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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

17.06.2020 ʛ. 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

 

çʉʊʋɼɽʅʏɽʉʂʀɽ ʅɸʋʏʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗè 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʘ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

 

1. ʎʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ ï ʩʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʚ ʤʠʨʦʚʦʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʝ ʥʘʫʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʧʦʜʜʝʨʞʢʘ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʧʫʙʣʠʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʘʧʨʦʙʘʮʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

2. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ (ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʙʦʨʥʠʢʘ ʧʦ ʠʪʦʛʘʤ ʢʦʥʢʫʨʩʘ) ʚ ʣʠʮʝ: 

 

1) ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

2) ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘ-

ʬʝʜʨʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

3) ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʌɻɹʆʋ ɺʆ 

çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè  

4) ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫ-

ʶʱʠʡ ʢʘʬʝʜʨʦʡ çʋʧʨʘʚʣʝʥʠʝ ʠʥʥʦʚʘʮʠʷʤʠ ʚ ʙʠʟʥʝʩʝè ɺʳʩʰʝʡ ʰʢʦʣʳ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʌɻɸʆʋ ɺʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è  

5) ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʬʘʢʫʣʴʪʝʪʘ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

6) ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʵʢʦʣʦʛʠʠ, ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʙʠʦʣʦʛʠʠ, ʌɻɹʆʋ ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

7) ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦ-

ʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʌɻɹʆʋ ɺʆ çʅʦʚʦ-

ʩʠʙʠʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

8) ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩ-

ʩʦʨ ʢʘʬʝʜʨʳ ʄʝʥʝʜʞʤʝʥʪʘ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻɸʆʋ  ɺʆ çʂʨʳʤʩʢʠʡ ʬʝ-

ʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  ʀʥʩʪʠʪʫʪ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

9) ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶ-

ʱʠʡ ʢʘʬʝʜʨʦʡ çʌʠʟʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝè, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʩʧʦʨʪʠʚʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 

10) ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʌɻɸʆʋ 

ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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11) ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʝʡ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʩʝʢʪʦʨʦʤ ʋʨʘʣʴʩʢʦʛʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʬʠ-

ʣʠʘʣ) ʆʋʇ ɺʆ çɸʢʘʜʝʤʠʷ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡè  

12) ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʦ-

ʮʝʥʪ ʢʘʬʝʜʨʳ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʣʠʪʝʨʘʪʫʨʳ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

13) ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘ-

ʬʝʜʨʳ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʈʷʟʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè 

14) ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫ-

ʶʱʠʡ ʢʘʬʝʜʨʦʡ ʛʦʩʧʠʪʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ˉ2, ʌɹɻʆʋ ɺʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝ-

ʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

15) ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï ʢʘʥʜ.ʧʩʠʭʦʣ.ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʉʦ-

ʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩ ʤʦʣʦʜʝʞʴʶè ʌɻɹʆʋ ɺʆ çʂʘʣʫʞʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦè 

16) ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶ-

ʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʧʨʘʚʘ ʋʣʴʷʥʦʚʩʢʦʛʦ ʬʠʣʠʘʣ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ  

17) ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ, ʅʆʋ 

ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè  

18) ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʠʥʦʩʪʨʘʥʥʳʭ ʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʦʚ ʌɻʂʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʶʨʠʜʠʯʝʩʢʠʡ ʠʥ-

ʩʪʠʪʫʪ ʄɺɼ ʈʦʩʩʠʠè  

19) ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʩʠʭʦʣʦʛʠʠ ɽʨʝʚʘʥʩʢʦʛʦ ʵʢʦ-

ʥʦʤʠʢʦ-ʶʨʠʜʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ 

20) ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʐʘʜʨʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

21) ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ 

ʠʥʩʪʠʪʫʪʘ ʧʩʠʭʦʣʦʛʠ, ʩʦʮʠʦʣʦʛʠʠ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜ-

ʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè   

22) ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘ-

ʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʌɻɹʆʋ ɺʆ çʇʝʪʨʦʟʘʚʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

23) ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡè 

24) ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

25) ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘ-

ʬʝʜʨʳ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ɸʟʦʚʦ-ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʌɻɹʆʋ ɺʆ ɼʦʥʩʢʦʡ ɻɸʋ ʚ ʛ. ɿʝʨʥʦʛʨʘʜʝ  

26) ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜ.ʶ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʩʫʜʝʙʥʦʡ ʩʠʩʪʝʤʳ ʋʨʘʣʴʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʘʚʦʩʫʜʠʷè 

27) ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚ-

ʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠʤ. ʅ.ɸ. ʏʠʥʘʢʘʣʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪ-

ʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀɻɼ ʉʆ ʈɸʅ) 

28) ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ, ɺʝʜʫʱʠʡ 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ɸʢʘʜʝʤʠʷ ʅʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ 

29) ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʢʦʤʤʝʨʮʠʠ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʌɻɹʆʋ ɺʆ çʈʕʋ ʠʤ. ɻ. ɺ. ʇʣʝʭʘʥʦʚʘè  



12 ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

30) ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʠ ʣʠʪʝʨʘʪʫʨʳ ʌɻɹʆʋ ɺʆ çʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

31) ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʣʦʩʦʬʠʠ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

32) ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦ-

ʬʝʩʩʦʨ, ʨʫʢ. ʅʋʃ ʄʇʉ ʀʂʀʊ, ʌɻɸʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

33) ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. 

ʢʘʬʝʜʨʦʡ ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè  

34) ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɻʆʋ ɺʇʆ 

çɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʪʦʨʛʦʚʣʠ ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʊʫʛʘʥ-

ɹʘʨʘʥʦʚʩʢʦʛʦè 

35) ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʌɻɸʆʋ ɺʆ çʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪè  

36) ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʜʠʨʝʢʪʦʨ ʌɻɹʅʋ ɺʉʀʄʕʀ, ʟʘʚ. ʢʘʬʝʜʨʦʡ çʆʙʱʝʡ ʛʠʛʠʝʥʳè ʌɻɹʆʋ ɺʆ 

çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

37) ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦʬʝʩ-

ʩʦʨ ʢʘʬʝʜʨʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʂʦʟʴʤʳ ʄʠʥʠʥʘ (ʄʠʥʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)  

38) ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʠ ʣʝʯʝʙʥʦʡ ʨʘʙʦʪʝ, ʟʘʚʝʜʫʶʱʠʡ ʣʘ-

ʙʦʨʘʪʦʨʠʝʡ ʬʠʟʠʦʣʦʛʠʠ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʬʘʨʤʘʢʦʣʦʛʠʠ ʅʀʀʌʠʈʄ ʠʤ. ɽ.ɼ. 

ɻʦʣʴʜʙʝʨʛʘ ʊʦʤʩʢʦʛʦ ʅʀʄʎ. 

39) ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘ-

ʢʫʣʴʪʝʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

40) ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘ-

ʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʂʘʟʘʭʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. ʛ. ɸʣʤʘʪʳ)  

41) ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ 

ʢʘʬ. ɹʠʦʬʠʟʠʢʠ ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè   

42) ʖʨʦʚʘ ʂʩʝʥʠʷ ʀʛʦʨʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʵʢʦ-

ʥʦʤʠʢʠ ʠ ʧʨʘʚʘ ʆʏʋ ɺʆ "ʄʦʩʢʦʚʩʢʠʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ" 

  

3. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʩʝʢʨʝʪʘʨʠʘʪʘ ʚ ʣʠʮʝ: 

1) ɹʳʯʢʦʚ ɸʨʪʸʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

2) ɻʫʣʷʝʚʘ ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ 

3) ʀʙʨʘʝʚ ɸʣʴʙʝʨʪ ɸʨʪʫʨʦʚʠʯ 

 

 

ɼʠʨʝʢʪʦʨ  

ʄʎʅʉ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

ʢ.ʵ.ʥ. ɻʫʣʷʝʚ ɻ.ʖ.  
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ǲǣǩ 3.2,1,.32 

ǼǩǭǪǭǢǧǶǤǰǩǟǾ ǰǱǯǟǱǤǢǧǾ ǲǫǤǬǻǷǤǬǧǾ 
ǡǯǤǣǬǺǴ ǡǺǠǯǭǰǭǡ ǡ ǟǱǫǭǰǳǤǯǲ 
ǮǯǤǣǮǯǧǾǱǧǾǫǧ ǟǪǽǫǧǬǧǤǡǭǨ 
ǮǯǭǫǺǷǪǤǬǬǭǰǱǧ 

ǫǿȖȉǿȁȐȉǿȞ ǟȌǿȐȑǿȐȇȞ ǬȇȉȍȊǿȄȁȌǿ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʪʨʦʛʘʥʦʚʘ ɽʣʝʥʘ ɸʣʝʢʩʝʝʚʥʘ 
ʢ.ʭ.ʥ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʭʠʤʠʠ 

ʌɻɹʆʋ ɺʆ çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʫ ʦʪ ʧʨʝʜʧʨʠʷʪʠʡ 
ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʣʶʤʠʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʨʝʜʥʳʤʠ ʷʚʣʷʶʪʩʷ ʘʵʨʦʟʦʣʠ ʠ ʧʳʣʠ, ʘ ʪʘʢʞʝ 
ʩʦʝʜʠʥʝʥʠʷ ʬʪʦʨʘ ʠ ʫʛʣʝʨʦʜʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʘʪʝʛʠʷ 
ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʘʣʶʤʠʥʠʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘ ʧʨʠ-
ʤʝʨʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʟʘʚʦʜʘ çʈʋʉɸʃè.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʥʝʙʝʟʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ, ʮʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʘʣʶʤʠʥʠ-
ʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ.  
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Abstract: The main factors of negative impact on the atmosphere from aluminum production enterprises are 
considered. It was found that the most harmful are aerosols and dust, as well as fluorine and carbon com-
pounds. Based on the analysis, an environmental strategy was developed to reduce harmful emissions into 
the atmosphere by aluminum industry enterprises, using the example of the RUSAL aluminum plant. 
Key words: atmospheric pollution, unsafe substances, non-ferrous metallurgy, aluminum industry, environ-
mental situation. 

 
ʏʝʣʦʚʝʯʝʩʪʚʦ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʦʥʦ ʧʦʩʪʦʷʥʥʦ ʩʪʨʝʤʠʪʩʷ ʢ ʨʘʟʚʠʪʠʶ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʢʘʞʜʦʝ ʦʪ-

ʢʨʳʪʠʝ ʠʜʝʪ ʥʘ ʧʦʣʴʟʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʉ ʛʦʜʘʤʠ ʧʣʘʥʝʪʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʦʡ, ʯʝʤʫ 
ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʳʙʨʦʩʳ ʦʪ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʭʨʘʥʘ ʧʨʠʨʦʜʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ɿʝʤʣʝ - ʚʘʞʥʝʡʰʠʝ ʤʠʨʦʚʳʝ ʟʘʜʘʯʠ.  

ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɸʥʪʨʦʧʦʛʝʥʥʳʝ, ʝʩʪʝʩʪʚʝʥ-
ʥʳʝ, ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʝʞʝʜʥʝʚʥʦ ʚʳʙʨʘʩʳʚʘʶʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝ-
ʜʫ ʧʦʨʮʠʠ ʥʝʙʝʟʦʧʘʩʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ ʚʝʱʝʩʪʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʢʘʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʳ ʩʥʠʞʘʝʪʩʷ ʠ 



ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 15 
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ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʚʩʪʘʝʪ ʤʘʩʰʪʘʙʥʘʷ ʮʝʣʴ ï ʩʦʭʨʘʥʝʥʠʝ ʚʦʟʜʫʰʥʦʡ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ. 
ʆʩʥʦʚʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʘʪʤʦʩʬʝʨʳ ̫ ʚʣʷʶʪʩʷ: 
1. ʋʛʣʝʚʝʜʦʨʦʜʳ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʉʅ4 , CFH3 ʠ ʧʦʜʦʙʥʳʝ);  
2. ʉʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ (ʦʢʩʠʜʳ ʘʟʦʪʘ, ʘʤʤʠʘʢ);  
3. ʉʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʚ ʩʦʩʪʘʚʝ ʩʝʨʫ (ʩʝʨʥʳʡ ʘʥʛʠʜʨʠʜ, ʩʝʨʥʠʩʪʳʡ ʘʥʛʠʜʨʠʜ); 
4. ʉʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʚ ʩʦʩʪʘʚʝ ʫʛʣʝʨʦʜ (ʫʛʘʨʥʳʡ ʛʘʟ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ); 
5. ʆʟʦʥ (ʆ3). 
ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʘʪʤʦʩʬʝʨʫ ʠʟ ʨʘʙʦʪʘʶʱʠʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʧʘʜʘʶʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʘ ʠʟ ʘʪʦʤ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʳʪʘʥʠʷ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ ï ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ [1]. 
ɸʙʩʦʣʶʪʥʦ ʢʘʞʜʦʝ ʚʳʙʨʦʰʝʥʥʦʝ ʚ ʘʪʤʦʩʬʝʨʫ ʚʝʱʝʩʪʚʦ ʧʨʠʥʦʩʠʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʨʝʜ ʘʪʤʦʩʬʝ-

ʨʝ, ʥʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ. ʆʥ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʤʥʦʞʝʩʪʚʘ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʛʨʝʚʘʶʪʩʷ ʠ 
ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʣʘʥʝʪʝ. ʇʦʩʪʝʧʝʥʥʦ ʧʦʩʣʝʜʩʪʚʠʷ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ ʦʪʨʘ-
ʞʘʶʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ, ʥʘ ʬʣʦʨʝ, ʬʘʫʥʝ ʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʣʠʤʘʪʝ ʧʣʘʥʝʪʳ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʪʘʪʠʩʪʠʢʠ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʦʰʣʳʭ ʣʝʪ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʧʦ 
ʜʘʥʥʳʤ ʙʨʠʪʘʥʩʢʦʡ ʛʘʟʝʪʳ Financial Times, ʚʳʙʨʦʩʳ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʉʆ2) ʥʘ ʧʣʘʥʝʪʝ ʚ 2019 ʛʦʜʫ 
ʚʧʝʨʚʳʝ ʟʘ ʤʠʥʫʚʰʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʝ ʧʨʝʚʳʩʠʣʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʳʜʫʱʝʛʦ ʛʦʜʘ - 33 ʤʣʨʜ ʪʦʥʥ, ʥʝ-
ʩʤʦʪʨʷ ʥʘ ʨʦʩʪ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʧʦʯʪʠ ʥʘ 3%. ʃʠʜʝʨʦʤ ʷʚʣʷʝʪʩʷ ʂʠʪʘʡ (28 % ʚʳʙʨʦʩʦʚ), ʘ ʈʦʩʩʠʷ 
ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʥʘ 4 ʤʝʩʪʝ (1, 6 ʤʣʨʜ ʪʦʥʥ).  

ɿʘ ʚʩʶ ʠʩʪʦʨʠʶ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʦʪʤʝʯʘʣʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʉʆ2, ʥʦ ʵʪʦ ʙʳʣʦ 
ʩʚʷʟʘʥʦ ʩ ʢʨʠʟʠʩʘʤʠ ʚ 1980, 1992 ʠ 2009 ʛʦʜʘʭ. ɺ 2019 ʛʦʜʫ ʙʳʣʦ ʚʥʝʜʨʝʥʦ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ, 
ʯʪʦ ʚʳʟʚʘʣʦ ʩʪʘʙʠʣʠʟʘʮʠʶ ʚʳʙʨʦʩʦʚ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ 2020-ʝ ʩʪʘʥʫʪ ʚʘʞʥʳʤʠ 
ʛʦʜʘʤʠ ʚ ʩʬʝʨʝ ʟʘʱʠʪʳ ʘʪʤʦʩʬʝʨʳ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, 2020 ʛʦʜ ʧʨʠʥʝʩ ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʦʙʩʪʦʷ-
ʪʝʣʴʩʪʚʘ ï ʧʘʥʜʝʤʠʶ COVID-19, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ 
ʦʩʪʘʣʴʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʦ ʚʩʝʡ ʧʣʘʥʝʪʝ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʦʙʷʟʘʥʦ ʩʦʭʨʘʥʷʪʴ ʜʘʥʥʫʶ ʩʠʪʫʘʮʠʶ ʩ 
ʘʪʤʦʩʬʝʨʦʡ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʳʙʨʦʩʳ, ʯʪʦʙʳ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩ 
ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ. 

ɺ ʈʦʩʩʠʠ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 
ʩʨʝʜʫ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʥʝʡ ʦʪʜʘʥʦ ʮʚʝʪ-
ʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʣʝʛʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ (ʤʘʛʥʠʡ, ʘʣʶʤʠʥʠʡ, ʪʠʪʘʥ), ʢʦʪʦʨʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 
ʜʝʥʴ ʦʯʝʥʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʨʘʩʣʷʭ ʦʪ ʘʚʠʘʩʪʨʦʝʥʠʷ ʜʦ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʙʳʪʘ.  

ʎʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦ ʜʦʙʳʯʝ, ʦʙʦʛʘʱʝʥʠʶ ʠ ʧʝʨʝ-
ʜʝʣʫ ʮʚʝʪʥʳʭ ʨʫʜ, ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʧʣʘʚʦʚ, ʧʨʦʢʘʪ ʮʚʝʪ-
ʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʝʨʝʨʘʙʦʪʢʫ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʜʦʙʳʯʫ ʘʣʤʘʟʦʚ [2]. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʦʤʳʰ-
ʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʦʥʘ ʟʘʥʷʣʘ ʚʝʜʫʱʝʝ ʯʝʪʚʝʨʪʦʝ ʤʝʩʪʦ. ʕʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʵʢʩʧʦʨʪʦʦʨʠʝʥʪʠʨʦʚʘʥ-
ʥʳʭ ʦʪʨʘʩʣʝʡ. ɽʞʝʛʦʜʥʦ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʜʦ 3000 
ʪʳʩ. ʪʦʥʥ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʭʘʨʘʢʪʝ-
ʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʙʨʦʩʘʤʠ SO2 (75% ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʚʳʙʨʦʩʘ ʚ ʘʪʤʦʩʬʝʨʫ), ʦʢʩʠʜʦʚ ʫʛ-
ʣʝʨʦʜʘ (10,5%) ʠ ʧʳʣʠ (10,4%). 

