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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

12.02.2018 ʛ. 

I I I  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

 

 

çOPEN INNOVATION è 

 

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-

ʶ ʠɦʡ 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 ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜ-

ʨʦʡ ʫʛʦʣʦʚʥʦʛʦ ʧʨʘʚʘ ʠ ʢʨʠʤʠʥʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪè 

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  
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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 ʘʛʨʘʨʥʡʳ 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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Ïèã×ÐÚÞÒÐ ÈÕÚÕà,  
ºÐâÐàÓØÝÐ ÂÐÜÐàÐ ºÞÝáâÐÝâØÝÞÒÝÐ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʦʣʴʰʘʢʦʚʘ ʅ.ɺ.,ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  
ʌɻɹʆʋ ɺʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɺ. ʇʘʨʘʭʠʥʘè 

 

ɹʦʦʧʫʙʯʡʸ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʚ ʙʠʦʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦ-
ʛʠʷʭ. ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝ-
ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʯʠʩʣʷʶʪ ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦ-
ʮʝʩʩʘʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʘʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʠʦʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʧʪʠʤʠ-
ʟʘʮʠʷ, ʵʢʩʧʝʨʠʤʝʥʪ, ʦʙʲʝʢʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʜʝʣʴ, ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ. 
 

MATHEMATICAL MODELING AS A MEANS OF MANAGEMENT AND CONTROL OF 
BIOTECHNOLOGICAL PROCESSES 

 
Yashuzakova Sheker, Katargina T.K., 

Scientific adviser: Polanhkova N.V. 
 

Annotation. The article is devoted to computer modeling of processes in bioengineering technologies. The 
authors of the article consider the general approaches of computer modeling in the conditions of uncertainty of 
the initial information, enumerate the stages of creation and use of the computer mathematical model as the 
main means of controlling and controlling biotechnological processes in the production of a given product. 
Key words: biotechnical processes, computer mathematical modeling, optimization, experiment, object of 
modeling, model, system analysis. 

 
ʕʬʬʝʢʪʠʚʥʦʝ ʚʝʜʝʥʠʝ ʙʠʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʧʦʩʦ-

ʙʦʚ ʠʭ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ.  
ʉ ʚʥʝʜʨʝʥʠʝʤ ʫʧʨʘʚʣʷʝʤʳʭ ʙʠʦʢʫʣʴʪʫʨ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʭʦʜʷʪ ʦʪ ʧʨʦʩʪʦʡ ʟʘʜʘʯʠ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʤ ʚ ʮʝʣʦʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ 
ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʦʜʝʣʷʭ ʙʠʦʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠ ʨʘʟʨʘ-
ʙʦʪʢʝ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʤʘʪʝ-
ʤʘʪʠʯʝʩʢʦʛʦ, ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʘʧʧʘʨʘʪʳ ʠ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʤʦʱʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʟʥʘʥʠʷ, ʘʥʘʣʠʟʘ ʠ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʤ ʨʘʩʧʦʣʘʛʘʶʪ ʩʧʝʮʠʘʣʠʩʪʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 
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ʩʣʦʞʥʳʭ ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦ- ʠ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚ. ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʘʢʪʠʚʥʦ ʧʨʦʛʨʝʩʩʠ-
ʨʫʝʪ ʠ ʨʘʟʚʠʚʘʝʪʩʷ. ʂʘʞʜʳʡ ʜʝʥʴ ʠʟʦʙʨʝʪʘʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʣʝʢʘʨʩʪʚʘ ʦʪ ʙʦʣʝʟʥʝʡ ʢʦʪʦʨʳʝ 
ʩʯʠʪʘʣʠʩʴ ʩʤʝʨʪʝʣʴʥʳʤʠ, ʚʳʚʦʜʷʪʩʷ ʥʦʚʳʝ ʩʦʨʪʘ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʤʥʦʛʦʝ 
ʜʨʫʛʦʝ [5]. ɺʩʝ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʘʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʫʯʥʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʦʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʠʥʞʝʥʝʨʳ ʠ ʩʧʝʮʠʘʣʠʩʪʳ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʟʘʥʠ-
ʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʣʦʞʥʝʡʰʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʧʠʱʝʚʳʭ ʠ 
ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʉʘʤʘ ʩʫʪʴ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʩʚʦʝʡ ʩʫʱʥʦʩʪʠ 
ʧʨʦʩʪʘ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʜ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʢʨʘʡʥʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʫʶ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥ-
ʪʳ ʥʘʜ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʨʘʮʠʦʥʘʣʴʥʦ ʠʣʠ ʧʦʧʨʦʩʪʫ ʥʝ ʚʦʟʤʦʞʥʦ. ʇʨʠʥʮʠʧ ʤʝʪʦ-
ʜʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʥʳ ʨʝʘʣʴʥʦ ʦʙʲʝʢʪʘ ʝʛʦ ʤʘ-
ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ (ʦʙʨʘʟʦʤ) ʠ ʜʘʣʴʥʝʡʰʝʡ ʠʟʫʯʝʥʠʝ ʦʙʨʘʟʘ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʣʦ-
ʛʠʯʝʩʢʠʭ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʥʘʥʠʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʣʶ-
ʩʳ ʢʘʢ ʪʝʦʨʠʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʥʘʥʠʷ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʫ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʟʘ-
ʜʘʯ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʧʠʱʝʚʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʦʪʨʘʩʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ [3]. ʉʫʱʥʦʩʪʴ, 
ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʣʦʞʥʳʭ 
ʧʨʦʮʝʩʩʦʚ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʘʥʘʣʠʟʦʚ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦ-
ʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʨʝ-
ʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ (ʨʠʩ. 1) ʠ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʚʝʜʝʥʠʝ ʥʘʜ ʜʘʥʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʨʘʟʣʠʯʥʳʭ ʚʳ-
ʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʪʦ, ʢʘʢ ʧʦʚʝʜʝʪ ʩʝʙʷ ʜʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʘʷ ʤʦʜʝʣʴ.  

 

 
ʉʡʪ. 1. ʇʪʦʧʛʦʴʞ ʶʫʙʨʴ ʪʧʠʝʙʦʡʸ ʛʡʩʫʬʙʤʵʦʧʢ ʥʧʝʞʤʡ ʩʞʙʤʵʦʧʜʧ ʧʚʳʞʣʫʙ 

 
ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ:  
1) ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʮ, ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʠʟʤʝʨʠʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ; 2) ʬʦʨʤʘʣʠʟʘʮʠʷ ʦʙʲʝʢʪʘ (ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ) ï ʧʝʨʝʭʦʜ ʦʪ ʨʝʘʣʴʥʦʛʦ 
ʦʙʲʝʢʪʘ ʢ ʥʝʢʦʪʦʨʦʡ ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ (ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ); 3) ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ï ʦʪʙʦʨ ʜʘʥʥʳʭ, ʥʝʦʙ-
ʭʦʜʠʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʦʨʤʝ; 4) ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝ-
ʣʠʨʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʧʨʦʛʨʘʤʤʳ ʕɺʄ; 5) ʦʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ï ʧʦʚʳʰʝʥʠʝ ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ 
ʩʪʝʧʝʥʠ ʫʚʝʨʝʥʥʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʚʦʜʦʚ ʦ ʨʝʘʣʴʥʦʤ ʦʙʲʝʢ-
ʪʝ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʨʘʱʝʥʠʷ ʢ ʤʦʜʝʣʠ; 6) ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ï ʧʣʘʥʠʨʦʚʘʥʠʝ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʜʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ; 7) ʪʘʢʪʠʯʝʩʢʦʝ ʧʣʘ-
ʥʠʨʦʚʘʥʠʝ ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʘ ʧʨʦʚʝʜʝʥʠʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʠʩʧʳʪʘʥʠʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʧʣʘʥʦʤ 
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ʵʢʩʧʝʨʠʤʝʥʪʘ; 8) ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʤʠʪʘʮʠʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝ-
ʤʳʭ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʟʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ; 9) ʠʥʪʝʨʧʨʝʪʘʮʠʷ ï ʧʦʩʪʨʦʝʥʠʝ ʚʳʚʦʜʦʚ ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫ-
ʯʝʥʥʳʤ ʧʫʪʝʤ ʠʤʠʪʘʮʠʠ; 10) ʨʝʘʣʠʟʘʮʠʷ ï ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʷ; 11) ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ï ʨʝʛʠʩʪʨʘʮʠʷ ʭʦʜʘ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢ 
ʞʝ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ.  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʟʘ-
ʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʝʞʜʝ ʯʝʤ 
ʧʨʠʩʪʫʧʘʪʴ ʢ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʤʠʪʘʮʠʠ, ʩʣʝʜʫʝʪ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʨʦʩʪʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʥʝ ʧʨʠʛʦʜʥʘ. ʉʧʝʮʠʘʣʠʩʪʳ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʤʦʜʝʣʴʶ, ʦʮʝʥʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠ-
ʤʘʣʴʥʫʶ ʠ ʫʩʪʦʡʯʠʚʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʫʶ.  

ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʷʶʪ-
ʩʷ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʧʨʦʮʝʩʩʦʚ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʤʘʩʰʪʘʙʘʤʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʯʘʩʪʦ ʩʣʫʞʠʪ ʝʜʠʥʩʪʚʝʥ-
ʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʫʞʠʪ ʣʘʙʦʨʘʪʦʨʥʳʡ ʫʨʦʚʝʥʴ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʟʘʪʨʘʪʘʭ ʧʨʦ-
ʚʦʜʠʪʩʷ ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ ʧʨʦʜʫʮʝʥʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʧʝʨʝʥʦʩʷʪ ʚ ʦʧʳʪʥʳʝ, ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʘʩʰʪʘʙʳ. ʅʘ ʦʧʳʪʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʦʪʨʘ-
ʙʘʪʳʚʘʶʪʩʷ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʙʫʜʫʱʝʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʫʯʘʝʪʩʷ ʧʝʨʩʦʥʘʣ, ʩʦʟʜʘʝʪʩʷ ʦʙʦʨʫʜʦ-
ʚʘʥʠʝ, ʫʪʦʯʥʷʶʪʩʷ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ɿʘʪʝʤ ʧʨʦʚʦʜʷʪʩʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʜʦʨʦʛʦ-
ʩʪʦʷʱʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʠʩʧʳʪʘʥʠʷ[4]. 

ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʩʦ-
ʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʦ ʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʠʩʩʣʝʜʦʚʘʪʴ ʠ 
ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʠ ʪ.ʜ. ʅʦ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚʩʝ ʵʪʠ ʟʘʜʘʯʠ  ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʦ-
ʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʦʛʨʦʤʥʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ. ʅʘ ʩʦʟʜʘʥʠʝ ʪʦʯʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʫʡʪʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʥʦ 
ʠʥʦʛʜʘ ʥʝʢʦʪʦʨʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʘ ʵʪʦ ʧʦʟʚʦʣʠʪ 
ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ.  
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°ÀÅ°½³µ»ÌÁº¾¹ ¾±»°ÁÂ¸ 

ÂÞÜØÛÞÒÐ ºáÕÝØï °ÛÕÚáÐÝÔàÞÒÝÐ 
ʄʘʛʠʩʪʨʘʥʪ 

ʌɻɸʆʋ ɺʆ ʉ(ɸ)ʌʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
 
ʃʝʩʥʦʡ ʢʦʤʧʣʝʢʩ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʵʢʦʥʦʤʠʢʝ ʨʝʛʠʦʥʘ ʠ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɽʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 9% ʦʙʱʝʨʦʩʩʠʡʩʢʦʡ ʚʳʨʘʙʦʪʢʠ ʜʝʣʦ-
ʚʦʡ ʜʨʝʚʝʩʠʥʳ, 8% ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ, 31% ʮʝʣʣʶʣʦʟʳ ʧʦ ʚʘʨʢʝ, 29% ʢʘʨʪʦʥʘ. 

ɺ ʩʚʷʟʠ ʩ ʫʜʦʙʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʦʙʣʘʩʪʠ ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʦʨʠ-
ʝʥʪʠʨʦʚʘʥ ʥʘ ʧʦʩʪʘʚʢʫ ʧʨʦʜʫʢʮʠʠ ʟʘ ʨʫʙʝʞ. ʇʨʠʤʝʨʥʦ 60% ʧʨʦʜʫʢʮʠʠ ʎɹʇ ʠ 80% ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ 
ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʦʪʛʨʫʞʘʶʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʩʪʨʘʥʳ ʤʦʨʩʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ɺ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩʬʝʨʘ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ. ʅʘʠʙʦ-
ʣʝʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʣʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʦʣʷʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʛʜʝ ʠʭ 
ʜʦʣʷ ʚ 2011 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 82% ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʦʥ ʠ 30,1% - ʜʚʝʨʝʡ. ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ ʜʦʣʷ 
ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʙʝʣʠ: ʝʩʣʠ ʚ 2002 ʛʦʜʫ ʦʥʠ ʠʟʛʦʪʦʚʠʣʠ 25,3% ʚʩʝʛʦ ʦʙʲʝʤʘ ʚʳ-
ʧʫʱʝʥʥʦʡ ʤʝʙʝʣʠ, ʪʦ ʚ 2011 ʛʦʜʫ ʫʞʝ 50,7%. ɻʦʨʘʟʜʦ ʤʝʥʴʰʝ ʜʦʣʷ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʧʨʦʜʫʢʮʠʠ ʥʘ ʣʝʩʦʟʘʛʦʪʦʚʢʘʭ: ʦʢʦʣʦ 12% ʦʙʲʝʤʘ ʚʳʚʦʟʢʠ ʜʨʝʚʝʩʠʥʳ ʠ 8,3% ʚ ʣʝʩʦʧʠʣʝʥʠʠ. 

ɺ 2012 ʛʦʜʫ ʜʦʭʦʜʳ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʩʦʚ ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʠʣʠ 408,4 ʤʣʥ. ʨʫʙ. 
ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 2002 ʛʦʜʦʤ ʜʦʭʦʜʳ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʫʚʝʣʠʯʠʣʠʩʴ ʚ 2,8 ʨʘʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ 
ʧʦʣʴʟʦʚʘʥʠʷ ʣʝʩʥʳʤ ʬʦʥʜʦʤ - ʚ 3 ʨʘʟʘ, ʘ ʟʘ ʩʯʝʪ ʚʥʝʙʶʜʞʝʪʥʳʭ ʜʦʭʦʜʦʚ - ʚ 2,4 ʨʘʟʘ.  

ɺ ʵʪʠ ʛʦʜʳ ʥʝʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ ʨʘʟʚʠʚʘʣʦʩʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʚʠʜʦʚ ʣʝʩʦʙʫ-
ʤʘʞʥʦʡ ʧʨʦʜʫʢʮʠʠ (ʩʪʨʦʛʘʥʳʭ ʠ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʩ ʥʦʨʤʠʨʫʝʤʦʡ ʚʣʘʞʥʦʩʪʴʶ, 
ʢʣʝʝʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʪʦʣʷʨʥʳʭ ʠʟʜʝʣʠʡ, ʣʘʤʠʥʠʨʦʚʘʥʥʳʭ ʠ ʥʝʪʦʢʩʠʯʥʳʭ ɼʉʇ, ʧʣʠʪ MDF ʩʨʝʜʥʝʡ 
ʧʣʦʪʥʦʩʪʠ, ʬʘʥʝʨʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʜʝʨʝʚʷʥʥʳʭ ʜʦʤʦʚ ʟʘʚʦʜʩʢʦʛʦ ʠʟʛʦʪʦʚ-
ʣʝʥʠʷ, ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʙʫʤʘʛʠ ʠ ʢʘʨʪʦʥʘ ʠ ʜʨ.). 

ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʨʳʥʦʢ ʣʝʩʦʙʫ-
ʤʘʞʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʫʢ-
ʮʠʶ ʛʣʫʙʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ (ʪʘʙʣ. 1). [1] 

ʆʩʥʦʚʥʘʷ ʜʦʣʷ ʧʨʝʜʲʷʚʣʷʝʤʦʛʦ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʩʧʨʦʩʘ ʥʘ ʣʝʩʦ-
ʧʨʦʜʫʢʮʠʶ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʘʢʠʝ ʩʬʝʨʳ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʢʘʢ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʝʤʦʥʪ ʟʜʘʥʠʡ ʠ 
ʩʦʦʨʫʞʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ ʩʬʝʨ, ʢʘʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʤʝʙʝʣʠ, ʪʘʨʳ ʠ ʫʧʘʢʦʚʢʠ ʠ ʧʨʦʯʝʝ. 

