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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

17.05.2018 ʛ. 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

çɺʓʉʆʂʀɽ ʊɽʍʅʆʃʆɻʀʀ, ʅɸʋʂɸ ʀ ʆɹʈɸɿʆɺɸʅʀɽ:  ɸʂʊʋɸʃʔʅʓɽ 

ɺʆʇʈʆʉʓ, ɼʆʉʊʀɾɽʅʀʗ ʀ ʀʅʅʆɺɸʎʀʀè 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʘ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

 

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

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

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

ʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

2. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ (ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʙʦʨʥʠʢʘ ʧʦ ʠʪʦʛʘʤ ʢʦʥʢʫʨʩʘ) ʚ ʣʠʮʝ: 

 

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

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

ʬʝʜʨʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

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

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

çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè  

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

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

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

ʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è  

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

ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʬʘʢʫʣʴʪʝʪʘ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

ʩʠʙʠʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʩʦʨ ʢʘʬʝʜʨʳ ʄʝʥʝʜʞʤʝʥʪʘ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻɸʆʋ  ɺʆ çʂʨʳʤʩʢʠʡ ʬʝ-

ʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  ʀʥʩʪʠʪʫʪ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

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

ʱʠʡ ʢʘʬʝʜʨʦʡ çʌʠʟʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝè, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʩʧʦʨʪʠʚʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

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

ʣʠʘʣ) ʆʋʇ ɺʆ çɸʢʘʜʝʤʠʷ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡè  

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

ʮʝʥʪ ʢʘʬʝʜʨʳ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʣʠʪʝʨʘʪʫʨʳ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʬʝʜʨʳ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʈʷʟʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè 

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

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

ʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦè 

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

ʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʧʨʘʚʘ ʋʣʴʷʥʦʚʩʢʦʛʦ ʬʠʣʠʘʣ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ  

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

ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè  

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

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

ʩʪʠʪʫʪ ʄɺɼ ʈʦʩʩʠʠè  

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

ʥʦʤʠʢʦ-ʶʨʠʜʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ 

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

ɺʆ çʐʘʜʨʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

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

ʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè   

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

ʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʌɻɹʆʋ ɺʆ çʇʝʪʨʦʟʘʚʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡè 

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

ʬʝʩʩʦʨ ɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

ʬʝʜʨʳ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ɸʟʦʚʦ-ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʌɻɹʆʋ ɺʆ ɼʦʥʩʢʦʡ ɻɸʋ ʚ ʛ. ɿʝʨʥʦʛʨʘʜʝ  

26) ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜ-

ʨʦʡ ʫʛʦʣʦʚʥʦʛʦ ʧʨʘʚʘ ʠ ʢʨʠʤʠʥʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪè 

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

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

ʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀɻɼ ʉʆ ʈɸʅ) 

28) ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ, ɺʝʜʫʱʠʡ 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ɸʢʘʜʝʤʠʷ ʅʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ 

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

ʢʦʤʤʝʨʮʠʠ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʌɻɹʆʋ ɺʆ çʈʕʋ ʠʤ. ɻ. ɺ. ʇʣʝʭʘʥʦʚʘè  
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30) ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʠ ʣʠʪʝʨʘʪʫʨʳ ʌɻɹʆʋ ɺʆ çʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

31) ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʣʦʩʦʬʠʠ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʡʳ ʫʥʠʚʝʨʩʠʪʝʪè 

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

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

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

ʢʘʬʝʜʨʦʡ ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè  

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

çɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʪʦʨʛʦʚʣʠ ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʊʫʛʘʥ-

ɹʘʨʘʥʦʚʩʢʦʛʦè 

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

ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʌɻɸʆʋ ɺʆ çʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪè  

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

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

çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

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

ʩʦʨ ʢʘʬʝʜʨʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʂʦʟʴʤʳ ʄʠʥʠʥʘ (ʄʠʥʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)  

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

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

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

ɻʦʣʴʜʙʝʨʛʘ ʊʦʤʩʢʦʛʦ ʅʀʄʎ. 

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

ʢʫʣʴʪʝʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

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

ʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʂʘʟʘʭʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. ʛ. ɸʣʤʘʪʳ)  

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

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

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè   

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

ʥʦʤʠʢʠ ʠ ʧʨʘʚʘ ʆʏʋ ɺʆ "ʄʦʩʢʦʚʩʢʠʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ" 

  

3. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʩʝʢʨʝʪʘʨʠʘʪʘ ʚ ʣʠʮʝ: 

1) ɹʳʯʢʦʚ ɸʨʪʸʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

2) ɻʫʣʷʝʚʘ ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ 

3) ʀʙʨʘʝʚ ɸʣʴʙʝʨʪ ɸʨʪʫʨʦʚʠʯ 

 

 

ɼʠʨʝʢʪʦʨ  

ʄʎʅʉ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

ʢ.ʵ.ʥ. ɻʫʣʷʝʚ ɻ.ʖ.  
 

  



²ËÁ¾º¸µ ÂµÅ½¾»¾³¸¸, ½°Ãº° ¸ ¾±À°·¾²°½¸µ 11 

 

International scientific conference | www.naukaip.ru 

 

 

 

äØ×ØÚÞ-ÜÐâÕÜÐâØçÕáÚØÕ 

ÝÐãÚØ 

  



12 ²ËÁ¾º¸µ ÂµÅ½¾»¾³¸¸, ½°Ãº° ¸ ¾±À°·¾²°½¸µ 

 

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

Ã´º 517.95 

ÀµÈµ½¸µ Ä¸·¸ÇµÁº¸Å ·°´°Ç Á ¿¾¼¾ÉÌÎ 
´¸ÄÄµÀµ½Æ¸°»Ì½ËÅ ÃÀ°²½µ½¸¹ 

ÃâÕÓÕÝÞÒÐ ºëÜÑÐâ ÂÞåâÐàÞÒÝÐ 
ʩʪʫʜʝʥʪʢʘ 

ËáÜÐÓãÛ ÀÞ×Ð ÁÐßÐÑÕÚÚë×ë 
ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ 

ʂʦʩʪʘʥʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɸ.ɹʘʡʪʫʨʩʳʥʦʚʘ 
 

ɹʦʦʧʫʙʯʡʸ ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʨʠʸʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝ-
ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʬʠʟʠʢʝ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫ-
ʣʷʨʥʳʭ ʠ ʤʦʱʥʳʭ ʩʨʝʜʩʪʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʆʩʦʙʝʥʥʦ ʰʠʨʦʢʦ ʦʥʠ ʠʩ-
ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʝʩʪʝʩʪʚʝʥʥʦ - ʥʘʫʯʥʦʛʦ ʮʠʢʣʘ: ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʬʠʟʠʢʠ, ʭʠʤʠʠ 
ʠ ʙʠʦʣʦʛʠʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʤʘʷʪʥʠʢ, ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʬʦʨʤʫʣʘ ɹʝʨʥʫʣʣʠ  
 

DECISION OF PHYSICAL TASKS BY MEANS OF DIFFERENTIAL EQUALIZATIONS 
 

Utegenova Chimbat, 
Ysmagul Roza 

 
Abstract In this paper, we consider some methods of solving problems using differential equations in physics. 
Differential equations are one of the most popular and powerful tools for solving mathematical practical prob-
lems. Especially widely they are used for solving problems of the natural-scientific cycle: theoretical mechan-
ics, physics, chemistry and biology.  
ʃey words: mathematical model, pendulum, physical sizes, formula of Bernoulli 

 
ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʠʬʬʝʨʝʥʮʠ-

ʨʫʝʤʦʩʪʠ ʬʫʥʢʮʠʡ, ʚʳʨʘʞʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʝ ʫʯʘʩʪʚʫʶ-
ʱʠʝ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʧʨʦʮʝʩʩʝ ʚʝʣʠʯʠʥʳ ʚ ʪʝʯʝʥʠʝ ʤʘʣʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʶʪʩʷ ʩ ʧʦʩʪʦʷʥ-
ʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʠʟʚʝʩʪʥʳʝ ʠʟ ʬʠʟʠʢʠ ʟʘʢʦʥʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʨʘʚʥʦʤʝʨʥʦ ʧʨʦ-

ʪʝʢʘʶʱʠʝ ʷʚʣʝʥʠʷ, ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ t , tt D+ , ʪ. ʝ. ʤʝʞʜʫ ʚʝʣʠʯʠʥʘ-
ʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʧʨʦʮʝʩʩʝ, ʠ ʠʭ ʧʨʠʨʘʱʝʥʠʷʤʠ. ʇʦʣʫʯʘʶʱʝʝʩʷ ʨʘʚʝʥʩʪʚʦ ʠʤʝʝʪ ʣʠʰʴ ʧʨʠʙʣʠʞʸʥ-
ʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʳ ʤʝʥʷʶʪʩʷ ʜʘʞʝ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʅʦ, ʝʩʣʠ ʨʘʟʜʝʣʠʪʴ ʦʙʝ ʯʘʩʪʠ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʨʘʚʝʥʩʪʚʘ ʥʘ tD  ʠ ʧʝʨʝʡʪʠ ʢ ʧʨʝʜʝʣʫ, 

ʢʦʛʜʘ 0­Dt , ʧʦʣʫʯʠʪʩʷ ʪʦʯʥʦʝ ʨʘʚʝʥʩʪʚʦ. ʆʥʦ ʩʦʜʝʨʞʠʪ ʚʨʝʤʷ t , ʤʝʥʷʶʱʠʝʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 
ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʪ. ʝ. ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, ʦʧʠʩʳʚʘʶ-
ʱʠʤ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ. ʊʦ ʞʝ ʩʘʤʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʟʘʤʝʥʠʚ 

ʧʨʠʨʘʱʝʥʠʝ tD  ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣ dt , ʘ ʧʨʠʨʘʱʝʥʠʝ ʬʫʥʢʮʠʡ - ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ-
ʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʳ ʜʝʣʘʝʤ ʢʘʢ ʙʳ "ʤʛʥʦʚʝʥʥʳʡ 
ʩʥʠʤʦʢ" ʧʨʦʮʝʩʩʘ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʧʦ ʤʛʥʦʚʝʥʥʳʤ ʩʥʠʤʢʘʤ ʚʦʩ-
ʩʪʘʥʘʚʣʠʚʘʝʤ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ. ʆʙʱʘʷ ʠʜʝʷ ʟʘʤʝʥʳ ʬʫʥʢʮʠʡ ʥʘ ʤʘʣʳʭ ʧʨʦʤʝʞʫʪʢʘʭ ʘʨʛʫʤʝʥʪʘ ʣʠ-
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ʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 
ʫʨʘʚʥʝʥʠʡ, ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʝʘʨʠʟʘʮʠʝʡ.  

ʀ ʭʦʪʷ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʮʝʩʩʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʣʠʥʝʘʨʠʟʘʮʠʷ ʥʝʚʦʟʤʦʞʥʘ (ʥʘʧʨʠʤʝʨ, ʙʨʦʫʥʦʚʩʢʦʝ 
ʜʚʠʞʝʥʠʝ), ʦʧʠʩʳʚʘʝʤʳʡ ʤʝʪʦʜ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʝʡʩʪʚʫʝʪ ʙʝʟʦʪʢʘʟʥʦ [1]. 

ʇʨʠʤʝʨ. ɺ ʜʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʦʩʫʜʘ, ʥʘʧʦʣʥʝʥʥʦʛʦ ʚʦʜʦʡ ʠ ʠʤʝʶʱʝʛʦ ʚʳʩʦʪʫ ʅ ʠ ʨʘʜʠʫʩ ʦʩ-

ʥʦʚʘʥʠʷ R, ʩʜʝʣʘʥʦ ʥʝʙʦʣʴʰʦʝ ʦʪʚʝʨʩʪʠʝ ʧʣʦʱʘʜʠ S. ɿʘ ʢʘʢʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ 

ʚʳʪʝʯʝʪ ʚʩʷ ʚʦʜʘ, ʝʩʣʠ ʪʨʝʪʴ ʚʦʜʳ ʚʳʪʝʢʘʝʪ ʟʘ 1t  ʩʝʢʫʥʜ? 

ʈʝʰʝʥʠʝ. ɽʩʣʠ ʙʳ ʠʩʪʝʯʝʥʠʝ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʚʥʦʤʝʨʥʦ, ʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʙʳʣʦ ʙʳ ʪʨʠʚʠ-

ʘʣʴʥʳʤ:  ʚʩʷ ʚʦʜʘ ʚʳʪʝʯʝʪ ʟʘ ʚʨʝʤʷ 
1

3t  c. ʅʦ, ʨʝʘʣʴʥʦ, ʩʥʘʯʘʣʘ ʚʦʜʘ ʚʳʪʝʢʘʝʪ ʙʳʩʪʨʦ, ʘ ʧʦ ʤʝʨʝ ʩʥʠ-

ʞʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʩʦʩʫʜʝ ʩʢʦʨʦʩʪʴ ʝʸ ʠʩʪʝʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʠʩʪʝʯʝʥʠʷ n ʠ ʚʳʩʦʪʦʡ h  ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ ʥʘʜ ʦʪʚʝʨʩʪʠʝʤ. 

ʆʧʳʪʳ ʊʦʨʨʠʯʝʣʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʠʙʣʠʞʸʥʥʦ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ qhk 2=n , 

ʛʜʝ q  ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʠ k ï çʙʝʟʨʘʟʤʝʨʥʳʡè ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʷʟʢʦʩʪʠ 

ʩʨʝʜʳ ʠ ʬʦʨʤʳ ʦʪʚʝʨʩʪʠʷ.  ʉʜʝʣʘʝʤ çʤʛʥʦʚʝʥʥʳʡ ʩʥʠʤʦʢè ʧʨʦʮʝʩʩʘ ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʟʘ ʧʨʦʤʝʞʫ-

ʪʦʢ ʚʨʝʤʝʥʠ [ ]ttt D+, . ʇʫʩʪʴ ʚ ʥʘʯʘʣʝ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʳʩʦʪʘ ʞʠʜʢʦʩʪʠ ʥʘʜ ʦʪʚʝʨʩʪʠʝʤ ʨʘʚʥʷ-

ʣʘʩʴ h, ʘ ʚ ʢʦʥʮʝ ʝʛʦ ʦʥʘ ʧʦʥʠʟʠʣʘʩʴ ʠ ʩʪʘʣʘ hh D+ , ʛʜʝ hD  ï çʧʨʠʨʘʱʝʥʠʝè ʚʳʩʦʪʳ (ʢʦʪʦʨʦʝ, 
ʦʯʝʚʠʜʥʦ, ʦʪʨʠʮʘʪʝʣʴʥʦ). ʊʦʛʜʘ ʦʙʲʸʤ ʞʠʜʢʦʩʪʠ, ʚʳʪʝʢʰʝʡ ʠʟ ʩʦʩʫʜʘ, ʨʘʚʝʥ ʦʙʲʸʤʫ ʮʠʣʠʥʜʨʘ ʩ ʚʳʩʦ-

ʪʦʡ hh D-=D  ʠ ʧʣʦʱʘʜʴʶ ʦʩʥʦʚʘʥʠʷ hR D2p . 

ʕʪʘ ʞʠʜʢʦʩʪʴ ʚʳʣʠʣʘʩʴ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʨʫʡʢʠ, ʠʤʝʶʱʝʡ ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ S. ɽʸ ʚʳ-

ʩʦʪʘ ʨʘʚʥʘ ʧʫʪʠ, ʧʨʦʡʜʝʥʥʦʤʫ ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʩʦʩʫʜʘ ʞʠʜʢʦʩʪʴʶ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ [ ]ttt D+, .  

ɺ ʥʘʯʘʣʝ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʨʘʚʥʷʣʘʩʴ ʧʦ ʟʘʢʦʥʫ ʊʦʨʨʠʯʝʣʣʠ 

qhk 2=n , ʘ ʚ ʢʦʥʮʝ ʝʛʦ ʦʥʘ ʨʘʚʥʷʣʘʩʴ  

( )hhqk D+= 2n  

ɽʩʣʠ tD  ʚʝʩʴʤʘ ʤʘʣʦ, ʪʦ ʠ hD  ʪʦʞʝ ʦʯʝʥʴ ʤʘʣʦ ʠ ʧʦʪʦʤʫ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʘ ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ  [ ]ttt D+, , ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫ-

ʣʦʡ: 

( )hqhk D+a2 , ʛʜʝ 0
0

lim =
­D
a

t
, ʪ. ʝ. ( )a+= qhkV 2  

 ʦʙʲʸʤ ʚʳʣʠʚʰʝʡʩʷ ʠʟ ʩʦʩʫʜʘ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ [ ]ttt D+,  ʞʠʜʢʦʩʪʠ.   

ʇʨʠʨʘʚʥʠʚʘʷ ʜʚʘ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʙʲʸʤʘ ʞʠʜʢʦʩʪʠ, ʚʳʣʠʚʰʝʡʩʷ ʠʟ ʩʦʩʫʜʘ ʟʘ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ [ ]ttt D+, , ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ: 

( ) tSqhkhR D+=D ap 22
                                          (1) 

ʅʝʜʦʩʪʘʪʢʦʤ ʫʨʘʚʥʝʥʠʷ (1) ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʤ ʥʝ ʠʟʚʝʩʪʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ a. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, ʨʘʟʜʝʣʠʤ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (1) ʥʘ tD  ʠ ʧʝʨʝʡʜʸʤ ʢ ʧʨʝʜʝʣʫ ʧʨʠ 0­Dt . ʋʯʠ-
ʪʳʚʘʷ, ʯʪʦ  

0
0

lim =
­D
a

t
, ʘ h

t

h

t
¡=

D

D

­D 0
lim , 

ʧʦʣʫʯʘʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

SqhkhR Ö=¡- 22p                                             (2) 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2), ʨʘʟʜʝʣʠʤ ʧʝʨʝʤʝʥʥʳʝ ʠ ʦʙʦʟʥʘʯʠʤ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʜʨʦʙʴ ʯʝʨʝʟ A:  
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Sqk

R
A

Ö
=

2

2p
. 

ʇʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ  

h

hA
t

D-
=D . 

ʀʥʪʝʛʨʠʨʫʷ ʦʙʝ ʯʘʩʪʠ, ʧʦʣʫʯʘʝʤ: 

( )ChAt +-= 2                                               (3) 

ʄʳ ʧʦʣʫʯʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ t  ʠ h, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʜʚʝ ʧʦʩʪʦʷʥʥʳʝ A ʠ C . ʇʦʩʪʦʷʥʥʘʷ 

A ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʦʪʚʝʨʩʪʠʷ, ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʧʦ-

ʩʪʦʷʥʥʘʷ C  ʚʦʟʥʠʢʣʘ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʀʭ ʟʥʘʯʝʥʠʷ ʥʘʤ ʥʝ ʠʟʚʝʩʪʥʳ, ʥʦ ʠʭ ʤʦʞʥʦ ʥʘʡʪʠ, ʫʯʪʷ 
ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʝʱʸ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ C  ʠʩʧʦʣʴʟʫʝʤ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʚ ʥʘʯʘʣʝ ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩʦʩʫʜ ʙʳʣ 

ʥʘʧʦʣʥʝʥ, ʪ. ʝ. ʧʨʠ 0=t  ʚʳʩʦʪʘ Hh= . 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ (3) 0=t , Hh= , ʧʦʣʫʯʘʝʤ:   

HC 2-= . 

ʈʘʚʝʥʩʪʚʦ (3) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

( )hHAt -=2 . 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ A, ʫʯʪʸʤ, ʯʪʦ ʟʘ ʧʝʨʚʳʝ 1t  ʤʠʥʫʪ ʚʳʪʝʢʣʘ ʪʨʝʪʴ ʚʩʝʡ ʞʠʜʢʦʩʪʠ. ʕʪʦʤʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʥʘ 3/H . ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ 1t t=  ʠʤʝʝʤ: 

3/23/ HHHh =-= . ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ, ʯʪʦ: 

1

2 2
2 2 1

3 3
t A H H A H

å õ å õ
= - = -æ ö æ öæ ö æ ö

ç ÷ ç ÷

 

ʠ ʧʦʪʦʤʫ 

H

t

H

t
A

2

3

2
1

1
3

3

2
12

1
ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å

+

=

-

= .                                 (4) 

ʊʝʧʝʨʴ ʫʞʝ ʥʝ ʪʨʫʜʥʦ ʥʘʡʪʠ ʚʨʝʤʷ ʦʧʦʨʦʞʥʝʥʠʷ ʩʦʩʫʜʘ, ʪ.ʝ. ʥʘʡʪʠ ʪʘʢʦʝ  ʟʥʘʯʝʥʠʝ t , ʧʨʠ ʢʦʪʦ-

ʨʦʤ 0=h : 

( ) ( )
1

1

2
3 1

3 2
2 0 0 3 1

3

t

t A H H t
H

å õ
+æ öæ ö å õç ÷

= - = - = +æ öæ ö
ç ÷

 

ʀʩʩʣʝʜʫʝʤ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ.  
ʇʦʜʩʪʘʚʠʤ ʚ ʨʘʚʝʥʩʪʚʦ (4) ʟʥʘʯʝʥʠʝ 

Sqk

R
A

Ö
=

2

2p
 

ʥʘʡʜʸʤ 
1

t  ʠ ʧʦʣʫʯʠʤ, ʯʪʦ: 

1

22 2
3 1

3 2

R H
t t

kS q

på õ
= + =æ öæ ö

ç ÷
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ʗʩʥʦ, ʯʪʦ, ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ R ʠ H  (ʨʘʟʤʝʨʳ ʩʦʩʫʜʘ), ʪʝʤ ʜʦʣʴʰʝ ʙʫʜʝʪ ʚʳʪʝʢʘʪʴ ʠʟ ʥʝʛʦ 

ʞʠʜʢʦʩʪʴ, ʢʘʢ ʵʪʦ ʠ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʦʪʚʝʪʘ. ʏʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʷ S, ʪʝʤ ʙʳʩʪʨʝʝ 

ʚʳʪʝʯʝʪ ʞʠʜʢʦʩʪʴ ʠʟ ʩʦʩʫʜʘ. ɺ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʫʝʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ q , ʘ ʪʘʢ ʞʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ k(ʯʝʤ ʙʦʣʴʰʝ k, ʪʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʬʦʨʤʫʣʝ ɹʝʨʥʫʣʣʠ) [2].  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʘ ʚʳʜʝʨʞʘʣʘ "ʠʩʧʳʪʘʥʠʝ ʥʘ ʟʜʨʘʚʳʡ ʩʤʳʩʣ", ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʠʩʧʳ-

ʪʘʥʠʝʤ ʥʘ ʨʘʟʤʝʨʥʦʩʪʴ: 

[]
ù
ù

ú

ø

é
é

ê

è

=
2/2

2

ʩʩʤʩʤ

ʩʤʩʤ
c  

ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʚʝʨʥʦ. 
ʆʪʚʝʪ. ɺʩʷ ʚʦʜʘ ʚʳʪʝʯʝʪ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ  

qkS

HR
t

22p
= . 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʦʙʣʝʛʯʘʝʪʩʷ 
ʪʝʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʢʦʥ ʬʠʟʠʢʠ ʩʚʷʟʳʚʘʝʪ ʤʝʞʜʫ ʩʦʙʦʡ ʟʥʘʯʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ ʠ ʩʢʦ-
ʨʦʩʪʠ ʝʸ ʠʟʤʝʥʝʥʠʷ, ʣʠʙʦ ʩʚʷʟʳʚʘʝʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ, ʩʢʦʨʦʩʪʠ ʝʸ ʠʟʤʝʥʝʥʠʷ ʠ ʫʩʢʦ-
ʨʝʥʠʷ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʊʠʭʦʥʦʚ ɸ.ʅ., ɺʘʩʠʣʴʝʚʘ ɸ.ɹ., ʉʚʝʰʥʠʢʦʚ ɸ.ɻ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. ʄ.: ʅʘʫʢʘ, 

1985. 232 ʩ. 
2. ɺʣʘʜʠʤʠʨʦʚ ʖ. ɸ. ʠ ʜʨ. ɹʠʦʬʠʟʠʢʘ: ʋʯʝʙʥʠʢ. - ʄ.: ʄʝʜʠʮʠʥʘ, 1983. 
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¾Âº°·Ë ² ¸½Ä¾À¼°Æ¸¾½½¾-
²ËÇ¸Á»¸Âµ»Ì½ËÅ Á¸ÁÂµ¼°Å 

²ÐÙÝèâÕÙÝ ²ØâÐÛØÙ ¸áÐÐÚÞÒØç 
ʄʘʛʠʩʪʨʘʥʪ 

ʌɻɸʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʘ ʠ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʨʦʮʝʩʩʝ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦ ʠʭ ʦʪʢʘʟʘʤ ʠ ʧʨʦʚʝʜʝʥʠʶ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʩʧʝʮʠʬʠʢʘ ʠ ʩʚʷʟʴ ʤʝʞʜʫ ʦʪʢʘʟʘʤʠ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʢʩʧʣʫʘʪʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʩʪʨʘʪʝʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 
ʦʪʢʘʟʳ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 
 

FAILURES IN THE INFORMATION COMPUTING SYSTEMS 
 

Vainshtein Vitalii Isaakovich 
 

Abstract: The paper considers the scheme and analysis of the interaction of the main structures of infor-
mation and computing systems based on their failures and the implementation of preventive restoration in the 
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ʃʶʙʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ (ʀɺʉ), ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʘʩʰʪʘʙʘ ʠ ʩʣʦʞʥʦʩʪʠ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʫʶʱʠʭ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ 
ʚʦʟʜʝʡʩʪʚʠʡ (ʨʠʩ. 1), ʛʜʝ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʳ ʦʪʢʘʟʳ, ʘ ʧʫʥʢʪʠʨʥʦʡ ï ʧʨʦʬʠʣʘʢʪʠʢʠ [1]. 

ʇʨʠʤʝʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ: ʚ ʨʘʙʦʪʦʩʧʦʩʦʙ-
ʥʦʤ ʠʣʠ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ (ʚ ʩʦʩʪʦʷʥʠʠ ʦʪʢʘʟʘ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʪʢʘʟʳ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʨʠ-
ʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠ ʧʨʠ ʦʰʠʙʢʘʭ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʂʨʠʪʝʨʠʠ ʦʪʢʘʟʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʘʤʠʭ 
ʩʠʩʪʝʤ, ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ, ʥʘʟʥʘʯʝʥʠʷ ʠ ʩʧʝʮʠʬʠʢʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ ʜʨ. ʅʘʧʨʠʤʝʨ, ʦʪʢʘʟʦʫʩʪʦʡ-
ʯʠʚʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʫ) ʠ ʪʦʛʜʘ, ʢʦʛʜʘ ʚ ʠʭ 
ʘʧʧʘʨʘʪʥʳʭ ʠʣʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ ʧʨʦʠʩʭʦʜʷʪ ʦʪʢʘʟʳ [2]. 