ʇʦ ʜʘʥʥʳʤ ʥʘ 2016 ʛʦʜ, ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʣʶʤʠʥʠʷ (ʧʦʩʣʝ ʂʠʪʘʷ). 
ʈʦʩʩʠʡʩʢʠʡ ʘʣʶʤʠʥʠʡ (ʈʋʉɸʃ) ï ʢʨʫʧʥʝʡʰʠʡ ʚ ʤʠʨʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʘʣʶʤʠʥʠʷ ʠ ʛʣʠʥʦʟʝʤʘ. ʊʘʢ ʢʘʢ ʚ 
ʥʘʰʝʡ ʩʪʨʘʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʳʨʴʷ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʘʣʶʤʠʥʠʷ, ʩʪʦʠʪ 
ʟʘʜʫʤʘʪʴʩʷ ʦ ʚʨʝʜʝ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘʥʦʩʠʪ ʘʪʤʦʩʬʝʨʝ.  

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʣʶʤʠʥʠʷ, ʚʳʙʨʦʩ ʩʘʤʳʭ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʪʤʦʩʬʝʨʫ. ʊʘʢ 
ʥʘʟʳʚʘʝʤʘʷ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʘʷ ʧʳʣʴ ʩʣʦʞʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʤʘʣʳʝ 
ʧʨʠʤʝʩʠ (ʭʨʦʤ, ʣʠʪʠʡ, ʙʝʨʠʣʣʠʡ ʠ ʜʨʫʛʠʝ) ʥʘʥʦʩʠʪ ʦʛʨʦʤʥʳʡ ʚʨʝʜ ʚʦʟʜʫʰʥʦʡ ʦʙʦʣʦʯʢʝ ɿʝʤʣʠ ʠ ʫʭʫʜ-
ʰʘʝʪ ʝʝ ʢʘʯʝʩʪʚʦ [3]. ʅʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 1) ʧʨʠʚʝʜʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʟʘʛʨʷʟ-
ʥʷʶʱʠʭ ʘʪʤʦʩʬʝʨʫ ʚʝʱʝʩʪʚ, ʚʳʨʘʞʝʥʥʳʭ ʚ ʪ/ʛʦʜ: 
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ʉʡʪ. 1. ɻʴʚʩʧʪʴ ʠʙʜʩʸʠʦʸʷʲʡʮ ʛʞʲʞʪʫʛ, ʫ/ʜʧʝ 

 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʟʘʚʦʜʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʝʨʚʠʯʥʦʛʦ ʘʣʶʤʠʥʠʷ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʫʪʠʣʠʟʘ-
ʮʠʠ ʚʳʜʝʣʷʶʱʠʭʩʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʦʩʥʦʚʥʦʤ ʥʘ ʥʠʭ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʘʥʦʜʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʚʳʙʨʦʩʳ ʬʪʦʨʠʜʦʚ, ʧʳʣʠ ʠ ʦʨʛʘʥʠʯʝ-
ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʏʝʣʦʚʝʯʝʩʪʚʦ ʧʦʢʘ ʝʱʝ ʥʝ ʧʨʠʜʫʤʘʣʦ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʦʢʘʟʳʚʘʣʠ 
ʙʳ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʢʦʣʦʛʠʶ. ɼʦʙʳʯʘ ʙʦʢʩʠʪʦʚ, ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʧʝʨʝʨʘʙʦʪʢʘ ʛʣʠʥʦʟʝʤʘ, ʵʣʝʢ-
ʪʨʦʣʠʟ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʛʦʣʴʥʘʷ ʠ ʛʘʟʦʚʘʷ ʛʝʥʝʨʘʮʠʷ, ï ʚʩʝ 
ʵʪʠ ʧʨʦʮʝʩʩʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚʳʙʨʦʩʘʤʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ [4]. 

ʂʘʞʜʳʡ ʵʪʘʧ, ʦʪ ʜʦʙʳʯʠ ʜʦ ʧʨʦʜʘʞʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʣʝʛʢʦʡ ʮʚʝʪʥʦʡ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ. ɼʣʷ ʠʭ ʩʦʢʨʘʱʝʥʠʷ ʠ ʚʘʞʥʘ ʨʘʟ-
ʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʠ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʰʥʫʶ ʦʙʦʣʦʯʢʫ ɿʝʤʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ, ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʘʥʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʣʶʤʠʥʠʷ çʈʋʉɸʃè, ʚʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ ʧʨʦ-
ʙʣʝʤ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʤ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʘʪʤʦʩʬʝʨʫ. 

çʋʛʣʝʨʦʜʥʳʡ ʩʣʝʜè. ʂʦʤʧʘʥʠʷ ʈʋʉɸʃ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ. ʀʤ 
ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʉʆ2 ʚ 4 ï 5 ʨʘʟ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʜʨʫʛʠʤʠ ʘʣʶʤʠʥʠʝʚʳʤʠ ʟʘʚʦʜʘʤʠ ʈʦʩʩʠʠ ʠ 
ʚʩʝʛʦ ʤʠʨʘ. ʕʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɻʣʘʚʥʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 
ʯʪʦ ʩʝʛʦʜʥʷ ʙʦʣʝʝ 90% ʘʣʶʤʠʥʠʷ ʈʋʉɸʃʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʚʦʟʦʙ-
ʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʝʝ ʧʦʩʪʘʚʱʠʢʘʤʠ ʚʳʩʪʫʧʘʶʪ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʉʠʙʠʨʠ [4]. ɼʨʫʛʠʝ ʘʣʶʤʠ-
ʥʠʝʚʳʝ ʟʘʚʦʜʳ ʚʳʙʠʨʘʶʪ ʫʛʦʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ʚʠʜʫ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢʦʤʧʘʥʠʷ ʧʨʦʜʦʣʞʘʝʪ ʩʠʩʪʝʤʥʫʶ ʨʘʙʦʪʫ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘ-
ʟʦʚ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ. ɺʥʝʜʨʷʶʪʩʷ ʥʦʚʳʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʨʝ-
ʘʣʠʟʫʶʪʩʷ ʧʨʦʝʢʪʳ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʚʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʘʱʘʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳ-
ʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʠ ʪʘʢ ʜʘʣʝʝ.  

ʉʦʝʜʠʥʝʥʠʷ ʬʪʦʨʘ. ʅʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʟʘʚʦʜʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʘʤʦʦʙʞʠʛʘʶʱʠʝʩʷ 
ʘʥʦʜʳ (ʉʆɸ), ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚʳʙʨʦʩʘ ʬʪʦʨʠʜʦʚ. ɽʱʝ ʚ ʥʘʯʘʣʝ 20-ʭ ʛʦʜʦʚ ʚ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʥʘʯʘʣʠ ʚʥʝʜʨʷʪʴʩʷ ʥʝʧʨʝʨʳʚʥʳʝ ʩʘʤʦʦʙʞʠʛʘʶʱʠʝʩʷ ʵʣʝʢʪʨʦʜʳ (ʧʦ ʧʘʪʝʥʪʫ ɿʦ-
ʜʝʨʙʝʨʛʘ), ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥʮʠʧ ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʚ ʘʣʶ-
ʤʠʥʠʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʫʩʪʨʦʡʩʪʚʦ ʥʝʧʨʝʨʳʚʥʳʭ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʘʥʦʜʦʚ ʩ ʪʦʢʦʧʦʜʚʦ-
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ʜʦʤ ʧʦ ʧʨʠʥʮʠʧʫ ʥʝʧʨʝʨʳʚʥʳʭ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ ʵʣʝʢʪʨʦʧʝʯʝʡ (ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʞʠʤʥʳʭ 
ʢʦʥʪʘʢʪʥʳʭ ʧʣʠʪ) ʥʝ ʜʘʣʦ ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʘʣʶʤʠʥʠʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʳʙʦʨ ʙʦʣʴʰʠʥ-
ʩʪʚʘ ʟʘʚʦʜʦʚ ʧʘʣ ʠʤʝʥʥʦ ʥʘ ʩʘʤʦʦʙʞʘʛʶʱʠʝʩʷ ʘʥʦʜʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʜʝʰʝʚʣʝ ʦʙʦʞʞʝʥʥʳʭ ʘʥʦʜʦʚ (ʆɸ). 
ʅʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʪʨʝʙʦʚʘʣʦʩʴ ʟʘʪʨʘʪ [5]. 

ʅʘʨʷʜʫ ʩ ʨʘʟʚʠʪʠʝʤ ʠ ʚʥʝʜʨʝʥʠʝʤ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ ʩʘʤʦʦʙʞʠʛʘʶʱʠʤʠʩʷ 
ʘʥʦʜʘʤʠ ʧʦʩʪʦʷʥʥʦ ʧʨʦʜʦʣʞʘʣʠʩʴ ʨʘʙʦʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʦʞʞʝʥʥʳʭ ʘʥʦʜʦʚ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʘʥʦʜʥʳʭ ʙʣʦʢʦʚ, ʧʦʟʚʦʣʠʚʰʝʝ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʘʥʦʜʦʚ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʣʠʥʠʡ ʤʦʥʪʘʞʘ ʠ ʜʝʤʦʥʪʘʞʘ ʘʥʦʜʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ 
ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʥʦʜʥʦʛʦ ʫʟʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʠʩʴ ʪʨʫʜʦʚʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʨʘʙʦʪʝ 
ʥʘ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ ʩ ʦʙʦʞʞʝʥʥʳʤʠ ʘʥʦʜʘʤʠ. ɻʣʘʚʥʦʝ ʞʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢʠʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ð ʜʘʣɹ-
ʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʨʝʟʢʦʤ ʩʦʢʨʘʱʝʥʠʠ ʚʨʝʜʥʳʭ ʚʳʜʝʣʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʫ, 
ʦʩʦʙʝʥʥʦ ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʢʩʦʚʘʥʠʷ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʘʥʦʜʦʚ. 
ɺʦʟʨʦʩʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʦʭʨʘʥʝ ʧʨʠʨʦʜʳ ʩʜʝʣʘʣʠ ʢʦʥʩʪʨʫʢʮʠʶ ʵʣʝʢʪʨʦʣʠ-
ʟʝʨʦʚ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʦʞʞʝʥʥʳʤʠ ʘʥʦʜʘʤʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ. 

ɿʘʨʫʙʝʞʥʘʷ ʘʣʶʤʠʥʠʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʚʝʨʰʠʣʘ ʧʝʨʝʭʦʜ ʥʘ ʵʣʝʢʪʨʦʣʠʟʝ-
ʨʳ ʩ ʦʙʦʞʞʝʥʥʳʤʠ ʘʥʦʜʘʤʠ. ʉʨʝʜʠ ʧʨʦʯʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʣʠʟʝʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦ-
ʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢ-
ʪʨʦʣʠʟʝʨʦʚ ʩ ʩʘʤʦʦʙʞʠʛʘʶʱʠʤʠʩʷ ʘʥʦʜʘʤʠ. ʕʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ 
ʧʳʣʠ ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ, ʰʣʘʤʦʚ ʛʘʟʦʦʯʠʩʪʢʠ, ʭʚʦʩʪʦʚ ʬʣʦʪʘʮʠʠ ʠ ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʥʝʦʨ-
ʛʘʥʠʯʝʩʢʦʡ ʧʳʣʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩ ʬʪʦʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʘ ʨʦʩʩʠʡ-
ʩʢʠʭ ʟʘʚʦʜʘʭ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ [5]. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʘʣʶʤʠʥʠʷ, ʧʦʤʠʤʦ ʉʆɸ ʠ ʆɸ, ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʝʨʪ-
ʥʦʛʦ ʘʥʦʜʘ ï ʨʝʚʦʣʶʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʥʝ ʠʤʝʶʱʘʷ ʘʥʘʣʦʛʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢ-
ʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʢ ʥʫʣʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɹʣʘʛʦʜʘʨʷ 
ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʥʝʨʪʥʳʭ ʵʣʝʢʪʨʦʜʘʭ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʘʣʶʤʠʥʠʷ ʩʤʦʛʫʪ ʜʦʩʪʠʯʴ:  

1. ʇʦʣʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝ;  

2. ʉʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 10% ʟʘ ʩʯʝʪ ʵʢʦʥʦʤʠʠ ʘʥʦʜʦʚ ʠ ʵʣʝʢ-
ʪʨʦʵʥʝʨʛʠʠ;  

3. ʉʦʢʨʘʱʝʥʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʟʘʚʦʜʦʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 30 %. 
ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʫʛʦʣʴʥʳʝ ʘʥʦʜʳ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʨʦʩʫ ʚ ʘʪʤʦʩʬʝʨʫ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʩʤʦʣʠʩʪʳʭ ʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʂʨʦʤʝ 
ʪʦʛʦ, ʫʛʦʣʴʥʳʝ ʘʥʦʜʳ ʩʛʦʨʘʶʪ, ʠ ʢʘʞʜʳʝ ʪʨʠ ʥʝʜʝʣʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʷʪʴ ʥʘ ʥʦʚʳʝ. ʕʪʦ ʪʨʫʜʦʝʤ-
ʢʘʷ ʦʧʝʨʘʮʠʷ, ʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʘʥʦʜʦʚ ï ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʧʨʦʮʝʩʩ. 

ʀʥʝʨʪʥʘʷ ʘʥʦʜʥʘʷ ʤʘʩʩʘ ʥʝ ʩʦʜʝʨʞʠʪ ʫʛʣʝʨʦʜʦʚ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʘʣʶʤʠʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʝʨʪʥʳʭ 
ʘʥʦʜʦʚ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʘ ʢʠʩʣʦʨʦʜ. ʆʜʠʥ ʵʣʝʢʪʨʦʣʠʟʝʨ ʩʤʦʞʝʪ ʚʳ-
ʨʘʙʘʪʳʚʘʪʴ ʪʘʢʦʡ ʞʝ ʦʙʲʝʤ ʢʠʩʣʦʨʦʜʘ, ʢʘʢ 70 ʛʝʢʪʘʨʦʚ ʣʝʩʘ, ʢʠʩʣʦʨʦʜ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥ ʢʘʢ ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʜʫʢʪ. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʝʨʪʥʳʡ ʘʥʦʜ ʥʝ ʨʘʩʭʦʜʫʝʪʩʷ ʠ ʥʝ ʪʨʝʙʫʝʪ ʟʘʤʝʥʳ, 
ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʦʧʝʨʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. 

ɼʘʞʝ ʩ ʜʘʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʣʶʤʠʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʥʳʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚʳʙʨʦʩʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʠʢʝʣʷ ʚ 31 ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʚʳʙʨʦʩʳ ʧʨʠ 
ʣʠʪʴʝ ʘʣʶʤʠʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, Al ʧʦʜʜʘʝʪʩʷ ʩʪʦʧʨʦʮʝʥʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ, ʥʝ ʫʪʨʘʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʩʚʦʠʭ 
ʩʚʦʡʩʪʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʝʩʪʴ ʩʧʦʩʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʳʙʨʦʩʳ ʦʪ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʘʣʶʤʠ-
ʥʠʡ, ʵʪʦ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʧʨʝʜʧʨʠʷʪʠʡ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 
ʘʪʤʦʩʬʝʨʫ ʜʣʷ ʢʦʤʧʘʥʠʠ ʈʋʉɸʃ: 

1. ʇʦʚʳʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɻʕʉ ʥʘ 95 % - 100 %.  ʀ, ʚ  ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ, 
ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʫʛʦʣʴʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

2. ɿʘʤʝʥʘ ʚʩʝʭ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʘʥʦʜʦʚ, ʥʘ ʦʙʦʞʞʝʥʥʳʝ, ʘ ʜʘʣʝʝ ʥʘ ʠʥʝʨʪʥʳʝ; 



18 ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

3. ʋʩʪʘʥʦʚʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʥʳʭ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʩʠʩʪʝʤ ʛʘʟʦʦʪʯʠʩʢʠ, ʮʠʢʣʦʥʥʳʭ ʧʳ-
ʣʝʦʩʘʜʠʪʝʣʝʡ ʠ ʩʠʩʪʝʤ ʛʘʟʦʫʣʘʚʣʠʚʘʥʠʷ;  

4. ʆʧʪʠʤʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯ-
ʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ;  

5. ʋʚʝʣʠʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ (ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʛʨʘʤʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʧʦʜʛʦʪʦʚʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ); 

6. ɺʥʝʜʨʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
ɼʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʧʦʜʦʡʜʝʪ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʣʠʪʴʷ ʘʣʶʤʠʥʠʷ 

ʠʣʠ ʜʣʷ ʣʶʙʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʣʝʛʢʦʡ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʣʠʟ. ʇʨʠ 
ʧʦʣʥʦʤ ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ ʫʢʘʟʘʥʠʡ, ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʦʪ ʟʘʚʦʜʦʚ ʫʤʝʥʴʰʘʪʩʷ ʜʦ ʜʦʧʫʩʪʠʤʳʭ ʧʦʢʘʟʘ-
ʪʝʣʝʡ, ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʘʪʤʦʩʬʝʨʳ ʠ, ʚ ʮʝʣʦʤ, ʧʣʘʥʝʪʳ ʫʣʫʯʰʠʪʩʷ.   
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ɹʌ ɹɸʐɻʋ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʪʣʠʥ ʅʠʢʦʣʘʡ ɻʝʦʨʛʠʝʚʠʯ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ 
ʧʦʩʪʫʧʣʝʥʠʷ ʥʝʬʪʠ ʚ ʧʦʡʤʫ ʤʘʣʦʡ ʨʘʚʥʠʥʥʦʡ ʨʝʢʠ ʩʧʫʩʪʷ 3 ʛʦʜʘ ʧʦʩʣʝ ʘʚʘʨʠʠ. ʅʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 
ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʚʣʷʝʪ ʚʦʜʫ, ʥʦ ʠ ʫʙʠʚʘʝʪ ʤʝʩʪʥʳʡ ʙʠʦʮʝʥʦʟ ʨʝʢʠ. ʉʢʦʧʣʝʥʠʷ ʥʝʬʪʠ ʚ ʨʝʢʝ ʠ ʧʨʠʨʝʯʥʦʡ 
ʧʦʯʚʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʘʛʫʙʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
ʅʝʬʪʷʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʦʪʨʘʚʣʷʶʪ ʧʨʠʧʦʡʤʝʥʥʳʝ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʫʛʥʝʪʘʶʱʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʞʠʟʥʝ-
ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʘʢʨʦʙʝʥʪʦʩʘ ʨʝʢʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʨʦʨʳʚ ʥʝʬʪʝʧʨʦʚʦʜʘ, ʤʘʣʘʷ ʨʝʢʘ, ʂʘʡʤʘʰʠʥʢʘ, ʧʦʡʤʝʥʥʳʝ ʧʦʯʚʳ, ʥʝʬʪʷʥʳʝ ʫʛ-
ʣʝʚʦʜʦʨʦʜʳ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʠ ʇɸʋ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʙʝʥʪʦʩ, ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʩʪʚʦʨʳ. 
 
