦʝ ʠ ʘʣʴʬʘ-ʦʙʣʫʯʝʥʠʝ, ʘ 

ʪʘʢʞʝ ʩʧʝʢʪʨʳ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʪʠʯʝʩʢʠʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʜʝʪʝʢʪʦʨʥʦʝ ʢʘʯʝʩʪʚʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 

ʜʝʬʝʢʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʢʘʟʘʣʠ ʨʘʟʥʳʡ ʫʨʦʚʝʥʴ ʜʝʬʝʢʪʥʦʩʪʠ 

(ʜʠʩʣʦʢʘʮʠʠ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʢʣʶʯʝʥʠʷ) ʢʨʠʩʪʘʣʣʦʚ ʫ 
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ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ 

ʦʪʢʣʠʢʘ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, ʥʘʠʣʫʯʰʝʝ 

ʜʝʪʝʢʪʦʨʥʦʝ ʢʘʯʝʩʪʚʦ ʜʦʩʪʠʛʥʫʪʦ ʥʘ ʤʘʪʝʨʠʘʣʝ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʜʝʬʝʢʪʥʦʩʪʴʶ ʢʘʤʧʘʥʠʠ Element Six (a De Beers Group Company).  

 

ʃʠʪʝʨʘʪʫʨʘ. 

 

[1]. ɺ. ʅ. ɸʤʦʩʦʚ, ʉ. ɸ. ʄʝʱʘʥʠʥʦʚ, ʅ. ɹ. ʈʦʜʠʦʥʦʚ, ʇʨʠʢʣʘʜʥʘʷ 

ʬʠʟʠʢʘ 2001, ˉ 4, ʩʪʨ. 104-108. 
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ʈɸɿʈɸɹʆʊʂɸ ɸʃʄɸɿʅʆɻʆ ɼɽʊɽʂʊʆʈɸ ɼʃʗ ɺʅʂ 

ʀʊʕʈ 
 

 

ʈ.ʈ. ʍʘʬʠʟʦʚ, ɺ.ʅ. ɸʤʦʩʦʚ, ʂ.ʂ. ɸʨʪʝʤʴʝʚ, ʉ.ɸ. ʄʝʱʘʥʠʥʦʚ, 

ɻ.ɽ. ʅʝʤʮʝʚ, ɺ.ʇ. ʈʦʜʠʦʥʦʚʘ, ʅ.ɹ. ʈʦʜʠʦʥʦʚ, ɸ.ɻ. ʊʨʘʧʝʟʥʠʢʦʚ 

 

 

ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè, ʄʦʩʢʚʘ 

 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʘʢʝʪʘ ʘʣʤʘʟʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʤʘʣʳʭ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʨʦʚʦʜʠʤʦʡ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʝʢʪʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʝʡʪʨʦʥʥʦʡ ʢʘʤʝʨʳ (ɺʅʂ) ʀʊʕʈ. 

ʋʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʘʣʤʘʟʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʤʝʥʪʦʚ ɺʅʂ, 

ʧʨʦʚʦʜʠʤʦʛʦ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʣʦʢʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ɺʅʂ, ʦʙʣʝʛʯʝʥʠʷ 

ʫʩʣʦʚʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʧʨʦʱʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ɺʅʂ. 

ʉʥʠʞʝʥʠʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʘʣʤʘʟʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘʨʷʜʫ 

ʩ ʧʝʨʝʨʘʙʦʪʢʦʡ ʢʦʤʧʦʥʦʚʢʠ ʙʣʦʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʦʛʦ ʦʥ ʚʭʦʜʠʪ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʦʩʝʚʦʡ ʛʘʙʘʨʠʪʥʳʡ ʨʘʟʤʝʨ 

ʙʣʦʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ɺʅʂ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʜʣʠʥʫ ʢʦʣʣʠʤʘʪʦʨʘ, ʯʪʦ ʚʤʝʩʪʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʬʦʨʤʳ 

ʢʘʥʘʣʘ ʢʦʣʣʠʤʘʪʦʨʘ ʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʬʦʥ. 

ʇʨʠ ʵʪʦʤ, ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʙʣʦʢʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ɺʅʂ, ʯʪʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʭ 

ʘʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ɺʅʂ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʢʦʥʪʨʘʢʪʦʤ ʦʪ 26.12.2018 ˉ ʅ.4ʘ.241.19.19.1009 çʈʘʟʨʘʙʦʪʢʘ, 

ʦʧʳʪʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʠʩʧʳʪʘʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʦʩʪʘʚʢʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʨʦʩʩʠʡʩʢʠʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʧʨʦʝʢʪʫ ʀʊʕʈ ʚ 2019 ʛʦʜʫè. 
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ʇʈɽɼɺɸʈʀʊɽʃʔʅʓʁ ʇʈʆɽʂʊ ʀʅʊɽɻʈɸʎʀʀ 

ɺʇˉ02 ʀ ɺʇˉ08 ʀʊʕʈ 
 

 
2E.ɺ. ɸʣʝʢʩʘʥʜʨʦʚ, 1,5ɸ.ɺ. ɹʫʨʜʘʢʦʚ, 3ʀ.ɺ. ɹʫʩʣʘʢʦʚ, 1ɸ.ʀ. 

ɻʦʨʙʦʚʩʢʠʡ, ɽ.ʂ. 1ɿʘʡʮʝʚ, 1ʄ.ɺ. ʀʚʘʥʮʠʚʩʢʠʡ, 3ʀ.ɼ. ʂʠʨʠʝʥʢʦ, 
1ɸ.ɸ. ʃʠʩʪʦʧʘʜ, 3ɸ.ʄ. ʃʦʙʘʯʝʚ, 3ʀ.ʅ. ʃʦʛʠʥʦʚ, 1ʖ.ɸ. ʄʘʥʘʝʥʢʦʚʘ, 

3ɺ.ʉ. ʄʦʜʝʩʪʦʚ, 1ʇ.ɸ.ʉʝʣʝʟʥʝʚ, 3ʆ.ɹ. ʐʘʛʥʠʝʚ, 1ʉ.ɺ. ʐʠʷʥʢʦʚ, 
1,4ɸ.ɸ. ʐʦʰʠʥ 

 

 
1ʀʥʩʪʠʪʫʪ ʗʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ.ʀ. ɹʫʜʢʝʨʘ ʉʆ ʈɸʅ, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʌ, 

e-mail: a.a.listopad@inp.nsk.su 
2ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ç ʀʊʕʈ-ʎʝʥʪʨè, ʄʦʩʢʚʘ, ʈʌ, 

e-mail: e.alexandrov@iterrf.ru 
3 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʌ, 

e-mail: vmodestov@spbstu.ru 
4ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʌ, 

e-mail: a.a.shoshin@inp.nsk.su 
5ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʌ, e-mail: a.v.burdakov@inp.nsk.su 

 

 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʨʪʳ ʀʊʕʈ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʠ ʟʘʱʠʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʦʢʘʤʘʢʘ. ʉʠʩʪʝʤʳ ʫʩʪʘʥʦʚʢʠ 

ʙʫʜʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʢʨʘʡʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʷʚʣʷʶʱʠʭʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʦʢ, ʪʘʢʠʭ ʢʘʢ 

ʥʝʡʪʨʦʥʥʳʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʳʝ, ʚʠʙʨʘʮʠʦʥʥʳʝ, ʫʜʘʨʥʳʝ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ ʧʨʦʯʠʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʚʝʨʭʥʠʭ ʧʦʨʪʘʭ ˉ02 

ʠ ˉ08 ʀʊʕʈ. ɿʘ ʧʨʦʰʝʜʰʠʡ ʧʝʨʠʦʜ ʙʳʣ ʚʳʧʦʣʥʝʥ ʦʯʝʨʝʜʥʦʡ ʵʪʘʧ 

ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʜʘʥʥʳʭ ʧʦʨʪʘʭ. ɺ ʭʦʜʝ ʵʪʘʧʘ ʙʳʣʠ 

mailto:a.a.listopad@inp.nsk.su
mailto:e.alexandrov@iterrf.ru
mailto:vmodestov@spbstu.ru
mailto:a.a.shoshin@inp.nsk.su
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ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʧʦʨʪ-ʧʣʘʛʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʚ ʩʝʙʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʧʝʨʚʫʶ ʩʪʝʥʢʫ (ɼʇʉ), ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ 

ʟʘʱʠʪʥʳʡ ʤʦʜʫʣʴ (ɼɿʄ), ʢʦʨʧʫʩ. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʳ ʦʧʦʨʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʢʦʣʦʧʦʨʪʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʦʨʪ-ʢʘʤʝʨʝ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʵʪʘʧ ʥʝʡʪʨʦʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʫʪʨʠʧʦʨʪʦʚʦʡ ʟʘʱʠʪʳ, ʨʘʟʤʝʱʘʝʤʦʡ ʧʦʟʘʜʠ 

ɼɿʄ. ʈʘʩʯʝʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ, ʪʝʨʤʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʤʝʥʪʳ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʨʪʦʚ ʜʦʢʘʟʳʚʘʶʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʜʠʟʘʡʥʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʀʗʌ ʉʆ ʈɸʅ ʚʥʫʪʨʠʧʦʨʪʦʚʘʷ ʥʝʡʪʨʦʥʥʘʷ 

ʟʘʱʠʪʘ ʧʦʨʪ-ʧʣʘʛʘ, ʘ ʪʘʢʞʝ ʠʜʝʷ ʟʘʧʦʣʥʝʥʠʷ ʦʧʦʨʥʦʡ ʨʘʤʳ 

ʦʢʦʣʦʧʦʨʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʱʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʣʫʯʠʣʘ 

ʦʜʦʙʨʝʥʠʝ ʚ ʆʨʛʘʥʠʟʘʮʠʠ ʀʊʕʈ (ʌʨʘʥʮʠʷ). 

ɺ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʢ ʟʘʱʠʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ 

ʚʝʨʭʥʠʭ ʧʦʨʪʦʚ ˉ02 ʠ ˉ08 ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʢʦʤʧʣʝʢʪʳ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʧʠʩʘʥʳ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘʛʨʫʟʦʢ ʥʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʧʣʦʚʳʭ, ʪʝʨʤʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʜʨʫʛʠʭ ʚʝʨʭʥʠʭ ʧʦʨʪ-ʧʣʘʛʦʚ ʀʊʕʈ, ʘ ʪʘʢʞʝ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤ ʚ ʫʩʪʘʥʦʚʢʘʭ ʩ 

ʧʦʜʦʙʥʳʤʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ. 
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ʀʅʊɽɻʈɸʎʀʗ ʕʂɺɸʊʆʈʀɸʃʔʅʆɻʆ ʇʆʈʊɸ ˉ11 

ʀʊʕʈ 
 

 
1ʉʫʣʷʝʚ ʖ.ʉ., 1,2ɹʫʨʜʘʢʦʚ ɸ.ɺ., 1,2ʀʚʘʥʮʠʚʩʢʠʡ ʄ.ɺ., 3ɸʣʝʢʩʘʥʜʨʦʚ 

ɽ.ɺ., 2ʇʠʱʠʥʩʢʠʡ ʂ.ɺ., 1ʐʘʨʘʬʝʝʚʘ ʉ.ʈ., 1ɿʝʤʣʷʥʩʢʠʡ ʖ.ʅ., 
1ʅʦʨʳʰʝʚ ɽ.ɸ., 1ʇʦʨʦʪʥʠʢʦʚ ɸ.ɹ., 1ʐʦʰʠʥ ɸ.ɸ., 1ʂʣʠʤʝʥʢʦ ʄ.ɺ, 

4ʉʤʠʨʥʦʚ ɸ.ɹ., 4ʇʦʞʠʣʦʚ ɸ.ɸ., 4ʂʠʨʠʝʥʢʦ ʀ.ɼ., 4ʄʦʜʝʩʪʦʚ ɺ.ʉ. 

