
ʅʘʫʯʥʳʡ ʮʝʥʪʨ çLJournalè 

 

 

 

 

 

 

 

 

 

 

 

ʈʝʮʝʥʟʠʨʫʝʤʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ 

 

ȝȐȘȏȐȘȡȓȓ țȋȒȍȓȝȓȪ ȘȋȞȕȓ 

ȓ șȌțȋȒșȍȋȘȓȪ 
 

 

 

 

ˉ111, ʀʶʣʴ 2024 

(ʏʘʩʪʴ 9) 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

ʉʘʤʘʨʘ, 2024 

  



-2- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 

 

 

ʊ33 

 

 

ʈʝʮʝʥʟʠʨʫʝʤʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷè ˉ111, ʀʶʣʴ 2024 (ʏʘʩʪʴ 9) - ʀʟʜ. ʅʘʫʯʥʳʡ ʮʝʥʪʨ 

çLJournalè, ʉʘʤʘʨʘ, 2024 - 228 ʩ. 

 

 

 

doi: 10.18411/trnio-07-2024-p9 

 

 

 

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 



-4- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
  

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 

ʂʘʯʝʩʪʚʦ ʦʨʦʰʝʥʠʷ ʧʨʠ ʧʦʣʠʚʝ  ʰʠʨʦʢʦʟʘʭʚʘʪʥʳʤʠ ʜʦʞʜʝʚʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ 

ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ ʜʣʷ ʰʠʨʦʢʦʟʘʭʚʘʪʥʳʭ ʜʦʞʜʝʚʘʣʴʥʳʭ ʤʘʰʠʥ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʘʧʝʣʴ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠ ʥʘʣʠʯʠʠ ʚʝʪʨʘ 

ʨʘʟʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɼʘʥ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʫʛʦʣ ʩʭʦʜʘ ʨʘʩʧʳʣʠʚʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ. ʈʘʜʠʫʩ ʟʘʭʚʘʪʘ ʜʦʞʜʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ 

ʩʦʧʣʘ ʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ.  ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʣʫʯʝʥʦ ʨʘʩʭʦʜʥʦ-ʥʘʧʦʨʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʨʘʜʠʫʩ ʟʘʭʚʘʪʘ ʜʦʞʜʝʤ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʞʜʝʚʘʣʴʥʘʷ ʥʘʩʘʜʢʘ, ʜʦʞʜʝʚʘʣʴʥʘʷ ʤʘʰʠʥʘ,  ʨʘʩʭʦʜ, ʜʘʚʣʝʥʠʝ, 

ʜʝʬʣʝʢʪʦʨ, ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ. 

 

Abstract 

The quality of irrigation when watering with wide-reach sprinkler machines largely depends 

on the design of the sprinkler nozzles. The purpose of this work is to structure the methodology for 

calculating sprinkler nozzles. This article describes the method of calculating sprinkler nozzles for 

wide-reach sprinkler machines. The trajectories of droplets of different sizes in the absence and 

presence of wind in different directions are presented. The preferred spray vanishing angle for 

different wind speeds is given. The radius of capture by rain increases with an increase in the flow 

section of the nozzle and an increase in pressure in the pipeline. Experimental studies confirm the 

theoretically obtained results. The flow-pressure characteristic and the radius of capture by rain are 

obtained. 

Keywords: sprinkler nozzle, sprinkler machine, flow rate, pressure, deflector, diameter of 

drops. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʝʞʝʛʦʜʥʳʤ ʚʚʦʜʦʤ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʚʦʟʥʠʢʣʘ ʦʩʪʨʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ  ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʜʦʞʜʝʚʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʂʘʯʝʩʪʚʦ 

ʧʦʣʠʚʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦʞʜʝʚʘʣʴʥʳʭ ʤʘʰʠʥ. ʈʘʙʦʯʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʦʞʜʝʚʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʶʪʩʷ ʜʦʞʜʝʚʘʣʴʥʳʝ ʥʘʩʘʜʢʠ. ʆʪ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ 

ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʠʚʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʨʘʩʧʳʣʝʥʥʦʡ ʚʦʜʳ.  

ʂ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʜʦʞʜʝʚʘʣʴʥʳʤʠ ʥʘʩʘʜʢʘʤʠ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʷʚʣʷʶʪʩʷ ʩʝʢʪʦʨʥʳʝ ʥʘʩʘʜʢʠ, ʛʨʠʙʢʦʚʦʛʦ ʪʠʧʘ, ʮʝʥʪʨʦʙʝʞʥʳʝ, ʱʝʣʝʚʳʝ  ʠ  ʜʝʬʣʝʢʪʦʨʥʳʝ. ɿʘ 

ʩʯʝʪ ʨʘʟʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʦʥʠ ʠʤʝʶʪ ʠ ʨʘʟʥʳʝ ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʦʞʜʷ, ʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʚʦʜʳ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -9- 

 

ʏʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤʠ, ʧʦʧʫʣʷʨʥʳʤʠ ʜʦʞʜʝʚʘʣʴʥʳʤʠ ʥʘʩʘʜʢʘʤʠ ʠʥʦʩʪʨʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʚ ʈʌ  ʥʘ ʠʥʦʩʪʨʘʥʥʦʡ  ʠ ʨʦʩʩʠʡʩʢʦʡ ʪʝʭʥʠʢʝ  ʷʚʣʷʶʪʩʷ 

ʤʦʜʝʣʠ Comet ʠ Nelson.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʞʜʝʚʘʪʝʣʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ [1-16]. ʅʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʰʠʥ, ʜʦʞʜʝʚʘʪʝʣʝʡ, ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʡ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ: ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʠʚʘ, ʩʣʦʡ ʜʦʞʜʷ, ʨʘʩʭʦʜʥʦ-

ʥʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʨʘʜʠʫʩ ʟʘʭʚʘʪʘ ʜʦʞʜʝʤ ʠ ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ 

ʧʦʢʘʟʘʪʝʣʠ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʘʯʝʩʪʚʝ ʨʘʩʧʳʣʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠ ʦ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, 

ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʉʣʦʡ ʜʦʞʜʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  [5]: 

Ὤ ȟ                                                                  (1) 

ʛʜʝ ὗ -   ʨʘʩʭʦʜ ʤʘʰʠʥʳ, ʤ3
 /ʩ; Rïʨʘʜʠʫʩ ʦʨʦʰʝʥʠʷ, ʤ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʜʦʞʜʝʚʘʣʴʥʦʡ ʥʘʩʘʜʢʦʡ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʩʫʭʘʷ 

ʟʦʥʘè, ʪ.ʝ. ʜʦʞʜʝʚʳʝ ʢʘʧʣʠ ʣʦʞʘʪʩʷ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʦʨʦʰʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʧʦʣʠʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʠʞʝʥʠʠ ʠ ʥʘʜʘʩʜʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʟʦʥʦʡ ʧʝʨʝʢʨʳʪʠʷ, ʪʦ ʵʪʦ ʥʠʢʘʢ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʠʚʘ ʚ ʮʝʣʦʤ.  

ʉʣʦʡ ʜʦʞʜʷ ʚʳʜʘʚʘʝʤʦʡ ʦʜʥʦʡ ʥʘʩʘʜʢʦʡ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʘ 

ʚʦʜʳ ʯʝʨʝʟ ʥʝʝ ʢ ʧʣʦʱʘʜʠ ʢʦʣʴʮʘ ʦʨʦʰʝʥʠʷ: 

Ὤ ȟ                                                            (2) 

ʛʜʝ q ï ʨʘʩʭʦʜ ʜʦʞʜʝʚʘʣʴʥʦʡ ʥʘʩʘʜʢʠ, ʣ/ʩ;  r1 ʠ r2ïʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʜʠʫʩʳ ʚʥʝʰʥʝʛʦ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ ʦʨʦʰʝʥʠʷ, ʤ. 

ȟ                                                         (3) 

ή ὶ ὶ ȟ                                                       (4) 

ʈʘʩʭʦʜ ʜʦʞʜʝʚʘʣʴʥʦʡ ʥʘʩʘʜʢʠ ʤʦʞʥʦ ʪʘʢʞʝ ʚʳʨʘʟʠʪʴ ʧʦ ʨʘʩʭʦʜʫ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ [6]: 

ή  ‘ίςὫὌȟ 
ʛʜʝ ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ;  s ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʩʦʧʣʘ,  ʤ

2
,  ʅ - ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ, 

ʤ. 

ʊʦʛʜʘ  ʩʝʯʝʥʠʝ ʩʦʧʣʘ: 

ί πȟςς
 

 Ѝ̊
ȟ                                                    (5) 

ɼʠʘʤʝʪʨ ʩʦʧʣʘ: 

Ὠ ρȟπς
 

  Ѝ̊

ȟ

Ȣ                                                 (6) 

ʈʘʩʩʤʦʪʨʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʚʦʜʳ, ʧʦʜʘʚʘʝʤʦʛʦ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠʟ 

ʜʦʞʜʝʚʘʣʴʥʦʡ ʥʘʩʘʜʢʠ ʜʝʬʣʝʢʪʦʨʥʦʛʦ ʪʠʧʘ. 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʤ/ʩ: 

ὡ • ȟ                                                        (7) 

ʛʜʝ ʅ0 ï ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ, ʄʇʘ; ʈ0 ï ʜʘʚʣʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʄʇʘ; ű ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʢʦʨʦʩʪʠ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, ʢʛ/ʤ
3
. 

ʂʦʥʩʪʨʫʢʮʠʷ ʜʝʬʣʝʢʪʦʨʘ ʟʘʜʘʝʪ ʫʛʦʣ ʚʳʣʝʪʘ ʩʪʨʫʠ ʢ ʛʦʨʠʟʦʥʪʫ. ʌʦʨʤʦʡ ʜʝʬʣʝʢʪʦʨʘ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʜʘʣʴʥʦʩʪʴ ʚʳʣʝʪʘ, ʧʦʜʘʚʘʪʴ ʩʧʣʦʰʥʳʤ ʧʦʪʦʢʦʤ ʠʣʠ ʜʝʣʠʪʴ ʥʘ ʩʪʨʫʡʢʠ 

(ʙʦʨʦʟʜʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʬʣʝʢʪʦʨʘ), ʨʠʩ. 1. 

 



-10- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 1. ɺʣʠʷʥʠʝ ʬʦʨʤʳ ʜʝʬʣʝʢʪʦʨʘ ʥʘ ʩʭʦʜʷʱʠʡ ʧʦʪʦʢ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʚʦʜʳ ʧʦʩʣʝ ʩʭʦʜʘ ʩ ʜʝʬʣʝʢʪʦʨʘ.  ʂʘʧʣʠ  ʚʳʣʝʪʘʶʪ ʧʦʜ 

ʫʛʣʦʤ Ŭ  ʢ ʛʦʨʠʟʦʥʪʫ. ʌʦʨʤʫ ʢʘʧʣʠ ʧʨʠʥʠʤʘʝʤ ʢʘʢ ʰʘʨ. 

ʈʘʜʠʫʩ ʧʦʣʠʚʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʩʪʨʫʠ W,  ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʨʝʜʳ k, ʫʛʣʘ ʩʭʦʜʘ ʧʦʪʦʢʘ Ŭ  ʢ ʛʦʨʠʟʦʥʪʫ: 

Ὑ Љὲ
 

ȟ                                                   (8) 

ʇʨʠ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ 0<Re<10
4 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ k: 

Ὧ
ȟ

Ѝ

ȟ

Ѝ
Ȣ                                                    (9) 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʟʘʚʠʩʠʪ ʦʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ɜ  ʠ ʜʠʘʤʝʪʨʘ ʢʘʧʣʠ d0.  

ʊʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʢʘʧʝʣʠ ʜʦʞʜʷ ʩ ʫʯʝʪʦʤ ʚʝʪʨʘ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ:  

 

ừ
Ử
Ừ

Ử
ứὼ ὡὧέί‌ ὠὧέί‍ρ Ὡ ὠὧέί‍ὸ

ώ ὠίὭὲ‍ρ Ὡ ὸ

ᾀ Ὣ ὡίὭὲ‌ ρ Ὡ ὫὯὸ

                       (10) 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʦʞʜʝʚʘʣʴʥʳʭ ʥʘʩʘʜʦʢ ʩʪʘʨʘʶʪʩʷ ʫʤʝʥʴʰʘʪʴ ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ 

ʨʘʩʧʳʣʠʚʘʥʠʠ ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʱʘʜʷʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʪʝʥʠʝ ʠ ʧʦʯʚʫ, 

ʩʥʠʞʘʝʪ ʚʦʜʥʫʶ ʵʨʦʟʠʶ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʚ 

ʨʘʡʦʥʘʭ ʤʝʩʪʥʦʩʪʠ ʧʦʣʠʚʘʝʤʦʡ ʜʦʞʜʝʚʘʥʠʝʤ. 

ʄʝʣʢʠʝ ʢʘʧʣʠ ʜʦ 0,5 ʤʤ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʙʦʣʝʝ 2ʤ/ʩ ʫʥʦʩʷʪʩʷ ʚʝʪʨʦʤ, ʩʥʠʞʘʷ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʠʚʘ, ʨʠʩ. 2 (ɸ). 

ʈʝʢʦʤʝʥʜʫʝʤʳʡ  ʫʛʦʣ Ŭ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3.  

ɺ ʩʣʫʯʘʝ ʧʨʝʦʙʣʘʜʘʥʠʷ ʚʝʪʨʦʚ ʩʢʦʨʦʩʪʴʶ ʙʦʣʝʝ 3 ʤ/ʩ ʥʘʠʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʫʤʝʥʴʰʘʪʴ ʫʛʦʣ  Ŭ.  ɺ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʰʠʨʦʢʦʟʘʭʚʘʪʥʦʡ ʜʦʞʜʝʚʘʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʧʨʠ ʧʦʣʠʚʝ ʩʦʩʪʘʚʣʷʝʪ 10ʤ/ʩ. ʇʨʠ 

ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦʣʠʚ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ.  

ɼʦʞʜʝʚʘʣʴʥʳʝ ʥʘʩʘʜʢʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʨʠʩ. 4. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʳʚʝʜʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʦʣʫʯʝʥʘ ʨʘʩʭʦʜʥʦ-ʥʘʧʦʨʥʘʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʨʠʩ. 5. 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -11- 

 

 
ɸ) 

 
ɹ) 

ʈʠʩʫʥʦʢ 2.  ʊʨʘʝʢʪʦʨʠʠ ʢʘʧʝʣʴ ʜʦʞʜʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 13 ʤ/ʩ: 

ɸ)  Ŭ=30Á ʠ ʜʠʘʤʝʪʨʘʭ ʩʦʧʣʘ: 1- 0,1ʤʤ;  2- 0,5 ʤʤ;  3- 1ʤʤ; 

4- 2 ʤʤ. ɺʝʪʝʨ ʚʩʪʨʝʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ 2 ʤ/ʩ 

ɹ) Ŭ=30ę ʠ ʜʠʘʤʝʪʨʘʭ ʩʦʧʣʘ: 1- 2ʤʤ;  2- 1ʤʤ;  3- 0,5 ʤʤ; 

4- 0,25Āʤʤ.  ɺʝʪʝʨ ʧʦʧʫʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 2 ʤ/ʩ. 

 

 
ʈʠʩʫʥʦʢ 3. ʈʝʢʦʤʝʥʜʫʝʤʳʡ  ʫʛʦʣ  Ŭ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

 

ʅʘ ʩʪʝʥʜ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʜʦʞʜʝʚʘʪʝʣʠ ʦʜʥʦʡ ʤʦʜʝʣʠ ʩ ʨʘʟʥʳʤ ʧʨʦʭʦʜʥʳʤ ʩʝʯʝʥʠʝʤ 

ʩʦʧʣʘ.  ɼʘʚʣʝʥʠʝ ʚʦʜʳ ʧʨʠ ʵʪʦʤ ʧʦʵʪʘʧʥʦ  ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʥʘ 0,05 ʄʇʘ  ʩ 0,1 ʜʦ 0,45 ʄʇʘ. 

ɼʦʞʜʝʚʘʣʴʥʘʷ ʥʘʩʘʜʢʘ ʢʨʝʧʠʣʘʩʴ ʥʘ ʚʳʩʦʪʝ 2,5 ʤ ʠʤʠʪʠʨʫʷ ʚʳʩʦʪʫ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʘʰʠʥʳ. 

 

   

ʈʠʩʫʥʦʢ 4. ɼʦʞʜʝʚʘʣʴʥʘʷ ʥʘʩʘʜʢʘ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʳʚʝʜʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʦʣʫʯʝʥʘ ʨʘʩʭʦʜʥʦ-ʥʘʧʦʨʥʘʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʨʠʩ. 5.  



-12- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʘ ʩʪʝʥʜ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʜʦʞʜʝʚʘʪʝʣʠ ʦʜʥʦʡ ʤʦʜʝʣʠ ʩ ʨʘʟʥʳʤ ʧʨʦʭʦʜʥʳʤ ʩʝʯʝʥʠʝʤ 

ʩʦʧʣʘ.  ɼʘʚʣʝʥʠʝ ʚʦʜʳ ʧʨʠ ʵʪʦʤ ʧʦʵʪʘʧʥʦ  ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʥʘ 0,05 ʄʇʘ  ʩ 0,1 ʜʦ 0,45 ʄʇʘ. 

ɼʦʞʜʝʚʘʣʴʥʘʷ ʥʘʩʘʜʢʘ ʢʨʝʧʠʣʘʩʴ ʥʘ ʚʳʩʦʪʝ 2,5 ʤ ʠʤʠʪʠʨʫʷ ʚʳʩʦʪʫ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʘʰʠʥʳ. 

ʈʘʜʠʫʩ ʟʘʭʚʘʪʘ ʜʦʞʜʝʤ ʠʟʤʝʨʷʣʩʷ ʧʦ ʢʨʘʡʥʠʤ ʢʘʧʣʷʤ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʜʠʫʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʧʣʘ 

ʜʦʞʜʝʚʘʣʴʥʦʡ ʥʘʩʘʜʢʠ, ʨʠʩ. 6.  

 

 
ʈʠʩʫʥʦʢ 5. ʈʘʩʭʦʜʥʦ-ʥʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

1- 3 ʤʤ; 2 - 4 ʤʤ; 3 - 5 ʤʤ; 4 - 6 ʤʤ;  5 - 7 ʤʤ;  6 - 8 ʤʤ; 7 - 9 ʤʤ;  8 - 10 ʤʤ;  9 - 11 ʤʤ;  10 - 12 ʤʤ; 11 - 13 

ʤʤ;  12 - 14 ʤʤ;  13 - 15 ʤʤ. 

 
ʈʠʩʫʥʦʢ 6. ʈʘʜʠʫʩ ʟʘʭʚʘʪʘ ʜʦʞʜʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ: 1 - 8 ʤʤ; 

2 -  7 ʤʤ; 3 - 6 ʤʤ;   4 - 5 ʤʤ;  5 - 4 ʤʤ;  6 - 3 ʤʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʦʞʜʝʚʘʣʴʥʳʝ ʥʘʩʘʜʢʠ ʷʚʣʷʶʪʩʷ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʦʞʜʝʚʘʣʴʥʦʡ ʤʘʰʠʥʳ ʠ ʦʪ 

ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʫʝʤʦʛʦ ʜʦʞʜʷ, ʘ, ʟʥʘʯʠʪ ʠ 

ʢʘʯʝʩʪʚʦ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʠʚʘ.  

ʆʙʦʙʱʝʥʥʘʷ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʜʙʦʨʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʦʞʜʝʚʘʣʴʥʦʡ ʥʘʩʘʜʢʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʚʘ  ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʠʚʘ. 
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ʆʮʝʥʦʯʥʳʝ ʚʳʨʘʞʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʩʩ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʣʘʩʩʘ ʩʫʜʦʚ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʈʦʩʩʠʡʩʢʦʤ ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʆʙʱʝʩʪʚʝ (ʈʂʆ) 

ʌɻɹʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè 

(ʈʦʩʩʠʷ, ʅʦʚʦʩʠʙʠʨʩʢ) 
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ɸʥʥʦʪʘʮʠʷ 

ʆʙʨʘʙʦʪʘʥʳ ʜʘʥʥʳʝ ʧʦ ʩʫʜʘʤ, ʤʦʜʝʨʥʠʟʠʨʫʝʤʳʤ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʣʘʩʩʘ ʈʂʆ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʚʟʷʪʳ ʧʨʦʝʢʪʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ɸʆ çɽʥʠʩʝʡʩʢʦʝ ʨʝʯʥʦʝ ʧʘʨʦʭʦʜʩʪʚʦè, ʉʫʜʦʭʦʜʥʦʡ 

ʢʦʤʧʘʥʠʠ çʉɽɺɽʈè ʠ ʧʨʦʝʢʪ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ (ɺʂʈ) ʌɻɹʆʋ ɺʆ 

çʉɻʋɺʊè. ʇʦʣʫʯʝʥʳ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʝʩʩʠʤʠʩʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʧʦ ʟʥʘʯʝʥʠʶ ʦʮʝʥʢʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʩʩ ʩʫʜʦʚ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʣʘʩʩʳ ʈʂʆ ʜʦ ʨʘʟʨʷʜʦʚ 

ʧʣʘʚʘʥʠʷ çʄ3,0è, çʄ-ʇʈ3,0è, çʄ-ʉʇ3,5è. ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʮʝʥʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʣʘʩʩʘ ʈʂʆ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʨʥʠʟʘʮʠʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʣʘʩʩʘ ʩʫʜʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʤʝʪʘʣʣʦʸʤʢʦʩʪʴ, ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʩʩ. 

