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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

25.05.2020 ʛ. 

XXIX  ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʥʢʫʨʩʘ 

çʃʋʏʐɸʗ ʉʊʋɼɽʅʏɽʉʂɸʗ ʉʊɸʊʔʗ 2020è 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ 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  ʜ.ʶ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʩʫʜʝʙʥʦʡ ʩʠʩʪʝʤʳ ʋʨʘʣʴʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʘʚʦʩʫʜʠʷè 

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

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

ʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀɻɼ ʉʆ ʈɸʅ) 

28) ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ, ɺʝʜʫʱʠʡ 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ɸʢʘʜʝʤʠʷ ʅʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ 

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

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

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

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

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

ʢʘʬʝʜʨʦʡ ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè  

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

çɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʪʦʨʛʦʚʣʠ ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʊʫʛʘʥ-

ɹʘʨʘʥʦʚʩʢʦʛʦè 

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

ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʌɻɸʆʋ ɺʆ çʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪè  

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

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

çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

ʩʦʨ ʢʘʬʝʜʨʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʂʦʟʴʤʳ ʄʠʥʠʥʘ (ʄʠʥʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)  

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

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

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

ɻʦʣʴʜʙʝʨʛʘ ʊʦʤʩʢʦʛʦ ʅʀʄʎ. 

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

ʢʫʣʴʪʝʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʂʘʟʘʭʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. ʛ. ɸʣʤʘʪʳ)  

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

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

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè   

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

ʥʦʤʠʢʠ ʠ ʧʨʘʚʘ ʆʏʋ ɺʆ "ʄʦʩʢʦʚʩʢʠʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ" 

  

3. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʩʝʢʨʝʪʘʨʠʘʪʘ ʚ ʣʠʮʝ: 

1) ɹʳʯʢʦʚ ɸʨʪʸʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

2) ɻʫʣʷʝʚʘ ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ 

3) ʀʙʨʘʝʚ ɸʣʴʙʝʨʪ ɸʨʪʫʨʦʚʠʯ 

 

 

ɼʠʨʝʢʪʦʨ  

ʄʎʅʉ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

ʢ.ʵ.ʥ. ɻʫʣʷʝʚ ɻ.ʖ.  
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʠʢʦʣʘʝʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 
ɼʦʮʝʥʪ ʢʘʬʝʜʨʳ çɹʠʦʪʝʭʥʦʣʦʛʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ  ʧʨʦʜʫʢʪʦʚ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘè 

ʌɻɹʆʋ ɺʆ çʄɻʋʇʇè 
 

ɹʦʦʧʫʙʯʡʸ: ʈʘʟʨʘʙʦʪʘʥ ʩʦʩʪʘʚ ʢʫʧʘʞʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʩʦ-
ʩʪʘʚ ɤ-3 ʠ ɤ-6 ʢʠʩʣʦʪ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʢʫʧʘʞ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʞʠʨʥʦʢʠʩʣʦʪʥʳʡ 
ʩʦʩʪʘʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚʠʪʘʤʠʥ ɽ. 

 
DEVELOPMENT OF A BLEND OF OILS WITH AN IMPROVED FATTY ACID COMPOSITION AND THE 

ADDITION OF VITAMIN E AS AN ANTIOXIDANT TO THE BLEND 
 

Olshanova Elena Alexandrovna 
 

Scientific supervisor: Nikolayevʘ Yulia Vladimirovna 
 

Abstract: A blend of vegetable oils has been developed that provides a balanced composition of ɤ-3 and ɤ-6 
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ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʜʫʢʪʦʚ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ, ʥʝ-

ʚʦʟʤʦʞʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʧʠʱʝʚʳʭ ʤʠʢʨʦʥʫʪʨʠʝʥʪʦʚ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʦʨ-

ʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ 
ʤʘʩʣʘʭ.  

ʇʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ (ʇʅɾʂ) ï ʛʨʫʧʧʘ ʣʠʧʠʜʦʚ, ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪ-
ʩʪʚʫʶʪ ʜʚʝ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ, ʦʜʥʘʢʦ ʜʚʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪʳ ʩʯʠʪʘʶʪ 
ʥʝʟʘʤʝʥʠʤʳʤʠ (ʣʠʥʦʣʝʚʘʷ ʠ ʣʠʥʦʣʝʥʦʚʘʷ). ʇʦʜʦʙʥʦ ʚʠʪʘʤʠʥʘʤ, ʦʥʠ ʥʝ ʤʦʛʫʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʦʨʛʘ-

ʥʠʟʤʝ, ʠ ʦʪʩʫʪʩʪʚʠʝ ʣʶʙʦʡ ʠʟ ʥʠʭ ʚʳʟʳʚʘʝʪ ʟʘʙʦʣʝʚʘʥʠʷ [1, ʩ. 567; 2, ʩ. 401; 3, ʩ. 113; 4, ʩ. 382; 5, ʩ. 

123; 6, ʩ. 324]. 
ʆʥʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʦʩʪʘ ʢʣʝʪʦʢ, ʥʦʨʤʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʞʠ, ʦʙʤʝʥʘ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʤʥʦʛʠʭ 
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ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʠʤʫʣʠʨʫʶʱʘʷ ʨʦʣʴ ʇʅɾʂ ʚ ʦʪ-
ʥʦʰʝʥʠʠ ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʨʛʘʥʠʟʤʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʚʳʰʝʥʠʠ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʥʬʝʢʮʠʦʥ-

ʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ [7, ʩ. 246]. 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ʈʦʩʩʠʠ ʩ ʧʠʪʘʥʠʝʤ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʣʶʜʠ 

ʫʧʦʪʨʝʙʣʷʶʪ ʤʘʩʣʘ, ʛʜʝ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʞʠʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʩʝʤʝʡʩʪʚʘ ɤ-6 (ʧʦʜʩʦʣ-
ʥʝʯʥʦʝ, ʢʫʢʫʨʫʟʥʦʝ, ʦʣʠʚʢʦʚʦʝ ʤʘʩʣʘ), ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʠʣʠ ʠʟ ʩʚʦʝʛʦ ʨʘʮʠʦʥʘ ʤʘʩʣʘ, ʙʦʛʘʪʳʝ 
ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʩʝʤʝʡʩʪʚʘ ɤ-3 (ʣʴʥʷʥʦʝ ʠ ʨʘʧʩʦʚʦʝ ʤʘʩʣʦ). ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʠ 
ʜʦʣʛʦʣʝʪʠʷ ʥʘʩʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʦʨʨʝʢʮʠʶ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʘʩʝʣ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʨʝʮʝʧʪʫʨ ʞʠʨʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʚʳʰʝʥʥʦʡ ʧʠʱʝʚʦʡ 
ʮʝʥʥʦʩʪʠ, ʩ ʫʣʫʯʰʝʥʥʳʤ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʘʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 
ʩʦʚʨʝʤʝʥʥʦʤ ʧʠʪʘʥʠʠ. 

ɾʠʨʦʚʳʝ ʧʨʦʜʫʢʪʳ, ʩ ʟʘʜʘʥʥʳʤ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦ-
ʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʧʫʪʸʤ- ʤʝʪʦʜʦʤ ʩʤʝʰʠʚʘʥʠʷ (ʢʫʧʘʞʠʨʦʚʘʥʠʷ) ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʩ 
ʦʧʨʝʜʝʣʝʥʥʳʤ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ. 

ʎʝʣʴʶ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ ʢʫʧʘʞʘ ʤʘʩʝʣ ʩ ʫʣʫʯʰʝʥʥʳʤ ʞʠʨʥʦʢʠʩ-
ʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʮʝʧʪʫʨʘʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʤʘʩʩʦʚʦʛʦ ʧʦ-
ʪʨʝʙʣʝʥʠʷ. 

ɼʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʦʪʨʝʙʦʚʘʣʦ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ:  
1. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ; 
2. ʇʨʦʚʝʜʝʥʠʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʜʣʷ ʢʫʧʘʞʠʨʦʚʘʥʠʷ; 
3. ɸʥʘʣʠʟ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ; 
4. ʈʘʩʩʤʦʪʨʝʥʠʝ ʚʠʪʘʤʠʥʘ ɽ ʢʘʢ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʚ ʢʫʧʘʞʝ; 

ʇʪʦʧʛʦʙʸ ʰʙʪʫʵ 
ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ: 

¶ ʄʘʩʣʦ ʧʦʜʩʦʣʥʝʯʥʦʝ ʥʝʨʘʬʠʥʠʨʦʚʘʥʥʦʝ çɼʘʨʳ ʂʫʙʘʥʠè ɻʆʉʊ 1129-2013; 

¶ ʄʘʩʣʦ ʣʴʥʷʥʦʝ ʥʝʨʘʬʠʥʠʨʦʚʘʥʥʦʝ çʈʋʉʉʂɸè ɻʆʉʊ 5791-81; 

¶ ɺʠʪʘʤʠʥ ɽ ʚ ʞʠʜʢʦʡ ʬʦʨʤʝ ɻʆʉʊ 27547-87; 
ʆʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʡ ʢʘʬʝʜʨʳ çʊʝʭ-

ʥʦʣʦʛʠʷ ʞʠʨʦʚ, ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʠ ʧʘʨʬʶʤʝʨʥʦ-ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚè ʚ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ 
ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʇʠʱʝʚʳʭ ʇʨʦʠʟʚʦʜʩʪʚè.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʙʨʘʪʴ ʤʘʩʣʘ ʜʣʷ ʢʫʧʘʞʘ, ʩʥʘʯʘʣʘ ʥʘʜʦ ʠʟʫʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʇʅɾʂ ʚ ʠʭ ʩʦʩʪʘ-
ʚʝ. ɾʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʤʘʩʝʣ ʧʨʠʚʝʜʝʥ ʚ (ʪʘʙʣ.1). 

 
ʋʙʚʤʡʯʙ 1 

ʊʧʝʞʩʟʙʦʡʞ ʈʆɿʃ ʛ ʩʙʪʫʡʫʞʤʵʦʴʮ ʥʙʪʤʙʮ 

 ́ ʆʙʡʥʞʦʧʛʙʦʡʞ ʩʙʪʫʡʫʞʤʵʦʧʜʧ ʥʙʪʤʙ ʆʙʡʥʞʦʧʛʙʦʡʞ ʈʆɿʃ 

ʇʥʞʜʙ-3 (ʣʠʥʦʣʝʥʦʚʘʷ) ʇʥʞʜʙ-6 (ʣʠʥʦʣʝʚʘʷ) 

1 ʇʦʜʩʦʣʥʝʯʥʦʝ ʉʣʝʜʳ 45-70 

2 ʉʦʝʚʦʝ 5-14 40-57 

3 ʈʘʧʩʦʚʦʝ 6-13 15-30 

4 ʂʫʢʫʨʫʟʥʦʝ 1,2-1,8 42-45 

5 ʈʳʞʠʢʦʚʦʝ 30-42 15,6-25 

6 ʃʴʥʷʥʦʝ  35-65 14-20 

7 ʄʘʩʣʦ ʟʘʨʦʜʳʰʝʡ ʧʰʝʥʠʮʳ 4-10 44-65 

8 ʆʣʠʚʢʦʚʦʝ - 4-12 

9 ʂʫʥʞʫʪʥʦʝ 0,2-0,3 35,8-55,6 

10 ɻʦʨʯʠʯʥʦʝ 1-2 14,5-30,4 

 
 ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚ (ʪʘʙʣ.1), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʩʣʘʤʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʫʧʘʞʘ ʷʚʣʷʝʪʩʷ ʧʦʜʩʦʣʥʝʯʥʦʝ ʠ ʣʴʥʷʥʦʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʧʦʜʩʦʣʥʝʯʥʦʤ 
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ʤʘʩʣʝ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʤʝʛʘ-6, ʘ ʚ ʣʴʥʷʥʦʤ ï ʦʤʝʛʘ-3, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʵʪʠʭ 
ʜʚʫʭ ʚʠʜʦʚ ʤʘʩʣʝ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʩʤʝʩʴ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʤʝʛʘ-3 ʠ ʦʤʝʛʘ-6 ʜʣʷ ʯʝʣʦ-
ʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ɽʱʝ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʤʘʩʣʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʝʨʘʬʠʥʠʨʦʚʘʥʥʳʝ. ɼʘʥʥʳʡ ʬʘʢʪ 
ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʤʘʩʣʘ ʥʝ ʧʨʦʰʝʜʰʠʝ ʨʘʬʠʥʘʮʠʶ ʩʦʭʨʘʥʷʶʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 
ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʫʧʘʞʘ ʇɾʅʂ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ (ʨʠʩ.1). 

 

 
ʉʡʪ. 1. ʊʧʝʞʩʟʙʦʡʞ ʈʆɿʃ ʪʞʥʞʢʪʫʛʙ ʧʥʞʜʙ-6 ʡ ʧʥʞʜʙ-3 ʛ ʦʞʩʙʭʡʦʡʩʧʛʙʦʦʴʮ ʩʙʪʫʡʫʞʤʵʦʴʮ  

ʥʙʪʤʙʮ 
 

ʀʩʭʦʜʷ ʠʟ (ʨʠʩ.1), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʤʝʛʘ-3 ʦʙʥʘʨʫʞʝʥʦ 
ʚ ʣʴʥʷʥʦʤ ʤʘʩʣʝ ʘ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʤʝʛʘ-6 ʚ ʧʦʜʩʦʣʥʝʯʥʦʤ. ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʵʪʠ ʤʘʩʣʘ ʠʩ-
ʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʚ ʧʦʣʫʯʝʥʠʝ ʢʫʧʘʞʘ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ. 

ʉ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʄɻʋʇʇ, ʠʥʪʝʨʬʝʡʩ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥ ʥʘ (ʨʠʩ.2), ʙʳʣʦ 
ʨʘʩʩʯʠʪʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʘʥʥʳʭ ʤʘʩʝʣ, ʨʘʚʥʦʝ 4:1, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʞʠʨʥʦʢʠʩʣʦʪʥʦ-
ʛʦ ʩʦʩʪʘʚʘ. 

 

 
ʉʡʪ. 2. ʁʦʫʞʩʭʞʢʪ ʣʧʥʨʵʷʫʞʩʦʧʢ ʨʩʧʜʩʙʥʥʴ ʝʤʸ ʙʦʙʤʡʠʙ ʪʧʧʫʦʧʱʞʦʡʸ 

 
ʂʫʧʘʞʠʨʦʚʘʥʠʝ ʤʘʩʝʣ ʧʨʦʚʦʜʠʣʦʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
ɹʨʘʣʠʩʴ ʜʚʝ ʥʘʚʝʩʢʠ ʤʘʩʝʣ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ (ʪʘʙʣ.2), ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʦʣʙʫ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ 

ʤʝʞʜʫ ʩʦʙʦʡ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʰʘʣʢʠ.  
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ʋʙʚʤʡʯʙ 2  
ʅʙʪʤʙ, ʡʪʨʧʤʵʠʬʞʥʴʞ ʛ ʪʧʪʫʙʛʞ ʣʬʨʙʟʙ 

1 2 

ɺʳʙʨʘʥʥʳʝ ʤʘʩʣʘ ʂʦʣʠʯʝʩʪʚʦ, ʤʣ 

ʇʦʜʩʦʣʥʝʯʥʦʝ ʥʝʨʘʬʠʥʠʨʦʚʘʥʥʦʝ ʤʘʩʣʦ 68 

ʃʴʥʷʥʦʝ ʥʝʨʘʬʠʥʠʨʦʚʘʥʥʦʝ ʤʘʩʣʦ 32 

 
ʇʦ ʠʪʦʛʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ, ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ ʠ ʮʚʝʪʥʦʛʦ ʯʠʩʣʘ ʘʥʘʣʠʟʠʨʫʝʤʳʝ 

ʤʘʩʣʘ ʧʨʦʰʣʠ ʧʨʦʚʝʨʢʫ ʧʦ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʜʦʢʫʤʝʥʪʘʤ. 
ʂʫʧʘʞʠʨʦʚʘʥʥʦʝ ʤʘʩʣʦ ï ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʇʅɾʂ ʛʨʫʧʧ ʦʤʝʛʘ-6 ʠ ʦʤʝʛʘ-3 ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʥʫʞ-

ʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʦʥʘ ʧʦʜʚʝʨʞʝʥʘ ʧʨʦʮʝʩʩʘʤ ʦʢʠʩʣʝʥʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦ-
ʜʝʨʞʘʥʠʷ ʇʅɾʂ. 

ʇʦʯʪʠ ʚʩʝ ʞʠʨʳ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʟʘ ʩʯʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦ-

ʛʦ ʛʠʜʨʦʣʠʟʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʦʢʠʩʣʝʥʠʷ [8, ʩ. 13]. 
ʆʢʠʩʣʝʥʠʝ ʞʠʨʦʚ ï ʥʝʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ, ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʢʦʪʦʨʳʡ ʥʝʣʴʟʷ. ʆʥ ʤʦʞʝʪ 

ʙʳʪʴ ʪʦʣʴʢʦ ʟʘʤʝʜʣʝʥ. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʫʧʘʞʠʨʦʚʘʥʥʳʭ ʤʘʩʝʣ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʛʘʱʘʶʱʠʭ ʠʥʛʨʝʜʠʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʠʪʘʤʠʥ ɽ (ʪʦʢʦʬʝʨʦʣ), ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ (ʪʘʙʣ.3). ʆʥ ʷʚ-
ʣʷʝʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʢʘʢ ʪʦʢʦʬʝʨʦʣʳ ï ʘʢʪʠʚʥʳʝ 
ʧʨʠʨʦʜʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʙʝʟʦʧʘʩʥʳʤ ʩʧʦ-
ʩʦʙʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʧʦʨʯʫ ʞʠʨʦʚ ʠ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʛʦʜʥʦʩʪʠ ʤʘʩʣʦʞʠʨʦʚʦʡ 
ʧʨʦʜʫʢʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʨʝʩʩʠʥʛʦʚ. 

 
ʋʙʚʤʡʯʙ 3  

ʃʙʰʞʪʫʛʞʦʦʴʞ ʨʧʣʙʠʙʫʞʤʡ ʛʡʫʙʥʡʦʙ ɾ 

ʆʙʡʥʞʦʧʛʙʦʡʞ ʛʡʫʙ-
ʥʡʦʙ 

ʎʙʩʙʣʫʞʩʡʪʫʡʣʙ ʨʧʣʙʠʙʫʞʤʞʢ 

ʊʡʦʫʞʠ ɻʦʞʱʦʡʢ ʛʡʝ ʏʛʞʫ ʀʙʨʙʮ 

ɺʠʪʘʤʠʥ ɽ 

(Dl-a-ʪʦʢʦʬʝʨʦʣ) 
ʉʠʥʪʝʪʠʯʝʩʢʠʡ ɺʷʟʢʘʷ ʩʠʩʪʝʤʘ 

ʉʚʝʪʣʦ-ʞʝʣʪʳʡ 
ʇʨʦʟʨʘʯʥʳʡ 

ɹʝʟ ʟʘʧʘʭʘ 

 
ʋʙʚʤʡʯʙ 4  

ʇʩʜʙʦʧʤʞʨʫʡʰʞʪʣʡʞ ʨʧʣʙʠʙʫʞʤʡ ʣʬʨʙʟʡʩʧʛʙʦʦʴʮ ʥʙʪʞʤ 

ʊʧʪʫʙʛ ʣʬʨʙʟʡʩʧʛʙʦʦʧʜʧ 
ʥʙʪʤʙ, % 

ʅʝʨʘʬ. ʧʦʜʩʦʣʥ.:ʅʝʨʘʬ. 
ʣʴʥʷʥʦʝ 

ʧʥʞʜʙ-6 / 
ʧʥʞʜʙ-3 

ʇʩʜʙʦʧʤʞʨʫʡʰʞʪʣʡʞ ʨʧʣʙʠʙʫʞʤʡ 

ʀʙʨʙʮ ɻʣʬʪ 

68:32 4:1 

ɺ ʟʘʧʘʭʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 
ʩʣʘʙʘʷ ʥʦʪʘ ʥʝʨʘʬʠʥʠʨʦ-
ʚʘʥʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʦʛʦ 
ʤʘʩʣʘ (ʧʨʠʚʢʫʩ ʩʝʤʝʯʝʢ) 

ɺʦ ʚʢʫʩʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 
ʩʣʘʙʳʡ ʪʦʥ ʥʝʨʘʬʠʥ ʠʨʦ-
ʚʘʥʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʦʛʦ  
ʤʘʩʣʘ 

 
ʊʘʢ ʢʘʢ ʢʫʧʘʞʠʨʦʚʘʥʥʳʝ ʤʘʩʣʘ ï ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʠʩʪʦʯʥʠʢ ʇʅɾʂ (ʣʠʥʦʣʝʚʦʡ ʠ ʣʠʥʦʣʝʥʦʚʦʡ 

ʢʠʩʣʦʪ), ʩʧʦʩʦʙʥʳʭ ʢ ʦʢʠʩʣʝʥʠʶ, ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ ʪʘʢʠʭ ʤʘʩʝʣ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚ ʜʨʝʩʩʠʥʛ ʚʠʪʘʤʠʥʘ ɽ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ. 
ɺʥʝʩʝʥʠʝ ʚ ʢʫʧʘʞʠʨʦʚʘʥʥʳʝ ʤʘʩʣʘ ʚʠʪʘʤʠʥʘ ɽ ʜʘʩʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʬʠ-

ʟʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʢʫʧʘʞʠʨʦʚʘʥʥʳʭ ʤʘʩʝʣ ʠ ʫʩʠʣʠʪʴ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʫʶ ʟʘʱʠʪʫ. 
ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʢʘʯʝʩʪʚʦ ʢʫʧʘʞʠʨʦʚʘʥʥʦʛʦ ʤʘʩʣʘ, ʷʚʣʷʶʪʩʷ ʠʭ ʚʢʫʩʦʘʨʦ-

ʤʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʞʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ. 
ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʫʧʘʞʠʨʦʚʘʥʥʳʭ ʤʘʩʝʣ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʢʫʩʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦ-



18 ǪǲǶǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǰǱǟǱǻǾ 0.0. 
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ʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʩʤʝʰʠʚʘʝʤʳʭ ʤʘʩʝʣ ʥʘʭʦʜʷʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʛʦʪʦʚʦʤ ʢʫʧʘʞʠʨʦʚʘʥʥʦʤ ʤʘʩʣʝ.  
ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʥʝʨʘʬʠʥʠʨʦʚʘʥʥʳʭ ʢʫʧʘʞʠʨʦʚʘʥʥʳʭ ʤʘʩʝʣ ʧʨʠʚʝʜʝʥʘ ʚ (ʪʘʙʣ.4), ʘ 

ʞʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʚ (ʪʘʙʣ.5). 
 

