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ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ - ʵʪʦ 

ʨʝʮʝʥʟʠʨʫʝʤʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ, ʢʦʪʦʨʳʡ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʜʦʮʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 

ʧʦʣʫʯʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʚʳʭʦʜʘ ʞʫʨʥʘʣʘ ï ʝʞʝʤʝʩʷʯʥʦ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʫʙʣʠʢʦʚʘʪʴ ʩʘʤʳʝ ʘʢʪʫʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ ʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʝʨʘʪʠʚʥʦʝ ʦʙʥʘʨʦʜʦʚʘʥʠʝ ʚʘʞʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʀʥʬʦʨʤʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʩʙʦʨʥʠʢʘʭ, ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 

ʘʚʪʦʨʩʢʦʤ ʚʘʨʠʘʥʪʝ. ʆʨʬʦʛʨʘʬʠʷ ʠ ʧʫʥʢʪʫʘʮʠʷ ʩʦʭʨʘʥʝʥʳ. 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʠʥʬʦʨʤʘʮʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʚʩʝʦʙʱʝʝ 

ʦʙʦʟʨʝʥʠʝ, ʥʝʩʫʪ ʘʚʪʦʨʳ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʝʪʘʜʘʥʥʳʝ ʠ ʧʦʣʥʳʝ ʪʝʢʩʪʳ ʩʪʘʪʝʡ ʞʫʨʥʘʣʘ ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ELIBRARY. 

ʕʣʝʢʪʨʦʥʥʳʝ ʤʘʢʝʪʳ ʠʟʜʘʥʠʷ ʜʦʩʪʫʧʥʳ ʥʘ ʩʘʡʪʝ ʥʘʫʯʥʦʛʦ 

ʮʝʥʪʨʘ çLJournalè - https://ljournal.org 
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țȐȏȋȕȡȓșȘȘȋȪ ȕșȖȖȐȎȓȪ 
 

 
ʏʝʨʥʦʧʷʪʦʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ ʎʘʨʝʛʦʨʦʜʮʝʚ ɽʚʛʝʥʠʡ ʃʝʦʥʠʜʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʨʦʬʝʩʩʦʨ ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

  

ʇʠʚʦʚʘʨʦʚ ɸʣʝʢʩʘʥʜʨ ɸʥʘʪʦʣʴʝʚʠʯ ʄʘʣʳʰʢʠʥʘ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʂʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʂʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ 

  

ʀʣʴʷʱʝʥʢʦ ɼʤʠʪʨʠʡ ʇʘʚʣʦʚʠʯ ɼʨʦʙʦʪ ʇʘʚʝʣ ʅʠʢʦʣʘʝʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ 

  

ɹʦʞʢʦ ʃʝʩʷ ʄʠʭʘʡʣʦʚʥʘ ɹʝʛʠʜʦʚʘ ʉʚʝʪʣʘʥʘ ʅʠʢʦʣʘʝʚʥʘ 

ɼʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ɼʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʨʦʬʝʩʩʦʨ 

  

ɸʥʜʨʝʝʚʘ ʆʣʴʛʘ ʅʠʢʦʣʘʝʚʥʘ ɸʙʘʩʦʚʘ ʉʘʤʠʨʘ ɻʫʩʝʡʥ ʢʳʟʳ 

ʂʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ʂʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ 

  

ʇʦʧʦʚʘ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ʍʘʥʙʘʙʘʝʚʘ ʆʣʴʛʘ ɽʚʛʝʥʴʝʚʥʘ 

ʂʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ʂʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ɼʦʮʝʥʪ 

  

ɺʨʘʞʥʦʚ ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ ɽʨʳʛʠʥʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ  

ʂʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ ʂʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ 

  

ʏʝʙʳʢʠʥʘ ʆʣʴʛʘ ɸʣʴʙʝʨʪʦʚʥʘ ʃʝʚʯʝʥʢʦ ɺʠʢʪʦʨʠʷ ɺʠʢʪʦʨʦʚʥʘ 

ʂʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʂʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

  

ʇʝʪʨʘʰ ɽʣʝʥʘ ɺʘʜʠʤʦʚʥʘ ʈʦʤʘʥʝʥʢʦ ɽʣʝʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʂʘʥʜʠʜʘʪ ʢʫʣʴʪʫʨʦʣʦʛʠʠ ʂʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ 

  

ʄʠʨʦʰʠʥ ɼʤʠʪʨʠʡ ɻʨʠʛʦʨʴʝʚʠʯ ɽʬʨʝʤʝʥʢʦ ɽʚʛʝʥʠʡ ʉʝʨʛʝʝʚʠʯ 

ʂʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ʂʘʥʜʠʜʘʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ 

  

ʐʘʣʘʛʠʥʦʚʘ ʂʩʝʥʠʷ ʉʝʨʛʝʝʚʥʘ ʂʘʪʝʨʤʠʥʘ ɺʝʨʦʥʠʢʘ ɺʠʢʪʦʨʦʚʥʘ 

ʂʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ɼʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʨʦʬʝʩʩʦʨ 

  

ʇʦʣʠʮʠʥʩʢʠʡ ɽʚʛʝʥʠʡ ɺʘʣʝʨʠʝʚʠʯ ɾʠʯʢʠʥ ʂʠʨʠʣʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ʂʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ 

  

ʇʫʟʳʥʷ ʊʘʪʴʷʥʘ ɸʣʝʢʩʝʝʚʥʘ ʃʘʨʠʦʥʦʚ ʄʘʢʩʠʤ ɺʠʢʪʦʨʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ 

  

ɸʬʘʥʘʩʴʝʚʘ ʊʘʪʴʷʥʘ ɻʘʚʨʠʣʦʚʥʘ ɹʘʡʨʘʤʦʚʘ ɸʡʛʶʥ ʉʝʡʤʫʨ ʢʳʟʳ 

ɼʦʢʪʦʨ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ɼʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʫʢʘʤ 
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ʃʳʛʠʥ ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʐʘʤʫʪʜʠʥʦʚ ɸʡʜʘʨ ʍʘʨʠʩʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʨʦʬʝʩʩʦʨ 

  

ɿʘʣʦʤʥʦʚʘ ʉʚʝʪʣʘʥʘ ʇʝʪʨʦʚʥʘ ʅʘʡʜʝʥʦʚ ʅʠʢʦʣʘʡ ɼʤʠʪʨʠʝʚʠʯ 

ʂʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ɼʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʨʦʬʝʩʩʦʨ 

  

ɹʠʡʤʫʨʩʘʝʚʘ ɹʫʨʫʣʙʫʙʫ ʄʦʣʜʦʩʘʣʠʝʚʥʘ ʈʦʤʘʥʦʚʘ ʀʨʠʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ 

ʂʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ʂʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ 

  

ʈʘʜʢʝʚʠʯ ʄʠʭʘʠʣ ʄʠʭʘʡʣʦʚʠʯ ʍʘʯʘʪʫʨʦʚʘ ʂʘʨʠʥʝ ʈʦʙʝʨʪʦʚʥʘ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʨʦʬʝʩʩʦʨ ʂʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

  

ɻʫʪʢʝʚʠʯ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ʂʘʜʠʤ ʄʫʥʜʝʨ ʄʫʣʣʘ 

ɼʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ ʂʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ 

  

ʄʘʪʚʝʝʚ ʈʦʤʘʥ ʉʪʘʣʠʥʘʨʴʝʚʠʯ ɻʨʠʛʦʨʴʝʚ ʄʠʭʘʠʣ ʌʝʜʦʩʝʝʚʠʯ 

ɼʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ɼʦʮʝʥʪ ʂʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʝʨʩʦʥʘʣʴʥʳʝ ʧʦʤʦʱʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) 

ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʕʪʘ ʩʪʘʪʴʷ ʠʩʩʣʝʜʫʝʪ, ʢʘʢ ʪʘʢʠʝ 

ʚʠʨʪʫʘʣʴʥʳʝ ʧʦʤʦʱʥʠʢʠ, ʢʘʢ Siri, Alexa ʠ Google Assistant, ʠʟʤʝʥʷʶʪ ʥʘʰ ʧʦʜʭʦʜ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʯ ʠ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ ʚ ʣʠʯʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʵʪʠʭ ʧʦʤʦʱʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʨʳ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʨʦʟʥʠʯʥʫʶ 

ʪʦʨʛʦʚʣʶ ʠ ʦʙʨʘʟʦʚʘʥʠʝ. ʊʘʢʞʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ-ʧʦʤʦʱʥʠʢʦʚ, 

ʪʘʢʠʝ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ, ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ 

ʠ ʜʝʥʝʛ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʪʝʢʫʱʠʝ 

ʪʝʥʜʝʥʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʀʀ, ʧʦʜʯʝʨʢʠʚʘʷ ʠʭ 

ʨʘʩʪʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʥʘʰʝʡ ʞʠʟʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʀʀ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʧʦʤʦʱʥʠʢʠ, Siri, Alexa, 

Google Assistant, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʟʘʜʘʯ, ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʙʣʘʛʦʧʦʣʫʯʠʝ, ʮʠʬʨʦʚʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʫʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʧʦʜʜʝʨʞʢʘ. 

 

Abstract 

In recent years, artificial intelligence (AI)-based personal assistants have become an integral 

part of our daily lives. This article explores how virtual assistants like Siri, Alexa, and Google 

Assistant are changing our approach to task completion and decision-making in both personal and 

professional spheres. The main functions and technologies underlying these assistants are examined, 

along with examples of their application in various industries, including healthcare, manufacturing, 

retail, and education. The advantages of using AI assistants are also discussed, such as increased 

productivity, improved customer service, time and cost savings, and enhanced security and well-being. 

The article analyzes current trends and future prospects for AI-based personal assistants, highlighting 

their growing importance in our lives. 

Keywords: ʘrtificial intelligence, AI, personal assistants, Siri, Alexa, Google Assistant, task 

automation, natural language processing, machine learning, productivity, customer service, security, 

well-being, digital transformation, smart devices, emotional support. 

 

ɺ ʵʨʫ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʥʘʰʠ ʞʠʟʥʠ 

ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʧʦʷʚʣʝʥʠʶ ʀʀ-

ʘʩʩʠʩʪʝʥʪʦʚ. ʆʪ ʩʤʘʨʪʬʦʥʦʚ ʜʦ ʜʦʤʘʰʥʠʭ ʫʩʪʨʦʡʩʪʚ ʫʤʥʦʛʦ ʜʦʤʘ, ʵʪʠ ʚʠʨʪʫʘʣʴʥʳʝ ʧʦʤʦʱʥʠʢʠ 

ʫʞʝ ʧʨʦʯʥʦ ʚʦʰʣʠ ʚ ʥʘʰʫ ʧʦʚʩʝʜʥʝʚʥʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʠʟʤʝʥʷʷ ʝʸ ʩ ʢʘʞʜʳʤ ʜʥʸʤ. ɼʘʚʘʡʪʝ 

ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʠʤʝʥʥʦ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʥʘʰ ʦʙʳʜʝʥʥʳʡ ʤʠʨ ʠ ʢʘʢʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʦʪʢʨʳʚʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʏʪʦ ʪʘʢʦʝ ʧʝʨʩʦʥʘʣʴʥʳʝ ʧʦʤʦʱʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʀʀ? 

ʇʝʨʩʦʥʘʣʴʥʳʝ ʧʦʤʦʱʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʦʩʥʦʚʝ ʀʀ, ð ʵʪʦ ʚʠʨʪʫʘʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪ ʦʙʨʘʙʦʪʢʫ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP), ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʀʀ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -9- 

 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʥʠʤʘʪʴ ʠ ʦʪʚʝʯʘʪʴ ʥʘ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʤʠʪʠʨʫʷ ʯʝʣʦʚʝʯʝʩʢʦʝ 

ʦʙʱʝʥʠʝ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʀʀ 

ʇʝʨʩʦʥʘʣʴʥʳʝ ʧʦʤʦʱʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʦʩʥʦʚʝ ʀʀ, ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʝʜʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʛʝʥʝʨʘʮʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLG) ʠ ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʝʜʦʩʪʘʚʣʷʷ 

ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʬʫʥʢʮʠʠ: 

- ʇʦʥʠʤʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLU): ʇʦʥʠʤʘʶʪ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʟʘʧʨʦʩʳ 

ʠ ʢʦʤʘʥʜʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʜʣʷ ʠʥʪʫʠʪʠʚʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. [1] 

- ɻʝʥʝʨʘʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ: ɼʠʥʘʤʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʶʪ ʦʪʚʝʪʳ, ʧʦʭʦʞʠʝ ʥʘ 

ʯʝʣʦʚʝʯʝʩʢʠʝ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦ ʨʝʣʝʚʘʥʪʥʫʶ ʠ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

- ʆʩʦʟʥʘʥʠʝ ʢʦʥʪʝʢʩʪʘ: ʋʜʝʨʞʠʚʘʶʪ ʢʦʥʪʝʢʩʪ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʠ ʨʝʣʝʚʘʥʪʥʳʝ 

ʦʪʚʝʪʳ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʦʣʞʘʶʱʠʭʩʷ ʨʘʟʛʦʚʦʨʦʚ. 

- ʆʙʫʯʝʥʠʝ ʠ ʘʜʘʧʪʘʮʠʷ: ʇʦʩʪʦʷʥʥʦ ʫʯʘʪʩʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʯʪʦʙʳ ʫʣʫʯʰʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

- ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʟʘʜʘʯ: ɺʳʧʦʣʥʷʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʟʘʧʨʦʩʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʪ ʧʨʦʩʪʳʭ ʢʦʤʘʥʜ ʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ, ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ 

ʜʝʡʩʪʚʠʡ. 

- ʇʦʪʦʢ ʨʘʟʛʦʚʦʨʘ: ʋʣʫʯʰʘʶʪ ʧʦʪʦʢ ʨʘʟʛʦʚʦʨʘ, ʧʦʥʠʤʘʷ ʢʦʥʪʝʢʩʪ ʠ 

ʧʦʜʜʝʨʞʠʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʦʧʳʪʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʈʦʩʪ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʩʦʥʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʀʀ 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʀʀ-ʘʩʩʠʩʪʝʥʪʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʥʚʝʩʪʠʮʠʷʤ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʠʛʘʥʪʦʚ, ʢʘʢ Apple, Google, Amazon ʠ 

Microsoft, ʚ ʨʘʟʨʘʙʦʪʢʫ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʨʘʟʛʦʚʦʨʥʦʛʦ ʀʀ. ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʢʫʣʴʪʫʨʫ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʜʘʥʥʳʝ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʦʩʪʠʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʄʦʱʥʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʦʛʨʦʤʥʳʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʠ ʧʝʨʩʦʥʘʣʴʥʳʤ 

ʧʦʤʦʱʥʠʢʘʤ ʥʘ ʦʩʥʦʚʝ ʀʀ ʙʦʣʝʝ ʪʦʯʥʦ ʧʦʥʠʤʘʪʴ ʠ ʦʪʚʝʯʘʪʴ ʥʘ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʠʥʪʝʛʨʠʨʫʷʩʴ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ. [2]  

ɺʝʜʫʱʠʝ ʀʀ ʘʩʩʠʩʪʝʥʪʳ: 

- Apple Siri: ɻʦʣʦʩʦʚʦʡ ʧʦʤʦʱʥʠʢ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʚ ʫʩʪʨʦʡʩʪʚʘ iOS ʠ macOS. 

- Google Assistant: ɼʦʩʪʫʧʝʥ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ Android ʠ ʜʨʫʛʠʭ ʧʣʘʪʬʦʨʤʘʭ, 

ʧʦʤʦʛʘʝʪ ʩ ʟʘʜʘʯʘʤʠ, ʚʦʧʨʦʩʘʤʠ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʫʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

- Amazon Alexa: ʀʟʚʝʩʪʝʥ ʠʥʪʝʛʨʘʮʠʝʡ ʩ ʫʤʥʳʤ ʜʦʤʦʤ ʠ ʤʥʦʞʝʩʪʚʦʤ ʥʘʚʳʢʦʚ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ Amazon Echo ʠ ʜʨʫʛʠʭ. 

- Microsoft Cortana: ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʛʦʣʦʩʦʚʫʶ ʧʦʤʦʱʴ ʠ ʬʫʥʢʮʠʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʠʟʥʘʯʘʣʴʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʫʩʪʨʦʡʩʪʚʘ Windows. 

- Samsung Bixby: ʇʨʝʜʣʘʛʘʝʪ ʛʦʣʦʩʦʚʳʝ ʢʦʤʘʥʜʳ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʘ ʩʤʘʨʪʬʦʥʘʭ Samsung ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʀʀ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ: 

- ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʝ: ʀʀ ʘʩʩʠʩʪʝʥʪʳ ʩʦʟʜʘʶʪ ʧʦʜʨʦʙʥʳʝ ʩʚʦʜʢʠ ʧʘʮʠʝʥʪʦʚ ʠʟ 

ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʟʘʧʠʩʝʡ, ʧʦʤʦʛʘʷ ʚ ʧʨʠʥʷʪʠʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʨʝʰʝʥʠʡ ʠ ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʟʜʦʨʦʚʴʶ ʠ 

ʥʘʧʦʤʠʥʘʥʠʷ ʦ ʧʨʠʝʤʝ ʣʝʢʘʨʩʪʚ. [3] 

- ʇʨʦʠʟʚʦʜʩʪʚʦ: ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʥʠ ʦʧʪʠʤʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʩʦʟʜʘʚʘʷ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʝ ʛʨʘʬʠʢʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ, ʫʤʝʥʴʰʘʷ ʧʨʦʩʪʦʠ ʠ 



-10- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʦʚʳʰʘʷ ʦʧʝʨʘʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʥʠ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʠʥʞʝʥʝʨʘʤ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʪʦʪʠʧʦʚ ʧʨʦʜʫʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʩʠʤʫʣʷʮʠʡ 

ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. [4] 

- ʏʝʣʦʚʝʯʝʩʢʠʝ ʨʝʩʫʨʩʳ: ʇʝʨʩʦʥʘʣʴʥʳʝ ʧʦʤʦʱʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʀʀ ʫʧʨʦʱʘʶʪ 

ʧʨʦʮʝʩʩ ʥʘʡʤʘ, ʧʨʦʩʤʘʪʨʠʚʘʷ ʨʝʟʶʤʝ, ʦʨʛʘʥʠʟʫʷ ʠʥʪʝʨʚʴʶ ʠ ʧʨʦʚʦʜʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʦʮʝʥʢʠ. ʆʥʠ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʩʦʪʨʫʜʥʠʢʘʤ ʩ ʚʦʧʨʦʩʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʢʘʜʨʦʚʳʤʠ ʚʦʧʨʦʩʘʤʠ, ʫʣʫʯʰʘʷ ʦʧʳʪ ʘʜʘʧʪʘʮʠʠ. [5] 

- ʈʦʟʥʠʯʥʘʷ ʪʦʨʛʦʚʣʷ: ɺ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʝ ʫʣʫʯʰʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʢʣʠʝʥʪʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʜʫʢʪʘʤ ʠ 

ʦʪʯʝʪʳ ʦ ʪʝʢʫʱʠʭ ʟʘʧʘʩʘʭ, ʦʧʪʠʤʠʟʠʨʫʷ ʧʨʦʮʝʩʩʳ ʧʦʧʦʣʥʝʥʠʷ ʟʘʧʘʩʦʚ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ. [4] 

- ʆʙʨʘʟʦʚʘʥʠʝ: ʀʀ ʘʩʩʠʩʪʝʥʪʳ ʩʣʫʞʘʪ ʚʠʨʪʫʘʣʴʥʳʤʠ ʨʝʧʝʪʠʪʦʨʘʤʠ, ʩʦʟʜʘʚʘʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ 

ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʦʮʝʥʢʘ ʟʘʜʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʪʫʜʝʥʪʘʤʠ. [6] 

- ʂʣʠʝʥʪʩʢʘʷ ʧʦʤʦʱʴ: ɺ ʩʣʫʞʙʝ ʧʦʜʜʝʨʞʢʠ ʢʣʠʝʥʪʦʚ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʤʛʥʦʚʝʥʥʳʝ ʠ ʪʦʯʥʳʝ ʦʪʚʝʪʳ ʥʘ ʟʘʧʨʦʩʳ, ʫʣʫʯʰʘʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ 

ʢʣʠʝʥʪʦʚ ʠ ʦʩʚʦʙʦʞʜʘʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʚʦʧʨʦʩʦʚ. [7] 

- ʌʠʥʘʥʩʳ: ɺ ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ ʧʦʤʦʛʘʶʪ ʩʦʚʝʪʥʠʢʘʤ ʩ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʤ 

ʘʥʘʣʠʟʦʤ ʠʥʚʝʩʪʠʮʠʡ ʠ ʦʧʝʨʘʪʠʚʥʳʤʠ ʨʳʥʦʯʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʥʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʢʣʠʝʥʪʦʚ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʦʚʝʪʘʤʠ ʧʦ ʙʶʜʞʝʪʫ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʚʳʯʢʘʭ ʪʨʘʪ, ʧʦʤʦʛʘʷ ʧʨʠʥʠʤʘʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʬʠʥʘʥʩʦʚʳʝ ʨʝʰʝʥʠʷ. [7] 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʀʀ: 

- ɹʦʨʴʙʘ ʩ ʦʜʠʥʦʯʝʩʪʚʦʤ: ʄʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʙʦʨʷʩʴ ʩ ʦʜʠʥʦʯʝʩʪʚʦʤ ʠ ʧʦʤʦʛʘʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ ʯʘʩʪʴʶ ʦʙʱʝʩʪʚʘ. [8] 

- ʇʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ: ɸʚʪʦʤʘʪʠʟʠʨʫʷ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ, ʀʀ-

ʧʦʤʦʱʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʩʦʪʨʫʜʥʠʢʘʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ 

ʨʘʙʦʪʝ, ʧʦʚʳʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩʘ. 

- ʋʣʫʯʰʝʥʠʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ: ʀʀ-ʘʩʩʠʩʪʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʢʨʫʛʣʦʩʫʪʦʯʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ, ʧʦʚʳʰʘʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʠ 

ʣʦʷʣʴʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʤʛʥʦʚʝʥʥʳʤ ʠ ʪʦʯʥʳʤ ʦʪʚʝʪʘʤ ʠ ʧʣʘʚʥʦʤʫ ʧʝʨʝʭʦʜʫ ʢ 

ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʚʦʧʨʦʩʘʤ. 

- ʕʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʠ ʜʝʥʝʛ: ʉʦʢʨʘʱʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʫʯʥʦʛʦ ʪʨʫʜʘ, ʙʳʩʪʨʦ 

ʘʥʘʣʠʟʠʨʫʷ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʥʘʧʦʤʠʥʘʥʠʷ, ʩʦʦʙʱʝʥʠʷ ʠ 

ʥʘʟʥʘʯʝʥʠʷ. 

- ʇʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ: ɺ ʫʤʥʳʭ ʜʦʤʘʭ ʦʪʩʣʝʞʠʚʘʶʪ ʠ ʧʨʝʜʫʧʨʝʞʜʘʶʪ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʘʩʥʦʩʪʷʭ, ʧʦʚʳʰʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʠ ʧʦʤʦʛʘʶʪ ʩ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʦʣʦʤʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ. 

- ʋʣʫʯʰʝʥʠʝ ʟʜʦʨʦʚʴʷ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ: ʇʨʝʜʣʘʛʘʶʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʥʘʧʦʤʠʥʘʥʠʷ ʦ ʟʜʦʨʦʚʴʝ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʦʚʝʪʳ ʧʦ 

ʧʠʪʘʥʠʶ, ʩʧʦʩʦʙʩʪʚʫʷ ʘʢʪʠʚʥʦʤʫ ʦʟʜʦʨʦʚʣʝʥʠʶ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʯʝʨʝʟ ʵʤʧʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ.  

ɹʫʜʫʱʠʝ ʪʨʝʥʜʳ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʀʀ: 

- ʇʨʦʟʨʘʯʥʘʷ ʧʦʣʠʪʠʢʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: ʈʘʟʨʘʙʦʪʯʠʢʠ ʙʫʜʫʪ ʚʥʝʜʨʷʪʴ ʙʦʣʝʝ 

ʧʨʦʟʨʘʯʥʳʝ ʧʦʣʠʪʠʢʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʠ ʜʘʥʥʳʭ. 
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- ʋʣʫʯʰʝʥʥʘʷ ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʠʥʪʝʣʣʠʛʝʥʪʥʦʩʪʴ: ɺ ʙʫʜʫʱʝʤ ʀʀ-ʘʩʩʠʩʪʝʥʪʳ 

ʙʫʜʫʪ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʵʤʦʮʠʠ ʩ ʧʦʤʦʱʴʶ ʫʣʫʯʰʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘʩʪʨʦʝʥʠʡ ʠ ʵʤʧʘʪʠʯʝʩʢʦʛʦ ʦʙʱʝʥʠʷ. 

- ʀʥʪʝʛʨʘʮʠʷ ʩ ʫʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ: ʇʨʦʜʦʣʞʠʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʫʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʟʜʘʚʘʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʫʶ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʵʢʦʩʠʩʪʝʤʫ. [9] 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʀʀ ʤʝʥʷʝʪ ʥʘʰʫ ʞʠʟʥʴ, 

ʧʨʝʜʣʘʛʘʷ ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩʘ ʜʦ ʙʦʨʴʙʳ ʩ 

ʦʜʠʥʦʯʝʩʪʚʦʤ. ʕʪʠ ʧʦʤʦʱʥʠʢʠ ʦʙʝʱʘʶʪ ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʫʣʫʯʰʝʥʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ, ʵʢʦʥʦʤʠʶ ʚʨʝʤʝʥʠ ʠ ʜʝʥʝʛ, ʫʩʠʣʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝ 

ʙʣʘʛʦʧʦʣʫʯʠʷ, ʯʪʦ ʟʥʘʤʝʥʫʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʰʘʛ ʚ ʵʚʦʣʶʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ 

ʤʘʰʠʥʳ. 
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ɸʥʥʦʪʘʮʠʷ 

ʕʪʘ ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʧʦʚʳʰʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʥʘ ʷʜʝʨʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ɺ ʥʝʡ ʦʙʩʫʞʜʘʶʪʩʷ ʥʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʘʪʦʤʥʳʭ 

ʩʪʘʥʮʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʚʘʨʠʡʥʦʛʦ 

ʨʝʘʛʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʦʚʳʤ ʤʝʪʦʜʘʤ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ. ʉʪʘʪʴʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʚʟʛʣʷʜ ʥʘ ʨʦʣʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ 

ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
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Abstract 

This research paper examines the importance of automation in improving safety in nuclear 

power plants. It discusses the latest technologies and innovative approaches that help minimize risks 

and ensure reliable operation of nuclear power plants. Particular attention is paid to control, monitoring 

and emergency response systems, as well as best practices in personnel training. The article provides a 

comprehensive view of the role of automation in ensuring the safety of critical nuclear power 

infrastructure. 

Keywords: automation, energy efficiency, nuclear power plants, safety, innovation, 

technology. 

 

ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʩʧʨʦʩʘ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʳʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ 

ʧʦʤʦʛʘʝʪ ʩʦʢʨʘʱʘʪʴ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʆʜʥʘʢʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʦʪʨʘʩʣʴ. ɼʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʙʦʪʝ ʨʝʘʢʪʦʨʦʚ ʠʣʠ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦʩʪʦʷʥʥʦ ʘʥʘʣʠʟʠʨʫʶʪ ʧʘʨʘʤʝʪʨʳ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʜʘʞʝ ʤʘʣʝʡʰʠʝ ʦʪʢʣʦʥʝʥʠʷ. 

ʀʥʪʫʠʪʠʚʥʳʝ ʠʥʪʝʨʬʝʡʩʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʛʨʘʬʠʢʫ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ, ʧʦʤʦʛʘʶʪ ʦʧʝʨʘʪʦʨʘʤ ʩʪʘʥʮʠʡ ʙʳʩʪʨʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʩʥʠʞʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʩʦ ʩʪʦʨʦʥʳ ʦʧʝʨʘʪʦʨʘ, ʧʦʚʳʰʘʷ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ɸʕʉ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʣʶʯʝʚʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʧʦʚʳʰʘʶʱʠʤʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʷʜʝʨʥʳʭ ʩʪʘʥʮʠʡ, ʷʚʣʷʶʪʩʷ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʝʜʦʚʳʭ ʘʣʛʦʨʠʪʤʘʭ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ. ʕʪʠ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦ ʩʦʙʠʨʘʶʪ ʠ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʷʚʣʷʷ ʠ ʧʨʦʛʥʦʟʠʨʫʷ ʚʦʟʤʦʞʥʳʝ 

ʥʘʨʫʰʝʥʠʷ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ-ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʠ ʩʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʨʘʙʦʪʫ ʨʝʘʢʪʦʨʦʚ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɼʠʘʛʥʦʩʪʠʢʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. ʇʝʨʝʜʦʚʳʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʘʥʘʣʠʟʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʧʦʤʦʛʘʶʪ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ 

ʧʨʠʟʥʘʢʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ. 

ʉʠʤʫʣʷʮʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʠ ʩʠʤʫʣʷʪʦʨʳ ʧʦʟʚʦʣʷʶʪ 

ʦʪʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʦʪʪʘʯʠʚʘʷ ʜʝʡʩʪʚʠʷ ʧʝʨʩʦʥʘʣʘ ʠ 

ʧʦʚʳʰʘʷ ʛʦʪʦʚʥʦʩʪʴ ʢ ʥʝʧʨʝʜʚʠʜʝʥʥʳʤ ʩʦʙʳʪʠʷʤ. 

ʇʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ. ʅʘʨʷʜʫ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠʛʨʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʧʝʨʩʦʥʘʣʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ, ʩʠʤʫʣʷʪʦʨʦʚ ʠ ʠʛʨʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʧʦʤʦʛʘʶʪ ʩʦʪʨʫʜʥʠʢʘʤ ʩʪʘʥʮʠʡ ʦʪʨʘʙʘʪʳʚʘʪʴ 

ʥʘʚʳʢʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʧʨʘʚʠʣʴʥʳʭ ʨʝʰʝʥʠʡ. 

ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ VR-ʩʠʤʫʣʷʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ ʧʦʤʦʛʘʝʪ ʩʦʪʨʫʜʥʠʢʘʤ ʦʪʨʘʙʦʪʘʪʴ ʩʚʦʠ ʜʝʡʩʪʚʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ 

ʩʮʝʥʘʨʠʷʭ. 

ʈʘʟʚʠʪʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʥʘʚʳʢʦʚ. ʇʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚʢʣʶʯʘʶʪ 

ʪʨʝʥʠʥʛʠ ʧʦ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ, ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʢʦʤʘʥʜʥʦʡ 

ʨʘʙʦʪʝ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -13- 

 

ʈʝʛʫʣʷʨʥʘʷ ʩʝʨʪʠʬʠʢʘʮʠʷ. ʇʝʨʩʦʥʘʣ ʷʜʝʨʥʳʭ ʩʪʘʥʮʠʡ ʜʦʣʞʝʥ ʨʝʛʫʣʷʨʥʦ ʧʨʦʭʦʜʠʪʴ 

ʧʨʦʚʝʨʢʫ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʚʦʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. 

ʇʝʨʝʜʦʚʳʝ ʩʠʩʪʝʤʳ ʘʚʘʨʠʡʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʘʚʘʨʠʡʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʥʪʝʛʨʘʮʠʶ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʩʨʝʜʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ. ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʨʦʣʠʨʫʶʪ 

ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. ɸʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʳʷʚʣʷʷ ʧʨʠʟʥʘʢʠ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʨʝʜʧʨʠʥʠʤʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. 

 ʆʙʝʩʧʝʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦʤʠʤʦ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʚʘʨʠʡʥʦʛʦ 

ʨʝʘʛʠʨʦʚʘʥʠʷ, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠʛʨʘʶʪ ʤʝʨʳ 

ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʢʦʥʪʨʦʣʷ 

ʜʦʩʪʫʧʘ, ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʦʭʨʘʥʳ ʧʝʨʠʤʝʪʨʘ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʦʙʲʝʜʠʥʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʚ ʝʜʠʥʫʶ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʳʡ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʥʘ ʷʜʝʨʥʳʝ ʦʙʲʝʢʪʳ. 

ɹʝʩʧʠʣʦʪʥʳʝ ʩʠʩʪʝʤʳ ʦʭʨʘʥʳ. ɸʚʪʦʥʦʤʥʳʝ ʜʨʦʥʳ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʧʦʤʦʛʘʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʚʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʪʨʝʙʫʝʪ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʫʩʠʣʠʡ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʩʪʘʥʜʘʨʪʦʚ, ʥʦʨʤ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʠ ʤʝʨʳ ʚʘʞʥʳ ʜʣʷ ʛʘʨʤʦʥʠʟʘʮʠʠ ʧʦʜʭʦʜʦʚ ʠ 

ʦʙʤʝʥʘ ʧʝʨʝʜʦʚʳʤ ʦʧʳʪʦʤ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ. 

ʆʨʛʘʥʠʟʘʮʠʷ - ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ʄɸɻɸʊʕ (IAEA) - ʨʘʟʨʘʙʦʪʢʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʨʫʢʦʚʦʜʷʱʠʭ ʧʨʠʥʮʠʧʦʚ ʚ 

ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ɽʚʨʘʪʦʤ - ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʉʦʶʟʘ; 

ɺɸʆ ɸʕʉ - ʩʦʜʝʡʩʪʚʠʝ ʦʙʤʝʥʫ ʧʝʨʝʜʦʚʳʤ ʦʧʳʪʦʤ ʠ ʚʟʘʠʤʥʳʡ ʢʦʥʪʨʦʣʴ ʤʝʞʜʫ 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʷʜʝʨʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 
ʜʘʥʥʳʭ, ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʨʝʘʛʠʨʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 
ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ ʠ ʧʨʦʜʫʢʪʠʚʥʝʝ, ʯʝʤ ʯʝʣʦʚʝʢ. ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʠ ʧʦʚʳʩʠʪʴ 
ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʮʠʠ. 

ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʚʦ ʚʩʝʭ 
ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʧʝʨʘʮʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʩʧʦʩʦʙʥʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʪʩʣʝʞʠʚʘʪʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 
ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʦʜʷ ʢ ʤʠʥʠʤʫʤʫ ʯʝʣʦʚʝʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠ ʥʝʜʦʯʝʪʳ. 
ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʘʙʠʣʴʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ 
ʩʦʙʣʶʜʘʪʴ ʚʩʝ ʥʦʨʤʘʪʠʚʳ ʠ ʪʨʝʙʦʚʘʥʠʷ. 

ʉʥʠʞʝʥʠʝ ʨʠʩʢʦʚ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʠ 
ʤʦʥʠʪʦʨʠʥʛ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʷʜʝʨʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʨʠʩʢʠ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ ʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ɹʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʡ ʨʝʘʢʮʠʠ, ʪʦʯʥʦʩʪʠ 
ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʰʠʙʢʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʱʘʶʪ 



-14- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʩʪʘʥʮʠʶ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʧʦʚʳʰʘʷ ʪʝʤ ʩʘʤʳʤ ʦʙʱʫʶ 
ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʘ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ, ʥʦ ʠ ʚʘʞʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʠ ʩʦʮʠʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ɸʕʉ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʨʠʩʢʘ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʜʦʚʝʨʠʷ ʢ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʀʩʢʣʶʯʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʚʳʙʨʦʩʦʚ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

ʟʘʱʠʱʘʝʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ. 

ʆʙʱʝʩʪʚʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ. ʇʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʕʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʜʦʚʝʨʠʷ 

ʦʙʱʝʩʪʚʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ. 

ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ. ɹʝʟʦʧʘʩʥʘʷ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʝʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ. ɺ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʧʦʟʚʦʣʷʷ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 
ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʝʨʝʜʦʚʳʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʧʦʩʦʙʥʳʝ ʚ ʨʝʞʠʤʝ 
ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʧʦʩʦʙʥʳ 
ʚʳʷʚʣʷʪʴ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 
ʢʨʠʪʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʘʤʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʝʞʩʠʩʪʝʤʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʚʩʝʤʠ ʘʩʧʝʢʪʘʤʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʩʪʘʥʮʠʠ. ʕʪʠ ʩʠʩʪʝʤʳ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʤʦʜʫʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, 
ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʠʘʛʥʦʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʘʨʠʡʥʳʤʠ 
ʩʠʪʫʘʮʠʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʣʘʯʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʙʦʨʘ 
ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 
ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʜʝʨʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ 
ʢʘʢ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʘʚʘʨʠʡʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ 
ʧʝʨʩʦʥʘʣʘ, ʧʦʟʚʦʣʷʶʪ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʝʨʴʝʟʥʳʭ ʠʥʮʠʜʝʥʪʦʚ. 
ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʪʝʭʥʠʯʝʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʳʝ 
ʤʝʨʳ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ɸʥʪʦʥʘʮʠʷ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʛʨʦʤʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʣʦʱʘʜʢʠ ï çʅʝʬʪʝʙʘʟʘè ʆʆʆ 

çʊʨʘʥʩʥʝʬʪʴ ï ʇʦʨʪ ʂʦʟʴʤʠʥʦè ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʛʨʦʟʘ ʘʪʘʢ ɹʇʃɸ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʨʦʥʦʚ-ʢʘʤʠʢʘʜʟʝ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ ʷʚʣʝʥʠʝ ʩʪʘʣʦ ʥʝ ʨʝʜʢʠʤ, ʫʯʠʪʳʚʘʷ ʩʠʪʫʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʥʘʰʘ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -15- 

 

ʩʪʨʘʥʘ. ɼʨʦʥʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʮʝʣʷʭ ʪʘʢʠʭ ʢʘʢ: ʨʘʟʚʝʜʢʘ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʜʠʚʝʨʩʠʠ ʠʣʠ ʘʪʘʢʠ. ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝ ʚʥʠʤʘʥʠʷ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ 

ʙʦʨʴʙʳ ʩ ɹʇʃɸ, ʢʘʢ ʨʫʩʩʢʠʭ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʙʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʘʤ (ɹʇʃɸ) 

ʥʝʦʙʭʦʜʠʤʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʚʢʣʶʯʘʷ ʤʘʩʩʫ, ʛʘʙʘʨʠʪʳ, 

ʩʢʦʨʦʩʪʴ, ʥʘʟʥʘʯʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ɹʇʃɸ 

ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʧʦʩʦʙʦʚ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʇʃɸ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ, ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, 

ʧʝʨʝʭʚʘʪ, ʢʦʤʧʣʝʢʩ ʙʦʨʴʙʳ, ʆʆʆ çʊʨʘʥʩʥʝʬʪʴ ï ʇʦʨʪ ʂʦʟʴʤʠʥʦè, SkyWall 100. 

 

Abstract 

In the modern world, there is a huge danger for the site - the Oil Depot of Transneft Kozmino 

Port LLC poses a threat of attack by UAVs, including kamikaze drones. Unfortunately, this 

phenomenon has become not uncommon, compared to the situation in which our country finds itself. 

Drones can be used for various purposes, such as reconnaissance, to obtain important information, as 

well as directly for sabotage or influence. The goal of our work is to attract attention to this problem 

and preserve existing anti-UAV systems, both Russian and foreign manufacturers. 

To effectively counter unmanned aerial devices (UAVs), it is necessary to classify them 

according to basic parameters, including weight, dimensions, speed, purpose and application. The 

classification must take into account the different types of UAVs and additional parameters that may 

be recognized in the corresponding countermeasures. 

Keywords: UAV, countermeasures, unmanned aerial vehicles, interception, combat complex, 

LLC Transneft - Kozmino Port, SkyWall 100. 

 

ʉʠʩʪʝʤʳ ʠ ʤʝʪʦʜʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ɹʇʃɸ 

ɺ ʆʆʆ çʊʨʘʥʩʥʝʬʪʴ - ʇʦʨʪ ʂʦʟʴʤʠʥʦè ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʪ ʜʨʦʥʦʚ ʠ ɹʇʃɸ 

ʉʪʨʠʞ-3. ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʙʘʨʴʝʨʘ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʨʘʜʠʫʩʝ ʜʦ 1,5 ʢʤ. ʂʦʤʧʣʝʢʩ ʦʩʥʘʱʸʥ 

ʰʝʩʪʴʶ ʩʝʢʪʦʨʘʤʠ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ. ɺʩʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʠʥ ʙʣʦʢ, ʢʦʪʦʨʳʡ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ 

ʰʪʘʪʠʚʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʤʘʯʪʝ ʠʣʠ ʢʨʳʰʝ ʚʳʩʦʪʥʦʛʦ ʟʜʘʥʠʷ.  

ʂʦʤʧʣʝʢʪʘʮʠʷ ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʉʪʨʠʞ-3: 

- ʆʩʥʦʚʥʦʡ ʙʣʦʢ ʩ ʧʝʨʝʥʦʩʥʦʡ ʪʨʝʥʦʛʦʡ; 

- ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ; 

- ʂʦʤʧʣʝʢʪ ʢʘʙʝʣʝʡ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ; 

- ʄʦʥʪʘʞʥʳʝ ʤʘʪʝʨʠʘʣʳ; 

- ʂʦʤʧʣʝʢʪ ʠʥʩʪʨʫʢʮʠʡ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʉʪʨʠʞ-3: 

- ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʢʘʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ɹʃɸ (ʨʘʜʠʦʣʠʥʠʷ çʇʫʣʴʪ 

ʫʧʨʘʚʣʝʥʠʷ ï ɹʃɸè); 

- ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ɹʃɸ (ʨʘʜʠʦʣʠʥʠʷ çɹʃɸ ï 

ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷè); 

- ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʪʨʝʚʦʛʠ ʥʘ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ; 

- ʘʢʪʠʚʘʮʠʶ ʙʣʦʢʘ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ; 

- ʚʳʙʦʨ ʨʝʞʠʤʘ ʙʣʦʢʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ɹʃɸ; 



-16- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

- ʨʘʙʦʪʫ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʚʝʜʝʥʠʝʤ ʞʫʨʥʘʣʘ ʩʦʙʳʪʠʡ; 

- ʦʙʥʦʚʣʝʥʠʝ ʙʘʟ, ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʨʫʰʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ɹʃɸ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʥʝʠʟʚʝʩʪʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʘʥʘʣʠʟʘ (ʦʧʮʠʦʥʘʣʴʥʦ); 

- ʠʟʤʝʥʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʢʪ (ʥʘ ʵʪʘʧʝ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ); 

- ʦʪʩʫʪʩʪʚʠʝ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʥʘ ʠʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʚ 

ʪʝʭ ʞʝ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ (ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʘʢʝʪʦʚ ʮʠʬʨʦʚʳʭ 

ʩʠʛʥʘʣʦʚ ʠʣʠ ʯʘʩʪʦʪʥʳʭ ʢʘʥʘʣʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʣʠ ʣʦʞʥʳʝ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʢ ʦʙʱʝʤʫ ʠʭ ʢʦʣʠʯʝʩʪʚʫ - ʥʝ ʙʦʣʝʝ 0,001); 

- ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʩʠʩʪʝʤʦʡ ʦʧʪʠʯʝʩʢʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ çʍʘʤʝʣʝʦʥè; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʩʠʩʪʝʤʦʡ ʦʙʥʘʨʫʞʝʥʠʷ 

çAeroScopeè; 

- ʦʪʢʨʳʪʦʩʪʴ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʥʝʸ ʚʥʦʚʴ ʚʚʦʜʠʤʳʭ ʩʠʩʪʝʤ. 

ʉʪʦʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 12 ʤʣʥ. ʨʫʙʣʝʡ.  

ʇʝʨʝʭʚʘʪ ʫʧʨʘʚʣʝʥʠʷ ɹʇʃɸ 

ʏʘʩʪʦʪʳ 2.4 ɻɻʮ ʠ 5 ɻɻʮ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʧʨʦʪʦʢʦʣʫ IEEE 802.11, 

ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ (ɹʇʃɸ). ʋʧʨʘʚʣʝʥʠʝ ɹʇʃɸ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʩ ʧʦʤʦʱʴʶ ʧʫʣʴʪʘ ʩ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʦʤ, ʠ ʵʪʠ ʥʝʟʘʱʠʱʝʥʥʳʝ 

ʜʘʥʥʳʝ ʤʦʞʥʦ ʧʝʨʝʭʚʘʪʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʝʣʝʛʘʣʴʥʳʭ ʜʝʡʩʪʚʠʡ. ɼʣʷ ʧʝʨʝʭʚʘʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʝʡ ɹʇʃɸ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 24-1700 ʄɻʮ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ RTL SDR V3, ʩʪʦʠʤʦʩʪʴʶ ʦʪ 25 ʜʦ 35 ʜʦʣʣʘʨʦʚ. ʄʦʜʝʣʠ LimeSDR ʠ 

LimeSDR Mini, ʩʪʦʠʤʦʩʪʴʶ ʦʪ 200 ʜʦ 400 ʜʦʣʣʘʨʦʚ, ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʝʨʝʭʚʘʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ɹʇʃɸ, ʥʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʧʝʨʝʭʚʘʪʘ ʫʧʨʘʚʣʝʥʠʷ ɹʇʃɸ ʷʚʣʷʝʪʩʷ HackRF One, 

ʩʪʦʠʤʦʩʪʴʶ ʦʪ 14000 ʜʦ 30000 ʨʫʙʣʝʡ. ʆʥʦ ʦʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ, ʦʥʦ ʠʩʧʦʣʴʟʫʝʪ ʫʩʪʘʨʝʚʰʠʝ ʙʣʦʢʠ 

ʎɸʇ-ɸʎʇ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʥʠʤʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʨʘʜʠʦʩʠʛʥʘʣʳ. ʋʩʪʨʦʡʩʪʚʦ 

NRF+Arduino, ʩʦʙʨʘʥʥʦʝ ʠʟ ʦʪʜʝʣʴʥʳʭ ʜʦʩʪʫʧʥʳʭ ʤʦʜʫʣʝʡ, ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʙʶʜʞʝʪʥʳʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʝʨʝʭʚʘʪʘ ʫʧʨʘʚʣʝʥʠʷ ɹʇʃɸ.  

ʂʦʤʧʣʝʢʩ ʙʦʨʴʙʳ ʩ ɹʇʃɸ SkyWall 100 (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʝʡ) 

SkyWall 100 ï ʵʪʦ ʦʧʝʨʘʪʠʚʥʦ ʨʘʟʚʝʨʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʦʧʝʨʘʪʦʨʫ 

ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠ ʟʘʭʚʘʪʠʪʴ ʜʨʦʥ ʚ ʩʝʪʠ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʤʝʨʘʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʜʣʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʟʘʱʠʪʳ ʠʣʠ ʚ ʩʨʝʜʘʭ, ʛʜʝ 

ʵʣʝʢʪʨʦʥʥʘʷ ʘʪʘʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪʘ. ɿʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʙʦʝʧʨʠʧʘʩʦʚ ʠ 

ʦʩʦʙʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʛʥʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʠʤʢʘ ʪʦʣʴʢʦ ɹʇʃɸ-ʮʝʣʠ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ 

ʦʢʨʫʞʘʶʱʠʭ ʦʙʲʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʮʝʣʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʟʝʤʣʶ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

ɻʨʘʥʘʪʦʤʝʪʥʳʡ ʢʦʤʧʣʝʢʩ SkyWall 100 ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʢʪʘʭ ʠ ʪʝʨʨʠʪʦʨʠʷʭ, ʛʜʝ ʟʘʧʨʝʱʝʥʳ ʧʦʣʝʪʳ ʙʝʩʧʠʣʦʪʥʠʢʦʚ. ʊʝʭʥʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʜʦʣʞʥʳ ʙʳʣʠ ʫʧʨʦʩʪʠʪʴ ʪʘʢʦʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʢʨʫʞʘʶʱʠʭ.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʳʩʪʨʝʣʦʤ ʛʨʘʥʘʪʘ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʦ ʜʘʣʴʥʦʩʪʠ ʜʦ ʮʝʣʠ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʪʧʨʘʚʣʷʝʪʩʷ ʚ ʧʦʣʝʪ ʧʦ ʨʘʩʯʝʪʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɺ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʣʝʪʘ ʘʚʪʦʤʘʪʠʢʘ 

ʨʘʩʢʨʳʚʘʝʪ ʢʦʨʧʫʩ ʠ ʦʪʩʪʨʝʣʠʚʘʝʪ ʧʨʦʯʥʫʶ ʩʝʪʴ ʧʣʦʱʘʜʴʶ 8 ʢʚ.ʤ, ʢʦʪʦʨʘʷ ʙʫʢʚʘʣʴʥʦ 

ʦʧʫʪʳʚʘʝʪ ɹʇʃɸ ʠ ʙʣʦʢʠʨʫʝʪ ʝʛʦ ʚʠʥʪʳ. ʉʝʪʢʘ ʤʦʞʝʪ ʦʩʥʘʱʘʪʴʩʷ ʧʘʨʘʰʶʪʦʤ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ 

ʩʧʫʩʢʘ ʧʦʡʤʘʥʥʦʛʦ ʙʝʩʧʠʣʦʪʥʠʢʘ. 

ʇʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ɹʇʃɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʢʣʝʡʢʠʭ ʠ ʚʷʟʢʠʭ ʘʵʨʦʟʦʣʝʡ 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʧʳʣʝʥʠʝ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʙʣʘʢʘ:  

- ʢʣʝʡʢʠʝ ʘʵʨʦʟʦʣʠ ï ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʝʩʫʱʠʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʵʣʝʤʝʥʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ɹʇʃɸ ʧʨʠʣʠʧʘʶʪ ʢ ʥʠʤ, ʠʟʤʝʥʷʷ ʠʭ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -17- 

 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʩʚʦʡʩʪʚʘ ʦʙʪʝʢʘʥʠʷ ʚʦʟʜʫʭʦʤ, ʯʪʦ ʜʝʣʘʝʪ 

ɹʇʃɸ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳʤ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ï ʧʨʦʚʦʜʷʪ ʢ 

ʧʘʜʝʥʠʶ ʘʧʧʘʨʘʪʘ; 

- ʚʷʟʢʠʝ ʘʵʨʦʟʦʣʠ ï ʠʟʤʝʥʷʶʪ ʩʚʦʡʩʪʚʘ (ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ) ʚʦʟʜʫʭʘ ʚ 

ʢʦʪʦʨʦʤ ʜʚʠʞʝʪʩʷ ʘʧʧʘʨʘʪ, ʠ ʪʘʢ ʞʝ ʜʝʣʘʶʪ ɹʇʃɸ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠ 

ʥʝʫʩʪʦʡʯʠʚʳʤ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ï ʧʨʦʚʦʜʷʪ ʢ ʝʛʦ çʩʚʘʣʠʚʘʥʠʶè ʣʠʙʦ 

çʦʧʨʦʢʠʜʳʚʘʥʠʶè. ɼʘʥʥʦʤʫ ʩʧʦʩʦʙʫ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʩʚʦʡʩʪʚʝʥʝʥʳ ʧʦʯʪʠ 

ʚʩʝ ʪʝ ʞʝ ʥʝʜʦʩʪʘʪʢʠ, ʯʪʦ ʠ ʩʧʦʩʦʙʫ ʩ ʘʵʨʦʟʦʣʴʥʳʤ ʦʙʣʘʢʦʤ ʛʦʨʶʯʝʛʦ 

ʚʝʱʝʩʪʚʘ.  

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʚʳʷʚʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ, 

ʪʘʢ ʢʘʢ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʨʦʥʦʚ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʛʨʦʟʫ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʦʙʲʝʢʪʦʚ ʆʆʆ çʊʨʘʥʩʥʝʬʪʴ ï ʇʦʨʪ ʂʦʟʴʤʠʥʦè, ʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʩʬʝʨ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʪ.ʜ. ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʠʤʝʨʳ ʚʦʟʤʦʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ɹʇʃɸ, 

ʥʦ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʣʫʯʰʠʪʴ ʩʠʩʪʝʤʳ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʨʘʟʚʠʪʠʠ ʙʠʟʥʝʩʘ, 

ʦʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʢʦʤʧʘʥʠʡ ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʫʩʣʫʛ. ʉ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʩʦʪʨʫʜʥʠʢʘʤ ʣʝʛʯʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʷʚʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʷʤ ʜʦʩʪʠʯʴ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʳʣʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʨʘʪʝʛʠʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʣʦʛʠʩʪʠʢʘ, CRM-ʩʠʩʪʝʤʳ. 
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Abstract 

Digitalization of processes is one of the important factors in business development, especially 

for service companies. A workstation makes it easier for employees to process requests, allowing 

companies to achieve maximum profits. The article discusses strategies for digitalizing business 

processes of a logistics company. 

Keywords: Digitalization of business processes, logistics, CRM systems. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ ʣʶʙʦʡ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʝʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʩʦʟʜʘʝʪ ʩʠʪʫʘʮʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶʙʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʫʣʫʯʰʘʪʴ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ, ʩʥʠʞʘʪʴ ʧʦʪʝʨʠ, ʩʪʨʦʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʧʨʦʛʥʦʟʳ ʥʘ ʙʫʜʫʱʝʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʣʠʝʥʪʦʚ ʚʝʜʝʥʠʝ ʟʘʧʠʩʠ ʠ ʢʦʥʪʨʦʣʴ ʚʩʝʭ 

ʩʜʝʣʦʢ ʙʝʟ ʩʠʩʪʝʤʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʞʝʩʪʚʫ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʞʝ ʨʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ ʙʝʟ ʜʦʣʞʥʦʡ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʩʦʪʨʫʜʥʠʢʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ 

ʢʣʠʝʥʪʦʚ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʨʠʙʳʣʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʢʦʤʧʘʥʠʠ ʚʥʝʜʨʷʶʪ ʨʘʟʥʳʝ 

ʀʊ-ʨʝʰʝʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ ʆʆʆ çɽ-ʃɸʁʅè ʷʚʣʷʝʪʩʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʝʨʝʚʦʟʢʘʤʠ. ʆʩʥʦʚʥʳʤ ʩʢʚʦʟʥʳʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʤ ʢʦʤʧʘʥʠʠ 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ çʦʙʨʘʙʦʪʢʘ ʟʘʢʘʟʘè, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʷʚʢʠ ʦʪ ʢʣʠʝʥʪʘ ʠ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝʤ ʦʪʯʝʪʥʦʩʪʠ ʦ ʚʳʧʦʣʥʝʥʥʦʡ ʜʦʩʪʘʚʢʝ (ʨʠʩ.1). ʉʢʚʦʟʥʦʡ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩ çʦʙʨʘʙʦʪʢʘ ʟʘʢʘʟʘè ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʧʨʦʮʝʩʩʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦʜʨʦʙʥʝʝ. 

ɺ ʨʘʤʢʘʭ ʧʦʜʧʨʦʮʝʩʩʘ çʫʧʨʘʚʣʝʥʠʝ ʟʘʢʘʟʘʤʠè ʩʦʙʠʨʘʝʪʩʷ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʣʠʝʥʪʝ ʠ 

ʟʘʢʘʟʝ. ʂʣʠʝʥʪ ʤʦʞʝʪ ʦʙʨʘʪʠʪʴʩʷ ʚ ʢʦʤʧʘʥʠʶ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ ʠʣʠ ʧʦ ʪʝʣʝʬʦʥʫ. ʇʦʩʣʝ 

ʨʘʟʛʦʚʦʨʘ ʩ ʢʣʠʝʥʪʦʤ ʤʝʥʝʜʞʝʨ ʦʧʨʝʜʝʣʷʝʪ ʩʪʘʪʫʩ ʢʣʠʝʥʪʘ (ʢʣʠʝʥʪ ʥʦʚʳʡ ʠʣʠ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ʪʘʙʣʠʮʝ ʩ ʜʘʥʥʳʤʠ ʦ ʢʣʠʝʥʪʘʭ) ʠ ʥʘʧʨʘʚʣʷʝʪ ʢʣʠʝʥʪʘ ʢ ʢʦʥʢʨʝʪʥʦʤʫ 

ʩʦʪʨʫʜʥʠʢʫ. ʋʚʝʜʦʤʣʝʥʠʝ ʩʦʪʨʫʜʥʠʢʘ ʦ ʢʣʠʝʥʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʥʦ ʠʣʠ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʫ 

ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ çWhatsAppè ʠʣʠ ʟʚʦʥʢʦʤ ʥʘ ʨʘʙʦʯʠʡ ʥʦʤʝʨ ʩʦʪʨʫʜʥʠʢʘ. 

ɺʪʦʨʦʡ ʧʦʜʧʨʦʮʝʩʩ ï çʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʯʝʪʦʚ ʥʘ ʦʧʣʘʪʫè. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʩʦʟʜʘʝʪʩʷ ʧʘʢʝʪ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʢʣʠʝʥʪʫ, ʘ ʪʘʢʞʝ ʩʯʝʪ ʥʘ ʦʧʣʘʪʫ ʫʩʣʫʛ, ʢʦʪʦʨʳʡ 

ʚʳʩʪʘʚʣʷʝʪʩʷ ʚ ʨʫʯʥʫʶ. ʄʝʥʝʜʞʝʨ ʦʪʜʝʣʘ ʣʦʛʠʩʪʠʢʠ ʩʦʟʜʘʝʪ ʜʦʢʫʤʝʥʪʳ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʭ 

ʙʫʭʛʘʣʪʝʨʫ, ʢʦʪʦʨʳʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʝʪ ʩʯʝʪ ʥʘ ʦʧʣʘʪʫ, ʧʦʩʣʝ ʯʝʛʦ ʚʦʟʚʨʘʱʘʝʪ ʠʭ 

ʤʝʥʝʜʞʝʨʫ. ɼʘʣʝʝ ʢʣʠʝʥʪ ʧʦʣʫʯʘʝʪ ʜʦʢʫʤʝʥʪʳ, ʦʧʣʘʯʠʚʘʝʪ ʩʯʝʪ. 

ʊʨʝʪʠʡ ʧʦʜʧʨʦʮʝʩʩ ï ʜʦʩʪʘʚʢʘ ʛʨʫʟʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʫʯʘʩʪʚʫʝʪ ʜʚʘ ʩʦʪʨʫʜʥʠʢʘ ʢʦʤʧʘʥʠʠ: 

ʚʦʜʠʪʝʣʴ ʠ ʤʝʭʘʥʠʢ. ʄʝʭʘʥʠʢ ʩʦʩʪʘʚʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ ʧʦ ʟʘʷʚʢʘʤ, ʘ ʪʘʢʞʝ ʩʤʦʪʨʠʪ 

ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʘʚʪʦʧʘʨʢʘ ʠ ʫʧʨʘʚʣʷʝʪ ʟʘʪʨʘʪʘʤʠ ʥʘ ʪʦʧʣʠʚʦ, ʧʘʨʢʦʚʢʠ, ʧʣʘʪʥʳʝ ʜʦʨʦʛʠ ʠ ʨʝʤʦʥʪ 

ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ɺʦʜʠʪʝʣʴ ʩʦʦʙʱʘʝʪ ʦ ʩʚʦʠʭ ʟʘʪʨʘʪʘʭ ʧʦ ʩʜʝʣʢʝ ʠ ʜʦʩʪʘʚʣʷʝʪ ʛʨʫʟ. 

ʏʝʪʚʝʨʪʳʡ ʧʦʜʧʨʦʮʝʩʩ ï ʦʪʯʝʪʥʦʩʪʴ. ʉʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʩʜʝʣʢʝ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʜʝʡʩʪʚʠʡ ʚ ʣʦʛʠʩʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. ʇʦ ʦʪʯʝʪʥʦʩʪʠ ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ 

ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʨʘʩʭʦʜʘʤ, ʜʦʭʦʜʘʤ ʠ ʜʨʫʛʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʂʘʞʜʳʡ ʦʪʜʝʣ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪʯʝʪ ʧʦ ʟʘʢʘʟʫ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʫʭʛʘʣʪʝʨʫ, ʢʦʪʦʨʳʡ ʜʝʣʘʝʪ ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ ʠ ʚ 

ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʝʸ ʜʠʨʝʢʪʦʨʫ ʢʦʤʧʘʥʠʠ. 
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ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ ʧʨʦʙʣʝʤ: 

Å ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ ʚʳʧʦʣʥʷʣʦʩʴ ʚʨʫʯʥʫʶ 

Å ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʜʘʥʥʳʭ ʦ ʢʣʠʝʥʪʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʟʥʳʭ ʬʘʡʣʘʭ 

Å ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ ʟʘʷʚʢʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʦʧʝʨʘʮʠʡ 

Å ʧʝʨʝʜʘʯʘ ʜʦʢʫʤʝʥʪʦʚ ʤʝʞʜʫ ʦʪʜʝʣʘʤʠ ʠ ʩʦʟʜʘʥʠʝ ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʩʜʝʣʢʘʤ 

ʟʘʪʨʫʜʥʝʥʦ, ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ, ʜʦʢʫʤʝʥʪʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʦʰʠʙʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʢʦʤʧʘʥʠʠ ʙʳʣʠ ʚʳʩʦʢʠʝ ʠʟʜʝʨʞʢʠ, ʯʪʦ ʩʢʘʟʳʚʘʣʦʩʴ ʥʝʛʘʪʠʚʥʦ ʥʘ 

ʧʨʠʙʳʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ɺʳʷʩʥʠʚ ʦʩʥʦʚʥʫʶ ʧʨʦʙʣʝʤʘʪʠʢʫ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʠʪʴ CRM-ʩʠʩʪʝʤʫ. ʕʪʠʤ ʚʥʝʜʨʝʥʠʝʤ ʢʦʤʧʘʥʠʷ ʩʦʭʨʘʥʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʣʠʝʥʪʘʭ ʠ ʠʩʪʦʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʠʤʠ, ʫʣʫʯʰʠʪ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʠ 

ʧʦʚʳʩʠʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʙʫʜʝʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɼʣʷ ʚʳʙʦʨʘ ʀʊ-ʨʝʰʝʥʠʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʣʫʯʰʠʝ CRM ʩʠʩʪʝʤʳ, ʧʦ ʚʝʨʩʠʠ 

top10-crm, ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʩʪʦʠʤʦʩʪʠ ʟʘ ʛʦʜʦʚʦʡ ʪʘʨʠʬ [1]. ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ 1, ʛʜʝ ʚʠʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ CRM-ʩʠʩʪʝʤ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ ʠ 

ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʟʘ ʛʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ CRM-ʩʠʩʪʝʤ. 
ʌʫʥʢʮʠʦʥʘʣ amoCRM ɹʠʪʨʠʢʩ24 ʄʝʛʘʧʣʘʥ 1C:CRM ɹʀʊ:CRM 

Web-ʢʣʠʝʥʪ + + + - - 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʪʝʣʝʬʦʥʠʝʡ + + + + + 

ʂʦʥʩʪʨʫʢʪʦʨ ʦʪʯʝʪʦʚ - + + + + 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʜʦʢʫʤʝʥʪʦʚ - + + + + 

ʂʦʥʩʪʨʫʢʪʦʨ ʚʝʙ-ʬʦʨʤ + + + - - 

ʌʫʥʢʮʠʦʥʘʣ ʚʦʨʦʥʦʢ ʧʨʦʜʘʞ + + + + + 

ʅʘʩʪʨʦʡʢʘ ʧʨʦʮʝʩʩʦʚ ʙʠʟʥʝʩ-ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʙʝʟ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

- + - + - 

ʋʩʪʘʥʦʚʢʘ ʥʘ ʩʚʦʡ ʩʝʨʚʝʨ - + + + + 

ɻʨʘʬʦʚʘʷ ʙʘʟʘ ʜʘʥʥʳʭ - - - - - 

API + + + + + 

ʈʝʛʠʩʪʨʘʮʠʷ ʠʟ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ + + + - - 

ɼʝʣʝʛʠʨʦʚʘʥʠʝ ʧʦʣʥʦʤʦʯʠʡ - + - - - 

ʈʘʩʩʳʣʢʘ ʫʚʝʜʦʤʣʝʥʠʡ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ + + + + + 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ 

ʈʌ 

+ + + + + 

ʉʪʦʠʤʦʩʪʴ ʟʘ ʛʦʜʦʚʦʡ ʪʘʨʠʬ, ʨʫʙ. 269 820 134 280 197 820 302 500 228 000 

ʂʦʣʠʯʝʩʪʚʦ ʠʤʝʶʱʠʭʩʷ ʬʫʥʢʮʠʡ ʚ CRM-ʩʠʩʪʝʤʝ 8 13 11 9 8 

 

ʅʘʠʣʫʯʰʝʡ CRM-ʩʠʩʪʝʤʦʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ ɹʠʪʨʠʢʩ24. ɺʳʙʨʘʥʥʘʷ CRM-ʩʠʩʪʝʤʘ 

ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʦʥʘʣʘ, ʢʦʪʦʨʳʡ ʫʧʨʦʱʘʝʪ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʢʦʤʧʘʥʠʠ. 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ CRM-ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʢʦʤʧʘʥʠʠ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ, ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʭʨʘʥʠʪʩʷ ʚ 

ʦʙʱʝʡ ʙʘʟʝ, ʛʜʝ ʢʘʞʜʳʡ ʩʦʪʨʫʜʥʠʢ ʤʦʞʝʪ ʚʠʜʝʪʴ ʚʳʧʦʣʥʝʥʥʳʝ ʠ ʥʝʚʳʧʦʣʥʝʥʥʳʝ ʜʝʡʩʪʚʠʷ ʪʝʤ 

ʠʣʠ ʠʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ. 

ʇʨʦʮʝʩʩ çʦʙʨʘʙʦʪʢʘ ʟʘʢʘʟʘè ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ CRM-ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 



-20- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʴ ʩʢʚʦʟʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʥʘʷ çʦʙʨʘʙʦʪʢʘ ʟʘʢʘʟʘè TO BE. 

 

ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʀʊ-ʨʝʰʝʥʠʷ ʚ ʢʦʤʧʘʥʠʠ ʙʳʣ ʠʥʠʮʠʠʨʦʚʘʥ ʀʊ-ʧʨʦʝʢʪ ʧʦ 

ʚʥʝʜʨʝʥʠʶ CRM-ʩʠʩʪʝʤʳ ɹʠʪʨʠʢʩ24. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ɻʘʥʪʘ ʀʊ-ʧʨʦʝʢʪʘ. 

 

 
ʈʠʩʫʥʦʢ 3. ɼʠʘʛʨʘʤʤʘ ɻʘʥʪʘ ʀʊ-ʧʨʦʝʢʪʘ ʧʦ ʚʥʝʜʨʝʥʠʶ CRM-ʩʠʩʪʝʤʳ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ. CRM-ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʨʘʩʩʯʠʪʘʥʘ ʥʘ 15 ʨʘʙʦʯʠʭ ʤʝʩʪ. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣ ʚʳʙʨʘʥ ʪʘʨʠʬ çʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡè ʥʘ 100 ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩ ʨʘʩʰʠʨʝʥʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ. ɿʘʪʨʘʪʳ ʥʘ ʫʩʪʘʥʦʚʢʫ CRM-ʩʠʩʪʝʤʳ ɹʠʪʨʠʢʩ24 ï 134280 ʨʫʙʣʝʡ (ʩʪʦʠʤʦʩʪʴ 

ʣʠʮʝʥʟʠʠ ʥʘ 1 ʛʦʜ). 

ʅʘʧʠʩʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʧʨʦʝʢʪʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʩʪʨʦʡʢʘʤʠ ʩʠʩʪʝʤʳ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʜʣʷ ʚʳʙʨʘʥʥʦʡ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. ɿʘʪʨʘʪʳ ʩʦʩʪʘʚʷʪ ï 100 000 ʨʫʙʣʝʡ.  

ʕʪʘʧʝ ʥʘʩʪʨʦʡʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʟʘʡʤʝʪ 14 ʜʥʝʡ. ɹʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʥʝʩʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʉʪʦʠʤʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʦʙʦʡʜʝʪʩʷ ʚ 

45000 ʨʫʙʣʝʡ.  

ʆʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʀʊ-ʢʦʥʩʫʣʴʪʘʥʪ. ʆʙʫʯʝʥʠʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʦ 

ʦʥ-ʣʘʡʥ. ɿʘʪʨʘʪʳ ʥʘ ʦʙʫʯʝʥʠʝ ʩʦʩʪʘʚʷʪ 50 000 ʨʫʙʣʝʡ. 

ʕʪʘʧ ɺʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʘʚʝʨʰʠʪ ʀʊ-ʧʨʦʝʢʪ. ʋʯʘʩʪʥʠʢʠ - ʢʦʥʩʫʣʴʪʘʥʪʳ ʧʦ 

ʚʥʝʜʨʝʥʠʶ, ʧʦʣʴʟʦʚʘʪʝʣʠ CRM-ʩʠʩʪʝʤʳ. ʂʦʥʩʫʣʴʪʘʥʪʳ ʧʨʦʚʝʜʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʚ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʠ ʙʫʜʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʨʝʛʣʘʤʝʥʪʦʚ 

ʨʘʙʦʪʳ ʩ CRM-ʩʠʩʪʝʤʦʡ. ʕʪʘʧ ʧʨʦʣʠʪʴʩʷ 14 ʜʥʝʡ, ʩʪʦʠʤʦʩʪʴ ʩʦʩʪʘʚʠʪ ï 50 000 ʨʫʙ. 

ʀʪʦʛʦ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ CRM-ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʷʪ: 

134 280 + 50 000 + 100 000 + 45 000 + 50 000 = 379 280 ʨʫʙʣʝʡ. 

ʈʝʟʫʣʴʪʘʪ ʦʪ ʚʥʝʜʨʝʥʠʷ CRM-ʩʠʩʪʝʤʳ ɹʠʪʨʠʢʩ24 ʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ ʆʆʆ çɽ-

ʣʘʡʥè ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʥʝʤʘʪʝʨʠʘʣʴʥʳʝ ʵʬʬʝʢʪʳ: 

1. ʋʚʝʣʠʯʝʥʠʝ ʚʳʨʫʯʢʠ: ʙʣʘʛʦʜʘʨʷ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʜʘʞʘʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʢʣʠʝʥʪʘʤʠ ʠ ʘʥʘʣʠʟʫ ʚʩʝʭ ʜʘʥʥʳʭ, ʚʳʨʫʯʢʘ ʫʚʝʣʠʯʠʪʩʷ ʥʘ 75-100%. 

2. ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ: ʧʨʝʪʝʥʟʠʠ ʟʘʢʘʟʯʠʢʦʚ ʠ ʙʨʘʢ ʚ ʧʨʦʮʝʩʩʝ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩʜʝʣʢʠ ʩʦʢʨʘʪʷʪʩʷ ʜʦ ʤʠʥʠʤʫʤʘ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -21- 

 

3. ʂʦʤʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʦʪʜʝʣʘʤʠ: ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚ 1,5 ʨʘʟʘ. 

4. ɸʚʪʦʧʘʨʢ ʠ ʚʦʜʠʪʝʣʠ: ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʛʨʫʟʦʚʳʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘʭ ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʫʚʝʣʠʯʠʪʴ. 

5. ʈʝʧʫʪʘʮʠʷ ʢʦʤʧʘʥʠʠ: ʧʦʚʳʰʝʥʠʝ ʜʦʚʝʨʠʷ ʢʣʠʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʡ 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʩʚʠʜʝʪʝʣʴʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʨʳʚʠʩʪʳʭ ʬʘʟʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʞʠʜʢʦʩʪʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʤʝʪʘʣʣʘʭ. ʆʧʠʩʘʥ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʜʥʦʨʦʜʥʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʛʝʪʝʨʦʛʝʥʥʦʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʝʨʝʙʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʞʠʜʢʦʩʪʴ, ʧʝʨʝʭʦʜ çʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʴè, ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʞʠʜʢʘʷ 

ʬʘʟʘ 

 

Abstrakt  

The article provides a review of evidence for the detection of discontinuous phase changes in 

single-component liquids, including molten metals. A first-order thermodynamic phase transition is 

described during the transition of a high-temperature homogeneous disordered liquid phase into a 

metastable heterogeneous configurationally ordered state of a metastable non-crystalline phase of 

molten silver 

Keywords: liquid, liquid-liquid transition, phase transition, liquid phase 

 

ɾʠʜʢʦʩʪʴ ï ʦʜʥʦ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ. ɾʠʜʢʦʩʪʴ ʠʤʝʝʪ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, ʯʝʤ ʛʘʟ, ʥʦ ʤʦʞʝʪ ʪʝʯʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʚʝʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʨʝʜʠ ʪʨʝʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ (ʛʘʟ, ʞʠʜʢʦʩʪʴ ʠ ʪʚʝʨʜʦʝ ʪʝʣʦ) ʩʦʩʪʦʷʥʠʝ ʞʠʜʢʦʩʪʠ 

ʠʟʫʯʝʥʦ ʥʘʠʙʦʣʝʝ ʧʣʦʭʦ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ. ɼʣʷ ʤʥʦʛʠʭ ʚʝʱʝʩʪʚ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʚʘ ʠ ʙʦʣʝʝ ʞʠʜʢʠʭ ʩʦʩʪʦʷʥʠʡ, ʯʪʦ ʠʟʚʝʩʪʥʦ ʢʘʢ ʞʠʜʢʠʡ ʧʦʣʠʤʦʨʬʠʟʤ, ʘ ʧʝʨʝʭʦʜ 

ʤʝʞʜʫ ʥʠʤʠ ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʭʦʜʦʤ çʞʠʜʢʦʩʪʴ ï ʞʠʜʢʦʩʪʴè. ʇʝʨʝʭʦʜ çʞʠʜʢʦʩʪʴ ï ʞʠʜʢʦʩʪʴè 

(LLT) ï ʵʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʜʨʫʛʫʶ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. LLT 

ʠʤʝʝʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ʃʶʙʦʝ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʩʧʦʩʦʙʥʦ ʧʦʛʣʦʱʘʪʴ ʪʝʧʣʦ, ʧʝʨʝʭʦʜʷ ʠʟ ʪʚʝʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʞʠʜʢʦʝ ʠ ʜʘʣʝʝ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʥʢʨʝʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ/ʩʦʝʜʠʥʝʥʠʷ. ʃʠʥʠʷ ʣʠʢʚʠʜʫʩʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʣʠʥʠʷ ʥʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ, ʢʦʪʦʨʘʷ ʦʯʝʨʯʠʚʘʝʪ ʞʠʜʢʫʶ ʦʙʣʘʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʠʣʠ ʚʝʱʝʩʪʚʘ. ɺʳʰʝ ʣʠʥʠʠ ʣʠʢʚʠʜʫʩʘ ʚʝʱʝʩʪʚʦ ʩʯʠʪʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʞʠʜʢʠʤ. ʉ ʪʝʭʥʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʠʥʠʷ ʣʠʢʚʠʜʫʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʢ ʪʝʤʧʝʨʘʪʫʨ, ʚʳʰʝ ʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚʦ 

ʧʨʦʷʚʣʷʝʪ ʧʦʚʝʜʝʥʠʝ ʩʪʘʙʠʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. 

ʇʦʥʠʤʘʥʠʝ ʧʨʠʨʦʜʳ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ 

ʤʥʦʛʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘʩʪʝʡ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʨʫʛʦʡ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʬʘʟʦʚʦʡ ʣʠʥʠʠ ʚʳʰʝ ʣʠʢʚʠʜʫʩʘ (TL) ʥʘ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤʘʭ ʦʙʳʯʥʳʭ ʩʧʣʘʚʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʆʜʥʘʢʦ ʩ ʧʦʤʦʱʴʶ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 



-22- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʠ ʪ. ʜ. ʨʝʟʫʣʴʪʘʪʳ 

ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʜʥʦ- ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʧʣʘʚʦʚ 

ʧʦʢʘʟʳʚʘʶʪ ʪʘʢʫʶ ʬʠʟʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ 

ʧʝʨʝʭʦʜ çʞʠʜʢʦʩʪʴ ï ʞʠʜʢʦʩʪʴè. ʉʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ (TI ï LLST) ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚʳʰʝ TL. 

ɺʩʝ ʙʦʣʴʰʝ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʨʳʚʠʩʪʳʝ ʬʘʟʦʚʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʚʳʟʚʘʥʥʳʝ ʜʘʚʣʝʥʠʝʤ, ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʞʠʜʢʦʩʪʷʭ, 

ʥʘʧʨʠʤʝʨ, SiO2, H2O, C, Si, Cs, Ga, Bi, I2 ʠ Se [1, 2, 3, 4, 5, 6, 7, 8], ʚ ʞʠʜʢʦʤ ʬʦʩʬʦʨʝ [9]. ʆ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ çʞʠʜʢʦʩʪʴ ï ʞʠʜʢʦʩʪʴè ʩʦʦʙʱʘʣʦʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʞʠʜʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ [10, 11, 12], ʘ ʪʘʢʞʝ ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʦʚ 

(ʥʘʧʨʠʤʝʨ, ʘʨʛʦʥ) [13]. 

ʈʘʩʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʪʦʤʘʨʥʫʶ ʞʠʜʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʶʪ 

ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʚʷʟʠ ʠ ʵʬʬʝʢʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʞʠʜʢʠʝ 

ʤʝʪʘʣʣʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʦʭʣʘʞʜʝʥʳ ʧʨʠʤʝʨʥʦ ʥʘ 20 % ʦʪ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʥʦ ʧʨʠ 

ʙʦʣʝʝ ʛʣʫʙʦʢʦʤ ʧʝʨʝʦʭʣʘʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʟʘ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʦʭʣʘʞʜʝʥʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ 

ʩʝʨʝʙʨʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʝʨʝʭʦʜ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʜʥʦʨʦʜʥʦʡ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʛʝʪʝʨʦʛʝʥʥʦʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ [14]. ʇʝʨʝʭʦʜ ʞʠʜʢʦʩʪʴ ʚ 

ʩʪʝʢʣʦʦʙʨʘʟʥʦʝ ʚʝʱʝʩʪʚʦ ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ Ag ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʚʢʣʶʯʘʷ ʩʢʨʳʪʫʶ ʪʝʧʣʦʪʫ, ʩʢʘʯʦʢ 

ʵʥʪʨʦʧʠʠ, ʦʙʨʘʪʠʤʦʩʪʴ, ʛʠʩʪʝʨʝʟʠʩ ʦʭʣʘʞʜʝʥʠʷ/ʥʘʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʬʘʟʘ 

ʩʪʝʢʣʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʨʦʞʜʝʥʠʷ ʠʟ ʞʠʜʢʦʡ (L) ʬʘʟʳ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʨʠ 

ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ (3,4 Ĭ 1012 ʂ/ʩ; ʩʠʥʷʷ ʢʨʠʚʘʷ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʛʠʙ 

ʢʨʠʚʦʡ ʦʭʣʘʞʜʝʥʠʷ ű(T) ʚ ʨʘʡʦʥʝ 600 ï 700 ʂ. ʅʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʞʠʜʢʦʧʦʜʦʙʥʦʡ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ, 

ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1 (ʙ), ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ. ʇʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʝʢʣʘ, ʢʘʢ ʧʨʠ 1,7 Ĭ 1012 ʂ/ʩ (ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ), ʪʘʢ ʠ ʧʨʠ ʝʱʝ ʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ 6,8 Ĭ 1011 ʂ/ʩ (ʦʨʘʥʞʝʚʘʷ ʢʨʠʚʘʷ). 

 

 
 ʘ) ʙ) 

 
 ʚ) ʛ) 
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 ʜ) ʝ) 

 
ʘ) ï ʧʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʩʠʩʪʝʤʳ ʠʟ 32 000 ʘʪʦʤʦʚ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʦʭʣʘʞʜʝʥʠʷ 3,4 Ĭ 1012, 1,7 Ĭ 1012, 0,68 Ĭ 1012 

ʠ 0,34 Ĭ 1012 ʂ/ʩ; ʙ) ï ʬʫʥʢʮʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (RDF) ʟʘʢʘʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 300 ʂ, ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ 3,4 Ĭ 1012 , 1,7 Ĭ 1012 ʠ 0,34 Ĭ 1012 ʂ/ʩ,  

ʚ) ï ʥʘʛʨʝʚ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ Ag (32 000 ʘʪʦʤʦʚ), ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 1,7 Ĭ 1012, 0,68 Ĭ 1012 ʠ  

0,34 Ĭ 1012 ʂ/ʩ, ʛ) ï RDF ʥʘʛʨʝʪʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ 1100 ʂ. ʜ) ï ʦʭʣʘʞʜʝʥʠʝ ʩʠʩʪʝʤʳ ʠʟ 256 000 ʘʪʦʤʦʚ, ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ 3,4 Ĭ 1012, 0,68 Ĭ 1012, 0,34 Ĭ 1012, 1,7 Ĭ 1011 ʠ 0,34 Ĭ 1011 ʂ/ʩ,  

ʝ) ï RDF ʟʘʢʘʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ 300 ʂ, ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ: 3,4 Ĭ 1012, 0,68 Ĭ 1012 ʠ  

0,34 Ĭ 1011 ʂ/ʩ 

ʈʠʩʫʥʦʢ 1.  ʇʨʦʮʝʩʩʳ ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʛʨʝʚʘ Ag 

 

ɼʣʷ ʜʚʫʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʩ ʨʝʟʢʠʤ ʧʝʨʝʛʠʙʦʤ ʧʨʠ å 700 ʂ ʠ ʢʦʥʝʯʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ, ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʟʘʢʘʣʝʥʥʦʡ 

ʩʠʩʪʝʤʦʡ. ʇʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦʩʣʝʜʥʝʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʘ 

ʩʪʝʢʣʦʦʙʨʘʟʥʘʷ (ʨʠʩʫʥʦʢ 1, (ʙ)).  

ʅʘ ʨʠʩʫʥʢʝ 1 (ʚ) ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʧʦʚʪʦʨʥʦʛʦ ʥʘʛʨʝʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʪʝʢʣʘ, 

ʟʘʢʘʣʝʥʥʦʛʦ ʧʨʠ 1,7 Ĭ 1012 ʂ/ʩ (ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 1 (ʘ)). ɿʘʪʝʤ ʩʪʝʢʣʦ 

çʧʝʨʝʧʣʘʚʣʷʝʪʩʷè ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʨʘʪʥʦ ʚ ʞʠʜʢʦʩʪʴ ʙʝʟ ʚʠʜʠʤʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʠ ʜʚʫʭ ʙʦʣʝʝ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ ʩʪʝʢʣʦ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʩ ʨʝʟʢʠʤ ʧʘʜʝʥʠʝʤ ű(T) ʧʨʠ å 1000 ʂ (ʯʝʨʥʘʷ ʢʨʠʚʘʷ ʧʨʠ 3,4 Ĭ 1011 ʂ/ʩ) ʠ å1150 ʂ 

(ʦʨʘʥʞʝʚʘʷ ʢʨʠʚʘʷ ʧʨʠ 6,8 Ĭ 1011 ʂ/ʩ).  

ʇʨʦʜʦʣʞʝʥʠʝ ʥʘʛʨʝʚʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʪʦʨʥʦʤʫ ʧʣʘʚʣʝʥʠʶ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 1400 ï 1450 ʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʵʪʠʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʢʦʪʦʨʳʡ ʧʝʨʝʛʨʝʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Ag. ɼʘʞʝ ʧʨʠ ʩʚʝʨʭʙʳʩʪʨʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ (ʩʤ. 

ʨʠʩʫʥʦʢ 1 (ʚ)) ʧʨʷʤʦʝ çʧʝʨʝʧʣʘʚʣʝʥʠʝè ʩʪʝʢʣʘ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʟʢʠʤ. ɺʠʜʠʤʳʡ ʥʘʢʣʦʥ 

ʢʨʠʚʦʡ ű(T) ʚʦ ʚʨʝʤʷ çʧʝʨʝʧʣʘʚʣʝʥʠʷè ʵʢʚʠʚʘʣʝʥʪʝʥ ʩʢʘʯʢʫ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʢʦʣʦ ȹcp 

å 120 ɼʞ/ʤʦʣʴ-ʂ å 15 ʈ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʠ ȹcp å 85 ɼʞ/ʤʦʣʴ-ʂ å 10 ʈ ʜʣʷ ʩʪʝʢʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʦʙʦʪ-ʤʘʥʠʧʫʣʷʪʦʨ - ʵʪʦ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʨʫʢʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʨʫʢ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʥʝʯʝʣʦʚʝʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʦʙʱʝʥʠʝ ʩ ʯʝʣʦʚʝʢʦʤ ʥʝʚʦʟʤʦʞʥʦ. ʄʘʥʠʧʫʣʷʪʦʨ 

ʤʦʞʝʪ ʩʚʦʙʦʜʥʦ ʜʚʠʛʘʪʴʩʷ, ʠʤʝʷ 5 ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʩ ʩʝʨʚʦʜʚʠʛʘʪʝʣʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ 

ʢʘʞʜʦʤ ʩʫʩʪʘʚʝ. ʌʫʥʢʮʠʷ ʩʝʨʚʦʜʚʠʛʘʪʝʣʷ - ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʦʞʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʨʦʙʦʪ-ʤʘʥʠʧʫʣʷʪʦʨ ʩ 5 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʡ ʭʚʘʪʘʪʴ ʦʙʲʝʢʪʳ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪ, ʤʘʥʠʧʫʣʷʪʦʨ, ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ, ʩʝʨʚʦʧʨʠʚʦʜ, ʚʳʩʦʢʘʷ 

ʪʦʯʥʦʩʪʴ ʟʘʭʚʘʪʘ ʦʙʲʝʢʪʦʚ, 3D-ʤʦʜʝʣʴ. 

 

Abstract  

A robot manipulator is an artificial arm for performing tasks. Nowadays, there is an increasing 

need to develop artificial hands for various non-human situations where communication with a human 

is impossible. The manipulator can move freely, having 5 degrees of freedom with a servo motor 

located at each joint. The function of servo motor is to control the position using microcontroller. In 

this paper, a robot manipulator with 5 degrees of freedom is designed and developed to grasp small 

size objects with great accuracy. 

Keywords: robot, manipulator, degrees of freedom, servo drive, high precision, 3D model. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʙʦʪʳ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʚʥʝʜʨʷʶʪʩʷ ʚ ʨʘʙʦʯʠʝ ʟʘʜʘʯʠ, ʯʪʦʙʳ 

ʟʘʤʝʥʠʪʴ ʣʶʜʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʪʦʤʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. ʈʦʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʦʬʠʩʳ, ʚʦʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʤʝʜʠʮʠʥʩʢʠʝ ʢʣʠʥʠʢʠ, ʦʧʘʩʥʳʝ 

ʫʩʣʦʚʠʷ ʠ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ʈʦʙʦʪ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ, ʪʘʢ ʢʘʢ 

ʦʥ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜ ʩʠʣʫ ʯʝʣʦʚʝʢʫ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʨʫʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʫʨʦʚʥʝ ʟʘ ʩʯʝʪ 
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ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠʟʤʝʥʠʣʠ ʥʘʰʫ 

ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʠʥʩʪʨʫʤʝʥʪʳ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʫʭʥʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [1]. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʥʝʜʨʝʥʠʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʙʦʨʦʯʥʳʭ ʣʠʥʠʡ ʩʜʝʣʘʣʦ ʦʧʝʨʘʮʠʠ, ʦʙʨʘʙʦʪʢʫ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʦʣʝʝ 

ʙʳʩʪʨʳʤʠ ʠ ʪʦʯʥʳʤʠ, ʯʝʤ ʨʘʥʴʰʝ. ɺʥʝʜʨʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʦʟʚʦʣʠʣʦ 

ʩʥʠʟʠʪʴ ʨʠʩʢ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʯʝʣʦʚʝʢʘ 

ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʦʥ ʤʦʞʝʪ ʧʦʪʨʘʪʠʪʴ ʥʘ ʪʘʢʠʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʨʦʬʝʩʩʠʠ, ʢʘʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ, 

ʛʜʝ ʨʦʙʦʪ ʫʞʝ ʟʘʤʝʥʠʣ ʯʝʣʦʚʝʢʘ ʠ ʩʥʠʟʠʣ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʨʠʩʢ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʦʣʴ ʨʦʙʦʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʦʩʣʘ. ɺ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʦʙʦʪʳ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʚ ʢʦʩʤʦʩʝ, ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʧʦʜ ʚʦʜʦʡ ʠ ʪ. ʜ. [2].  

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʷ ʦʧʠʩʳʚʘʶ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 5 ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʠ ʨʘʙʦʪʘʝʪ ʥʘ ʩʝʨʚʦʜʚʠʛʘʪʝʣʷʭ [3]. ɼʘʥʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʙʨʘʪʴ ʧʨʝʜʤʝʪʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʠʤʠ. ʇʨʦʩʪʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʦʛʦ 

ʨʦʙʦʪʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʨʦʩʪʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ. 

 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʨʫʢʘ ʦʙʣʘʜʘʝʪ ʚʨʘʱʘʶʱʠʤʠʩʷ ʥʘ 360 ʛʨʘʜʫʩʦʚ ʦʩʥʦʚʘʥʠʝʤ ʠ ʢʠʩʪʴʶ, 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʛʠʙʘʪʴʩʷ ʚ 2 ʤʝʩʪʘʭ, ʘ ʪʘʢʞʝ ʦʙʦʨʫʜʦʚʘʥʘ ʩʭʚʘʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʙʨʘʪʴ 

ʦʙʲʝʢʪʳ ʤʘʣʝʥʴʢʦʛʦ ʨʘʟʤʝʨʘ ʠ ʧʝʨʝʤʝʱʘʪʴ ʠʭ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ. ʆʩʥʦʚʘʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʢʨʝʧʠʪʩʷ ʥʘ ʩʝʨʚʦʧʨʠʚʦʜʝ, ʢʦʪʦʨʳʡ ʟʘʢʨʝʧʣʝʥ ʥʝʧʦʜʚʠʞʥʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʚʠʞʝʥʠʝ ʚʩʝʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʥʘ 360 ʛʨʘʜʫʩʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʤʘʥʠʧʫʣʷʪʦʨ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʤ. 

 

 
ʈʠʩʫʥʦʢ 2. ʆʩʥʦʚʘʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʩʙʦʨʢʝ ʩ ʧʝʨʚʳʤ ʧʣʝʯʦʤ ʤʘʥʠʧʫʣʷʪʦʨʘ. 



-26- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 

ʋ ʦʩʥʦʚʘʥʠʷ ʝʩʪʴ ʢʨʝʧʣʝʥʠʷ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʩʝʨʚʦʧʨʠʚʦʜʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʥʘ ʥʠʭ ʢʨʝʧʠʪʩʷ ʧʝʨʚʦʝ ʧʣʝʯʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʜʚʠʛʘʪʴʩʷ ʙʝʟ 

ʧʦʤʝʭ ʠ ʢʦʥʬʣʠʢʪʦʚ ʤʝʞʜʫ ʜʝʪʘʣʷʤʠ, ʧʨʠ ʵʪʦʤ ʧʣʝʯʦ ʤʦʞʝʪ ʧʦʚʝʨʥʫʪʴʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 190 

ʛʨʘʜʫʩʦʚ (ʨʠʩ. 2). ɺ ʧʝʨʚʦʤ ʧʣʝʯʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩʠʩʪʝʤʘ ʦʪʚʝʨʩʪʠʡ, ʚ ʢʦʪʦʨʳʝ ʚʩʪʘʚʣʷʝʪʩʷ ʠ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʚʠʥʪʳ ʦʯʝʨʝʜʥʦʡ ʩʝʨʚʦʧʨʠʚʦʜ ʩʦ ʚʪʦʨʳʤ ʧʣʝʯʦʤ ʠ ʩʭʚʘʪʦʤ. 

 

 
ʈʠʩʫʥʦʢ 3. ʉʙʦʨʢʘ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ. 

 

ʊʘʢʞʝ ʚ ʯʘʩʪʷʭ ʧʣʝʯ ʠ ʢʠʩʪʠ ʨʦʙʦʪʘ, ʢʫʜʘ ʢʨʝʧʷʪʩʷ ʩʝʨʚʦʧʨʠʚʦʜʳ ʠʤʝʶʪʩʷ ʫʛʣʫʙʣʝʥʠʷ 

ʜʣʷ ʥʘʩʘʜʦʢ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ʥʝʦʙʭʦʜʠʤʳʡ ʤʦʤʝʥʪ ʩʝʨʚʦʧʨʠʚʦʜʘ ʜʣʷ ʚʨʘʱʝʥʠʷ ʠ 

ʧʦʟʚʦʣʷʶʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚʨʘʱʘʝʤʦʝ ʧʣʝʯʦ (ʨʠʩ. 3).  

ɺʪʦʨʦʝ ʧʣʝʯʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʪʘʢ, ʯʪʦ ʯʝʨʝʟ ʥʝʛʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚʨʘʱʝʥʠʝ ʢʠʩʪʠ 

ʤʘʥʠʧʫʣʷʪʦʨʘ ʥʘ 360 ʛʨʘʜʫʩʦʚ. ʂʨʝʧʣʝʥʠʝ ʧʣʝʯʘ ʢ ʩʝʨʚʦʧʨʠʚʦʜʫ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʪʘʢʞʝ, ʢʘʢ ʠ ʫ 

ʧʝʨʚʦʛʦ ʧʣʝʯʘ. ʏʘʩʪʴ, ʢʫʜʘ ʢʨʝʧʠʪʩʷ ʢʠʩʪʴ ʩʜʝʣʘʥʘ ʧʣʦʩʢʦʡ ʩ ʦʪʚʝʨʩʪʠʝʤ ʜʣʷ ʚʘʣʘ 

ʩʝʨʚʦʧʨʠʚʦʜʘ, ʪʫʜʘ ʢʨʝʧʠʪʩʷ ʦʩʥʦʚʘʥʠʝ ʢʠʩʪʠ ʠ ʧʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʝʨʚʦʧʨʠʚʦʜ ʦʥʦ 

ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ ʥʘ ʟʘʜʘʥʥʳʡ ʫʛʦʣ ʚ ʧʨʝʜʝʣʘʭ 360 ʛʨʘʜʫʩʦʚ. 

ʉʭʚʘʪ ʤʘʥʠʧʫʣʷʪʦʨʘ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʭʚʘʪʘʪʴ ʤʝʣʢʠʝ ʠ 

ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ ʪʦʯʥʦ ʠ ʯʝʪʢʦ, ʘ ʪʘʢʞʝ ʯʪʦʙʳ ʧʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʝʨʚʦʧʨʠʚʦʜ 

ʩʞʠʤʘʣʠʩʴ ʦʙʝ ʯʘʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚ ʜʘʥʥʦʤʫ ʩʧʦʩʦʙʫ ʩʞʘʪʠʷ, 

ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʚʳʙʨʘʥʥʦʡ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʧʦʩʦʙ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʥʘ ʯʘʩʪʴ ʙʳʣʘ ʥʝʧʦʜʚʠʞʥʦʡ, ʘ 

ʚʪʦʨʘʷ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʟʫʙʯʘʪʦʡ ʨʝʡʢʝ, ʠ ʥʘ ʚʘʣʫ ʩʝʨʚʦʧʨʠʚʦʜʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ. 

ʇʨʠ ʵʪʦʤ ʩʝʨʚʦʧʨʠʚʦʜ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥ, ʘ ʨʝʡʢʘ ʤʦʞʝʪ ʜʚʠʛʘʪʴʩʷ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʡ ʣʠʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʝʨʚʦʧʨʠʚʦʜ ʟʫʙʯʘʪʘʷ ʨʝʡʢʘ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʠ 

ʪʝʤ ʩʘʤʳʤ ʩʞʠʤʘʝʪ ʠ ʨʘʟʞʠʤʘʝʪ ʩʭʚʘʪ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ, ʥʦ ʧʨʠ ʵʪʦ ʪʨʝʙʫʝʪ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʤʝʩʪʘ ʠ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʪʦʯʥʳʤ. ʄʝʪʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʤ ʤʘʥʠʧʫʣʷʪʦʨʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʜʚʠʞʝʥʠʠ ʦʙʝʠʭ ʯʘʩʪʝʡ ʢʠʩʪʠ. ʉʝʨʚʦʧʨʠʚʦʜ ʩ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ 

ʚʳʧʦʣʥʝʥ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʯʪʦ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʤʝʪʦʜʝ, ʥʦ ʨʝʡʢʘ ʟʘʤʝʥʝʥʘ ʢʦʣʝʩʦʤ, 

ʠʜʝʥʪʠʯʥʳʤ ʧʝʨʚʦʤʫ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʢʠʩʪʴ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʞʠʤʘʝʪʩʷ ʠ ʨʘʟʞʠʤʘʝʪʩʷ 

ʩʠʤʤʝʪʨʠʯʥʦ. ʊʘʢʞʝ ʢ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʘʤ ʧʨʠʢʨʝʧʣʝʥʳ ʯʘʩʪʠ ʩʭʚʘʪʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʭʚʘʪ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʜʘʥʥʦʛʦ 

ʤʘʥʠʧʫʣʷʪʦʨʘ ʚʝʜʴ ʦʥ ʟʘʥʠʤʘʝʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʤʝʩʪʘ ʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʠ ʪʦʯʥʝʝ ʩʭʚʘʪʳʚʘʪʴ 

ʦʙʲʝʢʪʳ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -27- 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʘ ʩʪʘʪʴʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʪʴ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʩʧʨʘʚʠʪʩʷ ʯʝʣʦʚʝʢʫ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ 

ʨʘʙʦʪʘʝʪ ʠʩʧʨʘʚʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ ʦʙʲʝʢʪʘʤʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʥʮʝʧʮʠʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ 

ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʥʦʨʤʘʣʴʥʳʝ ʬʦʨʤʳ, ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʘʚʠʣʘ ʠ ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʜʣʷ 

ʠʭ ʜʦʩʪʠʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ 

ʦʙʲʝʜʠʥʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʘʙʣʠʮ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ 

ʫʧʨʦʱʝʥʠʷ ʟʘʧʨʦʩʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʠʩʪʝʤʘʭ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʪʢʣʠʢʘ ʠ ʘʥʘʣʠʟʘ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʥʦʨʤʘʣʠʟʘʮʠʷ, ʜʝʥʦʨʤʘʣʠʟʘʮʠʷ, ʙʘʟʳ ʜʘʥʥʳʭ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ, ʠʟʙʳʪʦʯʥʦʩʪʴ, ʥʦʨʤʘʣʴʥʳʝ ʬʦʨʤʳ, ʦʧʪʠʤʠʟʘʮʠʷ. 

 

Abstract 

This article examines the concepts of data normalization and denormalization and their 

application in the process of database design. Various normal forms are considered, and the rules and 

principles necessary to achieve them are discussed. Additionally, the concept of denormalization is 

explored, which involves combining data from multiple tables to improve system performance and 

simplify queries, especially in systems that require high response speed and analysis of large volumes 

of data. 

Keywords: normalization, denormalization, databases, performance, data integrity, 

redundancy, normal forms, optimization. 

  

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʭʨʘʥʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ 

ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠʭ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʠ ʜʝʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ.  

ʅʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠ ʜʫʙʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. ʆʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʚʘʷ 

ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (1ʅʌ), ʚʪʦʨʘʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (2ʅʌ) ʠ ʜʨʫʛʠʝ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʪʘʙʣʠʮ ʢ ʥʫʞʥʳʤ ʬʦʨʤʘʤ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʝʥʦʨʤʘʣʠʟʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʙʘʟ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ ʠ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʳʭ 



-28- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʜʘʥʥʳʭ. ɺ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ, ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʩ ʥʦʨʤʘʣʠʟʘʮʠʝʡ.  

ʊʝʤʘ ʨʘʙʦʪʳ ʪʘʢʞʝ ʟʘʪʨʦʥʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ 

ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ, ʠʭ ʨʦʣʴ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʶʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩʳ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. ɺʩʝ ʵʪʠ ʘʩʧʝʢʪʳ 

ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʫʣʫʯʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ 

ʅʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʥʦʨʤʘʣʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʨʘʥʝʥʠʠ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠ ʜʫʙʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʪʨʫʢʪʫʨʫ ʙʘʟʳ ʜʘʥʥʳʭ ʙʦʣʝʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʠ ʫʜʦʙʥʦʡ ʜʣʷ ʨʘʙʦʪʳ 

[1].  

ʇʨʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʪʘʙʣʠʮʳ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʚʪʦʨʝʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʜʘʥʥʳʭ ʚ 

ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʙʘʟʳ ʜʘʥʥʳʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʠ ʤʝʩʪʘ ʠ ʫʣʫʯʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ 

ʜʘʥʥʳʤ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʠʭ ʦʙʥʦʚʣʝʥʠʠ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ [2].  

ʇʨʦʮʝʩʩ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʮʝʣʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʘʥʥʳʝ ʜʝʣʷʪʩʷ ʥʘ ʥʘʠʤʝʥʴʰʠʝ 

ʣʦʛʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʜʘʥʥʳʭ. 

ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʣʶʯʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʢʘʞʝʥʠʷ [3].  

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʕʪʦ 

ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʙʦʣʝʝ ʛʠʙʢʦʡ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦ 

ʤʝʥʷʶʱʠʭʩʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ [1].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʠ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʦʙʣʝʛʯʠʪʴ 

ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʩʜʝʣʘʪʴ ʨʘʙʦʪʫ ʩ ʥʝʡ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ. 

ʄʝʪʦʜʳ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʘʙʣʠʮ 

ʅʦʨʤʘʣʠʟʘʮʠʷ ʪʘʙʣʠʮ ʚ ʙʘʟʝ ʜʘʥʥʳʭ - ʵʪʦ ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʘʥʥʳʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʠʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʮʝʣʦʩʪʥʦʩʪʴ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʥʦʨʤʘʣʠʟʘʮʠʠ - ʨʘʟʜʝʣʠʪʴ ʜʘʥʥʳʝ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʪʘʙʣʠʮʳ ʠ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʘʥʦʤʘʣʠʡ ʧʨʠ 

ʚʥʝʩʝʥʠʠ, ʠʟʤʝʥʝʥʠʠ ʠʣʠ ʫʜʘʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ [1].  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʫʤʝʥʴʰʝʥʠʝ ʜʫʙʣʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʫʤʝʥʴʰʝʥʠʶ ʨʠʩʢʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʙʣʝʤ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ 

ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ ʭʨʘʥʠʪʩʷ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʠ ʥʝ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʡ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʙʘʟʳ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ʜʘʥʥʳʤ [1].  

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʘʙʣʠʮ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ 

ʥʦʨʤʘʣʴʥʳʭ ʬʦʨʤ. ʇʝʨʚʘʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (1NF) ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʚʩʝ ʘʪʨʠʙʫʪʳ ʚ ʪʘʙʣʠʮʝ 

ʩʦʜʝʨʞʘʣʠ ʪʦʣʴʢʦ ʘʪʦʤʘʨʥʳʝ ʟʥʘʯʝʥʠʷ, ʠ ʥʝ ʙʳʣʦ ʧʦʚʪʦʨʝʥʠʡ ʛʨʫʧʧ ʜʘʥʥʳʭ. ɺʪʦʨʘʷ 

ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (2NF) ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʚʷʟʘʥʥʳʝ ʯʘʩʪʠʯʥʦ 

ʟʘʚʠʩʠʤʳʝ ʥʘʙʦʨʳ. ʊʨʝʪʴʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (3NF) ʠʩʢʣʶʯʘʝʪ ʪʨʘʥʟʠʪʠʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʘʪʨʠʙʫʪʘʤʠ ʪʘʙʣʠʮʳ. ʏʝʪʚʝʨʪʘʷ (4NF) ʠ ʧʷʪʘʷ (5NF) ʥʦʨʤʘʣʴʥʳʝ ʬʦʨʤʳ ʠʩʢʣʶʯʘʶʪ 

ʤʥʦʛʦʟʥʘʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ ʧʨʝʜʠʢʘʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [4]. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -29- 

 

ʈʦʣʴ ʧʝʨʚʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ (1ʅʌ) 

ʇʝʨʚʘʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (1ʅʌ) ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʦʪʥʦʰʝʥʠʷ ʚ 

ʨʝʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ. ʆʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ ʠ ʮʝʣʦʩʪʥʦʩʪʴ. ʉʫʪʴ ʧʝʨʚʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ, ʭʨʘʥʷʱʠʝʩʷ ʚ ʪʘʙʣʠʮʝ, ʜʦʣʞʥʳ ʙʳʪʴ ʘʪʦʤʘʨʥʳʤʠ, ʪʦ ʝʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʢʘʣʷʨʥʳʝ (ʥʝʜʝʣʠʤʳʝ) ʟʥʘʯʝʥʠʷ, ʘ ʥʝ ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʢʘʞʜʘʷ ʷʯʝʡʢʘ ʪʘʙʣʠʮʳ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ, ʥʝ ʜʦʧʫʩʢʘʷ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʤʘʩʩʠʚʦʚ ʠʣʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʚʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠ 

ʜʫʙʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʫ 

ʥʘʩ ʝʩʪʴ ʪʘʙʣʠʮʘ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʟʘʢʘʟʘʭ, ʪʦ ʜʘʥʥʳʝ ʦ ʢʣʠʝʥʪʝ, ʧʨʦʜʫʢʪʝ, ʮʝʥʝ ʠ ʘʜʨʝʩʝ 

ʜʦʩʪʘʚʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʦʣʙʮʳ, ʯʪʦʙʳ ʢʘʞʜʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʘʣʘ 

ʪʦʣʴʢʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ ʠ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʠʩʢʘʞʝʥʠʷ ʠʣʠ ʧʦʪʝʨʠ.  

ʉʦʙʣʶʜʝʥʠʝ ʧʝʨʚʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʰʘʛʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʙʘʟ ʜʘʥʥʳʭ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦʪ 

ʧʨʠʥʮʠʧ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʦʤʘʣʠʷʤʠ ʜʘʥʥʳʭ, ʪʘʢʠʤʠ ʢʘʢ ʚʩʪʘʚʢʘ, 

ʦʙʥʦʚʣʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʭ ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʳʭ ʜʘʥʥʳʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʚʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ (1ʅʌ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʥʘʜʝʞʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʣʝʛʢʦʩʪʴ ʚ 

ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ [5][6][7]. 

ʈʦʣʴ ʚʪʦʨʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ (2ʅʌ) 

ɺʪʦʨʘʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (2ʅʌ) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟ ʜʘʥʥʳʭ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʜʣʷ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. ʉʫʪʴ 2ʅʌ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʘʷ ʷʯʝʡʢʘ ʪʘʙʣʠʮʳ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ, ʚʩʝ ʜʘʥʥʳʝ ʚ 

ʦʜʥʦʡ ʢʦʣʦʥʢʝ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʪʠʧ, ʘ ʢʘʞʜʘʷ ʟʘʧʠʩʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʟʘʧʠʩʝʡ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠ ʜʫʙʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʮʝʣʦʩʪʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ.  

ʂʣʶʯʝʚʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʚʪʦʨʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ ʷʚʣʷʶʪʩʷ: 

1. ɸʪʦʤʘʨʥʦʩʪʴ ʜʘʥʥʳʭ. ʂʘʞʜʘʷ ʷʯʝʡʢʘ ʪʘʙʣʠʮʳ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ 

ʟʥʘʯʝʥʠʝ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʦʜʥʦʡ ʷʯʝʡʢʝ. 

2. ʋʥʠʢʘʣʴʥʦʩʪʴ ʟʘʧʠʩʝʡ. ʂʘʞʜʘʷ ʟʘʧʠʩʴ ʜʦʣʞʥʘ ʙʳʪʴ ʫʥʠʢʘʣʴʥʦʡ ʠ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʜʨʫʛʠʭ ʟʘʧʠʩʝʡ ʚ ʪʘʙʣʠʮʝ.  

ʇʨʠʤʝʥʝʥʠʝ ʚʪʦʨʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʩʪʨʫʢʪʫʨʫ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʩʜʝʣʘʪʴ ʝʸ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʡ, ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʣʝʛʢʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ʕʪʦʪ ʵʪʘʧ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʘʥʦʤʘʣʠʡ ʧʨʠ ʚʩʪʘʚʢʝ, ʦʙʥʦʚʣʝʥʠʠ ʠ ʫʜʘʣʝʥʠʠ ʜʘʥʥʳʭ.  

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠʤʝʥʝʥʠʷ 2ʅʌ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʘʟʳ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʠʟʙʳʪʦʯʥʦʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʣʦʞʥʳʤʠ 

ʟʘʧʨʦʩʘʤʠ ʢ ʙʘʟʝ ʜʘʥʥʳʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʘʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (2ʅʌ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʧʨʦʮʝʩʩʝ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʙʘʟ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʦʧʪʠʤʘʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. [8][9][1] 

ɼʝʥʦʨʤʘʣʠʟʘʮʠʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ 

ɼʝʥʦʨʤʘʣʠʟʘʮʠʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʧʨʠʚʝʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʩʦʩʪʦʷʥʠʝ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʣʠʟʘʮʠʠ. ɻʣʘʚʥʘʷ ʮʝʣʴ 

ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʙʘʟʳ ʜʘʥʥʳʭ [10]. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ ʠ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ, ʧʨʠ ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʠ ʨʠʩʢʦʤ ʧʦʷʚʣʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ 

ʜʘʥʥʳʭ [11].  



-30- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɼʝʥʦʨʤʘʣʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʘ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʳʡ 

ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠ ʚʳʧʦʣʥʝʥʠʝ ʩʣʦʞʥʳʭ ʟʘʧʨʦʩʦʚ. ʇʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʪʘʙʣʠʮ ʠ ʜʦʙʘʚʣʝʥʠʷ 

ʠʟʙʳʪʦʯʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. 

ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʠʩʪʝʤ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʜʘʥʥʳʭ, ʛʜʝ ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ [12].  

ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʜʝʥʦʨʤʘʣʠʟʘʮʠʷ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʠʩʢʠ. 

ʇʦʷʚʣʝʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʭ ʜʫʙʣʠʨʦʚʘʥʠʶ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʶ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʪʴ ʧʨʦʮʝʩʩ ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ [10].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʥʦʨʤʘʣʠʟʘʮʠʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʚʚʝʜʝʥʠʷ 

ʠʟʙʳʪʦʯʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʚʥʠʤʘʪʝʣʴʥʦ 

ʦʮʝʥʠʚʘʪʴ ʚʩʝ ʨʠʩʢʠ ʠ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʤʝʞʜʫ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ [11]. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʨʤʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʪʘʧʦʤ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. ʅʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʯʝʚʠʜʥʳʤʠ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʝʤʘʥʪʠʢʠ ʜʘʥʥʳʭ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʘʟʳ ʜʘʥʥʳʭ [15].  

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʨʤʘʣʠʟʘʮʠʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ [16], ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʠʟʙʳʪʦʯʥʳʭ ʜʘʥʥʳʭ. ʇʨʠʤʝʥʝʥʠʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʜʘʥʥʳʝ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʪʘʙʣʠʮʳ ʠ ʩʚʷʟʘʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʶʯʝʡ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ.  

ʅʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʥʷʪʠʡ ʚ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟʘʭ 

ʜʘʥʥʳʭ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʠʟʙʳʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʣʦʛʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʙʘʟʳ ʜʘʥʥʳʭ [17]. ʇʫʪʝʤ 

ʨʘʟʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠ ʩʚʷʟʘʥʥʳʝ ʪʘʙʣʠʮʳ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ 

ʘʥʦʤʘʣʠʡ ʧʨʠ ʚʩʪʘʚʢʝ, ʦʙʥʦʚʣʝʥʠʠ ʠ ʫʜʘʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ. ʇʨʘʚʠʣʴʥʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʧʦʚʳʰʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʥ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ 

ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟ ʜʘʥʥʳʭ. ʅʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 

ʧʨʦʮʝʩʩ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʠ ʜʫʙʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʢʘʢ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ.  

ʄʝʪʦʜʳ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʘʙʣʠʮ, ʚʢʣʶʯʘʷ ʧʝʨʚʫʶ ʥʦʨʤʘʣʴʥʫʶ ʬʦʨʤʫ (1ʅʌ) ʠ ʚʪʦʨʫʶ 

ʥʦʨʤʘʣʴʥʫʶ ʬʦʨʤʫ (2ʅʌ), ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʢʦʥʪʝʢʩʪʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʙʘʟ 

ʜʘʥʥʳʭ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɼʝʥʦʨʤʘʣʠʟʘʮʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʘʟ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʤʝʥʴʰʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ ʠ ʚʚʝʩʪʠ ʠʟʙʳʪʦʯʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʨʤʘʣʠʟʘʮʠʷ ʠ ʜʝʥʦʨʤʘʣʠʟʘʮʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 
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ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʇʦʥʠʤʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʥʘʜʝʞʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʫʣʫʯʰʝʥʠʶ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʫʜʘʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠʟ ʩʠʩʪʝʤ, ʛʜʝ 

ʛʣʘʚʥʳʤ ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʷʚʣʷʝʪʩʷ ʚʦʜʘ. ʇʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʧʨʦʚʝʜʝʥ ʠʭ ʘʥʘʣʠʟ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʛʘʟʘʮʠʷ, ʚʦʜʦʧʦʜʛʦʪʦʚʢʘ, ʜʝʘʵʨʘʪʦʨ, ʫʩʪʘʥʦʚʢʘ ʫʤʷʛʯʝʥʠʷ, 

ʫʜʘʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ. 
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Abstract 

This article discusses various methods of removing oxygen from systems where the main 

working medium is water. The classification of the main methods is given and their analysis is carried 

out. The main advantages of each of them are revealed. 

Keywords:degassing, water treatment, deaerator, softening plant, oxygen removal. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʙʦʨʴʙʳ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚ ʚʦʜʝ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʢʣʶʯʝʚʳʤʠ 

ʬʘʢʪʦʨʘʤʠ: 

1. ʂʦʨʨʦʟʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

- ʈʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ ʚ ʚʦʜʝ ʫʩʢʦʨʷʝʪ ʢʦʨʨʦʟʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʜʝʪʘʣʝʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʥʘʩʦʩʦʚ, ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʠ ʜʨʫʛʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

- -ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʠʟʥʦʩʫ ʠ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʚʳʟʳʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʨʝʤʦʥʪ ʠ ʟʘʤʝʥʫ. 

2. ʉʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ: 

- ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʠʟ-ʟʘ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ ʚʝʜʝʪ ʢ ʟʘʩʦʨʝʥʠʶ, 

ʩʥʠʞʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʫʭʫʜʰʝʥʠʶ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʘʭ. 

- ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

3. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ: 

- ʈʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, 

ʫʭʫʜʰʘʷ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

- ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʠʩʪʝʤ, ʛʜʝ ʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʜʨʫʛʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʪʦʚʘʨʦʚ. 

4. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ: 

- ʀʟʙʳʪʦʢ ʢʠʩʣʦʨʦʜʘ ʚ ʩʙʨʦʩʥʳʭ ʚʦʜʘʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʚ ʚʦʜʦʝʤʘʭ. 

- ʕʪʦ ʩʦʟʜʘʝʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʚʦʜʥʦʡ ʬʣʦʨʳ ʠ ʬʘʫʥʳ, ʥʘʨʫʰʘʷ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʵʢʦʩʠʩʪʝʤʘʭ. 

ɼʝʛʘʟʘʮʠʷ, ʪʦ ʝʩʪʴ ʫʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ, ʦʩʦʙʝʥʥʦ ʢʠʩʣʦʨʦʜʘ, ʠʟ ʚʦʜʳ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʩʬʝʨ: 

1. ʕʥʝʨʛʝʪʠʢʘ: 

- ɺʦʜʦʧʦʜʛʦʪʦʚʢʘ ʜʣʷ ʢʦʪʣʦʚ, ʪʫʨʙʠʥ ʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʊʕʉ, ɸʕʉ, 

ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʷʭ. 

- ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʢʦʨʨʦʟʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

3. ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ: 

- ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʘʧʠʪʢʦʚ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. 

- ʇʦʜʛʦʪʦʚʢʘ ʚʦʜʳ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

- ʆʙʨʘʙʦʪʢʘ ʚʦʜʳ ʚ ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

4. ɺʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʘ: 

- ʆʙʨʘʙʦʪʢʘ ʚʦʜʳ ʜʣʷ ʩʠʩʪʝʤ ʧʠʪʴʝʚʦʛʦ, ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

- ʆʯʠʩʪʢʘ ʚʦʜʳ ʠ ʜʦʟʠʨʦʚʢʘ ʩʧʝʮʠʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʘʢʚʘʨʠʫʤʦʚ, ʘʢʚʘʢʫʣʴʪʫʨ 

ʠ ʙʘʩʩʝʡʥʦʚ. 

5. ʉʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ: 

- ʋʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʠʟ ʚʦʜʳ ʚ ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ, ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -33- 

 

- ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʢʦʨʨʦʟʠʠ, ʥʘʢʠʧʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ. 

6. ʅʝʬʪʝʛʘʟʦʚʘʷ ʦʪʨʘʩʣʴ: 

- ʆʙʨʘʙʦʪʢʘ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ, ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 

- ʇʦʜʛʦʪʦʚʢʘ ʚʦʜʳ ʜʣʷ ʟʘʚʦʜʥʝʥʠʷ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ. 

7. ʕʢʦʣʦʛʠʷ: 

- ʆʙʨʘʙʦʪʢʘ ʩʪʦʯʥʳʭ ʠ ʩʙʨʦʩʥʳʭ ʚʦʜ ʧʝʨʝʜ ʠʭ ʩʙʨʦʩʦʤ ʚ ʚʦʜʦʝʤʳ. 

- ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʩʥʠʞʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʨʴʙʘ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚ ʚʦʜʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʱʝʨʙʘ. ʕʬʬʝʢʪʠʚʥʦʝ ʫʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ 

ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʚʦ ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʜʝʛʘʟʘʮʠʠ ʚʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʘʜʘʯ ʠ ʫʩʣʦʚʠʡ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʛʘʟʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʚʦʜʘ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (70-100ÁC), ʧʝʨʝʚʦʜʷ ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ ʚ 

ʧʘʨʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʩʣʝ ʯʝʛʦ ʛʘʟʳ ʦʪʜʝʣʷʶʪʩʷ ʠ ʫʜʘʣʷʶʪʩʷ. ʕʪʦʪ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ. 

ɼʨʫʛʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʘʷ ʜʝʛʘʟʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ (ʚʘʢʫʫʤ-ʜʝʘʵʨʘʪʦʨʘʭ) ʩʦʟʜʘʝʪʩʷ ʧʦʥʠʞʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʦʙʫʞʜʘʶʱʝʝ 

ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ ʢ ʚʳʜʝʣʝʥʠʶ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ ʢʠʩʣʦʨʦʜ, ʚʦʜʦʨʦʜ, ʘʟʦʪ ʠ 

ʜʨʫʛʠʝ ʛʘʟʳ. 

ʊʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʝʛʘʟʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʟʦʪ ʠʣʠ ʘʨʛʦʥ. 

ɹʘʨʙʦʪʠʨʦʚʘʥʠʝ (ʧʨʦʜʫʚʢʘ) ʚʦʜʳ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ ʚʳʟʳʚʘʝʪ ʚʳʪʝʩʥʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʧʦʪʦʢʦʤ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʛʜʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʫʩʢʦʨʷʶʪ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ, ʧʨʠʚʦʜʷ ʢ ʠʭ ʦʢʠʩʣʝʥʠʶ ʠ ʫʜʘʣʝʥʠʶ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ. 

ʄʝʤʙʨʘʥʥʘʷ ʜʝʛʘʟʘʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʦʧʫʩʢʘʥʠʠ ʚʦʜʳ ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʳʝ 

ʤʝʤʙʨʘʥʳ, ʩʝʣʝʢʪʠʚʥʦ ʧʨʦʧʫʩʢʘʶʱʠʝ ʛʘʟʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʨʘʩʪʚʦʨʝʥʥʳʝ 

ʛʘʟʳ ʙʝʟ ʥʘʛʨʝʚʘ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ. 

ʊʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʝʘʛʝʥʪʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ 

ʠʣʠ ʥʝʡʪʨʘʣʠʟʫʶʱʠʭ ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ, ʥʘʧʨʠʤʝʨ, ʩʫʣʴʬʠʪʘ ʥʘʪʨʠʷ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ 

ʢʠʩʣʦʨʦʜʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʣʶʩʳ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʜʝʛʘʟʘʮʠʠ ʚʦʜʳ: 

1. ʊʝʨʤʠʯʝʩʢʘʷ ʜʝʛʘʟʘʮʠʷ: 

- ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ, 

ʚʢʣʶʯʘʷ ʢʠʩʣʦʨʦʜ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. 

- ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʥʘʛʨʝʚʘ ʚʦʜʳ ʜʣʷ ʜʨʫʛʠʭ ʮʝʣʝʡ. 

2. ɺʘʢʫʫʤʥʘʷ ʜʝʛʘʟʘʮʠʷ: 

- ʕʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʝʪ ʢʠʩʣʦʨʦʜ, ʚʦʜʦʨʦʜ, ʘʟʦʪ ʠ ʜʨʫʛʠʝ ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ. 

- ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʛʨʝʚʘ ʚʦʜʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʜʝʛʘʟʘʮʠʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʚʘʢʫʫʤʘ. 

3. ɼʝʛʘʟʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ: 

- ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ. 

- ʇʨʦʩʪʦʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

5. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʜʝʛʘʟʘʮʠʷ: 

- ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʘʟʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʝʨʦʚʦʜʦʨʦʜ. 



-34- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

- ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

- ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʣʠ ʜʘʚʣʝʥʠʷʭ. 

6. ʄʝʤʙʨʘʥʥʘʷ ʜʝʛʘʟʘʮʠʷ: 

- ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʚ ʫʜʘʣʝʥʠʠ ʛʘʟʦʚ ʟʘ ʩʯʝʪ ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʥʘʛʨʝʚʘ ʠʣʠ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ. 

- ʂʦʤʧʘʢʪʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

7. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: 

- ɺʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʮʝʣʝʚʳʭ ʛʘʟʦʚ. 

- ʇʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ, ʥʝ ʪʨʝʙʫʶʱʘʷ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

- ɻʠʙʢʦʩʪʴ ʚ ʘʜʘʧʪʘʮʠʠ ʢ ʩʦʩʪʘʚʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʚʦʜʳ. 

ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʜʝʛʘʟʘʮʠʠ ʚʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚʦʤ ʚʦʜʳ, ʪʨʝʙʫʝʤʦʡ 

ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. 
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Abstract 
The article discusses the main types of positioning systems and the use of wireless data transmission 
systems in them. 
Keywords: geopositioning, satellite navigation, GPS, GLONASS, Bluetooth, Wi-Fi, magnetic 
positioning. 
 
ʉʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʷʚʣʝʥʠʝ 
ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ [1].  
ʂ ʦʩʥʦʚʥʳʤ ʪʠʧʘʤ ʩʠʩʪʝʤʘʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ: 
1. ʉʠʩʪʝʤʘ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ð ʵʪʦ ʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʧʫʪʥʠʢʠ ʥʘ 
ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʉʧʫʪʥʠʢʦʚʘʷ 
ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩ ʛʣʦʙʘʣʴʥʳʤ ʧʦʢʨʳʪʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 
ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʦʡ (ɻʅʉʉ). ʉʝʛʦʜʥʷ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʯʝʪʳʨʝ ʛʣʦʙʘʣʴʥʳʝ ʩʠʩʪʝʤʳ: 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -35- 

 
ʛʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʉʐɸ (GPS), ʨʦʩʩʠʡʩʢʘʷ ʛʣʦʙʘʣʴʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ 
ʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ (ɻʃʆʅɸʉʉ), ʢʠʪʘʡʩʢʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ BeiDou, ʠ 
Galileo ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ [2]. 
ʉʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠʛʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʧʫʪʥʠʢʦʚʳʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʦʧʨʝʜʝʣʷʪʴ ʩʚʦʝ 
ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ (ʜʦʣʛʦʪʫ, ʰʠʨʦʪʫ ʠ ʚʳʩʦʪʫ) ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ (ʚ ʧʨʝʜʝʣʘʭ ʦʪ 
ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ ʤʝʪʨʦʚ) ʩ ʧʦʤʦʱʴʶ ʚʨʝʤʝʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ 
ʨʘʜʠʦʢʘʥʘʣʫ ʩʦ ʩʧʫʪʥʠʢʦʚ ʚʜʦʣʴ ʣʠʥʠʠ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. 
ʉʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʨʘʙʦʪʘʶʪ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʪʨʝʭʤʝʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 
ʧʦʣʦʞʝʥʠʷ ʠ ʚʨʝʤʝʥʠ. ʇʨʠʝʤʥʠʢ ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʝʪ ʩʠʛʥʘʣʳ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʧʫʪʥʠʢʦʚ 
ʦʜʥʦʚʨʝʤʝʥʥʦ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʨʠʝʤʥʠʢʘ ʜʦ ʢʘʞʜʦʛʦ ʩʧʫʪʥʠʢʘ, ʘ ʟʘʪʝʤ 
ʠʩʧʦʣʴʟʫʝʪ ʧʝʨʝʩʝʯʝʥʠʝ ʩʬʝʨ (ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʠʢʘ (ʈʠʩ.1). 

  

 
ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ. 

 

ʍʦʪʷ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ, ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʥʠ ʪʘʢʞʝ 

ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʉʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʪʨʝʙʫʶʪ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʦʪ 

ʩʧʫʪʥʠʢʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ. ʆʜʥʘʢʦ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʳ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʙʣʦʢʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʳʩʦʢʠʝ 

ʟʜʘʥʠʷ, ʛʫʩʪʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʛʦʨʳ ʠʣʠ ʧʣʦʭʠʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ.  

2. Bluetooth-ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʣʦʞʝʥʠʷ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ Bluetooth Low Energy (BLE), ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʙʦʣʴʰʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ 

ʩʪʦʠʤʦʩʪʴ. Bluetooth-ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʝ ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʩʠʛʥʘʣʘ ʤʝʞʜʫ 

ʧʝʨʝʜʘʪʯʠʢʘʤʠ (ʤʘʷʢʘʤʠ) ʠ ʧʨʠʝʤʥʠʢʘʤʠ (ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ Bluetooth). ʅʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʦʡ ʩʠʣʳ ʩʠʛʥʘʣʘ Bluetooth ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʦʤ ʠ 

ʢʘʞʜʳʤ ʤʘʷʢʦʤ [3]. ʇʦʩʣʝ ʦʮʝʥʢʠ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʘʷʢʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ 

ʪʨʠʣʘʪʝʨʘʮʠʠ ʠʣʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. ʊʨʠʣʘʪʝʨʘʮʠʷ 

ʠʩʧʦʣʴʟʫʝʪ ʪʨʠ ʠʣʠ ʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʤʘʷʢʦʚ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʩʝʯʝʥʠʷ ʦʢʨʫʞʥʦʩʪʝʡ ʠʣʠ ʩʬʝʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʠʘʥʛʫʣʷʮʠʷ ʠʩʧʦʣʴʟʫʝʪ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʤʝʞʜʫ ʤʘʷʢʘʤʠ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ (ʈʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2. Bluetooth-ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ. 
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3. ʉʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ Wi-Fi 

WPS (Wi-Fi positioning system) - ʵʪʦ ʩʠʩʪʝʤʘ ʛʝʦʣʦʢʘʮʠʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʠʟʣʝʞʘʱʠʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ Wi-Fi ʠ ʜʨʫʛʠʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ.  ʆʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʤ, ʛʜʝ ʩʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠʛʘʮʠʷ, 

ʪʘʢʘʷ ʢʘʢ GPS, ʥʝ ʧʦʜʭʦʜʠʪ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ, ʚʢʣʶʯʘʷ ʤʥʦʛʦʣʫʯʝʚʦʩʪʴ (ʢʦʛʜʘ 

ʨʘʜʠʦʩʠʛʥʘʣʳ ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʤʝʩʪʥʦʩʪʠ) ʠ ʙʣʦʢʠʨʦʚʢʫ ʩʠʛʥʘʣʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʠʣʠ 

ʪʘʤ, ʛʜʝ ʧʦʣʫʯʝʥʠʝ ʩʧʫʪʥʠʢʦʚʦʡ ʧʨʠʚʷʟʢʠ ʟʘʥʠʤʘʝʪ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦ Wi-Fi ʠʩʧʦʣʴʟʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ [4]. 

ɹʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ GPS ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ Wi-Fi 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʵʪʘʞ ʟʜʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ 

ʪʦʯʢʘʤ ʜʦʩʪʫʧʘ, ʜʦʩʪʘʪʦʯʥʦ ʚʢʣʶʯʠʪʴ Wi-Fi.  

ʊʦʯʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʙʣʠʟʣʝʞʘʱʠʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ, 

ʯʴʠ ʧʦʟʠʮʠʠ ʙʳʣʠ ʚʥʝʩʝʥʳ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ɹʘʟʘ ʜʘʥʥʳʭ ʪʦʯʝʢ ʜʦʩʪʫʧʘ Wi-Fi ʟʘʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ GPS ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ MAC-ʘʜʨʝʩʘʤʠ ʪʦʯʝʢ 

ʜʦʩʪʫʧʘ Wi-Fi. 

 

 
ʈʠʩʫʥʦʢ 3. . ʉʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ Wi-Fi. 

 

4. ʄʘʛʥʠʪʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʄʘʛʥʠʪʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ð ʵʪʦ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʘʥʦʤʘʣʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʤʝʱʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʦʪʣʠʯʠʪʝʣʴʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʩʪʘ (ʈʠʩ. 4). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʣʠ 

ʣʶʜʝʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʥʥʳʝ ʤʘʛʥʠʪʥʳʭ ʜʘʪʯʠʢʦʚ ʩʤʘʨʪʬʦʥʘ [5]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʥʝʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʟʜʘʥʠʷʭ ʦʯʝʥʴ ʤʥʦʛʦ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʘ ʟʜʘʥʠʷ, ʵʣʝʢʪʨʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʣʶʜʝʡ), ʧʦʵʪʦʤʫ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ, 

ʠʩʧʦʣʴʟʫʶʱʝʝ ʵʪʦʪ ʧʨʠʥʮʠʧ, ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 4. ʄʘʛʥʠʪʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ. 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ɹʉʇɼ. 

 

ɺʳʙʦʨ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʩʮʝʥʘʨʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʛʣʦʙʘʣʴʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʩʠʩʪʝʤʘ 

ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ (ʥʘʧʨʠʤʝʨ, GPS) ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʚʳʙʦʨʦʤ ʠʟ-ʟʘ 

ʩʚʦʝʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʞʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʠ ʩʠʩʪʝʤʘʭ ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʧʨʠ 

ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʤʝʩʪʥʦʩʪʠ [6] 

ɽʩʣʠ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʩ ʩʝʪʴʶ ʤʘʷʢʦʚ, Bluetooth-

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ. ʆʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʭʦʨʦʰʫʶ ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʤʘʷʢʦʚ. 

ʉʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ Wi-Fi ʤʦʞʝʪ ʙʳʪʴ ʭʦʨʦʰʠʤ ʚʳʙʦʨʦʤ ʚ ʦʬʠʩʥʳʭ ʠʣʠ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʷʭ, ʛʜʝ ʠʤʝʝʪʩʷ ʩʝʪʴ Wi-Fi ʩ ʭʦʨʦʰʠʤ ʧʦʢʨʳʪʠʝʤ. ʆʥʘ ʦʙʳʯʥʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʨʝʥʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

ʉʠʩʪʝʤʘ ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʉʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠʛʘʮʠʷ 
ʇʨʠʝʤ ʩʠʛʥʘʣʦʚ ʦʪ 

ʩʧʫʪʥʠʢʦʚ 
ɹʦʣʴʰʦʝ ʧʦʢʨʳʪʠʝ 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ 

ʪʦʯʥʦʩʪʴ, 

ɺʳʩʦʢʘʷ ʮʝʥʘ 

 

Bluetooth-

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ (BLE) 

ʀʟʤʝʨʝʥʠʝ ʩʠʣʳ ʩʠʛʥʘʣʘ 

Bluetooth 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, 

ʅʠʟʢʘʷ ʮʝʥʘ, 

ʇʨʦʩʪʦʪʘ ʫʩʪʘʥʦʚʢʠ 

ʊʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ 

ʨʘʜʠʦʤʘʷʢʦʚ 

ʉʠʩʪʝʤʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

Wi-Fi 

ʀʟʤʝʨʝʥʠʝ ʩʠʣʳ ʩʠʛʥʘʣʘ 

Wi-Fi 

ɻʦʪʦʚʘʷ, 

ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʘʷʩʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ɺʳʩʦʢʘʷ ʮʝʥʘ 

ʄʘʛʥʠʪʥʦʝ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʀʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʧʦʣʦʞʝʥʠʷ 

ʅʠʟʢʘʷ ʮʝʥʘ 

ʅʝʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, 

ʉʣʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ 



-38- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʄʘʛʥʠʪʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ, ʢʦʛʜʘ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʣʠ ʦʨʠʝʥʪʘʮʠʶ ʫʩʪʨʦʡʩʪʚʘ, ʥʦ ʦʥʦ ʦʙʳʯʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. 

ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʠʩʪʝʤ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʠ ʚʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʢʨʝʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʢʦʥʪʝʢʩʪʘ ʧʨʠʤʝʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʳʙʦʨ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʠ ʢʦʥʢʨʝʪʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠ ʢʦʥʪʝʢʩʪ ʧʨʠʤʝʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʨʝʛʠʦʥ, 

ʜʦʩʪʫʧʥʦʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʪʦʠʤʦʩʪʴ ʠ ʜʨʫʛʠʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʨʘʟʥʳʭ ʩʠʩʪʝʤ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʠʜʳ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʛʨʫʧʧʳ ʦʪʢʘʟʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʦʪʢʘʟʦʚ ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʚʨʝʤʝʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʢʪʦʨʳ, ʦʪʢʘʟʳ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʪʝʭʥʠʢʘ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ, ʥʘʜʸʞʥʦʩʪʴ. 

 

Abstract  

The article discusses the types and most common groups of failures that arise during the 

operation of automotive equipment. The main reasons for the occurrence of vehicle failures over time 

are analyzed. 

Keywords: factors, failures, performance, automotive equipment, operation, reliability. 

 

ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ï ʩʙʦʨʦʯʥʳʭ 

ʝʜʠʥʠʮ ʠ ʜʝʪʘʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʝʝ ʬʫʥʢʮʠʡ. 

ɸʚʪʦʤʦʙʠʣʴ, ʘʛʨʝʛʘʪ, ʤʝʭʘʥʠʟʤ, ʜʝʪʘʣʴ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʦʙʱʠʤ ʧʦʥʷʪʠʝʤ ï ʦʙʲʝʢʪ 

ʠʣʠ ʠʟʜʝʣʠʝ. ʉʦʚʨʝʤʝʥʥʳʡ ʘʚʪʦʤʦʙʠʣʴ ʩʦʩʪʦʠʪ ʠʟ 15-20 ʪʳʩ. ʜʝʪʘʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ 7-9 ʪʳʩ. 

ʪʝʨʷʶʪ ʩʚʦʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʨʘʙʦʪʝ, ʧʨʠʯʝʤ 3-4 ʪʳʩ. ʜʝʪʘʣʝʡ ʠʤʝʶʪ ʩʨʦʢ ʩʣʫʞʙʳ 

ʤʝʥʴʰʝ, ʯʝʤ ʘʚʪʦʤʦʙʠʣʴ ʚ ʮʝʣʦʤ ʠ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ. ʀʟ ʥʠʭ 200-400 

ʜʝʪʘʣʝʡ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʦ ʥʘʜʝʞʥʦʩʪʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʫʶ ʪʝʭʥʠʢʫ ʚʦʟʜʝʡʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʡ 

ʧʨʠʨʦʜʝ ʬʘʢʪʦʨʳ (ʦʙʲʝʢʪʠʚʥʳʝ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ) ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʰʠʥ ʠʟʤʝʥʷʝʪʩʷ 

[1, ʩ.21].  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -39- 

 

ʀʟʤʝʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʘʛʨʝʛʘʪʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʠʯʠʥ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʙʦʪʦʡ ʩʘʤʠʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʩʣʫʯʘʡʥʳʭ ʧʨʠʯʠʥ (ʥʘʧʨʠʤʝʨ ï ʧʝʨʝʛʨʫʟʢʘ ʘʚʪʦʤʦʙʠʣʷ). [2, ʩ. 15]. 

ɸʚʪʦʤʦʙʠʣʴ ʚʥʝʟʘʧʥʦ ʠʣʠ ʧʦʩʪʝʧʝʥʥʦ ʫʪʨʘʯʠʚʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʠ ʜʘʣʴʥʝʡʰʘʷ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ [3, ʩ. 25].  

ʆʜʥʘʢʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʙʣʝʤʳ ʩʦʭʨʘʥʝʥʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ ʚʝʩʴʤʘ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʝ 

ʭʘʨʘʢʪʝʨʘ ʦʪʢʘʟʦʚ, ʥʦ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ.  

ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʟʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ 

ʦʨʛʘʥʠʟʘʮʠʷʭ, ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʚʦʜʳ ʦ ʭʘʨʘʢʪʝʨʝ ʥʘʩʪʫʧʣʝʥʠʷ ʦʪʢʘʟʦʚ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʦʙʠʣʷ (ʈʠʩ. 1).  

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʛʨʫʧʧʳ ʦʪʢʘʟʦʚ, ʦʙʲʝʜʠʥʠʚ ʠʭ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤʫ ʧʨʠʟʥʘʢʫ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʚ ʠʭ ʢʨʘʪʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʦʙʠʣʷ. 

 

ʆʪʢʘʟʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʘʚʪʦʤʦʙʠʣʷʭ, ʚʦʟʥʠʢʘʶʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʪʦʛʦ, ʢʘʢʠʝ ʧʨʠʯʠʥʳ ʠʭ ʚʳʟʚʘʣʠ, ʥʘʩʪʫʧʘʶʪ ʣʠʙʦ ʚʥʝʟʘʧʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʨʝʟʢʦʛʦ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ (ʩʦʩʪʦʷʥʠʷ), ʣʠʙʦ ʧʦʩʪʝʧʝʥʥʦ. ʇʦʵʪʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʠʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʨʘʟʣʠʯʘʶʪ ʦʪʢʘʟʳ 

ʚʥʝʟʘʧʥʳʝ ʠ ʧʦʩʪʝʧʝʥʥʳʝ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʘʚʪʦʤʦʙʠʣʝʡ ʚʦ ʚʨʝʤʝʥʠ ʵʪʠ ʜʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʛʨʫʧʧʳ ʦʪʢʘʟʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʨʘʩʩʤʦʪʨʠʤ ʠʭ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʜʚʠʛʘʪʝʣʷ, ʘʛʨʝʛʘʪʘʭ, ʫʟʣʘʭ, ʚ 

ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮʘʭ ʷʚʣʷʶʪʩʷ ʚʥʝʟʘʧʥʳʝ ʦʪʢʘʟʳ, ʚʳʟʳʚʘʶʱʠʝ ʥʝʦʞʠʜʘʥʥʦʝ (ʠʥʦʛʜʘ 

ʘʚʘʨʠʡʥʦʝ) ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʝʛʦ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʥʦʨʤʘʣʴʥʦʡ, ʘ ʠʥʦʛʜʘ ʢʨʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʫʟʣʘ ʠʣʠ 

ʘʚʪʦʤʦʙʠʣʷ ʚ ʮʝʣʦʤ. 

ʍʘʨʘʢʪʝʨ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʥʝʣʴʟʷ, ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʩʣʫʯʘʡʥʦ, 

ʥʝʦʞʠʜʘʥʥʦ ʠ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʦʛʜʘ ʦʥʠ ʧʨʦʠʟʦʡʜʫʪ, ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʧʦʣʥʦʪʘ ʢʦʥʪʨʦʣʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʠʣʷ, ʥʠʯʪʦʞʥʦ ʤʘʣʘ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʥʝʟʘʧʥʳʝ ʦʪʢʘʟʳ ʦʯʝʚʠʜʥʳ ʠ ʠʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʩʦʧʫʪʩʪʚʫʶʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʷ: ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʧʦʢʘʟʘʥʠʡ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʦʷʚʣʝʥʠʝ ʧʦʩʪʦʨʦʥʥʝʛʦ ʰʫʤʘ, ʩʪʫʢʘ ʚ ʨʘʙʦʪʝ ʘʛʨʝʛʘʪʦʚ, 

ʧʦʷʚʣʝʥʠʝ ʜʳʤʘ, ʟʘʧʘʭʘ, ʪʨʝʩʢʘ.  
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ʅʝʠʩʧʨʘʚʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʦʩʚʝʱʝʥʠʷ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ 

ʅʝʠʩʧʨʘʚʥʦʩʪʴ ʭʦʜʦʚʦʡ ʯʘʩʪʠ 

ʅʝʠʩʧʨʘʚʥʦʩʪʴ ʨʫʣʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ 

ʅʝʠʩʧʨʘʚʥʦʩʪʴ ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ 

ɼʨʫʛʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 



-40- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʍʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʘʚʪʦʤʦʙʠʣʷ. 

ʂ ʚʥʝʟʘʧʥʳʤ ʦʪʢʘʟʘʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʢʘʢ ʧʦʣʦʤʢʠ ʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ 

ʩʠʩʪʝʤ, ʘʛʨʝʛʘʪʦʚ, ʫʟʣʦʚ, ʧʝʨʝʛʦʨʘʥʠʝ, ʦʙʨʳʚ, ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʜʚʠʛʘʪʝʣʷ ʠ ʪ. ʜ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʦʷʚʣʝʥʠʷ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʷʚʣʷʶʪʩʷ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ, ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ (ʧʝʨʝʛʨʝʚ, ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʩʤʘʟʢʠ, ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʝ, ʨʘʙʦʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʜʨ.), ʜʝʬʝʢʪʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʙʦʝʚʳʝ ʧʦʚʨʝʞʜʝʥʠʷ.  

ʇʦʚʳʰʝʥʥʦʝ ʯʠʩʣʦ ʦʪʢʘʟʦʚ ʠʥʦʛʜʘ ʦʙʲʷʩʥʷʝʪʩʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴʶ, ʠ 

ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ [4, ʩ. 269]. 

ʇʦʩʪʝʧʝʥʥʳʝ, ʠʣʠ ʠʟʥʦʩʦʚʳʝ, ʦʪʢʘʟʳ ʟʘʨʦʞʜʘʶʪʩʷ ʚ ʚʠʜʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʫʭʫʜʰʝʥʠʡ ʚ 

ʨʘʙʦʪʝ ʘʚʪʦʤʦʙʠʣʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʥʦʩʘ ʪʨʫʱʠʭʩʷ ʯʘʩʪʝʡ, ʜʝʬʦʨʤʘʮʠʠ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʦʢ, ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʪʝʧʣʘ, ʭʦʣʦʜʘ, ʚʣʘʛʠ, ʩʚʝʪʘ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʪʝʧʝʥʥʳʝ ʦʪʢʘʟʳ ʧʨʠʚʦʜʷʪ ʢ ʤʝʜʣʝʥʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʷ: 

ʫʤʝʥʴʰʝʥʠʶ ʤʦʱʥʦʩʪʠ ʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ, 

ʫʚʝʣʠʯʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ, ʰʘʪʢʦʩʪʝʡ ʠ ʫʩʠʣʠʡ ʚ ʨʘʙʦʯʠʭ ʤʝʭʘʥʠʟʤʘʭ, ʟʘʛʨʷʟʥʝʥʠʶ ʦʧʪʠʢʠ 

ʠ ʪ. ʧ., ʢʦʪʦʨʳʝ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʝʨʝʭʦʜʷʪ ʟʘ ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ ʠ ʧʝʨʝʨʘʩʪʘʶʪ ʚ ʦʪʢʘʟ.  

ʅʝʦʙʨʘʪʠʤʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʩʪʝʧʝʥʥʳʭ ʦʪʢʘʟʦʚ, ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʩʪʝʧʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ. ʕʪʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʳ ʩ ʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʩʪʘʨʝʥʠʝ ʠ ʠʟʥʦʩ. 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʩʝʛʦʜʥʷ ʪʘʢʞʝ ʫʯʠʪʳʚʘʶʪʩʷ (ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ, ʨʘʙʦʯʝʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ) ʠ 

ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʚ ʦʧʳʪʥʳʝ ʩʝʨʠʠ ʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʪʝʭʥʠʢʠ [5]. 

ʇʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ ʠ ʠʟʥʦʩʘ ʦʙʳʯʥʦ ʧʨʦʪʝʢʘʝʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ 

ʢʘʢ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʪʘʢ ʠ ʦʪ ʧʨʠʯʠʥ ʚʥʫʪʨʝʥʥʝʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʘʚʪʦʤʦʙʠʣʷ. 

ʇʦʵʪʦʤʫ ʧʝʨʠʦʜ ʠʟʥʦʩʘ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʣʝʙʣʝʪʩʷ ʚ ʚʝʩʴʤʘ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. 

ʇʦʩʪʝʧʝʥʥʳʝ ʦʪʢʘʟʳ ʥʝ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʦʵʪʦʤʫ ʚ ʘʚʪʦʤʦʙʠʣʝ ʦʥʠ 

ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʦʧʦʟʜʘʥʠʝʤ ʣʠʰʴ ʚ ʧʨʦʮʝʩʩʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʤʦʪʨʘ ʠʣʠ 

ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʦʩʪʝʧʝʥʥʳʝ ʦʪʢʘʟʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʥʝʟʘʧʥʳʭ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʩ ʟʘʢʦʥʦʤʝʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʷʭ ʘʚʪʦʤʦʙʠʣʷ (ʘʛʨʝʛʘʪʘ, ʫʟʣʘ, ʜʝʪʘʣʠ 

ʠʣʠ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ), ʧʦʵʪʦʤʫ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʭʘʨʘʢʪʝʨ ʚʳʟʚʘʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʝʜʩʢʘʟʘʪʴ ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʵʪʠʭ ʦʪʢʘʟʦʚ ʠ 

ʧʨʝʜʧʨʠʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʧʦ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ. ɺ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʚʥʝʟʘʧʥʳʤʠ ʦʪʢʘʟʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʯʠʩʪʫʶ ʩʣʫʯʘʡʥʦʩʪʴ, ʠ 

ʧʦʩʪʝʧʝʥʥʳʤʠ ʦʪʢʘʟʘʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝʧʨʝʨʳʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʘʙʦʪʝ ʘʛʨʝʛʘʪʦʚ ʠ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʠʣʷ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʵʪʦ ʨʘʟʣʠʯʠʝ ʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʚ ʢʘʞʜʳʡ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʘ 

ʦʪʢʘʟʦʚ. ʇʦʜ ʧʘʨʘʤʝʪʨʦʤ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʧʦʥʠʤʘʝʪʩʷ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ 

ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʚʟʷʪʦʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ [6, 

ʩ. 29]. 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ (ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -41- 

 

ʦʪʢʘʟʦʚ) ʧʨʠ ʠʭ ʜʣʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʟʘʢʦʥʫ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʚʳʚʦʜʳ ʯʘʩʪʠʯʥʦ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, ʯʪʦ ʧʦʜʜʝʨʞʘʥʠʝ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚ ʧʝʨʠʦʜ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ) ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʠʟʥʦʩʘ (ʩʪʘʨʝʥʠʷ) 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʙʩʣʫʞʠʚʘʥʠʡ ʠ ʪʝʢʫʱʠʭ ʨʝʤʦʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ɺʦʦʨʫʞʸʥʥʳʭ ʉʠʣʘʭ ʈʌ [7].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʥʘʩʳʱʝʥ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʝʛʦ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʠʭ ʧʨʦʚʝʜʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʦʭʨʘʥʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ, ʟʘʣʦʞʝʥʥʦʡ ʧʨʠ ʝʛʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʪʢʘʟʦʚ, ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʚʳʨʘʙʦʪʢʫ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʩʫʨʩʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ 

ʵʪʘʧʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʝʛʦʜʥʷ, ʢʘʢ ʥʠʢʦʛʜʘ ʩʪʦʠʪ ʚʘʞʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʥʦʚʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʠ ʪʠʧʦʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦ ʦʩʥʦʚʥʳʤ 

ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʙʳ ʘʥʘʣʦʛʠʯʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʥʪʠʨʫʝʤʳʭ ʥʘ ʥʠʭ ʚʦʦʨʫʞʝʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʘʢʠʤ ʢʘʢ ʥʘʜʸʞʥʦʩʪʴ ʠ 

ʞʠʚʫʯʝʩʪʴ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʚ ʮʝʣʷʭ ʚʳʧʦʣʥʝʥʠʷ ʰʠʨʦʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʟʘʜʘʯ [8, 9]. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʠ ʛʨʘʤʦʪʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ ʩʦʟʜʘʩʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʘʚʪʦʤʦʙʠʣʷ ʠ ʧʨʦʜʣʝʥʠʝ ʝʛʦ ʨʝʩʫʨʩʘ ʥʘ 15ï20% ʩʚʝʨʭ ʥʘʟʥʘʯʝʥʥʦʛʦ. 

ɿʥʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʠ ʠʭ ʧʨʠʯʠʥ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʦʤʦʞʝʪ ʜʦʣʞʥʦʩʪʥʳʤ ʣʠʮʘʤ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʣʫʞʙ ʛʨʘʤʦʪʥʦ 

ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʛʦʪʦʚʥʦʩʪʠ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦ ʥʘʟʥʘʯʝʥʠʶ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʨʘʙʦʪʢʦʡ ʥʝʬʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʨʦʜʫʢʪʦʚ 

ʥʝʬʪʝʭʠʤʠʠ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʃʶʙʦʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʨʘʛʦʮʝʥʥʳʡ ʤʝʪʘʣʣ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʣʘʪʠʥʘ, ʧʘʣʣʘʜʠʡ, ʨʦʜʠʡ ʠ ʠʨʠʜʠʡ, 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʥʝʬʪʝʭʠʤʠʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʪʘʣʠʟʘʪʦʨ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ, 

ʘʜʩʦʨʙʝʥʪ, ʩʦʨʙʮʠʷ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ, ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʦʪʯʠʩʪʢʘ. 

 

Abstract 

The use of catalytic technologies plays an important role in most chemical processes related to 

oil refining, the production of petrochemical products and organic synthesis. Any catalyst, regardless 

of the field of application, has a precious metal in its composition. Platinum, palladium, rhodium and 

iridium are used, the feature of which is the possibility of reuse in the production of petrochemicals. 

This article discusses ways to create catalysts for the petrochemical industry from industrial waste. 

Keywords: ʩatalyst, petrochemical industry, rare earth metals, adsorbent, sorption, industrial 

waste, hydrometallurgical cleaning. 

 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʙʦʣʝʝ ʯʝʤ 95% ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʠ ʥʝʬʪʝʭʠʤʠʠ. ʈʦʩʩʠʡʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʪʨʝʙʣʷʶʪ ʦʢʦʣʦ 85 

ʪʳʩ. ʪʦʥʥ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʛʦʜ, ʯʪʦ ʦʙʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 47 ʤʣʨʜ ʨʫʙʣʝʡ. ʆʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʚ ʈʦʩʩʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1,5-2,0 ʪʨʣʥ ʨʫʙʣʝʡ 

ʚ ʛʦʜ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʣʷ ʠʤʧʦʨʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʦʩʩʠʡʩʢʦʡ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝ ʠ 

ʥʝʬʪʝʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠ ʜʦʩʪʠʛʘʝʪ 80-95% ʚ ʥʝʢʦʪʦʨʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʠʤʧʦʨʪʠʨʫʶʪʩʷ ʩʘʤʳʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʥʝʬʪʝʭʠʤʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʦʜʦʨʦʜʘ. 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ (ʈɿʄ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʠʟ 17 ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ III ʛʨʫʧʧʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʚʢʣʶʯʘʶʪ 

ʩʢʘʥʜʠʡ, ʠʪʪʨʠʡ, ʣʘʥʪʘʥ ʠ 14 ʣʘʥʪʘʥʦʠʜʦʚ, ʥʘʯʠʥʘʷ ʩ ʮʝʨʠʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʣʶʪʝʮʠʝʤ. ʈɿʄ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʧʨʦʩʘ ʥʘ ʥʠʭ ʠʭ ʮʝʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ 

ʤʝʪʘʣʣʦʚ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ɺ ʙʫʜʫʱʝʤ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʩʪʦʯʥʳʝ ʚʦʜʳ ʩʪʘʥʫʪ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, 

ʦʙʲʝʤ  ʢʦʪʦʨʳʭ ʢ 2100 ʛʦʜʫ ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ 11 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʚ ʜʝʥʴ. ʕʪʠ ʩʪʦʯʥʳʝ ʚʦʜʳ 

ʩʦʜʝʨʞʘʪ ʤʝʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʛʘʣʴʚʘʥʠʯʝʩʢʦʝ ʠ 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʝʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʥʠʞʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ, ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʢ ʨʘʟʨʫʰʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʶ ʵʨʦʟʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -43- 

 

ʋʜʘʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʦʢʦʚ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ, ʠʦʥʥʳʡ 

ʦʙʤʝʥ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʠ ʨʷʜ ʤʠʥʫʩʦʚ, 

ʟʘʢʣʶʯʘʶʱʠʭʩʷ ʚ ʙʦʣʴʰʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʪʦʢʩʠʯʥʦʛʦ ʠʣʘ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʜʝʰʝʚʳʭ ʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʈɿʄ. ʉʘʤʳʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʚʣʝʯʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʩʦʨʙʮʠʦʥʥʦʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. ʉʫʱʝʩʪʚʫʶʪ ʘʜʩʦʨʙʝʥʪʳ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: ʤʠʥʝʨʘʣʴʥʳʝ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʪʘʢʠʝ ʢʘʢ ʮʝʦʣʠʪʳ, 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ, ʙʠʦʤʘʩʩʘ ʠ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʉʦʨʙʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝʩʤʝʰʠʚʘʶʱʠʤʠʩʷ ʬʘʟʘʤʠ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ - ʵʪʦ 

ʩʦʨʙʮʠʦʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 80-95%, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʩʦʨʙʝʥʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʨʙʝʥʪʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʨʙʝʥʪʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ, ʬʦʩʬʘʪʳ, ʦʢʩʠʜʳ, ʛʠʜʨʦʢʩʠʜʳ ʠ ʩʫʣʴʬʠʜʳ ʤʝʪʘʣʣʦʚ 

(ʮʠʨʢʦʥʠʷ, ʞʝʣʝʟʘ, ʭʨʦʤʘ, ʪʠʪʘʥʘ, ʥʘʪʨʠʷ). ʀʩʧʦʣʴʟʫʷ ʪʘʢʠʝ ʩʦʨʙʝʥʪʳ, ʤʦʞʥʦ ʩʝʣʝʢʪʠʚʥʦ 

ʠʟʚʣʝʢʘʪʴ ʤʥʦʛʠʝ ʨʘʜʠʦʥʫʢʣʠʜʳ ʠʟ ʩʣʦʞʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʨʙʝʥʪʘʤ 

ʧʨʠʩʫʱʠ ʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ, ʤʘʣʦʜʝʬʦʨʤʠʨʫʶʱʘʷʩʷ ʦʩʥʦʚʥʘʷ ʮʝʧʴ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʧʨʠ ʠʦʥʥʦʤ ʦʙʤʝʥʝ. 

ʉʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʢʨʝʤʥʠʷ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʈɿʄ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʥʘʙʫʭʘʥʠʷ ʠ 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʤʘʩʩʦʦʙʤʝʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʇʦʣʠʩʠʣʦʢʩʘʥʳ ʷʚʣʷʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʣʠʥʝʡʥʳʝ ʧʦʣʠʩʠʣʦʢʩʘʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʦʢ, 

ʧʦʢʨʳʪʠʡ ʠ ʘʜʛʝʟʠʚʦʚ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʣʠʥʝʡʥʳʭ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚ. 

 

ʇʦʣʠʩʠʣʦʢʩʘʥʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʨʙʝʥʪʘʤʠ 

ʩʨʝʜʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʠʦʥʦʦʙʤʝʥʥʦʡ ʝʤʢʦʩʪʴʶ ʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʠ ʩʦʟʜʘʥʠʝ ʤʝʤʙʨʘʥ 

ʜʣʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʢʨʝʤʥʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʭ ʩʦʨʙʝʥʪʦʚ 

ʥʘʯʘʣʠʩʴ ʥʝʜʘʚʥʦ, ʥʦ ʫʞʝ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʝʟʝʤʦʚ 

ʚ ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʦʙʤʝʥʠʚʘʪʴ ʤʘʩʩʫ ʠ ʧʨʠʩʦʝʜʠʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ [1]. 



-44- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʳʝ ʩʦʨʙʝʥʪʳ - ʵʪʦ ʧʦʣʠʤʝʨʳ ʠʟ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʥʠ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʪʠʧʠʯʥʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʢʨʝʤʥʝʟʝʤ, 

ʩʠʣʠʢʘʪ, ʢʚʘʨʮ ʠ ʪ.ʜ.) ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ ʠʟ-ʟʘ ʩʚʦʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ. 

ʆʥʠ ʩʦʜʝʨʞʘʪ ʢʘʢ ʢʨʝʤʥʠʡ-ʢʠʩʣʦʨʦʜʥʳʡ ʢʘʨʢʘʩ, ʪʘʢ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʘʪʦʤʘʤʠ ʢʨʝʤʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦ ʫʜʘʣʝʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʘʢʪʠʚʥʘʷ ʤʠʢʨʦʙʥʘʷ ʙʠʦʤʘʩʩʘ, ʢʦʪʦʨʘʷ 

ʩʚʷʟʳʚʘʝʪ ʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠʟ ʧʦʪʦʢʦʚ ʦʪʭʦʜʦʚ. ʅʦʚʳʝ ʨʝʩʫʨʩʳ, ʪʘʢʠʝ ʢʘʢ 

ʩʢʦʨʣʫʧʘ ʣʝʩʥʦʛʦ ʦʨʝʭʘ, ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ, ʩʢʦʨʣʫʧʘ ʦʨʝʭʦʚ ʧʝʢʘʥʘ, ʢʫʢʫʨʫʟʥʳʡ ʧʦʯʘʪʦʢ ʠʣʠ 

ʰʝʣʫʭʘ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ [2]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʜʩʦʨʙʮʠʷ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʦʩʪʫʧʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʢʩʪʨʘʛʝʥʪʦʚ ʠ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ ʩʦʨʙʮʠʠ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʚʣʠʷʪʴ ʥʘ 

ʨʳʥʦʢ ʥʝʬʪʠ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʝʤ. ʀʟʫʯʝʥʳ ʚʠʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. 

ɻʦʚʦʨʠʪʩʷ ʦ ʚʥʝʜʨʝʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʈʘʩʩʢʘʟʘʥʦ ʦ 

ʧʨʦʙʣʝʤʘʭ ʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʉʋʇ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ,  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ. 

 

Abstract 

This article defines automated enterprise management systems. The types of automated 

enterprise management systems have been studied. It is said about the introduction of automated 

enterprise management systems. The problems and limitations of automated enterprise management 

systems are described.  

Keywords: automated control system, management system, production management, resource 

planning, automated systems. 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -45- 

 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ (ɸʉʋʇ) ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ, ʫʣʫʯʰʠʪʴ ʧʨʠʥʷʪʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ.  

ɺʘʞʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ɸʉʋʇ ʷʚʣʷʶʪʩʷ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ, ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʫʩʣʫʛ, ʩʥʠʞʝʥʠʝ ʨʠʩʢʦʚ ʠ ʦʰʠʙʦʢ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʟʥʝʩ-ʦʧʝʨʘʮʠʡ. ʕʪʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʠ 

ʧʨʦʮʝʩʩʳ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʢʦʥʢʨʝʪʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ ʬʫʥʢʮʠʷʤ ʙʠʟʥʝʩʘ. ɼʘʣʝʝ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. 

ʉʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ (ERP). ERP-ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʥʪʝʛʨʠʨʫʶʪ ʚʩʝ ʘʩʧʝʢʪʳ ʙʠʟʥʝʩ-ʦʧʝʨʘʮʠʡ, ʚʢʣʶʯʘʷ 

ʫʧʨʘʚʣʝʥʠʝ ʬʠʥʘʥʩʘʤʠ, ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʫʧʨʘʚʣʝʥʠʝ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ ʠ 

ʦʪʥʦʰʝʥʠʷ ʩ ʢʣʠʝʥʪʘʤʠ. ʆʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʝʜʠʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʷ ʦʨʛʘʥʠʟʘʮʠʷʤ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ERP-ʩʠʩʪʝʤʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ ʬʠʥʘʥʩʳ [1]. 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ (CRM). ʉʠʩʪʝʤʳ CRM 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʢʣʠʝʥʪʘʤʠ ʠ ʜʘʥʥʳʤʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʢʦʤʧʘʥʠʷʤ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʚʝʜʝʥʠʝ, ʧʨʝʜʧʦʯʪʝʥʠʷ ʠ ʦʪʟʳʚʳ ʢʣʠʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʘʨʢʝʪʠʥʛ, ʧʨʦʜʘʞʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ. CRM-ʩʠʩʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʪʥʦʰʝʥʠʷ ʩ 

ʢʣʠʝʥʪʘʤʠ, ʪʘʢʠʭ ʢʘʢ ʨʦʟʥʠʯʥʘʷ ʪʦʨʛʦʚʣʷ, ʛʦʩʪʠʥʠʯʥʳʡ ʙʠʟʥʝʩ ʠ ʬʠʥʘʥʩʦʚʳʝ ʫʩʣʫʛʠ. 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ (SCM). ʉʠʩʪʝʤʳ SCM ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ, ʚʢʣʶʯʘʷ ʟʘʢʫʧʢʠ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ, ʣʦʛʠʩʪʠʢʫ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ, ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʜʦʩʪʘʚʢʠ ʠ 

ʧʦʚʳʩʠʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʢʣʠʝʥʪʦʚ. ʉʠʩʪʝʤʳ SCM ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, 

ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʣʦʛʠʩʪʠʢʘ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ. 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ (MES): ʩʠʩʪʝʤʳ MES ʫʧʨʘʚʣʷʶʪ ʠ ʢʦʥʪʨʦʣʠʨʫʶʪ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ. 

MES-ʩʠʩʪʝʤʳ ʧʦʤʦʛʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʩʦʢʨʘʪʠʪʴ ʦʪʭʦʜʳ ʠ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ (HRM): ʩʠʩʪʝʤʳ HRM ʧʦʟʚʦʣʷʶʪ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʩʚʦʝʡ ʨʘʙʦʯʝʡ ʩʠʣʦʡ, ʩʦʢʨʘʱʘʪʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ 

ʟʘʜʘʯʠ ʠ ʧʦʚʳʰʘʪʴ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ. ʉʠʩʪʝʤʳ HRM ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʬʠʥʘʥʩʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. 

ʉʠʩʪʝʤʳ ʬʠʥʘʥʩʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (FMS): ʩʠʩʪʝʤʳ FMS ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʬʠʥʘʥʩʦʚʳʝ 

ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʷ ʧʨʝʜʧʨʠʷʪʠʷʤ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʨʝʰʝʥʠʷ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʉʠʩʪʝʤʳ FMS ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, ʢʘʢ ʬʠʥʘʥʩʳ, ʙʘʥʢʦʚʩʢʦʝ ʜʝʣʦ ʠ ʩʪʨʘʭʦʚʘʥʠʝ. 

ʉʠʩʪʝʤʳ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ (BI). ʉʠʩʪʝʤʳ BI ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʥʬʦʨʤʘʮʠʶ ʠ ʪʝʥʜʝʥʮʠʠ, ʢʦʪʦʨʳʝ 

ʚʣʠʷʶʪ ʥʘ ʙʠʟʥʝʩ-ʨʝhʝʥʠʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʚʳʷʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʠ ʠ ʧʦʚʳʰʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. BI-ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʨʦʟʥʠʯʥʫʶ ʪʦʨʛʦʚʣʶ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ ʬʠʥʘʥʩʳ. 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ (CMS): ʩʠʩʪʝʤʳ CMS ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʘʮʠʷʤ 

ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʚʘʪʴ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠ ʧʫʙʣʠʢʦʚʘʪʴ ʢʦʥʪʝʥʪ, ʫʣʫʯʰʘʷ ʦʙʱʝʥʠʝ ʠ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. ʉʠʩʪʝʤʳ CMS ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, ʢʘʢ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʘʚʠʪʝʣʴʩʪʚʦ. 

ʇʦʥʠʤʘʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʛʫʪ ʚʳʙʠʨʘʪʴ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ [2]. 



-46- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʠ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʙʠʟʥʝʩʘ. 

ʇʨʦʙʣʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʠ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ. ʆʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʦʪʝʨʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʝʤ. 

ɽʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʚʨʝʤʷʟʘʪʨʘʪʥʳʤ 

ʧʨʦʮʝʩʩʦʤ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʫʷʟʚʠʤʳʤʠ ʢ ʢʠʙʝʨʘʪʘʢʘʤ ʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤʫ ʜʦʩʪʫʧʫ ʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʤʦʛʫʪ ʪʘʢʞʝ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʥʝʭʚʘʪʢʦʡ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ 

ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ. ʅʝʢʦʪʦʨʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳʤʠ ʜʣʷ 

ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʪʨʝʙʦʚʘʪʴ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. 

ʊʘʢ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠʤʝʶʪ ʩʚʦʠ ʧʨʦʙʣʝʤʳ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʭ ʚʥʝʜʨʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʘʞʥʦ 

ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʳ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ ʧʦʜ ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʦʪʨʝʙʥʦʩʪʠ ʠ 

ʫʩʣʦʚʠʷ ʙʠʟʥʝʩʘ. 

ɹʫʜʫʱʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠʤʝʝʪ ʦʛʨʦʤʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʩʪʫʱʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʡ 

ʦʩʪʘʚʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʥʝʢʦʪʦʨʳʝ ʪʝʥʜʝʥʮʠʠ ʠ 

ʩʦʙʳʪʠʷ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʣʘʥʜʰʘʬʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ (ʄʆ): ʀʀ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʙʫʜʫʪ ʧʨʦʜʦʣʞʘʪʴ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʧʨʦʛʥʦʟʥʦʡ ʘʥʘʣʠʪʠʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʪ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʤʝʥʷʶʱʠʝʩʷ 

ʨʳʥʦʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT). ʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ 

ʦʩʪʘʥʫʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, 

ʛʠʙʢʦʩʪʴ ʠ ʵʢʦʥʦʤʠʶ ʩʨʝʜʩʪʚ. ʄʦʙʠʣʴʥʳʝ ʠ ʥʦʩʠʤʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʙʠʣʴʥʳʭ 

ʠ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠʚʝʜʝʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʉʦʪʨʫʜʥʠʢʠ ʩʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʪʨʫʜʥʠʯʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ ʭʦʜʫ, ʯʪʦ ʧʦʚʳʩʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 

ʨʝʘʛʠʨʦʚʘʥʠʷ [3]. 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʪʝʥʜʝʥʮʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʩʪʘʥʫʪ ʝʱʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ. ʂʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʚʥʝʜʨʷʪ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʙʫʜʫʪ ʣʫʯʰʝ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ 

ʪʦʤʫ, ʯʪʦʙʳ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʩʣʦʞʥʦʩʪʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ, ʚʥʝʜʨʷʪʴ ʠʥʥʦʚʘʮʠʠ ʠ 

ʜʦʩʪʠʛʘʪʴ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʫʩʧʝʭʘ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʨʳʥʢʘ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʚ ʈʦʩʩʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ, ʝʛʦ 
ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʨʳʥʦʢ ʉʕɼ ʈʦʩʩʠʠ, ʨʳʥʦʢ 
ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

 
Abstract 
ʊhis article analyzes the current state of the electronic document management systems market 

in Russia. In particular, the analysis of the dynamics of market development, its structural features, and 
development trends is carried out. 

Keywords: electronic document management systems, Russian EDMS market, electronic 
document management systems market. 

 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ (ʜʘʣʝʝ ï 

ʉʕɼ) ʦʪʣʠʯʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʠ ʫʩʪʦʡʯʠʚʳʤ ʨʦʩʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʥʝʰʥʠʝ 
ʬʘʢʪʦʨʳ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʚ ʦʨʛʘʥʳ ʧʫʙʣʠʯʥʦʡ ʚʣʘʩʪʠ ʈʦʩʩʠʠ. ʉʦʚʨʝʤʝʥʥʳʡ ʦʨʛʘʥ ʧʫʙʣʠʯʥʦʡ ʚʣʘʩʪʠ ʚ 
ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʜʣʷ 
ʧʦʚʳʰʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʥʳʤʠ ʦʨʛʘʤʠ ʠ ʦʙʨʘʱʝʥʠʷʤʠ ʛʨʘʞʜʘʥ, 
ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʫʙʣʠʯʥʳʭ ʫʩʣʫʛ [1]. 

ɽʞʝʛʦʜʥʦ ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʉʕɼ ʨʘʩʪʝʪ ʧʨʠʤʝʨʥʦ ʥʘ 10%. ʇʨʠ ʵʪʦʤ ʠʟ ʥʝʜʘʚʥʠʭ 
ʧʝʨʠʦʜʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 2020 ʛʦʜ, ʧʦ ʠʪʦʛʘʤ ʢʦʪʦʨʦʛʦ ʧʦ ʧʨʠʯʠʥʝ ʤʘʩʩʦʚʦʛʦ ʧʝʨʝʚʦʜʘ 
ʧʨʦʠʟʚʦʜʩʪʚ ʥʘ ʫʜʘʣʝʥʥʳʡ ʩʧʦʩʦʙ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʦʩʪ ʨʳʥʢʘ ʥʘ 11,5%. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʉʕɼ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦʨʪʘʣʘ TAdviser 
(ʨʠʩʫʥʦʢ 1) [2]. 

 

 
ʈʠʩʫʥʦʢ 1. ʆʙʲʝʤ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʉʕɼ ʩ 2015 ʧʦ 2023 ʛʦʜʳ, ʚ ʤʠʣʣʠʘʨʜʘʭ ʨʫʙʣʝʡ [2]. 
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-48- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʨʳʥʢʘ ʉʕɼ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʥʢʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

2022 ʛʦʜʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʨʳʥʢʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʠʟʥʘʯʘʣʴʥʦ ʯʘʱʝ ʧʨʝʜʧʦʯʠʪʘʣʠ ʠʤʝʥʥʦ ʨʦʩʩʠʡʩʢʠʝ ʧʨʦʜʫʢʪʳ, ʘ ʥʝ ʟʘʨʫʙʝʞʥʳʝ. 

ʇʦʵʪʦʤʫ ʩʘʥʢʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʝ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʣʠ ʨʦʩʪ ʨʳʥʢʘ ʉʕɼ ʠ ʧʨʦʮʝʩʩʳ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʥʘ ʥʝʤ, ʥʦ ʥʠʢʘʢʠʭ ʢʘʨʜʠʥʘʣʴʥʳʭ ʧʝʨʝʤʝʥ ʥʝ ʧʨʦʠʟʦʰʣʦ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 

ʦʪʣʠʯʘʝʪ ʜʘʥʥʳʡ ʨʳʥʦʢ ʦʪ ʨʳʥʢʦʚ CRM ʠ ERP-ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ RPA-ʧʣʘʪʬʦʨʤ, ʥʘ ʢʦʪʦʨʳʭ 

ʪʨʘʜʠʮʠʦʥʥʦ ʜʦʤʠʥʠʨʦʚʘʣʠ ʟʘʨʫʙʝʞʥʳʝ ʨʝʰʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʘ ʨʳʥʢʘ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʉʕɼ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʳʨʫʯʢʘ ʦʪ 

ʧʨʦʜʘʞ ʣʠʮʝʥʟʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʣʦʞʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʥʘ ʨʳʥʢʝ ʠʩʢʘʞʘʝʪʩʷ ʚʚʠʜʫ ʧʦʣʫʯʝʥʠʷ ʠʤ ʩʫʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʚʳʨʫʯʢʠ ʟʘ ʩʯʝʪ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʢʣʠʝʥʪʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʫʛ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦ 

ʚʳʨʫʯʢʝ ʦʪ ʧʨʦʜʘʞʠ ʣʠʮʝʥʟʠʡ ʥʘ ʨʳʥʢʝ ʉʕɼ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2. ɺʳʨʫʯʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʉʕɼ ʦʪ ʧʨʦʜʘʞʠ ʣʠʮʝʥʟʠʡ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ, ʚ ʤʠʣʣʠʦʥʘʭ ʨʫʙʣʝʡ [3]. 

 

ɸʥʘʣʠʟ ʚʳʨʫʯʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʉʕɼ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʦʪ ʧʨʦʜʘʞʠ ʣʠʮʝʥʟʠʡ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʳʥʦʢ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ, ʥʘ ʥʝʤ ʚ 

ʩʦʩʪʦʷʥʠʠ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘʭʦʜʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʣʠʜʝʨʘʤʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 

ʢʦʤʧʘʥʠʠ çɸʚʘʥʜʦʢè, çLDMè, çDocsvisionè, ʯʴʷ ʛʦʜʦʚʘʷ ʚʳʨʫʯʢʘ ʦʪ ʧʨʦʜʘʞʠ ʣʠʮʝʥʟʠʡ 

ʧʨʝʚʳʰʘʝʪ 200 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ. 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʉʕɼ ʤʦʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ 

ʧʦʢʘʟʘʪʝʣʠ ʚʥʝʜʨʷʝʤʦʩʪʠ ʧʨʦʜʫʢʪʦʚ (ʢʦʣʠʯʝʩʪʚʫ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ ʚ ʛʦʜ). ɻʨʘʬʠʯʝʩʢʠ ʜʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʦʪʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʘ ʨʠʩʫʥʢʝ 3, ʣʠʜʝʨ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʧʦ ʚʳʨʫʯʢʝ ʦʪ 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʣʠʮʝʥʟʠʡ çɸʚʘʥʜʦʢè ʧʦ ʚʥʝʜʨʷʝʤʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʯʝʥʴ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʙʦʪʝ ʢʦʤʧʘʥʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʫʩʪʦʷʚʰʠʤʩʷ ʧʝʨʝʯʥʝʤ ʢʣʠʝʥʪʦʚ. ʊʦʛʜʘ 

ʢʘʢ ʥʘʭʦʞʜʝʥʠʝ ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚʥʝʜʨʷʝʤʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʢʦʥʢʫʨʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʳʥʢʘ ʠ ʥʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, 

ʩʪʦʣʴ ʚʳʩʦʢʠʡ ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʘʥʠʠ ELMA365 ECM ʩʪʘʣ ʩʣʝʜʩʪʚʠʝʤ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʨʳʥʦʢ 

ʧʨʦʜʫʢʪʘ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ low-code ʜʚʠʞʢʦʤ, ʧʦʤʦʱʴʶ ʚʝʥʜʦʨʘ ʧʨʠ ʚʥʝʜʨʝʥʠʠ, ʚʳʩʦʢʦʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʦʤʧʘʥʠʠ, ʫʜʦʙʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ BPM ʠ ʉʕɼ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ˢ͍͊ͤ͒ͦ͟ LDM Docavision TESSA ELMA365 ECM

˿̏˨ ́˩˭ˮ˿ Visary ˿ ̏˨ 1F ˿ ̏˨ EnDocs Pyrus



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -49- 

 

  ʅʦ ʧʨʠ ʵʪʦʤ ʩʪʨʘʪʝʛʠʷ ʢʦʤʧʘʥʠʠ çɸʚʘʥʜʦʢè ʧʦʟʚʦʣʷʝʪ ʟʘ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʥʝʜʨʝʥʠʡ ʧʦʣʫʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʚʳʨʫʯʢʫ. ʊʘʢ, ʢʦʤʧʘʥʠʷ ʦʪʣʠʯʠʣʘʩʴ ʥʘʠʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʤ 

ʚʥʝʜʨʝʥʠʝʤ ʥʘ ʨʳʥʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʥʘ ʧʦʣʫʯʠʣʘ ʜʣʷ ʩʝʙʷ 150 000 ʥʦʚʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʪʘʣ ʩʣʝʜʩʪʚʠʝʤ ʦʨʠʝʥʪʘʮʠʠ ʢʦʤʧʘʥʠʠ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʝʢʪʦʨʦʤ. ɼʘʥʥʘʷ ʉʕɼ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʝʜʠʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ (ʆʈɼ, ɼɼʆ, ʢʘʜʨʦʚʳʝ, ʬʠʥʘʥʩʦʚʳʝ, ʖɿʕɼʆ ʠ ʵʣʝʢʪʨʦʥʥʳʡ 

ʘʨʭʠʚ), ʟʘʜʘʯʘʤʠ ʠ ʧʨʦʝʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʢʦʥʪʝʥʪʦʤ, 

ʚʢʣʶʯʘʷ ʩʦʟʜʘʚʘʝʤʳʡ ʚʥʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. 

 

 
ʈʠʩʫʥʦʢ 3. ɺʥʝʜʨʷʝʤʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʉʕɼ, ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ ʟʘ ʛʦʜ [3]. 

 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ çVisary ʉʕɼè ʢʘʢ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩʨʝʜʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʢʘʟʯʠʢʦʚ. ʆʙʲʝʢʪʠʚʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʜʘʥʥʦʡ ʉʕɼ ʷʚʣʷʶʪʩʷ ʄʠʥʮʠʬʨʳ ʈʦʩʩʠʠ, ʄʦʩʘʚʪʦʜʦʨ, ʈʦʩʧʘʪʝʥʪ, ʨʷʜ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʠʥʠʩʪʝʨʩʪʚ ʠ ʘʜʤʠʥʠʩʪʨʘʮʠʡ. ʈʘʟʨʘʙʦʪʯʠʢ ʜʘʥʥʦʡ ʉʕɼ çɹʠʟʥʝʩɸʚʪʦʤʘʪʠʢʘè 

ʨʘʩʩʤʘʪʨʠʚʘʣ ʩʚʦʡ ʧʨʦʜʫʢʪ ʠʤʝʥʥʦ ʢʘʢ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʠ 

ʦʨʛʘʥʦʚ. ɽʛʦ ʢʦʥʢʫʨʝʥʪʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʮʝʥʘʨʠʷ ʨʘʟʚʠʪʠʷ ʀʊ ʚ ʛʦʩʩʝʢʪʦʨʝ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʉʕɼ. 

ʆʙʲʝʢʪʠʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʉʕɼ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʦʷʚʣʷʝʪʩʷ ʟʘʧʨʦʩ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʯʥʦʤ ʬʦʨʤʘʪʝ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʷʤ 

ʧʝʨʝʡʪʠ ʥʘ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʟʘ ʩʯʠʪʘʥʥʳʝ ʯʘʩʳ ʠ ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʦʝ ʢ 

ʥʝʤʝʜʣʝʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʰʝʥʠʝ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʨʦʜʫʢʪ 

ʢʦʤʧʘʥʠʠ çEnDocsè EnDocs.Cloud. 

ʊʘʢʞʝ ʦʪʤʝʪʠʤ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʉʕɼ çEnDocsè. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘ ʨʳʥʦʢ ʛʠʙʢʠʝ ʮʝʥʦʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʥʦʛʦ ʪʠʧʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʉʕɼ ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʘʥʠʠ 

ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. EnDocs ï ʵʪʦ BPM-ʧʣʘʪʬʦʨʤʘ ʨʦʩʩʠʡʩʢʦʡ 

ʢʦʤʧʘʥʠʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʧʨʦʮʝʩʩʘʤʠ.  ɺʢʣʶʯʘʝʪ ʛʦʪʦʚʳʡ ʥʘʙʦʨ ʙʠʟʥʝʩ-

ʨʝʰʝʥʠʡ ʜʣʷ ʙʦʣʴʰʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ: ʵʪʦ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʵʣʝʢʪʨʦʥʥʳʡ ʘʨʭʠʚ, ʜʦʛʦʚʦʨʥʦʡ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʯʝʪʦʚ, ʂʕɼʆ, ʤʦʜʫʣʴ ʆʎʆ, ʠʥʪʝʛʨʘʮʠʷ ʩ 1ʉ ʠ ʦʧʝʨʘʪʦʨʘʤʠ 

ʕɼʆ ʠ ʜʨʫʛʠʝ ʤʦʜʫʣʠ.  

ɺ ʟʘʚʝʨʰʝʥʠʠ ʦʙʦʟʥʘʯʠʤ ʥʝʢʦʪʦʨʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʉʕɼ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʉʕɼ ʚʳʧʫʩʢʘʝʪ ʩʚʦʡ ʧʨʦʜʫʢʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ 
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-50- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʚʘʨʠʘʥʪʘʭ. ʈʝʯʴ ʠʜʝʪ ʢʘʢ ʦ ʪʠʧʝ ʣʠʮʝʥʟʠʡ: ʦʙʣʘʢʦ, ʢʦʨʦʙʢʘ, on-prem; ʪʘʢ ʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʛʨʫʟʢʠ ʉʕɼ. ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪ ʣʶʙʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʧʦʜ ʧʦʪʨʝʙʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʪʝʥʜʝʥʮʠʝʡ ʷʚʣʷʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ ʘʜʘʧʪʘʮʠʠ ʩʚʦʠʭ ʧʨʦʜʫʢʪʦʚ ʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʠʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʉʕɼ ʩ 1ʉ ʷʚʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʙʷʟʘʪʝʣʴʥʦʡ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ, ʥʦ ʙʦʣʝʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʉʕɼ 

ʚʥʝʜʨʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ BPM-ʩʠʩʪʝʤ. 
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ɸʥʥʦʪʘʮʠʷ 

ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩʘ ʤʝʨ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʪʠʚʦʧʨʘʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʦʙʲʝʢʪʘʭ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʆʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʘʢʪʫʘʣʴʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ 

ʧʦʢʘʟʳʚʘʝʪʩʷ, ʢʘʢʠʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʧʦʤʦʯʴ ʠʭ ʨʝʰʠʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʠʥʜʫʩʪʨʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʦʧʘʩʥʦʩʪʠ ʦʪ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʥʝʬʪʝʧʨʦʚʦʜ, 

ʟʘʱʠʪʘ, ʥʝʬʪʝʧʝʨʝʢʘʯʠʚʘʶʱʘʷ ʩʪʘʥʮʠʷ, ʥʝʬʪʴ, ʛʘʟ, ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

 

Abstract 

The article is devoted to the creation of a set of measures to prevent the illegal use of unmanned 

aerial vehicles at the facilities of the main pipeline. It describes the main problems that are currently 

relevant, and also shows which approaches can help solve them. The use of the latest technologies is 

necessary for the development of the safety of the oil and gas industry. The results of the study show 

that the use of an integrated protection system in the oil and gas industry can lead to a significant 

reduction in the level of danger from external influences.  

Key words: unmanned aerial vehicle, oil trunk pipeline, protection, oil pumping station, oil, 

gas, fuel and energy complex 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʧʨʠʷʪʠʷ ʪʦʧʣʠʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ 

ʟʘʚʦʜʳ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʧʨʝʜʧʨʠʥʠʤʘʶʪ ʰʘʛʠ ʜʣʷ ʫʩʠʣʝʥʠʷ ʟʘʱʠʪʳ ʠ ʧʨʦʯʥʦʩʪʠ 

ʟʜʘʥʠʡ, ʛʜʝ ʨʘʟʤʝʱʝʥʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʫʟʣʳ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ 

ʤʝʨ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʬʠʟʠʯʝʩʢʫʶ ʟʘʱʠʪʫ ʟʜʘʥʠʡ ʦʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʫʜʘʨʦʚ ʜʨʦʥʦʚ ʠ ʜʨʫʛʠʭ 

ʫʛʨʦʟ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʥʝ ʚʢʣʶʯʘʶʪ ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʙʝʩʧʠʣʦʪʥʳʤ 

ʚʦʟʜʫʰʥʳʤ ʩʠʩʪʝʤʘʤ (ɹɺʉ), ʪʘʢʠʝ ʢʘʢ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʘʷ ʟʘʱʠʪʘ ʦʙʲʝʢʪʦʚ ʊʕʂ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -51- 

 

ʄʝʞʜʫ ʪʝʤ, ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʘʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ, 

ʣʦʢʘʣʠʟʘʮʠʶ ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʫʛʨʦʟ, ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʥʘʜʝʞʥʦʡ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʥʘʤʠ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʙʦʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʣʫʞʙ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠ ʧʦʜʘʚʣʝʥʠʶ ʥʝʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ɹʇʃɸ.  

ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʙʣʦʢʦʚ: 

1. ʈʘʟʚʝʜʳʚʘʪʝʣʴʥʦ-ʦʪʩʣʝʞʠʚʘʶʱʠʡ; 

2. ʅʝʡʪʨʘʣʠʟʫʶʱʠʡ. 

ʇʝʨʚʳʡ ʙʣʦʢ ʙʫʜʝʪ ʦʩʥʘʱʝʥ ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʚʝʜʢʠ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʬʠʢʩʘʮʠʠ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ɹɺɸ. ɺʪʦʨʦʡ ʙʣʦʢ ʙʫʜʝʪ ʠʤʝʪʴ ʩʨʝʜʩʪʚʘ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʦʛʦ, ʪʘʢ ʠ ʤʦʙʠʣʴʥʦʛʦ 

ʧʦʜʘʚʣʝʥʠʷ. ʆʙʘ ʙʣʦʢʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʧʫʥʢʪʦʤ ʩʣʫʞʙʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʡ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʤʝʶʱʠʝʩʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʮʝʥʠʚ 

ʦʪʥʦʰʝʥʠʷ ʮʝʥʘ/ʢʘʯʝʩʪʚʦ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʧʨʠʙʦʨʦʚ, ʤʳ ʧʨʠʥʷʣʠ ʨʝʰʝʥʠʝ, ʯʪʦ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦ-

ʦʪʩʣʝʞʠʚʘʶʱʠʡ ʙʣʦʢ ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥ ʢʦʤʧʣʝʢʩʦʤ Kaspersky Antidrone. [1][4] 

ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ Kaspersky Antidrone ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʫʶ 

ʟʘʱʠʪʫ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ɹʇʃɸ ʙʣʘʛʦʜʘʨʷ ʥʝʧʨʝʨʳʚʥʦʤʫ ʦʙʥʘʨʫʞʝʥʠʶ ʦʙʲʝʢʪʦʚ ʚ ʚʦʟʜʫʭʝ ʠ 

ʦʧʨʝʜʝʣʝʥʠʶ ɹʇʃɸ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. ʇʝʨʚʠʯʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚ 

ʚʦʟʜʫʭʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʩʝʥʩʦʨʦʚ ʜʣʷ ʘʫʜʠʦ- ʠ ʚʠʜʝʦ-

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʢʨʫʛʣʦʩʫʪʦʯʥʫʶ ʨʘʙʦʪʫ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. Kaspersky Antidrone 

ʠʩʧʦʣʴʟʫʝʪ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʮʝʣʝʡ, 

ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʠ ʤʦʜʝʣʴ ʙʝʩʧʠʣʦʪʥʠʢʘ ʤʝʥʝʝ ʯʝʤ ʟʘ 1 ʩʝʢʫʥʜʫ. ɼʘʥʥʳʝ ʚʳʚʦʜʷʪʩʷ ʚ ʠʥʪʝʨʬʝʡʩ, 

ʛʜʝ ʩʠʩʪʝʤʘ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʧʦʣʝʪʝ ʠ ʧʨʝʜʣʘʛʘʝʪ ʚʳʙʨʘʪʴ ʩʪʨʘʪʝʛʠʶ 

ʙʦʨʴʙʳ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʮʝʥʢʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ ʢʘʞʜʦʡ ʮʝʣʠ. ɺ 

ʢʦʤʧʣʝʢʩʝ Kaspersky Antidrone ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʤʝʪʦʜʦʚ 

ʙʦʨʴʙʳ ʩ ɹʇʃɸ. ʉʠʩʪʝʤʘ ʧʝʨʝʜʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʘʧʧʘʨʘʪʥʳʡ ʤʦʜʫʣʴ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʧʘʩʥʦʩʪʠ ʠ ʦʪʦʙʨʘʞʘʝʪ ʩʠʪʫʘʮʠʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ. 

ʇʦʩʣʝ ʬʠʢʩʘʮʠʠ ʦʙʲʝʢʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʚʦ ʚʪʦʨʦʡ ʙʣʦʢ. Kaspersky Antidrone 

ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʩʣʫʛʫ ʧʦ ʥʘʧʠʩʘʥʠʶ ʇʆ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʩʣʫʯʘʷ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ. 

 

ɺʪʦʨʦʡ ʙʣʦʢ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʚʠʜʘʤʠ ʟʘʱʠʪʳ: 



-52- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

1. ɸʥʪʠʠʥʬʦʨʤʘʮʠʦʥʥʳʡ. ɼʣʷ ʤʘʣʝʥʴʢʠʭ ʜʨʦʥʦʚ ʠ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ ʩ 

ʚʠʜʝʦʢʘʤʝʨʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

2. ɸʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʡ. ɼʣʷ ʙʦʣʴʰʠʭ ɹʇʃɸ, ʮʝʣʴ ʢʦʪʦʨʳʭ ʘʪʘʢʘ ʦʙʲʝʢʪʘ ʠ 

ʚʳʚʝʜʝʥʠʝ ʝʛʦ ʠʟ ʩʪʨʦʷ. 

 ɼʣʷ ʙʦʨʴʙʳ ʩ ʜʨʦʥʘʤʠ ʠ ʢʚʘʜʨʘʢʦʧʪʝʨʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʣʝʢʩʘ çɹʣʦʢʠʨʘʪʦʨ ɹɸʈʔɽʈ 

ʈʀ 1.0.è, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʧʦʜʚʠʞʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʠ ʩʠʩʪʝʤ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ, ʚʢʣʶʯʘʷ ʢʘʥʘʣʳ ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʷ 

ɹʇʃɸ.[3] 

ʋʩʪʨʦʡʩʪʚʦ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʦʪ ɹʇʃɸ ɹɸʈʔɽʈ ʈʀ 1.0 - ʤʦʱʥʳʡ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ 

ʙʣʦʢʠʨʘʪʦʨ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʢʨʳʪʴ ʜʠʘʧʘʟʦʥʳ ʯʘʩʪʦʪ 2,400é2,500 ɻɻʮ 

ʠ 5,170é5,905 ɻɻʮ.  

ɹʣʦʢʠʨʘʪʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʭʨʘʥʳ ʦʙʲʝʢʪʦʚ ʦʪ ʤʠʥʠʘʪʶʨʥʳʭ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʫʪʝʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ 

ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʷ ʤʠʥʠ-ɹʇʃɸ. 

ʈʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʦʜʥʦʛʦ ʙʣʦʢʠʨʘʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 50-600 ʤʝʪʨʦʚ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʫʩʣʦʚʠʡ ʤʝʩʪʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

ʙʣʦʢʠʨʘʪʦʨʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3 ʜʦ 10 ɺʪ. 

ɼʣʷ ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʥʦʚ-ʧʝʨʝʭʚʘʪʯʠʢʦʚ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʨʦʥʘ-ʧʝʨʝʭʚʘʪʯʠʢʘ: 

1. ʇʝʨʚʳʡ ʙʣʦʢ ʧʝʨʝʜʘʝʪ ʩʠʛʥʘʣ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʦʣʠʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʚ ʥʝʙʝ. 

2. ʇʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʭʚʘʪʯʠʢʦʚ ʠ ʧʝʨʝʜʘʝʪ 

ʩʠʛʥʘʣ. 

3. ɼʨʦʥ ʧʦʜʣʝʪʘʝʪ ʢ ʮʝʣʠ ʠ ʩʪʨʝʣʷʝʪ ʧʦ ɹʇʃɸ ʩʝʪʴʶ ʩ ʧʘʨʘʰʶʪʦʤ 

4. ɼʨʦʥ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʤʝʩʪʦ ʟʘʨʷʜʘ ʠ ʭʨʘʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʨʦʥʳ-ʧʝʨʝʭʚʘʪʯʠʢʠ ʧʦʟʚʦʣʷʶʪ ʧʣʘʚʥʦ ʧʦʩʘʜʠʪʴ ɹʇʃɸ, ʠʟʙʝʛʘʷ 

ʨʘʟʨʫʰʘʶʱʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪ ʧʘʜʝʥʠʷ ʠ ʚʟʨʳʚʘ.  

ɼʨʦʥ-ʧʝʨʝʭʚʘʪʯʠʢ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʨʦʩʩʠʡʩʢʠʡ 

ʧʘʪʝʥʪ ʠ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʝʛʦ.[2]  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʥʘʨʫʰʘʝʪ ʨʘʙʦʪʫ ʪʝʨʤʠʥʘʣʦʚ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, 

ʮʠʬʨʦʚʦʛʦ ʊɺ, GPS, ɻʃʆʅɸʉʉ. 

ɺʳʚʦʜʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʥʝʬʪʝʧʨʦʚʦʜʘ, ʩʦʭʨʘʥʠʪʴ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʀʩʭʦʜʷ ʠʟ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧʨʠʙʦʨʦʚ ʟʘʱʠʪʳ ʦʪ ɹʇʃɸ ʙʳʣʠ ʚʳʙʨʘʥʳ: ʙʣʦʢʠʨʦʚʱʠʢ 
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ʧʨʦʛʨʘʤʤʘ ʦʪ ʵʪʦʡ ʞʝ ʢʦʤʧʘʥʠʠ; ʜʣʷ ʜʨʦʥʘ-ʧʝʨʝʭʚʘʪʯʠʢʘ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʣʦʞʝʥʠʝ ʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ. ʅʦ ʧʨʠ ʵʪʦʤ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 
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***  

1. ɿʘʱʠʪʘ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʛʨʘʞʜʘʥʩʢʠʭ ʜʨʦʥʦʚ ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://antidrone.kaspersky.com/ru/  

2. ɹʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ-ʧʝʨʝʭʚʘʪʯʠʢ ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://yandex.ru/patents/doc/RU2669904C1_20181016   

3. ɹɸʈʔɽʈ ʈʀ 1.0. ʋʩʪʨʦʡʩʪʚʦ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʦʪ ɹʇʃɸ ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.rub-in.ru/product/zaschita-ot-bpla/barer-ri-1-0-ustroystvo-zashchity-obektov-ot-bpla-/    

4. Kaspersky Antidrone: ʟʘʯʝʤ ʦʥ ʥʫʞʝʥ ʠ ʢʘʢ ʨʘʙʦʪʘʝʪ ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.kaspersky.ru/blog/antidrone-under-the-hood/23782/   



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -53- 

 

ɽʥʜʘʯʸʚʘ ʄ.ʂ., ʃʠʤʘʥʦʚʘ ʅ.ʀ., ʂʦʟʣʦʚ ɺ.ɺ. 

ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʦʷ ʯʘʩʪʠʮ: ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ 

(ʈʦʩʩʠʷ, ʉʘʤʘʨʘ) 

doi: 10.18411/trnio-06-2024-862 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʦʷ ʯʘʩʪʠʮ (ʏʄʈʏ), ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ. ʆʧʪʠʤʠʟʘʮʠʷ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʦʷ ʯʘʩʪʠʮ (ʏʄʈʏ), 

ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʨʦʷ ʯʘʩʪʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ. 

ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʨʦʷ ʯʘʩʪʠʮ ʚ 

ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʏʄʈʏ, ʝʛʦ 

ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʠʥʞʝʥʝʨʠʷ, 

ʵʢʦʥʦʤʠʢʘ, ʙʠʦʣʦʛʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʏʄʈʏ; ʪʝʭʥʦʣʦʛʠʠ; ʦʧʪʠʤʠʟʘʮʠʷ. 

 

Abstract 

This article discusses the particle swarm method (PSM), which is an effective approach to 

solving optimization problems. Optimization plays an important role in solving various problems that 

arise in science and technology. One of the most effective optimization methods is the numerical 

particle swarm method (NPS), which is based on modeling the behavior of a particle swarm in the 

solution search space. This method allows you to find optimal parameter values in optimization 

problems with high accuracy and speed. The method is based on modeling the behavior of particles in 

search of reliable solutions. The methodological foundations of FMFR, its operating principles and 

practical application in various fields such as engineering, economics, biology and information 

technology are considered. 

Keywords: FMFR; technology; optimization. 

 

ʄʈʏ ʙʳʣ ʜʦʢʘʟʘʥ ʂʝʥʥʝʜʠ, ʕʙʝʨʭʘʨʪʦʤ ʠ ʐʠ ʠ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ 

ʠʤʠʪʘʮʠʠ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ɸʣʛʦʨʠʪʤ ʙʳʣ ʫʧʨʦʱʸʥ, ʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʦʥ ʧʨʠʛʦʜʝʥ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ. ʂʥʠʛʘ ʂʝʥʥʝʜʠ ʠ ʕʙʝʨʭʘʨʪʘ ʦʧʠʩʳʚʘʝʪ ʤʥʦʛʠʝ ʬʠʣʦʩʦʬʩʢʠʝ 

ʘʩʧʝʢʪʳ ʄʈʏ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʦʷ ʯʘʩʪʠʮ (Particle Swarm Optimization, PSO) ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʩʪʘʠ 

ʯʘʩʪʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʩʚʦʝʡ ʩʫʪʠ ʏʄʈʏ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʪʝʨʘʪʠʚʥʳʡ ʤʝʪʦʜ, ʛʜʝ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʚ ʨʦʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ, ʠʟʤʝʥʷʷ 

ʩʢʦʨʦʩʪʴ ʠ ʧʦʣʦʞʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʳʪʘ.  

ɺ PSO ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʚ ʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʥʜʠʜʘʪʘ ʥʘ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʘ ʠʭ ʜʚʠʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʦʱʨʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʠʭ 

ʧʦʣʦʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɿʘʜʘʯʝʡ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʦʷ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʦʧʪʠʤʠʟʠʨʫʶʪ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ, ʧʨʠʚʦʜʷ ʢ ʜʦʩʪʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, 

ʥʘʯʠʥʘʷ ʩ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʯʘʩʪʠʮ ʠ ʦʮʝʥʢʠ ʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʙʥʦʚʣʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʠ ʧʦʣʦʞʝʥʠʡ ʯʘʩʪʠʮ.  

ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ PSO ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ: 

- ɿʘʜʘʥʠʝ ʯʠʩʣʘ ʯʘʩʪʠʮ ʚ ʨʦʝ. 

- ɻʝʥʝʨʘʮʠʷ ʥʘʯʘʣʴʥʦʡ ʧʦʟʠʮʠʠ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ. 



-54- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

- ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ. 

- ʋʩʪʘʥʦʚʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʢʘʢ ʥʘʯʘʣʴʥʦʝ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ: 

- ʆʮʝʥʢʘ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ ʜʣʷ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ. 

- ʆʙʥʦʚʣʝʥʠʝ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ. 

4. ʆʙʥʦʚʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ: 

- ɺʳʯʠʩʣʝʥʠʝ ʥʦʚʦʡ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʝʝ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ, 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʣʠʯʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʣʫʯʰʠʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ. 

- ʇʝʨʝʤʝʱʝʥʠʝ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʥʘ ʥʦʚʫʶ ʧʦʟʠʮʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʝ 

ʩʢʦʨʦʩʪʴʶ. 

- ʆʙʥʦʚʣʝʥʠʝ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ. 

5. ʆʙʥʦʚʣʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ: 

- ʉʨʘʚʥʝʥʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʪʝʢʫʱʝʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʩ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴʶ ʣʫʯʰʠʭ ʨʝʰʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ. 

- ɽʩʣʠ ʥʘʡʜʝʥʦ ʣʫʯʰʝʝ ʨʝʰʝʥʠʝ, ʦʙʥʦʚʣʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ. 

6. ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʡ ʦʩʪʘʥʦʚʘ: 

- ʇʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʩʪʘʥʦʚʘ (ʥʘʧʨʠʤʝʨ, ʜʦʩʪʠʞʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ ʠʣʠ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ). 

- ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚʦʟʚʨʘʪ ʢ ʰʘʛʫ 3. 

7. ɺʦʟʚʨʘʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ: 

- ɺʦʟʚʨʘʱʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʩʪʘʥʦʚʘ, ʠ PSO ʩʪʨʝʤʠʪʩʷ ʥʘʭʦʜʠʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ. 

ʏʄʈʏ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ɺʘʞʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʢʦʨʝʥʠʷ, ʤʝʪʦʜʳ ʦʙʥʦʚʣʝʥʠʷ ʦʧʳʪʘ 

ʯʘʩʪʠʮ ʠ ʢʨʠʪʝʨʠʠ ʦʩʪʘʥʦʚʘ. 

1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ: PSO ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʫʥʢʮʠʷʭ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʤʠʥʠʤʠʟʘʮʠʠ ʠʣʠ 

ʤʘʢʩʠʤʠʟʘʮʠʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʧʪʠʤʠʟʘʮʠʶ ʬʫʥʢʮʠʡ ʧʦʪʝʨʴ ʚ 

ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʠʣʠ ʥʘʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʦʜʝʣʷʭ ʧʨʝʜʩʢʘʟʘʥʠʷ. 

2. ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ: PSO ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʩʭʦʜʘ ʨʝʩʫʨʩʦʚ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠʣʠ ʢʣʘʩʪʝʨʳ ʩʝʨʚʝʨʦʚ. 

3. ʋʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ: PSO ʤʦʞʝʪ ʧʦʤʦʯʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ ʩʝʪʠ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠʣʠ ʫʤʥʳʝ ʟʜʘʥʠʷ. 

4. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ: PSO ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʠʟʘʡʥʘ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʦʧʪʠʤʠʟʘʮʠʷ ʬʦʨʤʳ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʠʣʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʝʩʝ. 

5. ʌʠʥʘʥʩʦʚʘʷ ʘʥʘʣʠʪʠʢʘ: PSO ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʧʦʨʪʬʝʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯʘʭ ʚ ʦʙʣʘʩʪʠ ʬʠʥʘʥʩʦʚ. 

ʊʘʢ ʞʝ PSO ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ: 

1. ʅʘʩʪʨʦʡʢʘ ʚʝʩʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ: PSO ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʚʝʩʦʚ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ ʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ʇʦʩʣʝ ʩʣʫʯʘʡʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚ, PSO ʠʟʤʝʥʷʝʪ ʠʭ ʟʥʘʯʝʥʠʷ, 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -55- 

 

ʠʪʝʨʘʪʠʚʥʦ ʦʧʪʠʤʠʟʠʨʫʷ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ, ʯʪʦʙʳ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʦʩʪʠʛʣʘ 

ʣʫʯʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

2. ʇʦʜʙʦʨ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ: PSO ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʥʘʩʪʨʦʡʢʝ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ, ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʡʨʦʥʦʚ ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʣʫʯʰʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

3. ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ: PSO ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʦʧʨʝʜʝʣʷʷ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ, ʪʠʧʳ ʩʣʦʝʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ. 

4. ʆʧʪʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ: PSO ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʥʘʭʦʞʜʝʥʠʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʫʣʫʯʰʝʥʠʝ ʝʝ 

ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ɺ ʮʝʣʦʤ, ʵʪʦʪ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʝʥʠʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʦʷ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ. ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʏʄʈʏ 

ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʰʝʥʠʠ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʝʢʪʦʚ ʉʕɼ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʧʨʦʝʢʪʦʚ ʉʕɼ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʕɼ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʉʕɼ, ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʉʕɼ. 

 

Abstract 

Within the framework of this article, the main technological aspects of modern EDMS projects 

on the Russian market are considered. The analysis of the main trends in the technological 

development of the market and the features of the application of these technologies in practice in the 

implementation of EDMS projects is carried out. 

Keywords: SED, technological aspects of SED, Russian SED market. 

 

ʈʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʉʕɼ ʷʚʣʷʝʪʩʷ ʩʘʤ ʧʦ ʩʝʙʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʥʘ 

ʥʝʤ ʩʦʟʜʘʥʳ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʥʳʭ ʚʳʚʝʩʪʠ 



-56- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉʕɼ ʥʘ ʢʘʨʜʠʥʘʣʴʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʪʠʷ ʉʕɼ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ. ɸʢʮʝʥʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʪ ʩʜʝʣʘʥ ʥʘ ʪʝʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʚ ʧʨʠʤʝʥʝʥʠʠ ʚ 

ʨʘʤʢʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʚʣʘʩʪʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʦʩʪʘ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʉʕɼ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʆʙʲʝʤ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʉʕɼ, ʚ ʤʣʨʜ ʨʫʙʣʝʡ. 

 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʞʠʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʨʦʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʉʕɼ. ʇʨʠʯʝʤ 

ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʝʪ ʚʩʝʩʪʦʨʦʥʥʠʤ. ʅʘʧʨʠʤʝʨ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʩʦʨʪʠʨʦʚʢʠ 

ʜʦʢʫʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʉʕɼ. ʊʘʢʞʝ ʦʞʠʜʘʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʨʘʙʦʪʳ ʮʠʬʨʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʧʦʣʥʷʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ 

[1]. 

ʆʪʣʠʯʠʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʉʕɼ ʜʦʣʞʥʦ ʩʪʘʪʴ ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ. ʆʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʢ ʧʦʩʪʦʷʥʥʦʤʫ 

ʩʘʤʦʦʙʫʯʝʥʠʶ [2]. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʥʘ ʨʳʥʢʝ ʉʕɼ, ʚʝʜʴ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʠʪ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ 

ʠʥʪʝʣʣʝʢʪʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚ ʉʕɼ ʠ ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʯʝʨʝʟ ʠʥʩʪʨʫʤʝʥʪ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʉʕɼ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʩ 

ʪʝʢʩʪʘʤʠ. ʅʘʧʨʠʤʝʨ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʚʭʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʦʚ ʦʙʫʯʘʪʴʩʷ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʪʝʤ 

ʩʘʤʳʤ ʵʢʦʥʦʤʷ ʚʨʝʤʷ ʥʘ ʠʭ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʅʘʧʨʠʤʝʨ, ʦʪʤʝʪʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʉʕɼ çDirectumè ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʘ ʧʫʙʣʠʯʥʦʡ ʚʣʘʩʪʠ [7]: 

- ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʛʦ ʧʠʩʴʤʘ ï 1 ʤʠʥʫʪʘ; 

- ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʯʝʪʘ ʠ ʩʪʘʪʴʠ ʟʘʪʨʘʪ ï ʙʦʣʝʝ 95 %; 

- ʆʙʨʘʙʦʪʢʘ ʜʦʛʦʚʦʨʘ ʠ ʚʳʷʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ï ʚ ʩʨʝʜʥʝʤ 5 ʤʠʥʫʪ; 

- ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʱʝʥʠʷ ï 1-2 ʤʠʥʫʪʳ; 

- ʂʦʨʨʝʢʪʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʜʦʢʫʤʝʥʪʦʚ ï ʙʦʣʝʝ 92 %. 

ʇʘʥʜʝʤʠʷ ʢʦʨʦʥʘʚʠʨʫʩʘ ʫʩʢʦʨʠʣʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʉʕɼ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʊʘʢ, ʨʘʟʚʠʚʘʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʧʦʜʭʦʜʳ 

ʢ ʨʝʞʠʤʘʤ ʨʘʙʦʪʳ ʉʕɼ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ 

ʢ ʉʕɼ. ʇʨʠʯʝʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʷ 

ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʉʕɼ. ɽʩʣʠ ʨʘʥʝʝ ʧʦʜʦʙʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʚʘʣʠʩʴ ʣʠʰʴ ʜʣʷ ʚʳʩʰʝʛʦ 
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ʨʫʢʦʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʪʨʝʥʜ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʠ ʜʣʷ ʨʷʜʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʉʕɼ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚʥʝʜʨʝʥʠʷ ʉʕɼ. ʊʦ ʝʩʪʴ ʚʦʟʨʘʩʪʘʝʪ 

ʩʪʝʧʝʥʴ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʨʘʙʦʪʫ ʉʕɼ ʠ ʩʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʉʕɼ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ. ɽʩʣʠ ʨʘʥʝʝ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʚʥʝʜʨʷʣʠ ʉʕɼ ʯʘʩʪʠʯʥʦ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʪʫʘʮʠʷ ʧʦʣʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʉʕɼ ʚ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ 

ʢʦʤʧʘʥʠʠ. ʊʘʢ, ʦʙ ʵʪʦʤ ʟʘʷʚʣʷʝʪʩʷ ʜʠʨʝʢʪʦʨ çɸʉʇ ʕʣʝʢʪʨʦʥʥʳʝ ʩʝʨʚʠʩʳè ɼʘʨʴʷ ɻʘʨʙʘʨ. ʇʦ ʝʝ 

ʤʥʝʥʠʶ ʚʘʞʥʝʡʰʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʷʚʣʷʶʪʩʷ ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʷʟʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦʛʦ 

ʧʝʨʝʭʦʜʘ ʥʘ ʕɼʆ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʦʢʫʤʝʥʪʘʤʠ. ʊʘʢ, ʧʦ ʤʥʝʥʠʶ ɻʘʨʙʘʨ 

98% ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ 1-ʉ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʡ ʤʦʜʫʣʴ ʕɼʆ, ʠ ʧʨʠ 

ʞʝʣʘʥʠʠ ʦʥʠ ʤʦʛʫʪ ʥʘʯʘʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ [8]. 

 ʇʦʜʦʙʥʳʡ ʪʨʝʥʜ ʩʦʟʜʘʝʪ ʜʣʷ ʉʕɼ ʥʦʚʳʝ ʟʘʜʘʯʠ, ʚʝʜʴ ʚʝʜʫʱʘʷ ʨʦʣʴ ʉʕɼ ʚ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ ʢʦʤʧʘʥʠʠ ʩʪʘʚʠʪ ʧʝʨʝʜ ʥʝʡ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, ʨʝʯʴ ʠʜʝʪ ʦ 

ʧʦʣʥʦʤ ʧʝʨʝʚʦʜʝ ʜʦʢʫʤʝʥʪʦʚ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʬʦʨʤʘʪ, ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʨʭʠʚʘ ʚ 

ʉʕɼ, ʚʦʚʣʝʯʝʥʠʝ ʚʩʝʭ ʩʦʪʨʫʜʥʠʢʦʚ ʬʠʨʤʳ ʚ ʨʘʙʦʪʫ ʉʕɼ ʩ ʫʯʝʪʦʤ ʠʭ ʜʦʣʞʥʦʩʪʥʳʭ 

ʦʙʷʟʘʥʥʦʩʪʝʡ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʚʣʠʷʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʉʕɼ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʢʦʤʧʘʥʠʠ ʰʠʨʦʢʠʡ ʧʝʨʝʯʝʥʴ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ ʚ ʩʬʝʨʝ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

ɺʘʞʥʝʡʰʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʪʨʝʥʜ ʉʕɼ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʷʟʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ çlow-codeè [6]. ʆʥʘ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʙʳʩʪʨʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʉʕɼ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʫʯʘʩʪʠʝʤ ʯʝʣʦʚʝʢʘ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʉʕɼ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʠʟʫʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʘ ʪʠʧʦʚʳʝ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʢʨʠʧʪʦʚ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʠ ʩʵʢʦʥʦʤʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʥʘ ʚʥʝʜʨʝʥʠʠ ʉʕɼ, ʚʝʜʴ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʥʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʝʛʦ ʘʧʨʦʙʘʮʠʷ, ʘ ʟʘʪʝʤ ʢʦʨʨʝʢʪʠʨʦʚʢʘ. ʊʘʢʞʝ çlow-codeè 

ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʢ ʩʦʪʨʫʜʥʠʢʘʤ ʢʦʤʧʘʥʠʠ, ʥʝ ʠʤʝʶʱʠʤ IT-ʢʦʤʧʝʪʝʥʮʠʡ, ʘ ʪʘʢʞʝ 

ʦʙʣʘʜʘʝʪ ʧʨʦʩʪʳʤʠ ʠ ʧʦʥʷʪʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʦʛʠʢʠ ʚʠʟʫʘʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. 

ɺʥʝʜʨʝʥʠʝ ʉʕɼ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʝʪ ʟʘʪʷʥʫʪʴʩʷ ʥʘ ʛʦʜʳ ʜʦ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ çlow-codeè ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʉʕɼ ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʚʝʩʪʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʚ ʉʕɼ ʟʘ ʤʝʩʷʮʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʟʘʪʨʘʯʠʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʥʝ ʧʨʠʚʣʝʢʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʉʘʤʳʤʠ ʚʘʞʥʳʤʠ 

ʧʣʶʩʘʤʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʝʝ ʩʪʨʫʢʪʫʨʳ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʩʪʦʨʦʥʥʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʦʤ. ʊʘʢʞʝ çlow-codeè ʧʦʟʚʦʣʷʝʪ ʧʦʜʩʪʨʘʠʚʘʪʴ ʉʕɼ ʧʦʜ ʥʫʞʜʳ ʙʠʟʥʝʩ-

ʘʥʘʣʠʪʠʢʦʚ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʨʷʜʘ ʪʠʧʦʚ ʙʠʟʥʝʩʘ. ʂʨʦʤʝ ʪʦʛʦ, çlow-codeè ʧʦʟʚʦʣʷʝʪ 

ʚʥʝʜʨʠʪʴ ʩʥʘʯʘʣʘ ʙʘʟʦʚʳʝ ʤʦʜʫʣʠ ʉʕɼ ʠ ʨʘʩʰʠʨʷʪʴ ʠʭ ʧʦ ʤʝʨʝ ʧʦʷʚʣʝʥʠʷ ʫ ʢʦʤʧʘʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʉʕɼ ʢ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʧʘʥʠʠ. 