 

Abstract  

The data on ships being upgraded with an increase in the RCS class has been processed. For the 

analysis, the modernization projects of JSC "Yenisei River Shipping Company", the Shipping 

Company "SEVER" and the draft final qualification work (WRC) of the Federal State Budgetary 

Educational Institution "SSUVT" were taken. Presumably pessimistic expressions have been obtained 

on the value of estimating additional ship masses during modernization to higher RCS classes up to the 
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navigation categories "M3,0", "M-PR3,0", "M-SP3,5". The expressions obtained are intended to assess 

the feasibility of carrying out modernization work to upgrade the RCS class. 

Keywords: modernization with an increase in the class of ships, additional metal consumption, 

expressions for estimating additional masses. 

 

ɺʚʝʜʝʥʠʝ 

ʉ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚ ʩʫʜʦʭʦʜʥʳʝ ʢʦʤʧʘʥʠʠ 

ʧʨʝʜʧʨʠʥʠʤʘʶʪ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʚʦʠʭ ʩʫʜʦʚ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʣʘʩʩʳ ʈʂʆ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʫʜʦʚʳʭ ʧʫʪʝʡ. ɼʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʦ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʫʜʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʠʭ ʢʣʘʩʩʘ ʈʂʆ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʦʮʝʥʦʯʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʦ ʚʝʣʠʯʠʥʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʤʳʭ ʤʘʩʩ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ, ʫʩʪʨʦʡʩʪʚ ʠ ʪ.ʧ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʩʫʜʦʭʦʜʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʡ 

ʤʦʜʝʨʥʠʟʘʮʠʠ. ʇʦ ʟʘʢʘʟʫ ʬʠʣʠʘʣʘ ɸʆ çɽʈʇè ʇʈʕɹ ʬʣʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʨʘʞʝʥʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʩʩ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʫʜʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʣʘʩʩʘ ʈʂʆ.  

ʆʙʲʝʢʪʳ ʠ ʧʦʜʭʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʟʷʪʳ ʧʨʦʝʢʪʳ ʩʫʜʦʚ, ʧʦʣʫʯʠʚʰʠʝ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ ɸʆ çɽʈʇè, ʉʫʜʦʭʦʜʥʦʡ ʢʦʤʧʘʥʠʠ çʉɽɺɽʈè ʠ ʧʨʦʝʢʪ ʚʳʧʫʩʢʥʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ (ɺʂʈ) ʌɻɹʆʋ ɺʆ çʉɻʋɺʊè. ʇʦʣʫʯʝʥʠʝ ʠʩʢʦʤʳʭ ʚʳʨʘʞʝʥʠʡ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʘʩʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʤʳʭ ʤʘʩʩ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʙʘʟʝ ʦʩʥʦʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʩʫʜʦʚ [1,2]. ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ ʘʥʘʣʠʟʠʨʫʝʤʳʤ 

ʩʫʜʘʤ ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ ʧʨʦʝʢʪʦʚ ʩʫʜʦʚ ʧʨʝʪʝʨʧʝʚʰʠʭ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩ ʧʦʚʳʰʝʥʠʝʤ ʨʘʟʨʷʜʘ ʧʣʘʚʘʥʠʷ. 
 ̄

ʧʨʦʝʢʪʘ 
ʅ3290 ɼ9030 944ɸ ɼ-9050 942ɺ 21-88 ʈ77 ʈ56 

ɼʣʠʥʥʘ ʩʫʜʥʘ, 

ʤ 
50,0 36,3 44,0 32,0 65,3 103,6 105,0 85,0 

ʐʠʨʠʥʘ ʩʫʜʥʘ, 

ʤ 
11,6 17,6 10,0 15,6 14,0 12,2 14,8 16,5 

ɺʳʩʦʪʘ 

ʙʦʨʪʘ, ʤ 
3,3 3,2 2,0 3,1 2,0 4,9 4,4 2,85 

ʂʣʘʩʩ ʜʦ çʆ3,0è çʂʄ ʃ4IIIè çʈ1,2è çʆ2,0è çʈ1,2è 
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ʄʘʩʩʘ 

ʜʦ, ʪ 
712,8 675,5 112,0 568,0 248,4 826,6 858,0 414,3 

ʄʘʩʩʘ ʧʦʩʣʝ, ʪ 714,6 682,8 

 

205,1 

 

583,8 255,7 858,0 938,0 
480,8 

521,2 

ʀʟʤʝʥʝʥʠʝ 

ʤʘʩʩ, ʪ 
1,8 7,3 93,1 15,8 7,3 31,4 80,0 

66,5 

106,9 

ʇʨʠʤʝʯʘʥʠʝ: ʯʠʩʣʠʪʝʣʴ ʜʨʦʙʠ ï ʧʝʨʚʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ, ʟʥʘʤʝʥʘʪʝʣʴ - ʚʪʦʨʘʷ 

 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʤʦʜʝʨʥʠʟʘʮʠʡ ʩʫʜʦʚ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -15- 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʧʨʦʝʢʪʘʤ ʩʫʜʦʚ (ʪʘʙʣʠʮʘ 1) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 

ʠ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʪʘʙʣʠʮ 1, 2 ʠ ʨʠʩʫʥʢʘ 1 ʧʦʣʫʯʘʝʤ, ʯʪʦ ʤʘʩʩʳ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʩʩʳ  ʫʩʪʨʦʡʩʪʚ, ʩʠʩʪʝʤ, ʜʝʣʴʥʳʭ 

ʚʝʱʝʡ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʘʩʩ ʷʢʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʤʘʩʩʳ ʫʩʪʨʦʡʩʪʚ, ʩʠʩʪʝʤ, ʜʝʣʴʥʳʭ 

ʚʝʱʝʡ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʳʭ ʩʫʜʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʈʂʆ ʠʩʭʦʜʷ ʠʟ ʢʣʘʩʩʘ, ʥʘ ʢʦʪʦʨʳʡ ʤʦʜʝʨʥʠʟʠʨʫʝʪʩʷ ʢʦʥʢʨʝʪʥʦʝ 

ʩʫʜʥʦ. 

 

ʊʘʙʣʠʮʘ 2 

ʆʩʥʘʱʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʫʜʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʩʠʩʪʝʤʘʤʠ, ʜʝʣʴʥʳʤʠ ʚʝʱʘʤʠ, ʪ 
ˉ ʧʨʦʝʢʪʘ ʅ3290 ɼ-9030 944ɸ ɼ-9050 942ɺ 21-88 ʈ77 ʈ-56 
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ʅʘʟʚʘʥʠʝ 

ʵʣʝʤʝʥʪʘ 
ʄʘʩʩʘ, ʪ 

ʋʩʪʘʥʦʚʢʘ 

ʩʧʘʩʘʪʝʣʴʥʦʛʦ 

ʧʣʦʪʘ ʇʉʅ 

 

0,174 

 

0,32 - - - - - - 

ɼʦʨʘʙʦʪʢʘ 

ʩʠʩʪʝʤʳ 

ʚʝʥʪʠʣʷʮʠʠ 

0,432 - - - 0,2 0,08 - 0,11 

ɼʦʨʘʙʦʪʢʘ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦ

ʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘ-ʥʠʷ 

1,15 - - - - - - - 

ɼʦʨʘʙʦʪʢʘ 

ʷʢʦʨʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ 

- - 7,1 - 3,53 - - 11.89 

ɼʦʨʘʙʦʪʢʘ 

ʩʠʛʥʘʣʴʥʳʭ 

ʦʛʥʝʡ 

- - - - 0,043 - - - 

ʆʢʨʘʩʢʘ - - 2,03 - - - - - 

ɼʦʨʘʙʦʪʢʘ 

ʮʝʧʥʳʭ ʷʱʠʢʦʚ 
- - 0,8 - - - - 1.2 

ʄʘʯʪʦʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ 
- - 0,17 - - - - - 

ʋʩʪʘʥʦʚʢʘ 

ʥʦʩʦʚʦʛʦ 

ʙʫʢʩʠʨʥʦʛʦ ʛʘʢʘ 

- - - - - 0,2 - - 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ʋʩʪʘʥʦʚʢʘ 

ʧʦʤʝʱʝʥʠʷ ɸʈʑ 
- - - 0,85 - - - - 

ɼʦʨʘʙʦʪʢʘ 

ʩʠʩʪʝʤʳ 

ʰʧʠʛʘʪʥʦʡ 

- - - - - - 1,5 - 

ʂʘʛʘʪʥʦʝ 

ʦʛʨʘʞʜʝʥʠʝ 
- - - - - - - 16,25 



-16- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʉʫʤʤʘ 1,756 0,32 10,1 0,85 3,773 0,28 1,5 29,45 

ʆʪʥʦʩʠ-ʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ    ʢ 

ʦʙʱʝʡ ʤʘʩʩʝ 

ʤʦʜʝʨʥʠ-ʟʘʮʠʠ 

0,975 0,044 0,11 0,05 0,52 0,01 0,02 
0,44 

0,27 

 

 
ʈʠʩʫʥʦʢ 1. ʋʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʩʩ ʫʩʪʨʦʡʩʪʚ, ʩʠʩʪʝʤ, ʜʝʣʴʥʳʭ 

ʚʝʱʝʡ ʠ ʪ.ʜ., ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʨʷʜʘ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ. 

 

ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʨʘʩʯʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʳʛʦʜʥʦ ʦʪʨʘʟʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʩʩ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʠʟ ʥʠʭ [2]: 

ὒὄὌ, 

Ⱦ‏ ὒὌϳ ὒὄὌ, 

Ⱦ‏ ὒὌϳ ὒȟὄȟὌ, 

ὒȟὄȟὌ, 

ς
ȟ ȟ

ς
ȟ

ς
ȟ
ὒȟὄȟὌ, 

ʛʜʝ L, B, H ʠ ŭ  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʥʘ, ʰʠʨʠʥʘ, ʚʳʩʦʪʘ ʙʦʨʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ 

ʩʫʜʥʘ.  

ʇʨʦʚʝʜʝʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʧʦʢʘʟʘʣʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʢʦʛʦïʣʠʙʦ ʠʟ 

ʥʠʭ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʚʟʷʪ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ï ʢʫʙʠʯʝʩʢʠʡ ʤʦʜʫʣʴ Lɺʅ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 (ʜʘʥʥʳʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 

ʅ3290 ʚ çʄ-ʇʈ3,0è ʠ ʜʘʥʥʳʝ ʙʘʨʞʠ 942ɺ ʜʦ ʨʘʟʨʷʜʘ ʧʣʘʚʘʥʠʷ çʆ2,0è ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ, ʢʘʢ 

ʥʝ ʥʘʰʝʜʰʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ). 

 

 
ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʜʦʙʘʚʣʷʝʤʳʭ ʚʝʩʦʚ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʦʚ ʦʪ ʢʦʤʧʣʝʢʩʘ 

LBH 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -17- 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʞʝʣʪʳʤʠ ʢʚʘʜʨʘʪʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʠʟʦʙʨʘʞʝʥʳ ʟʥʘʯʝʥʠʷ  ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʩʩ 

ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʦʚ ʠʩʭʦʜʥʳʭ ʧʨʦʝʢʪʦʚ 21-88, 944ɸ ʠ ʈ-77 ʜʦ ʢʣʘʩʩʘ çʄ-

ʉʇ3,5è. ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʩʫʜʥʘ ʧʨʦʝʢʪʘ ʈ-77 ʜʦ ʧʦʚʳʰʝʥʠʷ ʢʣʘʩʩʘ ʙʳʣʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚʪʦʨʦʛʦ ʜʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʊʝʭʥʠʯʝʩʢʦʛʦ ʈʝʛʣʘʤʝʥʪʘ ʜʣʷ ʥʘʣʠʚʥʳʭ ʩʫʜʦʚ (ʥʘ ʨʠʩʫʥʢʝ 2 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʘʥʦ 

ʤʘʨʢʝʨʦʤ ʞ). ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʪʨʘʪ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʨʘʟʨʷʜʘ ʧʣʘʚʘʥʠʷ ʧʦʣʫʯʠʣʦʩʴ ʩʥʠʞʝʥʠʝ ʜʦʙʘʚʣʷʝʤʳʭ ʤʘʩʩ ʤʝʪʘʣʣʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʫʙʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ LBH (ʰʪʨʠʭʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). ʄʘʣʦʝ ʟʥʘʯʝʥʠʝ ʜʦʙʘʚʣʷʝʤʳʭ ʤʘʩʩ 

ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʜʣʷ ʧʨʦʝʢʪʦʚ 21-88 ʠ ʈ77 ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʢʣʘʩʩ ʈʦʩʩʠʡʩʢʦʛʦ 

ʤʦʨʩʢʦʛʦ ʨʝʛʠʩʪʨʘ  ʩʫʜʦʭʦʜʩʪʚʘ (ʈʄʈʉ) ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ ʵʪʠʭ 

ʩʫʜʦʚ ʚ ʈʂʆ ʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʝʪʘʣʣʦʟʘʪʨʘʪ ʜʣʷ  ʧʝʨʝʚʦʜʘ ʩʫʜʦʚ ʠʟ ʈʄʈʉ ʚ ʈʂʆ. ɹʦʣʝʝ ʚʝʨʥʳʤ 

ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ, ʢʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʙʫʜʝʪ ʫʯʝʩʪʴ ʚ ʦʙʱʝʝ ʟʥʘʯʝʥʠʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚ ʦʙʱʝʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʢʣʘʩʩʘ ʈʂʆ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʪʝʤ ʙʦʣʝʝ ʦʯʝʚʠʜʥʦ, ʝʩʣʠ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʊʝʭʥʠʯʝʩʢʦʛʦ ʈʝʛʣʘʤʝʥʪʘ ʙʳʣʦ ʚʟʷʪʦ ʩʫʜʥʦ ʩ ʠʩʭʦʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʢʦʨʧʫʩʘ 

ʧʨʦʝʢʪʘ ʈ77. ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ ʠʤʝʝʤ ʟʥʘʯʝʥʠʝ ʤʘʩʩ ʠʟʦʙʨʘʞʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 2 ʟʝʣʝʥʳʤ 

ʢʚʘʜʨʘʪʥʳʤ ʤʘʨʢʝʨʦʤ.  

ʉʜʝʣʘʝʤ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʩʩ ʦʪ ʢʫʙʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 

LBH ʜʣʷ ʢʣʘʩʩʘ çʄ3,0è ʷʚʣʷʝʪʩʷ ʪʠʧʦʚʦʡ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʙʫʜʫʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʵʢʚʠʜʠʩʪʘʥʪʥʦ. ɺ ʵʪʦʛʝ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʩʝʨʠʶ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʄ, ʪ: 

ὓὓσȟπ πȟπσσὒὄὌφπ,                                          (1) 

ὓʄ ʇʈσȟπ πȟπσσὒὄὌσυ,                                     (2) 

ὓʄ ʉʇσȟυάὭὲ πȟπσσὒὄὌυ,                                  (3) 

ὓʄ ʉʇσȟυάὥὼ πȟπσσὒὄὌυπȢ                                 (4) 
ɿʘʚʠʩʠʤʦʩʪʠ (3) ʠ (4) ʦʪʨʘʞʘʶʪ ʩʦʙʦʡ ʦʧʪʠʤʠʩʪʠʯʥʫʶ ʠ ʧʝʩʩʠʤʠʩʪʠʯʥʫʶ ʦʮʝʥʢʠ ʫʚʝʣʠʯʝʥʠʷ 

ʤʘʩʩ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʣʘʩʩʘ ʤʦʜʝʨʥʠʟʠʨʫʝʤʦʛʦ ʩʫʜʥʘ ʜʦ çʄ-ʉʇ3,5è. 

ɿʘʚʠʩʠʤʦʩʪʴ (3) ʦʪʦʙʨʦʞʘʝʪ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʘ 

ʟʘʚʠʩʠʤʦʩʪʴ (4) ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ. ɼʣʷ ʟʘʚʠʩʠʤʦʩʪʠ (4) ʟʘ ʙʘʟʫ ʚʟʷʪʦ ʟʥʘʯʝʥʠʝ 

ʤʘʩʩʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʘʨʞʠ-ʧʣʦʱʘʜʢʠ ʧʨʦʝʢʪʘ 944ɸ ʜʦ ʧʨʦʝʢʪʘ ʉʂʉ030.944ɸ, ʚʢʣʶʯʘʶʱʝʡ 

ʢʨʦʤʝ ʜʦʙʘʚʣʝʥʠʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʝʱʝ ʠ ʟʘʤʝʥʫ ʠʩʭʦʜʥʳʭ  (ʦʢʦʣʦ 70 ʪ), ʢʘʨʜʠʥʘʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʦʢʦʥʝʯʥʦʩʪʝʡ ʠ ʪ.ʧ. 

ʇʨʠʜʘʚ ʢʣʘʩʩʘʤ ʈʂʆ ʩʣʝʜʫʶʱʠʝ ʮʠʬʨʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ çʄ3,0è ï 2;          çʄ-ʇʈ3,0è ï 3; çʄ-

ʉʇ3,5è ï 4, ʧʦʣʫʯʠʤ ʦʙʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʣʘʩʩʘ ʈʂʆ. 

ὓὭ πȟπσσὒὄὌὅὭ,                                          (5) 
ʛʜʝ i ï ʧʨʠʥʷʪʦʝ ʚʳʰʝ ʮʠʬʨʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʢʣʘʩʩʘ,  

      C(i) ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʳʨʘʞʝʥʠʝʤ: 

ὅὭ ὥὭ ὦὭὧ,                                               (6) 

ʛʜʝ a, b, c ï ʯʠʩʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʦʙʘʚʣʝʥʥʳʭ ʤʘʩʩ ʚ ʢʣʘʩʩʝ çʄ-ʉʇ3,5è ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʳ 3. 

ʊʘʙʣʠʮʘ 3 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, c 
ɺʘʨʠʘʥʪ a b c 

ʄ-ʉʇ3,5min 7,5 -12,5 -65 

ʄ-ʉʇ3,5max 30 -125 +70 

 

ʇʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʯʝʨʝʟ ʨʷʜ ʢʣʘʩʩʦʚ ʈʂʆ (ʚ ʯʘʩʪʥʦʩʪʠ ʧʦ ʧʨʦʝʢʪʫ ʉʂʉ030.944ɸ ʩ ʈ1,2 ʜʦ ʄ-

ʉʇ3,5 ʠ ʧʦʜʦʙʥʳʤ) ʩʢʦʨʝʝ ʚʩʝʛʦ ʙʫʜʝʪ ʙʦʣʝʝ ʫʜʘʯʥʳʤ ʨʘʚʝʥʩʪʚʦ (4), ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʙʦʣʴʰʠʝ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʪʨʫʜʦʚʳʝ ʟʘʪʨʘʪʳ. ɺʳʨʘʞʝʥʠʝ (3) ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪʨʘʞʘʝʪ ʙʦʣʝʝ 

ʦʧʪʠʤʠʩʪʠʯʥʳʡ ʧʨʦʛʥʦʟ ʧʦʪʨʝʙʥʳʭ ʤʘʩʩ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʠʩʧʦʣʴʟʫʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʘʨʠʘʥʪ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʩʩ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʚ ʢʦʨʧʫʩ ʩʫʜʥʘ 

ʙʝʟ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʤʦʛʦ ʦʙʲʝʤʘ ʟʘʤʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʭ.  



-18- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɿʘʢʣʶʯʝʥʠʝ 

1. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʢʣʘʩʩʘ ʈʂʆ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʟʘʪʨʘʪ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ. 

2. ʉʦʚʝʱʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʧʨʠ ʛʣʘʚʥʦʤ ʠʥʞʝʥʝʨʝ ʇʦʜʪʸʩʦʚʩʢʦʡ 

ʈʕɹ ʬʣʦʪʘ ʬʠʣʠʘʣʘ ɸʆ çɽʈʇè ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʦʙʩʫʞʜʝʥʳ ʠ ʧʨʠʥʷʪʳ ʢ ʚʥʝʜʨʝʥʠʶ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʠʭ ʨʘʟʨʷʜʘ ʧʣʘʚʘʥʠʷ 

ʈʂʆ. 

3. ʈʘʙʦʪʘ ʧʦ ʜʘʥʥʦʤʫ  ʥʘʧʨʘʚʣʝʥʠʶ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥʘ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʠʣʠ ʥʘʭʦʞʜʝʥʠʷ ʥʦʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʦʡ. ɺ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ 

ʨʝʘʢʪʦʨʦʚ, ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʦʚ ʷʜʝʨʥʦʡ ʠ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜ̫ʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ, ʪʦʧʣʠʚʦ, ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ. 

 

Abstract 

The article examines current trends in the development of nuclear energy and its interaction 

with hydropower. In the article we will consider the use of new types of reactors, the development of 

new technologies to reduce radiation load and ensure safety, as well as the prospects for the 

development of joint nuclear and hydropower projects. 

Keywords: nuclear energy, hydropower, safety, sustainability, energy supply, fuel, coolant, 

electricity. 

