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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

20.12.2017 ʛ. 

XII  ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʢʦʥʢʫʨʩʘ  

 

çʃʋʏʐɸʗ ʉʊʋɼɽʅʏɽʉʂɸʗ ʉʊɸʊʔʗ 2017è 

 

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- ʢɻʦʥʦʤʠʯʝʩʢʦʛʦ 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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ʜʦʮʝʥʪ 

 ʉʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʤʦʜʝʣʴ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦ-
ʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ), ʚʳʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʦʨʦʪ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʩ-
ʢʨʳʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʦʜʝʣʴ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʄʅʂ, ʤʘʣʳʡ ʙʠʟʥʝʩ, ʟʥʘʯʠʤʦʩʪʴ ʬʘʢʪʦʨʦʚ, ʘʥʘ-
ʣʠʟ. 
 

MODELING AND FORECASTING OF SMALL BUSINESS DEVELOPMENT IN RUSSIA 
 

Ivanov Dmitry Vladimirovich, 
Airbekyan Kristina Ashotovna, 
Kalinina Ekaterina Viktorovna, 

Kozaev Alan Paatovich 
 
Abstract: the article analyses the multiple regression model built using the method of least squares (OLS), 
identifies the factors influencing the turnover of small businesses, reveals the economic meaning of the ob-
tained model.  
Key words: multiple linear regression, OLS, small business, the significance of factors analysis. 

 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʈʦʩʩʠʠ ʩʯʠʪʘʶʪ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʆʜʥʘʢʦ ʜʦʚʦʣʴʥʦ ʥʝʧʨʦʩʪʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʪ ʥʦʚʳʭ ʢʨʫʧʥʳʭ ʧʨʦ-
ʝʢʪʦʚ ʩʣʦʞʥʦ ʦʞʠʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ. 

ʀʤʝʥʥʦ ʥʦʚʳʝ ʢʨʫʧʥʳʝ ʧʨʦʝʢʪʳ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʧʦʤʦʛʘʝʪ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʟʘʥʷʪʦʩʪʠ, ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʢʦʥʢʫʨʝʥʮʠʠ, ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ, ʩ ʝʛʦ ʧʦʤʦʱʴʶ 
ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʩʨʝʜʥʠʡ ʢʣʘʩʩè. ʆʢʘʟʘʥʠʝ ʧʦʜʜʝʨʞʢʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ - ʦʜʥʘ ʠʟ ʚʘʞ-
ʥʝʡʰʠʭ ʟʘʜʘʯ ʛʦʩʫʜʘʨʩʪʚʘ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟ-
ʚʠʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʈʦʩʩʠʠ. 

ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʚʣʠʷʶʪ ʥʘ ʦʙʦ-
ʨʦʪ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ɺ ʧʨʦʚʝʜʸʥʥʦʤ ʘʥʘʣʠʟʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ Y ʧʨʠʥʷʪ ʦʙʦʨʦʪ ʤʘʣʳʭ ʧʨʝʜʧʨʠ-
ʷʪʠʡ ʚ ʩʪʦʠʤʦʩʪʥʦʡ ʦʮʝʥʢʝ. ʌʘʢʪʦʨʥʳʝ ʧʨʠʟʥʘʢʠ ʍ1,é ʍ5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: [1,3]. 

1. ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ (ʭ1); 
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2. ʀʥʚʝʩʪʠʮʠʠ ʚ ʤʘʣʳʝ ʧʨʝʜʧʨʠʷʪʠʷ (ʭ2); 
3. ʏʠʩʣʦ ʧʨʝʜʧʨʠʷʪʠʡ (ʭ3); 
4. ʆʙʲʝʤ ʚʳʨʫʯʢʠ (ʤʣʨʜ. ʨʫʙ.) (ʭ4); 
5. ʉʘʣʴʜʠʨʦʚʘʥʥʳʡ ʬʠʥʘʥʩʦʚʳʡ ʨʝʟʫʣʴʪʘʪ (ʧʨʠʙʳʣʴ-ʫʙʳʪʦʢ) ʜʝʷʪʝʣʴʥʦʩʪʠ (ʭ5). 
ʄʘʩʩʠʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʝʥ ʧʦ ʨʝʛʠʦʥʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ 2014 ʛʦʜ. 
ʇʦʰʘʛʦʚʳʝ ʘʛʣʦʤʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʜʫʨʳ ʧʨʠʚʝʣʠ ʢ ʧʦʣʫʯʝʥʠʶ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 

(ʦʮʝʥʢʘ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ): 
ȑ = -239.93 + 3.98X1 + 20.85X2-0.00158X3 + 0.83X4 + 0.0669X5 
ʆʮʝʥʢʘ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. 
ʆʧʨʝʜʝʣʠʤ ʚʝʢʪʦʨ ʦʮʝʥʦʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, 

ʚʝʢʪʦʨ s ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: s = (XTX)-1XTY 
ʂ ʤʘʪʨʠʮʝ ʩ ʧʝʨʝʤʝʥʥʳʤʠ Xj ʜʦʙʘʚʣʷʝʤ ʝʜʠʥʠʯʥʳʡ ʩʪʦʣʙʝʮ. ʋʤʥʦʞʘʝʤ ʤʘʪʨʠʮʳ, (XTX): 

 

80 1951.03 694.3 2109448 10416.5 165154 

1951.03 117016.68 36412.72 115704469.45 388912.74 6350121.38 

694.3 36412.72 23650.35 45189240 154503.17 2546793.4 

2109448 115704469.45 45189240 165135544168 425310867.9 8078351795 

10416.5 388912.74 154503.17 425310867.9 2335511.01 33342802.3 

165154 6350121.38 2546793.4 8078351795 33342802.3 741571898 

 
ɺ ʤʘʪʨʠʮʝ, (XTX) ʯʠʩʣʦ 80, ʣʝʞʘʱʝʝ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 1-ʡ ʩʪʨʦʢʠ ʠ 1-ʛʦ ʩʪʦʣʙʮʘ, ʧʦʣʫʯʝʥʦ ʢʘʢ 

ʩʫʤʤʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 1-ʡ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ XT ʠ 1-ʛʦ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ X. ɼʘʣʝʝ ʫʤʥʦʞʘʝʤ 
ʤʘʪʨʠʮʳ, (XTY): 

 

 
 
ʅʘʭʦʜʠʤ ʦʙʨʘʪʥʫʶ ʤʘʪʨʠʮʫ (XTX)-1: 
 

0.0315 -0.000138 0.000131 0 -0.000102 -2.0E-6 

-0.000138 3.5E-5 -7.0E-6 -0 -2.0E-6 0 

0.000131 -7.0E-6 0.000101 -0 -3.0E-6 0 

0 -0 -0 0 0 -0 

-0.000102 -2.0E-6 -3.0E-6 0 2.0E-6 -0 

-2.0E-6 0 0 -0 -0 0 

 
ʊʦʛʜʘ, ʚʝʢʪʦʨ ʦʮʝʥʦʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ Y(X) = (XTX)-1XTY = 

 
ʄʘʪʨʠʮʘ ʧʘʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ R. 
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ʏʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ n = 80. ʏʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʤʦʜʝʣʠ ʨʘʚʥʦ 5, ʘ ʯʠʩʣʦ ʨʝʛʨʝʩʩʦ-
ʨʦʚ ʩ ʫʯʝʪʦʤ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ʨʘʚʥʦ ʯʠʩʣʫ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʉ ʫʯʝʪʦʤ ʧʨʠʟʥʘʢʘ Y, ʨʘʟ-
ʤʝʨʥʦʩʪʴ ʤʘʪʨʠʮʳ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 7. ʅʘʡʜʝʤ ʧʘʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ [3]. 

ryx1=0, 719 
ryx2=0, 843 
ryx3=0, 734 
ryx4=0, 684 
ryx5=0, 677 
rx1x2=0, 557 
x1x3=0, 737 
rx1x4=0, 517 
rx1x5=0, 44 
rx2x3=0, 612 
rx2x4=0, 488 
rx2x5=0,419 
rx3x4=0,46 
rx3x5=0,562 
rx4x5=0.598 
ʄʘʪʨʠʮʘ ʧʘʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ R: 

 

- y x1 x2 x3 x4 x5 

y 1 0.719 0.843 0.734 0.684 0.677 

x1 0.719 1 0.557 0.737 0.517 0.44 

x2 0.843 0.557 1 0.612 0.488 0.419 

x3 0.734 0.737 0.612 1 0.46 0.562 

x4 0.684 0.517 0.488 0.46 1 0.598 

x5 0.677 0.44 0.419 0.562 0.598 1 

 
ʉʨʝʜʥʷʷ ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ: ʆʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ʨʘʚʥʘ: 
se2 = (Y - X*Y(X)) T(Y - X*Y(X)) = 4097629.45 
 
 
ʅʝʩʤʝʱʝʥʥʘʷ ʦʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ʨʘʚʥʘ: 

 
ʆʮʝʥʢʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʜʣʷ ʦʮʝʥʢʠ Y): 

 
ʅʘʡʜʝʤ ʦʮʝʥʢʫ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʚʝʢʪʦʨʘ k = S2 Å (XTX)-1 
 

1744.005 -7.666 7.235 0.000539 -5.675 -0.0983 

-7.666 1.964 -0.396 -0.000964 -0.125 0.00236 

7.235 -0.396 5.58 -0.000911 -0.176 0.000455 

0.000539 -0.000964 -0.000911 1.0E-6 5.2E-5 -7.0E-6 

-5.675 -0.125 -0.176 5.2E-5 0.106 -0.00242 

-0.0983 0.00236 0.000455 -7.0E-6 -0.00242 0.00026 

 
ɼʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ S2i = Kii, ʪ.ʝ. ʵʪʦ ʵʣʝʤʝʥʪʳ, ʣʝʞʘ-

ʱʠʝ ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ 
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ɼʣʷ ʙʦʣʴʰʠʭ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʥʘʣʠʟʘ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦ-

ʜʝʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʯʠʪʘʪʴ ʯʘʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʣʘʩʪʠʯʥʦʩʪʠ, ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʘʩʪʠʯʥʦʩʪʠ ʫʢʘʞʝʪ, ʥʘʩʢʦʣʴʢʦ %% ʚ ʩʨʝʜʥʝʤ ʠʟʤʝʥʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʠʚ-
ʥʳʡ ʧʨʠʟʥʘʢ ʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʷʩʥʷʶʱʝʛʦ ʧʨʠʟʥʘʢʘ ʭj ʥʘ 1% ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʛʦ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ. 
ʇʨʠʤ.: ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ï ʧʨʦʮʝʥʪʳ [2]. 

 
ʏʘʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʘʩʪʠʯʥʦʩʪʠ |E1| < 1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ 

ʧʨʠʟʥʘʢ Y ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

 
ʏʘʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʘʩʪʠʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ Y ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

 
ʏʘʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʘʩʪʠʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ Y ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

 
ʏʘʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʘʩʪʠʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ Y ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

 
ʏʘʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʘʩʪʠʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ Y ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ: 

 
ʉʚʷʟʴ ʤʝʞʜʫ ʧʨʠʟʥʘʢʦʤ Y ʠ ʬʘʢʪʦʨʘʤʠ Xi ʥʠʟʢʘʷ. 
ʈʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʚʳʧʦʣʥʠʤ, ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʣʠʥʝʡʥʳʭ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠ ɓ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 
ʊʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R2 = 0.895, ʠʣʠ 89,5 %. 
 

ʇʨʠʥʷʪʠʝ H0 ʆʪʢʣʦʥʝʥʠʝ H0, ʧʨʠʥʷʪʠʝ H1 

95% 5% 

2.29 88.84 

 
ʇʨʦʚʝʨʠʤ ʛʠʧʦʪʝʟʫ ʦʙ ʦʙʱʝʡ ʟʥʘʯʠʤʦʩʪʠ - ʛʠʧʦʪʝʟʫ ʦʙ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʚʝʥʩʪʚʝ ʥʫʣʶ ʚʩʝʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʧʨʠ ʦʙʲʷʩʥʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ: 
H0: R2 = 0; ɓ1 = ɓ2 = ... = ɓm = 0. H1: R2 Í 0. 
ʇʨʦʚʝʨʢʘ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ F-ʩʪʘʪʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʌʠʰʝʨʘ (ʧʨʘ-

ʚʦʩʪʦʨʦʥʥʷʷ ʧʨʦʚʝʨʢʘ). 
ɽʩʣʠ F < Fkp = FŬ ; n-m-1, ʪʦ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ ʛʠʧʦʪʝʟʳ H0. 

 



»ÃÇÈ°Ï ÁÂÃ´µ½ÇµÁº°Ï ÁÂ°ÂÌÏ 2017 17 

 

www.naukaip.ru 

ʊʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʩʪʝʧʝʥʷʭ ʩʚʦʙʦʜʳ k1 = 5 ʠ k2 = n-m-1 = 80 - 5 - 1 = 74, Fkp (5;74) = 2.29. 
ʇʦʩʢʦʣʴʢʫ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ F > Fkp, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝ-

ʪʝʨʤʠʥʘʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤ ʠ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʘʜʝʞʥʦ. 
ɺ ʠʪʦʛʝ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʦʙʦʨʦʪ ʚ ʩʬʝʨʝ ʤʘ-

ʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʈʦʩcʠʠ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʜʚʝʨʞʝʥ ʚʣʠʷʥʠʶ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ 
ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ, ʠʥʚʝʩʪʠʮʠʠ, ʯʠʩʣʦ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʙʲʝʤ ʚʳʨʫʯʢʠ, ʩʘʣʴʜʠʨʦʚʘʥʥʦʛʦ 
ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʨʦʚʝʜʷ ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦ 

- ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʤʳ ʧʦʣʫʯʠʣʠ ʤʥʦʛʦʬʘʢʪʦʨʥʫʶ ʨʝʛʨʝʩʩʠʦʥʥʫʶ ʤʦʜʝʣʴ ʚʠʜʘ: ȑ = -239.93 
+ 3.98X1 + 20.85X2-0.00158X3 + 0.83X4 + 0.0669X5. 

ʀʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ ʬʘʢʪʦʨʦʚ ʥʘ ʦʙʦʨʦʪ ʤʘʣʳʭ 
ʧʨʝʜʧʨʠʷʪʠʡ ʦʢʘʟʘʣ ʧʦʢʘʟʘʪʝʣʴ ʢʦʣʠʯʝʩʪʚʘ ʠʥʚʝʩʪʠʮʠʡ, ʨʦʩʪ ʢʦʪʦʨʦʛʦ ʥʘ 1% ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʙʶʜʞʝʪʘ ʥʘ 20,85 ʤʣʥ. ʨʫʙ., ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʥʚʝʩʪʠʮʠʠ ï ʵʪʦ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
ʢʘʧʠʪʘʣʘ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʤ ʨʘʟʚʠʚʘʪʴʩʷ, ʫʚʝʣʠʯʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ 
ʦʙʲʸʤʦʚ ʦʙʦʨʦʪʘ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʠʤʝʥʥʦ ʥʘ ʧʦʢʘʟʘʪʝʣʴ ʠʥʚʝʩʪʠʮʠʡ. ɺ 
ʜʘʣʴʥʝʡʰʝʤ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʵʢʦʥʦʤʠʢʫ ʛʦʩʫʜʘʨʩʪʚʘ ʟʘ ʩʯʝʪ ʬʠʩʢʘʣʴʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʦʪ ʧʨʝʜ-
ʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʙʠʟʥʝʩʘ, ʪʘʢ ʞʝ ʵʪʦ ʧʦʟʚʦʣʠʪ ʨʘʟʚʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 
ʩʬʝʨʫ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ, ʯʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʠʚʣʝʯʝʥʠʝ ʢʘʧʠʪʘʣʘ ʢ ʩʫʙʲʝʢʪʘʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. 
ʆʩʪʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʚ ʤʘʣʦʡ ʩʪʝʧʝʥʠ ʧʦʚʣʠʷʣʠ ʥʘ ʦʙʦʨʦʪ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʜʥʘʢʦ, ʥʝʣʴʟʷ ʥʝ ʧʦʜ-
ʯʝʨʢʥʫʪʴ ʠʭ ʟʥʘʯʠʤʦʩʪʴ. ʂ ʧʨʠʤʝʨʫ, ʧʨʠ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ 1 % ʦʙʦʨʦʪ ʤʘʣʳʭ 
ʧʨʝʜʧʨʠʷʪʠʡ ʠʟʤʝʥʠʪʩʷ ʥʘ 0,00158 ʝʜʠʥʠʮ. 

ɺʣʠʷʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. ɼʘʣʝʝ, ʝʩʣʠ ʩʨʝʜʥʷʷ ʩʧʠʩʦʯʥʘʷ 
ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ ʫʚʝʣʠʯʠʪʴʩʷ ʥʘ 1000 ʯʝʣʦʚʝʢ, ʪʦ ʦʙʦʨʦʪ ʩʫʙʲʝʢʪʦʚ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʫʚʝʣʠʯʠʪʩʷ 
ʥʘ 3,98 ʝʜʠʥʠʮ. ʕʪʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʪʘʢʞʝ ʨʷʜ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, 
ʥʘʧʨʠʤʝʨ, ʙʝʟʨʘʙʦʪʠʮʘ. ʇʦʵʪʦʤʫ, ʧʨʠʚʣʝʯʝʥʠʝ ʥʦʚʦʛʦ ʧʝʨʩʦʥʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʩʠʣʳ ʚ ʤʘʣʳʭ 
ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʙʝʟʨʘʙʦʪʠʮʳ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʙʳʣʠ ʩʦʙʩʪʚʝʥʥʠʢʘ. 
ʉʚʦʙʦʜʥʳʡ ʯʣʝʥ ʫʨʘʚʥʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʚʩʝʭ ʥʘʟʚʘʥʥʳʭ ʢʣʶʯʝʚʳʭ 
ʬʘʢʪʦʨʦʚ ʥʘ ʦʙʦʨʦʪ ʩʫʙʲʝʢʪʦʚ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʦʨʦʪ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʝ ʟʘʚʠ-
ʩʷʱʠʡ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ, ʠʥʚʝʩʪʠʮʠʠ, ʯʠʩʣʦ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʙʲʝʤ 
ʚʳʨʫʯʢʠ, ʩʘʣʴʜʠʨʦʚʘʥʥʳʡ ʬʠʥ. ʨʝʟʫʣʴʪʘʪ, ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 239,93. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʩʪʨʘʥʝ ʥʝʣʴʟʷ ʫʧʫʩʪʠʪʴ ʠʟ ʚʥʠ-
ʤʘʥʠʷ ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʢ ʦʙʦʨʦʪ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʞʠʟ-
ʥʠ ʦʙʱʝʩʪʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ: 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʘʥʘʣʠʟʘ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʈʦʩʠʠ. ʇʨʦʚʝʣʠ ʘʥʘʣʠʟ ʦʙʦʨʦʪʦʚ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʨʝʛʠʦʥʘʤ ʈʦʩʩʠʠ ʥʘ 
ʦʩʥʦʚʝ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʜʳʪʦʞʠʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ: 

ʆʮʝʥʢʘ ʨʘʟʚʠʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ 
ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ ʬʘʢʪʦʨʦʚ ʥʘ ʦʙʦʨʦʪ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦʢʘ-
ʟʘʣ ʧʦʢʘʟʘʪʝʣʴ ʢʦʣʠʯʝʩʪʚʘ ʠʥʚʝʩʪʠʮʠʡ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʠʤʝʥʥʦ ʥʘ ʧʦʢʘʟʘ-
ʪʝʣʴ ʠʥʚʝʩʪʠʮʠʡ. ʆʩʪʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʚ ʤʘʣʦʡ ʩʪʝʧʝʥʠ ʧʦʚʣʠʷʣʠ ʥʘ ʦʙʦʨʦʪ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʜʥʘ-
ʢʦ, ʥʝʣʴʟʷ ʥʝ ʧʦʜʯʝʨʢʥʫʪʴ ʠʭ ʟʥʘʯʠʤʦʩʪʴ. 
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ʉʪʫʜʝʥʪʢʘ 2 ʢʫʨʩʘ  

ʉʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʍʘʙʘʨʦʚʩʢ 

 

ɹʦʦʧʫʙʯʡʸ: ʇʦʩʪʨʦʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʧʘ-
ʥʠʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʨʘʟʤʝʱʝʥʠʠ ʦʙʲʝʢʪʦʚ ʩʝʪʠ ʮʝʧʠ 
ʧʦʩʪʘʚʦʢ ʚ ʨʘʤʢʘʭ ʩʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠ ʟʘʪʨʘʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʮʝʣʝʚʘʷ ʬʫʥʢ-
ʮʠʷ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʝʪʠ, ʨʘʟʤʝʱʝʥʠʝ ʤʦʱʥʦʩʪʝʡ, ʦʧʪʠʤʘʣʴʥʘʷ ʜʠʩʣʦʢʘʮʠʷ ʩʢʣʘʜʦʚ. 
 

OPTIMIZATION PROBLEMS OF PLACEMENT OF PRODUCTION AND LOGISTIC CAPACITIES  
IN SUPPLY CHAINS 

 
Kuzminyh Tatyana Sergeevna, 

Berman Nina Demidovna 
 
Abstract: The design of logistics chain is strategically important issue for almost every company. The article 
considers the optimization problem on the number and location of the network features of supply chain within 
service-oriented and cost-oriented approaches. 
Key words: Mathematical modeling, optimization modeling, objective function, logistic network, location of 
capacity, optimal location of warehouses. 

 
ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʚ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʝ ʚʳʷʚʠʣ ʫ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʪʨʝʙʥʦʩʪʴ ʧʦʠʩʢʘ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ. ɺʘʞʥʳʤ ʵʪʘʧʦʤ, 
ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʣʦʛʠʩʪʠʯʝ-
ʩʢʦʡ ʩʝʪʠ ʧʦʩʪʘʚʦʢ. ʈʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʧʠ ʧʦ-
ʩʪʘʚʦʢ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʝʜʣʦʞʝʥʠʡ. 

ɿʘʜʘʯʘ ʨʘʟʤʝʱʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʟʘʥʠʤʘʝʪ ʦʪʜʝʣʴʥʦʝ ʤʝʩʪʦ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩ-
ʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʪʝʦʨʠʷ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʥʘʟʘʜ, ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ, ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, [1]. 
ʂʦʣʠʯʝʩʪʚʦ ʠʤʝʶʱʠʭʩʷ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ, ʜʦʚʦʣʴʥʦ ʚʝ-
ʣʠʢʦ ʠ ʠʭ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʪʨʝʤ ʛʨʫʧʧʘʤ [2], ʨʠʩ. 1. 

ʂʘʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʤʝʪʦʜʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʭ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ 
ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʦʩʪʨʦʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝ-
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ʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʠʭ ʜʠʩ-
ʣʦʢʘʮʠʝʡ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʨʘʥʥʦʡ ʛʨʫʧʧʦʡ ʵʢʩʧʝʨʪʦʚ, 
ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. 