 

 
1ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ.ʀ. ɹʫʜʢʝʨʘ ʉʆ ʈɸʅ, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʌ Yu.S.Sulyaev@inp.nsk.su 
2ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʌ 
3ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝè çʀʊʕʈ-ʎʝʥʪʨè, ʄʦʩʢʚʘ, ʈʌ 
4ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ 

ɺʝʣʠʢʦʛʦ, ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʌ 

 

 

ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʦʙʟʦʨʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ʧʦ 

ʩʦʟʜʘʥʠʶ ʟʘʱʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʦʨʪʘ ˉ11 ʀʊʕʈ. ʀʥʪʝʛʨʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʚʘʢʫʫʤʥʦʡ ʯʘʩʪʠ ï ʧʦʨʪ-ʧʣʘʛʘ, ʩʙʦʨʢʠ ʚ ʦʢʦʣʦʧʦʨʪʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩʙʦʨʢʠ ʚ ʧʦʨʪ-ʢʘʤʝʨʝ. ʊʨʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʟʘʱʠʪʥʳʭ ʤʦʜʫʣʷ (ɼɿʄ) ʚ ʚʘʢʫʫʤʥʦʡ ʯʘʩʪʠ ʧʦʨʪʘ ʚʤʝʱʘʝʪ ʚ ʩʝʙʷ 

ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʝ ʧʝʨʝʜʥʠʝ ʵʣʝʤʝʥʪʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʧʦʜʚʝʨʛʘʶʱʠʝʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʜʠʘʮʠʦʥʥʳʤ, ʪʝʧʣʦʚʳʤ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʅʦʚʘʷ ʠʪʝʨʘʮʠʷ 

ʥʝʡʪʨʦʥʥʳʭ, ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʢʘʢ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ɼɿʄ, ʪʘʢ ʠ ʚʩʝʛʦ ʧʦʨʪ-ʧʣʘʛʘ ʚ ʮʝʣʦʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʀʊʕʈ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʠʷ ʧʝʨʝʛʨʝʚʘ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʚʦ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʩʨʳʚʦʚ.  

ʇʨʦʝʢʪʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ 

ʩʣʫʞʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʘʢʫʫʤʥʦʤ ʬʣʘʥʮʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʦʨʪ 
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ï ʧʣʘʛʘ ˉ11 ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʝʨʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ 

ʩʣʫʞʝʙʥʳʭ ʩʠʩʪʝʤ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ 

ʀʊʕʈ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʫʣʴʥʘʷ ʤʦʜʝʣʴ ʥʝʡʪʨʦʥʥʦʡ ʟʘʱʠʪʳ ʧʨʷʤʳʭ 

ʢʘʥʘʣʦʚ ʜʠʘʛʥʦʩʪʠʢ ʠ ʟʘʛʣʫʰʢʠ ʙʠʦʟʘʱʠʪʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʟʘʱʠʪʫ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʨʠʥʮʠʧʘʤ ʧʦʩʪʘʜʠʡʥʦʛʦ ʚʚʦʜʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ɺʦ ʚʨʝʤʷ ʟʘʱʠʪʳ ʬʠʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʠʥʪʝʛʨʘʮʠʠ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʦʨʪʘ ˉ11, ʧʨʦʚʝʜʝʥʥʦʡ ʣʝʪʦʤ 2019 ʛ. ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʀʊʕʈ, ʧʨʠʥʠʤʘʶʱʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʙʳʣ ʦʪʤʝʯʝʥ 

ʚʳʩʦʢʠʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 

ʠʥʪʝʛʨʘʮʠʠ, ʘ ʩʫʪʠ ʚʳʩʢʘʟʘʥʥʳʭ ʠʤʠ ʟʘʤʝʯʘʥʠʷʭ ʥʝʪ ʩʦʤʥʝʥʠʡ ʚ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɺʝʜʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʀʗʌ ʉʆ 

ʈɸʅ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʠ ʩʙʦʨʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʬʨʘʥʮʫʟʩʦʛʦ ʢʦʜʘ RCC-MR 2007. ʀʟʛʦʪʦʚʣʝʥʳ 

ʧʨʦʪʦʪʠʧʳ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʚʘʢʫʫʤʥʳʭ ʠʟʜʝʣʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʦʪʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʛʣʫʙʦʢʦʛʦ ʩʚʝʨʣʝʥʠʷ ʥʝʧʦʜʚʠʞʥʦʡ 

ʟʘʛʦʪʦʚʢʠ, ʩʚʘʨʢʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠʟʜʝʣʠʡ, ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʘʚʝʨʰʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʩʙʦʨʦʯʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʚʘʢʫʫʤʥʳʭ ʠʟʜʝʣʠʡ 

ʜʣʷ ʀʊʕʈ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʯʠʩʪʦʪʳ ʩʦʛʣʘʩʥʦ 

ʧʨʘʚʠʣʘʤ RCC-MR 2007. 
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ʉʠʩʪʝʤʳ ʧʣʘʟʤʝʥʥʦʡ ʦʯʠʩʪʢʠ ʧʝʨʚʦʛʦ ʟʝʨʢʘʣʘ ʜʠʘʛʥʦʩʪʠʢ 

çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʚʦʜʦʨʦʜʥʳʭ ʣʠʥʠʡè (55.E2, [1]) ʠ çɸʢʪʠʚʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷè (55.EC, [2]) ʦʩʥʦʚʘʥʳ ʥʘ ʠʦʥʥʦʤ ʨʘʩʧʳʣʝʥʠʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʪʦʯʥʦʛʦ ʧʦʣʦʛʦ ʢʘʪʦʜʘ [3] ʚ ʨʘʟʨʷʜʝ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ (DC) ʠʣʠ ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʤ ʠʤʧʫʣʴʩʥʦʤ (PDC) ʪʦʢʝ. 

ɿʝʨʢʘʣʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʝʪʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ ʦʙʨʘʟʫʶʪ ʧʦʣʳʡ 

ʢʘʪʦʜ, ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʘʥʦʜ ʨʘʟʤʝʱʘʝʪʩʷ ʚʥʫʪʨʠ ʥʝʛʦ. ʇʨʦʜʫʢʪʳ 

ʵʨʦʟʠʠ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʦʛʦ ʢʘʪʦʜʘ ʦʩʘʞʜʘʶʪʩʷ ʥʘ 

ʩʪʝʥʢʘʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʨʪʘ. ɺ ʜʠʘʛʥʦʩʪʠʢʝ çɸʢʪʠʚʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷè ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʝ ʧʝʨʚʦʝ ʟʝʨʢʘʣʦ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʫʟʣʘ ʚʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʧʨʠ ʟʘʢʨʳʪʦʡ ʰʪʦʨʢʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʤʢʥʫʪʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʝʪʦʯʥʦʛʦ ʧʦʣʦʛʦ 

ʢʘʪʦʜʘ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʥʫʪʨʠ ʥʝʛʦ ʟʝʨʢʘʣʦʤ ʠ ʨʝʬʣʝʢʪʦʨʦʤ, 

ʦʯʠʩʪʢʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʄʝʞʜʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʣʦʛʦ ʢʘʪʦʜʘ ʠ ʩʪʝʥʢʘʤʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʨʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʟʦʨ ʥʝ ʤʝʥʝʝ 20 ʤʤ. ɺʩʝ 
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ʢʘʪʦʜʥʳʝ ʵʣʝʤʝʥʪʳ, ʟʝʨʢʘʣʦ ʠ ʨʝʬʣʝʢʪʦʨ ʟʘʟʝʤʣʝʥʳ. ʃʦʢʘʣʠʟʘʮʠʷ 

ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ ʚʥʫʪʨʠ ʧʦʣʦʛʦ ʢʘʪʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʝʛʦ 

ʟʘʤʢʥʫʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (çʢʣʝʪʢʘ ʌʘʨʘʜʝʷè) [4]. ɺ ʜʠʘʛʥʦʩʪʠʢʝ 

çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʚʦʜʦʨʦʜʥʳʭ ʣʠʥʠʡè ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʚʦʝ ʠ ʚʪʦʨʦʝ 

ʟʝʨʢʘʣʘ ʙʝʟ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ɿʘ ʩʯʸʪ ʤʘʣʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʪʠʤʠ ʟʝʨʢʘʣʘʤʠ ʪʨʝʙʫʝʪʩʷ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʦʯʠʩʪʢʘ. ɿʘ ʩʯʸʪ 

ʚʳʨʝʟʦʚ ʚ ʧʦʣʦʤ ʢʘʪʦʜʝ ʜʣʷ ʧʨʦʭʦʜʘ ʠʟʣʫʯʝʥʠʷ, ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʜʝʣʘʪʴ ʨʘʟʨʷʜʥʫʶ ʷʯʝʡʢʫ ʟʘʤʢʥʫʪʦʡ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʵʣʝʤʝʥʪʳ ʧʦʣʦʛʦ ʢʘʪʦʜʘ ʠ 

ʟʝʨʢʘʣʘ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʩʪʝʥʦʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʨʪʘ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ 

ʦʯʠʩʪʢʠ (ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʯʠʩʪʷʱʝʛʦ ʨʘʟʨʷʜʘ, ʩʠʩʪʝʤʫ 

ʢʦʤʤʫʪʘʮʠʠ ʵʣʝʢʪʨʦʜʦʚ, ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʟʨʷʜʥʦʡ ʷʯʝʡʢʠ ʠ ʜʨ.), 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʯʠʩʪʢʠ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʥʘʜʸʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʆʧʪʠʤʠʟʘʮʠʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʨʷʜʥʦʡ ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʘʩʴ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʯʠʩʪʢʠ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ: 1) ʧʣʦʱʘʜʠ ʘʥʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ; 

2) ʤʘʪʝʨʠʘʣʘ, ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʷʯʝʝʢ ʩʝʪʦʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ; 3) 

ʟʘʟʦʨʘ ʤʝʞʜʫ ʩʝʪʦʯʥʳʤʠ ʩʪʝʥʢʘʤʠ ʨʘʟʨʷʜʥʦʡ ʷʯʝʡʢʠ ʠ ʚʥʝʰʥʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʘ ʠʟʦʣʷʪʦʨʦʚ: 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʤʝʞʜʫ 

ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʩʪʘʢʘʥʘʤʠ, ʘ ʪʘʢʞʝ ʜʣʠʥʘ çʣʘʙʠʨʠʥʪʘè, 

ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʦʩʘʞʜʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʪʦʨʦʚ ʧʨʦʚʦʜʷʱʠʭ ʧʣʸʥʦʢ. ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʚʦʜʦʨʦʜʥʳʭ ʣʠʥʠʡè 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʛʘʨʘʞʘ ʰʪʦʨʢʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʝʪʨʦʨʝʬʣʝʢʪʦʨ, ʜʣʷ ʟʘʱʠʪʳ ʝʛʦ ʦʪ ʟʘʧʳʣʝʥʠʷ. 

ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ çɸʢʪʠʚʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷè ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʥʝʧʦʣʥʦʛʦ ʟʘʢʨʳʪʠʷ ʟʘʱʠʪʥʦʡ ʰʪʦʨʢʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʧʝʨʚʦʛʦ ʟʝʨʢʘʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʧʦʣʥʦʝ 

ʟʘʢʨʳʪʠʝ ʰʪʦʨʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʯʠʩʪʢʠ 

ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ. 
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ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʦʪʨʘʚʣʝʥʠʷ ʘʥʦʜʘ ï ʩʥʠʞʝʥʠʷ 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʝʥʠʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ 

ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʞʠʤ ʦʯʠʩʪʢʠ ʘʥʦʜʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ 

ʟʝʨʢʘʣ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʠʘʛʥʦʩʪʠʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1. 

 
ʘ 

 
ʙ 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ 

ʟʝʨʢʘʣ ʜʠʘʛʥʦʩʪʠʢ çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʚʦʜʦʨʦʜʥʳʭ ʣʠʥʠʡè (ʘ) ʠ 

çɸʢʪʠʚʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷè (ʙ). ʋʢʘʟʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʢʦʤʤʫʪʘʪʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʤ ʨʝʞʠʤʘʤ ʨʘʙʦʪʳ: 1 ï ʦʯʠʩʪʢʘ ʟʝʨʢʘʣ; 

2 ï ʦʯʠʩʪʢʘ ʘʥʦʜʘ; 3 ï ʥʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʫʩʪʘʥʦʚʢʠ (ʟʘʟʝʤʣʸʥʥʳʝ 

ʵʣʝʢʪʨʦʜʳ). 

 

ʃʠʪʝʨʘʪʫʨʘ. 

 

[1] Antonov N. PDR DA System Design Description (DDD) 

55.E2 H-Alpha and Visible Spectroscopy. V. 1.0. 2017. 109 p. 

IDM UID:  TWRHG4. 

[2] Zvonkov A. System Design Description (DDD) 55.EC CXRS 

Edge. V. 4.0. 2019. 48 p. IDM UID: 79SL6Y. 

[3] ʈʦʛʦʚ ɸ.ɺ., ʂʘʧʫʩʪʠʥ ʖ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʟʝʨʢʘʣ ʚ ʀʊʕʈ ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʨʘʟʨʷʜʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ "ʧʦʣʳʡ ʢʘʪʦʜ ï ʷʯʝʡʢʘ ʇʝʥʥʠʥʛʘ". 

ʋʩʧʝʭʠ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ. 2016. ʊ. 4. ˉ 3. ʉ. 240-247. 

[4] Rogov A., Kapustin Yu., Alekseev A., Tugarinov S., Vukolov D. 

Progress in development of DC/PDC discharge mirror cleaning 

system for H-alpha and CXRS-edge diagnostics. 35th meeting of 

the ITPA diagnostics topical group. 2018. 



90 

https://portal.iter.org/departments/POP/ITPA/Diag/DIAG/Docume

nt%20Library/38/Presentations/14-02-Rogov.pdf 

  

https://portal.iter.org/departments/POP/ITPA/Diag/DIAG/Document%20Library/38/Presentations/14-02-Rogov.pdf
https://portal.iter.org/departments/POP/ITPA/Diag/DIAG/Document%20Library/38/Presentations/14-02-Rogov.pdf


91 

ʀʉʇʓʊɸʅʀʗ ʉʀʉʊɽʄʓ ʆʍʃɸɾɼɽʅʀʗ ɺʅʂ 
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ʍʦʤʷʢʦʚ1, ɸ.ɹ. ʉʤʠʨʥʦʚ4, ɸ.ɸ. ʇʦʞʠʣʦʚ4, ʀ.ɼ. ʂʠʨʠʝʥʢʦ4, ɺ.ʉ. 

ʄʦʜʝʩʪʦʚ4. 

 

 
1ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ. ʀ. ɹʫʜʢʝʨʘ ʉʆ ʈɸʅ, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʌ, 

e-mail: A.S.Taskaev@inp.nsk.su 
2ʏʘʩʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʊʕʈ-ʎʝʥʪʨè, ʄʦʩʢʚʘ, ʈʌ 
3ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʌ 
4ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʌ 
5ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʌ 

 

 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʥʝʡʪʨʦʥʥʘʷ ʢʘʤʝʨʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʀʊʕʈ ʙʫʜʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ (ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ), ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʦ ʰʝʩʪʴ ʜʝʪʝʢʪʦʨʥʳʭ ʫʟʣʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ 

ʛʝʨʤʝʪʠʯʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʦʜʫʣʠ, ʩʥʘʙʞʝʥʥʳʝ ʦʪʢʘʯʢʦʡ ʠ 

ʩʠʩʪʝʤʦʡ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɺʝʨʭʥʷʷ ɺʅʂ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʚ 

ʚʝʨʭʥʠʡ ʧʦʨʪ (ɺʇ) ˉ18 ʠ ʜʦʣʞʥʘ ʷʚʣʷʪʴʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ɼɿʄ 

ʵʪʦʛʦ ʧʦʨʪʘ, ʥʠʞʥʷʷ ɺʅʂ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʥʠʞʥʠʡ ʧʦʨʪ (ʅʇ) 

ˉ14.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʳʷʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ 

ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʙʣʦʢʘ ʜʝʪʝʢʪʦʨʦʚ ʚʝʨʭʥʝʡ ɺʝʨʪʠʢʘʣʴʥʦʡ 

ʅʝʡʪʨʦʥʥʦʡ ʂʘʤʝʨʳ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʤʘʢʝʪ ʩʠʩʪʝʤʳ ʚʦʜʷʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʢʝʪʳ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ɺʅʂ.  
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ʇʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʜʦʢʣʘʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʟʛʦʪʦʚʣʝʥʥʳʡ 

ʤʘʢʝʪ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ɺʅʂ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʨʷʜʘ 

ʠʩʧʳʪʘʥʠʡ, ʧʨʦʚʝʜʸʥʥʳʭ ʩ ʤʘʢʝʪʦʤ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

ɿʘ ʧʨʦʰʝʜʰʠʡ ʛʦʜ ʙʳʣʘ ʧʝʨʝʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤʳ 

ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʦʜʫʣʷ ɺʝʨʭʥʝʡ ɺʝʨʪʠʢʘʣʴʥʦʡ 

ʅʝʡʪʨʦʥʥʦʡ ʂʘʤʝʨʳ, ʠʟʤʝʥʝʥʳ 3D ʤʦʜʝʣʠ ɺʅʂ, ʩʠʩʪʝʤʳ ʚʦʜʷʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʥʝʡʪʨʦʥʥʘʷ ʟʘʱʠʪʘ, ʘ ʪʘʢʞʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʦʤʤʫʪʘʮʠʷ ʜʝʪʝʢʪʦʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʜʨʫʛʠʭ ʜʠʘʛʥʦʩʪʠʢ 

ʧʦʩʪʘʚʣʷʝʤʳ ʥʘ ʫʩʪʘʥʦʚʢʫ ʀʊʕʈ, ʘ ʪʘʢʞʝ ʜʣʷ ʙʦʣʴʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ ʪʦʢʘʤʘʢ. 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʎʀʀ ɺʅʂ 
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ɺʝʨʪʠʢʘʣʴʥʘʷ ʥʝʡʪʨʦʥʥʘʷ ʢʘʤʝʨʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʀʊʕʈ ʙʫʜʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ (ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ), ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʦ ʰʝʩʪʴ ʜʝʪʝʢʪʦʨʥʳʭ ʫʟʣʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ 

ʛʝʨʤʝʪʠʯʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʦʜʫʣʠ, ʩʥʘʙʞʝʥʥʳʝ ʦʪʢʘʯʢʦʡ ʠ 

ʩʠʩʪʝʤʦʡ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɺʝʨʭʥʷʷ ɺʅʂ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʚ 

ʚʝʨʭʥʠʡ ʧʦʨʪ (ɺʇ) ˉ18 ʠ ʜʦʣʞʥʘ ʷʚʣʷʪʴʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ɼɿʄ 

ʵʪʦʛʦ ʧʦʨʪʘ, ʥʠʞʥʷʷ ɺʅʂ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʥʠʞʥʠʡ ʧʦʨʪ (ʅʇ) 

ˉ14.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, 

ʜʝʪʝʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʥʘ ʥʘʠʙʦʣʴʰʝʤ ʚʦʟʤʦʞʥʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʧʣʘʟʤʳ, ʜʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʨʷʜ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚʥʫʪʨʠ ʚʝʨʭʥʝʛʦ 

ʧʦʨʪʘ ˉ18, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʩʪʠʪʴ ʜʝʪʝʢʪʦʨʳ ʥʘ 

ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʣʘʟʤʳ, ʟʘ ʩʯʸʪ ʦʪʢʘʟʘ ʦʪ ʚʦʜʷʥʦʡ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ. ɹʳʣ ʧʝʨʝʨʘʙʦʪʘʥ ʢʦʤʤʫʪʘʮʠʦʥʥʳʡ ʫʟʝʣ 
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ʙʣʦʢʦʚ ʜʝʪʝʢʪʦʨʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʜʘʣʦʩʴ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʨʘʟʚʦʜʢʫ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦ, ʯʪʦ ʪʘʢ ʞʝ 

ʧʦʟʚʦʣʠʪ ʦʪʜʘʣʠʪʴ ʜʝʪʝʢʪʦʨ ʦʪ ʧʣʘʟʤʳ. 

ʇʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʜʦʢʣʘʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʙʥʦʚʣʸʥʥʳʡ 

ʜʠʟʘʡʥ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʫʟʣʘ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʳ 

ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ. 

ɿʘ ʧʨʦʰʝʜʰʠʡ ʛʦʜ ʙʳʣ ʧʝʨʝʨʘʙʦʪʘʥ ʢʦʤʤʫʪʘʮʠʦʥʥʳʡ ʫʟʝʣ 

ʜʝʪʝʢʪʦʨʥʦʛʦ ʤʦʜʫʣʷ ɺʝʨʪʠʢʘʣʴʥʦʡ ʅʝʡʪʨʦʥʥʦʡ ʂʘʤʝʨʳ, ʠʟʤʝʥʝʥʳ 

3D ʤʦʜʝʣʠ ɺʅʂ, ʩʠʩʪʝʤʳ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʥʝʡʪʨʦʥʥʘʷ 

ʟʘʱʠʪʘ, ʘ ʪʘʢʞʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʦʤʤʫʪʘʮʠʷ 

ʜʝʪʝʢʪʦʨʦʚ. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʇʈʀɺʆɼɸ ʀ ʉʀʉʊɽʄʓ 

ʇʀʊɸʅʀʗ ɿɸʑʀʊʅʆʁ ʐʊʆʈʂʀ ɼʀɸɻʅʆʉʊʀʂʀ 

ʉɺʃA 
 

 

ʂʦʟʣʦʚ ɸʥʜʨʝʡ ʄʠʭʘʡʣʦʚʠʯ1,2, ɺʫʢʦʣʦʚ ɼʤʠʪʨʠʡ 

ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ1,2, ʇʦʧʦʚ ʀʚʘʥ ɸʣʝʢʩʝʝʚʠʯ3 

 

 
1 ʋʊʉ-ʎʝʥʪʨ, ʈʦʩʩʠʷ, 123182 ʄʦʩʢʚʘ, ʧʣ. ʂʫʨʯʘʪʦʚʘ 1  
2 ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʀʥʩʪʠʪʫʪè, ʈʦʩʩʠʷ, 123182 ʄʦʩʢʚʘ, ʧʣ. 