  

ʗʜʝʨʥʘʷ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 
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https://elibrary.ru/item.asp?id=16750894
https://elibrary.ru/item.asp?id=16750894
https://elibrary.ru/contents.asp?id=33681092
https://elibrary.ru/contents.asp?id=33681092
https://elibrary.ru/contents.asp?id=33681092&selid=16750894
https://elibrary.ru/item.asp?id=17662470
https://elibrary.ru/item.asp?id=17662470
https://elibrary.ru/contents.asp?id=33732491
https://elibrary.ru/contents.asp?id=33732491&selid=17662470


Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -19- 

 

ʦʧʪʠʤʠʟʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʢʦʥʪʨʦʣʷ 

ʨʘʙʦʪʳ ʢʘʢ ʷʜʝʨʥʳʭ, ʪʘʢ ʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ 

ʚʦʟʤʦʞʥʳʭ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʦʙʱʝʩʪʚʦ. ɺ ʩʣʫʯʘʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʵʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʣʫʯʰʝʥʠʝ 

ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ ʠ ʫʪʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʘʭ. ɺ ʩʣʫʯʘʝ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ, ʵʪʦ ʦʟʥʘʯʘʝʪ 

ʤʠʥʠʤʠʟʘʮʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʳ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʧʣʦʪʠʥ ʠ ʠʟʤʝʥʝʥʠʝʤ 

ʨʝʯʥʳʭ ʧʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʛʦʜ ʠ ʠʟʜʝʨʞʝʢ ʩʨʝʜʠ 

ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʀʥʪʝʨʝʩ ʢ ʩʦʚʤʝʩʪʥʳʤ ʧʨʦʝʢʪʘʤ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ 

ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʪʝʧʣʦ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʝ ʷʜʝʨʥʳʤʠ 

ʨʝʘʢʪʦʨʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʡ ʠ ʪʝʧʣʠʮ ʚ ʨʝʛʠʦʥʘʭ ʩ ʩʫʨʦʚʳʤ 

ʢʣʠʤʘʪʦʤ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʛʘʟ ʠ 

ʥʝʬʪʴ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʨʝʘʢʪʦʨʳ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ ʠ ʨʝʘʢʪʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʪʭʦʜʳ ʢʘʢ ʪʦʧʣʠʚʦ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʪʘʢʞʝ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʤʘʣʳʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʮʝʣʦʤ, ʷʜʝʨʥʘʷ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʤʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʠʥʥʦʚʘʮʠʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ 

ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʠʥʝʨʛʠʠ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʨʝʰʝʥʠʶ ʛʣʦʙʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ. ʆʜʥʘʢʦ, ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʚ ʥʘʫʯʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʦʙʱʝʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʊʦʣʴʢʦ ʪʘʢ ʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʠʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʫʩʪʦʡʯʠʚʦʝ ʙʫʜʫʱʝʝ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʷʜʝʨʥʘʷ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʥʦ ʠ ʢʣʶʯʝʚʳʝ 

ʵʣʝʤʝʥʪʳ ʚ ʩʪʨʘʪʝʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʀʭ ʨʘʟʚʠʪʠʝ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ 

ʵʥʝʨʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ 

ʦʙʱʝʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʊʦʣʴʢʦ ʪʘʢ ʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʫʩʪʦʡʯʠʚʦʝ ʙʫʜʫʱʝʝ ʜʣʷ ʩʣʝʜʫʶʱʠʭ 

ʧʦʢʦʣʝʥʠʡ. ɺ ʟʘʢʣʶʯʝʥʠʝ, ʷʜʝʨʥʘʷ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ, ʠ ʠʭ ʨʘʟʚʠʪʠʝ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʵʥʝʨʛʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʚ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʦʙʱʝʩʪʚʝʥʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʊʦʣʴʢʦ ʪʘʢ ʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʪʨʝʙʥʦʩʪʷʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʫʩʪʦʡʯʠʚʦʝ ʙʫʜʫʱʝʝ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ. ɺ 

ʮʝʣʦʤ, ʷʜʝʨʥʘʷ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʤʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. 



-20- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʠʥʥʦʚʘʮʠʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʠʥʝʨʛʠʠ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʩʧʦʩʦʙʩʪʚʫʷ ʨʝʰʝʥʠʶ ʛʣʦʙʘʣʴʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ. ʆʜʥʘʢʦ, ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʚ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʦʙʱʝʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʊʦʣʴʢʦ ʪʘʢ 

ʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ 

ʫʩʪʦʡʯʠʚʦʝ ʙʫʜʫʱʝʝ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʜʝʨʥʘʷ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʥʦ ʠ ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʚ ʩʪʨʘʪʝʛʠʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʀʭ ʨʘʟʚʠʪʠʝ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʵʥʝʨʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʚ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʦʙʱʝʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʊʦʣʴʢʦ ʪʘʢ ʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʠʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʫʩʪʦʡʯʠʚʦʝ ʙʫʜʫʱʝʝ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ. ɺ ʟʘʢʣʶʯʝʥʠʝ, 

ʷʜʝʨʥʘʷ ʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʨʠʩʢʠ ʠ ʧʨʦʙʣʝʤʳ, ʦʩʪʘʶʪʩʷ 

ʚʘʞʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚ ʵʥʝʨʛʝʪʠʢʝ. ʀʭ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʙʫʜʫʱʝʛʦ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʥʚʝʩʪʠʮʠʠ ʚ ʠʥʥʦʚʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʜʠʘʣʦʛʘ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʳ ʩʤʦʞʝʤ ʩʦʟʜʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʣʘʛʦʧʦʣʫʯʠʝ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ʊʝʭʥʦʣʦʛʠʯʥʘʷ ʠʥʞʝʥʝʨʠʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʙʦʣʴʰʦʡ ʚʦʜʦʩʪʦʡʢʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʦʙʝʩʧʝʯʝʥʠʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʜʦʨʦʞʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʦʥʘʩʳʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠ ʧʦʚʳʰʘʝʪ ʚʦʜʦʩʪʦʡʢʦʩʪʴ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʜʦ 0,94. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ, ʚʦʜʦʩʪʦʡʢʦʩʪʴ.   



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -21- 

 

Abstract  

Technological engineering of asphalt concrete coatings with high water resistance is a 

promising trend in providing anti-corrosion protection of road constructions. The use of hydrophobic 

modifiers significantly reduces the water saturation of components mineral powder and increases the 

water resistance of asphalt concrete to 0.94. 

Keywords: asphalt concrete coating, water resistance. 

 

ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʳʝ ʜʦʨʦʞʥʳʝ ʧʦʢʨʳʪʠʷ ʘʚʪʦʜʦʨʦʛ ʠʩʧʳʪʳʚʘʶʪ ʢʦʤʧʣʝʢʩ ʚʥʝʰʥʠʭ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ 

ʠʥʪʝʥʩʠʚʥʳʤ ʜʚʠʞʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʜʦʨʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [1, 2] ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʥʘʷ ʠʥʞʝʥʝʨʠʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʙʦʣʴʰʦʡ ʚʦʜʦʩʪʦʡʢʦʩʪʴʶ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʟʘʱʠʪʳ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʩʚʷʟʘʥʘ ʠʤʝʥʥʦ ʪʝʤ, 

ʯʪʦ ʦʥʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʨʫʰʘʶʱʝʤʫ ʜʝʡʩʪʚʠʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ: 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʜʦʞʜʴ, ʩʥʝʛ), ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʜʨ.  

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʥʘʮʝʣʝʥʘ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʫʩʠʣʝʥʠʷ 

ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ ʘʚʪʦʜʦʨʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʘʨʫʰʘʶʱʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʠ 

ʫʩʢʦʨʷʶʱʠʭ ʧʨʦʮʝʩʩʳ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʝʝ ʘʛʨʝʩʩʠʚʥʦʝ ʜʝʡʩʪʚʠʝ 

ʤʦʣʝʢʫʣ ʚʦʜʳ. ʅʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʨʫʰʘʶʱʝʤʫ ʜʝʡʩʪʚʠʶ ʚʦʜʳ ʠ ʯʘʩʪʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ (ɸɹʇ); ʚʣʘʛʘ ʧʨʦʥʠʢʘʝʪ 

ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥ: ʩʚʝʨʭʫ ï ʚ ʬʦʨʤʝ ʜʦʞʜʷ, ʩʥʝʛʘ; ʩʥʠʟʫ ï ʧʨʠ ʧʦʜʲʝʤʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ; ʩʙʦʢʫ ï 

ʧʨʠ ʚʦʜʦʥʘʩʳʱʝʥʠʠ ʪʘʣʦʡ ʚʦʜʦʡ ʦʙʦʯʠʥ.  

ʆʜʥʠʤ ʠʟ ʧʨʠʯʠʥ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ɸɹʇ ʩʯʠʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʘʜʛʝʟʠʶ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʤʝʞʜʫ ʙʠʪʫʤʥʳʤ ʚʷʞʫʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʠ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʱʝʙʥʷ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ), ʯʪʦ ʚʣʝʯʝʪ ʤʘʣʫʶ ʛʠʜʨʦʬʦʙʥʦʩʪʴ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ [3].  ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʫʚʣʘʞʥʝʥʠʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʧʨʦʥʠʢʘʶʪ ʚ ʦʩʪʘʪʦʯʥʳʝ 

ʤʠʢʨʦʧʦʨʳ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʯʝʨʝʟ ʜʝʬʝʢʪʥʳʝ ʤʝʩʪʘ ʙʠʪʫʤʥʳʭ ʩʣʦʝʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ, ʯʪʦ ʚʝʜʝʪ ʢ ʦʪʩʣʘʠʚʘʥʠʶ ʙʠʪʫʤʥʳʭ ʧʣʝʥʦʢ.  ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʢʦʤʧʦʥʝʥʪʳ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʦʚ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʠ ʱʝʙʥʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʘʶʪ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʚʦʜʦʡ.  

ɻʠʜʨʦʬʦʙʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʧʦʢʘʟʘʪʝʣʠ 

ʚʦʜʦʥʘʩʳʱʝʥʠʷ ʠ ʥʘʙʫʭʘʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʚʦʜʦʩʪʦʡʢʦʩʪʴ ʜʦ 0,94 ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʚʦʜʦʥʘʩʳʱʝʥʠʠ (ʜʦ 90 ʩʫʪʦʢ) ʦʙʨʘʟʮʦʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʟʘ ʩʯʝʪ ʟʘʢʫʧʦʨʢʠ ʤʠʢʨʦʧʦʨ ʠ 

ʤʠʢʨʦʢʘʧʠʣʣʷʨʦʚ ɸɹʇ. ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʦʚ ʠ ʨʦʩʪ 

ʘʜʛʝʟʠʠ ʙʠʪʫʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢ ʤʠʥʝʨʘʣʴʥʦʤʫ ʧʦʨʦʰʢʫ ʠ ʱʝʙʥʶ ʪʨʘʜʠʮʠʦʥʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʣʘʪʝʢʩʦʚ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ [4] ʠ ʜʨ.  

ɺʚʝʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ (ɻʄ) 

ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʩʤʘʯʠʚʘʥʠʝ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʠ ʱʝʙʥʷ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ɸɹʇ ʜʦʨʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ 

ɻʄ. 

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ɸɹʇ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʳ ʥʘ ʙʘʟʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʣʘʥʦʚ, ʩʠʣʦʢʩʘʥʦʚ ʠ ʜʨ. ʕʤʫʣʴʩʠʦʥʥʳʝ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʘʚʪʦʜʦʨʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʦʩʥʦʚʘ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ (ʥʘʧʨʠʤʝʨ, ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ) 

ʥʝʞʝʣʘʪʝʣʴʥʦ.  



-22- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʠʭ ɻʄ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʠʣʦʢʩʘʥʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʧʣʦʰʥʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʧʣʝʥʢʠ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʧʨʦʯʥʦʡ ʘʜʛʝʟʠʝʡ ʠ 

ʦʨʠʝʥʪʘʮʠʝʡ ʛʠʜʨʦʬʦʙʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩʥʘʨʫʞʠ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ɻʄ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʧʠʣʴʥʳʡ ʨʘʜʠʢʘʣ. 

 

ʊʘʙʣʠʮʘ 1 

ʋʩʠʣʝʥʠʝ ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʨʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʚʪʦʜʦʨʦʛ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʤʠ 

ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ. 

ʉʭʝʤʘ ʩʣʦʝʚ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʆʙʦʟʥʘʯʝʥʠʷ 

 

1 ï ʚʝʨʭʥʠʡ ʩʣʦʡ ʠʟʥʦʩʘ ɸɹʇ ʩ ɻʄ; 

2 ï ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ ʩʣʦʡ ɸɹʇ ʩ ɻʄ; 

3 ï ʱʝʙʝʥʦʯʥʳʡ ʩʣʦʡ; 

4 ï ʜʨʝʥʠʨʫʶʱʠʡ ʩʣʦʡ; 

5 ï ʫʧʣʦʪʥʝʥʥʳʡ ʛʨʫʥʪ 

 

ɻʠʜʨʦʬʦʙʠʟʘʮʠʶ ɸɹʇ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʩʦʩʪʘʚʘʤʠ, ʚʳʧʫʩʢʘʝʤʳʝ ʚ ʈʦʩʩʠʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ ʚ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʛʦ ʩʘʥʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʫʯʘʝ 

ʜʦʙʘʚʣʝʥʠʷ 0,8% ʧʦ ʤʘʩʩʝ ʘʣʢʠʣʩʠʣʠʢʦʥʘʪʘʤʠ ʥʘʪʨʠʷ ɻʂɾ-10 ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ 

ʫʯʘʩʪʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʙʠʪʫʤʥʦʤʫ ʚʷʞʫʱʝʤʫ ʤʘʪʝʨʠʘʣʫ.  ʋʩʠʣʝʥʠʝ 

ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ ʘʚʪʦʜʦʨʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ɻʂɾ-10 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʜʦʣʛʦʚʝʯʥʳʝ ɸɹʇ.  

ɼʣʷ ʧʨʦʯʥʦʛʦ ʬʠʢʩʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʘʜʛʝʟʠʦʥʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʩʣʦʡ ɸɹʇ ʪʨʝʙʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʢʨʝʤʥʠʷ ʟʘʱʠʪʥʳʭ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ 

ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʩʧʣʦʰʥʦʡ ʧʦʣʠʤʝʨʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʩʣʦʡ 

ʪʦʣʱʠʥʦʡ 0,4 ʤʢʤ-30 ʤʢʤ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʝ ʜʦʨʦʞʥʳʝ ʧʦʢʨʳʪʠʷ [5].  

ɼʣʷ ʫʩʪʨʦʡʩʪʚʘ ʥʠʞʥʠʭ ʩʣʦʝʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʡ ʜʦʨʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʧʦʨʠʩʪʳʝ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʝ ʩʤʝʩʠ ʩ ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ 5-10%. ʇʨʠ 

ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ɸɹʇ, ʚʘʨʴʠʨʫʶʱʝʤ ʦʪ 5 ʜʦ 15%, ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʚʦʜʦʩʪʦʡʢʦʩʪʠ 

ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ; ʫ ʜʨʝʥʠʨʫʶʱʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʧʨʠ 

ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʩʚʳʰʝ 15 % ʚʦʜʘ ʥʝ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʩʣʦʝ ʠ ʚʳʪʝʢʘʝʪ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ɸɹʇ ʪʝʭʥʦʣʦʛʠʝʡ ʨʦʟʣʠʚʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʚʷʞʫʱʝʛʦ 

(ʙʠʪʫʤʘ, ʙʠʪʫʤʥʦʡ ʵʤʫʣʴʩʠʠ, ʵʤʫʣʴʩʠʦʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʝ ʩʤʝʩʠ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʩʳʧʢʦʡ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -23- 

 

ʤʝʣʢʠʤ ʱʝʙʥʝʤ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʦʚʳʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢ 

ʠʟʥʦʩʫ ʠ ʫʤʝʥʴʰʘʝʪ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʃʠʪʘʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ (ʜʦ 25 %) ʠ ʙʠʪʫʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʜʦ 14 

%) ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴʶ (ʪ.ʢ. ʦʩʪʘʪʦʯʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʥʫʣʶ), ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʙʦʣʴʰʝʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʜʣʠʪʝʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʣʝʜʷʥʦʡ ʚʦʜʳ ʠ 

ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ ʨʝʘʛʝʥʪʦʚ [6].  

ʅʘ ʘʚʪʦʜʦʨʦʞʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ: ʧʨʦʮʝʩʩʳ ʤʠʛʨʘʮʠʠ ʚʣʘʛʠ, ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ʊʘʢʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʥʳʝ ʧʦʜʭʦʜʳ 

ʠʥʞʝʥʝʨʠʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ [7, 8] 

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʢʨʝʧʣʝʥʠʷ ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʘʚʪʦʜʦʨʦʛ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʝ ʚʚʝʜʝʥʠʝ 

ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪ ʩʤʘʯʠʚʘʥʠʝ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ, ʱʝʙʥʷ ʠ ʫʩʠʣʠʚʘʝʪ ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴ ʘʚʪʦʜʦʨʦʞʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʣʠʜʝʨʩʪʚʘ çʇʨʠʦʨʠʪʝʪ 2030è ɽʚʨʘʟʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ʆʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʟʘʚʠʩʠʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʉʘʤʘʨʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʩʦʭʨʘʥʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ ʤʠʥʠʤʠʟʘʮʠʷ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ. ɺ ʨʘʙʦʪʝ ʩʦʩʪʘʚʣʝʥʘ ʚʝʜʦʤʦʩʪʴ ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦʢʨʳʪʠʷ ʧʨʦʝʟʞʝʡ 



-24- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʯʘʩʪʠ.ʆʧʨʝʜʝʣʝʥʘ ʬʘʢʪʠʯʝʩʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚʳʧʦʣʥʝʥʘ ʜʠʘʛʥʦʩʪʠʢʘ 

ʫʯʘʩʪʢʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ,ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʰʫʤʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʘ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʜʠʘʛʥʦʩʪʠʢʘ, ʜʝʬʝʢʪʳ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʰʫʤʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

Abstract 

As a result, the requirements for the efficiency of the services responsible for the condition of 

urban roads and streets are increasing. The economic and investment potential of the Samara region, 

the safety of highways and the minimization of traffic accidents depend on high-quality and timely 

work during the operational period of highways. The work has compiled a list of identified defects in 

the pavement of the roadway. The actual intensity of traffic was determined, the diagnostics of the 

highway section was performed, and the noise characteristics of the traffic flow were assessed. 

Keywords: ʘutomobile road, diagnostics, defects, traffic intensity, complex indicator, noise 

characteristics. 

 

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʜʘʣʝʥʠʠ 

ʟʘʛʨʷʟʥʝʥʠʡ, ʩʢʘʧʣʠʚʘʶʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʟʘʧʳʣʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʟʘʤʫʩʦʨʠʚʘʥʠʷ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʚʣʠʷʶʪ ʥʘ ʠʭ ʩʦʩʪʦʷʥʠʝ.  

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʫʣʠʮʳ ɻʘʛʘʨʠʥʘ ʚ ʛ.ʦ. ʉʘʤʘʨʘ. ʅʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ, ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʠʤʝʶʪʩʷ ʜʝʬʝʢʪʳ ʧʦʢʨʳʪʠʷ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ: ʢʦʣʝʡʥʦʩʪʴ, 

ʪʨʝʱʠʥʳ, ʚʳʙʦʠʥʳ, ʩʣʝʜʳ ʷʤʦʯʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʩʘʥʘʮʠʠ ʪʨʝʱʠʥ[2,4],ʪʨʦʪʫʘʨʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʨʠʩʫʥʦʢ 1, ʪʘʙʣʠʮʘ 1. 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1. ʆʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʫʣʠʮʳ ɻʘʛʘʨʠʥʘ. 

