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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

27.02.2018 ʛ. 

XIV  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

çʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ:  

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ, ɼʆʉʊʀɾɽʅʀʗ ʀ ʀʅʅʆɺɸʎʀʀè 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʘ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

 

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

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

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

ʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

2. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ (ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʙʦʨʥʠʢʘ ʧʦ ʠʪʦʛʘʤ ʢʦʥʢʫʨʩʘ) ʚ ʣʠʮʝ: 

 

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

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

ʬʝʜʨʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

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

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

çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè  

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

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

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

ʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è  

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

ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʬʘʢʫʣʴʪʝʪʘ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

ʩʠʙʠʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʩʦʨ ʢʘʬʝʜʨʳ ʄʝʥʝʜʞʤʝʥʪʘ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻɸʆʋ  ɺʆ çʂʨʳʤʩʢʠʡ ʬʝ-

ʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  ʀʥʩʪʠʪʫʪ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

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

ʱʠʡ ʢʘʬʝʜʨʦʡ çʌʠʟʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝè, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʩʧʦʨʪʠʚʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

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

ʣʠʘʣ) ʆʋʇ ɺʆ çɸʢʘʜʝʤʠʷ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡè  

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

ʮʝʥʪ ʢʘʬʝʜʨʳ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʣʠʪʝʨʘʪʫʨʳ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʬʝʜʨʳ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʈʷʟʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè 

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

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

ʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦè 

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

ʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʧʨʘʚʘ ʋʣʴʷʥʦʚʩʢʦʛʦ ʬʠʣʠʘʣ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ  

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

ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè  

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

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

ʩʪʠʪʫʪ ʄɺɼ ʈʦʩʩʠʠè  

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

ʥʦʤʠʢʦ-ʶʨʠʜʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ 

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

ɺʆ çʐʘʜʨʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

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

ʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè   

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

ʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʌɻɹʆʋ ɺʆ çʇʝʪʨʦʟʘʚʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡè 

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

ʬʝʩʩʦʨ ɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

ʬʝʜʨʳ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ɸʟʦʚʦ-ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʌɻɹʆʋ ɺʆ ɼʦʥʩʢʦʡ ɻɸʋ ʚ ʛ. ɿʝʨʥʦʛʨʘʜʝ  

26) ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï 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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ʄʘʛʠʩʪʨʘʥʪʳ 

ÂÚÐçÕÝÚÞ ÁÕàÓÕÙ ½ØÚÞÛÐÕÒØç 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɸʆʋ ɺʆ "ɹʘʣʪʠʡʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀʤʤʘʥʫʠʣʘ ʂʘʥʪʘ" 
 

ɹʦʦʧʫʙʯʡʸ: ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʠ-
ʩʪʝʤʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ, ʧʨʝʜʧʨʠʷʪʠʝ, ʩʠʩʪʝʤʘ.  
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Abstract: the results of design of the simulation systemôs prototype of enterprise production cycle and peculi-
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ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʵʪʦʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʫʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʩʠʣʠʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʤʝʥʝʜʞʝʨʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ ʦʪʜʝʣʦʚ ʠʣʠ ʧʨʦʮʝʩʩʦʚ, 
ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʩʮʝʥʘʨʠʝʚ ʧʦʚʝʜʝʥʠʷ ʢʘʢʦʡ-
ʣʠʙʦ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʠʤʠʪʘʮʠʠ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ ʥʘ ʨʝʘʣʴʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ (ʩʠʩʪʝʤʝ). ʅʘ 
ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʤʠ-
ʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʦ ʚʩʝ ʦʥʠ ʦʙʣʘʜʘʶʪ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʦʩʥʦʚʥʦʡ ʠʟ ʢʦʪʦʨʳʭ 
ï ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ [1].  



Á¾²Àµ¼µ½½Ëµ ÂµÅ½¾»¾³¸¸ 13 

 

XIV International scientific conference | www.naukaip.ru 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ, ʠʤʠʪʠʨʫʶʱʝʡ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʠʤʝʥʥʦ ʨʘʙʦʪʫ ʦʪʜʝʣʘ ʦʙʨʘʙʦʪʢʠ ʟʚʦʥʢʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ 
ʧʨʝʜʧʨʠʷʪʠʝ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ï ʨʘʙʦʪʘ call-ʮʝʥʪʨʘ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʫʜʫʱʝʤʫ ʧʨʦʝʢʪʫ:  

- ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʙʠʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʝʛʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ; 

- ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʡ ʜʠʟʘʡʥ, ʯʪʦʙʳ ʥʝ ʦʪʚʣʝʢʘʪʴ ʚʥʠʤʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʛʣʘʚʥʦʡ ʮʝʣʠ ï ʩʦ-
ʟʜʘʥʠʝ ʤʦʜʝʣʠ; 

- ʧʨʦʝʢʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʨʘʟʜʝʣʘ: ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʛʜʝ ʣʶʙʦʡ ʧʦʣʴʟʦ-
ʚʘʪʝʣʴ, ʙʝʟ ʦʩʦʙʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʤʦʛ ʙʳ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʨʘʟʜʝʣ ʩ ʜʦʢʫʤʝʥ-
ʪʘʮʠʝʡ, ʧʦʷʩʥʷʶʱʝʡ ʢʘʢ ʨʘʙʦʪʘʪʴ ʚ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ; 

- ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʠʢʣʘ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʛʣʷʜʥʳʤʠ ʠ ʧʦʥʷʪ-
ʥʳʤʠ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʩʧʝʮʠʘʣʠʩʪʦʚ.  

ɺ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʣʝʛʣʘ ʩʣʫʞʙʘ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ Azure ʦʪ ʢʦʤʧʘʥʠʠ Microsoft. ʆʥʘ ʧʦʟ-
ʚʦʣʠʣʘ ʨʘʟʤʝʩʪʠʪʴ ʩʠʩʪʝʤʫ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ çʦʙʣʘʢʝè, ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪ-
ʢʨʳʚʘʪʴ ʧʨʦʝʢʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʙʨʘʫʟʝʨʦʤ ʠ ʚʳʭʦʜʦʤ ʚ ʠʥʪʝʨʥʝʪ. ʉʘʤ ʧʨʦʝʢʪ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ Asp.net ʧʨʠʣʦʞʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ ʚʳʙʨʘʥʳ ʩʪʘʥ-
ʜʘʨʪʥʳʝ ʷʟʳʢʠ HTML ʠ CSS, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʢʪʳ ʥʘ ʩʘʡʪʝ ʠ ʟʘʜʘʚʘʪʴ ʠʤ ʩʦʙʩʪʚʝʥ-
ʥʳʡ ʩʪʠʣʴ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʜʝʣʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩ-
ʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ JavaScript, ʘ ʠʤʝʥʥʦ ʙʠʙʣʠʦʪʝʢʠ joint.js (ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ) ʠ chart.js 
(ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ).  

 

 
ʉʡʪ. 1. ɼʤʙʛʦʙʸ ʪʫʩʙʦʡʯʙ ʨʩʧʞʣʫʙ 

 
ʆʩʥʦʚʦʡ ʜʣʷ ʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʘʥʠʮʘʤʠ ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʝʝ ʤʝʥʶ (ʨʠʩ. 1.), ʢʦʪʦʨʦʝ ʩʦ-

ʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʩʳʣʢʠ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʪʨʘʥʠʮʳ: 

- çɻʣʘʚʥʘʷè, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʥʘʟʚʘʥʠʝ ʧʨʦʝʢʪʘ, ʦʩʥʦʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʩʳʣʢʘ ʥʘ ʩʪʨʘʥʠʮʫ ñʆ ʧʨʦʝʢʪʝò; 

- çʆ ʧʨʦʝʢʪʝè, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʢʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ 
ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ; 

- çʈʝʜʘʢʪʦʨè, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʝʤʫ ʤʦʜʝʣʴ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʠʟʚʝʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ; 

- çɼʦʢʫʤʝʥʪʘʮʠʷè, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʘʡʪʠ ʠʥʩʪʨʫʢʮʠʶ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ 
ʚʳʷʩʥʠʪʴ ʜʣʷ ʩʝʙʷ ʥʝʧʦʥʷʪʥʳʝ ʤʦʤʝʥʪʳ; 

- çʂʦʥʪʘʢʪʳè ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʧʦʯʪʦʚʳʝ ʘʜʨʝʩʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʣʷ ʚʦʧʨʦʩʦʚ ʠ ʧʨʝʜʣʦʞʝʥʠʡ.  
ʆʩʥʦʚʥʳʤ ʨʘʟʜʝʣʦʤ ʩʘʡʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣ çʈʝʜʘʢʪʦʨè (ʨʠʩ. 2). ɺ ʝʛʦ ʮʝʥʪʨʝ ʩʦʜʝʨʞʘʪʩʷ ʜʚʝ 
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ʦʙʣʘʩʪʠ: ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʠʤʝʶʱʠʤʩʷ ʵʣʝʤʝʥʪʘʤ, ʘ ʚʪʦʨʘʷ ʷʚʣʷʝʪʩʷ çʧʦʣʝʤ ʨʝʜʘʢ-
ʪʠʨʦʚʘʥʠʷè, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʝʜʠʥʷʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʦʙʲʝʢʪʳ. ʇʦʜ ʵʪʠʤʠ ʦʙʣʘʩʪʷʤʠ ʨʘʩʧʦʣʘ-
ʛʘʶʪʩʷ ʟʦʥʘ ʥʘʩʪʨʦʝʢ, ʛʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʜʘʝʪ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʠ ʢʥʦʧʢʘ çʅʘʯʘʪʴ ʩʠʤʫʣʷʮʠʶè, 
ʢʦʪʦʨʘʷ ʟʘʧʫʩʢʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ.  

 
ʉʡʪ. 2. ɻʡʝ ʩʙʠʝʞʤʙ çʉʞʝʙʣʫʧʩè 

 
ʕʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ html-ʦʙʲʝʢʪ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʠʷ, ʚʭʦʜʷʱʠʡ 

ʠ/ʠʣʠ ʚʳʭʦʜʷʱʠʡ ʧʦʨʪʳ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, ʠ ʦʙʣʘʩʪʴ ʚʚʦʜʘ ʥʝʦʙʭʦʜʠʤʳʭ 
ʜʘʥʥʳʭ. ɼʣʷ ʵʣʝʤʝʥʪʦʚ Input ʠ Processing ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳ: ʜʣʷ Input ï ʵʪʦ ʚʨʝʤʷ çʧʨʠʭʦʜʘè, 
ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʢʣʠʝʥʪʘ/ʟʚʦʥʢʘ ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʵʪʦʛʦ çʧʨʠʙʳʪʠʷè; ʜʣʷ Processing ï ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 
ʢʣʠʝʥʪʘ/ʟʚʦʥʢʘ ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʵʪʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʦʝʜʠʥʠʚ ʤʝʞʜʫ ʩʦʙʦʡ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʟʘʜʘʚ ʦʧʨʝ-
ʜʝʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 3). 

 
ʉʡʪ. 3. ʈʩʡʥʞʩ ʨʧʪʫʩʧʞʦʡʸ ʨʩʧʪʫʞʢʱʞʢ ʥʧʝʞʤʡ ʨʩʧʡʠʛʧʝʪʫʛʞʦʦʧʜʧ ʯʡʣʤʙ 

 
ʇʦʩʣʝ ʩʪʘʨʪʘ ʠʤʠʪʘʮʠʠ ʚʩʝ ʚʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʩʘʤʘ ʤʦʜʝʣʴ ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʦʙʣʘʯʥʳʡ ʩʝʨ-

ʚʝʨ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʄʦʜʝʣʴ ʠʟ JSON, ʩ ʧʦʤʦʱʴʶ ʥʘʧʠʩʘʥʥʦʛʦ ʧʘʨʩʝʨʘ, ʧʝʨʝʚʦʜʠʪ-
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ʩʷ ʚ ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ, ʚ ʢʦʪʦʨʦʤ ʭʨʘʥʷʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ ʦʙʲʝʢʪʘ 
Input ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʧʠʩʦʢ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʠʝʥʪʘ. ɼʘʣʝʝ ʚ ʮʠʢʣʝ ʦʪ ʥʘʯʘʣʘ ʨʘʙʦʯʝʛʦ 
ʜʥʷ, ʜʦ ʝʛʦ ʢʦʥʮʘ, ʠʜʝʪ ʧʨʦʚʝʨʢʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʦʙʳʪʠʷ. ʕʪʠʤʠ ʩʦʙʳʪʠʷʤʠ ʤʦʛʫʪ ʙʳʪʴ: ʧʨʠʭʦʜ ʢʣʠʝʥʪʘ, 
ʪʦʛʜʘ ʦʥ ʧʦʩʪʫʧʘʝʪ ʚ ʦʜʠʥ ʠʟ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʧʦʣʦʛʠʠ ʤʦʜʝʣʠ; ʤʦʤʝʥʪ, ʢʦʛʜʘ ʢʣʠʝʥʪ 
ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ɺ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʩʣʫʯʘʝʚ ʠʜʝʪ ʧʨʦʚʝʨʢʘ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ 
ʤʘʨʰʨʫʪʘ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʯʝʛʦ ʜʥʷ, ʪ.ʝ. ʠʤʠʪʘʮʠʠ, ʠʜʝʪ ʧʦʜʩʯʝʪ ʩʪʘʪʠʩʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦ-
ʨʘʷ ʙʫʜʝʪ ʚʳʚʝʜʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʙʦʪʳ. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 
ʦʞʠʜʘʥʠʷ ʯʝʣʦʚʝʢʘ. ʂʨʦʤʝ ʦʙʱʝʡ ʩʪʘʪʠʩʪʠʢʠ, ʚʳʚʦʜʠʪʩʷ ʩʪʘʪʠʩʪʠʢʘ ʧʦ ʢʘʞʜʦʤʫ ʧʨʦʮʝʩʩʫ. 

ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʟʘʢʘʟʦʚ, ʪʦ ʝʩʪʴ ʨʘʟʜʝʣʷʪʴ ʦʙʱʫʶ 
ʦʯʝʨʝʜʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʪʦʢʦʚ ʣʶʜʝʡ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʩʣʦʞʥʝʥʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ, ʚʢʣʶʯʘ-
ʶʱʘʷ ʚ ʩʝʙʷ ʧʘʨʘʣʣʝʣʴʥʫʶ ʩʠʩʪʝʤʫ.  

 
ʉʡʪ. 4. ʈʩʡʥʞʩ ʨʧʪʫʩʧʞʦʡʸ ʨʙʩʙʤʤʞʤʵʦʧʢ ʥʧʝʞʤʡ ʨʩʧʡʠʛʧʝʪʫʛʞʦʦʧʜʧ ʯʡʣʤʙ 

 
ʇʦʜʦʙʥʦʝ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ, ʥʘʧʨʠ-

ʤʝʨ, ʠʩʭʦʜʷ ʠʟ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠ-
ʩʫʥʢʝ 4, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

ʀʟ ʨʠʩʫʥʢʘ 5 ʚʠʜʥʦ, ʯʪʦ ʧʦ ʩʨʝʜʥʝʤʫ ʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬ-
ʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʪʨʝʪʠʡ ʧʨʦʮʝʩʩ. ʆʜʥʘʢʦ ʯʝʨʝʟ ʥʝʛʦ ʧʨʦʰʣʦ ʤʝʥʴʰʝ ʚʩʝʛʦ ʣʶʜʝʡ, ʚʚʠʜʫ ʩʧʝʮʠʬʠ-
ʢʠ ʚʳʙʦʨʘ ʧʨʦʮʝʩʩʘ: ʚʳʙʠʨʘʝʪʩʷ ʪʦʪ, ʫ ʢʦʪʦʨʦʛʦ ʤʝʥʴʰʝ ʚʩʝʛʦ ʣʶʜʝʡ ʥʘʭʦʜʠʪʩʷ ʚ ʦʯʝʨʝʜʠ. ʇʦʩʢʦʣʴʢʫ 
ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʧʨʦʮʝʩʩʳ ʨʘʙʦʪʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʪʨʝʪʴʝʤʫ ʧʨʦʮʝʩʩʫ ʜʦʩʪʘʝʪʩʷ ʤʝʥʴʰʝ ʣʶʜʝʡ. 
ʊʘʢ ʞʝ ʠʟ ʨʠʩʫʥʢʘ 5 ʚʠʜʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʣʶʜʠ, ʧʨʠʰʝʜʰʠʝ ʟʘ ʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, 
ʫʩʧʝʰʥʦ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ (161 ʯʝʣʦʚʝʢ ʠʟ 164). ʇʦʩʣʝʜʥʠʝ ʪʨʠ ʯʝʣʦʚʝʢʘ ʤʦʛʣʠ ʧʨʠʡʪʠ ʩʣʠʰʢʦʤ ʧʦʟʜ-
ʥʦ. 

 
ʉʡʪ. 5. ʉʞʠʬʤʵʫʙʫ ʩʙʚʧʫʴ ʥʧʝʞʤʡ, ʨʩʞʝʪʫʙʛʤʞʦʦʧʢ ʦʙ ʩʡʪ. 4 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝ-
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ʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʨʠʚʝʜʝʥʳ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʝʜ-
ʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʠʭ ʦʧʝʨʘʪʦʨʦʚ/ʦʙʨʘʙʦʪʯʠʢʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʛʦ ʦʪʜʝʣʘ ʠ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʦʙʨʘʙʦʪʯʠʢʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ.  

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʄʠʭʝʝʚʘ ʊ.ɺ. ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ // ʀʟ-
ʚʝʩʪʠʷ ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ï 2009. ï ʉ. 87-90  
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Ã´º 665.73.095 

ÍÄÄµºÂ¸²½Ë¹ Àµ°ºÂ¾À ¶¸´º¾Ä°·½¾³¾ 
°»º¸»¸À¾²°½¸Ï °»º¸»±µ½·¾»¾²  
²ËÁÈ¸¼¸ ½-¾»µÄ¸½°¼¸ 

¸áÜÐÙÛÞÒÐ ÁÐÑØàÐ ÁÐÑØàÞÒÝÐ 
ʘʩʩʠʩʪʝʥʪ, ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʭʠʤʠʠ 

ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʅʝʬʪʠ ʠ ʇʨʦʤʳʰʣʝʥʥʦʩʪʠ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʳ 
ʨʝʘʢʪʦʨʘ ʞʠʜʢʦʬʘʟʥʦʛʦ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʘʢʮʠʦʥʥʦʛʦ ʫʟʣʘ ʧʨʠ ʜʝ-
ʘʨʦʤʘʪʠʟʘʮʠʠ ʪʦʧʣʠʚʥʳʭ ʬʨʘʢʮʠʡ ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʚʳʩʰʠʤʳ ʦʣʝʬʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʦʣʠʪʥʦʛʦ 
ʢʘʪʘʣʠʟʘʪʦʨʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ:  ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʝʘʢʪʦʨʘ, ʞʠʜʢʦʬʘʟʥʦʝ ʘʣʢʠʣʠʨʦʚʘ-
ʥʠʝ, ʜʝʘʨʦʤʘʪʠʟʘʮʠʷ, ʪʦʧʣʠʚʥʳʝ ʬʨʘʢʮʠʠ, ʚʳʩʰʠʝ ʦʣʝʬʠʥʳ. 
 