ʂʫʨʯʘʪʦʚʘ 1 
3 Cʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ 

ɺʝʣʠʢʦʛʦ, ʈʦʩʩʠʷ, 195251 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʫʣ. ʇʦʣʠʪʝʭʥʠʯʝʩʢʘʷ, 

ʜ. 29  

 

 

ʂʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʨʘʱʸʥʥʳʭ ʢ ʧʣʘʟʤʝ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʚ ʫʩʪʘʥʦʚʢʘʭ ʪʦʢʘʤʘʢ - ʚʘʞʥʘʷ ʟʘʜʘʯʘ, ʮʝʣʴʶ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʦʢʘ ʧʨʠʤʝʩʝʡ ʠ 

ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʪʝʥʦʢ ʢʘʤʝʨʳ ʚ ʧʣʘʟʤʫ 

ʨʘʟʨʷʜʘ. ʇʨʠ ʵʪʦʤ, ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʦʙʨʘʱʝʥʥʳʝ ʢ 

ʧʣʘʟʤʝ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʚʦʝ ʟʝʨʢʘʣʦ, ʦʩʘʞʜʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʵʨʦʟʠʠ. 

ɼʣʷ ʟʘʱʠʪʳ ʧʝʨʚʦʛʦ ʟʝʨʢʘʣʘ ʦʪ ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʧʨʠʤʝʩʝʡ ʚʦ ʚʨʝʤʷ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʝʨʚʦʡ ʩʪʝʥʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʪʦʨʢʘ. ʐʪʦʨʢʘ 

ʩʦʩʪʦʠʪ ʠʟ ʣʝʟʚʠʷ, ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʚʭʦʜʥʫʶ ʘʧʝʨʪʫʨʫ ʥʘ ʚʨʝʤʷ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʧʨʠʚʦʜʘ. 

ɿʘʱʠʪʥʘʷ ʰʪʦʨʢʘ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ ʜʦ 10-9 ʇʘ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 470ʦʉ ʥʘ ʣʝʟʚʠʠ ʚʦ ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʠʤʧʫʣʴʩʘ, 

ʙʝʨʠʣʣʠʝʚʦʡ ʧʳʣʠ, ʥʝʡʪʨʦʥʥʳʭ/ʛʘʤʤʘ ʧʦʪʦʢʦʚ ʜʦ 1013 ʥ/ʩʤ2/cʝʢ, 

ʠʩʧʳʪʳʚʘʝʪ ʮʠʢʣʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ ʠʥʝʨʮʠʦʥʥʳʝ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʩʨʳʚʝ ʧʣʘʟʤʳ (ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʜʦ 4 ʊʣ ʠ ʠʟʤʝʥʝʥʠʝ 

ʧʦʣʷ ʜʦ 20 ʊʣ/ʩ), ʘ ʪʘʢʞʝ ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʧʨʦʝʢʪʥʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʧʠʢʘʤʠ ʜʦ 18g ʥʘ ʯʘʩʪʦʪʝ 8 ɻʮ. 

ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʚʳʙʦʨʫ ʧʨʠʚʦʜʘ ʰʪʦʨʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʶ 

ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʩʚʷʟʘʥʥʳʝ ʩ 
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ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ, ʠʥʪʝʛʨʘʮʠʝʡ ʠ ʨʘʩʯʸʪʦʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʠʚʦʜʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʨʤʦʷʜʝʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʀʊʕʈ. 

ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʩʭʝʤʳ ʧʠʪʘʥʠʷ ʧʨʠʚʦʜʘ ʠ ʧʨʦʙʣʝʤʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʉʜʝʣʘʥ ʦʙʟʦʨ ʥʘʛʨʫʟʦʢ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʨʠʚʦʜ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ, ʧʦʢʘʟʘʥʳ ʚʦʧʨʦʩʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʜʦʤ RCC-MR 2007.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʧʣʘʥʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʩʫʨʩʥʳʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ. 
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ʉʆɿɼɸʅʀɽ ʀ ʀʉʇʓʊɸʅʀʗ ʉʀʉʊɽʄʓ 

ɺʆɼʗʅʆɻʆ ʆʍʃɸɾɼɽʅʀʗ ɼʀɸɻʅʆʉʊʀʏɽʉʂʀʍ 

ɿɸʑʀʊʅʓʍ ʄʆɼʋʃɽʁ ʕʂɺɸʊʆʈʀɸʃʔʅʆɻʆ 

ʇʆʈʊɸ ˉ11 
 

 

ɻʘʚʨʠʣʝʥʢʦ ɼ.ɽ.1, ɹʫʨʜʘʢʦʚ ɸ.ɺ.1,3, ʀʚʘʥʮʠʚʩʢʠʡ ʄ.ɺ.1,3, 

ɿʝʤʣʷʥʩʢʠʡ ʖ.ʅ.1,  

ʈʫʚʠʥʩʢʠʡ ɽ.ʉ.1, ʉʪʝʰʦʚ ɸ.ɻ.1, ʐʠʷʥʢʦʚ ʉ.ɺ.1, ʉʫʣʷʝʚ ʖ.ʉ.1,2 
 

 

1ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ  
2ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ  
3ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʅʦʚʦʩʠʙʠʨʩʢ 

 

 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʟʘʱʠʪʥʳʝ ʤʦʜʫʣʠ (ɼɿʄ) ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ 

ʧʦʨʪʘ ˉ11 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʦʞʥʦʛʦ ʧʨʦʬʠʣʷ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʥʘʣʦʚ ʦʭʣʘʞʜʝʥʠʷ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ, 

ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʷʭ. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʳ ʚʦʜʷʥʳʭ ʢʘʥʘʣʦʚ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʚʠʜ ɼɿʄ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʦʨʪʘ ˉ11 

ʈʠʩʫʥʦʢ 2. ɹʣʦʢ ʧʨʦʚʝʨʢʠ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʉʪʨʫʢʪʫʨʘ ʢʘʥʘʣʦʚ ʦʭʣʘʞʜʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʝʤ 

ʩʚʝʨʣʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʦʪʚʝʨʩʪʠʡ. 

ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʘʥʘʣʦʚ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʪʚʝʨʩʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʛʣʫʰʝʥʳ - ʟʘʚʘʨʝʥʳ ʠ ʧʨʦʚʝʨʝʥʳ ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ ʠʣʠ 

ʫʣʴʪʨʘʟʚʫʢ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʤʝʥʪʦʚ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝʭ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʀʗʌ ʉʆ ʈɸʅ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʚʦʜʷʥʳʭ ʢʘʥʘʣʦʚ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʧʠʥʦʚ. ʇʨʠʤʝʨ ʢʦʥʩʪʨʫʢʮʠʠ ʦʜʥʦʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʪʠʧʦʚ ʙʣʦʢʦʚ ʧʨʦʚʝʨʢʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ: 

- ʆʪʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ; 

- ʆʪʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ; 

- ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ (ʜʦ ʠ ʧʦʩʣʝ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ); 
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- ɺʘʢʫʫʤʥʳʝ ʠʩʧʳʪʘʥʠʷ (ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʨʘʙʦʪʘʥʳ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷʤ ʀʊʕʈ.  
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ʈɸɼʀɸʎʀʆʅʅʓɽ ʀʉʇʓʊɸʅʀʗ ɹʃʆʂɸ 
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ɺʝʨʪʠʢʘʣʴʥʘʷ ʥʝʡʪʨʦʥʥʘʷ ʢʘʤʝʨʘ (ɺʅʂ[1]) ï ʧʦʜʩʠʩʪʝʤʘ 

ʥʝʡʪʨʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʀʊʕʈ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʥʝʡʪʨʦʥʥʦʛʦ ʚʳʭʦʜʘ ʚ ʧʦʣʦʠʜʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʧʣʘʟʤʳ ʪʦʢʘʤʘʢʘ ʩ 

ʟʘʜʘʥʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʬʠʣʷ 

ʥʝʡʪʨʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɺ ʨʝʞʠʤʘʭ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʧʫʩʢʦʚ 

ʫʩʪʘʥʦʚʢʠ ʀʊʕʈ ʥʝʡʪʨʦʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ɺʅʂ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ 

ʠʟʤʝʨʝʥʠʝ ʥʝʡʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʩʧʝʢʪʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʧʣʦʪʥʦʩʪʠ 

ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ 105ð1012ʩʤ-2ʩ-1. ɺʅʂ ʩʦʩʪʦʠʪ ʠʟ ʚʝʨʭʥʝʡ ɺʅʂ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʚʝʨʭʥʝʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʧʦʨʪʫ ˉ18 ʠ 

ʩʦʜʝʨʞʘʱʝʡ 6 ʢʦʣʣʠʤʘʪʦʨʦʚ, ʠ ʥʠʞʥʝʡ ɺʅʂ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 

ʥʠʞʥʝʤ ʧʦʨʪʫ ˉ14 ʠ ʩʦʜʝʨʞʘʱʝʡ 5 ʢʦʣʣʠʤʘʪʦʨʦʚ. ɺ ʢʦʥʮʝ 

ʢʘʞʜʦʛʦ ʢʦʣʣʠʤʘʪʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ 

ʧʦʪʦʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʣʦʢ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ 

(ɹɼɹʅ). ɹɼɹʅ ɺʅʂ ʀʊʕʈ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʥʝʡʪʨʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʘ: ʜʚʘ ʘʣʤʘʟʥʳʭ ʠ ʜʚʝ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʤʝʨʳ ʜʝʣʝʥʠʷ 

(ʀʂɼ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʦʜʥʦʡ ʦʩʠ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ.  ɺ ʩʦʩʪʘʚ 

ʜʚʫʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʤʝʨ ʜʝʣʝʥʠʷ ʚʭʦʜʷʪ ʨʘʜʠʘʪʦʨʳ ʠʟ 238U. 

ɸʣʤʘʟʥʳʝ ʜʝʪʝʢʪʦʨʳ ʠ ʀʂɼ, ʚʭʦʜʷʱʠʝ ʚ ʙʣʦʢ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, 

ʦʪʣʠʯʘʶʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʙʳʩʪʨʳʤ ʥʝʡʪʨʦʥʘʤ.  

ʈʘʜʠʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ɹɼɹʅ-ɺ ʚʝʨʭʥʝʡ ʠ ɹɼɹʅ-ʅ 

ʥʠʞʥʝʡ ɺʅʂ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʥʝʡʪʨʦʥʥʦʤ ʩʪʝʥʜʝ ɸʆ çɻʅʎ ʈʌ 

ʊʈʀʅʀʊʀè. ɹɼɹʅ ʧʦʤʝʱʘʣʠ ʚ ʧʦʣʝ ʠʟʣʫʯʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʣʷ 

mailto:mesh@triniti.ru
mailto:rodionovnb@gmail.com,amosov@triniti.ru
mailto:s.obudovsky@iterrf.ru
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(ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʜʠʘʛʨʘʤʤʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ) ʠ ʧʦʜʢʣʶʯʘʣʠ ʢ ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʝ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʠʛʥʘʣʦʚ.  ʈʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʦʪʢʣʠʢʘ 

ʜʝʪʝʢʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʧʦʣʦʞʝʥʠʷ ɹɼɹʅ ʚ ʥʝʡʪʨʦʥʥʦʤ ʧʦʣʝ. ʆʧʨʝʜʝʣʷʣʠʩʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʡʪʨʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ɹɼɹʅ: 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʦʢʠ ʫʪʝʯʢʠ, ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʘʣʤʘʟʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʩʪʝʧʝʥʴ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʜʝʪʝʢʪʦʨʦʚ. ɺ 

ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʥʝʡʪʨʦʥʘʤ ʩ 

ʵʥʝʨʛʠʝʡ 14,6 ʄʵɺ ʘʣʤʘʟʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ɹɼɹʅ-ʅ ʠ ɹɼɹʅ-ɺ ɺʅʂ ʀʊʕʈ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ 

ɹɼɹʅ-ɺ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʛʝʥʝʨʘʪʦʨʘ. 

ʀʟʤʝʨʝʥʥʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʚ ʩʦʩʪʘʚʝ 

ɹɼɹʅ-ʅ ʠ ɹɼɹʅ-ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ, ʟʘʷʚʣʝʥʥʳʤ ʚ ʊɿ.  

ɺ ʩʭʝʤʝ ʠʟʤʝʨʝʥʠʷ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ɹɼɹʅ ʚʜʦʣʴ ʧʦʪʦʢʘ 

ʥʝʡʪʨʦʥʦʚ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʯʘʩʪʠʯʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʝʪʝʢʪʦʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʪʝʥʠ ʜʨʫʛʠʭ ʜʝʪʝʢʪʦʨʦʚ. ʉʪʝʧʝʥʴ 

ʦʩʣʘʙʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʝʪʝʢʪʦʨʦʚ ʚ çʪʝʥʠè ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʜʝʪʝʢʪʦʨʘ ʚ ʙʣʦʢʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 1-

1,9. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʘʣʤʘʟʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ 

ʥʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 14,1 ʄʵɺ ʚ ʩʦʩʪʘʚʝ ɹɼɹʅ ʥʝ ʙʦʣʝʝ 3,8%. 

 

ʃʠʪʝʨʘʪʫʨʘ. 

[1]. ɺ. ʅ. ɸʤʦʩʦʚ, ʉ. ɸ. ʄʝʱʘʥʠʥʦʚ, ʅ. ɹ. ʈʦʜʠʦʥʦʚ. ʇʨʠʢʣʘʜʥʘʷ 

ʬʠʟʠʢʘ, ˉ4, 2011, ʩ. 104-108. 
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ʄʆɼʀʌʀʂɸʎʀʗ ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆɻʆ 

ɿʆʅɼɸ ʉ ʎɽʃʔʖ ʋɺɽʃʀʏɽʅʀʗ ɽɻʆ ɽʄʂʆʉʊʀ 

ʀ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 
 

 

 ʃ.ɹ. ɹʝʛʨʘʤʙʝʢʦʚ, ʆ.ɸ. ɹʠʜʣʝʚʠʯ, ɸ.ʅ. ɺʦʡʪʶʢ, ɸ.ɺ. ɻʨʫʥʠʥ  

 

 

 ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

 

 

ɺʚʝʜʝʥʠʝ 
 ʕʢʩʧʝʨʠʤʝʥʪʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʧʳʣʝʥʥʦʛʦ ʩ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʧʣʘʟʤʦʡ ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʦʡ ʩʪʝʥʢʠ ʠ ʜʠʚʝʨʪʦʨʘ, 

ʚ ʠʪʦʛʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʳʣʴ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ, 

ʥʘʢʦʧʣʝʥʥʦʝ ʚ ʫʩʪʘʥʦʚʢʘʭ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʨʘʟʨʷʜʘ ʠ ʥʘʢʘʧʣʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʠʪʠʷ. 

ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʳʣʠ ʚ ITER ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʟʦʥʜʦʚ, ʟʘʜʘʯʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʧʳʣʠ ʠ ʠʟʚʣʝʯʝʥʠʝ ʝʝ ʠʟ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ.  

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʳʣʠ ʚ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʟʦʥʜʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʪʨʘʝʢʪʦʨʠʡ ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʘ, 

ʫʣʫʯʰʘʶʱʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʟʦʥʜ ʠ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ 
 

ʂʦʥʮʝʧʮʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ 

ʨʘʙʦʪʝ [1]. ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʟʦʥʜʘ ʷʚʣʷʝʪʩʷ ʨʝʟʝʨʚʫʘʨ ʠʟ 

ʪʦʥʢʦʡ ʣʠʩʪʦʚʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʧʝʨʝʜʥʷʷ ʩʪʝʥʢʘ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʰʝʪʢʫ (ʈʠʩ 1). ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʝʞʜʫ 

ʟʦʥʜʦʤ ʠ ʩʪʘʨʪʦʚʦʡ ʧʣʘʩʪʠʥʦʡ, ʧʦʢʨʳʪʦʡ ʧʳʣʴʶ, ʩʦʟʜʘʝʪʩʷ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʜʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʳʣʝʚʳʝ 

ʯʘʩʪʠʮʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʝʦʜʦʣʝʣʠ ʩʠʣʫ 

ʪʷʞʝʩʪʠ ʠ ʩʠʣʳ ʘʜʛʝʟʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʢʠʥʫʣʠ ʩʪʘʨʪʦʚʫʶ 
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ʧʣʘʩʪʠʥʫ ʠ ʧʦʧʘʣʠ ʚ ʨʝʟʝʨʚʫʘʨ ʟʦʥʜʘ ʩʢʚʦʟʴ ʚʭʦʜʥʫʶ ʨʝʰʝʪʢʫ. ʂ 

ʚʝʨʭʥʝʡ ʩʪʦʨʦʥʝ ʨʝʰʝʪʢʠ ʧʨʠʢʨʝʧʣʝʥʘ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ, 

ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʣʝʪ ʯʘʩʪʠʮ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʨʝʰʝʪʢʠ ʚ 

ʩʪʦʨʦʥʫ ʦʪ ʨʝʟʝʨʚʫʘʨʘ 

ʄʦʜʝʣʠʨʦʚʘʣʠʩʴ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ 

ʚʦʣʴʬʨʘʤʦʚʦʡ ʧʳʣʠ. ʏʘʩʪʠʮʳ ʧʳʣʠ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʧʦ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʠ ʟʘʨʷʜʘ, 

ʧʨʠʦʙʨʝʪʘʝʤʦʛʦ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ 

ʩʪʘʨʪʦʚʦʡ ʧʣʘʩʪʠʥʦʡ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠ ʭʘʨʘʢʪʝʨʘ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʪʝʥʢʘʤʠ ʟʦʥʜʘ ʠ ʩʪʘʨʪʦʚʦʡ ʧʣʘʩʪʠʥʦʡ ʙʳʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʩʠʣʘ ʘʜʛʝʟʠʠ 

ʯʘʩʪʠʮ ʢ ʩʪʘʨʪʦʚʦʡ ʧʣʘʩʪʠʥʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

ʚʭʦʜʝ ʩʦʫʜʘʨʝʥʠʷ ʩʦ ʩʪʝʥʢʘʤʠ. ʊʘʢʞʝ ʙʳʣʦ ʯʠʩʣʝʥʥʦ ʧʦʣʫʯʝʥʦ 

ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʝʷʥʥʳʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ 

ʬʦʨʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʜʦʣʷ 

ʯʘʩʪʠʮ, ʦʪʨʘʞʘʶʱʠʭʩʷ ʟʝʨʢʘʣʴʥʦ, ʠ ʜʦʣʷ ʯʘʩʪʠʮ, ʦʪʨʘʞʘʶʱʠʭʩʷ 

ʜʠʬʬʫʟʥʦ ʧʦ ʟʘʢʦʥʫ ʢʦʩʠʥʫʩʘ ʂʥʫʜʩʝʥʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʨʝʜʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Comsol. Comsol-ʤʦʜʝʣʴ ʩʦʩʪʦʷʣʘ ʠʟ 

ʜʚʫʭ ʙʣʦʢʦʚ. ɺ ʧʝʨʚʦʤ ʨʝʰʘʣʘʩʴ ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʚʦ ʚʪʦʨʦʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʟʘʨʷʜʠʚʰʠʭʩʷ ʚʦʣʴʬʨʘʤʦʚʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʘ ʚ ʧʝʨʚʦʤ ʙʣʦʢʝ. 

 

ʈʠʩ 1. ʉʭʝʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʘ 

˽ͦͭͦͦ͟͡ 
˭͊͒ͤΎΎ ͔ͫͭͤ͊͟ 

ˤͻͦ͒ͤ͊Ύ ͔ͪ΄͔ͭ͊͟ 

˻͔ͭͪ͊͗͊ͭ͡Έͤ͊Ύ 
͙ͨ͊ͫͭͤ͊͡ 

˨ͤͦ 

˿͍ͭ͊ͪͭͦ͊Ύ ͙ͨ͊ͫͭͤ͊͡ 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʧʦʣʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʯʘʩʪʴ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʫʞʝ 

ʧʦʧʘʣʠ ʚ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʦʥʜʘ, ʠʟ-ʟʘ ʥʝʚʳʩʦʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʩʦ ʩʪʝʥʢʘʤʠ 

ʟʦʥʜʘ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʫʜʘʨʝʥʠʡ ʚʳʣʝʪʘʶʪ ʦʙʨʘʪʥʦ (ʨʠʩ.2). ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʜʦʣʶ çʩʙʝʞʘʚʰʠʭè ʯʘʩʪʠʮ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʢʠ ʟʦʥʜʘ ʨʝʰʝʪʢʠ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʚʝʨʪʠʢʘʣʴʥʳʭ ʣʘʤʝʣʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʪʦʥʢʠʭ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ 

ʟʘʜʥʝʡ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʟʦʥʜʘ. ʏʘʩʪʠʮʘ ʧʳʣʠ ʧʦʧʘʜʘʝʪ ʚ ʟʘʟʦʨ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʣʘʤʝʣʷʤʠ, ʪʝʨʷʝʪ ʵʥʝʨʛʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʦʫʜʘʨʝʥʠʡ ʩ ʥʠʤʠ, ʦʙʣʘʜʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʵʥʝʨʛʠʝʡ, ʯʪʦʙʳ ʚʳʣʝʪʝʪʴ ʠʟ ʨʝʟʝʨʚʫʘʨʘ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʘʝʪʩʷ ʚ 

ʟʦʥʜʝ (ʨʠʩ 3). 