ʋʙʚʤʡʯʙ 5  
ɿʡʩʦʧʣʡʪʤʧʫʦʴʢ ʪʧʪʫʙʛ ʣʬʨʙʟʡʩʧʛʙʦʦʴʮ ʥʙʪʞʤ 

 
ʊʧʪʫʙʛ ʈʆɿʃ, ʧʫʦ. % 

ʆʙʨʘʟʝʮ ʢʫʧʘʞʠʨʦʚʘʥʥʳʭ ʤʘʩʝʣ 

ʅʝʨʘʬʠʥʠʨʦʚʘʥʥʦʝ  ʧʦʜʩʦʣʥʝʯʥʦʝ+ 
ʅʝʨʘʬʠʥʠʨʦʚʘʥʥʦʝ ʣʴʥʷʥʦʝ 

68+32 

  

ʃʠʥʦʣʝʚʘʷ 18:2    w-6 45,43 

a-ʣʠʥʦʣʝʥʦʚʘʷ 18:3   w-3 11,02 

 w-6 /  w-3 4:1 

 
ɻʴʛʧʝʴ: ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʢʫʧʘʞ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʩʙʘʣʘʥ-

ʩʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ ʇʅɾʂ. ɸʨʦʤʘʪʠʟʘʪʦʨ ʜʘʥʥʦʤʫ ʢʫʧʘʞʫ ʠ ʩʦʫʩʫ ʚ ʮʝʣʦʤ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʘʢ ʢʘʢ ʥʝʧʨʠ-
ʷʪʥʦʛʦ ʟʘʧʘʭʘ ʠ ʚʢʫʩʘ ʣʴʥʷʥʦʛʦ ʤʘʩʣʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʀʙʣʤʷʰʞʦʡʞ 
ʀʟʫʯʝʥʳ ʩʦʩʪʘʚ ʇʅɾʂ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʣʘʭ ʣʴʥʷʥʦʛʦ ʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ. ɸʥʘʣʠʟ ʞʠʨʥʦʢʠʩʣʦʪ-

ʥʳʭ ʩʦʩʪʘʚʦʚ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʦʦʪ-
ʥʦʰʝʥʠʷ ɤ-3 ʠ ɤ-6 ʢʠʩʣʦʪ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʢʫʧʘʞʝʡ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. 
ɺʠʪʘʤʠʥ ɽ (ʪʦʢʦʬʝʨʦʣ) ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʨʯʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ 
ʠʥʜʫʢʮʠʠ ʤʘʩʣʘ. 

ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʦʩʪʘʚ ʢʫʧʘʞʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʣʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʩʦʩʪʘʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 
ʢʫʧʘʞʘ ʚʭʦʜʷʪ ʥʝʨʘʬʠʥʠʨʦʚʘʥʥʳʝ ʧʦʜʩʦʣʥʝʯʥʦʝ ʠ ʣʴʥʷʥʦʝ ʤʘʩʣʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠʝ 4:1. ɺʳʙʨʘʥʥʳʝ ʜʣʷ 
ʢʫʧʘʞʘ ʤʘʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʅʊɼ. 

ʀʟʫʯʝʥʠʝ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʢʫʧʘʞʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʧʦʢʘʟʘʣʦ, ʯʪʦ 
ʩʦʦʪʥʦʰʝʥʠʝ ɤ-3 ʠ ɤ-6 ʇʅɾʂ, ʥʝʦʙʭʦʜʠʤʳʝ ʯʝʣʦʚʝʢʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ 
ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʘʥʥʳʝ ʩʤʝʩʠ ʜʣʷ ʝʞʝʜʥʝʚʥʦʛʦ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ 
ʠʣʠ ʣʝʯʝʙʥʦʛʦ ʧʠʪʘʥʠʷ. 
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ǱȇȔȍȌȍȁǿ ǬǿȑǿȊțȞ ǡǿȊȄȏțȄȁȌǿ, 
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ʩʪʫʜʝʥʪ 
ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʠʭʦʥʦʚʘ ʅʘʪʘʣʴʷ ɺʘʣʝʨʴʝʚʥʘ 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 
ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ʄʠʢʨʦʙʠʦʣʦʛʠʷ ï ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʩʪʨʦʝʥʠʝ, ʩʠʩʪʝʤʘʪʠʢʫ, ʬʠʟʠʦʣʦʛʠʶ, ʛʝʥʝʪʠʢʫ ʠ ʵʢʦʣʦ-
ʛʠʶ ʦʨʛʘʥʠʟʤʦʚ, ʠʤʝʶʱʠʝ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʠ ʥʝʚʠʜʠʤʳʭ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ. ʆʙʲʝʢʪʘʤʠ ʤʠʢʨʦ-
ʙʠʦʣʦʛʠʠ ʩʪʘʣʠ ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʠʝ ʦʨʛʘʥʠʟʤʳ ï ʙʘʢʪʝʨʠʠ ʠ ʘʨʭʝʠ, ʘ ʪʘʢʞʝ ʵʫʢʘʨʠʦʪʳ ï ʧʨʦʩʪʝʡʰʠʝ, 
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʚʦʜʦʨʦʩʣʠ, ʥʠʟʰʠʝ ʛʨʠʙʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʠ, ʦʙʱʘʷ ʤʠʢʨʦʙʠʦʣʦʛʠʷ, ʦʪʨʘʩʣʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ. 

 
ɽʱʝ ʚ ʰʝʩʪʦʤ ʚʝʢʝ ʜʦ ʥʘʰʝʡ ʵʨʳ ɻʠʧʧʦʢʨʘʪ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʤʥʦʛʠʭ ʦʧʘʩʥʳʭ ʟʘʙʦʣʝ-

ʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʚʠʜʠʤʳʝ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ɼʘʥʥʫʶ ʪʝʦʨʠʶ ʥʠʢʪʦ ʦʧʨʦʚʝʨʛʥʫʪʴ ʚ ʪʦ ʚʨʝʤʷ ʥʝ ʤʦʛ. 
ʊʦʣʴʢʦ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʨʘʟʚʠʚʘʣʘʩʴ ʥʘʫʢʘ ʠ ʤʦʞʥʦ ʙʳʣʦ ʥʘʙʣʶʜʘʪʴ ʟʘ ʥʝʚʠʜʠʤʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 
ɸ ʩʘʤʳʡ ʧʝʨʚʳʡ, ʢʪʦ ʫʚʠʜʝʣ ʤʠʢʨʦʙʦʚ, ʩʪʘʣ ʥʘʪʫʨʘʣʠʩʪ ʠʟ ɻʦʣʣʘʥʜʠʠ ɸʥʪʦʥʠʦ ʃʝʚʝʥʛʫʢ. ʊʦʣʴʢʦ ʩ ʧʦ-
ʤʦʱʴʶ ʩʘʤʦʜʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʦʥ ʩʤʦʛ ʵʪʦ ʩʜʝʣʘʪʴ. [1] ʇʦʩʣʝ ʜʦʣʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʥ ʧʦʥʷʣ, ʯʪʦ ʵʪʠ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʜʦʞʜʝʚʦʡ ʚʦʜʝ, ʥʦ ʠ ʚ ʟʫʙʥʦʤ ʥʘʣʝʪʝ, ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʘʭ. 
ɼʘʥʥʦʝ ʦʪʢʨʳʪʠʝ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʨʷʜ ʜʨʫʛʠʭ ʠ ʚʟʙʫʜʦʨʘʞʠʣʦ ʫʯʝʥʳʭ. ʀʤʝʥʥʦ ʵʪʦʪ ʧʝʨʠʦʜ ʩʯʠʪʘʝʪʩʷ 
ʩʘʤʳʤ ʚʘʞʥʳʤ ʚ ʨʘʟʚʠʪʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ. ʊʝʭʥʠʢʘ ʨʘʟʚʠʚʘʣʘʩʴ ʠ ʥʘʯʘʣʦʩʴ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʙʠʦ-
ʭʠʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʟʥʘʯʠʪ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʚ ʮʝʣʦʤ. 

ʄʠʢʨʦʙʠʦʣʦʛʠʷ ï ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʩʪʨʦʝʥʠʝ, ʩʠʩʪʝʤʘʪʠʢʫ, ʬʠʟʠʦʣʦʛʠʶ, ʛʝʥʝʪʠʢʫ ʠ ʵʢʦʣʦʛʠʶ ʦʨ-
ʛʘʥʠʟʤʦʚ, ʠʤʝʶʱʠʝ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʠ ʥʝʚʠʜʠʤʳʭ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ. ʕʪʠ ʦʨʛʘʥʠʟʤʳ ʧʦʣʫʯʠʣʠ 
ʥʘʟʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʣʠ ʤʠʢʨʦʙʦʚ. 

ʆʙʲʝʢʪʘʤʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʩʪʘʣʠ ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʠʝ ʦʨʛʘʥʠʟʤʳ ï ʙʘʢʪʝʨʠʠ, ʘ ʪʘʢʞʝ ʵʫʢʘʨʠʦʪʳ ï 
ʧʨʦʩʪʝʡʰʠʝ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʚʦʜʦʨʦʩʣʠ, ʥʠʟʰʠʝ ʛʨʠʙʳ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʥʘʩʝ-
ʣʷʪʁ ʚʩʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʠʰʠ.  

ʎʝʣʴ ʤʠʢʨʦʙʠʦʣʦʛʠʠ: ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ, ʬʠʟʠʦʣʦʛʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʭ ʚ 
ʧʨʠʨʦʜʝ. 

ʆʙʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 
1. ʄʘʣʳʝ ʨʘʟʤʝʨʳ 
2. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 
3. ʐʠʨʦʢʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʨʠʨʦʜʝ 
4. ʇʣʘʩʪʠʯʥʦʩʪʴ ʦʙʤʝʥʘ ï ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʜʘʧʪʘʮʠʠ 
5. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ. 
ʄʠʢʨʦʙʠʦʣʦʛʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ. ʄʠʢʨʦʙʠʦʣʦʛʠʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʙʱʫʶ, ʯʘʩʪʥʫʶ ʠ 

ʤʝʜʠʮʠʥʩʢʫʶ. [2] 
ʆʙʱʘʷ ʤʠʢʨʦʙʠʦʣʦʛʠʷ ʟʘʥʠʤʘʝʪʩʷ ʠʟʫʯʝʥʠʝʤ ʥʝʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ. ɺ ʥʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʦʪʨʘʩʣʠ ʢʘʢ: 
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¶ ʇʨʦʤʳʰʣʝʥʥʘʷ ʤʠʢʨʦʙʠʦʣʦʛʠʷ ï ʠʩʩʣʝʜʫʝʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 
ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʧʨʦʜʫʢʪʦʚ. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʥʪʠ-
ʙʠʦʪʠʢʦʚ, ʬʝʨʤʝʥʪʦʚ, ʩʧʠʨʪʦʚ, ʚʠʪʘʤʠʥʦʚ. ʊʘʢ ʞʝ ʯʘʩʪʴʶ ʧʨʦʤʳʰʣʝʥʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʤʦʞʥʦ ʦʪʥʝ-
ʩʪʠ ʧʠʱʝʚʫʶ ʤʠʢʨʦʙʠʦʣʦʛʠʶ. 

¶ ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʤʠʢʨʦʙʠʦʣʦʛʠʷ. ʆʥʘ ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʚʳʰʝʥʠ-
ʝʤ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ  ʫʨʦʞʘʡʥʦʩʪʠ. ɸʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʚʦʧʨʦʩʦʤ ï ʪʨʘʥʩʛʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. 

¶ ʕʢʦʣʦʛʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

¶ ʂʦʩʤʠʯʝʩʢʘʷ ʤʠʢʨʦʙʠʦʣʦʛʠʷ ʟʘʥʠʤʘʝʪʩʷ ʧʦʠʩʢʦʤ ʞʠʟʥʠ ʥʘ ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʭ, ʧʨʦʙʣʝʤʳ ʟʘʛʨʷʟ-
ʥʝʥʠʷ ʢʦʩʤʦʩʘ. 

ʏʘʩʪʥʘʷ ʤʠʢʨʦʙʠʦʣʦʛʠʷ ʠʟʫʯʘʝʪ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʭ ʩʠʩʪʝʤʘʪʠʢʫ. 
ʄʝʜʠʮʠʥʩʢʘʷ ʤʠʢʨʦʙʠʦʣʦʛʠʷ ʠʤʝʝʪ ʜʝʣʦ ʩ ʧʘʪʦʛʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʙʦ-

ʣʝʟʥʠ ʯʝʣʦʚʝʢʘ. [3] 
ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʢʨʫʛʦʚʦ-

ʨʦʪʝ ʚʝʱʝʩʪʚ ʚ ʧʨʠʨʦʜʝ. ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʧʣʦʜʦʨʦʜʠʠ ʧʦʯʚ, ʚ ʧʨʦʜʫʢʪʠʚʥʦ-
ʩʪʠ ʚʦʜʦʸʤʦʚ, ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʨʘʟʨʫʰʝʥʠʠ ʟʘʣʝʞʝʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʘ ʩʧʦʩʦʙ-
ʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʤʠʥʝʨʘʣʠʟʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ.  [4] 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʛʨʫʧʧʫ, ʢʦʪʦʨʫʶ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʠ ʨʘʟʣʠʯʘʶʪ ʧʦ ʨʘʟ-
ʥʳʤ ʢʘʪʝʛʦʨʠʷʤ. ʅʘʧʨʠʤʝʨ, ʢʣʝʪʦʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʨʘʟʤʝʨʘʤʠ.  

ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʨʦʚ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ï ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ. ʏʪʦʙʳ ʤʠʢʨʦʦʨ-
ʛʘʥʠʟʤʳ ʨʘʟʚʠʚʘʣʠʩʴ ʠ ʨʦʩʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. 
ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ï ʚʳʨʘʱʠʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʦʚʦʜʠʪʩʷ 
ʩ ʮʝʣʴʶ: 

¶ ɸʥʘʣʠʟʘ ʤʠʢʨʦʬʣʦʨʳ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ (ʚʦʜʳ, ʚʦʟʜʫʭʘ, ʧʨʦʜʫʢʪʦʚ); 

¶ ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ; 

¶ ɺʳʨʘʱʠʚʘʥʠʝ ʧʦʣʝʟʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 
ʄʠʢʨʦʙʠʦʣʦʛʠʷ ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʏʝʣʦʚʝʢ ʝʱʝ ʩ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ 

ʥʘʯʘʣ ʠʟʫʯʘʪʴ ʤʠʢʨʦʙʠʦʣʦʛʠʶ ʠ ʜʦ ʩʠʭ ʧʦʨ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʡ ʥʘʫʢʝ ʚʨʘʯʠ ʥʘʫʯʠʣʠʩʴ ʩʧʨʘʚʣʷʪʴʩʷ ʩ 
ʦʧʘʩʥʳʤʠ ʜʣʷ ʞʠʟʥʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʄʠʢʨʦʙʠʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʘʢʮʠʥʳ. ʄʥʦʛʠʝ 
ʫʯʝʥʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʤʠʢʨʦʙʠʦʣʦʛʠʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ: ʵʢʦʣʦʛʠ-
ʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ. ɹʣʘʛʦʜʘʨʷ ʦʛʨʦʤʥʳʤ ʥʘʫʯʥʳʤ ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ  ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠ 
ʩʤʝʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ (ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ, ʛʝʥʝʪʠʢʠ, ʙʠʦʭʠʤʠʠ ʠ ʜʨ.) ʧʦʷʚʠʣʘʩʴ ʨʝ-
ʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʥʝʠʩʯʝʨʧʘʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝ-
ʱʝʩʪʚ (ʢʦʨʤʦʚʦʛʦ ʠ ʧʠʱʝʚʦʛʦ ʙʝʣʢʘ, ʘʤʠʥʦʢʠʩʣʦʪ, ʬʝʨʤʝʥʪʦʚ, ʚʠʪʘʤʠʥʦʚ, ʛʦʨʤʦʥʦʚ, ʘʥʪʠʙʠʦʪʠʢʦʚ, 
ʩʧʠʨʪʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʜʨ.).  ʕʪʠ ʧʨʦʜʫʢʪʳ ʤʠʢʨʦʙʥʦʛʦ ʩʠʥʪʝʟʘ 
ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʄʠʢʨʦʙʠʦʣʦʛʠʶ ʤʦʞʥʦ ʩʯʠ-
ʪʘʪʴ, ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʥʘʫʢʫ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʠʢʨʦʙʠʦʣʦʛʠʷ ʩʪʘʣʘ ʥʝ ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʦʡ ï ʚ ʩʪʨʘʥʝ ʧʣʦʜʦ-
ʪʚʦʨʥʦ ʨʘʙʦʪʘʶʪ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ ʧʦ ʤʥʦʛʠʤ ʨʘʟʜʝʣʘʤ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ 
ʥʘʫʢʠ. 
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ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʜʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘ-
ʨʘʤʝʪʨʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.    
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ; ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ; ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ; ʤʦʨʬʦʣʦʛʠ-
ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 
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Abstract: Optical-microscopic analysis of images in the program Thixomet PRO and X-ray computer microto-
mography can be considered as perspective methods of computer visualization while reading petrographic 
and lithological disciplines. They can quickly and accurately characterize structural and texture features of 
rocks, as well as provide quantitative parameters for further statistical analysis. 
Keywords: educational process; X-ray computed microtomography; quantitative analysis; morphological pa-
rameters. 

 
ʇʨʠ ʠʟʫʯʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʪʠʧʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʚʩʝʚʦʟʤʦʞʥʳʝ ʛʨʘʬʠʢʠ, ʢʘʨʪʳ, ʦʙ-
ʨʘʟʮʳ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʰʣʠʬʳ ʠ ʪ.ʜ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʦʝʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʠʭ 
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ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʜʦ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʣʠʬʳ ï ʜʚʫʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʣʠʙʦ ʝʛʦ ʪʦʥʢʠʭ ʩʨʝʟʦʚ. ʂʦ-
ʥʝʯʥʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʦʣʥʦʮʝʥʥʳʝ ʚʳʚʦʜʳ ʦ ʨʝʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 
ʧʦʨʦʜʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦ-
ʜʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢʠʝ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, Thixo-
met PRO (ʈʦʩʩʠʷ, ʉʇʙʇʋ) [1]. ʇʨʦʛʨʘʤʤʘ Thixomet PRO ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʨʠ 
ʠʟʫʯʝʥʠʠ ʟʝʨʝʥ ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʨʠʩ.1).  

 

 
ʉʡʪ.1. ʈʩʡʥʞʩ ʛʴʝʞʤʞʦʡʸ ʩʬʝʦʴʮ ʥʡʦʞʩʙʤʧʛ ʛ ʱʤʡʭʞ ʛ ʨʩʧʜʩʙʥʥʞ Thixomet PRO 

 
ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʦʧʪʠʢʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʚʫʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʦʙʨʘʟʮʘ. ʇʦʩʢʦʣʴʢʫ, ʥʘʧʨʠʤʝʨ, ʪʝʢʩʪʫʨʘ ʧʦʨʦʜʳ ʚ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʰʣʠʬʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʘ ʠ 
ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲ-
ʝʤʥʦʤ ʩʪʨʦʝʥʠʠ ʦʙʨʘʟʮʘ [2]. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢ-
ʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʷ, ʢʦʪʦʨʘʷ ʧʦʟ-
ʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʠʟʤʝʨʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʙʝʟ ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʭʘ-
ʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [3].  

