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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

25.11.2018 ʛ. 

XVII  ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʥʢʫʨʩʘ 

 

çʃʋʏʐɸʗ ʉʊʋɼɽʅʏɽʉʂɸʗ ʉʊɸʊʔʗ 2018è 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʥʢʫʨʩʦʚ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʘ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

 

1. ʎʝʣʴ ʢʦʥʢʫʨʩʘ ï ʩʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʚ ʤʠʨʦʚʦʝ ʠʥʬʦʨʤʘʮʠ-

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

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

ʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

2. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ (ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʙʦʨʥʠʢʘ ʧʦ ʠʪʦʛʘʤ ʢʦʥʢʫʨʩʘ) ʚ ʣʠʮʝ: 

 

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

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

ʬʝʜʨʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

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

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

çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè  

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

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

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

ʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è  

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

ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʬʘʢʫʣʴʪʝʪʘ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

ʩʠʙʠʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʩʦʨ ʢʘʬʝʜʨʳ ʄʝʥʝʜʞʤʝʥʪʘ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻɸʆʋ  ɺʆ çʂʨʳʤʩʢʠʡ ʬʝ-

ʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  ʀʥʩʪʠʪʫʪ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

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

ʱʠʡ ʢʘʬʝʜʨʦʡ çʌʠʟʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝè, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʩʧʦʨʪʠʚʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

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

ʣʠʘʣ) ʆʋʇ ɺʆ çɸʢʘʜʝʤʠʷ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡè  

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

ʮʝʥʪ ʢʘʬʝʜʨʳ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʣʠʪʝʨʘʪʫʨʳ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʬʝʜʨʳ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʈʷʟʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè 

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

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

ʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦè 

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

ʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʧʨʘʚʘ ʋʣʴʷʥʦʚʩʢʦʛʦ ʬʠʣʠʘʣ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ  

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

ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè  

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

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

ʩʪʠʪʫʪ ʄɺɼ ʈʦʩʩʠʠè  

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

ʥʦʤʠʢʦ-ʶʨʠʜʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ 

20) ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ 

ɺʆ çʐʘʜʨʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

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

ʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè   

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

ʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʌɻɹʆʋ ɺʆ çʇʝʪʨʦʟʘʚʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡè 

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

ʬʝʩʩʦʨ ɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

ʬʝʜʨʳ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ɸʟʦʚʦ-ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʌɻɹʆʋ ɺʆ ɼʦʥʩʢʦʡ ɻɸʋ ʚ ʛ. ɿʝʨʥʦʛʨʘʜʝ  

26) ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï 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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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-
ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʪʘʥʦʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ V ʩʥʝʛʦʚʦʛʦ ʨʘʡʦʥʘ ʥʘ ʧʨʠʤʝ-
ʨʝ ʫʩʣʦʚʠʡ ʛʦʨʦʜʘ ʇʝʪʨʦʟʘʚʦʜʩʢʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠ ʘʥʘʣʠʟ ʠʟʤʝʨʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ ʩʪʝʨʞʥʝʡ 
ʨʝʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʦʚʩʝʜʥʝʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʢʦʥʩʪʨʫʢʮʠʡ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤ-
ʧʣʝʢʩʦʚ, ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʩʪʘʥʦʚʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʜʝʬʦʨʤʘʮʠʠ, ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʥʝʛʦʚʘʷ ʥʘʛʨʫʟ-
ʢʘ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
 
INFLUENCE OF SNOW LOAD ON A STRESSED-DEFORMED CONDITION OF THE STRUCTURE OF THE 

STOPPING COMPLEX 
 

Gavrilov Timmo Aleksandrovich, 
Paci Georgiy Georgievich, 

Ruschuk Valery Ruslanovich 
 

Abstract: The article presents a study of the influence of the snow load on the stress-strain state of the struc-
ture of the stopping complex for the V snow district on the example of the conditions of the city of Petroza-
vodsk. The results and analysis of measurements of the deformations of the rods of real structures of stopping 
complexes in the course of their daily operation, and modeling the stress-strain state of the design model of 
the structures of stopping complexes using the finite element method. 
Key words: stopping complexes, deformations, bar structures, snow load, finite element method. 

 
ʆʩʪʘʥʦʚʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʝ ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʦʥʪʠʨʫʝ-

ʤʳʝ ʥʘ ʦʩʪʘʥʦʚʢʘʭ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʷʤ ʥʘʜʝʞʥʦʩʪʠ, 
ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 
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ɺ ʧʨʦʮʝʩʩʝ ʧʦʚʩʝʜʥʝʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʙʳ-
ʪʦʯʥʦ ʙʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ 
ʦʩʘʜʢʦʚ ʠ ʚʝʪʨʘ. ʀʟʙʳʪʦʯʥʦ ʙʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʠʣʠ ʜʘʞʝ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝ-
ʥʠʶ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʪʨʝʙʫʶʱʝʡ ʨʝʰʝʥʠʷ. 

ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟʙʳʪʦʯʥʦ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 
ʦʰʠʙʦʢ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʦʩʪʘʥʦʚʦʯʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʜʘʞʝ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʧʨʠʥʮʠʧʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʯʥʦʩʪʥʳʝ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʠʩʢ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʘʥʘʣʠ-
ʟʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩ-
ʩʝ ʠʭ ʧʦʚʩʝʜʥʝʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʭ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʩʪʘʥʦʚʦʯʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʦʚʩʝʜʥʝʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʣʠʟʦʚʘʥʦ ʘʚʪʦʨʘʤʠ, ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʫʜʝʥʪʘ-
ʤʠ ʌɻɹʆʋ ɺʆ çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ ʀʤʧʝʨʘʪʦʨʘ ɸʣʝʢ-
ʩʘʥʜʨʘ Iè ʂʘʨʪʘʚʩʢʠʤ ɺ. ɺ., ɻʨʦʜʥʠʢʦʚʳʤ ɼ. ɺ. ʠ ʇʦʣʦʚʠʥʢʦ ɼ. ɸ. [1], ʚ ʬʝʚʨʘʣʝ 2017 ʛʦʜʘ ʚ ʛʦʨʦʜʝ 
ʇʝʪʨʦʟʘʚʦʜʩʢʝ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʨʝʣʠʷ, ʈʦʩʩʠʷ). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʩʦʩʪʘʚ-
ʣʷʣʘ 0,310 ʤ, ʧʣʦʪʥʦʩʪʴ ʩʥʝʛʘ ï 350 ʢʛ/ʤ3. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʩ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ 1 ʤ2 ʩʦʩʪʘʚʣʷʣ 
1085 ʅ/ʤ2. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʦʩʪʘʥʦʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘʠʙʦʣʝʝ ʯʘ-
ʩʪʦ ʧʦʜʚʝʨʞʝʥʥʘʷ ʠʟʙʳʪʦʯʥʦ ʙʦʣʴʰʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʝʝ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʩʥʝʛʦʚʦʡ 
ʥʘʛʨʫʟʢʝ (ʨʠʩʫʥʦʢ 1). ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʫʶ ʩʪʝʨʞʥʝʚʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦ-
ʨʦʡ ʦʩʥʦʚʥʳʤʠ ʥʝʩʫʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʯʝʪʳʨʝ ʩʪʦʡʢʠ 1, ʥʘ ʢʦʪʦʨʳʝ ʦʧʠʨʘʶʪʩʷ ʜʚʘ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʳʭ ʩʪʝʨʞʥʷ 2, ʥʘ ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʠʨʘʶʪʩʷ ʯʝʪʳʨʝ ʘʨʢʠ 3. ɺʩʝ ʩʪʝʨʞʥʠ ʚʳʧʦʣʥʝʥʳ ʠʟ 
ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ: ʩʪʦʡʢʠ 50*50*2 ʤʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʪʝʨʞʥʠ ʠ 
ʘʨʢʠ 40*20*1,5 ʤʤ. 

 

 
ʉʡʪ. 1. ʁʪʪʤʞʝʬʞʥʙʸ ʣʧʦʪʫʩʬʣʯʡʸ ʧʪʫʙʦʧʛʧʰʦʧʜʧ ʣʧʥʨʤʞʣʪʙ 

 
ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʩʪʝʨʞʥʝʡ ʥʘ ʚʦʩʴʤʠ ʦʩʪʘʥʦʚʦʯʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ ʇʝʪʨʦʟʘʚʦʜʩʢʘ, ʩ ʧʷʪʠʢʨʘʪ-
ʥʦʡ ʧʦʚʪʦʨʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 
ʩʪʝʨʞʥʷʭ 2, ʜʣʠʥʘ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʩʦʩʪʘʚʣʷʣʘ 4540 ʤʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʘ ʚʳʙʦʨʢʘ ʜʘʥʥʳʭ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʘ 
ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ [2] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Microsoft Office Excel 2010 ʜʣʷ 5 %-ʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʨ-
ʪʠʢʘʣʴʥʳʭ ʧʨʦʛʠʙʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʩʦʩʪʘʚʠʣʦ 165,63 ʤʤ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʧʨʝʜʝʣʴʥʦʛʦ 
ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʜʦʤ ʧʨʘʚʠʣ çʉʇ 20.13330.2011 ʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ. 
ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 2.01.07-85*è ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 1/200 ʜʣʠʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 
ʩʪʝʨʞʥʷ, ʪ. ʝ. ï 22,70 ʤʤ (4540/200). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʛʠʙʦʚ ʛʦʨʠ-
ʟʦʥʪʘʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʧʨʝʚʳʩʠʣʠ ʧʨʝʜʝʣʴʥʳʝ ʚ 7 ʨʘʟ. ʇʨʠ ʵʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʦʣʴ ʟʥʘ-
ʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʜ ʧʨʝʜʝʣʴʥʳʤʠ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʝ 
(1085 ʅ/ʤ2) ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝʡ ʨʘʩʯʝʪʥʦʡ ʜʣʷ ʛʦʨʦʜʘ ʇʝʪʨʦʟʘʚʦʜʩʢʘ (3200 ʅ/ʤ2), ʢʦʪʦʨʘʷ ʧʨʠ-
ʥʠʤʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʜʦʤ ʧʨʘʚʠʣ çʉʇ 20.13330.2011 ʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ. ɸʢʪʫʘʣʠʟʠʨʦ-
ʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 2.01.07-85*è ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʥʝʛʦʚʦʛʦ ʨʘʡʦʥʘ. ʊʘʢ, ʛʦʨʦʜ ʇʝʪʨʦʟʘʚʦʜʩʢ ʦʪʥʦ-
ʩʠʪʩʷ ʢ V ʩʥʝʛʦʚʦʤʫ ʨʘʡʦʥʫ ʠ ʚʝʩ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ 1 ʤ2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3200 ʅ/ʤ2. 

ɼʘʣʝʝ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯ-
ʥʳʭ ʵʣʝʤʝʥʪʦʚ (FEM) [3, 4] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ çʂʆʄʇɸʉ-3D V16è ʧʨʠ ʨʘʩʯʝʪʥʦʡ 
ʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʛʦʨʦʜʘ ʇʝʪʨʦʟʘʚʦʜʩʢʘ ï 3200 ʅ/ʤ2. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʨʘʟʤʝʨʘʤʠ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʝʝ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ. 
ɿʘʜʘʥʳ ʫʩʣʦʚʠʷ ʟʘʢʨʝʧʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʭʘʨʘʢʪʝʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʫ-
ʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʝʩʘ ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʩʣʝ ʯʝʛʦ, ʩʦʟʜʘʥʘ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ 
ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʳʧʦʣʥʝʥ ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (FEM). ʇʦ ʨʝ-
ʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʛʠʙʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʩʦʩʪʘʚʠʣʠ ï 523 ʤʤ (ʨʠʩʫʥʦʢ 2). 

 

 
ʉʡʪ. 2. ʆʙʨʩʸʟʞʦʦʧ-ʝʞʭʧʩʥʡʩʧʛʙʦʦʧʞ ʪʧʪʫʧʸʦʡʞ ʩʙʪʰʞʫʦʧʢ ʥʧʝʞʤʡ ʣʧʦʪʫʩʬʣʯʡʡ ʧʪʫʙʦʧ-

ʛʧʰʦʴʮ ʣʧʥʨʤʞʣʪʧʛ ʨʧʝ ʝʞʢʪʫʛʡʞʥ ʪʦʞʜʧʛʧʢ ʦʙʜʩʬʠʣʡ 
 
ʂʘʢ ʚʠʜʥʦ, ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʛʠʙʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʧʨʝʚʳʩʠʣʠ 

ʧʨʝʜʝʣʴʥʳʝ ʚ 23 ʨʘʟʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʥʝʛʦʚʘʷ ʥʘʛʨʫʟʢʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʨʘʩʯʝʪʥʦʡ 
ʤʦʜʝʣʠ ʚ 2,95 ʨʘʟʘ ʚʳʰʝ ʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩ-
ʩʝ ʠʭ ʧʦʚʩʝʜʥʝʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɸ ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʛʠʙʦʚ ʚ 3,16 ʨʘʟʘ ʙʦʣʴʰʝ. ʊ. ʝ. ʦʯʝ-
ʚʠʜʥʘ ʣʠʥʝʡʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʛʠʙʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʠ ʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʠ, 
ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ɻʫʢʘ [5]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 
ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʦʚʩʝʜʥʝʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʝʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢ-
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ʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ 
ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟʙʳʪʦʯʥʦ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɼʣʷ 
ʪʦʛʦ ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
ʥʝʦʙʭʦʜʠʤʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɻʫʢʘ, ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 
ʩʪʝʨʞʥʝʡ. 
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ʂʌ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 
 

ɹʦʦʧʫʙʯʡʸ: ʠʟ ʩʝʨʠʠ ʪʦʥʢʠʭ ʩʣʦʝʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʭʦʨʦʰʝʝ ʦʧ-
ʪʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ. ʊʘʢʦʝ ʩʪʨʦʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʝʪ ʥʘʟʚʘʥʠʝ - ʙʨʛɻ-
ʛʦʚʩʢʠʡ ʦʪʨʘʞʘʪʝʣʴ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʟʝʨʢʘʣʘ ʨʘʩʩʯʠʪʘʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʪʨʠʮʳ ʧʝʨʝʥʦʩʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʨʵʛʛʦʚʩʢʠʡ ʦʪʨʘʞʘʪʝʣʴ, ʤʘʪʨʠʮʘ ʧʝʨʝʥʦʩʘ, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥ-
ʪʳ ʦʪʨʘʞʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ. 
 

MODELING A BREGG REFLECTOR USING A TRANSFER MATRIX METHOD 
 

Mazaeva Kamila Alisherovna 
 

Abstract: a series of thin layers of alternating refractive index is known to make a good optical mirror over cer-
tain bands of frequency. Such a device - often termed the Bragg reþector. The reflection coefficient of the mir-
ror is calculated using the transfer matrix method. 
Key words: bragg reflector, transfer matrix, refractive index, reflection coefficients, transmission coefficient. 

 
ɺʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʚʠʜʘ. ʕʪʦ ʙʝʛʫʱʠʝ ʚʦʣʥʳ (ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ); 

ʩʚʷʟʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ (ʜʠʩʢʨʝʪʥʳʡ ʩʧʝʢʪʨ); ʠ ʚʦʣʥʳ ʚʥʫʪʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ 
ʩ ʟʘʧʨʝʱʝʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ). ɼʚʠʞʝʥʠʝ ʚʦʣʥ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ, ʩʣʦʠʩʪʦʡ ʩʨʝʜʝ ʤʦʞʝʪ 
ʙʳʪʴ ʨʝʰʝʥʦ ʪʦʯʥʦ ʜʣʷ ʣʶʙʦʛʦ ʯʠʩʣʘ ʩʣʦʝʚ [1, ʩ. 137]. ʆʧʪʠʤʘʣʴʥʳʡ ʧʨʠʤʝʨ, ʛʜʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 
ʧʦʷʚʣʝʥʠʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʪʠʢʝ ʙʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʘʪʝʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʣʦʝʚ ʜʚʫʭ 
ʚʠʜʦʚ ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ.  

ɹʨʵʛʛʦʚʩʢʠʡ ʦʪʨʘʞʘʪʝʣʴ ʨʘʩʢʨʳʚʘʝʪ ʥʝʢʦʪʦʨʳʝ ʪʦʥʢʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 
ʩʨʝʜʝ. ɼʠʩʧʝʨʩʠʷ ʠ ʜʠʩʩʠʧʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪ ʢʘʨʪʠʥʫ, ʠ ʨʘʩʩʝʠʚʘʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʧʨʠ-
ʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʜʦʧʫʩʪʠʤʳʤʠ ʠ ʟʘʧʨʝʱʝʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʯʘʩʪʦʪ. ʊʘʢ ʞʝ ʤʦʞʥʦ 
ʧʦʣʫʯʠʪʴ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʨʵʛʛʦʚʩʢʦʛʦ ʟʝʨʢʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʨʠʮ ʧʝʨʝʥʦʩʘ. 

ʏʪʦʙʳ ʨʝʰʠʪʴ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ ʥʝʦʜʥʦʨʦʜʥʘ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 
ʩʚʦʜʠʤ ʟʘʜʘʯʫ ʢ ʧʨʦʙʣʝʤʝ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ 2 Ĭ 2. ʕʪʦʪ ʩʧʦʩʦʙ ʠʟʚʝʩʪʝʥ, ʢʘʢ ʤʝʪʦʜ ʤʘʪʨʠʮʳ ʧʝʨʝʥʦ-
ʩʘ [2, ʩ. 206, 3, ʩ. 191]. ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʣʦʠʩʪʳʭ ʩʨʝʜʘʭ ʤʝʪʦʜ ʦʩʦ-
ʙʝʥʥʦ ʠʟʷʱʝʥ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʩʪʳʝ ʩʧʦʩʦʙʳ ʪʦʯʥʦ ʦʧʠʩʘʪʴ ʦʧʪʠʢʫ ʙʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʘʪʝʣʷ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ (ʨʠʩ. 1), ʛʜʝ ʠʤʝʝʪʩʷ ʩʨʝʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ N 
ʩʣʦʝʚ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʨʘʟʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ n.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʩʣʦʝʚ ʙʫʜʫʪ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ, ʤʥʠʤʘʷ ʯʘʩʪʴ ʢʦ-
ʪʦʨrʭ ʫʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ, ʚ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʛʣʦʱʘʝʪʩʷ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪ-
ʩʷ ʥʦʨʤʘʣʴʥʦʝ ʧʘʜʝʥʠʝ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʣʥ. ɼʣʷ ʬʠʢ-
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ʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ɤ ʨʝʰʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʧʣʦʩʢʠʝ ʚʦʣʥʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʊʦʛʜʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ E ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʜʚʫʭ ʯʘʩʪʝʡ. 

ʉʚʝʪʦʚʳʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʷʤ ʚ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʭ. ʉʣʦʠ ʟʝʨʢʘʣʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ( )e w ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ( )m w. ɹʫʜʝʤ 
ʩʯʠʪʘʪʴ e ʠ m ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʢʘʣʷʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ɺʝʩʴ ʤʘʩʩʠʚ ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʥʦʚʦʡ ʩʨʝʜʝ ʩ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʴʶ ʩe ʠ ʩm. (ʨʠʩ. 1). 

ʈʝʰʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʠʤʝʝʪ ʚʠʜ ʩʫʧʝʨʧʦʟʠʮʠʠ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʧʣʦʩ-
ʢʠʭ ʚʦʣʥ 

( , ) ( )m mi x i x i t
m m mE x t p E e E e ea ak k w
a a a

-+ - -= +                                (1) 

p - ʚʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʠʠ, ,a ba=  - ʠʥʜʝʢʩʳ ʩʣʦʷ ʚ ʧʘʨʝ. ɺʦʣʥʦʚʦʡ ʚʝʢʪʦʨ mk  ʩʚʷʟʘʥ ʩ ʯʘʩʪʦ-

ʪʦʡ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝ 
2

2

2m m m
c

a a a

w
k e m= . (2) 

 

 
ʉʡʪ. 1. ɺʩʶʜʜʧʛʪʣʡʢ ʧʫʩʙʟʙʫʞʤʵ 

 

ʇʦʣʷ ʧʨʷʤʦʡ ( ) mik x
m mʝ x E e+ +=  ʠ ʦʙʨʘʪʥʦʡ ( ) mik x

m mʝ x E e
-- -=  ʚʦʣʥ ʥʘ ʚʭʦʜʝ ( 0)m=  ʠ ʚʳ-

ʭʦʜʝ ( )m N=  ʟʝʨʢʘʣʘ ʩʚʷʟʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ Ĕ
NM , 

1 0

1 0

ĔN
N

N

e e

e e

+ +
+

- -
+

å õ å õ
=Mæ ö æ ö

æ ö æ ö
ç ÷ ç ÷

                                                  (3) 

ʄʘʪʨʠʮʘ Ĕ
mM  ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʥʪʝʨʬʝʡʩʥʦʡ ʤʘʪʨʠʮʳ 

ĔW, ʩʚʷʟʳʚʘʶʱʝʡ ʧʦʣʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʠ ʤʘʪʨʠʮʳ ʧʝʨʝʥʦʩʘ Ĕʍ, ʩʚʷʟʳʚʘʶʱʝʡ ʧʦʣʷ ʥʘ ʣʝʚʦʡ ʠ 
ʧʨʘʚʦʡ ʛʨʘʥʠʮʘʭ ʦʜʥʦʨʦʜʥʦʡ ʦʙʣʘʩʪʠ. 