 

ʊʘʙʣʠʮʘ 1 

ɺʝʜʦʤʦʩʪʴ ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦʢʨʳʪʠʷ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 
ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʜʝʬʝʢʪʦʚ 

ʇʨʦʪʷʞʝʥʥʦʩʪ

ʴ ʫʯʘʩʪʢʘ, ʤ 

ʉʨʝʜʥʠʡ 

ʙʘʣʣ, ɹ 
ʌʦʪʦʤʘʪʝʨʠʘʣ 

1 

- ʂʘʨʪʳ ʟʘʜʝʣʘʥʥʳʭ ʚʳʙʦʠʥ, 

ʟʘʣʠʪʳʝ ʪʨʝʱʠʥʳ 

- ʈʝʜʢʠʝ ʚʳʙʦʠʥʳ ʚ ʪʝʭ ʞʝ 

ʩʣʫʯʘʷʭ (ʨʘʩʩʪʦʷʥʠʝ 4-10 ʤ) 

- ʂʦʣʝʡʥʦʩʪʴ ʧʨʠ ʩʨʝʜʥʝʡ 

ʛʣʫʙʠʥʝ ʢʦʣʝʠ ʜʦ 40-50 ʤʤ 

1000 

(3,0+2,5+

2,0)/3=2,5

0 
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2 

- ʇʦʧʝʨʝʯʥʳʝ ʨʝʜʢʠʝ 

ʪʨʝʱʠʥʳ (ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ 

ʧʦʢʨʳʪʠʡ ʚʳʙʦʠʥʳ) ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 8-10 ʤ 

- ʇʨʦʜʦʣʴʥʘʷ ʮʝʥʪʨʘʣʴʥʘʷ 

ʊʨʝʱʠʥʘ 

- ʂʦʣʝʡʥʦʩʪʴ ʧʨʠ ʩʨʝʜʥʝʡ 

ʛʣʫʙʠʥʝ ʢʦʣʝʠ ʜʦ 40-50 ʤʤ 

1000 

(4,0+4,5+

2,0)/3=3,5

0 

 

3 

- ʂʘʨʪʳ ʟʘʜʝʣʘʥʥʳʭ ʚʳʙʦʠʥ, 

ʟʘʣʠʪʳʝ ʪʨʝʱʠʥʳ 

- ʈʝʜʢʠʝ ʚʳʙʦʠʥʳ ʚ ʪʝʭ ʞʝ 

ʩʣʫʯʘʷʭ (ʨʘʩʩʪʦʷʥʠʝ 4-10 ʤ) 

- ʂʦʣʝʡʥʦʩʪʴ ʧʨʠ ʩʨʝʜʥʝʡ 

ʛʣʫʙʠʥʝ ʢʦʣʝʠ ʜʦ 40-50 ʤʤ 

1000 

(3,0+2,5+

2,0)/3=2,5

0 

 

4 

- ʏʘʩʪʳʝ ʚʳʙʦʠʥʳ ʚ ʪʝʭ ʞʝ 

ʩʣʫʯʘʷʭ (ʨʘʩʩʪʦʷʥʠʝ 1-4 ʤ) 

- ʂʦʣʝʡʥʦʩʪʴ ʧʨʠ ʩʨʝʜʥʝʡ 

ʛʣʫʙʠʥʝ ʢʦʣʝʠ ʜʦ 40-50 ʤʤ

  

1000 
(2,0+2,0)/

2=2,00 

 

6 

- ʏʘʩʪʳʝ ʚʳʙʦʠʥʳ ʚ ʪʝʭ ʞʝ 

ʩʣʫʯʘʷʭ (ʨʘʩʩʪʦʷʥʠʝ 1-4 ʤ) 

- ʂʦʣʝʡʥʦʩʪʴ ʧʨʠ ʩʨʝʜʥʝʡ 

ʛʣʫʙʠʥʝ ʢʦʣʝʠ ʜʦ 40-50 ʤʤ

  

700 
(2,0+2,0)/

2=2,00 

 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʫʣʠʮʝ ɻʘʛʘʨʠʥʘ ï ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ (ʧʨʠ ʥʘʣʠʯʠʠ ʜʘʥʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ ʜʚʠʞʝʥʠʷ, ʚʩʝ ʨʘʩʯʝʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʨʘʥʞʠʨʦʚʘʥʥʦʛʦ ʨʷʜʘ ʯʘʩʦʚʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ). ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʥʘʪʫʨʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʧʦʤʦʱʴʶ ʚʳʝʟʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʫʯʘʩʪʦʢ, ʨʠʩʫʥʦʢ 2. 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 2. ʈʘʩʧʦʣʦʞʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

 

ʈʘʩʯʝʪʥʦʡ ʪʦʯʢʦʡ ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʝʨʝʩʝʯʝʥʠʝ ʩ ʫʣ.ɸʚʨʦʨʳ, ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʢʤ 

2+200 ʫʣʠʮʳ ɻʘʛʘʨʠʥʘ. ɿʘʤʝʨʳ ʬʘʢʪʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʥʝʤ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2, 

ʨʠʩʫʥʦʢ 3. 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʯʘʩʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

 
 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 3. ʉʦʩʪʘʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʫʣʠʮʝ ɻʘʛʘʨʠʥʘ. 

 

ɺ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʦʩʪʘʚʣʝʥʠʷ ʚʝʜʦʤʦʩʪʠ ʦʙʲʝʤʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ.ɼʠʘʛʥʦʩʪʠʢʫ 

ʫʣʠʮʳ ɻʘʛʘʨʠʥʘ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʆɼʅ 

218.0.006-2002 çʇʨʘʚʠʣʘ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ʆʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷè [1]. 

ʆʧʨʝʜʝʣʷʣʠʩʴ ʯʘʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʘʩʯʝʪʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʢʘʞʜʦʤ 

ʫʯʘʩʪʢʝ. ɿʥʘʯʝʥʠʝ ʠʪʦʛʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʳʤ, ʥʘʠʤʝʥʴʰʝʤʫ ʠʟ ʚʩʝʭ ʯʘʩʪʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʫʯʘʩʪʢʝ.  

ɺ ʨʘʙʦʪʝ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʩʨʝʜʥʠʡ ʙʘʣʣ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʦʩʪʦʷʥʠʝ ʧʦʢʨʳʪʠʷ, ʧʦ ʚʝʣʠʯʠʥʝ 

ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʠ 

ʜʝʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʙʣʠʮʘ 1. ʇʦʣʫʯʝʥʥʳʡ ʩʨʝʜʥʠʡ 

ʙʘʣʣ ʩʦʩʪʘʚʠʣ 2,08. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʤʝʥʴʰʝ 3,00, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʷ 

ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ.ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʬʘʢʪʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʞʝʩʪʢʦʡ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʥʝ ʦʙʝʩʧʝʯʝʥʘ 

ʠ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʝʝ ʨʝʤʦʥʪʫ.ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʰʫʤʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʫʣʠʮʝ ɻʘʛʘʨʠʥʘ, ʪʘʙʣʠʮʘ 3.  

 

ʊʘʙʣʠʮʘ 3 

ʐʫʤʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ. 

 

 

 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -27- 

 

ʈʘʩʯʝʪʥʳʝ ʪʦʯʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʫʤʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʥʷʪʳ ʢʘʢ ʞʠʣʳʝ ʩʪʨʦʝʥʠʷ 

ʚʜʦʣʴ ʫʣʠʮʳ ɻʘʛʘʨʠʥʘ.ʈʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʙʝʟ ʫʯʝʪʘ ʵʢʨʘʥʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʟʘʩʪʨʦʡʢʠ[3].ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʰʫʤʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4 ʠ ʚʳʧʦʣʥʝʥ 

ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çʐʫʤè. 

 

ʊʘʙʣʠʮʘ 4 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʰʫʤʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʯʝʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʘ ʛʨʘʥʠʮʝ ʞʠʣʦʡ 

ʟʘʩʪʨʦʡʢʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʧʨʦʝʢʪʠʨʫʝʤʦʤʫ ʦʙʲʝʢʪʫ, ʧʨʝʚʳʰʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʦʨʤʳ ʜʣʷ 
ʪʝʨʨʠʪʦʨʠʠ ʥʘʩʝʣʝʥʥʳʭ ʤʝʩʪ ʥʘ 3,8 ï 10ʜɹ, ʚʥʫʪʨʠ ʞʠʣʳʭ ʢʦʤʥʘʪ ʢʚʘʨʪʠʨ ʚ ʞʠʣʳʭ ʜʦʤʘʭ ʥʘ 
18,8 ï 25 ʜɹ. 

ʊʘʢ ʢʘʢ, ʨʘʩʯʝʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʚ ʞʠʣʳʭ ʢʦʤʥʘʪʘʭ ʢʚʘʨʪʠʨ ʞʠʣʳʭ ʜʦʤʦʚ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʰʫʤʦʟʘʱʠʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʜʦʨʦʚʴʷ ʛʨʘʞʜʘʥ, 
ʧʨʦʞʠʚʘʶʱʠʭ ʚʙʣʠʟʠ ʫʣʠʮʳ ɻʘʛʘʨʠʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ ʦʪ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʦʛʦ ʰʫʤʘ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ, 
ʟʘʤʝʥʫ ʦʢʦʥ, ʦʙʨʘʱʝʥʥʳʭ ʚ ʩʪʦʨʦʥʫ ʫʣʠʮʳ ʥʘ ʦʢʥʘ ʢʣʘʩʩʘ çɹè, ʩʥʘʙʞʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʳʤ 
ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

ɺ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʰʫʤʘ ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚʢʠ ʰʫʤʦʟʘʱʠʪʥʳʭ 
ʦʢʦʥ. 

ʊʘʙʣʠʮʘ 5 

ʈʘʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʰʫʤʘ ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚʢʠ ʰʫʤʦʟʘʱʠʪʥʳʭ ʦʢʦʥ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



-28- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʚ ʥʘʤʝʯʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʟʘʱʠʪʝ 

ʧʦʤʝʱʝʥʠʡ ʦʪ ʰʫʤʘ ʜʦʩʪʘʪʦʯʥʳ.  

ʋʯʠʪʳʚʘʷ ʫʩʣʦʚʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʣʠʮʳ, ʫʩʪʨʦʡʩʪʚʦ ʰʫʤʦʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ (ʩʪʝʥʦʢ) 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪ.ʢ. ʧʦʜʦʙʥʳʝ ʵʢʨʘʥʳ ʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʡ ʵʬʬʝʢʪ ʪʦʣʴʢʦ ʧʨʠ ʤʘʣʦʵʪʘʞʥʦʡ 

ʟʘʩʪʨʦʡʢʝ.  ʊʘʢʞʝ  ʩʣʝʜʫʝʪ  ʦʪʤʝʪʠʪʴ  ʚʳʩʦʢʫʶ  ʩʪʦʠʤʦʩʪʴ  ʩʪʨʦʠʪʝʣʴʩʪʚʘ  ʰʫʤʦʟʘʱʠʪʥʳʭ 

ʵʢʨʘʥʦʚ, ʩʣʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʠʟ-ʟʘ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʟʝʤʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ɼʣʷ ʞʠʣʳʭ ʨʘʡʦʥʦʚ, ʤʠʢʨʦʨʘʡʦʥʦʚ, ʢʚʘʨʪʘʣʦʚ ʚ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʝ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʚ ʧʝʨʚʦʤ ʵʰʝʣʦʥʝ ʟʘʩʪʨʦʡʢʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʫʣʠʮ 

ʰʫʤʦʟʘʱʠʪʥʳʭ ʟʜʘʥʠʡ (ʤʥʦʛʦʵʪʘʞʥʳʭ) ʚ ʢʘʯʝʩʪʚʝ ʵʢʨʘʥʦʚ, ʟʘʱʠʱʘʶʱʠʭ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʰʫʤʘ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʠ ʜʦʨʦʞʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʩʦʮʠʘʣʴʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʦʩʪʫʧʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʜʦʨʦʛ ʚʣʠʷʶʪ ʥʘ ʫʜʦʙʩʪʚʦ ʜʣʷ ʞʠʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʢʦʤʬʦʨʪʥʦʝ ʧʝʨʝʜʚʠʞʝʥʠʝ, ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʫʛʘʤ ʠ ʦʙʱʝʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʘʤ.ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ 

ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʢʦʤʬʦʨʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʞʠʟʥʠ ʞʠʪʝʣʝʡ ʛ.ʦ.ʉʘʤʘʨʘ. 
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ɸʥʥʦʪʘʮʠʷ  

ʈʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʥʝʦʙʜʫʤʘʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʚʫʭʵʪʘʞʥʦʛʦ ʢʠʨʧʠʯʥʦʛʦ ʟʜʘʥʠʷ,ʚ 

ʟʦʥʝ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ  ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ ʠ ʧʨʠʚʝʜʰʝʛʦ ʝʛʦ ʚ ʘʚʘʨʠʡʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʉʚʦʝʚʨʝʤʝʥʥʦ ʧʨʠʥʷʪʳʝ  ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚʢʣʶʯʘʶʱʠʝ ʫʩʠʣʝʥʠʝ 

ʦʩʥʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ ʠ ʩʪʨʘʭʦʚʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʢʘʢ 

ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʟʘʪʷʞʝʢ ʠʟ 8 ʨʷʜʦʚ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʘʨʤʘʪʫʨʳ, 

ʦʛʨʘʞʜʘʶʱʝʡ ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ ʠʟ 2-ʭ ʨʷʜʦʚ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ Ï 350 ʤʤ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦ ʩʪʦʨʦʥʳ ʘʣʪʘʨʷ, ʧʦʟʚʦʣʠʣʠ ʩʦʭʨʘʥʠʪʴ 

ʧʘʤʷʪʥʠʢ ʘʨʭʠʪʝʢʪʫʨʳ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʜʘʥʠʷ ʦʪ ʦʙʨʫʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʪʨʝʱʠʥʳ, ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʡ, ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ 

ʩʚʘʷ, ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʯʨʝʟʚʳʯʘʡʥʘʷ ʢʦʤʠʩʩʠʷ. 

 

Abstract 

The case of undeliberate construction of a two-storey brick building in the zone of geotechnical 

influence of an operated facility that led to an emergency condition is considered. The timely 

emergency response measures including reinforcement of the foundation with DPT bored-injection 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -29- 

 

piles and prevention measures as the installation of prestrained tie-beams made of 8 rows of high-

strength reinforcement, enclosing retaining wall made of 2 rows of Ï 350 mm DPT bored-injection 

piles manufactured with the discharge-pulse technology on the side of the altar, allowed to save the 

architectural monument of the federal building from collapse. 

Keywords: deformation cracks, strain rate, bored-injection pile, discharge-pulse technology, 

emergency response committee. 

 

ʃʶʙʦʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ  [1 ï 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15] ʚ ʟʦʥʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʢʘʢ ʥʘ ʵʪʘʧʝ ʧʨʠʥʷʪʠʷ  ʧʨʦʝʢʪʥʦʛʦ 

ʨʝʰʝʥʠʷ,  ʪʘʢ ʠ ʥʘ ʵʪʘʧʝ ʚʦʟʚʝʜʝʥʠʷ. ɼʦʣʞʥʳ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʠʩʢʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʧʨʠʤʝʨ 

ʧʨʝʥʝʙʨʝʞʝʥʠʷ ʟʘʢʦʥʘʤʠ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ, ʛʝʦʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ,  ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʣʘ ʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ. 

ʊʘʢ ʚ 2004 ʛ. ʚ ʘʧʨʝʣʝ ʥʘ ʥʘʨʫʞʥʳʭ ʩʪʝʥʘʭ ʟʜʘʥʠʷ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʢʘʬʝʜʨʘʣʴʥʦʛʦ 

ɺʚʝʜʝʥʩʢʦʛʦ ʩʦʙʦʨʘ ʧʦʷʚʠʣʠʩʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʨʝʱʠʥʳ (ʨʠʩ. 1) ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʇʝʨʚʳʝ ʜʝʬʝʢʪʳ ʧʦʷʚʠʣʠʩʴ ʥʘ ʫʨʦʚʥʝ ʯʝʨʜʘʢʘ ʥʘ ʩʪʝʥʘʭ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ ʉʦʙʦʨʘ, ʪ.ʝ. 

ʟʜʘʥʠʝ ʭʨʘʤʘ ʨʘʩʢʦʣʦʣʦʩʴ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʉʢʦʨʦʩʪʴ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ ʜʦʩʪʠʛʣʘ  10õ15 ʤʤ/ʩʫʪʢʠ. 

ʉʦʟʜʘʣʘʩʴ ʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ, ʧʨʠʚʝʜʰʘʷ ʢ ʚʦʟʤʦʞʥʦʤʫ ʝʛʦ ʦʙʨʫʰʝʥʠʶ. ʆʧʝʨʘʪʠʚʥʦ 

ʩʦʟʜʘʥʥʘʷ ʯʨʝʟʚʳʯʘʡʥʘʷ ʢʦʤʠʩʩʠʷ ʢʦʥʩʪʘʪʠʨʦʚʘʣʘ ʧʨʠʯʠʥʦʡ ʘʚʘʨʠʡʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʉʦʙʦʨʘ ʠ 

ʚʣʠʷʥʠʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʷ ʨʝʟʠʜʝʥʮʠʠ ɺʣʘʜʳʢʠ ʏʝʙʦʢʩʘʨʩʢʦʡ ʠ ʏʫʚʘʰʩʢʦʡ ʝʧʘʨʭʠʠ ʩʦ 

ʩʪʦʨʦʥʳ  ʘʣʪʘʨʷ ʥʘ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʭʨʘʤʘ. ɺʦʟʚʝʜʝʥʠʝ ʜʚʫʭʵʪʘʞʥʦʛʦ ʢʠʨʧʠʯʥʦʛʦ ʟʜʘʥʠʷ 

ʥʘ ʣʝʥʪʦʯʥʳʭ ʬʫʥʜʘʤʝʥʪʘʭ ʩʦ ʩʙʦʨʥʳʤʠ ʤʥʦʛʦʧʫʩʪʦʪʥʳʤʠ ʧʣʠʪʘʤʠ ʧʝʨʝʢʨʳʪʠʡ ʙʳʣʦ ʥʘʯʘʪʦ 

ʦʩʝʥʴʶ 2003 ʛ. 

ɺ ʘʧʨʝʣʝ 2004 ʛ. ʦʥʦ  ʠʤʝʣʦ ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʳ ʙʝʟ ʧʝʨʝʢʨʳʪʠʷ ʮʦʢʦʣʴʥʦʛʦ  ʵʪʘʞʘ, ʪ.ʝ. 

ʝʛʦ ʦʩʥʦʚʘʥʠʝ  ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ 2003ï2004 ʛ. ʛ. ʥʘʭʦʜʠʣʦʩʴ ʚ 

ʧʨʦʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʬʦʨʤʘʮʠʷ ʉʦʙʦʨʘ ʥʘʯʘʣʘʩʴ ʢʘʢ ʨʘʟ ʥʘ ʧʝʨʠʦʜ 

ʦʪʪʘʠʚʘʥʠʷ ʦʩʥʦʚʘʥʠʷ. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1. ʊʨʝʱʠʥʘ ʥʘʜ ʦʢʦʥʥʳʤ ʧʨʦʝʤʦʤ  ʭʨʘʤʘ (ʩʝʚʝʨʥʳʡ ʬʘʩʘʜ) 

 

ʂʦʤʠʩʩʠʷ ʫʩʪʘʥʦʚʠʣʘ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ,  ʟʜʘʥʠʝ ʉʦʙʦʨʘ ʧʨʠʰʣʦ ʚ ʜʚʠʞʝʥʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʚʳʜʘʚʣʠʚʘʥʠʷ ʛʨʫʥʪʦʚ ʠʟ-ʧʦʜ ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥʪʦʚ. 

ʆʧʝʨʘʪʠʚʥʦ ʦʨʛʘʥʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ: ʛʝʦʪʝʭʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘ 

ʨʘʟʚʠʪʠʝʤ ʪʨʝʱʠʥ  (ʩʤ. ʨʠʩ. 2); ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʟʜʘʥʠʷ, ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʠʟʳʩʢʘʥʠʷ. 

 



-30- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʨʘʩʢʨʳʪʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ  ʪʨʝʱʠʥʳ ʥʘ ʫʨʦʚʥʝ ʢʘʨʥʠʟʘ ʩʪʝʥʳ ʩʝʚʝʨʥʦʛʦ ʬʘʩʘʜʘ (ʤʘʷʢ 1) 

 

ʉʦʦʨʫʞʝʥʠʝ ɺʚʝʜʝʥʩʢʦʛʦ  ʂʘʬʝʜʨʘʣʴʥʦʛʦ ʉʦʙʦʨʘ (1651ʛ.) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʠʨʧʠʯʥʦʝ ʟʜʘʥʠʝ, ʩ ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʘʥʝ 37,4Ĭ35,3 ʤ (ʩʤ. ʨʠʩ. 1). ʆʥʦ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ 

ï ʭʨʘʤʘ ʚʳʩʦʪʦʡ 13 ʤ ʩ ʘʧʩʠʜʦʡ  ʚʳʩʦʪʦʡ ʜʦ 4,5 ʤ, ʪʨʝʭ ʧʨʠʜʝʣʦʚ ʩ ʘʧʩʠʜʘʤʠ. ɺʳʩʦʪʳ ʧʨʠʜʝʣʦʚ 

4,2 ï 4,5 ʤʝʪʨʦʚ. ɸʧʩʠʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʫʢʨʫʛʣʳʝ ʚ ʧʣʘʥʝ ʚʳʩʪʫʧʳ, ʧʝʨʝʢʨʳʪʳʝ 

ʩʚʦʜʦʤ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʚʦʩʪʦʢ.  

ʌʫʥʜʘʤʝʥʪʳ  ʉʦʙʦʨʘ ʤʝʣʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ï ʣʝʥʪʦʯʥʳʝ ʙʫʪʦʚʳʝ ʥʘ ʠʟʚʝʩʪʢʦʚʦʤ ʨʘʩʪʚʦʨʝ. 

ɻʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ 2,0 ï 2,4 ʤ. 

