
 

 

  
ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) 

ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 

 

 

 

 

 

ʉʆɺʈɽʄɽʅʅɸʗ ʊɽʍʅʀʂɸ ʀ ʊɽʍʅʆʃʆɻʀʀ:  

ʇʈʆɹʃɽʄʓ, ʉʆʉʊʆʗʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ  

 

 

 

 
 

ʄʘʪʝʨʠʘʣʳ X ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

 

16-17 ʦʢʪʷʙʨʷ 2020 ʛ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʫʙʮʦʚʩʢ 2020 



 

2 

 

ʋɼʂ 62 

ʉ 56 
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ɺ ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʘʷ 

ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ: ʧʨʦʙʣʝʤʳ, ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳè, ʧʨʦʭʦʜʠʚʰʝʡ ʚ 

ʈʫʙʮʦʚʩʢʦʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʠʥʩʪʠʪʫʪʝ 16-17 ʦʢʪʷʙʨʷ 2020 ʛʦʜʘ, ʚʦʰʣʠ ʩʪʘʪʴʠ 

ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʈʦʩʩʠʠ ʠ ʟʘʨʫʙʝʞʴʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʝʩʪʝʩʪʚʝʥʥʳʭ, ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 

ɺ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʦʚʳʭ, 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ, ʠʥʞʝʥʝʨʥʳʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʵʥʝʨʛʝʪʠʢʠ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʢʦʥʦʤʠʢʠ ʠ ʧʝʜʘʛʦʛʠʢʝ. ʄʦʛʫʪ ʙʳʪʴ 

ʠʥʪʝʨʝʩʥʳ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʯʠʪʘʪʝʣʝʡ ʩʪʫʜʝʥʪʘʤ, ʘʩʧʠʨʘʥʪʘʤ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʩʨʝʜʥʝʩʧʝʮʠʘʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

 

ʉʪʠʣʠʩʪʠʢʘ ʪʝʢʩʪʦʚ ʩʦʭʨʘʥʝʥʘ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 

ʊʦʯʢʘ ʟʨʝʥʠʷ ʨʝʜʘʢʮʠʠ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ. 
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ʅʘʫʯʥʳʝ ʨʝʜʘʢʪʦʨʳ: 

ɼʫʜʥʠʢ ɽ.ɸ. - ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤè 

ɻʨʠʮʝʥʢʦ ɺ.ɺ. - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʇʨʦʛʨʝʩʩʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝè 

ʗʩʪʨʝʙʦʚ ɻ.ʖ. - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʠʩʪʝʤʳè 

ʄʠʭʘʡʣʝʥʢʦ ʆ.ɸ. - ʢ.ʪ.ʥ., ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʉʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʤʘʰʠʥʳ, ʤʝʭʘʥʠʟʤʳè 

ɻʦʥʯʘʨʦʚ ʉ.ɸ. - ʢ.ʪ.ʥ., ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʛʨʦʵʬʬʝʢʪʠʚʥʦʩʪʠè 

ʏʝʨʥʝʮʢʘʷ ʅ.ɸ. - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠè 

ʈʝʤʠʟʦʚ ɼ.ɺ. ï ʢ.ʵ.ʥ., ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝè 

ʇʘʚʣʦʚ ɸ.ʖ. ï ʢ.ʬ.ʥ., ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʆʙʨʘʟʦʚʘʥʠʝ. ʇʝʜʘʛʦʛʠʢʘ. 

ɻʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠè 

 

 

ISBN 978-5-6045267-0-5   

 

É ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ, 2020 



 

3 

 

 
ʉʆɼɽʈɾɸʅʀɽ 

 

ʉʝʢʮʠʷ 1. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ 

 

ɸʥʪʦʥʷʥʮ ɽ.ʅ., ɸʤʝʣʴʯʝʥʢʦ ɸ.ʆ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. 
ʉʨʘʚʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 
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ɸʨʭʠʧʦʚ ʌ.ɸ., ʇʦʧʦʚʘ ʃ.ɸ. 
ʆʮʝʥʢʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʦʩʥʦʚʝ ʜʦʭʦʜʦʚ 
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ɹʦʙʨʦʚʘ ɸ.ɽ., ɼʫʜʥʠʢ ɽ.ɸ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʝʪʘ ʜʦʢʫʤʝʥʪʦʚ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʭʨʘʥʠʣʠʱʝ 

 

13 

ɺʘʩʝʝʚʘ ʊ.ɺ., ɸʣʴʪʤʘʥ ɽ.ɸ. 
ʄʦʜʝʣʴ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʘʨʤʦʥʠʢ ʠ ʠʥʪʝʨʛʘʨʤʦʥʠʢ  

 

18 

ɻʘʚʨʠʣʝʥʢʦ ʊ.ɺ., ʌʝʜʦʨʦʚʘ ʊ.ɸ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʨʦʛʥʦʟʝ ʟʠʤʥʝʡ 

ʩʢʦʣʴʟʢʦʩʪʠ 

 

 

24 

ɻʝʨʘʩʠʤʝʥʢʦ ʇ.ɺ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʨʘʞʝʥʠʷ 

ʞʠʪʝʣʝʡ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʉOVID-19 ʚ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʧʘʥʜʝʤʠʠ 

 

 

28 

ɻʦʩʪʝʝʚʘ ɸ.ʀ., ʇʫʩʪʦʚʩʢʠʭ ɼ.ɸ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ 

 

34 

ɼʝʝʙ ʈ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʦʙʤʝʥʘ ʰʘʭʤʘʪʥʦʛʦ ʧʫʯʢʘ ʩʜʚʦʝʥʥʳʭ ʨʷʜʦʚ 

ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ 

 

 

37 

ɼʫʜʥʠʢ ɽ.ɸ., ʅʘʛʠʭ ʉ.ʉ. 
ʈʘʟʨʘʙʦʪʢʘ ʛʦʣʦʩʦʚʦʛʦ ʘʩʩʠʩʪʝʥʪʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ IOT ʫʩʪʨʦʡʩʪʚʦʤ 

 

43 

ɼʫʜʥʠʢ ɽ.ɸ., ʅʘʛʠʭ ʊ.ʉ. 

SEO ʘʥʘʣʠʟ ʩʘʡʪʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

 

48 

ɼʫʜʥʠʢ ɽ.ɸ., ʈʦʛʦʟʷʥʩʢʠʡ ɸ.ɼ. 

ʈʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʢʥʠʛʠ ʦ ʧʘʪʨʠʘʨʭʝ ʅʠʢʦʥʝ 

 

54 

ɿʘʡʮʝʚ ʄ.ɼ., ʇʨʠʩʢʦʢʘ ɼ.ɼ., ʊʠʪʦʚ ʖ.ʇ. 
ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ Peace ʢʦʜʘ ʚ ʢʦʜ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

GPSS 
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ʃʫʥʝʚ ɺ.ʂ., ɼʫʜʥʠʢ ɽ.ɸ.  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ IoT ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ    

 

65 

ʄʘʜʞʠʜʦʚ ɸ.ʐ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ 

 

69 

ʄʘʜʞʠʜʦʚ ɸ.ʐ. 
ʈʘʩʯʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

 

 

78 

ʄʘʣʴʮʝʚ ɸ.ɺ., ʊʠʤʦʭʠʥ ʇ.ʖ. 
ʈʘʩʧʨʝʜʝʣʝʥʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʫʤʘʥʘ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ 

 

 

84 

ʇʦʧʦʚʘ ʃ.ɸ., ʐʠʨʦʢʦʚʘ ɽ.ʉ. 
ɸʈʄ ʠʥʞʝʥʝʨʘ ʩʪʘʥʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 

89 

ʉʪʨʘʰʥʦʚ ɽ.ɺ., ʆʤʝʣʴʯʝʥʢʦ ɼ.ɺ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʢʦʣʝʩ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʦʙʦʪʘ ʩʦ ʩʣʦʞʥʳʤ 

ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ  
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ʌʘʨʪʳʰʝʚ ɼ.ɸ., ʃʘʨʠʥʘ ʅ.ɸ., ʈʝʤʠʟʦʚ ɼ.ɺ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʛʠʦʥʘ 

 

99 
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ʐʝʚʯʝʥʢʦ ɸ.ʉ., ʀʚʘʥʦʚ ʅ.ʉ. 
ʈʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʤʝʜʠʮʠʥʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʟʜʨʘʚʧʫʥʢʪʘ 

ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ çɸʣʪʘʡʚʘʛʦʥè 

 

 

104 

ʐʫʣʴʤʘʥ ʀ.ɹ., ɺʦʣʴʥʳʭ ɽ.ɸ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʥʝʪ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʙʲʝʢʪʦʚ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ 

 

112 

 

ʉʝʢʮʠʷ 2. ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

 

 

ɸʣʝʢʩʝʝʚ ʅ.ʉ., ʂʘʧʦʨʠʥ ɺ.ɸ., ʀʚʘʥʦʚ ʉ.ɺ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʣʠʬʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʕɺʄ 

 

 

118 

ʄʘʜʞʠʜʦʚ ɸ.ʐ. 

ɸʥʘʣʠʟ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ 

 

123 

ʄʠʨʦʥʝʥʢʦ ʗ.ɺ. 

ʇʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  

 

 

130 

ʇʦʧʦʚʘ ɸ.ɸ., ʐʫʙʠʥ ʀ.ʅ., ɸʣʠʝʚ ʈ.ʕ. 

ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

136 

ʉʤʠʨʥʦʚ ɸ.ɺ., ʂʦʩʤʳʥʠʥ ɸ.ɺ., ʑʝʪʠʥʠʥ ɺ.ʉ., ʍʚʦʩʪʠʢʦʚ ɸ.ʉ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ ʥʘ ʙʝʩʢʦʥʪʘʢʪʥʳʭ 

ʧʦʜʰʠʧʥʠʢʘʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ 

 

 

141 

ʍʚʦʩʪʠʢʦʚ ɸ.ʉ., ʉʤʠʨʥʦʚ ɸ.ɺ., ɻʘʡʥʫʣʠʥ ʀ.ʌ. 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʳ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ 

 

 

145 

 

ʉʝʢʮʠʷ 3. ʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ 

 

 

ɸʨʪʝʤʝʥʢʦ ɽ.ʄ.  
ʈʘʙʦʪʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʰʫʤʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʰʠʥʳ 

 

150 

ʄʘʢʘʨʝʥʢʦ ɽ.ɸ.  
ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʦʛʨʘʥʠʯʝʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʨʘʤʢʘʭ ʟʘʢʫʧʦʢ ʧʦ ʩʪʨʘʭʦʚʘʥʠʶ 

ʛʨʫʟʦʚ  

 

 

153 

 

ʉʝʢʮʠʷ 4. ʉʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ, ʤʝʭʘʥʠʟʤʳ 

 

 

ɼʦʚʛʘʣʴ
1
 ɸ ʅ, ɹʘʭʪʠʥʘ

1
 ʀ.ɸ., ʂʦʨʥʝʝʚ

2
 ɸ.ʅ. 

ɸʥʘʣʠʟ ʠ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

159 

ɼʨʫʞʯʝʥʢʦ
1
 ɼ.ʉ., ʗʨʦʚʘʷ

1
 ɽ.ɼ., ɹʘʭʪʠʥʘ

1
 ʀ.ɸ., ʂʦʨʥʝʝʚ

2
 ɸ.ʅ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ 

 

 

163 

ɽʩʴʢʦʚʘ
1
 ʅ.ɽ., ɹʘʭʪʠʥʘ

1
 ʀ.ɸ.,  ʂʦʨʥʝʝʚ

2
 ɸ.ʅ. 

ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʩʝʤʝʡʩʪʚ ʚ Revit ʥʘ ʧʨʠʤʝʨʝ ʬʠʪʠʥʛʦʚ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

 

167 

ʂʘʤʳʰʥʠʢʦʚʘ
1
 ɽ.ʖ., ɹʘʭʪʠʥʘ

1
 ʀ.ɸ.,  ʂʦʨʥʝʝʚ

2
 ɸ.ʅ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʯʝʨʝʟ ʥʘʨʫʞʥʦʝ ʦʛʨʘʞʜʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ 

 

 

173 

ʂʠʨʠʣʣʦʚʘ
1
 ɸ.ɽ., ɹʘʭʪʠʥʘ

1
 ʀ.ɸ., ʂʦʨʥʝʝʚ

2
 ɸ.ʅ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ 

 

176 

ʂʫʮʝʥʢʦ ʊ.ɺ., ʐʝʣʠʭʦʚ ʅ.ʉ. 

ʈʘʩʯʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʠ ʪʝʥʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

182 

  



 

5 

 

ʃʘʨʠʯʢʠʥ
1
 ɺ.ɸ., ɹʘʭʪʠʥʘ

1
 ʀ.ɸ., ʂʦʨʥʝʝʚ

2
 ɸ.ʅ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʚʦʜʷʥʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ Revit 

 

 

188 

ʄʠʭʘʡʣʝʥʢʦ ʆ.ɸ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʪʦʨʮʝ ʜʝʨʝʚʷʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ 

 

 

194 

ʇʘʥʪʝʣʝʝʚ
1
 ʄ.ɺ., ɹʘʭʪʠʥʘ

1
 ʀ.ɸ., ʂʦʨʥʝʝʚ

2
 ɸ.ʅ. 

ʉʝʤʝʡʩʪʚʘ ʤʘʥʦʤʝʪʨʦʚ ʠ ʪʝʨʤʦʤʝʪʨʦʚ ʚʦʜʦʤʝʨʥʳʭ ʫʟʣʦʚ ʚ Revit 

 

202 

ʊʶʥʠʥ
1
 ʉ.ʄ, ɹʘʭʪʠʥʘ

1
 ʀ.ɸ, ʂʦʨʥʝʝʚ

2
 ɸ.ʅ. 

ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

 

 

207 

 

ʉʝʢʮʠʷ 5. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

ɹʘʣʘʰʦʚ ʆ.ʇ.  
ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʮʝʭʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

 

211 

ɿʘʡʮʝʚ ɸ.ʆ., ɼʨʘʛʫʥʦʚ ɸ.ɸ., ɸʧʦʣʦʥ ʄ.ɺ., ɹʘʣʘʰʦʚ ʆ.ʇ.  

ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʜʝʞʥʦʩʪʠ ʚʘʢʫʫʤʥʦʛʦ ʠ ʵʣʝʛʘʟʦʚʦʛʦ 

ʚʳʢʣʶʯʘʪʝʣʝʡ 

 

 

 

214 

ʇʣʝʭʘʥʦʚ ɻ.ɺ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʪʝʭʥʦʣʦʛʠʡ 3ɼ ʚ ʫʩʣʦʚʠʷʭ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ 

 

218 

ʏʝʨʢʘʩʦʚʘ ʅ.ʀ., ɻʦʥʯʘʨʦʚ ʉ.ɸ., ʊʘʪʘʨʥʠʢʦʚʘ ɸ.ʅ. 

çɼʝʨʝʚʦ ʦʪʢʘʟʦʚè ʠ çʜʝʨʝʚʦ ʩʦʙʳʪʠʡè ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ 

 

 

219 

ʏʝʨʥʦʙʘʡ ɸ.ɹ., ɿʚʝʨʝʚʘ ɸ.ɸ., ɹʦʥʜʘʨʝʚ ɺ.ɸ., ʊʢʘʯʝʥʢʦ ɸ.ɽ., ʇʣʝʭʘʥʦʚ ɻ.ɺ.   

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʚʫʢʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ 

 

224 

 

ʉʝʢʮʠʷ 6. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

ɸʩʢʘʥʦʚʘ ʆ.ɺ., ʏʝʨʥʝʮʢʘʷ ʅ.ɸ., ʏʠʯʝʨʠʥʘ ʆ.ɺ. 

ʆ ʧʨʦʙʣʝʤʘʭ ʩʦʭʨʘʥʝʥʠʷ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ 

 

228 

ʄʫʭʣʠʥʘ ɽ.ʉ., ɹʘʣʦʙʘʥʦʚ ʈ.ʅ. 

ɹʫʜʫʱʝʝ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʛʘʟʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ 

 

235 

 

ʉʝʢʮʠʷ 7. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

 

 

ɸʩʢʘʥʦʚʘ ʆ.ɺ.  

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʈʦʩʩʠʠ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʦʙʟʦʨ  
 

240 

 

ʉʝʢʮʠʷ 8. ʆʙʨʘʟʦʚʘʥʠʝ. ʇʝʜʘʛʦʛʠʢʘ. ɻʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ 

 

ɽʬʨʝʤʝʥʢʦʚʘ ʆ.ɺ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʦʚ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʠ ʚ ʪʝʭʥʠʯʝʩʢʦʤ 

ʚʫʟʝ 

 

 

249 

ʂʘʟʘʥʮʝʚʘ ʖ.ɺ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʫʯʘʶʱʠʭʩʷ 

 

 

253 

ʂʩʝʥʜʟʦʚ ɺ.ʆ. 

ʇʨʘʚʠʣʘ ʨʘʩʩʪʘʥʦʚʢʠ ʚ ʚʦʣʝʡʙʦʣʝ 

 

260 

ʆʨʣʦʚ ɸ.ɺ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʥʦʩʪʨʘʥʥʦʤʫ ʷʟʳʢʫ ʚ 

ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ 

 

 

265 



 

6 

 

ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ʏʀʉʃɽʅʅʓɽ 

ʄɽʊʆɼʓ ʀ ʂʆʄʇʃɽʂʉʓ ʇʈʆɻʈɸʄʄ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè ɼʫʜʥʠʢ ɽʚʛʝʥʠʷ 

ɸʣʝʢʩʘʥʜʨʦʚʥʘ  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʬʝʨ ʷʚʣʷʶʪʩʷ ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʭʚʘʪʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʩʧʝʢʪʨ ʫʩʣʫʛ ʠ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʫʧʥʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʧʨʦʩʘ ʠ ʨʦʩʪʫ ʦʙʲʝʤʦʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ʆʜʥʦʡ ʠʟ ʙʘʟʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʠʟ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. 

ʉʦʛʣʘʩʥʦ ʨʷʜʫ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [1,2,5], ʦʮʝʥʠʚʘʥʠʝ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʪʘʢ ʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ 

ʤʝʭʘʥʠʟʤʦʚ. ʇʨʠʯʝʤ ʦʙʘ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʷʭ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʳ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʪʘʢʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
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ʜʘʥʥʳʭ, ʢʘʢ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʩʢʦʨʦʩʪʴ ʵʪʦʡ ʧʝʨʝʜʘʯʠ. ʉʙʦʨ 

ʧʦʜʦʙʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʇʨʦʛʨʘʤʤʳ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʢʠ ʜʦʣʞʥʳ ʩʦʙʠʨʘʪʴ ʚʝʩʴ ʪʨʘʬʠʢ ʠ 

ʭʨʘʥʠʪʴ ʝʛʦ, ʧʨʠ ʵʪʦʤ ʩʙʦʨ ʪʨʘʬʠʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʥʠʬʬʝʨʦʚ, ʪʦ ʝʩʪʴ ʧʨʦʛʨʘʤʤ ʠʣʠ ʘʧʧʘʨʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʂʦʥʢʨʝʪʥʳʝ ʧʨʦʜʫʢʪʳ 

ʦʙʳʯʥʦ ʠʤʝʶʪ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʨʠ ʵʪʦʤ ʟʘʭʚʘʪ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʆʧʪʠʤʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚʳʙʠʨʘʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʨʝʰʠʪʴ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʚʦʜʠʪ ʙʘʟʦʚʳʡ ʘʥʘʣʠʟ ʪʨʘʬʠʢʘ, ʥʦ ʥʝ ʜʣʷ ʚʩʝʭ ʟʘʜʘʯ ʝʩʪʴ 

ʛʦʪʦʚʦʝ ʨʝʰʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʦʞʥʦ 

ʧʝʨʝʯʠʩʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

- ʘʥʘʣʠʟ ʪʫʥʥʝʣʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʛʣʫʙʠʥʳ; 

- ʘʥʘʣʠʟ ʩʝʩʩʠʡ ʥʘ ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʡ (ʚʳʜʝʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʩʝʪʠ); 

- ʚʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʮʝʥʘʨʠʝʚ (ʩʢʨʠʧʪʦʚ) ʚ ʩʣʫʯʘʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʪʨʘʬʠʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʭ ʩʠʛʥʘʪʫʨ [2]. 

ʎʝʣɹʁ  ʩʪʘʪʴʠ ʷʚʣʷʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤ-ʘʥʘʣʠʟʘʪʦʨʦʚ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʛʨʘʤʤ-ʘʥʘʣʠʟʘʪʦʨʦʚ [3] ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ:  Wireshark,  Bro Network Security Monitor, Snort,  

Bandwidth Monitor Pro,  tcpdump. 

ʇʨʦʛʨʘʤʤʘ Wireshark ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʭʚʘʪʘ ʠ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʤʦʞʥʦ:  

- ʟʘʭʚʘʪʳʚʘʪʴ ʪʨʘʬʠʢ ʧʨʠ ʧʝʨʝʜʘʯʝ ʬʘʡʣʦʚ ʠ ʢʘʨʪʠʥʦʢ; 

- ʠʟʳʤʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʟʘʭʚʘʯʝʥʥʳʭ ʧʘʢʝʪʘʭ; 

- ʘʥʘʣʠʟʠʨʦʚʘʪʴ TCP-ʩʝʘʥʩʳ; 

- ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʝʘʥʩʦʚ TCP ʚ ʙʫʬʝʨʝ ʟʘʭʚʘʯʝʥʥʳʭ ʧʘʢʝʪʦʚ; 

- ʦʪʦʙʨʘʟʠʪʴ ʩʪʘʪʠʩʪʠʢʫ ʩʝʘʥʩʦʚ TCP; 

- ʦʧʨʝʜʝʣʠʪʴ ʦʰʠʙʢʠ ʚ ʟʘʭʚʘʯʝʥʥʳʭ ʧʘʢʝʪʘʭ; 

- ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʧʦ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʝ [4]. 

Wireshark (ʨʘʥʝʝ ð Ethereal) ʠʤʝʝʪ ʛʨʘʬʠʯʝʩʢʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ, ʤʦʞʝʪ ʫʟʥʘʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʯʘʩʪʠ ʧʘʢʝʪʘ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʦʪʦʙʨʘʞʘʷ ʧʦʣʷ ʧʨʦʪʦʢʦʣʘ 

ʣʶʙʦʛʦ ʫʨʦʚʥʷ. ʇʨʦʛʨʘʤʤʘ ʫʤʝʝʪ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʦʨʤʘʪʦʚ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʤʦʞʝʪ ʦʪʢʨʳʚʘʪʴ ʬʘʡʣʳ ʜʘʥʥʳʭ, ʟʘʭʚʘʯʝʥʥʳʭ ʜʨʫʛʠʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʭʚʘʪʘ [5]. 

ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʞʝ, 

Wireshark ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʝʛʦ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʤ. ɺ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠʤʝʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʟʘʭʚʘʪʘ 

ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ Bro Network Security Monitor ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟ ʪʨʘʬʠʢʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʟʘʜʘʥʥʳʭ 
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ʩʪʨʫʢʪʫʨ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ 

ʠʤʝʝʪʩʷ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ: ʛʝʥʝʨʘʪʦʨ ʩʦʙʳʪʠʡ ʠ ʦʙʨʘʙʦʪʯʠʢʠ ʩʦʙʳʪʠʡ. 

ʉʦʙʳʪʠʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʙʦʨʘ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʙʦʪʢʠ ʜʨʫʛʦʛʦ ʩʦʙʳʪʠʷ 

(ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʮʝʧʦʯʢʠ ʩʦʙʳʪʠʡ). ʇʨʠ ʧʦʤʦʱʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʢʨʠʧʪʦʚʦʛʦ 

ʷʟʳʢʘ ʤʦʞʥʦ ʚʳʜʘʚʘʪʴ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʚʝʩʪʠ ʣʦʛʠʨʦʚʘʥʠʝ ʠ ʟʘʧʫʩʢʘʪʴ 

ʩʪʦʨʦʥʥʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʚ ʩʣʫʯʘʝ ʥʘʩʪʫʧʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʙʳʪʠʡ. ɼʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʶ ʧʦ ʦʪʣʦʞʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʩʝʪʝʚʳʭ 

ʪʨʘʩʩ. ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʘʬʠʢ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʚʪʦʨʞʝʥʠʡ, ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʢʠ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʚ ʝʝ ʨʘʙʦʪʝ. 

Snort ï ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʭʘʥʠʟʤʝ ʩʠʛʥʘʪʫʨʥʦʛʦ 

ʧʦʠʩʢʘ. ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: 

ʘʥʘʣʠʟ ʪʨʘʬʠʢʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʦʪʣʦʞʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʭʨʘʥʝʥʥʳʭ ʨʘʥʝʝ 

ʩʝʪʝʚʳʭ ʪʨʘʩʩ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʨʝʞʠʤʘ ʘʥʘʣʠʟʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ: Sniffer (ʚʳʚʦʜ ʚ 

ʢʦʥʩʦʣʴ ʩʦʜʝʨʞʠʤʦʛʦ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ); Logger (ʟʘʧʠʩʴ ʩʝʪʝʚʳʭ ʪʨʘʩʩ); NIDS 

(Network Intrusion Detection System, ʘʥʘʣʠʟ ʪʨʘʬʠʢʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʧʦʠʩʢʘ ʫʢʘʟʘʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʚ ʩʝʪʝʚʳʭ ʧʘʢʝʪʘʭ. ɺ 

ʩʣʫʯʘʝ ʥʘʭʦʞʜʝʥʠʷ ʩʦʚʧʘʜʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʨʘʥʝʝ ʜʝʡʩʪʚʠʷ. 

ʇʨʦʛʨʘʤʤʘ Bandwidth Monitor Pro ʚʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʫʶ ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʚʩʝʛʜʘ ʧʦʢʘʟʳʚʘʪʴ ʥʘ ʵʢʨʘʥʝ. ʊʘʢʞʝ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʣʝʜʠʪʴ ʟʘ ʢʘʞʜʳʤ ʩʝʪʝʚʳʤ ʘʜʘʧʪʝʨʦʤ ʦʪʜʝʣʴʥʦ, ʝʩʣʠ 

ʪʘʢʦʚʳʭ ʥʝʩʢʦʣʴʢʦ. ʇʨʠ ʵʪʦʤ ʚ ʦʢʥʝ ʤʦʥʠʪʦʨʠʥʛʘ ʙʫʜʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʘʜʘʧʪʝʨʘ. 

Bandwidth Monitor Pro ʦʪʣʠʯʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʦʧʦʚʝʱʝʥʠʡ. 

ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʧʦʚʝʜʝʥʠʝ ʧʨʦʛʨʘʤʤʳ, ʝʩʣʠ ʙʫʜʫʪ ʚʳʧʦʣʥʝʥʳ 

ʟʘʜʘʥʥʳʝ ʫʩʣʦʚʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʡ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ 

ʧʝʨʝʜʘʯʘ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʟʘ ʠʥʪʝʨʝʩʫʶʱʝʝ ʚʨʝʤʷ, ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ, ʜʦʩʪʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʟʘʛʨʫʟʢʠ ʠ ʜʨʫʛʠʝ. 

ɸʥʘʣʠʟʘʪʦʨ ʪʨʘʬʠʢʘ tcpdump ʠʩʧʦʣʴʟʫʝʪ ʤʠʥʠʤʫʤ ʩʠʩʪʝʤʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʜʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʘʙʣʠʮʫ ʩ 

ʩʝʪʝʚʳʤʠ ʧʘʢʝʪʘʤʠ. ʇʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʣʶʙʦʤ ʘʥʘʣʠʟʘʪʦʨʝ (ʟʘʭʚʘʪ, ʟʘʧʠʩʴ ʠ ʪ.ʜ.). ʂʨʦʤʝ 

ʪʦʛʦ, ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ tcpdump ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʦʪʦʙʨʘʞʘʶʱʝʛʦ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ, 

ʩʣʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʣʦʞʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʯʝʣʦʚʝʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʝʪʝʚʳʤ ʪʨʘʬʠʢʦʤ 

ʂʨʠʪʝʨʠʡ 

ʩʨʘʚʥʝʥʠʷ 

ʇʨʦʛʨʘʤʤʘ 

Wireshark 

Bro Network 

Security 

Monitor 

Snort 
Bandwidth 

Monitor Pro 
tcpdump 

ʉʧʝʮʠʬʠʢʘʮʠʷ 
ɸʥʘʣʠʟ 

ʪʨʘʬʠʢʘ 

ɸʥʘʣʠʟ 

ʪʨʘʬʠʢʘ 

ɸʥʘʣʠʟ 

ʪʨʘʬʠʢʘ 

ʄʦʥʠʪʦʨʠʥʛ 

ʪʨʘʬʠʢʘ 

ɸʥʘʣʠʟ 

ʪʨʘʬʠʢʘ 

ʈʘʟʤʝʨ 

ʫʩʪʘʥʦʚʦʯʥʦʛʦ 

ʬʘʡʣʘ, ʄʙ 

17,4 17,7 3,25 1,19 0,49 

ʗʟʳʢ ʠʥʪʝʨʬʝʡʩʘ  ʘʥʛʣ ʘʥʛʣ ʨʫʩ ʘʥʛʣ ʘʥʛʣ 

ɻʨʘʬʠʢ ʩʢʦʨʦʩʪʠ + + - + - 

ɻʨʘʬʠʢ ʪʨʘʬʠʢʘ - + - + - 

ʀʤʧʦʨʪ/ʵʢʩʧʦʨʪ 

(ʬʦʨʤʘʪ ʬʘʡʣʘ) 

+/+ (*.txt, 

*.px, .csv, 

*.psml, 

*.pdml, *.c) 

-/- -/- -/- -/- 

ʄʠʥʠʤʘʣʴʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʰʘʛ 

ʤʝʞʜʫ ʦʪʯʝʪʘʤʠ 

ʜʘʥʥʳʭ, ʩ 

0,001 1 1 1 1 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʰʘʛʘ ʤʝʞʜʫ 

ʦʪʯʝʪʘʤʠ ʜʘʥʥʳʭ 

+ + + + - 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ 

ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ Wireshark, ʦʙʣʘʜʘʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʙʫʜʝʪ ʩʣʠʰʢʦʤ ʛʨʦʤʦʟʜʢʠʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʥʝʙʦʣʴʰʠʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʦʛʜʘ ʢʘʢ 

ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ ʣʫʯʰʝ ʩʧʨʘʚʠʪʩʷ Bandwidth Monitor Pro. ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ 

Bandwidth Monitor Pro ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʚʝʯʘʝʪ ʧʦʚʳʰʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ 

ʥʘʫʯʥʳʭ ʮʝʣʷʭ. 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè, ʛ. ʈʫʙʮʦʚʩʢ 
ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʫʜʫʱʠʭ ʜʦʭʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʜʦʭʦʜ. 

 

ESTIMATION OF THE PROFITABILITY OF THE ENTERPRISE ON  THE 

BASIS OF INCOME 

F. ɸ. Arkhipov, L.A. Popova 

Rubtsovsk Industrial Institute Altai State Technical University named 

 after I.I. Polzynov 
Annotation. The work is devoted to assessing the profitability of an enterprise to predict 

future income based on the constructed linear regression equation. 

Keywords: linear regression, forecasting, income. 

 

ɺʝʜʝʥʠʝ  

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʩʚʷʟʘʥʳ ʩ ʚʳʭʦʜʦʤ ʚ 

2008 ʛʦʜʫ ʟʘʢʦʥʘ çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡè, ʢʦʪʦʨʳʡ ʙʦʣʴʰʝ 

ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʅʦʚʳʡ ʟʘʢʦʥ ʯʘʩʪʠʯʥʦ ʩʥʷʣ 

ʤʦʥʦʧʦʣʠʶ ʛʦʩʫʜʘʨʩʪʚʘ ʩ ʜʘʥʥʦʛʦ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʦʟʚʦʣʠʣ ʙʠʟʥʝʩʫ 

ʦʢʘʟʳʚʘʪʴ ʪʘʢʫʶ ʚʦʩʪʨʝʙʦʚʘʥʥʫʶ ʤʝʪʨʦʣʦʛʠʯʝʩʢʫʶ ʫʩʣʫʛʫ, ʢʘʢ ʧʦʚʝʨʢʘ 

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʥʘ ʨʳʥʢʝ ʚʦʟʥʠʢʘʝʪ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʪʘʢʠʝ ʫʩʣʫʛʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʘʜʝʥʠʶ 

ʜʦʭʦʜʦʚ ʦʜʥʦʡ ʠʟ ʥʠʭ. 

ʈʘʙʦʪʘ ʠʥʞʝʥʝʨʘ ʧʦ ʤʝʪʨʦʣʦʛʠʠ ʧʦʚʩʝʜʥʝʚʥʦ ʩʚʷʟʘʥʘ ʩ ʧʦʚʝʨʢʦʡ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ, ʪʨʝʙʫʶʱʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ [3]. ʆʙʲʝʤʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚʘ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʷ, ʢʦʪʦʨʦʝ 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʦʜʥʫ ʝʜʠʥʠʮʫ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʦʩʪʫʧʠʣʦ ʥʘ ʧʦʚʝʨʢʫ, 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ, ʯʪʦ ʩʨʘʟʫ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʦʣʠʯʝʩʪʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ, 

ʢʦʪʦʨʦʝ ʚʣʠʷʝʪ ʥʘ ʜʦʭʦʜ, ʧʦʣʫʯʝʥʥʳʡ ʦʨʛʘʥʠʟʘʮʠʝʡ [2].   

ɼʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʙʦʪ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʦʡʜʸʪ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ï 

ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʦʛʥʦʟ ʜʦʭʦʜʦʚ ʥʘ 

ʙʫʜʫʱʠʡ ʧʝʨʠʦʜ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʃʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ - ʚʳʨʘʞʝʥʥʘʷ ʚ ʚʠʜʝ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ Y ʦʪ ʜʨʫʛʦʡ ʚʝʣʠʯʠʥʳ X. ɺʝʣʠʯʠʥʫ Y ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 
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ʟʘʚʠʩʠʤʦʡ ʠʣʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ, ʘ ʚʝʣʠʯʠʥʫ X ï ʥʝʟʘʚʠʩʠʤʦʡ ʠʣʠ 

ʦʙʲʷʩʥʷʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ [1]. ʆʙʱʠʡ ʚʠʜ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ: y=a+b*x, ʛʜʝ a, 

b ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ, ʥʘʭʦʜʠʤʳʝ ʩ ʧʦʤʦʱʴ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʤʦʜʝʣʠ ʥʘ ʦʜʠʥ ʬʘʢʪʦʨ ʪʨʝʙʫʝʪʩʷ 

ʦʙʲʝʤ ʥʘʙʣʶʜʝʥʠʡ, ʨʘʚʥʳʡ 5-8 ʥʘʙʣʶʜʝʥʠʷʤ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʈʫʙʮʦʚʩʢʦʛʦ ʦʪʜʝʣʘ ʌɹʋ 

çɸʣʪʘʡʩʢʠʡ ʎʉʄè, ʩʦʛʣʘʩʥʦ ʜʦʭʦʜʘʤ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʘʪʠʩʪʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʈʫʙʮʦʚʩʢʦʛʦ ʦʪʜʝʣʘ ʌɹʋ çɸʣʪʘʡʩʢʠʡ ʎʉʄè, ʧʦ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʠ ʩʫʤʤʘʨʥʳʡ ʜʦʭʦʜ ʟʘ ʤʝʩʷʮ, ʚ ʧʝʨʠʦʜ ʩ ʠʶʥʷ 2019 ʛ. ʜʦ 

ʤʘʨʪʘ 2020 ʛ. (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 

 ̄ ʄʝʩʷʮ ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ɼʦʭʦʜ (ʪʳʩ. ʨʫʙ.) 

1 ʀʶʥʴ 2019 330 917 

2 ʀʶʣʴ 2019 421 1095 

3 ɸʚʛʫʩʪ 2019 392 1062 

4 ʉʝʥʪʷʙʨʴ 2019 362 1063 

5 ʆʢʪʷʙʨʴ 2019 476 1149 

6 ʅʦʷʙʨʴ 2019 303 820 

7 ɼʝʢʘʙʨʴ  2019 318 913 

8 ʗʥʚʘʨʴ 2020 286 767 

9 ʌʝʚʨʘʣʴ 2020 243 705 

  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʦʥʦ 

ʥʘʭʦʜʠʪʩʷ. ʀʟʥʘʯʘʣʴʥʦ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʚ ʦʙʱʝʤ ʚʠʜʝ:  
ὥz ὲ ὦz Вὼ Вώ

ὥz Вὼ ὦz Вὼ Вώz ὼ
 ,    (1) 

ʛʜʝ n - ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʷʮʝʚ;  

       x, y ï ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ; 

       a, b ï ʠʩʢʦʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʩʦʛʣʘʩʥʦ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ ʠ ʚʳʙʦʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὣ ὥz ὼ ὦz ὼᴼάὥὼ     (2) 

ʇʦʩʣʝ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʩʠʩʪʝʤʫ 1 ʧʦʣʫʯʘʝʤ 

ʠʩʢʦʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ a, b, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʤ ʠʪʦʛʦʚʦʝ ʫʨʘʚʥʝʥʠʝ 

ʨʝʛʨʝʩʩʠʠ, ʧʦʜʩʪʘʥʦʚʢʦʡ ʚ ʫʨʘʚʥʝʥʠʝ 2, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʤ 

ʧʨʦʛʥʦʟ ʟʥʘʯʝʥʠʡ:  

ὣ ςςπȢφτςχςȢπχχχzὼȢ 
ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʭ1 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘ 

1 ʝʜ. ʠʟʤ. ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ Y ʚ ʩʨʝʜʥʝʤ ʥʘ 2.0777 ʝʜ. ʠʟʤ. 
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ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ 

ʧʨʦʚʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ 73.777, ʵʪʦ ʜʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʥʘʡʜʝʥʥʘʷ ʦʮʝʥʢʘ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʘʜʝʞʥʘ, ʪ.ʝ. 

ʫʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʳʤ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ. ʆʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʜʘʩʪ ʩʨʝʜʥʷʷ 

ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ 3,76%, ʪ.ʝ. ʧʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʘʷ ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʥʘ 3,76%. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʊʝʧʝʨʴ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʩʪʨʦʝʥʥʦʤ ʫʨʘʚʥʝʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʠʟ ʠ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʜʦʭʦʜʘʤ ʚ ʩʣʝʜʫʶʱʝʤ ʤʝʩʷʮʝ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʧʝʨʠʦʜ ʤʘʨʪ-ʤʘʡ 2020 

ʛʦʜʘ. ɿʥʘʯʝʥʠʷ ʜʣʷ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʙʝʨʫʪʩʷ ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ, ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʩʝʭ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʳʝ 

ʩʨʝʜʥʠʝ ʜʘʥʥʳʝ ʟʘ ʧʨʝʜʳʜʫʱʠʝ ʤʝʩʷʮʳ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚ ʫʨʘʚʥʝʥʠʝ 

ʦʜʥʦʬʘʢʪʦʨʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʝʝ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʦʙʱʝʤʫ ʯʠʩʣʫ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ (ʧʦʚʝʨʢʘ ʵʣʝʢʪʨʦʩʯʝʪʯʠʢʦʚ, ʚʦʜʦʩʯʝʪʯʠʢʦʚ, 

ʚʝʩʦʚ, ʪʚʝʨʜʦʤʝʨʦʚ ʠ ʪ.ʜ.) ʠ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ 

ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ. 

 

ʊʘʙʣʠʮʘ 2 

ʄʝʩʷʮ ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ  ɼʦʭʦʜ (ʪʳʩ. ʨʫʙ) 

ʤʘʨʪ 282 806,6 

ʘʧʨʝʣʴ 270 781,6 

 

ɼʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʚʦʟʤʦʞʥʳʭ ʜʦʭʦʜʦʚ ʟʘ ʧʝʨʠʦʜ 

ʤʘʨʪ-ʤʘʡ 2020 ʛʦʜʘ. 

 

 
ʈʠʩ. 1 ï ɻʨʘʬʠʢ ʚʦʟʤʦʞʥʳʭ ʜʦʭʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ ʧʝʨʠʦʜ ʤʘʨʪ-ʤʘʡ 2020 ʛ. 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʚʠʜʥʦ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʩʦʩʪʘʚʣʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ 

ʙʫʜʫʱʠʡ ʧʝʨʠʦʜ, ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʧʘʜ ʯʠʩʣʘ ʟʘʢʘʟʦʚ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʧʝʨʝʜ 
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ʥʘʯʘʣʦʤ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ, ʪ.ʢ. ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʤʥʦʞʝʩʪʚʦ ʧʝʨʩʦʥʘʣʘ ʫʭʦʜʠʪ ʚ 

ʦʪʧʫʩʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʢʦʪʦʨʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ 

ʨʘʙʦʪʘʝʪ ʥʝʧʦʣʥʳʡ ʰʪʘʪ ʩʦʪʨʫʜʥʠʢʦʚ. ʊʘʢʞʝ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʯʝʙʥʳʤ 

ʢʘʣʝʥʜʘʨʝʤ, ʪ.ʢ. ʤʥʦʞʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ ʟʘʚʠʩʷʪ ʦʪ ʨʘʙʦʪʳ ʰʢʦʣ ʠ ʜʝʪʩʢʠʭ 

ʩʘʜʦʚ, ʘ ʠʤʝʥʥʦ ʦʪ ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ: ʤʝʥʴʰʝ ʩʧʨʦʩ - 

ʤʝʥʴʰʝ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʣʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʳʭʦʜʘ ʠʭ ʠʟ ʩʪʨʦʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ 

ʧʨʦʚʝʨʢʘ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʨʦʛʥʦʟ ʚʦʟʤʦʞʥʳʭ 

ʜʦʭʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ. 
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ɸ.ɽ. ɹʦʙʨʦʚʘ, ɽ.ɸ.ɼʫʜʥʠʢ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʩʘʡʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʪʘ ʜʦʢʫʤʝʥʪʦʚ ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʭʨʘʥʠʣʠʱʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Django. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʥʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʦʢʫʤʝʥʪʦʚ, ʬʨʝʡʤʚʦʨʢ Django, Python. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʝʪʘ ʜʦʢʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʨʝʜʩʪʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʡ. ɹʫʤʘʞʥʦʝ ʭʨʘʥʝʥʠʝ 

ʜʦʢʫʤʝʥʪʦʚ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʪʝʨʷ ʜʦʢʫʤʝʥʪʦʚ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ, ʤʝʜʣʝʥʥʳʡ ʧʦʠʩʢ ʜʦʢʫʤʝʥʪʦʚ ʚ ʘʨʭʠʚʝ ʠ ʜʨʫʛʠʝ. ʄʥʦʛʠʝ 

ʠʟ ʧʨʦʙʣʝʤ ʙʫʤʘʞʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʨʝʰʘʶʪʩʷ ʧʫʪʝʤ ʦʮʠʬʨʦʚʢʠ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʦʤʝʱʝʥʠʷ ʠʭ ʚ ʵʣʝʢʪʨʦʥʥʦʝ ʭʨʘʥʠʣʠʱʝ.  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʙʣʘʯʥʳʭ ʭʨʘʥʠʣʠʱ ʜʦʢʫʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ: 

MicrosoftSharePoint, Dropbox, OneDrive ʠ ʜʨ., ʥʦ ʠʭ ʦʪʣʠʯʘʝʪ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʭʨʘʥʠʣʠʱʘ ʜʦʢʫʤʝʥʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Django. 

ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʠ: ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ, ʦʧʠʩʘʪʴ ʠʥʬʦʣʦʛʠʯʝʩʢʫʶ ʠ 

ʜʘʪʘʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʧʨʦʚʝʨʠʪʴ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʧʨʠʤʝʨʝ. 

ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ 
ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ, ʜʣʷ ʨʘʙʦʪʳ 

ʭʨʘʥʠʣʠʱʘ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ: ʢʦʤʧʴʶʪʝʨʘ, ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʠʥʪʝʨʥʝʪ, 

ʘʨʭʠʪʝʢʪʫʨʳ çʢʣʠʝʥʪ-ʩʝʨʚʝʨʘè. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʭʨʘʥʠʣʠʱʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ:  

1. HTML (HyperText Markup Language) ï ʷʟʳʢ ʣʦʛʠʯʝʩʢʦʡ ʨʘʟʤʝʪʢʠ 

ʚʝʙ-ʩʪʨʘʥʠʮ [1, 2].  

2. CSS. (Cascading Style Sheets) ï ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ ʦʧʠʩʘʥʠʷ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʜʦʢʫʤʝʥʪʘ (ʚʝʙ-ʩʪʨʘʥʠʮʳ), ʥʘʧʠʩʘʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ 

ʨʘʟʤʝʪʢʠ [1, 2]. 

3. Django ï ʩʚʦʙʦʜʥʳʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʷʟʳʢʝ 

Python, ʠʩʧʦʣʴʟʫʶʱʠʡ ʰʘʙʣʦʥ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ MVC [3]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʭʨʘʥʠʣʠʱʘ ʙʳʣ ʚʳʙʨʘʥ ʬʨʝʡʤʚʦʨʢ Django, ʦʙʣʘʜʘʶʱʠʡ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʝʨʚʝʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʦʥ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʩʦʟʜʘʚʘʪʴ ʙʝʟʦʧʘʩʥʳʝ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʚʝʙ-ʩʘʡʪʳ [3]. 

ʌʨʝʡʤʚʦʨʢ Django ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʜʘʯ ʠ 

ʧʦʚʳʰʝʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. ɽʛʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʩʦʟʜʘʥʠʷ: 

ï CRM-ʩʠʩʪʝʤ (ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ); 

ï CMS (ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʪʝʥʪʦʤ ʩʘʡʪʘ); 

ï ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʣʘʪʬʦʨʤ; 

ï ʇʣʘʪʬʦʨʤ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ. 

Django ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʘʨʦʣʷʤʠ, ʠʟʙʝʛʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʰʠʙʦʢ, ʪʘʢʠʭ ʢʘʢ 

ʨʘʟʤʝʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʘʥʩʝ ʚ ʬʘʡʣʳ cookie, ʛʜʝ ʦʥʘ ʫʷʟʚʠʤʘ (ʚʤʝʩʪʦ 

ʵʪʦʛʦ ʬʘʡʣʳ cookie ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʢʣʶʯ, ʘ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ 
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ʙʘʟʝ ʜʘʥʥʳʭ), ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʧʘʨʦʣʝʡ. Django, ʧʦ ʫʤʦʣʯʘʥʠʶ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʤʥʦʛʠʭ ʫʷʟʚʠʤʦʩʪʝʡ, ʚʢʣʶʯʘʷ SQL-ʠʥʲʝʢʮʠʶ, 

ʤʝʞʩʘʡʪʦʚʳʡ ʩʢʨʠʧʪʠʥʛ, ʧʦʜʜʝʣʢʫ ʤʝʞʩʘʡʪʦʚʳʭ ʟʘʧʨʦʩʦʚ [3]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʘ ʭʨʘʥʠʣʠʱʘ ʦʩʥʦʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʥʫʞʜ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ  ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

 
ʈʠʩ. 1 - ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʆʩʥʦʚʥʳʤʠ ʩʪʝʨʞʥʝʚʳʤʠ ʩʫʱʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ: ʘʜʤʠʥʠʩʪʨʘʪʦʨ, 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʠ ʜʦʢʫʤʝʥʪ. ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʱʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ: 

ʪʠʧ ʜʦʢʫʤʝʥʪʘ, ʦʪʜʝʣ, ʜʘʪʘ, ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʩʘʡʪʘ ʠ 

ʩʚʝʜʝʥʠʷ ʦ ʟʘʛʨʫʞʝʥʥʳʭ ʜʦʢʫʤʝʥʪʘʭ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʉʋɹɼ MySql ʠ ʦʧʠʩʘʥʘ 

ʜʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 2) [4]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʭʨʘʥʠʣʠʱʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʢʝʪʳ python, ʪʘʢʠʝ ʢʘʢ: 

django.contrib.auth ï ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

django.core.mail ï ʜʣʷ ʦʪʧʨʘʚʢʠ ʫʚʝʜʦʤʣʝʥʠʡ ʥʘ ʧʦʯʪʫ, django_filters ï ʜʣʷ 
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ʩʦʨʪʠʨʦʚʢʝ ʜʦʢʫʤʝʥʪʦʚ ʠ ʜʨ. ʊʘʢʞʝ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʦʠʩʢ ʜʦʢʫʤʝʥʪʦʚ ʚ ʙʘʟʝ ʧʦ 

ʥʘʟʚʘʥʠʶ ʜʦʢʫʤʝʥʪʘ ʠ ʧʝʨʠʦʜʫ ʧʫʙʣʠʢʘʮʠʠ. 

 

 
 

ʈʠʩ. 2 - ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 
ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʭʨʘʥʠʣʠʱʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʩʫʱʝʩʪʚʠʪʴ 

ʨʝʛʠʩʪʨʘʮʠʶ, ʘʚʪʦʨʠʟʘʮʠʶ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. 

ʍʨʘʥʠʣʠʱʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʟʘʛʨʫʞʘʪʴ, ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ 

ʩʦʭʨʘʥʷʪʴ ʥʘ ʢʦʤʧʴʶʪʝʨ ʜʦʢʫʤʝʥʪʳ, ʭʨʘʥʷʱʠʝʩʷ ʥʘ ʩʘʡʪʝ, ʘ ʪʘʢʞʝ ʫʚʝʜʦʤʣʷʪʴ 

ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦ ʟʘʛʨʫʞʝʥʥʦʤ ʜʦʢʫʤʝʥʪʝ (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩ. 3 - ɿʘʛʨʫʟʢʘ ʜʦʢʫʤʝʥʪʦʚ 
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ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʠʩʢʘ ʧʦ ʥʘʟʚʘʥʠʶ, ʪʠʧʫ ʜʦʢʫʤʝʥʪʘ ʠ 

ʜʘʪʝ ʧʫʙʣʠʢʘʮʠʠ (ʨʠʩʫʥʦʢ 4). 

 

 
 

ʈʠʩ. 4 - ʇʦʠʩʢ ʜʦʢʫʤʝʥʪʦʚ 

 

 

ɿʘʢʣʶʯʝʥʠʝ 
ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python ʠ ʬʨʝʡʤʚʦʨʢʘ Django, ʨʘʟʨʘʙʦʪʘʣʠ ʭʨʘʥʠʣʠʱʝ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʝ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʦʠʩʢʘ ʠʭ ʚ ʙʘʟʝ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʙʥʦʝ ʭʨʘʥʝʥʠʝ 

ʜʦʢʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʠʭ ʧʦʠʩʢ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʦʢʫʤʝʥʪʘʤʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʋɼʂ 621.3.018.3, 517.572, 517.518.45 

ʄʆɼɽʃʔ ʉʀɻʅɸʃɸ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʉɽʊʀ ɼʃʗ ʀɿʄɽʈɽʅʀʗ 

ɻɸʈʄʆʅʀʂ ʀ ʀʅʊɽʈɻɸʈʄʆʅʀʂ 

ʊ.ɺ. ɺʘʩʝʝʚʘ, ɽ.ɸ. ɸʣʴʪʤʘʥ 

ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ (ʆʤɻʋʇʉ), 

ʛ. ʆʤʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ï ʥʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʪʦʢʠ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʘʨʤʦʥʠʢ. 

ʆʥʘ ʩʚʷʟʳʚʘʝʪ: ʛʘʨʤʦʥʠʢʠ, ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʠ ʠʥʪʝʨʛʘʨʤʦʥʠʢʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. ʄʦʜʝʣʴ ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʦʙʦʙʱʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʙʣʝʤ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʫʯʠʪʳʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ 

ʜʦʢʫʤʝʥʪʦʚ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʄʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʦʮʝʥʢʠ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʠʩʢʨʝʪʥʦʝ ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ɹʳʩʪʨʦʝ ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʌʫʨʴʝ, ʯʘʩʪʦʪʳ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʛʘʨʤʦʥʠʢʠ, ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ, ʠʥʪʝʨʛʘʨʤʦʥʠʢʠ. 
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Annotation. This article discusses the problems associated with signal modeling in an 

electrical network. The main reason for the deterioration in the quality of electrical energy is the 

presence of nonlinear loads that create non-sinusoidal currents. The paper presents a mathematical 

model of a signal in an electrical network for measuring harmonics. It connects: harmonics, higher 

harmonics and interharmonics of the current and voltage of the electrical network. The signal model 

in the electrical network summarizes the results of studies of power quality problems and takes into 

account the requirements of regulatory documents. It allows researching algorithms for analyzing 

electrical signals, as well as measuring instruments built on their basis. The model for determining 

the spectral components of the signal will improve the accuracy and speed of evaluating the 

harmonic components of the signal. 

Keywords: Discrete Fourier Transform, Fast Fourier Transform, frequencies, spectral 

analysis, harmonics, higher harmonics, interharmonics. 

 

ɺʚʝʜʝʥʠʝ 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʦʮʝʥʢʠ, ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ. ɺ ʩʪʘʪʴʝ 

ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʩʚʷʟʳʚʘʶʱʘʷ ʛʘʨʤʦʥʠʢʠ, 

ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʠ ʠʥʪʝʨʛʘʨʤʦʥʠʢʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ.  

ɻʘʨʤʦʥʠʢʘ ï ʵʪʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘ ʯʘʩʪʦʪʘʭ, ʢʦʪʦʨʘʷ ʢʨʘʪʥʘ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ.  

ʀʥʪʝʨʛʘʨʤʦʥʠʢʘ ï ʵʪʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʯʘʩʪʦʪʘʭ, ʢʦʪʦʨʘʷ 

ʟʘʚʠʩʠʪ ʦʪ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʠ ʥʝ ʢʨʘʪʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ ʩʠʩʪʝʤʳ. 
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ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʚ ʈʌ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤ 

ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʛʘʨʤʦʥʠʢʘʤʠ ʠ ʠʥʪʝʨʛʘʨʤʦʥʠʢʘʤʠ, ʷʚʣʷʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʩʪʘʥʜʘʨʪ [1]. ʉʪʘʥʜʘʨʪ  ʦʧʠʩʳʚʘʝʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʳʰʝ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʛʘʨʤʦʥʠʢ ς ω ʢɻʮ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʦʚ çʛʘʨʤʦʥʠʢʘè ʠ çʠʥʪʝʨʛʘʨʤʦʥʠʢʘè ʚ ʩʪʘʥʜʘʨʪʝ [1], ʚ 

ʨʘʟʜʝʣʘʭ σȢςȢσ ʠ σȢτȢς. 
ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ [2], ʨʘʟʜʝʣ σȢρȢρω, ʧʦʜ çʥʘʧʨʷʞʝʥʠʝʤ 

ʠʥʪʝʨʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡè ʧʦʥʠʤʘʶʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʥʝ ʢʨʘʪʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ 

ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ɽʩʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʥʠʢʥʫʪ 

ʠʥʪʝʨʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘ ʧʨʠʙʣʠʞʝʥʥʳʭ ʯʘʩʪʦʪʘʭ, ʪʦ ʦʙʨʘʟʫʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ ʩ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʩʧʝʢʪʨʦʤ. ɺ ʨʘʟʜʝʣʝ τȢςȢτȢς ʥʘʩʪʦʷʱʝʛʦ 
ʩʪʘʥʜʘʨʪʘ ʦʧʠʩʘʥʦ, ʯʪʦ çʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʠʥʪʝʨʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠè. 

ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ (ʄʕʂ, IEC ï International 

Electrotechnical Commission) ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʛʘʤʦʥʠʢ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠ ʥʘʢʦʧʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʩʪʘʥʜʘʨʪʝ [3] ʠʥʪʝʨʛʘʨʤʦʥʠʢʠ 

ʥʘʧʨʷʞʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʝʤ πȟςϷ. 

ʂʨʦʤʝ ʈʦʩʩʠʡʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʩʫʱʝʩʪʚʫʶʪ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʜʦʢʫʤʝʥʪʳ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʂʕ), 

ʨʝʢʦʤʝʥʜʘʮʠʷ ʦʪ ʀʥʩʪʠʪʫʪʘ ʠʥʞʝʥʝʨʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ (IEEE ï Institute of 

Electrical and Electronics Engineers). ʊʝʨʤʠʥ ʛʘʨʤʦʥʠʢʘ ʚ [4] ʦʙʦʟʥʘʯʘʶʪ ʢʘʢ 

çtotal harmonic distortion (THD)è. ʊʦ ʝʩʪʴ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʩ ʫʯʝʪʦʤ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʜʦ υπ-ʛʦ ʧʦʨʷʜʢʘ, ʠʩʢʣʶʯʘʷ ʠʥʪʝʨʛʘʨʤʦʥʠʢʠ. ʇʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʠʥʪʝʨʛʘʨʤʦʥʠʢ ʚ ʩʝʪʷʭ ʥʠʟʰʝʛʦ (ʜʦ ρ ʢɺ), ʩʨʝʜʥʝʛʦ (φωρφρ ʢɺ) ʠ ʚʳʩʰʝʛʦ 
(ʙʦʣʝʝ ρφρ ʢɺ) ʥʘʧʨʷʞʝʥʠʷ. 

ʅʘʣʠʯʠʝ ʠʥʪʝʨʛʘʨʤʦʥʠʢ ʠ ʛʘʨʤʦʥʠʢ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʀʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʨʤʦʥʠʢ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʛʨʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʫʤʝʥʴʰʘʝʪʩʷ ʝʛʦ ʩʨʦʢ ʩʣʫʞʙʳ. 

ʀʥʪʝʨʛʘʨʤʦʥʠʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘʛʨʫʟʦʢ ʚ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʛʘʨʤʦʥʠʢʘʤ. ʅʘʣʠʯʠʝ ʘʩʠʥʭʨʦʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʯʘʩʪʦʪʥʦ-

ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʠʥʪʝʨʛʘʨʤʦʥʠʢ. ʊʘʢʞʝ 

ʠʥʪʝʨʛʘʤʦʥʠʢʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʢʦʪʦʨʦʝ 

ʧʨʠʚʦʜʠʪ ʢ ʢʦʣʝʙʘʥʠʷʤ ʥʘʧʨʷʞʝʥʠʷ.  

ʀʩʪʦʯʥʠʢʘʤʠ ʠʥʪʝʨʛʘʨʤʦʥʠʢ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʷʚʣʷʶʪʩʷ ʘʩʠʥʭʨʦʥʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʜʫʛʦʚʳʝ ʧʝʯʠ, ʯʘʩʪʦʪʥʦ 

ʨʝʛʫʣʠʨʫʝʤʳʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ.  

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʠʥʪʝʨʛʘʨʤʦʥʠʢ ʦʙʫʩʣʦʚʣʝʥʦ ʤʦʜʫʣʷʮʠʝʡ 

ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʨʠʚʳʝ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʢʨʘʪʥʳʝ 

ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʝʪʝʡ 

ʩ ʨʝʟʢʦ ʧʝʨʝʤʝʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʅʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʜʫʛʦʚʳʝ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʝ 

ʧʝʯʠ, ʩʚʘʨʦʯʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʪʠʨʠʩʪʦʨʥʳʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ [5]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
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ʘʤʧʣʠʪʫʜʳ ʪʦʢʦʚ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚʦʟʥʠʢʘʶʪ ʠʩʢʘʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʟʣʘʭ 

ʥʘʛʨʫʟʦʢ ʥʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ. ʇʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʨʝʟʦʥʘʥʩʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʠʥʪʝʨʛʘʨʤʦʥʠʢ.  

ɺ ʩʦʩʪʘʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚʭʦʜʷʪ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʠ ʛʝʥʝʨʠʨʫʶʪ ʛʘʨʤʦʥʠʢʠ υȟχȟρρȟρσ ʠ ʜʨʫʛʠʝ. ʕʪʠ 
ʛʘʨʤʦʥʠʢʠ ʪʘʢʞʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʚʘʨʦʯʥʳʤʠ ʚʳʧʨʷʤʠʪʝʣʷʤʠ [6]. ɺʳʩʰʠʝ 

ʛʘʨʤʦʥʠʢʠ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʛʘʨʤʦʥʠʢʘʤʠ. 

ʇʨʦʙʣʝʤʘ ʠʟʤʝʨʝʥʠʷ ʛʘʨʤʦʥʠʢ ʠ ʠʥʪʝʨʛʘʨʤʦʥʠʢ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ [7-10]. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʘʨʤʦʥʠʢ ʠ ʠʥʪʝʨʛʘʨʤʦʥʠʢ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʙʦʪʘʭ [11-13].  

ɺ [11] ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʢʘʥʦʥʠʯʝʩʢʠʭ ʛʘʨʤʦʥʠʢ ʠ ʠʥʪʝʨʛʘʨʤʦʥʠʢ. 

ʈʝʘʣʠʟʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʦʢʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ʆʇʌ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʢʦʥʥʳʭ ʬʫʥʢʮʠʡ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ.  

ɸʚʪʦʨʳ [12] ʨʘʙʦʪʳ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ (ʇʌ) ʧʨʝʜʣʦʞʠʣʠ ʜʦʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʘ. ʊ.ʝ. 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ, ʚʭʦʜʷʱʠʭ ʚ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ ʧʫʪʝʤ 

ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʧʫʪʝʤ ʥʘʭʦʞʜʝʥʠʷ ʦʙʱʝʛʦ ʜʝʣʠʪʝʣʷ.  

ɺ [13] ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʚ ʪʦʢʦʚʝʜʫʱʠʭ 

ʯʘʩʪʷʭ ʧʨʠ ʥʘʣʠʯʠʠ ʠʥʪʝʨʛʘʨʤʦʥʠʢ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʤ 

ʧʨʠʚʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʧʘʢʝʪʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʇɺʇ). 

ʄʦʜʝʣʴ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘ ʯʘʩʪʦʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʯʘʩʪʦʪ, ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʠʛʥʘʣʝ 

ʠʥʪʝʨʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ.  

ɿʘʤʝʪʥʳʝ ʠʥʪʝʨʛʘʨʤʦʥʠʢʠ ʧʦʷʚʣʷʶʪʩʷ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ: συɀχυ ɻʮ, ρυπɀρφπ ɻʮ [5].  

ʄʦʜʝʣʴ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʩ ʫʯʝʪʦʤ [1], ʨʘʟʜʝʣ σȢρ , ʩʚʷʟʳʚʘʝʪ 
ʛʘʨʤʦʥʠʢʠ, ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʠ ʠʥʪʝʨʛʘʨʤʦʥʠʢʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʘ:  

ί ὥÓÉÎ‫ὸ • ὥÓÉÎά ‫ὸ • ὥÓÉÎ‫ὸ •

– 

(1) 

ʛʜʝ ὥ ï ʘʤʧʣʠʪʫʜʘ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ; 

,‫ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ ‫ ς“Ὢȟ; 

•ï ʬʘʟʘ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ;  

ὴï ʯʠʩʣʦ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ; 

ὥï ʘʤʧʣʠʪʫʜʘ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ; 

ά ï ʥʦʤʝʨ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ; 

•ï ʬʘʟʘ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ; 

ήï ʥʦʤʝʨ ʠʥʪʝʨʛʘʨʤʦʥʠʢ; 
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ὥï ʘʤʧʣʠʪʫʜʘ ʠʥʪʝʨʛʘʨʤʦʥʠʢ; 

,‫ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʠʥʪʝʨʛʘʨʤʦʥʠʢ ‫ ς“Ὢȟ;  

Ὢȟï ʯʘʩʪʦʪʘ ʠʥʪʝʨʛʘʨʤʦʥʠʯʝʩʢʦʡ ʧʦʜʛʨʫʧʧʳ ʧʦʨʷʜʢʘ Ὤ; 

–ï ʰʫʤ. 

ɺ ʬʦʨʤʫʣʫ (1) ʜʦʙʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ, ʠʥʪʝʨʛʘʨʤʦʥʠʢ ʪʦʢʘ 

ʠ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. 

ʉʦʛʣʘʩʥʦ [2], ʨʘʟʜʝʣ τȢςȢτ, ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 
(ʂʕ) ʦʪʥʦʩʷʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʪ. ʝ. ʢʦʵʬʬʠʮʠʝʥʪ  

ὲ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ ï ὑ : 

ὑ , (2) 

ʛʜʝ ὲ ï ʥʦʤʝʨ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ;  

Ὗ ï ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʘʨʤʦʥʠʢʠ ʚ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʝ ʩʝʪʠ, ɺȟʢɺ; 

Ὗï ʟʥʘʯʝʥʠʝ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ, ɺȟʢɺ. 

Ὗ
ʥʣʥʦʤ

, 
(3) 

ʛʜʝ ὲ ï ʥʦʤʝʨ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ; 

Ὅ ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʬʘʟʥʦʛʦ ʪʦʢʘ -ʦʡ ʛʘʨʤʦʥʠʢʠ, ɸȟʢɸ; 

Ὗʥʣï ʥʘʧʨʷʞʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʠ (ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʩʯʝʪʥʘʷ ʪʦʯʢʘ 
ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʠ Ὗʥʣ Ὗʥʦʤ), ɺȟʢɺ; 

Ὗʥʦʤï ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ, ɺȟʢɺ; 
Ὓï ʤʦʱʥʦʩʪʴ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʪʦʯʢʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʢɺ ɸ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʷ, ʥʝ ʢʨʘʪʥʳʭ ʪʨʝʤ, ὑ πȟτϷὟ ʜʣʷ ὲ ςυ, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

ʣɻʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ρρπɀςςπ ʢɺ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʨʘʪʥʳʭ ʪʨʝʤ, ὑ πȟςϷὟ ʜʣʷ ὲ ςρ, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ρρπɀςςπ ʢɺ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʷ ὑ πȟςϷὟ ʜʣʷ ὲ ςρ, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ 

ρρπɀςςπ ʢɺ. 

ʉʦʛʣʘʩʥʦ [2], ʨʘʟʜʝʣ τȢςȢτ, çɼʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʠʥʪʝʨʛʘʨʤʦʥʠʯʝʩʢʠʭ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠè. 

ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʥʪʝʨʛʘʨʤʦʥʠʢ ὥ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ πȟτɀρ ʜʣʷ ʯʘʩʪʦʪʳ φπ ɻʮ ʠ ωπ ɻʮ [7]. 

ɺ [11,14] ʦʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʷʛʦʚʳʭ 

ʧʦʜʩʪʘʥʮʠʡ. ʅʘʣʠʯʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʠʛʥʘʣʘʭ ʪʦʢʦʚ ʠ 

ʥʘʧʨʷʞʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ ʢʨʠʚʳʝ ʧʝʨʚʠʯʥʳʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʵʣʝʢʪʨʦʚʦʟʘ ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʀɺʂ çʆʤʩʢ-ʄè. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ɸʙʘʢʘʥʩʢʦʡ 
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ʜʠʩʪʘʥʮʠʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʂʨʘʩʥʦʷʨʩʢʦʡ ʜʠʨʝʢʮʠʠ ʧʦ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʶ. 

ɸʥʘʣʠʟ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʣʷ ʩʧʝʢʪʨʘ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʮʝʥʪ ʦʪ ʘʤʧʣʠʪʫʜʳ ρ-ʡ ʛʘʨʤʦʥʠʢʠ ʦʪ υ ʛʘʨʤʦʥʠʢʠ ʙʫʜʝʪ 
ʨʘʚʝʥ ψ. ʀ ʧʨʦʮʝʥʪ ʦʪ ʘʤʧʣʠʪʫʜʳ ρ-ʡ ʛʘʨʤʦʥʠʢʠ ʙʫʜʝʪ ʨʘʚʝʥ ρππ ʥʘ ς 
ʛʘʨʤʦʥʠʢʠ ʜʣʷ ʩʧʝʢʪʨʘ ʛʘʨʤʦʥʠʢ ʪʦʢʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʠ ʢʦʥʪʨʦʣʴ ʛʘʨʤʦʥʠʢ ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʝʪʠ, ʦʙʦʙʱʘʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʙʣʝʤ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʠ ʫʯʠʪʳʚʘʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʜʦʢʫʤʝʥʪʦʚ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʦʮʝʥʢʦʡ ʚʦʟʤʦʞʥʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʘʨʤʦʥʠʢ 

ʩʠʛʥʘʣʘ. 
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ʋɼʂ 624.144.8  

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊɽʆʈʆʃʆɻʀʏɽʉʂʀʍ ʇʆʂɸɿɸʊɽʃɽʁ, 

ʀʉʇʆʃʔɿʋɽʄʓʍ ʇʈʀ ʇʈʆɻʅʆɿɽ ɿʀʄʅɽʁ ʉʂʆʃʔɿʂʆʉʊʀ 

ʊ.ɺ. ɻʘʚʨʠʣʝʥʢʦ, ʊ.ɸ. ʌʸʜʦʨʦʚʘ 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ʂʨʘʪʢʦʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ ʟʠʤʥʝʡ ʩʢʦʣʴʟʢʦʩʪʠ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʝʛʨʝʩʩʠʦʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʜʦʨʦʞʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʠʣʠ 

ʦʬʠʮʠʘʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ ʈʦʩʩʠʠ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʛʦʜʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʬʠʢʩʠʨʫʝʤʳʤʠ ʜʦʨʦʞʥʦʡ 

ʤʝʪʝʦʩʪʘʥʮʠʝʡ ʠ ʩʪʘʥʮʠʝʡ ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ ʚ ʦʜʥʦʤ ʥʘʩʝʣʸʥʥʦʤ ʧʫʥʢʪʝ. ɺʳʯʠʩʣʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʠ ʧʦʣʫʯʝʥʳ ʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʠʤʥʷʷ ʩʢʦʣʴʟʢʦʩʪʴ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʜʦʨʦʞʥʘʷ ʩʪʘʥʮʠʷ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, ʫʨʘʚʥʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʛʦʜʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

 

A STUDY OF THE METEOROLOGICAL PARAMETERS USED  

IN THE FORECAST OF WINTER SLIPPERINESS  

T. V. Gavrilenko, T. A. Fedorova 

Siberian federal University 
Annotation. The short-term forecast of winter slipperiness on highways is based on 

regression dependencies based on data on the temperature and relative humidity of the air, which 

are obtained as a result of direct measurements at automated road weather stations or official 

stations of the hydrometeorological center of Russia. The article describes studies of the 

relationship between these weather indicators recorded by a road weather station and a 

hydrometeorological center station in one locality. Correlation coefficients are calculated and linear 

coupling equations are obtained. 