EFFECTIVE REACTOR OF LIQUID PHASE ALKYLATION OF ALKYL BENZENES BY HIGHER N-
OLEFINES 

 
Ismayilova Sabira Sabirovna 

 
Abstract: In this paper, the liquid-phase alkylation reactor was investigated using mathematical methods of 
the experiment in order to identify an effective reaction unit in the dearomatization of fuel fractions by alkyla-
tion, are exalted by olefins in the presence of a zeolite catalyst. 
Key words: mathematical design of the experiment, reactor, liquid-phase alkylation, daromatization, fuel frac-
tions, higher olefins. 

 
ʇʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʦʨʰʥʝʚʳʭ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʙʝʥʟʠʥʳ ʥʘʨʷʜʫ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ 
ʜʚʠʛʘʪʝʣʷ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʝʩʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ  
ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ.  

ʇʦʩʢʦʣʴʢʫ, ʢʝʨʦʩʠʥʦʚʘʷ ʬʨʘʢʮʠʷ ʧʦʩʣʝ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʨʝʘʢʪʠʚʥʦʝ ʪʦʧʣʠʚʦ, ʢ 
ʥʝʡ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʫʭʫʜʰʘʶʱʠʭ 
ʪʘʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʧʣʠʚʘ, ʢʘʢ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʝ, ʚʳʩʦʪʘ ʥʝʢʦʧʪʷʱʝʛʦ ʧʣʘʤʝ-
ʥʠ ʠ ʪ.ʜ.  

ʇʦʚʳʰʝʥʥʦʝ ʞʝ ʩʦʜʝʨʞʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʝʥʟʦʣʘ ʚ ʙʝʥʟʠʥʝ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʙʝʥʟʦʧʨʝʥʘ ʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ.  

ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ʧʦ ʜʝʘʨʦʤʘʪʠʟʮʠʠ ʙʝʥʟʠʥʦ-ʢʝʨʦʩʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʚʳʩʰʠʤʠ a-
ʦʣʝʬʠʥʘʤʠ ʢʘʢ ʥʘ ʭʣʦʨʠʩʪʦʤ ʘʣʶʤʠʥʠʠ [1], ʪʘʢ ʠ ʥʘ ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ [2], ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʠʩʭʦʜʥʦʡ ʬʨʘʢʮʠʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦ-
ʣʫʯʝʥʠʝʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʩʝʣ. ɼʝʘʨʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ  ʙʝʥʟʠʥʦ-ʢʝʨʦʩʠʥʦʚʳʝ ʬʨʘʢʮʠʠ, ʢʘʢ ʫʩʪʘʥʦʚʣʝ-
ʥʦ, ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʣʫʯʝʥʠʝ 
ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʣʝʬʠʥʦʚ ï ɻ ʪʠʣʝʥʘ ʠ ʧʨʦʧʠʣʝʥʘ.  
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ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʙʝʥʟʦʣʘ, ʝʛʦ ʛʦʤʦʣʦʛʦʚ ʠ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʚʳʩʰʠʤʠ ʦʣʝʬʠʥʘʤʠ ʉ8 ï ʉ12   ʠ ʠʭ 
ʦʣʠʛʦʤʝʨʠʟʘʮʠʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʦʣʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ [3-7]. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʙʝʥʟʠʥʦ-ʢʝʨʦʩʠʥʦʚʳʝ ʬʨʘʢʮʠʠ,  ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʦʩʪʦʷʪ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʧʘʨʘʬʠʥʦʚʳʭ, ʥʘʬʪʝʥʦʚʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [5,6 ].  

ʉ ʮʝʣʴʶ ʜʝʘʨʦʤʘʪʠʟʘʮʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʙʝʥʟʠʥʦ-ʢʝʨʦʩʠʥʦʚʳʭ ʬʨʘʢʮʠʷʭ.         ɺ ʢʘʯʝʩʪʚʝ ʘʣʢʠ-
ʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʧʨʠʤʝʥʷʣʠ ʨʝʘʢʪʠʚʥʳʝ ʥ-ʦʢʪʝʥ, ʥ-ʜʝʮʝʥ ʠ ʥ-ʜʦʜʝʮʝʥ. ɸʥʘʣʠʟ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ 
ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɻɾʍ).  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ  ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʳʩʰʠʤʠ Ŭ-ʦʣʝʬʠʥʘʤʠ  ʠʟʫʯʘʣʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ 
ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʝ HZSM-5. 

ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʣʢʠʣʠ-ʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦ-
ʝʜʠʥʝʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʙʦʨʘ ʪʠʧʘ ʨʝʘʢʮʠʦʥʥʦʛʦ  ʘʧʧʘʨʘʪʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʘʣʢʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʨʝʘʢʮʠʦʥʥʳʡ ʦʙʲʝʤ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʚ 
ʨʝʘʢʪʦʨʝ ʩʤʝʰʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 160-
200ęʉ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʰʠʭʪʳ 30-95 ʤʣ/ʯ, ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ ʢ 
ʦʣʝʬʠʥʫ, ʨʘʚʥʦʤ 4-12. ʂʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 10-25 ʤʘʩ.% ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ 
ʩʤʝʩʠ. ʀʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ (ʙʦʣʝʝ 8 ʩ-1) ʦʙʝʩʧʝʯʠʚʘʣʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʣʝʬʠʥʘ 
ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʦʙʲʝʤʝ. 

ʆʣʝʬʠʥ ʚ ʨʝʘʢʮʠʦʥʥʳʡ ʦʙʲʝʤ ʧʦʜʘʚʘʣʠ ʚ ʩʤʝʩʠ ʩ ʪʦʣʫʦʣʦʤ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ  2:1. ʇʦ-
ʜʘʯʘ ʦʣʝʬʠʥʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ɸɹ, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʣʦʢʘʣʴʥʳʭ ʢʦʥ-ʮʝʥʪʨʘʮʠʡ ʦʣʝʬʠʥʘ ʥʘ ʧʨʦʮʝʩʩ ʝʛʦ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ. 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ   ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ  
ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʢʦʨʦʩʪʴ ʢʦʥʢʫʨʠʨʫʶʱʝʡ  ʨʝʘʢʮʠʠ  
ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ. ʊʘʢ, ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʨʘʟʙʘʚʣʝʥʠʷ ʦʣʝʬʠʥʘ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʣʢʠʣʠʨʦʚʘʥʠʷ.  

ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʨʘʟʙʘʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʪʦʣʫ-ʦʣʘ  ʢ ʦʣʝʬʠʥʫ, ʨʘʚʥʦʤ 
ʰʝʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʚʳ-h ʘʝʪ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠ ʢʦʥʮʝʥʪʨʘ-
ʮʠʠ HZSM-5 ʚʳʰʝ 15 ʤʘʩ. %, ʚʳʭʦʜ ɸɹ ʥʝ ʤʝʥʷʝʪʩʷ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʰʠʭʪʳ ʧʨʠʚʦʜʠʪ ʢ 
ʧʦʚʳʰʝʥʠʶ ʣʦʢʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʣʝʬʠʥʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʠʟʤʝʥʝʥʠʶ ʤʘʨʰʨʫʪʘ ʧʨʦʮʝʩʩʘ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ Ŭ-ʦʣʝʬʠʥʘ.  

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢ-
ʪʦʚ ʠ ʨʘʩʭʦʜʘ ʦʣʝʬʠʥʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʤʝʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ.  

ɼʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʝʞʠʤʘ ʧʦʣʥʦʛʦ ʩʤʝʰʝʥʠʷ (ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʝʘʢʮʠʠ) ʙʦʣʴʰʠʝ ʣʦʢʘʣʴʥʳʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʣʝʬʠʥʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʨʝʞʠʤʝ ʧʦʣ-
ʥʦʛʦ ʩʤʝʰʝʥʠʷ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʦʣʝʢʫʣ ʦʣʝʬʠʥʘ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʦʙʲʝʤʝ ʧʨʦʪʝʢʘʝʪ ʚ 
ʦʩʥʦʚʥʦʤ ʨʝʘʢʮʠʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠ ʚʳʭʦʜ ɸɹ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʭʦʜʫ ɸɹ ʧʨʠ ʤʠʥʠʤʘʣʴ-
ʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʰʠʭʪʳ.  

ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʭʦʜ ɸɹ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 
190ęʉ, ʘ ʚʳʭʦʜ ʦʣʠʛʦʤʝʨʦʚ Ŭ-ʦʣʝʬʠʥʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʠʮʝ ʚ ʟʥʘʯʝʥʠʷʭ ʵʥʝʨ-
ʛʠʡ ʘʢʪʠʚʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʘʢʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʞʠʜʢʦʬʘʟʥʦʛʦ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʪʦʣʫʦʣʘ ʥ-ʜʝʮʝʥʦʤ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ HZSM-5 ʚ ʨʝʘʢʪʦʨʝ ʧʦʣʥʦʛʦ ʩʤʝʰʝʥʠʷ ʩ ʧʦʩʪʝʧʝʥʥʦʡ ʧʦʜʘʯʝʡ ʦʣʝʬʠʥʘ ʚ ʨʝʘʢʮʠʦʥʥʳʡ 
ʦʙʲʸʤ ʷʚʣʷʶʪʩʷ: ʪʝʤʧʝʨʘʪʫʨʘ 190ęʉ , ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʪʦʣʫʦʣʘ ʢ ʥ-ʜʝʮʝʥʫ , ʨʘʚʥʦʝ ʰʝʩʪʠ, ʩʢʦʨʦʩʪʴ 
ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ 35 ʤʣ/ʯ, ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 15 ʤʘʩ.% ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ  ʩʤʝʩʠ.  ɺ  ʵʪʠʭ  
ʫʩʣʦʚʠʷʭ  ʚʳʭʦʜ  ɸɹ  ʥʘ  ʧʦʜʘʥʳʡ  ʦʣʝʬʠʥ ʩʦʩʪʘʚʣʷʝʪ 90,0 %. 

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥ-ʜʝʮʝʥʘ ʩ ʪʦʣʫʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
HZSM-5 ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʋʙʚʤʡʯʙ 1 
ʅʙʫʞʩʡʙʤʵʦʴʢ ʚʙʤʙʦʪ ʙʤʣʡʤʡʩʧʛʙʦʡʸ ʫʧʤʬʧʤʙ ʦ-ʝʞʯʞʦʧʥ ʛ  ʨʩʡʪʬʫʪʫʛʡʡ  HZSM-5 ʛ  ʧʨʫʡ-

ʥʙʤʵʦʴʮ  ʬʪʤʧʛʡʸʮ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦ-
ʥʝʥʪʦʚ 

ɺʟʷʪʦ ʇʦʣʫʯʝʥʦ  
 
 
Ŭ ʥ-ʜʝʮʝʥʘ =97,8%. 

 
ɺʳʭʦʜ ɸɹ =90,0% 

(ʤʦʣʴ) 

 ʛ ʤʘʩ.% ʛ ʤʘʩ.% 

ʊʦʣʫʦʣ 39,43 79,77 33,03 66,82 

ʥ-ɼʝʮʝʥ 10,0 20,23 0,22 0,46 

ɸɹ 0,0 0,0 14,58 29,50 

ʆʣʠʛʦʤʝʨʳ 0,0 0,0 0,90 1,19 

ʇʦʪʝʨʠ         - - 0,70 1,01 

ʀʪʦʛʦ:  49,43 100,0 49,43 100,0 

 
ʈʝʰʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʶʪʩʷ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʪʠʧ ʨʝʘʢʮʠʦʥʥʦʛʦ ʫʩʪʨʦʡ-ʩʪʚʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʨʝʘʢʪʦʨʘ ʠʟʤʝʥʷʝʪʩʷ 
ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʧʦʣʝ ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʥʝʤ ʧʨʦʮʝʩʩʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʱʝʝ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 
ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ [8]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʪʠʧʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʩʝʣʝʢʪʠʚ-
ʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ɸɹ ʚ ʧʨʦʮʝʩʩʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʘʣʢʠ-ʣʠʨʦʚʘʥʠʷ  ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ HZSM-5.  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʪʦʯʥʳʭ ʨʝʘʢʪʦʨʘʭ ʚʳʪʝʩʥʝʥʠʷ ʠ 
ʧʦʣʥʦʛʦ ʩʤʝʰʝʥʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʣʫʦʣʘ ʥ-ʜʝʮʝʥʦʤ ʚ ʧʨʦʪʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʫʯʘʣʠ ʚ ʪʨʫʙʯʘʪʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ 
ʨʝʘʢʪʦʨʝ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ. ʆʙʣʘʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʷʚʣʷʣʠ ʤʝʪʦʜʦʤ ʦʜʥʦʬʘʢ-
ʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʢʘ-ʟʘʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 150-200ęʉ , ʧʨʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ 1-6 
ʤʠʥ  ʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʪʦʣʫʦʣʘ ʢ ʦʣʝʬʠʥʫ 12õ20 ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʝʣʝʢʪʠʚʥʦʩ-
ʪʠ ʧʦ ɸɹ. ʊʘʢ, ʝʩʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160ÜC ʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ 1 ʤʠʥʫʪ ʚʳʭʦʜ ʤʦʥʦʘʣʢʠʣʠʨʦʚʘʥʥʦʛʦ 
ʪʦʣʫʦʣʘ ʩʦʩʪʘʚʣʷʣʦ 31,0 %( ʤʦʣʴ), ʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʜʦ 6 ʤʠʥʫʪ ʚʳʭʦʜ ɸɹ ʫʚʝʣʠʯʠ-
ʚʘʷʩʴ ʜʦʩʪʠʛʣʘ ʟʥʘʯʝʥʠʷ 54,7 %. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʣʦ ʥʘ 
ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ. ɺ ʫʢʘʟʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150ÜC ʚʳʭʦʜ ɸɹ ʩʦʩʪʘʚ-
ʣʷʣʘ 42,5 %, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160ÜC-49,5%, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180ÜC - 60,1 %, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 190ÜC-
65,5 %. ɺʳʭʦʜ ɸɹ ʧʨʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ 3 ʤʠʥʫʪ ʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʪʦʣʫʦʣʘ ʢ ʥ-ʜʝʮʝʥʫ ʨʘʚʥʦʤʫ 
12:1 ʩʦʩʪʘʚʣʷʣʘ 43,2%,  ʧʨʠ 16:1- 59,2 %, ʘ ʧʨʠ 20:1 ï 65,5 %. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩ, ʚ ʧʨʦʪʦʯʥʦʤ 
ʨʝʘʢʪʦʨʝ ʠʜʝʘʣʴʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʥʘ ʧʦʣʥʦʛʦ 
ʪʨʝʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [9]. ɺ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚʳʙʨʘʥʳ: ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ 
ʪʦʣʫʦʣ:ʥ-ʜʝʮʝʥ ( X1), ʪʝʤʧʝʨʘʪʫʨʘ (ʍ2) ʠ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ (ʍ3). ɺ ʩʚʷʟʠ ʩ ʪʝʤ ,ʯʪʦ ʧʨʠ ʘʣʢʠ-ʣʠʨʦʚʘʥʠʠ ʥ-
ʜʝʮʝʥ ʨʘʩʭʦʜʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣ ʚʳʙʨʘʥ 
ʚʳʭʦʜ ɸɹ ʥʘ ʧʨʝʚʨʘʱʝʥʥʳʡ ʦʣʝʬʠʥ ( ʋ, % ʤʦʣ.). 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʥʪʝʨʚʘʣʳ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ. 
ʄʘʪʨʠʮʘ  ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. ʂʘʞʜʳʡ ʦʧʳʪ ʚ ʤʘʪ-

ʨʠʮʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʜʚʘ ʨʘʟʘ.  
ʆʜʥʦʨʦʜʥʦʩʪʴ ʜʠʩʧʝʨʩʠʡ ʧʨʦʚʝʨʷʣʘʩʴ ʧʦ ʢʨʠʪʝʨʠʶ ʂʦʭʨʝʥʘ:  
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ʋʙʚʤʡʯʙ 2 
ʁʦʫʞʩʛʙʤʴ ʛʙʩʵʡʩʧʛʙʦʡʸ ʦʞʠʙʛʡʪʡʥʴʮ ʨʞʩʞʥʞʦʦʴʮ 

ʅʝʟʘʚʠʩʠʤʳʝ 
ʧʝʨʝʤʝʥʥʳʝ 

ʭ1, ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʪʦ-
ʣʫʦʣ:ʥ-ʜʝʮʝʥ 

 
ʭ2, ęʉ 

 
ʭ3, ʤʠʥ 

ʅʫʣʝʚʦʡ ʫʨʦʚʝʥʴ 18 175 4,5 

ʀʥʪʝʨʚʘʣ ʚʘʨʴʠʨʦʚʘʥʠʷ 2 15 1,5 

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ (+) 20 190 6,0 

ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ  (-) 16 160 3,0 

 
ʋʙʚʤʡʯʙ 3 

ʅʙʫʩʡʯʙ ʨʤʙʦʡʩʧʛʙʦʡʸ ʡ ʩʞʠʬʤʵʫʙʫʴ ʶʣʪʨʞʩʡʥʞʦʫʧʛ 

 ̄ ʍ1 ʍ2 ʍ3 ʋ1 ʋ2 y  2Si  yĔ 2)Ĕ( yy-  

I - - - 44,9 43,0 43,95 1,80 43,65 0,091 

2 + - - 50,0 49,0 49,50 0,50 50,26 0,58 

3 - + - 61,2 59,2 60,20 2,0 59,308 0,79 

4 + + - 66,0 65,0 65,50 0,50 65,92 0,18 

5 - - + 51,0 51,0 51,0 0,0 51,46 0,21 

6 + - + 58,0 60,0 59,0 2,0 58,072 0,86 

7 - + + 67,5 65,3 66,4 2,42 67,12 0,52 

8 + + + 73,0 75,0 74,0 2,0 73,73 0,073 

ä  - - - - - - 11,225 
 
 

3,305 

 
ʊʘʙʫʣʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʂʦʭʨʝʥʘ ʜʣʷ ʟʥʘʯʠʤʦʩʪʠ ʨ = 0,05 ʠ ʯʠʩʝʣ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ  

f1=1; f2 = 8 ʨʘʚʥʦ: 

680,0);( 211 =- ffG p  

ʊʘʢ ʢʘʢ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ G>G1-p, ʦʧʳʪʳ ʩʯʠʪʘʶʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ, ʘ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʡ ï 
ʦʜʥʦʨʦʜʥʳʤʠ. ɼʠʩʧʝʨʩʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʷʷ, ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ:  

403,1
8

225,111

2

2

. ===
ä
=

N

Si

S

N

i
ʚʦʩʧʨ     (2)  

ʐʡʪʤʧ ʪʫʞʨʞʦʞʢ ʪʛʧʚʧʝʴ ʝʡʪʨʞʩʪʡʡ ʛʧʪʨʩʧʡʠʛʧʝʡʥʧʪʫʡ ʩʙʛʦʧ:  

8)12(8)1( =-=-= kNf  

ʛʜʝ,   N - ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; 
k - ʯʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ. 
ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʩ ʫʯʝʪʦʤ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʫʨʦʚʥʝ 

ʟʥʘʯʠʤʦʩʪʠ ʨ = 0,05 ʠʤʝʝʪ ʚʠʜ: 
ʋĔ = 58,69 + 3,306Ŀʍ1 + 7,83ĿX2 + 3,906Ŀʍ3              (3) 

ʇʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʌʠʰʝʨʘ Fʨʘʩʯ=1,18< F0,95(4,8)=3,84 ʩʚʠʜʝʪʝʣʴʩʪʚʫ-
ʝʪ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʇʦʪɻʦʤʫ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪ-
ʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʘ 190ęʉ; ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʪʦʣʫʦʣʘ ʢ ʥ-ʜʝʮʝʥʫ 20,0; ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ 6,0 ʤʠʥ. ʇʨʠ 
ʵʪʦʤ ʚʳʭʦʜ ɸɹ ʩʦʩʪʘʚʣʷʝʪ 76,2%.  

ʄʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʜʣʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʞʠʜʢʦʬʘʟʥʦʛʦ ʘʣʢʠʣʠ-ʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥ ʚ 
ʪʘʙʣ. 4.   
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ʋʙʚʤʡʯʙ 4 
ʅʙʫʞʩʡʙʤʵʦʴʢ ʚʙʤʙʦʪ ʟʡʝʣʧʭʙʠʦʧʜʧ ʙʤʣʡʤʡʩʧʛʙʦʡʸ ʫʧʤʬʧʤʙ ʦ-ʝʞʯʞʦʧʥ ʛ ʨʩʧʫʧʰʦʧʥ ʡʦ-

ʫʞʜʩʙʤʵʦʧʥ ʩʞʙʣʫʧʩʞ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʢʦʤʧʦʥʝʥʪʦʚ 

ʇʦʜʘʥʦ ʇʦʣʫʯʝʥʦ 

Ŭ ʥ-ʜʝʮʝʥʘ =98,9%. 
ɺʳʭʦʜ ɸɹ =76,2% 

(ʤʦʣʴ) 

ʛ/ʯ ʤʘʩ.% ʛ/ʯ ʤʘʩ.% 

ʥ-ɼʝʮʝʥ 15,40 7,07 0,17 0,08 

ʊʦʣʫʦʣ 202,40 92,93 192,63 88,44 

ɸɹ 0,0 0,0 19,23 8,83 

ʆʣʠʛʦʤʝʨʳ ʥ-ʜʝʮʝʥʘ  0,0 0,0 3,67 1,69 

ʇʦʪʝʨʠ  0,0 0,0 2,10 0,96 

ʀʪʦʛʦ  217,80 100 217,80 100 

ʋʩʣʦʚʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ  185ęʉ, ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʪʦʣʫʦʣ:ʥ-ʜʝʮʝʥ=20, Űʢ= 6 ʤʠʥ.  
 
ʇʨʝʜʩʪʘʚʣʷʣ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʣʫʦʣʘ ʩ ʥ-ʜʝʮʝʥʦʤ  ʚ  ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ ʧʦʣ-

ʥʦʛʦ ʩʤʝʰʝʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʤʝʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ. ʇʨʠʤʝʥʷʝʤʦʝ ʜʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʣʦ ʧʦʜʜʝʨ-
ʞʠʚʘʪʴ ʨʝʘʛʠʨʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʮʠ-
ʣʠʥʜʨʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ ʩ ʨʝʘʢʮʠʦʥʥʳʤ ʦʙʲʝʤʦʤ ʜʦ 100 ʩʤ3. ʆʪʩʫʪʩʪʚʠʝ ʛʨʘʜʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 
ʨʝʘʢʮʠʦʥʥʦʤ ʦʙʲʝʤʝ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʨʘʩʩʝʨʘ. 

ɻʝʪʝʨʦʬʘʟʥʦʩʪʲ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʣʦʢʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʢʦʥʢʫʨʠ-
ʨʫʶʱʫʶ ʨʝʘʢʮʠʶ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʘ ʜʝʣʘʶʪ ʥʝʦʙʭʦʜʠʤʳʤ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʧʨʝʚʨʘʱʝʥʠʝ ʦʣʝʬʠʥʘ ʚ ʧʨʦʮʝʩʩʝ ʘʣʢʠʣʠʨʦʚʘʥʠʷ.  ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ 
ʩʤʝʩʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʙʦʣʝʝ 7,5 ʩ-1 (450 ʦʙ/ʤʠʥ) ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʭʦʜʘ ʦʣʝʬʠʥʘ. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩ ʚ  ʨʝʘʢʪʦʨʝ ʧʦʣʥʦʛʦ ʩʤʝʰʝʥʠʷ, 
ʦʜʥʦʬʘʢʪʦʨʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ  
ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ (ɺʇ) ʨʝʘʛʝʥʪʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʦʙʲʝʤʝ. ʆʙʣʘʩʪʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ (160-
200ÜC) ʠ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (10õ20) ʙʳʣʠ ʧʨʠʥʷʪʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝ-
ʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʜʣʷ ʧʨʦʮʝʩʩʘ ʞʠʜʢʦʬʘʟʥʦʛʦ ʘʣʢʠʣʠʨʦʚʘʥʠʷ.  

ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʠʥʪʝʨʚʘʣʝ 0,017-0,083 ʤʣ/ʤʣ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ɸɹ ʩ 43,3 ʜʦ 67,0 %. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʚʣʠʷʝʪ ʥʘ 
ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ.  

ɺʘʨʴʠʨʦʚʘʥʠʝ ɺʇ ʚ ʠʥʪʝʨʚʘʣʝ 5-20 ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʳʭʦʜʘ ɸɹ ʦʪ 55,8 ʜʦ 74,9 %, 
ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʦ ʟʘʢʨʝʧʣʝʥʦ  ʥʘ  ʦʧʪʠʤʘʣʴʥʦʤ  ʫʨʦʚʥʝ (0,084 ʤʣ/ʤʣ).         

ʇʦʩʣʝʜʫʶʱʠʝ  ʦʧʳʪʳ  ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʧʣʘʥʫ ʧʦʣʥʦʛʦ ʪʨʝʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ 
ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚʳʙʨʘʥʳ:ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʪʦʣʫʦʣ:ʥ-ʜʝʮʝʥ (ʭ1), ʪʝʤʧʝʨʘʪʫʨʘ (ʭ2) ʠ ɺʇ (ʭ3). 
ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʨʘʥ ʚʳʭʦʜ ɸɹ ʥʘ ʧʨʝʚʨʘʱʝʥʥʳʡ ʥ-ʜʝʮʝʥ (Y, % ʤʦʣʴ.).  

ɿʥʘʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʥʪʝʨʚʘʣʳ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5.  
 

ʋʙʚʤʡʯʙ 5 
ʁʦʫʞʩʛʙʤʴ ʛʙʩʵʡʩʧʛʙʦʡʸ ʦʞʠʙʛʡʪʡʥʴʮ ʨʞʩʞʥʞʦʦʴʮ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ X1, ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʍ2, ęʉ ʍ3, ʤʠʥ 

ɹʘʟʦʚʳʡ ʫʨʦʚʝʥʴ  15 170 25 

ʀʥʪʝʨʚʘʣ ʚʘʨʴʠʨʦʚʘʥʠʷ  3,5 15 7 

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ (+)  18,5 185 32 

ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ (-)  11,5 155 18 

 
ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 6.  
ʂʘʞʜʳʡ ʦʧʳʪ ʚ ʤʘʪʨʠʮʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʣʩʷ ʜʚʘʞʜʳ. ʇʦ ʨʘʩʯʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʨʠ-

ʪʝʨʠʷ ʂʦʭʨʝʥʘ (G=0,251), ʢʦʪʦʨʦʝ ʤʝʥʴʰʝ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʨ = 0,95 ʠ ʩʪʝ-
ʧʝʥʝʡ ʩʚʦʙʦʜʳ f1=1; f2=8, ʜʠʩ-ʧʝʨʩʠʠ ʦʜʥʦʨʦʜʥʳ ʠ ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʤʘʪʨʠʮʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ 
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ʚʦʩʧʨʦʠʟʚʦʜʠʤʳ.                 
ʉ ʫʯʝʪʦʤ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ t0.95(f=8) =2,31 ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩ-

ʩʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

YĔ = 75,34 + 8,612Ŀʍ1+7,987Ŀʍ2+1,462Ŀʍ3-5,087Ŀʍ1Ŀʍ2+0,887Ŀʍ1Ŀʍ2Ŀʍ3        (4) 
ʊʘʢ ʢʘʢ Fʨʘʩʯʝʪ.=2,02<F0,95(2,8)=4,46, ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʘʜʝʢʚʘʪʥʦ ʵʢʩ-ʧʝʨʝʤʝʪʥʫ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʢʨʫʪʦʛʦ ʚʦʩʭʦʞʜʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ (ʪʘʙʣ. 7).       
ʈʝʟʫʣʴʪʘʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʤʝʪʦʜʫ ʢʨʫʪʦʛʦ ʚʦʩʭʦʞʜʝʥʠʷ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣ. 8.     
 

ʋʙʚʤʡʯʙ 6 
ʅʙʫʩʡʯʙ ʨʤʙʦʡʩʧʛʙʦʡʸ ʡ ʩʞʠʬʤʵʫʙʫʴ ʶʣʪʨʞʩʡʥʞʦʫʧʛ 

 
ʋʙʚʤʡʯʙ 7 

ʇʨʩʞʝʞʤʞʦʡʞ ʱʙʜʧʛ ʣʩʬʫʧʜʧ ʛʧʪʮʧʟʝʞʦʡʸ ʨʧ ʦʞʠʙʛʡʪʡʥʴʥ ʨʞʩʞʥʞʦʦʴʥ 

ʌʘʢʪʦʨ 
 
 

ʆʩʥʦʚʥʦʡ 
ʫʨʦʚʝʥʴ 

 

ʀʥʪʝʨʚʘʣ 
ʚʘʨʴʠʨʦʥʠʷ, 

ixD  

ʂʦʵʬʬʠʮʠʝʥʪ 
bi 

ʐʘʛ 

ii xb DÖ  ii xb DÖÖg  

ʍ1 15,0 3,5 8,612 30,142 1,25 
ʍ2 170 15,0 7,987 119,805 5,0 
ʍ3 25 7,0 1,462 10,234 0,43 

 
ʋʙʚʤʡʯʙ 8 

ʇʨʫʡʥʡʠʙʯʡʸ ʨʩʧʯʞʪʪʙ ʙʤʣʡʤʡʩʧʛʙʦʡʸ ʥʞʫʧʝʧʥ ʣʩʬʫʧʜʧ ʛʧʪʮʧʟʝʞʦʡʸ 

ʍ1  ʍ2 ʍ3 ʭ1 ʭ2 x3 y  yĔ 

1  2 3 4 5 6 7 8 

0  0 0 15,00 170 25,0 74,1 75,34 

0,36  0,33 0,06 16,26 175 25,43 81,6 80,48 

0,72  0,66 0,12 17,52 180 25,86 85,5 84,62 

1,08  0,99 0,18 18,78 185 26, 29 90,1 87,54 

1,44  I,32 0,24 20,04 190 26,72 90,4 89,40 

1,80  I,55 0,30 21,30 195 27, 15 90,0 90,20 

2,16  I,88 0,36 22,56 200 27,58 90,2 90,12 

 
ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʘʣʢʠʣʠʨʦ-ʚʘʥʠʷ ʪʦʣʫʦʣʘ ʥ-ʜʝʮʝʥʦʤ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚ ʨʝʘʢʪʦʨʝ ʧʦʣʥʦʛʦ ʩʤʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ: ʪʝʤʧʝʨʘʪʫʨʘ 190Áʉ, ʤʦʣʴʥʦʝ ʦʪ-
ʥʦʰʝʥʠʝ ʪʦʣʫʦʣʘ ʢ ʥ-ʜʝʮʝʥʫ 20,  ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 26,3 ʤʠʥ.  

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ Ŭ-ʦʣʝʬʠʥʘʤʠ ʚ ʠʥʪʝʛʨʘʣʴʥʳʭ 

 ̄ ʍ1 ʍ2 ʍ3 ʋ1 ʋ2 y  Si
2 yĔ 2)Ĕ( yy-  

1 2 3 4 5 6 7 8 9 10 

1 - - - 51,8 49,8 50,8 2,00 51,3 0,251 

2 + - - 79,2 80,2 79,7 0,50 80,46 0,588 

3 - + - 79,07 80,93 80,0 1,73 79,22 0,613 

4 + + - 83,7 86,3 85,0 3,38 84,51 0,243 

5 - - + 56,2 56,8 56,5 0,18 56,0 0,250 

6 + - + 83,5 81,3 82,4 2,42 81,62 0,602 

7 - + + 78,7 80,5 79,6 1,62 80,37 0,599 

8 + + + 89,6 87,8 88,7 1,62 89,20 0,248 

ä  - - - - - - 13,45 - 3,395 
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ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʨʝʘʢʪʦʨʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʪʠʧʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʫʩʪʨʦʡ-
ʩʪʚʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ (ʪʘʙʣ. 9).  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 9, ʜʣʷ ʮʝʣʝʚʦʛʦ ʩʠʥʪʝʟʘ ɸɹ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʪʦʨʦʚ ʩʤʝʰʝʥʠʷ 
ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʚʚʦʜʦʤ ʦʣʝʬʠʥʘ, ʪʘʢ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʈʝʘʢʪʦʨ 
ʞʝ  ʚʳʪʝʩʥʝʥʠʷ  ʮʝʣʝʩʦʦʙʨʘʟʥʦ  ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʣʠʛʦʘʣʢʠʣʘʪʦʚ [7].  

 
ʋʙʚʤʡʯʙ 9 

ʈʙʩʙʥʞʫʩʴ ʡ ʨʧʣʙʠʙʫʞʤʡ ʨʩʧʯʞʪʪʙ ʙʤʣʡʤʡʩʧʛʙʦʡʸ ʫʧʤʬʧʤʙ ʦ-ʝʞʯʞʦʧʥ ʛ ʩʙʠʤʡʰʦʴʮ ʫʡʨʙʮ 
ʩʞʙʣʫʧʩʧʛ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʧʦʢʘʟʘʪʝʣʝʡ ʠ 
ʧʘʨʘʤʝʪʨʦʚ 

ʈʝʘʢʪʦʨ 

ʩʤʝʰʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 
ʜʝʡʩʪʚʠʷ 

ʚʳʪʝʩʥʝʥʠʷ ʩʤʝʰʝʥʠʷ 
ʥʝʧʨʝʨʳʚʥʦʛʦ 
ʜʝʡʩʪʚʠʷ ʩ ʧʦʩʪʝʧʝʥʥʳʤ 

ʚʚʦʜʦʤ 
ʦʣʝʬʠʥʘ 

ʩ ʦʜʥʦʚʨʝʤʝʥ- 
ʥʳʤ ʩʤʝʰʝʥʠʝʤ 
ʨʝʘʛʝʥʪʦʚ 

ʂʦʥʚʝʨʩʠʷ ʦʣʝʬʠʥʘ, % 96,0 99,7 98,9 98,7 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ɸɹ, % 90,0 67,8 76,2 90,1 

ʊʝʤʧʝʨʘʪʫʨʘ, ęʉ 190 190 190 190 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ, ʤʠʥ 60 - 6 26,3 

ʉʦʦʪʥʦʰʝʥʠʝ ʪʦʣʫʦʣ: 
ʥ-ʜʝʮʝʥ, ʤʦʣʴ/ʤʦʣʴ 

6 6 20,0 18,8 
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»ÐßèØÝÐ »îÑÞÒì ¼ØåÐÙÛÞÒÝÐ 
ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ. Cʪʘʪʴʷ ʩʦʜʝʨʞʠʪ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʟʛʦʚʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʜʝʪʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ. ɺ 
ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʢʦʥʪʠʥʛʝʥʪʘ ʚʳʩʪʫʧʠʣʠ ʜʝʪʠ ʩ ʥʘʨʫʰʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʘ; ʚ ʢʘʯʝʩʪʚʝ 
ʠʥʜʠʢʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʟʛʦʚʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 
ʨʝʦʨʵʥʮʝʬʘʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʝʪʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ, ʤʦʟʛʦʚʦʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ, ʨʝʦʵʥ-
ʮʝʬʘʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʈʕɻ-ʚʦʣʥʘ, ʥʘʨʫʰʝʥʠʝ ʠʥʪʝʣʣʝʢʪʘ.  
 

PECULIARITIES OF REOENCEPHALOGRAPHIC INDICATORS THE CEREBRAL CIRCULATION OF 
CHILDREN WITH DISABILITIES 

 
Lapshina Liubov Mikhailovna 

 
Abstract: The article contains an overview of the results of our own theoretical and practical study of the fea-
tures of cerebral circulation of children with disabilities. As the main surveyed contingent were children with 
intellectual disabilities; as the indicative indices of the features of cerebral circulation, the results of the re-
orentsephalographic examination were analyzed. 
Key words: children with disabilities, cerebral circulation, rheoencephalographic indices, REG-wave, infringe-
ment of intelligence. 