ʉ ʫʯʝʪʦʤ ʪʝʥʜʝʥʮʠʡ ʚ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʦʚ ʠ ʩʨʝʜʥʠʭ ʥʦʨʤ ʨʘʩʭʦʜʦʚ ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʝʥ 
ʩʧʨʦʩ ʥʘ ʣʝʩʦʤʘʪʝʨʠʘʣʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʦ ʦʪʯʝʪʥʦʤʫ ʙʘʣʘʥʩʫ, ʦʪʧʫʩʢ ʢʨʫʛʣʳʭ ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ ʥʘ 
ʨʝʤʦʥʪʥʦ-ɻ ʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʥʫʞʜʳ ʩʦʩʪʘʚʠʣ 400 ʪʳʩ. ʤ3, ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ - 400 ʪʳʩ. ʤ3 ʠ ʥʘ ʥʫʞʜʳ 
ʜʨʫʛʠʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ - 200 ʪʳʩ. ʤ3. [2] 

ʋʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʢʨʫʛʣʳʭ ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ-
ʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʚʠʪʠʝʤ ʜʝʨʝʚʷʥʥʦʛʦ ʢʘʨʢʘʩʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ. ʇʨʠ ʦʙʱʝʤ ʨʦʩʪʝ ʩʧʨʦʩʘ ʥʘ 
ʧʠʣʦʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ 
ʩʪʨʦʛʘʥʳʭ ʠ ʧʦʛʦʥʘʞʥʳʭ ʠʟʜʝʣʠʡ, ʧʨʦʜʫʢʮʠʠ ʠʟ ʢʣʝʝʥʦʛʦ ʙʨʫʩʘ. 
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ʋʙʚʤʡʯʙ 1 
ʇʯʞʦʣʙ ʪʨʩʧʪʙ ʦʙ ʤʞʪʧʨʩʧʝʬʣʯʡʷ ʨʧ ʧʪʦʧʛʦʴʥ ʪʭʞʩʙʥ ʣʧʦʞʰʦʧʜʧ ʨʧʫʩʞʚʤʞʦʡʸ ʛ ɹʩʮʙʦ-

ʜʞʤʵʪʣʧʢ ʧʚʤʙʪʫʡ 

ɻʦʜ ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʈʝʤʦʥʪ ʟʜʘʥʠʡ ʠ 
ʩʦʦʨʫʞʝʥʠʡ 

ʇʨʦʯʠʝ ʥʫʞʜʳ ʀʪʦʛʦ 

ʂʨʫʛʣʳʝ ʣʝʩʦʤʘʪʝʨʠʘʣʳ, ʪʳʩ.ʤ3 

2012 300 240 100 640 

2015 200 180 50 430 

ʇʠʣʦʤʘʪʝʨʠʘʣʳ, ʪʳʩ.ʤ3 

2012 238 120 60 418 

2015 273 180 78 531 

ʌʘʥʝʨʘ, ʪʳʩ.ʤ3 

2012 7,9 3,9 5,4 17,2 

2015 9,2 5,4 3,8 18,4 

ɼʉʇ, ɼɺʇ, MDF, ʪʳʩ.ʤ3 

2012 8,0 4,4 4,8 17,2 

2015 9,2 6,5 7,0 22,7 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʧʨʦʩ ʥʘ ʣʝʩʦʙʫʤʘʞʥʫʶ ʧʨʦʜʫʢʮʠʶ ʥʘ ʚʥʝʰʥʠʭ ʨʳʥʢʘʭ ʧʦ-

ʢʘʞʝʪ ʫʩʪʦʡʯʠʚʫʶ ʪʝʥʜʝʥʮʠʶ ʨʦʩʪʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʦʩʪʘʚʦʢ ʣʝʩʦʙʫʤʘʞʥʦʡ 
ʧʨʦʜʫʢʮʠʠ ʠʟ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʪʨʘʥʳ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʠ ʉʅɻ. ʆʙʲʝʤʳ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʩʪʘ-
ʚʦʢ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʜʠʥʘʤʠʢʦʡ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʧʨʦʩʘ 
ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ ʦʙʣʘʩʪʠ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʝʨʠʦʜ (ʪʘʙʣ.2). 

 
ʋʙʚʤʡʯʙ 2  

ʇʪʦʧʛʦʴʞ ʪʛʧʝʦʴʞ ʫʞʮʦʡʣʧ-ʁ ʣʧʦʧʥʡʰʞʪʣʡʞ ʨʧʣʙʠʙʫʞʤʡ  ʩʙʠʛʡʫʡʸ ʤʞʪʦʧʜʧ ʣʧʥʨʤʞʣʪʙ ɹʩ-
ʮʙʦʜʞʤʵʪʣʧʢ ʧʚʤʙʪʫʡ ʦʙ ʨʞʩʡʧʝ ʝʧ 2030 ʜʧʝʙ 

ʇʦʢʘʟʘʪʝʣʴ, ʝʜʠʥʠ-
ʮʘ ʠʟʤʝʨʝʥʠʷ 

2012 2020 2020 ʢ 2012, % 2030 2030 ʢ 2012, % 

ʇʠʣʦʤʘʪʝʨʠʘʣʳ, 
ʪʳʩ. ʤ3 

1650 2400 145 2500 151 

ʌʘʥʝʨʘ ʢʣʝʝʥʘʷ, 
ʪʳʩ. ʤ3 

116,4 189 156 250 216 

ɼʦʤʘ ʜʝʨʝʚʷʥʥʳʝ 
ʟʘʚʦʜʩʢʦʛʦ ʠʟʛʦʪʦʚ-
ʣʝʥʠʷ, ʪʳʩ. ʤ2 

78,9 200 ʚ 2,5 ʨʘʟʘ 300 ʚ 3,8 ʨʘʟʘ 

ɼʨʝʚʝʩʥʦʝ ʪʦʧʣʠʚʦ, 
ʪʳʩ.ʪ 

70 200 286 280 ʚ 4 ʨʘʟʘ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʘʷ ʮʝʣʴ - ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙ-

ʣʘʩʪʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʚʠʪʠʷ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʣʝʩʦʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʨʦʛʥʦʟʥʳʡ ʨʦʩʪ ʜʦʤʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʢ 2030 ʛʦʜʫ ʙʫʜʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʣʝʩʦ-
ʧʠʣɹʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʘʢʪʠʚʥʳʡ ʩʧʨʦʩ ʥʘ ʧʠʣʦʤʘʪʝʨʠʘʣʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʙʝʟʣʠʯʝʥʥʳʝ ʧʠʣʦʤʘʪʝʨʠʘʣʳ, ʘ ʢ 2030 ʛʦʜʫ ʙʦʣʝʝ 
ʧʦʣʦʚʠʥʳ ʚʳʧʫʩʢʘʝʤʦʛʦ ʦʙʲʝʤʘ ʩʦʩʪʘʚʷʪ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ, ʦʪʜʝʣʦʯʥʳʝ, ʙʠʦʟʘʱʠʪʥʳʝ ʠ ʩʧʝʮʠʬʠʮʠ-
ʨʦʚʘʥʥʳʝ ʧʠʣʦʤʘʪʝʨʠʘʣʳ. ʋʣʫʯʰʠʪʩʷ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ, 70% ʙʫʜʝʪ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʝʨʝʚʷʥʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ. 

ʇʨʦʛʥʦʟ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʩʪʘʚʦʢ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʵʢʩʧʦʨʪ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝ 
ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ. ɺ ʩʪʨʫʢʪʫʨʝ ʵʢʩʧʦʨʪʘ ʧʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʧʠ-
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ʣʦʤʘʪʝʨʠʘʣʦʚ ʩ ʥʦʨʤʘʪʠʚʥʦʡ ʚʣʘʞʥʦʩʪʴʶ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʦ ʟʘʢʘʟʘʤ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʜʦʣʶ 
ʢʦʤʧʦʟʠʪʥʳʭ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʝʨʝʚʷʥʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ - ʰʠʨʦʢʘʷ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʥʘʯʠʥʘʷ ʦʪ ʙʨʝʚʝʥ ʠ ʟʘʢʘʥʯʠʚʘʷ ʢʦʤʧʦʟʠʪʥʳʤʠ ʜʨʝʚʝʩʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʜʝʨʝʚʷʥʥʳʤʠ ʢʣʝʝʥʳʤʠ 
ʢʦʥʩʪʨʫʢʮʠʷʤʠ. 

ɿʘ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʜʦʣʷ ʵʢʩʧʦʥʠʨʫʝʤʳʭ ʧʘʥʝʣʴʥʳʭ ʠ ʢʘʨʢʘʩʥʳʭ ʜʦʤʦʚ ʟʘʤʝʪʥʦ ʩʥʠʟʠ-
ʣʘʩʴ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʱʫʪʠʤʦ ʚʳʨʦʩ ʠʥʪʝʨʝʩ ʠʤʝʥʥʦ ʢ ʙʨʫʩʯʘʪʳʤ ʠ ʙʨʝʚʝʥʯʘʪʳʤ ʤʘʣʦʵʪʘʞʥʳʤ ʟʜʘʥʠʷʤ.  