ASSESSMENT OF THE EFFECTS OF OIL POLLUTION OF SMALL RIVERS ON THE EXAMPLE OF THE 

KAYMASHINKA RIVER 
 

Tachitdinov Arthur Aidarovich 
 

Scientific adviser: Kutlin Nikolay Georgievich 
 
Abstract: The article discusses the results of a study of the further consequences of the extreme flow of oil 
into the flood plain of a small plain river 3 years after the accident. Oil pollution not only poisons the water, but 
also kills the local river biocenosis. The accumulation of oil in the river and riverine soil is a long-term source of 
harmful effects on the environment. Petroleum hydrocarbons poison floodplain soils, as well as depressing 
effects on the macrobenthos of the river. 
Key words: oil pipeline breakthrough, small river, Kaymashinka, floodplain soils, oil hydrocarbons, oil products 
and PAHs, bottom sediments, benthos, biodiversity, sections. 

 
ʄʘʣʳʝ ʨʝʢʠ, ʚʚʠʜʫ ʩʚʦʝʡ ʤʘʣʦʧʨʠʛʦʜʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʥʝ ʷʚʣʷʶʪʩʷ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʠʥʪʝʨʝʩʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ. 
ʇʨʦʙʣʝʤʘʤʠ ʨʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʥʝʙʨʝʞʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʥʝʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦ 
ʦʧʘʩʥʳʭ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʣʝʛʢʦʤʳʩʣʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝ-
ʩʪʚʘʤʠ ʠ ʨʝʩʫʨʩʘʤʠ ʧʨʠʨʦʜʳ. 

ʊʘʢ, ʚ ʨʝʩʧʫʙʣʠʢʝ ʥʝʨʝʜʢʠ ʩʣʫʯʘʠ ʚʳʥʦʩʘ ʧʝʩʪʠʮʠʜʦʚ ʚ ʨʝʢʠ, ʧʨʦʨʳʚʳ ʪʨʫʙ ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʠʩ-
ʪʦʱʠʪʝʣʴʥʳʡ ʚʳʣʦʚ ʨʳʙʳ, ʧʦʧʘʜʘʥʠʝ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. [1].  

ʄʘʣʳʝ ʨʝʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʯʝ-



ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 21 

 

International scientific conference | www.naukaip.ru 

ʩʪʚʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʀʭ ʥʝʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʥʮʝʥʪʨʘ-
ʮʠʷʤ ʥʝʛʘʪʠʚʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [2].  

ʉʝʨʴʝʟʥʳʤʠ ʜʣʷ ʚʦʜ ɹʘʰʢʦʨʪʦʩʪʘʥʘ ʷʚʣʷʶʪʩʷ ʥʝʬʪʷʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʯʘʩʪʦ ʧʦʧʘʜʘʶʱʠʝ ʚ ʚʦʜ-
ʥʳʝ ʨʝʩʫʨʩʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʙʳʯʠ ʥʝʬʪʠ. ɼʦʙʳʯʘ ʥʝʬʪʠ ʚ ʨʝʩʧʫʙʣʠʢʝ, ʢʘʢ ʠ ʚʦ ʚʩʝʡ ʈʦʩʩʠʠ, ʚ ʥʘʩʪʦʷ-
ʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʪʨʘʩʣʴʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. [3].  

ʅʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʩʧʦʩʦʙʥʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦ ʥʘʨʫʰʘʪʴ ʥʦʨʤʘʣʴʥʫʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʠ-
ʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʯʪʦ ʢʦʥʝʯʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʠ ʥʘ ʯʝʣʦʚʝʢʝ. 

ʀʟ ʧʨʠʯʠʥ ʧʦʩʪʫʧʣʝʥʠʷ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʫʪʝʯʢʘʤ ʩ ʤʝʩʪʘ ʜʦʙʳ-
ʯʠ ʥʝʬʪʠ ʧʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʧʨʠ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ ʩ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʥʝʬʪʠ. 

ʊʘʢʠʝ ʘʚʘʨʠʠ ʟʘʪʨʘʛʠʚʘʶʪ ʧʦʯʚʳ, ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʚʩʶ ʙʠʦ-
ʩʬʝʨʫ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʫʶ ʩ ʵʪʠʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ, ʯʝʤ ʧʨʠʥʦʩʷʪ ʩʝʨʴʝʟʥʳʡ ʫʨʦʥ ʧʨʠʨʦʜʝ. ʇʨʠ-
ʨʝʯʥʳʝ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ ʙʘʨʴʝʨʦʤ, ʩʜʝʨʞʠʚʘʶʱʠʤ ʠ ʩʥʠʞʘʶʱʠʤ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʧʫʪʠ ʚ ʨʝʯʥʦʝ ʨʫʩʣʦ. ʅʦ ʟʘʜʝʨʞʠʚʘʷʩʴ ʠ ʥʘʢʘʧʣʠʚʘʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʦʯʚ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʩʪʦʤ ʥʘʢʦʧʣʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʪʦ-
ʨʦʝ ʧʦʩʪʝʧʝʥʥʦ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʜʘʣʝʝ ʧʦʧʘʜʘʝʪ ʚ ʨʝʢʫ. ʅʘʙʣʶʜʝʥʠʷ ʠ ʨʝʟʫʣʴ-
ʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦʜʳ ʨʝʢʠ ʂʘʡʤʘʰʠʥʢʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʥʝʟʘʧʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʙʦʣʴʰʦ-
ʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʬʪʷʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʨʝʢʫ ʦʢʘʟʘʣʦ ʥʘ ʙʠʦʮʝʥʦʟ ʨʝʢʠ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʫʛʥʝʪʝ-
ʥʠʷ, ʥʝʩʫʱʠʝ ʧʦʩʣʝ ʩʝʙʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʩʦʚʤʝʩʪʠʤʦʝ ʩ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ ʛʠʜʨʦʙʠʦʥʪʦʚ. ʇʨʠ-
ʙʨʝʞʥʳʝ ʧʦʯʚʳ ʠ ʧʦʯʚʳ ʧʫʪʝʡ ʧʦʩʪʫʧʣʝʥʠʷ ʥʝʬʪʠ, ʚʧʠʪʳʚʘʷ ʚ ʩʝʙʷ ʚʝʱʝʩʪʚʦ-ʧʦʣʣʶʪʘʥʪ, ʩʪʘʥʦ-
ʚʷʪʩʷ ʢʦʥʩʝʨʚʘʥʪʘʤʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ.  

ʆ ʪʘʢʦʤ ʩʮʝʥʘʨʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙʨʘʟʮʳ ʙʝʨʝʛʦʚʦʡ ʧʦʯʚʳ ʨʝʢʠ. ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠ ʙʳʣʠ ʚʳ-
ʷʚʣʝʥʳ ʧʷʪʥʠʩʪʳʡ ʦʪʪʝʥʦʢ ʠ ʩʣʘʙʦʟʘʤʝʪʥʳʡ ʩʝʨʦʚʦʜʦʨʦʜʥʳʡ ʟʘʧʘʭ ʧʦʯʚʳ. ʇʦʧʘʜʘʷ ʩ ʟʝʤʣʠ ʚ ʚʦʜʫ, 
ʧʨʦʠʩʭʦʜʠʪ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʦʙʨʘʟʫʝʪʩʷ ʥʝʬʪʷʥʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʧʣʝʥʢʘ, ʦʙʨʘʟʫʶʪʩʷ ʤʝ-
ʪʘʥʦʚʳʝ ʬʨʘʢʮʠʠ. ʀʭ ʨʘʩʱʝʧʣʝʥʠʝ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʧʦ ʧʨʠʯʠʥʝ ʚʳʭʦʜʘ ʠʟ ʣʘʤʠʥʘʨʥʳʭ ʫʩʣʦ-
ʚʠʡ ʚ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʠ ʚʦʜʳ.  

 

ʙ)  ʛ)  
ʉʡʪ. 1. ʈʧʪʤʞʝʪʫʛʡʸ ʬʫʞʰʣʡ ʦʞʭʫʡ ʛ ʩʞʣʬ ʃʙʢʥʙʱʡʦʣʙ ʛ 2017 ʜʧʝʬ: ʙ) ʥʙʪʪʧʛʙʸ ʜʡʚʞʤʵ ʡʮʫʡʧʭʙʬ-

ʦʴ ʛ ʨʞʩʡʧʝ ʠʙʜʩʸʠʦʞʦʡʸ; ʚ) ʛʦʞʱʦʞʞ ʥʞʩʫʛʧʞ ʪʧʪʫʧʸʦʡʞ ʩʞʣʡ ʛʞʪʦʧʢ 2020 ʜʧʝʙ. 
 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʸʥʥʦʛʦ ʚ 2020 ʛ. ʦʙʩʣʝʜʦʚʘʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨ. ʂʘʡ-

ʤʘʰʠʥʢʘ. 
ʋʩʪʘʥʦʚʣʝʥʦ 15-ʢʨʘʪʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚ ʨʝʛʠʦʥʝ (0,075 ʤʛ/ʢʛ > 0,005 ʤʛ/ʢʛ). 
ʉʦʜʝʨʞʘʥʠʝ ʇɸʋ ʦʩʪʘʣʴʥʳʭ ʩʪʚʦʨʦʚ ʚ 2-3 ʨʘʟʘ ʤʝʥʴʰʝ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʨʦʜʥʳʤ ʣʘʥʜʰʘʬ-

ʪʦʤ ʨʝʢʠ, ʰʠʨʠʥʦʡ ʠ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ ʨʝʢʠ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝ-
ʚʦʜʦʨʦʜʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʦʤ ʣʠʢʚʠʜʘʮʠʠ ʫʪʝʯʢʠ ʥʝʬʪʠ ʚ ʨʫʩʣʝ ʨʝʢʠ. ʆʪʜʝʣʴʥʳʝ 
ʜʦʥʥʳʝ ʫʯʘʩʪʢʠ ʨʫʩʣʘ ʨʝʢʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʣʠʟʢʦ ʩ ʤʝʩʪʦʤ ʫʪʝʯʢʠ ʥʝʬʪʠ, ʙʳʣʠ ʩʢʦ-
ʧʘʥʳ ʠ ʫʙʨʘʥʳ ʠʟ ʙʠʦʛʝʦʮʝʥʦʟʘ ʨʝʢʠ. ɿʘʛʨʷʟʥʝʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨ-
ʞʘʥʠʝʤ ʧʠʨʝʥʘ, ʬʣʫʦʨʘʥʪʝʥʘ ʠ ʙʝʥʟʘʧʠʨʝʥʘ.  



22 ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 2. ʊʮʞʥʙ ʩʙʪʨʧʤʧʟʞʦʡʸ ʪʫʛʧʩʧʛ ʦʙʚʤʷʝʞʦʡʸ ʝʧʦʦʴʮ ʧʫʤʧʟʞʦʡʢ ʩ. ʃʙʢʥʙʱʡʦʣʙ (2020 ʜ.) 

 
ɺ ʩʪʚʦʨʝ ˉ2 ʢʦʥʮʝʥʪʨʘʮʠʷ ʇɸʋ-ɻ ʣʝʤʝʥʪʦʚ (ʙʝʥʟ(ʘ)ʧʠʨʝʥ, ʙʝʥʟ(k)ʬʣʫʦʨʘʥʪʝʥ) ʤʘʢʩʠʤʘʣʴʥʦ ʚʝ-

ʣʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʯʝʪʳʨʴʤʷ ʩʪʚʦʨʘʤʠ ʠ ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ. ʊʘʢʞʝ ʦʙʥʘʨʫ-
ʞʝʥʳ ʤʠʟʝʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʫʪʘʛʝʥʥʳʭ ʇɸʋ ï ʧʠʨʝʥʘ, ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ, ʙʝʥʟ(b)ʬʣʫʦʨʘʥʪʝʥʘ, 
ʙʝʥʟ(k)ʬʣʫʦʨʘʥʪʝʥʘ ʠ ʘʥʪʨʘʮʝʥʘ. ʅʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʝʥʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʩʪʚʦʨʝ 2 ʚ 26 
ʨʘʟ ʚʳʰʝ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʩʦʩʪʘʚʣʷʝʪ å0,015 ʤʛ/ʢʛ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʦʥʠʪʦʨʠʥʛ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, 
ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʙʦʣʝʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʢʘʯʝʩʪʚʦʤ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʩʪʝ-
ʧʝʥʴʶ ʦʢʘʟʘʥʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʦʥʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʠʣʠ ʧʦ ʜʨʫʛʦʤʫ, ʙʝʥʪʦʩ, ʷʚʣʷʶʪʩʷ 
ʚʘʞʥʝʡʰʠʤ ʤʝʭʘʥʠʟʤʦʤ ʢʨʫʛʦʚʦʨʦʪʘ ʚʝʱʝʩʪʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʙʠʦʛʝʦʮʝʥʦʟʝ. ɺʚʠʜʫ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠ-
ʪʝʣʴʥʦʩʪʠ ʠ ʥʘʭʦʞʜʝʥʠʷ ʚ ʤʝʩʪʘʭ ʩʫʤʤʘʮʠʠ ʦʩʘʞʜʘʝʤʳʭ ʚʝʱʝʩʪʚ, ʜʦʥʥʳʝ ʛʠʜʨʦʙʠʦʥʪʳ ʷʚʣʷʶʪʩʷ ʩʘ-
ʤʳʤʠ ʫʷʟʚʠʤʳʤʠ ʦʙʠʪʘʪʝʣʷʤʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʠʭ ʩʦʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʷʨʢʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ 
ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʥʦʡ ʩʨʝʜʳ [4]. 

 
ʋʙʚʤʡʯʙ 1 

ʉʞʠʬʤʵʫʙʫʴ ʙʦʙʤʡʠʙ ʨʩʧʚ ʝʧʦʦʴʮ ʧʫʤʧʟʞʦʡʢ ʩ. ʃʙʢʥʙʱʡʦʣʙ (2020 ʜ.) 

ʇʨʩʞʝʞʤʸʞʥʴʞ ʨʧʣʙʠʙʫʞʤʡ ɾʝ. ʡʠʥ. ʆʙʚʤʷʝʙʫʞʤʵʦʴʞ ʪʫʛʧʩʴ 

1 
ʌʆʅ 

2 
0 ʤ 

3 
160 ʤ 

4 
1800 ʤ 

5 
2900 ʤ 

ʨʅ ʚʦʜʳ  8,3 7,8 7,9 8,1 8,3 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ ʤʛ/ʢʛ <20 310 70 30 35 

ʅʘʬʪʘʣʠʥ ʤʛ/ʢʛ <0,0003 <0,0005 <0,0005 <0,0004 <0,0005 

ɸʮʝʥʘʬʪʝʥ ʤʛ/ʢʛ <0,0003 <0,0005 <0,0005 <0,0005 <0,0005 

ʌʣʫʦʨʝʥ ʤʛ/ʢʛ <0,0003 0,0034 <0,0005 <0,0005 0,0061 

ʌʝʥʘʥʪʨʝʥ ʤʛ/ʢʛ 0,0010 0,0145 0,0038 0,0039 0,0034 

ɸʥʪʨʘʮʝʥ ʤʛ/ʢʛ <0,0003 0,0622 0,0015 0,0014 0,0005 

ʌʣʫʦʨʘʥʪʝʥ ʤʛ/ʢʛ 0,006 0,0511 <0,0004 0,0016 0,0021 

ʇʠʨʝʥ ʤʛ/ʢʛ 0,0002 0,1427 0,0005 0,0016 0,0019 

ɹʝʥʟ(ʘ)ʘʥʪʨʘʮʝʥ ʤʛ/ʢʛ <0,0001 0,0117 <0,0005 0,0012 <0,0006 
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ʇʨʩʞʝʞʤʸʞʥʴʞ ʨʧʣʙʠʙʫʞʤʡ ɾʝ. ʡʠʥ. ʆʙʚʤʷʝʙʫʞʤʵʦʴʞ ʪʫʛʧʩʴ 

1 
ʌʆʅ 

2 
0 ʤ 

3 
160 ʤ 

4 
1800 ʤ 

5 
2900 ʤ 

ʍʨʠʟʝʥ ʤʛ/ʢʛ 0,0003 0,0077 0,0016 0,0014 0,0005 

ɹʝʥʟ(b)ʬʣʫʦʨʘʥʪʝʥ ʤʛ/ʢʛ 0,0003 0,0143 0,0016 0,0022 0,0011 

ɹʝʥʟ(k)ʬʣʫʦʨʘʥʪʝʥ ʤʛ/ʢʛ <0,0002 0,0029 <0,0007 0,0009 <0,0004 

ɹʝʥʟ(ʘ)ʧʠʨʝʥ ʤʛ/ʢʛ <0,0002 0,0022 <0,0006 0,0023 0,0008 

ɼʠʙʝʥʟ(ʘ,h)ʘʥʪʨʘʮʝʥ ʤʛ/ʢʛ <0,0002 <0,0006 <0,0007 <0,0008 <0,0006 

ɹʝʥʟʦ(g,h,i)ʧʝʨʠʣʝʥ ʤʛ/ʢʛ <0,0003 0,0029 0,0008 0,0012 <0,0005 

ʀʥʜʝʥʦ(1,2,3-cd)ʧʠʨʝʥ ʤʛ/ʢʛ <0,0003 0,0024 0,0005 0,0007 <0,0005 

ɇ ʈɹʌ ʤʛ/ʢʛ 0,0103 0,3196 0,0147 0,0206 0,0211 

 
ʇʨʦʙʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩ ʫʯʝʪʦʤ ʠʥʩʪʨʫʢʮʠʡ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [5]. ʆʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʙʝʥʪʦʩʘ ʙʳʣʦ ʩʦʩʪʘʚʣʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ.  
ʈʠʩʫʥʦʢ 3 ʠʣʣʶʩʪʨʠʨʫʝʪ, ʥʘʩʢʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʢʘʟʘʣʘʩʴ ʨʘʟʥʠʮʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʚʦʨʘʭ 

ʜʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʘ ʧʠʪʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʜʨʫʛʠʭ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʷ 
ʚʳʷʚʣʝʥʳ ʥʝʝʩʪʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʟʤʦʚ ʨʘʟʥʳʭ ʪʨʦʬʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʂ ʧʨʠʤʝʨʫ, 
ʚ ʩʪʚʦʨʝ ˉ3 ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʨʠʪʦʬʘʛʦʚ ʠ ʵʚʨʠʬʘʛʦʚ ʚʜʚʦʝ ʙʦʣʴʰʝ ʯʝʤ ʬʠʪʦʬʘʛʦʚ ʠ ʟʦʦʬʘʛʦʚ. 