 
ʆʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʪʝʥʜʝʥʮʠʡ ʚ ʦʢʘʟʘʥʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ ʜʝʪʷʤ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ (ʆɺɿ) ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʙʦʪʝ ʩ ʥʠʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ [1]. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʝʟ ʠʟʫʯʝʥʠʷ 
ʠʤʝʶʱʝʛʦʩʷ ʫ ʜʝʪʝʡ ʫʨʦʚʥʷ ʟʜʦʨʦʚʴʷ, ʢʦʪʦʨʳʡ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ çʠʩʭʦʜ-
ʥʦʝ ʩʦʩʪʦʷʥʠʝè, ʥʦ ʠ ʢʘʢ çʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣè ʢʦʨʨʝʢʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʨʝʙʸʥʢʘ [2]; ʧʦʵʪʦʤʫ ʩʝʛʦ-
ʜʥʷ ʠʟʫʯʝʥʠʝ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʩʪʘʣʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʧʨʦʙʣʝʤʦʡ: ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ, ʤʝ-
ʜʠʮʠʥʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ, ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʦʡ. ʆʜʥʘʢʦ ʦʙʱʝʥʘʫʯʥʳʡ ʧʦʜʭʦʜ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʨʝʰʝ-
ʥʠʝ ʣʶʙʦʡ ʧʨʦʙʣʝʤʳ, ʚ ʣʶʙʦʤ ʘʩʧʝʢʪʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, ʝʩʣʠ ʠʟʫʯʝʥ ʤʝʭʘʥʠʟʤ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ.  
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ɼʣʷ ʨʘʙʦʪʳ ʩ ʜʝʪʴʤʠ ʩ ʆɺɿ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘ-
ʥʠʟʤʦʚ ʜʠʟʦʥʪʦʛʝʥʝʟʘ [6]. ʅʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʟʛʘ ʣʶʜʝʡ, ʠʤʝʶʱʠʭ 
ʨʘʟʣʠʯʥʳʝ ʧʩʠʭʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ [2; 5], ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘ-
ʥʝʝ [3; 4], ʧʦʟʚʦʣʷʶʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʩʚʦʝʦʙʨʘʟʠʝ ʤʦʟʛʦʚʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ï ʵʪʦ ʦʜʠʥ ʠʟ ʦʯʝ-
ʚʠʜʥʳʭ ʠ ʚʝʜʫʱʠʭ ʤʝʭʘʥʠʟʤʦʚ [6] ʩʥʠʞʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦ-
ʩʪʠ ʦʣʠʛʦʬʨʝʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ [2; 5; 6] ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [3; 4], ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʚʦʝʦʙʨʘʟʠʷ ʤʦʟʛʦʚʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʜʝʪʝʡ ʩ 
ʆɺɿ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʭʦʜʝ ʨʝʦʵʥʮʝʬʘʣʦʛʨʘʬʠʯʝʩʢʦʛʦ (ʈʕɻ) ʠʩʩʣʝʜʦʚʘʥʠʷ [3].  

ɼʘʥʥʳʡ ʬʘʢʪ ʧʨʠʥʮʠʧʠʘʣʝʥ: ʨʝʦʵʥʮʝʬʘʣʦʛʨʘʬʠʷ ʦʩʪʘʝʪʩʷ ʤʝʪʦʜʦʤ ʢʘʢ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʠʤʝʝʪ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʢʣʘʜʥʦʛʦ ʤʝʪʦʜʘ 
ʥʝʡʨʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʫʯʨʝʞʜʝʥʠʷʤʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ ʭʦʜʝ ʦʙʳʯʥʦʛʦ 
ʧʘʪʨʦʥʘʪʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʜʝʪʝʡ ʩ ʆɺɿ [5]. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʈʕɻ ʜʝʪʝʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʘ ʙʳʣʘ çʪʦʨʧʠʜʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 
ʬʦʨʤʳ ʧʫʣʴʩʦʚʳʭ ʚʦʣʥ ʫ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʨʝʙʝʥʢʘ ʚ ʪʝʯʝʥʠʝ ʟʘʧʠʩʠè [3].  

ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʚʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʈʕɻ-ʚʦʣʥʳ ʰʢʦʣʴʥʠʢʦʚ ʩ ʥʘʨʫʰʝʥʠʝʤ 
ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ï ʵʪʦ ʬʦʨʤʘ ʚʝʨʰʠʥʳ 
ʜʘʥʥʦʡ ʚʦʣʥʳ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ [2; 3; 5], ʧʦʢʘ-
ʟʘʪʝʣʝʤ ʥʦʨʤʘʪʠʚʥʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʪʨʘʷ ʠʣʠ ʩʣʝʛʢʘ ʟʘʢʨʫʛʣʝʥʥʘʷ ʬʦʨʤʘ ʚʝʨʰʠʥʳ 
ʈʕɻ-ʚʦʣʥʳ. ʀʤʝʥʥʦ ʪʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʨʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʰʢʦʣʴʥʠ-
ʢʦʚ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʥʦʨʤʳ [3]. ʋ ʜʝʪʝʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʘ ʦʪʤʝʯʘʝʪʩʷ ʚʝʩʴ 
ʚʦʟʤʦʞʥʳʡ ʩʧʝʢʪʨ ʪʠʧʦʣʦʛʠʠ ʚʝʨʰʠʥʳ ʈʕɻ-ʚʦʣʥʳ: ʦʪ çʦʩʪʨʦʡè ʠ ʜʘʞʝ çʦʯʝʥʴ ʦʩʪʨʦʡè ʜʦ ʷʨʢʦ ʚʳʨʘ-
ʞʝʥʥʦʛʦ ʝʸ çʩʪʫʧʣʝʥʠʷè [3; 4].  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʦʜʨʦʩʪʢʘʭ ʜʘʥʥʘʷ ʦʩʦ-
ʙʝʥʥʦʩʪʴ [3; 4] ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʣʘʜʝʥʮʝʚ, ʧʨʝʜʩʪʘʚʣʝʥ-
ʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ [2] ʠ ʦʧʠʩʘʥʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʘʭ ʚʝʜʫʱʠʭ ʩʧʝ-
ʮʠʘʣʠʩʪʦʚ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ï ʄ.ʅ. ʌʠʰʤʘʥ ʠ ʜʨ. [6]. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʧʠʢʘ ï ʝʛʦ çʩʪʫʧʣʝʥʠʝè ʠ ʦʢʨʫʛʣʝʥʠʝ ï ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝ-
ʥʠʠ ʪʦʥʫʩʘ ʩʪʝʥʢʠ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʝ ʪʦʣʴʢʦ ʟʘʤʝʜʣʷʝʪʩʷ ʧʨʠʪʦʢ ʘʨʪʝʨʠʘʣʴʥʦʡ 
ʢʨʦʚʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʫʯʘʩʪʢʫ ʤʦʟʛʘ, ʥʦ ʠ, ʦʯʝʚʠʜʥʦ, ʣʦʢʘʣʴʥʦ ʥʘʨʫʰʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʡ ʛʘʟʦʦʙʤʝʥ [6]. 
ʆʪʩʫʪʩʪʚʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʚʝʜʝʥʠʷ ʦʪ ʤʦʟʛʘ ʢʨʦʚʠ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʦʜʫʢʪʳ ʦʙʤʝʥʘ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦ-
ʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʧʨʦʷʚʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʦʥʦ ʜʦʣʞʥʦ 
ʚʨrʘʟʠʪʴʩʷ ʠ ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʫʯʠʪʝʣʷ-ʜʝʬʝʢʪʦʣʦʛʠ 
ʦʪʤʝʯʘʶʪ ʪʘʢʫʶ ʦʙʱʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʜʝʪʝʡ ʩ ʆɺɿ ʢʘʢ ʩʥʠʞʝʥʠʝ ʫʤʩʪʚʝʥʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ-
ʩʪʠ, ʢʦʪʦʨʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʦʚʣʘʜʝʥʠʝ ʜʝʪʴʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʚ ʮʝʣʦʤ ʠ ʦʪʨʠ-
ʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʟʘʥʷʪʠʷ.  

ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʠʢʘ ʈʕɻ-ʚʦʣʥʳ, ʦʩʪʘʚʘʷʩʴ ʪʠʧʠʯʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ 
ʩʚʦʝʦʙʨʘʟʠʷ ʨʝʦʛʨʘʤʤʳ ʜʝʪʝʡ ʩ ʆɺɿ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦ ʤʝʨʝ ʚʟʨʦʩʣʝʥʠʷ ʨʝʙʸʥʢʘ ʥʘ ʧʨʘʢʪʠʢʝ ʜʝ-
ʤʦʥʩʪʨʠʨʫʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʠʟʤʝʥʝʥʠʶ. ʆʙʫʯʘʶʱʠʝʩʷ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ ʩʪʘʨ-
ʰʠʭ ʢʣʘʩʩʦʚ ʩʪʘʥʦʚʷʪʩʷ ʩʧʦʩʦʙʥʳʤʠ ʥʝ ʪʦʣʴʢʦ  ʨʝʰʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʠ ʚʳʧʦʣʥʷʪʴ ʜʨʫʛʠʝ ʚʠ-
ʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʫʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ  ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ. 

ɼʘʥʥʳʡ ʬʘʢʪ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʟʛʘ ʧʨʠ ʢʦʛʥʠʪʠʚʥʳʭ 
ʥʘʨʫʰʝʥʠʷʭ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ (ʄʠʨʦʥʦʚ ʅ.ʇ. ʠ ʜʨ.) [5] ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʦʨʛʘʥʠ-
ʯʝʩʢʦʤ ʧʦʨʘʞʝʥʠʠ ʤʦʟʛʘ ʫ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʨʝʙʸʥʢʘ (ʚ ʜʝʪʩʢʦʤ ʚʦʟʨʘʩʪʝ!) ʦʩʪʘʶʪʩʷ ʨʝʟʝʨʚʥʳʝ ʚʦʟ-
ʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʛʨʘʤʦʪʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʤ ʢʦʨʨʝʢʮʠʦʥʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʦʢʘʟʳʚʘ-
ʶʪʩʷ ʚʦʚʣʝʯʝʥʥʳʤʠ ʚ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʜʝʪʝʡ ʩ ʆɺɿ.  
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Ã´º 622.28.042 

°ºÂÃ°»¸·¸À¾²°½½°Ï Á¸ÁÂµ¼° ²Ë±¾À° 
º¾½ÁÂÀÃºÆ¸¸ ºÀµ¿¸ ¿¾´·µ¼½¾¹ ³¾À½¾¹ 
²ËÀ°±¾Âº¸ 

ÆëÓÐÝÚÞÒ ´ÜØâàØÙ °ÝÐâÞÛìÕÒØç 
ʢ. ʪ. ʥ., ʜʦʮʝʥʪ 

ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠʤ. ʅ. ɸ. ʏʠʥʘʢʘʣʘè 
 

ɹʦʦʧʫʙʯʡʸ. ʀʟʫʯʝʥ ʩʧʨʦʩ ʥʘ ʨʫʜʳ ʮʚʝʪʥʳʭ ʠ ʯʸʨʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʠʭ ʧʦʜ-
ʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. ɼʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠ-
ʚʘ ʠ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʣʠ ʥʘʢʣʦʥʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ - RMR. 
ɺʥʝʩʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʚ ʤʠʨʦʚʳʝ ʩʪʘʥʜʘʨʪʳ. 
ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʚʝʨʪʠʢʘʣʴʥʦʡ, 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ. ʇʦʨʦʜʘ, ʤʘʩʩʠʚ, ʢʘʯʝʩʪʚʦ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʨʝʡʪʠʥʛ, ʚʳʨʘʙʦʪʢʘ, ʢʨʝʧʴ. 
 

ACTUALIZED SYSTEM OF THE SELECTING OF THE CONSTRUCTION OF THE SUPPORT OF THE 
UNDERGROUND MINING WORKING 

 
Abstract. It has been studied the demand for non-ferrous and ferrous metal ores. There were analyzed the 
conditions of their underground development. The advantages of the rating system for assessing the quality of 
the rock massif and the choice of the support of the horizontal or inclined underground mining working ï RMR 
proved. There were proposals on the integration of domestic geomechanical approaches into the world stand-
ards. An algorithm for estimating the quality of the rock massif and the choice of the construction of the sup-
port for vertical, horizontal and inclined underground mining working proposed. 
Keywords. Rock, massive, quality, sustainability, rating, working, support. 

 
ʆʜʥʦʡ ʠʟ ʪʝʥʜʝʥʮʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷ-

ʝʪʩʷ ʚʦʚʣʝʯʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ-
ʩʷ ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʝʜʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩ 
ʨʦʩʪʦʤ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʩʣʦʞʥʷʶʪʩʷ ʛʝʦʤʝʭʘʥʠʯʝ-
ʩʢʠʝ ʫʩʣʦʚʠʷ ʜʦʙʳʯʠ ʨʫʜ ʮʚʝʪʥʳʭ ʠ ʯʸʨʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʧʨʦʮʝʩʩʳ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ɼʦʙʳʯʘ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ ʥʝʜʨ ʚ ʥʘʠʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʚ ʪʝʯʝʥʠʝ ʧʦ-
ʩʣʝʜʥʠʭ ʩʝʤʠ ʣʝʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʠ ʥʝ ʩʢʣʦʥʥʘ ʢ ʧʦʥʠʞʝʥʠʶ (ʨʠʩ. 1). 

ʅʘ ʧʦʜʟʝʤʥʳʡ ʩʧʦʩʦʙ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 45 % ʜʦʙʳʚʘʝʤʦʡ ʚ ʤʠʨʝ ʤʝʜʠ, 75 % ʩʚʠʥʮʘ ʠ 
70 % ʮʠʥʢʘ [2, ʩ. 12]. 

ɼʦʙʳʯʘ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʨʫʜ ʯʸʨʥʳʭ ʤʝʪʘʣʣʦʚ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʜʦʩʪʘʪʦʯʥʦ 
ʚʳʩʦʢʘ ʠ ʩʪʘʙʠʣʴʥʘ (ʨʠʩ. 2). 
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ʉʡʪ. 1. ɽʧʚʴʰʙ ʩʬʝ ʯʛʞʫʦʴʮ ʥʞʫʙʤʤʧʛ: 1 ð ɹʛʪʫʩʙʤʡʢʪʣʡʢ ʪʧʷʠ; 2 ð ʃʡʫʙʢʪʣʙʸ ʦʙʩʧʝʦʙʸ 

ʩʞʪʨʬʚʤʡʣʙ; 3 ð ʉʞʪʨʬʚʤʡʣʙ ʁʦʝʡʸ; 4 ð ʉʞʪʨʬʚʤʡʣʙ ʈʞʩʬ; 5 ð ʊʧʞʝʡʦʹʦʦʴʞ ʱʫʙʫʴ ɹʥʞʩʡʣʡ; 6 ð 
ʉʧʪʪʡʢʪʣʙʸ ʭʞʝʞʩʙʯʡʸ; 7 ð ʝʩʬʜʡʞ ʪʫʩʙʦʴ [1, ʪ. 5] 
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ʉʡʪ. 2. ɽʧʚʴʰʙ ʩʬʝ ʰʹʩʦʴʮ ʥʞʫʙʤʤʧʛ: 1 - ɹʛʪʫʩʙʤʡʢʪʣʡʢ ʪʧʷʠ; 2 ð ʉʞʪʨʬʚʤʡʣʙ ɺʩʙʠʡʤʡʸ; 3 

- ʃʡʫʙʢʪʣʙʸ ʦʙʩʧʝʦʙʸ ʩʞʪʨʬʚʤʡʣʙ; 4 ð ʉʞʪʨʬʚʤʡʣʙ ʁʦʝʡʸ; 5 ð ʉʞʪʨʬʚʤʡʣʙ ʌʣʩʙʡʦʙ; 6 ð ʉʧʪʪʡʢʪʣʙʸ 
ʭʞʝʞʩʙʯʡʸ; 7 ð ʝʩʬʜʡʞ ʪʫʩʙʦʴ [1, ʪ. 6] 

 
ʅʘ ʧʦʜʟʝʤʥʳʡ ʩʧʦʩʦʙ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 20 % ʤʠʨʦʚʦʡ ʜʦʙʳʯʠ ʞʝʣʝʟʘ, 25 % ʤʘʨʛʘʥʮʘ ʠ 

85 % ʭʨʦʤʘ [2, ʩ. 12]. 
ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʦʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʫʜ ʮʚʝʪʥʳʭ ʠ ʯʸʨʥʳʭ ʤʝʪʘʣʣʦʚ ʙʫ-

ʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʩʦʭʨʘʥʷʶʱʝʤʩʷ ʩʧʨʦʩʝ ʥʘ ʩʳʨʴʸ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝ ʧʦʜʟʝʤʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟ-
ʨʘʙʦʪʢʠ ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʢʣʘʜʳʚʘʶʱʘʷʩʷ ʩʠʪʫʘʮʠʷ ʧʨʝʜʲʷʚʣʷʝʪ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘ-
ʥʠʷ ʢ ʫʯʸʪʫ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚʳʙʦʨʫ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʫʜ ʮʚʝʪʥʳʭ ʠ ʯʸʨʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʜ ʩʣʦʞʥʳʤʠ ʧʦʥʠʤʘʶʪʩʷ ʪʘʢʠʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ 
ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʢʘ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʦʙ-
ʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʥʝʟʘʪʫʭʘʶʱʠʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. ʇʨʠ ʵʪʦʤ ʚʘʞ-
ʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʣʦʞʥʳʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʦʙʳʯʥʳʭ 
ʩʧʦʩʦʙʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [3, ʩ. 19]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʴʶ 



32 Á¾²Àµ¼µ½½Ëµ ÂµÅ½¾»¾³¸¸ 

 

XIV ÜÕÖÔãÝÐàÞÔÝÐï ÝÐãçÝÞ-ßàÐÚâØçÕáÚÐï ÚÞÝäÕàÕÝæØï  | ¼Æ½Á ¦½°Ãº° ¸ ¿À¾Á²µÉµ½¸µ« 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʭʦʜʢʘ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.  
 