ɼʨʫʛʘʷ ʪʝʥʜʝʥʮʠʷ ʩʚʷʟʘʥʘ ʩ ʨʦʣʴʶ ʉʕɼ ʢʘʢ ʝʜʠʥʦʡ ʰʠʥʳ ʟʘʜʘʥʠʡ ʚʦ ʚʩʝʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʉʕɼ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʦʡ ʧʦʜʩʠʩʪʝʤʦʡ ʨʘʙʦʪʳ ʩ ʟʘʜʘʥʠʷʤʠ ʫʞʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʉʕɼ ʧʦʟʚʦʣʷʶʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ ʩʦ 

ʩʪʦʨʦʥʥʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. ʆʙʲʝʜʠʥʝʥʠʷ ʚʩʝʭ ʟʘʜʘʥʠʡ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʫʨʘ ʠʣʠ 

ʧʨʦʮʝʩʩʘ ʚ ʨʘʤʢʘʭ ʉʕɼ ʫʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʙʫʜʝʪ 

ʚʩʪʨʝʯʘʪʴʩʷ ʚʩʝ ʯʘʱʝ. ɼʘʥʥʳʡ ʪʨʝʥʜ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʮʝʥʪʨʘʣʠʟʘʮʠʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʧʨʦʮʝʩʩʦʚ ʉʕɼ. 

ʊʘʢʞʝ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʚʚʠʜʫ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʪʨʝʥʜʦʚ ʟʘʯʘʩʪʫʶ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʤʝʩʪʦ ʉʕɼ ʪʝʨʤʠʥʘ CSP (Content 

Service Platform). ɼʘʥʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʥʷʪʠʝ çʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘè ʵʪʠʤʦʣʦʛʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʤ ʠ ʥʝ ʦʪʨʘʞʘʝʪ ʰʠʨʦʪʫ 



-58- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʬʫʥʢʮʠʦʥʘʣʘ, ʢʦʪʦʨʳʝ ʫʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʷʶʪ ʉʕɼ ʥʘ ʧʨʘʢʪʠʢʝ. ʀ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʰʠʨʦʪʘ ʬʫʥʢʮʠʡ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪʩʷ [3]. 

ʌʦʨʤʘʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʉʕɼ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ. ʈʘʥʝʝ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʉʕɼ ʤʦʞʝʪ ʜʣʠʪʴʩʷ ʛʦʜʘʤʠ, ʚʝʜʴ ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʧʦ ʥʘʧʠʩʘʥʠʶ ʠʟʥʘʯʘʣʴʥʦʛʦ ʢʦʜʘ, ʚʳʩʪʨʘʠʚʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʘ, 

ʚʥʝʜʨʝʥʠʠ, ʧʨʦʚʝʨʢʝ ʢʦʨʨʝʢʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ, ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ 

ʚʳʷʚʣʝʥʥʳʭ ʦʰʠʙʦʢ, ʘ ʪʦʣʴʢʦ ʟʘʪʝʤ ʧʦʣʥʦʮʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ. ʇʨʠʯʝʤ ʧʦʣʥʦʮʝʥʥʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʝʡ ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʙʣʝʤ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʉʕɼ. 

ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘ ʨʳʥʦʢ ʉʕɼ: ʩʥʠʞʘʝʪʩʷ ʜʦʣʷ ʨʝʘʣʠʟʫʝʤʳʭ ʢʦʨʦʙʦʯʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ ʉʕɼ. ʕʢʩʧʝʨʪʳ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʚ ʵʪʦʡ ʩʚʷʟʠ ʦʪʤʝʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʪʝʥʜʝʥʮʠʡ. 

ɺʦ-ʧʝʨʚʳʭ, ʦʪʢʘʟ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʦʙʦʯʥʦʛʦ ʬʦʨʤʘʪʘ ʚʥʝʜʨʝʥʠʷ ʉʕɼ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʦʛʦ. 

ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ çʙʘʟʘè ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʘʜʘʧʪʘʮʠʠ ʉʕɼ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ 

ʢʦʤʧʘʥʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʚʩʝ ʯʘʱʝ ʦʪʜʘʝʪʩʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʬʦʨʤʘʪʘʤ ʚʥʝʜʨʝʥʠʷ 

ʉʕɼ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤ ʙʦʣʴʰʫʶ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʈʝʯʴ ʠʜʝʪ ʦʙ 

ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ çlow-codeè. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʉʕɼ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʦ ʤʥʦʛʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʦʨʤʘʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʛʦʩʫʜʘʨʩʪʚʘ. ʊʘʢ, ʚ 2021 ʚʚʠʜʫ 

ʠʟʤʝʥʝʥʠʡ ʚ ʊʨʫʜʦʚʦʤ ʢʦʜʝʢʩʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʢʦʤʧʘʥʠʠ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ 

ʢʘʜʨʦʚʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ [5]. ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʩʚʷʟʘʥ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʘʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʶʨʠʜʠʯʝʩʢʠʤ ʟʥʘʯʠʤʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʧʦʟʚʦʣʠʚʰʝʛʦ ʢʦʤʧʘʥʠʷʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ 

ʜʦʢʫʤʝʥʪʳ ʢʘʢ ʨʘʚʥʦʟʥʘʯʥʳʝ ʙʫʤʘʞʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʧʦ ʢʦʤʧʣʝʢʩʫ ʥʘʧʨʘʚʣʝʥʠʡ [4]. ʊʘʢʞʝ 

ʦʪʤʝʪʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʦʯʠʪʘʝʤʦʡ ʜʦʚʝʨʝʥʥʦʩʪʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʩʚʦʝʛʦ ʧʨʘʚʘ ʥʘ ʧʦʜʧʠʩʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʢʦʤʧʘʥʠʠ ʝʝ ʩʦʪʨʫʜʥʠʢʦʤ [4].   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʦʝʢʪʦʚ ʉʕɼ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʉʕɼ, ʨʘʟʚʠʪʠʝ ʫʜʘʣʝʥʥʳʭ 

ʬʦʨʤʘʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʉʕɼ, ʪʨʝʥʜ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʚʥʝʜʨʝʥʠʷ ʉʕɼ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʢʦʤʧʘʥʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ çlow-codeè ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʉʕɼ, ʦʪʭʦʜ ʦʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʦʨʦʙʦʯʥʦʛʦ ʬʦʨʤʘʪʘ ʨʝʘʣʠʟʘʮʠʠ ʉʕɼ ʥʘ ʨʳʥʢʝ, ʘʢʪʠʚʥʘʷ ʧʦʜʜʝʨʞʢʘ ʛʦʩʫʜʘʨʩʪʚʦʤ ʨʳʥʢʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

***  

1. 2024: ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʥʜʳ: ʀʀ ʠ Low-code [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.tadviser.ru/ 

2. ɸʚʝʨʴʷʥʦʚʘ ɸ.ʅ., ɸʪʘʥʦʚ ɺ.ɺ., ʂʝʩʷ ʄ.ʉ., ʄʦʞʥʦʚ ɽ.ʉ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ // ʌʦʨʫʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. 2023. ˉ5 (81).  

3. ɼʤʠʪʨʠʝʚʘ ʄ. ʉ., ɿʘʙʨʦʜʠʥ ɸ. ɺ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʤʦʱʴʶ ECM-

ʩʠʩʪʝʤʳ Docsvision // ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ. 2022. ˉ2 (30).  

4. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 6 ʘʧʨʝʣʷ 2011 ʛ. N 63-ʌɿ "ʆʙ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ" // "ʇʘʨʣʘʤʝʥʪʩʢʘʷ ʛʘʟʝʪʘ" ʦʪ 8 

ʘʧʨʝʣʷ 2011 ʛ. N 17 

5. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 22.11.2021 ˉ 377-ʌɿ "ʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʊʨʫʜʦʚʦʡ ʢʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ" [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.garant.ru/products/ipo/prime/doc/402990504/ 

6. ʗʢʦʚʣʝʚ ɻ.ʉ., ʀʚʘʥʦʚ ʌ.ʌ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ low-code ʧʣʘʪʬʦʨʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜ ʚ 

ʩʦʟʜʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ // ɺʝʩʪ. ʂʈɸʋʅʎ. ʌʠʟ.-ʤʘʪ. ʥʘʫʢʠ. 2020. ˉ1. 

7. ʉʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ð ʠʭ ʨʘʟʚʠʪʠʝ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ ð https://www.directum.ru/blog-post/1927 

8. çʋ 98% ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ ʫʞʝ ʝʩʪʴ ʕɼʆ, ʥʦ ʦʥʠ ʦʙ ʵʪʦʤ ʥʝ ʟʥʘʶʪè [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ ð https://www.directum.ru/blog-post/1927 

  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -59- 

 

ɿʠʥʥʘʪʫʣʣʠʥʘ ɻ.ʅ.
1
, ɻʠʟʘʪʫʣʣʠʥʘ ʕ.ʈ.

2
 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʦʧʘʩʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ 
1
ʇʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè 

ʂʘʟʘʥʩʢʠʡ ʅʘʫʯʥʦ-ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 
2
ʀʥʩʪʠʪʫʪ ʅʝʬʪʠ, ʍʠʤʠʠ ʠ ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ 

(ʈʦʩʩʠʷ, ʂʘʟʘʥʴ) 

doi: 10.18411/trnio-06-2024-864 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ  ʩʪʘʪʴʝ  ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ  ʚʦʧʨʦʩʳ  ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʦʧʘʩʥʳʭ ʧʨʦʠʟ-ʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. ʇʨʦʚʝʜʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʟʨʝʰʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʥʘ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜ-ʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʩ ʧʦʤʦʱʴʶ ʫʚʝʣʠʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʚʝʨʦʢ, ʯʪʦ ʘʙʩʦʣʶʪʥʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʵʤʧʠʨʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʦʧʘʩʥʳʡ ʧʨʦʠʟʚʦʜ-ʩʪʚʝʥʥʳʡ ʦʙʲʝʢʪ, 

ʧʨʦʤʳʰʣʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

Abstract 

ʊhis article deals with the issues of improving the procedure of production control at hazardous 

production facilities. Carrying out production control allows to significantly improve the level of safety 

at hazardous production facilities by increasing the quality of analysis of the results of complex 

inspections, which is absolutely relevant. Both empirical and theoretical method of scientific 

knowledge are used in the work. 

Keywords: production control, hazardous production facility, industrial safety. 

 

ʈʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ, ʠʥʮʠʜʝʥʪʦʚ ʠ ʩʤʝʨʪʝʣʴʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʦʧʘʩʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʜʝʡʩʪʚʝʥʥʳʤ ʫʧʨʘʚ-ʣʝʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʣʷ ʯʝʛʦ ʥʫʞʥʦ ʧʝ-ʨʠʦʜʠʯʝʩʢʠ ʦʮʝʥʠʚʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʘ ʦʮʝʥʢʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ çʩʣʘʙʳʝ ʤʝʩʪʘè ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʨʠʥʠʤʘʪʴ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʝ ʤʝʨʳ ʜʣʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡ. 

ɹʦʣʝʝ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠʛʨʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ (ʇʂ) - ʵʪʦ ʢʦʤʧʣʝʢʩ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦ-ʧʨʠʷʪʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʨʘʙʦʪʦʜʘʪʝʣʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ, 

ʢʦʥʪʨʦʣʴ ʟʘ ʫʨʦʚʥʝʤ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʦʬʠʣʘʢʪʠʢʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʩʦʙʣʶʜʝʥʠʝ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʎʝʣʴʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʘʚʘʨʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʛʦʪʦʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʥʘ ʦʧʘʩʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ ʟʘ ʩʯʝʪ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. 

ʅʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝ ʩʦʜʝʨʞʘʪ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʅʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʦʧʘʩʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʦʙʲʝʢʪ, ʨʝʘʣʠʟʦʚʘʥ 

ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-ʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʠʤʝʥʷʝʤʦʤʫ ʚ ʩʠʩʪʝʤʝ 

ʨʘʙʦʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʩʧʝʢʪʦʨʦʚ: ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʥʘʨʫʰʝʥʠʡ 

ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʳʜʘʯʝ ʧʨʝʜʧʠʩʘʥʠʡ ʦʙ ʠʭ ʫʩʪʨʘʥʝʥʠʠ, ʢʨʠʪʝʨʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʨʫʜʦʸʤʢʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʡ ʩʧʝʮʠʬʠʢʫ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 



-60- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʦʙʲʝʢʪʦʚ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʨʠʥʮʠʧʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ 

ʠ ʥʝʚʦʟ-ʤʦʞʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩʥʦʩʪʝʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ, ʪ.ʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʩʠʛʥʘʣ ʦʙ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʣʘʙʳʡ ʠ ʫʣʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʩʦʢʦʡ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʝʨʳ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ ʥʫʞʥʦ ʚʢʣʶʯʘʪʴ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ 

ʦʪʢʣʦʥʝʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʧʨʘʚʠʣ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʥʘʨʫʞʝʥʠʶ ʦʧʘʩʥʦʩʪʝʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ, ʚʳʨʘʙʦʪʢʝ ʤʝʨ ʧʦ ʠʭ 

ʫʩʪʨʘʥʝʥʠʶ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʨʝʘʣʠʟʘʮʠʝʡ ʵʪʠʭ ʤʝʨ.  

ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʭʦʪʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʥ ʨʝʘʣʠʟʫʝʪʩʷ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʠ ʬʘʢʪʠʯʝʩʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʘʝʪ ʙʝʟ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩʥʦʩʪʝʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ, 

ʩʣʝʜʦʚʘ-ʪʝʣʴʥʦ ʦʥ ʥʫʞʜʘʝʪʩʷ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ. 

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʝ ʪʦʣʴʢʦ ʘʢʪʠʚʠʟʠʨʫʝʪ ʚʣʘʜʝʣʴʮʘ ʦʙʲʝʢʪʘ 

ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʧʝʨʚʦʩʪʝʧʝʥʥʳʝ 

ʥʘʨʫʰʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘ-ʪʘʮʠʶ ʦʙʲʝʢʪʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʠ ʥʘʜʟʦʨʘ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʧʨʦʩʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʯʝʣʦʚʝʢ, ʨʘʙʦʪʥʠʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʦʪ ʨʘʙʦʯʝʛʦ 

ʜʦ ʨʫʢʦʚʦʜʠʪʝʣʷ, ʥʘʜʝʣʸʥʥʳʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʚʦʠʭ ʧʨʦʬʝʩʩʠʦ-ʥʘʣʴʥʳʭ ʠ ʣʠʯʥʳʭ ʢʘʯʝʩʪʚ.  

ɺʳʷʚʣʝʥʠʝ ʦʧʘʩʥʦʩʪʠ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʢʦʥʪʨʦʣʷ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʪʨʝʙʫʝʪ ʘʢ-ʪʠʚʠʟʘʮʠʠ ʥʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʨʠʩ. 1), ʘ ʪʘʢʞʝ ʧʨʠʚʣʝʯʝʥʠʷ ʣʠʥʝʡʥʳʭ ʨʫ-ʢʦʚʦʜʠʪʝʣʝʡ ʠ ʠʭ ʧʦʜʯʠʥʝʥʥʳʭ ʢ ʨʘʙʦʪʝ ʧʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʛʦ ʢʦʥʪʨʦʣʷ. 

ʇʨʠʤʝʨʳ ʧʨʝʜʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʢʪʠʚʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʧʘʩʥʦʩʪʝʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ: 

- ʥʘ ʫʨʦʚʥʝ ʨʘʙʦʯʠʭ ʠ ʣʠʥʝʡʥʳʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʚʝʜʝʥʠʝ ʞʫʨʥʘʣʘ ʫʯʸʪʘ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʧʘʩʥʦʩʪʝʡ ʣʦʢʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʧʨʠʯʠʥ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ʂʘʯʝʩʪʚʦ ʚʝʜʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʞʫʨʥʘʣʘ ʧʨʦʚʝʨʷʝʪʩʷ ʚʳʰʝʩʪʦʷʱʠʤ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʠʩʧʦʣʥʷʶʱʠʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ, 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʦʧʘʩʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʚʳʜʘʯʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʣʠʥʝʡʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʧʦ ʫʣʫʯʰʝʥʠʶ ʨʘʙʦʪʳ ʧʦ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʚʳʷʚʣʝʥʠʶ ʦʧʘʩʥʦʩʪʝʡ. ʇʨʝʜʦʩʪʘʚʣʝʥʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʚʝʜʝʥʠʷ ʞʫʨʥʘʣʦʚ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʮʝʭʘ ʠʣʠ ʩʣʫʞʙʳ, 

ʢʦʪʦʨʳʝ ʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʧ.6.1.9 [3]; 

- ʚʚʝʜʝʥʠʝ ʧʨʘʢʪʠʢʠ ʧʦʦʱʨʝʥʠʡ ʜʣʷ ʨʘʙʦʯʠʭ, ʚʳʷʚʠʚʰʠʭ ʦʧʘʩʥʦʩʪʠ ʠ ʧʨʠʯʠʥʳ 

ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʝʨʴʸʟʥʦʛʦ ʥʝʣʦʢʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʥʫʞʥʦ ʜʦʚʝʩʪʠ ʜʦ 

ʨʘʙʦʪʥʠʢʦʚ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʥʝ ʥʦʚʦʠʩʧʝʯʸʥʥʦʝ ʦʙʷʟʘʪʝʣʴʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʥʫʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʬʦʨʤʘʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʘ ʥʦʚʦʚʚʝʜʝʥʠʝ, ʧʨʠʟʚʘʥʥʦʝ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʠʭ ʩʦʙʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʚʚʝʜʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʥʝʡʥʳʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʦ 

ʧʦʜʨʦʙʥʦʩʪʷʭ ʥʘʨʫʰʝʥʠʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʩʣʫʞʙʦʡ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ 

ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʦʧʘʩʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ 

ʦʙʲʝʢʪʝ ʚʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʦ ʨʘʙʦʪʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʩʣʫʞʙʳ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʚʳʷʚʣʝʥʠʶ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʥʘʨʫʰʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʣʠʥʝʡʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʘʤʦʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʧʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʚʳʷʚʣʝʥʠʶ ʦʧʘʩʥʦʩʪʠ; 

- ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʠ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦʣʞʥʳ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʘʥʘʣʠʟʫ ʩʣʫʞʙʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜ-ʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʚʳʷʚʣʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -61- 

 

 

 
ʈʠʩʫʥʦʢ 1 ɸʣʛʦʨʠʪʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʦʧʘʩʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ. 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʷʚʣʝʥʠʠ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʛʣʘʚʥʳʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʦʧʘʩʥʫʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʩʠʪʫʘʮʠʶ, ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʯʠʥ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ ʘʚʘʨʠʡ, ʚ ʧʨʦʮʝʩʩʝ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʠ ʨʘʟʚʠʪʠʷ ʩʣʫʞʙ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʅʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʣʶʙʦʤ ʦʧʘʩʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʨʘʟʚʠʪʠʷ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʪʫʘʮʠʡ, ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʪʨʫʜʘ. 

ɹʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʝʡʰʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʞʝʣʘʝʤʳʡ 

ʨʝʟʫʣʴʪʘʪ ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʣʝʛʯʠʪ ʫʯʝʪ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʪʩʣʝʞʠʚʘʪʴ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ 



-62- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʥʘʨʫʰʝʥʠʡ ʠ ʧʨʦʙʣʝʤ ʦʜʥʦʤʦʤʝʥʪʥʦ ʠ ʧʨʝʜʣʘʛʘʪʴ ʛʦʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ 

ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ  ʧʦʟʚʦʣʠʪ ʨʘʙʦʪʥʠʢʘʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʠ 

ʧʦʚʳʩʠʪʴ ʚ ʮʝʣʦʤ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

***  

1. ʈʫʜʝʥʢʦ ʄ. ʌ., ʊʨʝʪʴʷʢ ʃ. ʇ., ɻʨʠʚʠʥʘ ɺ. ɺ., ʐʠʧʫʣʠʥʘ ʖ. ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʛʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʪʳ // ɺʝʩʪʥ. ɸʩʪʨʘʭʘʥ. 

ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪʘ. ʉʝʨ.: ʋʧʨʘʚʣʝʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ. 2016. ˉ 2. ʉ. 73-81. 

2. ɼʨʫʞʠʥʠʥ ɸ. ɸ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ: ʘʚʪʦʨʝʬ. ʜʠʩ.ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. 

ʄ., 2006. 22 ʩ. 

3. ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʊʠʧʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ 

ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʜʦʙʳʯʝ (ʧʝʨʝʨʘʙʦʪʢʝ) ʫʛʣʷ (ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ): ʧʨʠʢʘʟ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʦʪ 

30 ʥʦʷʙʨʷ 2017 ʛ. ˉ 520. URL: https://normativ.kontur.ru/document?moduleId=1&documentId=306382 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 08.05.2023). 

ʃʫʥʝʛʦʚʘ ɸ.ɸ., ɺʘʩʠʣʝʛʘ ʅ.ɸ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ 

ʧʦʤʝʱʝʥʠʠ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʄʘʛʘʜʘʥ) 

doi: 10.18411/trnio-06-2024-865 

 

ɸʥʥʦʪʘʮʠʷ 

ɸʚʪʦʨʳ ʚ ʩʪʘʪʴʝ ʧʦʜʥʠʤʘʶʪ ʧʨʦʙʣʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʦʤʝʱʝʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʣʦʞʝʥʘ ʟʘʤʝʥʘ ʢʦʥʚʝʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʥʘ ʣʫʯʠʩʪʦʝ. ʃʫʯʠʩʪʦʝ 

ʦʪʦʧʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʢʦʤʬʦʨʪʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʟʘʙʦʣʝʚʘʥʠʷ, ʢʦʥʚʝʢʮʠʦʥʥʦʝ ʦʪʦʧʣʝʥʠʝ, 

ʣʫʯʠʩʪʦʝ ʦʪʦʧʣʝʥʠʝ, ʫʩʣʦʚʠʷ ʢʦʤʬʦʨʪʥʦʩʪʠ. 

 

Abstract 

The authors in the article raise the problem of ensuring the parameters of the microclimate in 

the production room in accordance with the requirements. To ensure the required parameters, the 

replacement of convection heating with radiant heating is proposed. Radiant heating ensures the 

fulfillment of comfort conditions. 

Keywords: microclimate parameters, diseases, convection heating, radiant heating, comfort 

conditions. 

 

ʅʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʶʪ ʫʩʣʦʚʠʷ ʪʨʫʜʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. ʂ ʪʘʢʠʤ 

ʫʩʣʦʚʠʷʤ ʦʪʥʦʩʷʪʩʷ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ [3]. 

ʅʘʧʨʠʤʝʨ, ʩʦʯʝʪʘʥʠʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʭʣʘʞʜʝʥʠʶ ʦʨʛʘʥʠʟʤʘ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʥʘʛʨʝʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʧʦʤʝʱʝʥʠʠ 

ʚʳʟʳʚʘʶʪ ʧʝʨʝʛʨʝʚ ʦʨʛʘʥʠʟʤʘ. ʆʪʢʣʦʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʦʪ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʚ 

ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʝʨʝʜʢʦ ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ 

ʜʳʭʘʥʠʷ, ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʫʜʦʚ ʠ ʜʨʫʛʠʝ [5].  

ʉʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʪʝʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʣʴʥʳʤʠ ʚʝʪʨʘʤʠ [4].  

ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʪʠʩʪʠʢʫ ʟʘʙʦʣʝʚʘʥʠʡ ʜʳʭʘʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ (ɼʌʆ) ʠ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʪʘʙʣ.). 

 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -63- 

 

ʊʘʙʣʠʮʘ 1. 

ʉʪʘʪʠʩʪʠʢʘ ʟʘʙʦʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʟʘ 2019-2022 ʛʛ. 
ʅʘʠʤʝʥʦʚʘʥʠʝ ɽʜ. ʠʟʤ. 2019 ʛ. 2022 ʛ. 2021 ʛ. 2022 ʛ. 

ɼʌʆ ʊʳʩ. ʯʝʣ. 453,9 465,0 382,5 593,8 

ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣ. ʊʳʩ. ʯʝʣ. 1,4 1,9 1,6 1,2 

ʋʜʝʣʴʥʳʡ ʚʝʩ % 0,3 0,4 0,3 0,2 

 

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʧʦ [2]. 

ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ, ʥʦ ʧʨʦʙʣʝʤʘ ʦʩʪʘʝʪʩʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʨʝʤʦʥʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʤ 

ʮʝʭʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʛ. ʄʘʛʘʜʘʥʝ ʧʦʢʘʟʘʣ ʬʘʢʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʚ 

ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ tʧ = 14 Áʉ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʟʘʪʨʘʪʘʤ ʚʩʝ ʪʨʫʜʦʚʳʝ ʧʨʦʮʝʩʩʳ ʜʝʣʷʪʩʷ ʥʘ ʧʷʪʴ 

ʢʘʪʝʛʦʨʠʡ. ʊʨʫʜ ʨʘʙʦʪʥʠʢʦʚ ʨʝʤʦʥʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʮʝʭʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ IIʙ [3]. 

ʉʘʥʇʠʅ 1.2.3685-21 ʥʦʨʤʠʨʫʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʦʤʝʱʝʥʠʠ: 

ʜʠʘʧʘʟʦʥ ʥʠʞʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 15-16,9Áʉ ʠ ʜʠʘʧʘʟʦʥ ʚʳʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 19,1-22Áʉ ʜʣʷ 

ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʧʦʤʝʱʝʥʠʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʦʤʝʱʝʥʠʠ ʨʝʤʦʥʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʮʝʭʘ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ 

ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚʦʜʷʥʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ. ʇʨʠ ʚʦʜʷʥʦʡ ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ ʦʪʦʧʠʪʝʣʴʥʳʝ 

ʧʨʠʙʦʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʧʨʦʝʢʪʫ ʤʦʥʪʠʨʫʶʪʩʷ ʧʦ ʩʪʝʥʘʤ ʧʦʜ ʦʢʥʘʤʠ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʨʝʤʦʥʪʥʦ-ʩʪʦʣʷʨʥʦʛʦ ʮʝʭʘ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʢʦʥʚʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʦʪʦʧʣʝʥʠʷ. ʇʨʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪʦʧʣʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ (1): 

Ô̐  Ôȟ                                                         (1) 

ʛʜʝ Ô̐   - ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, Áʉ; 

Ô ï ʨʘʜʠʘʮʠʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ Áʉ. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʬʘʢʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʦʤʝʱʝʥʠʠ ʨʝʤʦʥʪʥʦ-ʩʪʦʣʷʨʥʦʛʦ 

ʮʝʭʘ tʧ = 14 Áʉ. ʇʨʦʚʝʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʢʦʤʬʦʨʪʥʦʩʪʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʧʨʠ ʨʘʙʦʪʝ 

ʩʨʝʜʥʝʡ ʪʷʞʝʩʪʠ ʚ ʧʦʤʝʱʝʥʠʠ ʨʝʤʦʥʪʥʦ-ʩʪʦʣʷʨʥʦʛʦ ʮʝʭʘ, ʦʪʘʧʣʠʚʘʝʤʦʛʦ ʥʘʩʪʝʥʥʳʤ 

ʨʘʜʠʘʪʦʨʦʤ. (2, 3, 4): 

- ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ʢʦʤʬʦʨʪʥʦʩʪʠ: 

Ô ρȟυχϽÔ̐ πȟυχϽỖ ρȟυЈ˞ȟ                                     (2) 

ʛʜʝ Ô̐ ï ʥʦʨʤʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ (ʧʨʠ ʨʘʙʦʪʝ ʩʨʝʜʥʝʡ 

ʪʷʞʝʩʪʠ Ô̐ ρυ ρφȟωЈ˞); 
Ỗ   - ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʨʘʚʥʘʷ ʧʦ ʚʳʧʦʣʥʝʥʥʳʤ ʠʟʤʝʨʝʥʠʷʤ 14Áʉ; 

1,5 ï ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʦʣʫʯʝʥʥʦʡ ʧʦ 

ʜʘʥʥʦʤʫ ʚʳʨʘʞʝʥʠʶ;  

- ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ ʢʦʤʬʦʨʪʥʦʩʪʠ ʜʣʷ ʥʘʛʨʝʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ: 



-64- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

                                   ʐ̎́̄̑
̅̏̐ ρωȟς

ȟ

Ȣ̘̄Ȣ̐
ȟ                                                     (3) 

̄̅ ̆ʒ̄Ȣ̘Ȣ  ̐ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʣʫʯʝʥʥʦʩʪʠ ʩ ʛʦʣʦʚʳ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʩʘʤʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʢ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ ʥʘ i-ʫʶ ʧʦʚʝʨʭʥʦʩʪʴ;  

- ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ ʢʦʤʬʦʨʪʥʦʩʪʠ ʜʣʷ ʭʦʣʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ: 

ʐ̖̏̌
̅̏̐ ςσ

Ȣ̘̄Ȣ̐
ȟ                                                                             (4)  

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʙʩʣʝʜʫʝʤʦʤ ʧʦʤʝʱʝʥʠʠ tR, Ј˞, 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

Ô В ʐϽʒ̘ ȟ                                         (5) 

ʐ - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ i-ʛo ʦʛʨʘʞʜʝʥʠʷ, Áʉ; 

ʒ̘  - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʣʫʯʝʥʥʦʩʪʠ ʩʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʥʘ i-ʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. 

ʇʦ [1] ʠʤʝʝʤ: Ô ρσȟςÁʉ. 

Ô ρȟυχϽρυ πȟυχϽρτ ρȟυЈ˞Ȣ 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ʢʦʤʬʦʨʪʥʦʩʪʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ɺʳʭʦʜʦʤ ʠʟ ʩʦʟʜʘʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʚʠʜʠʪʩʷ ʧʝʨʝʩʤʦʪʨ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʣʫʯʠʩʪʦʡ ʥʘʛʣʷʜʥʦ ʠʟʦʙʨʘʞʝʥ ʥʘ 

ʨʠʩ. 2. 

 

 
ʈʠʩʫʥʦʢ 2. ʉʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ ʣʫʯʠʩʪʦʛʦ ʠ ʢʦʥʚʝʢʮʠʦʥʥʦʛʦ ʦʪʦʧʣʝʥʠʷ. 

 

ɹʣʘʛʦʜʘʨʷ ʣʫʯʠʩʪʦʤʫ ʪʝʧʣʦʦʙʤʝʥʫ ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʝʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦʤ ʦʪʦʧʣʝʥʠʠ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʘ 

ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʧʦʤʝʱʝʥʠʷ, ʪ.ʝ. ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ (6): 

Ô̐  ÔȢ                                                         (6) 

ɺʳʧʦʣʥʠʤ ʨʘʩʯʝʪ ʤʦʥʪʘʞʘ ʧʦʪʦʣʦʯʥʳʭ ʧʘʥʝʣʝʡ ʜʣʷ ʨʝʤʦʥʪʥʦ-ʩʪʦʣʷʨʥʦʛʦ ʮʝʭʘ ʩ 

ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʘʥʝ 20ʭ30 ʤ (ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʧʦʪʦʣʦʯʥʳʭ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʘʥʝʣʝʡ[6] 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʷʜʦʚ ʧʘʥʝʣʝʡ (7):  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -65- 

 

n_ʨʷʜ=  B/h+1,                                                      (7) 

ʛʜʝ ɺ ï ʰʠʨʠʥʘ ʧʦʤʝʱʝʥʠʷ, ʤ; 

h ï ʚʳʩʦʪʘ ʧʦʜʚʝʩʘ ʧʘʥʝʣʝʡ ʦʪ ʧʦʣʘ, ʤ. 

n_ʨʷʜ=20/3,5 +1 = 6,7. 

ʇʨʠʥʠʤʘʝʤ 7 ʨʷʜʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʦʪʦʣʦʯʥʦʡ ʧʘʥʝʣʠ ʜʦ ʥʘʨʫʞʥʳʭ (rʥ) ʠ 

ʚʥʫʪʨʝʥʥʠʭ (rʚʥ) ʩʪʝʥ (8,9):  

r_ʥ=  h/4 = 3,5/4 = 0,85 ʤ;                                                (8) 

r_ʚʥ=  h/2 = 3,5/2 = 1,75 ʤ.                                                (9) 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥʳ ʦʜʥʦʛʦ ʨʷʜʘ ʧʦʪʦʣʦʯʥʳʭ ʧʘʥʝʣʝʡ L (10): 

L=A-2Ār_ʥ=30-2Ā0.85=28.3 ʤ.                                     (10) 

ʇʨʠʥʠʤʘʝʤ 28 ʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥʳ ʧʦʪʦʣʦʯʥʦʡ ʧʘʥʝʣʠ l (11): 

z=L/50=28/50=0.56 ʤ.                                                (11) 

ʛʜʝ z ï ʢʦʣʠʯʝʩʪʚʦ ʧʘʥʝʣʝʡ ʚ ʦʜʥʦʤ ʨʷʜʫ, ʦʢʨʫʛʣʷʝʤ ʜʦ ʮʝʣʦʛʦ ʯʠʩʣʘ ʚ ʙʦʣʴʰʫʶ 

ʩʪʦʨʦʥʫ. ʇʨʠʥʠʤʘʝʤ 1. ʊʦʛʜʘ  ʧʦ ʬʦʨʤʫʣʝ 12: 

l=(L-(z-1)Āh)/z = (28-(1-1)Ā3,5)/1=28 ʤ.                                      (12) 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʦʥʥʳʭ ʤʝʪʨʦʚ ʧʘʥʝʣʝʡ Lʧʧ (13) 

L_ʧʧ=NĀl=7Ā28=196 ʤ,                                             (14) 

ʛʜʝ N ï ʦʙʱʝʝ ʯʠʩʣʦ ʧʘʥʝʣʝʡ (15). 

N=n_ʨʷʜĀ1=7Ā1=7.                                             (15) 

ʇʨʠʤʝʤ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 70ʉ. 

ʇʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʳʧʦʣʥʷʶʪʩʷ ʦʙʘ ʫʩʣʦʚʠʷ ʢʦʤʬʦʨʪʥʦʩʪʠ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʪʴʷ ʨʘʩʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʢʣʠʤʘʪʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʶʱʠʡ ʙʫʜʝʪ ʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ ʢʦʤʬʦʨʪʥʦ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ, ʩʨʘʚʥʠʚʘʶʪʩʷ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ. ʉʠʥʪʝʟ ʩʠʩʪʝʤʳ 



-66- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʫ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʦʙʲʝʜʠʥʷʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʩʦʟʜʘʚʘʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.  ʆʙʩʫʞʜʘʶʪʩʷ ʪʘʢʞʝ ʨʦʣʴ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʩʠʥʪʝʟʝ, ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʨʦʚʥʝʡ ʚ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʶ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʘʤʦʫʧʨʘʚʣʷʝʤʦʩʪʠ ʯʝʨʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʪʨʫʢʪʫʨ 

ʠ ʧʝʨʝʭʦʜ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢ ʪʝʭʥʠʢʝ. ʂʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʠʥʪʝʛʨʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʦʪ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʦ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʫʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʘʩʧʝʢʪʘʭ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ, ʘʥʘʣʠʟ ʩʠʩʪʝʤ, ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. 

 

Abstract 

The article analyzes the processes of synthesis of control systems and the cybernetic approach, 

compares their features and application in modern technology. The synthesis of the system implies the 

formation of the structure and parameters of the system, as well as ensuring its effective functioning 

and evaluating the results. While the cyber-physical approach combines computing technologies with 

physical processes, creating intelligent control systems. The role of system analysis and automation in 

synthesis, and the interaction of levels in cyberphysical systems are also discussed. 

Special attention is paid to the development of modern technology in the direction of self-

management through the use of intelligent software and hardware structures and the transition of 

managerial functions to technology. Cyberphysical production systems integrate various aspects of 

production and management in various industries, from industry to life support, improving efficiency 

and security in various aspects of society. 

Keywords: synthesis technologies, systems analysis, cyber-physical approach. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ ʮʠʬʨʦʚʫʶ ʵʧʦʭʫ ʚʩʝ ʙʦʣʝʝ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʘʥʥʳʭ ʢʘʢ ʦʩʥʦʚʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʨʘʤʢʘʭ 

ʠʟʫʯʝʥʠʷ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘʤʠ [1], 

[2], [3]. 

ʀʟʫʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʠʥʞʝʥʝʨʥʦʡ ʠ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʟʥʘʯʝʥʠʷʤ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ [4]. 

ɺ ʤʠʨʝ, ʛʜʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ, ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʘʩʧʝʢʪ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʩʦʟʜʘʚʘʷ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ ʪʝʭʥʠʢʦʡ. 

ʊʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʦʪʢʫ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʪʦʜʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ (ʧʨʦʮʝʜʫʨʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ), ʥʦ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʝʝ 

ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʫ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʳʙʨʘʥʥʳʤ ʤʝʪʦʜʦʤ ʦʧʠʩʘʥʠʷ ʠ ʩʚʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʳ (ʧʨʦʮʝʜʫʨʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ). ʕʪʠ 

ʧʨʦʮʝʩʩʳ ʦʮʝʥʠʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʟʜʘʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʎʝʣʴʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ, ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʠʝʨʘʨʭʠʷ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
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ʦʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʫ, ʠ ʠʭ ʦʨʛʘʥʠʟʘʮʠʶ ʚ ʣʦʛʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʅʘ ʵʪʦʤ ʞʝ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʧʦʜʭʦʜʷʱʠʡ ʤʝʪʦʜ ʠʣʠ ʤʦʜʝʣʴ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʪ.ʜ. ɻʣʘʚʥʘʷ 

ʟʘʜʘʯʘ - ʦʙʝʩʧʝʯʠʪʴ ʘʜʝʢʚʘʪʥʦʝ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʘʩʧʝʢʪʦʚ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʎʝʣʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ 

ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʤʝʪʦʜʦʤ ʦʧʠʩʘʥʠʷ. 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʛʦ, ʢʘʢ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʮʝʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʚʢʣʶʯʘʶʱʘʷ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʤʝʪʦʜʦʤ ʦʧʠʩʘʥʠʷ ʠ ʚʳʙʨʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʩʠʩʪʝʤʳ. 

ɸʥʘʣʠʟ ʩʠʩʪʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʨʘʟʙʠʝʥʠʝ ʦʙʱʝʡ ʤʦʜʝʣʠ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʠʣʠ ʩʚʷʟʥʳʝ ʯʘʩʪʠ, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ ʩʠʩʪʝʤʥʳʤ ʘʥʘʣʠʟʦʤ. ɼʘʣʝʝ ʩ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 

ʯʘʩʪʝʡ ʧʨʦʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʦʜʝʣʠ ʠ ʝʝ ʧʦʚʝʜʝʥʠʷ. 

ʉʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ ʪʨʝʙʦʚʘʣʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ, ʪʝʧʝʨʴ ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʩʠʥʪʝʟʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ, 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʷʟʠ (ʠʥʪʝʛʨʘʮʠʷ). ɼʘʣʝʝ ʧʨʦʚʦʜʷʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʝʨʘʮʠʠ. ʂʠʙʝʨʬʠʟʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʥʦʚʳʭ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ [5]. 

ʇʦʜ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʦʥʠʤʘʝʪʩʷ ʪʘʢʦʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ, ʢʦʪʦʨʳʡ 

ʦʙʲʝʜʠʥʷʝʪ ʤʠʨ ʚʳʯʠʩʣʝʥʠʡ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ɺ ʩʫʱʥʦʩʪʠ, ʵʪʦ 

ʩʠʤʙʠʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʙʫʜʴ ʪʦ ʤʘʰʠʥʳ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʫʤʥʳʝ ʛʦʨʦʜʘ ʠʣʠ ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʢʦʤʧʴʶʪʝʨʳ, 

ʜʘʪʯʠʢʠ, ʩʝʥʩʦʨʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʝʜʠʥʦʡ ʩʝʪʠ, 

ʩʧʦʩʦʙʥʦʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʕʪʦ ʪʘʢʠʝ ʫʤʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʩʝʪʠ ʠʟ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ. CPS ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ 

ʦʙʱʝʧʨʠʟʥʘʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʚʥʝʜʨʝʥʠʷ, ʩʦʟʜʘʶʱʠʡ 

ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʩʝʢʪʦʨʦʚ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ [6]. 

ʉʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʝ (CPS), ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʝʡ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʬʫʥʢʮʠʷʤʠ. ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʡ 

ʘʙʩʪʨʘʢʮʠʠ, ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʝʪ ʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʢ ʩʠʩʪʝʤʝ. 

ɺ ʢʦʥʪʝʢʩʪʝ CPS, ʵʪʠ ʫʨʦʚʥʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʪʘʢʠʝ ʢʘʢ ʩʝʥʩʦʨʳ, ʘʢʪʫʘʪʦʨʳ ʠ ʢʦʥʪʨʦʣʣʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʠʟʠʯʝʩʢʠʡ ʚʚʦʜ ʠ ʚʳʚʦʜ 

ʠʥʬʦʨʤʘʮʠʠ. ɿʘʪʝʤ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. (ʩʤ. ʨʠʩ. 1) 

 



-68- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 1. ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ CPS. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʫʨʦʚʥʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʩʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʢ ʜʨʫʛʦʤʫ. ʕʪʠ ʩʚʷʟʠ ʯʘʩʪʦ 

ʫʩʠʣʠʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʣʛʦʨʠʪʤʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ 

ʩʠʩʪʝʤʳ [7], [8], ʚʢʣʶʯʘʷ ʝʝ ʘʜʘʧʪʠʚʥʦʩʪʴ, ʘʚʪʦʥʦʤʥʦʩʪʴ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦ ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ ʫʣʫʯʰʘʝʪʩʷ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʠʟʤʝʥʝʥʠʶ ʚ ʦʪʚʝʪ ʥʘ ʥʦʚʳʝ ʫʩʣʦʚʠʷ, ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ, ʨʘʩʰʠʨʷʝʪʩʷ 

ʜʠʘʧʘʟʦʥ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʦʥʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚ CPS ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʫʤʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʩʘʤʦʫʧʨʘʚʣʷʝʤʦʩʪʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʝʭʦʜ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʦʪ ʯʝʣʦʚʝʢʘ ʢ ʩʘʤʦʡ 

ʪʝʭʥʠʢʝ. ʕʪʦ ʚʝʜʝʪ ʢ ʛʣʦʙʘʣʴʥʳʤ ʧʝʨʝʤʝʥʘʤ ï ʦʙʨʝʪʝʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʪʝʭʥʦʩʬʝʨʦʡ, ʩʪʘʥʦʚʷʱʝʡʩʷ ʣʦʢʦʤʦʪʠʚʦʤ ʟʝʤʥʦʡ ʵʚʦʣʶʮʠʠ [9]. 

ʂʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʧʨʦʩʪʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʠʨʫʶʪ 

ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʦʪʨʘʩʣʝʡ, ʪʘʢʠʭ ʢʘʢ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʪʨʘʥʩʧʦʨʪ, ʵʥʝʨʛʝʪʠʢʘ, ʦʙʦʨʦʥʥʦʝ ʜʝʣʦ ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʝ. ʕʪʦʪ 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʥʘʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ, ʥʘʯʠʥʘʷ ʦʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʩʪʠʢʦʡ ʜʦ ʨʘʟʨʘʙʦʪʢʠ ʫʤʥʳʭ 

ʩʠʩʪʝʤ [10] ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʞʠʟʥʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʱʝʩʪʚʘ. 

ʆʙʲʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʮʝʣʝʡ, ʚʢʣʶʯʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʪʦʜʦʚ ʦʧʠʩʘʥʠʷ. ɺ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʩʬʦʢʫʩʠʨʦʚʘʥ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʚ ʬʠʟʠʯʝʩʢʠʝ ʩʫʱʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʩʦʟʜʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʠʩʪʝʤ ʩ 

ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʫʩʣʦʚʠʡ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʎʝʣʝʚʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʦʙʲʝʢʪʳ ʠ ʧʨʦʮʝʩʩʳ 

ʇʨʠʢʣʘʜʥʘʷ ʣʦʛʠʢʘ ʠ 

ʧʨʠʢʣʘʜʥʘʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ 

ʉʠʩʪʝʤʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʧʣʘʪʬʦʨʤʘ 

ɼʘʪʯʠʢʠ 
ʀʩʧʦʣʥʠʪʝʣʴʥʳ

ʝ ʫʩʪʨʦʡʩʪʚʘ 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ 

ʇʨʠʢʣʘʜʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ 
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ʨʝʩʫʨʩʦʚ ʚ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 
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ɸʥʥʦʪʘʮʠʷ  

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʝʸ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ. ʇʦʩʪʦʷʥʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚʳʜʚʠʛʘʝʪ ʨʷʜ 

ʧʨʦʙʣʝʤ ʥʘʫʯʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʠʩʧʳʪʘʥʠʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ, ʩ ʫʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʢʘʟʳ, ʚʦʦʨʫʞʝʥʠʝ ʠ ʚʦʝʥʥʘʷ ʪʝʭʥʠʢʘ, ʥʘʜʸʞʥʦʩʪʴ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʦʪʢʘʟʦʚ, ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ. 

 

Abstract 

Modern development of weapons and military equipment is characterized by its continuous 

improvement. The constant complication of military equipment models raises a number of problems in 

scientific methodology, technical design, production technology, testing and operation. One of the 

main ones is the problem of predicting failures during the operation of equipment, taking into account 

the reliability indicators of these samples. 

Keywords: failures, weapons and military equipment, reliability, failure prediction, measuring 

instruments, maintainability. 

 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʪʢʘʟʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʦʙʣʘʩʪʴʶ ʚ ʠʥʞʝʥʝʨʠʠ ʠ ʪʝʭʥʠʢʠ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʩʙʦʠ ʠ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 



-70- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɿʘʜʘʯʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʨʝʰʘʪʴ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʠʣʠ ʟʘʜʘʥ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚʦ 

ʚʨʝʤʝʥʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʳʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʢʦʥʪʨʦʣʝ ʠʭ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ. 

ʄʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ çʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝè ʠ 

çʩʪʘʪʠʩʪʠʯʝʩʢʠʝè.  

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʨʠʩ.1.) ʩʚʷʟʘʥʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʚʳʷʚʣʝʥʠʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦʩʪʝʧʝʥʥʳʭ ʦʪʢʘʟʦʚ.  

ʀʭ ʢʦʣʠʯʝʩʪʚʦ, ʚʳʷʚʣʝʥʥʦʝ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ ʠ ʛʣʫʙʠʥʳ ʢʦʥʪʨʦʣʷ.  

ʉ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʙʨʦʩʘ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ 

ʦʪʢʣʦʥʝʥʠʝʤ (ůx) ʚ ʤʝʩʪʝ ʧʝʨʝʩʝʯʝʥʠʷ ʥʠʞʥʝʛʦ ʫʯʘʩʪʢʘ ʦʙʣʘʩʪʠ ʩ ʣʠʥʠʝʡ ʫʨʦʚʥʷ ʦʪʢʘʟʘ 

(ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʧʦʣʷ ʜʦʧʫʩʢʘ), ʥʘʭʦʜʠʪʩʷ ʘʙʩʮʠʩʩʘ tʟʘʤ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʦʟʤʦʞʥʳʡ ʤʦʤʝʥʪ 

ʦʪʢʘʟʘ, ʪ. ʝ. ʚʨʝʤʷ ʟʘʤʝʥʳ ʵʣʝʤʝʥʪʘ ʠʣʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʘ. ʆʜʥʘʢʦ ʥʘʙʣʶʜʝʥʠʝ ʚʝʜʝʪʩʷ 

ʥʝ ʥʝʧʨʝʨʳʚʥʦ, ʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʯʝʨʝʜʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠʚʘʥʠʡ (ʊʆ), 

(ʢʦʥʪʨʦʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘ ʚʨʝʤʷ ʤʝʞʜʫ ʦʯʝʨʝʜʥʳʤʠ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤʠ ʨʘʙʦʪʘʤʠ ʧʘʨʘʤʝʪʨ ʥʝ ʚʳʰʝʣ ʟʘ ʧʨʝʜʝʣʳ ʜʦʧʫʩʢʘ, ʚʨʝʤʷ tʟʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ tʟʘʤ = t'ʟʘʤ ï tʧʨ.  

ʇʨʠ ʚʝʣʠʯʠʥʝ tʟʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʭʧʨ, 

ʫʢʘʟʳʚʘʶʱʝʛʦ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʨʦʚʝʜʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʟʘʤʝʥʳ tʟʘʤ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥ ʠ ʧʘʨʘʤʝʪʨʳ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʭ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʊʆ 
mx (t0), ůx (t0) 

ʇʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ t ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʊʆ ʧʦʚʪʦʨʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ: 

 
mx (t) = mx (t0)+ Kmx t;         ůx (t) = ůx (t0)+ Kŭx t 

ʛʜʝ Kmx, Kŭx ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ. 

ɿʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ mx, ůx ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t0 ʠ t1, ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

 

() ()
( )
1 0

1 0

;x x
mx

m t - m t
K =

t - t

() ()
( )
1 0

1 0

.x x
ŭx

ů t -ů t
K =

t - t
 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -71- 

 

ʇʨʠ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʚʳʭʦʜʘ ʧʘʨʘʤʝʪʨʘ ʟʘ ʧʨʝʜʝʣʳ ʧʦʣʷ ʜʦʧʫʩʢʘ (ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʪʢʘʟʘ): 

( )
ʚ

ʚʳʭ ʭ pʈ =1-ʌ* Z 

 

()( )
()

0

0

ʚ x mx ʟʘʤ
p

x ůxʟʘʤ

x - m t + K t
Z =

ů t +K t
 

()0 0
.

ʚ x půx
ʟʘʤ

p ůx mx

x - m t - Z (t )
t =

Z K + K
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ ʟʥʘʯʝʥʠʷ ʜʦʧʫʩʢʦʚ ů = ʭʚ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ, ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʚʦ ʚʨʝʤʝʥʠ, ʤʦʞʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚ ʧʨʠ ʵʪʦʤ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʣʫʞʘʪ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʪʝʭ ʵʣʝʤʝʥʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʢʘʟʘʪʝʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ɺ ʘʧʧʘʨʘʪʫʨʝ ʦʙʳʯʥʦ ʠʤʝʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʪʷʞʝʣʦʤ 

ʨʝʞʠʤʝ (ʛʝʥʝʨʘʪʦʨʥʳʝ ʣʘʤʧʳ, ʤʦʱʥʳʝ ʉɺʏ ʧʨʠʙʦʨʳ ʠ ʜʨ.).  

ʕʪʠ ʵʣʝʤʝʥʪʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴ, ʜʘʶʪ ʦʪ 25 ʜʦ 50 % ʚʩʝʭ ʦʪʢʘʟʦʚ 

ʘʧʧʘʨʘʪʫʨʳ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʦʩʪʴʶ ʠ ʧʨʠʙʣʠʞʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʨʘʙʦʪʳ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʠ ʚʝʣʠʯʠʥʘ ůʊʩʨ. 

ɽʩʣʠ ʙʳ ʦʪʩʫʪʩʪʚʦʚʘʣ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʪʦ 

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʘʷ ʟʘʤʝʥʘ ʵʣʝʤʝʥʪʘ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʧʨʦʠʟʦʡʪʠ ʧʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ 

ʥʘʨʘʙʦʪʢʠ ʨʘʚʥʦʛʦ ʊʩʨ. 

ʉ ʫʯʝʪʦʤ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ ʊʩʨ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʫʶ ʟʘʤʝʥʫ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʣʝʜʫʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʩʣʝ ʥʘʨʘʙʦʪʢʠ: 

 

 

ʩʨ

ʩʨʟʘʤ ʧʨ ʊt = T  - ʂ ů ,
 

 

 

ʛʜʝ ʂʧʨ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ ʚ ʘʧʧʘʨʘʪʫʨʝ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʚʳʟʳʚʘʝʪ 

ʩʦʤʥʝʥʠʡ ʠ ʟʘʪʨʫʜʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʩʲʝʤʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʨʘʟʮʦʚ ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʷʚʣʷʶʱʠʝʩʷ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ [1, ʩ. 21].  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʜʸʞʥʦʩʪʠ [2]. 



-72- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʇʦʜ ʪʝʨʤʠʥʦʤ çʥʘʜʸʞʥʦʩʪʴè ʧʦʥʠʤʘʝʪʩʷ ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦʭʨʘʥʷʪʴ ʚʦ ʚʨʝʤʝʥʠ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ 

ʪʨʝʙʫʝʤʳʝ ʬʫʥʢʮʠʠ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʮʝʥʸʥʥʳʝ ʢ ʧʨʠʤʝʨʫ, ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ [3]. 

ʅʘʜʝʞʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʩʚʦʡʩʪʚʦʤ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʮʝʣʳʡ ʨʷʜ ʜʨʫʛʠʭ 

ʩʚʦʡʩʪʚ: ʙʝʟʦʪʢʘʟʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʩʦʭʨʘʥʷʝʤʦʩʪʴ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʟʥʘʯʝʥʠʷ ʩʠʩʪʝʤʳ ʢʘʞʜʘʷ ʠʟ ʫʢʘʟʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʴʰʝʝ ʠʣʠ ʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ. ʊʘʢ, ʜʣʷ ʩʠʩʪʝʤʳ ʦʜʥʦʨʘʟʦʚʦʛʦ ʜʝʡʩʪʚʠʷ ʛʣʘʚʥʦʡ ʷʚʣʷʝʪʩʷ ʙʝʟʦʪʢʘʟʥʦʩʪʴ, ʘ ʜʣʷ 

ʩʠʩʪʝʤʳ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ [4, ʩ. 21]. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʸʪʘ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʨʦʪʠʚʥʠʢʦʤ ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʘ ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʩʢʦʣʴʢʫ 

ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʫʤʳʰʣʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʠʭ 

ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʝ ʯʘʩʪʠ ʠ ʚʘʞʥʳʝ ʵʣʝʤʝʥʪʳ [5]. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, 

ʪʘʢ ʠ ʧʦ ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ [6, 7]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʩʸ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʠʣʠ ʫʥʠʯʪʦʞʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ (ʪʠʧʘ ʟʜʘʥʠʡ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʜʚʠʞʥʳʭ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ), ʥʘʨʫʰʝʥʠʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʘʞʥʳʭ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠ ʚʝʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʥʘʨʘʙʦʪʢʠ ʥʘ 

ʦʪʢʘʟ ʠ ʚʨʝʤʝʥʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʟʘʤʝʥʳ. 
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ɸʥʥʦʪʘʮʠʷ 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ï ʦʜʥʦ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʷʚʣʷʶʱʝʝʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʞʠʟʥʠ. ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʆʥʦ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʩʝʢʪʦʨʘ ʚ ʩʚʷʟʠ ʩ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʧʫʪʝʡ ʜʦʙʳʯʠ, ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʚʣʠʷʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʵʥʝʨʛʠʷ, ʉɺʏ-ʠʟʣʫʯʝʥʠʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 
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Abstract 

Microwave radiation is one of the manifestations of electromagnetic fields, which is promising 

for use in various sectors of life. Microwave energy is also actively used in the petroleum industry. It 

plays an important role in different technological processes, such as exploration, production, 

processing, and transportation of hydrocarbons. Recently, microwave radiation has become 

increasingly relevant for the petroleum sector due to the complication of oil and gas sales. 

The article discusses the main aspects of the use of microwave radiation in the petroleum 

industry, the influence of microwave energy on various processes associated with hydrocarbons. 

Keywords: microwave energy, SHF radiation, hydrocarbon transportation, oil treatment, 

rheological characteristics, oil viscosity. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʠʟʫʯʝʥʠʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʫʛʣʝʚʦʜʦʨʦʜʳ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʪʦʯʥʝʝ, ʪʦ 

ʚ ʵʪʦʤ ʧʣʘʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʢʨʝʪʥʦ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʉɺʏ), ʦʜʠʥ ʠʟ 

ʚʠʜʦʚ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ. ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʉɺʏ-ʠʟʣʫʯʝʥʠʝʤ. ɺ ʨʘʙʦʪʝ [1] ʧʨʦʚʦʜʠʣʩʷ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʪʷʞʝʣʫʶ ʚʳʩʦʢʦʚʷʟʢʫʶ ʥʝʬʪʴ. ɹʳʣʠ ʦʪʦʙʨʘʥʳ 

ʧʨʦʙʳ ʥʝʬʪʠ ʩ ʉʘʨʘʪʦʚʩʢʦʛʦ ʠ ʗʨʝʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʤʦʱʥʦʩʪʝʡ 

ʉɺʏ-ʠʟʣʫʯʝʥʠʷ: 540 ɺʪ ʜʣʷ ʦʙʝʠʭ ʥʝʬʪʝʡ ʠ 800 ɺʪ ʜʣʷ ʥʝʬʪʠ ʗʨʝʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʧʨʦʙʳ ʥʝʬʪʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ 

ʩʫʪʦʢ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 20 Áʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʧʨʷʤʦʤ ʥʘʛʨʝʚʝ, ʧʨʠ ʵʪʦʤ ʧʦʩʣʝ 48-ʯʘʩʦʚʦʡ ʚʳʜʝʨʞʢʠ ʥʘʙʣʶʜʘʣʠʩʴ 

ʧʨʦʙʳ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʝʥʥʦʡ ʠ ʫʚʝʣʠʯʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʥʘʯʘʣʴʥʦʡ. 

ʊʦ ʝʩʪʴ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʥʝʬʪʠ ʤʦʛʫʪ ʢʘʢ ʫʣʫʯʰʠʪʴʩʷ, ʪʘʢ 

ʠ ʫʭʫʜʰʠʪʴʩʷ. ɺ ʨʘʙʦʪʝ [2] ʦʙʨʘʙʦʪʢʦʡ ʉɺʏ-ʠʟʣʫʯʝʥʠʝʤ ʧʦʜʚʝʨʛʣʘʩʴ ʥʝʬʪʴ, ʧʝʨʝʢʘʯʠʚʘʝʤʘʷ ʧʦ 

ʥʝʬʪʝʧʨʦʚʦʜʫ çʋʩʘ-ʋʭʪʘ-ʗʨʦʩʣʘʚʣʴè. ʂʘʢ ʠ ʚ ʧʨʦʰʣʦʡ ʨʘʙʦʪʝ, ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ 

ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʉɺʏ-ʠʟʣʫʯʝʥʠʝ ʩʧʦʩʦʙʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʝʬʪʠ, ʩʥʠʞʘʷ ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ. 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʚ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ 

ʚʦʜʦʥʝʬʪʷʥʦʡ ʵʤʫʣʴʩʠʠ. ɺ ʨʘʙʦʪʝ [3] ʚʦʜʦʥʝʬʪʷʥʘʷ ʵʤʫʣʴʩʠʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʙʨʘʙʦʪʢʦʡ ʥʝ 



-74- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʪʦʣʴʢʦ ʉɺʏ-ʠʟʣʫʯʝʥʠʝʤ, ʥʦ ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ (ɺʏ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʚ ɺʏ ʜʠʘʧʘʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʣʷʨʠʟʘʮʠʷ ʪʷʞʝʣʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʠ (ʘʩʬʘʣʴʪʝʥʳ, ʩʤʦʣʳ), ʚ ʉɺʏ ʜʠʘʧʘʟʦʥʝ ï 

ʧʦʣʷʨʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʣʫʯʰʝʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʵʤʫʣʴʩʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠʣʘʛʘʝʤʦʛʦ ʧʦʣʷ (ʪʦʯʥʝʝ ʝʛʦ 

ʯʘʩʪʦʪʫ) ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ (ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ). ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʦʙʨʘʟʮʦʚ 

ʵʤʫʣʴʩʠʡ ɺʏ ʠ ʉɺʏ ʠʟʣʫʯʝʥʠʷʤʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʨʘʩʩʣʦʝʥʠʷ 

ʚʦʜʳ ʠ ʥʝʬʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʧʘʟʦʥʘ ʠʟʣʫʯʝʥʠʷ. ɺʏ ʠʟʣʫʯʝʥʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʷʞʝʣʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʟʜʘʶʱʠʝ ʙʨʦʥʠʨʫʶʱʠʝ ʦʙʦʣʦʯʢʠ 

ʪʦʣʱʠʥʦʡ 50-100 ʥʤ. ʆʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʛʣʦʱʘʶʪ ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʵʥʝʨʛʠʶ, ʧʨʦʯʥʦʩʪʴ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʦʙʦʣʦʯʢʠ ʩʥʠʞʘʝʪʩʷ. ʆʜʥʘʢʦ ʉɺʏ ʵʥʝʨʛʠʷ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʵʤʫʣʴʩʠʶ ʧʦʛʣʦʱʘʝʪʩʷ ʠʤʝʥʥʦ ʚʦʜʥʦʡ ʬʘʟʦʡ. ɺ ʛʣʦʙʫʣʘʭ ʚʦʜʳ ʠʥʪʝʥʩʠʚʥʦ 

ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʛʣʦʙʫʣʳ ʨʘʟʨʳʚʘʪʴʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩ ʨʘʟʨʳʚʘ ʛʣʦʙʫʣ 

ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʉɺʏ ʠʟʣʫʯʝʥʠʷ: ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʨʘʟʨʳʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʧʨʳʩʢʠʚʘʥʠʝʤ ʙʦʣʝʝ ʤʝʣʢʠʭ ʛʣʦʙʫʣ ʚʦʜʳ ʚ 

ʥʝʬʪʷʥʫʶ ʬʘʟʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʷʝʪʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ. ʇʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʛʣʦʙʫʣ ʚʦʜʳ ʠ ʠʭ ʩʣʠʷʥʠʝ, ʧʨʠ ʵʪʦʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʦ 

ʪʦʤ, ʯʪʦ ʜʣʷ ʨʘʩʩʣʦʝʥʠʷ ʵʤʫʣʴʩʠʠ ɺʏ ʜʠʘʧʘʟʦʥ ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʯʘʩʪʦʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ɺʏ ʚ ʦʙʣʘʩʪʠ ʜʠʩʧʝʨʩʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʷʞʝʣʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʉɺʏ ʠʟʣʫʯʝʥʠʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʚʳʙʦʨʝ ʉɺʏ ʜʠʘʧʘʟʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠʟʣʫʯʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʙʨʦʥʠʨʫʶʱʝʡ ʦʙʦʣʦʯʢʠ ʚʦʢʨʫʛ ʛʣʦʙʫʣ ʚʦʜʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʩʨʝʜʳ, 

ʠʥʘʯʝ ʚ ʵʤʫʣʴʩʠʠ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʨʘʩʧʨʳʩʢʠʚʘʥʠʝ ʤʝʣʢʠʭ ʛʣʦʙʫʣ ʚʦʜʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʵʥʝʨʛʠʠ ʤʠʢʨʦʚʦʣʥ ʥʘ ʧʨʦʮʝʩʩ ʜʦʙʳʯʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ [4] ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʛʨʝʚʘ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʝʛʦ ʧʣʘʩʪʘ ʉɺʏ-ʠʟʣʫʯʝʥʠʝʤ. ɻʝʥʝʨʘʪʦʨ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʤʝʱʘʝʪʩʷ ʚ 

ʩʢʚʘʞʠʥʝ ʥʘʧʦʨʪʠʚ ʩʝʨʝʜʠʥʳ ʥʝʬʪʝʥʦʩʥʦʛʦ ʧʣʘʩʪʘ (ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʈʫʩʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ), ʧʨʠ ʵʪʦʤ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ 

ʉɺʏ-ʠʟʣʫʯʝʥʠʷ: ʤʦʱʥʦʩʪʴ 10 ʢɺʪ, ʯʘʩʪʦʪʘ 1 ɻɻʮ, ʚʨʝʤʷ ʠʟʣʫʯʝʥʠʷ 120 ʜʥʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʧʣʘʩʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʛʨʝʚʦʤ ʥʝʬʪʠ, ʩʘʤʦʛʦ ʧʣʘʩʪʘ ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ. ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʢʨʫʛ 

ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 3 ʤ. ɺʩʣʝʜʩʪʚʠʝ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ. ʂʘʢ ʠʪʦʛ, ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ 

ʫʚʝʣʠʯʠʣʩʷ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʜʦʙʳʪʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʝʚʳʰʘʝʪ 

ʧʦʪʨʝʙʣʝʥʥʫʶ ʛʝʥʝʨʘʪʦʨʦʤ ʠʟʣʫʯʝʥʠʡ ʧʦʯʪʠ ʚ 40 ʨʘʟ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʠ. ɺ ʨʘʙʦʪʝ [5] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʛʦʨʥʫʶ ʧʦʨʦʜʫ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʠʣʠ ʨʘʟʨʫʰʝʥʠʶ ʧʦʨʦʜ 

ʟʘ ʩʯʝʪ ʠʭ ʥʘʛʨʝʚʘ ʠ ʜʨʫʛʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʨʝʣʘʢʩʘʮʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ 

ʥʘʛʨʝʚʘ ʧʦʨʦʜ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʚʣʠʷʥʠʝ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʧʦʨʦʜ ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʦʢʦʣʦ 10%). 

ʆʜʥʘʢʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʯʘʩʪʦʪʦʡ 2,45 ɻɻʮ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 1 ʄɺ/ʤ 

ʥʝʦʜʥʦʟʥʘʯʥʦ ʧʦʚʣʠʷʝʪ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ-ʟʘ 

ʠʩʧʘʨʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʦʪʪʘʠʚʘʥʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʨʳʪʴʝ ʪʨʘʥʰʝʡ ʠ ʢʦʪʣʦʚʘʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ʉɺʏ-ʠʟʣʫʯʝʥʠʝ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʟʝʤʣʝʨʦʡʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʥʳʤʠ 

ʨʘʙʦʪʘʤʠ (ʧʨʦʭʦʜʢʘ ʰʫʨʬʦʚ, ʟʘʙʠʚʢʘ ʩʚʘʡ, ʵʢʩʪʨʝʥʥʦʝ ʚʩʢʨʳʪʠʝ ʧʨʠ ʘʚʘʨʠʷʭ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -75- 

 

ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʩʪʠ ʟʘʤʝʨʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʝʚʘ ʥʝʬʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʩʳʨʴʷ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʫʩʪʘʥʦʚʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʚʟʷʪʳ ʤʘʟʫʪ, ʘ ʪʘʢʞʝ ʩʤʝʩʴ ʤʘʟʫʪʘ ʠ ʥʝʬʪʠ 

ESPO ʚ ʦʪʥʦʰʝʥʠʠ 85% ʠ 15% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʠʟʣʫʯʝʥʠʷ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʦʱʥʦʩʪʠ: 350 ɺʪ, 500 ɺʪ, 650 ɺʪ. ɺʨʝʤʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʳʨʴʝ ï 1 ʤʠʥʫʪʘ. ɼʣʷ ʟʘʤʝʨʘ ʧʘʨʘʤʝʪʨʦʚ ʧʣʦʪʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʨʝʦʤʝʪʨ ɸʆʅ-1, ʚʠʩʢʦʟʠʤʝʪʨ SV-10/SV-100 ʠ ʞʠʜʢʦʩʪʥʳʡ ʪʝʨʤʦʤʝʪʨ ʊʊɾ 

160/66 0-100 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʧʨʦʙʳ 

ʦʪʩʪʘʠʚʘʣʠʩʴ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (20 Áʉ). 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʉʳʨʴʝ 
ˉ 

ʵʢʩ 

ʀʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʇʦʢʘʟʘʪʝʣʠ ʧʦʩʣʝ ʠʟʣʫʯʝʥʠʷ 
ʇʦʢʘʟʘʪʝʣʠ ʧʦʩʣʝ 

ʦʪʩʪʘʠʚʘʥʠʷ 

ɟ, 

ʢʛ/ʤ
3
 

ɖ, 

ʇʘĀʩ 

t, 

Áʉ 

P, 

ɺʪ 

ɟ, 

ʢʛ/ʤ
3
 

ɖ, 

ʇʘĀʩ 

t, 

Áʉ 

ɟ, 

ʢʛ/ʤ
3
 

ɖ, 

ʇʘĀʩ 

t, 

Áʉ 

ʄʘʟʫʪ 

1 940 3,51 20 350 934 3,16 29 937 3,34 20 

2 940 3,5 20 500 932 2,92 32 937 3,22 20 

3 940 3,52 20 650 928 2,67 39 937 3,11 20 

ʉʤʝʩʴ 

4 910 2,41 20 350 903 1,84 32 908 2,37 20 

5 910 2,41 20 500 898 1,63 38 910 2,34 20 

6 910 2,41 20 650 896 1,5 42 908 2,32 20 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʩʳʨʴʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʤʦʱʥʦʩʪʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ (ʨʠʩʫʥʦʢ 1, 2). 

 

 
ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʚʦʣʥʦʚʳʡ ʥʘʛʨʝʚ ʤʘʟʫʪʘ 

 

ʄʠʢʨʦʚʦʣʥʦʚʳʡ ʧʦʜʦʛʨʝʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʦʙʲʝʤʥʳʡ ʥʘʛʨʝʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ 

ʩʳʨʴʷ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʧʣʦʚʳʤ ʧʦʜʦʛʨʝʚʦʤ ʥʝʬʪʠ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʜʦʧʫʩʢʘʝʪ ʧʝʨʝʛʨʝʚʘ ʩʳʨʴʷ 

ʠ/ʠʣʠ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʘ (ʧʨʠʛʘʨʘ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʳʷʚʠʣʦʩʴ ʚʣʠʷʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʩʳʨʴʷ ʥʘ ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʦʜʦʛʨʝʚʘ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʩʬʘʣʴʪʦʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ʧʘʨʘʬʠʥʦʚ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʜʣʷʝʪʩʷ. 



-76- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʇʦʩʣʝ ʦʪʩʪʘʠʚʘʥʠʷ ʩʳʨʴʷ ʟʘʤʝʯʝʥʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚʷʟʢʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʩ ʠʩʭʦʜʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʛʨʝʚʝ ʤʘʟʫʪʘ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʠʩʧʘʨʝʥʠʝʤ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ 

ʩʳʨʴʷ ʧʨʠ ʥʘʛʨʝʚʝ, ʥʦ ʠ ʩ ʨʘʟʨʳʚʦʤ ʜʣʠʥʥʦʮʝʧʦʯʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [6]. 

ɸʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ 

ɿʘʪʨʘʛʠʚʘʷ ʧʨʦʮʝʩʩ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦʙ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ. ʇʨʠʤʝʥʝʥʠʝ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ 

ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʜʦ 30 ʜʥʝʡ, ʜʣʷ ʧʦʣʥʦʛʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʨʦʜʫ ʠ ʥʝʬʪʴ, ʪʦʛʜʘ ʢʘʢ ʛʠʜʨʦʨʘʟʨʳʚ ʧʣʘʩʪʘ (ɻʈʇ), 

ʷʚʣʷʶʱʠʡʩʷ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʜʝʙʠʪ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ɹʦʣʝʝ ʪʦʛʦ, ʦʙʣʘʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʉɺʏ-ʠʟʣʫʯʝʥʠʝʤ ʜʦʩʪʠʛʘʝʪ 

ʦʢʦʣʦ 15 ʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʣʘʛʦʜʘʨʷ ɻʈʇ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʪʨʝʱʠʥʳ ʜʣʠʥʦʡ ʙʦʣʝʝ 20 ʤ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʈʇ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʣʥʫʶ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ: ʧʨʠ ɻʈʇ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʭʠʤʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʥʘʥʦʩʷʪ ʙʦʣʴʰʦʡ ʫʱʝʨʙ ʩʨʝʜʝ ʩʚʦʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ (ʢ ʧʨʠʤʝʨʫ, 

ʟʘʨʘʞʝʥʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ). 

ʕʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʚʷʟʢʠʭ 

ʥʝʬʪʝʡ. ʉɺʏ-ʦʙʨʘʙʦʪʢʘ ʧʦʜʛʦʪʘʚʣʠʚʘʝʤʦʡ ʥʝʬʪʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʟʘʤʝʥʦʡ ʵʣʝʢʪʨʦʜʝʛʠʜʨʘʪʦʨʘʤ. 

ʊʝʭʥʦʣʦʛʠʠ ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ, ʯʪʦ ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʠ, ʚʢʣʶʯʘʷ ʚʦʜʫ. ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʝʬʪʠ, 

ʦʜʠʥʘʢʦʚʳ: ʵʥʝʨʛʠʷ, ʧʨʠʢʣʘʜʳʚʘʝʤʘʷ ʢ ʵʤʫʣʴʩʠʠ, ʫʥʠʯʪʦʞʘʝʪ ʙʨʦʥʠʨʫʶʱʠʝ ʦʙʦʣʦʯʢʠ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʝʵʤʫʣʴʛʘʪʦʨʘʤʠ, ʩʝʧʘʨʘʪʦʨʘʤʠ ʠ ʦʪʩʪʦʡʥʠʢʘʤʠ ʜʘʥʥʳʝ 

ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʦʚʘʨʥʫʶ ʥʝʬʪʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ ʜʦ 0,2%. ʆʜʥʘʢʦ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʜʝʛʠʜʨʘʪʦʨʘʤʠ ʵʥʝʨʛʠʷ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʚʠʞʝʥʠʠ ʧʦʪʦʢʘ ʥʝʬʪʷʥʦʡ ʵʤʫʣʴʩʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʧʦʜʛʦʪʦʚʢʫ ʵʤʫʣʴʩʠʶ 

ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʪʦʯʥʳʤ ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ʉʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʙʣʘʛʦʜʘʨʷ ʥʘʛʨʝʚʫ ʤʦʣʝʢʫʣ. ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʵʥʝʨʛʠʷ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʢʠ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʦʚʩʝʤʝʩʪʥʦ, ʚʢʣʶʯʘʷ 

ʦʙʲʝʢʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʡʦʥʘʭ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ. 

ʆʙʩʫʞʜʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʨʦʣʴ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʜʦʙʳʯʝ, ʧʦʜʛʦʪʦʚʢʝ 

ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ, ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʤʦʱʥʦʩʪʴ, ʯʘʩʪʦʪʘ, ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ). ʆʜʥʘʢʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ 

ʚʷʟʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʤʦʛʫʪ ʢʘʢ ʚʝʨʥʫʪʴʩʷ ʢ ʧʨʝʞʥʠʤ ʟʥʘʯʝʥʠʷʤ, ʪʘʢ ʠ ʫʭʫʜʰʠʪʴʩʷ ʚʦʚʩʝ, 

ʯʪʦ ʤʦʞʝʪ ʦʩʣʦʞʥʷʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʝʝ 

ʚʳʛʦʜʥʦ ʉɺʏ-ʠʟʣʫʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʥʥʦ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚʳʩʦʢʦʚʷʟʢʦʛʦ ʩʳʨʴʷ. 

ɺʳʚʦʜ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ɺʦʟʜʝʡʩʪʚʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ 

ʥʝʩʢʦʣʴʢʦ ʷʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʘ ʠʤʝʥʥʦ: 

- ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʛʨʝʚʘ ʩʨʝʜʳ; 

- ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ; 

- ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ; 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -77- 

 

- ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ; 

- ʩʝʣʝʢʪʠʚʥʳʡ ʥʘʛʨʝʚ. 

ʉɺʏ-ʠʟʣʫʯʝʥʠʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ  ʇɸʆ çʊʨʘʥʩʥʝʬʪʴè. 
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ɸʥʥʦʪʘʮʠʷ. 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʣʘ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʩʝʪʷʭ ʩʚʷʟʠ ʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʦʜʩʪʘʥʮʠʡ. ʆʜʥʘʢʦ, ʚ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʚʳʟʦʚʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʥʝʨʛʦʩʠʩʪʝʤ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʜʩʪʘʥʮʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʠ ʵʢʩʧʣʫʘʪʘʥʪʳ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʘʪʯʠʢʠ, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʜʩʪʘʥʮʠʠ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ. 

 

Abstract 

Fiber optic technology has become an important component in communication and data 

networks, and its application is continuously expanding into various types of substations. However, 

this creates new challenges and opportunities for optimizing the efficiency of power systems. This 

work is aimed at analyzing the use of fiber-optic technologies in various types of substations, studying 

the features and problems faced by designers and operators of such devices. 

Keywords: sensors, fiber optic technologies, substations, energy systems, telecommunications. 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʦʩʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʜʝʞʥʦʩʪʠ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʡ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʙʦʪʝ ʠ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʷʭ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʫʧʨʘʚʣʝʥʠʷ. ʉʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʦʠʩʢʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʫʧʨʘʚʣʝʥʠʷ, ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 



-78- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʦʜʩʪʘʥʮʠʷʭ [1]. ʇʦ ʜʘʥʥʦʡ ʧʨʠʯʠʥʝ ʧʨʦʙʣʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʥʪʝʢʩʪʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʦʜʩʪʘʥʮʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠ 

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʜʘʯʝʡ, ʫʩʠʣʝʥʠʝʤ, ʠ ʦʙʨʘʙʦʪʢʦʡ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʩʚʝʪʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʚ ʚʠʜʝ ʩʚʝʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ. ʆʥʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʤʝʜʠʮʠʥʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʥʘʫʯʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʠʙʦʨʘʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ [2]. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʠ 

ʩʚʷʟʴ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʷ ʨʷʜʦʤ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʝʣʘʶʱʠʭ ʠʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʚʳʙʦʨʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʵʥʝʨʛʝʪʠʢʝ 

ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ: ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ (ɺʆʂ), 

ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ (ʆɼ), ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ (ʆʉʄ) ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ ï ʵʪʦ ʢʘʙʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʚ ʚʠʜʝ ʩʚʝʪʘ ʧʦ ʚʦʣʦʢʥʘʤ ʠʟ ʩʪʝʢʣʘ ʠʣʠ ʧʣʘʩʪʠʢʘ. ʆʥʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʚʢʣʶʯʘʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʠ ʦʙʲʝʤ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʤʘʣʳʝ ʧʦʪʝʨʠ ʩʠʛʥʘʣʘ ʠ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʂʦʥʩʪʨʫʢʮʠʷ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ. 

 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʜʥʳʤʠ ʢʘʙʝʣʷʤʠ, ʪʘʢʠʝ ʢʘʢ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʚʝʩ, 

ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʆʧʪʦʚʦʣʦʢʦʥʥʳʝ 

ʢʘʙʝʣʠ ʠʩʧʦʣʴʟʫʶʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʜʩʪʘʥʮʠʡ, ʚʢʣʶʯʘʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʦʜʩʪʘʥʮʠʠ, 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʧʦʜʩʪʘʥʮʠʠ, ʛʝʥʝʨʠʨʫʶʱʠʝ ʧʦʜʩʪʘʥʮʠʠ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ, ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʤʦʥʠʪʦʨʠʥʛʘ, ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, 

ʪʘʢʠʤ ʢʘʢ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ ʠ 

ʢʦʤʧʘʢʪʥʦʩʪʴ, ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʢʘʙʝʣʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʧʦʜʩʪʘʥʮʠʡ. 

ʆʧʪʦʚʦʣʦʢʦʥʥʳʝ ʜʘʪʯʠʢʠ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʧʪʦʚʦʣʦʢʥʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʜʝʬʦʨʤʘʮʠʷ ʠ ʚʠʙʨʘʮʠʷ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʩʚʝʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʦʧʪʦʚʦʣʦʢʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘ ʜʘʪʯʠʢ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ [3]. ʊʘʢʠʝ ʜʘʪʯʠʢʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʧʨʠʥʮʠʧʘʤ, ʚʢʣʶʯʘʷ ʪʦʯʝʯʥʳʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠʥʮʠʧʳ. ʊʦʯʝʯʥʳʝ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -79- 

 

ʜʘʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʩʝʣʝʢʪʠʨʫʶʱʠʝ ʟʝʨʢʘʣʘ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʜʘʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʨʘʩʩʝʠʚʘʥʠʷ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ 

ʦʧʪʦʚʦʣʦʢʥʝ. ʆʧʪʦʚʦʣʦʢʦʥʥʳʝ ʜʘʪʯʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʜʩʪʘʥʮʠʡ, 

ʚʢʣʶʯʘʷ ʮʠʬʨʦʚʳʝ ʧʦʜʩʪʘʥʮʠʠ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʚ ʧʦʜʩʪʘʥʮʠʷʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʠʙʨʘʮʠʷ, ʜʝʬʦʨʤʘʮʠʷ ʠ ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʜʘʪʯʠʢʠ 

ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ.  

ʆʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʝ ʩʠʩʪʝʤʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʚʝʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʥʪʨʦʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʠʟʤʝʨʝʥʠʷ 

ʚʝʣʠʯʠʥ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʨʝʠʤʫʱʝʩʪʚ, ʠʭ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʚʝʪʘ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʆʉʄ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʢʘʙʝʣʠ, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, 

ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʦʧʪʠʯʝʩʢʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʠ ʢʦʤʤʫʪʘʪʦʨʳ, ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʠ ʪ.ʜ. ʆʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʜʩʪʘʥʮʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢ, ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʜʩʪʘʥʮʠʷʭ ʆʉʄ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʮʝʣʷʭ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ɺ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ ʆʉʄ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘ 

ʤʦʥʠʪʦʨʠʥʛʦʤ ʫʪʝʯʝʢ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ [4]. ʆʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʜʩʪʘʥʮʠʡ. 

ʆʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʘʪʯʠʢʠ ʠʤʝʶʪ ʩʭʦʜʥʳʝ ʬʫʥʢʮʠʠ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚ 

ʨʷʜʝ ʘʩʧʝʢʪʦʚ: 

- ʉʠʩʪʝʤʥʦʩʪʴ. ʆʉʄ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʝʪʷʤʠ ʠʣʠ ʩʠʩʪʝʤʘʤʠ, 

ʦʙʲʝʜʠʥʷʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʫʩʪʨʦʡʩʪʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʆɼ ʷʚʣʷʶʪʩʷ ʘʚʪʦʥʦʤʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʣʠ ʚ ʨʘʤʢʘʭ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ. 

- ʅʘʟʥʘʯʝʥʠʝ. ʆʉʄ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʣʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʥʘʙʣʶʜʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʚʳʭ 

ʩʠʛʥʘʣʦʚ ʠ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʆɼ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 

ʦʩʚʝʱʝʥʥʦʩʪʴ ʠ ʜʨʫʛʠʝ, ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

- ʉʣʦʞʥʦʩʪʴ ʠ ʦʙʲʸʤ ʜʘʥʥʳʭ. ʆʉʄ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʩ ʨʘʙʦʪʦʡ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʜʘʥʥʳʭ ʠ ʪʨʝʙʫʶʪ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʚʳʚʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʆɼ ʞʝ ʨʘʙʦʪʘʶʪ ʥʘ ʧʨʠʥʮʠʧʝ ʩʠʛʥʘʣ-ʨʝʘʢʮʠʷ, ʛʜʝ 

ʢʘʞʜʳʡ ʜʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʥʢʨʝʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʫʜʦʙʥʦʩʪʴ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ. ʇʝʨʚʳʤ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʩʪʝʢʣʦ ʜʣʷ ʚʦʣʦʢʦʥ ʠ ʦʧʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʚʳʢʦʚ, ʯʪʦ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʫʶ ʩʪʦʠʤʦʩʪʴ. ɺʣʘʜʝʥʠʝ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʕʪʠ ʬʘʢʪʦʨʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 



-80- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʚʥʝʜʨʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɺʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʫʩʪʘʥʦʚʢʝ. ɼʝʣʦ ʚ ʪʦʤ, 

ʯʪʦ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʥʘʚʳʢʦʚ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ. ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʚʦʣʦʢʥʠʩʪʳʭ ʪʷʞʝʡ, ʠ 

ʧʨʦʮʝʩʩʦʚ ʩʪʷʞʢʠ, ʘ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ʫʩʪʘʥʦʚʢʠ ʪʝʭʥʠʢʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʢʚʘʣʠʬʠʢʘʮʠʠ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʩʪʝʢʣʦ ʜʣʷ ʚʦʣʦʢʦʥ, ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʠʥʩʪʘʣʣʷʮʠʶ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʕʪʠ ʬʘʢʪʦʨʳ ʜʝʣʘʶʪ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʩʪʘʥʦʚʢʠ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʫʜʦʝʤʢʠʤ ʠ ʬʠʥʘʥʩʦʚʦ ʟʘʪʨʘʪʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʜʩʪʘʥʮʠʷʭ ʚ ʚʠʜʫ ʩʚʦʠʭ ʩʚʦʡʩʪʚ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʢʘʙʝʣʠ, ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʩʪʘʥʮʠʠ ʪʘʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʘʢ: ʚʳʩʦʢʘʷ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʥʠʟʢʘʷ ʟʘʜʝʨʞʢʘ ʠ ʧʦʪʝʨʷ ʩʠʛʥʘʣʘ, ʚʳʩʦʢʘʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʫʱʝʩʪʚʫʶʪ 

ʥʝʜʦʩʪʘʪʢʠ ʚ ʚʠʜʝ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʚʥʝʜʨʝʥʠʷ, ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʟʘʱʠʪʳ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʙʦʨʘ ʟʘʱʠʪʥʳʭ ʤʝʨ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ 

ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʚʢʣʶʯʘʷ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ, ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ. ʇʨʝʜʣʦʞʝʥʳ ʚʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʝ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -81- 

 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʩʠʩʪʝʤ ʤʝʪʨʠʢ ʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʦʙʫʯʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ. ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʤʝʨ ʧʦʤʦʞʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʩʦʟʜʘʪʴ ʥʘʜʝʞʥʫʶ 

ʩʠʩʪʝʤʫ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʠʩʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ, ʟʘʱʠʪʥʳʝ ʤʝʨʳ, ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ, ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ.  

 

Abstract 

This article discusses quantitative risk assessment as a tool for improving the quality of 

selection of protective measures for information systems. The paper describes the main problems that 

can be encountered in the process of developing a quantitative risk assessment, including lack of data, 

high degree of uncertainty, and significant costs. Possible solutions to these problems are proposed, 

such as the use of combined forecasting methods, automated tools, standardized approaches, systems 

of metrics and indicators, as well as training and development of employees. The implementation of 

these measures will help organizations create a reliable system and ensure a high level of information 

security. 

Keywords: risks, information security, risk management, quantitative risk assessment, 

protective measures, lack of data, forecasting methods. 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʚʳʙʦʨʘ ʟʘʱʠʪʥʳʭ ʤʝʨ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʀʉ). ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʝʝ 

ʚʘʞʥʦʩʪʴ, ʧʨʦʮʝʩʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʙʣʝʤ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠ 

ʧʨʝʜʣʦʞʝʥʳ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷ.  

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ. 

ɼʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʧʨʝʜʳʜʫʱʠʭ 

ʠʥʮʠʜʝʥʪʘʭ, ʫʷʟʚʠʤʦʩʪʷʭ ʠ ʫʛʨʦʟʘʭ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʜʦʩʪʫʧ ʢ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥ 

ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʚʩʝ, ʦʩʦʙʝʥʥʦ ʚ ʥʝʙʦʣʴʰʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʠʣʠ ʚ ʥʦʚʳʭ ʦʙʣʘʩʪʷʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʦʪʨʘʩʣʝʚʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ, ʫʯʘʩʪʠʝ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʤʝʥʘʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. ɺʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʘʫʜʠʪʦʚ ʠ ʦʮʝʥʦʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʋʯʘʩʪʠʝ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʠ 

ʬʦʨʫʤʘʭ ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʩʪʫʧ ʢ ʮʝʥʥʳʤ ʜʘʥʥʳʤ ʠ ʠʥʩʘʡʪʘʤ ʦʪ ʢʦʣʣʝʛ ʧʦ ʦʪʨʘʩʣʠ. 

ʆʨʛʘʥʠʟʘʮʠʷʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʩʪʫʧʘʪʴ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʠʭ 

ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʬʦʨʫʤʘʭ.  

ʇʨʝʜʩʢʘʟʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʛʨʦʟ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ. 

ʄʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʯʘʩʪʦ ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. 

ʄʦʜʝʣʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʙʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʠ ʚʝʨʦʷʪʥʦʩʪʝʡ.  

ʄʦʜʝʣʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ ʠ ʚʘʨʠʘʮʠʡ, ʩʦʟʜʘʚʘʷ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʳʝ ʧʨʦʛʥʦʟʳ. ɹʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʧʦʟʚʦʣʷʶʪ 

ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʣʝʟʥʳʤʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [1]. 

ʇʨʦʮʝʩʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʳʤ ʠ ʟʘʪʨʘʪʥʳʤ, ʪʨʝʙʫʶʱʠʤ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʨʝʤʝʥʠ. ɺʢʣʶʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ 



-82- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

(ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʦʥʦʤʠʢʘ, ʧʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ ʠ ʪ. ʜ.) ʤʦʞʝʪ ʫʩʣʦʞʥʠʪʴ 

ʢʦʦʨʜʠʥʘʮʠʶ ʠ ʧʦʚʳʩʠʪʴ ʟʘʪʨʘʪʳ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʠ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ. ʀʥʩʪʨʫʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ RiskWatch, CRAMM ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʇʆ 

ʦʪ Microsoft, ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʣʘʯʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʪʘʢʞʝ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʫʚʝʣʠʯʠʪʴ ʛʠʙʢʦʩʪʴ ʩʠʩʪʝʤʳ [2].  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʬʫʥʢʮʠʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʘʥʘʣʠʟʘ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʦʮʝʥʦʢ.  

ʆʙʣʘʯʥʳʝ ʨʝʰʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʛʦ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ ʤʦʜʝʣʷʤʠ ʨʠʩʢʦʚ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʭʨʘʥʠʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʫʧ ʢ ʤʦʱʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ.  

ɼʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʝʡ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʯʘʩʪʦ ʚʢʣʶʯʘʝʪ 

ʵʣʝʤʝʥʪʳ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʩʧʝʨʪʥʳʤʠ ʦʮʝʥʢʘʤʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʜʘʥʥʳʭ. ʕʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʪʦʯʥʦʩʪʷʤ ʠ ʠʩʢʘʞʝʥʠʷʤ ʚ ʨʝʟʫʣʴʪʘʪʘʭ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ 

ʨʠʩʢʦʚ, ʪʘʢʠʝ ʢʘʢ ʪʝ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚ ISO/IEC 27005: 2022 ʠ NIST SP 800ï30 Rev. 1. 

ʇʨʦʚʝʜʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʘʫʜʠʪʦʚ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʚʥʝʰʥʠʭ ʵʢʩʧʝʨʪʦʚ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʦʮʝʥʦʢ 

ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʚʝʜʝʥʠʝ ʧʨʦʮʝʜʫʨ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʘʣʠʜʘʮʠʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʪʘʢʞʝ ʧʦʤʦʯʴ ʚ 

ʩʥʠʞʝʥʠʠ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʦʢ.  

ISO/IEC 27005: 2022 ʠ NIST SP 800ï30 Rev. 1 ʧʨʝʜʣʘʛʘʶʪ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠ 

ʨʫʢʦʚʦʜʩʪʚʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ 

ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʦʮʝʥʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʦʙʫʯʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʦʮʝʥʢʦʡ ʨʠʩʢʦʚ. 

ʇʦʩʪʦʷʥʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʠ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʟʥʘʢʦʤʩʪʚʦ ʩ ʥʦʚʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʦʟʚʦʣʷʶʪ ʩʧʝʮʠʘʣʠʩʪʘʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʟʘʜʘʯʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʦʢ. ɺʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ 

ʧʝʨʩʦʥʘʣʘ ʠ ʢʘʯʝʩʪʚʦ ʦʮʝʥʢʠ ʨʠʩʢʦʚ.  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʚʘʞʥʦ ʪʘʢʞʝ ʚʥʝʜʨʷʪʴ ʩʠʩʪʝʤʳ 

ʤʝʪʨʠʢ ʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʥʦ ʠʟʤʝʨʷʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ 

ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʊʘʢʠʝ ʤʝʪʨʠʢʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʯʘʩʪʦʪʫ ʠ ʩʪʝʧʝʥʴ ʩʝʨʴʸʟʥʦʩʪʠ 

ʠʥʮʠʜʝʥʪʦʚ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ ʫʛʨʦʟʳ, ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʦʪ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʨʠʩʢʦʚ ʠ ʜʨʫʛʠʝ 

ʧʦʢʘʟʘʪʝʣʠ. ɸʥʘʣʠʟ ʠ ʤʦʥʠʪʦʨʠʥʛ ʵʪʠʭ ʤʝʪʨʠʢ ʧʦʤʦʛʘʶʪ ʚʳʷʚʠʪʴ ʩʣʘʙʳʝ ʤʝʩʪʘ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʠʥʠʤʘʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʤʝʨʳ.  

ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʨʠʢ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʥʠʤʘʥʠʷ ʢʣʶʯʝʚʳʭ 

ʘʩʧʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ʆʨʛʘʥʠʟʘʮʠʷʤ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʤʝʪʨʠʢʠ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ 

ʪʦʯʥʦ ʦʪʨʘʞʘʶʪ ʠʭ ʫʥʠʢʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʮʝʣʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʈʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʥʘʣʠʟ ʤʝʪʨʠʢ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ 

ʨʠʩʢʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʨ. ɺʚʝʜʝʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʤʦʛʘʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʠ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʜʠʥʘʤʠʯʝʩʢʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʠ ʦʙʥʦʚʣʷʪʴ ʩʚʦʠ ʤʦʜʝʣʠ ʠ ʧʨʦʛʥʦʟʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -83- 

 

ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʫʛʨʦʟʳ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ [3].  

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʦʥʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʙʣʝʤ. 

ʅʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʩʣʦʞʥʦʩʪʴ ʠ ʟʘʪʨʘʪʳ, ʘ ʪʘʢʞʝ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʦʢ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʠʪʴ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʧʨʝʜʣʦʞʝʥʳ ʚʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ, ʚʢʣʶʯʘʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʩʠʩʪʝʤ ʤʝʪʨʠʢ ʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʦʙʫʯʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ. ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʤʝʨ ʧʦʤʦʞʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʩʦʟʜʘʪʴ ʙʦʣʝʝ 

ʥʘʜʸʞʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʙʠʟʥʝʩʝ, 

ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʠ ʬʫʥʢʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʪʘʢʠʭ ʢʘʢ ʪʨʘʥʟʘʢʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, CRM-ʩʠʩʪʝʤʳ, 

ERP-ʩʠʩʪʝʤʳ ʠ BI-ʩʠʩʪʝʤʳ. ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩʦʤ, ʜʠʩʪʨʠʙʴʶʪʦʨʩʢʘʷ ʢʦʤʧʘʥʠʷ. 

 

Abstract 

The article examines the role of information systems in modern business, analyzing in detail 

the importance and functions of various classes of information systems, such as transactional systems, 

decision support systems, CRM systems, ERP systems and BI systems. The article discusses selection 

criteria and the use of information systems for digital business transformation. 

Keywords: information systems, business processes, process automation, business 

management, distribution company. 

 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʢʦʤʧʘʥʠʠ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ 

ʧʝʨʚʠʯʥʳʤʠ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʙʠʟʥʝʩʝ.  

ʆʧʝʨʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ï ʵʪʦ ʦʩʥʦʚʥʘʷ ʙʠʟʥʝʩ-ʘʢʪʠʚʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʚʳʧʦʣʥʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʠ ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʦʟʜʘʥʠʝ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʫʩʣʫʛ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. 

ʆʧʝʨʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʚʘʨʦʚ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ, 

ʟʘʢʫʧʢʠ, ʧʨʦʜʘʞʠ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ, ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪ.ʜ. 



-84- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɺ ʧʨʦʪʠʚʦʚʝʩ çʦʧʝʨʘʮʠʦʥʥʦʡè ʩʫʱʝʩʪʚʫʝʪ çʥʝʦʧʝʨʘʮʦʥʥʘʷè ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚʢʣʶʯʘʶʱʘʷ 

ʚ ʩʝʙʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʠʥʘʥʩʦʚʳʝ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʠ ʙʠʟʥʝʩ-ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʦʪʥʦʩʷʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʩʥʦʚʥʦʤʫ ʚʠʜʫ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, ʩʦʜʝʨʞʘʥʠʝ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʠ ʥʝʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʫʧʨʘʚʣʝʥʠʝ 

ʬʠʥʘʥʩʘʤʠ ʜʣʷ ʙʘʥʢʘ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʥʝʦʧʝʨʘʮʠʦʥʥʦʡ ʜʣʷ ʟʘʚʦʜʘ. 

ʊʘʢ ʞʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʝʨʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʦʪʨʳʚʝ ʦʪ 

ʥʝʦʧʝʨʘʮʠʦʥʥʦʡ. 

ɸ ʥʫʞʥʘ ʣʠ ʢʦʤʧʘʥʠʠ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ? ʊʳʩʷʯʠ ʣʝʪ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʣʦ ʙʝʟ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʈʳʙʥʳʡ ʨʳʥʦʢ ʚ ɺʝʥʝʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ 700 ʣʝʪ, ʠ ʦʥ ʨʘʙʦʪʘʝʪ 

ʙʝʟ ʧʝʨʝʨʳʚʘ, ʦʥ ʥʝ ʟʘʢʨʳʚʘʣʩʷ ʜʘʞʝ ʚʦ ʚʨʝʤʷ ɺʪʦʨʦʡ ʄʠʨʦʚʦʡ ʚʦʡʥʳ. ʇʦʯʝʤʫ ʞʝ ʤʳ ʩʝʡʯʘʩ 

ʛʦʚʦʨʠʤ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʧʘʥʠʷʤ ʥʫʞʥʳ ʢʘʢʠʝ-ʪʦ ʩʠʩʪʝʤʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʨʘʙʦʪʘʪʴ? 

ɿʜʝʩʴ ʨʝʯʴ ʠʜʝʪ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦ ʪʝʭ ʟʘʜʘʯʘʭ, ʢʦʪʦʨʳʝ 

ʢʦʤʧʘʥʠʷ ʠ ʭʦʯʝʪ ʨʝʰʠʪʴ, ʠ ʤʦʞʝʪ ʨʝʰʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ, ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʚʘʣʠ ʮʝʣʳʝ ʦʪʨʘʩʣʠ. ʆʜʠʥ ʠʟ ʷʨʢʠʭ 

ʧʨʠʤʝʨʦʚ ð ʵʪʦ ʨʦʟʥʠʯʥʘʷ ʪʦʨʛʦʚʣʷ. ʊʦʯʥʝʝ ʛʦʚʦʨʷ, ʤʦʜʝʣʴ ʩʝʪʝʚʦʡ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ ʚ ʪʦʤ 

ʠʣʠ ʠʥʦʤ ʚʠʜʝ, ʩʫʱʝʩʪʚʫʝʪ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ, ʩʝʪʝʚʳʝ ʤʘʛʘʟʠʥʳ ʧʦʷʚʣʷʣʠʩʴ ʫʞʝ ʚ ʥʘʯʘʣʝ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʉʝʪʝʚʘʷ ʪʦʨʛʦʚʘʷ ʢʦʤʧʘʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʛʠʛʘʥʪʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʜʘʞʘʭ ʪʦʚʘʨʦʚ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʬʦʨʤʠʨʫʝʪ ʧʨʝʜʣʦʞʝʥʠʝ ʧʦ ʟʘʢʫʧʢʘʤ. ɺʝʩʪʠ ʚʨʫʯʥʫʶ 

ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʪʘʢʦʤ ʦʙʲʝʤʝ ʪʦʚʘʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʅʘ ʵʪʠʭ ʧʨʠʤʝʨʘʭ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ, ʢʘʢ ʟʘʜʘʯʘ ʤʘʩʩʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʨʝʰʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʝʟ ʢʦʪʦʨʳʭ ʪʘʢʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦʙʨʘʙʦʪʘʪʴ ʦʯʝʥʴ ʩʣʦʞʥʦ, 

ʜʦʣʛʦ ʠʣʠ ʦʯʝʥʴ ʜʦʨʦʛʦ.  

ɼʨʫʛʦʡ ʧʨʠʤʝʨ ï ʚʥʦʚʴ ʧʦʷʚʠʚʰʠʝʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʝʰʘʣʠ ʟʘʜʘʯʫ 

ʚʳʯʠʩʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʢʫʧʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʕʪʦ ʦʜʥʘ 

ʠʟ ʧʝʨʚʳʭ ʙʠʟʥʝʩ-ʟʘʜʘʯ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʝʰʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ. ʊʘʢ ʧʦʷʚʠʣʩʷ ʩʪʘʥʜʘʨʪ 

MRP (Material Requirements Planning) ʠ ʝʛʦ ʨʘʩʰʠʨʝʥʠʝ MRP-II (Manufacturing Resource 

Planning).  ʂʦʤʧʴʶʪʝʨʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʢʫʧʠʪʴ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʘʚʪʦʤʦʙʠʣʷ. ʇʦʥʷʪʥʦ, ʯʪʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʦ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʦʙʨʘʙʦʪʘʪʴ ʠ ʧʝʨʝʩʯʠʪʘʪʴ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʪʘʥʜʘʨʪʳ 

MRP ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʢʣʘʩʩʘ ERP (Enterprise Resource Planning). ERP-

ʩʠʩʪʝʤʘ ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʤʧʘʥʠʠ. ʆʥʘ ʠʥʪʝʛʨʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʙʣʘʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʦʜʘʞʠ, ʟʘʢʫʧʢʠ, ʬʠʥʘʥʩʳ, ʫʯʝʪ ʟʘʧʘʩʦʚ, 

ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʦʤ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ, ʚ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. 

ʂʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʩʧʝʮʠʬʠʢʘ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ IT ʨʝʰʝʥʠʷ? ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʢʨʦʝʪʩʷ ʚ ʩʘʤʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ. ɽʩʣʠ 

ʨʘʩʩʤʦʪʨʝʪʴ ʨʦʟʥʠʯʥʫʶ ʪʦʨʛʦʚʣʶ, ʪʦ ʧʨʠʦʨʠʪʝʪʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʙʦʪʘ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʩʩʦʨʪʠʤʝʥʪʘ, ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʧʝʨʝʩʳʣʘʝʤʳʭ ʜʘʥʥʳʭ ʦʪ ʢʘʩʩʳ ʚ 

ʮʝʥʪʨʘʣʴʥʳʡ ʦʬʠʩ ʠ ʦʙʨʘʪʥʦ. ʊʦʨʛʦʚʣʷ ʚ ʠʥʪʝʨʥʝʪʝ ð ʵʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʝʙ-ʩʪʨʘʥʠʮʳ, ʣʠʯʥʳʝ 

ʢʘʙʠʥʝʪʳ, ʧʦʠʩʢ ʥʘ ʩʘʡʪʝ, ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʧʨʝʜʣʦʞʝʥʠʷ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ ʫʧʦʨ 

ʜʝʣʘʝʪʩʷ ʥʘ ʨʘʩʯʸʪ ʟʘʢʫʧʢʠ ʩʳʨʴʷ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʚʨʝʤʝʥʝʤ ʧʦʩʪʘʚʢʠ ʨʘʩʯʸʪ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʉʧʝʮʠʬʠʢʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ-ʜʠʩʪʨʠʙʴʶʪʦʨʘ 

ʆʧʝʨʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ-ʜʠʩʪʨʠʙʫʪʦʨʘ ʠʤʝʝʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʸ ʨʦʣʴʶ ʚ ʮʝʧʠ ʧʦʩʪʘʚʦʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠ 

ʢʦʥʝʯʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

ʉʧʝʮʠʬʠʢʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ-ʜʠʩʪʨʠʙʫʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʝʸ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʦʪʨʘʩʣʠ, ʪʠʧʘ ʪʦʚʘʨʦʚ ʠ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʡ. ʆʜʥʘʢʦ ʦʙʱʠʝ ʯʝʨʪʳ ʚʢʣʶʯʘʶʪ: 

ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ, ʣʦʛʠʩʪʠʢʦʡ, ʧʨʦʜʘʞʘʤʠ ʠ ʤʘʨʢʝʪʠʥʛʦʤ, ʧʨʠ ʵʪʦʤ ʩʦʩʨʝʜʦʪʘʯʠʚʘʷʩʴ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʩʪʘʚʢʝ ʪʦʚʘʨʦʚ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʢ ʢʦʥʝʯʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ.  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -85- 

 

1. ɿʘʢʫʧʢʘ ʠ ʭʨʘʥʝʥʠʝ ʪʦʚʘʨʦʚ. ɿʘʢʫʧʢʘ ʪʦʚʘʨʦʚ ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʠ ʭʨʘʥʝʥʠʝ ʚ 

ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʜʝʨʞʠʚʘʪʴ ʪʦʚʘʨʳ ʚ ʥʘʣʠʯʠʠ ʜʣʷ 

ʙʳʩʪʨʦʡ ʧʦʩʪʘʚʢʠ ʢʣʠʝʥʪʘʤ, ʤʠʥʠʤʠʟʠʨʫʷ ʟʘʜʝʨʞʢʠ. 

2. ʃʦʛʠʩʪʠʢʘ ʠ ʧʦʩʪʘʚʢʠ. ʆʨʛʘʥʠʟʘʮʠʷ ʣʦʛʠʩʪʠʢʠ ʠ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ ʢʣʠʝʥʪʘʤ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ 

ʤʘʨʰʨʫʪʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʩʢʣʘʜʘʤʠ ʠ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʘʢʦʚʢʦʡ 

ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʪʦʚʘʨʦʚ. 

3. ʉʢʣʘʜʩʢʠʝ ʦʧʝʨʘʮʠʠ. ʍʨʘʥʝʥʠʝ ʪʦʚʘʨʦʚ ʥʘ ʩʚʦʠʭ ʩʢʣʘʜʘʭ. ʉʣʠʰʢʦʤ ʙʦʣʴʰʠʝ 

ʟʘʧʘʩʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʜʝʨʞʢʘʤ ʭʨʘʥʝʥʠʷ, ʘ ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʠʝ ï ʢ 

ʥʝʜʦʩʪʘʪʢʫ ʪʦʚʘʨʦʚ ʜʣʷ ʢʣʠʝʥʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ 

ʧʦʤʦʛʘʝʪ ʜʠʩʪʨʠʙʫʪʦʨʘʤ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ. 

4. ʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ. ɼʠʩʪʨʠʙʫʪʦʨʳ ʯʘʩʪʦ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʧʦ ʢʦʥʪʨʦʣʶ 

ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʦʚ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥʠ ʠʤʝʶʪ ʜʝʣʦ ʩ ʧʨʦʜʫʢʪʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʠʣʠ ʦʙʨʘʙʦʪʢʠ. 

5. ʄʘʨʢʝʪʠʥʛ ʠ ʧʨʦʜʚʠʞʝʥʠʝ. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʜʫʢʮʠʠ 

ʢʣʠʝʥʪʘʤ, ʦʨʛʘʥʠʟʘʮʠʷ ʨʝʢʣʘʤʥʳʭ. 

6. ʌʠʥʘʥʩʦʚʳʝ ʦʧʝʨʘʮʠʠ. ʋʧʨʘʚʣʝʥʠʝ ʬʠʥʘʥʩʦʚʳʤʠ ʘʩʧʝʢʪʘʤʠ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʦʧʣʘʪʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ, ʚʟʘʠʤʦʨʘʩʯʝʪʳ ʩ ʢʣʠʝʥʪʘʤʠ, 

ʚʝʜʝʥʠʝ ʙʫʭʛʘʣʪʝʨʠʠ ʠ ʬʠʥʘʥʩʦʚʫʶ ʦʪʯʝʪʥʦʩʪʴ. 

7. ʂʘʥʘʣʳ ʧʨʦʜʘʞ. ʂʦʤʧʘʥʠʠ-ʜʠʩʪʨʠʙʫʪʦʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʢʘʥʘʣʳ ʧʨʦʜʘʞ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʣʠʝʥʪʦʚ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʦʧʪʦʚʳʝ ʠ 

ʨʦʟʥʠʯʥʳʝ ʧʨʦʜʘʞʠ, ʧʨʦʜʘʞʠ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ, ʧʦʯʪʦʚʘʷ ʜʦʩʪʘʚʢʘ ʠ ʜʨʫʛʠʝ 

ʢʘʥʘʣʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʚʘʨʦʚ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʳʥʢʘ. 

ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʤʧʘʥʠʶ-ʜʠʩʪʨʠʙʴʶʪʦʨʘ, - ʵʪʦ ʪʦ 

ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʦʨʛʘʥʠʟʦʚʘʥʳ ʢʘʥʘʣʳ ʧʨʦʜʘʞ ʠ ʢʘʢʠʝ ʢʘʥʘʣʳ ʧʨʦʜʘʞ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʂʘʥʘʣʳ 

ʧʨʦʜʘʞ ð ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʚʦʠʭ ʪʦʚʘʨʦʚ ʠʣʠ ʫʩʣʫʛ ʠ ʜʦʩʪʘʚʢʠ ʠʭ ʜʦ ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʂʦʤʧʘʥʠʠ ʯʘʩʪʦ 

ʢʦʤʙʠʥʠʨʫʶʪ ʥʝʩʢʦʣʴʢʦ ʢʘʥʘʣʦʚ ʧʨʦʜʘʞ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ 

ʢʣʠʝʥʪʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ. ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ 

ʢʘʥʘʣʦʚ ʧʨʦʜʘʞ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʪʨʘʪʝʛʠʠ ʤʘʨʢʝʪʠʥʛʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʪʠʧʠʯʥʳʭ ʢʘʥʘʣʦʚ ʧʨʦʜʘʞ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʱʠʝ. 

1. ʇʨʷʤʳʝ ʧʨʦʜʘʞʠ: ʢʦʤʧʘʥʠʷ ʧʨʦʜʘʝʪ ʩʚʦʠ ʪʦʚʘʨʳ ʠʣʠ ʫʩʣʫʛʠ ʥʘʧʨʷʤʫʶ 

ʧʦʪʨʝʙʠʪʝʣʷʤ, ʤʠʥʫʷ ʧʦʩʨʝʜʥʠʢʦʚ. ʕʪʦ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ 

ʬʠʨʤʝʥʥʳʝ ʤʘʛʘʟʠʥʳ, ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʙ-ʩʘʡʪʳ, ʚʳʩʪʘʚʢʠ ʠ ʤʝʨʦʧʨʠʷʪʠʷ. 

2. ʇʨʦʜʘʞʠ ʯʝʨʝʟ ʨʦʟʥʠʯʥʳʝ ʤʘʛʘʟʠʥʳ: ʧʨʦʜʫʢʮʠʷ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʧʦʣʢʘʭ 

ʨʦʟʥʠʯʥʳʭ ʤʘʛʘʟʠʥʦʚ, ʛʜʝ ʧʦʢʫʧʘʪʝʣʠ ʤʦʛʫʪ ʧʨʷʤʦ ʧʦʢʫʧʘʪʴ ʝʝ. 

3. ʇʨʦʜʘʞʠ ʯʝʨʝʟ ʜʠʩʪʨʠʙʴʶʪʦʨʳ: ʧʨʦʜʫʢʮʠʷ ʧʦʩʪʘʚʣʷʝʪʩʷ ʦʧʪʦʚʳʤ ʠʣʠ 

ʨʦʟʥʠʯʥʳʤ ʜʠʩʪʨʠʙʴʶʪʦʨʘʤ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʝʝ ʜʘʣʴʥʝʡʰʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

4. ʇʨʦʜʘʞʠ ʯʝʨʝʟ ʧʘʨʪʥʝʨʦʚ: ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʩʦʪʨʫʜʥʠʯʘʪʴ ʩ ʜʨʫʛʠʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʘʤʠ ʜʣʷ ʧʨʦʜʘʞʠ ʩʚʦʠʭ ʪʦʚʘʨʦʚ ʠʣʠ ʫʩʣʫʛ. 

5. ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ (ʦʥʣʘʡʥ-ʧʨʦʜʘʞʠ): ʧʨʦʜʘʞʠ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ-

ʧʣʘʪʬʦʨʤʳ ʠ ʚʝʙ-ʩʘʡʪʳ, ʛʜʝ ʧʦʢʫʧʘʪʝʣʠ ʤʦʛʫʪ ʚʳʙʠʨʘʪʴ ʠ ʧʦʢʫʧʘʪʴ ʪʦʚʘʨʳ 

ʠʣʠ ʫʩʣʫʛʠ ʦʥʣʘʡʥ. 

6. ʇʨʦʜʘʞʠ ʯʝʨʝʟ ʘʛʝʥʪʦʚ: ʘʛʝʥʪʳ ʠʣʠ ʧʦʩʨʝʜʥʠʢʠ ʤʦʛʫʪ ʧʨʦʜʚʠʛʘʪʴ ʠ ʧʨʦʜʘʚʘʪʴ 

ʪʦʚʘʨʳ ʠʣʠ ʫʩʣʫʛʠ ʦʪ ʠʤʝʥʠ ʢʦʤʧʘʥʠʠ. 

7. ʇʨʦʜʘʞʠ ʧʦ ʪʝʣʝʬʦʥʫ ʠʣʠ ʯʝʨʝʟ ʧʦʯʪʫ: ʧʨʦʜʘʞʠ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʝʤ 

ʟʚʦʥʢʦʚ ʧʦ ʪʝʣʝʬʦʥʫ, ʦʪʧʨʘʚʢʠ ʨʝʢʣʘʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʧʦʯʪʝ ʠ ʜʨʫʛʠʭ 

ʧʦʜʦʙʥʳʭ ʤʝʪʦʜʦʚ. 

ʂʣʘʩʩʳ ʠ ʥʘʟʥʘʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʙʠʟʥʝʩʝ 



-86- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɺ ʙʠʟʥʝʩʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʧʦʜʜʝʨʞʢʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʙʠʟʥʝʩʝ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ. 

1. ERP-ʩʠʩʪʝʤʳ (Enterprise Resource Planning) ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʧʘʢʝʪʳ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ: ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʧʨʦʜʘʞʘʤʠ, ʬʠʥʘʥʩʘʤʠ, ʢʘʜʨʘʤʠ ʠ ʪ.ʜ. ERP-ʩʠʩʪʝʤʳ 

ʧʦʤʦʛʘʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʩʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʨʝʩʫʨʩʘʤʠ ʢʦʤʧʘʥʠʠ. 

2. CRM-ʩʠʩʪʝʤʳ (Customer Relationship Management) ï ʵʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʫʧʨʘʚʣʷʪʴ ʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ. CRM-

ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʩʦʙʠʨʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʢʣʠʝʥʪʘʭ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʜʘʞ, ʤʘʨʢʝʪʠʥʛʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʢʣʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʠʤʠ. 

3. BI-ʩʠʩʪʝʤʳ (Business Intelligence) ï ʵʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʶʪ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. BI-ʩʠʩʪʝʤʳ 

ʩʦʙʠʨʘʶʪ, ʦʙʨʘʙʘʪʳʚʘʶʪ ʠ ʘʥʘʣʠʟʠʨʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ, 

ʢʣʠʝʥʪʘʭ ʠ ʢʦʥʢʫʨʝʥʪʘʭ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤ ʮʝʥʥʳʝ 

ʠʥʩʘʡʪʳ ʜʣʷ ʧʨʠʥʷʪʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

4. SCM-ʩʠʩʪʝʤʳ (Supply Chain Management) ï ʵʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʮʝʧʷʤʠ ʧʦʩʪʘʚʦʢ. SCM-ʩʠʩʪʝʤʳ ʧʦʤʦʛʘʶʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʣʦʛʠʩʪʠʢʫ, ʫʧʨʘʚʣʷʪʴ ʟʘʧʘʩʘʤʠ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʧʦʩʪʘʚʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʫʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʡ 

ʮʝʧʠ ʧʦʩʪʘʚʦʢ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʟʥʘʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʙʠʟʥʝʩʝ. 

1. ʋʣʫʯʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʫʜʘ. 

2. ʋʣʫʯʰʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ: ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

3. ʋʣʫʯʰʝʥʠʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ: ʩʠʩʪʝʤʳ CRM ʧʦʤʦʛʘʶʪ ʣʫʯʰʝ ʧʦʥʷʪʴ ʠ 

ʦʙʩʣʫʞʠʚʘʪʴ ʢʣʠʝʥʪʦʚ, ʫʣʫʯʰʘʷ ʠʭ ʦʧʳʪ. 

4. ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʩʫʨʩʦʚ: ERP-ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʠʨʫʶʪ ʚʩʝ ʘʩʧʝʢʪʳ ʙʠʟʥʝʩʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ. 

5. ɸʥʘʣʠʪʠʢʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ: BI-ʩʠʩʪʝʤʳ ʜʝʣʘʶʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʤ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʚ ʧʦʥʠʤʘʥʠʠ ʙʠʟʥʝʩ-ʪʝʥʜʝʥʮʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ. 

6. ʋʣʫʯʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʤʦʛʘʶʪ 

ʢʦʤʧʘʥʠʷʤ ʙʳʪʴ ʘʜʘʧʪʠʚʥʳʤʠ, ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʨʳʥʢʘ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʦʤʧʘʥʠʠ-ʜʠʩʪʨʠʙʴʶʪʦʨʘ ʆʆʆ çɺʠʣʤʘʢʩ-

ʈʫʩè 

ʆʆʆ çɺʠʣʤʘʢʩ-ʈʫʩè, ʢʦʤʧʘʥʠʷ ʦʧʪʦʚʦʡ ʪʦʨʛʦʚʣʠ, ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ. 

ʇʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʤʧʘʥʠʷ ʜʦʙʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ, ʙʳʩʪʨʦʛʦ 

ʧʨʠʥʷʪʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʆʆʆ çɺʠʣʤʘʢʩ-ʈʫʩè ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʦʧʪʦʚʳʭ ʧʦʩʪʘʚʢʘʭ ʧʦʩʫʜʳ ʜʣʷ ʩʝʨʚʠʨʦʚʢʠ ʦʪ 

ʙʨʝʥʜʘ Wilmax England. ʂʦʤʧʘʥʠʷ ʟʘʥʠʤʘʝʪʩʷ ʪʘʢʞʝ ʧʦʩʪʘʚʢʘʤʠ ʧʨʦʜʫʢʮʠʠ ʚ ʤʘʛʘʟʠʥʳ, 

ʦʩʥʘʱʝʥʠʝʤ ʨʝʩʪʦʨʘʥʦʚ ʠ ʦʪʝʣʝʡ ʧʦʩʫʜʦʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʙʦʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʜʘʥʥʳʤʠ ʚʘʞʥʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ, ʧʨʦʜʘʞʘʤʠ ʠ ʬʠʥʘʥʩʘʤʠ. 

ʂʦʤʧʘʥʠʷ ʨʘʙʦʪʘʝʪ ʚ ʦʪʜʝʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ 1ʉ ʪʘʢʠʭ ʢʘʢ ç1ʉ: ɹʫʭʛʘʣʪʝʨʠʷ 

ʇʨʝʜʧʨʠʷʪʠʷè ʠ ç1ʉ:ʋʧʨʘʚʣʝʥʠʝ ʊʦʨʛʦʚʣʝʡè.  ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʵʪʦ ʦʙʣʝʛʯʘʝʪ ʙʫʭʛʘʣʪʝʨʩʢʠʡ ʠ 

ʪʦʨʛʦʚʳʡ ʫʯʝʪ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚʦʟʥʠʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʪʨʫʜʥʦʩʪʠ.  

ɺʦʟʥʠʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: 

- ʊʨʘʪʠʪʩʷ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʩʦʩʪʘʚʣʝʥʠʝ ʢʚʘʨʪʘʣʴʥʦʡ ʦʪʯʝʪʥʦʩʪʠ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -87- 

 

- ɺʦʟʥʠʢʘʶʪ ʦʰʠʙʢʠ ʧʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ç1ʉ:ʋʧʨʘʚʣʝʥʠʝ ʊʦʨʛʦʚʣʝʡè ʩ 

ç1ʉ:ɹʫʭʛʘʣʪʝʨʠʷ ʇʨʝʜʧʨʠʷʪʠʷè, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʜʚʦʝʥʠʝʤ ʢʘʨʪʦʯʝʢ ʪʦʚʘʨʦʚ ʠ 

ʦʪʥʝʩʝʥʠʝʤ ʦʧʝʨʘʮʠʡ ʥʘ ʥʝʢʦʨʨʝʢʪʥʳʝ ʩʯʝʪʘ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ. 

- ɺ ç1ʉ:ɹʫʭʛʘʣʪʝʨʠʠ ʇʨʝʜʧʨʠʷʪʠʷè ʙʫʭʛʘʣʪʝʨ ʥʝ ʠʤʝʝʪ ʜʦʩʪʫʧʘ ʢ ʦʧʝʨʘʪʠʚʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʥʝ ʦʙʥʦʚʣʷʶʪʩʷ ʝʞʝʜʥʝʚʥʦ.  

ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʝ ç1ʉ:ɹʫʭʛʘʣʪʝʨʠʷ ʇʨʝʜʧʨʠʷʪʠʷè ʚʝʜʝʪʩʷ 

ʪʦʣʴʢʦ ʫʯʝʪ ʟʘʨʧʣʘʪʳ ʠ ʥʘʣʦʛʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʦʨʛʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ 

ç1ʉ:ʋ:ʋʧʨʘʚʣʝʥʠʝ ʊʦʨʛʦʚʣʝʡè ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚ ç1ʉ:ɹʫʭʛʘʣʪʝʨʠʷ 

ʇʨʝʜʧʨʠʷʪʠʷè. ɺ ʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʝʥʝʞʥʳʡ ʧʦʪʦʢ ʠ ʧʨʠʙʳʣʴ. 

ʇʦʵʪʦʤʫ ʫ ʢʦʤʧʘʥʠʠ ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʩʦʚʤʝʩʪʠʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʩʣʫʞʙ, ʯʪʦʙʳ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʦʪʯʝʪʥʦʩʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ. ɼʣʷ 

ʵʪʦʛʦ ʢʦʤʧʘʥʠʷ ʨʝʰʠʣʘ ʚʥʝʜʨʠʪʴ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ç1ʉ:ʂʦʤʧʣʝʢʩʥʘʷ 

ɸʚʪʦʤʘʪʠʟʘʮʠʷè. ʕʪʦ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʣʘʛʘʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ, ʫʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʧʨʦʩʪʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ.  

ʎʝʣʴ ʚʥʝʜʨʝʥʠʷ ç1ʉ:ʂʦʤʧʣʝʢʩʥʘʷ ɸʚʪʦʤʘʪʠʟʘʮʠʷè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʚʩʝʭ 

ʬʫʥʢʮʠʡ ʠ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. ʌʫʥʢʮʠʦʥʘʣ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʨʝʩʫʨʩʘʤʠ, ʬʠʥʘʥʩʘʤʠ, ʧʝʨʩʦʥʘʣʦʤ, ʧʨʦʮʝʩʩʘʤʠ ʠ ʦʪʯʝʪʥʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʮʝʣʦʩʪʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʯʠʥʘʷ ʦʪ 

ʚʳʙʦʨʘ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ, ʜʦ ʘʥʘʣʠʟʘ ʨʝʩʫʨʩʦʚ, ʩʨʦʢʦʚ, ʩʪʦʠʤʦʩʪʠ ʠ ʨʠʩʢʦʚ. 

ɻʨʘʤʦʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʤ, ʚʥʠʤʘʥʠʝ ʢ ʜʝʪʘʣʷʤ ʠ ʛʠʙʢʦʩʪʴ ʚ ʨʝʘʛʠʨʦʚʘʥʠʠ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʧʦʟʚʦʣʷʪ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʠʪʴ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʙʠʟʥʝʩʝ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʠʥʷʪʠʝ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʧʦʜʜʝʨʞʢʫ ʦʧʝʨʘʮʠʡ 

ʢʦʤʧʘʥʠʠ. ʂʦʨʨʝʢʪʥʳʡ ʚʳʙʦʨ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʦʤ ʢ 

ʫʩʧʝʭʫ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʣʦʛʠʝ ʦʙʦʣʦʯʢʠ ʜʚʦʷʢʦʡ ʢʨʠʚʠʟʥʳ. ɺʥʝʰʥʷʷ ʧʦʧʝʨʝʯʥʘʷ ʥʘʛʨʫʟʢʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ, ʨʘʩʧʨʝʜʝʣʝʥʘ ʨʘʚʥʦʤʝʨʥʦ ʠ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʚʨʝʤʝʥʠ. ʈʘʩʩʤʦʪʨʝʥ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʡ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʧʝʨʝʯʥʳʝ 

ʩʜʚʠʛʠ. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙʦʣʦʯʢʠ. 

ɸʣʛʦʨʠʪʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ ʃ.ɺ. ʂʘʥʪʦʨʦʚʠʯʘ ʠ 

ʯʠʩʣʝʥʥʦʤ ʤʝʪʦʜʝ ʈʫʥʛʝ-ʂʫʪʪʘ-ʌʝʣʴʙʝʨʛʘ 4-5 ʧʦʨʷʜʢʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ 
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ʨʝʘʣʠʟʦʚʘʥ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ Maple 2017. ʇʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʣʦʛʠʝ ʦʙʦʣʦʯʢʠ ʜʚʦʷʢʦʡ ʢʨʠʚʠʟʥʳ, 

ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʳ-ʌʝʣʴʙʝʨʛʘ. 

 

Abstract 

Shallow shells of double curvature are considered. The external transverse load acting on the 

structure is evenly distributed and has a linear dependence on time. A geometrically nonlinear version 

of the model taking into account transverse shifts is considered. The model is presented as a functional 

of the total deformation energy of the shell. The algorithm for studying the mathematical model is 

based on the method of L.V. Kantorovich and the Runge-Kutta-Felberg numerical method of 4-5 

orders. The proposed algorithm was implemented in the analytical computing environment Maple 

2017. The applicability of the considered method for this class of tasks is shown. 

Keywords: ʩomputer modeling, shallow shells of double curvature, Runge-Kutta-Felberg 

method. 

 

ɺʚʝʜʝʥʠʝ 

ʊʦʥʢʦʩʪʝʥʥʳʝ ʦʙʦʣʦʯʝʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʟʫʯʘʶʪʩʷ ʚʩʝʚʦʟʤʦʞʥʳʝ ʤʦʜʝʣʠ ʦʧʠʩʘʥʠʷ ʦʙʦʣʦʯʝʢ [1], ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʘʥʘʣʠʟʝ ʤʦʜʝʣʠ [2, 3], ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʥʘʛʨʫʟʢʝ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʘ ʧʨʦʙʣʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ [4, 5]. ɺ ʨʘʙʦʪʝ [5], ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʠʟʛʠʙʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʦʣʦʯʝʢ ʚʨʘʱʝʥʠʷ. ʄʥʦʞʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʪ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ [6]. ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʠʩʩʣʝʜʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʦʣʦʯʝʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ [4], ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʜʚʦʷʢʦʡ ʢʨʠʚʠʟʥʳ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ, ʧʦʵʪʦʤʫ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʮʝʩʩ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ 

ʠʟʫʯʝʥ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʦʩʦʙʝʥʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʤʦʜʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʪʘʝʪ ʚʦʧʨʦʩ 

ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʢʨʝʪʥʦ ʢ ʟʘʜʘʯʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʜʚʦʷʢʦʡ 

ʢʨʠʚʠʟʥʳ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʩ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ɼʋ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʳ-

ʌʝʣʴʙʝʨʛʘ 4-5 ʧʦʨʷʜʢʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʮʝʣʴʶ ʩʪʘʚʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʴʶʪʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʊʠʤʦʰʝʥʢʦ ʠ ʤʝʪʦʜʘ 

ʃ.ɺ. ʂʘʥʪʦʨʦʚʠʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʝʪʦʜʘ ʈʫʥʛʝ-

ʂʫʪʪʳ-ʌʝʣʴʙʝʨʛʘ 4-5 ʧʦʨʷʜʢʘ. 

2. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦʛʦʡ ʦʙʦʣʦʯʢʠ ʜʚʦʷʢʦʡ 

ʢʨʠʚʠʟʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ 

ʈʫʥʛʝ-ʂʫʪʪʳ-ʌʝʣʴʙʝʨʛʘ 4-5 ʧʦʨʷʜʢʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɹʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩʪʘʣʴʥʘʷ ʧʦʣʦʛʘʷ ʦʙʦʣʦʯʢʘ ʜʚʦʷʢʦʡ ʢʨʠʚʠʟʥʳ ʪʦʣʱʠʥʳ h. 

ɺʥʝʰʥʷʷ ʧʦʧʝʨʝʯʥʘʷ ʥʘʛʨʫʟʢʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ, ʨʘʩʧʨʝʜʝʣʝʥʘ ʨʘʚʥʦʤʝʨʥʦ ʠ 

ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ  . 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʴʶ, ʫʯʠʪʳʚʘʶʱʝʡ ʧʦʧʝʨʝʯʥʳʝ 

ʩʜʚʠʛʠ, ʘ ʠʤʝʥʥʦ ʤʦʜʝʣʴ ʪʠʧʘ ʊʠʤʦʰʝʥʢʦ [7]. ʀʩʢʦʤʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ 

ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʬʫʥʢʮʠʠ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʥʦʨʤʘʣʠ. 

ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙʦʣʦʯʢʠ [7]: 
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ʛʜʝ kE  ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʜʝʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʳ, sE ï ʬʫʥʢʮʠʦʥʘʣ ʩʪʘʪʠʯʝʩʢʦʡ 

ʟʘʜʘʯʠ, ʨʘʚʥʳʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠpE ʜʝʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʳ ʠ ʨʘʙʦʪʳ ʚʥʝʰʥʠʭ 

ʩʠʣ ɸ. 

ɸʣʛʦʨʠʪʤ 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʃ. ɺ. ʂʘʥʪʦʨʦʚʠʯʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʪ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʬʫʥʢʮʠʡ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʝʡʪʠ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʇʦʩʣʝ ʯʝʛʦ ʵʪʠ ʬʫʥʢʮʠʠ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʫʥʢʮʠʦʥʘʣ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙʦʣʦʯʢʠ ʠ 

ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʵʪʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ   ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

(ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ ï ʃʘʛʨʘʥʞʘ) [7]: 
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ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ. 
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ʛʜʝ 
( )1, XXY=

, ʘ ʪʦʯʢʦʡ ʦʙʦʟʥʘʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ. 

ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʆɼʋ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʝʩʪʢʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʝʝ ʨʝʰʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʨʘʙʦʪʘʭ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʳ [8]. ʄʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʳ-ʌʝʣʴʙʝʨʛʘ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʤʝʪʦʜʦʚ ʈʫʥʛʝ-ʂʫʪʪʳ, ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ. 

ʌʝʣʴʙʝʨʛ ʨʘʟʨʘʙʦʪʘʣ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʚʣʦʞʝʥʥʦʛʦ ʪʠʧʘ. ʅʘʧʨʠʤʝʨ, 
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ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ. ɺʳʯʠʩʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ 

ʬʦʨʤʫʣʳ ʨʘʟʥʳʭ ʧʦʨʷʜʢʦʚ ʪʦʯʥʦʩʪʠ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʰʘʛʦʤ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʵʪʠʭ 

ʨʘʟʥʳʭ ʬʦʨʤʫʣ ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ, ʪʦ ʵʪʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʝʥʠʡ ʬʫʥʢʮʠʠ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʌʦʨʤʫʣʘ ʌʝʣʴʙʝʨʛʘ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʠ ʠʤʝʝʪ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ()5tO . 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʤʝʥʥʳʡ ʰʘʛ. ɼʣʷ 

ʤʝʪʦʜʘ ʌʝʣʴʙʝʨʛʘ ʠʟʤʝʥʝʥʠʝ ʰʘʛʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

½ ʝʩʣʠ 
E >e

, ʪʦ ʰʘʛ ʫʤʝʥʴʰʘʝʪʩʷ ʚʜʚʦʝ 2

)1(
)2( t
=t

, ʛʜʝ e ï ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ; 

½ ʝʩʣʠ 32
E

e
<

, ʪʦ ʰʘʛ ʫʜʚʘʠʚʘʝʪʩʷ 
)1()2( 2t=t ; 

½ ʝʩʣʠ 32
E

e
< <e

, ʪʦ ʰʘʛ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʩʨʝʜʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ Maple 2017. 

ʈʝʟʫʣʴʪʘʪʳ 

ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʨʝʰʝʥʘ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ-ʌʝʣʴʙʝʨʛʘ 4-5 ʧʦʨʷʜʢʘ, ʢʦʪʦʨʳʡ 

ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ N ʦʢʘʟʘʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʞʝʩʪʢʠʭ ʩʠʩʪʝʤ. 

ʇʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʨʘʚʥʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʚʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʠ dsolve ʩ ʧʨʠʤʝʥʝʥʠʝʤ rkf45. 

ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʦʙʦʣʦʯʢʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 09.0=h ʤ, 

hba Ö== 60 , 
hR Ö=2251 , 

hR Ö=2252 , 3.0=m , 
11101.2 Ö=E  ʇʘ. 

ʇʝʨʝʛʠʙ ʢʨʠʚʦʡ çʥʘʛʨʫʟʢʘ-ʧʨʦʛʠʙè ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʦʣʦʯʢʠ 

ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʟʥʘʯʝʥʠʷ ʪʦʯʝʢ ʧʦʪʝʨʠ ʧʨʦʯʥʦʩʪʠ 

ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺʩʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʜʣʷ 1=N , 2=N  ʠ ʜʣʷ ʜʚʫʭ ʪʦʯʝʢ: ʚ ʮʝʥʪʨʝ 

(1/2) ʠ ʯʝʪʚʝʨʪʠ (1/4). 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʜʚʦʷʢʦʡ ʢʨʠʚʠʟʥʳ. 
N ʄʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʳ-ʌʝʣʴʙʝʨʛʘ dsolve(rkf45) 

1 

ʇʨʦʯʥʦʩʪʴ ʥʘʨʫʰʝʥʘ 

ʧʨʠ q = 3,3094 ʄʇʘ 

ʇʨʦʯʥʦʩʪʴ ʥʘʨʫʰʝʥʘ 

ʧʨʠ q = 3,31Āʄʇʘ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʪʝʨʷʥʘ  

ʧʨʠ q = 3,6559 ʄʇʘ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʪʝʨʷʥʘ 

ʧʨʠ q = 3,65 ʄʇʘ 

 

 

2 

ʇʨʦʯʥʦʩʪʴ ʥʘʨʫʰʝʥʘ 

ʧʨʠ q = 3,2439 ʄʇʘ 

ʇʨʦʯʥʦʩʪʴ ʥʘʨʫʰʝʥʘ 

ʧʨʠ q = 3,22 ʄʇʘ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʪʝʨʷʥʘ ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʪʝʨʷʥʘ 
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ʧʨʠ q = 3,438 ʄʇʘ ʧʨʠ q = 3,44 ʄʇʘ 

  

 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʫʯʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʦʚʝʨʷʪʴ ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ. 

ɺʳʚʦʜʳ 

ʇʦ ʠʪʦʛʘʤ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʈʝʘʣʠʟʦʚʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʝ ʃ.ɺ. 

ʂʘʥʪʦʨʦʚʠʯʘ ʠ ʤʝʪʦʜʝ ʈʫʥʛʝ-ʂʫʪʪʘ-ʌʝʣʴʙʝʨʛʘ 4-5 ʧʦʨʷʜʢʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

2. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ-ʌʝʣʴʙʝʨʛʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ɼʋ ʜʣʷ 

ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʦʣʦʯʝʢ ʜʚʦʷʢʦʡ ʢʨʠʚʠʟʥʳ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʥʘʛʨʫʞʝʥʠʶ. 

3. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʚʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʝʡ dsolve. 

4. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʦʛʠʭ 

ʦʙʦʣʦʯʝʢ ʜʚʦʷʢʦʡ ʢʨʠʚʠʟʥʳ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʫʯʝʪʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʝʝ ʩʪʨʦʝʥʠʝ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʢʘʥʘʣʦʚ 

ʩʚʷʟʠ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʩʦʟʜʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʫʯʝʪʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʠʟʘʮʠʷ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʢʦʥʪʨʦʣʴ ʠ ʫʯʝʪ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 

ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ. 

 

Abstract 

This paper examines the system of automated control and accounting of electricity, its 

structure, advantages and disadvantages, and also provides an overview of the communication 

channels on the basis of which automated control and accounting systems for electricity are created. 

Keywords: digitalization, electric power, control and accounting, automation, power system 

management. 

 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ɸʉʂʋʕ). ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʩʙʦʨʝ ʜʘʥʥʳʭ ʦ ʧʦʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ, ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʯʝʨʝʟ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ ʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʙʘʟ ʜʘʥʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʇʦ ʥʝʧʨʝʨʳʚʥʦ ʧʦʣʫʯʘʝʤʳʤ ʜʘʥʥʳʤ ʚʦʟʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʛʨʘʬʠʢʝ 

ʥʘʛʨʫʟʦʢ ʚ ʨʘʟʣʠʯʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʩʜʝʣʘʪʴ ʧʨʦʛʥʦʟ ʝʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʙʫʜʫʱʝʤ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ, ʣʫʯʰʝʤʫ ʩʛʣʘʞʠʚʘʥʠʶ ʧʠʢʦʚ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʝʨʝʧʣʘʪ ʟʘ ʥʝʝ. 

ʕʪʘ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʠ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʩʪʫʧʝʥʝʡ: 

1. ʅʘ ʥʠʞʥʝʡ ʩʪʫʧʝʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʬʫʥʢʮʠʠ ʦʙʲʝʢʪʦʚ 

ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʚʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ ʚ ʪʦʯʢʝ 

ʫʯʝʪʘ, ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʡ, ʭʨʘʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʘʤʷʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʘʥʘʣʦʛʦʚʦʛʦ ʬʦʨʤʘʪʘ ʚ ʮʠʬʨʦʚʦʡ, ʧʝʨʝʜʘʯʘ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʩʪʫʧʝʥʴ ʚʳʰʝ. 

2. ɺʪʦʨʘʷ ʩʪʫʧʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʥʘʣʦʦʙʨʘʟʫʶʱʫʶ ʘʧʧʘʨʘʪʫʨʫ, ʚ 

ʬʫʥʢʮʠʠ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʧʝʨʝʜʘʯʘ ʥʘ ʩʪʫʧʝʥʴ ʚʳʰʝ. 

3. ʊʨʝʪʴʷ ʩʪʫʧʝʥʴ ï ʚʳʩʰʘʷ. ʆʙʲʝʢʪʘʤʠ ʜʘʥʥʦʡ ʩʪʫʧʝʥʠ ʷʚʣʷʶʪʩʷ ɸʈʄ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʇʆ, ʩʝʨʚʝʨʘ, ʬʫʥʢʮʠʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩʙʦʨ ʠ ʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʬʠʢʩʠʨʦʚʘʥʠʝ ʠʟʤʝʨʝʥʠʡ, 

ʧʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʦʚ, ʘ ʪʘʢʞʝ ʠʤʧʦʨʪ-ʵʢʩʧʦʨʪ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 



-94- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʇʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʶ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʷʤʠ, ʢʦʪʦʨʳʝ ʥʝʛʘʪʠʚʥʦ 

ʚʣʠʷʶʪ ʥʘ ʝʸ ʢʘʯʝʩʪʚʦ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʥʝʜʨʝʥʠʝ ɸʉʂʋʕ: ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʙʣʦʢʘ, ʤʠʥʠʤʠʟʘʮʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʘʢ ʠʪʦʛ ï ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦʝ (ʵʢʦʥʦʤʠʯʥʦʝ) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʦʮʠʬʨʦʚʢʘ ʜʘʥʥʳʭ; ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʳʭ ʪʘʨʠʬʦʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; ʩʦʟʜʘʥʠʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ; ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʝʦʙʭʦʜʠʤʳʤ ʜʘʥʥʳʤ 

ʯʝʨʝʟ ʩʝʪʴ ʀʥʪʝʨʥʝʪ; ʩʥʠʞʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʙʦʣʴʰʠʡ 

ʢʦʥʪʨʦʣʴ ʟʘ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʉʠʩʪʝʤʘ ɸʉʂʋʕ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʫʯʸʪʘ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʆʜʥʘʢʦ, ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʠ ʚʥʝʜʨʝʥʠʝʤ ʩʠʩʪʝʤʳ ɸʉʂʋʕ ʚ ʦʪʨʘʩʣʴ. 

ʅʘʧʨʠʤʝʨ, ʤʦʥʪʘʞ ʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ɸʉʂʋʕ ʤʦʞʝʪ ʙʳʪʴ ʜʦʨʦʛʠʤ ʠ ʩʦʧʨʷʞʝʥ ʩ ʨʠʩʢʦʤ 

ʦʙʨʳʚʘ ʩʝʪʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʩʠʩʪʝʤʝ ɸʉʂʋʕ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʙʝʩʧʨʦʚʦʜʥʫʶ ʧʝʨʝʜʘʯʫ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʧʦ 

ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ. 

PLC ʠ GSM ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ɽʚʨʦʧʝ. ʅʘʧʨʠʤʝʨ, ʚ ɸʚʩʪʨʠʠ, ɹʦʣʛʘʨʠʠ, ʕʩʪʦʥʠʠ, ʌʨʘʥʮʠʠ ʠ ɻʨʝʮʠʠ ʙʦʣʝʝ 70% 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʫʯʝʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ PLC. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚ ʌʠʥʣʷʥʜʠʠ ʠ ɻʝʨʤʘʥʠʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʝʥ GSM. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ PLC. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʯʝʪʯʠʢʠ 

ʙʫʜʫʪ ʩʦʝʜʠʥʝʥʳ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʢʣʘʩʩʘ 

ʥʘʧʨʷʞʝʥʠʷ 0,4 ʢɺ. ɿʘʪʝʤ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʪʨʝʙʣʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʘʙʦʥʝʥʪʦʤ ʙʫʜʝʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʜʠʩʧʝʪʯʝʨʫ ʯʝʨʝʟ GSM-ʰʣʶʟʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʝʚʨʦʧʝʡʩʢʠʡ ʩʪʘʥʜʘʨʪ PLC G3 (ʨʠʩ. 4), ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ 

ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷʮʠʠ OFDM. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʳʰʘʝʪ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʝʨʘʪʠʚʥʦ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʚ ʩʪʘʨʳʭ ʠ ʠʟʥʦʰʝʥʥʳʭ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʂʘʥʘʣ ʩʚʷʟʠ PLC, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʥʝ ʨʝʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʜʥʘʢʦ ʥʦʚʳʡ ʩʪʘʥʜʘʨʪ ï PLC G3 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ, ʪʘʢ ʢʘʢ ʚ ʦʪʣʠʯʠʠ ʦʪ ʙʦʣʝʝ ʨʘʥʥʝʡ ʚʝʨʩʠʠ ʠʤʝʝʪ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʫʶ ʥʘʜʸʞʥʦʩʪʴ. çʇʣʶʩʳ2 PLC G3: ʙʦʣʴʰʘʷ; ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ; ʝʚʨʦʧʝʡʩʢʠʡ 

ʩʪʘʥʜʘʨʪ; ʨʘʙʦʪʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ DLMS/ʉʇʆɼʕʉ. 

 

 
ʈʠʩʫʥʦʢ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʘʣʘ ʩʚʷʟʠ PLC G3. 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ɸʉʂʋʕ ʥʘ LoRaWAN (ʨʠʩ. 5) ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʩʝʪʠ: ʩʯʝʪʯʠʢ ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʙʘʟʦʚʫʶ ʩʪʘʥʮʠʶ ʧʦ ʧʨʦʪʦʢʦʣʫ LoRaWAN. ɿʘʪʝʤ 

ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʥʘ ʩʝʪʝʚʦʡ ʩʝʨʚʝʨ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʦʙʨʘʙʦʪʢʘ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʠʥʬʦʨʤʘʮʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʜʠʩʧʝʪʯʝʨʩʢʦʤ ʮʝʥʪʨʝ ʠʣʠ ʚ ʣʠʯʥʦʤ ʢʘʙʠʥʝʪʝ ʧʦʪʨʝʙʠʪʝʣʷ. ɺ 

ʈʦʩʩʠʠ ʜʝʡʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʦʧʝʨʘʪʦʨʦʚ LoRaWAN, ʩʨʝʜʠ ʢʨʫʧʥʝʡʰʠʭ - "ʉʝʪʴ 868", "ʕʨ-



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -95- 

 

ʊʝʣʝʢʦʤ" ʠ "LarTech". ʉʦʚʦʢʫʧʥʦ ʠʭ ʩʝʪʠ ʦʭʚʘʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. 

ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʦʣʴʰʦʤ ʨʘʜʠʫʩʝ ʦʭʚʘʪʘ (ʜʦ 10 

ʢʤ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʝʦʜʦʣʝʚʘʝʤʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩʢʦʨʦʩʪʴ ʩʠʛʥʘʣʘ ʤʦʞʝʪ 

ʩʥʠʞʘʪʴʩʷ, ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝ ʫʭʫʜʰʠʪʩʷ, ʪʘʢ 

ʢʘʢ ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ 40-60 ʙʠʪ/ʩ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʚʳʩʦʢʫʶ ʘʚʪʦʥʦʤʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝ ʫʩʪʨʦʡʩʪʚ ʦʪ ʙʘʪʘʨʝʡ. ɽʱʝ 

ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

 

 
ʈʠʩʫʥʦʢ  2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʩʚʷʟʠ LoRaWAN. 

 

ɸʉʂʋʕ ʥʘ ʙʘʟʝ GSM / GPRS. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ GSM / GPRS-ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ɸʉʂʋʕ ʥʝ ʪʦʣʴʢʦ ʚ ʛʦʨʦʜʩʢʠʭ, ʥʦ ʠ ʚ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʘʭ ʙʣʘʛʦʜʘʨʷ ʝʝ ʛʣʦʙʘʣʴʥʦʤʫ 

ʧʦʢʨʳʪʠʶ. ʉʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʚʥʝʰʥʠʝ GSM / GPRS-ʤʦʜʝʤʳ 

ʠ ʚʩʪʨʦʝʥʥʳʝ ʤʦʜʝʤʳ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʯʝʪʯʠʢʠ ʠ ʋʉʇɼ. ɺ ʈʦʩʩʠʠ ʚʩʝ ʚʝʜʫʱʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʯʝʪʯʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʯʝʨʝʟ GSM / GPRS-

ʩʝʪʴ. ʕʪʦʪ ʢʘʥʘʣ ʩʚʷʟʠ ʦʙʣʘʜʘʝʪ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʦ ʢʦʪʦʨʳʭ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ: ʦʥ 

ʧʦʢʨʳʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ ʩʪʨʘʥʳ ʠ ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʧʣʘʪʫ ʦʧʝʨʘʪʦʨʫ ʩʚʷʟʠ ʟʘ 

ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʠ ʥʠʟʢʫʶ ʧʨʦʭʦʜʠʤʦʩʪʴ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʦʜʩʪʘʥʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʧʫʥʢʪʳ (ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧ. 

ʘʥʪʝʥʥ). 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʥʘ ʦʩʥʦʚʝ NB-IoT ï ʜʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʘʣʦʛʦ ʦʙʲʝʤʘ. ʉʚʷʟʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. NB-IoT ʠʩʧʦʣʴʟʫʝʪ ʦʩʥʦʚʥʫʶ ʧʦʣʦʩʫ LTE ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʬʫʥʢʮʠʷʤ LTE. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ 

ʟʘʤʝʥʷʝʪ ʫʩʪʘʨʝʚʰʠʝ ʤʝʪʦʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ GPRS ʠ EDGE. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ, ʧʦʣʴʟʫʝʪʩʷ ʩʧʨʦʩʦʤ ʠ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ. ʕʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʚʝʜʴ ʦʥʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶʯʘʶʱʠʭ: ʚʳʩʦʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ; ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʩʠʩʪʝʤ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʙʦʨʦʚ 

ʫʯʝʪʘ; ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʫʨʦʚʥʷ ʋʉʇɼ. 

ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ 

ɻʆʉʊ ʈ 58940-2020 çʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʪʦʢʦʣʘʤ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʠ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘè. ʕʪʦʪ ʧʨʦʪʦʢʦʣ ʦʩʥʦʚʘʥ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ DLMS/COSEM, ʢʦʪʦʨʘʷ ʧʨʠʥʷʪʘ ʚʦ ʤʥʦʛʠʭ ʵʥʝʨʛʦʢʦʤʧʘʥʠʷʭ 

ʨʘʟʥʳʭ ʩʪʨʘʥ ʤʠʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ɼʣʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʤʘʰʠʥʘʤʠ ʥʘ ʫʨʦʚʥʝ ʀɺʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʧʝʮʠʬʠʢʘʮʠʷ ʟʘʱʠʱʝʥʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʫʪʚʝʨʞʜʝʥʥʘʷ ʧʨʠʢʘʟʦʤ ʄʠʥʵʥʝʨʛʦ ʈʦʩʩʠʠ ʦʪ 30.12.2020 ʛʦʜʘ ˉ 

1234 [1-3]. 

ʈʘʟʚʠʪʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʅʦʚʳʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʳʰʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 



-96- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʧʨʠʥʦʩʠʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʥʦ ʠ ʤʦʪʠʚʠʨʫʝʪ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʟʘʙʦʪʠʪʴʩʷ ʦʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 27751-2014 çʅʘʜʝʞʥʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʩʥʦʚʘʥʠʡ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷè ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ  

ʚʝʣʠʯʠʥʘʤʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʩʘʜʦʢ ʠ ʢʨʝʥʦʚ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʦʙʲʝʢʪʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʦʨʫʞʝʥʠʷʤ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʭ 

ʢʦʨʦʙʯʘʪʳʝ ʬʫʥʜʘʤʝʥʪʳ  ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʜʦʩʪʠʛʘʶʱʠʭ  ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʠʭ ʜʘʚʣʝʥʠʡ ʜʦ 

PIImt= 680 ʢʇʘ ʦʥʠ ʧʦʣʫʯʠʣʠ ʦʩʘʜʢʠ  ʠ ʢʨʝʥʳ ʧʨʝʚʳʰʘʶʱʠʝ  ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʚʝʣʠʯʠʥʳ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʢʨʝʥʦʚ ʚʦ ʚʨʝʤʷ ʚʦʟʚʝʜʝʥʠʷ ʦʙʲʝʢʪʦʚ  ʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 360Á. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʚʨʝʤʝʥʥʦ  ʧʨʠʥʷʪʳʤ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʝʤʘʤ  ʚʦ ʚʨʝʤʷ ʠʭ 

ʚʦʟʚʝʜʝʥʠʡ ʦʥʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʥʘʜʝʞʥʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʦʩʘʜʢʘ, ʢʨʝʥ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʦʩʘʜʢʠ, ʧʨʦʛʥʦʟ 

ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦʚʘʥʠʡ. 

 

Abstract 

Facility operation safety standards according to GOST 27751-2014 ñReliability for 

constructions and foundations. General principlesò are governed by the values of vertical settlement 

and lurch. The facilities considered in this paper belong to the first class of responsibility. The 

increased loads on their pile box foundations reaching the values of average pressures up to PIImt = 

680 KPa result in settlements and lurches exceeding the maximum tolerances. The direction of the 

lurches during the facilities erection varies from 0 to 360Á. The facilities are operated reliably by virtue 

of timely technical and technological measures taken during their construction. 

Keywords: differential settlement, lurch, vertical settlements, estimates of foundation 

deformation. 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʩʘʜʦʢ ʠ ʢʨʝʥʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ˉˉ 1 ʠ 2. 

ʆʙʲʝʢʪʳ ˉˉ1, 2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʫʛʣʳʝ ʞʝʩʪʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʚʳʩʦʪʦʡ 70 ʤ ʠ 

ʠʤʝʶʪ ʜʠʘʤʝʪʨ 48,8 ʤ. ʌʫʥʜʘʤʝʥʪʳ ʠʭ ʟʘʣʦʞʝʥʳ ʥʘ ʛʣʫʙʠʥʫ 4,2 ʤ ʦʪ ʫʨʦʚʥʷ ʧʣʘʥʠʨʦʚʢʠ, ʘ 

ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ  PIImt=680 ʢʇʘ [1-14]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥʠʡ ʢʦʨʦʙʯʘʪʳʭ 

ʬʫʥʜʘʤʝʥʪʦʚ  ʦʙʲʝʢʪʦʚ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳ  ʚʳʩʦʢʦʪʦʯʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 2-ʛʦ 

ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʥʠʚʝʣʠʨʦʚ ʠ ʰʪʨʠʭʦʚʳʭ ʠʥʚʘʨʥʳʭ ʨʝʝʢ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -97- 

 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʦʩʘʜʢʘʤʠ ʩʪʝʥʥʳʭ ʦʩʘʜʦʯʥʳʭ ʤʘʨʦʢ ʦʙʲʝʢʪʘ ˉ1 ʥʘʯʘʣʠʩʴ ʚ ʘʧʨʝʣʝ 1977 

ʛ. ʧʦʩʣʝ ʚʦʟʚʝʜʝʥʠʷ ʥʠʞʥʝʡ  ʧʣʠʪʳ ʢʦʨʦʙʯʘʪʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʦʩʘʜʦʯʥʳʭ ʤʘʨʦʢ ʦʙʲʝʢʪʘ ˉ1 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʩʨʝʜʥʝʡ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʩʘʜʦʢ ʩ ʨʦʩʪʦʤ  

ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʝ (ʨʠʩ. 1). 

ʊʘʢ ʩʨʝʜʥʷʷ ʦʩʘʜʢʘ ʬʫʥʜʘʤʝʥʪʘ ʟʘ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʩ ʘʧʨʝʣʷ 1977 ʛ. ʧʦ ʠʶʣʴ 1984 ʛ. 

ʩʦʩʪʘʚʠʣʘ  S = 211,6 ʤʤ, ʘ ʟʥʘʯʝʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʢʠ ï S = 134,7 ʤʤ, ʧʨʠ ʵʪʦʤ  

ʥʘʧʨʘʚʣʝʥʠʝ ʢʨʝʥʘ Ŭ = 350Á (ʨʠʩ. 2). ʉ ʠʶʥʷ 1980 ʛ. ʧʦ ʤʘʡ 1982 ʛ. ʧʨʠʨʘʱʝʥʠʝ ʦʩʘʜʢʠ 

ʩʦʩʪʘʚʠʣʦ ȹS = 58 ʤʤ, ʜʦʩʪʠʛʥʫʚ ʚʝʣʠʯʠʥʳ ȹS = 111 ʤʤ. ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ 

ʢʨʝʥ ʩʦʦʨʫʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʧʨʠʩʪʨʦʷ ʠ ʜʦʩʪʠʛ 82 ʤʤ. ʇʨʠ ʵʪʦʤ ʚʝʩ ʩʦʦʨʫʞʝʥʠʷ ʩʦʩʪʘʚʠʣ 70 % 

ʧʨʦʝʢʪʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʪʝʢʘʣʘ ʦʩʘʜʢʘ  ʬʫʥʜʘʤʝʥʪʘ ʟʘ ʧʝʨʠʦʜ ʩ ʤʘʷ 1982 ʛ. ʧʦ ʠʶʣʴ 

1983 ʛ. (ʢʦʥʝʮ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʘ). ɿʘ ʵʪʦ ʚʨʝʤʷ  ʩʨʝʜʥʷʷ ʦʩʘʜʢʘ  ʚʳʨʦʩʣʘ ʥʘ ȹS = 99 ʤʤ, ʘ 

ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʦʩʘʜʢʘ ï ʥʘ ȹS = 53 ʤʤ.   ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʤʦʥʪʘʞʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ  

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʟʢʦ ʫʤʝʥʴʰʠʣʠʩʴ ʩʢʦʨʦʩʪʠ ʦʩʘʜʦʢ ʠ ʢʨʝʥʘ. 

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʦʩʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʢʠ ʬʫʥʜʘʤʝʥʪʘ ʦʙʲʝʢʪʘ ˉ1 ʚ ʥʦʷʙʨʝ-

ʜʝʢʘʙʨʝ 1983 ʛ. ʙʳʣ ʫʣʦʞʝʥ ʩʨʦʯʥʳʡ  ʧʨʠʛʨʫʟ ʚʝʩʦʤ  5780 ʢʅ ʥʘ ʢʦʥʩʦʣʴ ʬʫʥʜʘʤʝʥʪʘ  ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʢʨʝʥʘ (ʩʤ. ʨʠʩ. 2). ɼʣʷ ʫʩʢʦʨʝʥʠʷ  ʧʨʦʮʝʩʩʘ  

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʝʥʘ  ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʣʦʞʝʥʳ ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʨʠʛʨʫʟʳ ʚ ʩʝʢʪʦʨʘʭ ɸ ʠ ɹ ʧʦ ʦʙʝ 

ʩʪʦʨʦʥʳ  ʦʪ ʦʩʠ 2 ʚʝʩʦʤ ʦʢʦʣʦ 30000 ʢʅ. ʇʦʩʣʝ ʵʪʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʨʦʩʪ ʢʨʝʥʘ ʙʳʣ 

ʧʨʠʦʩʪʘʥʦʚʣʝʥ. ɺ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʝʣʠʯʠʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʢʠ ʩʦʩʪʘʚʠʣʘ 

148 ʤʤ, ʘ ʝʝ ʥʘʧʨʘʚʣʝʥʠʝ Ŭ=348Á. 

ʆʙʲʝʢʪ ˉ2  ʪʘʢʞʝ ʧʦʩʪʨʦʝʥ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʦʩʥʦʚʘʥʠʠ. ɺʦʟʚʝʜʝʥʠʝ ʩʦʦʨʫʞʝʥʠʷ ʠʤʝʝʪ 

ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʢʪʦʤ ˉ1. ɺʦ-ʧʝʨʚʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʟʘ ʚʩʝ ʚʨʝʤʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʘ ˉ1  ʧʨʦʚʦʜʠʣʦʩʴ ʛʣʫʙʠʥʥʦʝ  ʚʦʜʦʧʦʥʠʞʝʥʠʝ ʚ ʢʦʪʣʦʚʘʥʝ 

ʙʣʦʯʥʦʥʘʩʦʩʥʦʡ  ʩʪʘʮʠʠ (ɹʅʉ-1). ʇʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (ʋʇɺ) ʚ ʢʦʪʣʦʚʘʥʝ 

ʙʣʦʯʥʦʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ (ɹʅʉ-2)  ʥʘʯʘʣʦʩʴ ʩ 80 % ʧʨʦʝʢʪʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʬʫʥʜʘʤʝʥʪ  ʦʙʲʝʢʪʘ 

ˉ2. ɺʦ-ʚʪʦʨʳʭ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʘ ˉ2 ʚʝʣʦʩʴ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʲʝʢʪʦʤ ˉ1. 

ɺʳʩʦʢʦʪʦʯʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʩʘʜʢʘʤʠ ʩʪʝʥʥʳʭ ʦʩʘʜʦʯʥʳʭ ʤʘʨʦʢ 

ʥʘʯʘʣʠʩʴ ʧʦʩʣʝ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʥʠʞʥʝʡ ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʢʦʨʦʙʯʘʪʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ ʚ ʢʦʥʮʝ 1982 ʛ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʘʜʦʢ ʠ ʢʨʝʥʘ ʬʫʥʜʘʤʝʥʪʦʚ ʧʦʩʪʨʦʝʥʳ 

ʛʨʘʬʠʢʠ ʩʨʝʜʥʝʡ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʦʢ ʩ ʨʦʩʪʦʤ  ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʝ (ʨʠʩ. 3) 

 

 
ʈʠʩʫʥʦʢ 1.  ʆʙʲʝʢʪ ˉ1. ɻʨʘʬʠʢʠ: 1 ï ʩʨʝʜʥʝʡ ʦʩʘʜʢʠ; 2 ïʢʨʝʥʘ; 

3 ï ʨʦʩʪʘ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʝ. 

 



-98- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 2 . ʆʙʲʝʢʪʳ ˉˉ1,2. ʘ ⱷ ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʛʨʫʟʦʚ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʨʝʥʦʚ; ʙ ï ʩʭʝʤʘʪʠʯʥʳʡ ʧʣʘʥ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʦʙʲʝʢʪʦʚ ˉˉ1 ʠ 2 

 

ʉʨʝʜʥʷʷ ʠ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʦʩʘʜʢʘ ʬʫʥʜʘʤʝʥʪʘ ʦʙʲʝʢʪʘ ˉ2 ʟʘ ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 171,3 ʠ 101,8 ʤʤ. ʉʨʝʜʥʷʷ ʦʩʘʜʢʘ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʧʨʦʪʝʢʘʣʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 0,164 ʤʤ/ʩʫʪ, ʘ ʩʢʦʨʦʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʢʠ ʨʘʚʥʷʣʘʩʴ 0,10 ʤʤ/ʩʫʪ. ɺ ʧʝʨʠʦʜ 

ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ  ʥʘʨʘʱʠʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʦʩʥʦʚʘʥʠʝ ʩ ʩʝʥʪʷʙʨʷ 1984 ʛ. ʧʦ ʜʝʢʘʙʨʴ 

1984 ʛ. ʩʢʦʨʦʩʪʴ ʩʨʝʜʥʝʡ ʦʩʘʜʢʠ  ʩʦʩʪʘʚʠʣʘ 0,12 ʤʤ/ʩʫʪ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ  ʚʥʝʰʥʝʡ 

ʥʘʛʨʫʟʢʠ ʚ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ  ʩʦʩʪʘʚʠʣʘ 55000 ʢʅ/ʤʝʩ. 

ʉʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʩʨʝʜʥʝʡ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ  ʦʩʘʜʦʢ ʜʦ ʠ ʚʦ ʚʨʝʤʷ ʚʦʜʦʧʦʥʠʞʝʥʠʷ ʚ 

ʢʦʪʣʦʚʘʥʝ  ɹʅʉ-2 ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʠ ʩʨʝʜʥʝʡ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ  ʦʩʘʜʦʢ ʜʦ ʚʦʜʦʧʦʥʠʞʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  0,278 ʠ 0,256 ʤʤ/ʩʫʪ, ʘ ʚʦ 

ʚʨʝʤʷ ʚʦʜʦʧʦʥʠʞʝʥʠʷ ʵʪʠ ʚʝʣʠʯʠʥʳ ʨʘʚʥʷʣʠʩʴ 0,429 ʠ 0,280 ʤʤ/ʩʫʪ. 

 ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʢʨʝʥʘ ʙʳʣʠ ʫʩʪʨʦʝʥʳ ʩʨʦʯʥʳʡ ʚʝʩʦʤ 5800 ʢʅ ʠ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʚʝʩʦʤ 51000 ʢʅ ʧʨʠʛʨʫʟʳ ʚ ʩʝʢʪʦʨʘʭ ɸ ʠ ɹ (ʨʠʩ. 2),ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʨʦʩʪ ʢʨʝʥʘ 

ʙʳʣ ʧʨʠʦʩʪʘʥʦʚʣʝʥ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʘʜʢʠ ʬʫʥʜʘʤʝʥʪʦʚ ʦʙʲʝʢʪʦʚ ˉˉ1,2 ʙʝʟʘʚʘʨʠʡʥʦ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ. 

ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʢʠ ʩʨʝʜʥʝʡ ʠ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʦʩʘʜʦʢ ʥʘ ʨʠʩ. 1 ʠ 3 ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʥʘ ʢʨʠʚʳʭ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ  ʜʚʘ ʫʯʘʩʪʢʘ ʣʠʥʝʡʥʳʡ ʠ ʥʝʣʠʥʝʡʥʳʡ. ʃʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ 

ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʣʠʥʝʡʥʳʡ  ʧʨʠ ʩʨʝʜʥʝʤ ʜʘʚʣʝʥʠʠ ʥʘ ʦʩʥʦʚʘʥʠʝ 250-300 ʢʇʘ. ʉ ʤʦʤʝʥʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʯʘʣʫ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʛʨʘʬʠʢʘ ʦʩʘʜʢʠ, ʥʘʨʘʩʪʘʥʠʝ ʢʨʝʥʘ ʪʦʞʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʪ.ʝ. ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʝʥʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʅʘʧʨʘʚʣʝʥʠʝ 

ʢʨʝʥʘ   ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ  ʜʣʷ ʦʙʦʠʭ ʦʙʲʝʢʪʦʚ (ʩʤ. ʨʠʩ. 4,5). 

 

 
ʈʠʩʫʥʦʢ  3. ʆʙʲʝʢʪ ˉ2. ɻʨʘʬʠʢʠ: 1 ï ʩʨʝʜʥʝʡ ʦʩʘʜʢʠ ʬʫʥʜʘʤʝʥʪʘ; 

2 ï ʢʨʝʥʘ;  3 ï ʨʦʩʪʘ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʧʦʜ ʧʦʜʦʰʚʦʡ ʬʫʥʜʘʤʝʥʪʘ PIImt 
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ʈʠʩʫʥʦʢ  4, ʆʙʲʝʢʪ ˉ1. 

ɻʨʘʬʠʢ ʥʘʨʘʩʪʘʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʢʠ 1 ʩ ʨʦʩʪʦʤ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ 2 ʥʘ ʦʩʥʦʚʘʥʠʝ 

 

 
ʈʠʩʫʥʦʢ  5, ʆʙʲʝʢʪ ˉ2. 

ɻʨʘʬʠʢ ʥʘʨʘʩʪʘʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʘʜʢʠ 1 ʩ ʨʦʩʪʦʤ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ 2 ʥʘ ʦʩʥʦʚʘʥʠʝ 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʢʨʝʥʘ  ʩ ʨʦʩʪʦʤ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʦʩʥʦʚʘʥʠʝ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 9, 10,11. ʂʨʠʚʳʝ ʧʦʩʪʨʦʝʥʳ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʥʘʯʘʣʦʤ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ 

ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ ʚ ʧʣʘʥʝ. ʎʠʬʨʳ ʥʘ ʨʠʩʫʥʢʘʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʮʠʢʣʳ ʥʘʙʣʶʜʝʥʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʦʩʥʦʚʘʥʠʝ. ɺ ʢʘʞʜʦʤ ʮʠʢʣʝ ʥʘʙʣʶʜʝʥʠʡ  ʚʝʣʠʯʠʥʘ  

ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʢʨʝʥʘ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʫʩʦʤ ʚʝʢʪʦʨʦʤ ȹh ʠ ʫʛʣʦʤ Ŭ, ʦʪʩʯʠʪʳʚʘʝʤʦʤ ʦʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʩʠ  ʆʋ. 

ɸʥʘʣʠʟ ʦʩʘʜʦʢ ʠ ʢʨʝʥʦʚ ʦʙʲʝʢʪʦʚ ˉˉ3, 4, 5 (ʨʠʩ. 6, 7, 8) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʞʝ ʥʘ 

ʛʨʘʬʠʢʘʭ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʫʯʘʩʪʢʘ: ʣʠʥʝʡʥʳʡ ʠ ʥʝʣʠʥʝʡʥʳʡ. ʃʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ 

ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʣʠʥʝʡʥʳʡ ʧʨʠ ʩʨʝʜʥʝʤ ʜʘʚʣʝʥʠʠ ʥʘ ʦʩʥʦʚʘʥʠʝ P=250-300 ʢʇʘ. ʂʨʝʥ 

ʬʫʥʜʘʤʝʥʪʦʚ ʧʦʷʚʣʷʝʪʩʷ ʝʱʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʝʛʦ ʚʝʣʠʯʠʥʘ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʉ 

ʤʦʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʝʭʦʜʫ ʛʨʘʬʠʢʘ ʦʩʘʜʦʢ ʚ ʥʝʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʢʨʠʚʘʷ ʢʨʝʥʘ ʪʦʞʝ 

ʤʝʥʷʝʪ ʣʠʥʝʡʥʦʩʪʴ, ʪ.ʝ. ʩʢʦʨʦʩʪʠ ʢʨʝʥʘ ʚʦʟʨʘʩʪʘʶʪ. ʉ ʵʪʦʛʦ ʞʝ ʤʦʤʝʥʪʘ ʤʝʥʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ 

ʢʨʝʥʘ ʦʪ ʧʨʠʩʪʨʦʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ. ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʨʝʥʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʣʷ ʬʫʥʜʘʤʝʥʪʦʚ ʦʙʲʝʢʪʦʚ ˉˉ1,2.  

ɺʳʚʦʜʳ:  

ʀʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʢʨʝʥʘ ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʫʧʣʦʪʥʝʥʥʦʡ ʟʦʥʳ 

ʧʦʜ ʧʦʜʦʰʚʦʡ ʬʫʥʜʘʤʝʥʪʘ ʚ ʦʩʥʦʚʘʥʠʠ ʧʨʠ ʩʨʝʜʥʝʤ ʜʘʚʣʝʥʠʠ PIImt=250õ300ʢʇʘ. ʇʨʠ 



-100- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʢʘʭ ʩʚʳʰʝ ʵʪʠʭ  ʜʘʚʣʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʢʦʤʧʦʥʝʥʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ  ʧʝʨʝʤʝʱʝʥʠʡ, ʫʚʝʣʠʯʠʚʘʷ ʧʨʠʨʘʱʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʣʦʪʥʝʥʥʘʷ ʟʦʥʘ ʨʘʩʧʠʨʘʝʪ ʛʨʫʥʪ  ʦʩʥʦʚʘʥʠʷ, ʫʚʝʣʠʯʠʚʘʷ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʬʫʥʜʘʤʝʥʪʦʚ. 
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(ʈʦʩʩʠʷ, ʏʝʙʦʢʩʘʨʳ) 

doi: 10.18411/trnio-06-2024-875 

 

ɸʥʥʦʪʘʮʠʷ 

ʅʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʜʦʚʳʤʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʦʩʚʦʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ (ʪʝʭʥʦʣʦʛʠʷ ʕʈʊ) ï ʤʠʢʨʦʩʚʘʡ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ, ʠʤʝʶʱʠʭ ʩʣʘʙʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʤʝʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʧʝʨʝʜ ʜʨʫʛʠʤʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -101- 

 

ʩʧʦʩʦʙʘʤʠ ʦʩʚʦʝʥʠʷ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʕʈʊ 

ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ, 1) ʧʦʚʳʰʝʥʥʘʷ ʫʜʝʣʴʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʛʨʫʥʪʫ, 2) 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʚ ʣʶʙʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, 3) ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ  ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʘ, 

ʷʚʣʷʷʩʴ ʙʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ 

ʧʦʪʝʥʮʠʘʣ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʮʝʣʝʡ ʚʥʝʜʨʝʥʠʷ ʝʝ ʚ ʩʦʚʨʝʤʝʥʥʦʝ ʧʦʜʟʝʤʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʕʈʊ, 

ʤʠʢʨʦʩʚʘʠ, ʙʫʨʦʥʘʙʠʚʥʘʷ ʩʚʘʠ,  ʦʙʩʘʜʥʘʷ ʪʨʫʙʘ. 

 

Abstract 

Along with other advanced geotechnical methods of underground space development, the 

discharge-pulse technology is one of the fundamental ones in the field of bored injection piles (DPT 

technology) ð micropiles arrangement, as well as in construction transformation of the properties of 

foundation soils with poor physical and mechanical characteristics. At the same time essentially 

differing from other ways of buildings and constructions underground part development, the 

geotechnical method of DPT has a number of advantages, such as, 1) increased specific dynamic 

capacity, 2) constructability of bored injection piles in all engineering and geological conditions, 3) 

availability of geotechnical works in confined conditions. Being a basic structure for the development 

of new technologies, it has a large potential for scientific research with the purposes of its 

implementation in modern underground engineering. 

Keywords: geotechnical method, discharge-pulse technology DPT, micropiles, auger placed 

pressure-injected concrete pile, casing pipe. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʦʚ ʠ ʢʨʫʧʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʥʝʧʨʝʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ 

ʤʘʩʰʪʘʙʥʳʤ ʦʩʚʦʝʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʛʝʦʪʝʭʥʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʥʠʞʝ ʥʫʣʝʚʦʡ 

ʦʪʤʝʪʢʠ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ (ʙʝʟ ʟʘʢʨʝʧʣʝʥʠʷ ʩʪʝʥʦʢ ʢʦʪʣʦʚʘʥʦʚ) ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ 

ʨʠʩʢʦʚʘʥʥʳʤʠ. ʆʥʠ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʫʜʘʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʛʨʫʥʪʘ ʠ ʧʨʠ ʵʪʦʤ 

ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʠ ʥʝʪʝʭʥʦʣʦʛʠʯʥʳʤʠ.  ʂʨʦʤʝ ʪʦʛʦ, ʚʦ-ʚʪʦʨʳʭ, ʚ ʟʦʥʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪʩʷ 

ʟʜʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩʪʘʨʦʡ ʟʘʩʪʨʦʡʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʚʣʝʢʫʱʠʝ ʚʦʟʤʦʞʥʳʝ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʩ ʥʠʤʠ. ɸ ʪʘʢʞʝ ʧʨʠ 

ʟʘʩʪʨʦʡʢʝ ʪʝʨʨʠʪʦʨʠʡ ʩ ʥʘʣʠʯʠʝʤ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ 

ʩʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʥʠ ʥʝ ʜʦʣʞʥʳ ʧʦʣʫʯʘʪʴ ʥʠʢʘʢʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʥʘʜʝʞʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʘʢ ʦʙʲʝʢʪʦʚ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʘʢ ʠ ʟʜʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʟʘʩʪʨʦʡʢʠ 

ʦʩʪʘʝʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʡ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

[1-24]. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʟʘʯʘʩʪʫʶ ʧʨʠʭʦʜʠʪʩʷ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʝʦʪʝʭʥʠʯʝʩʢʠʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʨʦʝʥʠʷ ʠ 

ʠʩʢʣʶʯʘʶʱʠʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʥʠʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

 ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʝʨʝʜʦʚʳʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʚʦʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ 

(ʪʝʭʥʦʣʦʛʠʷ ʕʈʊ) ï ʤʠʢʨʦʩʚʘʡ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ 

ʦʩʥʦʚʘʥʠʡ, ʠʤʝʶʱʠʭ ʩʣʘʙʳʝ ʧʦʢʘʟʘʪʝʣʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʤʝʷ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʕʈʊ ʠʤʝʝʪ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ. ʆʥʘ, ʷʚʣʷʷʩʴ ʙʘʟʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʟʦʪʦʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʮʝʣʝʡ ʚʥʝʜʨʝʥʠʷ ʝʝ ʚ ʩʦʚʨʝʤʝʥʥʦʝ ʧʦʜʟʝʤʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ʉʠʤʙʠʦʟ  

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʛʨʫʥʪʦʮʝʤʝʥʪʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ) ʜʘʝʪ ʥʘʜʝʞʜʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʫʢʨʝʧʣʝʥʠʷ 

ʦʩʥʦʚʘʥʠʡ.  



-102- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʩʚʘʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʢʨʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʭʥʠʢʦ- ʢɻʦʥʦʤʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ʊʦ 

ʝʩʪʴ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʙʣʶʜʝʥ ʧʨʠʥʮʠʧ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ çʪʝʭʥʠʯʝʩʢʦʡ 

ʮʝʣʝʩʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠè ʧʨʠʥʷʪʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʧʦʜʪʚʝʨʞʜʝʥʥʫʶ 

ʦʧʳʪʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ 

ʩʚʘʡ ʕʈʊ  ʚ ʢʘʧʠʪʘʣʴʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʥʘʚʦʜʠʪ ʥʘ 

ʤʳʩʣʴ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʟʘʛʣʫʙʣʝʥʥʳʭ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘʯʘʩʪʫʶ ʧʨʠʭʦʜʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʝʨʝʩʝʯʝʥʥʳʤ ʨʝʣʴʝʬʦʤ ʩ ʥʘʣʠʯʠʝʤ ʦʚʨʘʛʦʚ, ʧʨʠʙʨʝʞʥʳʤʠ ʟʦʥʘʤʠ 

ʨʝʢ, ʩʢʣʦʥʘʤʠ ʠ ʪ.ʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʝʟ ʦʩʚʦʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝ ʚʟʠʨʘʷ ʥʘ 

ʩʣʦʞʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʱʝʩʪʚʘ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʥʝʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʷʭ ʚ ʩʚʦʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠʪʝʣʠ 

ʧʨʝʥʝʙʨʝʛʘʶʪ ʚʣʠʷʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʚʝʜʝʥʠʷ ʥʦʚʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʚʦʟʤʦʞʥʳʝ ʥʝʛʘʪʠʚʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ (ʧʦʷʚʠʚʰʠʝʩʷ ʪʨʝʱʠʥʳ ʥʘ ʬʘʩʘʜʘʭ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʦʩʘʜʦʢ, ʢʨʝʥʦʚ ʠ 

ʪ.ʜ.) ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʟʜʘʥʠʡ. ɼʦ ʩʠʭ ʧʦʨ ʤʫʩʩʠʨʫʝʪʩʷ ʧʦʥʷʪʠʝ  çʤʠʥʠʤʘʣʴʥʦʡ ʮʝʥʳè ʧʨʠ 

ʚʦʟʚʝʜʝʥʠʠ ʯʘʩʪʠ ʟʜʘʥʠʷ ʥʠʞʝ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʦʣʥʦʩʪʴʶ ʧʨʝʥʝʙʨʝʛʘʶʪʩʷ 

ʦʩʥʦʚʳ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʠ ʠʜʫʪ ʥʘ ʣʶʙʳʝ ʫʭʠʱʨʝʥʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʦʙʲʝʢʪʘ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʫʞʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ. ʊʘʢʦʡ çʠʨʨʘʮʠʦʥʘʣʴʥʳʡè ʩʧʦʩʦʙ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʜʦʨʦʞʘʥʠʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ  ʟʜʘʥʠʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʦʚ  ʚʦʟʚʝʜʝʥʠʷ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʥʳ ʥʘ ʜʨʫʛʫʶ 

ʛʝʦʪʝʭʥʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʘ ʪʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʥʦʚʦʡ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʝʨʪʠʟʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʝʱʝ ʥʘ ʩʣʝʜʫʶʱʠʡ ʘʩʧʝʢʪ ʩʚʷʟʘʥʥʳʡ ʩ ʚʦʟʤʦʞʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ, ʫʩʠʣʝʥʥʳʭ ʙʫʨʦʚʳʤʠ ʩʚʘʷʤʠ. ʋʩʪʦʷʣʘʩʴ ʤʥʝʥʠʝ, 

ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨ ʙʫʨʦʚʦʡ ʩʚʘʠ, ʪʝʤ ʙʦʣʴʰʝ ʝʝ ʥʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʛʨʫʥʪʫ.  ɼʘ ʵʪʦ ʪʘʢ. ʅʦ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʜʦʣʞʥʳ ʩʣʫʞʠʪʴ ʥʝ 

ʜʠʘʤʝʪʨ ʠ ʜʣʠʥʘ ʩʚʘʠ, ʘ çʫʜʝʣʴʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʛʨʫʥʪʫè, ʪ.ʝ. ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʜʥʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʤʝʪʨʘ ʙʫʨʦʚʦʡ ʩʚʘʠ, ʘ ʪʘʢʞʝ çʫʜʝʣʴʥʘʷ ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘè. 

ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʥʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ 

ʩʚʘʡ ʕʈʊ ʠ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ ʜʠʘʤʝʪʨʘʤʠ 600,0; 800,0; 1000,0; 2000,0 ʤʤ. ɸʥʘʣʠʟʠʨʫʷ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʙʫʨʦʚʳʭ 

ʩʚʘʡ ʫʜʝʣʴʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʥʝʢʦʪʦʨʦʡ ʘʩʠʤʧʪʦʪʝ.  

 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʩʚʘʡ ʕʈʊ ʠ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ. 

 ̄

ʧ.ʧ. 
ʊʠʧ ʩʚʘʠ ʇʦʟʠʮʠʷ 

ʅʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, 

ʢʅ 

ʈʘʩʯʝʪʥʘʷ 

ʥʘʛʨʫʟʢʘ 
ʇʨʠʤʝʯʘʥʠʷ 

ʆʙʲʝʤ 

ʩʚʘʠ, 

ʤ
3
 

ʋʜʝʣʴʥʘʷ 

ʥʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, 

ʢʅ/ ʤ
3
 

ʋʜʝʣʴʥʘʷ 

ʨʘʩʯʝʪʥʘʷ 

ʥʘʛʨʫʟʢʘ, 

ʢʅ/ ʤ
3
 

1 2 3 4 5 6 7 8 9 

1 

ɹʫʨʦʥʘʙʠʚʥʘʷ ʩʚʘʷ 

Ï600 

ɸ=0,28 ʤ
2
 

1 2330,0 1665,0 

ɹʫʨʦʥʘʙʠʚʥʘʷ ʩʚʘʷ ʚ 

ʦʙʩʘʜʥʳʭ ʪʨʫʙʘʭ 

5,6 416,0 297,3 

2 2300,0 1640,0 5,6 410,7 293,0 

3 2465,0 1760,0 5,6 440,2 314,3 

2 

ɹʫʨʦʥʘʙʠʚʥʘʷ ʩʚʘʷ 

Ï800 

ɸ=0,50 ʤ
2
 

1 3760,0 2685,0 10,0 376,0 268,5 

2 3725,0 2660,0 10,0 372,5 266,0 

3 3935,0 2810,0 10,0 393,5 281,0 
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3 

ɹʫʨʦʥʘʙʠʚʥʘʷ ʩʚʘʷ 

Ï1000 

ɸ=0,79 ʤ
2
 

1 5540,0 3960,0 15,7 352,9 252,2 

2 5500,0 3930,0 15,7 350,3 250,3 

3 5770,0 4120,0 15,7 367,5 263,4 

5 

ɹʫʨʦʥʘʙʠʚʥʘʷ ʩʚʘʷ 

Ï2000 

ɸ=6,28 ʤ
2
 

1 19400,0 13860,0 125,6 154,4 110,3 

2 19850,0 14180,0 125,6 158,0 112,9 

3 19860,0 14200,0 125,6 158,2 113,0 

6 

ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ 

ʩʚʘʠ ʕʈʊ Ï350 

ɸ=0,10 ʤ
2
 

4 1515,0 1080,0 
ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ 

ʩʚʘʷ ʕʈʊ ʙʝʟ ʫʰʠʨʝʥʠʡ 
2,0 757,5 540,0 

5 1680,0 1200,0 

ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ 

ʩʚʘʷ ʕʈʊ ʩ 

ʫʰʠʨʝʥʠʷʤʠ ʧʦʜ ʧʷʪʦʡ 

2,0 

 
840,0 600,0 

6 1880,0 1340,0 

ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ 

ʩʚʘʷ ʕʈʊ ʩ 

ʫʰʠʨʝʥʠʷʤʠ ʧʦʜ ʧʷʪʦʡ 

ʠ ʚʜʦʣʴ ʩʪʚʦʣʘ 

2,0 940,0 670,0 

7 1930,0 1380,0 

ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ 

ʩʚʘʷ ʕʈʊ ʩ 

ʫʰʠʨʝʥʠʷʤʠ ʧʦʜ ʧʷʪʦʡ 

ʠ ʜʚʫʤʷ ʫʰʠʨʝʥʠʷʤʠ 

ʚʜʦʣʴ ʩʪʚʦʣʘ ʩʚʘʠ 

2,0 965,0 690,0 

 

 
ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ f(Ï,  ) ʠ f(Ï,  ), ʛʜʝ     ⱷ ʫʜʝʣʴʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ  [ʢʅ],   ï ʫʜʝʣʴʥʘʷ 

ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘ [ʢʅ]; 

1 ʠ 2 ï ʛʨʘʬʠʢʠ  f(Ï,  );  3 ʠ 4 ï ʛʨʘʬʠʢʠ f(Ï,  ). 

ʇʨʠʤʝʯʘʥʠʷ: 350-ʜʠʘʤʝʪʨ ʩʚʘʠ-ʕʈʊ: 600, 800, 1000, 2000 ï ʜʠʘʤʝʪʨʳ  ʙʫʨʦʥʘʙʠʚʥʳʭ  ʩʚʘʡ [ʤʤ]. 

 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʳ ʜʣʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʣʫʙʣʝʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʨʘʟʨʷʜʘ ʠ ʘʧʨʦʙʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʛʝʦʪʝʭʥʠʯʝʩʢʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʠʣʠ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʝ ʜʣʷ 

ʨʝʰʝʥʠʷ  ʩʣʝʜʫʶʱʠʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ: 

1. ʇʨʠ ʫʩʠʣʝʥʠʠ ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ; 

2. ʇʨʠ ʫʩʠʣʝʥʠʠ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ 

ʩʚʷʟʠ ʩ ʧʣʘʥʠʨʫʝʤʳʤ ʧʦʚʳʰʝʥʠʝʤ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ; 

3. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʨʷʜʦʤ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʥʫʪʨʠ ʜʝʡʩʪʚʫʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ; 

4. ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʭ ʢʨʝʥʦʚ ʟʜʘʥʠʡ ʠʣʠ ʦʪʜʝʣʴʥʳʭ 

ʬʫʥʜʘʤʝʥʪʦʚ; 

5. ɼʣʷ  ʧʨʦʪʠʚʦʦʧʦʣʟʥʝʚʦʡ ʟʘʱʠʪʳ ʩʢʣʦʥʦʚ, ʙʝʨʝʛʦʚ ʨʝʢ ʠ ʤʦʨʝʡ; 

6. ɼʣʷ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʥʘʩʳʧʝʡ ʩ ʥʝʩʪʘʙʠʣʴʥʳʤ 

ʙʘʣʣʘʩʪʥʳʤ ʰʣʝʡʬʦʤ; 
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7. ɼʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ 
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ɸʥʥʦʪʘʮʠʷ  

ʇʨʦʙʣʝʤʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʚʥʠʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʧʦʜʪʦʧʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯʝʡ ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, 

ʧʨʦʞʠʚʘʶʱʝʛʦ ʪʘʤ. ʇʦʣʦʚʦʜʴʝ ʠʣʠ ʧʘʚʦʜʢʠ ʥʘʥʦʩʷʪ ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ ʨʝʛʠʦʥʘʤ ʧʦʜʚʝʨʞʝʥʥʳʤ 

ʵʪʠʤ ʩʪʠʭʠʡʥʳʤ ʙʝʜʩʪʚʠʷʤ. ʇʦʜʪʦʧʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʟʜʘʥʠʷʤ ʠ 

ʩʦʦʨʫʞʝʥʠʷʤ, ʯʘʩʪʦ ʢ ʘʚʘʨʠʷʤ. ʆʥʦ ʫʥʠʯʪʦʞʘʝʪ ʧʦʩʝʚʳ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʚʠʨʫʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʈʘʟʨʫʰʘʶʪʩʷ ʥʘʩʳʧʠ ʜʦʨʦʞʥʳʭ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʦʣʦʪʝʥ. 

ɺʦʟʥʠʢʘʶʱʠʝ ʦʧʦʣʟʥʝʚʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʫʩʪʦʝʚ ʤʦʩʪʦʚ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ 

ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʘʤʠʭ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʚʳʭʦʜʘ ʨʝʢ ʠʟ ʙʝʨʝʛʦʚ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʠʟ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ ʩʚʘʷ ʕʈʊ, ʛʨʫʥʪʦʙʝʪʦʥʥʘʷ ʩʚʘʷ, Get ʪʝʭʥʦʣʦʛʠʷ, 

ʧʦʣʦʚʦʜʴʝ, ʧʘʚʦʜʦʢ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

 

Abstract 

Related to ensuring the live activity of the inhabitants, the issue of preventing water logging of 

plains is an important challenge for national economy. Seasonal floods and flash floods cause 

enormous damage to regions exposed to these disasters. Water logging results in emergency situations 

in buildings and structures, often leading to accidents. It destroys crops and spreads viral diseases. 

Road and railroad bodies get ruined. The resulting landslide processes lead to the destruction of bridge 

abutments and eventually to the destruction of the structures themselves. The paper presents a possible 

option for preventing river flowages by means of a geotechnical method. 

Keywords: DPT bored injection pile, soil-concrete pile, Jet technology, seasonal flood, flash 

flood, bearing capacity. 

 

ʇʦ ʜʘʥʥʳʤ ʈʦʩʛʠʜʨʦʤʝʪʘ ʚ ʈʦʩʩʠʠ ʝʞʝʛʦʜʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 40 ʜʦ 70 ʢʨʫʧʥʳʭ 

ʥʘʚʦʜʥʝʥʠʡ, ʫʱʝʨʙ ʦʪ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 40 ʤʣʨʜ ʨʫʙʣʝʡ.  ʕʪʠʤ ʩʪʠʭʠʡʥʳʤ 

ʙʝʜʩʪʚʠʷʤ ʧʦʜʚʝʨʞʝʥʦ ʦʢʦʣʦ 150 ʪʳʩ. ʢʚ. ʢʤ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʨʷʜʢʘ 300 



-106- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʛʦʨʦʜʦʚ, ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʙʦʣʝʝ ʩʝʤʠ ʤʠʣʣʠʦʥʦʚ ʛʝʢʪʘʨʦʚ ʩʝʣʴʭʦʟʫʛʦʜʠʡ,  ʦʪʤʝʯʘʶʪ ʚ ʈʦʩʛʠʜʨʦʤʝʪʝ.14 ʠʶʥʷ 1993 ʛʦʜʘ ʚ 

ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠʟ-ʟʘ ʜʦʞʜʝʚʳʭ ʧʘʚʦʜʢʦʚ ʨʘʟʨʫʰʠʣʘʩʴ ʂʠʩʝʣʝʚʩʢʘʷ ʛʨʫʥʪʦʚʘʷ ʧʣʦʪʠʥʘ 

ʥʘ ʨʝʢʝ ʂʘʢʚʘ. ɹʳʣʦ ʩʤʳʪʦ 1550 ʜʦʤʦʚ, ʟʘʪʦʧʣʝʥ ʛʦʨʦʜ ʉʝʨʦʚ, ʧʦʛʠʙʣʦ 15 ʯʝʣʦʚʝʢ. ʋʱʝʨʙ 

ʩʦʩʪʘʚʠʣ 63,3 ʤʣʨʜ ʥʝʜʝʥʦʤʠʥʠʨʦʚʘʥʥʳʭ ʨʫʙʣʝʡ. 7 ʘʚʛʫʩʪʘ 1994 ʛʦʜʘ ʚ ɹʘʰʢʠʨʠʠ ʧʨʦʠʟʦʰʝʣ 

ʧʨʦʨʳʚ ʧʣʦʪʠʥʳ ʊʠʨʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʥʝʰʪʘʪʥʳʡ ʩʙʨʦʩ 8,6 ʤʣʥ ʢʫʙ. ʤ ʚʦʜʳ. ʇʦʛʠʙʣʦ 

29 ʯʝʣʦʚʝʢ, 786 ʦʩʪʘʣʠʩʴ ʙʝʟ ʢʨʦʚʘ. ɺ ʟʦʥʝ ʟʘʪʦʧʣʝʥʠʷ ʦʢʘʟʘʣʦʩʴ 4 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘ, 85 

ʞʠʣʳʭ ʜʦʤʦʚ ʙʳʣʦ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʦ. ʋʱʝʨʙ ʦʮʝʥʠʚʘʣʩʷ ʚ 52,3 ʤʣʨʜ ʥʝʜʝʥʦʤʠʥʠʨʦʚʘʥʥʳʭ 

ʨʫʙʣʝʡ.  16 ʠ 17 ʤʘʷ 1998 ʛʦʜʘ ʚ ʨʘʡʦʥʝ ʛʦʨʦʜʘ ʃʝʥʩʢʘ ʚ ʗʢʫʪʠʠ ʜʚʘ ʣʝʜʷʥʳʭ ʟʘʪʦʨʘ ʥʘ ʨʝʢʝ 

ʃʝʥʝ ʚʳʟʚʘʣʠ ʧʦʜʲʝʤ ʚʦʜʳ ʥʘ 11 ʤ. ɺ ʟʦʥʝ ʟʘʪʦʧʣʝʥʠʷ ʦʢʘʟʘʣʠʩʴ 97 ʪʳʩ. ʯʝʣʦʚʝʢ, 15 ʧʦʛʠʙʣʦ. 

ʋʱʝʨʙ ʧʨʝʚʳʩʠʣ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ.  12 ʤʘʷ 2001 ʛʦʜʘ ʃʝʥʩʢʘ ʚʥʦʚʴ ʙʳʣ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʪʦʧʣʝʥ ʠʟ-ʟʘ ʧʘʚʦʜʢʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʛʠʙʝʣʠ 8 ʯʝʣʦʚʝʢ. ɹʳʣʦ ʟʘʪʦʧʣʝʥʦ 5162 ʜʦʤʘ. 

ɺʩʝʛʦ ʦʪ ʧʘʚʦʜʢʘ ʚ ʗʢʫʪʠʠ ʪʦʛʜʘ ʧʦʩʪʨʘʜʘʣʦ ʩʚʳʰʝ 43 ʪʳʩ. ʯʝʣʦʚʝʢ. ʆʙʱʠʡ ʫʱʝʨʙ ʩʦʩʪʘʚʠʣ 8 

ʤʣʨʜ ʨʫʙ. 7 ʠʶʣʷ 2001 ʛʦʜʘ ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʠʟ-ʟʘ ʩʠʣʴʥʳʭ ʜʦʞʜʝʡ ʨʷʜ ʨʝʢ ʚʳʰʝʣ ʠʟ 

ʙʝʨʝʛʦʚ ʠ ʧʦʜʪʦʧʠʣ 7 ʛʦʨʦʜʦʚ ʠ 13 ʨʘʡʦʥʦʚ (ʚʩʝʛʦ 63 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘ). ʆʩʦʙʝʥʥʦ ʧʦʩʪʨʘʜʘʣ 

ʛʦʨʦʜ ʉʘʷʥʩʢ. ʇʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʧʦʛʠʙʣʦ 8 ʯʝʣʦʚʝʢ, ʧʦʩʪʨʘʜʘʣʠ 300 ʪʳʩ. ʯʝʣʦʚʝʢ, ʙʳʣʦ 

ʟʘʪʦʧʣʝʥʦ 4635 ʜʦʤʦʚ. ʋʱʝʨʙ ʩʦʩʪʘʚʠʣ 2 ʤʣʨʜ ʨʫʙ. ɺ ʠʶʥʝ-ʠʶʣʝ 2002 ʛʦʜʘ ʠʟ-ʟʘ ʜʦʞʜʝʡ 

ʚʳʰʣʠ ʠʟ ʙʝʨʝʛʦʚ ʨʝʢʠ ʚ ʜʝʚʷʪʠ ʨʝʛʠʦʥʘʭ ʶʛʘ ʈʦʩʩʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʂʫʙʘʥʴ, ʃʘʙʘ, ɹʝʣʘʷ, ʋʨʫʧ ʠ 

ʉʫʥʞʘ. ɾʝʨʪʚʘʤʠ ʩʪʘʣʠ 114 ʯʝʣʦʚʝʢ, ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʧʦʩʪʨʘʜʘʣʦ ʩʚʳʰʝ 380 ʪʳʩ. ɹʳʣʦ 

ʨʘʟʨʫʰʝʥʦ 13 ʪʳʩ. ʞʠʣʳʭ ʜʦʤʦʚ, ʧʦʚʨʝʞʜʝʥʦ ʙʦʣʝʝ 41 ʪʳʩ. ʆʙʱʠʡ ʫʱʝʨʙ ʪʦʛʜʘ ʩʦʩʪʘʚʠʣ 

ʩʚʳʰʝ 18 ʤʣʨʜ ʨʫʙ. ɺ ʘʚʛʫʩʪʝ 2002 ʛʦʜʘ ʥʘʚʦʜʥʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʨʘʡʦʥʝ ʅʦʚʦʨʦʩʩʠʡʩʢʘ. 

ʇʦʛʠʙʣʦ 62 ʯʝʣʦʚʝʢʘ. ɹʳʣʦ ʧʦʚʨʝʞʜʝʥʦ ʧʦʯʪʠ 8 ʪʳʩ. ʞʠʣʳʭ ʜʦʤʦʚ, ʫʱʝʨʙ ʦʮʝʥʠʚʘʣʩʷ ʚ 1,7 

ʤʣʨʜ ʨʫʙ. ɺ ʘʧʨʝʣʝ 2004 ʛʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʦʚʦʜʴʷ ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ʍʘʢʘʩʠʠ ʟʘʪʦʧʠʣʦ 24 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘ (ʚʩʝʛʦ 1077 ʜʦʤʦʚ) . ʇʦʛʠʙʣʦ 9 ʯʝʣʦʚʝʢ. ʋʱʝʨʙ ʧʨʝʚʳʩʠʣ 29 ʤʣʥ ʨʫʙ. 16 

ʦʢʪʷʙʨʷ 2010 ʛʦʜʘ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʩʠʣʴʥʳʝ ʜʦʞʜʠ ʧʦʜʥʷʣʠ ʫʨʦʚʝʥʴ ʛʦʨʥʳʭ ʨʝʢ, ʟʘʪʦʧʠʚ 

30 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʚ ʊʫʘʧʩʠʥʩʢʦʤ ʠ ɸʧʰʝʨʦʥʩʢʦʤ ʨʘʡʦʥʘʭ, ʘ ʪʘʢʞʝ ʨʷʜʦʤ ʩ ʉʦʯʠ. 

ɾʝʨʪʚʘʤʠ ʩʪʠʭʠʠ ʩʪʘʣʠ 17 ʯʝʣʦʚʝʢ, ʧʦʩʪʨʘʜʘʣʦ ʙʦʣʝʝ 5,1 ʪʳʩ. ʋʱʝʨʙ ʦʮʝʥʠʣʠ ʚ 2 ʤʣʨʜ ʨʫʙ. 

ʄʏʉ ʧʦʜʛʦʪʦʚʠʣʦ ʢʦʤʧʣʝʢʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʧʦ ʟʘʱʠʪʝ ʥʘʩʝʣʝʥʠʷ ʦʪ ʚʝʩʝʥʥʠʭ ʧʘʚʦʜʢʦʚ. 

ʆʙ ʵʪʦʤ ʛʣʘʚʘ ʚʝʜʦʤʩʪʚʘ ɽʚʛʝʥʠʡ ɿʠʥʠʯʝʚ ʜʦʣʦʞʠʣ ʥʘ ʟʘʩʝʜʘʥʠʠ ʉʦʚʝʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʌ. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩʣʦʞʠʣʘʩʴ ʚ ʨʷʜʝ ʨʝʛʠʦʥʦʚ: ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ, ʎʝʥʪʨʘʣʴʥʦʤ, 

ʇʨʠʚʦʣʞʩʢʦʤ, ʉʠʙʠʨʩʢʦʤ ʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʘʭ.  ʂʘʢ ʦʪʤʝʯʘʶʪ ʚ ʄʏʉ ʈʌ, 

ʥʘ ʥʘʯʘʣʦ ʬʝʚʨʘʣʷ 2019 ʛʦʜʘ ʟʘʧʘʩʳ ʩʥʝʛʘ ʚ ʜʘʥʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʧʨʝʚʳʰʘʶʪ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʜʠʥ ʠʟ ʥʦʚʳʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ  ʟʘʪʦʧʣʝʥʠʡ ʨʘʚʥʠʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʭʦʜʘ ʨʝʢ ʠʟ ʩʚʦʠʭ ʙʝʨʝʛʦʚ. 

ʆʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʝʜʠʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʨʘʟʫ ʪʨʝʭ ʪʝʭʥʦʣʦʛʠʡ: 1. Get-

ʪʝʭʥʦʣʦʛʠʷ ï ʫʩʪʨʦʡʩʪʚʦ ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʩʚʘʡ ʩʦʛʣʘʩʥʦ çʉʇ 291.1325800.2017 ʂʦʥʩʪʨʫʢʮʠʠ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʝ ʘʨʤʠʨʦʚʘʥʥʳʝ. ʇʨʘʚʠʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʄʦʩʢʚʘ. 2017è; 2. ʊʝʭʥʦʣʦʛʠʷ SFA ï

ʫʩʪʨʦʡʩʪʚʦ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʩ ʧʦʤʦʱʴʶ ʥʝʧʨʝʨʳʚʥʳʭ ʧʨʦʭʦʜʥʳʭ ʰʥʝʢʦʚ (ʅʇʐ) ʚ 

ʪʝʣʝ ʛʨʫʥʪʦʮʝʤʝʥʪʥʦʛʦ  ʤʘʩʩʠʚʘ ʚʜʦʣʴ ʝʛʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʠʘʤʝʪʨʦʤ ʥʝ ʙʦʣʝʝ 300 

ʤʤ; 3. ʈʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ.  

ʕʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʢʠʡ ʵʬʬʝʢʪ ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ  ʚʥʝʜʨʝʥʠʶ ʝʛʦ ʚ ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʡ ʤʘʩʩʠʚ. ʊʝʤ ʩʘʤʳʤ ʧʨʦʠʟʦʡʜʝʪ  ʙʦʣʝʝ ʧʦʣʥʦʝ 

ʩʮʝʧʣʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ             [9-22]. 

ʂ ʩʦʚʨʝʤʝʥʥʦʤʫ ʛʝʦʪʝʭʥʠʯʝʩʢʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ [1-8, 9-22]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ  ʵʪʦ ʦʧʨʘʚʜʘʥʦ. ʏʘʩʪʦ ʥʝ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ 

ʧʨʦʝʢʪʥʳʭ ʟʥʘʯʝʥʠʡ  ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʧʨʠʤʝʥʷʷ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ.  ʀʩʧʦʣʴʟʫʷ ʥʝʩʢʦʣʴʢʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʚʤʝʩʪʥʦ 

ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʟʘʛʣʫʙʣʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ  ʧʦʚʳʰʝʥʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʛʝʦʪʝʭʥʠʯʝʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʨʦʙʣʝʤ ʚʦʟʥʠʢʘʶʱʠʭ ʢʘʢ ʚʦʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʘʢ ʠ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʠ 

ʩʦʦʨʫʞʝʥʠʡ.  ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ  ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ  ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫʶ 
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ʟʘʛʣʫʙʣʝʥʥʫʶ  ʞʝʣʝʟʦʙʝʪʦʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ï ʛʨʫʥʪʦʙʝʪʦʥʥʫʶ ʩʚʘʶ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ 

ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʛʨʫʥʪʦʙʝʪʦʥʥʦʡ ʩʚʘʠ. ɿʘʛʣʫʙʣʝʥʥʘʷ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ï ʛʨʫʥʪʦʙʝʪʦʥʥʘʷ ʩʚʘʷ (ɻɹʉ) ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 1 ʙ ʚ ʦʪʣʠʯʠʠ ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ  

ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʅʝʩʫʱʠʤ ʵʣʝʤʝʥʪʦʤ ʩʣʫʞʠʪ 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʘʷ ʠ ʘʨʤʠʨʦʚʘʥʥʘʷ ʩʚʘʷ SFA (ʅʇʐ) (ʧʦʟ. 3). ɽʝ ʥʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʬʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʩʤ. ʧʦʟ. 1 ʨʠʩ.2). ʂʨʦʤʝ ʪʦʛʦ ʩʚʘʷ SFA (ʅʇʐ) ʩʦʚʤʝʩʪʥʦ ʩ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʤ  ʤʘʩʩʠʚʦʤ ʨʘʙʦʪʘʝʪ ʢʘʢ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʩʚʘʷ ʪʨʝʥʠʷ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩ ʦʢʨʫʞʘʶʱʠʤ ʛʨʫʥʪʦʤ (ʩʤ. ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʛʨʫʥʪʦʙʝʪʦʥʥʦʡ ʩʚʘʠ (ɻɹʉ) 

 

 
ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ SFA (ʅʇʐ) ʧʦ ʛʨʫʥʪʦʮʝʤʝʥʪʥʦʤʫ ʦʩʥʦʚʘʥʠʶ 

Fd1: 1 ï ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʡ ʤʘʩʩʠʚ, 2 ï ʩʚʘʷ SFA (ʅʇʐ) 
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ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ SFA (ʅʇʐ) ʩʦʚʤʝʩʪʥʦ ʩ  ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʤ 

ʤʘʩʩʠʚʦʤ ʧʦ ʛʨʫʥʪʫ (ʛʨʫʥʪʦʙʝʪʦʥʥʳʝ ʩʚʘʠ (ɻɹʉ): 1 ï ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʡ ʤʘʩʩʠʚ, 2 ï ʩʚʘʷ SFA (ʅʇʐ) 

 

ɻʨʫʥʪʦʙʝʪʦʥʥʳʝ ʩʚʘʠʢʨʦʤʝ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʪʘʢʞʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʱʝ ʧʦ ʜʨʫʛʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʢʘʢ ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʘʷ ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʙʝʨʝʛʦʚ ʨʘʚʥʠʥʥʳʭ ʨʝʢ 

ʉʨʝʜʥʝʡ ʈʦʩʩʠʠ, ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʘ ʪʘʢʞʝ ʥʘʩʳʧʝʡ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, 

ʛʨʫʥʪʦʚʳʭ ʜʘʤʙ. ʇʨʠ ʵʪʦʤ  ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʪʠʚ ʵʨʦʟʠʠ 

ʛʨʫʥʪʘ ʙʝʨʝʛʘ ʨʫʩʣʘ (ʧʦʟ.4 ʨʠʩ.4)  ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʣʦʰʥʦʡ ʰʧʫʥʪ (ʧʦʟ.1 ʨʠʩ. 4), ʟʘ ʢʦʪʦʨʳʤ 

ʚʦʟʚʦʜʠʪʩʷ ʤʦʥʦʣʠʪʥʘʷ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʫʛʦʣʢʦʚʘʷ ʧʦʜʧʦʨʥʘʷ ʩʪʝʥʘ (ʧʦʟ.2 ʨʠʩ. 4) ʥʘ ʩʚʘʡʥʦʤ 

ʦʩʥʦʚʘʥʠʠ ʠʟ ɻɹʉ (ʧʦʟ.3 ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ ʘʙʩʦʣʶʪʥʘʷ ʦʪʤʝʪʢʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʩʪʝʥʳ ʜʦʣʞʥʘ 

ʙʳʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 0,5 ʤʝʪʨʘ ʚʳʰʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʤʝʪʢʠ ʨʘʟʣʠʚʘ ʨʝʢʠ, ʧʨʠʥʠʤʘʝʤʦʡ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʀʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʶ GET 2 ʩʚʘʡʥʦʝ ʦʩʥʦʚʘʥʠʝ ʤʦʞʥʦ 

ʧʨʝʚʨʘʪʠʪʴ ʚ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʫʶ ʟʘʚʝʩʫ ʠʟ ʙʫʨʦʩʝʢʫʱʠʭʩʷ ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʩʚʘʡ. ʇʨʠ 

ʨʘʟʣʠʚʝ ʨʝʢ ʧʦ ʦʙʦʠʤ ʙʝʨʝʛʘʤ ʢʦʥʩʪʨʫʢʪʠʚ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 4 ʫʩʪʨʘʠʚʘʝʪʩʷ ʪʘʢʞʝ ʚʜʦʣʴ 

ʜʨʫʛʦʛʦ ʙʝʨʝʛʘ. ʊʘʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʦʡ ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ ʧʦʟʚʦʣʠʪ ʥʝ 

ʪʦʣʴʢʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʝʢʠ ʦʪ ʧʝʨʝʣʠʚʘʥʠʷ, ʥʦ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʦʜʳ ʟʘ 

ʧʨʝʜʝʣʳ ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ. 

 

 
ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʫʢʨʝʧʣʝʥʠʷ ʙʝʨʝʛʦʚ ʨʘʟʣʠʚʘʶʱʠʭʩʷ ʨʝʢ: 1 ⱷ ʩʧʣʦʰʥʦʡ ʰʧʫʥʪ, 2 ⱷ ʫʛʦʣʢʦʚʘʷ ʧʦʜʧʦʨʥʘʷ 

ʩʪʝʥʘ, 3 ⱷ ʩʚʘʡʥʦʝ ʦʩʥʦʚʘʥʠʝ ʠʟ ɻɹʉ ʢʘʢ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʟʘʚʝʩʘ, 4 ⱷ ʨʫʩʣʦ ʨʝʢʠ 
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʟʚʝʜʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ, ʥʫʣʝʚʦʡ ʯʘʩʪʠ ʠʣʠ ʢʘʨʢʘʩʘ ʠ ʪ.ʜ. ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʤʫ ʧʨʠʥʮʠʧʫ. 

ʕʪʦ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ï ʪʝʭʥʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ. ɼʦʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʜʦʩʪʠʛʘʝʪ 15õ20 % ʚ ʦʙʱʝʡ ʩʤʝʪʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʦʙʲʝʢʪʘ. ʇʦʵʪʦʤʫ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʛʦ ʪʠʧʘ ʩʚʘʡʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʠʛʨʘʝʪ 

ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʨʦʣʴ ʚ ʥʘʜʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʤʝʪʥʘʷ ʩʪʦʠʤʦʩʪʴ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʙʫʨʦʚʘʷ ʩʚʘʷ, ʨʘʟʨʷʜʥʦ-

ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ ʩʚʘʷ. 

 

Abstract 

The construction of buildings and structures, as well as the erection of individual phases, such 

as the zero-cycle part or the frame, etc., is carried out according to a guiding principle. This is about the 

choice of the most optimal option that is technically feasible and cost-effective. The share of 

substructure construction reaches 15õ20% of the total estimated cost of a facility. Therefore, the 

selection of the most cost-efficient type of pile foundation plays a predominant role in the reliable 

operation of the building. 

Keywords: estimated cost, prime cost, bored pile, discharge-pulse technology, bearing 

capacity, bored injection pile. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʝʪʦʜʳ  ʨʘʩʯʝʪʘ ʩʠʩʪʝʤʳ çʦʩʥʦʚʘʥʠʷ-ʬʫʥʜʘʤʝʥʪʳ-

ʩʦʦʨʫʞʝʥʠʝè ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʛʝʦʪʝʭʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ  ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ.  ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʥʘʣʠʯʠʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠʤʝʝʪʩʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ 

ʦʛʨʦʤʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʡ 

ʧʨʦʩʪʦʨ  ʚ ʨʝʰʝʥʠʠ ʚʦʟʥʠʢʰʠʭ  ʩʣʦʞʥʳʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʢʘʢ ʚ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʪʘʢ ʠ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ  ʚʦʧʨʦʩʳ ʵʢʦʣʦʛʠʠ, ʵʢʦʥʦʤʠʢʠ, ʘ ʪʘʢʞʝ 

ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ.  

ɺ ʧʨʘʢʪʠʢʝ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ  ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʟʘʛʣʫʙʣʝʥʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʙʫʨʦʚʳʝ ʩʚʘʠ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ  ʩʚʦʜʘ ʧʨʘʚʠʣ ʉʇ 

24.13330.2021 çʉʚʘʡʥʳʝ ʬʫʥʜʘʤʝʥʪʳè  ʠʤʝʝʪʩʷ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʦʪ çʤʠʢʨʦʩʚʘʡè  ʜʦ ʙʫʨʦʚʳʭ 

ʩʚʘʡ ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʦʚ.  ɼʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʙʫʨʦʚʳʭ ʩʚʘʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʢʨʝʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ʕʪʦ ʙʫʨʦʚʳʝ ʩʚʘʠ ʚ ʦʩʘʜʥʳʭ ʪʨʫʙʘʭ, ʧʦʜ ʟʘʱʠʪʦʡ ʛʣʠʥʠʩʪʦʡ ʨʫʙʘʰʢʠ, ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʭʦʜʥʳʭ ʰʥʝʢʦʚ (SFA),  ʩ ʧʦʤʦʱʴʶ ʠʥʚʝʥʪʘʨʥʳʭ ʪʨʫʙ ʩ ʪʝʨʷʝʤʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ 

ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʜʣʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ  ʚʳʙʦʨʘ ʪʠʧʘ ʩʚʘʡ ʩʣʝʜʫʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ  ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʤʠ ʦʙʱʝʜʦʩʪʫʧʥʳʤʠʢʨʠʪʝʨʠʷʤʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʪʙʠʨʘʝʪʩʷ ʪʠʧ ʙʫʨʦʚʳʭ ʩʚʘʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʢʦʥʢʨʝʪʥʦʤ ʦʙʲʝʢʪʝ, ʷʚʣʷʶʪʩʷ: 1) ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴFd;                2) ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ï 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʠ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʚ ʩʣʦʞʥʳʭ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʩʪʝʩʥʝʥʥʳʭ ʠ ʦʩʦʙʦ ʩʪʝʩʥʸʥʥʳʭ ʫʩʣʦʚʠʷʭ; 3) 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʚʳʭ ʩʚʘʡ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʚʳʙʦʨʘ ʪʠʧʘ ʙʫʨʦʚʳʭ ʩʚʘʡ ʷʚʣʷʝʪʩʷ ʠʭ 

ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ Fd, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (7.11) ʩʚʦʜʘ ʧʨʘʚʠʣ 

ʉʇ 24.13330.2021 çʉʚʘʡʥʳʝ ʬʫʥʜʘʤʝʥʪʳè. 