 

 
 

ʉʡʪ 1. ɼʩʬʨʨʴ ʥʞʫʧʝʧʛ ʧʨʫʡʥʙʤʵʦʧʜʧ ʩʙʠʥʞʲʞʦʡʸ ʨʩʧʡʠʛʧʝʪʫʛʞʦʦʴʮ  
ʡ ʤʧʜʡʪʫʡʰʞʪʣʡʮ ʥʧʲʦʧʪʫʞʢ 

 
ʄʝʪʦʜʳ ʨʘʥʞʠʨʦʚʘʥʠʷ ʩʭʦʞʠ ʩ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠʭ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʧʨʠʩʚʦʝʥʠʠ ʢʘʞ-

ʜʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʘʣʣʘ, ʠʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʧʦʜʩʯʝʪʘ ʨʘʥʛʦʚ 
ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʠʭ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʥʞʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʘʷ 
ʦʮʝʥʢʘ ʦʙʨʝʪʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ. ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʥʞʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: ʤʝʪʦʜ 
ʜʦʤʠʥʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʝʪʦʜ ʨʝʡʪʠʥʛʦʚʳʭ ʦʮʝʥʦʢ, ʤʝʪʦʜ ʦʮʝʥʢʠ ʟʘʪʨʘʪ (ʤʝʪʦʜ ʤʠʩʩʠʡ, ʟʘʪʨʘʪ-
ʥʦ-ʢʦʵʬʬʠʮʠʝʥʪʥʳʡ ʤʝʪʦʜ), ʤʝʪʦʜ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʝʨʘʨʭʠʡ, ʤʝʪʦʜ ʢʘʪʝʛʦʨʠʡ ʧʨʝʜʧʦʯʪʝʥʠʷ. 

ʄʝʪʦʜʳ ʣʠʥʝʡʥʦʛʦ ʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʛʨʫʟʦ-
ʚʳʭ ʧʦʪʦʢʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʤʝʪʦʜʘʤ, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠ-
ʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. ʈʝʰʝʥʠʝʤ ʪʘʢʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʵʢʩʪʨʝʤʫʤʘ 
(ʤʠʥʠʤʫʤʘ ʠʣʠ ʤʘʢʩʠʤʫʤʘ) ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʘʙʦʨʦʤ ʟʘʜʘʥʥʳʭ 
ʫʩʣʦʚʠʡ [4]. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʨʘʟʤʝʱʝʥʠʠ ʦʙʲʝʢʪʦʚ ʩʝʪʠ 
ʮʝʧʠ ʧʦʩʪʘʚʦʢ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʣʦʞʥʦʩʪʴ ʫʯʝʪʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, 
ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʷʝʤʳ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ. 

ʉʧʦʩʦʙ ʬʦʨʤʘʣʠʟʘʮʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʟʘʜʘʯʠ ʜʣʷ ʧʦʠʩʢʘ ʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝ-
ʰʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʧʦʭʦʜʷʱʝʛʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʪʘʢʦʡ ʟʘʜʘʯʠ, ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʠ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʦʜʭʦʜʘʤʠ: ʩʝʨʚʠʩʥʦ-
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʠʣʠ ʟʘʪʨʘʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ. 

ʉʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʦʢʨʳʪʠʠ ʪʦʯʝʢ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʫʩʣʫʛ, ʚ 
ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʧʨʝʩʣʝʜʫʝʪʩʷ ʢʦʥʢʨʝʪʥʘʷ ʮʝʣʴ ʚ ʦʙʣʘʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 
ʫʨʦʚʥʷ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʮʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ "ʢʨʠʪʠʯʝʩʢʦʝ" ʨʘʩ-
ʩʪʦʷʥʠʝ ʜʦ ʪʦʯʝʢ ʩʙʳʪʘ ʠʣʠ ʚʨʝʤʷ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʢʦʤʧʘʥʠʷ ʩʪʨʝʤʠʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʶʜʞʝʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ (ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʚʝʣʠʯʠʥʫ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ). 

ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ ʚ ʨʘʤʢʘʭ ʩʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ.  
ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʪʝʨʨʠʪʦʨʠʠ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʫʩʣʫʛ ʧʨʠ ʟʘʜʘʥʥʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦ-

ʧʫʩʪʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʢʣʘʜʦʚ. ɺ ʨʘʤʢʘʭ ʪʘʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʞʝ ʟʘʜʘʥʦ ʦʛʨʘʥʠ-
ʯʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ (ʩʢʣʘʜʦʚ) ʠ ʮʝʣʴʶ ʩʪʘʥʦʚʠʪʩʷ ʧʦʠʩʢ ʪʘʢʦʛʦ ʠʭ ʨʘʩʧʦ-
ʣʦʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ ʪʦʯʝʢ ʩʙʳʪʘ. ʇʨʠ ʵʪʦʤ ʧʦʜ-
ʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʪʦʯʢʘ ʩʙʳʪʘ "ʧʦʢʨʳʪʘ" ʪʦʛʜʘ, ʢʦʛʜʘ ʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʛʨʘʥʠʯʝʥʠʶ ʥʘ 
ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʢʣʘʜʘ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʦʪ ʟʘʢʘʟʘ ʜʦ ʧʦʩʪʘʚʢʠ. ʄʘʪʝʤʘ-
ʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʩʣʝʜʫʶʱʘʷ: 

×Ú

ᶰ

ᴼÍÁØȠ 

ÁÙ Ú π ᶅÉɴ )

ᶰ

Ƞ 

ʄʝʪʦʜʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʄʝʪʦʜʳ ʨʘʥʞʠʨʦʚʘʥʠʷ ʂʘʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ 
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Ù ÐȠ

ᶰ

 

ÙȟÁȟÚᶰπȟρȟ  π × ρ ᶅ Éɴ )ȟᶅ Êɴ *ȟ 

̄̅ ̆ὴ ï ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ (ʩʢʣʘʜʦʚ); ύ ï ʚʝʩʦʚʦʝ ʟʥʘʯʝ-
ʥʠʝ  -ʡ ʪʦʯʢʠ ʩʙʳʪʘ ʚ ʦʙʱʝʤ ʪʦʚʘʨʦʦʙʦʨʦʪʝ, ύ ὗ Вὗϳ  (ὗ  ï ʚʝʣʠʯʠʥʘ ʦʙʲʝʤʘ ʪʦʚʘʨʦʦʙʦʨʦʪʘ, 
ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ Ὥ-ʁ  ʪʦʯʢʫ ʩʙʳʪʘ; ώȟὥȟᾀ ï ʙʠʥʘʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚʳʙʦʨʘ; Ὅ ï ʤʥʦʞʝʩʪʚʦ ʠʥʜʝʢ-

ʩʦʚ ʪʦʯʝʢ ʩʙʳʪʘ; ὐ ï ʤʥʦʞʝʩʪʚʦ ʠʥʜʝʢʩʦʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʮʝʥ-
ʪʨʦʚ (ʩʢʣʘʜʦʚ). 

ʎʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʨʳʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʤ 
ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʫʩʣʫʛ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʥʘ ʥʝʡ 
ʢʦʥʢʨʝʪʥʳʭ ʤʘʛʘʟʠʥʦʚ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʪʦʯʝʢ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʫʩʣʫʛ ʮʝ-
ʣʝʚʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʠʥʠʤʠʟʘʮʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʢʣʘʜʦʚ ʜʦ ʦʙ-
ʩʣʫʞʠʚʘʝʤʳʭ ʠʤʠ ʤʘʛʘʟʠʥʦʚ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʢʣʘʜʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ, ʥʘʟʳʚʘʝʪʩʷ 
ʮʝʥʪʨʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ÍÁØ
ᶰȟɴ

Ὑ ᴼάὭὲȠ 

Ὑ ύᾀ ὼ ὼ ώ ώ π   ᶅ Ὥɴ ὍȟᶅὮɴ ὐȠ 

ύ ᾀ ὼ ὼ ώ ώ

ᶰ

άὥὼὙ π ᶅὭɴ ὍȠ 

ᾀ

ᶰ

ρ ᶅὭɴ ὍȠ 

ᾀ ώ π ᶅὭɴ ὍȟᶅὮɴ ὐȠ 

ώ ὴȠ

ᶰ

 

ώȟᾀ ᶰπȟρȟᶅὭɴ ὍȟᶅὮɴ ὐȠ 

ʛʜʝ ὼȟώ ï ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ (ʩʢʣʘʜʘ), ὼȟώ ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʩʙʳʪʘ 

(ʤʘʛʘʟʠʥʳ),  Ὑï ʨʘʜʠʫʩ ʦʙʩʣʫʞʠʚʘʥʠʷ j-ʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ (ʩʢʣʘʜʘ), ᾀ  ï ʙʠʥʘʨʥʘʷ ʧʝʨʝ-

ʤʝʥʥʘʷ ʧʨʠʢʨʝʧʣʝʥʠʷ -ʡ ʪʦʯʢʠ ʩʙʳʪʘ ʢ Ὦ-ʤʫ ʩʢʣʘʜʫ. 
ɿʘʪʨʘʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʦʠʩʢʝ ʪʘʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʠʣʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʋʨʦ-
ʚʝʥʴ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠ-
ʯʝʥʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʩʨʝʜʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʟ-
ʚʦʣʷʝʪ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠʙʳʣʴ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʤ ʫʨʦʚʥʝ ʩʝʨʚʠʩʘ. ʈʘʩʩʤʦʪʨʠʤ ʚʠʜʳ ʮʝʣʝʚʳʭ ʬʫʥʢ-
ʮʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʟʘʪʨʘʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʮʝʥʪʨʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʧʦʜ ʮʝʥʪʨʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʛʫʪ ʨʘʩ-
ʩʤʘʪʨʠʚʘʪʴʩʷ ʩʢʣʘʜʳ, ʛʨʫʟʦʚʳʝ ʪʝʨʤʠʥʘʣʳ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʮʝʥʪʨʳ ʠ ʪ.ʧ.) ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜ-
ʧʦʣʘʛʘʝʪ ʧʦʠʩʢ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ (ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ), ʧʨʠ ʢʦʪʦʨʦʤ ʫʜʘʝʪ-
ʩʷ ʧʦʢʨʳʪʴ ʚʩʝ ʪʦʯʢʠ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʫʩʣʫʛ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʩʣʫʯʘʷ 
ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ώ

ᶰ

ᴼάὭὲȠ 

ὥώ ρ ᶅὭɴ Ὅ

ᶰ

Ƞ 

ώᶰπȟρ ᶅ  Ὦɴ ὐȠ 
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ʛʜʝ i ï ʪʦʯʢʘ ʩʙʳʪʘ; j ï ʩʢʣʘʜ ʠʣʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ, ώ ï ʙʠʥʘʨʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʦʪʨʘʞʘ-

ʶʱʘʷ ʨʝʰʝʥʠʝ ʦʙ ʦʪʢʨʳʪʠʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ (ʩʢʣʘʜʘ) ʚ ʢʦʥʢʨʝʪʥʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 
(0 ï ʥʝ ʦʪʢʨʳʚʘʪʴ, 1 ï ʦʪʢʨʳʚʘʪʴ), ὥ  ï ʙʠʥʘʨʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʦʪʨʘʞʘʶʱʘʷ ʬʘʢʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʦ-

ʚʘʨʦʩʥʘʙʞʝʥʠʷ ʪʦʯʢʠ i ʩʝʨʚʠʩʥʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ; I ï ʜʠʩʢʨʝʪʥʦʝ ʤʥʦʞʝʩʪʚʦ ʠʥʜʝʢʩʦʚ ʪʦʯʝʢ ʩʙʳʪʘ, J ï 
ʜʠʩʢʨʝʪʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʩʢʣʘʜʘ ʠʣʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʜʦ ʤʝʩʪ ʩʙʳʪʘ ʪʦ-
ʚʘʨʦʚ ʠʣʠ ʫʩʣʫʛ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʣʘʜʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 
ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʳ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʩʢʣʘʜʘ ʜʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʤʘʛʘʟʠʥʦʚ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʳʝ ʨʘʩʩʪʦ-
ʷʥʠʷ ʚʟʚʝʰʠʚʘʶʪʩʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʦʙʲʝʤʦʚ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʥʠʤ ʧʨʦʭʦʜʷʪ, ʧʦʟʚʦʣʷʷ ʦʧʪʠʤʠ-
ʟʠʨʦʚʘʪʴ ʩʦʚʦʢʫʧʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠʟʜʝʨʞʢʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʟʘʧʠ-
ʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὑ

ᶰᶰ

ᴼάὭὲȠ 

Ὑ ύᾀ ὼ ὼ ώ ώ πᶅὭɴ ὍȟᶅὮɴ ὐȠ 

ᾀ

ᶰ

ρ ᶅὭɴ ὍȠ 

ᾀ ώ π ᶅὭɴ ὍȟᶅὮɴ ὐȠ 

ώ ὴȠ

ᶰ

 

ώȟᾀ ᶰπȟρȟᶅὭɴ ὍȟᶅὮɴ ὐȠ 

ʛʜʝ Ὑ-ʨʘʜʠʫʩ ʦʙʩʣʫʞʠʚʘʥʠʷ j-ʛʦ ʩʢʣʘʜʘ, ὼȟώ -ʢʦʦʨʜʠʥʘʪʳ ʩʢʣʘʜʘ, ὼȟώ -ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪ ʩʙr-

ʪʘ; 
ᾀ  ï ʙʠʥʘʨʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʧʨʠʢʨʝʧʣʝʥʠʷ i -ʡ ʪʦʯʢʠ ʩʙʳʪʘ ʢ -ʤʫ ʩʢʣʘʜʫ. 

ʌʦʨʤʫʣʠʨʦʚʢʠ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʢʘʩʘʶʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ 
ʨʘʟʤʝʱʝʥʠʷ, ʰʠʨʦʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʩʣʦʞʥʦʩʪʴʶ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ; ʦʪ-
ʣʠʯʘʶʱʠʭʩʷ ʧʦ ʚʠʜʫ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʠ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʤʦʜʝʣʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʩ 
ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʫʥʢʪʘʤʠ, ʤʦʜʝʣʠ ʥʝʧʨʝʨʳʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʟʤʝ-
ʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʢʣʘʜʩʢʦʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʘ ʪʘʢʞʝ 
ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʢʦʡ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʢʦʡ ʟʘʜʘʯʠ [5].  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʣʦ ʚʘʞʥʝʡ-
ʰʝʡ ʟʘʜʘʯʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʧʘʥʠʠ ʠ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʝʝ ʩʪʘʙʠʣʴ-
ʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
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ʉʪʫʜʝʥʪ  ʌɹʀ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷè 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʬʮʙʩʞʛ ɾʛʜʞʦʡʢ ʅʡʮʙʢʤʧʛʡʰ, 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. ʉɻʋʇʉ 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʩʪʘʚʠʪʩʷ ʮʝʣʴ ʨʘʩʩʯʠʪʘʪʴ ʩʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʙʦʨʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 
ʤʦʝʡ ʢʚʘʨʪʠʨʝ, ʘ ʪʘʢ ʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʠ ʨʘʩ-
ʯʸʪʦʚ ʧʨʦʚʝʜʝʥʘ ʧʘʨʘʣʣʝʣʴ ʤʝʞʜʫ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ ʠ ʜʨʫʛʦʡ ʩʪʨʘʥʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʧʨʠʙʦʨ, ʢʠʣʦʚʘʪʪ, ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʵʣʝʢʪʨʦʧʘʢʝʪ 
 

ELECTRICITY CONSUMPTION IN LIFE AND IN THE WORLD 
 

Radich Valeria Sergeyevna, 
Sukharev Evgeny Mikhaylovich 

 
Abstract: in article the purpose to calculate the consumption cost electric power devices in my apartment, and 
also to consider electricity consumption in the world is set. As a result of the analysis and calculations the par-
allel between electricity consumption in Russia and other country is drawn. 
Key words: electric power, device, kilowatt, electricity, electropackage 

 
ɺʚʝʜʝʥʠʝ 
ʂʘʞʜʳʡ ʛʦʜ ʨʘʩʭʦʜʳ ʥʘ ʦʧʣʘʪʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʩʪʫʪ, ʧʦʵʪʦʤʫ ʩʪʦʠʪ ʟʘʜʫʤʘʪʴʩʷ ʦʙ ʠʭ ʵʢʦʥʦ-

ʤʠʯʥʦʤ  ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʏʪʦʙʳ ʵʪʦ ʩʜʝʣʘʪʴ, ʥʫʞʥʦ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʠ ʩʜʝʣʘʪʴ ʵʪʦ ʦʧʪʠʤʘʣʴʥʦ, 
ʪʦ ʝʩʪʴ ʵʢʦʥʦʤʠʪʴ ʪʘʤ, ʛʜʝ ʙʦʣʴʰʝ ʚʩʝʛʦ ʨʘʩʭʦʜʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʧʦʥʷʪʴ,  ʢʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʢʚʘʨʪʠ-
ʨʝ ʪʨʘʪʷʪ ʙʦʣʴʰʝ ʚʩʝʛʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 
ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʞʠʟʥʴ ʣʶʜʝʡ ʙʝʟ ʵʣʝʢʪʨʦʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʘ ʦʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʩʥʦʚʘʥʳ 
ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʝ, ʧʦʪʨʝʙʣʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʵʣʝʢʪʨʦʧʨʠ-
ʙʦʨʳ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʯʘʡʥʠʢ, ʭʦʣʦʜʠʣʴʥʠʢ, ʪʝʧʣʦʚʝʥʪʠʣʷʪʦʨ, ʬʝʥ, ʙʣʝʥʜʝʨ, 
ʢʦʤʧʴʶʪʝʨ (ʩ ʫʤʝʨʝʥʥʳʤ ʧʦʣʴʟʦʚʘʥʠʝʤ). ʎʝʣʴ: ʨʘʩʩʯʠʪʘʪʴ ʩʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʙʦʨʘʤʠ ʵʣʝʢ-
ʪʨʦʵʥʝʨʛʠʠ ʚ ʤʦʝʡ ʢʚʘʨʪʠʨʝ, ʘ ʪʘʢ ʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ. ɿʘʜʘʯʠ: 

ü ʀʟʫʯʠʪʴ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʙ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʭ ʚ ʙʳʪʫ; 
ü ɿʘʤʝʨʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʧʨʠʙʦʨʘʤʠ ʚ ʢʚʘʨ-

ʪʠʨʝ; 
ü ʇʨʦʠʟʚʝʩʪʠ ʨʘʩʯʸʪ ʩʪʦʠʤʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʙʦʨʘʤʠ ʟʘ ʤʝʩʷʮ; 
ü ʈʘʩʩʤʦʪʨʝʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʝʥʠʝ ʠ ʦʙʦʙʱʝʥʠʝ, ʠʟʤʝʨʝʥʠʝ, ʩʯʸʪ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʦʝʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʪʝʤʳ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʤʘʪʝ-
ʨʠʘʣ, ʩʚʷʟʘʥʥʳʡ ʩ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤʠ ʚ ʙʳʪʫ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʦʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦ-
ʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʵʪʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʯʝʙ-
ʥʦʡ ʧʨʘʢʪʠʢʠ. 

ʕʣʝʢʪʨʦʧʨʠʙʦʨʳ ʚ ʙʳʪʫ 
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ɺ ʢʚʘʨʪʠʨʝ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ɻ ʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩ-
ʪʸʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ɺʩʝ ʧʨʠʙʦʨʳ ʩʪʦʠʪ  ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦ, ʚʳʛʦʜʥʦ, ʵʢʦʥʦʤʠʯʥʦ ʠ, ʩʘʤʦʝ 
ʚʘʞʥʦʝ, ʙʝʟʦʧʘʩʥʦ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʟʥʘʪʴ ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

ü ɺʘʞʥʦ, ʯʪʦʙʳ ʧʨʠʦʙʨʝʪʝʥʥʳʡ ʧʨʠʙʦʨ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʚʘʰʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ. ɼʣʷ ʵʪʦʛʦ ʩʣʝ-
ʜʫʝʪ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʦʩʪʘʚ ʩʝʤʴʠ, ʦʙʨʘʟ ʞʠʟʥʠ, ʯʘʩʪʦʪʫ ʧʦʣʴʟʦʚʘʥʠʷ ʠ ʪ.ʜ., ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ ʨʝ-
ʰʠʪʴ, ʢʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʵʣʝʢʪʨʦʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʚʳ ʭʦʪʠʪʝ ʢʫʧʠʪʴ. 

ü ʇʦʩʪʘʨʘʡʪʝʩʴ ʫʙʨʘʪʴ ʠʟ ʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʨʳʝ ʧʨʠʙʦʨʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʳ ʫʜʦʙ-
ʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʠ ʦʙʳʯʥʦ ʙʦʣʝʝ ʚʳʛʦʜʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠ. 

ü ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʩʨʘʚʥʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ  ʨʘʟʥʳʤʠ ʵʣʝʢ-
ʪʨʦʧʨʠʙʦʨʘʤʠ. ɼʘʥʥʳʝ ʦ ʥʠʭ ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʬʘʙʨʠʯʥʦʤ ʷʨʣʳʢʝ, ʣʠʙʦ ʚ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʧʨʠʙʦʨʘ. 

ü ʇʨʦʚʝʨʴʪʝ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʚʦʜʢʠ ʠ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʘʰʝʡ ʢʚʘʨʪʠʨʳ. ʇʦʜʭʦʜʷʪ ʣʠ ʦʥʠ 
ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʧʦʢʫʧʘʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘ. 

ɺ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʭ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. 
ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʛʨʝʚʘʥʠʝ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ, ʪʘʢʠʭ ʢʘʢ: ʦʙʝʩʧʝʯʝʥʠʝ 
ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ, ʙʦʣʴʰʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝ-
ʥʝʥʠʝʤ ʪʦʢʘ ʚ ʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʵʣʝʤʝʥʪʝ. ʕʣʝʢʪʨʦʧʨʠʙʦʨʳ ʛʘʨʘʥʪʠʨʫʶʪ ʥʘʠʙʦʣʝʝ ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʫʩʣʦ-
ʚʠʷ ʪʨʫʜʘ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʥʘʛʨʝʚʝ ʥʝʪ ʜʳʤʘ, ʦʪʨʳʪʦʛʦ ʧʣʘʤʝʥʠ, ʚʨʝʜʥʳʭ ʛʘʟʦʚ, ʟʦ-
ʣʳ, ʢʦʧʦʪʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʰʘʥʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ. ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʪʦʧʣʠʚʝ, ʧʨʦʙʣʝʤ ʩ ʝʛʦ 
ʜʦʩʪʘʚʢʦʡ ʠ ʭʨʘʥʝʥʠʝʤ, ʠʩʯʝʟʘʶʪ ʟʘʙʦʪʳ ʦʙ ʫʜʘʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 
ʜʝʡʩʪʚʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 60-70%, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 
ʩʣʫʯʘʷʭ ʦʥ ʜʦʩʪʠʛʘʝʪ 95 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʂʇɼ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʘʟʦʦʙʨʘʟ-
ʥʦʤ ʪʦʧʣʠʚʝ, ʥʝ ʧʨʝʚʳʰʘʝʪ 50-60 %, ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ - 20-40 %, ʩ ʧʘʨʦʚʳʤ ʥʘʛʨʝʚʦʤ ð 45-65 %, ʘ 
ʥʘ ʫʛʣʝ - ʚʩʝʛʦ 12-20 % [1]. ɿʘ ʦʩʥʦʚʫ ʣʶʙʦʛʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʙʝʨʸʪʩʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ 
ʵʣʝʤʝʥʪ. ɺ ʥʸʤ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. ʅʘʛʨʝʚʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 
ʚ ʙʳʪʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʭ ʷʚʣʷʝʪʩʷ ʧʨʦʚʦʜʥʠʢ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʳʩʦʢʦʝ 
ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ  ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ, ʥʝ ʦʢʠʩʣʷʝʪʩʷ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. 
ʕʪʦ ʩʧʣʘʚʳ ʬʝʭʨʘʣʷ ʠ ʥʠʭʨʦʤʘ. 

ʀʟʤʝʨʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʙʳʪʫ 
ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ɼʞʦʫʣʴ. ʆʥʘ ʦʙʦʟʥʘʯʘʝʪ ʨʘʙʦʪʫ, 

ʩʦʚʝʨʰʘʝʤʫʶ ʩʠʣʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʟʘ 1 ʩʝʢʫʥʜʫ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʚ 1 ʚʦʣʴʪ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 
ʩʠʣʳ ʪʦʢʘ ʚ 1 ʘʤʧʝʨ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʝʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʂʠʣʦʚʘʪʪ-ʯʘʩ, ʚ 
ʩʦʢʨʘʱʝʥʠʠ ʢɺʪ*ʯ. ʆʜʠʥ ʂʠʣʦʚʘʪʪ-ʯʘʩ ʨʘʚʝʥ 3,6*106 ɼʞʦʫʣʷʤ. ʇʨʦʚʝʜʸʤ ʠʟʤʝʨʝʥʠʝ ʤʝʩʷʯʥʦʛʦ ʧʦ-
ʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʘʞʜʳʤ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʧʨʠʙʦʨʦʤ. ɼʣʷ ʵʪʦ ʥʫʞʥʦ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ. ʆʙʳʯʥʦ ʦʥʘ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʠʙʦʨʝ ʚ ʚʠʜʝ ʯʠʩʣʘ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ 
ʩʣʝʜʫʝʪ ʙʫʢʚʘ W. 

2. ʈʘʟʜʝʣʠʪʴ ʵʪʦ ʯʠʩʣʦ ʥʘ ʪʳʩʷʯʫ. ʊʘʢ ʤʳ  ʚʘʪʪʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʢʠʣʦʚʘʪʪʳ. 

        ὖ                                                                       (1) 

P= ʤʦʱʥʦʩʪʴ ʧʨʠʙʦʨʘ, ɺʪ; 
ὖ= ʤʦʱʥʦʩʪʴ ʧʨʠʙʦʨʘ, ʢɺʪ*ʯ. 
3. ʇʦʜʩʯʠʪʘʪʴ, ʩʢʦʣʴʢʦ ʯʘʩʦʚ ʚ ʤʝʩʷʮ ʨʘʙʦʪʘʝʪ ʧʨʠʙʦʨ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʟʥʘʪʴ ʩʯʸʪ ʟʘ ʢʦʤʤʫ-

ʥʘʣʴʥʳʝ ʫʩʣʫʛʠ ʥʫʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʧʨʠʙʦʨ ʨʘʙʦʪʘʝʪ. 

         ὸ a*b                                                                      (2) 
t=ʯʘʩʳ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ, ʯ; 
a= ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ʚ ʜʝʥʴ, ʯ; 
b= ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʥʝʜʝʣʶ. 
4. ʋʤʥʦʞʠʪʴ ʧʦʪʨʝʙʣʷʝʤʦʝ ʯʠʩʣʦ ʢʠʣʦʚʘʪʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ. ʊʘʢ ʤʳ ʚʳʯʠʩʣʠʤ ʦʙʲʸʤ ʧʦ-

ʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʩʷʮ. 
ὠ ὖ ὸz                                                                 (3) 

V= ʦʙʲʸʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢɺʪ*ʯ. 
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ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʨʠʙʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʯʘʡʥʠʢ, ʭʦʣʦʜʠʣʴʥʠʢ, ʪʝʧʣʦ-
ʚʝʥʪʠʣʷʪʦʨ, ʬʝʥ, ʙʣʝʥʜʝʨ ʠ ʢʦʤʧʴʶʪʝʨ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ.1. 

 
ʋʙʚʤʡʯʙ 1 

ʉʞʠʬʤʵʫʙʫ ʡʠʥʞʩʞʦʡʸ ʶʤʞʣʫʩʧʶʦʞʩʜʡʡ 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ 
ʯʘʡʥʠʢ, ʢɺʪ*ʯ 

ʍʦʣʦʜʠʣʴʥʠʢ,  
ʢɺʪ*ʯ 

ʊʝʧʣʦʚʝʥʪʠʣʷʪʦʨ, 
ʢɺʪ*ʯ 

ʌʝʥ, 
ʢɺʪ*ʯ 

ɹʣʝʥʜʝʨ, 
ʢɺʪ*ʯ 

ʂʦʤʧʴʶʪʝʨ 
ʚ ʘʢʪʠʚʥʦʤ 
ʨʝʞʠʤʝ, 
ʢɺʪ*ʯ 

ʂʦʤʧʴʶʪʝʨ ʚ 
ʨʝʞʠʤʝ ʦʞʠ-
ʜʘʥʠʷ, 
ʢɺʪ*ʯ 

1,85 0,175 2,3 1,36 0,28 0,22 0,004 

 
ʈʘʩʯʸʪ ʩʪʦʠʤʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʤʝʩʷʮ 

ʇʨʦʚʝʜʸʤ ʨʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʤʝʩʷʮ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʯʘʡʥʠʢʘ, 
ʭʦʣʦʜʠʣʴʥʠʢʘ, ʪʝʧʣʦʚʝʥʪʠʣʷʪʦʨʘ, ʬʝʥʘ ʠ ʙʣʝʥʜʝʨʘ. ɼʣʷ ʵʪʦʛʦ ʥʘʤ ʥʫʞʥʦ ʫʟʥʘʪʴ ʩʪʦʠʤʦʩʪʴ ʢʘʞʜʦʛʦ 
ʢɺʪ*ʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʯʸʪʝ ʟʘ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ɼʘʣʝʝ ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʤʥʦʞʘʝʤ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙ-
ʣʷʝʤʦʡ ʝʞʝʤʝʩʷʯʥʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʘʞʜʳʤ ʧʨʠʙʦʨʦʤ ʠ ʩʫʤʤʠʨʫʝʤ.  

˞ В Ὕz ὠ                                                                                                    (4) 

ʉ=ʝʞʝʤʝʩʷʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʫʙ.; 
T=ʪʘʨʠʬ, ʨʫʙ*(ʢɺʪ*ʯ); 
n=ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʙʦʨʦʚ, ʰʪ. 
ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (2) ʦʧʨʝʜʝʣʠʤ, ʩʢʦʣʴʢʦ ʯʘʩʦʚ ʨʘʙʦʪʘʝʪ ʝʞʝʤʝʩʷʯʥʦ ʢʘʞʜʳʡ ʨʘʩʩʤʦʪʨʝʥʥʳʡ 

ʥʘʤʠ ʧʨʠʙʦʨ, ʝʩʣʠ ʜʣʷ ʨʘʩʯʸʪʦʚ ʚʟʷʪʴ ʤʝʩʷʮ ʥʦʷʙʨʴ ʚ 2017 ʛʦʜʫ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʯʘʡʥʠʢ ʨʘʙʦʪʘʝʪ 
t=0,2*30=6 ʯʘʩʦʚ, ʭʦʣʦʜʠʣʴʥʠʢ t=24*30=720 ʯʘʩʦʚ, ʪʝʧʣʦʚʝʥʪʠʣʷʪʦʨ t=1*14=14 ʯʘʩʦʚ, ʬʝʥ t=0,1*30=3 
ʯʘʩʘ, ʙʣʝʥʜʝʨ t=0,15*30=4,5 ʯʘʩʦʚ, ʢʦʤʧʴʶʪʝʨ ʚ ʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ t=7*30=210 ʯʘʩʦʚ ʠ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘ-
ʥʠʷ t=17*30=510 ʯʘʩʦʚ. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (3) ʨʘʩʩʯʠʪʘʝʤ, ʩʢʦʣʴʢʦ ʧʦʪʨʝʙʣʷʝʪ ʝʞʝʤʝʩʷʯʥʦ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʠ ʢʘʞʜʳʡ ʧʨʠʙʦʨ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʯʘʡʥʠʢ ʠʩʧʦʣʴʟʫʝʪ A=1,85*6=11,1 ʢɺʪ, ʭʦʣʦʜʠʣʴʥʠʢ 
A=0,175*720=126 ʢɺʪ, ʪʝʧʣʦʚʝʥʪʠʣʷʪʦʨ A=2,3*14=32,2 ʢɺʪ, ʬʝʥ A=1,36*3=4,08 ʢɺʪ, ʙʣʝʥʜʝʨ 
A=0,28*4,5=1,26 ʢɺʪ, ʢʦʤʧʴʶʪʝʨ ʚ ʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ɸ=0,22*210=46,2 ʢɺʪ ʠ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ 
ɸ=0,004*510=2,04 ʢɺʪ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʦʩʪʘʚʣʷʝʪ 46,2+2,04=48,24 ʢɺʪ. ʊʝʧʝʨʴ ʧʨʦʠʟʚʝʜʝʤ ʨʘʩʯʸʪ ʩʪʦʠ-
ʤʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʘʤ ʥʫʞʥʦ ʫʟʥʘʪʴ ʪʘʨʠʬ ʚ ʩʯʸʪʝ ʟʘ ʵʣʝʢʪʨʠʯʝʩʪʚʦ (ʨʠʩ. 
1). ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʢɺʪ*ʯ ʩʪʦʠʪ 2,49 ʨʫʙʣʝʡ, ʦʙʱʘʷ ʩʫʤʤʘ ʟʘ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ 717,12 
ʨʫʙ., ʘ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 288 ʢɺʪ. 

 

 
 

ʉʡʪ.1. ʊʰʹʫ ʠʙ ʶʤʞʣʫʩʡʰʞʪʫʛʧ 
  

ʇʨʦʚʝʜʸʤ ʨʘʩʯʸʪ ʧʦ ʬʦʨʤʫʣʝ (4), ʉ= 2,49*11,1+2,49*126+2,49*32,2+ 
2,49*4,08+2,49*1,26+2,49*48,24=27,639+313,74+80,178+10,1592+3,1374+120,1176555,7236 ʨʫʙ.=627 
ʨʫʙ. 36 ʢʦʧ. ʀʪʘʢ, ʤʦʷ ʩʝʤʴʷ ʟʘ ʤʝʩʷʮ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʯʘʡʥʠʢʘ, ʭʦʣʦʜʠʣʴʥʠʢʘ, ʪʝʧʣʦʚʝʥ-
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ʪʠʣʷʪʦʨʘ, ʬʝʥʘ, ʙʣʝʥʜʝʨʘ ʠ ʢʦʤʧʴʶʪʝʨʘ ʧʣʘʪʠʪ 627 ʨʫʙʣʝʡ 36 ʢʦʧʝʝʢ. ʕʪʦ ʧʨʠʤʝʨʥʦ 88 % ʦʪ ʦʙʱʝʡ 
ʩʫʤʤʳ ʟʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ʆʩʪʘʣʴʥʳʝ 12% - ʵʪʦ ʦʩʚʝʱʝʥʠʝ ʠ ʨʝʜʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʯʠʭ 
ʙʳʪʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ.  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʲʸʤʥʘʷ ʢʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ (ʨʠʩ. 2), ʩʪʦʠʤʦʩʪʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʠ ʢʘʞʜʳʤ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʧʨʠʙʦʨʦʤ. ʅʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʧʦ ʩʪʦʠʤʦʩʪʠ ʟʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘʭʦʜʠʪ-
ʩʷ ʭʦʣʦʜʠʣʴʥʠʢ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʫ ʥʝʛʦ ʙʦʣʴʰʝ ʚʩʝʛʦ. ʅʘ 
ʚʪʦʨʦʤ ʤʝʩʪʝ ʢʦʤʧʴʶʪʝʨ.  

 

 
 

ʉʡʪ.2.ʊʫʧʡʥʧʪʫʵ ʨʧʫʩʞʚʤʞʦʡʸ ʶʤʞʣʫʩʧʶʦʞʩʜʡʡ ʨʩʡʚʧʩʙʥʡ 
 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ 
ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʥʘ ʠʩʪʦʯʥʠʢ [2], ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦ-

ʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʝʩʷʮ ʚ ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʤʝʨʥʦ ʩʪʦʣʴʢʦ ʞʝ, ʩʢʦʣʴʢʦ ʠ ʚ ʕʩʪʦʥʠʠ, 

535.86 ʢɺʪ ͯ538.68 ʢɺʪ. ɺ ʕʩʪʦʥʠʠ ʩʝʤʴʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʘʪʴ ʵʣʝʢʪʨʦʧʘʢʝʪ. ʇʨʠ ʝʛʦ ʚʳʙʦ-
ʨʝ ʚʟʚʝʰʠʚʘʝʪʩʷ, ʥʘʩʢʦʣʴʢʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚ ʩʝʤʝʡʥʦʤ ʙʶʜʞʝʪʝ ʩʦʩʪʘʚʣʷʶʪ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʠʯʝ-
ʩʪʚʦ ʠ ʥʘʩʢʦʣʴʢʦ ʚʘʞʥʦ ʟʘʨʘʥʝʝ ʟʥʘʪʴ, ʢʘʢʘʷ ʮʝʥʘ ʙʫʜʝʪ ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʥʘ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ʜʦʛʦʚʦ-
ʨʘ. ʇʣʘʪʠʪʴ ʟʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʦ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʮʝʥʝ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʡ ʩʧʦʩʦʙ, ʯʝʤ ʧʦ ʙʠʨʞʝʚʦʡ, 
ʪʘʢ ʢʘʢ ʦʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʝʙʘʥʠʡ ʮʝʥʳ ʥʘ ʦʪʢʨʳʪʦʤ ʨʳʥʢʝ.  ʗ ʩʯʠʪʘʶ, ʯʪʦ ʪʘʢʦʡ ʦʧʳʪ ʙʳʣ ʙʳ ʧʦʣʝ-
ʟʝʥ ʈʦʩʩʠʠ. ʉ ʧʦʤʦʱʴʶ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʧʘʢʝʪʦʚ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʚʦʠ ʨʘʩʭʦʜʳ ʠ ʠʟʙʝ-
ʞʘʪʴ ʨʠʩʢʘ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʧʦʚʳʰʝʥʠʝʤ ʮʝʥʳ ʥʘ ʙʠʨʞʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

 

 
 

ʉʡʪ. 3. ɼʧʝʧʛʧʞ ʨʧʫʩʞʚʤʞʦʡʞ ʣɻʫ*ʰ ʦʙ ʧʝʦʧʜʧ ʰʞʤʧʛʞʣʙ ʠʙ ʨʞʩʡʧʝ 1990-2016 
 

˿͙ͭͦͣͦͫͭΈ ͔͔͙ͨͦͭͪ͋ͤ͡Ύ Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ 
͙͙ͨͪ͋ͦͪ͊ͣ 

Ή͔͙ͭͪ͟͡;͔͙͚ͫ͟ ;͚͙͊ͤ͟ 

ͻ͙ͦͦ͒͡͡Έ͙ͤ͟ 

͔͍͔͙ͭͨͦͤͭ͡͡Ύͭͦͪ 

ͺ͔ͤ 

͔͔͋ͤ͒ͪ͡ 

ͦͣͨ͟ΈΌ͔ͭͪ 



26 »ÃÇÈ°Ï ÁÂÃ´µ½ÇµÁº°Ï ÁÂ°ÂÌÏ 2017 

  

XII ÜÕÖÔãÝÐàÞÔÝëÙ ÝÐãçÝÞ-ßàÐÚâØçÕáÚØÙ ÚÞÝÚãàá  | ¼Æ½Á ¦½°Ãº° ¸ ¿À¾Á²µÉµ½¸µ« 

ʄʠʨʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʫʚʝʣʠʯʠʣʦʩʴ ʚ 2016 ʛʦʜʫ, ʧʦʩʣʝ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ 2015 
ʛʦʜʫ (ʨʠʩ.3). ʆʜʥʘʢʦ ʨʦʩʪ ʦʩʪʘʣʩʷ ʥʠʞʝ ʝʛʦ ʜʦʣʛʦʩʨʦʯʥʦʡ ʪʝʥʜʝʥʮʠʠ ʨʦʩʪʘ. ʈʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʠ ʚ ʂʠʪʘʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʘʤʝʪʥʳʝ ʫʣʫʯʰʝʥʠʷ ʵʥʝʨ-
ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʫʚʝʣʠʯʝʥʠʶ ʥʘʧʦʣʦʚʠʥʫ ʤʠʨʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɸʟʠ-
ʘʪʩʢʠʝ ʩʪʨʘʥʳ, ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʆʕʉʈ (ʀʥʜʠʷ, ʀʥʜʦʥʝʟʠʷ, ʄʘʣʘʡʟʠʷ, ʊʘʠʣʘʥʜ ʠ ʜʨʫʛʠʝ), ʦʙʫʩʣʦʚʣʝʥʥʳʝ 
ʠʭ ʜʠʥʘʤʠʯʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ ʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʝʡ ʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʷʚʣʷʶʪʩʷ ʚʪʦʨʳʤ ʦʩʥʦʚ-
ʥʳʤ ʨʝʛʠʦʥʦʤ, ʩʧʨʦʚʦʮʠʨʦʚʘʚʰʠʤ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [3]. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨ-
ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ, ʚ ʰʝʩʪʦʡ ʨʘʟ 
ʟʘ ʚʦʩʝʤʴ ʣʝʪ, ʘ ʪʘʢʞʝ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʧʨʦʩʘ ʚ ʗʧʦʥʠʠ ʠ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʩʦʶʟʝ. 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʤʳ ʧʦʟʥʘʢʦʤʠʣʠʩʴ ʩ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤʠ. ʇʦ ʨʘʩʯʸʪʘʤ ʩʪʦʠ-

ʤʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʰʝʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʧʨʠʤʝʨʝ ʤʦʝʡ ʢʚʘʨʪʠʨʳ ʩʜʝʣʘ-
ʣʠ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʢʚʘʨʪʠʨʝ ʧʦʪʨʝʙʣʷʝʪ ʭʦʣʦʜʠʣʴʥʠʢ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 
ʯʪʦ ʧʨʠʙʦʨʳ ʨʘʩʭʦʜʫʶʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢɺʪ ʟʘ ʯʘʩ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʚ ʤʘʩʰʪʘʙʘʭ ʩʦ-
ʚʨʝʤʝʥʥʦʡ ʢʚʘʨʪʠʨʳ ʟʘ ʤʝʩʷʮ ʤʦʞʝʪ ʥʘʢʦʧʠʪʴʩʷ ʩʦʣʠʜʥʘʷ ʩʫʤʤʘ ʥʘ ʬʦʥʝ ʝʞʝʜʥʝʚʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ 
ʧʨʦʜʫʢʪʳ, ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʩʪʘʨʘʪʴʩʷ ʵʢʦʥʦʤʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ɼʣʷ ʵʪʦʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʵʢʦʥʦʤʠʯʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʙʳʪʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ; ʥʝ ʚʢʣʶʯʘʪʴ ʧʨʠʙʦʨʳ ʙʝʟ ʥʘʜʦʙʥʦʩʪʠ; ʫʭʦʜʷ ʠʟ 
ʢʚʘʨʪʠʨʳ, ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʠʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʳ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʪʝʧʣʦʚʝʥʪʠʣʷʪʦʨ ʠ ʬʝʥ ʚʳʢʣʶʯʝ-
ʥʳ. ɺʳʷʩʥʠʣʠ, ʯʪʦ ʩʨʝʜʥʝʝ ʝʞʝʤʝʩʷʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʈʦʩʩʠʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʩ 
ʕʩʪʦʥʠʝʡ, ʠ ʯʪʦ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʥʦ ʨʘʩʪʸʪ. 
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Ã´º 667.6 

À°·À°±¾Âº° ½°½¾ÁÂÀÃºÂÃÀ¸À¾²°½½¾³¾ 
º¾¼¿¾·¸Â° ½° ¾Á½¾²µ 
¿¾»¸Äµ½¸»Á¸»¾ºÁ°½¾²¾¹ Á¼¾»Ë ¸ SiO2. 

ʤʘʛʠʩʪʨʘʥʪ 1 ʢʫʨʩʘ  

ʤʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ  

ɹʘʢʘʣʘʚʨ 2 ʢʫʨʩʘ  
   ʌɻɹʆʋ ɺʆ ʂʅʀʊʋ, 

 ʛ.ʂʘʟʘʥʴ, ʈʌ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʦ-
ʙʘʚʢʠ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʈʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʟʦʣʷ ʜʠ-
ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʨʘʩʪʚʦʨʘ ʧʦʣʠʬʝʥʠʣʩʠʣʦʢʩʘʥʦʚʦʡ ʩʤʦʣʳ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʜʦʙʘʚʢʘ, ʥʘʥʦʯʘʩʪʠʮʳ, ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ, ʧʦʣʠʬʝʥʠʣʩʠʣʦʢʩʘʥʦʚʘʷ 
ʩʤʦʣʘ. 
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Annotation: In the course of work it was investigated the effect of different content of the functional additive 
on the optical characteristics of the final coating. Solved the problem of the incompatibility of the Sol of silica 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʪʨʝʥʜ ʨʘʟʚʠʪʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʦʩʪʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥ-
ʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘ-
ʝʪ ʥʝʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʜʦʙʘʚʦʢ ʚ ʨʝʮʝʧʪʫʨʥʦʤ ʩʦʩʪʘʚʝ.  

 ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʩʦʩʪʘʚʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʃʂʄ), ʩʦʜʝʨ-
ʞʘʱʠʝ ʥʘʥʦʬʘʟʫ, ʚʚʦʜʠʤʫʶ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ (ʌɼ) [1-3]. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʫʩʤʘʪʨʠ-
ʚʘʝʪ ʫʩʢʦʨʝʥʠʝ ʩʠʥʪʝʟʘ ʃʂʄ (ʵʤʫʣʴʛʘʪʦʨʳ, ʜʠʩʧʝʨʛʘʪʦʨʳ), ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ 
(ʟʘʛʫʩʪʠʪʝʣʠ, ʇɸɺ, ʘʛʝʥʪʳ ʨʦʟʣʠʚʘ ʠ ʪ. ʜ.) [4-6]. ʌɼ ʩʧʦʩʦʙʥʳ ʧʦʚʳʰʘʪʴ ʠʟʥʦʩʦʩʪʦʡʢʠʝ, ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ.  
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ʉʘʤʠ ʃʂʄ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʦʜʥʘ ʠʟ ʥʠʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʜ-
ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʣʘʢʦ-
ʢʨʘʩʦʯʥʦʡ ʦʪʨʘʩʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʤʳʪʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʝʣʝʥʠʷ ʃʂʄ ʧʦ ʢʣʘʩʩʘʤ ʠ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩʤʝʰʘʥʥʦʛʦ ʠʣʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝ-
ʥʠʷ [7-9].  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʦʛʦ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʝʛʦ ʚʳʩʪʫʧʘʝʪ ʧʦʣʠʬʝʥʠʣʩʠʣʦʢʩʘʥʦʚʘʷ ʩʤʦʣʘ (ʇʌʉ), 
ʦʙʣʘʜʘʶʱʘʷ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʨʤʦʩʪʦʡʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [10, 11]. ʄʦʜʠʬʠʮʠʨʦʚʘ-
ʥʠʝ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʥʦʜʦʙʘʚʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (SiO2) ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ 
ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʨʠʜʘʚʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʠʥʠʰʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɺ ʨʷʜʝ ʨʘʙʦʪ 
[12, 13] ʦʧʠʩʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ʙʝʟ ʧʦʪʝʨʠ ʠʭ ʚʥʝʰʥʝʛʦ 
ʚʠʜʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʠʩʧʦʣʴʟʦʚʘʥ ʘʮʝʪʦʥʦʚʳʡ ʟʦʣʴ 
ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ ʅʊʎ çʂʦʤʧʘʩè. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [14] ʧʦʢʘʟʘʣʠ 
ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳʟʚʘʥʥʫʶ ʨʘʟʣʠʯʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʠʪʝ-
ʣʝʡ ʚ ʜʦʙʘʚʢʝ ʠ ʚ ʨʘʩʪʚʦʨʝ ʧʦʣʠʤʝʨʘ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʝ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ 
ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʜʦʣʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʩʦʩʪʘʚʝ ʜʦʙʘʚʢʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 
ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʘ ʧʦʣʠʬʝʥʠʣʩʠʣʦʢʩʘʥʦʚʦʡ ʩʤʦʣʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ SiO2. ʇʨʠ-
ʛʦʪʦʚʣʝʥʠʝ ʢʦʤʧʦʟʠʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʤʝʰʝʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 
ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʜʦ ʛʦʤʦʛʝʥʥʦʩʪʠ ʩʤʝʩʠ. ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ 
ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ (ʨʘʟʤʝʨʦʤ 25Ĭ75 Ñ0,5ʤʤ, ʪʦʣʱʠʥʘ 1,05 Ñ0,05ʤʤ) ʧʨʠ ʧʦʤʦʱʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʧ-
ʧʣʠʢʘʪʦʨʘ ʩ ʥʘʩʘʜʢʦʡ ʱʝʣʝʚʦʛʦ ʪʠʧʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʦʜʠʥʘʢʦʚʦʡ ʪʦʣʱʠʥʳ. ʆʪʚʝʨʞʜʝʥʠʝ ʧʦ-
ʢʨʳʪʠʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʡ ʠ ʧʦʢʨʳʪʠʡ ʦʮʝʥʠʚʘʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Proscan MC-122. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʦʤʧʦʟʠʮʠʷʭ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʠʙʦʨʝ ZetaPALS 
90PLUS/BIMAS ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ). 

ʇʨʠ ʩʤʝʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʤʫʪʥʦʩʪʠ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ, ʦʯʝ-
ʚʠʜʥʦ, ʙʳʣʘ ʚʳʟʚʘʥʘ ʧʨʦʮʝʩʩʦʤ ʘʛʣʦʤʝʨʘʮʠʠ ʯʘʩʪʠʮ ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʫ-
ʩʣʦʚʣʝʥʥʦʡ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚ 
ʨʘʩʪʚʦʨʝ ʥʝʧʦʣʷʨʥʦʛʦ ʧʦʣʠʤʝʨʘ. 

ʕʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʘʥʥʳʤʠ ɼʈʉ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩ. 1-2. ʅʘ ʨʠʩ. 1 (ʘ) ʧʨʠʚʝʜʝʥʦ ʨʘʟʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚ 
ʠʩʩʣʝʜʫʝʤʦʤ ʘʮʝʪʦʥʦʚʦʤ ʟʦʣʝ SiO2, ʘ ʥʘ ʨʠʩ. 1 (ʙ) ï ʧʦʩʣʝ ʝʛʦ ʚʚʝʜʝʥʠʷ ʚ ʇʌʉ. 

 

  
ʘ ʙ 

ʘ ï ʘʮʝʪʦʥʦʚʳʡ ʟʦʣʴ SiO2; ʙ ï ʇʌʉ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʮʝʪʦʥʦʚʦʛʦ ʟʦʣʷ. 
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ʀʟ ʛʠʩʪʦʛʨʘʤʤ ʚʠʜʥʦ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʟʦʣʴ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʤʝʝʪ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 4,8 ʥʤ 
ʠ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʘʤʠ 3 ï 7 ʥʤ ʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʘʛʣʦʤʝʨʘʪʦʚ ʩ ʨʘʟʤʝʨʘʤʠ 25 ï 70 ʥʤ ʠ 110 ï 300 ʥʤ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʟʦʣʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨ ʧʦ-
ʣʠʤʝʨʘ (ʨʠʩ.1ʙ) ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʢʨʫʧʥʝʥʠʝ ʯʘʩʪʠʮ, ʘ ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʬʨʘʢʮʠʷ ʯʘʩʪʠʮ ʠʤʝʝʪ 
ʨʘʟʤʝʨ ʙʦʣʝʝ 8 ʤʢʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʦʚ 
ʧʨʦʧʫʩʢʘʥʠʷ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʧʦʢʨʳʪʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʠʥʪʝʨʚʘʣʝ ʚʦʣʥ ɚ = 350 ï 1100 ʥʤ (ʨʠʩ.2).  

 

 
ʘ     ʙ 

1ï 3%; 2 ï 4%; 3 ï 5%. 
 

ʉʡʪ. 2.  ʊʨʞʣʫʩʴ ʪʛʞʫʧʨʩʧʨʬʪʣʙʦʡʸ ʣʧʥʨʧʠʡʯʡʢ (ʙ) ʡ ʨʧʣʩʴʫʡʢ (ʚ) ʦʙ ʧʪʦʧʛʞ ʈʍʊ 
 ʪ ʩʙʠʤʡʰʦʴʥ ʪʧʝʞʩʟʙʦʡʞʥ SiO2 

 
ʀʟ ʛʨʘʬʠʢʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ.2 ʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʇʌʉ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʘʮʝʪʦʥʦʚʦʛʦ ʟʦʣʷ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥ-
ʥʳʝ ʠʟ ʥʝʥʘʧʦʣʥʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ 
ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʜʦʙʘʚʢʠ ʫʭʫʜʰʘʝʪʩʷ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʦʙʣʝʤʳ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʘʮʝʪʦʥʦʚʦʤ ʟʦ-
ʣʝ ʥʘʥʦʯʘʩʪʠʮʳ SiO2 ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʩ ʥʝʧʦʣʷʨʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʦ-
ʣʠʤʝʨʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʨʫʰʘʝʪʩʷ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʘʛʣʦʤʝʨʘʮʠʠ ʯʘʩʪʠʮ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 
ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʘʥʘʣʦʛʠʯʥʦ ʨʘʙʦʪʝ [14], ʚ ʢʦʤʧʦʟʠʮʠʶ ʙʳʣ ʚʚʝʜʝʥ ʧʦʣʷʨʥʳʡ ʨʘʩʪʚʦʨʠ-
ʪʝʣʴ ï ʙʫʪʘʥʦʣ, ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʟʦʣʴ: ʨʘʩʪʚʦʨʠʪʝʣʴ 1:1. ɺʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʤʘʣʦʡ ʪʦʢ-
ʩʠʯʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʧʦʣʷʨʥʦʩʪʴʶ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʣʝʪʫʯʝʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʮʝʪʦʥʦʤ. ʇʦʣʦ-
ʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʮʝʧʪʫʨʝ ʜʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ 
ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩ. 3. 

 

 
ʘ     ʙ 

1ï 3%; 2 ï 4%; 3 ï 5%. 
ʉʡʪ. 3 ð ʊʨʞʣʫʩʴ ʪʛʞʫʧʨʩʧʨʬʪʣʙʦʡʸ ʣʧʥʨʧʠʡʯʡʢ (ʙ) ʡ 

ʪʛʞʫʧʨʩʧʨʬʪʣʙʦʡʸ ʨʧʣʩʴʫʡʢ (ʚ) ʪ ʩʙʠʤʡʰʦʴʥ ʪʧʝʞʩʟʙʦʡʞʥ ʦʙʦʧʝʧʚʙʛʣʡ ʪ ʚʬʫʙʦʧʤʧʥ 
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ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʜʦʙʘʚʢʫ SiO2 ʤʝʥʴʰʝ, 
ʯʝʤ ʚ ʥʝʥʘʧʦʣʥʝʥʥʦʤ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʨʘʩʪʚʦʨʝ ʇʌʉ, ʘ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝ ʧʦʢʨʳʪʠʡ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫ-
ʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʠʯʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʩʦʜʝʨ-
ʞʘʥʠʝʤ SiO2 3 ʠ 4%, ʚʦ ʚʩʸʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʥʘʙʣʶʜʘʝʪʩʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʨʦ-
ʩʚʝʪʣʷʶʱʠʡ ʵʬʬʝʢʪ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [15-18]. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚ 
ʢʦʤʧʦʟʠʮʠʠ ʩʦʩʪʘʚʠʣ 51,6 ʥʤ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ-
ʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʚʝʱʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [19,20] ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʣʠʩʴ ʩʠʣʘʥʳ. ɺ ʩʣʫʯʘʝ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʤʦʣʳ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʘ 
(ɸʇʊʕʆʉ).  

ʇʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʇʌʉ, SiO2 ʠ ɸʇʊʕʆʉ ʩʥʠʤʘʣʠʩʴ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘ-
ʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʧʦʢʨʳʪʠʡ. ɺʠʟʫʘʣʴʥʦ ʧʦʢʨʳʪʠʷ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʳʝ, ʯʝʤ ʙʝʟ ʜʦʙʘʚʢʠ 
ɸʇʊʕʆʉ, ʦʜʥʘʢʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʘʩʪʠʮ, ʪʦ ʝʩʪʴ ʧʦʣʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʠʭ ʢʦʘʛʫʣʷʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʧʣʝʥ-
ʢʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʜʦʙʘʚʢʫ ʙʳʣ ʚʚʝʜʝʥ ɹʄʂ-5ʙ (ʩʦʧʦʣʠʤʝʨ ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʩ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦ-
ʪʦʡ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʪʝʨʠʯʝʩʢʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʯʘʩʪʠʮ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.4, ʩʥʠʤʘʣʠʩʴ 
ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʧʦʢʨʳʪʠʡ. 

 

  
ʘ                                     ʙ 
1- ʩ ɸʇʊʕʆʉ; 2- ʩ ɹʄʂ-5ʙ ʠ ɸʇʊʕʆʉ. 
ʉʡʪ. 4.  ʀʙʛʡʪʡʥʧʪʫʵ ʪʛʞʫʧʨʩʧʨʬʪʣʙʦʡʸ ʣʧʥʨʧʠʡʯʡʢ ʪ ʪʧʝʞʩʟʙʦʡʞʥ ʆʐ SiO2 3% (ʙ) ʡ  

ʨʧʣʩʴʫʡʢ ʧʫ ʪʧʝʞʩʟʙʦʡʸ ʚʬʫʙʦʧʤʙ ʛ ʝʧʚʙʛʣʞ ʨʩʡ ʝʤʡʦʞ ʛʧʤʦʴ ɛ=550 ʦʥ 
 

ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʧʦʢʨʳʪʠʡ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʰʝʥʠʠ 
ʧʨʦʙʣʝʤʳ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʙʫʪʘʥʦʣʘ.  

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʥʘʥʦʜʦ-
ʙʘʚʢʫ, ʥʝ ʫʩʪʫʧʘʶʪ, ʘ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦʢʨʳʪʠʡ ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʧʨʝʚʦʩʭʦʜʠʪ ʧʨʦʟʨʘʯʥʦʩʪʴ 
ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚ ʢʦʤʧʦʟʠʮʠʠ ʩʦʩʪʘʚʠʣ 5,1 ʥʤ, ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʮʝʩʩʦʚ ʘʛʣʦʤʝʨʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʦʙʘʚʦʢ ʚ ʪʝʭʥʦʣʦ-
ʛʠʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʘʢʦʚ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʦ ʦʧ-
ʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ SiO2 ʚ ʢʦʤʧʦʟʠʮʠʠ ï 3%, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʚʥʝʜʨʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʙʝʟ ʧʦʪʝʨʴ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟ-
ʨʘʙʦʪʘʥʳ ʨʝʮʝʧʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʚʚʝʜʝʥʠʷ ʦʨʛʘʥʦʟʦʣʷ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʚ ʛʠʜʨʦ-
ʬʦʙʥʫʶ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʩʭʦʜʥʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʥʘʥʦʩʫʩʧʝʥʟʠʠ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ 
ʧʦʢʨʳʪʠʷ.  

ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
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ʧʨʦʙʣʝʤʳ ʣʝʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ï 2011. ï ̄ . 30. 
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Ã´º 581.9 (470.1) 

ÄÛÞàÐ ÚÐÝÐÛÐ ¦¼ÞÝÔØ Á»¿º« 
(ÁëÚâëÒÚÐà, ÀÕáßãÑÛØÚÐ ºÞÜØ) 

ʩʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʉʳʢʪʳʚʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɺʧʚʩʧʛ ʗ.ɹ.,  
ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʜʦʮ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʵʢʦʣʦʛʠʠ ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ 

 

ɹʦʦʧʫʙʯʡʸ. ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʃʇʂ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʬʣʦʨʘ 
ʢʘʥʘʣʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʦ ʬʣʦʨʝ ʚʳʷʚʣʝʥʦ 107 ʚʠʜʦʚ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ, ʚ ʪʦʤ 
ʯʠʩʣʝ 1 ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʢʘʢ ʪʨʝʙʫʶʱʠʡ ʙʠʦʥʘʜʟʦʨʘ ʠ 5 ʟʘʥʦʩʥʳʭ. ʇʦʢʘʟʘʥʳ ʚʳʩʦʢʠʝ ʜʦʣʠ ʥʠʪʨʦʬʠʣʴ-
ʥʳʭ, ʧʨʝʜʧʦʯʠʪʘʶʱʠʭ ʙʦʛʘʪʳʝ ʛʫʤʫʩʦʤ ʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʣʷʤʠ ʚʠʜʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʩʳ-
ʱʝʥʥʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ ʬʣʦʨʳ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 
ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʥʝʡ ʙʦʣʦʪʥʳʤʠ ʠ ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʵʬʬʝʢʪʠʚʥʦ ʘʢʢʫʤʫ-
ʣʠʨʫʶʱʠʤʠ ʘʟʦʪ ʠ ʜʨʫʛʠʝ ʙʠʦʛʝʥʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʬʣʦʨʘ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʣʦʨʳ, ʟʘʥʦʩʥʳʝ ʨʘʩʪʝʥʠʷ, 
ʉʳʢʪʳʚʢʘʨ, ʈʝʩʧʫʙʣʠʢʘ ʂʦʤʠ. 
 

CANAL FLORA OF òMONDI SYKTYVKAR MILLó (KOMI REPUBLIC) 
 

Kuznecova Jana Vjacheslavovna, 
Pozdeeva Lyubov Mihajlovna 

 
Abstract. To optimize wastewater treatment of the Syktyvkar timber processing plant, the flora of the canal of 
the treatment plant of the enterprise was analyzed. The flora revealed 107 vascular plants, including one rec-
ommended for biological surveillance and five adventitious plants. High proportions of nitrophilic species, pre-
ferring rich in humus and mineral salts are shown. It can indicate the saturation of sewage with nutrients. Au-
thors recommended enriching the flora with marsh and coastal-aquatic plants, effectively accumulating nitro-
gen and other biogenes. 
Key words: treatment facilities, flora, ecological analysis of flora, adventitious plants, Syktyvkar, Komi Repub-
lic. 

 
ɻʛʞʝʞʦʡʞ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʣʠʷʶʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ï ʩʙʨʘʩʳʚʘʝʤʳʤʠ ʦʪʭʦʜʘʤʠ. ʆʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ ʷʚʣʷʝʪʩʷ 
ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʕʞʚʠʥʩʢʦʤ ʨʘʡʦʥʝ ʉʳʢʪʳʚʢʘʨʘ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʙʠʥʘʪ (ʜʘʣʝʝ ï ʉʃʇʂ), ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʛʨʫʧʧʝ ʄʦʥʜʠ. ɺ ʩʙʨʘʩʳʚʘʝʤʳʭ ʠʤ ʚʦʜʘʭ ʤʦʞʝʪ ʙʳʪʴ ʠʟʙʳʪʦʯʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ, ʠʥʘʷ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ ʨʝʛʠʦʥʘ) ʢʠʩʣʦʪʥʦʩʪʴ 
ʚʦʜʳ ʠ ʪ.ʜ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʣʦʨʳ ʢʘʥʘʣʘ, ʚʢʣʶʯʘʷ ʝʛʦ ʙʝʨʝ-
ʛʘ, ʠ ʚʳʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʙʦʛʘʱʝʥʠʶ ʵʪʦʡ ʬʣʦʨʳ ʨʘʩʪʝʥʠʷʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʥʠʚʝʣʠʨʦʚʘʪʴ 
ʚʦʟʤʦʞʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ. 

ʅʙʫʞʩʡʙʤ ʡ ʥʞʫʧʝʡʣʙ. ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʩʦʙʨʘʥ ʣʝʪʦʤ 2016 ʛ. ʇʦ ʚʩʝʡ ʜʣʠʥʝ ʢʘʥʘʣʘ ʚ ʨʘʟ-
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ʣʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʧʦʧʝʨʝʯʥʳʝ ʪʨʘʥʩʝʢʪʳ ʰʠʨʠʥʦʡ 1 ʤ ʦʪ çʚʝʨʭʫʰʢʠè 
ʙʝʨʝʛʘ ʢʘʥʘʣʘ (ʩ ʜʦʨʦʛʠ ʠʣʠ ʠʟ ʧʣʘʢʦʨʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ) ʜʦ ʚʦʜʳ, ʚʢʣʶʯʘʷ ʚʩʶ ʪʫ ʯʘʩʪʴ ʨʫʩʣʘ, ʛʜʝ ʧʨʦ-
ʠʟʨʘʩʪʘʣʠ ʨʘʩʪʝʥʠʷ. ɺ ʪʠʧʠʯʥʳʭ ʧʦ ʨʠʩʫʥʢʫ ʩʦʦʙʱʝʩʪʚ ʤʝʩʪʘʭ ʚ ʟʦʥʝ ʙʨʳʟʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʢʣʘʜʳʚʘ-
ʣʠʩʴ ʧʨʦʜʦʣʴʥʳʝ ʪʨʘʥʩʝʢʪʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ ʪʘʢ, ʯʪʦʙʳ ʦʭʚʘʪʠʪʴ ʚʩʸ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʢʦʣʦʚʦʜʥʳʭ 
ʩʦʦʙʱʝʩʪʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʤʘʨʰʨʫʪʥʳʤ ʤʝʪʦʜʦʤ ʚ 2016 ʠ 2017 ʛʛ.; ʵʢʩʢʫʨʩʠʷʤʠ 
ʦʭʚʘʯʝʥʘ ʚʩʷ ʜʣʠʥʘ ʢʘʥʘʣʘ. 

ʌʣʦʨʫ ʧʦʥʠʤʘʣʠ ʰʠʨʦʢʦ, ʚʢʣʶʯʘʷ ʚ ʥʝʸ ʚʩʝ ʨʘʩʪʝʥʠʷ, ʚʩʪʨʝʯʝʥʥʳʝ ʦʪ çʚʝʨʭʫʰʢʠè ʚʘʣʘ ʢʘʥʘʣʘ 
ʯʝʨʝʟ ʨʫʩʣʦ ʜʦ ʝʛʦ çʚʝʨʭʫʰʢʠè ʥʘ ʜʨʫʛʦʤ ʙʝʨʝʛʫ, ʧʦʩʢʦʣʴʢʫ ʩʪʘʨʘʣʠʩʴ ʦʧʠʩʘʪʴ ʬʣʦʨʫ ʚʩʝʡ ʥʘʨʫʰʝʥʥʦʡ 
ʪʝʨʨʠʪʦʨʠʠ ʦʢʦʣʦ ʢʘʥʘʣʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʝʥʠʡ ʚʝʣʠ ʧʦ ʨʝʛʠʦʥʘʣʴʥʳʤ ʦʧʨʝʜʝʣʠʪʝʣʷʤ [1, 2] ʠ ʬʣʦʨʘʤ [3ï6], ʚ ʩʣʦʞʥʳʭ 
ʩʣʫʯʘʷʭ ʩʚʝʨʷʷʩʴ ʩ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʛʝʨʙʘʨʠʝʚ ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ 
(SYKT, ʉʳʢʪʳʚʢʘʨ) ʠ ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ ʂʦʤʠ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʋʨʆ ʈɸʅ (SYKO, ʉʳʢʪʳʚʢʘʨ). ɺ ʨʦʜʘʭ 
Taraxacum L. ʠ Typha L. ʤʳ ʩʣʝʜʦʚʘʣʠ ʰʠʨʦʢʦʡ ʪʨʘʢʪʦʚʢʝ ʚʠʜʦʚ; ʚ ʩʣʫʯʘʝ ʙʦʣʝʝ ʫʟʢʦʛʦ ʧʦʜʭʦʜʘ ʯʠʩʣʦ 
ʪʘʢʩʦʥʦʚ ʚ ʩʧʠʩʢʝ, ʥʝʩʦʤʥʝʥʥʦ, ʫʚʝʣʠʯʠʪʩʷ. ɺʠʜ, ʪʨʘʜʠʮʠʦʥʥʦ ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ Rhinanthus major s.l., 
ʤʳ ʚʩʣʝʜ ʟʘ ʀ. ɸ. ʏʫʜʠʥʦʚʦʡ ʠ ʖ. ɸ. ɹʦʙʨʦʚʳʤ [7] ʩʯʠʪʘʝʤ Rh. angustifolius C. C. Gmelin. ʈʷʜ ʦʙʨʘʟʮʦʚ 
ʠʟ ʨʦʜʦʚ Epilobium L., Malus L., Salix L. ʠ Viola L. ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʜʦ ʚʠʜʘ ʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʘʥʘʣʠʟʘ. 

ʌʣʦʨʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʯʚʝʥʥʦʤʫ 
ʙʦʛʘʪʩʪʚʫ (ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʘʟʦʪʦʤ (Nt), ʛʫʤʫʩʦʤ (H) ʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (Tr)), ʨʝʘʢʮʠʠ ʧʦʯ-
ʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (Rc) ʠ ʚʣʘʞʥʦʩʪʠ (Hd); ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʘʜʚʝʥʪʠʚʥʳʝ ʠ ʦʭʨʘʥʷʝʤʳʝ ʚʠʜʳ. ʆʩʥʦʚʦʡ 
ʦʪʥʝʩʝʥʠʷ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʘʣʠ ʰʢʘʣʳ ɼ. ʅ. ʎʳʛʘʥʦʚʘ [8], 
ʚʢʣʶʯʘʷ ʠʭ ʜʦʧʦʣʥʝʥʠʷ [9]; ʧʨʠ ʵʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʩʨʝʜʥʝʤʫ ʙʘʣʣʫ, ʤʘʨʢʠʨʫ-
ʶʱʝʤʫ ʟʦʥʫ ʦʧʪʠʤʫʤʘ. ʆʢʨʫʛʣʝʥʠʝ ʙʘʣʣʦʚ ʧʨʠ ʨʘʩʯʸʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʯʸʪʦʤ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ ʠ, ʧʨʠ 
ʚʦʟʤʦʞʥʦʩʪʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʰʢʘʣ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʚ ʵʪʠʭ ʰʢʘʣʘʭ ʠʩʧʦʣʴ-
ʟʦʚʘʥʳ ʰʢʘʣʳ H. Ellenbergôa [10, 11] ʠ E. Landoltôa [12]. ʇʨʠʟʥʘʥʠʝ ʚʠʜʘ ʟʘʥʦʩʥʳʤ ʦʩʥʦʚʘʥʦ ʥʘ ʧʦʩʣʝʜ-
ʥʝʡ ʬʣʦʨʠʩʪʠʯʝʩʢʦʡ ʩʚʦʜʢʝ ʨʝʛʠʦʥʘ [13] ʠ ʢʦʥʩʧʝʢʪʝ ʝʛʦ ʘʜʚʝʥʪʦʚ [14]. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʡʮ ʧʚʪʬʟʝʞʦʡʞ. ʇʨʠʚʝʜʸʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 1 ʢʦʥʩʧʝʢʪ ʚʢʣʶʯʘʝʪ ʦʧʠʩʘʥʠʝ ʦʪʥʦʰʝ-
ʥʠʡ ʚʠʜʦʚ ʢ ʚʘʞʥʝʡʰʠʤ ʜʣʷ ʥʘʰʝʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ. ɽʩʣʠ ʜʘʥʥʳʝ ʚʟʷʪʳ ʠʟ ʰʢʘʣ ʎʳʛʘʥʦʚʘ, 
ʥʠʢʘʢʦʡ ʟʥʘʢ ʫ ʙʘʣʣʘ ʥʝ ʩʪʘʚʠʣʠ; ʜʘʥʥʳʝ ʠʟ ʰʢʘʣ Ellenbergôa ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʢʦʤ çEè, Landoltôa ï çLè. 
ʉʚʝʜʝʥʠʷ ʧʦ ʰʢʘʣʝ ʛʫʤʫʩʩʠʨʦʚʘʥʥʦʩʪʠ ʧʦʯʚʳ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ Landoltôa. ʇʝʨʝʜ ʥʘʟʚʘʥʠʷʤʠ ʘʜʚʝʥʪʠʚ-
ʥʳʭ ʨʘʩʪʝʥʠʡ ʩʪʦʠʪ ʩʠʤʚʦʣ ç!è, ʧʝʨʝʜ ʦʭʨʘʥʷʝʤʳʤʠ, ʚʢʣʶʯʘʷ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʢ ʙʠʦʥʘʜʟʦʨʫ, ï ç#è. ɺʠ-
ʜʳ ʚʥʫʪʨʠ ʩʧʠʩʢʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʨʷʜʢʦʤ ʠʭ ʥʘʫʯʥʳʭ ʣʘʪʠʥʩʢʠʭ ʥʘʠʤʝʥʦʚʘʥʠʡ; ʩʘʤʠ 
ʥʘʟʚʘʥʠʷ ʚ ʮʝʣʦʤ ʩʣʝʜʫʶʪ ʩʚʦʜʢʝ ʉ. ʂ. ʏʝʨʝʧʘʥʦʚʘ [15]. 

 
ʋʙʚʤʡʯʙ 1 

ʇʫʦʧʱʞʦʡʞ ʩʙʪʫʞʦʡʢ ʣ ʶʣʧʤʧʜʡʰʞʪʣʡʥ ʜʩʬʨʨʙʥ 

ʆʙʠʛʙʦʡʞ ʩʙʪʫʞʦʡʸ 
ʖʣʧʤʧʜʡʰʞʪʣʡʞ ʱʣʙʤʴ 

Nt H Tr Rc Hd 

Abies sibirica Ledeb. L: 3 4 6 L: 3 13 

Achillea millifolium L. 6 3 8 7 9 

Aconitum septentrionale Koelle .* . 7 . 12 

Adoxa moschatellina L. 9 4 7 8 13 

Aegopodium podagraria L. 9 4 5 8 12 

Alisma plantago-aquatica L. 6 3 10 7 17 

Alopecurus pratensis L. 7 3 10 9 13 

Angelica sylvestris L. 5 4 6 6 14 

Antennaria dioica (L.) Gaertn. 4 4 4 4 10 

Arctostaphylos uva-ursi (L.) Spreng. 3 3 4 6 11 

Artemisia vulgaris L. 9 3 7 6 11 

Astragalus danicus Retz. 3 3 8 11 9 

Avenella flexuosa L. 3 4 . 3 13 
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Betula pendula Roth 5 . 5 6 14 

Betula pubescens Ehrh. 4 4 5 6 15 

Bidens tripartia L. 9 4 10 7 16 

Bromopsis inermis (Leyss.) Holub 6 3 11 10 11 

Calamagrostis epigeios (L.) Roth 7 2 9 7 11 

Callitriche cophocarpa Sendtn. 4 4 7 7 20 

Caltha palustris L. 6 4 8 7 16 

Campanula cervicaria L. 4 4 5 9 11 

Carex vesicaria L. 6 . 6 7 16 

Chamerion angustifolium (L.) Holub 7 3 5 4 12 

Cirsium oleraceum (L.) Scop. 6 4 6 9 15 

Cirsium setosum (Willd.) Besser L: 4 E: 7 3 8 L: 3 13 

Dactylos glomerata L. 7 3 7 6 10 

Elytrigia repens (L.) Nevski 9 2 10 6 12 

Epilobium hirsutum L. 9 4 8 9 13 

Equisetum fluviatile L. 7 4 7 7 16 

Equisetum pratense Ehrh. L: 3 E: 2 3 . L:2 E: 7 L: 4 E: 6 

Equisetum sylvaticum L. 5 3 5 4 14 

Euphrasia parviflora Schag. L: 2 E: 2 4 . L: 3 L: 2 E: 4 

Festuca pratensis Huds. 7 4 8 7 14 

Filipendula ulmaria (L.) Maxim. 5 4 7 6 14 

Fragaria vesca L. 7 3 5 6 11 

Galium mollugo L. 6 3 10 7 11 

Galium palustre L. 5 5 7 7 16 

Geranium pratense L. 7 3 8 10 12 

Geum rivale L. 5 4 5 6 14 

# Gymnadenia conopsea (L.) R. Br. 4 4 5 9 14 

Heracleum sibiricum L. L: 4 E: 8 4 9 L: 3 14 

! Heracleum sosnowskyi Manden . . 7 . 13 

Hieracium pilosella L. 3 3 5 6 10 

Hieracium umbellatum L. 3 4 5 5 11 

Hylotelephium triphyllum (Haw.) Holub 4 . 6 9 10 

Hypericum maculatum Crantz 3 4 5 4 13 

Juniperus communis L. 5 4 5 6 12 

Lathyrus palustris L. 4 5 9 10 15 

Lathyrus pratensis L. 7 3 7 8 13 

Lathyrus vernus (L.) Bernh. 5 3 6 8 12 

Lemna minor L. 5 . 7 6 18 

Leontodon autumnalis L. 6 3 9 7 11 

Leucanthemum vulgare Lam. 4 3 7 6 12 

Lonicera xylosteum L. 5 3 5 8 14 

Lysimachia vulgaris L. 5 4 7 6 16 

ʆʙʠʛʙʦʡʞ ʩʙʪʫʞʦʡʸ 
ʖʣʧʤʧʜʡʰʞʪʣʡʞ ʱʣʙʤʴ 

Nt H Tr Rc Hd 

! Medicago lupulina L. 5 3 8 9 9 

Melampyrum pratense L. 4 4 4 4 13 

Melampyrum sylvaticum L. 3 5 4 3 12 

! Melilotus albus Medikus 4 3 7 8 9 

Myosotis arvensis (L.) Hill 7 3 8 6 11 

Myosotis sylvatica Ehrh. ex Hoffm. 8 4 6 6 10 
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Omalotheca sylvatica (L.) Sch. Bip. & F. 
W. Schultz 

7 4 5 3 10 

Orthilia secunda (L.) House 3 4 4 6 12 

Parnassia palustris L. 3 3 6 8 15 

Persicaria lapathifolia (L.) Gray 9 3 11 7 16 

Petasites hybridus (L.) Gaertn., B. Mey. 
& Scherb. 

9 3 8 8 18 

Phalaroides arundinacea (L.) Rauschert 8 3 10 9 14 

Phleum pratense L. 7 3 8 7 13 

Picea obovata Ledeb. . . . . . 

Pimpenella saxifraga L. 3 3 5 6 11 

Pinus sylvestris L. 5 . 5 7 14 

Plantago major L. 6 3 10 7 12 

Plantago media L. 4 3 9 10 11 

Populus tremula L. 5 3 7 7 14 

Potamogeton natans L. 5 4 5 8 21 

Prunella vulgaris L. 5 3 6 7 13 

Pyrola rotundifolia L. 4 5 5 6 13 

Ranunculus acris L. 5 3 10 7 13 

Rhinanthus angustifolius C. C. Gmelin 4 2 8 9 13 

Ribes nigrum L. 6 4 6 6 15 

Rorippa Ĭ anceps (Wahlenb.) Rchb. 7 . 5 8 15 

Rosa acicularis Lindl. . . 5 . 12 

Rubus idaeus L. 8 3 6 6 15 

Rubus saxatilis L. 5 3 5 6 14 

Rumex acetosa L. 6 4 6 6 13 

! Rumex confertus Willd. . . 9 . 13 

Rumex crispus L. 6 2 9 7 13 

Solanum dulcamara L. 9 3 6 6 16 

Solidago virgaurea L. 6 4 5 6 11 

Sorbus aucuparia L. 5 3 7 7 13 

Stellaria graminea L. 5 3 9 8 10 

Tanacetum vulgare L. 6 4 9 7 11 

Taraxacum officinale s.l. 8 3 9 7 11 

Thalictrum aquilegiifolium L. 8 4 6 8 12 

Trientalis europaea L. 3 5 3 4 14 

Trifolium hybridum L. 6 3 9 9 14 

Trifolium medium L. 4 3 8 7 10 

Trifolium pratense L. 5 3 8 7 11 

Trifolium repens L. 8 3 9 7 12 

Tussilago farfara L. 5 2 6 9 12 

! Typha latifolia s.l. 9 3 8 7 18 

Urtica dioica L. 8 4 6 6 13 

Veronica chamaedrys L. 5 3 . 7 11 

Vicia cracca L. 5 3 9 7 13 

Vicia sepium L. 6 3 6 8 13 

Vicia sylvatica L. 5 3 5 9 12 

Viola canina L. 3 4 5 4 12 

* ʊʦʯʢʘ ʚ ʪʘʙʣʠʮʝ ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʜʝʥʠʡ ʧʦ ʜʘʥʥʦʤʫ ʚʠʜʫ ʜʣʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 
ʆʩʪʘʣʴʥʳʝ ʙʘʣʣʳ ʨʘʩʰʠʬʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʘʭ ʜʘʣʝʝ. 
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ɺʩʝʛʦ ʚʦ ʬʣʦʨʝ ʢʘʥʘʣʘ ʚʳʷʚʣʝʥʦ 107 ʚʠʜʦʚ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ. ɼʘʞʝ ʙʝʛʣʳʡ ʚʟʛʣʷʜ ʥʘ ʩʧʠʩʦʢ 
ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʨʝʩʥʳʭ ʤʦʤʝʥʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʦʧʠʩʘʥʥʦʛʦ ʜʣʷ 
ʜʨʫʛʠʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʜʦʸʤʦʚ [16]: ʚʦ-ʧʝʨʚʳʭ, ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ ʧʘʧʦʨʦʪʥʠʢʦʦʙʨʘʟʥʳʭ ʠ ʧʣʘʫʥʦʚ (ʢʦʪʦ-
ʨʳʝ, ʦʜʥʘʢʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ) ʧʨʠ ʥʘʣʠʯʠʠ ʭʚʦʱʝʡ; ʚʦ-ʚʪʦʨʳʭ, ʢʨʘʡʥʝ ʥʠʟʢʦʝ 
ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʘʢʩʦʥʦʚ ʩʦʙʩʪʚʝʥʥʦ ʚʦʜʥʳʭ ʠ ʦʢʦʣʦʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ (ʢʘʢ-ʪʦ ʦʩʦʢ, ʢʘʤʳ-
ʰʝʡ, ʩʫʩʘʢʘ ʠ ʪ.ʜ.). ʊʨʝʪʴʠʤ ʠʥʪʝʨʝʩʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʙʦʙʦʚʳʭ, ʯʪʦ 
ʩʣʦʞʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ ʦʪ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʵʢʦʩʠʩʪʝʤ. 

ɼʦʣʷ ʘʜʚʝʥʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʘ, ʦʜʥʘʢʦ, ʠʩʢʣʶʯʘʷ Rumex confertus, ʚʩʝ ʦʩʪʘʣʴ-
ʥʳʝ ʚʠʜʳ ʦʙʨʘʟʫʶʪ ʚ ʤʝʩʪʘʭ ʚʥʝʜʨʝʥʠʷ ʢʨʫʧʥʳʝ ʩʢʦʧʣʝʥʠʷ, ʥʝʨʝʜʢʦ ʜʦʤʠʥʠʨʫʷ ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʠʣʠ 
ʜʘʞʝ ʦʙʨʘʟʫʷ ʠʭ; ʧʨʠʯʸʤ ʢ Heracleum sosnowskyi ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʅʝʷʩʥʳʤ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʠʭ ʚʥʝʜʨʝʥʠʷ ʩʶʜʘ; ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 
ʩʯʸʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘʩʝʣʝʥʠʷ ʠ ʉʃʇʂ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʦʨʦʛʫ ʚʜʦʣʴ ʢʘʥʘʣʘ. 

ʅʝʫʜʠʚʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʨʝʢʦʤʝʥʜʫʝʤʦʛʦ ʢ ʙʠʦʥʘʜʟʦʨʫ Gymnadenia conopsea: 
ʝʩʪʝʩʪʚʝʥʥʦ ʨʝʜʢʠʝ ʚ ʧʨʠʨʦʜʝ Orchidaceae ʯʘʩʪʦ ʚʩʝʣʷʶʪʩʷ ʚ ʘʥʪʨʦʧʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥ-
ʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʛʜʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʥʠ ʠʩʧʳʪʳʚʘʶʪ ʤʝʥʴʰʫʶ ʢʦʥʢʫʨʝʥʮʠʶ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚ ʧʦ ʰʢʘʣʝ ʥʠʪʨʦʬʠʣʴʥʦʩʪʠ ʜʘʥʦ ʚ ʪʘʙʣʠʮʝ 2; ʜʣʷ 5 ʚʠʜʦʚ ʜʘʥʥʳʝ ʥʝ 
ʥʘʡʜʝʥʳ, ʧʦʵʪʦʤʫ ʩʫʤʤʘ ʧʨʦʮʝʥʪʦʚ ʚ ʪʘʙʣʠʮʝ ʤʝʥʴʰʝ ʩʪʘ. Euphrasia parviflora ʦʪʥʝʩʝʥʘ ʥʘʤʠ ʚʦ ʚʪʦ-
ʨʫʶ ʛʨʫʧʧʫ, Abies sibirica ʠ Equisetum pratense ï ʚ ʪʨʝʪʴʶ, Cirsium setosum ʠ Heracleum sibiricum ï ʚ ʯʝʪ-
ʚʸʨʪʫʶ. 

 
ʋʙʚʤʡʯʙ 2 

ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʛʡʝʧʛ ʨʧ ʶʣʧʤʧʜʡʰʞʪʣʡʥ ʜʩʬʨʨʙʥ ʨʧ ʧʫʦʧʱʞʦʡʷ ʣ ʧʚʞʪʨʞʰʞʦʦʧʪʫʡ ʨʧʰʛʴ ʙʠʧʫʧʥ 

ʆʙʠʛʙʦʡʞ ʶʣʧʤʧʜʡʰʞʪʣʧʢ ʜʩʬʨʨʴ (ʚʙʤʤ ʱʣʙʤʴ ʏʴʜʙʦʧʛʙ) 
ʐʡʪʤʧ ʛʡʝʧʛ 

ʰʪ. % 

ʉʫʙʘʥʠʪʨʦʬʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ (2, 3) 12 11,2 

ɻʝʤʠʥʠʪʨʦʬʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ (4, 5) 40 37,4 

ʉʫʙʥʠʪʨʦʬʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ (6, 7) 31 30,0 

ʅʠʪʨʦʬʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ (8ï11) 19 17,8 

 
ɺ ʮʝʣʦʤ, ʜʣʷ ʢʘʥʘʣʘ, ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʧʝʩʯʘʥʦʤ ʦʩʥʦʚʘʥʠʠ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʦʩʪʘʪʢʠ ʙʦʨʝʘʣʴ-

ʥʳʭ ʠ ʙʦʨʦʚʳʭ ʩʦʦʙʱʝʩʪʚ, ʜʦʣʷ ʥʠʪʨʦʬʠʣʴʥʳʭ ʚʠʜʦʚ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʦ ʚʳʩʦʢʦʡ, ʪʝʤ ʙʦ-
ʣʝʝ ʧʨʦʮʝʥʪ ʨʘʩʪʝʥʠʡ ʙʦʛʘʪʳʭ ʧʦʯʚ (ʙʘʣʣ 9). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʦʥʠ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʦ ʚʩʪʨʝ-
ʯʘʶʪʩʷ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ ʙʝʨʝʛʘ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʠʣʠ ʦ ʚʳʩʦʢʦʡ ʚʦʜʦʧʦʜʲʸʤʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ 
(çʧʦʯʚʳè) ʙʝʨʝʛʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʥʠʤʘʪʴ ʨʘʩʪʚʦʨʸʥʥʳʝ ʚ ʚʦʜʝ ʘʟʦʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢ ʩʘʤʦʡ ʚʝʨ-
ʭʫʰʢʝ, ʠʣʠ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʚʷʟʠ ʩ ʘʟʦʪʦʤ ʢʘʥʘʣʘ. ʇʝʨʚʦʝ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ; ʢʦʩ-
ʚʝʥʥʦ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʘʟʦʪʘ ʦʪ ʚʦʜʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʩʫʙʘʥʠʪʨʦʬʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʪʦʣʴʢʦ 
ʥʘ ʚʝʨʰʠʥʝ ʙʝʨʝʛʘ. 

ɻʨʘʜʘʮʠʷ ʚʠʜʦʚ ʚ ʧʨʝʜʝʣʘʭ ʰʢʘʣʳ ʙʦʛʘʪʩʪʚʘ ʧʦʯʚʳ ʛʫʤʫʩʦʤ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 3; ʝʱʸ ʜʣʷ 11 
ʚʠʜʦʚ ʬʣʦʨʳ ʜʘʥʥʳʝ ʥʝ ʥʘʡʜʝʥʳ. 

 
ʋʙʚʤʡʯʙ 3 

ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʛʡʝʧʛ ʨʧ ʶʣʧʤʧʜʡʰʞʪʣʡʥ ʜʩʬʨʨʙʥ ʨʧ ʧʫʦʧʱʞʦʡʷ ʣ ʜʬʥʬʪʪʡʩʧʛʙʦʦʧʪʫʡ ʨʧʰʛʴ 

ʆʙʠʛʙʦʡʞ ʶʣʧʤʧʜʡʰʞʪʣʧʢ ʜʩʬʨʨʴ (ʚʙʤʤ ʱʣʙʤʴ Landoltõa) 
ʐʡʪʤʧ ʛʡʝʧʛ 

ʰʪ. % 

ʈʘʩʪʝʥʠʷ ʧʦʯʚ ʩ ʥʝʙʦʣʴʰʠʤ ʛʫʤʫʩʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ (2) 5 4,7 

ʈʘʩʪʝʥʠʷ ʧʦʯʚ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ (3) 50 46,7 

ʈʘʩʪʝʥʠʷ ʧʦʯʚ ʩ ʙʦʣʴʰʠʤ ʛʫʤʫʩʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ, ʥʦ ʢʦʨʥʷʤʠ 
ʜʦʩʪʠʛʘʶʱʠʝ ʥʠʞʝʣʝʞʘʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʣʦʸʚ ʧʦʯʚʳ (4) 

36 33,7 

ʈʘʩʪʝʥʠʷ ʙʦʛʘʪʳʭ ʛʫʤʫʩʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʯʚ, ʠʟʙʝʛʘʶʱʠʭ 
ʤʠʥʝʨʘʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ (5) 

5 4,7 
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ʈʘʩʪʝʥʠʷ ʧʦʯʚ ʩ ʥʝʙʦʣʴʰʠʤ ʛʫʤʫʩʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ ʙʝʨʝʛʦʚ ʢʘʥʘʣʦʚ. ʉʨʝʜʠ ʚʠʜʦʚ ʙʦʛʘʪʳʭ ʧʦʯʚ Pyrola rotundifolia ʠ Trientalis europaea ʩʢʦʥʮʝʥʪʨʠʨʦ-
ʚʘʥʳ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʚʚʝʨʭʫ ʩʢʣʦʥʘ, ʦʜʥʘʢʦ ʠʭ ʧʦʜʟʝʤʥʳʝ ʯʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʣʝʞʘʪ ʚ ʧʦʜ-
ʩʪʠʣʢʝ, Galium palustre ʠ Lathyrus palustris ʥʘʦʙʦʨʦʪ, ʧʨʠʫʨʦʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʦʢʦʣʦʚʦʜʥʦʡ ʪʝʨ-
ʨʠʪʦʨʠʠ, ʛʜʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʷʛʦʪʝʶʪ ʢ ʥʘʠʣʢʫ, ʥʝ ʦʙʨʘʟʫʷ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʢʦʧʣʝʥʠʡ. ɺ 
ʮʝʣʦʤ, ʦʜʥʘʢʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʵʪʦʡ ʰʢʘʣʳ ʢʘʞʝʪʩʷ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥ-
ʥʳʤ ʜʣʷ ʦʢʦʣʦʚʦʜʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʭʦʪʷ ʜʦʣʷ ʨʘʩʪʝʥʠʡ ʧʦʯʚ ʩ ʙʦʣʴʰʠʤ ʛʫʤʫʩʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ ʠ ʚʳ-
ʛʣʷʜʠʪ ʥʝʩʢʦʣʴʢʦ ʠʟʙʳʪʦʯʥʦ ʚʳʩʦʢʦʡ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚ ʧʦ ʰʢʘʣʝ ʩʦʣʝʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʠ ʟʘʩʦʣʸʥʥʦʩʪʠ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 4; ʝʱʸ 
ʜʣʷ 5 ʚʠʜʦʚ ʜʘʥʥʳʝ ʥʝ ʥʘʡʜʝʥʳ. 