ɼʠʥʘʤʠʢʘ ʦʙʲʝʤʦʚ ʚʚʦʜʘ ʜʝʨʝʚʷʥʥʦʛʦ ʞʠʣʴʷ (ʨʠʩ. 1) 
 

 
ʉʡʪ. 1. ɽʡʦʙʥʡʣʙ ʧʚʳʞʥʧʛ ʛʛʧʝʙ ʝʞʩʞʛʸʦʦʧʜʧ ʟʡʤʵʸ, ʫʴʪ. ʥ2 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʨʝʚʷʥʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ɺʦ-ʧʝʨʚʳʭ, ʜʝʨʝʚʷʥʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʘʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʦʤʦ-

ʩʪʨʦʝʥʠʷ, ʦʙʲʝʤʳ ʢʦʪʦʨʦʛʦ ʚ ʈʦʩʩʠʠ ʙʳʩʪʨʦ ʨʘʩʪʫʪ.  
ɺʦ-ʚʪʦʨʳʭ, ʜʝʨʝʚʷʥʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ - ʵʪʦ ʩʧʦʩʦʙ ʚʦʟʚʝʜʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʠ ʥʝʜʦʨʦʛʦʛʦ, ʥʦ ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʞʠʣʴʷ. [3] 
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Abstract: The article presents an algorithm for calculating the magnetic circuit of electromagnetic mechanical 
activators. The problem of determining the size of the sections and determining the magnitude of the magne-
tomotor winding force (or windings) control, necessary to create in the working volume of the calculated values 
of induction, providing a given grinding technology the value of the mechanical effects of the grinding organs 
on the particles of the processed product. 
Keywords: the algorithm of calculation of a magnetic circuit, the magnitude of mechanical impacts, grinding  

 
The calculation of the magnetic circuit of the electromagnetic mechanochemical [1, 2] solves the prob-

lem of determining the size of their plots and establish the magnitude of magneto motive force (m. d. s.) wind-
ing (or windings) to create in the working volume of the calculated values of  induction, providing specified 
technology crushing value mechanical impacts of the grinding bodies on the particles of the processed prod-
uct. In the calculation of the magnetic circuit based on the following: the structural shape of the device and a 
rough sketch of its magnetic with a number of tentative values of the geometric dimensions of the individual 
sections is defined; set the value of the induction in the working volume; recommended by the structural shape 
of the working volume and the working media. When designing, note that at high inductions decrease of the 
cross section of the magnetic circuit, but grow the value of the magnetizing forces required for conducting the 
magnetic flux through these sites. Saturated state of at least one of the sections affects the characteristics 

()
y

IP j
t
=

 
- it is not linear ( y

I -
  

control current). The starting value for the electromagnetic calcula-

tion is asked EMMA productivity, which is determined by the size of the working volume occupied by the fer-
romagnetic bodies and a comminuted product, then a set of approximate sizes. Preliminary estimated size of 
the plots of the magnetic circuit is determined from design considerations based on the experience of calcula-
tion of electromagnetic devices. In the process of calculating the magnetic circuit adjusts the dimensions of the 
magnetic circuit on the basis of the analysis of the magnetization curves of the device ( )ä= Fʌ j  and 

parts ( )ä=
X

Fʌ j , whereäFï the total value of the m. d. s. for the values
0

B ; 
X

F  ï m. d. s. x-th sec-

tion for the same values
0

B . 

As an example, in figures 1 and 2 presents a general view and a structural diagram of a device for 
grinding products of chocolate production [3, 4] with a number of the specified approximate size  

( )LDD ,, 21
 and a chart of its magnetic core divided into 8 plots the estimated: I ï central core of the outer 

part of the magnetic circuit; II ï radial plot (with a variable cross-sectional area) of the outer part of the magnet-
ic circuit; III ï structural gap; IVï a cylindrical outer casing made of no ferromagnetic material; V ï working vol-
ume with ferromagnetic grinding elements; VI  ï  radial phase inner cylinder; VII ï ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʜʝʯʥʠʢ 
ʚʥʫʪʨʝʥʥʝʛʦ ʮʠʣʠʥʜʨʘ; VIII ï the Central core of the inner cylinder; VIII ï design gap. 
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Fig. 1. Experimental setup for dispersion products of chocolate production 

(Patent RF ˊ1457881) 
 

 
Fig. 2. Scheme for the calculation of the magneto motive force EMMA 

 
For the constructive form of  EMMA, is shown in figure 1, is true the following expression to calculate the 

resultant of m. d. s. [5, 6]: 
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the lengths of segments I, II, IV, V, VI, VII; 3K

d , 8K
d   ï constructive 

gaps; 
76421

,,,, mmmmm ï magnetic permeability of the material sections of the magnetic circuit for certain 

values of induction;0
mï the magnetic permeability of the working volume filled with a ferromagnetic working 

bodies and a comminuted product, for given values of the induction ( Fig.3); ʚ
mï magnetic permeability of air; 

81
,...,SS ï cross-sectional area plots of the magnetic; LLS

CP 1
= ï the area through which passes the cal-

culated magnetic flux in the working volume; Lï length of displacement in the axial direction; 1
L ï length of 

displacement on the part of its circumference in the area of the magnetic field EMMA. On the basis of the cal-
culation of the total m. d. s. and windings (or control windings) specifies the size of the window (or Windows) to 
embed the control winding. In the sketch of the magnetic core is amended with further confirmation of total m. 
d. s. coil (or winding) control. Evaluation of the magnetic state of the magnetic EMMA follows. Asking a num-



OPEN INNOVATION 21 

 

III International scientific conference | www.naukaip.ru 

ber of values of induction in the working volume
00

BKɺ
Pi

=  ( 25,1...2,0=
P

K ), calculated in each case, 

the amount of m. d. c. control winding required to conduct the magnetic flux plots of the magnetic circuit. 
 

 
 

Fig. 3. Dependence of magnetic permeability of the working volume ÕŮ from induction BŮ with 

different coefficients of volumetric filling rk  of grinding ferrochrome diameter 3ød ì ì=
 

 

 

Fig. 4. Structural groups of  ferrotel Fig. 5. Dependence )(BP jt=  

 

Estimated  construction  dependence  ( ),ä= Fʌʈ j characterizing the state of the magnetic device. 

This dependence defines the characteristics of EMMA when we change the value of the control current. Using 

dependency values ( )
0
ɺP j

t
= , determined values for a range of values induction in the working volume. 

EMMA, a magnetic core which has a working point (the nominal value of the induction in the working volume) 

at the linear part of the characteristic ( )ä= Fʌ
ʈ
j , is unsaturated in a magnetic relationship. The degree 

of saturation of the steel magnetic circuit has a significant influence on device properties. To determine the 
saturated portion of the magnetic core according to the calculated data are constructed based on 

( )ä=
ʍʍ

Fʌ j  for all plots.The results of the analysis is determined by the bottleneck in the magnetic cir-

cuit from the point of view of the passage thereon of the magnetic flux and makes the necessary corrections to 
the calculated data for the specific site. 
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ʥʠʪʥʦʛʦ ʩʧʦʩʦʙʘ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʤʠʪʝʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʚʳʩ-
ʰʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʦʣʦʜʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 1993. 
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ʩʪʫʜʝʥʪʳ  
ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ÍÝÓÞÒÐâÞÒ °ÛÕÚáÐÝÔà ²ÐáØÛìÕÒØç 
ʤʘʛʠʩʪʨ 

 

ɹʦʦʧʫʙʯʡʸ: ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʧʨʠ ʨʘʙʦʪʝ ʦʪʦʧʠʪʝʣʴʥʦ-
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʪʝʣʴʥʳʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 
ʵʪʦʤ. ʋʢʘʟʘʥʘ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʦ ʘʢʪʫʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʘ 
ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʇʨʝʜʣʦʞʝʥʳ ʫʩʪʨʦʡʩʪʚʘ ʠ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ (ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ, ʘʜʩʦʨʙʮʠʦʥʥʳʡ, ʘʙ-
ʩʦʨʙʮʠʦʥʥʳʡ) ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʘʵʨʦʟʦʣʝʡ ʠ ʦʪ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʠʤʝʩʝʡ ʩ ʘʥʘʣʠʟʦʤ ʠʭ ʨʘʙʦʪʳ ʠ ʨʝʢʦ-
ʤʝʥʜʘʮʠʝʡ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦ-
ʬʠʣʴʪʨ, ʫʩʣʦʚʠʷ ʪʨʫʜʘ. 
 