Fd = ɔc(ɔcRR A + u Ɇ(ɔcffi hi)),                              (1) 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -111- 

 

ʛʜʝ ɔc ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩʚʘʠ ʚ ʛʨʫʥʪʝ, ʧʨʠʥʠʤʘʝʤʳʡ  ʨʘʚʥʳʤ 1; R ï 

ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ ʧʦʜ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʩʚʘʠ, ʢʇʘ (ʪʩ/ʤ2), ʧʨʠʥʠʤʘʝʤʦʝ ʧʦ ʪʘʙʣ. 

7.2 ʉʇ 24.13330.2011; A ï ʧʣʦʱʘʜʴ ʦʧʠʨʘʥʠʷ ʩʚʘʠ ʥʘ ʛʨʫʥʪ, ʤ; u ï ʥʘʨʫʞʥʳʡ ʧʝʨʠʤʝʪʨ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʚʘʠ, ʤ; fi ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ i-ʛʦ ʩʣʦʷ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ ʥʘ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʠ, ʢʇʘ (ʪʩ/ʤ2), ʧʨʠʥʠʤʘʝʤʦʝ ʧʦ ʉʇ 24.13330.2021; hi ï ʪʦʣʱʠʥʘ i-ʛʦ 

ʩʣʦʷ ʛʨʫʥʪʘ, ʩʦʧʨʠʢʘʩʘʶʱʝʛʦʩʷ ʩ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʚʘʠ, ʤ; ɔcf ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʛʨʫʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʜ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʠ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʠ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʧʦʛʨʫʞʝʥʠʷ ʩʚʘʠ ʥʘ ʟʥʘʯʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ 

ʠ ʧʨʠʥʠʤʘʝʤʳʝ ʧʦ ʪʘʙʣ. 7.6 ʉʇ 24.13330.2021; ʢʦʵʬʬʠʮʠʝʥʪ ɔcR ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʧʦʜ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʩʚʘʠ ʩʦʛʣʘʩʥʦ ʧ. 7.26 ʉʇ 24.13330.2021. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʥʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝʩʚʘʠ ʠʟʛʦʪʦʚʣʝʥʥʳʝ 

ʧʦ ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʕʈʊ) ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʰʠʨʝʥʠʡ  ʠ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ, ʙʫʨʦʥʘʙʠʚʥʳʝ ʩʚʘʠ ʧʦʛʨʫʞʘʝʤʳʝ ʠʥʚʝʥʪʘʨʥʦʡ ʪʨʫʙʦʡ ʩ 

ʪʝʨʷʝʤʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ, ʙʫʨʦʥʘʙʠʚʥʳʝ ʩʚʘʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʩʘʜʥʳʭ ʪʨʫʙ ʠʣʠ ʧʨʦʭʦʜʥʳʭ 

ʰʥʝʢʦʚ (SFA), ʘ ʪʘʢʞʝ ʙʫʨʦʥʘʙʠʚʥʳʝ ʩʚʘʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʧʦʜ ʟʘʱʠʪʦʡ ʛʣʠʥʠʩʪʦʡ ʨʫʙʘʰʢʠ.   

ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʙʫʨʦʚʳʭ ʩʚʘʡ  ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʥʮʠʧ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [1] ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʩʣʝʜʫʶʱʫʶ ʩʭʝʤʫ: çʙʘʟʦʚʳʡ  ʧʨʦʝʢʪ ï ʦʧʳʪʥʘʷ ʧʣʦʱʘʜʢʘ 

ï ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʙʘʟʦʚʦʛʦ ʧʨʦʝʢʪʘè. ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʧʳʪʥʦʡ ʧʣʦʱʘʜʢʠ ʧʨʠʥʠʤʘʝʪʩʷ  

ʫʯʘʩʪʦʢ ʩʚʘʡʥʦʛʦ ʧʦʣʷ  ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʩʦʩʪʘʚ ʙʘʟʦʚʦʛʦ ʧʨʦʝʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ 

ʠʟʙʝʞʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ʈʝʟʫʣʴʪʘʪʳ  ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʦʣʞʥʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʠʧʘ ʙʫʨʦʚʳʭ ʩʚʘʡ.  

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʘʡ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʦ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʚʝʣʠʯʠʥ ʥʝʩʫʱʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʦ ʧʷʪʝ ʠ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʩʣʝʜʥʠʝ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʠ (ʧʣʦʱʘʜʠ ʦʧʠʨʘʥʠʷ ʠ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ, ʧʨʠʤʳʢʘʶâʱʠʭ ʢ 

ʩʚʘʝ (ʨʘʩʯʝʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʛʨʫʥʪʘ ʧʦʜ ʧʷʪʦʡ ʠ ʧʦ ʙʦʢʦâʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʠ). 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ  ʜʦʩʪʠʛʘʝʪʩʷʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʚʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʫʰʠʨʝʥʠʡ [2õ9] ʧʨʠ ʵʪʦʤ ʥʠʞʥʝʝ ʫʰʠʨʝʥʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʧʷʪʝ ʩʚʘʠ ʫʚʝʣʠʯʠʚʘʷ ʝʝ ʧʣʦʱʘʜʴ, ʘ ʚʝʨʭʥʠʝ (ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) 

ʨʘʙʦʪʘʶʪ ʢʘʢ ʜʦʧʦʣʥʠâʪʝʣʴʥʳʝʦʧʦʨʳ, ʘ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʫʥʪʦʚ ʧʨʠ ʦʧʠʨʘʥʠʠ ʥʘ ʥʠʭ 

ʵʪʠʤʠ ʦʧʦʨʘʤʠ ʟʥʘ-ʯʠʪʝʣʴʥʦ ʚʳʰʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ ʞʝ ʛʨʫʥʪʦʚ ʧʨʠ ʪʨʝʥʠʠ ʦ ʥʠʭ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʠ. ʇʨʘʢʪʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʩʚʘʡ ʧʦʢʘʟʘʣʘ ʠʭ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʘʡ-ʕʈʊ ʩ ʜʚʫʤʷ ʫʰʠʨʝʥʠʷʤʠ ʚ 1,5 - 2,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ 

ʫ ʩʚʘʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʙʝʟ ʫʰʠʨʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʠʞʝ ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ-ʕʈʊ ʩ ʫʰʠʨʝʥʥʦʡ ʧʷʪʦʡ ʠ ʜʚʫʤʷ ʫʰʠʨʝʥʠʷʤʠ ʚʜʦʣʴ ʩʪʚʦʣʘ ʠ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ-ʕʈʊ ʙʝʟ ʫʰʠʨʝʥʠʡ. ʆʙʘ ʪʠʧʘ ʩʚʘʠ ʠʤʝʶʪ ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ 0,35 ʤ ʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʉ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʟʘʣʝʛʘʶʪ 

ʩʫʛʣʠʥʢʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʢʫʯʝʩʪʠ IL = 0,6, ʧʦʜ ʥʠʤʠ - ʩʫʛʣʠʥʢʠ ʩ IL = 0,3. ʉʚʘʠ ʟʘʜʝʣʘʥʳ ʚ 

ʤʝʣʢʠʝ ʧʝʩʢʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ.  

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ-ʕʈʊ ʙʝʟ ʫʰʠʨʝʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 

ʬʦʨʤʫʣʝ (1), ʩʦʩʪʘʚʠʣʘ Fd = 1 170 ʢʅ. ɼʣʷ ʩʚʘʠ-ʕʈʊ (ʈʀʊ, ʌʆʈʉʊ, ʕʈʉʊ) ʩ ʤʥʦʛʦʤʝʩʪʥʳʤʠ 

ʫʰʠʨʝʥʠʷʤʠ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦ ʪʦʡ ʞʝ ʬʦʨʤʫʣʝ ʦʥʘ ʧʦʣʫʯʠʣʘʩʴ ʨʘʚʥʦʡ  Fd = 2 100 ʢʅ. ɸʣʛʦʨʠʪʤʳ 

ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʨʠʩ. 1 ʠ 2. (ʧ. 1*). ʅʝʪʨʫʜʥʦ ʧʦʩʯʠʪʘʪʴ, ʯʪʦ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʫʰʠʨʝʥʠʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 1,79 ʨʘʟʘ. 

 



-112- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ  1. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ Fd ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ-ʕʈʊ ʩ ʤʥʦʛʦʤʝʩʪʥʳʤʠ 

ʫʰʠʨʝʥʠʷʤʠ. 

 

ʅʠʞʝ ʥʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʦʚ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ Fd, ʚ ʪʝʭ ʞʝ 

ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʙʫʨʦʚʳʭ ʩʚʘʡ Ï500 ʜʣʠʥʦʡ 17,0 ʤ ʧʦʟ.: 2*  ɼʣʷ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ ʧʨʠ 

ʧʦʛʨʫʞʝʥʠʠ ʠʥʚʝʥʪʘʨʥʦʡ ʪʨʫʙʳ ʩ ʪʝʨʷʝʤʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ; 3*  ɼʣʷ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʩʘʜʥʳʭ ʪʨʫʙ ʠʣʠ ʧʨʦʭʦʜʥʳʭ ʰʥʝʢʦʚ (SFA); 4*  ɼʣʷ  ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʧʦʜ ʟʘʱʠʪʦʡ ʛʣʠʥʠʩʪʦʡ ʨʫʙʘʰʢʠ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ Fd ʙʫʨʦʚʳʭ ʩʚʘʡ. ʇʨʠʤʝʯʘʥʠʷ:1*ⱷ ɼʣʷ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʰʠʨʝʥʠʡ; 2* ⱷ ɼʣʷ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ 

ʠʥʚʝʥʪʘʨʥʦʡ ʪʨʫʙʳ ʩ ʪʝʨʷʝʤʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ; 3* ⱷ ɼʣʷ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʩʘʜʥʳʭ ʪʨʫʙ ʠʣʠ 

ʧʨʦʭʦʜʥʳʭ ʰʥʝʢʦʚ; 4* ⱷ ɼʣʷ  ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʦʜ ʟʘʱʠʪʦʡ ʛʣʠʥʠʩʪʦʡ ʨʫʙʘʰʢʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ɔcf  ʚʟʷʪʳ ʠʟ ʪʘʙʣ. 7.6 ʉʇ 24.13330.2021. 

 

ʀʪʘʢ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴFd ʙʫʨʦʚʳʭ ʩʚʘʡ  Ï500 ʧʦ ʛʨʫʥʪʫ ʩʦʩʪʘʚʣʷʝʪ: 

 ʧʦʟ. 2*:   

Fd = 1,0 [1,0Ț3000Ț0,20+3,14Ț0,5Ț0,8Ț 

Ț (28,0+30,6+64,5+66,0+73,6+94,0+96,0+102,0+53,0)]=1352 ʢʅ; 

- ʧʦʟ. 3*: Fd = 1258 ʢʅ; 

- ʧʦʟ. 4*:  Fd = 1160 ʢʅ. 

 

ʅʠʞʝ ʚ ʪʘʙʣ. 1 ʩʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ Fd. 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -113- 

 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ Fd. 
ˉ  

ʧ/ʧ 
ʊʠʧʳ ʙʫʨʦʚʳʭ ʩʚʘʡ 

ɼʠʘʤʝʪʨ, Ï, 

ʤʤ 

ʅʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, Fd, ʢʅ 

1 ʉʚʘʠ-ʕʈʊ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ 350 2110 

2 1* - ʉʚʘʠ-ʕʈʊ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʰʠʨʝʥʠʡ 350 1170 

3 
2* - ʙʫʨʦʥʘʙʠʚʥʳʝ ʩʚʘʠ ʧʦʛʨʫʞʘʝʤʳʝ ʠʥʚʝʥʪʘʨʥʦʡ 

ʪʨʫʙʦʡ ʩ ʪʝʨʷʝʤʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ 
500 1352 

4 
3* - ʙʫʨʦʥʘʙʠʚʥʳʝ ʩʚʘʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʩʘʜʥʳʭ ʪʨʫʙ 

ʠʣʠ ʧʨʦʭʦʜʥʳʭ ʰʥʝʢʦʚ 
500 1258 

5 
4* -  ʙʫʨʦʥʘʙʠʚʥʳʝ ʩʚʘʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʧʦʜ ʟʘʱʠʪʦʡ 

ʛʣʠʥʠʩʪʦʡ ʨʫʙʘʰʢʠ 
500 1160 

 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʪʘʙʣ. 1 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʚʘʷ-ʕʈʊ ʩ 

ʜʚʫʤʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ  ʚʜʦʣʴ ʩʪʚʦʣʘ ʠ ʦʜʥʠʤ ʫʰʠʨʝʥʠʝʤ ʫ ʧʷʪʳ ʧʨʝʚʦʩʭʦʜʠʪ 

ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʩʚʘʠ ʚ 1,6õ1,8 ʨʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ  ʩʚʘʡ ʚ 

ʩʚʘʡʥʦʤ ʧʦʣʝ ʠʟ ʩʚʘʡ-ʕʈʊ ʩ ʤʥʦʛʦʤʝʩʪʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ ʚ 1,6õ1,8 ʨʘʟʘ ʤʝʥʴʰʝ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʩʚʘʡ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʩʪʦʠʤʦʩʪʴ 1 ʤ3 ʙʫʨʦʥʘʙʠʚʥʦʡ ʩʚʘʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

25õ40 ʪʳʩ. ʨʫʙ., ʪʦ ʩʪʦʠʤʦʩʪʴ 17 ʤʝʪʨʦʚʦʡ ʩʚʘʠ (ʩʤ. ʪʘʙʣ. 2) ʨʘʚʥʘ 85,0õ136,0 ʪʳʩ. ʨʫʙ. 

ʇʝʨʝʩʯʠʪʳʚʘʷ ʝʝ ʥʘ 1 ʧ/ʤ ʙʫʨʦʚʦʡ ʩʚʘʠ ʩʤʝʪʥʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5000õ8000 

ʨʫʙ. 

ʅʠʞʝ ʚ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʩʤʝʪʥʳʝ ʩʪʦʠʤʦʩʪʠ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ 

ʪʠʧʦʚ ʙʫʨʦʥʘʙʠʚʥʳʭ ʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ. 

 

ʊʘʙʣʠʮʘ 2 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʩʤʝʪʥʳʝ ʩʪʦʠʤʦʩʪʠ ʩʚʘʡ. 

ˉ 

ʧ/ʧ 
ʊʠʧʳ ʙʫʨʦʚʳʭ ʩʚʘʡ 

ʂʦʣʠʯʝʩʪʚʦ ʩʚʘʡ 

ʚ ʩʚʘʡʥʦ-ʧʣʠʪʥʦʤ 

ʬʫʥʜʘʤʝʥʪʝ, ʰʪ. 

ɼʣʠʥʘ 

ʩʚʘʡ, ʧ/ʤ 

ʆʙʱʠʡ 

ʧʦʛʦʥʘʞ, 

ʤ 

ʉʪʦʠʤʦʩʪʴ 

ʧ/ʤ ʩʚʘʡ, 

ʨʫʙ. 

ʆʙʱʘʷ 

ʩʪʦʠʤʦʩʪʴ 

ʦʙʲʝʢʪʘ, ʤʣʥ. ʨʫʙ. 

1 

2* - ʙʫʨʦʥʘʙʠʚʥʳʝ 

ʩʚʘʠ ʧʦʛʨʫʞʘʝʤʳʝ 

ʠʥʚʝʥʪʘʨʥʦʡ ʪʨʫʙʦʡ ʩ 

ʪʝʨʷʝʤʳʤ 

ʥʘʢʦʥʝʯʥʠʢʦʤ 

125 17,0 2125 5000õ8000 10,6õ17,0 

2 

3* - ʙʫʨʦʥʘʙʠʚʥʳʝ 

ʩʚʘʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʩʘʜʥʳʭ ʪʨʫʙ ʠʣʠ 

ʧʨʦʭʦʜʥʳʭ ʰʥʝʢʦʚ 

134 17,0 2278 5000õ8000 11,4õ18,2 

3 

4* -  ʙʫʨʦʥʘʙʠʚʥʳʝ 

ʩʚʘʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʧʦʜ 

ʟʘʱʠʪʦʡ ʛʣʠʥʠʩʪʦʡ 

ʨʫʙʘʰʢʠ 

146 17,0 2482 5000õ8000 12,4õ19,9 

4 

1* - ʩʚʘʠ-ʕʈʊ ʙʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʫʰʠʨʝʥʡ 

144 17,0 2448 3500õ6000 8,6õ14,7 

5 

ʉʚʘʠ-ʕʈʊ ʩ 

ʤʥʦʛʦʤʝʩʪʥʳʤʠ 

ʫʰʠʨʝʥʠʷʤʠ 

80 17,0 1360 3500õ6000 4,8õ8,2 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʨʘʩʯʝʪʦʚ ʚ ʪʘʙʣ. 2 ʤʦʞʥʦ ʧʦʜʳʪʦʞʠʪʴ, ʯʪʦ ʧʦʟ 4 ʠ 5 ʥʘʠʙʦʣʝʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʙʫʨʦʚʳʭ ʩʚʘʡ. 

 

ɺʳʚʦʜ:  

ɸʥʘʣʠʟʠʨʫʷ ʚʳʰʝʧʨʠʚʝʜʸʥʥʦʝ ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ, ʯʪʦʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʩ 

ʤʥʦʛʦʤʝʩʪʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʫʨʦʥʘʙʠʚʥʳʤʠ ʠ 



-114- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʤʠ ʩʚʘʷʤʠ ʙʝʟ ʫʰʠʨʝʥʠʡ. ɿʘ ʩʯʝʪ ʫʩʪʨʦʡʩʪʚʘ ʫʰʠʨʝʥʠʡ ʚʜʦʣʴ ʩʪʚʦʣʘ ʠ ʥʘ 

ʧʷʪʝ ʩʦʟʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ.  
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ  ʦʪʢʨʳʚʘʝʪ ʥʦʚʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʛʝʦʪʝʭʥʠʯʝʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɹʣʘʛʦʜʘʨʷ ʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʘʤ ʦʥʘ 

ʷʚʣʷʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʦʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʦʚʠʪʴ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʧʦʚʳʰʝʥʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʆʨʠʛʠʥʘʣʴʥʦʩʪʴ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʥʝʨʘʪʦʨʦʚ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ  ʜʣʷ ʩʦʟʜʘʥʠʷ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -115- 

 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ  ʵʬʬʝʢʪʘ ʚ ʧʨʦʙʫʨʝʥʥʦʡ ʠ ʟʘʧʦʣʥʝʥʥʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʙʝʪʦʥʦʤ 

ʩʢʚʘʞʠʥʝ. ʊʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʚʳʭ ʩʚʘʡ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ  ʧʦʚʳʰʝʥʠʶ   ʥʘʜʝʞʥʦʩʪʠ     ʠ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ  ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ  ʦʙʨʘʟʫʝʪʩʷ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʩʨʝʜʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʥʘ ʛʨʫʥʪ ʩʪʝʥʦʢ ʙʫʨʦʚʦʡ ʩʢʚʘʞʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʪʘʨʝʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ 

ʂɺʀʄ, ʰʘʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɻʀʊ, ʙʫʨʦʚʘʷ ʩʚʘʷ, ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʈʀʊ), 

ʤʥʦʛʦʤʝʩʪʥʳʝ ʫʰʠʨʝʥʠʷ. 

 

Abstract 

Discharge-pulse technology of bored-injection piles arrangement unfolds a new direction in 

geotechnical construction. Its specific qualities make it an original one. In comparison with other 

technologies, it allows production of bored-injection piles with increased load-bearing capacity. The 

originality of this technology lies in the use of surge-current generators to create an electrohydraulic 

effect in a drilled well, filled with fine-grained concrete. The technology of bored piles arrangement 

using a surge-current generator contributes to reliability and electrical safety by reducing the operating 

voltage. When forming a high-energy pulse, conditions are created under which a shock wave is 

formed and developed in the form of an electrohydraulic effect in the medium of fine-grained concrete 

on the ground of the bored well walls. 

Keywords: capacitor bank, operating voltage, high voltage pulse low-inductance coaxial cable, 

step voltage, SCG, bored pile, discharge-pulse technology (DPT), multiple extensions. 

 

ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʠ ʙʫʨʦʥʘʙʠʚʥʳʭ  ʩʚʘʡ 

Fd ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʦʙʣʘʩʪʠ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʩʦʙʝʥʥʦ ʦʥʘ ʟʣʦʙʦʜʥʝʚʥʘ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʩʪʝʩʥʝʥʥʳʭ ʠ ʦʩʦʙʦ ʩʪʝʩʥʸʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʣʫʯʘʝʚ ʦʩʥʦʚʘʥʠʡ ʩʣʦʞʝʥʥʳʭ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤʠ ʛʨʫʥʪʘʤʠ. ʆʜʥʠʤ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ ʫʚʝʣʠʯʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʡ ʧʦ ʛʨʫʥʪʫ  Fd  ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʰʠʨʝʥʠʡ  

(ʧʦʜʧʷʪʥʠʢʦʚ) ʚʜʦʣʴ ʩʪʚʦʣʘ ʩʚʘʠ ʩ ʢʦʥʢʨʝʪʥʳʤ ʰʘʛʦʤ ʠʣʠ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ  ʦʪ ʥʘʧʣʘʩʪʦʚʘʥʠʷ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʀɻʕ) ʦʩʥʦʚʘʥʠʷ,  ʘ ʪʘʢʞʝ  ʥʘ ʫʨʦʚʥʝ ʧʷʪʳ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʠʣʠ  ʙʫʨʦʥʘʙʠʚʥʦʡ ʩʚʘʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ 

ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ (ʩʚʘʠ-ʕʈʊ) 

[6-10, 12].  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʩʪʨʦʡʩʪʚʘ ʩʚʘʡ-ʕʈʊ ʥʝʦʙʭʦʜʠʤʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ  ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʰʠʨʝʥʠʡ ʚ ʪʝʣʝ ʙʝʪʦʥʘ  ʟʘʧʦʣʥʷʶʱʝʛʦ ʙʫʨʦʚʫʶ 

ʩʢʚʘʞʠʥʫ. ʕʪʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ. ʕʥʝʨʛʠʷ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʚ 

ʥʝʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʯʝʨʝʟ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ ʚ ʟʘʧʦʣʥʝʥʥʫʶ ʙʝʪʦʥʦʤ ʩʢʚʘʞʠʥʫ ʚ ʚʠʜʝ 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʘʨʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ ʯʘʩʪʳ ʩʣʫʯʘʠ 

ʧʦʨʘʞʝʥʠʷ ʰʘʛʦʚʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʛʨʫʥʪʝ (ʥʘʧʨʠʤʝʨ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ   ʛʨʫʥʪʘ), 

ʫʨʦʚʥʷ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ  ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʨ. ʇʨʠ ʩʣʫʯʘʡʥʦʤ (ʘʚʘʨʠʡʥʦʤ) ʟʘʤʳʢʘʥʠʠ  

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʢʘʙʝʣʷ  ʚʦʟʤʦʞʥʦ ʬʠʟʠʯʝʩʢʦʝ  (ʩʚʝʪʦʚʦʝ,  ʜʫʛʦʚʦʝ,  ʵʣʝʢʪʨʠʯʝʩʢʦʝ  ʠ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ) ʚʦʟʜʝʡʩʪʚʠʝ. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ. ʇʨʠ ʘʚʘʨʠʡʥʦʤ ʟʘʤʳʢʘʥʠʠ ʚʦʟʤʦʞʝʥ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʚʩʝʡ 

ʫʩʪʘʥʦʚʢʠ ʚ  ʮʝʣʦʤ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʕʈʊ ʚʳʧʦʣʥʝʥʠʝ ʦʙʩʣʫʞʠʚʘʶʱʠʤ ʧʝʨʩʦʥʘʣʦʤ ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʫʩʪʘʥʦʚʢʠ (ʈʀʋ) ʫʩʣʦʚʠʡ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ. ʇʨʠ ʵʪʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʱʠʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʩʨʝʜʩʪʚʘ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ  ʫʩʣʦʞʥʷʶʪ ʠ 

ʫʜʦʨʦʞʘʶʪ ʪʝʭʥʦʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʘʡ-ʕʈʊ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ʜʦʩʪʘʪʦʯʥʦ  ʵʬʬʝʢʪʠʚʥʳ ʠ ʥʝ 

ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘ ʚʩʝ 100 % ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʨʘʙʦʪʝ. ʕʪʦ 



-116- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʚʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʧʦʜ ʜʦʞʜʝʤ, ʩʥʝʛʦʤ,  ʘ ʪʘʢʞʝ ʧʨʠ ʤʦʢʨʦʤ ʛʨʫʥʪʝ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ  ʜʦʣʞʥʦ ʙʳʪʴ 

ʫʜʝʣʝʥʦ  ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ   ʪʝʭʥʦʣʦʛʠʠ  ʠ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʩʨʝʜʩʪʚʘʤ ʫʤʝʥʴʰʝʥʠʷ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ  ʪʘʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʥʝʪ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʫʜʘʨ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ-ʕʈʊ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʵʪʘʧʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʩʤ. ʨʠʩ. 

1). ʕʪʦ: 1)  ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥʳ; 2) ʧʦʜʘʯʘ ʚ ʥʝʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ; 3) ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʜʣʷ  ʚʦʟʙʫʞʜʝʥʠʷ  ʚ ʪʚʝʨʜʝʶʱʝʤ ʤʘʪʝʨʠʘʣʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʱʘʝʤʦʛʦ ʚ ʥʝʤ ʨʘʟʨʷʜʥʠʢʘ; 4) ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ  ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 5) ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʘʞʜʦʛʦ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʦʟʜʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʘʣʦʤʦʱʥʳʝ ʠʤʧʫʣʴʩʳ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ 

ʧʝʨʝʤʝʱʘʝʤʦʤ ʨʘʟʨʷʜʥʠʢʝ. ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʟʜʘʶʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʩʚʳʰʝ 20 ʢɼʞ ʥʘʧʨʷʞʝʥʠʝʤ 500-1000 ɺ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʘʣʦʤʦʱʥʳʝ ʠʤʧʫʣʴʩʳ - ʩ ʥʘʧʨʷʞʝʥʠʝʤ 5-15 ʢɺ, ʠ ʵʥʝʨʛʠʝʡ 200-2000 ɼʞ ʜʣʠʪʝʣʴʥʦʩʪʴʶ (5-

20)10-6 ʩʝʢ. 

ʊʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ ʧʦʷʩʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ, 

ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ. 2,  ʟʜʝʩʴ   t1,  t2, t3... t8 ï  ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʣʫʙʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ; 

1 ï ʩʢʚʘʞʠʥʘ;  2  ï   ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʙʝʪʦʥ;                    3  ï   ʠʟʣʫʯʘʪʝʣʴ (ʨʘʟʨʷʜʥʠʢ);  4 ï 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʨʤʦʢʘʨʢʘʩ;  5  ï  ʟʘʨʷʜʥʦ-ʚʳʧʨʷʤʠʪʝʣʴʥʦʝ     ʫʩʪʨʦʡʩʪʚʦ,    6 ï     ʝʤʢʦʩʪʥʦʡ   

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʥʘʢʦʧʠʪʝʣʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 7 ï  ʢʦʤʤʫʪʘʪʦʨ ʥʘʢʦʧʠʪʝʣʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ;                8 ï  ʧʠʪʘʶʱʠʡ   ʥʠʟʢʦʚʦʣʴʪʥʳʡ   ʢʘʙʝʣʴ;  9 ï  ʟʘʨʷʜʥʦ-

ʚʳʧʨʷʤʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 10 ï  ʤʘʣʦʤʦʱʥʳʡ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʩʪʦʯʥʠʢ; 11 ï  ʢʦʤʤʫʪʘʪʦʨ 

ʤʘʣʦʤʦʱʥʦʛʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ; 12 ï  ʙʣʦʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ;                       13 ï ʢʘʙʝʣʴ;  

14 ï  ʠʩʪʦʯʥʠʢ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʠʮʠʠʨʫʶʱʠʤ ʵʣʝʢʪʨʦʜʦʤ, ʨʘʟʤʝʱʝʥʥʳʤ ʚ ʨʘʟʨʷʜʥʠʢʝ; 15 

ï  ʦʙʣʘʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʨʷʜʘ; 16 ï  ʯʘʩʪʴ ʚʳʧʦʣʥʝʥʥʦʡ  ʩʚʘʠ-ʕʈʊ.   ɹʣʦʢ   ʩʠʥʭʨʦʥʠʟʘʮʠʠ   

12   ʚʳʧʦʣʥʝʥ   ʜʣʷ  ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʨʝʘʛʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʯʝʨʝʟ ʥʝʛʦ 

ʧʦʟʠʮʠʡ 7 ʠ 11. 

ɼʘʣʝʝ ʩ  ʧʦʤʦʱʴʶ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʭʦʜʢʘ ʩʢʚʘʞʠʥʳ 1 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ  ʜʠʘʤʝʪʨʘ (ʩʪʘʜʠʷ t1). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ  ʟʘʙʫʨʥʠʢ 

ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʩʢʚʘʞʠʥʳ 1, ʯʘʩʪʴ ʝʝ ʟʘʧʦʣʥʷʝʪʩʷ  ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʙʝʪʦʥʦʤ 2 (ʩʪʘʜʠʷ t2). 

ʇʦʛʨʫʞʘʝʪʩʷ ʚ ʩʢʚʘʞʠʥʫ 1 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ  ʘʨʤʦʢʘʨʢʘʩ 4. ʈʘʟʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 3 ʩ 

ʧʠʪʘʶʱʠʤ ʥʠʟʢʦʚʦʣʴʪʥʳʤ ʢʘʙʝʣʝʤ  8 ʧʦʜʩʦʝʜʠʥʝʥʦ ʢ ʝʤʢʦʩʪʥʦʤʫ ʥʠʟʢʦʚʦʣʴʪʥʦʤʫ 

ʥʘʢʦʧʠʪʝʣʶ ʵʥʝʨʛʠʠ 6 (ʩʪʘʜʠʷ t3). 

ɿʘʨʷʜʥʦ-ʚʳʧʨʷʤʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʘ 5 ʟʘʨʷʞʘʝʪ ʥʘʢʦʧʠʪʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 6, 

ʥʘʧʨʠʤʝʨ, ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ (20-50) ʢɼʞ ʜʦ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʨʷʜʢʘ ʜʦ 1000 ɺ (ʩʪʘʜʠʷ  t4).   

ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ  ʟʘʨʷʜʢʘ  ʧʦʜʞʠʛʘʶʱʝʛʦ  ʫʩʪʨʦʡʩʪʚʘ   10 ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ ʧʦʨʷʜʢʘ 

200-2000 ɼʞ ʜʦ ʥʘʧʨʷʞʝʥʠʷ 5-15 ʢɺ ʩ ʝʛʦ ʞʝ ʧʦʤʦʱʴʶ 9 (ʩʪʘʜʠʷ t5). 

ɼʘʣʝʝ ʧʦʜʘʝʪʩʷ ʩʝʨʠʷ   ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ   ʧʨʠ ʧʦʤʦʱʠ   ʙʣʦʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 12 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʦʪ ʥʘʢʦʧʠʪʝʣʷ 6, ʘ ʪʘʢʞʝ ʤʘʣʦʤʦʱʥʳʭ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʦʪ ʠʩʪʦʯʥʠʢʘ 10 ʯʝʨʝʟ ʢʘʙʝʣʠ 8 ʠ 13 ʢʦʤʤʫʪʘʪʦʨʳ 7 ʠ 11 ʥʘ 

ʨʘʟʨʷʜʥʠʢ 3 ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʠʮʠʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʜ 14. ɺʦʟʥʠʢʘʝʪ ʩʝʨʠʷ  ʥʠʟʢʦʚʦʣʴʪʥʳʭ 

ʨʘʟʨʷʜʦʚ ʦʩʥʦʚʥʦʛʦ ʝʤʢʦʩʪʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ 6 ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʙʦʷ ʧʨʠ ʧʦʤʦʱʠ 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʨʘʟʨʷʜʘ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʨʷʜʘ 15. 

ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʦʮʠʨʫʝʪ   ʚʦʟʥʠʢʥʦʚʝʥʠʝ  

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ  ʫʜʘʨʦʚ. ʉʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ  ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʙʝʪʦʥ 2 ʠ ʛʨʫʥʪ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ 1, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʝʝ ʧʦʧʝʨʝʯʥʦʝ 

ʩʝʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʫʧʣʦʪʥʷʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʙʝʪʦʥ ʠ ʬʦʨʤʠʨʫʷ  ʯʘʩʪʴ ʩʚʘʠ 16. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -117- 

 

ʇʨʠ ʧʦʜʘʯʝ ʠʤʧʫʣʴʩʘ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʟʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 14 ʥʝ ʚʦʟʥʠʢʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʷ, ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ ʯʪʦ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ ʜʣʷ ʧʨʦʙʦʷ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʢʚʘʟʠʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʨʘʟʨʷʜʥʠʢʘ. ʇʦʵʪʦʤʫ ʚ ʟʦʥʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʦʛʦ 

ʵʬʬʝʢʪʘ ʧʦʜʘʶʪ ʠʥʠʮʠʠʨʫʶʱʠʡ ʠʤʧʫʣʴʩ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (5-15) ʢɺ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʧʦʜʞʠʛʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʵʥʝʨʛʠʝʡ ʨʘʚʥʦʡ (200-2000)ɼʞ ʜʣʠʪʝʣʴʥʦʩʪʴʶ (5-20)10-6 ʩʝʢ 

ʩʠʥʭʨʦʥʥʦ ʩ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ, ʚʳʰʝ 20 ʢɼʞ, ʠʤʧʫʣʴʩʦʤ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɺʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ  ʧʦʜʞʠʛʘ, ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʜʞʠʛʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  ʦʧʳʪʥʳʤ ʧʫʪʝʤ  ʠʟ ʫʩʣʦʚʠʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʘʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ  ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʩʪʚʦʣʘ, ʘ ʪʘʢʞʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʘʠ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ  ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ ʟʘʟʦʨ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʨʷʜʢʘ 10-20 ʤʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ [1õ4]. ʉʣʝʜʫʝʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʥʘʧʨʷʞʝʥʠʠ ʚʝʣʠʯʠʥʦʡ ʜʦ 1000 ɺ ʚ 

ʵʪʦʤ ʧʨʦʤʝʞʫʪʢʝ ʨʘʟʨʷʜʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ [5]. 

 

 
ʈʠʩʫʥʦʢ 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʩʚʘʡ ʕʈʊ (ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ): I  ï ʫʩʪʨʦʡʩʪʚʦ 

ʣʠʜʝʨʥʦʡ ʩʢʚʘʞʠʥʳ; II, III ï ʨʘʩʰʠʨʝʥʠʝ ʩʢʚʘʞʠʥʳ ʕʈʊ ʦʙʨʘʙʦʪʢʦʡ; IV ï ʟʘʤʝʱʝʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʙʝʪʦʥʥʦʡ 

ʩʤʝʩʴʶ ʠ ʘʢʪʠʚʘʮʠʷ ʝʝ ʧʦ ʕʈʊ; V, VI ï ʧʦʛʨʫʞʝʥʠʝ ʘʨʤʘʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ ʚ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ; 1 ï ʩʢʚʘʞʠʥʘ, 

ʟʘʧʦʣʥʝʥʥʘʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ; 2 ï ʟʘʣʠʚʦʯʥʘʷ ʰʪʘʥʛʘ; 

3 ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ; 4 ï ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ;  5 ï ʘʨʤʘʪʫʨʥʳʡ ʢʘʨʢʘʩ 

 

 
ʈʠʩʫʥʦʢ 2. ʇʣʘʥ-ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ 



-118- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʜʞʠʛʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʪʘʢʞʝ ʙʝʟʦʧʘʩʥʦ, ʪʘʢ ʢʘʢ 

ʵʥʝʨʛʠʷ ʝʛʦ, ʨʘʚʥʘʷ 200-2000 ɼʞ, ʤʘʣʘ, ʠʤʧʫʣʴʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʣʦ ʠ 

ʢʦʣʠʯʝʩʪʚʦ   ʵʣʝʢʪʨʠʯʝʩʪʚʘ  [5]. 

ɺʣʠʷʥʠʝ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʝʥʠʷ ʩʧʦʩʦʙʘ ʥʘ ʪʘʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʚʘʠ, ʢʘʢ 

ʝʝ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ Fd ʧʦ ʛʨʫʥʪʫ, ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.  ʇʨʦʠʟʚʦʜʠʣʠʩʴ ʩʪʘʪʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʩʚʘʠ ʜʣʠʥʦʡ 12 ʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ. ɺʤʝʱʘʶʱʠʤʠ 

ʛʨʫʥʪʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʜʣʠʥʳ ʩʚʘʡ ʩʣʫʞʘʪ ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʩʢʘʤʠ ʤʝʣʢʠʤʠ ʠ ʧʳʣʝʚʘʪʳʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʩʫʛʣʠʥʢʦʚ ʠ ʛʣʠʥ. ɻʨʫʥʪʘʤʠ 

ʘʢʪʠʚʥʦʡ ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ ʧʦʜ ʦʩʪʨʠʝʤ ʩʚʘʡ ʷʚʣʷʶʪʩʷ ʧʝʩʢʠ ʤʝʣʢʠʝ ʠ ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʝʪʦʜʠʢʘʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  [2].  

ʕʣʝʢʪʨʦʨʘʟʨʷʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʟʘʪʨʘʪʘʭ ʧʦʣʫʯʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ 

ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ, ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ, ʮʝʤʝʥʪʘʮʠʡ ʦʩʥʦʚʘʥʠʡ ʠ ʪ.ʜ. 

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʦʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʀʊ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ-ʕʈʊ ʧʦ ʛʨʫʥʪʫ. 

ʉʚʘʠ ʩ ʤʥʦʛʦʤʝʩʪʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ (ʉʄʋ) ʧʨʠʤʝʥʷʶʪʩʷ ʜʘʚʥʦ. ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʘʢʠʭ ʩʚʘʡ ʝʩʪʴ ʚ  ʀʥʜʠʠ,  ʌʈɻ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʗʧʦʥʠʠ, ʉʉʉʈ, ʈʦʩʩʠʠ. ʂʦʥʩʪʨʫʢʮʠʷ ʪʘʢʦʡ 

ʩʚʘʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʫʨʦʚʫʶ ʩʚʘʶ ʩ ʫʰʠʨʝʥʠʝʤ ʥʘ ʧʷʪʝ. ɺʳʰʝ ʵʪʦʛʦ ʫʰʠʨʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʫʝʤʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʰʠʨʝʥʠʷ.  

ʇʨʘʢʪʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʩʚʘʡ ʧʦʢʘʟʘʣʘ ʠʭ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [6 16].  

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʘʡ-ʕʈʊ ʩ ʦʜʥʠʤ ʫʰʠʨʝʥʠʝʤ ʚ 2,0 ï 2,5 ʨʘʟʘ, ʘ ʩ ʜʚʫʤʷ ï ʚ 3,0 ï 3,5 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʫ ʩʚʘʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʙʝʟ ʫʰʠʨʝʥʠʡ. 

ʉʚʘʠ-ʕʈʊ ʩ ʤʥʦʛʦʤʝʩʪʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʨʘʙʦʪʘʶʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ ʚ ʨʘʙʦʪʫ ʚʩʪʫʧʘʝʪ ʚʝʨʭʥʝʝ ʫʰʠʨʝʥʠʝ. ʇʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʧʦʩʪʝʧʝʥʥʦ ʚʢʣʶʯʘʶʪʩʷ ʥʠʞʝʣʝʞʘʱʠʝ ʫʰʠʨʝʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʢʘʞʜʦʝ ʫʰʠʨʝʥʠʝ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʦʨʳ. ʅʝʩʫʱʠʝ ʩʚʦʡʩʪʚʘ  ʛʨʫʥʪʦʚ ʧʨʠ 

ʦʧʠʨʘʥʠʠ ʥʘ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʩʚʦʡʩʪʚ ʵʪʠʭ ʞʝ ʛʨʫʥʪʦʚ ʧʨʠ  ʪʨʝʥʠʠ ʦ ʥʠʭ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʬʦʨʤʫʣ ʨʘʩʯʝʪʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʫʢʘʟʘʥʥʳʭ ʩʚʘʡ.  

ʈʘʩʯʝʪ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ ʙʝʟ ʫʰʠʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 7.8 ʩʚʦʜʘ 

ʧʨʘʚʠʣ ʉʇ 24.13330.2011:  

Fd = ɔc (ɔcR R A + u  ),                  (1)  

ɺ ʬʦʨʤʫʣʝ (1) ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ɔcR RA ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʫʱʫʶ  ʩʧʦʩʦʙʥʦʩʪʴ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ ʧʦʜ ʝʝ ʥʠʞʥʠʤ ʢʦʥʮʦʤ,  ʘ ʚʪʦʨʦʝ - u ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ.  

ʅʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʘʡ ʩ ʤʥʦʛʦʤʝʩʪʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦ 

ʬʦʨʤʫʣʝ 2 (ʩʦʛʣʘʩʥʦ ʉʇ 24.13330.2011): 

              (2)  

ɸʚʪʦʨ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ (ʜʠʨʝʢʪʦʨ ʆʆʆ ʅʇʌ çʌʆʈʉʊè) ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʩʚʘʡ ʕʈʊ. ʀʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʘʠ 

ʕʈʊ ʩ ʤʥʦʛʦʤʝʩʪʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ (ʉʄʋ) ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʘʷʤʠ ʙʝʟ ʫʰʠʨʝʥʠʡ. 

ʆʧʨʝʩʩʦʚʢʘ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʕʈʊ ʧʨʦʠʟʚʦʜʠʪʩʷ  ʩ ʧʦʤʦʱʴʶ 

ʢʘʤʫʬʣʝʪʥʳʭ ʫʰʠʨʝʥʠʡ ʉʇ 24.13330.2021. ʕʪʦ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ, ʫʩʪʨʘʠʚʘʝʤʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʩʚʘʠ-ʕʈʊ). ʋ ʵʪʠʭ ʩʚʘʡ   ʧʦʚʳʰʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠ   , ʘ ʠʤʝʥʥʦ  =1,3, ʘ   = 1,1õ1,3 ʙʣʘʛʦʜʘʨʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʛʨʫʥʪʘ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥ, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ  - ʫʧʣʦʪʥʝʥʠʶ ʝʛʦ ʩʚʝʨʭ ʧʨʠʨʦʜʥʳʭ ʚʝʣʠʯʠʥ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -119- 

 

ʊʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʩʚʘʡ-ʕʈʊ ʩʦʩʪʘʚʣʷʝʪ 

ʚ 1,3 ʨʘʟʘ, ʘ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʚ 1,1/0,5 õ 1,3/0,5 = 2,2õ2,6 ʨʘʟʘ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ Fd  ʧʦ ʬʦʨʤʫʣʝ 7.11 ʉʇ 24.13330.2021 ʟʥʘʯʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ R ʠ f ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʪʘʙʣʠʮʘʤ 7.3 ʠ 7.8 ʉʇ 24.13330.2021.  ɺ ʪʘʙʣ. 

7.3 ʉʇ 24.13330.2021 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ  f  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ IL, ʘ ʚ ʪʘʙʣ. 7.8 ʉʇ 

24.13330.2011 ï ʪʦ ʞʝ ʜʣʷ R.  

ɺʳʚʦʜ: ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ  (ɻʀʊ) ʠʤʝʝʪ ʰʠʨʦʢʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɻʀʊ, ʷʚʣʷʷʩʴ  ʥʘʢʦʧʠʪʝʣʝʤ  ʚʳʩʦʢʦʡ ʜʦ 100 ʢɼʞ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʧʦʩʨʝʜʩʪʚʘʤ ʨʘʟʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʛʨʫʞʘʷʩʴ ʚ ʟʘʧʦʣʥʝʥʥʫʶ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ 

ʙʝʪʦʥʦʤ ʩʢʚʘʞʠʥʫ, ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʰʝʛʦ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ  ʫʜʘʨʘ (ʕɻʋ), ʩʦʟʜʘʝʪ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʘʡ-ʕʈʊ ʧʦʚʳʰʝʥʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ.  ʇʨʠ ʵʪʦʤ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕɻʋ ʚʜʦʣʴ ʩʪʚʦʣʘ ʩʚʘʠ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʜʦ 3,5 

ʨʘʟ  ʫʚʝʣʠʯʝʥʠʶ Fd . 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʝʛʘʟʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ. 

ʇʨʠʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ ʙʘʢʘ ʠ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʜʝʛʘʟʘʮʠʠ 

ʚʦ ʚʨʝʤʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʩʰʠʨʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʟʘ ʩʯʝʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ. ʇʨʠʚʝʜʝʥ ʤʝʪʦʜ 

ʧʦʚʳhʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʛʘʟʦʚ, ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʩʦʩʘ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʤʙʨʘʥʥʳʡ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʙʘʢ, ʜʝʛʘʟʘʮʠʷ, ʢʦʨʨʦʟʠʷ, 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʦʪʦʧʣʝʥʠʝ.   

 

Abstract 

The article considers the relevance of degassing in water supply and heating systems. The 

design of the membrane expansion tank is given and the degassing process during compensation of 

liquid expansion due to pressure drop is considered. A method for increasing the intensity of gas 

removal by installing an additional pump is given. 

Keywords: membrane expansion tank, degassing, corrosion, water supply, heating. 

 

ɹʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʷ. 

ʂʦʨʨʦʟʠʡʥʳʡ ʠʟʥʦʩ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ 

ʢʠʩʣʦʨʦʜʦʤ, ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ ʚʦʜʝ. ɹʦʣʝʝ ʥʘʛʣʷʜʥʦ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʤʦʤʝʥʪ ʦʪʢʣʶʯʝʥʠʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘ ʧʝʨʠʦʜ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠʣʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. ʇʦʯʪʠ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʦʩʣʝ ʚʨʝʤʝʥʥʦʛʦ 

ʦʪʢʣʶʯʝʥʠʷ ʟʘʤʝʯʘʣ ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ ʚʦʜʳ. ʊʘʢʦʡ ʮʚʝʪ ʧʦʣʫʯʘʝʪʩʷ ʚʟʚʝʩʠ ʯʘʩʪʠʮ ʨʞʘʚʯʠʥʳ. 

ʊʘʢʘʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʦʪʢʣʶʯʝʥʠʷ ʚʦʜʳ, ʪʨʫʙʦʧʨʦʚʦʜ 

ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥ ʚʦʟʜʫʭʦʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʘʷ ʚʩʪʫʧʘʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚ ʤʥʦʞʝʩʪʚʦ ʨʘʟ ʚʳʰʝ.  

ɺ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʧʨʠ ʩʪʘʙʠʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩʣʦʡ 

ʨʞʘʚʯʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʚʦʟʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ, ʥʦ ʚʩʸ-ʪʘʢʠ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʥʘʨʘʱʠʚʘʪʴʩʷ ʠʟ ʩʣʦʝʚ ʨʞʘʚʯʠʥʳ ʠ ʫʥʦʩʠʪʴʩʷ ʩ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ 

ʨʘʟʥʦʩʷʩʴ ʧʦ ʩʠʩʪʝʤʝ. ʊʘʢʞʝ ʥʝʨʦʚʥʦʩʪʠ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʯʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʥʘ ʩʪʝʥʢʘʭ, ʘʢʪʫʘʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʛʘʟʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ 

ʧʦʜʜʝʨʞʘʥʠʷ ʜʘʚʣʝʥʠʷ.  

ɼʝʛʘʟʘʮʠʷ ï ʧʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʚʨʝʜʦʥʦʩʥʳʭ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʞʠʜʢʦʩʪʠ ʛʘʟʦʚ ʠʣʠ 

ʧʦʧʘʚʰʠʭ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ ʠʟ ʩʠʩʪʝʤʳ. ʅʝʞʝʣʘʪʝʣʴʥʳʝ ʧʨʠʤʝʩʠ ʚ ʚʠʜʝ ʛʘʟʦʚ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ 

ʩʠʩʪʝʤʫ ʩ ʧʨʠʩʦʩʘʤʠ ʚʦʟʜʫʭʘ, ʯʝʨʝʟ ʥʝʧʣʦʪʥʦʩʪʠ ʠʣʠ ʩ ʚʦʜʦʡ ʧʦʜʧʠʪʢʠ, ʢʦʪʦʨʫʶ ʜʦʙʘʚʣʷʶʪ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʩʭʦʜʘ ʠʣʠ ʧʦʪʝʨʴ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ï 

ʨʘʩʰʠʨʠʪʝʣʴʥʳʝ ʤʝʤʙʨʘʥʥʳʝ ʙʘʢʠ (ʄʈɹ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʝʛʘʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʧʦʣʝʟʥʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ. 
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ʈʠʩʫʥʦʢ 1. ʋʩʪʨʦʡʩʪʚʦ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ ʙʘʢʘ. 

 

ɼʝʛʘʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʙʲʝʤʝ, ʧʦʩʪʫʧʘʶʱʝʤ ʚ ʙʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚʦ ʚʩʝʡ ʩʠʩʪʝʤʝ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʙʘʢ ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟ ʚʦʜʳ ʚʳʜʝʣʷʶʪʩʷ ʠʟʣʠʰʢʠ ʛʘʟʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʩʥʦʚʘʥ ʥʘ 

ʟʘʢʦʥʝ ɻʝʥʨʠ ɼʘʣʴʪʦʥʘ, ʩʫʪʴ ʜʘʥʥʦʛʦ ʟʘʢʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ 

ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʛʘʟʦʚ ʚ ʞʠʜʢʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʛʘʟʳ ʧʝʨʝʭʦʜʷʪ ʚ ʩʨʝʜʫ ʩ 

ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɺʳʜʝʣʠʚʰʠʡʩʷ ʛʘʟ ʯʝʨʝʟ ʚʦʟʜʫʭʦʦʪʚʦʜʯʠʢ ʧʦʢʠʜʘʝʪ ʚʦʜʷʥʫʶ ʢʘʤʝʨʫ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʜʫʭʦʦʪʚʦʜʯʠʢ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʪʥʦʝ ʧʦʧʘʜʘʥʠʝ ʛʘʟʦʚ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʪʘʢ ʢʘʢ ʦʥ 

ʫʩʪʨʦʝʥ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʨʘʪʥʦʛʦ ʢʣʘʧʘʥʘ.  

ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝʥʠʷ ʥʘ ʢʦʨʧʫʩʝ ʙʘʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʦʟʜʫʰʥʳʡ ʢʨʶʢ 

ʠʣʠ ʜʳʭʘʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʤʝʤʙʨʘʥʳ ʠʟʣʠʰʢʠ ʚʦʟʜʫʭʘ 

ʚʳʪʝʩʥʷʶʪʩʷ ʠʣʠ ʥʘʦʙʦʨʦʪ ʧʨʦʠʩʭʦʜʠʪ ʟʘʙʦʨ ʚʦʟʜʫʭʘ.  ʄʝʤʙʨʘʥʘ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʛʘʟʦʦʙʤʝʥ 

ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʤʝʨʘʤʠ ʙʘʢʘ.  

ʇʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʜʝʛʘʟʘʮʠʠ ʤʦʞʥʦ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʥʘʩʦʩʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʙʘʢʘ. 

ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʚʢʣʶʯʝʥʠʝ ʥʘʩʦʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʢʘʯʢʫ ʠ ʩʦʟʜʘʝʪ ʦʙʣʘʩʪʴ 

ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʨʷʞʝʥʠʷ.  

ʍʦʪʷ ʙʘʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʜʘʣʝʥʠʝ ʛʘʟʦʚ, ʥʦ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠ 

ʩʪʝʧʝʥʴ ʜʝʛʘʟʘʮʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʜʳ.  

ɺʪʦʨʳʤ ʚʘʨʠʘʥʪʦʤ ʧʦʜʜʝʨʞʘʥʠʷ ʜʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʜʘʚʣʝʥʠʷ (ɸʋʇɼ). ɺ ʦʪʣʠʯʠʠ ʦʪ ʤʝʤʙʨʘʥʥʦʛʦ ʙʘʢʘ ʫʩʪʘʥʦʚʢʘ ʚʳʧʦʣʥʷʝʪ 

ʢʦʤʧʝʥʩʘʮʠʶ ʜʘʚʣʝʥʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʯʝʤ ʫ ʙʘʢʘ. ʊʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʝʡ, ʪʘʢ ʢʘʢ ʦʥʠ ʟʘʧʦʣʥʷʶʪʩʷ ʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʥʝʪʘʥʠʷ ʥʘʩʦʩʘʤʠ.  

ʂʦʥʩʪʨʫʢʮʠʷ ɸʋʇɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʜʨʦʤʦʜʫʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʩʦʩʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʟʘʜʚʠʞʝʢ, ʧʝʨʝʧʫʩʢʥʳʭ ʢʣʘʧʘʥʦʚ ʠ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ. ɻʠʜʨʦʤʦʜʫʣʴ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʳʚʝ ʩʝʪʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠʣʠ ʦʪʦʧʣʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʥʝʤʫ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʙʘʢʠ, ʩ ʜʘʪʯʠʢʦʤ ʫʨʦʚʥʷ, ʜʣʷ ʩʙʦʨʘ ʠʟʣʠʰʥʝʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʰʠʨʝʥʠʷ. ɺʩʝ ʧʨʦʮʝʩʩʳ ʨʝʛʫʣʠʨʫʝʪ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʙʠʨʘʷ ʜʘʥʥʳʝ ʩʦ ʚʩʝʭ 

ʜʘʪʯʠʢʦʚ ʠ ʧʦʜʘʝʪ ʩʠʛʥʘʣʳ ʜʣʷ ʨʘʙʦʪʳ ʥʘʩʦʩʦʚ ʠ ʤʦʪʦʨʠʟʠʨʦʚʘʥʥʳʭ ʢʣʘʧʘʥʦʚ.  

ɼʝʛʘʟʘʮʠʷ ʚ ʩʠʩʪʝʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʙʘʢʘʤ, ʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʧʝʨʝʧʫʩʢʥʳʭ ʢʣʘʧʘʥʦʚ ʧʨʦʮʝʩʩ ʜʝʛʘʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ. ʇʨʦʮʝʩʩ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʯʝʨʝʟ ʙʘʢʠ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʳʤ. ʅʦ ʫʨʦʚʝʥʴ ʜʝʛʘʟʘʮʠʠ ʚʩʝ ʝʱʝ 

ʦʩʪʘʝʪʩʷ ʩʣʠʰʢʦʤ ʥʠʟʢʠʤ.  



-122- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʦʤʦʯʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʛʘʟʦʚ ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʳʡ ʜʝʛʘʟʘʪʦʨ ʩ ʪʨʫʙʦʡ-ʵʞʝʢʪʦʨʦʤ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ɸʋʇɼ.  

ɺʘʢʫʫʤʥʳʡ ʵʞʝʢʪʦʨ ʜʘʸʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʥ ʫʜʘʣʷʝʪ ʚʦʟʜʫʭ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ - 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʙʳʣ ʣʠ ʦʥ ʨʘʩʪʚʦʨʸʥ ʚ ʧʦʜʧʠʪʦʯʥʦʡ ʚʦʜʝ ʠʣʠ ʧʦʧʘʣ ʚ ʩʠʩʪʝʤʫ ʚʩʣʝʜʩʪʚʠʝ 

ʜʠʬʬʫʟʠʠ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʨʦʮʝʩʩ ʜʝʘʵʨʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʵʣʝʢʪʨʦʥʠʢʦʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʩʪʦʷʥʥʦʡ ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʝʛʘʟʘʮʠʠ ʠ 

ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʧʝʨʚʦʛʦ ʧʫʩʢʘ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʝʛʘʟʘʪʦʨʘ ʘʥʘʣʦʛʠʯʝʥ ʄʈɹ ʠ ɸʋʇɼ, ʥʦ ʝʛʦ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʠʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʨʘʟʨʷʞʝʥʠʝ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʢʠʩʣʦʨʦʜ ʚʦ ʚʩʝʭ ʝʛʦ ʬʦʨʤʘʭ ʫʜʘʣʷʝʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʟʘʚʦʟʜʫʰʠʚʘʥʠʷ ʨʘʜʠʘʪʦʨʦʚ, ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʠ ʢʦʨʨʦʟʠʠ, ʢʘʚʠʪʘʮʠʠ ʥʘ ʥʘʩʦʩʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʤʝʩʪʥʦʛʦ ʚʩʢʠʧʘʥʠʷ ʥʘ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʢʦʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʇʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ ʢ ʟʘʱʠʪʝ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʠʪʴ ʦʙʱʠʡ ʩʨʦʢ 

ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ. 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʜʘʪʯʠʢʘ ʥʘʨʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʩʠʩʪʝʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʦʧʣʝʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʠ ʚ ʧʦʪʨʝʙʣʝʥʠʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʩʠʩʪʝʤʘ 

ʦʪʦʧʣʝʥʠʷ, ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ.   

 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -123- 

 

Abstract 

This article discusses the possibility of introducing an outdoor temperature sensor into a heating 

control system to increase energy efficiency and efficiency. The calculation of savings in thermal 

energy consumption based on temperature changes during the day has been made. 

Keywords: temperature sensor, efficiency, energy saving, heating system, temperature 

difference. 

 

ʀʩʪʦʯʥʠʢʠ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʩʝ ʙʦʣʴʰʝ ʥʘʙʠʨʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʤʘʩʩʦʚʦʩʪʴ ʪʘʢʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚʳʭʦʜʠʪ ʥʘ 

ʟʥʘʯʠʤʳʡ ʫʨʦʚʝʥʴ.  

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚʩʝ ʥʦʚʳʝ ʠʟʦʙʨʝʪʝʥʠʷ ʠ ʥʦʚʳʝ ʧʦʢʦʣʝʥʠʷ ʩʪʘʨʳʭ 

ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ ʧʦʚʳʰʘʶʪ ʧʣʘʥʢʫ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ. ɸʚʪʦʤʦʙʠʣʠ ʧʝʨʝʚʦʜʷʪ ʩ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʙʝʥʟʠʥʘ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʘʢ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʪʘʢ ʠ ʩʥʠʟʠʪʴ ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʦʩʪʘʚʣʷʝʤʳʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ.  

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦʙ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ, ʪʦ ʩ ʪʝʯʝʥʠʝʤ 

ʧʨʦʛʨʝʩʩʘ ʩʥʠʞʘʝʪʩʷ ʠʭ ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʴ, ʪʨʝʙʫʝʪʩʷ ʚʩʝ ʤʝʥʴʰʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ 

ʠʟ ʥʝʬʪʠ ʠ ʜʨʫʛʠʭ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʧʨʠʨʦʜʫ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʪʝʭʥʦʣʦʛʠʷʭ, ʩʨʦʢ ʩʣʫʞʙʳ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1-2 ʣʝʪ ʜʦ 15 

ʣʝʪ, ʤʦʞʥʦ ʥʝ ʙʝʩʧʦʢʦʠʪʴʩʷ ʦ ʩʠʣʴʥʦʤ ʤʦʨʘʣʴʥʦʤ ʫʩʪʘʨʝʚʘʥʠʠ, ʪʘʢ ʢʘʢ ʧʦ ʤʝʨʝ ʧʦʷʚʣʝʥʠʷ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʪʘʨʳʝ ʫʩʪʨʦʡʩʪʚʘ ʫʩʧʝʚʘʶʪ ʦʪʨʘʙʦʪʘʪʴ ʩʚʦʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʝʨʝʨʘʙʦʪʘʥʳ ʠʣʠ ʫʪʠʣʠʟʠʨʦʚʘʥʳ ʙʝʟ ʧʦʪʝʨʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ. ɺ ʩʣʫʯʘʝ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠ ʢʘʧʠʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʤʠʨʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʨʝʤʦʥʪʥʳʝ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʧʨʦʚʦʜʠʪʴ 

ʜʝʡʩʪʚʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʨʝʰʝʥʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʙʲʝʢʪʳ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʞʠʣʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ʉʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʦʪ 50 ʜʦ 100 ʣʝʪ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʤʠʤ 

ʟʜʘʥʠʝʤ, ʚʥʫʪʨʝʥʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʩʠʩʪʝʤ ʠʤʝʶʪ ʚ ʨʘʟʳ ʤʝʥʴʰʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ 

ʨʝʩʫʨʩ.  

ɽʩʣʠ ʚ ʩʣʫʯʘʝ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʤʘʰʠʥʘʤʠ ʠ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʚʩʝ ʧʨʦʱʝ, ʦʥʠ ʤʦʛʫʪ 

ʵʣʝʤʝʥʪʘʨʥʦ ʟʘʤʝʥʷʪʴʩʷ ʥʘ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʠ ʥʦʚʳʝ ʧʦ ʤʝʨʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ, ʪʦ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʩʝʛʦ ʟʜʘʥʠʷ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʥʦʨʤʘʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ.  

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʦʥʪʨʦʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ʙʝʟ ʧʦʢʘʟʳʚʘʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ, ʩ ʚʳʚʦʜʦʤ ʩʠʛʥʘʣʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦʢʘʟʘʥʠʡ.  

ʆʥ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʪʦʧʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ 

ʥʘ ʨʘʜʠʘʪʦʨʳ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʢʨʳʪʠʷ ʯʘʩʪʠ ʧʦʪʦʢʘ 

ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʟʘʜʚʠʞʢʘʤʠ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ.  

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʝ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ, ʪʘʢ ʢʘʢ ʦʙʲʝʢʪʳ 

ʛʝʥʝʨʘʮʠʠ ʨʘʙʦʪʘʶʪ ʚ ʩʪʘʙʠʣʴʥʦʤ ʨʝʞʠʤʝ ʥʝ ʨʝʘʛʠʨʫʷ ʥʘ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʯʝʥʠʠ 

ʩʫʪʦʢ.  

ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʜʘʪʯʠʢʘ.  

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ: 

 
ὗ ὸ̃̎ ὸ̎ ή ὠ 

 

tʚʥ - ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ 



-124- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

tʥ - ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʘʨʫʞʠ ʧʦʤʝʱʝʥʠʷ ʟʘ ʩʘʤʫʶ ʭʦʣʦʜʥʫʶ ʧʷʪʠʜʥʝʚʢʫ 

q0 - ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʘ ʥʘ ʦʪʦʧʣʝʥʠʝ ʟʜʘʥʠʷ 

V - ʆʙʲʝʤ ʟʜʘʥʠʷ 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʠʤʝʤ ʫʩʣʦʚʥʦʝ ʟʜʘʥʠʝ, ʦʙʲʝʤʦʤ 1000 ʤʝʪʨʦʚ ʢʫʙʠʯʝʩʢʠʭ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʧʝʨʝʧʘʜ ʚ ʪʝʯʝʥʠʠ ʜʥʷ ʧʨʠʤʝʤ ʦʪ -25 ʜʦ -10 ʛʨʘʜʫʩʦʚ. ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ 

ʧʨʠʤʝʤ ʩʪʘʥʜʘʨʪʥʦʡ, ʨʘʚʥʦʡ 20 ʛʨʘʜʫʩʘʤ ʮʝʣʴʩʠʷ. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʘ ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʳʤ 

1,15 ɺʪ/(ʤ3*ʛʨʘʜʫʩ) 

ʈʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ ʧʨʠ ʩʘʤʦʡ ʭʦʣʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʝ ʚʦʟʜʫʭʘ -25 

ʛʨʘʜʫʩʦʫʚ: 
Q2=(20+25)Ĭ1,15Ĭ1000=51 750 ɺʪ 

 

ɺ ʩʣʫʯʘʝ ʧʦʪʝʧʣʝʥʠʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʜʦ -10 ʛʨʘʜʫʩʦʚ: 

 
ὗρ ςπ ρπ ρȟρυρπππστ υππ ˏ  ̓

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʤʦʞʝʤ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʨʠ ʜʘʥʥʦʤ ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨ ʤʳ ʤʦʞʝʤ ʚ ʤʦʤʝʥʪʝ ʧʦʣʫʯʠʪʴ ʵʢʦʥʦʤʠʶ ʜʦ 

33% ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʥʦʡ ʢʦʪʝʣʴʥʦʡ ʤʳ ʪʘʢʞʝ 

ʧʦʣʫʯʘʝʤ ʵʢʦʥʦʤʠʶ ʦʩʥʦʚʥʦʛʦ ʪʦʧʣʠʚʘ, ʪʘʢ ʢʘʢ ʩʥʠʞʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʣʦʘʛʨʝʛʘʪʘ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ.  

ʅʦ ʧʦʩʢʦʣʴʢʫ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʜʝʨʞʠʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʙʫʜʝʪ ʩʥʠʞʘʪʴʩʷ ʪʝʤ 

ʙʦʣʴʰʝ, ʯʝʤ ʢʦʨʦʯʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ. 

 

 
ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʊʝʧʝʨʴ ʧʨʦʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʩ ʚʳʰʝ ʧʨʠʥʷʪʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʤʘ ʜʣʷ 

ʛʨʘʬʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 9 ʧʦ 10 ʷʥʚʘʨʷ. ʅʘ ʥʘʯʘʣʦ 9 ʯʠʩʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʨʘʚʥʘ 

ʥʦʣʶ ʛʨʘʜʫʩʦʚ ʠ ʧʦ ʛʨʘʬʠʢʫ ʚʠʜʥʦ, ʯʪʦ ʦʥʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. ʅʘ ʢʦʥʝʮ ʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʤʠʥʫʩ 25 ʛʨʘʜʫʩʦʚ.  

ʂʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ ʥʘ ʥʘʯʘʣʦ ʜʥʷ 9 ʷʥʚʘʨʷ: 
Q1=(20-0)Ĭ1,15Ĭ1000=23 000 ɺʪ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -125- 

 

ʅʘ ʢʦʥʝʮ ʜʥʷ 9 ʷʥʚʘʨʷ:  
Q2=(20+25)Ĭ1,15Ĭ1000=51 750 ɺʪ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʙʫʜʝʪ ʨʘʚʥʘ 55%. ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʧʨʷʤʫʶ ʣʠʥʠʶ 

ʠʟ ʪʦʯʢʠ ʥʘʯʘʣʘ ʜʥʷ ʠ ʢʦʥʮʘ, ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʚʝʩʴ ʛʨʘʬʠʢ ʣʝʞʠʪ ʥʠʞʝ ʵʪʦʡ ʣʠʥʠʠ. ʀʟ ʵʪʦʛʦ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ʦʙʱʘʷ ʵʢʦʥʦʤʠʷ ʙʫʜʝʪ ʥʠʞʝ 50%. ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ ʚʩʝʛʦ ʩʫʪʦʯʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʛʨʘʬʠʢʘ ʦʙʱʘʷ ʵʢʦʥʦʤʠʷ ʩʦʩʪʘʚʠʪ ʧʨʠʤʝʨʥʦ 34%. ʕʪʦ ʟʥʘʯʝʥʠʝ ʥʘʰʣʠ ʧʦ ʛʨʘʬʠʢʫ, 

ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʧʣʦʱʘʜʠ ʛʨʘʬʠʢʘ ʪʝʤʧʝʨʘʪʫʨ ʠʟ ʧʣʦʱʘʜʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ.  

ʋʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ 

ʵʢʦʥʦʤʠʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʩ ʫʯʝʪʦʤ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ 

ʙʫʜʝʪ ʠʤʝʪʴ ʥʝʙʦʣʴʰʦʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ.  ʊʘʢʞʝ ʵʢʦʥʦʤʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʢʦʩʚʝʥʥʦ 

ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʠ ʫʤʝʥʴʰʝʥʠʶ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺʦʟʨʦʞʜʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʘʚʪʦʧʨʦʤʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʚʠʪʠʷ ʟʘʚʦʜʦʚ, 

ʧʨʦʠʟʚʦʜʷʱʠʭ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʧʣʘʪʬʦʨʤʘʭ. ʄʠʥʧʨʦʤʪʦʨʛ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʘʥʢʠ ʣʦʢʘʣʠʟʘʮʠʠ 

(ʦʮʝʥʠʚʘʝʤʦʡ ʚ ʙʘʣʣʘʭ) ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʨʘʤʢʘʭ ʩʧʝʮʠʘʣʴʥʳʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʢʦʥʪʨʘʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʜʦʨʦʞʝ ʚʩʝʛʦ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʫʟʦʚʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ, ʣʦʢʘʣʠʟʘʮʠʷ, ʩʧʝʮʠʘʣʴʥʳʡ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʢʦʥʪʨʘʢʪ, ʢʫʟʦʚ ʘʚʪʦʤʦʙʠʣʷ. 

 

Abstract 

The revival of the domestic automotive industry directly depends on the development of 

factories that produce all the necessary components on their own platforms. The Ministry of Industry 

and Trade is considering the possibility of applying a certain minimum level of localization (estimated 

in points) for vehicles manufactured under special investment contracts. At the same time, the 

production of bodies is estimated to be the most expensive. 

Keywords: car production, localization, special investment contract, car body. 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʘʚʪʦʤʦʙʠʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʵʤʝʨʜʞʝʥʪʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ, ʚʩʝ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʬʫʥʢʮʠʡ, ʟʘʜʘʚʘʝʤʳʭ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʩ ʫʯʝʪʦʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʳʥʢʘ. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʘʚʪʦʧʨʦʤʦʤ ʠ ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ, ʷʚʣʷʝʪʩʷ 



-126- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʤʝʥʦʡ ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʜʝʪʘʣʝʡ ʚ 

ʩʚʷʟʠ ʩ ʩʘʥʢʮʠʷʤʠ, ʚʚʝʜʝʥʥʳʤʠ ʧʨʦʪʠʚ ʥʘʰʝʡ ʩʪʨʘʥʳ.  

ʄʠʥʧʨʦʤʪʦʨʛ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʘʥʢʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʨʘʤʢʘʭ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʢʦʥʪʨʘʢʪʦʚ (ʉʇʀʂ). ʅʘʯʠʥʘʷ ʩ 01 ʷʥʚʘʨʷ 2024 ʛʦʜʘ, ʜʘʥʥʘʷ ʧʣʘʥʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʫʞʝ ʜʣʷ 

ʣʴʛʦʪʥʦʛʦ ʘʚʪʦʢʨʝʜʠʪʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ ʨʦʩʩʠʡʩʢʠʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʘʚʪʦʤʦʙʠʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʙʨʘʪʴ 1600 ʙʘʣʣʦʚ [1]. 

ʈʝʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠ ʧʦʨʫʯʝʥʠʝ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ 

ɺ.ɺ. ʇʫʪʠʥʘ ʦ ʧʨʠʥʷʪʠʠ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʠʦʨʠʪʝʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʤʠ ʩʣʫʞʘʱʠʤʠ ʚ ʩʣʫʞʝʙʥʳʭ ʮʝʣʷʭ ʘʚʪʦʤʦʙʠʣʝʡ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [2].  

ɺ ʮʝʣʷʭ ʠʩʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʨʫʯʝʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʷʚʢʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʝʛʢʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ ʩ ʨʦʩʩʠʡʩʢʠʤ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʤ ʥʦʤʝʨʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (VIN), ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ 

ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʟʘʢʣʶʯʝʥʥʳʭ ʉʇʀʂ. 

ʂ ʪʘʢʠʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ ʦʪʥʝʩʝʥʳ ʘʚʪʦʤʦʙʠʣʠ ʩʣʝʜʫʶʱʠʭ ʙʨʝʥʜʦʚ: 

- ʙʨʝʥʜ Lada, ʤʦʜʝʣʠ: Vesta, Vesta SW Cross, Granta, Niva Legend, Niva Travel; 

- ʙʨʝʥʜ ʄʦʩʢʚʠʯ, ʤʦʜʝʣʠ: 3, 3ʝ, 6; 

- ʙʨʝʥʜ ʋɸɿ, ʤʦʜʝʣʠ: ʇʘʪʨʠʦʪ, ʇʠʢʘʧ, ʇʨʦʬʠ, ʍʘʥʪʝʨ, ʉɻʈ; 

- ʙʨʝʥʜ Evolute, ʤʦʜʝʣʠ: I-PRO, I-JOY, I-SKY; 

- ʙʨʝʥʜ Haval, ʤʦʜʝʣʠ: Jolion, Dargo, F7/F7x, H9; 

- ʙʨʝʥʜ AURUS, ʤʦʜʝʣʠ: SENAT, KOMENDANT. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʄʠʥʧʨʦʤʪʦʨʛʝ ʚʳʰʝ ʚʩʝʛʦ, ʩ ʜʘʥʥʦʡ ʪʦʯʢʦʡ ʟʨʝʥʠʷ,  

ʦʮʝʥʠʚʘʶʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʫʟʦʚʦʚ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʙʦʨʢʫ (ʩʚʘʨʢʫ) ʢʫʟʦʚʘ ʠ ʝʛʦ ʦʢʨʘʩʢʫ 

ʧʨʠʩʚʘʠʚʘʝʪʩʷ 900 ʙʘʣʣʦʚ, ʘ ʵʪʦ ʩʦʩʪʘʚʣʷʝʪ, ʧʦʨʷʜʢʘ 30% ʦʪ ʫʨʦʚʥʷ ʣʦʢʘʣʠʟʘʮʠʠ Lada Vesta [3].  

ʆʩʥʦʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʯʘʩʪʴʶ ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʢʫʟʦʚ, ʩʣʫʞʘʱʠʡ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʚʦʜʠʪʝʣʷ, ʧʘʩʩʘʞʠʨʦʚ, ʘ ʪʘʢʞʝ ʛʨʫʟʦʚ. ʂ ʥʝʤʫ ʢʨʝʧʷʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʫʟʣʳ ʠ 

ʜʝʪʘʣʠ (ʜʚʠʛʘʪʝʣʴ, ʪʨʘʥʩʤʠʩʩʠʷ, ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨ.), ʧʨʠ ʵʪʦʤ ʢʫʟʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʩʫʱʠʤ ʠʣʠ ʢʨʝʧʠʪʴʩʷ ʢ ʥʝʩʫʱʝʡ ʨʘʤʝ ʘʚʪʦʤʦʙʠʣʷ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʫʟʦʚʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ  

ʣʠʩʪʦʚʳʝ ʩʪʘʣʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʚʦʟʥʠʢʰʠʝ ʚ ʘʚʪʦʧʨʦʤʝ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 

ʩʘʥʢʮʠʡ,  ʨʦʩʩʠʡʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʘʭʦʜʠʪ ʧʫʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʪʘʣʴʶ.  

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʫʟʦʚʦʚ ʧʨʠʤʝʥʷʶʪ ʩʧʣʘʚʳ ʞʝʣʝʟʘ, 

ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ [4]. ʉʧʣʘʚʳ ʞʝʣʝʟʘ 

ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʠʤ ʠʟ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʵʪʠʭ ʮʝʣʝʡ. ʀʟ ʥʠʭ ʬʦʨʤʠʨʫʶʪ ʵʣʝʤʝʥʪʳ ʢʫʟʦʚʘ, ʢʦʪʦʨʳʝ ʩʚʘʨʠʚʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʠ ʩʧʣʘʚʳ 

ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʢʨʝʤʥʠʡ, ʤʘʨʛʘʥʝʮ ʠ ʬʦʩʬʦʨ, ʫʣʫʯʰʘʶʱʠʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ 

ʢʘʢ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ (ʧʨʦʯʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ), ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʫʰʝʥʠʶ 

(ʧʣʘʩʪʠʯʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ).  

ɼʦʙʘʚʣʝʥʠʝ ʥʠʦʙʠʷ, ʪʠʪʘʥʘ, ʙʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʧʣʘʚʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  ʵʣʝʤʝʥʪʘʭ ʢʫʟʦʚʘ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʢʫʟʦʚʘ ʠʟ ʩʪʘʣʠ ʦʪʥʦʩʷʪ: - ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ; 

ʣʝʛʢʘʷ ʫʪʠʣʠʟʠʨʫʝʤʦʩʪʴ; ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪ: ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʝʩ ʢʦʥʩʪʨʫʢʮʠʡ; ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʢʦʨʨʦʟʠʠ; 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʨʝʩʫʨʩ. 

ʂʫʟʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʨʝʜʴʷʚʣʷʝʤʳʭ ʢ ʥʠʤ ʪʨʝʙʦʚʘʥʠʡ, ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʩʪʘʣʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʘ ʢʫʟʦʚʝ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʧʨʦʜʫʢʮʠʠ ɸʚʪʦɺɸɿʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦ ʜʝʩʷʪʠ ʩʦʨʪʦʚ ʩʪʘʣʠ: ʠʟ 

ʪʦʥʢʠʭ ʠ ʧʣʘʩʪʠʯʥʳʭ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ 0,6-0,8 ʤʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʣʠʮʝʚʳʝ ʧʘʥʝʣʠ, ʘ ʠʟ ʣʠʩʪʦʚ 
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ʪʦʣʱʠʥʦʡ 1 ʤʤ ʠ ʙʦʣʴʰʝ ʵʣʝʤʝʥʪʳ ʢʘʨʢʘʩʘ ʢʫʟʦʚʘ. ʈʫʣʦʥʳ ʩʪʘʣʠ ʨʘʟʤʘʪʳʚʘʶʪʩʷ, 

ʨʘʩʢʨʘʠʚʘʶʪʩʷ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʝʩʩʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʯʘʩʪʠ ʢʫʟʦʚʘ [5]. 

ʋʩʠʣʠʪʝʣʠ ʩʪʦʝʢ ʣʦʙʦʚʦʛʦ ʩʪʝʢʣʘ, ʣʦʥʞʝʨʦʥʳ, ʜʝʪʘʣʠ ʧʦʣʘ, ʧʦʨʦʛʦʚ ʠ ʩʤʝʥʥʳʝ ʙʘʣʢʠ 

ʧʦʜ ʙʘʤʧʝʨʘʤʠ ʚʳʧʦʣʥʷʶʪʩʷ ʠʟ ʩʪʘʣʠ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʮʠʥʢʦʚʘʥʥʦʛʦ 

ʣʠʩʪʘ ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʦ: ʠʟ ʥʝʛʦ ʧʨʦʠʟʚʦʜʷʪ ʪʦʣʴʢʦ ʩʠʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʢʫʟʦʚʘ. ʆʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʥʘʨʫʞʥʳʭ ʜʝʪʘʣʝʡ ʢʫʟʦʚʘ (ʧʘʥʝʣʠ ʜʚʝʨʝʡ, ʢʨʳʰʠ, ʢʘʧʦʪʘ ʠ ʜʨ.) ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʩʪʘʣʠ 

ʦʙʳʯʥʦʛʦ ʯʝʨʥʦʛʦ ʧʨʦʢʘʪʘ (ʨʠʩ.1). 

 

 

 

ʈʠʩʫʥʦʢ 1 ʉʪʘʣʠ ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʫʟʦʚʦʚ ʘʚʪʦʤʦʙʠʣʝʡ [6] 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʩʘʥʢʮʠʡ, ʦʩʪʨʦ ʚʩʪʘʣʘ ʧʨʦʙʣʝʤʘ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʠ ʥʝ 

ʪʦʣʴʢʦ ʚ ʩʬʝʨʝ ʵʣʝʢʪʨʦʥʠʢʠ, ʥʦ ʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʧʨʦʯʥʳʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʣʠʩʪʦʚʳʤ 

ʤʝʪʘʣʣʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʫʟʦʚʦʚ ʘʚʪʦʤʦʙʠʣʝʡ.  

ɿʘʤʝʥʘ ʠʤʧʦʨʪʥʦʡ ʩʪʘʣʠ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʣʠʩʪʦʚʦʡ ʧʨʦʢʘʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠʚʦʜʠʣʘ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʙʨʘʢʘ ʫʞʝ ʥʘ ʵʪʘʧʝ ʨʘʩʢʨʦʡʢʠ ʣʠʩʪʦʚ ʠʟ-ʟʘ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʩʢʨʫʯʠʚʘʥʠʷ ʩʪʘʣʠ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʙʳʣʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ 

ʫʩʪʘʨʝʚʰʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʝʡ [7]. 

ʅʦ ʘʥʪʠʨʦʩʩʠʡʩʢʠʝ ʩʘʥʢʮʠʠ çʦʪʢʨʳʚʘʶʪè ʜʣʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʠ ʩʦʟʜʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʪʘʣʝʡ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ.   

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʄʘʛʥʠʪʦʛʦʨʩʢʠʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʢʦʤʙʠʥʘʪʦʤ ʦʩʚʦʝʥʘ ʥʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʩʪʘʣʠ. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʘʥʥʳʤ ʚʳʧʫʩʢʘʝʤʘʷ 

ʧʨʦʜʫʢʮʠʷ ʜʦʣʞʥʘ ʧʨʝʚʟʦʡʪʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʣʫʯʰʠʝ ʠʤʧʦʨʪʥʳʝ 

ʘʥʘʣʦʛʠ [8]. 

***  

1. ʄʠʥʧʨʦʤʪʦʨʛ ʧʦʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʤʘʰʠʥ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: https://dzen.ru/a/ZdRx5Ad-
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3. ʀʟ ʯʝʛʦ ʩʜʝʣʘʥʳ ʨʦʩʩʠʡʩʢʠʝ ʤʘʰʠʥʳ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: https://auto.ru/mag/article/avtomobili-s-samoy-

vysokoy-stepenyu-lokalizacii-v-rossii/?ysclid=lt9nhgag4a727489745&utm_referrer=https%3A%2F%2Fya.ru%2F 

4. ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʢʫʟʦʚʦʚ ʘʚʪʦʤʦʙʠʣʝʡ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: https://dzen.ru/a/XrU7X6nbJATyvFTd 

5. ɸʚʪʦʤʦʙʠʣʴ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: https://quto.ru/journal/news/stalo-izvestno-iz-

kakogo-metalla-delayut-avtomobili-lada-04-10-2023.htm 

6. ʉʪʘʣʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʫʟʦʚʦʚ ʘʚʪʦʤʦʙʠʣʝʡ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: 
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7. ɺ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʬʠʮʠʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: 

https://5koleso.ru/avtopark/proizvodstvo/so-shvedskoj-stalyu-takih-problem-ne-bylo-chem-nash-metall-ne-

ustraivaet-rossijskih-avtoproizvoditelej/?ysclid=lt9wxcyi4l962185904 

8. ʇʨʝʚʟʦʡʜʫʪ ʠʤʧʦʨʪʥʳʝ ʘʥʘʣʦʛʠ: ʄʘʛʥʠʪʢʘ ʦʩʚʘʠʚʘʝʪ ʥʦʚʳʝ ʤʘʨʢʠ ʩʪʘʣʠ ʜʣʷ ʘʚʪʦʧʨʦʤʘ. ʕʣʝʢʪʨʦʥʥʳʡ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʩʦʟʜʘʥʠʷ ʘʥʠʤʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʝ Blender ï 

ʦʪ ʥʘʩʪʨʦʡʢʠ ʢʣʶʯʝʚʳʭ ʢʘʜʨʦʚ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʚʠʜʝʦ ʬʘʡʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʠʤʘʮʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ɹʣʝʥʜʝʨ, ʢʣʶʯʝʚʳʝ ʢʘʜʨʳ, ʨʝʥʜʝʨʠʥʛ, 

ʚʠʜʝʦʬʘʡʣ. 

 

Abstract 

The article discusses the main points of creating animations in the Blender program ï from 

setting up keyframes to performing visualization and saving a video file. 

Keywords: ʘnimation, modeling, Blender, keyframes, rendering, video file. 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʦʟʜʘʥʠʷ ʘʥʠʤʘʮʠʠ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʨʦʛʨʘʤʤʝ ʷʚʣʷʝʪʩʷ ʚʠʜʝʦʬʘʡʣ 

(ʘʥʠʤʘʮʠʦʥʥʳʡ ʨʦʣʠʢ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʘʙʦʨʘ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ 

ʢʘʜʨʘʤʠ. ʆʪ ʢʦʣʠʯʝʩʪʚʘ ʢʘʜʨʦʚ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʦʣʠʢʘ.   

ʉʦʟʜʘʜʠʤ ʥʦʚʫʶ ʩʮʝʥʫ ʠ ʫʜʘʣʠʤ ʚ ʥʝʡ ʚʩʝ ʦʙʲʝʢʪʳ, ʢʨʦʤʝ ʢʫʙʘ.  

ʆʢʥʦ ʩʦʟʜʘʥʠʷ ʘʥʠʤʘʮʠʠ Timeline ʥʘʭʦʜʠʪʩʷ ʚʥʠʟʫ ʵʢʨʘʥʘ. ɼʣʷ ʝʸ ʜʝʪʘʣʴʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʝʨʝʪʘʱʠʤ ʥʝʤʥʦʛʦ ʚʚʝʨʭ ʛʨʘʥʠʮʫ ʦʢʥʘ (ʨʠʩ.1). ɺ ʦʢʥʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʦʤʝʨʘ 

ʢʘʜʨʦʚ (ʧʦ ʫʤʦʣʯʘʥʠʶ 250). 

 

 
ʈʠʩʫʥʦʢ 1. ʆʢʥʦ Timeline. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -129- 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʥʠʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʢʣʶʯʠ ʠʣʠ ʢʣʶʯʝʚʳʝ ʢʘʜʨʳ (Keyframes). 

ʇʦʜ ʢʣʶʯʦʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʦʭʨʘʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʡ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ 

ʢʘʜʨʘ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʢʣʶʯʝʡ. 

ʇʝʨʝʭʦʜʠʤ ʚ ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʨʝʞʠʤ (ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʣʘʚʠʘʪʫʨʝ ʮʠʬʨʘ 5) ʠ ʜʘʣʝʝ ʥʘ 

ʚʠʜ ʩʧʨʘʚʘ (ʮʠʬʨʘ 3). ɽʩʣʠ ʦʢʦʣʦ ʢʘʢʦʛʦ-ʪʦ ʧʘʨʘʤʝʪʨʘ ʦʙʲʝʢʪʘ ʝʩʪʴ ʪʦʯʢʘ, ʟʥʘʯʠʪ ʝʛʦ ʤʦʞʥʦ 

ʘʥʠʤʠʨʦʚʘʪʴ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʪʦʯʢʫ ʦʥʘ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʨʦʤʙ, ʘ ʧʘʨʘʤʝʪʨ ʦʢʨʘʩʠʪʩʷ ʚ ʦʨʘʥʞʝʚʳʡ 

ʮʚʝʪ. ʊʘʢʦʡ ʞʝ ʨʦʤʙ ʧʦʷʚʠʪʩʷ ʠ ʚ ʦʢʥʝ Timeline ʥʘ ʧʝʨʚʦʤ ʢʘʜʨʝ (ʨʠʩ. 2). ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʘʥʠʤʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ, ʪʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʣʶʯʠ ʜʣʷ ʩʚʦʡʩʪʚʘ Location, 

ʥʘʞʘʪʠʝʤ ʥʘ ʪʦʯʢʫ ʩʧʨʘʚʘ ʦʪ ʧʘʨʘʤʝʪʨʘ. ɼʣʷ ʦʪʢʣʶʯʝʥʠʷ ʧʦʚʪʦʨʥʦ ʥʘʞʠʤʘʝʤ ʥʘ ʨʦʤʙ. 

 

 
ʈʠʩʫʥʦʢ 2. ʉʦʟʜʘʥʠʝ ʢʣʶʯʘ ʜʣʷ ʧʘʨʘʤʝʪʨʘ Location. 

 

ɽʱʸ ʦʜʠʥ ʩʧʦʩʦʙ ʟʘʜʘʪʴ ʢʣʶʯʝʚʦʡ ʢʘʜʨ ʜʣʷ ʥʫʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʧʦʜʚʝʩʪʠ ʫʢʘʟʘʪʝʣʴ 

ʤʳʰʠ ʥʘ ʵʪʦʪ ʧʘʨʘʤʝʪʨ (ʥʘʧʨʠʤʝʨ, ʥʘ ʦʜʥʦ ʠʟ ʧʦʣʝʡ Location) ʠ ʥʘʞʘʪʴ ʢʣʘʚʠʰʫ I ï ʚʩʝ ʪʨʠ 

ʧʘʨʘʤʝʪʨʘ ʙʫʜʫʪ ʧʦʜʩʚʝʯʝʥʳ ʠ ʧʦʷʚʷʪʩʷ ʢʣʶʯʠ (ʨʠʩ.3). ɼʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʤʝʩʪʠʪʴ ʧʦʣʟʫʥʦʢ ʚ ʦʢʥʝ Timeline ʥʘ ʜʨʫʛʦʡ ʢʘʜʨ ʠ ʚʳʧʦʣʥʠʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʜʝʡʩʪʚʠʷ ʩ 

ʦʙʲʝʢʪʦʤ. ʅʘʧʨʠʤʝʨ, ʧʝʨʝʜʚʠʥʝʤ ʧʦʣʟʫʥʦʢ ʥʘ 45-ʡ ʢʘʜʨ ʠ ʠʟʤʝʥʠʤ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ, 

ʧʝʨʝʤʝʩʪʠʚ ʝʛʦ ʚʧʨʘʚʦ ʚʚʝʨʭ (ʢʣʘʚʠʰʘ G). ʋʚʠʜʠʤ, ʯʪʦ ʫ ʧʦʣʝʡ ʧʘʨʘʤʝʪʨʘ ʠʟʤʝʥʠʣʠʩʴ ʮʚʝʪʘ 

(ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3. ʉʦʟʜʘʥʠʝ ʢʣʶʯʝʡ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ ʧʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ. 

 

ɼʣʷ ʬʠʢʩʘʮʠʠ ʟʥʘʯʝʥʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʢʘʜʨʘ, ʥʘʚʦʜʠʤ ʫʢʘʟʘʪʝʣʴ ʤʳʰʠ ʥʘ ʧʘʨʘʤʝʪʨ 

Location ʠ ʥʘʞʠʤʘʝʤ ʢʣʘʚʠʰʫ I ï ʥʘ ʰʢʘʣʝ ʘʥʠʤʘʮʠʠ ʥʘ 45 ʢʘʜʨʝ ʧʦʷʚʠʪʩʷ ʨʦʤʙ. ɼʘʣʝʝ, 

ʧʝʨʝʭʦʜʠʤ ʥʘ 90-ʡ ʢʘʜʨ, ʦʧʫʩʢʘʝʤ ʢʫʙ ʚʧʨʘʚʦ ʚʥʠʟ ʠ ʥʘʞʠʤʘʝʤ I. 

ɺ ʦʢʥʝ ʘʥʠʤʘʮʠʠ ʝʩʪʴ ʧʨʦʠʛʨʳʚʘʪʝʣʴ. ʏʪʦʙʳ ʚʝʨʥʫʪʴʩʷ ʥʘ ʥʘʯʘʣʦ ʰʢʘʣʳ ʥʘʞʠʤʘʝʤ 

ʩʪʨʝʣʢʫ ʚʣʝʚʦ (ʨʠʩ. 4). ʉʦʟʜʘʥʘ ʘʥʠʤʘʮʠʷ ʩ ʪʨʝʤʷ ʢʣʶʯʘʤʠ ʥʘ 90 ʢʘʜʨʦʚ. 

 

 
ʈʠʩʫʥʦʢ 4. ʐʢʘʣʘ ʘʥʠʤʘʮʠʠ. 

 

ɼʣʷ ʧʨʦʠʛʨʳʚʘʥʠʷ ʘʥʠʤʘʮʠʠ ʥʘʞʠʤʘʝʤ ʢʥʦʧʢʫ Play. ʂʫʙ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʧʦʩʣʝ 90-ʛʦ ʢʘʜʨʘ ʥʠʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʙʫʜʝʪ, ʘ ʙʝʛʫʥʦʢ ʧʨʦʜʦʣʞʠʪ ʩʚʦʸ 

ʜʚʠʞʝʥʠʝ. ʏʪʦʙʳ ʘʥʠʤʘʮʠʷ ʥʝ ʧʨʦʜʦʣʞʘʣʘʩʴ ʜʘʣʴʰʝ 90-ʛʦ ʢʘʜʨʘ, ʝʸ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʥʘ 

ʰʢʘʣʝ ʢʘʜʨʦʚ ʠʣʠ ʚ ʥʘʩʪʨʦʡʢʘʭ ʚʳʚʦʜʘ ʬʘʡʣʦʚ (ʨʠʩ. 5). 

 



-130- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 5. ʅʘʩʪʨʦʡʢʘ ʯʠʩʣʘ ʢʘʜʨʦʚ ʚ ʘʥʠʤʘʮʠʠ. 

 

ɺʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ʘʥʠʤʘʮʠʠ - ʯʘʩʪʦʪʘ ʢʘʜʨʦʚ. ɿʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ 24 ʢʘʜʨʘ/ʩ (ʥʘ 

ʨʠʩʫʥʢʝ 5 ʧʘʨʘʤʝʪʨ Frame Rate). ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʷ ʥʘ 60 ʜʚʠʞʝʥʠʝ ʢʫʙʠʢʘ ʙʫʜʝʪ ʙʦʣʝʝ 

ʧʣʘʚʥʦʝ, ʪʘʢ ʢʘʢ ʯʝʤ ʙʦʣʴʰʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʩʝʢʫʥʜʫ ʤʳ ʚʠʜʠʤ, ʪʝʤ ʢʘʯʝʩʪʚʝʥʥʝʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʘʥʠʤʘʮʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʝʥʠʝ 60 ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟ-ʟʘ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ 

ʧʨʦʛʨʘʤʤʳ ʠ ʫʤʝʥʴʰʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʥʠʤʘʮʠʠ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʟʥʘʯʝʥʠʝ 30 ʢʘʜʨʦʚ/ʩ. ɸʥʠʤʘʮʠʷ ʥʝ ʙʫʜʝʪ ʧʦʜʪʦʨʤʘʞʠʚʘʪʴ ʠ ʧʦ ʢʘʯʝʩʪʚʫ ʧʦʣʫʯʠʪʩʷ ʭʦʨʦʰʝʡ.  

ɺʠʟʫʘʣʠʟʠʨʫʝʤ ʧʫʪʴ, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʢʫʙʠʢ. ɺ ʨʘʟʜʝʣʝ Motion Path ʚ ʧʦʣʝ End 

ʚʳʩʪʘʚʣʷʝʤ 90 ʢʘʜʨʦʚ, ʥʘʞʠʤʘʝʤ Calculate. 

 

 
ʈʠʩʫʥʦʢ 6. ʅʘʩʪʨʦʡʢʘ ʯʠʩʣʘ ʢʘʜʨʦʚ ʠ ʧʫʪʴ ʘʥʠʤʘʮʠʠ.. 

 

ɼʫʛʘ ʠʟ ʪʦʯʝʢ ʧʦʢʘʟʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʢʫʙʠʢʘ. ʂʘʞʜʘʷ ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʫ ʦʙʲʝʢʪʘ 

ʥʘ ʥʝʢʦʪʦʨʦʤ ʢʘʜʨʝ. ʇʝʨʝʤʝʱʘʷ ʙʝʛʫʥʦʢ ʧʦ ʰʢʘʣʝ ʘʥʠʤʘʮʠʠ ʤʦʞʥʦ ʚʠʜʝʪʴ ʧʦʣʦʞʝʥʠʝ ʢʫʙʠʢʘ ʚ 

ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʉ ʧʦʤʦʱʴʶ ʢʣʶʯʝʡ ʘʥʠʤʘʮʠʠ ʠ ʢʣʘʚʠʰʠ I ʤʦʞʥʦ ʘʥʠʤʠʨʦʚʘʪʴ ʜʦ 90% ʧʘʨʘʤʝʪʨʦʚ, 

ʠʤʝʶʱʠʭʩʷ ʚ Blender. ɸʥʠʤʠʨʫʝʤ ʮʚʝʪ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʤʘʪʝʨʠʘʣ ʥʘ ʢʫʙʠʢ ʫʞʝ ʥʘʟʥʘʯʝʥ, 

ʧʦʵʪʦʤʫ ʚʳʩʪʘʚʠʤ ʢʨʘʩʥʳʡ ʮʚʝʪ ʠ ʜʣʷ ʧʦʣʷ Base Color ʥʘʞʤʸʤ ʢʣʘʚʠʰʫ I, ʪʝʤ ʩʘʤʳʤ ʫʩʪʘʥʦʚʠʚ 

ʢʣʶʯ ʜʣʷ ʮʚʝʪʘ ʥʘ ʧʝʨʚʦʤ ʢʘʜʨʝ (ʨʠʩ.7). 

 

 
ʈʠʩʫʥʦʢ 7. ʅʘʩʪʨʦʡʢʘ ʯʠʩʣʘ ʢʘʜʨʦʚ ʠ ʧʫʪʴ ʘʥʠʤʘʮʠʠ 

 

ʅʘ 45-ʤ ʢʘʜʨʝ ʠʟʤʝʥʠʤ ʮʚʝʪ ʥʘ ʟʝʣʸʥʳʡ, ʩʥʦʚʘ ʥʘʞʤʸʤ I, ʥʘ 90-ʤ ʢʘʜʨʝ ʮʚʝʪ ʤʝʥʷʝʤ ʥʘ 

ʩʠʥʠʡ ʠ ʝʱʸ ʨʘʟ I. ɺʦʟʚʨʘʱʘʝʤʩʷ ʥʘ 1-ʡ ʢʘʜʨ ʠ ʧʨʦʠʛʨʳʚʘʝʤ ʘʥʠʤʘʮʠʶ. ʎʚʝʪ ʧʣʘʚʥʦ ʙʫʜʝʪ 

ʤʝʥʷʪʴʩʷ ʦʪ ʢʨʘʩʥʦʛʦ ʜʦ ʟʝʣʸʥʦʛʦ ʠ ʟʘʪʝʤ ʦʪ ʟʝʣʸʥʦʛʦ ʜʦ ʩʠʥʝʛʦ.  

ʇʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʘʥʠʤʠʨʦʚʘʪʴ ʤʦʜʠʬʠʢʘʪʦʨʳ. ʅʘʧʨʠʤʝʨ, 

ʢʫʙʠʢʫ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʤʦʜʠʬʠʢʘʪʦʨ Simple Deform ʚ ʨʝʞʠʤʝ Bend. ʅʘ 1-ʤ ʢʘʜʨʝ ʜʣʷ 

ʧʘʨʘʤʝʪʨʘ Angle ʥʘʞʠʤʘʝʤ I, ʥʘ 45-ʤ ʢʘʜʨʝ ʤʝʥʷʝʤ ʫʛʦʣ ʥʘ 0, ʥʘʞʠʤʘʝʤ I, ʘ ʥʘ 90-ʤ ʢʘʜʨʝ 

ʩʪʘʚʠʤ -45 ʠ ʥʘʞʠʤʘʝʤ I. ʇʦʜʦʙʥʳʝ ʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʧʨʦʜʝʣʘʪʴ ʜʣʷ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʧʘʨʘʤʝʪʨʘ: 

ʚʳʙʠʨʘʝʤ ʢʘʜʨ ʠ ʥʘʞʠʤʘʝʤ I. 

ɼʣʷ ʟʘʧʫʩʢʘ ʘʥʠʤʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʚʠʘʪʫʨʫ: ʩʪʨʝʣʢʘʤʠ ʚʧʨʘʚʦ ʠ ʚʣʝʚʦ 

ʧʝʨʝʤʝʱʘʝʤʩʷ ʧʦ ʦʜʥʦʤʫ ʢʘʜʨʫ, ʩʪʨʝʣʢʘʤʠ ʚʚʝʨʭ ʠ ʚʥʠʟ ʧʝʨʝʭʦʜʠʤ ʢ ʩʣʝʜʫʶʱʝʤʫ ʢʣʶʯʝʚʦʤʫ 
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ʢʘʜʨʫ, Shift ʠ ʩʪʨʝʣʢʘ ʧʝʨʝʚʦʜʠʪ ʚ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ, ʘ ʧʨʦʙʝʣ ʟʘʧʫʩʢʘʝʪ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪ 

ʘʥʠʤʘʮʠʶ. ɽʩʣʠ ʥʝ ʚʠʜʥʳ ʢʣʶʯʠ ʘʥʠʤʘʮʠʠ, ʟʥʘʯʠʪ ʣʠʙʦ ʦʙʲʝʢʪ ʥʝ ʚʳʜʝʣʝʥ, ʣʠʙʦ ʚʳʜʝʣʝʥ, ʥʦ 

ʨʝʜʘʢʪʦʨ ʧʨʦʢʨʫʯʝʥ ʚʚʝʨʭ ʠ ʠʭ ʧʨʦʩʪʦ ʥʝ ʚʠʜʥʦ (ʟʘʞʠʤʘʝʤ ʢʦʣʝʩʦ ʠ ʧʝʨʝʤʝʱʘʝʤʩʷ ʚʚʝʨʭ).  

ɺ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʘʥʠʤʠʨʦʚʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʢʣʶʯʝʚʦʡ ʢʘʜʨ 

(Replace Single Keyrfames) ʠʣʠ ʫʜʘʣʠʪʴ ʝʛʦ (Clear Single Keyframes), ʘ ʪʘʢʞʝ ʫʜʘʣʠʪʴ ʠ ʚʩʝ 

ʢʣʶʯʠ (Clear Keyframes). ʂʣʶʯʠ (ʪʦʯʢʠ) ʚ ʦʢʥʝ ʨʝʜʘʢʪʦʨʘ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʚʳʜʝʣʷʪʴ 

ʠ ʧʝʨʝʤʝʱʘʪʴ ʩ ʧʦʤʦʱʴʶ G ʚ ʜʨʫʛʦʝ ʤʝʩʪʦ. 

ɺʳʧʦʣʥʠʤ ʨʝʥʜʝʨ ʚ ʜʚʠʞʢʝ Eevee. ɺʳʙʝʨʝʤ HDRI ʢʘʨʪʫ StudioLight (ʨʠʩ. 8). 

 

 
ʈʠʩʫʥʦʢ 8. ɺʳʙʦʨ HDRI ʢʘʨʪʳ. 

 

ɼʦʙʘʚʠʤ ʢʘʤʝʨʫ (Shift+A). ʂʘʤʝʨʘ ʜʦʙʘʚʠʪʩʷ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 3D ʢʫʨʩʦʨʘ, ʯʪʦʙʳ 

ʝʸ ʫʚʠʜʝʪʴ ʥʘʞʠʤʘʝʤ G ʠ ʧʝʨʝʤʝʱʘʝʤ. ʅʘʞʠʤʘʝʤ Ctrl+Alt+0 ʠ ʪʝʤ ʩʘʤʳʤ ʧʝʨʝʡʜʸʤ ʥʘ ʚʠʜ ʠʟ 

ʢʘʤʝʨʳ. ʇʨʠʚʷʞʝʤ ʢʘʤʝʨʫ ʢ ʚʠʜʫ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʨʘʟ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʤʝʨʳ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʙʫʜʝʤ ʜʝʣʘʪʴ ʨʝʥʜʝʨ ʦʥʘ ʪʘʢʞʝ ʩʣʝʜʦʚʘʣʘ ʟʘ ʵʪʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ɼʣʷ ʵʪʦʛʦ ʚ 

ʙʦʢʦʚʦʡ ʧʘʥʝʣʠ View (ʝʩʣʠ ʝʸ ʥʝʪ, ʪʦ ʥʘʞʠʤʘʝʤ N) ʦʪʤʝʯʘʝʤ ʬʣʘʞʦʢ Camera to View. ʊʝʧʝʨʴ, 

ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʤ ʥʘʚʠʛʘʮʠʶ, ʨʘʤʢʘ ʢʘʤʝʨʳ ʪʘʢʞʝ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ. ʅʘʩʪʨʘʠʚʘʝʤ ʥʫʞʥʳʡ ʚʠʜ. 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʨʘʢʫʨʩʘ ʩʥʠʤʘʝʤ ʬʣʘʞʦʢ Camera to View ʠ ʪʝʤ ʩʘʤʳʤ ʚʳʭʦʜʠʤ ʠʟ ʚʠʜʘ 

ʢʘʤʝʨʳ. ʊʘʢ ʢʘʢ ʢʘʤʝʨʘ ʫʞʝ ʥʘʩʪʨʦʝʥʘ, ʪʦ, ʯʪʦʙʳ ʥʝ ʩʙʠʪʴ ʝʸ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʟʘʧʨʝʪʠʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʚʳʜʝʣʷʪʴ. ɺ ʦʢʥʝ Outliner ʦʪʤʝʪʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʘʩʪʨʦʡʢʫ (ʨʠʩ. 9). 

 

 
ʈʠʩʫʥʦʢ 9. ɿʘʧʨʝʪ ʚʳʜʝʣʝʥʠʷ ʢʘʤʝʨʳ. 

 

ɺ ʥʘʩʪʨʦʡʢʘʭ ʚʳʚʦʜʘ ʬʘʡʣʦʚ ʚʳʩʪʘʚʣʷʝʤ ʠʪʦʛʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʇʝʨʝʭʦʜʠʤ ʥʠʞʝ, ʚ 

ʧʫʥʢʪ Output ʠ ʫʢʘʟʳʚʘʝʤ ʧʫʪʴ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʘʥʠʤʘʮʠʠ (ʨʠʩ 10). 

 

 
ʈʠʩʫʥʦʢ 10. ʅʘʩʪʨʦʡʢʠ ʚʳʚʦʜʘ. 

 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʩʪʦʠʪ ʬʦʨʤʘʪ ʬʘʡʣʘ png. ʆʩʪʘʚʣʷʝʤ ʝʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʠ ʧʨʠ 

ʥʝʦʞʠʜʘʥʥʦʤ ʩʙʦʝ (ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʝʥʜʝʨʠʥʛʝ ʩʣʦʞʥʦʡ ʘʥʠʤʘʮʠʠ) ʠ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʜʦʨʘʙʦʪʘʪʴ ʜʘʥʥʳʝ. ɺ ʩʣʫʯʘʝ ʩʙʦʷ ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʭʨʘʥʷʪʩʷ, ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ ʠ ʤʦʞʥʦ 

ʧʨʦʜʦʣʞʠʪʴ ʨʝʥʜʝʨʠʪʴ ʥʝ ʩ ʧʝʨʚʦʛʦ ʢʘʜʨʘ, ʘ ʩ ʪʦʛʦ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʪʘʥʦʚʠʣʠʩʴ. ɿʘʧʫʩʢʘʝʤ 

ʧʨʦʮʝʩʩ ʨʝʥʜʝʨʘ ʯʝʨʝʟ ʤʝʥʶ Render ï Render animation. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʫʢʘʟʘʥʥʦʡ ʧʘʧʢʝ ʧʦʣʫʯʠʣʠ ʥʘʙʦʨ ʠʟʦʙʨʘʞʝʥʠʡ ʬʦʨʤʘʪʘ 

png. ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʠʜʝʦ ʠʟ ʥʠʭ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʘʤʠʤ Blender ʠʣʠ ʣʶʙʳʤ ʜʨʫʛʠʤ 

ʚʠʜʝʦʨʝʜʘʢʪʦʨʦʤ. ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʚʠʜʝʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ Blender, ʩʦʟʜʘʜʠʤ ʥʦʚʳʡ ʬʘʡʣ ʠ 

ʚʳʙʝʨʝʤ ʧʨʦʩʪʨʘʥʩʪʚʦ Video Editing (ʨʠʩ. 11). 