ʅʘʜʝʞʥʦʩʪʴ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʚʳʧʦʣʥʷʪʴ ʠ ʩʦʭʨʘʥʷʪʴ ʚʦ ʚʨʝʤʝʥʠ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʚ ʟʘ-
ʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʤʦʥʪʦʚ, ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨ-
ʪʠʨʦʚʢʠ [3]. 

ʅʘʜʝʞʥʦʩʪʴ ʀɺʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʩ 
ʫʯʝʪʦʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ. ʂ ʦʩʥʦʚʥʳʤ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʨʘʟʣʠʯʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

- ʵʣʝʤʝʥʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʥʝ ʩʪʘʨʝʶʪ ʠʟ-ʟʘ ʠʟʥʦʩʘ ʠʣʠ ʫʩʪʘʣʦʩʪʠ, ʠ ʦʪʢʘʟʳ 
ʠʤʝʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʥʝʟʘʧʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʜʸʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʥʠʢʘ-
ʶʱʠʭ ʚʥʫʪʨʝʥʥʠʭ ʦʰʠʙʦʢ, ʘʪʘʢ ʭʘʢʝʨʦʚ, ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʭʦʜʷʱʝʡ ʠʥʬʦʨʤʘʮʠʠ. ʂ ʚʥʫʪʨʝʥʥʠʤ ʦʰʠʙʢʘʤ 
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ʇʆ ʦʪʥʦʩʷʪʩʷ ʦʰʠʙʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʞʝ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 
ʩʚʷʟʘʥʳ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʘʯʝʩʪʚʦʤ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ; 

- ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳ ʠ ʢʘʪʘʢʣʠʟʤʳ, ʢʦʤʤʫʥʘʣʴʥʳʝ ʘʚʘ-
ʨʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʶʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʀɺʉ; 

- ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʀɺʉ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʳʭ ʚʨʝ-
ʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ; 

- ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ. 

 

 
ʉʡʪ. 1. ʊʫʩʬʣʫʬʩʙ ʛʠʙʡʥʧʝʞʢʪʫʛʡʸ ʛ ʁɻʊ 

 
ʈʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ (ʯʘʩʪʦʪʳ ʦʪʢʘʟʦʚ) ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʨʠʩ. 2). 
 

 
ʉʡʪ. 2. ʉʙʠʤʡʰʡʞ ʥʞʟʝʬ ʦʙʝʞʟʦʧʪʫʵʷ ʙʨʨʙʩʙʫʬʩʴ ʡ ʨʩʧʜʩʙʥʥʦʧʜʧ ʧʚʞʪʨʞʰʞʦʡʸ 

 
ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʦʰʠʙʢʠ ʨʘʟʨʘʙʦʪ-

ʢʠ, ʧʦʩʣʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʘʮʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘ ʚʦʟʥʠʢʘʶʱʠʝ ʦʰʠʙʢʠ ʤʛʥʦʚʝʥʥʦ (ʟʘ ʧʨʝʥʝ-
ʙʨʝʞʠʤʦ ʤʘʣʦʝ ʚʨʝʤʷ) ʠʩʧʨʘʚʣʷʶʪʩʷ, ʠ ʥʦʚʳʝ ʦʰʠʙʢʠ ʥʝ ʚʥʦʩʷʪʩʷ [4]. 

ɺ ʵʪʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʫ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʝʝʪʩʷ ʧʝʨʠʦʜ 
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ʧʨʠʨʘʙʦʪʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪʢʘʟʦʚ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 
ʨʘʙʦʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠʨʘʙʦʪʦʯʥʳʭ ʦʪʢʘʟʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʫ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʦʪʢʘʟʦʚ ʦʩʪʘʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ. ʅʘʩʪʫʧʘʝʪ ʥʦʨʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦ-
ʪʳ, ʠ ʧʨʠʯʠʥʳ ʦʪʢʘʟʦʚ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɿʜʝʩʴ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʣʫʯʘʡʥʦʝ 
ʚʨʝʤʷ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ:  

Ὂὸ  ρ ɀ Ὡ Ȣ 
ɿʘʪʝʤ ʫ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʩʚʷʟʠ ʩ ʠʭ ʩʪʘʨʝʥʠʝʤ ʯʘʩʪʦʪʘ ʦʪʢʘʟʦʚ ʚʦʟʨʘʩʪʘʝʪ. 
ʋ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ, ʢʦʛʜʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʚʣʠʷʥʠʝ ʚʭʦʜʷʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʘʩʪʦʪʘ ʦʪʢʘʟʦʚ ʫʤʝʥʴʰʘ-
ʝʪʩʷ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʨʠʩ. 1) ʢ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ ʦʪʥʦʩʠʤ: 

- ʦʪʜʝʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ (ʕɺʄ) ï ʙʣʦʢʠ ʧʠʪʘʥʠʷ, ʧʘʤʷʪʴ, ʧʨʦʮʝʩʩʦ-
ʨʳ, ʧʣʘʪʘ, ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪ. ʜ.; 

- ʫʜʘʣʝʥʥʳʝ ʪʝʨʤʠʥʘʣʳ ʩʝʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʘʙʦʥʝʥʪʦʚ, ʦʧʝʨʘʪʦʨʦʚ); 

- ʩʝʨʚʝʨʳ ʠʣʠ Host-ʤʘʰʠʥʳ (ʩʣʫʞʙʳ ʬʘʡʣʦʚ, ʧʝʯʘʪʠ, ʙʘʟ ʜʘʥʥʳʭ ʠ ʪ. ʧ.) ʥʝ ʚʳʜʝʣʝʥʥʳʝ (ʠʣʠ 
ʚʳʜʝʣʝʥʥʳʝ, ʪʦ ʝʩʪʴ ʥʝ ʩʦʚʤʝʱʝʥʥʳʝ ʩ ʨʘʙʦʯʠʤʠ ʩʪʘʥʮʠʷʤʠ) ʚʳʩʦʢʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʕɺʄ, ʧʨʝʜʥʘ-
ʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʭʨʘʥʝʥʠʷ, ʧʝʯʘʪʠ ʜʘʥʥʳʭ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʩʝʪʠ ʠ ʪ. 
ʧ. ʜʝʡʩʪʚʠʡ; 

- ʤʝʞʩʝʪʝʚʳʝ ʤʦʩʪʳ (ʰʣʶʟʳ, ʮʝʥʪʨʳ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʕɺʄ) ð ʵʣʝ-
ʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʦʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʣʠʙʦ ʥʝʩʢʦʣʴʢʠʭ ʩʝʛʤʝʥʪʦʚ 
ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʝʪʠ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʨʦʪʦʢʦʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

- ʢʘʥʘʣʳ ʩʚʷʟʠ (ʛʣʦʙʘʣʴʥʳʝ, ʣʦʢʘʣʴʥʳʝ) ʩ ʫʟʣʘʤʠ ʢʦʤʤʫʪʘʮʠʠ ʠ ʪ. ʜ. 
ʂ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʘʤ ʙʫʜʝʤ ʦʪʥʦʩʠʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʛʨʘʤʤʳ. 

ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ï ʵʪʦ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʘ ʫʜʦʙʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʙʨʘʟʦʤ. ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʚ 
ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʦʙʣʠʢ ʚʩʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝ-
ʤʳ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʘʣʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʤʠ ʨʝ-
ʩʫʨʩʘʤʠ ʢʦʤʧʴʶʪʝʨʘ (ʧʨʦʮʝʩʩʦʨʘʤʠ, ʧʘʤʷʪʴʶ, ʫʩʪʨʦʡʩʪʚʘʤʠ), ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ, ʪʠʧʘʤʠ ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤ, ʦʙʣʘʩʪʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʏʝʣʦʚʝʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʣʣʝʢʪʠʚʦʚ ʣʶʜʝʡ, ʟʘʥʷʪʳʭ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʀɺʉ, ʪʘʢ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʝʭ ʝʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɼʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʣʦʚʝʢʘ (ʠʣʠ ʛʨʫʧʧʳ ʣʶʜʝʡ) ʠ ʩʠʩʪʝʤʳ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʭ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʚ ʩʪʨʫʢʪʫʨʝ <ʯʝʣʦʚʝʢ ï ʩʠʩʪʝʤʘ ï ʩʨʝʜʘ>, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʘʩʧʝʢʪʘʭ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ɿʜʝʩʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʯʠʪʳʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʵʨʛʦʥʦʤʠʢʠ, ʠʥʞʝʥʝʨʥʦʡ ʧʩʠ-
ʭʦʣʦʛʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʘ ʵʪʦ ʢʦʤʧʣʝʢʩ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦ-
ʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʝ, ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʣ-
ʣʝʢʪʠʚʝ [5]. 

ʂ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʙʫʜʝʤ ʦʪʥʦʩʠʪʴ: 

-  ʟʣʦʫʤʳʰʣʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʚʠʨʫʩʳ, ʘʪʘʢʠ ʭʘʢʝʨʦʚ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʰʧʠʦʥʘʞ ʠ ʪ. ʧ.); 

-  ʢʦʤʤʫʥʘʣʴʥʳʝ ʘʚʘʨʠʠ (ʟʘʪʦʧʣʝʥʠʷ, ʧʦʞʘʨʳ, ʥʘʨʫʰʝʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʣʠ ʚʦʜʦʩʥʘʙ-
ʞʝʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ, ʥʘʨʫʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʪ. ʜ.); 

-  ʧʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳ ʠ ʢʘʪʘʢʣʠʟʤʳ (ʥʘʚʦʜʥʝʥʠʷ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʪ. ʧ.). 
ʆʪʢʘʟʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʘʧʧʘʨʘʪʥʳʝ ʦʪʢʘʟʳ, ʠʤʝʶʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘ-

ʨʘʢʪʝʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʜʝʣʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʦʷʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʀɺʉ ʚʦʧʨʦʩʳ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠ-
ʚʘʪʴ ʩʦʚʤʝʩʪʥʦ, ʩ ʫʯʝʪʦʤ ʠʭ ʨʘʟʣʠʯʠʡ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʀɺʉ 
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(ʨʠʩ. 1). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚ-
ʣʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
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µáÕÙץë×ë °. 
ʤʘʛʠʩʪʨʘʥʪ 

ɾʝʪʳʩʫʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ɾʘʥʩʫʛʫʨʦʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʥʷʪʠʝ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 
ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʀ ʩ ʢʘʞʜʳʤ ʜʥʝʤ ʵʪʦ ʧʦʥʷʪʠʝ ʥʘʙʠʨʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠ ʦʙʣʘʩʪʠ 
ʧʨʠʤʝʥʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʩʥʦʚʥʦʝ ʧʦʥʷʪʠʝ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʚ ʩʝʛʦʜʥʷʰʥʠʡ  ʜʝʥʴ. ʊʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ, ʢʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʝʪ 3D-ʪʝʭʥʦʣʦʛʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝ-
ʨʘʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 3D-ʪʝʭʥʦʣʦʛʠʠ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʠʟʫʘʣʠʟʘʮʠʷ, 
ʪʨʝʭʤʝʨʥʦʩʪʴ, ʘʥʠʤʘʮʠʷ, 3D-ʛʨʘʬʠʢʘ 
 
Abstract: In the modern world, the concept of 3D modeling is often used in various spheres of human activity. 
And every day this concept is gaining an increasing role and scope of application. In this article, considers the 
basic concept of 3D modeling, its advantages and the need for today. It also depicts the advantages of 3D-
technology in various fields.  
Key words: 3D modeling, 3D technology, computer modeling, visualization, three dimension, animation, 3D-
graphics 

 
In the modern world, the concept of 3D modeling is often used in various spheres of human activity. 

Moreover, every day this concept is gaining an increasing role and scope of application. At the moment, we 
can no longer imagine a cinematography without 3D technology. 

It is important to identify what is modeling and 3D modeling. Modeling can be regarded as a substitution 
of the object under investigation in a conditional way, by a description or by another object called a model and 
providing behavior close to the original within the framework of certain assumptions and acceptable errors. 
Simulation is usually performed to understand the properties of the original by examining its model, rather than 
the object itself. Of course, modeling is justified in the case when it is easier to create the original itself or when 
the latter, for whatever reason, is better not to create at all [1]. 

Three-dimensional graphics is a section of computer graphics, dedicated to the methods of creating im-
ages or video by modeling 3D objects in three-dimensional space. 

3D modeling is the process of creating a three-dimensional model of an object. The task of 3D modeling 
is to develop a visual 3D image of the desired object. In this case, the model can, how to correspond to objects 
from the real world (cars, buildings, hurricane, asteroid), and to be completely abstract [2]. 

3D-model technologies make it possible to turn any digital image into a voluminous physical object that 
can be reproduced "at home". If you think about these technologies, they should drastically change the behav-
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ior of the average user: instead of passive consumption of what gives him mass production of objects, he can 
create the objects he needs independently and in the form in which they completely satisfy him. The material 
world that surrounds a person has all chances to become unique and authoritative. 

In fact, 3D printing is not such a new technology. Its history began in 1984. American Charles Hull de-
veloped the technology of "stereolithography" for printing 3D-objects according to digital models of photopoly-
merized composite materials. In 1985, Mihailo Feigen proposed to layer-by-layer to form volumetric models 
from sheet material: films, polyester, composites, plastic, paper, etc., fastening the layers together with a heat-
ed roller. This technology was called "production of objects by lamination." In fact, the sheets are glued to each 
other, and the laser cuts the contour [3]. 

A little later, volumetric models learned how to form layers of different materials. Then there were other 
methods of 3D printing, but they were used mainly in industrial and highly specialized production. 

Layer-by-layer modeling was invented in the late 1980s, and as early as 1995, the concepts "3D printer" 
and "3D printing" appeared. The fact is that this method made possible the use of rapid prototyping in "home 
conditions": devices of relatively small size appeared, which thus created models from a polymeric thread [3]. 

The advantages of 3D graphics in front of 2D-objects. Compared to a flat image, 3D has several ad-
vantages that have not yet been fully understood and many professionally engaged in 3D technologies claim 
that the three-dimensional graphics are insufficiently known at the moment and predict the discovery of new 
bright and incomprehensible 3D effects in the future. The main drawback of 2D design is that it can be difficult 
to imagine how the product looks in space from a flat image. Therefore, it is often necessary to accompany the 
drawings with real prototypes, in which the first released product or the first batch acts. Errors in the drawings 
have to be corrected on the already created product, which slows the time from the appearance of the idea to 
the release of finished products and leads to additional costs. 

3D systems, on the other hand, allow you to simulate a product before creating drawings or prototypes. 
The main document in this case is a three-dimensional computer model. In bulk, and consists of one of its 
main advantages. If it is true that the image is worth a thousand words, then the 3D model costs thousands of 
drawings. It is no coincidence that the visualization of the product takes first place in the long list of ad-
vantages of 3D modeling. After all, a flat drawing is static, and the model can be rotated and studied from any 
point, changing the scale of viewing at will. In this case, it is easy to see errors and failures in the project and 
to assess the degree of its compliance with the original design, as well as to verify the future product for collec-
tion, which is extremely important for subsequent fabrication. 

Here are just some of the advantages that the world of 3D images opens: 
1. High information content of individual zones of the screen. Complex geometric constructions in 3D-

format are easy to read and quite understandable (for example, an image of a mixed-compound chemical 
compound). In 2D mode, such graphics cannot be placed. 

2. Advantages when rotating an object. In an ordinary space, there is no additional information plus, the 
displacement of objects back and forth does not give, and in the 3D-graphics the picture changes completely - 
the object is unfolded from a different angle, so you can see its location and location of other objects relative to 
the main figure. 

3. New prospects. Two-dimensional graphics use the principles of perspective creation to reproduce the 
illusion of space: there are several presentation plans (near larger, remote - shallow), horizon (as the center of 
exposure), shadows, etc. However, these methods do not always give accurate information about the object. 
In 3D format, the viewer immediately catches the real proportions of objects, their location in space - and for 
this, he only needs to look at the picture once. This law acts even on objects that are placed chaotically at a 
different distance from each other. 

4. New forms of diagrams. In 3D graphics, you can add new variables in large numbers without losing 
the informativeness and readability of the chart itself. 

5. Influence on the physical reactions of the viewer. With the correct modeling of the scene in 3D, you 
can create the effect of disorientation of the viewer in space: for example, the effect of a dizzying race, a fall, a 
sharp overturn, etc. Man tries on this reality and becomes as it were a part of it, perceiving as reality. Such 
effects in 2D graphics are almost impossible to achieve [4]. 



22 ²ËÁ¾º¸µ ÂµÅ½¾»¾³¸¸, ½°Ãº° ¸ ¾±À°·¾²°½¸µ 

 

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

Still, the main advantages of 3D images is the ability to create something new: in the world of 3D there 
are no worked out schemes, standard effects. Here you can invent any unexpected solutions, which no one 
has applied before you - and the field for experiments is almost limitless. 

Applications of 3D modeling: 
- Advertising and marketing. Three-dimensional graphics are indispensable for the presentation of the 

future product. In order to proceed to production, it is necessary to draw, and then create a 3D model of the 
object. 

After 3D-visualization, the resulting image can be used to design the packaging or when creating out-
door advertising, POS materials and design of exhibition stands. 

- Urban planning. With the help of three-dimensional graphics, the most realistic modeling of urban ar-
chitecture and landscapes is achieved with minimal costs. 

Visualization of the architecture of buildings and landscaping allows investors and architects to feel the 
effect of presence in the projected space. That allows you to objectively assess the merits of the project and 
eliminate the shortcomings. 

- Industry. Modern production cannot be imagined without production simulation. With the advent of 3D 
technologies, manufacturers were able to significantly save materials and reduce the financial costs of engi-
neering design.  

Using 3D modeling, graphic designers create three-dimensional images of parts and objects that can 
later be used to create molds and prototype objects [5]. 

- Computer games. The technology of 3D when creating computer games has been used for more than 
ten years. In professional programs, experienced specialists manually draw three-dimensional landscapes, 
models of heroes, animate the created 3D-objects and characters, and create concept art. 

- Cinematography. The whole of the modern film industry is oriented to the cinema in 3d format. For 
such surveys, special cameras are used that can be shot in 3D format. In addition, using 3D graphics for the 
film industry, separate objects and full landscapes are created. 

-Architecture and interior design. The technology of 3D modeling in architecture has long proven itself 
on the best side. Today, the creation of a three-dimensional building model is an indispensable attribute of de-
sign. Based on the 3D model, you can create a prototype building. Furthermore, it can be applied as a proto-
type, repeating only the general outline of the building, and a detailed composite model of the future structure. 

As for interior design, then, using 3D modeling technology, the customer can see how his dwelling or of-
fice space will look after repairs. 

- Animation. With the help of 3D-graphics you can create an animated character, "make" it move, and by 
designing complex animation scenes, create a full-fledged animated video. For example, 3D animation of the 
respiratory system, can serve as a useful tool for medical students. [6] 

At the moment, 3D modeling has become widespread and has a wide range of uses in the modern 
world. A three-dimensional image is used in the creation of animation, in construction and other important 
spheres. In this case, if the modeling is of great importance even in such common areas, then its relevance is 
not worth talking about. Every day, the role of three-dimensional modeling only increases and scientists are 
trying to introduce 3D technology in almost all areas of activity. In addition, the fact that computer modeling 
has reached a new level is by no means the limit. In the future, there are great prospects for using 3D model-
ing. 
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ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʩʦʩʪʘʚʣʝʥʠʶ ʤʦʜʝʣʝʡ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘ-
ʯʝʩʪʚʘ, ʥʦʚʠʟʥʳ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʩʧʦʩʦʙʦʚ 
ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ, ʧʨʦʛʨʝʩʩʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʥʘ ʦʪʢʘʟ, ʚʭʦ-
ʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʚ ʟʘʜʘʯʘʭ ʚʳʙʦʨʘ ʣʫʯʰʝʛʦ ʠʟʜʝʣʠʷ ʪʝʭʥʠʢʠ.   
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PROPOSALS FOR THE DEFINITION OF CALCULATION MODELS AND METHODS INCLUDED IN THE 
TECHNICAL LEVEL OF COMPONENTS 

 
Skripnik Igor Leonidovich, 

Voronin Sergey Vladimirovich 
 

Abstract: the article deals with the approaches to the modeling of the generalized indicator of quality, novelty 
of technical solutions, functional organization and determination of the calculation methods of constructive or-
ganization, progressive technology, failure-free, included in the technical level in the selection of the best 
product technology. 
Key words: technical level, quality, novelty, organization, function, design, reliability, indicator, model, method, 
characteristic. 

 
ɺ ʟʘʜʘʯʘʭ ʧʨʠʥʷʪʠʡ ʨʝʰʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. ʊʘʢ ʧʨʠ ʚʳʙʦʨʝ ʥʦʚʦʛʦ 

ʣʫʯʰʝʛʦ ʦʙʨʘʟʮʘ ʪʝʭʥʠʢʠ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 
(ʊʋ), ʯʠʩʣʝʥʥʦ ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ (ʂʇʊʋ). ɺ ʥʝʛʦ ʚʭʦʜʷʪ 
ʙʘʟʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʦʪʦʨʳʝ ʚʩʝʩʪʦʨʦʥʥʝ ʦʧʠʩʳʚʘʶʪ ʚʳʙʠʨʘʝʤʳʡ ʦʙʨʘʟʝʮ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ 
ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʩʣʝʜʫʶʱʠʝ:  

- ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʷ;  
- ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (ʊʈ);  
- ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ [1, ʩ. 16; 2, ʩ. 10];  
- ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ;  
- ʥʘʜʝʞʥʦʩʪʴ. 
ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʦʜʝʣʝʡ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʨʘʩʯʝʪʘ. 
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ʄʦʜʝʣʴ ʨʘʩʯʝʪʘ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ (ʆʇʂ) ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʟʙʠʝʥʠʠ ʠʩʭʦʜʥʦʛʦ 
ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠ ʥʝʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʣʷ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʢʨʠʪʝʨʠʷ ʪʘʢʦʛʦ ʨʘʟʙʠʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʦʨʦʯʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ñʟʘʪʨʘʪʳ-
ʧʦʢʘʟʘʪʝʣʴò ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʚʳʙʦʨʢʠ [3, ʩ. 911].  

ʀʩʭʦʜʷ  ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʮʦʚ ʪʝʭʥʠʢʠ ʜʦʣʞʝʥ ʫʩʪʘʥʘʚʣʠ-
ʚʘʪʴʩʷ ʆʇʂ ʚ ʚʠʜʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʅʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʠʭ ʟʥʘʯʝʥʠʡ, ʟʘʜʘʚʘʝʤʳʭ ʚ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʆʇʂ, ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦ-
ʵʬʬʠʮʠʝʥʪʦʚ ʟʥʘʯʠʤʦʩʪʠ ʠ ʥʦʨʤʠʨʦʚʢʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʩ ʫʯʝ-
ʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʄʦʜʝʣʴ ʦʮʝʥʢʠ ʥʦʚʠʟʥʳ ʊʈ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʥʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩ ʪʝʭʥʠʯʝʩʢʦʡ, 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʆʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʩʪʘʚʣʝʥʠʷ ʦʧʨʝ-
ʜʝʣʠʪʝʣʴʥʳʭ ʪʘʙʣʠʮ, ʚ ʢʦʪʦʨʳʭ ʢʘʯʝʩʪʚʝʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʊʈ ʦʙʨʘʟʮʦʚ ʪʝʭʥʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʠʯʝ-
ʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʥʦʚʳʝ ʊʈ, ʠʤʝʶʪ ʨʘʟʥʳʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 
ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʥʘʯʠʤʦʩʪʝʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʠʜ ʬʫʥʢʮʠʠ, ʥʦʨʤʠʨʫʶʱʝʡ ʚʝʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʝʜʩʪʘʚʣʷʪʴ ʬʦʨʤʫ-
ʣʦʡ 1, ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʜʦʧʫʱʝʥʠʡ ʠ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʧʦʜʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ - 2,1: 

                                                                       (1) 

ɺ ʠʪʦʛʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʥʦʚʠʟʥʳ ʊʈ (ʂʅʊʈ) ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʢʘʢ: 

 

                                                        
(2) 

ʛʜʝ 

         nïʢʦʣʠʯʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 
mï ʢʦʣʠʯʝʩʪʚʦ ʧʦʟʠʮʠʡ; 

 - ʧʦʢʘʟʘʪʝʣʴ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʙʘʟʠʩʥʦʛʦ ʙʘʣʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʩʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ . 
ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʪʝʭʥʠʢʠ, 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʪʦʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟʜʝʣʠʡ. ʆʥʘ ʦʙʝʩʧʝ-
ʯʠʚʘʝʪ ʩʨʘʚʥʝʥʠʝ ʠʟʜʝʣʠʡ ʧʦ ʯʠʩʣʫ ʧʦʣʝʟʥʳʭ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ, ʛʣʘʚʥʳʭ, ʦʩʥʦʚʥʳʭ 
ʬʫʥʢʮʠʡ. ʇʦʢʘʟʘʪʝʣʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ ʂʬʦ ʦʙʲʝʜʠʥʷʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 
ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʢʨʝʪʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ:  

Kʬʦ =                                                  (3) 

ʛʜʝ - ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʫʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʜʣʷ ʛʨʫʧʧ ʛʣʘʚʥʳʭ ʠ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʬʫʥʢʮʠʡ; 

-ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʬʫʥʢʮʠʡ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʜʣʷ ʛʨʫʧʧʳ ʛʣʘʚʥʳʭ ʬʫʥʢʮʠʡ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʡ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʤʝʞʜʫ ʛʨʫʧʧʦʡ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʠ ʛʣʘʚʥʳʭ ʬʫʥʢʮʠʡ. 
ʆʜʥʘʢʦ, ʨʝʘʣʠʟʘʮʠʷ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ, ʨʘʜʠ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪʩʷ ʠʟʜʝʣʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʣʠʯʥʳʡ ʢʦʤʙʠʥʘʪʦʨʥʳʡ ʥʘʙʦʨ ʊʈ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠ-
ʧʘʭ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ, ʧʨʠʚʝʜʫʪ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʥʘʙʦʨʫ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʚʷʟʝʡ 
ʤʝʞʜʫ ʥʠʤʠ. ʇʦʵʪʦʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʜʝʥ ʧʦʢʘʟʘʪʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ ʦʙʨʘʟʮʘ. 
ʇʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʥʫʪʨʝʥʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʨʘʟʮʘ 
ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ 
ʥʠʤʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʢʘʢ: 
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(4) 

ʛʜʝ k ï ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (k=1,44); N ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʠʟʜʝʣʠʠ;                 
M ï ʯʠʩʣʦ ʩʚʷʟʝʡ ʚ ʠʟʜʝʣʠʠ. 
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʘʣʠʟʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʝ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝ, ʥʦ ʤʘʣʦ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʶ ʚʦʧʨʦʩʘʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 
ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʥʘ ʨʝʤʦʥʪ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ  ʠʟʜʝʣʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʜʦ-
ʨʦʞʘʥʠʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ 
ʦʙʨʘʟʮʘ ʢ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʨʘʞʝʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ: 

 

   
(5) 

ʛʜʝ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʥʘʯʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠʟʜʝʣʠʷ; 

                - ʢʦʵʬʬʠʮʠʝʥʪ ʟʥʘʯʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʛʨʝʩʩʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

       ï ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘ-
ʪʝʣʷ ʧʦ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʥʳʤ ʯʘʩʪʷʤ ʠʟʜʝʣʠʷ; 

       - ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʆʯʝʨʝʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʊʋ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʜ-

ʥʦ ʠʟ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʟʘʢʘʟʯʠʢʦʤ ʢʘʢ ʧʨʠʦʨʠʪʝʪʥʦʝ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʥʘʷ ʩ ʜʨʫʛʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘʜʝʞʥʦʩʪʠ, ʦʧʨʝ-
ʜʝʣʷʝʤʘʷ ʢʘʢ: 

                                                                     (6) 

ʛʜʝ  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ j-ʦʡ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ; 

       r ï ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ. 
ʄʦʜʝʣʠ ʠ ʩʧʦʩʦʙʳ ʨʘʩʯʝʪʘ ʙʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʂʇʊʋ, ʧʨʦʚʝʨʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʯʝʪʘ ʧʨʠʙʦ-

ʨʦʚ ʧʨʠʝʤʥʦ-ʢʦʥʪʨʦʣʴʥʳʭ ʧʦʞʘʨʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʠʭ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʤʘʩʰʪʘ-
ʙʝ ʠʟʤʝʨʝʥʠʷ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʊʋ ʠʟʜʝʣʠʡ, 
ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʣʫʯʰʝʛʦ ʦʙʨʘʟʮʘ ʥʘ ʢʦʥʢʫʨʩʥʦʡ ʦʩʥʦʚʝ. 
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ÅÐÝÓØèØÕÒÐ °ÝâÞÝØÝÐ ²ÐÔØÜÞÒÝÐ 
ʤʘʛʠʩʪʨʘʥʪ, 

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɹʦʦʧʫʙʯʡʸ: ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʵʣʝʤʝʥʪ ʦʙʫ-
ʯʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʷʧʦʥʩʢʠʝ, ʘʤʝʨʠʢʘʥʩʢʠʝ, ʥʝʤʝʮʢʠʝ ʠ ʠʥʜʦʥʝʟʠʡʩʢʠʝ ʜʠʟʘʡʥ ʩʪʫʜʠʠ. ʇʦʢʘʟʘʥʳ ʨʘʟ-
ʣʠʯʥʳʝ ʧʨʠʝʤʳ ʙʫʜʫʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʝʟ ʧʦʪʝʨʠ ʠʥʪʝʨʝʩʘ ʩʪʫʜʝʥʪʦʚ ʨʘʟ-
ʥʦʦʙʨʘʟʠʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʫʣʴʪʠʤʝʜʠʘ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʨʝʜʦʚʦʡ ʜʠʟʘʡʥ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʚʳ-
ʩʪʘʚʢʘ, ʜʠʟʘʡʥ-ʢʦʥʮʝʧʮʠʷ. 
 