ANALYSIS OF METHODS OF PURIFICATION OF FLUE GASES FROM HARMFUL IMPURITIES 
 

Valentine Vitalievna Engovatova,  
Dmitry Alekseevich Oksuzyan, 

Ryazanova Alina Nikolaevna, 
Engovatov Alexander Vasilyevich 

 
Abstract: he analysis of purification of flue gases from harmful impurities during the operation of heating-
industrial boilers. The problems of ecological character arising at the same time are considered. The main rea-
son of their origin is specified, the actual solution of this problem is offered today. The devices and methods of 
purification (catalytic, adsorption, absorption) of flue gases from aerosols and gaseous impurities with analysis 
of their operation and recommendation of combined electrofilters are proposed. 
Key words: methods of cleaning flue gases from harmful impurities, the combined electrostatic precipitator, 
the conditions of labor. 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʪʦʣʢʥʫʣʦʩʴ ʩ ʜʦʚʦʣʴʥʦ ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʵʢʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʳʙʨʦʩʳ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦ-
ʩʬʝʨʫ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ ʦʧʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʥʘ 
ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʠ ʠʭ ʫʜʘʣʝʥʠʠ ʠʟ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ. 
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ʂʦʛʜʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʪʝʣʴʥʳʭ ʩʞʠʛʘʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʚ ʘʪʤʦʩʬʝʨʫ ʤʦʛʫʪ ʧʦ-
ʧʘʜʘʪʴ ʚʝʱʝʩʪʚʘ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ, ʢʘʢ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ 
ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘʧʨʠʤʝʨ, (CO2, H2O, NO2) ï ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʩʛʦʨʘ-
ʥʠʷ, ʥʦ ʢʨʦʤʝ ʵʪʦʛʦ, ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʪʚʸʨʜʳʝ (ʟʦʣʘ ʠ ʩʘʞʘ), ʛʘʟʦʦʙʨʘʟʥʳʝ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ 
ʢʘʢ: ʩʝʨʥʳʝ ʠ ʩʝʨʥʠʩʪʳʝ ʘʥʛʠʜʨʠʜʳ (SO3 ʠ SO2), ʦʢʩʠʜʳ ʘʟʦʪʘ (NO ʠ NO2), ʘ ʪʘʢʞʝ ʬʪʦʨʠʩʪʳʝ ʩʦʝʜʠ-
ʥʝʥʠʷ. ʆʜʥʘʢʦ ʙʳʚʘʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʫʭʦʜʷʱʠʝ ʛʘʟʳ ʤʦʛʫʪ 
ʩʦʜʝʨʞʘʪʴ ʫʛʣʝʚʦʜʦʨʦʜʳ (CH4, C2H4), ʘ ʪʘʢʞʝ ʫʛʘʨʥʳʡ ʛʘʟ (CO) ʠ ʜʨ. ʂ ʪʦʤʫ ʞʝ ʚʩʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʥʘʥʦ-
ʩʷʪ ʫʱʝʨʙ ʞʠʣʳʤ ʠ ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʙʲʝʢʪʘʤ. ɸ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʥʠʩʪʳʭ ʛʘʟʦʚ ʚ ʚʦʟ-
ʜʫʭʝ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, 
ʞʠʣʳʭ ʟʜʘʥʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʄʥʦʛʠʝ ʩʪʨʘʥʳ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʧʨʠʥʷʣʠ ʚʘʞʥʳʝ ʤʝʨʳ, ʮʝʣʴ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʩʦʢʨʘʱʝʥʠʠ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉ 1 ʷʥʚʘʨʷ 2000 ʛ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-
ʨʘʮʠʠ ʙʳʣʠ ʚʜʚʦʝ ʩʥʠʞʝʥʳ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʚʳʙʨʦʩʘʤ (ʇɼɺ) ʟʦʣʳ, ʦʢʩʠʜʦʚ ʩʝʨʳ ʠ ʘʟʦʪʘ ʜʣʷ 
ʫʩʪʘʥʦʚʦʢ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʆʜʥʘʢʦ, ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ, ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʧʝʨʝʩʤʦʪʨʘ ʠʤʝʶʱʠʭʩʷ ʥʦʨʤʘʪʠʚʦʚ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦ 
ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʉʐɸ ʫʞʝ ʚʩʪʫʧʠʣʠ ʚ ʜʝʡʩʪʚʠʝ ʥʦʚʳʝ ʥʦʨʤʘʪʠʚʳ, ʧʨʝʜʧʠʩʳʚʘʶʱʠʝ ʩʥʠ-
ʞʝʥʠʝ ʚ ʫʭʦʜʷʱʠʭ ʛʘʟʘʭ ʧʳʣʝʫʛʦʣʴʥʳʭ ʢʦʪʣʦʚ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʜʦ 4 ʤʛ/ʤ3, SO2 - ʜʦ 75 - 
150 ʤʛ/ʤ3, Nʆx - ʜʦ 30 - 100 ʤʛ/ʤ3. ɺ ʗʧʦʥʠʠ ʘʥʘʣʦʛʠʯʥʳʝ ʩʪʘʥʜʘʨʪʳ ʜʝʡʩʪʚʫʶʪ ʫʞʝ ʩ 80-ʭ ʛʦʜʦʚ ʧʨʦ-
ʰʣʦʛʦ ʚʝʢʘ. ʂ 2050 ʛ. ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʤʝʥʴʰʠʪʴ ʤʠʨʦʚʳʝ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʪʝʧʣʦʚʳʤʠ ʵʣʝʢ-
ʪʨʦʩʪʘʥʮʠʷʤʠ ʜʦ ʟʥʘʯʝʥʠʡ, ʙʣʠʟʢʠʭ ʢ ʥʫʣʝʚʳʤ [1]. 

 
ʋʙʚʤʡʯʙ 1 

ʈʩʞʝʞʤʵʦʧ ʝʧʨʬʪʫʡʥʴʞ ʣʧʦʯʞʦʫʩʙʯʡʡ ʠʧʤʵʦʴʮ ʰʙʪʫʡʯ, ʧʣʪʡʝʧʛ ʪʞʩʴ ʡ ʙʠʧʫʙ ʛ ʛʧʠʝʬʮʞ, 
ʥʜ/ʥ3 

 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʚʦʟʜʫʭʝ ʥʝʩʢʦʣʴʢʠʭ ʚʝʱʝʩʪʚ, ʩʫʤʤʘ ʦʪʥʦʰʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ C ʢ ʠʭ 

ʇɼʂ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʝʜʠʥʠʮʳ: 
ʉNO2 / ʇɼʂNO2 + ʉSO3 / ʇɼʂSO3 Ò 1     (1) 

ʛʜʝ ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ; 
ʇɼʂ ï ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʦʛʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʵʢʦʣʦʛʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯ-

ʥʳʤ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʦʪ ʘʵʨʦʟʦʣʝʡ ʠ ʪʦʢ-
ʩʠʯʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ. 

ɼʣʷ ʦʯʠʩʪʢʠ ʧʨʠʤʝʩʝʡ ʦʪ ʘʵʨʦʟʦʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʫʩʪʨʦʡʩʪʚ: 
ʘ) ʬʠʣʴʪʨʳ (ʟʝʨʥʠʩʪʳʝ ʠ ʪʢʘʥʝʚʳʝ) - ʠʭ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʜʝʨʞʠʚʘʪʴ 

ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,05 ʤʢʤ. ʉʘʤʳʤʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʬʠʣʴʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʨʫʢʘʚʥʳʝ ʩ ʪʝʨʤʦ-
ʩʪʦʡʢʦʩʪʴʶ 250-300ʦʉ; 

ʙ) ʩʫʭʠʝ ʧʳʣʝʫʣʦʚʠʪʝʣʠ (ʮʠʢʣʦʥʳ) - ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʦʠʪ ʚ ʚʳʧʘʜʝʥʠʠ ʚ 
ʦʩʘʜʦʢ ʯʘʩʪʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ ʩʠʣ ʪʷʞʝʩʪʠ. ʇʦʪʦʢ ʧʳʣʠ ʚʭʦʜʠʪ ʚ ʘʧʧʘʨʘʪ, ʚʥʫʪʨʠ 
ʢʦʪʦʨʦʛʦ ʩʦʚʝʨʰʘʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʵʪʦʛʦ ʧʦʪʦʢʘ. ɼʘʣʝʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʦʪ-
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ʙʨʘʩʳʚʘʶʪʩʷ ʢ ʚʥʫʪʨʝʥʥʠʤ ʩʪʝʥʢʘʤ ʮʠʢʣʦʥʘ, ʢʦʪʦʨʳʝ ʧʘʜʘʶʪ ʚʥʠʟ ʚ ʧʳʣʝʩʙʦʨʥʠʢ, ʢʦʪʦʨʳʡ ʧʝʨʠʦʜʠʯʝ-
ʩʢʠ ʦʯʠʱʘʝʪʩʷ; 

ʚ) ʤʦʢʨʳʝ ʧʳʣʝʫʣʦʚʠʪʝʣʠ (ʩʢʨʫʙʙʝʨʳ) - ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʠʮʳ ʧʳʣʠ 
ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʝʣʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʜʝʡʩʪʚʠʷ ʩʠʣ ʠʥʝʨʮʠʠ. ʉʚʦʸ 
ʧʨʠʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʳ ʥʘʰʣʠ ʚ ʦʯʠʩʪʢʝ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ ʦʪ ʯʘʩʪʠʮ ʧʳʣʠ; 

ʛ) ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ ï ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (99 - 99,5%). 
ʉʫʱʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʦʥʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ ʧʳʣʠ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ. ʇʨʠ ʚʩʪʨʷʭʠ-
ʚʘʥʠʠ ʵʣʝʢʪʨʦʜʦʚ ʦʩʘʞʜʸʥʥʳʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʦʧʘʜʘʶʪ ʚ ʩʙʦʨʥʠʢ ʧʳʣʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʛʘʟʦʦʙʨʘʟʥʳʭ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ: 
ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ, ʘʜʩʦʨʙʮʠʦʥʥʳʡ, ʘʙʩʦʨʙʮʠʦʥʥʳʡ.  

ɺ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʛʣʘʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 
ʧʨʝʚʨʘʱʘʪʴ ʚʨʝʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʙʝʟʚʨʝʜʥʳʝ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʟ ʪʘʢʠʭ 
ʚʝʱʝʩʪʚ, ʢʘʢ ʚʘʥʘʜʠʡ ʠʣʠ ʧʘʣʣʘʜʠʡ. 