 ĔW
b aab

b a

e e

e e

+ +

- -

å õ å õ
=æ ö æ ö

æ ö æ ö
ç ÷ ç ÷

                                                    (4) 
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1 1
1ĔW
2

1 1

a a a a

b b b bab

a a a a

b b b b

e m e m

e m e m

e m e m

e m e m

å õ
+ -æ ö

æ ö
= æ ö
æ ö- +
æ ö
ç ÷

                                              (5) 

 
2 1

2 1

2 1

( ) ( )
( )

( ) ( )

a aa

a a

e x e x
X x x

e x e x

+ +

- -

å õ å õ
= -æ ö æ ö

æ ö æ ö
ç ÷ ç ÷

                                              (6) 

 
2 1

2 1

( )

2 1 ( )

0
( )

0

a

a

i x x
a

i x x

e
X x x

e

k

k

-

- -

å õ
- =æ ö

ç ÷

                                              (7) 

ʇʝʨʝʜʘʯʘ ʧʦʣʝʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʠʟ ʪʦʯʢʠ 1 ʚ ʪʦʯʢʫ 2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪ-
ʨʠʮʳ 

    

( ) ( ) ( ) (a)
1
Ĕ ĔĔ W ( ) W (a)

[cos( ) sin( )] sin( )

sin( ) [cos( ) sin( )]

a a

a a

ba b ab

i a i a
b ab b ab b

i a i a
ab b b ab b

X b X

b i b e i b e

i b e b i b e

k k

k k

k a k b k

b k k a k

-

-

M = Ö Ö Ö =

å õ+ -
=æ ö
æ ö-ç ÷

,                   (8) 

ʛʜʝ ,
2 2

a a b b a a b b
ab ab

a a b b a a b b

e m e m e m e m
a b

e m e m e m e m

+ -
= = . 

ʄʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ ʯʝʨʝʟ N  ʠʜʝʥʪʠʯʥʳʭ ʷʯʝʝʢ ʝʩʪʴ N  ï ̫  ʩʪʝʧʝʥʴ 1M , 1
N

NM =M. (9) 

N  ï ̫  ʩʪʝʧʝʥʴ ʤʘʪʨʠʮʳ 2 2³  ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʧʦʣʠʥʦʤʳ 
ʏʝʙʳʰʝʚʘ 2-ʛʦ ʨʦʜʘ 

[ ]
2

sin ( 1)arccos
( ) ,

1
N

N z
U z

z

+
=

-
                                             (10) 

1 1 1 2( ) ( ) ,N
N N NU z U z I- -M =M = M - Ö                                         (11) 

1

1
( ) cos cos sin sin

2
b a ba b az Tr b a b ak k a k k= M = Ö - Ö.                           (12) 

ʇʦʣʥʘʷ ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ ʜʦʣʞʥʘ ʫʯʝʩʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʩʚʝʪʘ ʯʝʨʝʟ ʚʭʦʜʥʫʶ ʠ ʚʳʭʦʜʥʫʶ ʛʨʘʥʠʮʳ 
ʟʝʨʢʘʣʘ 

11 12

21 22

Ĕ W Wac ca
N

m m

m m

å õ
M= ÖM Ö =æ ö

ç ÷
                                       (13) 

[ ]11 1 2( ) cos sin ( )N ac ac ab a b Nm U z z i i a b U za x b b k k- -= + - -                             (14) 

( )12 1( ) sin sin cosN a ac a acab bm U z b a i a ib k k a k b x- è ø
ê ú=- Ö + -                        (15) 

( )21 1( ) sin sin cosN a ac a acab bm U z b a i a ib k k a k b x- è ø
ê ú=- Ö - +                       (16) 

[ ]22 1 2( ) cos sin ( )N ac ac ab a b Nm U z z i i a b U za x b b k k- -= - + -                             (17)

  

sin cos cos sina b ba a ba b a bx k k a k k= + .                             (18) 
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ʉ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ ĔM  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʤʧʣʠʪʫʜʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ r+ ʠ ʧʨʦʧʫʩ-

ʢʘʥʠʷ t+, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʧʘʜʘʝʪ ʚʦʣʥʘ ʩ ʘʤʧʣʠʪʫʜʦʡ 0ɽ. ʊʦʛʜʘ ʩʧʨʘʚʘ ʙʫʜʝʪ 

ʪʦʣʴʢʦ ʧʨʦʰʝʜʰʘʷ ʚʦʣʥʘ 0E t+, ʘ ʩʣʝʚʘ ï ʝʱʸ ʠ ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ 0E r+. 

011 120

21 22 00

Em mE t

m m E r
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+

å õå õå õ
= æ öæ öæ öæ ö æ ö
ç ÷ç ÷ ç ÷

                                   (19) 

ʠʣʠ  

0 11 0 12 0E t m E m E r+ += +  , (20) 21 0 22 00 m E m E r+= + .                 (21) 
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21 11 12 12 21
11 12

22 22

.
m m m m m

t m m
m m

+ -
= - =                           (22)  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ R+ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʊ+ ʨʘʚʥʳ 
2

2
21

22

m
R r

m

+ += = (23), 

2
2

22

1
ʊ t

m

+ += =                            (24) 

ʉʤʦʜʝʣʠʨʦʚʘʚ ʙʨʵʛʛʦʚʩʢʠʡ ʦʪʨʘʞʘʪʝʣʴ (ʨʠʩ.1), ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʩʣʦʝʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʨʘʟʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ (1.45an =  ʠ 2.1bn =

) ʠ ʪʦʣʱʠʥʫ (
72.6 10a -= Ö  ʠ 

71.76 10b -= Ö ). ʇʨʠ 10N=  ʥʘ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 
15 150.5 10 2 10w= Ö · Öʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ (ʨʠʩ.2). 

 
 
 

 
ʉʡʪ. 2. ʀʙʛʡʪʡʥʧʪʫʵ ʣʧʶʭʭʡʯʡʞʦʫʙ ʧʫʩʙʟʞʦʡʸ R ʧʫ ʰʙʪʫʧʫʴ ʨʩʡ na=1.45 

 

ʇʨʠ ʟʥʘʯʝʥʠʠ 0.45an =  ʣʝʛʢʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʣʘʩʪʴ ʦʪʨʘʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 1R=, ʫʚʝʣʠʯʠ-

ʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ.   
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ʉʡʪ. 3. ʀʙʛʡʪʡʥʧʪʫʵ ʣʧʶʭʭʡʯʡʞʦʫʙ ʧʫʩʙʟʞʦʡʸ R ʧʫ ʰʙʪʫʧʫʴ ʨʩʡ na=0.45 

 
ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʙʦʣʴʰʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʠʜʥʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʧʦʚʪʦʨʝʥʠʠ ʧʨʦʤʝʞʫʪʢʘ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʠ ʯʝʤ ʙʦʣʴʰʝ  ʯʘʩʪʦʪʘ, ʪʝʤ ʰʠʨʝ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ. 
 

 
ʉʡʪ. 4. ʀʙʛʡʪʡʥʧʪʫʵ ʣʧʶʭʭʡʯʡʞʦʫʙ ʧʫʩʙʟʞʦʡʸ R ʧʫ ʰʙʪʫʧʫʴ ʨʩʡ na=0.15 

 

ʀʟʤʝʥʠʚ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʣʦʷ (2.1an =  ʠ 1.45bn = ) ʧʦʣʫʯʘʝʤ 

ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ. 
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ʉʡʪ. 5. ʀʙʛʡʪʡʥʧʪʫʵ ʣʧʶʭʭʡʯʡʞʦʫʙ ʧʫʩʙʟʞʦʡʸ R ʧʫ ʰʙʪʫʧʫʴ ʨʩʡ na=2.1, nb=1.45 

 
ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
- ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ, ʚ ʢʦʪʦʨʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʙʣʠʟʦʢ ʢ 1; 
- ʠʥʪʝʨʚʘʣ ʜʣʠʥ ʚʦʣʥ ʩ ʙʣʠʟʢʠʤ ʢ 1 ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʙʫʜʝʪ ʩʪʘʥʦʚʠʪʩʷ ʟʘ-

ʤʝʪʥʦ ʰʠʨʝ ʧʨʠ ʧʘʜʝʥʠʠ ʚʦʣʥʳ ʥʘ ʩʪʦʨʦʥʫ, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʢʦʪʦʨʦʡ ʤʝʥʴʰʝ. 
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Ã´º 373.5. 

¼µÂ¾´¸ÇµÁº¸µ ¾Á¾±µ½½¾ÁÂ¸ 
¸Á¿¾»Ì·¾²°½¸Ï ¸½ÂµÀµ½Â-ÀµÁÃÀÁ¾² ¿À¸ 
¿¾´³¾Â¾²ºµ º µ³Í ¿¾ Ä¸·¸ºµ ¿À¸ 
¸·ÃÇµ½¸¸ Âµ¼Ë ¦¸½ÂµÀÄµÀµ½Æ¸Ï Á²µÂ°«  

ÈÒÕæÞÒÐ °ÛØÝÐ ²ØâÐÛìÕÒÝÐ 
ʩʪʫʜʝʥʪʢʘ 4 ʢʫʨʩʘ, ʬʘʢʫʣʴʪʝʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ  
ɽʣʘʙʫʞʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʱʠʭʩʷ ʢ 
ʵʢʟʘʤʝʥʫ ʧʦ ʬʠʟʠʢʝ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʦʚ. ʈʘʟʙʦʨʫ ʪʝʤʳ çʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘè ʚ ʰʢʦʣʘʭ 
ʫʜʝʣʷʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʚ ʟʘʜʘʥʠʷʭ ɽɻʕ ʟʘʜʘʯʠ ʧʦ ʜʘʥʥʦʡ 
ʪʝʤʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʥʦ ʚʩʪʨʝʪʠʚʰʠʩʴ ʩ ʥʠʤʠ ʜʝʪʠ ʟʘʯʘʩʪʫʶ ʜʘʞʝ ʥʝ ʧʨʠʩʪʫʧʘʶʪ ʢ ʨʝʰʝʥʠʶ, ʪʝʤ 
ʩʘʤʳʤ ʪʝʨʷʶʪ ʙʘʣʣʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʧʨʝʩʪʠʞʥʳʝ ʚʫʟʳ. ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʩʤʦʪʨʝʥʠʷ 
ʜʘʥʥʦʡ ʪʝʤʳ ʧʨʠʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʜʛʦʪʦʚʢʠ ʢ ʵʢʟʘʤʝʥʫ: ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʘʡʪʦʚ ʧʨʝʜʦʩʪʘʚ-
ʣʷʶʱʠʭ ʥʘʠʙʦʣʝʝ ʧʦʥʷʪʥʳʡ, ʩʞʘʪʳʡ ʠ ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʤʘʪʝʨʠʘʣ; ʧʦʜʙʦʨʢʘ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʦʚ ʩ ʚʠ-
ʜʝʦʣʝʢʮʠʷʤʠ, ʘʥʠʤʘʮʠʷʤʠ ʠ ʚʠʜʝʦ, ʨʘʩʢʨʳʚʘʶʱʠʤʠ ʤʦʤʝʥʪʳ ʷʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʢʦʪʦʨʳʝ ʚ 
ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʳʟʳʚʘʶʪ ʟʘʪʨʫʜʥʝʥʠʷ ʫ ʦʙʫʯʘʶʱʠʭʩʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʬʠʟʠʢʘ, ɽɻʕ, ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘ, ʩʘʤʦʦʙʫʯʝʥʠʝ, ʤʝʪʦʜʠʢʘ, ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ, 
ʚʝʙ-ʩʘʡʪ. 

 
METHODICAL FEATURES OF THE USE OF INTERNET RESOURCES WHEN PREPARING FOR THE 

EXAM IN PHYSICS THE STUDY OF THE THEME "INTERFERENCE OF LIGHTè 
 

SHvetsova Alina Vitalevna 
 

Abstract: this paper describes the possibility of self-preparation of students for the exam in physics using In-
ternet resources. A small amount of time is devoted to the analysis of the theme "Interference of light" in 
schools. This is explained by the fact that in the tasks of the exam tasks on this topic are rare, but met with 
them children often do not even begin to solve, thereby losing points and the opportunity to enter prestigious 
universities. Thus, on the example of the consideration of this topic are different ways of preparing for the ex-
am: consideration of sites providing the most understandable, concise and comprehensive material; a selec-
tion of Internet sources with video lectures, animations and videos, revealing moments of the interference 
phenomenon, which to a greater extent cause difficulties for students.  
Keywords: physics, Unified State Exam light interference, self-learning, methodology, Internet resources, 
website. 

 
ʌʠʟʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʫʞʥʘ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ ʚ 

ʧʨʝʩʪʠʞʥʳʝ ʚʫʟʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʧʨʠʦʙʨʝʪʝʥʠʝ ʚʳʩʦʢʦʦʧʣʘʯʠʚʘʝʤʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʧʨʦʬʝʩʩʠʠ ʚ 
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ʙʫʜʫʱʝʤ . ɺʝʜʴ ʬʠʟʠʢʘ, ʭʦʪʴ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʪʨʫʜʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʥʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʫʚʣʝʢʘʪʝʣʴʥʳʭ. ʇʦ ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʘ ʚ ʦʙʣʘʩʪʠ ɽɻʕ ʧʦ ʬʠʟʠʢʝ ʌʸʜʦʨʘ ɻʨʠʛʦʨʴʝʚʘ, ʦʜ-
ʥʦʡ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʪʝʤ ʚ ʠʟʫʯʝʥʠʠ ʰʢʦʣʴʥʠʢʘʤʠ ʷʚʣʷʝʪʩʷ çʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘè ʠ ʝʝ ʠʟʫʯʝʥʠʶ 

ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ . ʊʝʤ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʤʥʦʛʠʭ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ ʧʦ ʬʠʟʠʢʝ ʠ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʥʘʤʠ ʩʜʝʣʘʥ ʚʳʚʦʜ 
ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ɽɻʕ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʛʦʪʦʚʠʪʴ-
ʩʷ ʢ ɽɻʕ ʢʘʢ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʡ ʧʦ ʬʠʟʠʢʝ, ʪʘʢ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʆʥʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶ-
ʱʠʝ ʵʪʘʧʳ: ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʧʦ ʪʝʤʝ, ʠʟʣʦʞʝʥʠʝ ʤʝʪʦʜʠʢʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ ʠ ʧʦʜʙʦʨ ʟʘʜʘʯ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʤʳ çʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘè ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʩʥʘʯʘʣʘ ʦʩʚʝʪʠʪʴ ʢʨʘʪʢʦ ʵʪʘʧʳ 
ʩʪʘʥʦʚʣʝʥʠʷ ʚʦʣʥʦʚʦʡ ʦʧʪʠʢʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʍ. ɻʶʡʛʝʥʩ, ʊ. ʖʥʛ, ʆ. ʌʨʝʥʝʣʴ. ʕʪʦ ʧʦʟʚʦʣʠʪ 
ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʳʟʚʘʪʴ ʠʥʪʝʨʝʩ ʢ ʪʝʤʝ, ʚʝʜʴ ʥʘʫʢʘ ʜʝʣʘʣʘʩʴ ʠ ʜʝʣʘʝʪʩʷ ʣʶʜʴʤʠ, ʠʟʫʯʝʥʠʝ ʙʠʦʛʨʘ-
ʬʠʡ ʢʦʪʦʨʳʭ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʩʰʠʨʷʝʪ ʢʨʫʛʦʟʦʨ ʫʯʘʱʠʭʩʷ. 

ɺ ʤʘʪʝʨʠʘʣʘʭ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʥʘʤʠ ʜʣʷ ʢʨʘʪʢʦʛʦ ʠʟʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ, ʧʨʝʜʣʘʛʘ-
ʝʪʩʷ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʥʘʣʦʞʝʥʠʷ ʚʦʣʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʠʣʠ ʦʩʣʘʙʣʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʩʚʝʪʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 
ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʣʥʦʚʫʶ ʧʨʠʨʦʜʫ ʩʚʝʪʘ. 
ʈʘʥʝʝ ʵʪʦ ʷʚʣʝʥʠʝ ʫʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʣʥ. ʋʩʣʦʚʠʝ ʥʘʙʣʶʜʝʥʠʝ ʠʥʪʝʨʬʝʨʝʥ-
ʮʠʠ: ʚʦʣʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʛʝʨʝʥʪʥʳʤʠ. ʂʦʛʝʨʝʥʪʥʦʩʪʴ ï ʵʪʦ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʠ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ 
ʢʦʛʝʨʝʥʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʦʣʥʳ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʨʘʟʥʦʩʪʴ 
ʬʘʟ.  

ɿʘʪʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʚʦʣʥ ʧʨʠ ʜʚʫʭʣʫʯʝʚʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, 
ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ 1802 ʊ. ʖʥʛʦʤ: ʨʘʟʜʝʣʝʥʠʝ ʚʦʣʥʳ ʥʘ ʜʚʝ ʩ ʧʦʤʦʱʴʶ ʜʚʦʡʥʦʡ ʱʝʣʠ ʠ ʧʨʠʚʦʜʷʪʩʷ 
ʬʦʨʤʫʣʳ ʜʣʷ ʫʩʣʦʚʠʷ ʤʘʢʩʠʤʫʤʘ ʠ ʤʠʥʠʤʫʤʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ.  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʩʚʝʪʘ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ, ʧʦʢʘʟʳʚʘʷ, ʯʪʦ 
ʨʘʟʣʠʯʥʳʝ ʮʚʝʪʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ï ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʚʫʭ ʚʦʣʥ, ʦʪʨʘʞʘʶʱʠʭʩʷ ʦʪ ʥʠʞʥʝʡ ʠ 
ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʣʝʥʢʠ. ʇʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʧʦʣʫ-
ʚʦʣʥʳ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʧʨʠʚʦʜʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʭʦʜʘ ʠ ʟʘʜʘʝʤ ʫʩʣʦʚʠʝ ʤʘʢʩʠʤʘʣʴ-
ʥʦʛʦ ʫʩʠʣʝʥʠʷ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʣʫʯʝʡ, ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ.  

ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʣʝʮ ʤʦʞʝʪ ʪʘʢʞʝ ʚʦʟʥʠʢʘʪʴ ʚ ʪʦʥʢʦʡ ʧʨʦ-
ʩʣʦʡʢʝ ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʦʡ ʠ ʧʦʣʦʞʝʥʥʦʡ ʥʘ ʥʝʝ ʧʣʦʩʢʦïʚʳʧʫʢʣʦʡ ʣʠʥʟʦʡ, ʩʬʝʨʠʯʝ-
ʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ. ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʥʘʟʳʚʘʝʪʩʷ ʢʦʣʴʮʘʤʠ ʅʴʶ-
ʪʦʥʘ. ɺ ʤʝʩʪʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʣʠʥʟʳ ʠ ʧʣʘʩʪʠʥʳ ʪʝʤʥʦʝ ʧʷʪʥʦ ʠ ʚʦʢʨʫʛ ʥʝʛʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʘʣʝʥʴʢʠʭ 
ʨʘʜʫʞʥʳʭ (ʠʣʠ ʦʜʥʦʮʚʝʪʥʳʭ) ʢʦʣʝʮ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʦʣʴʮʘʤʠ ʙʳʩʪʨʦ ʫʙʳʚʘʶʪ ʩ ʫʚʝʣʠ-
ʯʝʥʠʝʤ ʠʭ ʨʘʜʠʫʩʘ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʤʳ çʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘè ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ 
ʷʚʣʝʥʠʷ ʚ ʪʝʭʥʠʢʝ. ʅʘʧʨʠʤʝʨ, ʜʘʥʥʦʤ ʷʚʣʝʥʠʠ ʦʩʥʦʚʘʥʦ ʜʝʡʩʪʚʠʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ï ʧʨʠʙʦʨʦʚ, ʢʦʪʦ-
ʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʭʥʠʢʝ ʜʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ, ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦ-
ʩʪʝʡ ʠ ʜʨ. ɺ 1887 ʛʦʜʫ ʜʚʘ ʘʤʝʨʠʢʘʥʩʢʠʭ ʬʠʟʠʢʘ ʄʘʡʢʝʣʴʩʦʥ ʠ ʄʦʨʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʩʧʝʮʠʘʣʴʥʳʡ 
ʠʥʪʝʨʬʝʨʦʤʝʪʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʥʠ ʩʦʙʠʨʘʣʠʩʴ ʜʦʢʘʟʘʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʬʠ-
ʨʘ. ʕʪʦʪ ʦʧʳʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʟʥʘʤʝʥʠʪʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʬʠʟʠʢʝ. 

ʅʘ ʷʚʣʝʥʠʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʪʘʢʞʝ ʪ.ʥ. ʧʨʦʩʚʝʪʣʝʥʠʝ ʦʧʪʠʢʠ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʪʨʘʞʝʥʥʦʡ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩ-
ʣʘ ʣʠʥʟ, ʧʨʠʟʤ: ʦʙʲʝʢʪʠʚʘʭ ʬʦʪʦʘʧʧʘʨʘʪʦʚ, ʢʠʥʦʧʨʦʝʢʪʦʨʦʚ, ʧʝʨʠʩʢʦʧʦʚ ʠ ʧʨ. ʩ ʧʦʤʦʱʴʶ ʥʘʥʝʩʝʥʠʷ ʥʘ 
ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʳ ʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʄʳ ʚʳʚʦʜʠʤ ʬʦʨʤʫʣʫ ʜʣʷ 
ʨʘʩʯʝʪʘ ʪʦʣʱʠʥʳ ʪʘʢʦʡ ʧʣʝʥʢʠ.  

ʅʝʩʦʤʥʝʥʥʦ, ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʪʨʫʜʥʦʩʪʠ ʚ ʧʦʥʠʤʘʥʠʠ, ʥʦ ʣʠʰʴ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 
ʨʝʙʸʥʦʢ ʥʝ ʚʣʘʜʝʝʪ ʦʩʥʦʚʥʳʤʠ ʟʥʘʥʠʷʤʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʠ ʥʝ ʫʤʝʝʪ ʠʭ ʧʨʠʤʝʥʷʪʴ. ɸ ʩʣʦʞʥʦʩʪʴ ʚ ʩʜʘ-
ʯʝ ʵʢʟʘʤʝʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʘʢʪʠʢʝ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯ, ʚʝʜʴ ʠʟ 32 ʟʘʜʘʥʠʡ ɽɻʕ ʣʠʰʴ 
ʜʚʘ ʠʣʠ ʪʨʠ ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʘʤʠ ʧʦ ʪʝʦʨʠʠ, ʘ ʦʩʪʘʣʴʥʳʝ ï ʟʘʜʘʯʠ. ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʰʝʥʠʶ ʟʘ-
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ʜʘʯ ʫʜʝʣʷʝʪʩʷ ʤʠʥʠʤʫʤ ʚʨʝʤʝʥʠ, ʦʩʥʦʚʥʘʷ ʞʝ ʯʘʩʪʴ ʪʨʘʪʠʪʴʩʷ ʥʘ ʠʟʫʯʝʥʠʝ ʧʘʨʘʛʨʘʬʦʚ ʠ ʟʘʫʯʠʚʘʥʠʝ 

ʬʦʨʤʫʣ .  

ʇʦʵʪʦʤʫ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʟʙʦʨ ʨʝʰʝʥʠʷ ʪʠ-
ʧʦʚʳʭ ʟʘʜʘʯ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ, ʘ ʟʘʪʝʤ ʧʨʝʜʦʩʪʘʚʠʪʴ ʫʯʘʱʠʤʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʨʝʰʘʪʴ 
ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʇʨʠʦʙʨʝʪʝʥʠʝ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʥʘʚʳʢʦʚ ʧʦ ʨʝʰʝʥʠʶ ʪʠʧʦʚʳʭ ʟʘʜʘʥʠʡ 
ʧʦʟʚʦʣʠʪ ʠʤ ʩ ʙʦʣʴʰʝʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʧʝʨʝʡʪʠ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ɽɻʕ ʧʦ ʬʠʟʠʢʝ ʯʘʩʪʠ 2. 

ɺ ʧʦʜʛʦʪʦʚʢʝ ʢ ɽɻʕ ʧʦ ʬʠʟʠʢʝ ʧʦ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʙʦʣʴʰʠʤ ʧʦʜʩʧʦʨʴʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪ.ʯ. ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ. ʅʘʤʠ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʨʷʜ ʀʥʪʝʨʥʝʪ-
ʠʩʪʦʯʥʠʢʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʳ ʚʳʜʝʣʠʣʠ STudme.org, SolverBook, Forkettle.ru ʠʣʠ çɺʩʸ ʜʣʷ ʯʘʡʥʠ-
ʢʦʚè, çʆʙʨʘʟʦʚʘʢʘè ʠ ʜʨ. 

ʅʘ STudme.org [4] ʧʦʜʦʙʨʘʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʚʦʣʴʥʦ ʢʨʘʪʢʦ ʠ ʣʸʛʦʢ ʜʣʷ 
ʧʦʥʠʤʘʥʠʷ. ʀʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʣʣʶʩʪʨʘʮʠʡ ʠ ʧʦʷʩʥʝʥʠʡ. ʆʥ ʦʨʠʝʥʪʠʨʦʚʘʥ ʢʘʢ ʥʘ ʰʢʦʣʴʥʠʢʦʚ, ʪʘʢ ʠ 
ʥʘ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʭʦʪʝʣʠ ʙʳ ʙʦʣʝʝ ʛʣʫʙʦʢʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʤʘʪʝʨʠʘʣʝ. ʄʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ ʧʨʠ ʠʟʫ-
ʯʝʥʠʠ ʣʶʙʦʛʦ ʧʨʝʜʤʝʪʘ. ʊʘʢ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʝʤʳ çʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘè ʣʸʛʢʠʡ ʚ ʧʦʥʠʤʘʥʠʠ ʤʘʪʝʨʠ-
ʘʣ ʦʙʲʷʩʥʷʶʱʠʡ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʚʦʣʥ. ʇʨʠʚʦʜʷʪʩʷ ʬʦʨʤʫʣʳ ʩʨʘʚʥʝʥʠʷ ʯʘʩʪʦʪ ʜʚʫʭ ʢʦʛʝʨʝʥʪʥʳʭ ʚʦʣʥ. 
ʆʙʲʷʩʥʷʝʪʩʷ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʙʦʣʴʰʝ, ʪʘʢ ʠ ʤʝʥʴʰʝ ʩʫʤʤʳ ʦʪʜʝʣʴʥʳʭ 
ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. 

ʅʘ ʩʪʨʘʥʠʮʘʭ ʩʘʡʪʘ SolverBook [5] ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʢʨʘʪʢʦ, ʥʦ ʦʩʥʦʚʘʪʝʣʴʥʦ ʠʟʣʦʞʝʥ ʪʝʦʨʝ-
ʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʨʘʟʦʙʨʘʥʳ ʪʠʧʦʚʳʝ ʟʘʜʘʯʠ. ɹʦʣʴʰʠʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ çʆʥʣʘʡʥ ʢʘʣʴʢʫʣʷ-
ʪʦʨè, ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʚʳ ʤʦʞʝʪʝ ʩʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʨʝʰʝʥʠʠ. ʉʘʡʪ ʙʫ-
ʜʝʪ ʧʦʣʝʟʝʥ ʠ ʪʝʤ, ʢʪʦ ʠʥʪʝʨʝʩʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʢʦʡ, ʥʦ ʠ ʤʘʪʝʤʘʪʠʢʦʡ, ʛʝʦʤʝʪʨʠʝʡ ʠ ʜʨʫʛʠʤʠ ʪʝʭ-
ʥʠʯʝʩʢʠʤʠ ʧʨʝʜʤʝʪʘʤʠ. ɽʩʪʴ ʟʜʝʩʴ ʠ ʨʘʟʙʦʨ ʟʘʜʘʯ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʩʚʝʪʣʳʭ ʠ ʪʸʤʥʳʭ ʧʦʣʦʩ ʚ ʦʧʳʪʝ 
ʖʥʛʘ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʉʘʤʦ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʙʣʘʛʦʜʘʨʷ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʩʘʡʪʦʤ 
ʦʥʣʘʡʥ ï ʢʘʣʴʢʫʣʷʪʦʨʫ. 

ʀʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʛʦʪʦʚʷʱʠʭʩʷ ʢ ʩʜʘʯʝ ɽɻʕ, ʥʦ ʠ ʫʯʠʪʝʣʝʡ, ʜʘʞʝ ʨʝʧʝʪʠʪʦʨʦʚ, 
ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʘʡʪ Forkettle.ru ʠʣʠ çɺʩʸ ʜʣʷ ʯʘʡʥʠʢʦʚè [6]. ʕʛʦ ʦʪʣʠʯʘʝʪ ʦʯʝʥʴ ʧʨʦʩʪʦʝ ʦʙʲʷʩʥʝʥʠʝ 
ʤʘʪʝʨʠʘʣʘ: ʪʝʦʨʠʷ ʠʟʣʦʞʝʥʘ ʦʙʲʸʤʥʦ, ʪʘʢ ʢʘʢ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʲʷʩʥʝʥʠʡ. ʉʪʨʘʥʠʮʳ ʵʪʦʛʦ ʩʘʡʪʘ 
ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʪʦʪ ʢʦʥʪʠʥʛʝʥʪ ʣʶʜʝʡ, ʢʦʪʦʨʦʤʫ ʪʷʞʝʣʦ ʜʘʸʪʩʷ ʬʠʟʠʢʘ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʠʣʣʶʩʪʨʘʮʠʠ, 
ʛʨʘʬʠʢʠ, ʠʥʪʝʨʝʩʥʳʝ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʠ gif ï ʢʘʨʪʠʥʢʠ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʫʶʪʩʷ ʠʥʪʝʨʝʩʦʤ ʫ ʥʳʥʝʰʥʠʭ 
ʰʢʦʣʴʥʠʢʦʚ. ɹʣʘʛʦʜʘʨʷ ʠʤ, ʜʝʪʠ ʤʦʛʫʪ ʫʚʠʜʝʪʴ ʷʚʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʠ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʸʤ. 
ʊʘʢ, ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʨʠʘʣ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʧʨʠ ʠʥʪʝʨʬʝʨʝʥ-
ʮʠʠ. ʇʨʦʚʦʜʷʪʩʷ ʨʘʩʩʫʞʜʝʥʠʷ: 

ɺʦʣʥʳ ʥʝʩʫʪ ʵʥʝʨʛʠʶ. ʏʪʦ ʞʝ ʩ ʵʪʦʡ ʵʥʝʨʛʠʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʛʘʰʝʥʠʠ ʚʦʣʥ ʜʨʫʛ ʜʨʫʛʦʤ? ʄʦʞʝʪ 
ʙʳʪʴ, ʦʥʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʨʫʛʠʝ ʬʦʨʤʳ ʠ ʚ ʤʠʥʠʤʫʤʘʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧ-
ʣʦ? ʅʠʯʝʛʦ ʧʦʜʦʙʥʦʛʦ. ʅʘʣʠʯʠʝ ʤʠʥʠʤʫʤʘ ʚ ʪʦʯʢʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ 
ʩʶʜʘ ʥʝ ʧʦʩʪʫʧʘʝʪ ʩʦʚʩʝʤ. ɺʩʣʝʜʩʪʚʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝ. ʆʥʘ ʥʝ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤ ʯʘʩʪʠʮʘʤ ʩʨʝʜʳ, ʘ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʤʘʢʩʠ-
ʤʫʤʘʭ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʤʠʥʠʤʫʤʳ ʥʝ ʧʦʩʪʫʧʘʝʪ ʩʦʚʩʝʤ. 

ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ çʆʙʨʘʟʦʚʘʢʘè ʠ çʆnline Test Padè ï ʵʪʦ ʩʘʡʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʦʙʰʠʨʥʘʷ 
ʧʦʜʙʦʨʢʘ ʪʝʩʪʦʚ, ʢʦʪʦʨʳʝ ʰʢʦʣʴʥʠʢʠ ʤʦʛʫʪ ʧʨʦʡʪʠ ʦʥʣʘʡʥ, ʪʝʤ ʩʘʤʳʤ ʟʘʢʨʝʧʠʪʴ ʠ ʧʨʦʚʝʨʠʪʴ ʩʚʦʠ ʟʥʘʥʠʷ. 

ʊʝʩʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʚʝʙ-ʩʘʡʪʝ çʆʙʨʘʟʦʚʘʢʘè [7] ʜʘʶʪ ʦʪʚʝʪʳ ʥʘ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʝʩʫʶʱʠʝ ʜʝ-
ʪʝʡ ʚʦʧʨʦʩʳ: ʏʝʤ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʯʝʨʝʜʦʚʘʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʪ ʜʚʫʭ 
ʠʩʪʦʯʥʠʢʦʚ? ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʵʥʝʨʛʠʝʡ ʢʦʛʜʘ ʚʦʣʥʳ ʛʘʩʷʪ ʜʨʫʛ ʜʨʫʛʘ? ʂʘʢʦʚʳ ʫʩʣʦʚʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ?  

ʅʘ ʚʝʙ-ʩʘʡʪʝ çʆnline Test Padè [8] ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʩʪʳ ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʪ-
ʚʝʪʦʚ ʠʟ ʢʦʪʦʨʳʭ ʦʙʫʯʘʶʱʠʡʩʷ ʜʦʣʞʝʥ ʚʳʙʨʘʪʴ ʦʜʠʥ. ʏʪʦ ʧʦʤʦʛʘʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʩʚʦʝʥʠʶ ʤʘʪʝʨʠʘ-
ʣʘ. ʇʨʠʤʝʨʳ ʚʦʧʨʦʩʦʚ: 

ï ʆʢʨʘʰʠʚʘʥʠʝ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʚ ʨʘʟʣʠʯʥʳʝ ʮʚʝʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʷʚʣʝʥʠʝʤ: 
- ʜʠʩʧʝʨʩʠʷ 
- ʜʠʬʨʘʢʮʠʷ ʩʚʝʪʘ 
- ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘ 



»ãçèÐï áâãÔÕÝçÕáÚÐï áâÐâìï 2018 25 

 

www.naukaip.ru 

-ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʠ ʜʠʬʨʘʢʮʠʷ 
ï ʄʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ - ɻ ʪʦ ʚʦʣʥʘ: 
- ʚʦʣʥʘ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ 
- ʚʦʣʥʘ, ʠʤʝʶʱʘʷ ʙʝʣʳʡ ʮʚʝʪ; 
 -ʠʤʝʝʪ ʦʧʨʝʜʝʣʸʥʥʫʶ ʯʘʩʪʦʪʫ 
- ʧʝʨʚʠʯʥʘʷ ʚʦʣʥʘ 
ʀʟʫʯʝʥʠʝ ʬʠʟʠʢʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʌɻʆʉ, ʪ.ʝ. ʨʝʘʣʠʟʫʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʘʱʠʭʩʷ ʚ 
ʥʘʙʣʶʜʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʠʟʤʝʨʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. 

ɼʦʧʦʣʥʝʥʠʝʤ ʢ ʥʘʛʣʷʜʥʳʤ ʜʝʤʦʥʩʪʨʘʮʠʷʤ, ʧʨʦʚʦʜʠʤʳʤ ʥʘ ʫʨʦʢʘʭ ʤʦʞʝʪ ʩʪʘʪʴ ʧʦʢʘʟ ʤʫʣʴʪ-
ʘʥʠʤʘʮʠʡ. ʊʘʢ, ʥʘ ʩʪʨʘʥʠʮʘʭ Algodoo Algodoo [9] ʨʘʙʦʪʘʝʪ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ 2D ʩʠʤʫ-
ʣʷʮʠʠ. ʆʯʝʥʴ ʙʦʛʘʪʘ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ, ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʠʩʪʝʤ 
ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʩʚʦʡʩʪʚ. ʄʦʞʥʦ ʟʘʛʨʫʞʘʪʴ ʨʠʩʫʥʦʢ ʠ ʟʘʜʘʪʴ ʣʶʙʳʝ 
ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʨʦʛʨʘʤʤʘ ʙʝʩʧʣʘʪʥʘʷ. ʉ ʧʦʤʦʱʴʶ ʤʫʣʴʪ-ʘʥʠʤʘʮʠʡ ʥʘʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʧʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʢʦʣʝʮ ʅʴʶʪʦʥʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʦʚʳʭ ʚʦʣʥ. ɺʤʝʩʪʝ ʩʦ ʰʢʦʣʴʥʠʢʘʤʠ 
ʥʘʛʣʷʜʥʦ ʫʙʝʞʜʘʝʤʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʚ ʩʨʝʜʝ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʜʣʠʥʳ ʠ ʵʪʦ 
ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʜʠʩʧʝʨʩʠʝʡ ʩʚʝʪʘ. 

ʂʘʞʜʳʡ ʰʢʦʣʴʥʠʢ, ʛʦʪʦʚʷʱʠʡʩʷ ʢ ʩʜʘʯʝ ɽʜʠʥʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʕʢʟʘʤʝʥʘ ʟʥʘʝʪ, ʯʪʦ ʥʝʟʘʤʝ-
ʥʠʤʳʤ ʩʘʡʪʦʤ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʜʛʦʪʦʚʢʝ ʷʚʣʷʝʪʩʷ ʩʘʡʪ çʈʝʰʫ ɽɻʕè. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, 
ʯʪʦ ʪʘʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʘ ʵʢʟʘʤʝʥʝ. ʆʛʨʦʤʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʠ ʨʘʟʲʷʩʥʝʥʠʷ. ʋʯʝʥʠʢʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ 
ʟʘʜʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ, ʩʭʦʞʠʭ ʩ ʨʝʘʣʴʥʦʡ ʩʜʘʯʝʡ ʵʢʟʘʤʝʥʘ.  

ʆʙʰʠʨʥʫʶ ʙʘʟʫ ʟʥʘʥʠʡ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʝ çʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘè, ʢʦʪʦʨʘʷ ʧʨʝʜʣʘʛʘʝʪ-
ʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʦʤ ʚʠʜʝʦʭʦʩʪʠʥʛʦʚʦʤ ʩʘʡʪʝ çYouTubeè. 
ʇʨʝʜʣʘʛʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʝʩʪʴ: 

ɺʠʜʝʦʣʝʢʮʠʠ ʩ ʨʝʘʣʴʥʳʤʠ ʜʝʤʦʥʩʪʨʘʮʠʷʤʠ. 
ʀʥʪʝʨʝʩ ʚʳʟʚʘʣ ʢʫʨʩ ʧʦʜʛʦʪʦʚʢʠ ʢ ɽɻʕ ʧʦ ʬʠʟʠʢʝ, ʢʘʥʜʠʜʘʪʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ɹʦʨʠ-

ʩʘ ʉʝʨʛʝʝʚʠʯʘ ɹʦʷʨʰʠʥʦʚʘ. ɺ ʃʝʢʮʠʠ ˉ 34 çɺʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʩʚʝʪʘè [10] ʦʥ ʨʘʩʩʢʘʟʳʚʘʝʪ ʦ ʨʝʰʝ-
ʥʠʠ ʟʘʜʘʯ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ʵʢʟʘʤʝʥʝ, ʩʦʧʨʦʚʦʞʜʘʷ ʢʘʞʜʳʡ ʰʘʛ ʦʙʲʷʩʥʝʥʠʷʤʠ, ʨʠʩʫʥʢʘʤʠ ʠ ʚʳʯʠʩ-
ʣʝʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ ʟʘʜʘʯʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʧʦʣʦ-
ʩʘʤʠ, ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʯʠʩʣʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʥʘ ʵʢʨʘʥʝ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʘ ʣʠʥʟʦʡ ʠ 
ʪ.ʧ. ʏʪʦ ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʫʶ ʧʦʤʦʱʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʢ ʵʢʟʘʤʝʥʫ ʧʦ ʬʠʟʠʢʝ.  

ɸʥʠʤʘʮʠʠ. ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʆʧʳʪ ʊʦʤʘʩʘ ʖʥʛʘ ʧʦ ʩʣʦʞʝʥʠʶ ʧʫʯʢʦʚ ʩʚʝʪʘ ʦʪ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ. 
ɻʜʝ ʙʝʨʸʪʩʷ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ - ʷʨʢʦ ʦʩʚʝʱʝʥʥʘʷ ʱʝʣʴ. ʆʪ ʱʝʣʠ ʬʨʦʥʪ ʚʦʣʥʳ ʧʘʜʘʝʪ ʥʘ ʜʚʝ ʫʟʢʠʝ ʨʘʚ-
ʥʦʫʜʘʣʸʥʥʳʝ ʱʝʣʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʫ. ʕʪʠ ʜʚʝ ʱʝʣʠ ʩʪʘʥʦʚʠʣʠʩʴ ʠʩʪʦʯʥʠʢʦʤ ʚʪʦʨʠʯʥʳʭ ʢʦʛʝ-
ʨʝʥʪʥʳʭ ʚʦʣʥ [11]. 