FOREIGN EXPERIENCE OF THE MULTIMEDIA SPACES 
 

Khangishieva Antonina 
 
Abstract: The work is devoted to the study of multimedia spaces in which there is an element of learning. 
Japanese, American, German and Indonesian design studios are considered. Various methods of the future 
education are shown, with the help of which it is possible to diversify the educational process without losing 
interest of students. 
Keywords: multimedia space, environment design, educational interface, exhibition, design concept.  

 
ʋʛʧʩʰʞʪʫʛʧ ʸʨʧʦʪʣʧʢ ʣʩʞʙʫʡʛʦʧʢ ʪʫʬʝʡʡ The Shift.  
JAL Steam School. ʉʪʫʜʠʷ The Shift ʨʫʢʦʚʦʜʠʣʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʠ ʪʚʦʨʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʜʣʷ ʧʨʦʛʨʘʤʤʳ CSR Japan Airlines, JAL STEAM SCHOOL - ɻ ʪʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʣʝʜʫʶʱʝʛʦ 
ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʝʨʝʜʦʚʫʶ ʢʦʥʮʝʧʮʠʶ ʦʙʫʯʝʥʠʷ.  

ɼʝʪʠ ʠʟʫʯʘʶʪ ʥʘ ʫʨʦʢʝ ʚʩʝ ʦ ʩʘʤʦʣʝʪʘʭ ʩ ʧʦʤʦʱʴʶ ʦʙʫʯʘʶʱʝʛʦ ʠʥʪʝʨʬʝʡʩʘ.  ʋʨʦʢ ʜʝʣʠʪʩʷ ʥʘ 3 
ʯʘʩʪʠ: ʇʝʨʚʘʷ -  ʣʝʢʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʜʝʪʠ ʠʟʫʯʘʶʪ ʦʩʥʦʚʳ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʚʪʦʨʘʷ - ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʥʝʤ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʠ ʪʨʝʪʴʷ ʯʘʩʪʴ ï ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʘʨʪʳ ʧʦʣʝʪʘ, ʧʨʠ 
ʧʨʦʩʤʦʪʨʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʩʦʪʨʫʜʥʠʯʘʶʪ. ɼʝʪʠ ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ 8000 ʚʘ-
ʨʠʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʨʳʣʘ ʩʘʤʦʣʝʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʜʝʪʘʣʠ ʦʙʲʝʜʠʥʷʶʪʩʷ. ʂʦʛʜʘ ʤʦ-
ʜʝʣɹ ʧʦʤʝʱʘʝʪʩʷ ʚ ʘʥʛʘʨʦʦʙʨʘʟʥʳʡ ʩʢʘʥʝʨ, ʧʨʠʣʦʞʝʥʠʝ ʘʥʘʣʠʟʠʨʫʝʪ ʬʦʨʤʫ ʩʦʙʨʘʥʥʦʛʦ ʢʨʳʣʘ, ʵʢʩ-
ʪʨʘʧʦʣʠʨʫʝʪ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʦʟʜʘʝʪ ʚʠʜʝʦ ʦ ʪʦʤ, ʢʘʢ ʣʝʪʘʝʪ ʩʘʤʦʣʝʪ. ʇʦʚʪʦʨʷʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʜʝʪʠ 
ʤʦʛʫʪ ʧʦʥʷʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʨʳʣʴʷʤʠ ʠ ʩʘʤʦʣʝʪʘʤʠ ʠ ʫʟʥʘʪʴ, ʢʘʢ ʦʥʠ ʨʘʙʦʪʘʶʪ ʚʤʝʩʪʝ. ʅʘʢʦʥʝʮ, 
ʫʨʦʢ ʧʦʜʭʦʜʠʪ ʢ ʢʦʥʮʫ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʯʘʩʪʥʠʢʠ ʧʨʦʩʤʘʪʨʠʚʘʶʪ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ ʢʘʨʪʫ ʧʦʣʝʪʘ ʚ ʢʦʪʦ-
ʨʦʡ ʚʩʝ ʩʦʟʜʘʥʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʚʟʤʳʚʘʶʪ ʚ ʥʝʙʦ. 

JAL STEAM SCHOOL - ʵʪʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʚʧʝʨʚʳʝ ʦʪʤʝʯʘʶʱʘʷ, ʯʪʦ ʘʚʠʘʢʦʤʧʘʥʠʷ 
ʟʘʥʠʤʘʝʪʩʷ ʢʦʥʮʝʧʮʠʝʡ, ʢʦʪʦʨʘʷ ʧʨʠʥʦʩʠʪ ʙʫʜʫʱʝʝ ʜʝʪʷʤ ʯʝʨʝʟ ʠʟʫʯʝʥʠʝ ʠ ʦʪʢʨʳʪʠʝ ʤʠʨʘ ʩʘʤʦʣʝʪʦʚ. 

ʋʛʧʩʰʞʪʫʛʧ ʡʦʝʧʦʞʠʡʢʪʣʧʢ ʝʡʠʙʢʦ ʪʫʬʝʡʡ Sciencewerk. 
Basha Market ï Mad Lab.ʂʘʢ ʧʨʦʪʦʪʠʧ ʩʨʝʜʦʚʦʛʦ ʜʠʟʘʡʥʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ çɹʝʟʫʤʥʫʶ ʣʘʙʦʨʘ-

ʪʦʨʠʶè, Basha Market ï Mad Lab ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʢ ʩʦʚʝʨʰʝʥʥʦ ʙʝʣʳʡ ʣʘʙʠʨʠʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʩʦʪʥʠ ʢʦʤ-
ʥʘʪ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʫʥʠʢʘʣʴʥʳʝ ʠʜʝʠ ʠ ʪʚʦʨʝʥʠʷ ʤʝʩʪʥʳʭ çʙʝʟʫʤʥʳʭ ʫʯʝʥʳʭè.  
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Mad Lab ʚʳʧʦʣʥʝʥ ʚ ʯʝʨʥʦ-ʙʝʣʳʭ ʪʦʥʘʭ, ʜʦʧʦʣʥʝʥʥʳʤʠ ʩʠʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʠ ʬʫʪʫʨʠʩʪʠʯʝʩʢʠʤ 
ʥʘʧʨʘʚʣʝʥʠʝʤ. ʂʣʶʯʝʚʘʷ ʛʨʘʬʠʢʘ ʧʝʨʝʦʩʤʳʩʣʠʚʘʝʪ ʠʟʚʝʩʪʥʳʝ ʢʘʨʪʠʥʳ ʄʠʢʝʣʘʥʜʞʝʣʦ, ʉʘʥʜʨʦ ɹʦʪ-
ʪʠʯʝʣʣʠ ʠ ʃʝʦʥʘʨʜʦ ɼʘ ɺʠʥʯʠ ʚ ʢʘʯʝʩʪʚʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʟʘʤʝʥʠʪʝʣʝʡ, ʩʦʙʨʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-
ʝʤ ʛʘʝʢ ʠ ʙʦʣʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʜʦʧʦʣʥʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʥʦʚʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʤʘʨʰʨʫʪʠ-
ʟʘʪʦʨ WIFI, ʩʤʘʨʪʬʦʥ ʠ ʜʘʞʝ çsel e-stickè, ʦʥʠ ʪʦʥʢʦ ʚʥʝʜʨʝʥʳ ʚ ʠʣʣʶʩʪʨʘʮʠʠ ʢʘʢ ʩʘʨʜʦʥʠʯʝʩʢʦʝ 
ʥʘʧʦʤʠʥʘʥʠʝ ʦ ʧʨʠʩʪʨʘʩʪʠʠ ʩʝʛʦʜʥʷʰʥʝʛʦ ʧʦʢʦʣʝʥʠʷ ʢ ʵʪʠʤ ʛʘʜʞʝʪʘʤ. 

ɸʤʙʠʮʠʦʟʥʳʡ ʧʨʦʝʢʪ ʦʭʚʘʪʳʚʘʝʪ ʜʠʟʘʡʥ, ʨʦʙʦʪʦʪʝʭʥʠʢʫ ʠ ʜʦʧʦʣʥʝʥʥʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʯʪʦʙʳ ʩʦ-
ʟʜʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʨʘʟʚʣʝʯʝʥʠʝ ʜʣʷ ʧʦʩʝʪʠʪʝʣʝʡ ʚʩʝʭ ʚʦʟʨʘʩʪʦʚ. ʅʦ ʪʘʢ ʞʝ ʚ ʵʪʦʡ ʚʳʩʪʘʚʢʝ ʧʨʠʩʫʪ-
ʩʪʚʫʝʪ ʵʣʝʤʝʥʪ ʦʙʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ɺ ʯʘʩʪʠ ʚʳʩʪʘʚʢʠ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çTransmogrifyè, ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʨʘʥʳ, ʛʜʝ ʧʦʩʝʪʠʪʝʣʠ ʤʦʛʫʪ 
ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʫʥʠʢʘʣʴʥʳʭ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʧʝʨʩʦʥʘʞʝʡ ʠ ʜʦʧʦʣʥʷʶʱʝʝ ʨʝʘʣʴʥʦʩʪʴ ʤʦʙʠʣʴʥʦʝ 
ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʣʦ ʧʦʩʝʪʠʪʝʣʷʤ ʠʩʢʘʪʴ ʤʘʨʢʝʨʳ ʠ ʩʢʨʳʪʳʭ ʧʝʨʩʦʥʘʞʝʡ, ʚʩʪʨʦʝʥʥʳʭ ʚ ʠʣ-
ʣʶʩʪʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʝʥʳ ʧʦ ʚʩʝʡ ʵʢʩʧʦʟʠʮʠʠ.  

ɽʡʠʙʢʦ ʪʫʬʝʡʸ Tellart LLC 
ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʠʥʩʪʘʣʣʷʮʠʷ ʚ ʂʘʣʠʬʦʨʥʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ï çʎʚʝʪʘ ʞʠʟʥʠè. ɺ ʂʨʫʛʣʦʤ ʧʘʚʠ-

ʣʴʦʥʝ ʩ ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʜʠʩʧʣʝʷʤʠ ʥʘʪʷʥʫʪʳ ʩʪʨʫʥʳ. ɼʝʪʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩʦ ʩʪʨʫʥʘʤʠ ʧʦʩʳʣʘʶʪ 
ʩʠʛʥʘʣʳ ʚ ʢʦʤʧʴʶʪʝʨ. 

ʇʨʠ ʚʭʦʜʝ ʥʘ ʚʳʩʪʘʚʢʫ ʧʣʦʱʘʜʴʶ 8 000 ʢʚ. ʬʫʪʦʚ ʧʦʩʝʪʠʪʝʣʠ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʛʨʫʞʝʥʥʳʤʠ ʚ 
ʥʘʩʳʱʝʥʥʦʝ ʮʚʝʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʘʧʦʣʥʝʥʥʦʝ ʧʦʪʨʷʩʘʶʱʠʤʠ ʚʠʟʫʘʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʥʘ ʢʘʞʜʦʤ 
ʰʘʛʫ. ʎʝʥʪʨʘʣʴʥʳʤ ʵʢʩʧʦʥʘʪʦʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʮʚʝʪʥʦʡ ʚʠʟʫʘʣʠʟʘʪʦʨ ʧʦʢʘʟʳʚʘʶʱʠʡ ʫʜʠʚʠ-
ʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʪʦʛʦ, ʢʘʢ ʚʠʜʳ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʮʚʝʪ ʜʣʷ ʦʙʱʝʥʠʷ ʠ ʚʳʞʠʚʘʥʠʷ. 
ɺʳʙʠʨʘʷ ʤʘʩʩʠʚ ʨʘʟʥʦʮʚʝʪʥʳʭ ʩʪʨʫʥ, ʧʦʩʝʪʠʪʝʣʠ ʤʦʛʫʪ ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʝʝ 100 ʫʥʠʢʘʣʴʥʳʭ ʮʚʝʪʥʳʭ 
ʠʩʪʦʨʠʡ, ʪʘʢ ʢʘʢ ʷʨʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʢʦʨʦʪʢʠʝ ʚʠʜʝʦʨʦʣʠʢʠ ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʵʢʨʘʥʝ ʧʝʨʝʜ ʥʠʤʠ. ʅʘʧʨʠ-
ʤʝʨ, ʝʩʣʠ ʚʟʷʪʴ ʢʨʘʩʥʳʡ ʰʥʫʨ, ʤʦʞʥʦ ʫʟʥʘʪʴ, ʢʘʢ ʩʘʤʝʮ ʧʪʠʮʳ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʢʨʘʰʠʚʘʝʪ 
ʩʚʦʠ ʷʨʢʦ-ʢʨʘʩʥʳʝ ʧʝʨʴʷ ʧʠʛʤʝʥʪʘʤʠ ʠʟ ʧʠʱʠ. ɹʝʟ ʜʠʝʪʳ, ʙʦʛʘʪʦʡ ʢʨʘʩʥʳʤʠ ʠ ʞʝʣʪʳʤʠ ʧʠʛʤʝʥʪʘʤʠ, 
ʝʛʦ ʷʨʢʦ ʦʢʨʘʰʝʥʥʦʝ ʦʧʝʨʝʥʠʝ ʠʩʯʝʟʣʦ ʙʳ ʩ ʢʘʞʜʦʡ ʣʠʥʴʢʦʡ. ɽʩʣʠ ʚʟʷʪʴ ʞʝʣʪʳʡ ʰʥʫʨ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, 
ʢʘʢ ʧʷʪʥʠʩʪʳʡ ʩʣʦʡ ʞʝʣʪʦʛʦ ʣʝʦʧʘʨʜʘ ʧʦʟʚʦʣʷʝʪ ʵʪʦʤʫ ʭʠʱʥʠʢʫ ʧʨʝʩʣʝʜʦʚʘʪʴ ʩʚʦʶ ʜʦʙʳʯʫ ʠ ʩʤʝʰʠ-
ʚʘʪʴʩʷ ʩ ʪʝʥʴʶ ʠ ʩʚʝʪʦʤ, ʧʝʨʝʤʝʱʘʷʩʴ ʧʦ ʩʘʚʘʥʥʝ. 

ʊʫʬʝʡʸ Tamchick media+space. 
ʂʦʤʧʘʥʠʷ TAMSCHICKMEDIA+SPACE, ʧʦ ʢʦʥʮʝʧʮʠʠ ʈʘʣʴʬʘ ʆʧʧʝʣʴʙʘʫʤʘ ʩʦʟʜʘʣʘ ʠʥʩʪʘʣʣʷʮʠʶ 

ʚ ʅʦʨʚʝʞʩʢʦʤ ʤʫʟʝʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʦ ʩʣʫʯʘʶ 100-ʣʝʪʠʷ ʤʫʟʝʷ ʚ ʆʩʣʦ ʙʳʣʦ ʩʦʟʜʘʥʦ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʚʳ-
ʩʪʘʚʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ TING. ɿʜʝʩʴ ʧʦʩʝʪʠʪʝʣʠ ʫʟʥʘʶʪ ʦ ʩʣʦʞʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʝʡ ʠ 
ʜʝʤʦʢʨʘʪʠʝʡ. ʇʦ ʧʫʪʠ ʯʝʨʝʟ ʚʳʩʪʘʚʢʫ ʫʯʘʩʪʥʠʢʠ ʧʨʦʭʦʜʷʪ ʨʘʟʥʳʝ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʯʝʨʝʟ 
ʛʨʘʬʠʯʝʩʢʠʝ ʧʘʥʝʣʠ ʩ ʠʣʣʶʩʪʨʘʮʠʷʤʠ ʠʟ ʚʦʩʴʤʠ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʤʝʨʝʥʥʦ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ 
ʩ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ ʮʠʪʘʪʘʤʠ, ʯʪʦʙʳ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʦʙʩʫʞʜʝʥʠʝ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʜʝʤʦʢʨʘʪʠʝʡ ʠ ʪʝʭ-
ʥʦʣʦʛʠʝʡ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʩʫʞʜʘʝʤʳʝ ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʜʝʙʘʪʘʭ. ʉ ʩʘʤʦʛʦ ʥʘʯʘʣʘ 
ʧʦʩʝʪʠʪʝʣʠ ʧʦʣʫʯʘʶʪ ʧʨʦʩʪʦʡ ʜʝʨʝʚʷʥʥʳʡ ʢʫʙ. ʕʪʦ ʩʣʫʞʠʪ ʪʘʢʪʠʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʨʘʤʢʘʭ ʚʳʩʪʘʚ-
ʢʠ ʜʣʷ ʟʘʧʫʩʢʘ ʮʠʬʨʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʨʘʟʤʝʱʝʥʠʷ ʣʠʯʥʦʛʦ ʛʦʣʦʩʘ ʚ ʜʝʙʘʪʘʭ. 

ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʦʥʠ ʧʝʨʝʭʦʜʷʪ ʢ ʵʪʘʧʫ, ʛʜʝ ʦʩʚʝʱʘʶʪʩʷ ʚʘʞʥʳʝ ʦʙʲʝʢʪʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʣʠʷʥʠʷ 
ʪʝʭʥʦʣʦʛʠʠ. ʉʣʝʜʫʝʪ ʯʝʪʢʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʩ ʨʘʟʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʠʩʪʠʥ. ɺ 
ʦʩʥʦʚʝ ʚʳʩʪʘʚʢʠ ʣʝʞʠʪ ʙʦʣʴʰʦʝ ʘʤʬʠʪʝʘʪʨʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʩʚʦʝʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʦʨʤʝ - ʵʪʦ 
ʩʫʜʝʙʥʘʷ ʘʩʩʘʤʙʣʝʷ, ʚ ʢʦʪʦʨʦʡ ʪʝʤʳ ʙʳʣʠ ʚʳʩʪʘʚʣʝʥʳ ʜʣʷ ʧʫʙʣʠʯʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ.  

ʇʦʣʦʚʠʥʘ ʧʦʤʝʱʝʥʠʷ ʟʘʥʷʪʘ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʩʪʦʣʦʤ ʰʠʨʠʥʦʡ 25 ʤ ʠ ʚʳʩʦʪʦʡ 5 ʤ, ʠʤʝʝʪ 100 
ʦʙʲʝʢʪʦʚ ʠʟ ʢʦʣʣʝʢʮʠʠ ʤʫʟʝʷ ʠ ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʵʢʨʘʥʘ ʥʘ 180Á. ʇʦʩʝʪʠʪʝʣʠ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʫʶʪ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʣʘʥʰʝʪʦʚ ʠ ʨʘʟʤʝʱʘʷ ʜʝʨʝʚʷʥʥʳʝ ʢʫʙʳ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʩʪʦ-
ʣʝ. ɺʦʩʝʤʴ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʚʫʭʤʠʥʫʪʥʳʭ ʧʦʚʝʩʪʚʦʚʘʪʝʣʴʥʳʭ ʬʠʣʴʤʘʭ, ʧʦʩʣʝ 
ʧʨʦʩʤʦʪʨʘ ʥʘʯʠʥʘʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʜʠʩʢʫʩʩʠʷ. ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʵʪʠʭ ʦʙʩʫʞʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʧʷʪʴ 
ʚʦʧʨʦʩʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʧʨʝʜʤʝʪʫ ʦʙʩʫʞʜʝʥʠʷ, ʠʥʦʛʜʘ ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʦʚʦʢʘʮʠʦʥ-
ʥʳʡ ʠ ʦʩʪʨʳʡ. ʅʘ ʦʩʥʦʚʝ ʦʪʚʝʪʦʚ ʧʦʩʝʪʠʪʝʣʠ ʦʙʩʫʞʜʘʶʪ ʚʣʠʷʥʠʝ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʜʝʤʦʢʨʘʪʠʠ ʠ ʦʙʱʝʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʢʠ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʚ 
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ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʮʝʥʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʦʜʝʨʘʪʦʨʦʤ. ʉʦʭʨʘʥʝʥʥʳʝ ʨʝʟʫʣʴʪʘ-
ʪʳ ʧʨʦʰʣʳʭ ʨʘʫʥʜʦʚ ʚʳʛʣʷʜʷʪ ʢʘʢ ʢʫʤʫʣʷʪʠʚʥʦ ʨʘʩʪʫʱʠʡ ʣʘʥʜʰʘʬʪ, ʢʦʪʦʨʳʡ ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʝʪʩʷ ʚ 
ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʚʳʩʪʘʚʢʠ. ʉʠʥʪʝʟ ʥʦʚʝʡʰʠʭ ʚʳʩʪʘʚʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʨʫʧʥʦʬʦʨʤʘʪʥʘʷ ʢʠʥʦ-
ʧʨʦʝʢʮʠʷ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʜʠʘ ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʫʯʘʩʪʠʷ ʧʦʩʝʪʠʪʝʣʝʡ ʩʦʟʜʘʣʠ ʥʦʚʘʪʦʨʩʢʠʡ ʥʦʚʳʡ 
ʬʦʨʤʘʪ ʚʳʩʪʘʚʢʠ. 

ɻʴʛʧʝ. ʄʫʣʴʪʠʤʝʜʠʡʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʙʫʜʫʱʝʤ ʧʦʤʦʛʫʪ ʙʝʟ ʧʦʪʝʨʠ ʠʥʪʝʨʝʩʘ ʩʪʫʜʝʥʪʦʚ ʨʘʟ-
ʥʦʦʙʨʘʟʠʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. ʕʪʦ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʢʦʪʦʨʳʤʠ ʙʫʜʫʱʝʝ. 
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°ÛÕÚáÐÝÔàÞÒÐ µÚÐâÕàØÝÐ °ÛÕÚáÐÝÔàÞÒÝÐ 
 ʩʪʫʜʝʥʪ  

ʀʥʞʝʥʝʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʂ(ʇ)ʌʋ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʘʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ, ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦ-
ʚʝʨʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. ʂʘʢʦʚʘ ʨʦʣʴ ʠʟʤʝʨʝʥʠʡ, ʛʜʝ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ, ʘ ʪʘʢʞʝ 
ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʫʢʠ ʤʝʪʨʦʣʦʛʠʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʟʤʝʨʝʥʠʷ, ʤʝʪʨʦʣʦʛʠʷ, ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʝʜʠʥʩʪʚʦ ʠʟʤʝʨʝʥʠʡ. 
 
Annotation: The article considers the estimation of measurements, ensuring the unity, accuracy and reliability 
of measurements in modern society. What is the role of measurements, where they are applied, and also the 
structure of metrological support, the science of metrology is considered. 
Keywords: measurements, metrology, metrological support, measurement unity. 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʪʘʪʴʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʢʦʥʪʨʦʣʴ ʥʘ ʙʘʟʝ ʠʟʤʝʨʝʥʠʡ ʪʘʢ ʛʣʫʙʦʢʦ ʧʨʦʥʠʢ ʚʦ ʚʩʝ 

ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʩʪʘʣ ʥʘʩʪʦʣʴʢʦ ʦʙʰʠʨʥʳʤ, ʯʪʦ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʥʝʣʴʟʷ 
ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ, ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ 
ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ.  

ʊʝʨʤʠʥ çʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝè ʦʙʦʟʥʘʯʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝ-
ʥʠʡ  ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. ɽʜʠʥʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʠʟʤʝʨʝʥʠʡ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʚʳʨʘʞʘʶʪʩʷ ʚ ʫʟʘʢʦʥʝʥʥʳʭ ʝʜʠʥʠʮʘʭ, ʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠʟʚʝʩʪʥʳ ʩ ʟʘ-
ʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ.  

