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XVI  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

 

çEUROPEAN RESEARCHè 

 

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 
ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʧʦʩʪʘʚʣʝʥʘ ʧʨʦʙʣʝʤʘ ʫʩʪʨʘʥʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʰʫʤʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤ ʘʢ-
ʪʠʚʥʦʛʦ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʧʨʠʚʝʜʝʥʘ 
ʢʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʧʦʷʚʣʝʥʠʷ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʩʠʩʪʝʤʳ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 
ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʠʩʪʝʤʘ ʘʢʪʠʚʥʦʛʦ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ, ANC, ʟʚʫʢ ʚ ʧʨʦʪʠʚʦʬʘʟʝ, ʰʫʤ, ʘʜʘʧʪʠʚʥʳʝ 
ʬʠʣʴʪʨʳ. 
 

REVIEW OF MODERN ACTIVE NOISE CONTROL SYSTEMS AND THE PRINCIPLES OF THEIR 
FUNCTIONING 

 
Myakatin Ivan Dmitrievich, 

Lavrukhin Anatoly Sergeevich 
 

Abstract: The article deals with the problem of elimination of unwanted noise by means of active noise cancel-
lation systems, modern examples of such systems implementation are presented, a brief history of the ap-
pearance of active noise cancellation systems is given, schemes of the principle of operation and the function-
al scheme of the system are given. A method for optimizing such systems is proposed using adaptive algo-
rithms. 
Key words: active noise cancellation system, ANC, antiphase sound, noise, adaptive filters. 

 
ʏʝʣʦʚʝʢ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʟʨʠʪʝʣʴʥʦʡ ʦʩʷʟʘʪʝʣʴʥʦʡ, ʦʙʦʥʷ-

ʪʝʣʴʥʦʡ, ʚʢʫʩʦʚʦʡ ʠ ʩʣʫʭʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɿʚʫʢʦʚʦʡ ʧʦʪʦʢ ʥʝʧʨʝʨʳʚʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʠʥʪʝʨʧʨʝʪʠ-
ʨʫʝʪʩʷ ʥʘʰʠʤ ʤʦʟʛʦʤ. ʅʦ ʵʪʦʪ ʧʦʪʦʢ ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʥʝʤ ʩʦʜʝʨʞʘʪʩʷ ʠ ʨʘʟ-
ʣʠʯʥʳʝ ʰʫʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʟʘʪʨʫʜʥʷʶʪ ʫʩʚʘʠʚʘʥʠʝ ʟʚʫʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʚʣʠʷʶʪ ʥʘ ʩʘʤʦ-
ʯʫʚʩʪʚʠʝ ʯʝʣʦʚʝʢʘ. ʆʙʳʯʥʦ ʫʩʪʨʘʥʝʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʰʫʤʘ ʚʝʜʝʪʩʷ ʧʘʩʩʠʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, 
ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʟʚʫʢʦʦʪʨʘʞʘʶʱʠʭ ʣʠʙʦ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ, ʝʩʣʠ ʫʯʝʩʪʴ 
ʩʚʦʡʩʪʚʘ ʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʥʦ ʰʫʤ ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʣʠ ʠʩʢʣʶʯʠʪʴ ʩʦʚʩʝʤ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʰʫʤʦʧʦ-
ʜʘʚʣʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʘʢʪʠʚʥʳʤʠ. [1, ʩ.60] 

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ ʥʘʯʘʣʘʩʴ ʚ 1934 ʛʦʜʫ, ʢʦʛʜʘ ʘʤʝʨʠʢʘʥʩʢʠʡ 
ʠʟʦʙʨʝʪʘʪʝʣʴ ʇʦʣʴ ʃʶʛ (Paul Lueg) ʚʧʝʨʚʳʝ ʦʧʠʩʘʣ ʢʘʢ ʚʟʘʤʦʠʩʢʣʶʯʠʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʠ 
ʩʣʫʯʘʡʥʳʝ ʟʚʫʢʠ ʚ ʦʙʣʘʩʪʠ ʚʦʢʨʫʛ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʚʝʨʪʠʨʦʚʘʥʠʷ ʧʦʣʷʨ-
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ʥʦʩʪʠ ʟʚʫʢʘ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʠʛʥʘʣʘ, ʥʦ ʚ ʧʨʦʪʠʚʦʬʘʟʝ. ʉʫʪʴ ʠʟʦʙʨʝʪʝʥʠʷ ʩʦʩʪʦʷʣʘ ʚ 
ʩʣʝʜʫʶʱʝʤ: (ʨʠʩ. 1.)  

 

 
ʉʡʪ. 1. ʈʩʡʦʯʡʨ ʝʞʢʪʫʛʡʸ ʪʡʪʫʞʥʴ ʙʣʫʡʛʦʧʜʧ ʱʬʥʧʨʧʝʙʛʤʞʦʡʸ. 

 
ʂʘʢ ʚʠʜʥʦ ʢ ʧʝʨʚʠʯʥʦʡ ʚʦʣʥʝ ʜʦʙʘʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʘʷ, ʠʤʝʶʱʘʷ ʘʥʘʣʦʛʠʯʥʫʶ ʯʘʩʪʦʪʫ ʠ ʘʤʧʣʠʪʫ-

ʜʫ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʬʘʟʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥʠ ʦʩʣʘʙʣʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʠ ʰʫʤ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ. 
ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʘʩʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʩʪʦʪʦʡ ʫʩʪʘʥʦʚʢʠ, ʤʦʙʠʣʴʥʦʩʪʴʶ ʠ ʛʠʙʢʦ-

ʩʪʴʶ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʘʚʣʝʥʠʝ ʰʫʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʤʦʞ-
ʥʦ ʚ ʢʦʥʢʨʝʪʥʦʡ ʟʦʥʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʘʣʦʥʝ ʘʚʪʦʤʦʙʠʣʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩ ʢʘʞ-
ʜʳʤ ʛʦʜʦʤ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ. [2, ʩ. 411] 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʘʙʦʪʦʢ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʰʫʤʦʧʦʜʘʚʣʝ-
ʥʠʷ, ʥʘʧʨʠʤʝʨ, ʙʨʠʪʘʥʩʢʠʡ ʠʥʞʝʥʝʨ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ʍʘʜʝʨʩʬʠʣʜ ï ʉʝʣʚʠʥ ʈʘʡʪ ʨʘʟʨʘʙʦʪʘʣ, ʪʘʢ 
ʥʘʟʳʚʘʝʤʫʶ, "ʄʘʰʠʥʫ ʪʠʰʠʥʳ" (Sʽlence Machʽne), ʢʦʪʦʨʘʷ ʙʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʝ ʤʠʢʨʦʬʦʥʦʚ ʟʘʧʠʩʳʚʘʝʪ 
ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʚʫʢʦʚʦʡ ʧʦʪʦʢ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʜʘʝʪ ʥʘ ʩʠʩʪʝʤʫ ʜʠʥʘʤʠʢʦʚ, ʧʦʜʘʚʣʷʷ, ʪʘʢʠʤ ʦʙʨʘ-
ʟʦʤ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʰʫʤ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʘʚʪʦʢʦʥʮʝʨʥʦʚ Honda, Toyota, ʧʨʠʤʝʥʷʝʪʩʷ ʧʦ-
ʜʦʙʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ, ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʦʤʫ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤʫ ʠʟʣʫʯʘʪʝʣʶ ʧʦʜʘʚʣʷʝʪ ʟʚʫʢ ʨʘʙʦ-
ʪʘʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ. ʊʘʢʞʝ ʝʩʪʴ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʚ ʧʦʤʝʱʝʥʠʷʭ ʘʵʨʦʧʦʨʪʘ, 
ʢʦʛʜʘ ʟʚʫʢ ʚʟʣʝʪʘʶʱʝʛʦ ʩʘʤʦʣʝʪʘ ʧʨʠʛʣʫʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʦʙʣʘʩʪʴ, ʛʜʝ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʩʠʩʪʝʤʳ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ - ʥʘʫʰʥʠʢʠ. ʕʪʦ 
ʘʢʪʠʚʥʳʝ ʥʘʫʰʥʠʢʠ, ʚ ʢʦʪʦʨʳʝ ʚʩʪʨʦʝʥ ʤʠʢʨʦʬʦʥ, ʠ ʟʚʫʢ ʚ ʥʘʫʰʥʠʢʘʭ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤ 
ʟʚʫʢʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʤʧʝʥʩʠʨʫʷ ʝʛʦ. [3, ʩ. 285] 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʦʚ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʘ, ʩʬʝʨʘ 
ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ. ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʠʥʮʠʧ - ʵʪʦ 
ʩ ʧʦʤʦʱʴʶ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʠ-ʚʦʣʥʳ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʡ ʙʳʣ ʦʧʠʩʘʥ ʚʳʰʝ. ɺʪʦʨʦʡ, ʙʦʣʝʝ 
ʩʣʦʞʥʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʣʘʥʝ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ - ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʠ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʚ ʥʝʜʘʚ-
ʥʝʤ ʚʨʝʤʝʥʠ ʥʘʰʝʣ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʨʦʝʢʪʦʚ ʘʢʪʠʚʥʦʛʦ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦ-
ʥʠʨʦʚʘʥʠʷ ʞʠʣʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʫʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ, ʪʘʢʞʝ ʚ 
ʵʪʦʡ ʩʬʝʨʝ ʥʘʯʘʣʠʩʴ ʨʘʟʨʘʙʦʪʢʠ ʩʪʝʢʣʘ, ʢʦʪʦʨʦʝ ʚʠʙʨʠʨʫʝʪ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʰʫʤʫ ʫʣʠʮʳ, ʟʘ ʵʪʦ ʦʪʚʝʯʘ-
ʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ, ʦʙʨʘʙʘʪʳʚʘʝʪ ʠ ʚʳʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ. 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʟʘʤʝʪʥʦ, ʯʪʦ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʥʠʚʝʣʠʨʦʚʘʪʴ 
ʰʫʤ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ, ʚʩʝʚʦʟʤʦʞʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝ-
ʥʝʥʠʷ. ʅʦ ʚʩʝ ʵʪʠ ʩʠʩʪʝʤʳ ʩʝʡʯʘʩ ʤʘʣʦ ʜʦʩʪʫʧʥʳ ʨʷʜʦʚʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ ʠʟ-ʟʘ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 
ʩʪʦʠʤʦʩʪʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʠʩʪʝʤʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʤʝʪʴ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʧʦʜʘʚʣʷʪʴ ʰʫʤ ʚ ʙʳʪʫ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʘʷ ʩʝʡʯʘʩ ʜʦʩʪʫʧʥʘ ʧʦʚʩʝʤʝʩʪʥʦ ï ʢʦʣʦʥʢʠ, ʤʠʢ-
ʨʦʬʦʥ, ʢʦʤʧʴʶʪʝʨ. 
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ʇʨʦʩʪʝʡʰʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʤʠʢʨʦʬʦʥʘ, ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷ ʠ ʫʩʠʣʠ-
ʪʝʣʷ, ʩʧʦʩʦʙʥʦʛʦ ʚʳʧʦʣʥʠʪʴ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʥʘ 180 ʛʨʘʜʫʩʦʚ. (ʨʠʩ. 2.)  

 

 
ʉʡʪ. 2. ʍʬʦʣʯʡʧʦʙʤʵʦʙʸ ʪʮʞʥʙ ʪʡʪʫʞʥʴ ʙʣʫʡʛʦʧʜʧ ʱʬʥʧʨʧʝʙʛʤʞʦʡʸ. 

 
ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʫʯʝʪʝ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʠ ʢʦʥʪʨʦʣʷ ʠ ʜʦʣʞʥʦʛʦ ʫʩʠʣʝʥʠʷ 

ʩʠʛʥʘʣʘ ʚ ʧʨʦʪʠʚʦʬʘʟʝ.  
ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʰʫʤʦʧʦʜʘʚʣʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘ-

ʮʠʠ ʝʱʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟ-ʟʘ ʧʨʦʜʦʣʴʥʦʛʦ ʰʫʤʘ. ʆʪʨʘʞʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʰʫʤʘ ʙʫʜʝʪ ʧʫʪʘʪʴ ʢʦʥʪʨʦʣʣʝʨ 
ʠ ʚʳʟʳʚʘʪʴ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ. [4]  

ʃʫʯʰʝʝ ʧʦʜʘʚʣʝʥʠʝ ʰʫʤʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɺ ʵʪʠʭ ʘʣʛʦʨʠʪʤʘʭ 
ʧʦʜʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʧʦʜʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʩʥʠʞʝʥʠʷ 
ʫʨʦʚʥʷ ʰʫʤʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʟʨʘʙʦʪʘʣʠ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʨʘʩʩʦʛʣʘʩʦ-
ʚʘʥʠʷ ʚ ʥʘʣʦʞʝʥʠʠ ʩʠʛʥʘʣʦʚ, ʢʦʨʨʝʢʪʠʨʫʶʪ ʬʘʟʫ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʰʫʤ 
ʙʳʣ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʢʣʶʯʝʥ ʠʟ ʧʦʣʝʟʥʦʛʦ ʘʫʜʠʦʩʠʛʥʘʣʘ. ʂʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʧʦʜʩʪʨʦʡʢʫ ʬʘʟʳ ʯʘʩʪʦʪ ʠ 
ʢʦʨʨʝʢʮʠʶ ʠʭ ʘʤʧʣʠʪʫʜʳ. [5, ʩ. 34] 

ʀʙʣʤʷʰʞʦʡʞ 
ʆʪʨʘʞʝʥʥʳʝ ʚʦʣʥʳ, ʦʛʨʘʥʠʯʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʟʦʥʳ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ ʧʦʙʫʜʠʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʫʣʫʯʰʘʪʴ ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦʛʦ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ ʥʘʩʢʦʣʴʢʦ ʩʠʩʪʝʤʘ ʚ ʩʠʤʫʣʷʮʠʷʭ, ʚ 
ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʚʩʝʛʜʘ ʝʩʪʴ ʤʝʩʪʦ ʜʣʷ ʜʦʣʠ ʥʝʙʦʣʴʰʦʡ ʦʰʠʙʢʠ. ʇʨʝʞʜʝ ʯʝʤ ʠʩʢʣʶʯʘʪʴ ʦʰʠʙʢʫ, ʦʥʘ 
ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ. ɿʜʝʩʴ ʤʦʛʫʪ ʧʦʤʦʯʴ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʠʣʠ ʧʨʠʤʝʥʝʥʠʝ 
ʨʘʟʣʠʯʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʬʠʣʴʪʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʡ ʦʩʪʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 
ʩ ʜʘʪʯʠʢʦʚ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ 
ʩʠʩʪʝʤʳ. 
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²ËÏ²»µ½¸µ ´µÄµºÂ¾² º¾´° PHP-
¾Á½¾²°½½ËÅ ¿À¾³À°¼¼½ËÅ ¿»°ÂÄ¾À¼ 
¼µÂ¾´¾¼ ÁÂ°Â¸ÇµÁº¾³¾ °½°»¸·° 

ºÞáÐàÕÒ ½ØÚØâÐ ¾ÛÕÓÞÒØç 
 ʤʘʛʠʩʪʨʘʥʪ  

ʌɻɹʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʙʝʟ ʠʩʧʦʣʥʝʥʠʷ ʪʝʩʪʠʨʫʝʤʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦ-
ʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʤʘ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʢʦʜʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ 
PHP ʤʝʪʦʜʦʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʦʛʨʘʤʤʥʳʤ ʤʝʪʦʜʦʤ ʚʳʷʚʣʝʥʳ ʜʝʬʝʢʪʳ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ PHP-
ʦʩʥʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʣʘʪʬʦʨʤ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʩʭʦʜʥʳʡ ʢʦʜ, ʫʷʟʚʠʤʦʩʪʠ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʧʨʦ-
ʛʨʘʤʤʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ, ʜʝʬʝʢʪʳ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ. 
 

CODE DEFECTS DETECTION OF PHP-BASED FRAMEWORKS BY STATIC CODE ANALYSIS 
 

Abstract: Static code analysis is performed without executing the software being examined by the tool. Re-
search examines the topic of detecting code defects using static code analysis when generating regular ex-
pressions for PHP. Automated method revealed defects in the source code of PHP-based frameworks. 
Key words: source code, web-applications vulnerabilities, static code analysis, software analyzers, source 
code defects. 

 
ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ï ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʙʝʟ ʠʩʧʦʣʥʝ-

ʥʠʷ ʪʝʩʪʠʨʫʝʤʳʭ ʧʨʦʛʨʘʤʤ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɼʝʬʝʢʪʥʳʝ ʫʯʘʩʪʢʠ ʢʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ ʢʘʢ ʚʨʫʯʥʫʶ, ʪʘʢ ʠ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ, ʠʩʭʦʜʥʳʡ, ʠʩʧʦʣʥʷʝʤʳʡ ʚʘʨʠʘʥʪʳ ʢʦʜʘ, ʦʪʣʘʜʦʯʥʘʷ, ʢʦʤʧʦʥʦʚʦʯʥʘʷ, ʢʦʤʧʠʣʷ-
ʮʠʦʥʥʘʷ, ʧʨʦʝʢʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ï ʦʙʲʝʢʪʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [1; ʩ. 50]. ʕʬʬʝʢʪʠʚʥʘʷ ʦʪʣʘʜʦʯʥʘʷ 
ʨʘʙʦʪʘ ʦʩʫʱʝʩʪʚʠʤʘ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʙʲʝʢʪʦʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʡ ʢʦʜ. ʇʨʝʜʣʘ-
ʛʘʝʤ ʟʘʢʨʝʧʠʪʴ ʧʦʣʦʞʝʥʠʝ ʩʣʝʜʫʶʱʠʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ: 

¶ ʨʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʦʙʲʝʢʪʦʚ; 

¶ ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʩʪʘʜʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʥʷʝʤʦʛʦ ʠʣʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʜʘ ʜʝʬʝʢʪʳ ʯʘʩʪʦ 
ʪʨʝʙʫʶʪ ʠʩʧʨʘʚʣʝʥʠʡ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ. 

43 ʫʷʟʚʠʤʦʩʪʠ ʚʳʷʚʣʝʥʦ ʟʘ 2017 ʛʦʜ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ PHP. ɺ ʩʣʝʜʫʶʱʠʭ ʚʝʨʩʠʷʭ PHP ʫʩʪʨʘʥʷ-
ʝʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʫʷʟʚʠʤʦʩʪʝʡ. ʊʘʢ, ʚ 2016 ʛʦʜʫ ʚʳʷʚʣʝʥʦ 107 ʫʷʟʚʠʤʦʩʪʝʡ ʠʟ ʥʠʭ ʚ 2017, ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ, 64 ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ. ɺ 2018 ʥʘ ʩʝʛʦʜʥʷ ʚʳʷʚʣʝʥʦ 10 ʫʷʟʚʠʤʦʩʪʝʡ [2]. ʆʜʥʘʢʦ ʥʝ ʚʩʝʛʜʘ ʢʣʠʝʥʪ-
ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʧʦʩʦʙʥʦ ʤʠʛʨʠʨʦʚʘʪʴ ʥʘ ʚʳʩʰʫʶ ʚʝʨʩʠʶ PHP. ɺʳʭʦʜʦʤ ʠʟ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪ-
ʩʷ ʦʪʣʘʜʦʯʥʘʷ ʨʘʙʦʪʘ, ʚʳʧʦʣʥʷʝʤʘʷ ʚ ʭʦʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ʆʙʲʝʜʠʥʷʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʪʝʟʠʩʳ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩ-
ʭʦʜʥʦʛʦ ʢʦʜʘ PHP. 
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ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʪʝʤʫ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʢʦʜʘ ʧʨʠ ʬʦʨ-
ʤʠʨʦʚʘʥʠʠ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ PHP ʤʝʪʦʜʦʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʝʜʥʘʟʥʘʯʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ ï ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʪʝʢʩʪʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʊʘʢ, 
ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ email-ʘʜʨʝʩʘ ʠʣʠ ʥʦʤʝʨʘ ʪʝʣʝʬʦʥʘ. ʈʝʛʫʣʷʨʥʦʝ ʚʳʨʘ-
ʞʝʥʠʝ ï ʦʙʣʘʩʪʴ ʢʦʜʘ, ʢʦʪʦʨʘʷ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʘ ʥʘʣʠʯʠʶ ʜʝʬʝʢʪʦʚ. ʌʦʨʤʠʨʦʚʘ-
ʥʠʝ ʰʘʙʣʦʥʘ ʠ ʚʳʙʦʨ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ [3; ʩ. 131]. 