ɺʠʜʝʦ. ɼʦʢʫʤʝʥʪʘʣʴʥʳʝ ʬʠʣʴʤʳ BBC çʏʪʦ ʪʘʢʦʝ ʩʚʝʪ - ʇʨʠʨʦʜʘ ʉʚʝʪʘè [12]. ɺ ʜʘʥʥʦʤ ʚʠʜʝʦ 
ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʧʨʠʨʦʜʝ ʩʚʝʪʘ ʠ ʚʳʚʦʜʘʭ ʥʘ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʘ ʪʝʦʨʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʚʝʪʘ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ, ʚʳʚʝʜʫ ʦʩʥʦʚʥʳʝ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ 
ʧʦʤʦʛʫʪ ʫʯʘʱʠʤʩʷ ʣʫʯʰʝ ʫʩʚʦʠʪʴ ʪʝʤʳ ʠ ʫʩʧʝʰʥʦ ʩʜʘʪʴ ʵʢʟʘʤʝʥ ʧʦ ʬʠʟʠʢʝ: 

- ʇʨʘʚʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʧʦʜʛʦʪʦʚʢʫ (ʦʙʲʸʤʥʳʡ ʤʘʪʝʨʠʘʣ ʠʟʫʯʘʝʪʩʷ ʥʘ ʧʨʦʪʷ-
ʞʝʥʠʠ 5 ʣʝʪ, ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʤʝʥʴʰʝ ʛʦʜʘ ʥʘ ʧʦʜʛʦʪʦʚʢʫ); 

- ɹʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʪʴ ʨʝʰʝʥʠʶ ʟʘʜʘʯ, ʘ ʥʝ ʟʘʫʯʠʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ; 
- ʇʦʩʪʝʧʝʥʥʦʝ ʦʩʦʟʥʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠʜʝʡ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʨʝʰʝʥʠʝ ʥʘ ʮʝʣʳʡ ʙʣʦʢ ʟʘʜʘʯ (ʟʥʘʥʠʝ 

ʬʦʨʤʫʣ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʪʨʝʪʴ ʨʝʰʝʥʠʷ); 
- ʍʦʨʦʰʝʝ ʚʣʘʜʝʥʠʝ ʤʘʪʝʤʘʪʠʢʦʡ (ʩʘʤʳʝ ʦʙʠʜʥʳʝ ʧʦʪʝʨʠ ʙʘʣʣʦʚ ʠʟ-ʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ) 
ʊʘʢʠʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʩʪʘʪʴʝ ʤʘʪʝʨʠʘʣ ʤʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ɽɻʕ ʧʦ ʬʠʟʠʢʝ. 
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THE PROBLEM OF INVESTIGATION OF SOLUTIONS OF STOCHASTIC DIFFERENTIAL EQUATIONS BY 
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Abstract: the article deals with the problem of studying solutions of stochastic differential equations based on 
the rapid development of computer technology, as well as an example of software implementation of the 
problem for the stochastic differential equation. 
Key words: stochastic differential equation; application software package; MATLAB. 

 
ʇʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʰʫʤʦʚ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʙʳʯ-
ʥʦ ʫʯʘʩʪʚʫʶʪ ʣʶʜʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ ʥʝʢʦʪʦʨʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ. ʆʧʠʩʘʥʠʝ ʪʘʢʠʭ 
ʩʠʩʪʝʤ ʧʨʠ ʧʦʤʦʱʠ ʜʝʪʝʨʤʠʥʠʩʪʩʢʠʭ ʧʦʜʭʦʜʦʚ ʥʝ ʚʩʝʛʜʘ ʦʪʨʘʞʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʢʘʨʪʠʥʫ ʬʫʥʢʮʠʦ-
ʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ. ɽʩʣʠ ʤʦʜʝʣʴʶ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ dx(t) = f(t,x(t))dt, 
ʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʧʦʤʝʭʠ ʪʠʧʘ ʙʝʣʦʛʦ ʰʫʤʘ, ʢ ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-
ʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʠʙʘʚʣʷʶʪ ʩʣʘʛʘʝʤʦʝ ʚʠʜʘ g(t,x(t))dW(t) ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʜʠʬʬʝʨʝʥʮʠ-
ʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ  

dx(t) = f(t,x(t))dt + g(t,x(t))dW(t).     [1] 
ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ (ʉɼʋ) ï ʦʜʠʥ ʠʟ ʠʥʪʝʨʝʩʥʝʡʰʠʭ  ʨʘʟʜʝʣʦʚ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. ʉɼʋ ʩʣʫʞʘʪ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʤʥʦʛʠʭ ʨʘʟʜʝʣʦʚ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ. ʇʨʠʥʷʪʦ 
ʩʯʠʪʘʪʴ, ʯʪʦ ʪʝʨʤʠʥ çʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝè ʧʨʠʥʘʜʣʝʞʠʪ ʩʦʚʝʪʩʢʦʤʫ ʤʘʪʝ-
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ʤʘʪʠʢʫ ʉ.ʅ. ɹʝʨʥʰʪʝʡʥʫ. ɺ 40-ʭ ʛʛ. ʍʍ ʚ. ʷʧʦʥʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʂ. ʀʪʦ ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʩʪʦʭʘʩʪʠ-
ʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʀʟʥʘʯʘʣʴʥʦ ʪʘʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʘ 
ʷʟʳʢʝ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ 
ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ ʢ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ  ʫʨʘʚʥʝʥʠʷʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟ-
ʨʦʩ, ʦ ʯʝʤ  ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ. ʇʨʦʙʣʝʤʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʦ-
ʭʘʩʪʠʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʩʨʝʜʠ ʥʠʭ:  ʇʦʣʴ 
ʃʘʥʞʝʚʝʥ,  ʉ.ʅ. ɹʝʨʥʰʪʝʡʥ, ʂ. ʀʪʦ,  ɻ.ʅ. ʄʠʣʴʰʪʝʡʥ, ɹ. ʆʢʩʝʥʜʘʣʴ ʠ ʜʨ. ɺʘʞʥʦʩʪʴ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʚ ʧʦʧʦʣʥʝʥʠʠ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʤʘʪʝʤʘʪʠʢʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʟʥʘʥʠʷʤʠ ʦ ʉɼʋ, ʥʦ ʠ 
ʨʘʩʩʤʦʪʨʝʥʠʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʢʘʭ (ʬʠʥʘʥʩʦʚʘʷ ʤʘʪʝʤʘʪʠʢʘ, ʭʠʤʠʷ, ʬʠʟʠʢʠ, ʪʝʦʨʠʷ ʚʝ-
ʨʦʷʪʥʦʩʪʝʡ, ʙʠʦʣʦʛʠʷ ʠ ʜʨ.), ʘ ʪʘʢ ʞʝ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ (ʟʘʜʘʯʘ ɼʠʨʠʭʣʝ, ʟʘʜʘʯʘ 
ʬʠʣʴʪʨʘʮʠʠ,  ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ, ʦʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʨʫʛʠʝ).  

ʇʦʜ ʉɼʋ ʧʦʥʠʤʘʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʜʠʥ ʯʣʝʥ ʠʣʠ ʙʦʣʝʝ ʠʤʝʶʪ ʩʪʦʭʘ-
ʩʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ, ʪʦ ʝʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʷ 
ʫʨʘʚʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ.[1] 

ʇʨʝʜʣʦʞʠʤ ʥʝʢʦʪʦʨʳʝ ʟʘʧʠʩʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

( ) () ( )dtXttdBXtdXt ,, ba += ; dWxbdtxadx )()( += ; bVaaX
dt

dX
++= 0 . 

ʋʨʘʚʥʝʥʠʝ  

bVaaX
dt

dX
++= 0  

ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʝʡʥʳʤ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, ʝʩʣʠ ʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ ()tV  

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʳʡ ʰʫʤ. [2, c.170] 
ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʪʝʦʨʠʠ ʉɼʋ ʟʘʥʠʤʘʝʪ ʧʨʦʙʣʝʤʘ ʠʭ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʯʠʩʣʝʥ-

ʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʭ ʨʝʰʝʥʠʡ ʚ ʜʠʩʢʨʝʪʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʉʘʤʘ ʧʨʦʙʣʝʤʘ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʫʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ 
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʠ ʥʝ ʚʩʝʛʜʘ ʵʪʦ ʧʦʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʫʞʥʦʤʫ ʨʝʟʫʣʴʪʘ-
ʪʫ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ 
ʫʧʨʦʱʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʚʳʜʘʶʪ ʚʝʨʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʩʣʫʞʘʪ ʧʘʢʝʪʳ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʘʢʠʝ ʢʘʢ: MATLAB, Maple, Maxima, MathCad, 
Mathematica ʠ ʜʨʫʛʠʝ.  

ʇʨʠʚʝʜʝʤ ʨʩʡʥʞʩ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʪʘʢʦʡ ʟʘʜʘʯʠ. 
ɼʣʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʀʪʦ  

[ ] 1

0 ,,0,1, ÁÍÍ=+= ttttt fTtxdfbxdtaxdx  

ʩʤʦʜʝʣʠʨʦʚʘʪʴ 3600 (M=30 ʛʨʫʧʧ ʧʦ N=120 ʨʝʘʣʠʟʘʮʠʡ) ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʘʣʠʟʘʮʠʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 

Tx  ʧʨʠ ʊ=1, a=b=1 ʧʦ ʬʦʨʤʫʣʝ  
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ʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʕʡʣʝʨʘ, ʚʳʙʠʨʘʷ  iii
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ffyyayy pppppppp tttttt , 

ʟʜʝʩʴ )1,...,1,0(;2;/ 3 -==DD= - NiTN iV  - ʥʝʟʘʚʠʩʠʤʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʛʘʫʩʩʦʚʩʢʠʝ ʩʣʫʯʘʡʥʳʝ ʚʝ-

ʣʠʯʠʥʳ.[2, ʩ. 183]  

ɺʳʯʠʩʣʠʪʴ ʦʮʝʥʢʫ 
30,120
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Le ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 
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90%-ʡ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ e.  

ʇʦʚʪʦʨʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠ 7,6,5,4;2 ==D - jj  ʠ ʠʟʦʙʨʘʟʠʪʴ ʛʨʘʬʠʯʝʩʢʠ ʟʘʚʠʩʠʤʦʩʪʴ )(Ĕ
30,120 De  

ʩ 90%-ʤʠ ʜʦʚʝʨʠʪʝʣʴʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʜʣʷ e ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ D. 
 ʀʩʩʣʝʜʦʚʘʪʝʣʠ, ʩʪʘʣʢʠʚʘʶʱʠʝʩʷ ʩ ʧʦʜʦʙʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʩʦʛʣʘʩʷʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʝʸ ʨʝʰʝʥʠʷ 

ʪʨʝʙʫʶʪʩʷ ʛʨʦʤʦʟʜʢʠʝ ʚʳʯʠʩʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʣʝʛʢʦ ʤʦʞʥʦ ʩʦʚʝʨʰʠʪʴ ʦʰʠʙʢʫ.  
ʄʳ ʩʜʝʣʘʣʠ ʧʦʧʳʪʢʫ  ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ  ʟʘʜʘʯʫ ʨʝʰʠʪʴ ʥʘʤʥʦʛʦ ʧʨʦʱʝ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ, ʤʳ ʚʳʙʨʘʣʠ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ MATLAB. MATLAB ï ʵʪʦ ʨʘʟʚʠʪʘʷ 
ʩʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʚʢʣʶʯʘʶʱʘʷ ʚ 
ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʤʘʪʝʤʘʪʠʢʠ 
(ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʪ.ʜ.). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ MATLAB 
ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʠ ʩʠʣʴʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʩ ʢʘʞʜʳʤ ʚʳʭʦʜʦʤ ʩʣʝʜʫʶʱʝʡ ʚʝʨʩʠʠ 
ʧʘʢʝʪʘ ʫʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʠ ʧʦʧʦʣʥʷʝʪ ʩʧʠʩʦʢ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʙʨʘʥʥʦʡ ʟʘʜʘʯʠ ʤʳ ʩʦʩʪʘʚʠʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ (ʪʘʙʣ. 1), ʢʦʪʦʨʳʡ ʫʞʝ ʩʘʤ ʧʨʦ-
ʚʦʜʠʪ ʚʩʝ ʵʪʠ ʚʳʯʠʩʣʝʥʠʷ ʠ ʚʳʜʘʝʪ ʛʦʪʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʛʨʘʬʠʢʘ (ʨʠʩ. 1). 

 
ʋʙʚʤʡʯʙ 1 

ʈʩʧʜʩʙʥʥʦʙʸ ʩʞʙʤʡʠʙʯʡʸ ʨʩʡʥʞʩʙ 

clear; 
t0=0; tk=2; %INTERVAL OF INTEGRATION 
a=1;b=1; %COEFFICIENTS OF SDE 
st=1.73; %COEFFICIENTS FOR 90% CONFIDENCE INTERVAL 
    for jj=3:7, 
        dt=1/(2^jj); %STEP OF INTEGRATION ON jj-TH ITERATION 
        randn('state',0); 
        t=t0:dt:tk; 
        l=max(size(t))-1; 
        he=0; 
            for i=1:30*120, 
                x(1)=1; y(1)=1; sw=0; 
                    for p=1:l, 
                        u=randn; sw=sw+u; 
                %EXACT SOLUTION AND STRONG EULER METHOD 
    x(p+1)=x(1)*expm((a-0.5*(b^2))*p*dt+b*sqrt(dt)*sw); 
    y(p+1)=(1+a*dt+b*sqrt(dt)*u)*y(p); 
                    end; %for p 
 %CALCULATING OF 90% CONFIDENCE INTERVAL ON jj-TH ITERATION 
                   e(i)=abs(x(l+1)-y(l+1)); 
                   he=he+e(i); 
            end; % for i 
                   he=he/(30*120); 
            for j=1:30, 
                ee=0; 
                    for k=(j-1)*120+1:j*120, 
                        ee=ee+e(k); 
                    end; % for k 
                hh(j)=ee/120; 
            end; % for j 
     s=0; 
        for j=1:30, 
            s=s+(hh(j)-he)^2; 



30 »ãçèÐï áâãÔÕÝçÕáÚÐï áâÐâìï 2018 

 

XVII ¼ÕÖÔãÝÐàÞÔÝëÙ ÝÐãçÝÞ-ØááÛÕÔÞÒÐâÕÛìáÚØÙ ÚÞÝÚãàá| ¼Æ½Á ¦½°Ãº° ¸ ¿À¾Á²µÉµ½¸µ« 

        end; % for j 
     s=s/29; hee(jj-2)=he; 
     he1(jj-2)=he-st*sqrt(s/30); 
     he2(jj-2)=he+st*sqrt(s/30); 
     ttt(jj-2)=1/(2^jj); 
    end; % for jj 
 e1=[he1(1) he2(1)]; e2=[he1(2) he2(2)]; 
 e3=[he1(3) he2(3)]; e4=[he1(4) he2(4)]; 
 e5=[he1(5) he2(5)]; 
 tt1=[1/(2^3) 1/(2^3)]; tt2=[1/(2^4) 1/(2^4)]; 
 tt3=[1/(2^5) 1/(2^5)]; tt4=[1/(2^6) 1/(2^6)]; 
 tt5=[1/(2^7) 1/(2^7)]; 
 plot(tt1,e1,tt2,e2,tt3,e3,tt4,e4,tt5,e5,ttt,hee); 
 pause;                 

 

 
ʉʡʪ. 1. ʉʞʠʬʤʵʫʙʫ ʛʴʨʧʤʦʞʦʡʸ ʨʩʧʜʩʙʥʥʦʧʜʧ ʣʧʝʙ 

 

 ʇʦ ʜʘʥʥʦʤʫ ʨʠʩʫʥʢʫ ʤʦʞʥʦ ʩʫʜʠʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ )(Ĕ
30,120 De  ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

CC ,D  ʧʦʩʪʦʷʥʥʘʷ. 

ɺʳʰʝ ʤʳ ʦʙʦʟʥʘʯʠʣʠ, ʯʪʦ ʉɼʋ ʦʯʝʥʴ ʚʘʞʥʳʡ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. 
ʇʦʵʪʦʤʫ, ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʜʠʬ-
ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʦ ʝʩʪʴ, ʣʠʙʦ 
ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʜʦ ʤʘʢʩʠʤʫʤʘ ʫʞʝ ʠʤʝʶʱʠʝʩʷ ʧʘʢʝʪʳ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʣʠʙʦ ʩʦ-
ʟʜʘʚʘʪʴ ʜʨʫʛʠʝ ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʳʝ ʠ ʩʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʂʫʟʥʝʮʦʚ ɼ.ʌ. "ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ: ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ"/ ɼ.ʌ. ʂʫʟʥʝʮʦʚ. ï 4-ʝ ʠʟʜ., ʠʩʧʨ. ʠ ʜʦʧ. ï ʉʇʙ.: ʀʟʜ-ʚʦ ʇʦʣʠʪʝʭʥ. ʫʥ-ʪʘ, 2010.  
2. ʆʢʩʝʥʜʘʣʴ  ɹ.  "ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʠ ʧʨʠʣʦ-

ʞʝʥʠʷ: ʇʝʨ. ʩ ʘʥʛʣ. ï ʄ.: ʄʠʨ, ʆʆʆ çʀʟʜʘʪʝʣʴʩʪʚʦ ɸʉʊè, 2003. 
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Ã´º 667.6 

¸ÁÁ»µ´¾²°½¸µ ²·°¸¼¾´µ¹ÁÂ²¸Ï 
¿¾»¸Äµ½¸»Á¸»¾ºÁ°½¾²¾¹ Á¼¾»Ë ¸ 
½°½¾À°·¼µÀ½¾³¾ ´¸¾ºÁ¸´° ºÀµ¼½¸Ï 

ÀÐÑÑÐÝØÕÒÐ µÚÐâÕàØÝÐ ÁÕàÓÕÕÒÝÐ 
ʤʘʛʠʩʪʨʘʥʪ 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, ʥʘʥʦʢʨʝʤʥʝʟʝʤ, ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ, ʧʦʣʠʬʝʥʠʣʩʠʣʦʢʩʘʥʦ-
ʚʘʷ ʩʤʦʣʘ. 
 

STUDY OF THE INTERACTION POLYPHENYLSILOXANE RESIN AND NANO-SILICA 
 

Rabbanieva Ekaterina Sergeevna 
 

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 
and solution polyphenylsiloxane resin.  
Key words: Functional additive, nanosilicon, silica, polyphenylsiloxane resin. 

 
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.  

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.  
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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 
ʙ ð ʙʯʞʫʧʦʧʛʴʢ ʠʧʤʵ SiO2; ʚ ð ʈʍʊ ʪ ʝʧʚʙʛʤʞʦʡʞʥ ʙʯʞʫʧʦʧʛʧʜʧ ʠʧʤʸ. 

ʉʡʪ.1. ɼʡʪʫʧʜʩʙʥʥʴ ʩʙʠʥʞʩʦʴʮ ʩʙʪʨʩʞʝʞʤʞʦʡʢ ʰʙʪʫʡʯ. 
 

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).  
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ʘ     ʙ 

1ð 3%; 2 ð 4%; 3 ð 5%. 
ʉʡʪ. 2. ʊʨʞʣʫʩʴ ʪʛʞʫʧʨʩʧʨʬʪʣʙʦʡʸ ʣʧʥʨʧʠʡʯʡʢ (ʙ) ʡ ʨʧʣʩʴʫʡʢ (ʚ) ʦʙ ʧʪʦʧʛʞ ʈʍʊ ʪ ʩʙʠʤʡʰ-

ʦʴʥ 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 

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

ʪʛʞʫʧʨʩʧʨʬʪʣʙʦʡʸ ʨʧʣʩʴʫʡʢ (ʚ) ʪ ʩʙʠʤʡʰʦʴʥ ʪʧʝʞʩʟʙʦʡʞʥ ʦʙʦʧʝʧʚʙʛʣʡ ʪ ʚʬʫʙʦʧʤʧʥ. 
 