ʄʝʪʨʦʣʦʛʠʷ ï ʵʪʦ ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʦʙʱʝʧʨʠʥʷʪʳʝ ʦʩʥʦʚʳ ʠʟʤʝʨʝʥʠʡ, ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝ-
ʨʝʥʠʡ, ʝʜʠʥʠʮʳ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦ-
ʩʪʠ ʠʟʤʝʨʝʥʠʡ. ʇʨʝʜʤʝʪʦʤ ʤʝʪʨʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ 
ʦʙʲʝʢʪʦʚ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʩʫʱʝʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ï 
ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ [1, ʩ.2]. 

ʄʝʪʨʦʣʦʛʠʷ ʢʘʢ ʥʘʫʢʘ ʠ ʦʙʣʘʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ 
ʨʦʣʴ ʚ ʥʘʰʝʡ ʞʠʟʥʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʝʪ ʪʘʢʦʡ ʩʬʝʨʳ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʜʝ ʙʳ ʥʠ ʠʩ-
ʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʪʘʢ ʢʘʢ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʝʡ ʯʘʩʪʴʶ ʤʥʦʛʠʭ ʪʨʫʜʦʚʳʭ 
ʧʨʦʮʝʩʩʦʚ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʣʶʜʝʡ. ʏʝʣʦʚʝʢ ʪʦʣʴʢʦ ʧʦʷʚʣʷʝʪʩʷ ʚ ʩʚʝʪ, ʦʥ ʫʞʝ ʩʪʘʥʦʚʠʪʩʷ ʦʙʲʝʢʪʦʤ 
ʠʟʤʝʨʝʥʠʡ. ʋ ʥʝʛʦ ʩʨʘʟʫ ʠʟʤʝʨʷʶʪ ʚʝʩ, ʜʣʠʥʫ, ʦʢʨʫʞʥʦʩʪʴ ʛʦʣʦʚʳ, ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ. ʀ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ 
ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢ ʧʦʩʪʦʷʥʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʠʟʤʝʨʝʥʠʷʤʠ. ʄʳ ʩʣʝʜʠʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ 
ʚʦʟʜʫʭʘ, ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ, ʟʘ ʚʨʝʤʝʥʝʤ, ʯʪʦʙʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʩ ʧʦʣʴʟʦʡ 
ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ [2, ʩ.6].  

ʀʟʤʝʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚ ʧʦʟʥʘʥʠʠ ʯʝʣʦʚʝʢʦʤ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. ʇʨʠ ʧʦʤʦʱʠ 
ʠʟʤʝʨʝʥʠʡ ʯʝʣʦʚʝʢ ʠʟʫʯʘʝʪ ʟʘʢʦʥʳ ʧʨʠʨʦʜʳ, ʯʪʦʙʳ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʨʝʩʫʨʩʳ, ʧʨʘʚʠʣʴʥʦ 
ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ, ʥʝ ʨʘʟʨʫʰʘʷ ʛʘʨʤʦʥʠʠ ʩ ʥʝʡ. ɺʩʝ ʦʪʨʘʩʣʠ ʪʝʭʥʠʢʠ ʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʩʠʩʪʝʤʳ 
ʠʟʤʝʨʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ, ʩʚʦʡʩʪʚʘ ʠ ʢʘ-
ʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ [3, ʩ.5]. 
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ʆʯʝʥʴ ʚʘʞʥʘ ʨʦʣʴ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. ʆʥʠ, ʚʦ-ʧʝʨʚʳʭ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʥʘʫʯ-
ʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʚʦ-ʚʪʦʨʳʭ, ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʯʝʪʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 
ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʚʟʘʠʤʦʟʘ-
ʤʝʥʷʝʤʦʩʪʠ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʚ 
ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ [4, ʩ.4]. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʘ ʨʦʣʴ ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ, ʚ ʚʝʢ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦ-
ʣʦʛʠʡ: ʥʦʚʦʡ ʪʝʭʥʠʢʠ, ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠ-
ʢʠ, ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ. ʕʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʦʚʨʝʤʝʥʥʘʷ ʤʝʪ-
ʨʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʤʝʝʪ ʩʦʚʝʨʰʝʥʥʫʶ ʵʪʘʣʦʥʥʫʶ ʙʘʟʫ ʠ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘ-
ʪʦʚ ʠʟʤʝʨʝʥʠʡ [5, ʩ.2].  

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʮʠʠ, ʢʘ-
ʯʝʩʪʚʝ ʢʘʢʠʭ-ʣʠʙʦ ʫʩʣʫʛ, ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ 
ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ 
ʫʧʨʘʚʣʝʥʠʷ. ʀʤʝʪʴ ʥʝʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ï ʟʥʘʯʠʪ ʧʦʚʝʨʛʘʪʴ ʢ ʥʝʚʝʨʥʳʤ, ʠʥʦʛʜʘ ʥʝʧʦʧʨʘʚʠʤʳʤ 
ʨʝʰʝʥʠʷʤ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʫʩʣʫʛ, ʢ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʘʚʘʨʠʷʤ, ʘ ʵʪʦ ʤʦʞʝʪ 
ʫʞʝ ʧʨʠʚʝʩʪʠ ʢ ʫʛʨʦʟʝ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʠ ʚʩʝʛʦ ʞʠʚʦʛʦ, ʯʪʦ ʦʢʨʫʞʘʝʪ ʝʛʦ. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʧʦʣʦʞʝʥʠʡ ɿʘʢʦʥʦʚ ʈʌ (ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ), ʪʘʢʠʭ ʢʘʢ "ʆ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ", 
"ʆ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛè, çʆ ʟʘʱʠʪʝ ʧʨʘʚ ʧʦʪʨʝʙʠʪʝʣʷ" ʠ ʜʨʫʛʠʭ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 
ʪʦʣʴʢʦ ʜʦʩʪʦʚʝʨʥʘʷ, ʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ.  ʅʘʫʯʥʦʡ ʦʩʥʦʚʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 
ʤʝʪʨʦʣʦʛʠʷ ï ʥʘʫʢʘ ʦʙ ʠʟʤʝʨʝʥʠʷʭ.  ʆʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʦʩʥʦʚʦʡ ʷʚʣʷʝʪʩʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈʦʩʩʠʠ; 

ʇʨʘʚʠʣʘ ʠ ʥʦʨʤʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʩʦʜʝʨʞʘʪʩʷ ʚ ɿʘʢʦʥʝ ʈʌ "ʆʙ ʦʙʝʩʧʝʯʝ-
ʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ" ʠ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥ-
ʩʪʚʘ ʠʟʤʝʨʝʥʠʡ (ɻʉʀ) [6, ʩ.3]. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1 ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ  N 102-2008 ʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ (ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ 13 

ʠʶʣʷ 2015 ʛʦʜʘ) 
2 ʈʄɻ 29-2013 ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʣʫʞʙʘ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʷ. ʄʝʪʨʦʣʦʛʠʷ. ʆʩ-

ʥʦʚʥʳʝ ʪʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 
3 ɻʆʉʊ  8.417-2002 ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʣʫʞʙʘ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʷ. ɽʜʠʥʠʮʳ ʚʝ-

ʣʠʯʠʥ 
4 ʉʘʙʠʪʦʚ ɸ.ʌ., ʍʘʬʠʟʦʚ ʀ.ʀ.  ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʠʩʧʳʪʘʥʠʡ ʠ ʢʦʥʪʨʦʣʷ. ʈʘʩʯʝʪʳ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʴʥʳʭ ʛʘʟʦʚ ʠ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʂʘʟʘʥʴ, 2004 

5 ʉʘʙʠʪʦʚ ɸ.ʌ., ʍʘʬʠʟʦʚ ʀ.ʀ.  ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʢʫʨʩʦʚʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʦ ʜʠʩʮʠ-
ʧʣʠʥʝ çʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʠʩʧʳʪʘʥʠʡ ʠ ʢʦʥʪʨʦʣʷè / ʂʘʟʘʥʴ, 2004 

6 ʂʨʘʚʯʝʥʢʦ ʅ.ɸ, ʍʘʬʠʟʦʚ ʀ.ʀ. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠʟʤʝʨʝʥʠʡ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʂʘʟʘʥʩʢʠʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ. ʂʘʟʘʥʴ, 2008  
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ÁÕàØÚÞÒÐ ½ÐâÐÛìï ¸ÓÞàÕÒÝÐ 
ʢ.ʪ.ʥ., ʠʥʞʝʥʝʨ-ʧʨʦʛʨʘʤʤʠʩʪ 1 ʢʘʪʝʛʦʨʠʠ  

ɸʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çʈʫʙʠʥè 

ÁÕàØÚÞÒÐ ÎÛØï ¸ÓÞàÕÒÝÐ 
ʘʩʧʠʨʘʥʪ  

ʌɹɻʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʧʦʜʥʠʤʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ ʥʘ ʤʘʣʳʭ 
ʚʳʙʦʨʢʘʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʭʦʜʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʪʘʢʠʭ ʩʝʪʝʡ ʧʨʠʚʦ-
ʜʠʪ ʢ ʫʪʨʘʪʝ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʣʦʞʝʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
ʙʠʦʤʝʪʨʠʠ ʟʘ ʩʯʝʪ ʥʝʡʨʦʩʝʪʝʚʦʡ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʠʪʝʨʘʮʠʦʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʦʚ ʄʘʭʘ-
ʣʘʥʦʙʠʩʘ. ɺ ʨʘʙʦʪʝ ʥʝʡʨʦʩʝʪʝʚʘʷ ʨʝʛʫʣʷʨʠʟʘʮʠʷ  ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʩʠʤʤʝʪʨʠʟʘʮʠʠ ʢʦʨʨʝʣʷʮʠʦʥ-
ʥʳʭ ʩʚʷʟʝʡ ʦʙʨʘʱʘʝʤʦʡ ʤʘʪʨʠʮʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʤʧʝʥʩʘʮʠʝʡ ʦʰʠʙʦʢ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʢʦʨʨʝʣʷʮʠʠ. ʇʦʢʘʟʘʥʦ ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʤʥʦʛʦʢʨʘʪʥʦ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ 
ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʩʘʤʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ:  ʥʝʡʨʦʩʝʪʝʚʘʷ ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʚʳʯʠʩʣʝʥʠʡ, ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʙʫʯʝʥʠʷ, ʥʝʡʨʦʥʳ 
ʄʘʭʘʣʘʥʦʙʠʩʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ. 
 

NEURAL NETWORK REGULARIZATION OF TRAINING OF THE MAHALANOBIS NEURONS 
 

Serikova Natalia Igorevna, 
Serikova Julia Igorevna 

 
Abstract: In the scientific work raised the problem learning neural networks of quadratic forms on small sam-
ples of biometric data. It is shown that an increase in the input dimension of such networks leads to a loss of 
the correctness of the computations. In connection with this, it was proposed to improve the quality of the solu-
tion of biometric problems due to neural network regularization by the iterative algorithm of training Mahalano-
bis neurons. n the work, the neural network regularization is performed by the method of symmetrization of the 
correlation relations of the inverse matrix with the subsequent compensation of errors in calculating the corre-
lation coefficients. It is shown that the proposed regularization allows many times to reduce the size of the 
training sample, which is extremely important for the user of the biometric system. 
Key words: neural network regularization of calculations, iterative training method, Mahalanobis neurons, cor-
relation coefficients. 

 
ɻʛʞʝʞʦʡʞ 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʷʚʣʷʝʪʩʷ ʙʠʦʤʝʪʨʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ ʝʛʦ ʥʝʧʦʚʪʦʨʠʤʳʤ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ 
ʜʘʥʥʳʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʩʣʦʞʠʣʠʩʴ ʜʚʘ ʧʦʜʭʦʜʘ: çʥʝʯʝʪʢʠʡ 
ʵʢʩʪʨʘʢʪʦʨè ʠ çʙʠʦʤʝʪʨʠʷ-ʢʦʜè. ʀʥʪʝʨʝʩ ʢ çʥʝʯʝʪʢʠʤ ʵʢʩʪʨʘʢʪʦʨʘʤè ʩʪʨʘʥʘʤʠ ɽʚʨʦʩʦʶʟʘ ʠ ɿʘʧʘʜʘ ʚ 
ʮʝʣʦʤ ʙʳʣ ʚʳʟʚʘʥ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʟʘʱʠʪʝ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ, ʠʭ 
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ʛʘʤʤʠʨʦʚʘʥʠʝʤ. ʆʜʥʘʢʦ, ʧʦ ʜʘʥʥʳʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʨʦʩʪʦʝ ʛʘʤʤʠʨʦʚʘʥʠʝ 
ʜʘʥʥʳʭ ʥʝ ʩʧʘʩʘʝʪ ʦʪ ʘʪʘʢʠ ʥʘʙʣʶʜʝʥʠʷ ʚʳʩʦʢʦʨʘʟʤʝʨʥʦʡ ʵʥʪʨʦʧʠʠ, ʠ ʠʟʚʣʝʯʴ ʜʘʥʥʳʝ ʠʟ ʩʠʩʪʝʤʳ ʥʝ 
ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ. ɹʦʣʝʝ ʪʦʛʦ, çʥʝʯʝʪʢʠʝ ʵʢʩʪʨʘʢʪʦʨʳè ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ 30% ʦʰʠʙʦʢ 
ʫʞʝ ʚ ʢʦʜʝ ʜʣʠʥʦʡ 2048 ʙʠʪ. ʇʦʵʪʦʤʫ ʫʯʝʥʳʝ ʚ ʈʦʩʩʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸʣʝʢʩʘʥʜʨʘ ʀʚʘʥʦʚʘ 
ʨʘʟʚʠʚʘʶʪ  ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʫʶʪ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʚʳʩʦʢʦʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ 
ʙʦʣʴʰʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʦʩʷ ʥʘʟʚʘʥʠʝ - 
ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ çʙʠʦʤʝʪʨʠʷ-ʢʦʜè ʠ ʩʪʨʦʷʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʝʡʨʦʥʝ 
ʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʦʙʦʛʦʱʝʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʝʨʝʜ ʠʭ ʢʚʘʥʪʦʚʘʥʠʝʤ. ɺʭʦʜʥʦʡ ʩʫʤʤʘʪʦʨ 
ʢʘʞʜʦʛʦ ʠʟ ʥʝʡʨʦʥʦʚ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʦʙʦʛʘʱʘʝʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʦ ʫʨʦʚʥʷ, ʢʦʛʜʘ ʢʚʘʥʪʦʚʘʥʠʝ 
ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʦʰʠʙʦʢ [1, ʩ. 91]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʩʠʩʪʝʤʥʦʡ ʬʫʥʢʮʠʠ ʥʘ 
ʦʩʥʦʚʝ ʢʦʥʝʯʥʦʛʦ ʥʘʙʦʨʘ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʠʭ ʚʥʫʪʨʝʥʥʠʝ ʨʝʛʫʣʷʨʠʟʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, 
ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʤʘʣʳʝ ʦʰʠʙʢʠ ʦʙʦʛʦʱʝʥʠʷ. ʇʦʣʝʟʥʦʩʪʴ ʨʝʛʫʣʷʨʠʟʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʥʝʡʨʦʥʥʳʭ 
ʩʝʪʝʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʠʩʪʝʤʝ ʩʦʜʝʨʞʘʪ ʚʥʫʪʨʝʥʥʶʶ 
ʠʟʙʳʪʦʯʥʦʩʪʴ. ʀʟʙʳʪʦʯʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ï ʤʦʜʝʣʴʶ, ʩʦʜʝʨʞʘʱʝʡ 
ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʳ ʧʦʣʫʯʘʝʤ ʩʞʘʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʩʛʣʘʞʠʚʘʥʠʝʤ ʰʫʤʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʙʪʫʩʧʢʣʙ ʨʙʩʙʥʞʫʩʧʛ ʦʞʢʩʧʦʙ 
ʅʝʡʨʦʥ ʧʨʠʥʷʪʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʯʘʩʪʝʡ: ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ (ʨʠʩʫʥʦʢ 1), ʠʩʢʣʶʯʘʷ 

ʚʪʦʨʫʶ ʤʳ ʧʦʣʫʯʘʝʤ ʣʠʥʝʡʥʫʶ ʩʝʪʴ, ʭʦʨʦʰʦ ʥʘʩʪʨʘʠʚʘʝʤʫʶ ʤʝʪʦʜʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʩʪʘʪʠʩʪʠʢʠ. ɿʜʝʩʴ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʫʤʤʘʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʯʝʨʝʟ ʢʚʘʜʨʘʪʠʯʥʫʶ ʤʝʨʫ 
ʄʘʭʘʣʦʥʦʙʠʩʘ:  
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ʛʜʝ k ï ʧʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʢʚʘʥʪʦʚʘʪʝʣʷ ʥʝʡʨʦʥʘ, n- ʚʝʢʪʦʨ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʠ 

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, []R - ʤʘʪʨʠʮʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

 

 
ʉʡʪ. 1. ʊʫʩʧʞʦʡʞ ʦʞʢʩʧʦʙ 

 
ʈʘʩʩʤʘʪʨʠʚʘʷ ʥʝʣʠʥʝʡʥʫʶ ʯʘʩʪʴ ʥʝʡʨʦʥʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʦʛʦʱʝʥʠʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝʛʜʘ 
ʜʘʝʪ ʢʦʥʢʨʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚ çʉʚʦʡè ʠ ʚʩʝ çʏʫʞʠʝè (ʨʠʩʫʥʦʢ 2). ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ 
ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʥʝʡʨʦʥʘ ʨʘʟʙʠʪ ʥʘ 6 ʯʘʩʪʝʡ. ɺ 
5 ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ ʥʘʭʦʜʠʪʩʷ ʤʥʦʞʝʩʪʚʦ çʉʚʦʡè, ʟʥʘʯʠʪ, ʩʪʨʝʤʷʩʴ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 
ʵʥʪʨʦʧʠʠ ʚʳʭʦʜʥʳʭ ʨʝʰʝʥʠʡ ʥʝʡʨʦʥʘ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʡ ʦʙʨʘʟʘ ʚʩʝ çʏʫʞʠʝè: 
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22.0432 === PPP , ʪʘʢ ʢʘʢ ʢʨʘʡʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʠʘʧʘʟʦʥʳ ʥʝ ʤʦʛʫʪ ʜʘʚʘʪʴ ʥʫʞʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ. 

 

 
ʉʡʪ. 2. ʈʩʡʥʞʩ ʨʤʧʫʦʧʪʫʞʢ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʠʦʙʰʞʦʡʢ çʊʛʧʢè ʡ ʛʪʞ çʐʬʟʡʞè ʦʙ ʛʴʮʧʝʞ 

ʮʧʩʧʱʧ ʧʚʬʰʞʦʦʧʢ ʤʡʦʞʢʦʧʢ ʰʙʪʫʡ ʦʞʢʩʧʦʙ 
 
ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʘʚʪʦʤʘʪ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʥʝʡʨʦʥʘ ʜʦʣʞʝʥ  ʫʤʝʪʴ 

ʚʳʯʠʩʣʷʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʡ ʬʫʥʢʮʠʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʘʣʴʥʫʶ ʰʠʨʠʥʫ 
ʥʝʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʚʳʭʦʜʥʦʡ ʬʫʥʢʮʠʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʇʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚʩʝ çʏʫʞʠʝè ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʧʦʜʙʦʨʘ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 
ʤʠʥʠʤʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤ ʠ ʨʝʘʣʴʥʳʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʚʩʝ çʏʫʞʠʝè [2, ʩ.42]. 

ʈʩʧʚʤʞʥʙ ʧʚʬʰʞʦʡʸ ʦʞʢʩʧʦʧʛ ʅʙʮʙʤʧʦʧʚʡʪʙ 
ʇʨʦʙʣʝʤʘ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʦʚ ʄʘʭʘʣʘʥʦʙʠʩʘ (1) ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʭʦʜʠʪʩʷ ʚʳʯʠʩʣʷʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʥʘ ʤʘʣʳʭ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʢʘʭ ʦʙʨʘʟʘ çʉʚʦʡè. ʉʢʝʡʣʠʥʛ ʦʰʠʙʢʠ ʦʙʫʯʝʥʠʷ 
ʚʳʷʚʣʷʝʪ ʩʪʝʧʝʥʴ ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʰʫʤʘ ʚ 
ʥʠʭ. ʋʚʝʣʠʯʝʥʠʝ ʚʭʦʜʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʙʦʣʝʝ 4 ʚʭʦʜʦʚ) ʧʨʠʚʦʜʠʪ ʢ ʫʪʨʘʪʝ 
ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. ʆʰʠʙʢʠ ʚʳʯʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʦʢʘʟʳʚʘʶʪ 
ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʯʝʤ ʚʣʠʷʥʠʝ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ, 
ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʣʦʭʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ. ɼʣʷ ʵʣʠʤʠʥʘʮʠʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 
ʨʝʛʫʣʷʨʠʟʘʮʠʶ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʦʚ. ʇʦʜ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʤʝʪʦʜ ʜʦʙʘʚʣʝʥʠʷ 
ʥʝʢʦʪʦʨʦʡ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢ ʫʩʣʦʚʠʶ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʥʝʢʦʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʣʠ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ ʩʝʪʠ [3, ʩ. 78]. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʨʝʛʫʣʷʨʠʟʘʮʠʠ 
ʚʳʯʠʩʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʟʘʮʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʦʙʨʘʱʘʝʤʦʡ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʧʳʡ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʙʦʨʝ ʠ ʧʨʦʨʝʞʠʚʘʥʠʠ ʜʘʥʥʳʭ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʦʨʨʝʣʷʮʠʠ. 
ʅʘʠʙʦʣʝʝ ʚʳʠʛʨʳʰʥʦʡ ʷʚʣʷʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚʳʙʠʨʘʶʪʩʷ ʜʘʥʥʳʝ, ʯʴʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 
ʙʣʠʟʢʠʝ ʢ ʥʫʣʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ï ʤʝʨʘ ʄʘʭʘʣʦʥʦʙʠʩʘ (1) ʙʫʜʝʪ ʠʤʝʪʴ  ʝʜʠʥʠʯʥʫʶ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ 
ʤʘʪʨʠʮʫ, ʪʝʤ ʩʘʤʳʤ - ʧʨʦʙʣʝʤʘ ʦʙʨʘʱʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʠʩʯʝʟʘʝʪ. ʆʜʥʘʢʦ, ʧʦ ʤʝʨʝ 
ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚʥʝ ʜʠʘʛʦʥʘʣʠ  ʤʘʪʨʠʮʳ ʝʝ 
ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʥʝ ʥʫʣʝʚʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʜʣʷ 
ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʪʨʠʮ ʫʜʘʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ: 
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                                             (2) 

ʛʜʝ il - ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʣʶʙʦʛʦ ʪʠʧʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ, ʪʦʣʴʢʦ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʘʪʨʠʮ )max( i1 l=l  ʠ 
)min(,.., in32 l=l==l=l
. 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʤʘʪʨʠʮʳ ʠ ʦʪʨʘʞʘʝʪ 
ʧʨʦʙʣʝʤʫ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʪʦʣʴʢʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ.  ʅʘ ʧʨʘʢʪʠʢʝ  ʯʠʩʣʦ 
ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʦʰʠʙʦʢ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

[] ( )rERcondʝ DÖºD )( 2

                                              (3) 
ʉʪʦʠʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʘʪʨʠʮ ʚʩʝʛʜʘ 
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ʤʝʥʴʰʝ, ʯʝʤ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʙʣʠʟʢʠʭ ʢ ʥʠʤ ʧʦʯʪʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʪʨʠʮ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ 
ʚʳʯʠʩʣʝʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ: 

ù
ù
ù

ú

ø

é
é
é

ê

è

²

ù
ù
ù

ú

ø

é
é
é

ê

è

1)r(E)r(E

)r(E1)r(E

)r(E)r(E1

cond

1rr

r1r

rr1

cond
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3,21,2
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                             (4) 
ɽʩʣʠ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʨʘʩʪʝʪ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʝʪʩʷ  ʤʦʜʫʣʴ ʦʰʠʙʦʢ ʚʳʯʠʩʣʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ  
0­Dr
, ʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʷʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʤʳ 

ʚʳʙʠʨʘʝʤ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩ ʨʘʚʥʦʡ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴʶ, ʦʙʨʘʱʝʥʠʝ ʩʠʤʤʝʪʨʠʯʥʦʡ  
ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ  ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʤʘʪʨʠʮʳ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʤʤʝʪʨʠʝʡ. ʄʝʨʘ 
ʄʘʭʘʣʦʥʦʙʠʩʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɼʘʥʥʦʝ ʨʝʰʝʥʠʧʝʝ ʧʨʠʤʝʥʠʤʦ ʢ ʣʶʙʳʤ ʩʠʤʤʝʪʨʠʟʦʚʘʥʥʳʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʤʘʪʨʠʮʘʤ. 
ʀʙʣʤʷʰʞʦʡʞ 
ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʛʠʙʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʈʘʟʣʠʯʥʳʝ ʥʝʡʨʦʘʨʭʠʪʝʢʪʫʨʳ ʦʪʚʝʯʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʜʘʯ ʨʘʟʣʠʯʥʦʡ 
ʩʣʦʞʥʦʩʪʠ. ɺ ʥʝʡʨʦʠʥʬʦʨʤʘʪʠʢʝ ʧʨʠʥʷʪʦ ʨʘʟʜʝʣʷʪʴ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʣʠʥʝʡʥʫʶ ʠ 
ʥʝʣʠʥʝʡʥʫʶ ʯʘʩʪʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʝʝ ʦʙʫʯʝʥʠʷ [4, 
ʩ. 17]. ʇʨʠʯʠʥʦʡ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʡʨʦʥʘ ʥʘʭʦʜʷʪʩʷ 
ʠʟʚʝʩʪʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʆʙʳʯʥʦ ʥʝʡʨʦʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʣʠʥʝʡʥʳʝ 
ʩʚʝʨʪʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʥʝʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦʘʥʠʝʤ ʦʙʦʛʘʱʝʥʥʳʭ ʜʘʥʥʳʭ. ʅʘʨʷʜʫ 
ʩ ʪʘʢʠʤʠ ʩʚʝʨʪʢʘʤʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʢʚʘʜʨʘʪʠʯʥʳʝ ʩʚʝʨʪʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ï 
ʥʝʡʨʦʥʳ ʄʘʭʘʣʘʥʦʙʠʩʘ. ʅʘ ʧʨʘʢʪʠʢʝ, ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʤʘʣʦʡ ʚʳʙʦʨʢʝ 
ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʥʝʡʨʦʥʦʚ ʄʘʭʘʣʘʥʦʙʠʩʘ ʩ 2-4 ʚʭʦʜʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʚʭʦʜʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʥʝʡʨʦʥʥʦʡ 
ʩʝʪʠ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ ʧʨʠʚʦʜʠʪ ʢ ʫʪʨʘʪʝ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. ʆʰʠʙʢʠ ʚʳʯʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 
ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʯʝʤ ʚʣʠʷʥʠʝ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 
ʵʣʝʤʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʧʣʦʭʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ. 
ʅʝʡʨʦʩʝʪʝʚʘʷ ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʯʝʨʝʟ ʩʠʤʤʝʪʨʠʟʘʮʠʶ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 
ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʚʳʯʠʩʣʝʥʠʡ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʱʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 
ʩʚʷʟʝʡ.  
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ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʥʳʝ ʩ 
ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 
ʤʝʨʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʞʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠʯʠʥʳ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʘ ʪʘʢ ʞʝ ʤʝʨʳ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʦʨʩʢʠʝ ʩʫʜʘ, ʨʝʯʥʳʝ ʩʫʜʘ, ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʧʨʦʪʠʚʦʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 
 

PROBLEMS OF FIRE SAFETY ON WATER TRANSPORT 
 

Dudorov Victor Evgenievich, 
Ivanov Alexey Alexeevich 

 
Annotation: The problems of fire safety in various types of water transport are discussed in detail and ana-
lyzed. Particular attention is paid to measures to ensure fire safety. Also taken into account the causes of fires 
in water transport, as well as measures to prevent them. 
Keywords: sea vessels, river vessels, water transport, fire safety. 