 

 
ʉʡʪ. 3. ʋʩʧʭʡʰʞʪʣʡʢ ʪʨʞʣʫʩ ʥʙʣʩʧʠʧʧʚʞʦʫʧʪʙ ʩ. ʃʙʢʥʙʱʡʦʣʙ 

 
ʀʙʣʤʷʰʞʦʡʞ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʜʝʣʘʥʥʘʷ ʨʘʙʦʪʘ ʩʦʟʜʘʝʪ ʢʘʨʪʠʥʫ ʩʝʨʴʝʟʥʦʛʦ 

ʥʘʥʝʩʝʥʥʦʛʦ ʫʱʝʨʙʘ ʧʨʠʨʦʜʝ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ɼʘʞʝ ʩʧʫʩʪʷ ʪʨʠ ʛʦʜʘ ʨʝʢʘ ʠʤʝʝʪ ʩʣʝʜʳ ʛʫʙʠ-
ʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʚʠʜʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʪʩʫʪʩʪʚʠʷ ʥʝʢʦʪʦ-
ʨʳʭ ʚʠʜʦʚ ʨʳʙ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ, ʘ ʪʘʢ ʞʝ ʦʪʨʘʚʣʝʥʠʷ ʙʣʠʟʣʝʞʘʱʠʭ ʧʦʯʚ. ʕʪʠʤʠ 
ʬʘʢʪʦʨʘʤʠ ʙʳʣʦ ʥʘʨʫʰʝʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʢʘʯʝʩʪʚʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʜʦʣʛʠʝ ʛʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʤʝʨʦʤ ʦʮʝʥʢʠ ʥʝ ʪʦʣʴʢʦ ʤʘʣʳʭ ʨʝʢ ʗʥʘʫʣʴʩʢʦʛʦ ʨʘʡ-
ʦʥʘ, ʥʦ ʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʝʩʧʫʙʣʠʢʝ ɹʘʰʢʦʨʪʦʩʪʘʥ. 
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Abstract: this article describes the principles of operation of neurocomputer interfaces, their application in the 
present and possible development of these technologies in the future. 
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ʅʝʡʨʦʢʦʤʧʴʶʪʝʨʥʳʝ ʠʥʪʝʨʬʝʡʩʳ (ʅʂʀ) ʠʣʠ ï ʠʥʪʝʨʬʝʡʩ çʤʦʟʛ-ʢʦʤʧʴʶʪʝʨè, - ʩʠʩʪʝʤʳ, ʧʦʟʚʦ-

ʣʷʶʱʠʝ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʦʪ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ[1]. ɺ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥ-
ʩʪʚʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʣʝʞʠʪ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠ ʩʯʠʪʳʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʧʦ ʤʠʣʣʠʦʥʘʤ ʥʝʡʨʦʥʦʚ ʧʨʦʙʝʛʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘ-
ʨʷʜʳ. ʉʠʣʳ ʟʘʨʷʜʦʚ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʟʛʘ 
ʧʨʷʤʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʣʦʚʳ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʟʘʧʠʩʠ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 
ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬ, ʵʣʝʢʪʨʦʜʳ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʘʶʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʛʦʣʦʚʳ. 
ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʧʠʩʠ ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʘ (ʜʘʣʝʝ ʕʕɻ). 

ʉʯʠʪʘʥʥʳʡ ʩ ʛʦʣʦʚʳ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʣʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʘʟʳʚʘʝʪʩʷ 
çʩʳʨʳʤ ʩʠʛʥʘʣʦʤè [2]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʦʢʘʟʘʥʦ ʯʪʦ, ʚʳʜʝʣʷʷ ʥʝʢʦʪʦʨʳʝ ʜʠʘʧʘʟʦʥʳ ʠʟ ʚʩʝʛʦ ʩʠʛ-
ʥʘʣʘ, ʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʦʨʤʫ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʜʠʘʧʘʟʦʥʳ: 
1. ɼʝʣʴʪʘ ʚʦʣʥʳ (0-4 ɻʮ). ɸʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʛʣʫʙʦʢʠʤ ʩʥʦʤ. ʉʫʱʝʩʪʚʫʝʪ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʠʭ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʦʩʦʟʥʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ. 
2. ʊʝʪʘ ʚʦʣʥʳ (4-8 ɻʮ). ɸʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʛʣʫʙʦʢʠʤ ʨʘʩʩʣʘʙʣʝʥʠʝʤ, ʜʨʝʤʦʡ ʠ ʩʥʦʤ. 
3. ɸʣʴʬʘ ʚʦʣʥʳ (8-12 ɻʮ). ʈʘʩʩʣʘʙʣʝʥʠʝ, ʩʧʦʢʦʡʩʪʚʠʝ, ʯʫʚʩʪʚʦ ʫʶʪʘ. 
4. ɹʝʪʘ ʚʦʣʥʳ (12-30 ɻʮ). ɹʦʜʨʩʪʚʦʚʘʥʠʝ, ʘʢʪʠʚʥʦʝ ʚʥʠʤʘʥʠʝ, ʨʘʟʜʫʤʴʷ. 
5. ɻʘʤʘ ʚʦʣʥʳ (30-70 ɻʮ). ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʦʩʪʨʘʜʘʥʠʝ, ʟʘʧʦʤʠʥʘʥʠʝ.  
ʀʤʝʥʥʦ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʪʦʤ ʠʣʠ ʠʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʯʝʪʘʥʠʷ, ʩʣʫʞʘʪ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦ-

ʪʦʨʳʝ ʩʯʠʪʳʚʘʶʪ ʥʝʡʨʦʢʦʤʧʴʶʪʝʨʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʨʦʛʨʘʤʤʳ.  
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ʅʘ ʩʝʛʦʜʥʷʰʥʝʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʚʘ ʪʠʧʘ ʅʂʀ: ʅʂʀ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʳʟʚʘʥʥʳʭ 
ʧʦʪʝʥʮʠʘʣʘʭ ʠ ʅʂʀ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʥʝʦʩʦʟʥʘʚʘʝʤʦʤ ʦʙʫʯʝʥʠʠ. 

ʏʘʩʪʳʡ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʚʦʛʦ ʪʠʧʘ ï ʥʝʩʢʦʣʴʢʦ ʤʝʨʮʘʶʱʠʭ ʦʙʲʝʢʪʦʚ. ʂʦʛʜʘ ʯʝʣʦʚʝʢ ʩʤʦʪ-
ʨʠʪ ʥʘ ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʝʤʫ ʥʫʞʝʥ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʧʨʦʠʩʭʦʜʠʪ ʚʩʧʣʝʩʢ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ, ʢʦʪʦʨʳʡ 
ʬʠʢʩʠʨʫʝʪʩʷ ʅʂʀ. 

ɺʪʦʨʦʡ ʪʠʧ ʢʫʜʘ ʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ ʠ ʧʝʨʩʧʝʢʪʠʚʝʥ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʅʂʀ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʥʝʦʩʦ-
ʟʥʘʚʘʝʤʦʤ ʦʙʫʯʝʥʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʢʫ ʥʝ ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʘʚʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦ-
ʛʨʘʤʤʦʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʘʩʰʠʬʨʦʚʳʚʘʪʴ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʦʟʛʘ. ʅʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʢ, ʧʦʜʢʣʶʯʝʥʥʳʡ 
ʯʝʨʝʟ ʅʂʀ ʢ ʧʨʦʛʨʘʤʤʝ ʩʤʦʪʨʠʪ ʥʘ çʩʣʫʯʘʡʥʳʝè ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʢʠ, ʢʦʪʦʨʳʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʟʘʚʠʩʷʪ ʦʪ 
ʝʛʦ ʤʦʟʛʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʤʦʟʛ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʝʣʦʚʝʢʘ, ʥʘʯʠʥʘʝʪ ʥʘʭʦʜʠʪʴ 
ʩʚʷʟʴ ʤʝʞʜʫ ʩʚʦʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʦʚʝʜʝʥʠʝʤ ʤʘʰʠʥʢʠ. ʊʘʢ ʤʦʟʛ ʦʙʫʯʘʝʪʩʷ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʯʝʣʦʚʝʢ 
ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʜʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʫʤʝʩʪʥʦ ʩʨʘʚʥʠʪʴ 
ʩ ʪʝʤ, ʢʘʢ ʨʝʙʝʥʦʢ ʫʯʠʪʩʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʚʦʠ ʢʦʥʝʯʥʦʩʪʠ. 

ʋʞʝ ʩʝʡʯʘʩ ʩʠʩʪʝʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʅʂʀ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝ ʦʙʣʘʩʪʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦ-
ʩʪʠ ʯʝʣʦʚʝʢʘ. ʆʩʦʙʫʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʠʣʠ ʚ ʫʧʨʦʱʝʥʠʠ ʠ ʫʣʫʯʰʝʥʠʠ ʞʠʟʥʝʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ɺ ʪʦʤ ʯʠʩʣʝ ʫ ʧʦʣʥʦʩʪʴʶ ʦʙʝʟʜʚʠʞʝʥʥʳʭ ʣʶʜʝʡ. 
ʉʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʤʤʫʥʠʢʘʮʠʶ ʣʶʜʷʤ, ʫ ʢʦʪʦʨʳʭ ʥʝ 
ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʤʳʰʮʳ, ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʝʤ ʠʥʚʘʣʠʜʥʳʭ ʢʦʣʷʩʦʢ ʩ ʧʦʤʦʱʴʶ ʩʠʣʳ ʤʳʩʣʠ ʠ ʤʥʦ-
ʞʝʩʪʚʦ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɿʘʪʨʘʛʠʚʘʷ ʵʪʫ ʪʝʤʫ ʥʝʚʦʟʤʦʞʥʦ ʦʩʪʘʚʠʪʴ ʙʝʟ ʚʥʠʤʘʥʠʷ ʠʩʪʦʨʠʶ ʞʝʥʱʠʥʳ, 
ʢʦʪʦʨʘʷ ʥʘʫʯʠʣʘʩʴ ʫʧʨʘʚʣʷʪʴ ʩʠʣʦʡ ʤʳʩʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʫʢʦʡ[3]. ʉʝʡʯʘʩ ʦʥʘ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 
ʚʳʧʠʪʴ ʢʦʬʝ, ʭʦʪʷ 15 ʣʝʪ ʜʦ ʵʪʦʛʦ ʙʳʣʘ ʧʘʨʘʣʠʟʦʚʘʥʘ. 

ɼʣʷ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʳ ʚʧʦʣʥʝ ʜʦʩʪʫʧʥʳ, ʦʥʠ ʝʩʪʴ ʚ ʩʚʦʙʦʜ-
ʥʦʡ ʧʨʦʜʘʞʝ ʟʘ ʧʨʠʝʤʣʝʤʫʶ ʮʝʥʫ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʤʦʞʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʮʝʣʷʭ: 

1. çɹʨʝʡʥ ʬʠʪʥʝʩè. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʦʛʦ ʨʦʜʘ ʤʝʥʪʘʣʴʥʳʝ 
ʪʨʝʥʠʨʦʚʢʠ. ɺ ʧʨʦʛʨʘʤʤʘʭ ʜʣʷ ʙʨʝʡʥ ʬʠʪʥʝʩʘ ʯʝʣʦʚʝʢʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘʫʯʠʪʴʩʷ ʬʦʢʫʩʠʨʦʚʘʪʴ ʚʥʠʤʘ-
ʥʠʝ ʠʣʠ ʨʘʩʩʣʘʙʣʷʪʴʩʷ. ʆʩʥʦʚʦʡ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ɹʝʪʘ ʠ ɸʣʴʬʘ ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʆʩʦʙʝʥʥʦ ʧʦʣʝʟʥʘ ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ ʜʝʪʝʡ, ʤʳʰʣʝʥʠʝ ʢʦʪʦʨʳʭ ʝʱʝ ʙʦʣʝʝ ʛʠʙʢʦʝ. 

2. ʈʘʟʚʣʝʯʝʥʠʝ. ʅʂʀ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʬʝʨʝ ʨʘʟʚʣʝʯʝʥʠʡ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠ-
ʣʦʞʝʥʠʡ ʠʛʨʦʚʦʡ ʪʝʤʘʪʠʢʠ, ʫʧʨʘʚʣʝʥʠʝ ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 
ʠʣʠ ʤʠʤʠʢʠ. 

3. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʊʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʳʚʘʪʴ ʅʂʀ ʦʯʝʥʴ 
ʚʘʞʥʳ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʙʦʛʦ ʯʝʣʦʚʝʢʘ, ʥʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʬʝʩʩʠʡ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ 
ʠʛʨʘʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫʩʪʨʦʡʩʪʚʘ ʩ ʅʂʀ ʧʦʤʦʛʫʪ ʦʪʩʣʝʜʠʪʴ ʤʦʟʛʦʚʫʶ 
ʘʢʪʠʚʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʠʩʪʘ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʙʫʜʠʪʴ ʝʛʦ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ 
ʧʨʦʚʝʨʷʪʴ ʛʦʪʦʚʥʦʩʪʴ ʢ ʩʤʝʥʝ ʣʶʜʝʡ, ʦʪ ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠ-
ʩʷʪ ʤʥʦʞʝʩʪʚʘ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ (ʧʠʣʦʪʳ, ʨʘʙʦʪʥʠʢʠ ɸʕʉ ʠ ʪ.ʜ.). ʊʘʢʞʝ ʦʯʝʚʠʜʥʘ ʧʦʣʴʟʘ ʜʦʩʪʫʧʥʦ-
ʩʪʠ ʅʂʀ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʩʠʭʦʣʦʛʦʚ.  

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ (SDK) ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʅʂʀ ʚ ʩʦʙ-
ʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ. 

ɼʘʞʝ ʩʝʛʦʜʥʷ ʚ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʅʂʀ ʩʣʦʞʥʦ ʧʦʚʝʨʠʪʴ. 
ʏʪʦ ʞʝ ʦʞʠʜʘʝʪ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚ ʙʫʜʫʱʝʤ? ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʡʨʦʠʥʪʝʨʬʝʡ-
ʩʳ ʙʫʜʫʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ, ʪʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʠ ʧʨʠ ʵʪʦʤ ʜʦ-
ʩʪʫʧʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɾʠʟʥʠ ʤʠʣʣʠʦʥʦʚ ʣʶʜʝʡ ʩʪʘʥʫʪ ʥʘʤʥʦʛʦ ʣʝʛʯʝ, ʧʨʦʬʝʩʩʠʦʥʘʣʳ 
ʧʦʣʫʯʘʪ ʢʫʜʘ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʘ ʦʙʳʯʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʩʤʦʞʝʪ, ʧʨʠʜʷ ʜʦʤʦʡ, ʩʠ-
ʣʦʡ ʤʳʩʣʠ ʚʢʣʶʯʘʪʴ ʜʦʤʘ ʩʚʝʪ. ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʙʦʣʝʝ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʪʝʭʥʦ-
ʣʦʛʠʠ, ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʩʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʩʚʦʠ ʢʦʛʥʠʪʠʚʥʳʝ ʠ ʤʝʥʪʘʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʣʶʙʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʩʬʝʨʳ ʥʝʡʨʦʠʥʪʝʨʬʝʡ-
ʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʅʂʀ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦ-
ʩʪʠ, ʘ ʪʘʢʞʝ ʠʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʚʝʥʮʦʤ ʤʳʩʣʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

  



28 ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
 
1. ɾʫʨʥʘʣ Tjournal.ru ï ʅʝʡʨʦʠʥʪʝʨʬʝʡʩ: ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ çʏʪʝʥʠʷ ʤʦʟʛʘè, ʣʝʯʝʥʠʝ ʣʶʜʝʡ ʠ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʩʪʘʪʴʷ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://tjournal.ru/flood/69741-
neyrointerfeys-tehnologiya-dlya-chteniya-mozga-lecheniya-lyudey-i-manipulirovaniya 

2. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʨʪʘʣ NEUROMATRIX ʇʈʆ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʩʪʘʪʴʷ. ï ʈʝʞʠʤ ʜʦʩʪʫ-
ʧʘ: http://neuromatix.pro/2015/04/30/potreb-neuro/#01 

3. ɾʫʨʥʘʣ Nature.com [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʩʪʘʪʴʷ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://www.nature.com/news/mind-controlled-robot-arms-show-promise-1.10652 

  

https://tjournal.ru/flood/69741-neyrointerfeys-tehnologiya-dlya-chteniya-mozga-lecheniya-lyudey-i-manipulirovaniya
https://tjournal.ru/flood/69741-neyrointerfeys-tehnologiya-dlya-chteniya-mozga-lecheniya-lyudey-i-manipulirovaniya
http://neuromatix.pro/2015/04/30/potreb-neuro/#01
https://www.nature.com/news/mind-controlled-robot-arms-show-promise-1.10652


ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 29 

 

International scientific conference | www.naukaip.ru 

ǲǣǩ 407,1,./ 

ǭǮǱǧǫǧǦǟǵǧǾ ǩǭǬǰǱǯǲǩǵǧǧ ǮǤǣǟǪǧ 
ǟǩǰǤǪǤǯǟǱǭǯǟ Ǯǯǧ ǮǭǣǢǭǱǭǡǩǤ ǠǭǪǧǣǟ 
ǮǯǭǤǩǱǟ ©FORMULA STUDENT¹ 

ǠȍȀȏȍȁȐȉȇȈ ǣȋȇȑȏȇȈ ǟȊȄȉȐǿȌȃȏȍȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʊʦʣʴʷʪʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

Aʦʦʧʫʙʯʡʸ: ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʉAE-ʘʥʘʣʠʟʘ ʧʝʜʘʣʠ ʘʢʩʝʣʝʨʘʪʦʨʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ANSYS. 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʰʘʛʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʜʘʣʠ ʜʣʷ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ ʧʨʦʝʢʪʘ çFormula Studentè. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: CAE-ʘʥʘʣʠʟ, 3D-ʤʦʜʝʣʴ, Formula Student. 
 