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. 
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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- ʪ ɹʈʋʖʇʊ; 2- ʪ ɺʅʃ-5ʚ ʡ ɹʈʋʖʇʊ. 
ʉʡʪ. 4. ʀʙʛʡʪʡʥʧʪʫʵ ʪʛʞʫʧʨʩʧʨʬʪʣʙʦʡʸ ʣʧʥʨʧʠʡʯʡʢ ʪ ʪʧʝʞʩʟʙʦʡʞʥ ʆʐ SiO2 3% (ʙ) ʡ ʨʧʣʩʴ-

ʫʡʢ 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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ʩʪʠʮ ʩʝʨʝʙʨʘ //ʄʘʪʝʨʠʘʣʳ ʅʘʫʯʥʦʡ ʰʢʦʣʳ çʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʠʥʥʦʚʘʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʧʝʨʝʨʘ-
ʙʦʪʢʠ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè/ʂʘʟʘʥ. ʥʘʮ. ʠʩʩʣʝʜ. ʪʝʭʥʦʣ. ʫʥ-ʪ. ï 2012. ï ʉ. 176. 
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ɹʦʧʫʙʯʡʸ: ʇʨʦʙʣʝʤʘ ʠʟʫʯʝʥʠʷ ʛʝʥʦʚ MICB ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʟʘʱʠʪʥʳʭ ʨʝʘʢʮʠʡ 
ʦʨʛʘʥʠʟʤʘ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʦʣʠ ʛʝʥʦʚ ʣʦʢʫʩʘ 
MICB ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʩʮʝʧʣʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʣʦʢʫʩʘʤʠ ʩʠʩʪʝʤʳ HLA. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʧʝʨʚʳʝ 
ʙr ʣʠ ʨʘʩʩʯʠʪʘʥʳ ʯʘʩʪʦʪʳ ʛʘʧʣʦʪʠʧʦʚ (HF) ʠ ʛʝʥʝʪʠʯʝʩʢʦʝ ʩʮʝʧʣʝʥʠʝ ʛʝʥʦʚ MICB ʩ ʛʝʥʘʤʠ ʣʦʢʫʩʘ HLA-
C ʚ ʧʦʧʫʣʷʮʠʠ ʨʫʩʩʢʠʭ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʧʦʧʫʣʷʮʠʠ 
ʨʫʩʩʢʠʭ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʛʘʧʣʦʪʠʧ  MICB*004 - C*07. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʠʤʤʫʥʦʛʝʥʝʪʠʢʘ, HLA-C, MIC, MICB, ʛʝʥʝʪʠʯʝʩʢʦʝ ʩʮʝʧʣʝʥʠʝ, ʥʝʨʘʚ-
ʥʦʚʝʩʥʦʝ ʩʮʝʧʣʝʥʠʝ, ʨʫʩʩʢʘʷ ʧʦʧʫʣʷʮʠʷ. 
 

GENETIC COUPLING OF MICB GENES WITH HLA-C * IN THE POPULATION OF RUSSIAN 
CHELYABINSK REGION 

 
Suslova Tatyana Aleksandrovna, 

Vavilov Mikhail Nikolaevich,  
Gubanova Anna Sergeevna 

 
Abstract: The problem of studying the MICB genes is relevant for a detailed understanding of the protective 
reactions of the body in order to use the data obtained for the treatment and diagnosis of diseases. Numerous 
studies are currently underway to determine the role of the MICB locus genes and establish their linkage with 
other HLA loci. In this study, the frequencies of haplotypes (HF) and the genetic linkage of the MICB genes 
with the genes of the HLA-C locus in the Russian population of the Chelyabinsk region were first calculated. It 
is established that the haplotype  MICB * 004 - C * 07 is most common in the Russian population of the Chel-
yabinsk region. 
Key words: population immunogenetics, HLA-C, MIC, MICB, genetic coupling, non-equilibrium coupling, Rus-
sian population. 
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ɻʛʞʝʞʦʡʞ. ʉʝʤʝʡʩʪʚʦ ʛʝʥʦʚ MIC ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ 6 ʭʨʦʤʦʩʦʤʝ ʯʝʣʦʚʝʢʘ, ʨʷʜʦʤ ʩ ʛʝʥʘʤʠ HLA 1 
ʢʣʘʩʩʘ. ʉʝʤʝʡʩʪʚʦ ʛʝʥʦʚ MIC ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʥʦʚ: MICA ʠ 
MICB, ʘ ʪʘʢʞʝ ʨʷʜʘ ʧʩʝʚʜʦʛʝʥʦʚ (MICC, MICD, MICE, MICF ʠ MICG). MICA ʠ MICB ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʤʠ 
ʛʝʥʘʤʠ ʠ ʩʦʩʪʦʷʪ ʠʟ 12 722 ʠ 12 930 ʧʘʨ ʦʩʥʦʚʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ[1, 2]. ʄʦʣʝʢʫʣʳ MICA ʠ MICB ʷʚʣʷ-
ʶʪʩʷ ʢʣʝʪʦʯʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʘʥʪʠʛʝʥʘʤʠ ʠ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʥʘ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʚ ʦʪʚʝʪ ʥʘ 
ʢʣʝʪʦʯʥʳʡ ʩʪʨʝʩʩ. ɼʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʨʘʩʧʦʟʥʘʶʪʩʷ CD8  T-ʢʣʝʪʢʘʤʠ ʠ NK-ʢʣʝʪʢʘʤʠ ʯʝʨʝʟ NKG2D-
ʨʝʮʝʧʪʦʨ. MICB ʷʚʣʷʝʪʩʷ ʣʠʛʘʥʜʦʤ ʜʣʷ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʨʝʮʝʧʪʦʨʘ NKG2D / DAP10 ʥʘ NK-ʢʣʝʪʢʘʭ [3].  

MIC ʪʨʘʥʩʢʨʠʙʠʨʫʝʪʩʷ ʚ ʢʝʨʘʪʠʥʦʮʠʪʘʭ, ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ, ʬʠʙʨʦʙʣʘʩʪʘʭ, ʤʦʥʦʮʠʪʘʭ, 
ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʠ, ʧʦ ʦʙʱʝʤʫ ʤʥʝʥʠʶ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʪʢʘʥʝʡ. ɹʝʣʦʢ 
MIC ʦʪʩʫʪʩʪʚʫʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʨʤʘʣʴʥʳʭ CD4 + ʊ-ʢʣʝʪʦʢ, CD8 + ʊ-ʢʣʝʪʦʢ ʠ ɺ-ʢʣʝʪʦʢ. ʇʦʚʝʨʭʥʦʩʪ-
ʥʘʷ ʵʢʩʧʨʝʩʩʠʷ MIC, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʣʝʪʢʘʭ ʨʘʟʣʠʯʥʳʭ 
ʪʠʧʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʢʣʝʪʢʘʭ ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʥʷʪʠʶ, ʯʪʦ MIC, ʚʝʨʦʷʪʥʦ, 
ʷʚʣʷʝʪʩʷ çʤʘʨʢʝʨʦʤ ʩʪʨʝʩʩʘè ʚ ʵʧʠʪʝʣʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʘʢʪ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ MIC ʥʘ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʠʨʫʩʦʚ [4]. 

ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʦʤʝʥʢʣʘʪʫʨʝ, ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 50 ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʣʦʢʫʩʘ MIC. ʃʦ-
ʢʫʩ MICB ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʧʦʣʠʤʦʨʬʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʦʢʫʩʦʤ MICA. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘ-
ʪʫʨʝ ʦʧʫʙʣʠʢʦʚʘʥʦ 17 ʘʣʣʝʣʝʡ MICB. ʂʦʣʠʯʝʩʪʚʦ ʘʣʣʝʣʝʡ, ʚʝʨʦʷʪʥʦ, ʚʦʟʨʘʩʪʝʪ ʚ ʙʫʜʫʱʝʤ, ʧʦʩʢʦʣʴʢʫ 
ʙʫʜʫʪ ʠʟʫʯʘʪʴʩʷ ʙʦʣʝʝ ʵʪʥʠʯʝʩʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʧʫʣʷʮʠʠ [5, 2]. 

ʀʟʫʯʝʥʠʝ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ MICB ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʛʝʥʝʪʠʯʝ-
ʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʨʦʜʦʚ ʧʦ ʜʘʥʥʦʤʫ ʛʝʥʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 
ʪʝʤʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ. ʈʘʥʝʝ ʫʯʝʥʳʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ  ʠʟʫʯʝʥʠʝ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ MICB ʠ ʚʳʷʚʣʝ-
ʥʦ ʩʮʝʧʣʝʥʠʝ ʛʝʥʦʚ MICB ʩ ʥʝʢʦʪʦʨʳʤʠ ʣʦʢʫʩʘʤʠ ʩʠʩʪʝʤʳ  HLA [6, 7, 8].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʛʝʥʦʚ MICB ʚ ʨʘʟʣʠʯʥʳʭ 
ʵʪʥʦʩʘʭ ʤʠʨʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.   

 
ʋʙʚʤʡʯʙ 1 

ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʰʙʪʫʧʫ ʜʞʦʧʛ ʤʧʣʬʪʙ MICB ʛ ʩʙʠʤʡʰʦʴʮ ʪʫʩʙʦʙʮ ʥʡʩʙ  (ʨʧ Chen X. 2016) [6] 

MICB 
ʂʠʪʘʡ 

gf 
ʂʦʨʝʷ 

gf 
ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

gf 
ʄʦʥʛʦʣʠʷ 

gf 

MICB *002:01/02 0.1635 0.1150 0.1570 0.1329 

MICB *003 0.0144 0.2050 0.0480 0.0285 

MICB *004:01 0.1154 0.0830 0.2560 0.1234 

MICB *005:01 0.0048 - - - 

MICB *005:02 0.5144 0.5720 0.3550 0.4810 

MICB *005:03 0.0433 0.0830 0.0090 0.0411 

MICB *005:06 - - - 0.0222 

MICB *008 0.0192 0.0680 0.1540 0.0696 

MICB *009N 0.0337 0.0220 - 0.0506 

MICB *013 - - 0.0030 - 

MICB *014 0.0565 0.0320 0.0180 0.0411 

MICB *023 0.0048 - - 0.0032 

MICB *030 - - - 0.0032 

MICB *031 - - - 0.0032 

 
ʇʦʧʫʣʷʮʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʣʝʣʝʡ HLA - MICB ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʤʠʨʝ. ʉʘʤʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʘʥʪʠʛʝʥʦʤ ʷʚʣʷʝʪʩʷ MICB*05:002, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʚʦ ʚʩʝʭ 
ʧʦʧʫʣʷʮʠʷʭ (gf=0.3550-0.5720). ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ MICB*02:001, ʢʦʪʦ-
ʨʳʡ ʪʘʢʞʝ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʠʨʦʚʳʭ ʧʦʧʫʣʷʮʠʷʭ(gf=0.1150-0.1635). ɼʣʷ ʝʚʨʦʧʝʡʩʢʠʭ 
ʧʦʧʫʣʷʮʠʡ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʛʝʥʘ MICB*013(gf=0.0030), ʢʦʪʦʨʳʡ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʜʨʫʛʠʭ ʧʦʧʫʣʷʮʠʷʭ, 
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ʥʦ ʫ ʥʠʭ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʝʥʳ MICB*009 ʠ MICB*014, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʨʫʛʠʭ ʧʦʧʫʣʷʮʠʡ. ʊʦʣʴʢʦ ʫ ʤʦʥ-
ʛʦʣʦʠʜʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʛʝʥʳ MICB*030 (gf=0.0032) ʠ MICB*031(gf=0.0032), ʯʪʦ ʷʚʣʷʝʪʩʷ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ ʝʛʦ ʯʘʩʪʦʪʘ   ʨʘʚʥʘ 0. 

ʏʞʤʵ ʩʙʚʧʫʴ: ʫʩʪʘʥʦʚʠʪʴ ʯʘʩʪʦʪʫ ʛʘʧʣʦʪʠʧʦʚ MICB* - HLA-C* ʠ ʚʝʣʠʯʠʥʫ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʮʝʧ-
ʣʝʥʠʷ ʤʝʞʜʫ ʘʣʣʝʣʷʤʠ ʚ ʧʦʧʫʣʷʮʠʠ ʨʫʩʩʢʠʭ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ.   

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ.  
ʀʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʦʝ ʪʠʧʠʨʦʚʘʥʠʝ ʣʦʢʫʩʦʚ MICB ʠ HLA-C ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʝʜʠ 100 ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʭ ʜʦʥʦʨʦʚ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʨʫʩʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ɻɹʋɿ ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʥʘʷ ʩʪʘʥʮʠʷ 
ʧʝʨʝʣʠʚʘʥʠʷ ʢʨʦʚʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʰʣʠ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʝ ʥʝʨʦʜʩʪʚʝʥʥʳʝ ʣʶʜʠ, ʧʦʩʪʦʷʥʥʦ ʧʨʦ-
ʞʠʚʘʶʱʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʪʥʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʦʧʨʝ-
ʜʝʣʷʣʠ ʧʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʠ ʜʘʥʥʳʤ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʤʥʝʟʘ ʚ ʪʨʝʭ ʧʦʢʦʣʝʥʠʷʭ [9, ʩ. 29].  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʥʦʟʥʫʶ ʢʨʦʚʴ, ʚʟʷʪʫʶ ʚ ʧʨʦʙʠʨʢʠ ʩ ʵʪʠ-
ʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (ʕɼʊɸ) ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʢʦʘʛʫʣʷʥʪʘ [9, ʩ.29].   

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʳʜʝʣʝʥʠʝ ɼʅʂ ʠʟ ʣʝʡʢʦʮʠʪʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʧʨʦʚʦʜʠʣʠ ʢʦʣʦ-
ʥʦʯʥʳʤ ʤʝʪʦʜʦʤ. ɺʳʜʝʣʝʥʠʝ ɼʅʂ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥ-
ʪʦʚ Protrans DNABox 500 (ɻʝʨʤʘʥʠʷ) ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚ-
ʣʷʣʠ ʤʝʪʦʜʦʤ ʧʦʣʠʤʝʨʘʟʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʩ ʩʠʢʚʝʥʩ-ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʨʘʡʤʝʨʘʤʠ [10]. ɼʝʪʝʢʮʠʶ ʨʝ-
ʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. 

ʊʫʙʫʡʪʫʡʰʞʪʣʙʸ ʧʚʩʙʚʧʫʣʙ.  
ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠ-

ʝʚ: ʢʦʣʠʯʝʩʪʚʦ ʯʝʣʦʚʝʢ ʚ ʧʦʧʫʣʷʮʠʠ (n), ʯʘʩʪʦʪʘ ʛʘʧʣʦʪʠʧʘ (HF), ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʮʝʧʣʝ-
ʥʠʷ (D), ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ D (Dô), ʢʨʠʪʝʨʠʡ ɢ 2 ʇʠʨʩʦʥʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʨʦʷʪʥʦʩʪʠ ʥʫʣʝʚʦʡ 
ʛʠʧʦʪʝʟʳ (P-value). ɼʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ    Arlequin 3.5  

ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴ-
ʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.   

 
ʋʙʚʤʡʯʙ 2 

ɽʧʪʫʧʛʞʩʦʧ ʪʯʞʨʤʞʦʦʴʞ ʜʙʨʤʧʫʡʨʴ MICB* - HLA-ʊ* ʛ ʨʧʨʬʤʸʯʡʡ ʩʬʪʪʣʡʮ ʐʞʤʸʚʡʦʪʣʧʢ ʧʚʤʙʪʫʡ 

MICB* - HLA-ʉ* (N=100) n HF, % D, *103 D' r2 p 

MICB*002 - C*03 10 5,5 26,00 0,34 0,04 0,004 

MICB*002 - C*12 12 6,0 40,80 0,67 0,12 0,000 

MICB*002 - C*17 5 2,5 19,00 1,00 0,08 0,000 

MICB*003 - C*06 6 3,0 24,80 0,71 0,14 0,000 

MICB*004 - C*04 14 7,0 35,58 0,35 0,06 0,001 

MICB*004 - C*07 26 13,5 90,48 0,78 0,33 0,000 

MICB*005:02 - C*02 10 5,0 31,58 0,86 0,09 0,000 

MICB*005:02 - C*03 4 5,0 11,63 0,70 0,02 0,000 

MICB*005:02 - C*06 15 7,5 31,45 0,36 0,04 0,000 

MICB*008 - C*07 9 4,5 38,18 0,66 0,25 0,000 

 
ɺʩʝʛʦ ʚ ʧʦʧʫʣʷʮʠʠ ʨʫʩʩʢʠʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 10 ʛʘʧʣʦʪʠʧʦʚ ʄICB*-C* ʩ ʜʦʩʪʦʚʝʨʥʳʤ ʥʝʨʘʚʥʦ-

ʚʝʩʥʳʤ ʩʮʝʧʣʝʥʠʝʤ ʠ ʯʘʩʪʦʪʦʡ ʛʘʧʣʦʪʠʧʘ HF ʦʪ 2,5% ʜʦ 13,5 %. 
ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʝʚʘʣʠʨʫʝʪ ʛʘʧʣʦʪʠʧ 

ʄICB*004-C*07 (HF=13,5%), ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʢʘʢ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʘʣʣʝʣʝʡ, 
ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʜʦʩʪʦʚʝʨʥʦ ʚʳʩʦʢʦʛʦ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. D ʠ Dô ʚ ʜʘʥʥʦʤ ʛʘʧʣʦʪʠʧʝ 
ʤʘʢʩʠʤʘʣʴʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʛʘʧʣʦʪʠʧʘʤʠ. ɻʝʥ HLA-ʉ*07 ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʝʚʨʦʧʝʡ-
ʩʢʠʭ ʘʥʮʝʩʪʨʘʣʴʥʳʭ ʛʘʧʣʦʪʠʧʦʚ HLA:A*01-B*08-C*07-DRB1*03, HLA:A*03-B*07-C*07-DRB1*15 ʠ ʧʨʦʠʟ-
ʚʦʜʥʳʭ ʦʪ ʥʠʭ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʵʪʠ ʘʥʮʝʩʪʨʘʣʴʥʳʝ ʛʘʧʣʦʪʠʧʳ ʚʭʦʜʠʪ ʩʦʩʪʘʚʥʦʡ 
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ʯʘʩʪʴʶ ʛʘʧʣʦʪʠʧ ʄICB*004-C*07, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʝʛʦ ʧʨʝʚʘʣʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʦʧʫʣʷʮʠʠ ʨʫʩʩʢʠʭ, 
ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʦʡ ʝʚʨʦʧʝʡʩʢʦʡ ʧʦʧʫʣʷʮʠʝʡ. 

ʉ ʯʘʩʪʦʪʘʤʠ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʠʤʠ HF = 6.0-7.5 ʚ ʧʦʧʫʣʷʮʠʠ ʨʫʩʩʢʠʭ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʧʨʝ-
ʜʝʣʝʥʳ ʛʘʧʣʦʪʠʧʳ MICB*005:02 - C*06, MICB*004 - C*04, MICB*002 - C*12. ʄʝʞʜʫ ʘʣʣʝʷʤʠ ʚ ʵʪʠʭ ʛʘʧ-
ʣʦʪʠʧʘʭ  ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦ ʚʳʩʦʢʦʝ ʥʝʨʘʚʥʦʚʝʩʥʦʝ ʩʮʝʧʣʝʥʠʝ. ʋʩʪʦʡʯʠʚʦʝ ʩʮʝʧʣʝʥʠʝ ʣʦ-
ʢʫʩʦʚ MICB*005 - C*06 ʚ ʧʦʧʫʣʷʮʠʠ ʨʫʩʩʢʠʭ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʣʦʢʫʩ HLA-
C*06, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥ ʣʦʢʫʩ MICB*005:02, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʥʮʝʩʪʨʘʣʴʥʦʛʦ ʛʘʧʣʦʪʠʧʘ B*13-C*06-
DRB1*07. ʇʨʠ ʵʪʦʤ, ʛʘʧʣʦʪʠʧ ɸ*02-ɺ*13-DRB1*07 ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʧʦʧʫʣʷʮʠʷʭ ɽʚʨʘʟʠʠ, 
ʧʨʝʜʢʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʪʝʧʥʳʤʠ ʥʘʨʦʜʘʤʠ ʠ ʟʘʥʠʤʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʢʦʪʦʚʦʜʩʪʚʦʤ (ʙʘʰʢʠʨʳ, 
ʪʘʪʘʨʳ, ʯʫʚʘʰʠ ʈʦʩʩʠʠ, ʢʘʟʘʭʠ, ʫʡʛʫʨʳ) [11]. ʏʘʩʪʦʪʘ ʜʘʥʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʛʘʧʣʦʪʠʧʘ ʫ ʨʫʩʩʢʠʭ ʏʝʣʷ-
ʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚʳʰʝ, ʯʝʤ ʫ ʪʠʧʠʯʥʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʧʦʧʫʣʷʮʠʡ [11].  ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩ HLA-ʉ*06 ʘʩʩʦʮʠ-
ʠʨʦʚʘʥʘ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʨʘʟʚʠʪʠʶ ʧʩʦʨʠʘʟʘ.  ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʩʪʦʡʯʠʚʦ ʩʮʝʧʣʝʥʥʳʡ 
ʩ HLA-ʉ*06 ʘʣʣʝʣʴ MICB*005:02 ʪʘʢʞʝ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ ʝʛʦ ʚʳʩʦʢʘʷ ʯʘ-
ʩʪʦʪʘ ʦʙʝʩʧʝʯʝʥʘ  ʵʬʬʝʢʪʦʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʭʠʪʯʭʠʢʠʥʛʘ.  