ʋʙʚʤʡʯʙ 1 
ʃʤʙʪʪʡʭʡʣʙʯʡʡ ʨʧʩʧʝʦʴʮ ʥʙʪʪʡʛʧʛ [4, ʪ. 11] 

 ́ ʅʘʟʚʘʥʠʝ ɸʚʪʦʨʳ, ʛʦʜʳ ʉʪʨʘʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

1 Rock Load System Terzaghi, 1946 ʉʦʝʜʠʥʸʥʥʳʝ ʰʪʘʪʳ ɸʤʝʨʠʢʠ 

2 Stand-up Time System Lauffer, 1958 ɸʚʩʪʨʘʣʠʡʩʢʠʡ ʩʦʶʟ 

3 Rock Quality Designation (RQD) Deer, 1967 ʉʦʝʜʠʥʸʥʥʳʝ ʰʪʘʪʳ ɸʤʝʨʠʢʠ 

4 Rock Structure Rating Wikham, 1972 ʉʦʝʜʠʥʸʥʥʳʝ ʰʪʘʪʳ ɸʤʝʨʠʢʠ 

5 Rock Mass Rating (RMR) Bieniawski, 1973 
(1989) 

ʖʞʥʦʘʬʨʠʢʘʥʩʢʘʷ ʨʝʩʧʫʙʣʠʢʘ (ʉʦ-
ʝʜʠʥʸʥʥʳʝ ʰʪʘʪʳ ɸʤʝʨʠʢʠ) 

6 Modified Rock Mass Rating ¦nal, ¥zkan, 1990 ʊʫʨʝʮʢʘʷ ʨʝʩʧʫʙʣʠʢʘ 

7 Rock Mass Quality (Q) Barton, 1974 (2002) ʂʦʨʦʣʝʚʩʪʚʦ ʅʦʨʚʝʛʠʷ 

8 Rock Mass Number Geol, 1995 ʉʦʝʜʠʥʸʥʥʳʝ ʰʪʘʪʳ ɸʤʝʨʠʢʠ 

9 Rock Mass Index Palmstrºm, 1996 ʂʦʨʦʣʝʚʩʪʚʦ ʐʚʝʮʠʷ 

10 Geological Strength Index Hoek, Brown, 1997 ʂʘʥʘʜʘ 

 
ʀʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚʦ ʚʩʸʤ ʤʠʨʝ ʩʝʛʦʜʥʷ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ 

RMR [5, ʩ. 108] ʠ Q [6, ʩ. 206] (ʪʘʙʣ. 1). ʆʙʝ ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦ-
ʛʦ ʤʘʩʩʠʚʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʨʘʚʠʣʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 
ʢʨʝʧʠ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. 

ʆʩʥʦʚʥʦʡ ʩʤʳʩʣ ʩʠʩʪʝʤʳ RMR ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ 
ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: 

ὙὓὙ ὃ ὃ ὃ ὃ ὃ ὄ,    (1) 
ʛʜʝ A1 ï ʨʝʡʪʠʥʛ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ, A2 ï ʨʝʡʪʠʥʛ RQD, A3 ï ʨʝʡʪʠʥʛ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʘʟʨʫʰʝʥʠʷ, A4 ï ʨʝʡʪʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ, A5 ï 
ʨʝʡʪʠʥʛ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, B ï ʨʝʡʪʠʥʛ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʫ-
ʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʠʟʚʣʝʢʘʝʤʳʤ ʠʟ ʥʝʛʦ ʢʝʨʥʘʤ ʙʳʣʘ 
ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ RQD [7, ʩ. 20], ʚʦʰʝʜʰʘʷ ʚ RMR ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʨʘʩʯʸʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɽʸ 
ʩʤʳʩʣ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

ὙὗὈ ϽρππϷ,      (2) 

ʛʜʝ K10 ï ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʥʝʥʘʨʫʰʝʥʥʳʭ ʢʝʨʥʦʚ, ʨʘʟʤʝʨ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 10 ʩʤ, 
K ï ʦʙʱʘʷ ʜʣʠʥʘ ʢʝʨʥʦʚ, ʩʤ. ʈʝʡʪʠʥʛ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʩʠʩʪʝʤʝ RQD ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 
2. 

 
ʋʙʚʤʡʯʙ 2  

ʉʞʢʫʡʦʜʡ ʨʧʩʧʝʦʴʮ ʥʙʪʪʡʛʧʛ ʨʧ ʪʡʪʫʞʥʞ RQD 

 ́ RQD ʂʘʯʝʩʪʚʦ 

1 0-25 ʆʯʝʥʴ ʧʣʦʭʦʝ 

2 26-50 ʇʣʦʭʦʝ 

3 51-75 ɼʦʩʪʘʪʦʯʥʦʝ 

4 76-90 ʍʦʨʦʰʝʝ 

5 91-100 ʆʪʣʠʯʥʦʝ 

 
ʈʝʡʪʠʥʛ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʝʛʦ ʥʘ ʢʣʘʩʩʳ ʧʦ ʩʠʩʪʝʤʝ RMR ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ ʪʘʙʣ. 3. 
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ʋʙʚʤʡʯʙ 3 
ʉʞʢʫʡʦʜʡ ʨʧʩʧʝʦʴʮ ʥʙʪʪʡʛʧʛ ʨʧ ʪʡʪʫʞʥʞ RMR 

 ́ RMR ʂʣʘʩʩ 

1 100-81 ʆʯʝʥʴ ʭʦʨʦʰʠʡ 

2 80-61 ʍʦʨʦʰʠʡ 

3 60-41 ɼʦʩʪʘʪʦʯʥʳʡ 

4 40-21 ʇʣʦʭʦʡ 

5 20-0 ʆʯʝʥʴ ʧʣʦʭʦʡ 

 
ʉʠʩʪʝʤʘ RMR ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚʳʙʦʨʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. 
ɺ ʩʠʩʪʝʤʝ Q ʠʥʜʝʢʩʳ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʰʝʩʪʴʶ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʙʲʝʜʠ-

ʥʸʥʥʳʤʠ ʚ ʩʣʝʜʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 

ὗ Ͻ Ͻ ,       (3) 

ʛʜʝ Jn ï ʨʝʡʪʠʥʛ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ, Jr ï ʨʝʡʪʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟ-
ʨʫʰʝʥʠʷ, Ja ï ʨʝʡʪʠʥʛ ʚʟʘʠʤʦʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ, Jw ï ʨʝʡʪʠʥʛ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤ-
ʥʳʭ ʚʦʜ, SRF ï ʨʝʡʪʠʥʛ ʥʘʧʨʷʞʝʥʠʡ. 

ʀʥʜʝʢʩʳ Q ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,001 ʜʦ 1000 ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. 

 ʉʠʩʪʝʤʘ RMR ʠ ʠʥʜʝʢʩʳ Q ʩʚʷʟʘʥʳ ʬʦʨʤʫʣʦʡ ʟʘʚʠʩʠʤʦʩʪʠ [8, ʩ. 585]: 

ὙὓὙ ωϽὰὫὗὃ,      (4) 
ʛʜʝ ʧʘʨʘʤʝʪʨ A ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʯʠʩʝʣ 26 ʠ 62 ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 44. 
ʈʦʩʩʠʡʩʢʘʷ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʉʅʠʇ II-94-80 [9, ʩ. 41] (BR, building 

regulations) ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʩʚʦʝʥʠʠ ʝʤʫ ʢʘʪʝʛʦʨʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 
ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʚʠʜʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘ-
ʥʘ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʘ ʪʘʢʞʝ ʛʦ-
ʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ (ʪʘʙʣ. 4). 

 
ʋʙʚʤʡʯʙ 4 

ʃʙʫʞʜʧʩʡʡ ʨʧʩʧʝʦʴʮ ʥʙʪʪʡʛʧʛ ʨʧ ʪʡʪʫʞʥʞ BR 

 ́ BR ɺʝʨʪʠʢʘʣʴʥʳʝ 
ʚʳʨʘʙʦʪʢʠ, C 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥʥʳʝ ʚʳʨʘʙʦʪʢʠ, U, ʤʤ 

ʆʩʘʜʦʯʥʳʝ 
ʧʦʨʦʜʳ 

ʀʟʚʝʨʞʝʥʥʳʝ 
ʧʦʨʦʜʳ 

ʉʦʣʷʥʳʝ 
ʧʦʨʦʜ r

1 ʋʩʪʦʡʯʠʚʘʷ 0-3 0-50 0-20 0-200 

2 ʉʨʝʜʥʝ- 
ʫʩʪʦʡʯʠʚʘʷ 

4-6 51-200 21-100 201-300 

3 ʅʝʫʩʪʦʡʯʠʚʘʷ 7-10 201-500 101-200 301-500 

4 ʆʯʝʥʴ  
ʥʝʫʩʪʦʡʯʠʚʘʷ 

ʦʪ 11 ʦʪ 501 ʦʪ 201 ʦʪ 501 

 
ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠ ʧʨʦʭʦʜʢʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʚ ʩʠ-

ʩʪʝʤʝ BR ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʨʠʪʝʨʠʡ C. ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʙʘʣʣʘʭ ʩ ʫʯʸʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ 
ʚʦʜʳ, ʜʨʫʛʠʭ ʚʳʨʘʙʦʪʦʢ, ʫʛʣʘ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ, ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ ʧʨʠ 
ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʛʣʫʙʠʥʳ ʠʭ ʚʝʜʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ-
ʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠ ʧʨʦʭʦʜʢʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʟʜʝʩʴ ʧʨʠʤʝʥʷʝʪʩʷ ʢʨʠ-
ʪʝʨʠʡ ʩʤʝʱʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ U. ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʤʠʣʣʠʤʝʪʨʘʭ ʩ ʫʯʸʪʦʤ ʫʛʣʘ ʠʭ ʟʘʣʝʛʘʥʠʷ, ʥʘʧʨʘʚ-
ʣʝʥʠʷ ʩʤʝʱʝʥʠʡ, ʨʘʟʤʝʨʦʚ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʜʨʫʛʠʭ ʚʳʨʘʙʦʪʦʢ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʚʦʟʚʝʜʝʥʠʷ ʢʨʝʧʠ. 

ʇʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʳ RMR ʠ BR ʦʩʥʦʚʘʥʳ ʥʘ ʫʯʸʪʝ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦ-
ʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 
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ʠ ʥʘʢʣʦʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5. 
 

ʋʙʚʤʡʯʙ 5 
ʊʛʸʠʵ ʥʞʟʝʬ ʪʡʪʫʞʥʙʥʡ RMR ʡ BR 

 ́ ɻʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʠ ʧʦʨʦʜʳ ʌʦʨʤʫʣʳ ʟʘʚʠʩʠʤʦʩʪʝʡ 

1 ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥʥʳʝ ʆʩʘʜʦʯʥʳʝ ὙὓὙ ρσστςϽὰὫὄὙ (5) 

2 ʀʟʚʝʨʞʝʥʥʳʝ ὙὓὙ ρρττρϽὰὫὄὙ (6) 

3 ʉʦʣʷʥʳʝ ὙὓὙ ςρχχσϽὰὫὄὙ (7) 

 
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ 

ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ: ʨʘʩʯʸʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʢʨʠʪʝʨʠʶ ʩʤʝʱʝʥʠʷ U ʩʦʛʣʘʩʥʦ 
ʩʠʩʪʝʤʝ BR (ʪʘʙʣ. 4); ʧʝʨʝʭʦʜ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʩʠʩʪʝʤʝ RMR (ʪʘʙʣ. 3) ʯʝʨʝʟ ʬʦʨ-
ʤʫʣʳ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʠʩʪʝʤ RMR ʠ BR (ʪʘʙʣ. 5); ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʧʦ ʩʠʩʪʝʤʝ RMR (ʪʘʙʣ. 6 [5, ʩ. 
108]). ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʜʨʫʛʦʡ ʧʦʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ: ʨʘʩʯʸʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʢʨʠʪʝʨʠʶ C ʩʦʛʣʘʩʥʦ ʩʠʩʪʝʤʝ BR 
(ʪʘʙʣ. 4); ʚʳʙʦʨ ʤʦʥʦʣʠʪʥʦʡ ʠʣʠ ʩʙʦʨʥʦʡ ʙʝʪʦʥʥʦʡ, ʘ ʪʘʢʞʝ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʢʨʝʧʠ ʧʦ ʩʠʩʪʝʤʝ BR ʩ 
ʨʘʟʜʝʣʝʥʠʝʤ ʝʸ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ - ʫʩʪʴʝ, ʧʨʦʪʷʞʸʥʥʘʷ ʯʘʩʪʴ, ʩʦʧʨʷʞʝʥʠʷ ʠ ʢʘʤʝʨʳ. 

 
ʋʙʚʤʡʯʙ 6 

ɻʴʚʧʩ ʣʧʦʪʫʩʬʣʯʡʡ ʣʩʞʨʡ ʜʧʩʡʠʧʦʫʙʤʵʦʴʮ ʡ ʦʙʣʤʧʦʦʴʮ ʜʧʩʦʴʮ ʛʴʩʙʚʧʫʧʣ 
ʨʧ ʪʡʪʫʞʥʞ RMR 

 ́ RMR ɺʳʝʤʢʘ ʧʦʨʦʜʳ ɸʥʢʝʨʳ 
(ʜʠʘʤʝʪʨ 20 ʤʤ, 
ʧʦʣʥʦʩʪʴʶ ʟʘʣʠʪʳʝ) 

ʊʦʨʢʨʝʪ ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʨʘʤʳ 

1 100-81 ʉʧʣʦʰʥʦʡ ʟʘʙʦʡ, 
ʮʠʢʣ 3 ʤ 

ʆʪʩʫʪʩʪʚʠʝ ʢʨʝʧʠ ʠʣʠ ʣʦʢʘʣʴʥʳʝ ʘʥʢʝʨʳ ʙʝʟ ʧʨʦʚʦʣʦʯʥʦʡ ʩʝʪʢʠ 

2 80-61 ʉʧʣʦʰʥʦʡ ʟʘʙʦʡ, 
ʮʠʢʣ 1-1,5 ʤ. ʆʪʩʪʘ-
ʚʘʥʠʝ ʢʘʧʠʪʘʣʴʥʦʡ 
ʢʨʝʧʠ ʦʪ ʟʘʙʦʷ ʜʦ 20 
ʤ 

ʃʦʢʘʣʴʥʳʝ ʘʥʢʝʨʳ ʚ 
ʢʨʦʚʣʝ ʜʣʠʥʦʡ 3 ʤ ʩ 
ʠʥʪʝʨʚʘʣʦʤ 2,5 ʤ ʠ 
ʯʘʩʪʠʯʥʦʡ ʧʨʦʚʦ-
ʣʦʯʥʦʡ ʩʝʪʢʦʡ 

50 ʤʤ ʚ ʢʨʦʚʣʝ, 
ʣʦʢʘʣʴʥʳʡ 

- 

3 60-41 ʆʧʝʨʝʞʘʶʱʘʷ ʢʨʝʧʴ 
ʢʨʦʚʣʠ ʥʘ 1,5-3 ʤ. 
ʆʪʩʪʘʚʘʥʠʝ ʢʘʧʠ-
ʪʘʣʴʥʦʡ ʢʨʝʧʠ ʦʪ ʟʘ-
ʙʦʷ ʜʦ 10 ʤ  

ʉʧʣʦʰʥʳʝ ʘʥʢʝʨʳ 
ʜʣʠʥʦʡ 4 ʤ ʩ ʠʥʪʝʨ-
ʚʘʣʦʤ 1,5-2 ʤ ʚ 
ʢʨʦʚʣʝ ʠ ʙʦʢʘʭ ʩ 
ʧʦʣʥʦʡ ʧʨʦʚʦʣʦʯʥʦʡ 
ʩʝʪʢʦʡ ʚ ʢʨʦʚʣʝ 

50-100 ʤʤ ʚ 
ʢʨʦʚʣʝ ʠ 30 ʤʤ 
ʚ ʙʦʢʘʭ, 
ʩʧʣʦʰʥʦʡ 

- 

4 40-21 ʆʧʝʨʝʞʘʶʱʘʷ ʢʨʝʧʴ 
ʢʨʦʚʣʠ ʥʘ 1-1,5 ʤ. 
ʆʪʩʪʘʚʘʥʠʝ ʢʘʧʠ-
ʪʘʣʴʥʦʡ ʢʨʝʧʠ ʦʪ ʟʘ-
ʙʦʷ ʜʦ 10 ʤ  

ʉʧʣʦʰʥʳʝ ʘʥʢʝʨʳ 
ʜʣʠʥʦʡ 4-5 ʤ ʩ ʠʥ-
ʪʝʨʚʘʣʦʤ 1-1,5 ʤ ʚ 
ʢʨʦʚʣʝ ʠ ʙʦʢʘʭ ʩ 
ʧʦʣʥʦʡ ʧʨʦʚʦʣʦʯʥʦʡ 
ʩʝʪʢʦʡ 

100-150 ʤʤ ʚ 
ʢʨʦʚʣʝ ʠ 100 
ʤʤ ʚ ʙʦʢʘʭ, 
ʩʧʣʦʰʥʦʡ 

ʈʘʤʳ ʦʪ ʣʸʛʢʠʭ ʜʦ 
ʩʨʝʜʥʠʭ ʥʘ ʨʘʩʩʪʦʷ-
ʥʠʠ 1,5 ʤ ʩ ʨʘʩʢʨʝʧʣʝ-
ʥʠʝʤ 

5 20-0 ʅʝʩʢʦʣʴʢʦ ʮʠʢʣʦʚ ʥʘ 
0,5-1,5 ʤ. ʆʜʥʦʚʨʝ-
ʤʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 
ʢʘʧʠʪʘʣʴʥʦʡ ʢʨʝʧʠ. 
ʊʦʨʢʨʝʪ ʢʘʢ ʤʦʞʥʦ 
ʩʢʦʨʝʝ ʧʦʩʣʝ ʚʟʨʳʚʘ 

ʉʧʣʦʰʥʳʝ ʘʥʢʝʨʳ 
ʜʣʠʥʦʡ 5-6 ʤ ʚ ʢʨʦʚ-
ʣʝ ʠ ʙʦʢʘʭ ʩ ʧʦʣʥʦʡ 
ʧʨʦʚʦʣʦʯʥʦʡ ʩʝʪʢʦʡ. 
ʋʧʨʘʚʣʝʥʠʝ ʘʥʢʝʨʘ-
ʤʠ 

150-200 ʤʤ ʚ 
ʢʨʦʚʣʝ, 150 ʤʤ 
ʚ ʙʦʢʘʭ ʠ 50 ʤʤ 
ʦʢʦʣʦ ʟʘʙʦʷ, 
ʩʧʣʦʰʥʦʡ 

ʈʘʤʳ ʦʪ ʩʨʝʜʥʠʭ ʜʦ 
ʪʷʞʸʣʳʭ ʥʘ ʨʘʩʩʪʦʷ-
ʥʠʠ 0,75 ʤ ʩ ʨʘʩʢʨʝʧ-
ʣʝʥʠʝʤ ʠ ʟʘʪʷʞʢʦʡ. 
ʋʧʨʘʚʣʝʥʠʝ ʨʘʤʘʤʠ 
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ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʩʦʙʣʶʜʝʥʠʷ ʤʠʨʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʩʘʤʳʭ ʛʣʫʙʦʢʠʭ ʨʫʜʥʳʭ ʰʘʭʪʘʭ (çKidd Mineè, 
ʩʚʠʥʝʮ, ʮʠʥʢ, 2800 ʤ, ʂʘʥʘʜʘ [10, ʩ. 9]; çʊʘʡʤʳʨʩʢʠʡè, ʤʝʜʴ, ʥʠʢʝʣʴ, 1530 ʤ, ʈʦʩʩʠʡʩʢʘʷ ʬʝʜʝʨʘʮʠʷ 
[11, ʩ. 36]; çɻʚʘʨʜʝʡʩʢʘʷè, ʞʝʣʝʟʦ, 1430 ʤ, ʈʝʩʧʫʙʣʠʢʘ ʋʢʨʘʠʥʘ [12, ʩ. 180]) ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʩʣʦʞʥʳʭ 
ʫʩʣʦʚʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 3-5 ʢʣʘʩʩʫ ʧʦ ʩʠʩʪʝʤʝ RMR (ʪʘʙʣ. 3), ʧʨʠʤʝʥʷ-
ʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʚʠʜʳ ʢʨʝʧʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʅʘ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʠʩʧʦʣʴʟʫʶʪʩʷ: ʘʥʢʝʨʳ; ʘʥʢʝʨʳ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʞʝʣʝʟʦʙʝʪʦʥʦʤ, ʥʘʙʨʳʟʛʙʝʪʦʥʦʤ ʠ ʩʝʪʢʦʡ; ʪʦʨʢʨʝʪʙʝʪʦʥ 
(ʥʘʙʨʳʟʛʙʝʪʦʥ); ʤʦʥʦʣʠʪʥʳʡ ʙʝʪʦʥ ʠ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʨʘʤʥʘʷ ʢʨʝʧʴ. ʅʘ ʨʫʜʥʠʢʝ çʊʘʡʤʳʨʩʢʠʡè ʙʦʣʝʝ 70 
% ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʟʘʢʨʝʧʣʝʥʦ ʘʥʢʝʨʘʤʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʞʝʣʝʟʦʙʝʪʦʥʦʤ, ʘ ʪʘʢʞʝ ʪʦʨʢʨʝʪʙʝʪʦʥʦʤ 
(ʥʘʙʨʳʟʛʙʝʪʦʥʦʤ). 