 

 
ʉʡʪ. 2. 3D ʥʧʝʞʤʡʩʧʛʙʦʡʞ ʨʧʩʡʪʫʧʪʫʡ ʛ ʧʚʩʙʠʯʞ ʜʧʩʦʧʢ ʨʧʩʧʝʴ ʥʞʫʧʝʧʥ ʣʧʥʨʵʷʫʞʩʦʧʢ  

ʥʡʣʩʧʫʧʥʧʜʩʙʭʡʡ 
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ɺ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥʘʭ ʧʨʠʤʝʥʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʦʩʦʙʝʥʥʦ ʰʠʨʦʢʦ ʚ ʩʣʫ-
ʯʘʝ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʧʦʨʦʜ: ʵʪʦʪ ʤʝʪʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʨʠʩʪʦʩʪʴ ʩ ʚʳʩʦ-
ʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʠ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʙʲʝʤʝ, ʦʮʝʥʠʪʴ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʧʦʨ, 
ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʥʘʩʳʱʝʥʠʝ ʧʦʨ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ/ʚʦʜʦʡ (ʨʠʩ.2). ɺ ʯʘʩʪʥʦʩʪʠ, ʩʪʨʦʝʥʠʝ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦ-
ʩʪʨʘʥʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ, 
ʫʧʨʫʛʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʢʘʧʠʣʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʡ, ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ, ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪ.ʜ [4]. ɺʩʝ ʚʠʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʤʦ-
ʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʪʦʤʦʛʨʘʬʘ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʜʥʦʤ ʦʙʨʘʟʮʝ, ʧʨʠ ʵʪʦʤ ʦʥ ʦʩʪʘʝʪʩʷ ʚ ʥʝ-
ʠʟʤʝʥʝʥʥʦʤ ʚʠʜʝ ʠ ʧʨʠʛʦʜʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʩ ʣʝʛʢʦʩʪʴʶ ʦʮʝʥʠʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦ-
ʙʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ ʧʦʢʘʟʘʪʴ ʠ ʦʙʲʷʩʥʠʪʴ ʩʪʫʜʝʥʪʘʤ ʤʘʪʝʨʠʘʣ. ɺʣʘ-
ʜʝʥʠʝ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʥʘ ʤʠʢʨʦʪʦʤʦʛʨʘʬʝ ʠ ʧʨʠʥʮʠʧʘʤʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 
ʧʦʟʚʦʣʷʪ ʩʪʫʜʝʥʪʘʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʰʘʪʴ ʥʘʫʯʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʢʘʢ ʚ ʨʘʤʢʘʭ ʣʘʙʦʨʘʪʦʨ-
ʥʳʭ ʠ ʢʫʨʩʦʚʳʭ ʨʘʙʦʪ, ʪʘʢ ʠ ʚ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʨʘʙʦʪʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ Thixomet PRO ʠ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ 
ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʙʳʩʪʨʳʤ ʠ ʪʦʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʪʨʘʜʠʮʠʦʥʥʳʤ ʣʘʙʦʨʘʪʦʨʥʳʤ ʤʝʪʦ-
ʜʘʤ. ʅʝʩʦʤʥʝʥʥʳʤ ʧʣʶʩʦʤ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ʣʶʙʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʨʫʜ. ʇʦʣʫ-
ʯʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʜʘʣʴʥʝʡʰʠʭ ʩʪʘʜʠʷʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯ-
ʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʧʦ ʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩ-
ʩʠʠ ʥʘ 2014 ï 2020 ʛʛ.è, ʧʨʦʝʢʪ RFMEFI61620X0127. 
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ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈɸɽ 

ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘè (ʈʋʊ-ʄʀʀʊ) 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʪʳ ʧʦʥʷʪʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʠʙʝʨʟʘʱʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʘʤʳʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʠʜʳ ʢʠʙʝʨʘʪʘʢ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʦʭʦʜʠʪ ʚ ʦʛʨʦʤʥʳʭ ʤʘʩʰʪʘʙʘʭ ʧʦ ʤʥʦʛʠʤ 
ʥʘʧʨʘʚʣʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʲʷʚʣʝʥʳ ʚ ʬʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʬʣʦʪʝ, ʧʦʩʢʦʣʴʢʫ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʛʨʫʟʦʚ ʤʦʨʩʢʠʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʠ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ ʩʫʜʘʤʠ ʩʦʩʪʘʚʣʷʶʪ 90% 
ʚʩʝʛʦ ʨʘʟʤʝʨʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ. ɸʚʪʦʨ ʧʨʠʰʣʘ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 
ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʢʪʠʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ 
ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ. ʈʦʩʩʠʡʩʢʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʞʝ ʭʦʪʷ ʠ ʯʘʩʪʠʯʥʦ ʨʝʛʫʣʠʨʫʝʪ ʚʦʧʨʦʩʳ 
ʢʠʙʝʨʟʘʱʠʪʳ, ʥʦ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ, 
ʢʠʙʝʨʘʪʘʢʘ, ʫʷʟʚʠʤʦʩʪʠ, ʫʛʨʦʟʳ. 
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Sevostyanova Anzhelika Anatolyevna 
Scientific adviser: Gruzdeva Liudmila Mikhailovna 

 
ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʝʩʦʤʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ. ɼʣʷ ʦʩʦʟʥʘ-

ʥʠʷ ʩʫʱʥʦʩʪʠ ʚʦʧʨʦʩʘ, ʩʪʦʠʪ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʯʪʦ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ [1] - ʵʪʦ ʥʝ ʦʜʥʦ ʠ ʪʦʞʝ. ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ - ʵʪʦ ʧʦʜʤʥʦʞʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʂʣʶʯʝʚʦʡ ʮʝʣʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʯʠʪʘʶʪ ʟʘʱʠʪʫ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʜʘʥʥʳʭ ʚ ʣʶʙʦʡ 
ʬʦʨʤʝ. ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʟʘʱʠʪʝ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʏʝʣʦʚʝʯʝʩʪʚʦ ʧʨʦʞʠʚʘʝʪ ʚ ʤʠʨʝ, ʩʚʷʟʘʥʥʳʤ ʩʝʪʴʶ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ - ʦʪ ʠʥ-
ʪʝʨʥʝʪ-ʙʘʥʢʠʥʛʘ ʜʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʂʘʢ ʨʘʟ ʚ ʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ ʚʦʧʨʦʩʳ ʢʠʙʝʨʙʝʟ-
ʦʧʘʩʥʦʩʪʴ ʩʯʠʪʘʶʪ ʥʘʩʪʦʣʴʢʦ ʚʘʞʥʳʤʠ. ʆʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʢʠʙʝʨʘʪʘʢʘʤʠ ʠʤʝʝʪ ʦʙʱʝʤʠʨʦʚʳʝ ʤʘʩʰʪʘ-
ʙʳ, ʪʘʢ ʢʘʢ ʭʘʢʝʨʳ ʠʤʝʶʪ ʚʩʝ ʰʘʥʩʳ, ʢ ʧʨʠʤʝʨʫ, ʧʦʜʦʨʚʘʪʴ ʤʠʨʦʚʫʶ ʵʢʦʥʦʤʠʢʫ ʠʣʠ ʥʘʥʝʩʪʠ ʥʝʧʦʧʨʘ-
ʚʠʤʳʡ ʫʱʝʨʙ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʠʤʠʜʞʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʞʝʛʦʜʥʦʛʦ ʨʦʩʪʘ ʦʙʲʝʤʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʠ ʵʢʦʥʦ-
ʤʠʢʠ ʛʦʩʫʜʘʨʩʪʚ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʰʝʡ ʩʪʨʘʥʳ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 
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ʚʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 
ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʝʨ ʧʦ ʟʘʱʠʪʝ ʩʠʩʪʝʤ, ʩʝʪʝʡ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝ-

ʥʠʡ ʦʪ ʮʠʬʨʦʚʳʭ ʘʪʘʢ. ʇʦʜʦʙʥʳʝ ʘʪʘʢʠ ʯʘʱʝ ʚʩʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʩʝʢʨʝʪʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʠʟʤʝʥʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʠ, ʥʘ ʚʳʤʦʛʘʪʝʣʴʩʪʚʦ ʠʣʠ ʞʝ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʨʦʚʝʜʝʥʠʝ ʤʝʨ ʵʬʬʝʢʪʠʚʥʦʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, 
ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʫʩʪʨʦʡʩʪʚ, ʯʝʤ ʣʶʜʝʡ, ʘ ʧʨʝʩʪʫʧʥʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠʟʦʙ-
ʨʝʪʘʪʝʣʴʥʳʤʠ. 

ʋʩʧʝʰʥʳʡ ʧʦʜʭʦʜ ʚ ʩʬʝʨʝ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʚ ʚʠʜʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʟʘʱʠʪʳ, 
ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʝʪ ʢʦʤʧʴʶʪʝʨʳ, ʩʝʪʠ, ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʞʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ. ʉʦʪʨʫʜʥʠʢʠ, ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʥʳ ʜʦʧʦʣʥʷʪʴ ʜʨʫʛ ʜʨʫʛʘ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʩ 
ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ ʢʠʙʝʨʘʪʘʢ [2].  

ʊʝʭʥʦʣʦʛʠʠ - ʵʪʦ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʷʤ ʠ ʦʪʜʝʣʴ-
ʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʫʞʥʳʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʝʨ ʧʦ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʩʥʦʚʥʳʤʠ 
ʦʙʲʝʢʪʘʤʠ, ʥʫʞʜʘʶʱʠʤʠʩʷ ʚ ʟʘʱʠʪʝ, ʷʚʣʷʶʪʩʷ ʦʢʦʥʝʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʴʶʪʝʨʳ, ʠʥʪʝʣ-
ʣʝʢʪʫʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ; ʩʝʪʠ ʠ ʦʙʣʘʯʥʳʝ ʭʨʘʥʠʣʠʱʘ. ʂ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 
ʪʝʭʥʦʣʦʛʠʷʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʪʥʦʩʷʪ ʤʝʞ-
ʩʝʪʝʚʳʝ ʵʢʨʘʥʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʬʠʣʴʪʨʘʮʠʶ DNS, ʟʘʱʠʪʫ ʦʪ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-
ʥʠʷ, ʘʥʪʠʚʠʨʫʩʳ ʠ ʨʝʰʝʥʠʷ ʜʣʷ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. 

ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʠʜʳ ʢʠʙʝʨʘʪʘʢ ʚ 2019 ʛ.: 
1. ɸʪʘʢʠ WEB-ʧʨʠʣʦʞʝʥʠʡ ʩʦʩʪʘʚʠʣʠ 24% ʦʪ ʚʩʝʭ ʘʪʘʢ.  
2. ɺʨʝʜʦʥʦʩʥʳʡ ʢʦʜ - 19%. ʆʪ ʪʘʢʦʛʦ ʚʠʜʘ ʘʪʘʢʠ ʥʝ ʟʘʱʠʱʝʥ ʥʠ ʦʜʠʥ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʣʠ ʢʦʤʧʘʥʠʷ. 
3. ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʘʪʘʢʠ ʥʘ ʧʨʠʣʦʞʝʥʠʷ - ʩʦʩʪʘʚʠʣʠ 19%. ʕʪʠ ʚʠʜʳ ʢʠʙʝʨʘʪʘʢ ʥʘʮʝʣʝʥʳ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʠʭ ʮʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʭʚʘʪʝ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 
ʵʪʦ ʧʨʠʣʦʞʝʥʠʝ. 

4. Dos/DDoS ʘʪʘʢʠ ʟʘʥʠʤʘʶʪ 9% ʦʪ ʚʩʝʛʦ ʯʠʩʣʘ ʘʪʘʢ. DoS (Denial of Service) ʦʟʥʘʯʘʝʪ çʦʪʢʘʟ ʚ 
ʦʙʩʣʫʞʠʚʘʥʠʠè. ɼʘʥʥʳʡ ʪʠʧ ʘʪʘʢ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʭʘʢʝʨ ʧʝʨʝʛʨʫʞʘʝʪ ʠ/ʠʣʠ çʣʦʞʠʪè ʩʝʨʚʝʨ ʩ ʧʦʜ-
ʜʝʨʞʢʦʡ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʟʘʧʨʦʩʦʚ. 

5. ʈʘʟʚʝʜʳʚʘʪʝʣʴʥʳʡ ʚʠʜ ʧʘʩʩʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʘʪʘʢ - 9%. 
6. ɼʨʫʛʠʝ ʬʦʨʤʳ ʘʪʘʢ ʩʦʩʪʘʚʠʣʠ ʦʩʪʘʚʰʠʝʩʷ 20% ʦʪ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʢʠʙʝʨʘʪʘʢ. 
ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ʅʘʠʩʠʣʴʥʝʡʰʘʷ ʢʠʙʝʨʘʪʘʢʘ 2018 ʛ. ʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ɺʝʥʝʩʫʵʣʳ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʩʪʘʣʘ ʘʙʩʦʣʶʪʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ 
20 ʠʟ 23 ʰʪʘʪʦʚ ʩʪʨʘʥʳ, ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʥʘʧʦʤʥʠʣʘ ʤʠʨʫ ʦ ʟʥʘʯʠʤʦʩʪʠ ʧʨʦʙʣʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨ-
ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʦ ʜʘʥʥʳʡ ʠʥʮʠʜʝʥʪ - ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʨʦʤ ʨʝʘʣʠʟʘʮʠʠ ʢʠʙʝʨʫʛʨʦʟ. 
ʉʧʝʮʠʘʣʠʩʪʳ ʚʩʝʛʦ ʤʠʨʘ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʤʝʯʘʶʪ ʢʠʙʝʨʘʪʘʢʠ ʥʘ ʦʙʲʝʢʪʳ IT-
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʠ ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʠʪʫʪʦʚ. ɹʳʣʠ ʦʪʤʝʯʝʥʳ ʢʠʙʝʨʘʪʘʢʠ ʥʘ ʩʝʨʚʝʨʳ 
Sony Pictures Entertainment, ʥʘ ʩʠʩʪʝʤʫ ʎʝʥʪʨʘʣʴʥʦʛʦ ʙʘʥʢʘ ɹʘʥʛʣʘʜʝʰ, ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʠ ʰʪʘʙʘ 
çɸʛʝʥʪʩʪʚʘ ʠʥʪʝʨʥʝʪ-ʠʩʩʣʝʜʦʚʘʥʠʡè ʦʢʘʟʘʣʠʩʴ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʦʪ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡ-
ʩʪʚʠʡ ʭʘʢʝʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʡ ʨʝʘʣʴʥʦʩʪʴ ʢʠʙʝʨʫʛʨʦʟ ʚʝʨʦʷʪʥʘ ʠ ʚ ʤʘʩʰʪʘʙʝ ʚʩʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, 
ʢʦʛʜʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʦʙʲʝʢʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʪʘʢʘʤ. ʂʘʢ ʨʘʟ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʣʘʥʳ ʧʦ ʮʠʬ-
ʨʦʚʠʟʘʮʠʠ ʙʦʣʴʰʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚʳʟʳʚʘʶʪ 
ʦʧʘʩʝʥʠʷ: ʥʝ ʙʫʜʫʪ ʣʠ ʩʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʦʙʲʝʢʪʦʤ ʥʘʧʘ-
ʜʝʥʠʷ ʭʘʢʝʨʦʚ? 

ʊʘʢʘʷ ʧʨʦʙʣʝʤʘ ʢʘʩʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʦʪʦ-
ʨʦʛʦ ʧʨʦʭʦʜʠʪ ʚ ʦʛʨʦʤʥʳʭ ʤʘʩʰʪʘʙʘʭ ʧʦ ʤʥʦʛʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʲʷʚʣʝʥʳ ʚ ʬʝʜʝʨʘʣʴ-
ʥʦʡ ʧʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʈʝʯʴ ʠʜʝʪ ʦʙ ʘʥʘʣʠʟʝ big data, 
ʧʨʦʤʳʰʣʝʥʥʦʤ ʠʥʪʝʨʥʝʪʝ, ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʥʝʡʨʦʩʝʪʷʭ, ʩʠʩʪʝʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝ-
ʝʩʪʨʘ ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʜʦʧʦʣʥʝʥʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺʩʝ ʵʪʦ ʩʯʠʪʘʝʪʩʷ ʙʝʟʫʩʣʦʚʥʦ ʨʝʘʣʴʥʳʤʠ ʧʨʦʝʢ-
ʪʘʤʠ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʥʳ çʜʦʨʦʞʥʳʝ ʢʘʨʪʳè ʠ ʧʨʦʚʦʜʷʪʩʷ ʰʘʛʠ ʧʦ ʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʶ. 
ʅʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʝʢʪʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ LPWAN ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʝʜʝʨʘʣʴʥʦʡ 
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ʫʟʢʦʧʦʣʦʩʥʦʡ ʩʝʪʠ ʜʣʷ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ 
ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʝʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʝ. ʉʦʟʜʘʥʘ ʘʧʧʘʨʘʪʥʘʷ ʠʥʬʨʘ-
ʩʪʨʫʢʪʫʨʘ: 18 ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʎʆɼ) ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ, ʧʘʨʢ-ʩʝʨʚʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʙʦʣʝʝ, ʯʝʤ 
7800 ʝʜʠʥʠʮ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʚʦ ʚʩʝʤ ʤʠʨʝ ʨʘʟʚʝʨʪʳʚʘʶʪʩʷ ʢʣʘʩʪʝʨʳ mainframe ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʦʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʠʦʙʨʝʪʘʝʪ ʯʝʨʪʳ ʙʫʜʫʱʝʛʦ: ʩʦʟʜʘʶʪʩʷ 
ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʭ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʚʦʜʠʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʦʧʝʨʘʪʦ-
ʨʦʚ. ɺʩʝ ʵʪʦ ʷʚʣʷʪʴʩʷ ʛʣʦʙʘʣʴʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʟʘʥʠ-
ʤʘʪʴʩʷ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʘʤʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ, 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʚʦʢʟʘʣʦʚ, ʩʪʘʥʮʠʡ, ʜʝʧʦ, ʙʣʦʢʘʤʠ ʪʷʛʦʚʳʭ ʧʦʜʚʠʞʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʧʨ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʱʠʪʘ ʦʪ ʢʠʙʝʨʘʪʘʢ ʩʯʠʪʘʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʙʦʪ, ʦʙʨʘʟʦ-
ʚʘʚʰʠʤʩʷ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. ɽʛʦ ʨʘʟʚʠʪʠʝ ʥʘʟʚʘʥʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʠ 
ʧʨʦʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʥʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɿʘʱʠʪʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘ-
ʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʈʦʩʩʠʠ ʫʜʝʣʷʝʪʩʷ ʥʝ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ, ʯʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʥʦʚʳʭ ʧʫʪʝʡ ʠ ʧʝ-
ʨʝʩʘʜʦʯʥʳʭ ʫʟʣʦʚ. ʂʠʙʝʨʟʘʱʠʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠ ʥʘ ʘʧʧʘʨʘʪʥʦʤ, ʠ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ. 

ɺ ʦʙʝʩʧʝʯʝʥʠʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʩʪʦʠʪ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ 
ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʥʫʞʥʦ ʨʝʰʘʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʥʘ ʫʨʦʚʥʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʦʚʦʜʷ ʣʦʢʘʣʠʟʘ-
ʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ.  

ʂ ʧʨʠʤʝʨʫ, ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʄʦʩʢʦʚʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʩʧʝʮʠʘʣʠʩʪʳ ʟʘʥʠʤʘʶʪʩʷ ʫʩʪʘ-
ʥʦʚʢʦʡ ʥʦʚʳʭ ʙʣʦʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʣʠʥʠʡ ʩʚʷʟʠ, ʩʦʟʜʘʶʪ ʮʝʥʪʨʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
ʉʪʨʦʠʪʝʣʠ ʫʩʧʝʰʥʦ ʧʨʦʚʦʜʷʪ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʠʜʳ ʨʘʙʦʪ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʧʨʠʥʮʠʧʦʚ ʤʦʜʫʣʴʥʦ-
ʛʦ ʧʦʩʪʨʦʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʜʘʝʪ ʢʣʶʯʝʚʦʝ ʩʪʨʘʪʝʛʠʯʝ-
ʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ: ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʱʠʚʘʪʴ ʫʨʦʚʝʥʴ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 
ʣʠʥʠʡ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʲʝʤʘʭ ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʦʚʳʭ ʣʦʢʘʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ 
ʘʚʪʦʥʦʤʥʦʩʪʴ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʠ ʟʘʱʠʪʳ ʦʪ ʢʠʙʝʨʫʛʨʦʟ. 

ɼʫʙʣʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʞʝ ʜʝʣʘ-
ʝʪ ʚʦʟʤʦʞʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ [3].  

ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʬʣʦʪʝ. ʊʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʛʨʫʟʦʚ ʤʦʨʩʢʠʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʠ ʧʝʨʝʚʦʟ-
ʢʠ ʧʘʩʩʘʞʠʨʦʚ ʩʫʜʘʤʠ ʩʦʩʪʘʚʣʷʶʪ 90% ʚʩʝʛʦ ʨʘʟʤʝʨʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ. ʉʝʛʦʜʥʷ ʦʙʱʝ-
ʤʠʨʦʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʩʯʠʪʘʝʪʩʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ, ʢʘʩʘʶʱʘʷʩʷ ʠ ʚʦʜ-
ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʉʫʜʘ ʥʘʨʘʱʠʚʘʶʪ ʩʚʦʠ ʨʘʟʤʝʨʳ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʥʠʢʦʚ ʢʦʤʘʥʜʳ ʢʦʨʘʙʣʷ ʫʤʝʥʴ-
ʰʘʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ ʚʩʝ ʙʦʣʴʰʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʇʦʯʪʠ ʚʩʝ ʙʦʨʪʦʚʳʝ ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʶʪ ʦʙ-
ʥʦʚʣʝʥʠʷ ʚʦ ʚʨʝʤʷ ʧʣʘʚʘʥʠʷ, ʫ ʢʦʤʘʥʜ ʝʩʪʴ ʚʳʭʦʜ ʚ ʀʥʪʝʨʥʝʪ. 

ʇʨʠ ʵʪʦʤ, ʢʘʢ ʩʯʠʪʘʶʪ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʧʨʦʙʣʝʤʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʜ-
ʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʪʚʦʜʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʘ. 

ʄʘʣʫʶ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʚʦʧʨʦʩʘʤʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʤʝʯʘʶʪ ʩʝʡʯʘʩ ʧʦʯʪʠ ʚʩʝ ʠʩʩʣʝʜʦʚʘʪʝ-
ʣʠ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʝʡʩʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ. ʆʥʠ ʦʪʤʝʯʘʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʥʦʛʠʝ ʟʘ-
ʥʷʪʳʝ ʚ ʤʦʨʩʢʦʡ ʩʬʝʨʝ ʧʨʠʚʳʢʣʠ ʙʳʪʴ ʯʘʩʪʴʶ çʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʠʜʠʤʦʡè ʦʪʨʘʩʣʠ, ʥʝʟʘʤʝʪʥʦʡ ʧʨʦʩʪʦ-
ʤʫ ʦʙʳʚʘʪʝʣʶ. ʇʦʜʥʝʚʦʣʴʥʦʩʪʴ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʦʪ ʪʝʭʥʦʣʦʛʠʡ ʝʱʸ ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʩʬʝʨʫ ʟʘʚʠʩʠ-
ʤʦʡ ʦʪ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʠʪʠʢʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʩʷ ʩʫʱʥʦʩʪʴ ʚʦʧʨʦʩʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʩʦʙʩʪʚʝʥʥʦ, ʯʪʦ 
ʩʦʚʨʝʤʝʥʥʳʝ ʧʠʨʘʪʳ ʫʞʝ ʪʘʢ ʞʝ ʥʘʯʘʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʧʨʦʩʪʦ ʤʦʛʫʪ ʚʳ-
ʯʠʩʣʠʪʴ ʢʦʥʢʨʝʪʥʦʝ ʩʫʜʥʦ ʩ ʠʥʪʝʨʝʩʫʶʱʠʤ ʠʭ ʛʨʫʟʦʤ.  

ɺʦʧʨʦʩ ʘʢʪʫʘʣʴʥʦʩʪʠ ʚʦʧʨʦʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʝʱʝ ʫʩʫ-
ʛʫʙʣʷʝʪʩʷ ʠ ʪʝʤ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʥʳʭ ʘʪʘʢʘʭ ʧʦʣʫʯʘʝʪ ʰʠʨʦʢʫʶ 
ʦʛʣʘʩʢʫ: ʥʝʨʝʜʢʦ ʚʣʘʜʝʣʴʮʳ ʙʠʟʥʝʩʘ ʧʨʦʩʪʦ ʟʘʤʘʣʯʠʚʘʶʪ ʦ ʢʠʙʝʨʘʪʘʢʘʭ ʥʘ ʩʚʦʠ ʩʫʜʥʘ, ʦʧʘʩʘʷʩʴ ʪʘʢʠʭ 
ʧʦʩʣʝʜʩʪʚʠʡ, ʢʘʢ ʧʦʪʝʨʷ ʠʤʠʜʞʘ, ʧʨʝʪʝʥʟʠʡ ʩʦ ʩʪʦʨʦʥʳ ʢʣʠʝʥʪʦʚ ʠ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʥʘʯʘʣʘ ʨʘʩ-
ʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʩʪʦʨʦʥʥʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ. 

ʉʧʝʮʠʘʣʠʩʪʳ ʧʦ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʢ ʛʣʘʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʣʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ ʦʪʥʦʩʷʪ: 

ï     AIS (Automatic Identification System) ï ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ; 



30 ǪǲǶǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǰǱǟǱǻǾ 0.0. 
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ï     ECDIS (Electronic Chart Display and Information System) ï ʵʣʝʢʪʨʦʥʥʦ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʥʘʚʠ-
ʛʘʮʠʦʥʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ; 

ï     VDR (Voyage Data Recorder) ï ʨʝʛʠʩʪʨʘʪʦʨ ʜʘʥʥʳʭ ʨʝʡʩʘ; 
ï    TOS (Terminal Operating System) ï IT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʩʣʫʞʘʱʘʷ ʮʝʣʷʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦ-

ʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʛʨʫʟʘʤʠ ʚ ʧʦʨʪʫ; 
ï     CTS (Container Tracking System) ï ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʪʩʣʝʞʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ GPS ʠ ʨʝʞʝ ʜʨʫʛʠʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 
ï    EPIRB (Emergency Position Indicating Radio Beacon) ï ʘʚʘʨʠʡʥʳʡ ʨʘʜʠʦʙʫʡ, ʧʝʨʝʜʘʪʯʠʢ, ʧʦʜʘ-

ʶʱʠʡ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʩʠʛʥʘʣ ʙʝʜʩʪʚʠʷ, ʧʝʨʝʜʘʯʘ ʢʦʪʦʨʦʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʦʣʥʝʥʠʷ 
ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʩʧʫʪʥʠʢ, ʚ ʜʠʘʧʘʟʦʥʝ ʋʂɺ ʠʣʠ ʞʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦ.  

ɺʩʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʩʣʘʙʳʝ ʤʝʩʪʘ ʠ ʧʨʦʙʣʝʤʥʳʝ ʪʦʯʢʠ ʩʦ ʩʪʦ-
ʨʦʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʄʦʨʩʢʘʷ ʠʥʜʫʩʪʨʠʷ ʘʢʪʠʚʥʦ ʧʦʣʴʟʫʝʪʩʷ ʩʧʫʪʥʠʢʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ SATCOM ʜʣʷ ʜʦʩʪʫʧʘ ʚ ʀʥ-
ʪʝʨʥʝʪ, ʜʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʩʫʜʥʘʤʠ ʠ ʩʫʰʝʡ, GPS/DGPS ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʥʘʚʠʛʘʮʠʠ, 
ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ. 

ʅʘ ʢʦʥʬʝʨʝʥʮʠʠ Black Hat USA 2015 ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʢʦʤʧʘʥʠʠ Synack ʂʦʣʙʠ ʄʫʨʦʤ ʙʳʣ ʧʨʝʜʦ-
ʩʪʘʚʣʝʥ ʦʪʯʝʪ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤ GPS-ʪʨʝʢʠʥʛʘ Globalstar. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʳʚʘ-
ʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʞʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʚʘʪʫ ʠ ʧʦʜʤʝʥʝ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ 
ʛʣʫʰʝʥʠʶ ʩʠʛʥʘʣʘ. ɺ ʩʝʪʠ Simplex, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʨʘʜʠʦʧʝʨʝʜʘʯʝ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʦʤʧʘʥʠʝʡ Globalstar 
ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʪʨʝʢʝʨʘʤʠ, ʩʧʫʪʥʠʢʘʤʠ ʠ ʥʘʟʝʤʥʳʤʠ ʩʪʘʥʮʠʷʤʠ, ʦʪʩʫʪʩʪʚʫʶʪ ʤʝʭʘʥʠʟʤʳ 
ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʰʠʬʨʦʚʘʥʠʷ, ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʨʘʙʦʪʫ ʩʠʩʪʝʤ, ʘ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʨʘʙʦ-
ʪʘʶʱʠʡ ʪʦʣʴʢʦ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʘʣʠʜʘʮʠʠ ʧʝʨʝʜʘʥʥʳʭ ʜʘʥʥʳʭ.  

ʉʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʘʙʳʭ ʤʝʩʪ. ʇʨʦʚʝʨʢʘ ʪʝʨʤʠ-
ʥʘʣʦʚ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʫʜʦʭʦʜʩʪʚʝ, ʧʦʢʘʟʘʣʘ ʪʘʢʞʝ ʩʣʘʙʳʝ ʤʝʩʪʘ ʚ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʝʟʘʱʠʱʝʥʥʳʭ ʠʣʠ ʜʘʞʝ ʥʝʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, 
ʟʘʚʝʜʝʥʥʳʝ çʬʘʙʨʠʯʥʦè ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ʩʙʨʦʩʘ ʧʘʨʦʣʷ, ʙʵʢ-
ʜʦʨʳ ʠ ʧʨʦʯʝʝ. 

ɼʦʚʦʣʴʥʦ ʟʥʘʯʠʤʳʤ ʩʪʘʣ ʩʣʫʯʘʡ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʦʰʝʣ ʚ 
ʠʶʣʝ 2013 ʛ. ʉʪʫʜʝʥʪʳ ʠʟ ʊʝʭʘʩʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʫʤʝʣʠ ʦʪʢʣʦʥʠʪʴ ʦʪ ʢʫʨʩʘ ʷʭʪʫ ʩʪʦʠʤʦʩʪʴʶ $80 
ʤʣʥ, ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʩʪʦʠʣʦ ʥʝ ʙʦʣʴʰʝ $3 ʪʳʩ. ʠʩʧʦʣʴʟʫʷ ʠʤʠʪʘʪʦʨ GPS-
ʩʠʛʥʘʣʦʚ, ʜʫʙʣʠʨʫʷ ʩʠʛʥʘʣ ʥʘʩʪʦʷʱʝʛʦ ʩʧʫʪʥʠʢʘ ʠ ʧʣʘʚʥʦ ʧʦʚʳʰʘʷ ʤʦʱʥʦʩʪʴ, ʦʥʠ ʩʫʤʝʣʠ çʫʙʝʜʠʪʴè 
ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʩʫʜʥʘ ʧʨʠʥʠʤʘʪʴ ʩʦʦʙʱʝʥʠʷ ʠʭ ʩʧʫʪʥʠʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʥʠʤʘʪʴ ʩʠʛʥʘʣʳ 
ʥʘʩʪʦʷʱʝʛʦ ʩʧʫʪʥʠʢʘ ʟʘ ʧʦʤʝʭʠ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘʯʘʣʘ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʧʦ 
ʜʘʥʥʳʤ ʜʚʫʭ ʩʧʫʪʥʠʢʦʚ ʠ ʘʪʘʢʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʪʫʜʝʥʪʳ ʠ ʩʤʦʛʣʠ ʦʪʢʣʦʥʠʪʴ ʩʫʜʥʦ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴ-
ʥʦʛʦ ʢʫʨʩʘ. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʨʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʣʦʞʠʚʰʠʝʩʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʚ 
ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʩʢʦʡ ʦʪʨʘʩʣʠ, ʚ 2017 ʛ. ʨʘʟʨʘʙʦʪʘʣʘ ʠ ʧʨʠʥʷʣʘ ʨʷʜ ʜʦʢʫʤʝʥ-
ʪʦʚ ʧʦ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘʜʤʠʥʠʩʪʨʘʮʠʷʤ ʥʘʩʪʦʷʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 
ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʣʞʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʠʙʝʨʨʠʩʢʦʚ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. ʉʦʛʣʘʩʥʦ 
ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʤʦʨʩʢʠʝ ʢʠʙʝʨʫʛʨʦʟ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʨʠʩʢʠ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨ-
ʩʦʚ ʩ ʙʦʢʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʠʣʠ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʘʤʠ ʩʙʦʝʚ ʚ ʧʝʨʝ-
ʚʦʟʢʝ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ ʠʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʥʘ, ʚ ʩʚʷʟʠ ʩ ʧʦʚʨʝʞʜʝ-
ʥʠʝʤ, ʧʦʪʝʨʝʡ ʠʣʠ ʢʦʤʧʨʦʤʝʪʘʮʠʝʡ ʩʚʷʟʘʥʥʳʭ ʩ ʩʫʜʦʭʦʜʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʮʝʣʳʭ ʩʠʩʪʝʤ. 

ɼʘʥʥʳʝ ʫʛʨʦʟʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʘʤʠ ʫʷʟʚʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʝʘʜʝʢʚʘʪʥʦʡ ʨʘʙʦʪʦʡ, ʠʥʪʝ-
ʛʨʘʮʠʝʡ, ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʢʠʙʝʨʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʫʤʳʰʣʝʥʥʳʤʠ ʠ ʥʝʫʤʳʰʣʝʥʥʳʤʠ ʢʠʙʝ-
ʨʫʛʨʦʟʘʤʠ [4]. 

ɺ ʈʦʩʩʠʠ ʩʧʝʮʠʘʣʠʩʪʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʟʘʥʠʤʘʶʪʩʷ ʚʦʧʨʦʩʘʤʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩ-
ʧʦʨʪʘ. ʊʘʢ, ʚ ʂʦʜʝʢʩʝ ʪʦʨʛʦʚʦʛʦ ʤʦʨʝʧʣʘʚʘʥʠʷ, ʂʦʜʝʢʩʝ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʈʌ, ʌɿ ʦʪ 
08.11.2007 ˉ 261-ʌɿ çʆ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʧʦʜʟʘʢʦʥʥʳʭ ʘʢʪʘʭ 
ʚ ʦʙʣʘʩʪʠ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʝ ʧʨʦʧʠʩʘʥʳ ʥʦʨʤʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʚʦʧʨʦʩʳ ʠʥʬʦʨʤʘʮʠʦʥ-
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ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɺ ʌʝʜʝʨʘʣʴʥʦʤ ʟʘʢʦʥʝ ʦʪ 09.02.2007 ˉ 16-ʌɿ çʆ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʝ ʧʨʦʧʠʩʘʥʳ. ʇʨʠʢʘʟ ʄʠʥʪʨʘʥʩʘ ʈʌ ʦʪ 05.03.2010 ˉ 52, 
ʌʉɹ ʈʌ ˉ 112, ʄɺɼ ʈʌ ˉ 134 ʚ ʧʝʨʝʯʝʥʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ ʩʦʚʝʨʰʝʥʠʷ ʘʢʪʦʚ ʥʝʟʘʢʦʥʥʦʛʦ ʚʤʝ-
ʰʘʪʝʣʴʩʪʚʘ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʢʣʶʯʠʣ 
ʣʠʰʴ ʫʛʨʦʟʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʠʟʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʙʲʝʢʪʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 
ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ. 

ɽʩʣʠ ʩʤʦʪʨʝʪʴ ʥʘ ʜʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʙʝʛʣʦ, ʪʦ ʤʦʞʝʪ ʩʣʦʞʠʪʴʩʷ ʦʱʫʱʝʥʠʝ, ʯʪʦ ʚ ʈʦʩʩʠʠ 
ʩʦʚʝʨʰʝʥʥʦ ʦʪʩʫʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʧʨʦʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʤʦʨʩʢʦʤʫ ʠ ʨʝʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ [5]. ʕʪʦ ʥʝ ʩʦʚʩʝʤ ʪʘʢ. ʉ 1 ʷʥʚʘʨʷ 2018 ʛ. 
ʚʩʪʫʧʠʣ ʚ ʩʠʣʫ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 26.07.2017 ˉ 187-ʌɿ çʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʤʘʩʰʪʘʙʘʭ ʩʪʨʘʥʳ ʚʦʧʨʦʩʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ [6] ʩʪʦʷʪ 
ʢʨʘʡʥʝ ʦʩʪʨʦ. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʜʘʥʥʳʝ, ʵʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʝ ʜʘʥʥʳʝ, ʢʨʘʞʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʘʥʝʩʪʠ 
ʫʱʝʨʙ ʚʩʝʤʫ ʛʦʩʫʜʘʨʩʪʚʫ ʠʣʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʪʨʘʩʣʷʤ.  

ɺ ʈʦʩʩʠʠ ʚʦʧʨʦʩʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʠ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤʠ, 
ʪʘʢ ʢʘʢ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʬʝʨʘ ʩʝʛʦʜʥʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ɿʘʧʫʩʢʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʝʟʜʘ, ʧʦʣʥʳʤ 
ʭʦʜʦʤ ʠʜʝʪ ʨʘʟʨʘʙʦʪʢʘ ʙʝʩʧʠʣʦʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ - ʚʩʝ ʵʪʦ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦ ʫʨʦʚʥʷ ʟʘʱʠʪʳ ʦʪ 
ʭʘʢʝʨʩʢʠʭ ʘʪʘʢ. ʀʥʘʯʝ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. ʂʘʢ ʟʘʧʫʩʪʠʪʴ ʙʝʩʧʠʣʦʪʥʳʡ ʘʚʪʦʙʫʩ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʝʛʦ ʟʘʱʠʪʳ ʙʫ-
ʜʝʪ ʩʣʘʙʦʡ. ʊʦʛʜʘ ʣʶʙʦʡ ʙʦʣʝʝ-ʤʝʥʝʝ ʧʨʦʜʚʠʥʫʪʳʡ ʭʘʢʝʨ ʩʤʦʞʝʪ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʝʛʦ ʧʨʦʛʨʘʤʤʳ. 

ɺʦʜʥʳʡ ʠ ʚʦʟʜʫʰʥʳʡ ʪʨʘʥʩʧʦʨʪ ʪʘʢʞʝ ʥʫʞʜʘʶʪʩʷ ʚ ʟʘʱʠʪʝ ʦʪ ʭʘʢʝʨʩʢʠʭ ʘʪʘʢ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʠʭ 
ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ ʩʝʛʦʜʥʷ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʜʘʚʥʦ ʥʘʯʘʣʠ ʟʘʜʫʤʳʚʘʪʴʩʷ ʦʙ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʠʩʪʝʤ ʟʘʱʠ-
ʪʳ. ʈʦʩʩʠʡʩʢʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʯʘʩʪʠʯʥʦ ʨʝʛʫʣʠʨʫʝʪ ʚʦʧʨʦʩʳ ʢʠʙʝʨʟʘʱʠʪʳ, ʥʦ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. 
ʅʫʞʥʦ ʙʦʣʴʰʝ ʩʠʣ ʠ ʚʥʠʤʘʥʠʷ ʦʙʨʘʱʘʪʴ ʥʘ ʜʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʝ, ʪʘʢ ʢʘʢ ʠʛʥʦʨʠ-
ʨʦʚʘʥʠʝ ʚʦʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʦʧʨʘʚʠʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 
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ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʢʦʣʦʨʠʤʝʪʨʠʠ, ʧʦʣʠʛʨʘʬʠʠ, ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʤʝʜʠʮʠʥʝ ʠ ʪ. ʜ. ʏʪʦʙʳ ʫʟʥʘʪʴ ʠʥʬʦʨ-
ʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʨʦʚʦʜʷʪ ʘʥʘʣʠʟ ʠʟʣʫʯʘʶʱʠʭ ʯʘʩʪʠʮ 
ʩʧʝʢʪʨʘ, ʠʩʧʦʣʴʟʫʷ ʧʨʠʙʦʨ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ. ʊʝʭʥʦʣʦʛʠʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ, ʪʘʢ ʢʘʢ ʩʧʝʢʪʨ, ʢʦʛʜʘ ʧʨʦ-
ʭʦʜʠʪ ʯʝʨʝʟ ʢʘʢʦʝ-ʣʠʙʦ ʚʝʱʝʩʪʚʦ, ʧʨʝʣʦʤʣʷʝʪʩʷ ʠʣʠ ʦʪʨʘʞʘʝʪʩʷ. ʃʶʙʦʡ ʦʙʲʝʢʪ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ 
ʠʟʣʫʯʝʥʠʝʤ, ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʧʨʠʙʦʨʘ, ʠʙʦ ʠʭ 
ʩʚʦʡʩʪʚʘ ʥʝ ʩʭʦʞʠ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ  ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʥʘʣʠʟʘ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ ʠ ʪʦʯʥʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʦʰʠʙʦʯʥʦʛʦ 
ʨʝʟʫʣʴʪʘʪʘ.  