 

 
ʉʡʪ. 1. ʌʪʫʩʧʢʪʫʛʧ ʶʤʞʣʫʩʧʭʡʤʵʫʩʙ 

 
ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʬʘʢʝʣʴʥʦʝ ʩʞʠʛʘʥʠʝ ï ʵʪʦ ʜʦʞʠʛʘʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʩ ʧʦʤʦ-

ʱʴʶ ʛʘʟʦʚʳʭ ʛʦʨʝʣʦʢ. 
ɸʜʩʦʨʙʮʠʦʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʘʜʩʦʨʙʝʥʪʦʚ (ʪʚʸʨʜʳʭ ʧʦʛʣʦʪʠʪʝʣʝʡ) ʧʦʛʣʦ-

ʱʘʪʴ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ʠʟ ʚʳʭʦʜʥʳʭ ʛʘʟʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ɸʕʉ ʧʫʪʸʤ ʩʦʨʙʮʠʠ 
ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʆʥ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʘʙʩʦʨʙʝʥʪʦʚ (ʞʠʜʢʠʭ ʧʦʛʣʦʪʠʪʝʣʝʡ) ʫʣʘʚʣʠʚʘʪʴ ʛʘʟʦʦʙʨʘʟʥʳʝ 
ʧʨʠʤʝʩʠ. ɸʙʩʦʨʙʝʥʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʚʦʜʘ, ʨʘʩʪʚʦʨʳ ʱʝʣʦʯʠ ʠ ʜʨ. [2]. 

 

 
ʉʡʪ. 2. ʊʮʞʥʙ ʣʧʥʚʡʦʡʩʧʛʙʦʦʧʜʧ ʶʤʞʣʫʩʧʭʡʤʵʫʩʙ 

 
ʇʦʩʢʦʣʴʢʫ ʠʟ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʦ-

ʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʵʪʦ ʚʠʜ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ. 
ʊʘʢ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ʤʦʞʝʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ. ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʲʝʜʠʥʝ-
ʥʠʠ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ ʠ ʨʫʢʘʚʥʦʛʦ ʬʠʣʴʪʨʘ, ʠ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ. ʂ ʪʦʤʫ ʞʝ ʩʠʩʪʝʤʘ ʪʨʫʙ, ʧʦ ʢʦʪʦʨʳʤ ʧʦ-
ʜʘʸʪʩʷ ʩʞʘʪʳʡ ʚʦʟʜʫʭ, ʫʩʪʘʥʦʚʣʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ.  

ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʘʥʘʣʦʛʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʫʤʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʘʧʧʘʨʘʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʛʘʙʘʨʠʪʳ ʠ ʩʜʝʣʘʪʴ ʝʛʦ ʥʘʠʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤ. ɽʱʸ ʦʜʥʠʤ ʜʦʩʪʦ-
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ʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʘʟʦʚ ʚʥʫʪʨʠ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ, ʪʘʢ ʢʘʢ ʚ ʜʨʫʛʠʭ ʨʘʟʥʦ-
ʚʠʜʥʦʩʪʷʭ ʬʠʣʴʪʨʦʚ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʷ, ʚʩʪʨʝʯʘʝʤʦʛʦ ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ [3]. 

ʇʦʭʦʞʠʤ ʚʘʨʠʘʥʪʦʤ ʵʪʦʛʦ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʩʥʘʱʝʥʠʶ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʢʦʤʙʠ-
ʥʠʨʦʚʘʥʥʳʡ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʡ ʘʧʧʘʨʘʪ. ɺ ʩʦʩʪʘʚʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʬʠʣʴʪʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʚʝʨʪʠʢʘʣʴʥʦʝ. ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʝʥʷʪʴ ʧʦʪʦʢ 
ʛʘʟʦʚ, ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʯʠʩʪʠʪʴ ʠ ʫʩʣʦʞʥʸʥʥʘʷ ʩʙʦʨʢʘ [4]. 

 

 
ʉʡʪ. 3. ʃʧʥʚʡʦʡʩʧʛʙʦʦʴʢ ʨʴʤʞʬʤʙʛʤʡʛʙʷʲʡʢ ʙʨʨʙʩʙʫ 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʦʯʠʩʪʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʘʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ ʙʫʜʝʪ 
ʧʦʣʴʟʦʚʘʪʴʩʷ ʦʛʨʦʤʥʳʤ ʩʧʨʦʩʦʤ ʢʘʢ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʦʝʡ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʘʤ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩ ɹ
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Ã´º 05.17.06 

Á¸½Âµ· º¾¼¿¾·¸Â° Fe3O4/C ½° ¾Á½¾²µ 
FeCl24H2O ̧  ¿¾»¸°ºÀ¸»¾½¸ÂÀ¸»° ¿À¸ 
ÂµÀ¼¾¾±À°±¾Âºµ ½° ²¾·´ÃÅµ 

³ÞÔÐÕÒ ±ÐØÝ ÁÕàÓÕÕÒØç 
ʉʪʫʜʝʥʪ 

ºÞ×ÛÞÒ ²ÛÐÔØÜØà ²ÐÛÕÝâØÝÞÒØç 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ºÞàÞÒãèÚØÝ ²ÛÐÔØÜØà ²ÐáØÛìÕÒØç 
ʜ. ʛ.-ʤʠʥ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʌɻɸʆʋ ɺʇʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʠʉè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʦʟʠʪ Fe3O4/C ʤʝʪʦʜʦʤ ʧʠʨʦʣʠʟʘ ʥʘ ʚʦʟʜʫʭʝ ʠʟ ʧʦʣʠʘʢʨʠʣʦʥʠʪ-
ʨʠʣʘ (ʇɸʅ) ʠ FeCl2Ā4H2O. ʄʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʇɸʅ 
ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʠ Fe ʚ ʩʠʩʪʝʤʝ ʇɸʅ/FeCl2Ā4H2O/ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ (ɼʄʌɸ) ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʉ 
ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʠʩʩʣʝʜʦʚʘʥʳ 
ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʵʪʘʧʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (80 ï 140 ʦʉ) ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʦʣʴ FeCl2Ā4H2O ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʘ 
ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʘʟʦʚʳʝ ʠʟʤʝʥʝʥʠʷ 
Fe ʧʨʠ 450 ʦʉ, ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʦʣʫʯʝʥʠʝ ʤʘʛʥʝʪʠʪʘ ʧʨʠ ʧʦʤʦʱʠ ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦ-
ʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʪʘʢʦʛʦ, ʢʘʢ ʫʩʪʘʥʦʚʢʘ ʀʂ-ʥʘʛʨʝʚʘ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʪʘʢʦʛʦ, ʢʘʢ ʩʦʣʴ Fe (III). 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣ, ʇɸʅ, FeCl2Ā4H2O, ʤʘʛʥʝʪʠʪ, Fe3O4, ʤʝʪʘʣʣ-ʧʦʣʠʤʝʨʥʳʡ ʢʦʤ-
ʧʣʝʢʩ, ɼʄʌɸ. 
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Abstract: This work is dedicated to the Fe3O4/C composite obtainment from polyacrylonitrile (PAN) and 
FeCl2Ā4H2O by using the air heat treatment method. Electronic transitions in PAN under the influence of 
FeCl2Ā4H2O addition in the PAN/ FeCl2Ā4H2O/dimethylformamide (DMF) system and their interaction were ana-
lyzed with UV/Vis spectroscopy. Intermediate stages of the air heat treatment (80 ï 140 oC) and the key role of 
Fe as a catalyst of processes accompanying the final product formation were studied through IR spectroscopy 
and differential scanning calorimeter (DSC). The Fe phase changes at 450 oC and magnetite presence were 
investigated with Mºssbauer spectroscopy. This article indicated the opportunity to synthesize the given com-
posite without applying expensive equipment, e.g. IR heater, and additional raw materials, e.g. iron (III) salts. 
Key words: polyacrylonitrile, PAN, FeCl2Ā4H2O, magnetite, Fe3O4, metal-polymer complex, DMF. 
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1. ɻʛʞʝʞʦʡʞ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʪʘ Fe3O4/C ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳ-
ʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ (ʇɸʅ), FeCl2Ā4H2O ʠ ɼʄʌɸ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 
ʫʜʝʰʝʚʣʝʥʠʝ ʠ ʫʧʨʦʱʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ Fe3O4 ʙʣʘʛʦʜʘʨʷ ʧʠʨʦʣʠʟʫ ʚ ʧʝʯʠ ʨʝʟʠʩʪʠʚʥʦʛʦ 
ʥʘʛʨʝʚʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʘ 
Fe3O4/C ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʩ-
ʭʦʜʥʳʭ ʚʝʱʝʩʪʚ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʜʘʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣ-
ʣʦʚ [1, ʩ. 1], ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ [2, ʩ.1] ʠ ʘʥʪʠʙʠʦʪʠʢʦʚ [3, ʩ. 962]. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʦʠʪ ʚ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʪʘ Fe3O4/C ʠʟ ʇɸʅ ʠ 
FeCl2Ā4H2O, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʚ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʣʘʛʦʜʘʨʷ 
ʧʨʦʮʝʩʩʫ ʠʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝ, ʩʜʝʨʞʠʚʘʶʱʝʡ ʠʭ ʘʛʨʝʛʘʮʠʶ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʘ [4, ʩ. 80] [5, ʩ. 3]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʥʝʣʠʥʝʡ-
ʥʦʡ ʩʠʩʪʝʤʳ (ʧʦʣʠʤʝʨ ʇɸʅ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʪʘʢʠʭ, ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʚʝʱʝʩʪʚʘ (FeCl2Ā4H2O) ʠ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɸʅ 
ʣʝʞʠʪ ʚ ʝʛʦ ʨʝʟʢʦʤ ʦʪʢʣʠʢʝ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʦʵʪʦʤʫ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʵʪʘʧʳ ʩʠʥʪʝʟʘ ʙʳʣʠ ʠʩ-
ʩʣʝʜʦʚʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ʇɸʅ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʦʙʘʚʣʝʥʠʷ 
FeCl2Ā4H2O, ʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ Fe ʚ ʩʠʩʪʝʤʝ 
FeCl2Ā4H2O/ʇɸʅ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʝʚʘ ʩ ʧʦʤʦʱʴʶ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʜʠʬʬʝʨʝʥ-
ʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʠ ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