ɺʳʚʦʜʳ. 
1. ɿʘ ʨʫʙʝʞʦʤ ʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʷ ʢʨʝʧʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ 

ʠʟʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ. ʕʪʦ ʤʦʥʦʣʠʪʥʳʡ ʠʣʠ ʩʙʦʨʥʳʡ ʙʝʪʦʥ ʠ ʞʝʣʝʟʦʙʝʪʦʥ. 
2. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʤʠʨʝ ʩʠʩʪʝʤʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩ-

ʩʠʚʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ RMR ʠ ʝʸ ʘʥʘʣʦʛʠ (RQD, Q), ʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ï BR. 
3. ʉʠʩʪʝʤʳ RMR ʠ BR ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʪʴ ʬʦʨʤʫʣʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʦʮʝʥʢʝ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ 
ʚʳʨʘʙʦʪʢʠ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

4. ɼʦʩʪʦʠʥʩʪʚʘ ʩʠʩʪʝʤʳ RMR, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʥʝʡ. 
4.1. ʆʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʩʧʝʢʪʨ ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩ-

ʩʠʚʘ ʠ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. 
4.2. ʆʙʝʩʧʝʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʨʝʧʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. 
4.3. ʇʝʨʝʥʦʩʠʪ ʦʧʳʪ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʜʥʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʥʘ ʜʨʫʛʠʝ. 
4.4. ʄʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʝʧʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥ-

ʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 
ʢʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ ʦ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ. 

4.5. ʇʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ ʜʦ 25 ʄʇʘ, ʪʦ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ 
ʠʭ ʫʯʸʪʘ. 

5. ʅʝʜʦʩʪʘʪʢʠ ʩʠʩʪʝʤʳ RMR, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʥʝʸ ʩʠʩʪʝʤʳ 
BR. 

5.1. ʆʧʠʩʳʚʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʯʠʩʣʦʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ï ʨʝʡʪʠʥʛʦʤ. 
5.2. ʆʪʩʫʪʩʪʚʫʶʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ 

ʚʳʨʘʙʦʪʢʠ. 
5.3. ʅʝ ʫʯʠʪʳʚʘʶʪʩʷ ʨʘʟʤʝʨʳ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 
6. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝ-

ʧʠ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 
ʩʠʩʪʝʤʫ RMR ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʚ ʥʝʸ ʩʠʩʪʝʤʦʡ BR. 
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ʤʘʛʠʩʪʨʘʥʪ 

³ãáÕÒ ³ÛÕÑ ±ÞàØáÞÒØç  
 ʢ.ʪ.ʥ. ʜʦʮʝʥʪ 

ʌɹɻʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ (ʄʀʀʊ)è 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʫʛʣʘ ʟʘʢʨʫʪʢʠ 
ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʪʝʯʝʥʠʠ ʪʝʧʣʦʥʦʩʠ-
ʪʝʣʷ ʚ ʢʦʣʴʮʝʚʦʤ ʢʘʥʘʣʝ. ʇʦʣʫʯʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʛʠʜʨʦʜʠʥʘ-
ʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʪʝʧʣʦʦʙʤʝʥʘ, ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʣ, ʣʦʢʘʣʴʥʦʝ ʟʘʢʨʫʯʠʚʘʶʱʝʝ ʫʩʪʨʦʡ-
ʩʪʚʦ, ʫʛʦʣ ʟʘʢʨʫʪʢʠ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 
 

HYDRAULIC RESISTANCE OF THE LOCAL SWIRLING DEVICE IN THE COURSE OF FLUID FLOW IN 
THE ANNULAR CHANNEL 

 
Nabatchikowa Tatiana Igorevna, 

Gusev Gleb Borisovich 
 
Abstract: The results of the experiment on the influence of the twist angle on the hydraulic resistance of the 
local heat exchange intensifier in the course of coolant flow in the annular channel are presented in the article. 
The resulting calculated dependence can be used for hydraulic calculations of heat  exchange equipment. 
Key worlds: intensification of heat transfer, annular channel, swirling device, angle of twist, hydraulic re-
sistance.  

 
ʇʨʦʙʣʝʤʘ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʥʦ-ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʧ-

ʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩ-
ʩʠʠ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʜʨʫʛʠʭ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʰ-
ʣʝʥʥʦʩʪʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦ- ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʪʠʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʀʟʫʯʝʥʠʝʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʪʝʯʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ   ʚ ʢʘʥʘʣʘʭ ʟʘʥʠʤʘʶʪʩʷ 
ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʟʘʢʨʫʪʢʘ ʧʦ-
ʪʦʢʘ ʨʘʟʣʠʯʥʳʤʠ ʟʘʢʨʫʯʠʚʘʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺʦʧʨʦʩʫ ʦ ʚʣʠʷʥʠʠ ʟʘʢʨʫʯʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʪʝʧ-
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ʣʦʦʙʤʝʥ ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʫ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʧʫʙʣʠʢʘʮʠʡ [1, 2, 3, 4]. ʇʨʠ ʛʠʜʨʘʚʣʠ-
ʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʩ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘʤʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʟʘʢʨʫʯʠʚʘʶʱʠʤʠ ʧʦʪʦʢ ʪʝʧʣʦʥʦ-
ʩʠʪʝʣʷ, ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʟʘʢʨʫʯʠ-
ʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ.  ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦ-
ʪʝʨʴ ʥʘʧʦʨʘ ʥʘ ʫʩʪʨʦʡʩʪʚʝ, ʟʘʢʨʫʯʠʚʘʶʱʝʤ ʚʦʜʷʥʦʡ ʧʦʪʦʢ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʦʣʴʮʝʚʦʤ ʢʘʥʘʣʝ dʅɸʈ/dɺʅ=32/8 ʤʤ.  ɼʣʷ ʣʦʢʘʣʴʥʦʡ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ 
ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ   ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʚʪʫʣʢʫ ʚʳʩʦʪʦʡ 10 ʤʤ ʩ ʥʘʨʝʟʘʥʥʳʤ ʢʦʩʳʤ ʟʫʙʦʤ 
ʧʦ ʚʥʝʰʥʝʡ ʦʙʨʘʟʫʶʱʝʡ. ʂ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ  ʢʨʝʧʠʣʠʩʴ 4 ʟʘʢʨʫʯʠʚʘʶʱʠʝ ʣʦʧʘʪʢʠ. ɼʨʫʛʠʝ 
ʢʦʥʮʳ ʣʦʧʘʪʦʢ ʧʨʠʚʘʨʠʚʘʣʠʩʴ ʢ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʝ ʢʦʣʴʮʝʚʦʛʦ ʢʘʥʘʣʘ.  ʋʛʣʳ ʥʘʢʣʦʥʘ Ŭ ʣʦʧʘʪʦʢ ʠ ʢʦʩʦʛʦ 
ʟʫʙʘ ʥʘ ʥʘʨʫʞʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʧʝʨʠʤʝʪʨʘ ʚʪʫʣʢʠ ʤʝʥʷʣʠʩʴ  ʦʪ 0Á ʜʦ 30Á ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ. 
ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚʦʜʳ (ɟw)  ʦʪ 400  
ʜʦ 1200 ʢʛ/ʤ2ʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʦʛʣʘ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 18 ʜʦ 80 ʆʉ. 

ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʃʦʢʘʣʴʥʦʝ ʟʘʢʨʫʯʠʚʘʶʱʝʝ ʫʩʪʨʦʡ-
ʩʪʚʦ ʚ ʢʘʥʘʣʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ɼʣʠʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʤʝʥʷʣʘʩʴ 
ʦʪ 0,2 ʜʦ 0,65 ʤ. 

 

 
ʉʡʪ.1. ʊʮʞʥʙ ʨʩʧʛʞʝʞʦʡʸ ʶʣʪʨʞʩʡʥʞʦʫʙ. 1- ʁ ʣʪʨʞʩʡʥʞʦʫʙʤʵʦʴʢ ʣʙʦʙʤ; 2 

ʣʙʥʞʩʙ ʧʫʚʧʩʙ ʝʙʛʤʞʦʡʸ; 3- ʤʧʣʙʤʵʦʧʞ ʠʙʣʩʬʰʡʛʙʷʲʞʞ ʬʪʫʩʧʢʪʫʛʧ; 4- ʝʡʭʥʙʦʧʥʞʫʩ 
 

 
ʉʡʪ.2. ʄʧʣʙʤʵʦʧʞ ʠʙʣʩʬʰʡʛʙʷʲʞʞ ʬʪʫʩʧʢʪʫʛʧ ʛ ʣʧʤʵʯʞʛʧʥ ʣʙʦʙʤʞ 

1-ʆʙʩʬʟʦʙʸ ʫʩʬʚʙ; 2-ʛʦʬʫʩʞʦʦʸʸ ʫʩʬʚʙ; 3-ʧʚʞʰʙʢʣʙ ʤʧʣʙʤʵʦʧʜʧ ʠʙʣʩʬʰʡʛʙʷʲʞʜʧ ʬʪʫʩʧʢ-
ʪʫʛʙ; 4- ʤʧʨʙʫʣʡ ʠʙʣʩʬʰʡʛʙʷʲʞʜʧ ʬʪʫʩʧʢʪʫʛʙ 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʢʨʫ-
ʯʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʫʛʣʘ ʟʘʢʨʫʪʢʠ.  

ʇʦʢʘʟʘʥʠʷ ʜʠʬʤʘʥʦʤʝʪʨʘ 
Ўὖ Ўὖ̄̌ Ўὖ̍̆̒̓Ўὖ̈́̋̑           (1) 

ʛʜʝ Ўὖ̄  ̌ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʣʘʜʢʦʛʦ ʢʘʥʘʣʘ ʜʦ ʟʘʢʨʫʯʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

Ўὖ̄̌ ‗
ὒ̄ ̌

Ὠ̄
Ͻ
”ύ

ς”
 

Ўὖ̍̆̒̓ ï ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʟʘʢʨʫʯʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

Ўὖ̍̆̒̓‒̍
”ύ

ς”
 

‒̍ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʟʘʢʨʫʯʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 
Ўὖ̈́̋̑ ï ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʦʢʘʣʴʥʦ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ [3, ʩ. 128] 

Ўὖ̈́̋̑‗̈ ́̋̑

ὒ̈ ́̋̑

Ὠ̄
Ͻ
”ύ

ς”
 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʣʘʜʢʦʛʦ ʢʘʥʘʣʘ ʙʳʣʦ ʦʮʝʥʝʥʦ ʚ [2, ʩ. 494]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 
ʢʘʥʘʣ ʦʯʝʥʴ ʙʣʠʟʦʢ ʢ ʛʣʘʜʢʦʤʫ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʝʛʦ ʫʜʝʣʴʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ 
ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ ʂʦʥʘʢʦʚʘ 

‗ ρȟψὰὫὙὩρȟυ  
ɺʝʣʠʯʠʥʘ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ 

ὙὩ
”ύὨ̄

‘
 

‘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʇʘĿʩ;  
” ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, ʢʛ/ʤ3. 
ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ [3] 

‗̈ ́̋̑

πȟςχπȟυπσȾωπ

ὙὩϽὒȾὨ̄ ȟ
 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ  ‒̍Ȣ ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.   ʀʟ ʨʠʩʫʥʢʘ  ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʟʘʢʨʫʯʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ‒̍ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 
ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ.   

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʢ ʩʫʤʤʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ ʪʝʧʣʦʦʙʤʝʥʘ ʙʝʟ ʟʘʢʨʫʪʢʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʟʘʚʠʩʷʱʝʛʦ ʪʦʣʴʢʦ ʦʪ ʫʛʣʘ ʟʘʢʨʫʪʢʠ ʧʦʪʦ-
ʢʘ. 

‒̍ ‒ ‒           (2) 
ʆʮʝʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ ʪʝʧʣʦʦʙʤʝʥʘ ʙʝʟ ʟʘʢʨʫʪʢʠ ‒ 

ʤʦʞʥʦ ʧʦ [5, ʩ. 124] (ʜʠʘʛʨʘʤʤʘ 4.14).  
ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʩʪʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʫʛʣʘ ʝʛʦ ʟʘʢʨʫʪʢʠ. ɺ ʧʨʦʚʝʜʝʥʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘ ʪʝʧʣʦʦʙʤʝʥʘ ʙʝʟ ʟʘʢʨʫʪʢʠ ‒ πȟφω  ʠ ʬʦʨʤʫʣʘ 3 
ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ:  

‒̍ πȟφωρ ρσȟυ


ωπ
ρȟςχ



ωπ
          σ 

ʈʘʩʯʸʪ ʧʦ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. ʇʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 10%. 
ɼʣʷ ʦʮʝʥʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʟʘʢʨʫʯʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʨʫʛʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ‒ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ [5]. ʊʦʛʜʘ ʬʦʨʤʫʣʘ 3 ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʉʡʪ .3.ʀʙʛʡʪʡʥʧʪʫʵ ʣʧʶʭʭʡʯʡʞʦʫʙ ʥʞʪʫʦʧʜʧ ʪʧʨʩʧʫʡʛʤʞʦʡʸ ʤʧʣʙʤʵʦʧʜʧ ʠʙʣʩʬʰʡʛʙʷʲʞʜʧ 
ʬʪʫʩʧʢʪʫʛʙ ʧʫ ʣʩʡʫʞʩʡʸ ʉʞʢʦʧʤʵʝʪʙ. + - ŭ=0ʧ; Ƶ - ŭ=10ʧ; ƻ - ŭ=20ʧ; Ǔ - ŭ =30ʧ. ñ - ʩʙʪʰʞʫ ʨʧ ʭʧʩ-

ʥʬʤʞ 3 
 

‒̍ ‒ ρ ρσȟυ


ωπ
ρȟςχ



ωπ
        τ 

ʌʦʨʤʫʣʘ (4)   ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ ʩ ʣʦʢʘʣʴʥʳʤʠ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘʤʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʟʘʢʨʫʯʠʚʘʶʱʠʤʠ ʧʦʪʦʢ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
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ÁÂ°½º¸-º°Ç°»º¸: ÃÁÂÀ¾¹ÁÂ²¾, ¿À¸½Æ¸¿ 
À°±¾ÂË ¸ ¿µÀÁ¿µºÂ¸²Ë À°·²¸Â¸Ï 

¼ãåØÔÔØÝÞÒ ºÐÜÞÛåÞÝ ÁÞÔØÚÖÞÝ ãÓÛØ 
ʩʪʫʜʝʥʪ ɼʦʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɼʝʙʝʝʚʘ ʉʚʝʪʣʘʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ʢ.ʪ.ʥ., 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɼʦʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʪʠʧʳ ʢʦʥʩʪʨʫʢʮʠʡ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʥʘʟʳʚʘʝʤʦʛʦ ʩʪʘʥʢʠ-ʢʘʯʘʣʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʣʫʙʠʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ. ʇʨʠ-
ʚʝʜʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʫʩʪʨʦʡʩʪʚʦ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʬʝʨʳ 
ʧʨʠʤʝʥʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ.  
ɺ ʩʪʘʪʴʝ ʫʧʦʤʠʥʘʝʪʩʷ ʦ ʥʘʟʥʘʯʝʥʠʠ ʩʪʘʥʢʦʚ-ʢʘʯʘʣʦʢ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʦʙʳʯʠ 
ʥʝʬʪʠ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ɼʘʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʫʟʣʘ ʩʪʘʥʢʘ-ʢʘʯʘʣʢʠ, 
ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʚʦʠ ʬʫʥʢʮʠʠ ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʪʘʥʢʠ-ʢʘʯʘʣʢʠ, ʥʝʬʪʝʜʦʙʳʚʘʶʱʘʷ ʦʪʨʘʩʣʴ, ʩʢʚʘʞʠʥʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʙʘʣʘʥʩʠʨ, 
ʢʦʥʩʪʨʫʢʮʠʷ ʩʪʘʥʢʘ-ʢʘʯʘʣʢʠ.  