 
ʋʙʚʤʡʯʙ 4 

ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʛʡʝʧʛ ʨʧ ʶʣʧʤʧʜʡʰʞʪʣʡʥ ʜʩʬʨʨʙʥ 
ʨʧ ʧʫʦʧʱʞʦʡʷ ʣ ʧʚʞʪʨʞʰʞʦʦʧʪʫʡ ʨʧʰʛʴ ʶʤʞʥʞʦʫʙʥʡ ʥʡʦʞʩʙʤʵʦʧʜʧ ʨʡʫʙʦʡʸ 

ʆʙʠʛʙʦʡʞ ʶʣʧʤʧʜʡʰʞʪʣʧʢ ʜʩʬʨʨʴ (ʚʙʤʤ ʱʣʙʤʴ ʏʴʜʙʦʧʛʙ) 
ʐʡʪʤʧ ʛʡʝʧʛ 

ʰʪ. % 

ɻʣʠʢʦʦʣʠʛʦʪʨʦʬʥʳʝ ʨʘʩʪʝʥʠʷ (1ï3) 1 0,9 

ɻʣʠʢʦʤʝʟʦʪʨʦʬʥʳʝ ʨʘʩʪʝʥʠʷ (4ï6) 47 43,9 

ɻʣʠʢʦʵʚʪʨʦʬʥʳʝ ʨʘʩʪʝʥʠʷ (7ï9) 44 41,1 

ʇʝʨʪʨʦʬʥʳʝ ʨʘʩʪʝʥʠʷ (10) 8 7,5 

ɻʘʣʦʵʚʪʨʦʬʥʳʝ ʨʘʩʪʝʥʠʷ (11ï13) 2 1,9 

 
ʆʞʠʜʘʝʤʦ, ʚʦ ʬʣʦʨʝ ʜʦʤʠʥʠʨʫʶʪ ʛʣʠʢʦʬʠʪʥʳʝ ʚʠʜʳ; ʚʠʜʳ-ʛʘʣʦʬʠʪʳ ʥʝ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʚʦʝʡ ʛʨʫʧʧʳ. ʂʘʢ ʠ ʚ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ, ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʦʙʠʣʠʝ 
ʨʘʩʪʝʥʠʡ ʧʦʯʚ, ʭʦʨʦʰʦ ʦʙʝʩʧʝʯʝʥʥʳʭ ʵʣʝʤʝʥʪʘʤʠ ʧʠʪʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦ-
ʩʪʝʡ ʚ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ ʧʨʦʬʠʣʶ; ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʩʫʙʩʪʨʘʪ ʚʩʝʛʦ ʙʝʨʝʛʘ ʭʦ-
ʨʦʰʦ ʦʙʝʩʧʝʯʝʥ ʵʣʝʤʝʥʪʘʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣʘ ʚʳʷʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʬʦʩʬʦʨʥʳʝ ʦʞʦʛʠ; ʦʜʥʘʢʦ ʫʞʝ ʧʨʠʤʝʨʥʦ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ 
ʦʥʠ ʬʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʶʪ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʚʠʜʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʧʦʯʚʘʤ ʨʘʟʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 5; ʝʱʸ 
ʜʣʷ 5 ʚʠʜʦʚ ʜʘʥʥʳʝ ʥʝ ʥʘʡʜʝʥʳ. Equisetum pratense ʦʪʥʝʩʸʥ ʥʘʤʠ ʢ ʤʝʟʦʘʮʠʜʦʬʠʣʴʥʦʡ ʛʨʫʧʧʝ, Abies 
sibirica, Cirsus setosum, Euphrasia parviflora ʠ Heracleum sibiricum ï ʢ ʩʫʙʘʮʠʜʦʬʠʣʴʥʳʤ. 

 
ʋʙʚʤʡʯʙ 5 

ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʛʡʝʧʛ ʨʧ ʶʣʧʤʧʜʡʰʞʪʣʡʥ ʜʩʬʨʨʙʥ ʨʧ ʧʫʦʧʱʞʦʡʷ ʣ ʩʞʙʣʯʡʡ ʨʧʰʛʞʦʦʧʜʧ ʩʙʪʫʛʧʩʙ 

ʆʙʠʛʙʦʡʞ ʶʣʧʤʧʜʡʰʞʪʣʧʢ ʜʩʬʨʨʴ (ʚʙʤʤ ʱʣʙʤʴ ʏʴʜʙʦʧʛʙ) 
ʐʡʪʤʧ ʛʡʝʧʛ 

ʰʪ. % 

ʇʝʨʘʮʠʜʦʬʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ (3. 4) 10 9,4 

ʄʝʟʦʘʮʠʜʦʬʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ (5, 6) 29 27,1 

ʉʫʙʘʮʠʜʦʬʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ (7, 8) 46 43,0 

ʅʝʡʪʨʦʬʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ (9) 12 11,2 

ʉʫʙʘʣʢʘʬʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ (10, 11) 5 4,7 

 
ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʠʚʝʜʸʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʬʦʥʝ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʜʦʤʠʥʠʨʦʚʘʥʠʷ 

ʨʘʩʪʝʥʠʡ ʢʠʩʣʳʭ ʧʦʯʚ ʩʪʨʘʥʥʦ ʚʳʩʦʢʘ ʜʦʣʷ ʥʝʡʪʨʦʬʠʣʦʚ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʩʫʙʘʣʢʘʬʠʣʴʥʳʭ ʚʠʜʦʚ. ɺʦʟ-
ʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʘʥʘʣʘ ʩʦʜʝʨʞʘʱʠʭ ʢʘʣʴʮʠʡ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʫʨʦ-
ʯʝʥʳ ʵʪʠ ʨʘʩʪʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʚʝʨʭʫʰʢʘʤ ʙʝʨʝʛʦʚ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʰʫ ʪʦʯʢʫ ʟʨʝ-
ʥʠʷ ʥʘ ʟʘʢʠʩʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚʦʜʳ ʩʘʤʦʛʦ ʢʘʥʘʣʘ; ʚʧʨʦʯʝʤ, ʠ ʧʝʨʘʮʠʜʦʬʠʣʳ ʪʦʞʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ 
ʚʚʝʨʭʫ ʧʨʦʬʠʣʷ. 
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ɺ ʪʘʙʣʠʮʝ 6 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʣʘʞʥʦ-
ʩʪʠ; ʝʱʸ ʜʣʷ 2 ʚʠʜʦʚ ʜʘʥʥʳʝ ʥʝ ʥʘʡʜʝʥʳ. Euphrasia parviflora ʦʪʥʝʩʝʥʘ ʥʘʤʠ ʢ ʩʪʝʧʥʦʡ ʛʨʫʧʧʝ, Equise-
tum pratense ï ʢ ʣʝʩʦʣʫʛʦʚʦʡ. 

 
ʋʙʚʤʡʯʙ 6 

ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʛʡʝʧʛ ʨʧ ʶʣʧʤʧʜʡʰʞʪʣʡʥ ʜʩʬʨʨʙʥ ʨʧ ʧʫʦʧʱʞʦʡʷ ʣ ʛʤʙʟʦʧʪʫʡ ʨʧʰʛʴ 

ʆʙʠʛʙʦʡʞ ʶʣʧʤʧʜʡʰʞʪʣʧʢ ʜʩʬʨʨʴ (ʚʙʤʤ ʱʣʙʤʴ ʏʴʜʙʦʧ-
ʛʙ) 

ʐʡʪʤʧ ʛʡʝʧʛ 

ʰʪ. % 

ʉʪʝʧʥʳʝ ʨʘʩʪʝʥʠʷ (4ï9) 5 4,7 

ʃʝʩʦʣʫʛʦʚʳʝ ʨʘʩʪʝʥʠʷ (10ï17) 96 89,7 

ɹʦʣʦʪʥʳʝ ʨʘʩʪʝʥʠʷ (18ï20) 3 2,8 

ʇʨʠʙʨʝʞʥʦ-ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ (21) 1 0,9 

 
ʋʜʠʚʠʪʝʣʴʥʦ ʜʣʷ ʧʨʠʚʦʜʥʦʡ ʬʣʦʨʳ ʘʙʩʦʣʶʪʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʣʝʩʦʣʫʛʦʚʳʭ ʨʘʩʪʝʥʠʡ ʩ ʥʠ-

ʯʪʦʞʥʳʤʠ ʜʦʣʷʤʠ ʚʠʜʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʙʦʣʝʝ ʚʣʘʞʥʳʤ ʵʢʦʪʦʧʘʤ; ʧʨʠ ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʠʝ ʩʪʝʧʥʳʭ ʚʠ-
ʜʦʚ ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʦ. ʆʯʝʚʠʜʥʦ, ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʩʪʠ ʢʘʥʘʣʘ ʠ ʥʝʟʘʢʦʥʯʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦ-
ʚʘʥʠʷ ʝʛʦ ʬʣʦʨʳ. 

ʀʙʣʤʷʰʞʦʡʞ. ɸʥʘʣʠʟ ʬʣʦʨʳ ʢʘʥʘʣʘ ʉʃʇʂ ʥʘʛʣʷʜʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʸ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʧʨʠʨʦ-
ʜʝ ʠ ʥʝʟʘʢʦʥʯʝʥʥʦʩʪʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʛʨʫʧʧʳ ʚʥʝʜʨʠʚʰʠʭʩʷ ʚʠʜʦʚ ʧʦʟʚʦ-
ʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʥʝʸ ʩʪʦʯʥʳʭ ʚʦʜ, ʙʦʛʘʪʳʭ ʙʠʦʛʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʄʳ 
ʩʯʠʪʘʝʤ, ʯʪʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʦʪ ʥʠʭ ʩʪʦʢʦʚ ʩʣʝʜʫʝʪ ʠʩʢʫʩʩʪʚʝʥʥʦ ʜʦʧʦʣʥʠʪʴ ʬʣʦʨʫ 
ʨʘʩʪʝʥʠʷʤʠ ʙʦʣʦʪʥʳʤʠ ʠ ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʳʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʥʠʪʨʦʬʠʣʴʥʦʡ ʠʣʠ ʩʫʙʥʠʪʨʦʬʠʣʴʥʦʡ 
ʛʨʫʧʧʝ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
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°½°»¸· ²¾·½¸º½¾²µ½¸Ï 
¿À¾ÄµÁÁ¸¾½°»Ì½ËÅ ·°±¾»µ²°½¸¹ 
(½° ¿À¸¼µÀµ È°ÅÂË ¦º°»Ì¸½Áº°Ï«) 

ʩʪʫʜʝʥʪʢʘ, 
ʌɻɹʆʋ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʘʪʦʣʦʛʠʠ; ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʨʦʙ-
ʥʳʡ ʘʥʘʣʠʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʦʟ-
ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʨʘʙʦʪʥʠʢʦʚ ʠ ʩʪʘʞʘ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʥʝʚʤʦʢʦʥʠʦʟ; ʚʦʟʨʘʩʪ; ʩʪʘʞ; ʘʥʘʣʠʟ; ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. 
 

ANALYSIS OF OCCURRENCE OF OCCUPATIONAL DISEASES (ON THE EXAMPLE OF MINE 
"KALINSKAYA") 

 
Abstact: the article considers the problem of occupational diseases; presents a detailed analysis of occur-
rence of occupational diseases, depending on the harmful factors affecting the employees and experience with 
these factors. 
Key words: pneumoconiosis; age; experience; analysis; occupational disease. 

 
ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘ ʰʘʭʪʝ çʂʘʣʴʠʥʩʢʘʷè ʚ 2011ʛ. ʫʩʪʘʥʦʚʣʝʥʦ 34 

ʩʣʫʯʘʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʅʘʠʙʦʣʴʰʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʣʠʮ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ ʦʪʤʝʯʘʝʪʩʷ ʚ 2012ʛ. ʠ ʥʘʩʯʠʪʳʚʘʝʪ 46 ʩʣʫʯʘʝʚ. ɺʝʜʫʱʫʶ ʧʦʟʠʮʠʶ, ʩʨʝʜʠ 
ʧʨʦʬʟʘʙʦʣʝʚʘʥʠʡ, ʟʘʥʠʤʘʝʪ ʧʥʝʚʤʦʢʦʥʠʦʟ ʙʦʢʩʠʪʥʳʡ 1ʩʪʘʜʠʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʝʛʦ ʫʜʝʣʴʥʳʡ ʚʝʩ ʩʦ-
ʩʪʘʚʣʷʝʪ 33% ʦʪ ʚʩʝʭ ʧʨʦʬʟʘʙʦʣʝʚʘʥʠʡ. ʅʘ ʚʪʦʨʦʡ ʧʦʟʠʮʠʠ ʥʘʭʦʜʠʪʩʷ ʦʩʪʝʦʘʨʪʨʦʟ ʣʦʢʪʝʚʳʭ ʩʫʩʪʘʚʦʚ 
ʠ ʚʠʙʨʘʮʠʦʥʥʘʷ ʙʦʣʝʟʥʴ 1 ʩʪʝʧʝʥʠ ʩʠʥʜʨʦʤʚʝʛʝʪʘʪʠʚʥʦ-ʩʝʥʩʦʨʥʦʡ ʧʦʣʠʥʝʡʨʦʧʘʪʠʠ, ʠʭ ʫʜʝʣʴʥʳʡ ʚʝʩ 
ʨʘʚʝʥ 11%.  

ɿʘʪʝʤ ʩ 2012ʛ. ʧʦ 2014ʛ. ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦ-
ʣʝʚʘʥʠʡ. ɺ 2014ʛ. ʦʙʱʝʝ ʯʠʩʣʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʨʘʚʥʦ 12 ʩʣʫʯʘʷʤ. ʈʝʟʢʠʡ ʧʦʜʲʝʤ 
ʯʠʩʣʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩ 2014-2015ʛʛ. ɸ ʩ 2015-2017ʛʛ.  ʯʠʩʣʦ ʩʣʫʯʘʝʚ ʩʥʦ-
ʚʘ ʩʦʢʨʘʪʠʣʦʩʴ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʯʠʩʣʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʟʘ ʘʥʘʣʠʟʠʨʫ-
ʝʤʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʨʘʩʧʨʝʜʝʣʷʣʦʩʴ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʠ ʤʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʥʦʩʠʣʘ ʚʦʣʥʦʦʙʨʘʟ-
ʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʧʦʜʲʝʤʘʤʠ ʠ ʩʥʠʞʝʥʠʷʤʠ ʩʣʫʯʘʝʚ.  

ɼʠʥʘʤʠʢʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘ ʰʘʭʪʝ çʂʘʣʴʠʥʩʢʘʷè ʟʘ ʧʝʨʠʦʜ 2011-2017 ʛʛ. 
ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʬʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚ ʧʝʨʠʦʜ 2011-2017ʛʛ. ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʳʣʠ ʜʠʘʛʥʦʩʪʠʨʦ-
ʚʘʥʳ ʟʘʙʦʣʝʚʘʥʠʷ ʣʝʛʢʠʭ ʫ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʰʘʭʪʝ çʂʘʣʴʠʥʩʢʘʷè. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʨʫʜʥʠʢʘʭ ʥʘʰʝʡ 
ʩʪʨʘʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʥʝʚʤʦʢʦʥʠʦʟʦʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʢʦʤ-
ʧʣʝʢʩʘ ʧʨʦʪʠʚʦʧʳʣʝʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ.  ɺʳʷʚʣʷʶʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘ-
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ʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʟʘʙʦʣʝʚʘʥʠʡ ʧʥʝʚʤʦʢʦʥʠʦʟʘʤʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʠ ʩʪʘʞʝ 12 ï 15 ʣʝʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 
ʧʥʝʚʤʦʢʦʥʠʦʟ ʙʦʢʩʠʪʥʳʡ 1 ʩʪʘʜʠʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʣʠʜʠʨʫʶʱʝʡ ʧʦʟʠʮʠʠ ʩʨʝʜʠ ʧʨʦʬʟʘʙʦʣʝʚʘʥʠʡ (27%) ʠ 
ʥʘʩʯʠʪʳʚʘʝʪ 51 ʩʣʫʯʘʡ. ʊʘʢʞʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʥʝʚʤʦʢʦʥʠʦʟ 1 ʩʪʘʜʠʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʤʝʰʘʥʥʦʡ ʧʳ-
ʣʠ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 18%.  ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦ-
ʛʫʪ ʚʳʷʚʣʷʪʴʩʷ ʯʝʨʝʟ ʤʥʦʛʦ ʣʝʪ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʢʦʥʪʘʢʪʘ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʚʨʝʜʥʦʩʪʷʤʠ.  

 
ʉʡʪ. 1. ɽʡʦʙʥʡʣʙ ʨʩʧʭʞʪʪʡʧʦʙʤʵʦʴʮ ʠʙʚʧʤʞʛʙʦʡʢ ʦʙ ʱʙʮʫʞ çʃʙʤʵʡʦʪʣʙʸè 

 
ʉʡʪ. 2. ʈʩʧʭʞʪʪʡʧʦʙʤʵʦʙʸ ʠʙʚʧʤʞʛʙʞʥʧʪʫʵ ʦʙ ʱʙʮʫʞ çʃʙʤʵʡʦʪʣʙʸè ʠʙ ʨʞʩʡʧʝ 2011-2017ʜʜ. 
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ʅʘʨʷʜʫ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʳʣʠ, 
ʥʘʭʦʜʷʪʩʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʝ ʢʘʢ: ʚʠʙʨʘʮʠʦʥʥʘʷ ʙʦ-
ʣʝʟʥʴ (ʧʝʨʠʬʝʨʠʯʝʩʢʠʡ ʘʥʛʠʦʜʠʩʪʦʥʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʨʝʜʢʠʤʠ ʘʥ-
ʛʠʦʩʧʘʟʤʘʤʠ ʧʘʣʴʮʝʚ - 12%; ʩʠʥʜʨʦʤ ʩʝʥʩʦʨʥʦʡ ʚʝʛʝʪʘʪʠʚʥʦ-ʩʝʥʩʦʨʥʦʡ ʧʦʣʠʥʝʡʨʦʧʘʪʠʠ ʚʝʨʭʥʠʭ ʢʦ-
ʥʝʯʥʦʩʪʝʡ -16%) ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʥʝʡʨʦʩʝʥʩʦʨʥʘʷ ʪʫʛʦʫʭʦʩʪʴ, ʩʦʩʪʘʚʣʷʶʱʘʷ 5%. ɺʦʟʥʠʢʘʶʪ ʵʪʠ 
ʟʘʙʦʣʝʚʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʜʣʠʪʝʣʴʥʦʡ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ 12-15 ʣʝʪ (ʘ ʟʘʯʘʩʪʫʶ ʠ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ) ʨʘʙʦʪʳ ʩ 
ʧʝʨʬʦʨʘʪʦʨʘʤʠ. ʋʨʦʚʝʥʴ ʣʦʢʘʣʴʥʦʡ ʚʠʙʨʘʮʠʠ ʥʘ ʰʘʭʪʘʭ ʧʨʝʚʳʰʘʝʪ ʇɼʋ ʜʦ 12 ʜɹ (ʚ 4 ʨʘʟʘ), ʫʨʦʚʝʥʴ 
ʰʫʤʘ ï ʥʘ 16-22 ʜɹ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʧʥʝʚʤʦʢʦʥʠʦʟʘ, ʯʪʦ ʤʦʞʥʦ ʨʘʩ-
ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʥʝ ʚʳʷʚʣʷʣʠʩʴ 
ʪʷʞʝʣʳʝ ʬʦʨʤʳ (III ʩʪʝʧʝʥʴ) ʚʠʙʨʘʮʠʦʥʥʦʡ ʙʦʣʝʟʥʠ ʠ ʪʫʛʦʫʭʦʩʪʠ. ɺʝʨʦʷʪʥʦ, ʵʪʦʪ ʬʘʢʪ ʩʚʷʟʘʥ ʩ ʧʝʨʝ-
ʭʦʜʦʤ ʦʪ ʨʫʯʥʦʡ ʧʨʦʭʦʜʢʠ ʠ ʜʦʙʳʯʠ ʨʫʜʳ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʥʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʫʶ ʧʨʦ-
ʭʦʜʢʫ ʠ ʜʦʙʳʯʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʛʦʨʥʦʡ ʪʝʭʥʠʢʠ, ʠʤʝʶʱʝʡ ʩʥʠʞʝʥʥʳʝ ʫʨʦʚʥʷʤʠ ʚʠʙʨʘʮʠʠ 
(ʦʩʦʙʝʥʥʦ ʣʦʢʘʣʴʥʦʡ) ʠ ʰʫʤʘ[3]. 

ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʰʘʭʪʝʨʦʚ ʧʦ ʜʠʘʛʥʦʟʘʤ ʧʝʨʚʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 
ʟʘʙʦʣʝʚʘʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʚʣʠʷʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʵʨʦʟʦʣʝʡ (ʧʥʝʚʤʦʢʦʥʠʦʟʳ, ʭʨʦʥʠʯʝʩʢʠʝ ʠ ʧʳʣʝ-
ʚʳʝ ʙʨʦʥʭʠʪʳ, ʢʦʥʠʦʪʫʙʝʨʢʫʣʝʟʳ), ʚʪʦʨʦʝ ʤʝʩʪʦ ï ʟʘʙʦʣʝʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʝʨʝʛʨʫʟʢʘ-
ʤʠ ʠ ʧʝʨʝʛʨʫʟʢʘʤʠ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ (ʨʘʜʠʢʫʣʦʧʘʪʠʷ), ʪʨʝʪʴʝ ʤʝʩʪʦ ï ʟʘʙʦʣʝʚʘʥʠʷ, ʚʳʟʚʘʥ-
ʥʳʝ ʜʝʡʩʪʚʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʚʠʙʨʘʮʠʦʥʥʘʷ ʙʦʣʝʟʥʴ, ʘʨʪʨʦʟ, ʢʘʪʘʨʘʢʪʘ)[1]. 