ʆʜʥʠʤ ʠʟ ʧʫʥʢʪʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ï ʵʪʦ ʨʘʟʨʘʙʦʪʢʘ 

ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʘ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʳʩʢʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ɻʋʇ çʏʫʚʘʰɻʀʀɿè ʚ 2004 ʛ., ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʚʝʜʝʥʩʢʦʛʦ ʩʦʙʦʨʘ ʟʘʣʝʛʘʶʪ ʩʣʝʜʫʶʱʠʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ(ʀɻʕ): ʀɻʕ 1 ð 

ʥʘʩʳʧʥʦʡ ʛʨʫʥʪ (tQIV), ʟʘʣʝʛʘʶʱʠʡ ʜʦ ʛʣʫʙʠʥʳ 0,8-1,8 ʤ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦʚʩʝʤʝʩʪʥʦ ʚʦʢʨʫʛ 

ʟʜʘʥʠʷʚʥʝ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘ; ʀɻʕ 2 ð ʣʝʩʩʦʚʳʡ ʩʫʛʣʠʥʦʢ (prQIII), ʦʙʣʘʜʘʶʱʠʡ 

ʧʨʦʩʘʜʦʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ, ʚ ʦʩʥʦʚʥʦʤ ʪʫʛʦʧʣʘʩʪʠʯʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ (ʩ 

ʯʠʩʣʦʤ ʧʣʘʩʪʠʯʥʦʩʪʠ Iʨ=9%).ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʢʝ ʜʦ ʛʣʫʙʠʥʳ 4,0ï6,5 ʤ. ɺʝʣʠʯʠʥʘ 

ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʘʜʦʯʥʦʩʪʠŮsl ʠʟʤʝʥʷʝʪʩʷ ʦʪ0,01 ʜʦ 0,032 ʧʨʠ ʟʘʤʘʯʠʚʘʥʠʠ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ 0,2 ʄʇʘ, ʘ ʥʘʯʘʣʴʥʦʝ ʧʨʦʩʘʜʦʯʥʦʝ ʜʘʚʣʝʥʠʝ Psl ð ʦʪ 0,055 ʜʦ 0,2 ʄʇʘ.ʊʠʧ 

ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʧʦ ʧʨʦʩʘʜʦʯʥʦʩʪʠ ð ʧʝʨʚʳʡ; ʀɻʕ 2ʘ ð ʣʝʩʩʦʚʳʡ ʩʫʛʣʠʥʦʢ (prQIII) ʤʷʛʢʦ-

ʪʝʢʫʯʝʧʣʘʩʪʠʯʥʳʡ ʢʦʥʩʠʩʪʝʥʮʠʠ, ʚ ʮʝʣʦʤ ʥʝʧʨʦʩʘʜʦʯʥʳʡ(Ůsl = 0,0072), ʩʦʭʨʘʥʷʶʱʠʡ ʩʣʘʙʳʝ 

ʧʨʦʩʘʜʦʯʥʳʝ ʩʚʦʡʩʪʚʘʚ ʨʝʜʢʠʭ ʤʘʣʳʭ ʦʙʲʝʤʘʭ ʛʨʫʥʪʘ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʢʠ; ʀɻʕ 3 ð ʧʨʦʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʡ ʩʫʛʣʠʥʦʢ(pdQIII) ʦʪ 

ʧʦʣʫʪʚʝʨʜʦʡ ʜʦ ʪʫʛʦʧʣʘʩʪʠʯʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ,ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ð ʤʷʛʢʦʧʣʘʩʪʠʯʥʦʡ 

ʢʦʥʩʠʩʪʝʥʮʠʠ. ɿʘʣʝʛʘʝʪ ʧʦʚʩʝʤʝʩʪʥʦ,ʫʚʝʣʠʯʠʚʘʷʩʴ ʧʦ ʤʦʱʥʦʩʪʠ ʜʦ 4,5 ʤ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠʧʣʦʱʘʜʢʠ; ʀɻʕ 4 ð ʜʨʝʩʚʘ ʠ ʱʝʙʝʥʴ (pdQIII) ʩ ʧʝʩʯʘʥʠʩʪʦ-ʩʫʛʣʠʥʠʩʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ; 

ʀɻʕ 5 ð ʛʣʠʥʠʩʪʳʡ ʘʣʝʚʨʠʪ (ʈ2t). ɺʩʢʨʳʪ ʚʶʞʥʦʡ ʯʘʩʪʠ. ʀʤʝʝʪ ʤʦʱʥʦʩʪʴ ʦʢʦʣʦ 1,0 ʤ; ʀɻʕ 6 

ð ʧʳʣʝʚʘʪʳʡ ʧʝʩʦʢ (ʈ2t) ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʤʝʣʢʦʛʦ ʧʝʩʢʘ. 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -31- 

 

 
ʈʠʩʫʥʦʢ 3. ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ. 

 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ 

ʫʭʫʜʰʝʥʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ  ʥʘ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ  ʦʙʱʝʡ ʜʝʬʦʨʤʘʮʠʠ ɽo=2,1 ʄʇʘ, ʜʣʷ ʩʣʦʷ 2ʘ ïʩʫʛʣʠʥʢʘ 

ʣʝʩʩʦʚʦʛʦ ʤʷʛʢʦ-ʪʝʢʫʯʝʧʣʘʩʪʠʯʥʦʛʦ  ʢʦʥʩʠʩʪʝʥʮʠʠ (PrQIII). ʈʝʰʝʥʠʝʤ ʯʨʝʟʚʳʯʘʡʥʦʡ ʢʦʤʠʩʩʠʠ 

ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʨʫʯʝʥʦ ʅʇʌ çʌʆʈʉʊè ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʝʢʪʘ 

ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ  ʟʜʘʥʠʷ ʉʦʙʦʨʘ, ʚʢʣʶʯʘʷ ʧʨʠʜʝʣʳ ʠ ʘʣʪʘʨʴ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʜʚʘ ʪʠʧʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ: ʵʪʦ  ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝʩʚʘʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʙʝʟ 

ʫʧʣʦʪʥʝʥʠʷ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ ʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʩ ʫʧʣʦʪʥʝʥʠʝʤ ʛʨʫʥʪʘ ʩʪʝʥʦʢ 

ʩʢʚʘʞʠʥʳ ï ʵʪʦ ʩʚʘʠ ïʕʈʊ. ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ  ʧʦ ʚʳʙʦʨʫ ʪʠʧʘ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ ʷʚʠʣʘʩʴ ʠʭ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ʊʘʢ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠïʕʈʊ ʧʦ ʛʨʫʥʪʫ ʧʨʝʚʳʰʘʝʪ  ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʥʘ 65 % ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ ʙʝʟ ʫʧʣʦʪʥʝʥʠʷ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ.  ʀʟʚʝʩʪʥʦ,  ʯʪʦ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ 

ʩʚʘʠ ʫʩʠʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ  ʦʩʥʦʚʘʥʠʷ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʘʣʛʦʨʠʪʤʦʤ: 1) ʧʨʦʚʝʨʷʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʫʩʣʦʚʠʷ PIImtÒ R,ʛʜʝ PIImtï ʩʨʝʜʥʝʝ 

ʜʘʚʣʝʥʠʝ ʧʦʜ ʧʦʜʦʰʚʦʡ ʬʫʥʜʘʤʝʥʪʘ; R[3]ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝʩʫʱʝʛʦ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ; 

2) ʧʨʠ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʫʩʣʦʚʠʷ ʚ ʧ. 1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ ʥʘ ʫʨʦʚʥʝ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ 
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 ʟʜʝʩʴ ɸ ï ʧʣʦʱʘʜʴ  ʧʦʜʦʰʚʳ ʜʣʷ ʩʪʦʣʙʯʘʪʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ɸ = lȚb, ʘ 

ʜʣʷ  ʣʝʥʪʦʯʥʳʭ - ɸ = bȚ1. 

ʀʩʭʦʜʷ, ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʘʡ ʙʝʟ ʫʧʣʦʪʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚ 1,6 ʨʘʟʘ 

ʙʦʣʴʰʝ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʧ/ʤ ʚʳʰʝʥʘʟʚʘʥʥʳʭ 

ʩʚʘʡ ʥʝʥʘʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʧʦ ʫʩʠʣʝʥʠʶʦʩʥʦʚʘʥʠʷ ʚʦʟʨʦʩʣʘ ʙʳ 

ʚ 1,6ʨʘʟʘ.  

ɸʥʘʣʠʟʠʨʫʷ ʧʨʝʜʳʜʫʱʝʝ, ʚ ʢʘʯʝʩʪʚʝ ʚʘʨʠʘʥʪʘ ʫʩʠʣʝʥʠʷ ʧʨʠʥʷʪʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ 

ʩʚʘʡ-ʕʈʊ, ʜʣʠʥʦʡ 11ʤ (ʩ ʫʯʝʪʦʤ ʟʘʜʝʣʢʠ ʚ ʢʦʨʝʥʥʳʝ ʛʨʫʥʪʳ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʣʦʥʢʦʚʳʤ 

ʙʫʨʝʥʠʝʤ ʪʝʣʘ ʬʫʥʜʘʤʝʥʪʘ ʛʣʫʙʠʥʦʡ 2,5 ʤ Ï 180 ʤʤ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʚʘʠ ʚ ʧʨʝʜʝʣʘʭ 

ʧʣʦʱʘʜʠ  ʉʦʙʦʨʘ ʨʘʟʣʠʯʥʦʝ, ʥʘʧʨʠʤʝʨ: ʧʦʜ ʘʧʩʠʜʦʡ 2 ʩʚʘʠ/ʤ; ʧʦʜ ʩʪʝʥʘʤʠ ʭʨʘʤʘ ï 4 ʩʚʘʠ/ʤ; 

ʧʦʜ ʩʪʝʥʘʤʠ   ʩʚʦʜʦʚ ï 16 ʩʚʘʡ. ɺʩʝʛʦ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʦ ʙʦʣʝʝ 800 ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ 

(ʩʤ. ʨʠʩ. 4). 

ɻʠʧʦʪʝʟʘ,  ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʦ ʪʦʤ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʉʦʙʦʨʘ ʧʨʦʠʟʦʰʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʛʨʫʥʪʘ ʠʟ-ʧʦʜ  ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥʪʦʚ ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʙʦʪ ʧʦ ʫʩʠʣʝʥʠʶ ʦʩʥʦʚʘʥʠʷ. ʆʥʘ ʦʢʘʟʘʣʘʩʴ ʩʧʨʘʚʝʜʣʠʚʦʡ ʜʣʷ  ʫʯʘʩʪʢʘ ʧʣʘʥʘ ʉʦʙʦʨʘʦʪ ʩʪʝʥʳ 



-32- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʠʢʦʥʦʩʪʘʩʘ  ʜʦ ʘʣʪʘʨʷ ʚʢʣʶʯʠʪʝʣʴʥʦ (ʩʤ. ʨʠʩ. 3) (ʚ ʩʪʦʨʦʥʫ ʧʨʠʩʪʨʦʷ ʨʝʟʠʜʝʥʮʠʠ 

ɺʣʘʜʳʢʠ).ɺʝʨʦʷʪʥʦʩʪʴ ʚʳʜʘʚʣʠʚʘʥʠʷ ʦʢʘʟʘʣʘʩʴ ʚʳʩʦʢʦʡ,  ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʧʦʜ ʧʦʜʦʰʚʦʡ 

ʬʫʥʜʘʤʝʥʪʦʚ ʉʦʙʦʨʘ ʩʫʛʣʠʥʢʘ ʤʷʛʢʦʪʝʢʫʯʝʧʣʘʩʪʠʯʥʦʡ  ʢʦʥʩʠʩʪʝʥʮʠʠ ʩ ʤʦʜʫʣʝʤ ʦʙʱʝʡ 

ʜʝʬʦʨʤʘʮʠʠ E0=2,1 ʄʇʘ. 

ʘ) 

 

 
 

 

 

ʈʠʩʫʥʦʢ 4.   ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʧʨʠ ʫʩʠʣʝʥʠʠ ʦʩʥʦʚʘʥʠʷ ʠ ʬʫʥʜʘʤʝʥʪʦʚ 

ɺʚʝʜʝʥʩʢʦʛʦ ʩʦʙʦʨʘ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʪʦʯʢʠ ʢʨʘʩʥʦʛʦ ʠ ʯʝʨʥʦʛʦ ʮʚʝʪʦʚ ï ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʫʩʠʣʝʥʠʷ 

ʦʩʥʦʚʘʥʠʷ ʠ ʬʫʥʜʘʤʝʥʪʘ; ʪʦʯʢʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ - ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʢʠ ʩ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ 

ʭʨʘʤʘ. ʘ ï ʧʣʘʥ ʩʚʘʡ ï ʕʈʊ, ʙ, ʚ, ʛ, ʜ ï ʬʨʘʛʤʝʥʪʳ ʩ ʩʝʯʝʥʠʷʤʠ 1-1, 2-2, 3-3, 4-4. 

 

ʇʨʠ ʫʩʪʨʦʡʩʪʚʝ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ [2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15] 

ʚʜʦʣʴ ʩʪʝʥʳ ʠʢʦʥʦʩʪʘʩʘ ʦʙʥʘʨʫʞʝʥʳ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʝ  ʨʘʩʭʦʜʳ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʦʙʲʝʤʝ ʩʚʘʠ å 0,3 ʤ3 ʨʘʩʭʦʜ ʙʝʪʦʥʘ ʜʦʭʦʜʠʣ ʜʦ 5,0 ʤ3.  ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʫʙʳʚʘʥʠʷ ʫʨʦʚʥʝʡ ʚ ʩʢʚʘʞʠʥʘʭ ʟʘʧʦʣʥʝʥʥʳʭ ʙʝʪʦʥʦʤ ʜʦ 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʥʘ ʫʨʦʚʥʝ ʧʦʜʦʰʚʳ 

ʬʫʥʜʘʤʝʥʪʦʚ ʦʙʥʘʨʫʞʝʥʦ ʨʝʟʢʦʝ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʧʫʩʪʦʪ ʧʦʜ 

ʧʦʜʦʰʚʦʡ, ʪʝʤ ʩʘʤʳʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʣʥʝʥʠʝ ʧʫʩʪʦʪ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʙʝʪʦʥʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʦʰʣʦ 

ʮʝʤʝʥʪʘʮʠʦʥʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʩʪʝʥʳ ʠʢʦʥʦʩʪʘʩʘ ʠ ʘʣʪʘʨʷ (ʩʤ. ʨʠʩ. 5). 

ʆʜʥʦʚʨʝʤʝʥʥʦ (ʦʧʷʪʴ ʞʝ ʠʟ ʧʨʝʜʧʦʩʳʣʢʠ ʚʳʜʘʚʣʠʚʘʥʠʷ ʛʨʫʥʪʘ ʠʟ-ʧʦʜ ʧʦʜʦʰʚʳ 

ʬʫʥʜʘʤʝʥʪʦʚ) ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ ʦʛʨʘʞʜʝʥʠʷ ʛʨʫʥʪʘ ʠʟ ʜʚʫʭ ʨʷʜʦʚ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʩ 

ʰʘʛʦʤ 0,5 ʤ ʤʝʞʜʫ ʥʠʤʠ Ï 350 ʤʤ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʦʙʚʷʟʦʯʥʳʤ ʧʦʷʩʦʤ ʧʦ ʚʝʨʭʫ ʩʚʘʡ (ʩʤ.  ʨʠʩ. 

4ʘ),  ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʦ ʫʩʠʣʝʥʠʝ ʟʜʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʟʘʪʷʞʝʢ ʠʟ 

ʚʦʩʴʤʠ ʨʷʜʦʚ ʥʘ ʫʨʦʚʥʝ ʢʘʨʥʠʟʘ. 
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ʈʠʩʫʥʦʢ 5. ɿʦʥʘ ʮʝʤʝʥʪʘʮʠʦʥʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ. 

 

ɺʳʚʦʜʳ:  

1. ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ  ʚʦʟʥʠʢʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʟʜʘʥʠʷ ʨʝʟʠʜʝʥʮʠʠ ɺʣʘʜʳʢʠ ʏʝʙʦʢʩʘʨʩʢʦʡ ʠ ʏʫʚʘʰʩʢʦʡ ʝʧʘʨʭʠʠ ʚ ʟʦʥʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʩʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʚ ʘʧʨʝʣʝ 2004 ʛʦʜʘ ʥʘ ʥʘʨʫʞʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥ ʟʜʘʥʠʷ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ɺʚʝʜʝʥʩʢʦʛʦ ʢʘʬʝʜʨʘʣʴʥʦʛʦ ʉʦʙʦʨʘ  

ʧʦʷʚʠʣʠʩʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʨʝʱʠʥʳ  ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺʦʟʥʠʢʰʠʝ 

ʜʝʬʝʢʪʳ  ʥʘ ʫʨʦʚʥʝ ʯʝʨʜʘʯʥʳʭ ʧʝʨʝʢʨʳʪʠʡ  ʠ ʨʝʟʚʠʚʰʝʝʩʷ ʜʘʣʝʝ ʥʘ ʩʝʚʝʨʥʳʭ 

ʠ ʶʞʥʳʭ ʬʘʩʘʜʘʭ ʨʘʩʢʦʣʦʣʠ ʟʜʘʥʠʝ ʥʘ ʜʚʝ ʯʘʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ çʟʘʧʘʜ-

ʚʦʩʪʦʢè.  

2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʣʘ ʫʛʨʦʟʘ ʦʙʨʫʰʝʥʠʷ ʟʜʘʥʠʷ ʏʝʙʦʢʩʘʨʩʢʦʛʦ 

ɺʚʝʜʝʥʩʢʦʛʦ ʢʘʬʝʜʨʘʣʴʥʦʛʦ ʉʦʙʦʨʘ.  

3. ʉʢʦʨʦʩʪʴ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ ʫʩʪʘʥʦʚʠʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 10õ15 ʤʤ/ʩʫʪʢʠ. ʉʨʦʯʥʦ 

ʩʦʟʜʘʥʥʘʷ ʯʨʝʟʚʳʯʘʡʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʧʘʩʝʥʠʶ ʧʘʤʷʪʥʠʢʘ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʳ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʫʩʪʘʥʦʚʠʣʘ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʉʦʙʦʨʘ ʷʚʠʣʦʩʴ ʚʣʠʷʥʠʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʷ ʨʝʟʠʜʝʥʮʠʠ ɺʣʘʜʳʢʠ ʏʝʙʦʢʩʘʨʩʢʦʡ ʠ ʏʫʚʘʰʩʢʦʡ 

ʝʧʘʨʭʠʠ ʨʷʜʦʤ ʩ  ʭʨʘʤʦʤ. ʉʨʦʯʥʦ ʧʨʦʠʟʚʝʜʝʥʳ  ʨʘʙʦʪʳ: 1) ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ; 2) ʦʙʩʣʝʜʦʚʘʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʟʜʘʥʠʷ 

ʉʦʙʦʨʘ; 3) ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚʢʣʶʯʘʶʱʠʝ 

ʫʩʠʣʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ,  ʫʩʠʣʝʥʠʝ ʟʜʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʟʘʪʷʞʝʢ ʠʟ 8-ʤʠ ʨʷʜʦʚ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʚʠʥʪʦʚʦʡ 

ʘʨʤʘʪʫʨʳ ʧʦ ʥʘʨʫʞʥʦʤʫ ʧʝʨʠʤʝʪʨʫ ʥʘ ʫʨʦʚʥʝ ʢʘʨʥʠʟʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʥ ʨʝʟʫʣʴʪʘʪʦʚ  

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʧʦʣʦʩʪʝʡ ʧʦʜ ʧʦʜʦʰʚʦʡ ʬʫʥʜʘʤʝʥʪʦʚ ʚʦʩʪʦʯʥʳʭ 

ʯʘʩʪʝʡ ʟʜʘʥʠʷ  (ʩʪʝʥʘ ʩ ʮʘʨʩʢʠʤʠ ʚʨʘʪʘʤʠ, ʩʪʝʥʳ ʘʣʪʘʨʷ). 

3. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʣʠ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʝʜʘʚʘʨʠʡʥʫʶ ʩʠʪʫʘʮʠʶ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʘʩʢʨʳʪʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ 

ʜʦ 357 ʤʤ ʜʝʬʦʨʤʘʮʠʠ ʉʦʙʦʨʘ ʧʨʝʢʨʘʪʠʣʠʩʴ. ʉʦʙʦʨ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʙʝʟʘʚʘʨʠʡʥʦ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʧʨʘʢʪʠʢʝ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʥʝʜʨʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ 

ʩʚʘʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʘʥʠʷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ-ʕʈʊ, 

ʚʳʧʦʣʥʝʥʥʦʡ ʩ ʤʥʦʛʦʤʝʩʪʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ ʧʦ ʩʪʚʦʣʫ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʫʯʝʪʦʤ ʩʪʘʜʠʡʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʫʧʣʦʪʥʝʥʥʦʡ ʟʦʥʳ ʚʦʢʨʫʛ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʨʘʟʣʠʯʠʶ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -35- 

 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʘʥʠʷ, ʩʣʦʞʝʥʥʦʛʦ ʩʚʷʟʥʳʤ ʠ ʥʝʩʚʷʟʥʳʤ 

ʛʨʫʥʪʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʰʠʨʝʥʠʝ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ ʩʚʘʷ-ʕʈʊ, 

ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʪʝʭʥʦʣʦʛʠ, ʫʩʣʦʚʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʄʦʨʘ-ʂʫʣʦʥʘ. 

 

Abstract 

In the practice of geotechnical construction, the technology of bored injection piles with the 

discharge-pulse technology is being implemented. The paper presents the results of calculations of the 

stress-strain state of the DPT bored-injection pile base made with multiple extensions along the pile 

shaft. The calculations were performed in spatial arrangement considering the stages of load 

application and the formation of a dense zone around the bored-injection pile. Particular attention was 

paid to the difference between the stress-strain state of a foundation composed of cohesive and 

noncohesive soil. 

Keywords: extension, bearing capacity, bored-injection pile, discharge-pulse technology, 

Mohr-Coulomb limit equilibrium equation. 