Keywords: winter slipperiness, automated road station, correlation coefficient, equation of 

relationship between weather indicators 

 

ɺʦʟʥʠʢʘʶʱʘʷ ʥʘ ʧʦʢʨʳʪʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʟʠʤʥʷʷ ʩʢʦʣʴʟʢʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʘʩʥʦʝ ʷʚʣʝʥʠʝ, ʦʩʣʦʞʥʷʶʱʝʝ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ: ʛʦʣʦʣʝʜʠʮʘ, çʯʸʨʥʳʡ ʣʸʜè, ʛʦʣʦʣʸʜ ʠ 

ʩʥʝʞʥʳʡ ʥʘʢʘʪ [1]. ʂʘʞʜʳʡ ʚʠʜ ʟʠʤʥʝʡ ʩʢʦʣʴʟʢʦʩʪʠ ʠʤʝʝʪ ʩʚʦʠ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʦʧʨʝʜʝʣʸʥʥʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʟʠʤʥʝʡ ʩʢʦʣʴʟʢʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʛʦʣʦʣʝʜʠʮʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʨʟʘʥʠʷ ʚʣʘʛʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʨʦʛʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʭʦʜʘ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʢ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʨʳʪʠʷ ʜʦʨʦʛʠ 

ʥʠʞʝ 0ʉ̄ ʚʣʘʛʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʦʪ ʜʦʞʜʷ ʠʣʠ ʪʘʶʱʝʛʦ ʩʥʝʛʘ, 

ʟʘʤʝʨʟʘʝʪ. çʏʸʨʥʳʡ ʣʸʜè - ʵʪʦ ʧʨʦʟʨʘʯʥʳʡ ʠ ʦʯʝʥʴ ʪʦʥʢʠʡ ʩʣʦʡ ʣʴʜʘ 

(ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʠʜʠʤʳʡ ʠʟ ʢʘʙʠʥʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ), ʢʦʪʦʨʳʡ 

ʚʦʟʥʠʢʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʭʣʘʞʜʸʥʥʦʛʦ ʩʫʭʦʛʦ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʫʙʣʠʤʘʮʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠʟ ʚʦʟʜʫʭʘ. ʇʦʷʚʣʝʥʠʝ ʵʪʦʛʦ ʚʠʜʘ 

ʩʢʦʣʴʟʢʦʩʪʠ ʚʦʟʤʦʞʥʦ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʧʨʠ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʙʣʠʟʢʦʡ ʢ 100 %. 
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ɻʦʣʦʣʸʜ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʳʧʘʜʝʥʠʠ ʧʝʨʝʦʭʣʘʞʜʸʥʥʳʭ ʦʩʘʜʢʦʚ (ʜʦʞʜʷ ʠʣʠ 

ʤʦʨʦʩʠ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʨʦʛʠ, ʫʞʝ ʠʤʝʶʱʫʶ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʉʥʝʞʥʳʡ ʥʘʢʘʪ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʥʝʛʘ (ʧʨʠ ʩʥʝʛʦʧʘʜʘʭ 

ʠʣʠ ʤʝʪʝʣʷʭ) ʠ ʧʨʠ ʫʧʣʦʪʥʝʥʠʠ ʝʛʦ ʥʘ ʜʦʨʦʞʥʦʤ ʧʦʢʨʳʪʠʠ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʟʠʤʥʝʡ ʩʢʦʣʴʟʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʝʸ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʮʝʥʠʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʝʜʩʢʘʟʘʪʴ 

ʧʦʷʚʣʝʥʠʝ ʛʦʣʦʣʝʜʠʮʳ ʠ ʛʦʣʦʣʸʜʘ ʟʘ ʪʨʠ ʯʘʩʘ [1].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʦʣʝʜʠʮʳ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʦʪ ʤʠʥʫʩ 2 ʜʦ ʤʠʥʫʩ 6ʉ̄ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʚʦʟʜʫʭʘ ʦʪ 65 ʜʦ 85 %. ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʦʣʦʣʝʜʠʮʳ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʠ 

ʚ0,170 0,071 5,659Y T W=- - + ,                                   (1) 

ʛʜʝ Y - ʚʝʣʠʯʠʥʘ ʩʢʦʣʴʟʢʦʩʪʠ; ʊʚ - ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʉ̄; W - 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, %. ɻʦʣʦʣʝʜʠʮʘ ʦʞʠʜʘʝʪʩʷ, ʢʦʛʜʘ 0Y> . ʇʨʠ 

0Y< ʦʥʘ ʦʪʩʫʪʩʪʚʫʝʪ [1]. 

ʇʦʷʚʣʝʥʠʝ ʛʦʣʦʣʸʜʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʦʪ +2 ʜʦ 

ʤʠʥʫʩ 5,2 ʉ̄ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʪ 85 ʜʦ 100 %. ɽʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

ʚ0,092 0,104 9,142Y T W= + - .                                    (2) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʢʦʣʴʟʢʦʩʪʠ ʧʦ ʬʦʨʤʫʣʘʤ (1) ʠ (2) 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʜʦʨʦʞʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ (ɸɼʄʉ). ʇʨʠʤʝʨ 

ʬʠʢʩʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ɸɼʄʉ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 1. 
 

ʈʠʩ. 1 - ʇʦʢʘʟʘʥʠʷ ʜʦʨʦʞʥʦʡ ʤʝʪʝʦʩʪʘʥʮʠʠ ʥʘ ʘʚʪʦʜʦʨʦʛʝ ʂʨʘʩʥʦʷʨʩʢ-ɽʥʠʩʝʡʩʢ 

[2] 

 

ʅʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʫʩʪʘʥʦʚʣʝʥʦ 13 ɸɼʄʉ, 

ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʛʦʜʳ ʠ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ. ɼʘʥʥʳʝ ʦʙʥʦʚʣʷʶʪʩʷ ʢʘʞʜʳʝ 15 ʤʠʥʫʪ ʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʜʦʩʪʫʧʥʳ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʋʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ [2].  
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ʈʠʩ. 2 - ʇʦʢʘʟʘʥʠʷ ʩʪʘʥʮʠʠ ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ ʈʦʩʩʠʠ [3] 

 

ʇʦʤʠʤʦ ʜʘʥʥʳʭ ʩ ɸɼʄʉ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʟʠʤʥʝʡ ʩʢʦʣʴʟʢʦʩʪʠ 

ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ [1] ʨʝʢʦʤʝʥʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ 

ʈʦʩʩʠʠ. ʆʥʠ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ 

ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ [3]. ɼʘʥʥʳʝ ʦʙʥʦʚʣʷʶʪʩʷ ʢʘʞʜʳʝ ʪʨʠ ʯʘʩʘ.  

ʅʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʦʪ ʜʦʨʦʞʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʡ ʠ ʩʪʘʥʮʠʡ ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʨʘʡʦʥʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʥʘʩʝʣʸʥʥʦʛʦ ʧʫʥʢʪʘ - ʩʝʣʘ ʂʘʟʘʯʠʥʩʢʦʛʦ. ɼʘʥʥʳʝ 

ʚʳʧʠʩʳʚʘʣʠʩʴ ʝʞʝʜʥʝʚʥʦ ʜʣʷ ʦʜʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ (ʚ 10, 13, 16 ʠʣʠ 19 

ʯʘʩʦʚ) ʩ 3 ʷʥʚʘʨʷ ʧʦ 21 ʤʘʨʪʘ 2020 ʛʦʜʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 72 

ʧʦʢʘʟʘʥʠʷ. ʅʘ ʨʠʩ. 3 ʠ 4 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ, ʩʚʷʟʳʚʘʶʱʠʝ ʧʦʛʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʪ ʜʚʫʭ ʤʝʪʝʦʩʪʘʥʮʠʡ, ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩ. 3 - ʂʨʠʚʘʷ, ʩʚʷʟʳʚʘʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 
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ʈʠʩ. 4 - ʂʨʠʚʘʷ, ʩʚʷʟʳʚʘʶʱʘʷ ʜʘʥʥʳʝ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

 

ʕʪʠ ʢʨʠʚʳʝ ʙʳʣʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʚʷʟʠ 

ʤʝʞʜʫ ʧʦʢʘʟʘʥʠʷʤʠ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʨʦʞʥʦʡ ʤʝʪʝʦʩʪʘʥʮʠʠ ʠ ʩʪʘʥʮʠʠ 

ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ. ʋʨʘʚʥʝʥʠʝ ʩʚʷʟʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʝʪ ʚʠʜ: 

ɻʄʎ ɸɼʄʉ1,015 0,144T ʊ= + ,                                        (3) 

ʛʜʝ ʊɸɼʄʎʉ, ʊɻʄʉ - ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ɸɼʄʉ ʠ ʩʪʘʥʮʠʠ 

ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ ʚ ʩʝʣʝ ʂʘʟʘʯʠʥʩʢʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʨʘʚʥʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʢʘʟʘʥʠʷʤʠ ʜʘʪʯʠʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ɻʄʎ ɸɼʄʉ1,007 2,84W W= +  ,                                       (4) 

ʛʜʝ Wɸɼʄʉ, Wɻʄʉ - ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ɸɼʄʉ ʠ ʩʪʘʥʮʠʠ ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ ʚ ʩʝʣʝ ʂʘʟʘʯʠʥʩʢʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʨʷʜʘʤʠ ʧʦʢʘʟʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʟʷʪʳʭ ʚ ʦʜʥʦ ʚʨʝʤʷ ʩ ʦʙʝʠʭ ʤʝʪʝʦʩʪʘʥʮʠʡ, ʩʦʩʪʘʚʠʣ 0,98, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʚʳʩʦʢʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ. ɼʘʥʥʳʝ ʧʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠʤʝʶʪ ʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʜʣʷ ʥʠʭ - 0,9. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʥʘʩʝʣʸʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ɸɼʄʉ, ʠ ʩʪʘʥʮʠʠ ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ. ʅʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ çʂʨʘʩʥʦʷʨʩʢ-ɽʥʠʩʝʡʩʢè ʪʘʢʠʤʠ ʧʫʥʢʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʨʘʡʦʥʥʳʡ ʮʝʥʪʨ ɹʦʣʴʰʘʷ ʄʫʨʪʘ ʠ ʛʦʨʦʜ ɽʥʠʩʝʡʩʢ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ 

ʩʚʷʟʠ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʘ ʟʠʤʥʝʡ 

ʩʢʦʣʴʟʢʦʩʪʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʆɼʄ 218.2.003-2009 ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʧʨʦʛʥʦʟʫ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ / ʌʝʜʝʨʘʣʴʥʦʝ 

ʜʦʨʦʞʥʦʝ ʘʛʝʥʪʩʪʚʦ (ʈʦʩʘʚʪʦʜʦʨ). ʄ.: ʈʦʩʘʚʪʦʜʦʨ. 46 ʩ. 
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2. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʢʨʘʝʚʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʘʟʸʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

çʋʧʨʘʚʣʝʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʧʦ ʂʨʘʩʥʦʷʨʩʢʦʤʫ ʢʨʘʶè / ɼʦʨʦʞʥʳʝ 

ʤʝʪʝʦʩʪʘʥʮʠʠ ʠ ʚʠʜʝʦʢʘʤʝʨʳ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://krudor.ru/actual/meteo 

3. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ "ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè / ʌʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://meteoinfo.ru/pogoda 

 

ʋɼʂ 378.1   

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ 

ʂʃʖʏɽɺʓʍ ʇʆʂɸɿɸʊɽʃɽʁ ɿɸʈɸɾɽʅʀʗ ɾʀʊɽʃɽʁ  

ʉɸʅʂʊ-ʇɽʈɽʊɹʋʈɻɸ COVID -19 ɺ ʇɽʈʀʆɼ ʈɸɿɺʀʊʀʗ ʇɸʅɼɽʄʀʀ 

ʇ.ɺ. ɻʝʨʘʩʠʤʝʥʢʦ  

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ  

ʀʤʧʝʨʘʪʦʨʘ ɸʣʝʢʩʘʥʜʨʘ I 
ɸʥʥʦʪʘʮʠʷ: ʚʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʠ ʢʦʨʦʥʘʚʠʨʫʩʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ʇʨʠʤʝʥʝʥʥʳʡ 

ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʦʟʚʦʣʠʣ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʜʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʩʦʚʝʪʘ ʧʦ ʙʦʨʴʙʝ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʢʦʨʦʥʘʚʠʨʫʩʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʭʦʜʘ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʨʝʛʠʦʥʝ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ 

ʦʙʦʩʥʦʚʘʥʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʘʜʤʠʥʠʩʪʨʘʮʠʷʤ ʛʦʨʦʜʘ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʨʤʘʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʙʦʪʳ ʠ ʞʠʟʥʠ 

ʞʠʪʝʣʝʡ, ʠʭ ʟʘʥʷʪʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʫʯʝʥʠʷ, ʚ ʧʝʨʠʦʜ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʨʦʥʘʚʠʨʫʩʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʥʜʝʤʠʷ, COVID-19, ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʢʣʶʯʝʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʢʦʨʨʝʣʦʛʨʘʤʤʘ, ʧʨʦʛʥʦʟ.  
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Abstract:  mathematical modeling of the dynamics of key indicators of the spread of the 

coronavirus epidemic in St. Petersburg is performed. The applied methodological apparatus 

allowed, based on the monitoring data of the coordinating Council for combating the spread of 

coronavirus in St. Petersburg, to predict the course of the disease and treatment in the region. The 

proposed approach makes it possible to reasonably form city and enterprise administrations 

management decisions to create normal economic and social conditions of work and life of 

residents, their employment, including training, during the spread of the coronavirus.  

Keywords: COVID-19 pandemic, regression model, key indicators, correlogram, forecast. 

 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʚ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ ʢʦʨʦʥʘʚʠʨʫʩʘ COVID-19 

ʷʚʣʷʝʪʩʷ ʫʨʦʚʥʠ ʝʛʦ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. ʆʥʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʭ ʩʦʚʤʝʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʤʝʜʠʮʠʥʩʢʠʤʠ ʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʥʷʪʠʷ ʥʘʩʝʣʝʥʠʝʤ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ 

ʵʧʠʜʝʤʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ.  
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʟʘʙʦʣʝʚʘʥʠʝ ʢʦʨʦʥʘʚʠʨʫʩʦʤ, ʧʦ ʫʪʚʝʨʞʜʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʜʘʯʠ ʚʠʨʫʩʘ ʚʦʟʜʫʰʥʦ-

ʢʘʧʝʣʴʥʳʤ ʧʫʪʝʤ ʦʪ ʯʝʣʦʚʝʢʘ ʢ ʯʝʣʦʚʝʢʫ ʧʨʠ ʢʦʥʪʘʢʪʘʭ ʟʜʦʨʦʚʦʡ ʯʘʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʩ ʙʦʣʴʥʦʡ. ɽʛʦ ʫʨʦʚʝʥʴ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʳʭ 

(ʩʫʤʤʘʨʥʳʭ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ (ʩʫʪʦʯʥʳʭ) ʚʝʣʠʯʠʥ ʟʘʨʘʞʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʧʦʥʷʪʠʷ ʠ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʠ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʥʷʪʥʳ ʠ ʠʟʚʝʩʪʥʳ ʣʶʙʦʤʫ 

ʞʠʪʝʣʶ ʚ ʨʝʛʠʦʥʝ. ɼʣʷ ʵʪʦʛʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʜʦʣʞʝʥ ʚ ʝʜʠʥʦʤ 

ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʪʴʩʷ ʠ ʦʪʦʙʨʘʞʘʪʴʩʷ ʩʨʝʜʩʪʚʘʤʠ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʥʘʩʝʣʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʚʘʞʥʦʩʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʪʘʢʠʤʠ ʜʘʥʥʳʤʠ, ʚ 

ʨʝʛʠʦʥʘʭ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʚʝʪʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʟʜʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ 

ʮʝʥʪʨʳ, ʚ ʟʘʜʘʯʫ ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ ʚʭʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʠ, ʚ 

ʩʣʫʯʘʝ ʥʝʚʳʧʦʣʥʝʥʠʷ ʧʨʦʚʦʜʠʤʳʭ ʚ ʨʝʛʠʦʥʝ ʤʝʨʦʧʨʠʷʪʠʡ.  

ʇʦʵʪʦʤʫ ʩʝʛʦʜʥʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʧʦʣʝʟʥʦ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʘʜʤʠʥʠʩʪʨʘʮʠʡ ʨʝʛʠʦʥʦʚ ʠ 

ʥʘʩʝʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʦʪʝʢʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʚʳʟʜʦʨʦʚʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ 

ʨʝʛʠʦʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ, ʥʘ ʧʨʠʤʝʨʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʨʘʟʚʠʪʠʷ ʟʘʨʘʞʝʥʠʷ ʢʦʨʦʥʘʚʠʨʫʩʦʤ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʜʠʥ ʠʟ 

ʧʫʪʝʡ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ. ʀʭ ʟʥʘʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʟʚʦʣʠʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʥʘʩʝʣʝʥʠʶ ʜʦʩʪʠʞʝʥʠʷ ʩʘʥʘʪʦʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠʣʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʝʛʦ ʥʝʚʳʧʦʣʥʝʥʠʷ.    

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʟʚʘʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʩʪʫʧʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ 

ʵʧʠʜʝʤʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʩʦʚʝʪʘʤʠ ʧʦ ʙʦʨʴʙʝ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ COVID-19 ʚ ʈʌ ʧʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ 

ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʢ ʚ ʮʝʣʦʤ ʧʦ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤ ʨʝʛʠʦʥʘʤ. ʃʠʮʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʙʦʨʴʙʫ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʢʦʨʦʥʘʚʠʨʫʩʘ, ʨʘʩʧʦʣʘʛʘʶʪ, ʘ ʟʘʪʝʤ ʠ ʧʫʙʣʠʢʫʶʪ ʤʘʩʩʠʚʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʩʝʭ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʝʡ ʩʫʪʠ 

ʷʚʣʷʶʪʩʷ ʚʨʝʤʝʥʥʳʤʠ (ʜʠʥʘʤʠʯʝʩʢʠʤʠ) ʨʷʜʘʤʠ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʵʧʠʜʝʤʠʷ ʢʦʨʦʥʘʚʠʨʫʩʘ 

ʤʦʞʝʪ ʚʦʟʚʨʘʱʘʪʴʩʷ, ʧʨʦʜʣʝʚʘʪʴʩʷ ʠ ʜʣʠʪʴʩʷ ʜʦʩʪʘʪʦʯʥʳʝ ʧʝʨʠʦʜʳ, ʯʪʦ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʞʝʣʘʥʠʝ ʘʜʤʠʥʠʩʪʨʘʮʠʡ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʵʢʦʥʦʤʠʢʫ ʥʘ ʪʨʝʙʫʝʤʦʤ ʫʨʦʚʥʝ ʟʘʩʪʘʚʣʷʝʪ ʠʭ ʚ 

ʨʝʛʠʦʥʘʭ ʩʥʠʤʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʙʦʨʴʙʳ ʩ 

ʢʦʨʦʥʘʚʠʨʫʩʦʤ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʢ ʩʥʷʪʠʝ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʘʢ ʠ ʩʘʤʘ ʧʨʠʨʦʜʘ ʚʠʨʫʩʘ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʵʧʠʜʝʤʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʮʠʡ ʨʝʛʠʦʥʦʚ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʧʦ ʙʦʨʴʙʝ ʩ 

ʢʦʨʦʥʘʚʠʨʫʩʦʤ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʫʧʨʦʱʝʥʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʦʪʦʙʨʘʞʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʚ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʢʘʢ ʩʫʤʤʘʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʨʘʞʝʥʠʷ, ʪʘʢ ʠ ʩʫʪʦʯʥʳʭ ʧʨʠʨʘʱʝʥʠʡ 

ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʢʦʨʦʥʘʚʠʨʫʩʘ ʚ 

ʛʦʨʦʜʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ (ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʷʜʳ) ʠ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ [1]. ʇʨʠ ʵʪʦʤ 

ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʨʷʜʳ ʷʚʣʷʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʭ 

ʩʚʦʡʩʪʚʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ [2].  

ɺʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʛʦ ʜʦʧʫʱʝʥʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʥʠʤ ʢʦʨʨʝʣʦʛʨʘʤʤ. ʇʨʠʤʝʨ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1.  

ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʧʨʠʚʦʜʠʤʳʤ ʚ [3]. ʈʝʘʣʠʟʘʮʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʵʧʠʜʝʤʠʠ ʢʦʨʦʥʘʚʠʨʫʩʘ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ, ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʇʇʇ Excel, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥ 

ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʨʝʛʨʝʩʩʠʠ.  

 
 

ʈʠʩ. 1 - ʂʦʨʨʝʣʦʛʨʘʤʤʘ ʩʫʤʤʘʨʥʦʡ ʟʘʨʘʞʝʥʥʦʩʪʠ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʢʦʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ [4], ʩ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʚ 

ʩʪʨʘʥʝ ʟʥʘʢʦʤʳ [5], ʘ ʧʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʝʤʫ ʚʥʠʤʘʥʠʝ ʥʝ ʫʜʝʣʝʥʦ. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʘʞʝʥʥʳʭ, ʥʘʯʠʥʘʷ ʩ 45-ʭ ʩʫʪʦʢ (14.04.2020) ʩ ʥʘʯʘʣʘ 

ʵʧʠʜʝʤʠʠ ʚ ʩʪʨʘʥʝ ʠ ʟʘʢʘʥʯʠʚʘʷ 205-ʤʠ ʩʫʪʢʘʤʠ (21.09.2020).  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʳʪʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʘʞʝʥʥʳʭ ʞʠʪʝʣʝʡ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʥʘ 21.09 2020 ʛʦʜʘ ʠ ʧʦ ʥʠʤ ʧʦʩʪʨʦʝʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʫʥʢʮʠʷ ʨʝʛʨʝʩʩʠʠ. 
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ʈʠʩ. 2 - ʉʫʤʤʘʨʥʳʝ ʦʧʳʪʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʘʞʝʥʥʳʭ ʞʠʪʝʣʝʡ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʟʘ ʧʝʨʠʦʜ ʩ 14.04.2020 ʧʦ 21.09.2020 

 

ʀʟ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʢʣʶʯʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʢ 

ʦʧʳʪʥʦʛʦ (ʥʘʙʣʶʜʘʝʤʦʛʦ), ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʩʫʤʤʘʨʥʳʭ ʟʥʘʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ [2].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʠʩ. 2 ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ 

ʨʠʩʫʥʢʘ, ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0,997. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʪʝʩʥʦʪʘ ʩʚʷʟʠ ʤʝʞʜʫ 

ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ ʩʫʪʦʢ ʩʦʩʪʘʚʣʷʝʪ 99,7%, ʪʦ ʝʩʪʴ 

ʩʚʷʟʴ ʧʨʘʢʪʠʯʝʩʢʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ.   

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʢʣʶʯʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʪʝʥʜʝʥʮʠʶ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʦʨʦʥʘʚʠʨʫʩʘ, ʦʜʥʘʢʦ ʩʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ (ʧʨʠʨʦʩʪʳ) ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 3), ʢʦʪʦʨʳʡ ʧʦʩʪʨʦʝʥ ʧʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʟʘ ʧʝʨʠʦʜ ʩ 14.04.2020 ʧʦ 21.09.2020. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʥʘʯʠʥʘʷ ʩ 45-ʭ ʩʫʪʦʢ, 

ʯʠʩʣʦ ʟʘʨʘʞʸʥʥʳʭ ʚ ʩʫʪʢʠ ʠʤʝʣʦ ʨʦʩʪ ʩ ʭʘʦʪʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʠʟʤʝʥʝʥʠʷ, 

ʚʧʣʦʪʴ ʜʦ 77-ʭ ʩʫʪʦʢ (ʨʠʩ. 3). ʅʘʯʠʥʘʷ ʩ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʠ ʜʦ 114-ʭ ʩʫʪʦʢ 

ʧʨʦʠʩʭʦʜʠʣʦ ʤʦʥʦʪʦʥʥʦʝ ʧʘʜʝʥʠʝ ʯʠʩʣʘ ʟʘʨʘʞʝʥʥʳʭ, ʧʦʩʣʝ ʯʝʛʦ ʚʥʦʚʴ ʠʭ ʨʦʩʪ.  

ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʘʞʝʥʥʳʭ ʥʘʙʣʶʜʘʣʩʷ ʚ 

ʧʝʨʠʦʜ   ʩ 132 ʩʫʪʦʢ ʠ ʜʦ 205 ʩʫʪʦʢ, ʥʦ ʧʨʠ ʧʣʘʚʥʦʤ ʠʟʤʝʥʝʥʠʠ.  
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ʈʠʩ. 3 - ʉʫʪʦʯʥʳʝ ʦʧʳʪʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʘʞʝʥʥʳʭ ʞʠʪʝʣʝʡ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʟʘ ʧʝʨʠʦʜ ʩ 14.04.2020 ʧʦ 06.07.2020 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʛʨʘʬʠʢʘ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʨʘʞʝʥʥʳʭ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʣʶʯʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘ ʪʨʝʭ ʫʯʘʩʪʢʘʭ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʚʢʣʶʯʘʝʪ ʠʥʪʝʨʚʘʣ ʩ 45 ʩʫʪʦʢ ʜʦ 

114 ʩʫʪʦʢ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4 - ʉʫʪʦʯʥʳʝ ʦʧʳʪʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʘʞʝʥʥʳʭ ʞʠʪʝʣʝʡ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʟʘ ʧʝʨʠʦʜ ʩ 14.04.2020 ʧʦ 22.06.2020 

 

ʀʟ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʩʫʪʦʯʥʦʡ ʟʘʨʘʞʝʥʥʦʩʪʠ, 

ʚʧʣʦʪʴ ʜʦ 114-ʭ ʩʫʪʦʢ, ʦʙʲʷʩʥʷʝʪ ʩʚʷʟʴ ʩ ʦʧʳʪʥʳʤ ʨʦʩʪʦʤ ʧʦʢʘʟʘʪʝʣʷ, ʢʘʢ ʧʦ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ ʨʝʛʨʝʩʩʠʠ, ʪʘʢ ʠ ʧʦ ʢʫʙʠʯʝʩʢʦʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 
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ʜʝʪʝʨʤʠʥʘʮʠʠ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤ 0,67. ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ 

ʜʘʥʥʳʝ ʟʘ ʧʝʨʠʦʜ ʩ 114-ʝ ʧʦ 143-ʝ ʩʫʪʢʠ. 

 

 
 

ʈʠʩ. 5 - ʉʫʪʦʯʥʳʝ ʦʧʳʪʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʘʞʝʥʥʳʭ ʞʠʪʝʣʝʡ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʟʘ ʧʝʨʠʦʜ ʩ 22.06.2020 ʧʦ 21.07.2020 

 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʦʧʳʪʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʨʦʩʪʘ 

ʟʘʨʘʞʝʥʥʦʩʪʠ ʩ 143-ʭ ʧʦ 205-ʝ ʩʫʪʢʠ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʨʘʬʠʢʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 6.   

 

 
 

ʈʠʩ. 6 - ʉʫʪʦʯʥʳʝ ʦʧʳʪʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʘʞʝʥʥʳʭ ʞʠʪʝʣʝʡ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʟʘ ʧʝʨʠʦʜ ʩ 21.07.2020 ʧʦ 21.09.2020 

 

ʀʟ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʦʪʨʝʟʢʝ ʦʪ 143-ʭ ʜʦ 205-ʭ ʩʫʪʦʢ ʠʟʤʝʥʝʥʠʝ 

ʧʨʠʨʦʩʪʘ ʯʠʩʣʘ ʟʘʨʘʞʝʥʥʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʢʫʙʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʨʝʛʨʝʩʩʠʠ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʨʘʚʥʳʤ 0,9396. ʂʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʙʲʷʩʥʷʝʪ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʫʪʦʯʥʦʡ ʟʘʨʘʞʝʥʥʦʩʪʠ ʩ ʙʦʣʴʰʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʠ ʦʥʘ ʧʨʠʝʤʣʝʤʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘ ʚʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʧʘʥʜʝʤʠʠ ʤʦʞʥʦ ʥʘ 
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ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʚʦʜʠʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʨʝʛʨʝʩʩʠʠ.    

 ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʣʝʜʫʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʢʣʶʯʝʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʠʭ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʘ ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʦʣʝʝ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʟʘʜʘʯʠ.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɽʊɽɺʆɻʆ ʊʈɸʌʀʂɸ ʃʆʂɸʃʔʅʆʁ ʉɽʊʀ 

ʇʈɽɼʇʈʀʗʊʀʗ ʄɸʃʆɻʆ ɹʀɿʅɽʉɸ 
ɸ.ʀ. ɻʦʩʪʝʝʚʘ, ɼ.ɸ. ʇʫʩʪʦʚʩʢʠʭ, ɽ.ɽ. ʀʩʪʨʘʪʦʚʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʥʘ ʙʦʣʴʰʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʥʝʛʘʫʩʩʦʚʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʥʘ 

ʥʝʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʧʦʜʦʙʠʷ ʠ ʤʦʞʝʪ ʧʦʩʪʝʧʝʥʥʦ 

ʩʥʠʞʘʪʴʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʩʰʪʘʙʘ ʘʛʨʝʛʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʧʨʝʜʧʨʠʷʪʠʝ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, 

ʩʘʤʦʧʦʜʦʙʠʝ, ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ, ʤʦʜʝʣʴ ʪʨʘʬʠʢʘ. 

 

NETWORK TRAFFIC RESEARCH OF A SMALL BUSINESSES LOCAL 

AREA NETWORK  
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Novosibirsk State Technical University 
Abstract. The article presents the results of the statistical characteristics study of network 

traffic, reflecting the behavior of data streams in real systems. The experimental data was obtained 
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by analyzing the network traffic of the local network of a small business enterprise. As a result, it 

was found that network traffic has a non-Gaussian structure at large time intervals, and it has self-

similarity properties and can gradually decrease with increasing aggregation scale at short time 

intervals. 

Keywords: network traffic research, small business, self-similarity, local area network, traffic 

model. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ 

ʢʦʤʧʘʥʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʚ ʩʬʝʨʝ 

ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʝʨʥʳʤ ʧʨʦʛʨʘʤʤʘʤ, ʨʝʩʫʨʩʘʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʘ 

ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʫʩʢʦʨʝʥʠʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʝʪʠ ʢʦʤʧʘʥʠʠ ʚ ʩʬʝʨʝ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʩʚʷʟʘʥʦ 

ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

- ʥʘʣʠʯʠʝ ʦʙʱʝʛʦ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ ʢʦʤʧʘʥʠʠ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ; 

- ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʪʠʢʠ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʧʨʘʚ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʨʛʪʝʭʥʠʢʠ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʠ; 

- ʤʦʙʠʣʴʥʦʩʪʴ ʩʝʪʠ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʫʩʪʨʦʡʩʪʚ. 

ʆʜʥʦʡ ʠʟ ʙʘʟʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. 

ɸʥʘʣʠʟ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ 

ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʩʚʷʟʠ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʪʨʘʬʠʢʘ, ʚʳʷʚʠʪʴ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ ʥʘ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʝʡ [1]. 

ʈʦʩʪ ʧʦʪʦʢʦʚ ʪʨʘʬʠʢʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʪʨʝʙʦʚʘʥʠʡ ʩʦ 

ʩʪʦʨʦʥʳ ʩʝʪʝʚʳʭ ʩʠʩʪʝʤ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʯʥʳʡ ʭʘʨʘʢʪʝʨ 

ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʝʡ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʫʯʠʪʳʚʘʶʱʠʡ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʢʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʠ ʦʧʪʠʤʠʟʘʮʠʶ 

ʟʘʪʨʘʪ ʥʘ ʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ [2]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʙʦʨʝ, ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ 

ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʝ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. 
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ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ 

ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

ɼʣʷ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʙʳʣ ʧʨʠʤʝʥʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʘʥʘʣʠʟʘʪʦʨ Wireshark, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ ʚʩʝʭ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʩʝʪʝʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʟʘ ʩʯʝʪ ʧʝʨʝʭʚʘʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʣʶʯʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʚʠʜʝ ʪʨʘʬʠʢʘ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʝʛʦ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ ʫʯʝʪʦʤ ʜʦʩʪʫʧʘ ʚ ʩʝʪʴ ʀʥʪʝʨʥʝʪ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʚʳʷʚʣʝʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʛʨʫʧʧʳ ʨʘʟʣʠʯʥʳʭ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʚʠʜʦʚ 

ʪʨʘʬʠʢʘ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ [3,4], ʧʨʠʥʮʠʧʳ ʩʙʦʨʘ ʩʝʪʝʚʳʭ 

ʪʨʘʬʠʢʦʚ, ʠʥʠʮʠʠʨʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ, 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʘʤʠʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ 

ʩʦʜʝʨʞʠʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʚʠʜʘ ʪʨʘʬʠʢʘ: 

- IP-ʪʨʘʬʠʢ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʚʢʣʶʯʘʝʪ ʜʘʥʥʳʝ ʦ TCP-ʧʨʦʪʦʢʦʣʝ; 

- UDP-ʪʨʘʬʠʢ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʨʘʙʦʪʳ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠ 

ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʧʨʠʣʦʞʝʥʠʡ; 

- ʪʨʘʬʠʢ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʧʨʦʪʦʢʦʣʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ ʧʨʝʦʙʣʘʜʘʶʪ ʜʘʥʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʠ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ IP-ʪʨʘʬʠʢʘ. ʉʣʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ IP-ʪʨʘʬʠʢʘ ʩʚʷʟʘʥʘ ʩ 

ʪʝʤ, ʯʪʦ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʦʚ TCP/IP ʠ ʥʘ 

ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ. ʇʦʤʠʤʦ 

ʥʘʣʠʯʠʷ TCP-ʪʨʘʬʠʢʘ, ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʥʴʰʘʷ ʧʦ 

ʦʙʲʝʤʫ ʜʦʣʷ UDP-ʪʨʘʬʠʢʘ, ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʚʠʜ ʪʨʘʬʠʢʘ ʙʦʣʝʝ ʩʛʣʘʞʝʥ ʠ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ 1ʈ-ʪʨʘʬʠʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʦʥ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ. 

ʂ ʧʦʜʦʙʥʳʤ ʧʦʪʦʢʘʤ ʦʪʥʦʩʠʪʩʷ ʪʨʘʬʠʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʧʨʘʚʣʝʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʴʶ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʡ ʚʠʜ ʪʨʘʬʠʢʘ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠ 

ʘʚʪʦʨʠʟʘʮʠʠ ʢʣʠʝʥʪʦʚ ʠʣʠ ʧʨʠ ʘʢʪʠʚʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʝʨʚʝʨʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʨʘʬʠʢʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʝʨʠʦʜʠʯʥʦʩʪʴ. ʂʦ ʚʪʦʨʦʤʫ ʚʠʜʫ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʙʦʪʫ ʩʝʪʝʚʳʭ ʩʝʨʚʠʩʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʫʶ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʪʦʢʦʣʦʚ: DNS, FTP, HTTP, SMTP, POP3 ʠ ʜʨ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʨʦʮʝʩʩʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʚʳʟʦʚʦʚ ʠ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʥʠʤʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠ  

ʧʦʤʦʱʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʘʨʝʪʦ ʠ ʠʤʝʶʪ ʥʝʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʘʬʠʢ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʝʪʠ ʥʘ ʙʦʣʴʰʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʥʝʛʘʫʩʩʦʚʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʕʪʦ 

ʦʙ̡ʷʩʥʷʝʪʩʷ ʝʛʦ ʧʫʣʴʩʘʮʠʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʝʞʝʜʥʝʚʥʳʭ 
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ʩʝʪʝʚʳʭ ʥʘʛʨʫʟʦʢ. ʆʜʥʘʢʦ ʧʨʠ ʘʥʘʣʠʟʝ ʥʝʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʠʩʩʣʝʜʫʝʤʳʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʠʤʝʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʧʦʜʦʙʠʷ ʠ ʤʦʞʝʪ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʪʴʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʤʘʩʰʪʘʙʘ ʘʛʨʝʛʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʝʤʳʡ 

ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʳʤ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

 

ʈʠʩ. 1 - ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʧʘʢʝʪʘ ʥʘ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʊɽʇʃʆʆɹʄɽʅɸ 

ʐɸʍʄɸʊʅʆɻʆ ʇʋʏʂɸ ʉɼɺʆɽʅʅʓʍ ʈʗɼʆɺ ʂɸʇʃɽɺʀɼʅʓʍ ʊʈʋɹ 

ʈʘʚʘʜ ɼʝʝʙ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʦ çʦʨʛʘʥʠʯʝʩʢʦʤʫè ʮʠʢʣʫ ʈʝʥʢʠʥʘ (ʆʎʈ), ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʨʫʙʥʳʝ ʧʫʯʢʠ, 

ʧʨʠ ʵʪʦʤ ʥʘʨʫʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʦʢ ʦʤʳʚʘʝʪʩʷ ʛʦʨʷʯʠʤ (ʛʘʟʦʚʳʤ) ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʘ 

ʚʥʫʪʨʠ ʪʨʫʙ ʧʨʦʪʝʢʘʝʪ ʨʘʙʦʯʝʝ ʚʝʱʝʩʪʚʦ ʆʎʈ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʰʘʭʤʘʪʥʦʛʦ ʧʫʯʢʘ ʩʜʚʦʝʥʥʳʭ ʨʷʜʦʚ ʪʨʫʙ ʢʘʧʣʝʚʠʜʥʦʡ ʬʦʨʤʳ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʚ ʧʘʢʝʪʝ ANSYS ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ 

ʧʫʯʢʘ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ ʩ ʫʯʝʪʦʤ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʣʫʯʝʥʦ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʫʯʢʝ, ʠ ʧʦʩʪʨʦʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙ ʧʫʯʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʧʣʝʚʠʜʥʳʝ ʪʨʫʙʳ, ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʝʬʦʨʤʘʮʠʷ, ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ. 

 

INVESTIGATION OF HEAT TRANSFER CHARACTERISTICS OF 

STAGGERED DOUBLE ROWS OF DROP-SHAPED TUBES BUNDLE 

Rawad Deeb 

National Research University ñMPEIò 
Abstract. Tube bundles can be used as a separation heat exchanger in the ñorganicò Rankine 

cycle power plants (ORC), while the hot gas passes over the outer surface, and the working 

substance ORC flows inside the tubes. A numerical study has been conducted to clarify heat 

transfer of a cross-flow heat exchanger with staggered bundle of double rows of drop-shaped tubes. 

A mathematical and numerical model in software package ANSYS has been developed for 

numerical evaluation of heat transfer of a drop-shaped tubes bundle, with taking into account the 

strain caused by different pressures inside and outside the tubes. The results of numerical simulation 

of temperature distribution in the tubeôs bundle had provided the development of equation to 

determine the average Nusselt number for the considered tubes bundle. 

Keywords: drop-shaped tubes, temperature field, deformation, numerical simulation, Nusselt 

number. 

 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʦ çʦʨʛʘʥʠʯʝʩʢʦʤʫè ʮʠʢʣʫ ʈʝʥʢʠʥʘ (ʆʎʈ), ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʪʨʫʙʥʳʝ ʧʫʯʢʠ, ʧʨʠ ʵʪʦʤ ʥʘʨʫʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʦʢ ʦʤʳʚʘʝʪʩʷ ʛʦʨʷʯʠʤ 

(ʛʘʟʦʚʳʤ) ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʘ ʚʥʫʪʨʠ ʪʨʫʙ ʧʨʦʪʝʢʘʝʪ ʨʘʙʦʯʝʝ ʚʝʱʝʩʪʚʦ ʆʎʈ.  ɺ 

ʨʘʙʦʪʝ [1] ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʜʠʥʦʯʥʳʭ ʪʨʫʙ ʢʘʧʣʝʚʠʜʥʦʛʦ ʠ ʢʨʫʛʣʦʛʦ 

ʧʨʦʬʠʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ ʚʦʟʜʫʭʦʤ. ɹʳʣʦ 

ʥʘʡʜʝʥʦ, ʯʪʦ ʪʝʧʣʦʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʧʣʝʚʠʜʥʦʡ ʪʨʫʙʳ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʜʣʠʥʝʥʠʝʤ ʧʨʦʬʠʣʷ (L/D=4) ʧʨʠʤʝʨʥʦ ʚ 11,5 ~ 20,2 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʦʜʠʥʦʯʥʦʡ ʢʨʫʛʣʦʡ ʪʨʫʙʳ. ɾʫʢʦʚʘ ʠ ʜʨ.  [2] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʣʠ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʪʨʫʙ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʨʷʜʦʤ, ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʟʢʦʤ ʢʘʥʘʣʝ ʧʨʠ ʫʛʣʝ ʘʪʘʢʠ 

0Á. ɸʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ ʩʦ ʩʪʦʨʦʥʳ 

ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 30% ʚʩʝʭ ʧʦʪʝʨʴ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. Deeb [3] ʯʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʣ ʚʣʠʷʥʠʷ 

ʧʨʦʜʦʣʴʥʦʛʦ ʰʘʛʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʠ ʪʝʧʣʦʦʙʤʝʥ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ 

ʦʙʪʝʢʘʥʠʠ ʰʘʭʤʘʪʥʦʛʦ ʧʫʯʢʘ ʪʨʫʙ ʢʘʧʣʝʚʠʜʥʦʡ ʬʦʨʤʳ ʧʨʠ ʥʫʣʝʚʦʤ ʫʛʣʝ ʘʪʘʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ: ʪʝʧʣʦʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʫʯʢʘ 

ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ ʧʨʠʤʝʨʥʦ ʚ 18,1 ~ 43,7 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʫʯʢʘ ʪʨʫʙ ʢʨʫʛʣʦʛʦ 

ʩʝʯʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʧʫʯʢʘ 

ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ (ʨʠʩ. 1). ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʢʘʧʣʝʚʠʜʥʦʡ ʪʨʫʙʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ 

Dʵʢ= 22,5 ʤʤ, ʧʦʧʝʨʝʯʥʦʝ ʠ ʧʨʦʜʦʣʴʥʦʝ ʰʘʛʠ ʚ ʜʠʘʧʘʟʦʥʝ Sʧʦʧ = 18,5 ʤʤ ʠ Sʧʨʦ = 

37 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 1 - ɼʚʫʤʝʨʥʳʡ ʢʘʥʘʣ ʩ ʧʫʯʢʦʤ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ 

 

 

 
 

ʈʠʩ. 2 - ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʘʧʣʝʚʠʜʥʦʡ ʪʨʫʙʳ ʙʝʟ ʥʘʛʨʫʟʢʠ 

 

ɿʘʜʘʯʘ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʨʝʰʘʣʘʩʴ ʚ Ansys Fluent [4] ʚ ʜʚʫʤʝʨʥʦʡ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʣʠʞʝʥʠʷ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʡ 

ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʠ ʙʝʟ ʫʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ. ʉʠʩʪʝʤʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʨʘʚʥʝʥʠʝ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʜʚʝ ʧʨʦʝʢʮʠʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ: 
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ʛʜʝ i ï ʠʥʜʝʢʩ 1 ʠ 2 ; U - ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ; ɟ - ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ; P - 

ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ; 
ij
Ű ï ʪʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ; 

Ɇ
ɚ- çʵʬʬʝʢʪʠʚʥʳʡè 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ; T - ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ RNG k-Ů [4] 

ʩ ʬʫʥʢʮʠʝʡ ñEnhanced wall Treatmentò, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [1]. ɺʝʨʠʬʠʢʘʮʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʥʝʝ 
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ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʨʘʙʦʪʝ [1]. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ICEM CFD. ɼʣʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʡ ʩʠʤʫʣʷʮʠʠ ʩʝʪʢʘ (Quad ʵʣʝʤʝʥʪʳ) ʩʪʨʦʠʣʘʩʴ 

ʩʦ ʩʛʫʱʝʥʠʝʤ ʚ ʦʙʣʘʩʪʷʭ ʥʘʠʙʦʣʴʰʝʛʦ ʛʨʘʜʠʝʥʪʘ ʩʢʦʨʦʩʪʠ (ʨʠʩ. 3). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʚʝʜʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ANSYS Static Structural, ʦʧʨʝʜʝʣʝʥʳ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ 

ʨʘʟʥʦʩʪʴʶ ʜʘʚʣʝʥʠʡ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʪʨʫʙ (ʨʠʩ.4). 

 

 
 

 

ʈʠʩ. 3 - ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʢʘʧʣʝʚʠʜʥʦʡ ʪʨʫʙʳ 

 

ʈʠʩ. 4 - ʉʦʩʪʦʷʥʠʝ çʧʦʜ ʥʘʛʨʫʟʢʦʡè 

 

ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʦʙʪʝʢʘʶʱʝʛʦ ʧʫʯʦʢ, ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ 

ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ Uʚʭ=1,33 ~ 14 ʤ/ʩ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʘʤ ʈʝʡʥʦʣʴʜʩʘ Re= 1,3ʭ10
3
 ~ 18,7ʭ10

3
, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

Tʚʭ=56,5 ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɼʘʚʣʝʥʠʝ ʚʦʜʳ ʚʥʫʪʨʠ ʪʨʫʙʳ ʩʦʩʪʘʚʣʷʝʪ 14 

ʙʘʨ, ʧʨʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʥʢʠ Tʪʨʫʙ=20,8. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. 

ʃʠʥʠʠ ʪʦʢʘ ʧʦʤʦʛʘʶʪ ʦʪʩʣʝʜʠʪʴ ʧʫʪʴ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʪʨʫʙʳ ʠ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʣʦʪʥʦʩʪʴ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʠʭʨʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ 

ʧʫʯʢʝ. ʇʨʠ ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ Uʚʭ=1,33 ʤ/ʩ (ʨʠʩ. 5, ʘ) ʝʩʪʴ ʪʨʠ 

ʦʪʨʳʚʥʳʝ ʟʦʥʳ: ʜʚʝ ʥʘ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʦʜʥʘ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʪʨʫʙ. 

ʆʪʨʳʚ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥ ʩʠʣʘʤʠ ʪʨʝʥʠʷ, 

ʠʟʤʝʥʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ, ʪʘʢʞʝ ʦʪʨʳʚ ʧʦʪʦʢʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʧʝʨʝʧʘʜʦʤ 

ʜʘʚʣʝʥʠʷ ʧʨʦʪʝʢʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʪʨʫʙʳ.  

 

 

(ʘ) 

 

(ʙ) 

 

ʈʠʩ. 5 - ʃʠʥʠʠ ʪʦʢʘ: Uʚʭ= 1,33 ʤ/ʩ (a); Uʚʭ= 14 ʤ/ʩ (ʙ) 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʜʦ Uʚʭ=14 ʤ/ʩ ʚʠʭʨʝʚʳʝ ʟʦʥʳ ʥʘ ʙʦʢʦʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʫʙʳ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʝ 

ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 5, ʙ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʤʦʱʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʛʨʘʥʠʯʥʦʤʫ ʩʣʦʶ 

ʩʜʚʠʛʘʪʴʩʷ ʜʘʣʴʰʝ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʫʯʢʝ ʪʨʫʙ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʘʛʨʝʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

Uʚʭ=1,33 ʠ 7 ʤ/ʩ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʘʷ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ 

ʢʘʥʘʣ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʪʨʫʙ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʪʝʧʣʦʦʪʜʘʯʠ. 

 

Uʚʭ= 1,33 ʤ/ʩ Uʚʭ= 14 ʤ/ʩ 

  
 

ʈʠʩ. 6 - ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ 

 

 ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʧʫʯʢʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʘʢ: 

ʩʨ ʵʢ

ʩʨ

Ŭ .D
Nu =

ɚ
      (4) 

ʉʨʝʜʥʠʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʯʢʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 
F

ʩʨ

0

1
Ŭ = Ŭ.dF

Fñ
      (5) 

ʈʠʩ. 7 ʧʦʢʘʟʳʚʘʝʪ ʩʨʝʜʥʠʝ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʧʦ ʧʫʯʢʫ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ (D ʩʨ ʵʢRe =ɟ.u .D ɛ, ʛʜʝ ɛï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ), 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʫʟʢʦʤ ʩʝʯʝʥʠʠ ʧʫʯʢʘ uʩʨ ʠʟ 

ʨʝʰʝʥʠʷ ANSYS. 

ʉʦʛʣʘʩʥʦ ʨʠc. 7 ʩʨʝʜʥʠʝ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʫʨʙʫʣʠʟʘʮʠʠ ʚʦʟʜʫʭʘ ʟʘ ʨʷʜʘʤʠ ʪʨʫʙ, ʛʜʝ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ 

ʨʷʜʦʚ ʪʨʫʙ ʩʪʘʥʦʚʠʪʩʷ ʪʦʥʴʰʝ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʜʦ 14 ʤ/ʩ 

ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʧʫʯʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 10,51%. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʷʜʳ ʥʦʤʝʨ 5; 6; 7; 8 ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Nucp, ʯʝʤ 

ʦʩʪʘʣʴʥʳʝ ʨʷʜʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʙ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ (ʨʠʩ. 8). ʊʘʢʞʝ ʇʝʨʚʘʷ 

ʪʨʫʙʘ ʚ ʢʘʞʜʦʤ ʧʦʧʝʨʝʯʥʦʤ ʨʷʜʫ ʠʤʝʝʪ ʙʦʣʴʰʝ Nucp, ʯʝʤ ʩʣʝʜʫʶʱʠʝ ʪʨʫʙʢʠ ʚ 
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ʪʦʤ ʞʝ ʨʷʜʫ, ʧʦʩʢʦʣʴʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʯʝʨʝʟ ʨʷʜʳ ʪʨʫʙ. 

 

 
 

ʈʠʩ. 7 - ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ 

ʧʫʯʢʘ 

ʈʠʩ. 8 - ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ 

ʢʘʞʜʦʛʦ ʨʷʜʘ ʧʨʠ Uʚʭ=7 ʤ/ʩ 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʙʦʪʘʥʳ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ 

ʢʦʨʨʝʣʷʮʠʠ: 
0,7495 1/3

ʩʨ DNu =0,043.Re .Pr
.
     (6) 

ʋʨʘʚʥʝʥʠʝ (6) ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʯʠʩʝʣ Re= 1,3ʭ10
3
 ~ 18,7ʭ10

3
 ʠ Pr 

ḙ 0.7. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʰʘʭʤʘʪʥʦʛʦ ʧʫʯʢʘ ʩʜʚʦʝʥʥʳʭ ʨʷʜʦʚ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ ʩ 

ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ANSYS ʩ ʫʯʝʪʦʤ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʪʨʫʙ. ʇʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʧʫʯʢʝ 

ʪʨʫʙ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʧʦʜʦʙʠʷ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʠʝ ʧʦ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʧʫʯʢʫ ʢʘʧʣʝʚʠʜʥʳʭ ʪʨʫʙ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚ ʫʟʢʦʤ ʩʝʯʝʥʠʠ ʧʫʯʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʦʙʤʝʥʘ ʧʫʯʢʦʚ ʪʨʫʙ 

ʢʘʧʣʝʚʠʜʥʦʡ ʬʦʨʤʳ. 
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ʋɼʂ 004.52 

ʈɸɿʈɸɹʆʊʂɸ ɻʆʃʆʉʆɺʆɻʆ ɸʉʉʀʉʊɽʅʊɸ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ 

IOT  ʋʉʊʈʆʁʉʊɺʆʄ 

ɽ.ɸ. ɼʫʜʥʠʢ, ʉ.ʉ. ʅʘʛʠʭ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè  
ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʙʘʢʘʣʘʚʨʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʛʦʣʦʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʳ ʬʫʥʢʮʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʠʥʪʝʟʘ ʨʝʯʠ, ʨʘʟʨʘʙʦʪʘʥʦ 

ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: IoT, ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʛʦʣʦʩʦʚʦʡ ʘʩʩʠʩʪʝʥʪ, 

ʫʧʨʘʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘʤʠ. 
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ɺʚʝʜʝʥʠʝ 

ɻʦʣʦʩʦʚʦʡ ʧʦʤʦʱʥʠʢ ð ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʫʧʨʘʚʣʷʪʴ ʤʦʙʠʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠʣʠ ʢʦʤʧʴʶʪʝʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʣʦʩʦʚʳʭ 

ʢʦʤʘʥʜ. ʉʦʚʨʝʤʝʥʥʳʡ ʛʦʣʦʩʦʚʦʡ ʧʦʤʦʱʥʠʢ (ʠʣʠ "ʚʠʨʪʫʘʣʴʥʳʡ ʘʩʩʠʩʪʝʥʪ" ʦʪ 

ʘʥʛʣ. "virtual assistant") ʤʦʞʝʪ ʫʧʨʦʩʪʠʪʴ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪʝ, 

ʟʘʧʫʩʪʠʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʥʳʝ ʬʫʥʢʮʠʠ ʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʜʘʞʝ ʚʳʩʪʫʧʘʪʴ ʚ 

ʨʦʣʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʦʙʝʩʝʜʥʠʢʘ. 

ʇʦʤʠʤʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʣʦʩʘ, ʚʠʨʪʫʘʣʴʥʳʡ ʘʩʩʠʩʪʝʥʪ ʤʦʞʝʪ ʪʘʢʞʝ 

ʦʟʚʫʯʠʚʘʪʴ ʪʝʢʩʪʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʥʘʧʨʠʤʝʨ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ), "ʛʦʚʦʨʠʪʴ" 

ʩ ʯʝʣʦʚʝʢʦʤ ʠʣʠ "ʦʙʱʘʪʴʩʷ" ʩ ʥʠʤ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ ʯʘʪʘ. ʇʦʣʥʦʮʝʥʥʳʡ ʜʠʘʣʦʛ 

ʥʠ ʩ ʦʜʥʠʤ ʠʟ ʛʦʣʦʩʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʦʢʘ ʥʝʚʦʟʤʦʞʝʥ. ʆʜʥʘʢʦ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʪʨʫʜʷʪʩʷ ʥʘʜ ʫʣʫʯʰʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʝʘʢʮʠʠ ʩʚʦʠʭ ʧʨʦʛʨʘʤʤ ʥʘ ʨʝʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʨʠ ʚʩʸʤ ʵʪʦʤ ʬʫʥʢʮʠʦʥʘʣʝ ʥʠ ʦʜʠʥ ʠʟ ʤʘʩʩʦʚʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʛʦʣʦʩʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ɸʣʠʩʘ, Cortana, Google assistant ʠ ʪ.ʜ., ʥʝ 

ʤʦʞʝʪ ʧʦʣʥʦʮʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ IoT. 

IoT, ʠʣʠ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ð ʵʪʦ ʩʝʪʴ ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʦʙʲʝʢʪʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʠ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʩʦ 

ʚʩʪʨʦʝʥʥʳʭ ʩʝʨʚʠʩʦʚ. ʋʩʪʨʦʡʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ð ʣʶʙʳʝ 

ʘʚʪʦʥʦʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʢʣʶʯʸʥʥʳʝ ʢ ʠʥʪʝʨʥʝʪʫ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʪʩʣʝʞʠʚʘʪʴʩʷ ʠ/ʠʣʠ ʫʧʨʘʚʣʷʪʴʩʷ ʫʜʘʣʸʥʥʦ. 
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ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʵʢʦʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʝʥʥʳʭ ʚʤʝʩʪʝ ʫʩʪʨʦʡʩʪʚ, 

ʥʘʟʳʚʘʝʤʳʝ çʫʤʥʳʡ ʜʦʤè, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʠ ʧʨʦʥʠʢʘʶʪ ʚʦ 

ʤʥʦʛʠʝ ʩʬʝʨʳ ʥʘʰʝʡ ʞʠʟʥʠ, ʫʧʨʦʱʘʷ ʠ ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʨʫʪʠʥʥʳʝ ʧʨʦʮʝʩʩʳ.  

ʅʝʢʦʪʦʨʳʝ ʠʟ ʫʩʪʨʦʡʩʪʚ ʨʘʙʦʪʘʶʪ ʘʚʪʦʥʦʤʥʦ, ʥʝ ʥʫʞʜʘʷʩʴ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʢʦʥʪʨʦʣʝ ʠʟʚʥʝ, ʥʘʧʨʠʤʝʨ ʚʢʣʶʯʝʥʠʝ ʩʚʝʪʘ ʚ ʢʦʤʥʘʪʝ ʧʦ ʧʨʠʭʦʜʫ ʚ ʥʝʸ 

ʯʝʣʦʚʝʢʘ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʢʦʤʬʦʨʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʦʤʝʱʝʥʠʠ. ʅʦ ʝʩʪʴ ʠ ʜʨʫʛʠʝ, ʥʘʜ ʢʦʪʦʨʳʤʠ ʥʝʦʙʭʦʜʠʤ ʢʦʥʪʨʦʣʴ. 

ʉʝʡʯʘʩ ʯʘʱʝ ʚʩʝʛʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ çʫʤʥʳʤʠè ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʤʘʨʪʬʦʥ, ʥʦ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʥʦ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʧʨʘʚʣʝʥʠʝ 

ʛʦʣʦʩʦʚʳʤʠ ʢʦʤʘʥʜʘʤʠ, ʥʦ ʦʥʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʙʘʟʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʘʩʩʠʩʪʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʥʝ ʩʦʚʩʝʤ ʜʣʷ ʵʪʠʭ 

ʮʝʣʝʡ. ʇʦʵʪʦʤʫ ʫʧʨʘʚʣʝʥʠʝ ʚ ʥʠʭ ʩʚʦʜʠʪʩʷ ʢ ʥʘʙʦʨʫ ʟʘʨʘʥʝʝ ʟʘʛʦʪʦʚʣʝʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʚ ʪʦʯʥʦʩʪʠ ʧʨʦʠʟʥʦʩʠʪʴ. 

ʏʝʣʦʚʝʢʫ, ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʧʨʦʱʝ ʥʝ ʟʘʧʦʤʠʥʘʪʴ ʠ ʧʦʚʪʦʨʷʪʴ ʰʘʙʣʦʥ, ʘ 

ʠʟʣʘʛʘʪʴ ʩʚʦʶ ʤʳʩʣʴ ʧʦ-ʨʘʟʥʦʤʫ ï ʪʘʢ ʢʘʢ ʦʥʘ ʧʨʠʜʸʪ ʝʤʫ ʚ ʛʦʣʦʚʫ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ï ʨʘʟʨʘʙʦʪʘʪʴ ʛʦʣʦʩʦʚʦʡ ʘʩʩʠʩʪʝʥʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩ IoT ʫʩʪʨʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʡ ʠʤʝʣ ʙʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʥʦʥʠʤʠʯʥʳʭ ʬʨʘʟ, ʧʦʥʠʤʘʥʠʷ ʢʦʥʪʝʢʩʪʘ ʨʝʯʠ ʠ ʬʫʥʢʮʠʝʡ 

ʧʦʜʜʝʨʞʘʥʠʷ ʜʠʘʣʦʛʘ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʪʦʯʥʝʥʠʷ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʧʨʦʩʘ. 

ʏʪʦʙʳ ʧʦʣʥʦʮʝʥʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʛʦʣʦʩʦʚʦʡ ʘʩʩʠʩʪʝʥʪ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

1. ʈʘʩʧʦʟʥʘʚʘʪʴ ʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʝʯʴ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 

2. ʇʦʪʨʝʙʣʷʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ; 

3. ʂʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʮʝʣʴʶ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ 
ʠʣʠ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʷ; 

4. ʉʦʩʪʘʚʣʷʪʴ ʢʨʘʪʢʠʝ ʦʪʚʝʪʳ ʠ ʫʤʝʪʴ ʟʘʜʘʚʘʪʴ ʚʦʧʨʦʩ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ 
ʧʦʥʷʪʠʷ ʩʢʘʟʘʥʥʦʡ ʝʤʫ ʢʦʤʘʥʜʳ; 

5. ʋʤʝʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʥʪʝʢʩʪ ʨʝʯʠ. 

ɺʳʙʦʨ ʤʝʪʦʜʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʉʫʱʝʩʪʚʫʶʱʠʝ  ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʩʩʯʠʪʘʥʳ ʥʘ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʠʩʢʦʚʦʛʦ ʟʘʧʨʦʩʘ, ʚʳʧʦʣʥʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʝʡʩʪʚʠʷ ʩ 

ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʠʣʠ ʩʤʘʨʪʬʦʥʦʤ, ʧʦʜʜʝʨʞʘʥʠʝ ʙʝʩʝʜ.r  

ʌʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ çʫʤʥʦʛʦè ʜʦʤʘ ʚ ʥʠʭ ʧʦʷʚʣʷʶʪʩʷ ʧʦ 

ʤʝʨʝ ʚʭʦʞʜʝʥʠʷ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʥʘʰʫ ʞʠʟʥʴ, ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ ʟʘʯʘʩʪʫʶ 

ʚʳʛʣʷʜʠʪ ʢʘʢ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʬʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʜʝʡʩʪʚʠʶ.  

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʦʣʦʩʦʚʦʛʦ ʘʩʩʠʩʪʝʥʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʫʧʨʘʚʣʝʥʠʝ 

ʫʩʪʨʦʡʩʪʚʘʤʠ çʫʤʥʦʛʦè ʜʦʤʘ. ʕʪʦʛʦ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʙʰʠʨʥʦʛʦ 

ʩʣʦʚʘʨʷ ʩʠʥʦʥʠʤʦʚ ʠ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ɺʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python, ʪʘʢ ʢʘʢ ʦʥ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʨʘʙʦʪʳ ʩ 
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ʤʘʰʠʥʥʳʤ ʦʙʫʯʝʥʠʝʤ, ʪʘʢʠʭ ʢʘʢ TensorFlow ʠʣʠ Kera, ʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʉʋɹɼ ʠ ʨʘʙʦʪʳ ʩ ʥʝʡ ʙʳʣʘ ʚʳʙʨʘʥʘ 

MySQL 8.0, ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʧʦʜʜʝʨʞʢʦʡ ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ, 

ʛʠʙʢʦʡ ʩʠʩʪʝʤʦʡ ʧʨʠʚʠʣʝʛʠʡ ʠ ʧʘʨʦʣʝʡ [2-3]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʚʷʟʠ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʨʭʠʪʝʢʪʫʨʘ REST. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪ ʨʷʜ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʠʥʮʠʧʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Web-ʩʝʨʚʠʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʩʠʩʪʝʤʥʳʝ ʨʝʩʫʨʩʳ, 

ʚʢʣʶʯʘʷ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʩʦʩʪʦʷʥʠʡ ʨʝʩʫʨʩʦʚ ʧʦ HTTP 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʢʣʠʝʥʪʩʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʥʘʧʠʩʘʥʥʳʤʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [4].  

ʅʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ 

ʄʠʢʨʦʢʦʤʧʴʶʪʝʨ Raspberry Pi (ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʝ) ʩ ʧʦʜʢʣʶʯʝʥʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʟʚʫʢʘ ʣʠʙʦ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʤʠʥʠʤʘʣʴʥʳʤ ʩʠʩʪʝʤʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

- ʧʨʦʮʝʩʩʦʨ Intel Celeron G4900 ʠʣʠ AMD Sempron 2650; 

- ʥʝ ʤʝʥʝʝ 1 ɻɹ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 

- 1 ɻɹ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ; 

- ʙʘʟʦʚʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʣʶʙʦʛʦ ʧʦʩʪʘʚʱʠʢʘ; 

- ʤʠʢʨʦʬʦʥ; 

- ʫʩʪʨʦʡʩʪʚʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʟʚʫʢʘ; 

- ʜʦʩʪʫʧ ʢ ʩʝʪʠ ʠʥʪʝʨʥʝʪ. 

- ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ: 

- Windows 8/8.1/10 ʠʣʠ OS Linux; 

- ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MS Visual Studio 2019; 

- NET Core ï ʤʦʜʫʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

- ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ SQLiteStudio; 

- Microsoft Speech Platform SDK ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ 
ʧʨʠʣʦʞʝʥʠʡ ʧʦʜʜʝʨʞʢʦʡ ʨʝʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ 

ɻʦʣʦʩʦʚʦʡ ʘʩʩʠʩʪʝʥʪ ʨʘʟʨʘʙʦʪʘʥ ʚ ʩʨʝʜʝ Microsoft Visual Studio ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ .Net core. ɼʣʷ ʠʩʧʦʣʥʝʥʠʷ ʈython ʩʢʨʠʧʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʘʢʝʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʟʳʢʦʚ IronPython. ɼʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥ ʬʨʝʡʤʚʦʨʢ Microsoft Entity Framework Core. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʋɹɼ 

SQLite studio. ɹʘʟʘ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʫʧʘ Entity Framework Core. 

ʄʦʜʫʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʷʟʳʢʝ Python ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ TensorFlow ï ʦʪʢʨʳʪʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 
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ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʨʠʤʝʥʸʥ 

ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʩʠʩʪʝʤʳ REST Api. 

ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɻʦʣʦʩʦʚʦʡ ʘʩʩʠʩʪʝʥʪ ʧʦʟʚʦʣʷʝʪ: 

- ʋʧʨʘʚʣʷʪʴ çʫʤʥʳʤʠè ʫʩʪʨʦʡʩʪʚʘʤʠ; 

- ʀʟʤʝʥʷʪʴ ʥʘʩʪʨʦʡʢʠ ʠʤʝʥʠ, ʛʦʣʦʩʘ, ʩʢʦʨʦʩʪʠ ʨʝʯʴ, ʪʝʤʙʨʘ ʠ ʜʨ.; 

- ʆʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʪʝʨʥʝʪʝ ʠʣʠ ʢʨʘʪʢʠʡ ʦʪʚʝʪ; 

- ʋʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʜʝʡʩʪʚʠʡ ʜʣʷ ʫʩʪʨʦʡʩʪʚ; 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴʩʷ ʢ 

ʘʩʩʠʩʪʝʥʪʫ ʠ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʳ ʭʦʪʠʪʝ ʩʜʝʣʘʪʴ. ɹʣʘʛʦʜʘʨʷ ʤʝʭʘʥʠʟʤʘʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʩʩʠʩʪʝʥʪ ʣʠʙʦ ʚʳʧʦʣʥʠʪ ʚʘʰ ʟʘʧʨʦʩ, ʣʠʙʦ ʟʘʜʘʩʪ ʫʪʦʯʥʷʶʱʠʡ 

ʚʦʧʨʦʩ. 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʦʚ ʥʫʞʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʘʩʩʠʩʪʝʥʪʫ, 

ʩʢʘʟʘʪʴ ʝʤʫ ʬʨʘʟʫ çʧʝʨʝʡʜʠ ʚ ʨʝʞʠʤ ʥʘʩʪʨʦʡʢʠè ʠ ʜʘʣʝʝ ʧʨʠ ʧʦʤʦʱʠ 

ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘʩʪʨʦʡʢʫ. 

ʄʦʞʥʦ ʟʘʜʘʚʘʪʴ ʘʩʩʠʩʪʝʥʪʫ ʚʦʧʨʦʩʳ ʧʦ ʪʠʧʫ çʂʦʪʦʨʳʡ ʯʘʩ?è. ɽʩʣʠ ʦʪʚʝʪ 

ʥʘ ʧʦʜʦʙʥʳʡ ʚʦʧʨʦʩ ʤʦʞʝʪ ʙʳʪʴ ʢʨʘʪʢʦ ʧʨʦʠʟʥʝʩʝʥ ʠ ʘʩʩʠʩʪʝʥʪ ʟʥʘʝʪ ʥʘ ʥʝʛʦ 

ʦʪʚʝʪ, ʪʦ ʦʥ ʙʫʜʝʪ ʦʟʚʫʯʝʥ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʘʩʩʠʩʪʝʥʪ ʦʪʢʨʦʝʪ ʩʪʨʘʥʠʮʫ 

ʧʦʠʩʢʘ ʚ ʙʨʘʫʟʝʨʝ ʩ ʚʘʰʠʤ ʟʘʧʨʦʩʦʤ ʧʨʠ ʥʘʣʠʯʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʠʥʘʯʝ, ʝʩʣʠ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʪ, ʦʥ ʧʦʧʨʦʩʠʪ ʚʘʩ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʠʩʢ 

ʠʥʬʦʨʤʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʄʦʞʥʦ ʟʘʜʘʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʜʝʡʩʪʚʠʡ, ʥʘʧʨʠʤʝʨ, ʚʢʣʶʯʝʥʠʷ ʠʣʠ 

ʦʪʢʣʶʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʧʦ ʩʨʝʜʩʪʚʘʤ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʦʥʪʨʦʣʴʥʳʡ ʧʨʠʤʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʙʦʪʘ ʧʨʦʛʨʘʤʤʳ. 

ʉʦʩʪʘʚʠʤ ʨʘʩʧʠʩʘʥʠʷ ʜʝʡʩʪʚʠʡ:  

1. ʇʨʦʠʟʚʝʜʝʤ ʦʙʨʘʱʝʥʠʝ ʢ ʘʩʩʠʩʪʝʥʪʫ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʠʤʝʥʠ 

çʇʝʪʨʦʚʠʯè; 
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2. ʇʦʧʨʦʩʠʤ ʚʢʣʶʯʠʪʴ ʦʩʚʝʱʝʥʠʝ; 

3. ɿʘʜʘʜʠʤ ʚʦʧʨʦʩ çʢʦʪʦʨʳʡ ʯʘʩ?è; 

4. ɿʘʡʜʝʤ ʚ ʨʝʞʠʤ ʥʘʩʪʨʦʝʢ; 

5. ʉʤʝʥʠʤ ʠʤʷ ʘʩʩʠʩʪʝʥʪʘ ʥʘ çʇʝʪʨʦʚʥʘè, ʘ ʛʦʣʦʩ ʥʘ ʞʝʥʩʢʠʡ; 

6. ʉʬʦʨʤʠʨʫʝʤ ʟʘʧʨʦʩ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʦʩʚʝʱʝʥʠʷ ʚ 23:00; 

7. ʉʬʦʨʤʫʣʠʨʫʝʤ ʧʦʠʩʢʦʚʳʡ ʟʘʧʨʦʩ ʢ ʩʘʡʪʫ ʈʫʙʮʦʚʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ 
ʠʥʩʪʠʪʫʪʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ 

ɻʣʘʚʥʦʝ ʦʢʥʦ ʥʝʩʝʪ ʚ ʩʝʙʝ ʪʦʣʴʢʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʨʦʣʴ, ʧʦʪʦʤʫ ʯʪʦ 

ʦʩʥʦʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʩʩʠʩʪʝʥʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʨʝʜʩʪʚʘʤ ʛʦʣʦʩʦʚʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʠ. ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʦʩʣʝ ʦʙʨʘʱʝʥʠʷ ʢ ʘʩʩʠʩʪʝʥʪʫ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʟʘʧʨʦʩʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ. 2 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʯʪʦ ʨʝʘʣʠʟʦʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ 

ʘʩʩʠʩʪʝʥʪʝ ʬʫʥʢʮʠʠ ʢʨʘʪʢʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʠʣʠ ʞʝ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʠʥʪʝʨʥʝʪʝ, ʝʩʣʠ ʦʪʚʝʪʠʪʴ ʢʨʘʪʢʦ ʥʘ ʥʝʛʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝ ʠʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʘ 

ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʘʩʩʠʩʪʝʥʪʦʤ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʣʦʢʘʣʴʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʝʛʦ 

ʠʤʝʥʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʤʝʥʳ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʦʪʟʳʚʯʠʚʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʝʘʣʠʟʦʚʘʥʦ 

ʧʦʪʦʢʦʚʳʤ ʤʝʪʦʜʦʤ. 