ʃʤʙʪʪʡʭʡʣʙʯʡʸ ʪʨʞʣʫʩʧʭʧʫʧʥʞʫʩʧʛ 
ɺʩʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʳ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʟʥʘʯʝ-

ʥʠʶ: ʧʨʦʩʪʳʝ, ʜʚʫʚʦʣʥʦʚʳʝ, ʧʨʠʙʦʨʳ ʩ ʬʦʪʦʜʠʦʜʥʦʡ ʨʝʰʝʪʢʦʡ. 
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ʇʝʨʚʳʝ, ʯʝʪʢʦ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʢʘʥʠʨʦʚʘʥʠʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʚʦʡ ʧʦʛʣʦʱʝʥʠʷ. ɼʚʫʚʦʣʥʦʚʳʝ 
ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʳ ʙʦʣʝʝ ʧʨʦʩʪʳ ʧʦ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ï ʵʪʦ ʨʘʟ-
ʥʦʩʪʴ ʚʪʦʨʦʡ ʢʶʚʝʪʳ ʩʦ ʩʨʘʚʥʝʥʠʝʤ. ʆʜʠʥ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʦʙʣʫʯʘʝʪʩʷ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ 
ʚʦʣʥ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʠʮʘ ʠʟʣʫʯʝʥʠʡ. 

ʇʦʩʣʝʜʥʠʡ ʪʠʧ, ʩ ʬʦʪʦʜʠʦʜʥʦʡ ʨʝʰʝʪʢʦʡ, ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʧʝʮʠʘʣʴʥʫʶ ʤʘʪʨʠʮʫ ʠʣʠ ʨʝʰʝʪʢʫ. 
ʉʘʤ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ, ʚʝʜʴ ʚʥʘʯʘʣʝ ʩʚʝʪ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʙʨʘʟʝʮ, ʟʘʪʝʤ ʧʦʧʘʜʘ-
ʝʪ ʥʘ ʨʝʰʝʪʢʫ ʜʠʬʨʘʢʮʠʠ. ʕʪʘ ʨʝʰʝʪʢʘ ʨʘʩʢʣʘʜʳʚʘʝʪ ʩʚʝʪ ʠ ʧʨʦʝʮʠʨʫʝʪ ʝʛʦ ʥʘ ʤʘʪʨʠʮʫ ʠʣʠ ʬʦʪʦʜʠʦʜ, 
ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʜʘʪʯʠʢʠ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʵʥʝʨʛʠʶ ʩʚʝʪʘ ʚ ʠʤʧʫʣʴʩ. ʕʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ, 
ʚʝʜʴ ʨʘʟʥʳʝ ʜʠʘʧʘʟʦʥʳ ʚʦʣʥ ʤʦʛʫʪ ʦʪʢʣʠʢʥʫʪʴʩʷ ʩʨʘʟʫ ʞʝ, ʘ ʚʦʪ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʘʭ ʪʘʢʦʛʦ ʥʝ 
ʥʘʙʣʶʜʘʝʪʩʷ. ɿʘʪʝʤ ʦʪʢʣʠʢʠ ʧʨʦʛʨʘʤʤʥʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʚʳʚʦʜʷʪʩʷ ʥʘ ʵʢʨʘʥ ʩʧʝʢʪʦʬʦʪʦʤʝʪʨʘ. ɺʩʝ 
ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ, ʙʳʩʪʨʦ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ. 

ʊʨʞʣʫʧʭʧʫʧʥʞʫʩʴ ʛ ʨʧʤʡʜʩʙʭʡʡ 
ɺ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʠʛʨʘʬʠʠ ʠ ʢʦʣʦʨʠʤʝʪʨʠʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʮʚʝʪʘ, 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʮʚʝʪʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʩʪʨʦʠʪ ʩʧʝʢʪʨʘʣʴʥʫʶ ʢʨʠʚʫʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʠ ʠʟʤʝʨʷʝ-
ʤʦʛʦ ʦʙʲʝʢʪʘ ʧʫʪʝʤ ʘʜʜʠʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ. ʇʨʠ ʵʪʦʤ, ʚʝʣʠʯʠʥʘ ʩʢʘʥʠʨʫʝʤʳʭ ʜʣʠʥ ʚʦʣʥ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ 
ʜʠʘʧʘʟʦʥʝ ʦʪ 160 ʥʤ ʜʦ 3300 ʥʤ. ɺʘʞʥʦʩʪʴ ʵʪʦʛʦ ʧʨʠʙʦʨʘ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. 

ʇʨʠ ʤʥʦʛʦʢʨʘʩʦʯʥʦʡ ʧʝʯʘʪʠ ʚ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʮʚʝʪʘ ʣʝʞʠʪ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʪʝʦʨʠʷ ʮʚʝʪʦʚʦʛʦ 
ʟʨʝʥʠʷ, ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʢʦʪʦʨʦʡ ʚʳʩʢʘʟʘʣ ʚ XVIII ʚʝʢʝ ʃʦʤʦʥʦʩʦʚ, ʘ ʟʘʪʝʤ ʵʪʦ ʚʩʝ ʨʘʟʚʠʣʦʩʴ ʚ 
ʨʘʙʦʪʘʭ ʄʘʢʩʚʝʣʣʘ ʠ ɻʝʡʤʛʦʣʴʮʘ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XIX ʚʝʢʘ [1]. 

ʉʝʡʯʘʩ, ʥʝ ʪʦʣʴʢʦ ʟʘ ʨʫʙʝʞʦʤ, ʥʦ ʠ ʚ ʩʘʤʦʡ ʈʦʩʩʠʠ ʚʝʜʫʪʩʷ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ-
ʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ ʜʦʧʫʩʢ ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ 
ʮʚʝʪʦʧʝʨʝʜʘʯʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʪʦʯʥʳʭ ʤʥʦʛʦʮʚʝʪʥʳʭ ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʭ ʨʝʧʨʦʜʫʢ-
ʮʠʡ. ʀʪʘʢ, ʮʚʝʪ ï ʚʝʣʠʯʥʘ, ʦʧʠʩʳʚʘʝʤʘʷ 3-ʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʦʪʪʝʥʢʦʤ, ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʠ ʷʨʢʦʩʪʴʶ. 
ʄʥʦʛʠʝ ʤʦʜʝʣʠ ʩʧʝʪʢʨʦʬʦʪʦʤʝʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʟʥʳʤʠ ʬʠʨʤʘʤʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʥʘ ʤʠʨʦʚʦʤ 
ʨʳʥʢʝ, ʤʦʛʫʪ  ʧʦʣʫʯʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ XYZ, CIE Lab, CIE LCH,  ʯʪʦ 
ʦʯʝʥʴ ʩʠʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʩʬʝʨʝ. ʋʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠ-
ʪʝʣʴʥʦʝ ʚʨʝʤʷ ʢʦʜʠʨʦʚʘʥʠʝ ʚ ʬʦʨʤʘʪʝ CIE Lab ʦʩʪʘʝʪʩʷ ʩʘʤʳʤ ʠʟʚʝʩʪʥʳʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʚʝʜʴ 
ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʯʝʛʦ ʥʝ ʩʢʘʞʝʰʴ ʧʨʦ 
CMYK ʠʣʠ RGB.  

ʅʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʢʦʛʜʘ ʦʙʳʯʥʳʡ ʯʝʣʦʚʝʢ ʩʤʦʪʨʠʪ ʥʘ ʮʚʝʪ, ʪʦ ʦʥ ʚʠʜʠʪ ʝʛʦ ʧʨʠ ʨʘʟʥʳʭ 
ʫʩʣʦʚʠʷʭ ʧʦ-ʨʘʟʥʦʤʫ. ʎʚʝʪ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʚʝʱʝʥʠʷ ʠʣʠ ʫʛʣʘ ʥʘʙʣʶʜʝʥʠʝ, ʧʦʛʦʜʳ, 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʮʝʣʦʤ ʚʝʩʴ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʶʪ ʤʝʪʘʤʝʨʠʟʤʦʤ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʠ ʥʝʤ, ʠʟʣʫʯʝ-
ʥʠʷ, ʩ ʨʘʟʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʤʦʱʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʮʚʝʪʦʚʦʝ ʚʦʟʙʫʞʜʝ-
ʥʠʝ [2, ʩ. 1]. ʊʘʢʞʝ ʨʘʙʦʪʘʶʪ ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʳ, ʢʦʪʦʨʳʝ, ʧʦʜʦʙʥʦ ʯʝʣʦʚʝʢʫ, ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʧʘ-
ʨʘʤʝʪʨʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʤʝʨʝʥʠʷ ʚʩʸ-ʪʘʢʠ ʙʳʣʠ ʚʝʨʥʳʤʠ ʠ ʥʝʩʣʠ ʦʙʲʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʚ ʥʠʭ ʠʩ-
ʧʦʣʴʟʫʶʪ ʩʪʘʥʜʘʨʪʥʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ, ʫʛʣʳ ʠʟʤʝʨʝʥʠʷ ʢʦʪʦʨʳʭ, ʯʝʪʢʦ 
ʬʠʢʩʠʨʦʚʘʥʳ. 

ʕʪʦ ʚʝʩʴʤʘ ʧʨʦʜʫʤʘʥʥʳʡ ʠ ʧʨʘʢʪʠʯʥʳʡ ʧʦʜʭʦʜ, ʪʘʢ ʢʘʢ ʥʘ ʧʨʘʢʪʠʢʝ, ʚ ʨʝʘʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʫʞʝ 
ʥʘʧʝʯʘʪʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʟʘʢʨʳʪʦʤ, ʭʦʨʦʰʦ ʦʩʚʝʱʝʥʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʥʦ 
ʠ ʥʘ ʫʣʠʮʝ ʧʦʜ ʦʪʢʨʳʪʳʤ ʥʝʙʦʤ, ʥʘ ʢʘʢʠʭ-ʪʦ ʩʪʝʥʜʘʭ, ʣʠʙʦ ʞʝ ʚ ʪʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʤʝʪʨʦ, ʢʘʬʝ ʠ ʠʟ-
ʤʝʨʠʪʴ ʠʭ ʮʚʝʪ ʙʳʣʦ ʙʳ ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʏʪʦʙʳ ʠʤʠʪʠʨʦʚʘʪʴ ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʘʨʠʘʮʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʚ ʧʨʠʙʦʨʘʭ ʠʩʧʦʣʴʟʫʶʪ ʦʧʨʝʜʝʣʸʥ-
ʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʩ ʯʝʪʢʦ ʠʟʚʝʩʪʥʳʤʠ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 
ʪʘʢʠʝ ʢʘʢ: D50, D65, D75, F2, F7, F11, F12, A, B, C ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʄʦʞʥʦ ʩ ʣʝʛʢʦʩʪʴʶ ʫʟʥʘʪʴ, ʯʪʦ ʫ ʠʩ-
ʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ɸ, ʥʦʨʤʘ ʩʨʝʜʥʝʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʨʘʚʥʘ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 2858ʂ, ʵʪʦ 
ʵʢʚʠʚʘʣʝʥʪʥʦ ʣʘʤʧʘʤ ʥʘʢʘʣʠʚʘʥʠʷ ʩ ʠʭ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ. ɽʩʣʠ ʠʜʝʪ ʨʝʯʴ ʦʙ ʠʩʪʦʯʥʠʢʝ B, ʪʦ ʮʚʝ-
ʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʪʠ 4800ʂ, C - ʥʦʨʤʘ ʨʘʩʩʝʷʥʥʦʛʦ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʦʢʦʣʦ 6500ʂ, D65 - ʛʨʘʥʠʯʠʪ ʩ  
6500ʂ. ʇʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʢʨʦʤʝ ɻʝʨʤʘʥʠʠ, ʚ ʢʦʪʦʨʦʡ, ʩʪʘʥʜʘʨʪʦʤ ʫʢʘʟʳ-
ʚʘʶʪ  D50 ʩ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 5000ʂ. 

ɺʩʷ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʚʝʪ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʷʪ ʘʥʘʣʠʟ ʠ 



34 ǪǲǶǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǰǱǟǱǻǾ 0.0. 
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ʧʦʧʘʜʘʝʪ ʥʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʧʨʠʥʠʤʘʶʱʠʡ ʜʣʠʥʫ ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʝʡ. ʄʘʪʨʠʮʘ ʩʧʝʢʪʨʦ-
ʬʦʪʦʤʝʪʨʘ ʘʥʘʣʠʟʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʚʳʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʘʢ ʦʪʨʘʞʝʥʥʳʭ 
ʪʘʢ ʠ ʧʦʛʣʦʱʝʥʥʳʭ ʣʫʯʝʡ, ʟʘʪʝʤ ʵʪʘ ʠʥʬʦʨʠʘʮʠʷ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʠʣʠ ʧʨʦʧʫʩ-
ʢʘʥʠʷ. ɺʦʪ ʟʜʝʩʴ ʚʩʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʚʝʜʴ ʫ ʢʘʞʜʦʛʦ ʮʚʝʪʘ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʢʦʵʬʠʮʠʝʥʪ, ʧʦʵʪʦ-
ʤʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʪʝʥʦʢ. 

ɺʦ ʚʩʝʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʭ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʠʟʤʝʨʝʥʠʷ, ʢʦʛʜʘ ʩʦʙʣʶʜʘʝʪʩʷ ʦʧʨʝʜʝ-
ʣʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ, ʧʘʜʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʮʚʝʪʘ ʠ ʦʪʨʘʞʘʶʱʠʭʩʷ ʦʪ ʥʝʛʦ. ʕʪʠ ʠʟ-
ʤʝʨʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʬʠʨʤʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ ʚ ʬʦʨʤʘʪʝ ç45o/0oè ʠʣʠ ç0o/45oè, ʯʪʦ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʨʠʝʥʪʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʝʛʦ ʧʨʠʝʤʥʠʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʨʤʘʣʠ. ʏʘʩʪʦ ʠʩ-
ʧʦʣʴʟʫʶʪ ʫʛʣʳ ʥʘʙʣʶʜʝʥʠʷ  ʧʦʜ 2o ʠ 10o, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʮʚʝʪʘ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ 
ʩ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʝʩʪʴ ʝʱʝ ʜʚʘ ʚʠʜʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ ʜʣʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʮʚʝʪʘ 
ï ʩʬʝʨʠʯʝʩʢʠʡ ʠ ʤʫʣʴʪʠʫʛʣʦʚʦʡ. ʉʬʝʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ï ɻ ʪʦ ʢʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ ʠʜʸʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʩʬʝʨʦʡ, ʧʦʢʨʳʪʦʡ ʩʫʣʴʬʘʪʦʤ ʙʘʨʠʷ. ʆʥʠ ʦʯʝʥʴ ʭʦʨʦʰʦ ʠʟʤʝʨʷʶʪ ʨʘʟʣʠʯʥʫʶ ʩʪʨʫʢʪʫʨʠ-
ʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʤʘʪʦʚʫʶ, ʛʣʷʥʮʝʚʫʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʜʣʷ ʧʦʣʠʛʨʘʬʠʠ. ʏʪʦ 
ʢʘʩʘʝʪʩʷ ʫʛʣʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʪʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʢʨʘʩʢʠ, ʢʦʥʪʨʦʣʷ ʤʝ-
ʪʘʣʣʠʢʠ. 

ʃʧʦʫʩʧʤʵ, ʬʮʧʝ ʡ ʣʙʤʡʚʩʧʛʣʙ 
ʂʘʢ ʠ ʣʶʙʳʝ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʳ ʥʫʞʜʘʶʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʢʦʥʪʨʦʣʝ ʠ ʫʭʦʜʝ ʟʘ 

ʥʠʤʠ. ʂʨʦʤʝ ʦʙʱʝʧʨʠʥʷʪʳʭ ʥʦʨʤ ʭʨʘʥʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʨʘʙʦʪʳ, ʥʫʞʥʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʢʘʣʠʙʨʦ-
ʚʘʪʴ ʠʭ, ʫʯʠʪʳʚʘʷ ʘʙʩʦʣʶʪʥʦ ʙʝʣʫʶ ʪʦʯʢʫ ʩ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ (ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʠʟ ʩʫʣʴʬʘʪʘ 
ʙʘʨʠʷ) ʩ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 0,97. ʊʘʢʞʝ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʧʣʘʩʪʠʥʳ ʠʟ 
ʦʢʠʩʠ ʤʘʛʥʠʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 0,98 [3, ʩ.7]. 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʝʱʝ ʦʜʠʥ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʘ ʠʤʝʥʥʦ ʠʟʤʝʨʝʥʠʝ 
ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʫʯʘʩʪʢʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʜʝʥʪʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʜʥʠʤ ʠʟ ʢʨʠʪʠʯʝ-
ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʳʭ ʧʨʠʙʦʨʦʚ ʷʚʣʷʝʪʩʷ çʧʦʚʪʦʨʷʝʤʦʩʪʴè ʠʣʠ çʪʦʯʥʦʩʪʴè ʠʟʤʝʨʝʥʠʡ, ʥʦ ʢ ʩʦʞʘʣʝ-
ʥʠʶ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʫʭʫʜʰʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʜʦʣʛʦ ʥʝʧʨʝʨʳʚʥʦ ʨʘʙʦʪʘʝʪ ʩʧʝʢʪʨʦ-
ʬʦʪʦʤʝʪʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʀʙʰʞʥ ʦʬʟʦʴ ʪʨʞʣʫʩʧʭʧʫʧʥʞʫʩʴ ʛ ʪʭʞʩʞ ʨʧʤʡʜʩʙʭʡʡ? 
ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ, ʠʙʦ ʢʘʞʜʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʥʫʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ. ʅʝ ʤʦʞʝʪ ʙʳʪʴ ʥʠʢʘʢʦʛʦ ʢʦʥʪʨʦʣʷ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚ ʠ 
ʙʝʟ ʥʘʣʠʯʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ (ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ ʠ ʪ. ʜ.).  

ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʠ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʞʥʦ ʢʦʥ-
ʪʨʦʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʨʝʥʠʷ ʮʚʝʪʘ, ʥʦ ʠ ʩʘʤ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʫʞʥʳʭ ʦʪʪʝʥʢʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʜʨʫ-
ʛʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʢʦʣʦʨʠʤʝʪʨʳ, ʜʝʥʩʠʪʦʤʝʪʨʳ ʠ ʪ. ʜ.), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʚʦʸ ʧʨʝʜʥʘʟʥʘ-
ʯʝʥʠʝ ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʦʛʨʘʥʠʯʝʥ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ. ʉʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʠʤʝʥʥʦ ʪʦʪ ʧʨʠ-
ʙʦʨ, ʢʦʪʦʨʳʡ ʧʦʜʦʡʜʝʪ ʧʦ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɺʝʜʴ ʚʦʟʤʦʞʥʘ ʧʝʯʘʪʴ ʠ 
ʥʘ ʙʫʤʘʛʝ, ʠ ʥʘ ʧʨʦʟʨʘʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʜʝʨʝʚʝ, ʪʢʘʥʠ, ʠ ʦʜʠʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʥʝ ʩʧʨʘʚʠʪʩʷ ʩʦ ʚʩʝʤ 
ʵʪʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʳ ʦʙʣʘʜʘʶʪ ʚʩʝʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 
ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʤʦʥʠʪʦʨʦʚ. ʅʦ ʢ ʩʦʞʘʣʝʥʠʶ, ʯʘʩʪʦ ʢʦʥʩʪʨʫʢʮʠʶ ʧʨʦʩʪʦ ʥʝ ʚʦʟʤʦʞʥʦ 
ʫʩʪʘʥʦʚʠʪʴ ʠ ʟʘʢʨʝʧʠʪʴ ʥʘ ʵʢʨʘʥʝ. ɽʩʪʴ ʠʩʢʣʶʯʝʥʠʝ ï Eye-One Pro [4], ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʟʤʝʨʠʪʴ ʢʘʢ ʠ 
ʤʦʥʠʪʦʨ, ʪʘʢ ʠ ʥʘʧʝʯʘʪʘʥʥʫʶ ʧʨʦʜʫʢʮʠʶ. ɽʩʪʴ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ, ʢʦʣʦʨʠʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ ʠʥ-
ʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʟʘ ʮʚʝʪʥʳʤʠ ʬʠʣʴʪʨʘʤʠ. 

Color Matching Management (CMM) 
ʅʝʜʘʚʥʦ ʚʦ ʚʩʝʤ ʤʠʨʝ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʮʚʝʪʦʤ Color Matching 

Management [4]. ʉ ʠʭ ʧʦʤʦʱʴʶ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʧʦʣʠ-
ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʫʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʮʚʝʪ, ʧʨʠ ʧʝʨʝʜʘʯʘʭ ʤʝʞʜʫ ʵʪʘʧʘʤʠ ʦʙʨʘʙʦʪʢʠ (ʦʪ 
ʩʢʘʥʠʨʦʚʘʥʠʷ ʢ ʧʝʯʘʪʠ) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʪʘʚʘʣʩʷ ʥʝʠʩʢʘʞʝʥʥʳʤ. ʕʪʦ ʦʙʝʩ-
ʧʝʯʠʚʘʝʪ ʚʧʦʣʥʝ ʚʠʜʠʤʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʛʨʘʤʤ, ʢʦʪʦ-
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ʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʩʠʩʪʝʤʝ. ʉʥʘʯʘʣʘ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʪʦʣʴʢʦ ʥʘ ʧʣʘʪʬʦʨʤʝ Macintosh 
(CMS ColorSync), ʠ ʦʥʘ ʙʳʣʘ ʧʨʠʯʠʥʦʡ ʧʨʝʜʧʦʯʪʝʥʠʷ ʵʪʦʡ ʧʣʘʪʬʦʨʤʳ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʛʨʘ-
ʬʠʢʠ. 