OPTIMIZATION OF THE ACCELERATOR PEDAL DESIGN DURING THE PREPARATION OF THE 
"FORMULA STUDENT" PROJECT CAR 

Bobrovsky D. A. 
 
Abstract: The results of the CAE - analysis of the accelerator pedal in the ANSYS software package are pre-
sented. The steps for optimizing the pedal design for a racing car of the "Formula Student" project are pre-
sented. 
Keywords: CAE analysis, 3D model, Formula Student. 

 
ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʥʦʯʥʦʛʦ ʙʦʣʠʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ Cɸɽ-ʨʘʩʯʸʪʳ ʧʝʜʘʣʠ ʘʢʩʝʣʝʨʘʪʦʨʘ 

ʜʣʷ ʚʳʷʚʣʝʥʳ ʩʣʘʙʳʭ ʤʝʩʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʬʦʨʤʠʨʦʚʘʥ ʧʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ ʧʨʠ ʦʜʥʦ-
ʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʤʘʩʩʳ ʠʟʜʝʣʠʷ ʚ ʫʩʣʦʚʠʷʭ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

CAE (Computer aided engineering) ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʨʝʰʝ-
ʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ, ʘ ʠʤʝʥʥʦ ʩʠʤʫʣʷʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʟʜʝʣʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰ-
ʥʠʭ ʬʘʢʪʦʨʦʚ, ʠʭ ʘʥʘʣʠʟʘ, ʨʘʩʯʸʪʦʚ ʠ ʪ.ʜ. ɼʘʥʥʳʡ ʪʠʧ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʘʝʪ ʩʦʚʤʝʩʪʥʦ ʩ 
CAD, ʧʨʦʠʟʚʦʜʠʪ ʘʥʘʣʠʟ ʥʘ ʙʘʟʝ ʧʦʩʪʨʦʝʥʠʡ ʚ CAD. ʆʩʥʦʚʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʨʝʜʦʡ ʜʣʷ ʨʘʩʯʸʪʦʚ, 
ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ANSYS [1].  

ʄʘʪʝʨʠʘʣʦʤ ʧʝʜʘʣʠ ʷʚʣʷʝʪʩʷ ʘʨʤʠʨʦʚʘʥʥʳʡ ʩʪʝʢʣʦʚʦʣʦʢʥʦʤ ʥʝʡʣʦʥ 6/6 ï ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ-
ʢʘʟʳʚʘʝʪ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʚʟʷʪʳ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʘʡʪʘ [2].  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʋʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʠʣʳ ʚ 250 ʅ ʧʦ ʮʝʥʪʨʫ 
ʦʧʦʨʥʦʡ ʧʣʦʱʘʜʢʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʧʝʜʘʣʴ ʠ ʚʝʢʪʦʨ ʩʠʣʳ ʚ 13 ʅ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʚʦʟ-
ʚʨʘʪʝ ʧʝʜʘʣʠ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʦ ʦʩʠ ʢʨʝʧʣʝʥʠʷ ʥʘ ʧʝʜʘʣʴʥʦʤ ʫʟʣʝ ʟʘʜʘʥʘ ʬʠʢʩʘʮʠʷ ʚ ʦʩʝʚʦʤ ʠ 
ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʦʩʠ. ʇʦ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʧʝʜʘʣʠ ʟʘʜʘʥʦ ʦʛʨʘ-
ʥʠʯʝʥʠʝ ʥʘ ʧʷʪʢʫ ʫʧʦʨʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʭʦʜ ʧʝʜʘʣʠ.  

ʅʘ ʨʠʩʫʥʢʘʭ 2-3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʠʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʜʘʣʠ ʧʨʠ ʘʢ-
ʪʠʚʘʮʠʠ ʫʩʣʦʚʠʡ ʨʘʩʯʝʪʘ. 

ʂʘʢ ʚʠʜʥʦ ʧʦ ʨʠʩʫʥʢʫ 2, ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1,03 ʤʤ, ʯʪʦ ʛʦʚʦ-
ʨʠʪ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʝʜʘʣʠ, ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 18,5 ʄʇʘ ʛʦʚʦʨʠʪ ʦ ʭʦ-
ʨʦʰʝʤ ʟʘʧʘʩʝ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʥʳʝ ʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʪʨʝ-
ʙʫʶʪ ʦʧʪʠʤʠʟʘʮʠʠ 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 1. ɼʩʙʦʡʰʦʴʞ ʬʪʤʧʛʡʸ, ʨʧ ʯʞʦʫʩʬ ʨʤʧʲʙʝʣʡ 

 

 
ʉʡʪ. 2. ɽʞʭʧʩʥʙʯʡʸ ʨʞʝʙʤʡ 

 

 
ʉʡʪ. 3. ʖʣʛʡʛʙʤʞʦʫʦʴʞ ʦʙʨʩʸʟʞʦʡʸ 

 
ɿʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʨʝʜʝʣʷʪʩʷ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʢ ʥʘʧʨʷʞʝʥʠʷʤ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʏʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ 
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ʧʨʦʯʥʦʩʪʠ, ʪʝʤ ʙʦʣʴʰʝ ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʷ ʩʧʦʩʦʙʥʦ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʚʥʝʰʥʠʤ ʥʘʛʨʫʟʢʘʤ. ʈʝʟʫʣʴʪʘʪ ʜʣʷ 
Nylon 6/6 GF ʩʦʩʪʘʚʠʣ 7,51, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ. 

ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʢʦʥʝʯʥʦ ʠʟʜʝʣʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 
ʚʳʩʦʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ.  

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ, ʚʥʝʩʝʥʥʳʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʧʝʜʘʣʠ: ʫʚʝʣʠʯʝʥ ʦʙʲʸʤ ʚʳʨʝʟʘ 
ʧʦ ʬʦʨʤʝ ʜʦ ʦʩʥʦʚʘʥʠʷ; ʫʚʝʣʠʯʝʥ ʨʘʜʠʫʩ ʩʢʨʫʛʣʝʥʠʷ ʚ ʤʝʩʪʘʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʧʨʷʞʝʥʠʡ. 

 

 
ʉʡʪ. 4. ʁʠʥʞʦʞʦʡʸ ʛ ʣʧʦʪʫʩʬʣʯʡʡ ʩʴʰʙʜʙ ʨʞʝʙʤʡ 

 
ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʠʥʘ ʤʦʜʠʬʠʢʘʮʠʠ ʧʣʦʱʘʜʢʠ ʧʦʜ ʩʪʦʧʫ: ʩʢʨʫʛʣʝʥʳ ʦʩʪʨʳʝ ʫʛʣʳ 

ʧʦ ʢʨʘʶ; ʜʦʙʘʚʣʝʥʳ ʚʳʨʝʟʳ ʥʘ ʧʣʦʱʘʜʢʝ; ʜʦʙʘʚʣʝʥʳ ʩʢʨʫʛʣʝʥʠʷ ʧʦ ʢʦʥʪʫʨʫ ʧʣʦʱʘʜʢʠ. ɺ ʦʙʣʘʩʪʠ 
ʧʣʦʱʘʜʢʠ ʪʘʢʞʝ ʙʳʣ ʫʚʝʣʠʯʝʥ ʨʘʟʤʝʨ ʷʯʝʝʢ ʩʝʪʢʠ ʥʘ 20 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʠʛʠʥʘʣʦʤ. 

 

 
ʉʡʪ. 5. ʁʠʥʞʦʞʦʡʸ ʛ ʣʧʦʪʫʩʬʣʯʡʡ ʨʤʧʲʙʝʣʡ 

 
ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣ ʧʨʦ-

ʚʝʜʝʥ ʚʪʦʨʠʯʥʳʡ CAE-ʘʥʘʣʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 
ʅʘ ʨʠʩʫʥʢʘʭ 6-7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʜʘʣʠ ʘʢʩʝ-

ʣʝʨʘʪʦʨʘ.  
ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʩʪʘʣʦ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʠʟʜʝʣʠʷ ʥʘ 24 ʛʨʘʤʤʘ ï ʩ 309 ʜʦ 

285 ʛʨʘʤʤʦʚ. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʚʳʨʦʩ ʩ 7.52 ʜʦ 7.71. 
ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʥʠʤʘʝʤ, ʢʘʢ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ. ʄʦʜʝʣʴ ʩʯʠʪʘʝʤ ʦʧʪʠʤʘʣʴʥʦʡ 

ʠ ʨʝʢʦʤʝʥʜʫʝʤ ʝʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʛʦʥʦʯʥʦʤ 
ʙʦʣʠʜʝ ʧʨʦʝʢʪʘ çFormula Studentè. 
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Abstract: the article discusses the method of thermal imaging control of electrical equipment and the prepara-
tion of reports on the conducted surveys. 
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cient, focal plane. 

 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʩʨʝʜʩʪʚʦʤ ʧʨʦʚʝʜʝʥʠʷ ʊɺʂ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʈʕʉ.   
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʘʚʘʨʠʡʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ;  

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʜʝʬʝʢʪʦʚ ʊɺʂ 

- ʠʟʫʯʠʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ;  

- ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʘ ʠ ʧʨʠʯʠʥʳ ʘʥʦʤʘʣʴʥʳʭ ʥʘʛʨʝʚʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

- ʦʙʦʩʥʦʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʚʘʨʠʡʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʣʝʜʩʪʚʠʠ ʘʥʦʤʘʣʴʥʳʭ ʥʘʛʨʝʚʦʚ.  
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʞʫʨʥʘʣʘ ʦʪʢʣʶʯʝʥʠʡ ʵʣʝʢʪʨʦ-

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʞʫʨʥʘʣʘ ʜʝʬʝʢʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʪʦʢʦʣʳ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʠʟʫʯʝʥʠʝ ʪʝʭ-
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ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʈʕʉ 
ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝ-

ʜʫʶʱʠʡ ʪʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ: 
ɹʚʪʧʤʷʫʦʧ ʰʞʩʦʧʞ ʫʞʤʧ ð ʬʠʟʠʯʝʩʢʘʷ ʠʜʝʘʣʠʟʘʮʠʷ, ʪʝʣʦ, ʧʦʛʣʦʱʘʶʱʝʝ ʚʩʝ ʧʘʜʘʶʱʠʝ ʥʘ ʥʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʩʝʭ ʜʠʘʧʘʟʦʥʘʭ ʠ ʥʠʯʝʛʦ ʥʝ ʦʪʨʘʞʘʶʱʝʝ. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʙʚʪʧ-
ʤʷʫʦʧ ʰʹʩʦʧʜʧ ʫʞʤʙ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ʁʦʭʩʙʣʩʙʪʦʧʞ ʡʠʤʬʰʞʦʡʞ (ʁʃ-ʡʠʤʬʰʞʦʡʞ) ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʟʘʥʠʤʘʶʱʝʝ ʩʧʝʢ-
ʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʤʝʞʜʫ ʢʨʘʩʥʳʤ ʢʦʥʮʦʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ.  

ʃʧʶʭʭʡʯʡʞʦʫ ʡʠʤʬʰʞʦʡʸ ï ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ ʠʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʯʘ-
ʩʪʠʮ, ʠʟʣʫʯʘʝʤʳʭ ʩ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʢ ʢʦʣʠʯʝʩʪʚʫ, ʠʟʣʫʯʘʝʤʦʤʫ ʩ ʝʜʠʥʠʮʳ ʧʣʦʱʘ-
ʜʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. 

ʍʧʣʙʤʵʦʙʸ ʨʤʧʪʣʧʪʫʵ ï ʧʣʦʩʢʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʙʠʨʘʶʪʩʷ ʧʦ-
ʧʘʚʰʠʝ ʚ ʩʠʩʪʝʤʫ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʧʫʯʢʠ ʣʫʯʝʡ. 

 
ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʠʢʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʢʘʤʝʨ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ, ʧʦʷʚ-

ʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʛʨʝʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠ-
ʥʝʥʠʡ ʙʝʟ ʧʨʠʢʦʩʥʦʚʝʥʠʷ, ʘ ʟʥʘʯʠʪ ʙʝʟ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʩʣʦʞʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʵʥʝʨʛʝʪʠʢʝ, ʤʝʪʘʣʣʫʨʛʠʠ, ʚ 
ʮʝʭʘʭ ʧʦ ʥʝʧʨʝʨʳʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʦʜʫʢʮʠʠ. ɿʜʝʩʴ ʣʶʙʘʷ ʦʩʪʘʥʦʚʢʘ ʜʘʞʝ ʩʘʤʦʛʦ, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʝ ʦʩ-
ʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʦʩʪʘʥʦʚʢʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʩʦʙʝʥʥʦʩʪʝʡ 
ʥʝʧʨʝʨʳʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʯʝʥʴ ʤʥʦʛʦ. ɼʘ ʠ ʜʣʷ ʙʦʣʝʝ ʙʳʪʦʚʳʭ ʧʨʠʤʝʥʝʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʥʘʛʨʝʚʦʤ ʵʣʝ-
ʤʝʥʪʦʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʧʦʣʝʟʝʥ. ʊʘʢ ʢʘʢ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʦʙʦʨʫʜʦ-
ʚʘʥʠʷ ʦʪ ʩʝʪʠ, ʤʦʞʥʦ ʣʝʛʢʦ ʚʳʷʚʠʪʴ ʩʘʤʳʝ ʩʠʣʴʥʦ ʛʨʝʶʱʠʝʩʷ ʫʯʘʩʪʢʠ ʧʨʠ ʧʦʤʦʱʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ 
ʢʦʥʪʨʦʣʷ. ʊʝʧʣʦʚʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʠʟʚʦʜʷʪ ʧʨʠ ʧʦʤʦʱʠ ʪʝʧʣʦʚʠʟʦʨʘ. 

ʊʝʧʣʦʚʠʟʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʪʝʤʧʝʨʘʪʫʨ-
ʥʳʭ ʧʦʣʝʡ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʪʝʣ, ʦʙʣʘʜʘʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʤ ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʊʝʧʣʦ-
ʚʠʟʦʨ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ) ʨʘʟ-
ʣʠʯʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʧʣʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʧʣʦʤʘʛʠʩʪʨʘʣʝʡ, ʧʘʨʦʧʨʦʚʦʜʦʚ, 
ʧʨʦʚʝʜʝʥʠʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʞʠʣʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʜʳʤʦʚʳʭ ʠ ʚʳʙʨʦʩʥʳʭ ʪʨʫʙ ʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰ-
ʥʦʩʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ, ʠ ʧʨʠʤʝʥʷʪʴʩʷ ʪʝʧʣʦʚʠʟʦʨʳ ʩ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 
ʥʝ ʭʫʞʝ 0,1 Üʉ 

ʊʝʧʣʦʚʠʟʠʦʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʸʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʣʠʙʦ ʚ ʧʘʩʤʫʨʥʫʶ ʧʦʛʦʜʫ ʧʨʠ 
ʩʠʣʝ ʚʝʪʨʘ ʜʦ 7 ʤ/ʩ, ʦʪʩʫʪʩʪʚʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʦʪ ï 15 Üʉ ʜʦ 
+ 50 Üʉ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 90%. 

ʇʝʨʝʜ ʚʢʣʶʯʝʥʠʝʤ ʧʨʠʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʝʛʦ ʦʩʤʦʪʨ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ, ʧʨʦʚʝʨʠʪʴ ʟʘʨʷʜʢʫ ʘʢ-
ʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʥʘ ʢʘʨʪʘʭ ʧʘʤʷʪʠ. 

ʇʝʨʝʜ ʨʘʙʦʪʦʡ ʪʝʧʣʦʚʠʟʦʨ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʘʣʠʙʨʦʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʚʦʜʩʢʦʡ ʠʥʩʪʨʫʢʮʠʝʡ 
ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩ ʟʘʧʠʩʴʶ ʚ ʞʫʨʥʘʣ ʫʯʸʪʘ ʪʝʨʤʦʛʨʘʤʤ. ɺ ʞʫʨʥʘʣ ʫʯʸʪʘ ʪʝʨʤʦʛʨʘʤʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʥʝ-
ʩʪʠ ʜʘʪʫ ʠ ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪ, ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ (ʪʝʤʧʝʨʘ-
ʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ).  

ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʪʝʧʣʦʚʠʟʦʨʘ ʚ ʨʘʙʦʯʝʝ ʩʦʩʪʦʷʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ: 

- ʫʩʪʘʥʦʚʠʪʴ ʟʘʨʷʞʝʥʥʫʶ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ; 

- ʫʩʪʘʥʦʚʠʪʴ ʢʘʨʪʫ ʧʘʤʷʪʠ; 

- ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ, ʘ ʟʘʪʝʤ ʥʘʜʝʪʴ ʬʠʢʩʠʨʫʶʱʠʝ ʨʝʤʥʠ ʥʘ ʰʝʶ ʦʧʝʨʘʪʦʨʘ; 

- ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʢʨʳʪʴ ʦʪʢʠʜʥʦʡ ɾʂ-ʜʠʩʧʣʝʡ; 

- ʚʢʣʶʯʠʪʴ ʧʠʪʘʥʠʝ ʧʨʠʙʦʨʘ, ʥʘʞʘʪʠʝʤ ʥʘ ʢʥʦʧʢʫ ʧʠʪʘʥʠʷ ʠ ʫʜʝʨʞʠʚʘʥʠʝʤ ʝʝ ʥʘʞʘʪʦʡ ʚ ʪʝʯʝ-
ʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ; 
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- ʩʥʷʪʴ ʟʘʱʠʪʥʳʝ ʢʦʣʧʘʯʢʠ ʩ ʦʙʲʝʢʪʠʚʘ ʠ ʚʠʜʦʠʩʢʘʪʝʣʷ. 
ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʩʲʝʤʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

- ʥʘʩʪʨʦʠʪʴ ʧʨʠʙʦʨ ʥʘ ʦʧʪʠʤʘʣʴʥʦʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʮʚʝʪʦʚʫʶ ʧʘʣʠʪʨʫ ʥʘʞʘʪʠʝʤ ʢʥʦʧ-
ʢʠ çAUTOè; 

- ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ 
ʥʘʛʨʝʪʳʭ ʧʨʝʜʤʝʪʦʚ ʣʠʙʦ ʧʨʝʜʤʝʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʨʫʛʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫ-
ʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʥʘʩʪʨʦʡʢʘ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʚʦʨʦʪʦʤ ʢʦʣʴʮʘ ʬʦʢʫʩʠʨʦʚʢʠ; 

- ʫʩʪʘʥʦʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ; 

- ʧʨʦʠʟʚʝʩʪʠ ʟʘʧʠʩʴ ʪʝʨʤʦʛʨʘʤʤʳ ʥʘ ʢʘʨʪʫ ʧʘʤʷʪʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʠʟʚʝʩʪʠ ʬʦʪʦʩʲʝʤ-
ʢʫ ʦʙʲʝʢʪʘ; 

- ʟʘʧʠʩʘʪʴ ʚ ʞʫʨʥʘʣ ʫʯʝʪʘ ʪʝʨʤʦʛʨʘʤʤ ʥʦʤʝʨ ʪʝʨʤʦʛʨʘʤʤʳ, ʬʦʪʦʛʨʘʬʠʠ ʠ ʜʨʫʛʫʶ ʠʥʬʦʨʤʘ-
ʮʠʶ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʘ. 

ɿʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʚʳʢʣʶʯʠʪʴ ʧʠʪʘʥʠʝ; 

- ʩʣʦʞʠʪʴ ʚʠʜʦʠʩʢʘʪʝʣʴ ʠ ʦʪʢʠʜʥʦʡ ɾʂ-ʜʠʩʧʣʝʡ; 

- ʥʘʜʝʪʴ ʟʘʱʠʪʥʳʝ ʢʦʣʧʘʯʢʠ; 

- ʠʟʚʣʝʯʴ ʢʘʨʪʫ ʧʘʤʷʪʠ; 

- ʦʪʩʦʝʜʠʥʠʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ; 

- ʟʘʢʨʳʪʴ ʟʘʜʥʶʶ ʢʨʳʰʢʫ; 

- ʧʝʨʝʤʝʩʪʠʪʴ ʟʘʧʠʩʘʥʥʳʝ ʟʚʫʢʦʚʳʝ ʢʦʤʤʝʥʪʘʨʠʠ, ʪʝʨʤʦʛʨʘʤʤʳ ʠ ʬʦʪʦʛʨʘʬʠʠ ʥʘ ʧʝʨʝʥʦʩʥʦʡ 
ʢʦʤʧʴʶʪʝʨ. 

ɿʘʧʨʝʱʘʝʪʩʷ ʧʨʠʢʘʩʘʪʴʩʷ ʨʫʢʘʤʠ, ʠ ʢʘʢʠʤʠ - ʣʠʙʦ ʧʨʝʜʤʝʪʘʤʠ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʱʠʪ-
ʥʦʡ ʢʨʳʰʢʠ ʦʙʲʝʢʪʠʚʘ, ʪ.ʢ. ʥʘ ʝʸ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʝʩʝʥʦ ʧʦʢʨʳʪʠʝ, ʠʤʠʪʠʨʫʶʱʝʝ ʘʙʩʦʣʶʪ-
ʥʦ ʯʝʨʥʦʝ ʪʝʣʦ. 

ʊʝʧʣʦʚʠʟʦʨʳ Thermotracer TH 9100, Thermotracer H 2640 
ʊʝʧʣʦʚʠʟʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʢʦʥʪʘʢʪʥʫʶ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʀʂ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʫʶ 

ʢʘʤʝʨʫ. ʀʂ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢʘʤʝʨʦʡ ʚ ʵʣʝʢʪʨʠ-
ʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʧʦʤʦʱʴʶ ʜʚʫʤʝʨʥʦʡ ʥʝʦʭʣʘʞʜʘʝʤʦʡ ʤʘʪʨʠʮʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʩʪʘʥʦʚ-
ʣʝʥʥʦʡ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʠʚʘ, ʧʦʩʣʝ ʯʝʛʦ ʫʩʠʣʝʥʥʳʡ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʪʝʤʧʝʨʘʪʫʨʳ 
ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʚʠʜʝ ʮʚʝʪʥʦʡ ʠʣʠ ʯʝʨʥʦ-
ʙʝʣʦʡ ʪʝʨʤʦʛʨʘʤʤʳ. 

ʊʝʧʣʦʚʠʟʦʨ ʩʦʩʪʦʠʪ ʠʟ: ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ, ʚʠʜʝʦʠʩʢʘʪʝʣʷ, ɾʂ ï ʜʠʩʧʣʝʷ, ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲ-
ʝʢʪʠʚʘ, ʢʥʦʧʦʯʥʳʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, ʚʳʢʣʶʯʘʪʝʣʷ ʧʠʪʘʥʠʷ, ʨʘʟʲʸʤʘ ʜʠʩʧʣʝʷ, ʨʘʟʲʸʤʦʚ ʜʣʷ ʧʦʜʢʣʶʯʝ-
ʥʠʷ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ, ʚʠʜʝʦʚʳʭʦʜʘ, USB, IEEE-1394, ʦʪʩʝʢʘ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʩʣʦʪʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʘʨʪʳ 
ʧʘʤʷʪʠ, ʦʢʦʰʢʘ ʚʠʜʝʦʢʘʤʝʨʳ, ʨʝʤʝʰʢʘ ʥʘ ʨʫʢʫ, ʤʠʢʨʦʬʦʥʘ-ʜʠʥʘʤʠʢʘ. (ʈʠʩʫʥʦʢ 1, ʈʠʩʫʥʦʢ 2). 

 

 
ʉʡʪ. 1. Thermotracer TH 9100 
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ʉʡʪ. 2. Thermotracer H 2640 

 
ɺ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʦʤʧʣʝʢʪʘʮʠʠ ʪʝʧʣʦʚʠʟʦʨʘ ʚʭʦʜʷʪ: ʘʢʢʫʤʫʣʷʪʦʨ, ʟʘʱʠʪʥʘʷ ʢʨʳʰʢʘ 

ʦʙʲʝʢʪʠʚʘ, ʙʣʦʢ ʧʠʪʘʥʠʷ ʩʝʪʝʚʦʡ, ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʜʚʘ ʬʠʢʩʠʨʫʶʱʠʭ ʨʝʤʝʰʢʘ, ʢʘʨʪʘ ʧʘʤʷʪʠ. 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʷʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʛʨʫʧʧʳ çʦʧʝʨʘ-

ʪʦʨ ï ʧʦʤʦʱʥʠʢ ʦʧʝʨʘʪʦʨʘè ʷʚʣʷʶʪʩʷ: ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʨʪʳ ʧʘʤʷʪʠ, ʧʦʨʪʘʪʠʚʥʳʡ ʧʝʨʝʥʦʩʥʦʡ ʧʝʨʩʦ-
ʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʮʠʬʨʦʚʦʡ ʬʦʪʦʘʧʧʘʨʘʪ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ, ʢʦʥʪʘʢʪʥʳʡ ʪʝʨʤʦʤʝʪʨ, 
ʧʨʠʙʦʨ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ (ʘʥʝʤʦʤʝʪʨ + ʪʝʨʤʦʤʝʪʨ).  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʚʠʟʦʨʦʚ NEC Thermotracer TH 9100 ʠ 
NEC Thermotracer H2640, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. 

 
ʋʙʚʤʡʯʙ 1 

ʋʞʮʦʡʰʞʪʣʡʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ ʫʞʨʤʧʛʡʠʧʩʧʛ 

 NEC Thermotrac-
er TH 9100 

NEC Thermotracer 
H2640 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʘʨʘ-
ʤʝʪʨʳ ʩʦʛʣʘʩʥʦ ʈɼ 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ -20 Üʉ ~2000Üʉ -40 Üʉ ~500Üʉ -20 Üʉ ~200Üʉ 

ʄʠʥʠʤʘʣʴʥʦ ʨʘʟʣʠʯʠʤʘʷ ʨʘʟʥʦʩʪʴ 
ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ 0,05Üʉ (ʧʨʠ 30 
Üʉ) 

ʦʪ 0,03Üʉ  
(ʧʨʠ 30 Üʉ) 

0,1-0,2Üʉ  
(ʧʨʠ 30 Üʉ) 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ Ñ2 Üʉ ʠʣʠ 2 % ʦʪ ʪʝʢʫʱʝʛʦ ʧʦʢʘʟʘʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ 

- 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 8~14 ʤʢʤ 8~13 ʤʢʤ 8~12 ʤʢʤ 

ɼʝʪʝʢʪʦʨ ʄʘʪʨʠʯʥʦʛʦ ʪʠʧʘ, ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ, 
ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦ-
ʩʪʠ ʦʙʲʝʢʪʠʚʘ 

ʄʘʪʨʠʯʥʦʛʦ ʪʠʧʘ, ʙʝʟ 
ʦʭʣʘʞʜʝʥʠʷ 

ɼʠʘʧʘʟʦʥ ʬʦʢʫʩʠʨʦʚʢʠ ʆʪ 30 ʩʤ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ - 

ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ 320 ʭ 240 640 ʭ 480 ʅʝ ʤʝʥʝʝ 100 ʭ 100 

ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ -15 Üʉ ʜʦ +50 Üʉ ʦʪ -15 Üʉ ʜʦ +50 Üʉ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʅʝ ʙʦʣʝʝ 90% (ʙʝʟ ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʜʷ-
ʥʳʭ ʧʘʨʦʚ) 

- 

ʉʪʝʧʝʥʴ ʟʘʱʠʪʳ IP54 - 

ʄʘʩʩʘ 1,7ʢʛ 1,9ʢʛ - 

 
ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘʧʨʝʱʘʝʪʩʷ ʨʘʙʦʪʘʪʴ ʩ ʧʨʠʙʦʨʦʤ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟ-

ʜʫʭʝ ʧʨʠ ʦʩʘʜʢʘʭ, ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʥʠʞʝ -15 Üʉ ʠ ʚʳʰʝ +50 Üʉ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʥʝʠʩ-
ʧʨʘʚʥʦʩʪʠ ʢʘʤʝʨʳ ʩʣʝʜʫʝʪ ʥʝʤʝʜʣʝʥʥʦ ʧʨʝʢʨʘʪʠʪʴ ʨʘʙʦʪʫ. 

ʅʝʜʦʧʫʩʪʠʤʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʙʦʨ ʧʨʷʤʳʭ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʩʠʣʴʥʳʡ 
ʥʘʛʨʝʚ ʢʦʨʧʫʩʘ ʠ ʧʨʝʚʳʰʝʥʠʝ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʜʦʧʫʩʪʠʤʦ ʧʦʧʘʜʘʥʠʝ ʧʨʷʤʳʭ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ 
ʚ ʚʠʜʦʠʩʢʘʪʝʣʴ. 



ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 37 
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ɿʘʧʨʝʱʝʥʦ ʧʦʜʚʝʨʛʘʪʴ ʚʠʜʦʠʩʢʘʪʝʣʴ ʠ ʦʪʢʠʜʥʦʡ ɾʂ-ʜʠʩʧʣʝʡ ʫʜʘʨʘʤ. ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ʧʨʠʙʦ-
ʨʦʤ ʥʝ ʜʦʧʫʩʢʘʪʴ ʝʛʦ ʧʘʜʝʥʠʷ, ʧʨʠ ʧʝʨʝʥʦʩʢʝ ʧʨʠʙʦʨʘ ʥʝ ʜʦʧʫʩʢʘʪʴ ʫʜʘʨʦʚ ʠ ʪʨʷʩʢʠ. 

ɿʘʧʨʝʱʝʥʦ ʜʝʨʞʘʪʴ ʧʨʠʙʦʨ ʟʘ ʦʪʢʠʜʥʦʡ ɾʂ-ʜʠʩʧʣʝʡ ʠʣʠ ʚʠʜʝʦʠʩʢʘʪʝʣʴ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʝʦʙʭʦ-
ʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʤʝʰʦʢ. 

ɿʘʧʨʝʱʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʨʝʞʜʝʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ. ɿʘʧʨʝʱʘʝʪʩʷ ʠʟʚʣʝʢʘʪʴ ʘʢ-
ʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʠʟ ʧʨʠʙʦʨʘ ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʧʠʪʘʥʠʠ. 

ɿʘʧʨʝʱʘʝʪʩʷ ʧʨʠʢʘʩʘʪʴʩʷ ʨʫʢʘʤʠ, ʠ/ʠʣʠ ʢʘʢʠʤʠ - ʣʠʙʦ ʧʨʝʜʤʝʪʘʤʠ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʟʘʱʠʪʥʦʡ ʢʨʳʰʢʠ ʦʙʲʝʢʪʠʚʘ, ʘ ʪʘʢʞʝ ʢ ʣʠʥʟʝ ʩʘʤʦʛʦ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ. 

 
ʊʝʧʣʦʚʠʟʠʦʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 
ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ ʢʦʥ-

ʪʨʦʣʠʨʫʝʤʦʤʫ ʦʙʲʝʢʪʫ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʳʜʫʱʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ. ʈʘʙʦʪʳ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʧʨʦʠʟ-
ʚʦʜʷʪʩʷ ʧʦ ʨʘʩʧʦʨʷʞʝʥʠʶ. ʉʦʩʪʘʚ ʙʨʠʛʘʜʳ ʥʝ ʤʝʥʝʝ 2-ʭ ʯʝʣʦʚʝʢ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʩ IV ʛʨʫʧʧʦʡ ʧʦ 
ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʯʣʝʥʳ ʙʨʠʛʘʜʳ ʥʝ ʥʠʞʝ III ʛʨʫʧʧʳ ʧʦ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠ ʢʦʥʪʨʦʣʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʪʝʧʣʦʚʠʟʠ-
ʦʥʥʦʡ ʩʲʸʤʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚ ʨʘʙʦʯʠʡ ʞʫʨʥʘʣ ʪʦʢʦʚʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 
ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʥʝʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʧʦʛʦʜʥʳʝ 
ʫʩʣʦʚʠʷ, ʚʥʝʰʥʝʝ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʯʣʝʥ ʙʨʠʛʘʜʳ ʧʨʦʠʟʚʦʜʠʪ ʪʝʧʣʦʚʠʟʠʦʥʥʫʶ ʠ 
ʬʦʪʦʩʲʝʤʢʫ ʦʙʲʝʢʪʘ ʠ ʥʘʟʳʚʘʝʪ ʥʦʤʝʨ ʪʝʨʤʦʛʨʘʤʤʳ, ʥʦʤʝʨ ʬʦʪʦʛʨʘʬʠʠ ʠ ʤʝʩʪʦ ʜʝʬʝʢʪʘ. ʇʨʦʠʟʚʦʜʠ-
ʪʝʣʴ ʨʘʙʦʪ ʟʘʧʠʩʳʚʘʝʪ ʚ ʞʫʨʥʘʣ ʫʯʝʪʘ ʪʝʨʤʦʛʨʘʤʤ ʥʦʤʝʨ ʪʝʨʤʦʛʨʘʤʤʳ, ʥʦʤʝʨ ʬʦʪʦʛʨʘʬʠʠ ʜʣʷ ʜʘʥ-
ʥʦʡ ʪʝʨʤʦʛʨʘʤʤʳ, ʜʠʩʧʝʪʯʝʨʩʢʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʜʝʬʝʢʪʘ ʠ ʜʨʫʛʫʶ ʠʥʬʦʨʤʘ-
ʮʠʶ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʝʢʪʘ. 

ʊʝʧʣʦʚʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʜʚʫʭ -ʪʨʸʭ ʪʦʯʝʢ ʦʙʟʦʨʘ, ʦʙʝʩ-
ʧʝʯʠʚʘʶʱʠʭ ʚʠʜʠʤʦʩʪʴ ʚʩʝʛʦ ʪʦʢʦʚʝʜʫʱʝʛʦ ʢʦʥʪʫʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʯʸʪʦʤ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦ-
ʙʝʥʥʦʩʪʝʡ. ʊʘʢ:  

- ʫ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʢʘʜʨʦʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚʩʝʡ 
ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦ ʧʝʨʠʤʝʪʨʫ) ʙʘʢʘ;  

- ʫ ʚʳʢʣʶʯʘʪʝʣʝʡ ï ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʚ ʧʨʝʜʝʣʘʭ ʚʠʜʠʤʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʟʘʞʠʤʦʚ ʠ ʟʦʥ ʨʘʩʧʦʣʦ-
ʞʝʥʠʷ ʜʫʛʦʛʘʩʠʪʝʣʴʥʳʭ ʢʘʤʝʨ;  

- ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ ʠ ʚʚʦʜʦʚ ï ʩ ʜʚʫʭ-ʪʨʸʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ ʩ ʦʭʚʘʪʦʤ ʟʦʥ ʚʦʟ-
ʤʦʞʥʦʛʦ ʧʨʦʙʦʷ ʙʫʤʘʞʥʦ-ʤʘʩʣʷʥʦʡ ʠʟʦʣʷʮʠʠ;  

- ʫ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ï ʩ ʪʨʸʭ ʩʪʦʨʦʥ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 
ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʪʦʣʙʦʚ ʚʘʨʠʩʪʦʨʦʚ. 

ɺʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʠʟʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʫʯʝʪʦʤ 
ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʚʦʟʤʦʞʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʫʟʣʘ ʢʦʥʪʨʦʣʷ (ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʣʠ 
ʛʣʫʙʠʥʥʳʡ), ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʛʨʫʟʢʠ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʛʦʣ ʦʙʟʦʨʘ 
(ʥʘʙʣʶʜʝʥʠʷ) ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʥʝ ʙʦʣʝʝ 60Ü. 

ʊʝʧʣʦʚʠʟʠʦʥʥʫʶ ʩʲʸʤʢʫ ʧʨʦʚʦʜʠʪʴ ʩʪʨʦʛʦ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʈɼ 153-34.0-20.363.99 
(çʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʠʢʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ɺʃè) ʜʣʷ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʝʡ ʢʘʪʝʛʦʨʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ.  

 
ʆʬʦʨʤʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʩʣʝʜʦʚʘʥʠʷ 
ʇʦ ʦʢʦʥʯʘʥʠʶ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʦʙʨʘʙʦʪʢʫ ʚʩʝʭ ʪʝʨʤʦ-

ʛʨʘʤʤ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ NEC San-ei IMAGE PROCESSOR. ʇʨʦʘʥʘʣʠʟʠʨʦ-
ʚʘʪʴ ʪʝʨʤʦʛʨʘʤʤʳ, ʜʘʪʴ ʟʘʢʣʶʯʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩʦʛʣʘʩʥʦ ʈɼ 34.45-51.300-97, ʈɼ 153-34.0-
20.364.00, ʈɼ 153-34.0-20.363.99. 