 
ʉʡʪ. 3. ɻʧʠʩʙʪʫʦʧʞ ʩʙʪʨʩʞʝʞʤʞʦʡʞ ʤʡʯ ʪ ʬʪʫʙʦʧʛʤʞʦʦʴʥʡ ʨʩʧʭʞʪʪʡʧʦʙʤʵʦʴʥʡ ʠʙʚʧʤʞʛʙʦʡʸʥʡ 

ʦʙ ʱʙʮʫʞ çʃʙʤʵʡʦʪʣʙʸè ʠʙ ʨʞʩʡʧʝ 2011-2017ʜʜ. 
 

ʇʨʠ ʫʛʣʫʙʣʝʥʥʦʤ ʠʟʫʯʝʥʠʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʫʯʝʪ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʚʦʟʨʘʩʪʫ ʠ ʩʪʘʞʫ ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 
ʨʘʙʦʪʳ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʘʞʝʤ ʨʘʙʦʪʳ ʚ 
ʧʨʦʬʝʩʩʠʠ[2]. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʩʣʫʯʘʝʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ ʨʘʙʦʪʘʶʱʠʭ ʧʦʟ-
ʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 96% ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʝʚ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 39-58 
ʣʝʪ. 

ɺ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʦʪ 34 ʜʦ 63 ʣʝʪ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʩʪʘʚʣʷʣʠ ʧʘʮʠʝʥ-
ʪʳ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 49 ʜʦ 53 ʣʝʪ ʠ ʩʦʩʪʘʚʠʣʠ 30%. ʋ ʤʦʣʦʜʳʭ ʨʘʙʦʪʥʠʢʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘ-
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ʥʠʷ ʚʳʷʚʣʷʶʪʩʷ ʚ ʚʦʟʨʘʩʪʝ 34 ï 38 ʣʝʪ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʥʠʞʝʥʠʠ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʚʦʟʜʝʡ-
ʩʪʚʠʶ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 59 ʣʝʪ ʠ 34 ï 38 ʣʝʪ, ʵʪʠ 
ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ ʚʥʦʩʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʚ ʩʪʨʫʢʪʫʨʫ ʩʣʫʯʘʝʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-
ʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (2,1% ʠ 1,6% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʙʦʣʴʥʦʛʦ ʥʘ ʤʦʤʝʥʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʛʥʦʟʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ 
ï 48 ʣʝʪ. ʅʘ ʣʠʮʘ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʨʠʰʣʦʩʴ ʦʢʦʣʦ 80% ʦʙʩʣʝʜʦʚʘʥʥʳʭ.  

 
 

 
ʉʡʪ. 4.  ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʩʙʚʧʫʦʡʣʧʛ ʪ ʬʪʫʙʦʧʛʤʞʦʦʴʥʡ ʨʩʧʭʞʪʪʡʧʦʙʤʵʦʴʥʡ ʠʙʚʧʤʞʛʙʦʡʞʥ ʨʧ 

ʪʫʙʟʬ ʩʙʚʧʫʴ ʦʙ ʱʙʮʫʞ çʃʙʤʵʡʦʪʣʙʸè ʠʙ ʨʞʩʡʧʝ 2011-2017ʜʜ. 
 
ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʩ ʫʯʝʪʦʤ ʩʪʘʞʘ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʢʦʥʪʠʥʛʝʥʪ ʨʘ-

ʙʦʪʥʠʢʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 91% ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʢ ʩʪʘʞʝʚʦʡ ʛʨʫʧʧʝ ʦʪ 15 ï 29 ʣʝʪ. 
ʅʘ ʰʘʭʪʝ çʂʘʣʴʠʥʩʢʘʷè ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʨʠ ʩʪʘʞʝ ʨʘʙʦʪʳ ʩ 

ʚʨʝʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʙʦʣʝʝ 9 ʣʝʪ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʘʞʘ ʨʘʙʦʪʳ ʚʦʟʨʘʩʪʘʝʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʨʘʙʦʪʘʶʱʠʭ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʫ 
ʣʠʮ ʩʦ ʩʪʘʞʝʤ ʨʘʙʦʪʳ 22ï25 ʣʝʪ (56 ʯʝʣʦʚʝʢ). ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʯʘʩʪʦʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʬʟʘʙʦ-
ʣʝʚʘʥʠʡ ʥʘʭʦʜʠʪʩʷ ʛʨʫʧʧʘ ʣʠʮ ʩʦ ʩʪʘʞʝʤ ʨʘʙʦʪʳ ʦʪ 19-21 ʛʦʜʘ. (44 ʯʝʣʦʚʝʢʘ). 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʬʝʩʩʠʷʤʠ, ʟʘʥʷʪʳʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʷʚʣʷʶʪʩʷ ʧʦʜʟʝʤʥʳʝ ʧʨʦʭʦʜʯʠʢʠ, ʛʦʨʥʦ-
ʨʘʙʦʯʠʝ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ (ɻʈʆɿ), ʤʘʰʠʥʠʩʪʳ ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʦʡ ʤʘʰʠʥʳ (ʇɼʄ), ʧʨʦʭʦʜʯʠʢʠ, ʙʫ-
ʨʠʣʴʱʠʢʠ, ʢʨʝʧʠʣʴʱʠʢʠ. ʇʦʜʟʝʤʥʳʝ ʨʘʙʦʯʠʝ ʰʘʭʪʳ çʂʘʣʴʠʥʩʢʘʷè ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʤ-
ʧʣʝʢʩʘ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ: ʰʫʤʦʚʠʙʨʘʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ (ʧʨʠ ʨʘʙʦʪʝ 
ʥʘ ʧʝʨʬʦʨʘʪʦʨʘʭ), ʬʠʟʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ, ʧʳʣʝʚʦʛʦ ʬʘʢʪʦʨʘ (ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʳʣʴʶ ʩʣʦʞʥʦʛʦ ʭʠʤʠ-
ʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʝʡ ʜʚʫʦʢʠʩʠ ʢʨʝʤʥʠʷ), ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʂʦʥʪʠʥʛʝʥʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʙʦʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʙʦʪʥʠʢʘʤʠ ʰʘʭʪʳ çʂʘʣʴʠʥʩʢʘʷè (ʪʦʣʴʢʦ 
ʤʫʞʯʠʥʘʤʠ): ʛʦʨʥʦʨʘʙʦʯʠʝ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ (ɻʈʆɿ), ʤʘʰʠʥʠʩʪʳ ʇɼʄ, ʙʫʨʠʣʴʱʠʢʠ.   

ʉʥʠʞʝʥʠʝ ʩʣʫʭʘ ʚ ʚʠʜʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʥʝʡʨʦʩʝʥʩʦʨʥʦʡ ʪʫʛʦʫʭʦʩʪʠ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ 
ʦʩʥʦʚʥʦʤ ʫ ʙʫʨʠʣʴʱʠʢʦʚ ʩʢʚʘʞʠʥ ï 21 ʯʝʣʦʚʝʢ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫ ʙʫʨʠʣʴʱʠʢʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʦʢʘʟʘʣʦʩʴ ʩʠʥʜʨʦʤ ʚʝʛʝʪʘ-
ʪʠʚʥʦ-ʩʝʥʩʦʨʥʦʡ ʧʦʣʠʥʝʡʨʦʧʘʪʠʠ ʠ ʧʦʨʘʞʝʥʠʝ ʩʣʫʭʘ ï 8 ʯʝʣʦʚʝʢ. ʋ ʤʘʰʠʥʠʩʪʦʚ ʇɼʄ ʦʙʥʘʨʫʞʠʣʦʩʴ 
ʩʦʯʝʪʘʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʡ ʙʦʣʝʟʥʠ ʠ ʥʝʡʨʦʩʝʥʩʦʨʥʦʡ ʪʫʛʦʫʭʦʩʪʠ ï 6 ʯʝʣʦʚʝʢ.  

ʊʘʢʞʝ ʩʨʝʜʠ ʤʘʰʠʥʠʩʪʦʚ ʇɼʄ, ʙʫʨʠʣʴʱʠʢʦʚ ʠ ʧʨʦʭʦʜʯʠʢʦʚ ʥʘʨʷʜʫ ʩ ʚʝʛʝʪʘʪʠʚʥʦ-ʩʝʥʩʦʨʥʦʡ ʧʦ-
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ʣʠʥʝʡʨʦʧʘʪʠʝʡ ʨʫʢ ʯʘʩʪʦ ʦʪʤʝʯʘʣʠʩʴ ʵʧʠʢʦʥʜʠʣʝʟ ʧʣʝʯʝʚʳʭ ʩʫʩʪʘʚʦʚ, ʧʣʝʯʝʣʦʧʘʪʦʯʥʳʡʧʝʨʠʘʨʪʨʦʟ, 
ʦʩʪʝʦʘʨʪʨʦʟ ʣʦʢʪʝʚʳʭ ʩʫʩʪʘʚʦʚ ʠ ʧʦʷʩʥʠʯʥʦ-ʢʨʝʩʪʮʦʚʘʷ ʨʘʜʠʢʫʣʦʧʘʪʠʷ.  

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʣ ʚ ʛʨʫʧʧʝ ʤʘʰʠʥʠʩʪʦʚ ʇɼʄ ʧʝʨ-
ʚʳʝ ʞʘʣʦʙʳ ʥʘ ʙʦʣʠ ʧʦʷʩʥʠʯʥʦ-ʢʨʝʩʪʮʦʚʦʡ ʦʙʣʘʩʪʠ ʦʪʤʝʯʘʣʠʩʴ ʧʨʠ ʩʪʘʞʝ 10-12 ʣʝʪ. 

ʇʝʨʠʬʝʨʠʯʝʩʢʠʡ ʘʥʛʠʦʜʠʩʪʦʥʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ ʫ ɻʈʆɿ ʠ ʧʨʦʭʦʜʯʠʢʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʩʷ ʧʨʘʢʪʠ-
ʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʠ 1 ʩʪʘʜʠʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʙʦʣʝʟʥʠ (86 %), ʘ ʫ ʤʘʰʠʥʠʩʪʦʚ ʇɼʄ ʧʨʠ 1 ʩʪʘʜʠʠ 
ʚʠʙʨʘʮʠʦʥʥʦʡ ʙʦʣʝʟʥʠ ʦʥ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʫ 62% ʦʙʩʣʝʜʦʚʘʥʥʳʭ. ɿʘʯʘʩʪʫʶ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʠʢ-
ʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʡ ʰʘʭʪʳ: ʧʦʚʳʰʝʥʥʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʠ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʜʦ 6-12Áʉ. 

 

 
ʉʡʪ. 5.  ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʨʩʧʭʞʪʪʡʧʦʙʤʵʦʴʮ ʠʙʚʧʤʞʛʙʦʡʢ ʨʧ ʨʩʧʭʞʪʪʡʸʥ ʩʙʚʧʫʙʷʲʡʮ 

 
ʉʨʝʜʠ ʙʫʨʠʣʴʱʠʢʦʚ, ʧʨʦʭʦʜʯʠʢʦʚ ʠ ɻʈʆɿ ʧʨʝʦʙʣʘʜʘʣʘ ʧʳʣʝʚʘʷ ʧʘʪʦʣʦʛʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʥʝʚʤʦ-

ʢʦʥʠʦʟ ʙʦʢʩʠʪʥʳʡ 1 ʩʪʘʜʠʠ (78%, 73%, 88% ʦʙʩʣʝʜʦʚʘʥʥʳʭ). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʦʡ ʧʳʣʠ, ʣʦʢʘʣʴʥʦʡ ʚʠʙʨʘʮʠʠ ʠ ʰʫʤʘ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠ ʩʠ-
ʩʪʝʤ ʧʨʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. 
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ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
ʚʦʢʨʫʛ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ; ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʦʪʯʝʪʦʚ ʩʦʩʪʘʚʣʝʥʥʳʭ ʭʠʤʠʢʦ-
ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʜʘʥʥʦʤʫ ʚʠʜʫ ʢʦʥʪʨʦʣʷ ʥʘ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʦʤ ʦʙʲʝʢʪʝ ʀʨʙʠʪʩʢʠʡ 
ʭʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʟʘʚʦʜ  ʛ. ʀʨʙʠʪ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʘʚʪʦʨ ʜʝʣʘʝʪ ʚʳʚʦʜ, ʯʪʦ ʢʦʥʪʨʦʣʴ  ʩʪʝʧʝʥʠ 
ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʢʨʫʛ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ʥʫʞʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʚ ʨʫʩʣʝ ʩʦʟʜʘʥʠʷ ʠ ʩʪʨʫʢʪʫ-
ʨʠʨʦʚʘʥʠʷ ʧʦʣʥʳʭ ʧʦʧʦʣʥʷʝʤʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʦʪʯʝʪʦʚ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ʃʤʷhʞʛʴʞ ʪʤʧʛʙ: ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ, ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʯʨʝʟʚʳʯʘʡ-
ʥʳʝ ʩʠʪʫʘʮʠʠ. 
 

CONTROL OF THE DEGREE OF POLLUTION OF THE ENVIRONMENT 
 
Abstract: the subject of the article is the control of the degree of environmental pollution around chemically 
dangerous objects; a comparison of the two reports compiled chemical-radiometric laboratory for this type of 
control on chemically hazardous objects Chemical-pharmaceutical plant in Irbit. In conclusion, the author 
summarizes that the control of the degree of pollution around hazardous chemical facilities must be be im-
proved in the direction of creating and structuring a full refillable electronic database of reports and their further 
studies. 
Key words: environment, chemically dangerous objects, the degree of pollution of an emergency. 

 
ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ (ʍʆʆ) ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʡ ʝʞʝʛʦʜʥʳʡ ʢʦʥʪʨʦʣʴ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʦʢʨʫʛ ʥʠʭ.  
ʆʥ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʧʨʝʜʧʨʠʷʪʠʶ, ʘʚʘʨʠʡʥʦ ʭʠʤʠʯʝ-

ʩʢʠ ʦʧʘʩʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ɸʍʆɺ) ʠ ʥʝ ʜʦʧʫʩʪʠʪʴ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʟʘʨʘʞʝʥʠʝ ʥʘʩʝʣʝ-
ʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʠʣʠ ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʦʙʲʝʢʪʝ ʠ ʚʦʢʨʫʛ ʥʝʛʦ.  

ɺʝʜʴ ʤʘʣʝʡʰʘʷ ʫʪʝʯʢʘ ɸʍʆɺ, ʥʝ ʦʙʥʘʨʫʞʝʥʥʘʷ ʩʚʦʝʚʨʝʤʝʥʥʦ, ʤʦʞʝʪ ʥʘʥʝʩʪʠ ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʣʶʜʷʤ ʥʘʭʦʜʷʱʠʤʩʷ ʨʷʜʦʤ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ, ʍʆʆ ʟʘʥʠʤʘʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʦʙʱʝʩʪʚʝʥʥʦ ʧʦʣʝʟʥʳʭ ʠ ʥʝʟʘʤʝʥʠʤʳʭ 
ʪʦʚʘʨʦʚ. ʂ ʪʘʢʠʤ ʦʙʲʝʢʪʘʤ ʦʪʥʦʩʠʪʩʷ ʆɸʆ çʀʨʙʠʪʩʢʠʡ ʭʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʟʘʚʦʜè ʛ. ʀʨʙʠʪ ï 
ʢʨʫʧʥʳʡ ʨʦʩʩʠʡʩʢʠʡʧʨʦʠʟʚʦʜʠʪʝʣʴ ʛʦʪʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʦʜʥʦ ʠʟ ʪʨʸʭ ʧʨʝʜʧʨʠʷʪʠʡ 
ʈʦʩʩʠʠ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʩʫʙʩʪʘʥʮʠʠ. 

ʊʘʢ ʢʘʢ ʫʢʨʝʧʣʝʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ ʘʢʪʫʘʣʴʥʦ ʚʩʝʛʜʘ, ʠ ʠʤʝʝʪʩʷ ʦʛʨʦʤʥʳʡ ʩʧʨʦʩ 
ʥʘ ʪʦʚʘʨʳ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠï ʪʦ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʦʢʨʫʛ ʍʆʆ ʠ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ.  ʂʦʥʪʨʦʣʴ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʙʠʦʩʬʝ-
ʨʳ: ʠʩʩʣʝʜʫʝʪʩʷ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʧʨʦʙʳ ʚʦʜʳ ʠ ʧʦʯʚʦ-ʛʨʫʥʪʘ.  

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʥʪʨʦʣʶ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʢʘʢ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʬʘʢʪʦʨʘ ʭʠʤʠ-
ʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʩʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʦʩʥʦʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʦʪʜʝʣʘ ʭʠʤʠʢʦ-ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 
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ɻʂʋ çʊʎʄè ʥʘ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠè ʥʘ 2015 ʛʦʜ ï 2016 ʛʦʜ. ʍʠʤʠʢʦ-
ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʂʋ çʊʎʄè 16 ʘʧʨʝʣʷ 2015 ʛʦʜʘ ʠ 30 ʠʶʥʷ 2016 ʛʦʜʘ ʙʳʣ ʧʨʦʚʝʜʝʥ 
ʢʦʥʪʨʦʣʴ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʙʣʠʟʠ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʦʛʦ ʦʙʲʝʢʪʘ: 
ʆɸʆ çʀʨʙʠʪʩʢʠʡ ʭʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʟʘʚʦʜè, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ: 

Å ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 10 ʷʥʚʘʨʷ 2002ʛ. ˉ7-ʌɿ çʆʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè 
Å ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 4 ʤʘʷ 1999ʛ.ˉ96-ʌɿ çʆʙ ʦʭʨʘʥʝ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè; 
Å ʄʝʪʦʜʠʢʦʡ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. ʄɺʂ 1.6(049) 
ʈʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ:ʧʦʜʚʠʞʥʘʷ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ 
ʥʘ ʙʘʟʝ ʘʚʪʦʤʦʙʠʣʷ ɻɸɿ-28142 ɸʉʄ-7; ʭʨʦʤʘʪʦʛʨʘʬ ʛʘʟʦʚʳʡ ʧʦʨʪʘʪʠʚʥʳʡ ʬʦʪʦʠʦʥʠʟʘʮʠʦʥʥʳʡ ʌɻʍ-1; 
ʧʨʠʙʦʨ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʪʦʢʩʠʯʥʦʩʪʠ çɹʠʦʪʦʢʩ-10 ʄè; ʧʝʨʝʥʦʩʥʳʝ ʤʫʣʴʪʠʛʘʟʦʚʳʝ ʛʘʟʦʘʥʘʣʠʟʘ-
ʪʦʨʳ ʩʝʨʠʠ ʀɻʉ-98 çʂʦʤʝʪʘ-ʄè; ʧʨʠʙʦʨ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ çʄʝʪʝʦʤʝʪʨ ʄʉʕʉ-
200 ɸè; ʘʩʧʠʨʘʪʦʨ ʇʋ-4ʕ; ʪʝʨʤʦʤʝʪʨ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢʣʷʥʥʳʡ ʪʠʧʘ ʊʄ 4-1; ʛʝʥʝʨʘʪʦʨʥʘʷ ʫʩʪʘ-
ʥʦʚʢʘ SDMOHX2500; ʨʘʜʠʦʤʝʪʨ ï ʩʧʝʢʪʨʦʤʝʪʨ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʨʪʘʪʠʚʥʳʡ ʄʂʉ-ɸ03; ʜʦʟʠʤʝʪʨ ɼʈɻ-
01ʊ1; ʠʟʤʝʨʠʪʝʣʴ ï ʩʠʛʥʘʣʠʟʘʪʦʨ ʧʦʠʩʢʦʚʳʡ ʀʉʇ-ʈʄ 1701; GPS ï ʥʘʚʠʛʘʪʦʨ GARMIN; ʧʦʩʪ ʤʝʪʝʦʨʦʣʦ-
ʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ; ʢʦʤʧʣʝʢʪ ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ ʛʨʫʥʪʘ. 

ʄʝʪʝʦʫʩʣʦʚʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʘʥʠʪʘʨʥʦ-
ʟʘʱʠʪʥʦʡ ʟʦʥʳ ʆɸʆ çʀʨʙʠʪʩʢʠʡ ʭʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʟʘʚʦʜè ʚ ʤʝʩʪʝ ʦʪʙʦʨʘ ʧʨʦʙ ʥʘ 11:00 16 
ʘʧʨʝʣʷ 2015 ʛʦʜʘ: 

Å ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ +4 ʉÁ; 
Å ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 742 ʤʤ. ʨʪ. ʩʪ.; 
Å ʚʝʪʝʨ 5ʤ/ʩ, ʶʛʦ-ʟʘʧʘʜ; 
Å ʚʣʘʞʥʦʩʪʴ 52%; 
Å ʧʝʨʝʤʝʥʥʘʷ ʦʙʣʘʯʥʦʩʪʴ ʙʝʟ ʦʩʘʜʢʦʚ  
ʀ 11:00 30 ʠʶʥʷ 2016 ʛʦʜʘ ʚ ʤʝʩʪʝ ʦʪʙʦʨʘ ʧʨʦʙ:  
Å ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ +24 ʉÁ; 
Å ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 752 ʤʤ. ʨʪ. ʩʪ.; 
Å ʚʝʪʝʨ 3 ʤ/ʩ, ʚʦʩʪʦʯʥʳʡ; 
Å ʚʣʘʞʥʦʩʪʴ 52%; 
Å ʧʝʨʝʤʝʥʥʘʷ ʦʙʣʘʯʥʦʩʪʴ ʙʝʟ ʦʩʘʜʢʦʚ 
ʊʘʢ ʢʘʢ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʢʦʥʪʨʦʣʝ ʟʘʛʨʷʟʥʝʥʠʷ ʫʜʝʣʷʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ, ʢʘʢ ʦʧʨʝ-

ʜʝʣʷʶʱʝʛʦ ʬʘʢʪʦʨʘ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʩʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʷ ʧʨʦʚʝʣ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘ-
ʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʤʫʣʴʪʠʛʘʟʦʚʳʭ ʧʝʨʝʥʦʩʥʳʭ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘʭ ʩʝ-
ʨʠʠ ʀɻʉ-98 çʂʦʤʝʪʘè ʟʘ 2015 ʠ 2016 ʛʦʜʘ, ʠ ʩʦʩʪʘʚʠʣ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʪʘʙʣʠʮʫ ʨʝʟʫʣʴʪʘʪʦʚ (ʊʘʙʣ.1). 

ʋʙʚʤʡʯʙ 1 
ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ ʪʧʪʫʙʛʙ ʙʫʥʧʪʭʞʩʦʧʜʧ ʛʧʠʝʬʮʙ ʠʙ 2015 ʡ 2016 ʜʧʝʙ 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ 2015 ʛʦʜ ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ 
2016 ʛʦʜ 

1 ʂʠʩʣʦʨʦʜ O2 20,2% ʆʙ. 20,1% ʆʙ. 