ʈʘʩʩʤʦʪʨʠʤ PHP-ʦʩʥʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ (PHP-ʬʨʝʡʤʚʦʨʢʠ) çSymfony2è ʠ çZend 
Framework 2è. ɺʳʷʚʠʤ ʜʝʬʝʢʪʥʳʝ ʫʯʘʩʪʢʠ ʢʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ.  

ʀʩʧʦʣʴʟʫʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ çPhpStormè [4] ʠ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʢʦʜʘ 
çPhp Inspectionsè (ʨʘʩʰʠʨʝʥʠʝ ʜʣʷ çPhpStormè) ʢʘʢ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʨʘʟ-
ʚʠʪʠʷ. ʉʝʛʦʜʥʷ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʥʝʥ ʧʦʣʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʥʦ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʝ-
ʤʘʥʪʠʢʠ ʧʨʦʝʢʪʦʚ ʪʨʝʙʫʝʪ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʯʘʩʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʫʪʚʝʨʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʚʪʦʤʘ-
ʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ 
çSymfony2è (ʪʘʙʣ. 1). 

 
 

ʋʙʚʤʡʯʙ 1 
ʉʞʠʬʤʵʫʙʫʴ ʙʛʫʧʥʙʫʡʠʡʩʧʛʙʦʦʧʜʧ ʪʫʙʫʡʰʞʪʣʧʜʧ ʙʦʙʤʡʠʙ ʨʩʧʜʩʙʥʥʦʧʢ ʨʤʙʫʭʧʩʥʴ çSymfony2è 

ˉ 
ʧ/ʧ 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ 
/ ʦʰʠʙʢʘ 

ɼʝʬʝʢʪʥʳʡ ʫʯʘʩʪʦʢ ʢʦʜʘ 
ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ 

ʜʝʬʝʢʪʘ 

1. 

'false !== 
strpos("...", 
çfileè)' can be 
used instead 

$content = 
preg_replace('#<esi\:remove>.*?</esi\:remove>#', 
'', $content) 

ʈʝʢʦʤʝʥʜʫʝʤ ʢ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʶ ʥʠʞʝʫʢʘʟʘʥʥʫʶ ʢʦʥ-
ʩʪʨʫʢʮʠʶ. ɽʝ ʧʨʠʤʝʥʝʥʠʝ 
ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʧʨʦʮʝʩʩʘ 
ʨʘʟʙʦʨʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝ-
ʛʫʣʷʨʥʦʛʦ ʚʳʨʘʞʝʥʠʷ. 
return false !== strpos($this-
>getFilename(), 'file'); 

2. 

'[^A-Za-z0-9_]' 
can be replaced 
with '\W' (safe in 
non-unicode 
mode) 

$gotoname = 'not_'.preg_replace('/[^A-Za-z0-
9_]/', '', $name);  

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʤʝʪʘʩʠʤʚʦʣ ç\wè ʚʤʝʩʪʦ 
ʰʘʙʣʦʥʘ ç[^A-Za-z0-9_]è. 

3. 

'[a-zA-Z0-9_]' can 
be replaced with 
'\w' (safe in non-
unicode mode) 

return '' === $name || null === $name || 
preg_match('/^[a-zA-Z0-9_][a-zA-Z0-9_\-:]*$/D', 
$name); 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʤʝʪʘʩʠʤʚʦʣ ç\wè ʚʤʝʩʪʦ 
ʰʘʙʣʦʥʘ ç[^A-Za-z0-9_]è. 

4. 

Probably /s modi-
fier is missing 
(nested tags are 
not recognized) 

$content = 
preg_replace('#<esi\:remove>.*?</esi\:remove>#', 
'', $content) 

ʆʰʠʙʢʘ: ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʝ-
ʨʝʥʦʩ ʩʪʨʦʢʠ ʚʦ ʚʣʦʞʝʥʥʦʤ 
ʪʝʛʝ. ʅʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʤʦʜʠʬʠʢʘʪʦʨ ç/sè. 

 
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʜʥʦʡ ʦʰʠʙʢʠ ʠ ʪʨʝʭ ʧʨʝʜʫ-

ʧʨʝʞʜʝʥʠʡ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ çSymfony2è.  
ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ 

çZend Framework 2è (ʪʘʙʣ. 2).  
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ʋʙʚʤʡʯʙ 2 
ʉʞʠʬʤʵʫʙʫʴ ʙʛʫʧʥʙʫʡʠʡʩʧʛʙʦʦʧʜʧ ʪʫʙʫʡʰʞʪʣʧʜʧ ʙʦʙʤʡʠʙ ʨʩʧʜʩʙʥʥʦʧʢ ʨʤʙʫʭʧʩʥʴ çZend Framework 2è 

ˉ 
ʧ/ʧ 

ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ 
/ ʦʰʠʙʢʘ 

ɼʝʬʝʢʪʥʳʡ ʫʯʘʩʪʦʢ ʢʦʜʘ ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʜʝʬʝʢʪʘ 

1. 
'str_replace("-", 
...)' can be used 
instead 

return preg_replace('#-#', $this-
>separator, $value); 

ʈʝʢʦʤʝʥʜʫʝʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʠʞʝʫʢʘ-
ʟʘʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ɽʝ ʧʨʠʤʝʥʝʥʠʝ 
ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʧʨʦʮʝʩʩʘ ʨʘʟʙʦʨʘ ʠ 
ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʛʫʣʷʨʥʦʛʦ ʚʳʨʘʞʝʥʠʷ. 
return str_replace('-', $this->separator, 
$value); 

2. 
'0 === strpos("...", 
çgetè)' can be 
used instead 

if (preg_match('/^get/', $method)) { ... 
} 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʦʚʳʝ 
ʬʫʥʢʮʠʠ, ʯʪʦʙʳ ʨʘʙʦʪʘʪʴ ʩʦ ʩʪʨʦʢʘʤʠ. 
if (0 === strpos($method, 'get')) { ... } 

3. 

'[0-9]' can be re-
placed with '\d' 
(safe in non-
unicode mode) 

if (!preg_match('/^([0-9]{1,3}\.){3}[0-
9]{1,3}$/', $host)) { ... } 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʘʩʠʤ-
ʚʦʣ ç\dè ʚʤʝʩʪʦ ʰʘʙʣʦʥʘ ç[0-9]è. 

4. 
'[ \̂s]' can be re-
placed with '\S' 

if ($property->isPublic() && 
preg_match_all('/@var\s+([ \̂s]+)/m', 
$property->getDocComment(), 
$matches)) { ... } 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʘʩʠʤ-
ʚʦʣ ç\Sè ʚʤʝʩʪʦ ʰʘʙʣʦʥʘ ç[^\s]è. 

5. 

'i' modifier is am-
biguous here (no 
a-z in given pat-
tern) 

if (preg_match('/([^.]{2,10})$/iu', 
end($domainParts), $matches) || (ar-
ray_key_exists(end($domainParts), 
$this->validIdns))) { ... } 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ çiè ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʥʝ 
ʠʤʝʝʪ ʩʤʳʩʣʘ.  

 
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʰʠʙʦʢ, ʥʦ ʚʳʷʚʠʣ ʥʘʣʠ-

ʯʠʝ ʧʷʪʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ çZend Framework 2è.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʦʜʥʘ ʦʰʠʙʢʘ ʠ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ. 

ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʪʯʝʪʦʤ çSecurity vulnerability datasourceè, 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ ʦʙʣʘʜʘʶʪ ʤʘʣʳʤ ʯʠʩʣʦʤ ʚʳʷʚʣʝʥʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ ʟʘ 
2017 ʛʦʜ. ʊʘʢ, ʜʣʷ çSymfony2è ʚʳʷʚʣʝʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʫʷʟʚʠʤʦʩʪʴ, ʘ ʜʣʷ çZend Framework 2è ʯʠʩʣʦ ʫʷʟ-
ʚʠʤʦʩʪʝʡ ʩʦʩʪʘʚʣʷʝʪ 6 [5, 6].   

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
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3. ʌʘʜʝʝʚ, ʉ.ɻ. ʊʝʭʥʦʣʦʛʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ // ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʘʩʧʝʢʪʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. ï 2014. ï ̄  6-3. ï ʉ. 131-134. 
4. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ çPhpStormè (https://www.jetbrains.com/phpstorm/).  
5. ʉʪʘʪʠʩʪʠʢʘ CVE ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ Zend Framework 2 ʧʦ 

ʛʦʜʘʤ (https://www.cvedetails.com/product/24644/Zend-Zend-Framework.html).    
6. ʉʪʘʪʠʩʪʠʢʘ CVE ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ Symfony2 ʧʦ ʛʦʜʘʤ 

(https://www.cvedetails.com/version/139264/Sensiolabs-Symfony-2.0.0.html).   
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Á¾ÁÂ°²µ Í¿¾ºÁ¸°¼¸½½ËÅ ¿¾ºÀËÂ¸¹ ½° 
°´³µ·¸Î ¸ Ã´°À½ÃÎ ¿À¾Ç½¾ÁÂÌ 

´ÕÔÕèØÝ ²ÛÐÔØáÛÐÒ ¼ÐÚáØÜÞÒØç,  
³ÐÑÔàÐåÜÐÝÞÒ ¸Ûìï ²ÛÐÔØÜØàÞÒØç 

ɹʘʢʘʣʘʚʨʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 
ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʦʩʪʘʚʝ ʵʧʦʢʩʠʘʤʠʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʘʜʛʝʟʠʶ 
ʠ ʫʜʘʨʥʫʶ ʧʨʦʯʥʦʩʪʴ. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʚʚʦʜʠʣʠʩʴ ʚ ʵʧʦʢʩʠʘʤʠʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʠʭ ʦʜʥʦʨʦʜʥʦʩʪʴ 
ʜʦʩʪʠʛʘʣʘʩʴ ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʠ ʦʪʚʝʨʞʜʝʥʠʷ ʦʙʨʘʟʮʳ ʩ ʧʦʢʨʳ-
ʪʠʷʤʠ ʧʨʦʭʦʜʠʣʠ ʮʠʢʣ ʠʩʧʳʪʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʥʘʥʦʪʨʫʙʦʢ ʚ ʢʦʣʠ-
ʯʝʩʪʚʝ ʜʦ 0,1% ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʃʂʄ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʢʨʳʪʠʝ, ʮʠʥʢ, ʃʂʄ, ʥʘʥʦʪʨʫʙʢʠ, ʵʧʦʢʩʠʜ. 
 

EFFECT OF CARBON NANOTUBES IN THE COMPOSITION OF EPOXYAMINE COATINGS ON 
ADHESION AND IMPACT STRENGTH 

 
Dedeshin Vladislav Maksimovic, 

Gabdrakhmanov Ilya Vladimirovich 
 

Abstract: Investigation of the effect of carbon nanotubes in the composition of epoxyamine coatings on adhe-
sion and impact strength. Carbon nanotubes were introduced into epoxy amine compositions, their homogene-
ity was achieved by ultrasonic dispersion, after application and curing, the samples with coatings passed the 
test cycle. The study allows us to conclude that the content of nanotubes in an amount up to 0.1% does not 
have a negative effect on the physico-mechanical properties of the paints. 
Key words: coating, zinc, paintwork, nanotubes, epoxy. 

 
ɺ ʩʪʘʪʴʝ [1] ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʧʦʢʩʠʘʤʠʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʫʛʣʝ-

ʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʏʪʦʙʳ ʧʨʝʜʩʢʘʟʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, 
ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ ʨʦʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʪʨʫʙʢʠ ʠ ʧʦʣʠʤʝʨʘ ʚ ʦʪʥʦʰʝʥʠʠ ʧʝʨʝʥʦʩʘ ʥʘʛʨʫʟʢʠ ʠ ʬʦʨʤʠ-
ʨʦʚʘʥʠʷ ʤʝʞʬʘʟʥʦʡ ʦʙʣʘʩʪʠ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʧʦ-
ʧʳʪʘʪʴʩʷ ʧʨʦʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤʳ ʫʩʠʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʥʘʥʦʪʨʫʙʢʠ, ʚ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʝ. 

ʄʝʪʦʜʳ: ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʥʘʥʦʪʨʫʙʦʢ ʢ 
ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʝ. ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (DMA) 
ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴ-
ʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʥʘʯʘʣʴʥʦʡ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʢʦʤʧʦʟʠʪ, ʘʨʤʠʨʦʚʘʥʥʳʡ 1 ʤʘʩ.% ʥʘʥʦʪʨʫʙʦʢ, 
ʧʦʢʘʟʘʣ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 152% ʠ 54% ʧʦ ʤʦʜʫʣʶ ʖʥʛʘ ʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʄʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝ-
ʥʠʶ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʘʥʦʪʨʫʙʦʢ ɸʥʘʣʠʟ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʠʡʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʢʘ-
ʟʳʚʘʝʪ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ ʜʠʩʧʝʨʩʠʷ ʠ ʩʠʣʴʥʘʷ ʤʝʞʬʘʟʥʘʷ ʘʜʛʝʟʠʷ ʤʝʞʜʫ ʥʘʥʦʪʨʫʙʢʘʤʠ ʠ 
ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʥʘʯʘʣʴʥʦʡ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ.  

ɺ ʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʛʣʝʨʦʞʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠ-
ʪʦʚ ʥʘ ʦʩʥʦʚʝ ʕʇɼʄ. 

ʎʝʣʴ [2] ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʩʚʦʡʩʪʚʘ ʕʇɼʄ. 
ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʕʇɼʄ-505, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʬʠʨʤʦʡ Royalene, ʩʦʦʪʥʦʰʝʥʠʝ ʟʚʝʥʴʝʚ ʵʪʠʣʝʥï
ʧʨʦʧʠʣʝʥ ʩʦʩʪʘʚʣʷʝʪ 60/40(%), ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʣʠʜʝʥ-ʥʦʨʙʦʨʥʝʥʘ 8%, ʚʷʟʢʦʩʪʴ ʧʦ ʄʫʥʠ ML1 +4.125Üʉ ï 
55. ɺ ʢʘʯʝʩʪʚʝ ʥʘʥʦʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʋʅʉ (ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ  
ʋʅʊ ʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʚʦʣʦʢʥʘ ʋʅɺ), ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʩʚʦʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʚʦʜʠʤʳʝ ʚ ʩʤʝʩʴ ʚ 
ʢʦʣʠʯʝʩʪʚʝ 0.5 ʤʘʩ.%.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʘ, ʥʦ ʠ ʨʘʟʤʝʨ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦ-
ʯʘʩʪʠʮ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʕʇɼʄ. ɺʚʝʜʝʥʠʝ ʥʘʥʦʚʦʣʦʢʦʥ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝ-
ʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʢʘʫʯʫʢʘ, ʧʨʠ ʵʪʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨʦʚ ʤʠʢʨʦʢʨʠʩʪʘʣ-
ʣʠʪʦʚ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʤʧʦʟʠʮʠʡ ʩʥʠʞʘʝʪʩʷ. 

 
ʉʡʪ. 1. ɻʤʡʸʦʡʞ ʫʡʨʙ ʌʆʊ ʦʙ ʬʨʩʬʜʧ-ʨʩʧʰʦʧʪʫʦʴʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ ʛʬʤʣʙʦʡʠʙʫʧʛ ʖʈɽʅ 

 
ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʚʢʣʶʯʝʥʠʷ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʦʩʪʘʚ 

ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝʜʥʝʛʦ.  
ʉʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʡ ʢ ʫʜʘʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠʟʤʝʨʷʣʘʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 4765-73 çʄʘʪʝʨʠʘʣʳ 

ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʫʜʘʨʝè. 
ʉʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʡ ʢ ʫʜʘʨʫ ʠʤʝʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (5 ʥĿʤ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʮʠʥʢʥʘʧʦʣʥʝʥʥʳʭ ʵʧʦʢʩʠʘʤʠʥʥʳʭ ʧʦʢʨʳʪʠʡ. 
ɸʜʛʝʟʠʷ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ ʨʝʰʝʪʯʘʪʳʭ ʥʘʜʨʝʟʦʚ, ʠʟʤʝʨʝʥʥʘʷ ʩʦʛʣʘʩʥʦ çɻʆʉʊ 15140ï78 ʄʘʪʝ-

ʨʠʘʣʳ ʣʘʢʦʢʨʘʩʦʯʥʳʝ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʛʝʟʠʠè ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1 (ʪʘʙʣ. 1.)   
 

ʋʙʚʤʡʯʙ 1 
ɹʝʜʞʠʡʸ ʶʨʧʣʪʡʙʥʡʦʦʴʮ ʨʧʣʩʴʫʡʢ ʪ ʩʙʠʤʡʰʦʴʥ ʪʧʝʞʩʟʙʦʡʞʥ ʦʙʦʧʫʩʬʚʧʣ. 

ʉʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ  
ʚ ʧʦʢʨʳʪʠʠ, % ʤʘʩʩ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʘʥʦʪʨʫʙʦʢ ʚ ʧʦʢʨʳʪʠʡ, % ʤʘʩʩ 

0 0,02 0,05 0,1 

40 0 0 0 1 

60 0 0 0 1 

80 0 0 0 1 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ1, ʘʜʛʝʟʠʷ ʧʦʢʨʳʪʠʡ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʥʠʭ ʥʘʥʦ-
ʪʨʫʙʦʢ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʦʜʥʘʢʦ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʥʦʪʨʫʙʦʢ 0,1 ʤʘʩ. ʭʘʨʘʢʪʝʨʥʦ 
ʩʥʠʞʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 1 ʙʘʣʣ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. Y. Cubides, H. Castaneda Corrosion protection mechanism of carbon nanotube and zinc-rich epoxy 

primers on carbon steel in simulated concrete pore solutions in the presence of chloride ions//Corrosion Sci-
ense. -2016. 109.  