ʏʪʦʙʳ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʣʥʦʮʝʥʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʩʠʥʪʝʟʘ ʨʝʯʠ. ɺ ʥʝʡ ʚʦʟʤʦʞʥʳ ʠʟʤʝʥʝʥʠʷ ʥʘʩʪʨʦʝʢ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʛʦʣʦʩʘ, ʪʘʢʠʭ ʢʘʢ: ʩʢʦʨʦʩʪʴ, ʪʝʤʙʨ, ʚʳʙʦʨ ʤʝʞʜʫ ʤʫʞʩʢʠʤ ʠ 

ʞʝʥʩʢʠʤ ʛʦʣʦʩʘʤʠ. 

ʊʘʢ ʢʘʢ ʘʩʩʠʩʪʝʥʪ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʜʦʙʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʫʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʦ ʜʣʷ ʵʪʦʛʦ ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ 
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ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʧʨʦʩʦʚ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʪʠʧʫ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦ ʪʠʧʫ ʜʝʡʩʪʚʠʷ 

ʩ ʥʠʤ. ʆʙʰʠʨʥʘʷ ʙʘʟʘ ʩʠʥʦʥʠʤʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʞʘʪʴ ʩʚʦʠ ʟʘʧʨʦʩʳ ʨʘʟʣʠʯʥʳʤ 

ʦʙʨʘʟʦʤ, ʫʜʦʙʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè  
ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ SEO ʘʥʘʣʠʟ ʩʘʡʪʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʈʫʙʮʦʚʩʢʦʛʦ 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʡʪ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ. 
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ɺʚʝʜʝʥʠʝ 

SEO (Search Engine Optimization, ʧʦʠʩʢʦʚʘʷ ʦʧʪʠʤʠʟʘʮʠʷ) ï ʵʪʦ 

ʚʩʝʩʪʦʨʦʥʥʝʝ ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʩʘʡʪʘ ʜʣʷ ʝʛʦ ʚʳʭʦʜʘ ʥʘ ʧʝʨʚʳʝ ʧʦʟʠʮʠʠ 

ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʚʳʜʘʯʠ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ (SERPs) ʧʦ ʚʳʙʨʘʥʥʳʤ ʟʘʧʨʦʩʘʤ ʩ 

ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʦʩʝʱʘʝʤʦʩʪʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʣʫʯʝʥʠʷ ʜʦʭʦʜʘ. 

ʏʝʤ ʚʳʰʝ ʧʦʟʠʮʠʷ ʩʘʡʪʘ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʠʩʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʧʝʨʝʭʦʜʠʪ ʥʘ ʥʝʛʦ. ʇʦʵʪʦʤʫ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʜʚʠʞʝʥʠʷ 

ʠʤʝʪʁ ʨʘʙʦʪʳ ʧʦ: 

¶ ʧʦʚʳʰʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʨʘʥʠʮ ʧʦʠʩʢʦʚʳʤ ʟʘʧʨʦʩʘʤ (ʨʝʣʝʚʘʥʪʥʦʩʪʠ), 

¶ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʥʪʝʥʪʘ, 

¶ ʫʣʫʯʰʝʥʠʶ ʢʦʤʤʝʨʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

¶ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʜʘ ʩʪʨʘʥʠʮ, 

¶ ʥʘʨʘʱʠʚʘʥʠʶ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʟʥʘʯʠʤʦʩʪʠ ʨʝʩʫʨʩʘ. 
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ʇʨʘʚʠʣʘ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʜʘʶʪʩʷ ʧʦʠʩʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ 

ʠʩʧʦʣʴʟʫʝʪ ʠ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʥʞʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ʀ, ʭʦʪʷ ʬʦʨʤʫʣʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʝʢʨʝʪʝ, ʩʧʝʮʠʘʣʠʩʪʳ ʟʥʘʶʪ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʡ ʚʝʩ. 

ɺʦʟʜʝʡʩʪʚʫʷ ʥʘ ʥʠʭ, ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʧʦʟʠʮʠʠ ʧʦ ʢʣʶʯʝʚʳʤ ʟʘʧʨʦʩʘʤ ʚ 

ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʠʩʢʘ. 

ʂʨʘʡʥʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʜʚʠʞʝʥʠʷ ʠʤʝʝʪ ʧʦʚʝʜʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʫʜʦʙʩʪʚʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʩʢʦʨʦʩʪʴ ʟʘʛʨʫʟʢʠ ʩʘʡʪʘ [4]. ʉ ʨʘʟʚʠʪʠʝʤ 

ʠ ʫʩʣʦʞʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʟʥʘʯʝʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝʫʢʣʦʥʥʦ 

ʨʘʩʪʝʪ, ʯʪʦ ʚ ʠʪʦʛʝ ʜʝʣʘʝʪ ʧʦʠʩʢʦʚʫʶ ʚʳʜʘʯʫ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ. ʇʦʠʩʢʦʚʳʝ 

ʩʠʩʪʝʤʳ ʩʪʨʝʤʷʪʩʷ ʚʳʜʘʚʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʟʘʧʨʦʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʣʘʜʝʣʴʮʘʤ ʨʝʩʫʨʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʫʙʣʠʢʦʚʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʠʥʪʝʨʝʩʥʳʡ ʜʣʷ ʝʛʦ ʘʫʜʠʪʦʨʠʠ ʢʦʥʪʝʥʪ. 

ʀ ʝʩʣʠ ʵʪʦ ʨʘʙʦʪʘʝʪ ʩʝʛʦʜʥʷ, ʥʝ ʬʘʢʪ, ʯʪʦ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʟʘʚʪʨʘ. ʉʝʨʚʠʩʳ 

ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʪʩʷ, ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ. ɺʤʝʩʪʝ ʩ ʥʠʤʠ ʤʝʥʷʶʪʩʷ ʠ ʧʦʜʭʦʜʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ SEO ʘʫʜʠʪʘ (ʘʥʘʣʠʟʘ) ʩʘʡʪʘ 

rubinst.ru ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʨʘʬʠʢʘ.  ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ: ʩʦʙʨʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ; ʧʦʷʩʥʠʪʴ ʪʝʨʤʠʥʦʣʦʛʠʶ; ʚʳʷʚʠʪʴ 

ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʬʨʘʟʳ; ʚʳʷʚʠʪʴ ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʦʠʩʢʦʚʦʡ ʚʳʜʘʯʝ; 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ çʢʦʥʢʫʨʝʥʪʦʚè; ʩʦʩʪʘʚʠʪʴ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʘʮʠʡ; 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʨʘʬʠʢ 

ɼʠʥʘʤʠʢʘ ʚʠʜʠʤʦʩʪʠ 

ɺʠʜʠʤʦʩʪʴ ð ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʘʟʦʚ ʧʦ 

ʚʳʙʨʘʥʥʳʤ ʢʣʶʯʝʚʳʤ ʬʨʘʟʘʤ, ʠʩʭʦʜʷ ʠʟ ʟʘʥʠʤʘʝʤʳʭ ʧʦʟʠʮʠʡ ʩʘʡʪʘ ʚ 

ʧʦʠʩʢʦʚʦʡ ʚʳʜʘʯʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ, ʦʪʨʘʞʘʶʱʠʡ ʜʠʥʘʤʠʢʫ 

ʚʠʜʠʤʦʩʪʠ ʟʘ ʧʨʦʰʝʜʰʠʡ ʛʦʜ. 

 

 
 

ʈʠʩ. 1 - ɻʨʘʬʠʢ ʚʠʜʠʤʦʩʪʠ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʠʜʠʤʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʙʨʘʱʝʥʠʷ ʢ ʩʘʡʪʫ ʚʦʟʨʘʩʪʘʶʪ ʚ ʥʘʯʘʣʝ ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʠ ʧʘʜʘʶʪ ʧʦ ʦʢʦʥʯʘʥʠʶ 

ʫʯʝʙʥʦʛʦ ʛʦʜʘ. 

ɼʠʥʘʤʠʢʘ ʪʨʘʬʠʢʘ ʟʘ ʛʦʜ 

ʊʨʘʬʠʢ ʩʘʡʪʘ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʝʪʠʪʝʣʝʡ, ʧʨʠʰʝʜʰʠʭ ʥʘ ʚʝʙ-ʨʝʩʫʨʩ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ [1]. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ, ʦʪʨʘʞʘʶʱʠʡ 

ʜʠʥʘʤʠʢʫ ʪʨʘʬʠʢʘ ʟʘ ʧʨʦʰʝʜʰʠʡ ʛʦʜ. 
 

 
 

ʈʠʩ. 2 - ʊʨʘʬʠʢ ʩʘʡʪʘ  

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʪʨʘʬʠʢ ʩʘʡʪʘ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʝʥ ʚ ʘʚʛʫʩʪʝ, ʜʝʢʘʙʨʝ  ʠ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʛʨʘʬʠʢʦʤ ʚʠʜʠʤʦʩʪʠ. 

ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʢʣʶʯʝʚʳʭ ʬʨʘʟ 

ʂʣʶʯʝʚʳʝ ʬʨʘʟʳ ï ʵʪʦ ʦʪʜʝʣʴʥʳʝ ʩʣʦʚʘ ʣʠʙʦ ʠʭ ʩʦʯʝʪʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʀʥʪʝʨʥʝʪʘ ʚʚʦʜʷʪ ʚ ʧʦʠʩʢʦʚʫʶ ʩʪʨʦʢʫ, ʯʪʦʙʳ ʥʘʡʪʠ ʠʥʬʦʨʤʘʮʠʶ 

[2]. ʂʦʨʨʝʢʪʥʦ ʧʦʜʦʙʨʘʥʥʳʝ çʢʣʶʯʝʚʠʢʠè ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʩʘʡʪʫ ʙʦʣʴʰʦʡ 

ʧʨʠʪʦʢ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʢʣʶʯʝʚʳʭ ʬʨʘʟ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 3.  
 

 
 

ʈʠʩ. 3 - ɼʠʥʘʤʠʢʘ ʢʣʶʯʝʚʳʭ ʬʨʘʟ  
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ʂʣʶʯʝʚʳʝ ʬʨʘʟʳ, ʚʭʦʜʷʱʠʝ ʚ top 100: çʟʘʱʠʪʘ ʦʪ ʩʚʯ ʠʟʣʫʯʝʥʠʷè, çʪʘʙʝʣʴ 

ʬʦʨʤʘè, çʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷè ʠ ʪ.ʜ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʶʯʝʚʳʭ 

ʬʨʘʟ ʚ ʪʦʨ 100 ʨʘʚʥʦ 9540, ʥʦʚʳʝ ʠ ʧʦʪʝʨʷʥʥʳʝ ʬʨʘʟʳ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 5%, 

ʧʦ ʜʘʥʥʳʤ ʟʘ ʧʨʦʰʣʳʡ ʛʦʜ.   

ʇʦʟʠʮʠʷ ʚ ʧʦʠʩʢʦʚʦʡ ʚʳʜʘʯʝ 

ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ ʗʥʜʝʢʩ.XML (ʨʠʩʫʥʦʢ 4). 

 

 
 

ʈʠʩ. 4 - ʈʝʟʫʣʴʪʘʪ ʟʘʧʨʦʩʦʚ ʜʣʷ ʩʘʡʪʘ rubinst.ru 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4, ʩʘʡʪ rubinst.ru ʟʘʥʠʤʘʝʪ 47 ʤʝʩʪʦ ʧʦ ʟʘʧʨʦʩʫ çʚʫʟʳ 

ʨʫʙʮʦʚʩʢʘè, ʠ ʥʝ ʧʦʧʘʜʘʝʪ ʚ ʪʦʧ 100 ʧʦ ʜʚʫʤ ʦʩʪʘʚʰʠʤʩʷ ʟʘʧʨʦʩʘʤ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʢʦʥʢʫʨʝʥʪʘʤʠ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʷʤʳʭ ʢʦʥʢʫʨʝʥʪʦʚ ʨʘʩʩʤʦʪʨʠʤ ʩʘʡʪ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ 

ɸɻʋ (rb.asu.ru) ʠ ʩʘʡʪ ʛʦʣʦʚʥʦʛʦ ʚʫʟʘ ɸʣʪɻʊʋ (altstu.ru) 

ʅʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʟʘʧʨʦʩʦʚ ʢ ʩʦʦʪʚʝʩʪʚʫʶʱʠʤ 

ʩʘʡʪʘʤ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ ʗʥʜʝʢʩ.XML  

 

 
 

ʈʠʩ. 5 - ʈʝʟʫʣʴʪʘʪ ʟʘʧʨʦʩʦʚ ʜʣʷ ʩʘʡʪʘ rb.asu.ru 

 

 

 
 

ʈʠʩ. 6 - ʈʝʟʫʣʴʪʘʪ ʟʘʧʨʦʩʦʚ ʜʣʷ ʩʘʡʪʘ altstu.ru 
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ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʘʭ 7-9 ʧʨʝʜʩʪʘʚʣʝʥʦ SEO ʩʨʘʚʥʝʥʠʝ ʩʘʡʪʦʚ rubinst.ru, 

altstu.ru, rb.asu.ru. ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʦ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: 

¶ ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʘʥʠʮ ʚ ʗʥʜʝʢʩ 

¶ ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʘʥʠʮ ʚ Google 

¶ ʉʦʮʠʘʣʴʥʳʡ ʠʥʜʝʢʩ ɺʢʦʥʪʘʢʪʝ 

¶ ʉʦʮʠʘʣʴʥʳʡ ʠʥʜʝʢʩ ʆʜʥʦʢʣʘʩʩʥʠʢʠ 

¶ ʉʦʮʠʘʣʴʥʳʡ ʠʥʜʝʢʩ Facebook 

¶ ʉʦʮʠʘʣʴʥʳʡ ʠʥʜʝʢʩ ʄʦʡ ʤʠʨ 

¶ WOT ï ʜʦʚʝʨʠʝ ʢ ʩʘʡʪʫ 

¶ WOT ï ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʜʝʪʝʡ  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ. 
 

   
 

ʈʠʩ. 7 - ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʘʥʠʮ ʚ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤʘʭ 

ʆʙʦʟʥʘʯʝʥʠʝ rubinst.ru (ʟʝʣʝʥʳʡ ʮʚʝʪ), altstu.ru (ʩʠʥʠʡ ʮʚʝʪ), rb.asu.ru 

 

 

 
 

ʈʠʩ. 8 - ʉʦʮʠʘʣʴʥʳʡ ʠʥʜʝʢʩ 

ʆʙʦʟʥʘʯʝʥʠʝ rubinst.ru, altstu.ru, rb.asu.ru 
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ʈʠʩ. 9 - ʀʥʜʝʢʩ ʜʦʚʝʨʠʷ ʠ ʙʝʟʦʧʘʥʩʦʩʪʠ 

ʆʙʦʟʥʘʯʝʥʠʝ rubinst.ru, altstu.ru, rb.asu.ru 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 6-8, ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʪʨʘʥʠʮ ʚ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʧʦ ʩʦʮʠʘʣʴʥʦʤʫ ʠʥʜʝʢʩʫ ʩʘʡʪ ʈʀʀ ɸʣʪɻʊʋ ʥʫʞʜʘʝʪʩʷ ʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʦʧʪʠʤʠʟʘʮʠʠ ʩʘʡʪʘ 

ɼʣʷ ʫʚʝʣʝʯʝʥʠʷ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʘʡʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʜʝʡʩʪʚʠʷ: 

1. ʇʨʦʠʟʚʝʩʪʠ ʫʩʪʘʥʦʚʢʫ ʠ ʥʘʩʪʨʦʡʢʫ ʩʯʸʪʯʠʢʦʚ Google Analystic, 

ʗʥʜʝʢʩ.ʄʝʪʨʠʢʘ; 

2. ʇʨʦʚʝʨʠʪʴ ʥʘʩʪʨʦʡʢʠ ʠʥʜʝʢʩʘʮʠʠ ʩʘʡʪʘ ʧʦʠʩʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ; 

3. ʀʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʥʫʞʥʳʭ ʚʥʝʰʥʠʭ ʩʩʳʣʦʢ ʥʘ ʩʘʡʪʝ; 

4. ʀʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʨʘʟʤʝʪʢʫ ʢʦʥʪʝʥʪʘ;  

5. ʇʨʦʚʝʨʠʪʴ ʩʘʡʪ ʥʘ ʦʰʠʙʢʠ ʚʠʜʘ 3xx, 4xx, 5xx ʠ ʫʩʪʨʘʥʠʪʴ ʥʘʡʜʝʥʥʳʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

SEO ʦʧʪʠʤʠʟʘʮʠʷ ʠʛʨʘʝʪ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʧʨʦʜʚʠʞʝʥʠʠ ʩʘʡʪʦʚ [3]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʩʘʡʪʘʤʠ ʢʦʥʢʫʨʝʥʪʦʚ ʚʳʷʚʠʣ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʠʤʝʥʥʦ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʷʭ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʠʝ ʠʥʜʝʢʩʳ ʜʦʚʝʨʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʘʡʪʘ. ɺ ʭʦʜʝ 

ʘʥʘʣʠʟʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʠʥʘʤʠʢʠ ʪʨʘʬʠʢʘ ʠ ʚʠʜʠʤʦʩʪʠ 

ʩʘʡʪʘ ʟʘ ʧʨʦʰʝʜʰʠʡ ʛʦʜ, ʚʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʬʨʘʟʳ, ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʩʪʦ ʚ 

ʧʦʠʩʢʦʚʦʡ ʚʳʜʘʯʝ ʧʦ ʨʷʜʫ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʧʨʦʩʦʚ.  

ɹʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʦʚʝʜʝʥʥʦʤ ʘʫʜʠʪʝ, 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʦʩʝʱʘʝʤʦʩʪʴ ʩʪʨʘʥʠʮ ʣʠʜʝʨʦʚ ʩʘʡʪʘ, ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ 

ʩʘʡʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

SEO ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʟʚʦʣʠʪ ʩʘʡʪʫ ʧʦʜʥʷʪʴʩʷ ʚʳʰʝ ʚ ʧʦʠʩʢʦʚʦʡ ʚʳʜʘʯʝ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ ʧʦʚʳʰʝʥʠʝ ʧʨʝʩʪʠʞʘ ʠ ʠʟʚʝʩʪʥʦʩʪʠ ʚʫʟʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʞʝʣʘʶʱʠʭ ʧʦʩʪʫʧʠʪʴ ʠʤʝʥʥʦ ʚ ʈʀʀ ɸʣʪɻʊʋ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʇʝʨ. ʩ ʘʥʛʣ. ð ʄ.: ʆʆʆ "ʀ.ɼ. ɺʠʣʴʷʤʝ", 2009. ð 400 ʩ.: ʠʣ. ð ʇʘʨʘʣ. ʪʠʪ. ʘʥʛʣ. 
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3. ʂʘʞʘʨʥʦʚʠʯ, ɺ.ʌ. SEO ʥʘ ʨʝʟʫʣʴʪʘʪ: ʧʨʦʩʪʳʝ ʠ ʧʦʥʷʪʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʜʚʠʞʝʥʠʷ ʚ ʠʥʪʝʨʥʝʪʝ / ɺ.ʌ. ʂʘʞʘʨʥʦʚʠʯ. - ʄ.: ʇʠʪʝʨ, 2017. - 473 c. 

4.  ʕʥʞ, ʕʨʠʢ SEO. ʀʩʢʫʩʩʪʚʦ ʨʘʩʢʨʫʪʢʠ ʩʘʡʪʦʚ / ʕʨʠʢ ʕʥʞ ʠ ʜʨ. - ʄ.: 

ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2014. - 668 c. 

 

ʋɼʂ 004.915 

ʈɸɿʈɸɹʆʊʂɸ ʕʃɽʂʊʈʆʅʅʆʁ ɺɽʈʉʀʀ ʂʅʀɻʀ  

ʆ ʇɸʊʈʀɸʈʍɽ ʅʀʂʆʅɽ 

ɽ.ɸ. ɼʫʜʥʠʢ, ɸ.ɼ. ʈʦʛʦʟʷʥʩʢʠʡ  

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ.ʇʦʣʟʫʥʦʚʘè  
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ  ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʢʥʠʛʠ ʉʝʚʘʩʪʴʷʥʦʚʦʡ 

ʉ.ʂ. ʄʘʪʝʨʠʘʣʳ ʢ çʃʝʪʦʧʠʩʠ ʞʠʟʥʠ ʠ ʣʠʪʝʨʘʪʫʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʪʨʠʘʨʭʘ ʅʠʢʦʥʘè. 

ʀʩʧʦʣʴʟʦʚʘʥʘ ʤʥʦʛʦʬʘʢʪʦʨʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʧʫʣʷʨʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʜʘʥʠʡ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʥʥʘʷ ʢʥʠʛʘ, ʧʘʪʨʠʘʨʭ ʅʠʢʦʥ, ʜʠʟʘʡʥ, ʀʥʪʝʨʥʝʪ.  
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ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʣʝʢʪʨʦʥʥʳʤ ʢʥʠʛʘʤ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʚʩʝ 

ʙʦʣʴʰʝ ʣʶʜʝʡ.  ʇʨʝʞʜʝ ʚʩʝʛʦ ʦʩʥʦʚʥʳʤ ʧʣʶʩʦʤ ʵʣʝʢʪʨʦʥʥʳʭ ʢʥʠʛ ʷʚʣʷʝʪʩʷ ʠʭ 

ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʦʥʠ  ʥʘʤʥʦʛʦ ʜʝʰʝʚʣʝ. ɺ ʠʥʪʝʨʥʝʪʝ ʤʦʞʥʦ ʥʘʡʪʠ ʜʝʩʷʪʢʠ ʩʘʡʪʦʚ, 

ʛʜʝ ʙʝʩʧʣʘʪʥʦ ʤʦʞʥʦ ʧʨʦʯʝʩʪʴ ʤʦʥʦʛʨʘʬʠʠ, ʢʥʠʛʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʣʠ 

ʵʥʮʠʢʣʦʧʝʜʠʠ. ʕʣʝʢʪʨʦʥʥʳʝ ʢʥʠʛʠ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʫʪʝʰʝʩʪʚʠʡ. ʅʘ 

ʥʦʩʠʪʝʣʷʭ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʟʘʛʨʫʟʠʪʴ ʜʦ 3000 ʢʥʠʛ.   ʋʩʪʨʦʡʩʪʚʦ, ʚ 

ʢʦʪʦʨʦʤ ʭʨʘʥʷʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʢʥʠʛʠ, ʥʝ ʚʨʝʜʠʪ ʟʨʝʥʠʶ, ʪʘʢ ʢʘʢ ʷʨʢʦʩʪʴ ʵʢʨʘʥʘ 

ʥʝʚʳʩʦʢʘʷ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠʟ 

ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Wi-Fi ʪʦʯʢʠ ʜʦʩʪʫʧʘ,  ʜʣʷ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʪʨʝʙʫʝʪʩʷ 

ʪʦʣʴʢʦ ʜʦʩʪʫʧ ʚ ʠʥʪʝʨʥʝʪ. 

ɺ  ʜʘʥʥʦʡ ʩʪʘʪʴʝ  ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʥʠʛʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʢʥʠʛʘ 

ʉʝʚʘʩʪʴʷʥʦʚʘ ʉ.ʂ. ʄʘʪʝʨʠʘʣʳ ʢ çʃʝʪʦʧʠʩʠ ʞʠʟʥʠ ʠ ʣʠʪʝʨʘʪʫʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʘʪʨʠʘʨʭʘ ʅʠʢʦʥʘè [1]. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʢʥʠʛʠ ʦ ʧʘʪʨʠʘʨʭʝ 

ʅʠʢʦʥʝ. ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ:  

Å ʀʩʩʣʝʜʦʚʘʪ ɹʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʜʘʥʠʡ; 

Å ʈʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʨʘʙʦʪʳ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʥʠʛʠ (ʕʂ); 

Å ʈʘʟʨʘʙʦʪʘʪʴ ʜʠʟʘʡʥ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʢʥʠʛʠ; 

Å ɼʦʙʘʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʘʫʜʠʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ; 

ʚʠʜʝʦʚʦʩʧʨʠʟʚʝʜʝʥʠʝ; ʚʩʧʣʳʚʘʶʱʠʝ ʩʥʦʩʢʠ; ʢʘʨʪʘ ʧʫʪʝʰʝʩʪʚʠʡ ʧʘʪʨʠʘʨʭʘ; 

ʧʦʤʦʱʴ ʜʣʷ ʨʘʙʦʪʳ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʥʠʛʦʡ. 

Å ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʙʠʣʴʥʫʶ ʚʝʨʩʠʶ ʢʥʠʛʠ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ 

 ʀʩʩʣʝʜʦʚʘʣʠʩʴ  ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʜʘʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [2]. 

ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʟʘʜʘʯʝ ʚʟʷʪʳ  ʟʥʘʯʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʠʟʜʘʥʠʡ ʟʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʝʨʠʦʜ. ɼʝʣʘʣʩʷ ʧʨʦʛʥʦʟ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʜʘʥʠʡ ʟʘ ʛʦʜ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʠ ʩʦʙʨʘʥʳ ʠʟ ʦʪʢʨʳʪʦʛʦ ʠʩʪʦʯʥʠʢʘ [3]. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩ ʧʦʤʦʱʴʶ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʦʜʥʦʬʘʢʪʦʨʥʦʡ ʤʦʜʝʣʠ,  ʨʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʜʚʫʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ: ʣʠʥʝʡʥʦʡ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ. ʉʫʪʴ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʠ ʚʦʟʤʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʜʘʥʠʡ ʚ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ 

ʧʦ ʠʟʚʝʩʪʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. 

 ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʧʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʟʘ ʧʝʨʠʦʜ 2014-

2017 ʛʦʜʦʚ ʧʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʠʟʜʘʥʠʷʤ. ɼʘʥʥʳʝ ʧʦ 

ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʅʦʤʝʨ ʛʦʜʘ (ʝʜ.) 1 2 3 4 

ɻʦʜ 2014 2015 2016 2017 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʠʟʜʘʥʠʷ (ʪʳʩ.ʰʪ.) 
12,284 12,467 12,600 12,746 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʣʠʥʝʡʥʘʷ ʠ  ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʠ: 

- y=a+bx; 

- y=aĿlnx+b. 

 ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʨʝʩʩʠʡ a ʠ b ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ:  
ὥ Ͻὲ ὦϽВὼ Вώ

ὥϽВὼ ὦϽВὼ ВώϽὼ
        ʠ          

ὥϽὲ ὦϽВὰὲὼВώ

ὥϽВὰὲὼὦϽВὲὼ ВώϽὰὲὼ
       

 

ʛʜʝ n - ʢʦʣʠʯʝʩʪʚʦ ʦʧʳʪʦʚ; x, y ï ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ; a, b ï ʠʩʢʦʤʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. 

ʉʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʜʣʷ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ: 
τϽὥ ρπϽὦ υπȢπωχ
ρπϽὥ  σπϽὦ ρςφȢππς

                ʠ       
τϽὥ σȢρψϽὦ υπȢρ
σȢρψϽὥ σȢφρϽὦ τπȢρυ

 

ʈʝʰʠʚ ʩʠʩʪʝʤʫ, ʧʦʣʫʯʠʤ:  
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ʀʩʢʦʤʳʝ  ʫʨʘʚʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ  ʨʝʛʨʝʩʩʠʠ ʠʤʝʶʪ ʚʠʜ:  

ώ πȢρυρωϽὼ ρςȢρττυ      ʠ                ώ πȢσςτ ϽÌÎ Ø ρςȢςφχȢ 
ʈʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʚʳʙʦʨʝ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ: 

ὶ
Ͻ Ͻ

Ͻ

Ȣ ȢϽ Ȣ

Ȣ ϽȢ
πȢωωψ. 

 

ɸʥʘʣʦʛʠʯʥʳʡ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʚʳʙʦʨʝ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ: 

ὶ ρ
Вώ ώ

Вώ ώ
ρ  
πȢππςσρ

πȢρρυω
πȢωψ 

ʇʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʠʟʜʘʥʠʡ ʵʣʝʢʪʨʦʥʥʳʭ ʢʥʠʛ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 1). 

 
 

ʈʠʩ. 1 - ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʜʘʥʠʡ ʟʘ ʛʦʜ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʨʦʩʪ ʯʠʩʣʘ ʠʟʜʘʥʠʡ ʙʦʣʴʰʝ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ  ʧʦʟʚʦʣʠʪ ʨʘʙʦʪʘʪʴ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʥʠʛʦʡ. ɼʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʥʠʛʠ ʙʳʣʘ ʚʳʙʨʘʥ ʷʟʳʢ ʨʘʟʤʝʪʢʠ ʛʠʧʝʨʪʝʢʩʪʘ 

çHTMLè, ʪʘʢ ʢʘʢ ʵʪʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʷʟʳʢ ʜʣʷ ʩʦʟʜʘʥʠʝ ʩʘʡʪʦʚ, ʢʥʠʛ, 

ʩʧʨʘʚʦʯʥʠʢ [4-5]. ʂʨʦʤʝ ʪʦʛʦ, HTML ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ ʚ ʧʣʘʥʝ ʨʘʟʚʠʪʠʷ, 

ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʚʝʨʩʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠ ʦʙʣʝʛʯʠʪʴ 

ʨʘʙʦʪʫ, ʫʣʫʯʰʘʷ ʧʨʠ ʵʪʦʤ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʨʘʙʦʪʳ ʥʘ  HTML,  ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʚʦʙʦʜʥʳʡ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ ʩ ʦʪʢʨʳʪʳʤ 

ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ NotePad++. 

 ɼʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʩʚʷʟʠ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʥʩʪʚʘ ʷʟʳʢʦʚ ʨʘʟʤʝʪʢʠ ʛʠʧʝʨʪʝʢʩʪʘ. ɼʦʩʪʦʠʥʩʪʚʘ 

ʨʝʜʘʢʪʦʨʘ NotePad++: 

-  ʈʘʙʦʪʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ; 

-  ɺʦʟʤʦʞʥʦʩʪʴ ʦʪʢʨʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʪʝʢʩʪʘ ʙʝʟ ʟʘʚʠʩʘʥʠʡ; 
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-  ʇʦʜʩʚʝʪʢʘ ʩʠʥʪʘʢʩʠʩʘ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʤʥʦʛʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; 

-  ʈʝʞʠʤ Multi-View (ʨʘʟʜʝʣʝʥʠʝ ʛʣʘʚʥʦʛʦ ʵʢʨʘʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʘʣʝʥʴʢʠʭ); 

-  ɸʚʪʦʜʦʧʦʣʥʝʥʠʝ ʢʦʜʘ; 

-  ʇʦʜʜʝʨʞʢʘ ʮʚʝʪʦʚʳʭ ʪʝʤ; 

-  ʅʘʩʪʨʦʡʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʧʣʘʛʠʥʦʚ 

(ʜʦʧʦʣʥʝʥʠʡ); 

-  ʇʦʜʜʝʨʞʢʘ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ  ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ:  

- ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ; 

- ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʥʝ ʤʝʥʝʝ 10 ɻʙ; 

- ʩʚʦʙʦʜʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʥʝ ʤʝʥʝʝ 512 ʄʙ. 

- ̫ ʟʳʢ ʨʘʟʤʝʪʢʠ ʛʠʧʝʨʪʝʢʩʪʘ çHTMLè,  ʠ ʉʚʦʙʦʜʥʳʡ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ ʩ 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ   NotePad++ ; 

- ʙʨʘʫʟʝʨ ʥʘ ʚʳʙʦʨ Chrome,Opera, FireFox ʠ ʪ.ʧ.; 

- ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪ WINDOWS 7 ʠ ʚʳʰʝ; 

- ʢʦʜʝʢ çvorbisè ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʬʘʡʣʦʚ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

 ɺʳʙʨʘʥ ʜʠʟʘʡʥ ʦʙʣʦʞʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʥʠʛʠ, ʠ ʨʘʟʨʘʙʦʪʘʥʘ  ʩʪʨʫʢʪʫʨʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʢʥʠʛʠ (ʨʠʩʫʥʦʢ 2). 

 

 
 

ʈʠʩ. 2 ï ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʥʠʛʠ 

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʫʶ ʢʥʠʛʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʜʝʣʦʚ, ʪʘʢʠʝ ʢʘʢ: ʕʣʝʢʪʨʦʥʥʘʷ ʢʥʠʛʘ, ʢʘʨʪʘ ʧʫʪʝʰʝʩʪʚʠʡ ʧʘʪʨʠʘʨʭʘ, 

ʜʦʢʫʤʝʥʪʘʣʴʥʳʡ ʩʝʨʠʘʣ ʠ ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ. ɼʘʣʝʝ ʩʘʤʠ ʨʘʟʜʝʣʳ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ  ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʛʣʘʚʥʦʝ ʤʝʥʶ. ʂʘʞʜʳʡ ʨʘʟʜʝʣ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʧʦʜʨʘʟʜʝʣʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʘʪʨʠʙʫʪʘʤʠ (ʠʟ ʯʝʛʦ ʩʦʩʪʦʠʪ ʜʘʥʥʳʡ ʦʙʲʝʢʪ 
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ʠ ʯʝʨʝʟ ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ), ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ ʢʥʠʛʠ, ʤʝʩʪʘ 

ʩʦʙʳʪʠʡ ʧʘʪʨʠʘʨʭʘ.  

ʂʘʨʪʘ ʧʫʪʝʰʝʩʪʚʠʡ ʧʘʪʨʠʘʨʭʘ ʅʠʢʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3 ï ʂʘʨʪʘ ʧʫʪʝʰʝʩʪʚʠʡ ʧʘʪʨʠʘʨʭʘ 

 

ʇʨʠ ʚʳʙʦʨʝ ʛʦʨʦʜʘ ʥʘ ʢʘʨʪʝ ʧʫʪʝʰʝʩʪʚʠʡ ʯʠʪʘʪʝʣʶ ʦʪʢʨʳʚʘʶʪʩʷ 

ʧʦʜʨʦʙʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʪʨʠʘʨʭʘ ʅʠʢʦʥʘ ʚ  ʜʘʥʥʦʤ ʛʦʨʦʜʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʝʨʠʦʜ. 

ʉʬʦʨʤʠʨʦʚʘʥʦ ʝʜʠʥʦʝ ʚʠʜʝʥʠʝ ʚʩʝʭ ʨʘʟʜʝʣʦʚ, ʠ  ʜʠʟʘʡʥ,  ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʥʠʛʠ, ʢʦʪʦʨʳʡ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ  ʦʧʪʠʤʘʣʴʥʦ ʙʳʩʪʨʦʤʫ 

ʚʦʩʧʨʠʷʪʠʶ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ɺ ʢʥʠʛʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʘʪʨʠʘʨʭʘ ʅʠʢʦʥʘ ʚ ʩʚʷʟʠ ʩ ʩʦʙʳʪʠʷʤʠ 

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʫʩʧʝʰʥʦ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʚʝʨʩʠʷ ʢʥʠʛʠ ʦ ʧʘʪʨʠʘʨʭʝ ʅʠʢʦʥʝ. ɺ ʜʘʥʥʫʶ 

ʢʥʠʛʫ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʥʝʩʢʦʣʴʢʦ ʩʦʙʳʪʠʡ ʠʟ ʞʠʟʥʠ ʧʘʪʨʠʘʨʭʘ ʅʠʢʦʥʘ.  

ɺ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʢʥʠʛʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩʣʝʜʫʶʱʝʝ: ʦʩʦʚʨʝʤʝʥʝʥʘ 

ʧʦʜʘʯʘ ʤʘʪʝʨʠʘʣʘ (ʘʫʜʠʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʢʥʠʛʠ, ʚʠʜʝʦʤʘʪʝʨʠʘʣʳ, 

ʚʩʧʣʳʚʘʶʱʠʝ ʩʥʦʩʢʠ); ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʢʥʠʛʫ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ, ʥʦ ʠ ʥʘ ʩʤʘʨʪʬʦʥʝ; ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʤʦʪʨʝʪʴ ʥʘʛʣʷʜʥʦ ʥʘ ʢʘʨʪʝ, 
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ʛʜʝ ʙʳʣ ʧʘʪʨʠʘʨʭ ʠ ʢʘʢʠʝ ʩʦʙʳʪʠʷ ʩʚʷʟʳʚʘʶʪ ʝʛʦ ʩ ʜʘʥʥʳʤ ʛʦʨʦʜʦʤ; 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʨʘʚʢʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʥʠʛʦʡ. 

ʇʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʜʘʥʠʡ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ 

ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʉʝʚʘʩʪʴʷʥʦʚʘ ʉ.ʂ. ʄʘʪʝʨʠʘʣʳ ʢ çʃʝʪʦʧʠʩʠ ʞʠʟʥʠ ʠ ʣʠʪʝʨʘʪʫʨʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʪʨʠʘʨʭʘ ʅʠʢʦʥʘè [ʊʝʢʩʪ] /ʉ.ʂ. ʉʝʚʘʩʪʴʷʥʦʚʘ //ʉʇʙ.: ɼʤʠʪʨʠʡ 

ɹʫʣʘʥʠʥ, 2003. ï  520 ʩ. 

2. ʃʝʙʝʜʝʚ ɸ.ɻ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ 
ʩʪʫʜʝʥʪʦʚ ʥʘʧʨʘʚʣʝʥʠʷ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè ï ʀʟʜ. 2-ʝ. / 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ. ï ʈʫʙʮʦʚʩʢ, 2016. ï 123 ʩ. 

3. ɼʘʥʥʳʤ ʈʦʩʢʦʤʥʘʜʟʦʨʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʠʟʜʘʥʠʷ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]// ɼʠʩʪʨʠʇʨʝʩʩ. URL: http://distpress.ru/2009-01-28-14-46-

10/285248-na-nachalo-2018-goda-v-rossii-kolichestvo-zaregistrirovannykh-smi-

bylo-na-4-protsenta-menshe-chem-godom-ranee-18.html 

4. ɺʫʣʴ ɺ. ɸ. ʕʣʝʢʪʨʦʥʥʳʝ ʠʟʜʘʥʠʷ:   /ʧʦʜ ʦʙʱ. ʨʝʜ. ɺ. ɸ. ɺʫʣʴ ï ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ: ʀʟʜʘʪʝʣʴʩʪʚʦ çɹʍɺ-ʇʝʪʝʨʙʫʨʛè, 2003. ð 560 ʩ.  

5. ʂʘʢ ʩʦʟʜʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʢʥʠʛʫ: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]// ʋʯʝʙʥʠʢ 
Wordpress. URL: wordpress-book.ru/kak-sdelat/kak-sozdat-elektronnuyu-knigu/ 
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ʈɸɿʈɸɹʆʊʂɸ ʀʅʊɽʈʇʈɽʊɸʊʆʈɸ PEACE ʂʆɼɸ ɺ ʂʆɼ ʗɿʓʂɸ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʆɹʑɽɻʆ ʅɸɿʅɸʏɽʅʀʗ GPSS 

ʄ.ɼ. ɿʘʡʮʝʚ, ɼ.ɼ. ʇʨʠʩʢʦʢʘ, ʖ.ʇ. ʊʠʪʦʚ 

ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ) 
ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʨʦʮʝʩʩʫ ʧʦʩʪʨʦʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʫʞʝ ʛʦʪʦʚʳʝ ʩʠʩʪʝʤʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʦʩʪʘʪʦʯʥʦ 

ʧʦʧʫʣʷʨʥʦʡ ʩʨʝʜʠ ʥʠʭ ʷʚʣʷʝʪʩʷ GPSS ʚ ʩʠʣʫ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ GPSS ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ 

ʫʩʪʘʨʝʚʰʝʛʦ ʩʠʥʪʘʢʩʠʩʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʩ ʷʟʳʢʘ Peace ʚ GPSS ʢʦʜ. 

ɼʘʥʥʳʡ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʢʦʜ GPSS ʚ ʚʠʜʝ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʦʜʘ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʉʠʩʪʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ GPSS,  Peace  

 

Development of the Code-to-Code Peace Interpreter for the GPSS Language 

M.D. Zaitsev, D.D. Priskoka, Yu.P. Titov 

Moscow Aviation Institute (National Research University) 
Annotation. To teach students the process of building simulation models, I often use ready-

made simulation systems. GPSS is quite popular among them due to the transparency of the 

modeling process. The main difficulties in the development of simulation models on GPSS arise 

from the outdated syntax. The paper presents an interpreter from the Peace language to GPSS code. 

This interpreter allows you to represent the GPSS code as a fully functional high-level modern 

programming language code. 
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ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʛʦʜʥʷ ʧʨʦʜʦʣʞʘʶʪ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʘʥʘʣʠʟʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [1]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʩʦʟʜʘʥʠʶ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʉʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [2]. ɽʛʦ ʜʦʩʪʦʠʥʩʪʚʘʤʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʝ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʦʪʦʢ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʥʝʝ 

ʪʨʝʙʦʚʘʥʠʡ (ʟʘʷʚʦʢ, ʪʨʘʥʟʘʢʪʦʚ). 

ɼʦ ʩʠʭ ʧʦʨ ʚ ʨʘʤʢʘʭ ʦʙʫʯʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚ 

ʨʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʷʟʳʢʘ GPSS. ɽʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʝʛʦ ʧʨʦʟʨʘʯʥʦʩʪʴʶ. ʀʥʪʝʨʧʨʝʪʘʪʦʨʳ ʷʟʳʢʘ GPSS ʧʦʟʚʦʣʷʶʪ ʚʳʚʦʜʠʪʴ 

ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʟʘʢʪʦʚ ʠ ʮʝʧʝʡ ʢʘʢ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʛʦʥʘ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʷ ʵʪʦʛʦ ʧʨʦʛʦʥʘ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ 

ʩʪʫʜʝʥʪʘʤ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʠʣʘ ʧʦʩʪʨʦʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʥʦ ʠ ʩʘʤ 

ʧʨʠʥʮʠʧ ʧʨʦʚʝʜʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʦʩʧʦʨʠʤʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʵʪʦʛʦ 

ʷʟʳʢʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʟʜʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʙʦʣʝʝ ʯʝʤ 

ʧʷʪʠʜʝʩʷʪʠʣʝʪʥʷʷ ʵʚʦʣʶʮʠʷ ʷʟʳʢʘ [3] ʥʝ ʩʜʝʣʘʣʘ ʝʛʦ ʜʨʫʞʝʣʶʙʥʳʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʪʝʤ ʙʦʣʝʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʩʣʦʞʥʦʡ, ʧʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʨʢʘʤ, ʩʪʨʫʢʪʫʨʦʡ ʢʦʜʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʵʪʦʤ ʫʙʝʜʠʪʴʩʷ, 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʧʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ (ʨʠʩ. 1), ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʦʩʪʫʶ 

ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʦʪʩʳʣʘʶʱʝʛʦ ʟʘʷʚʢʠ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʟʳʢʘ GPSS ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ: 

1. ʋʩʪʘʨʝʚʰʠʡ ʥʘ ʬʦʥʝ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʩʠʥʪʘʢʩʠʩ ʠ ʩʪʨʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʬʦʨʤʘʪ ʟʘʧʠʩʠ ʧʨʦʛʨʘʤʤʳ. ʈʘʟʨʘʙʦʪʯʠʢ 

ʚʳʥʫʞʜʝʥ ʪʨʘʪʠʪʴ ʩʚʦʝ ʚʨʝʤʷ ʥʘ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤʳ; 

2. ʆʪʩʫʪʩʪʚʠʝ ʚ ʷʟʳʢʝ GPSS ʩʨʝʜʩʪʚ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ 
ʚ ʣʦʛʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʪʜʝʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ ʠʣʠ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʠʩʘʥʥʦʡ 

ʥʘ ʷʟʳʢʝ GPSS, ʥʝ ʦʪʨʘʞʘʝʪ ʩʪʨʫʢʪʫʨʫ ʦʧʠʩʳʚʘʝʤʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʩʠʥʪʘʢʩʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ; 

3. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʢʦʜʘ. ɺ 
ʷʟʳʢʝ ʥʝʪ ʩʨʝʜʩʪʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʬʫʥʢʮʠʷʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʘʭ 
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ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ C, Java ʠʣʠ Python. ʕʪʦ ʜʝʣʘʝʪ ʢʦʜ ʧʨʦʛʨʘʤʤʳ 

ʥʝʦʧʨʘʚʜʘʥʥʦ ʛʨʦʤʦʟʜʢʠʤ. 

 

 
 

ʈʠʩ. 1 - ʇʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ GPSS, ʦʧʠʩʳʚʘʶʱʝʡ ʠʤʠʪʘʮʠʦʥʥʫʶ 

ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

 

ɺ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʷʟʳʢʘ GPSS ʦʪʥʦʩʷʪ ʧʨʦʩʪʝʡʰʠʡ 

ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʜʘʢʪʦʨ ʤʦʜʝʣʝʡ, 

ʩʣʘʙʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʪʘʨʝʚʰʠʡ 

ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʪ.ʜ. [4].  

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʪʘʣʠ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʠʟʚʘʥʥʳʭ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʩʝ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ GPSS. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʤʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʠʭ ʥʠʭ ʷʚʣʷʶʪʩʷ:  

1. GPSS World ï ʩʨʝʜʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʦʙʘʚʣʷʶʱʘʷ 

ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʴ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʧʘʤʷʪʠ, ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʪʨʘʥʩʣʷʪʦʨ ʠ ʜʨ. [5]; 

2. aGPSS ï ʩʨʝʜʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʷʚʣʷʶʱʘʷʩ ̫

ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ WebGPSS ʠ WinGPSS [3], ʢʦʪʦʨʘʷ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʫʪʝʤ ʟʘʤʝʥʳ ʥʘʧʠʩʘʥʠʷ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤʳ 

ʩʦʩʪʘʚʣʝʥʠʝʤ ʜʠʘʛʨʘʤʤ [6]; 

3. JGPSS ï ʬʨʝʡʤʚʦʨʢ ʥʘ ʙʘʟʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java, ʪʘʢʞʝ 

ʫʧʨʦʱʘʶʱʠʡ ʨʘʟʨʘʙʦʪʢʫ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʯʝʨʝʟ ʧʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤ [7]; 

4. GPSS Studio ï ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʜʝʣʠʨʫʶʱʠʤ ʷʜʨʦʤ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʷʟʳʢ GPSS World [8]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʫʧʨʦʱʝʥʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʷʟʳʢʝ GPSS, ʥʠ ʚ 

ʦʜʥʦʤ ʠʟ ʥʠʭ ʥʝ ʫʧʨʦʱʘʝʪʩʷ ʩʠʥʪʘʢʩʠʩ ʷʟʳʢʘ ʜʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ. 
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ɺ ʥʘʩʪʦʷʱʝʡ ʧʫʙʣʠʢʘʮʠʠ ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʝʘʣʠʟʘʮʠʠ ʜʨʫʛʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʫʧʨʦʱʝʥʠʶ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʷʟʳʢʝ GPSS ï ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʙʦʣʝʝ 

ʧʦʥʷʪʥʦʛʦ ʩʦʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʘʙʦʪʯʠʢʫ ʠ ʧʨʦʩʪʦʛʦ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʷʟʳʢʘ 

Peace ʚ GPSS ʢʦʜ.  

ʆʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ, ʥʘʮʝʣʝʥʥʳʝ ʥʘ 

ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ: 

1. ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʧʝʮʠʘʣʴʥʦ ʬʦʨʤʘʪʠʨʦʚʘʪʴ ʪʝʢʩʪ 

ʧʨʦʛʨʘʤʤʳ; 

2. ʏʘʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʥʦ ʠʤʝʥʦʚʘʥʥʦʝ, 
ʩʠʥʪʘʢʩʠʯʝʩʢʠ ʦʙʦʩʦʙʣʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʢʦʜ ʠ 

ʧʨʠʜʘʚʘʪʴ ʝʤʫ ʙʦʣʴʰʫʶ ʥʘʛʣʷʜʥʦʩʪʴ; 

3. ɽʩʣʠ ʚ ʧʨʦʛʨʘʤʤʝ ʥʝʦʙʭʦʜʠʤʦ ʤʥʦʛʦʢʨʘʪʥʦ ʦʧʠʩʳʚʘʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 
ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʩ ʨʘʟʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʘʙʦʪʢʠ ʪʨʘʥʟʘʢʪʦʚ, ʨʘʟʨʘʙʦʪʯʠʢ 

ʤʦʞʝʪ ʦʜʠʥ ʨʘʟ ʦʧʠʩʘʪʴ ʦʙʱʫʶ ʩʭʝʤʫ ʦʧʠʩʳʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘʤʠ ʚ ʚʠʜʝ 

ʠʤʝʥʦʚʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʟʘʪʝʤ ʚʳʟʳʚʘʪʴ ʝʛʦ ʚ ʣʶʙʦʤ ʤʝʩʪʝ 

ʧʨʦʛʨʘʤʤʳ ʦʜʥʦʡ ʩʪʨʦʯʢʦʡ ʢʦʜʘ. 

ɺ ʦʩʪʘʣʴʥʦʤ ʥʦʚʳʡ ʷʟʳʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Peace ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʷʟʳʢʘ GPSS, ʪ.ʝ. ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʷʟʳʢʘ Peace 

ʠʜʝʥʪʠʯʥʳ ʧʦʜʦʙʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʠʟ GPSS. ʅʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʞʝ ʙʳʣʦ 

ʫʧʨʦʱʝʥʦ: 

1. ʆʩʥʦʚʥʳʤ ʙʣʦʢʦʤ ʢʦʜʘ ʥʘ Peace ʷʚʣʷʝʪʩʷ ʙʣʦʢ main {}. ʇʨʠ ʛʝʥʝʨʘʮʠʠ 
ʵʪʦʛʦ ʙʣʦʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʶʪʩʷ ʦʧʝʨʘʪʦʨʳ SIMULATE ʠ END. ʄʝʞʜʫ 

ʵʪʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʛʝʥʝʨʠʨʫʝʪʩʷ ʢʦʜ ʠʟ ʙʣʦʢʘ main; 

2. ɼʣʷ ʦʧʠʩʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʀʄʗ_ʋʉʊʈʆʁʉʊɺɸ {}, ʢʦʜ ʢʦʪʦʨʦʛʦ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʚ ʫʩʪʨʦʡʩʪʚʝ ʠ 

ʧʦʤʝʱʘʝʪʩʷ ʚ ʬʠʛʫʨʥʳʝ ʩʢʦʙʢʠ. ʊʘʢʦʡ ʩʠʥʪʘʢʩʠʩ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʦʧʝʯʘʪʢʠ ʚ ʥʘʟʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʦʪʢʨʳʚʘʶʱʝʤ ʠ ʟʘʢʨʳʚʘʶʱʝʤ ʦʧʝʨʘʪʦʨʝ; 

3. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʚʝʨʦʢ ʠʤʝʥ ʩʫʱʥʦʩʪʝʡ ʚ ʧʨʦʛʨʘʤʤʝ, ʢʦʪʦʨʳʝ 
ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʥʘ, ʢʦʪʦʨʳʭ ʣʠʙʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʣʠʙʦ ʢʦʪʦʨʳʝ 

ʥʝ ʩʦʚʧʘʜʘʶʪ ʧʦ ʪʠʧʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʜʫʙʣʠʨʦʚʘʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʠʤʝʥ ʚ ʨʘʟʥʳʭ ʦʧʝʨʘʪʦʨʘʭ; 

4. ʇʘʨʘʤʝʪʨʳ ʩʪʘʥʜʘʨʪʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 
- ʪʠʧʠʟʠʨʦʚʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʢʘʟʘʪʴ ʥʘ ʵʪʫ ʦʰʠʙʢʫ ʝʱʝ ʥʘ ʵʪʘʧʝ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʦʜʘ, ʜʦ ʟʘʧʫʩʢʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʷʟʳʢʘ 

Peace ʜʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʬʘʡʣʘʤʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʨʠʤʝʨ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ɺ ʮʝʣʷʭ ʠʣʣʶʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʨʝʠʤʫʱʝʩʪʚ ʥʦʚʦʡ ʩʠʩʪʝʤʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʧʫʙʣʠʢʘʮʠʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʟʘʜʘʥʠʝ 

ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʛʨʘʬʘ ʥʘ ʨʠʩ. 2. ɺʝʨʰʠʥʘʤʠ ʛʨʘʬʘ ʩʣʫʞʘʪ 

ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʪʨʘʥʟʘʢʪʦʚ, ʥʘ ʚʭʦʜʝ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʩʫʱʝʩʪʚʫʝʪ ʦʯʝʨʝʜʴ. 
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ɼʫʛʘʤʠ ʚ ʛʨʘʬʝ ʦʙʦʟʥʘʯʝʥʳ ʧʝʨʝʭʦʜʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʦʜʥʦʤ ʠʟ ʫʩʪʨʦʡʩʪʚ ʚ 

ʩʣʝʜʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 

 

 
 

ʈʠʩ. 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʚ ʢʦʪʦʨʦʡ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʠʩʪʝʤʫ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʃʝʚʦʝ ʧʦʣʝ ʦʪʚʝʜʝʥʦ ʜʣʷ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʷʟʳʢʝ Peace, ʚ ʦʢʥʝ ʩʧʨʘʚʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ï GPSS ʢʦʜ. 

ɺ ʥʠʞʥʝʤ ʧʦʣʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

 

 
 

ʈʠʩ. 3 ï ʆʙʱʠʡ ʚʠʜ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʷʟʳʢʘ Peace 

 

Peace ʢʦʜ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʦʩʥʦʚʥʫʶ ʬʫʥʢʮʠʶ ï ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʪʨʫʢʪʫʨʫ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʙʦʣʝʝ ʷʚʥʦ. ʕʪʦ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠ ʧʣʘʥʠʨʫʝʪʩʷ 

ʚʥʝʜʨʷʪʴ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʀʥʬʦʨʤʘʪʠʢʝ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʢʫʨʩʫ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ɺʳʚʦʜ 

ɺ ʥʘʩʪʦʷʱʝʡ ʧʫʙʣʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʧʦʧʳʪʢʠ ʫʧʨʦʩʪʠʪʴ 

ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʷʟʳʢʝ GPSS ʧʫʪʝʤ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ ʥʦʚʦʛʦ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Peace. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʙʦʣʴʰʠʥʩʪʚʘ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ 

Peace ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʫʧʨʦʱʝʥʠʠ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʟʳʢʘ, ʘ ʥʝ ʥʘ 

ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʛʨʘʤʤʳ. ʕʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʫʜʦʙʥʳʤ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʟʥʘʶʱʠʭ ʦʩʥʦʚʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʷʟʳʢʘʭ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʢʫʨʩʦʚʳʭ ʨʘʙʦʪ ʧʦ ʫʯʝʙʥʦʡ 

ʜʠʩʮʠʧʣʠʥʝ ñʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝò ʚ ʄʦʩʢʦʚʩʢʦʤ ʘʚʠʘʮʠʦʥʥʦʤ 

ʠʥʩʪʠʪʫʪʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤ ʥʘ ʷʟʳʢʝ Peace ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʱʘʝʪ ʩʪʫʜʝʥʪʘʤ ʧʦʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʆʩʦʙʝʥʥʦ 

ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʵʣʝʤʝʥʪʦʚ ʠ ʥʝʩʢʦʣʴʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʪʨʘʥʟʘʢʪʦʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʷʟʳʢ Peace ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʩʨʝʜʘ 

ʨʘʟʨʘʙʦʪʢʠ ʥʫʞʜʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ. ɺ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ 

ʧʣʘʥʠʨʫʝʪʩʷ:  

1. ɺʥʝʜʨʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʧʝʨʝʤʝʥʥʳʝ ʷʟʳʢʘ Peace, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʳʯʠʩʣʝʥʠʷʭ ʚʦ ʚʨʝʤʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʘ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ 

ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

2. ɺʥʝʜʨʠʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
ʦʧʝʨʘʪʦʨʳ ʫʩʣʦʚʠʷ ʠ ʮʠʢʣʦʚ (if - elseif - else, while, for ʠ ʪ.ʧ.) ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʢʣʦʚ ʠ ʚʝʪʚʣʝʥʠʷ. 

3. ʆʙʝʩʧʝʯʠʪʴ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤʳ ʠ ʚʳʷʚʣʝʥʠʝ ʢʦʥʬʣʠʢʪʦʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʥ ʧʝʨʝʤʝʥʥʳʭ, ʚʳʨʘʞʝʥʠʡ, ʠʤʝʥ ʫʩʪʨʦʡʩʪʚ, ʦʯʝʨʝʜʝʡ ʠ ʪ.ʜ; 

4. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʫʞʝ ʥʘʧʠʩʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʦʨʦʥʥʠʭ ʤʦʜʫʣʝʡ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʯʠʢʫ ʩʦʩʪʘʚʣʷʪʴ 

ʫʜʦʙʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʰʘʙʣʦʥʦʚ; 

5. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, 
ʜʦʙʘʚʠʪʴ ʧʦʠʩʢ ʧʦ ʢʣʶʯʝʚʦʤʫ ʩʣʦʚʫ ʠ ʧʦʜʩʚʝʪʢʫ ʩʠʥʪʘʢʩʠʩʘ; 

6. ɺʥʝʜʨʠʪʴ ʧʦʜʜʝʨʞʢʫ ʉʋɹɼ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɽʅʀʗ IOT ʋʉʊʈʆʁʉʊɺɸʄʀ ɺ ʃʆʂɸʃʔʅʆʁ 

ʉɽʊʀ  

ɺ.ʂ. ʃʫʥʝʚ, ɽ.ɸ. ɼʫʜʥʠʢ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè  
ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ çʫʤʥʳʤʠè ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʣʦʢʘʣʴʥʦʡ 

ʩʝʪʠ. ʆʧʠʩʘʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʜʦʩʪʦʠʥʩʪʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʘʥʘʣʦʛʦʚ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: IoT, ʫʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʫʧʨʘʚʣʝʥʠʝ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʠʥʪʝʨʥʝʪ.  
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ɺʚʝʜʝʥʠʝ 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ çʫʤʥʳʭè ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ  

ʧʦʟʚʦʣʷʶʪ ʩʦʙʦʡ ʫʜʘʣʸʥʥʦ ʫʧʨʘʚʣʷʪʴ ʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. 

ʅʘʧʨʠʤʝʨ, çʫʤʥʳʝè ʰʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫ ʟʘʢʨʳʚʘʪʴʩʷ ʠ ʦʪʢʨʳʚʘʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʦʩʚʝʱʸʥʥʦʩʪʠ. ʀʣʠ çʫʤʥʳʡè ʯʘʡʥʠʢ, ʢʦʪʦʨʳʡ 

ʚʩʢʠʧʷʪʠʪ ʚʦʜʫ ʢ ʚʘʰʝʤʫ ʧʨʦʙʫʞʜʝʥʠʶ. ʆʙʳʯʥʦ ʢʘʞʜʦʝ ʠʟ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ 

ʠʤʝʝʪ ʜʦʩʪʫʧ ʚ ʠʥʪʝʨʥʝʪ ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ çʦʙʣʘʯʥʦʛʦè ʩʝʨʚʠʩʘ, ʦʪ 

http://www.minutemansoftware.com/features.htm
http://agpss.com/advantages.html
http://elina-computer.ru/static/about_gpss_studio.html
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ʵʪʦʛʦ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çIoTè (ʘʥʛʣ. internet of things, 

ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ) [1]. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʣʘʜʘʝʪ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, 

ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ.  

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠʟ ʣʶʙʦʡ 

ʪʦʯʢʠ ʤʠʨʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ Wi-Fi ʪʦʯʢʠ ʜʦʩʪʫʧʘ. ʊʦ ʝʩʪʴ ʜʣʷ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʜʦʩʪʫʧ ʚ ʠʥʪʝʨʥʝʪ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʩʪʫʧʝ ʢ  ʠʥʪʝʨʥʝʪʫ ʧʨʠʚʦʜʠʪ ʢ ʦʩʥʦʚʥʦʤʫ ʥʝʜʦʩʪʘʪʢʫ: 

ʧʦʣʥʘʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦʩʪʫʧʘ ʚ ʩʝʪʴ ʠʥʪʝʨʥʝʪ. 

ʊʘʢʞʝ ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ çʦʙʣʘʯʥʳʭè ʩʝʨʚʠʩʦʚ, ʯʪʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʨʘʙʦʪ ʧʨʠ ʥʝʧʦʣʘʜʢʘʭ 

ʥʘ ʩʝʨʚʝʨʝ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʪʨʘʬʠʢʘ ʚ ʧʨʦʪʦʢʦʣʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ IoT ʫʩʪʨʦʡʩʪʚ, ʦʥʠ ʚʩʝ ʞʝ 

ʩʦʟʜʘʶʪ ʥʝʢʦʪʦʨʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

IoT ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʝʨʚʝʨ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ɸ ʚ ʢʘʯʝʩʪʚʝ ʇʆ ʜʣʷ ʥʝʛʦ 

ʨʘʟʨʘʙʦʪʘʪʴ çʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ IoT ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠè. ʏʪʦ 

ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ IoT ʫʩʪʨʦʡʩʪʚʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʦʩʪʫʧʘ ʚ ʩʝʪʴ ʠʥʪʝʨʥʝʪ. 

ʊʘʢʞʝ ʪʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʟʚʦʣʠʪ ʫʧʨʘʚʣʷʪʴ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʩ ʨʘʟʥʳʤʠ 

ʧʨʦʪʦʢʦʣʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʟ ʦʜʥʦʛʦ ʤʝʩʪʘ, ʜʘʞʝ ʝʩʣʠ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʥʝ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢʦʥʮʝʧʮʠʠ IoT. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ  ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʣʦʩʦʚʦʛʦ ʘʩʩʠʩʪʝʥʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʵʪʦʡ 

ʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ ʫʩʪʨʦʡʩʪʚʘʤʠ ʛʦʣʦʩʦʤ. 

ʏʪʦʙʳ ʥʝ ʧʦʪʝʨʷʪʴ ʦʩʥʦʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ IoT ʫʩʪʨʦʡʩʪʚ, ʘ ʠʤʝʥʥʦ 

ʫʧʨʘʚʣʝʥʠʝ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ, ʙʳʣʦ ʨʝʰʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

çʦʙʣʘʯʥʳʡè ʩʝʨʚʠʩ. ʂʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ  ʥʝ ʩ ʦʪʜʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʘ 

ʩ ʩʘʤʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ IoT ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʢʦʣʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʫʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʳʙʨʘʥ MQTT. 

ʊ.ʢ. ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʥ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʦʚʳʤ ʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ 

ʧʨʦʪʦʢʦʣʦʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʨʘʤʢʘʭ 

ʩʠʩʪʝʤ çʋʤʥʦʛʦ ʜʦʤʘè. MQTT ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʜʨʫʛʠʤ ʧʨʦʪʦʢʦʣʘʤ: 

¶ ʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʪʨʘʬʠʢʘ; 

¶ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ʚʩʝʛʜʘ ʦʪʢʨʳʪʦ; 

¶ ʥʝ ʥʘʛʨʫʞʘʝʪ ʠʥʪʝʨʥʝʪ ʢʘʥʘʣ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʟʘʜʝʨʞʝʢ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ; 

¶ ʫʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʧʠʩʦʢ ʥʘ ʪʦʧʠʢʠ; 

ɺʩʸ ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ MQTT ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʝ ʩʚʦʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʝʨʚʝʨʘ, ʢʦʪʦʨʳʡ 

ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʧʦʩʨʝʜʥʠʢʘ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ ʩʝʪʠ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʊ.ʢ. ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʪʨʝʙʫʝʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʘʷ ʧʣʘʪʬʦʨʤʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʸ ʧʣʘʥʠʨʫʝʪʩʷ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʧʣʘʪʥʳʡ ʢʦʤʧʴʶʪʝʨ ʢʦʤʧʘʢʪʥʦʛʦ ʨʘʟʤʝʨʘ ʥʘ ARM 

ʘʨʭʠʪʝʢʪʫʨʝ, ʩ Linux ʩʦʚʤʝʩʪʠʤʦʡ ʆʉ.  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ IoT-ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ 

ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 

1. ɼʠʩʧʝʪʯʝʨ IoT ʫʩʪʨʦʡʩʪʚ - ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʆʥ 

ʩʣʫʞʠʪ ʜʣʷ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʩ ʣʦʢʘʣʴʥʳʤ ʠ ʦʙʣʘʯʥʳʤ MQTT ʙʨʦʢʝʨʦʤ, 

ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʜʘʥʥʳʝ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʦʙʣʘʯʥʦʤʫ MQTT ʩʝʨʚʝʨʫ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ HTTP ʟʘʧʨʦʩʳ. 

2. ʃʦʢʘʣʴʥʳʡ MQTT ʙʨʦʢʝʨ - ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ MQTT ʙʨʦʢʝʨʦʤ 

(ʩʝʨʚʝʨʦʤ-ʧʦʩʨʝʜʥʠʢʦʤ). ʆʥʘ ʩʣʫʞʠʪ ʪʦʯʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ IoT ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ 

ʧʦʜʩʠʩʪʝʤʦʡ çɼʠʩʧʝʪʯʝʨ IoT ʫʩʪʨʦʡʩʪʚè. 

3. Web ʠʥʪʝʨʬʝʡʩ - ʷʚʣʷʝʪʩʷ Web ʧʨʠʣʦʞʝʥʠʝʤ, ʠ ʩʣʫʞʠʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʜʩʠʩʪʝʤʦʡ çɼʠʩʧʝʪʯʝʨ IoT ʫʩʪʨʦʡʩʪʚè. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ HTTP ʟʘʧʨʦʩʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʜʣʷ ʫʜʘʣʸʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʣʘʯʥʳʡ 

MQTT ʩʝʨʚʠʩ. 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ IoT-ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʣʦʢʘʣʴʥʦʛʦ MQTT ʩʝʨʚʝʨʘ ʚʳʙʨʘʥ MQTT ʙʨʦʢʝʨ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ 

Eclipse Mosquitto, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ.  

ɼʠʩʧʝʪʯʝʨ IoT ʫʩʪʨʦʡʩʪʚ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʬʨʝʡʤʚʦʨʢʝ ASP.NET Core [3]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ  Web-Api, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʛʥʫʪʴ 

ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ.  

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʤʝʪʝʦʩʪʘʥʮʠʠ, 

ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʫ (ʨʠʩ. 2) ʠ ʥʝ ʠʤʝʝʪ ʢʘʢʠʭ-

ʣʠʙʦ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʥʘ ʠʤʝʝʪ 

ʩʢʨʦʤʥʳʝ ʨʘʟʤʝʨʳ ʠ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 
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ʈʠʩ. 2 ï ʆʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʠ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ  

IoT-ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 

 

ʀʥʪʝʨʬʝʡʩ WEB ʧʨʠʣʦʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʩʝʥʩʦʨʥʦʤ 

ʜʠʩʧʣʝʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʪʝʨʤʠʥʘʣʘ ʜʣʷ çʫʤʥʳʭè ʫʩʪʨʦʡʩʪʚ ʚ ʜʦʤʝ (ʨʠʩ. 3). 

 

ʈʠʩ. 3 ï ʀʥʪʝʨʬʝʡʩ WEB ʧʨʠʣʦʞʝʥʠʷ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʳʤ. ʆʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʘʢ ʨʘʙʦʪʫ, ʪʘʢ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ, ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʩʪʘ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʨʷʜʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠʤʝʝʪ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ 

ʠʥʪʝʨʬʝʡʩ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʜʘʣʸʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʦʥʘ 

ʥʝ ʠʤʝʝʪ ʧʨʷʤʳʭ ʘʥʘʣʦʛʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʜʣʷ ʙʳʪʦʚʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʤʥʳʤʠ ʙʳʪʦʚʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʪʘʢ ʠ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʨʘʙʦʪʫ ʩ 

ʧʨʦʪʦʢʦʣʦʤ MQTT ʩʠʩʪʝʤʘʤʠ.  
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ɼʠʩʧʝʪʯʝʨ IoT ʫʩʪʨʦʡʩʪʚ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʨʘʟʨʘʙʦʪʘʥ ʧʦ ʪʝʭʥʦʣʦʛʠʠ Web Api. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʛʦʣʦʩʦʚʦʛʦ ʘʩʩʠʩʪʝʥʪʘ 

ʠʣʠ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. ʏʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʢʦʤʬʦʨʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɽʉʀʄʄɽʊʈʀʏʅʓʍ 

ʂʆʈʆʊʂʀʍ ɿɸʄʓʂɸʅʀʁ 

ɸ.ʐ. ʄʘʜʞʠʜʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʄʕʀ" (ʄʦʩʢʚʘ) 
ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʚʳʙʦʨʘ, ʧʨʦʚʝʨʢʠ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ ʥʘʨʷʜʫ ʩ ʪʦʢʘʤʠ ʪʨʝʭʬʘʟʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʪʦʢʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʜʚʫʭʬʘʟʥʳʡ ʥʘ 

ʟʝʤʣʶ, ʦʜʥʦʬʘʟʥʳʡ ʠ ʜʚʫʭʬʘʟʥʳʡ. ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʫʧʨʦʩʪʠʪʴ ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ. ʅʘ ʨʳʥʢʝ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʮʝʣʳʡ ʨʷʜ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʩʯʠʪʘʪʴ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʪʦʢ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʯʝʪʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ 

ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ VIII ʩʝʢʮʠʠ ʩ 9-ʪʴʶ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ˉ1 ʛ. ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ETAP (Electrical Transient Analyzer Program, ʢʦʤʧʘʥʠʷ 

OTI ʉʐɸ), ʩ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʘʩʯʝʪʦʚ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʤʫʪʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʝʣʝʡʥʘʷ ʟʘʱʠʪʘ ʠ ʘʚʪʦʤʘʪʠʢʘ, 

ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ, ʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ, ʘʩʠʥʭʨʦʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ, ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ, ʪʝʧʣʦʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ETAP. 
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Annotation. To select and check the switching equipment and parameters of relay protection 

and automation, along with the three-phase short-circuit currents, it is necessary to know the 

unbalanced short-circuit currents, such as two-phase to ground, single-phase and two-phase. The 

modern development of specialized computer programs makes it possible to simplify the solution of 

these problems. On the market of domestic and foreign software, there are a number of relevant 

programs that allow you to calculate the asymmetric short-circuit current more accurately and with 

minimal time. In this paper, simulation modeling of the calculation of asymmetric short-circuit 
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currents in the current power supply system of section VIII with 9 asynchronous motors for 

auxiliary of thermal power plants No. 1 in Dushanbe, the Republic of Tajikistan was performed 

using the ETAP software package (Electrical Transient Analyzer Program, OTI company USA), in 

order to confirm the possibility of using programs when calculating asymmetric short-circuit 

currents. 