 
ʊʝʤʘ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫ-

ʘʣʴʥʦʩʪʴ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʉʪʨʘʰʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʦʪ ʧʦʞʘʨʦʚ ʥʘʥʦʩʷʪ ʢʦʣʦʩʩʘʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ, ʥʘ 
ʪʘʢ ʞʝ ʤʦʛʫʪ ʥʘʥʦʩʠʪʴ ʚʨʝʜ ʢʘʯʝʩʪʚʫ ʞʠʟʥʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʣʶʜʝʡ.  

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ ʩʪʦʠʪ ʧʦʥʷʪʴ ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʦʠʩʭʦʜʷʪ ʪʘʢʦʛʦ ʨʦʜʘ ʧʦʞʘʨʳ. 
ɺ ʯʸʤ ʧʨʠʯʠʥʘ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ, ʥʘʨʫʰʠʚ ʢʦ-
ʪʦʨʳʝ ʚʧʦʣʥʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ.  

ʅʘʧʨʠʤʝʨ, ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʦ ʧʨʘʚʠʣʫ ʦʙʨʘʱʝʥʠʷ ʩ ʧʦʞʘʨʦʦʧʘʩʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ 
ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʷʚʣʷʶʪʩʷ, ʪʦ ʯʪʦ ʥʘ ʚʦʜʥʦʤ ʩʫʜʥʝ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ʦʛʥʝʦʧʘʩʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 
ʟʘʧʨʝʱʘʝʪʩʷ ʦʩʪʘʚʣʷʪʴ: ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʤʘʪʝʨʠʘʣʳ ʥʘʚʘʣʦʤ, ʚ ʪʶʢʘʭ, 
ʩʚʷʟʢʘʭ ʚ ʩʳʨʦʤ ʚʠʜʝ ʠ ʩʤʦʯʝʥʥʳʝ ʠʣʠ ʧʨʦʧʠʪʘʥʥʳʝ ʤʘʩʣʦʤ, ʢʝʨʦʩʠʥʦʤ, ʣʘʢʘʤʠ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, 
ʩʧʦʩʦʙʥʳʝ ʩʘʤʦʚʦʩʧʣʘʤʝʥʷʪʴʩʷ [1]. 

ʊʘʢ ʞʝ ʧʨʘʚʠʣʘ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʘ-
ʚʠʣʘ ʦʙʨʘʱʝʥʠʷ ʩ ʛʦʨʶʯʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʥʦ ʪʘʢ ʞʝ ʧʨʘʚʠʣʘ ʦʙʨʘʱʝʥʠʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʚʦʟʤʦʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʛʦʨʘʥʠʷ, ʢ ʪʘʢʠʤ ʧʨʘʚʠʣʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʧʨʝʞʜʝ 
ʚʩʝʛʦ, ʥʝʧʨʘʚʠʣʴʥʦʝ ʦʙʨʘʱʝʥʠʝ ʩ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤʠ. ɿʘʯʘʩʪʫʶ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʙʫʜʴ ʪʦ ʭʘʣʘʪ-
ʥʦʩʪʴ ʠʣʠ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʢʦʨʘʙʣʷʭ, ʷʭʪʘʭ, ʪʘʥʢʝʨʘʭ, ʥʦ ʠ ʥʘ ʩʫʰʝ ʚ ʟʜʘʥʠʷʭ, ʘʚʪʦʤʦʙʠʣʷʭ ʠ ʪ.ʜ. 
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʩʣʝʜʫʝʪ ʧʝʨʝʯʠʩʣʠʪʴ ʧʨʘʚʠʣʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʫʛʨʦʟʫ ʚʦʟ-
ʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʥʘ ʚʠʜʘʭ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ɿʘʧʨʝʱʘʝʪʩʷ:  

Å ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ (ʫʪʶʛʠ, ʯʘʡʥʠʢʠ ʠ ʜʨ.) ʚ ʥʝʦʙʦ-
ʨʫʜʦʚʘʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ;  

Å ʦʩʪʘʚʣʷʪʴ ʙʝʟ ʥʘʙʣʶʜʝʥʠʷ ʚʢʣʶʯʝʥʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʳ 
ʠ ʩʚʘʨʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ;  

Å ʧʦʣʴʟʦʚʘʪʴʩʷ ʦʪʢʨʳʪʳʤ ʦʛʥʝʤ: ʚ ʪʨʶʤʘʭ, ʛʨʫʟʦʚʳʭ ʠ ʙʘʣʣʘʩʪʥʳʭ ʪʘʥʢʘʭ ʠ ʭʨʘʥʠʣʠʱʘʭ ʚʩʝʭ ʚʠ-
ʜʦʚ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʚʙʣʠʟʠ ʚʳʭʦʜʘ ʚʦʟʜʫʭʘ ʠʟ ʥʠʭ;  ʚʙʣʠʟʠ ʚʩʢʨʳʚʘʝʤʳʭ 
ʪʘʥʢʦʚ (ʮʠʩʪʝʨʥ) ʩ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʚ ʤʝʩʪʘʭ ʨʘʟʙʦʨʢʠ ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ; ʚ 
ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʧʦʤʝʱʝʥʠʷʭ [1]. 

ʏʣʝʥʳ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ, ʢʦʪʦʨʳʝ ʥʝʦʪʣʫʯʥʦ ʥʘʭʦʜʷʪʩʷ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ, ʜʦʣʞʥʳ ʥʝʟʘʤʝʜʣʠ-
ʪʝʣʴʥʦ ʩʦʦʙʱʘʪʴ, ʦ ʚʦʟʛʦʨʘʥʠʠ ʚ ʙʣʠʞʘʡʰʠʡ ʠʟʚʝʱʘʪʝʣʴ, ʠ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʦʞʘʨ, ʠʣʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ 
ʥʘʯʘʣʴʥʳʝ ʦʯʘʛʠ ʚʦʟʛʦʨʘʥʠʷ ʜʦ ʧʨʠʙʳʪʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʩʣʫʞʙʳ, ʘʚʘʨʠʡʥʦʡ ʧʘʨʪʠʠ. ʆʥʠ ʠʤʝʶʪ ʧʨʘʚʦ 
ʦʪʜʳʭʘʪʴ, ʥʝ ʨʘʟʜʝʚʘʷʩʴ, ʠ ʪʦʣʴʢʦ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʚʘʭʪʝʥʥʳʤ ʧʦʤʦʱʥʠʢʦʤ ʢʘʧʠʪʘʥʘ ʧʦʤʝʱʝʥʠʠ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʩʪʚʘʤʠ ʘʢʪʠʚʥʦʡ ʙʦʨʴʙʳ ʩ ʦʛʥʝʤ ʥʘ ʩʫʜʥʝ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʧʦ-
ʞʘʨʦʪʫʰʝʥʠʷ: ʚʦʜʷʥʘʷ, ʧʘʨʦʚʘʷ ʠ ʛʘʟʦʚʘʷ, ʘ ʪʘʢʞʝ ʦʙʲʝʤʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʪʫʰʝʥʠʷ ʠ ʧʝʥʦʪʫʰʝʥʠʷ [2]. 

ʊʘʢ  ʧʨʘʢʪʠʢʘ ʤʦʨʩʢʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ ʟʥʘʝʪ ʥʝʤʘʣʦ ʧʝʯʘʣʴʥʳʭ ʧʨʠʤʝʨʦʚ, ʢʦʛʜʘ ʧʦʞʘʨ, ʚʦʟʥʠʢʰʠʡ 
ʥʘ ʢʦʨʘʙʣʝ, ʧʨʠʚʦʜʠʣ ʢ ʝʛʦ ʛʠʙʝʣʠ. ʆʙʠʣʠʝ ʚʦʜʳ ʟʘ ʙʦʨʪʦʤ ʥʝ ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʝʡ ʪʦʛʦ, ʯʪʦ ʩ ʦʛʥʝʤ 
ʤʦʞʥʦ ʣʝʛʢʦ ʩʦʚʣʘʜʘʪʴ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʝʩʣʠ ʦʥ ʦʭʚʘʪʠʣ ʛʦʨʶʯʠʡ ʛʨʫʟ ʠʣʠ ʟʘʧʘʩ ʪʦʧʣʠʚʘ. ʂʨʦʤʝ ʪʦʛʦ, 
ʩʧʝʮʠʬʠʢʘ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʡ ʪʘʢʦʚʘ, ʯʪʦ ʵʢʠʧʘʞ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʞʘʨʘ ʤʦʞʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ 
ʥʘ ʩʝʙʷ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘ ʩʫʜʥʝ ʥʝ ʧʨʦʠʟʦʰʣʦ ʧʦʞʘʨʘ, ʚʝʩʴ ʵʢʠʧʘʞ ʜʦʣʞʝʥ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘ-
ʥʠʷ ʇʨʘʚʠʣ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ, ʢʦʪʦʨʳʝ ʚʚʝʜʝʥʳ ʚ ʜʝʡʩʪʚʠʝ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʊʂ 318 çʄʦʨʬʣʦʪè ʦʪ 31 ʦʢʪʷʙʨʷ 2003 ʛ. ˉ 10 [3]. 

ʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ: ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʧʦ ʩʦʟʜʘʥʠʶ 
ʩʠʩʪʝʤʳ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʩʫʜʥʘ; ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʩʫʜʥʝ; ʚʳʧʦʣʥʝ-
ʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʛʨʫʟʦʯʥʦ-
ʨʘʟʛʨʫʟʦʯʥʳʭ, ʙʫʥʢʝʨʦʚʦʯʥʳʭ, ʨʝʤʦʥʪʥʳʭ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʘʙʦʪ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʩʥʘʙʞʝʥʠʶ ʩʫʜʦʚ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʛʣʘʚʦʡ II-2 ʉʆʃɸʉ-74, ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʢʦʜʝʢʩʦʤ ʧʦ ʩʠʩʪʝʤʘʤ ʧʨʦʪʠʚʦʧʦʞʘʨ-
ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʝʟʦʣʶʮʠʷ 73-ʡ ʩʝʩʩʠʠ ʂʦʤʠʪʝʪʘ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʦʨʝ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʨʩʢʦʡ 
ʦʨʛʘʥʠʟʘʮʠʠ (ʀʄʆ) MSC.98(73) ʦʪ 07.12.2000), ʯʘʩʪʴʶ VI ʪʦʤʘ I ʇʨʘʚʠʣ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʦʩʪʨʦʡʢʠ 
ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʩʫʜʦʭʦʜʩʪʚʘ 1999 ʛ. ʠʟʜʘʥʠʷ (ʜʘʣʝʝ - ʧʨʘʚʠʣʘ ʈʝʛʠʩʪʨʘ), 
ʠʟʜʘʚʘʝʤʳʭ ʠʤ ʩ ʫʯʝʪʦʤ ʜʘʪʳ ʧʦʩʪʨʦʡʢʠ ʩʫʜʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʂʦʜʝʢʩʦʤ ʪʦʨʛʦʚʦʛʦ ʤʦʨʝʧʣʘʚʘʥʠʷ 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [4]. 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʚʝʥʮʠʠ ʦ ʧʦʜʛʦʪʦʚʢʝ ʠ ʜʠʧʣʦʤʠʨʦʚʘʥʠʠ ʤʦʨʷʢʦʚ ʠ ʥʝʩʝʥʠʠ ʚʘʭʪʳ 1978 ʛ., 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʫ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʯʣʝʥʦʚ ʵʢʠʧʘ-
ʞʝʡ ʩʫʜʦʚ ʠ ʠʭ ʦʮʝʥʢʫ, ʠ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʢʦʜʝʢʩʦʤ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʩʫʜʦʚ ʠ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʟʘʛʨʷʟʥʝʥʠʷ [5]. ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʥʘ ʚʦʟ-
ʣʘʛʘʝʪʩʷ ʥʘ ʩʫʜʦʚʣʘʜʝʣʴʮʘ. ɽʩʣʠ ʩʫʜʥʦ ʧʝʨʝʜʘʥʦ ʜʨʫʛʦʤʫ ʧʨʝʜʧʨʠʷʪʠʶ ʜʣʷ ʨʝʤʦʥʪʘ ʠʣʠ ʦʪʩʪʦʷ, ʪʦ 
ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʝʛʦ ʧʦʞʘʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʛʫʪ ʙʳʪʴ ʚʦʟʣʦʞʝ-
ʥʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ, ʧʨʠʥʷʚʰʝʝ ʩʫʜʥʦ ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʥʘ ʚʨʝʤʷ ʨʝʤʦʥʪʘ ʠʣʠ ʦʪʩʪʦʷ, ʝʩʣʠ 
ʵʪʦ ʫʩʣʦʚʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʜʦʛʦʚʦʨʦʤ ʩʫʜʦʚʣʘʜʝʣʴʮʘ ʠ ʧʨʝʜʧʨʠʷʪʠʷ [4]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠ-
ʢʘʮʠʠ ʠ ʧʨʘʚʠʣʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʩʫʜʘʭ, ʠʥʳʭ ʚʠʜʘʭ 
ʪʨʘʥʩʧʦʨʪʘ, ʩʫʱʝʩʪʚʫʶ ʨʘʟʣʠʯʥʳʝ ʧʨʘʚʦʚʳʝ ʘʢʪʳ, ʂʦʥʚʝʥʮʠʠ, ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʜʦʢʫʤʝʥʪ, ʢʦʪʦʨʳʝ ʨʝ-
ʛʣʘʤʝʥʪʠʨʫʶʪ ʧʨʘʚʠʣʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʩʫʜʘʭ. ʉʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʯʝʣʦʚʝʢ ʧʨʠ ʪʘʢʦʤ 
ʢʦʣʠʯʝʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʚʥʠʤʘʪʝʣʴʥʳʤ, ʠ ʩʦʙʣʶʜʘʪʴ ʥʘ 
ʩʫʜʥʝ ʚʩʝ ʵʪʠ ʧʨʘʚʠʣʘ, ʪʦʣʴʢʦ ʪʦʛʜʘ ʨʠʩʢ ʧʦʞʘʨʘ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʤʦʞʥʦ ʙʫʜʝʪ ʠʟʙʝʞʘʪʴ.  
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Ã´º 621.793.1 

¿¾ºÀËÂ¸Ï  ¸ ¿Àµ´ÊÏ²»Ïµ¼Ëµ º ½¸¼ 
ÂÀµ±¾²°½¸Ï ´»Ï Ã¿À¾Ç½µ½¸Ï 
ÈÂ°¼¿¾²¾¹ ¾Á½°ÁÂº¸ ³¾ÀÏÇµ³¾ 
´µÄ¾À¼¸À¾²°½¸Ï 

±ÕÛÚØÝÐ ´Ðàìï ¸ÓÞàÕÒÝÐ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʩʪʘʣʷʤ 
ʜʣʷ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʜʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʫʧʧ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʝ-
ʙʦʚʘʥʠʷ ʢ ʠʟʥʦʩʦʩʪʦʡʢʠʤ ʧʦʢʨʳʪʠʷʤ, ʜʘʥʳ  ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʢʨʳʪʠʡ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʘʨʭʠ-
ʪʝʢʪʫʨʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʰʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʥʘʥʝʩʝ-
ʥʠʝ ʧʦʢʨʳʪʠʡ, ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ, ʘʜʛʝʟʠʷ, ʨʘʟʛʘʨʥʳʝ ʪʨʝʱʠʥʳ. 
 

COATINGS AND REQUIRED REQUIREMENTS FOR STRENGTHENING THE STAMPING FITTING FOR 
HOT DEFORMATION 

 
Belkina Daria Igorevna 

 
Annotation. The article presents the basic requirements for tool steels for hot deformation, classifies surface 
hardening groups, considers requirements for wear-resistant coatings, classifies coatings by chemical compo-
sition and architecture. 
Key words: increase the efficiency of the die tool, wear resistance, coating, ion-plasma coatings, adhesion, 
high-cracked cracks. 

 
ʊʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʢʦʚʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʩ ʢʘʯʝʩʪʚʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ. ʐʪʘʤʧʳ ʜʣʷ ʛʦʨʷʯʝʡ ʰʪʘʤʧʦʚʢʠ ʜʦʣʞʥʳ ʦʙʣʘ-
ʜʘʪʴ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʢʦʚʦʢ, ʨʘʟʤʝʨ ʠ ʬʦʨʤʘ ʢʦʪʦʨʳʭ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩʥʷʪʳʭ ʩʦ ʰʪʘʤʧʘ ʜʦ ʧʝʨʚʦʛʦ ʝʛʦ ʨʝʤʦʥʪʘ. 
ʅʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪ ʢʘʯʝʩʪʚʦ 
ʠ ʪʦʯʥʦʩʪʴ ʧʦʢʦʚʦʢ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʥʦʤʫ ʨʘʩʭʦʜʫ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ 
ʠ ʤʘʪʝʨʠʘʣʘ, ʠʜʫʱʝʛʦ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʘʤʠʭ ʧʦʢʦʚʦʢ. 

ʇʨʠ ʰʪʘʤʧʦʚʢʝ ʚ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ ʤʝʪʘʣʣ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ  ʰʪʘʤʧʘ (ʧʫʘʥʩʦ-
ʥʘ ʠ ʤʘʪʨʠʮʳ) ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʠ ʟʘʧʦʣʥʷʝʪ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩʦ ʰʪʘʤʧʫʝ-
ʤʳʤ ʥʘʛʨʝʪʳʤ ʤʝʪʘʣʣʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʰʪʘʤʧʦʚʘʷ ʩʪʘʣʴ ʜʣʷ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ 
ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʚ ʭʦʣʦʜʥʦʤ, ʪʘʢ ʠ  ʚ ʥʘʛʨʝʪʦʤ ʩʦ-
ʩʪʦʷʥʠʠ [1]. 

ʀʟ-ʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʰʪʘʤʧʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘ-



²ËÁ¾º¸µ ÂµÅ½¾»¾³¸¸, ½°Ãº° ¸ ¾±À°·¾²°½¸µ 41 

 

International scientific conference | www.naukaip.ru 

ʯʝʥʠʷ, ʜʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʩʪʘʣʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ -  ʦʪ ʧʨʦʩʪʳʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʜʦ 
ʩʣʦʞʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ. ʂ ʵʪʠʤ ʤʘʪʝʨʠʘʣʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. 

ü ɺʳʩʦʢʘʷ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ. 
ü ʆʢʘʣʠʥʦʩʪʦʡʢʦʩʪʴ,  ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʥʘʛʨʝʚʘʶʪʩʷ ʚʳʰʝ 600Á C. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʦʥʘ  ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. 
ü ɾʘʨʦʧʨʦʯʥʦʩʪʴ. 
ü ʉʪʦʡʢʦʩʪʴ ʢ ʨʘʟʛʘʨʥʳʤ ʪʨʝʱʠʥʘʤ. ʎʠʢʣʳ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʰʪʘʤʧʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʧʝʨʝʤʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʠ ʩʞʘʪʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʠ ʢ 
ʧʦʷʚʣʝʥʠʶ ʨʘʟʛʘʨʥʳʭ ʪʨʝʱʠʥ. ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣ ʦʩʥʘʩʪʢʠ ʜʦʣʞʝʥ ʦʙʣʘ-
ʜʘʪʴ ʚʳʩʦʢʦʡ ʨʘʟʛʘʨʥʦʡ ʩʪʦʡʢʦʩʪʴʶ (ʪ. ʝ. ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ). 

ü ɺʷʟʢʦʩʪʴ. ɼʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʰʪʘʤʧʦʚʢʝ ʩʦʧʨʷʛʘʝʪʩʷ ʩ ʝʛʦ ʫʜʘʨʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ 
ʥʘ ʰʪʘʤʧʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʪʝʨʠʘʣ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʩʥʘʩʪʢʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʠʟʚʝʩʪʥʦʡ ʚʷʟ-
ʢʦʩʪʴʶ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʳʢʨʘʰʠʚʘʥʠʷ ʠ ʩʢʦʣʦʚ. 

ü ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʣʫʯʰʝʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʜʝʬʦʨʤʠʨʫʝʤʦʡ 
ʟʘʛʦʪʦʚʢʦʡ ʤʘʪʝʨʠʘʣʫ ʰʪʘʤʧʘ. 

ü ʇʨʦʢʘʣʠʚʘʝʤʦʩʪʴ. ʉʪʘʣʴ ʠʥʩʪʨʫʤʝʥʪʘ ʜʦʣʞʥʘ ʭʦʨʦʰʦ ʧʨʦʢʘʣʠʚʘʪʴʩʷ ʜʣʷ  ʧʦʣʫʯʝʥʠʷ ʚʳʩʦ-
ʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʷʭ . 

ü ʆʪʧʫʩʢʥʘʷ ʭʨʫʧʢʦʩʪʴ. ʅʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʩʪʘʣʴ ʥʠʟʢʦʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʢ ʵʪʦʤʫ ʩʚʦʡʩʪʚʫ, 
ʧʦʩʢʦʣʴʢʫ ʝʝ ʥʝʣʴʟʷ ʫʩʪʨʘʥʠʪʴ ʙʳʩʪʨʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ  ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ. 

ü ʉʣʠʧʘʝʤʦʩʪʴ. ʅʘʛʨʝʪʳʡ  ʤʝʪʘʣʣ ʟʘʛʦʪʦʚʢʠ ʤʦʞʝʪ çʩʣʠʧʘʪʴʩʷè ʩ ʤʝʪʘʣʣʦʤ ʰʪʘʤʧʘ (ʘʜʛʝʟʠʷ), 
ʠ ʢʦʛʜʘ ʰʪʘʤʧʫʝʤʦʝ ʠʟʜʝʣʠʝ ʦʪʜʠʨʘʝʪʩʷ ʦʪ ʰʪʘʤʧʘ, ʪʦ ʦʥʦ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʘʝʪ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ.  

ü ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ. ʊʨʝʙʦʚʘʥʠʝ ʢ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʰʪʘʤʧʦʚ, ʧʦʚʝʨʭ-
ʥʦʩʪʥʳʡ ʩʣʦʡ ʢʦʪʦʨʳʭ ʥʘʛʨʝʚʘʝʪʩʷ ʚʳʰʝ 600Áʉ. 

ʆʜʠʥ ʠʟ ʤʦʤʝʥʪʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 
ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ. ɺʩʝ ʨʘʟʥʦʦʙ-
ʨʘʟʠʝ ʤʝʪʦʜʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʰʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 
ʧʷʪʴ ʛʨʫʧʧ (ʨʠʩ. 1): 

 

 
ʉʡʪ.1. ɽʧʤʸ ʩʙʠʤʡʰʦʴʮ ʜʩʬʨʨ ʬʨʩʧʰʦʞʦʡʸ  ʨʧʛʞʩʮʦʧʪʫʡ ʛ ʡʦʪʫʩʬʥʞʦʫʙʤʵʦʧʥ ʨʩʧʡʠʛʧʝʪʫʛʞ 

 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʰʪʘʤʧʦʚ, ʥʘʥʝʩʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ 

ʧʦʢʨʳʪʠʡ, ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʚʦʡʩʪʚʘʤʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʘʤʧʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʚʦʡʩʪʚ ʚ 
ʦʙʲʝʤʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ [2, ʩ.] 

ʊʝʥʜʝʥʮʠʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʰʪʘʤʧʦʚ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡ-
ʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ, ʙʦʨʠʜʦʚ, ʢʘʨʙʠʜʦʚ, ʥʠʪʨʠʜʦʚ, ʢʘʨʙʦʥʠʪʨʠʜʦʚ ʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʧʦ-
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ʣʫʯʠʣʦ ʦʙʰʠʨʥʦʝ ʨʘʟʚʠʪʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  
ʉʝʛʦʜʥʷ ʢ ʠʟʥʦʩʦʩʪʦʡʢʠʤ ʧʦʢʨʳʪʠʷʤ ʜʣʷ ʰʪʘʤʧʦʚ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦ-

ʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʥʠ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ çʧʦʢʨʳʪʠʝ ï ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣè ʠ ʩ ʫʣʫʯ-
ʰʝʥʠʝʤ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʦʩʥʘʩʪʢʠ.  

ʇʨʠ ʚʳʙʦʨʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʰʪʘʤʧʦʚ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-
ʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʥʠʷ (ʪʘʙʣ. 1). 

 
ʋʙʚʤʡʯʙ 1 

ʇʪʦʧʛʦʴʞ ʫʩʞʚʧʛʙʦʡʸ ʣ ʨʧʣʩʴʫʡʸʥ 

ɺʠʜ ʪʨʝʙʦʚʘʥʠʷ ʉʫʪʴ ʪʨʝʙʦʚʘʥʠʷ 

ʊʨʝʙʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ 
ʢʨʠʪʝʨʠʡ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ 

ʆʪʩʫʪʩʪʚʠʝ ʩʭʚʘʪʳʚʘʝʤʦʩʪʠ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ; ʚʳʩʦʢʘʷ 
ʪʚʝʨʜʦʩʪʴ,  ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʦʢʘʣʠʥʦʩʪʦʡʢʦʩʪʴ. 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʤʘʪʝ-
ʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʩ ʤʘʪʝʨʠʘʣʦʤ 
ʠʥʩʪʨʫʤʝʥʪʘ 

ɹʣʠʟʦʩʪʴ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʠ ʠʥ-
ʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ; ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ 
ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʤʦʜʫʣʷʤ ʫʧʨʫʛʦʩʪʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 
ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʝʪʦʜʘ ʥʘʥʝʩʝ-
ʥʠʷ ʧʦʢʨʳʪʠʡ 

ʉʦʙʣʶʜʝʥʠʝ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʡ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ 
ʰʪʘʤʧʘ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʘʤʦʤʫ ʧʦʢʨʳ-
ʪʠʶ 

ʉʧʣʦʰʥʦʩʪʴ ʧʦʢʨʳʪʠʷ; ʧʦʩʪʦʷʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʭʦʨʦʰʘʷ ʘʜʛʝʟʠʷ ʩ 
ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ; ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʚʦ ʚʨʝʤʝʥʠ. 