2. ʖʣʪʨʞʩʡʥʞʦʫʙʤʵʦʙʸ ʰʙʪʫʵ 
ʂʦʤʧʦʟʠʪ ʛʦʪʦʚʠʣʩʷ ʧʫʪʝʤ ʧʦʵʪʘʧʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʣʝʥʦʢ ʠʟ ʨʘʩʪʚʦʨʦʚ ʇɸʅ (Cʇɸʅ = 

0,2 ʤʘʩʩ.%), FeCl2Ā4H2O (ʉFe1 = 0,5 ʤʘʩʩ.% ʠ CFe2 = 10 ʤʘʩʩ.%) ʠ ɼʄʌɸ (Vɼʄʌɸ = 25 ʤʣ). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʚʦʣʦʢʥʘ ʇɸʅ (ʆɸʆ çʇʦʣʠʤʝʨè, ʛ. ʅʦʚʦʧʦʣʦʮʢ, ɺʠʪʝʙʩʢʘʷ ʦʙʣ.) ʩ ʄ = 80 ʪʳʩ. ʘ.ʝ.ʤ., ʭʠʤ.ʯʠʩʪ. ʜʠʤʝ-
ʪʠʣʬʦʨʤʘʤʠʜ (ʆʆʆ çʂʦʤʧʦʥʝʥʪ-ʈʝʘʢʪʠʚè, 99,9 %) ʠ FeCl2Ā4H2O (çAcros Organicsè, 99%). ʋʌ-ʩʧʝʢʪʨʳ 
ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʋʌ-ʩʧʝʢʪʨʦʤʝʪʨʝ çEvolution 300è ʚ ʠʥʪʝʨʚʘʣʝ ɚ = 270 ï 800 ʥʤ, 
ʀʂ-ʩʧʝʢʪʨʳ ʧʣʝʥʢʠ ï ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ çNicolet iS5è ʚ ʠʥʪʝʨʚʘʣʝ ɜ = 600 ï 4000 ʩʤ-1, ʥʘ ʜʠʬ-
ʬʝʨʝʥʮʠʘʣʴʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ çQ20è ʠ ʥʘ ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ çMS-1104Emè 
ʩ ʠʩʪʦʯʥʠʢʦʤ 57Co ʚ ʤʘʪʨʠʮʝ ʭʨʦʤʘ, ʚ ʢʦʪʦʨʦʤ ʠʟʦʤʝʨʥʳʝ ʩʜʚʠʛʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ Ŭ-Fe. 

ʈʘʩʪʚʦʨ (ʉʇɸʅ = 0,2 ʤʘʩʩ.% ʠ ʉFe = 10 ʤʘʩʩ.%) ʥʘʛʨʝʚʘʣʩʷ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʉʅʆʃ-1,6.2,5.1/9-ʀʋ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ÜC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʠ ʟʘʪʝʤ ʩʫʰʠʣʩʷ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ÜC ʚ ʪʝʯʝʥʠʝ 5 ʯ. ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ FeCl2Ā4H2O/ʇɸʅ ʚ ʚʠʜʝ ʧʣʝʥʢʠ. ʇʠʨʦʣʠʟ 
ʧʦʣʫʯʝʥʥʦʡ ʧʣʝʥʢʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ (ʨʠʩ. 1). 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʚʦʟʜʫʭʝ. 
1. ʉʞʠʬʤʵʫʙʫʴ ʡ ʡʮ ʧʚʪʬʟʝʞʦʡʞ 
1.1. ʌʍ-ʪʨʞʣʫʩʧʪʣʧʨʡʸ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʘ FeCl2Ā4H2O/ʇɸʅ/ɼʄʌɸ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ 

ʥʘʛʨʝʚʘ ʧʨʠ 60 ÜC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Fe CFe = 0,5 ʤʘʩʩ.% ʦʙʲʷʩ-
ʥʷʝʪʩʷ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ ʚ ʋʌ-
ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʷʚʣʝʥʠʝ ʧʦʣʦʩʳ ʧʨʠ ɚ = 270 ï 280 ʥʤ (ʨʠʩ. 2) ʦʙʲʷʩʥʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ˊŸˊ* 
ʥʠʪʨʠʣʴʥʳʭ ʛʨʫʧʧ (CſN) ʇɸʅ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʦʩʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ɚ = 300 ï 310 ʥʤ ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦ-
ʚʘʥʠʝʤ ʘʩʩʦʮʠʘʪʦʚ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ ɼʄʌɸ C=O ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ ʇɸʅ CſN [6, 
ʩ. 2573] [7, ʩ. 74] [8, ʩ. 58]. 
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ʉʡʪ. 1. ʖʫʙʨʴ ʨʡʩʧʤʡʠʙ ʪ ʨʙʩʙʥʞʫʩʙʥʡ (ʫʞʥʨʞʩʙʫʬʩʙ, ʛʩʞʥʸ ʨʡʩʧʤʡʠʙ) 

 

 
ʉʡʪ. 2. ʌʍ-ʪʨʞʣʫʩʴ ʩʙʪʫʛʧʩʧʛ ʩʙʠʦʧʜʧ ʪʧʪʫʙʛʙ 

 
ʉʨʘʚʥʝʥʠʝ ʋʌ-ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʇɸʅ/ɼʄʌɸ ʠ FeCl2Ā4H2O/ʇɸʅ/ɼʄʌɸ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ Fe ʫʯʘʩʪʚʫʝʪ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝ-
ʥʠʷ ʩʚʷʟʝʡ C=N ʚ ʇɸʅ, ʪ.ʢ. ʧʦʣʦʩʘ ɚ = 366 ʥʤ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʩʧʝʢʪʨʝ ʇɸʅ/ɼʄʌɸ (ʪʘʙʣ. 1). 

 
ʋʙʚʤʡʯʙ 1 

ʈʧʤʧʪʴ ʌʍ-ʨʧʜʤʧʲʞʦʡʸ ʝʤʸ ʈɹʆ/ɽʅʍɹ ʡ FeCl2ā4H2O/ʈɹʆ/ɽʅʍɹ 

ˉ ʦʙʨ ʈʘʩʪʚʦʨ l1, ʥʤ D1 l2, ʥʤ D2 D2/D1 l3, ʥʤ D3 

1 ʇɸʅ/ɼʄʌɸ 273 0,32 308 0,234 0,731 - - 

2 FeCl2Ā4H2O/ɼʄʌɸ - - 296 1,203 - 368 0,615 

3 FeCl2Ā4H2O/ʇɸʅ/ɼʄʌɸ 270 1,87 293 1,808 0,969 366 0,826 

 
ɺ ʨʘʙʦʪʝ [9, ʩ. 1427] ʧʨʠʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʘ ʇɸʅ-PtCl4, ʥʘ ʋʌ-ʩʧʝʢʪʨʘʭ ʢʦʪʦʨʦʛʦ 

ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ɚ = 360 ʥʤ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʝ ʩʦʧʨʷʞʝʥʠʷ. 
ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʠ Fe ʚ ʨʘʩʪʚʦʨ ʇɸʅ/ɼʄʌɸ ʧʨʦʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ, ʢ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʦʪʪʷʛʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʞʝʣʝʟʘ 
ʧʦʣʠʤʝʨʦʤ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʘ (~1/ɚ) ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥ-
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ʥʳʤ (ʪʘʙʣ. 1). ɼʘʥʥʳʝ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Fe ʩ ʟʘʨʦʜʳʰʘʤʠ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ, ʠ 
ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʪʝʧʝʥʴ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʚʦʟʨʘʩʪʘʝʪ ʩʦ ʚʨʝʤʝʥʝʤ, 
ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. 