2. ʖʣʦʚʩʢʘʷ ɺ.ɼ., ʂʦʥʦʥʯʫʢ ʅ.ʉ., ʂʫʟʴʤʠʯʝʚʘ ɻ.ʄ., ʂʘʨʧʦʚʘ ʉ.ɻ., ʂʦʧʳʣʦʚʘ ɽ.ɺ. ɺʣʠʷʥʠʝ ʫʛʣʝ-
ʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʜʠʝʥʦʚʦʛʦ ʢʘʫʯʫʢʘ (ʕʇɼʄ)//ʊʦʥʢʠʝ ʭʠʤʠ-
ʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. -2015. -10-5. ïʉ. 85-88 
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Ã´º  574.472  

²¸´¾²¾¹ Á¾ÁÂ°² ÈÂ¾À¼¾²ËÅ ²Ë±À¾Á¾² 
¼°ºÀ¾Ä¸Â¾² ¿¾±µÀµ¶ÌÏ 
¿³Â. ½¾²¾Äµ´¾À¾²º° Á°ºÁº¾³¾ À°¹¾½° 
ÀµÁ¿Ã±»¸º¸ ºÀË¼ 

°àáÛÐÝÞÒÐ ÍÛìÒØÝÐ ÄÐàåÞÔÞÒÝÐ  
ʩʪʫʜʝʥʪʢʘ 4 ʢʫʨʩʘ ʬʘʢʫʣʴʪʝʪʘ ʙʠʦʣʦʛʠʠ ʠ ʭʠʤʠʠ, 

ʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, 
ʊʘʚʨʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ (ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌɻɸʆʋ ɺʆ çʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè),   

ʛ. ʉʠʤʬʝʨʦʧʦʣʴ, ʈʌ 
 

ɹʦʦʧʫʙʯʡʸ: ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʘʢʨʦʬʠʪʦʚ ʠ ʧʨʦʚʝʜʝʥʠʝ 
ʵʢʦʣʦʛʦ-ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʰʪʦʨʤʦʚʳʭ ʚʳʙʨʦʩʦʚ ʧʦʙʝʨʝʞʴʷ ʧʛʪ. ʅʦʚʦʬʝʜʦʨʦʚʢʘ ʉʘʢʩʢʦʛʦ ʨʘʡ-
ʦʥʘ ʚ ʪʝʯʝʥʠʝ 2016-2017 ʛʦʜʦʚ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ 12 ʚʠʜʦʚ ʤʘʢʨʦʬʠʪʦʚ ʠ ʚʳʩʰʠʭ ʨʘʩʪʝ-
ʥʠʡ, ʠʟ ʥʠʭ: ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʪʜʝʣʘ Chlorophyta ï 6 ʚʠʜʦʚ, Ochrophyta (Phaeophyceae) ï 1 ʚʠʜ, 
Rhodophyta ï 4 ʚʠʜʘ ʠ Magnoliophyta ï 1 ʚʠʜ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʘʧʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧʠʨʦ-
ʚʦʢ ʠ ʩʝʟʦʥʥʦʩʪʴ ʚʳʙʨʦʩʦʚ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ; ʚʳʷʚʣʝʥʳ 3 ʨʘʨʠʪʝʪʥʳʭ ʚʠʜʘ, ʠʤʝʶʱʠʭ ʩʦ-
ʟʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʂʨʳʤʘ (2015). ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʜʘʣʴ-
ʥʝʡʰʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʜʦʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʫʢʘʟʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ 
ʂʘʣʘʤʠʪʩʢʦʛʦ ʟʘʣʠʚʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʤʘʢʨʦʬʠʪʦʙʝʥʪʦʩʘ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʵʢʦʣʦʛʦ-ʬʣʦʨʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 
ʰʪʦʨʤʦʚʳʝ ʚʳʙʨʦʩʳ, ʂʘʣʘʤʠʪʩʢʠʡ ʟʘʣʠʚ. 
 
THE SPECIES COMPOSITION OF MACROPHYTES OF ORGANIC MATTER WASHED ASHORE BY THE 
STORMS IN  NOVOFEDOROVKA  URBAN VILLAGE, SAKI DISTRICT OF THE REPUBLIC OF CRIMEA. 

 
Arslanova Elvina Farhodovna 

 
Abstract: This work at studying the species composition of macrophytes and conducting the ecological and 
floral analysis of organic matter washed ashore by the storms on the Novofedorovka coast in Saki area during 
2016-2017. According to the following study 12 macrophytes species  and higher plants have been identified 
including: specimens of the Chlorophyta ï 6 species, Ochrophyta (Phaeophyceae) ï 1 species, Rhodophyta ï 
4 species and Magnoliophyta ï 1 species. The ratio of saprobiological groups and the seasonality of emissions 
of some species of algae have been established; 3 rare and valuable species, included in the red book of Cri-
mea (2015) have been identified. It is necessary to conduct further ecological monitoring of the bottom vegeta-
tion cover condition in the specified water area of the Kalamit Bay. 
Key words: species composition macrophytobenthos of the Black sea, ecological and floral analysis, organic 
matter washed ashore by the storms, The Kalamita Bay. 
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ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʧʨʠʙʨʝʞʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʨʠ-
ʥʘʜʣʝʞʠʪ ʤʘʢʨʦʬʠʪʦʙʝʥʪʦʩʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝ-
ʥʠʡ ʚ ʝʛʦ ʠʟʫʯʝʥʠʠ. ɹʦʣʴʰʦʝ ʤʝʩʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʥʘʜʣʝʞʠʪ ʫʩʪʘʥʦʚʣʝʥʠʶ ʠ ʫʪʦʯʥʝʥʠʶ ʬʣʦʨʠ-
ʩʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʠʪʦʮʝʥʦʟʦʚ, ʠ ʠʟʫʯʝʥʠʶ ʙʠʦʣʦʛʠʠ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʚ ʵʢʦ-
ʩʠʩʪʝʤʘʭ ʠ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ [9]. ʇʨʠʙʨʝʞʥʘʷ ʬʣʦʨʘ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʣʠʚʦʚ ʠ ʙʫʭʪ ʏʝʨʥʦʛʦ ʤʦʨʷ 
ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ. ʅʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʠ ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʟʘʣʠʚʦʚ ʟʘʧʘʜʥʦʛʦ ʂʨʳ-
ʤʘ ï ʂʘʣʘʤʠʪʩʢʠʡ. ʆʜʥʘʢʦ ʧʦʩʣʝʜʥʷʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʘʷ ʩʲʝʤʢʘ ʙʝʥʪʦʩʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʟʜʝʩʴ ʚ ʢʦʥ-
ʮʝ 50-ʭ ï ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ [6;7]. 

ɺʦʟʨʦʩʰʘʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʩʚʦʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʏʸʨʥʦʛʦ ʤʦʨʷ ʧʨʠʚʦʜʠʪ 
ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʝʩʩʘ ʥʘ ʧʨʠʙʨʝʞʥʫʶ ʵʢʦʩʠʩʪʝʤʫ [4;6], ʛʜʝ ʤʘʢʨʦʬʠʪʦʙʝʥʪʦʩ ʚʳʧʦʣʥʷʝʪ 
ʚʘʞʥʝʡʰʫʶ ʩʨʝʜʦʦʙʨʘʟʫʶʱʫʶ ʬʫʥʢʮʠʶ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʪʨʦʬʠʯʝʩʢʦʡ ʮʝʧʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʟʘ ʧʨʦ-
ʰʝʜʰʠʝ 30 ʣʝʪ ʚ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʂʘʣʘʤʠʪʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʦʠʟʦʰʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, 
ʚʳʟʚʘʥʥʳʝ ʩʙʨʦʩʦʤ ʚ ʥʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʢʦʚ, ʝʞʝʛʦʜʥʳʡ ʦʙʲʸʤ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 
350 ʪʳʩ. ʤ3 [2]. ʇʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʩʥʠʟʠʣʘʩʴ ʚ 5 ʨʘʟ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʦʚ ʚ ʧʦ-
ʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʧʦ ʜʘʥʥʳʤ ʉʘʢʩʢʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʚʦʟʨʦʩʣʦ ʚʜʚʦʝ [1998]. ʕʪʦ ʚʳʨʘ-
ʞʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʠʟʤʝʥʝʥʠʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʤʘʢʨʦʬʠʪʦʙʝʥʪʦʩʘ, ʩʥʠʞʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 
ʧʦʢʘʟʘʪʝʣʝʡ, ʟʘʯʘʩʪʫʶ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʥʘ ʤʥʦʛʦʣʝʪʥʠʭ ʚʠʜʦʚ-ʜʦʤʠʥʘʥʪʦʚ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʚʠʜʘʤʠ ʩ 
ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ [1;8]. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʦʣʦʛʦ-
ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʘʢʨʦʬʠʪʦʙʝʥʪʦʩʘ ʰʪʦʨʤʦʚʳʭ ʚʳʙʨʦʩʦʚ ʧʦʙʝʨʝʞʴʷ ʧʛʪ. ʅʦʚʦʬʝʜʦʨʦʚʢʘ 
ʉʘʢʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ.  

ɼʣʷ ɿʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʘ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʟʤʝʥʥʳʡ, ʧʦʣʦʛʠʡ ʙʝʨʝʛ, ʩʠʣʴ-
ʥʦʝ ʚʦʣʥʝʥʠʝ ʠ ʰʪʦʨʤʳ ʙʳʚʘʶʪ ʚ ʧʝʨʠʦʜ ʦʢʪʷʙʨʷðʬʝʚʨʘʣʷ. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ ʙʝʨʝʛʫ ʪʨʘʚʷʥʠʩʪʦ-
ʢʫʩʪʘʨʥʠʢʦʚʘʷ. ʉʦʣʝʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ (18 ă) ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʦʢʝʘʥʘʭ ʠ ʦʪʢʨʳʪʳʭ ʤʦ-
ʨʷʭ, ʥʦ ʩ ʛʣʫʙʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ.  

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʩʙʦʨʳ ʚʦʜʦʨʦʩʣʝʡ, ʩʜʝʣʘʥʥʳʝ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ ʚ 
2016-2017 ʛʛ. ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʧʛʪ. ʅʦʚʦʬʝʜʦʨʦʚʢʘ ʉʘʢʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ.  ɺ ʣʘʙʦʨʘʪʦʨ-
ʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʷʚʣʷʣʩʷ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʩʦʙʨʘʥʥʳʭ ʤʘʢʨʦʬʠʪʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜ-
ʣʝʞʥʦʩʪʠ ʚʦʜʦʨʦʩʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥ ʤʠʢʨʦʩʢʦʧ ʄɹʀ-3 ʩ ʦʙʲʝʢʪʠʚʘʤʠ 10x ʠ 20ʭ; ʙʠʥʦʢʫʣʷʨʥʘʷ ʧʨʠʩʪʘʚʢʘ 
ɸʋ-12 ʩ ʦʢʫʣʷʨʘʤʠ 7ʭ; ʦʩʚʝʪʠʪʝʣʴ ʆʀ-31. ɺʨʝʤʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʚʦʜʦʨʦʩʣʝʡ ʧʨʠʛʦʪʦʚʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʝʜʤʝʪʥʳʭ (75ʭ25 ʤʤ) ʠ ʧʦʢʨʦʚʥʳʭ (22ʭ22 ʤʤ) ʩʪʸʢʦʣ.  

ɺʦʜʦʨʦʩʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ çʆʧʨʝʜʝʣʠʪʝʣʷ ʟʝʣʝʥʳʭ, ʙʫʨʳʭ ʠ ʢʨʘʩʥʳʭ ʚʦʜʦʨʦʩ-
ʣʝʡ ʶʞʥʳʭ ʤʦʨʝʡ ʉʉʉʈè ɸ.ɼ. ɿʠʥʦʚʦʡ [5] ʠ çʋʣʴʚʦʚʳʝ ʚʦʜʦʨʦʩʣʠ (Clorophyta) ʤʦʨʝʡ ʉʉʉʈè ʂ.ʃ. ɺʠ-
ʥʦʛʨʘʜʦʚʦʡ [3] ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ. ʅʦʤʝʥʢʣʘʪʫʨʘ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʩʦʢʨʘʱʝ-
ʥʠʷ ʘʚʪʦʨʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʜʝʣʦʚ Chlorophyta, Ochrophyta (ʢʣʘʩʩ Phaeophyceae) ʠ Rhodophyta ʜʘʥʳ 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʚʦʜʢʦʡ AlgaeBase [10]. ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʜʝʣʘ 
Magnoliophyta ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʚʦʜʢʝ The Plant List [11].  

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʙʠʦʤʘʩʩʘ ʰʪʦʨʤʦʚʳʭ ʚʳʙʨʦʩʦʚ ʤʘʢʨʦʬʠʪʦʚ ʩ ʘʧʨʝʣʷ 
2016 ʛ. ʧʦ ʤʘʡ 2017 ʛ. ʩʦʩʪʘʚʠʣʘ 3,65Ñ0,85 ʢʛ/ʤ2.  

ʇʨʦʮʝʥʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠ ʢʦʨʦʪʢʦʚʝʛʝʪʠʨʫʶʱʠʭ (ʦʜʥʦʣʝʪʥʠʭ) ʤʘʢʨʦʬʠʪʦʚ ʚ 
ʰʪʦʨʤʦʚʳʭ ʚʳʙʨʦʩʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 66% - ʦʜʥʦʣʝʪʥʠʝ ʠ 34% - ʤʥʦʛʦʣʝʪʥʠʝ.  

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʨʦʬʠʪʦʚ ʧʦ ʚʩʪʨʝʯʘʝʤʦʩʪʠ (ʩʪʝʧʝʥʠ ʨʝʜʢʦʩʪʠ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʰʢʘʣʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ [ʂʘʣʫʛʠʥʘ-ɻʫʪʥʠʢ, 1975] ʚ ʰʪʦʨʤʦʚʳʭ ʚʳʙʨʦʩʘʭ ʙʦʣʴʰʝ 
ʧʦʣʦʚʠʥʳ ʩʧʠʩʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʟʘʥʠʤʘʶʪ ʚʝʜʫʱʠʝ ʚʠʜʳ ï 9 ʚʠʜʦʚ ʠʣʠ 75%. ʏʠʩʣʦ ʨʝʜʢʠʭ ʚʠʜʦʚ ʨʘʚʥʦ 
3, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 25% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ.  

ɺʩʝʛʦ ʥʘʤʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 12 ʚʠʜʦʚ ʤʘʢʨʦʬʠʪʦʚ: Magnoliophyta ï 1 ʚʠʜ (8 %), Chlorophyta ï 6 
ʚʠʜʦʚ (50 %), Rhodophyta ï 4 ʚʠʜʘ (34 %) ʠ Ochophyta ï 1 ʚʠʜ (8 %).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʩʘʧʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧʠʨʦʚʦʢ: ʦʣʠʛʦʩʘʧʨʦʙʳ, ʤʝʟʦʩʘʧʨʦʙʳ ʠ 
ʧʦʣʠʩʘʧʨʦʙʳ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʭ ʜʦʣʷʭ. ɼʦʣʷ ʤʥʦʛʦʣʝʪʥʠʭ ʚʠʜʦʚ (4 ʚʠʜʘ ʠʣʠ 
33%) ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ ʚʜʚʦʝ ʤʝʥʴʰʝ ʢʦʨʦʪʢʦʚʝʛʝʪʠʨʫʶʱʠʭ (8 ʚʠʜʦʚ ʠʣʠ 67%).  
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ʅʘʤʠ ʚʳʷʚʣʝʥʦ 3 ʨʘʨʠʪʝʪʥʳʭ ʚʠʜʘ (Zostera marina L; Phyllophora crispa (Hudson) P.S. Dixon; 
Cystoseira barbata (Stackh.) C. Agardh), ʠʤʝʶʱʠʭ ʩʦʟʦʣʦʛʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʟʘʥʝʩʝʥʥʳʭ ʚ ʂʨʘʩʥʫʶ 
ʢʥʠʛʫ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʠʟʫʯʝʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʘʢʨʦʬʠʪʦ-
ʙʝʥʪʦʩʘ ʰʪʦʨʤʦʚʳʭ ʚʳʙʨʦʩʦʚ ʥʘ ʧʦʙʝʨʝʞʴʝ ʧʛʪ. ʅʦʚʦʬʝʜʦʨʦʚʢʘ ʉʘʢʩʢʦʛʦ ʨʘʡʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ 
ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʝʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʜʦʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʫʢʘʟʘʥʥʦʡ 
ʘʢʚʘʪʦʨʠʠ. 
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ɹʦʦʧʫʙʯʡʸ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʧʦʩʣʝ ʩʪʘʜʠʠ ʙʠʦʣʦ-
ʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʝʨʝʨʘʙʦʪʢʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, 
ʚʢʣʶʯʘʶʱʠʡ ʭʠʤʠʯʝʩʢʫʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʝʛʦ ʦʙʨʘʙʦʪʢʠ: ʭʠʤʠʯʝʩʢʠʡ ʛʠʜʨʦʣʠʟ ʠ ʦʙʦʛʘʱʝʥʠʝ 
ʧʦʯʚʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʨʦʩʪʝ ʠ ʨʘʟʚʠʪʠʠ ʨʘʩʪʝʥʠʡ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ 
ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʥʘʪʨʠʷ ʛʠʜʨʦʢʩʠʜʘ ʥʘ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʜʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʢʪʠʚʥʳʡ ʠʣ, ʟʘʛʨʷʟʥʠʪʝʣʠ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ, ʢʦʥʩʦʨʮʠʫʤ, ʫʜʦʙʨʝʥʠʝ. 
 
DEVELOPMENT OF THE METHOD OF PROCESSING OF ACTIVE SOURCE AND PRECONDITIONS FOR 

ITS USE AS BIODEMENTS 
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Annotation. In this article, methods of utilizing active and post-harvest wastewater treatment are considered. 
The proposed new combined method for processing activated sludge, including the chemical and biological 
stage of its processing: chemical hydrolysis and enrichment of soil microorganisms involved in plant growth 
and development. The combined method allows transferring sulfuric acid and hydroxydase to the chemical 
stage. 
Key words: active sludge, pollutants, biological treatment, consortium, fertilizer. 
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ɻʛʞʝʞʦʡʞ 
ʇʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʯʠʩʪʢʝ ʙʳʪʦʚʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʦʯ-

ʥʳʭ ʚʦʜ, ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʨʝʰʝʥʠʝʤ ʤʥʦʛʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘ 
ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʵʢʦʥʦʤʠʢʠ ʨʝʛʠʦʥʦʚ ʟʘ ʩʯʝʪ ʚʦʩʧʦʣʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʩʳʨʴʝʚʳʭ ʨʝ-
ʩʫʨʩʦʚ [1, ʩ. 68]. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʠʟʙʳʪʦʯʥʳʡ ʘʢʪʠʚʥʳʡ ʠʣ. ʀʟʙʳʪʦʯʥʳʡ ʘʢʪʠʚʥʳʡ ʠʣ ī ʵʪʦ ʩʣʦʞʥʳʡ 
ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʨʛʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʠʦʤʘʩʩʦʡ ʠ ʯʘʩʪʠʯʥʦ ʨʘʟ-
ʣʦʞʠʚʰʠʤʠʩʷ ʦʢʠʩʣʝʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʬʦʩʬʦʨʩʦʜʝʨ-
ʞʘʱʠʤʠ ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ [2, ʩ. 884]. ɸʢʪʠʚʥʳʡ ʠʣ ʦʩʦʙʝʥʥʦ ʙʦʛʘʪ ʘʟʦʪʦʤ ʠ ʬʦʩʬʦʨ-
ʥʳʤ ʘʥʛʠʜʨʠʜʦʤ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʮʠʥʢ, 
ʤʝʜʴ, ʤʦʣʠʙʜʝʥ, ʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʫʩʪʫʧʘʝʪ ʥʘʚʦʟʫ [3, ʩ. 34]. 

ʆʜʥʘʢʦ ʚ ʘʢʪʠʚʥʦʤ ʠʣʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʜʨʫ-
ʛʠʝ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʪʘʥʝʪ 
ʧʨʠʯʠʥʦʡ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ [3, ʩ. 35]. 

ʇʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʠʚʝʣʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʧʘʪʦ-
ʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʜʨʫʛʠʭ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʠ ʫʚʝʣʠʯʠʪʴ 
ʩʪʝʧʝʥʴ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ, ʦʢʘʟʳʚʘʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤʠ ʠ ʘʢʪʫʘʣʴʥʳʤʠ [3, ʩ. 36]. 

ʏʞʤʵ ʡʪʪʤʞʝʧʛʙʦʡʸ - ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ ʚ ʢʘ-
ʯʝʩʪʚʝ ʙʠʦʫʜʦʙʨʝʥʠʷ. 