 

ʈʠʩ 2. ʊʨʘʝʢʪʦʨʠʷ çʫʙʝʛʘʶʱʝʡè ʯʘʩʪʠʮʳ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʨʝʟʝʨʚʫʘʨʘʭ, ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʨʝʰʝʪʦʢ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʦʧʪʠʤʘʣʴʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʧʘʨʘʤʝʪʨʳ. ʊʘʢ, ʝʩʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʙʦʨʘ ʟʦʥʜʘ ʩ ʛʣʘʜʢʠʤʠ ʩʪʝʥʢʘʤʠ ʩʦʩʪʘʚʣʷʣʘ 68%, 

ʜʣʷ ʟʦʥʜʘ ʩ ʨʝʰʝʪʢʦʡ ʥʘ ʜʥʝ- 72%, ʘ ʜʣʷ ʟʦʥʜʘ ʩ ʨʝʰʝʪʢʘʤʠ ʥʘ ʜʥʝ, 

ʥʘ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʠ ʥʘ ʧʦʪʦʣʢʝ -73%. ʅʘʠʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʟʦʥʜʘ ʩ ʨʝʰʝʪʢʘʤʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʳʩʦʪʝ ʣʘʤʝʣʝʡ 1-1.5ʤʤ, 

ʪʦʣʱʠʥʝ ʥʝ ʙʦʣʝʝ 0.1ʤʤ ʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʣʘʤʝʣʷʤʠ ʤʝʥʝʝ 0.5 

ʤʤ.  
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ʈʠʩ 3.ʏʘʩʪʠʮʘ, ʧʦʧʘʚʰʘʷ ʚ ʟʘʟʦʨ 

ʤʝʞʜʫ ʣʘʤʝʣʷʤʠ 

ʈʠʩ 4.ʏʘʩʪʠʮʳ, ʚʳʣʝʪʘʶʱʠʝ ʠʟ 

ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʘʢʣʦʥʝʥʥʳʤʠ 

ʣʘʤʝʣʷʤʠ. 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʜʥʝ 

ʟʦʥʜʘ (ʢʦʥʬʠʛʫʨʘʮʠʷ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʨʝʰʝʪʢʦʡ ʥʘ ʜʥʝ ʠ ʧʦʪʦʣʢʝ 

ʟʦʥʜʘ) ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʳʣʠʥʦʢ 

ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʦʢʦʣʦ ʚʭʦʜʥʦʡ ʨʝʰʝʪʢʠ. ʇʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʩʦʙʨʘʥʥʦʡ ʧʳʣʠ ʵʪʦ ʟʘʪʨʫʜʥʠʪ ʧʦʧʘʜʘʥʠʝ ʥʦʚʳʭ ʯʘʩʪʠʮ ʚ 

ʨʝʟʝʨʚʫʘʨ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʳʩʳʧʘʥʠʶ ʧʳʣʠ ʠʟ ʟʦʥʜʘ 

ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 4, ʧʦʩʣʝ ʚʳʣʝʪʘ ʠʟ ʨʝʰʝʪʢʠ ʦʪʢʣʦʥʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʣʘʤʝʣʝʡ ʨʝʰʝʪʢʠ 

ʣʝʞʠʪ ʚ ʥʝʙʦʣʴʰʦʤ ʫʛʣʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ ʩʤʝʩʪʠʪʴ ʚ ʛʣʫʙʠʥʫ ʟʦʥʜʘ, ʘ 

ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʯʘʩʪʠʮ, ʚʳʣʝʪʘʶʱʠʭ ʠʟ ʟʦʥʜʘ, ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʥʘ ʧʦʪʦʣʦʢ ʟʦʥʜʘ ʫʩʪʘʥʦʚʠʪʴ ʨʝʰʝʪʢʫ, ʣʘʤʝʣʠ ʢʦʪʦʨʦʡ 

ʥʘʢʣʦʥʝʥʳ ʚ ʩʪʦʨʦʥʫ ʟʘʜʥʝʡ ʩʪʝʥʢʠ ʟʦʥʜʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʜʪʚʝʨʜʠʣʦ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʠ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ (ʫʛʦʣ ʥʘʢʣʦʥʘ ʣʘʤʝʣʝʡ, ʰʘʛ, 

ʚʳʩʦʪʘ).  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʥʘ ʧʦʪʦʣʦʢ 

ʨʝʟʝʨʚʫʘʨʘ ʨʝʰʸʪʢʠ ʩ ʣʘʤʝʣʷʤʠ, ʥʘʢʣʦʥʝʥʥʳʤʠ ʚ ʩʪʦʨʦʥʫ ʟʘʜʥʝʡ 

ʩʪʝʥʢʠ, ʘ ʥʘ ʜʥʦ ʨʝʰʝʪʢʠ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʣʘʤʝʣʷʤʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʟʦʥʜʝ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʢʦʧʠʪʴ ʚ ʟʦʥʜʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 
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ʯʘʩʪʠʮ ʟʘ ʦʜʠʥ ʮʠʢʣ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʟʦʥʜʘ ʜʦ 83%. 

ɿʘʢʣʶʯʝʥʠʝ 
 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʙʦʨʘ ʚʦʣʴʬʨʘʤʦʚʦʡ 

ʧʳʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʟʦʥʜʦʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʠ ʧʨʦʯʠʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʧʳʣʠ ʚ ITER, ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʝʛʦ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʚ ʨʘʩʯʸʪʥʦʡ ʩʨʝʜʝ COMSOL ʠ 

ʧʦʣʫʯʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ.  

ɸʥʘʣʠʟ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʳʣʠ ʚ ʟʦʥʜʝ ʧʦʟʚʦʣʠʣ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʥʘ ʧʦʪʦʣʦʢ 

ʨʝʟʝʨʚʫʘʨʘ ʟʦʥʜʘ ʨʝʰʸʪʢʠ ʩ ʣʘʤʝʣʷʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ ʚʠʜʝ 

ʪʦʥʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʙʦʢʦʚʳʤ ʩʪʝʥʢʘʤ ʨʝʟʝʨʚʫʘʨʘ ʠ ʥʘʢʣʦʥʝʥʥʳʤʠ ʚ 

ʩʪʦʨʦʥʫ ʟʘʜʥʝʡ ʩʪʝʥʢʠ, ʘ ʥʘ ʜʥʦ ʪʘʢʦʡ ʞʝ ʨʝʰʝʪʢʠ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʣʘʤʝʣʷʤʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʦʙʨʘʥʥʳʭ ʯʘʩʪʠʮ ʧʦ ʜʥʫ ʨʝʟʝʨʚʫʘʨʘ ʟʦʥʜʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʢʦʧʠʪʴ ʚ ʟʦʥʜʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʟʘ ʦʜʠʥ 

ʮʠʢʣ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʦʥʜʘ ʜʦ 83%. 
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ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʧʣʘʟʤʳ ʠ ʣʘʟʝʨʥʳʝ 

ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ 
 
 

 

ʉʇɽʂʊʈɸʃʔʅɸʗ ɼʀɸɻʅʆʉʊʀʂɸ ʇʃɸɿʄʓ ʅɸ 

ʉʆɺʈɽʄɽʅʅʓʍ ʊʆʂɸʄɸʂɸʍ 
 

ɺʫʢʦʣʦʚ ʂʦʥʩʪʘʥʪʠʥ ʖʨʴʝʚʠʯ 

 
1ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʀʥʩʪʠʪʫʪè, ʈʦʩʩʠʷ, 123182 ʄʦʩʢʚʘ, ʧʣ. 

ʂʫʨʯʘʪʦʚʘ 1 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʅ.ʕ. ɹʘʫʤʘʥʘ, ʈʦʩʩʠʷ, 105005 ʄʦʩʢʚʘ, 2-ʷ ɹʘʫʤʘʥʩʢʘʷ ʫʣ., 5, ʩʪʨ. 1  

ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʦʙʟʦʨʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʣʘʟʤʳ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʣʘʟʤʳ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʢʘʞʜʦʤ ʪʦʢʘʤʘʢʝ. ʆʧʠʩʘʥʳ ʟʘʜʘʯʠ ʠ 

ʤʝʪʦʜʳ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʢʘʢ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʦʡ ʧʣʘʟʤʳ, ʜʣʷ ʦʪʣʘʜʢʠ 

ʪʨʝʙʫʝʤʳʭ ʨʝʞʠʤʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʟʨʷʜʘ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʟʨʷʜʦʤ ʠ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ. ɺ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʢʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʧʘʩʩʠʚʥʳʝ, ʪʘʢ ʠ 

ʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʧʘʩʩʠʚʥʦʡ ʠ ʘʢʪʠʚʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʣʘʟʤʳ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʥʘ ʪʦʢʘʤʘʢʘʭ ʊ-10, JET ʠ 

ʀʊʕʈ, ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʠ ʠʭ ʨʝʰʝʥʠʷ. ʇʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʭ 

ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʉʠʩʪʝʤʳ ʜʣʷ ʧʘʩʩʠʚʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʢʘʯʝʩʪʚʝʥʥʳʭ 

(ʦʪʥʦʩʠʪʝʣʴʥʳʭ) ʠʟʤʝʨʝʥʠʷʭ. ʇʘʩʩʠʚʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʛʠʩʪʨʠʨʫʶʪ ʠʟʣʫʯʝʥʠʝ ʧʣʘʟʤʳ ʚʜʦʣʴ ʭʦʨʜʳ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʤʦʛʫʪ ʨʝʰʘʪʴ ʪʘʢʠʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʢʘʢ: 

ȷȫȰȼȮɅ 

3 
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ʠʟʤʝʨʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ (ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʮʠʢʣʠʥʛʝ ʚʦʜʦʨʦʜʘ), ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʪʦʢʦʚ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʠʟʤʝʨʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʧʨʠʤʝʩʝʡ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʘʥʩʧʦʨʪʝ ʙʝʨʠʣʣʠʷ ʠ 

ʚʦʣʴʬʨʘʤʘ). ɺ ʩʚʦʙʦʜʥʦʡ ʦʪ ʣʠʥʠʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʦʙʳʯʥʦ ï ʚ 

ʨʘʡʦʥʝ 523 ʥʤ) ʧʨʦʚʦʜʷʪʩʷ ʘʙʩʦʣʶʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʦʨʤʦʟʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʧʦ ʦʙʲʝʤʫ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʟʘʨʷʜʘ ʧʣʘʟʤʳ ʢʘʢ ʠʥʜʠʢʘʪʦʨʘ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʠʤʝʩʝʡ ʚ ʧʣʘʟʤʝ.  

ɸʢʪʠʚʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (Charge Exchange Recombination 

Spectroscopy - CXRS) ï ʵʪʦ ʜʠʘʛʥʦʩʪʠʢʘ, ʢʦʪʦʨʘʷ ʘʥʘʣʠʟʠʨʫʝʪ 

ʨʝʟʫʣʴʪʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʩ ʧʫʯʢʦʤ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʩ 

ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 10 ʢʵɺ, ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʚ ʧʣʘʟʤʫ. ɹʦʣʴʰʘʷ ʵʥʝʨʛʠʷ 

ʘʪʦʤʦʚ ʚ ʧʫʯʢʝ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʛʣʫʙʴ ʧʣʦʪʥʦʡ 

ʧʣʘʟʤʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʬʦʥʦʚʦʡ ʟʘʩʚʝʪʢʠ ʠʩʧʦʣʴʟʫʶʪ 

ʤʦʜʫʣʷʮʠʶ ʧʫʯʢʘ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 10 ʜʦ 100 ɻʮ. ɼʠʘʛʥʦʩʪʠʢʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʚʦʟʥʠʢʰʠʭ ʟʘ ʩʯʝʪ ʧʝʨʝʟʘʨʷʜʢʠ ʠʦʥʦʚ ʧʣʘʟʤʳ ʥʘ ʘʪʦʤʘʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. CXRS-

ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʪʦʥʦʚ ʠ ʣʝʛʢʠʭ ʧʨʠʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʠʦʥʦʚ (ʷʜʝʨ), ʧʝʨʝʟʘʨʷʞʝʥʥʳʭ 

ʥʘ ʘʪʦʤʘʭ ʧʫʯʢʘ. ʊʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳ ʚ ʪʝʨʤʦʷʜʝʨʥʦʡ 

ʧʣʘʟʤʝ, ʚ ʢʦʪʦʨʦʡ ʯʘʩʪʠʮʳ ʧʦʣʥʦʩʪʴʶ ʠʦʥʠʟʦʚʘʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʰʥʫʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʟʘʨʷʜʢʠ ï ʧʨʘʢʪʠʯʝʩʢʠ 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʭ ʦʧʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ɸʧʧʘʨʘʪʫʨʘ, ʪʨʝʙʫʶʱʘʷʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ CXRS-ʜʠʘʛʥʦʩʪʠʢʠ ï 

ʩʣʦʞʥʘʷ ʠ ʜʦʨʦʛʦʩʪʦʷʱʘʷ, ʥʦ ʵʪʦ ʧʣʘʪʘ ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʜʘʥʥʳʭ ʦ ʧʣʘʟʤʝ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʭʦʨʦʰʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʧʣʘʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʪʦʢʘʤʘʢʝ ʊ-15 ʠ ʀʊʕʈ. 
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ʃɸɿɽʈʅɸʗ ʉʇɽʂʊʈʆʉʂʆʇʀʗ ɺʆɼʆʈʆɼɸ 

ɺ ʇʃɸɿʄɽ ʊʆʂɸʄɸʂɸ 
 

 

ɸ.ɺ. ɻʦʨʙʫʥʦʚ1, ʂ.ʖ. ɺʫʢʦʣʦʚ1, ɽ.ɽ. ʄʫʭʠʥ2, ʉ.ʖ. ʊʦʣʩʪʷʢʦʚ2, 

ɻ.ʉ. ʂʫʨʩʢʠʝʚ2, ɺ.ʉ. ʃʠʩʠʮʘ1, ʅ.ɸ. ɹʘʙʠʥʦʚ2, ʄ.ɻ. ʃʝʚʘʰʦʚʘ1, 

ʄ.ɸ. ʄʝʣʴʢʫʤʦʚ3, ɸ.ʇ. ʏʝʨʥʘʢʦʚ2, ɼ.ɼ. ʂʨʠʚʦʨʫʯʢʦ4, 

ɸ.ɺ. ʉʢʨʳʣʝʚ4 
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ʂʫʨʯʘʪʦʚʘ, 1 
2ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 194021, ʫʣ. 
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4ʄʌʊʀ (ɻʋ), ʛ. ɼʦʣʛʦʧʨʫʜʥʳʡ, 141701, ʀʥʩʪʠʪʫʪʩʢʠʡ ʧʝʨ., 9 

 

 

ʄʝʪʦʜʳ ʣʘʟʝʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʣʘʟʤʳ ʪʦʢʘʤʘʢʦʚ ʠ ʩʪʝʣʣʘʨʘʪʦʨʦʚ [1,2,3]. ʆʩʥʦʚʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʣʘʟʤʳ ʣʘʟʝʨʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʫʩʪʘʥʦʚʦʢ ʩ ʜʠʚʝʨʪʦʨʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʣʦʢʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ: ʨʝʟʦʥʘʥʩʥʘʷ ʣʘʟʝʨʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ [4,5] ʠ 

ʬʦʪʦʠʦʥʠʟʘʮʠʷ [6,7] ï ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʪʘʢ ʠ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʵʧʠʟʦʜʠʯʝʩʢʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʟʠʢʠ ʧʣʘʟʤʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʜʠʘʛʥʦʩʪʠʢʘ ʣʘʟʝʨʥʦʛʦ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʫʰʝʥʠʷ [8,9,10] ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʦʙʲʝʜʠʥʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʣʘʟʝʨʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʠʦʥʠʟʘʮʠʠ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʵʬʬʝʢʪʝ 

ʯʘʩʪʠʯʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʩʚʝʪʠʤʦʩʪʠ ʣʠʥʠʠ HŬ (656,3 ʥʤ, ʧʝʨʝʭʦʜ 

n = 3 Ÿ 2) ʟʘ ʩʯʸʪ ʚʦʟʙʫʞʜʝʥʠʷ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘ ʦʜʥʦʡ ʠʟ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʧʘʰʝʥʦʚʩʢʦʡ ʩʝʨʠʠ. ʃʘʟʝʨʥʘʷ ʥʘʢʘʯʢʘ ʥʘ 

ʧʝʨʝʭʦʜʝ n = 3 Ÿ nUp (ʛʜʝ nUp Ó 4) ʫʤʝʥʴʰʘʝʪ ʥʘʩʝʣʸʥʥʦʩʪʴ ʥʘ 
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n = 3 ʛʨʫʧʧʝ ʫʨʦʚʥʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʝʸ ʥʘ nUp. 

ʈʝʛʠʩʪʨʠʨʫʷ ʘʤʧʣʠʪʫʜʫ ʩʠʛʥʘʣʘ ʪʫʰʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʣʦʢʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʩ ʧʦʤʦʱʴʶ 

ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦ-ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʣʘʟʝʨʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʠʜʸʪ ʥʘ ʣʠʥʠʠ 1875,1 ʥʤ (ʧʝʨʝʭʦʜ 

n = 3 Ÿ 4), ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʫʰʝʥʠʝʤ ʣʠʥʠʠ HŬ, ʪʘʢʞʝ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʥʘ ʣʠʥʠʠ Hɓ (486,1 ʥʤ). 

ʉ ʧʦʤʦʱʴʶ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦ-ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ 

ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʩʠʛʥʘʣʦʚ ʪʫʰʝʥʠʷ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ne ʠ Te 

ʜʠʚʝʨʪʦʨʥʦʡ ʠ SOL ʧʣʘʟʤʳ ʪʦʢʘʤʘʢʘ ʜʣʷ ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʣʠʥʠʡ ʣʘʟʝʨʥʦʡ ʥʘʢʘʯʢʠ. ʈʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʥʘʩʳʱʝʥʠʷ 

ʩʠʛʥʘʣʘ ʪʫʰʝʥʠʷ ʧʨʠ ʥʘʢʘʯʢʝ ʥʘ ʧʝʨʝʭʦʜʝ n = 3 Ÿ 4 (1875,1 ʥʤ) 

ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(PSat < 10 ɺʪ/ʩʤ2ʧʤ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ 

ʧʘʰʝʥʦʚʩʢʦʡ ʩʝʨʠʠ. ʅʠʟʢʠʡ ʧʦʨʦʛ ʥʘʩʳʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ 

ʦʪ ʠʤʧʫʣʴʩʥʳʭ ʣʘʟʝʨʦʚ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʠʢʦʚʦʡ 

ʤʦʱʥʦʩʪʴʶ (Pl ~ 1 ʄɺʪ) ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʚʦ 

ʚʨʝʤʝʥʠ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʳʭ ʣʘʟʝʨʦʚ ʩ ʤʦʱʥʦʩʪʴʶ Pl < 100 ɺʪ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʟʘ ʩʯʸʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʴʰʝʛʦ ʫʩʨʝʜʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʣʘʟʝʨʥʳʤ 

ʠʤʧʫʣʴʩʘʤ. 

ɺ ʧʝʨʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʪʦʢʘʤʘʢʝ ʧʦ ʣʘʟʝʨʥʦʤʫ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ ʪʫʰʝʥʠʶ ʣʠʥʠʠ HŬ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʤʧʫʣʴʩʥʳʡ 

100 ɻʮ ʣʘʟʝʨ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

[9]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʪʦʢʘʤʘʢʘ, ʘ ʘʤʧʣʠʪʫʜʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʩʠʛʥʘʣʦʚ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʣʘʩʴ ʩ ʨʘʩʯʸʪʥʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ 

ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦ-ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. 

ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʚ ʜʠʘʧʘʟʦʥʝ 1873-1877 ʥʤ ʪʫʣʠʝʚʳʡ 

ʚʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ ʩ ʯʘʩʪʦʪʦʡ ʛʝʥʝʨʘʮʠʠ ʠʤʧʫʣʴʩʦʚ 0,5-2 ʄɻʮ ʠ 

ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 5 ɺʪ ʧʦʟʚʦʣʠʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʠʪʴ 

ʤʝʪʦʜʠʢʫ ʠʟʤʝʨʝʥʠʷ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤ ʚʦ ʚʨʝʤʝʥʠ ʠʩʪʦʯʥʠʢʦʤ 

ʠʟʣʫʯʝʥʠʷ. ʇʦʩʣʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʚʦʜʦʨʦʜʥʦʡ ʛʘʟʦʨʘʟʨʷʜʥʦʡ 

ʣʘʤʧʝ, ʣʘʟʝʨ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʪʦʢʘʤʘʢʝ ɻʣʦʙʫʩ-ʄ2. ʇʝʨʚʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʥʦʚʳʤ ʣʘʟʝʨʦʤ ʧʦʣʫʯʝʥʳ ʚ ʦʤʠʯʝʩʢʠʭ 
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ʨʘʟʨʷʜʘʭ ʧʨʠ ʣʘʟʝʨʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ SOL ʧʣʘʟʤʳ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʦʢʦʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʦʣʙʘ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʠʘʛʥʦʩʪʠʢʠ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ ʥʘ ʦʩʥʦʚʝ ʪʫʰʝʥʠʷ ʣʠʥʠʠ HŬ, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʦʞʠʜʘʝʤʳʭ ʦʰʠʙʦʢ 

ʠʟʤʝʨʝʥʠʷ na(H) ʜʣʷ ʫʩʣʦʚʠʡ ʜʠʚʝʨʪʦʨʥʦʡ ʧʣʘʟʤʳ ʀʊʕʈ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʳʭ ʥʘ 

ʪʦʢʘʤʘʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʧʦʜʭʦʜʦʚ: 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʚʦ ʚʨʝʤʝʥʠ ʣʘʟʝʨʘ. 

ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʜʦʢʣʘʜ ʧʣʘʥʘʤʠ ʨʘʙʦʪ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ 

ʜʠʘʛʥʦʩʪʠʢʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ. 
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ɺ.ɸ. ʂʨʫʧʠʥ1, ʃ.ɸ. ʂʣʶʯʥʠʢʦʚ1, ʀ.ɸ. ɿʝʤʮʦʚ1, ɸ.ʈ. ʅʝʤʝʮ1, ʄ.ʈ. 