ʆʩʪʘʣʴʥʳʝ 6 ʛʘʧʣʦʪʠʧʦʚ, ʠʤʝʶʱʠʭ ʜʦʩʪʦʚʝʨʥʦʝ ʩʮʝʧʣʝʥʠʝ ʚ ʧʘʨʘʭ, ʦʧʨʝʜʝʣʝʥʳ ʩ ʯʘʩʪʦʪʦʡ HF 
ʦʪ 2,5% ʜʦ 5,5%. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʣʶʙʳʝ ʠʥʳʝ ʝʚʨʦʧʝʡʩʢʠʝ ʛʘʧʣʦʪʠʧʳ HLA ʚ ʧʦʧʫʣʷʮʠʠ 
ʨʫʩʩʢʠʭ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʀʟ ʚʩʝʭ ʣʦʢʫʩʦʚ ʩʠʩʪʝʤʳ HLA ʛʝʥʳ MICB ʠʟʫʯʝʥʳ ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ.  ʋʩʪʘʥʦʚʣʝʥʠʝ HLA - MICB 
ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʚʭʦʜʠʪ ʚ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʧʣʘʥʪʘʮʠʦʥʥʳʭ ʧʘʨ çʜʦ-
ʥʦʨ-ʨʝʮʠʧʠʝʥʪè. ɹʦʣʝʝ ʧʦʣʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʘʩʪʦʪʥʦʛʦ ʧʨʦʬʠʣʷ ʣʦʢʫʩʘ MICB ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ 
ʦʧʨʝʜʝʣʷʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʦʥʦʨʦʚ ʠ ʨʝʮʠʧʠʝʥʪʦʚ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʫʩʧʝʰʥʳʝ ʧʦʠʩʢʠ ʥʝʨʦʜʩʪʚʝʥʥʳʭ ʜʦ-
ʥʦʨʩʢʠʭ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʦʧʨʝʜʝ-
ʣʝʥʥʳʭ ʣʦʢʫʩʦʚ HLA ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. 
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ʌɻɹʆʋ ɺʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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     ʌɻɹʆʋ ɺʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ 
ʨʝʢʝ ʂʘʤʘ ʠ ʚʣʠʷʥʠʷ ʠʭ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʛʠʜʨʦʙʠʦʥʪʦʚ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʦʜʳ ʦʧʨʝʜʝʣʝʥʘ 
ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʜʦʝʤʘ ʠ ʜʘʥʘ ʦʮʝʥʢʘ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʛʠʜʨʦʙʠʦʥʪʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʠʜʨʦʙʠʦʥʪʳ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʝʩʪʠʮʠʜʳ, ʟʘʛʨʷʟʥʠʪʝʣʠ. 
 
INFLUENCE of PHYSICAL and chemical INDEXES of QUALITY of WATER of ʉɾʃʁ KAMA ʉESPUBLICI 

ɺACHCORTOSTAN ON aquatic LIVES 
 

                                                                Mullagalieva Alsu Tumisovna, 
                                                           Matveeva Alevtina Urevna 

   
Annotation: Conducted research on determination of physical and chemical indexes of quality of water in the 
river Kama and influence of them on the ecological groups of aquatic lives. On the basis of analysis of water 
the degree of muddiness of the investigated reservoir and ʜʘʥʘ is certain estimation about the ecological state 
of aquatic lives.  
Keywords: aquatic lives, physical and chemical indexes, pesticides, 

 
ɻʣʘʚʥʫʶ ʨʦʣʴ ʚ ʠʟʫʯʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠʛʨʘʶʪ ʛʠʜʨʦʣʦ-

ʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʠʜʨʦʙʠʦʥʪʦʚ ʚʦʜʦʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʧʘʩʧʦʨʪ ʚʦʜʦʝʤʘ 
ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʘʥʠʠ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʚʘʪʴ ʨʦʣʴ ʚʦʜʦʝʤʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʵʢʦʩʠʩʪʝʤʝ, ʜʦʧʫʩʪʠʤʳʡ ʫʨʦ-
ʚʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʝʤ, ʚʳʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʝʛʦ ʦʭʨʘʥʝ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ 
ʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʨʝʢʠ ʂʘʤʘ  ʈʝʩʧʫʙʣʠʢʠ ɹʘʰ-
ʢʦʨʪʦʩʪʘʥ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠʟʫʯʘʝʤʦʛʦ ʚʦʜʦʝʤʘ. 

ʂ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ʨʝʢʠ ʂʘʤʘ ʦʪʥʦʩʷʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʩ ʨʘʟ-
ʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʙʝʨʝʛʘʤ ʨʝʢʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʩ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 
ʘ ʪʘʢʞʝ ʩʚʘʣʢʠ, ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʚʦʟʜʫʰʥʳʝ ʚʳʙʨʦʩʳ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʟʘʛʨʷʟʥʝʥʠʠ 
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ʚʦʜʳ ʠʛʨʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʫʜʦʙʨʝʥʠʡ ð ʢʘʢ 
ʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʤʠʥʝʨʘʣʴʥʳʭ. 

ʈʦʩʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʳʩʪʨʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ ʪʝʤʧʘ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʚʨʝʜʠʪʝʣʝʡ, ʩʦʨʥʷʢʦʚ 
ʠ ʙʦʣʝʟʥʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʩʪʫʧʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 
ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʝʩʪʠʮʠʜʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʬʘʢ-
ʪʦʨʦʚ ʩʨʝʜʳ, ʧʦʵʪʦʤʫ ʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ. ʇʝʩʪʠ-
ʮʠʜʳ ʩʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʧʦʯʚʝ, ʘ ʟʘʪʝʤ ʩʤʳʚʘʪʴʩʷ ʚ ʚʦʜʦʝʤʳ ʠʣʠ ʧʨʦʩʘʯʠʚʘʪʴʩʷ ʚ ʚʦʜʦʥʦʩʥʳʝ 
ʛʦʨʠʟʦʥʪʳ. ʆʩʦʙʘʷ ʦʧʘʩʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʫʜʦʙʨʝʥʠʷʤʠ ʠ ʧʝʩʪʠʮʠʜʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʦ-
ʢʠ ʩ ʧʦʣʝʡ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʧʫʩʪʠʪʴ ʯʝʨʝʟ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. ʂʨʦʤʝ ʵʪʦʛʦ, ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʩʝʣʴ-
ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʨʝʯʥʳʤʠ ʚʦʜʦʩʙʦʨʘʤʠ, ʩ ʢʦʪʦʨʳʭ ʚʦʜʘ ʧʦʩʪʫ-
ʧʘʝʪ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ [1]. 

ʉ ʮʝʣʴʶ ʟʘʱʠʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʪ ʙʦʣʝʟʥʝʡ, ʚʨʝʜʠʪʝʣʝʡ ʠ ʩʦʨʥʷʢʦʚ ʚ ʧʦʩʣʝʜʥʝʝ 
ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʟʘʛʨʷʟʥʝ-
ʥʠʝ ʪʝʨʨʠʪʦʨʠʡ, ʥʦ ʠ ʚʩʝʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʨʝʢ. 

ɾʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʬʝʨʤʳ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ʨʝʢʠ ʂʘʤʘ. 
ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʦʜʦʧʦʷ ʩʢʦʪʘ ʬʝʨʤʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʙʝʨʝʛʘʤ ʜʘʥʥʳʭ ʨʝʢ, ʣʠʙʦ ʚʙʣʠʟʠ ʥʠʭ. ʇʨʠ 
ʦʪʩʫʪʩʪʚʠʠ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʠ ʞʠʞʝʩʙʦʨʥʠʢʦʚ ʠʭ ʦʪʭʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʩʤʳʚʘʶʪʩʷ ʜʦʞʜʝʚʳʤʠ ʩʪʦ-
ʢʘʤʠ ʣʠʙʦ ʩʧʫʩʢʘʶʪʩʷ ʚ ʚʦʜʦʠʩʪʦʯʥʠʢʠ [2]. 

ʅʘ ʨʝʢʘʭ ʥʠʞʝ ʬʝʨʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʤʫʪʥʦʡ ʠ 
ʧʨʠʦʙʨʝʪʘʝʪ ʥʝʧʨʠʷʪʥʳʝ ʟʘʧʘʭʠ, ʨʳʙʘ ʧʦʛʠʙʘʝʪ. ʆʪʭʦʜʳ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʦʧʘʩʥʳ ʪʝʤ, ʯʪʦ ʚ 
ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ ʷʡʮʘ ʛʝʣʴʤʠʥʪʦʚ ʠ ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʷʚʣʷʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʦʤ ʟʘʙʦʣʝʚʘʥʠʡ. 
ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʳ ʦʪʭʦʜʳ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʉʣʦʞʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʦʭʨʘʥʳ ʚʦʜ ʦʪ ʩʪʦʢʦʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʨʫʜʥʦʩʪʠ 
ʩʘʥʠʪʘʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʢʦʧʠʪʝʣʝʡ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ [3]. 

ɸʥʘʣʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠʟʫʯʘʝʤʦʛʦ ʚʦʜʦʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙ-
ʣʠʮʝ 1, ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʝʨʠʦʜ ʟʠʤʘ-ʣʝʪʦ. 

 
ʋʙʚʤʡʯʙ 1 

ɹʦʙʤʡʠ ʛʧʝʴ ʩʞʣʡ ʃʙʥʙ  ʠʡʥʧʢ ʡ ʤʞʫʧʥ 2018 ʜ. 

 
 ̄
ʧ/ʧ 

 
ʇʦʢʘʟʘʪʝʣʠ, ʝʜ.ʠʟʤʝʨʝʥʠʡ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ 
(ʟʠʤʘ) 

ʈʝʟʫʣʴʪʘʪʳ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ 
(ʣʝʪʦ) 

ʅʦʨʤʘʪʠʚʳ ʇɼʂ 
ʉʘʥʇʠʅ 2.1.5.980-

00 (4630-88) 

1 ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (pH), 
ʝʜ.pH 

7,94 7,02 6,5-8,5 

2 ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ, ɾ 1,22 4,31 7,00 

3 ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ(ʩʫʭʦʡ 
ʦʩʪʘʪʦʢ), ʤʛ/ʜʤ3 

105 579 1000 

4 ɸʤʤʦʥʠʡ-ʠʦʥ, ʤʛ/ʜʤ3 ʄʝʥʝʝ 0,4 ʤʝʥʝʝ 0,4 2,0 

5 ʂʘʣʠʡ, ʤʛ/ʜʤ3 1,06 2,15 ʅʝ ʥʦʨʤʠʨʫʝʪʩʷ 

6 ʂʘʣʴʮʠʡ, ʤʛ/ʜʤ3 313,21 284,11 ʅʝ ʥʦʨʤʠʨʫʝʪʩʷ 

7 ʄʘʛʥʠʡ, ʤʛ/ʜʤ3 25,33 27,04 50 

8 ʍʣʦʨʠʜ-ʠʦʥ, ʤʛ/ʜʤ3 15,72 18,59 350 

9 ʅʠʪʨʠʪ-ʠʦʥ, ʤʛ/ʜʤ3 ʄʝʥʝʝ 0,05 ʤʝʥʝʝ 0,05 3,0 

10 ʅʠʪʨʘʪ-ʠʦʥ, ʤʛ/ʜʤ3 6,84 1,46 45 

11 ʌʦʩʬʘʪ-ʠʦʥ, ʤʛ/ʜʤ3 ʄʝʥʝʝ 0,4 ʄʝʥʝʝ 0,4 3,5 

12 ʉʫʣʴʬʘʪ-ʠʦʥ, ʤʛ/ʜʤ3 423,29 284,63 500 

13 ʉʚʠʥʝʮ, ʤʛ/ʜʤ3 ʤʝʥʝʝ 0,001 ʤʝʥʝʝ 0,001 0,03 

14 ʂʘʜʤʠʡ(ʩʫʤʤʘʨʥʦ), ʤʛ/ʜʤ3 ʄʝʥʝʝ 0,00002 ʤʝʥʝʝ 0,00002 0,001 
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ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɹʠʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝ-
ʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʄʠʥʝ-
ʨʘʣʴʥʳʝ ʬʦʨʤʳ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʩʦʙʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʞʠʟʥʠ, ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ 
ʨʝʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʠʦʥʘʤʠ - ʥʠʪʨʠʪ, - ʥʠʪʨʘʪ, - ʘʤʤʦʥʠʷ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʠ-
ʪʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʤ ʦʢʠʩʣʝʥʠʠ ʥʠʪʨʠʪʦʚ ʚ ʥʠʪʨʘʪʳ. ʅʠʪʨʘʪʳ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪ-
ʩʷ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ, ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦ-
ʜʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʡʥʦʛʦ ʠ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ. ɸʤʤʦʥʠʡʥʳʡ ʘʟʦʪ ʚ ʚʦʜʘʭ 
ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʠʜʝ ʠʦʥʦʚ ʘʤʤʦʥʠʷ ʠ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ, ʢʦʣʠʯʝ-
ʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʚʘʞʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 
ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ [4]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʯʪʦ, ʘʟʦʪʥʘʷ ʛʨʫʧʧʘ ʥʘʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠ-
ʞʝ ʇɼʂ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʜʘʥʥʳʭ ʠʦʥʦʚ ʚ ʚʦʜʘʭ ʨʝʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʜʘ ʚ ʨʝʢʝ 
ʂʘʤʘ ʷʚʣʷʝʪʩʷ  ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʦʙʠʪʘʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
 

ɹʦʦʧʫʙʯʡʸ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʤʝʪʘʣʣʦʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʷʩʝʥʷ ʦʙʳʢ-
ʥʦʚʝʥʥʦʛʦ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʛ.ʄʘʭʘʯʢʘʣʳ. ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʜʘʥʥʳʝ ʦʙ ʘʢʢʫʤʫ-
ʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʷʩʝʥʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ  ʚ ʦʪʥʦʰʝʥʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘ-
ʣʠʟʘ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʝ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʜʣʷ 
ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ʆʧʨʝʜʝʣʝʥʦ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʛʦʜʠʯ-
ʥʳʭ ʢʦʣʴʮʘʭ ʷʩʝʥʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ 
ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʛʦʜʠʯʥʳʭ ʢʦʣʴʮʘʭ ʠ ʨʘʜʠʘʣʴʥʳʤ ʧʨʠʨʦʩʪʦʤ ʩʪʚʦʣʦʚʦʡ ʜʨʝʚʝʩʠʥʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 
ʠʟ ʠʟʫʯʝʥʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘʠʤʝʥʴʰʝʡ ʘʢʢʫʤʫʣʷʮʠʝʡ ʚ ʜʨʝʚʝʩʠʥʝ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʦʙʣʘʜʘʝʪ 
Cd, ʥʘʠʚʳʩʰʝʡ ï Zn. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʬʠʪʦʠʥʜʠʢʘʮʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʷʩʝʥʴ , ʛʦʜʠʯʥʳʝ ʢʦʣʴʮʘ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. 
 

 
STUDYING OF THE ELEMENTAL COMPOSITION OF ANNUAL RATHES FRAXINUS EXCELSIOR 

AS THE BIOGEOCHEMICAL INDICATORS OF THE CITY STATE 
 

Asadulaev Z.M.,  
Akhmedova K.I. 

 
Abstract: Assessment of the metal accumulation capacity of the in the conditions of fraxinus excelsior of Ma-
khachkala. The work is based on data on the accumulation capacity of fraxinus excelsior against heavy met-
als. During the research, modern physicochemical methods of quantitative chemical analysis were used, regu-
lated by normative documents approved in accordance with the established procedure for monitoring and envi-
ronmental control. The gross content of heavy metals in the annual fraxinus excelsior rings is determined. An 
analysis was conducted to reveal the relationship between the content of heavy metals in annual rings and the 
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radial increase in stem. It has been revealed that of the heavy metals studied, Cd has the smallest accumula-
tion of wood in wood, the highest one ï Zn. 
Keywords: phytoindication, ecological monitoring, fraxinus excelsior, year rings, heavy metals. 

 
ʉ ʨʦʩʪʦʤ ʫʨʙʘʥʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʚʦ ʤʥʦʛʠʭ ʦʪʥʦʰʝʥʠʷʭ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʠʨʦʜʥʦʡ.ʉʨʝʜʠ ʛʣʦʙʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ, ʧʦ ʧʨʠʟʥʘ-
ʥʠʶ ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʣʣʶʪʘʥʪʘʤʠ. ʆʥʠ ʠʤʝʶʪ ʨʘʟʥʦʝ 
ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʨʘʟʣʠʯʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ, ʥʦ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʥʠʭ ʧʨʠʥʘʜʣʝʞʠʪ ʪʷʞʝʣʳʤ 
ʤʝʪʘʣʣʘʤ[3, ʩ.8].ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʜʨʫʛʠʭ ʪʝʭʥʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʷʶ-
ʱʠʭ ʚʝʱʝʩʪʚ, ʧʦʩʢʦʣʴʢʫ, ʥʝ ʧʦʜʚʝʨʛʘʷʩʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ, ʥʘʢʘʧʣʠ-
ʚʘʶʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚ ʠ ʠʟʤʝʥʷʶʪ ʠʭ ʩʚʦʡʩʪʚʘ, ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ 
ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʢʦʨʥʝʚʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʠ ʘʢʪʠʚʥʦ ʚʢʣʶʯʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʳ ʤʠʛʨʘʮʠʠ ʧʦ 
ʪʨʦʬʠʯʝʩʢʠʤ ʮʝʧʷʤ. ɺ ʠʭ ʯʠʩʣʝ ʥʘʭʦʜʷʪʩʷ ʢʘʢ ʵʣʝʤʝʥʪʳ ʩ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʬʫʥʢ-
ʮʠʷʤʠ ʠ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʞʠʚʳʭ ʩʠʩʪʝʤ, ʥʦ ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʨʘʟʨʷʜ ʪʦʢʩʠʯʥʳʭ ʧʨʠ ʧʦʚʳʰʝ-
ʥʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʦʚ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʪʘʢ ʠ ʵʣʝʤʝʥʪʳ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ 
ʨʦʣʴ ʢʦʪʦʨʳʭ ʚʳʷʩʥʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɺ ʪʝʯʝʥʠʝ ʞʠʟʥʠ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʜʨʝʚʝʩʥʦʝ ʨʘʩʪʝʥʠʝ, 
ʦʪʢʣʘʜʳʚʘʶʪ ʦʪʧʝʯʘʪʦʢ ʚ ʩʪʨʦʝʥʠʠ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ. ɻʦʜʠʯʥʳʝ ʢʦʣʴʮʘ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʠ ʭʠ-
ʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠ ʜʝʨʝʚʘ, ʘ ʪʘʢʞʝ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʝʛʦ ʛʠʙʝ-
ʣʠ. ɺʩʸ ʵʪʦ ʜʝʣʘʝʪ ʜʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ ʫʥʠʢʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʞʠʚʦʡ ʦʨʛʘʥʠʟʤ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʙʦʛʘʪʳʡ ʩʪʘʪʠ-
ʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʨʦʚʝʜʸʥʥʳʭ ʩʘʤʦʡ ʧʨʠʨʦʜʦʡ ʪʳʩʷʯʝʣʝʪʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʤʘʩʰʪʘʙʘʭ ʚʩʝʡ 
ʧʣʘʥʝʪʳ [4, ʩ.3]. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʤʝʪʘʣʣʦʘʢʢʫʤʫʣʠʨʫʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʷʩʝʥʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʛ.ʄʘʭʘʯʢʘʣʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 2018 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʄʘʭʘʯʢʘʣʳ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʦʪʦ-
ʨʦʛʦ ʧʦ ʢʦʤʧʣʝʢʩʫ ʬʘʢʪʦʨʦʚ ʠʤʝʶʪ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʤʥʦʛʠʭ ʮʝʥʥʳʭ ʜʨʝʚʝʩʥʳʭ 
ʚʠʜʦʚ ï ʠʥʪʨʦʜʫʮʝʥʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʜʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʝ ʚ ʧʘʨʢʝ ʣʝ-
ʥʠʥʩʢʦʛʦ ʢʦʤʩʦʤʦʣʘ ʛʦʨʦʜʘ ʄʘʭʘʯʢʘʣʳ ʠ ʚ ʩ.ʊʘʣʛʠ.  ɺʳʙʦʨ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʚʙʣʠʟʠ 
ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ: ʧʨ. ʐʘʤʠʣʷ, ʧʨ. ɻʘʤʠʜʦʚʘ, ʧʨ. ɸʢʫʰʠʥʩʢʦʛʦ, ʫʣ. ʗʨʘʛʩʢʦʛʦ, ʫʣ. ɻʘʜʞʠʝʚʘ, ʫʣ. 
ʂʦʨʢʤʘʩʦʚʘ[1, ʩ.35]. ʂʨʦʤʝ ʪʦʛʦ ʚʳʙʦʨ ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʦʙʫʩʣʦʚʣʝʥ ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʝʨʝʚʴʝʚ ʠʟʫʯʘʝʤʦʛʦ 
ʚʠʜʘ ʟʨʝʣʦʛʦ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ʇʦʩʢʦʣʴʢʫ ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʦʮʝʥʢʘ ʤʝʪʘʣʣʦʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʷʩʝʥʷ ʦʙʳʢ-
ʥʦʚʝʥʥʦʛʦ, ʤʳ ʟʘʢʣʘʜʳʚʘʣʠ ʧʨʦʙʥʳʝ ʧʣʦʱʘʜʠ ʚ ʪʠʧʠʯʥʳʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤʠ ʦʨʦʛʨʘʬʠʯʝ-
ʩʢʠʤʠ, ʧʦʯʚʝʥʥʳʤʠ ʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʛʦʨʦʜʩʢʦʛʦ ʧʘʨʢʘ. ʉ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ ʙʨʘʣʠ ʧʦ 
ʰʝʩʪʴ ʢʝʨʥʦʚ ʩ ʩʝʚʝʨʥʦʡ  ʩʪʦʨʦʥʳ ʩʪʚʦʣʘ. ɹʫʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʳʩʦʪʝ 1,3 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. 
ɼʣʷ ʦʪʙʦʨʘ ʢʝʨʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʫʨʘʚ ʇʨʝʩʩʣʝʨʘ.  ʅʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʢʝʨʥʦʚ ʜʝʨʝʚʴʝʚ ʦʙʦʟʥʘʯʝʥʘ 
ʢʘʣʝʥʜʘʨʥʘʷ ʜʘʪʘ ʚʟʷʪʠʷ ʦʙʨʘʟʮʘ ʜʨʝʚʝʩʠʥʳ ʠ ʧʨʦʚʝʜʝʥʘ ʘʙʩʦʣʶʪʥʘʷ ʜʘʪʠʨʦʚʢʘ [2, ʩ.237]. 

ʕʢʩʧʝʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʇʝʨʝʜʚʠʞʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 
ʤʦʥʠʪʦʨʠʥʛʘ ɼɻʋ.  

ʇʨʦʙʳ ʧʦʯʚ ʦʪʙʠʨʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ɻʆʉʊʘʤ ʠ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ. ɺ 
ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʦʣʠʯʝ-
ʩʪʚʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʝ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʚ 
ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ʉʦʜʝʨʞʘʥʠʝ ʉʠ, Zn, Pb. Cd, Hg ʚ 
ʧʦʯʚʝ ʠ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʚʳʩʦʢʦʪʦʯʥʦʤ ʘʪʦʤ-
ʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʡ ʘʪʦʤʠʟʘʮʠʝʡ çʄɻɸï915ïʄɼè. 

ʊʦʣʱʠʥʘ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ï ʤʝʨʘ ʨʦʩʪʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʤʙʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʚ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ 
ʩʪʚʦʣʘ ʟʘ ʚʝʩʴ ʩʝʟʦʥ ʨʦʩʪʘ. ɺ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʤʝʩʪʘʭ ʦʙʠʪʘʥʠʷ ʫ ʜʝʨʝʚʴʝʚ ʧʦ ʚʩʝʡ ʦʢʨʫʞʥʦʩʪʠ ʩʪʚʦʣʘ 
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ʬʦʨʤʠʨʫʶʪʩʷ ʰʠʨʦʢʠʝ ʛʦʜʠʯʥʳʝ ʢʦʣʴʮʘ, ʧʨʠʯʝʤ ʰʠʨʠʥʘ ʠʭ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʢʦʣʝʙʣʝʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 
ʧʨʝʜʝʣʘʭ. ʋ ʪʘʢʠʭ ʜʝʨʝʚʴʝʚ ʦʙʳʯʥʦ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʩ ʚʦʟ-
ʨʘʩʪʦʤ, ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʰʠʨʠʥʳ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ çʙʣʘʛʦʜʫʰ-
ʥʦʡè (complacent). ɺ ʫʩʣʦʚʠʷʭ, ʩʫʨʦʚʳʭ ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʜʝʨʝʚʴʝʚ, ʛʦʜʠʯʥʳʝ ʢʦʣʴʮʘ ʙʦʣʝʝ ʫʟʢʠʝ, 
ʰʠʨʠʥʘ ʠʭ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʩʠʣʴʥʦ ʢʦʣʝʙʣʝʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʯʫʚʩʪʚʠʪʝʣʴʥʦʡè 
(sensitive) ʩʝʨʠʠ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ. 

ɸʥʘʣʠʟ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʜʨʝʚʝʩʠʥʳ ʷʩʝʥʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ 
ʚʙʣʠʟʠ ʫʣ. ʄ. ɻʘʜʞʠʝʚʘ  ʛ. ʄʘʭʘʯʢʘʣʘ ʠ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘ ʧʝʨʠʦʜ ʩ 1992 ʧʦ 2017 ʛʛ. ʧʦʢʘʟʘʣ 
ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠʨʦʩʪʘ   2007 ʠ 2012 ʛʛ. ɻʦʜʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʨʠ-
ʨʦʩʪʘʤʠ: 1992, 1997, 2002.  

 
ʋʙʚʤʡʯʙ 1 

ʊʩʞʝʦʡʞ ʨʧʣʙʠʙʫʞʤʡ ʱʡʩʡʦʴ ʜʧʝʡʰʦʴʮ ʣʧʤʞʯ ʝʩʞʛʞʪʡʦʴ ʠʙ ʨʞʩʡʧʝ ʪ 1992 ʨʧ 2017 ʜʜ. 

ʇʨʠʨʦʩʪ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ 
ʧʦ ʛʦʜʘʤ ʚ ʩʤ 

ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ  
(ʢʦʥʪʨʦʣʴ) 

1992 0,53Ñ0,02 
9,7 

0,50Ñ0,04 
20,0 

1997 0,52Ñ0,06 
28,5 

0,60Ñ0,09 
33,3 

2002 0,47Ñ0,08 
39,9 

0,58Ñ0,07 
28,3 

2007 0,63Ñ0,02 
8,2 

0,50Ñ0,05 
24,4 

2012 0,62Ñ0,05 
21,5 

0,56Ñ0,04 
15,9 

2017 0,57Ñ0,06 
24,1 

0,52Ñ0,02 
8,6 

*ʇʨʠʤʝʯʘʥʠʝ: ʥʘʜ ʯʝʨʪʦʡ ï (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ), ʧʦʜ ʯʝʨʪʦʡ ï 
CV,% (ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ). 

 
 

 
ʉʡʪ.1. ʊʧʝʞʩʟʙʦʡʞ Cu (ʥʜ/ʣʜ) ʛ ʜʧʝʡʰʦʴʮ ʣʧʤʵʯʙʮ ʸʪʞʦʸ ʧʚʴʣʦʧʛʞʦʦʧʜʧ 

 
ʇʨʠ ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʚʘʞʥʦ ʧʦʥʠʤʘʥʠʝ ʦʧʘʩʥʦʩʪʠ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ɹʘʨʴʝʨʥʫʶ ʬʫʥʢʮʠʶ ʥʘ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 
ʚʳʧʦʣʥʷʶʪ ʧʦʯʚʝʥʥʳʡ ʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ.  
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Cu(ʤʛ/ʢʛ) 

Cu(ͣ ͎κ͎͟ύ 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

Cu(ʤʛ/ʢʛ) ʢʦʥʪʨʦʣʴ 

Cu(ͣ ͎κ͎͟ύ 
ͦͤͭͪͦ͟͡Έ 
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ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙ-
ʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʧʨʦʚʦʜʷʱʠʝ ʪʢʘʥʠ (ʜʨʝʚʝʩʠʥʘ), ʪʘʢ ʢʘʢ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʙʘʨʴʝʨʦʚ ʜʣʷ ʥʠʭ ʠ 
ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʨʘʩʪʝʥʠʶ. 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʠʟ ʠʟʫʯʝʥʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘʠʤʝʥʴʰʝʡ ʘʢʢʫʤʫʣʷʮʠʝʡ ʦʙʣʘʜʘʝʪ Cd, 
ʥʘʠʚʳʩʰʝʡ ï Zn.  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʢʢʫʤʫʣʷʮʠʷ Cu ʚ ʦʧʳʪʝ ʚʳʷʚʣʝʥʘ ʚ 2002  (5,2  ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ) ʤʠʥʠʤʘʣʴ-
ʥʘʷ ʚ 1977 ʛʦʜʫ (2,9 ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʢʢʫʤʫʣʷʮʠʷ Cu ʚ ʢʦʥʪʨʦʣʝ ʚʳʷʚʣʝʥʘ ʚ 2017 
ʛʦʜʫ (0,15 ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ), ʤʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 1992( 0,07 ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ), ʯʪʦ 
ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʚ ʥʘʢʦʧʣʝʥʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 
ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʢʢʫʤʫʣʷʮʠʷ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ Zn. ɽʛʦ ʥʘʠʚʳʩʰʘʷ ʢʦʥʮʝʥ-
ʪʨʘʮʠʷ ʚ ʢʦʥʪʨʦʣʝ(166.3ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ) ʚʳʷʚʣʝʥʦ ʚ 1992,ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʜʨʝʚʝʩʠʥʝ ʜʝʨʝʚʘ, ʧʨʦʠʟ-
ʨʘʩʪʘʶʱʝʛʦ ʚ ʢʦʥʪʨʦʣʝ ʚ 52 ʨʘʟʘ ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʙʳʣʦ ʚʳʰʝ, ʤʠʥʠʤʘʣʴʥʦʝ ʚ 1997 ʠ 2017 ʛʛ..  

 

  
ʉʡʪ.2. ʊʧʝʞʩʟʙʦʡʞ Zn (ʥʜ/ʣʜ) ʛ ʜʧʝʡʰʦʴʮ ʣʧʤʵʯʙʮ ʸʪʞʦʸ ʧʚʴʣʦʧʛʞʦʦʧʜʧ 

 
ʇʦ ʩʦʜʝʨʞʘʥʠʶ Pb ʪʘʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘʙʣʶʜʘʝʪʩʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʢʢʫʤʫʣʷʮʠʷ Pb ʚʳʷʚʣʝ-

ʥʘ  ʚ 1986 ʛʦʜʫ ʚ ʧʨʦʙʘʭ, ʚʟʷʪʳʭ ʩ ʶʞʥʦʡ ʩʪʦʨʦʥʳ ʜʝʨʝʚʘ (2,01 ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ) ʤʠʥʠʤʘʣʴʥʘʷ ʚ 
2001 ʠ 2006  ʛʛ. (0,26  ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ) ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ. ʈʘʟʤʘʭ ʟʥʘʯʝʥʠʡ ʧʦ ʛʦʜʘʤ ʠ ʩʪʦʨʦʥʘʤ ʢʨʦ-
ʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ.  ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʜʨʝʚʝʩʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦ. 

 

 
ʉʡʪ.3. ʊʧʝʞʩʟʙʦʡʞ Pb (ʥʜ/ʣʜ) ʛ ʜʧʝʡʰʦʴʮ ʣʧʤʵʯʙʮ ʸʪʞʦʸ ʧʚʴʣʦʧʛʞʦʦʧʜʧ 
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ʉʦʜʝʨʞʘʥʠʝ Cd ʠʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʜʨʝʚʝʩʠʥʝ ʷʩʝʥʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩʘʤʦʝ 
ʥʠʟʢʦʝ. ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ, ʢʘʢ ʠ Pb ʚ ʜʨʝʚʝʩʠʥʝ ʩʪʘʙʠʣʴʥʦʝ. ʊʘʢʘʷ ʞʝ ʢʘʨʪʠʥʘ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ Hg.  

 

 
ʉʡʪ.4. ʊʧʝʞʩʟʙʦʡʞ Cd (ʥʜ/ʣʜ) ʛ ʜʧʝʡʰʦʴʮ ʣʧʤʵʯʙʮ ʸʪʞʦʸ ʧʚʴʣʦʧʛʞʦʦʧʜʧ 

 

 
ʉʡʪ. 5. ʊʧʝʞʩʟʙʦʡʞ Hg (ʥʜ/ʣʜ) ʛ ʜʧʝʡʰʦʴʮ ʣʧʤʵʯʙʮ ʸʪʞʦʸ ʧʚʴʣʦʧʛʞʦʦʧʜʧ 

 
ʇʨʠ ʵʪʦʤ ʚ ʜʨʝʚʝʩʠʥʝ ʥʘʢʦʧʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʦ ʩ ʰʠʨʠʥʦʡ ʛʦʜʠʯʥʦʛʦ ʢʦʣʴʮʘ: ʯʝʤ 

ʰʠʨʝ, ʪʝʤ ʙʦʣʴʰʝ ʘʢʢʫʤʫʣʠʨʦʚʘʣʦʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ (ʪʘʙʣ. 1). 
 

ʋʙʚʤʡʯʙ 2 
ʊʧʝʞʩʟʙʦʡʞ ʫʸʟʞʤʴʮ ʥʞʫʙʤʤʧʛ ʛ ʨʧʰʛʞ, ʧʫʧʚʩʙʦʦʧʢ ʛʚʤʡʠʡ ʸʪʞʦʸ ʧʚʴʣʦʧʛʞʦʦʧʜʧ, ʨʩʧʡʠʩʙʪʫʙ-

ʷʲʞʜʧ ʛ ʨʙʩʣʞ ʄʞʦʡʦʪʣʧʜʧ ʃʧʥʪʧʥʧʤʙ  

Cu(ʤʛ/ʢʛ) Zn(ʤʛ/ʢʛ) Cd(ʤʛ/ʢʛ) Hg(ʤʛ/ʢʛ) Pb(ʤʛ/ʢʛ) 

7,9Ñ1,0 
21,5 

51,7Ñ15,2 
50,9 

0,26Ñ0,09 
58,9 

0,096Ñ0,013 
22,8 

23,3Ñ0,7 
4,9 

*ʇʨʠʤʝʯʘʥʠʝ: ʥʘʜ ʯʝʨʪʦʡ ï (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ), ʧʦʜ ʯʝʨʪʦʡ ï 
CV,%(ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ) 

0

0,005

0,01

0,015

0,02

0,025

0,03

Cd(ʤʛ/ʢʛ) 

Cd(ͣ ͎κ͎͟ύ 

0

0,005

0,01

0,015

0,02

0,025

0,03

0,035

0,04

1
9

9
2

1
9

9
7

2
0

0
2

2
0

0
7

2
0

1
2

2
0

1
7

Cd(ʤʛ/ʢʛ) ʢʦʥʪʨʦʣʴ 

Cd(ͣ ͎κ͎͟ύ 
ͦͤͭͪͦ͟͡Έ 

0

0,0005

0,001

0,0015

0,002

0,0025

0,003

0,0035

0,004

0,0045

1
9

9
2

1
9

9
7

2
0

0
2

2
0

0
7

2
0

1
2

2
0

1
7

Hg(ʤʛ/ʢʛ) ʢʦʥʪʨʦʣʴ 

Hg(ͣ ͎κ͎͟ύ 
ͦͤͭͪͦ͟͡Έ 

0

0,002

0,004

0,006

0,008

0,01

0,012

0,014

1
9

7
7

1
9

8
2

1
9

8
7

1
9

9
2

1
9

9
7

2
0

0
2

2
0

0
7

2
0

1
2

2
0

1
7

Hg(ͣ ͎κ͎͟ύ 

Hg(ͣ ͎κ͎͟ύ 

xsx°



»ãçèÐï áâãÔÕÝçÕáÚÐï áâÐâìï 2018 51 

 

www.naukaip.ru 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ ʦʪʦʙʨʘʥʥʦʡ ʚʙʣʠʟʠ ʪʦʧʦʣʷ ʙʝʣʦʛʦ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ 
ʚ ʧʘʨʢʝ ʃʝʥʠʥʩʢʦʛʦ ʂʦʤʩʦʤʦʣʘ ʭʘʨʘʢʪʝʨʝʥ ʩʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪʥʳʡ ʨʷʜ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ: Zn,Pb, 
Cu,Cd,Hg. ɸ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʜʨʝʚʝʩʠʥʝ ʵʪʦʛʦ ʚʠʜʘ  ʭʘʨʘʢʪʝʨʝʥ ʩʣʝʜʫʶʱʠʡ ʵʣʝ-
ʤʝʥʪʥʳʡ ʨʷʜ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ: Zn,Cu, Pb, Hg,Cd.  

ʄʝʥʴʰʝ ʚʩʝʛʦ ʚ ʧʦʯʚʝ ʩʦʜʝʨʞʘʥʠʝ Hg ï 0,096 ʤʛ/ʢʛ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ. 
ʉʪʘʙʠʣʴʥʦ ʤʥʦʛʦ Zn ï 51,7 ʤʛ/ʢʛ. ʉʦʜʝʨʞʘʥʠʝ Cu ʚ ʦʪʣʠʯʠʠ ʦʪ Zn ʥʠʟʢʦʝ (7,9 ʤʛ/ʢʛ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ Cd 
(0,26 ʤʛ/ʢʛ) ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʞʝ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪ (CVï58,9%). Pb ʚ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʥʦ-
ʛʦ ï 23,3 ʤʛ/ʢʛ, ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʘʨʠʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʠʟ ʠʟʫʯʝʥʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘʠʤʝʥʴʰʝʡ ʘʢʢʫʤʫʣʷʮʠʝʡ ʚ ʜʨʝʚʝʩʠʥʝ ʪʦʧʦʣʷ 
ʙʝʣʦʛʦ ʦʙʣʘʜʘʝʪ Cd, ʥʘʠʚʳʩʰʝʡ ï Zn. ɼʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ ʘʢʢʫʤʫʣʠʨʫʶʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʷʚʣʷʷʩʴ 
ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʬʠʣʴʪʨʘʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʥʠʞʝʥʠʶ ʪʦʢʩʠʯʝ-
ʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ɺ ʛ. ʄʘʭʘʯʢʘʣʝ ʩʝʛʦʜʥʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 
ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʠʜʝʪ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʜʦʨʦʛ ʠ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʳʷʚʣʝʥʠʝ ʠ 
ʧʦʜʙʦʨ ʫʩʪʦʡʯʠʚʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʠ ʨʘʩʪʝʥʠʡ-ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʦʟʜʘʥʠʷ ʚ ʙʫʜʫ-
ʱʝʤ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʞʠʟʥʠ ʛʦʨʦʞʘʥ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ɸʙʜʫʨʘʭʤʘʥʦʚ, ɻ.ʄ. ʆʮʝʥʢʘ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʧʦ ʜʘʥʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʥʘ ʧʨʠʤʝʨʝ ʛ. ʄʘʭʘʯʢʘʣʳ) / ɻ.ʄ. ɸʙʜʫʨʘʭʤʘʥʦʚ, ʃ.ʐ. ɸʭʤʝʜʦʚʘ, ʅ.ʆ. ɻʫ-
ʩʝʡʥʦʚʘ, ʈ.ʊ. ʈʘʜʞʘʙʦʚʘ. ï ʄʘʭʘʯʢʘʣʘ: ʀʇʕ, 2010. ï 93 ʩ. 

2. ɸʩʘʜʫʣʘʝʚ, ɿ.ʄ. ʊʠʩ ʷʛʦʜʥʳʡ (Taxus Baccata L.) ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʧʨʝʜʛʦʨʥʦʛʦ ɼʘʛʝ-
ʩʪʘʥʘ / ɿ.ʄ. ɸʩʘʜʫʣʘʝʚ, ʇ.ʂ. ʆʤʘʨʦʚʘ // ʀʟʚʝʩʪʠʷ ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ. ï 2012. ï ˉ1.ï 
ʉ.1998ï2001. 

3. ɺʦʡʪʶʢ ɽ.ɸ. ɸʢʢʫʤʫʣʷʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ ʠ ʨʘʩʪʝʥʠʷʭ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝ-
ʜʳ:ʘʚʪʦʨʝʬ. ʜʠʩʩ. ʢ.ʙ. ʥ. / ɽ.ɸ. ɺʦʡʪʶʢ. ï ʏʠʪʘ, 2011. ï 143 ʩ. 

4. ʉʠʣʢʠʥ ʇ.ʇ. ʄʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʚ ʜʝʥʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ: ʘʚʪʦʨʝʬ. ʜʠʩʩ. ʜ. ʙ. ʥ. / ʇ.ʇ. ʉʠʣʢʠʥ. ï ʂʨʘʩʥʦʷʨʩʢ, 2009. ï 21 ʩ. 
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ʞʘʥʠʶ ʠ ʚʳʨʘʱʠʚʘʥʠʶ ʱʝʥʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʠʪʦʤʥʠʢʦʚ. 
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Abstract: the article discusses three options for content puppies:impoverished, normal and enriched. A brief 
literature review on the problem of deprivation has been made. The results of testing the puppies contained in 
different conditions are given. Practical recommendations on content and growing puppies in dog kennel con-
ditions are given. 
Keywords: puppies; socialization; deprivation; testing; growing conditions. 