Key words: switching equipment, relay protection and automation, symmetrical and 

unbalanced short circuits, asynchronous motor, replacement circuits, auxiliary, ETAP. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʦʩʥʦʚʫ ʨʘʩʯʝʪʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʧʦʣʦʞʝʥ ʤʝʪʦʜ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʣʶʙʫʶ ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ 

ʩʠʩʪʝʤʫ ʚʝʢʪʦʨʦʚ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʪʨʝʤʷ ʫʩʣʦʚʥʳʤʠ 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ: ʧʨʷʤʦʡ, ʦʙʨʘʪʥʦʡ ʠ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ. ɺ ʪʨʝʭʬʘʟʥʳʭ ʩʝʪʷʭ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʠʝ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ: ʜʚʫʭʬʘʟʥʦʝ, ʦʜʥʦʬʘʟʥʦʝ, ʜʚʫʭʬʘʟʥʦʝ ʥʘ 

ʟʝʤʣʶ [1,2]. 

ʆʙʳʯʥʦ ʚʠʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʚ ʩʢʦʙʢʘʭ ʥʘʜ ʩʠʤʚʦʣʦʤ, 

ʦʙʦʟʥʘʯʘʶʱʠʤ ʢʘʢʦʡ- ʣʠʙʦ ʧʘʨʘʤʝʪʨ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʥʘʧʨʠʤʝʨ, 

pa pa pa

(3) (2) (1), ,I I I  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʦʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʦʚ ʧʨʠ ʪʨʝʭʬʘʟʥʦʤ, ʜʚʫʭʬʘʟʥʦʤ ʠ ʦʜʥʦʬʘʟʥʦʤ ʢʦʨʦʪʢʦʤ 

ʟʘʤʳʢʘʥʠʠ). ʊʦʢʠ ʚ ʧʦʚʨʝʞʜʝʥʥʳʭ ʬʘʟʘʭ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʪʦʢʠ ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʬʘʟ ʠ ʧʦ ʟʥʘʯʝʥʠʶ 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʛʫʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʪʦʢʠ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʩʯʝʪʘʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ. ʇʨʠ ʦʜʥʦʬʘʟʥʳʭ ʠʣʠ ʜʚʫʭʬʘʟʥʳʭ, ʢʦʛʜʘ 

ʪʨʝʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ, ʬʘʟʳ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ, ʢʘʢ ʵʪʦ ʜʝʣʘʣʦʩʴ ʧʨʠ ʨʘʩʯʝʪʝ 

ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʠʟ ʬʘʟ [1,3]. 

ʇʨʠ ʨʘʩʯʝʪʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ, ʢʘʢ ʠ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʪʨʝʭʬʘʟʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ, ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʩʝʭ ʪʨʝʭ 

ʬʘʟ ʦʜʠʥʘʢʦʚʳ, ʘ ʥʘʩʳʱʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʇʨʦʪʝʢʘʥʠʝ ʧʦ 

ʬʘʟʘʤ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʩʦʟʜʘʝʪ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ 

ʬʘʟ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʨʝʭʬʘʟʥʦʡ ʮʝʧʠ ʜʣʷ 

ʨʘʟʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ [1,5]. 

ʄʝʪʦʜ ʨʘʩʯʝʪʘ 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʦʢʦʚ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ [1,5]. ɼʣʷ ʟʘʜʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ 

ʩʭʝʤʳ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʣʷʶʪ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʧʨʷʤʦʡ, ʦʙʨʘʪʥʦʡ ʠ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʨʘʩʩʯʠʪʳʚʘʶʪ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʵʣʝʢʪʨʦʜʚʠʞʫʱʫʶ ʩʠʣʫ 

ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
AE
ä

 ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

2 01 , ,x x x
ä ä ä

 ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 
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ʘ)     ʙ)    ʚ) 

ʈʠʩ. 1 ï ʉʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʧʨʷʤʦʡ (ʘ), ʦʙʨʘʪʥʦʡ (ʙ) ʠ ʥʫʣʝʚʦʡ (ʚ) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

 

ʉʭʝʤʫ ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʪʘʢ ʞʝ, ʢʘʢ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʢʘ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʅʘʧʨʷʞʝʥʠʝ 
kA1U  ʚ ʤʝʩʪʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʥʝ ʨʘʚʥʦ ʥʫʣʶ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʨʘʩʯʝʪʝ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ. 

ʉʭʝʤʘ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʘʣʦʛʠʯʥʘ ʩʭʝʤʝ 

ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɻʝʥʝʨʘʪʦʨʳ, ʜʚʠʛʘʪʝʣʠ ʠ ʥʘʛʨʫʟʢʫ ʫʯʠʪʳʚʘʶʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʜʣʷ ʪʦʢʦʚ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʉʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʜʘʥʳ ʚ ʢʘʪʘʣʦʛʘʭ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ 

ʧʨʠʙʣʠʞʝʥʥʦ 
2( 1,22 " ).dx x= Ö  ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʪʦʢʘʤ ʦʙʨʘʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʚʥʦ ʩʚʝʨʭʧʝʨʝʭʦʜʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 
2ʜ( " ),dx x=  ʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 
2ʥʛ ʥʛ( " 0,35).x x= =  ɼʣʷ ʩʪʘʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʥʝ ʠʤʝʶʱʠʭ ʧʦʜʚʠʞʥʳʭ ʤʘʛʥʠʪʥʦ-ʩʚʷʟʘʥʥʳʭ ʢʦʥʪʫʨʦʚ, 

ʥʘʧʨʠʤʝʨ, ʨʝʘʢʪʦʨʦʚ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʚʦʟʜʫʰʥʳʭ ʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʚʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʧʨʷʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɺ ʩʭʝʤʝ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ 

ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʘ ʚ ʤʝʩʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠʣʦʞʝʥʦ 

ʥʘʧʨʷʞʝʥʠʝ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
kA2.U  ʉʭʝʤʘ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʠ ʩʭʝʤʘ ʦʙʨʘʪʥʦʡ, ʥʝ ʩʦʜʝʨʞʠʪ ʵʣʝʢʪʨʦʜʚʠʞʫʱʫʶ 

ʩʠʣʫ, ʘ ʚ ʤʝʩʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠʣʦʞʝʥʦ ʥʘʧʨʷʞʝʥʠʝ 
kA0U  [1,5]. 

ʉʭʝʤʫ ʟʘʤʝʱʝʥʠʷ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʷ. ɽʩʣʠ ʧʦʚʨʝʞʜʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʩʦ ʩʪʦʨʦʥʳ ʦʙʤʦʪʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʩʦʝʜʠʥʝʥʥʦʡ ʚ ʪʨʝʫʛʦʣʴʥʠʢ ʠʣʠ ʟʚʝʟʜʫ ʙʝʟ ʟʘʟʝʤʣʝʥʥʦʡ 

ʥʝʡʪʨʘʣʠ, ʪʦʢʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʩʭʝʤʘʭ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʨʘʚʥʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʎʠʨʢʫʣʷʮʠʷ ʪʦʢʦʚ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, 

ʢʦʪʦʨʳʝ ʩʦ ʩʪʦʨʦʥʳ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʷ ʠʤʝʶʪ ʦʙʤʦʪʢʫ, ʩʦʝʜʠʥʝʥʥʫʶ ʚ ʟʚʝʟʜʫ 

ʩ ʟʘʟʝʤʣʝʥʥʦʡ ʥʝʡʪʨʘʣʴʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʜʦʣʞʥʦ ʙʳʪʴ ʫʯʪʝʥʦ ʚ ʩʭʝʤʘʭ ʟʘʤʝʱʝʥʠʷ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ ʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 

ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ɼʣʷ ʜʚʫʭʦʙʤʦʪʦʯʥʳʭ ʩʦ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ çʟʚʝʟʜʘ ʩ 

ʟʘʟʝʤʣʝʥʥʦʡ ʥʝʡʪʨʘʣʴʶ ʥʘ ʪʨʝʫʛʦʣʴʥʠʢè ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʨʘʩʱʝʧʣʝʥʥʦʡ 
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ʦʙʤʦʪʢʦʡ çʟʚʝʟʜʘ ʩ ʟʘʟʝʤʣʝʥʥʦʡ ʥʝʡʪʨʘʣʴʶ ʥʘ ʪʨʝʫʛʦʣʴʥʠʢʠ ʥʘ ʪʨʝʫʛʦʣʴʥʠʢè 

ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʷʤʦʡ ʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʚʥʳ. 

ɽʩʣʠ ʚʪʦʨʠʯʥʘʷ ʦʙʤʦʪʢʘ ʩʦʝʜʠʥʝʥʘ ʚ ʟʚʝʟʜʫ ʩ ʥʝʟʘʟʝʤʣʝʥʥʦʡ ʠʣʠ ʩ ʟʘʟʝʤʣʝʥʥʦʡ 

ʥʝʡʪʨʘʣʴʶ, ʥʦ ʚ ʮʝʧʠ ʦʙʤʦʪʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʪʦʢʦʚ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʚʳʢʣʶʯʘʪʝʣʴ QF1 ʦʪʢʣʶʯʝʥ), ʵʪʘ ʦʙʤʦʪʢʘ ʚ 

ʩʭʝʤʫ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʚʦʡʜʝʪ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʘʢʪʦʨʘ 
ʨx , 

ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʥʝʡʪʨʘʣʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʯʠʪʳʚʘʶʪ ʫʪʨʦʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠ ʚʢʣʶʯʘʶʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʪʦʡ ʦʙʤʦʪʢʦʡ, ʚ ʥʝʡʪʨʘʣʴ ʢʦʪʦʨʦʡ ʦʥ ʚʢʣʶʯʝʥ. 

 

                      

 

 
 

ʈʠʩ. 2 ï ʉʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ  

ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʭʝʤʘʤʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ 

 

ɺʦʟʜʫʰʥʳʝ ʠ ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ ʚʭʦʜʷʪ ʚ ʩʭʝʤʫ ʟʘʤʝʱʝʥʠʷ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʕʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʚʠʩʷʪ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʪ 

ʪʦʛʦ, ʠʤʝʝʪ ʣʠ ʣʠʥʠʷ ʟʘʱʠʪʫ ʦʪ ʧʨʷʤʳʭ ʫʜʘʨʦʚ ʤʦʣʥʠʡ ʟʘʟʝʤʣʝʥʥʳʤ ʪʨʦʩʦʤ. 
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ɿʘʟʝʤʣʝʥʥʳʡ ʪʨʦʩ ʫʤʝʥʴʰʘʝʪ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʕʪʦʪ ʵʬʬʝʢʪ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʝʥ ʧʨʠ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʦʤ 

ʪʨʦʩʝ, ʠʤʝʶʱʝʤ ʤʘʣʦʝ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʀʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʚʫʭʮʝʧʥʳʭ ʣʠʥʠʡ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʦʜʥʦʮʝʧʥʳʭ, ʠʟ-ʟʘ ʠʥʜʫʢʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʪʦʢʦʚ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʚʦʜʘʭ ʩʦʩʝʜʥʝʡ ʮʝʧʠ. 

ʉʭʝʤʫ ʟʘʤʝʱʝʥʠʷ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʣʷʪʴ, 

ʥʘʯʠʥʘʷ ʦʪ ʝʝ ʢʦʥʮʘ, ʪ.ʝ. ʦʪ ʤʝʩʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʠʣʠ ʧʨʦʜʦʣʴʥʦʡ 

ʥʝʩʠʤʤʝʪʨʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʯʪʦʙʳ ʩʦʩʪʘʚʠʪʴ ʩʭʝʤʫ ʟʘʤʝʱʝʥʠʷ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʚ ʪʦʯʢʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚʩʝ ʪʨʠ ʬʘʟʳ ʪʨʝʭʬʘʟʥʦʡ ʮʝʧʠ 

ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʦʜʨʦʙʥʦ ʩʦʩʪʘʚʣʝʥʠʝ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [1,4,5]. ʇʨʠ ʨʘʩʯʝʪʘʭ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʣʠʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ 
0 1/x x , 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1. 
 

ʊʘʙʣʠʮʘ 1 ï ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  

ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ 
ʆʜʥʦʮʝʧʥʘʷ ʚʦʟʜʫʰʥʘʷ ʣʠʥʠʷ 

ɹʝʟ ʪʨʦʩʦʚ 3,5 

ʉʦ ʩʪʘʣʴʥʳʤʠ ʪʨʦʩʘʤʠ 3,0 

ʉ ʭʦʨʦʰʦ ʧʨʦʚʦʜʷʱʠʤʠ ʪʨʦʩʘʤʠ 2,0 

ɼʚʫʭʮʝʧʥʘʷ ʚʦʟʜʫʰʥʘʷ ʣʠʥʠʷ 

ɹʝʟ ʪʨʦʩʦʚ 5,5 

ʉʦ ʩʪʘʣʴʥʳʤʠ ʪʨʦʩʘʤʠ 4,7 

ʉ ʭʦʨʦʰʦ ʧʨʦʚʦʜʷʱʠʤʠ ʪʨʦʩʘʤʠ 3,0 

ʂʘʙʝʣʴʥʘʷ ʣʠʥʠʷ 

ʊʨʝʭʞʠʣʴʥʳʡ 3,5ï4,6 

ʆʜʥʦʞʠʜʴʥʳʡ 0,8ï1,0 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʝʡ 
0 1/b b  ʜʣʷ ʪʦʢʦʚ ʥʫʣʝʚʦʡ ʠ 

ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʳʤ 
0 1/ 0,6b b= . ʉʦʩʪʘʚʠʚ 

ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʧʨʷʤʦʡ, ʦʙʨʘʪʥʦʡ ʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʠʚ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
2 01 , ,x x x

ä ä ä
, ʦʧʨʝʜʝʣʷʶʪ ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ 

ʟʤʳʢʘʥʠʷ. ʊʦʢ ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʚʨʝʞʜʝʥʠʡ 

ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʪʦʢ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʠʥʜʫʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ( )nx
D , ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: 

( )

*kA1

*

Å
*A

( )

*1( )

n

n

E
I

j x x
ä D

=
+ .

     (1) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʦʚ, ʥʘʧʨʷʞʝʥʠʡ, 

ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʚʠʜʘ ʚ ʪʘʙʣ. 2. ʧʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ( )nx
D

 ʨʘʟʣʠʯʥʦ ʜʣʷ ʨʘʟʥʳʭ 
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ʚʠʜʦʚ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ 
2x
ä

 ʠ 
0

x
ä
. ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʚ ʤʝʩʪʝ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 
( )

( ) ( )
1

n

n n
kAkI m I=

,

      (2) 

ʛʜʝ ( )nm  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʠʜʘ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ɿʥʘʯʝʥʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ (3), ʠ ʧʦʩʣʝ 

ʯʝʛʦ ʚʳʯʠʩʣʷʶʪ ʠʭ ʤʦʜʫʣʠ: 

1 2 0

2
1 2 0

2
1 2 0

A

B

C

I I I I

I a I a I I

I a I a I I

= + +

= Ö + Ö +

= Ö + Ö +

     (3) 

ʆʩʥʦʚʥʳʝ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʩʪʝ 

ʧʦʚʨʝʞʜʝʥʠʷ, ʪʦʢʘ ʚ ʟʝʤʣʝ 
0kI , ʘ ʪʘʢʞʝ ( )nx

D
 ʠ ( )nm  ʜʘʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʌʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʦʚ, 

ʥʘʧʨʷʞʝʥʠʡ, ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ 
ʈʘʩʯʝʪʥʘʷ 

ʚʝʣʠʯʠʥʘ 

ɼʚʫʭʬʘʟʥʦʝ ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ 
(2)

 

ɼʚʫʭʬʘʟʥʦʝ ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ ʥʘ ʟʝʤʣʶ 
(2//1)

 

ʆʜʥʦʬʘʟʥʦʝ ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ ʥʘ ʟʝʤʣʶ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ɺ ʢʘʯʝʩʪʚʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʯʝʪʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ VIII 

ʩʝʢʮʠʠ ʩ 9-ʪʴʶ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ˉ1 ʛ. ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ [6] ʙʳʣʘ ʧʨʠʥʷʪʘ 

ʧʨʦʛʨʘʤʤʘ ETAP (Electrical Transient Analyzer Program, ʢʦʤʧʘʥʠʷ OTI ʉʐɸ) 

[7,8], ʩ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 3. 

ʄʦʜʫʣʴ ʨʘʩʯʸʪʘ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʚ ʧʨʦʛʨʘʤʤʝ ETAP ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦ ʨʘʩʯʸʪʫ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [7,8]. ʇʨʦʛʨʘʤʤʘ ETAP ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ: 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʚ ʩʝʪʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʨʝʞʠʤʘʤʠ ʟʘʟʝʤʣʝʥʠʷ ʥʝʡʪʨʘʣʠ. ʄʦʜʫʣʴ ʨʘʩʯʸʪʘ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠʤʝʝʪ 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʤʦʜʫʣʝʤ ʢʦʦʨʜʠʥʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʈɿʠɸ ʚʳʧʦʣʥʷʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ANSI/IEEE/ɻʆʉʊ [7,8]. 

 
ʘ) ʪʨʝʭʬʘʟʥʦʝ ʟʘʤʳʢʘʥʠʝ 



 

76 

 

 
ʙ) ʜʚʫʭʬʘʟʥʦʝ ʟʘʤʳʢʘʥʠʝ ʥʘ ʟʝʤʣʶ 

 
ʘ) ʦʜʥʦʬʘʟʥʦʝ ʟʘʤʳʢʘʥʠʝ 

ʈʠʩ. 3 ï ʀʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ETAP 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʚ ʵʥʝʨʛʝʪʠʢʝ ʩʯʠʪʘʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʨʘʩʯʝʪ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʇʨʘʚʠʣʴʥʳʡ ʨʘʩʯʝʪ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʪʨʝʭʬʘʟʥʳʭ ʮʝʧʝʡ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʥʦ ʠ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʯʠʭ. ʄʝʪʦʜ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʭʦʨʦʰʦ 

ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʳ  ʢ ʩʠʤʤʝʪʨʠʯʥʦʡ, ʚʝʜʴ ʪʦʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʠʩʢʣʶʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʟʘʠʤʦʠʥʜʫʢʮʠʝʡ, ʠ ʠʟʙʝʞʘʪʴ 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ. ʈʘʩʯʝʪ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʢ 
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ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʝʝ ʧʘʨʘʤʝʪʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʨʘʩʯʝʪʥʳʤ ʙʘʟʠʩʥʳʤ ʚʝʣʠʯʠʥʘʤ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʣʦʞʝʥʠʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʦʚ ʥʘ ʪʨʠ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: ʧʨʷʤʦʡ, ʦʙʨʘʪʥʦʡ ʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʯʝʪʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʙʳʣʘ ʧʨʠʥʷʪʘ ʧʨʦʛʨʘʤʤʘ ETAP. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʥʘ ʦʜʠʥʘʢʦʚʳʭ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤʘʭ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʘ ETAP, ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ. 
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ʈɸʉʏɽʊ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʉʆʉʊɸɺʃʗʖʑɽʁ ʊʆʂɸ ʂʆʈʆʊʂʆɻʆ 

ɿɸʄʓʂɸʅʀʗ ɺ ʇʈʆʀɿɺʆʃʔʅʓʁ ʄʆʄɽʅʊ ɺʈɽʄɽʅʀ 

ɸ.ʐ. ʄʘʜʞʠʜʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʄʕʀ" (ʄʦʩʢʚʘ) 
ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʚʳʙʦʨʘ ʠ ʧʨʦʚʝʨʢʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʧʫʩʢʘʶʪʩʷ ʫʧʨʦʱʝʥʥʳʝ 

ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʝʩʣʠ ʠʭ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 5-10%. ʇʨʠ 

ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʠ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʚʧʣʦʪʴ ʜʦ 

ʨʘʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʟʤʳʢʘʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʡ ʮʝʧʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʨʫʢʦʚʦʜʷʱʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʦ ʨʘʩʯʝʪʫ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʤʝʪʦʜ ʪʠʧʦʚʳʭ ʢʨʠʚʳʭ. ʄʝʪʦʜ ʪʠʧʦʚʳʭ ʢʨʠʚʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʈʘʩʯʝʪ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʘʩʩʠʚʝʥ ʠ ʪʨʝʙʫʝʪ 

ʥʝʤʘʣʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. ɺ XXI  ʚʝʢʝ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʤʦʜʝʣʴʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠ ʧʦʜʩʪʘʥʮʠʷʭ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʦ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʪʠʧʦʚʳʝ ʢʨʠʚʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʪʦʯʥʷʣʠʩʴ, ʥʦ ʩʫʪʴ ʤʝʪʦʜʠʢʠ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʚ ʤʝʩʪʝ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʫʜʘʣʝʥʥʦʩʪʠ ʪʦʯʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʢʦʛʜʘ ʧʨʠʙʣʠʞʝʥʥʳʡ ʨʘʩʯʝʪ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʠʧʦʚʳʭ ʢʨʠʚʳʭ. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʤʝʪʦʜʘ ʪʠʧʦʚʳʝ ʢʨʠʚʳʝ ʧʨʠʚʝʜʝʥʳ ʨʘʟʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ, ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʘʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ, ʫʜʘʣʝʥʥʦʩʪʴ, ʪʠʧʦʚʳʝ ʢʨʠʚʳʝ, ʛʝʥʝʨʘʪʦʨ, ʜʚʠʛʘʪʝʣʴ. 

 

THE PERIODIC COMPONENT OF THE CURRENT SHORT CIRCUIT 

CALCULATION AT AN ARBITRARY TIME  
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National research University "Moscow power engineering Institute" (Moscow) 
Annotation. Simplified methods for calculating short-circuit currents are allowed for 

selecting and checking electrical equipment, if their error does not exceed 5-10%. This determines 

the initial value of the periodic component of the short-circuit current and the value of this 

component at any time, up to the estimated opening time of the damaged circuit. Recently, the 

standard curve method has been recommended for practical use in the guidelines for calculating 

short-circuit currents. The method of typical curves is used to determine the periodic component of 

the short-circuit current at any time. Calculating the short-circuit current at any given time is 

massive and requires a lot of computational work. In the XXI century, field experiments at model 

power plants and substations made it possible to determine the change in the periodic component to 

a steady value. The resulting standard curves were subsequently refined several times, but the 

essence of the method remained unchanged. In this paper, we consider the determination of the 

periodic component of the current at the short-circuit point for an arbitrary moment in time with a 

relatively small electrical distance of the short-circuit point, when the approximate calculation gives 

significant errors, is performed using standard curves. To justify the correctness of the method, 

standard curves are used, and various practical mathematical examples are given. 

Key words: transient, short-circuit, periodic component of the short-circuit current, aperiodic 

component of the short-circuit current, distance, typical curves, generator, motor. 
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ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʚʳʙʦʨʘ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ. ʇʨʠ ʚʳʙʦʨʝ ʚʳʢʣʶʯʘʪʝʣʝʡ 

ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʠ ʘʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʘ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʤʦʤʝʥʪ ʨʘʩʭʦʞʜʝʥʠʷ ʢʦʥʪʘʢʪʦʚ ʚʳʢʣʶʯʘʪʝʣʷ. ʈʘʩʯʝʪʥʦʝ 

ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʜʦ ʨʘʩʭʦʞʜʝʥʠʷ ʢʦʥʪʘʢʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

ʩ.ʚ.0,01 tt= +      (1) 

ʛʜʝ 
ʩ.ʚ.t  ï ʩʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʚʳʢʣʶʯʘʪʝʣʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 0,2 ʩ [1,2] 

ɸʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ [1,2], ʘ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʧʨʦʩʪʝʡʰʠʭ ʩʣʫʯʘʷʭ (ʩʭʝʤʘ ʩ ʦʜʥʠʤ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʤʠ ʦʜʠʥʘʢʦʚʳʤʠ, ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ). ɼʣʷ 

ʩʣʦʞʥʳʭ ʩʭʝʤ ʧʨʠ ʨʘʩʯʝʪʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʜʦ 0,5 ʩ ʨʝʢʦʤʝʥʜʫʶʪ ʤʝʪʦʜ ʪʠʧʦʚʳʭ ʢʨʠʚʳʭ 

[1,3,5,7]. ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ 

ʦʪʥʦʰʝʥʠʷ 
ʛ.t. ʛ.0/I I  ʧʨʠ ʨʘʟʣʠʯʥʳʭ  ʫʜʘʣʝʥʥʦʩʪʷʭ  ʪʦʯʢʠ  ʢʦʨʦʪʢʠʭ  ʟʘʤʳʢʘʥʠʡ 

(
ʛ.t.I  ʠ 

ʛ.0I  ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʠ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ). 

ɺʝʣʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʜʘʣʝʥʥʦʩʪʴ ʪʦʯʢʠ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʦʪ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʪʦʢʘ 
ʛ.0I  ʢ 

ʥʦʤʠʥʘʣʴʥʦʤʫ ʪʦʢʫ ʛʝʥʝʨʘʪʦʨʘ, ʪ.e. 
*ʛ.0 ʛ.0 ʥʦʤ/I I I= . ɽʩʣʠ ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʚ 

ʙʘʟʠʩʥʳʭ ʝʜʠʥʠʮʘʭ, ʪʦ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ: 

ʙ
*ʛ.0 *ʛ.0(ʙ)

ʥʦʤ

S
I I

S
= Ö

,

      (2) 

ʛʜʝ 
*ʛ.0(ʙ)I  ï ʪʦʢ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʙʘʟʠʩʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʆʪʥʦʰʝʥʠʝ 
ʛ. . ʛ.0/tI I  ʧʨʠ ʧʨʠʥʷʪʦʤ ʩʧʦʩʦʙʝ ʦʮʝʥʢʠ ʫʜʘʣʝʥʥʦʩʪʠ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ, ʘ 

ʪʘʢʞʝ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʤʝʩʪʘ ʝʝ ʧʦʜʢʣʶʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʤʝʪʦʜ ʪʠʧʦʚʳʭ ʢʨʠʚʳʭ 

ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ 12 ʜʦ 1000 ʄɺʪ, 

ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʩʠʥʭʨʦʥʥʳʭ ʢʦʤʧʝʥʩʘʪʦʨʦʚ [1,2,4]. ʊʠʧʦʚʳʝ ʢʨʠʚʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. ʄʝʪʦʜ 

ʪʠʧʦʚʳʝ ʢʨʠʚʳʝ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ, ʦʩʥʦʚʘʥ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʜʦʧʫʱʝʥʠʷʤʠ: ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʦʚ ʣʶʙʘʷ; ʧʠʪʘʥʠʝ ʥʘʛʨʫʟʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʙʣʦʯʥʦʡ ʩʭʝʤʝ; ʥʘʣʠʯʠʝ ɸʈɺ ʥʘ ʚʩʝʭ 

ʛʝʥʝʨʘʪʦʨʘʭ; ʧʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʠʧʦʚʳʝ, ʘ ʨʝʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʛʝʥʝʨʘʪʦʨʘ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʚʦ ʚʨʝʤʝʥʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʫʜʘʣʝʥʥʦʩʪʠ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʥʘʯʘʣʴʥʦʛʦ ʪʦʢʘ ʂɿ. 
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ʘ)       ʙ) 

ʈʠʩ. 1 ï ʊʠʧʦʚʳʝ ʢʨʠʚʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

 

ʇʦ ʢʨʠʚʳʤ ʥʘ ʨʠʩ. 1, ʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʪʦʢ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʩʯʝʪʥʘʷ 

ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʜʥʦʪʠʧʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʇʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʠ ʥʘʭʦʞʜʝʥʠʷ 
ʨʝʟ.x  ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʪʦʢ ʛʝʥʝʨʘʪʦʨʘ 
ʛ.0I  ʚ ʤʦʤʝʥʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʟʘʪʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʪʦʢ 
*ʛ.0I ; ʝʩʣʠ ʧʦʩʣʝʜʥʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʜʨʦʙʥʳʤ ʯʠʩʣʦʤ, ʪʦ ʝʛʦ 

ʦʢʨʫʛʣʷʶʪ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ ʠʣʠ ʠʥʪʝʨʧʦʣʠʨʫʶʪ ʢʨʠʚʳʝ. ɼʘʣʝʝ 

ʚʳʙʠʨʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʠʧʦʚʫʶ ʢʨʠʚʫʶ ʠ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʦʪʥʦʰʝʥʠʝ 
ʛ. ʛ.0/t tI In= , ʘ ʟʘʪʝʤ ʚʳʯʠʩʣʷʶʪ 

ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʤʦʤʝʥʪ t : 

ʛ. ʛ.0t tI In= Ö .      (3) 

ɽʩʣʠ ʚ ʩʭʝʤʝ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʭʝʤʳ 

ʦʢʘʞʝʪʩʷ, ʯʪʦ ʚʩʝ ʦʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʪʦʯʢʦʡ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, 

ʪʦ ʜʣʷ ʢʘʞʜʦʡ ʚʝʪʚʠ ʦʧʨʝʜʝʣʷʶʪ ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʪʜʝʣʴʥʦ ʠ ʟʘʪʝʤ 

ʩʫʤʤʠʨʫʶʪ ʠʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʢʘ ʚ ʪʦʯʢʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʦʯʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʟʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 
ʢx , ʦʙʱʠʤ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʠ ʩʠʩʪʝʤʳ, ʘ ʫʜʘʣʝʥʥʦʩʪʴ ʵʪʦʡ ʪʦʯʢʠ 

ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʦʚʘ, ʯʪʦ 
*ʛ.01,5I ¢ , ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚʦ 

ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʦʚ ʦʪ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʚ ʪʦʯʢʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ [1,4,5]. 

ʆʪʥʦʰʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʚ 

ʪʦʯʢʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʝ t  ʠ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 
ʢ. . ʢ.0/tI I  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʨʠʚʳʭ ʥʘ 
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ʨʠʩ. 1, ʙ. ʂʨʠʚʳʝ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʦʪʥʦʰʝʥʠʡ 
ʛ.0 ʢ.0/I I  ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 0,5. ʇʨʠ 

ʛ.0 ʢ.0/ 0,5I I <  ʠʟʤʝʥʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ [1,7,8]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʨʝʦʙʨʘʟʫʶʪ ʩʭʝʤʫ ʟʘʤʝʱʝʥʠʷ 

ʢ ʚʠʜʫ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʅʘʭʦʜʷʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʕɼʉ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʚ ʤʝʩʪʝ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ: 

ʢ.0 ʨʝʟ./I E x
ä

=
.
      (4) 

ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʶʪ ʪʦʢ ʛʝʥʝʨʘʪʦʨʥʦʡ ʚʝʪʚʠ ʧʦ ʬʦʨʤʫʣʝ: 

ʢ.0 ʢ

ʛ.0

ʛ

E I x
I

x

ä

ä

- Ö
=  .    (5) 

ʊʦʢ ʛʝʥʝʨʘʪʦʨʥʦʡ ʚʝʪʚʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʢʦʵʬʠʮʠʝʥʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʅʘʭʦʜʷʪ 
*ʛ.0I , ʦʪʥʦʰʝʥʠʝ 

ʛ.0 ʢ.0/I I  ʠ ʚʳʙʠʨʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʚʳʝ ʥʘ 

ʨʠʩ. 1, ʘ, ʙ. ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ t  ʠ ʚʳʙʨʘʥʥʦʡ ʥʘ ʨʠʩ. 1, ʘ ʢʨʠʚʦʡ 
*ʛ.0I

ʦʧʨʝʜʝʣʷʶʪ 
ʛ. . ʛ.0/tI I  ʠʩʧʦʣʴʟʫʶʪ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢ. . ʢ.0/tI I  ʧʦ 

ʢʨʠʚʦʡ ʥʘ ʨʠʩ. 1, ʙ. ɿʥʘʷ ʦʪʥʦʰʝʥʠʝ 
ʢ. . ʢ.0/tI I  ʠ ʪʦʢ 

ʢ.0I , ʥʘʭʦʜʷʪ ʧʝʨʠʦʜʠʯʝʩʢʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʪʦʢʘ ʚ ʪʦʯʢʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʨʘʩʯʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʄʝʪʦʜ ʪʠʧʦʚʳʭ ʢʨʠʚʳʭ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ 

ʫʜʘʣʝʥʥʦʩʪʷʭ ʪʦʯʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʪ ʛʝʥʝʨʘʪʦʨʦʚ. ɽʩʣʠ ʞʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ ʫʜʘʣʝʥʳ ʦʪ ʪʦʯʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʪʦʢ ʙʣʠʞʘʡʰʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʚ ʤʦʤʝʥʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚʳʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʚ 

1,5 ʨʘʟʘ 
*ʛ.0( 1,5),I ¢  ʪʦ ʚʩʝ ʠʩʪʦʯʥʠʢʠ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʭʝʤʳ ʤʦʞʥʦ 

ʟʘʤʝʥʠʪʴ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ, ʘ ʘʤʧʣʠʪʫʜʫ ʝʛʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʕɼʉ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʩʯʠʪʘʪʁ 

ʥʝʠʟʤʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t, ʢʘʢ ʠ ʤʝʪʦʜʠʢʘ 
ʨʘʩʯʝʪʘ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʠ ʫʜʘʨʥʦʛʦ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʜʘʣʝʥʥʦʩʪʴʶ ʪʦʯʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʪ 

ʠʩʪʦʯʥʠʢʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʩʣʫʯʘʷ. 

ʇʨʠ ʫʜʘʣʝʥʥʦʤ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ: 

ʢ. ʢ.0tI I= .      (6) 

ʇʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʚʙʣʠʟʠ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ: 

ʢ. ʛ.t t cI I I= +ä ,
     (7) 

ʛʜʝ ʛ.tIä  ï ʩʫʤʤʘʨʥʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʪʦʢ ʛʝʥʝʨʘʪʦʨʦʚ ʜʣʷ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ t, ʦʧʨʝʜʝʣʷʝʤʳʡ ʤʝʪʦʜʦʤ ʪʠʧʦʚʳʭ ʢʨʠʚʳʭ; 
cI  ï ʪʦʢ ʩʠʩʪʝʤʳ, 

ʥʝʠʟʤʝʥʥʳʡ ʚ ʧʨʦʮʝʩʩʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ʇʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʚʙʣʠʟʠ ʫʟʣʘ ʜʚʠʛʘʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ: 

ʢ. ʧ. .ʜt t cI I I= +
,
     (8) 
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ʛʜʝ ʧ. .ʜtI  ï ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʪʦʢ ʜʚʠʛʘʪʝʣʝʡ ʚ ʤʦʤʝʥʪ t . 

ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʠ ʦʪ ʜʚʠʛʘʪʝʣʝʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʫʭʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ [1,3,6]. ʋʧʨʦʱʝʥʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʵʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʣʷ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʤʝʝʪ ʚʠʜ: 

ʧ. .ʜ ʧ.0.ʜ ʧ.ʜ.exp( / )tI I t T= Ö -  .   (9) 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʨʠ ʨʘʩʯʝʪʝ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʩʝʪʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ ʜʚʠʛʘʪʝʣʠ, 

ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʦʜʥʦʡ ʩʝʢʮʠʠ, ʟʘʤʝʥʷʶʪ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʠʣʠ 

ʛʨʫʧʧʘʤʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, ʚ ʩʝʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ 

ʠʤʝʶʪʩʷ ʢʘʢ ʘʩʠʥʭʨʦʥʥʳʝ, ʪʘʢ ʠ ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ. ɼʣʷ ʵʪʠʭ ʛʨʫʧʧ 

ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t : 

ʧ. .ʜ ʘ.ʜ. ʧ.0.ʘ.ʜ ʩ.ʜ. ʧ.0.ʩ.ʜtI I Ig g= Ö + Ö
.
    (10) 

ʛʜʝ ʧ.0.ʘ.ʜI  ʠ ʧ.0.ʩ.ʜI  ï ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʦʪ ʘʩʠʥʭʨʦʥʥʳʭ ʠ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ; ʘ.ʜ.g

ʠ ʩ.ʜ.g  ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʪʝʧʝʥʴ ʟʘʪʫʭʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʦʪ ʘʩʠʥʭʨʦʥʥʳʭ ʠ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʢ ʤʦʤʝʥʪʫ 

ʚʨʝʤʝʥʠ t . 

ʉʦʛʣʘʩʥʦ [1,2,4,5], ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0,1ʩt=  (ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ 

ʚʳʢʣʶʯʘʪʝʣʝʡ ʚ ʩʝʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ) ʜʣʷ 

ʊʕʉ ʩ ʛʝʥʝʨʘʪʦʨʘʤʠ ʤʦʱʥʦʩʪʴʶ 60 ï 150 ʄɺʪ: ʘ.ʜ.0,2g = ʠ ʩ.ʜ.0,6g = ; ʜʣʷ ʊʕʉ ʩ 

ʙʣʦʢʘʤʠ 200 ï 1000 ʄɺʪ: ʘ.ʜ.0,25g = ʠ ʩ.ʜ.0,6g = . ɸʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʪ ʜʚʠʛʘʪʝʣʝʡ ʢ ʤʦʤʝʥʪʫ 0,1ʩt=  

ʙʣʠʟʢʘ ʥʫʣʶ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ ʪʠʧʦʚʳʭ ʢʨʠʚʳʭ ʧʨʠʤʝʥʷʶʪ ʧʨʠ 

ʧʨʦʚʝʨʢʝ ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʦʚʦʜʥʠʢʦʚ ʧʦ ʫʩʣʦʚʠʷʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʚʳʙʦʨʝ 

ʫʩʪʘʚʦʢ ʧʨʦʩʪʝʡʰʠʭ ʈɿ ʠ ɸ ʠ ʨʝʰʝʥʠʠ ʨʷʜʘ ʜʨʫʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɼʣʷ ʦʙʦʩʥʦʚʝʥʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʨʝʰʠʤ ʧʨʠʤʝʨ: ʜʣʷ ʛʝʥʝʨʘʪʦʨʦʚ 

ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 220 ʄɺɸ ʩ 0,1=ɽ  ʟʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 19,0=KX  ʧʨʠ 

ʄɺɸSʙ 100=  ʦʧʨʝʜʝʣʠʪʴ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʂɿ ʯʝʨʝʟ 0,2 ʩʝʢ. ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʂɿ 

.26,5
19,0
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0 ===
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ʇʦ ʪʠʧʦʚʳʤ ʢʨʠʚʳʤ (ʨʠʩ. 1,ʘ) ʧʨʠ ʩʝʢt 2,0=  ʠ 39,2
2,2

26,50 ==
äH

ɻ

I

I
 

ʦʧʨʝʜʝʣʷʝʤ ,88,0
0

=
ɻ

ɻ

I

tI
 ʦʪʢʫʜʘ .63,426,588,088,0 0 =Ö== ɻɻ ItI  

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʪʦʢʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʩʦʚʤʝʩʪʥʦ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʦʤ 

ʥʘʯʘʣʴʥʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʠʧʦʚʳʝ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʪʦʢ 

ʦʪ ʩʠʩʪʝʤʳ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʘ ʪʦʢ ʦʪ ʦʩʪʘʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʣʠʙʦ 

ʪʦʢʠ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʛʝʥʝʨʘʪʦʨʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʧʦʚʳʭ 

ʢʨʠʚʳʭ. ʊʠʧʦʚʳʝ ʢʨʠʚʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʣʶʙʦʡ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʪ ʩʠʥʭʨʦʥʥʳʭ ʠ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤ, ʧʦʩʪʨʦʝʥʥʳʝ ʩʧʝʮʠʘʣʴʥʦ. ʄʝʪʦʜ ʪʠʧʦʚʳʝ ʢʨʠʚʳʝ 

ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʪʦʢ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʢʘʢ ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʩʪʥʦʡ ʥʘʛʨʫʟʢʠ, ʪʘʢ ʠ ʧʨʠ ʝʝ ʦʪʩʫʪʩʪʚʠʠ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʚ ʤʝʩʪʝ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʜʘʣʝʥʥʦʩʪʠ ʪʦʯʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʢʦʛʜʘ 

ʧʨʠʙʣʠʞʝʥʥʳʡ ʨʘʩʯʝʪ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʪʠʧʦʚʳʝ ʢʨʠʚʳʝ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɻʫʢ ʖ.ɹ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʪʘʥʮʠʡ ʠ 

ʧʦʜʩʪʘʥʮʠʡ: ʋʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / ʖ.ɹ. ɻʫʢ, ɺ.ɺ. ʂʘʥʪʘʥ, C.C. ʇʝʪʨʦʚʘ. 

ʃʝʥʠʥʛʨʘʜ: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ. 1985. 312 ʩ. 

2. ʉʠʚʦʢʦʙʳʣʝʥʢʦ ɺ.ʌ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ / ɺ.ʌ. 

ʉʠʚʦʢʦʙʳʣʝʥʢʦ, ʄ.ɸ. ʄʝʞʝʥʢʦʚʘ // ʕʣʝʢʪʨʠʯʝʩʪʚʦ. ʄʦʩʢʚʘ. 2001. ˉ 4/2001. ʉ. 

5 ï 9. 

3. ʄʘʜʞʠʜʦʚ ɸ. ʐ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ 

ʩʠʩʪʝʤʝ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ. ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ: ʚʟʛʣʷʜ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ɸʢʩʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʙʳʪʠʷ: ʛʫʤʘʥʠʟʤ - ʪʨʘʥʩʛʫʤʘʥʠʟʤ ï ʧʦʩʪʪʨʘʥʩʛʫʤʘʥʠʟʤ (29-30 

ʤʘʷ): ʩʪʘʪʴʷ ʚ ʩʙʦʨʥʠʢʝ ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ. ɻʨʦʟʥʳʡ. 2020. ʉ. 646-651. 

4. ʐʘʙʦʚʪʘ ʄ.ʖ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʸʪʘ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ 

ʚ ʤʥʦʛʦʤʘʰʠʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ / ʄ.ʖ. ʐʘʙʦʚʪʘ // 

ɽʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʪʘ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ. ï ʂ.: ʊʝʭʥiʢʘ. ˉ 02(78). 2011. C. 62 ï 

67. 

5. ɹʝʩʘʨʘʙ ɸ.ʅ. ʈʘʩʯʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʪʨʝʭʬʘʟʥʦʛʦ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʩʣʦʞʥʳʭ ʩʭʝʤʘʭ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ / ɸ.ʅ. 



 

84 

 

ɹʝʩʘʨʘʙ, ɺ.ʅ. ʅʝʚʦʣʴʥʠʯʝʥʢʦ, ʄ.ʖ. ʐʘʙʦʚʪʘ // ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʠ 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʉʠʩʪʝʤʳ. ˉ15(91). 2014. ʉ.407-411 

6. ʄʘʜʞʠʜʦʚ ɸ.ʐ. ʋʨʘʚʥʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ 

ʧʝʨʝʭʦʜʥʦʤ ʧʨʦʮʝʩʩʝ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʵʥʝʨʛʝʪʠʢʘ ʠ ʵʢʦʥʦʤʠʢʘ 

(ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ): ʩʙʦʨʥʠʢ 

ʪʨʫʜʦʚ XVII ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚ. ʉʤʦʣʝʥʩʢ. 2020. ʉ. 44-49. 

7. ʏʝʨʥʦʚʝʮ ɸ.ʂ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ɸʕʉ (ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ): ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ʃʝʥʠʥʛʨʘʜ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʃʇʀ. 

1980. 80 ʩ. 

8. ʆʢʦʣʦʚʠʯ ʄ.ʅ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ: ʋʯʝʙʥʠʢ ʜʣʷ 

ʚʫʟʦʚ / ʄ.ʅ. ʆʢʦʣʦʚʠʯ. ʄʦʩʢʚʘ: ʕʥʝʨʛʦʠʟʜʘʪ. 1982. 400 ʩ. 

 

ʋɼʂ 004.946 

ʈɸʉʇʈɽɼɽʃɽʅʅʆɽ ɺʓʏʀʉʃɽʅʀɽ ʆʉɺɽʑɽʅʅʆʉʊʀ ʆɹʒɽʂʊʆɺ 

ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʊʋʄɸʅɸ ɺ ɺʀʈʊʋɸʃʔʅʆʁ ʉʈɽɼɽ  

ɸ.ɺ. ʄʘʣʴʮʝʚ, ʇ.ʖ. ʊʠʤʦʭʠʥ 

ʌɻʋ çʌʅʎ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʪʫʤʘʥʘ, ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʚ ʚʠʨʪʫʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʨʝʰʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʘʭ (GPU), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʟʫʘʣʠʟʘʮʠʶ ʩʣʦʞʥʳʭ 

ʚʠʨʪʫʘʣʴʥʳʭ ʩʮʝʥ ʚ ʤʘʩʰʪʘʙʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʟʫʘʣʠʟʘʮʠʷ, ʚʠʨʪʫʘʣʴʥʘʷ ʩʨʝʜʘ, ʪʫʤʘʥ, ʪʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ, ʙʫʬʝʨ 

ʛʣʫʙʠʥʳ, ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ. 

 

DISTRIBUTED COMPUTIN G OF OBJECT ILLUMINA TION  

WHEN FOG SIMULATION IN VIRTUAL ENVIRONME NT 

A.V. Maltsev, P.Yu. Timokhin 

Scientific Research Institute for System Analysis, Russia, Moscow 
Abstract. In this paper the problem of computing the illumination of three-dimensional object 

surface is considered, taking into account the effect of fog simulated in virtual space. Proposed 

solutions are based on distributed computing by means of modern graphics processors (GPU), that 

provides real-time visualization of complex virtual scenes. 

Keywords: visualization, virtual environment, fog, three-dimensional object, depth buffer, 

graphics processor. 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʨʝʭʤʝʨʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʪʢʨʳʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʩʠʩʪʝʤʘʭ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʤʝʪʦʜʦʚ ʧʨʘʚʜʦʧʦʜʦʙʥʦʡ ʠʤʠʪʘʮʠʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʷʚʣʝʥʠʡ ʚ ʤʘʩʰʪʘʙʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʪ.ʝ. ʩ ʯʘʩʪʦʪʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝ ʤʝʥʝʝ 25 ʨʘʟ ʚ ʩʝʢʫʥʜʫ). ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʫʤʘʥʘ. ʉʫʱʝʩʪʚʫʝʪ 
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ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʝʝ ʨʝʰʝʥʠʶ. ʊʘʢ, ʘʚʪʦʨʳ ʩʪʘʪʴʠ [1] 

ʦʧʠʩʳʚʘʶʪ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʤʥʦʛʦ ʪʫʤʘʥʘ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʱʝʡ 

ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʦʩʚʝʱʝʥʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʰʝʡʜʝʨʳ ʜʣʷ GPU ʠ ʦʙʲʝʤʥʳʝ 3D ʪʝʢʩʪʫʨʳ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʜʦʚʦʣʴʥʦ ʨʝʘʣʠʩʪʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʦ ʞʝʩʪʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʤʘʥʘ ʠ ʚʳʯʠʩʣʝʥʠʷ ʦʩʚʝʱʝʥʠʷ ʧʦ ʤʦʜʝʣʠ ʨʘʩʩʝʷʥʠʷ 

ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʚʥʝʜʨʝʥʠʝ ʚ ʩʫʱʝʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʛʜʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʳʝ ʤʦʜʝʣʠ ʦʩʚʝʱʝʥʠʷ. ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ 

ʠʤʠʪʘʮʠʠ ʪʫʤʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʭʦʜʝ 

ʦʩʥʦʚʥʦʛʦ ʵʪʘʧʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʙʘʟʦʚʳʡ ʨʝʥʜʝʨʠʥʛ. ʉʫʪʴ ʵʪʘʧʘ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʚ 

ʚʳʯʠʩʣʝʥʠʠ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʦʨʝ çʢʦʣʠʯʝʩʪʚʘè ʪʫʤʘʥʘ ʤʝʞʜʫ 

ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʦʡ ʠ ʪʦʯʢʦʡ ʦʙʲʝʢʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʘ ʠʩʭʦʜʥʦʛʦ ʢʘʜʨʘ ʩ 

ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʙʫʬʝʨʘ ʛʣʫʙʠʥʳ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʮʚʝʪʘ 

ʵʪʦʛʦ ʧʠʢʩʝʣʘ. ʅʝʜʦʩʪʘʪʦʢ ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʩʦʩʪʦʠʪ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʪʫʤʘʥʘ ʟʘ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʄʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʫʤʘʥʘ, ʦʧʠʩʘʥʥʳʡ ʚ ʩʪʘʪʴʝ [3], ʪʘʢʞʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʳʯʠʩʣʝʥʠʠ çʢʦʣʠʯʝʩʪʚʘè 

ʪʫʤʘʥʘ, ʥʦ ʨʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʫʞʝ ʚ ʭʦʜʝ 

ʦʩʥʦʚʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ 

ʪʫʤʘʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʝʭʤʝʨʥʳʝ ʪʝʢʩʪʫʨʳ ʰʫʤʘ. ʆʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ 

ʧʣʦʪʥʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʳ ʠ ʥʘʙʣʶʜʘʝʤʳʭ ʝʡ 

ʦʙʲʝʢʪʦʚ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ ʥʘ GPU ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʧʨʠ ʨʝʥʜʝʨʠʥʛʝ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʪʫʤʘʥʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʜʝʷʭ ʠʟ [2]. ɽʛʦ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʥʦʩʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ çʢʦʣʠʯʝʩʪʚʘè 

ʪʫʤʘʥʘ ʠʟ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʚ 

ʦʩʥʦʚʥʦʡ ʧʨʦʭʦʜ ʨʝʥʜʝʨʠʥʛʘ, ʘ 

ʪʘʢʞʝ ʘʚʪʦʨʩʢʦʤ ʧʦʜʭʦʜʝ ʢ 

ʚʳʯʠʩʣʝʥʠʶ ʵʪʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʟʨʠʪʝʣʴʥʳʭ 

ʣʫʯʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ 

ʥʘʙʣʶʜʝʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ 

ʪʫʤʘʥʘ ʩʢʚʦʟʴ ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʬʨʘʛʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʫʤʘʥʘ 

ʚ ʪʨʝʭʤʝʨʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʜʝʣʷʪʴ 

ʬʨʘʛʤʝʥʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʡ ʬʨʘʛʤʝʥʪʥʳʡ ʰʝʡʜʝʨ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʯʝʪ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʧʝʨʝʜʥʝʤʫ ʠʣʠ ʟʘʜʥʝʤʫ 

 

ʈʠʩ. 1 ï ʌʨʘʛʤʝʥʪʳ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ 

ʧʣʘʥʘ  

ɺʠʨʪʫʘʣʴʥʘʷ 

ʢʘʤʝʨʘ 

P

n P 

O 

ʇʦʚʝʨʭʥʦʩʪʴ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʙʫʬʝʨʦʤ ʛʣʫʙʠʥʳ 

ʇʦʚʝʨʭʥʦʩʪʴ 

ʦʙʲʝʢʪʘ  

(ʟʘʜʥʠʡ ʧʣʘʥ) 

F

n 
F

f 
R 
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ʧʣʘʥʫ (ʨʠʩ. 1) ʠ ʚʳʯʠʩʣʷʪʴ ʜʣʷ ʥʠʭ ʟʥʘʯʝʥʠʷ Fn ʠ Ff çʢʦʣʠʯʝʩʪʚʘè ʪʫʤʘʥʘ ʥʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʦʪʨʝʟʢʘʭ ʟʨʠʪʝʣʴʥʦʛʦ ʣʫʯʘ R. ʇʝʨʝʜʥʠʤ ʧʣʘʥʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʬʨʘʛʤʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʣʠʞʘʡʰʠʤ ʢ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʝ ʦʙʲʝʢʪʘʤ ʠ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʤ, ʘ ʟʘʜʥʠʤ ï ʚʩʝ ʦʩʪʘʣʴʥʳʝ. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʪʝʢʫʱʝʛʦ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢ ʦʜʥʦʤʫ ʠʟ ʧʣʘʥʦʚ ʦʧʨʝʜʝʣʠʤ ʩ ʧʦʤʦʱʴʶ ʢʘʨʪʳ 

ʛʣʫʙʠʥʳ ʩʮʝʥʳ. ɽʝ ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨʝ ʛʣʫʙʠʥʳ ʚʠʜʝʦʢʘʨʪʳ (z-

ʙʫʬʝʨʝ) ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʦʩʥʦʚʥʦʛʦ ʰʝʡʜʝʨʘ ʧʫʪʝʤ ʙʳʩʪʨʦʛʦ ʨʝʥʜʝʨʠʥʛʘ 

ʛʝʦʤʝʪʨʠʠ ʦʙʲʝʢʪʦʚ ʙʝʟ ʟʘʧʠʩʠ ʚ ʮʚʝʪʦʚʦʡ ʙʫʬʝʨ. ɼʣʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ z-

ʙʫʬʝʨʘ ʚ ʰʝʡʜʝʨʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʢʦʧʠʨʦʚʘʪʴ ʠʭ ʚ 

ʩʧʝʮʠʘʣʴʥʫʶ ʪʝʢʩʪʫʨʫ Tdepth (ʝʝ ʨʘʟʤʝʨ W x H ʵʢʚʠʚʘʣʝʥʪʝʥ ʨʘʟʤʝʨʫ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʢʘʜʨʘ ʠʟʦʙʨʘʞʝʥʠʷ). ʂʨʠʪʝʨʠʝʤ ʦʪʥʝʩʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʧʣʘʥʫ ʚʳʩʪʫʧʘʝʪ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ 

ʧʦ ʟʨʠʪʝʣʴʥʦʤʫ ʣʫʯʫ R ʦʪ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʳ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʪʦʯʢʠ 

P ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʧʦ ʪʦʤʫ ʞʝ ʣʫʯʫ ʦʪ ʢʘʤʝʨʳ ʜʦ ʪʦʯʢʠ Pn, 

ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʡ ʟʘʧʠʩʘʥʘ ʚ ʪʝʢʩʪʫʨʝ Tdepth.  

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ O ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʤʝʨʳ ʚ ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

(ʉʂ) WCS ʠʟʚʝʩʪʥʳ. WCS-ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ ʪʦʯʢʠ P ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ 

ʠʥʪʝʨʧʦʣʷʮʠʠ WCS-ʢʦʦʨʜʠʥʘʪ Vi, i Í [0, 2], ʪʨʝʭ ʚʝʨʰʠʥ ʧʦʣʠʛʦʥʘ, ʢʦʪʦʨʦʤʫ 

ʧʨʠʥʘʜʣʝʞʠʪ P. ɼʣʷ ʵʪʦʛʦ ʠʭ ʥʘʜʦ ʧʝʨʝʜʘʪʴ ʥʘ ʚʳʭʦʜ ʚʝʨʰʠʥʥʦʛʦ ʰʝʡʜʝʨʘ ʚ 

ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʚʝʢʪʦʨʦʚ. ʊʦʯʢʫ Pn ʚ ʉʂ WCS ʚʳʯʠʩʣʠʤ 

ʥʘ ʦʩʥʦʚʝ ʝʝ ʵʢʨʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ (x/W, y/H, d, 1), ʛʜʝ  x Í [0, W] ʠ y Í [0, H] 

ʧʦʣʦʞʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʉʂ ʦʙʣʘʩʪʠ ʚʳʚʦʜʘ c ʨʘʟʤʝʨʦʤ W x H 

ʧʠʢʩʝʣʦʚ, d Í [0, 1] ï ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ ʜʣʷ Pn, ʩʦʭʨʘʥʝʥʥʦʝ ʚ ʧʠʢʩʝʣʝ (x, y) 

ʪʝʢʩʪʫʨʳ Tdepth. ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʪʝʢʫʱʠʝ ʚʠʜʦʚʫʶ ʠ ʧʨʦʝʢʮʠʦʥʥʫʶ ʤʘʪʨʠʮʳ 

ʯʝʨʝʟ Mv ʠ Mpr ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [4], 

( ) ( )( )
1

,2 1, 1,  1,  1n pr v scr nP' M M P
-

= Ö Ö Ö - , 
,

n
n

n w

'P
P

P'
= . 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚʘ 

nP O P O- - - <e, 

ʛʜʝ Ů ï ʙʣʠʟʢʘʷ ʢ ʥʫʣʶ ʢʦʥʩʪʘʥʪʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʬʨʘʛʤʝʥʪ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʝʨʝʜʥʝʤʫ ʧʣʘʥʫ (ʧʦʩʢʦʣʴʢʫ ʪʦʯʢʠ P ʠ Pn ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʦʚʧʘʜʘʶʪ, ʘ ʛʣʫʙʠʥʘ 

Pn ʟʘʧʠʩʘʥʘ ʚ ʢʘʨʪʝ ʛʣʫʙʠʥʳ, ʟʥʘʯʠʪ, Pn ï ʙʣʠʞʘʡʰʘʷ ʢ ʢʘʤʝʨʝ ʪʦʯʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʟʨʠʪʝʣʴʥʦʤʫ ʣʫʯʫ R), ʘ ʧʨʠ ʝʛʦ 

ʥʝʩʦʙʣʶʜʝʥʠʠ ï ʢ ʟʘʜʥʝʤʫ.  

ʆʩʚʝʱʝʥʥʦʩʪʴ ʬʨʘʛʤʝʥʪʦʚ ʧʝʨʝʜʥʝʛʦ ʧʣʘʥʘ 

ʈʘʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʚ ʪʦʯʢʝ P, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʬʨʘʛʤʝʥʪʫ, ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʬʨʘʛʤʝʥʪʥʦʤ ʰʝʡʜʝʨʝ ʩ 

ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ F çʢʦʣʠʯʝʩʪʚʘè ʪʫʤʘʥʘ ʧʦ ʬʦʨʤʫʣʝ 

( ) 01
fog fog fog

I k I k C= - Ö + Ö, 

max(0.0,min(1.0, )),
fog

k F=  

ʛʜʝ I0 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʪʫʤʘʥʘ, ʚʳʯʠʩʣʝʥʥʘʷ ʩʦʛʣʘʩʥʦ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʦʩʚʝʱʝʥʠʷ (ɹʣʠʥʥʘ, ʌʦʥʛʘ ʠ ʪ.ʜ.), Cfog ï ʮʚʝʪ ʪʫʤʘʥʘ. 
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ɿʥʘʯʝʥʠʝ F ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʬʨʘʛʤʝʥʪʘ ʢ ʧʝʨʝʜʥʝʤʫ ʠʣʠ ʟʘʜʥʝʤʫ 

ʧʣʘʥʫ.  

ɺʥʘʯʘʣʝ ʚʳʯʠʩʣʠʤ çʢʦʣʠʯʝʩʪʚʦè ʪʫʤʘʥʘ Fn ʜʣʷ ʬʨʘʛʤʝʥʪʦʚ ʧʝʨʝʜʥʝʛʦ 

ʧʣʘʥʘ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʣʦʪʥʦʩʪʴ ʪʫʤʘʥʘ ʚ ʪʦʯʢʝ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʙʳʚʘʝʪ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ, 

ʟʘʜʘʚʘʝʤʦʡ z-ʢʦʦʨʜʠʥʘʪʦʡ ʚ ʉʂ WCS:  

 () 0
b zz e- Ör =r Ö,  

ʛʜʝ ɟ0 ï ʧʣʦʪʥʦʩʪʴ ʪʫʤʘʥʘ ʜʣʷ ʪʦʯʝʢ, ʠʤʝʶʱʠʭ ʥʫʣʝʚʫʶ ʚʳʩʦʪʫ, b ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʜʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ. ʂʦʵʬʬʠʮʠʝʥʪ Fn 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ()( )z tr  ʥʘ ʦʪʨʝʟʢʝ ʟʨʠʪʝʣʴʥʦʛʦ ʣʫʯʘ 

R, ʦʛʨʘʥʠʯʝʥʥʦʤ ʝʛʦ ʥʘʯʘʣʦʤ O ʠ ʪʦʯʢʦʡ Pn (ʜʣʷ ʬʨʘʛʤʝʥʪʦʚ ʧʝʨʝʜʥʝʛʦ ʧʣʘʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ P). ʌʫʥʢʮʠʷ ( ) z zz t O t D= + Ö, ʛʜʝ n

n

P O

P O

-
=
-

D  ï ʝʜʠʥʠʯʥʳʡ 

ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʜʘʝʪ ʠʟʤʝʥʝʥʠʝ ʚʳʩʦʪʳ ʚʜʦʣʴ ʣʫʯʘ R, 

ʟʘʚʠʩʷʱʝʝ ʦʪ ʧʘʨʘʤʝʪʨʘ t ʫʜʘʣʝʥʥʦʩʪʠ ʪʦʯʢʠ ʦʪ ʝʛʦ ʥʘʯʘʣʘ. ʆʙʦʟʥʘʯʠʚ ʯʝʨʝʟ S = 

| Pn - O | ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ O ʠ Pn, ʧʦʣʫʯʠʤ 
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ʂʦʵʬʬʠʮʠʝʥʪ ʪʫʤʘʥʘ ʜʣʷ ʬʨʘʛʤʝʥʪʦʚ ʟʘʜʥʝʛʦ ʧʣʘʥʘ 

ʌʨʘʛʤʝʥʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢ ʟʘʜʥʝʤʫ 

ʧʣʘʥʫ, ʩʢʨʳʪʳ ʦʪ ʚʟʛʣʷʜʘ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʳ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʝʨʝʜʥʝʛʦ ʧʣʘʥʘ 

ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʠʜʠʤʳ ʚ ʢʘʜʨʝ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʦʤ ʧʦʣʫʧʨʦʟʨʘʯʥʦʩʪʠ. ʈʝʥʜʝʨʠʥʛ ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ 

ʩʠʩʪʝʤʘʭ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʝ ʚʩʝʭ 

ʥʝʧʨʦʟʨʘʯʥʳʭ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʩʤʝʰʠʚʘʥʠʷ. ʇʫʩʪʴ ʦʯʝʨʝʜʥʦʡ 

ʬʨʘʛʤʝʥʪ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʛʨʘʬʠʯʝʩʢʠʤ ʢʦʥʚʝʡʝʨʦʤ ʚʠʜʝʦʢʘʨʪʳ, ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʠ ʨʘʩʧʦʣʦʞʝʥ ʙʣʠʞʝ ʢ ʚʠʨʪʫʘʣʴʥʦʡ ʢʘʤʝʨʝ ʧʦ ʧʨʦʭʦʜʷʱʝʤʫ 

ʯʝʨʝʟ ʥʝʛʦ ʟʨʠʪʝʣʴʥʦʤʫ ʣʫʯʫ, ʯʝʤ ʨʘʥʝʝ ʧʦʩʪʫʧʠʚʰʠʝ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʪʦʤ ʞʝ 

ʣʫʯʝ. ʊʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʠʢʩʝʣ ʙʫʬʝʨʘ ʢʘʜʨʘ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʩʤʝʩʴ ʝʛʦ 

ʪʝʢʫʱʝʛʦ ʮʚʝʪʘ (ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦ ʨʘʥʝʝ ʧʦʩʪʫʧʠʚʰʠʤ ʬʨʘʛʤʝʥʪʘʤ) ʠ ʮʚʝʪʘ 

ʜʘʥʥʦʛʦ ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʩʤʝʰʠʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ 

ʟʥʘʯʝʥʠʝ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ, ʟʘʧʠʩʘʥʥʦʝ ʚ Ŭ-ʢʘʥʘʣʝ ʧʨʠʭʦʜʷʱʝʛʦ ʬʨʘʛʤʝʥʪʘ.  

ʇʨʠ ʫʧʦʤʷʥʫʪʦʤ ʩʤʝʰʠʚʘʥʠʠ ʮʚʝʪʦʚ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ çʢʦʣʠʯʝʩʪʚʘè 

ʪʫʤʘʥʘ ʜʣʷ ʪʦʯʢʠ P ʟʘʜʥʝʛʦ ʧʣʘʥʘ ʘʥʘʣʦʛʠʯʥʦ ʪʦʯʢʝ Pn ʧʝʨʝʜʥʝʛʦ ʧʣʘʥʘ ʧʨʠʚʝʣ 

ʙʳ ʢ ʜʚʦʡʥʦʤʫ ʚʢʣʘʜʫ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʪʫʤʘʥʘ ʥʘ ʦʪʨʝʟʢʝ OPn ʚ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʮʚʝʪ ʧʠʢʩʝʣʘ ʙʫʬʝʨʘ ʢʘʜʨʘ. ʏʪʦʙʳ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, 

ʦʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ Ff ʜʣʷ ʪʦʯʝʢ ʟʘʜʥʝʛʦ ʧʣʘʥʘ ʪʦʣʴʢʦ ʥʘ ʦʪʨʝʟʢʝ ʤʝʞʜʫ Pn 

ʠ P, ʪ.ʝ. ʚʳʯʠʩʣʠʤ ʠʥʪʝʛʨʘʣ (1) ʚ ʧʨʝʜʝʣʘʭ ʦʪ Sn ʜʦ S = Sn + Sf, ʛʜʝ Sn = |Pn - O| ʠ Sf 

= |P - Pn|: 
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ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ Oz + Dz Ŀ Sn = Pn,z, ʧʦʣʫʯʠʤ: 
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ʈʝʟʫʣʴʪʘʪʳ 

ʆʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜʘ 

ʚʳʧʦʣʥʷʣʘʩʴ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʘ FPS (ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʮʠʠ ʢʘʜʨʦʚ, 

ʢʘʜʨʦʚ/c) ʧʨʠ ʨʝʥʜʝʨʠʥʛʝ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʦʣʠʛʦʥʘ ʩ 

ʠʤʠʪʘʮʠʝʡ ʪʫʤʘʥʘ (ʨʠʩ. 2). ʄʦʜʝʣʴ ʧʦʣʠʛʦʥʘ ʚʢʣʶʯʘʝʪ ʦʢʦʣʦ 600 ʪʳʩʷʯ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʴʶʪʝʨʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʨʦʮʝʩʩʦʨ Intel Core i7 (3,5 ɻɻʮ) ʠ ʛʨʘʬʠʯʝʩʢʫʶ 

ʢʘʨʪʫ NVIDIA GeForce GTX 970 ʩ 1664 ʷʜʨʘʤʠ GPU. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʪʨʘʞʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

FPS, ʘ ʟʥʘʯʠʪ, ʧʦʜʜʝʨʞʢʫ ʨʝʥʜʝʨʠʥʛʘ ʚʳʩʦʢʦʧʦʣʠʛʦʥʘʣʴʥʳʭ ʩʮʝʥ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʜʘʞʝ ʧʨʠ ʩʠʥʪʝʟʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʬʦʨʤʘʪʝ UHD 4K. ʇʦʵʪʦʤʫ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ 

ʠʤʠʪʘʮʠʦʥʥʦ-ʪʨʝʥʘʞʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʫʤʘʥʘ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʧʦʣʠʛʦʥʝ 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʦʣʠʛʦʥʘ 

ʈʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʠʢʩʝʣʳ 
FPS, ʢʘʜʨʦʚ/c 

ɹʝʟ ʪʫʤʘʥʘ ʉ ʪʫʤʘʥʦʤ 

1280Ĭ720 (HD) 210 206 

1920Ĭ1080 (Full HD) 174 169 

3840Ĭ2160 (4K) 127 120 
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ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʙʘʟʝ ʦʧʠʩʘʥʥʳʭ ʚ ʩʪʘʪʴʝ ʨʝʰʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ 

ʜʣʷ ʩʠʩʪʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʚʳʯʠʩʣʝʥʠʝ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʪʨʝʭʤʝʨʥʳʭ ʩʮʝʥ ʩ ʫʯʝʪʦʤ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʚ ʥʠʭ ʪʫʤʘʥʘ ʩ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʣʦʪʥʦʩʪʴʶ ʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʠʤʦʩʪʠ ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʦʪ ʚʳʩʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʤʝʨʳ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ OpenGL, ʰʝʡʜʝʨʥʦʛʦ 

ʷʟʳʢʘ GLSL, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʥʦʛʦʷʜʝʨʥʳʭ GPU. ʋʩʧʝʰʥʘʷ ʘʧʨʦʙʘʮʠʷ ʜʘʥʥʳʭ ʤʦʜʫʣʝʡ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ çGLViewè, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʌɻʋ ʌʅʎ ʅʀʀʉʀ ʈɸʅ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦ-ʪʨʝʥʘʞʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʠ ʩʠʩʪʝʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 18-07-00950. 
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ɸʈʄ ʀʅɾɽʅɽʈɸ ʉʊɸʅʎʀʀ ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ 

ʃ.ɸ. ʇʦʧʦʚʘ, ɽ.ʉ. ʐʠʨʦʢʦʚʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè  
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʪʘʥʮʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʊʆ). ʀʩʧʦʣʴʟʦʚʘʥʘ ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʉʊʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ, ʩʪʘʥʮʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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WORKSHOP OF THE ENGINEER OF THE TECHNICAL SERVICE 

STATION  

L.A. Popova, E.S. Shirokova 

Rubtsovsk Industrial Institute Altai State Technical University 

 named after I.I. Polzunov 
Annotation. The article is devoted to the development of software for a service station (STO). 