ʅʫʨʛʘʣʠʝʚ1, ʉ.ʅ. ʊʫʛʘʨʠʥʦʚ1, ʅ.ʅ. ʅʘʫʤʝʥʢʦ2, ʅ.ɺ. ʉʪʫʧʠʰʠʥ3, 

ɸ.ɸ. ʀʚʘʥʦʚ3 

 

 
1ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪèʙ Kluchnikov_la@nrcki.ru 
2ʀʌ ʅɸʅ ʈɹ, ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
3ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ɻ. ʀ. ɹʫʜʢʝʨʘ ʉʆ PAH 

 

 

ɺ 2020 ʛʦʜʫ ʚ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʙʫʜʝʪ ʟʘʧʫʱʝʥ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʪʦʢʘʤʘʢ T-15ʄɼ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: R = 1,5 ʤ, a = 0,67 ʤ,  k= 1,8, Ipl Ò 2 MA, Bt Ò 2 T, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʷʜʘ Ò 10 ʩ, Paux Ò 24 ʄɺʪ. ɼʣʷ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʚʨʝʤʝʥʥʘʷ CXRS-ʜʠʘʛʥʦʩʪʠʢʘ (Charge 

eXchange Recombination Spectroscopy), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ 

ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʠʥʞʝʢʪʦʨʝ ɼʀʅɸ-

ʂʀ60 ʩ ʵʥʝʨʛʠʝʡ ʘʪʦʤʦʚ 60 ʢʵɺ, ʪʘʢ ʠ ʥʘ ʥʘʛʨʝʚʥʳʭ ʥʝʡʪʨʘʣʴʥʳʭ 

ʠʥʞʝʢʪʦʨʘʭ ʩ ʵʥʝʨʛʠʝʡ 80 ʢʵɺ. CXRS-ʜʠʘʛʥʦʩʪʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʟʤʝʨʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʩ 

ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ (å 1 ʩʤ) ʠ ʚʨʝʤʝʥʥʳʤ (å 1 ʤʩ) 

ʨʘʟʨʝʰʝʥʠʝʤ: ʠʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (Ti), ʧʣʦʪʥʦʩʪʴ ʷʜʝʨ ʜʝʡʪʝʨʠʷ ʠ 

ʣʝʛʢʠʭ ʧʨʠʤʝʩʝʡ (nz), ʩʢʦʨʦʩʪʠ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʠ ʪʦʨʦʠʜʘʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ (Vpol, Vtor), ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ ʠ ʵʥʝʨʛʠʷ ʙʳʩʪʨʳʭ ʠʦʥʦʚ. 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʠʥʞʝʢʪʦʨ ɼʀʅɸ-ʂʀ60, ʩʦʟʜʘʥʥʳʡ ʚ 

ʠʥʩʪʠʪʫʪʝ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ɻ.ʀ. ɹʫʜʢʝʨʘ, ʦʩʥʦʚʘʥ ʥʘ ʜʫʛʦʚʦʤ 

ʧʣʘʟʤʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʫʯʢʘ 

ʥʝʡʪʨʘʣʦʚ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 6ʩʤ ʩ ʤʘʣʦʡ ʫʛʣʦʚʦʡ ʨʘʩʭʦʜʠʤʦʩʪʴʶ 

(0.6Á) ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʩʥʦʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ 

E0=60 ʢʵɺ ʥʘ ʫʨʦʚʥʝ 90% ʦʪ ʦʙʱʝʛʦ ʪʦʢʘ ʘʪʦʤʦʚ ʧʫʯʢʘ. ʀʥʞʝʢʪʦʨ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʩʦ ʩʢʚʘʞʥʦʩʪʴʶ ʦʪ 1:10 ʜʦ 

1:1 ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʥʘ ʫʨʦʚʥʝ 1 - 5 ʤʩ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʨʘʟʨʷʜʘ ʫʩʪʘʥʦʚʢʠ ʊ-15ʄɼ.  

mailto:Kluchnikov_la@nrcki.ru
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ʉʠʩʪʝʤʳ ʩʙʦʨʘ ʩʚʝʪʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ CXRS-ʠʟʣʫʯʝʥʠʷ ʚ 

ʪʦʨʦʠʜʘʣʴʥʦʤ ʠ ʧʦʣʦʠʜʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʦʜʝʨʞʘʪ ʧʦ 30 ʭʦʨʜ 

ʥʘʙʣʶʜʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʦ 1 ʩʤ. 

ʍʦʨʜʳ ʥʘʙʣʶʜʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʧʘʨʘʟʠʪʥʦʛʦ ʩʚʝʪʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʢʘʤʝʨʳ. 

ʉʚʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝʤ ʧʫʯʢʘ ʯʝʨʝʟ 

ʧʣʘʟʤʫ, ʧʝʨʝʜʘʸʪʩʷ ʧʦ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʦʧʪʦʚʦʣʦʢʦʥʥʳʤ 

ʢʦʣʣʝʢʪʦʨʘʤ ʚ ʧʫʣʴʪʦʚʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ɺ 

ʩʦʩʪʘʚʝ ʜʠʘʛʥʦʩʪʠʢʠ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʥʘ ʊ-10 ʩʚʝʪʦʩʠʣʴʥʳʝ ʩʧʝʢʪʨʦʤʝʪʨʳ HES 

(high etendue spectrometer), ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ 

ʩʙʦʨʢʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠʤʝʩʝʡ.  
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ʂʨʦʤʝ ʪʦʛʦ ʙʫʜʝʪ ʟʘʜʝʡʩʪʚʦʚʘʥ ʪʨʸʭʩʝʢʮʠʦʥʥʳʡ 

ʩʧʝʢʪʨʦʤʝʪʨ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ CXRS ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʀʊʕʈ. ɺ ʩʧʝʢʪʨʦʤʝʪʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 3 ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʸʪʢʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʝʪ ʩʚʝʪ ʚ 

ʜʠʘʧʘʟʦʥʝ Ñ100 ¡ ʦʪ ʟʘʜʘʥʥʦʡ CXRS ʣʠʥʠʠ, ʥʘʧʨʠʤʝʨ ï ʣʠʥʠʠ 

ʫʛʣʝʨʦʜʘ C5+ 5291 ¡. ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʙʫʜʫʪ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 

CCD ʢʘʤʝʨʳ PIXIS1300B (ʤʘʪʨʠʮʘ 1340Ĭ1300, 20 ʤʢʤ ʧʠʢʩʝʣʴ, 2 

ʄɻʮ, 16 ʙʠʪ) ʘ ʪʘʢʞʝ EMCCD ʢʘʤʝʨʳ PhotonMAX 512B ʩ ʤʘʪʨʠʮʝʡ 

512Ĭ512 ʠ ʧʠʢʩʝʣʷʤʠ 16 ʤʢʤ, ʩʢʦʨʦʩʪʴ ʩʯʠʪʳʚʘʥʠʷ 10 ʄɻʮ, 

ʦʮʠʬʨʦʚʢʘ 16 ʙʠʪ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ CXRS ʩʧʝʢʪʨʦʚ ʣʠʥʠʠ ʫʛʣʝʨʦʜʘ 5291 ¡. ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʦʤʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ ʩ Bt = 2 Tʣ, Ipl = 2 MA ʠ  Zeff 

å 3, ʫʯʠʪʳʚʘʣʦʩʴ ʦʩʣʘʙʣʝʥʠʝ ʧʫʯʢʘ ʚ ʧʣʘʟʤʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʙʦʨʘ 

ʩʚʝʪʘ ʠ ʦʮʠʬʨʦʚʢʠ ʩʠʛʥʘʣʘ ʜʝʪʝʢʪʦʨʦʤ. ʇʨʦʤʦʜʝʣʠʨʦʚʘʥʥʳʡ 

ʩʧʝʢʪʨ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ Ti, nz ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 0.5%, ʘ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʙʫʜʫʪ 

ʠʟʤʝʨʷʪʴʩʷ ʩ ʪʦʯʥʦʩʪʴʶ Ñ0.1-0.3 ʢʤ/ʩ. 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ CXRS ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ʊ-15ʄɼ 

ʦʙʝʩʧʝʯʠʪ ʧʨʦʚʝʜʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʧʣʘʟʤʳ ʠ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ 

ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 18-32-00100. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ 

ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʸʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 

ˉ19-12-00312). 
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105005, ʄʦʩʢʚʘ, 2-ʷ ɹʘʫʤʘʥʩʢʘʷ ʫʣ., 5, ʩʪʨ. 1, E-mail: 

zimin@power.bmstu.ru 

 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʝʪʨʦʥʥʳʭ ʨʘʟʨʷʜʦʚ ʩ 

ʵʣʝʢʪʨʦ- ʠ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦ 

ʵʤʠʩʩʠʦʥʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʘʛʥʝʪʨʦʥʥʦʡ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʄʈʉ) ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ 

ʧʣʘʟʤʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʨʘʟʨʷʜʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʢʦʤʧʴʶʪʝʨʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ (ʨʠʩ. 1). ʄʝʪʦʜʠʢʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʧʨʠ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʦʤ 

ʧʝʨʝʤʝʱʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʛʦʣʦʚʢʠ ʩ ʩʠʩʪʝʤʦʡ ʢʦʣʴʮʝʚʳʭ ʜʠʘʬʨʘʛʤ 

ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʄʈʉ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ 

ʟʘʧʳʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [1].  
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ʈʠʩ. 1. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (ʘ) ʠ ʩʭʝʤʘ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ (ʙ) 
 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʟʤʳ ʨʘʟʨʷʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʜʘʚʣʝʥʠʠ 

ʛʘʟʘ ʚ ʢʘʤʝʨʝ 2...4 ʇʘ, ʥʘʧʨʷʞʝʥʠʠ ʨʘʟʨʷʜʘ 300...350 ɺ, ʪʦʢʝ ʨʘʟʨʷʜʘ 

0,45...1,5 ɸ, ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ ï 0,03 

ʊʣ.  

ʆʜʥʘʢʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (~ 1 ʤʤ) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʢʘʟʘʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʷʜʘ ʚ ʧʣʘʥʘʨʥʦʤ ʤʘʛʥʝʪʨʦʥʝ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ ʩ ʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤʠ 

ʨʘʟʤʝʨʘʤʠ ʢʦʣʴʮʝʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʦʧʦʣʥʝʥ ʥʘʙʦʨʦʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʩʚʝʪʦʬʠʣʴʪʨʦʚ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʠʟ ʣʠʥʝʡʯʘʪʦʛʦ ʩʧʝʢʪʨʘ ʨʘʟʨʷʜʘ 

ʚʳʜʝʣʷʶʪʩʷ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʝ ʷʨʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ, 

ʵʤʠʪʠʨʦʚʘʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʨʘʟʨʷʜʘ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ, ʧʨʦʰʝʜʰʝʛʦ ʩʢʚʦʟʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ 

ʬʠʣʴʪʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʤʝʨʘ ʩ CMOS-ʤʘʪʨʠʮʝʡ. ɺʳʙʦʨ 

ʧʦʜʭʦʜʷʱʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʩʚʝʪʦʬʠʣʴʪʨʦʚ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ AvaSpec-2048. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʧʝʨʚʠʯʥʳʭ raw-

ʬʘʡʣʦʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʨʷʜʘ.  


























































































































































































































































































































