ʀʙʝʙʰʡ ʡʪʪʤʞʝʧʛʙʦʡʸ 
1) ʉʨʘʚʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ; 
2) ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʧʝʨʝʨʘʙʦʪʢʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ. 
ʅʙʫʞʩʡʙʤʴ ʡʪʪʤʞʝʧʛʙʦʡʢ 
ɸʢʪʠʚʥʳʡ ʠʣ - ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʤʠʢʨʦʦʨ-

ʛʘʥʠʟʤʦʚ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʛʦ ʧʠʪʘʥʠʷ. 
ʄʥʦʞʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʢʪʠʚʥʳʡ ʠʣ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʯʠʩʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʥʘʭʦ-
ʜʷʩʴ ʚ ʩʪʦʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʛʣʦʱʘʝʪ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʚʥʫʪʨʴ ʢʣʝʪʢʠ, ʛʜʝ ʦʥʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʬʝʨʤʝʥʪʦʚ ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ. ɺ ʩʦʩʪʘʚʝ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʙʘʢʪʝʨʠʠ ʨʦʜʦʚ Pseudomonas, Zoogloea, Flavobacterium, Achromobacter, Alcaligenes, Arthrobacter, 
Bacillus, Bacterium, Brevibacterium, Caulobacter, Hyphomicrobium, Bdellovibrio, Sphaerotilus, Nocardia ʠ 
ʤʥʦʛʦ ʜʨʫʛʠʭ. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʸ 
ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʪʦʯʥʳʭ ʚʦʜ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. ʆʨʛʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʚʝ-
ʱʝʩʪʚ ʙʝʣʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ - ʜʦ 50%, ʫʛʣʝʚʦʜʦʚ ʠ ʞʠʨʦʚ - ʜʦ 10 ʠ 30% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦ ʚʣʘʞ-
ʥʦʤ ʦʩʘʜʢʝ ʠʟ ʧʝʨʚʠʯʥʳʭ ʦʪʩʪʦʡʥʠʢʦʚ ʙʝʣʢʦʚ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʫʛʣʝʚʦʜʦʚ ʚ 2,5-3 ʨʘʟʘ ʙʦʣʴ-
ʰʝ, ʯʝʤ ʚ ʘʢʪʠʚʥʦʤ ʠʣʝ [4, ʩ. 145]. 

 
ʋʙʚʤʡʯʙ 1 

ʎʡʥʡʰʞʪʣʡʢ ʪʧʪʫʙʛ ʪʫʧʰʦʴʮ ʛʧʝ 

 ́
ʇʪʦʧʛʦʴʞ ʶʤʞʥʞʦʫʴ ʙʣʫʡʛʦʧʜʧ 

ʡʤʙ 
ʋʡʨʴ ʪʧʞʝʡʦʞʦʡʢ 

1 ɸʟʦʪ 
ɸʤʤʠʘʢ, ʥʠʪʨʠʪʳ, ʥʠʪʨʘʪʳ 
(ʅʠʪʨʘʪʥʳʝ ʩʦʣʠ) 

2 ʌʦʩʬʦʨ ʆʩʪʘʪʢʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ 

3 ʋʛʣʝʨʦʜ 
ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

4 ʉʝʨʘ ʉʝʨʦʚʦʜʦʨʦʜ, ʩʫʣʴʬʠʜʳ, ʩʫʣʴʬʘʪʥʳʝ ʦʩʪʘʪʢʠ 

5 ɼʨʫʛʠʝ ʵʣʝʤʝʥʪʳ 
ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʨʘʟʣʠʯʥʳʝ 

ʇɸɺʳ ʠ ʤʥʦʛʦ ʜʨʫʛʦʝ. 

 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC%D1%8B
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC%D1%8B
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82%D1%8B
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, 
ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ. 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ ʩ ʧʦʤʦ-
ʱʴʶ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʚʘʢʫʫʤ-ʬʠʣʴʪʨʳ, ʮʝʥʪʨʠʬʫʛʠ, ʚʠʙʨʦʬʠʣʴʪʨʳ ʠ ʧʨ.). ʄʝʭʘʥʠʯʝʩʢʠʝ 
ʤʝʪʦʜʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʩʣʘʙʦʡ ʦʯʠʩʪʢʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦ-
ʝʜʠʥʝʥʠʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʴ ʩʧʦʨʦʦʙʨʘʟʫʶʱʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʍʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʢ ʥʝʡʪʨʘʣʠʟʫʝʤʦʡ ʤʘʩʩʝ (ʘʢʪʠʚʥʦʤʫ ʠʣʫ) ʭʠʤʠʯʝ-
ʩʢʦʛʦ ʨʝʘʛʝʥʪʘ. ʆʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʤʦʞʝʪ ʩʦʯʝʪʘʪʴʩʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʦʩʘʞʜʝʥʠʝ ʠ ʦʪʜʝʣʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝ-
ʪʘʣʣʦʚ, ʚʳʜʝʣʝʥʠʝ ʧʫʣʴʧʳ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʘʜʢʘ ʠ ʪ.ʜ. ʍʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘ ʜʘʥʥʦʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʩʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʥʦ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʨʘʙʦʪʘʥ-
ʥʦʩʪʴ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʠ ʧʦʚʳʰʝʥʠʶ ʨʠʩʢʘ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʈʘʩʩʤʦʪʨʝʚ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ, ʧʨʝʜʣʦʞʝʥ ʢʦʤ-
ʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʭʠʤʠʯʝʩʢʫʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʜʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʟʘʪʨʪʳ ʠ ʦʙʝʩʧʝ-
ʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʫ ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ. ɺ 
ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʚ. 

 
ʋʙʚʤʡʯʙ 2 

ʅʞʫʧʝʴ ʨʞʩʞʩʙʚʧʫʣʡ ʙʣʫʡʛʦʧʜʧ ʡʤʙ ʝʤʸ ʡʪʨʧʤʵʠʧʛʙʦʡʸ ʞʜʧ ʛ ʣʙʰʞʪʫʛʞ ʬʝʧʚʩʞʦʡʸ 

 ́ ʈʙʩʙʥʞʫʩʴ ʅʞʮʙʦʡʰʞʪʣʡʢ ʎʡʥʡʰʞʪʣʡʢ ʃʧʥʚʡʦʡʩʧʛʙʦʦʴʢ 

1 
ʉʪʝʧʝʥʴ ʙʠʦʣʦʛʠʯʝ-
ʩʢʦʡ ʦʯʠʩʪʢʠ, % 

70-74 
ʇʦʚʳʰʝʥʥʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ 
ʩʧʦʨʦʦʙʨʘʟʫʶʱʠʭ ʤ/ʦ 

90-92 95-99 

2 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
(ʧʦʩʣʝ ʧʝʨʝʨʘʙʦʪʢʠ 
ʘʢʪʠʚʥʦʛʦ ʠʣʘ) 

ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟ-
ʥʦʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘ-
ʥʠʝ ʢʠʩʣʦʪʥʳʭ ʠ 
ʱʝʣʦʯʥʳʭ ʦʩʪʘʪʢʦʚ, 
ʪʨʫʜʥʦ ʨʘʩʪʚʦʨʠ-

ʤʳʭ 

ʅʘʩʳʱʝʥʠʝ ʧʨʦʩʪʳ-
ʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 
ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʨʘʩ-

ʪʝʥʠʡ 

3 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʚʝʱʝʩʪʚʘ, ʠʩʧʦʣʴ-
ʟʫʝʤʳʝ ʧʨʠ ʧʨʦʮʝʩ-
ʩʘʭ ʧʝʨʝʨʘʙʦʪʢʠ 

ʈʘʟʙʘʚʣʝʥʠʝ ʧʦʯʚʦʡ ï ʜʣʷ 
ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤ-
ʧʦʥʝʥʪʦʚ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ʤʠ-
ʥʝʨʘʣʴʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ï 

ʜʣʷ ʥʘʩʳʱʝʥʠʷ 

ʈʘʟʙʘʚʣʝʥʠʝ ʧʦʯ-
ʚʦʡ, ʤʠʥʝʨʘʣʴʥʳʤʠ 
ʫʜʦʙʨʝʥʠʷʤʠ 

ʈʘʟʙʘʚʣʝʥʠʝ ʧʦʯʚʦʡ, 
ʪʦʨʬʦʤ 

4 ʅʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ 
ɺʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʝ 
(ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʯʚʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ) 

ʅʘʢʦʧʣʝʥʠʝ ʢʦʥʮʝʥ-
ʪʨʠʨʦʚʘʥʥʳʭ ʩʦ-
ʝʜʠʥʝʥʠʡ 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ 
ʚʳʷʚʣʝʥʦ 

 
ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ 2 ʩʪʘʜʠʠ ʧʝʨʝʨʘʙʦʪʢʠ: 
ʍʠʤʠʯʝʩʢʘʷ ʩʪʘʜʠʷ. ɻʠʜʨʦʣʠʟ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʥʘʪʨʠʝʤ ʛʠʜʨʦʢ-

ʩʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ ʚʩʝʭ ʢʣʝʪʦʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʙʝʣʢʦ-
ʚʳʭ, ʫʛʣʝʚʦʜʥʳʭ, ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʚʠʪʘʤʠʥʦʚ. ʅʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʫʶʪʩʷ ʛʫʤʠʥʦ-
ʚʝr ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ ʩʪʨʫʢʪʫʨʫ ʠ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ, ʝʝ ʙʫʬʝʨʥʦʩʪʴ. 

ɻʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴ ʚ ʤʘʣʦʧʦʜʚʠʞʥʳʝ ʠʣʠ ʪʨʫʜʥʦʜʠʩʩʦʮʠʠʨʫʶʱʠʝ ʩʦʝʜʠ-
ʥʝʥʠʷ ʪʦʢʩʠʯʥʳʝ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʵʢʦʣʦʛʠʯʝ-
ʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚ ʧʨʠʨʦʜʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʥʠ ʤʦʛʫʪ ʠʥʢʦʨʧʦʨʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʝʩʪʠʮʠʜʳ, ʫʛʣʝʚʦʜʦʨʦ-
ʜʳ, ʬʝʥʦʣʳ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʩʦʭʨʘʥʷʶʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʧʦ ʨʘʜʠʦ-
ʫʛʣʝʨʦʜʥʦʤʫ ʜʘʪʠʨʦʚʘʥʠʶ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʣʝʪ), ʪʝʤ ʩʘʤʳʤ ʛʘʨʘʥʪʠʨʫʶʪ ʥʝʧʨʝʨʳʚʥʦʝ ʩʥʘʙʞʝʥʠʝ ʨʘʩ-
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ʪʝʥʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʵʥʝʨʛʠʝʡ ʠ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 
ɻʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʠʤʝʶʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʚ ʪ.ʯ. ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʳʩʪʨʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ ʠʩʪʦʱʝʥʥʳʭ ʧʦʯʚ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ, ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ, ʧʦʚʳʰʘʶʪ 
ʫʨʦʞʘʡʥʦʩʪʴ ʦʪ 50 ʜʦ 250% [5]. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʩʪʘʜʠʷ. ɼʣʷ ʦʙʦʛʘʱʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʥʝʦʙʭʦʜʠʤʳ ʥʝ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʷ, ʩʪʠ-
ʤʫʣʠʨʫʶʱʠʝ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʩʦʧʫʪʩʪʚʫʶʱʘʷ ʤʠʢʨʦʬʣʦʨʘ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪ ʩʠʤʙʠʦ-
ʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʩ ʨʘʩʪʝʥʠʷʤʠ, ʬʦʨʤʠʨʫʷ ʟʘʢʦʥʯʝʥʥʫʶ ʵʢʦʩʠʩʪʝʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 
ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ ʠ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ. 

ɼʣʷ ʦʙʦʛʘʱʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʢʫʣʴʪʫʨ ʤʠʢʨʦʦʨ-
ʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩʠʤʙʠʦʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʩ ʨʘʩʪʝʥʠʷʤʠ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1. ɼʨʦʞʞʠ - ʙʦʛʘʪʳ ʙʝʣʢʘʤʠ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʜʦʭʦʜʠʪ ʜʦ 65-66%, ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝ-
ʩʪʚʘʤʠ, ʦʨʛʘʥʠʯʝʩʢʠʤ ʞʝʣʝʟʦʤ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ. ɹʦʣʝʝ 10% ʤʘʩʩʳ ʜʨʦʞʞʝʡ ʩʦʩʪʘʚʣʷʶʪ ʥʝʟʘʤʝʥʠ-
ʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʞʞʝʡ [6, ʩ. 27]: ʫʯʘʩʪʚʫʶʪ ʚ ʪʨʘʥʩʬʦʨ-
ʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ; ʠʭ ʚʥʝʢʣʝʪʦʯʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ 
ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ: ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʯʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʠ ʚʦʟʤʦʞʥʦ ʦʥʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʤʦʣʝʢʫʣʳ ʛʫʤʫʩʦʚʳʭ 
ʚʝʱʝʩʪʚ; ʢʠʩʣʳʝ ʛʝʪʝʨʦʧʦʣʠʩʘʭʘʨʠʜʳ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʵʣʝʤʝʥ-
ʪʦʚ ʠʟ ʤʠʥʝʨʘʣʦʚ; ʙʘʢʪʝʨʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʦʞʞʠ ʚ ʢʘʯʝʩʪʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʪʝʤ ʩʘʤʳʤ 
ʦʙʨʘʟʦʚʳʚʘʷ ʙʘʢʪʝʨʠʘʣʴʥʦ-ʜʨʦʞʞʝʚʳʝ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʝ ʘʩʩʦʮʠʘʮʠʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʢ-
ʪʠʚʥʦʩʪʠ, ʯʝʤ ʯʠʩʪʳʝ ʢʫʣʴʪʫʨʳ ʙʘʢʪʝʨʠʡ. 

2. ʄʦʣʦʯʥʦʢʠʩʣʳʝ ʙʘʢʪʝʨʠʠ - ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʫʤʫʩʘ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʨʝʮʠʨʢʫʣʷʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʀʭ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʘʚʦʟʘ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ʫʩʪʨʘ-
ʥʝʥʠʷ ʥʝʧʨʠʷʪʥʦʛʦ ʟʘʧʘʭʘ ʠ ʢʘʢ ʜʦʙʘʚʢʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ [7, ʩ. 35]. 

3. ʌʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ - ʧʦʣʝʟʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʳʜʝʣʷʝʤʳʝ ʠʤʠ, ʩʦʩʪʦʷʪ ʠʟ ʘʤʠʥʦʢʠʩ-
ʣʦʪ, ʥʫʢʣʝʦʢʠʩʣʦʪ, ʙʠʦʘʢʪʠʚʥʳʭ ʩʫʙʩʪʘʥʮʠʡ ʠ ʩʘʭʘʨʘ, ʠ ʚʩʸ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʦʩʪʫ ʠ ʨʘʟʚʠʪʠʶ ʨʘʩʪʝ-
ʥʠʡ. ʕʪʠ ʙʘʢʪʝʨʠʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʠʟʦʩʬʝʨʝ ʨʘʩʪʝʥʠʡ ʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʦʤ ʜʣʷ 
ʧʦʚʳʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʙʘʢʪʝʨʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʚ ʧʦʯʚʝ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʜʨʫʛʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [8]. 

4. ʅʠʪʨʠʬʠʮʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ ï ʧʦʟʚʦʣʷʶʪ ʘʟʦʪʘ ʠʟ ʘʤʤʦʥʠʡʥʦʡ ʬʦʨʤʳ ʧʝʨʝʚʝʩʪʠ ʚ ʥʠʪʨʘʪ-
ʥʫʶ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʝʜʥʝʥʠʶ ʧʦʯʚʳ ʘʟʦʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʥʠʪʨʘʪʳ ʣʝʛʢʦ ʚʳʤʳʚʘʶʪʩʷ ʠʟ ʧʦʯʚʳ. ɺ ʪʦ ʞʝ 
ʚʨʝʤʷ ʥʠʪʨʘʪʳ - ʭʦʨʦʰʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʨʘʩʪʝʥʠʷʤʠ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ. ʉʚʷʟʘʥʥʦʝ ʩ ʥʠʪʨʠʬʠʢʘʮʠʝʡ ʧʦʜ-
ʢʠʩʣʝʥʠʝ ʧʦʯʚʳ ʫʣʫʯʰʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʩʪʫʧʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦ-
ʜʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʬʦʩʬʦʨʘ ʠ ʞʝʣʝʟʘ [9, ʩ. 175]. 

5. ɸʟʦʪʬʠʢʩʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ. ʋʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʦʡ ʛʨʫʧʧʳ ʧʦʯʚʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʷʚ-
ʣʷʝʪʩʷ ʫʤʝʥʠʝ ʫʩʚʘʠʚʘʪʴ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ ʠʟ ʚʦʟʜʫʭʘ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʜʣʷ ʨʘʩʪʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʨʝʟʫʣʴ-
ʪʘʪʝ ʩʠʥʪʝʟʘ, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʘʟʦʪʦʬʠʢʩʘʪʦʨʘʤʠ, ʘʟʦʪ ʤʦʞʝʪ ʫʩʚʘʠʚʘʪʴʩʷ ʨʘʩʪʝʥʠʷʤʠ. ʇʦ ʦʙʨʘʟʫ ʩʫ-
ʱʝʩʪʚʦʚʘʥʠʷ ʵʪʠ ʙʘʢʪʝʨʠʠ ʜʝʣʷʪʩʷ ʥʘ ʩʚʦʙʦʜʥʦʞʠʚʫʱʠʭ ʠ ʩʠʤʙʠʦʥʪʦʚ, ʪʦ ʝʩʪʴ ʪʝʭ, ʢʦʪʦʨʳʤ ʥʝʦʙʭʦ-
ʜʠʤʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ [10, ʩ. 263]. 

6. ʉʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ. ʋʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʩʫʣʴʬʘʪʥʦʛʦ ʜʳʭʘʥʠʷ ʠ ʜʠʩʩʠʤʠʣʷ-
ʮʠʦʥʥʦʡ ʩʫʣʴʬʘʪʦʨʝʜʫʢʮʠʠ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ 
ʧʦʯʚʝ ʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ ʠ ʩʦʜʳ. ʉʧʦʩʦʙʥʦʩʪʴ ʩʫʣʣʴʬʘʪʨʝʜʫʢʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʘʢʪʘʪ (ʦʙʨʘʟʫʝʤʳʡ 
ʤʦʣʦʯʥʦʢʠʩʣʳʤʠ ʙʘʢʪʝʨʠʷʤʠ) - ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʟʘʢʠʩʣʝʥʠʝ ʩʨʝʜʳ [11, ʩ. 238-240]. 

7. ʇʣʝʩʥʝʚʳʝ ʛʨʠʙʳ. ɺ ʧʨʠʨʦʜʝ ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ. ʆʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʧʦʯʚʦ-
ʦʙʨʘʟʦʚʘʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ ʩʘʧʨʦʪʨʦʬʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʨʘʟʨʫʰʘʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʠ 
ʤʠʥʝʨʘʣʠʟʫʶʪʩʷ ʚʝʱʝʩʪʚʘ. ʆʥʠ ʚʳʧʦʣʥʷʶʪ ʧʦʯʪʠ ʪʫ ʞʝ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʨʘʙʦʪʫ, ʯʪʦ ʠ ʧʦʯʚʝʥʥʳʝ 
ʙʘʢʪʝʨʠʠ. ʄʥʦʛʠʝ ʚʠʜʳ ʛʨʠʙʦʚ ʫʥʠʯʪʦʞʘʶʪ ʚ ʧʦʯʚʝ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ [12]. 

ʉʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʚ (ʪʘʙʣ. 3) ʧʦʢʘʟʘʣʘ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩ 7-10% ʜʦ 3% ʧʨʠ ʨʘʚʥʳʭ ʦʙʲʝʤʘʭ ʨʘʩʪʚʦʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ 10%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʦʢʠʩʠ ʥʘʪʨʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 
ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ). ʆʩʥʦʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ï ʘʚʪʦʢʣʘʚ, 

ʫʩʣʦʚʠʷ ʛʠʜʨʦʣʠʟʘ: ʜʘʚʣʝʥʠʝ 1 ʘʪʤ, ʪʝʤʧʝʨʘʪʫʨʘ 121ʉ̄, ʚʨʝʤʷ 30 ʤʠʥ. 
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ʋʙʚʤʡʯʙ 3 
ʊʩʙʛʦʞʦʡʞ ʮʡʥʡʰʞʪʣʧʜʧ ʡ ʣʧʥʚʡʦʡʩʧʛʙʦʦʧʜʧ ʫʡʨʙ 

ʈʙʩʙʥʞʫʩʴ ʎʡʥʡʰʞʪʣʡʢ ʥʞʫʧʝ ʃʧʥʚʡʦʡʩʧʛʙʦʦʴʢ ʥʞʫʧʝ* 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ 7-10%-ʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 3%-ʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʅʘʪʨʠʷ ʛʠʜʨʦʢʩʠʜ, 10% ɺ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʝʨʥʫʶ ʢʠʩʣʦʪʳ 

ʋʩʣʦʚʠʷ ʛʠʜʨʦʣʠʟʘ 
ɼʘʚʣʝʥʠʝ - 1 ʘʪʤ 
ʊʝʤʧʝʨʘʪʫʨʘ - 170Áʉ 
ɺʨʝʤʷ - 1-2 ʯʘʩʘ 

ɼʘʚʣʝʥʠʝ - 1 ʘʪʤ 
ʊʝʤʧʝʨʘʪʫʨʘ - 121Áʉ 
ɺʨʝʤʷ - 30 ʤʠʥ 

ʆʙʦʨʫʜʦʚʘʥʠʝ ɻʠʜʨʦʣʠʟïʘʧʧʘʨʘʪ ɸʚʪʦʢʣʘʚ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʨʘʙʦʪʢʘ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʜʦʙʨʝʥʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʩʪʘʜʠʶ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦ-
ʪʦʨʦʛʦ ʥʝʡʪʨʘʣʠʟʫʶʪʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʠ ʦʙʨʘʟʫʶʪʩʷ ʛʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʩʚʷʟʳʚʘʶ-
ʱʠʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʪʦʢʩʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʙʦʛʘʱʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʬʦʨʤʠʨʫʶ-
ʱʠʤʠ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚ-
ʥʦʛʦ ʠʣʘ ʠ ʝʛʦ ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɻʴʛʧʝʴ 
1) ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ. 
2) ʇʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʝʨʝʨʘʙʦʪʢʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ʚʢʣʶʯʘʶʱʠʡ ʭʠʤʠʯʝʩʢʠʡ 

ʛʠʜʨʦʣʠʟ ʠ ʦʙʦʛʘʱʝʥʠʝ ʧʦʯʚʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʨʦʩʪʝ ʠ ʨʘʟʚʠʪʠʠ ʨʘʩʪʝʥʠʡ. 
3) ʍʠʤʠʯʝʩʢʘʷ ʩʪʘʜʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʥʘʪʨʠʷ ʛʠʜʨʦʢʩʠʜʘ. 
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ÃÒÐÛØÕÒÐ ¸ÝÔØàÐ ¼ÐåÜãâÞÒÝÐ, 
PHD, ʜʦʮʝʥʪ   

ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʉʝʨʠʢʙʘʝʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 
ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 
ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ ʠ 
ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ [1]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʦʧʠʩʘʥʘ 
ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 
ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ, 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʦʮʝʥʢʘ 
ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ. 

 
PROGRAM IMPLEMENTATION OF INFORMATION AND ANALYTICAL MONITORING SYSTEM OF 

OBJECTS OF EDUCATION 
Uvaliyeva Indira  

 
Abstract: In modern conditions, an important direction in the activity of educational facilities is the creation of 
a corporate information environment that contributes to the improvement of management methods and 
technologies in accordance with the requirements of the quality management system and international 
indicators of educational statistics. Within the framework of this article, the development of an information and 
analytical monitoring system based on statistical indicators is described, which will improve the management 
of the quality of the educational process through the use of operational and intellectual data analysis methods. 
Key words: information-analytical system, educational statistics, educational monitoring, quality management 
of education, educational process, assessment of the quality of education. 

 
ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʜʦʣʞʥʘ ʩʪʘʪʴ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʠ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚʘʞʥʳ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 
ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɼʣʷ ʚʳʩʰʠʭ 
ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʩʘʤʦʡ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚʳʩʪʫʧʘʝʪ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 
ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ [2].  
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ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʩʦʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʦʜʫʣʠ: 
çʉʙʦʨ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʥʠʝ ʠʥʜʠʢʘʪʦʨʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠè; çʆʧʝʨʘʪʠʚʥʳʡ ʠ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭè; çʅʘʩʪʨʦʡʢʘ ʩʠʩʪʝʤʳè. 

ʇʨʠ ʟʘʧʫʩʢʝ ʀɸʉʄ  ʘʥʘʣʠʪʠʢ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʤʦʜʫʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ 
ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʉʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʙʦʪʳ. ɺ ʢʘʞʜʦʤ 
ʦʢʥʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʩʩʳʣʢʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çɺʳʭʦʜè ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ ʠʟ ʩʠʩʪʝʤʳ, ʘ 
ʠʤʝʥʥʦ ʧʝʨʝʡʪʠ ʥʘ ʩʪʘʨʪʦʚʫʶ ʩʪʨʘʥʠʮʫ ʩʠʩʪʝʤʳ, ʛʜʝ ʤʦʞʥʦ ʧʦʚʪʦʨʥʦ ʧʨʦʠʟʚʝʩʪʠ ʘʚʪʦʨʠʟʘʮʠʶ ʧʦʜ 
ʜʨʫʛʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʨʠ ʫʩʧʝʰʥʦʡ ʘʚʪʦʨʠʟʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ʦʢʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
ʤʦʜʫʣʷ.  

ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʩʦʜʝʨʞʠʪ ʦʙʱʠʝ ʦʧʝʨʘʮʠʠ ʧʦ ʢʦʥʩʦʣʠʜʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʶ 
ʦʪʯʝʪʦʚ, ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʠʷ ʩʧʨʘʚʢʠ.  

ɼʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʪʠʢʫ ʦʩʫʱʝʩʪʚʣʷʪʴ 
ʤʦʥʠʪʦʨʠʥʛ ʤʥʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʨʝʘʣʠʟʦʚʘʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʠ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʘʙʣʦʥʳ ʘʥʢʝʪ, ʜʘʥʥʳʝ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘʣʘ ʚʫʟʘ ʠ ʜʦʢʫʤʝʥʪʳ [3].  ʇʝʨʝʭʦʜ ʢ ʥʠʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʥʶ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʚʠʜʝ ʨʘʩʢʨʳʚʘʶʱʠʭʩʷ ʩʧʠʩʢʦʚ. ʇʨʠ ʚʳʙʦʨʝ ʦʪʜʝʣʴʥʦʛʦ ʧʫʥʢʪʘ ʤʝʥʶ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʨʘʥʠʮʫ. ʇʫʥʢʪʳ ʤʝʥʶ ï ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʝʤʳʝ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʘʚ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʘʙʣʠʮʝ ʙʘʟʳ ʜʘʥʥʳʭ.  

ʅʘ ʨʠʩʫʥʢʝ 1  ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʤʦʜʫʣʷ çʉʙʦʨ ʜʘʥʥʳʭ ʠ 
ʬʦʨʤʠʨʦʥʠʝ ʠʥʜʠʢʘʪʦʨʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠè. 

 

 
ʉʡʪ.1. ʇʣʦʧ ʬʨʩʙʛʤʞʦʡʸ ʨʧʤʵʠʧʛʙʫʞʤʸʥʡ 

 
ɻʣʘʚʥʦʝ ʦʢʥʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʩʪʝʡ. ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʥʘʭʦʜʠʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʘʥʝʣʴ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʦʰʝʜʰʝʤ ʧʦʣʴʟʦʚʘʪʝʣʝ ʠ ʩʩʳʣʢʠ 
ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʝʨʝʭʦʜʘ.  ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʩʩʳʣʢʠ ʥʘ ʩʘʡʪʳ. ɺ ʮʝʥʪʨʝ ʩʪʨʘʥʠʮʳ 
ʨʘʩʧʦʣʦʞʝʥʘ ʦʩʥʦʚʥʘʷ ʨʘʙʦʯʘʷ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʟʘʛʨʫʞʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʥʠʮʳ.  ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʟʘʛʨʫʟʠʪʴ ʦʯʝʨʝʜʥʫʶ ʩʪʨʘʥʠʮʫ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʧʠʢʪʦʛʨʘʤʤʫ  , ʧʨʠ ʵʪʦʤ  ʦʪʦʙʨʘʟʠʪʩʷ ʧʘʥʝʣʴ 
ʚʳʙʦʨʘ ʩʪʨʘʥʠʮʳ. 

ɼʣʷ ʚʳʙʦʨʘ ʩʪʨʘʥʠʮʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʝʸ ʚ ʧʘʥʝʣʠ ʚʳʙʦʨʘ  ʠ ʢʣʠʢʥʫʪʴ ʣʝʚʦʡ ʢʣʘʚʠʰʝʡ 
ʤʳʰʠ. ʇʨʠ ʵʪʦʤ ʩʪʨʘʥʠʮʘ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʦʩʥʦʚʥʦʡ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ, ʘ ʝʸ ʥʘʠʤʝʥʦʚʘʥʠʝ ʚ ʧʘʥʝʣʠ 
ʚʳʙʦʨʘ ʩʪʘʥʝʪ ʥʝʜʦʩʪʫʧʥʳʤ.  

ʉʪʨʘʥʠʮʘ çʉʧʠʩʦʢ ʦʨʛʘʥʠʟʘʮʠʡè  ʧʨʝʜʥʘʟʥʘʯʝʥʘ  ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʷʤʠ.    
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ʇʨʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʨʝʛʠʦʥʫ ʤʦʞʥʦ ʪʘʢʞʝ ʚʳʙʨʘʪʴ ʨʝʞʠʤ ʚʢʣʶʯʝʥʠʷ ʠʣʠ  
ʠʩʢʣʶʯʝʥʠʷ ʚʣʦʞʝʥʥʳʭ ʨʝʛʠʦʥʦʚ.  ɽʩʣʠ ʚʳʙʨʘʥʦ ʚʢʣʶʯʝʥʠʝ ʚʣʦʞʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʪʦ ʚʳʚʦʜʷʪʩʷ 
ʧʦʣʴʟʦʚʘʪʝʣʠ  ʥʝ ʪʦʣʴʢʦ ʚʳʙʨʘʥʥʦʛʦ ʨʝʛʠʦʥʘ,  ʥʦ ʠ ʨʝʛʠʦʥʦʚ,  ʜʦʯʝʨʥʠʭ ʢ ʚʳʙʨʘʥʥʦʤʫ. ɼʣʷ 
ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʘʣʬʘʚʠʪʫ ʧʦʩʣʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʙʫʢʚʫ (ʈʠʩ.2) , ʧʦʩʣʝ ʯʝʛʦ 
ʙʫʜʝʪ ʚʳʚʝʜʝʥ ʩʧʠʩʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʤʝʥʘ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʶʪʩʷ ʥʘ ʫʢʘʟʘʥʥʫʶ ʙʫʢʚʫ ʘʣʬʘʚʠʪʘ. ɼʣʷ 
ʪʦʛʦ ʯʪʦʙʳ ʦʪʢʣʶʯʠʪʴ ʬʠʣʴʪʨʘʮʠʶ ʧʦ ʘʣʬʘʚʠʪʫ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʚʩʝè. 

 

 
ʉʡʪ.2. ʍʡʤʵʫʩʙʯʡʸ ʪʨʡʪʣʙ ʨʧʤʵʠʧʛʙʫʞʤʞʢ ʨʧ ʩʞʜʡʧʦʬ 

 
ʉʪʨʘʥʠʮʘ çʉʧʠʩʦʢ ʧʦʢʘʟʘʪʝʣʝʡè  ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʨʘʥʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
ʇʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʩʧʠʩʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʬʠʣʴʪʨʘʮʠʷ  ʧʦ ʩʪʨʫʢʪʫʨʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʠ 

ʫʨʦʚʥʶ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʚʳʙʦʨʝ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʣʠ ʫʨʦʚʥʷ  
ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ   ʦʙʥʦʚʣʝʥʠʝ ʩʧʠʩʢʘ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʣʷ ʧʝʨʝʭʦʜʘ  ʚ ʨʝʞʠʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ  ʥʘʧʨʦʪʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ.  ɼʣʷ 
ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʣʝʜʫʝʪ  ʥʘʞʘʪʴ  ʥʘ ʢʥʦʧʢʫ çɼʦʙʘʚʠʪʴ ʧʦʢʘʟʘʪʝʣʴè, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʨʘʥʠʮʳ ʩʧʠʩʢʘ  ʧʦʢʘʟʘʪʝʣʝʡ.  

 

 
ʉʡʪ.3. ʊʨʡʪʧʣ ʨʧʣʙʠʙʫʞʤʞʢ 
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ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʦʢʘʟʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʥʘʠʤʝʥʦʚʘʥʠʝ  ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ  ʨʫʩʩʢʦʤ ʠ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʷʟʳʢʘʭ, ʘ ʪʘʢʞʝ ʚʳʙʨʘʪʴ  ʥʝʦʙʭʦʜʠʤʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʢʦʤʧʦʥʝʥʪ ʠ ʫʨʦʚʝʥʴ 
ʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʣʝ ʬʦʨʤʫʣʘ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʚʳʙʦʨʘ ʬʦʨʤʫʣʳ, ʧʦ ʢʦʪʦʨʦʡ ʩʦʟʜʘʚʘʝʤʳʡ 
ʧʦʢʘʟʘʪʝʣʴ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʥʘ ʚʳʰʝʩʪʦʷʱʠʭ ʫʨʦʚʥʷʭ. ɼʦʩʪʫʧʥʳʝ ʟʥʘʯʝʥʠʷ: ʩʫʤʤʘ, ʩʨʝʜʥʝʝ.  

ʉʪʨʘʥʠʮʘ çʉʧʠʩʦʢ ʠʥʜʠʢʘʪʦʨʦʚè  ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʚʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ. 
ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʨʘʥʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. ʇʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʩʧʠʩʢʘ ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ 
ʬʠʣʴʪʨʘʮʠʷ  ʧʦ ʩʪʨʫʢʪʫʨʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʠ ʫʨʦʚʥʶ ʦʙʨʘʟʦʚʘʥʠʷ [4].  ʇʨʠ ʚʳʙʦʨʝ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  
ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʣʠ ʫʨʦʚʥʷ  ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ   ʦʙʥʦʚʣʝʥʠʝ ʩʧʠʩʢʘ ʠʥʜʠʢʘʪʦʨʦʚ.   

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ  ʠʥʜʠʢʘʪʦʨʘ  ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʥʘʠʤʝʥʦʚʘʥʠʝ  ʠʥʜʠʢʘʪʦʨʘ  ʥʘ  ʨʫʩʩʢʦʤ ʠ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʷʟʳʢʘʭ, ʘ ʪʘʢ ʞʝ ʚʳʙʨʘʪʴ  ʥʝʦʙʭʦʜʠʤʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ 
ʠ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʘ, ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʜʦʩʪʫʧʝʥ ʜʘʥʥʳʡ ʠʥʜʠʢʘʪʦʨ. ʇʦʣʝ ʬʦʨʤʫʣʘ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 
ʚʥʝʩʝʥʠʷ  ʬʦʨʤʫʣʳ, ʧʦ ʢʦʪʦʨʦʡ ʩʦʟʜʘʚʘʝʤʳʡ ʠʥʜʠʢʘʪʦʨ  ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ. 

 

 
ʉʡʪ.4. ʊʨʡʪʧʣ ʡʦʝʡʣʙʫʧʩʧʛ 

 
ʇʨʠ  ʥʘʙʦʨʝ ʬʦʨʤʫʣʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʸ ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ  ʢʦʥʪʨʦʣʴ:  ʝʩʣʠ ʬʦʨʤʫʣʘ ʢʦʨʨʝʢʪʥʘ, ʪʦ ʚ 

ʧʨʘʚʦʤ ʫʛʣʫ  ʧʦʣʷ ʚʚʦʜʘ ʬʦʨʤʫʣʳ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʠʢʪʦʛʨʘʤʤʘ  . ɽʩʣʠ ʚ ʬʦʨʤʫʣʝ ʠʤʝʶʪʩʷ ʦʰʠʙʢʠ, 

ʪʦ  ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʠʢʪʦʛʨʘʤʤʘ .  ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʬʦʨʤʫʣʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ 
ʢʥʦʧʢʫ çʆʂè.  

ɺʳʟʦʚ ʨʝʜʘʢʪʦʨʘ ʬʦʨʤʫʣ ʪʘʢʞʝ ʚʦʟʤʦʞʝʥ ʠʟ ʩʪʨʘʥʠʮʳ ʩʧʠʩʢʘ ʠʥʜʠʢʘʪʦʨʦʚ, ʯʝʨʝʟ ʥʘʞʘʪʠʝ ʥʘ 

ʢʥʦʧʢʫ ʩ ʧʠʢʪʦʛʨʘʤʤʦʡ   ʨʷʜʦʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʠʣʠ ʱʝʣʯʢʦʤ ʧʦ ʩʘʤʦʡ ʬʦʨʤʫʣʝ. 
ɸʜʤʠʥʠʩʪʨʘʪʦʨ  ʩʠʩʪʝʤʳ  ʯʝʣʦʚʝʢ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʚʳʨʘʙʦʪʢʫ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ,  ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʝʥʠʝ ʫʯʸʪʥʳʤʠ ʟʘʧʠʩʷʤʠ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʠ ʟʘʱʠʪʫ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʢʦʥʩʫʣʴʪʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ 
ʪʝʭʥʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ ʩʚʷʟʘʥʥʳʤ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ [5]. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʬʫʥʢʮʠʝʡ 
ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʝʨʚʝʨʝ, ʘ ʪʘʢ ʞʝ ʥʝʧʨʝʨʳʚʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ 
ʝʸ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ. ɿʘ ʩʦʭʨʘʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʸʪ 
ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʦʝ 
ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʘ ʟʘʧʘʩʥʳʝ ʥʦʩʠʪʝʣʠ, ʘ ʪʘʢ ʞʝ ʨʝʧʣʠʮʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʭ ʥʘ 
ʨʝʟʝʨʚʥʳʡ ʩʝʨʚʝʨ.  

 

http://ru.wikipedia.org/wiki/%D0%A3%D1%87%D1%91%D1%82%D0%BD%D0%B0%D1%8F_%D0%B7%D0%B0%D0%BF%D0%B8%D1%81%D1%8C
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ʀʙʣʤʷʰʞʦʡʞ 
ʉʦʟʜʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʩʨʝʜʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ 
ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ,  ʠʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ, 
ʩʨʝʜʩʪʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʳʨʘʙʦʪʢʠ 
ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʭ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʝʡʩʪʚʠʡ. 
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ÐÒâÞÜÐâØ×ØàÞÒÐÝÝÐï ÜÞÔÕÛì àÐáçÕâÐ  
ÒØÝâÞÒÞÓÞ ßÞâÞÚÞÞÑàÐ×ÞÒÐâÕÛï  
á àÐáßàÕÔÕÛÕÝÝëÜØ ÓàÕÑÝëÜØ ÒØÝâÐÜØ  

¿Þ×ÔÕÕÒ °ÝÐâÞÛØÙ ³ÕÝÝÐÔØÕÒØç, 
ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ÄÐÔÕÕÒ ¸ÒÐÝ ¼ØåÐÙÛÞÒØç 
ʩʪʫʜʝʥʪ  

ʌɻɹʆʋ ɺʆ çʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʆʙʫʩʪʨʦʡʩʪʚʦ ʘʢʚʘʪʦʨʠʡ ʩʚʷʟʘʥʦ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ. ɺ ʨʘʙʦʪʝ ʜʣʷ ʫʢʘʟʘʥ-
ʥʦʡ ʮʝʣʠ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʨʫʡʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʝʡ (ʧʦʪʦʢʦʦʙʨʘʟʦʚʘʪʝʣʝʡ). ɼʣʷ 
ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʠʟʚʝʩʪʥʳʭ ʧʦʪʦʢʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-
ʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʢʦʛʦ ʚʘʣʘ. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʜʚʠʞʠʪʝʣʴʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʧʦʪʦʢʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʧʨʠʢʣʘʜʥʦʡ ʩʨʝʜʝ MathCad. ɺʳʯʠʩʣʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʛʨʝʙʥʦʛʦ 
ʚʠʥʪʘ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʠʨʫʝʤʦʛʦ ʩʪʨʫʡʥʦʛʦ ʧʦʪʦʢʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʪʦʢʦʦʙʨʘʟʦʚʘʪʝʣʴ, ʛʠʙʢʠʡ ʚʘʣ, ʛʨʝʙʥʦʡ ʚʠʥʪ, ʢʠ-
ʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, MathCad. 
 