A linear regression model was used to predict the number of service stations depending on the 

number of cars. 

Key words: linear regression, workstation, service station. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʧʨʦʥʠʢʘʶʪ 

ʚʩʸ ʛʣʫʙʞʝ ʠ ʛʣʫʙʞʝ ʚʦ ʚʩʝ ʩʬʝʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʩʣʫʛ. ʅʝ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʝʥʠʝʤ ʠ ʩʬʝʨʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʨʝʤʦʥʪʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ. 

ʇʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʘʚʪʦʩʝʨʚʠʩʦʚ ʠ ʩʪʘʥʮʠʡ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʊʆ), ʞʝʣʘʶʱʠʭ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʧʝʨʩʦʥʘʣʘ, ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ ʚʳʧʦʣʥʷʝʤʳʭ ʫʩʣʫʛ ʠ ʧʦʜʥʷʪʴ 

ʫʨʦʚʝʥʴ ʩʝʨʚʠʩʘ [1]. 

ɺʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʘʨʢʘ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʦʙʩʣʫʞʠʚʘʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʠ ʨʘʙʦʪʳ ʩʣʦʞʥʳ, 

ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ [2]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 

ʠʥʞʝʥʝʨʘ ʉʊʆ. 

ɿʘʜʘʯʠ: 

Å ʠʟʫʯʠʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʉʊʆ ʠ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

Å ʠʟʫʯʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʦʙ ʘʚʪʦʤʦʙʠʣʷʭ ʠ ʢʣʠʝʥʪʘʭ; 

Å ʨʘʟʨʘʙʦʪʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ ʥʘ 
ʉʊʆ; 

Å ʨʝʘʣʠʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʣʠʯʝʩʪʚʘ ʉʊʆ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ; 

Å ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʠ ʦʪʣʘʜʠʪʴ ʝʝ ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʠʤʝʨʘʭ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ 

ʈʘʟʤʝʨ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʘʨʢʘ ʛʦʨʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʜʥʝʤ. 

ɺʩʣʝʜʩʪʚʠʝ ʩʧʨʦʩ ʥʘ ʫʩʣʫʛʠ ʩʪʘʥʮʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʊʆ) 

ʚʦʟʨʘʩʪʘʝʪ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʧʨʦʩ ʥʘ ʫʩʣʫʛʠ ʉʊʆ, ʙʳʣʘ ʚʟʷʪʘ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʦʜʥʦʬʘʢʪʦʨʥʘʷ ʤʦʜʝʣʴ, ʪʘʢ ʢʘʢ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥr ʭ ʤʦʜʝʣʝʡ [3]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʙʨʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʥʘʯʘʣʦ 

ʛʦʜʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʉʊʆ. 
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ɻʦʜ 
ʂʦʣ-ʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʥʘʯʘʣʦ 

ʛʦʜʘ (ʪʳʩ.ʰʪ.) 
ʂʦʣ-ʚʦ ʉʊʆ ʥʘ ʪʝʢʫʱʠʡ ʛʦʜ (ʰʪ.) 

2014 28 20 

2015 31 23 

2016 33 26 

2017 35 26 

2018 37 29 

2019 39 30 

 

ʎʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ: ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʉʊʆ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʊʘʢ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʣʠʥʝʡʥʳʡ ʨʦʩʪ, ʪʦ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʡ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʚ ʦʙʱʝʤ ʚʠʜʝ:  

,xbay Ö+=                               (1) 

ʛʜʝ ʫ ï ʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʠʩʩʣʝʜʫʝʤʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ 

(ʢʦʣʠʯʝʩʪʚʦ ʉʊʆ ʥʘ ʪʝʢʫʱʠʡ ʛʦʜ, ʰʪ.);  

ʭ ï ʥʝʟʘʚʠʩʠʤʘʷ ʦʙʲʷʩʥʷʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʬʘʢʪʦʨ (ʢʦʣʠʯʝʩʪʚʦ 

ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʥʘʯʘʣʦ ʛʦʜʘ, ʪʳʩ. ʰʪ.);  

ʘ, b ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ; 

ʉʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ: 

 

i x y x
2
 y

2
 xĀy   

1 28 20 784 400 560 

2 31 23 961 529 713 

3 33 26 1089 676 858 

4 35 26 1225 676 910 

5 37 29 1369 841 1073 

6 39 30 1521 900 1170 

× 203 154 6949 4022 5284 

 

ʉʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʜʣʷ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ: 

í
ì
ë

=+

=+

.52846949203

,1542036

ba

ba
 

ʈʝʰʠʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʧʦʣʫʯʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ:  

a =ī5,167, b =0,9113. 

ʀʩʢʦʤʦʝ ʫʨʘʚʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ: y = 0,9113x ï 5,167. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʌʠʰʝʨʘ. 

ɺʳʙʦʨʦʯʥʳʝ ʩʨʝʜʥʠʝ:  

.83,33
6

203
===

ä
n

x
x i

                              (2) 
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.67,25
6

154
===

ä
n

y
y i

                              (3) 

ɺʳʙʦʨʦʯʥʳʝ ʜʠʩʧʝʨʩʠʠ:  

.556,11
6

34,69)(
)(

2

2 ==
-

=
ä

n

yy
yS i                               (4) 

ɺʳʯʠʩʣʷʝʪʩʷ ʚʥʘʯʘʣʝ ʦʩʪʘʪʦʯʥʘʷ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ, ʟʜʝʩʴ 
iyĔ ï ʟʥʘʯʝʥʠʝ y , 

ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʫʨʘʚʥʝʥʠʶ ʨʝʛʨʝʩʩʠʠ. 

366,0
6

198,2
)Ĕ(

1

2

2 ==

-

=
ä
=

N

yy

S

N

i
ii

ʦʩʪ
.                              (5) 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ: 

{}
968,0032,01

556,11

366,0
11

2

2

=-=-=-=
yS

S
D ʦʩʪ .                              (6) 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ: 

.984,0
39,367,3

67,2583,3367,880

)()(
=

Ö

Ö-
=

Ö

Ö-Ö
=

ySxS

yxyx
rxy                               (7) 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,9 < rxy < 1, ʵʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʠʟʥʘʢʦʤ y ʠ ʬʘʢʪʦʨʦʤ x ʚʝʩʴʤʘ ʚʳʩʦʢʘʷ ʠ ʧʨʷʤʘʷ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ: 

,18,122
)968,01(

4968,0

)1(

)1(
=

-

Ö
=

-

--
=

DK

KND
F                               (8) 

ʛʜʝ:  
Kï ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ; 
Nï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ. 

ʊʘʙʣʠʯʥʳʡ ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ ʧʨʠ 11=f , 412 =--= KNf  ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 

71,7)1;05,0( =F , ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ, ʪ.ʢ. ʚʳʧʦʣʥʷʝʪʩʷ 

ʥʝʨʘʚʝʥʩʪʚʦ )1;05,0(FF > . 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ 

ɺ ʧʨʦʛʨʘʤʤʝ çɸʈʄ ʠʥʞʝʥʝʨʘ ʉʊʆè ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʬʫʥʢʮʠʠ ʚʝʜʝʥʠʷ 

ʙʘʟʳ ʜʘʥʥʳʭ; ʬʦʨʤʠʨʦʚʘʥʠ ̫ʦʪʯʝʪʦʚ, ʘʢʪʦʚ ʠ ʟʘʢʘʟʦʚ-ʥʘʨʷʜʦʚ.  

ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʚ ʩʨʝʜʝ Borland Delphi 2010 ʥʘ ʷʟʳʢʝ Object Pascal. 

ɼʣʷ ʨʘʙʦʪʳ ʢʣʠʝʥʪʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ STO.exe, ʘ 

ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʝʨʚʝʨʦʤ ɹɼ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ODBC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʡʣʘ connect.udl, ʢʦʪʦʨʳʡ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʜʠʨʝʢʪʦʨʠʠ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ STO.exe 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʬʘʡʣʘ STO.mdb ʚ ʪʦʡ ʞʝ ʜʠʨʝʢʪʦʨʠʠ, ʯʪʦ ʠ ʧʨʦʛʨʘʤʤʘ.  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ. 

ɻʣʘʚʥʘʷ ʬʦʨʤʘ ï ʛʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʦ ʤʝʥʶ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʫʥʢʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʧʨʘʚʦʯʥʠʢʠ, ʜʦʢʫʤʝʥʪʳ, ʟʘʢʘʟʳ ʠ 

ʧʦʤʦʱʴ. ɺ ʧʫʥʢʪʝ çʉʧʨʘʚʦʯʥʠʢʠè ʚʳʟʳʚʘʶʪʩʷ ʬʦʨʤʳ ʩʦ ʩʧʨʘʚʦʯʥʦʡ 
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ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʣʠʝʥʪʘʭ, ʘʚʪʦʤʦʙʠʣʷʭ, ʩʦʪʨʫʜʥʠʢʘʭ ʠ ʧʨʘʡʩʝ. ʇʫʥʢʪ 

çɼʦʢʫʤʝʥʪʳè ʚʳʟʳʚʘʝʪ ʬʦʨʤr ʜʣʷ ʚʳʚʦʜʘ ʥʘ ʧʝʯʘʪʴ ʘʢʪʘ ʧʨʠʝʤʘ-ʧʝʨʝʜʘʯʠ 

ʘʚʪʦʤʦʙʠʣʷ ʠ ʦʪʯʝʪʘ ʦ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪʘʭ. ɺ ʧʫʥʢʪʝ çɿʘʢʘʟʳè ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʦʚʳʡ ʟʘʢʘʟ, ʘ ʪʘʢʞʝ ʟʘʢʘʟ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʚʳʚʦʜʘ ʥʘ ʧʝʯʘʪʴ ʟʘʢʘʟʦʚ-ʥʘʨʷʜʦʚ. 

ʇʨʠ ʚʳʙʦʨʝ ʧʫʥʢʪʘ ʤʝʥʶ çʇʦʤʦʱʴè ʚʳʚʦʜʠʪʩʷ ʩʧʨʘʚʦʯʥʘʷ ʠʣʠ ʢʨʘʪʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʛʨʘʤʤʝ. 

 
 

ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ 

ʠʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʦ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘ ʉʊʆ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʡ ʩʧʨʘʚʦʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʆʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 

ʠʥʞʝʥʝʨʘ ʉʊʆ. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʳ: ʚʝʜʝʥʠʝ ɹɼ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʟʘʧʨʦʩʦʚ ʢ ʝʸ ʪʘʙʣʠʮʘʤ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʳʚʦʜ ʚʠʜʝʦʛʨʘʤʤ, ʦʪʯʝʪʦʚ, ʘʢʪʘ, 

ʟʘʢʘʟʘ-ʥʘʨʷʜʘ. 

ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʚʥʝʜʨʝʥʦ ʚ ʦʧʳʪʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʚ ʀʇ çɻʨʝʙʸʥʢʠʥ ɸ.ʇ.è. ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʘʷ ʪʝʭʥʠʯʝʩʢʘʷ 

ʧʦʜʜʝʨʞʢʘ ʜʣʷ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʜʦʧʦʣʥʝʥʠʡ ʇʆ.  

ʇʨʦʛʥʦʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʉʊʆ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ 

ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ.  
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ɺʀʈʊʋɸʃʔʅʆɻʆ ʈʆɹʆʊɸ ʉʆ ʉʃʆɾʅʓʄ ʈɽʃʔɽʌʆʄ ʄɽʉʊʅʆʉʊʀ 

ɽ.ɺ. ʉʪʨʘʰʥʦʚ, ɼ.ɺ. ʆʤʝʣʴʯʝʥʢʦ 

ʌɻʋ çʌʅʎ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʣʠʟʠʡ ʢʦʣʝʩ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʩ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʢʦʣʝʩʦ ʦʢʨʫʞʘʝʪʩʷ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʤ ʮʠʣʠʥʜʨʦʤ, ʘ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ 

ʚʳʩʦʪ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ 

ʪʦʯʝʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʠ ʮʠʣʠʥʜʨʘ ʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʚʳʩʦʪ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʌɻʋ ʌʅʎ ʅʀʀʉʀ ʈɸʅ, ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʨʩʦʭʦʜʘ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʮʝʥʝ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʣʠʟʠʡ, ʢʦʣʝʩʥʳʡ ʨʦʙʦʪ, ʩʝʪʢʘ 

ʚʳʩʦʪ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʡ ʮʠʣʠʥʜʨ, ʩʠʩʪʝʤʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. 

 

SIMULATION OF COLLISION DETECTION FOR  

WHEELS OF VIRTUAL ROBOT WITH COMPLEX TERRAIN  

E.V. Strashnov, D.V. Omelchenko 

Scientific Research Institute for System Analysis, Russia, Moscow 
Abstract. This paper considers the task of collision detection between the wheels of a mobile 

robot and the terrain in virtual environment systems. To solve this task, an approach is proposed in 

which the wheel is surrounded by a bounding cylinder, and the terrain is represented in the form of 

a regular grid of heights. Using this approach, an algorithm was developed for calculating contact 

points, depending on the relative position of the cylinder axis and the triangles of the polygonal 

mesh, based on the regular grid of heights. The proposed solutions were implemented in a virtual 

environment software package developed at the SRISA RAS, and tested on the example of 

simulation of rover motion in a virtual scene of the Martian surface. 

Keywords: simulation, collision detection, wheeled robot, regular grid of heights, bounding 

cylinder, virtual environment system. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʨʝʥʘʞʝʨʥʳʭ ʩʠʩʪʝʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʠʨʪʫʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʂ ʪʘʢʠʤ 

ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʠʪʩʷ ʪʨʝʥʘʞʝʨ ʜʣʷ ʦʙʫʯʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʥʘʚʳʢʘʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤʠ ʨʦʙʦʪʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʣʴʥʦʛʦ ʠʣʠ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʫʣʴʪʘ. ʎʝʣʴ ʪʘʢʦʛʦ ʦʙʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʦʣʝʩʥʦʛʦ ʨʦʙʦʪʘ ʧʦ 

ʨʝʣʴʝʬʫ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʚʢʣʶʯʘʷ ʷʤʳ, ʭʦʣʤʳ, ʛʦʨʢʠ ʠ ʪ.ʜ. ʆʪ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʦʚ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʠ 

ʫʩʧʝʰʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʨʠʩʢ 

ʧʦʣʦʤʢʠ ʨʝʘʣʴʥʦʛʦ ʨʦʙʦʪʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʦʣʝʩʥʦʛʦ ʨʦʙʦʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʢʦʣʝʩ ʨʦʙʦʪʘ ʩ ʨʝʣʴʝʬʦʤ 

ʤʝʩʪʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ. ɺ ʟʘʜʘʯʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ (ʩʤ. [1], [2], [3]) ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʩʘʤ ʬʘʢʪ 

ʧʝʨʝʩʝʯʝʥʠʷ ʢʦʣʝʩʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʝʣʴʝʬʘ ʠ ʚ ʩʣʫʯʘʝ ʧʝʨʝʩʝʯʝʥʠʷ ʚʳʯʠʩʣʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʨʝʩʝʯʝʥʠʠ (ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ, ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ 

ʥʦʨʤʘʣʠ ʨʘʩʪʘʣʢʠʚʘʥʠʷ). ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʝʩʝʯʝʥʠʠ ʢʦʣʝʩʘ ʩ ʨʝʣʴʝʬʦʤ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʢʦʣʣʠʟʠʡ (ʩʤ. [4], [5]), ʛʜʝ ʚʳʯʠʩʣʷʶʪʩʷ ʩʠʣʳ ʠ 

ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʣʝʩʦ ʨʦʙʦʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ 

ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʚʳʩʦʪ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʢʦʣʝʩʘ ʩ 

ʨʝʣʴʝʬʦʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ [6], ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʩʝʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʮʠʣʠʥʜʨʘ, 

ʦʢʨʫʞʘʶʱʝʛʦ ʢʦʣʝʩʦ, ʩ ʧʣʦʩʢʦʩʪʷʤʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʚʳʩʦʪ. ɼʘʣʝʝ ʦʧʠʰʝʤ ʵʪʦʪ ʘʣʛʦʨʠʪʤ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʢʦʣʝʩʘ ʩ ʨʝʣʴʝʬʦʤ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʢʦʣʝʩʦ ʦʢʨʫʞʘʝʪʩʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʤ 

ʮʠʣʠʥʜʨʦʤ ʨʘʜʠʫʩʘ r, ʚʳʩʦʪʦʡ h, ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ C ʠ ʦʩʴʶ, ʟʘʜʘʥʥʦʡ 

ʝʜʠʥʠʯʥʳʤ ʚʝʢʪʦʨʦʤ v. ʈʝʣʴʝʬ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ (ʩʤ. ʨʠʩ. 

1), ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪ ʚʝʨʰʠʥʳ 

( )0 0, , , 0,..., , 0,...,ij ijV x j d y i d H j M i N= + D + D = =,                       (1) 

ʛʜʝ 
0 0( , )x y  ï ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʠ, dD  ï ʰʘʛ ʩʝʪʢʠ, ijH  ï 

ʟʥʘʯʝʥʠʷ ʚʳʩʦʪ ʚ ʫʟʣʘʭ ʩʝʪʢʠ. ʉʤʝʞʥʳʝ ʚʝʨʰʠʥʳ ʩʝʪʢʠ ʚʳʩʦʪ, ʚʳʯʠʩʣʷʝʤʳʝ 

ʯʝʨʝʟ (1), ʬʦʨʤʠʨʫʶʪ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ.  

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʢʦʣʝʩʘ ʩ ʨʝʣʴʝʬʦʤ 

ʚʢʣʶʯʘʝʪ ʰʠʨʦʢʫʶ ʠ ʫʟʢʫʶ ʬʘʟʫ. ʅʘ ʩʪʘʜʠʠ ʰʠʨʦʢʦʡ ʬʘʟʳ ʚʳʧʦʣʥʷʝʪʩʷ ʛʨʫʙʘʷ 

ʧʨʦʚʝʨʢʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ, ʚ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʪʝʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, 

ʩ ʢʦʪʦʨʳʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʧʝʨʝʩʝʢʘʪʴʩʷ ʮʠʣʠʥʜʨ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ 

ʫʟʢʦʡ ʩʪʘʜʠʠ ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʝ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʢʦʥʪʘʢʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ (P, n, d), ʛʜʝ P ï 
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ʪʦʯʢʘ ʢʦʥʪʘʢʪʘ, n ï ʥʦʨʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʘʢʪʘ, d ï ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʪʦʯʢʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʰʠʨʦʢʦʡ ʬʘʟʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʮʠʣʠʥʜʨʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ 

ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʧʨʠ ʧʨʦʝʮʠʨʦʚʘʥʠʠ ʚʳʯʠʩʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( , )x yC x C y°D °D, 21
2

x x

h
x v r vD = + -, 21

2
y y

h
y v r vD = + -.             (2) 

ʇʦ ʵʪʠʤ ʛʨʘʥʠʮʘʤ ʚʳʯʠʩʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʩ ʢʦʪʦʨʳʤʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʧʝʨʝʩʝʢʘʪʴʩʷ ʮʠʣʠʥʜʨ. 

ʋʟʢʘʷ ʩʪʘʜʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʮʠʣʠʥʜʨʘ ʩ ʨʝʣʴʝʬʦʤ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʮʠʣʠʥʜʨʘ ʠ ʧʣʦʩʢʦʩʪʠ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʋʨʘʚʥʝʥʠʝ 

ʧʣʦʩʢʦʩʪʠ ʠʤʝʝʪ ʚʠʜ 

( ) 0P Ps W k W= - Ö =n ,                                              (3) 

ʛʜʝ W ï ʪʦʯʢʘ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʧʣʦʩʢʦʩʪʠ; 
Pn  ï ʥʦʨʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ; 

Pk  ï 

ʧʦʩʪʦʷʥʥʘʷ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʠ ʢʦʥʪʘʢʪʝ ʢʦʣʝʩʘ ʩ ʨʝʣʴʝʬʦʤ ʢʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ ʙʫʜʫʪ ʥʘʭʦʜʠʪʩɹʷ ʥʘ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ. ɼʣʷ ʠʭ ʧʦʠʩʢʘ ʨʘʩʩʤʦʪʨʠʤ ʜʚʝ 

ʢʨʘʡʥʠʝ ʥʠʞʥʠʝ ʪʦʯʢʠ 
1A  ʠ 

2A  ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ. ɽʩʣʠ ʠʟ 

ʫʨʘʚʥʝʥʠʷ (3) ʚʳʧʦʣʥʝʥʦ 
1( ) 0s A ²  ʠ 

2( ) 0s A ² , ʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʪʘʢʪ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʩ ʧʣʦʩʢʦʩʪʴʶ. ʇʨʦʚʝʨʢʘ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ 

ʮʠʣʠʥʜʨʘ ʩ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʪʦʯʝʢ Q 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʣʠʞʘʡʰʠʤʠ ʢ ʧʨʦʝʢʮʠʠ ʦʪʨʝʟʢʘ 
1 2A A  ʥʘ 

ʧʣʦʩʢʦʩʪʴ. ʆʙʦʟʥʘʯʠʤ ʵʪʫ ʧʨʦʝʢʮʠʶ ʢʘʢ 
1 2( )proj A A .  

ɺʦʟʤʦʞʥʳ ʪʨʠ ʩʣʫʯʘʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʛʜʝ 

ʥʘʭʦʜʠʪʩʷ ʪʦʯʢʘ Q. ɽʩʣʠ ʵʪʘ 

ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʮʠʣʠʥʜʨʘ, 

ʪʦ ʮʠʣʠʥʜʨ ʠ ʪʨʝʫʛʦʣʴʥʠʢ ʥʝ 

ʧʝʨʝʩʝʢʘʶʪʩʷ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʝʩʪʴ ʧʝʨʝʩʝʯʝʥʠʝ ʠ 

ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʠʪʴ 

ʢʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ. ɽʩʣʠ  

1 2( )Q projÍ A A , ʪʦ ʬʦʨʤʠʨʫʝʤ 

ʢʦʥʪʘʢʪʥʫʶ ʪʦʯʢʫ: 

1 1 2P A t= +A A , 
P=n n , ( )d s P= ,                                     (4) 

ʛʜʝ ʧʘʨʘʤʝʪʨ t ʚʳʯʠʩʣʷʝʪʩʷ ʧʫʪʝʤ ʦʪʩʝʯʝʥʠʷ ʦʪʨʝʟʢʘ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʩ 

ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʂʠʨʫʩʘ-ɹʝʢʘ [7].   

ɽʩʣʠ 
1 2( )Q projÎ A A , ʪʦ ʜʣʷ ʵʪʠʭ ʪʦʯʝʢ ʚʳʧʦʣʥʷʝʪʩʷ ʦʪʣʦʞʝʥʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʩ ʠʭ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʩʧʠʩʦʢ, ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʦ ʨʘʩʩʪʦʷʥʠʷʤ ʜʦ ʦʩʠ 

ʮʠʣʠʥʜʨʘ. ɽʩʣʠ ʧʦʩʣʝ ʧʨʦʚʝʨʢʠ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ ʜʣʷ ʚʩʝʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

ʦʢʘʞʝʪʩʷ, ʯʪʦ ʪʦʯʢʘ Q  ʠʟ ʩʧʠʩʢʘ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʩʚʷʟʘʥʥʦʤʫ ʤʥʦʞʝʩʪʚʫ ʪʦʯʝʢ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʟʘʜʘʶʱʠʭ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ, ʪʦ ʬʦʨʤʠʨʫʝʤ  

ʈʠʩ. 1 ï ʈʝʛʫʣʷʨʥʘʷ ʩʝʪʢʘ ʚʳʩʦʪ 
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P Q r¡= -n , 
Qd r r= - , / Qr¡=n QQ ,                                  (5) 

ʛʜʝ Q¡ ï ʧʨʦʝʢʮʠʷ Q ʥʘ ʦʩʴ ʮʠʣʠʥʜʨʘ, 
Qr  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ Q ʜʦ ʦʩʠ 

ʮʠʣʠʥʜʨʘ. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʩʝʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʦʣʫʯʠʤ N ʪʦʯʝʢ 
iP, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʝʥʥʦʝ 

ʯʠʩʣʦ ʪʦʯʝʢ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ. ʇʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʩʦʢʨʘʪʠʪʴ ʵʪʠ ʪʦʯʢʠ ʜʦ 

ʢʦʣʠʯʝʩʪʚʘ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʢʦʣʝʩʥʦʛʦ ʨʦʙʦʪʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʚ ʢʦʪʦʨʦʤ ʠʟ ʵʪʠʭ ʪʦʯʝʢ ʚʳʙʠʨʘʶʪʩʷ ʯʝʪʳʨʝ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ. ʅʘ ʨʠʩ. 2 

ʧʦʢʘʟʘʥʦ, ʢʘʢ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ ʚʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ 
1P  ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʛʣʫʙʠʥʦʡ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 
maxd . ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʚʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ 

2P, ʥʘʠʙʦʣʝʝ 

ʫʜʘʣʝʥʥʘʷ ʦʪ 
1P. ɿʘʪʝʤ ʥʘ ʪʨʝʪʴʝʤ ʰʘʛʝ ʚʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ 3P, ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʜʘʣʝʥʥʘʷ ʦʪ ʦʪʨʝʟʢʘ 
1 2PP. ʀ, ʥʘʢʦʥʝʮ, ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ 4P  ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, 

ʯʪʦʙʳ ʧʣʦʱʘʜʴ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ 
1 2 3 4PP PP ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ. 

ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʮʠʣʠʥʜʨʘ ʩ 

ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʥʘ ʦʩʥʦʚʝ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ 

ʚʳʩʦʪ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʶʪʩʷ ʯʝʨʝʟ (1). 

2. ʐʠʨʦʢʘʷ ʬʘʟʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʢʦʣʝʩʘ ʩ ʨʝʣʴʝʬʦʤ, ʥʘ ʚʳʭʦʜʝ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ (2), ʩ 

ʢʦʪʦʨʳʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʝʩʝʢʘʝʪʩʷ ʮʠʣʠʥʜʨ. 

3. ʋʟʢʘʷ ʬʘʟʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʢʦʣʝʩʘ ʩ ʨʝʣʴʝʬʦʤ: 

  3.1. ɺʳʯʠʩʣʝʥʠʝ ʪʦʯʝʢ ʪʨʝʫʛʦʣʴʥʠʢʦʚ Q, ʙʣʠʞʘʡʰʠʭ ʢ ʧʨʦʝʢʮʠʠ ʥʠʞʥʝʡ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ 
1 2A A  ʥʘ ʧʣʦʩʢʦʩʪʴ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

 

ʈʠʩ. 2 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ 
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  3.2. ɽʩʣʠ ʪʦʯʢʘ Q ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʮʠʣʠʥʜʨʘ, ʪʦ ʮʠʣʠʥʜʨ ʥʝ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ 

ʪʨʝʫʛʦʣʴʥʠʢʦʤ.  

  3.3. ɽʩʣʠ 
1 2( )Q projÍ A A , ʪʦ ʬʦʨʤʠʨʫʝʤ ʢʦʥʪʘʢʪʥʫʶ ʪʦʯʢʫ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʚʳʯʠʩʣʷʝʤʳʤʠ ʧʦ ʬʦʨʤʫʣʝ (4). 

  3.4. ɽʩʣʠ 
1 2( )Q projÎ A A , ʪʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʩʝʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

ʧʨʦʚʝʨʷʝʪʩʷ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʪʦʯʢʘ Q ʩʚʷʟʘʥʥʦʤʫ ʤʥʦʞʝʩʪʚʫ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ Q ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʵʪʦʤʫ 

ʤʥʦʞʝʩʪʚʫ, ʪʦ ʬʦʨʤʠʨʫʝʤ ʢʦʥʪʘʢʥʫʶ ʪʦʯʢʫ ʧʦ ʬʦʨʤʫʣʝ (5). 

  3.5. ɺʳʙʦʨ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʝʢ 
iP, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʧʣʦʱʘʜʴ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʧʫʥʢʪʳ 3.1 - 3.3 ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʚʩʝʭ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʪʘʜʠʠ ʰʠʨʦʢʦʡ ʬʘʟʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʢʦʣʝʩ ʨʦʙʦʪʘ ʩ ʨʝʣʴʝʬʦʤ 

ʤʝʩʪʥʦʩʪʠ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʠʩʪʝʤʳ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʌɻʋ ʌʅʎ ʅʀʀʉʀ ʈɸʅ. ʕʪʦʪ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʤʠ 

ʨʦʙʦʪʘʤʠ. ʄʦʜʝʣʠ ʨʦʙʦʪʦʚ ʠ ʩʮʝʥ ʩʦʟʜʘʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʪʨʝʭʤʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 3dsMax ʠ ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʦʤʧʣʝʢʩ ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʬʦʨʤʘʪʝ. ʋʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʠʨʪʫʘʣʴʥʳʭ ʧʫʣʴʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʨʝʜʘʢʪʦʨʝ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʜʚʫʤʝʨʥʳʭ ʚʠʟʫʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩ ʢʦʪʦʨʳʤʠ 

ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɸʧʨʦʙʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ ʨʘʙʦʪʝ 

ʨʝʰʝʥʠʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʫʧʨʘʚʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʤʘʨʩʦʭʦʜʘ ʥʘ ʫʯʘʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ. ɺ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʢʦʣʝʩ ʩ ʨʝʣʴʝʬʦʤ 

ʈʠʩ. 3 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʨʩʦʭʦʜʘ 
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ʤʝʩʪʥʦʩʪʠ. ʕʪʠ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʩʯʝʪ ʜʠʥʘʤʠʢʠ 

ʧʦʜʚʝʩʦʢ ʢʦʣʝʩ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʩʮʝʧʣʝʥʠʠ 

ʢʦʣʝʩʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʫʧʨʘʚʣʝʥʠʝ ʤʘʨʩʦʭʦʜʦʤ ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʧʦ ʩʣʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʝʬʘ ʄʘʨʩʘ. ɸʧʨʦʙʘʮʠʷ ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ ʢʦʣʝʩʘ ʩ ʨʝʣʴʝʬʦʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʠʟʠʡ 

ʢʦʣʝʩ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʦʙʦʪʘ ʩ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʙʳʩʪʨʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʪʝʩʪʳ ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʪʨʦʝʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʩʝʪʢʠ ʚʳʩʦʪ ʧʦʟʚʦʣʠʣʦ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤ ʠʟʙʳʪʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʝʣʴʝʬʘ ʩ 

ʚʳʩʦʢʦʡ ʜʝʪʘʣʠʟʘʮʠʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 19-07-00387. 
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ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʩʣʦʞʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʢʘ, ʦʩʦʙʝʥʥʦ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʧʦʢʘʟʘʪʝʣʝʡ. ʉʦʩʪʘʚʣʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʟʘʪʨʘʪʥʦʡ ʠ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦʡ ʠʟ-ʟʘ ʦʙʲʸʤʘ ʜʘʥʥʳʭ, ʥʦ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʦʜʠʥ ʠʟ ʚʠʜʦʚ 

ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʛʠʦʥʘ. ʅʦ ʜʣʷ ʥʘʯʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʨʝʛʠʦʥʘ [1]. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ (ʕɹ) ï ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʟʘʱʠʱʝʥʥʦʩʪʠ 

ʵʢʦʥʦʤʠʢʠ ʦʪ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʫʛʨʦʟ. 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʕɹ: 

- ʨʘʟʚʠʪʠʝ (ʝʩʣʠ ʵʢʦʥʦʤʠʢʘ ʥʝ ʨʘʟʚʠʚʘʝʪʩʷ, ʪʦ ʫ ʥʝʝ ʨʝʟʢʦ ʩʦʢʨʘʱʘʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʞʠʚʘʥʠʷ, ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʤʦʩʪʠ ʢ ʚʥʝʰʥʠʤ 

ʠ ʚʥʫʪʨʝʥʥʠʤ ʫʛʨʦʟʘʤ) [1]; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʝʝ ʵʣʝʤʝʥʪʦʚ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ. 

ɼʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʙʦʪʳ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʦʡʜʸʪ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ - 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʦʛʥʦʟ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

 ʄʥʦʞʝʩʪʚʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ - ʚʳʨʘʞʝʥʥʘʷ ʚ ʚʠʜʝ ʧʨʷʤʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ Y ʦʪ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʜʨʫʛʠʭ ʚʝʣʠʯʠʥ 

X1, X2, ..., Xm. ɺʝʣʠʯʠʥʫ Y ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʟʘʚʠʩʠʤʦʡ ʠʣʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ 

ʧʝʨʝʤʝʥʥʦʡ, ʘ ʚʝʣʠʯʠʥʳ X1, X2, ..., Xm - ʥʝʟʘʚʠʩʠʤʳʤʠ ʠʣʠ ʦʙʲʷʩʥʷʶʱʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ [2]. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʚʳʙʦʨʢʠ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ, 

ʚʢʣʶʯʘʝʤʳʭ ʚ ʤʦʜʝʣʴ ʩ ʫʯʝʪʦʤ ʩʚʦʙʦʜʥʦʛʦ ʯʣʝʥʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʤʦʜʝʣʠ ʥʘ ʦʜʠʥ ʬʘʢʪʦʨ ʪʨʝʙʫʝʪʩʷ ʦʙʲʝʤ ʥʘʙʣʶʜʝʥʠʡ, 

ʨʘʚʥʳʡ 5-8 ʥʘʙʣʶʜʝʥʠʷʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʝʛʠʦʥʘ ʥʘ ʙʣʠʞʘʡʰʠʝ 5 ʣʝʪ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ 

ʥʘʫʢ, ʛʜʝ ʝʸ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ, ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʘʥʥʦʡ ʥʘʫʢʦʡ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʢʘ, ʘ ʠʤʝʥʥʦ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʛʠʦʥʘ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ [3]. 
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ʟʘ ʧʝʨʠʦʜ 2013-2019 ʛʦʜʦʚ 

ʧʦ ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩ ʥʠʤʠ ʦʥʠ ʩʨʘʟʫ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʝʜʠʥʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʥʦʤ ʚʠʜʝ, ʥʘʧʨʠʤʝʨ, 77% ʚ ʚʠʜʝ 0,77 ʠ ʪʘʢ ʧʦ ʚʩʝʤ ʟʥʘʯʝʥʠʷʤ 

ʧʦʢʘʟʘʪʝʣʝʡ. ɼʘʥʥʳʝ ʧʦ ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 
ɻʦʜ 2013 2014 2015 2016 2017 2018 2019 

ʕɹ (Y) 18.78 18.66 18.49 17.62 18.81 18.29 19.32 

ɼʦʣʷ ʠʥʚʝʩʪʠʮʠʡ ʢ ɺʈʇ (X1) 0.21 0.25 0.161 0.15 0.173 0.305 0.296 

ʆʙʲʸʤ ɺʈʇ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʠʷ (X2) 
0.416 0.425 0.3519 0.3481 0.3297 0.381 0.368 

ɼʦʣʷ ʠʥʦʩʪʨʘʥʥʳʭ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʦʡ 

ʢʘʧʠʪʘʣ (X3) 

0.621 0.599 0.568 0.521 0.566 0.666 0.599 

ʉʪʝʧʝʥʴ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ 

ʬʦʥʜʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ (X4) 

0.495 0.5 0.497 0.441 0.446 0.546 0.489 

ɼʦʣʷ ʟʘʥʷʪʳʭ ʥʘ ʤʘʣʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ (X5) 
0.224 0.201 0.155 0.151 0.161 0.228 0.301 

 

ɼʣʷ ʨʘʩʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʝʢʪʦʨ ʨʝʛʨʝʩʩʠʠ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

(ʜʘʣʝʝ ï ʄʅʂ).  

ʄʅʂ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʯʪʦ ʩʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʣʠʙʦ ʧʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʆʙʱʠʡ ʤʘʪʨʠʯʥʳʡ ʚʠʜ ʫʨʘʚʥʝʥʠʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

,             (1) 

ʛʜʝ  X
T
 ï ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ; 

        ʍ, ʋ ï ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ; 

        B ï ʠʩʢʦʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʨʠʮ ʚ ʫʨʘʚʥʝʥʠʝ 1 ʧʦʣʫʯʘʝʤ 

ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, ʠʟ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʤ ʠʪʦʛʦʚʦʝ ʫʨʘʚʥʝʥʠʝ 

ʨʝʛʨʝʩʩʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟ ʟʥʘʯʝʥʠʡ:  

Y = 16.5136-4.9271X1-1.0244X2 + 6.7634X3-5.0906X4 + 9.8873X5.        (2) 
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ʀʩʭʦʜʷ ʠʟ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʝʤ ʩʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ 

ʨʝʛʨʝʩʩʠʠ (ʦʮʝʥʢʘ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ): Y = 0 + 1X1 + 1X2 + 1X3 + 1X4 + 1X5. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʨʝʛʨʝʩʩʠʠ: Y = 16.5136-4.9271X1-1.0244X2 + 6.7634X3-5.0906X4 + 9.8873X5. 

ɺʦʟʤʦʞʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ: ʫʚʝʣʠʯʝʥʠʝ X1 ʥʘ 

1 ʝʜ.ʠʟʤ. ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ Y ʚ ʩʨʝʜʥʝʤ ʥʘ 4.927 ʝʜ.ʠʟʤ.; ʫʚʝʣʠʯʝʥʠʝ X2 

ʥʘ 1 ʝʜ.ʠʟʤ. ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ Y ʚ ʩʨʝʜʥʝʤ ʥʘ 1.024 ʝʜ.ʠʟʤ.; ʫʚʝʣʠʯʝʥʠʝ 

X3 ʥʘ 1 ʝʜ.ʠʟʤ. ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ Y ʚ ʩʨʝʜʥʝʤ ʥʘ 6.763 ʝʜ.ʠʟʤ.; 

ʫʚʝʣʠʯʝʥʠʝ X4 ʥʘ 1 ʝʜ.ʠʟʤ. ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ Y ʚ ʩʨʝʜʥʝʤ ʥʘ 5.091 

ʝʜ.ʠʟʤ.; ʫʚʝʣʠʯʝʥʠʝ X5 ʥʘ 1 ʝʜ.ʠʟʤ. ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ Y ʚ ʩʨʝʜʥʝʤ ʥʘ 

9.887 ʝʜ.ʠʟʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʫʨʘʚʥʝʥʠʷ ʧʨʦʚʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʪʫʘʮʠʠ 54.36% ʦʙʱʝʡ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ Y ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʬʘʢʪʦʨʦʚ Xj. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, 

ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ.  

ʈʝʟʫʣʴʪʘʪʳ  

ʊʝʧʝʨʴ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʩʪʨʦʝʥʥʦʤ ʫʨʘʚʥʝʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʠʟ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ 2019-2025 ʛʦʜ.r 

ɿʥʘʯʝʥʠʷ ʜʣʷ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʙʝʨʫʪʩʷ ʧʦ ʢʘʞʜʦʤʫ ʠʟ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʩʝʭ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʳʝ 

ʩʨʝʜʥʠʝ ʜʘʥʥʳʝ ʟʘ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʘ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚ ʫʨʘʚʥʝʥʠʝ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

 ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

X1 ï X5 ʠ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ.  

 

ʊʘʙʣʠʮʘ 2 
ɻʦʜ 2020 2021 2022 2023 2024 2025 

ʕɹ (Y) 18.76 18.871 18.95 18.88 18.903 18.951 

ɼʦʣʷ ʠʥʚʝʩʪʠʮʠʡ ʢ ɺʈʇ (X1) 0.258 0.286 0.28 0.275 0.28 0.28 

ʆʙʲʸʤ ɺʈʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ 

(X2) 
0.3596 0.3595 0.3624 0.3605 0.361 0.361 

ɼʦʣʷ ʠʥʦʩʪʨʘʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ 

ʦʙʱʝʤ ʦʙʲʸʤʝ ʠʥʚʝʩʪʠʮʠʡ ʚ 

ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ (X3) 

0.6103 0.6251 0.6115 0.616 0.617 0.615 

ʉʪʝʧʝʥʴ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (X4) 
0.494 0.5097 0.4976 0.5 0.502 0.49 

ɼʦʣʷ ʟʘʥʷʪʳʭ ʥʘ ʤʘʣʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ (X5) 
0.23 0.253 0.2613 0.25 0.255 0.255 

  

ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʤʝʶʱʠʭʩʷ ʟʥʘʯʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʩ 2013 ʧʦ 2025 ʛʦʜʳ. 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʩʨʝʜʝ Microsoft Office Excel 2016, ʛʜʝ 

ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʚʨʝʤʝʥʥʳʝ ʦʪʨʝʟʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʘʪʝʨʠʘʣʘʭ  

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʦʜʥʠʤ ʮʚʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʩʪʨʦʝʥʥʦʤ ʤʥʦʞʝʩʪʚʝʥʥʦʤ ʨʝʛʨʝʩʩʠʦʥʥʦʤ ʫʨʘʚʥʝʥʠʝ, ʘ 

ʜʨʫʛʠʤ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʛʥʦʟ ʩ ʧʨʠʚʷʟʢʦʡ ʥʠʟʢʦʡ ʠ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʦʯʝʥʴ ʙʣʠʟʢʠ, ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚʭʦʜʷʪ ʚ ʧʨʝʜʝʣʳ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʊʝʤ ʩʘʤʳʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʧʨʘʚʠʣʴʥʦ ʠ ʠʤʝʝʪ ʤʝʩʪʦ 

ʙʳʪʴ ʜʣʷ ʨʘʩʯʸʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʨʦʚʥʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢ ʨʝʛʠʦʥʘ, ʪʘʢ ʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʮʝʣʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʋʨʘʚʥʝʥʠʝ ʙʳʣʦ 

ʧʨʦʚʝʨʝʥʦ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ. 

ʊʘʢʞʝ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 
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ʋɼʂ 004.4 

ʈɸɿʈɸɹʆʊʂɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ ʋʏɽʊɸ 

ʄɽɼʀʎʀʅʉʂʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ ɼʃʗ ɿɼʈɸɺʇʋʅʂʊɸ 

ʈʋɹʎʆɺʉʂʆɻʆ ʌʀʃʀɸʃɸ ɸʆ çɸʃʊɸʁɺɸɻʆʅè  

ɸ.ʉ. ʐʝʚʯʝʥʢʦ
1
, ʅ.ʉ. ʀʚʘʥʦʚ

2 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʯʝʪʘ ʤʝʜʠʮʠʥʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʟʜʨʘʚʧʫʥʢʪʘ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ çɸʣʪʘʡʚʘʛʦʥè. 

ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʥʘ ʧʣʘʪʬʦʨʤʝ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8.3è. ʆʧʠʩʘʥʳ ʦʙʲʝʢʪ, ʧʨʝʜʤʝʪ, 

ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʦʪʦʚʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʪʨʠ 

ʧʦʜʩʠʩʪʝʤʳ: çʂʘʜʨʳè, çʃʝʢʘʨʩʪʚʘè ʠ çʇʨʠʝʤ ʧʘʮʠʝʥʪʦʚè. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʟʜʨʘʚʧʫʥʢʪʘ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ 

ʦʙʨʘʙʦʪʢʫ ʠ ʧʦʣʫʯʝʥʠʝ ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ, ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʦʪʯʝʪʳ, ʠʩʢʣʶʯʠʪʴ ʧʦʷʚʣʝʥʠʝ ʦʰʠʙʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʣʘʪʬʦʨʤʘ ç1ʉ: 

ʇʨʝʜʧʨʠʷʪʠʝ 8.3è, ʢʘʜʨʦʚʳʡ ʫʯʝʪ, ʫʯʝʪ ʣʝʢʘʨʩʪʚ. 
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Annotation. This article discusses the development of an information system for recording 

medical activity for the health center of the Rubtsovsk branch çAltayvagonè. The system was 

developed on the 1C: Enterprise 8.3 platform. The object, subject, purpose and objectives of the 

study are described. The comparative characteristic of finished software products is given. The 

developed information system contains three subsystems: çPersonnelè, çMedicinesè and çPatient 

Admissionè. The information system will improve the efficiency of the health center employees, 

reduce the time for processing and obtaining operational data, as well as obtain primary information 

in electronic form, increase the reliability of the information being processed, timely produce the 

necessary reports, and eliminate errors. 

Key words: design, information system, 1C: Enterprise 8.3 platform, personnel records, drug 

accounting. 

 

ɿʜʨʘʚʧʫʥʢʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 

ʤʥʦʞʝʩʪʚʘ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʫ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ 

(ʦʨʛʘʥʠʟʘʮʠʠ) ʚ ʦʙʣʘʩʪʷʭ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʩʦʢʨʘʱʝʥʠʷ 

ʪʨʫʜʦʧʦʪʝʨʴ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʫʯʝʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʨʠ ʧʨʠʝʤʝ ʥʘ ʨʘʙʦʪʫ ʠ 
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ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ, ʛʨʘʤʦʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʜʨʝʡʩʦʚʳʭ ʠ 

ʧʦʩʣʝʨʝʡʩʦʚʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ ʚʦʜʠʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʫʯʝʪʘ 

ʥʘʣʠʯʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʣʠʯʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʢʥʠʞʝʢ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʦʢʘʟʘʥʠʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʦʪʣʦʞʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, 

ʜʨʫʛʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʚʦʧʨʦʩʦʚ. 

ʆʙʲʝʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʧʝʰʥʦʡ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʬʝʣʴʜʰʝʨʘ, ʟʥʘʯʠʪʝʣʝʥ. ʉʝʡʯʘʩ ʞʝ ʦʥ ʫʚʝʣʠʯʠʣʩʷ 

ʤʥʦʛʦʢʨʘʪʥʦ ʠ ʧʨʦʜʦʣʞʘʝʪ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʩʪʴ ʫʩʠʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʚʨʘʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʟʜʨʘʚʧʫʥʢʪʘʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚ ʮʝʣʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ 

ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʦʢʘʟʳʚʘʝʤʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʩʦʪʨʫʜʥʠʢʘʤ, ʥʦ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʬʝʣʴʜʰʝʨʦʚ.  

ʅʝ ʩʪʘʣ ʠʩʢʣʶʯʝʥʠʝʤ ʟʜʨʘʚʧʫʥʢʪ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ çɸʣʪʘʡʚʘʛʦʥè, 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ, ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʚʝʜʝʪʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚʨʫʯʥʫʶ, ʘ ʵʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʬʝʣʴʜʰʝʨʦʚ.  

ʇʦʵʪʦʤʫ, ʧʨʠʤʝʥʷʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʟʜʨʘʚʧʫʥʢʪʘ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ çɸʣʪʘʡʚʘʛʦʥè ʤʦʞʥʦ ʙʫʜʝʪ ʚʳʚʝʩʪʠ ʥʘ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʩʜʝʣʘʪʴ ʨʘʙʦʪʫ ʬʝʣʴʜʰʝʨʦʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʤʝʥʝʝ 

ʪʨʫʜʦʟʘʪʨʘʪʥʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʬʝʣʴʜʰʝʨʘʤ ʥʝ ʪʦʣʴʢʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ ʤʥʦʞʝʩʪʚʦʤ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʦ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʫʯʝʪʘ ʤʝʜʠʮʠʥʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʜʨʘʚʧʫʥʢʪ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ 

çɸʣʪʘʡʚʘʛʦʥè. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʤʝʜʠʮʠʥʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʟʜʨʘʚʧʫʥʢʪʘ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ çɸʣʪʘʡʚʘʛʦʥè. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʝʪʘ 

ʤʝʜʠʮʠʥʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʜʨʘʚʧʫʥʢʪʘ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ 

çɸʣʪʘʡʚʘʛʦʥè. 

ʄʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʨʘʙʦʪʳ: ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʣʦʛʠʠ IDEF0. 

ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çɸʣʪʘʡʚʘʛʦʥè ï ʚʝʜʫʱʝʝ ʧʨʝʜʧʨʠʷʪʠʝ ʚ ʈʦʩʩʠʠ ʠ 

ʉʠʙʠʨʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʛʨʫʟʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʉ 

1941 ʛʦʜʘ ʢʦʤʧʘʥʠʷ ʥʘʢʦʧʠʣʘ ʙʦʛʘʪʫʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʦʧʳʪ ʨʘʙʦʪʳ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʪʥʝʨʘʤʠ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʈʘʟʚʠʪʠʝ ʢʦʤʧʘʥʠʠ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ ʠ ʚʳʧʫʩʢ 

ʧʨʦʜʫʢʮʠʠ, ʦʙʣʘʜʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʥʥʦʚʘʮʠʡ. 

ɿʜʨʘʚʧʫʥʢʪ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ 

ʩʦʪʨʫʜʥʠʢʦʚ ʟʜʨʘʚʧʫʥʢʪʘ ï ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʦʨʦʚʴʷ, 

ʩʦʢʨʘʱʝʥʠʝ ʪʨʫʜʦʚʳʭ ʧʦʪʝʨʴ, ʤʝʜʠʮʠʥʩʢʠʡ ʦʩʤʦʪʨ ʚʦʜʠʪʝʣʝʡ ʧʝʨʝʜ ʨʝʡʩʘʤʠ, 

ʦʢʘʟʘʥʠʝ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʦʪʣʦʞʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. 

ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʟʜʨʘʚʧʫʥʢʪʘ ʷʚʣʷʝʪʩʷ: 
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ī ʦʢʘʟʘʥʠʝ ʧʝʨʚʦʡ ʥʝʦʪʣʦʞʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʧʨʠ ʪʨʘʚʤʘʭ, 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ, ʦʩʪʨʳʭ ʩʦʩʪʦʷʥʠʷʭ ʠ ʟʘʙʦʣʝʚʘʥʠʷʭ; 

ī ʜʦʚʨʘʯʝʙʥʳʡ/ʚʨʘʯʝʙʥʳʡ ʧʨʠʝʤ ʧʨʠ ʞʘʣʦʙʘʭ ʥʘ ʫʭʫʜʰʝʥʠʝ 

ʩʘʤʦʯʫʚʩʪʚʠʷ ʨʘʙʦʪʥʠʢʦʚ ʧʨʠ ʦʩʪʨʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ ʧʨʠ ʦʙʦʩʪʨʝʥʠʠ 

ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ; 

ī ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʝ ʥʘ ʥʘʣʠʯʠʝ ʘʣʢʦʛʦʣʴʥʦʛʦ, ʥʘʨʢʦʪʠʯʝʩʢʦʛʦ ʠʣʠ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʦʧʴʷʥʝʥʠʷ ʫ ʩʦʪʨʫʜʥʠʢʦʚ; 

ī ʧʨʝʜʨʝʡʩʦʚʳʝ ʠ ʧʦʩʣʝʨʝʡʩʦʚʳʝ ʦʩʤʦʪʨʳ ʚʦʜʠʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ; 

ī ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʝ ʠ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ 

ʨʘʙʦʪʥʠʢʘ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʣʝʯʘʱʝʛʦ ʚʨʘʯʘ ʙʝʟ ʦʪʨʳʚʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʚʘʢʮʠʥʘʮʠʷ; 

ī ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʣʝʯʝʥʠʷ 

ʧʨʠ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ; 

ī ʫʯʝʪ ʧʨʦʭʦʞʜʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʤʝʜʦʩʤʦʪʨʘ ʩʦʪʨʫʜʥʠʢʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ; 

ī ʫʯʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʤʝʜ. ʢʦʤʠʩʩʠʠ ʨʘʙʦʪʥʠʢʘʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷ; 

ī ʫʯʝʪ ʚʳʧʦʣʥʝʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʣʝʯʝʥʠʶ ʠ ʜʦʦʙʩʣʝʜʦʚʘʥʠʶ 

ʨʘʙʦʪʥʠʢʦʚ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʤʝʜʦʩʤʦʪʨʦʚ; 

ī ʫʯʝʪ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʠ ʧʨʦʪʠʚʦʵʧʠʜʝʤʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ; 

ī ʩʘʥʠʪʘʨʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʨʘʙʦʪʥʠʢʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ IDEF0 AS-IS [1] 

çʄʝʜʠʮʠʥʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʟʜʨʘʚʧʫʥʢʪʘ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ 

çɸʣʪʘʡʚʘʛʦʥèè. ɺʩʷ ʠʥʬʦʨʤʘʮʠʠ ʬʠʢʩʠʨʫʝʪʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚʨʫʯʥʫʶ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʜʣʷ 

ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠ ʠʭ ʦʙʨʘʙʦʪʢʫ. ʌʝʣʴʜʰʝʨʘ ʧʝʨʝʛʨʫʞʝʥʳ ʙʫʤʘʞʥʦʡ ʨʘʙʦʪʦʡ. 

ɺʳʧʦʣʥʠʚ ʦʙʟʦʨ ʠ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʦʪʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʪʘʙʣʠʮʘ 1), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʛʦʪʦʚʦʛʦ ʨʝʰʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʙʳ ʫʩʪʨʘʠʚʘʣʦ ʩʦʪʨʫʜʥʠʢʦʚ ʟʜʨʘʚʧʫʥʢʪʘ, ʥʝ ʥʘʰʣʦʩʴ, ʚʚʠʜʫ ʙʦʣʴʰʦʡ 

ʩʪʦʠʤʦʩʪʠ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʥʝʧʦʣʥʦʮʝʥʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ [2-4]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 
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ʈʠʩ. 1 ï ʂʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ IDEF0 AS-IS çʄʝʜʠʮʠʥʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʟʜʨʘʚʧʫʥʢʪʘ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ çɸʣʪʘʡʚʘʛʦʥèè 

 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ç1ʉ:ʄʝʜʝʮʠʥʘ. 

ɹʦʣʴʥʠʮʘè 

ç1ʉ:ʄʝʜʠʮʠʥʘ. 

ɹʦʣʴʥʠʯʥʘʷ ʘʧʪʝʢʘè 

ç1ʉ:ʄʝʜʠʮʠʥʘ. 

ʇʦʣʠʢʣʠʥʠʢʘè 

ʃʠʮʝʥʟʠʷ ʇʣʘʪʥʘʷ ʇʣʘʪʥʘʷ ʇʣʘʪʥʘʷ 

ʀʩʭʦʜʥʳʡ ʢʦʜ ɿʘʢʨʳʪʳʡ ɿʘʢʨʳʪʳʡ ɿʘʢʨʳʪʳʡ 

ʉʋɹɼ ʉʦʙʩʪʚʝʥʥʘʷ ʉʦʙʩʪʚʝʥʥʘʷ ʉʦʙʩʪʚʝʥʥʘʷ 

ʆʧʝʨʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ 
Windows 7 ʠ ʚʳʰʝ Windows 7 ʠ ʚʳʰʝ Windows 7 ʠ ʚʳʰʝ 

ʊʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ 

ʥʘ ʩʝʨʚʝʨʝ 
ɼʘ ɼʘ ɼʘ 

ʗʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʆʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʷʟʳʢ ʧʣʘʪʬʦʨʤʳ 1ʉ 

ʆʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʷʟʳʢ ʧʣʘʪʬʦʨʤʳ 1ʉ 

ʆʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʷʟʳʢ ʧʣʘʪʬʦʨʤʳ 1ʉ 

ʄʦʜʫʣʴʥʦʩʪʴ ʅʝʪ ʇʦʜʜʝʨʞʠʚʘʝʪ ʇʦʜʜʝʨʞʠʚʘʝʪ 

ɸʨʭʠʪʝʢʪʫʨʘ ʂʣʠʝʥʪ ʂʣʠʝʥʪ-ʩʝʨʚʝʨ ʂʣʠʝʥʪ-ʩʝʨʚʝʨ 

ʉʪʦʠʤʦʩʪʴ ʇʆ 88600 ʨ. 80000 ʨ. 70000 ʨ. 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ [5]:  

- çBPWinè ï ʠʥʩʪʨʫʤʝʥʪ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ [6]; 

- ç1ʉ ʇʨʝʜʧʨʠʷʪʠʝè ï ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʢʦʤʧʘʥʠʠ ç1ʉè [7], 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʘ ʪʘʢʞʝ 
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ʬʘʡʣʦʚʘʷ ʉʋɹɼ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʫʶ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʧʣʘʪʬʦʨʤʘ 1ʉ.  

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ: 

ï ʚʝʜʝʥʠʷ ʩʧʨʘʚʦʯʥʠʢʦʚ; 

ï ʫʯʝʪʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʩʦʪʨʫʜʥʠʢʦʚ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʠʚʠʚʦʢ 
ʫ ʩʦʪʨʫʜʥʠʢʦʚ; 

ï ʚʝʜʝʥʠʷ ʞʫʨʥʘʣʘ ʦʙʨʘʱʝʥʠʡ ʟʘ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʴʶ;  

ï ʚʝʜʝʥʠʷ ʞʫʨʥʘʣʘ ʧʨʝʜʨʝʡʩʦʚʦʛʦ ʦʩʤʦʪʨʘ ʚʦʜʠʪʝʣʝʡ; 

ï ʚʝʜʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʞʫʨʥʘʣʦʚ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʷʚʢʠ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʨʠʟʦʚʘʪʴʩʷ ʚ ʩʠʩʪʝʤʝ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ 

ʘʚʪʦʨʠʟʘʮʠʠ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ ʛʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ 

ʠʟ 3 ʧʫʥʢʪʦʚ: çʂʘʜʨʳè, çʃʝʢʘʨʩʪʚʘè, çʇʨʠʝʤ ʧʘʮʠʝʥʪʦʚè (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩ. 2 - ɻʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʠʣʦʞʝʥʠʷ 

 

ɼʣʷ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʞʫʨʥʘʣʘʤ ʥʘ 

ʛʣʘʚʥʦʡ ʬʦʨʤʝ ʜʦʙʘʚʣʝʥʦ ʯʝʪʳʨʝ ʜʦʢʫʤʝʥʪʘ: çɾʫʨʥʘʣ ʬʝʣʴʜʰʝʨʩʢʦʛʦ ʧʨʠʝʤʘè, 

çɾʫʨʥʘʣ ʫʯʝʪʘ ʧʨʦʚʝʨʦʢ ʥʘ ʘʣʢʦʛʦʣʴʥʦʝ ʦʧʴʷʥʝʥʠʝè, çɾʫʨʥʘʣ ʧʝʨʝʜʘʯʠ ʩʤʝʥè, 

çɾʫʨʥʘʣ ʧʦʩʣʝʨʝʡʩʦʚʳʭ (ʧʦʩʣʝʩʤʝʥʥʳʭ) ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚè. 

ʇʫʥʢʪ ʤʝʥʶ çʂʘʜʨʳè ʩʦʜʝʨʞʠʪ ʨʘʟʜʝʣʳ çʉʧʨʘʚʦʯʥʠʢ ʧʦʜʨʘʟʜʝʣʝʥʠʡè, 

çʉʧʨʘʚʦʯʥʠʢ ʜʦʣʞʥʦʩʪʝʡè, çʉʦʪʨʫʜʥʠʢʠè, çɾʫʨʥʘʣ ʧʝʨʝʜʘʯʠ ʩʤʝʥè, çɾʫʨʥʘʣ 

ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʥʝʨʘʣʴʥʳʭ ʫʙʦʨʦʢè, çɾʫʨʥʘʣ ʩʘʥʠʪʘʨʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳè, çɾʫʨʥʘʣ ʫʯʝʪʘ ʦʪʩʪʨʘʥʝʥʠʡ ʦʪ ʨʘʙʦʪʳè. 

ʆʢʥʦ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʦʪʨʫʜʥʠʢʝ (ʨʠʩʫʥʦʢ 

3) ʩʦʜʝʨʞʠʪ ʚʢʣʘʜʢʠ: çʃʠʯʥʳʝ ʜʘʥʥʳʝè, çʆʙʨʘʟʦʚʘʥʠʝè, çʊʨʫʜʦʚʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴè, çʉʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝè, çʆʩʚʦʙʦʞʜʝʥʠʝ ʦʪ ʨʘʙʦʪʳ 

(ʟʘʙʦʣʝʚʘʥʠʷ)è. 
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ʈʠʩ. 3 - ʌʦʨʤʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʨʘʟʜʝʣʘ çʉʦʪʨʫʜʥʠʢʠè 

 

ʇʫʥʢʪ ʤʝʥʶ çʃʝʢʘʨʩʪʚʘè ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʨʘʟʜʝʣʘʤ: 

çʃʝʢʘʨʩʪʚʘè, çɿʘʷʚʢʘ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʤʝʜʠʢʘʤʝʥʪʦʚè, çʉʝʨʪʠʬʠʢʘʪ ʦ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʠʚʠʚʢʘʭè, çɾʫʨʥʘʣ ʧʦʢʘʟʘʥʠʷ ʛʠʛʨʦʤʝʪʨʘè, çɾʫʨʥʘʣ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʫʩʪʘʥʦʚʢʠè, çɾʫʨʥʘʣ ʫʯʝʪʘ ʢʘʯʝʩʪʚʘ 

ʧʨʝʜʩʪʝʨʠʣʠʟʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥʪʘè, çɾʫʨʥʘʣ ʫʯʝʪʘ ʨʘʩʭʦʜʘ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘè, çɾʫʨʥʘʣ ʫʯʝʪʘ ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘè, 

çɾʫʨʥʘʣ ʫʯʝʪʘ ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʦʚè, çʉʧʨʘʚʦʯʥʠʢ ʨʘʩʪʚʦʨʦʚè, çʉʧʨʘʚʦʯʥʠʢ 

ʠʥʩʪʨʫʤʝʥʪʦʚè, çʈʘʩʰʠʬʨʦʚʢʘ ʢʦʜʘè. 

ʈʘʟʜʝʣ çʃʝʢʘʨʩʪʚʘè ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙʦ ʚʩʝʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʝʧʘʨʘʪʘʭ ʚ ʟʜʨʘʚʧʫʥʢʪʝ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʦʪʨʫʜʥʠʢʘ ʧʨʝʧʘʨʘʪʳ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ.  

ʈʘʟʜʝʣ çɿʘʷʚʢʘ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʤʝʜʠʢʘʤʝʥʪʦʚè ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʫʧ ʢ ʬʦʨʤʝ ʟʘʷʚʢʠ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʤʝʜʠʢʘʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 4). ɹʦʣʝʝ ʪʦʛʦ, 

ʜʘʥʥʫʶ ʟʘʷʚʢʫ ʤʦʞʥʦ ʨʘʩʧʝʯʘʪʘʪʴ.  
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ʈʠʩ. 4 - ʌʦʨʤʘ ʨʘʟʜʝʣʘ çɿʘʷʚʢʘ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʤʝʜʠʢʘʤʝʥʪʦʚè 

 

ʈʘʟʜʝʣ çʉʝʨʪʠʬʠʢʘʪ ʦ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʠʚʠʚʢʘʭè ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ ʦ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʧʨʠʚʠʚʢʘʭ, ʚʥʝʩʝʥʥʳʭ ʚ ʩʝʨʪʠʬʠʢʘʪ ʤʝʜʠʮʠʥʩʢʠʤʠ 

ʨʘʙʦʪʥʠʢʘʤʠ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ.  ʌʦʨʤʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʨʘʟʜʝʣʘ (ʨʠʩʫʥʦʢ 5) ʩʦʜʝʨʞʠʪ 10 ʚʢʣʘʜʦʢ: çʇʝʨʝʥʝʩʝʥʥʳʝ ʠʥʬʝʢʮʠʦʥʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷè, çʇʨʠʚʠʚʢʠ ʧʨʦʪʠʚ ʛʝʧʘʪʠʪʘ ɺè, çʈʝʘʢʮʠʷ ʤʘʥʪʫè, çʇʨʠʚʠʚʢʘ 

ʧʨʦʪʠʚ ʪʫʙʝʨʢʫʣʝʟʘè, çʇʨʠʚʠʚʢʘ ʧʨʦʪʠʚ ʧʦʣʠʦʤʠʝʣʠʪʘè, çɼʠʬʪʝʨʠʷ, ʢʦʢʣʶʰ, 

ʩʪʦʣʙʥʷʢè, çʇʨʠʚʠʚʢʠ ʧʨʦʪʠʚ ʢʦʨʠè, çʇʨʠʚʠʚʢʠ ʧʨʦʪʠʚ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ 

ʧʘʨʦʪʠʪʘè, çʇʨʠʚʠʚʢʠ ʧʨʦʪʠʚ ʛʨʠʧʧʘè, çʇʨʠʚʠʚʢʠ ʧʨʦʪʠʚ ʢʨʘʩʥʫʭʠè. 

ʈʘʟʜʝʣ çɾʫʨʥʘʣ ʫʯʝʪʘ ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʦʚè ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
ʈʠʩ. 5 - ʌʦʨʤʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʨʘʟʜʝʣʘ çʉʝʨʪʠʬʠʢʘʪ ʦ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʚʠʚʢʘʭè 
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ʈʠʩ. 6 - ʌʦʨʤʘ ʨʘʟʜʝʣʘ çɾʫʨʥʘʣ ʫʯʝʪʘ ʙʦʣʴʥʠʯʥʳʭ ʣʠʩʪʦʚè 

 

ʇʫʥʢʪ ʤʝʥʶ çʇʨʠʝʤ ʧʘʮʠʝʥʪʦʚè ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʨʘʟʜʝʣʘʤ: 

çɾʫʨʥʘʣ ʬʝʣʴʜʰʝʨʩʢʦʛʦ ʧʨʠʝʤʘè, çɾʫʨʥʘʣ ʫʯʝʪʘ ʧʨʦʮʝʜʫʨè, çɾʫʨʥʘʣ 

ʧʦʩʣʝʨʝʡʩʦʚʳʭ (ʧʦʩʣʝʩʤʝʥʥʳʭ) ʤʝʜ. ʦʩʤʦʪʨʦʚè, çɾʫʨʥʘʣ ʫʯʝʪʘ ʥʘ ʘʣʢʦʛʦʣʴʥʦʝ 

ʦʧʴʷʥʝʥʠʝè.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʠʟʫʯʝʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʟʜʨʘʚʧʫʥʢʪʘ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ  

çɸʣʪʘʡʚʘʛʦʥè; 

ï ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

ï ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ; 

ï ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʤʝʜʠʮʠʥʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʟʜʨʘʚʧʫʥʢʪʘ ʈʫʙʮʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʆ çɸʣʪʘʡʚʘʛʦʥè. 
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ɺʚʝʜʝʥʠʝ 

ʉʫʙʲʝʢʪ ð ʵʪʦ ʘʢʪʠʚʥʳʡ ʫʯʘʩʪʥʠʢ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʪʦʛʜʘ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʢʘʢ ʩʫʙʲʝʢʪʘ ʠ 

ʫʯʘʱʝʛʦʩʷ ʪʦʞʝ ʢʘʢ ʩʫʙʲʝʢʪʘ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʍʘʨʘʢʪʝʨʠʟʫʷ ʩʫʙʲʝʢʪʦʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʧʝʜʘʛʦʛ ʠ ʫʯʝʥʠʢ, ʧʨʝʜʩʪʘʚʣʷʷ 

ʩʦʙʦʡ ʦʙʱʝʩʪʚʝʥʥʳʡ ʩʫʙʲʝʢʪ (ʧʝʜʘʛʦʛʠʯʝʩʢʦʝ ʩʦʦʙʱʝʩʪʚʦ ʠʣʠ ʫʯʝʥʠʯʝʩʪʚʦ), 

ʚʤʝʩʪʝ ʷʚʣʷʶʪʩʷ ʩʦʚʦʢʫʧʥʳʤ ʩʫʙʲʝʢʪʦʤ ʚʩʝʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [1]. 

ɺ ʩʪʨʝʤʣʝʥʠʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʛʨʝʩʩ, ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʩʪʘʨʘʶʪʩʷ ʚʥʝʜʨʠʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʚ ʩʚʦʠ 

ʫʯʝʙʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʧʨʦʮʝʩʩʳ ʚʝʜʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘʨʘʚʥʝ ʩ ʞʝʣʘʥʠʝʤ ʠʜʪʠ ʚ ʥʦʛʫ ʩʦ ʚʨʝʤʝʥʝʤ, ʫʯʝʙʥʳʝ 

ʟʘʚʝʜʝʥʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʌɻʆʉ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 
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ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʷʟʘʥʳ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʫʯʘʩʪʥʠʢʦʚ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙ 

ʘʢʪʫʘʣʴʥʦʤ ʨʘʩʧʠʩʘʥʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʝʪʝʚʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʣʦ ʙʳ ʩʦʪʨʫʜʥʠʢʫ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ 

ʚʳʧʦʣʥʷʪʴ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʫʯʘʶʱʠʭʩʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʳ 

ʟʘʚʝʜʫʶʱʝʛʦ ʫʯʝʙʥʦʡ ʯʘʩʪʴʶ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʩʧʠʩʘʥʠʷ ʟʘʥʷʪʠʡ, ʝʛʦ 

ʧʫʙʣʠʢʘʮʠʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʫʙʣʠʢʘʮʠʠ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʩʦʪʨʫʜʥʠʢʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʠʟʫʯʠʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ;  

2. ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʩʚʷʟʠ ʜʘʥʥʳʭ ʦ ʟʘʥʷʪʠʷʭ, ʘʫʜʠʪʦʨʥʦʤ ʬʦʥʜʝ, 

ʫʯʝʙʥʳʭ ʛʨʫʧʧʘʭ ʠ ʩʧʦʩʦʙʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ;  

3. ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʦʧʠʩʘʪʴ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ;  

4. ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʝʜʝʥʠʝ ɹɼ ʦʙ ʫʯʝʙʥʳʭ ʛʨʫʧʧʘʭ ʠ ʠʭ 

ʨʘʩʧʠʩʘʥʠʠ;  

5. ʨʘʟʨʘʙʦʪʘʪʴ ʩʘʡʪ ʠ ʦʪʣʘʜʠʪʴ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʧʨʠʤʝʨʝ;  

6. ʦʬʦʨʤʠʪʴ ʜʦʢʫʤʝʥʪʘʮʠʶ. 

ʉʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɿʘʚʝʜʫʶʱʠʡ ʫʯʝʙʥʦʡ ʯʘʩʪʴʶ 

ʜʦʣʞʝʥ ʚʳʜʝʣʠʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʘʫʜʠʪʦʨʠʠ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ 

ʩʧʝʮʠʬʠʢʫ ʧʨʝʧʦʜʘʚʘʝʤʳʭ ʧʨʝʜʤʝʪʦʚ. 

ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʯʫ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʯʝʙʥʳʭ ʘʫʜʠʪʦʨʠʡ ʤʝʞʜʫ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ. 

ʄʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭè ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ 

ʩʣʫʯʘʝʤ ʙʦʣʝʝ ʦʙʱʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ. ɽʩʣʠ ʯʠʩʣʦ ʠʩʧʦʣʥʠʪʝʣʝʡ ʨʘʚʥʦ 

ʯʠʩʣʫ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ, ʪʦ ʪʘʢʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ, ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ - ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ. ɺ ʩʣʫʯʘʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʠ ʦ 

ʥʘʟʥʘʯʝʥʠʷʭ ʚʳʧʦʣʥʷʶʪʩʷ ʜʚʘ ʫʩʣʦʚʠʷ: ʢʘʞʜʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ʚʳʧʦʣʥʷʝʪ ʪʦʣʴʢʦ 

ʦʜʥʫ ʨʘʙʦʪʫ, ʠ ʢʘʞʜʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʠʤ ʠʩʧʦʣʥʠʪʝʣʝʤ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʠʤʝʝʪʩʷ n ʠʩʧʦʣʥʠʪʝʣʝʡ: 

ὃ,ὃ,ὃȟé,ὃ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ n ʨʘʙʦʪ. ʀʟʚʝʩʪʥʘ ʧʦʣʝʟʥʦʩʪʴ 

(ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʨʠʙʳʣʴ) ʠʣʠ ʟʘʪʨʘʪʳ ὧ ʦʪ ʚʳʧʦʣʥʝʥʠʷ i-ʤ 

ʠʩʧʦʣʥʠʪʝʣʝʤ j-ʡ ʨʘʙʦʪʳ. ʊʨʝʙʫʝʪʩʷ ʪʘʢ ʥʘʟʥʘʯʠʪʴ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ ʨʘʙʦʪʳ, 

ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ [2]. 

 ʉʦʩʪʘʚʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ. 

ɺʚʝʜʝʤ ʧʝʨʝʤʝʥʥʳʝ xijï ʬʘʢʪ ʥʘʟʥʘʯʝʥʠʷ j-ʛʦ ʠʩʧʦʣʥʠʪʝʣʷ ʥʘ j-ʶ ʨʘʙʦʪʫ xij 

=1, ʝʩʣʠ ʥʘʟʥʘʯʘʝʪʩʷ, ʠ   xij =0, ʝʩʣʠ ʥʝ ʥʘʟʥʘʯʘʝʪʩʷ.  

ʋʩʣʦʚʠʝ, ʯʪʦ ʦʜʠʥ ʢʘʥʜʠʜʘʪ ʚʳʧʦʣʥʷʝʪ ʪʦʣʴʢʦ ʦʜʥʫ ʨʘʙʦʪʫ, ʟʘʧʠʰʝʤ: 

×xij = 1, i = 1,2,é, n, xij Ó 0, ʮʝʣʳʝ             (1) 

ʋʩʣʦʚʠʝ ʦ ʪʦʤ, ʯʪʦ ʢʘʞʜʘʷ ʨʘʙʦʪʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʪʦʣʴʢʦ 1 

ʢʘʥʜʠʜʘʪʦʤ:  

×xij = 1, j = 1, 2,é, n, xij Ó 0, ʮʝʣʳʝ            (2) 
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ʄʘʪʨʠʮʫ (3) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʤʘʪʨʠʮʝʡ ʥʘʟʥʘʯʝʥʠʡ.  

 

ὼ ὼ ȣ ὼ
ὼ ὼ ȣ ὼ
ȣ ȣ ȣ ȣ
ὼ ὼ ȣ ὼ

             (3) 

ʎʝʣʴ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ï ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ ʠʣʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ ʨʘʙʦʪʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

F = ××cijxijŸ max            (4) 

ʉʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʦʛʨʘʥʠʯʝʥʠʡ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʠʩʣʦ ʠʩʧʦʣʥʠʪʝʣʝʡ ʨʘʚʥʦ 

ʢʦʣʠʯʝʩʪʚʫ ʨʘʙʦʪ. 
ὼ ὼ Ễ ὼ ρȟ
ὼ ὼ Ễ ὼ ρ

ȣȢ
ὼ ὼ Ễ ὼ ρ

            (5) 

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʥʘʟʳʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʝʩʣʠ ʥʠʢʘʢʠʝ ʜʚʘ ʠʟ ʥʠʭ ʥʝ 

ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ (ʩʪʨʦʢʝ, ʩʪʦʣʙʮʝ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ n ʥʝʟʘʚʠʩʠʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʪʨʠʮʳ ʧʦʣʝʟʥʦʩʪʠ (ʟʘʪʨʘʪ), ʪʘʢ ʯʪʦʙʳ ʩʫʤʤʘ ʠʭ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ 

(ʤʠʥʠʤʘʣʴʥʦʡ). ʄʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʦʧʪʠʤʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ. 

ʋʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʟʘʜʘʯʠ, ʨʘʟʨʘʙʦʪʘʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʝʝ 

ʨʝʰʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʠʭ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʝʥʛʝʨʩʢʠʡ ʤʝʪʦʜ. 

ɺʝʥʛʝʨʩʢʠʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʩʦʩʪʦʠʪ ʠʟ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʠ ʥʝ ʙʦʣʝʝ ʯʝʤ 2n ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʠʪʝʨʘʮʠʡ. ʅʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʦʣʫʯʘʶʪ ʤʘʪʨʠʮʫ ʩʪʦʠʤʦʩʪʠ C, ʢʦʪʦʨʘʷ 

ʵʢʚʠʚʘʣʝʥʪʥʘ ʤʘʪʨʠʮʝ ʩʪʦʠʤʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʠ 

ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʥʝʟʘʚʠʩʠʤʳʭ ʥʫʣʝʡ. ɺ ʢʘʞʜʦʡ 

ʠʪʝʨʘʮʠʠ ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʥʫʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ ʝʜʠʥʠʮʫ. 

ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʯʝʨʝʟ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ 

ʩʠʩʪʝʤʘ ʥʝʟʘʚʠʩʠʤʳʭ ʥʫʣʝʡ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ n ʵʣʝʤʝʥʪʦʚ [4]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʚʝʥʛʝʨʩʢʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ 

ʟʘʜʘʯʝ. 

ʉʝʢʨʝʪʘʨʶ ʫʯʝʙʥʦʡ ʯʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʦ 

ʢʘʙʠʥʝʪʘʤ. ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʳʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʫʢʘʟʳʚʘʝʪ, ʢʘʢʦʡ ʢʘʙʠʥʝʪ ʜʣʷ ʥʝʛʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ (ʩʤ. ʪʘʙʣ. 1) ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʝ ʧʨʠʦʨʠʪʝʪʦʚ:  

1 ʧʨʠʦʨʠʪʝʪ (ʠʥʪʝʨʚʘʣ 7-9) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʙʳʣʦ ʙʳ 

ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʧʨʦʚʝʩʪʠ ʟʘʥʷʪʠʝ ʚ ʵʪʦʤ ʢʘʙʠʥʝʪʝ (ʩʘʤʳʡ ʣʫʯʰʠʡ ʜʣʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚʘʨʠʘʥʪ);  

2 ʧʨʠʦʨʠʪʝʪ (ʠʥʪʝʨʚʘʣ 4-6) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʥʫʞʥʳʡ ʢʘʙʠʥʝʪ ʟʘʥʷʪ, ʪʦ ʦʥ 

ʤʦʞʝʪ ʧʨʦʚʝʩʪʠ ʠ ʚ ʵʪʦʤ (ʥʝ ʩʘʤʳʡ ʣʫʯʰʠʡ, ʥʦ ʠ ʥʝ ʩʘʤʳʡ ʧʣʦʭʦʡ ʜʣʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚʘʨʠʘʥʪ);  
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3 ʧʨʠʦʨʠʪʝʪ (ʠʥʪʝʨʚʘʣ 1-3) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʥʝʪ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ, ʪʦ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʩʦʛʣʘʩʝʥ ʠ ʥʘ ʵʪʦʪ ʢʘʙʠʥʝʪ (ʩʘʤʳʡ ʭʫʜʰʠʡ ʚʘʨʠʘʥʪ ʜʣʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ). 

ʎʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ: ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʥʘʟʥʘʯʝʥʠʷ ʘʫʜʠʪʦʨʠʡ 

ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ.  
 

ʊʘʙʣʠʮʘ 1 ï ʇʨʠʦʨʠʪʝʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 
ʌ.ʀ.ʆ. 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

ʂʘʙʠʥʝʪ 

ˉ11 ˉ12 ˉ13 ˉ14 ˉ15 

ʌʝʜʦʩʝʝʚʘ ɸ.ʅ. 7 3 6 9 5 

ʂʫʟʴʤʠʥʘ ʀ.ʃ. 7 5 7 5 6 

ɿʦʩʠʤʦʚʘʊ.ʀ. 7 6 8 8 9 

ʅʝʚʝʜʦʤʳʡ ɼ.ɺ. 3 1 6 5 7 

ʈʘʜʠʱʝʚʘ ʅ.ʅ. 2 4 9 9 5 

 

ɺ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʘʨʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʤʠ ʨʘʙʦʪʥʠʢʘʤʠ ʚʩʝʭ ʨʘʙʦʪ [2]. ʉʦʩʪʘʚʠʤ 

ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ. 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ:  

F=7x11+3x12+6x13+9x14 +5x15 +7x21+5x22+7x23 +5x24 +6x25+ 

+7x31 +6x32 +8x33 +8x34 +9x35 +3x41 +1x42+6x43 +5x44 +7x45+            (6) 

+2x51 + 4x52 + 9x53 + 9x54 + 5x55 Ÿ max 

ʀʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ ʠʤʝʝʪ ʚʠʜ:  

ở

Ở
ờ

χ σ φ ω υ
χ υ χ υ φ
χ φ ψ ψ ω
σ ρ φ υ χ
ς τ ω ω υỢ

ỡ
Ỡ

            (7) 

ɽʩʣʠ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʥʘ ʤʘʢʩʠʤʫʤ (ʢʘʢ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ), ʪʦ ʚ ʢʘʞʜʦʡ 

ʩʪʨʦʢʝ ʤʘʪʨʠʮʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʝʛʦ ʞʝ ʚʳʯʝʩʪʴ ʠʟ 

ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʦʢʠ, ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʫ (8) 

ở

Ở
ờ

χ σ φ ω υ
χ υ χ υ φ
χ φ ψ ψ ω
σ ρ φ υ χ
ς τ ω ω υỢ

ỡ
Ỡ

ω
χ
ω
χ
ω

  

ở

Ở
ờ

ς φ σ π τ
π ς π ς ρ
ς σ ρ ρ π
τ φ ρ ς π
χ υ π π τỢ

ỡ
Ỡ

             (8) 

ʋʤʥʦʞʠʚ ʤʘʪʨʠʮʫ ʥʘ -1, ʧʦʣʫʯʠʤ (9): 

ở

Ở
ờ

ς φ σ π τ
π ς π ς ρ
ς σ ρ ρ π
τ φ ρ ς π
χ υ π π τỢ

ỡ
Ỡ

             (9) 

ʊʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʥʫʣʠ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʚ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ. ɼʣʷ ʵʪʦʛʦ 

ʦʧʨʝʜʝʣʠʤ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʤʠʥʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪ (0), ʤʘʪʨʠʮʘ ʥʝ ʠʟʤʝʥʠʪʩʷ, 

ʧʨʦʚʝʜʝʤ ʘʥʘʣʦʛʠʯʥʫʶ ʦʧʝʨʘʮʠʶ ʧʦ ʩʪʦʣʙʮʘʤ, ʧʦʣʫʯʠʤ (10): 
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ở

Ở
ờ

ς τ σ π τ
π π π ς ρ
ς ρ ρ ρ π
τ τ ρ ς π
χ σ π π τỢ

ỡ
Ỡ

           (10) 

ʆʧʨʝʜʝʣʠʤ ʩʪʨʦʢʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʨʦʚʥʦ ʦʜʠʥ ʥʦʣʴ, ʚʳʜʝʣʠʤ ʵʪʠ 

ʥʦʣʠ ʠ ʟʘʯʝʨʢʥʝʤ ʥʦʣʠ ʚ ʩʪʦʣʙʮʘʭ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʥʘʭʦʜʷʪʩʷ, ʧʦʣʫʯʠʤ (11): 

ở

Ở
ờ

ς τ σ τ
π π π ς ρ
ς ρ ρ ρ
τ τ ρ ς π
χ σ π π τỢ

ỡ
Ỡ

           (11) 

ɿʘʪʝʤ ʦʧʨʝʜʝʣʠʤ ʩʪʦʣʙʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʠʥ ʚʳʜʝʣʝʥʥʳʡ ʥʦʣʴ, ʠ 

ʚʳʯʝʨʢʥʝʤ ʦʩʪʘʣʴʥʳʝ ʥʦʣʠ ʠʟ ʩʦʜʝʨʞʘʱʠʭ ʠʭ ʩʪʦʣʙʮʦʚ: 

ở

Ở
ờ

ς τ σ τ
π ς ρ

ς ρ ρ ρ
τ τ ρ ς π
χ σ π τỢ

ỡ
Ỡ

           (12) 

ʕʪʦ ʥʝ ʜʘʸʪ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʪʘʢ ʢʘʢ ʦʩʪʘʣʠʩʴ ʩʪʨʦʢʠ ʩ 

ʥʝʚʳʜʝʣʝʥʥʳʤʠ ʥʫʣʷʤʠ (ʩʪʨʦʢʘ 4). 

ʇʨʦʜʦʣʞʘʝʤ ʨʝʰʝʥʠʝ ʜʘʣʴʰʝ. ɺʳʯʝʨʢʠʚʘʝʤ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪ ʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ. ʂʦʣʠʯʝʩʪʚʦ ʚʳʯʝʨʢʠʚʘʥʠʡ ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʠʥʠʤʘʣʴʥʳʤ.  

            (13) 

ʉʨʝʜʠ ʦʩʪʘʚʰʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʠʱʝʤ ʤʠʥʠʤʘʣʴʥʳʡ (1), ʚʳʯʠʪʘʝʤ ʝʛʦ ʠʟ 

ʦʩʪʘʚʰʠʭʩʷ ʵʣʝʤʝʥʪʦʚ (ʢʦʪʦʨʳʝ ʥʝ ʟʘʯʝʨʢʥʫʪʳ) ʠ ʧʨʠʙʘʚʣʷʝʤ ʢ ʵʣʝʤʝʥʪʘʤ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʚʳʯʝʨʢʥʫʪʳʭ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ 

ở

Ở
ờ

ρ σ σ π τ
π π ρ σ ς
ρ π ρ ρ π
σ σ ρ ς π
φ ς π π τỢ

ỡ
Ỡ

           (14) 

ʆʧʨʝʜʝʣʠʤ ʩʪʨʦʢʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʨʦʚʥʦ ʦʜʠʥ ʥʦʣʴ, ʚʳʜʝʣʠʤ ʵʪʠ 

ʥʦʣʠ ʠ ʟʘʯʝʨʢʥʝʤ ʥʦʣʠ ʚ ʩʪʦʣʙʮʘʭ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʥʘʭʦʜʷʪʩʷ, ʧʦʣʫʯʠʤ: 

ở

Ở
ờ

ρ σ σ τ
π π ρ σ ς
ρ π ρ ρ π
σ σ ρ ς
φ ς π τỢ

ỡ
Ỡ

           (15) 



 

117 

 

ɿʘʪʝʤ ʦʧʨʝʜʝʣʠʤ ʩʪʦʣʙʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʠʥ ʚʳʜʝʣʝʥʥʳʡ ʥʦʣʴ, ʠ 

ʚʳʯʝʨʢʥʝʤ ʦʩʪʘʣʴʥʳʝ ʥʦʣʠ ʠʟ ʩʦʜʝʨʞʘʱʠʭ ʠʭ ʩʪʦʣʙʮʦʚ: 

ở

Ở
ờ

ρ σ σ τ
π ρ σ ς

ρ ρ ρ π
σ σ ρ ς
φ ς π τỢ

ỡ
Ỡ

           (16) 

ɼʘʥʥʳʡ ʧʣʘʥ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠʤʝʝʪʩʷ 

ʚʳʜʝʣʝʥʥʳʡ ʥʦʣʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʧʦʣʫʯʠʤ ʧʣʘʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʫʜʠʪʦʨʠʡ ʤʝʞʜʫ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ (ʩʤ. ʪʘʙʣ. 2), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʫʜʠʪʦʨʥʳʡ ʬʦʥʜ ʫʯʨʝʞʜʝʥʠʷ.  
 

ʊʘʙʣʠʮʘ 2 ï ʇʣʘʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʫʜʠʪʦʨʠʡ 

 

 

 

 

 

 

 

ɿʘʢʣʶʯʝʥʠʝ 
ʀʩʧʦʣʴʟʫʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ çʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭè,  ʢʦʛʜʘ ʯʠʩʣʦ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʨʘʚʥʦ ʯʠʩʣʫ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ, ʤʦʞʥʦ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʤʝʞʜʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʘʫʜʠʪʦʨʠʠ, ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ 

ʧʨʝʧʦʜʘʚʘʝʤʳʭ ʧʨʝʜʤʝʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʌɻʆʉ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʦʙʷʟʘʥʳ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʫʯʘʩʪʥʠʢʦʚ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙ ʘʢʪʫʘʣʴʥʦʤ ʨʘʩʧʠʩʘʥʠʠ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ ʧʨʠʣʦʞʝʥʠʝ ʠʤʝʝʪ ʬʫʥʢʮʠʶ ʧʫʙʣʠʢʘʮʠʠ ʥʦʚʦʩʪʝʡ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʜʦʢʫʤʝʥʪʦʚ ʢʘʢ ʯʝʨʝʟ ʦʙʱʠʝ ʩʪʨʘʥʠʮʳ ʜʣʷ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢ 

ʠ ʯʝʨʝʟ ʣʠʯʥʳʝ ʢʘʙʠʥʝʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʥʠʩʠʤʦʚ, ɹ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʕʎɺʄ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʩʦʩʪʘʚʣʝʥʠʷ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʠ ʨʘʩʧʠʩʘʥʠʡ / ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʕɺʄ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. - ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1972. - ʉ. 121-142. 

2. ɻʘʣʝʝʚ, ʕ.ʄ. ʆʧʪʠʤʠʟʘʮʠʷ. ʊʝʦʨʠʷ, ʧʨʠʤʝʨʳ, ʟʘʜʘʯʠ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 
/ ʕ.ʄ. ɻʘʣʝʝʚ. - ʄ.: ʃʝʥʘʥʜ, 2015. - 344 c 

3. ʈʝʡʟʣʠʥ, ɺ. ʀ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ.ʀ. 
ʈʝʡʟʣʠʥ. - ʄ.: ʖʨʘʡʪ, 2016. - 128 c. 

4.  ʖʜʠʥ, ʉ.ɺ. ʄʘʪʝʤʘʪʠʢʘ ʠ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. 

ʋʯʝʙʥʠʢ / ʉ.ɺ. ʖʜʠʥ. - ʄ.: ʀʥʬʨʘ-ʄ, ʈʀʆʈ, 2016. - 376 c. 

  

ʌʝʜʦʩʝʝʚʘ ɸ.ʅ.   ʂʘʙʠʥʝʪ ˉ14 

ʂʫʟʴʤʠʥʘ ʀ.ʃ.   ʂʘʙʠʥʝʪ ˉ11 

ɿʦʩʠʤʦʚʘ ʊ.ʀ.   ʂʘʙʠʥʝʪ ˉ12 

ʅʝʚʝʜʦʤʳʡ ɼ.ɺ.   ʂʘʙʠʥʝʪ ˉ15 

ʈʘʜʠʱʝʚʘ ʅ.ʅ.   ʂʘʙʠʥʝʪ ˉ13 



 

118 

 

ʉɽʂʎʀʗ 2. ʇʈʆɻʈɽʉʉʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ 

ʇʈʆʎɽʉʉʓ ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ  

ʠ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè ɻʨʠʮʝʥʢʦ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

ʋɼʂ 621.922.02 

ʆʇʈɽɼɽʃɽʅʀɽ ʆʇʊʀʄɸʃʔʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʐʃʀʌʆɺɸʅʀʗ 

ʄʀʂʈʆʇʆʈʀʉʊʓʍ ʇʆʂʈʓʊʀʁ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʕɺʄ 

ʅ.ʉ. ɸʣʝʢʩʝʝʚ, ɺ.ɸ. ʂʘʧʦʨʠʥ, ʉ.ɺ. ʀʚʘʥʦʚ  

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ  

(ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʸʪʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʛʦʚ ʠ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʧʨʠ ʚʨʝʟʥʦʤ ʰʣʠʬʦʚʘʥʠʠ 

ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. ɺʳʚʝʜʝʥʦ ʫʨʘʚʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠ ʚ ʚʠʜʝ ʥʝʨʘʚʝʥʩʪʚ ʠ ʫʨʘʚʥʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʥʘ 

ʇʕɺʄ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʧʦʢʨʳʪʠʷ, ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ,  ʰʣʠʬʦʚʘʣʴʥʳʝ 

ʢʨʫʛʠ, ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ, ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. 

 

DETERMINATION OF THE OPTIMAL PARAMETERS FOR GRINDING 

MICROPOROUS COATINGS USING A COMPUTER  

N.S. Alekseev, V.A. Kaporin, S.V. Ivanov 

Rubtsovsk Industrial Institute  

(branch) of the federal government budget educational institution of higher 

education "Altai State Technical University named after I.I. Polzunov" 
Annotation. The article presents a mathematical model for calculating the optimal elements 

of the characteristics of wheels and cutting modes for plunge grinding of microporous coatings, 

consisting of an optimality criterion and technical limitations. An equation for the optimality 

criterion has been derived, and in the form of inequalities and equations, the main technical 

constraints are presented thus used in solving the problem by a PC. 

Keywords: microporous coatings, abrasive processing, grinding wheels, cutting modes, 

optimization, optimality criterion. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʤʦʥʪʘ ʪʨʘʢʪʦʨʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ 

ɸʇʂ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʦʧʨʦʩ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ï ʩʣʦʞʥʳʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ 

ʜʝʪʘʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʟʘʛʦʪʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪ ʠʟʥʦʰʝʥʥʫʶ, ʥʦ ʫʞʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʜʝʪʘʣʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʪʨʘʪʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʪʘʢʠʭ 
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ʦʧʝʨʘʮʠʡ, ʢʘʢ ʣʠʪʴʸ, ʢʦʚʢʘ, ʰʪʘʤʧʦʚʢʘ ʠ ʪ.ʧ., ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʦʷʚʣʷʝʪʩʷ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ: ʤʦʡʢʘ, ʨʘʟʙʦʨʢʘ, ʜʝʬʝʢʪʘʮʠʷ, ʢʦʤʧʣʝʢʪʘʮʠʷ, ʟʘʪʨʘʪʳ ʥʘ ʢʦʪʦʨʳʝ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚʘʣʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦʣʫʯʠʣʠ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ: ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ 

ʤʝʪʘʣʣʠʟʘʮʠʷ, ʛʘʟʦʧʣʘʤʝʥʥʦʝ, ʜʝʪʦʥʘʮʠʦʥʥʦʝ  ʠ ʧʣʘʟʤʝʥʥʦʝ  ʥʘʧʳʣʝʥʠʝ [1-3]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʩʘʜʦʯʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʝ ʪʦʣʴʢʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʧʦʢʨʳʪʠʷ (ʪʚʸʨʜʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ), ʥʦ 

ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʡ, ʯʪʦ ʩʦʟʜʘʩʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʤʘʟʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʫʚʝʣʠʯʠʪ ʩʨʦʢ ʩʣʫʞʙʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ [3]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʦʢʨʳʪʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ [3]. 

ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ  

ʢʨʫʛʣʦʝ ʚʨʝʟʥʦʝ ʰʣʠʬʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʣʫʯʘʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ [4]. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʰʣʠʬʦʚʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ. 

ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʩʘ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ [5].  

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʳʙʨʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʨʝʞʠʤʳ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʦʢʘʟʘʪʝʣʠ (ʢʨʠʪʝʨʠʠ) ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ (ʐʂ). ɼʣʷ 

ʢʨʫʛʣʦʛʦ ʚʨʝʟʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʨʝʞʠʤ ʨʝʟʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʨʫʛʦʚ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [6]: ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ Vʨ, ʤ/ʩ;  

ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ Vʜ, ʤ/ʤʠʥ; ʩʢʦʨʦʩʪʴʶ ʨʘʜʠʘʣʴʥʦʡ ʧʦʜʘʯʠ Sʨʘʜ, 

ʤʤ/ʤʠʥ; ʨʘʟʤʝʨʦʤ ʟʝʨʥʠʩʪʦʩʪʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ɸʀ) Nɿ, ʤʢʤ ʠ 

ʩʪʝʧʝʥʴʶ ʝʛʦ ʪʚʝʨʜʦʩʪʠ Nʊ, ʦʮʝʥʠʚʘʝʤʦʡ ʛʣʫʙʠʥʦʡ ʣʫʥʢʠ, ʤʤ. 

ʇʨʦʮʝʩʩ ʢʨʫʛʣʦʛʦ ʚʨʝʟʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʫʧʨʘʚʣʷʝʪʩʷ ʩʠʣʦʡ 

(ʧʦʩʨʝʜʩʪʚʦʤ ʩʢʦʨʦʩʪʠ ʨʘʜʠʘʣʴʥʦʡ ʧʦʜʘʯʠ Sʨʘʜ), ʘ ʪʘʢʞʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ Vʨ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ [7-9] ʢʦʤʧʣʝʢʩ 

ʧʦʢʘʟʘʪʝʣʝʡ  ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɸʀ, ʦʪʨʘʞʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʧʨʦʮʝʩʩʘ 

ʚʨʝʟʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ: ʩʪʦʡʢʦʩʪʴ ʢʨʫʛʦʚ ʊ, ʤʠʥ; ʫʜʝʣʴʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ q, ʤʤ
3
/ʤʤ

3
; ʨʘʜʠʘʣʴʥʫʶ Pʫ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ Pz 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʨʝʟʘʥʠʷ, ʅ; ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ Kʨ, 

ʤʤ
3
/ʤʠʥĀʅ; ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ Nʫʜ, ɺʪĀʤʠʥ/ʤʤ

3
 ʠ ʚʳʩʦʪʫ 

ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ (ʰʝʨʦʭʦʚʘʪʦʩʪʴ) ʧʦ ʧʘʨʘʤʝʪʨʫ Rʘ, ʤʢʤ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʢʨʫʛʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ 6-ʡ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ [4,10,11]. ʇʦʜʨʦʙʥʘʷ ʤʝʪʦʜʠʢʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʘʭ [7-9]. 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʝʨʘʮʠʠ ʢʨʫʛʣʦʛʦ ʚʨʝʟʥʦʛʦ 

ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʚ ʨʘʙʦʪʘʭ [7-9] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʐʂ ʦʪ ʵʣʝʤʝʥʪʦʚ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (Nʟ, Nʊ) ʠ ʨʝʞʠʤʘ 

ʰʣʠʬʦʚʘʥʠʷ (Vʨ, Vʜ, Sʨʘʜ,): 

ʈz =45,71 - 0,88Vʨ + 442,55 Sʨʘʜ - 6,12Nʪ,                                 (1) 

Py = 3,44 ï 0,75Vʜ +763,02 Sʨʘʜ ï 0,04Nʟ,                                  (2) 

Ra = 0,28 - 0,5Ā10
-2
Vʨ + 0,34Sʨʘʜ + 0,1Ā10

-3
Nʟ,                            (3) 

q = 5,82 - 0,03Vʨ + 0,01Vʜ - 0,5Ā10
-2
Nʟ + 0,14Nʪ,                          (4) 

ʂʨ = 24,31 ï 0,23Vʨ + 0,18Vʜ - 67,4 Sʨʘʜ + 2,34Nʊ,                        (5) 

Nʫʜ =13,19 + 0,72Vʨ - 0,15Vʜ - 0,12Nʟ,                                  (6) 

T = 4,24 - 0,03Vʨ + 0,01 Vʜ - 8,72 Sʨʘʜ  ï 0,4Ā10
-3
Nʟ + 0,31Nʪ,         (7) 

ɺ ʢʘʯʝʩʪʚʝ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʛʦʚ ʠ ʨʝʞʠʤʘ ʨʝʟʘʥʠʷ ʧʨʠʥʷʪʘ ʩʪʦʡʢʦʩʪʴ ʢʨʫʛʦʚ ʊ. ʅʘ 

ʦʩʪʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʩ ʫʯʸʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʥʘʣʦʞʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

102
z

ʨ

N
ʈ

V

h
¢ , ʛʜʝ N=6,3 ʢɺʪ ï ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠʚʦʜʘ ʢʨʫʛʘ 

ʥʘ ʢʨʫʛʣʦʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ; ɖ = 0,92 ï ʂʇɼ ʧʝʨʝʜʘʯʠ. 

, ʛʜʝ J = 6400 ʅ/ʤʤ ï ʞʝʩʪʢʦʩʪʴ ʩʠʩʪʝʤʳ ʉʇʀɼ 

ʢʨʫʛʣʦʰʣʠʬʦʚʘʣʴʥʦʛʦ ʩʪʘʥʢʘ; ŭ = 0,02 ʤʤ ï ʜʦʧʫʩʢ ʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʬʦʨʤʳ  
ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

         , ʛʜʝ = 0,40 ʤʢʤ ï ʟʘʜʘʥʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 

, ʛʜʝ qʜʦʧ = 4,5 ʤʤ3/ʤʤ3 ï ʟʘʜʘʥʥʘʷ ʫʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

, ʛʜʝ = 20 ʤʤ
3
/ʤʠʥĀʅ ï ʟʘʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʞʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ.  

, ʛʜʝ = 30 ɺʪĿʤʠʥ/ʤʤ
3
 ï ʟʘʜʘʥʥʘʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʰʣʠʬʦʚʘʥʠʷ. 

, , ʛʜʝ ʠ  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʥʘ ʢʨʫʛʣʦʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ, ʤ/ʩ. 

, , ʛʜʝ ʠ  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ, ʤ/ʤʠʥ.  

, , ʛʜʝ ʠ  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ 

ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʠ ʨʘʜʠʘʣʴʥʦʡ ʧʦʜʘʯʠ, ʤʤ/ʤʠʥ. 

, , ʛʜʝ ʠ  - ʤʘʢʩʠʤʘʣʴʥʳʡ ʠ ʤʠʥʠʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʟʝʨʥʠʩʪʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ, ʤʢʤ. 

, ,  ʛʜʝ ʠ - ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ 

ʩʪʝʧʝʥʴ ʪʚʸʨʜʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ, ʚʳʨʘʞʝʥʥʘʷ ʛʣʫʙʠʥʦʡ ʣʫʥʢʠ, ʤʤ. 

ʫʈ Jd¢ Ö

ʜʦʧRa Ra¢ ʜʦʧRa

ʜʦʧq q¢

ʜʦʧʨ ʨʂ ʂ¢
ʜʦʧʨʂ

ʜʦʧʫʜ ʫʜN N¢
ʜʦʧʫʜN

maxʨ ʨV V¢
minʨ ʨV V²

maxʨV
minʨ

V

maxʜ ʜV V¢
minʜ ʜV V²

maxʜV
minʜ

V

maxʨʘʜ ʨʘʜS S¢
minʨʘʜ ʨʘʜS S²

maxʨʘʜS
minʨʘʜS

maxʟ ʟN N¢
minʟ ʟN N²

maxʟN
minʟ

N

maxʊ ʊN N¢
minʊ ʊN N²

maxʊN
minʊN
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ʊʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1-6) ʠ ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ ʊ 

Ÿmax (7) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʛʦʚ  ʠ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʤʝʪʦʜʦʤ 

ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 

45,71 - 0,88Vʨ + 442,55 Sʨʘʜ - 6,12Nʊ Ò 50; 

3,44 ï 0,75Vʜ +763,02 Sʨʘʜ ï 0,04Nʟ   Ò 130; 

0,28 - 0,5Ā10
-2
Vʨ + 0,34Sʨʘʜ + 0,1Ā10

-3
Nʟ ; 

5,82 - 0,03Vʨ + 0,01Vʜ - 0,5Ā10
-2
Nʟ + 0,14Nʊ Ó 4,5 ; 

24,31 ï 0,23Vʨ + 0,18Vʜ - 67,4 Sʨʘʜ + 2,34Nʊ  Ó 20; 

13,19 + 0,72Vʨ - 0,15Vʜ - 0,12Nʟ Ò 30. 

, ; 

, ; 

, ; 

, ; 

, ; 

4,24 - 0,03Vʨ + 0,01 Vʜ - 8,72 Sʨʘʜ ï 0,4Ā10
-3
Nʟ + 0,31Nʊ Ÿ max. 

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʩʦʚʤʝʩʪʥʦʩʪʠ ʩʠʩʪʝʤʳ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʇʕɺʄ ʚ MS Excel ʩ ʧʦʤʦʱʴʶ ʥʘʜʩʪʨʦʡʢʠ çʇʦʠʩʢ ʨʝʰʝʥʠʷè. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʸʪʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 
ʉʢʦʨʦʩʪʴ 

ʨʝʟʘʥʠʷ
 

, 

ʤ/ʩ 

ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ
  

, ʤ/ʤʠʥ 

ʉʢʦʨʦʩʪʴ 

ʨʘʜʠʘʣʴʥʦʡ 

ʧʦʜʘʯʠ
 

, ʤʤ/ʤʠʥ 

ʈʘʟʤʝʨ 

ʟʝʨʥʠʩʪʦʩʪʠ
 

, ʤʢʤ 

ʉʪʝʧʝʥʴ 

ʪʚʝʨʜʦʩʪʠ
 

, ʤʤ 

12,5 40 0,12 160 4,55 

 

ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʥʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, ʤʦʞʥʦ ʦʞʠʜʘʪʴ  

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʦʚ ʊmax = 12,84 ʤʠʥ.   

ʇʦ ɻʆʉʊ ʈ 52381-2005 ʨʘʟʤʝʨʫ ʟʝʨʥʠʩʪʦʩʪʠ, ʨʘʚʥʦʡ 160 ʤʢʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʦʟʥʘʯʝʥʠʝ F90, ʘ ʧʦ ɻʆʉʊ ʈ 52587-2006 ʩʪʝʧʝʥʠ ʪʚʸʨʜʦʩʪʠ ʩ 

ʛʣʫʙʠʥʦʡ ʣʫʥʢʠ, ʨʘʚʥʦʡ 4,55 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʷʛʢʘʷ ʪʚʸʨʜʦʩʪʴ ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ L. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʩ ʪʚʸʨʜʦʩʪʴʶ ʜʦ 

ʅRC 55 ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʣʠʬʦʚʘʣʴʥʳʡ ʢʨʫʛ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

24ɸF90L6V. 

ɿʘʢʣʶʯʝʥʠʝ  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʨʘʟʣʠʯʥʳʭ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ, ʥʘʧʨʠʤʝʨ, ʰʝʝʢ ʢʦʣʝʥʯʘʪʳʭ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʚʘʣʦʚ ɼɺʉ, ʰʝʝʢ ʢʦʣʝʥʯʘʪʳʭ ʚʘʣʦʚ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʜʨ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

0,40¢

50ʨV ¢ 10ʨV ²

40ʜV ¢ 10ʜV ²

0,24ʨʘʜS ¢ 0,12ʨʘʜS ²

500ʟN ¢ 160ʟN ²

4,55ʊN ¢ 1,75ʊN ²

ʆʇʊʈV

ʆʇʊɼV

ʆʇʊʈɸɼS
ʆʇʊɿN

ʆʇʊʊN
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ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ 

ʨʝʞʠʤ ʰʣʠʬʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ 

ʤʝʪʦʜʦʤ ʥʘʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʧʨʠ ʦʙʳʯʥʦʤ ʤʝʪʦʜʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʚʳʙʠʨʘʶʪʩʷ ʪʦʣʴʢʦ ʠʩʭʦʜʷ ʠʟ ʦʜʥʦʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʥʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ. 

ʕʪʠʤ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʙʲʷʩʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʝʞʠʤʘʤ ʰʣʠʬʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʠ ʧʦ ʚʳʙʦʨʫ 

ʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʐʂ. ʋʯʸʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʧʨʦʮʝʩʩ, ʧʦʟʚʦʣʷʝʪ ʥʘʜʸʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʫʤ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʘʯʝʩʪʚʫ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
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ɸʅɸʃʀɿ ʇɽʈɽʍʆɼʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ ʉʀʉʊɽʄɸʍ 

ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ʉʆɹʉʊɺɽʅʅʓʍ ʅʋɾɼ 

ɸ.ʐ. ʄʘʜʞʠʜʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʄʕʀ" (ʄʦʩʢʚʘ) 
ɸʥʥʦʪʘʮʠʷ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʥʘʜʸʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʩʠʩʪʝʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʜʚʠʛʘʪʝʣʠ, ʩʣʫʞʘʱʠʝ ʧʨʠʚʦʜʘʤʠ 

ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʣʠʯʥʳʭ ʥʘʟʥʘʯʝʥʠʡ ʠ ʤʦʱʥʦʩʪʝʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ 

ʥʘʟʚʘʥʥʳʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ ʠʭ ʨʘʙʦʪʳ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʷʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ, ʧʫʩʢʘʭ ʠ 

ʧʝʨʝʢʣʶʯʝʥʠʷʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʦʵʪʦʤʫ ʨʘʩʯʸʪʥʳʝ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʦʯʥʦʩʪʠ 

ʨʘʩʯʸʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʟʘʚʘʨʠʡʥʦʛʦ ʨʘʙʦʪʳ, ʪʨʝʙʫʝʤʳʭ ʧʨʘʢʪʠʢʦʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ. ɿʘʤʝʪʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ, ʪʨʝʙʫʝʤʦʝ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ, ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʝ 

ʥʫʞʜʳ, ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʥʘʜʝʞʥʦʩʪʴ, ʩʘʤʦʟʘʧʫʩʢ, ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ, ʜʣʠʪʝʣʴʥʦʩʪʴ. 

 

ANALYSIS OF TRANSIENTS IN POWER SUPPLY SYSTEMS FOR THEIR 

AUXILIARY  

Abdullo Majidov 

National research University "Moscow power engineering Institute" (Moscow) 
Annotation. One of the main tasks of the electric power industry is to increase the reliability 

of power supply in the systems of auxiliary of power plants and substations. It should be noted that 

the main consumer for the auxiliary of power plants and substations at present are engines that serve 

as drives for mechanisms of various purposes and capacities. To ensure trouble-free operation of 

these systems, it is necessary to study the transient modes of their operation that occur when 

switching power sources, short circuits, starting and switching engines. Therefore, calculation 

methods should ensure the accuracy of calculations and the possibility of trouble-free operation 

required by the practice of designing and operating power plants and substations. It is noticeable 

that the study of transients in the systems of auxiliary of power stations and substations, required to 

improve the reliability of their operation, is an urgent task. 

Keywords: transient process, power supply system, auxiliary, asynchronous motor, 

reliability, self-start, short circuit, duration. 

 

ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʦʧʨʠʝʤʥʠʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʩʪʘʥʮʠʠ ʠ ʧʦʜʩʪʘʥʮʠʠ ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʨʘʙʦʯʠʭ ʤʘʰʠʥ 

ʠ ʤʝʭʘʥʠʟʤʦʚ (ʥʘʩʦʩʳ, ʚʝʥʪʠʣʷʪʦʨʳ, ʤʝʣʴʥʠʮʳ, ʧʦʜʲʝʤʥʠʢʠ ʠ ʜʨ.), ʢʦʪʦʨʳʡ 
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ʧʦʪʨʝʙʣʷʝʪ ʜʦ 90 % ʚʩʝʡ ʤʦʱʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩʳ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʩʠʩʪʝʤʝ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʨʳʚʘ ʧʠʪʘʥʠʷ ʘʢʪʫʘʣʴʥʳ. 

ʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʚʩʝʭ ʤʝʭʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ ʧʫʩʢ ʠ ʦʩʪʘʥʦʚʢʫ 

ʢʘʞʜʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʦʡ ʧʫʩʢʘ ʠ 

ʦʩʪʘʥʦʚʘ ʵʥʝʨʛʦʙʣʦʢʘ, ʥʦ ʠ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʚʩʝʡ ʤʥʦʛʦʤʘʰʠʥʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʚʦ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ ʚ ʩʝʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʠ ʥʘ ʰʠʥʘʭ ʩʪʘʥʮʠʠ, ʦʪʢʘʟʳ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ ʦʰʠʙʦʯʥʳʝ ʦʪʢʣʶʯʝʥʠʷ ʨʘʙʦʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. 

ɺʩʝ ʵʪʠ ʚʦʟʤʫʱʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʧʦʥʠʞʝʥʠʷʤ ʠʣʠ 

ʧʦʣʥʳʤ ʠʩʯʝʟʥʦʚʝʥʠʷʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʰʠʥʘʭ ʠ ʩʙʦʨʢʘʭ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʨʳʚʘ ʧʠʪʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ 

ʟt , ʦʪʢʣʶʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ ʦʪʢʣt  ʠ ʚʨʝʤʝʥʝʤ ʚʢʣʶʯʝʥʠʷ ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ 

ɸɺʈt  [1]. 

ʇʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʥʘ ʦʪʭʦʜʷʱʠʭ ʦʪ ʩʝʢʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷʭ ʚʨʝʤʷ ʧʝʨʝʨʳʚʘ ʧʠʪʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

0,22 0,3ʧ.ʧ. ʟ ʦʪʢʣ ʩt t t= + º · .     (1) 

ʇʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʚ ʮʝʧʠ ʨʘʙʦʯʝʛʦ ʧʠʪʘʥʠʷ ʚʨʝʤʷ ʧʝʨʝʨʳʚʘ 

ʧʠʪʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

0,6 0,9ʧ.ʧ. ʟ ʦʪʢʣ ɸɺʈ ʩt t t t= + + º ·.    (2) 

ʇʨʠ ʦʪʢʘʟʝ ʦʩʥʦʚʥʦʡ ʟʘʱʠʪʳ ʠ ʜʝʡʩʪʚʠʷ ʨʝʟʝʨʚʥʦʡ ʟʘʱʠʪʳ, ʚʨʝʤʷ ʩʦʩʪʦʠʪ: 

1,5 2,2ʧ.ʧ. ʩ.t = ·  ʇʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʚʳʩʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʥʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʰʠʥʘʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ. ʊʦʛʜʘ 0,1 0,3ʧ.ʧ. ʩt = ·  ʧʨʠ ʜʝʡʩʪʚʠʠ ʦʩʥʦʚʥʦʡ ʟʘʱʠʪʳ ʠ 

1ʧ.ʧ.ʩ,t =  ʝʩʣʠ ʦʩʥʦʚʥʘʷ ʟʘʱʠʪʘ ʦʪʢʘʟʘʣʘ ʠ ʜʝʡʩʪʚʫʝʪ ʨʝʟʝʨʚʥʘʷ. ɺ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʥʘ ʩʪʦʨʦʥʝ ʚʳʩʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʟʘʱʠʪʘ 

ʦʪʢʣʶʯʘʝʪ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʙʣʦʢ, ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜr ʧʝʨʝʢʣʶʯʘʶʪʩʷ ʥʘ 

ʨʝʟʝʨʚʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠ 0,8 1,1ʧ.ʧ. ʩ.t = ·  ɽʩʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʙʣʦʢʫ ʨʘʙʦʪʘʪʴ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ, ʧʠʪʘʷ ʣʠʰʴ ʩʠʩʪʝʤʫ ʩʦʙʩʪʚʝʥʥʳʭ 

ʥʫʞʜ, ʪʦ ʥʘ ʩʝʢʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ 0,4 0,5ʧ.ʧ. ʩ.t = ·  ɽʩʣʠ ʙʣʦʢ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʱʠʪ, ʪʦ ʛʝʥʝʨʘʪʦʨ 

ʦʪʢʣʶʯʘʝʪʩʷ ʦʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳʩʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʪ 

ʩʠʩʪʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ. ʇʨʠ ʵʪʦʤ 0,5 0,7ʧ.ʧ. ʩ.t = ·  ɺ ʩʣʫʯʘʝ ʦʰʠʙʦʯʥʦʛʦ 

ʦʪʢʣʶʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʠʪʘʥʠʷ (ʧʝʨʩʦʥʘʣʦʤ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ) 0,4 0,6ʧ.ʧ. ʩ.t = ·  

ɺ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ 

ʚʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ: 

¶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʦʪʢʣʶʯʝʥʠʷ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʠʣʠ ʦʪʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ; 
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¶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʛʨʫʧʧʦʚʦʛʦ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʚʳʙʝʛʘ 

ʜʚʠʛʘʪʝʣʝʡ; 

¶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʛʨʫʧʧʳ ʜʚʠʛʘʪʝʣʝʡ ʥʘ 

ʚʳʙʝʛʝ; 

¶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʟʚʦʨʦʪʘ (ʩʘʤʦʟʘʧʫʩʢʘ) ʘʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ; 

¶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ; 

¶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʫʩʢʘ ʨʝʟʝʨʚʥʳʭ ʠ 

ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ; 

¶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʠʥʭʨʦʥʥʦʛʦ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʝʡ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʦʪ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʠʪʘʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 
ʊʦʯʥʳʡ ʨʘʩʯʝʪ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʤʦʞʝʥ ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʷʚʣʝʥʠʷ ʚ ʩʠʥʭʨʦʥʥʳʭ ʠ ʘʩʠʥʭʨʦʥʥʳʭ 

ʤʘʰʠʥʘʭ, ʧʝʨʚʠʯʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʨʘʙʦʯʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠ 

ʜʝʡʩʪʚʠʷ ʧʫʩʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ [3,5]. 

ʏʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʕɺʄ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʝʪ ʢʘʨʪʠʥʫ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʥʘʧʨʷʞʝʥʠʡ, ʪʦʢʦʚ, 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ. ɸʥʘʣʠʟ ʵʪʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦʙ ʫʩʧʝʰʥʦʩʪʠ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʵʥʝʨʛʦʙʣʦʢʘ ʠʣʠ ʝʛʦ 

ʘʚʘʨʠʡʥʦʛʦ ʦʩʪʘʥʦʚʘ ʧʦ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʋʩʧʝʰʥʳʡ ʩʘʤʦʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʧʦʟʚʦʣʷʝʪ ʫʜʝʨʞʘʪʴ 

ʙʣʦʢ ʚ ʨʘʙʦʪʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʚʦ ʚʥʝʰʥʝʡ ʩʝʪʠ ʠ ʚ 

ʩʝʪʷʭ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʰʠʙʦʯʥʳʭ ʦʪʢʣʶʯʝʥʠʷʭ ʨʘʙʦʯʝʛʦ 

ʧʠʪʘʥʠʷ, ʫʩʢʦʨʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʦʪʢʘʟʘʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʳʡ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʰʪʘʪʥʳʡ) 

ʦʩʪʘʥʦʚ ʵʥʝʨʛʦʙʣʦʢʘ. ʋʩʧʝʰʥʳʤ ʩʘʤʦʟʘʧʫʩʢʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʜʦʩʪʠʛʘʶʪ ʥʦʨʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʟʘ ʚʨʝʤʷ, 

ʜʦʧʫʩʪʠʤʦʝ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʠ ʧʦ ʥʘʛʨʝʚʫ ʩʘʤʠʭ ʜʚʠʛʘʪʝʣʝʡ. 

ɼʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʩʘʤʦʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʩʦʩʪʘʚʣʷʝʪ: 

ʊʕʉ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ï 35 ʩ; ʊʕʉ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʩʚʷʟʷʤʠ 

ï 25 ʩ; ʙʣʦʯʥʳʭ ʊʉ ʩ ʘʛʨʝʛʘʪʦʤ ʤʦʱʥʦʩʪʴʶ ʩʚʳʰʝ 150 ʄɺʪ ï 20 ʩ; ɸʕʉ ʩ 

ʠʥʝʨʮʠʦʥʥʳʤʠ ɻʎʅ ï 10-15 ʩ; ɸʕʉ ʩ ʤʘʣʦʠʥʝʨʮʠʦʥʥʳʤʠ ɻʎʅ - 1-2 ʩ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦʟʘʧʫʩʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʧʝʨʝʨʳʚʘ ʧʠʪʘʥʠʷ (ʧ.ʧ.t ), 

ʧʘʨʘʤʝʪʨʘʤʠ ʮʝʧʠ ʧʠʪʘʥʠʷ (,ʮ.ʧ. ʮ.ʧ.x r ) ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʨʫʧʧʳ 

ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʭʩʷ ʜʚʠʛʘʪʝʣʝʡ. ʂʘʢ ʫʢʘʟʘʥʦ [1], ʚ ʩʭʝʤʘʭ ʩ ʇʈʊ ʤʦʱʥʦʩʪʴ ʵʪʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʛʨʫʟʢʫ ʨʘʙʦʯʝʛʦ ʊʉʅ ʦʜʥʦʛʦ ʙʣʦʢʘ ʠ ʧʫʩʢ ʠʣʠ ʦʩʪʘʥʦʚ ʚʪʦʨʦʛʦ ʙʣʦʢʘ. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʠ ʩʘʤʦʟʘʧʫʩʢ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʦʡ ʩʝʢʮʠʠ 
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ʨʘʙʦʪʘʶʱʝʛʦ ʙʣʦʢʘ ʦʪ ʇʈʊ, ʟʘʛʨʫʞʝʥʥʦʛʦ, ʢʨʦʤʝ ʪʦʛʦ, ʧʫʩʢʦʤ ʜʨʫʛʦʛʦ ʙʣʦʢʘ 

(ʥʘʛʨʫʟʢʘ ʧʫʩʢʦʚʘʷ ʩʦʩʪʘʚʣʷʝʪ 50 % ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʙʣʦʢʘ). 

ɺ ʩʭʝʤʘʭ, ʛʜʝ ʧʫʩʢ ʠ ʦʩʪʘʥʦʚ ʙʣʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʦʪ ʨʘʙʦʯʠʭ ʊʉʅ, 

ʤʦʱʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʩʘʤʦʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʝʡ ʚ 

ʥʘʠʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʦʡ ʩʝʢʮʠʠ ʨʘʙʦʪʘʶʱʝʛʦ ʙʣʦʢʘ ʯʝʨʝʟ ʪʫ ʮʝʧʴ ʧʠʪʘʥʠʷ 

(ʨʘʙʦʯʝʛʦ ʠʣʠ ʨʝʟʝʨʚʥʦʛʦ), ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʚʳʰʝ. 

ɺʨʝʤʷ ʧʝʨʝʨʳʚʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤ [7]; 0,7 ʩ 

ï ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʮʝʧʠ ʨʘʙʦʯʝʛʦ ʧʠʪʘʥʠʷ ʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʥʦʡ ʟʘʱʠʪʳ; 1,5 ʩ ï 

ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʮʝʧʠ ʨʘʙʦʯʝʛʦ ʧʠʪʘʥʠʷ ʜʝʡʩʪʚʠʝʤ ʨʝʟʝʨʚʥʦʡ ʟʘʱʠʪʳ; 2,0 ʩ ï 

ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʨʘʙʦʯʝʛʦ ʊʉʅ ʜʝʡʩʪʚʠʝʤ ʨʝʟʝʨʚʥʦʡ ʟʘʱʠʪʳ ʥʘ ʩʪʦʨʦʥʝ 

ʚʳʩʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʠʙʣʠʞʝʥʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʫʯʝʙʥʳʭ ʧʨʦʝʢʪʘʭ, ʫʩʧʝʰʥʦʩʪʴ ʩʘʤʦʟʘʧʫʩʢʘ 

ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʥʘʯʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʟʘʞʠʤʘʭ ʜʚʠʛʘʪʝʣʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʩʘʤʦʟʘʧʫʩʢʝ: 
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ʛʜʝ *E  ï ʕɼʉ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ; *ʮ.ʧ.x  ï ʩʫʤʤʘʨʥʦʝ ʠʥʜʫʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ ʧʠʪʘʥʠʷ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ 

ʜʚʠʛʘʪʝʣʝʡ); 1/ ( )
*ʜ.ʵʢʚ. *ʧʫʩʢfx I K= Ö  ï ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʛʨʫʧʧʳ ʧʫʩʢʘʶʱʠʭʩʷ ʜʚʠʛʘʪʝʣʝʡ; 
fK  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʥʠʞʝʥʠʝ 

ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʧ.ʧ.t  (ʨʠʩ. 1) ʜʚʠʛʘʪʝʣʠ ʥʝ ʫʩʧʝʣʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʪʦʨʤʦʟʠʪʴʩʷ. 

ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʫʩʣʦʚʠʶ ʩʦʭʨʘʥʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʩʘʤʦʟʘʧʫʩʢʝ ʦʪ ʨʘʩʯʝʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʠʩ. 

2 ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. ʅʘ ʨʠʩ. 2, UA.j. ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ 

ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; Aj ï ʟʥʘʯʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝ 

ʥʘʨʫʰʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʨʘʙʦʪʘ ʘʛʨʝʛʘʪʘ ʚ ʮʝʣʦʤ, ʦʪʥ.ʝʜ. 

ɽʩʣʠ  ʪʦ ʩʘʤʦʟʘʧʫʩʢ ʧʨʦʭʦʜʠʪ ʫʩʧʝʰʥʦ; ʧʨʠ  

ʧʨʠʥʠʤʘʶʪ  ʜʣʷ ʊʕʉ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ,  ʜʣʷ ʊʕʉ ʩʨʝʜʥʝʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʚʩʝʭ ʜʚʠʛʘʪʝʣʝʡ 0,4 ʢɺ. ʇʨʠʤʝʨ ʧʨʦʚʝʨʢʠ ʩʘʤʦʟʘʧʫʩʢʘ ʥʘʛʨʫʟʢʠ 

ʩʝʢʮʠʠ ʉʅ ɸʕʉ ʧʨʠʚʦʜʠʪʩʷ ʚ ʨʘʙʦʪʝ [3]. 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʩʘʤʦʟʘʧʫʩʢʘ ʚʩʝʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʛʣʫʙʦʢʠʭ 

ʩʥʠʞʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʢʣʶʯʘʶʪʩʷ ʟʘʱʠʪʦʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʝʨʚʘʷ 

ʩʪʫʧʝʥʴ ʵʪʦʡ ʟʘʱʠʪʳ ʩʨʘʙʘʪʳʚʘʝʪ ʧʨʠ  ʩ ʚʳʜʝʨʞʢʦʡ  

ɺʪʦʨʘʷ ʩʪʫʧʝʥʴ ʩʨʘʙʘʪʳʚʘʝʪ ʧʨʠ ʯʝʨʝʟ  ʧʦʩʣʝ ʧʝʨʚʦʡ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʚʘʨʠʡʥʳʡ ʦʩʪʘʥʦʚ ʙʣʦʢʘ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘʪʴ ʩ ʪʘʢʠʤ ʛʣʫʙʦʢʠʤ ʠ 

ʜʣʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʤʝʭʘʥʠʟʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʥʝ ʤʦʛʫʪ. 

 

 

*0 ,*ʜʦʧU U> 6ʢɺʥʦʤU =

0,6*ʜʦʧU = 0,55*ʜʦʧU =

(0,65 0,7) ʥʦʤU· 0,5 1ʩ.t= ·

0,5 ʥʦʤU 9ʩt=
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ʈʠʩ. 1 ï ʂʦʵʬʬʠʮʠʝʥʪ 

ʫʤʝʥʴʰʝʥʠʷ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʧʨʠ 

ʩʘʤʦʟʘʧʫʩʢʝ ʢ ʧʫʩʢʦʚʦʤʫ ʪʦʢʫ 

ʟʘʪʦʨʤʦʞʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ: 1 ï ʜʣʷ 

ʊʕʉ;  

2 ï ʜʣʷ ɸʕʉ ʩ ʈɹʄʂ; 3 ï ʜʣʷ ɸʕʉ 

ʩ ɺɺʕʈ 

ʈʠʩ. 2 ï ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʫʩʣʦʚʠʶ 

ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʩʘʤʦʟʘʧʫʩʢʝ ʦʪ 

ʨʘʩʯʝʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

 

ʉʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʨʠ 0,5ʩʧ.ʧ.t >  ʧʝʨʝʭʦʜʷʪ ʚ ʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ, 

ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʫʝʪ ʠʭ ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʬʦʨʩʠʨʦʚʢʦʡ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʉʘʤʦʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʝʡ ʤʝʭʘʥʠʟʤʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʦʪ ʨʘʙʦʯʠʭ ʠ 

ʨʝʟʝʨʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʥʘ ʊʕʉ, ʪʘʢ ʠ ʥʘ ɸʕʉ. ʇʫʩʢ ʠ 

ʩʘʤʦʟʘʧʫʩʢ ʤʝʭʘʥʠʟʤʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʘʚʘʨʠʡʥʦʛʦ ʨʘʩʭʦʣʘʞʠʚʘʥʠʷ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʘʚʘʨʠʡ ʥʘ ɸʕʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʘʚʘʨʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʤʦʱʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ɸʕʉ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʦʚʤʝʩʪʥʳʡ ʚʳʙʝʛ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ (ʦʩʥʦʚʥʳʭ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ) ʩ 

ʤʝʭʘʥʠʟʤʘʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ (ɻʎʅ) ʜʣʷ ʩʥʷʪʠʷ ʦʩʪʘʪʦʯʥʳʭ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ. 

ʈʘʩʯʝʪʳ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʚʳʙʝʛʝ, ʩʘʤʦʟʘʧʫʩʢʝ ʠ ʧʫʩʢʝ 

ʤʥʦʛʦʤʘʰʠʥʥʳʭ ʩʠʩʪʝʤ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʕɺʄ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ 

ʇʘʨʢʘ-ɻʦʨʝʚʘ ʜʣʷ ʩʠʥʭʨʦʥʥʳʭ ʠ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ, ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʧʷʭ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʠ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʦʤʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ [3,5]. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʧʦʢʘ ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʝʢʮʠʷʭ ʨʘʙʦʯʝʛʦ 

ʊʉʅ ʧʨʝʚʳʰʘʝʪ 30 35% ʥʦʤU- , ʚʳʙʝʛ ʜʚʠʛʘʪʝʣʝʡ ʠʜʝʪ ʩʦʚʤʝʩʪʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʨʘʟʣʠʯʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ ʧʨʦʮʝʩʩʘ ʠ ʦʪʩʫʪʩʪʚʠʠ ʧʠʪʘʥʠʷ ʥʘʯʠʥʘʝʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʚʳʙʝʛ ʤʝʭʘʥʠʟʤʦʚ. ɺʳʙʝʛ ʧʨʠ ʧʝʨʝʨʳʚʝ ʧʠʪʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ. ʇʨʠ ʧʝʨʝʨʳʚʝ 

ʧʠʪʘʥʠʷ ʯʘʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʳʩʦʢʦʠʥʝʨʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʤʘʣʦʠʥʝʨʮʠʦʥʥʳʭ. ɺʦ ʚʨʝʤʷ 
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ʩʘʤʦʟʘʧʫʩʢʘ, ʝʩʣʠ ʦʥ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʫʩʧʝʰʥʦ, ʥʘʧʨʷʞʝʥʠʝ ʚʥʘʯʘʣʝ ʩʥʠʞʘʝʪʩʷ ʜʦ 

(0,7 0,6) ʥʦʤU· , ʘ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʯʘʩʪʠ ʜʚʠʛʘʪʝʣʝʡ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 0,85 ʥʦʤU  ʠ 

ʦʩʪʘʝʪʩʷ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ, ʧʦʢʘ ʥʝ ʟʘʧʫʩʪʷʪʩʷ ʩʘʤʳʝ ʤʦʱʥʳʝ ʤʝʭʘʥʠʟʤʳ 

(ʥʘʧʨʠʤʝʨ, ɻʎʅ ʥʘ ɸʕʉ). ʇʦʜʘʯʘ ʥʘʩʦʩʦʚ ʧʨʠ ʩʘʤʦʟʘʧʫʩʢʝ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,75-

0,8 ʥʦʤʠʥʘʣʴʥʦʡ. 

ɺ ʛʣʘʚʥʦʤ ʮʠʨʢʫʣʷʮʠʦʥʥʦʤ ʢʦʥʪʫʨʝ ɸʕʉ, ʚ ʢʦʥʪʫʨʝ ʧʠʪʘʪʝʣʴʥʦʡ ʠ 

ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʪʫʨʙʦʥʘʩʦʩʦʚ, ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʠ 

ʩʠʥʭʨʦʥʥʳʝ, ʠ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʞʠʤʳ 

ʩʘʤʦʟʘʧʫʩʢʘ c ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʨʝʞʠʤʳ ʧʨʷʤʦʛʦ 

ʧʫʩʢʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʘʩʠʥʭʨʦʥʥʳʭ ʠ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ [3,5]. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩʠʣʴʥʦ ʟʘʛʨʫʞʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʥʝʫʩʧʝʰʥʦʡ ʠʟ-ʟʘ ʥʝʫʜʘʯʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʚ ʤʦʤʝʥʪ 

ʚʢʣʁʯʝʥʠʷ ʘʚʪʦʤʘʪʘ ʛʘʰʝʥʠʷ ʧʦʣʷ (ɸɻʇ) ʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʚʪʦʨʥʦʝ ʛʘʰʝʥʠʝ ʧʦʣʷ, ʨʘʟʛʨʫʟʢʘ ʤʝʭʘʥʠʟʤʘ, ʝʩʣʠ 

ʵʪʦ ʚʦʟʤʦʞʥʦ, ʠ ʥʦʚʘʷ ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʬʦʨʩʠʨʦʚʢʦʡ ʚʦʟʙʫʞʜʝʥʠʷ. 

ɺʳʙʝʛ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʥʘʯʘʣʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʙʦʪʦʡ ʠʭ ʚ 

ʛʝʥʝʨʘʪʦʨʥʦʤ ʨʝʞʠʤʝ ʥʘ ʩʠʥʭʨʦʥʥʫʶ ʥʘʛʨʫʟʢʫ; ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ɸɻʇ 

(ʦʪʢʣʶʯʝʥʠʷ) ʚʳʙʝʛ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʜʚʠʛʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ. ʇʨʠ 

ʵʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʨʫʧʧʦʚʦʛʦ ʚʳʙʝʛʘ ʠ ʩʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʩʝʢʮʠʷʭ ʉʅ ʧʨʘʢʪʠʯʝʩʢʠ ʪʝ ʞʝ, ʯʪʦ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʠʭ ʜʚʠʛʘʪʝʣʝʡ. 

ɺʦ ʚʨʝʤʷ ʩʘʤʦʟʘʧʫʩʢʘ ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʦʢʘʟʳʚʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʣʫʯʰʠʝ ʧʫʩʢʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ. ɺʨʝʤʷ ʨʘʟʛʦʥʘ ʠʭ ʜʦ ʧʦʜʩʠʥʭʨʦʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʨʘʟʛʦʥʘ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ɺʢʣʶʯʝʥʠʝ ɸɻʇ 

ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʜʩʠʥʭʨʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʥʠʤʘʝʪ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʝʢʮʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʩʘʤʦʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʝʡ. 

ɺ ʨʘʙʦʪʝ [5] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʞʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʘʭ ʧʫʩʢʘ ʥʘʛʨʫʟʢʠ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ. ʇʨʠ 

ʩʪʫʧʝʥʯʘʪʦʤ (ʚ ʜʚʝ-ʪʨʠ ʦʯʝʨʝʜʠ) ʚʢʣʶʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʜʦʚʦʣʴʥʦ 

ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʘ ʠ ʚʨʘʱʘʶʱʠʭ ʤʦʤʝʥʪʦʚ. ʆʙʣʝʛʯʝʥʠʝ 

ʫʩʣʦʚʠʡ ʧʫʩʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚʚʝʜʝʥʠʝʤ 

ʟʘʧʘʩʘ ʧʦ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʬʦʨʩʠʨʦʚʢʦʡ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ 

ʤʘʰʠʥ. ʉʫʱʝʩʪʚʝʥʥʦ ʞʝ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʧʫʩʢʘ ʤʦʞʥʦ ʣʠʰʴ ʩ ʧʦʤʦʱʴʶ 

ʯʘʩʪʦʪʥʦʛʦ ʤʝʪʦʜʘ ʟʘʧʫʩʢʘ ʤʝʭʘʥʠʟʤʦʚ ʦʪ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʫʩʢʘ ʦʩʪʘʣʴʥʳʭ. ɺ ʨʘʙʦʪʘʭ [3,5] ʦʧʠʩʳʚʘʝʪʩʷ 

ʧʨʦʛʨʘʤʤʘ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʘ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ ʩ ʜʝʡʩʪʚʠʝʤ ɸɺʈ ʠ 

ʬʦʨʩʠʨʦʚʢʦʡ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ. ʆʙʱʝʝ ʚʨʝʤʷ ʯʘʩʪʦʪʥʦʛʦ 

ʧʫʩʢʘ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 % ʧʨʝʚʳʰʘʝʪ ʚʨʝʤʷ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʚʭʦʣʦʩʪʫʶ, a ʩʘʤ 

ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʠ ʧʣʘʚʥʳʤ. 

ʇʨʦʚʝʨʢʘ ʤʦʱʥʦʩʪʠ ʈʊʉʅ, ʚʳʙʨʘʥʥʦʡ ʨʘʚʥʦʡ ʤʦʱʥʦʩʪʠ ʊʉʅ, ʠ ʩʧʦʩʦʙʦʚ 

ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ ʉʅ 6 ʢɺ ʩ ʫʯʝʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʤʦʟʘʧʫʩʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʇʘʨʢʘ-

ɻʦʨʝʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ [5]. 

ʂʘʨʜʠʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʩʘʤʦʟʘʧʫʩʢʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 
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ʥʘʧʨʷʞʝʥʠʡ 10 ʠ 0,66 ʢɺ ʚʤʝʩʪʦ 6 ʠ 0,4 ʢɺ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʣʠʥʘʭ 

ʰʠʥʦʧʨʦʚʦʜʦʚ (ʙʦʣʝʝ 300 ʤ) ʣʫʯʰʝ ʧʝʨʝʡʪʠ ʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʝ 

ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʝʯʝʥʠʷ [3]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚ ʩʠʩʪʝʤʘʭ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ ʚ ʥʘʟʚʘʥʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʧʨʦʚʝʨʷʝʪʩʷ 

ʜʦʧʫʩʪʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʚʝʣʠʯʠʥʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʪʦʢʦʚ ʠ ʤʦʤʝʥʪʦʚ, ʫʪʦʯʥʷʶʪʩʷ ʫʩʪʘʚʢʠ ʩʨʝʜʩʪʚ 

ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʠ ʩʭʝʤʘʭ ʠʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʆʧʪʠʤʠʟʘʮʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ 

ʩʠʩʪʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʢʘʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʨʷʜʘ ʚʘʞʥʝʡʰʠʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʝʡ ʩʠʩʪʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ ʧʨʦʚʦʜʠʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʫʜʦʙʥʳʤ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʕɺʄ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʥʘ ʕɺʄ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʨʘʩʪʫʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʘʢʪʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʘʣʘʜʢʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʱʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʜʩʪʘʥʮʠʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʯʝʪʦʚ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʚʳʰʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʯʝʪʦʚ ʪʨʝʙʫʶʪ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ. 
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ʇɽʈʉʇɽʂʊʀɺɸ ʈɸɿɺʀʊʀʗ ʊɽʍʅʆʃʆɻʀʁ ɼʀɸɻʅʆʉʊʀʂʀ 

ɺʓʉʆʂʆɺʆʃʔʊʅʆɻʆ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ 

ʆɹʆʈʋɼʆɺɸʅʀʗ 

ʗ.ɺ. ʄʠʨʦʥʝʥʢʦ  

ɸʆ çʈʕʉ ɻʨʫʧʧè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʦʪʨʝʙʥʦʩʪʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʮʝʥʠʚʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʜʭʦʜ ʢ ʝʛʦ ʨʝʤʦʥʪʫ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʦʨʤʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʠʤʦʩʪʠ ʥʝʩʢʦʣʴʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢ 

ʘʢʪʫʘʣʴʥʳʤ ʮʝʣʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦ ʪʘʢʠʤ ʢʣʶʯʝʚʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʢʘʢ 

ʥʘʜʝʞʥʦʩʪʴ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ 

ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʯʘʣʘ ʤʘʩʩʦʚʦʛʦ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʧʝʨʩʧʝʢʪʠʚʘʭ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʘʛʥʦʩʪʠʢʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, 

ʭʨʦʤʦʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʘʩʣʘ, ʤʦʥʠʪʦʨʠʥʛ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ. 
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DEVELOPME NT PROSPECT OF HIGH VOLTAGE EQUIPMENTôS 

DIAGNOSTIC  

Ya.V. Mironenko 

JSC "RES Group" 
Annotation. In this work, there is an analysis of the needs of the electric power industry of 

the Russian Federation for high-quality diagnostics of high-voltage equipment and an assessment of 

the equipment parkôs technical condition and current approach to its repair. After that, some 

diagnostic technologies are chosen for formal analysis of this methodsô applicability to the current 

goals of modern diagnostics in terms of such key features like reliability, information content, and 

the possibility of automation. In custody, a conclusion is made about the possibility of starting the 

automated diagnostic systems' mass introduction and the prospects for their improvement. 