 
ɺ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʩʬʝʨʝ ʥʝʚʦʟʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʩʪʘʥʦʢ-ʢʘʯʘʣʢʘ (ʉʂɼ). ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʚʭʦʜʠʪ ʚ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʠ ʩʣʫ-
ʞʠʪ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠʟ ʛʣʫʙʠʥʥʳʭ ʩʢʚʘʞʠʥ. ʇʨʠʚʦʜ ʧʦʜʦʙʥʳʭ ʘʧʧʘʨʘʪʦʚ 
ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠ ʚʦʟʚʳʰʘʝʪʩʷ ʥʘʜ ʩʢʚʘʞʠʥʘʤʠ, ʘ ʫʧʨʘʚʣʷʝʪ ʫʩʪʨʦʡʩʪʚʦʤ ʩʧʝʮʠʘʣʴʥʦ 
ʦʙʫʯʝʥʥʳʡ ʦʧʝʨʘʪʦʨ. ɿʘ ʜʦʙʳʯʫ ʥʝʬʪʠ ʦʪʚʝʯʘʶʪ ʧʣʫʥʞʝʨʥʳʝ ʥʘʩʦʩʳ. ʅʝʬʪʷʥʦʡ ʉʂɼ ʷʚʣʷʝʪʩʷ ʥʝʟʘ-
ʤʝʥʠʤʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʘ ʧʦʣʥʦʮʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʛʣʫʙʠʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʡ.   

ɻʨʘʤʦʪʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʪʘʥʦʢ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

¶ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʂʇɼ, ʢʦʪʦʨʳʡ ʦʙʲʷʩʥʷʪʩʷ ʩʠʩʪʝʤʦʡ ʧʨʦʪʠʚʦʚʝʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʚʝʩʪʠ ʢ 
ʤʠʥʠʤʫʤʫ ʵʥʝʨʛʦʟʘʪʨʘʪʳ; 

¶ ʥʘʜʝʞʥʦʩʪʴ. ʉʪʘʥʦʢ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʙʝʟ ʦʩʪʘʥʦʚʦʢ, ʥʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ï 
ʦʙʝʩʧʝʯʠʪʴ ʭʦʨʦʰʫʶ ʩʤʘʟʢʫ ʚʩʝʭ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ; 

¶ ʩʣʦʞʥʦʩʪʴ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʪʘʥʢʘ ʩʣʝʜʫʝʪ ʦʙʫʩʪʨʦ-
ʠʪʴ ʦʧʦʨʥʫʶ ʧʣʘʪʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ.  

ʃʧʦʪʫʩʬʣʫʡʛʦʴʞ ʧʪʧʚʞʦʦʧʪʫʡ ʪʫʙʦʣʙ-ʣʙʰʙʤʣʡ ʝʤʸ ʝʧʚʴʰʡ ʦʞʭʫʡ. 
ʊʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʫʟʣʦʚ: 
1. ʌʫʥʜʘʤʝʥʪ ï ʵʪʦ ʦʩʥʦʚʘ, ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɼʣʷ ʫʩʪʨʦʡʩʪʚʘ ʩʪʘʥʢʘ-ʢʘʯʘʣʢʠ ʧʦʜʭʦʜʠʪ ʩʙʦʨʥʳʡ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʬʫʥʜʘʤʝʥʪ. ʆʥ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 
ʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ ʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ.  

2. ʈʘʤʘ ʥʫʞʥʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚʩʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʂɼ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʧʨʦʬʠʣʴʥʦʛʦ ʤʝ-
ʪʘʣʣʦʧʨʦʢʘʪʘ ʚ ʚʠʜʝ ʧʘʨʳ ʧʦʣʦʟʴʝʚ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʧʝʨʝʯʠʥʘʤʠ. ʊʘʢʞʝ ʨʘʤʘ ʦʩʥʘʱʘʝʪʩʷ 
ʧʦʜʩʪʘʚʢʦʡ ʧʦʜ ʨʝʜʫʢʪʦʨ. ɺ ʥʝʡ ʠʤʝʶʪʩʷ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʘʥʢʝʨʥʳʭ ʙʦʣʪʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʬʠʢʩʘʮʠʷ ʢ ʦʩʥʦʚʝ.  

3. ʉʪʦʡʢʘ ï ʵʪʦ ʦʧʦʨʘ ʜʣʷ ʙʘʣʘʥʩʠʨʘ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʬʠʣʴʥʦʛʦ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʠ ʧʨʝʜ-
ʩʪʘʚʣʝʥʘ ʯʝʪʳʨʴʤʷ ʧʠʨʘʤʠʜʘʤʠ, ʫ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ ʛʨʘʥʠ.  
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4. ɹʘʣʘʥʩʠʨ ʥʫʞʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʜʘʚʘʪʴ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʢʦʣʦʥʥʝ 
ʠʟ ʥʘʩʦʩʥʳʭ ʰʣʘʥʛʦʚ. ʀʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʧʨʦʬʠʣʷ ʜʚʫʪʘʚʨʦʚʦʛʦ ʩʝʯʝʥʠʷ ʠ ʦʩʥʘʱʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʚ 
ʚʠʜʝ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʙʘʣʦʢ.  

5. ʆʧʦʨʳ ʜʣʷ ʙʘʣʘʥʩʠʨʘ.  
6. ʊʨʘʚʝʨʩʘ ʩʚʷʟʳʚʘʝʪ ʙʘʣʘʥʩʠʨ ʩ ʢʨʠʚʦʰʠʧʥʦ-h ʘʪʫʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ 

ʙʘʣʢʠ ʩ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ. ʂ ʙʘʣʘʥʩʠʨʫ ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʰʘʨʥʠʨʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʘ 
ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʠʧʘ.  

7. ʆʧʦʨʘ ʪʨʘʚʝʨʩʳ ʩʣʫʞʠʪ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʙʘʣʘʥʩʠʨʘ ʩ ʪʨʘʚʝʨʩʦʡ.  
8. ʂʨʠʚʦʰʠʧʥʦ-h ʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʨʝʜʫʢʪʦʨʥʦʛʦ 

ʚʘʣʘ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʙʘʣʘʥʩʠʨʘ. ɺ ʩʚʦʶ ʢʦʥʩʪʨʫʢʮʠʶ ʚʢʣʶʯʘʝʪ ʜʚʘ ʰʘʪʫʥʘ ʠ 
ʩʪʦʣʴʢʦ ʞʝ ʢʨʠʚʦʰʠʧʦʚ.  

9. ʐʘʪʫʥ ï ɻ ʪʦ ʪʨʫʙʥʘʷ ʟʘʛʦʪʦʚʢʘ ʠʟ ʩʪʘʣʠ.  
10. ʂʨʠʚʦʰʠʧ ï ɻ ʪʦ ʚʘʞʥʘʷ ʯʘʩʪʴ ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʉʂɼ.  
ʉʪʘʥʦʢ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʟʘʨʘʥʝʝ ʦʙʫʩʪʨʦʝʥʥʳʡ ʬʫʥʜʘʤʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʙʝʪʦʥʘ. ɿʜʝʩʴ ʞʝ 

ʥʘʭʦʜʠʪʩʷ ʧʣʘʪʬʦʨʤʘ ʠ ʩʪʦʡʢʘ ʩʦ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʘʙʠʥʝ ʢʦʪʦʨʦʡ ʩʠʜʠʪ ʦʧʝʨʘʪʦʨ. ʇʦʩʣʝ ʦʢʦʥ-
ʯʘʥʠʷ ʚʩʝʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʥʘ ʧʣʘʪʬʦʨʤʫ ʥʘʚʝʰʠʚʘʶʪ ʙʘʣʘʥʩʠʨ, ʢʦʪʦʨʳʡ 
ʩʣʫʞʠʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʨʘʚʥʦʚʝʩʠʪʴ ʛʦʣʦʚʢʫ ʩ ʢʘʥʘʪʥʳʤ ʧʦʜʚʝʩʦʤ.  

 

 
ʉʡʪ. 1. 

 
ʈʩʡʦʯʡʨ ʩʙʚʧʫʴ ʡ ʦʙʠʦʙʰʞʦʡʸ ʪʫʙʦʣʙ-ʣʙʰʙʤʣʡ. 
ɼʣʷ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʥʘʩʦʩʳ ʰʪʘʥʛʦʚʦʛʦ ʪʠʧʘ ʩ ʧʨʠʚʦʜʘ-

ʤʠ. ʕʪʠ ʘʧʧʘʨʘʪʳ ʙʳʩʪʨʦ ʦʪʢʘʯʠʚʘʶʪ ʥʝʬʪʴ ʠʟ ʩʢʚʘʞʠʥʳ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʛʣʫʙʦʢʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʚʝʨʭ-
ʥʝʛʦ ʧʣʘʩʪʘ ʧʦʯʚʳ. ʉʪʘʥʦʢ-ʢʘʯʘʣʢʘ ʩ ʙʘʣʘʥʩʠʨʦʤ ʦʜʥʦʧʣʝʯʥʦʛʦ ʪʠʧʘ ï ʵʪʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘ-
ʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʳʚʘʪʴ ʥʝʬʪʴ ʠʟ ʩʢʚʘʞʠʥʳ ʚ ʦʩʦʙʳʭ ʠ ʦʙʳʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʪʘʥʢʘ-ʢʘʯʘʣʢʠ ʩʭʦʞ ʩ ʜʝʡʩʪʚʠʝʤ ʤʝʜʠʮʠʥʩʢʦʛʦ ʰʧʨʠʮʘ. ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʣʶʙʦʛʦ 
ʩʪʘʥʢʘ ʷʚʣʷʝʪʩʷ ʢʦʣʦʥʥʘ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʪʨʫʙʳ. ʇʦ ʥʠʤ ʧʨʦʭʦʜʠʪ ʥʝʬʪʴ ʠ ʧʦʜʘ-
ʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  

ʋʞʮʦʧʤʧʜʡʸ ʝʧʚʴʰʡ ʦʞʭʫʡ. 
ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: 



Á¾²Àµ¼µ½½Ëµ ÂµÅ½¾»¾³¸¸ 43 

 

XIV International scientific conference | www.naukaip.ru 

1. ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʙʫʨʦʚʳʭ ʤʘʰʠʥ ʧʨʦʙʫʨʠʚʘʝʪʩʷ ʩʢʚʘʞʠʥʘ ʥʘ 
ʦʧʨʝʜʝʣʝʥʥʫʶ ʛʣʫʙʠʥʫ.  

2. ɼʘʣʝʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʨʫʙʥʳʝ ʢʦʣʦʥʥʳ. 
3. ʅʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʩʘʜʢʠ ʢʦʣʦʥʥ.  
4. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʘʥʦʢ ʠ ʧʫʩʢʘʝʪʩʷ ʚ ʨʘʙʦʪʫ.  
ʏʪʦ ʢʘʩʘʝʪʩʷ ʛʣʫʙʠʥʳ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥʳ, ʪʦ ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ, ʥʦ, ʢʘʢ ʧʨʘʚʠ-

ʣʦ, ʥʝʬʪʴ ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 1500 ʤ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʦʙʫʨʠʚʘʶʪ ʩʢʚʘʞʠʥʫ ʥʘ ʛʣʫʙʠʥʫ 
ʩʚʳʰʝ 4000 ʤ, ʥʦ ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʢʦʣʦʥʥʘʤʠ-ʨʝʢʦʨʜʩʤʝʥʘʤʠ ʧʦ ʜʦʙʳʯʝ ʥʝʬʪʠ.  

ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʢʦʣʦʥʥʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 
ʦʙʩʘʜʥʳʭ ʪʨʫʙ. ɸʢʪʠʚʥʦʡ ʯʘʩʪʴʶ ʩʪʘʥʢʘ ʷʚʣʷʝʪʩʷ ʥʘʩʦʩ, ʢʦʪʦʨʳʡ ʦʪʢʘʯʠʚʘʝʪ ʞʠʜʢʦʩʪʴ ʠʟ ʩʢʚʘʞʠʥʳ. 
ʂʘʯʘʣʢʘ ʚ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ï ʵʪʦ ʧʨʠʚʦʜʥʦʡ ʤʝʭʘʥʠʟʤ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 
ʚʳʧʦʣʥʷʝʪ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ (ʧʦ ʪʠʧʫ ʢʘʯʝʣʠ ï ʚʧʝʨʝʜ-ʥʘʟʘʜ) ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʦ-
ʜʠʪ ʚ ʜʝʡʩʪʚʠʝ ʧʣʫʥʞʝʨʥʳʡ ʥʘʩʦʩ.  

ɻʡʝʴ ʪʫʙʦʣʧʛ-ʣʙʰʙʤʧʣ. 
ʉʝʤʝʡʩʪʚʦ ʥʝʬʪʷʥʳʭ ʢʘʯʘʣʦʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʦʣʴʰʠʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʤʦʜʠʬʠʢʘʮʠʡ. ʅʘʧʨʠʤʝʨ, ʆʇʅʐ 60-2,5-125 ʆʇʅʐ 60-2,5-90 ʆʇʅʐ60-2,5-50 ʛʨʫʧʧʳ 
ʢʦʤʧʘʥʠʡ ʅʝʬʪʝʄʘʰʂʦʤʧʣʝʢʪ. ʉʪʘʥʢʠ-ʢʘʯʘʣʢʠ ʆʇʅʐ 60-2,5 (ʦʜʥʦʧʣʝʯʠʡ ʧʨʠʚʦʜ ʥʘʩʦʩʘ ʰʪʘʥʛʦʚʦʛʦ) 
ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪʘʭ ʢʘʯʘʥʠʡ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʝ ʭʦʜʘ 
ʰʪʦʢʘ 2,5 ʤ. ʇʘʨʘʤʝʪʨʳ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠʚʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʨʦʩʩʠʡʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ 
ʧʨʘʢʪʠʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ, ʜʦ 20%, ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʦʧʦʩʪʘʚ-
ʣʝʥʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʘʥʢʘʤʠ-ʢʘʯʘʣʢʘʤʠ ʙʘʣʘʥʩʠʨʥʦʛʦ ʪʠʧʘ.  

ʋ ʚʩʝʭ ʚʠʜʦʚ ʩʪʘʥʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʥʦ ʝʩʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠ-
ʯʠʷ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳ ʩʨʝʜʠ ʥʝʬʪʷʥʠʢʦʚ ʩʪʘʥʢʠ ʩ ʙʘʣʘʥʩʠʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʦ-
ʤʫ ʪʠʧʫ ʜʦʙʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʵʪʠʭ ʩʪʘʥʢʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʟʘʜʥʝʡ ʬʠʢʩʘʮʠʠ ʰʘʪʫʥʘ 
ʠ ʨʝʜʫʢʪʦʨ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʜʥʦʡ ʨʘʤʝ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʠ ʙʘʣʘʥʩʠʨʦʤ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʪʘʥʢʘʤ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʪʠʧʳ ʩʪʘʥʢʦʚ-ʢʘʯʘʣʦʢ, ʢʘʢ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 
ʰʪʘʥʛʦʚʳʝ ʥʘʩʦʩʳ, ʟʘʢʨʝʧʣʷʝʤʳʝ ʥʘ ʬʣʘʥʮʝ ʘʨʤʘʪʫʨʳ ʩʢʚʘʞʠʥʳ ʚ ʩʘʤʦʤ ʚʝʨʭʫ ʇʅʐʄʕ (91-2,5-
40/116-2,5-40). ʐʪʘʥʛʦʚʳʝ ʥʘʩʦʩʳ ʠʤʝʶʪ ʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʩʪʘʥʢʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʯʪʦ ʦʥʠ 
ʥʝ ʪʨʝʙʫʶʪ ʧʨʠ ʩʚʦʝʡ ʫʩʪʘʥʦʚʢʠ ʩʦʦʨʫʞʝʥʠʷ ʤʦʱʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʵʪʦ ʩʚʦʡʩʪʚʦ 
ʰʪʘʥʛʦʚʳʭ ʥʘʩʦʩʦʚ ʜʣʷ ʩʣʫʯʘʝʚ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʝ, ʛʜʝ ʟʘʣʠʚʢʘ ʣʶʙʦʛʦ 
ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʩʦʧʨʷʞʝʥʘ ʩ ʙʦʣʴʰʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʉʚʘʡʥʘʷ ʞʝ ʫʩʪʘʥʦʚʢʘ ʢʣʘʩʩʠʯʝʩʢʠʭ 
ʩʪʘʥʢʦʚ ʥʝ ʦʧʨʘʚʜʘʥʘ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ. ʅʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤʳ, ʚʢʣʶ-
ʯʘʶʱʝʡ ʩʪʘʥʦʢ-ʢʘʯʘʣʢʫ ʠ ʰʪʘʥʛʦʚʳʡ ʥʘʩʦʩ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʦʛʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʦʙʳʚʘʝʤʦʡ 
ʥʝʬʪʠ (ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʜʦʙʳʯʠ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ ʚʳʩʦʢʠʤʠ). ʅʝʬʪʷ-
ʥʘʷ ʢʦʤʧʘʥʠʷ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʘʷ ʪʘʢʠʝ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʳʚʘʪʴ ʥʝʬʪʴ, ʚ ʩʦʩʪʘʚ ʢʦʪʦ-
ʨʦʡ ʚʭʦʜʷʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚ. ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʠʡ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʤ ʦʪʣʠʯʘʝʪʩʷ ʦʧʠʩʘʥʥʳʡ ʩʧʦʩʦʙ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʷʥʳʭ ʩʢʚʘ-
ʞʠʥ.  ɼʘʥʥʳʝ ʚʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʆɸʆ çʀʞʥʝʬʪʝʤʘʰè, ʆʆʆ çʊɼ 
çʋʜʤʫʨʪʠʷè. 

ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʥʘʩʦʩʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦ, ʙʝʩʩʪʫʧʝʥʯʘʪʦ ʨʝ-
ʛʫʣʠʨʦʚʘʪʴ ʜʣʠʥʫ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʧʦʜʙʦʨʘ ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʩʢʚʘʞʠʥʳ. 

ʎʙʩʙʣʫʞʩʡʪʫʡʣʡ ʪʫʙʦʣʧʛ-ʣʙʰʙʤʧʣ. 
ʇʨʠ ʚʳʙʦʨʝ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʩʪʘʥʢʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ: 

¶ ʨʘʟʤʝʨ ʨʝʜʫʢʪʦʨʘ; 

¶ ʜʣʠʥʫ ʭʦʜʘ; 

¶ ʥʘʛʨʫʟʢʫ ʥʘ ʰʪʦʢ; 

¶ ʜʠʘʧʘʟʦʥ ʢʘʯʘʥʠʷ; 

¶ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʠ ʧʨʦʯʝʝ.  
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ɻʣʘʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ, ʢʦʪʦʨʳʡ 
ʯʘʱʝ ʚʩʝʛʦ ʨʘʙʦʪʘʝʪ ʦʪ ʵʣʝʢʪʨʦʩʝʪʠ. ʊʠʧʦʚʳʝ ʥʘʩʦʩʳ ʜʣʷ ʜʦʙʳʯʠ ʥʝʬʪʠ ʨʘʙʦʪʘʶʪ ʧʨʠ ʫʩʠʣʠʠ 20-25 
ʢɺʪ. ʇʨʠ ʛʣʫʙʦʢʦʤ ʘʥʘʣʠʟʝ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʢʦʚ-ʢʘʯʘʣʦʢ ʫʯʠʪʳʚʘʶʪ ʜʠʘʤʝʪʨ ʰʢʠʚʦʚ, ʪʠʧ ʨʝʤʥʷ ʠ ʢʦʥ-
ʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ.  

ʇʚʪʤʬʟʡʛʙʦʡʞ ʪʫʙʦʣʧʛ-ʣʙʰʙʤʧʣ. 
ɼʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʥʝʬʪʷʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴ-

ʥʳʝ ʤʝʭʘʥʠʟʤʳ. ɼʣʷ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʚʝʨʩʳ ʩ ʙʘʣʘʥʩʠʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʣʦʱʘʜʢʫ, ʢʦʪʦʨʘʷ ʠʤʝ-
ʝʪ ʧʨʠʚʦʜʥʳʝ ʩʠʩʪʝʤʳ. ʆʧʝʨʘʪʦʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʲʝʤʥʦʡ ʦʧʦʨʳ ʙʘʣʘʥ-
ʩʠʨʥʦʡ ʛʦʣʦʚʢʠ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʣʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʩʪʘʥʢʦʤ-ʢʘʯʘʣʢʦʡ 
ʫʧʨʘʚʣʷʶʪ ʩʧʝʮʠʘʣʴʥʦ ʦʙʫʯʝʥʥʳʝ ʦʧʝʨʘʪʦʨʳ, ʘ ʟʘ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʪʚʝʯʘʝʪ ʦʪʜʝʣʴʥʳʡ 
ʧʝʨʩʦʥʘʣ. ʊʘʢ, ʦʧʝʨʘʪʦʨʳ ʨʝʛʫʣʠʨʫʶʪ ʧʦʜʲʝʤ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʘ ʜʨʫʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʣʝʜʷʪ ʟʘ ʙʝʩʧʝ-
ʨʝʙʦʡʥʦʡ ʨʘʙʦʪʦʡ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʥʝʬʪʷʥʦʡ ʢʘʯʘʣʢʠ.  

ʈʞʩʪʨʞʣʫʡʛʴ ʩʙʠʛʡʫʡʸ. 
ʉʘʤʳʤʠ ʛʣʘʚʥʳʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʚʘʞʠʥʥʳʭ ʰʪʘʥʛʦʚʳʭ ʥʘʩʦʩʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʩ ʧʨʠʚʦʜʦʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʜʠʘʬʨʘʛʤʝʥʥʳʝ, ʰʪʘʥʛʦʚʳʝ, ʵʣʝʢʪʨʦʚʠʥʪʦʚʳʝ ʠ 
ʛʠʜʨʦʧʦʨʰʥʝʚʳʝ ʫʩʪʘʥʦʚʢʠ. ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʚʠʜʘ ʫʩʪʘʥʦʚʦʢ ʛʦʨʘʟʜʦ ʚʳʰʝ ʧʦ ʩʪʦʠʤʦʩʪʠ, ʥʦ ʷʚʣʷʶʪʩʷ 
ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʅʘʩʦʩʥʳʝ ʰʪʘʥʛʦʚʳʝ ʚʠʥʪʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʚʳʜʝʣʷʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʮʝʥʦʡ 
ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʤʠ ʠ ʥʝ ʪʨʝʙʫʶʪ ʩʦʦʨʫʞʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘ. ɼʘʥʥʳʝ 
ʚʠʜʳ ʫʩʪʘʥʦʚʦʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳ ʚ ʉʐɸ ʠ ʂʘʥʘʜʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʤʦʞʥʦ ʩʤʝʣʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʩʘʤʦʝ ʙʣʠʞʘʱʝʝ ʚʨʝʤʷ 
ʩʧʨʦʩ ʥʘ ʩʪʘʥʢʠ-ʢʘʯʘʣʢʠ ʦʩʪʘʥʝʪʩʷ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ, ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʥʠʢʘʢʠʭ ʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʡ ʚ 
ʙʘʣʘʥʩʠʨʥʳʭ ʧʨʠʚʦʜʘʭ, ʘ ʜʘʣʴʥʝʡʰʝʝ ʠʭ ʨʘʟʚʠʪʠʝ ʙʫʜʝʪ ʠʜʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ 
ʩʦʟʜʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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ɹʦʦʧʫʙʯʡʸ: ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʠ ʦʪʜʝʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʥʦʡ 
ʩʝʪʠ ʛʦʨʦʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʷʚ-
ʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʦʚʳʭ ʚʦʟ-
ʤʦʞʥʦʩʪʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɺ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʨʘʟ-
ʚʠʪʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʘ ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʠ, 
ʨʦʩʪ ʢʦʪʦʨʦʡ ʦʪʩʪʘʝʪ ʦʪ ʨʦʩʪʘ ʩʧʨʦʩʘ ʥʘ ʧʦʝʟʜʢʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʪʨʘʥʩʧʦʨʪʥʘʷ 
ʩʠʩʪʝʤʘ ʛʦʨʦʜʘ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ. 

 
TO THE QUESTION OF OPTIMIZATION OF THE ROUTE NETWORK OF THE CITY WITH THE USE OF 

INTELLIGENT TRANSPORT SYSTEMS 
 

Agureev Igor Evgenievich, 
Akhromeshin Andrey Vladimirovich, 

Pyshny Vladislav Aleksandrovich 
 
Abstract: General approaches and separate issues of development and optimization of the city's route net-
work with the use of intelligent transport systems are considered. At the same time, the key aspect is improv-
ing the quality of transport services for the population of cities in the context of new opportunities provided by 
intelligent transport systems. In the general trend of development of public passenger transport, the problem of 
its accessibility remains urgent, the growth of which lags behind the growth in demand for travel. 
Key words: intellectual transport systems, public transport, city transport system, traffic flow. 

 
ɻʛʞʝʞʦʡʞ 
ʈʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʣʶʙʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʨʦʜʘ (ʘʛʣʦʤʝʨʘʮʠʠ) ʚʦʟʤʦʞʥʦ 
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ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʥʘʫʢʦʝʤʢʠʭ ʧʦʜʭʦʜʦʚ: ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʪʝʦʨʠʡ ʠ/ʠʣʠ ʤʝʞ-
ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʩʙʦʨʘ ʤʝʪʘʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ, ʠʥʬʦʨʤʘ-
ʮʠʠ ʦ ʥʘʩʪʦʷʱʝʤ ʠ ʙʫʜʫʱʝʤ ʩʧʨʦʩʝ ʥʘ ʧʦʝʟʜʢʠ (ʧʝʨʝʚʦʟʢʠ) ʠ ʨʘʟʨʘʙʦʪʢʝ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 
ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ (ʀʊʉ). ʆʩʦʙʦ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʫʧʨʘʚ-
ʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʚʢʣʶʯʘʷ ʛʦʨʦʜʩʢʦʡ ʧʘʩʩʘʞʠʨʩʢʠʡ ʪʨʘʥʩʧʦʨʪ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 
(ɻʇʊʆʇ). ʕʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʠ ʠʥʜʠʚʠʜʫʘʣʴ-
ʥʳʭ ʧʦʝʟʜʦʢ. ʆʥʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʪʣʠʯʘʶʪʩʷ ʩʣʘʙʦʡ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ, ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯ-
ʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʠʜʦʚ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʜʨ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ ï ʩʠʩʪʝʤʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʚ 
ʪʨʘʥʩʧʦʨʪʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ, ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [1, 2], ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 
(ɻʅʉʉ), ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʝʦʜʘʥʥʳʭ ʠ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ [3], ʘ ʪʘʢʞʝ ʩʘʤʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ʩʨʝʜʩʪʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʠ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʩʣʝʜʫʝʪ 
ʦʞʠʜʘʪʴ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʥʘ ɻʇʊʆʇ, ʘ ʪʘʢʞʝ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʚʳʧʦʣʥʷʶʱʠʭ ʤʦʥʠʪʦʨʠʥʛ, ʫʯʝʪ, ʧʣʘ-
ʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʘʩʩʘʞʠʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʀʊʉ, ʦʙʝʩʧʝʯʠ-
ʚʘʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʏʞʤʡ ʡ ʠʙʝʙʰʡ ʪʫʙʫʵʡ 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʀʊʉ ʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʚ ʘʩʧʝʢʪʝ ʫʣʫʯʰʝʥʠʷ ʦʢʘʟʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʥʘʩʝʣʝʥʠʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʥʦʡ 
ʩʝʪʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʦʙʱʝʠʟʚʝʩʪʥʳʭ, ʩʪʘʚʰʠʭ ʢʣʘʩʩʠʢʦʡ, ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʀʊʉ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʬʫʥʢʮʠʷʤ ʠ ʩʪʨʫʢʪʫʨʝ. 
2. ɺʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʀʊʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʝʨʠʨʦʚʘʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʪʘʢʠʤʠ ʧʘʨʘ-

ʜʠʛʤʘʤʠ ʢʘʢ Big Data, ʩʨʝʜʩʪʚʘ ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR, AR) ʠ ʜʨ. 
3. ʆʙʦʩʥʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʢʨʦʩʠʩʪʝʤ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʤ ʥʘʫʯ-

ʥʦʤ ʬʫʥʜʘʤʝʥʪʝ, ʢʦʪʦʨʳʡ ʦʙʲʝʢʪʠʚʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥ ʢ ʥʦʚʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ ʫʩʣʦʚʠʷʤ ʚʥʝʜʨʝʥʠʷ 
ʀʊʉ. 

4. ʆʧʠʩʘʥʠʝ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʜʘʧʪʘʮʠʠ ʤʘʨʰʨʫʪʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʢ ʩʧʨʦʩʫ ʥʘ 
ʧʝʨʝʚʦʟʢʠ ʩ ʧʦʤʦʱʴʶ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʝʨʝʤʝʱʝʥʠʠ ʢʦʥʪʠʥʫʫʤʘ ʧʘʩʩʘʞʠʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦ-
ʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʃʤʙʪʪʡʭʡʣʙʯʡʡ, ʭʬʦʣʯʡʡ ʡ ʪʫʩʬʣʫʬʩʙ ʁʋʊ. ʉʦʟʜʘʥʠʝ ʀʊʉ ï ʧʨʦʮʝʩʩ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʠʡ, ʪʨʝ-
ʙʫʶʱʠʡ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ. ʀʭ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʤʝʛʘʧʦʣʠʩʘʭ, ʪʘʢʠʭ ʢʘʢ 
ʄʦʩʢʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʘ ʪʘʢʞʝ ʚ çʛʦʨʦʜʘʭ-ʤʠʣʣʠʦʥʥʠʢʘʭè. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʦʨʦʜʦʚ ï ʨʝʛʠʦʥʘʣʴ-
ʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʠʙʦʣʝʝ ʨʝʘʣʠʟʫʝʤʳʤ ʷʚʣʷʝʪʩʷ ʧʦʵʪʘʧʥʦʝ ʚʥʝʜʨʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʀʊʉ 
ʥʘ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʚʘʨʠ-
ʘʥʪʦʚ ʀʊʉ ʚ ʨʝʛʠʦʥʘʭ ʥʝʦʙʭʦʜʠʤʘ ʯʝʪʢʘʷ ʦʮʝʥʢʘ ʜʦʩʪʠʛʘʝʤʳʭ ʩ ʠʭ ʧʦʤʦʱʴʶ ʨʝʟʫʣʴʪʘʪʦʚ. ɿʜʝʩʴ ʪʨʝ-
ʙʫʝʪʩʷ ʩʝʨʴʝʟʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʙʣʝʤ ʠ ʨʘʩʯʝʪ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ 
ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʫʢʨʫʧʥʝʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʀʊʉ ʧʦ ʚʠʜʘʤ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ 
ʫʩʣʫʛ, ʦʧʠʩʘʥʥʫʶ ʚ ʨʘʙʦʪʝ [4]. ɺʩʝʤʠʨʥʘʷ ʜʦʨʦʞʥʘʷ ʘʩʩʦʮʠʘʮʠʷ (PIARC) ʧʨʝʜʣʦʞʠʣʘ ʚʳʜʝʣʠʪʴ 32 
ʫʩʣʫʛʠ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ 8 ʛʨʫʧʧ (ʨʠʩ. 1). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʙʦʟʥʘʯʝʥʥʳʝ ʫʩʣʫʛʠ ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʤʦʜʫʣʠ, ʪʘʢ ʠ 
ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʪʴ ʜʨʫʛ ʜʨʫʛʘ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʘ ʪʘʢ 
ʞʝ ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʦʜ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 
ʤʦʞʥʦ ʧʦʜʨʘʟʫʤʝʚʘʪʴ web-ʨʝʩʫʨʩʳ, ʦʙʣʘʯʥʳʝ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʀʊʉ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʨʝʛʫ-
ʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤ çʪʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘè ï çʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦè, 
ʧʨʝʜʦʩʪʘʚʣʷʷ ʫʩʣʫʛʠ ʚʩʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʠ 
ʪʝʭʥʦʣʦʛʠʡ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʠʚʦʜʠʪ ɻʇʊʆʇ ʢ ʪʝʭʥʦʣʦʛʠʷʤ Big Data [5]. 

ʂʣʘʩʩʠʯʝʩʢʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʀʊʉ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʨʠʤʝʨʝ ʘʤʝʨʠʢʘʥʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʘʨ-
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ʭʠʪʝʢʪʫʨʳ, ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʨʘʟʨʘʙʦʪʢʠ ʚ 1993 ʛ. ʆʥʘ ʩʦʜʝʨʞʠʪ 3 ʫʨʦʚ-
ʥʷ: 2 ʪʝʭʥʠʯʝʩʢʠʭ (ʪʨʘʥʩʧʦʨʪʥʳʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ) ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ. ɺ ʫʢʨʫʧʥʝʥʥʦʤ ʚʠʜʝ ʝʝ 
ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩ. 2. 

 

 
ʉʡʪ. 1. ɼʩʬʨʨʴ ʬʪʤʬʜ ʁʋʊ [4] 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʀʊʉ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʀʊʉ ʩ ʪʨʝʭ ʧʦʟʠʮʠʡ [6]: 1-ʡ ʫʨʦʚʝʥʴ. ʇʩʠʭʦʬʠʟʠʦʣʦʛʠʷ ï ʚʣʠʷʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘ-
ʤʝʪʨʦʚ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʮʝʥʢʘ ʠʩʧʦʣʥʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 2-ʡ ʫʨʦʚʝʥʴ. ʊʝʭʥʦʣʦʛʠʷ ï 
ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʩʠʩʪʝʤ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 
ʫʨʦʚʥʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 3-ʡ ʫʨʦʚʝʥʴ. ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 
ï ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠʩʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʚʳʩʪʨʦʝʥʥʳʭ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ 
ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʝʩʪʠ ʧʦʣʥʦʮʝʥʥʫʶ ʵʢʩʧʝʨʪʠʟʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳ-
ʚʘʝʤʦʛʦ ʧʨʦʝʢʪʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʨʠʩ.2 ʦʪʜʝʣʴʥʳʝ ʚʦʟʤʦʞʥʳʝ ʩʚʷʟʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʅʘʧʨʠʤʝʨ, ʧʘʩʩʘʞʠʨʳ ʧʨʝʜʧʦ-
ʣʘʛʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʧʘʩʩʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʯʝʨʝʟ 
ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ (ʧʦʣʫʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʨʘʬʠʢʝ ʜʚʠʞʝʥʠʷ ʠ ʪ.ʧ.), ʘ ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟ-
ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʳʭ ʬʫʥʢʮʠʡ 
ʙʫʜʝʪ ʚʦʩʧʦʣʥʷʪʴʩʷ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ. ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ Big Data ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʧʦʟʚʦʣʠʪ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʥʘʧʨʠʤʝʨ, ʪʨʝʢʠ ʧʘʩʩʘʞʠʨʦʚ, ʟʘʧʨʦʩʳ ʥʘ ʧʨʝʜ-
ʩʪʦʷʱʠʝ ʧʦʝʟʜʢʠ, ʢʘʨʪʳ ʨʘʩʩʝʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʩʪ ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ ʠ ʜʨ.), ʢʦʛʜʘ ʧʘʩʩʘʞʠʨ ʩʪʘ-
ʥʦʚʠʪʩʷ ʘʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ. ʎʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʣʫʯʘʷ ʪʘʢʠʝ ʜʘʥʥʳʝ ʠ ʠʤʝʷ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʨʝʜʠʢ-
ʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʦʪʦʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʚʢʣʶʯʘʷ 
ʧʦʪʦʢʠ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ), ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʛʨʫʧʧʳ ʊʉ ʠʣʠ ʧʘʩʩʘʞʠʨʦʚ, ʢʦʥʪʠʥʫʫ-
ʤ  rʩ ʪʨʝʙʫʝʤʳʤ ʧʦʚʝʜʝʥʠʝʤ (ʨʝʞʠʤʦʤ ʜʚʠʞʝʥʠʷ), ʦʨʛʘʥʠʟʫʷ ʫʧʨʘʚʣʝʥʠʝ ʚʧʣʦʪʴ ʜʦ ʦʪʜʝʣʴʥʦʛʦ ʫʯʘʩʪ-
ʥʠʢʘ. 

 
















































































































































































































































































































