ʉʝʡʯʘʩ ʚʩʝ ʝʱʝ ʧʨʦʜʦʣʞʘʶʪ ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʳ ʩʢʚʦʟʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʬʠʣʝʡ ICC, 
ʛʜʝ ʢʦʥʪʨʦʣʴ ʠʜʝʪ ʪʦʣʴʢʦ ʥʘʜ ʦʪʜʝʣʴʥʳʤʠ ʩʪʘʜʠʷʤʠ, ʥʦ ʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʭʦʨʦʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʚʝʪʦʚ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʇʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ Color Matching Management ʧʦʚʣʠʷʣʠ ʥʘ ʥʦʚʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʢ-
ʪʨʦʬʦʪʦʤʝʪʨʦʚ. ʊʝʧʝʨʴ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ 
(Photoshop, Illustrator ʠ ʜʨʫʛʠʝ).  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʣʠʛʨʘʬʠʠ ʚʳʜʚʠʛʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʦʚʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʢ ʢʘʯʝʩʪʚʫ ʧʝ-
ʯʘʪʠ, ʥʦ ʠ ʢ ʢʘʯʝʩʪʚʫ ʧʝʨʝʜʘʯʠ ʮʚʝʪʘ. ʇʨʠʙʦʨʦʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʮʚʝʪʘ, ʝʛʦ ʠʜʝʥʪʠʯʥʦ-
ʩʪʠ ʠ ʪ. ʜ. ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ.  

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʝ  ʫʩʪʨʦʡʩʪʚʘ (ʢʦʣʦʨʠʤʝʪʨʳ, ʜʝʥʩʠʪʦʤʝʪ-
ʨʳ ʠ ʪ. ʜ.), ʥʦ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʠʤʝʥʥʦ ʪʦ, ʯʪʦ ʧʦʜʭʦʜʠʪ ʧʦ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘʤ. ʆʪʩʫʪʩʪʚʠʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ, ʣʠʙʦ ʞʝ ʜʨʫʛʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʢ 
ʥʝʡ ʠ ʥʝ ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʢʦʥʪʨʦʣʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʧʦʷʚʣʝʥʠʶ ʙʨʘʢʘ, ʧʦʪʝʨʝ 
ʠʤʠʜʞʘ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ ʘʙʩʦʣʶʪʥʦ ʥʠʢʦʠʤ ʦʙʨʘʟʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝ ʧʦʚʣʠʷʝʪ.  

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʳ ʠʩʧʦʣʴʟʫʶʪ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʤʝʜʠʮʠʥʳ, ʚ ʪʦʤ ʯʠʩ-
ʣʝ ʚ ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, ʬʠʟʠʢʝ ʠ ʘʩʪʨʦʥʦʤʠʠ. ʕʪʦʪ ʧʨʠʙʦʨ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʜʣʷ ʦʮʝʥʢʠ ʮʚʝʪʘ 
ʠʟʜʝʣʠʡ, ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʦʨʦʤʝʪʨʠʠ. 
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ʋɾʆɽɾʆʏʁʁ ʁ ɻʇʀʅʇɿʆʇʊʋʁ 

 
ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʀʀ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʜʜʝʨʞʢʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  
 
1. ʃʇʅʅʌʆʁʃɹʏʁʘ: ʁʊʈʇʄʕʀʇɻɹʆʁɾ ʁʆʋɾʄʄɾʃʋʌɹʄʕʆʔʎ ʇɺʌʐɹʗʒʁʎ ʊʁʊʋɾʅ ɽʄʘ 

ʊʇʇʋɻɾʋʊʋɻʌʗʒɾʂ ʇɺʉɹʋʆʇʂ ʊɻʘʀʁ 
 
ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʫʯʘʱʠʤʩʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʢʣʘʩʩʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʠʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ [2]. ʆʜʥʘʢʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦ-
ʚʦʣʴʥʦ ʪʨʫʜʥʦ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʫʜʝʥʪʦʚ ʚ ʢʣʘʩʩʝ. ʇʦʵʪʦʤʫ ʤʥʦʛʠʝ ʫʥʠʚʝʨʩʠʪʝʪʳ ʚʥʝʜʨʷʶʪ 
ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʨʝʜʳ ʦʙʫʯʝʥʠʷ (ILE) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ. ILE-
ʵʪʦ ʩʣʦʞʥʳʡ ʪʝʨʤʠʥ, ʢʦʪʦʨʳʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʵʣʝʢʪ-
ʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ (LMS)) ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʫ-
ʯʝʥʠʶ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʦʙʫʯʝʥʠʷ ʚ ʞʠʟʥʠ ʩʪʫʜʝʥʪʘ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʠʥʪʝʨʘʢʪʠʚ-
ʥʦʡ ʩʨʝʜʳ ʦʙʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʫʯʠʪʴ ʩʪʫʜʝʥʪʘ ʧʦʣʫʯʘʪʴ ʟʥʘʥʠʷ ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘ-
ʥʠʝ ʧʨʝʜʤʝʪʘ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ ʨʘʙʦʪʳ ʩ ʵʪʠʤ ʧʨʝʜʤʝʪʦʤ. ʀʜʝʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʙʫ-
ʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʠ ʚʝʪʚʴʶ ʵʚʦʣʶʮʠʠ LMS, ʢʦʪʦʨʘʷ ʠʜʝʪ ʚ ʩʚʷʟʠ ʩ ʀʀ, ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢ-
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ʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʙʫʯʝʥʠʷ (ITS).ɹʦʣʝʝ ʪʦʛʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ñʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʦʙʫʯʘ-
ʶʱʠʭ ʩʠʩʪʝʤ (ʀʊʉ) ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʜʦʩʪʠʞʝʥʠʷʤ, ʯʝʤ ʫʯʘʩʪʠʝ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʘʫʜʠʪʦʨʥʦʤ ʦʙʫ-
ʯʝʥʠʠ ʠ ʠʟʫʯʝʥʠʝ ʧʝʯʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚò [3].  

ʀʩʪʦʨʠʷ ʵʪʠʭ ʩʠʩʪʝʤ ʚʦʩʭʦʜʠʪ ʢ 1970-ʤ ʛʦʜʘʤ, ʂʦʛʜʘ ʍʘʡʤʝ ʂʘʨʙʦʥʝʣʣ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʢʦʤʧʴ-
ʶʪʝʨ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ, ʥʦ ʠ ʢʘʢ ʫʯʠʪʝʣʴ. ʆʥ ʤʦʛ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʧʦʜʘʚʘ-
ʥʠʝ ʤʥʦʛʠʭ ʜʠʩʮʠʧʣʠʥ, ʚʢʣʶʯʘʷ ʬʠʟʠʢʫ, ʤʘʪʝʤʘʪʠʢʫ, ʷʟʳʢ ʠʥʬʦʨʤʘʪʠʢʫ [2],  ʤʝʜʠʮʠʥʫ ʠ ʜʨʫʛʠʝ. ʄʘʭ-
ʤʫʜ ʦʧʠʩʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ AutoTutor Why2-Atlas, Beetle 
II System ʠ ʜʨ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʀʊʉ ʠ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ.(ɺ ʧʨʠʤʝʨʝ 
ʫʢʘʟʘʥʳ ʘʥʛʣʠʡʩʢʠʝ ʠʩʪʦʯʥʠʢʠ) 

 
ʋʙʚʤʡʯʙ 1  

ʁʋʊ ʡ ʧʚʤʙʪʫʵ ʡʮ ʨʩʡʥʞʦʞʦʡʸ 

 ʀʊʉ ɼʠʩʮʠʧʣʠʥʳ ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ 

1 ActiveMath [16] ʄʘʪʝʤʘʪʠʢʘ ʐʢʦʣʴʥʠʢʠ 

2 Beetle II System [15] ʗʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʐʢʦʣʴʥʠʢʠ 

3 EER-Tutor [17] ʂʦʤʧʴʶʪʝʨʥʳʝ ʥʘʫʢʠ ʉʪʫʜʝʥʪʳ ʫʥʠʚʝʨʩʠʪʝʪʘ 

4 MATHia ʄʘʪʝʤʘʪʠʢʘ ʉʨʝʜʥʠʝ ʠ ʩʪʘʨʰʠʝ ʢʣʘʩʩʳ 
ʰʢʦʣʳ  

5 SHERLOCK [18] ʕʣʝʢʪʨʦʥʠʢʘ ʠ ʀʥʞʝʥʝʨʠʷ ɸʝʨʦ-ʢʦʩʤʠʯʝʩʢʠʝ ʠʥʞʝʥʝʨʳ  

6 The AutoTutor [14] ʂʦʤʧʴʶʪʝʨʥʳʝ ʥʘʫʢʠ ʉʪʫʜʝʥʪʳ ʢʦʣʣʝʜʞʘ 

7 Why2-Atlas [7] ʌʠʟʠʢʘ ʉʪʫʜʝʥʪʳ ʫʥʠʚʝʨʩʠʪʝʪʘ 

8 COMET [19] ʄʝʜʠʮʠʥʘ ʉʪʫʜʝʥʪʳ ʫʥʠʚʝʨʩʠʪʝʪʘ 

9 VIPER [20] ʄʝʜʠʮʠʥʘ ʉʪʫʜʝʥʪʳ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 
ʀʭ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʦʙʨʘʪʴ ʜʘʥʥʳʝ ʦʙ ʦʪʚʝʪʘʭ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʠʤʝʥʠʪʴ ʠʭ 

ñʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ, ʤʦʪʠʚʘʮʠʠ ʠʣʠ ʵʤʦʮʠʡ ʩʪʫʜʝʥʪʦʚ ʠ ʘʜʘʧʪʘʮʠʠ ʦʙʫʯʝʥʠʷ ʢ ʠʥʜʠʚʠʜʫʘʣʴ-
ʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤò. ʂʝʜʠʥʛʝʨ ʠ ʜʨ. ʦʧʠʩʘʣʠ ʠʭ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: ʚʳʙʦʨ, ʦʮʝʥʢʘ, ʧʨʝʜʣʦʞʝʥʠʝ ʠ ʦʙ-
ʥʦʚʣʝʥʠʝ, ñʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʢʦʛʥʠʪʠʚʥʦʡ ʤʦʜʝʣʴʶ ʠ ʦʪʜʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʜʝʣʠ ʩʪʫ-
ʜʝʥʪʘò. ʄʥʦʛʠʝ ʀʊʉ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʘʣʛʦʨʠʪʤʳ ʩʘʤʦʦʙʫʯʝ-
ʥʠʷ .  

ɺʘʥʣʝʥ ʦʙʲʷʩʥʠʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʨʝʧʝʪʠʪʦʨʦʚ, ʘ ʠʤʝʥʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ 
ʦʙʫʯʝʥʠʝ (CBI) ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʧʝʪʠʪʦʨʩʪʚʘ (ITS). ɺ ʧʝʨʚʦʤ ʪʠʧʝ ʨʝʧʝʪʠʪʦʨʦʚ ʩʪʫʜʝʥʪ 
ʜʦʣʞʝʥ ʥʘʧʠʩʘʪʴ ʪʦʣʴʢʦ ʦʪʚʝʪ, ʘ ʟʘʪʝʤ ʧʦʣʫʯʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʫ-
ʜʝʥʪʫ ʚʚʦʜʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʧʨʦʮʝʩʩʘ, ʢʘʢ ʝʩʣʠ ʙʳ ʦʥ ʨʘʙʦʪʘʣ ʥʘʜ ʧʨʦʙʣʝʤʦʡ ʥʘ 
ʙʫʤʘʛʝ. ʉʠʩʪʝʤʘ ʜʘʩʪ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʚʩʝʭ ʦʪʚʝʪʘʭ ʩʪʫʜʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʝ ʨʘʟ-
ʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʩʠʩʪʝʤʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʀʊʉ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦ-
ʚʘʪʴ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʥʘ ʩʪʫʧʝʥʯʘʪʦʤ ʫʨʦʚʥʝ, ʘ ʥʝ ʧʨʦʩʪʦ ʜʘʚʘʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘ-
ʜʘʥʠʷ ʠʟ ʠʩʪʦʯʥʠʢʘ [3].  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʦʩʥʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʀʊʉ. ʅʘʧʨʠ-
ʤʝʨ, ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʳʰʣʝʥʠʝʤïʨʘʮʠʦʥʘʣʴʥʳʤ (ACT-R) ʦʙʫʯʝʥʠʷ ʂʘʨʥʝʛʠ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʟʥʘʥʠʷ, ʠ ʵʪʠ ʪʴʶʪʦʨʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 
ʘʥʘʣʠʟʝ ʧʨʘʚʠʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʊʝʦʨʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʥʘʥʠʡ ɸʣʝʢʩʘ (KST) ʧʳʪʘʝʪ-
ʩʷ ʠʤʠʪʠʨʦʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʳʪʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʘ. "ʂʉʊ-ɻ ʪʦ 
ʥʝ ʪʝʦʨʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʟʥʘʥʠʷ; ʩʢʦʨʝʝ, ʵʪʦ ʪʝʦʨʠʷ, ʢʦʪʦʨʘʷ ʧʦʩʣʫʞʠʣʘ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤ-
ʧʴʶʪʝʨʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʪʦʯʥʫʶ ʠ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʶʱʫʶʩʷ ʦʮʝʥʢʫ ʟʥʘʥʠʡ 
ʫʯʘʱʠʭʩʷ". ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʪʠʭ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʘʢʞʝ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ ʠ , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Vaessen et al. ʚ ʨʘʙʦʪʝ  ʧʨʝʜʩʪʘʚ-
ʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ ʪʦʛʦ, ʢʘʢ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʊʉ ʩ ʣʫʯʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ.  



38 ǪǲǶǷǟǾ ǰǱǲǣǤǬǶǤǰǩǟǾ ǰǱǟǱǻǾ 0.0. 

 

XXIX ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐz ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʀʊʉ ʩʧʦʩʦʙʝʥ ʠʤʠʪʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ-ʫʯʠʪʝʣʷ, ñʦʩʫ-
ʱʝʩʪʚʣʷʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʙʫʯʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ç[2].ʅʦ ʪʘʢʞʝ ʚʘʞʥʦ ʥʝ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʀʀ ʠ ʨʝʘʣʴʥʳʤ ʫʯʠʪʝʣʝʤ ʝʱʝ ʥʝʠʟʚʝʩʪʥʦ. 
ʂʘʢʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠʟʫʯʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʘʟʛʦʚʦʨʘ? ʇʨʘʚʠʣʴʥʳʡ ʚʳʚʦʜ ʤʦʞʥʦ 
ʩʜʝʣʘʪʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʀʊʉ ʥʘ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʷʭ ʦʙʫʯʝʥʠʷ, ʧʦʩʣʝ ʩʙʦ-
ʨʘ ʤʥʦʛʦʣʝʪʥʝʡ ʩʪʘʪʠʩʪʠʢʠ ʚʥʫʪʨʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʛʨʫʧʧ ʧʨʦʮʝʜʫʨʘ ʦʮʝʥʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʪʦʯʥʫʶ ʠ 
ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʶʱʫʶʩʷ ʦʮʝʥʢʫ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʘè. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʪʠʭ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʠ 
ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʘʢʞʝ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ ʠ , ʠ ʚ ʪʦ 
ʚʨʝʤʷ ʢʘʢ Vaessen et al. ʚ ʨʘʙʦʪʝ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ ʪʦʛʦ, ʢʘʢ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʀʊʉ ʩ ʣʫʯʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʀʊʉ ʩʧʦʩʦʙʝʥ ʠʤʠʪʠʨʦ-
ʚʘʪʴ ʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ-ʫʯʠʪʝʣʷ, ñʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʚ ʪʦʡ ʠʣʠ 
ʠʥʦʡ ʩʪʝʧʝʥʠ, ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʙʫʯʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤò [2].ʅʦ 
ʪʘʢʞʝ ʚʘʞʥʦ ʥʝ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʀʀ ʠ ʨʝʘʣʴ-
ʥʳʤ ʫʯʠʪʝʣʝʤ ʝʱʝ ʥʝʠʟʚʝʩʪʥʦ. ʂʘʢʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠʟʫʯʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʘʟʛʦʚʦ-
ʨʘ? ʇʨʘʚʠʣʴʥʳʡ ʚʳʚʦʜ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʀʊʉ ʥʘ ʚʩʝʭ ʦʩʥʦʚʥʳʭ 
ʫʨʦʚʥʷʭ ʦʙʫʯʝʥʠʷ, ʧʦʩʣʝ ʩʙʦʨʘ ʤʥʦʛʦʣʝʪʥʝʡ ʩʪʘʪʠʩʪʠʢʠ ʚʥʫʪʨʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʛʨʫʧʧ.  

 
2. ʇʏɾʆʃɹ ʃɹʃ ʊʈʇʊʇɺ ʇʋʊʄɾɿʁɻɹʆʁʘ ʌʊʈɾɻɹɾʅʇʊʋʁ ʌʐɹʒʁʎʊʘ ʖʋɹ ʈʉʇʏɾɽʌʉɹ 

ɺʔʄɹ ʐɹʊʋʁʐʆʇ ʇʈʁʊɹʆɹ ɻ ʉɹʀɽɾʄɾ 
 
 ɽʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʧʝʪʠʪʦʨʘ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʥʘ ʤʘʨʰʨʫʪʥʳʝ ʚʦʧʨʦʩʳ, ʢʘ-

ʩʘʶʱʠʝʩʷ ʟʘʜʘʥʠʡ ʠʣʠ ʨʘʩʧʠʩʘʥʠʷ ʟʘʥʷʪʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʪʦ ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ ʧʨʦʙʝʣʳ ʚ ʦʙʫʯʝʥʠʠ ʚ 
ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ɺ ʦʩʥʦʚʥʦʤ, ʠʥʩʪʨʫʢʪʦʨ (ʫʯʠʪʝʣʴ) ʦʮʝʥʠʚʘʝʪ ʚʳʙʦʨʦʯʥʳʡ ʥʘʙʦʨ ʦʪʚʝʪʦʚ ʫʯʘ-
ʱʠʭʩʷ, ʠ ʀʊʉ ʩʦʟʜʘʝʪ ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ, ʚʢʣʶʯʘʶʱʫʶ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ ʦʥ ʚʳʚʝʣ ʦ ʨʝʰʝʥʠʷʭ 
ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʦ ʦʮʝʥʢʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʵʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʟʘʜʘʥʠʡ ʜʨʫ-
ʛʠʭ ʩʪʫʜʝʥʪʦʚ.  

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʣʘʥʰʝʪʦʚ ʚ ʢʣʘʩʩʘʭ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʚ METAH lab ʚ ɻʨʝʥʦʙʣʝ. ʕʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʢʦʥ-
ʪʨʦʣʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʰʘʛ, ʢʦʪʦʨʳʡ ʩʪʫʜʝʥʪʳ ʜʝʣʘʶʪ ʚ ʢʣʘʩʩʝ. ʆʥ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʘʥʷʪʠʷ ʧʦ ʤʘ-
ʪʝʤʘʪʠʢʝ, ʬʠʟʠʢʝ, ʙʠʦʣʦʛʠʠ ʠ ʜʨʫʛʠʤ ʧʨʝʜʤʝʪʥʳʤ ʦʙʣʘʩʪʷʤ. ʉʪʫʜʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪ ʧʣʘʥʰʝʪʳ ʧʨʠ ʨʝ-
ʰʝʥʠʠ ʟʘʜʘʯ ʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʡ, ʘ ʫʯʠʪʝʣʴ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʠʭ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʩʪʨʝʩʩʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʩʪʫʜʝʥʪʦʚ 
ʚʦ ʚʨʝʤʷ ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʨʘʟʨʘʙʦʪʘʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʘʥʘʣʠʟʘ 
ʟʨʘʯʢʦʚ (IPA), ʢʦʪʦʨʘʷ ʧʨʝʚʦʩʭʦʜʠʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʥʘʣʠʟʫ ʟʨʘʯʢʦʚ. ʆʥʘ ʠʥʪʝʛʨʠʨʫʝʪ 
ʘʥʘʣʠʟ ʫʯʘʱʠʭʩʷ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʤʠ ʠ ʠʥʪʝʣʣʝʢʪʫ-
ʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʙʫʯʝʥʠʷ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʤʦʜʝʣʴʥʦʡ ʙʘʟʳ. ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʦʧʠʩʘʥ ʚ 
ʨʘʙʦʪʝ ʠ ʩʦʜʝʨʞʠʪ ʤʥʦʞʝʩʪʚʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʫʩʧʝʚʘʝʤʦʩʪʠ, ʧʨʦʛʨʝʩʩʘ ʠ 
ʧʦʪʝʥʮʠʘʣʘ ʫʯʘʱʠʭʩʷ. 