Keywords: high voltage equipmentôs diagnostic, expert systems, chromatographic analysis, 

partial discharges. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʘʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʢʣʶʯʝʚʳʤʠ ʤʦʤʝʥʪʘʤʠ: 

¶ ʜʦʣʷ ʚʳʨʘʙʦʪʘʚʰʝʛʦ ʩʚʦʡ ʨʝʩʫʨʩ (ʠʣʠ ʙʣʠʟʢʦʛʦ ʢ ʵʪʦʤʫ) ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʦʪʨʘʩʣʠ ʧʨʝʚʳʰʘʝʪ, ʧʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ, ʦʪ 40 ʜʦ 70 % ʦʪ ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʘʨʢʘ; 

¶ ʧʦʚʩʝʤʝʩʪʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʣʠʪʠʢʘ ʧʝʨʝʭʦʜʘ ʦʪ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʢ ʨʝʤʦʥʪʘʤ ʧʦ ʩʦʩʪʦʷʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʟʘʢʨʝʧʣʸʥʥʘʷ ʨʘʟʣʠʯʥʳʤʠ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʠ ʚʝʜʦʤʩʪʚʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ; 

¶ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʵʥʝʨʛʝʪʠʢʝ ʠ ʧʦʩʪʨʦʝʥʠʝ smart grid ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʤʘʩʩʦʚʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2018 ʛʦʜ ʚ ʥʝʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʩʝʪʝʚʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʥʘʙʣʶʜʘʝʪʩ ̫ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʤʦʱʥʳʭ (ʩʚʳʰʝ 80 ʄɺɸ) 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʝʞʝʛʦʜʥʦ ʚʳʭʦʜʷʱʠʭ ʟʘ ʧʨʝʜʝʣʴʥʳʝ ʩʨʦʢʠ ʩʣʫʞʙʳ, 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ, ʚʚʦʜʠʤʳʭ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ [2]. ʇʨʠ ʵʪʦʤ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 110 ʢɺ ʩʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʙʦʣʴʰʝ 25 ʣʝʪ ʚ ʩʨʝʜʥʝʤ ʧʦ ʦʪʨʘʩʣʠ ʥʘ 

2013 ʛʦʜ ʩʦʩʪʘʚʣʷʣʦ 40 % [1]. ɼʦʣʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʠʨʫʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʙʦʣʝʝ 25 ʣʝʪ, ʩʦʩʪʘʚʠʣʘ ʚ 2017 ʛʦʜʫ 67,6 %, ʧʨʠ 

ʵʪʦʤ ʜʦʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʙʦʣʝʝ 39 ʣʝʪ, ï 45,9% [4].    

ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʪʝʤʧʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʘʜʘʶʪ, ʘ ʧʨʦʮʝʥʪ ʚʳʨʘʙʦʪʘʚʰʝʛʦ 

ʨʝʩʫʨʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ ʪʝʤʧʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʥʘʜʝʞʥʦʩʪʴ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʤʦʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʨʝʛʫʣʷʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʘʨʢʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ [1].  

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚʦʟʥʠʢʘʣʘ ʧʦʣʠʪʠʢʘ ʧʝʨʝʭʦʜʘ ʦʪ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʢ ʠʭ ʧʨʦʚʝʜʝʥʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ. ʇʦʜʦʙʥʘʷ ʢʦʥʮʝʧʮʠʷ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʘʢ ʨʝʤʦʥʪʦʚ, ʪʘʢ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙ  r

ʚʳʷʚʠʪʴ ʜʝʬʝʢʪ ʜʦ ʝʛʦ ʬʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ.   

ʊʘʢ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʘʚʘʨʠʡ ʚ ʵʣʝʢʪʨʦʭʦʟʷʡʩʪʚʝ ʇɸʆ ʈʦʩʩʝʪʠ 

(ʨʠʩ. 1) ʚ 2013-2015 ʛʦʜʫ ʙʳʣ ʧʨʦʙʦʡ ʠʟʦʣʷʮʠʠ [3], ʢʦʪʦʨʳʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 
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ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥ ʚ ʨʘʤʢʘʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʜʦ 

ʧʝʨʝʭʦʜʘ ʚ ʢʨʠʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ.  

 

 

ʈʠʩ.1 - ɼʘʥʥʳʝ ʦ ʧʨʠʯʠʥʘʭ ʘʚʘʨʠʡ ʥʘ  ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ  

ʭʦʟʷʡʩʪʚʘ ʚ ʧʨʦʮʝʥʪʘʭ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʟʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢ ʨʝʛʠʩʪʨʘʮʠʠ/ʠʟʤʝʨʝʥʠʷʤ, ʘ ʠʭ ʥʦʨʤʠʨʦʚʘʥʠʝʤ 

ʟʘʥʠʤʘʶʪʩʷ ʧʨʦʬʠʣʴʥʳʝ ʠʥʩʪʠʪʫʪʳ ʤʥʦʞʝʩʪʚʘ ʩʪʨʘʥ. ʄʥʦʛʦʦʙʨʘʟʠʝ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʠʚʝʣʠ ʢ 

ʨʝʚʦʣʶʮʠʦʥʥʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʩʢʘʯʢʫ ʚ ʦʪʨʘʩʣʠ ʠ  ʤʘʩʩʦʚʦʤʫ ʚʥʝʜʨʝʥʠʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ.  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʨʝʜʠʢʘʪʠʚʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʦ ʚʪʦʨʫʶ - ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʵʪʦʤ ʨʝʰʝʥʠʝ ʧʝʨʚʦʡ ʧʨʦʙʣʝʤʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʝʰʝʥʠʷ ʚʪʦʨʦʡ.  

ɼʠʘʛʥʦʩʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʥʦʩʠʪ ʵʢʩʧʝʨʪʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʳʚʦʜ ʦ 

ʩʦʩʪʦʷʥʠʠ ʢʦʥʢʨʝʪʥʦʡ ʝʜʠʥʠʮʳ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʙʠʥʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʥʠʚʝʨʩʘʣʴʥʳʡ 

ʧʦʜʭʦʜ ʥʝ ʟʘʢʨʝʧʣʝʥ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʠʢʘʢʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ 

ʠ ʚʳʙʠʨʘʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤ ʵʢʩʧʝʨʪʦʤ. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ 

ʪʘʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʚʦʜ ʤʦʞʝʪ ʜʝʣʘʪʴ ʵʢʩʧʝʨʪʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ.  

ʈʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ  ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ 

ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʙʘʟʝ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʠʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [6]. ʅʦ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʩʪʨʦʝʥʠʝ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʭ ʦʙʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʤʠ 

ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʰʝʜʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʳʷʚʣʝʥʥʳʤʠ 

ʜʝʬʝʢʪʘʤʠ. ʅʘʧʦʣʥʝʥʠʝ ʪʘʢʦʡ ʙʘʟʳ ʚʨʫʯʥʫʶ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 
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ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʥʝʜʨʝʥʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʤ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʳʭʦʜʦʤ ʠʟ ʟʘʤʢʥʫʪʦʛʦ ʢʨʫʛʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝʰʝʚʳʭ, ʘ ʩ ʜʨʫʛʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣʠ ʙ  r

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʤʝʪʦʜʳ.  

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʪʘʢʦʡ ʮʝʣʠ ʷʚʣʷʶʪʩʷ ʪʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʫʞʝ ʩʝʡʯʘʩ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʭʦʪʷ ʙ  r ʜʚʝ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ: ʧʨʦʩʪʦʪʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ, 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʤ ʤʘʩʣʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʥʬʦʨʤʘʪʠʚʥʳʭ [5], ʥʦ ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ ʥʘʠʤʝʥʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺʳʩʦʢʘʷ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʟʘ ʜʦʣʛʠʝ ʛʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ ʩʨʘʚʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʠ ʧʦʨʦʛʘ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʠʟʢʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʦʞʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʭʨʦʤʘʪʦʛʨʘʬʳ ʠ ʜʘʪʯʠʢʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ, ʩʧʦʩʦʙʥʳʝ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ-

ʣʘʙʦʨʘʥʪʘ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʜʝʰʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʢʘ ʥʝʪ, ʥʦ ʠʭ ʧʦʷʚʣʝʥʠʝ ʩʧʦʩʦʙʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʧʦʜʭʦʜʳ ʢ 

ʜʠʘʛʥʦʩʪʠʢʝ ʤʘʩʣʦʥʘʧʦʣʥʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.     

ɼʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʤ on-line ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʠʟʦʣʷʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɿʘ ʩʯʝʪ ʘʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʉʋ ʊʇ ʠ ʪʝʣʝʤʝʭʘʥʠʢʠ, ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʥʘ ʫʨʦʚʥʝ ʠʟʤʝʨʝʥʠʡ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʙʥʘʨʫʞʠʪʴ ʜʝʬʝʢʪʳ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʙʤʦʪʢʠ. ɺʳʷʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʥʘʨʫʰʝʥʠʝ ʬʦʨʤʳ ʦʙʤʦʪʢʠ, ʪ.ʝ. ʚʠʪʢʦʚʳʝ ʜʝʬʝʢʪʳ. ɿʘʤʝʨʳ 

ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʧʦʜʘʯʝ ʚʥʝʰʥʝʛʦ 

ʠʤʧʫʣʴʩʘ (ʜʣʷ on-line ʜʠʘʛʥʦʩʪʠʢʠ ʪʘʢʠʤ ʠʤʧʫʣʴʩʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʤʫʪʘʮʠʦʥʥʳʡ 

ʠʣʠ ʛʨʦʟʦʚʦʡ ʠʤʧʫʣʴʩ, ʠʣʠ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ). ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʯʘʩʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ - ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [5], ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʤʝʪʦʜʘ.  

ɼʣʷ ʙʳʩʪʨʦʡ ʠ ʜʝʰʝʚʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʫʞʝ 

ʩʝʡʯʘʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ (ʏʈ).  ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʜʝʰʝʚʳʤ, ʘ ʩ ʜʨʫʛʦʡ - 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʨʷʜʫ ʩ 

ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [5]. ʅʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʧʨʦʙʣʝʤʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʏʈ ʪʘʢʞʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʦʞʥʦʩʪʠ 



 

134 

 

ʵʢʩʧʝʨʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʝʛʠʩʪʨʘʪʦʨʘʤʠ [7]. ʇʨʦʙʣʝʤʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʠʟʤʝʨʷʝʤʦʛʦ ʥʘ 

ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʜʘʥʥʳʝ ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʟʚʦʣʠʣʠ ʙ  rʩ ʙʦʣʴʰʦʡ 

ʜʦʣʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʛʦʚʦʨʠʪʴ ʦ ʜʠʥʘʤʠʢʝ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʢʨʠʪʝʨʠʝʤ ʤʦʞʝʪ ʩʪʘʪ ɹ ʪʨʝʥʜ ʘʢʪʠʚʥʦʩʪʠ ʏʈ ʚ ʠʟʦʣʷʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ. ʅʘʣʠʯʠʝ ʚʨʝʤʝʥʥʦʛʦ 

ʪʨʝʥʜʘ ʚ ʠʟʤʝʨʝʥʠʠ ʪʘʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʏʈ, ʢʘʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʏʈ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʏʈ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʟʥʘʯʥʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʧʨʦʙʣʝʤ ʚ 

ʠʟʦʣʷʮʠʠ [5]. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʏʈ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʥʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ï ʸʤʢʦʩʪʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʜʘʪʯʠʢʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʚʚʦʜ / ʢʦʥʜʝʥʩʘʪʦʨʳ ʩʚʷʟʠ ʠ 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʜʠʘʧʘʟʦʥʝ HF [5]. ʂʦʥʝʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʩʦʙʦʡ ʘʥʘʣʦʛ ʩʯʝʪʯʠʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʜʦʙʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ 

ʧʨʦʩʪʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʝʛʦ ʚʩʪʨʦʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

(ʇʆ) ʥʝ ʤʝʥʝʝ ʧʨʦʩʪʳʤ ʘʣʛʦʨʠʪʤʦʤ ʨʘʙʦʪʳ. ʇʨʠʤʝʨʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ 

ʪʘʢʦʛʦ ʇʆ ʥʘ ʙʘʟʝ ʘʥʘʣʠʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ (ʧʘʨʘʤʝʪʨ PDI) 

ʧʦ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.  

ʊʨʝʥʜ ʨʘʟʚʠʪʠʷ ʏʈ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʜʸʞʥʳʭ  

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʥʝ ʣʠʰʸʥ ʨʷʜʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ.  

ɺʦ-ʧʝʨʚʳʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʪʘʮʠʦʥʘʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʪ ʚ 

ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʬʦʨʤʠʨʦʚʘʪʴ ʧʘʢʝʪ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʪʨʝʥʜʘ ʨʘʟʚʠʪʠʷ ʏʈ, 

ʭʨʘʥʝʥʠʝ ʠ ʢʦʥʝʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʫʩʪʨʦʡʩʪʚʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪ ʝʛʦ ʩʪʦʠʤʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʝʨʝʜʘʯʘ ʘʨʭʠʚʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ.  

ɺʦ-ʚʪʦʨʳʭ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ 

ʧʨʦʩʪʝʡʰʠʝ ʘʣʛʦʨʠʪʤʳ ʦʪʩʪʨʦʡʢʠ ʦʪ ʧʦʤʝʭ.  

ɺ-ʪʨʝʪʴʠʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʘʚʠʣ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʝʥʜʦʤ ʨʘʟʚʠʪʠʷ ʏʈ, ʥʘ ʵʪʘʧʝ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʙʘʟʫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʠ ʠʟʙʝʞʘʪʴ 

ʢʘʢ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, ʪʘʢ ʠ ʟʘʛʣʫʰʝʥʥʳʭ ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ [8].  

ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʫʞʝ ʩʝʡʯʘʩ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʭʚʘʪʘ 

ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʣʴʥʝʡʰʝʝ ʞʝ ʨʘʟʚʠʪʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʦʣʫʯʝʥʥʦʡ ʚ ʭʦʜʝ ʤʘʩʩʦʚʦʛʦ ʚʥʝʜʨʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠʥʬʦʨʤʘʮʠʠ. 
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ʈʠʩ. 2 - ʋʧʨʦʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʘʥʘʣʠʟʠʨʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ 
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ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ 

ʅɸʅʆʇʆʈʀʉʊʆɻʆ ʋɻʃɽʈʆɼʅʆɻʆ ʄɸʊɽʈʀɸʃɸ 

ɸ.ɸ. ʇʦʧʦʚʘ, ʀ.ʅ. ʐʫʙʠʥ, ʈ.ʕ. ɸʣʠʝʚ 

ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʦʙʟʦʨ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʛʘʟʦʚʳʭ ʩʨʝʜ ʤʘʪʝʨʠʘʣʦʚ - ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ, ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦ- ʠ 

ʤʝʟʦʧʦʨ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠ 

ʜʦʩʪʠʞʠʤʦʩʪʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʥʦʧʨʦʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʧʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʫʛʣʝʨʦʜʥʳʡ ʥʘʥʦʤʘʪʝʨʠʘʣ, 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʣʝʨʦʜ, ʩʦʨʙʝʥʪ, ʢʘʨʙʦʥʠʟʘʮʠʷ, ʘʢʪʠʚʘʮʠʷ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʧʦʨʠʩʪʦʩʪʴ, ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʘʢʢʫʤʫʣʷʮʠʷ ʛʘʟʦʚʳʭ ʩʨʝʜ. 
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Abstract. The article provides an overview of the level of development of the most promising 

materials for safe transportation and accumulation of gaseous media - synthesized carbon sorbents, 

with a high specific surface area and a developed system of micro- and mesopores. The results of 

the study are given, which show the possibility and attainability of the tasks set for the development 

of carbon nanosimple material and the instrumental-technological process of its production. 

Keywords: nanoporous carbon material, carbon nanomaterial, activated carbon, sorbent, 

carbonization, activation, specific surface area, porosity, macroscopic structure, accumulation of 

gaseous media. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʘʢʪʠʚʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ 

ʪʦʧʣʠʚʘ, ʦʢʘʟʳʚʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ, ʢ ʢʦʪʦʨʳʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʥʦʩʷʪ 

ʨʘʟʣʠʯʥʳʝ ʛʘʟʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʝʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʙʣʘʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʫʞʘʶʪ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʝʟʦʧʘʩʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʭʨʘʥʝʥʠʝʤ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʦ-ʧʘʪʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ 

ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʤʠʢʨʦ- ʠ ʤʝʟʦʧʦʨʠʩʪʳʝ ʩʦʨʙʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʠʤʝʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʚʠʪʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʩʥʦʚʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ, ʚʳʜʝʣʝʥʠʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʩʨʝʜ [1]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚʳʜʝʣʷʶʪ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʟʦʧʦʨʳ ʩ ʚʳʩʦʢʠʤ 

ʫʜʝʣʴʥʳʤ ʦʙʲʝʤʦʤ ʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘʨʷʜʫ ʩ ʥʠʤʠ, ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʪʝʨʤʠʥ çʥʘʥʦʧʦʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣè, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʜʠʘʧʘʟʦʥʦʤ ʨʘʟʤʝʨʦʚ ʧʦʨ ʦʪ ʦʜʥʦʛʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʥʦʤʝʪʨʦʚ, ʯʪʦ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʜʠʘʧʘʟʦʥʦʤ ʤʝʟʦʧʦʨʠʩʪʦʩʪʠ [2]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʠ ʦʜʥʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ ʠʥʥʦʚʘʮʠʦʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʈʦʩʩʠʠ ʥʝ ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʙʘʟʳ ʟʥʘʥʠʡ ʦ ʩʪʨʫʢʪʫʨʝ, ʩʚʦʡʩʪʚʘʭ, 

ʤʝʪʦʜʘʭ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʣʘʩʪʷʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʶʪʩʷ ʠ ʦʙʥʦʚʣʷʶʪʩʷ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ 

ʫʯʝʥʳʭ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ ʪʦʚʘʨʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʢ ʢʦʪʦʨʳʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʥʦʩʷʪ 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ (ʋʅʄ), ʛʨʘʬʝʥ ʠ ʚʳʩʦʢʦʧʦʨʠʩʪʳʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ 

ʫʛʣʠ, ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: ʩʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʋʅʄ, ʢʘʢ ʥʦʚʦʛʦ 

ʚʠʜʘ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ [3-5].  

ʂʣʶʯʝʚʳʤ ʤʠʥʫʩʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʙʦʪ [6-8] ʷʚʣʷʝʪʩʷ ʠʭ 

ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʠʟʫʯʝʥʠʠ ʣʠʰʴ ʦʪʜʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʥʘʣʦʛʘʤ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʯʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ, ʧʦ ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ, ʩʣʘʙʦ ʧʦʜʢʨʝʧʣʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʆʜʥʘʢʦ ʙʝʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, 
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ʟʥʘʥʠʷ ʩʚʷʟʠ ʠʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʠʥʝʪʠʢʠ 

ʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ), ʘʧʧʘʨʘʪʫʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʦʣʥʦʮʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ [4-8]. 

ʎʝʣʴ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʘʥʦʧʦʨʠʩʪʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʤʝʶʱʝʛʦ ʚʳʩʦʢʠʝ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʫʜʝʣʴʥʳʡ 

ʦʙʲʝʤ ʤʠʢʨʦ- ʠ ʤʝʟʦʧʦʨ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʧʨʠʨʦʜʥʳʭ ʛʘʟʦʚ, 

ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʠʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

ʩʠʥʪʝʟʘ. 

ɺ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʝʞʠʪ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʘʨʙʦʥʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʠ ʙʫʜʝʪ ʧʦʣʫʯʝʥ 

ʥʘʥʦʧʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʯʝʪʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʫʶ 

ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʳʩʦʢʠʝ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʠ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʤʠʢʨʦ- ʠ ʤʝʟʦʧʦʨ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʋʅʄ ʚ 

ʧʦʣʫʯʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʝʟʜʝʬʝʢʪʥʘʷ ʥʘʥʦʧʦʨʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʙʫʜʫʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʩʦʩʪʘʚʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʨʝʞʠʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʣʠʷʶʱʠʤʠ ʥʘ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʠʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʟʘʜʘʯʝʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʨʘʙʦʪʘ ʥʘʜ ʥʝʡ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʵʪʘʧʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ - ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʧʦʨʠʩʪʦʩʪʠ, ʚʳʯʠʩʣʷʝʤʳʭ ʠʟ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʧʦ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʳʯʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʤʦʜʝʣʷʤ BET, BJH ʠ DFT, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʟʘʣʦʞʝʥʳ ʚ ʧʨʦʛʨʘʤʤʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʠʘʧʘʟʦʥʦʚ ʨʘʟʤʝʨʦʚ ʣʫʯʰʝ 

ʧʦʜʭʦʜʠʪ ʪʘ ʠʣʠ ʠʥʘʷ ʤʦʜʝʣʴ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦ 

ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ - ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʤʥʦʛʦʪʦʯʝʯʥʦʤʫ ʤʝʪʦʜʫ ɹʕʊ; 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʧʦʨ - ʧʦ ʤʝʪʦʜʫ DFT. 

ʇʨʦʚʝʜʝʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʳʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ 

(ʢʘʨʙʦʥʠʟʘʪʦʚ), ʘ ʪʘʢʞʝ ʦʪ ʨʝʞʠʤʦʚ ʘʢʪʠʚʘʮʠʠ (ʤʘʩʩʦʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʥʘʧʨʠʤʝʨ, ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʢ ʘʢʪʠʚʠʨʫʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʚʨʝʤʝʥʠ ʘʢʪʠʚʘʮʠʠ, ʨʝʞʠʤʘ ʛʘʟʦʦʙʤʝʥʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ).  

ɿʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʨʝʰʘʣʘʩʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [9-11], ʚʢʣʶʯʘʶʱʘʷ ʢʘʨʙʦʥʠʟʘʮʠʶ ʠʩʭʦʜʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʠ ʜʘʣʴʥʝʡʰʫʶ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʩʤʝʩʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʢʪʠʚʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʧʦʩʪ-

ʦʙʨʘʙʦʪʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ. ʄʘʪʝʨʠʘʣ ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʦʡ ʝʤʢʦʩʪʠ ʚ 

ʩʨʝʜʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʧʦʜʚʝʨʛʘʣʩʷ ʩʪʫʧʝʥʯʘʪʦʤʫ ʥʘʛʨʝʚʫ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ 400Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʘ ʯʘʩʦʚʘʷ ʚʳʜʝʨʞʢʘ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʟʘʪʝʤ 750Áʉ ʩ ʚʳʜʝʨʞʢʦʡ ʚ ʪʨʠ ʯʘʩʘ. ɿʘʪʝʤ ʤʘʪʝʨʠʘʣ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʭʦʜʠʣ ʥʝʩʢʦʣʴʢʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʪʘʜʠʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʧʨʦʤʳʚʘʣʩʷ ʠ ʚʳʩʫʰʠʚʘʣʩʷ. ʇʦʣʫʯʝʥʥʦʝ 

ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚʝʱʝʩʪʚʦ ʠʟʤʝʣʴʯʘʣʦʩʴ ʜʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʥʝ ʙʦʣʝʝ 0,2 

ʤʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ. ʇʨʠ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʧʦʣʫʯʝʥ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʣʝʨʦʜʥʳʡ 

ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʠʢʨʦ- 

ʠʣʠ ʤʝʟʦʧʦʨ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ.  

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʩʤʝʩʠ ʛʨʘʬʝʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʘʢʨʦʪʝʢʩʪʫʨʳ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ, 

ʤʝʟʦʧʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʪʦʥʢʠʤ ʩʣʦʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʤʝʟʦʧʦʨʳ ʩʪʘʥʦʚʷʪʩʷ ʣʝʛʢʦʜʦʩʪʫʧʥʳʤʠ. ʅʦ 

ʩʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʨʘʬʝʥʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʜʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʛʨʘʬʝʥ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʠ ʥʝ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʚ ʨʘʟʚʠʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʤʝʟʦʧʦʨʠʩʪʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ - ʚʪʦʨʦʡ 

ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʙʫʜʫʪ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʈʉɸ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ). ʈʉɸ ʧʦʟʚʦʣʠʪ 

ʚʳʷʚʠʪʴ ʥʘʨʫʰʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʝʛʦ 

ʢʘʨʙʦʥʠʟʘʮʠʠ ʠ ʘʢʪʠʚʘʮʠʠ, ʪ.ʝ. ʫʨʦʚʝʥʴ ʝʛʦ ʜʝʬʝʢʪʠʚʥʦʩʪʠ, ʘ ɼʊɸ - ʦʮʝʥʠʪʴ 

ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʥʘʛʨʝʚʝ 

ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ. ʕʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʧʘʨʘʤʝʪʨʳ ʩʠʥʪʝʟʘ ʠ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʫʯʝʥʠʶ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʠʭʦʜʠʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʤʠʢʨʦʧʦʨʳ, ʪʦ ʝʩʪʴ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʙʦʣʴʰʠʭ ʠʦʥʦʚ ʠ 

ʤʦʣʝʢʫʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʚʳʩʪʨʦʝʥ ʜʘʣʴʥʝʡʰʠʡ ʧʣʘʥ ʨʘʙʦʪʳ, ʘ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠ ʜʦʩʪʠʞʠʤʦʩʪʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʥʦʧʦʨʠʩʪʦʛʦ 
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ʤʘʪʝʨʠʘʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʨʙʝʥʪʘ. 
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ʋɼʂ 621.822 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʓʍ 

ʈʆʊʆʈʅʓʍ ʄɸʐʀʅ ʅɸ ɹɽʉʂʆʅʊɸʂʊʅʓʍ ʇʆɼʐʀʇʅʀʂɸʍ 

ɺ ʉʆɺʈɽʄɽʅʅʆʁ ʊɽʍʅʀʂɽ 

ɸ.ɺ. ʉʤʠʨʥʦʚ, ɸ.ɺ. ʂʦʩʤʳʥʠʥ, ɺ.ʉ. ʑʝʪʠʥʠʥ, ɸ.ʉ. ʍʚʦʩʪʠʢʦʚ 

ʂʦʤʩʦʤʦʣʴʩʢʠʡ-ʥʘ-ɸʤʫʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ʇʦʜʰʠʧʥʠʢʦʚʳʡ ʫʟʝʣ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʫʟʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʜʣʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ. ʇʦʢʘʟʘʪʝʣʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʨʘʙʦʪʫ 

ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ, ʷʚʣʷʶʪʩʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠ ʜʣʷ ʠʭ ʫʣʫʯʰʝʥʠʷ 

ʧʨʠʤʝʥʷʪʁʩʷ ʨʘʟʣʠʯʥʳʝ ʨʝʰʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʜʰʠʧʥʠʢʠ ʩ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ ʥʘ ʪʨʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʧʦʜʰʠʧʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʛʘʟʦʤʘʛʥʠʪʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʵʪʦʡ ʩʬʝʨʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʦʜʪʚʝʨʜʠʣʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʘʟʦʚʳʤʠ ʠʣʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʜʰʠʧʥʠʢʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʨʦʪʦʨʥʳʝ ʤʘʰʠʥʳ, ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʧʦʜʰʠʧʥʠʢ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ. 

 

EFFICIENCY OF USING HIGH -SPEED ROTARY MACHINES  

WITH NON -CONTACT BEARINGS IN MODERN TECHNOLOGY  

AV. Smirnov, A.V. Kosmynin, V.S. Schetinin, A. S. Khvostikov 

Komsomolsk-na-Amure State University 
Annotation. The bearing unit is one of the most important components that determine the 

efficiency and reliability of the work device. This is especially important for high-speed rotary 

machines. Indicators that characterize the operation of a bearing unit are its performance 

characteristics, and various solutions will be used to improve them. In particular, bearings with low 

friction losses are of interest for high-speed rotary systems. One of these bearings is a combined 

gas-magnetic bearing, which is a promising direction in this field. Studies of the performance 

characteristics of a gas-magnetic bearing have confirmed its effectiveness in comparison with gas or 

magnetic bearings. 

Keyword: high-speed rotary machines, non-contact bearing, performance characteristics, 

research. 

 

ɺʚʝʜʝʥʠʝ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʪʘʢ ʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ. 

ʇʦʤʠʤʦ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʫʯʠʪʳʚʘʪʴ ʠ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ 

ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʣʠ ʫʟʣʘ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʨʘʙʦʪʫ ʚʩʝʡ ʫʩʪʘʥʦʚʢʠ. ʆʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʫʟʣʦʚ ʪʘʢʠʭ ʘʛʨʝʛʘʪʦʚ, ʢʘʢ ʨʦʪʦʨʥʳʝ ʤʘʰʠʥʳ, ʷʚʣʷʝʪʩʷ 

ʧʦʜʰʠʧʥʠʢʦʚʳʡ ʫʟʝʣ. ʆʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʡ ʤʘʰʠʥʳ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʣʠʷʥʠʝ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʫʜʝʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ. ʂ 

ʪʦʤʫ ʞʝ, ʠ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ ʚʝʩʴʤʘ 

ʦʙʰʠʨʥʘ. ʕʪʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʦʙʨʘʙʘʪʳʚʘʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 
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ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ (ʚʢʣʶʯʘʷ ʟʫʙʥʫʶ ʪʝʭʥʠʢʫ), ʪʫʨʙʠʥʥʦʝ ʠ ʢʦʤʧʨʝʩʩʦʨʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ (ʚʢʣʶʯʘʷ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ ʠ ʪʫʨʙʦʜʝʪʘʥʜʝʨʳ), ʧʨʠʙʦʨʳ ʠ ʜʨ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʣʫʯʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʰʠʧʥʠʢʦʚʳʭ 

ʫʟʣʦʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʞʝ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʦʥʢʨʝʪʥʳʭ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ʪʠʧʦʚ ʧʦʜʰʠʧʥʠʢʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ 

ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʦʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʧʦʜʰʠʧʥʠʢʦʚ. ʆʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ʧʦʜʰʠʧʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʧʦʜʰʠʧʥʠʢʠ 

ʢʘʯʝʥʠʷ, ʩʢʦʣʴʞʝʥʠʷ ʞʠʜʢʦʩʪʥʳʝ, ʩʢʦʣʴʞʝʥʠʷ ʛʘʟʦʚʳʝ, ʤʘʛʥʠʪʥʳʝ ʠʣʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʦʜʰʠʧʥʠʢʠ. ɺʩʝ ʦʥʠ ʩʝʛʦʜʥʷ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʝʭʥʠʢʝ, ʠ ʜʣʷ ʥʠʭ ʝʩʪʴ ʫʩʪʦʷʚʰʠʝʩʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʜʰʠʧʥʠʢʠ ʩ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ ʥʘ ʪʨʝʥʠʝ ï 

ʛʘʟʦʚʳʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ. ʀ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝ 

ʙʦʣʴʰʝ ʨʘʩʰʠʨʷʝʪʩʷ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʦʧʦʨ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʥʝ ʧʨʦʩʪʦ ʚ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤʘʭ (ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ), ʥʦ ʠ ʚ ʨʦʪʦʨʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩ ʨʦʪʦʨʘʤʠ ʙʦʣʴʰʠʭ ʤʘʩʩ. 

ʅʘʫʯʥʳʡ ʢʦʣʣʝʢʪʠʚ ʂʦʤʩʦʤʦʣʴʩʢʦʛʦ-ʥʘ-ɸʤʫʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʟʘʥʠʤʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʫʞʝ 

ʙʦʣʝʝ 25 ʣʝʪ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʥʦʚʦʤʫ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ ʪʠʧʫ ʧʦʜʰʠʧʥʠʢʦʚ ï ʛʘʟʦʤʘʛʥʠʪʥʳʤ ʦʧʦʨʘʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ ʚ ʨʘʤʢʘʭ 

ʠʩʧʦʣʥʝʥʠʷ ʩʦʛʣʘʰʝʥʠʷ ˉ 73ʩ/2020 ʦʪ 24.08.2020 ʛ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʘʟʦʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ɻʘʟʦʤʘʛʥʠʪʥʳʡ ʧʦʜʰʠʧʥʠʢ ʧʦ ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ 

ʛʘʟʦʩʪʘʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʨʦʤʘʛʥʠʪʥʦʡ ʦʧʦʨ. ʋʧʨʦʱʝʥʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ 

ʪʘʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1 - ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʛʘʟʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ: 

1 ï ʚʘʣ; 2 ï ʢʦʨʧʫʩ; 3 ï ʚʢʣʘʜʳʰ; 4 ï ʧʠʪʘʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ; 5 - ʤʘʛʥʠʪʦʧʨʦʚʦʜ 
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ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɻʘʟ (ʩʞʘʪʳʡ ʚʦʟʜʫʭ) 

ʧʦʩʪʫʧʘʝʪ ʩʥʘʯʘʣʘ ʚ ʢʘʤʝʨʫ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʚʢʣʘʜʳʰʝʤ ʧʦʜʰʠʧʥʠʢʘ, ʘ ʟʘʪʝʤ 

ʯʝʨʝʟ ʧʠʪʘʶʱʠʝ ʜʠʩʢʨʝʪʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʟʘʟʦʨ ʤʝʞʜʫ ʚʘʣʦʤ ʠ ʚʢʣʘʜʳʰʝʤ. 

ɺʤʝʩʪʦ ʧʠʪʘʶʱʠʭ ʦʪʚʝʨʩʪʠʡ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʨʠʩʪʳʝ ʚʩʪʘʚʢʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʛʘʟʦʩʪʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʚ ʢʦʨʧʫʩʝ ʧʦʜʰʠʧʥʠʢʘ ʨʘʟʤʝʱʝʥʳ ʪʨʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ. ʉʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʛʘʟʦʚʳʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʠʣ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʠ 

ʫʣʫʯʰʘʝʪ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʰʠʧʥʠʢʘ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʦʨ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ 

ʯʠʩʣʝʥʥʳʝ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʜʰʠʧʥʠʢʘ ʷʚʣʷʶʪʩʷ 

ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ. ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʛʘʟʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ: ʦʪ ʛʘʟʦʚʳʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʠʣ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʘ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦʣʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ ʧʦʜʰʠʧʥʠʢʘ. ʉʘʤʦ ʧʦʣʝ 

ʜʘʚʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ. ʇʨʠ ʚʳʚʦʜʝ ʫʢʘʟʘʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʯʝʥʠʷ ʛʘʟʘ ʚ ʩʤʘʟʦʯʥʦʤ 

ʩʣʦʝ: 

ï ʪʝʯʝʥʠʝ ʛʘʟʘ ʚ ʟʘʟʦʨʝ ʧʦʜʰʠʧʥʠʢʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ, ʘ ʩʘʤ ʛʘʟ ʩʞʠʤʘʝʤ ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ; 

ï ʨʘʜʠʫʩ ʚʘʣʘ ʨʦʪʦʨʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ; 

ï ʪʦʣʱʠʥʘ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʪʘʢʦʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʥʝʙʨʝʯʴ ʪʝʯʝʥʠʝʤ ʚ 

ʧʣʝʥʢʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʢ ʩʪʝʥʢʘʤ ʧʦʜʰʠʧʥʠʢʘ ʠ ʩʯʠʪʘʪʴ ʜʘʚʣʝʥʠʝ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʠʟʤʝʥʥʳʤ; 

ï ʤʘʩʩʦʚʳʝ ʠ ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ ʧʨʝʥʝʙʨʝʞʠʪʝʣʴʥʦ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʠʣʘʤʠ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʩʠʣʦʡ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ, 

ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʡ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ; 

ï ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ ʩʪʘʮʠʦʥʘʨʥʳʡ. 

ʇʦʣʝ ʜʘʚʣʝʥʠʷ ʚ ʟʘʟʦʨʝ ʪʘʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʝʰʝʥʠʷ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʚ ʪʝʦʨʠʠ ʛʘʟʦʚʦʡ ʩʤʘʟʢʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: ʫʨʘʚʥʝʥʠʝ 

ʧʦʣʠʪʨʦʧʳ, ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠ ʫʨʘʚʥʝʥʠʝ 

ʵʥʝʨʛʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʥʘ 

ʧʦʜʰʠʧʥʠʢʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ, ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʚʘʣʦʤ ʠ 

ʚʢʣʘʜʳʰʝʤ, ʫʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ) ʠ ʪʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ 

ʧʘʨʘʤʝʪʨ ʧʠʪʘʥʠʷ ʧʦʜʰʠʧʥʠʢʘ ʠ ʯʠʩʣʦ ʩʞʠʤʘʝʤʦʩʪʠ, ʧʦʣʫʯʘʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʩʤʘʟʦʯʥʦʤ 

ʩʣʦʝ ʧʦʜʰʠʧʥʠʢʘ. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʩʣʝʜʥʝʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʬʦʨʤʝ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʦʣʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ 

ʧʦʜʰʠʧʥʠʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʠ, 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʞʝʩʪʢʦʩʪʴ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʠ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ ʧʠʪʘʪʝʣʠ 

ʚʢʣʘʜʳʰʘ. 

ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʤʘʛʥʠʪʘ 

(ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ) ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ, ʧʣʦʱʘʜʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʝʣʘ ʠ ʤʘʛʥʠʪʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪ 

ʛʘʟʦʚʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʠʣ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʡ 

ʛʘʟʦʤʘʛʥʠʪʥʦʡ ʦʧʦʨʳ. 

ʉʦʟʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʘʟʦʤʘʛʥʠʪʥʦʡ ʦʧʦʨʳ ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1]. 

ʆʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʨʦʪʦʨʥʳʡ ʤʘʰʠʥʳ ʩ 

ʛʘʟʦʤʘʛʥʠʪʥʦʡ ʦʧʦʨʦʡ ï ʙʳʣ ʚʳʙʨʘʥ ʰʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʘʟʦʤʘʛʥʠʪʥʦʡ ʦʧʦʨʳ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʜʰʠʧʥʠʢʘ ʦʪ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʫʢʘʟʘʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʘʟʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʜʰʠʧʥʠʢʦʤ, ʯʪʦ ʚ ʮʝʣʦʤ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ, ʥʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 

ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʚʨʘʱʝʥʠʠ 

ʰʧʠʥʜʝʣʷ ʩ ʚʢʣʶʯʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʜʚʝʩʦʤ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʘʟʦʤʘʛʥʠʪʥʳʭ ʦʧʦʨ ʧʦʜʪʚʝʨʜʠʣʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦ 

ʛʘʟʦʩʪʘʪʠʯʝʩʢʠʤʠ ʦʧʦʨʘʤʠ. ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʟʦʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʟʫʯʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʆʩʦʙʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʟʜʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤʠ ʦʧʦʨʘʤʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʦʩʤʳʥʠʥ, ɸ.ɺ. ɻʘʟʦʤʘʛʥʠʪʥʳʝ ʦʧʦʨʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʨʦʪʦʨʥʳʭ 

ʩʠʩʪʝʤ: ʤʦʥʦʛʨ. / ɸ.ɺ. ʂʦʩʤʳʥʠʥ, ɺ.ʉ. ʑʝʪʠʥʠʥ, ʅ.ɸ. ʀʚʘʥʦʚʘ, ɸ.ʉ. 

ʍʚʦʩʪʠʢʦʚ. ï ʂʦʤʩʦʤʦʣʴʩʢ-ʥʘ-ɸʤʫʨʝ: ʌɻɹʆʋ ɺʇʆ çʂʥɸɻʊʋè, 2013. 132 ʩ. 
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ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʓɽ ʊʋʈɹʆɻɽʅɽʈɸʊʆʈʓ ɼʃʗ ʋʊʀʃʀɿɸʎʀʀ 

ʅʀɿʂʆʇʆʊɽʅʎʀɸʃʔʅʆʁ ʕʅɽʈɻʀʀ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʉʊɸʅʎʀʁ 

ɸ.ʉ. ʍʚʦʩʪʠʢʦʚ, ɸ.ɺ. ʉʤʠʨʥʦʚ, ʀ.ʌ. ɻʘʡʥʫʣʠʥ  

ʂʦʤʩʦʤʦʣʴʩʢʠʡ-ʥʘ-ɸʤʫʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ʅʘʠʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ (ʜʦ 60% 

ʵʥʝʨʛʠʠ ʮʠʢʣʘ) ʧʨʦʠʩʭʦʜʷʪ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ. ɼʣʷ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʪʫʨʙʠʥʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʮʠʢʣʝ ʈʝʥʢʠʥʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʚʦʟʤʦʞʥʘ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʠʭ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʣʘʙʳʤ ʤʝʩʪʦʤ 

ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʶʪʩʷ ʧʦʜʰʠʧʥʠʢʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠʤʝʥʷʪʴ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʛʘʟʦʤʘʛʥʠʪʥʳʝ ʦʧʦʨʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ, ʛʘʟʦʤʘʛʥʠʪʥʳʝ ʦʧʦʨʳ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, 

ʫʪʠʣʠʟʘʮʠʷ ʪʝʧʣʦʪʳ. 

 

HIGH -SPEED TURBO GENERATORS FOR UTILIZATION OF LOW -

POTENTIAL ENERGY OF POWER PLANTS  

A.S. Khvostikov , A.V. Smirnov, I.F. Gainulin 

Komsomolsk-na-Amure State University 
Annotation. The greatest energy loss of thermal power plants (up to 60% of the cycle energy) 

occurs in the condenser. For heat recovery of condensers of steam turbine installations, turbines 

operating on the organic Rankine cycle are used. The most efficient design of turbo generators is 

possible when their speed is increased. When the speed increases, the weak point of the design is 

the bearings. It is proposed to use contactless gas-magnetic supports in the design of high-speed 

turbo generators. 

Keyword: turbo generator, gas-magnetic supports, load-bearing capacity, heat recovery. 

 

ɺʚʝʜʝʥʠʝ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ ʚ 

ʨʘʤʢʘʭ ʠʩʧʦʣʥʝʥʠʷ ʩʦʛʣʘʰʝʥʠʷ ˉ 73ʩ/2020 ʦʪ 24.08.2020 ʛ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʅʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʯʠʪʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʪʝʧʣʦʪʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʤʝʥʴʰʝ 230-300̄ ʉ.  

ʋʪʠʣʠʟʘʮʠʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. ɸʥʘʣʠʟ ʪʝʧʣʦʚʳʭ 

ʧʦʪʝʨʴ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ 

ʧʦʪʝʨʴ ʪʝʧʣʦʪʳ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʷʚʣʷʶʪʩʷ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʚ ʧʘʨʦʚʳʭ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ. ɺ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʪʫʨʙʦʫʩʪʘʥʦʚʢʘʭ ʚ ʘʪʤʦʩʬʝʨʫ ʩʙʨʘʩʳʚʘʝʪʩʷ 

ʜʦ 50-60 ʧʨʦʮʝʥʪʦʚ ʪʝʧʣʦʪʳ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʯʝʨʝʟ ʜʳʤʦʚʳʝ ʪʨʫʙʳ ʦʪʜʘʝʪʩʷ ʜʦ 

10 % ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʙʨʦʩʥʦʡ ʪʝʧʣʦʪʳ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʘʣʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ.  

ʆʧʠʩʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ 
ɼʣʷ ʫʪʠʣʠʟʘʮʠʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʪʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ 

ʮʠʢʣ ʈʝʥʢʠʥʘ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ, ʯʝʤ ʫ ʚʦʜʳ, 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ. ʆʨʛʘʥʠʯʝʩʢʠʡ ʮʠʢʣ ʈʝʥʢʠʥʘ (ʆʎʈ) ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ 
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ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʠ ɼɺʉ, ʦʪʭʦʜʦʚ 

ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʝ.  

ʆʜʥʘʢʦ ʜʣʷ ʨʘʙʦʪʳ ʪʫʨʙʠʥ ʥʘ ʆʎʈ ʪʨʝʙʫʝʪʩʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʝ ʪʝʧʣʦ ʩ 

ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʅʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ (ʦʢʦʣʦ 

70-80 ʉ̄) ʪʫʨʙʠʥʳ ʥʘ ʥʠʟʢʦʢʠʧʷʱʝʤ ʨʘʙʦʯʝʤ ʪʝʣʝ (ʅʈʊ) ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʪʝʧʣʦʪʳ ʠ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ. ʆʩʦʙʦʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʚʢʣʶʯʝʥʠʝ ʚ ʨʘʙʦʪʫ ʆʎʈ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʪʠʚʦʜʘʚʣʝʥʯʝʩʢʠʤʠ 

ʪʫʨʙʠʥʘʤʠ, ʪʫʨʙʠʥʳ ʩ ʪʝʧʣʦʬʠʢʘʮʠʦʥʥʳʤ ʦʪʙʦʨʦʤ ʠ ʚʦʜʦʛʨʝʡʥʳʤ ʢʦʪʣʦʤ, ʛʜʝ 

ʧʨʠʤʝʥʝʥʠʝ ʆʎʈ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʝʨʠʦʜʳ ʥʠʟʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʦʪʳ. ʉʥʠʞʝʥʠʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʆʎʈ ʙʦʣʝʝ ʯʝʤ ʥʘ 20-30̄ ʉ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ [1]. ʇʦʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ 

ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʝ ʥʘʭʦʜʠʪ ʜʦʣʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʧʦʠʩʢ ʧʫʪʝʡ ʫʪʠʣʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ 

ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʂʇɼ ʆʎʈ ʩʥʠʞʘʝʪʩʷ (ʨʠʩ. 1). ʉʫʱʝʩʪʚʫʶʪ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʥʝʨʛʠʠ ʪʫʨʙʠʥ ʩ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝʤ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʅʈʊ, 

ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʆʎʈ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ ʩ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʅʈʊ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʙʦʨʳ, ʯʪʦ ʠʩʢʣʶʯʠʪ ʨʘʙʦʪʫ ʪʫʨʙʠʥʳ ʥʘ ʚʣʘʞʥʦʤ ʧʘʨʝ. ʈʘʙʦʯʝʝ 

ʪʝʣʦ ʧʦʜʦʛʨʝʚʘʝʪʩʷ ʚ ʪʘʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ 

ʧʦʜʦʛʨʝʚʘ, ʢʠʧʝʥʠʷ ʠ ʧʝʨʝʛʨʝʚʘ. 
 

 
ʈʠʩ. 1 - ɺʣʠʷʥʠʝ ʂʇɼ ʆʎʈ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʢʦʢʠʧʷʱʝʛʦ ʠʩʪʦʯʥʠʢʘ 

 

ʇʨʠʤʝʥʝʥʠʝ ʆʎʈ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠʤʝʝʪ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ:  

¶ ɺʢʣʶʯʝʥʠʝ ʆʎʈ ʚ ʧʘʨʦʚʦʜʷʥʦʡ ʮʠʢʣ ʛʝʥʝʨʘʮʠʠ ʪʝʧʣʦʪʳ ʧʦʟʚʦʣʷʝʪ 
ʠʟʤʝʥʠʪʴ ʢʦʥʜʝʥʩʘʪʦʨ ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ 

ʢʦʥʜʝʥʩʘʪʦʨ ʩ ʦʭʣʘʞʜʝʥʠʝʤ, ʢʠʧʷʱʠʤ ʭʦʣʦʜʠʣʴʥʳʤ ʘʛʝʥʪʦʤ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ-

ʠʩʧʘʨʠʪʝʣʝ. 
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¶ ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʨʘʙʦʪʳ ʧʘʨʦʚʦʡ ʪʫʨʙʠʥʳ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʝʧʣʦʧʝʨʝʧʘʜʘ.  

¶ ʊʫʨʙʠʥʳ ʥʘ ʅʈʊ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʥʫʪʨʝʥʥʠʡ ʂʇɼ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʘʨʦʚʳʤʠ ʪʫʨʙʠʥʘʤʠ ʘʥʘʣʦʛʠʯʥʦʡ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

¶ ɺʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʅʈʊ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʟʤʝʨʳ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ 
ʧʨʠʤʝʥʠʪʴ ʚʦʟʜʫʰʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ. 

¶ ʀʟ ʵʣʝʤʝʥʪʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʠʩʢʣʶʯʘʝʪʩʷ 

ʚʦʜʦʧʦʜʛʦʪʦʚʢʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʛʘʟʘʮʠʠ ʠ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʜʧʠʪʦʯʥʦʡ ʚʦʜʳ.  

¶ ʆʪʩʫʪʩʪʚʠʝ ʩʪʦʷʥʦʯʥʦʡ ʢʦʨʨʦʟʠʠ ʠ ʵʨʦʟʠʡʥʦʛʦ ʠʟʥʦʩʘ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥʳ 

ʥʘ ʅʈʊ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ. 

¶ ɺʳʩʦʢʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʨʝʜʥʝʛʦʜʦʚʘʷ 

ʥʘʨʘʙʦʪʢʘ (ʚ ʧʝʨʚʳʝ 5 ʣʝʪ ʜʦʩʪʠʛʘʝʪ 98%). 

ʅʝʜʦʩʪʘʪʢʠ ʪʫʨʙʠʥ ʥʘ ʅʈʊ (ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʴ ʠ ʚʣʠʷʥʠʝ ʥʘ ʦʟʦʥʦʚʳʡ ʩʣʦʡ) 

ʫʩʪʨʘʥʷʶʪʩʷ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʦʙʲʝʢʪʦʚ ʆʎʈ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʩʝʨʠʡʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʜʝʣʘʝʪ ʮʝʥʫ ʥʘ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ, ʯʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʳʛʦʜʦʡ ʦʪ ʠʭ ʫʩʪʘʥʦʚʢʠ. 

ɺʳʙʦʨ ʦʧʦʨ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʘʢʠʭ ʪʫʨʙʠʥ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ. ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʳ ʦʮʝʥʝʥʳ ʤʥʦʛʠʤʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ [4,5]. ʇʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʠʣʠ 

ʩʚʝʨʭʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʜʠʘʤʝʪʨ 

ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʠ ʪʫʨʙʠʥʥʦʡ ʯʘʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʫʙʫ ʣʠʥʝʡʥʦʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ. ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʪʘʢʞʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʤʦʱʥʦʩʪʠ 

ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʜʠʘʤʝʪʨ 

ʫʩʪʘʥʦʚʢʠ.  

ɺ ʨʘʙʦʪʝ [6] ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʠ. ɺ ʨʘʙʦʪʝ [5] ʪʘʢʞʝ ʫʪʚʝʨʞʜʘʶʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʥʝʥʘʜʝʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʶʪʩʷ 

ʧʦʜʰʠʧʥʠʢʠ. ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʜʰʠʧʥʠʢʠʢʘʯʝʥʠʷ, 

ʩʤʘʟʳʚʘʝʤʳʝ ʞʠʜʢʦʡ ʩʤʘʟʢʦʡ [7]. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʧʦʜʰʠʧʥʠʢʘʤ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʝ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʦʜʥʘʢʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʨʝʰʝʥʠʷ.   

ʇʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʰʫʤ ʠ ʥʠʟʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ ʦʪ ʜʝʡʩʪʚʠʷ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʨʘʱʝʥʠʶ.  
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ʄʘʩʣʷʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʪʨʝʙʫʶʪ ʦʩʥʘʱʝʥʠʷ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʠʩʪʝʤʦʡ 

ʧʦʜʘʯʝʡ ʩʤʘʟʢʠ. ʊʘʢʠʝ ʧʦʜʰʠʧʥʠʢʠ ʪʘʢʞʝ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ, 

ʦʩʦʙʝʥʥʦ ʚ ʤʦʤʝʥʪ ʧʫʩʢʘ, ʠ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ɻʘʟʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ ʠ ʘʢʪʠʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʦʧʦʨʳ ʪʘʢʞʝ ʥʝ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘʭ ʚʩʣʝʜʩʪʚʠʝ ʠʤʝʶʱʠʭʩʷ ʫ ʥʠʭ 

ʥʝʜʦʩʪʘʪʢʦʚ. ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʰʠʧʥʠʢʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʠ ʧʨʠ ʨʘʟʛʦʥʝ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ. ʄʘʛʥʠʪʥʳʝ 

ʧʦʜʰʠʧʥʠʢʠ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʠʭ ʠʟʥʘʰʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ɺ ʂʦʤʩʦʤʦʣʴʩʢʦʤ-ʥʘ-ɸʤʫʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʛʘʟʦʤʘʛʥʠʪʥʦʡ ʦʧʦʨʳ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʚʤʝʩʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʢ 

ʛʘʟʦʚʳʭ, ʪʘʢ ʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. ɻʘʟʦʩʪʘʪʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ, 

ʷʚʣʷʶʱʠʝʩʷ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʶʪ ʩʣʦʞʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʄʘʛʥʠʪʥʳʝ ʩʠʣʳ ʛʘʟʦʤʘʛʥʠʪʥʳʭ ʦʧʦʨ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʠʭ ʦʧʦʨ ʠ ʩʦʢʨʘʱʘʶʪ ʚʝʣʠʯʠʥʫ 

ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣ ʧʦʜʰʠʧʥʠʢʦʚ [8-9].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ, 

ʦʧʠʩʘʥʥʦʡ ʚ [10], ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʜʰʠʧʥʠʢʦʚ. ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 2). ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ï ʵʪʦ 

ʥʘʛʨʫʟʢʘ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʧʣʦʱʘʜʠ ʦʧʦʨʳ.  

 

 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ   (ʥʘʛʨʫʟʢʠ F) ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ Ů1 : 
 ï ʪʝʦʨʠʷ;  ï ʦʧʳʪ 

 

ʇʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʠʙʨʘʮʠʶ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʦʩʪʘʪʠʯʝʩʩʢʠʭ ʦʧʦʨ.  
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ʅ.ɸ. ʀʚʘʥʦʚʘ, ɸ.ʉ. ʍʚʦʩʪʠʢʦʚ //ʉʊʀʅ. 2010. ˉ 5. ʉ. 8-10. 
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ʉɽʂʎʀʗ 3. ʅɸɿɽʄʅʓɽ ʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè ʗʩʪʨʝʙʦʚ ɻʝʥʥʘʜʠʡ ʖʨʴʝʚʠʯ 

 
ʋɼʂ 621.436.019:62ï634.4 

ʈɸɹʆʊʓ ʇʆ ʋʄɽʅʔʐɽʅʀʖ ʋʈʆɺʅʗ ʐʋʄɸ ʊʈɸʅʉʇʆʈʊʅʆʁ 

ʄɸʐʀʅʓ 

ɽ.ʄ. ɸʨʪʝʤʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ.ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ ʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʜʠʟʝʣʝʡ ɼ20ʅʈ-250, ʋʊɼ-29, ʗʄɿ-238ɹɺ, ʂʘʤɸɿ-740 ʦʮʝʥʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʣʫʰʠʪʝʣʝʡ ʠ ʧʦʨʠʩʪʳʭ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʤʘʰʠʥʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʘʷ ʤʘʰʠʥʘ, ʜʠʟʝʣʴ, ʛʣʫʰʠʪʝʣʴ, ʥʝʡʪʨʘʣʠʟʘʪʦʨ. 

 

WORK TO REDUCE THE NOISE LEVEL OF TRANSPORT VEHICLES  

E.M. Artemenko 

Rubtsovsky industrial Institute (branch) of FSBEI HE çAltai state technical 

University. I.I. Polzunovaè 
Annotation. Based on the results of field tests of transport vehicles and on the results of tests 

of diesel engines D20NR-250, UTD-29, YAMZ-238BV, KAMAZ-740, the possibility of using 

silencers and porous neutralizers on transport vehicles is estimated. 

Key words: transport vehicle, diesel, silencer, neutralizer 

 

ɼʠʟʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʰʠʥʳ, ʷʚʣʷʶʱʠʡʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʝʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʪʦʯʥʠʢ ʢʦʣʝʙʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʟʚʫʢʦʚʳʭ [2]. ʏʝʤ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʴ ʜʠʟʝʣʷ ʠ ʚ ʮʝʣʦʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʰʠʥʳ ʥʘ 

ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ ʚʳʟʳʚʘʝʤʳʡ ʠʤʠ ʰʫʤ. ʉ 

ʨʦʩʪʦʤ ʫʜʝʣʴʥʦʡ ʛʘʙʘʨʠʪʥʦʡ ʤʦʱʥʦʩʪʠ ʙʳʩʪʨʦʭʦʜʥʳʭ ʜʠʟʝʣʝʡ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʤʘʰʠʥ ʚʦʧʨʦʩ ʦ ʩʥʠʞʝʥʠʠ ʠ ʤʝʨʘʭ ʙʦʨʴʙʳ ʩ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʤʠ ʠʤʠ ʰʫʤʘʤʠ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ[1, 3]. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘ 100%, ʥʘ ʜʚʠʛʘʪʝʣʴ 

ʧʨʠʭʦʜʠʪʩʷ 96é98%, ʘ ʥʘ ʩʠʩʪʝʤʫ ʚʳʧʫʩʢʘ, ʚʧʫʩʢʘ, ʚʝʥʪʠʣʷʮʠʶ ʠ ʜʨ. 

ʧʨʠʭʦʜʠʪʩʷ 97é98% [2]. 

ɿʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʜʠʟʝʣʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʜʝʣʷʝʪʩʷ ʪʘʢ: ʜʦʣʷ 

ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ï 7,5é10%; ʜʦʣʷ ʰʝʩʪʝʨʝʥ ʧʨʠʚʦʜʦʚ ï 8é9%, ʜʦʣʷ 

ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʊʅɺɼ)- 6,25%, ʜʦʣʷ ʬʦʨʩʫʥʦʢ ï 4,75%, 

ʜʦʣʷ ʤʫʬʪʳ ʦʧʝʨʝʞʝʥʠʷ ʥʘʯʘʣʘ ʚʧʨʳʩʢʘ ï ʜʦ 1%. 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʝ ï ʪʨʠ ʩʤʝʥʳ, ʧʦʵʪʦʤʫ ʚʦʜʠʪʝʣʴ ʥʘʭʦʜʷʪʩʷ ʚ ʟʚʫʢʦʚʦʤ ʧʦʣʝ ʚ 

ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʥʷ ʥʝ ʤʝʥʝʝ 6 ʯʘʩʦʚ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʠʟʤʝʥʷʝʪ ʩʘʤ ʧʦʜʭʦʜ ʢ ʚʦʧʨʦʩʫ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʜʠʟʝʣʝʡ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʤʘʰʠʥʘʭ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʰʫʤʘ ʧʦʚʨʝʞʜʝʥʠʝ 

ʦʨʛʘʥʦʚ ʩʣʫʭʘ ʠ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʤʝʥʴʰʠʭ 

ʫʨʦʚʥʷʭ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ [3], ʫ 40% ʣʶʜʝʡ ʚʳʟʳʚʘʶʪ ʦʩʪʘʪʦʯʥʦʝ ʧʦʥʠʞʝʥʠʝ 



 

151 

 

ʩʣʫʭʘ ʥʘ 20 ʜɹ ʧʨʠ ʤʥʦʛʦʣʝʪʥʝʡ ʨʘʙʦʪʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʜʠʪʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʤʘʰʠʥʳ ʧʦʣʫʯʘʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ ï ʠʟʛʦʪʦʚʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ, 

ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʝʩʪʘʭ ʚʦʜʠʪʝʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ, ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 63é1000 ɻʮ ʧʨʝʚʳʰʘʶʪ ʥʘ 8é17 ʜɹ, 

ʫʨʦʚʥʠ ʟʚʫʢʘ ï ʥʘ 12é16 ʜɹɸ, ʘ ʥʘ ʤʝʩʪʘʭ ʧʘʩʩʘʞʠʨʦʚ ʥʘ 10é12 ʜɹɸ. 

ʅʦʨʤʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʟʚʫʢʘ ʧʦ ɻʆʉʊ 12.1.003-2014 

ʩʦʩʪʘʚʣʷʝʪ 80 ʜɹɸ [1, 4]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ 

ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩʥʠʞʘʶʪʩʷ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 100é8000 ɻʮ ʥʘ 20é40 

ʜɹ, ʧʨʠ ʨʘʙʦʪʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ ʩʣʝʜʫʝʪ ʧʨʠʙʣʠʞʘʪʴ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʚ ʥʠʭ ʢ 

ʫʩʣʦʚʠʷʤ ʪʨʫʜʘ, ʠʤʝʶʱʠʤ ʤʝʩʪʦ ʚ ʘʚʪʦʤʦʙʠʣʷʭ ʠ ʪʨʘʢʪʦʨʘʭ [1, 5]. 

ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ˉ51 ɽʕʂ ʆʆʅ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ ʈʦʩʩʠʠ, 

ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 83 ʜɹɸ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʘ 92/97/EWG (ɻʝʨʤʘʥʠʷ) ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ 

ʤʦʱʥʦʩʪʴʶ ʩʚʳʰʝ 150 ʢɺʪ ʩʦʩʪʘʚʣʷʝʪ 80+1 ʜɹɸ, ʐʚʝʡʮʘʨʠʠ ï 84+1 ʜɹɸ. 

ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 - ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʠʟʝʣʷ 

ɼ20ʅʈ-250 ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʛʣʫʰʝʥʠʷ ʰʫʤʘ ʚʳʧʫʩʢʘ 
ʋʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʰʫʤʘ, ʜɹɸ ʇʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ, ʜɹɸ 

ɹʝʟ 

ʩʨʝʜʩʪʚ 

ʛʣʫʰʝʥʠʷ 

ʰʫʤʘ 

ʉ ʛʣʫʰʠʪʝʣʷʤʠ 

ʚʳʧʫʩʢʘ ʉɹ-220 

çɹʘʨʥʘʫʣ-

ʪʨʘʥʩʤʘʰè 

ʉ 

ʧʦʨʠʩʪʳʤʠ 

ʥʝʡʪʨʘʣʠʟʘ

ʪʦʨʘʤʠ 

ɹʝʟ ʩʨʝʜʩʪʚ 

ʛʣʫʰʝʥʠʷ 

ʰʫʤʘ ʚʳʧʫʩʢʘ 

ʉ ʛʣʫʰʠʪʝ-

ʣʝʤ ʚʳʧʫʩʢʘ 

ʉ ʧʦʨʠʩʪʳʤ 

ʥʝʡʪʨʘʣʠʟʘ-

ʪʦʨʦʤ 

120,7 113,1 111,7 1,45 1,36 1,34 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʛʣʫʰʠʪʝʣʝʡ ʥʘ ʚʳʧʫʩʢʝ ʜʠʟʝʣʷ 

ɼ20ʅʈ-250 ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʰʫʤʘ ʥʘ 7,6 ʜɹ, ʥʦ ʠ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʚʳʧʫʩʢʫ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʧʨʠ 2855 ʤʠʥ
-1
 ʜʦ 

1050é1230 ʤʤ ʚʦʜ. ʩʪ., ʜʦ 1220é1340 ʤʤ. ʚʦʜ.ʩʪ. ʧʨʠ 2600 ʤʠʥ
-1
. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʤʦʱʥʦʩʪʠ ʩ 168 ʜʦ 142 ʢɺʪ. ʇʨʠ 2300 ʤʠʥ
-1
 

ʤʦʱʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʩ 162,5 ʢɺʪ ʜʦ 148,5 ʢɺʪ, ʘ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 10,3 ʛ/(ʢɺʪĿʯ). 

ɺ ʛʣʫʰʠʪʝʣʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘ ï ʨʝʟʦʥʘʥʩ ʠ 

ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʝ, ʠ ʛʣʫʰʝʥʠʝ ʰʫʤʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

ʋʩʪʘʥʦʚʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ ʧʦʨʠʩʪʳʤʠ ʧʨʦʥʠʮʘʝʤʳʤʠ 

ʙʣʦʢʘʤʠ ʚʤʝʩʪʦ ʛʣʫʰʠʪʝʣʝʡ ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʰʫʤʥʦʩʪʠ ʚʳʧʫʩʢʘ ʥʘ 9 

ʜɹɸ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʡ ʚʳʧʫʩʢʫ ʥʘ ʫʨʦʚʥʝ ʰʪʘʪʥʦʛʦ ʛʣʫʰʠʪʝʣʷ. 

ɺ ʧʦʨʠʩʪʳʭ ʧʨʦʥʠʮʘʝʤʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʙʣʦʢʘʭ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʛʘʩʷʪʩʷ 

ʟʘ ʩʯʝʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʭʦʜʘ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʩʣʦʞʥʘʷ ʬʦʨʤʘ ʢʘʥʘʣʦʚ, ʦʙʨʘʟʫʝʤʳʭ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʛʣʫʰʝʥʠʝ ʰʫʤʘ ʚʳʧʫʩʢʘ. ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ, ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʠʩʪʳʝ ʧʨʦʥʠʮʘʝʤʳʝ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʙʣʦʢʠ.  



 

152 

 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʜʠʟʝʣʷ ʋʊɼ-29 ʚ ʩʦʩʪʘʚʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʰʠʥʳ ʥʘ ʙʝʪʦʥʝ 

ʦʙʥʘʨʫʞʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʟʚʫʢʘ ʚ ʦʢʪʘʚʥʳʭ 

ʧʦʣʦʩʘʭ 63é8000 ɻʮ ʥʘ 18é26 ʜɹɸ ʚ ʜʚʠʞʝʥʠʠ, ʘ ʥʘ ʩʪʦʷʥʢʝ ʚ ʦʢʪʘʚʥʳʭ 

ʧʦʣʦʩʘʭ 63é2000 ɻʮ ï ʜʦ 17 ʜɹɸ.  

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ 

ʦʙʫʩʣʦʚʣʝʥ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʤʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʵʞʝʢʮʠʦʥʥʳʤ (ʙʝʟ 

ʛʣʫʰʠʪʝʣʷ) ʚʳʧʫʩʢʦʤ, ʥʦ ʠ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ. 

ɼʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʠ ʛʣʫʰʠʪʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
 

ʊʘʙʣʠʮʘ 2 - ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʠʟʝʣʷ ʋʊɼ-29  

ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʛʣʫʰʝʥʠʷ ʰʫʤʘ ʚʳʧʫʩʢʘ 
ʋʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʰʫʤʘ, ʜɹɸ ʇʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ, ʜɹɸ 

ɹʝʟ ʩʨʝʜʩʪʚ 

ʛʣʫʰʝʥʠʷ 

ʰʫʤʘ 

ʉ ʛʣʫʰʠʪʝʣʷʤʠ 

ʚʳʧʫʩʢʘ ʉɹ-

220 çɹʘʨʥʘʫʣ-

ʪʨʘʥʩʤʘʰè 

ʉ 

ʧʦʨʠʩʪʳʤʠ 

ʥʝʡʪʨʘʣʠ-

ʟʘʪʦʨʘʤʠ 

ɹʝʟ ʩʨʝʜʩʪʚ 

ʛʣʫʰʝʥʠʷ ʰʫʤʘ 

ʚʳʧʫʩʢʘ 

ʉ ʛʣʫʰʠʪʝ-

ʣʝʤ 

ʚʳʧʫʩʢʘ 

ʉ ʧʦʨʠʩʪʳʤ 

ʥʝʡʪʨʘʣʠʟʘʪʦ-

ʨʦʤ 

121,3 112,8 110,6 1,46 1,35 1,33 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʙʝʟ ʩʨʝʜʩʪʚ ʛʣʫʰʝʥʠʷ ʜʦʧʫʩʪʠʤʳʡ 

ʫʨʦʚʝʥʴ ʰʫʤʥʦʩʪʠ ʜʠʟʝʣʷ ʋʊɼ-29 ʧʨʝʚʳʰʘʝʪʩʷ ʚ 1,46 ʨʘʟʘ, ʩ ʛʣʫʰʠʪʝʣʝʤ 

ʟʘʚʦʜʘ ï ʚ 1,35 ʨʘʟʘ, ʘ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʤ (ʙʝʟ ʛʣʫʰʠʪʝʣʷ) ï ʚ 

1,33 ʨʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʩ ʧʦʨʠʩʪʳʤʠ ʙʣʦʢʘʤʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʘʢ ʜʣʷ ʦʯʠʩʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʪʘʢ ʠ ʜʣʷ ʛʣʫʰʝʥʠʷ ʰʫʤʘ ʚʳʧʫʩʢʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʠʟʝʣʝʡ ʩ ʦʙʲʝʤʥʦ-ʧʣʝʥʦʯʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʰʫʤʘ ʚʳʧʫʩʢʘ. ɽʩʣʠ ʜʣʷ ʜʠʟʝʣʝʡ ʩ ʦʙʲʝʤʥʳʤ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʫʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʩʦʩʪʘʚʣʷʣ 120,7 ʠ 121,3 ʜɹɸ, ʪʦ ʜʣʷ 

ʜʠʟʝʣʝʡ ʩ ʦʙʲʝʤʥʦ-ʧʣʝʥʦʯʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ï 97 ʠ 99,2 ʜɹɸ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʤʝʥʝʝ ʰʫʤʥʳʭ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ 

ʩʥʠʞʝʥʠʝʤ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʩ 2800é2600 ʤʠʥ
-1
 ʜʦ 2600é2100 ʤʠʥ

-1
. 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʛʣʫʰʠʪʝʣʷ ʂʘʤɸɿ ʥʘ 

ʚʳʧʫʩʢʝ ʫʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʜʠʟʝʣʷ ʗʄɿ-238ɹɺ ʩʥʠʞʘʶʪʩʷ ʥʘ 6,11 ʜɹɸ, ʘ 

ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ ʧʦʨʠʩʪʳʤʠ ʧʨʦʥʠʮʘʝʤʳʤʠ 

ʩʪʝʥʢʘʤʠ ï ʥʘ 16,3 ʜɹɸ. 
 

ʊʘʙʣʠʮʘ 3 - ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʠʟʝʣʷ  

ʗʄɿ-238ɹɺ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʛʣʫʰʝʥʠʷ ʰʫʤʘ ʚʳʧʫʩʢʘ 
ʋʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʰʫʤʘ, ʜɹɸ ʇʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ, ʜɹɸ 

ɹʝʟ ʩʨʝʜʩʪʚ 

ʛʣʫʰʝʥʠʷ 

ʰʫʤʘ 

ʉ 

ʛʣʫʰʠʪʝʣʷ

ʤʠ ʚʳʧʫʩʢʘ 

ʂʘʤɸɿ 

ʉ ʧʦʨʠʩʪʳʤʠ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ

ʤʠ 

ɹʝʟ ʩʨʝʜʩʪʚ 

ʛʣʫʰʝʥʠʷ 

ʰʫʤʘ ʚʳʧʫʩʢʘ 

ʉ ʛʣʫʰʠʪʝ-

ʣʝʤ ʚʳʧʫʩʢʘ 

ʉ ʧʦʨʠʩʪʳʤ 

ʥʝʡʪʨʘʣʠ-

ʟʘʪʦʨʦʤ 

97,0 90,89 80,7 1,168 1,09 1,008 

 



 

153 

 

ɸʥʘʣʠʟ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʜʠʟʝʣʷ ʂʘʤɸɿ-740-10 ʧʦʢʘʟʘʣ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʛʣʫʰʠʪʝʣʷ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʩ 99,2 ʜʦ 92,9 ʜɹɸ, 

ʘ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ï ʜʦ 91,76 ʜɹɸ (ʪʘʙʣʠʮʘ 4). 