 
ʅʘʥʝʩʝʥʠʝ ʚʘʢʫʫʤʥʳʭ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ ʰʪʘʤʧʦʚ. ʀʟ-ʟʘ ʩʦʚʝʨʰʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘ-
ʙʠʣʴʥʦʩʪʠ, ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ. ɿʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʧʨʠʟʚʘʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘ 
ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ, ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʢ 
ʧʦʜʣʦʞʢʝ, ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ[3, ʩ. 60].  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʚ ʢʘʯʝʩʪʚʝ ʚʘʢʫʫʤʥʳʭ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ 
ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ IV-VI ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʫʛʣʝʨʦʜʦʤ ʠ ʘʟʦ-
ʪʦʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. 

ɺʦ-ʚʪʦʨʳʭ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʘʪʦʤʥʳʝ ʨʘʜʠʫʩʳ ʠ 
ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʪʦʤʘʤʠ ʉ, N ʠ ʆ ʤʦʛʫʪ ʧʦʜʯʠʥʷʪʴʩʷ ʧʨʘʚʠʣʫ ʍʵʛʛʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 
ʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʘ ʘʪʦʤʘ ʥʝʤʝʪʘʣʣʘ ʢ ʨʘʜʠʫʩʫ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 0.59. 
ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ IV ʛʨʫʧʧʳ (ʊi, Zr, Hf) ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʧʨʘʚʠʣʦ ʍʵʛʛʘ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʩʪʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʚʘʣʠʨʫʝʪ ʩʚʷʟʴ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʘ ʘʪʦʤʳ ʉ, ʅ, 
ʆ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʚʩʪʘʚʣʝʥʥʳʝ ʚ ʨʝʰʝʪʢʫ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ. 

ɺ-ʪʨʝʪʴʠʭ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦ-
ʣʷʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʠʟʤʝʥʷʪʴ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʭ ʢʘʨʙʠʜʦʚ, ʥʠʪʨʠʜʦʚ ʠ ʦʢʩʠʜʦʚ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠ ʥʝʢʦʪʦʨʳʝ ʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʝʜʠʥʝʥʠʷ ʩ 
ʧʨʦʩʪʦʡ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ Naʉ1 (Zrʉ, ZʛN, ʊiN, Vʉ, ʊʘʉ), ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝ-
ʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ [4, ʩ. 136]. 

ʉʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ IV-VI ʛʨʫʧʧ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʫʛʣʝʨʦʜʦʤ ʠ ʘʟʦʪʦʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʢʘʢ 
ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ (ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ) ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʦʢʨʳʪʠʡ, ʩʧʦʩʦʙʥʳʡ ʧʨʦʪʠʚʦ-
ʩʪʦʷʪʴ ʪʚʝʨʜʦ- ʠ ʞʠʜʢʦʬʘʟʥʳʤ ʜʠʬʬʫʟʠʦʥʥʳʤ ʨʝʘʢʮʠʷʤ, ʢʦʨʨʦʟʠʠ ʠ ʦʢʠʩʣʝʥʠʶ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘ-
ʪʫʨʘʭ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ (ʪʘʙʣ. 2). 
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ʋʙʚʤʡʯʙ 2 
ʃʤʙʪʪʡʭʡʣʙʯʡʸ ʡʠʦʧʪʧʪʫʧʢʣʡʮ ʨʧʣʩʴʫʡʢ ʨʧ ʮʡʥʡʰʞʪʣʧʥʬ ʪʧʪʫʙʛʬ 

ʆʜʥʦʵʣʝʤʝʥʪʥʳʝ ʅʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʷ ʦʜʥʦʛʦ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʠʤʝʨ: TiN, TiC 

ʄʥʦʛʦʵʣʝʤʝʥʪʥʳʝ ʅʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ. ʇʨʠʤʝʨ: (Ti-Cr)N. 

ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʅʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʩʦʝʜʠʥʝʥʠʡ ʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʠʤʝʨ: TiCN. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ 
ʅʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʩʦʝʜʠʥʝʥʠʡ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʤʝʪʘʣʣʦʚ. ʇʨʠ-
ʤʝʨ: TiCr-Al2O3-TiN 

 
ʇʦʢʨʳʪʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴʩʷ ʧʦ ʩʚʦʝʡ ʘʨʭʠʪʝʢʪʫʨʝ: 
ü ʆʜʥʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ. 
ü ʄʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ (ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʠ ʙʦʣʝʝ ʩʣʦʝʚ).  
ʊʘʢ ʢʘʢ ʧʦʢʨʳʪʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʨʝʜʦʡ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʷ ʥʝ ʚʩʝʛʜʘ ʫʜʦ-
ʚʣʝʪʚʦʨʝ̫ʪ ʚʩʝʤʫ ʢʦʤʧʣʝʢʩʫ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʢʨʳʪʠʶ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʞʫʱʝʛʦ 
ʠʥʩʪʨʫʤʝʥʪʘ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʤʥʦʛʦʩʣʦʡʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʩ ʧʝʨʝʤʝʥʥʳ-
ʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʩʧʦʩʦʙʥʳ ʭʦʨʦʰʦ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʭʨʫʧʢʦʤʫ 
ʨʘʟʨʫʰʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ ʠʣʠ ʧʨʠ ʩʠʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʷʭ ʨʝʞʫʱʝʡ ʯʘʩʪʠ. 

ʄʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʥʦʩʠʪʴ ʥʘ ʚʝʩʴʤʘ ʭʨʫʧʢʠʝ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠ 
ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʩ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʠʩʪʝʤʳ,  ʦʙʣʘʜʘʶʱʠʝ ʥʘʠʙʦʣʴʰʝʡ ʪʝʨʤʦʜʠʥʘʤʠ-
ʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʨʝʜʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʢʩʠ-
ʜʳ (ɸl2ʆʟ), ʙʦʨʠʜʳ (ʅfɺ2, Nbɺ2, ʊʘɺ2) ʠ Si3N4. ʋ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʝʩʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʚʳ-
ʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ ʧʨʠ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʘʢʞʝ ʦʥʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʘʩʩʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ  ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʦʩʣʦʡʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦ-
ʢʨʳʪʠʡ ʢʘʢ ʙʘʨʴʝʨʥʝ ʩʣʦʝʠ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʵʬʬʝʢʪʠʚʥʦ ʩʜʝʨʞʠʚʶʪ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʣʫʞʘʪ 
ʩʚʦʝʦʙʨʘʟʥʳʤ ʪʝʨʤʦʠʟʦʣʠʨʫʶʱʠʤ ʩʣʦʝʤ, ʩʥʠʞʘʶʪ ʩʢʣʦʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢ ʢʦʨʨʦʟʠʠ ʠ ʦʢʠʩʣʝʥʠʶ ʧʨʠ 
ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʅʘʠʙʦʣʴʰʠʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʧʦʢʨʳʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʰʪʘʤʧʦʚʢʠ ʙʫʜʫʪ ʦʙʝʩ-
ʧʝʯʠʚʘʪʴ ʪʝ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʯʥʦʩʪʠ ʠ ʙʦʣʴʰʠʝ ʦʩʪʘʪʦʯʥʳʝ ʩʞʠʤʘʶʱʠʝ 
ʥʘʧʨʷʞʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʝʥʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʠʭ ʢʦʣʝʙʘʥʠʡ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʢʨʳʪʠʷ ʩ ʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʉʦʯʝʪʘ-
ʥʠʝ ʜʘʥʥʳʭ  ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʘʪʝʨʠʘʣʫ ʧʦʢʨʳʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʯʠʭ 
ʵʣʝʤʝʥʪʦʚ ʰʪʘʤʧʘ, ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʦʜʥʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʷʭ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʦʣʴʢʦ 
ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ, ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʝʤʫ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 
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ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦ-
ʱʴʶ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʵʢʩʧʝʨʪʠʟʘ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʢʣʘʩʪʝ-
ʨʠʟʘʮʠʷ. 
 
ASSOCIATUAL TRAINING SELF-ORGANIZING NEURAL NETWORK AS A METHOD OF EXPERTISE OF 

SOCIAL AND ECONOMIC OBJECTS 
 

Narushev Ilia Romanovich 
 

Abstract: in this article the approach to classification and clustering of objects with the help of self-organizing 
neural networks is considered. 
Key words: classification, expertise, neural networks, multicriteria analysis, clustering. 

 
ʇʨʠ ʵʢʩʧʝʨʪʠʟʝ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠʥʷʪʦ [1] ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

    ä
=

=
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j
jkjk xVJ
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,   K,...,,k 21=                     (1.1) 

ʛʜʝ  k  ð ʥʦʤʝʨ ʦʜʥʦʛʦ ʠʟ K  ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, jkx  ð  ʧʝʨʝʤʝʥʥʳʝ (ʧʨʠʟʥʘʢʠ) ʨʘʟʣʠʯ-

ʥʦʡ ʧʨʠʨʦʜʳ (ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʢʘʯʝʩʪʚʝʥʥʳʝ, ʩʪʦʠʤʦʩʪʥʳʝ ʠ ʜʨ.), ʦʮʝʥʢʘ ʢʦʪʦʨʳʭ ʜʘʝʪʩʷ ʵʢʩʧʝʨʪʘʤʠ; 
m ð ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ, ʫʯʠʪʳʚʘʝʤʳʭ ʧʨʠ ʵʢʩʧʝʨʪʠʟʝ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʵʢʩʧʝʨʪʠʟʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ kJ  

ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʘ ʟʘʪʝʤ ʚʳʙʠʨʘʝʪʩʷ ʦʜʠʥ ʦʙʲʝʢʪ, ʜʣʷ ʢʦʪʦʨʦʛʦ kJ  ʧʨʠʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ. ɺ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʪʘʢʦʡ ʤʝʪʦʜʠʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ 
compet ʧʘʢʝʪʘ nntool ʷʟʳʢʘ MATLAB, ʨʝʘʣʠʟʫʶʱʘʷ ʧʨʠʥʮʠʧ çʧʦʙʝʜʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚʩʝè. ʆʜʥʘʢʦ, ʧʨʠ 
ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʨʫʛʠʭ ʦʙʲʝʢʪʘʭ ʵʢʩʧʝʨʪʠʟʳ ʪʝʨʷʝʪʩʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʪʝʦʨʠʷ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʝʜʣʘʛʘʝʪ ʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʯʝ-
ʩʢʠʡ ʧʦʜʭʦʜ ʢ ʟʘʜʘʯʝ ʵʢʩʧʝʨʪʠʟʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʩʝʭ ʦʙʲʝʢʪʘʭ, ʯʪʦ ʧʦʟʚʦʣʷ-
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ʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʠʭ ʧʦʢʘʟʘʪʝʣʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ð ʧʨʠʥʮʠʧ ʤʷʛʢʦʛʦ ʤʘʢʩʠʤʫʤʘ (softmax), ʦʩʥʦʚʘʥʥʳʡ ʥʘ 
ʤʦʜʝʣʠ ʩʤʝʰʝʥʠʷ ʦʮʝʥʦʢ ʵʢʩʧʝʨʪʦʚ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʜʦ-
ʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʠʟʳ, ʦʩʦʙʝʥʥʦ, ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʩʠʣʴʥʦ ʨʘʟʣʠ-
ʯʘʶʪʩʷ. 

ɻʞʩʧʸʫʦʧʪʫʦʙʸ ʥʧʝʞʤʵ ʙʪʪʧʯʡʙʫʡʛʦʧʜʧ ʧʚʬʰʞʦʡʸ. ʉʦʚʤʝʩʪʥʘʷ ʵʢʩʧʝʨʪʠʟʘ ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦ-
ʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʣʠʥʝʡʥʦʡ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ [1]. ʈʘʩʩʤʦʪ-
ʨʠʤ ʟʘʜʘʯʫ ʨʝʛʨʝʩʩʠʠ, ʚ ʢʦʪʦʨʦʡ ʚʝʢʪʦʨ-ʨʝʛʨʝʩʩʦʨ ʭ ʧʦʨʦʞʜʘʝʪ ʦʪʢʣʠʢ, ʦʙʦʟʥʘʯʘʝʤʳʡ ʩʣʫʯʘʡʥʦʡ ʧʝ-
ʨʝʤʝʥʥʦʡ Z ʩ ʨʝʘʣʠʟʘʮʠʝʡ z. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʛʝʥʝʨʘʮʠʷ ʦʪʢʣʠʢʘ z ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʚʝʨʦʷʪ-
ʥʦʩʪʥʦʡ ʤʦʜʝʣʴʶ. 

1. ʀʟ ʥʝʢʦʪʦʨʦʛʦ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʝʪʩʷ ʚʝʢʪʦʨ ʭ. 

2.  ɼʣʷ  ʟʘʜʘʥʥʦʛʦ  ʚʝʢʪʦʨʘ ʭ  ʠ  ʥʝʢʦʪʦʨʦʛʦ  ʚʝʢʪʦʨʘ  ʧʘʨʘʤʝʪʨʦʚ  
()0a  ʚʳʙʠʨʘʝʪʩʷ -k ʦʝ ʧʨʘ-

ʚʠʣʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ  
()( )0a,xkP . 

3.  ɼʣʷ ʧʨʘʚʠʣʘ k ( k = 1, 2, ..., ʂ), ʦʪʢʣʠʢ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʧʦ ʭ ʩ ʘʜʜʠʪʠʚʥʦʡ ʦʰʠʙʢʦʡ 

()ke , ʤʦʜʝʣʠʨʫʝʤʦʡ ʢʘʢ ʩʣʫʯʘʡʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʩ ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʠʤʝʶʱʠʤ ʩʨʝʜʥʝʝ ʟʥʘ-

ʯʝʥʠʝ ʠ ʜʠʩʧʝʨʩʠʶ 

    
[] [] .1;0 == kk eDeM

                     (1.2) 

ɻʝʥʝʨʘʮʠʷ ʧʝʨʝʤʝʥʥʦʡ Z ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 
()( )0
kw,xzZP =  ʜʣʷ ʟʘʜʘʥ-

ʥʦʛʦ ʚʝʢʪʦʨʘ ʭ ʠ ʥʝʢʦʪʦʨʦʛʦ ʚʝʢʪʦʨʘ ʚʝʩʦʚ ʥʝʡʨʦʥʘ 
()0
k

w , ʛʜʝ k = 1, 2,..., ʂ.  

 ʊʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʤʦʜʝʣʴ, 
ʢʦʪʦʨʘʷ ʩ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʫʩʣʦʚʥʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʦʪʢʣʠʢʘ z 
ʚ ʥʝʣʠʥʝʡʥʦʤ ʤʥʦʛʦʦʙʨʘʟʠʠ, ʢʦʪʦʨʦʝ ʩʚʷʟʳʚʘʝʪ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʚʳʭʦʜʥʦʛʦ ʩʠʛ-
ʥʘʣʘ. 

ʀʪʘʢ, ʦʪʢʣʠʢ Z ʤʦʞʝʪ ʙʳʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥ ʂ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʂ ʚʘʨʠʘʥʪʘ-

ʤʠ ʚʳʙʦʨʘ ʵʢʩʧʝʨʪʘ (ʥʝʡʨʦʥʘ) k. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ zZ=  
ʜʣʷ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʭ ʙʫʜʝʪ ʨʘʚʥʘ 

()( ) ()( ) ())a,xk(Pw,xzZP,xzZP
K

k
kä

=

Ö==q=
1

000
,            (1.3) 

ʛʜʝ 
()0q  ð ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʦʞʜʘʶʱʝʡ ʤʦʜʝʣʠ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʢʦʤʙʠʥʘʮʠʶ ʘ(0) ʠ 

(){ }0
k

w . 

ʆʞʢʩʧʦʦʙʸ ʥʧʝʞʤʵ ʪʥʞʱʞʦʡʸ ʧʯʞʦʧʣ ʶʣʪʨʞʩʫʧʛ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ 
ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʨʠʩ. 1). ʊʘʢʘʷ ʩʝʪʴ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʩʤʝʰʝʥʠʷ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʠ ʩʦʩʪʦʠʪ ʠʟ ʂ 
ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʤʦʜʫʣʝʡ), ʦʙʫʯʘʝʤʳʭ ʩ ʫʯʠʪʝʣʝʤ ʠ ʥʘʟʳʚʘʝʤʳʭ ʩʝʪʷʤʠ ʵʢʩʧʝʨʪʦʚ, ʠʣʠ ʧʨʦʩʪʦ ʵʢʩ-
ʧʝʨʪʘʤʠ [3]. ʀʥʪʝʛʨʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʥʘʟʳʚʘʝʪʩʷ çʩʝʪʴ ʰʣʶʟʘè. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʵʢʩ-
ʧʝʨʪʳ ʣʫʯʰʝ ʚʩʝʛʦ ʨʘʙʦʪʘʶʪ ʚ ʩʚʦʠʭ ʦʙʣʘʩʪʷʭ ʚʭʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʛʣʘʩʥʦ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʧʦʨʦʞ-
ʜʘʶʱʝʡ ʤʦʜʝʣʠ ʤʥʦʞʝʩʪʚʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ.  

ɺ ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʡ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ ʢʘʞʜʘʷ ʠʟ ʩʝʪʝʡ ʵʢʩʧʝʨʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠ-
ʥʝʡʥʳʡ ʬʠʣʴʪʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʧʨʦʠʟʚʦʜʠʤʳʡ ʵʢʩʧʝʨʪʦʤ k, ʷʚʣʷʝʪʩʷ ʩʢʘʣʷʨʥʳʤ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʭ ʠ ʚʝʢʪʦʨʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ kw  ʜʘʥʥʦʛʦ ʥʝʡʨʦʥʘ, ʪ.ʝ. 

        K,...,,k,xwu T
kk 21== .                    (1.4) 
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ʉʡʪ. 1. ʅʧʝʞʤʵ ʪʥʞʱʞʦʡʸ ʧʯʞʦʧʣ ʶʣʪʨʞʩʫʧʛ 

 
ʉʝʪʴ ʰʣʶʟʘ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʩʣʦʡ ʠʟ ʂ ʥʝʡʨʦʥʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ ʵʢʩ-

ʧʝʨʪʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʢʩʧʝʨʪʦʚ ʥʝʡʨʦʥʳ ʩʝʪʠ ʰʣʶʟʘ ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ. ʀʭ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ 
ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

               ()
( )

( )
K,...,,k,

uexp

uexp
kg

K

j
j

k 21

1

==

ä
=

,        (1.5) 

ʛʜʝ ku ð ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ (1.4). 

ʅʦʨʤʠʨʦʚʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (1.5) ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ 
ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʚʭʦʜʦʚ. ɺ ʥʝʡ ʨʝʘʣʠʟʦʚʘʥʦ ʦʙʦʙʱʝʥʠʝ ʦʧʝʨʘʮʠʠ çʧʦʙʝʜʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚʩʝè, ʠʟʚʣʝʢʘ-
ʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʚʠʜʘ (1.5) ʥʘʟʳʚʘʝʪʩʷ softmax [1]. ʇʨʠ ʵʪʦʤ 
ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ uk ʦʪ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʭ ʧʨʠʚʦʜʠʪ ʢ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʟʥʘʯʝ-
ʥʠʷ ʩʝʪʠ ʰʣʶʟʘ ʦʪ ʭ. 

ɼʣʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʦʣʠ ʩʝʪʠ ʰʣʶʟʘ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʝʝ çʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤè ʢʦʪʦ-
ʨʳʡ ʦʪʦʙʨʘʞʘʝʪ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʭ ʚ ʟʥʘʯʝʥʠʝ ʤʫʣʴʪʠʥʦʤʠʘʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʪʘʢ, ʯʪʦʙʳ ʨʘʟʣʠʯʥʳʝ 
ʵʢʩʧʝʨʪʳ ʤʦʛʣʠ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʞʝʣʘʝʤʳʡ ʦʪʢʣʠʢ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ softmax ʚ ʩʝʪʠ 
ʰʣʶʟʘ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʵʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ: 

    () k,kg "¢¢ 10           (1.6) 

ʠ  

        () 1
1

=ä
=

K

k

kg .          (1.7) 

ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʤʝʥʥʦʡ Z ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, 
ʯʪʦ ʚʳʙʨʘʥʦ k-ʦʝ ʧʨʘʚʠʣʦ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʧʦʨʦʞʜʘʶʱʝʡ ʤʦʜʝʣʠ (ʪ.ʝ. ʵʢʩʧʝʨʪ k), ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ 
ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [2]: 

   ( ) ( )ù
ú

ø
é
ê

è
--

p
=q

2

2

1

2

1
kZ uzexp,k,xzf ,                (1.8) 

ʛʜʝ q ð ʚʝʢʪʦʨ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ ʰʣʶʟʘ ʠ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʪʦʚ ʤʦʜʝʣʠ. ʌʫʥʢʮʠʷ 
ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʡ Z ̫ ʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 
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( ){ }K
kZ ,k,xzf

1=
q  

ʛʜʝ ʩʤʝʰʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ q ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʝʪʴʶ ʰʣʶʟʘ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʝ 
ʚʳʨʘʞʝʥʠʝ: 

( ) ( ) ( )[ ]ää
==

--==
K

k

kk

K

k

ZKZ uzgkxzfgxzf
1

2

2

1

1

exp
2

1
,,,

p
qq .               (1.9) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ (1.9) ʥʘʟʳʚʘʝʪʩʷ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʛʘʫʩʩʦʚʦʡ ʤʦʜʝʣʴʶ ʩʤʝʰʝʥʠʷ [2].  

ɸʩʩʦʮʠʘʪʠʚʥʘʷ ʤʦʜʝʣʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʘʩʩʦʮʠʘʪʠʚʥʦʡ ʪʝʤ, ʯʪʦ ʫʩʣʦʚʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ km  ʠ ʧʘ-

ʨʘʤʝʪʨʳ ʩʤʝʰʝʥʠʷ gk  ʥʝ ʬʠʢʩʠʨʦʚʘʥʳ ð ʦʥʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʭ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʘʩʩʦʮʠʘʪʠʚʥʘʷ ʛʘʫʩʩʦʚʘ ʤʦʜʝʣʴ ʩʤʝʰʝʥʠʷ (1.9) ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʦʙʳʯʥʦʡ ʛʘʫʩʩʦʚʦʡ ʤʦʜʝʣʠ 
ʩʤʝʰʝʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʵʪʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

1) ʚʳʭʦʜ ky  k-ʛo ʵʢʩʧʝʨʪʘ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʦʡ ʫʩʣʦʚʥʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʧʝʨʝʤʝʥ-

ʥʦʡ ʜʣʷ ʞʝʣʘʝʤʦʛʦ ʦʪʢʣʠʢʘ z, ʚʝʢʪʦʨʘ ʭ ʠ ʧʨʘʚʠʣʘ k ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʧʦʨʦʞʜʘʶʱʝʡ ʤʦʜʝʣʠ; 
2) ʚʳʭʦʜ gk ʩʝʪʠ ʰʣʶʟʘ ʦʧʨʝʜʝʣʷʝʪ ʤʫʣʴʪʠʥʦʤʠʘʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʳʭʦʜ ʵʢʩʧʝʨʪʘ k 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ zZ=  ʥʘ ʦʩʥʦʚʝ ʟʥʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʪʦʣʴʢʦ ʦʪ ʚʝʢʪʦʨʘ ʭ. 
ʉ ʫʯʝʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ (1.9) ʠ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠʤʝʨʦʚ ʦʙʫʯʝʥʠʷ  

( ){ }N
iii z,x

1=  

ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʘʜʘʧʪʘʮʠʠ ʫʩʣʦʚʥʦʛʦ ʩʨʝʜʥʝʛʦ kk y=m  ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʰʝʥʠʷ gk, k = 1, 

2,é, ʂ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʬʫʥʢʮʠʷ ( )q,xzfZ  ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʭʦʨʦʰʫʶ ʦʮʝʥʢʫ ʬʫʥʢʮʠʠ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʩʨʝʜʳ ʜʘʥʥʳʭ ʦʙʫʯʝʥʠʷ. 
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²ËÁ¾º¸µ ÂµÅ½¾»¾³¸¸.  º»°ÁÁ¸Ä¸º°Æ¸Ï 
¸ ¿À¾±»µ¼Ë 

ÎèÐÕÒÐ ¿ÕâØÜÐâ °åÜÕÔÞÒÝÐ 
ɸʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʚ ʵʢʦʥʦʤʠʢʝ, 

ʌɻɹʆʋ ɺʆ çʏʝʯʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʞʝ, ʢʘʢ ʠ ʧʨʝʜʳʜʫʱʠʝ ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʝʥʷʶʪ 
ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʨʝʙʫʶʪ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ. ʅʦ ʧʦʤʠʤʦ 
ʦʩʦʙʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʦʥʠ ʪʨʝʙʫʶʪ ʠ ʦʩʦʙʦʛʦ ʤʘʨʢʝʪʠʥʛʘ. ʅʦʚʳʡ ʧʨʦʜʫʢʪ, ʚʚʠʜʫ ʩʚʦʝʡ ʥʦʚʠʟʥʳ, ʝʱʝ ʥʝ 
ʠʟʚʝʩʪʝʥ ʧʦʪʨʝʙʠʪʝʣʶ. ʏʘʩʪʦ ʧʦʪʨʝʙʠʪʝʣʴ ʜʘʞʝ ʠ ʥʝ ʜʦʛʘʜʳʚʘʝʪʩʷ, ʢʘʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʤʦʞʥʦ ʫʜʦʚʣʝ-
ʪʚʦʨʠʪʴ ʩ ʧʦʤʦʱʴʶ ʥʦʚʦʡ Hi-Tech-ʧʨʦʜʫʢʮʠʠ 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʫʱʥʦʩʪʴ ʪʝʭʥʦʣʦ-
ʛʠʡ, Hi-Tech-ʧʨʦʜʫʢʮʠʷ. 
 

HIGH TECHNOLOGY.  CLASSIFICATION AND PROBLEMS 
 

Ushaeva Petimat Ahmedovna 
 
Abstract: Modern high technologies, as well as previous high technologies, change the processes of labor 
organization and management methods, require retraining of personnel. But in addition to special manage-
ment, they require special marketing. The new product, due to its novelty, is not yet known to the consumer. 
Often the consumer does not even know what needs can be met with the help of new Hi-Tech products 
Key words: modern technologies, classification of high technologies, essence of technologies, Hi-Tech prod-
ucts. 