AUTOMATED MODEL FOR CALCULATION OF SCREW CURRENT-MAKER WITH DISTRIBUTED 
PROPELLERS 

 
Pozdeev Anatoly Gennadievich, 

Fadeev Ivan Mikhailovich 
 

Abstract: The development of water areas is associated with water flow control. For this purpose, in the paper 
it is proposed to use jet hydraulic accelerators (current-makers). To eliminate disadvantages of known current-
makers, we suggested to use the spatial distribution of propellers with a flexible shaft. A propulsion system of 
the current-maker was calculated in MathCad. We calculated design parameters of the propeller and kinematic 
characteristics of the formed jet stream. 
Keywords: water flow control, current-maker, flexible shaft, propeller, kinematic parameters, MathCad. 

 
ɼʣʷ ʮʝʣʝʡ ʦʙʫʩʪʨʦʡʩʪʚʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʦʙʨʘʟʦʚʘʪʝ-

ʣʝʡ. ɺ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʪʨʫʡʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʫʩʢʦʨʠʪʝʣʠ. ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʳ 
ʚʠʥʪʦʚʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʫʩʢʦʨʠʪʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʪʨʫʝʦʙʨʘʟʫʶʱʠʝ ʘʧʧʘʨʘʪʳ ʩ ʛʨʝʙʥʳʤ 
ʚʠʥʪʦʤ, ʥʝʜʦʩʪʘʪʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʦʩʠ ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʧʦʪʦʢʘ ʠ ʙʦʣʴ-
ʰʘʷ ʟʘʪʨʘʪʘ ʤʦʱʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʝʛʦ ʜʣʠʥʳ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʧʦʪʦʢʦʦʙʨʘʟʦʚʘʪʝʣʴ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʧʦʪʦʢʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʢʦ-
ʛʦ ʚʘʣʘ ʠ ʥʝʩʢʦʣʴʢʠʭ ʚʠʥʪʦʚ ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʪʦʢʦʙʨʘʟʦʚʘʪʝʣʴ ʩʧʦʩʦʙʝʥ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʛʘʩʠʪʝʣʷ ʩʢʦʨʦʩʪʠ ʧʦ-
ʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ. 
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ʀʟʚʝʩʪʥʳʡ ʚʠʥʪʦʚʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʫʩʢʦʨʠʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ 
ʨʘʩʯʝʪʘ ʜʚʠʞʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʘʩʯʝʪ ʙʘʟʦʚʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʧʦʪʦʢʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʧʨʠʢʣʘʜʥʦʡ ʩʨʝʜʝ MathCad 
ʧʨʠʚʝʜʝʥ ʥʠʞʝ. 

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʢɺʪ                                                          2:=ʵʜN  

ɼʠʘʤʝʪʨ ʚʠʥʪʘ, ʤ                                                                                     3.0:=D  

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʥʘʩʘʜʢʘ, ʤ                                                             8.0:=l  

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʪʚʦʨʘ ʥʘʩʘʜʢʘ                                                             1.1:=la  

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʩʘʩʳʚʘʥʠʷ ʥʘʩʘʜʢʘ                                                      8.0:=ʦʥt  

ʆʙʲʝʤ ʥʘʩʘʜʢʘ, ʤ3                         l
D

V Ö
Ö

=
4

:
3p

                                   017.0=V  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ                                                                             9.0:=d  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʧʫʪʥʦʛʦ ʧʦʪʦʢʘ        
D

V3

16.011.0: ÖÖ+= dy          243.0=y  

ʂʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʦʛʨʘʞʜʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʦʪʦʢʘ           9.0:=fC  

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʩʘʩʳʚʘʥʠʷ ʦʛʨʘʞʜʝʥʠʷ     ( )yÖ-= fo Ct 1:             024.0=ot  

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʩʘʩʳʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ               oʦʥʦʢ ttt -=:               876.0=ʦʢt  

ʂ.ʧ.ʜ. ʧʝʨʝʜʘʯʠ                                                                                     98.0:=Th  

ʂ.ʧ.ʜ. ʚʘʣʦʧʨʦʚʦʜʘ                                                                                99.0:=ɺh  

ʄʦʱʥʦʩʪʴ, ʧʦʜʚʝʜʝʥʥʘʷ ʢ ʚʠʥʪʫ, ʢɺʪ              BTʵʜʨ NN hh ÖÖ=:     94.1=ʨN  

ʋʧʦʨ ʢʦʤʧʣʝʢʩʘ ʚʠʥʪ ï ʥʘʩʘʜʢʘ, ʅ                   pʢ NP Ö=200:         08.388=ʢP  

ʄʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, ʢʛ/ʤ3                                                          1000:=r  

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʚʠʥʪʘ, ʤ2                   
4

:
2D

Fp

Ö
=
p

            071.0=pF  

ʈʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʚ ʥʘʩʘʜʢʝ, ʤ/ʩ 

( )
( )ʦʢp

ʢ

ʦʢ

ʦʢʦʢ
po

tF

ʈ

t

tt
V

+ÖÖ

Ö
Ö

+

+Ö
=

1

2

1

2
:

r
                                                 248.3=poV  

ʈʘʩʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʘʤʝʪʨʘ ʚʠʥʪʘ 

p

po

pod
N

V
VDK

Ö
ÖÖ=
r

:                                                                         87.39=dK  

ʏʠʩʣʦ ʣʦʧʘʩʪʝʡ                                                                                           4:=z  

ɼʠʩʢʦʚʦʝ ʦʪʥʦʰʝʥʠʝ                                                                              55.0:=q  

ʇʦ ʜʠʘʛʨʘʤʤʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʤʦʜʝʣʝʡ ʚʠʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʪʫʧʴ ʚʠʥʪʘ pl , 

ʜʠʘʛʨʘʤʤʥʦʡ ʰʘʛʦʚʦʝ ʦʪʥʦʰʝʥʠʝ DH /'  ʠ ʢ.ʧ.ʜ. ʚʠʥʪʘ p'h  (ʨʠʩ. 1) [1]: 78.0:=pl , 
D

H
p

'

:= , 

13.1=p , 677.0' =ph . 
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ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʥʘ ʰʚʘʨʪʦʚʳʭ   
( )

2

2

1
: ù

ú

ø
é
ê

è

+Ö

+
=

ʦʢʦʢ

ʦʢ
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tt

t
s   555.0=pos  

ʄʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʜʚʠʞʠʪʝʣʝʤ, ʢɺʪ 

p

po

pop

V
DN
h

s

3

24.0: ÖÖÖ=                                                                       011.1=pN  

ʂʦʤʧʣʝʢʩ ʜʚʠʛʘʪʝʣʴ - ʜʚʠʞʠʪʝʣʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʦʚʘʥ. 

 
ʉʡʪ. 1. ɽʡʙʜʩʙʥʥʙ ʩʙʪʰʞʫʙ ʜʩʞʚʦʴʮ ʛʡʦʫʧʛ ʨʧ ʣʧʶʭʭʡʯʡʞʦʫʬ ʬʨʧʩʙ 

 
ʏʠʩʣʦ ʦʙʦʨʦʪʦʚ ʛʨʝʙʥʦʛʦ ʚʘʣʘ, ʦʙ/ʩ 

D

V
n

p

po

Ö
=
l

:                                                                                                88.13=n  

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʚʠʥʪʘ ʥʘ ʰʚʘʨʪʦʚʳʭ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʚʳʭ ʧʦʪʝʨʴ ʚʠʥʪʘ 

ʧʨʠ ʨʘʙʦʪʝ ʚ ʥʘʩʘʜʢʝ, ( )ppp fX lss ,. =  (ʨʠʩ. 2) [1] 

                                                                                                            67.0:. =pXs  

ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʦʨʘ ʚʠʥʪʘ                  
2

.393.0: ppl XK ls ÖÖ=               16.0=lK  

ʋʧʦʨ ʚʠʥʪʘ, ʅ                                       
22: DnKP l ÖÖÖ= r                 

3105.2 Ö=P  

ʋʧʦʨ ʢʦʤʧʣʝʢʩʘ ʚʠʥʪ ï ʥʘʩʘʜʦʢ, ʅ  ( )ʦʢʢ tPP +Ö= 1:                   
31069.4 Ö=ʢP  

ʉʢʦʨʦʩʪʴ ʦʪʪʝʢʘʥʠʷ ʧʦʪʦʢʘ, ʤ/ʩ        

p

ʢ
o

F

P
V

Ö
=
r

:                             15.8=oV  

ɻʣʫʙʠʥʘ ʚʦʜʦʝʤʘ, ʤ                                                                                     4:=h  

ʐʠʨʠʥʘ ʚʦʜʦʝʤʘ, ʤ                                                                                    80:=b  

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʧʦ ʖ.ʗ. ɼʤʠʪʨʠʝʚʫ (ʨʠʩ. 2)    3.11:=ʧj  

ʉʢʦʨʦʩʪʴ ʚ ʢʦʥʮʝ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʤ/ʩ                                    3.0:=lV  
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ɼʣʠʥʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʤ           

l

o
ʧ

V

DV
L

Ö
Ö=j:                               92=L  

ʏʠʩʣʦ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 10:=ʢn  

ɼʣʠʥʘ ʠʥʪʝʨʚʘʣʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʧʦʪʦʢʘ ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʳʤʠ ʪʦʯʢʘʤʠ, ʤ 

ʢn

L
L =:D                                                                                                                   2.9=LD  

 

ʉʡʪ. 2. ɼʩʙʭʡʰʞʪʣʙʸ ʠʙʛʡʪʡʥʧʪʫʵ ö
ö
÷

õ
æ
æ
ç

å
=

o

o

ʧ
gd

V

h

b
f ,j  

 
ʉʢʦʨʦʩʪʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʤ/ʩ, (ʨʠʩ. 3) 
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ʉʡʪ. 3. ʊʣʧʩʧʪʫʡ ʛ ʣʧʦʫʩʧʤʵʦʴʮ ʫʧʰʣʙʮ ʛʧʠʚʬʟʝʞʦʦʧʜʧ ʨʧʫʧʣʙ, ʥ/ʪ 

 
ʉʨʝʜʥʷʷ ʧʨʦʜʦʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʠʥʪʦʚʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʩʢʦʨʠʪʝʣʷ, ʤ/c 

ä
= -

=
ʢn

i ʢ

l
lcp

n

iV
V

1 2

)(
:                                                                                        1.1=lcpV  
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ɻʴʛʧʝʴ 
1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʦʙʟʦʨʘ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʪʦʢʦ-
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ʪʦʯʢʘʭ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʧʦʪʦʢʘ. 
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Ã´º 691.58 

¸ááÛÕÔÞÒÐÝØÕ ÒÛØïÝØï áÞÒÜÕáâÝÞÓÞ 
ØáßÞÛì×ÞÒÐÝØï ÜÞÔØäØæØàãîéØå ÔÞ-
ÑÐÒÞÚ ¼ÕÛäÛîÚá 5581 Ø ¼º¶»-3 ÝÐ 
áÒÞÙáâÒÐ ÑÕâÞÝÐ Ò áãåÞÙ áâàÞØâÕÛìÝÞÙ 
áÜÕáØ ÔÛï ãáâàÞÙáâÒÐ ßÞÛÞÒ ÝÐ ÞáÝÞÒÕ 
ßÞàâÛÐÝÔæÕÜÕÝâÐ 

ÀÐÔëÓØÝ ÀÞÜÐÝ ²ØÚâÞàÞÒØç 
ʉʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆçʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʜʦʙʘʚʦʢ ʤʝʣʬʣʶʢʩ 5581 ʠ ʄʂɾʃ-3, ʧʨʠ ʩʦʚ-
ʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʥʘ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʫʩʘʜʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʨʘʥʥʶʶ 
ʧʨʦʯʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʚ ʧʨʦʝʢʪʥʦʤ ʚʦʟʨʘʩʪʝ. ʆʩʫʱʝʩʪʚʣʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʦʢ ʜʣʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʫʭʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʤʝʩʠ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʦʙʘʚʢʘ, ʄʂɾʃ, ʤʝʣʬʣʶʢʩ 5581, ʦʧʪʠʤʠʟʘʮʠʷ, ʩʫʭʘʷ ʩʤʝʩʴ. 
 
STUDY OF THE EFFECT OF THE JOINT USE OF MODIFYING ADDITIVES MELFLUX 5581 AND MKZHD-3 

ON THE PROPERTIES OF CONCRETE IN THE DRY MIX FOR THE DEVICE FLOORS BASED ON 
PORTLAND CEMENT  

 
RadyginRoman V. 

 
Abstract. The article is devoted to the study of the effect of melflux 5581 and MKZHD-3 additives, when used 
together, on the workability of concrete mix, shrinkage deformation, early strength and strength at the design 
age. Optimization of quantity of additives for use in dry building mix for the device of floors on the basis of 
Portland cement is carried out. 
Keywords: additive, MKZHD, melflux 5581, optimization, dry mix. 

 
ʎʝʣʴ - ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʦʢ ʚʚʦʜʠʤʳʭ ʚ ʩʫʭʫʶ ʩʪʨʦʠʪʝʣʴʥʫʶ ʩʤʝʩʴ ʥʘ 

ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ ʠ ʦʙʨʘ-
ʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʷ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʉʫʱʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 
ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʣʘʥʫ, ʩʦʩʪʘʚʣʝʥʥʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʙʩʪʨʘʢʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ.[1, ʩ. 6] 

ʅʙʫʞʥʙʫʡʰʞʪʣʧʞ ʨʤʙʦʡʩʧʛʙʦʡʞ ʶʣʪʨʞʩʡʥʞʦʫʙ 
ɺʘʨʴʠʨʫʝʤʳʝ ʬʘʢʪʦʨʳ, ʠʭ ʢʦʜʳ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʚʝʨʭʥʝʛʦ, ʩʨʝʜʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʧʨʠʚʝ-

http://mash-xxl.info/info/499714
http://mash-xxl.info/info/16295
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ʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʋʙʚʤʡʯʙ 1 
ʍʙʣʫʧʩʴ ʡ ʡʮ ʛʙʩʵʡʩʧʛʙʦʡʞ 

ʋʨʦʚʝʥʴ X1 ʄʝʣʬʣʶʢʩ 5581 X2 ʄʂɾʃ-3,% 

ʅʠʞʥʠʡ - 0,2 - 8 

ʉʨʝʜʥʠʡ 0 0,27 0 11 

ɺʝʨʭʥʠʡ + 0,34 + 14 

 
ʕʢʩʧʝʨʠʤʝʥʪ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʣʘʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʜʚʫʭ 

ʬʘʢʪʦʨʦʚ ʚʘʨʴʠʨʫʶʱʠʭʩʷ ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ. ʇʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2. 
 

ʋʙʚʤʡʯʙ 2 
ʈʤʙʦ ʶʣʪʨʞʩʡʥʞʦʫʙ ʛ ʣʧʝʡʩʧʛʙʦʦʴʮ ʡ ʦʙʫʬʩʙʤʵʦʴʮ ʠʦʙʰʞʦʡʸʮ 

ˉ ʦʧʳʪʘ 

ɺ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ɺ ʥʘʪʫʨʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ  

X1 X2 ʉʦʜʝʨʞʘʥʠʝ ʄʝʣʬʣʶʢʩ5581, X1, % ʉʦʜʝʨʞʘʥʠʝ ʄʂɾʃ-3, X2, % 

 

 

 

 

1 - - 0,2 8  

2 - 0 0,2 11  

3 - + 0,2 14  

4 0 - 0,27 8  

5 0 0 0,27 11  

6 0 + 0,27 14  

7 + - 0,34 8  

8 + 0 0,34 11  

9 + + 0,34 14  

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʦʥʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 
ʋʙʚʤʡʯʙ 3 

ʈʤʙʦ ʶʣʪʨʞʩʡʥʞʦʫʙ ʡ ʨʧʤʬʰʞʦʦʴʞ ʠʦʙʰʞʦʡʸ ʨʧʣʙʠʙʫʞʤʞʢ 

ˉ ʦʧʳ-
ʪʘ 

ɺ ʢʦʜʠʨʦʚʘʥʥʳʭ ʧʝ-
ʨʝʤʝʥʥʳʭ 

ɺ ʥʘʪʫʨʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦ-
ʜʫʢʪʘ 

X1 X2 ʉʦʜʝʨʞʘʥʠʝ 
ʄʝʣʬʣʶʢʩ 
5581, X1, % 

ʉʦʜʝʨʞʘʥʠʝ 
ʄʂɾʃ-3, X2, 
% 

Y1(P, 
ʩʤ) 
 

Y2(ȹl,ʤ 
ʤ/ʤ) 

Y3(R3, 
ʄʇʘ) 

Y4(R28, 
ʄʇʘ) 

1 - - 0,2 8 20,6 0,17 21,0 57,9 

2 - 0 0,2 11 20,6 0,12 21,3 55,9 

3 - + 0,2 14 17,9 0,14 18,7 54,3 

4 0 - 0,27 8 21,6 0,14 21,6 58,5 

5 0 0 0,27 11 20,3 0,10 20,9 56,9 

6 0 + 0,27 14 19 0,09 19,2 58,0 

7 + - 0,34 8 20,8 0,13 20,7 55,3 

8 + 0 0,34 11 21,4 0,10 20,8 58,5 

9 + + 0,34 14 20,6 0,09 18,9 53,8 
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ʇʚʩʙʚʧʫʣʙ ʨʧʤʬʰʞʦʦʴʮ ʩʞʠʬʤʵʫʙʫʧʛ. 
ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ STATISTICA ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʬʫʥʢ-

ʮʠʠ ʦʪʢʣʠʢʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʞʝ.[2, ʩ. 56] 
ɼʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʶʱʝʡ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʣʳʚ ʙʝʪʦʥʥʦʡ 

ʩʤʝʩʠ, ʫʩʘʜʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʚ ʚʦʟʨʘʩʪʝ 3-ʭ ʩʫʪʦʢ, ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʚ ʚʦʟʨʘʩʪʝ 
28-ʠ ʩʫʪʦʢ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʣʠʥʝʡʥʳʤʠ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 2-ʛʦ 
ʧʦʨʷʜʢʘ.  

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ (MF5581) ʠ (ʄʂɾʃ) ʥʘ ʨʘʩ-
ʧʣʳʚ, ʫʩʘʜʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʯʥʦʩʪʴ ʚ 3ʝ ʩʫʪʦʢ, ʠ ʧʨʦʯʥʦʩʪʴ ʚ 28 ʩʫʪʦʢ ʦʙʨʘʪʠʤʩʷ ʢ ʧʨʦʝʢʮʠʠ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʥʘ ʧʣʦʩʢʦʩʪʴ YʆX, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 1,2,3,4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

 
ʉʡʪ. 1 ʈʧʛʞʩʮʦʧʪʫʵ ʭʬʦʣʯʡʡ ʧʫʣʤʡʣʙ ʩʙʪʨʤʴʛʙ ʦʙ ʨʤʧʪʣʧʪʫʵ. 

 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʩʭʦʜʘ ʜʦʙʘʚʢʠ ʤʝʣʬʣʶʢʩ 5581 ʦʪ 0,2 ʜʦ 0,3 ʠ ʦʪ 0,34 ʜʦ 

0,36, ʨʘʩʭʦʜʝ ʄʂɾʃ ʦʪ 7 ʜʦ 8 ʠ ʦʪ 10 ʜʦ 13 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʷʚʣʝʥʦ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʝ ʨʘʩʧʣʳʚʘ. 
ʋʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʨʘʩʧʣʳʚʘ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ : 

 
ʈ=-152,18+1321,97*x-2464,85*x2+30,51*y-1,31*y2-229,54*x*y+9,61*x*y2+425,74*x2*y-17,57*x2*y2  

ʛʜʝ x ï MF5581, %; y ï ʄʂɾʃ, %. 
 