ʆʮʝʥʢʘ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʠʭ ʢʦʥʪʘʢʪʦʚ ʘʧʧʘʨʘʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʦʢʦʚʝʜʫʱʠʭ 
ʰʠʥ ʈʋ ʠ ʧʨʦʚʦʜʦʚ ɺʃ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʦʛʣʘʩʥʦ ʈɼ 34.45-51.300-97 ʧʦ ʠʟʙʳʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
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ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʧʫʪʸʤ ʧʦ ï ʬʘʟʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʙʝʟ ʧʨʠʚʝʜʝʥʠʷ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʪʦʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʆʮʝʥʢʘ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ çʛʣʫʙʠʥʥʳʭè ʢʦʥʪʘʢʪʦʚ ʘʧʧʘʨʘʪʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʈɼ 34.45-51.300-97 ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʚ ʧʨʝʜʝʣʘʭ ʬʘʟʳ, ʤʝʞʜʫ ʬʘʟʘʤʠ, ʩ ʟʘʚʝʜʦʤʦ ʠʩʧʨʘʚʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʠʣʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʆʮʝʥʢʘ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʝ ʠʣʠ ʤʘʪʝʨʠʘʣʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʜʠʥʘʤʠʢʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʨʝʤʝʥʠ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʛʨʫʟʢʠ, ʣʦʢʘʣʴʥʦʛʦ ʠʟ-
ʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʦʙʲʝʤʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 
ʦʭʣʘʞʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ɼʝʬʝʢʪʳ, ʚʳʷʚʣʝʥʥʳʝ ʧʨʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʠ ʥʦʩʷʱʠʝ ʘʚʘʨʠʡʥʳʡ ʭʘʨʘʢʪʝʨ, 
ʜʦʣʞʥʳ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʥʘ ʵʥʝʨʛʦʦʙʲʝʢʪʘʭ ʩ ʧʦʩʪʦʷʥʥʳʤ ʜʝʞʫʨʩʪʚʦʤ ʚ ʞʫʨʥʘʣʝ ʜʝʬʝʢʪʦʚ ʠ ʥʝʧʦʣʘʜʦʢ 
ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʳʷʚʣʝʥʥʳʭ ʘʚʘʨʠʡʥʳʭ ʜʝʬʝʢʪʘʭ ʜʦʣʞʥʘ ʜʦʚʦ-
ʜʠʪʴʩʷ ʜʦ ʩʚʝʜʝʥʠʷ ʜʝʞʫʨʥʦʛʦ ʜʠʩʧʝʪʯʝʨʘ ʠʣʠ ʤʘʩʪʝʨʘ. 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʪʝʧʣʦʟʘʱʠʪʳ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʙʘʟʦʚʦʛʦ 
ʫʯʘʩʪʢʘ ʠ ʤʝʩʪ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ, ʩ ʫʢʘʟʘʥʠʝʤ ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫ-
ʨʳ ʘʥʦʤʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ 

ʊʝʨʤʦʛʨʘʤʤʳ ʠ ʬʦʪʦʛʨʘʬʠʠ ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʛʨʘʞʜʘʶʱʠʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʩʪʘʚʠʪʴ ʚ ʩʦʩʪʘʚʣʷʝʤʳʡ ʧʨʦʪʦʢʦʣ. ʆʬʦʨʤʣʝʥʥʳʝ ʧʨʦʪʦ-
ʢʦʣʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʘʥʝʩʪʠ ʚ çʉʠʩʪʝʤʫ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷè. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʀ-ʀʉʄ-4.2.3-01.21-01 çʀʥʩʪʨʫʢʮʠʷ ʧʦ ʦʬʦʨʤʣʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚè; 
2. ʇʆʊʕʕ çʇʨʘʚʠʣʘ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, ʫʪʚʝʨʞʜʝʥʥʳʝ ʧʨʠ-

ʢʘʟʦʤ ʄʠʥʪʨʫʜʘ ʈʦʩʩʠ ʦʪ 24.07.2013 ˉ 328ʥè;  
3. ʈɼ 153-34.0-20.364.00 çʄʝʪʦʜʠʢʘ ʠʥʬʨʘʢʨʘʩʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʧʣʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷè; 
4. ʈɼ 153-34.0-20.363.99 çʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʠʢʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦ-

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ɺʃè; 
5. ʈɼ 34.45-51.300-97 çʆʙʲʝʤʳ ʠ ʥʦʨʤʳ ʠʩʧʳʪʘʥʠʡ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷè; 
6. ʇʈ-ʀʉʄ-4.2-01.21-09 çʇʝʨʝʯʝʥʴ ʝʜʠʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʘʙʙʨʝʚʠʘʪʫʨ ʆɸʆ çɼʈʉʂè; 
7. ʈʫʢʦʚʦʜʩʪʚʘ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʙʦʨʦʚ. 
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ǯǟǦǯǟǠǭǱǩǟ ǠǤǰǮǯǭǡǭǣǬǭǨ ǰǧǰǱǤǫǺ 
ǮǤǯǤǣǟǶǧ ǣǟǬǬǺǴ Ǭǟ ǭǰǬǭǡǤ ǱǤǴǬǭǪǭǢǧǧ 
ǮǤǯǤǣǟǶǧ ǡǧǣǧǫǺǫ ǰǡǤǱǭǫ   

 
ǮǿȐțȉȍ ǡǿȃȇȋ ǡȊǿȃȇȋȇȏȍȁȇȖ* 

ǫȇȔǿȈȊȇȖȄȌȉȍ ǯȒȐȊǿȌ ǫȇȔǿȈȊȍȁȇȖ 
ʩʪʫʜʝʥʪʳ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʧʠʛʘ ɸʣʝʢʩʘʥʜʨ ʌʝʜʦʨʦʚʠʯ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɹʦʦʧʫʙʯʡʸ: ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ 
ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʷʭ, ʧʨʝʜʣʦʞʝʥʦ ʪʝʭʥʦʣʦʛʠʶ Wi-Fi ʟʘʤʝʥʠʪʴ ʥʘ ʪʝʭʥʦʣʦʛʠʶ Li-Fi. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ 
ʟʦʥʳ ʧʦʢʨʳʪʠʷ ʦʪ ʦʜʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʦ 
ʥʘʙʦʨʳ ʯʘʩʪʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʝʪʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, 
ʩʜʝʣʘʪʴ ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʤʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʝʭʥʦʣʦʛʠʷ Li-Fi, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʝʪʠ, ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ, ʟʦʥʘ ʧʦʢʨʳʪʠʷ, 
ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʢʦʜʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. 
 

DEVELOPMENT OF A WIRELESS DATA TRANSMISSION SYSTEM BASED ON VISIBLE LIGHT 
TRANSMISSION TECHNOLOGY 

 
Pas'ko Vadim Vladimirovich, 

Mikhailichenko Ruslan Mikhailovich 
 

Scientific adviser: Chipiga Alexander Fyodorovich 
 
Abstract: To prevent unauthorized access to information circulating in corporate networks it is proposed to 
replace Wi-Fi technology with Li-Fi technology. The coverage area from a single transmitter was calculated. To 
increase the reliability of operation it is proposed to make the sets of frequencies of light intensities in the se-
quences used for data encoding relatively prime. 
Keywords: Li-Fi technology, corporate networks, unauthorized access, coverage area, increasing of the relia-
bility of operation, data encoding. 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ Wi-Fi ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʫʷʟʚʠʤʳʭ ʤʝʩʪ ʜʣʷ 

ʧʝʨʝʭʚʘʪʘ ʠʥʬʦʨʤʘʮʠʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ. ʅʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʝʭʥʦʣʦʛʠʷ Wi-Fi ʟʘʜʝʡʩʪʚʦʚʘʥʘ 
ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʦʪʜʝʣʴʥʳʭ ʩʝʛʤʝʥʪʘʭ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʘ ʧʦʪʝʥʮʠʘʣʴ-
ʥʦ ʥʝʩʝʪ ʫʛʨʦʟʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. ʉ ʨʦʩʪʦʤ ʪʨʘʬʠʢʘ ʧʦ ʙʝʩʧʨʦʚʦʜʥʳʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʩʪʫʧ-
ʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʝʨʝʭʚʘʪʘ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʦʩʪʨʝʝ ʩʪʘʥʦʚʷʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 



40 ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 

 

ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ. 
ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʷʭ ʠ ʨʝ-

ʰʝʥʠʷ ʧʨʦʙʣʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʨʘʜʠʦʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʨʠ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ 
ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʤʦʙʠʣʴʥʦʩʪʠ ʘʙʦʥʝʥʪʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 
VLC (visible light communication - ʧʝʨʝʜʘʯʘ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ). ʆʩʥʦʚʫ VLC ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ-
ʢʨʳʪʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʠ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ ʚʳʩʪʫʧʘʝʪ ʩʠʩʪʝʤʘ ʩʚʝ-
ʪʦʜʠʦʜʦʚ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ʚʳʜʝʣʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ [1, 2]. 

ɺ ʧʝʨʝʜʘʶʱʠʡ ʤʦʜʫʣʴ VLC ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʧʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ (ʣʠʥʠʠ ʵʣʝʢ-
ʪʨʦʧʝʨʝʜʘʯ) ʯʝʨʝʟ PLC-ʤʦʜʝʤ, ʚʳʜʝʣʷʶʱʠʡ ʠʟ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ [3, 4]. 
ʇʝʨʝʜʘʶʱʠʡ ʤʦʜʫʣʴ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʛʣʘʩʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʤʦʜʫʣʷʪʦʨ, ʫʩʪʨʦʡʩʪʚʦ 
ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʤ ʠ ʩʚʝʪʦʜʠʦʜʥʳʡ ʠʩʪʦʯʥʠʢ ʦʩʚʝʱʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ 
ʩʭʝʤʘ ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ ʪʝʭʥʦʣʦʛʠʠ VLC ʩ ʠʥʪʝʨʬʝʡʩʦʤ PLC. 
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ʉʡʪ. 1. ʊʫʩʬʣʫʬʩʦʙʸ ʪʮʞʥʙ ʨʞʩʞʝʙʷʲʞʜʧ ʥʧʝʬʤʸ ʫʞʮʦʧʤʧʜʡʡ VLC ʪ ʡʦʫʞʩʭʞʢʪʧʥ PLC 
 
ʉʦʛʣʘʩʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʚʦʜʠʪ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ ʩ ʚʳʭʦʜʘ ʤʦʜʝʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘ-

ʤʝʪʨʘʤ, ʪʨʝʙʫʝʤʳʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʫʣʷʪʦʨʦʤ ʠ ʩʚʝʪʦʜʠʦʜʘʤʠ (ʩʦʧʦʩʪʘʚʣʷʷ ʧʘʨʘʤʝʪʨʳ ʚʭʦʜʥʦʛʦ 
ʩʠʛʥʘʣʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʤ). ʄʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ 
ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʜʠʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʧʣʘʪʫ, ʩʦʜʝʨʞʘʱʫʶ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʩ 
ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʘʚʣʝʥʠʝ ʷʨʢʦʩʪʴʶ, ʯʘʩʪʦʪʦʡ ʤʝʨʮʘʥʠʷ ʠ ʚʳʙʦʨʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʝ-
ʪʦʜʠʦʜʦʚ ʠʟ ʙʣʦʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠʝʤʥʦʛʦ ʤʦʜʫʣʷ VLC ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʜ-
ʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʙʣʦʢ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʬʦʪʦʜʝʪʝʢʪʦʨ. ʉ ʚʳʭʦʜʘ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʜʝʪʝʢʪʠʨʦ-
ʚʘʥʥʳʡ ʩʠʛʥʘʣ ʧʦʧʘʜʘʝʪ ʥʘ ʤʘʣʦʰʫʤʷʱʠʡ ʫʩʠʣʠʪʝʣʴ ʠ ʬʠʣʴʪʨ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʰʫʤʘ. ʂʘʢ ʧʨʘʚʠʣʦ, 
ʰʫʤ ʚ ʧʨʠʝʤʥʠʢʝ VLC ʘʥʘʣʦʛʠʯʝʥ ʰʫʤʫ ʦʙʳʯʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 
ʪʝʧʣʦʚʦʡ ʰʫʤ ʦʪ ʨʝʟʠʩʪʦʨʘ ʥʘʛʨʫʟʢʠ ʠ ʬʦʪʦʜʠʦʜʘ, ʠʟʙʳʪʦʯʥʳʡ ʰʫʤ ʦʪ ʫʩʠʣʠʪʝʣʷ, ʜʨʦʙʦʚʦʡ ʰʫʤ, ʘ 
ʪʘʢʞʝ ʣʶʙʳʝ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʚ ʧʦʤʝʱʝʥʠʠ. 

ʆʙʨʘʙʦʪʘʥʥʳʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʢʦʤʧʘʨʘʪʦʨʘ, ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʧʨʠʥʷʪʳʡ ʘʥʘʣʦʛʦʚʳʡ 
ʩʠʛʥʘʣ ʚ ʮʠʬʨʦʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʈʘccʤʘʪʨʠʚʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʘʣʠʟʫʝʪ ʩʠʤʧʣʝʢʩʥʳʡ ʨʝʞʠʤ. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʫʧʣʝʢʩʥʦʛʦ ʨʝʞʠʤʘ ʩʭʝʤʘ ʜʦʧʦʣʥʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʢʘʥʘʣʦʤ. ɼʘʣʴʥʦʩʪʴ ʩʚʷʟʠ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʦʥʦʡ ʧʦʢʨʳʪʠʷ ʦʪ ʦʜʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ. ʆʥʘ 
ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

)( 22 LDRS -=Ö= pp                                                              (1) 

 
ʛʜʝ D - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ ʜʦ ʧʨʠʝʤʥʠʢʘ; L - ʜʣʠʥʘ ʥʦʨʤʘʣʠ ʧʝʨʝʜʘʪʯʠʢʘ ʜʦ ʧʨʠʝʤʥʠʢʘ; 

R - ʨʘʜʠʫʩ ʠʩʢʦʤʦʡ ʟʦʥʳ ʧʦʢʨʳʪʠʷ. 
ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʚʝʪʦ- ʠ ʬʦʪʦʜʠʦʜʦʚ ʦʧʪʠ-

ʤʘʣʴʥʳʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʦʡ ʞʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʘʢ ʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ Wi-Fi, ʷʚ-

ʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʤR 4,3º  ʠ 
222 36)5,23,4( ʤS º-Ö=p . ɺʟʷʚ ʵʪʠ ʟʥʘʯʝʥʠʷ ʟʘ ʦʩʥʦʚʫ, ʤʦʞʥʦ ʨʘʩ-

ʩʯʠʪʘʪʴ ʩʝʪʴ Li-Fi ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʣʶʙʦʡ ʧʣʦʱʘʜʠ. 
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͙͎ͫͤ͊͡

 
ʉʡʪ. 2. ʊʫʩʬʣʫʬʩʦʙʸ ʪʮʞʥʙ ʨʩʡʞʥʦʧʜʧ ʥʧʝʬʤʸ ʫʞʮʦʧʤʧʜʡʡ VLC ʡʦʫʞʩʭʞʢʪʧʥ PLC 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ VLC ʩ ʠʥʪʝʨʬʝʡʩʦʤ PLC ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʰʘʥʩ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥ-

ʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʝʨʝʜʘʚʘʝʤʳʤ ʜʘʥʥʳʤ, ʪʘʢ ʢʘʢ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʣʦʫʤʳʰʣʝʥ-
ʥʠʢʫ ʧʦʪʨʝʙʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʧʦʤʝʱʝʥʠʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʠʪ ʧʝʨʝʭʚʘʪ 
ʜʘʥʥʳʭ ʩʦ ʩʪʦʨʦʥʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʮʝʜʫʨ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ ʥʝʦʙʭʦʜʠʤʦ 
ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʤʚʦʣʘ ç1è ʠ ʩʠʤʚʦʣʘ ç0è ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘ-
ʟʦʥʝ ʚʦʣʥ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʧʨʠʝʤʘ ʜʘʥʥʳʭ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʢʠ ʥʝ ʭʫʞʝ, ʯʝʤ ʚ ʪʝʭʥʦʣʦʛʠʠ Wi-Fi. ʂʨʦ-
ʤʝ ʪʦʛʦ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝ ʫʩʣʦʞʥʷʪʴ ʧʨʠʝʤʥʫʶ 
ʯʘʩʪʴ ʩʠʩʪʝʤʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʩʦ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 
ʯʘʩʪʦʪʳ, ʚ ʢʦʪʦʨʳʡ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝʥʳ ʜʘʥʥʳʝ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʯʘʩʪʦʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʚ 
ʧʝʨʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʩʠʤʚʦʣ ç1è) ʠ ʚʪʦʨʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʘʩʪʦʪ (ʩʠʤʚʦʣ ç0è) ʩʜʝʣʘʪʴ 
ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʤʠ. ʊʦʛʜʘ ʯʘʩʪʦʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʚʝʪʦʚʦʤ ʩʠʛʥʘʣʝ, ʥʝ ʙʫʜʫʪ 
ʷʚʣʷʶʪʩʷ ʢʨʘʪʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ. ʕʪʠʤ ʙʫʜʝʪ ʫʩʪʨʘʥʝʥʦ ʦʙʥʘʨʫʞʝʥʠʝ ʧʝʨʚʦʡ ʚʳʙʨʘʥʥʦʡ ʯʘʩʪʦʪʳ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʢʘʢ ʚʪʦʨʦʡ ʚʳʙʨʘʥʥʦʡ ʯʘʩʪʦʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʷʚʣʷʶʱʝʡʩʷ ʢʨʘʪʥʦʡ ʧʝʨʚʦʡ ʚʳ-
ʙʨʘʥʥʦʡ ʯʘʩʪʦʪʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʝʥʦ ʩʦʟʜʘʥʠʝ ʧʦʤʝʭ ʯʘʩʪʦʪʦʡ ʧʦʤʝʭ ʠ ʝʝ ʢʨʘʪʥʳ-
ʤʠ ʛʘʨʤʦʥʠʢʘʤʠ ʜʣʷ ʙʦʣʝʝ, ʯʝʤ ʦʜʥʦʡ ʚʳʙʨʘʥʥʦʡ ʯʘʩʪʦʪʳ. 