ʄʝʪʦʜʠʢʦʡ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʥʝʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, 
ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ (EDM) . ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʤʝ-
ʪʦʜʳ EDM ñʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʥʝʫʜʘʯ ʩʪʫʜʝʥʪʦʚ, ʘ ʟʘʪʝʤ 
ʦʥʠ ʧʦʣʝʟʥʳ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘ-
ʮʠʠ, ʧʦʤʦʛʘʶʱʝʡ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷò. ʇʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
ʜʘʥʥʳʭ, EDM ʪʘʢʞʝ ʠʩʩʣʝʜʫʝʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʨʠʢʠ, ʯʪʦʙʳ ʣʫʯʰʝ ʧʦʥʷʪʴ ʧʦʚʝʜʝʥʠʝ ʩʪʫʜʝʥʪʦʚ. 
ʀʤʝʥʥʦ ʵʪʠ ʤʝʪʦʜʳ "ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʡʥʠʥʛʘ" ʧʦʤʦʛʘʶʪ ʨʘʟʜʝʣʠʪʴ ʩʪʫʜʝʥʪʦʚ ʥʘ ʛʨʫʧʧʳ ʧʦ ʠʥʜʠʢʘ-
ʪʦʨʫ ʪʠʧʘ ʄʘʡʝʨʩʘ-ɹʨʠʛʛʩʘ. 
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ʋʙʚʤʡʯʙ 1  
ʁʦʝʡʣʙʫʧʩ ʋʡʨʙ ʅʙʢʞʩʪ-ɺʩʡʜʜʪ 

ʇʨʝʜʧʦʯʪʝʥʠʷ ʩʪʫʜʝʥʪʘ ʆʙʲʷʩʥʝʥʠʝ 

ʕʢʩʪʨʘʚʝʨʩʠʷ-ʀʥʪʨʦʚʝʨʩʠʷ ʤʳʰʣʝʥʠʝ-ʦʨʠʝʥʪʘʮʠʷ 

ʯʫʚʩʪʚʦ-ʠʥʪʫʠʮʠʷ ʜʝʡʩʪʚʠʝ-ʦʨʠʝʥʪʘʮʠʷ 

ʤʳʰʣʝʥʠʝ-ʯʫʚʩʪʚʦ ʦʩʥʦʚʘ ʧʨʠʥʷʪʠʡ ʨʝʰʝʥʠʡ 

ʦʩʫʞʜʝʥʠʝ-ʚʦʩʧʨʠʷʪʠʝ ʧʦʜʛʦʪʦʚʢʘ ʨʝʰʝʥʠʡ 

 
ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʦʮʝʥʢʠ ʀʀ - ʵʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ ʦʜʥʠʭ ʠ 

ʪʝʭ ʞʝ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʚʩʝʭ ʫʯʘʱʠʭʩʷ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʠ ʜʝʪʘʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦ ʨʝʟʫʣʴ-
ʪʘʪʘʤ ʨʘʙʦʪʳ.  

 
3. ʅɾʋʇɽʔ ʇɺʌʐɾʆʁʘ: ʇʋ ʈɾʉʊʇʆɹʄʁʀʁʉʇɻɹʆʆʇɼʇ ʇɺʌʐɾʆʁʘ ɽʇ 

ʇɺʉɹʀʇɻɹʋɾʄʕʆʔʎ ʉʇɺʇʋʇɻ 
 
ʆʜʥʘ ʠʟ ʧʨʦʙʣʝʤ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʠʤʝʝʪ ʨʘʟʥʳʡ 

ʪʝʤʧ ʦʙʫʯʝʥʠʷ ʠ ʧʦʥʠʤʘʥʠʝ ʠʥʩʪʨʫʢʮʠʡ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʝ, ʢʪʦ ʫʞʝ ʦʧʝʨʝʜʠʣ ʤʘʪʝʨʠʘʣ, ʤʦʛʫʪ ʣʝʛʢʦ 
ʟʘʩʢʫʯʘʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʧʦʪʝʨʷʪʴʩʷ ʚ ʥʦʚʳʭ ʪʝʨʤʠʥʘʭ ʠ ʷʚʣʝʥʠʷʭ. ʀʩʢʫʩ-
ʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʘ ʠʤʝʥʥʦ ʧʫʪʝʤ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦ-
ʛʦ ʦʙʫʯʝʥʠʷ. ʇʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ - ʵʪʦ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ñʧʦʜʛʦʥʷʝʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʥ-
ʪʝʥʪ ʢ ʫʥʠʢʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʦʪʜʝʣʴʥʳʭ ʩʪʫʜʝʥʪʦʚ "  ʠ ʧʦʤʦʛʘʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 
ʢʦʥʪʝʥʪ ʜʣʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ, ʪʝʤʧʘ ʦʙʫʯʝʥʠʷ ʠ ʫʨʦʚʥʷ ʟʥʘʥʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ 
ʠʟʙʝʞʘʪʴ ʧʨʦʚʘʣʦʚ ʩʪʫʜʝʥʪʦʚ ʥʘ ʵʢʟʘʤʝʥʘʭ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʭ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʦʙʫʯʝʥʠʷ. 
ʆʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢ-
12, ʦʜʥʘʢʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʥʘʯʘʣʠ ʚʥʝʜʨʷʪʴ ʝʛʦ ʚ ʩʚʦʶ ʧʝʜʘʛʦʛʠʯʝ-
ʩʢʫʶ ʧʨʘʢʪʠʢʫ. ʇʦ ʜʘʥʥʳʤ, ʋʥʠʚʝʨʩʠʪʝʪ ʰʪʘʪʘ ʆʛʘʡʦ ʚʤʝʩʪʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʫʞʝ 
ʧʠʣʦʪʠʨʫʶʪ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʠ ʩʪʨʝʤʷʪʩʷ ʜʦʩʪʠʯʴ ʧʦʢʘʟʘʪʝʣʷ ʚ 20% ʜʣʷ ʨʷʜʘ ʘʜʘʧʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤ ʢ 
2019 ʛʦʜʫ.  

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʦʙʲʝʜʠʥʝʥʳ ʩ 
ʤʝʪʦʜʘʤʠ ʛʝʡʤʠʬʠʢʘʮʠʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘ-
ʢʠʝ ʵʣʝʤʝʥʪʳ ʛʝʡʤʠʬʠʢʘʮʠʠ, ʢʘʢ ʜʦʩʢʠ ʣʠʜʝʨʦʚ ʠ ʙʘʣʣʳ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʬʠʢʩʘʮʠʠ ʫʩʧʝʚʘʝ-
ʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʩʢʦʨʦʩʪʠ ʫʩʚʦʝʥʠʷ ʫʯʘʱʠʤʠʩʷ ʥʦʚʦʛʦ ʫʯʝʙʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ.  

ʇʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʢʦʪʦʨʫʶ ʢʨʠʪʠʢʫ. ɸʣʴʬʠ ʂʦʥ, ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʠʩʘ-
ʪʝʣʴ ʠ ʣʝʢʪʦʨ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʦʩʧʠʪʘʥʠʷ ʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʛʦʚʦʨʠʪ: "ʥʝʢʦʪʦʨʳʝ 
ʬʦʨʤʳ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ", - ʧʠʩʘʣ 
ʂʦʥ...ʦʩʤʳʩʣʝʥʥʦʝ (ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠʯʥʦʝ) ʦʙʫʯʝʥʠʝ ʥʠʢʦʛʜʘ ʥʝ ʪʨʝʙʫʝʪ ʪʝʭʥʦʣʦʛʠʠ. ʇʦʵʪʦʤʫ, ʝʩʣʠ 
ʪʘʢʘʷ ʠʜʝʷ, ʢʘʢ ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ, ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʨʝʧʦʜʥʦʩʠʪʩʷ ʢʘʢ ʚʣʝʢʫʱʝʝ ʟʘ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ ʠʣʠ ʵʢʨʘʥ, ʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʢʨʘʡʥʝ ʩʢʝʧʪʠʯʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʪʦʛʦ, ʢʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʳʠʛ-
ʨʳʚʘʝʪ".  

ɺʩʷ ʦʩʪʘʣʴʥʘʷ ʢʨʠʪʠʢʘ ʚ ʦʩʥʦʚʥʦʤ ʩʚʦʜʠʪʩʷ ʢ ʠʜʝʝ ʦ ʪʦʤ, ʯʪʦ ʚʳʩʦʢʦʤʦʪʠʚʠʨʦʚʘʥʥʦʤʫ ʩʪʫʜʝʥʪʫ 
ʜʘʞʝ ʥʝ ʥʫʞʥʘ ʧʝʨʩʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʙʫʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʩʪʫʜʝʥʪ ʩʘʤ ʦʙʥʘʨʫʞʠʚʘʝʪ ʚʩʶ ʚʘʞʥʫʶ 
ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʝʛʦ ʦʙʫʯʝʥʠʷ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʪʝʨʤʠʥʘ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ 
ʩʝʛʦʜʥʷ ʠʩʭʦʜʠʪ ʥʝ ʦʪ ʟʘʧʨʦʩʦʚ ʫʯʘʱʠʭʩʷ, ʘ ʦʪ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʧʨʦʜʘʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩ-
ʧʝʯʝʥʠʝ.  

ɿʜʝʩʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʪʘ ʞʝ ʢʨʠʪʠʢʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʠ ʯʝ-
ʣʦʚʝʢʘ, ʪʝʤ ʙʦʣʝʝ ʟʘʤʝʥʘ ʀʀ-ʨʦʙʦʪʘ ʫʯʠʪʝʣʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝ ʦʯʝʥʴ ʭʦʨʦʰʝʤʫ ʨʝʟʫʣʴʪʘʪʫ ʜʣʷ 
ʧʦʥʠʤʘʥʠʷ ʨʝʙʝʥʢʦʤ ʩʦʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɺʩʝ ʩʪʫʜʝʥʪʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʢʨʠʚʳʝ ʦʙʫʯʝʥʠʷ. ʍʦʨʦʰʠʡ 
ʫʯʠʪʝʣʴ ʜʦʣʞʝʥ ʩʪʘʨʘʪʴʩʷ ʜʦʥʝʩʪʠ ʠʥʬʦʨʤʘʮʠʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ ʨʝʟʦʥʠʨʦʚʘʣʘ ʩ ʢʘʞʜʳʤ 
ʫʯʝʥʠʢʦʤ. ʅʝʢʦʪʦʨʳʝ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʠʤʝʪʴ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠʣʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ 
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XXIX ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐz ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʪʦʨʤʦʟʷʪ ʠʣʠ ʫʩʣʦʞʥʷʶʪ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʋ ʥʝʢʦʪʦʨʳʭ ʜʝʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʨʦʜʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʩʣʠʰʢʦʤ ʚʦ-
ʚʣʝʯʝʥʳ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʦʚʣʝʯʝʥʳ ʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ. ʂʘʢ ʫʯʠʪʝʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʤʦ-
ʛʫʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʧʦʜʦʙʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ?  

ʀʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʨʦʙʦʪʘ ʩ ʩʦʮʠʘʣʴʥʳʤʠ ʥʘʚʳʢʘʤʠ ʷʚʣʷʝʪʩʷ NAO, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʬʨʘʥ-
ʮʫʟʩʢʦʡ ʬʠʨʤʦʡ Aldebaran Robotics. ʕʪʦʪ ʨʦʙʦʪ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 
ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʜʣʷ ʜʝʪʝʡ ʩ ʘʫʪʠʟʤʦʤ. ʉʦʙʳʪʠʷ, ʧʦʜʦʙʥʳʝ ʵʪʦʤʫ, ʪʘʢʞʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʧʦʥʠʤʘʥʠʠ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʘ ʩʚʝʨʭʲʝʩʪʝʩʪʚʝʥʥʦʡ ʜʦʣʠʥʳ. ʈʦʙʦʪʳ, ʧʦʜʦʙʥʳʝ ʅɸʆ, ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʩʦ-
ʟʜʘʥʠʠ ʨʦʙʦʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʳʟʳʚʘʶʪ ʥʠʢʘʢʠʭ ʥʝʛʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ. 

 
ʀɹʃʄʗʐɾʆʁɾ 

 
ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨ-

ʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʪʝʤʳ. ɺ ʥʝʤ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 
ʤʦʞʝʪ ʧʦʤʦʯʴ ʨʘʩʰʠʬʨʦʚʘʪʴ ʪʨʫʜʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʠ ʧʦʥʷʪʴ, ʢʘʢ ʧʦʤʦʯʴ ʠʤ, ʫʣʫʯʰʠʪʴ ʚʦʦʙʨʘʞʝʥʠʝ 
ʢʦʣʣʝʢʪʠʚʘ ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʥʦʚʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʦʧʳʪ.  

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʙʟʦʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʣʘʚʥʳʡ ʚʳʚʦʜ ʩʪʘʥʦʚʠʪʩʷ 
ʷʩʝʥ. ɽʩʣʠ ʤʳ ʩʨʘʚʥʠʤ ʥʘʰʫ ʫʯʝʙʥʫʶ ʩʨʝʜʫ, ʪʦ ʥʝ ʫʚʠʜʠʤ ʤʥʦʛʦ ʦʪʣʠʯʠʡ ʦʪ ʥʘʰʝʛʦ ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳ-
ʪʘ. ʆʜʥʘʢʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʣʘʥʜʰʘʬʪ ʤʝʥʷʝʪʩʷ ʠ ʚʠʜʦʠʟʤʝʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʀʀ, ʭʦʪʷ ʀʀ ʥʝ ʟʘʤʝ-
ʥʠʪ ʧʦʣʥʦʩʪʴʶ ʥʘʰʫ ʪʨʘʜʠʮʠʦʥʥʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʝʧʨʘʚʠʣʴʥʦ ʧʳʪʘʪʴʩʷ 
ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʩʦʮʠʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. ɽʛʦ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʢ 
ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʦʙʫʯʝʥʠʷ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩ ʛʝʡʤʠʬʠʢʘʮʠʝʡ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦ-
ʠʩʭʦʜʠʪ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ VR ʠ AR.  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʘʝʪ ʤʥʦʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 
ʨʘʟʚʠʪʠʷ ʤʘʩʩʦʚʳʭ ʦʪʢʨʳʪʳʭ ʦʥʣʘʡʥ-ʢʫʨʩʦʚ. ʆʮʝʥʢʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʘʥʠʡ, ʚʳʷʚʣʝʥʠʝ ʧʨʦʙʝ-
ʣʦʚ ʚ ʦʙʫʯʝʥʠʠ ʠ ʦʙʫʯʝʥʠʠ ʙʦʣʴʰʝ ʥʝ ʙʫʜʝʪ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʂʨʦ-
ʤʝ ʪʦʛʦ, ʠʟʤʝʨʝʥʠʝ ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʫʯʝʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 
ʵʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʤʦʛʫʪ ʧʨʦʧʫʩʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʘʚʠʣʴʥʳʝ, ʥʦ ʨʝʜʢʠʝ ʫʥʠʢʘʣʴʥʳʝ 
ʨʝʰʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʠʩʪʝʤʘ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʤʘʩʩʠʚʥʦʡ ʩʪʘʪʠʩʪʠʢʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʀʀ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ ʚʝʨʥʳʤʠ ʚ ʣʶʙʦʡ ʚʦʟʤʦʞʥʦʡ ʩʠʪʫʘʮʠʠ 
ʙʝʟ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʥʘʩʪʘʚʥʠʢʘ.  

ʇʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʘʷ ʫʯʝʙʥʘʷ ʩʨʝʜʘ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʜʘʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʰʢʦʣʴʥʠʢʘʤ ʠ ʩʪʫʜʝʥʪʘʤ ʩ ʪʘʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʢʘʢ ʜʠʩʣʝʢʩʠʷ ʠʣʠ ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ ʩʦ 
ʟʜʦʨʦʚʴʝʤ, ʫʯʠʪʴʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. ʕʪʦ ʪʘʢʞʝ ʧʦʤʦʞʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʥʪʝʥʪ ʢ 
ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʪʫʜʝʥʪʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʷ ʙʦʣʝʝ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʯʝʙʥʳʝ ʧʣʘʥʳ. 

 ʕʪʘ ʨʘʙʦʪʘ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʟʥʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʙʫʜʝʪ ʠʥʪʝʨʝʩʥʘ ʧʨʦ-
ʬʝʩʩʠʦʥʘʣʘʤ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʩʪʫʜʝʥʪʘʤ ʠ ʣʶʜʷʤ, ʢʦ-
ʪʦʨʳʝ ʟʘʙʦʪʷʪʩʷ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
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ǡǩǪǟǣ ǫǟǷǧǬǧǰǱǟ ǩǟǩ ǼǯǢǟǱǧǶǤǰǩǧǨ 
ǳǟǩǱǭǯ Ǯǯǧ ǭǵǤǬǩǤ ǼǳǳǤǩǱǧǡǬǭǰǱǧ 
ǼǩǰǮǪǲǟǱǟǵǧǧ ǩǟǯǻǤǯǬǭǢǭ ǼǩǰǩǟǡǟǱǭǯǟ  

ǫȍȑȞȉȍȁ ǬȇȉȍȊǿȈ ǽȏțȄȁȇȖ 
ʄʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʀʚʘʥʦʚʘ ʇʦʣʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 
ʢ.ʪ.ʥ., ʘʩʩʠʩʪʝʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʉʦʩʪʦʷʥʠʝ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʢʘʯʝ-
ʩʪʚʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 
ʮʝʣʦʤ ʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʚ ʯʘʩʪʥʦʩʪʠ. 
ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʢʘʨʴʝʨʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʚʠ-
ʩʠʪ ʦʪ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʥʦʞʝʩʪʚʘ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʶʪ 
ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʩʣʝʜʫʶʱʠʭ ʛʨʫʧʧ: ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ 
ʬʘʢʪʦʨʘ ʠ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ɻ ʨʛʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʵʢʩʢʘʚʘʪʦʨʘ ʤʘʰʠʥʠʩʪʦʤ.  
ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʚʢʣʘʜ ʤʘʰʠʥʠʩʪʘ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʛʘʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʙʦʪʝ ʵʢʩ-
ʢʘʚʘʪʦʨʘ, ʫʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʙʦʪʝ ʤʘʰʠʥʠʩʪʘ ʥʘ ʪʨʝʥʘʞʝʨʝ ʢʘʨʴʝʨʥʦʛʦ ʵʢʩʢʘʚʘ-
ʪʦʨʘ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʢʩʢʘʚʘʪʦʨ, ʤʘʰʠʥʠʩʪ ʵʢʩʢʘʚʘʪʦʨʘ, ʪʨʝʥʘʞʝʨ, ʨʫʜʥʳʡ ʜʚʦʨ, ʰʠʭʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ. 
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Abstract: The state of mining equipment should be focused on the technical and quality requirements im-
posed by the prospects for the development of the mineral resource complex in General and the mining indus-
try in particular. 
The intensity of resource development of a mining excavator in various operating conditions depends on the 
external influence of many influencing factors. External factors of the following groups have a significant im-
pact: maintenance systems, natural and climatic factors, and the level of control of the excavator's ergatic sys-
tem by the driver. 
It is proposed to evaluate the contribution of the driver to the intensity of degassing processes during the oper-
ation of the excavator, taking into account the results obtained when the driver works on the simulator of a 
mining excavator under specified operating conditions. 
Key words: excavator, excavator driver, simulator, ore yard, charge materials. 
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XXIX ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐz ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʚ 
ʰʪʘʙʝʣʠ ʥʘ ʫʩʨʝʜʥʠʪʝʣʴʥʳʭ ʩʢʣʘʜʘʭ. ʇʨʠʤʝʥʝʥʠʝ ʵʢʩʢʘʚʘʪʦʨʦʚ ʜʘʝʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠ-
ʤʠʟʘʮʠʠ ʵʪʦʛʦ ʪʨʫʜʦʝʤʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʩʨʝʜʥʝʥʠʷ ʵʢʩʢʘʚʘ-
ʪʦʨʘʤʠ ʬʦʨʤʠʨʫʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʰʪʘʙʝʣʴ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʚ ʢʦʪʦʨʦʤ ʤʘʪʝʨʠʘʣʳ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʦ ʧʝʨʝʤʝʰʠʚʘʶʪ. ʇʨʠ ʵʪʦʤ ʦʜʠʥ ʠʟ ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʝʨʝʛʨʫʞʘʝʪ ʩʳʨʴʝ ʠʟ ʦʪʢʦʩʘ ʵʩʪʘʢʘʜʳ ʚ ʧʨʦʤʝʞʫ-
ʪʦʯʥʳʡ ʰʪʘʙʝʣʴ; ʚʪʦʨʦʡ ʵʢʩʢʘʚʘʪʦʨ ʧʝʨʝʛʨʫʞʘʝʪ ʩʳʨʴʝ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʰʪʘʙʝʣʷ ʚ ʦʪʛʨʫʟʦʯʥʳʡ 
ʰʪʘʙʝʣʴ; ʪʨʝʪʠʡ ʵʢʩʢʘʚʘʪʦʨ ʟʘʛʨʫʞʘʝʪ ʩʳʨʴʝ ʚ ʚʘʛʦʥʳ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʫʥʢʝʨʳ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝ-
ʛʨʫʟʢʠ ʩʳʨʴʷ ʠʟ ʰʪʘʙʝʣʷ ʚ ʰʪʘʙʝʣʴ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʫʩʨʝʜʥʝʥʠʝ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩʪʘʙʠʣʠ-
ʟʘʮʠʷ ʢʘʯʝʩʪʚʘ ʩʳʨʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʭʦʜʘ ʜʦʤʝʥʥʦʛʦ 
ʧʨʦʮʝʩʩʘ [1, 2]. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʚʥʫʪʨʠʢʘʨʴʝʨʥʳʭ ʙʫʬʝʨʥʦ-ʫʩʨʝʜʥʠʪʝʣʴʥʳʭ ʩʢʣʘʜʘʭ ʵʢʩʢʘʚʘ-
ʪʦʨʦʚ ʪʠʧʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʣʦʧʘʪʘ ʝʤʢʦʩʪʴ ʰʪʘʙʝʣʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʨʘʟʤʝʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ, ʙʫʜʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 26 ʜʦ 43 ʪʳʩ. ʪ., ʘ ʝʤʢʦʩʪʴ ʟʦʥʳ ʩʤʝʰʠʚʘʥʠʷ ï ʦʪ 3,3 ʜʦ 5,5 ʪʳʩ. ʪ.  