 

ʊʘʙʣʠʮʘ 4 - ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʠʟʝʣʷ  

ʂʘʤɸɿ-740-10 ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʛʣʫʰʝʥʠʷ ʰʫʤʘ 

ʋʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʰʫʤʘ, ʜɹɸ ʇʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ, ʜɹɸ 

ɹʝʟ ʩʨʝʜʩʪʚ 

ʛʣʫʰʝʥʠʷ 

ʰʫʤʘ 

ʉ 

ʛʣʫʰʠʪʝʣʷʤ

ʠ ʚʳʧʫʩʢʘ 

ʂʘʤɸɿ 

ʉ ʧʦʨʠʩʪʳʤʠ 

ʥʝʡʪʨʘʣʠʟʘʪʦ

ʨʘʤʠ 

ɹʝʟ ʩʨʝʜʩʪʚ 

ʛʣʫʰʝʥʠʷ ʰʫʤʘ 

ʚʳʧʫʩʢʘ 

ʉ ʛʣʫʰʠʪʝ-

ʣʝʤ ʚʳʧʫʩʢʘ 

ʉ ʧʦʨʠʩʪʳʤ 

ʥʝʡʪʨʘʣʠʟʘʪ

ʦʨʦʤ 

99,2 92,9 91,76 1,195 1,12 1,11 

 

ɼʚʠʛʘʪʝʣʠ ʩ ʦʙʲʝʤʥʦ-ʧʣʝʥʦʯʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦ ʫʨʦʚʥʷʤ ʚʥʝʰʥʝʛʦ 

ʰʫʤʘ ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ ʠ ʧʨʠ 

ʜʦʨʘʙʦʪʢʝ ʛʣʫʰʠʪʝʣʝʡ ʠ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʦʚ. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʛʣʫʰʠʪʝʣʝʡ ʠ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʠ ʚʳʭʣʦʧʘ.  

ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʜʠʟʝʣʷ ʗʄɿ-238ɹɺ 

ʧʦʣʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʨʠʩʪʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 80,7 ʜɹɸ. 

ɼʘʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʰʫʤʘ ʧʨʦʜʦʣʞʘʶʪʩʷ. 
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ʋɼʂ 368 

ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ ʆɻʈɸʅʀʏɽʅʀʗ ʂʆʅʂʋʈɽʅʎʀʀ  

ɺ ʈɸʄʂɸʍ ɿɸʂʋʇʆʂ ʇʆ ʉʊʈɸʍʆɺɸʅʀʖ ɻʈʋɿʆɺ 

ɽ.ɸ. ʄʘʢʘʨʝʥʢʦ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʨʳʥʢʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʟʘʢʫʧʦʢ ʧʦ ʩʪʨʘʭʦʚʘʥʠʶ ʛʨʫʟʦʚ ʚ ʈʦʩʩʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʳʝ 

ʢʦʨʨʫʧʮʠʦʥʥʳʝ ʤʦʤʝʥʪʳ ʚ ʟʘʢʫʧʢʘʭ ʠ ʧʨʦʙʣʝʤʳ ʚ ʨʘʟʨʝʟʝ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʟʘʢʘʟʯʠʢʦʚ. 



 

154 

 

ʉʜʝʣʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʝʨʝʯʥʷ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʮʝʥʢʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʫʯʘʩʪʥʠʢʦʚ 

ʟʘʢʫʧʦʢ, ʧʨʝʜʣʦʞʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʠʩʧʨʘʚʣʝʥʠʶ ʩʠʪʫʘʮʠʠ ʚ ʧʣʘʥʝ ʧʦʚʳʰʝʥʠʷ 

ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪʠ ʟʘʢʫʧʦʢ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʪʨʘʭʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʘʭʦʚʘʥʠʝ, ʪʨʘʥʩʧʦʨʪ, ʛʨʫʟʳ, ʟʘʢʫʧʢʠ, ʵʣʝʢʪʨʦʥʥʳʡ ʘʫʢʮʠʦʥ 
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ɽʞʝʛʦʜʥʦ ʚ ʈʦʩʩʠʠ ʧʨʦʚʦʜʷʪʩʷ ʟʘʢʫʧʢʠ ʧʦ ʩʪʨʘʭʦʚʘʥʠʶ ʛʨʫʟʦʚ ʥʘ ʩʦʪʥʠ 

ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ. ɼʘʥʥʳʝ ʟʘʢʫʧʢʠ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʠʚʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ, 

ʪ.ʢ. ʧʦ ʜʝʡʩʪʚʫʶʱʠʤ ʢʘʢ ʚʥʫʪʨʝʥʥʠʤ, ʪʘʢ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʜʦʛʦʚʦʨʘʤ 

ʙʦʣʴʰʠʥʩʪʚʦ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʩʪʨʘʭʦʚʘʥʳ. ʉʪʨʘʭʦʚʘʥʠʝ ʛʨʫʟʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʚʠʜ ʩʪʨʘʭʦʚʘʥʠʷ ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʆʉɸɻʆ ʥʝ ʪʘʢʦʡ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʪʨʝʙʫʝʪ ʟʘʯʘʩʪʫʶ ʩʝʨʴʝʟʥʦʛʦ 

ʘʥʜʝʨʨʘʡʪʠʥʛʘ ʠ ʟʥʘʥʠʷ ʩʧʝʮʠʬʠʢʠ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ, ʩ ʜʨʫʛʦʡ - ʦʪʣʠʯʘʝʪʩʷ 

ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʫʙʳʪʢʦʚ ʠ ʦʙʱʝʡ ʥʠʟʢʦʡ ʫʙʳʪʦʯʥʦʩʪʴʶ ʧʦ ʧʦʨʪʬʝʣʶ 

ʦʩʥʦʚʥʳʭ ʩʪʨʘʭʦʚʱʠʢʦʚ ʛʨʫʟʦʚ [2]. ɺ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ 

ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʣʶʯʝʥʠʝ ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʦʛʦʚʦʨʘ ʧʦ ʩʪʨʘʭʦʚʘʥʠʶ ʛʨʫʟʦʚ 

ʥʘ ʛʦʜ ʠ ʟʘʢʘʟʯʠʢ ʣʠʙʦ ʫʚʝʜʦʤʣʷʝʪ ʩʪʨʘʭʦʚʱʠʢʘ ʦ ʧʝʨʝʚʦʟʢʘʭ ʟʘʨʘʥʝʝ, ʣʠʙʦ 

ʩʢʠʜʳʚʘʝʪ ʦʪʯʝʪ (ʙʦʨʜʝʨʦ) ʦ ʧʨʦʚʝʜʝʥʥʳʭ ʧʝʨʝʚʦʟʢʘʭ ʨʘʟ ʚ ʤʝʩʷʮ. 

ɿʘʢʫʧʢʘ ʩʪʨʘʭʦʚʦʡ ʟʘʱʠʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʳʯʥʦ ʚ ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ ˉ 44-ʌɿ ʦʪ 5 ʘʧʨʝʣʷ 2013 ʛʦʜʘ çʆ ʢʦʥʪʨʘʢʪʥʦʡ ʩʠʩʪʝʤʝ ʚ ʩʬʝʨʝ ʟʘʢʫʧʦʢ 

ʪʦʚʘʨʦʚ, ʨʘʙʦʪ, ʫʩʣʫʛ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ 

ʥʫʞʜè ʠʣʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 18 ʠʶʣʷ 2011 ʛʦʜʘ ˉ 223-ʌɿ çʆ ʟʘʢʫʧʢʘʭ 

ʪʦʚʘʨʦʚ, ʨʘʙʦʪ, ʫʩʣʫʛ ʦʪʜʝʣʴʥʳʤʠ ʚʠʜʘʤʠ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮè [7]. ɿʘʢʫʧʢʠ ʧʦ 

44-ʌɿ ʜʦ 2019 ʛʦʜʘ ʤʦʛʣʠ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʘʧʨʦʩʳ ʢʦʪʠʨʦʚʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 

ʦʧʝʨʘʪʠʚʥʦ ʠ ʙʝʟ ʣʠʰʥʝʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʟʘʢʣʶʯʘʪʴ ʜʦʛʦʚʦʨʳ ʩʪʨʘʭʦʚʘʥʠʷ, 

ʩ 1 ʷʥʚʘʨʷ 2019 ʛ. ʪʘʢʠʝ ʟʘʢʫʧʢʠ ʧʨʦʭʦʜʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ 

[6]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʟʘʢʫʧʢʠ ʧʨʦʭʦʜʷʪ ʚ ʨʘʤʢʘʭ ʢʦʥʢʫʨʩʦʚ, ʘ ʥʝ ʵʣʝʢʪʨʦʥʥʳʭ 

ʘʫʢʮʠʦʥʦʚ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʠʩʧʦʣʥʠʪʝʣʷʤ 

ʢʦʥʪʨʘʢʪʘ, ʩ ʜʨʫʛʦʡ, ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʫʢʮʠʦʥʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʮʝʥʘ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʪ ʧʦʜʨʷʜʯʠʢ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʣʦʞʠʪ ʚ ʭʦʜʝ ʪʦʨʛʦʚ ʩʘʤʫʶ ʥʠʟʢʫʶ ʮʝʥʫ, ʠ ʚʳʠʛʨʳʚʘʝʪ ʢʦʥʪʨʘʢʪ. 

ʇʦʩʣʝʜʥʝʝ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʧʦʛʦʥʝ ʟʘ ʣʝʛʢʠʤʠ ʜʝʥʴʛʘʤʠ 

ʩʪʨʘʭʦʚʳʝ ʢʦʤʧʘʥʠʠ ʩ ʧʣʦʭʠʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʥʘʯʠʥʘʶʪ ʜʝʤʧʠʥʛ ʧʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʢʦʥʪʨʘʢʪʘʤ ʚ ʥʘʜʝʞʜʝ, ʯʪʦ ʢʦʥʪʨʘʢʪ ʦʢʘʞʝʪʩʷ ʥʝʫʙʳʪʦʯʥʳʤ. 
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ɺʪʦʨʘʷ ʚʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ - ʧʣʘʥʳ, ʧʦʣʫʯʠʚ ʩʨʝʜʩʪʚʘ, ʠʭ ʚʳʚʝʩʪʠ ʠ 

ʦʙʘʥʢʨʦʪʠʪʴ ʩʪʨʘʭʦʚʫʶ ʢʦʤʧʘʥʠʶ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʵʪʦ ʩʣʫʯʠʣʦʩʴ ʩ ʆʆʆ 

çʉʪʨʘʭʦʚʘʷ ʢʦʤʧʘʥʠʷ çʈʝʩʧʝʢʪè [3]. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʝʰʝʥʠʝ ʦ ʚʳʙʦʨʝ ʧʦʩʪʘʚʱʠʢʘ ʧʨʠʥʠʤʘʝʪʩʷ ʙʝʟ ʢʦʥʢʫʨʩʘ ʥʘ ʫʩʣʦʚʠʷʭ çɿʘʢʫʧʢʠ 

ʫ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘè ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʮʝʥʝ ʢʦʥʪʨʘʢʪʘ [4]. 

ʏʘʩʪʴ ʟʘʢʘʟʯʠʢʦʚ ʤʦʛʫʪ ʠʟʙʝʛʘʪʴ ʧʨʷʤʳʭ ʟʘʢʫʧʦʢ ʩʪʨʘʭʦʚʘʥʠʷ ʛʨʫʟʦʚ ʠ 

ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʝʨʝʣʦʞʠʪʴ ʜʘʥʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʧʝʨʝʚʦʟʯʠʢʘ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʦʩʪʫʧʘʝʪ ɸʆ çʆɼʂ-ʂʣʠʤʦʚè ʧʨʦʚʦʜʷ, ʥʘʧʨʠʤʝʨ, ʟʘʢʫʧʢʫ ʧʦ çʦʢʘʟʘʥʠʶ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ (ʚʢʣʶʯʘʷ ʩʪʨʘʭʦʚʘʥʠʝ ʛʨʫʟʦʚ)è (ʥʦʤʝʨ ʚ ʝʜʠʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʢʫʧʦʢ - 31807181041). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʪʠʤ 

ʟʘʢʘʟʯʠʢ ʩʥʠʤʘʝʪ ʩ ʩʝʙʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʳʙʦʨ ʩʪʨʘʭʦʚʱʠʢʘ, ʧʝʨʝʜʘʚʘʷ ʥʘ 

ʘʫʪʩʦʨʩʠʥʛ ʜʘʥʥʫʶ ʟʘʢʫʧʢʫ. ʆʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʝʨʝʚʦʟʯʠʢ, ʫʯʘʩʪʚʫʷ ʚ ʟʘʢʫʧʢʝ ʧʦ ʩʚʦʝʤʫ ʦʩʥʦʚʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, 

ʨʘʩʭʦʜʳ ʥʘ ʩʪʨʘʭʦʚʘʥʠʝ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦ ʦʩʪʘʪʦʯʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʭ ʤʠʥʠʤʠʟʘʮʠʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʫʞʝʥʠʶ ʩʪʨʘʭʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʧʝʨʝʚʦʟʯʠʢ ʦʙʳʯʥʦ ʥʝ 

ʷʚʣʷʝʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʤ ʚ ʦʙʣʘʩʪʠ ʩʪʨʘʭʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʩʪʨʘʭʦʚʘʥʠʷ ʛʨʫʟʦʚ ʙʫʜʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʦʠʤʠ ʠʥʪʝʨʝʩʘʤʠ, 

ʘ ʥʝ ʠʥʪʝʨʝʩʘʤʠ ʟʘʢʘʟʯʠʢʘ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʫʪʩʦʨʩʠʥʛ ʚ ʨʘʤʢʘʭ ʟʘʢʫʧʦʢ ʧʦ ʩʪʨʘʭʦʚʘʥʠʶ ʛʨʫʟʦʚ, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʫʧʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʢʦʨʧʦʨʘʮʠʠ (ɸʆ çʂʦʥʮʝʨʥ 

ɺʂʆ çɸʣʤʘʟ-ɸʥʪʝʡè, ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ 

çʈʦʩʘʪʦʤè ʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ ʧʦ ʩʦʜʝʡʩʪʚʠʶ ʨʘʟʨʘʙʦʪʢʝ, 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʵʢʩʧʦʨʪʫ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

çʈʦʩʪʝʭè) ʦʩʫʱʝʩʪʚʣʷʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʪʨʘʭʦʚʘʥʠʷ ʯʝʨʝʟ ʘʬʬʠʣʠʨʦʚʘʥʥʳʭ 

ʩʪʨʘʭʦʚʳʭ ʙʨʦʢʝʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʆʆʆ çʉʪʨʘʭʦʚʦʡ ʙʨʦʢʝʨ çʄʠʨʥʦʝ ʥʝʙʦè, 

ɸʆ çɸʪʦʤʥʳʡ ʩʪʨʘʭʦʚʦʡ ʙʨʦʢʝʨè, ʆʆʆ çʉʪʨʘʭʦʚʦʡ ʙʨʦʢʝʨ çʈʊ-

ʉʪʨʘʭʦʚʘʥʠʝè). ɹʝʟʫʩʣʦʚʥʦ, ʩʪʨʘʭʦʚʦʡ ʙʨʦʢʝʨ ï ʵʪʦ ʥʝ ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ, ʠ ʝʛʦ ʨʘʙʦʪʘ ʧʦ ʧʦʜʙʦʨʫ ʩʪʨʘʭʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ 

ʦʧʣʘʯʝʥʘ. ʂʘʢ ʙʳ ʥʠ ʙʳʣʘ ʦʧʣʘʯʝʥʘ ʜʘʥʥʘʷ ʫʩʣʫʛʘ (ʧʦ ʘʛʝʥʪʩʢʦʤʫ ʜʦʛʦʚʦʨʫ 

ʩʪʨʘʭʦʚʱʠʢʦʤ ʠʣʠ ʧʦ ʙʨʦʢʝʨʩʢʦʤʫ ʜʦʛʦʚʦʨʫ ï ʩʪʨʘʭʦʚʘʪʝʣʝʤ), ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʬʠʥʘʥʩʦʚʘʷ ʥʘʛʨʫʟʢʘ (ʢʘʢ ʧʨʘʚʠʣʦ, 10 % ʠ ʙʦʣʝʝ ʦʪ 

ʩʪʨʘʭʦʚʦʡ ʧʨʝʤʠʠ) ʣʦʞʠʪʩʷ ʥʘ ʟʘʢʘʟʯʠʢʘ, ʫʜʦʨʦʞʘʷ ʦʙʱʫʶ ʩʪʦʠʤʦʩʪʴ ʟʘʢʫʧʦʢ. 

ɹʝʟʫʩʣʦʚʥʦ, ʙʨʦʢʝʨ ʦʪʩʪʘʠʚʘʝʪ ʩʚʦʶ ʧʦʟʠʮʠʶ, ʟʘʷʚʣʷʷ ʪʝʤ, ʯʪʦ 

çʇʨʦʛʨʘʤʤʳ ʩʦʟʜʘʶʪʩʷ ʥʘ ʙʘʟʝ ʦʯʝʥʴ ʪʱʘʪʝʣʴʥʦʡ, ʩʢʨʫʧʫʣʸʟʥʦʡ ʧʨʦʨʘʙʦʪʢʠ 

ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ ʜʣʷ ʩʪʨʘʭʫʝʤʳʭ ʦʙʲʝʢʪʦʚè [9], ʦʜʥʘʢʦ, ʚ 90% ʩʣʫʯʘʝʚ ʚʩʝ 

ʛʨʫʟʳ ʩʪʨʘʭʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʦ ʧʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʤʫ ʥʘʙʦʨʫ ʨʠʩʢʦʚ (ʪʠʧ 

ʧʦʢʨʳʪʠʷ çɸè), ʪ.ʝ. ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʪʨʘʭʦʚʘʥʠʝ ʛʨʫʟʦʚ ʦʪ çɺʩʝʭ ʨʠʩʢʦʚè. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʬʨʘʟʘ ʦʙ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʝ ʦʩʪʘʝʪʩʷ ʧʦʜ ʙʦʣʴʰʠʤ ʚʦʧʨʦʩʦʤ. 

ʄʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʨʝʟ ʙʨʦʢʝʨʘ ʠʜʫʪ ʟʘʢʫʧʢʠ ʥʝ ʪʦʣʴʢʦ ʩʪʨʘʭʦʚʘʥʠʷ 

ʛʨʫʟʦʚ, ʥʦ ʠ ʚʝʩʴʤʘ ʧʨʦʟʘʠʯʥʳʝ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʛʦʜʘʤʠ ʟʘʢʫʧʢʠ ʧʦ 

ʩʪʨʘʭʦʚʘʥʠʶ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʨʠʩʢʦʚ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʫʣ ʢʦʤʧʘʥʠʡ, ʩ 

ʢʦʪʦʨʳʤ ʨʘʙʦʪʘʶʪ ʙʨʦʢʝʨʳ, ʪʦ ʚʦʟʥʠʢʘʶʪ ʩʝʨʴʝʟʥʳʝ ʚʦʧʨʦʩʳ ʢ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʧʘʜʘʥʠʷ ʪʫʜʘ ʥʦʚʳʭ ʠʣʠ ʚʳʙʳʪʠʷ ʩʪʘʨʳʭ. 
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ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʦʪʥʦʰʝʥʠʠ ʠʥʪʝʨʝʩʦʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʠ 

çʈʦʩʪʝʭè ʠ ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʪʨʫʢʪʫʨʫ ʨʷʜʘ ʢʦʤʧʘʥʠʡ ʠʤʝʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʰʝʥʠʷʤʠ ʦʨʛʘʥʦʚ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ 

ʠʣʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʧʝʨʝʩʪʨʘʭʦʚʘʥʠʶ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʩʪʨʘʭʦʚʦʡ ʚʳʧʣʘʪʝ ʧʦ ʜʦʛʦʚʦʨʫ ʩʪʨʘʭʦʚʘʥʠʷ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ ʧʝʨʝʩʪʨʘʭʦʚʘʥʠʷ (ʩʘʥʢʮʠʠ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʮʝʣʷʭ 

ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʠ ʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʚʳʧʣʘʪʝ ʩʪʨʘʭʦʚʦʛʦ 

ʚʦʟʤʝʱʝʥʠʷ ʧʦ ʜʦʛʦʚʦʨʫ ʩʪʨʘʭʦʚʘʥʠʷ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʟʘʢʫʧʦʢ 

ʧʦʙʝʜʠʪʝʣʴ ʟʘʢʫʧʢʠ ʦʙʷʟʘʥ ʨʘʟʤʝʩʪʠʪʴ  ʩʚʝʨʭ ʩʦʙʩʪʚʝʥʥʦʛʦ ʥʝʪʪʦ ʫʜʝʨʞʘʥʠʷ ʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʝʨʝʩʪʨʘʭʦʚʘʥʠʝ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ 

ʧʝʨʝʩʪʨʘʭʦʚʦʯʥʦʤ ʨʳʥʢʝ ʠ/ʠʣʠ ʧʝʨʝʩʪʨʘʭʦʚʦʯʥʳʭ ʨʳʥʢʘʭ ʩʪʨʘʥ ʉʦʜʨʫʞʝʩʪʚʘ 

ʅʝʟʘʚʠʩʠʤʳʭ ɻʦʩʫʜʘʨʩʪʚ (ʉʅɻ), ʙʝʟ ʧʝʨʝʜʘʯʠ ʩʪʨʘʭʦʚʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʥʘ 

ʠʥʳʝ ʧʝʨʝʩʪʨʘʭʦʚʦʯʥʳʝ ʨʳʥʢʠ, ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʨʘʭʦʚʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʧʦ 

ɼʦʛʦʚʦʨʫ, ʥʘ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

- ʧʨʠʥʷʪʳʝ ʜʦʣʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ ʧʝʨʝʩʪʨʘʭʦʚʦʯʥʦʡ ʟʘʱʠʪʳ 

(ʧʝʨʝʩʪʨʘʭʦʚʱʠʢʦʚ) ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʨʘʟʤʝʨ ʠʭ ʩʦʙʩʪʚʝʥʥʦʛʦ ʥʝʪʪʦ 

ʫʜʝʨʞʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʝʨʝʩʪʨʘʭʦʚʱʠʢʘ; 

- ʫʩʣʦʚʠʷ ʧʝʨʝʩʪʨʘʭʦʚʘʥʠʷ ʥʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʦʛʦʚʦʨʢʠ (ʧʦʣʦʞʝʥʠʷ) 

ʠʣʠ ʫʩʣʦʚʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʩʫʪʩʪʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʘʭʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʠ/ʠʣʠ 

ʦʪʢʘʟʘ ʚ ʚʳʧʣʘʪʝ ʩʪʨʘʭʦʚʦʛʦ ʚʦʟʤʝʱʝʥʠʷ (çʦʪʩʨʦʯʢʠè ʚʳʧʣʘʪʳ ʜʦ ʤʦʤʝʥʪʘ 

ʫʩʪʨʘʥʝʥʠʷ ʩʘʥʢʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ) ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʘʢʦʝ ʩʪʨʘʭʦʚʦʝ 

ʧʦʢʨʳʪʠʝ ʠʣʠ ʚʳʧʣʘʪʘ ʚʦʟʤʝʱʝʥʠʷ ʧʦ ʜʦʣʝ ʧʝʨʝʩʪʨʘʭʦʚʱʠʢʘ ʧʦ  ʥʝʤʫ  

ʥʘʨʫʰʘʶʪ ʩʘʥʢʮʠʠ, ʟʘʧʨʝʪʳ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʦʣʶʮʠʷʤʠ 

ʆʆʅ, ʪʦʨʛʦʚʳʤʠ ʠʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʩʘʥʢʮʠʷʤʠ, ʟʘʢʦʥʘʤʠ, ʧʨʝʜʧʠʩʘʥʠʷʤʠ, 

ʧʦʩʪʘʥʦʚʣʝʥʠʷʤʠ ʠʣʠ ʠʥʩʪʨʫʢʮʠʷʤʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠʣʠ 

ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʦʚ ɸʤʝʨʠʢʠ. 

ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʩʝʢʘʪʴ ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ 

ʤʥʦʛʠʭ ʩʪʨʘʭʦʚʱʠʢʦʚ, ʩʪʘʚʷ ʠʟʥʘʯʘʣʴʥʦ ʙʦʣʴʰʠʝ ʩʪʨʘʭʦʚʳʝ ʩʫʤʤʳ ʧʦ 

ʧʝʨʝʚʦʟʢʘʤ. 

ɿʜʝʩʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʙʳʣʘ ʙʳ ʧʨʦʟʨʘʯʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʘʢʢʨʝʜʠʪʘʮʠʠ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʝʡ ʟʘʢʘʟʯʠʢʦʚ ʩ ʧʦʥʷʪʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʠ 

ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʩʪʨʘʭʦʚʱʠʢʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʵʪʦ ʧʨʠʥʷʪʦ ʚ ʇɸʆ çʅʝʬʪʷʥʘʷ 

ʢʦʤʧʘʥʠʷ çʈʦʩʥʝʬʪʴè, ʛʜʝ ʢʘʞʜʘʷ ʧʨʦʮʝʜʫʨʘ ʟʘʢʫʧʦʢ ʩʪʨʘʭʦʚʳʭ ʫʩʣʫʛ 

ʩʦʜʝʨʞʠʪ ʭʦʪʴ ʠ ʜʦʩʪʘʪʦʯʥʦ ʝʤʢʫʶ, ʥʦ ʧʨʦʟʨʘʯʥʫʶ ʩʠʩʪʝʤʫ ʧʦʧʘʜʘʥʠʷ ʚ 

ʧʝʨʝʯʝʥʴ ʠʩʧʦʣʥʠʪʝʣʝʡ ʜʘʥʥʦʡ ʢʦʤʧʘʥʠʠ [1]. 

ɿʘʢʦʥ N 223-ʌɿ ʥʝ ʩʦʜʝʨʞʠʪ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʩʣʫʯʘʝʚ ʟʘʢʫʧʢʠ ʫ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ. ɿʘʢʦʥʦʤ N 223-ʌɿ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʨʘʚʦ ʟʘʢʘʟʯʠʢʦʚ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘʢʫʧʢʫ ʪʦʚʘʨʦʚ, ʨʘʙʦʪ, ʫʩʣʫʛ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʢʫʨʩʦʚ ʠ 

ʘʫʢʮʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʠʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʨʠ ʵʪʦʤ ʟʘʢʘʟʯʠʢ ʚʧʨʘʚʝ ʟʘʢʫʧʘʪʴ 

ʣʶʙʳʝ ʪʦʚʘʨʳ, ʨʘʙʦʪʳ, ʫʩʣʫʛʠ ʫ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ ʧʦ ʩʚʦʝʤʫ 

ʫʩʤʦʪʨʝʥʠʶ. ʏʘʩʪʴ ʟʘʢʘʟʯʠʢʦʚ, ʧʦʣʴʟʫʷʩʴ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʦ 

ʟʘʢʫʧʢʘʭ, ʚʦʦʙʱʝ ʚʳʚʝʣʠ ʩʪʨʘʭʦʚʘʥʠʝ ʠʟ ʪʝʥʜʝʨʦʚ ʠ ʟʘʢʫʧʘʶʪ ʩʪʨʘʭʦʚʳʝ 

ʫʩʣʫʛʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʪʨʘʭʦʚʘʥʠʝ ʛʨʫʟʦʚ) ʧʨʷʤʳʤʠ ʜʦʛʦʚʦʨʘʤʠ, ʙʝʟ ʢʦʥʢʫʨʩʦʚ, 
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ʥʘʧʨʠʤʝʨ ɸʆ çɻʆɿʅɸʂè (ʥʦʤʝʨʘ ʚ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʢʫʧʦʢ - 

 31705525954, 31705226559, 31604600261, 31603287408).  

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ɿʘʢʦʥ N 223-ʌɿ ʥʝ ʩʦʜʝʨʞʠʪ ʟʘʢʨʳʪʦʛʦ ʧʝʨʝʯʥʷ 

ʚʠʜʦʚ, ʩʧʦʩʦʙʦʚ ʟʘʢʫʧʦʢ ʠ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʟʘʢʫʧʦʢ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʳʪʠʶ ʨʝʘʣʴʥʦʛʦ ʯʠʩʣʘ ʟʘʢʫʧʦʢ ʫ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ. 

ʂʦʣʠʯʝʩʪʚʦ çʠʥʳʭ ʩʧʦʩʦʙʦʚè ʟʘʢʫʧʦʢ, ʧʨʦʚʦʜʠʤʳʭ ʟʘʢʘʟʯʠʢʘʤʠ, ʧʨʦʜʦʣʞʘʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ (ʥʘʧʨʠʤʝʨ, çʟʘʢʫʧʢʘ ʥʘ ʦʩʥʦʚʝ ʜʦʣʛʦʩʨʦʯʥʳʭ ʜʦʛʦʚʦʨʦʚè, çʙʝʟ 

ʧʨʦʚʝʜʝʥʠʷ ʪʦʨʛʦʚè, çʯʨʝʟʚʳʯʘʡʥʳʝ ʟʘʢʫʧʢʠè, çʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʳʙʦʨè, 

çʙʝʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʝʜʣʦʞʝʥʠʡè, çʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʪʦʨʛʦʚ: 

ʚʳʙʦʨ ʧʨʝʜʣʦʞʝʥʠʡ ʠʟ ʩʚʦʜʥʦʛʦ ʧʨʘʡʩ-ʣʠʩʪʘè). ɺʤʝʩʪʝ ʩ ʪʝʤ ʛʨʘʞʜʘʥʩʢʦʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪ ʣʠʰʴ ʜʚʝ ʬʦʨʤʳ ʟʘʢʣʶʯʝʥʠʷ ʜʦʛʦʚʦʨʘ ʥʘ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʦʩʥʦʚʝ - ʢʦʥʢʫʨʩ ʠ ʘʫʢʮʠʦʥ. ʆʪʩʫʪʩʪʚʠʝ ʚ ɿʘʢʦʥʝ N 223-ʌɿ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʧʦʩʦʙʘʤ ʟʘʢʫʧʦʢ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʟʘʢʘʟʯʠʢʘʤʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʫʞʝ ʙʦʣʝʝ 4 480 ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʘʚʱʠʢʘ, ʢʦʪʦʨʦʝ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʤʘʩʢʠʨʫʶʪ ʟʘʢʫʧʢʠ ʫ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ, ʪ.ʝ. ʙʝʟ ʢʦʥʢʫʨʩʘ. 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʩʧʦʩʦʙʦʚ ʟʘʢʫʧʦʢ ʥʝʛʘʪʠʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʟʘʢʫʧʦʢ ʠ ʜʦʙʨʦʩʦʚʝʩʪʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ 

ʫʯʘʩʪʥʠʢʘʤʠ ʟʘʢʫʧʦʢ. 

ɺʦʦʙʱʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɿʘʢʦʥ N 223-ʌɿ ʥʝ ʩʦʜʝʨʞʠʪ ʨʝʛʣʘʤʝʥʪʘʮʠʶ 

ʧʨʦʮʝʜʫʨ ʟʘʢʫʧʦʢ, ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʟʘʷʚʦʢ, ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʧʝʨʝʯʥʷ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʯʘʩʪʥʠʢʘʤ ʟʘʢʫʧʦʢ ʠ ʦʪʙʦʨʘ ʧʦʙʝʜʠʪʝʣʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʝʘʣʴʥʦʤʫ ʫʯʘʩʪʠʶ ʚ ʟʘʢʫʧʢʝ ʦʜʥʦʛʦ-ʜʚʫʭ ʫʯʘʩʪʥʠʢʦʚ,  ʛʜʝ ʚʪʦʨʦʡ ʫʯʘʩʪʥʠʢ 

ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʪʝʭʥʠʯʝʩʢʠʤ ʢʘʥʜʠʜʘʪʦʤ, ʩʦʟʜʘʚʘʷ ʚʠʜʠʤʦʩʪʴ ʢʦʥʢʫʨʝʥʮʠʠ. 

ɽʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʚʳʙʦʨʘ çʥʫʞʥʦʛʦè ʧʦʩʪʘʚʱʠʢʘ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʟʘʢʫʧʦʢ ʥʘ ʩʘʡʪʘʭ ʦʧʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʦʱʘʜʦʢ, ʘʬʬʠʣʠʨʦʚʘʥʥʳʭ ʩ 

ʟʘʢʘʟʯʠʢʦʤ. ɺ ɿʘʢʦʥʝ N 223-ʌɿ ʠ ʧʦʜʟʘʢʦʥʥʳʭ ʘʢʪʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʧʝʨʘʪʦʨʘʤ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʦʱʘʜʦʢ ʠ ʤʝʭʘʥʠʟʤʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʧʨʦʚʝʜʝʥʠʶ 

ʟʘʢʫʧʦʢ ʥʘ ʘʬʬʠʣʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʦʱʘʜʢʘʭ, ʢʦʪʦʨʳʭ ʧʦʷʚʠʣʦʩʴ 

ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʪʘʢ, ʚ 2019 ʛʦʜʫ ʠʭ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 84 ʰʪʫʢʠ 

[5]. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʥʳʭ ʪʦʨʛʦʚʳʭ ʧʣʦʱʘʜʦʢ, ʧʨʦʚʦʜʷʱʠʭ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʟʘʢʫʧʢʠ (ʥʝ ʚ ʨʘʤʢʘʭ 44-ʌɿ ʠʣʠ 223-ʌɿ), ʠʩʯʠʩʣʷʝʪʩʷ ʩʦʪʥʷʤʠ 

[8]. ɺʩʝ ʫʢʘʟʘʥʥʦʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʢʫʧʦʢ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ 

ʩʘʡʪʘʭ ʦʧʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʦʱʘʜʦʢ, ʧʨʠʟʥʘʶʪʩʷ ʥʝʩʦʩʪʦʷʚʰʠʤʠʩʷ ʧʦ 

ʧʨʠʯʠʥʝ ʫʯʘʩʪʠʷ ʚ ʟʘʢʫʧʢʝ ʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʪ.ʢ. ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʜʘʥʥʳʭ 

ʧʣʦʱʘʜʢʘʭ ʨʘʜʠ ʫʯʘʩʪʠʷ ʚ ʦʜʥʦʡ ʢʦʥʢʫʨʩʥʦʡ ʧʨʦʮʝʜʫʨʝ ʥʝ ʠʤʝʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʝʜʠʥʦʛʦ ʨʝʝʩʪʨʘ ʟʘʢʘʟʯʠʢʦʚ ʩ ʧʨʦʟʨʘʯʥʦʡ ʩʠʩʪʝʤʦʡ ʫʙʳʪʢʦʚ 

(ʛʜʝ ʵʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʙʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ), ʚʚʝʜʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʨʠʩʢʘʤ ʠ ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʦʢ, ʘ 

ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʢʫʧʦʢ ʫ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ ï ʵʪʦ 

ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʡ, ʥʦ ʫʞʝ ʵʬʬʝʢʪʠʚʥʳʡ ʚʝʢʪʦʨ ʢ ʨʘʟʚʠʪʠʶ ʪʨʘʥʩʧʨʝʥʪʥʦʩʪʠ 

ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʨʘʭʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʛʦʩʫʜʘʨʩʪʚʘ ʥʘ 

ʜʘʥʥʳʡ ʚʠʜ ʠʟ-ʟʘ ʠʩʢʣʶʯʝʥʠʷ ʥʝʥʫʞʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʩʨʝʜʥʠʯʝʩʪʚʦ.  
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ʉɽʂʎʀʗ 4. ʉʊʈʆʀʊɽʃʔʅʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʄɸʐʀʅʓ, 

ʄɽʍɸʅʀɿʄʓ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʛʦ 

ʢʘʬʝʜʨʦʡ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʝʭʘʥʠʢʘè ʄʠʭʘʡʣʝʥʢʦ ʆʣʝʛ ɸʥʘʪʦʣʴʝʚʠʯ 

 

ʋɼʂ 621.65.03 

ɸʅɸʃʀɿ ʀ ʇʋʊʀ ʇʆɺʓʐɽʅʀʗ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʅɸʉʆʉʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

ɸ.ʅ. ɼʦʚʛʘʣʴ
1
, ʀ.ɸ. ɹʘʭʪʠʥʘ

1
, ɸ.ʅ. ʂʦʨʥʝʝʚ

2
 

1.ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 

2.ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʧʦʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʭʦʜʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ, 

ʘʥʘʣʠʟ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ. 

 

ANALYSIS AND WAYS TO INCREASE ENERGY EFFICIENCY OF 

PUMPING EQUIPMENT  
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1
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1
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1.Altai State Technical University named after I.I. Polzunova 

2.Rubtsovsky Industrial Institute (branch) of the federal governmentôs budget 
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Annotation. The main reasons for the decrease in the efficiency of pumping equipment 

during its operation are considered and recommendations are given for optimizing and increasing 

the energy efficiency of pumping equipment. 

Key words: pumping unit, energy efficiency, operating parameters, analysis, regulation. 

 

ʅʘʠʙʦʣʝʝ ʵʥʝʨʛʦʸʤʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ ʩʬʝʨʝ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʘʩʦʩʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʦʣʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘʩʦʩʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 60 %, ʚ ʚʦʜʦʩʥʘʙʞʝʥʠʠ ʠ 

ʚʦʜʦʦʪʚʝʜʝʥʠʠ ï 50 %, ʚ  ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʢʦʣʦ 25 %. 

ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʣʦʤ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʥʠʞʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʤʝʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʪʠ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʝʪ ʥʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʟʤʝʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʘʤʦʛʦ ʥʘʩʦʩʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʥʠʞʘʝʪʩʷ ʂʇɼ ʥʘʩʦʩʦʚ. ʇʦ ʜʘʥʥʳʤ ʬʠʥʩʢʦʛʦ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ, ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ 1690 ʥʘʩʦʩʦʚ ʥʘ 20 
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ʧʨʝʜʧʨʠʷʪʠʷʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʂʇɼ ʥʘʩʦʩʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 40 %, ʧʨʠ ʵʪʦʤ 10% ʥʘʩʦʩʦʚ ʨʘʙʦʪʘʶʪ ʩ ʂʇɼ ʥʠʞʝ 10 %. 

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʩʥʠʞʝʥʠʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ: 

ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʘ ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʪʘʯʠʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, 

ʟʘʨʘʩʪʘʥʠʷ ʢʦʨʧʫʩʘ ʠ ʪ.ʧ., ʧʝʨʝʨʘʟʤʝʨʠʚʘʥʠʝ (ʚʳʙʦʨ ʥʘʩʦʩʦʚ ʩ ʙʦʣʴʰʝʡ ʧʦʜʘʯʝʡ 

ʠ ʥʘʧʦʨʦʤ), ʥʝʵʢʦʥʦʤʠʯʥʳʡ ʚʳʙʦʨ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʥʘʩʦʩʦʚ, ʚʦʟʨʘʩʪʘʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʪʠ (ʪʨʫʙʦʧʨʦʚʦʜʘ) ʚʚʠʜʫ ʦʪʣʦʞʝʥʠʡ, ʢʦʨʨʦʟʠʠ ʠ ʪ.ʧ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʳ, ʦʜʥʘʢʦ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʚʝʨʥʳʡ ʧʦʜʙʦʨ 

ʥʘʩʦʩʦʚ ʧʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ (ʪʨʫʙʦʧʨʦʚʦʜʘ) ʠ ʪʨʝʙʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʊʘʢ, ʧʦ 

ʜʘʥʥʳʤ ʧʷʪʠ ʚʝʜʫʱʠʭ ʢʦʤʧʘʥʠʡ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʉʐɸ, ʙʦʣʝʝ 60% ʧʨʦʜʘʥʥʳʭ ʥʘʩʦʩʦʚ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚʥʝ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ, 

ʠ ʚ 95% ʩʣʫʯʘʝʚ ʚ ʵʪʦʤ ʚʠʥʦʚʘʪʳ ʧʦʪʨʝʙʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʠʣʠ ʥʝʚʝʨʥʳʝ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʩʦʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ: 

1. ʧʝʨʝʨʘʟʤʝʨʠʚʘʥʠʝ ʥʘʩʦʩʦʚ, ʪ.ʝ. ʫʩʪʘʥʦʚʢʘ ʥʘʩʦʩʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʜʘʯʠ 

ʠ ʥʘʧʦʨʘ ʙʦʣʴʰʠʤʠ, ʯʝʤ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʥʘʩʦʩʥʦʡ ʩʠʩʪʝʤʳ; 

2. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʧʨʠ ʧʦʤʦʱʠ ʟʘʜʚʠʞʝʢ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʝʨʝʨʘʟʤʝʨʠʚʘʥʠʷ ʥʘʩʦʩʦʚ ʷʚʣʷʶʪʩʷ: 

1. ɿʘʣʦʞʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʩ ʫʯʸʪʦʤ 

ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʦʜʥʘʢʦ ʯʘʩʪʦ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʙʝʨʫʪ ʩ ʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʠ ʦʥ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 50%. 

2. ʀʟʤʝʥʝʥʠʝ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ (ʪʨʫʙʦʧʨʦʚʦʜʦʚ). ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʠʟʤʝʥʝʥʠʷʤʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ ʚʚʠʜʫ ʨʝʤʦʥʪʘ, ʟʘʤʝʥʳ 

ʤʘʪʝʨʠʘʣʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʜʨʫʛʦʡ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʫʙʳ, ʟʘʨʘʩʪʘʥʠʷ ʚʚʠʜʫ ʦʪʣʦʞʝʥʠʡ ʠ 

ʢʦʨʨʦʟʠʡ ʠ ʪ.ʧ.  

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʥʘʩʦʩʥʳʭ ʩʠʩʪʝʤʘʭ 

ʷʚʣʷʶʪʩʷ: 

1) ʟʘʤʝʥʘ ʥʘʩʦʩʦʚ ʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ï 2 %; 

2) ʟʘʤʝʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ï 1ï 3 %; 

3) ʧʦʜʨʝʟʢʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ï ʜʦ 20 %, ʚ ʩʨʝʜʥʝʤ 10 %; 

4) ʢʘʩʢʘʜʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʥʘʩʦʩʦʚ ï ʜʦ 10ï

30 %; 

5) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚʦ ʚʨʝʤʷ 

ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ï 10ï20%; 

6) ʧʨʦʩʪʦʝ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʥʘʩʦʩʦʚ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʩʝʪʠ ï ʜʦ 40 %; 

7) ʟʘʤʝʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʟʘʜʚʠʞʢʦʡ ʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʦ 60 % ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 
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ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʟʘʤʝʥʘ ʥʘʩʦʩʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʜʨʫʛʠʝ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 2 ï 3%, ʘ ʟʘʯʘʩʪʫʶ ʥʘ ʦʙʱʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦ ʥʝ ʚʣʠʷʝʪ, ʪ.ʢ. ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʤʧʣʝʢʩ ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʶʱʠʭ ʥʘʩʦʩʦʚ ʠ ʩʝʪʠ. ʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 60%, ʘ ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ʪʘʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʦʢʦʣʦ 1,5 ï 2 ʣʝʪ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʥʘʩʦʩʥʦʡ ʩʠʩʪʝʤʳ ï ʵʪʦ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʧʦ ʦʮʝʥʢʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘʩʦʩʦʚ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ (ʙʦʣʝʝ 

30 ʢɺʪ). 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʚʢʣʶʯʘʶʱʠʝ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʫ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʠ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʦʙʲʤyʝ ʧʦʪʨʝʙʣʷʝʤʳʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʠʟʙʳʪʦʯʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 

ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

1. ʉʥʠʞʝʥʠʝ ʥʘʧʦʨʘ ʚ ʩʠʩʪʝʤʝ: 

Å ʠʩʢʣʶʯʠʪʴ / ʫʤʝʥʴʰʠʪʴ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ, 

Å ʧʨʦʯʠʩʪʠʪʴ ʟʘʛʨʷʟʥʝʥʥʳʝ ʠ ʯʘʩʪʠʯʥʦ ʟʘʙʣʦʢʠʨʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ, 

Å ʫʩʪʨʘʥʠʪʴ ʫʪʝʯʢʠ ʠ ʧʝʨʝʪʝʯʢʠ ʚ ʩʠʩʪʝʤʝ, 

Å ʟʘʤʝʥʠʪʴ ʩʪʘʨʳʝ ʠ ʨʞʘʚʳʝ ʪʨʫʙʳ, 

Å ʫʚʝʣʠʯʠʪʴ ʜʠʘʤʝʪʨʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

Å ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʧʘʥʦʚ, ʬʠʪʠʥʛʦʚ ʠ ʜʨʫʛʦʡ ʘʨʤʘʪʫʨʳ, 

Å ʫʚʝʣʠʯʠʪʴ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʝʤʥʦʤ ʨʝʟʝʨʚʫʘʨʝ. 

2. ʉʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʚ ʩʠʩʪʝʤʝ: 

Å ʠʩʢʣʶʯʠʪʴ ʥʝʧʨʦʜʫʢʪʠʚʥʳʝ ʨʘʩʭʦʜʳ ʠ ʧʝʨʝʪʝʯʢʠ ʚ ʩʠʩʪʝʤʝ, 

Å ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ ʮʠʢʣʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʥʘʧʦʣʥʝʥʠʶ ʠ 

ʦʧʦʨʦʞʥʝʥʠʶ, 

Å ʠʩʢʣʶʯʠʪʴ / ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ, 

Å ʠʟʫʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʝʜʤʝʪ ʩʥʠʞʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ. ʅʘʧʨʠʤʝʨ, ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ. 

ʆʙʱʝʧʨʠʥʷʪʦʡ ʧʨʘʢʪʠʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʩʦʩʥʳʭ ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ 

ʧʦʚʳʩʠʪʴ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦ ʥʝʜʘʚʥʠʭ ʧʦʨ ʷʚʣʷʣʘʩʴ ʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʝʥʷʝʪ ʩʪʘʨʳʡ ʜʚʠʛʘʪʝʣʴ ʥʘ ʥʦʚʳʡ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʠʥʜʝʢʩʦʤ 

ʵʥʝʨʛʦʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʦʜʙʠʨʘʝʪ ʥʘʩʦʩ ʩ ʙʦʣʴʰʠʤ ʂʇɼ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ. ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʦʩʘ (ʧʦʜʘʯʘ, ʥʘʧʦʨ) 

ʚʦʩʧʨʠʥʠʤʘʣʠʩʴ ʢʘʢ ʧʦʩʪʦʷʥʥʳʝ ʠ ʥʝʠʟʤʝʥʥʳʝ, ʧʦʵʪʦʤʫ ʚʳʙʠʨʘʣʩʷ ʥʘʩʦʩ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘʩʦʩʘ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ ʚʳʙʦʨʝ ʥʘʩʦʩʘ ʚʤʝʰʠʚʘʝʪʩʷ ʥʘʰ ʦʧʳʪ ʚʳʙʦʨʘ ʙʳʪʦʚʦʡ 

ʪʝʭʥʠʢʠ, ʧʦʜʩʦʟʥʘʪʝʣʴʥʦ ʦʨʠʝʥʪʠʨʫʶʱʠʡ ʥʘʩ ʣʦʛʠʢʫ çʯʝʤ ʤʦʱʥʝʝ, ʪʝʤ 

ʥʘʜʝʞʥʝʝè. 

ɺ ʩʣʫʯʘʝ ʩ ʥʘʩʦʩʥʦʡ ʩʠʩʪʝʤʦʡ ʪʘʢʦʡ ʚʳʙʦʨ ʠʛʨʘʝʪ ʠ ʧʨʦʪʠʚ ʥʘʜʝʞʥʦʩʪʠ, ʠ 

ʧʨʦʪʠʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ʃʫʯʠhʤ ʩʧʦʩʦʙʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʝʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʝʝ ʧʨʘʚʠʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʦʛʦ ʜʣʷ 

ʥʘʤʝʯʝʥʥʳʭ ʮʝʣʝʡ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʥʘʩʦʩʥʦʡ ʩʠʩʪʝʤʳ: 

Å ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠʣʠ ʧʝʨʝʨʘʟʤʝʨʠʚʘʥʠʷ ʥʘʩʦʩʦʚ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʙʦʪʝ ʥʘʩʦʩʘ ʚʜʘʣʠ ʦʪ ʪʦʯʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʂʇɼ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʠʟʙʳʪʦʯʥʦʤʫ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ ʠ ʩʥʠʞʝʥʠʶ 

ʥʘʜʝʞʥʦʩʪʠ. 

Å ʀʩʢʣʶʯʠʪʴ ʨʘʙʦʪʫ ʥʘʩʦʩʦʚ ʩ ʥʠʟʢʠʤ ʂʇɼ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʷʨʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʦʩʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʩʦʩʦʚ ʠ 

ʨʝʛʫʣʷʨʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʉʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ʀʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʪʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 

ʥʘʩʦʩʥʘʷ ʩʠʩʪʝʤʘ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ 

ʩʪʦʠʤʦʩʪʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ. 

Å ʂʨʘʡʥʝ ʚʘʞʥʦ, ʯʪʦʙʳ ʥʘʩʦʩ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʩʷ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʪʦʯʢʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ. ʇʨʝʚʳʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʥʘʩʦʩʘ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʨʝʟʤʝʨʥʦ 

ʤʫʜʨʦʩʩʝʣʠʨʦʚʘʥʠʶ ʧʦʪʦʢʘ ʢʣʘʧʘʥʦʤ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʡ 

ʨʘʙʦʯʝʡ ʪʦʯʢʠ, ʦʙʳʯʥʦ ʚ ʩʪʦʨʦʥʫ ʦʪʢʣʶʯʝʥʠʷ. 

Å ʇʨʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʩʦʩʘ. 

Å ɺʩʝ ʩʣʫʞʙʳ ʜʦʣʞʥʳ ʦʙʲʝʜʠʥʷʪʴ ʫʩʠʣʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ. 

Å ʉʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠʥʪʝʨʚʘʣʳ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

Å ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ 

ʥʘʩʦʩʥʫʶ ʩʠʩʪʝʤʫ ʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʝʝ ʩʣʫʞʙʳ. 

ɺ ʠʪʦʛʝ, ʢʘʢ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʥʘʩʦʩʥʦʡ ʩʠʩʪʝʤʳ? 

1. ʇʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʦʩʦʚ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʙʦʪʳ ʥʘʩʦʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ. 

2. ʇʨʠ ʚʚʦʜʝ ʥʘʩʦʩʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʩʦʩʦʚ. ɼʣʷ ʥʘʩʦʩʦʚ ʤʦʱʥʦʩʪʴ ʁʩʚʳʰʝ 110 ʢɺʪ ʪʘʢʘʷ ʧʨʘʢʪʠʢʘ ʜʦʣʞʥʘ ʩʪʘʪʴ 

ʦʙʷʟʘʪʝʣʴʥʦʡ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʥʘʩʦʩʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʪ.ʜ. 

3. ʆʮʝʥʢʘ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʫʚʝʣʠʯʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

4. ʈʝʛʫʣʷʨʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘʩʦʩʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʫʜʝʰʝʚʣʝʥʠʝʤ ʮʝʥ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ. 

ʆʙʱʝʧʨʠʥʷʪʳʤ ʩʪʘʥʦʚʠʪʩʷ ʢʦʥʪʨʦʣʴ ʨʘʩʭʦʜʘ, ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ, ʚʠʙʨʘʮʠʠ ʠ ʜʨ. ʕʪʠ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʦʨʤʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʡ, ʥʦ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʘʩʦʩ 

ʨʘʙʦʪʘʝʪ ʧʦ ʥʘʤʝʯʝʥʥʦʤʫ ʧʣʘʥʫ, ʦʩʪʘʝʪʩʷ ʟʘ ʦʧʝʨʘʪʦʨʦʤ. 
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Annotation. The main aspects of the use of solar collectors for heat supply systems are 

presented, the main components of solar systems and types of solar collectors are described, the 

main parameters for assessing the use of solar collectors in the Altai Territory are analyzed. 

Key words: solar plant, solar collector, hot water supply systems, flat collector, vacuum 

collector. 

 

ʅʘʠʙʦʣʝʝ ʵʥʝʨʛʦʸʤʢʠʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ 

ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʠ ʵʥʝʨʛʦʘʫʜʠʪʝ ʠ ʩʦʩʪʘʚʣʝʥʠʠ ʵʥʝʨʛʦʜʝʢʣʘʨʘʮʠʠ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʜʘʞʝ ʥʝʙʦʣʴʰʘʷ ʵʢʦʥʦʤʠʷ ʚ ʣʶʙʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʧʦʣʫʯʠʪʴ ʵʢʦʥʦʤʠʶ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʂ ʩʠʩʪʝʤʘʤ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ: ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, 

ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʳ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʘʤʠ ʩ ʢʨʫʛʣʦʛʦʜʠʯʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʪ.ʝ. ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʛʦʜʘ ʪʨʝʙʫʝʪʩʷ ʧʦʜʘʯʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢ ʫʩʪʘʥʦʚʢʘʤ ʧʦʜʛʦʪʦʚʢʠ ʛʦʨʷʯʝʡ 

ʚʦʜʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʩʠʩʪʝʤʘʭ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 50 Üʉ, ʘ ʫ ʥʝʢʦʪʦʨʳʭ ʢʘʪʝʛʦʨʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ ʚ ʜʝʪʩʢʠʭ 

ʜʦʰʢʦʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʥʦʨʤʠʨʫʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʝʱʸ ʥʠʞʝ ï ʜʦ 40 Üʉ. 

ʊʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʩʪʝʤʘʭ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ ʫʩʪʘʥʦʚʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ - 

ʩʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʳ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ ʚʝʩʴʤʘ ʧʦʣʝʟʥʦʝ ʠ 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʠʟʦʙʨʝʪʝʥʠʝ, ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʪʝʭ ʨʘʡʦʥʦʚ, ʛʜʝ ʥʝʪ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦ ʨʝʥʪʘʙʝʣʴʥʳʤʠ ʠ 

ʥʘʜʝʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʛʝʣʠʦʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ, ʘ ʪʘʢʞʝ ʚʣʘʜʝʣʴʮʳ 

ʯʘʩʪʥʳʭ ʜʦʤʦʚ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʦ ʪʘʤ ʩʦʣʥʝʯʥʳʝ 

ʢʦʣʣʝʢʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʨʝʟʝʨʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʠʡ ʢʦʣʣʝʢʪʦʨ (ʨʠʩ. 1), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʪʝʢʣʷʥʥʳʡ ʠʣʠ ʧʣʘʩʪʠʢʦʚʳʡ ʢʦʨʧʫʩ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʭʦʜʷʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʯʝʨʥʦʛʦ ʮʚʝʪʘ [1, 2]. ʆʙʳʯʥʦ ʪʘʢʠʝ 

ʫʩʪʘʥʦʚʢʠ ʤʦʥʪʠʨʫʶʪ ʥʘ ʢʨʳʰʝ ʟʜʘʥʠʷ. 

 
ʈʠʩ. 1 - ʂʦʥʩʪʨʫʢʮʠʷ ʧʣʦʩʢʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ 
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ɼʘʥʥʳʡ ʢʦʣʣʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʥʠ-ʪʝʧʣʠʮʫ, ʚ ʢʦʪʦʨʦʡ ʩʦʣʥʮʝ, 

ʧʦʧʘʜʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ, ʩʦʛʨʝʚʘʝʪ ʚʦʜʫ, ʮʠʨʢʫʣʠʨʫʶʱʫʶ ʧʦ 

ʪʨʫʙʢʘʤ. ʊʨʫʙʢʠ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʶʪ ʠʟ ʤʝʜʠ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.  ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʪʦʣʱʠʥʘ ʠ ʩʚʦʡʩʪʚʘ ʩʣʦʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʥʩʪʨʫʢʮʠʠ, 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʣʦʱʘʜʠ ʢʦʨʧʫʩʘ ʠ ʜʨ. [1, 2]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʣʦʩʢʦʛʦ ʢʦʣʣʝʢʪʦʨʘ  ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ ʚ ʩʠʩʪʝʤʘʭ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʪʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʘʢʫʫʤʥʳʝ ʢʦʣʣʝʢʪʦʨʳ [4]. ʂʦʥʩʪʨʫʢʮʠʷ 

ʚʘʢʫʫʤʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. [1, 3]. 

 

 
ʈʠʩ. 2 - ʂʦʥʩʪʨʫʢʮʠʷ ʚʘʢʫʫʤʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ 

 

ɺʘʢʫʫʤʥʳʡ ʢʦʣʣʝʢʪʦʨ ʟʘ ʩʯʸʪ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʫʙʦʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ, ʜʘʞʝ 

ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ [1, 4]. 

ʆʩʥʦʚʥʦʡ ʨʘʩʯʸʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ ʛʦʜʠʯʥʳʡ ʧʝʨʠʦʜ ʠʭ ɻʢʩʧʣʫʘʪʘʮʠʠ (Qc), 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

                                                             Qc = f Q,                                                (1)  

ʛʜʝ f - ʜʦʣʷ ʧʦʣʥʦʡ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʟʘ 

ʩʯʝʪ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ;   

Q - ʧʦʣʥʘʷ ʛʦʜʦʚʘʷ ʥʘʛʨʫʟʢʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʢɺʪĿʯ. 

ʋʜʝʣʴʥʘʷ ʛʦʜʦʚʘʷ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

                                                                q = Qc / F,                                           (2) 

 ʛʜʝ F - ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʤ
2
 .  

ʋʜʝʣʴʥʘʷ ʛʦʜʦʚʘʷ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ q ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʛʨʫʧʧ 

ʧʘʨʘʤʝʪʨʦʚ: 
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- ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʩʪʥʦʩʪʠ; 

- ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʣʣʝʢʪʦʨʘ; 

- ʨʝʞʠʤʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʩ ʩʦʣʥʝʯʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ. 

ʆʩʥʦʚʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 - ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʊʠʧ ʢʦʣʣʝʢʪʦʨʘ 

I II  III  

ʆʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ UL, ɺʪ/(ʤ
2
ĿÁʉ) 7,5 4,3 4,4 

ʇʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʧʣʦʧʨʠʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, Ŭ 

0,95 0,90 0,95 

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʧʦʛʣʦʱʘʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 

0,95 0,10 0,95 

ʇʨʦʧʫʩʢʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʪʝʢʣʝʥʠʷ Űʧ 0,87 0,87 0,72 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ FR 0,91 0,93 0,95 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, Áʉ 80 100 80 

 

ɼʘʥʥʳʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ: ʜʣʷ 

ʩʠʩʪʝʤ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ - ʦʜʥʦʩʪʝʢʦʣʴʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʪʠʧʘ I ʠ II; ʜʣʷ 

ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ -  ʦʜʥʦʩʪʝʢʦʣʴʥʳʡ ʩʝʣʝʢʪʠʚʥʳʡ ʢʦʣʣʝʢʪʦʨ 

(ʪʠʧ II) ʠʣʠ ʜʚʫʭʩʪʝʢʦʣʴʥʳʡ ʥʝʩʝʣʝʢʪʠʚʥʳʡ ʢʦʣʣʝʢʪʦʨ (ʪʠʧ III).  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʸ ʙʦʣʴʰʝ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʧʨʠʤʝʥʷʶʪ BIM ʪʝʭʥʦʣʦʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʦʜʥʦʪʠʧʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʘʛʣʷʜʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʦʙʲʝʢʪʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ (ʘʨʭʠʪʝʢʪʦʨʘʤʠ, 

ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ, ʠʥʞʝʥʝʨʘʤʠ ʠ ʜʨ.) [1]. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ Autodesk 

Revit ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʧʝʮʠʘʣʠʩʪʘʤ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ 

ʤʦʞʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʨʫʙʦʧʨʦʚʦʜʳ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʩʣʦʞʥʦʩʪʠ, ʩ ʫʯʝʪʦʤ ʣʶʙʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʲʝʢʪʘ, 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʢʘʥʘʣʠʟʘʮʠʠ ʠ ʜʨʫʛʠʭ ʠʥʞʝʥʝʨʥʳʭ 

ʩʠʩʪʝʤ [1, 2]. 

ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Autodesk Revit ʷʚʣʷʶʪʩʷ: 
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¶ ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʰʠʪʴ ʚʩʝ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʢʦʤʤʫʥʠʢʘʮʠʡ ʩʦ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ Revit 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʠʥʷʪʴ ʚ ʨʘʩʯʝʪ 

ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʢʦʤʧʦʥʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʟʜʘʥʠʷ. 

¶ ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʢʣʘʜʢʠ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʟʜʘʥʠʷ. 

¶ ʋʚʷʟʢʘ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʩʤʝʞʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʝʜʠʥʦʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘʥʘʣʠʟ ʨʘʟʤʝʱʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚ 

ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ. 

¶ ʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʬʠʢʘʮʠʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʟʜʝʨʞʝʢ ʥʘ ʩʪʘʜʠʠ ʤʦʥʪʘʞʘ. 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ. 

¶ 3D-ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʥʘʜ ʧʨʦʝʢʪʦʤ ʠ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʥʠʝ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [2]. 

ʉʘʥʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʦʟʜʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʩʧʦʩʦʙʦʚ: 

¶ ʇʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʧʨʠʙʦʨʦʚ ʚ ʧʨʦʝʢʪʝ ʜʦʙʘʚʣʷʶʪʩʷ 

ʧʨʠʙʦʨʳ, ʥʝ ʥʘʟʥʘʯʝʥʥʳʝ ʥʠ ʦʜʥʦʡ ʩʠʩʪʝʤʝ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʦʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʟʥʘʯʘʶʪʩʷ ʩʠʩʪʝʤʝ. 

¶ ʂʦʤʧʦʥʝʥʪʳ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʠ ʚʨʫʯʥʫʶ ʜʦʙʘʚʣʷʪʴ ʚ ʩʠʩʪʝʤʫ. ʇʦʩʣʝ 

ʥʘʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʈʘʙʦʯʠʡ 

ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʦʚʢʠ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʪʨʘʩʩʠʨʦʚʢʫ ʪʨʫʙ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʪʴ ʪʨʫʙʦʧʨʦʚʦʜ ʜʣʷ ʩʠʩʪʝʤʳ [2]. 

ʊʨʫʙʦʧʨʦʚʦʜʥʘʷ ʘʨʤʘʪʫʨʘ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʝʝ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʧʨʠ ʧʦʤʦʱʠ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʇʦʵʪʦʤʫ, ʝʩʣʠ 

ʥʫʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʬʦʨʤʫ ʠʟʜʝʣʠʡ ʙʣʠʟʢʦ ʢ ʨʝʘʣʴʥʦʡ, ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʤʝʩʪʦ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʚʣʦʞʝʥʥʳʝ ʥʝʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʝ ʩʝʤʝʡʩʪʚʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʠʟʜʝʣʠʷ ʧʨʠ ʵʪʦʤ ʩʦʟʜʘʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʢʘʪʝʛʦʨʠʠ ʩ ʪʨʝʙʫʝʤʳʤʠ ʨʘʟʤʝʨʘʤʠ. ɼʘʣʝʝ ʩʦʟʜʘʥʥʳʝ ʩʝʤʝʡʩʪʚʘ ʟʘʛʨʫʞʘʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʣʦʞʝʥʥʳʭ ʚ ʨʦʜʠʪʝʣʴʩʢʦʝ - ʨʠʩʫʥʦʢ 1 [3]. 

ɺ Revit ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʨʝʟʴʙʦʚʦʝ, ʩʚʘʨʥʦʝ ʠ ʬʣʘʥʮʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ɺ 

ʩʠʩʪʝʤʘʭ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʚʩʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʩʦʝʜʠʥʷʶʪʩʷ ʨʘʩʪʨʫʙʘʤʠ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʨʫʙʥʳʭ ʬʠʪʠʥʛʦʚ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ Revit 

[3]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʙʘʟ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʜʝʪʘʣʝʡ Revit ʚʦʟʥʠʢʘʶʪ ʥʝʪʦʯʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʪʨʫʙ, ʪ.ʢ. 

ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʫʯʘʩʪʢʠ, ʟʘʭʦʜʷʱʠʝ ʚ ʨʘʩʪʨʫʙʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ, 

ʯʪʦ ʚ ʤʘʩʰʪʘʙʘʭ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ ʩʦʦʨʫʞʝʥʠʷ ʤʦʞʝʪ ʜʘʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʢ ʪʦʤʫ ʞʝ ʟʘʚʠʩʷʱʫʶ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʵʪʦʡ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʪʘʢʠʭ ʬʠʪʠʥʛʦʚ ʥʝ ʧʦʣʫʯʠʪʩʷ ʩʦʙʨʘʪʴ ʫʯʘʩʪʢʠ 

https://knowledge.autodesk.com/ru/support/revit-products/learn-explore/caas/CloudHelp/cloudhelp/2018/RUS/Revit-Model/files/GUID-F60FC722-CBC5-409C-948B-6EEEDE2B2AF1-htm.html
https://knowledge.autodesk.com/ru/support/revit-products/learn-explore/caas/CloudHelp/cloudhelp/2018/RUS/Revit-Model/files/GUID-F60FC722-CBC5-409C-948B-6EEEDE2B2AF1-htm.html
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ʩʠʩʪʝʤ ʜʦ ʢʦʥʝʯʥʳʭ ʧʨʠʙʦʨʦʚ ʚ ʪʦʯʥʦʩʪʠ ʪʘʢ, ʢʘʢ ʦʥʠ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʚ ʞʠʟʥʠ, 

ʯʪʦ, ʢ ʧʨʠʤʝʨʫ, ʜʣʷ ʩʝʪʝʡ ʩʘʤʦʪʝʯʥʦʡ ʢʘʥʘʣʠʟʘʮʠʠ ʚʝʩʴʤʘ ʚʘʞʥʦ ʚʚʠʜʫ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʥʪʘʞʘ [3]. 

 

 
 

ʈʠʩ. 1 - ɺʳʙʦʨ ʩʝʤʝʡʩʪʚʘ 

 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʪʨʫʙʥʳʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʥʝʨʘʚʥʦʟʥʘʯʥʳʝ ʢʦʥʥʝʢʪʦʨʳ, ʪ.ʝ. ʫ ʨʝʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʦʜʥʠ 

ʩʦʝʜʠʥʠʪʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʩʪʨʫʙʳ, ʘ ʜʨʫʛʠʝ - ʛʣʘʜʢʠʝ ʢʦʥʮʳ, 

ʚʩʪʘʚʣʷʝʤʳʝ ʚ ʨʘʩʪʨʫʙʳ ʪʨʫʙ ʠʣʠ ʜʨʫʛʠʭ ʬʠʪʠʥʛʦʚ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ Revit 

ʧʦʥʷʪʠʝ ʨʘʩʪʨʫʙʘ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʧʨʠʥʮʠʧʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʩʝʤʝʡʩʪʚ ʧʨʠ ʵʪʦʤ - ʚʝʩʴʤʘ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ ʫʯʝʪʘ 

ʤʥʦʞʝʩʪʚʘ ʥʶʘʥʩʦʚ ʠ ʪʦʥʢʦʩʪʝʡ [3]. 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪʳ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʝʤʝʡʩʪʚ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʠʤʝʝʤ ʩʪʘʥʜʘʨʪʥʦʝ ʩʝʤʝʡʩʪʚʦ ʦʜʥʦʧʣʦʩʢʦʩʪʥʦʡ ʢʨʝʩʪʦʚʠʥʳ 

ʩ ʦʪʚʝʪʚʣʝʥʠʷʤʠ ʧʦʜ 90 ʛʨʘʜʫʩʦʚ. ɽʩʣʠ ʩʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʠʩʪʝʤʳ 

ʢʘʥʘʣʠʟʘʮʠʠ ʫʛʣʳ 87,5Á, ʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʥʘ ʙʫʜʝʪ ʣʦʤʘʪʴʩʷ, ʧʦʵʪʦʤʫ 

ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʯʝʨʪʠʪʴ  ʧʝʨʝʩʝʯʝʥʠʝ ʪʨʫʙ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ  ʢʨʝʩʪʦʚʠʥʳ 

ʧʦʜ 90Á, ʘ ʟʘʪʝʤ ʧʦʤʝʥʷʪʴ ʫʛʣʳ.  

ɽʩʣʠ ʫʜʘʣʠʪʴ çʙʦʢʦʚʳʝè ʪʨʫʙʳ, ʪʦ ʚ ʩʚʦʡʩʪʚʘʭ ʢʨʝʩʪʦʚʠʥʳ ʤʦʞʥʦ ʟʘʜʘʪʴ 

ʝʸ ʦʨʠʝʥʪʘʮʠʶ (ʣʝʚʘʷ ʠʣʠ ʧʨʘʚʘʷ) ʠ ʫʛʦʣ ʦʪʚʝʪʚʣʝʥʠʡ. ʃʝʚʘʷ - ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, 

ʯʪʦ ʣʝʚʘʷ ʯʘʩʪʴ ʢʨʝʩʪʦʚʠʥʳ ʦʩʪʘʸʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʤʘʛʠʩʪʨʘʣʠ, ʘ ʧʨʘʚʘʷ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 90 ʛʨʘʜʫʩʦʚ. ʇʨʘʚʘʷ - ʘʥʘʣʦʛʠʯʥʦ, ʥʦ ʩ ʧʨʘʚʳʤ ʦʪʚʝʪʚʣʝʥʠʝʤ 

[4] - ʨʠʩʫʥʢʠ 2 - 5. 

 



 

170 

 

 
ʈʠʩ. 2 - ʆʜʥʦʧʣʦʩʢʦʩʪʥʘʷ  ʢʨʝʩʪʦʚʠʥʘ ʧʦʜ 90Á 

 

 
ʈʠʩ. 3 - ɼʚʫʭʧʣʦʩʢʦʩʪʥʘʷ ʢʨʝʩʪʦʚʠʥʘ ʣʝʚʘʷ ʧʦʜ 90Á 

 

 
ʈʠʩ. 4 - ʆʜʥʦʧʣʦʩʢʦʩʪʥʘʷ ʢʨʝʩʪʦʚʠʥʘ ʧʦʜ 45Á 