ʊʦʛʜʘ ʧʝʨʝʜʘʪʯʠʢ ʩʚʝʪʘ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ:  
1. ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʦʜʭʦʜʷʱʠʝ ʯʘʩʪʦʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʝʪʘ; 
2. ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʯʘʩʪʦʪ; 
3. ʫʧʨʘʚʣʷʪʴ ʠʟʣʫʯʘʪʝʣʝʤ ʩʚʝʪʘ (ʩʚʝʪʦʜʠʦʜʦʤ); 
4. ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʜʘʧʪʘʮʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʜʘʪʯʠʢʘ ʩʚʝʪʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 
ɺ ʩʦʩʪʘʚ ʫʩʪʨʦʡʩʪʚʘ ʚʭʦʜʷʪ ʩʝʣʝʢʪʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʯʘʩʪʦʪ, ʠʟʣʫʯʘʪʝʣʴ ʩʚʝʪʘ, ʢʦʥʪʨʦʣ-

ʣʝʨ, ʛʝʥʝʨʘʪʦʨ ʧʦʜʭʦʜʷʱʠʭ ʯʘʩʪʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʠ ʜʘʪʯʠʢ. ʉʝʣʝʢʪʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 
ʯʘʩʪʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʳʙʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʘʩʪʦʪ. ʇʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-
ʩʪʴʶ ʯʘʩʪʦʪ ʧʦʥʠʤʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʦʪ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʟʘʜʘʥʥʦʤ ʧʦʨʷʜʢʝ. ʉʝʣʝʢʪʦʨ ʤʦʞʝʪ ʙʳʪʴ 
ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʘʧʧʘʨʘʪʥʦ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʦ. ɺʳʙʨʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʘʩʪʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʙʠʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʀʟʣʫʯʘʪʝʣʴ ʩʚʝʪʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʚʳʭ ʚʦʣʥ, ʬʦʨʤʠʨʫ-
ʶʱʠʭ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʪʝʣʷ ʩʚʝʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴ LED. ʂʦʥʪʨʦʣʣʝʨ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʚʝʪʘ 
ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩʦʛʣʘʩʥʦ ʚʳʙʨʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʘʩʪʦʪ ʠ ʚʦ ʚʨʝʤʷ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʩʚʝ-
ʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʪʝʤ ʩʘʤʳʤ ʛʝʥʝʨʠʨʫʶʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʩʦ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ. 
ʂʦʥʪʨʦʣʣʝʨ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʘʧʧʘʨʘʪʥʳʤ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʦʤ. ɻʝʥʝʨʘʪʦʨ ʧʦʜʭʦʜ̫-
ʱʠʭ ʯʘʩʪʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʬʦʨʤʠʨʫʝʪ ʧʦʜʭʦʜʷʱʠʝ ʯʘʩʪʦʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʠʟ ʢʦʪʦʨʳʭ 
ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʘʩʪʦʪ. 
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ʉʡʪ. 3. ʍʬʦʣʯʡʧʦʙʤʵʦʙʸ ʪʫʩʬʣʫʬʩʙ ʨʞʩʞʝʙʫʰʡʣʙ ʪʡʪʫʞʥʴ ʨʞʩʞʝʙʰʡ ʝʙʦʦʴʮ 

ʛ ʛʡʝʡʥʧʥ ʝʡʙʨʙʠʧʦʞ ʛʧʤʦ 
 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʩʥʦʚʘʥ ʩʧʦʩʦʙ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʇʨʝʜʣʦʞʝʥʦ 

ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʤʚʦʣʘ ç1è ʠ ʩʠʤʚʦʣʘ ç0è ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʚʝʪʦʚʳʝ 
ʩʠʛʥʘʣʳ ʩʦ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ, ʚ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝʥʳ ʜʘʥʥʳʝ. ʅʘʙʦʨ ʧʦʜ-
ʭʦʜʷʱʠʭ ʯʘʩʪʦʪ ʧʨʝʜʣʦʞʝʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʤʥʦʞʝʩʪʚʦ 
ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʭ ʜʝʣʠʪʝʣʝʡ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʯʘʩʪʥʦʝ ʟʘʜʘʝʪ ʧʦʜʭʦʜʷʱʫʶ ʯʘʩʪʦʪʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝ-
ʪʘ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʩʠʤʚʦʣʘ ç1è ʠ ʩʠʤʚʦʣʘ ç0è ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʥʘʙʦʨʘ ʩʬʦʨʤʠ-
ʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪ. ɼʝʣʠʪʝʣʠ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʤʠ ʯʠʩʣʘʤʠ, ʧʦʵʪʦʤʫ ʯʘʩʪʦʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʠʩ-
ʧʦʣʴʟʫʝʤʳʝ ʚ ʩʚʝʪʦʚʦʤ ʩʠʛʥʘʣʝ, ʥʝ ʷʚʣʷʶʪʩʷ ʢʨʘʪʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ, ʯʝʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʥʘʜʝʞ-
ʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ.  
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ʤʘʛʠʩʪʨʘʥʪ 

ǫȄȏȉȒȗȄȁ ǣȋȇȑȏȇȈ ǡȇȉȑȍȏȍȁȇȖ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 
(ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʥʘʰʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʣʶʜʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʦʠʩʢʘʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨ-
ʛʠʠ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʮʝʥ ʥʘ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʧʦ-
ʩʪʨʦʝʥʠʷ ʩʝʪʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʜʣʷ ʜʦʤʘʰʥʝʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʝʪʝʚʦʡ ʠʥʚʝʨʪʦʨ, ʩʭʝʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʤʦʩʪʦʚʦʡ ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ. 
 

GRID-INVERTER FOR SOLAR POWER SYSTEM 
 

Abou Haydar Mohamad Akram, 
Merkushev Dmitry Viktorovich 

 
Abstract: Nowadays, many people are interested in finding alternative energy sources due to the high prices 
of non-renewable energy sources. The article discusses the option of building a grid-inverter for a home solar 
power station. 
Key words: grid-inverter, synchronization circuit, bridge voltage inverter. 

 
ʀʥʚʝʨʪʦʨ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ʉʝʪʝʚʦʡ ʠʥʚʝʨʪʦʨ 

ʚʳʧʦʣʥʷʝʪ ʙʦʣʴʰʝ ʬʫʥʢʮʠʡ, ʯʝʤ ʣʶʙʦʡ ʜʨʫʛʦʡ ʵʣʝʤʝʥʪ ʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʌʫʥʢʮʠʠ, 
ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʠʥʚʝʨʪʦʨ, ʧʨʦʜʦʣʞʘʶʪ ʨʘʩʪʠ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 
ʩʪʘʥʦʚʷʪʩʷ ʫʤʥʝʝ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ. 

ʆʙʳʯʥʦ ʩʝʪʝʚʦʡ ʵʥʝʨʛʠʝʡ ʧʦʣʴʟʫʶʪʩʷ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʘʢʢʫʤʫʣʷʪʦʨʳ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘ-
ʨʝʡ ʟʘʨʷʞʘʶʪʩʷ. ʇʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʥʘ ʘʚʪʦʥʦʤʥʦʝ ʧʠʪʘʥʠʝ ʥʦʯʴʶ, ʜʦ ʤʦʤʝʥʪʘ ʨʘʟʨʷʜʢʠ ʘʢʢʫʤʫ-
ʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. ɼʥʝʤ ʚʦʟʤʦʞʥʘ ʦʪʜʘʯʘ ʵʥʝʨʛʠʠ ʚ ʩʝʪʴ, ʝʩʣʠ ʟʘʨʷʜ ʙʘʪʘʨʝʡ ʧʦʣʦʥ. ʕʪʫ ʬʫʥʢʮʠʶ 
ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ, ʝʩʣʠ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʧʦʪʨʝʙʥʦʩʪʠ. ʂʦʛʜʘ 
ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʧʘʜʘʝʪ ʥʘ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʦʥʠ ʧʨʦʠʟʚʦʜʷʪ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ. ʕʪʦ ʵʣʝʢʪʨʠʯʝʩʪʚʦ 
ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʙʳʪʦʚʫʶ ʩʝʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʧʦʤʦʱʴʶ ʩʠʣʦʚʦʛʦ ʠʥʚʝʨʪʦʨʘ, 
ʠ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʜʦʤʘʰʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʪʠʭʦ ʠ ʘʚʪʦʤʘʪʠ-
ʯʝʩʢʠ ʢʘʞʜʳʡ ʜʝʥʴ. ʂʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʞʘʨʫ. ʉʝʪʝʚʳʝ ʠʥʚʝʨʪʦʨʳ ʟʘʧʨʦʛʨʘʤ-
ʤʠʨʦʚʘʥʳ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʵʪʠʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠ ʦʪʢʣʶʯʝʥʠʝ ʠʥʚʝʨʪʦʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʝʛʦ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʝʪʝʚʳʭ ʠʥʚʝʨʪʦʨʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʥʝʢʦʪʦʨʳʤʠ ʦʩʦʙʝʥʥʦ-
ʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʟʥʘʯʝʥʠʝʤ. ʇʨʠ ʩʙʦʨʢʝ ʢʦʤʧʣʝʢʩʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 
ʚʘʨʠʘʥʪʳ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʠʥʚʝʨʪʦʨʳ ʦʪʣʠʯʘʶʪ ʧʦ ʬʦʨʤʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ: ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʩʠʥʫʩʦʠ-
ʜʘʣʴʥʳʝ ʠ ʧʩʝʚʜʦʩʠʥʫʩʦʠʜʘʣʴʥʳʝ. 

 



44 ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 
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ʉʡʪ. 1. ʊʮʞʥʙ ʪʞʫʞʛʧʜʧ ʡʦʛʞʩʫʧʩʙ ʝʤʸ ʪʧʤʦʞʰʦʴʮ ʚʙʫʙʩʞʢ 



ǰǱǲǣǤǬǶǤǰǩǧǤ ǬǟǲǶǬǺǤ ǧǰǰǪǤǣǭǡǟǬǧǾ 45 
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ʀʥʚʝʨʪʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʳʧʦʣʥʷʶʪ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ, ʦʥʠ 
ʯʘʱʝ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ, ʯʝʤ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʉʝʪʝʚʳʝ ʠ ʘʚʪʦʥʦʤʥʳʝ ʠʥ-
ʚʝʨʪʦʨʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ, ʥʦ ʩʝʪʝʚʳʝ ʠʥʚʝʨʪʦʨʳ ʣʝʛʯʝ ʦʙʩʣʫʞʠʚʘʪʴ ʚ ʩʣʫʯʘʝ ʩʙʦʷ. 

ʂʦʛʜʘ ʩʝʪʝʚʘʷ ʩʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚʳʨʘʙʘʪʳʚʘʝʪ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ ʚʳ ʠʩʧʦʣʴ-
ʟʫʝʪʝ ʚ ʩʚʦʝʤ ʜʦʤʝ, ʠʟʙʳʪʦʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪʧʨʘʚʣʷʝʪʩʷ ʚ ʵʥʝʨʛʦʩʥʘʙʞʘʶʱʫʶ ʩʝʪʴ. ʀʟʙʳʪʦʯʥʘʷ 
ʤʦʱʥʦʩʪʴ, ʧʦʩʪʫʧʘʶʱʘʷ ʚ ʩʝʪʴ, ʚʨʘʱʘʝʪ ʚʘʰ ʩʯʝʪʯʠʢ ʥʘʟʘʜ, ʧʦʟʚʦʣʷʷ ʜʨʫʛʠʤ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴ ʪʠʭʫʶ ʠ ʯʠʩʪʫʶ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ. ɽʩʣʠ ʚʳ ʠʩʧʦʣʴʟʫʝʪʝ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ ʚʳʨʘʙʘʪʳʚʘʝʪ ʚʘ-
ʰʘ ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʯʝʨʝʟ ʠʥʚʝʨʪʦʨ, ʪʦ ʥʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʟʷʪʘ ʠʟ ʵʣʝʢ-
ʪʨʦʩʝʪʠ - ʠ ʚʳ ʥʠʯʝʛʦ ʥʝ ʟʘʤʝʪʠʪʝ. 

ʕʪʦʪ ʜʚʫʩʪʦʨʦʥʥʠʡ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ çʥʝʪʪʦ-ʟʘʤʝʨè, ʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʘʤ ʙʫʜʝʪ ʚʳʩʪʘʚʣʝʥ 
ʩʯʝʪ ʪʦʣʴʢʦ ʟʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʧʨʠʦʙʨʝʪʝʥʥʫʶ ʟʘ ʚʝʩʴ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ. ɽʩʣʠ ʚʳ ʧʨʦʠʟʚʦʜʠʪʝ ʙʦʣʴ-
ʰʝ, ʯʝʤ ʠʩʧʦʣʴʟʫʝʪʝ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ, ʚʘʰʘ ʢʦʤʤʫʥʘʣʴʥʘʷ ʢʦʤʧʘʥʠʷ ʩʦʭʨʘʥʠʪ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʢʨʝʜʠʪʘ, 
ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʙʫʜʫʱʠʤ ʩʯʝʪʘʤ ʟʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʩʝʪʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʢ 
ʧʠʪʘʶʱʝʡ ʩʝʪʠ: 

¶ ɺʳʭʦʜ ʠʥʚʝʨʪʦʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʠʜʝʘʣʴʥʦ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ ʩ ʩʝʪʴʶ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

¶ ɸʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʘʨʘʤʝʪʨʘʤ ʩʝʪʠ ʧʝ-
ʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

¶ ʀʥʚʝʨʪʦʨ ʜʦʣʞʝʥ ʥʝʤʝʜʣʝʥʥʦ ʦʪʢʣʶʯʠʪʴʩʷ ʚ ʩʣʫʯʘʝ ʩʙʦʷ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ. 
ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʝʪʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʚʩʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʙʝʟʦʧʘʩʥʦ ʧʝʨʝʜʘʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʚ ʩʝʪʴ, ʥʝ ʩʦʟʜʘʚʘʷ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ.  
ʉʭʝʤʘ ʩʝʪʝʚʦʛʦ ʠʥʚʝʨʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʉʠʥʫʩʦʠʜʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ 

R3 ʧʦʩʪʫʧʘʝʪ ʢ ʫʟʣʫ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʦʤʫ ʥʘ ʩʜʚʦʝʥʥʦʤ ʦʧʪʨʦʥʝ U1. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦ-
ʣʫʚʦʣʥʝ ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʚʝʪʦʜʠʦʜ ʦʧʪʨʦʥʘ U1.2 ʠ ʪʨʘʥʟʠʩʪʦʨ ʵʪʦʛʦ ʦʧʪʨʦʥʘ ʦʪʢʨʳʪ, ʧʦʵʪʦʤʫ ʥʘ 
ʪʘʢʪʦʚʦʤ ʚʭʦʜʝ DD1 ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥʝ ʩʝʪʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪʢʨʳʪ ʪʨʘʥʟʠʩʪʦʨ ʦʧʪʨʦʥʘ U1.1 ʠ ʥʘ ʪʘʢʪʦ-
ʚʦʤ ʚʭʦʜʝ DD1 ʙʫʜʝʪ ʫʨʦʚʝʥʴ ʣʦʛ. 0. ʂʦʛʜʘ ʩʝʪʝʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʯʝʨʝʟ ʥʫʣʴ [2], ʦʙʘ ʩʚʝʪʦʜʠ-
ʦʜʘ ʚʳʢʣʶʯʝʥʳ, ʪʨʘʥʟʠʩʪʦʨʳ ʦʧʪʨʦʥʦʚ ʟʘʢʨʳʪʳ, ʘ ʥʘ ʪʘʢʪʦʚʦʤ ʚʭʦʜʝ DD1 ʥʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦʷʚʣʷ-
ʝʪʩʷ ʫʨʦʚʝʥʴ ʣʦʛ. 1. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʤʧʫʣʴʩ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʪʘʢʪʦʚʦʤ ʚʭʦʜʝ DD1 ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ ʧʝʨʝ-
ʭʦʜʘ ʯʝʨʝʟ ʥʫʣʴ ʩʝʪʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʕʪʠ ʠʤʧʫʣʴʩʳ ʩ ʯʘʩʪʦʪʦʡ 100 ɻʮ ʧʨʠʭʦʜʷʪ ʥʘ ʜʝʣʠʪʝʣʴ ʥʘ 2, ʚʳ-
ʧʦʣʥʝʥʥʳʡ ʥʘ D-ʪʨʠʛʛʝʨʝ DD1. 

ʆʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʟʘʚʠʩʠʪ ʚʝʣʠʯʠʥʘ ʧʘʫʟʳ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʝʤ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ. ʕʪʦ 
ʥʫʞʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʠʣʦʚʳʝ ʢʣʶʯʠ ʥʝ ʦʢʘʟʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʢʨʳʪʳʤʠ, ʯʪʦ ʦʧʘʩʥʦ ʧʨʦʪʝʢʘʥʠʝʤ 
ʯʝʨʝʟ ʥʠʭ ʪʦʢ. 

ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʯʝʥʴ ʠʥʪʨʠʛʫʶʱʘʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʢʘʞʜʦʤʫ ʠʟ ʥʘʩ ʩʪʘʪʴ 
ʚʢʣʘʜʯʠʢʦʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. ʇʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ ʢʘʞʜʳʡ ʜʦʤ ʫʯʘʩʪʚʫʝʪ ʚ ʵʪʦʤ ʧʨʦʝʢʪʝ, ʯʪʦʙʳ ʛʝʥʝʨʠ-
ʨʦʚʘʪʴ ʧʦʜʘʚʣʷʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʘʩʩʠʚʥʳʡ 
ʠʩʪʦʯʥʠʢ ʜʦʭʦʜʘ ʜʣʷ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʝʢʪʝ ʨʝʟʠʜʝʥʮʠʡ. ʇʦʩʢʦʣʴʢʫ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʠʟ 
ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʜʦʭʦʜ ʩʪʘʥʦʚʠʪʩʷ ʘʙʩʦʣʶʪʥʦ ʙʝʩʧʣʘʪʥʳʤ. 

ʅʘʢʦʥʝʮ, ʚʳ ʜʦʣʞʥʳ ʫʩʪʘʥʦʚʠʪʴ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ ʩʝʪʝʚʳʤ ʠʥʚʝʨʪʦʨʦʤ, ʧʦ-
ʪʦʤʫ ʯʪʦ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ - ʣʫʯʰʠʡ ʧʫʪʴ. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ - ʵʪʦ ʟʝʣʝʥʳʡ ʠ ʯʠʩʪʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨ-
ʛʠʠ. ʀʩʧʦʣʴʟʫʷ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʚʳ ʧʦʤʦʛʘʝʪʝ ʟʘʱʠʪʠʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 
ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʨʠʙʳʣʴʥʳʤ ʩʧʦʩʦʙʦʤ. 
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