2 ʄʝʪʘʥ CH4 0 % ʆʙ. 0 % ʆʙ. 

3 ɸʤʤʠʘʢ NH3 0 ʤʛ/ʤ į 0 ʤʛ/ʤ į 

4 ʌʦʨʤʘʣʴʜʝʛʠʜ CH2O 0,0ʤʛ/ʤĮ 0,06 ʤʛ/ʤĮ 

5 ʕʪʘʥʦʣ C2H2OH 0,0 ʛ/ʤį 0,09 ʛ/ʤį 

6 ʆʢʩʠʜʫʛʣʝʨʦʜʘ CO 0,8ʤʛ/ʤį 1,3ʤʛ/ʤį 

7 ɼʠʦʢʩʠʜʫʛʣʝʨʦʜʘ CO2 0,03 % ʆʙ. 0,05 % ʆʙ. 
8 ɼʠʦʢʩʠʜʩʝʨʳ SO2 0 ʤʛ/ʤį 0 ʤʛ/ʤį 

9 ʉʝʨʦʚʦʜʦʨʦʜ H2S 0 ʤʛ/ʤį 0 ʤʛ/ʤį 

10 ɼʠʦʢʩʠʜ ʘʟʦʪʘ NO2 0 ʤʛ/ʤį 0 ʤʛ/ʤį 

11 ʍʣʦʨ Cl2 0 ʤʛ/ʤį 0 ʤʛ/ʤį 

12 ʇʘʨʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ CxHy 0,01 % ʆʙ. 0,01 % ʆʙ. 

13 ɺʦʜʦʨʦʜ H2 0 % ʆʙ. 0 % ʆʙ. 



50 »ÃÇÈ°Ï ÁÂÃ´µ½ÇµÁº°Ï ÁÂ°ÂÌÏ 2017 

  

XII ÜÕÖÔãÝÐàÞÔÝëÙ ÝÐãçÝÞ-ßàÐÚâØçÕáÚØÙ ÚÞÝÚãàá  | ¼Æ½Á ¦½°Ãº° ¸ ¿À¾Á²µÉµ½¸µ« 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʪʘʙʣʠʮʫ 1, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʦʩʪʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟ-
ʤʝʥʥʳʤʠ, ʠ ʦʥʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʘʟʮʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ ʠ ʧʨʦʙʳ ʧʦʯʚʦ-ʛʨʫʥʪʘ: ʠʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʠ ʚ 
ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʠʣ ʤʝʥʝʝ 20 ʝʜʠʥʠʮ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʘ ʦʙʨʘʟʮʘ ʥʝ ʪʦʢʩʠʯʥʳ. 

ʈʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ ʟʘ 2015 ʠ 2016 ʛʦʜ 
ʥʝ ʧʦʢʘʟʘʣʠ ʧʨʝʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ. 

ʆʙʱʠʡ ʚʳʚʦʜ ʜʣʷ ʦʪʯʝʪʦʚ: 
1. ʇʨʝʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʠʩʩʣʝʜʦʚʘʥʥʦʤʫ ʧʝʨʝʯʥʶ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʟʜʫʭʝ, 

ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 
2. ʇʦʢʘʟʘʪʝʣʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʘʥʠʪʘʨʥʳʭ ʧʨʘʚʠʣ ʠ 

ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ. 
ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʡ ʦʙʲʝʢʪ ʟʘ ʧʝʨʠʦʜ 2015-2016 ʛʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʧʦ-

ʚʣʠʷʣ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
ɿʜʦʨʦʚʴʝ ʩʨʝʜʠ ʞʠʟʥʝʥʥʳʭ ʮʝʥʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʚʩʝʛʜʘ ʟʘʥʠʤʘʣʦ ʠ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ. 

ɿʜʦʨʦʚʴʝ ï ʵʪʦ ʥʝʧʨʝʤʝʥʥʦʝ ʫʩʣʦʚʠʝ ʩʯʘʩʪʴʷ ʯʝʣʦʚʝʢʘ, ʘ ʧʦʪʦʤʫ ʦʥʦ ʷʚʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʝʣʦʤ ʠ 
ʟʘʙʦʪʦʡ ʢʘʞʜʦʛʦ. ʊʘʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʘʢ ʆɸʆ çʀʨʙʠʪʩʢʠʡ ʭʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʟʘʚʦʜè ʧʨʦʠʟʚʦ-
ʜʷʪ ʤʥʦʞʝʩʪʚʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʦʤʦʛʘʶʱʠʝ ʩʦʭʨʘʥʷʪʴ ʟʜʦʨʦʚʴʷ ʦʛʨʦʤʥʦʤʫ ʯʠʩʣʫ ʣʶʜʝʡ, 
ʥʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʩʘʤʠʭ ʨʘʙʦʪʥʠʢʦʚ ʠ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʨʷʜʦʤ ʩ ʪʘʢʠʤ ʧʦ-
ʣʝʟʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʦʙʲʝʢʪʦʤ ʠ ɸʍʆɺ ʭʨʘʥʷʱʠʝʩʷ ʪʘʤ. 

ɸ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʢʦʥʪʨʦʣʶ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʦʢʨʫʛ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦʟ-
ʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʣʶʜʝʡ, ʠ ʚʦʚʨʝʤʷ ʚʳʷʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʦʧʘʩʥʦʩʪʠ. 

ʅʘ ʆɸʆ çʀʨʙʠʪʩʢʠʡ ʭʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʟʘʚʦʜè ʚʩʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ ʘʚʘ-
ʨʠʡ ʠ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʏʪʦ ʠ ʜʦʢʘʟʳʚʘʝʪʩʷ ʥʝ 
ʧʨʝʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʧʦʣʥʦʤʫʩʦʦʪʚʝʪʩʪʚʠʶʥʦʨʤʘʪʠʚʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙʘʭ ʚ ʧʨʦʮʝʩʩʝ 
ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɿʘ ʢʦʥʪʨʦʣʝʤ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʍʆʆ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ ʪʝʨʨʠʪʦʨʠ-
ʷʭ, ʦʪʚʝʪʩʪʚʝʥʥʘ ʭʠʤʠʢʦ-ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ɻʂʋ çʊʎʄè, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʝʞʝʛʦʜʥʳʝ 
ʧʨʦʚʝʨʢʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʪʯʝʪʳ, ʢʦʪʦʨʳʝ ʷ ʩʨʘʚʥʠʣ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠ ʧʨʠʙʦ-
ʨʳ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʧʦʣʥʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ 

ʅʦ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʪʯʝʪʦʚ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʦ-
ʢʨʫʛ ʍʆʆ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʚʦʜʠʪʴʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ, ʪʘʢ ʞʝ ʥʝ ʩʦʟʜʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʢʦ-
ʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʙʳ ʫʜʦʙʥʦ ʠ ʪʦʯʥʦ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 
ʠʟʤʝʥʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ (ʜʘʞʝ ʤʠʥʠʤʘʣʴʥʦʛʦ) ʥʘ ʦʢʨʫʞʘʶʱʫʶ 
ʩʨʝʜʫ ʠ ʣʶʜʝʡ ʚʦʢʨʫʛ ʨʘʟʣʠʯʥʳʭ ʍʆʆ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʳ, ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʦʧʘʩʥʦʩʪʝʡ ʠ ʨʠʩ-
ʢʦʚ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʩʦʟʜʘʥʠʶ ʤʝʪʦʜʠʢ,ʩʪʨʝʤʷʱʠʭʩʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫʩʥʠʞʝʥʠʶ ʚʨʝʜʘ ʦʪ ʥʠʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʪʨʦʣʴ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʢʨʫʛ ʍʆʆ ʥʫʞʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʤʝʥʥʦ ʚ 
ʨʫʩʣʝ ʩʦʟʜʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʦʣʥʳʭ ʧʦʧʦʣʥʷʝʤʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʦʪʯʝʪʦʚ ʠ ʠʭ ʜʘʣʴ-
ʥʝʡʰʝʛʦʠʩʩʣʝʜʦʚʘʥʠʷ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʍʠʤʠʢʦ-ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ɻʂʋ çʊʎʄè. ʆʪʯʝʪ ʦ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʙʣʠʟʠ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʦʛʦ ʦʙʲʝʢʪʘ ʆɸʆ çʀʨʙʠʪʩʢʠʡ ʭʠʤʠʢʦ-
ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʟʘʚʦʜè ʛ. ʀʨʙʠʪ ʟʘ 2015 ʛʦʜ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ, 2015.  

2. ʍʠʤʠʢʦ-ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ɻʂʋ çʊʎʄè. ʆʪʯʝʪ ʦ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ 
ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʙʣʠʟʠ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʦʛʦ ʦʙʲʝʢʪʘ ʆɸʆ çʀʨʙʠʪʩʢʠʡ ʭʠʤʠʢʦ-
ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʟʘʚʦʜè ʛ. ʀʨʙʠʪʟʘ 2016 ʛʦʜ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016.  
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ʩʪʫʜʝʥʪʢʘ, 
ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ï ʨʘʟʨʘʙʦʪʢʘ ʩʘʥʠʪʘʨʥʦ-
ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʘ ʠʤʝʥʥʦ ʢʘʢ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥ ʚ ʧʦʤʝʱʝʥʠʷʭ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ 
ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɺʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʦʪʨʝʙʥʳʡ ʚʦʟʜʫʭʦʦʙʤʝʥ, ʢʨʘʪʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ, ʚʦʟʜʫʭʦ-
ʚʦʜ, ʚʝʥʪʠʣʷʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
 

                                                                               Nefedova Ksenia Vladimirovna, 
 

Abstract: in the article is described in detail an automated recovery network presents the analysis of functions 
of a programmable logic for control of automatic circuit breakers and load break switches. 
Key words: automated network restoration, electricity, automation control, transformer substation 

 
ɿʜʦʨʦʚʴʝ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝ-

ʱʝʥʠʷʭ, ʛʜʝ ʦʥ ʧʨʦʚʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ. ʃʶʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʦʧʨʦ-
ʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʦʤʝʱʝʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʦʧʘʩʥʳʭ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴ-
ʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʉʨʝʜʩʪʚʦʤ ʙʦʨʴʙʳ ʩ ʚʨʝʜʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʚʝʥʪʠʣʷ-
ʮʠʷ.ʇʝʨʝʜ  ʪʝʤ ʢʘʢ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ, ʢʘʞʜʳʡ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʦʭʨʘʥʝ 
ʪʨʫʜʘ ʜʦʣʞʝʥ ʫʤʝʪʴ ʧʨʘʚʠʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ: 

ī ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʶʱʠʭʩʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʠʭ ʟʦʥ; 
ī ʢʦʣʠʯʝʩʪʚʦ ʫʜʘʣʷʝʤʦʛʦ ʠ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʵʣʝʢʪʨʦʛʘʟʦʩʚʘʨʱʠʢʘ.  
ʆʯʝʥʴ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʚʝʥʪʠʣʷʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʥʦ ʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ. 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʛʘʟʦʩʚʘʨʱʠʢ ʚʳʧʦʣʥʷʝʪ ʩʚʘʨʢʫ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʤʝʪʘʣʣʘ. ɺ ʚʦʟʜʫʭʝ 

ʨʘʙʦʯʠʡ ʟʦʥʳ ʯʘʱʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ ʢʘʢ: ʮʠʥʢʘ ʦʢʩʠʜ, ʭʨʦʤʘ ʦʢʩʠʜ, ʢʨʝʤʥʠʷ ʦʢʩʠʜ, ʞʝʣʝʟʘ 
ʦʢʩʠʜ, ʤʘʨʛʘʥʮʘ ʦʢʩʠʜ, ʘʟʦʪʘ ʜʠʦʢʩʠʜ, ʦʟʦʥ, ʫʛʣʝʨʦʜʘ ʦʢʩʠʜ, ʬʪʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ.ʇʦ ʚʝʱʝʩʪʚʘʤ, 
ʧʨʝʚʳʰʘʶʱʠʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʜʘʣʝʝ ʇɼʂ), ʠ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ.  
ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚ ʚʦʟʜʫʭ ʨʘʙʦʯʝʡ ʟʦʥʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, 
ʧʨʝʚʳʰʘʶʱʠʭʇɼʂ, ʵʪʠ ʜʘʥʥʳʝ ʙʝʨʫʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠʣʠ ʤʦʛʫʪ 
ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʦʚʳʡ ʚʳʙʨʦʩ ʚʳʜʝʣʷʶʱʠʭʩʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ i ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʩʚʘʨʢʠ ʛ/ʩʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 
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'
Ç Ͻ "

σφππ Ͻ†
ȟ    ̄Ⱦ̒ 

ʆʢʩʠʜʳ ʤʘʨʛʘʥʮʘ: 

'
ρȟρϽ σπ

σφππ Ͻ υ
πȟππρψσ ̄Ⱦ̒ 

ʆʢʩʠʜʳ ʫʛʣʝʨʦʜʘ: 

'  
ρσȟσ Ͻ σπ

σφππ Ͻ υ
πȟπςςρφ ̄Ⱦ̒ 

ʛʜʝ:gi ī ʫʜʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ i ʢʦʤʧʦʥʝʥʪʘ ʥʘ 1 ʢʛ ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ,ʛ/ʢʛ (ʜʣʷ ʋʆʅʀ 
13/55 ʛ/ʢʛ); 

ɺ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʜʦʚ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʭ ʚ ʪʝʯʝʥʠʠ ʩʤʝʥʳ, ʢʛ; 
Ű ï ʚʨʝʤʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʚʝʜʝʥʠʷ ʩʚʘʨʢʠ ʚ ʪʝʯʝʥʠʠ ʩʤʝʥʳ, ʯ. 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʤʛ/ ʤ3: 

ʉMn= 1,83 ʤʛ/ʩ: 1 ʤ3/ʩ = 1,83 ʤʛ/ʤ3 
ʉ ʉʆ =22,16 ʤʛ/ʩ:1 ʤ3/ʩ = 22,16 ʤʛ/ʤ3 

ʂʦʣʠʯʝʩʪʚʦ ʫʜʘʣʷʝʤʦʛʦ ʚʦʟʜʫʭʘ ̍Ⱦ̘ ʠʟ ʫʩʣʦʚʠʷ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 
ʬʦʨʤʫʣʝ: 

,
'Ͻρπππ

8 8̎
ȟ̍ Ⱦ̘ 

ʆʢʩʠʜ ʤʘʨʛʘʥʮʘ: 

                                 , ˛

πȟππρψσϽρπππσφππ

πȟφ πȟπρ
ρρρφφ̍Ⱦ̘ 

ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ: 

                              ,
πȟπςςρφϽρπππσφππ

ςπυ
υσρψ̍Ⱦ̘ 

ʛʜʝ:  
G ï ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʚ ʚʦʟʜʫʭ ʧʦʤʝʱʝʥʠʷ, ʛ/ʯ; 
Xʥ ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, ʤʛ/ʤ3; 
Xʚ ï ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʨʝʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ʧʦʤʝʱʝʥʠʷ, ʤʛ/ ʤ3. 
ʈʘʩʯʝʪ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʦʢʩʠʜʫ ʤʘʨʛʘʥʮʘ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʝʛʦ ʪʨʝʙʫʝʪʩʷ ʧʦʜʘʯʘ ʯʠʩʪʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ [3]. 
ʂʨʘʪʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Î
,

6
ȟ̘  

Î
ρςςψσ

ρψππ
χ  

ʛʜʝ:   
L ï ʢʦʣʠʯʝʩʪʚʦ ʫʜʘʣʷʝʤʦʛʦ ʚʦʟʜʫʭʘ  ʠʟ ʫʩʣʦʚʠʷ ʚʳʜʝʣʝʥʠʷ ʧʦ Mn, ʚʩʝʛʜʘ ʙʝʨʝʪʩʷ ʥʘ 10% 

ʙʦʣʴʰʝ,  ʤ3/ʯ; 
V ï ʦʙʲʝʤ ʧʦʤʝʱʝʥʠʷ ʮʝʭʘ, ʤ3. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ 7 ʨʘʟ ʚ 1 ʯʘʩ ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʤʝʥʫ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʤʝʱʝʥʠʷ 

ʯʠʩʪʳʤ ʚʦʟʜʫʭʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ  ʚ ʧʦʤʝʱʝʥʠʠ ʙʫʜʝʪ ʥʠʞʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ[4]. 
ʊʝʧʣʦʪʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

1 πȟςχψϽ'̐ Ͻ̑̒̃̏Ͻ̈Ўὸȟˏ  ̓

1 πȟςχψϽρςςψσϽρȟππυϽυω ςπςτχσ ˏ  ̓
ʛʜʝ:    
Gʧʨī ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʜʣʷ ʥʘʛʨʝʚʘ ʤ3/ʯ; 
 ʩʚʦʟï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ 1,005 ʢɼʞ/(ʢʛ Üʉ); 

Ўὸ ï ʨʘʟʥʠʮʘ  ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʚ ʢʘʣʦʨʠʬʝʨ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ[5, ʩ.231]. 
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ɼʘʣʝʝ ʜʝʣʘʝʪʩʷ ʧʦʜʙʦʨ ʚʦʟʜʫʭʦʚʦʜʦʚ. ʀʭ ʩʝʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

3
,

σφππϽ‮
ȟ̍  

ʛʜʝ:      
L ī ʧʦʪʨʝʙʥʳʡ ʚʦʟʜʫʭʦʦʙʤʝʥ ʜʣʷ ʦʜʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ, ʤ3/ʯ; 
 ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʚʦʟʜʫʭʦʚʦʜʝ, ʤ/ʩ.ʇʨʘʚʠʣʘ ʧʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ג

ʚʦʟʜʫʭʦʚʦʜʝ ʦʧʠʩʘʥʳ ʚ ʉʅʠʇ 41-01-2003çʆʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝè. ɼʣʷ 
ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʚʦʟʜʫʭʦʚʦʜʦʚ  ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʩʢʦʨʦʩʪʴ ʧʨʠʥʠʤʘʝʪʩʷ 10 ʤ/ʩ. 

ɺ ʩʚʘʨʦʯʥʦʤ ʮʝʭʝ ʧʦʪʨʝʙʥʳʡ ʚʦʟʜʫʭʦʦʙʤʝʥ ʨʘʚʝʥ 12283 ʤ3/ʯ. ɽʩʣʠ ʧʷʪʴ ʩʚʘʨʦʯʥʳʭ ʧʦʩʪʦʚ 
ʧʦʪʨʝʙʥʳʡ ʚʦʟʜʫʭʦʦʙʤʝʥ ʥʘ ʦʜʥʦ ʤʝʩʪʦ ʙʫʜʝʪ ʨʘʚʝʥ 2457 ʤ3/ʯ, ʧʦʪʨʝʙʫʝʪʩʷ 4 ʚʦʟʜʫʭʦʚʦʜʘ ʨʘʟʥʳʭ 
ʩʝʯʝʥʠʡ: 

3
ςτυχ

σφππϽρπ
πȟπχ ̍ Ĝσρυ          

   3
τωρτ

σφππϽρπ
πȟρτ ̍ Ĝτυπ        

      3
χσχρ

σφππϽρπ
πȟςπ ̍ Ĝυππ           

3
ρςςψσ

σφππϽρπ
πȟστ ̍ Ĝφσπ     

ɼʘʣʝʝ ʜʝʣʘʝʪʩʷ ʨʘʩʯʝʪ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ (P) ʚ ʚʦʟʜʫʭʦʚʦʜʝ, ʢʘʢ ʚ ʧʨʠʪʦʯʥʦʡ ʩʠʩʪʝʤʝ, ʪʘʢ ʠ 
ʚʳʪʷʞʥʦʡ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʝʥʪʠʣʷʪʦʨ ʨʘʩʧʨʝʜʝʣʠʣ ʩʚʦʡ ʨʘʩʭʦʜ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ 
ʩʠʩʪʝʤʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪ ʥʘʯʠʥʘʝʪʩʷ ʦʪ ʦʪʚʝʪʚʣʝʥʠʡ, ʘ ʟʘʪʝʤ ʫʞʝ ʩʣʝʜʫʶʪ ʤʘʛʠʩʪʨʘʣʴʥʳʝ 
ʚʦʟʜʫʭʦʚʦʜʳ. ʆʙʷʟʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʝʪʩʷ ʫʯʘʩʪʦʢ ʚʦʟʜʫʭʦʧʨʦʚʦʜʘ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʫʞʝ ʟʘ 
ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʪʘʢ ʢʘʢ ʥʘʧʦʨʘ ʚʝʥʪʠʣʷʪʦʨʘ ʜʦʣʞʥʦ ʭʚʘʪʠʪʴ ʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʝʛʦ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʦ ʜʠʘʛʨʘʤʤʝ ʧʦʪʝʨʠ ʥʘʧʦʨʘ(ʨʠʩ.1) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʷ ʥʘʧʦʨʘ ʥʘ ʢʘʞʜʳʡ ʤʝʪʨ ʚʦʟʜʫʭʦʚʦʜʘ, ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ.ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʪʨʝʙʥʦʤ ʚʦʟʜʫʭʦʦʙʤʝʥʝ 2457 ʤ3/ʯ, ʜʣʠʥʝ ʚʦʟʜʫʭʦʚʦʜʘ  11ʤ, 
ʜʠʘʤʝʪʨʝ ß315, ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʙʫʜʝʪ 55 ʇʘ (ʨʠʩ.2). 

 
 

ʉʡʪ.1. ɽʡʙʜʩʙʥʥʙ ʨʧʫʞʩʵ ʝʙʛʤʞʦʡʸ ʦʙ 1 ʥ 
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ʉʡʪ.2.  ʊʮʞʥʙ ʛʴʫʸʟʦʧʢ ʪʡʪʫʞʥʴ 
 

ʊʘʢ ʞʝ ʫʯʠʪʳʚʘʶʪʩʷ ʜʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʡ:  ʚʦʟʜʫʰʥʦʛʦ ʢʣʘʧʘʥʘ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, 
ʢʘʣʦʨʠʬʝʨʘ, ʬʠʣʴʪʨʘ,  ʰʫʤʦʛʣʫʰʠʪʝʣʷ, ʨʝʰʝʪʦʢ, ʧʦʚʦʨʦʪʳ  ʚʦʟʜʫʭʦʚʦʜʘ ʥʘ 90Ü ʠ ʪ.ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʠʪʦʯʥʦʡ ʩʠʩʪʝʤʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʚ ʧʦʤʝʱʝʥʠʷʭ 
ʧʫʪʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʧʨʠʤʝʥʷʶʪʩʷ ʜʨʦʩʩʝʣʠʨʫʶʱʠʝ ʢʣʘʧʘʥʘ, ʘ ʚʝʥʪʠʣʷʮʠʦʥʥʦʝ 
ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʜʙʠʨʘʝʪʩʷ ʧʦ ʨʘʩʯʝʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ (L) ʠ (ʈ) ʩʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ çʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʚʝʥʪʠʣʷʪʦʨʘè ʠʟ ʢʘʪʘʣʦʛʦʚ. 
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