 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʩʬʝʨʝ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʪʘʚʠʪ ʚʩʝ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʧʝʨʝʜ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʠ ʩʪʨʦʠʪʝʣʷʤʠ [1, 2, 3, 4, 5, 6, 7, 8, 9]. ʇʨʦʛʨʝʩʩ ʚ 

ʜʘʥʥʦʡ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʤʝʪʦʜʦʚ ʠʭ ʨʘʩʯʝʪʘ [3]. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʤʥʦʛʠʭ ʦʙʲʝʢʪʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ 

ʈʦʩʩʠʠ ʩʦʚʨʝʤʝʥʥʘʷ ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʙʠʚʥʳʭ ʩʚʘʡ ʧʦ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦ ʜʣʠʥʝ ʩʚʘʠ ʩʦʟʜʘʥʠʝ ʧʦ ʜʣʠʥʝ ʩʚʘʠ 

ʤʥʦʛʦʤʝʩʪʥʳʭ ʫʰʠʨʝʥʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚ 2,0-2,5 ʨʘʟʘ [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19]. 

ʇʨʠʤʝʥʝʥʠʝ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ ʠʩʢʣʶʯʘʝʪ ʨʘʟʫʧʣʦʪʥʝʥʠʝ ʠ 

ʨʘʩʩʪʨʫʢʪʫʨʠʚʘʥʠʝ ʛʨʫʥʪʘ ʚ ʦʩʥʦʚʘʥʠʠ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʩʨʝʜʝ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ  ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʦʥʳ ʫʧʣʦʪʥʝʥʠʷ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʚ ʧʣʦʩʢʦʩʪʠ ʦʩʪʨʠʷ ʩʚʘʠ [5]. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʤʝʪʦʜʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ ʉʅʠʇ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 
ʦʮʝʥʠʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʚʢʣʶʯʝʥʠʠ ʚ ʨʘʙʦʪʫ ʫʰʠʨʝʥʠʡ ʩ ʨʦʩʪʦʤ ʥʘʛʨʫʟʢʠ ʥʘ ʬʫʥʜʘʤʝʥʪ.  

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ ʚʳʧʦʣʥʷʶʪʩʷ 

ʤʥʦʛʦʤʝʩʪʥʳʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʫʰʠʨʝʥʠʷ ʧʦ ʦʩʪʨʠʶ ʠ ʚʜʦʣʴ ʩʪʚʦʣʘ ʩʚʘʠ. ɺ ʨʘʩʯʝʪʝ ʧʨʠ 

ʜʠʘʤʝʪʨʝ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ-ʕʈʊ d=350 ʤʤ ʚ ʩʚʷʟʥʦʤ ʛʨʫʥʪʝ ʜʠʘʤʝʪʨ ʩʬʝʨʳ ʫʰʠʨʝʥʠʷ 

ʧʨʠʥʷʪ 1,3d, ʚ ʥʝʩʚʷʟʥʦʤ ʛʨʫʥʪʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 2d. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʥʦʛʦʤʝʩʪʥʳʭ ʫʰʠʨʝʥʠʡ (n), ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʫʰʠʨʝʥʠʷʤʠ (ʘ), ʜʣʠʥʳ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ (L) ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʚʷʟʥʦʤ ʠ ʥʝʩʚʷʟʥʦʤ ʛʨʫʥʪʝ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩ ʫʯʝʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʩʥʦʚʘʥʠʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʙʳʣʘ ʨʝʰʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʯʝʪʦʤ ʧʨʦʯʥʦʩʪʥʳʭ 

ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ Plaxis.  

ɺ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʫʩʣʦʚʠʝ 

ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʄʦʨʘ-ʂʫʣʦʥʘ. ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʘʛʦʚʦʡ 

ʧʨʦʮʝʜʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʋʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʛʨʫʥʪʘ ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʠʜʝ ʥʘʯʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ sz=gh; sx=sy=xgh; t=0,, ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʥʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ 
ʪʦʣʴʢʦ ʦʪ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʚʘʡʥʳʡ ʬʫʥʜʘʤʝʥʪ. ʈʘʟʤʝʨʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 

 

 



-36- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 1. ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʄʂʕ ʨʘʟʤʝʨʘʤʠ b³a³h=24³24³24 (ʤ3

) ʩʚʘʠ ʕʈʊ 

ʜʣʠʥʦʡ L=9,0 ʤ d=350,0 ʤʤ ʩ ʫʰʠʨʝʥʠʷʤʠ. ʈʘʟʙʠʚʢʘ ʥʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ 

 

 
ʈʠʩʫʥʦʢ 2. ʆʙʲʝʤʥʘʷ ʤʦʜʝʣʴ ʩʚʘʠ-ʕʈʊ ʩ ʫʰʠʨʝʥʠʷʤʠ (1), ʦʢʨʫʞʘʶʱʝʛʦ ʫʧʣʦʪʥʝʥʥʦʛʦ ʛʨʫʥʪʘ (2) ʠ ʨʘʟʙʠʚʢʘ ʥʘ 

ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ (3) ʧʝʨʝʜ ʠʤʧʦʨʪʦʤ ʚ ʇʂ Plaxis 

 

ʈʘʩʯʝʪʳ ʬʫʥʜʘʤʝʥʪʦʚ ʧʨʦʠʟʚʝʜʝʥʳ ʜʣʷ ʜʚʫʭ ʭʘʨʘʢʪʝʨʥʳʭ ʪʠʧʦʚ ʦʩʥʦʚʘʥʠʷ: ʩʚʷʟʥʳʡ 

ʛʨʫʥʪ ʠ ʥʝʩʚʷʟʥʳʡ ʛʨʫʥʪ ʩ ʫʯʝʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʫʧʣʦʪʥʝʥʥʦʡ ʟʦʥʳ ʚʦʢʨʫʛ ʩʚʘʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʥʦʛʦ ʛʨʫʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʛʣʠʥʘ ʪʫʛʦʧʣʘʩʪʠʯʥʘʷ (ɔ=18 ʢʅ/ʤ3, ɽ=13,8 ʄʇʘ, ʩ=43 ʢʇʘ, 

ű=16Ü); ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʚʷʟʥʦʛʦ ʛʨʫʥʪʘ ʧʨʠʥʷʪ ʧʝʩʦʢ ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ, ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 

(ɔ=16,5 ʢʅ/ʤ3, ɽ=30,0 ʄʇʘ, ʩ=1 ʢʇʘ, ű=35Ü). 

ɼʣʷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ-ʕʈʊ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʚʘʝ ʧʨʠʤʳʢʘʝʪ ʟʦʥʘ ʮʝʤʝʥʪʘʮʠʠ ʠ 

ʟʦʥʘ ʫʧʣʦʪʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʛʠʜʨʘʚ-ʣʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ 

ʩʚʘʠ [8, 9]. ɺ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʜʠʘʤʝʪʨ ʟʦʥʳ ʫʧʣʦʪʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ (1,8-2,2)d (ʜʣʷ ʩʚʷʟʥʳʭ 

ʛʨʫʥʪʦʚ) ʠ (2,8-3,1)d (ʜʣʷ ʥʝʩʚʷʟʥʳʭ ʛʨʫʥʪʦʚ), ʢʦʪʦʨʳʡ ʫʪʦʯʥʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦ ʫʭʦʜʫ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʚ ʩʢʚʘʞʠʥʝ (ʨʠʩ. 2). 

ʃʠʥʠʠ ʨʘʚʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚʳʪʷʥʫʪʳ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʩ ʨʦʩʪʦʤ 

ʥʘʛʨʫʟʢʠ ʦʥʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʫ ʩʚʘʠ, ʟʦʥʘ ʨʘʟʚʠʪʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʳ ʠ ʥʠʞʝ ʦʩʪʨʠʷ ʩʚʘʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ (2,5-3,0)d. 

ʀʟʦʣʠʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠʤʝʶʪ ʟʘʤʢʥʫʪʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʘʧʨʘʚʣʝʥʳ ʦʪ 

ʦʩʠ ʩʚʘʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʠ ʈ=3000 ʢʅ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ʦʩʪʨʠʷ ʩʚʘʠ ʠ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ Ux=9 ʤʤ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -37- 

 

ʆʪʤʝʯʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦʜ ʧʷʪʦʡ ʩʚʘʠ ʚ ʧʣʦʩʢʦʩʪʠ ʦʩʪʨʠʷ ʠ ʧʦʜ 

ʫʰʠʨʝʥʠʷʤʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ txz ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, 
ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʰʠʨʝʥʠʡ ʚʜʦʣʴ 

ʩʪʚʦʣʘ ʥʘʙʠʚʥʦʡ ʩʚʘʠ.  

ɸʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʯʝʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʛʨʫʥʪʘ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʦʧʠʩʘʥʠʠ ʝʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʧʦʟʠʮʠʡ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʛʨʫʥʪʝ ʟʦʥ ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʭʘʨʘʢʪʝʨ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʟʦʥ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʚʷʟʥʦʤ 

ʛʨʫʥʪʝ ʩ ʨʦʩʪʦʤ ʥʘʛʨʫʟʢʠ ʥʘ ʩʚʘʡʥʳʡ ʬʫʥʜʘʤʝʥʪ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʟʦʥ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʥʘʛʨʫʟʢʝ ʈ=1000 ʢʅ ʚ ʧʣʦʩʢʦʩʪʠ ʦʩʪʨʠʷ ʩʚʘʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʥʘ ʩʚʘʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʘʶʪʩʷ ʚ ʨʘʙʦʪʫ ʫʰʠʨʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ ʩʪʚʦʣʘ, ʧʨʠ ʈ=1500 ʢʅ 

ʟʦʥʳ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʰʠʨʝʥʠʡ.  

ʍʘʨʘʢʪʝʨ ʟʘʨʦʞʜʝʥʠʷ ʟʦʥ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʥʝʩʚʷʟʥʦʤ ʛʨʫʥʪʝ ʥʝʩʢʦʣʴʢʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʚʷʟʥʦʛʦ (ʨʠʩ. 9). ɿʘʨʦʞʜʝʥʠʝ ʦʙʣʘʩʪʝʡ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚ 
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ɸʥʥʦʪʘʮʠʷ 

ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʧʦ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ   (ʩʚʘʠ 

ʕʈʊ) ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʫʩʠʣʝʥʠʠ ʦʩʥʦʚʘʥʠʡ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʠ 

ʘʚʘʨʠʡʥʳʭ ʟʜʘʥʠʡ. ʉʚʘʠ ʕʈʊ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʤʠ ʠ ʙʫʨʦʥʘʙʠʚʥʳʤʠ 

ʩʚʘʷʤʠ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʢʘʢ ʧʦ ʛʨʫʥʪʫ, ʪʘʢ ʠ  ʧʦ ʤʘʪʝʨʠʘʣʫ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʩʣʫʯʘʠ ʠʟ ʩʪʨʦʠʪʝʣʴʥʦʡ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ 

ʬʫʥʜʘʤʝʥʪʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʨʧʫʩʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʢʫʟʥʝʯʥʦ-

ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʮʝʭʘ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʝʪʘʣʝʡ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʢʪʦʨʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ ʫʜʘʣʦʩʴ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʥʘ 

ʵʪʠʭ ʦʙʲʝʢʪʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʕʈʊ), 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ ʩʚʘʷ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʢʘʨʢʘʩ, ʢʫʟʥʝʯʥʳʡ ʤʦʣʦʪ, ʤʦʩʪʦʚʦʡ ʢʨʘʥ. 

 

Abstract 

Bored-injection piles manufactured with the discharge-pulse technology (DPT piles) have 

shown high performance in reinforcing the foundations of renovated buildings and constructions in 

dangerous state. DPT bored-injection piles have increased soil dynamic capacity and material bearing 

capacity values compared with other types of bored-injection piles and auger placed pressure-injected 

concrete piles. The article presents a geotechnical cases study for reinforcing the foundation bases of 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -39- 

 

passenger cars production sites and forge shop for undercarriage parts of track-laying tractors. DPT 

bored-injection piles made it possible to prevent emergencies at these facilities. 

Keywords: bearing capacity, discharge-pulse technology (DPT), bored-injection pile, 

reinforced concrete frame, forge hammer, overhead crane. 

 

ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʙʝʟʘʚʘʨʠʡʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʩʝʭ ʵʪʘʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʟʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʜʘʥʠʡ  ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʥʘʛʨʫʟʦʢ ʩʚʝʨʭ ʧʨʦʝʢʪʥʳʭ ʚʝʣʠʯʠʥ. 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ˉ1 ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʦʜʥʦʵʪʘʞʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʨʧʫʩʘ ʧʦ ʚʳʧʫʩʢʫ ʣʝʛʢʦʚʳʭ  ʘʚʪʦʤʦʙʠʣʝʡ. ʈʝʢʦʥʩʪʨʫʠʨʫʝʤʦʝ ʟʜʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʵʪʘʞʥʦʝ ʢʘʨʢʘʩʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʩ ʤʦʥʦʣʠʪʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ 

ʩʪʦʣʙʯʘʪʳʤʠ ʬʫʥʜʘʤʝʥʪʘʤʠ, ʩʙʦʨʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʢʦʣʦʥʥʘʤʠ ʠ ʩʙʦʨʥʳʤʠ 

ʩʪʨʦʧʠʣʴʥʳʤʠ ʬʝʨʤʘʤʠ ʧʨʦʣʝʪʦʤ 24,0 ʤ ʠ 18,0 ʤ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʨʧʫʩ ʠʤʝʝʪ ʨʘʟʤʝʨʳ ʚ 

ʧʣʘʥʝ (ʩʤ. ʨʠʩ.1ʘ) ʚ ʦʩʷʭ ɻõɾ ʠ 3õ23 ï 66,0Ĭ120,0 ʤ ʩ ʜʚʫʤʷ ʧʨʦʣʝʪʘʤʠ ʧʦ 24,0 ʤ ʠ ʦʜʥʠʤ 

ʧʨʦʣʝʪʦʤ 18,0 ʤ. ʐʘʛ ʢʦʣʦʥʥ ʚʜʦʣʴ ʙʫʢʚʝʥʥʳʭ ʦʩʝʡ ï 12,0 ʤ. ɺ ʢʘʞʜʦʤ ʧʨʦʣʝʪʝ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʦ 2 ʤʦʩʪʦʚʳʭ ʢʨʘʥʘ.   ɺ ʧʨʦʣʝʪʘʭ ɻ/ɼ ʠ ɼ/ɽ ʧʦ ʜʚʘ ʢʨʘʥʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 

ʧʦ 500 ʢʅ, ʘ ʚ ʧʨʦʣʝʪʝ ɽ/ɾ ï 2 ʢʨʘʥʘ ʧʦ 200 ʢʅ.  

ɺ 2000 ʛ. ʥʘʯʘʣʠʩʴ ʧʨʦʙʣʝʤʳ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʢʦʨʧʫʩʘ. ʇʨʠ ʥʘʠʙʦʣʝʝ ʥʝʚʳʛʦʜʥʳʭ 

ʩʦʯʝʪʘʥʠʷʭ ʢʨʘʥʦʚʳʭ ʥʘʛʨʫʟʦʢ  ʦʙʥʘʨʫʞʝʥʳ ʧʝʨʝʢʦʩʳ ʧʦʜʢʨʘʥʦʚʳʭ ʧʫʪʝʡ. ʇʝʨʝʧʘʜʳ ʠʤʝʶʪ 

ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʪ.ʝ. ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʡ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳ.   ɺʳʩʦʢʦʪʦʯʥʳʝ 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʩʘʜʢʘʤʠ ʬʫʥʜʘʤʝʥʪʦʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʣʦʥʥ ʧʦʜʪʚʝʨʜʠʣʠ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʦʩʪʠʛʘʶʱʠʭ ʜʦ 150 ʤʤ. ʅʘ ʫʯʘʩʪʢʘʭ ʩ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ  ʟʥʘʯʝʥʠʷʤʠ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʦʩʘʜʦʢ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʦʩʪʦʚʳʭ ʢʨʘʥʦʚ ʩʪʘʣʘ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʣʘ ʧʨʝʜʘʚʘʨʠʡʥʘʷ  ʩʠʪʫʘʮʠʷ ʧʨʠ ʢʦʪʦʨʦʡ ʜʘʣʴʥʝʡʰʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʨʧʫʩʘ  ʩʪʘʣʘ ʦʧʘʩʥʦʡ. 

ʊʝʭʥʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʝʡ ʚʦ ʛʣʘʚʝ ʩ ʛʣʘʚʥʳʤ ʘʨʭʠʪʝʢʪʦʨʦʤ ʟʘʚʦʜʘ ʧʦʨʫʯʝʥʦ ʩʨʦʯʥʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ  ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʨʝʜʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʦʙʲʝʢʪʝ.  ʆʥʘ 

ʦʙʨʘʪʠʣʘʩʴ ʢ ʆʆʆ ʅʇʌ çʌʆʈʉʊè ʩ ʧʨʦʩʴʙʦʡ ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʫ ʜʝʬʦʨʤʘʮʠʡ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 
ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʙʣʝʤʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʨʧʫʩʘ. 

ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʫʢʨʝʧʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʤʠ 

ʩʚʘʷʤʠ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʤʠ ʧʦ ʨʘʟʨʷʜʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ) 

[1, 2, 3, 4, 5, 6, 7 - 21] ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʝʜʝʥʠʝʤ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ.  

ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʩ ʧʦʚʝʨʭʥʦʩʪʠ  ʥʘʩʳʧʥʳʤʠ ʛʨʫʥʪʘʤʠ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 2,0 ʤ., ʥʠʞʝ ʟʘʣʝʛʘʶʪ ʩʫʧʝʩʠ ʧʣʘʩʪʠʯʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʜʦ 5,5 ʤ ʪʦʣʱʠʥʦʡ. 

ɼʘʣʝʝ ʟʘʣʝʛʘʝʪ ʛʣʠʥʘ ʪʚʝʨʜʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 2 ʤ. ʇʦʜʩʪʠʣʘʶʱʠʤ ʩʣʦʝʤ ʩʣʫʞʘʪ 

ʤʝʣʢʠʝ ʧʝʩʢʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ. 

ɸʥʘʣʠʟ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ 

ʧʨʠʯʠʥʘ ʜʝʬʦʨʤʘʮʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ï ʪʠʢʩʦʪʨʦʧʠʷ (ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʫʥʪʘ ʨʘʟʞʠʞʘʪʴʩʷ ʦʪ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʚʷʟʢʦʩʪʴ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ) ʛʨʫʥʪʦʚ ʥʝʩʫʱʝʛʦ ʩʣʦʷ. 

ʇʝʩʢʠ ʧʦʜʚʝʨʞʝʥʳ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʨʘʞʝʥʳ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʦʪ ʤʦʩʪʦʚʳʭ ʢʨʘʥʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʜʝʡʩʪʚʫʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʢʨʘʥʦʚ ʥʘ ʦʩʥʦʚʘʥʠʝ ʧʦ ʢʦʥʢʨʝʪʥʦʡ ʦʩʠ, ʪʦ ʚ ʵʪʦʤ ʤʝʩʪʝ ʚʦʟʥʠʢʘʝʪ ʫʯʘʩʪʦʢ 

ʨʘʟʞʠʞʝʥʠʷ, ʘ ʥʘ ʜʨʫʛʠʭ ʦʩʷʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʢʨʘʥʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʦʩʥʦʚʘʥʠʝ 

ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ.     

ʊʝʤ ʩʘʤʳʤ ʬʫʥʜʘʤʝʥʪʳ ʧʦʜ ʢʦʣʦʥʥʳ çʪʦʥʫʪè ʧʦ ʦʯʝʨʝʜʠ, ʫʚʝʣʠʯʠʚʘʷ ʢʨʝʥʳ ʢʘʨʢʘʩʘ, 

ʯʪʦ ʫʩʫʛʫʙʣʷʝʪ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʨʘʥʦʚ. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʜʝʬʦʨʤʘʮʠʠ ʬʫʥʜʘʤʝʥʪʦʚ ʧʨʝʢʨʘʱʘʶʪʩʷ.  

ʉʦʛʣʘʩʥʦ ʧʦʨʫʯʝʥʠʶ ʢʦʤʠʩʩʠʠ ʆʆʆ ʅʇʌ çʌʆʈʉʊè ʨʘʟʨʘʙʦʪʘʣʦ ʧʨʦʝʢʪ ʫʩʠʣʝʥʠʷ 

ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ. ʉʚʘʠ Ï 200 ʠ ʜʣʠʥʦʡ 12,0 



-40- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʨʦʥʠʟʳʚʘʶʪ ʥʠʞʥʶʶ ʩʪʫʧʝʥʴ ʩʪʦʣʙʯʘʪʳʭ ʬʫʥʜʘʤʝʥʪʦʚ. ʅʝʩʫʱʠʤ ʩʣʦʝʤ ʧʷʪʳ ʩʚʘʡ ʷʚʣʷʶʪʩʷ 

ʧʝʩʢʠ ʤʝʣʢʠʝ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ.  ʂʦʣʠʯʝʩʪʚʦ ʩʚʘʡ ʕʈʊ ʧʦʜ ʨʘʟʥʳʝ ʬʫʥʜʘʤʝʥʪʳ ʦʪʣʠʯʘʝʪʩʷ. ʊʘʢ 

ʧʦ ʦʩʠ çɾè - 6 ʰʪ.; ʧʦ ʦʩʠ çɽè - 14 ʰʪ.; ʧʦ ʦʩʠ çɼè - 18 ʰʪ.; ʧʦ ʦʩʠ çɻè - 10 ʰʪ. (ʨʠʩ. 1ʘ).  ʅʘ 

ʨʠʩ. 1ʙ ʧʨʠʚʝʜʝʥ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʠʚʷʟʢʦʡ  ʬʫʥʜʘʤʝʥʪʦʚ, ʘ ʥʘ ʨʠʩ. 1 

ʚ ʬʨʘʛʤʝʥʪ ʧʣʘʥʘ ʩʚʘʡ ʕʈʊ  ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ.  