 

 
ʈʠʩʫʥʦʢ 11. ɺʳʙʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʜʝʦ. 

 

ʆʪʢʨʦʝʪʩʷ ʙʨʘʫʟʝʨ ʬʘʡʣʦʚ ʠ ʜʚʘ ʦʢʥʘ Sequencer ʠ Preview (ʨʠʩ. 12). ʕʪʠ ʦʢʥʘ ʤʦʞʥʦ 

ʪʘʢʞʝ ʦʪʢʨʳʪʴ, ʥʘʭʦʜʷʩʴ ʚ ʦʙʳʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ Blender. 

 

 
ʈʠʩʫʥʦʢ 12. ʆʢʥʦ ʧʨʦʩʪʨʘʥʩʪʚʘ Video Editing.. 

 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʛʦʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʦʢʥʝ Sequencer ʥʘʞʠʤʘʝʤ Shift+A - ʢʦʤʘʥʜʘ 

Image Sequence. ʆʪʢʨʳʚʘʝʤ ʧʘʧʢʫ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʥʘʞʠʤʘʝʤ A ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʚʩʝʛʦ ʠ 

ʢʥʦʧʢʫ Add. ʇʦʷʚʣʷʶʪʩʷ ʚʩʝ ʢʘʜʨʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ, ʧʝʨʝʤʝʱʘʷʩʴ ʧʦ ʰʢʘʣʝ 

ʚʨʝʤʝʥʠ. ɺ ʥʘʩʪʨʦʡʢʘʭ ʚʳʚʦʜʘ ʚʳʩʪʘʚʠʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 90 ʢʘʜʨʦʚ, ʘ ʯʘʩʪʦʪʫ 30 

ʢʘʜʨʦʚ/ʩʝʢ. ʂʨʦʤʝ ʦʪʨʝʥʜʝʨʝʥʥʳʭ ʢʘʨʪʠʥʦʢ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʣʶʙʳʝ ʜʨʫʛʠʝ. ʄʦʞʥʦ ʤʝʥʷʪʴ 

ʤʘʩʰʪʘʙ, ʧʦʣʦʞʝʥʠʝ ʠ ʨʝʞʠʤ ʩʤʝʰʠʚʘʥʠʷ ʢʘʨʪʠʥʦʢ ʩ ʦʩʥʦʚʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ. ɺ ʚʠʜʝʦ 

ʨʝʜʘʢʪʦʨʝ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʟʚʫʢʠ, ʮʚʝʪ ʠ ʚʳʧʦʣʥʷʪʴ ʜʨʫʛʠʝ ʥʘʩʪʨʦʡʢʠ.  

ʅʘʩʪʨʘʠʚʘʝʤ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʨʘʟʨʝʰʝʥʠʝ, ʬʦʨʤʘʪ, ʧʘʧʢʫ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ. 

ʊʘʢʞʝ ʤʝʥʷʝʤ ʢʘʯʝʩʪʚʦ ʚʠʜʝʦ ʚ ʨʘʟʜʝʣʝ Video ʥʘ Perceptually Lossless ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʘ ʚʳʭʦʜʥʦʛʦ ʬʘʡʣʘ (ʨʠʩ. 13). ɿʘʧʫʩʢʘʝʤ ʨʝʥʜʝʨ ʯʝʨʝʟ ʤʝʥʶ Render ï Render 

Animation ʠ ʚ ʫʢʘʟʘʥʥʦʡ ʧʘʧʢʝ ʧʦʣʫʯʘʝʤ ʚʠʜʝʦʬʘʡʣ. 

 

 
ʈʠʩʫʥʦʢ 13. ʅʘʩʪʨʦʡʢʠ ʚʠʜʝʦʬʘʡʣʘ. 

***  
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ʦʙʨʘʱʝʥʠʷ: 20.05.2024). 
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ʉʫʭʦʧʘʨʦʚʘ ɽ.ɺ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʛʥʫʪʳʭ ʧʘʥʝʣʝʡ ʚ ʤʦʜʫʣʝ ɹʘʟʠʩ-ʄʝʙʝʣʴʱʠʢ 

ʌɻɸʆʋ ɺʆ ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

(ʈʦʩʩʠʷ, ɸʨʭʘʥʛʝʣʴʩʢ) 

doi: 10.18411/trnio-06-2024-883 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʛʥʫʪʳʭ ʧʘʥʝʣʝʡ ʧʨʦʛʨʘʤʤʳ ɹʘʟʠʩ ï 

ʄʝʙʝʣʴʱʠʢ, ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʘʥʝʣʝʡ ʥʝʦʙʳʯʥʳʭ ʬʦʨʤ, ʘ ʪʘʢʞʝ 

ʜʠʟʘʡʥʝʨʩʢʠʭ ʧʨʝʜʤʝʪʦʚ ʤʝʙʝʣʠ ʥʘ ʧʨʠʤʝʨʝ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʞʫʨʥʘʣʴʥʦʛʦ ʩʪʦʣʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʘʟʠʩ ï ʂʦʥʩʪʨʫʢʪʦʨ ï ʄʝʙʝʣʴʱʠʢ, ʜʠʟʘʡʥ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʛʥʫʪʳʝ 

ʧʘʥʝʣʠ, ʞʫʨʥʘʣʴʥʳʡ ʩʪʦʣ. 

 

Abstract 

The article discusses the features of the construction of bent panels of the Basis ï Furniture 

Maker program, their capabilities and application in creating panels of unusual shapes and designer 

pieces of furniture using the example of creating a coffee table model. 

Keywords: Basis ï Designer ï Furniture maker, design, modeling, curved panels, coffee table. 

 

ʆʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʩʠʩʪʝʤʳ ɹʘʟʠʩ, ɹʘʟʠʩ ï ʄʝʙʝʣʴʱʠʢ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʟʜʝʣʠʡ ʢʦʨʧʫʩʥʦʡ ʤʝʙʝʣʠ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ [1], ʦʜʥʘʢʦ, ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʥʘʙʦʨʘ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʤʝʙʝʣʠ ʣʶʙʳʭ ʬʦʨʤ, ʘ ʪʘʢʞʝ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʴʝʨʘ ʠ ʜʝʢʦʨʘ.   

ʂʦʤʘʥʜʘ  ɻʥʫʪʘʷ ʧʘʥʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʧʘʥʝʣʴ, ʢʨʦʤʢʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ 

ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ. ʇʦʩʪʨʦʝʥʥʳʝ ʪʨʸʭʤʝʨʥʳʝ ʵʣʝʤʝʥʪʳ ʠʤʠʪʠʨʫʶʪ ʨʝʘʣʴʥʳʝ ʛʥʫʪʦʢʣʝʸʥʳʝ 

ʧʘʥʝʣʠ. 

ʇʦʩʣʝ ʚʳʟʦʚʘ ʢʦʤʘʥʜʳ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʠʪʩʷ ʬʘʥʪʦʤ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ 

ʩʦʙʦʡ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʧʘʥʝʣʠ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʦʩʪʨʦʝʥʠʡ ʩʣʝʜʫʝʪ ʨʘʟʚʝʨʥʫʪʴ ʤʦʜʝʣʴ ʪʘʢ, 

ʯʪʦʙʳ ʧʨʦʝʢʮʠʷ ʛʥʫʪʦʡ ʧʘʥʝʣʠ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʵʢʨʘʥʘ, ʥʘʧʨʠʤʝʨ, 

ʧʝʨʝʡʪʠ ʥʘ ʚʠʜ ʩʧʝʨʝʜʠ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʅʘʯʘʣʦ ʧʦʩʪʨʦʝʥʠʷ ʛʥʫʪʦʡ ʧʘʥʝʣʠ. 

 

ʑʝʣʯʢʘʤʠ ʫʢʘʟʳʚʘʝʤ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʛʨʘʥʠʮʳ ʧʘʥʝʣʠ. ɻʨʘʥʠʮʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʣʶʙʳʝ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʦʙʲʝʢʪʳ ï ʦʪʨʝʟʢʠ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʦʩʪʨʦʝʥʠʷ, ʨʸʙʨʘ ʧʘʥʝʣʝʡ. ɼʘʣʝʝ 

ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʫʜʝʪ ʨʘʟʚʝʨʥʫʪʘ ʪʘʢ, ʯʪʦʙʳ ʚʝʨʭʥʷʷ ʢʨʦʤʢʘ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʣʦʩʢʦʩʪʠ ʵʢʨʘʥʘ. ɺ ʦʢʥʝ ʤʦʜʝʣʠ ʩʪʘʥʫʪ ʜʦʩʪʫʧʥʳ ʢʥʦʧʢʠ ʢʦʤʘʥʜ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, 

ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʬʦʨʤʫ ʨʝʙʨʘ ʧʘʥʝʣʠ - ʪʨʘʝʢʪʦʨʠʶ. ʅʘʧʨʠʤʝʨ, ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʙʨʘ ʧʘʥʝʣʠ ʧʦʩʪʨʦʠʤ ʜʫʛʫ ʧʦ ʪʨʸʤ ʪʦʯʢʘʤ (ʨʠʩ. 2). 
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ʈʠʩʫʥʦʢ 2. ɼʫʛʘ, ʢʘʢ ʨʝʙʨʦ ʧʘʥʝʣʠ. 

 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʨʘʝʢʪʦʨʠʠ: ʢʦʥʪʫʨ ʪʨʘʝʢʪʦʨʠʠ ʚʩʝʛʜʘ ʦʜʠʥ, ʢʦʥʪʫʨ ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʝʟʘʤʢʥʫʪʳʤ, ʥʝ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʝʨʝʩʝʯʝʥʠʡ, ʢʦʥʪʫʨ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʧʨʷʞʸʥʥʳʤ, ʙʝʟ ʫʛʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʫʛʦʦʙʨʘʟʥʫʶ ʛʥʫʪʫʶ ʧʘʥʝʣʴ ʞʝʣʘʪʝʣʴʥʦ ʩʪʨʦʠʪʴ ʩ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʚ 

ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʧʫʪʠ. 

ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤ ʢʦʤʘʥʜʫ ɿʘʢʦʥʯʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʠʟ 

ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ. ʅʘ ʵʢʨʘʥʝ ʧʦʷʚʠʪʩʷ ʜʠʘʣʦʛ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʧʘʥʝʣʠ. ʄʘʪʝʨʠʘʣ ʛʥʫʪʦʡ 

ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʩʣʦʡʥʳʡ ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʳʡ. ɺ ʢʘʯʝʩʪʚʝ ʣʠʮʝʚʦʛʦ ʩʣʦʷ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʘʰʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʨʝʜʥʠʝ ʩʣʦʠ ʤʦʛʫʪ ʙʳʪʴ ʙʝʟ ʦʙʣʠʮʦʚʢʠ. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʠʤ ʪʨʠ 

ʤʘʪʝʨʠʘʣʘ ɼɺʇ ʠ ʧʣʘʩʪʠʢ (ʨʠʩ.3). ʇʨʠ ʩʢʣʝʠʚʘʥʠʠ ʧʘʥʝʣʝʡ ʧʨʠʣʝʛʘʥʠʝ ʥʝʧʣʦʪʥʦʝ ʠʟ-ʟʘ ʩʣʦʷ 

ʢʣʝʷ, ʧʦʵʪʦʤʫ ʜʦʙʘʚʠʤ ʟʘʟʦʨ 0,5ʤʤ ʚ ʧʦʣʝ ʧʨʠʧʫʩʢ ʤʝʞʜʫ ʩʣʦʷʤʠ ï ʙʫʜʝʪ ʚʳʩʯʠʪʘʥʘ ʨʝʘʣʴʥʘʷ 

ʪʦʣʱʠʥʘ ʧʘʥʝʣʠ. 

 

 
ʈʠʩʫʥʦʢ 3. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ. 

 

ʅʘʞʠʤʘʝʤ ʆʂ ï ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʛʥʫʪʦʡ ʧʘʥʝʣʠ (ʨʠʩ. 4). ɼʣʷ 

ʟʘʚʝʨʰʝʥʠʷ, ʫʢʘʟʳʚʘʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʚʳʜʘʚʣʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʱʝʣʯʢʦʤ ʤʳʰʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʩ 

ʪʦʡ ʩʪʦʨʦʥʳ ʪʨʘʝʢʪʦʨʠʠ, ʢʫʜʘ ʙʫʜʝʪ ʦʪʣʦʞʝʥʘ ʪʦʣʱʠʥʘ ʧʘʥʝʣʠ. 

ʄʘʪʝʨʠʘʣʳ ʧʘʥʝʣʠ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ, ʯʝʨʝʟ ʦʢʥʦ ʩʚʦʡʩʪʚ (ʨʠʩ. 4), ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪʩʷ ʠʟ 

ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʧʘʥʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʣʦʠ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʧʦʤʝʥʷʪʴ 

ʤʝʩʪʘʤʠ, ʧʫʪʸʤ ʦʙʳʯʥʦʛʦ ʧʝʨʝʪʘʩʢʠʚʘʥʠʷ ʤʳʰʴʶ. 

 

     
ʈʠʩʫʥʦʢ 4. ʇʦʩʪʨʦʝʥʥʘʷ ʧʘʥʝʣʴ ʠ ʝʸ ʩʚʦʡʩʪʚʘ. 
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ʋ ʛʥʫʪʦʡ ʧʘʥʝʣʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʠ ʢʦʥʪʫʨ.  

ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʜʘʥʥʳʝ ʨʝʞʠʤʳ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʤʝʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʥʦʧʢʠ. ʊʘʢʞʝ, ʜʣʷ ʚʭʦʜʘ ʚ ʨʝʞʠʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʢʦʥʪʫʨʘ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦ ʛʥʫʪʦʡ ʧʘʥʝʣʠ 

ʜʚʦʡʥʦʡ ʱʝʣʯʦʢ. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʢʦʥʪʫʨʘ (ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʚʸʨʪʢʫ ʛʥʫʪʦʡ). ɺʳʧʦʣʥʝʥʦ ʩʦʧʨʷʞʝʥʠʝ ʫʛʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʦ 

ʢʨʫʛʣʦʝ ʦʪʚʝʨʩʪʠʝ. ɺʤʝʩʪʦ ʦʢʨʫʞʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʘʷ ʜʨʫʛʘʷ ʬʠʛʫʨʘ, ʥʘʧʨʠʤʝʨ, 

ʧʨʷʤʦʫʛʦʣʴʥʠʢ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʜʘʥʥʦʤ ʦʪʚʝʨʩʪʠʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʘʟ ʠ ʚʩʪʘʚʠʪʴ ʚ ʥʝʛʦ 

ʩʪʝʢʣʦ. 

 

 
ʈʠʩʫʥʦʢ 5. ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʢʦʥʪʫʨʘ. 

 

ʀʩʧʦʣʴʟʫʷ ʛʥʫʪʳʝ ʧʘʥʝʣʠ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʝ ʬʘʩʘʜʳ (ʨʠʩ. 6), ʜʝʢʦʨʘʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʵʢʩʢʣʶʟʠʚʥʫʶ ʜʠʟʘʡʥʝʨʩʢʫʶ ʤʝʙʝʣʴ. 

 

      
ʈʠʩʫʥʦʢ 6. ɻʥʫʪʳʝ ʬʘʩʘʜʳ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʩʪʨʦʝʥʠʷ ʜʠʟʘʡʥʝʨʩʢʦʡ ʤʝʙʝʣʠ ʩ ʛʥʫʪʦʡ ʧʘʥʝʣʴʶ ʥʝʩʪʘʥʜʘʨʪʥʦʡ 

ʬʦʨʤʳ, ʨʘʩʩʤʦʪʨʠʤ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʨʦʝʢʪ ʞʫʨʥʘʣʴʥʦʛʦ ʩʪʦʣʠʢʘ çRoots tableè (ʨʠʩ.7) ʦʪ 

ʜʠʟʘʡʥʝʨʘ ʕʢʪʳ ʐʘʭ (Ekta Shah). 

 

    
ʈʠʩʫʥʦʢ 7. ʉʪʦʣ çRoots Tableè. 

 

ɼʝʨʝʚʷʥʥʳʝ ʚʠʪʠʝʚʘʪʳʝ ʥʦʞʢʠ ʩʪʦʣʘ, ʧʨʠʢʨʝʧʣʸʥʥʳʝ ʢ ʩʪʝʢʣʷʥʥʦʡ ʩʪʦʣʝʰʥʠʮʝ, 

ʩʤʦʪʨʷʪʩʷ ʦʯʝʥʴ ʵʬʬʝʢʪʥʦ. ɸʚʪʦʨ ʛʦʚʦʨʠʪ, ʯʪʦ ʦʥʠ ʥʘʧʦʤʠʥʘʶʪ ʢʦʨʥʠ ʜʝʨʝʚʴʝʚ (root ï ʢʦʨʝʥʴ) 
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ʠ ʩʦʟʜʘʶʪ ʠʣʣʶʟʠʶ ʩʣʫʯʘʡʥʦʩʪʠ ʠʣʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʭʘʦʩʘ, ʢʦʪʦʨʳʡ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ [2]. ʄʘʪʝʨʠʘʣ ʥʦʞʝʢ ï ʛʥʫʪʘʷ ʦʙʨʘʙʦʪʘʥʥʘʷ ʬʘʥʝʨʘ. 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠʟʜʝʣʠʷ - 1000*500*600ʤʤ (ʰʠʨʠʥʘ*ʚʳʩʦʪʘ*ʛʣʫʙʠʥʘ). ʉʪʦʣʝʰʥʠʮʘ 

ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʘʥʝʣʴ ʩ ʤʘʪʝʨʠʘʣʦʤ çʉʪʝʢʣʦ 5 ʤʤè. 

ʅʦʞʢʠ ʩʪʦʣʘ - ʛʥʫʪʳʝ ʧʘʥʝʣʠ. ʄʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʦʜʥʫ ʧʘʥʝʣʴ, ʘ ʦʩʪʘʣʴʥʳʝ ʧʦʣʫʯʠʪʴ 

ʧʫʪʸʤ ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʭ ʚ ʭʘʦʪʠʯʥʦʤ ʧʦʨʷʜʢʝ, ʣʠʙʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʧʦʣʥʠʪʴ 

ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʦʣʫʯʠʪʴ ʛʥʫʪʳʝ ʨʘʟʥʳʭ ʬʦʨʤ.  

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʞʫʨʥʘʣʴʥʦʛʦ ʩʪʦʣʠʢʘ:  

1. ʇʝʨʝʭʦʜʠʤ ʥʘ ʚʠʜ ʩʚʝʨʭʫ ʠ ʟʘʜʘʸʤ ʢʦʤʘʥʜʫ ʧʦʩʪʨʦʝʥʠʷ ʛʥʫʪʦʡ (ʧʘʥʝʣʴ ʙʫʜʝʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ). ʆʧʨʝʜʝʣʠʤ ʰʠʨʠʥʫ ʙʫʜʫʱʝʡ ʥʦʞʢʠ (ʨʘʟʤʝʨ 

ʟʘʚʠʪʢʘ), ʫʢʘʟʘʚ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʛʨʘʥʠʮʳ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʜʠʘʤʝʪʨ ʟʘʚʠʪʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʰʠʨʠʥʳ ʩʪʦʣʝʰʥʠʮʳ. ɿʘʪʝʤ, ʩʪʨʦʠʤ ʪʨʘʝʢʪʦʨʠʶ ï ʬʦʨʤʫ 

ʥʦʞʢʠ ï ʜʚʝ ʜʫʛʠ ʧʦ ʪʨʸʤ ʪʦʯʢʘʤ (ʨʠʩ.8). ɻʣʘʚʥʦʝ ʫʩʣʦʚʠʝ ï ʣʠʥʠʠ ʥʝ ʜʦʣʞʥʳ 

ʧʝʨʝʩʝʢʘʪʴʩʷ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʘ ʚʳʜʘʩʪ ʦʰʠʙʢʫ. 

 

 
ʈʠʩʫʥʦʢ 8. ʋʢʘʟʘʥʠʝ ʰʠʨʠʥʳ ʥʦʞʢʠ ʠ ʝʸ ʬʦʨʤʘ. 

 

2. ɿʘʢʘʥʯʠʚʘʝʤ ʢʦʤʘʥʜʫ ʠ ʚʳʙʠʨʘʝʤ ʤʘʪʝʨʠʘʣ (ʥʘʧʨʠʤʝʨ, ɼʉʇ 10ʤʤ), 

ʦʧʨʝʜʝʣʷʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʚʳʜʘʚʣʠʚʘʥʠʷ ʠ ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʛʥʫʪʦʡ 

ʧʘʥʝʣʠ (ʨʠʩ.9). 

 

     
ʈʠʩʫʥʦʢ 9. ʋʢʘʟʘʥʠʝ ʰʠʨʠʥʳ ʥʦʞʢʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʝʸ ʬʦʨʤʳ. 

 

3. ʇʦʩʪʨʦʝʥʥʫʶ ʥʦʞʢʫ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʢʦʧʠʨʫʝʤ ʠ ʧʦʚʦʨʘʯʠʚʘʝʤ, ʩʦʟʜʘʚʘʷ 

ʥʫʞʥʳʡ ʭʘʦʩ. ɼʣʷ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʝʱʸ 

ʥʝʩʢʦʣʴʢʦ ʛʥʫʪʳʭ ʧʘʥʝʣʠ, ʥʦ ʫʞʝ ʜʨʫʛʦʡ ʬʦʨʤʳ. 

***  

1. ɹʘʟʠʩ - ʎʝʥʪʨ - ɹɸɿʀʉ-ʄʝʙʝʣʴʱʠʢ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://www.bazissoft.ru/products/bazis_mebelschik/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.03.2024). 
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ʨʝʩʫʨʩ]. URL: https://museum-design.ru/zhurnalnyy-stolik-iz-fanery/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.04.2024). 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʝʡ ï ʪʨʸʭʤʝʨʥʳʭ ʪʝʣ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʟʘʜʘʥʥʳʤ ʩʝʯʝʥʠʝʤ ʚ ʧʨʦʛʨʘʤʤʝ ɹʘʟʠʩ ï 

ʄʝʙʝʣʴʱʠʢ. ʊʘʢʞʝ ʦʪʨʘʞʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʬʠʣʝʡ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʝʙʝʣʠ ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʟʜʘʥʠʷ ʨʘʤʦʯʥʦʡ ʜʚʝʨʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʠʩ ʂʦʥʩʪʨʫʢʪʦʨ ʄʝʙʝʣʴʱʠʢ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʬʠʣʴ, ʪʝʣʦ 

ʚʳʜʘʚʣʠʚʘʥʠʷ, ʩʝʯʝʥʠʝ, ʨʘʤʦʯʥʘʷ ʜʚʝʨʴ. 

 

Abstract 

The article discusses the features of constructing profiles ï threeïdimensional extrusion bodies 

along a rectilinear trajectory with a given cross section in the Basis - Furniture Maker program. The 

possibilities of profiles in the construction of furniture are also reflected on the example of creating a 

frame door. 

Keywords: basis Designer Furniture maker, modeling, profile, extrusion body, cross section, 

frame door. 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʫʣʷ ɹʘʟʠʩ-ʄʝʙʝʣʴʱʠʢ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ 

ʧʦʩʪʨʦʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʟʘʜʘʥʥʳʤ ʩʝʯʝʥʠʝʤ: ʧʨʦʬʠʣʴ, ʢʦʥʪʫʨ ʧʦ 

ʪʨʘʝʢʪʦʨʠʠ ʠ ʪʝʣʦ ʚʨʘʱʝʥʠʷ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʬʠʣʴ ð ʵʪʦ ʪʝʣʦ ʚʳʜʘʚʣʠʚʘʥʠʷ ʩ ʟʘʜʘʥʥʳʤ 

ʩʝʯʝʥʠʝʤ (ʨʠʩ. 1). ɺʳʜʘʚʣʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʜʦʣʴ ʦʪʨʝʟʢʘ ʧʨʷʤʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʷ. ɿʘ ʧʦʩʪʨʦʝʥʠʝ ʦʪʚʝʯʘʝʪ ʢʦʤʘʥʜʘ ʇʨʦʬʠʣʴ. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨʳ ʪʝʣ ʚʳʜʘʚʣʠʚʘʥʠʷ. 

 

ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʉʨʘʟʫ ʧʦʩʣʝ ʚʳʟʦʚʘ ʢʦʤʘʥʜʳ ʥʘ ʵʢʨʘʥʝ 

ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʦʢʥʦ ʩ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝʤ ʦ ʪʠʧʝ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ 

ʤʦʜʝʣʴ (ʨʠʩ.2). ʉʦʦʙʱʝʥʠʝ ʧʦʷʚʠʪʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʝʢʫʱʠʡ ʤʘʪʝʨʠʘʣ ï ʧʣʦʱʘʜʥʦʡ. ʇʨʦʛʨʘʤʤʘ 

ʧʨʝʜʫʧʨʝʞʜʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʳʙʦʨʘ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʦʙʲʝʢʪʳ ʥʝ ʙʫʜʫʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʩʤʝʪʝ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʦʙʲʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʚʳʙʨʘʪʴ ʧʦʛʦʥʥʳʡ. 

 

 
ʈʠʩʫʥʦʢ 2. ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʤʘʪʝʨʠʘʣʝ ʦʙʲʝʢʪʘ. 
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ɼʣʷ ʫʢʘʟʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʦʢʥʝ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʧʝʨʝʭʦʜʠʤ ʥʘ ʚʢʣʘʜʢʫ ʇʦʛʦʥʥʳʡ ʠ, 

ʝʩʣʠ ʪʘʙʣʠʮʘ ʧʫʩʪʘʷ, ʥʘʞʠʤʘʝʤ ʢʥʦʧʢʫ ʀʟʤʝʥʠʪʴ. ɺ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʚʳʙʠʨʘʝʤ ʥʫʞʥʳʡ ʠʣʠ 

ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʩʦʟʜʘʸʤ ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ (ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3. ɺʳʙʦʨ ʧʦʛʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʜʘʸʤ ʢʦʤʘʥʜʫ ʤʝʥʶ ɹʘʟʘ ï ɹʘʟʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚ 

ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʠʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʚʳʙʠʨʘʝʤ ʢʦʤʘʥʜʫ ɼʦʙʘʚʠʪʴ ʤʘʪʝʨʠʘʣ. ɺ ʢʘʨʪʦʯʢʝ 

ʤʘʪʝʨʠʘʣʘ ʫʢʘʟʳʚʘʝʤ ʧʘʨʘʤʝʪʨʳ: ʠʤʷ, ʢʣʘʩʩ, ʪʦʣʱʠʥʫ, ʰʠʨʠʥʫ, ʮʝʥʫ, ʝʜʠʥʠʮʫ ʠʟʤʝʨʝʥʠʷ ï 

ʤʝʪʨʳ (ʨʠʩ. 4). 

 

   
ʈʠʩʫʥʦʢ 4. ʉʦʟʜʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʛʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʫʢʘʟʳʚʘʝʤ ʧʣʦʩʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥʦ ʩʝʯʝʥʠʝ 

ʧʨʦʬʠʣʷ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʤʫ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚʳʜʘʚʣʠʚʘʥʠʝ, ʪ.ʝ. ʩʪʨʦʠʪʴʩʷ ʜʣʠʥʘ). 

ɺʳʙʨʘʥʥʘʷ ʧʣʦʩʢʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʟʚʝʨʥʸʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʵʢʨʘʥʘ. ʉ ʧʦʤʦʱʴʶ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʩʦʟʜʘʸʤ ʥʝʦʙʭʦʜʠʤʫʶ ʜʚʫʤʝʨʥʫʶ ʬʠʛʫʨʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʝʯʝʥʠʝʤ 

ʧʨʦʬʠʣʷ (ʨʠʩ. 5). ʆʩʦʙʝʥʥʦʩʪʠ ʩʝʯʝʥʠʷ: ʢʦʥʪʫʨ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʤʢʥʫʪ ʠ ʥʝ ʠʤʝʪʴ 

ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ. ɽʩʣʠ ʚʥʫʪʨʠ ʢʦʥʪʫʨʘ ʙʫʜʫʪ ʚʣʦʞʝʥʥʳʝ ʢʦʥʪʫʨʳ, ʪʦ ʦʥʠ ʙʫʜʫʪ ʚʦʩʧʨʠʥʷʪʳ 

ʢʘʢ ʦʪʚʝʨʩʪʠʷ. 
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ʈʠʩʫʥʦʢ 5. ʇʨʠʤʝʨ ʩʝʯʝʥʠʷ ʧʨʦʬʠʣʷ. 

 

ɺ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʚʳʙʠʨʘʝʤ ʢʦʤʘʥʜʫ ɿʘʢʦʥʯʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʩʝʯʝʥʠʷ. ʇʨʦʛʨʘʤʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʦʙʨʘʟʠʪ ʠʟʦʤʝʪʨʠʯʝʩʢʠʡ ʚʠʜ, ʛʜʝ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʜʣʠʥʫ ʧʨʦʬʠʣʷ ï ʣʠʙʦ 

ʢʫʨʩʦʨʦʤ, ʣʠʙʦ ʚʚʦʜʦʤ ʯʠʩʣʘ. ʇʨʦʬʠʣʴ ʧʦʩʪʨʦʝʥ.  

ʇʨʠ ʨʘʩʯʸʪʝ ʩʪʦʠʤʦʩʪʠ ʚ ʩʤʝʪʝ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴʩʷ ʪʦʣʴʢʦ ʜʣʠʥʘ ʧʨʦʬʠʣʷ.  

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʬʠʣʷ, ʚʳʜʝʣʷʝʤ ʝʛʦ ʠ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʳʙʠʨʘʝʤ 

ʦʜʥʫ ʠʟ ʢʥʦʧʦʢ: ʈʝʜʘʢʪʠʨʦʚʘʪʴ ʢʦʥʪʫʨ ʠʣʠ ʈʝʜʘʢʪʠʨʦʚʘʪʴ ʜʣʠʥʫ. ɺ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʢʦʥʪʫʨʘ ʤʦʞʝʤ ʠʟʤʝʥʠʪʴ ʬʠʛʫʨʫ ʧʨʦʬʠʣʷ, ʚ ʨʝʞʠʤʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʣʠʥʳ ï ʠʟʤʝʥʷʝʤ 

ʨʘʩʩʪʦʷʥʠʝ ʚʳʜʘʚʣʠʚʘʥʠʷ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʬʠʛʫʨʘ ʧʨʦʬʠʣʷ ʩʣʦʞʥʘʷ ʠ ʙʫʜʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʧʨʦʬʠʣʝʡ ʚ ʜʨʫʛʠʭ ʧʨʦʝʢʪʘʭ, ʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ (ʯʪʦʙʳ ʚʩʷʢʠʡ ʨʘʟ ʥʝ ʨʠʩʦʚʘʪʴ 

ʩʝʯʝʥʠʝ ʧʨʦʬʠʣʷ) ʩʦʭʨʘʥʠʪʴ ʝʸ ʢʘʢ ʬʨʘʛʤʝʥʪ (ʤʝʥʶ ʌʘʡʣ ï ʉʦʭʨʘʥʠʪʴ ʬʨʘʛʤʝʥʪ), ʘ ʟʘʪʝʤ 

ʧʨʦʩʪʦ ʚʩʪʘʚʠʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʥʦʚʦʛʦ ʧʨʦʬʠʣʷ (ʤʝʥʶ ʌʘʡʣ ï ʇʦʩʪʘʚʠʪʴ ʬʨʘʛʤʝʥʪ) ʧʨʠ 

ʟʘʧʨʦʩʝ ʩʦʟʜʘʪʴ ʩʝʯʝʥʠʝ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʬʠʣʷ: ʥʘ ʧʨʦʬʠʣʝ ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ ʧʘʟ, ʥʘ ʧʨʦʬʠʣʴ ʥʝʣʴʟʷ ʥʘʢʘʪʘʪʴ 

ʢʨʦʤʢʫ, ʥʝʣʴʟʷ ʧʨʠʢʣʝʠʪʴ ʧʣʘʩʪʠʢ, ʧʨʦʬʠʣʴ ʤʦʞʥʦ ʨʘʟʨʝʟʘʪʴ, ʢʘʢ ʦʙʳʯʥʳʡ ʜʚʫʤʝʨʥʳʡ ʦʙʲʝʢʪ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʨʘʤʦʯʥʦʡ ʜʚʝʨʠ ʩ ʧʘʟʦʤ.  

ɺ ʥʦʚʦʤ ʜʦʢʫʤʝʥʪʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: ʰʠʨʠʥʘ ï 600ʤʤ, ʚʳʩʦʪʘ ï 800ʤʤ, ʛʣʫʙʠʥʘ ï 400ʤʤ, 

ʟʘʜʘʸʤ ʢʦʤʘʥʜʫ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʷ. ʅʘ ʚʦʧʨʦʩ çʋʢʘʞʠʪʝ ʧʣʦʩʢʦʩʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʯʝʥʠʷ ï 

ʫʢʘʟʳʚʘʝʤ ʥʠʞʥʶʶ ʛʨʘʥʴ ʛʘʙʘʨʠʪʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʠ ʧʝʨʝʭʦʜʠʤ ʚ ʨʝʞʠʤ ʧʦʩʪʨʦʝʥʠʷ 

ʩʝʯʝʥʠʷ. 

ʉ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ   ʂʦʥʪʫʨ ʠ  ɼʫʛʘ (ʚ ʨʝʞʠʤʝ   ʧʦ ʜʚʫʤ ʪʦʯʢʘʤ ʠ ʨʘʜʠʫʩʫ) ʧʦʩʪʨʦʠʤ 

ʩʝʯʝʥʠʝ ʧʨʦʬʠʣʷ ʨʘʤʢʠ ʜʚʝʨʠ ʠ ʨʘʩʧʦʣʦʞʠʤ ʝʛʦ ʚ ʪʦʯʢʝ ʥʠʞʥʝʛʦ ʣʝʚʦʛʦ ʫʛʣʘ. ʕʪʦ ʙʫʜʝʪ ʤʝʩʪʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʬʠʣʷ. ʉʝʯʝʥʠʝ ʧʨʦʬʠʣʷ ʥʝʦʙʭʦʜʠʤʦ ʨʠʩʦʚʘʪʴ ʩʨʘʟʫ ʪʘʢʦʝ, ʢʘʢʦʝ ʦʥʦ ʝʩʪʴ ʚ 

ʨʝʘʣʴʥʦʩʪʠ. ɽʩʣʠ ʚ ʧʨʦʬʠʣʝ ʜʦʣʞʝʥ ʙʳʪʴ ʧʘʟ, ʪʦ ʝʛʦ ʥʘʜʦ ʧʨʦʨʠʩʦʚʘʪʴ (ʨʠʩ. 6). 

 

    
ʈʠʩʫʥʦʢ 6. ʉʝʯʝʥʠʝ ʧʨʦʬʠʣʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʝʯʝʥʠʷ ʥʘ ʚʠʜʝ ʩʚʝʨʭʫ. 

 

ʅʝ ʚʳʭʦʜʷ ʠʟ ʨʝʞʠʤʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʷ, ʩʦʭʨʘʥʠʤ ʧʦʩʪʨʦʝʥʥʫʶ ʬʠʛʫʨʫ ʢʘʢ 

ʬʨʘʛʤʝʥʪ: ʚʳʜʝʣʷʝʤ, ʟʘʜʘʸʤ ʢʦʤʘʥʜʫ ʤʝʥʶ ʌʘʡʣ ï ʉʦʭʨʘʥʠʪʴ ʬʨʘʛʤʝʥʪ, ʫʢʘʟʳʚʘʝʤ ʙʘʟʦʚʫʶ 

ʪʦʯʢʫ (ʣʝʚʳʡ ʥʠʞʥʠʡ ʫʛʦʣ) ʠ ʩʦʭʨʘʥʷʝʤ ʚ ʧʘʧʢʝ ʌʨʘʛʤʝʥʪʳ. ɿʘʢʘʥʯʠʚʘʝʤ ʧʦʩʪʨʦʝʥʠʝ ʩʝʯʝʥʠʷ ʠ 

ʫʢʘʟʳʚʘʝʤ ʜʣʠʥʫ ʧʨʦʬʠʣʷ, ʨʘʚʥʫʶ ʚʳʩʦʪʝ ʠʟʜʝʣʠʷ. ʇʦʣʫʯʠʤ ʧʨʦʬʠʣʴ ʜʚʝʨʠ (ʨʠʩ. 7). 

. ʅʘ ʚʠʜʝ ʩʧʝʨʝʜʠ ʚʳʧʦʣʥʷʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʧʦʩʪʨʦʝʥʠʷ ï ʩʪʨʦʠʤ ʙʠʩʩʝʢʪʨʠʩʳ ʫʛʣʦʚ (ʨʠʩ. 7). ʆʙʨʝʟʘʝʤ ʥʝʥʫʞʥʳʝ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʢʦʤʘʥʜʦʡ  

ʆʙʨʝʟʘʪʴ ʵʣʝʤʝʥʪʳ ʜʦ ʛʨʘʥʠʮʳ. ɺʳʧʦʣʥʷʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʦʪʩʝʯʝʥʠʷ ʚʪʦʨʦʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ. 



-140- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 

 
ʈʠʩʫʥʦʢ 7. ʇʦʩʪʨʦʝʥʥʳʡ ʠ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ. 

 

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʩʪʨʦʠʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʨʦʬʠʣʴ (ʥʘʧʨʠʤʝʨ, ʥʠʞʥʶʶ ʯʘʩʪʴ ʨʘʤʦʯʥʦʡ 

ʜʚʝʨʠ). ʇʣʦʩʢʦʩʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʯʝʥʠʷ ï ʣʝʚʘʷ ʛʨʘʥʴ ʛʘʙʘʨʠʪʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ʅʘ 

ʫʢʘʟʘʥʠʝ çʇʦʩʪʨʦʡʪʝ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨè ʟʘʜʘʸʤ ʢʦʤʘʥʜʫ ʤʝʥʶ ʌʘʡʣ ï ʇʦʩʪʘʚʠʪʴ ʬʨʘʛʤʝʥʪ ʠ 

ʫʩʪʘʥʦʚʠʤ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʨʠʩ. 8). ʋʢʘʟʳʚʘʝʤ ʜʣʠʥʫ ʧʨʦʬʠʣʷ ʢʘʢ ʰʠʨʠʥʫ ʛʘʙʘʨʠʪʥʦʛʦ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ʆʙʨʝʟʘʝʤ ʣʠʰʥʝʝ. ʋʜʘʣʷʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʦʩʪʨʦʝʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 8. ɺʩʪʘʚʣʷʝʤʳʡ ʬʨʘʛʤʝʥʪ, ʧʦʣʦʞʝʥʠʝ ʬʨʘʛʤʝʥʪʘ. 

 

ʉʪʨʦʠʤ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ï ʚʝʨʪʠʢʘʣʴʥʫʶ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʣʠʥʠʠ, 

ʟʝʨʢʘʣʴʥʦ ʦʪʨʘʞʘʝʤ ʧʦʩʪʨʦʝʥʥʳʝ ʧʨʦʬʠʣʠ. ʈʘʤʢʘ ʜʚʝʨʠ ʛʦʪʦʚʘ (ʨʠʩ.9). 

 

      
ʈʠʩʫʥʦʢ 8. ʇʦʣʦʚʠʥʘ ʨʘʤʦʯʥʦʡ ʜʚʝʨʠ ʠ ʧʦʩʪʨʦʝʥʥʘʷ ʨʘʤʢʘ ʜʚʝʨʮʳ. 

 

ɺ ʧʘʟ ʚʩʪʘʚʠʤ ʩʪʝʢʣʦ ʪʦʣʱʠʥʦʡ 5ʤʤ. ʉ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ  ʆʪʩʪʫʧʳ ʦʪ ʛʘʙʘʨʠʪʦʚ ʟʘʜʘʸʤ 

ʦʪʩʪʫʧ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʧʦ 1ʤʤ. ɺʳʙʠʨʘʝʤ ʬʨʦʥʪʘʣʴʥʫʶ ʧʘʥʝʣʴ, ʥʘʞʠʤʘʝʤ ʢʥʦʧʢʠ ʟʘʜʘʥʠʷ 

ʛʘʙʘʨʠʪʦʚ ʧʦ ʚʳʩʦʪʝ  ʠ ʰʠʨʠʥʝ  , ʠ ʥʘ ʚʠʜ ʩʧʝʨʝʜʠ (ʚ ʨʝʞʠʤʝ ʢʘʨʢʘʩʘ), ʫʢʘʟʳʚʘʝʤ ʛʨʘʥʠʮʳ 

ʩʪʝʢʣʘ. ʅʘ ʚʠʜ ʩʣʝʚʘ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʩʪʝʢʣʦ ʚ ʧʘʟ. ɺ ʨʝʜʘʢʪʦʨʝ ʤʘʪʝʨʠʘʣʦʚ   ʥʘʩʪʨʘʠʚʘʝʤ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʜʣʷ ʤʘʪʝʨʠʘʣʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʧʦʜʘʯʠ ʜʝʨʝʚʷʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʚ ʩʪʨʦʛʘʣʴʥʳʡ ʯʝʪʳʨʝʭʩʪʦʨʦʥʥʠʡ ʩʪʘʥʦʢ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ 3D ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ, ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʩʦʟʜʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʨʦʡʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʟʘʛʦʪʦʚʦʢ, ʯʝʪʳʨʝʭʩʪʦʨʦʥʥʠʡ 

ʩʪʨʦʛʘʣʴʥʳʡ ʩʪʘʥʦʢ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʜʝʨʝʚʷʥʥʘʷ ʟʘʛʦʪʦʚʢʘ, 

ʧʨʦʝʢʪ, 3D ʤʦʜʝʣʴ, ʧʨʦʮʝʩʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

 

Abstract 

The article discusses the process of developing and creating a device for automatically feeding 

wooden blanks into a four-sided planing machine. In particular, a 3D model of the device is presented, 

the main types of work performed in the process of creating the mechanism and the principle of its 

operation are described. 

Keywords: ʘutomatic billet feeding device, four-sided planer, equipment modernization, 

control unit, wooden billet, project, 3D-model, automation processes. 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ ʠʤʝʝʪʩʷ ʩʪʨʦʛʘʣʴʥʳʡ 

ʯʝʪʳʨʝʭʩʪʦʨʦʥʥʠʡ ʩʪʘʥʦʢ. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʪʨʫʜʘ ʦʧʝʨʘʪʦʨʘ ʩʪʘʥʢʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʦʜʘʯʠ ʟʘʛʦʪʦʚʦʢ ʨʘʟʨʘʙʦʪʘʥ ʤʝʭʘʥʠʟʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʜʝʨʝʚʷʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠʟ 

çʤʘʛʘʟʠʥʘè. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ 

ʧʨʠʤʝʨʥʦ ʥʘ 30%, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʠʪʴ ʧʨʠʙʳʣʴ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ 

ʧʨʦʝʢʪʘ - ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʧʦʚʳʰʘʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʧʨʦʝʢʪʘ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʷʜ ʟʘʜʘʯ: ʧʦʜʛʦʪʦʚʠʪʴ ʧʨʦʝʢʪʥʫʶ 

ʜʦʢʫʤʝʥʪʘʮʠʶ, ʚʳʧʦʣʥʠʪʴ ʧʦʜʙʦʨ, ʟʘʢʘʟ ʠ ʧʦʢʫʧʢʫ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʧʦʜʛʦʪʦʚʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ, ʦʩʫʱʝʩʪʚʠʪʴ ʩʙʦʨʢʫ ʠʟʜʝʣʠʷ, 

ʚʳʧʦʣʥʠʪʴ ʝʛʦ ʥʘʩʪʨʦʡʢʫ ʠ ʚʚʝʩʪʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ.  

ʄʝʭʘʥʠʟʤ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʘʯʫ ʟʘʛʦʪʦʚʦʢ 

ʜʣʠʥʦʡ ʦʪ 300 ʜʦ 600 ʤʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 30 ʰʪʫʢ ʚ ʤʠʥʫʪʫ. ɼʣʷ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤ 

ʤʝʪʘʣʣʦʧʨʦʢʘʪ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʝ: ʧʥʝʚʤʦʮʠʣʠʥʜʨʳ, ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʠ, 

ʤʘʛʥʠʪʦʢʦʥʪʘʢʪʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ, ʠʥʜʫʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ, ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʧʦʨʰʥʷ ʚ 

ʮʠʣʠʥʜʨʝ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ ʨʝʣʝ, ʤʝʪʠʟʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ. 

ʈʘʙʦʪʘ ʥʘʜ ʧʨʦʝʢʪʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ 

ʤʘʪʝʨʠʘʣʘʭ, ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ 

ʮʝʥ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ ʩ ʫʯʸʪʦʤ ʪʨʝʙʫʝʤʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʜʘʯʠ, ʨʘʟʤʝʨʦʚ ʟʘʛʦʪʦʚʦʢ, 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʜʨʫʛʠʝ ʩʪʘʥʢʠ. ʅʝʤʘʣʦʚʘʞʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ, 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠ ʩʪʘʥʦʯʥʦʛʦ ʧʘʨʢʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ.  

ɺ ʉɸʇʈ Autodesk AutoCAD ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʟʜʘʝʪʩʷ ʥʘʙʦʨ 

ʯʝʨʪʝʞʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʦʩʥʦʚʝ ʨʘʩʯʸʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʥʝʚʤʦʢʦʤʧʦʥʝʥʪʦʚ ʣʝʞʘʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ (ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʘʛʦʪʦʚʢʠ, 

ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ). ɺ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʘʛʦʪʦʚʢʠ 600ʤʤ, 



-142- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʦʜ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 600ʤʤ, ʥʦ ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʟʘʧʘʩ ʚ 100 ʤʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʠʣʠʥʜʨ ʜʦʣʞʝʥ ʙʳʪʴ 700ʤʤ. 

ʆʩʥʦʚʘʥʠʝ ʨʘʤʳ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʚʝʣʣʝʨ, ʬʨʝʟʝʨʦʚʘʥʥʳʡ ʙʘʟʦʚʦʡ 

ʧʣʦʩʢʦʩʪʴʶ (ʬʨʝʟʝʨʥʳʤ 3-ʭ ʦʩʝʚʳʤ ʩʪʘʥʢʦʤ). ʆʥʘ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʤʦʥʪʘʞʘ 

ʵʣʝʤʝʥʪʦʚ çʤʘʛʘʟʠʥʘè ʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʘʯʠ.  

 

 
ʈʠʩʫʥʦʢ 1. 3D ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ (ʦʙʱʠʡ ʚʠʜ). 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʚ ʙʦʣʴʰʝʤ ʤʘʩʰʪʘʙʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

 
ʈʠʩʫʥʦʢ 2. ʏʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ 

. 

ʀʟ ʩʪʘʣʴʥʦʛʦ ʫʛʦʣʢʘ ʩʝʯʝʥʠʝʤ 35*35ʤʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʤʘʛʘʟʠʥʘ ʚ ʚʠʜʝ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʦʝʢ (3ʰʪ), ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʪʘʣʴʥʳʤʠ ʰʠʥʘʤʠ (3ʰʪ), ʨʘʟʤʝʨʦʤ 

50*5ʤʤ. ʀʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʜʚʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʘʨʝʪʢʠ ʧʦʜʘʯʠ ʤʝʪʦʜʦʤ ʬʨʝʟʝʨʦʚʘʥʠʷ ʠʟ 

ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 30*20ʤʤ.  

ʀʟ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ, ʪʦʣʱʠʥʦʡ 10ʤʤ, ʤʝʪʦʜʦʤ ʬʨʝʟʝʨʦʚʘʥʠʷ, ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʦʩʥʦʚʘ 

ʢʘʨʝʪʢʠ ʪʦʣʢʘʪʝʣʷ, ʘ ʠʟ ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ d=30ʤʤ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ 

ʢʨʦʥʰʪʝʡʥ ʢʨʝʧʣʝʥʠʷ ʰʪʦʢʘ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ. ɼʘʣʝʝ, ʵʪʦʪ ʢʨʦʥʰʪʝʡʥ, ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ, 

ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʢʘʨʝʪʢʫ. 

ʀʟ ʣʠʩʪʘ ʬʪʦʨʦʧʣʘʩʪʘ ʪʦʣʱʠʥʦʡ 5ʤʤ, ʥʘ ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ, ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʥʘʢʣʘʜʢʠ ʥʘ ʢʘʨʝʪʢʫ ʪʦʣʢʘʪʝʣʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʧʦ 

ʥʘʧʨʘʚʣʷʶʱʠʤ, ʜʘʣʝʝ ʦʥʠ ʤʦʥʪʠʨʫʶʪʩʷ ʥʘ ʢʘʨʝʪʢʫ. ʀʟ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ, ʪʦʣʱʠʥʦʡ 10ʤʤ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʢʨʦʥʰʪʝʡʥ ʢʨʝʧʣʝʥʠʷ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ, 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -143- 

 

ʢʨʦʥʰʪʝʡʥʳ ʢʨʝʧʣʝʥʠʷ ʜʘʪʯʠʢʦʚ ʥʘʣʠʯʠʷ ʟʘʛʦʪʦʚʦʢ ʚ ʤʘʛʘʟʠʥʝ ʠ ʥʘʣʠʯʠʷ ʟʘʛʦʪʦʚʢʠ ʚ ʟʦʥʝ 

ʧʦʜʘʯʠ. ʂʨʦʥʰʪʝʡʥʳ ʤʦʥʪʠʨʫʶʪʩʷ ʥʘ ʢʘʨʝʪʢʫ. 

ʀʩʭʦʜʷ ʠʟ ʨʘʩʯʝʪʘ ʧʥʝʚʤʦʢʦʤʧʦʥʝʥʪʦʚ, ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʟʘʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʛʫʣʠʨʦʚʢʘ ʜʘʪʯʠʢʘ ʢʦʥʝʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʨʰʥʷ ʮʠʣʠʥʜʨʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʦʙʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʰʪʦʢʘ ʮʠʣʠʥʜʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʳʡ 

ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ. ʄʦʥʪʘʞ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʟʘʨʘʥʝʝ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʢʨʝʧʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʟʘʚʦʜʦʤ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʧʥʝʚʤʦʢʦʤʧʦʥʝʥʪʦʚ, ʫʟʣʳ 

ʤʦʥʪʘʞʘ. ʇʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʠ ʧʥʝʚʤʦʮʠʣʠʥʜʨ ʩʦʝʜʠʥʷʶʪʩʷ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ 

(ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʇɺʍ 8*6ʤʤ). 

ʆʩʥʦʚʥʳʤ ʦʨʛʘʥʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ ʨʝʣʝ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʜʘʪʯʠʢʦʚ ʠ ʚʳʜʘʝʪ ʩʠʛʥʘʣ ʥʘ ʨʘʙʦʪʫ ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʦʛʦ ʧʥʝʚʤʦʨʘʩʧʝʜʝʣʠʪʝʣʷ. 

ɹʣʦʢ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʨʝʣʝ ʤʦʥʪʠʨʫʝʪʩʷ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʥʘʚʝʩʥʦʤ ʷʱʠʢʝ, ʥʘ ʣʠʮʝʚʦʡ ʯʘʩʪʠ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʝʥʠʷ-ʚʳʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ, ʢʥʦʧʢʘ ʇʫʩʢ ʠ 

ʢʥʦʧʢʘ ʘʚʘʨʠʡʥʦʡ ʦʩʪʘʥʦʚʢʠ. 

ʄʘʛʥʠʪʥʦʢʦʥʪʘʢʪʥʳʝ ʜʘʪʯʠʢʠ ʤʦʥʪʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʣʴʟʳ ʮʠʣʠʥʜʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʦʥʰʪʝʡʥʦʚ. ʆʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʣʠʯʠʝ ʟʘʛʦʪʦʚʦʢ ʚ 

ʤʘʛʘʟʠʥʝ, ʤʦʥʪʠʨʫʝʪʩʷ ʚ ʢʨʘʡʥʝʡ ʥʠʞʥʝʡ ʪʦʯʢʝ ʥʘʢʦʧʠʪʝʣʷ ʤʘʛʘʟʠʥʘ. ɼʘʪʯʠʢ ʥʘʣʠʯʠʷ 

ʟʘʛʦʪʦʚʦʢ ʚ ʟʦʥʝ ʧʦʜʘʯʠ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʟʘʛʦʪʦʚʦʢ. 

ʈʘʙʦʪʘ ʧʦ ʥʘʩʪʨʦʡʢʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʩʪʨʦʡʢʝ ʤʘʛʘʟʠʥʘ ʧʦʜ ʨʘʟʤʝʨ ʟʘʛʦʪʦʚʢʠ, ʥʘʩʪʨʦʡʢʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʥʘʣʠʯʠʷ ʟʘʛʦʪʦʚʦʢ ʚ 

ʤʘʛʘʟʠʥʝ ʜʦ ʟʘʛʦʪʦʚʢʠ ʚ ʥʘʢʦʧʠʪʝʣʝ ʤʘʛʘʟʠʥʘ, ʧʨʘʚʠʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʤʘʛʥʠʪʦʢʦʥʪʘʢʪʥʳʭ 

ʜʘʪʯʠʢʦʚ ʥʘ ʛʠʣʴʟʝ ʮʠʣʠʥʜʨʘ ʠ ʜʘʪʯʠʢʘ ʥʘʣʠʯʠʷ ʟʘʛʦʪʦʚʦʢ ʚ ʟʦʥʝ ʧʦʜʘʯʠ. ɺʚʦʜ ʤʝʭʘʥʠʟʤʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝ ʝʛʦ ʠʩʧʳʪʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʰʪʦʢ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ, 

ʫʧʨʘʚʣʷʝʤʳʡ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʩʦʚʝʨʰʘʷ ʦʙʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, ʧʝʨʝʤʝʱʘʝʪ ʢʘʨʝʪʢʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʣʠʥʝʡʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ; ʢʘʨʝʪʢʘ, ʧʝʨʝʤʝʱʘʷʩʴ ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ, 

ʫʚʣʝʢʘʝʪ ʟʘ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʟʘʛʨʫʞʝʥʥʳʭ ʚ çʤʘʛʘʟʠʥè ʜʝʨʝʚʷʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠ ʧʦʜʘʝʪ ʝʝ ʚ 

ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʩʪʘʥʦʢ; ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʮʠʢʣʠʯʥʦ ʜʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʜʘʪʯʠʢʘ 

ʥʘʣʠʯʠʷ ʟʘʛʦʪʦʚʦʢ ʚ ʤʘʛʘʟʠʥʝ.  

ɺʝʩʴ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʘʪʯʠʢʦʚ. ʅʘʣʠʯʠʝ ʟʘʛʦʪʦʚʦʢ ʚ ʤʘʛʘʟʠʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠʤ ʜʘʪʯʠʢʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʙʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʠ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ ʩ ʤʘʛʥʠʪʦʢʦʥʪʘʢʪʥʳʭ 

ʜʘʪʯʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʥʝʚʤʦʮʠʣʠʥʜʨʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ 

ʧʦʨʰʥʷ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʯʝʨʝʟ ʧʣʘʪʬʦʨʤʳ SaaS, ʚʳʷʚʣʷʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ SaaS ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ ʠʥʪʝʛʨʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʩʠʩʪʝʤʳ SaaS ʥʘ ʫʣʫʯʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʝʥʳ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: SaaS-ʧʣʘʪʬʦʨʤʳ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʦʙʣʘʯʥʳʝ 

ʩʝʨʚʠʩʳ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʠʥʪʝʛʨʘʮʠʷ, ʬʠʥʘʥʩʦʚʘʷ ʤʦʜʝʣʴ, ʫʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ. 

 

Abstract 

This article explores the approaches to automating infrastructure management processes 

through SaaS platforms, identifying their efficiency and security. It includes an analysis of key 

technological solutions and compares SaaS with traditional systems. Special attention is given to the 

impact of integrating artificial intelligence into SaaS systems on improving functionality and 

operational efficiency of business processes, as well as assessing risks associated with data security and 

change management. 

Keywords: SaaS platforms, automation, scalability, cloud services, security, integration, 

financial model, change management. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʪʝʪ ʩʧʨʦʩ ʥʘ ʛʠʙʢʠʝ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ 

ʨʝʰʝʥʠʷ,  ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʜ ʙʠʟʥʝʩ-ʧʦʪʨʝʙʥʦʩʪʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ Software as a Service (SaaS)-ʧʣʘʪʬʦʨʤ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʤʦʜʫʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ SaaS ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʤʦʛʘʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʨʘʩʧʨʝʜʝʣʷʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ɺ 2023 ʛʦʜʫ ʢʦʤʧʘʥʠʷ Snowflake (ʉʐɸ) ʟʘʧʫʩʪʠʣʘ ʧʨʦʛʨʘʤʤʫ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʨʪʘʧʦʚ ʥʘ ʦʙʱʫʶ ʩʫʤʤʫ ʜʦ 100 ʤʣʥ ʜʦʣʣʘʨʦʚ. ʇʨʦʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʧʦʜʜʝʨʞʢʫ ʩʪʘʨʪʘʧʦʚ  ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʥʘ 

ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ Snowflake [1]. Amazon Web Services (AWS) ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʣʦʞʠʣʘ 

ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʷ ʧʣʘʪʬʦʨʤʫ 

Snowflake. ʇʦʜʜʝʨʞʢʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʨʝʜʠʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʧʣʘʪʳ ʫʩʣʫʛ ʥʘ ʧʣʘʪʬʦʨʤʝ AWS. ʕʪʠ ʢʨʝʜʠʪʳ ʥʘ ʩʫʤʤʫ ʜʦ 1 ʤʣʥ ʜʦʣʣʘʨʦʚ ʧʦʤʦʛʘʶʪ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʥʠʟʠʪʴ ʩʚʦʠ ʟʘʪʨʘʪʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ ʨʝʩʫʨʩʦʚ AWS ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʟʘʧʫʩʢʘ ʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩ Snowflake.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʩ ʧʦʤʦʱʴʶ SaaS-ʧʣʘʪʬʦʨʤ, ʚʳʷʚʣʝʥʠʠ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʠ ʦʮʝʥʢʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ SaaS-ʨʝʰʝʥʠʷ ʠ ʪʨʘʜʠʮʠʦʥʥʳʝ on-premise 

ʩʠʩʪʝʤʳ, ʪʘʢʞʝ ʘʚʪʦʨʘʤʠ ʧʨʦʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ 

ʤʝʪʦʜʠʢ.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʘʥʠʠ Vertice (ʉʐɸ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 2023 ʛʦʜʫ ʢʦʤʧʘʥʠʠ ʧʦʪʨʘʪʠʣʠ ʚ 

ʩʨʝʜʥʝʤ 7900 ʜʦʣʣʘʨʦʚ ʥʘ ʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʥʘ ʨʘʟʣʠʯʥʳʝ SaaS-ʧʨʦʜʫʢʪʳ, ʯʪʦ ʥʘ 27% ʙʦʣʴʰʝ, 

ʯʝʤ ʚ 2022 ʛʦʜʫ [2]. ɼʘʥʥʳʝ ʨʘʩʭʦʜʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʠ 

ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ, ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʦʙʣʝʛʯʝʥʠʷ ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ ï ʦʪ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʜʦ 

ʧʣʘʪʬʦʨʤ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʜʦʣʷ ʨʘʩʭʦʜʦʚ ʥʘ SaaS ʚ ʦʙʱʠʭ ʟʘʪʨʘʪʘʭ 

ʢʦʤʧʘʥʠʠ ʚ 2023 ʛʦʜʫ ʩʦʩʪʘʚʣʷʝʪ 14,1% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 12,7% ʚ 2022 ʛʦʜʫ. ɼʘʥʥʳʝ ʦʪʯʝʪʘ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 73% ʧʦʩʪʘʚʱʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʫʚʝʣʠʯʠʣʠ ʩʪʦʠʤʦʩʪʴ 

ʩʚʦʠʭ ʫʩʣʫʛ ʚ ʩʨʝʜʥʝʤ ʥʘ 12% ʟʘ ʧʦʩʣʝʜʥʠʝ 12 ʤʝʩʷʮʝʚ, ʧʨʠ ʵʪʦʤ ʪʘʢʠʝ ʢʦʤʧʘʥʠʠ, ʢʘʢ HubSpot 

ʠ Microsoft, ʧʦʚʳʩʠʣʠ ʮʝʥʳ ʥʘ 12% ʠ 15% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʅʝʤʝʮʢʘʷ ʢʦʤʧʘʥʠʷ Statista ʚ 2024 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʣʘ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʪʯʸʪ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʩ 2015 ʧʦ 2024 ʛʦʜ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʨʳʥʢʘ SaaS-ʧʣʘʪʬʦʨʤ  ʥʘ 24,9% ʝʞʝʛʦʜʥʦ (ʨʠʩ. 

1) [3]. 

 

 
ʈʠʩʫʥʦʢ 1. ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ SaaS-ʧʣʘʪʬʦʨʤ, 2015 ï 2024 ʛʛ [2] 

 

ʂʦʥʩʘʣʪʠʥʛʦʚʘʷ ʢʦʤʧʘʥʠʷ Gartner (ʉʐɸ) ʧʨʦʛʥʦʟʠʨʫʝʪ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʝ ʨʘʩʭʦʜʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʦʙʱʝʜʦʩʪʫʧʥʳʝ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ ʫʚʝʣʠʯʘʪʩʷ ʥʘ 20,4% ʠ ʜʦʩʪʠʛʥʫʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 678,8 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʢ ʢʦʥʮʫ 2024 ʛʦʜʘ [2]. 

ɸʨʭʠʪʝʢʪʫʨʘ SaaS-ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʷʪʴ ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʪ  

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʩʪʝʤʝ ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ɺ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ SaaS ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʜʦʩʪʫʧʘ, ʛʜʝ ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʝʨʚʠʩʥʘʷ ʤʦʜʝʣʴ ʦʙʩʣʫʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʢʣʠʝʥʪʦʚ.  ɸʨʭʠʪʝʢʪʫʨʘ 

SaaS-ʧʣʘʪʬʦʨʤʳ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 [4]. ɼʘʥʥʘʷ ʩʭʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʣʠʯʥʳʭ SaaS-ʧʨʠʣʦʞʝʥʠʡ ʚ ʝʜʠʥʫʶ ʵʢʦʩʠʩʪʝʤʫ ʯʝʨʝʟ ʩʝʨʚʠʩʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ (Service-Oriented Architecture, SOA). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ 

ʚʳʩʪʫʧʘʝʪ Core Web App, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ, ʠʥʪʝʛʨʠʨʫʶʱʠʤ 

ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʩʣʫʞʙʳ. 

 

 
ʈʠʩʫʥʦʢ 2. ɸʨʭʠʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʳ SaaS [4] 

 

ʅʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʘʨʭʠʪʝʢʪʫʨʳ SaaS-ʧʣʘʪʬʦʨʤʳ ʨʘʟʤʝʱʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ SaaS-

ʧʨʠʣʦʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, SaaS App 1, SaaS App 2, ʜʦ SaaS App n), ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʦʪʜʝʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʣʠ ʩʝʨʚʠʩ ʚ ʨʘʤʢʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʆʥʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʬʫʥʢʮʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʢʦʥʝʯʥʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ ʠʣʠ ʢʘʢ ʩʝʨʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʝʨʚʠʩʦʚ. 

ʎʝʥʪʨʘʣʴʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ (Core Web App) ʨʝʘʣʠʟʫʝʪ ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʣʦʛʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʶ ʜʦʩʪʫʧʦʤ ʢ ʨʘʟʣʠʯʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʧʣʘʪʬʦʨʤʳ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ ʪʝʛʦʚ ʠ Java ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʠ ʣʦʛʠʢʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʧʨʠʣʦʞʝʥʠʡ. ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ 



-146- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʬʘʡʣʳ XML ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʪʨʦʡʢʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʧʨʠʣʦʞʝʥʠʡ ʚʥʫʪʨʠ ʧʣʘʪʬʦʨʤʳ. 

ʇʦʜʦʙʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʘʤʢʘʭ SOA ʧʦʟʚʦʣʷʝʪ 

ʛʠʙʢʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʦʚʳʝ ʩʝʨʚʠʩʳ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʘʜʘʧʪʠʨʫʝʤʦʩʪʴ ʢ ʤʝʥʷʶʱʠʤʩʷ ʙʠʟʥʝʩ-

ʪʨʝʙʦʚʘʥʠʷʤ. ʉʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʣʝʛʢʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ SaaS-ʧʣʘʪʬʦʨʤ. ʌʠʥʘʥʩʦʚʘʷ ʤʦʜʝʣʴ çʧʦ ʧʦʜʧʠʩʢʠè ʚ 

SaaS ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ IT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ 

ʧʝʨʝʡʪʠ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʛʠʙʢʦʩʪʴ ʚ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʙʶʜʞʝʪʦʚ, ʦʧʣʘʯʠʚʘʷ ʪʦʣʴʢʦ ʬʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʬʫʥʢʮʠʠ ʠ ʩʝʨʚʠʩʳ [5]. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʦʙʣʘʯʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʫʚʝʣʠʯʠʚʘʪʴ ʠʣʠ ʫʤʝʥʴʰʘʪʴ 

ʦʙʲʝʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʧʦʜʧʠʩʦʯʥʳʤ ʤʦʜʝʣʷʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʙʲʝʤ ʠ ʥʘʙʦʨ 

ʫʩʣʫʛ. ʈʝʛʫʣʷʨʥʳʝ ʦʙʥʦʚʣʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧ ʢ ʥʦʚʝʡʰʠʤ ʪʝʭʥʦʣʦʛʠʷʤ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʚʨʝʤʝʥʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʠʩʪʝʤ. ɻʠʙʢʦʩʪʴ ʠ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʩʠʪʫʘʮʠʷʤ ʷʚʣʷʶʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ SaaS, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʨʳʥʦʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʠ ʚʥʫʪʨʝʥʥʠʝ ʠʟʤʝʥʝʥʠʷ [6]. 

ɹʝʟʦʧʘʩʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ SaaS-ʤʦʜʝʣʷʤʠ, ʧʨʝʚʦʩʭʦʜʠʪ ʤʥʦʛʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ 

ʨʝʰʝʥʠʷ, ʧʨʝʜʣʘʛʘʷ ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʠ ʩʪʨʘʪʝʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʩʙʦʝʚ. 

ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʦʪʯʝʪʫ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ SaaS ʢʦʤʧʘʥʠʠ Adaptive Shield (ʀʟʨʘʠʣʴ), 

ʥʝʧʨʘʚʠʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ SaaS ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ [7]. 

ʇʦ ʜʘʥʥʳʤ ʦʧʨʦʩʘ [7], 63% ʨʝʩʧʦʥʜʝʥʪʦʚ ʟʘʷʚʠʣʠ, ʯʪʦ ʥʝʧʨʘʚʠʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ SaaS 

ʧʨʠʚʝʣʘ ʢ ʥʝʦʜʥʦʢʨʘʪʥʦʤʫ ʠʥʮʠʜʝʥʪʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 2022 ʛʦʜʫ. ʆʩʥʦʚʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʩʪʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʦʣʷ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʥʘʩʪʨʦʡʢʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʩʣʠʰʢʦʤ ʰʠʨʦʢʠʡ ʜʦʩʪʫʧ ʢ ʵʪʠʤ ʥʘʩʪʨʦʡʢʘʤ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʰʠʙʦʢ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʪʜʝʣʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʪʦʣʴʢʦ 26% ʦʧʨʦʰʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʦʡ ʪʠʧ 

ʪʝʭʥʦʣʦʛʠʠ. ʆʩʪʘʣʴʥʳʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʫʯʥʫʶ ʦʮʝʥʢʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʠʩʧʨʘʚʣʝʥʠʝ ʥʝʢʦʨʨʝʢʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ (ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3. ʏʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ SSPM ʦʨʛʘʥʠʟʘʮʠʷʤʠ, 2022 [7] 

 

ɺ ʢʦʥʪʝʢʩʪʝ ʚʦʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʷ SaaS Security Posture 

Management (SSPM)  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʝʧʨʝʨʳʚʥʳʡ 
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ʤʦʥʠʪʦʨʠʥʛ ʧʨʠʣʦʞʝʥʠʡ SaaS ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʦʙʣʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʥʝʜʨʝʥʠʝ SSPM ʠ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴ ʨʠʩʢ ʫʪʝʯʝʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʨʫʛʠʭ ʥʘʨʫʰʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʢʦʨʧʦʨʘʮʠʡ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʦʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ SaaS-

ʧʣʘʪʬʦʨʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʧʝʨʘʮʠʦʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʥʪʝʛʨʘʮʠʝʡ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ. 

 

ʊʘʙʣʠʮʘ 1 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ SaaS-ʧʣʘʪʬʦʨʤ [7] 
ʌʫʥʢʮʠʷ ʆʧʠʩʘʥʠʝ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ 

ʢʦʣʠʯʝʩʪʚʦ IT-ʨʝʩʫʨʩʦʚ 

(ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, 

ʧʘʤʷʪʠ, ʩʝʪʝʚʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ)ʧʦ ʪʨʝʙʦʚʘʥʠʶ. 

ɻʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʤʦʱʥʦʩʪʷʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʠʟʥʝʩ-

ʧʦʪʨʝʙʥʦʩʪʝʡ. 

ɿʘʪʨʘʪʳ ʤʦʛʫʪ 

ʚʦʟʨʘʩʪʠ ʩ ʨʦʩʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ. 

ʆʙʥʦʚʣʝʥʠʷ 
ʈʝʛʫʣʷʨʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʦʙʥʦʚʣʝʥʠʷ. 

ʆʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʦʝʚ ʠ 

ʚʩʝʛʜʘ ʘʢʪʫʘʣʴʥʦʝ ʇʆ. 

ʆʛʨʘʥʠʯʝʥʥʳʡ 

ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʚʨʝʤʝʥʝʤ ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʙʥʦʚʣʝʥʠʡ. 

ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

ɽʜʠʥʳʡ ʧʦʨʪʘʣ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʝʨʚʠʩʘʤʠ ʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. 

ʇʨʦʩʪʦʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʩʝʭ 

ʘʩʧʝʢʪʦʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʋʷʟʚʠʤʦʩʪʴ ʢ ʩʙʦʷʤ ʚ 

"ʝʜʠʥʦʡ ʪʦʯʢʝ 

ʦʪʢʘʟʘ" 

ʀʥʪʝʛʨʘʮʠʷ 
ʉʦʧʨʷʞʝʥʠʝ ʩ ʜʨʫʛʠʤʠ 

ʩʝʨʚʠʩʘʤʠ ʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. 

ɹʝʩʰʦʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ. 

ʉʣʦʞʥʦʩʪʠ ʩ 

ʠʥʪʝʛʨʘʮʠʝʡ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʩʪʦʨʦʥʥʠʭ API. 

ɹʝʟʦʧʘʩʥʦʩʪʴ 
ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ 

ʜʘʥʥʳʭ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʋʣʫʯʰʝʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʙʣʘʯʥʳʤʠ ʫʛʨʦʟʘʤʠ ʠ 

ʢʦʥʪʨʦʣʝʤ ʜʘʥʥʳʭ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ 
ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ 

ʟʘʜʘʯ. 

ʇʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʩʦʢʨʘʱʝʥʠʝ ʦʰʠʙʦʢ. 

ʉʣʦʞʥʦʩʪʠ ʚ 

ʥʘʩʪʨʦʡʢʝ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʛʠʙʢʦʩʪʴ. 

ɸʥʘʣʠʪʠʢʘ ʠ 

ʦʪʯʝʪʥʦʩʪʴ 

ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʙʦʨʘ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ɻʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ 

ʦʧʝʨʘʮʠʡ ʠ ʧʦʜʜʝʨʞʢʘ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʛʣʫʙʦʢʠʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʥʘʚʳʢʘʭ 
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ʇʦʜʜʝʨʞʢʘ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʊʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ ʦʪ 

ʧʦʩʪʘʚʱʠʢʘ. 

ʉʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ 

IT-ʦʪʜʝʣ ʠ ʦʧʝʨʘʪʠʚʥʦʝ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʢʘʯʝʩʪʚʘ ʧʦʜʜʝʨʞʢʠ 

ʧʦʩʪʘʚʱʠʢʘ. 

 

ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ SaaS-ʧʣʘʪʬʦʨʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʭ ʚʝʩʦʤʳʡ 

ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʠʝ ʛʠʙʢʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʦʧʨʷʞʝʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʨʠʩʢʘʤʠ. ɺʘʞʥʦ, ʯʪʦʙʳ ʢʦʤʧʘʥʠʠ ʬʦʨʤʫʣʠʨʦʚʘʣʠ 

ʯʝʪʢʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ SaaS. ʕʪʦ ʧʦʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʟʘʪʨʘʪʳ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʦʙʥʦʚʣʝʥʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʝʜʨʷʪʴ ʧʨʦʮʝʜʫʨʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʥʦʚʣʝʥʠʷʤʠ ʩʠʩʪʝʤʳ. ɼʘʥʥʘ ʩʪʨʘʪʝʛʠʷ ʦʙʝʩʧʝʯʠʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʋʩʠʣʝʥʠʝ 

ʧʦʣʠʪʠʢʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʨʝʛʫʣʷʨʥʳʝ ʘʫʜʠʪʳ ʫʯʝʪʥʳʭ ʟʘʧʠʩʝʡ ʠ ʧʨʘʚ ʜʦʩʪʫʧʘ ʩʪʘʥʫʪ 

ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʦʡ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʳʚʦʜ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ SaaS ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʷ ʛʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʙʠʟʥʝʩʘ. ʆʜʥʘʢʦ 

ʠʥʪʝʛʨʘʮʠʷ SaaS ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʫʯʠʪʳʚʘʷ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʠ ʩʦʭʨʘʥʥʦʩʪʴʶ ʜʘʥʥʳʭ. 

ʅʝʦʙʭʦʜʠʤʦ  ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʜʦʦʮʝʥʢʘ ʵʪʠʭ ʘʩʧʝʢʪʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʠʟʥʝʩʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ SaaS-ʧʣʘʪʬʦʨʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, ʥʦ ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʦʞʘʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʩʝʨʴʝʟʥʳʭ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʈʦʩʩʠʠ. 

ʂʘʞʜʳʡ ʛʦʜ ʦʥʠ ʧʨʠʚʦʜʷʪ ʢ ʛʠʙʝʣʠ ʣʶʜʝʡ, ʨʘʟʨʫʰʝʥʠʶ ʠʤʫʱʝʩʪʚʘ ʠ ʥʘʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -149- 

 

ʫʱʝʨʙ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʠʟʫʯʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʧʦʞʘʨʦʚ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʧʨʠʯʠʥʳ 

ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ ʧʦ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʞʘʨʳ, ʛʠʙʝʣʴ, ʪʨʘʚʤʘʪʠʟʤ, ʩʪʘʪʠʩʪʠʢʘ, ʫʯʸʪ. 

 

Abstract 

Fires are one of the most serious security threats in Russia. Every year they lead to the death of 

people, destruction of property and cause significant damage to the country's economy. Therefore, it is 

important to study the statistics of fires in order to understand the causes of their occurrence and 

develop effective measures to prevent them. 

Keywords: fires, deaths, injuries, statistics, accounting. 

 

ʇʦʞʘʨʳ ï ʵʪʦ ʩʝʨʴʝʟʥʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʝʞʝʛʦʜʥʦ ʚʦʟʥʠʢʘʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

[2]. ɼʘʥʥʘʷ ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ ʥʝ ʪʦʣʴʢʦ ʫʛʨʦʞʘʝʪ ʟʜʦʨʦʚʴʶ ʠ ʞʠʟʥʠ ʣʶʜʝʡ, ʥʦ ʠ ʥʘʥʦʩʷʪ 

ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʝ. ʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ 

ʘʩʧʝʢʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʛʨʘʞʜʘʥ, ʪʘʢ ʠ ʠʤʫʱʝʩʪʚʘ. ɺ 

ʈʦʩʩʠʠ ʚʦʧʨʦʩʳ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʩʨʝʜʠ ʧʨʠʦʨʠʪʝʪʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʤʝʨʳ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ ʠʤʝʝʪ ʰʝʩʪʠʟʥʘʯʥʳʝ ʮʠʬʨʳ, ʥʦ ʚʩʸ ʞʝ, ʙʣʘʛʦʜʘʨʷ ʧʦʩʪʦʷʥʥʦʡ 

ʧʨʦʬʠʣʘʢʪʠʢʝ, ʝʞʝʛʦʜʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʛʦʨʘʥʠʡ ʠʜʸʪ ʥʘ ʩʧʘʜ [4].  

ʈʘʟʙʝʨʸʤ ʩʪʘʪʠʩʪʠʢʫ ʧʦʞʘʨʦʚ ʚ ʧʝʨʠʦʜ ʩ 2018 ʧʦ 2022 ʛʦʜ. ɼʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʞʘʨʦʚ 

ʚʦʟʴʤʸʤ ʠʟ ʝʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʫʯʸʪʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʪʯʸʪʥʦʩʪʴ ʧʦ ʧʦʞʘʨʘʤ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷʤ [1]. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (ʈʌ) ʚ 2018 ʛʦʜʫ ʥʘ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 131840 ʧʦʞʘʨʦʚ, ʚ 2019 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʞʘʨʦʚ ʨʝʟʢʦ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 471426 ʧʦʞʘʨʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʩ 2020 ʛʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʰʣʦ ʥʘ 

ʩʧʘʜ, ʪʘʢ ʚ 2020 ʛʦʜʫ ʧʨʦʠʟʦʰʣʦ 439306 ʧʦʞʘʨʦʚ, ʚ 2021 ʛʦʜʫ 390764 ʩʣʫʯʘʝʚ ʚʦʟʛʦʨʘʥʠʷ, ʘ ʚ 

2022 ʛʦʜʫ 352509 ʧʦʞʘʨʦʚ. ʉʪʘʪʠʩʪʠʢʘ ʧʦʞʘʨʦʚ ʚ 2018-2022 ʛʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʜʠʘʛʨʘʤʤʝ 

ʧʦʞʘʨʦʚ ʨʠʩʫʥʦʢ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʘ ʧʦʞʘʨʦʚ ʚ ʧʝʨʠʦʜ ʩ 2018 ʧʦ 2022ʛʛ. 

 

ɼʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʦʪʨʘʞʘʶʪ ʩʪʘʪʠʩʪʠʢʫ ʧʦʞʘʨʦʚ ʟʘ ʧʝʨʠʦʜ ʩ 2018 ʧʦ 2022 ʛʦʜʳ. ʅʝ ʚʩʝ 

ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʧʨʦʩʪʦ ʬʠʥʘʥʩʦʚʳʤʠ ʧʦʪʝʨʷʤʠ - ʦʥʠ ʯʘʩʪʦ ʧʨʠʚʦʜʷʪ ʢ 

ʛʠʙʝʣʠ ʠ ʪʨʘʚʤʘʤ ʣʶʜʝʡ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʘʤʳʡ ʪʨʘʛʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʛʠʙʝʣʠ ʙʳʣ 
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ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ 2018 ʛʦʜʫ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʠʙʰʠʭ ʜʦʩʪʠʛʣʦ 9642 ʯʝʣʦʚʝʢ. ʅʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʚʤʠʨʦʚʘʥʥʳʭ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 2019 ʛʦʜʫ - 8559 ʯʝʣʦʚʝʢ. 

ɺʘʞʥʦʡ ʧʨʠʯʠʥʦʡ ʪʘʢʦʡ ʚʳʩʦʢʦʡ ʩʤʝʨʪʥʦʩʪʠ ʠ ʪʨʘʚʤʘʪʠʟʤʘ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʚʥʠʤʘʥʠʝ ʢ ʩʦʩʪʦʷʥʠʶ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʩʠʩʪʝʤ. ʄʥʦʛʠʝ ʟʜʘʥʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘʚʘʨʠʡʥʳʝ ʚʳʭʦʜʳ ʥʝ ʦʙʝʩʧʝʯʝʥʳ, ʘ ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʥʝ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʣʶʜʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʣʦʚʫʰʢʝ ʠʟ-

ʟʘ ʙʝʟʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʜʨʫʛʠʭ ʢ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʞʝ ʧʨʠʯʠʥʦʡ ʧʦʞʘʨʦʚ ʠ ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʷʚʣʷʝʪʩʷ ʥʝ 

ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʘ ʯʪʦ ʚ ʂʦʜʝʢʩʝ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʪʘʪʴʷ 20.4, ʢʦʪʦʨʘʷ ʪʘʢ ʠ ʟʚʫʯʠʪ çʅʘʨʫʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [3]. 

 

 
ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʛʠʙʝʣʠ ʥʘ ʧʦʞʘʨʘʭ ʚ ʧʝʨʠʦʜ 2018-2022 ʛʛ. 

 

ʉʨʝʜʠ ʚʩʝʭ ʧʦʞʘʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʸʪʩʷ 

ʫʙʳʪʢʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʷʤʦʤʫ ʫʱʝʨʙʫ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʧʨʷʤʦʛʦ ʫʱʝʨʙʘ, 

ʢʦʪʦʨʳʡ ʧʦʥʝʩʣʦ ʛʦʩʫʜʘʨʩʪʚʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʷʤʦʛʦ ʫʱʝʨʙʘ. ɼʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʤʝʝʪ 

ʣʦʤʘʥʥʫʶ ʣʠʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʷʤʦʡ ʫʱʝʨʙ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʞʘʨʘ ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ 2020 ʛʦʜʫ, ʪʦʛʜʘ ʦʥ ʩʦʩʪʘʚʠʣ 20876301 ʪʳʩʷʯ ʨʫʙʣʝʡ. 

ʇʦʞʘʨʳ ʚ ʈʦʩʩʠʠ ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʝʙʨʝʞʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʦʛʥʶ. ʉʦʞʞʝʥʥʳʝ ʣʝʩʥʳʝ ʤʘʩʩʠʚʳ ʠ ʧʫʩʪʫʶʱʠʝ ʟʜʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ 

ʛʨʫʩʪʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʵʪʦʡ ʥʝʨʘʟʫʤʥʦʩʪʠ. ʅʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʘ ʩʪʨʘʜʘʝʪ ʦʪ ʧʣʘʤʝʥʠ, ʥʦ ʠ 

ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʣʶʜʝʡ, ʯʝʡ ʜʦʤ ʠ ʩʨʝʜʩʪʚʘ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʩʠʩʪʝʤ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʩʝʨʴʝʟʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʧʦʞʘʨʦʚ. ʆʜʥʘʢʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʚ ʈʦʩʩʠʠ ʝʱʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʵʪʦʡ 

ʧʨʦʙʣʝʤʝ. ʉʪʘʨʳʝ ʟʜʘʥʠʷ, ʣʠʰʝʥʥʳʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʩʠʩʪʝʤ, ʩʪʘʚʷʪ ʞʠʟʥʠ 

ʣʶʜʝʡ ʧʦʜ ʫʛʨʦʟʫ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ. 
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ʊʨʘʚʤʳ ʠ ʛʠʙʝʣʴ ʥʘ ʧʦʞʘʨʘʭ 

ʊʨʘʚʤʠʨʦʚʘʥʥʳʝ ʇʦʛʠʙʰʠʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -151- 

 

 
ʈʠʩʫʥʦʢ 3. ɼʠʘʛʨʘʤʤʘ ʧʨʷʤʦʛʦ ʫʱʝʨʙʘ ʥʘ ʧʦʞʘʨʘʭ ʚ 2018 ï 2022 ʛʛ. 

 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʦʚ ʠ ʩʥʠʞʝʥʠʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ. ɺʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʣʠʯʠʝ ʠ ʠʩʧʨʘʚʥʦʩʪʴ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, 

ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʘʚʘʨʠʡʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚʦ ʚʩʝʭ ʟʜʘʥʠʷʭ. ʈʝʛʫʣʷʨʥʘʷ ʧʨʦʚʝʨʢʘ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʦʚ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʧʨʦʬʠʣʘʢʪʠʢʝ ʧʦʞʘʨʦʚ ʚ ʞʠʣʳʭ ʜʦʤʘʭ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʙʫʯʘʪʴ ʞʠʣʴʮʦʚ ʧʨʘʚʠʣʘʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʠ ʘʢʢʫʨʘʪʥʦʩʪʴ ʧʨʠ ʢʫʨʝʥʠʠ. ʊʘʢʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʧʨʦʚʝʨʢʫ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʛʘʟʦʚʳʭ ʩʠʩʪʝʤ ʚ ʜʦʤʘʭ. 

ʇʦʞʘʨʳ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʈʦʩʩʠʠ ʠʤʝʶʪ ʩʝʨʴʝʟʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ. ʇʨʠʥʷʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʞʘʨʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʶ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʰʘʛʦʤ ʜʣʷ ʟʘʱʠʪʳ ʞʠʟʥʝʡ ʠ ʠʤʫʱʝʩʪʚʘ ʣʶʜʝʡ [2]. 

ʂʦʦʨʜʠʥʘʮʠʷ ʫʩʠʣʠʡ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʚʢʣʶʯʘʷ ʧʨʘʚʠʪʝʣʴʩʪʚʦ, ʦʨʛʘʥʳ ʄʏʉ, 

ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʛʨʘʞʜʘʥ, ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʙʝʟʦʧʘʩʥʫʶ ʩʨʝʜʫ ʠ ʩʥʠʟʠʪʴ ʯʠʩʣʦ 

ʧʦʞʘʨʦʚ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʈʦʩʩʠʠ, ʜʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ, ʢ ʧʨʠʤʝʨʫ 

ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 16.09.2020 ˉ 1479 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ʧʨʘʚʠʣ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè [5].  

***  

1. ɺ.ʉ. ɻʦʥʯʘʨʝʥʢʦ, ʊ.ɸ. ʏʝʯʝʪʠʥʘ, ɺ.ʀ. ʉʠʙʠʨʢʦ, ʆ.ɺ. ʅʘʜʪʦʯʠʡ ʇʦʞʘʨʳ ʠ ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ 2022 

ʛʦʜʫ: ʠʥʬʦʨʤ.- ʘʥʘʣʠʪʠʯ. ʩʙ. ʇ 46 ɹʘʣʘʰʠʭʘ: ʌɻɹʋ ɺʅʀʀʇʆ ʄʏʉ ʈʦʩʩʠʠ, 2023. 80 ʩ. 

2. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ "ʆ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ" ʦʪ 21.12.1994 N 69-ʌɿ (ʧʦʩʣʝʜʥʷʷ ʨʝʜʘʢʮʠʷ). 

3. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 30.12.2001 N 195 çʂʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭè. 

4. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 31.12.2015 ˉ 683 çʆ ʉʪʨʘʪʝʛʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè. 

5. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 16.09.2020 ˉ 1479 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʨʘʚʠʣ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. 
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-152- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʍʘʙʠʨʦʚ ʌ.ʌ., ɺʦʭʤʠʥ ɺ.ʉ., ʀʜʨʠʩʦʚ ɸ.ɺ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ʧʪʠʯʥʠʢʘ 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʋʬʘ) 

doi: 10.18411/trnio-06-2024-888 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʛʝʥʝʨʘʪʦʨ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ʧʪʠʯʥʠʢʘ. ɼʣʷ ʵʪʦʛʦ ʙʫʜʫʪ 

ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʜʦʙʨʘʪʴ ʥʘʠʣʫʯʰʠʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʠ ʧʨʦʚʝʩʪʠ ʩ ʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ, 

ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ, ʦʩʚʝʱʝʥʥʦʩʪʴ, ʧʪʠʯʥʠʢ, ʦʩʚʝʱʝʥʠʷ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, 

ʘʚʪʦʥʦʤʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ. 

 

Abstract 

This article considers the possibility of using alternative energy sources, such as a photoelectric 

converter and a thermoelectric generator for autonomous power supply of the barn lighting system. To 

this end, the characteristics of the various thermoelectric modules will be examined to determine the 

best thermoelectric module and the specifications of the solar transducer will be considered. 

Keywords: ʨhotoelectric converter, thermoelectric generator, temperature difference, light, 

poultry house, lighting, alternative energy source, autonomous power supply. 

 

ɺ ʚʠʜʫ ʧʦʚʳʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʦʚʳʰʘʝʪʩʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʚʪʦʥʦʤʥʫʶ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ 

ʧʪʠʯʥʠʢʘ ʥʘ ʙʘʟʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ, ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʧʨʦʜʫʢʮʠʠ ʧʪʠʮʝʚʦʜʩʪʚʘ [1, 2, 4]. 

ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ ʛʦʜʘ, ʢʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩʦʣʥʮʘ ʚʳʰʝ, ʘʢʪʫʘʣʴʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʢʦʛʜʘ, ʧʨʠʤʝʥʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʘʢʪʫʘʣʴʥʦ ʧʨʠʤʝʥʠʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ (ʊʕɻ) ʚ 

ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ ʠʣʠ ʜʳʤʦʦʪʚʝʜʝʥʠʷ. ʊʕɻ, ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʩʪʦʨʦʥʘʤʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ (ʊʕʄ), ʛʜʝ ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ ʙʫʜʝʪ ʥʘʛʨʝʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʫʭʦʜʷʱʠʭ 

ʛʘʟʦʚ ʠʣʠ ʪʝʧʣʦʪʳ ʪʨʫʙ ʦʪʦʧʣʝʥʠʷ, ʘ ʜʨʫʛʘʷ ʩʪʦʨʦʥʘ ʦʭʣʘʞʜʘʪʴʩʷ ʟʘ ʩʯʝʪ ʨʘʜʠʘʪʦʨʦʚ 

ʦʭʣʘʞʜʝʥʠʷ, ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʪʝʨʤʦ-ʕɼʉ, ʢʦʪʦʨʦʝ ʚʦʟʤʦʞʥʦ ʧʦʣʝʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʠ ʪ.ʜ. 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʘʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʪʠʯʥʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʙʠʥʘʮʠʶ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʈʘʙʦʪʘʝʪ ʘʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ 

ʧʦʣʫʯʘʝʤʘʷ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 1 ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 3 

ʧʦʩʪʫʧʘʝʪ ʧʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʦʚʦʜʘʤ 2 ʢ ʢʦʥʪʨʦʣʣʝʨʫ ʟʘʨʷʜʘ 4 ʠ ʧʦʪʦʤ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʝ 5, ʜʘʣʴʰʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʥʘʢʦʧʣʝʥʥʘʷ ʚ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʝ 5 ʧʦʩʪʫʧʘʝʪ ʚ ʠʥʚʝʨʪʦʨ 6, ʛʜʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʠ ʧʦʩʪʫʧʘʝʪ ʧʦʪʨʝʙʠʪʝʣʷʤ [1, 2, 4]. ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʢʨʳʰʝ, ʠʣʠ ʨʷʜʦʤ ʩʦ ʟʜʘʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʪʨʝʙʫʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʥʦ ʚ ʪʝʭ ʤʝʩʪʘʭ, 

ʛʜʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʘʷ ʩʦʣʥʝʯʥʘʷ ʠʥʩʪʘʣʣʷʮʠʷ. ʃʝʪʦʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʫ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʘʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ 

ʵʣʝʢʪʨʦʦʩʚʝʱʝʥʠʷ ʙʫʜʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ, ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ, ʩʦʣʥʮʘ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -153- 

 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʚ ʩʠʩʪʝʤʝ ʫʩʪʘʥʦʚʣʝʥ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ (ʊʕɻ). ɿʘ ʩʯʝʪ ʊʕɻ 

ʙʫʜʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʢ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ. 

ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʊʕɻ ʙʫʜʝʪ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪʩʷ ʚ ʟʠʤʥʝʝ 

ʚʨʝʤʷ ʛʦʜʘ, ʠ ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʚ ʊʕɻ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʦʩʚʝʱʝʥʠʷ 

ʧʪʠʯʥʠʢʘ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ 10 ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ 8 ʟʘ ʩʯʝʪ ʧʣʘʩʪʠʥ 9, 11 

ʠ ʟʘʪʷʛʠʚʘʝʪʩʷ ʙʦʣʪʦʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 12. 

 

 
ʈʠʩʫʥʦʢ 1. ɸʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: 1 ï ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 2 ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʨʦʚʦʜʘ; 3 ï ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ; 4 ï ʢʦʥʪʨʦʣʣʝʨ ʟʘʨʷʜʘ; 5 ï ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ 

ʙʘʪʘʨʝʷ; 6 ï ʠʥʚʝʨʪʦʨ; 7 ï ʧʨʦʚʦʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 220 ɺ; 8 ï ʪʨʫʙʦʧʨʦʚʦʜ ʩ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ; 9 ï 

ʧʣʘʩʪʠʥʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ; 10 ï ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ; 11 ï 

ʧʣʘʩʪʠʥʘ ʜʣʷ ʬʠʢʩʘʮʠʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ; 12 ï ʙʦʣʪʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ 

 

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ 

ʄʦʜʝʣʴ 
ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʤʦʱʥʦʩʪʴ, ɺʪ 

ʅʘʧʨʷʞʝʥʠʝ 

ʧʠʪʘʥʠʷ, ɺ 

ʈʘʟʤʝʨʳ, 

ʤʤ 

ʉʦʧʨʦʪʠʚʣ

ʝʥʠʝ, ʆʤ 

ʍʦʣʦʜʦʧʨʦʠʟʚʦ

ʜʠʪʝʣʴʥʦʩʪʴ, ɺʪ 

ʈʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, 
0
ʉ 

TEC1-12703 39 12 30x30x3,5 4,4 27 -50é+80 

TEC1-12704 40 12 

40x40x4 

3,3 36 -55é+83 

TEC1-12705 41 12 2,7 30 -55é+83 

TEC1-12706 51,4 12 2,5 65 -55é+83 

TEC1-12708 68,8 12 1,05 68,8 -50é+80 

TEC1-12709 80,1 12 
40x40x3,5 

1,71 82 -55é+83 

TEC1-12715 137 12 1,05 137 -30é+70 

SP1848 27145 SA - 12 40ʭ40ʭ4 - - -30é+120 

TEP1-142T300 - 12 40x40x3,8 4,3 - -40é+300 

 

ʇʦ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʪʘʙʣʠʮʝ 1 ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ ʦʢʘʟʘʣʩʷ ʊʕʄ TEP1-142T300 [1, 4].  

ɼʘʣʝʝ ʦʧʨʝʜʝʣʠʣʠ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʕʄ TEP1-142T300 ʚ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʛʝʥʝʨʘʪʦʨʝ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥ ʚ ʩʠʩʪʝʤʫ ʦʪʦʧʣʝʥʠʷ ʠʣʠ ʚ ʩʠʩʪʝʤʫ 

ʜʳʤʦʦʪʚʝʜʝʥʠʷ ʧʪʠʯʥʠʢʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ TEP1-142T300 ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦ ʩʩʳʣʢʝ [4]. 

ʇʨʠ ʨʘʟʥʠʮʝ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʩʪʦʨʦʥʘʤʠ ʤʦʜʫʣʷ TEP1-142T300 ʦʪ 0é100 Áʉ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ 3 ʦʧʳʪʘ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʠʤ ʥʘ 

ʛʨʘʬʠʢʝ ʥʘ ʨʠʩʫʥʢʝ 2. 

 



-154- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʧʦʣʫʯʝʥʠʝ ʪʝʨʤʦ-ʕɼʉ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʜʥʦʛʦ ʤʦʜʫʣʷ TEP1-142T300 

 

ʇʦ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʛʨʘʬʠʢʫ ʥʘ ʨʠʩʫʥʢʝ 2 ʚʠʜʥʦ, ʯʪʦ ʦʪ ʦʜʥʦʛʦ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʊʕʄ ʚ 100 Áʉ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʥʘʧʨʷʞʝʥʠʝ U=1,46 ɺ.  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ 90 Áʉ ʠ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ 25 Áʉ, ʧʦʣʫʯʘʝʤ ʨʘʟʥʠʮʫ 

ʪʝʤʧʝʨʘʪʫʨ ʚ 65 Áʉ. ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 2 ʧʦʣʫʯʠʤ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʧʦʣʫʯʠʤ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 3,6 ɺ ʠ ʪʦʢ 489 ʤɸ. ʇʦ ʟʘʜʘʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʩʙʦʨʢʫ ʠʟ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʜʣʷ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ [1, 2, 3, 4]. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ FSM 600M TP M12 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʩʩʳʣʢʝ [3]. 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚʳʨʘʙʘʪʳʚʘʝʪ 24 ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ ʚ ʩʫʤʤʝ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʘʢʢʫʤʫʣʷʪʦʨʝ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ. 

ɺʳʚʦʜ: ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʪʦʧʣʠʚʝ ʧʦʣʫʯʠʣʠ: 

1. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ TEP1-142T300, 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨ ʚ 100 Áʉ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ 

1,46 ɺ. 

2. ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚʳʨʘʙʘʪʳʚʘʝʪ 24 ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʤʦʱʥʦʩʪʴ ʝʛʦ ʨʘʚʥʦ 600 ɺʪ, ʯʪʦ ʚ ʩʫʤʤʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʛʝʥʝʨʘʪʦʨʦʤ 

ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʘʢʢʫʤʫʣʷʪʦʨʝ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʚʝʱʝʥʠʷ ʘʚʪʦʥʦʤʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠ ʘʢʪʫʘʣʴʥʦ, ʚ ʩʚʷʟʠ ʩ ʧʦʣʝʟʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 

***  
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ɺʆ ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ; ʟʘʷʚʣ. 01.10.2021; ʦʧʫʙʣ. 23.09.2021, ɹʶʣ. ˉ 27.  ï 

8 ʩ. 

2. ʍʘʙʠʨʦʚ, ʌ.ʌ. ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʩʠʩʪʝʤʝ ʜʳʤʦʦʪʚʝʜʝʥʠʷ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʊʝʭʥʦʣʦʛʠʠʩʪʨʦʡʩʝʨʚʠʩè 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜ, ʩʨʝʜʘ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʫʣʫʯʰʝʥʠʝ, ʘʩʩʦʨʪʠʤʝʥʪ. 

 

Abstract 

The article considers the need to create an integrated quality management system at the 
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ɺʥʝʜʨʝʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʤʝʥʝʜʞʤʝʥʪʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ 

ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʝʨʴʝʟʥʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ʩʦ ʩʪʦʨʦʥʳ 

ʟʘʧʘʜʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʡ, ʧʦʜʪʚʝʨʜʠʚʰʠʭ ʩʝʨʪʠʬʠʢʘʪʘʤʠ ʩʚʦʠ ʜʦʩʪʠʞʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʪʨʫʜʘ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʬʝʨ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʩʪʘʥʜʘʨʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʤʝʥʝʜʞʤʝʥʪʘ. ʀʥʪʝʨʝʩ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ 

ʤʝʥʝʜʞʤʝʥʪʘ ʚʦ ʤʥʦʛʦʤ ʚʳʟʚʘʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʥʜʝʥʮʠʠ ʢʘʢ ʟʘ 

ʨʫʙʝʞʦʤ, ʪʘʢ ʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʥʪʝʛʨʘʮʠʠ ʷʚʣʷʝʪʩʷ: ʢʦʤʧʣʝʢʩʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ: ʘʢʮʠʦʥʝʨʦʚ, ʠʥʚʝʩʪʦʨʦʚ, 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʝʨʩʦʥʘʣʘ, ʦʙʱʝʩʪʚʘ; ʫʣʫʯʰʝʥʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ 

ʩʪʦʨʦʥʘʤʠ ʠ ʨʦʩʪ ʜʝʣʦʚʦʡ ʨʝʧʫʪʘʮʠʠ; ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʬʣʠʢʪʘ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ; ʧʨʠʤʝʥʝʥʠʝ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʚ ʨʘʤʢʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʠ 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ ʨʠʩʢʘʤʠ; ʧʦʚʳʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʨ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘʤʠ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʅʝʜʘʚʥʦ ʚʳʰʝʜʰʠʡ ʩʪʘʥʜʘʨʪ ɻʆʉʊ ʈ ʀʉʆ 9001-2015 çʉʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ. 

ʊʨʝʙʦʚʘʥʠʷè, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ, ʚʥʝʜʨʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ʨʦʩʪʘ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʷ ʢʘʯʝʩʪʚʝʥʥʳʤ ʚʳʧʦʣʥʝʥʠʝʤ ʝʛʦ ʪʨʝʙʦʚʘʥʠʡ. 

ʉʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ɻʆʉʊ ʈ ʀʉʆ 22000-2007, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʟʚʦʣʠʪ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʟʨʘʙʦʪʘʪʴ, ʚʥʝʜʨʠʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʫ ʤʝʥʝʜʞʤʝʥʪʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 



-156- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʧʨʠ ʫʩʣʦʚʠʠ ʝʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʩʪʦʨʦʥʘʤ ʩʪʘʥʜʘʨʪ ʤʦʞʝʪ ʜʘʪʴ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʚʥʝʜʨʠʚʰʘʷ 

ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʷʚʣʷʪʴ ʨʠʩʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ ʠ ʫʧʨʘʚʣʷʪʴ ʵʪʠʤʠ 

ʨʠʩʢʘʤʠ. 

ʅʘ   ʨʠʩʫʥʢʝ   1   ʨʘʩʩʤʦʪʨʠʤ   ʦʙʣʘʩʪʠ    ʠʥʪʝʛʨʘʮʠʠ    ʩʪʘʥʜʘʨʪʦʚ ɻʆʉʊ ʈ ʀʉʆ 9001 ʠ 

ɻʆʉʊ ʈ ʀʉʆ 22000. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʥʠʷ ʀʉʆ 9001 ʚ ʩʪʘʥʜʘʨʪʝ ʀʉʆ 22000 

ʦʪʩʫʪʩʪʚʫʶʪ ʠ, ʥʘʦʙʦʨʦʪ, ʚ ʩʠʣʫ ʨʘʟʥʳʭ ʮʝʣʝʡ ʠ ʦʙʲʝʢʪʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʧʦʵʪʦʤʫ ʥʘ ʙʘʟʝ 

ʜʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʝʦʙʭʦʜʠʤʘ ʠ ʚʦʟʤʦʞʥʘ ʠʥʪʝʛʨʘʮʠʷ. 

ʅʘ ʠʩʩʣʝʜʫʝʤʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʠʥʪʝʛʨʠʨʦʚʚʘʥʠʷ ʚ ʯʘʩʪʠ 

çʃʠʜʝʨʩʪʚʦè. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ISO 9001:2015 ʣʠʜʝʨʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʥʮʠʧʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʨʫʛʠʝ ʧʨʠʥʮʠʧʳ ʠ ʧʦʵʪʦʤʫ 

ʩʯʠʪʘʝʪʩʷ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ ʚ ʧʨʦʛʨʘʤʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. 

 

 
ʈʠʩʫʥʦʢ 1. ʆʙʣʘʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʩʪʘʥʜʘʨʪʦʚ ɻʆʉʊ ʈ ʀʉʆ 9001 ʠ ɻʆʉʊ ʈ ʀʉʆ 22000 

 

ʇʨʠ ʫʧʨʘʚʣʝʥʠʠ ʉʄʂ ʧʦʚʝʜʝʥʠʝ ʣʠʜʝʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʠʤʝʨ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʪʥʦʰʝʥʠʷ ʠ ʮʝʥʥʦʩʪʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʣʠʜʝʨʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʧʷʪʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ. ɺʘʥ ʂʝʤʝʥʘʜʝ 

ʪʘʢʞʝ ʫʧʦʤʠʥʘʝʪ, ʯʪʦ çʤʝʞʢʫʣʴʪʫʨʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʘʜʘʧʪʠʚʥʦʩʪʴ, ʛʠʙʢʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʠʥʝʨʛʠʠè ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʫʢʦʚʦʜʩʪʚʘ ʉʄʂ. 

ʋʯʘʩʪʠʝ ʨʫʢʦʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʨʦʚʥʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʰʝ ʩʨʝʜʥʝʛʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʠ 

ʧʦʟʠʪʠʚʥʫʶ ʘʪʤʦʩʬʝʨʫ ʩʨʝʜʠ ʩʦʪʨʫʜʥʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʘʷ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʣʠʜʝʨʘ ʜʘʝʪ 

ʨʘʙʦʪʥʠʢʘʤ ʙʦʣʴʰʫʶ ʤʦʪʠʚʘʮʠʶ ʠ ʚʳʟʳʚʘʝʪ ʞʝʣʘʥʠʝ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʘʟʚʠʪʠʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ ʚʳʩʰʝʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -157- 

 

ʚʥʝʜʨʝʥʠʷ ʉʄʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʪʥʦʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʃʠʜʝʨʩʪʚʦ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʧʘʨʘʜʠʛʤʝ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʠʟ-ʟʘ 

ʝʛʦ ʨʦʣʠ ʚ ʨʘʟʚʠʪʠʠ ʉʄʂ ʠ ʫʧʨʘʚʣʝʥʠʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʠʣʝʡ 

ʨʫʢʦʚʦʜʩʪʚʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ 

ʩʪʠʣʠ ʨʫʢʦʚʦʜʩʪʚʘ: 

- ʪʨʘʥʟʘʢʮʠʦʥʥʦʝ ʣʠʜʝʨʩʪʚʦ: ʣʠʜʝʨ ʨʝʰʘʝʪ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜ çʢʥʫʪʘ ʠ 

ʧʨʷʥʠʢʘè, ʪʱʘʪʝʣʴʥʦʝ ʚʳʷʚʣʝʥʠʝ ʦʰʠʙʦʢ ʧʦʜʯʠʥʝʥʥʳʭ; 

- ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦʝ ʣʠʜʝʨʩʪʚʦ: ʣʠʜʝʨ ï ʦʙʨʘʟʝʮ ʜʣʷ ʧʦʜʨʘʞʘʥʠʷ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ, ʝʛʦ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʤʦʪʠʚʘʮʠʠ, ʤʦʨʘʣʴʥʦʛʦ 

ʜʫʭʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ; 

- ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦ - ʪʨʘʥʟʘʢʮʠʦʥʥʦʝ ʣʠʜʝʨʩʪʚʦ: ʣʠʜʝʨ ʩʦʯʝʪʘʝʪ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ 

ʦʙʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʠʣʷ ʨʫʢʦʚʦʜʩʪʚʘ; 

- ʣʠʜʝʨʩʪʚʦ ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʘ: ʣʠʜʝʨ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʨʫʢʦʚʦʜʠʪ ʢʦʤʘʥʜʦʡ, ʘ 

ʚʤʝʩʪʦ ʵʪʦʛʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʘʥʜʝ ʧʦʣʥʦʩʪʴʶ ʨʫʢʦʚʦʜʠʪʴ ʩʦʙʦʡ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦʝ ʣʠʜʝʨʩʪʚʦ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʦʣʛʦʩʨʦʯʥʦʝ ʚʠʜʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʝ, ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ ʜʝʣʫ, ʣʠʯʥʦʤʫ 

ʨʘʟʚʠʪʠʶ ʠ ʦʙʤʝʥʫ ʦʧʳʪʦʤ ʠ ʟʥʘʥʠʷʤʠ. ʊʘʢ ʩʯʠʪʘʶʪ ʄʘʢʬʘʜʜʝʥ ʂ.ʃ. ʠ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ. 