 
ʉʡʪ. 2  ʈʧʛʞʩʮʦʧʪʫʵ ʭʬʦʣʯʡʡ ʧʫʣʤʡʣʙ ʬʪʙʝʧʰʦʴʮ ʝʞʭʧʩʥʙʯʡʢ ʦʙ ʨʤʧʪʣʧʪʫʵ 

Fitted Surface; Variable: ʈ, ʩʤ

2 3-level factors, 1 Blocks, 9 Runs

DV: ʈ, ʩʤ

 > 22 

 < 21,25 

 < 20,25 

 < 19,25 

 < 18,25 

 < 17,25 

 < 16,25 

0,18 0,20 0,22 0,24 0,26 0,28 0,30 0,32 0,34 0,36
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Fitted Surface; Variable: l, ʤʤ/ʤ

2 3-level factors, 1 Blocks, 9 Runs

DV: l, ʤʤ/ʤ

 > 0,2 

 < 0,19 

 < 0,17 

 < 0,15 

 < 0,13 

 < 0,11 

 < 0,09 

0,18 0,20 0,22 0,24 0,26 0,28 0,30 0,32 0,34 0,36
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʫʩʘʜʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʙʝʪʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 
ʩʣʝʜʫʶʱʝʤ ʠʥʪʝʨʚʘʣʝ: MF5581 = 0,28é0,34 ʠ ʄʂɾʃ = 12é14. ʋʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʫʩʘʜʦʯʥʳʭ 
ʜʝʬʦʨʤʘʮʠʡ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ȹl=2,29-11,6*x+17,01*x2-0,4*y+0,19*y2+2,17*x*y-0,11*x*y2-3,23*x2*y+0,17*x2*y2 

 

 
ʉʡʪ. 3. ʈʧʛʞʩʮʦʧʪʫʵ ʭʬʦʣʯʡʡ ʧʫʣʤʡʣʙ ʨʩʧʰʦʧʪʫʡ ʛ 3-ʮ ʝʦʞʛʦʧʥ ʛʧʠʩʙʪʫʞ ʦʙ ʨʤʧʪʣʧʪʫʵ 

 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʠʥ-

ʪʝʨʚʘʣʝ: MF5581 = 0,24é0,28 ʠ ʄʂɾʃ = 8é9. ʋʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʫʩʘʜʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 
ʦʧʠʩʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ : 

R3=-142,69+1161,46*x-2089,57*x2+30,02*y-1,35*y2- 
208,99*x*y+9,24*x*y2+373,58*x2*y-16,44*x2*y2 
ʏʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ ʤʝʣʬʣʶʢʩ 5581 ʠ ʥʘʧʦʣʥʠʪʝʣʷ 

ʄʂɾʃ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʛʦʪʦʚʦʡ ʩʤʝʩʠ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ Excel, ʥʘʜʩʪʨʦʡ-
ʢʘ çʧʦʠʩʢ ʨʝʰʝʥʠʷè. ɺ ʥʝʡ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʩʠʩʪʝʤʫ ʠ ʟʘʜʘʚʰʠʩʴ ʥʝʦʙ-
ʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʙʳʣʦ ʥʘʡʜʝʥʦ ʨʝʰʝʥʠʝ. 

ɺʳʚʦʜ: ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʜʦʚʣʝʪʚʦʨʷʶ-
ʱʝʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʠʤʝʥʥʦ: ʈ=21,73 ʩʤ; R3=21,71 ʄʇʘ; ȹl=0,022 ʤʤ/ʤ, ʧʦʣʫʯʠ-
ʣʦʩʴ ʧʨʠ ʟʥʘʯʝʥʠʠ ʬʘʢʪʦʨʦʚ: ʤʝʣʬʣʶʢʩ 5581=0,246% ʠ ʄʂɾʃ=8%. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʉʝʨʘʬʠʥʦʚʠʯ ʃ.ʇ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ð ʊʦʤʩʢ: ʊʦʤʩʢʠʡ ʤʝʞʚʫ-

ʟʦʚʩʢʠʡ ʮʝʥʪʨ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 2006. ð 128 ʩ. 
2. ɹʦʨʦʚʠʢʦʚ ɺ.ʇ. ʇʨʦʛʨʘʤʤʘ STATISTICA ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʠʥʞʝʥʝʨʦʚ. ʄ., 2001. 

 
 
 
 

Fitted Surface; Variable: R3, ʄʇʘ

2 3-level factors, 1 Blocks, 9 Runs

DV: R3, ʄʇʘ

 > 21 

 < 20,75 

 < 19,75 

 < 18,75 

 < 17,75 

 < 16,75 
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ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʦ-ʠʤʫʱʝʩʪʚʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ  ʠ 

ʦʙʲʝʢʪʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ - ʫʧʨʘʚʣʝʥʠʝ ʠʤʝʝʪ ʜʚʘ ʚʠʜʘ: ʧʨʷʤʦʝ ʠ ʧʦʩʨʝʜʩʪʚʝʥʥʦʝ. ʇʝʨʚʳʡ ʚʠʜ ʧʦʜ-
ʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʬʦʨʤ ʠ ʫʩʣʦʚʠʡ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ (ʦʙʲʝʤʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝ-
ʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʨʘʟʤʝʱʝʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʨʘʟʤʝʱʝʥʠʝ ʧʦʩʝʣʝʥʠʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ) ʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ) ʠ ʥʦʩʠʪ ʜʠʩ-
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ʢʨʝʪʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʪʦʨʦʡ ʞʝ ʚʠʜ ʫʧʨʘʚʣʝʥʠʷ ɿʀʂ ʠ ʦʙʲʝʢʪʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʝʪ ʧʨʝʜʝʣʳ ʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ. 

ʆʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʷʤʦʝ ʚʨʝʤʝʥʥʦ ʠ ʟʘʚʠʩʠʪ 
ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʦ ʚʩʝʭ ʩʫʙʲʝʢʪʘʭ ʈʌ ʩʦʟʜʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʥʘʧʦʣʥʝʥʥʘʷ ʩʠʩʪʝʤʘ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʦʛʦ ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʝʪʘ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʀʥʪʝʨʥʝʪ ʧʦʨʪʘʣʦʚ ʫʟʥʘʪʴ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʫʶ, ʧʦʣʥʫʶ ʠ ʧʨʦʚʝʨʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 
ʦ ʣʶʙʦʤ ʦʙʲʝʢʪʝ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʩʪʦʷʱʝʤ ʥʘ ʢʘʜʘʩʪʨʦʚʦʤ ʫʯʸʪʝ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʘʜʘʩʪʨʦʚʳʡ ʫʯʸʪ - ʵʪʦ ʩʦʩʪʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ɿʀʂ ʠ ʦʙʲ-
ʝʢʪʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʷʚʠʣʦʩʴ ʙʦʣʴʰʠʤ 
ʪʦʣʯʢʦʤ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ , ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-
ʥʠʷ ɿʀʂ. 

ɸʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [1] ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɿʀʂ 
ʧʨʝʜʣʘʛʘʝʪ ʦʙʨʘʪʠʪʴʩʷ ʢ ʩʠʩʪʝʤʝ ʘʫʜʠʪʘ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʬʠʥʘʥʩʘʤ ʘʫʜʠʨʫʝʤʳʭ ʣʠʮ ʠ 
ʩʦʦʪʚʝʪʩʚʠʠ ʧʦʨʷʜʢʘ ʚʝʜʝʥʠʷ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʈʌ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ: 
- ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʚʝʜʝʥʠʷ ʦʙ 

ʠʤʫʱʝʩʪʚʝʥʥʦʤ ʬʦʥʜʝ ʛʦʨʦʜʘ ʠ ʜʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʧʨʘʚʜʠʚʦʡ ʠ ʢʦʤʧʣʝʢʩ-
ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ ʩʦʩʪʦʷʥʠʠ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ʩʪʦʨʦʥ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 
ʫʧʨʘʚʣʝʥʠʷ ʠʤʫʱʝʩʪʚʦʤ ʛʦʨʦʜʘ; 

- ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʚʥʫʪʨʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʠ ʠʩʧʦʣ-
ʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʛʦʨʦʜʘ. 

ɺ ʨʘʙʦʪʝ [2] ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʶ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʫʥʠʮʠ-
ʧʘʣʴʥʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ: 

- ʧʦʚʳʰʝʥʠʝ ʜʦʭʦʜʦʚ ʦʪ ʧʨʠʚʘʪʠʟʘʮʠʠ ʠʤʫʱʝʩʪʚʘ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ; 
- ʧʦʚʳʰʝʥʠʝ ʜʦʭʦʜʦʚ ʦʪ ʧʝʨʝʜʘʯʠ ʚ ʘʨʝʥʜʫ ʠʤʫʱʝʩʪʚʘ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ; 
- ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʫʱʝʩʪʚʘ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ. 
ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʠʤʫʱʝʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳ ʝh-

ʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ. 
ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʩʪʘʪʴʠ [3] ʫʧʨʘʚʣʝʥʠʝ ɿʀʂ ʛʦʨʦʜʘ ʈʦʩʪʦʚʘ-ʥʘ-ɼʦʥʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦ-

ʚʘʥʦ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʘʚʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʟʝʤʝʣʴ 
ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ, ʧʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤ ʫʨʦʚʥʷʤ ʫʧʨʘʚʣʝʥʠʷ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ, ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ɿʀʂ ʛʦʨʦʜʘ ʆʨʝʥʙʫʨʛ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʩʥʦʚʘʥʦ ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʩʠ-
ʩʪʝʤʳ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʩ ʦʙʦʙʱʝʥʠʝʤ, ʧʨʦʚʝʨʢʦʡ ʠ ʘʢʪʫʘʣʠʟʘʮʠʝʡ ʩʚʝʜʝʥʠʡ ʦʙ ʦʙʲʝʢʪʘʭ ʥʝ-
ʜʚʠʞʠʤʦʩʪʠ ʧʨʦʰʣʳʭ ʣʝʪ [4]. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʟʝʤʝʣʴʥʦ-ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʠ ʦʙʲʝʢʪʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʘʷ ʧʦʣʠʪʠʢʘ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʨʘʥ 
ʤʠʨʘ ʥʘʭʦʜʠʪʴʩʷ ʧʦʜ ʙʦʣʴʰʠʤ ʚʣʠʷʥʠʝʤ ʦʪ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʝʪʘ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʪʘʢ 
ʞʝ ʢʘʢ ʠ ʚ ʈʌ. 

ɿʝʤʝʣʴʥʳʡ ʢʘʜʘʩʪʨ ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ ʩʦʩʪʦʠʪ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ, ʘ ʪʘʢ ʞʝ ʚʢʣʶʯʘʝʪ ʚ 
ʩʝʙʷ ʢʘʜʘʩʪʨʦʚʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʦʙʲʝʢʪʦʚ ʠʥ-
ʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʢʘʜʘʩʪʨʦʚʳʭ ʩʠʩʪʝʤ: 
1) ʅʘʧʦʣʝʦʥʦʚʩʢʘʷ ʩʠʩʪʝʤʘ (ʌʨʘʥʮʠʷ, ʀʩʧʘʥʠʷ, ʀʪʘʣʠʷ, ɻʨʝʮʠʷ ʠ ʜʨ). 
ʍʘʨʘʢʪʝʨʥʘ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʠ ʪʝʩʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘ ʠ ʨʝ-

ʝʩʪʨʘ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ. ɺ ʧʝʨʚʦʤ ʥʘʭʦʜʠʪʴʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, 
ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ ʚʪʦʨʦʤ ʤʦʞʥʦ ʫʟʥʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʨʦʜʥʳʭ ʛʨʫʥʪʘʭ, ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ 
ʧʨʦʯʝʝ. 
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2) ʅʝʤʝʮʢʘʷ ʩʠʩʪʝʤʘ ( ɻʝʨʤʘʥʠʷ, ɸʚʩʪʨʠʷ, ʐʚʝʡʮʘʨʠʷ). 
ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ: ʢʘʜʘʩʪʨʚʦʡ, ʛʝʦʜʝʟʠʯʝʩʢʦʡ, ʪʦʧʦʛʨʘʬʠ-

ʯʝʩʢʦʡ ʠ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʡ. ʈʝʝʩʪʨ ʩʦʩʪʦʠʪ ʠʟ ʢʘʜʘʩʪʨʦʚʳʭ ʢʘʨʪ, ʜʦʢʫʤʝʥʪʘʤ ʧʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʙʦ-
ʪʘʤ, ʟʘʧʠʩʝʡ ʦ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 

3) ʉʢʘʥʜʠʥʘʚʩʢʘʷ ʩʠʩʪʝʤʘ (ʐʚʝʮʠʷ, ɼʘʥʠʷ, ʘ ʪʘʢʞʝ ʅʦʨʚʝʛʠʷ, ʌʠʥʣʷʥʜʠʷ, ʀʩʣʘʥʜʠʷ, ʩʪʨʘʥʳ 
ɹʘʣʪʠʠ). 

ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʢʘʜʘʩʪʨʦʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʥʘ ʦʩʥʦʚʝ  ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ, 
ʢʘʜʘʩʪʨʘ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʨʝʝʩʪʨʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ ʦ ʚʣʘʜʝʣʴʮʘʭ, ʨʘʟʤʝʨʘʭ ʠ ʘʜʨʝʩʘʭ ʚʣʘʜʝʥʠʷ, ʦ ʪʠ-
ʧʝ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ. ɼʘʥʥʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʢʦʜʳ. 

4) ɸʥʛʣʠʡʩʢʘʷ ʩʠʩʪʝʤʘ (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʉʐɸ, ʂʘʥʘʜʘ, ɸʚʩʪʨʘʣʠʷ ʠ ʜʨʫʛʠʝ). 
ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʘʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʩʪʝʤʘ ʟʝʤʝʣʴʥʦʛʦ ʢʘ-

ʜʘʩʪʨʘ ʢʘʢ ʪʘʢʦʚʦʛʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 
ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʜʘʥʥʳʝ ʧʦ ʥʝʢʦʪʦʨʳʤ ʨʝʛʠʦʥʘʤ ʈʌ ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʲʝʢʪʘʤʠ ʟʝʤʝʣʴʥʦ-ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʊʘʢ, ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʫʯʝʪ ʦʙʲʝʢʪʦʚ ɿʀʂ ʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʟʚʝʥʴʝʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʥʝʛʦ ʚʭʦʜʠʪ : ʧʦʣʫʯʝʥʠʝ, ʘʥʘʣʠʟ ʠ ʭʨʘʥʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʚ 
ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʴʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʲʝʢʪʘʭ ʥʝʜʚʠʞʠʤʦʛʦ ʠʤʫʱʝʩʪʚʘ. 

ɺ ʆʨʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2008 ʛʦʜʫ ʩʪʘʨʪʦʚʘʣʘ ʦʙʣʘʩʪʥʘʷ ʧʨʦʛʨʘʤʤʘ "ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʢʘʜʘʩʪʨʘ 
ʥʝʜʚʠʞʠʤʦʩʪʠ", ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʝʪʘ ʦʙʲʝʢʪʦʚ 
ʥʝʜʚʠʞʠʤʦʩʪʠ. ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ: 

 - ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʛʨʘʤʤʳ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʘʨʘʥʪʠʡ ʧʨʘʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ 
ʠʥʳʭ ʚʝʱʥʳʭ ʧʨʘʚ ʥʘ ʥʝʜʚʠʞʠʤʦʝ ʠʤʫʱʝʩʪʚʦ; 

 - ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʛʦ ʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ; 
- ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʶ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʦʙʲʝʢʪʦʚ ʥʝ-

ʜʚʠʞʠʤʦʩʪʠ;  
- ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ; 
- ʩʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠ-

ʞʠʤʦʩʪʠ ʠ ʨʘʟʚʠʪʠʝ ʩʝʨʚʠʩʥʳʭ ʫʩʣʫʛ ʥʘ ʦʩʥʦʚʝ ʧʦʨʪʘʣʴʥʳʭ ʀʥʪʨʘʥʝ-ʪʝʭʥʦʣʦʛʠʡ. 
ɺ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʬʝʨʝ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʛʨʘʜʦʨʝʛʫʣʠʨʚʦʘʥʠʷ. 
ɺʝʜʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʦʨʛʘʥʘʤʠ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦ ʛʨʘ-

ʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ: 
1) ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʦ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ; 
2)  ʩʦʙʣʶʜʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷ ʌʝʜʝʨʘʣʴʥʳʭ ʟʘʢʦʥʦʚ; 
3) ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʦʮʝʜʫʨ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ, ʧʨʘʚʠʣ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʟʘʩʪʨʦʡʢʠ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʘʥʦʚ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. 
ɺ ʊʫʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʦʙʣʘʩʪʥʦʡ ʧʨʦʛʨʘʤʤʳ "ʋʧʨʘʚʣʝ-

ʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʠʤʫʱʝʩʪʚʦʤ ʠ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʊʫʣʴʩʢʦʡ ʦʙʣʘʩʪʠ". ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʘ ʦʪʜʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʝʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 
ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʘʚ ʠ ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʝʪʘ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʫʧʨʘʚʣʝʥʠʷ 
ʦʙʲʝʢʪʘʤʠ ɿʀʂ ʠ ʦʙʲʝʢʪʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʦʩʪʘʚ-
ʣʷʶʱʠʭ ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʩʬʝʨʝ ʢʘʢ ʚ ʈʌ ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʉʠʩʪʝʤʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʘʟ-
ʚʠʪʠʠ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʧʦʩʪʦʷʥʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʨʝʛʠʦʥʘʤ ʠ ʩʪʨʘʥʘʤ ʚ ʮʝʣʦʤ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʨʫʙʝʞʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 
ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʚ ʈʌ ʠ ʚ ʤʠʨʝ ʚ ʮʝʣʦʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʟʝʤʝʣʴʥʦ-ʠʤʫʱʝʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʲʝʢʪʳ ʠʥ-
ʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ. 
 

GEOGRAPHIC INFORMATION SYSTEM FOR THE INVENTORY OF OBJECTS OF LAND-PROPERTY 
COMPLEX AND REAL ESTATE LISTINGS 

 
Matuyshin Denis Vasilievich 

Bobrova Anastasia Vladimirovna, 
Badulina Larisa Alekseevna, 

Povaliaeva Yana Aleksandrovna 
 

Abstract: This article describes the main foreign and domestic geographic information systems used for the 
inventory of real estate. The main directions of development of this industry in Russia and in the world as a 
whole are revealed. 
Key words: land and property complex, geographic information systems, infrastructure, three-dimensional 
model, inventory. 

 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʫʧʨʘʚʣʝʥʠʝ ʟʝʤʝʣʴʥʦ-ʠʤʫʱʝʩʪʚʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠ 

ʦʙʲʝʢʪʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʦʙʣʘʩʪʠ 
ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ ɻʀʉ ʨʘʟʨʝʰʘʶʪ ʧʨʦʚʦʜʠʪʴ ʫʯʝʪ ʦʙʲʝʢʪʦʚ ʥʝ-
ʜʚʠʞʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ (ʦʙʲʝʤʥʫʶ) ʧʨʠʚʷʟʢʫ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʦʙʲʝʢ-
ʪʦʚ ʢ ʟʝʤʝʣʴʥʳʤ ʫʯʘʩʪʢʘʤ, ʙʳʩʪʨʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʘʧʨʦʩ ʠ ʦʪʦʙʨʘʟʠʪʴ ʢʘʜʘʩʪʨʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 
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ʦʙʲʝʢʪʘʤ ɿʀʂ ʢʦʤʧʣʝʢʩʘ ʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʙʦʙʱʠʪʴ ʚ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟʘʭ - ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʪʘʙʣʠʮ, ʪʝʢ-

ʩʪʦʚʳʝ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ) ʜʘʥʥʳʝ ʦʙ ʦʙʲʝʢʪʘʭ ɿʀʂ ʠ ʦʙʲʝʢʪʘʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 
ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ɻʀʉ ʢʘʢ: ArcView, AutoCAD, MAPInfo ʠ ʜʨʫʛʠʭ. 

ɼʣʷ ʮʠʬʨʦʚʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʣʫʯʰʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʦʚʨʝʤʝʥ-
ʥʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠʟ ʜʦʢʫʤʝʥʪʦʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɼʦʢʫʤʝʥʪʘʮʠʷ ʚ ʩʬʝʨʝ ʛʨʘʜʦ-
ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʝʪ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʠ 
ʢʦʥʢʨʝʪʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦ ʚʠʜʘʭ ʨʘʟʨʝʰʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ, ʦ ʨʝʞʠʤʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʛʨʘʜʦ-
ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʬʝʨʝ. 