 
ʉʦʭʨʘʥʝʥʠʝ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʨʦʜ ʩʦʙʘʢ ʩʣʫʞʝʙʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘ-

ʯʝʡ, ʨʝʰʘʝʤʦʡ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʠʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚʦʡʩʢ ʥʘʮʠʦʥʘʣʴʥʦʡ 
ʛʚʘʨʜʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʭ ʨʘʙʦʪʳ, ʥʘʨʷʜʫ ʩ ʦʙʝʩʧʝʯʝ-
ʥʠʝʤ ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ ʧʣʝʤʝʥʥʦʛʦ ʧʦʛʦʣʦʚʴʷ, ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʢʩʪʝʨʴʝʨʘ ʠ 
ʨʘʙʦʯʠʭ ʢʘʯʝʩʪʚ ʧʦʛʦʣʦʚʴʷ, ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʨʘʱʠʚʘʥʠʝ ʤʦ-
ʣʦʜʥʷʢʘ. ʇʦʪʨʝʙʥʦʩʪʴ ʠʤʝʪʴ ʥʘʜʨʝʩʩʠʨʦʚʘʥʥʳʭ ʠ ʥʘʪʨʝʥʠʨʦʚʘʥʥʳʭ ʩʦʙʘʢ ʚ ʩʠʣʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʜ-
ʪʚʝʨʞʜʘʝʪʩʷ ʝʞʝʜʥʝʚʥʦ. 

ʋʩʧʝʭ ʚʦʩʧʠʪʘʥʠʷ ʱʝʥʢʘ ʟʘʚʠʩʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʨʦʩʪ ʠ ʨʘʟ-
ʚʠʪʠʝ, ʝʩʣʠ ʵʪʠ ʫʩʣʦʚʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ, ʪʦ ʦʥ ʭʦʨʦʰʦ ʨʘʩʪʝʪ ʠ ʨʘʟʚʠʚʘʝʪʩʷ, ʚ ʙʫʜʫʱʝʤ ʫʩʧʝʰʥʦ ʧʦʜ-
ʜʘʝʪʩʷ ʜʨʝʩʩʠʨʦʚʢʝ. ʇʦʜ ʧʦʥʷʪʠʝʤ çʩʦʮʠʘʣʠʟʘʮʠʷè, ʩʧʝʮʠʘʣʠʩʪʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʣʝ-
ʥʠʷ ʧʩʠʭʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʞʠʚʦʪʥʦʛʦ. ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʡʜʝʪ ʫʩʧʝʰʥʦ, ʟʘʚʠʩʠʪ 
ʜʘʣʴʥʝʡʰʠʡ ʭʘʨʘʢʪʝʨ ʩʦʙʘʢʠ. ʉʦʮʠʘʣʠʟʘʮʠʶ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ, ʚ 
ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʢʣʘʜʳʚʘʝʪʩʷ ʣʠʯʥʦʩʪʴ ʩʦʮʠʘʣʴʥʦʛʦ ʞʠʚʦʪʥʦʛʦ, ʠ ʦʙʨʘʟʫʶʪʩʷ ʩʚʷʟʠ ʩ ʝʛʦ ʦʢʨʫʞʝʥʠʝʤ [1], 
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ʣʠʙʦ ʢʘʢ ʜʣʠʪʝʣʴʥʫʶ ʬʘʟʫ ʦʙʫʯʝʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʱʝʥʦʢ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʞʠʟʥʠ ʚ 
ʩʪʘʝ ʥʘʚʳʢʠ ʧʦʚʝʜʝʥʠʷ [2]. 

ɼʘʣʝʝ, ʦʧʨʝʜʝʣʠʤ ʧʦʥʷʪʠʝ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ, ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʥʢʨʝʪʥʳʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠ-
ʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʙʠʪʘʝʪ ʜʘʥʥʘʷ ʦʩʦʙʴ, ʧʦʧʫʣʷʮʠʷ ʠʣʠ ʚʠʜ [3]. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ 
ʠʩʧʦʣʴʟʫʝʤ ʜʘʥʥʦʝ ʧʦʥʷʪʠʝ ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʩʤʳʩʣʝ ï ʢʘʢ ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʦʙʘʢ. 

ʆʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʪʨʠ ʚʘʨʠʘʥʪʘ ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ ʩʦʙʘʢ: ʦʙʝʜʥʝʥʥʳʝ ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ 
ʠʣʠ ʦʙʝʜʥʝʥʥʘʷ ʩʨʝʜʘ, ʦʙʳʯʥʳʝ ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʣʠ ʥʦʨʤʘʣʴʥʘʷ ʩʨʝʜʘ ʠ ʦʙʦʛʘʱʝʥʥʳʝ ʫʩʣʦʚʠʷ 
ʩʦʜʝʨʞʘʥʠʷ ʠʣʠ ʦʙʦʛʘʱʝʥʥʘʷ ʩʨʝʜʘ [4]. ʉʥʘʯʘʣʘ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʝ ʜʚʘ. 

ʇʨʠ ʦʙʦʛʘʱʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʜʝʨʞʘʥʠʷ ʱʝʥʦʢ ʘʢʪʠʚʥʦ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʦʩʦʙʷʤʠ ʩʚʦʝʛʦ ʠ ʜʨʫʛʠʭ 
ʚʠʜʦʚ, ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʛʨʫʰʢʘʤʠ, ʝʛʦ ʨʝʛʫʣʷʨʥʦ ʚʳʛʫʣʠʚʘʶʪ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ, 
ʧʨʦʚʦʜʷʪ ʠʛʨʦʚʳʝ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʟʘʥʷʪʠʷ. ʅʦʨʤʘʣʴʥʳʝ ʠʣʠ ʦʙʳʯʥʳʝ ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʘʢʩʠʤʘʣɹ-
ʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʚʠʜʘ Canis familiaris ʠʣʠ ʪʝʤ ʫʩʣʦʚʠʷʤ, ʛʜʝ ʞʠʚʦʪʥʳʤ 
ʧʨʝʜʩʪʦʠʪ ʞʠʪʴ. 

ʗʚʣʝʥʠʝ ʜʝʧʨʠʚʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴʶ ʩʦʮʠʘʣʠʟʘʮʠʠ. ʇʦʜ ʜʝʧʨʠʚʘʮʠʝʡ ʧʦʥʠʤʘʶʪ 
ʣʠʰʝʥʠʝ ʠʣʠ ʨʝʟʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ [1], ʣʠʙʦ ʩʝʥʩʦʨʥʫʶ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʣʠ 
ʥʝʜʦʛʨʫʟʢʫ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʥʘʙʣʶʜʘʝʤʫʶ ʫ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʠʟʦʣʷʮʠʠ ʠʣʠ ʧʨʠ 
ʥʘʨʫʰʝʥʠʠ ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ [5]. ʊʝʤ ʩʘʤʳʤ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʝʜʥʝʥʥʳʝ ʫʩʣʦʚʠʷ ʩʦʜʝʨ-
ʞʘʥʠʷ, ʢʦʛʜʘ ʩʝʥʩʦʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠʣʠ ʢʦʥʪʘʢʪʳ ʩ ʦʩʦʙʷʤʠ ʩʚʦʝʛʦ ʚʠʜʘ ʦʛʨʘʥʠʯʝʥʳ 
(ʩʦʜʝʨʞʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʟʘʤʢʥʫʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʠʪʦʢʦʤ ʥʦʚʳʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ) [3]. 
ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʘʩʩʠʚʥʦ-ʦʙʦʨʦʥʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʫ ʩʦʙʘʢ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩ-
ʥʝʡʰʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ ʚʦʩʧʠʪʘʥʠʷ ʱʝʥʷʪ, ʪʘʢ ʥʝʤʝʮʢʠʝ ʦʚʯʘʨʢʠ, ʚʦʩʧʠʪʘʥʥʳʝ 
ʚ ʫʩʣʦʚʠʷʭ ʧʠʪʦʤʥʠʢʦʚ (ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʠʟʦʣʷʮʠʠ), ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ (87 %) 
ʪʨʫʩʣʠʚʳʤʠ [6; 7]. 

ʉʦʜʝʨʞʘʥʠʝ ʱʝʥʢʦʚ ʠ ʤʦʣʦʜʳʭ ʩʦʙʘʢ ʚ ʦʙʝʜʥʝʥʥʦʡ ʩʨʝʜʝ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʟʨʠʪʝʣʴʥʳʭ, ʘʢʫʩʪʠʯʝ-
ʩʢʠʭ, ʪʘʢʪʠʣʴʥʳʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʶʜʘ ʦʪʥʦʩʠʪʩʷ ʠ ʧʠʪʦʤʥʠʢ, ʚʳʟʳʚʘʝʪ [4]:  

 ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚr ʨʘʞʘʶʪʩʷ ʚ ʝʝ ʜʝʛʨʘʜʘʮʠʠ; 
 ʟʘʜʝʨʞʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʯʪʦ ʫʭʫʜʰʘʝʪ, ʚ ʙʫʜʫʱʝʤ ʧʨʦʮʝʩʩ ʥʘʫʯʝʥʠʷ; 
 ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʫʛʘʩʘʥʠʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʧʨʠʚʳʢʘ-

ʥʠʷ ʢ ʥʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ [8]; 
 ʚʳʟʳʚʘʝʪ ʫʭʫʜʰʝʥʠʝ ʩʝʥʩʦʨʥʦ-ʤʦʪʦʨʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʞʠʚʦʪʥʳʭ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʨʘʞʘʝʪ-

ʩ ̫ʚ ʪʨʫʜʥʦʩʪʠ ʦʩʚʦʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʳʭ ʥʘʚʳʢʦʚ;  
 ʩʥʠʞʘʝʪ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʭʫʜʰʘʝʪ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ (ʝʩʪʝʩʪʚʝʥʥʦʛʦ) ʠʤ-

ʤʫʥʠʪʝʪʘ. 
ʅʘ ʧʨʘʢʪʠʢʝ ʧʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʩʣʠʰʢʦʤ ʟʘʙʦʪʣʠʚʳʤʠ ʚʣʘ-

ʜʝʣʴʮʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʢʨʝʥʥʝ ʞʝʣʘʶʪ ʩʚʦʝʡ ʩʦʙʘʢʝ ʜʦʙʨʘ [9], ʚ ʫʩʣʦʚʠʷʭ ʧʠʪʦʤʥʠʢʦʚ  ʟʘ ʩʯʝʪ ʦʙʦʩʦʙ-
ʣʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʜʦʩʪʫʧʘ ʧʦʩʪʦʨʦʥʥʠʭ ʣʶʜʝʡ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʮʠʘʣʠʟʘʮʠʠ ʱʝʥʢʦʚ ʠ ʠʭ ʧʨʠʛʦʜʥʦʩʪʠ 
ʢ ʜʨʝʩʩʠʨʦʚʢʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʣʫʞʙʘʤ (ʟʘʱʠʪʥʦ-ʢʘʨʘʫʣʴʥʦʡ, ʢʘʨʘʫʣʴʥʦʡ, ʨʘʟʳʩʢʥʦʡ ʠ ʪ.ʜ.) ʩʪʘʣʦ ʪʝʩʪʠ-
ʨʦʚʘʥʠʝ. ʉʧʝʮʠʘʣʠʩʪʘʤʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʩʝʚʦʟʤʦʞʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʚʦʜʠʤʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, 
ʦʜʥʠʤ ʚʘʞʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʳʣ ʚʦʟʨʘʩʪ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʚʦʪʥʳʭ [10]. 

ʄʘʪʝʨʠʘʣʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʩʦʙʘʢʠ ʧʦʨʦʜʳ ʥʝʤʝʮʢʘʷ ʦʚʯʘʨʢʘ, ʣʘʙʨʘʜʦʨ ʠ 
ʙʝʩʧʦʨʦʜʥʳʝ (ʙʨʦʜʷʯʠʝ). ɺʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʱʝʥʢʠ ʚ ʚʦʟʨʘʩʪʝ 810 
ʥʝʜʝʣʴ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʦʪʦʙʨʘʥʳ: ʦʜʠʥ ʧʦʤʝʪ ʣʘʙʨʘʜʦʨʦʚ ʢʚʘʨʪʠʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʯʝʪʳʨʝ ʧʦʤʝʪʘ 
ʱʝʥʢʦʚ ʥʝʤʝʮʢʦʡ ʦʚʯʘʨʢʠ ʧʠʪʦʤʥʠʢʘ ʇʝʨʤʩʢʦʛʦ ʚʦʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʘ ʧʦʤʝʪʘ 
ʙʨʦʜʷʯʠʭ ʩʦʙʘʢ, ʞʠʚʰʠʭ ʚ ʤʘʣʦʣʶʜʥʦʤ ʣʝʩʥʦʤ ʤʘʩʩʠʚʝ. ʆʙʱʝʝ ʯʠʩʣʦ ʩʦʙʘʢ ʩʦʩʪʘʚʠʣʦ 26 ʦʩʦʙʝʡ, ʠʟ 
ʥʠʭ ʜʝʚʷʪʴ ʢʦʙʝʣʝʡ ʠ ʩʝʤʥʘʜʮʘʪʴ ʩʫʢ. 

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʎ. ʇʣʘʬʬʝʥʙʝʨʛʝʨʦʤ ʠ ʜʦʧʦʣ-
ʥʝʥʥʦʝ ʌ. ɻʘʥʟʦʤ, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʘʣʦʩʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʠʛʦʜʥʦʩʪʠ ʱʝʥʢʦʚ ʢ ʩʣʫʞʝʙʥʦʡ ʜʝʷʪʝʣʴ-
ʥʦʩʪʠ [11]. ʑʝʥʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʩʪʠʨʦʚʘʥʠʶ ʚ ʚʦʟʨʘʩʪʝ ʚʦʩʴʤʠ, ʜʝʚʷʪʠ ʠ ʜʝʩʷʪʠ ʥʝʜʝʣʴ. ʀʩʭʦʜʷ ʠʟ 
ʫʩʣʦʚʠʡ ʪʨʝʭʢʨʘʪʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʩʪʝʧʝʥʴ ʢʘʞʜʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʚʦʟʨʘʩʪʦʤ ʱʝʥʢʘ.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʦʚ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʩʢʦʣʴʢʦ ʫʩʠʣʠʡ ʠ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʟʘʪʨʘ-
ʪʠʪʴ ʧʨʠ ʜʨʝʩʩʠʨʦʚʢʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʦʙʘʢʠ. 

ʊʝʩʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʠ ʦʧʨʝʜʝʣʷʶʪ: 
1. ʆʪʥʦʰʝʥʠʝ ʢ ʥʝʟʥʘʢʦʤʦʤʫ ʯʝʣʦʚʝʢʫ. 
2. ʆʪʥʦʰʝʥʠʝ ʢ ʥʝʟʥʘʢʦʤʳʤ ʟʚʫʢʘʤ. 
3. ʆʪʥʦʰʝʥʠʝ ʢ ʥʝʟʥʘʢʦʤʳʤ ʧʨʝʜʤʝʪʘʤ. 
ɺ ʜʘʥʥʦʤ ʩʨʘʚʥʝʥʠʠ ʫʯʠʪʳʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʨʝʭ ʚʳʙʦʨʦʯʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʩ 

ʨʘʟʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʦʜʝʨʞʘʥʠʷ. 
ɼʣʷ çɹʨʦʜʷʯʠʭ ʱʝʥʢʦʚè ʭʘʨʘʢʪʝʨʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʢʦʥʪʘʢʪʘ ʩ ʦʩʦʙʷʤʠ ʩʚʦʝʛʦ ʚʠʜʘ, ʨʘʟʣʠʯʥʳʝ ʧʦ-

ʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʦʞʠʚʘʥʠʝ ʥʘ ʫʣʠʮʝ, ʧʦʯʪʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʩʦʮʠʘʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ ʩ ʣʶʜʴʤʠ. ʉʣʝ-
ʜʦʚʘʪʝʣʴʥʦ, ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʨʝʜʳ  ʦʙʝʜʥʸʥʥʳʝ. 

çʑʝʥʢʠ ʠʟ ʧʠʪʦʤʥʠʢʘè ʥʘʭʦʜʷʪʩʷ ʚ ʚʦʣʴʝʨʘʭ, ʟʚʫʢʦʚʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ ʧʦʩʪʦʷʥʥʳʝ, ʚʣʠʷʥʠʝ ʧʦ-
ʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʦʛʨʘʥʠʯʝʥʦ, ʢʦʥʪʘʢʪ ʩ ʥʝʟʥʘʢʦʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʧʦʣʫ ʠ ʚʦʟʨʘʩʪʫ ʣʶʜʴʤʠ ʥʝ ʙʦʣʝʝ 
ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʤʝʩʷʮ, ʢʦʥʪʘʢʪ ʩ ʦʩʦʙʷʤʠ ʩʚʦʝʛʦ ʚʠʜʘ ʧʦʩʪʦʷʥʥʳʡ, ʥʦ ʚ ʧʨʝʜʝʣʘʭ ʩʦʙʘʢ ʧʠʪʦʤʥʠʢʘ, ʩʦʮʠ-
ʘʣʴʥʳʝ ʢʦʥʪʘʢʪʳ ʩ ʭʦʟʷʠʥʦʤ ʝʞʝʜʥʝʚʥʳʝ, ʥʦʚʳʝ ʤʝʩʪʘ ʚʳʛʫʣʘ ʦʪʩʫʪʩʪʚʫʶʪ. ʋʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ 
ʦʙʳʯʥʳʝ ʠʣʠ ʥʦʨʤʘʣʴʥʳʝ. 

ɼʣʷ çɼʦʤʘʰʥʠʭ ʱʝʥʢʦʚè ʭʘʨʘʢʪʝʨʥʦ ʧʦʩʪʦʷʥʥʦʝ ʥʘʣʠʯʠʝ ʢʦʥʪʘʢʪʘ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʞʠʚʦʪʥʳʭ ʠ 
ʯʝʣʦʚʝʢʦʤ. ʈʝʛʫʣʷʨʥʘʷ ʩʤʝʥʘ ʤʝʩʪ ʧʨʦʛʫʣʢʠ ʠ ʚʳʛʫʣʘ, ʥʘʣʠʯʠʝ ʥʦʚʳʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ, ʠʛʨʦʚʳʭ ʧʨʝʜ-
ʤʝʪʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʠʛʨʦʚʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʥʷʪʠʡ. ɺʩʸ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʦʛʘʱʸʥ-
ʥʳʤ ʫʩʣʦʚʠʷʤ ʩʦʜʝʨʞʘʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʪʝʩʪʘ, ʥʘʤʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʨʝʘʢʮʠʠ ʥʘ ʥʝʟʥʘʢʦʤʦʛʦ ʯʝʣʦʚʝʢʘ (ʨʠʩ. 1
3), ʦʪʥʦʰʝʥʠʝ ʢ ʥʝʟʥʘʢʦʤʳʤ ʟʚʫʢʘʤ (ʨʠʩ. 4 6) ʠ ʥʝʟʥʘʢʦʤʦʤʫ ʧʨʝʜʤʝʪʫ (ʨʠʩ. 79). 

 

  

 

ʉʡʪ. 1. ʉʞʙʣʯʡʸ ʚʩʧʝʸʰʞʜʧ  ʲʞʦʣʙ 
ʦʙ ʰʞʤʧʛʞʣʙ (ʩʞʙʣʯʡʸ ʡʠʚʞʜʙʦʡʸ) 

ʉʡʪ. 2. ʉʞʙʣʯʡʸ ʲʞʦʣʙ ʡʠ ʨʡ-
ʫʧʥʦʡʣʙ ʦʙ ʦʞʠʦʙʣʧʥʧʜʧ ʰʞ-
ʤʧʛʞʣʙ (ʨʩʧʸʛʤʸʞʫ ʧʪʫʧʩʧʟ-
ʦʴʢ ʡʦʫʞʩʞʪ ʡ ʝʧʛʞʩʡʞ) 

ʉʡʪ. 3. ʉʞʙʣʯʡʸ ʝʧʥʙʱʦʞʜʧ 
ʲʞʦʣʙ ʦʙ ʦʞʠʦʙʣʧʥʧʜʧ ʰʞʤʧ-
ʛʞʣʙ (ʨʩʧʸʛʤʸʞʫ ʙʣʫʡʛʦʴʢ 
ʡʦʫʞʩʞʪ ʡ ʝʧʛʞʩʡʞ) 

 

 

 

ʉʡʪ. 4. ʉʞʙʣʯʡʸ ʚʩʧʝʸʰʞʜʧ ʲʞʦʣʙ 
ʦʙ ʜʩʧʥʣʡʢ ʠʛʬʣ (ʜʧʤʧʛʙ ʧʨʬʲʞʦʙ, 

ʮʛʧʪʫ ʨʧʝʟʙʫ) 

ʉʡʪ. 5. ʉʞʙʣʯʡʸ ʲʞʦʣʙ ʡʠ ʨʡʫʧʥʦʡ-
ʣʙ ʦʙ ʜʩʧʥʣʡʢ ʠʛʬʣ (ʠʙʥʞʩ, ʧʩʡʞʦ-

ʫʡʩʧʛʧʰʦʙʸ ʩʞʙʣʯʡʸ) 

ʉʡʪ. 6. ʉʞʙʣʯʡʸ ʝʧʥʙʱʦʞʜʧ 
ʲʞʦʣʙ ʦʙ ʜʩʧʥʣʡʢ ʠʛʬʣ 
(ʦʞʢʫʩʙʤʵʦʧʞ ʧʫʦʧʱʞʦʡʞ) 




















































































































































































































































































































































































































































