ɺʥʝʜʨʝʥʠʝ ʉʄʂ ʩʚʷʟʘʥʦ ʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʢ ʧʨʝʧʷʪʩʪʚʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʪʨʘʥʟʘʢʮʠʦʥʥʦʝ ʣʠʜʝʨʩʪʚʦ ʦʢʘʟʳʚʘʝʪ 

ʙʦʣʴʰʝʝ, ʯʝʤ ʦʞʠʜʘʣʦʩʴ, ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ɹʘʨʙʦʟʘ ʌ.ʄ. ʠ ʜʨ. ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ çʪʨʘʥʟʘʢʮʠʦʥʥʦʝ ʣʠʜʝʨʩʪʚʦ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʦʧʝʨʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴè. ʊʘʢ, ʥʝʩʢʦʣʴʢʦ ʘʚʪʦʨʦʚ ʦʙʲʝʜʠʥʠʣʠ ʦʙʘ ʩʪʠʣʷ ʣʠʜʝʨʩʪʚʘ, 

ʩʦʩʪʘʚʠʚ çʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦ - ʪʨʘʥʟʘʢʮʠʦʥʥʳʡè ʩʪʠʣʴ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʦʚʣʝʯʝʥʥʦʩʪʴ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʦʪʠʚʘʮʠʠ ʠ ʠʥʪʝʨʝʩʘʭ ʢʦʤʘʥʜʳ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʣʠʜʝʨʩʪʚʘ, ʥʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʤʝʥ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷʤʠ ʟʘ ʫʩʠʣʠʷ ʠ 

ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʪʨʘʥʟʘʢʮʠʦʥʥʦʛʦ ʣʠʜʝʨʩʪʚʘ. ɹʘʨʙʦʟʘ 

ʌ.ʄ. ʠ ʜʨ. ʚ 2017 ʛʦʜʫ ʜʦʙʘʚʠʣʠ ʢ ʦʙʩʫʞʜʝʥʠʶ ʝʱʝ ʦʜʥʫ ʧʝʨʝʤʝʥʥʫʶ. ʆʥʠ ʫʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʣʫʯʰʝʛʦ ʩʪʠʣʷ ʨʫʢʦʚʦʜʩʪʚʘ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʉʄʂ, ʥʦ ʦʥ ʟʘʚʠʩʠʪ ʦʪ 

ʢʫʣʴʪʫʨʳ, ʮʝʥʥʦʩʪʝʡ ʠ ʢʦʥʪʝʢʩʪʘ ʨʘʟʨʘʙʦʪʢʠ ʉʄʂ.  

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʣʠʜʝʨʩʪʚʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʷʭ 

ʤʝʞʜʫ ʩʪʠʣʷʤʠ ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʢʘʯʝʩʪʚʦʤ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦʤ ʣʠʜʝʨʩʪʚʝ, ʜʨʫʛʠʝ ð ʥʘ ʚʣʠʷʥʠʠ ʪʨʘʥʟʘʢʮʠʦʥʥʦʛʦ 

ʣʠʜʝʨʩʪʚʘ, ʪʨʝʪʴʠ ð ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʣʠʷʥʠʷ ʜʚʫʭ ʩʪʠʣʝʡ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦ-

ʪʨʘʥʟʘʢʮʠʦʥʥʳʡ ʤʠʢʩ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʛʦ ʣʫʯʰʝʛʦ ʩʪʠʣʷ ʨʫʢʦʚʦʜʩʪʚʘ; ʚʤʝʩʪʦ ʵʪʦʛʦ ʦʥ 

ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʦʥʪʝʢʩʪʫ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʩʪʥʦ ʫʛʣʫʙʠʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʪʠʣʷʤʠ ʣʠʜʝʨʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʢʘʯʝʩʪʚʦʤ, ʭʦʪʷ ʠ ʙʦʣʝʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ 

ʜʣʷ ʢʘʞʜʦʡ ʩʠʪʫʘʮʠʠ, ʠʟʙʝʛʘʷ ʦʙʦʙʱʝʥʠʡ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʩʪʠʣʴ 

ʨʫʢʦʚʦʜʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʦʩʪʠʞʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʟʨʝʣʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʛʨʘʤʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʪʫʧʝʥʝʡ, ʯʪʦʙʳ ʧʦʤʦʯʴ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʫʩʠʣʠʪʴ ʧʨʘʢʪʠʢʫ ʣʠʜʝʨʩʪʚʘ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʝʢʩʪ 

ʨʘʟʨʘʙʦʪʢʠ ʉʄʂ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʟʠʪʠʚʠʩʪʩʢʘʷ ʬʠʣʦʩʦʬʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʜʝʜʫʢʪʠʚʥʦʤ ʧʦʜʭʦʜʝ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʪʝʦʨʠʷʭ ʣʠʜʝʨʩʪʚʘ ʠ ʤʦʜʝʣʷʭ ʟʨʝʣʦʩʪʠ ʉʄʂ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʚʩʝʦʙʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ, ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ. ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ 

ʢʦʤʧʘʥʠʠ ʥʘ ʨʳʥʢʝ, ʘ ʦʙʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʦʩʪʦʷʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʨʦʜʫʢʮʠʠ. ʂʦʨʧʦʨʘʪʠʚʥʘʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʨʘʞʘʝʪ 

ʩʪʝʧʝʥʴ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʧʘʥʠʝʡ ʩʚʦʠʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʢʣʠʝʥʪʦʚ. ɺʩʝ ʪʨʠ ʘʩʧʝʢʪʘ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʚʣʠʷʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʩʦʟʜʘʚʘʷ ʦʩʥʦʚʫ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ, ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʢʦʨʧʦʨʘʪʠʚʥʦʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ, ʫʩʧʝʭ ʢʦʤʧʘʥʠʠ, ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʨʳʥʦʢ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, 

ʧʦʩʪʦʷʥʥʦʝ ʫʣʫʯʰʝʥʠʝ, ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʮʝʣʠ, ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ, 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ. 

 

 

Abstract 

The relationship between total quality management, product quality and corporate 

performance. Product quality is a key factor for a company's success in the market, and total quality 

management ensures process efficiency and continuous product improvement. Corporate performance, 

in turn, reflects the extent to which a company achieves its strategic goals and meets customer needs. 

All three aspects are interconnected and influence each other, creating the basis for sustainable 

development and competitiveness of the company. 

Keywords: quality management, product quality, corporate performance, company success, 

key factors, market, process efficiency, continuous improvement, strategic goals, needs satisfaction, 

competitiveness, sustainable development. 

 

ʇʨʦʙʣʝʤʘ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʦʣʴ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʘʞʥʘ ʚ ʢʦʤʧʘʥʠʠ ʣʶʙʦʛʦ ʨʘʟʤʝʨʘ. ʆʩʦʙʝʥʥʦ ʵʪʘ ʧʨʦʙʣʝʤʘ  ʘʢʪʫʘʣʴʥʘ 

ʜʣʷ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʚ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʤʠʨʦʚʦʡ 

ʙʠʟʥʝʩ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ ʥʘʜ ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʦʝ ʩʪʘʣʦ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʘʥʠʡ. ʅʘʯʘʣʦʤ ʵʪʦʡ ʵʚʦʣʶʮʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 1920-ʝ 

ʛʦʜʳ, ʢʦʛʜʘ ʙʳʣʘ ʚʚʝʜʝʥʘ ʢʦʥʮʝʧʮʠʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ, ʚʢʣʶʯʘʷ TQM, ʛʜʝ ʚʩʝ ʵʣʝʤʝʥʪʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʚʣʝʯʝʥʳ ʚ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ. ʄʘʣʳʡ ʠ ʩʨʝʜʥʠʡ ʙʠʟʥʝʩ ʈʦʩʩʠʠ, 

ʷʚʣʷʷʩʴ ʟʥʘʯʠʤʳʤ ʟʚʝʥʦʤ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ, ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʚʥʠʤʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʂʘʯʝʩʪʚʦ ʫʣʫʯʰʘʝʪ ʨʝʧʫʪʘʮʠʶ ʢʦʤʧʘʥʠʠ, ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʨʳʥʢʝ, ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʥʘʨʷʜʫ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ 

ʩʪʠʤʫʣʠʨʫʝʪ ʨʳʥʦʢ, ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʣʦʷʣʴʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺʩʝʦʙʱʝʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -159- 

 

ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ (TQM) ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ. TQM ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʫʩʧʝʭʘ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʝʚ, 

ʪʘʢʠʭ ʢʘʢ ʣʠʜʝʨʩʪʚʦ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʢʣʠʝʥʪʦʚ, ʠʥʬʦʨʤʘʮʠʷ ʠ 

ʘʥʘʣʠʪʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʦʤ ʠ ʜʨʫʛʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 

ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʥʘʯʠʥʘʷ ʩ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ. 

ʅʘʧʨʠʤʝʨ, ʚ ʢʦʥʪʝʢʩʪʝ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʦʞʠʜʘʶʪʩʷ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʯʠʩʪʦʪʘ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʨʦʮʝʜʫʨ, ʜʨʫʞʝʣʶʙʠʝ ʧʝʨʩʦʥʘʣʘ, ʜʦʩʪʫʧʥʳʝ ʮʝʥʳ ʠ 

ʵʬʬʝʢʪʠʚʥʦʝ ʣʝʯʝʥʠʝ. ɺ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʦʚ, ʥʘʧʨʠʤʝʨ ʦʙʫʚʠ, ʚʘʞʥʳ ʧʦʢʘʟʘʪʝʣʠ: 

ʫʜʦʙʩʪʚʦ ʤʦʜʝʣʠ, ʥʘʜʝʞʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ, 

ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ.  

ʈʘʟʣʠʯʥʳʝ ʘʚʪʦʨʳ ʚʳʜʝʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʧʮʠʠ ʢʘʯʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʪʨʠʣʦʛʠʷ 

ɼʞʫʨʘʥʘ, ʚʢʣʶʯʘʶʱʘʷ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʢʦʥʪʨʦʣʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ. ʂʦʥʮʝʧʮʠʠ 

ʂʨʦʩʙʠ ʚʢʣʶʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʫʯʝʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʮʝʥʘ-ʢʘʯʝʩʪʚʦ. ɼʝʤʠʥʛ ʧʦʜʯʝʨʢʠʚʘʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʚʩʝʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ 

ʢʘʯʝʩʪʚʦ. ɺ ʮʝʣʦʤ, ʢʘʯʝʩʪʚʦ ʚʘʞʥʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʦʩʪʦʷʥʥʦ 

ʤʝʥʷʝʪʩʷ, ʘ ʢʘʯʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ. 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ TQM ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ  ʧʦʣʫʯʠʪʴ 

ʢʦʤʧʣʝʢʩʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʝʜʨʝʥʠʠ TQM, ʚʦʩʧʨʠʷʪʠʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʚʣʠʷʥʠʠ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʦʧʠʩʘʪʝʣʴʥʳʡ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʘʥʢʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʚʴʶ ʠ ʧʦʣʝʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʩʦʙʠʨʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʚʷʟʠ TQM ʩ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʧʝʭʘʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷ. ɺʳʜʚʠʛʘʶʪʩʷ ʜʚʝ ʛʠʧʦʪʝʟʳ: TQM ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ ʠ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ ʚʣʠʷʝʪ ʥʘ ʫʩʧʝʭ ʢʦʤʧʘʥʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʝʛʠʦʥʘʭ ʠʣʠ ʨʘʡʦʥʘʭ 

ʛʦʨʦʜʘ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʄʉʇ ʚ ʩʭʦʞʠʭ ʦʙʣʘʩʪʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʫʧʨʘʚʣʝʥʠʝ 

ʢʘʯʝʩʪʚʦʤ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ - ʢʣʶʯʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ. ɽʛʦ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʘʢʪʠʚʦʚ (ROA): ʠʩʩʣʝʜʫʷ ʜʦʭʦʜʳ, ʥʝ 

ʩʚʷʟʘʥʥʳʝ ʩ ʘʢʪʠʚʘʤʠ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ ROA ʩʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʢʘʞʝʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʊʘʢʞʝ ʩʚʷʟʴ ʤʝʞʜʫ TQM ʠ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ. ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ RSquare, ʥʘʧʨʠʤʝʨ ʨʘʚʥʦʝ 0,609 

ʙʫʜʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ TQM ʚʥʦʩʠʪ 60.9% ʚʢʣʘʜʘ ʚ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʘ ʦʩʪʘʣʴʥʳʝ 39.1% 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʂʦʤʧʘʥʠʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ TQM ʤʦʛʫʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, 

ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʛʫʪ ʧʦʤʦʯʴ ʧʨʝʜʧʨʠʷʪʠʷʤ ʫʣʫʯʰʠʪʴ ʩʚʦʠ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʙʳʣʠ ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝʦʙʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʫʩʣʫʛ ʟʘ ʩʯʝʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʧʨʠʥʮʠʧʳ TQM ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʣʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʦʨʠʝʥʪʘʮʠʶ ʥʘ 

ʧʦʪʨʝʙʠʪʝʣʷ, ʥʝʧʨʝʨʳʚʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʬʦʢʫʩ ʥʘ ʬʘʢʪʘʭ ʠ ʜʘʥʥʳʭ, ʧʘʨʪʥʝʨʩʪʚʦ ʩ 

ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʪ. ʜ. 

ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ 

ʚʩʝʦʙʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ 

ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘ ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. 



-160- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɺʦ-ʚʪʦʨʳʭ, TQM ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʨʝʧʫʪʘʮʠʠ ʢʦʤʧʘʥʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʣʦʷʣʴʥʦʩʪʠ 

ʢʣʠʝʥʪʦʚ ʟʘ ʩʯʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɺ-ʪʨʝʪʴʠʭ, ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʨʳʥʢʝ. 

ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ TQM. ʇʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, TQM ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʫʣʴʪʫʨʳ ʢʘʯʝʩʪʚʘ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʛʜʝ ʢʘʞʜʳʡ ʩʦʪʨʫʜʥʠʢ ʦʩʦʟʥʘʝʪ ʚʘʞʥʦʩʪʴ ʩʚʦʝʡ ʨʦʣʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝʦʙʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʠ ʧʦʩʪʦʷʥʥʦʝ ʩʪʨʝʤʣʝʥʠʝ ʢ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʨʠʷʪʠʷʤ ʥʝ ʪʦʣʴʢʦ ʚʳʞʠʚʘʪʴ ʥʘ ʨʳʥʢʝ, ʥʦ ʠ ʫʩʧʝʰʥʦ 

ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʨʘʩʰʠʨʷʪʴ ʩʚʦʡ ʙʠʟʥʝʩ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʜʝʪʝʢʪʦʨʘ ʠ ʜʝʩʢʨʠʧʪʦʨʘ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ 

ʠʟʦʙʨʘʞʝʥʠʷ ORB, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʚʠʟʫʘʣʴʥʦʡ ʦʜʦʤʝʪʨʠʠ ʜʣʷ 

ʘʚʪʦʥʦʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤʠ ʨʦʙʦʪʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ 

ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʣʘʛʘʶʪʩʷ ʪʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʯʘʩʪʠ ʨʘʩʯʝʪʘ ʛʣʘʚʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʫʯʘʩʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʠʝʤʣʝʤʫʶ ʪʦʯʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʭʘʨʘʢʪʝʨʥʳʝ ʫʯʘʩʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʜʝʩʢʨʠʧʪʦʨ ORB, ʜʝʪʝʢʪʦʨ FAST, ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʜʝʩʢʨʠʧʪʦʨʘ, ʪʝʩʪ ʄʠʢʦʣʘʡʯʠʢʘ. 

 

Abstract 

This paper considers an ORB image feature point descriptor which is leveraged by modern 

visual odometry methods for real-time autonomous mobile robot control. This paper proposes three 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -161- 

 

modifications for the ORB descriptor algorithm in the way of major gradient direction calculation in 

order to reduce the total computation amount. Experiments proved the modified algorithm to provide 

reasonable accuracy.  

Keywords: digital image, image feature points, ORB descriptor, FAST detector, feature point 

descriptor repeatability, Mikolajczykôs test. 

 

ɹʣʘʛʦʜʘʨʷ ʫʚʝʨʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʜʚʘʜʮʘʪʴ ʧʝʨʚʳʡ ʚʝʢ ʦʟʥʘʤʝʥʦʚʘʣ ʵʧʦʭʫ ʘʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚʦ ʤʥʦʛʠʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʄʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ 

ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʠʥʪʝʨʬʝʡʩʳ ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ. ʉʨʝʜʠ 

ʧʨʠʤʝʥʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʟʘʜʘʯ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʪʳʩʢʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʡ ʤʝʞʜʫ ʧʦʭʦʞʠʤʠ ʫʯʘʩʪʢʘʤʠ 

ʨʘʟʥʳʭ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ: ʩʢʣʝʠʚʘʥʠʝ ʧʘʥʦʨʘʤ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʚ 

ʚʠʜʝʦʧʦʪʦʢʝ, ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʟʘʢʣʘʜʦʢ ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʧʦʩʪʨʦʝʥʠʝ 

ʢʘʨʪʳ ʧʦʤʝʱʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʥʘ ʢʘʨʪʝ ʧʦ ʚʠʜʝʦʧʦʪʦʢʫ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʥʝʤ ʚʠʜʝʦʢʘʤʝʨʳ. ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʭʦʣʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʍʦʣʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʚʠʜʝ ʤʦʥʦʣʠʪʥʦʛʦ ʤʘʩʩʠʚʘ 

ʧʠʢʩʝʣʝʡ, ʘ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʪʨʦʷʪ ʢʘʨʪʫ ʩʭʦʜʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʢʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʠ [1] ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʫʯʘʝʤʦʡ ʬʫʥʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ [2]. ʄʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʩʥʘʯʘʣʘ ʦʪʳʩʢʠʚʘʶʪ 

ʥʘ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʝʢʦʪʦʨʳʝ ʫʟʥʘʚʘʝʤʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʫʯʘʩʪʢʠ, ʘ ʟʘʪʝʤ, ʩʪʨʦʷʪ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʨʘʟʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 

ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʚʳʩʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʯʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʣʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘ 

ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʜʥʘʢʦ ʦʥʠ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚʳʯʠʩʣʝʥʠʡ. ʄʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ 

ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝʜʦʨʦʛʠʭ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ.  

ʄʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʘʣʛʦʨʠʪʤʳ 

ʜʝʪʝʢʪʦʨʦʚ ʠ ʜʝʩʢʨʠʧʪʦʨʦʚ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ, ʪʘʢʠʝ ʢʘʢ SIFT [3], SURF [4], FAST [5], 

BRIEF [6], ORB [7]. ɹʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʘʣʛʦʨʠʪʤ 

ʜʝʪʝʢʪʦʨʘ ʠ ʜʝʩʢʨʠʧʪʦʨʘ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ORB [7]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʝʪʦʜʝ ʚʠʟʫʘʣʴʥʦʡ ʦʜʦʤʝʪʨʠʠ [8] ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ 

ʨʦʙʦʪʘ ʚ ʟʘʢʨʳʪʦʤ ʧʦʤʝʱʝʥʠʠ. ʊʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʚʠʟʫʘʣʴʥʦʡ ʦʜʦʤʝʪʨʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʪʦʢʘ, ʧʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʩʦʢʨʘʱʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʚʳʯʠʩʣʝʥʠʡ. ɸʣʛʦʨʠʪʤ ʜʝʪʝʢʪʦʨʘ ʠ ʜʝʩʢʨʠʧʪʦʨʘ ORB 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ: ʦʙʥʘʨʫʞʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʘ FAST, ʫʪʦʯʥʝʥʠʝ ʠʭ ʨʘʟʤʝʨʦʚ, ʦʮʝʥʢʘ ʟʘʤʝʪʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʩ ʧʦʤʦʱʴʶ 

ʤʝʨʳ ʍʘʨʨʠʩʘ, ʚʳʯʠʩʣʝʥʠʝ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ, ʨʘʩʯʝʪ ʜʝʩʢʨʠʧʪʦʨʘ ORB ʜʣʷ ʢʘʞʜʦʛʦ ʭʘʨʘʢʪʝʨʥʦʛʦ ʫʯʘʩʪʢʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʨʘʟʤʝʨʦʤ ʠ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʵʪʘʧʘ ʚʳʯʠʩʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʨʢʦʩʪʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʫʯʘʩʪʢʘ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʚʳʯʠʩʣʝʥʠʡ ʚ ʘʣʛʦʨʠʪʤʝ ʨʘʩʯʝʪʘ 

ʜʝʪʝʢʪʦʨʘ ʠ ʜʝʩʢʨʠʧʪʦʨʘ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ORB. 

ɼʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʟʘ ʦʩʥʦʚʫ ʙʳʣʘ ʚʟʷʪʘ ʦʪʢʨʳʪʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ORB 

ʚ ʩʦʩʪʘʚʝ ʙʠʙʣʠʦʪʝʢʠ scikit-image [9]. ɺ ʦʨʠʛʠʥʘʣʴʥʦʤ ʘʣʛʦʨʠʪʤʝ ʨʘʩʯʝʪ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʷʨʢʦʩʪʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʫʯʘʩʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʨʘʩʯʝʪʫ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʚʩʝʭ ʧʠʢʩʝʣʝʡ 

ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʚʳʯʠʩʣʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦ 

ʟʘʪʨʘʪʥʦʡ ʦʧʝʨʘʮʠʝʡ. ʉʫʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ 



-162- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʨʘʩʯʝʪʘ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʜʝʪʝʢʪʦʨʘ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ FAST [5] ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ ORB [7]. ʇʝʨʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ 

ʠʩʢʦʤʦʝ ʛʣʘʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ ʜʝʩʢʨʠʧʪʦʨʘ ʦʩʦʙʦʡ ʪʦʯʢʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʝʢʪʦʨʝ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʛʨʘʥʠʮʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʠʢʩʝʣʝʡ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʷʨʢʦʩʪʠ ʥʘ ʢʨʫʛʝ 

ɹʨʝʟʝʥʭʝʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʜʫʛʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʪʦʯʝʢ ʦʜʥʦʛʦ ʢʣʘʩʩʘ 

ʷʨʢʦʩʪʠ, ʟʘʪʝʤ ʩʪʨʦʠʪʩʷ ʙʠʩʩʝʢʪʨʠʩʘ ʚ ʥʘʡʜʝʥʥʦʤ ʩʝʢʪʦʨʝ, ʠ ʥʘʢʦʥʝʮ, ʚʳʯʠʩʣʷʝʪʩʷ ʫʛʦʣ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʙʠʩʩʝʢʪʨʠʩʳ (ʈʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʅʘʭʦʞʜʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʜʝʩʢʨʠʧʪʦʨʘ. 

 

ɺʚʠʜʫ ʪʨʫʜʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʠ ʘʣʛʦʨʠʪʤʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʠʛʠʥʘʣʴʥʦʡ, ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʢʦʣʠʯʝʩʪʚʘ 

ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʘ ʚ ʧʨʦʛʨʘʤʤʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʷʨʢʦʩʪʠ ʚ ʠʩʭʦʜʥʦʤ ʘʣʛʦʨʠʪʤʝ ʪʨʝʙʫʝʪʩʷ 3 ʦʧʝʨʘʮʠʠ ʩʨʘʚʥʝʥʠʷ, 2 

ʦʧʝʨʘʮʠʠ ʩʜʚʠʛʘ, 133 ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʠ 1935 ʦʧʝʨʘʮʠʡ ʩʣʦʞʝʥʠʷ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʝʨʘʮʠʡ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʨʘʩʯʝʪ ʙʠʩʩʝʢʪʨʠʩʳ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʘ, ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 205 ʦʧʝʨʘʮʠʡ ʩʨʘʚʥʝʥʠʷ, 60 ʦʧʝʨʘʮʠʡ ʣʦʛʠʯʝʩʢʦʛʦ 

ʫʤʥʦʞʝʥʠʷ, 76 ʦʧʝʨʘʮʠʡ ʦʩʪʘʪʢʘ ʦʪ ʜʝʣʝʥʠʷ, 63 ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ, 4 ʦʧʝʨʘʮʠʠ ʩʜʚʠʛʘ, 16 

ʦʧʝʨʘʮʠʡ ʣʦʛʠʯʝʩʢʦʛʦ ʩʣʦʞʝʥʠʷ ʠ 154 ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ.  

ʇʝʨʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʛʣʘʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ 

ʷʨʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʨʝʜʠʥʝ ʜʫʛʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʪʦʯʥʦ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʠʢʩʝʣʝʡ ʥʘ ʜʫʛʝ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʤʝʱʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʢ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʤ ʧʠʢʩʝʣʷʤ, ʧʨʝʜʩʪʘʚʣʷʷ ʠʭ ʢʘʢ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʥʘ ʢʨʫʛʝ ɹʨʝʟʝʥʭʝʤʘ ʠ ʚʳʯʠʩʣʷʷ 

ʢʦʦʨʜʠʥʘʪʳ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʚʝʢʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ 

ʚʝʢʪʦʨʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 

ʥʘʧʨʘʚʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʩʩʝʢʪʨʠʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʜʫʛʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʪʦʯʝʢ, 

ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʩʝʣʝʡ ʥʘ ʢʨʫʛʝ, 

ʢʦʦʨʜʠʥʘʪʘ, ʪʦ ʝʩʪʴ ʠʥʜʝʢʩ ʧʠʢʩʝʣʷ ʥʘ ʢʨʫʛʝ, ʧʦʩʣʝ ʯʝʛʦ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʫʤʥʦʞʘʝʪʩʷ ʥʘ 

ʦʜʥʫ ʰʝʩʪʥʘʜʮʘʪʫʶ ʜʦʣʶ ʦʢʨʫʞʥʦʩʪʠ. ɺ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʥʦʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ 

ʧʦʪʨʝʙʫʝʪ ʧʨʠʤʝʨʥʦ 205 ʦʧʝʨʘʮʠʡ ʩʨʘʚʥʝʥʠʷ, 60 ʦʧʝʨʘʮʠʡ ʣʦʛʠʯʝʩʢʦʛʦ ʫʤʥʦʞʝʥʠʷ, 106 

ʦʧʝʨʘʮʠʡ ʦʩʪʘʪʢʘ ʦʪ ʜʝʣʝʥʠʷ, 86 ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ, 6 ʦʧʝʨʘʮʠʡ ʩʜʚʠʛʘ, 16 ʦʧʝʨʘʮʠʡ 

ʣʦʛʠʯʝʩʢʦʛʦ ʩʣʦʞʝʥʠʷ ʠ 191 ʦʧʝʨʘʮʠʶ ʩʣʦʞʝʥʠʷ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʩʝʣʝʡ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʦʪʜʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʘʣʛʦʨʠʪʤʝ, ʧʦʵʪʦʤʫ ʚ ʪʨʝʪʴʝʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ ʚʤʝʩʪʦ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʠʢʩʝʣʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʦʪʢʣʠʢ. ʇʦʜ ʦʪʢʣʠʢʦʤ ʧʦʥʠʤʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -163- 

 

ʨʘʟʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʧʠʢʩʝʣʝʤ ʠ ʪʦʯʢʦʡ ʥʘ ʢʨʫʛʝ ɹʨʝʟʝʥʭʝʤʘ. 

ʆʩʪʘʣʴʥʳʝ ʵʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʩʪʘʥʫʪʩʷ ʧʨʝʞʥʠʤʠ. ɼʣʷ 

ʭʫʜʰʝʛʦ ʩʣʫʯʘʷ ʪʨʝʪʴʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ 220 ʦʧʝʨʘʮʠʡ ʩʨʘʚʥʝʥʠʷ, 60 

ʦʧʝʨʘʮʠʡ ʣʦʛʠʯʝʩʢʦʛʦ ʫʤʥʦʞʝʥʠʷ, 106 ʦʧʝʨʘʮʠʡ ʦʩʪʘʪʢʘ ʦʪ ʜʝʣʝʥʠʷ, 86 ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ, 6 

ʦʧʝʨʘʮʠʡ ʩʜʚʠʛʘ, 16 ʦʧʝʨʘʮʠʡ ʣʦʛʠʯʝʩʢʦʛʦ ʩʣʦʞʝʥʠʷ, ʠ 206 ʦʧʝʨʘʮʠʡ ʩʣʦʞʝʥʠʷ.  

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʠʬʠʢʘʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ ʠʟ ʪʝʩʪʦʚ ʄʠʢʦʣʘʡʯʠʢʘ 

[10], ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 6 ʠʟʦʙʨʘʞʝʥʠʡ ʛʨʘʬʬʠʪʠ ʩ ʨʘʟʥʳʤʠ ʪʦʯʢʘʤʠ ʦʙʟʦʨʘ ʥʘ ʩʮʝʥʫ. 

ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʠʤʝʝʪʩʷ ʟʘʨʘʥʝʝ ʚʳʯʠʩʣʝʥʥʘʷ ʤʘʪʨʠʮʘ 

ʛʦʤʦʛʨʘʬʠʠ. ʋʤʥʦʞʘʷ ʜʘʥʥʫʶ ʤʘʪʨʠʮʫ ʥʘ ʤʘʩʩʠʚ ʦʩʦʙʳʭ ʪʦʯʝʢ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʦʩʦʙʳʭ ʪʦʯʝʢ ʥʘ ʜʨʫʛʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʚʳʰʝʦʧʠʩʘʥʥʳʤ 

ʨʘʩʯʝʪʘʤ, ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʜʝʩʢʨʠʧʪʦʨʳ (ʈʠʩʫʥʦʢ 2) ʠ ʚʳʯʠʩʣʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʡʜʝʥʥʳʭ 

ʩʦʦʪʚʝʪʩʪʚʠʡ ʜʝʩʢʨʠʧʪʦʨʦʚ ʥʘ ʧʘʨʝ ʠʟʦʙʨʘʞʝʥʠʡ. 

 

 
 

ɺ ʮʝʣʷʭ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʪʦʯʥʳʝ ʯʠʩʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʚʝʨʥʳʭ ʠ ʣʦʞʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʜʝʩʢʨʠʧʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣ ʧʦʩʪʨʦʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʛʨʘʬʠʢ ʜʣʷ ʦʮʝʥʢʠ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʭʦʜʥʦʡ ʚʝʨʩʠʠ ʘʣʛʦʨʠʪʤʘ ORB (ʈʠʩʫʥʦʢ 

3). ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʦʙʟʦʨʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʥʦ 

ʩʦʧʦʩʪʘʚʣʝʥʥʳʭ ʪʦʯʝʢ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʫ ʧʘʨʳ 

ʠʟʦʙʨʘʞʝʥʠʡ 1-2. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʝ ʪʦʯʢʠ ʦʙʟʦʨʘ ʥʝ ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʦʝ, ʢʘʢ ʚ 

ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʚʳʝ 

ʥʝʩʢʦʣʴʢʦ ʢʘʜʨʦʚ ʚ ʚʠʜʝʦʧʦʪʦʢʝ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʥʘʧʨʘʚʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʷʨʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 5 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʦʪʥʦʰʝʥʠʝ ʚʝʨʥʦ ʥʘʡʜʝʥʥʳʭ ʪʦʯʝʢ ʢ ʩʫʤʤʝ ʚʝʨʥʳʭ ʠ ʣʦʞʥʳʭ 

ʩʦʦʪʚʝʪʩʪʚʠʡ (ʪʦʯʥʦʩʪʴ), ʘʙʩʦʣʶʪʥʦʝ ʯʠʩʣʦ ʚʝʨʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ 

ʩʣʦʞʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʙʠʪʦʚʦʛʦ ʩʜʚʠʛʘ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʨʢʦʩʪʠ. ʆʩʪʘʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʙʳʣʠ 

ʧʨʠʚʝʜʝʥʳ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʦʧʝʨʘʮʠʡ ʩʣʦʞʝʥʠʷ. ʊʘʢ ʢʘʢ ʩʘʤʳʤ ʟʥʘʯʠʤʳʤ 

ʩʣʫʯʘʝʤ ʷʚʣʷʝʪʩʷ ʧʘʨʘ ʠʟʦʙʨʘʞʝʥʠʡ 1-2, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʶ ʩʦʩʝʜʥʠʭ ʢʘʜʨʦʚ 

ʚ ʚʠʜʝʦʧʦʪʦʢʝ, ʪʦ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʯʠʩʣʘ ʚʝʨʥʦ ʥʘʡʜʝʥʥʳʭ 

ʩʦʦʪʚʝʪʩʪʚʠʡ ʠʤʝʥʥʦ ʜʣʷ ʵʪʦʡ ʧʘʨʳ ʠʟʦʙʨʘʞʝʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢ ʩʦʦʪʚʝʪʩʪʚʠʡ ʜʣʷ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ORB. 
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ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ. 

ɸʣʛʦʨʠʪʤ ʊʦʯʥʦʩʪʴ 
ɸʙʩʦʣʶʪʥʦʝ 

ʟʥʘʯʝʥʠʝ 
ʉʣʦʞʝʥʠʝ ʋʤʥʦʞʝʥʠʝ ʉʜʚʠʛ 

ʆʨʠʛʠʥʘʣʴʥʳʡ 

ʘʣʛʦʨʠʪʤ 
0,92 53 1940 133 2 

ʈʘʩʯʝʪ ʩʫʤʤʳ 

ʦʪʢʣʠʢʦʚ 
0,93 44 714 86 6 

ʈʘʩʯʝʪ ʙʠʩʩʝʢʪʨʠʩʳ 0,95 39 587 63 4 

ʈʘʩʯʝʪ ʩʫʤʤʳ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 
0,82 32 684 86 6 

 
ʀʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʫ ʧʝʨʚʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʨʘʩʯʝʪʝ ʙʠʩʩʝʢʪʨʠʩʳ, ʦʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʥʦ ʦʙʥʘʨʫʞʝʥʥʳʭ 
ʩʦʦʪʚʝʪʩʪʚʠʡ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʪʨʝʪʴʝʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʨʘʩʯʝʪ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ 
ʦʪʢʣʠʢʦʚ ʥʘ ʜʫʛʝ ʢʨʫʛʘ ɹʨʝʟʝʥʭʝʤʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 
ʤʦʱʥʦʩʪʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʤʦʜʠʬʠʢʘʮʠʶ ʩ ʨʘʩʯʝʪʦʤ ʙʠʩʩʝʢʪʨʠʩʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ 
ʪʨʝʙʫʝʪ ʜʣʷ ʩʚʦʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ ʩʨʝʜʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʩʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠʤʝʶʪ 
ʧʨʠʝʤʣʝʤʫʶ ʪʦʯʥʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʥʦ ʥʘʡʜʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 
ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʧʝʨʘʮʠʡ ʥʘʜ ʦʨʠʛʠʥʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʠ ʤʦʛʫʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʧʨʘʢʪʠʢʝ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʦʨ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʠ 
ʫʣʫʯʰʝʥʠʷ ʫʞʝ ʦʧʠʩʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʝʨʩʠʡ ʘʣʛʦʨʠʪʤʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʱʝ 
ʣʫʯʰʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʝʨʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʠ ʫʤʝʥʴʰʝʥʠʶ ʟʘʪʨʘʯʠʚʘʝʤʳʭ 
ʦʧʝʨʘʮʠʡ.  

***  

1. Bolme D.S., Beveridge J.R., Draper B.A., Lui Y.M. Visual object tracking using adaptive correlation filters // In 
Proceedings of 2010 IEEE computer society conference on computer vision and pattern recognition. 2010. P. 2544-
2550. 

2. Zhang J., Feng W., Yuan T., Wang J., Sangaiah A.K. SCSTCF: spatial-channel selection and temporal regularized 
correlation filters for visual tracking // Applied Soft Computing. 2022. Vol. 118. P. 108485. 

3. Lowe D.G. Object recognition from local scale-invariant features // In Proceedings of the International Conference 
on Computer Vision. 1999. Vol. 2. P. 1150-1157. 

4. Bay H., Tuytelaars T., Van Gool L. Surf: Speeded up robust features // In Proceedings of the 9th European 
Conference on Computer Vision. 2006. P. 404-417. 

5. Rosten E., Drummond T. Machine learning for high-speed corner detection // In Proceedings of the 9th European 
Conference on Computer Vision. 2006. P. 430-443. 

6. Calonder M., Lepetit V., Ozuysal M., Trzcinski T., Strecha C., Fua. BRIEF: Computing a local binary descriptor 
very fast // IEEE transactions on pattern analysis and machine intelligence. Vol. 34. ˉ 7. 2011. P. 1281-1298. 

7. Ethan R., Vincent R., Kurt K., Gary B. ORB: An efficient alternative to SIFT or SURF // IEEE International 
Conference on Computer Vision. 2011. P. 2564-2571. 

8. Campos C., Elvira R., Rodr²guez J.J.G., Montiel J.M., Tard·s J.D. Orb-slam3: An accurate open-source library for 
visual, visualïinertial, and multimap slam // IEEE Transactions on Robotics. Vol. 37. ˉ 6. 2021. P. 1874-1890. 

9. Scikit-image [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://scikit-image.org/ (30.05.2024). 

10. Mikolajczyk K., Schmid C. A performance evaluation of local descriptors // IEEE Transactions on Pattern Analysis 

and Machine Intelligence. 2005. P. 1615-1630. 

ʏʝʨʥʳʰʝʚ ɸ.ʄ., ʉʘʬʠʥ ʄ.ɸ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʩʳʨʴʷ ʚ ʪʨʫʙʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, ʂʘʟʘʥʴ) 

doi: 10.18411/trnio-06-2024-892 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʡ ʚʠʜʳ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʠʭ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -165- 

 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʫʙʥʘʷ ʰʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʣʝʨ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʥʪʝʨʬʝʡʩ, ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʧʨʦʪʦʢʦʣ.  

 

Abstract 

The article discusses various types of controllers and their technical characteristics. The 

relevance of the work lies in the widespread use of automated control systems and the urgent need to 

identify high-quality domestic equipment. 

Keywords: ʨipe ball mill, programmable logic controller, comparative analysis, technical 

characteristics, interface, advantages, protocol. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ (ʇʃʂ) ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʩʳʨʴʷ ʚ ʪʨʫʙʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ [1]. ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ 

ʢʦʥʪʨʦʣʣʝʨʳ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʤʝʣʴʥʠʮʳ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʙʘʨʘʙʘʥʘ, ʧʦʜʘʯʘ ʤʘʪʝʨʠʘʣʘ, ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʠ ʨʘʩʭʦʜ ʚʦʜʳ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʃʂ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ 

ʩʳʨʴʷ ʚʢʣʶʯʘʶʪ: 

1. ʊʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ: ʇʃʂ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʤʦʣʘ ʠ ʜʦʩʪʠʛʘʪʴ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ. 

2. ʄʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ: ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʠ ʇʃʂ ʤʦʞʥʦ 

ʧʦʩʪʦʷʥʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʪʘʢʠʝ 

ʢʘʢ ʫʨʦʚʝʥʴ ʥʘʧʦʣʥʝʥʠʷ ʤʝʣʴʥʠʮʳ, ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ 

ʩʳʨʴʷ. 

3. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʃʂ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʥʘʩʪʨʦʡʢʫ ʠ ʢʦʥʪʨʦʣʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ 

ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ [2]. 

4. ʉʥʠʞʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ: ʇʃʂ ʩʥʠʞʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ ʠ 

ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. 

5. ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʇʃʂ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ ʜʨʫʛʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ [3]. 

6. ɼʠʘʛʥʦʩʪʠʢʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ: ʇʃʂ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʳʷʚʣʷʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ 

ʘʚʘʨʠʡ ʠ ʧʨʦʩʪʦʝʚ. 

ɺʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʩʠʩʪʝʤʫ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ 

ʩʳʨʴʷ ʚ ʪʨʫʙʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʫʣʫʯʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʜʥʘʢʦ, ʥʝ 

ʢʘʞʜʳʡ ʢʦʥʪʨʦʣʣʝʨ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʚʳʙʦʨʦʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ [4]. ʀʤʝʥʥʦ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʫʯʰʠʭ ʚʘʨʠʘʥʪʦʚ ʩʪʦʠʪ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʧʨʦʮʝʩʩʦʨʥʳʭ ʤʦʜʫʣʝʡ 

ʧʨʝʜʣʘʛʘʶ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ:  

1. ʂʦʥʪʨʦʣʣʝʨ çSEGNETICS MATRIX -1021-70-0è. 



-166- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɼʘʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʝ ʘʥʘʣʦʛʦʚʳʝ ʠ ʜʠʩʢʨʝʪʥʳʝ ʪʦʯʢʠ ʧʦʜʢʣʶʯʝʥʠʷ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠ ʚʳʙʦʨʝ ʢʦʥʪʨʦʣʣʝʨʘ. ʅʘ ʩʚʦʝʤ ʙʦʨʪʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʢʦʥʪʨʦʣʣʝʨ ʥʝʩʝʪ 8 ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʦʚ, 4 ʘʥʘʣʦʛʦʚʳʭ ʚʳʭʦʜʘ, 8 ʜʠʩʢʨʝʪʥʳʭ ʚʭʦʜʦʚ ʠ 6 

ʜʠʩʢʨʝʪʥʳʭ ʚʳʭʦʜʦʚ. ɸʥʘʣʦʛʦʚʳʝ ʚʭʦʜʳ ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʩʠʛʥʘʣʦʚ ʢʘʢ 4-20 ʤɸ, 0-10 ɺ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʦʜʢʣʶʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ: RTD, 

NTC, ʘ ʪʘʢʞʝ ʜʘʪʯʠʢʦʚ, ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʬʝʡʩʳ: 2 ʧʦʨʪʘ RS-485; ʧʦʨʪ 

ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʥʦʡ ʰʠʥʳ - MR-Bus2, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʝʡ ʨʘʩʰʠʨʝʥʠʷ; USB 2.0; GSM 3G ʤʦʜʝʤ; HDMI 1080p; ʩʣʦʪ ʩʝʪʝʚʳʭ ʢʘʨʪ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ - Ethernet LAN 100 ʄʙʠʪ/ʩ, USB Host 2.0, RS-485 Modbus, RS-

232, CAN Bus, M-Bus. 

2. ʂʦʥʪʨʦʣʣʝʨ çʇʃʂ210-04-CSè. 

çʇʃʂ210-04-CSè ʠʤʝʝʪ ʥʘ ʩʚʦʝʤ ʙʦʨʪʫ ʚʩʪʨʦʝʥʥʳʝ ʪʦʯʢʠ ʧʦʜʢʣʶʯʝʥʠʷ: 12 ʜʠʩʢʨʝʪʥʳʭ 

ʚʭʦʜʦʚ, 12 ʜʠʩʢʨʝʪʥʳʭ ʚʳʭʦʜʦʚ, 4 ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʘʥʘʣʦʛʦʚʳʝ 

ʚʳʭʦʜʳ. ʆʪʩʫʪʩʪʚʠʝ ʘʥʘʣʦʛʦʚʳʭ ʚʳʭʦʜʦʚ ʤʦʞʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʝʡ 

ʨʘʩʰʠʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʦʙʨʝʪʘʪʴ ʦʪʜʝʣʴʥʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʬʝʡʩʦʚ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʝʥʳ: 4 ʧʦʨʪʘ Ethernet 100 Base-T; 2 ʧʦʨʪʘ RS-

485; 1 ʧʦʨʪʘ RS-232; USB Device, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʦʜʥʦ micro 

USB (RNDIS), ʘ ʪʘʢʞʝ 1 USB type A. 

3. ʄʦʜʫʣʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ çR500 CU 00 071è. 

ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʥʝ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʠ 

ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʝʢ ʧʦʜʢʣʶʯʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ. ʊʘʢʞʝ 

çR500 CU 00 071è ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʮʝʥʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʦ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʬʝʡʩʦʚ ʧʨʦʮʝʩʩʦʨʥʳʡ ʤʦʜʫʣʴ ʠʤʝʝʪ: RS-232; RS-485; ʜʚʘ ʧʦʨʪʘ Ethernet 

(1000BASE-KX/BX); 2 ʧʦʨʪʘ USB; DVI-D (Single Link, ʨʘʟʲʝʤ DVI-I); ɻʃʆʅɸʉʉ. 

4. ʄʦʜʫʣʴ ʧʨʦʮʝʩʩʦʨʥʳʡ çOptiLogic L-CPU-2-Lè 

ʇʨʦʮʝʩʩʦʨʥʳʡ ʤʦʜʫʣʴ çOptiLogic L-CPU-2-Lè ʥʝ ʠʤʝʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʚʩʪʨʦʝʥʥʳʭ ʪʦʯʝʢ 

ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʠʤʝʝʪ ʚʩʝʛʦ ʣʠʰʴ 3 ʠʥʪʝʨʬʝʡʩʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: RS-485; USB; Ethernet 

(10/100BASE-T). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʢʦʥʪʨʦʣʣʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʇʃʂ 

ʅʘʟʚʘʥʠʝ 
ʂʦʣʠʯʝʩʪʚʦ 

ʠʥʪʝʨʬʝʡʩʦʚ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʜʢʣ. ʤʦʜʫʣʝʡ 

ʇʦʪʨʝʙʣʷʝʤʘʷ 

ʤʦʱʥʦʩʪʴ, ɺʪ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʦʪʦʢʦʣʦʚ 

ʉʢʦʨʦʩʪʴ 

ʦʪʢʣʠʢʘ, ʤʩ 
ʎʝʥʘ 

SEGNETICS 

MATRIX-1021-70-

0 

6 244 5,4 2 50 37 069 

ʇʃʂ210-04-CS 4 244 16 8 25 64 620 

R500 CU 00 071 6 25 18,3 8 10 154 823 

OptiLogic L-CPU-

2-L 
3 64 28,8 2 50 72 000 

 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʧʨʦʮʝʩʩʦʨʥʳʭ ʤʦʜʫʣʝʡ 

ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -167- 

 

1. çR500 CU 00 071è ʥʝ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʭ ʪʦʯʝʢ ʧʦʜʢʣʶʯʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʥ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤ ʢʦʥʪʨʦʣʣʝʨʘʤʠ. 

2. çOptiLogic L-CPU-2-Lè ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ, ʤʘʣʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʤʝʶʱʠʭʩʷ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʩʪʨʦʝʥʥʳʭ ʪʦʯʝʢ 

ʧʦʜʢʣʶʯʝʥʠʷ. 

3. çSEGNETICS MATRIX -1021-70-0è ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 

ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʤʝʶʱʠʭʩʷ ʠʥʪʝʨʬʝʡʩʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʘʣʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʦʙʨʝʪʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ 

ʨʘʩʰʠʨʝʥʠʷ. 

4. ɺʦʧʨʝʢʠ ʦʪʩʫʪʩʪʚʠʶ ʘʥʘʣʦʛʦʚʳʭ ʚʳʭʦʜʦʚ ʢʦʥʪʨʦʣʣʝʨ çʇʃʂ210-04-CSè 

ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ, ʩʨʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʪʘʢ ʢʘʢ ʩ ʧʦʤʦʱʴʶ 

ʥʝʛʦ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʤʘʣʳʭ ʩʠʩʪʝʤ, ʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤ ʧʦʪʨʝʙʫʶʪʩʷ ʤʦʜʫʣʠ ʨʘʩʰʠʨʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 2 ʦʩʥʦʚʥʳʭ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ: çSEGNETICS MATRIX -1021-70-0è ʠ 

çʇʃʂ210-04-CSè. ʇʨʠ ʵʪʦʤ ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʢ ʚʳʙʦʨʫ ʢʦʥʪʨʦʣʣʝʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʭʦʜʠʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʩʯʠʪʳʚʘʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚʘʨʠʘʮʠʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ [5]. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʩʳʨʴʷ ʚ ʪʨʫʙʥʦʡ 

ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ. ʆʧʠʩʘʥ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʝʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʤʝʣʴʥʠʮʘ, ʧʨʦʮʝʩʩ, ʫʧʨʘʚʣʝʥʠʝ, ʢʦʥʪʨʦʣʴ, ʩʠʩʪʝʤʘ, 

ʤʦʥʠʪʦʨʠʥʛ.  

 

Abstract 

The article discusses an automated system for wet grinding of raw materials in a pipe ball mill. 

The basic composition of the system is described, as well as the advantages of this system. The 

relevance of the work lies in optimizing production processes and increasing system performance by 

automating it. 

Keywords: ʘutomation, mill, process, management, control, system, monitoring. 



-168- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʩʳʨʴʷ ʚ ʪʨʫʙʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʕʪʘ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʠ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʫʜʳ, ʮʝʤʝʥʪ, 

ʫʛʦʣʴ ʠ ʜʨʫʛʠʝ ʩʳʨʴʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ [1]. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʩʪʘʙʠʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʩʳʨʴʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʢʘʞʜʳʡ 

ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [2]. 

1. ʉʠʩʪʝʤʘ ʧʦʜʘʯʠ ʠ ʜʦʟʠʨʦʚʘʥʠʷ ʩʳʨʴʷ ʠ ʚʦʜʳ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʠ ʜʦʟʠʨʦʚʘʥʠʷ ʩʳʨʴʷ ʠ ʚʦʜʳ. ɼʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

- ʙʫʥʢʝʨʳ ʠ ʧʠʪʘʪʝʣʠ: ʉʳʨʴʝ ʧʦʩʪʫʧʘʝʪ ʚ ʙʫʥʢʝʨʳ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʦ ʯʝʨʝʟ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʠʪʘʪʝʣʠ ʜʦʟʠʨʦʚʘʥʥʦ ʧʦʜʘʝʪʩʷ ʚ ʤʝʣʴʥʠʮʫ. ʇʠʪʘʪʝʣʠ ʤʦʛʫʪ 

ʙʳʪʴ ʣʝʥʪʦʯʥʳʤʠ, ʰʥʝʢʦʚʳʤʠ ʠʣʠ ʚʠʙʨʘʮʠʦʥʥʳʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʩʳʨʴʷ; 

- ʜʘʪʯʠʢʠ ʫʨʦʚʥʷ: ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʩʳʨʴʷ ʚ ʙʫʥʢʝʨʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠʣʠ ʨʘʜʘʨʥʳʝ ʜʘʪʯʠʢʠ ʫʨʦʚʥʷ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʠ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ; 

- ʚʦʜʷʥʳʝ ʥʘʩʦʩʳ ʠ ʢʣʘʧʘʥʳ: ʜʣʷ ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʤʝʣʴʥʠʮʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʩʦʩʳ 

ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʢʣʘʧʘʥʳ [3]. ɼʦʟʠʨʦʚʘʥʠʝ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʦʪ ʜʘʪʯʠʢʦʚ ʚʣʘʞʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʚ ʤʝʣʴʥʠʮʝ. 

2. ʋʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʤʝʣʴʥʠʮʳ. 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʪʨʫʙʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʧʨʠʤʝʥʷʶʪʩʷ: 

- ʯʘʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ: ʯʘʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʝʛʫʣʠʨʫʶʪ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʤʝʣʴʥʠʮʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʧʨʦʮʝʩʩʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʳʨʴʷ; 

- ʜʘʪʯʠʢʠ ʩʢʦʨʦʩʪʠ: ʜʘʥʥʳʝ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʬʘʢʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʤʝʣʴʥʠʮʳ ʠ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʫʶ ʥʘʩʪʨʦʡʢʫ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

3. ʂʦʥʪʨʦʣʴ ʩʦʩʪʘʚʘ ʠ ʢʨʫʧʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ ʥʝʦʙʭʦʜʠʤ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ 

ʢʨʫʧʥʦʩʪʠ ʠ ʩʦʩʪʘʚʘ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: 

- ʣʘʟʝʨʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʘʥʘʣʠʟʘʪʦʨʳ: ʜʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʘʥʘʣʠʟʠʨʫʶʪ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʃʘʟʝʨʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʦʧʨʝʜʝʣʷʷ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʫʛʣʫ 

ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ; 

- ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʜʘʥʥʳʝ ʩ ʘʥʘʣʠʟʘʪʦʨʦʚ ʧʝʨʝʜʘʶʪʩʷ ʚ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʢʦʨʨʝʢʪʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ (ʥʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʴ 

ʧʦʜʘʯʠ ʩʳʨʴʷ ʠ ʚʦʜʳ), ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʪʨʝʙʫʝʤʦʡ ʢʨʫʧʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ [4]. 

4. ʋʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤ ʙʘʣʘʥʩʦʤ 

ʇʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʢʨʠʪʠʯʥʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʢʨʦʛʦ 

ʧʦʤʦʣʘ: 

- ʜʘʪʯʠʢʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ: ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʤʝʣʴʥʠʮʝ ʠ 

ʚ ʧʦʜʘʶʱʠʭ ʣʠʥʠʷʭ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʢʘʢ ʠʟʙʳʪʦʯʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ, ʪʘʢ ʠ 

ʥʝʜʦʩʪʘʪʦʢ ʚʦʜʳ; 
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- ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʢʣʘʧʘʥʳ: ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʪ ʜʘʪʯʠʢʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʢʣʘʧʘʥʳ ʨʝʛʫʣʠʨʫʶʪ ʧʦʜʘʯʫ ʚʦʜʳ, ʧʦʜʜʝʨʞʠʚʘʷ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ 

ʩʫʩʧʝʥʟʠʠ. 

5. ʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

- ʜʘʪʯʠʢʠ ʚʠʙʨʘʮʠʠ: ʵʪʠ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʚʠʙʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʣʴʥʠʮʳ, ʧʦʟʚʦʣʷʷ ʚʳʷʚʣʷʪʴ ʜʠʩʙʘʣʘʥʩ ʠ ʠʟʥʦʩ ʧʦʜʰʠʧʥʠʢʦʚ ʠʣʠ ʠʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʪʯʠʢʠ: ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʰʠʧʥʠʢʦʚ, ʨʝʜʫʢʪʦʨʦʚ ʠ 

ʜʨʫʛʠʭ ʢʨʠʪʠʯʥʳʭ ʫʟʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʝʨʝʛʨʝʚ ʠ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ: ʜʘʥʥʳʝ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʧʦʜʘʯʠ 

ʚʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʥʘʩʦʩʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʘʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʫʜʘʨʳ; 

- ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʘʥʘʣʠʟʠʨʫʝʪ ʜʘʥʥʳʝ ʦʪ ʚʩʝʭ ʜʘʪʯʠʢʦʚ, ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʳʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʧʨʝʜʣʘʛʘʝʪ ʧʣʘʥʦʚʳʝ ʤʝʨʳ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʩʳʨʴʷ ʚ 

ʪʨʫʙʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʣʝʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʤʝʪʴ ʘʥʘʣʦʛʦʚʳʝ ʠ ʜʠʩʢʨʝʪʥʳʝ ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʥʦʮʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ.  

ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʘʥʘʣʠʟʘʪʦʨʦʚ ʪʘʢʞʝ ʧʝʨʝʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ (SCADA ʠʣʠ DCS), ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʦʪʦʙʨʘʞʘʷ ʠʭ ʦʧʝʨʘʪʦʨʘʤ ʠ ʟʘʧʠʩʳʚʘʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʤʝʣʴʥʠʮʳ, ʧʦʜʘʯʘ ʩʳʨʴʷ ʠ ʚʦʜʳ. ɺ ʩʣʫʯʘʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ [5].  

ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʝʚʳʰʝʥʠʠ ʟʥʘʯʝʥʠʡ ʠ ʚ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʛʝʥʝʨʠʨʫʝʪ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʠ ʘʚʘʨʠʡʥʳʝ ʩʠʛʥʘʣʳ, ʫʚʝʜʦʤʣʷʷ 

ʦʧʝʨʘʪʦʨʦʚ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. ɼʣʷ ʩʣʘʞʝʥʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʦʪʨʝʙʫʝʪʩʷ 

ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʢʦʤʤʫʪʘʮʠʦʥʥʘʷ ʩʝʪʴ, ʩʦʝʜʠʥʷʶʱʘʷ ʦʧʝʨʘʪʦʨʩʢʠʡ ʧʫʥʢʪ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ 

ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʬʠʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘ ʩʯʝʪ ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʧʦʤʦʣʘ. ɹʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ 

ʩʳʨʴʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʦʧʪʠʤʠʟʠʨʫʝʪ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ 

ʠ ʚʦʜʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʠ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ 

ʧʨʝʜʧʨʠʷʪʠʷ. ɹʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʤ ʧʦʤʦʣʘ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʠ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʠ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʜʦʚʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ 

ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʠʟʜʝʨʞʝʢ ʠ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, 



-170- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʳʨʴʷ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ ʫʣʫʯʰʝʥʠʠ ʩʚʦʝʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʪʨʫʙʥʘʷ ʰʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ. ʆʧʠʩʘʥʳ ʢʦʥʩʪʨʫʢʮʠʷ 

ʫʩʪʘʥʦʚʢʠ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʭʦʛʦ ʧʦʤʦʣʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʪʨʝʥʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʫʙʥʘʷ ʰʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ, ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ, ʧʨʝʠʤʫʱʝʩʪʚʘ, ʞʠʜʢʘʷ ʩʨʝʜʘ.  

 

Abstract 

The article discusses a wet grinding tube ball mill. The design of the installation, the principle 

of operation and the advantages of its use in contrast to dry grinding are described. The relevance of 

the work lies in the context of technological development, economic efficiency, environmental aspects, 

education, scientific research and industrial trends. 

Keywords: wet grinding tube ball mill, design, operating principle, environmental friendliness, 

product quality, advantages, liquid environment. 

 

ʊʨʫʙʥʘʷ ʰʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʞʠʜʢʦʡ ʩʨʝʜʝ. ʕʪʦʪ ʪʠʧ ʤʝʣʴʥʠʮʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ, ʭʠʤʠʯʝʩʢʦʡ, 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʝʣʴʥʠʮʳ ʤʘʪʝʨʠʘʣ 

ʠʟʤʝʣʴʯʘʝʪʩʷ ʩʪʘʣʴʥʳʤʠ ʠʣʠ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʰʘʨʘʤʠ, ʢʦʪʦʨʳʝ ʚʨʘʱʘʶʪʩʷ ʚʥʫʪʨʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʙʘʨʘʙʘʥʘ. ʄʦʢʨʳʡ ʧʦʤʦʣ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʝ. 

ʂʦʥʩʪʨʫʢʮʠʷ: 

1. ʂʦʨʧʫʩ: ʚʨʘʱʘʶʱʠʡʩʷ ʮʠʣʠʥʜʨ (ʪʨʫʙʘ), ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʧʨʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʦʨʨʦʟʠʠ ʠ ʠʟʥʦʩʫ. 

 

 
ʈʠʩʫʥʦʢ 1. ʂʦʨʧʫʩ ʪʨʫʙʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -171- 

 

 

2. ʈʘʙʦʯʘʷ ʩʨʝʜʘ: ʰʘʨʠʢʠ ʠʟ ʩʪʘʣʠ ʠʣʠ ʢʝʨʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʞʠʜʢʦʩʪʴ (ʚʦʜʘ ʠʣʠ 

ʜʨʫʛʦʡ ʨʘʩʪʚʦʨ). 

 

 
ʈʠʩʫʥʦʢ 2. ʈʘʙʦʯʘʷ ʩʨʝʜʘ ʪʨʫʙʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ. 

 

3. ʇʦʜʰʠʧʥʠʢʠ ʠ ʦʧʦʨʳ: ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʙʘʨʘʙʘʥʘ. 

 

 
ʈʠʩʫʥʦʢ 3. ʆʧʦʨʘ ʪʨʫʙʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ. 

 

4. ʉʠʩʪʝʤʳ ʧʦʜʘʯʠ ʠ ʚʳʚʦʜʘ: ʚʢʣʶʯʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʠ 

ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʚʦʜʘ ʠʟʤʝʣʴʯʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʩʫʩʧʝʥʟʠʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: 

1. ɿʘʛʨʫʟʢʘ ʤʘʪʝʨʠʘʣʘ ʠ ʞʠʜʢʦʩʪʠ: 

ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ (ʨʫʜʘ, ʤʠʥʝʨʘʣʳ, ʢʣʠʥʢʝʨ ʠ ʪ.ʜ.) ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʤʝʣʴʥʠʮʫ ʯʝʨʝʟ 

ʟʘʛʨʫʟʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ. ɺ ʤʝʣʴʥʠʮʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʘʝʪʩʷ ʞʠʜʢʦʩʪʴ (ʦʙʳʯʥʦ ʚʦʜʘ), ʢʦʪʦʨʘʷ 

ʩʣʫʞʠʪ ʩʨʝʜʦʡ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʛʣʦʤʝʨʘʮʠʶ (ʩʣʠʧʘʥʠʝ) ʯʘʩʪʠʮ [2]. 

2. ɺʨʘʱʝʥʠʝ ʙʘʨʘʙʘʥʘ: 

ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʙʘʨʘʙʘʥ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʡ ʰʘʨʘʤʠ ʠ ʞʠʜʢʦʩʪʴʶ, ʥʘʯʠʥʘʝʪ 

ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ. ɺʨʘʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʜʚʠʛʘʪʝʣʝʤ ʯʝʨʝʟ ʧʨʠʚʦʜʥʦʡ 

ʤʝʭʘʥʠʟʤ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ 

ʠʟʤʝʣʴʯʝʥʠʷ. ʆʙʳʯʥʦ ʵʪʦ ʥʝʩʢʦʣʴʢʦ ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ [3]. 

3. ʇʦʜʲʸʤ ʠ ʧʘʜʝʥʠʝ ʰʘʨʦʚ: 

ɺ ʧʨʦʮʝʩʩʝ ʚʨʘʱʝʥʠʷ ʰʘʨʳ ʧʦʜʥʠʤʘʶʪʩʷ ʚʜʦʣʴ ʩʪʝʥʦʢ ʙʘʨʘʙʘʥʘ ʙʣʘʛʦʜʘʨʷ ʪʨʝʥʠʶ ʠ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʝ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʳ ʰʘʨʳ ʧʘʜʘʶʪ ʚʥʠʟ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʳ ʪʷʞʝʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʫʜʘʨʷʶʪʩʷ ʦ ʤʘʪʝʨʠʘʣ ʠ ʜʨʫʛ ʦ ʜʨʫʛʘ, ʜʨʦʙʷ ʠ ʠʟʤʝʣʴʯʘʷ ʝʛʦ. 

4. ʀʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ: 

ʇʘʜʝʥʠʝ ʰʘʨʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʘʪʝʨʠʘʣʦʤ ʠ ʞʠʜʢʦʩʪʴʶ ʧʨʠʚʦʜʠʪ ʢ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʯʘʩʪʠʮ. ɾʠʜʢʦʩʪʴ ʧʦʤʦʛʘʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʤʘʪʝʨʠʘʣ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʛʦ ʘʛʣʦʤʝʨʘʮʠʶ. ʇʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʡ 

ʩʪʝʧʝʥʠ ʪʦʥʢʦʩʪʠ. 

5. ʇʝʨʝʤʝʱʝʥʠʝ ʠʟʤʝʣʴʯʸʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: 



-172- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʝʣʴʥʠʮʳ ʠʟʤʝʣʴʯʸʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ 

ʚʳʧʫʩʢʥʦʤʫ ʦʪʚʝʨʩʪʠʶ ʙʣʘʛʦʜʘʨʷ ʥʘʢʣʦʥʫ ʤʝʣʴʥʠʮʳ ʠ ʜʚʠʞʝʥʠʶ ʞʠʜʢʦʩʪʠ. ʀʟʤʝʣʴʯʸʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʚʳʭʦʜʠʪ ʠʟ ʤʝʣʴʥʠʮʳ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʠ (ʩʤʝʩʠ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʠ ʞʠʜʢʦʩʪʠ) [4]. 

6. ɺʳʚʦʜ ʩʫʩʧʝʥʟʠʠ: 

ɻʦʪʦʚʘʷ ʩʫʩʧʝʥʟʠʷ ʚʳʚʦʜʠʪʩʷ ʯʝʨʝʟ ʚʳʧʫʩʢʥʦʝ ʦʪʚʝʨʩʪʠʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʬʠʣʴʪʨʳ ʠʣʠ ʩʠʪʘ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦʪ ʪʚʸʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʫʩʧʝʥʟʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʄʦʢʨʳʡ ʧʦʤʦʣ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʭʠʤ ʧʦʤʦʣʦʤ, ʦʩʦʙʝʥʥʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʫʩʣʦʚʠʷʭ. ɺʦʪ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʥʘʜ 

ʩʫʭʠʤ: 

1. ɹʦʣʝʝ ʤʝʣʢʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ: 

- ɾʠʜʢʘʷ ʩʨʝʜʘ: ɾʠʜʢʦʩʪʴ (ʚʦʜʘ ʠʣʠ ʜʨʫʛʠʝ ʨʘʩʪʚʦʨʳ) ʧʦʤʦʛʘʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ 

ʪʦʥʢʦʛʦ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʘʛʣʦʤʝʨʘʮʠʶ 

(ʩʣʠʧʘʥʠʝ) ʯʘʩʪʠʮ, ʯʪʦ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʫʭʦʤ ʧʦʤʦʣʝ. 

- ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ: ɾʠʜʢʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʰʘʨʦʚ ʩ ʤʘʪʝʨʠʘʣʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʟʤʝʣʴʯʝʥʠʷ. 

2. ʋʤʝʥʴʰʝʥʠʝ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʷ: 

- ʆʪʩʫʪʩʪʚʠʝ ʧʳʣʠ: ɺʣʘʞʥʘʷ ʩʨʝʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʫʩʪʨʘʥʷʝʪ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʝ, ʯʪʦ 

ʫʣʫʯʰʘʝʪ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ. 

- ʕʢʦʣʦʛʠʯʥʦʩʪʴ: ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ ʦʟʥʘʯʘʝʪ ʤʝʥʴʰʝʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

3. ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ: 

- ʄʝʥʴʰʝʝ ʪʨʝʥʠʝ: ɺʣʘʞʥʘʷ ʩʨʝʜʘ ʫʤʝʥʴʰʘʝʪ ʪʨʝʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ. 

- ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ: ɾʠʜʢʦʩʪʴ ʧʦʤʦʛʘʝʪ ʦʪʚʦʜʠʪʴ ʪʝʧʣʦ, ʦʙʨʘʟʫʶʱʝʝʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪ [5]. 

4. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ: 

- ɻʦʤʦʛʝʥʥʦʩʪʴ: ʄʦʢʨʳʡ ʧʦʤʦʣ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʫ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʠʟʛʦʪʦʚʣʝʥʠʝ ʮʝʤʝʥʪʘ, ʢʨʘʩʦʢ ʠ ʧʠʛʤʝʥʪʦʚ. 

- ʏʠʩʪʦʪʘ ʧʨʦʜʫʢʪʘ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʞʠʜʢʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ 

ʧʨʦʤʳʚʢʠ ʤʘʪʝʨʠʘʣʘ. 

5. ʃʫʯʰʘʷ ʦʙʨʘʙʦʪʢʘ ʪʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

- ʊʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʄʦʢʨʳʡ ʧʦʤʦʣ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʠʟʤʝʣʴʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʜʦ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʩʣʦʞʥʦ ʜʦʩʪʠʯʴ 

ʧʨʠ ʩʫʭʦʤ ʧʦʤʦʣʝ. 

- ʂʣʝʡʢʠʝ ʤʘʪʝʨʠʘʣʳ: ʅʝʢʦʪʦʨʳʝ ʤʘʪʝʨʠʘʣʳ ʩʢʣʦʥʥʳ ʢ ʩʣʠʧʘʥʠʶ ʧʨʠ ʩʫʭʦʤ 

ʧʦʤʦʣʝ, ʯʪʦ ʜʝʣʘʝʪ ʤʦʢʨʳʡ ʧʦʤʦʣ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʚʘʨʠʘʥʪʦʤ. 

6. ɻʠʙʢʦʩʪʴ ʚ ʚʳʙʦʨʝ ʞʠʜʢʦʩʪʝʡ: 

- ʈʘʟʣʠʯʥʳʝ ʩʨʝʜʳ: ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʞʠʜʢʦʩʪʠ (ʚʦʜʘ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʠ ʪ.ʜ.), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʜ 

ʢʦʥʢʨʝʪʥʳʝ ʥʫʞʜʳ. 

7. ʉʥʠʞʝʥʠʝ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

- ɿʘʱʠʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ: ɾʠʜʢʦʩʪʴ ʩʥʠʞʘʝʪ ʠʟʥʦʩ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ ʤʝʣʴʥʠʮʳ, 

ʯʪʦ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -173- 

 

ʄʦʢʨʳʡ ʧʦʤʦʣ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʭʠʤ 

ʧʦʤʦʣʦʤ ʚ ʨʷʜʝ ʦʙʣʘʩʪʝʡ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʥʢʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ, ʩʥʠʞʘʝʪ 

ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ ʠ ʩʥʠʞʘʝʪ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʝʣʘʶʪ ʤʦʢʨʳʡ ʧʦʤʦʣ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʤʥʦʛʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʜʦʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. ʆʙʦʩʥʦʚʘʥʳ 

ʤʝʪʦʜʠʢʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʞʝʥʝʨʥʳʡ ʨʘʩʯʝʪ, ʧʘʨʘʤʝʪʨʳ, ʨʝʞʠʤʳ, ʜʦʟʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ, 

ʩʝʷʣʢʘ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʚʳʩʝʚʦʤ. 

 

Abstract 

The main parameters and modes of operation of the dosing system are determined. The 

methodology and sequence of parameter determination are substantiated. 

Keywords: engineering calculation, parameters, modes, dosing system, seeder with centralized 

seeding. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʝʨʥʦʚʳʭ ʩʝʷʣʦʢ ʩ ʉʎɺ ʧʨʦʚʝʜʝʥʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʜʦʟʠʨʦʚʘʥʠʷ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ 

(ʧʰʝʥʠʮʳ) ʵʪʠʤʠ ʩʝʷʣʢʘʤʠ. ʇʦʣʥʦʮʝʥʥʳʡ ʘʥʘʣʠʟ ʚʩʝʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʩʢʦʤʧʦʥʦʚʘʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʤʝʪʦʜʠʢʫ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʦʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ [1]. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʦʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʩʝʷʣʢʠ ʩ ʉʎɺ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

1. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʛʨʦʪʨʝʙʦʚʘʥʠʷʤʠ ʟʘʜʘʸʪʩʷ ʥʦʨʤʘ ʚʳʩʝʚʘ ʟʝʨʥʘ ʥʘ ʛʝʢʪʘʨ Qʥ. 

2. ʆʧʨʝʜʝʣʷʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʝʨʥʘ (ɣ,űʧʨ,ű,dy,ɖ,ɔ).  

ʇʨʠ ʵʪʦʤ ʚʣʘʞʥʦʩʪʴ ʟʝʨʥʘ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʜʠʮʠʦʥʥʦʡ ʚʣʘʞʥʦʩʪʠ W 

= 14 ï 16%. ʋʩʣʦʚʥʳʡ ʜʠʘʤʝʪʨ ʟʝʨʥʘ dʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 



-174- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 
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3

cacabdʫ ++º
                             (1) 

 ʛʜʝ 
6,0=ʬʂ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʬʦʨʤʫ ʟʝʨʥʘ ʧʰʝʥʠʮʳ; 
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3

cacabʂʠ ++=
ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʟʝʨʥʘ 

ʧʰʝʥʠʮʳ ʦʪ ʰʘʨʘ. 

3. ʆʧʨʝʜʝʣʷʝʪʩʷ ʫʛʦʣ ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʟʝʨʥʘ ʢ ʚʝʨʪʠʢʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

                                    
ʧʨʠ jyba ---= 090

,                                          (2) 

ʛʜʝ ɣ   ï ʚʥʫʪʨʝʥʥʠʡ ʫʛʦʣ ʪʨʝʥʠʷ ʯʘʩʪʠʮ; 

      űʧʨ ï ʧʨʠʚʝʜʝʥʥʳʡ ʫʛʦʣ ʪʨʝʥʠʷ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ; 

      ɓ    ï ʫʛʦʣ ʫʢʣʘʜʢʠ ʯʘʩʪʠʮ ʚ ʦʙʲʸʤʝ ʸʤʢʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʫʛʦʣ ʫʢʣʘʜʢʠ ʟʝʨʥʘ ʚ ʦʙʲʸʤʝ ʸʤʢʦʩʪʠ ɓ å 300.  

4. ɼʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʟʝʨʥʘ (ʚ ʩʣʫʯʘʝ Ŭʩʪ > Ŭʠ ï ʥʦʨʤʘʣʴʥʳʡ ʚʠʜ ʠʩʪʝʯʝʥʠʷ; ʝʩʣʠ Ŭʩʪ Ò Ŭʠ 

ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʚʠʜ ʠʩʪʝʯʝʥʠʷ; ʧʦ ʬʦʨʤʫʣʝ (3)) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʩʚʦʜʦʦʙʨʘʟʫʶʱʠʡ 

ʨʘʟʤʝʨ ʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʸʤʢʦʩʪʠ Dʥ.ʩʚ. = 2Rʥ.ʩʚ. 
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ʛʜʝ ʘ1 ï ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ 1/2cosɓ (ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ  

   ʚʠʜʘ ʠʩʪʝʯʝʥʠʷ [2,3]); 

      ɖ  ï ʧʣʦʪʥʦʩʪʴ ʟʝʨʥʘ; 

      ɔ  ï ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʳʧʫʯʝʛʦ ʪʝʣʘ; 

      ɓ  ï ʫʛʦʣ ʫʢʣʘʜʢʠ ʯʘʩʪʠʮ ʩʳʧʫʯʝʛʦ ʪʝʣʘ ʚ ʦʙʲʸʤʝ ʸʤʢʦʩʪʠ; 

      ɣ ï ʚʥʫʪʨʝʥʥʠʡ ʫʛʦʣ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʩʳʧʫʯʝʛʦ ʪʝʣʘ. 

 

5. ɼʣʷ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ Qʥ ʦʧʨʝʜʝʣʷʝʪʩʷ Rʚ. ʇʨʠ ʵʪʦʤ, ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 

ʢʘʪʫʰʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (4,5). 

 

                                                         

5,2¢
ac

hʞ

.                                          (4) 

ʇʨʠ ʵʪʦʤ, hʞ.max ʧʨʠ 2,5 ʠ hʞ.min ʧʨʠ 1,0. 

achach ʞʞ == min.max. ;5,2
 

ɼʠʘʤʝʪʨ ʨʘʙʦʯʝʡ ʢʘʪʫʰʢʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ rʢ  ï  ʨʘʜʠʫʩ ʢʘʪʫʰʢʠ; 

      nʞ ï ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʦʙʢʦʚ ʥʘ ʢʘʪʫʰʢʝ. 

ɼʣʠʥʘ ʨʘʙʦʯʝʡ ʢʘʪʫʰʢʠ lʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʝʸ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʜ ʜʥʦʤ ʩʝʤʝʥʥʦʛʦ ʷʱʠʢʘ ʩʝʷʣʢʠ ʩ ʉʎɺ. ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʩʯʸʪʘ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -175- 

 

ʧʦʣʫʯʠʣʦʩʴ, ʯʪʦ Rʚ Ò Rʥ.ʩʚ [3,4], ʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʧʨʠ ʚʳʩʝʚʝ Qʥ, ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʩʝʤʝʥʥʦʡ ʢʘʤʝʨʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʜʦʨʘʟʨʫʰʠʪʝʣʴ. 

6. ʇʨʠ Rʚ = Rʥ.ʩʚ. Qʞ = 0 (ʞʝʣʦʙʢʠ ʢʘʪʫʰʢʠ ʟʘʧʦʣʥʷʪʴʩʷ ʥʝ ʙʫʜʫʪ). ɺ ʩʝʤʝʥʥʦʡ ʸʤʢʦʩʪʠ 

ʥʘʜ ʝʸ ʱʝʣʝʚʳʤ ʚʳʧʫʩʢʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʦʙʨʘʟʫʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʡ ʩʚʦʜ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ lʱ (ʪʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʙʦʯʝʡ ʜʣʠʥʳ ʢʘʪʫʰʢʠ lr ) ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

Rʚ Qʞ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʧʘʨʘʙʦʣʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ Rʥ.ʩʚ. Qʞ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʧʘʨʘʙʦʣʝ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ Ŭʠ Qʞ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʪʘʥʛʝʥʩʦʠʜʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ n ʟʘʧʦʣʥʝʥʠʝ ʞʝʣʦʙʢʦʚ 

ʢʘʪʫʰʢʠ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʛʠʧʝʨʙʦʣʝ, ʥʦ ʨʘʚʥʦʤʝʨʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʝʚ ʟʝʨʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ (6), ʥʘ ʧʨʦʮʝʩʩ ʚʳʩʝʚʘ ʟʝʨʥʘ ʞʝʣʦʙʢʘʤʠ 

ʢʘʪʫʰʢʠ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʢʘʪʫʰʢʠ, ʥʦ ʠ ʧʘʨʘʤʝʪʨʳ ʚʳʧʫʩʢʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʩʝʤʝʥʥʦʡ ʸʤʢʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʝʤʷʥ 

ʚʳʩʝʚʘʝʤʳʭ ʢʫʣʴʪʫʨ. 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘʜ ʚʳʧʫʩʢʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʸʤʢʦʩʪʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʩʚʦʜʘ 

(ʧʨʠ ʤʘʣʳʭ ʥʦʨʤʘʭ ʚʳʩʝʚʘ ʟʝʨʥʘ) ʩʚʦʜʦʨʘʟʨʫʰʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʣʝʙʣʶʱʝʝʩʷ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʨʸʙʝʨ ʞʝʣʦʙʢʦʚ ʚʨʘʱʘʶʱʝʡʩʷ ʢʘʪʫʰʢʠ, ʠʤʝʝʪ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ, ʨʘʚʥʫʶ 
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ʛʜʝ m ï ʢʦʣʠʯʝʩʪʚʦ ʨʸʙʝʨ ʥʘ ʚʳʩʝʚʘʶʱʝʡ ʢʘʪʫʰʢʝ. 

7. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʚʳʜʘʯʠ ʜʦʟ ʟʝʨʥʘ ʸʤʢʦʩʪʴʶ ʠ ʢʘʪʫʰʢʦʡ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʭʦʜʘ ʜʦʟ ʟʝʨʥʘ ʠʟ ʚʳʧʫʩʢʥʦʛʦ ʱʝʣʝʚʦʛʦ ʦʪʚʝʨʩʪʠʷ 

ʸʤʢʦʩʪʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʝ ʨʘʟʨʫʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʚʦʜʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʸʤʢʦʩʪʠ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ů ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ɜʩʨ 

ʩʫʱʝʩʪʚʫʝʪ ʩʝʤʝʡʩʪʚʦ ʛʠʧʝʨʙʦʣ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ɜ ʦʪ ɜʩ. ʇʨʠ ʵʪʦʤ ʛʠʧʝʨʙʦʣʘ ʥʝ 

ʠʤʝʝʪ ʵʢʩʪʨʝʤʫʤʦʚ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʚʘʣʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ɜʩʨ.ʟ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʥʝʢʦʪʦʨʦʤ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ ɜ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʩʠʩʪʝʤʳ çʸʤʢʦʩʪʴ ï ʩʳʧʫʯʝʝ ʪʝʣʦ (ʟʝʨʥʦ)è ʵʪʦʪ 

ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ ʚʧʦʣʥʝ ʢʦʥʢʨʝʪʝʥ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ: ʨʘʟʨʘʙʦʪʢʘ 

ʩʚʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʣʷ ʚʥʦʚʴ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʸʤʢʦʩʪʠ ʠʣʠ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʝʡ; ʜʣʷ ʩʚʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʘʢʪʠʚʥʳʤ ʧʨʠʚʦʜʦʤ ʠʣʠ ʞʝ ʧʘʩʩʠʚʥʳʤ. 

ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʭʦʜʘ ʜʦʟ ʟʝʨʥʘ ʠʟ ʱʝʣʝʚʦʛʦ ʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʸʤʢʦʩʪʠ, ʠʣʠ ʪʦ ʞʝ ʩʘʤʦʝ, 

ʦʜʠʥʘʢʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʟʝʨʥʘ ʚʦ ʚʨʝʤʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʩʚʦʜʘ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ (ʬʦʨʤʫʣʘ 8). 

8. ʈʘʮʠʦʥʘʣʴʥʘʷ ʦʙʨʘʟʫʶʱʘʷ ʢʦʥʫʩʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʠʤʝʝʪ ʬʦʨʤʫ 

ʛʠʧʝʨʙʦʣʳ.  

                                           ï ʛʠʧʝʨʙʦʣʘ.                                      (8)  

ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʘʤʠʥʘʨʥʦʩʪʴ ʚʭʦʜʘ ʜʦʟ ʟʝʨʥʘ ʚ ʦʪʚʝʨʩʪʠʷ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ c ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʵʪʦʛʦ ʚʭʦʜʘ ʠ ʩʥʠʞʝʥʠʝʤ 

ʩʪʘʭʦʩʪʠʯʝʩʢʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʜʦʟ ʟʝʨʥʘ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ 

ʢʦʥʫʩʘ [5,6]. ʂʨʦʤʝ ʪʦʛʦ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʦʙʨʘʟʫʶʱʘʷ ʢʦʥʫʩʘ ʩʥʠʞʘʝʪ ʪʨʘʚʤʠʨʦʚʘʥʠʝ ʟʝʨʥʘ, 

ʪʘʢ ʢʘʢ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʚʩʝʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʟʝʨʥʦ ʧʨʠ ʝʛʦ ʫʜʘʨʝ ʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ 

ʢʦʥʫʩ, ʠ ʠʭ ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʝʛʦ ʦʙʨʘʟʫʶʱʝʡ. 

***  



-176- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 
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Abstract 

In the presented work, a set of measures was developed and technical solutions were proposed 

to create a control system for the process of preparation and oligomerization of dicyclopentadiene, 

which made it possible to bring the safety level into compliance with regulatory requirements and 

improve the quality of automatic control of an existing technological facility. 

Keywords: ʩontrol object, adjustable parameters, automatic control system. 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʧʨʝʜʣʦʞʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ 

ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʠʚʝʩʪʠ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

 

The preparation and oligomerization unit of dicyclopentadiene (DCPD) is part of the polymer 

proppant production. The invention of polymer proppants belongs to the technology of oil and gas 

extraction using materials from high molecular weight compounds, namely polymeric materials with 

increased requirements for physico-mechanical properties. With the use of these high-strength 
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polymeric granules, obtained by the suspension polymerization method of dicyclopentadiene, intended 

for use as a proppant, significantly increases the oil and gas extraction by the method of hydraulic 

fracturing. The development of automated control systems for technological processes based on 

modern microprocessor automation tools allows for a significant increase in responsiveness and fault 

tolerance, as well as ensuring the safety and accuracy of the ongoing production process. 

   The main apparatus in this process is the oligomerization reactor item 151/1. In the first stage 

of the process, the metathesis polymerization reaction of DCPD takes place in the presence of a 

ruthenium catalyst.  

   The technological process of obtaining oligomerized DCPD consists of: 

- Reception and preparation of raw materials  

- Cleaning and preparation of DCPD 

    DCPD comes in metal barrels. It is fed to the production by a barrel pump item 163 from the 

barrel, preheated. To purify the commercial DCPD from impurities of catalytic poisons and to obtain 

monomer, a filter item 164 filled with aluminum oxide is used, depending on the amount of filtered 

DCPD. A grid is additionally laid on the bottom of the filter, on it a package consisting of two layers of 

calico fabric, between which are two layers of filtered paper. After filling the surface of the filter with 

aluminum oxide, it is leveled and compacted with nitrogen. Before feeding DCPD, the entire system 

(filter item 164, oligomerization reactor item 151/1) is purged with nitrogen. The reactor item 151/1 is 

heated and the temperature rises from the beginning to the end of the filtration. Upon completion of 

purging, the filter item 164 is heated and thermostated at this temperature. The temperature is 

controlled by supplying steam to the jacket of the filter item 164. After thermostating, the filter item 

164 is loaded with barrel pump item 163. The temperature of the adsorption layer in the filter is 

maintained throughout the filtration process to prevent the crystallization of DCPD. During the 

filtration process, a stirrer is activated in reactor item 151/1. The filtered DCPD is collected in reactor 

item 151/1, where it is stored under nitrogen. To prevent pipeline blockage between filter item 164 and 

reactor item 151/1, pipeline heating with a steam tracer is provided. After the DCPD filtration is 

completed, the remaining DCPD residue in reactor item 151/1 is flushed out with nitrogen. Aluminum 

oxide is extracted from filter item 164 and sent for disposal, after which the filter is refilled with fresh 

adsorbent. The control of pumps at positions 163, 165, as well as the stirrer in reactor item 151/1, is 

reduced to switching on and off. 

       Preparation of DCPD (partial thermo-activated oligomerization) 

       The filtered DCPD collected in reactor item 151/1 undergoes thermal oligomerization. 

Reactor item 151/1 is equipped with a coil, jacket, and stirrer. Reactor item 151/1 is purged with 

nitrogen. DCPD is heated in reactor item 151/1 by supplying steam and steam to the reactor jacket. 

When the set temperature is reached, the nitrogen pressure is maintained at the specified level. The 

temperature of the steam supplied to the reactor jacket at the beginning of the oligomerization process 

should constantly increase to a certain value. After the temperature of the reaction mass reaches the 

specified values, cooling with the coil of reactor item 151/1 is activated, while nitrogen pressure is also 

maintained throughout the entire cooling process. The oligomerized DCPD is forcibly cooled and aged. 

Then, the oligomerized DCPD is drained into tank 160/1, where it is naturally cooled and stored under 

a nitrogen cushion for one week before being transferred to tank item 160/2 using centrifugal pump 

item 165. Oligomerized DCPD in tanks item 160/1,2 is stored for no more than 2 weeks. After aging, 

the oligomerized DCPD from storage tank item 160/2 is pumped into measuring tank item 176. 

         Research objective. 

         To effectively operate technological processes, it is necessary to correctly define the tasks 

of automation. An important step in this process is the analysis of the main components of the control 

system, such as disturbance and control sources [1].  By analyzing the technological process as a 

control object, the structure of the control system can be determined, i.e., selecting the optimal ways to 

influence the object to achieve the necessary changes in the controlled parameters. 

   Analysis of the technological process as a control object. 

   The control object is an object or section of a technological line whose control achieves the 

required result. The main apparatus, ʘlso, the main control object in the process of preparation and 
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oligomerization of DCPD is the oligomerization reactor item 151/1, where the solution of oligomerized 

DCPD is prepared. 

 

 
Figure 1. Technological Control Object. 

 

The solution of analysis tasks involves a complete description of the existing influences in the 

system (Figure 2) for subsequent derivation of transformations - regularities, according to which input 

influences are transformed into reactions. 

 

 
Figure 2. Description of the Coordinate System. 

 

X - control action; Z - disturbance; f - uncontrolled disturbance; q - controlled disturbance; S - 

transformations; Y - controlled coordinates 

   The control action X is set by a human or generated by a control device. Control actions 

include those quantities whose values can be varied during the control process. 

Disturbances Z are independent of the control system. They can arise both outside the system - 

external disturbances, resulting from changes in input parameters, some output parameters, and 

parameters of the environment, as well as inside it - internal disturbances. 

   When determining the normal technological mode, key parameters are defined that need to be 

maintained at a certain level, and ranges of values are specified within which changes in these 

parameters do not cause serious disruptions in the operation of the technological process. 

Technological process control involves maintaining parameters at a level corresponding to the normal 

technological mode [2]. 
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    Figure 3 shows the structural diagram of influences affecting the process occurring in reactor 

oligomerization 151.1. 

 

 
Figure 3. Informational Scheme of the Control Object 

 

In real conditions, when various external factors affect the object, the dynamic mode of 

operation of the object becomes crucial [3].  Analysis of the technological process as a control object 

helps to determine how to influence its parameters to achieve optimal control [4].  Thus, the choice of 

the control system structure is aimed at determining the appropriate method of regulating each state 

parameter. This reactor is equipped with a cooling jacket, coil, and stirrer. The considered 

technological process is periodic. 

Based on the goal of operation, the main state variables are the temperature of DCPD in the 

oligomerization reactor, as well as the temperatures of: cooling water, steam, and vapor. Among the 

input variables affecting the state of the technological process, the flow rate of cooling water, the flow 

rate of steam, and the flow rate of vapor are distinguished. Figure 3 shows the structural diagram of 

significant factors affecting the process occurring in the oligomerization reactor of DCPD item 151/1. 

The priority control action is considered to be the maintenance of the temperature regime in the 

oligomerization reactor item 151/1 at the specified values, which is achieved through three 

components: the flow rate of steam through the regulating valve, the flow rate of vapor through the cut-

off valve, and the flow rate of cooling water through the cut-off valve.  

   Research Results.  

   Conducting an analysis of the technological process as a control object revealed the need to 

control and regulate multiple parameters [5].  For the automation of production, it is proposed to apply 

a three-level automated process control system (APCS), which will ensure the optimal operation of the 

process without the need for constant presence of personnel in order to achieve maximum efficiency. 

The APCS will address the following tasks: 

1. Process parameter monitoring: automatic control of temperature, pressure, raw 

material and reagent flow rates, as well as product composition. 

2. Parameter regulation using high-precision sensors, valves, and actuators to optimize 

the process and ensure stable production output. 

3. Diagnostics and prevention of emergency situations using automatic diagnostic 

systems for rapid problem detection and prevention of emergencies.  

For the automation of the oligomerization reactor, the system should: 

1. Control and manage the process, including monitoring parameters such as 

temperature, pressure, raw material and product flow rates, as well as the liquid level 

in the reactor. 

2. Monitor the condition of equipment, including the operation of pumps, valves, 

sensors, and other system elements. 

3. Ensure process safety through parameter control and automatic system shutdown in 

case of emergency situations.  
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     Overall, the APCS should meet requirements for accuracy and reliability of process 

parameter control, rapid response to changes and emergencies, user-friendliness for personnel, 

scalability, data protection and confidentiality, availability of backup power and emergency shutdown, 

as well as safety and environmental standards, ensuring high efficiency and reliability of the production 

process. 

   Conclusion.  

   The presented work has developed a complex of measures and proposed technical solutions 

for creating a control system for the oligomerization of dicyclopentadiene, which has allowed to bring 

the level of safety in line with regulatory requirements and improve the quality of automatic control of 

the existing technological object. 
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Abstract 

This article examined the influence of temperature changes during the preparation of beer wort, 

and identified methods for regulating the technological object. The presented automatic system will 

allow to control and maintain the required temperature in the boiler in real time, which will provide 

optimal conditions for mashing. 

Keywords: ʘutomation of mash boiler work, temperature control, influence of temperature on 

the process, analysis, control.  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʚʥʦʛʦ ʩʫʩʣʘ, ʦʧʨʝʜʝʣʝʥʳ ʩʧʦʩʦʙʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʢʦʪʣʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʟʘʪʠʨʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʳ ʟʘʪʦʨʥʦʛʦ ʢʦʣʘ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʮʝʩʩ, ʘʥʘʣʠʟ, ʢʦʥʪʨʦʣʴ. 

 

Introduction. The beer production process includes several significant stages. One of the main 

stages of preparing beer wort is mashing. Mashing is the process of mixing grain raw materials and 

heated water, followed by heating the mixture and observing certain temperature pauses. 

Heating the mixture and observing temperature breaks are the main conditions for the mashing 

process, during which a physico-chemical process called starch hydrolysis is carried out. Successful 

mashing of grain raw materials directly affects the subsequent fermentation process, since for 
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production it is important to obtain wort with the maximum maltose content, the required amount of 

dextrins and the highest extract content. 

Object of study. Mashing is carried out, as a rule, in a mash apparatus, which is a cylindrical 

vessel with a double spherical bottom, forming a steam jacket with a hole in the middle, which allows 

the mash to drain. To mix the mixture, a propeller-type stirrer driven by a bottom drive is installed in 

the lower part of the apparatus. The removal of released vapors is provided via a condensate trap from 

the steam jacket [1]. 

To control temperature changes in the mash apparatus, resistance thermal converters are 

installed; due to the detected changes, the corresponding valve regulates the flow of heating steam 

supplied to the apparatus jacket. The steam pressure is excessive and amounts to 2-2.5 bar. 

The infusion method of mashing involves heating the mash from 52 to 72ÁC with a gradual 

increase in temperature by 1ÁC/min, and then holding the mash until the final temperature is reached. 

The mashing process involves careful control of temperatures designed to produce wort with 

the minimum possible amount of undissolved starch. In case of inconsistency in the temperature 

conditions of the process, the extractivity of the wort decreases, the final degree of fermentation 

decreases, and the values of color and foam stability drop. The kinetics of starch hydrolysis at this 

stage depends on the concentration of enzymes and hydrogen ions, as well as on temperature. 

Purpose of the study. The efficiency of the technological process depends on the selected 

optimal temperature regime of the main equipment. To determine the regulation of the operation of a 

technological object, the task was set to analyze the conditions of the process in the event of possible 

disturbing influences, as well as the inclusion of additional modules for collecting information on 

indicators, as a means of simplifying the implementation of technological processes. 

Effect of mashing temperature. The selected temperature for mash production technology can 

affect a number of parameters such as: enzyme activity, mash pH value, hydrolysis rate, final degree of 

fermentation, process duration [2]. 

Changes in temperature significantly affect the ability of mash molecules to react, as this 

increases their kinetic energy. It has been established that the activity of the enzymes will remain if, 

during the first stage of mashing, the temperature of the process does not exceed the optimal one, since 

otherwise this can lead to a slowdown; the best option would be to set the temperature a few degrees 

lower. 

It is necessary to be guided by the modes of heating the mash: the enzyme Ŭ-amylase for its 

action has a temperature optimum of about 70ÁC, the enzyme ɓ-amylase ï 60ÁC. At temperatures 

below the presented values, for example 40-45ÁC, bacteria can develop that are detrimental to the 

quality of the final product [3]. 

Various methods can be used to automatically control the temperature of the mash apparatus, 

for example: 

1. supply of hot or cold water using automatic control valves; 

2. use of electric heating elements with power control; 

3. the use of thermostats or programmable controllers for automatic temperature 

control. 

The temperature in the mash apparatus depends on the pressure and the type of raw material 

used for production. As the pressure in the apparatus increases, the temperature may also increase, 

which can lead to a change in the quality of the product. 

To measure and control the temperature in the mash apparatus, you can use various sensors and 

thermal converters, for example: 

Thermocouples are devices that measure temperature by the difference in voltage across two 

wires of different metals. 

Thermistors are elements that change their resistance depending on temperature [4]. 

Infrared pyrometers are devices that measure the temperature of an object using the infrared 

radiation it emits. 

The choice of sensors and thermal converters depends on the required measurement accuracy, 

operating conditions and mash apparatus specifications. 
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Automating the operation of the mash kettle through temperature control will significantly 

improve its efficiency. This automatic control system allows you to maintain the optimal temperature 

of the mash in the boiler, which promotes uniform heating and improves the quality of the output 

product. In addition, it saves energy and reduces equipment wear by more accurately and economically 

controlling the heating process. 

The installed modules are intended to collect and process information from temperature and 

pressure sensors; subsequently, control commands will be generated for the actuators of the equipment: 

shut-off and control valves [5]. 

Temperature is measured using a platinum resistance thermal transducer, which changes its 

electrical resistance depending on the temperature. The received signal, proportional to the current 

temperature, is transmitted to the controller. Next, this temperature is checked for compliance with 

technological requirements, after which the digital values are displayed on the monitor screen. Using 

the module, you can stop the supply of hot steam, change its flow, or completely shut off the coolant 

flow to avoid overheating of the mixture. 

Software control consists of comparing the temperature of the mash with the time required to 

reach it; the information is displayed on the monitor screen. If the required mash temperature is not 

reached within the time period set by the technological mode, the time countdown begins again, and 

the valve on the steam line does not close. 

When the required temperature is reached in less or the planned time, the controller generates a 

control action in the form of a current signal to close the steam supply valve. During pauses, if the 

temperature drops, the valve on the steam line partially opens and then closes, proportional to the 

control signal sent from the controller. 

The actuator is a small-sized control valve; when the final mash temperature is reached, the 

controller performs a control action to open the shut-off valve located on the mash unloading pipeline. 

Thus, the temperature of the water used when mixing with grain raw materials, or the mash 

during its preparation, is regulated and maintained at a given level. 

The excess pressure sensor generates a unified current signal proportional to the measured 

pressure. This signal is sent to the microprocessor controller through the module, where it is processed. 

The processing results are displayed on the operatorôs monitor screen. The controller then provides a 

control signal to drive the actuator, proportional to the excess pressure. 

The control valve changes the pressure of the steam supplied to the heating of technological 

devices. Thus, the excess pressure of the heating steam is maintained at the required level. 

To regulate technological parameters in the mash apparatus, the following system with several 

levels is provided: 

The first level of the system contains sensors installed to measure signals, as well as actuators 

and control mechanisms; 

A control cabinet is installed on the second level; 

The third level of the system contains microprocessor controllers that allow you to control the 

process remotely, make changes to the technological process by adjusting parameters, and they also 

serve for technological protection. 

The fourth level includes:   

1. Automated operator workstations with complete autonomy in functionality, thus the 

functions of the operator station are combined with the functions of the servers; 

2. Automated workstation for a system engineer, designed to support an automated 

process control system; 

3. Printer for printing event protocols, regime sheets, shift sheets and other 

documentation; Research results.  

The automatic temperature and steam control system in the mash kettle at the brewery ensures 

accurate and stable maintenance of the required process parameters, which contributes to the high 

quality of the beer produced. 
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1. Automatic regulation allows you to quickly respond to changes in production 

conditions, which increases production efficiency and reduces the time for setting up 

and reconfiguring equipment. 

2. This system also helps reduce energy costs by optimizing the heating process and 

temperature maintenance, which saves resources and reduces operating costs. 

3. Increased productivity. Thanks to an automated control system, the beer brewing 

process becomes more efficient and allows for increased brewing productivity. 

4. Automatic control increases process safety, as it eliminates the possibility of human 

errors when controlling process parameters. 

5. The system also provides remote monitoring and control capabilities, making 

process monitoring and troubleshooting more convenient. 

Conclusion. In the presented work, an analysis of the mashing stage in brewing production was 

carried out, a set of measures was determined on methods for regulating technological parameters in 

order to ensure optimal conditions for the process. 
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Abstract 

The article discusses the use of light steel thin-walled structures (LSTWS) in port construction, 

analyzes the advantages and prospects of this technology. High strength, durability, quick installation, 

environmental friendliness, and versatility of LSTWS make them an ideal material for port structures, 

ensuring increased efficiency, safety and optimization of the use of port territory. 

Keywords: LSTWS, light steel thin-walled structures, port construction, manufacturability, 

durability.  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʃʉʊʂ ʚ ʧʦʨʪʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʙʳʩʪʨʳʡ 

ʤʦʥʪʘʞ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʃʉʊʂ ʜʝʣʘʶʪ ʠʭ ʠʜʝʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʧʦʨʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʧʦʨʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʉʊʂ, ʣʝʛʢʠʝ ʩʪʘʣʴʥʳʝ ʪʦʥʢʦʩʪʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʦʯʥʦʩʪʴ, 

ʧʦʨʪʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ. 
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In the modern world, port construction is one of the key branches of the economy, ensuring the 

development of international trade and logistics. In this regard, there is a need to develop and apply 

innovative technologies that will improve the efficiency and safety of port facilities. One of these 

technologies is the use of light steel thin-walled structures (LSTWS). 

Light steel thin-walled structures are a system of metal profiles from which prefabricated 

buildings are constructed. Metal profiles are made by cold rolling from stainless galvanized steel and 

have a thickness of up to 2 mm. Because of cold rolling and galvanization, in the places where the 

profile is cut, or drilled corrosion does not occur. That is critical in the construction of port facilities 

which are operated in an aggressive marine climate. 

Moreover, external structures are made of thermal profiles, which have slots in a checkerboard 

pattern to eliminate ñcold bridgesò. The wall cavities are filled with natural heat-insulating material, 

fastening is carried out with self-tapping screws. The profile is sheathed with sheet material from the 

outside and inside. 

 

 
Figure1. Thermal profiles options. 

 

Mainly, LSTWS are used in the construction of enclosing structures of buildings (external 

walls, roof, etc.), however, there are examples of their use as internal partitions, frames of small 

structures (small warehouses, gas stations, etc.). Also, the relatively low weight (about 150 kg per 1 

cubic meter) allows the effective use of lightweight steel frames in the reconstruction of buildings and 

structures, as well as the construction of add-on structures and extensions. 

Initially, the main reason for the emergence of this technology was the need for mass 

construction of low-rise buildings in cold climate (Canada, mid-20th century). But the main factor for 

the development of LSTWS was the possibility of industrial, mass production of steel profiles and the 

availability of material. 

Light steel thin-walled structures are a modern solution for the construction of port facilities. 

They have several advantages that make them the ideal material for this industry. 

1. High strength and durability. LSTWS are made of high-quality galvanized steel, 

which provides reliability and corrosion resistance. This guarantees the long life of 

port facilities, even in an aggressive marine environment. The service life of frame 

LSTWS buildings constructed in accordance with the requirements of SP 

260.1325800.2016 can be up to 100 years. 

2. Quick installation. Due to the modular system and light weight of elements, the 

construction of port facilities using LSTWS is much faster than using traditional 

materials. This reduces downtime and speeds up the commissioning process. 

Fencing structures can be assembled directly on the construction site, to save on 

transport services.  
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3. Ecology. The production and disposal of LSTWS have less environmental impact 

than other materials. In addition, the use of LSTWS makes it possible to reduce 

energy consumption in production and installation. Plasterboard and gypsum-cellular 

sheets which are usually used as shells in buildings constructed with LSTWS, and 

insulation materials - rock wool or Eco wool - are environmentally friendly and have 

100% recycling. 

4. Universality. LSTWS can be used for the construction of various types of port 

facilities, including berths, warehouses, offices and residential complexes. This 

allows to optimize the use of the port area and create multifunctional objects.  

5. Optimization of the port area use. LSTWS allow to create flexible and adaptive 

designs that can be easily modified or extended if necessary. This helps to make 

efficient use of limited port spaces and to improve their functionality. The condition 

that the assembly will be carried out on the construction site, allows not to use 

construction equipment (crane). 

6. High corrosion resistance. The galvanized steel of which LSTWS are made provides 

protection against moisture and corrosive environments, which is especially 

important in the marine climate.  

7. Fire safety. Galvanized steel has a low fuel content, which reduces the risk of fire in 

port facilities. According to the results of tests on fire resistance and combustion in 

accordance with GOST 30247.0-94 and 30247.1-94 buildings constructed according 

to LSTWS technology, category II general fire protection has been assigned. 

Materials used in the constructions are non-combustible.  
8. Energy efficiency. LSTWS have good thermal insulation properties, which allow to 

reduce the cost of heating and air conditioning in port buildings. 
At present, there is an active implementation of LSTWS in port constructions in various 

countries of the world. Here are some examples of successful projects: 
- Construction of a container terminal at the port of Rotterdam (Netherlands). The 

project was implemented in 2016 and it became the first port in the world, fully built 
of LSTWS. The terminal consists of 1,200 containers spread over an area of 10 
hectares. 

- Reconstruction of the port of Hamburg (Germany). As part of the project, a new 
marina for cruise ships from LSTWS was built. The marina is designed for 
simultaneous parking of 12 vessels and has a capacity of 1.5 million passengers per 
year. 

- Construction of a logistics center in the port of Shanghai (China). The project 
includes the construction of warehouses with a total area of 100 thousand square 
meters. Warehouses were built from LSTWS in just 6 months, which allowed to 
significantly reduce the project implementation time.  

Russia also has examples of successful use of LSTWS in port construction, for example, in the 
reconstruction of the port of Ust-Luga or in modernization of warehouse capacity of Vladivostok port. 

The application of LSTWS in port construction has several advantages and prospects. This 

technology improves the efficiency, security and environmental friendliness of port facilities and 

optimizes the use of the port area. In this regard, LSTWS are a promising trend for the development of 

port construction and deserve further study and implementation. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʚʠʯʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʦʪʨʘʞʝʥʘ ʝʝ ʨʦʣʴ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʘʣʠʟʦʚʘʪʴ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʦʡ ʚʳʚʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʚʘʞʥʦ ʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʬʝʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʜʠʩʧʝʨʩʠʷ, 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʨʘʟʤʘʭ, ʤʦʜʘ, ʤʝʜʠʘʥʘ. 

 

Abstract 

This article provides an overview of the concepts and properties of variance and the forms of its 

representation to substantiate the results obtained. A brief overview allows the reader, first of all, to 

study in detail the topic and finding the dispersion of a numerical set.  

The main conclusion is that understanding variance and its application helps in making 

decisions based on probabilistic models and data analysis. 

Keywords: variance, dispersion, random variables, mathematical expectation, average value. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ, ʢʦʛʜʘ 

ʠʥʬʦʨʤʘʮʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ. ɺ ʥʘʫʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʠʟʥʝʩʝ 

ʥʝʚʦʟʤʦʞʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʪ.ʝ. ʠʥʬʦʨʤʘʮʠʷ ʚʳʩʪʫʧʘʝʪ ʦʩʥʦʚʦʡ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʇʨʦʩʪʦʡ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʝʨʥʳʭ ʚʳʚʦʜʦʚ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʣʠʰʥʷʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ, 

ʥʝʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ (çʤʫʞʩʢʦʡ ʧʦʣ ʧʨʠ ʥʘʣʠʯʠʠ ʙʝʨʝʤʝʥʥʦʩʪʠè), ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜʳ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʯʘʩʪʦ ʧʣʦʭʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ.  

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʜʘʯʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʭʦʪʷ ʙʳ 

ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ. ɺ ʭʦʜʝ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʘʶʪʩʷ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ ʦʙʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʝʨʚʠʯʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʣʦʞʥʳʝ ʜʘʥʥʳʝ ʠ ʠʩʢʣʶʯʠʪʴ ʠʭ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ʉʫʱʥʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ɼʣʷ ʚʳʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ, ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʝʨʠʨʦʚʘʪʴ ʧʨʦʚʝʨʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʜʣʷ ʯʝʛʦ 

ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʧʨʦʡʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ, ʜʣʷ ʯʝʛʦ ʟʘʯʘʩʪʫʶ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʇʦʜ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦʥʠʤʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʧʨʠʝʤʳ ʠ ʩʧʦʩʦʙʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʝʩʪʠ ʦʙʦʙʱʝʥʠʷ ʠ 

ʚʳʷʚʠʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʚʳʜʝʣʠʪʴ ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ 

ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ: 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -187- 

 

- ʧʝʨʚʠʯʥʳʝ ï ʵʪʦ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪ ʧʦʢʘʟʘʪʝʣʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʤʝʨʝʥʠʡ; 

- ʚʪʦʨʠʯʥʳʝ ʤʝʪʦʜʳ ï ʵʪʦ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ 

ʚʳʯʠʩʣʷʶʪ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ [6, c. 10]. 