ʈʘʮʠʦʥʘʣʴʥʳʤ ʠ ʙʦʣʝʝ ʜʝʡʩʪʚʝʥʥʳʤ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ɿʀʂ ʠ ʦʙʲ-
ʝʢʪʘʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʯʠʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʧʦʟʠ-
ʮʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʛʦʨʦʜʩʢʦʡ ʠ ʧʨʦʯʝʡ ʟʘʩʪʨʦʡʢʝ, ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʦʤ ʨʘʟʚʠʪʠʷ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 
ʆʙʦʙʱʝʥʠʝ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ (ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ) ʠʥʬʦʨʤʘʮʠʠ , ʪʝʢʩʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʠ ʜʨʫʛʦʛʦ ʚʠʜʘ, ʧʨʠʚʝʜʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʢ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ , ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ , ʪʝʢʩʪʦʚʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ. 

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʫʪʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʠʭ ʧʝʨʝʜʘʯʘ, ʩ ʧʦʤʦ-
ʱʴʶ ʧʝʨʝʚʦʜʘ ʢʘʨʪ ʠ ʜʨʫʛʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ. 

ɼʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤʝʣʴʥʦ-ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʦʙʲʝʢʪʦʚ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ɻʀʉ MapInfo ʠ ɻʀʉ ʇʘʥʦʨʘʤʘ.  ɼʘʥʥʳʝ ʜʚʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝ-
ʤʳ ʦʯʝʥʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳ ʠ ʫʜʦʙʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɺ ɻʀʉ ʇʘʥʦʨʘʤʘ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʝʜʫ-
ʩʤʦʪʨʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʣʠʥʝʡʥʳʭ, ʧʣʦʱʘʜʥʳʭ, ʪʦʯʝʯʥʳʭ, ʚʝʢʪʦʨʥʳʭ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 
ʧʨʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʝʩʫʨʩʘʤ ʮʠʬʨʦʚʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʜʦʨʦʛ ʚ ʩʝʤʘʥ-
ʪʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʧʨʠʤʝʨ: ʰʠʨʠʥʘ ʜʦʨʦʛʠ, ʧʨʦʝʟ-
ʞʝʡ ʯʘʩʪʠ, ʥʘʩʳʧʴ, ʪʠʧ ʠ ʧʨʦʯʝʝ. 

ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʷʤ MapInfo ʥʘ ʧʣʘʥʦʚʦ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʟʝ-
ʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ, ʪʦʯʝʯʥʳʤʠ ʟʥʘʢʘʤʠ ʦʪʦʙʨʘʞʝʥʳ 
ʦʙʲʝʢʪʳ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʝ ʪʘʢ ʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚ-
ʣʝʥʠʷ. ʅʘ ʢʘʨʪʝ ʦʙʲʝʢʪʦʚ ɿʀʂ ʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʣʶʙʦʡ ʦʙʲʝʢʪ ʠʥʬʨʘʩʪʨʫʢ-
ʪʫʨʳ ʠ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʸʤ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʝʨʚʠʩʳ MapInfo ʧʦʤʦʛʘʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʘʪʫʩ ʦʙʲ-
ʝʢʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʂʘʢ ʣʠʥʝʡʥʳʝ, ʪʘʢ ʠ ʪʦʯʝʯʥʳʝ ʦʙʲʝʢʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʬʦʨʤʘʪʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʛʦʨʦʜ ʆʨʝʥʛʙʫʨʛ. ʉʠʩʪʝʤʘ ʀʥɻʝʦ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʯʝʪʳʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʩʠʩʪʝʤ, 
ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ɿʀʂ ʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʉʠʩʪʝʤʘ ʀʥɻʝʦ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʆʨʝʥʙʫʨʛʝ - ʵʪʦ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʙʠʨʘʪʴ, ʭʨʘʥʠʪʴ, ʘʥʘ-
ʣʠʟʠʨʦʚʘʪʴ ʠ ʛʨʘʬʠʯʝʩʢʠ ʦʪʦʙʨʘʞʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʫʞʥʳʭ ʦʙʲʝʢʪʘʭ 
ʥʝʜʚʠʞʠʤʦʩʪʠ, ʩʚʷʟʘʥʥʫʶ ʩ ʥʠʤʠ. 

ʉʦʟʜʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ ʪʦʧʦʛʨʘʬʦ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʛʝʦ-
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʠʟ ʢʦʤʧʣʝʢʩʘ ʩʦʚʤʝʱʝʥʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʨʘʬʠʯʝʩʢʠʭ, ʢʘʨʪʦ-
ʛʨʘʬʠʯʝʩʢʠʭ, ʘʵʨʦ- ʠ ʬʦʪʦʩʲʝʤʦʯʥʳʭ ʠ ʢʦʩʤʦʩʲʝʤʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʦʡ 
ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʉ ʧʦʤʦʱʴʶ ʪʦʧʦʛʨʘʬʦ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ɻʀʉ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʛʨʘʥʠʮʳ ʢʘʜʘʩʪʨʦʚʳʭ 
ʢʚʘʨʪʘʣʦʚ, ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʠ ʨʘʡʦʥʦʚ, ʛʨʘʥʠʮʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʟʦʥ, ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʩʠʪʫʘʮʠ-
ʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʟʘʩʪʨʦʡʢʠ, ʘ ʪʘʢ ʞʝ ʵʣʝʤʝʥʪʳ 
ʠʥʞʝʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʢʪʫʘʣʠʟʘʮʠʶ, ʦʙʨʘʙʦʪʢʫ ʠ ʩʠʩʪʝ-
ʤʘʪʠʟʘʮʠʶ ʩʚʝʜʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʥʘʰʝʤ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʝʤʩʷ ʠ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʤʠʨʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦ-
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ʨʠʥʛʘ ʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʚʩʝʤ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 
ɻʦʩʫʜʘʨʩʪʚʦ ʜʘʚʥʦ ʧʨʠʥʷʣʦ ʨʝʰʝʥʠʝ ʦ ʚʥʝʜʨʝʥʠʠ ʪʨʝʭʤʝʨʥʳʭ ʢʘʜʘʩʪʨʦʚʳʭ ʩʠʩʪʝʤ. ʂ ʜʘʥʥʦʤ ʫ ʨʝʰʝ-
ʥʠʶ ʧʦʜʪʘʣʢʠʚʘʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ: ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʣʠʯʝʩʪʚʫ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʢʘʯʝʩʪʚʫ, 
ʩʣʦʞʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʜʟʝʤʥʘʷ, ʥʘʟʝʤʥʘʷ ʠ ʧʦʜʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢ-
ʪʫʨʘ. ʊʨʝʭʤʝʨʥʳʡ ʢʘʜʘʩʪʨ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʢʘʜʘʩʪʨʘ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʦʙʲʝʢʪʳ ɿʀʂ ʠ ʦʙʲʝʢʪʳ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʢʥʫʪʦʡ ʬʠʛʫʨʳ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʚ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʠʤʝʶʱʠʡ 
ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʛʨʘʥʠʮʫ. 

ʊʝʭʥʦʣʦʛʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʩʦʶʟʘ. ʇʦʩʪʦʷʥʥʦʝ ʦʙ-
ʥʦʚʣʝʥʠʝ ʩʚʝʜʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʘʭ ʪʝʨʨʠʪʦʨʠʠ, ʩʦʟʜʘʣʦ ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ 3D ʠʟʦʙʨʘʞʝʥʠʶ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʀʥʞʝʥʝʨʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʟʘʥʠʤʘʶʪ 
ʦʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʤʝʩʪ ʚ ʦʙʣʘʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ. ʆʥʠ ʟʘʯʘʩʪʫʶ  ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʟʝʤʝʣʴʥʳʭ 
ʫʯʘʩʪʢʘʭ ʠ ʥʘʜʝʣʝʥʳ ʩʚʦʠʤʠ ʫʥʠʢʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ: ʚʳʩʦʪʘ, ʛʣʫʙʠʥʘ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʫʢʣʦʥ ʠ ʜʨʫʛʠʝ. 

ɺ ʤʘʝ 2010 ʛ ʥʘʯʘʣʦʩʴ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʚ ʅʠʜʝʨʣʘʥʜʘʭ. ʆʥʦ ʧʨʦʰʣʦ ʚ ʥʝʩʢʦʣʴʢʦ 
ʵʪʘʧʦʚ. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʙʳʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʘ ʈʦʪʪʝʨʜʘʤʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʥ-
ʚʝʨʪʠʨʦʚʘʥʠʷ ʢʘʨʪ ʚ 3D ʬʦʨʤʘʪ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʦʨʪʦʬʦʪʦ-ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʢʦʥʮʝ ʙʳʣʘ ʩʦʟʜʘʥʘ 
ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʢʘʞʜʦʤʫ ʦʙʲʝʢʪʫ ʤʦʞʝʪ ʙʳʪʴ 
ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ, ʪʘʢ  ʠ ʶʨʠʜʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ. 

ʅʘʰʘ ʩʪʨʘʥʘ ʚ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʩʬʝʨʝ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʝʜʩʪʘʚ-
ʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʟʝʤʝʣʴʥʦ-ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘ-
ʩʪʴʶ ʜʣʷ ʛʦʨʦʜʘ ɼʫʙʥʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. ɽʸ ʮʝʣʴ - ʵʪʦ 
ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ, ʦʙʦʙʱʝʥʥʦʡ, ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʨʦʚʝʨʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʘʜʤʠʥʠʩʪʨʘ-
ʮʠʠ ʛʦʨʦʜʘ ʠ ʦʙʳʯʥʳʭ ʛʨʘʞʜʘʥ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ, ʯʪʦ-
ʙʳ ʧʨʠʥʷʪʴ ʦʧʝʨʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʚ ʩʬʝʨʘʭ ʫʧʨʘʚʣʝʥʠʷ.  
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»ÞÚÐçÕÒÐ ÎÛØï °ÝÔàÕÕÒÝÐ, 
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ʉʪʫʜʝʥʪʳ 
ɹɻʊʋ çɺʆɽʅʄɽʍè ʠʤ ɼ.ʌ. ʋʩʪʠʥʦʚʘ 

 

ɹʦʦʧʫʙʯʡʸ:ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʚ ʩʨʝʜʝ 
LabView,ʨʝʘʣʠʟʫʶʱʠʡ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ï ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʣʠʥʝʡʥʦʡ 
ʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʛʨʘ-
ʜʫʠʨʦʚʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʦʚ ʨʘʩʩʪʦʷʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʜʘʪʯʠʢʠ,ʛʨʘʜʫʠʨʦʚʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, 
LabView. 
 

DEVELOPMENT AND VERIFICATION OF A VIRTUAL INSTRUMENT IN LABVIEW THAT IMPLEMENTS 
THE APPROXIMATION OF THE CALIBRATION CHARACTERISTICS OF THE SENSORS 

 
Efremov Nikolai Yurievich, 

Lokacheva Yulia Andreevna, 
Degtyareva Evgeniya Evgenievna 

 
Abstract: the results of the development of a virtual instrument in the LabView environment, implementing the 
basic approximation methods-the least squares method for linear and quadratic functions. The developed vir-
tual device is designed to approximate the calibration characteristics of the distance sensors. 
Key words: approximation, virtual devices, sensors, calibration characteristic, LabView. 

 
ʇʨʠ ʩʦʟʜʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʧʨʠ-

ʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʝʨʚʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ʂ ʠʭ ʯʠʩʣʫ 
ʦʪʥʦʩʷʪʩʷ ʜʘʪʯʠʢʠ ʨʘʩʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʝʨʚʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʘʢʪʫ-
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ʘʣʴʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʷʚʣʷʶʪʩʷ:ʚʳʧʦʣʥʝʥʠʝ ʠʭ ʛʨʘʜʫʠʨʦʚʢʠ ʠ ʩʥʠʞʝʥʠʝ ʝʝ ʧʦʛʨʝʰʥʦʩʪʠ.ɹʝʟ ʜʘʥʥʳʭ 
ʧʨʦʮʝʜʫʨ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʘʨʘ-
ʤʝʪʨʘ. ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʦʯʥʦʩʪʴ ʛʨʘʜʫʠʨʦʚʢʠ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʷʚʣʷʝʪʩʷ ʘʧʧʨʦʢʩʠ-
ʤʘʮʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʠʨʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ (ɺʇ), ʨʝʘʣʠʟʫʶʱʠʡ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʘʧ-
ʧʨʦʢʩʠʤʘʮʠʠ ï ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) ʜʣʷ ʣʠʥʝʡʥʦʡ ʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ. ɼʘʥʥʳʡ ɺʇ 
ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʜʘʪʯʠʢʦʚ ʨʘʩʩʪʦʷʥʠʷ. ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠïLabView,ʦʩʦʙʝʥʥʦʩʪʴʶ ɺʇ ʚ ʢʦʪʦʨʦʡ 
ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʣʠʮʝʚʦʡ ʧʘʥʝʣʠ (Frontpanel) ʠ ʙʣʦʯʥʦʡ ʜʠʘʛʨʘʤʤʳ 
(Blockdiagram), ʦʧʠʩʳʚʘʶʱʠʭ ʚʥʝʰʥʠʡ ʠʥʪʝʨʬʝʡʩ ʠ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ɺʇ[1, ʩ. 38-39]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ɺʇ ʚ ʩʨʝʜʝ LabView, ʨʝʘʣʠʟʫʶʱʝʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 
ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɻʍ) ʜʘʪʯʠʢʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʝʨʠʬʠʢʘʮʠʝʡ ʩʦʟʜʘʥʥʦʛʦ ɺʇ. 

ɿʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʦʪʢʝ ɺʇ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ɺʇ; 

¶ ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ɺʇ ʠʩʭʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ; 

¶ ʪʝʩʪʦʚʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ɺʇ. 
ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ɺʇ ʚ ʩʨʝʜʝ LabView ʷʚʣʷʶʪʩʷ: ʥʘ 

ʣʠʮʝʚʦʡ ʧʘʥʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʦʢ ʚʚʦʜʘ ʪʦʯʝʢ ɻʍ; ʧʘʥʝʣʠ ʛʨʘʬʠʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʫʪ 
ʦʪʦʙʨʘʞʘʪʴʩʷ ʪʦʯʢʠ ɻʍ ʠ ʥʘʡʜʝʥʥʘʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ; ʧʦʣʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠ ʦʰʠʙʢʦʡ 
ʘʧʧʨʦʢʩʠʤʘʮʠʠ; ʙʣʦʢ-ʜʠʘʛʨʘʤʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʡ ʠ ʢʚʘʜʨʘʪʠʯ-
ʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʄʅʂ ʠ ʧʨʘʚʠʣʴʥʫʶ ʩʚʷʟʴ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ɺʇ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʄʅʂ.ɿʘʜʘʯʘ ʤʝ-
ʪʦʜʘ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʠ ʢʦ-

ʪʦʨʳʭ ʬʫʥʢʮʠʷ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʘ ʠ b &ÁȟÂ В Ù ÁØ Â ʧʨʠʥʠʤʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝ-
ʥʠʝ[2, ʩ. 9-11]. 

ʅʘ ʙʘʟʝ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ɺʇ ʚ LabView. ʇʦʩʢʦʣʴʢʫ ʚʭʦʜ-
ʥʳʝ ʜʘʥʥʳʝ (ʨʷʜʳ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠ-
ʤʘʮʠʠ ʠʤʝʶʪ ʦʜʥʦʪʠʧʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʣʠʥʝʡʥʦʡ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ɻʍ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʠʪʴ 2 
ʘʣʛʦʨʠʪʤʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚ ʚʠʜʝ ʙʣʦʢʘ Case ʩ ʚʳʙʦʨʦʤ ʢʦʥʢʨʝʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʨʝ-
ʜʝʣʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʚ ʙʣʦʯʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʚ ʩʪʨʫʢʪʫʨʝ Case ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʣʠʩʪʝ ʜʦʙʘʚʣʷʝʪʩʷ 
ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʝʥʠʡ ʪʦʯʝʢ ɻʍ. 

ʀʪʦʛʦʚʳʝ ʙʣʦʢ-ʜʠʘʛʨʘʤʤʳ ɺʇ ʩ ʘʣʛʦʨʠʪʤʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʣʠʥʝʡʥʦʡ ʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ-
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʠ 2. 

 

 
ʉʡʪ.1. ɺʤʧʣ-ʝʡʙʜʩʙʥʥʙʙʨʨʩʧʣʪʡʥʙʯʡʡ ʅʆʃ ʤʡʦʞʢʦʧʢ ʭʬʦʣʯʡʡ 

 

 
ʉʡʪ.2. ɺʤʧʣ-ʝʡʙʜʩʙʥʥʙ ʩʙʪʰʞʫʙ ʣʧʶʭʭʡʯʡʞʦʫʧʛ ʣʛʙʝʩʙʫʡʰʦʧʢ ʙʨʨʩʧʣʪʡʥʙʯʡʡ ʨʧ ʅʆʃ 
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ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜ ʣʠʮʝʚʦʡ ʧʘʥʝʣʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ɺʇ. ʉʣʝʚʘ ʨʘʩʧʦʣʦʞʝʥʦ ʧʦʣʝ ʚʳʙʦʨʘ 
ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʧʘʥʝʣʴ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ï ʛʨʘʬʠʢ, ʥʘ ʢʦʪʦʨʦʤ ʦʪʦʙʨʘ-
ʞʘʶʪʩʷ ʚʚʝʜʝʥʥʳʝ ʪʦʯʢʠ ɻʍ ʠ ʥʘʣʦʞʝʥʥʘʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ, ʩʧʨʘʚʘ ïʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠ-
ʥʦʤʘ ʠ ʚʝʣʠʯʠʥʘ ʦʰʠʙʢʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

 

 
ʉʡʪ.3. ɼʩʙʭʡʰʞʪʣʧʞ ʧʫʧʚʩʙʟʞʦʡʞ ʩʞʠʬʤʵʫʙʫʧʛ ʡʠʥʞʩʞʦʡʢ ʪ ʨʧʥʧʲʵʷ ʌʀ-ʝʙʫhʡʣʙ 

 
ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʦʰʠʙʢʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʯʝʪ 

ʧʦ ʄʅʂ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel. ɼʣʷ ʣʠʥʝʡʥʦʡ ɻʍ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 
ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʜʘʪʯʠʢʦʤʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʠʠ ʘʧʧʨʦʢ-
ʩʠʤʘʮʠʠ (a,b).   

ʅʘ ʨʠʩ.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ Excel. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʥʠ ʠʜʝʥʪʠʯʥʳ ʢʦ-
ʵʬʬʠʮʠʝʥʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ɺʇ.  

 

 
ʉʡʪ.4. ʉʞʠʬʤʵʫʙʫʴ ʩʙʪʰʞʫʧʛ. ʆʙʮʧʟʝʞʦʡʞ ʣʧʶʭʭʡʯʡʞʦʫʧʛ ʤʡʦʡʡ ʙʨʨʩʧʣʪʡʥʙʯʡʡ 

 
ʅʘ ʨʠʩ.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ Excel ʜʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ɻʍ. ʈʘʩʩʯʠ-

ʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʘʨʘʙʦʣʳ (a,b,c), ʦʪʤʝʪʠʤ, ʯʪʦ ʦʥʠ ʪʘʢʞʝ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘ-
ʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ɺʇ ʜʣʷ ʪʝʭ ʞʝ ʪʦʯʝʢ ɻʍ. 

 

 
ʉʡʪ.5. ʉʞʠʬʤʵʫʙʫʴ ʩʙʪʰʞʫʧʛ. ʆʙʮʧʟʝʞʦʡʞ ʣʧʶʭʭʡʯʡʞʦʫʧʛ ʨʙʩʙʚʧʤʴ 














































































































































































































































































































































