 
ʋʩʪʨʦʡʩʪʚʘ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʙʘʟʝ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʞʝ ʜʘʚʥʦ ʟʘʢʨʝʧʠʣʠʩʴ ʚ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚ-

ʥʦʡ ʞʠʟʥʠ. [1-4]ɻʴʪʧʣʡʞ ʫʞʮʦʧʤʧʜʡʡ ð ʵʪʦ ʜʚʠʛʘʪʝʣʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʦʥʠ ʧʦʤʦʛʘʶʪ ʥʘʤ ʚ 
ʨʘʙʦʪʝ ʠ ʩʦʟʜʘʶʪ ʢʦʤʬʦʨʪ ʜʦʤʘ ʚʦ ʚʨʝʤʷ ʦʪʜʳʭʘ ʚ ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ. ʉʝʛʦʜʥʷ ʤʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʤ 
ʥʘʰʝʡ ʞʠʟʥʠ ʙʝʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʚʳʩʦʢʦ-
ʪʝʭʥʦʣʦʛʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩ ʢʦʪʦʨʳʤʠ ʤʳ ʣʝʛʢʦ ʠ ʥʝʧʨʠʥʫʞʜʝʥʥʦ ʦʙʨʘʱʘʝʤʩʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʷ ʧʦʧʳ-
ʪʘʶʩʴ ʧʦʨʘʩʩʫʞʜʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʥʘʩ ʞʜʝʪ ʚ ʙʫʜʫʱʝʤ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʠ ʩʪʦʠʪ ʣʠ ʥʘʤ ʩʪʨʝʤʠʪʴ-
ʩʷ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʶ ʩʚʦʝʛʦ ʘʨʝʘʣʘ.ʂ ʥʝʢʦʪʦʨʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʤʳ ʫʞʝ ʧʨʠʚʳʢʣʠ ʠ ʩʯʠ-
ʪʘʝʤ ʠʭ ʯʝʤ-ʪʦ ʦʙʳʜʝʥʥʳʤ, ʧʨʠʚʳʯʥʳʤ. ʄʳ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʟʘʜʫʤʳʚʘʝʤʩʷ ʢʘʢ ʠʤʠ ʧʦʣʴʟʦʚʘʪʴʩʷ, ʤʳ 
ʵʪʦ ʠ ʪʘʢ ʟʥʘʝʤ. ɿʘ ʛʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʚʳʨʘʙʦʪʘʣʩʷ ʥʝʢʠʡ ʥʝʚʝʨʙʘʣʴ-
ʥʳʡ ʦʧʳʪ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʩʧʨʘʚʠʪʩʷ ʩ ʠʥʪʝʨʬʝʡʩʘʤʠ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʦʪ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʄʳ 
ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʝʤʩʷ ʩ ʮʝʣʳʤ ʘʨʩʝʥʘʣʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʧʦʥʠʤʘʷ ʠʭ ʚʥʫʪʨʝʥʥʝʛʦ 
ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ. ʅʦ ʢʘʞʜʳʡ ʛʦʜ ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʭ ʘʧʧʘʨʘʪ-
ʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʫʩʣʦʞʥʷʝʪʩʷ, ʥʘ ʩʤʝʥʫ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʦʰʣʳʭ ʣʝʪ ʧʨʠʰʣʠ ʥʘʥʦ-ʪʝʭʥʦʣʦʛʠʠ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʚʠʜʫ ʩʚʦʝʡ ʩʣʦʞʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʦʩʪʠʞʠ-
ʤʳʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʣʶʜʝʡ. ʅʦ ʫ ʧʦʩʣʝʜʥʠʭ ʥʝʪ ʠ ʤʦʪʠʚʘʮʠʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʳʪʘʪʴ-
ʩʷ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʧʨʠʥʮʠʧʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʣʠ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ 
ʪʝʭʥʠʢʠ. ʏʘʩʪʦ ʦʮʝʥʢʘ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʥʘʥʠʷʭ 
ʠ ʵʤʦʮʠʷʭ, ʦʜʥʘʢʦ ʧʦʜʦʙʥʘʷ ʦʮʝʥʢʘ ʦʧʘʩʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʩʪʚʝʥʥʳʝ ʵʢʩʧʝʨʪʳ ʜʦʣʞʥʳ ʧʦʥʠ-
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ʤʘʪʴ ʧʨʠʨʦʜʫ ʠ ʩʤʳʩʣ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʮʠʦʛʫʤʘʥʠʪʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʟʤʳ 
ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʱʝʩʪʚʦ, ʢʫʣʴʪʫʨʫ ʠ ʯʝʣʦʚʝʢʘ, ʠ ʢʨʠʪʠʯʝʩʢʠ ʠʭ ʦʩʤʳʩʣʠʚʘʪʴ, ʥʝ ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ 
ʵʤʦʮʠʷʤʠ. ɸ ʜʣʷ ʵʪʦʛʦ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʟʜʘʥʘ ʘʜʝʢʚʘʪʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʝʟ ʢʦʪʦ-
ʨʦʡ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʫʤʘʥʠʪʘʨʥʦʡ, ʤʦʞʝʪ ʥʘʧʦʤʠʥʘʪʴ ʩʶʞʝʪ ʠʟʚʝʩʪʥʦʡ ʧʨʠʪʯʠ ʧʨʦ 
ʩʣʦʥʘ ʠ ʩʣʝʧʳʭ ʤʫʜʨʝʮʦʚ. ʇʨʦʙʣʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ ʠ ʤʥʦʛʦ-
ʘʩʧʝʢʪʥʘ. ʆʪʤʝʪʠʤ ʥʝʩʢʦʣʴʢʦ ʘʩʧʝʢʪʦʚ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 
ʩʣʝʜʫʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʥʷʪʠʝʤ çʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʷè. 
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ çʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠè ʦʯʝʥʴ ʙʳʩʪʨʦ ʚʦʰʣʦ ʚ ʦʙʦʨʦʪ ʠ ʩʝʛʦʜʥʷ 
ʦʥʦ ʠ ʨʷʜ ʜʨʫʛʠʭ (High-Tech, High Tech, Hi-Tech, ʭʘʡʪʝʢ, ʭʘʡ-ʪʝʢ ʠ ʪ.ʧ.)1 ʫʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ 
ʪʦʣʴʢʦ ʚ ʥʘʫʯʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ, ʥʦ ʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʦʙ-
ʱʝʧʨʠʥʷʪʦʛʦ ʩʣʦʚʦʫʧʦʪʨʝʙʣʝʥʠʷ ʧʦʢʘ ʝʱʝ ʥʝ ʩʣʦʞʠʣʦʩʴ. ʅʝʪ ʜʦ ʩʠʭ ʧʦʨ ʠ ʷʩʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 
ʪʦʤ, ʯʪʦ ʪʘʢʦʝ ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘ ʝʱʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʨʴʝʟʥʘʷ ʥʝʭʚʘʪʢʘ 
ʦʙʦʙʱʘʶʱʠʭ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ Hi-Tech, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ, ʢʘʢ ʤʳ ʧʦʣʘʛʘʝʤ, ʠ ʚ ʪʦʤ 
ʬʘʢʪʝ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʣʦʩʦʬʩʢʠʭ ʠ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʭ ʩʣʦʚʘʨʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ çʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʷè. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʪ ʷʩʥʦʩʪʠ ʠ ʩ ʨʦʜʦʚʳʤ ʧʦʥʷʪʠʝʤ çʪʝʭʥʦ-
ʣʦʛʠʷè, ʢʦʪʦʨʦʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʟʥʘʯʥʳʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ XX ʚ. ʩʣʦʚʦ çʪʝʭʥʦʣʦ-
ʛʠʷè ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʦʜʥʦʢʦʨʝʥʥʳʝ ʩʣʦʚʘ çʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡè, çʪʝʭʥʦʣʦʛʠʯʥʳʡè, çʪʝʭʥʦʣʦʛʠʟʘʮʠʷè ʠ 
ʨʷʜ ʜʨʫʛʠʭ ʰʠʨʦʢʦ ʚʦʰʣʠ ʚ ʩʬʝʨʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠ ʦʙʳʜʝʥʥʦʛʦ ʩʣʦʚʦʫʧʦʪʨʝʙʣʝʥʠʷ. ʉʝʛʦʜʥʷ ʫʞʝ 
ʥʠʢʦʛʦ ʥʝ ʫʜʠʚʠʰʴ ʪʝʤ, ʯʪʦ ʧʝʜʘʛʦʛʠ ʨʘʩʩʫʞʜʘʶʪ ʦ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʧʦʣʠʪʠʢʠ ï ʦ ʪʝʭʥʦʣʦ-
ʛʠʷʭ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ, ʙʨʘʯʥʳʝ ʘʛʝʥʪʩʪʚʘ ï ʦ ʪʝʭʥʦʣʦʛʠʷʭ ʟʘʢʣʶʯʝʥʠʷ ʫʜʘʯʥʦʛʦ ʙʨʘʢʘ. ɺ ʬʠ-
ʣʦʩʦʬʠʠ ʪʝʭʥʠʢʠ ʧʦʥʷʪʠʝ çʪʝʭʥʦʣʦʛʠʷè ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʦ ʜʘʥʥʦʝ ʧʦʥʷʪʠʝ, ʭʦʪʷ ʠ ʷʚʣʷʝʪ-
ʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʪʝʤ ʜʠʩʢʫʨʩʘ, ʜʦ ʩʠʭ ʧʦʨ ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʦʧʨʝʜʝʣʝʥʦ. ʉʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʧʦ-
ʪʨʝʙʣʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ, ʯʘʩʪʦ ʚʳʟʚʘʥʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʚʝʜʝʥʠʷ ʧʦʥʷʪʠʡ çʪʝʭʥʠʢʘè ʠ çʪʝʭ-
ʥʦʣʦʛʠʷè ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʚʦ ʤʥʦʛʦʤ ʪʝʤ, ʯʪʦ ʘʥʛʣʠʡʩʢʦʝ ʩʣʦʚʦ çtechnologyè ʜʦʧʫʩʢʘʝʪ ʨʘʩʰʠʨʠʪʝʣʴʥʦʝ 
ʪʦʣʢʦʚʘʥʠʝ, ʦʭʚʘʪʳʚʘʷ ʧʦʥʷʪʠʷ çʪʝʭʥʠʢʘè ʠ çʪʝʭʥʦʣʦʛʠʷè. ʕʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ 
ʧʫʪʘʥʠʮʝ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʬʦʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʬʝʨʳ ʫʧʦʪʨʝʙʣʝ-
ʥʠʷ ʧʦʥʷʪʠʷ çʪʝʭʥʦʣʦʛʠʷè ʥʝ ʙʳʣʠ ʪʘʢʞʝ ʧʨʦʷʩʥʝʥʳ ʠ ʧʨʠʯʠʥʳ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ. ʕʪʦ 
ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʘʥʘʣʠʟʝ ʢʘʢ ʪʝʭʥʦʣʦʛʠʡ ʚʦʦʙʱʝ, ʪʘʢ ʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʯʘʩʪ-
ʥʦʩʪʠ. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ ʚʦ ʤʥʦʛʦʤ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʘ ʥʘʡʜʝʥʘ ʨʝʣʝʚʘʥʪʥʘʷ 
ʤʝʪʦʜʦʣʦʛʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʞʜʝ ʯʝʤ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʧʦʧʳʪʢʠ ʢʣʘʩ-
ʩʠʬʠʢʘʮʠʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʣʝʜʫʝʪ ʧʨʦʷʩʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʦʧʨʦʩʦʚ: [5] 

1. ɺ ʯʝʤ ʩʫʱʥʦʩʪʴ ʣʶʙʦʡ ʪʝʭʥʦʣʦʛʠʠ?  
2. ʇʦʯʝʤʫ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦʟʥʘʯʥʦʩʪʴ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʧʦʥʷʪʠʷ çʪʝʭʥʦʣʦʛʠʷè?  
3. ɺ ʯʝʤ ʦʪʣʠʯʠʝ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪ ʪʝʭʥʦʣʦʛʠʡ ʚʦʦʙʱʝ?  
4. ʂʘʢʦʚʳ ʦʩʥʦʚʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ?  
ʆʪʚʝʪʳ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʜʘʜʫʪ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʤʝʪʠʪʴ ʧʫʪʠ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ï ʦʩʥʦʚʘ ʣʶʙʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʥʝʤ ʨʝʘʣʠʟʫʝʪʩʷ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʥʠʝ, ʧʦʵʪʦʤʫ ʥʝ ʩʣʫʯʘʡʥʦ ʧʦʥʷʪʠʝ çʪʝʭʥʦʣʦʛʠʷè ʯʘʩʪʦ ʬʘʢʪʠʯʝʩʢʠ ʠ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ 
ʩ ʧʦʥʷʪʠʝʤ çʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩè. ʅʘʟʥʘʯʝʥʠʝ ʣʶʙʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʤʝʨʝʥʠʠ ʦʧʪʠ-
ʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʠ 
ʧʦʚʳʩʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʠʟ ʥʝʛʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʩʢʣʶʯʘʶʪʩʷ ʚʩʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʠ ʦʧʝʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʮʠʘʣʴʥʦʛʦ ʟʥʘʯʠʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ.  

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʧʦʥʷʪʠʝ çʪʝʭʥʦʣʦʛʠʷè ʤʥʦʛʦʟʥʘʯʥʦ, ʥʦ ʚ ʯʝʤ ʧʨʠʯʠʥʘ ʜʘʥʥʦʡ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ? ʀ 
ʢʘʢ ʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʝʶ ʪʨʫʜʥʦʩʪʠ? ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʤʥʦʛʦʟʥʘʯ-
ʥʦʩʪʠ ʧʦʥʷʪʠʷ çʪʝʭʥʦʣʦʛʠʷè ʠ ʫʧʦʨʷʜʦʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥ-
ʮʠʧ ʤʥʦʛʦʤʝʨʥʦʩʪʠ ʧʦʩʪʥʝʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ. ʄʥʦʛʦʤʝʨʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ 
ʮʝʣʦʩʪʥʳʡ ʚʟʛʣʷʜ ʥʘ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪ ʦʩʦʟʥʘʚʘʪʴʩʷ ʤʥʦʛʦʤʝʨʥʳʤ. ɺ ʥʘʩʪʦʷ-
ʱʝʝ ʚʨʝʤʷ ʤʥʦʛʦʤʝʨʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʬʠʣʦʩʦʬʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʌʠʣʦ-
ʩʦʬʩʢʦʝ ʦʩʤʳʩʣʝʥʠʝ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢʘʢ ʥʦʚʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʬʠʣʦʩʦʬʩʢʦʡ 
ʨʝʬʣʝʢʩʠʠ ʧʦʜʨʦʙʥʦ ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʨʘʙʦʪʘʭ ɺ.ʃ. ɸʣʪʫʭʦʚʘ [18 ʠ ʜʨ.]. ʇʝʨʝʭʦʜ ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ 
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ʧʘʨʘʜʠʛʤʝ ʤʳʰʣʝʥʠʷ ï ʤʥʦʛʦʤʝʨʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʚʦʣʶʮʠʶ ʚ 
ʢʘʪʝʛʦʨʠʘʣʴʥʦʤ ʢʘʨʢʘʩʝ ʥʘʫʯʥʦʛʦ ʠ ʬʠʣʦʩʦʬʩʢʦʛʦ ʟʥʘʥʠʷ, ʧʦʠʩʢ ʜʨʫʛʠʭ ʣʦʛʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦ-
ʚʘʥʠʡ. ʄʥʦʛʦʤʝʨʥʘʷ, ʧʦʣʠʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʣʦʛʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʪʨʘʢʪʦʚʢʝ ʧʨʠʥʮʠʧʘ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʩʪʠ ʅ. ɹʦʨʘ ʠ ʚʝʜʝʪ ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʠʟʤʘ ʢ ʧʦʣʠʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʠ (ʤʥʦʛʦʤʝʨʥʦʩʪʠ) ʚ 
ʢʘʪʝʛʦʨʠʘʣʴʥʦʤ ʩʪʨʦʝ ʠ ʩʧʦʩʦʙʝ ʤʳʰʣʝʥʠʷ ʚ ʝʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ ʠ ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʦʤ ʙʘʟʠʩʝ. ɼʣʷ 
ʦʧʠʩʘʥʠʷ ʢʘʞʜʦʛʦ ʩʫʱʥʦʩʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʮʝʣʦʛʦ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʧʦʥʷʪʠʡ, ʧʨʠʥʮʠ-
ʧʳ, ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʨʘʟʥʳʭ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝ-
ʣʝʥʥʳʭ ʪʠʧʦʚ ʟʘʜʘʯ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʉʚʷʟʴ 
ʤʝʞʜʫ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʦʧʠʩʘʥʠʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʩʝ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʤʥʦ-
ʛʦʤʝʨʥʦʤʫ ʦʙʲʝʢʪʫ, ʥʦ ʥʝ ʦʭʚʘʪʳʚʘʶʪ ʧʦʣʥʦʪʳ ʝʛʦ ʩʫʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʠʟʤʝʨʝʥʠʡ) ʢʘʢ ʮʝʣʦʛʦ. 
ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ, ʜʣʷ ʦʭʚʘʪʘ ʚʩʝʡ ʤʥʦʛʦʤʝʨʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʞʝ ʥʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝ-
ʥʠʝ, ʘ ʚʟʘʠʤʥʦʝ ʜʦʧʦʣʥʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ʥʘ ʠʟʫʯʘʝʤʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʦʙʱʝʩʪʚʦ, ʤʠʨ, 
ʯʝʣʦʚʝʢʘ. ʇʨʠʥʮʠʧ ʜʦʧʦʣʥʠʪʝʣʴʥʦʩʪʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʠʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ 
ʩʪʘʪʫʩ ʢʘʞʜʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ, ʚ ʝʜʠʥʩʪʚʝ 
(çʩʣʦʞʥʘʷ ʠʧʦʩʪʘʩʴè). ʅʦ ʵʪʦ ʝʜʠʥʩʪʚʦ ʫʞʝ ʠʤʝʝʪ ʥʝ ʬʫʥʜʘʤʝʥʪʘʣʠʩʪʩʢʦʝ (çʤʦʥʦʧʣʶʨʘʣʠʟʤè), ʘ ʧʦ-
ʣʠʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʬʦʨʤʠʨʫʝʤʦʡ ʩʝʛʦʜʥʷ ʤʥʦʛʦʤʝʨʥʦʡ ʤʝʪʦʜʦ-
ʣʦʛʠʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʮʝʣʦʩʪʥʳʡ ʚʟʛʣʷʜ ʥʘ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ï 
ʥʘ ʪʝʭʥʦʣʦʛʠʶ, ʝʩʣʠ ʪʨʘʢʪʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʢʘʢ ʤʥʦʛʦʤʝʨʥʦʝ ʷʚʣʝʥʠʝ ʠ ʠʩʢʘʪʴ ʧʨʠʯʠʥʫ ʤʥʦʛʦʦʙʨʘʟʠʷ 
ʦʧʨʝʜʝʣʝʥʠʡ ʚ ʧʨʦʮʝʩʩʫʘʣʴʥʦʡ ʧʨʠʨʦʜʝ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ. ʉʝʛʦʜʥʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʦʯʝʚʠʜʥʝʝ, ʯʪʦ 
ʨʘʟʨʘʙʦʪʢʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘʫʢʦʝʤʢʠʭ ʪʦʚʘʨʦʚ ʠʤʝʶʪ ʤʘʩʩʫ ʦʩʦʙʝʥʥʦ-
ʩʪʝʡ.[4]ʉʧʝʮʠʬʠʢʘ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʚʥʝʜʨʝʥʠʷ HiTech ʠ ʧʨʦʪʝʢʘʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦ-
ʮʝʩʩʦʚ ʚ ʪʦʤ, ʯʪʦ: 1) ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝʣʴʟʷ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʯʪʦ ʧʦ-
ʣʫʯʠʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʦʩʦʙʝʥʥʦ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ ʠ ʥʘʥʦʪʝʭʥʦ-
ʣʦʛʠʷʭ); 2) ʩʨʝʜʩʪʚʘ ʪʨʫʜʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʠ ʧʨʠʝʤʳ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 
ʩʘʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; 3) ʠʥʩʪʨʫʢʪʠʚʥʦʝ ʦʧʠʩʘʥʠʝ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 
ʩʪʘʥʜʘʨʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʤʦʞʝʪ ʥʝ ʩʦʜʝʨʞʘʪʴ ʦʧʠʩʘʥʠʷ ʪʦʯʥʳʭ ʫʩʣʦʚʠʡ, ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʪʦʨʳʭ ʛʘʨʘʥ-
ʪʠʨʫʝʪʩʷ ʩ ʟʘʜʘʥʥʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʦʜʥʦʢʨʘʪʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʮʝʣʠ; 4) ʤʝʪʦʜʳ, ʧʨʠʝ-
ʤʳ ʠ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ ʤʦ-
ʛʫʪ ʝʱʝ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʙʳʪʴ ʥʝʩʦʚʝʨʰʝʥʥʳ; 5) ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʩʝʭ ʵʪʘʧʦʚ 
ʨʘʟʨʘʙʦʪʢʠ, ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ 
ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʪʘʢ ʢʘʢ ʥʘʫʢʘ ʠʣʠ ʥʘʫʢʠ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦ-
ʛʠʠ, ʩʘʤʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ; 6) ʚʝʣʠʢʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʫʙʲʝʢʪʠʚʥʳʭ ʬʘʢ-
ʪʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʤʥʦʛʠʭ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʳʩʦʢʘ ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʜʦʩʪʠʞʝʥʠʠ 
ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ (ʥʘʧʨʠʤʝʨ, ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ ʦʯʝʥʴ ʚʝʣʠʢ ʧʨʦʮʝʥʪ ʙʨʘʢʘ). ʏʘ-
ʩʪʦ ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʫʥʠʢʘʣʴʥʳ (ʥʘʧʨʠʤʝʨ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ), ʧʦʵʪʦʤʫ ʤʥʦʛʠʝ ʅi-Tech ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʩʠʥʪʝʟ ʥʘʫʢʠ, ʠʩʢʫʩʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ. ʄʳ ʚʠʜʠʤ, ʯʪʦ, ʧʦ ʩʫʪʠ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʟʜʝʩʴ ʧʨʦʩʪʦ ʥʝ çʨʘʙʦʪʘʶʪè, ʧʦʪʦʤʫ ʯʪʦ ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦ-
ʛʠʝʡ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʥʠʤʘʥʠʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦ-
ʛʠʡ ʠ ʦʩʦʙʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 
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¿ÕâàÞÒ ´ÜØâàØÙ ²ÐÛÕàìÕÒØç 

ʉʪʫʜʝʥʪʳ 
ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

ɹʦʦʧʫʙʯʡʸ: ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜ-
ʩʪʚʦʤ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʋʨʦ-
ʚʝʥʴ ʠ ʩʧʦʩʦʙʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʠʜʘ ʠ ʩʝʨʠʡʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 
ʦʩʥʘʱʝʥʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, 
ʥʘʩʢʦʣʴʢʦ ʨʘʮʠʦʥʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʮʝʣʦʤ, ʢʦʤʧʣʝʢʩʥʦ ʣʠ ʠ ʚʦ ʚʩʝʭ ʣʠ 
ʟʚʝʥʴʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʚʥʝʜʨʝʥʳ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʘʩʢʦʣʴʢʦ ʧʨʠʥʷʪʘʷ ʩʠʩʪʝʤʘ ʦʨ-
ʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ 
ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʮʠʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ; ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ; ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; ʠʥʪʝʛʨʘ-
ʮʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ; ʧʨʦʮʝʩʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. 
 

AUTOMATION PRODUCTION SYSTEMS 
 

Eremin Anton Vyacheslavovich, 
Chesnokov Maxim Vasilievich, 
Saitbattalov Rafael Rafikovich, 

Petrov Dmitry Valerievich 
 
Abstract: the Introduction of modern automated systems of operational management of production is becom-
ing one of the key factors in improving the competitiveness of the enterprise. The level and methods of auto-
mation depend on the structure of the enterprise, type and batch production, equipment of technical means. 
The effectiveness of automation is determined by how efficiently the production process is organized as a 
whole, whether and in all parts of the technological chain introduced automation tools, as far as the adopted 
system of organization and management of production allows to effectively interact with the units of the indus-
trial enterprise in the production. 
Keywords: automation; enterprise management system; productivity; integration of automated systems; pro-
cess control. 

 
ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩʷ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʴʶ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʙʣʘʛʦʜʘʨʷ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘʙʦʪʝ ʤʥʦʛʠʭ ʧʦʜʨʘʟʜʝʣʝ-
ʥʠʡ. ʇʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝʤʳʩʣʠʤʳ ʙʝʟ ʧʨʠʤʝʥʝ-
ʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʦ-
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ʟʜʘʥʠʶ ʤʝʪʦʜʦʚ ʠ ʩʪʨʫʢʪʫʨ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʝʨʝʩʪʨʦʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ.  
ʉʪʘʥʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʳʥʢʘ ʦʙʫʩʣʦʚʠʣʦ ʨʦʩʪ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʚʚʠʜʫ 

ʪʦʛʦ, ʯʪʦ ʧʦʪʨʝʙʠʪʝʣʴ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦʙ ʠʥʪʝʨʝʩʫʶʱʝʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ 
ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ. ʊʦʚʘʨʳ ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʣʦʢʘʣʴʥʳʤʠ ʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʇʦʪʨʝʙʠ-
ʪʝʣʴ ʧʨʝʢʨʘʩʥʦ ʦʩʚʝʜʦʤʣʝʥ ʦ ʩʦʩʪʦʷʥʠʠ ʨʳʥʢʘ ʠ ʚʦʟʤʦʞʥʦʩʪʷʭ ʚʳʙʦʨʘ ʧʨʦʜʫʢʮʠʠ.  

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦ-
ʨʘʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʷ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʵʢʩ-
ʧʣʫʘʪʘʮʠʶ [4, ʩ. 4]. ʊʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʣʫʯʘʪ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʧʨʝʜʣʘʛʘʪʴ 
ʧʨʦʜʫʢʮʠʶ, ʧʦʩʪʦʷʥʥʦ ʦʧʝʨʝʞʘʷ ʦʞʠʜʘʥʠʷ ʧʦʢʫʧʘʪʝʣʝʡ ʠ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʫʷʩʴ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʧʦʪʨʝʙ-
ʥʦʩʪʝʡ ʠ ʧʨʝʜʧʦʯʪʝʥʠʡ [3]. ɿʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʰʘʶʪʩʷ ʯʝʨʝʟ ʫʣʫʯʰʝʥʠʝ ʢʘ-
ʯʝʩʪʚʘ ʪʨʫʜʘ ʠ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʧʨʠ ʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʫʛʣʫʙ-
ʣʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʫʩʣʦʞʥʝʥʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ [1]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʝʨʘʪʠʚ-
ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʨʝʰʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, 
ʠʥʪʝʛʨʘʮʠʷ ʝʛʦ ʚ ʩʠʩʪʝʤʫ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʚʪʦ-
ʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ (ɸʀʉʋʇ) (ʨʠʩ. 1), ʩʚʷʟʳʚʘʶʱʝʡ 
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʚʩʝ ʫʨʦʚʥʠ ʫʧʨʘʚʣʝʥʠʷ. 