1.2. ʁʃ-ʪʨʞʣʫʩʧʪʣʧʨʡʸ 
ʀʂ-ʩʧʝʢʪʨʳ ʠʣʣʶʩʪʨʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʪʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ ʚ ʥʝʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʅʘʠʙʦʣʝʝ ʚʳʜʝʣʷʶʱʘʷʩʷ ʧʦʣʦʩʘ ʚ ʩʧʝʢʪʨʝ ɜ = 2242 ʩʤ-1 ʚ̫-
ʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʥʘʣʠʯʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʠʪʨʠʣʴʥʦʡ ʛʨʫʧʧʳ CſN [1, ʩ. 7] [5, ʩ. 27] [9, ʩ. 1430] 
[10, ʩ. 180]. ʇʦʣʦʩʳ, ʣʝʞʘʱʠʝ ʥʠʞʝ ɜ = 1452 ʩʤ-1, ʧʨʠʥʘʜʣʝʞʘʪ ʩʢʝʣʝʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʇɸʅ-ʩʪʨʫʢʪʫʨʳ, 
ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ C-C ɜ = 1070 ʩʤ-1 [10, ʩ.181]. ʂ ʩʠʩʪʝʤʝ ʩʦʧʨʷʞʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʠ 
ʧʦʣʦʩʘ ɜ = 1590 ï 1600 ʩʤ-1, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʫ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ ʉ=N. ʇʦʣʦʩʳ 
ɜ = 1452 ʩʤ-1 ʠ 2924 ʩʤ-1 ʫʢʘʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʦʞʥʠʯʥʦʛʦ ʪʠʧʘ C-
H-C (CH2) ʩʚʷʟʠ ʠ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ C-H (CH) ʩʚʷʟʠ ʚ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ CH3 ʦʩʥʦʚʥʦʡ ʧʦʣʠʘʢʨʠ-
ʣʘʪʥʦʡ ʮʝʧʠ [2, ʩ. 208] [3, ʩ. 7] [9, ʩ. 1430]. ʇʨʠʩʫʪʩʪʚʠʝ ɼʄʌɸ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʧʦʣʦʩʳ ɜ = 1363, 1666 
ʩʤ-1, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʝʛʦ ʘʤʠʜʥʫʶ ʛʨʫʧʧʫ ʢʘʢ ʩʚʦʙʦʜʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ [2, ʩ. 208] [5, ʩ. 25] [9, ʩ. 1428]. 
ʆʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ -C(OH)=O ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʤʦʞʥʦ ʩʩʫʜʠʪʴ ʧʦ ʥʘʣʠʯʠʶ ʧʦʣʦʩ 
ɜ = 1731 ʩʤ-1 [1, ʩ. 7] [10, ʩ. 181]. ʐʠʨʦʢʠʝ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ ɜ = 3250 ʩʤ-1 ʦʪʥʦʩʷʪʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝ-
ʙʘʥʠʷʤ O-H ʠ =N-H ʩʚʷʟʷʤ [5, ʩ. 42] [9, ʩ. 1429] [10, c. 181]. ʀʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥ-
ʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʦʙʣʘ-
ʩʪʠ ɜ = 2300 ï 2400 ʩʤ-1. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ FeCl2Ā4H2O ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʇɸʅ, 
ʥʘʧʨʠʤʝʨ ʫʜʘʣʝʥʠʝ ɼʄʌɸ ʠʟ ʦʙʲʝʤʘ ʧʨʠ ʥʘʛʨʝʚʝ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʠʟʥʘʯʘʣʴʥʦ ʚʳʩʦʢʠʡ ʬʦʥ ʠ ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩʳ ɜ = 1590 ʩʤ-1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢ-
ʪʨʦʤ ʇɸʅ (ʨʠʩ. 3), ʧʦʜʪʚʝʨʞʜʘʷ ʧʦʷʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʠ Fe ʠ ʦʙ-
ʨʘʟʦʚʘʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ɚ = 366 ʥʤ ʥʘ ʋʌ-ʩʧʝʢʪʨʘʭ. ɺʠʜʥʳ ʩʜʚʠʛʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ɜ 
= 1363, 1666 ʩʤ-1 ʚ ʇɸʅ ʚ ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʚʦʣʥʳ ɜ = 1358, 1645 ʩʤ-1, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤ-
ʧʣʝʢʩʦʚ ʤʝʞʜʫ ʘʤʠʜʥʦʡ ʛʨʫʧʧʦʡ ɼʄʌɸ ʠ Fe. ʇʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ɼʄʌɸ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 120 Üʉ ʚ ʚʠʜʝ 
ʠʩʯʝʟʥʦʚʝʥʠʷ ʵʪʠʭ ʧʦʣʦʩ. 

 

 
ʉʡʪ. 3. ʁʃ-ʪʨʞʣʫʩʴ ʣʧʥʨʧʠʡʫʧʛ ʈɹʆ ʡ FeCl2ā4H2O/ʈɹʆ ʨʧʪʤʞ ʦʙʜʩʞʛʙ 

 
ʅʘ ʩʧʝʢʪʨʘʭ (ʨʠʩ. 4) ʚʳʷʚʣʝʥʘ ʥʦʚʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ɜ = 2214 ʩʤ-1, ʧʦʷʚʠʚʰʘʷʩʷ ʧʦʩʣʝ ʥʘʛʨʝ-

ʚʘ ʧʨʠ 120 ÜC, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʪ-
ʨʠʣʴʥʦʡ ʛʨʫʧʧʦʡ (ʪʘʙʣ. 2). 
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ʋʙʚʤʡʯʙ 2 
ʈʧʤʧʪʙ ʁʃ-ʨʧʜʤʧʲʞʦʡʸ ʣʧʥʨʧʠʡʫʙ FeCl2ā4H2O/ʈɹʆ 

 ̄ T, ÜC D1 (CſN/Fe) D2 (CſN) D1/D2 

1 120 0,006 0,016 0,375 

2 130 0,013 0,028 0,464 

3 140 0,016 0,024 0,667 

 

 
ʉʡʪ. 4. ʁʃ-ʪʨʞʣʫʩʴ ʣʧʥʨʧʠʡʫʙ FeCl2ā4H2O/ʈɹʆ ʨʧʪʤʞ ʦʙʜʩʞʛʙ 

 
ʇʦʣʦʩʫ ɜ = 2214 ʩʤ-1 ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʦʥʮʝʚʳʤ CſN ʛʨʫʧʧʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʩʠʩʪʝʤʦʡ ʩʦʧʨʷʞʝʥʠʷ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ Fe. ʇʦʣʦʩʘ ɜ = 1070 ʩʤ-1 ʩʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ɜ = 1060 ʩʤ-1, 
ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ C-CN ʠ Fe. ʇʨʦʠʩʭʦʜʷʪ ʩʜʚʠʛ ʧʦʣʦʩʳ ɜ = 1590 ʩʤ-1 ʚ ɜ = 1538 ʩʤ-
1, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʯʘʩʪʠʷ Fe ʚ ʩʠʩʪʝʤʝ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ, ʠ ʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩ ʥʘʛʨʝʚʦʤ ʢʦʤʧʦʟʠʪʘ 
(ʪʘʙʣ. 3). 

 
ʋʙʚʤʡʯʙ 3 

ʈʧʤʧʪʴ ʁʃ-ʨʧʜʤʧʲʞʦʡʸ ʣʧʥʨʧʠʡʫʙ FeCl2ā4H2O/ʈɹʆ 

 ̄ T, ÜC D1(C=N/Fe) D2(CſN) D1/D2 

1 - 0,028 0,025 1,120 

2 100 0,037 0,029 1,276 

3 120 0,030 0,021 1,429 

4 130 0,063 0,028 2,250 

5 140 0,084 0,024 3,500 

 
1.3. ɽʡʭʭʞʩʞʦʯʡʙʤʵʦʙʸ ʪʣʙʦʡʩʬʷʲʙʸ ʣʙʤʧʩʡʥʞʫʩʡʸ 
ɼʉʂ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʥʜʦ- ʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʧʠʨʦʣʠʟʝ ʧʨʝʢʫʨʩʦʨʘ. ʀʟ ʢʨʠʚʳʭ ɼʉʂ 

(ʨʠʩ. 5) ʚʠʜʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 100 ï 210 ÜC, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʫʜʘʣʝʥʠʝ ɼʄʌɸ 
ʠʟ ʦʙʲʝʤʘ ʢʦʤʧʦʟʠʪʘ.  

ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʫʰʠʨʝʥʠʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʠʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ 
ʧʨʦʮʝʩʩʦʤ ʢʘʨʙʦʥʠʟʘʮʠʠ ʇɸʅ: ʮʠʢʣʠʟʘʮʠʷ CſN ʠ ʦʙʨʘʟʦʚʘʥʠʝ C=C ʩʚʷʟʠ. ʊʘʢʞʝ ʚʳʷʚʣʝʥʳ ʩʤʝʱʝʥʠʝ 
ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʙʦʣʝʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ ʚʦ ʚʨʝ-
ʤʷ ʥʝʛʦ. ʇʨʦʮʝʩʩ ʢʘʨʙʦʥʠʟʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 
ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʘʢʦ, ʩʠʩʪʝʤʘ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʡ, ʩʢʦʨʦʩʪʴ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʥʘʛʨʝʚʘ, ʧʦʵʪʦʤʫ ʢʦʤʧʦʟʠʪ 






































































































































































































































































































































































































