ʇʨʦʩʪʦʠ ʠ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʦʩʪʘʥʦʚʳ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʛʦʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ ʛʦʨʥʦʜʦʙʳʚʘʶ-
ʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ ʢʘʨʴʝʨʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʫʪʠ - ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʝʨʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤ ʠ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʠʣʠ ʞʝ 
ʦʩʪʘʥʦʚʢʘ ʚ ʨʘʙʦʪʝ ʚʩʝʛʦ ʫʯʘʩʪʢʘ ʧʨʝʜʧʨʠʷʪʠʷ [3, 4, 5, 6]. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʵʢʩʢʘʚʘʪʦʨʦʤ ʚ ʮʝʣʦʤ ʠ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʯʘʩʪʥʦ-
ʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝ-
ʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʠʭ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʥʘʨʘ-
ʙʦʪʢʫ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 [7, 8, 9, 10, 11]. 

 
ʉʡʪ. 1. ʍʙʣʫʧʩʴ, ʧʨʩʞʝʞʤʸʷʲʡʞ ʶʭʭʞʣʫʡʛʦʧʪʫʵ ʭʬʦʣʯʡʧʦʡʩʧʛʙʦʡʸ ʣʙʩʵʞʩʦʧʜʧ ʶʣʪʣʙʛʙʫʧʩʙ 

 
ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʨ-

ʥʳʭ ʤʘʰʠʥ ʚʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʵʨʛʘʪʠʯʝʩʢʠʝ, ʩʚʷʟʘʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʫʯʘ-
ʩʪʠʝʤ ʯʝʣʦʚʝʢʘ, ʠ ʬʘʢʪʦʨʳ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʛʜʝ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʩʚʝʜʝʥʦ ʢ ʤʠʥʠʤʫʤʫ. 
ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʘʥʘʣʠʟʫ ʬʘʢʪʦʨʦʚ ʵʨʛʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 

 - ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦ ʩʣʦʞʥʦʡ ʵʨʛʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʠʧʘ ʵʢʩʢʘʚʘʪʦʨ (ʢʚʘʣʠʬʠʢʘʮʠʷ, 
ʦʧʳʪ, ʥʘʚʳʢʠ, ʜʠʩʮʠʧʣʠʥʘ, ʦʰʠʙʢʠ ʚ ʨʘʙʦʪʝ ʤʘʰʠʥʠʩʪʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʵʢʩʢʘʚʘʪʦʨʦʤ ʠ ʝʛʦ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ); 

- ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ (ʩʠʩʪʝʤʘ ʊʆ ʠ ʈ, ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʊʆ ʠ ʨʝ-
ʤʦʥʪʫ, ʢʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ); 

- ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʦʩʘʜʢʠ, ʚʝʪʝʨ). 
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ʆʮʝʥʠʪʴ ʚʢʣʘʜ ʤʘʰʠʥʠʩʪʘ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʛʘʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʙʦʪʝ ʵʢʩʢʘʚʘʪʦʨʘ 
ʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʪʨʝʥʘʞʝʨ ʦʧʝʨʘʪʦʨʘ ʵʢʩʢʘʚʘʪʦʨʘ ʢʘʨʴʝʨʥʦʛʦ ʛʫʩʝʥʠʯʥʦʛʦ 
ʕʂɻ-18ʈ (ʨʠʩ.2), ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʦʜʫʣʷ ʠʥʩʪʨʫʢʪʦʨʘ ʠ ʤʦʜʫʣʷ ʤʘʰʠʥʠʩʪʘ.  

 

 
ʉʡʪ. 2. ʋʩʞʦʙʟʞʩ ʧʨʞʩʙʫʧʩʙ ʶʣʪʣʙʛʙʫʧʩʙ ʣʙʩʵʞʩʦʧʜʧ ʜʬʪʞʦʡʰʦʧʜʧ ʖʃɼ-18ʉ 

 
ʄʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʣʘʪʬʦʨʤʫ (ʠʤʝʝʪ ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ) ʠ ʠʤʠʪʠʨʫʝʪ 

ʢʘʙʠʥʫ ʠ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʵʢʩʢʘʚʘʪʦʨʘ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʠ ʨʝʘʢʮʠʶ 
ʤʘhʠʥʳ ʦʪ ʣʶʙʦʛʦ ʜʝʡʩʪʚʠʷ ʤʘʰʠʥʠʩʪʘ. ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʫʣʴ ʠʤʠʪʠʨʫʝʪ ʢʘʙʠʥʫ ʵʢʩʢʘʚʘʪʦʨʘ, ʚ ʢʦʪʦ-
ʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʢʨʝʩʣʦ-ʧʫʣʴʪ ʦʧʝʨʘʪʦʨʘ ʩ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʢʘʚʘʪʦʨʦʤ. ʀʤʠʪʘʪʦʨ ʢʘʙʠʥʳ ʵʢʩ-
ʢʘʚʘʪʦʨʘ ʦʩʥʘʱʝʥ ʠʤʠʪʘʪʦʨʘʤʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʨʠʙʦʨʦʚ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʠʛʥʘ-
ʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʭ ʨʘʟʤʝʱʝʥʠʶ ʚ ʦʪʜʝʣʝʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʙʠʥʳ ʨʝʘʣʴʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨ. 

ʊʨʝʥʘʞʝʨ ʚʳʧʦʣʥʷʝʪ ʪʨʠ ʬʫʥʢʮʠʠ: 
1) ʠʟʤʝʨʠʪʝʣʴʥʫʶ (ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʫʯʝʙʥʳʭ ʟʘʜʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʟʘʤʝʨ 

ʚʳʭʦʜʥʳʭ ʚʝʣʠʯʠʥ);  
2) ʦʙʫʯʘʶʱʫʶ (ʨʘʙʦʪʘ ʩ ʪʨʝʥʘʞʝʨʦʤ ʧʦʚʳʰʘʝʪ ʥʘʚʳʢ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʴʥʳʤ ʵʢʩʢʘʚʘʪʦʨʦʤ);  
3) ʠʤʠʪʘʮʠʦʥʥʫʶ (ʪʨʝʥʘʞʝʨ ʩʦʟʜʘʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙ ʩʳʤʠʪʠʨʦʚʘʪʴ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʥʝʩʪʘʥʜʘʨʪʥʫʶ 

ʩʠʪʫʘʮʠʶ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʥʘʚʳʢʦʚ ʙʝʟ ʨʠʩʢʘ ʫʱʝʨʙʘ ʜʣʷ ʪʝʭʥʠʢʠ). 
ʇʨʦʚʝʜʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʘʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʤʦʞʥʦ ʩʨʘʚ-

ʥʠʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʣʠʷʥʠʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʦʧʳʪʘ ʤʘʰʠʥʠʩʪʘ ʥʘ ʙʝʟʘʚʘʨʠʡʥʫʶ 
ʨʘʙʦʪʫ ʵʢʩʢʘʚʘʪʦʨʘ [12, 13]. 

 

 
ʉʡʪ. 3. ʉʞʠʬʤʵʫʙʫʴ ʶʣʪʨʞʩʡʥʞʦʫʧʛ ʦʙ ʫʩʞʦʙʟʞʩʞ ʧʨʞʩʙʫʧʩʙ ʶʣʪʣʙʛʙʫʧʩʙ ʫʡʨʙ ʖʃɼ 
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ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʘʥʘʣʠʟʘ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʤʘʰʠʥʳ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢ ʢʘʢʦʤʫ ʢʣʘʩʩʫ 
ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʠ ʢʘʢʠʝ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʝʝ ʘʥʘʣʠʟʘ. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʩʠʣʦʚʳʝ 
ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʷʚʥʳʭ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ ʠ ʟʘʚʠʩʷʪ ʦʪ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʥʝʰ-
ʥʠʭ ʠʣʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ.  

ɹʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʨʘʙʦʪʘ ʪʨʝʭ ʤʘʰʠʥʠʩʪʦʚ ʨʘʟʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʚʳʧʦʣʥʠʚʰʠʭ ʧʦ ʯʝʪʳ-
ʨʝ ʨʘʙʦʯʠʭ ʮʠʢʣʘ ʥʘ ʪʨʝʥʘʞʝʨʝ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. ʊʘʢʞʝ ʧʨʝʜ-
ʩʪʘʚʣʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʮʠʢʣ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʮʝʥʢʝ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʦʚ ʵʢʩʢʘ-
ʚʘʪʦʨʘ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʤʦʜʫʣʝ-ʪʨʝʥʘʞʝʨʝ, ʩʨʘʚʥʠʚʘʶʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʜʝ-
ʘʣʴʥʦʛʦ ʮʠʢʣʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʨʘʙʦʪʫ ʤʘʰʠʥʠʩʪʘ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦ, ʪʘʢ ʠ ʜʘʪʴ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ. 
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Parts / I.E. Zvonarev, S.L. Ivanov, D.I. Shishlyannikov // Practia Engineering 150 (2016) 618-625 doi: 10.1016 
/ j.proeng.2016.07.054 
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Abstract: The purpose of the work is to create a simple system that allows you to easily register breathing 
parameters during the swimming process, which ensures the effectiveness of the training. Information ob-
tained during the training can help to provide a more complete picture of the dynamics and statics of the ongo-
ing breathing processes of athletes in order to achieve high results. 
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ɻɻɾɽɾʆʁɾ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʙʠʦʩʠʛʥʘʣʦʚ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯʘʭ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʦʡ ʚʘʞʥʝʡʰʝʡ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʜʳʭʘʥʠʷ. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 
ʤʦʥʠʪʦʨʠʥʛ ʜʳʭʘʥʠʷ ʩʧʦʨʪʩʤʝʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʢʠ ʚʨʘʯʦʤ ʠʣʠ ʪʨʝʥʝʨʦʤ ʥʘʨʫʰʝʥʠʡ 
ʜʳʭʘʥʠʷ ʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʣʦʚʮʘ. 

ʉ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʝ ʧʦʷʚʠʣʘʩʴ 
ʪʝʥʜʝʥʮʠʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʣʘʜʘʶʱʠʭ 
ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʭʦʨʦʰʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  [1]. 
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ʇɺʒʁʂ ʈʉʁʆʏʁʈ ʉɹɺʇʋʔ 
 
ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʪʘʪʠʚʥʫʶ ʪʝʣʝʤʝʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʜʳʭʘʥʠʷ ʚ ʨʝʘʣʴ-

ʥʦʤ ʚʨʝʤʝʥʠ (ʨʠʩ. 1), ʚʢʣʶʯʘʶʱʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 2 ʜʳʭʘʥʠʷ, ʚʩʪʘʚʣʝʥʥʳʡ ʚ ʤʘʩʢʫ ʜʣʷ ʣʠʮʘ, 
ʩʦʝʜʠʥʝʥʥʳʡ ʯʝʨʝʟ ʙʣʦʢ 3 ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʧʝʨʝʜʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ 4, ʩʨʝʜʩʪʚʦ 1 ʢʨʝʧʣʝʥʠʷ 
ʙʣʦʢʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʧʝʨʝʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 5, ʩʦʝʜʠʥʝʥʥʦʝ ʩ ʢʦʤʧʴʶ-
ʪʝʨʦʤ 6 ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʠʛʥʘʣʦʚ [2]. 

 
 

 
ʉʡʪ. 1. ʊʮʞʥʙ ʫʞʤʞʥʞʫʩʡʰʞʪʣʧʢ ʪʡʪʫʞʥʴ ʙʦʙʤʡʠʙ ʨʙʩʙʥʞʫʩʧʛ ʝʴʮʙʦʡʸ 

 
ʉʦʟʜʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʪʘʢ ʢʘʢ ʚʩʝ ʩʦʩʪʘʚ-

ʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʲʝʤʥʳʝ ʜʘʪʯʠʢʠ ʧʦʪʦʢʘ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʫʩʢʘ-
ʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʚ ʩʦʩʪʘʚʝ ʧʦʨʪʘʪʠʚʥʳʭ ʩʧʠʨʦʤʝʪʨʦʚ [3] ʠ ʠʟʜʝʣʠʡ ʤʝʜʠʮʠʥʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ. 
ɺʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʤʦʞʥʦ ʟʘʢʨʝʧʠʪʴ ʥʘ ʜʳʭʘʪʝʣʴʥʳʭ ʪʨʫʙʢʘʭ ʜʣʷ ʧʣʦʚʮʦʚ (ʨʠʩ. 2) [4], ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 
ʢʦʨʧʫʩ ʩ ʟʘʛʫʙʥʠʢʦʤ ʠ ʥʘʣʦʙʥʠʢ ʩ ʢʦʣʴʮʝʚʳʤ ʜʝʨʞʘʪʝʣʝʤ. ʉʧʦʨʪʩʤʝʥʳ ʧʨʠʤʝʥʷʶʪ ʜʳʭʘʪʝʣʴʥʳʝ ʪʨʫʙ-
ʢʠ ʜʣʠʥʦʡ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʨʘʜʠʫʩʫ ʥʝ ʙʦʣʝʝ 48 ʩʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʳ ʩ ʚʥʫʪʨʝʥʥʠʤ 
ʜʠʤʝʪʨʦʤ ʥʝ ʤʝʥʝʝ 20 ʤʤ. ɺ ʧʨʦʮʝʩʩʝ ʧʣʘʚʘʥʠʷ ʥʘ ʪʨʝʥʠʨʦʚʢʘʭ ʧʣʦʚʝʮ ʥʘ ʚʜʦʭʝ-ʚʳʜʦʭʝ ʚʳʟʳʚʘʝʪ 
ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʦʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʜʘʪʯʠʢʦʤ ʧʦʪʦʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʥʫʪʨʠ ʜʳʭʘʪʝʣʴʥʦʡ 
ʪʨʫʙʢʠ. 

 

 
 

ʉʡʪ. 2. ɽʴʮʙʫʞʤʵʦʙʸ ʫʩʬʚʣʙ ʝʤʸ ʨʤʧʛʯʙ 
 
ʆʪ ʜʘʪʯʠʢʘ ʟʘʚʠʩʷʪ ʤʘʩʩʘ ʠ ʨʘʟʤʝʨʳ ʧʦʨʪʘʪʠʚʥʦʛʦ ʧʨʠʙʦʨʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʪʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢ ʚʦʟʜʝʡʩʪʚʠʷʤ. ɼʣʷ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦʜʭʦʜʠʪ ʤʠʥʠʘʪʶʨʥʳʡ ʜʘʪʯʠʢ ʍʦʣʣʘ ʚ ʧʨʦʯʥʦʤ ʠ ʚʣʘʛʦʟʘʱʠ-
ʱʝʥʥʦʤ ʢʦʨʧʫʩʝ (ʨʠʩ. 3).  
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ʉʡʪ. 3. ʈʩʡʦʯʡʨ ʩʙʚʧʫʴ ʫʬʩʚʡʦʦʧʜʧ ʝʙʫʰʡʣʙ ʨʧʫʧʣʙ 
 

ɺ ʜʘʪʯʠʢ ʚʩʪʨʦʝʥ ʧʨʦʚʦʜʥʠʢ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʧʫʩʢʘʶʪ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʘ ʥʘʧʨʦʪʠʚ 
ʨʘʩʧʦʣʦʞʝʥ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ, ʚʨʘʱʘʶʱʠʡʩʷ ʥʘ ʚʘʣʫ. ʉʠʣʘ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, ʚʦʟʜʝʡ-
ʩʪʚʫʶʱʘʷ ʥʘ ʣʦʧʘʩʪʠ ʪʫʨʙʠʥʳ, ʟʘʩʪʘʚʣʷʝʪ ʚʨʘʱʘʪʴʩʷ ʮʝʥʪʨʘʣʴʥʳʡ ʚʘʣ [5]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʩʠʛʥʘʣʴ-
ʥʦʤ ʚʳʭʦʜʝ ʧʦʷʚʣʷʝʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʦʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘ-
ʣʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʸʪʩʷ ʢʘʞʜʳʤ ʠʟ 16 ʜʘʪʯʠʢʦʚ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʣʫʧʝʨʠʦʜ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʚʜʦʭʫ, ʦʪʨʠʮʘʪʝʣʴʥʳʡ - ʚʳʜʦʭʫ. ʀʥʜʠʢʘʪʦʨ ʩʦʜʝʨʞʠʪ ʩʯʝʪʯʠʢ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʙʦʨʦʪʦʚ ʚ ʝʜʠ-
ʥʠʮʫ ʚʨʝʤʝʥʠ. ʃʠʥʝʡʥʳʡ ʜʘʪʯʠʢ ʍʦʣʣʘ DRV5003 [6] ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʧʣʘʪʫ ʠ ʠʤʝʝʪ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ 
0,15é50 ʣ/ʤʠʥ. ʊʠʧ ʚʳʭʦʜʘ - ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ 1,6é5,2 ɺ ʩ ʨʘʙʦʯʝʡ ʪʦʯʢʦʡ Ñ6,9 ʤʊʣ. 

 
ʉɹʊʐɫʋ ʈɹʉɹʅɾʋʉʇɻ  

 
ɺ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʞʜʦʤ ʠʟ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʧʦʢʘʟʘʥʠʷ ʩ ʜʘʪʯʠʢʦʚ ʥʫʞʥʦ ʩʦʙʠʨʘʪʴ ʥʝ ʨʝʞʝ ʯʝʤ 1 ʨʘʟ ʚ 0,5 ʩʝʢʫʥʜ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʜʦʭʘ ʠʣʠ 
ʚʳʜʦʭʘ ï ʦʪ 0,5 ʩ ʜʦ 5 ʩ. ɼʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʠ ʚʳʜʦʭʘ ï ʦʪ 200 ʤʣ/ʩʝʢ ʜʦ 15 ʣ/ʩʝʢ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦ-
ʨʝʤʦʡ ʂʦʪʝʣʴʥʠʢʦʚʘ ð ʐʝʥʥʦʥʘ ʪʦʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦ, ʪʦʣʴʢʦ ʝʩʣʠ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 
ʚʳʰʝ, ʯʝʤ ʫʜʚʦʝʥʥʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʘ: 

ɻʮ
t

f 2
1
== .                                                                       (1) 

ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɸʎʇ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʦ ʩʧʠʨʦʤʝʪʨʘ: 

ɻʮfFʜʠʩʢʨ 42*22 ===m .                                                        (2) 

ɼʣʷ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚʳʙʝʨʝʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʜʦʭʘ-ʚʳʜʦʭʘ ʨʘʚʥʦʡ  5 ʩʝʢʫʥʜʘʤ. 
ʇʨʠ  5 ʩʝʢʫʥʜʘʭ ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʯʸʪʦʚ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ: 

20
250

5
==

ʤʩ

ʩ
Nʦʪʩʯʸʪʦʚ .                                                            (3) 

ʏʠʩʣʦ ʫʨʦʚʥʝʡ ʢʚʘʥʪʦʚʘʥʠʷ n ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

200
12

470
32

12
===

g
Kn ,

                                                   
(4) 

ʛʜʝ K ʠ Ὓ - ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. [7] 
 
 

https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D0%BE%D0%BD%D0%BA%D0%B8%D0%B9_%D0%B2%D0%B5%D0%BB%D1%8F%D1%80%D0%BD%D1%8B%D0%B9_%D1%81%D0%BF%D0%B8%D1%80%D0%B0%D0%BD%D1%82























































































































































































































































































































































































































































































































































