 

 
ʉʡʪ. 1. ɹʛʫʧʥʙʫʡʠʡʩʧʛʙʦʦʙʸ ʡʦʫʞʜʩʡʩʧʛʙʦʦʙʸ ʪʡʪʫʞʥʙ ʬʨʩʙʛʤʞʦʡʸ ʨʩʞʝʨʩʡʸʫʡʞʥ 

 
ʇʨʠ ʠʥʪʝʛʨʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ (ɸʉʋʇ) ʚ ʦʙʱʫʶ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ (ɸʉʋʇ) ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚʚʠʜʫ ʪʦʛʦ, 
ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʠ (ʘ ʥʘ ʨʷʜʝ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʜʦ ʩʠʭ ʧʦʨ ʬʫʥʢʮʠʦʥʠ-
ʨʫʶʪ) ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʜʫʙʣʠʨʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ, ʦʰʠʙʢʘʤ, ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. ʌʫʥʢʮʠʦ-
ʥʠʨʦʚʘʥʠʝ ERP-ʩʠʩʪʝʤ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟ-
ʚʦʜʩʪʚʦʤ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ, ʥʝʦʭʚʘʯʝʥʥʦʤ ʫʨʦʚʥʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʥʘʭʦʜʠʪʩʷ 
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ʮʝʣʳʡ ʢʣʘʩʩ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʟʜʘʶʱʠʭ ʧʨʠʙʘʚʦʯ-
ʥʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ  ʠ ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷ-
ʪʠʷ ʚ ʮʝʣʦʤ [5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʧʨʝʜʥʘʟʥʘʯʝʥʳ PLM-
ʩʠʩʪʝʤʳ (Product Lifecycle Management), ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʟʘʜʘʯ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʛʦ-
ʪʦʚʢʠ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʝʩʫʨ-
ʩʦʚ, ʢʦʥʪʨʦʣʴ ʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʶ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʟʘʪʨʘʪ.  ERP-
ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ PLM-ʩʠʩʪʝʤʦʡ, ʘ ʥʝ ʩ CAE/CAD/CAM/MES/SCADA-ʩʠʩʪʝʤʘʤʠ. ɺ 
ʩʚʦʶ ʦʯʝʨʝʜʴ PLM-ʩʠʩʪʝʤʘ ʘʢʢʫʤʫʣʠʨʫʝʪ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʠ ʦʙʤʝʥʠʚʘʝʪʩʷ ʩ ERP-
ʩʠʩʪʝʤʦʡ.  ʇʨʠʤʝʥʝʥʠʝ PLM ʧʦʟʚʦʣʠʪ [2]: ī ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʣʣʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʦʥ-
ʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʚʤʝʩʪʥʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʚ ʨʝ-
ʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠʟʜʝʣʠʷ;  ī ʩʦʟʜʘʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦ-
ʮʝʩʩʦʤ ʨʘʟʨʘʙʦʪʢʠ;  ī ʩʦʟʜʘʚʘʪʴ, ʭʨʘʥʠʪʴ, ʟʘʱʠʱʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʨʝʜ-
ʧʨʠʷʪʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩʘ;  ī ʧʨʠʤʝʥʷʪʴ ʧʝʨʝʜʦʚʳʝ ʤʝʪʦʜʠʢʠ, ʥʘʢʦʧʣʝʥʥʳʡ 
ʦʧʳʪ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʥʦʢ, ʩʦʢʨʘ-
ʱʝʥʠʷ ʠʟʜʝʨʞʝʢ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʙʳʣʠ.  ʅʘ ʨʷʜʝ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘʯʘʪʳ ʧʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ 
ʧʦ ʚʥʝʜʨʝʥʠʶ ʢʦʥʮʝʧʮʠʠ PLM ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʵʪʦ ʆɸʆ ɹʘʣʪʠʡʩʢʠʡ ʟʘʚʦʜ (ʛ. ʉʘʥʢʪ-
ʇʝʪʝʨʙʫʨʛ), ʆɸʆ ʊʫʧʦʣʝʚ (ʛ. ʄʦʩʢʚʘ), ɸʚʠʘʭʦʣʜʠʥʛʦʚʘʷ ʢʦʤʧʘʥʠʷ çʉʫʭʦʡè ʠ ʜʨ. [4]. ʉʨʝʜʠ ʧʝʨʤʩʢʠʭ 
ʧʨʝʜʧʨʠʷʪʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ ʆɸʆ çɸʚʠʘʜʚʠʛʘʪʝʣʴè ï  PLM-ʩʠʩʪʝʤʘ Teamcentre Engineering ʠ 
ʆɸʆ ʅʇʆ çʀʩʢʨʘè ï PLM-ʩʠʩʪʝʤʘ Party-Plus. ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʬʨʘʛʤʝʥʪʘʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʤʝʥʝʜʞʤʝʥʪʝ. ʅʘ ʨʦʩ-
ʩʠʡʩʢʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʦʤʠʥʠʨʫʝʪ ʧʦʜʭʦʜ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʭʘʦʩʫ, ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 
ʥʝʚʳʩʦʢʦʤʫ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʩʪʘʪʫʩʫ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʇʨʠʯʠʥʘʤʠ, ʤʝʰʘʶʱʠʤʠ ʚʥʝʜʨʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 
ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ [4]: ī ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʢʦʤʤʝʨʯʝ-
ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; ī ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 
ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʳʪʘʥʠʡ ʠʟʜʝʣʠʡ; ī ʩʣʘʙʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʘʚʪʦ-
ʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ; ī ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠ-
ʩʪʦʚ; ī ʦʪʩʫʪʩʪʚʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ; ī ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʘʢʪʠʯʝʩʢʘʷ 
ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ; ī ʩʫʱʝʩʪʚʝʥʥʳʝ 
ʦʪʣʠʯʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʦʪ ʤʠʨʦʚʳʭ; ī ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 
ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠ ʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘ-
ʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʭʥʦʣʦʛʠʝʡ çʧʣʘʚʘʶʱʠʭè ʣʠ-
ʮʝʥʟʠʡ ï ʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʠʩʪʝʤʥʳʭ ʠʥʪʝʛʨʘʪʦʨʦʚ ï ʨʝʘʣʠʟʘ-
ʮʠʷ ʀʊ-ʧʨʦʝʢʪʦʚ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʣʫʞʙʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ.  ʆʜʥʘʢʦ, ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ ʚ ʨʝʘʣʠ-
ʟʘʮʠʠ ʧʨʦʝʢʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʠʤʘʥʠʝ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʜ-
ʧʨʠʷʪʠʷ ʤʝʩʪʘ ʠ ʨʦʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʥʠʢʘʢʠʝ ʜʝʡʩʪʚʠʷ ʧʦ 
ʚʥʝʜʨʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʧʨʠʥʝʩʫʪ ʫʩʧʝʭʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʨʛʘ-
ʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʥʢʫʨʝʥʪʦ-
ʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʪʘʥʦ-
ʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ.  
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ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥʦ ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʢʦʤ-
ʧʨʝʩʩʦʨʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʦʙʦʩʥʦʚʘʥʘ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩ-
ʯʝʪʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʦʮʝʥʝʥʘ ʠʭ ʪʦʯʥʦʩʪʴ ʠ ʩʜʝʣʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ, ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ANSYS Fluent. 
 

3D-MODELING OF AIRFLOW IN THE AUTOMOBILE COMPRESSOR BY ANSYS FLUENT SOFTWARE 
COMPLEX 

 
Kuzhabaev Evgenii Sergeevich, 

Chirskii Sergei Pavlovich 
 

Abstract: the article contains 3d-modeling of air flow in the automobile centrifugal compressor and arguments 
of necessity of such modeling. The solving results were considered and accuracy was analyzed. 
Keywords: centrifugal compressor, turbocharger, modeling, ANSYS Fluent. 

 
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʫʧʨʦʱʝʥʥʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-
ʩʢʠʭ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʜʘʥ-
ʥʳʝ ʤʝʪʦʜʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʫʶ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ, ʣʦʢʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, 
ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʠ ʪ.ʜ. ɼʣʷ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʝ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʝʡ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʛʘʟʘ, ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ 
ʠ ʪ.ʜ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ ʘʛʨʝʛʘʪʘ ʥʘʜʜʫʚʘ ʯʝʪʳʨʝʭʪʘʢʪ-
ʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 8ʏʅ 14/13, ʧʨʠʚʦʜʠʤʦʛʦ ʚ ʜʚʠʞʝʥʠʝ ʠʥʝʨʮʠʝʡ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ï ʩʚʦ-
ʙʦʜʥʦʛʦ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʘʩʯʝʪʦʚ ʙʳʣ ʚʳʙʨʘʥ ANSYS Fluent, ʜʘʥʥʳʡ 
ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʚʳʙʦʨ ʤʦʜʝʣʝʡ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʨʝʰʘʪʝʣʷ. 

ʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨ ʠʤʝʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʭʝʤʫ ʩ ʢʦʥʩʦʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʙʦʯʠʭ ʢʦʣʝʩ. 
ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʨʝʩʩʦʨʘ: 
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ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʦʤʧʨʝʩʩʦʨ: Gʢ=0,5888 ʢʛ/ʩ; 
ʉʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ: ḱ  = 2,0; 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ: nʪʢ=42970 ʤʠʥ-1; 
ʇʘʨʘʤʝʪʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʨʦʩ=0,1 ʄʇʘ; ʊʦʩ=288 ʂ; 
ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʪʨʝʭʤʝʨʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʤʝʪʦʜʦʤ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʦʙʲʝʤʦʚ. 
ANSYS Fluent ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʧʦʪʦʢʦʚ ʠ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʡ, ʢʦʪʦʨʳʝ 
ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʥʘʙʦʨʝ ʫʨʘʚʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ.  

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ CATIA V5 ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʝʡ 
ʢʦʤʧʨʝʩʩʦʨʘ ʩ ʜʠʬʬʫʟʦʨʦʤ ʠ ʫʣʠʪʢʦʡ. 

ʇʨʦʚʝʜʝʥʦ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʚ ʤʦʜʫʣʝ Meshing ʧʨʦʛʨʘʤʤʳ ANSYS 
Workbench (ʨʠʩ. 1-2). 

 

 
ʉʡʪ. 1. ɻʩʙʲʙʷʲʙʸʪʸ ʥʧʝʞʤʵ 

 

 
ʉʡʪ. 2.  ʅʧʝʞʤʵ ʨʩʧʫʧʰʦʧʢ ʰʙʪʫʡ ʬʤʡʫʣʡ 

 
ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʠʤʧʦʨʪ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʧʨʦʛʨʘʤʤʫ Fluent.  
ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʢ ʧʨʦʚʝʜʝʥʠʶ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ [1] ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʰʘʪʝʣʷ: Density Based, Transient (ʨʠʩ. 3). 
ɹʳʣʘ ʚʳʙʨʘʥʘ k-Ů-ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɼʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʢ ʚʠʜʫ, ʚ ʢʦʪʦʨʦʤ ʜʦʙʘʚʣʝʥʦ ʚʣʠʷʥʠʝ ʬʣʫʢʪʫʘʮʠʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ (ʚ ʚʠʜʝ ʪʫʨʙʫʣʝʥʪʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ) ʠ ʧʨʦʮʝʩʩʘ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʡ ʬʣʫʢʪʫʘʮʠʠ ʟʘ ʩʯʸʪ ʚʷʟʢʦʩʪʠ (ʜʠʩʩʠʧʘʮʠʠ). ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʨʝ-
ʰʘʝʪʩʷ 2 ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʪʨʘʥʩ-
ʧʦʨʪʘ ʜʠʩʩʠʧʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʤʦʜʝʣʴ ʧʨʠ ʨʝʰʝʥʠʠ ʨʝʘʣʴʥʳʭ 
ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ [2]. 
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ʉʡʪ. 3. ɼʩʙʦʡʰʦʴʞ ʬʪʤʧʛʡʸ ʝʤʸ ʣʧʥʨʩʞʪʪʧʩʙ 

 
ɺʨʘʱʝʥʠʝ ʢʦʣʝʩʘ ʢʦʤʧʨʝʩʩʦʨʘ ʠʤʠʪʠʨʫʝʪʩʷ ʟʘʜʘʥʥʦʡ ʜʣʷ 3d-ʤʦʜʝʣʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ, ʨʘʚʥʦʡ 

ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ. (42970 ʦʙ/ʤʠʥ). ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ (ʨʠʩ. 4-5). 

 

 
ʉʡʪ. 4. ʈʧʤʞ ʝʙʛʤʞʦʡʢ 

 

 
ʉʡʪ. 5. ʈʧʤʞ ʥʧʝʬʤʸ ʪʣʧʩʧʪʫʞʢ 

 
ɹʳʣ ʧʨʦʚʝʜʝʥ ʠʤʧʦʨʪ ʜʘʚʣʝʥʠʡ ʚ ʫʟʣʘʭ ʩʝʪʢʠ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʧʦʪʦʢʘ, ʥʘʡʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ: 1,715. 
ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ:  

Ў
Ȣ Ȣ

Ȣ
ϽρππϷρτȢςυϷ                                      (1) 
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ʀʙʣʤʷʰʞʦʡʞ 
ɹʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʪʝʯʝʥʠʷ ʛʘʟʘ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʢʦʤʧʨʝʩʩʦʨʝ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘ-

ʥʠʷ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʧʘʩʧʦʨʪ-
ʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʘʣʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1 ANSYS Solver Settings Introductory FLUENT Training ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.engr.uconn.edu/~barbertj/CFD%20Training/Fluent/4%20Solver%20Settings.pdf  (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 21.05.17) 

2 ʂʘʚʪʘʨʘʜʟʝ ʈ.ɿ. ʃʦʢʘʣʴʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʚ ʧʦʨʰʥʝʚʳʭ ʜʚʠʛʘʪʝʣʷʭ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ/ ʈ.ɿ. 
ʂʘʚʪʘʨʘʜʟʝ. ï ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʄɻʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ, 2016. ï 515, [5] ʩ. : ʠʣ. 
  

http://www.engr.uconn.edu/~barbertj/CFD%20Training/Fluent/4%20Solver%20Settings.pdf
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ʉʪʫʜʝʥʪ 
ʌɻɹʆʋ ɺʆ çɸʨʤʘʚʠʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʇʝʜʘʛʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʩʠʪʝʪè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʩʪ.ʧʨ. ɻʫʨʦʚʘ ɽʚʛʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʣʛʦʨʠʪʤʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʝʟ ʧʦ-
ʪʝʨʴ, ʦ ʤʝʪʦʜʘʭ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʪʘʢʦʛʦ ʨʦʜʘ ʘʣʛʦʨʠʪʤʦʚ 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɸʣʛʦʨʠʪʤ, ʩʞʘʪʠʝ ʙʝʟ ʧʦʪʝʨʴ, ʩʨʝʦʙʨʘʟʦʚʘʥʠʝ ɹʘʨʨʦʫʟʘ-ʋʠʣʝʨʘ, ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 
ʢʦʜʠʨʦʚʘʥʠʝ. 
 

LOSSLESS DATA COMPRESSION ALGORITHMS 
 

Prokopovich Artem Andreevich 
 
Abstract: In this research work contains information about the algorithm of data transmission without loss, on 
the methods and varieties of this kind of algorithms 
Keywords: Algorithm, Lossless compression, The Transformation Of The Burrows-Wheele, arithmetic coding. 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ ʜʘʥʥʳʭ, ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ - ʙʝʟ ʧʦʪʝʨʴ ʠ ʩ ʧʦʪʝʨʷʤʠ. ɸʣʛʦʨʠʪʤʳ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʙʝʟ ʧʦʪʝʨʴ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ 
ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʯʝʣʦʚʝʢʦʤ ʜʘʥʥʳʭ, ʠʭ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʪʦ, 
ʯʪʦʙʳ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʘʥʥʳʝ ʙʝʟ ʤʘʣʝʡʰʝʡ ʧʦʪʝʨʠ ʜʘʥʥʳʭ, ʪ.ʝ ʪʘʢʠʤʠ 
ʞʝ ʢʘʢ ʠ ʜʦ ʩʞʘʪʠʷ. ʊʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʥʦʛʦ ʨʦʜʘ  ʘʨʭʠʚʘʪʦʨʘʭ, ʢʦʤʤʫʥʠʢʘʮʠʷʭ ʠ ʨʷʜʝ 
ʜʨʫʛʠʭ ʩʠʩʪʝʤʥʳʭ ʧʨʦʛʨʘʤʤ. ɸ ʘʣʛʦʨʠʪʤʳ ʩʞʘʪʠʷ ʩ ʧʦʪʝʨʷʤʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʞʘʪʠʷ 
ʘʫʜʠʦ, ʚʠʜʝʦ ʠ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʪʘʢʦʛʦ ʨʦʜʘ  ʧʦʤʦʛʘʶʪ ʜʦʩʪʠʛʥʫʪʴ ʙʦʣʴʰʦʡ 
ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʬʘʡʣʘ, ʙʣʘʛʦʜʘʨʷ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ, ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ, ʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ 
ʢʘʯʝʩʪʚʦ ʧʦʩʣʝ ʩʞʘʪʠʷ ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, 
ʯʪʦ ʚ ʬʘʡʣʝ ʣʶʙʦʛʦ ʚʠʜʘ, ʩʦʜʝʨʞʘʱʝʤ ʨʘʟʣʠʯʥʳʝ ʜʘʥʥʳʝ, ʠʥʬʦʨʤʘʮʠʷ ʧʦʚʪʦʨʷʝʪʩʷ, ʪʝʤ ʩʘʤʳʤ ʜʝ-
ʣʘʷ ʬʘʡʣ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ, ʥʦ ʠʩʧʦʣʴʟʫʷ ʥʝʢʦʪʦʨʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʨʝʜʝʣʷʝʤ  ʚʝʨʦʷʪ-
ʥʦʩʪʴ ʧʦʚʪʦʨʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩʠʤʚʦʣʦʚ, ʣʠʰʴ ʧʦʩʣʝ  ʵʪʦʛʦ ʩʦʟʜʘʶʪʩʷ ʢʦʜʳ, ʟʘʤʝʥʷʶ-
ʱʠʝ ʚʳʙʨʘʥʥʳʝ ʢʦʤʙʠʥʘʮʠʠ,  ʠ ʥʘʟʥʘʯʘʶʪʩʷ ʩʘʤʳʝ ʢʦʨʦʪʢʠʝ  ʢʦʜʳ. ɼʣʷ ʩʞʘʪʠʷ ʬʘʡʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʢʠ, ʥʘʯʠʥʘʷ ʩ ʵʥʪʨʦʧʠʡʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʟʘʢʘʥʯʠʚʘʷ  ʩʞʘʪʠʝʤ ʩ ʧʦʤʦʱʴʶ ʩʣʦʚʘʨʷ. ʉ 
ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʷ, ʩʪʘʥʜʘʨʪʥʳʡ 8-ʙʠʪʥʳʡ  ʩʠʤʚʦʣ, ʠʣʠ ʮʝʣʘʷ ʩʪʨʦʢʘ ʪʘʢʠʭ ʩʠʤʚʦʣʦʚ, ʟʘʤʝ-
ʥʷʶʪʩʷ ʚʩʝʛʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʠʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʪʨʘʥʷʷ ʣʠʰʥʶʶ ʠʥʬʦʨʤʘʮʠʶ. ɺ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦ-
ʪʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʪʦʣʴʢʦ ʣʠʰʴ ʘʣʛʦʨʠʪʤ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʙʝʟ ʧʦʪʝʨʴ.  

ʉʞʘʪʠʝ ʜʘʥʥʳʭ ʧʦʣʫʯʠʣʦ ʩʚʦʸ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʘʟʫ ʞʝ ʩ ʧʦʷʚʣʝʥʠʝʤ ʠʥʪʝʨʥʝʪʘ, ʘ ʪʘʢ ʞʝ ʧʦ-
ʩʣʝ ʠʟʦʙʨʝʪʝʥʠʷ ʛʝʥʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ (LZ) ʃʝʤʧʝʣʝʤ ʠ ɿʠʚʦʤ. ʅʦ ʩʘʤʦʝ ʩʞʘʪʠʝ ʜʘʥʥʳʭ ʚʧʝʨʚʳʝ 
ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʄʦʨʟʝ, ʧʨʠ ʠʟʦʙʨʝʪʝʥʠʠ ʩʚʦʝʛʦ ʢʦʜʘ ʚ 1838 ʛʦʜʫ, ʦʥ ʟʘʤʝʥʠʣ ʩʘʤʳʝ 
ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʚ ʘʥʛʣʠʡʩʢʦʡ ʨʝʯʠ ʙʫʢʚʫ çtè, çeè ʥʘ ʦʯʝʥʴ ʢʦʨʦʪʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʠʨʝ ʠ ʪʦ-
ʯʝʢ. ʏʝʨʝʟ ʥʝʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʐʝʥʥʦʥʘ ï ʌʘʥʦ, ʢʦʪʦʨʳʡ ʥʘʟʥʘ-
ʯʘʣ ʩʠʤʚʦʣʘʤ ʚ ʙʣʦʢʝ ʢʦʜ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. ʉʧʫʩʪʷ ʝʱʸ ʥʝʢʦʪʦʨʦʝ ʚʨʝ-
ʤʷ ʍʘʬʬʤʘʥ ʩʦʟʜʘʣ ʘʣʛʦʨʠʪʤ ʍʘʬʬʤʘʥʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʥʝʢʠʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʐʝʥ-
ʥʦʥʘ - ʌʘʥʦ, ʠ ʧʦʟʚʦʣʷʣ ʧʨʦʠʟʚʦʜʠʪʴ ʩʞʘʪʠʝ ʙʝʟ ʧʦʪʝʨʴ.  
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ʊʟʙʫʡʞ ʚʞʠ ʨʧʫʞʩʵ - ʵʪʦ ʤʝʪʦʜ ʩʞʘʪʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʟʘʢʦʜʠʨʦʚʘʥ-
ʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʙʠʪʘ (ʨʠʩ.1) ʆʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʥʦ-
ʩʪʴʶ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠʟ ʩʞʘʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʥʦʨʤʘʣʴʥʦʝ. 

 

 
ʉʡʪ. 1. ɻʡʝʴ ʙʤʜʧʩʡʫʥʧʛ ʪʟʙʫʡʞ ʚʞʠ ʨʧʫʞʩʵ 

 
ʉʞʘʪʠʝ ʙʝʟ ʧʦʪʝʨʴ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʞʘʪʠʷ ʘʙʩʦʣʶʪʥʦ ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʝʜʴ ʦʥʦ ʛʘʨʘʥʪʠʨʫ-

ʝʪ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʧʦʩʣʝ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ. ʉʞʘʪʠʝ ʙʝʟ ʧʦʪʝʨʴ ʦʩʥʦʚʳʚʘ-
ʝʪʩʷ ʥʘ ʦʯʝʥʴ ʧʨʦʩʪʦʤ ʧʨʠʥʮʠʧʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ  ʠʟ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʦʡ ʛʨʫʧʧʳ ʚ ʙʦʣʝʝ ʢʦʤ-
ʧʘʢʪʥʫʶ.  ɼʣʷ ʣʶʙʦʛʦ ʠʟ ʪʠʧʦʚ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʡ ʦʧʪʠʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʩʞʘʪʠʷ 
ʬʘʡʣʘ ʙʝʟ ʧʦʪʝʨʴ. ʊʘʢʦʝ ʩʞʘʪʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ  ʚ ʬʘʡʣʦʚʳʭ ʬʦʨʤʘʪʘʭ GIF, PNG ʠ ZIP.  

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʩʞʘʪʠʝ ʙʝʟ ʧʦʪʝʨʴ ʨʘʙʦʪʘʶʪ ʚ ʜʚʝ ʩʪʘʜʠʠ: 
1. ɻʝʥʝʨʠʨʫʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʭʦʜʷʱʠʭ ʜʘʥʥʳʭ 
2. ʆʪʦʙʨʘʞʝʥʠʝ ʚʭʦʜʷʱʠʭ ʜʘʥʥʳʭ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʝ çʙʠʪʘè 
ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʙʠʥʘʨʥʳʭ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 
1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ɹʘʨʨʦʫʟʘ-ʋʠʣʝʨʘ 
2. ɸʣʛʦʨʠʪʤ ʍʘʬʬʤʘʥʘ 
3. ɸʨʠʬʤʝʪʠʯʝʩʢʠʝ ʢʦʜʠʨʦʚʘʥʠʷ 
ʈʩʞʧʚʩʙʠʧʛʙʦʡʞ ɺʙʩʩʧʬʠʙ - ʌʡʤʞʩʙ (BWT) - ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ 

ʚʭʦʜʥʦʡ ʙʣʦʢ ʚ ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʜʣʷ ʩʞʘʪʠʷ ʚʠʜ. ʇʨʠʯʝʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʣʦʢ ʦʙʳʯʥʳʝ ʤʝʪʦʜʳ ʩʞʠʤʘʶʪ ʥʝ ʪʘʢ ʵʬʬʝʢʪʠʚʥʦ, ʢʘʢ ʤʝʪʦʜʳ, ʩʧʝʮʠʘʣʴʥʦ 
ʜʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ (ʨʠʩ.2). 

 

 
ʉʡʪ. 2. ʈʩʞʧʚʩʙʠʧʛʙʦʡʞ ɺʙʩʩʧʬʠʙ - ʌʡʤʞʩʙ (BWT) 

 
ɹʤʜʧʩʡʫʥ ʎʙʭʭʥʙʦʙ - ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʜʦʚ ʜʣʠʥʳ, ʠʤʝʶʱʠʭ ʤʠʥʠʤʘʣʴʥʫʶ 

ʜʣʠʥʫ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʪʥʦʩʠʪʩʷ ʢ ʨʷʜʫ ʧʦʧʫʣʷʨʥʳʭ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʦʛʨʦʤʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʢʦʤʧʴʶ-
ʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʠ ʠʩʧʦʣʴʟʫʶʪ ʝʛʦ ʢʘʢ ʘʣʛʦʨʠʪʤ ʩʞʘʪʠʷ ʙʝʟ ʧʦʪʝʨʴ (ʨʠʩ.3). 

 






























































































































































































































































































