ʂʘʢ ʩʢʘʟʘʥʦ ʚ ʧʦʩʦʙʠʠ ʖ.ʖ. ʅʠʢʠʬʦʨʝʥʢʦ, ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʦʩʪʦʠʪ ʚ 

ʫʧʦʨʷʜʦʯʠʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʠ ʧʨʝʜʤʝʪʝ ʠʟʫʯʝʥʠʷ, ʪ.ʝ. ʠʩʭʦʜʥʳʝ çʩʳʨʳʝè ʜʘʥʥʳʝ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʧʦ ʪʝʤ ʠʣʠ ʠʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʫʜʦʙʥʦʡ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʬʦʨʤʝ. ʇʦʩʣʝ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʮʝʣʦʤ, ʝʝ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʢʦʤʧʘʢʪʥʦʩʪʠ, ʯʝʪʢʦʩʪʠ. ʅʘʛʣʷʜʥʳʝ ʬʦʨʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʩʯʠʪʘʪʴ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʘ ʨʘʩʯʝʪʳ ʦʧʨʝʜʝʣʷʶʪ 

ʧʦʢʘʟʘʪʝʣʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʠʟʚʦʜʠʤʳʤʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʷʤʠ [4, c. 

8]. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʳʙʦʨʢʠ ʠ ʚʝʣʠʢ ʣʠ ʨʘʟʙʨʦʩ ʚʳʙʦʨʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʦʤʫ ʧʦʜʯʠʥʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʚ ʚʳʙʦʨʢʝ ʠʣʠ ʚʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

ʋʢʘʟʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʦʪʥʦʩʷʪ ʢ ʵʣʝʤʝʥʪʘʨʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʩʪʘʪʠʩʪʠʢʘʤ ʠ ʚ ʠʭ ʯʠʩʣʦ ʚʢʣʶʯʘʶʪ: 

- ʨʘʟʙʨʦʩ (ʨʘʟʤʘʭ) ʟʥʘʯʝʥʠʡ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ 

ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ; 

- ʩʨʝʜʥʝʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʶʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ, ʠʟʫʯʘʝʤʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ; 

- ʜʠʩʧʝʨʩʠʷ, ʦʮʝʥʠʚʘʶʱʘʷ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʚʦʢʨʫʛ ʩʨʝʜʥʝʛʦ; 

- ʤʦʜʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʝ ʟʥʘʯʝʥʠʝ; 

- ʤʝʜʠʘʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʜʝʣʠʪ ʚʳʙʦʨʢʫ ʧʦʧʦʣʘʤ [2, c. 1126]. 

ʇʨʦʙʣʝʤʘ ʣʶʙʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ 

ʛʝʥʝʨʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʝ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʮʝʣʠʢʦʤ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʦʙʳʯʥʦ 

ʞʝ, ʦʥʘ ʥʘʩʪʦʣʴʢʦ ʦʙʲʝʤʥʘ, ʯʪʦ ʝʝ ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦʣʥʦʩʪʴʶ. 

ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʪʦ ʝʩʪʴ ʚʝʣʠʯʠʥʘ, 

ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʥʝ ʠʟʚʝʩʪʥʳʝ ʟʘʨʘʥʝʝ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʶʪ ʚʳʙʦʨʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʧʦʣʫʯʠʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʝʝ ʠʣʠ ʤʝʥʴʰʝʝ ʨʘʩʩʝʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʛʨʫʙʳʤʠ ʦʰʠʙʢʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʦʰʠʙʢʘʤʠ ʠ 

ʩʣʫʯʘʡʥʳʤʠ ʦʰʠʙʢʘʤʠ. 

ɻʨʫʙʳʝ ʦʰʠʙʢʠ ʚʳʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʠ ʫʩʪʨʘʥʷʶʪʩʷ, ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʰʠʙʢʠ 

ʚʳʷʚʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʪʣʘʜʢʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʡ ʠ ʣʠʙʦ ʫʩʪʨʘʥʷʶʪʩʷ, ʣʠʙʦ 

ʫʯʠʪʳʚʘʶʪʩʷ. ʉʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ ʫʩʪʨʘʥʠʪʴ ʥʝʚʦʟʤʦʞʥʦ, ʥʦ ʤʦʞʥʦ ʠʭ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʠʭ ʧʘʛʫʙʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʫʶ 

ʪʝʥʜʝʥʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʙʦʨʦʯʥʳʭ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʫʞʜʝʥʠʝ ʦ 

ʭʘʨʘʢʪʝʨʝ ʚʳʙʦʨʢʠ ʠʣʠ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ɺ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʠʪʴ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʫʩʪʨʘʥʠʪʴ ʚʳʷʚʣʝʥʥʳʝ ʦʰʠʙʢʠ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ. 

ʄʝʪʦʜʳ ʧʝʨʚʠʯʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʇʝʨʚʠʯʥʳʝ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʯʠʩʣʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ, ʣʠʙʦ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʮʝʥʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʳʨʘʙʦʪʢʠ. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʢ ʧʝʨʚʠʯʥʳʤ ʤʝʪʦʜʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʙʦʨʦʯʥʦʡ 

ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ, ʜʠʩʧʝʨʩʠʠ, ʤʦʜʳ, ʤʝʜʠʘʥʳ, ʠ ʪ.ʜ. ɺʘʞʥʝʡʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ 
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ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʷ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ: 

- ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ï ʵʪʦ ʩʨʝʜʥʝʝ ʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ: 

- 

[] () ,M X x f x dx

¤

-¤

= Öñ
 

ʛʜʝ f(x) ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʍ; 

ï ʜʠʩʧʝʨʩʠʷ ï ʵʪʦ ʤʝʨʘ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ ʍ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ: 

 

[] [] []( )
2 2

D X M X M X x M X dx

¤

-¤

è ø= - = -ê úñ   [1, c. 24]. 

 

ɽʩʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʢʝ, ʪʦ ʧʦ ʝʝ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʦʜʷʪ 

ʦʮʝʥʢʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʮʝʥʪʨʘʣʴʥʳʭ ʚ ʪʝʦʨʠʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ.  

ʂ ʦʮʝʥʢʘʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʪʨʝʙʦʚʘʥʠʡ. ɺʘʞʥʝʡʰʠʝ ʩʨʝʜʠ ʥʠʭ: 

- ʥʝʩʤʝʱʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʘʚʝʥʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 

ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʚʳʙʦʨʢʠ ʣʶʙʦʛʦ ʦʙʲʝʤʘ; 

- ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, ʦʟʥʘʯʘʶʱʘʷ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʦʮʝʥʢʘ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʦʮʝʥʠʚʘʝʤʦʤʫ ʟʥʘʯʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ;  

- ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʤʝʨʫ ʨʘʩʩʝʷʥʠʷ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʘʨʘʤʝʪʨʘ, ʪ.ʝ. ʯʝʤ ʚʳʰʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʤ ʤʝʥʴʰʝ ʜʠʩʧʝʨʩʠʷ [3, c. 66]. 

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʚ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ: 

- 
[]*

1

1
;

n

i

i

M X x x
n =

= =ä
 

 

- ʥʝʩʤʝʱʝʥʥʦʡ ʦʮʝʥʢʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʨʘʚʣʝʥʥʘʷ 

ʚʳʙʦʨʦʯʥʘʷ ʜʠʩʧʝʨʩʠʷ 

 

[] ( )
2

* 2 2

1

1
;

1 1

n

n i

i

n
D X S S X X

n n =

= = = -
- -

ä  

 

- ʤʝʜʠʘʥʦʡ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʷʜʘ ʥʘʟʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ, ʧʨʠʭʦʜʷʱʝʛʦʩʷ 

ʥʘ ʩʝʨʝʜʠʥʫ ʨʘʥʞʠʨʦʚʘʥʥʦʛʦ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ, ʥʝ ʚʣʠʷʶʪ ʠʟʤʝʥʝʥʠʷ ʢʨʘʡʥʠʭ 

ʯʣʝʥʦʚ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʷʜʘ. ʄʝʜʠʘʥʘ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʩʨʝʜʥʝʛʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʜʣʷ ʨʷʜʘ, ʫ ʢʦʪʦʨʦʛʦ ʢʨʘʡʥʠʝ 

ʚʘʨʠʘʥʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʴʰʠʤʠ ʦʢʘʟʘʣʠʩʴ ʯʨʝʟʤʝʨʥʦ ʙʦʣʴʰʠʤʠ ʠʣʠ 

ʤʘʣʳʤʠ; 

- ʤʦʜʦʡ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʷʜʘ ʥʘʟʳʚʘʝʪʩʷ ʚʘʨʠʘʥʪʘ, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʠʙʦʣʴʰʘʷ ʯʘʩʪʦʪʘ (ʤʦʜʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ). ʆʩʦʙʝʥʥʦʩʪʴ ʤʦʜʳ ʢʘʢ ʧʦʢʘʟʘʪʝʣʷ 

ʩʨʝʜʥʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʨʘʡʥʠʭ 

ʯʣʝʥʦʚ ʨʷʜʘ, ʪ. ʝ. ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʘʨʠʘʮʠʠ ʧʨʠʟʥʘʢʘ [8, c. 109]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʚ ʚʳʯʠʩʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʣʠ ʚ ʧʦʜʛʦʪʦʚʢʝ ʚʳʙʦʨʢʝ ʠ ʨʘʩʯʝʪʝ ʘʥʘʣʦʛʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʘ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʨʝʜʠ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʷʚʣʷʝʪʩʷ 

ʩʨʝʜʥʷʷ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʚʘʨʠʘʮʠʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ï ʜʠʩʧʝʨʩʠʷ.  

ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʳʭ ʩʣʦʞʥʦʩʪʝʡ ʧʨʠ ʨʘʩʯʝʪʘʭ, ʥʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʟʣʠʰʥʝ ʦʙʲʝʤʥʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ. 

ʂʘʢ ʟʘʤʝʯʘʝʪ ʅ.ɹ. ʆʩʠʧʝʥʢʦ, ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣ ʢ ʙʦʣʴʰʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʧʨʠʢʣʘʜʥʳʭ ʧʘʢʝʪʦʚ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʠʤʝʶʪʩʷ ʢʘʢ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʪʘʢ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʘʢʝʪʳ, ʘ ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʥʘʙʦʨʳ. ʄʝʞʜʫ ʪʝʤ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʥʘʚʳʢʠ ʠ 

ʟʥʘʥʠʷ, ʥʝ ʪʦʣʴʢʦ ʚ ʩʬʝʨʝ ʩʪʘʪʠʩʪʠʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʠʢʣʘʜʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʵʪʦʤʫ ʫʩʧʝʰʥʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʝʟ ʥʝʛʦ ʥʝ ʚʦʟʤʦʞʥʦ [5, c. 12]. 

ɼʣʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʧʘʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ 

ʧʨʦʛʨʘʤʤʳ ʢʘʢ: 

1. MS Excel ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʧʨʦʛʨʘʤʤʦʡ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʀʥʩʪʨʫʤʝʥʪʳ ʪʘʙʣʠʯʥʦʛʦ 

ʨʝʜʘʢʪʦʨʘ ʧʦʟʚʦʣʷʶʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʯʠʩʣʦʚʳʝ ʜʘʥʥʳʝ ʚ ʥʘʛʣʷʜʥʳʝ ʬʦʨʤʳ 

(ʜʠʘʛʨʘʤʤʳ, ʪʘʙʣʠʮʳ), ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ 

ʨʘʩʯʝʪʳ. ʇʣʶʩʘʤʠ MS Excel ʷʚʣʷʶʪʩʷ: ʜʦʩʪʫʧʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʥʘʯʠʥʘʶʱʠʭ; ʦʙʠʣʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʘʥʥʳʤʠ; ʨʘʩʰʠʨʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ VBA. ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʥʘʟʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ 

ʚ ʠʟʫʯʝʥʠʠ ʜʦʩʪʫʧʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʠʟ-ʟʘ ʝʛʦ ʦʙʲʝʤʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʨʝʚʘʥʠʝ 

ʷʟʳʢʘ VBA. 

2. SPSS Statistics (ʘʙʙʨʝʚʠʘʪʫʨʘ ʘʥʛʣ. çStatistical Package for the Social Sciencesè ï 

çʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʘʢʝʪ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʥʘʫʢè) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʦʣʴʟʦʚʘʪʝʣʴ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʠʨʘʪʴ ʪʠʧ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘʪʴ ʩ ʬʘʡʣʘʤʠ. ʉʫʱʝʩʪʚʝʥʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ ï ʵʪʦ ʫʩʪʨʘʥʝʥʠʝ ʨʫʪʠʥʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ, ʧʨʠ ʵʪʦʤ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʣʝʞʠʪ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝ. 

ʂʘʯʝʩʪʚʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʦʧʳʪʘ ʠ ʟʥʘʥʠʡ 

ʩʘʤʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. 

3. SAS Visual Statistics (ʘʙʙʨʝʚʠʘʪʫʨʘ ʘʥʛʣ. çStatistical Analysis Systemè ï 

çʩʠʩʪʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘè) ï ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʦʜʫʣʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʨʫʛ 

ʟʘʜʘʯ. ɺ ʩʠʩʪʝʤʝ çSASè ʨʝʘʣʠʟʦʚʘʥ ʩʦʙʩʪʚʝʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʝʤʫ ʩʠʥʪʘʢʩʠʩʫ ʙʣʠʞʝ ʢ Basic. ʇʨʠ ʨʘʙʦʪʝ ʩ çSASè, ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʦʜʫʣʠ BASE ʠ STAT. 

4. Stata ï ʵʪʦ ʧʦʣʥʦʮʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʩʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʦ ʜʘʥʥʳʭ ï 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʤʠ, ʚʠʟʫʘʣʠʟʘʮʠʶ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʦʪʯʝʪʥʦʩʪʴ. ɺʚʦʜ ʜʘʥʥʳʭ ʟʜʝʩʴ ʚʦʟʤʦʞʝʥ ʢʘʢ ʧʫʪʝʤ 

ʟʘʛʨʫʟʢʠ ʠʟ ʚʥʝʰʥʠʭ ʬʘʡʣʦʚ, ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʪʘʙʣʠʯʥʦʛʦ 

ʨʝʜʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʪʘʙʣʠʮʘʤʠ [7, c. 34]. 



-190- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɸʥʘʣʠʟʠʨʫʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʫʜʦʙʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ çMS 

Excelè ʠ çSPSSè. ʊʘʙʣʠʯʥʳʡ ʨʝʜʘʢʪʦʨ ʜʦʩʪʘʪʦʯʥʦ ʧʦʧʫʣʷʨʝʥ ʩʨʝʜʠ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ. ɽʩʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʨʝʛʫʣʷʨʥʦ 

ʨʘʙʦʪʘʝʪ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʪʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ (SPSS), ʢʦʪʦʨʦʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʯʪʦ ʦʯʝʥʴ 

ʚʘʞʥʦ ʪʘʢʞʝ ʠ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʝʨʚʠʯʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ï ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʥʳʭ 

ʯʘʩʪʝʡ ʩʪʘʪʠʩʪʠʢʠ. ʆʥʘ ʚʦʩʪʨʝʙʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʃʶʙʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʯʠʩʣʦʚʳʤʠ ʜʘʥʥʳʤʠ, 

ʜʦʣʞʝʥ ʙʳʪʴ ʟʥʘʢʦʤ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʧʝʨʚʠʯʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʄʝʪʦʜʳ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʩʯʝʪ 

ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ ʧʦʢʘʟʘʪʝʣʠ ʚʘʨʠʘʮʠʠ. ʕʪʠ ʨʘʩʯʝʪʳ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʭ ʩʣʦʞʥʦʩʪʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʜʥʘʢʦ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠ ʧʦ 

ʚʨʝʤʝʥʥʳʤ ʨʝʩʫʨʩʘʤ. ʀʥʦʛʜʘ ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʵʪʦʤʫ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ.  

ʅʘ ʙʘʟʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʚʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʚʠʯʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ 

ʠʤʝʶʪ ʙʦʛʘʪʳʡ ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʥʦ ʜʣʷ ʠʭ ʦʩʚʦʝʥʠʡ ʪʘʢʞʝ ʪʨʝʙʫʶʪʩʷ ʟʥʘʥʠʷ ʧʦ 

ʩʫʱʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ.  
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ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʠʩʩʣʝʜʫʝʪ ʨʦʣʴ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ LabVIEW ʠ SolidWorks. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -191- 

 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ, ʢʘʢ ʵʪʠ 

ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ 

ʦʪʨʘʩʣʠ ʠ ʝʝ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʥʘ ʨʳʥʢʝ. 
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Abstract 

This paper explores the role of digital transformation in the modern agro-industrial sector and 

presents innovative approaches based on the use of LabVIEW and SolidWorks software products. This 

article analyzes the benefits of digitalization in agriculture and demonstrates how these tools can be 

effectively applied to optimize production processes, improve product quality, and reduce costs. The 

findings highlight the importance of digital transformation for the modern agribusiness sector and its 

potential to improve production processes and market competitiveness 

Keywords: mechatronic Systems, Software, SolidWorks, LabVIEW, Computer Model, 

Monitoring and Control, Virtual Prototyping. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʥʝʫʢʣʦʥʥʦ ʚʥʝʜʨʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ 

ʦʪʨʘʩʣʠ, ʚʥʦʩʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʠʟʤʝʥʷʷ ʧʨʠʚʳʯʥʳʝ ʩʧʦʩʦʙʳ ʨʘʙʦʪʳ. ʆʜʥʦʡ ʠʟ ʦʙʣʘʩʪʝʡ, 

ʢʦʪʦʨʘʷ ʘʢʪʠʚʥʦ ʚʩʪʫʧʘʝʪ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ 

ʩʝʢʪʦʨ. ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʥʘʣʠʪʠʢʠ ʜʘʥʥʳʭ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʨʘʩʭʦʜʳ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ, ʩʦʩʨʝʜʦʪʘʯʠʚʘʷʩʴ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʷʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ LabVIEW ʠ SolidWorks. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ, ʥʦ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ, ʫʧʨʘʚʣʝʥʠʶ ʨʝʩʫʨʩʘʤʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʠʤʝʥʥʦ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʥʷʶʪ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʫʶ ʦʪʨʘʩʣʴ, ʠ ʢʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʥʠ ʧʨʠʥʦʩʷʪ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʝʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʘʷ ʩʬʝʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʄʝʭʘʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʘʛʨʦʥʦʤʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʥʥʳʭ, ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧʳ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʤʝʭʘʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʩʝʚ 

ʩʝʤʷʥ, ʧʦʣʠʚ ʨʘʩʪʝʥʠʡ, ʫʙʦʨʢʘ ʫʨʦʞʘʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʠ ʜʠʘʛʥʦʩʪʠʢʘ 

ʟʘʙʦʣʝʚʘʥʠʡ ʨʘʩʪʝʥʠʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʝʭʘʪʨʦʥʠʢʘ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ Solidworks, ʥʘʭʦʜʷʪ ʚʩʸ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʛʨʦʥʦʤʠʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ. 

SolidWorks ð ʵʪʦ ʪʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ 3D-ʤʦʜʝʣʠ ʠ 

ʧʦʜʨʦʙʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʯʝʨʪʝʞʠ. ʕʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 



-192- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʦʟʜʘʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉ ʧʦʤʦʱʴʶ SolidWorks ʤʦʞʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʘʢʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ, ʢʘʢ ʪʨʘʢʪʦʨʳ, ʢʦʤʙʘʡʥʳ, ʠ ʜʨʫʛʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʵʢʩʢʘʚʘʪʦʨʘ EC650 ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʚ ʩʨʝʜʝ SolidWorks 

 

Solidworks, ʤʦʱʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʘʛʨʦʥʦʤʠʠ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʜʝʪʘʣʠ ʠ 

ʤʝʭʘʥʠʟʤʳ, ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʧʨʦʯʥʦʩʪʠ ʠ ʜʠʥʘʤʠʢʠ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʧʨʦʚʝʨʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʘ - LabVIEW ʠ SolidWorks - 

ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ (ʨʠʩʫʥʦʢ 2). 

 

 

 

ʈʠʩʫʥʦʢ 2. ʉʨʝʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ (ʩʣʝʚʘ NI 

LabVIEW, ʩʧʨʘʚʘ SolidWorks) 

 

LabVIEW (Laboratory Virtual Instrument Engineering Workbench) ð ʵʪʦ ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʥʘʫʯʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʆʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ LabVIEW ʷʚʣʷʝʪʩʷ ʝʛʦ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʨʦʛʨʘʤʤʳ ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤʳ (ʨʠʩʫʥʦʢ 3). 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -193- 

 

 
ʈʠʩʫʥʦʢ 3. ɹʣʦʢ-ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 3D ʤʦʜʝʣʴʶ ʵʢʩʢʘʚʘʪʦʨʘ. 

 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ ʣʝʛʢʦ ʩʦʟʜʘʚʘʪʴ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʳ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʚ ʜʠʥʘʤʠʯʥʦʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʨʝʜʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʛʦʪʦʚʳʭ ʤʦʜʫʣʝʡ ʠ ʙʠʙʣʠʦʪʝʢ ʜʝʣʘʝʪ LabVIEW ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʣʶʙʳʭ ʟʘʜʘʯ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʦ LabVIEW ʠ SolidWorks ʧʦʟʚʦʣʷʝʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʤʝʭʘʥʠʟʤʳ. ʅʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ 

LabVIEW ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ 

ʪʨʘʢʪʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ SolidWorks ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʜʣʷ ʝʛʦ ʠʩʧʦʣʥʝʥʠʷ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4. ɼʝʨʝʚʦ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʝʛʦ ʧʫʣʴʪ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʤʦʜʝʣʴʶ. 

 

ʀʥʪʝʛʨʘʮʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʣʘʪʬʦʨʤ LabVIEW ʠ SolidWorks ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʨʘʟʚʠʪʠʠ ʠ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʙʲʝʜʠʥʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʤʦʱʥʳʭ 



-194- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ. 

ʉ ʧʦʤʦʱʴʶ LabVIEW ʠ SolidWorks ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʤʫʣʷʮʠʠ ʨʘʙʦʪʳ ʥʘ ʥʠʭ. ʕʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʠʩʪʝʤʦʡ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʠ ʧʝʨʩʦʥʘʣʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʠ ʜʦʩʪʠʛʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ LabVIEW ʠ SolidWorks ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʦʯʝʥʴ ʟʘʤʝʪʥʳ. ʇʦʟʚʦʣʷʷ ʨʘʙʦʪʘʪʴ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ, ʵʪʠ 

ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ ʩʥʠʞʘʶʪ ʨʠʩʢʠ ʠ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ, ʫʩʢʦʨʷʶʪ ʧʨʦʮʝʩʩʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʡ ʥʦʚʳʭ ʨʝʰʝʥʠʡ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʜʦ ʠʭ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʦʰʠʙʢʠ ʠ ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʟʜʝʣʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʩʣʦʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʮʝʩʩʳ ʦʙʫʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʜʦ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ LabVIEW 

ʠ SolidWorks ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ: 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LabVIEW. 

ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʠ ʘʥʘʣʠʟʘ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʤʦʱʴʶ SolidWorks. 

ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʡ ʙʣʘʛʦʜʘʨʷ ʛʠʙʢʦʩʪʠ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ LabVIEW 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ LabVIEW ʠ SolidWorks ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ. 

ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩʳ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ ʠ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪʥʠʢʦʚ. ɺʥʝʜʨʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʫʶ ʩʬʝʨʫ ʧʦʤʦʛʘʝʪ 

ʩʧʨʘʚʠʪʴʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʚʳʟʦʚʘʤʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʚʘʞʥʦʡ 

ʦʪʨʘʩʣʠ ʵʢʦʥʦʤʠʢʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʨʠʤʝʥʝʥʠʷ 3D-ʧʝʯʘʪʠ ʠ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ, ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʠʥʞʝʥʝʨʥʦʡ 

ʛʨʘʬʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʚ ʈʦʩʩʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʊʨʝʭʤʝʨʥʳʝ ʩʢʘʥʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʯʘʪʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʟʫʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʮʠʢʣ ʣʝʯʝʥʠʷ ʚ ʮʝʣʦʤ, ʤʠʥʠʤʠʟʠʨʫʶʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʪʝʭʥʠʢʘ, ʧʦʚʳʰʘʶʪ ʢʘʯʝʩʪʚʦ ʣʝʯʝʥʠʷ ʠ ʫʜʦʙʩʪʚʦ ʜʣʷ ʧʘʮʠʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D-ʪʝʭʥʦʣʦʛʠʠ, 3D-ʧʝʯʘʪʴ, CAD/CAM ʩʠʩʪʝʤʳ, ʪʨʸʭʤʝʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ, ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 3D-ʧʨʠʥʪʝʨ, ʩʪʦʤʘʪʦʣʦʛʠʷ. 

 

Abstract 

This scientific article is devoted to the main areas of application of 3D printing and 3D 

scanning in dentistry at present, trends in the development of science, engineering graphics and 

software in this area in Russia and prospects for further use. Three-dimensional scanning, modeling 

and new printing technologies allow to reduce the time of dental production and the treatment cycle as 

a whole, minimize the probability of technician error, improve the quality of treatment and 

convenience for the patient. 

Keywords: 3D technologies, 3D printing, CAD/CAM systems, three-dimensional 

technologies, 3D scanning, additive technologies, 3D printer, dentistry. 

 

3D-ʧʝʯʘʪʴ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʩ ʥʘʯʘʣʘ 2000-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʚʧʝʨʚʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʫʙʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 3D-ʪʝʭʥʦʣʦʛʠʡ ʟʘʤʝʪʥʦ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʣʘʥʠʨʦʚʘʥʠʷ, ʣʝʯʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʧʨʘʚʢʘʤʠ ʥʘ ʵʪʘʧʘʭ ʩʘʤʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚ. ɺʚʝʜʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ 

3D-ʪʝʭʥʦʣʦʛʠʡ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʩʥʠʟʠʪʴ ʠʥʚʘʟʠʚʥʦʩʪʴ ʤʘʥʠʧʫʣʷʮʠʡ ʢʘʢ ʚ 

ʢʘʯʝʩʪʚʝʥʥʦʤ, ʪʘʢ ʠ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʧʣʘʥʝ. ɹʦʣʝʝ ʪʦʛʦ, ʫʜʦʙʥʳ ʦʥʠ ʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʜʣʷ ʩʘʤʳʭ ʧʘʮʠʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʫʯʠ ʮʠʬʨʦʚʳʤʠ, ʪʨʸʭʤʝʨʥʳʝ ʜʘʥʥʳʝ 

ʫʜʦʙʥʳ ʠ ʚ ʭʨʘʥʝʥʠʠ. ʉʝʛʦʜʥʷ ʚʨʘʯʠ, ʙʦʣʴʥʠʮʳ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʠʩʧʦʣʴʟʫʶʪ 

3D-ʧʝʯʘʪʴ ʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʧʦʵʪʦʤʫ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʪʝʤʳ 

ʘʢʪʫʘʣʴʥʦ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʸʭʤʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʚ ʦʩʦʙʝʥʥʦʩʪʠ - CAD/CAM ʩʠʩʪʝʤʳ, 

ʧʦʣʫʯʠʣʠ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʩʪʦʤʘʪʦʣʦʛʠʠ, ʛʜʝ ʦʥʠ ʧʦʟʚʦʣʠʣʠ ʥʝ ʪʦʣʴʢʦ ʫʧʨʦʩʪʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ 

ʠ ʤʥʦʛʠʝ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʪʘʧʳ ʧʨʠ ʨʝʘʙʠʣʠʪʘʮʠʠ ʧʘʮʠʝʥʪʦʚ, ʥʦ ʠ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʚʦʦʙʱʝ. ʊʦʯʥʦʩʪʴ ʥʦʚʳʭ 3D-ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ 

3D-ʧʝʯʘʪʠ ʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ, ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, 

ʠʥʞʝʥʝʨʥʦʡ ʛʨʘʬʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʚ ʈʦʩʩʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ ʚʥʝʜʨʝʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʦʤʘʪʦʣʦʛʠʶ ʚ 1990 ʛ. 

ʫʚʝʥʯʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʩʧʝʭʦʤ. ʉ ʧʦʤʦʱʴʶ ʧʝʨʚʳʭ 3D-ʧʨʠʥʪʝʨʦʚ ʫʯʝʥʳʝ ʩʤʦʛʣʠ 

ʥʘʧʝʯʘʪʘʪʴ ʢʘʧʳ ʜʣʷ ʟʫʙʦʚ. ʋʯʝʥʳʤ ʧʦʥʘʜʦʙʠʣʦʩʴ ʦʢʦʣʦ 20 ʣʝʪ, ʯʪʦʙʳ ʠʟʛʦʪʦʚʠʪʴ ʧʝʨʚʳʡ 

ʟʫʙʥʦʡ ʠʤʧʣʘʥʪʘʪ. ɺ 2012 ʛʦʜʫ ʙʳʣʘ ʚʧʝʨʚʳʝ ʚʞʠʚʣʝʥʘ ʪʠʪʘʥʦʚʘʷ ʥʠʞʥʷʷ ʯʝʣʶʩʪʴ, 

ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 3D-ʧʨʠʥʪʝʨʘ ʜʣʷ ʩʪʦʤʘʪʦʣʦʛʠʠ. ʉ ʪʝʭ ʧʦʨ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3D-

ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʦʡ ʩʬʝʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩʣʦ: ʧʦ ʧʨʦʛʥʦʟʫ ʢʦʤʧʘʥʠʠ SmarTech Publishing, 

ʦʙʲʝʤ 3D-ʫʩʣʫʛ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ ʜʦʩʪʠʛʥʝʪ $ 9,5 ʤʣʨʜ ʢ 2027 ʛʦʜʫ [3].  



-196- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3D-ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ:  

- ʇʦʜʛʦʪʦʚʢʘ ʢ ʦʧʝʨʘʮʠʷʤ ʠ ʦʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ 

- ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʦʣʦʩʪʠ ʨʪʘ ʠʣʠ ʩʣʝʧʢʦʚ 

- ʇʝʯʘʪʴ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

- ʇʨʦʪʝʟʠʨʦʚʘʥʠʝ 

- ʆʨʪʦʜʦʥʪʠʷ 

- ʏʝʣʶʩʪʥʦ-ʣʠʮʝʚʘʷ ʭʠʨʫʨʛʠʷ 

ʊʨʝʭʤʝʨʥʳʝ ʩʢʘʥʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʯʘʪʠ ʧʦʟʚʦʣʷʶʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʧʦʩʝʱʝʥʠʷ ʩʪʦʤʘʪʦʣʦʛʘ. ʉʝʛʦʜʥʷ ʚʠʟʠʪ ʢ ʩʪʦʤʘʪʦʣʦʛʫ ʜʣʷ ʠʤʧʣʘʥʪʘʮʠʠ 

ʥʦʚʦʛʦ ʟʫʙʘ ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ ʦʢʦʣʦ ʯʘʩʘ. ʅʦʚʳʝ, ʤʠʥʠʤʘʣʴʥʦ ʠʥʚʘʟʠʚʥʳʝ ʚʥʫʪʨʠʨʦʪʦʚʳʝ 3D-

ʩʢʘʥʝʨʳ, ʩʧʦʩʦʙʥʳʝ ʙʳʩʪʨʦ ʦʪʩʢʘʥʠʨʦʚʘʪʴ ʨʦʪʦʚʫʶ ʧʦʣʦʩʪʴ ʧʘʮʠʝʥʪʘ ʚʩʝʛʦ ʟʘ ʥʝʩʢʦʣʴʢʦ 

ʤʠʥʫʪ, ʧʝʨʝʜʘʶʪ ʧʦʣʫʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ CAD/CAM ʩʠʩʪʝʤʫ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʢʦʪʦʨʦʡ 

ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʠʤʧʣʘʥʪʘ ʧʝʯʘʪʘʝʪʩʷ ʥʘ SLM-ʧʨʠʥʪʝʨʝ ʠʣʠ ʬʨʝʟʝʨʫʝʪʩʷ [3]. 

Computer Aided Design/Computer Aided Manufacturing ï ʵʪʦ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʕɺʄ. ʕʪʦ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʦʚ ʠʣʠ ʞʝ 3D-ʧʨʠʥʪʝʨʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ 70 CAD/CAM-ʩʠʩʪʝʤ. ʈʘʟʣʠʯʥʳʝ ʜʝʥʪʘʣʴʥʳʝ CAD/CAM ʩʠʩʪʝʤʳ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʥʠʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ʅʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʦʚʨʝʤʝʥʥʳʝ CAD/CAM ʩʠʩʪʝʤʳ 

ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʤʦʜʫʣʝʡ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ [6]:  

1. ɹʣʦʢ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ï ʧʦʣʫʯʝʥʠʝ ʮʠʬʨʦʚʳʭ ʦʪʪʠʩʢʦʚ ʧʦʣʦʩʪʠ ʨʪʘ: ʟʫʙʥʦʛʦ 

ʨʷʜʘ ʠ ʟʫʙʦʚ-ʘʥʪʘʛʦʥʠʩʪʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʩʢʘʥʝʨʦʚ.  

2. CAD-ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʩ ʥʘʙʦʨʦʤ ʦʧʮʠʡ 

ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʠʨʪʫʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʟʫʙʥʦʡ ʧʨʦʪʝʟ, ʭʠʨʫʨʛʠʯʝʩʢʠʡ ʰʘʙʣʦʥ, 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʘʙʘʪʤʝʥʪ ʠ ʪ.ʧ.) ʩ ʫʯʝʪʦʤ ʘʥʘʪʦʤʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ.  

3. ʉAM-ʤʦʜʫʣʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ (ʬʨʝʟʝʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, 3D-

ʧʨʠʥʪʝʨ) ï ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʮʠʬʨʦʚʳʝ 

ʜʘʥʥʳʝ ʚ ʛʦʪʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. 

ɺ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, 3D ʩʢʘʥʠʨʦʚʘʥʠʷ, ʣʝʞʠʪ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʧʦʩʣʦʡʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʲʝʢʪʘ [2]. ʇʦ ʩʫʱʝʩʪʚʫ, 3D-ʩʢʘʥʝʨ 

ʧʨʦʝʢʪʠʨʫʝʪ ʩʚʝʪʷʱʠʡʩʷ ʠʩʪʦʯʥʠʢ (ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʣʫʯ ʩʚʝʪʘ ʠʣʠ ʣʘʟʝʨʥʳʡ ʣʫʯ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʲʝʢʪʘ ʠ ʟʘʭʚʘʪʳʚʘʝʪ ʦʪʨʘʞʝʥʠʝ ʩʚʝʪʘ ʦʪ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ʥʝʩʢʦʣʴʢʠʭ 

ʢʘʤʝʨ. ʊʘʢ ʩʢʘʥʝʨ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʦ ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ɺʳʰʝʫʧʦʤʷʥʫʪʦʝ ʦʪʨʘʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʪʦʙʳ ʧʨʦʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʘ, ʧʨʠʤʝʥʷʷ 

ʩʧʝʮʠʘʣʴʥʦʝ ʇʆ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʩʪʨʦʠʪʩʷ ʫʯʘʩʪʦʢ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʢʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʤʠʣʣʠʦʥʦʚ ʪʦʯʝʢ. ʕʪʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʝ ʧʦʣʠʛʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʘʢʠʭ 

ʫʯʘʩʪʢʦʚ ʚʩʪʨʦʝʥʥʘʷ ʚ ʩʢʘʥʝʨ ʧʨʦʛʨʘʤʤʘ ʦʙʲʝʜʠʥʷʝʪ ʠʭ ʚ ʦʜʠʥ ʪʨʸʭʤʝʨʥʳʭ ʦʙʲʝʢʪ ï 3D-

ʤʦʜʝʣʴ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʨʳʥʢʝ ʧʦʷʚʣʷʝʪʩʷ ʚʩʸ ʙʦʣʴʰʝ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʠʥʪʨʘʦʨʘʣʴʥʳʭ 

ʩʢʘʥʝʨʦʚ. ɺ ʈʦʩʩʠʠ ʧʨʦʬʝʩʩʦʨʦʤ ɻ.ɻ. ʃʝʚʠʥʳʤ (ʜ.ʪ.ʥ., ʧʨʦʬ., ʥʘʯʘʣʴʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ 

ɺʅʀʀʆʌʀ) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥ ʩʧʦʩʦʙ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ [9], ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʡ CAD/ʉɸʄ-

ʩʠʩʪʝʤʳ ʆʧʪʠʢɼɽʅʊ [10]. ʕʪʦ ʢʘʙʠʥʝʪʥʘʷ ʤʠʥʠ-ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -197- 

 

ʚʢʣʘʜʦʢ, ʚʠʥʠʨʦʚ, ʢʦʨʦʥʦʢ, ʢʘʨʢʘʩʦʚ ʧʨʦʪʝʟʦʚ. ʆʧʪʠʢɼɽʅʊ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʠʥʪʨʘʦʨʘʣʴʥʫʶ 

ʚʠʜʝʦʢʘʤʝʨʫ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʘ ʠʣʠ ʛʠʧʩʦʚʦʡ ʤʦʜʝʣʠ; 

ʢʦʤʧʴʶʪʝʨʥʳʡ ʤʦʜʝʣʠʨʦʚʦʯʥʳʡ ʙʣʦʢ; ʇʆ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʚʠʨʪʫʘʣʴʥʫʶ 

ʨʝʩʪʘʚʨʘʮʠʶ; ʬʨʝʟʝʨʦʚʘʣʴʥʳʡ ʩʪʘʥʦʢ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʠʩʪʝʤʳ ʆʧʪʠʢ-ɼɽʅʊ 

ʩʦʜʝʨʞʠʪ: ʙʠʙʣʠʦʪʝʢʫ 3D-ʤʦʜʝʣʝʡ ʟʫʙʦʚ; ʩʨʝʜʩʪʚʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 3D-ʧʦʚʝʨʭʥʦʩʪʠ 

(ʧʝʨʝʤʝʱʝʥʠʝ, ʜʝʬʦʨʤʘʮʠʷ, ʧʨʦʩʤʦʪʨ ʩʝʯʝʥʠʡ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʚʨʘʱʝʥʠʝ, ʣʦʢʘʣʴʥʦʝ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ); ʮʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʩʪʘʚʨʘʮʠʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʪʨʘʦʨʘʣʴʥʳʝ ʩʢʘʥʝʨʳ ʜʚʠʞʫʪʩʷ ʢ ʧʦʣʥʦʡ ʨʝʘʣʠʟʘʮʠʠ çʚʠʨʪʫʘʣʴʥʦʛʦ 

ʧʘʮʠʝʥʪʘè: ʚʩʝ ʪʢʘʥʠ (ʟʫʙʳ, ʜʝʩʥʳ, ʢʦʩʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʦʞʘ) ʜʦʣʞʥʳ ʥʘʢʣʘʜʳʚʘʪʴʩʷ ʜʨʫʛ 

ʥʘ ʜʨʫʛʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʦʨʪʦʧʝʜʠʯʝʩʢʦʛʦ, ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʠ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʭʦʨʦʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩ ʵʪʦʡ ʮʝʣʴʶ ʜʦʣʞʥʳ ʙʳʪʴ 

ʪʘʢʞʝ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚʠʨʪʫʘʣʴʥʘʷ ʣʠʮʝʚʘʷ ʜʫʛʘ ʠ ʘʨʪʠʢʫʣʷʪʦʨ, ʯʪʦ ʤʳ ʫʞʝ ʥʘʙʣʶʜʘʝʤ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʨʝʭʤʝʨʥʳʭ ʩʥʠʤʢʦʚ ʧʝʨʝʜ ʧʣʦʩʢʦʩʪʥʳʤʠ ʦʯʝʚʠʜʥʦ: ʚʦ 

ʚʨʝʤʷ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪ ʤʦʞʝʪ ʚʳʷʚʠʪʴ ʩʢʨʳʪʳʝ ʧʨʦʙʣʝʤʳ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʥʘʟʥʘʯʠʪʴ ʧʘʮʠʝʥʪʫ ʙʦʣʝʝ ʪʦʯʥʦʝ ʣʝʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʫʧʨʝʜʠʪʴ ʨʘʟʚʠʪʠʝ ʩʝʨʴʝʟʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ [5]. 

ʇʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʚʘʪʴ ʪʨʸʭʤʝʨʥʫʶ ʛʨʘʬʠʢʫ, ʪʦ ʝʩʪʴ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʩʦʟʜʘʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʤʦʜʝʣʝʡ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʙʨʝʥʜʘ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʨʘʙʦʯʘʷ ʩʨʝʜʘ ʇʆ 

ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʭʦʞʘ. ʀʟʥʘʯʘʣʴʥʦ ʚʩʝ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʦʩʪʘʚʣʷʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʪʦʣʴʢʦ ʥʝʩʲʝʤʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ: ʚʠʥʠʨʳ, ʚʢʣʘʜʢʠ, ʢʦʨʦʥʢʠ ʠ ʤʦʩʪʦʚʠʜʥʳʝ 

ʧʨʦʪʝʟʳ ʩ ʦʧʦʨʦʡ ʥʘ ʪʚʝʨʜʳʝ ʪʢʘʥʠ ʟʫʙʘ ʠ ʠʤʧʣʘʥʪʘʪʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʯʠʢʠ ʇʆ 

ʨʘʩʰʠʨʠʣʠ ʩʧʠʩʦʢ ʠʤʝʶʱʠʭʩʷ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʊʘʢ, ʫ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʚʘʪʴ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʩʲʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʧʦʣʥʳʡ ʩʲʝʤʥʳʡ ʧʨʦʪʝʟ, ʢʘʨʢʘʩ 

ʙʶʛʝʣʴʥʦʛʦ ʧʨʦʪʝʟʘ, ʙʘʣʢʠ ʜʣʷ ʩʲʝʤʥʦʛʦ ʧʨʦʪʝʟʘ ʩ ʦʧʦʨʦʡ ʥʘ ʠʤʧʣʘʥʪʘʪʘʭ), ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʘʙʘʪʤʝʥʪʳ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʪʪʠʩʢʥʳʝ ʣʦʞʢʠ, ʧʣʘʥʠʨʦʚʘʪʴ ʜʠʟʘʡʥ ʫʣʳʙʢʠ ʠ ʧʦʣʦʞʝʥʠʷ 

ʠʤʧʣʘʥʪʘʪʘ, ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʧʨʦʚʠʟʦʨʥʳʝ ʨʝʩʪʘʚʨʘʮʠʠ ʜʦ ʵʪʘʧʘ ʧʨʝʧʘʨʠʨʦʚʘʥʠʷ ʟʫʙʦʚ, 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʬʦʨʤʫ ʢʫʣʴʪʠ ʣʠʪʳʭ ʢʫʣʴʪʝʚʳʭ ʰʪʠʬʪʦʚʳʭ ʚʢʣʘʜʦʢ. ʀʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʚ ʈʦʩʩʠʠ - Avantis 3D ï ʨʦʩʩʠʡʩʢʘʷ 

ʧʨʦʛʨʘʤʤʘ ʩ ʥʝʜʦʨʦʛʦʡ ʣʠʮʝʥʟʠʝʡ. ɻʦʪʦʚʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʧʝʨʝʜʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʜʣʷ ʧʝʯʘʪʠ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʬʠʨʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. Implant 

Assistant ïʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʨʦʩʩʠʡʩʢʦʡ ʧʦʜʜʝʨʞʢʦʡ, ʟʘʪʦʯʝʥʥʦʝ ʧʦʜ ʨʘʙʦʪʫ ʩ 

ʠʤʧʣʘʥʪʘʪʘʤʠ [7]. 

ʇʦ ʬʘʢʪʫ ʪʝʭʥʦʣʦʛʠʷ 3D-ʧʝʯʘʪʠ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʦʡ ʞʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʶʱʝʡʩʷ ʚ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʪʦ, ʯʪʦ 

ʧʨʠ ʠʟʛʦʪʦʚʢʝ ʠʤʧʣʘʥʪʘʪʘ ʩʧʝʮʠʘʣʠʩʪʳ-ʤʝʜʠʢʠ ʫʯʠʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ [5]. 3D-ʧʝʯʘʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʫʙʥʳʭ ʧʨʦʪʝʟʦʚ, 

ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʤʦʜʝʣʝʡ ʤʦʩʪʦʚ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʧʨʦʟʨʘʯʥʳʭ 

ʚʳʨʘʚʥʠʚʘʪʝʣʝʡ - ʥʝʚʠʜʠʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʳʧʨʷʤʣʷʶʱʠʭ ʟʫʙʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʙʨʝʢʝʪʘʤʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʟʨʘʯʥʳʝ ʚʳʨʘʚʥʠʚʘʪʝʣʠ ʬʘʢʪʠʯʝʩʢʠ ʥʝʚʠʜʠʤʳ ʠ 

ʤʦʛʫʪ ʙʳʪʴ ʩʥʷʪʳ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʫʞʥʦ ʧʦʯʠʩʪʠʪʴ ʟʫʙʳ ʠʣʠ ʧʦʝʩʪʴ. ʄʝʪʦʜ 3D-ʧʝʯʘʪʠ 

ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ, ʧʦʩʢʦʣʴʢʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʬʦʨʤʳ ʜʣʷ ʧʨʦʟʨʘʯʥʳʭ ʚʳʨʘʚʥʠʚʘʪʝʣʝʡ ʤʦʛʫʪ 

ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʩʢʘʥʦʚ ʧʘʮʠʝʥʪʦʚ [1].  

ʉʫʪʴ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʪʦʤ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʩʣʦʡ ʟʘ ʩʣʦʝʤ. ʌʫʥʜʘʤʝʥʪ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ ʢʦʤʧʴʶʪʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ 3D-

ʤʦʜʝʣʝʡ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʮʠʬʨʦʚʦʡ ʦʙʲʝʢʪ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʥʘʙʦʨ ʩʨʝʟʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʦʣʱʠʥʳ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʦʪʦʤ ʧʝʯʘʪʘʝʪʩʷ ʦʜʠʥ ʧʦʚʝʨʭ ʜʨʫʛʦʛʦ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 3D-ʠʟʜʝʣʠʝ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʣʶʩʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʤʝʣʢʠʝ 

ʜʝʪʘʣʠ, ʧʫʩʪʦʪʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦ ʩʣʦʞʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʛʝʦʤʝʪʨʠʝʡ. ʇʨʠʥʪʝʨʳ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʠʟ ʧʣʘʩʪʠʢʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʘʣʦʛ PMMA ʠ ʚʦʩʢʘ) ʠ ʤʝʪʘʣʣʘ Ti, COCr [4]. 

ʐʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʟʘʩʣʫʞʠʣʠ ʬʦʪʦʧʦʣʠʤʝʨʥʳʝ ʧʨʠʥʪʝʨʳ.  



-198- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʉ ʧʦʤʦʱʴʶ 3D-ʧʨʠʥʪʝʨʦʚ ʧʨʦʠʟʚʦʜʷʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ: 

- ʦʩʥʦʚʳ ʧʦʜ ʤʦʩʪʳ ʠ ʢʦʨʦʥʢʠ, ʢʦʣʧʘʯʢʠ, ʚʢʣʘʜʢʠ, ʙʶʛʝʣʴʥʳʝ ʧʨʦʪʝʟʳ; 

- ʤʦʜʝʣʠ ʜʣʷ ʩʝʢʪʦʨʘʣʴʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʝʣʶʩʪʠ ʚ 

ʧʨʠʢʫʩʝ, ʨʘʟʙʦʨʥʳʝ, ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʯʝʣʶʩʪʠ; 

- ʰʘʙʣʦʥ-ʢʦʥʜʫʢʪʦʨʳ ï ʣʦʞʢʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʙʨʝʢʝʪ-ʩʠʩʪʝʤ, 

ʙʣʘʛʦʜʘʨʷ ʵʪʠʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤ ʚʩʝ ʵʣʝʤʝʥʪʳ ʙʨʝʢʝʪʦʚ ʧʦʟʠʮʠʦʥʠʨʫʶʪʩʷ ʠ 

ʬʠʢʩʠʨʫʶʪʩʷ ʪʦʯʥʦ ʥʘ ʥʫʞʥʳʭ ʤʝʩʪʘʭ; 

- ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʘʧʳ, ʭʠʨʫʨʛʠʯʝʩʢʠʝ ʰʘʙʣʦʥʳ ʜʣʷ ʠʤʧʣʘʥʪʘʮʠʠ, 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʜʣʷ ʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʦʡ ʭʠʨʫʨʛʠʠ ʠ ʪ.ʜ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʝʯʘʪʴ ʙʘʟʠʩʦʚ ʩʲʝʤʥʳʭ ʧʨʦʪʝʟʦʚ, ʚʨʝʤʝʥʥʳʭ ʠ 

ʧʦʩʪʦʷʥʥʳʭ ʦʨʪʦʧʝʜʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ [7]. 

 ʉ ʧʦʤʦʱʴʶ 3D-ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʩʦ ʩʣʦʞʥʦʡ 

ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʜʣʷ ʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʳʭ ʦʧʝʨʘʮʠʡ, ʥʘʧʨʠʤʝʨ ð ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʢʦʩʪʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʨʠʩʢ ʦʪʪʦʨʞʝʥʠʷ ʠʤʧʣʘʥʪʘʪʦʚ [3]. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʜʦʙʘʚʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ:  

1. ʃʘʟʝʨʥʘʷ ʣʠʪʦʛʨʘʬʠʷ (SLA) ʠ ʮʠʬʨʦʚʘʷ ʩʚʝʪʦʜʠʦʜʥʘʷ ʧʨʦʝʢʮʠʷ (DLP) 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʥʘʧʣʘʚʣʝʥʠʷ (FDM, FFF) 

3. ʊʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʩʪʨʫʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (MJM) 

4. ʊʝʭʥʦʣʦʛʠʠ ʧʦʨʦʰʢʦʚʦʡ ʧʝʯʘʪʠ (EBM, SLS, SLM, DMLS) 

ɺʦʟʤʦʞʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʪʨʸʭʤʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʦʙʳʯʘʡʥʦ ʰʠʨʦʢʠ, ʧʨʠʭʦʜ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʦʤʘʪʦʣʦʛʠʶ ʧʦʟʚʦʣʠʣ: 

- ʇʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʣʝʯʝʥʠʷ (ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ, ʠʜʝʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʧʦʩʘʜʢʠ) 

ʠ ʫʜʦʙʩʪʚʦ ʜʣʷ ʧʘʮʠʝʥʪʘ; 

- ʄʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʪʝʭʥʠʢʘ; 

- ʉʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʟʫʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʮʠʢʣ ʣʝʯʝʥʠʷ ʚ ʮʝʣʦʤ; 

- ʋʧʨʦʩʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʢʣʠʥʠʢ ʚ ʩʦʟʜʘʥʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʘʢʪʥʦʩʪʠ, ʧʨʦʩʪʦʪʝ ʠ ʙʶʜʞʝʪʥʦʩʪʠ [4]. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ, ʧʝʨʚʦʦʯʝʨʝʜʥʘʷ ʟʘʜʘʯʘ 

ʫʩʧʝʰʥʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ð ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʛʦ ʦʪʪʠʩʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʮʠʬʨʦʚʳʤʠ 

ʪʨʸʭʤʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʘ ʠʟ ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ɽ.ʅ. ɾʫʣʝʚʘ ʠ ʖ.ɸ. ɺʦʢʫʣʦʚʦʡ çʀʟʫʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʢʨʘʝʚʦʛʦ ʧʨʠʣʝʛʘʥʠʷ 

ʢʘʨʢʘʩʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʨʦʥʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡè.  

ɺ ʦʨʪʦʜʦʥʪʠʠ 3d-ʩʪʦʤʘʪʦʣʦʛʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʢʦʤʧʴʶʪʝʨ ʩʘʤ ʧʨʦʛʥʦʟʠʨʫʝʪ 

ʧʝʨʝʤʝʱʝʥʠʝ ʟʫʙʦʚ. ʇʦʤʠʤʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʙʨʝʢʝʪʳ, ʩʦʟʜʘʚʘʪʴ ʠ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ 

ʦʨʪʦʜʦʥʪʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʵʣʘʡʥʝʨʳ [2]. 

ʇʝʨʩʧʝʢʪʠʚʳ 3D ʪʝʭʥʦʣʦʛʠʡ ʦʛʨʦʤʥʳ. ʉʪʦʠʪ ʫʯʝʩʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʥʠ, ʧʦʩʪʦʷʥʥʦ 

ʩʦʚʝʨʰʝʥʩʪʚʫʷʩʴ, ʙʳʩʪʨʦ ʜʝʰʝʚʝʶʪ. ʉʪʦʠʤʦʩʪʴ 3D-ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʜʦʣʞʠʪ ʩʥʠʞʘʪʴʩʷ, ʠʟʜʝʣʠʷ ʩʪʘʥʫʪ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʙʫʜʝʪ 

ʧʦʚʳʰʘʪʴʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 3D-ʪʝʭʥʠʢʠ ʠ ʫʣʫʯʰʘʪʴʩʷ ʢʘʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ɻʨʘʜʠʝʥʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʛʝʦʤʝʪʨʠʠ ʨʝʩʪʘʚʨʘʮʠʠ ʠ 

ʧʨʝʜʣʘʛʘʶʪ ʥʝʚʦʦʙʨʘʟʠʤʫʶ ʩʚʦʙʦʜʫ ʜʠʟʘʡʥʘ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʝʜʦʩʪʠʞʠʤʫʶ ʩ 

ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ð ʠ ʚʩʝ ʵʪʦ ʚ ʨʘʤʢʘʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʧʘʮʠʝʥʪʘ, 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ [8]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 3D-ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʤʝʜʠʮʠʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʜʦ ʤʠʥʠʤʫʤʘ.  

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ, ʯʪʦ ʩʪʦʤʘʪʦʣʦʛʠʷ ð ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠ ʩʘʤʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʨʘʟʚʠʪʠʷ 3D-ʪʝʭʥʦʣʦʛʠʡ. ʊʨʠ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ ð ʢʝʨʘʤʠʢʘ, ʤʝʪʘʣʣʳ 
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ʠ ʧʣʘʩʪʠʢʠ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʜʝʣʠʷʭ, ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʤʠ, 

ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʎʠʬʨʦʚʳʝ ʪʨʸʭʤʝʨʥʳʝ 

ʪʦʤʦʛʨʘʬʳ, 3D-ʩʢʘʥʝʨʳ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʧʨʦʩʪʦ 

ʠʟʤʝʥʠʣʠ ʧʨʦʮʝʩʩ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʠ ʨʝʘʙʠʣʠʪʘʮʠʠ, ʦʥʠ ʠʟʤʝʥʠʣʠ ʩʪʦʤʘʪʦʣʦʛʠʶ ʚ 

ʮʝʣʦʤ. ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 3D-ʪʝʭʥʦʣʦʛʠʡ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʩʦʢʘʷ 

ʢʦʥʢʫʨʝʥʮʠʷ, ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʩʥʠʞʘʶʱʠʝʩʷ ʮʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʤʘʪʝʨʠʘʣʳ ʜʘʶʪ ʦʛʨʦʤʥʳʡ ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ 3D-ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʧʨʘʰʠʚʘʝʪ ʩʠʛʥʘʣ 

ʥʘ ʚʭʦʜʝ ʠ ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʠʛʥʘʣʝ ʥʘ ʩʝʤʠʩʝʛʤʝʥʪʥʳʡ ʠʥʜʠʢʘʪʦʨ ʠ ʙʣʦʢ ʟʚʫʢʦʚʦʡ 

ʠʥʜʠʢʘʮʠʠ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

Altium Designer. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʦʧʨʦʩ ʩʠʛʥʘʣʘ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

 

Abstract 

The article discusses a microcontroller device that polls the input signal and transmits 

information about the signal to a seven-segment indicator and an audio indication unit. The design was 

carried out in the Altium Designer computerïaided design system. 

Keywords: microcontroller, design, signal polling, programming. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʩʴʤʠʨʘʟʨʷʜʥʳʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ ʤʘʩʩʦʚʳʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ. ʆʙʱʠʡ ʦʙʲʝʤ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

ʜʚʫʭ ʩ ʧʦʣʦʚʠʥʦʡ ʤʠʣʣʠʘʨʜʘ ʝʜʠʥʠʮ, ʠ ʦʥʠ ʧʨʦʜʦʣʞʘʶʪ ʚʳʧʫʩʢʘʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʥʦʚʠʯʢʦʚ ʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʩʪʳʭ ʫʩʪʨʦʡʩʪʚ. ʏʘʱʝ ʚʩʝʛʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʫʜʠʦʪʝʭʥʠʢʠ, 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1]. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʩʝʤʝʡʩʪʚʘ AVR ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʛʘʨʚʘʨʜʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦ ʪʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ flash-ʧʘʤʷʪʠ 

ʧʨʦʛʨʘʤʤʳ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʪʜʝʣʴʥʦʡ ʘʜʨʝʩʥʦʡ ʰʠʥʝ, ʦʪʣʠʯʥʦʡ ʧʘʤʷʪʠ SRAM [2]. 

ʅʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʦʧʨʘʰʠʚʘʝʪ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʩ 

ʠʥʪʝʨʚʘʣʦʤ, ʨʘʚʥʳʤ 10 ʤʩ ʧʦʩʣʝ ʧʷʪʠʢʨʘʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ çʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳè, ʘ 

ʪʘʢʞʝ ʚʳʚʦʜʠʪ ʨʝʟʫʣʴʪʘʪ ʦʧʨʦʩʘ ʥʘ ʩʝʤʠʩʝʛʤʝʥʪʥʳʡ ʠʥʜʠʢʘʪʦʨ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʟʚʫʢʦʚʳʤ 

ʩʠʛʥʘʣʦʤ. 

ʇʨʦʝʢʪʠʨʫʷ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʭʝʤʘ ʜʦʣʞʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ ʠ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʜ ʥʝʶ ʟʘʜʘʯʠ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʥʦʡ 

ʙʘʟʳ, ʢʦʪʦʨʘʷ ʟʘʥʝʩʝʥʘ ʚ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Altium Designer.  

Altium Designer ï ʉɸʇʈ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʥʝ ʪʦʣʴʢʦ ʙʘʟʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ, ʥʦ ʠ ʩʭʝʤ, ʷʚʣʷʶʱʠʤʠʩʷ ʫʟʣʘʤʠ ʩʯʝʪʘ, ʨʝʰʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [3]. ʉʣʦʚʦʤ, Altium Designer ï ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʘ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʭʝʤ ʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʥʦ ʠ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʥʝʥʠʝ 

ʨʝʰʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʦʩʩʦʟʜʘʪʴ ʩ ʥʫʣʷ.  

Altium Designer ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʝʢʪʳ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʫʨʦʚʥʝ ʩʭʝʤ ʠʣʠ 

ʢʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʤʠ ʢʘʢ 

ʇʃʀʉ ʠʣʠ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʦʛʨʘʤʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʝ ʧʨʦʝʢʪʥʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʮʝʣʦʩʪʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʷ, ʚʥʝʩʝʥʥʳʝ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ (ʥʘʧʨʠʤʝʨ, ʥʘ ʫʨʦʚʥʝ ʧʣʘʪʳ), ʤʦʛʫʪ ʤʛʥʦʚʝʥʥʦ 
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ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʜʨʫʛʠʭ ʫʨʦʚʥʷʭ (ʥʘʧʨʠʤʝʨ, ʥʘ ʫʨʦʚʥʝ ʇʃʀʉ ʠʣʠ ʩʭʝʤʳ) ʠ ʥʘʦʙʦʨʦʪ. ɺʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ Altium Designer ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ECAD ʠ MCAD ʩʠʩʪʝʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʨʘʙʦʪʢʫ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʚ ʪʨʝʭʤʝʨʥʦʤ ʚʠʜʝ ʩ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ 

ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʚ ʤʝʭʘʥʠʯʝʩʢʠʝ ʉɸʇʈ. 

        Altium Designer ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʦʪʣʘʜʢʠ ʧʨʦʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʇʃʀʉ. ɽʛʦ ʨʝʜʘʢʪʦʨ ʩʭʝʤ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʭʝʤʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʪʴ ʩʤʝʰʘʥʥʦʝ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

        ʈʝʜʘʢʪʦʨ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʚ Altium Designer ʦʙʣʘʜʘʝʪ ʤʦʱʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʪʨʘʩʩʠʨʦʚʢʠ ʧʨʦʚʦʜʥʠʢʦʚ. ʕʪʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʠʥʪʫʠʪʠʚʥʦʡ ʠ ʧʦʣʥʦʩʪʴʶ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʘʚʠʣ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʠʢʠ. ʀʥʩʪʨʫʤʝʥʪʳ 

ʪʨʘʩʩʠʨʦʚʢʠ ʫʯʠʪʳʚʘʶʪ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ 

ʪʨʘʩʩʠʨʦʚʢʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʘʨ ʠʣʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʫʯʘʩʪʢʦʚ ʧʣʘʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʚ ʵʪʦʡ ʉɸʇʈ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ATmega328, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʧʦʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ATmega328 ʚ ʉɸʇʈ Altium Designer. 

 

ʏʪʦʙʳ ʧʣʘʪʘ ʟʘʨʘʙʦʪʘʣʘ, ʢ ʥʝʡ ʩʣʝʜʫʝʪ ʧʦʜʢʣʶʯʠʪʴ ʧʠʪʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʥʘʧʨʷʞʝʥʠʝ 

ʟʝʤʣʠ. ʅʘʧʨʷʞʝʥʠʷ, ʧʠʪʘʶʱʠʝ ʩʭʝʤʫ, ʧʦʜʢʣʶʯʝʥʳ ʢ ʚʳʚʦʜʘʤ ʧʦʜ ʥʦʤʝʨʘʤʠ 4 ʠ 6, ʠ ʠʤʝʥʫʶʪʩʷ 

VCC. ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʥʫʞʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʠ ʚʩʝ ʧʝʨʠʬʝʨʠʡʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʩʘʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʚ ʧʨʠʥʮʠʧʝ. ʅʘʧʨʷʞʝʥʠʝ ʟʝʤʣʠ 

ʧʦʜʚʝʜʝʥʦ ʢ ʚʳʚʦʜʘʤ 3, 5 ʠ 21, ʠʤʝʥʫʝʤʳʤʠ GND, ʙʝʟ ʟʘʟʝʤʣʝʥʠʷ ʢʦʪʦʨʳʭ ʥʠ ʦʜʥʦ 

ʵʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʥʘʯʥʝʪ ʨʘʙʦʪʘʪʴ ʢʦʨʨʝʢʪʥʦ. ɺʳʚʦʜ PC6 ʩʦʝʜʠʥʝʥ ʩ ʟʝʤʣʝʡ ʯʝʨʝʟ 

ʢʣʶʯ SW1 ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʢʥʦʧʢʠ RESET, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʟʘʛʨʫʟʢʠ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ʩʣʫʯʘʝ ʟʘʚʠʩʘʥʠʷ, ʦʰʠʙʢʠ ʠʣʠ ʧʝʨʝʧʦʣʥʝʥʠʷ ʧʘʤʷʪʠ. ʉʣʦʚʦʤ, ʪʦʛʜʘ, ʢʦʛʜʘ 

ʩʭʝʤʘ ʥʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʦʨʨʝʢʪʥʦ ʠʟ-ʟʘ ʬʘʢʪʦʨʦʚ, ʥʝ ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʎʝʧʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʠʥʘʤʠʢʘ QMB-09B-03, ʪʨʘʥʟʠʩʪʦʨʘ S8050J3Y, ʨʝʟʠʩʪʦʨʘ ʩ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 1 ʢʆʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ ʟʚʫʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

2. 

 

 
ʈʠʩʫʥʦʢ 2. ʇʦʜʢʣʶʯʝʥʠʝ ʜʠʥʘʤʠʢʘ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ. 
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ʉʠʛʥʘʣ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦʜʘʝʪʩʷ ʥʘ ʙʘʟʫ ʪʨʘʥʟʠʩʪʦʨʘ S8050J3Y, ʨʘʙʦʪʘʶʱʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʢʣʶʯʘ ʯʝʨʝʟ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʨʝʟʠʩʪʦʨ ʩ ʥʦʤʠʥʘʣʦʤ 1 ʢʆʤ. 

ʕʤʠʪʪʝʨ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘʟʝʤʣʝʥ, ʢʦʣʣʝʢʪʦʨ ʧʦʜʢʣʶʯʝʥ ʢ ʦʜʥʦʤʫ ʠʟ ʚʳʚʦʜʦʚ ʜʠʥʘʤʠʢʘ, ʚʪʦʨʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʧʦʜʢʣʶʯʝʥ ʢ ʧʠʪʘʶʱʝʤʫ ʥʘʧʨʷʞʝʥʠʶ VCC ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 

çʧʠʱʘʣʢʠè. 

ɹʣʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʜʩʯʠʪʘʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʠ ʚʳʚʦʜʘ ʥʘ 

ʠʥʜʠʢʘʪʦʨ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3. ʇʦʜʢʣʶʯʝʥʠʝ ʠʥʜʠʢʘʪʦʨʘ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ. 

 

ɺʳʚʦʜʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ PD6 ʠ PD7 ʧʦʜʢʣʶʯʝʥʳ ʢ ʙʣʦʢʫ ʩʝʤʠʩʝʛʤʝʥʪʥʦʡ ʠʥʜʠʢʘʮʠʠ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʣʘʪʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʝʰʠʬʨʘʪʦʨʘ ʠ ʠʥʜʠʢʘʪʦʨʘ, ʚʳʧʦʣʥʝʥʥʦʤ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ. 

ɺʳʚʦʜʳ CLK ʠ DIO ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʘʯʠ ʪʘʢʪʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʚ ʧʦʜʥʦʤʫ ʢʘʥʘʣʫ 

ʧʝʨʝʜʘʪʩʷ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ, ʧʦ ʚʪʦʨʦʤʫ ï ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʠʥʜʠʢʘʪʦʨʝ. 

ɺʳʚʦʜʳ VDD ʠ GND ʷʚʣʷʶʪʩʷ ʧʠʪʘʶʱʠʤʠ, ʥʘ ʥʠʭ ʧʦʜʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʠ 

ʟʝʤʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [4]. 

ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʳ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
ʈʠʩʫʥʦʢ 4. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʧʨʦʩʘ ʩʠʛʥʘʣʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʚ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ. ʆʧʠʩʳʚʘʝʪʩʷ ʧʦʥʷʪʠʝ ʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʯʘʩʪʦʪʳ, ʚʢʣʶʯʘʷ ʧʨʷʤʳʝ ʠ ʩ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʤ ʟʚʝʥʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʆʙʩʫʞʜʘʝʪʩʷ 

ʩʧʝʮʠʬʠʢʘ ʚʳʙʦʨʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʜʣʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʦʜʷʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʧʨʠʚʦʜ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʯʘʩʪʦʪʥʦ-

ʨʝʛʫʣʠʨʫʝʤʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʥʚʝʨʪʦʨ. 

 

Abstract 

The article discusses the features of the use of frequency converters in high-voltage electric 

drives. The concept and various types of frequency converters are described, including direct and with 

a pronounced DC link. The specifics of the choice of frequency converters for high-voltage electric 

drives are discussed, and the features of multi-level frequency converters are also given. The features 

of some modern converters are also considered. 

Keywords: high-voltage drive, electric power systems, frequency-controlled devices, inverter. 

 

ʋʚʝʣʠʯʝʥʠʝ ʪʘʨʠʬʦʚ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠ ʠʭ ʜʝʬʠʮʠʪ ʧʨʠʚʝʣʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʧʨʦʙʣʝʤʳ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʧʝʨʝʭʦʜʫ ʢ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ. ɺ ʨʘʟʥʳʭ 

ʩʪʨʘʥʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʦʪʨʝʙʣʷʝʪ ʜʦ 60% ʦʪ ʦʙʱʝʛʦ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʟʘʪʨʘʪʳ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 10% ʜʦ 80% ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ɺ ʩʨʝʜʥʝʤ, ʜʦ 60% ʚʩʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʩʪʫʧʘʶʱʠʤ 

ʘʩʠʥʭʨʦʥʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ, ʚʳʩʪʫʧʘʷ ʩʨʝʜʩʪʚʦʤ ʵʢʦʥʦʤʠʠ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʚʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʦʤ, ʧʦʚʳʰʘʶʱʠʤ ʪʦʯʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ 

ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʩʝ ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ï ʵʪʦ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʠʩʧʦʣʥʝʥʠʷ: ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ ʠ ʩ ʷʚʥʳʤ 

ʫʟʣʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʷʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʩʥʦʚʘʥʘ ʥʘ ʯʠʩʣʝ ʬʘʟ 

ʚʳʭʦʜʥʦʛʦ ʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʄʥʦʛʦʬʘʟʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʴʶ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʟ-ʟʘ 

ʩʚʦʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʧʨʷʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʢʘʞʜʘʷ ʬʘʟʘ ʜʚʠʛʘʪʝʣʷ ʠʤʝʝʪ ʜʚʘ ʢʦʤʧʣʝʢʪʘ ʚʩʪʨʝʯʥʦ 

ʚʢʣʶʯʝʥʥʳʭ ʚʳʧʨʷʤʠʪʝʣʝʡ. ʋʧʨʘʚʣʝʥʠʝ ʵʪʠʤʠ ʢʦʤʧʣʝʢʪʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʪʘ ʪʠʨʠʩʪʦʨʦʚ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʣʫʧʝʨʠʦʜ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʩʝʭ ʬʘʟʘʭ 

ʜʚʠʛʘʪʝʣʷ, ʘ ʜʨʫʛʦʛʦ ʢʦʤʧʣʝʢʪʘ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʣʫʧʝʨʠʦʜ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʧʝʨʠʦʜʘ ʠ 

ʯʘʩʪʦʪʳ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʢʣʶʯʝʥʠʝ ʢʦʤʧʣʝʢʪʦʚ ʪʠʨʠʩʪʦʨʦʚ. 

ʇʨʷʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʴ ʩʚʷʟʠ ʩ ʩʝʪʴʶ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪ ʤʦʤʝʥʪʳ ʟʘʢʨʳʪʠʷ ʪʠʨʠʩʪʦʨʦʚ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩ ʷʚʥʳʤ ʫʟʣʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʪʘʢ ʢʘʢ ʪʘʢʘʷ ʩʚʷʟʴ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 
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ɺ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʜʚʘ ʠʟʤʝʥʝʥʠʷ (ʧʝʨʚʦʝ ï ʠʟ 

ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʩʪʦʷʥʥʦʝ, ʚʪʦʨʦʝ ï ʠʟ ʧʦʩʪʦʷʥʥʦʛʦ ʚ ʧʝʨʝʤʝʥʥʦʝ), ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʦʙʫʩʣʦʚʣʝʥ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʯʘʩʪʦʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʧʦʤʦʱʠ ʠʥʚʝʨʪʦʨʘ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ 

ʧʝʨʝʤʝʥʥʦʝ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ. ʈʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʯʘʩʪʦʪʳ ʚ ʤʦʱʥʳʭ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʨʠʩʪʦʨʦʚ ʩ ʚʳʩʦʢʠʤ ʨʘʙʦʯʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ. ʆʜʠʥ ʠʟ ʚʠʜʦʚ ʪʘʢʦʛʦ 

ʧʦʣʥʦʩʪʴʶ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʢʣʶʯʘ ï ʪʠʨʠʩʪʦʨ IGCT, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʜʣʷ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʫʶ ʤʦʱʥʦʩʪʴ. ʆʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ, 

ï ʵʪʦ ʩʪʝʧʝʥʴ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʤʝʝʪ ʩʚʦʠ 

ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʡ ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʬʦʨʤʳ ʪʦʢʘ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʧʦʪʨʝʙʣʝʥʠʝʤ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʅʝʫʧʨʘʚʣʷʝʤʳʝ ʚʳʧʨʷʤʠʪʝʣʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʯʘʩʪʦʪʳ ʩ 

ʘʚʪʦʥʦʤʥʳʤ ʠʥʚʝʨʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʩ ʘʚʪʦʥʦʤʥʳʤ ʠʥʚʝʨʪʦʨʦʤ ʪʦʢʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʧʨʘʚʣʷʝʤʳʝ ʚʳʧʨʷʤʠʪʝʣʠ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʝ ʥʝʚʝʣʠʢʘ. 

ʊʘʢʞʝ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ. ʆʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʪʝʤ, ʯʪʦ ʚ ʠʭ ʩʦʩʪʘʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʚʝʥʪʠʣʝʡ ʚ ʧʣʝʯʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʤʝʥʴʰʠʤʠ ʰʘʛʘʤʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʣʫʯʰʫʶ ʬʦʨʤʫ ʢʨʠʚʦʡ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʥʠʞʘʝʪ ʙʨʦʩʢʠ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʥʘʛʨʫʟʢʠ ʠ ʩʦʢʨʘʱʘʝʪ ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, 

ʠʟʣʫʯʘʝʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʢʣʘʩʩʘ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʭʝʤʳ ʘʚʪʦʥʦʤʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ IGBT-ʪʠʨʠʩʪʦʨʦʚ. ʇʝʨʚʳʡ ʢʣʘʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʭʝʤʳ ʩ ʧʣʘʚʘʶʱʠʤʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ, ʘ ʚʪʦʨʦʡ ʢʣʘʩʩ ï ʩʭʝʤʳ ʩ ʧʨʠʚʷʟʢʦʡ ʩʨʝʜʥʝʡ ʪʦʯʢʠ ʯʝʨʝʟ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ 

ʜʠʦʜʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʠ ʧʠʪʘʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʷʚʣʷʶʱʠʭʩʷ 

ʦʩʥʦʚʦʡ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʚʫʭʟʚʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʪʨʸʭʫʨʦʚʥʝʚʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʠʥʚʝʨʪʦʨʘ ʠ 12-ʧʫʣʴʩʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʧʫʣʴʩʥʦʩʪʴ ʚʳʧʨʷʤʠʪʝʣʷ ʠ ʫʨʦʚʥʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʥʚʝʨʪʦʨʘ. 

ʇʫʣʴʩʥʦʩʪʴ ʚʳʧʨʷʤʠʪʝʣʷ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ, ʫʚʝʣʠʯʠʚ ʯʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʢʣʶʯʝʥʥʳʭ ʜʠʦʜʥʳʭ ʤʦʩʪʦʚ. ʋʨʦʚʥʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʤʦʞʥʦ 

ʫʚʝʣʠʯʠʪʴ, ʫʚʝʣʠʯʠʚ ʯʠʩʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʪʠʨʠʩʪʦʨʦʚ ʚʦ ʚʩʝʭ ʝʛʦ ʧʣʝʯʘʭ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʦʩʥʦʚʥʘʷ ʛʘʨʤʦʥʠʢʘ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ. 

ʆʩʥʦʚʥʳʤ ʪʠʧʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʜʣʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʷʚʣʷʶʪʩʷ ʪʨʝʭʬʘʟʥʳʝ ʘʚʪʦʥʦʤʥʳʝ ʠʥʚʝʨʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʫʧʨʘʚʣʝʥʠʝ ʢʣʶʯʘʤʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʥʘ ʚʳʩʦʢʦʡ ʥʝʩʫʱʝʡ 

ʯʘʩʪʦʪʝ. ʕʪʘ ʤʦʜʫʣʷʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʠʣʠ ʚʝʢʪʦʨʥʦʡ, ʧʨʠʯʝʤ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ: ACS5000 ʠ 

PowerFlex 7000. ʈʘʙʦʪʘ ACS5000 ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ IGCT-

ʪʠʨʠʩʪʦʨʦʚ. ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʦʨʤʠʨʫʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʤ 

ʘʚʪʦʥʦʤʥʳʤ ʠʥʚʝʨʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʧʷʪʠ- ʠʣʠ ʜʝʚʷʪʠʫʨʦʚʥʝʚʦʝ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʚʳʭʦʜʝ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ PowerFlex 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -205- 

 

7000 ʠʩʧʦʣʴʟʫʝʪ ʘʚʪʦʥʦʤʥʳʡ ʠʥʚʝʨʪʦʨ ʪʦʢʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʞʠʤʘ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʛʦ ʨʝʞʠʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʢʦʥʪʫʨ ʪʦʢʘ ʠ ʫʩʪʘʥʦʚʢʘ ʙʦʣʴʰʦʡ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʟʚʝʥʝ. ʇʨʠ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʬʫʥʢʮʠʷ SGCT-ʪʠʨʠʩʪʦʨʦʚ 

ʠʥʚʝʨʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʧʫʪʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʘ ʚ ʚʳʭʦʜʥʦʡ ʮʝʧʠ. 

ɺʥʝʜʨʝʥʠʝ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʵʢʦʥʦʤʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ 

ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʤʝʥʴʰʠʡ ʠʟʥʦʩ 

ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʤʠʥʠʤʠʟʘʮʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʠʜʨʦʫʜʘʨʦʚ, ʙʣʘʛʦʜʘʨʷ 

ʧʣʘʚʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ [1, 2, 3]. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʤʦʞʝʤ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʚ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʂʇɼ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʥʠʟʠʪʴ ʠʟʥʦʩ ʠ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʪʘʢʞʝ ʩʦʢʨʘʱʘʝʪ ʨʘʩʭʦʜʳ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʤʝʥʴʰʘʝʪ ʘʚʘʨʠʡʥʳʝ ʧʨʦʩʪʦʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʩʝ ʵʪʦ, 

ʚʤʝʩʪʝ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʜʝʣʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʦʯʝʥʴ 

ʚʘʞʥʳʤ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʚʦʧʨʦʩʦʚ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ, ʪʨʝʙʫʶʱʠʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʘʣʠʟ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʢʣʶʯʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ, ʘ ʪʘʢʞʝ 

ʚʳʜʝʣʷʝʪ ʙʘʟʦʚʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʝʥʜʝʥʮʠʠ, ʜʚʠʞʫʱʠʝ ʩʠʣʳ, ʠʥʥʦʚʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʚʳʟʦʚʳ ʠʥʥʦʚʘʮʠʡ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ. 

  

Abstract 

Modern society faces a number of issues in the field of power supply and electromechanics 

requiring innovative solutions. This article presents an analysis of the current state, including modern 

challenges and prospects in these areas, and also allocates basic innovative approaches aimed at 

improving the efficiency of power supply and electromechanics.  

Keywords: trends, driving forces, innovation, technology, advantages, information of 

innovation, power supply. 

 

ʉʬʝʨʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʷʜʘ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʠ ʜʚʠʞʫʱʠʭ ʩʠʣ. ʕʪʠ ʬʘʢʪʦʨʳ ʦʙʫʩʣʘʚʣʠʚʘʶ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ ʠ ʧʦʜʭʦʜʦʚ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʀʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʛʨʘʶʪ ʧʣʝʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʣʷ ʚʩʝʭ. 

ɺʘʞʥʦʩʪʴ ʠʥʥʦʚʘʮʠʡ ʟʘʢʣʶʯʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʛʘʶʪ ʩʥʠʞʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʫʤʝʥʴʰʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʣʝʜ, ʯʪʦ 

ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʩ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦʚʳʰʘʶʪ ʥʘʜʸʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʠ 

ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʙʦʣʴʰʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɸ ʪʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ, ʯʪʦ ʠʥʥʦʚʘʮʠʠ ʩʪʠʤʫʣʠʨʫʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʩʦʟʜʘʶʪ ʥʦʚʳʡ ʨʘʙʦʯʠʝ ʤʝʩʪʘ, ʠ 

ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʵʥʝʨʛʠʠ ʚ ʦʪʜʘʣʸʥʥʳʭ ʠ ʤʘʣʦ ʦʙʝʩʧʝʯʝʥʥʳʭ 

ʨʝʛʠʦʥʘʭ.  

ɻʦʚʦʨʷ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪʨʘʩʣʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʯʪʦ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ, ʪʘʢ  ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʫʶʪ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʫ, ʫʣʫʯʰʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ. ʀʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʜʸʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʊʘʢʞʝ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʢ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʟʚʘʥʥʳʭ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʭ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ɽʱʸ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʪʷʛʦʚʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, 

ʠʥʥʦʚʘʮʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʨʘʞʘʶʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʢ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -207- 

 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʢ 

ʠʥʪʝʛʨʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠ ʥʦʚʰʝʩʪʚʘʤʠ ʚ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ, ʩʣʝʜʫʝʪ ʥʘʟʳʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚʢʣʶʯʘʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ:  

- ʀʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦʣʥʝʯʥʦʡ, 

ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʠ ʤʦʨʩʢʘʷ ʵʥʝʨʛʠʷ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʫʤʝʥʴʰʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

- ʋʤʥʳʝ ʩʝʪʠ, ʵʪʦ ʩʠʩʪʝʤʘ ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ.  

- ʕʥʝʨʛʦʭʨʘʥʠʣʠʱʘ, ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʣʠʪʠʡ-

ʠʦʥʥʳʝ ʙʘʪʘʨʝʠ ʠ ʜʨʫʛʠʝ ʬʦʨʤʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ, ʦʩʦʙʝʥʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ  

- ʎʠʬʨʦʚʠʟʘʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʘʤʠ.  

- ʄʠʢʨʦʩʝʪʠ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʣʦʢʘʣʴʥʳʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʘʚʪʦʥʦʤʥʦ ʠʣʠ ʚ ʩʦʩʪʘʚʝ ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʩʝʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

- ʕʣʝʢʪʨʠʬʠʢʘʮʠʷ ʪʨʘʥʩʧʦʨʪʘ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠ ʟʘʨʷʜʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʠʟʤʝʥʝʥʠʶ ʝʸ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʧʨʦʬʠʣʷ.  

ɺ ʮʝʣʦʤ, ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʨʘʞʘʶʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ, 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʙʫʜʫʱʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʣʘʥʜʰʘʬʪʝ. 

ʀʥʥʦʚʘʮʠʠ ʚ ʩʬʝʨʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ ʠ 

ʦʙʱʝʩʪʚʦ, ʩʪʠʤʫʣʠʨʫʶʪ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʩʦʟʜʘʚʘʷ ʥʦʚʫʶ ʦʪʨʘʩʣʠ ʠ ʨʳʥʢʠ, ʪʝʤ ʩʘʤʳʤ, 

ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʊʘʢʞʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʪʨʝʙʫʶʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ 

ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʩʥʠʞʝʥʠʶ ʙʝʟʨʘʙʦʪʠʮʳ. ʀʥʥʦʚʘʮʠʠ ʧʦʤʦʛʘʶʪ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʫʤʝʥʴʰʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʪʘʢʞʝ, ʫʣʫʯʰʝʥʠʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʥʘʜʸʞʥʦʡ ʠ ʜʦʩʪʫʧʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʚʩʝʭ ʩʣʦʸʚ ʥʘʩʝʣʝʥʠʷ, ʯʪʦ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʮʠʘʣʴʥʦʤ ʙʣʘʛʦʧʦʣʫʯʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʥʦʚʘʮʠʠ ʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʦʣʝʝ ʧʨʦʮʚʝʪʘʶʱʝʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʦʙʱʝʩʪʚʘ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʠʥʥʦʚʘʮʠʡ ʚ ʩʬʝʨʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʠʛʨʘʝʪ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʦʩʪʘ, ʪʘʢʠʝ ʢʘʢ, ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʦʩʫʜʘʨʩʪʚʘ, ʤʦʞʝʪ 

ʥʘʧʨʘʚʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʘʣʦʛʦʚʳʭ ʣʴʛʦʪ ʠ 

ʩʫʙʩʠʜʠʡ ʜʣʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʢʦʤʧʘʥʠʡ ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʠ ʥʦʨʤʘʪʠʚʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʥʝʜʨʝʥʠʶ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʊʘʢʞʝ ʛʦʩʫʜʘʨʩʪʚʦ ʤʦʞʝʪ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʡ, ʧʦʤʦʛʘʷ, ʧʝʨʝʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʨʝʘʣʴʥʦʩʪʠ 

ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʣʠʯʠʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʜʣʷ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʠʥʜʫʩʪʨʠʠ. ɻʦʩʫʜʘʨʩʪʚʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʤʝʥʫ ʟʥʘʥʠʷʤʠ ʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʯʝʨʝʟ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʘʨʪʥʸʨʩʪʚʘ ʠ ʩʦʛʣʘʰʝʥʠʷ. ɺʩʝ ʵʪʠ ʤʝʨʳ ʧʦʤʦʛʘʶʪ 



-208- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʨʝʜʫ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ[1, 2]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʠʥʥʦʚʘʮʠʠ ʚ ʩʬʝʨʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʪʢʨʳʚʘʶʪ 

ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʠ ʵʢʦʥʦʤʠʢʠ. ʈʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʫʤʥʳʭ ʩʝʪʝʡ ʠ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʢʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʨʝʰʝʥʠʡ. ʇʝʨʝʜ ʦʪʨʘʩʣʴʶ ʩʪʦʷʪ ʟʘʜʘʯʠ ʠʥʪʝʛʨʘʮʠʠ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ 

ʩʦʢʨʘʱʝʥʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ, 

ʩʫʱʝʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʢ ʨʘʟʚʠʪʠʶ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ, ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʝʪʝʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʥʦʚʘʮʠʠ ʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʚʝʪʳ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ, ʥʦ ʠ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 

** * 

1. ʇʝʨʩʧʝʢʪʠʚʳ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ // ʂʠʙʝʨʃʝʥʠʥʢʘ-ʥʘʫʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʙʠʙʣʠʦʪʝʢʘ URL: https://cyberleninka.ru/article/n/perspektivy-innovatsionnogo-razvitiya-elektroenergetiki (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 15.05.2024).  

2. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʨʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ // ʂʠʙʝʨʃʝʥʠʥʢʘ-

ʥʘʫʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ URL: https://cyberleninka.ru/article/n/innovatsionnye-napravleniya-razvitiya-

elektroenergetiki-v-rossiyskoy-federatsii (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.05.2024). 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʆʙʩʫʞʜʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ. ʈʘʩʢʨʳʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʝʨʪʠʟʳ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʥʝ ʜʦʧʫʩʪʠʪʴ 

ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɸʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʘʭ ʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʙʣʝʤʘʭ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʩʪʘʥʜʘʨʪʳ, ʵʢʩʧʝʨʪʠʟʘ, 

ʚʟʨʳʚʦʦʧʘʩʥʳʝ ʩʨʝʜʳ, ʩʝʨʪʠʬʠʢʘʮʠʷ. 

 

Abstract 

This article discusses the problems associated with the safe operation of explosion-proof 

electric motors. Technical aspects and features, equipment requirements are discussed. The importance 

of conducting an electrotechnical examination is revealed in order to prevent possible emergencies and 

prevent damage to equipment. The focus is on preventive measures and the most common problems 

encountered when operating explosion-proof electric motors. 

Keywords: ʝxplosion-proof electric motors, standards, expertise, explosive atmospheres, 

certification. 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -209- 

 

ɺʟʨʳʚʦʟʘʱʠʱʝʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʚ 

ʩʠʩʪʝʤʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʚʟʨʳʚʘ: ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʚ ʤʝʩʪʘʭ ʩ ʥʘʣʠʯʠʝʤ ʚʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʩʚʦʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʝ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʧʦʜʚʝʨʞʝʥʳ ʨʷʜʫ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʧʨʘʚʠʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠʟ-ʟʘ ʠʟʥʦʩʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝʧʦʣʘʜʦʢ ʚ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠʷ ʠʣʠ ʧʦʜʘʯʝ 

ʩʤʘʟʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʙʦʪʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ 

ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʣʠ 

ʧʨʝʢʨʘʱʝʥʠʝ ʝʛʦ ʨʘʙʦʪʳ, ʯʪʦ ʤʦʞʝʪ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʟʨʳʚʦʟʘʱʠʱʝʥʥʦʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ (ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ) ï ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ (ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ) ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʝʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʫʩʪʨʘʥʝʥʘ ʠʣʠ ʟʘʪʨʫʜʥʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʚʟʨʳʚʦʦʧʘʩʥʦʡ ʩʨʝʜʳ 

ʚʩʣʝʜʩʪʚʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʦʛʦ ʠʟʜʝʣʠʷ.  

ʉʦʛʣʘʩʥʦ ɻʆʉʊʫ 18311-80 ʦʪ 30.12.1980, ʚʳʜʝʣʷʶʪ ʨʘʟʥʳʝ ʚʠʜʳ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ: 

- ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʪʠʚ ʚʟʨʳʚʘ ï ʪʘʢʦʝ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ (ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ), ʚ ʢʦʪʦʨʦʤ ʚʟʨʳʚʦʟʘʱʠʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʧʨʠʟʥʘʥʥʦʤ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʝʛʦ ʨʘʙʦʪʳ. 

- ɺʟʨʳʚʦʙʝʟʦʧʘʩʥʦʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ ï ʪʘʢʦʝ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʝ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ (ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ), ʚ ʢʦʪʦʨʦʤ ʚʟʨʳʚʦʟʘʱʠʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʢ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʧʨʠ ʧʨʠʟʥʘʥʥʳʭ ʚʝʨʦʷʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʷʭ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʨʦʤʝ ʧʦʚʨʝʞʜʝʥʠʡ ʩʨʝʜʩʪʚ 

ʚʟʨʳʚʦʟʘʱʠʪʳ. 

- ʆʩʦʙʦʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ ï ʪʘʢʦʝ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ (ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ), ʚ ʢʦʪʦʨʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʤʫ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤʫ ʠʟʜʝʣʠʶ ʧʨʠʥʷʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʨʝʜʩʪʚʘ ʚʟʨʳʚʦʟʘʱʠʪʳ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʩʪʘʥʜʘʨʪʘʤʠ ʥʘ ʚʠʜʳ 

ʚʟʨʳʚʦʟʘʱʠʪʳ. [2] 

ɺʟʨʳʚʦʟʘʱʠʱʝʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ð ʵʪʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʩʧʝʮʠʘʣʴʥʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ ʚʟʨʳʚʘ 

ʠʣʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʛʘʟʦʚ, ʧʘʨʦʚ, ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʧʳʣʠ. ʊʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʦʙʣʘʜʘʶʪ ʦʩʦʙʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʤʝʨʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʛʦʨʘʥʠʝ ʠʣʠ ʚʟʨʳʚ ʚ 

ʦʧʘʩʥʦʡ ʩʨʝʜʝ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʱʠʪʫ ʦʪ ʚʟʨʳʚʦʚ, ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: 

- ɿʘʱʠʪʫ ʦʪ ʠʩʢʨʝʥʠʷ ʠ ʛʦʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʙʤʦʪʦʢ ʠ ʠʟʦʣʷʮʠʠ; 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ; 

- ɻʝʨʤʝʪʠʯʥʦʩʪʴ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚʥʫʪʨʴ 

ʜʚʠʛʘʪʝʣʷ; 

- ʆʩʦʙʳʝ ʤʝʨʳ ʦʭʣʘʞʜʝʥʠʷ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʝʨʝʛʨʝʚ ʠ ʚʦʟʛʦʨʘʥʠʝ ʚʥʫʪʨʠ 

ʜʚʠʛʘʪʝʣʷ; 



-210- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

- ʉʦʙʣʶʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʥʦʨʤʘʪʠʚʦʚ, ʫʪʚʝʨʞʜʝʥʥʳʭ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʨʝʜʠ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʝ, ʯʪʦ ʦʙʷʟʘʪʝʣʴʥʳ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ, ʠ ʪʝ, ʢʦʪʦʨʳʝ ʥʦʩʷʪ 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦ ʧʦʨʷʜʢʫ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʵʢʩʧʝʨʪʠʟʘ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʇʦʩʢʦʣʴʢʫ ʥʝʧʦʣʘʜʢʠ ʚ ʨʘʙʦʪʝ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʤʦʛʫʪ ʠʤʝʪʴ ʩʝʨʴʝʟʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʵʢʩʧʝʨʪʠʟʘ ʜʘʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʨ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʵʢʩʧʝʨʪʠʟʳ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʨʦʚʝʨʢʫ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʘʥʘʣʠʟ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʦʚʝʨʢʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʧʝʮʠʬʠʢʘʮʠʷʤ ʠ 

ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʤʦʞʥʳʝ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʧʨʝʨʳʚʥʫʶ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʕʢʩʧʝʨʪʠʟʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʬʦʨʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʝʨʪʠʟʳ. ɽʝ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʪʝʢʫʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘ, ʚʳʷʚʣʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʧʨʦʚʝʨʢʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʧʝʮʠʬʠʢʘʮʠʷʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤʥʳʭ ʘʩʧʝʢʪʦʚ. 

ʕʢʩʧʝʨʪʠʟʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʷʜʝ ʩʠʪʫʘʮʠʡ: 

- ɺ ʩʣʫʯʘʝ ʥʝʧʦʣʘʜʦʢ ʠʣʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

- ɺ ʨʘʤʢʘʭ ʩʫʜʝʙʥʳʭ ʠ ʚʥʝʩʫʜʝʙʥʳʭ ʵʢʩʧʝʨʪʠʟ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʚʟʳʩʢʘʥʠʷ ʢʦʤʧʝʥʩʘʮʠʠ; 

- ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʫʜʫʱʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʇʨʠ ʧʦʜʦʟʨʝʥʠʷʭ ʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ; 

- ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʲʷʚʣʝʥʠʷ ʧʨʝʪʝʥʟʠʡ ʠʣʠ ʠʩʢʦʚ ʢ ʧʦʩʪʘʚʱʠʢʘʤ ʠʣʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ; 

- ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʝʪʝʥʟʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʯʝʩʪʚʘ ʧʦʩʪʘʚʣʷʝʤʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

ʈʝʰʝʥʠʝʤ ʂʦʤʠʩʩʠʠ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ ˉ 825 ʦʪ 18 ʦʢʪʷʙʨʷ 2011 ʛʦʜʘ ʫʪʚʝʨʞʜʝʥ 

ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʊʈ ʊʉ 012/2011 "ʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʚʦ 

ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʩʨʝʜʘʭ". ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʝʜʠʥʦʡ ʪʘʤʦʞʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ. [1, 3] 

ʇʦʜ ʜʝʡʩʪʚʠʝ ʊʈ ʊʉ 012/2011 ʧʦʧʘʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʫʜʥʠʯʥʦʝ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʝ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʛʘʟʦʚʳʭ ʩʨʝʜ, ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʜʣʷ ʟʦʥ ʩ ʛʦʨʶʯʝʡ ʧʳʣʴʶ, ʥʝʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʟʨʳʚʦʦʧʘʩʥʳʭ 

ʩʨʝʜ, ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʦʙʦʣʦʯʢʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʦʩʦʙʳʤ ʚʠʜʦʤ ʚʟʨʳʚʦʟʘʱʠʪʳ. 

ʉʝʨʪʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʦʮʝʜʫʨʳ ʚ ʦʪʥʦʰʝʥʠʠ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʫʩʪʨʦʡʩʪʚ ʨʝʘʣʠʟʫʶʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʩʭʝʤʘʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ: 

- 1ʩ ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- 3ʩ ï ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʘʨʪʠʡʥʳʭ ʠʟʜʝʣʠʡ; 

- 4ʩ ï ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʦʢ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʣʠ ʤʦʥʪʘʞʘ 

ʫʩʪʘʥʦʚʢʠ ʥʝ ʜʦʧʫʩʢʘʶʪ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʥʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʶ ʥʘ ʤʝʩʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

- ʉʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ; 

- ʆʙʝʩʧʝʯʝʥʠʝ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʡ ʠ ʚ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ; 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -211- 

 

- ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ; 

- ɻʘʨʘʥʪʠʨʦʚʘʥʠʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʠʩʢʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ; 

- ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʘʛʝʥʪʦʚ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦʛʦ ʨʫʯʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʯʠʝ 

ʧʘʨʘʤʝʪʨʳ. 

ɺʟʨʳʚʦʟʘʱʠʱʝʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴʶ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʣʦʚʠʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʨʠʯʠʥʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. [4] 

ʂʦʜʠʬʠʢʘʮʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʦʣʥʝʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

- S1 ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʘʥʜʘʨʪʥʳʡ ʭʘʨʘʢʪʝʨ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʦʡ; 

- ʋ ʦʙʦʟʥʘʯʘʝʪ ʫʤʝʨʝʥʥʳʡ ʢʣʠʤʘʪ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʨʝʜʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʫʩʣʦʚʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ; 

- ʍʃ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʦʣʦʜʥʦʤʫ ʢʣʠʤʘʪʫ, ʧʦʜʨʘʟʫʤʝʚʘʷ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʊ ʦʟʥʘʯʘʝʪ ʪʨʦʧʠʯʝʩʢʠʡ ʢʣʠʤʘʪ, ʛʜʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʪʠʟʳ ʨʝʟʫʣʴʪʘʪʳ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʦʪʦʢʦʣʝ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʜʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʝʨʪʠʬʠʢʘʪ. 

ɺʦʟʤʦʞʥʳ ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʥʦʡ ʧʨʦʙʣʝʤʳ.  

ʉʨʝʜʠ ʧʨʦʯʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤ ʫʤʥʳʭ ʜʘʪʯʠʢʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʶʯʝʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʕʪʠ ʜʘʪʯʠʢʠ ʩʧʦʩʦʙʥʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ: ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ ʚ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʝʜʚʝʩʪʥʠʢʘʤʠ ʚʦʟʤʦʞʥʳʭ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦʙʣʝʤʳ ʠ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʨʠʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʤʝʨʳ ʜʦ ʪʦʛʦ, ʢʘʢ ʥʝʧʦʣʘʜʢʠ ʧʨʠʚʝʜʫʪ ʢ 

ʩʝʨʴʝʟʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʫʤʥʳʭ ʜʘʪʯʠʢʦʚ ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, 

ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. [5] 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɺ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʩʥʠʞʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʥʠʞʝ ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʦʙʳʯʥʦʤʫ ʨʝʩʫʨʩʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʧʦʚʳʰʝʥʠʶ 

ʥʘʜʝʞʥʦʩʪʠ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʘʫʥʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʫʧʨʦʯʥʷʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʦʙʤʦʪʦʢ. ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʘʫʥʜʦʚ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʰʝʥʠʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʙʣʝʤ: 

ʟʘʱʠʪʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʫʩʠʣʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʦʙʤʦʪʦʢ, ʦʩʦʙʝʥʥʦ ʠʭ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʟʦʥʳ ʚʳʚʦʜʘ ʧʨʦʚʦʜʥʠʢʦʚ 

ʠʟ ʩʪʘʪʦʨʥʦʛʦ ʧʘʢʝʪʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ 

ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ. ʕʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʛʨʝʚʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʚʦʜʘ ʪʝʧʣʘ 

ʚʳʩʦʢʦʪʝʧʣʦʧʨʦʚʦʜʥʳʤ ʢʦʤʧʘʫʥʜʦʤ ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʦʛʦ ʠʟʥʦʩʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ ʥʘ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʩʚʦʙʦʜʥʳʡ 

ʦʙʲʝʤ ʚ ʦʙʦʣʦʯʢʝ ʠ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 



-212- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʘʫʥʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʥʮʝʧʮʠʠ ʥʦʚʦʛʦ ʚʠʜʘ ʚʟʨʳʚʦʟʘʱʠʪʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚʘʭ ʚʟʨʳʚʯʘʪʳʭ 

ʩʤʝʩʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ (ʚ 1,7 - 2,5 ʨʘʟʘ). [6] 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʘʩʧʝʢʪʳ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ 

ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚ ʥʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʧʨʦʙʣʝʤ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʠʭ ʨʘʙʦʪʝ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʘʭ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʮʝʩʩʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 

ʤʦʥʠʪʦʨʠʥʛ, ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʠʝʡ, ʧʨʝʠʤʫʱʝʩʪʚʘ, ʠʥʪʝʛʨʘʮʠʷ, ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ. 

 

Abstract 

This article discusses the use of microcontrollers in energy facilities. Microcontrollers play a 

key role in the automation and monitoring of energy systems, providing efficient management and 

control of energy production, distribution and consumption processes. 

Keywords: microcontrollers, energy facilities, automation, monitoring, energy management, 

benefits, integration, technology development. 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -213- 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ. ʉ ʨʦʩʪʦʤ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʫʩʪʦʡʯʠʚʦʤ ʠ 

ʵʬʬʝʢʪʠʚʥʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ, ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʠ ʦʮʝʥʠʤ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʘʢʪʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ 

ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʩʪʨʦʝʥʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ (ʦʙʳʯʥʦ ʘʨʭʠʪʝʢʪʫʨʳ 

RISC ʠʣʠ CISC), ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʧʦʩʪʦʷʥʥʦʡ ʧʘʤʷʪʴʶ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʝʨʠʬʝʨʠʡʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʪʘʡʤʝʨʳ, ʠʥʪʝʨʬʝʡʩʳ ʚʚʦʜʘ-

ʚʳʚʦʜʘ ʠ ʜʨʫʛʠʝ. 

ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʦʟʚʦʣʷʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ, 

ʤʦʥʠʪʦʨʠʥʛ, ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ.  

ʀʭ ʢʦʤʧʘʢʪʥʳʡ ʨʘʟʤʝʨ, ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʜʝʣʘʶʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʧʨʠʣʦʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʘʚʪʦʤʦʙʠʣʴʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʙʳʪʦʚʫʶ ʪʝʭʥʠʢʫ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʨʦʙʦʪʦʪʝʭʥʠʢʫ, 

ʫʤʥʳʝ ʜʦʤʘ, IoT-ʫʩʪʨʦʡʩʪʚʘ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʦʙʣʘʜʘʶʪ ʥʝʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ, ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ 

ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʠ 

ʫʩʪʨʦʡʩʪʚ. ʆʥʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʘʭ, 

ʤʝʜʠʮʠʥʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ɺʩʪʨʦʝʥʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʣʦʛʠʢʘ ʧʦʟʚʦʣʷʝʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ 

ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʫʧʨʘʚʣʝʥʠʝ ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʨʘʙʦʪʘ ʩ ʩʝʥʩʦʨʘʤʠ, 

ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

C, C++, Assembly ʠ ʜʨʫʛʠʭ. 

ʀʥʪʝʨʬʝʡʩʳ ʪʘʢʠʝ ʢʘʢ UART, SPI, I2C, ʘʥʘʣʦʛʦʚʳʝ ʠ ʮʠʬʨʦʚʳʝ ʚʭʦʜʳ/ʚʳʭʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʩʨʝʜʘʤʠ. ʊʘʢʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʨʘʜʠʦʯʘʩʪʦʪʥʘʷ ʠ 

ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʚʷʟʴ ʠ ʜʨʫʛʠʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ: 

1. ʋʣʫʯʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʧʦʟʚʦʣʷʶʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʆʥʠ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʠ ʧʨʝʜʣʘʛʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪ. 

2. ʋʚʝʣʠʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ: ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʩʧʦʩʦʙʥʳ ʤʦʥʠʪʦʨʠʪʴ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʥʠ 

ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʥʘ 

ʨʝʟʝʨʚʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʩʥʠʞʘʝʪ 

ʚʨʝʤʷ ʧʨʦʩʪʦʷ. 

3. ʋʜʦʙʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ: ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʧʦʟʚʦʣʷʶʪ ʫʜʘʣʝʥʥʦ 

ʫʧʨʘʚʣʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʤʦʥʠʪʦʨʠʪʴ ʠʭ ʨʘʙʦʪʫ ʯʝʨʝʟ 

ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʨʬʝʡʩʳ, ʚʢʣʶʯʘʷ ʩʝʪʴ ʀʥʪʝʨʥʝʪ. ʕʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ. 

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ: 

1. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ: 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʝʨʝʜʘʯʫ ʠ 



-214- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ. 

2. ʋʧʨʘʚʣʝʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʟʜʘʥʠʷʭ: ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ 

ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʠ ʤʦʥʠʪʦʨʠʪʴ ʵʣʝʢʪʨʦʩʝʪʠ ʟʜʘʥʠʡ, ʨʝʛʫʣʠʨʦʚʘʪʴ ʦʩʚʝʱʝʥʠʝ, 

ʦʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʝʨʝʛʨʫʟʢʠ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

3. ʂʦʥʪʨʦʣʴ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ: 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʛʝʥʝʨʘʮʠʝʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʚʝʪʨʷʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʜʨʫʛʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. 

ɹʫʜʫʱʝʝ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʦʙʝʱʘʝʪ ʙʳʪʴ 

ʟʘʭʚʘʪʳʚʘʶʱʠʤ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʢʦʥʮʝʧʮʠʡ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʙʫʜʫʪ ʠʛʨʘʪʴ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ, 

ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʝʥʜʦʚ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʙʫʜʫʱʝʝ ʧʨʠʤʝʥʝʥʠʷ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT), ʙʣʦʢʯʝʡʥ ʠ ʜʨ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʪ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʝ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ. 

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT) ʙʫʜʝʪ ʠʛʨʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʙʫʜʫʱʝʤ ʧʨʠʤʝʥʝʥʠʷ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. ʉ ʧʦʤʦʱʴʶ IoT, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʩʤʦʛʫʪ 

ʩʚʷʟʳʚʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʠ ʧʨʠʥʠʤʘʪʴ 

ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʫʤʥʳʝ ʩʝʪʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʡʥʳʝ 

ʩʠʪʫʘʮʠʠ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʪʘʢʞʝ ʙʫʜʝʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʫʜʫʱʝʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʝʥʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ. ʉ ʧʦʤʦʱʴʶ ʀʀ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʩʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ. 

ɹʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʵʥʝʨʛʠʠ ʚʝʪʨʘ, ʩʦʣʥʮʘ ʠ ʜʨʫʛʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʪʘʢʞʝ ʙʫʜʫʪ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʦʥʪʨʦʣʝ ʠ ʫʧʨʘʚʣʝʥʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʥʠ ʩʤʦʛʫʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʫʱʝʝ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ 

ʦʙʝʱʘʝʪ ʙʳʪʴ ʥʘʧʦʣʥʝʥʥʳʤ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʠʥʥʦʚʘʮʠʷʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʚʝʨʰʠʪʴ 

ʦʛʨʦʤʥʳʡ ʰʘʛ ʚʧʝʨʝʜ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʦʟʜʘʥʠʠ ʫʤʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 
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