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʩʠʣʝʥʠʶ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʤʦʩʪʦʚʳʭ  

ʢʨʘʥʦʚ ʠ ʚʩʝʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʘ ʧʨʝʩʩʦʚʦʛʦ ʢʦʨʧʫʩʘ ʚ ʮʝʣʦʤ.  

ɻʝʦʪʝʭʥʠʯʝʩʢʠʡ  ʤʦʥʠʪʦʨʠʥʛ  ʟʘ ʜʝʬʦʨʤʘʮʠʝʡ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʧʦʜʪʚʝʨʜʠʣ ʠʭ 

ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʩʚʘʡ ʕʈʊ. 
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ʈʠʩʫʥʦʢ 1.ʘ - ʇʣʘʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ; 

ʙ ï ʉʝʯʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘ ʚ ʦʩʷʭ ɼ/12 ʩ ʧʨʠʚʷʟʢʦʡ ʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ; ʚ ï ʧʣʘʥ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ 

ʩʚʘʡ-ʕʈʊ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʚ ʦʩʷʭ ɹ/5. 

1 -  ʥʘʩʳʧʥʦʡ ʛʨʫʥʪ;  2  - ʩʫʛʣʠʥʦʢ ʧʦʣʫʪʚʝʨʜʳʡ; 3 ï ʩʫʧʝʩʴ; 4 ï ʛʣʠʥʘ ʪʚʝʨʜʘʷ; 5 ï ʧʝʩʢʠ ʤʝʣʢʠʝ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ. 

 

ɺʪʦʨʦʡ ʩʣʫʯʘʡ ʫʩʧʝʰʥʦʛʦ  ʧʨʠʤʝʥʝʥʠʷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ-ʕʈʊ  ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʟʜʘʥʠʷ ʢʫʟʥʝʯʥʦ-ʰʪʘʤʧʦʚʦʯʥʦʛʦ  ʮʝʭʘ (ʂʐʎ) ʘʛʨʝʛʘʪʥʦʛʦ ʟʘʚʦʜʘ ʚ ʛ. 

ʏʝʙʦʢʩʘʨʳ. ɹʣʘʛʦʜʘʨʷ ʚʦʟʜʝʡʩʪʚʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʦʪ 10 ʢʫʟʥʝʯʥʳʭ ʤʦʣʦʪʦʚ ʟʜʘʥʠʝ 

ʧʨʠʰʣʦ ʚ ʘʚʘʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʘ ʚʩʝʭ ʢʠʨʧʠʯʥʳʭ ʩʪʝʥʘʭ ʦʛʨʘʞʜʝʥʠʷ ʧʦʷʚʠʣʠʩʴ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʪʨʝʱʠʥʳ ʠʤʝʶʱʠʝ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ. ʇʦʷʚʠʚʰʘʷʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʜʝʬʦʨʤʘʮʠʡ ʢʘʨʢʘʩʘ ʧʨʠʚʝʣʘ ʢ ʩʙʦʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʩʪʦʚʳʭ ʢʨʘʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ ʨʘʟʤʝʨʳ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -41- 

 

ʧʣʦʱʘʜʦʢ ʦʧʠʨʘʥʠʡ ʧʣʠʪ ʧʦʢʨʳʪʠʡ,  ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʬʝʨʤ ʠ ʧʦʜʢʨʘʥʦʚʳʭ ʧʫʪʝʡ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʫʤʝʥʴʰʠʣʠʩʴ ʜʦ ʚʝʣʠʯʠʥ ʙʣʠʟʢʠʭ ʢ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦʜ ʵʛʠʜʦʡ ʫʧʨʘʚʣʝʥʠʷ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘʚʦʜʘ ʧʦʨʫʯʠʣʘ ʆʆʆ ʅʇʌ çʌʆʈʉʊè ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʶʱʠʝ: 1) ʦʙʩʣʝʜʦʚʘʥʠʝ   ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʟʜʘʥʠʷ; 2) 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʡ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʫʟʥʝʯʥʳʭ ʤʦʣʦʪʦʚ ʥʘ ʟʜʘʥʠʝ ʮʝʭʘ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʩʦʦʨʫʞʝʥʠʷ; 3) ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʙʦʪ ʧʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʟʜʘʥʠʷ ʂʐʎ. 

ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠ ʧʨʠʝʤʣʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ 

ʙʳʣʘ ʧʨʠʥʷʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ ʩʚʘʷ,   ʠʟʛʦʪʘʚʣʠʚʘʝʤʘʷ ʧʦ ʨʘʟʨʷʜʥʦ-

ʠʤʧʫʣʴʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʩʚʘʷ ʕʈʊ). ʉʚʘʷ ʕʈʊ [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 

20, 21] ʦʙʣʘʜʘʷ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʤʠ ʩʚʘʷʤʠ ʙʝʟ 

ʫʧʣʦʪʥʝʥʠʷ  ʩʪʝʥʦʢ ʩʢʚʘʞʠʥ ʠ ʙʫʨʦʥʘʙʠʚʥʳʤʠ ʩʚʘʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʨʠʤʝʨʥʦ ʚ 1,5õ1,8 ʨʘʟʘ, ʢʘʢ ʧʦ ʛʨʫʥʪʫ, ʪʘʢ ʠ ʧʦ ʪʝʣʫ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʢʦʤʧʘʢʪʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʠʭ ʚ  ʪʝʣʝ ʫʩʠʣʠʚʘʝʤʦʛʦ ʬʫʥʜʘʤʝʥʪʘ.   

ʇʨʦʝʢʪʦʤ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʩʠʣʝʥʠʝ ʦʩʥʦʚʘʥʠʡ 

ʬʫʥʜʘʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʠ ʢʫʟʥʝʯʥʳʭ ʤʦʣʦʪʦʚ ˉ1,3 ʩ ʤʘʩʩʦʡ ʫʜʘʨʥʳʭ ʯʘʩʪʝʡ   Q=30 ʢʅ ʠ ˉ5,7 ʩ 

ʤʘʩʩʦʡ ʫʜʘʨʥʳʭ ʯʘʩʪʝʡ Q=50 ʢʅ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥ ʧʣʘʥ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ 

ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ ʮʝʭʘ ʠ ʢʫʟʥʝʯʥʳʭ ʤʦʣʦʪʦʚ ˉ1,3,5,7. 

ɿʜʘʥʠʝ ʢʫʟʥʝʯʥʦ-ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʮʝʭʘ ʏʝʙʦʢʩʘʨʩʢʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʟʘʚʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʢʘʨʢʘʩʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʩ ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʘʥʝ ʚ ʦʩʷʭ (ɸõɽ)/(1õ20) ï 30,0Ĭ114,0 ʤ. ʌʫʥʜʘʤʝʥʪʳ 

ʟʜʘʥʠʷ ʤʦʥʦʣʠʪʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʦʞʝʥʠʷ 2,5 ʤ. ʂʦʣʦʥʥʳ - ʩʙʦʨʥʳʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʜʚʫʭʚʝʪʚʦʚʳʝ.  ʂʦʥʩʪʨʫʢʮʠʠ ʧʦʢʨʳʪʠʷ  - ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʨʝʙʨʠʩʪʳʝ ʧʣʠʪʳ 

ʧʦʢʨʳʪʠʷ ʧʦ ʩʪʘʣʴʥʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʬʝʨʤʘʤ. ɺ ʮʝʭʫ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʜʝʩʷʪʴ ʢʫʟʥʝʯʥʳʭ 

ʤʦʣʦʪʦʚ. 

 

 
ʈʠʩʫʥʦʢ 2. ʇʣʘʥ ʩʚʘʡʥʦʛʦ ʧʦʣʷ ʠʟ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʠ 

ʢʫʟʥʝʯʥʳʭ ʤʦʣʦʪʦʚ ˉˉ1,3,5,7. 

 

ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ  ʦʪ 
ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʳʧʥʳʤʠ ʛʨʫʥʪʘʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 2,0 ʤ, ʥʠʞʝ ʟʘʣʝʛʘʝʪ ʩʫʛʣʠʥʦʢ 

ʪʫʛʦʧʣʘʩʪʠʯʥʳʡ ʤʦʱʥʦʩʪʴʶ 3õ3,5 ʤ. ʅʠʞʝ ʧʦʜʩʪʠʣʘʝʪʩʷ ʩʫʛʣʠʥʦʢ ʤʷʛʢʦʧʣʘʩʪʠʯʥʳʡ, ʧʦʜ 

ʢʦʪʦʨʳʤ ʟʘʣʝʛʘʝʪ ʛʣʠʥʘ ʘʣʝʚʨʠʪʦʚʘʷ ʪʫʛʦʧʣʘʩʪʠʯʥʘʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ,  ʘ ʥʘ ʨʠʩ. 3 ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʠʚʷʟʢʦʡ ʬʫʥʜʘʤʝʥʪʦʚ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ 

ʠ ʢʫʟʥʝʯʥʦʛʦ  ʤʦʣʦʪʘ ˉ3. 
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ʊʘʙʣʠʮʘ 1. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ 

ˉ ʩʣʦʝʚ 
ʋʜʝʣʴʥʳʡ ʚʝʩ, 

ɔ, ʢʅ/ʤ
3 

ʇʦʢʘʟʘʪʝʣʴ 

ʪʝʢʫʯʝʩʪʠ, 

IL, ʜ.ʝ 

ʋʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ, 

ű, ʛʨʘʜ 

ʋʜʝʣʴʥʦʝ 

ʩʮʝʧʣʝʥʠʝ, ʉ, 

ʢʇʘ 

ʄʦʜʫʣʴ ʦʙʱʝʡ 

ʜʝʬʦʨʤʘʮʠʠ, 

ɽ0, ʢʇʘ 

1 Ro = 100 ʢʇʘ 

2 18,5 0,45 27
Ü 

40 6500 

3 19,01 0,58 20
Ü 

15 5400 

4 21,0 0,15 32 45 12500 

 

 
ʈʠʩʫʥʦʢ 3. ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʠʚʷʟʢʦʡ ʟʘʛʣʫʙʣʝʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ: 1 ï ʬʫʥʜʘʤʝʥʪ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ; 2 ï ʬʫʥʜʘʤʝʥʪ ʢʫʟʥʝʯʥʦʛʦ ʤʦʣʦʪʘ;    3 ï ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠï

ʕʈʊ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʢʘʨʢʘʩʘ;   4 - ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ï ʕʈʊ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ 

ʬʫʥʜʘʤʝʥʪʦʚ ʢʫʟʥʝʯʥʳʭ ʤʦʣʦʪʦʚ;  ç1è  ï ʥʘʩʳʧʥʦʡ ʩʣʦʡ;  ç2è ï ʩʫʛʣʠʥʦʡ ʪʫʛʦʧʣʘʩʪʠʯʥʳʡ; ç3è ï ʩʫʛʣʠʥʦʢ 

ʤʷʛʢʦʧʣʘʩʪʠʯʥʳʡ;  ç4è ï ʛʣʠʥʘ ʘʣʝʚʨʠʪʠʩʪʘʷ ʪʫʛʦʧʣʘʩʪʠʯʥʘʷ. 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʨʘʙʦʪ ʧʦ ʫʩʠʣʝʥʠʶ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʠ ʤʦʣʦʪʦʚ  

ʧʨʦʠʟʚʦʜʠʣʘ ʆʆʆ ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʬʠʨʤʘ çʌʆʈʉʊè. ɺʦʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʦ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʩʣʝ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʛʝʦʪʝʭʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ.  

ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʫʟʥʝʯʥʳʭ 
ʤʦʣʦʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʝ [1]. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʬʝʚʨʘʣʝ  2002 ʛ. ʚ ʤʦʣʦʪʦʚʦʤ ʦʪʜʝʣʝʥʠʠ ʂʐʎ ʏʝʙʦʢʩʘʨʩʢʦʛʦ 

ʘʛʨʝʛʘʪʥʦʛʦ ʟʘʚʦʜʘ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʢʦʣʝʙʘʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʤʦʣʦʪʦʚ ˉˉ1,3,5,7 ʠ ˉ6  ʚ ʦʩʷʭ 

12-13. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʨʘʙʦʪʘʣʠ ʤʦʣʦʪʘ ˉˉ2,4,10,  ʯʪʦ ʥʝ ʦʢʘʟʳʚʘʣʦ ʚ ʪʦʯʢʘʭ 

ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɺʳʙʦʨ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ 

ʦʧʨʝʜʝʣʷʣʩʷ ʠʭ ʙʣʠʟʦʩʪʴʶ ʢ ʤʝʩʪʫ ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ ʤʦʣʦʪʘ ʚ ʦʩʷʭ 16-17. 

ʀʩʩʣʝʜʦʚʘʥʠʷ [1] ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʩʚʘʡʥʦʝ ʧʦʣʝ ʠʟ ʩʚʘʡ ʕʈʊ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧ. 1.21 ʉʅʠʇ 2.02.05-87 "ʄʘʰʠʥʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ". ʉʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʧʦʜ ʧʦʜʦʰʚʦʡ ʫʩʣʦʚʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʢʦʣʦʥʥ  ʩʦʩʪʘʚʣʷʝʪ 240 ʢʇʘ, ʯʪʦ ʤʝʥʴʰʝ 

ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ 330 ʢʇʘ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ  ʜʦʧʫʩʪʠʤʦʩʪʴ 

ʠʤʝʶʱʠʭʩʷ ʚʠʙʨʘʮʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʘʜʦʢ ʬʫʥʜʘʤʝʥʪʦʚ 

ʢʦʣʦʥʥ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʠʣʝʥʠʝ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʠ ʢʫʟʥʝʯʥʳʭ ʤʦʣʦʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʧʦʟʚʦʣʠʣʠ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʘʚʘʨʠʡʥʫʶ ʩʠʪʫʘʮʠʶ ʟʜʘʥʠʷ 

ʢʫʟʥʝʯʥʦ-ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʮʝʭʘ. 
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ɺʳʚʦʜ: 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʜʚʘ ʫʜʘʯʥʳʭ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ (ʧʨʝʜʘʚʘʨʠʡʥʳʭ) ʩʦʩʪʦʷʥʠʡ ʢʘʨʢʘʩʘ ʟʜʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʪʠʭ ʩʚʘʡ ʚ ʢʘʯʝʩʪʚʝ ʩʚʘʡ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ  ʧʦʟʚʦʣʠʣʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʵʪʠʭ ʟʜʘʥʠʡ 

ʧʨʠʚʝʜʷ ʠʭ ʚ ʙʝʟʘʚʘʨʠʡʥʳʝ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʩʦʩʪʦʷʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ  ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʛʝʦʪʝʭʥʠʯʝʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʨʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʥʝʰʥʠʭ 

ʥʘʛʨʫʟʢʘʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ  ʥʘ ʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʚʩʝʛʜʘ 

ʦʧʨʘʚʜʘʥʥʦ. ʏʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʘʩʪʦʷʪʝʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʩʧʦʩʦʙʦʚ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ  

ʥʘʣʠʯʠʝʤ ʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʩʣʘʙʳʭ ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʣʦʝʚ ʩ ʥʝʫʩʪʦʡʯʠʚʳʤʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ ʫʩʠʣʝʥʠʠ ʪʘʢʠʭ ʦʩʥʦʚʘʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʚʘʡ ʧʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʪʨʝʥʠʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʱʝʝ 

ʠʭ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʛʨʫʥʪʫ,  ʜʦʩʪʠʛʘʶʱʠʝ ʠʥʦʛʜʘ ʜʦ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ. ʕʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʩʘʜʢʘʤ ʚʦʟʚʦʜʠʤʦʛʦ ʠ ʚʦʟʚʝʜʝʥʥʳʭ ʚ ʟʦʥʝ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ ʦʙʲʝʢʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʘʡ ʕʈʊ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʷʭ ʫʩʧʝʰʥʦ ʨʝʰʘʝʪ ʤʥʦʛʠʝ 

ʩʣʦʞʥʳʝ ʛʝʦʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʪʝʭʥʠʯʝʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʛʨʫʥʪʦʙʝʪʦʥʥʘʷ ʩʚʘʷ, 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʕʈʊ, ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ ʩʚʘʷ ʕʈʊ, ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ, 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʫʰʠʨʝʥʠʷ (ʧʦʜʧʷʪʥʠʢʠ), çʫʭʦʜʳè. 

 

Abstract 

The issue of foundations with increased bearing capacity is constantly a current challenge for 

modern geotechnical construction. The use of conventional technologies may not be feasible if the 

external loads transferred to foundations are significant. There is often a critical need for non-standard 

methods of foundations reinforcement. In many cases, the geotechnical situation is aggravated by the 

presence of weak underlaying bases with unstable physical and mechanical characteristics in 

geotechnical cross-sections. When reinforcing such foundations with standard piles, this can result in 

negative resistance, significantly reducing dynamic pile capacity that can reach zero values. This can 

lead to additional settlement of the facilities being constructed and already existing in the area of 

geotechnical impact. The use of bored injection piles successfully solves many complex geotechnical 

issues in most cases. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -45- 

 

Keywords: geotechnical construction, soil-concrete pile, discharge-pulse technology (DPT), 

DPT bored injection pile, DPT ground anchorage, intermediate pile extensions (base plates), 

"displacements". 

 

ʕʣʝʢʪʨʦʨʘʟʨʷʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʙʣʘʜʘʷ ʨʷʜʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-ʩʢʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚ [1-10, 11. 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24] ʰʠ-ʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ ʚ ʩʚʘʡʥʳʭ ʧʦʣʷʭ, ʩʚʘʡ 

ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʠ ʬʫʥʜʘʤʝʥʪʦʚ, ʟʘʢʨʝʧʣʝ-ʥʠʷ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ, ʩʢʣʦʥʦʚ, ʧʨʠ 

ʫʩʪʨʦʡʩʪʚʝ ʥʘʛʝʣʝʡ ʠ ʪ.ʜ. ʊʝʭʥʦʣʦʛʠ-ʯʝʩʢʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʝʝ ʷʚʣʷʝʪʩʷ ʚʟʨʳʚʦʦʙʨʘʟʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝ-ʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʠ  ʜʦʩʪʠʞʝʥʠʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ 

ʰʠʨʠʥʦʡ ʧʝ-ʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʧʦʨʷʜʢʘ 10-9 ʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʜʲʸʤʘ ʜʘʚʣʝʥʠʷ ʜʦ 1018ʇʘ/ʩ. 

ʕʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʫʜʘʨ ʥʘ ʛʨʫʥʪ ʩʪʝʥʦʢ ʙʫʨʦʚʦʡ ʩʢʚʘʞʠʥʳ, ʟʘʧʦʣʥʝʥʥʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ 

ʙʝʪʦʥʦʤ, ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʩʪʘʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʥʝʛʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ  ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʢʠʭ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ ʚ ʛʨʫʥʪʝ ʟʘʨʦʞ-ʜʘʝʪʩʷ ʧʦʣʦʩʪʴ ʠ ʟʘ ʩʯʝʪ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ  

ʤʛʥʦʚʝʥʥʦ ʟʘʧʦʣʥʷʝʪʩʷ  ʤʝʣʢʦʟʝʨʥʠ-ʩʪʳʤ ʙʝʪʦʥʦʤ. ʊʝʤ ʩʘʤʳʤ ʚʦʟʥʠʢʘʝʪ ʫʰʠʨʝʥʠʝ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ ʧʦ ʚʳʩʦ-ʪʝ ʩʚʘʠ ʕʈʊ. ʕʪʦ ʫʰʠʨʝʥʠʝ ʜʘʣʝʝ ʥʘʟʦʚʝʤ çʧʦʜʧʷʪʥʠʢʦʤè [11. 12, 

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,   ʚʦʟʥʠʢʰʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʧʦ-ʨʘ 

ʥʘʯʠʥʘʝʪ ʩʪʘʪʠʯʝʩʢʠ ʨʘʙʦʪʘʪʴ  ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʚʘʡ  ʧʦ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʰʠʨʝʥʠʷ, 

ʫʚʝʣʠʯʠʚʘʷ ʝʝ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ  ʧʦ ʛʨʫʥʪʫ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘ-ʨʘʤʝʪʨʳ ʬʦʨʤʳ ʫʰʠʨʝʥʠʷ 

ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʩʬʝʨʫ. ʇʘ-ʨʘʤʝʪʨʳ ʩʬʝʨʳ ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ 

ʜʠʘʤʝʪʨ d ʠ ʝʝ ʚʳʩʦʪʘ h ʟʘʚʠʩʷʪ ʦʪ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʘʨʘ, ʧʦʨʠʩʪʦʩʪʠ, 

ʚʣʘʞʥʦʩʪʠ ʠ ʚʠʜʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʨʫʥʪʘ. ɼʠʘʤʝʪʨ ʫʰʠʨʝʥʠʷ d ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʚʝʣʠʯʠʥʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʚ ʩʢʚʘʞʠʥʝ, ʢʘʢ ʛʦʚʦʨʷʪ 

ʛʝʦʪʝʭʥʠʢʠ ʧʦ çʫʭʦʜʘʤè. ʉʣʝʜʫʝʪ, ʢʦʥʝʯʥʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʳ çʫʭʦʜʦʚè ʚʦ ʚʨʝʤʷ 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʩʚʘʡ ʕʈʊ ʫʨʦʚʝʥʴ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʚʩʝʛʜʘ ʩʣʝʜʫʝʪ ʜʝʨʞʘʪʴ ʥʘ ʦʪʤʝʪʢʝ ʧʦʚʝʨʭʥʦ-ʩʪʠ ʟʝʤʣʠ) ʠ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʷʪʩʷ. çʋʭʦʜʳè ʚʦ ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʜʦ ʥʘʯʘʣʘ 

ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʘ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʦʪ ʥʝʩʢʦʣʴ-ʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. ʇʨʝʞʜʝ 

ʚʩʝʛʦ, ʪʘʢʠʝ ʙʦʣʴʰʠʝ ʧʦʥʠʞʝ-ʥʠʷ ʩʚʷʟʘʥʳ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʛʨʫʥʪʘ ʢʘʢ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʠ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ 
ʵʣʝʢʪʨʦʦʩʤʦʪʠʯʝʩʢʦʛʦ ʚʩʘʩʳʚʘʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʤʦʣʦʢʘ ʚ ʩʪʨʫʢʪʫʨʫ ʛʨʫʥʪʘ. 

    ʉʣʝʜʫʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʙʲʝʤʘʭ ʚʩʘʩʳʚʘʥʠʷ ʮʝʤʝʥʪʥʦʛʦ 

ʤʦʣʦʢʘ ʚ ʧʦʨʳ ʛʨʫʥʪʘ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʘʠ ʕʈʊ ʧʦʚʳʩʠʣʘʩʴ ʙʳ ʤʥʦʛʦʢʨʘʪʥʦ ʙʣʘʛʦʜʘʨʷ 

ʟʘʜʝʡʩʪʚʦʚʘʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʩʠʚʘ ʛʨʫʥʪʘ, ʪʘʢʠʭ ʢʘʢ ʫʜʝʣʴʥʦʝ ʩʮʝʧʣʝʥʠʝ ʠ 

ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʚ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʩʦ ʩʚʘʝʡ.  ʅʦ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʰʠʚʘʥʠʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʠ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʤʝʥʪʥʳʭ 

ʢʦʣʣʦʠʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʭ ʨʘʟʤʝʨʳ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʨʘʟʤʝʨʳ ʧʦʨ ʛʨʫʥʪʘ.   ʂ 

ʩʦʞʘʣʝʥʠʶ, ʧʦʢʘ ʥʝʪ ʪʝʭʥʦʣʦʛʠʠ, ʚʦʩʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʢʦʤʢʦʚʘʥʠʶ ʮʝʤʝʥʪʥʦʛʦ ʤʦʣʦʢʘ.  ʕʪʦ 

ʚʦʟʤʦʞʥʦ ʥʘ ʤʦʡ ʩʫʙʲʝʢʪʠʚʥʳʡ ʚʟʛʣʷʜ ʪʦʣʴʢʦ ʧʨʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʙʠʧʦʣʝʡ ʚʦʜʳ ʚ ʙʝʪʦʥʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʝʱʝ ʥʘ ʦʜʠʥ  ʘʩʧʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʦʟʤʦʞʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ, ʫʩʠʣʝʥʥʳʭ ʙʫʨʦʚʳʤʠ ʩʚʘʷʤʠ. ɺ ʩʨʝʜʝ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʫʩʪʦʷʣʘʩʴ ʤʥʝʥʠʝ ʪʦʤ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨ ʙʫʨʦʚʦʡ ʩʚʘʠ, ʪʝʤ ʙʦʣʴʰʝ ʝʝ 

ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʛʨʫʥʪʫ.  ɼʘ ʵʪʦ ʪʘʢ. ʅʦ  ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ Fd ʧʦ 

ʛʨʫʥʪʫ ʥʘ ʥʘʰ ʚʟʛʣʷʜ 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, ʪ.ʝ. ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘ ʦʜʥʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʤʝʪʨʘ 

ʙʫʨʦʚʦʡ ʩʚʘʠ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʘʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ 

ʩʚʘʡ ʕʈʊ ʠ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ ʤʦʞʥʦ, ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʙʫʨʦʚʳʭ ʩʚʘʡ ʫʜʝʣʴʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ 

ʥʝʢʦʪʦʨʦʡ ʘʩʠʤʧʪʦʪʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʫʜʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʷʚʣʷʶʪʩʷ çʤʠʢʨʦʩʚʘʠè, ʪ.ʝ. ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ ʜʠʘʤʝʪʨʦʤ ʜʦ 300 ʤʤ, 



-46- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʧʦ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʅʘ ʨʠʩ. 1 ʛʨʘʬʠʢʠ 1-4 ʥʘʛʣʷʜʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʪʦ. 

 

 
ʈʠʩʫʥʦʢ 1 ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ f( ɲN ᵊ) ʠ  f(  ɲ(F_d ) ᵊ), ʛʜʝ F ᵊ_d ï ʫʜʝʣʴʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʢʅ),N ᵊ ⱷ ʫʜʝʣʴʥʘʷ 

ʨʘʩʯʸʪʥʘʷ ʥʘʛʨʫʟʢʘ(ʢʅ), 1 ʠ 2 ï ʛʨʘʬʠʢʠ f(  ɲ(F_d ) ᵊ);  3 ʠ 4 ï ʛʨʘʬʠʢʠ f(  ɲN ᵊ). 

ʇʨʠʤʝʯʘʥʠʷ:300-ʜʠʘʤʝʪʨ ʩʚʘʠ ʕʈʊ; 600,800,1000, 2000, ʜʠʘʤʝʪʨʳ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ (ʤʤ). 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʤʠʢʨʦʩʚʘʡè. ʆʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʈʊ 

ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ, ʢʦʤʙʠʥʠʨʫʷ ʝʝ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʫʩʪʨʦʡʩʪʚʘ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʩʚʘʡ, ʪ.ʝ. GET ʪʝʭʥʦʣʦʛʠʝʡ. ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʜʚʫʭ. 
 

ʊʘʙʣʠʮʘ 1 

ˉˉ 

ʧ/ʧ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ, ʘ ʪʘʢʞʝ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʩʚʘʡ GET 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ  ʪʝʭʥʦʣʦʛʠʠ 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

1 2 3 4 

1 

ʕʣʝʢʪʨʦʨʘʟʨʷʜʥʘʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ 

ʬʫʥʜʘʤʝʥʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

ʊʝʭʥʦʣʦʛʠʷ ʩ ʠʩʧʦʣʴʟʦ-ʚʘʥʠʝʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ  ʕʈʊ 

ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʫʩʠʣʝʥʠʷ 

ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ 

ʘʚʘʨʠʡʥʳʭ, 

ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. ʆʥʘ 

ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ ʩʪʝʩʥʝʥʥʳʭ ʠ 

ʦʩʦʙʦ ʩʪʝʩʥʝʥʥʳʭ  ʫʩʣʦʚʠʷʭ, ʘ 

ʪʘʢʞʝ ʚ ʧʝʨʝʤʝʞʠʚʘʶʱʠʭʩʷ 

ʩʣʘʙʳʭ ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʣʦʝʚ 

 
ʉʭʝʤʘ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ:                           

1 ⱷ ʬʫʥʜʘʤʝʥʪ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ;                     

2 ⱷ ʬʫʥʜʘʤʝʥʪ ʢʫʟʥʝʯʥʦʛʦ ʤʦʣʦʪʘ;                

3  ⱷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ            

ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ 

ʢʘʨʢʘʩʘ; 4 ⱷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ-ʕʈʊ 

ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ 

ʤʦʣʦʪʘ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -47- 

 

ˉˉ 

ʧ/ʧ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ, ʘ ʪʘʢʞʝ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʩʚʘʡ GET 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ  ʪʝʭʥʦʣʦʛʠʠ 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

1 2 3 4 

2 

ʕʣʝʢʪʨʦʨʘʟʨʷʜʥʘʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʫʩʪʨʦʡʩʪʚʘ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

ʚ ʩʚʘʡʥʳʭ ʧʦʣʷʭ 

ʕʪʘ  ʪʝʭʥʦʣʦʛʠʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʧʨʠ-ʤʝʥʝʥʠʷ 

ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʜ 

ʙʦʣʴʰʠʝ ʚʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ, ʘ 

ʪʘʢʞʝ ʢʘʢ ʫʩʠʣʝʥʥʦʝ ʩʚʘʡʥʦʝ 

ʦʩʥʦʚʘʥʠʝ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ 

 
ʉʚʘʡʥʦʝ ʧʦʣʝ ʠʭ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ 

ʕʈʊ: 1ⱷ ʙʝʪʦʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ;     2 ⱷ 

ʚʳʧʫʩʢʠ ʘʨʤʦʢʘʨʢʘʩʘ ʩʚʘʡ ʕʈʊ 

3 

ʕʣʝʢʪʨʦʨʘʟʨʷʜʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

ʢʘʢ ʰʧʫʥʪʦʚʘʷ ʩʪʝʥʢʘ 

ʦʛʨʘʞʜʝʥʠʡ ʢʦʪʣʦʚʘʥʦʚ. 

ʕʪʘ  ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

ʢʘʢ ʢʦʥʩʪʨʫʢʪʠʚ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʦʣʴʥʦʡ ʰʧʫʥʪʦʚʦʡ 

ʩʪʝʥʢʦʡ. ʆʥʘ  ʚ ʦʩʥʦʚʥʦʤ 

ʩʣʫʞʠʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʦʢ ʛʨʫʥʪʘ 

ʥʝʛʣʫʙʦʢʠʭ ʢʦʪʣʦʚʘʥʦʚ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʨʷʜʦʚ ʠʟ ʩʚʘʡ ʕʈʊ ʩʪʝʥʢʘ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʝʥʦʢ ʛʨʫʥʪʘ 

ʢʦʪʣʦʚʘʥʦʚ ʨʘʟʥʳʭ ʛʣʫʙʠʥ. 
 

ʐʧʫʥʪʦʚʘʷ ʩʪʝʥʘ ʦʛʨʘʞʜʝʥʠʷ 

ʢʦʪʣʦʚʘʥʘ ʠʟ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʠ 

ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ ʕʈʊ:                 1 ⱷ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ;                  2 

ⱷ  ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ;                           

3 ⱷ ʫʛʦʣʢʦʚʘʷ ʤʦʥʦʣʠʪʥʘʷ ʞ/ʙ 

ʧʦʜʧʦʨʥʘʷ ʩʪʝʥʘ 

 



-48- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ˉˉ 

ʧ/ʧ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ, ʘ ʪʘʢʞʝ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʩʚʘʡ GET 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ  ʪʝʭʥʦʣʦʛʠʠ 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

1 2 3 4 

4 

ʂʦʤʧʣʝʢʩʥʘʷ ʵʣʝʢʪʨʦ-

ʨʘʟʨʷʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʩʚʘʡ 

ʧʦʚʳʰʝʥʥʦʡ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩ  

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʫʥʪʦʙʝʪʦʥʥʳʭ ʩʚʘʡ GET 

ʂʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ  

ʫʩʪʨʦʡʩʪʚʘ ʩʚʘʡ ʕʈʊ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʫʥʪʦʙʝʪʦʥʥʳʭ ʩʚʘʡ GET 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʟʘʛʣʫʙʣʝʥʥʫʶ 

ʞʝʣʝʟʦʙʝʪʦʥʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʚʳʰʝʥʥʦʡ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

 
ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʛʨʫʥʪʦʙʝʪʦʥʥʦʡ  

ʩʚʘʠ (ɻɹʉ): 1 ⱷ ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʡ 

ʤʘʩʩʠʚ; 2 ⱷ ʩʚʝʞʝʫʣʦʞʝʥʥʳʡ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʙʝʪʦʥ;                                

3 ⱷ  ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʦʙʨʘʙʦʪʘʥʥʳʡ ʠ ʘʨʤʠʨʦʚʘʥʥʳʡ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʙʝʪʦʥ; 4 ⱷ ʚʳʧʫʩʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʨʤʦʢʘʨʢʘʩʘ 

5 

ɻʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʫʩʪʨʦʡʩʪʚʘ  

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʛʨʫʥʪʦʙʝʪʦʥʥʦʡ ʩʚʘʠ 

ʧʦʚʳʰʝʥʥʦʡ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʠ GET 

ʪʝʭʥʦʣʦʛʠʡ 

ʊʝʭʥʦʣʦʛʠʷ ʚʦʩʪʨʝʙʦʚʘʥʘ ʜʣʷ 

ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦ-

ʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

ʧʦʚʳʰʝʥʥʦʡ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ 

ʚ ʦʩʥʦʚʘʥʠʠ ʩʣʘʙʳʭ 

ʧʝʨʝʤʝʞʠʚʘʶʱʠʭʩʷ ʛʨʫʥʪʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ GET  ʜʣʷ 

ʫʩʪʨʦʡʩʪʚʘ ʫʰʠʨʝʥʠʡ 

(ʧʦʜʧʷʪʥʠʢʦʚ)  ʥʘ ʛʣʫʙʠʥʘʭ 

ʥʘʣʠʯʠʷ ʩʣʘʙʳʭ ʀɻʕ ʚʜʦʣʴ ʠʭ 

ʪʦʣʱʠʥ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ 

ʛʨʫʥʪʦʙʝʪʦʥʥʦʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʩʚʘʠ (ɻɹʉ). 

 

 
ɺʨʝʟʢʘ ʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ 

ʨʘʟʨʝʟ ʙʫʨʦʚʦʡ ʛʨʫʥʪʦʙʝʪʦʥʥʦʡ ʩʚʘʠ 

ɻɹʉ ʩ ʤʥʦʛʦʤʝʩʪʥʳʤʠ ʫʰʠʨʝʥʠʷʤʠ: (1)-

(6) ⱷ  ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ (ʀɻʕ); (2),(4) ⱷ  ʩʣʘʙʳʝ ʀɻʕ; 1 

ⱷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʩʪʚʦʣ ʩʚʘʠ; 2,3,4 ⱷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʫʰʠʨʝʥʠʷ(ʧʦʜʧʷʪʥʠʢʠ) 
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ɻʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʦʛʨʘʞʜʝʥʠʷ 

ʩʢʣʦʥʦʚ ʠ ʙʝʨʝʛʦʚ ʚʦʜʦʝʤʦʚ 

ʠ ʨʝʢ ʠʟ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ  

ʛʨʫʥʪʦʙʝʪʦʥʥʦʡ ʩʚʘʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʠ GET 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʦʥʦʣʠʪ-ʥʦʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʦʜʧʦʨʥʦʡ 

ʊʝʭʥʦʣʦʛʠʷ ʠʟ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʛʨʫʥʪʦʙʝʪʦʥʥʦʡ ʩʚʘʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʠ GET 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʦʥʦʣʠʪʥʦʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʦʜʧʦʨʥʦʡ 

ʩʪʝʥʳ ʢʘʢ 

ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʘʷ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -49- 

 

ˉˉ 

ʧ/ʧ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ, ʘ ʪʘʢʞʝ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʩʚʘʡ GET 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ  ʪʝʭʥʦʣʦʛʠʠ 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

1 2 3 4 

ʩʪʝʥʳ ʢʘʢ ʟʘʛʣʫʙʣʝʥʥʘʷ 

ʞʝʣʝʟʦ-ʙʝʪʦʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ. 

ʟʘʚʝʩʘ ʠ ʫʧʦʨ ʤʘʩʩʠʚʘ ʛʨʫʥʪʘ. 

 
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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ʋʩʪʨʦʡʩʪʚʦ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

ʢʘʢ ʛʨʫʥʪʦʚʳʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ  ʥʘʛʝʣʷ 

ʫʢʨʝʧʣʝʥʠʷ ʦʧʦʣʟʥʝʚʦʛʦ 

ʩʢʣʦʥʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʩʣʫʞʠʪ ʜʣʷ 

ʫʢʨʝʧʣʝʥʠʷ ʦʧʦʣʟʥʝʚʦʛʦ ʠ 

ʥʘʛʨʫʞʝʥʥʦʛʦ ʩʢʣʦʥʘ ʩ 

ʧʦʤʦʱʴʶ  ʩʚʘʡ ʕʈʊ, 

ʟʘʢʨʝʧʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ. ʏʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ  ʩ 

ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʫʛʦʣʢʦʚʦʡ ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʦʡ ʩ 

ʫʩʠʣʝʥʥʳʤ ʩʚʘʷʤʠ ʕʈʊ 

ʦʩʥʦʚʘʥʠʝʤ. 

ʇʨʦʪʠʚʦʦʧʦʣʟʥʝʚʘʷ ʟʘʱʠʪʘ ʩʢʣʦʥʦʚ ʠʟ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ ʠ ʥʘʛʝʣʝʡ 

(ʰʧʦʥʦʢ): 1 ⱷ ʩʚʘʠ ʚ ʩʦʩʪʘʚʝ ʧʦʜʧʦʨʥʦʡ 

ʩʝʪʯʘʪʦʡ ʩʪʝʥʳ;                          2 ⱷ 

ʫʛʦʣʢʦʚʘʷ ʩʝʪʯʘʪʘʷ ʧʦʜʧʦʨʥʘʷ ʩʪʝʥʘ; 3  

ⱷ  ʥʘʛʝʣʠ (ʰʧʦʥʢʠ) ʚ ʧʣʦʩʢʦʩʪʠ ʩʜʚʠʛʘ; 4  

ⱷ  ʧʣʦʩʢʦʩʪʴ ʩʜʚʠʛʘ 

 

8 

ʋʩʪʨʦʡʩʪʚʦ ʙʫʨʦʠʥʲʝʢ-

ʮʠʦʥʥʳʭ  ʩʚʘʠ ʕʈʊ ʢʘʢ 

ʩʚʘʡʥʦʝ ʦʩʥʦʚʘʥʠʝ ʧʦʜ 

ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʦʡ ʫʛʦʣʢʦʚʦʡ 

ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʦʡ 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʠʙʦʣʝʝ  

ʚʦʩʪʨʝʙʦʚʘʥʘ ʢʘʢ ʫʧʦʨ 

ʤʘʩʩʠʚʘ ʛʨʫʥʪʘ ʦʪ 

ʦʧʦʣʟʥʝʚʦʛʦ ʠ ʥʘʛʨʫʞʝʥʥʦʛʦ 

ʩʢʣʦʥʘ. ʕʪʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʨʘʙʦʪʘʝʪ ʢʘʢ ʢʦʥʩʦʣʴʥʘʷ 

ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ. ɼʣʷ ʝʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚ 

ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʭʝʤʫ 

ʚʦʟʤʦʞʥʦ ʚʢʣʶʯʝʥʠʝ 

ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ ʕʈʊ ʚ 

ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʨʷʜʦʚ. 
 

ʉʝʯʝʥʠʝ ʧʨʠʩʣʦʥʝʥʥʦʛʦ ʦʪʢʦʩʘ ʩ 

ʧʨʦʪʠʚʦʦʧʦʣʟʥʝʚʳʤ ʠ ʟʘʛʣʫʙʣʝʥʥʳʤʠ 



-50- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ˉˉ 

ʧ/ʧ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ, ʘ ʪʘʢʞʝ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʩʚʘʡ GET 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ  ʪʝʭʥʦʣʦʛʠʠ 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

1 2 3 4 

ɾɹʂ:                                       1  ⱷ  

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ ʩʚʘʷ ʕʈʊ;                          

2 ⱷ ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ; 3  ⱷ  ʫʛʦʣʢʦʚʘʷ 

ʤʦʥʦʣʠʪʥʘʷ ʞ/ʙ ʧʦʜʧʦʨʥʘʷ ʩʪʝʥʘ 
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ʋʩʪʨʦʡʩʪʚʦ ʛʨʫʥʪʦʚʳʭ 

ʘʥʢʝʨʦʚ ʕʈʊ, ʫʩʪʨʘʠʚʘʝʤʳʝ 

ʧʦ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ  ʢʘʢ 

ʟʘʛʣʫʙʣʝʥʥʳʝ ʞʝʣʝʟʦ-

ʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʦʚʤʝʩʪʥʦ ʩʦ ʰʧʫʥʪʦʚʦʡ 

ʩʪʝʥʢʦʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ ʕʈʊ ʚ 

ʩʦʩʪʘʚʝ ʰʧʫʥʪʦʚʦʡ ʩʪʝʥʢʠ ʠʟ 

ʩʚʘʡ ʕʈʊ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʩʦʣʴʥʳʤʠ ʧʦʜʧʦʨʥʳʤʠ 

ʩʪʝʥʘʤʠ. ʆʥʘ ʦʧʪʠʤʘʣʴʥʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʫʥʪʘ ʩʪʝʥʦʢ 

ʢʦʪʣʦʚʘʥʦʚ. 

 
ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʦʛʨʘʞʜʝʥʠʷ 

ʢʦʪʣʦʚʘʥʘ: 1 ⱷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ 

ʕʈʊ; 2 ⱷ ʤʦʥʦʣʠʪʥʳʡ ʞ/ʙ ʦʙʚʷʟʦʯʥʳʡ 

ʧʦʷʩ; 3 ⱷ ʘʥʢʝʨʥʳʡ ʧʦʷʩ; 4 ⱷ ʛʨʫʥʪʦʚʳʝ 

ʘʥʢʝʨʘ ʕʈʊ 
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ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ, 

ʫʩʪʨʘʠʚʘʝʤʳʝ ʧʦ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʠ GET 

ʪʝʭʥʦʣʦʛʠʷʤ ʢʘʢ 

ʟʘʛʣʫʙʣʝʥʥʳʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʝʥʦʢ ʢʦʪʣʦʚʘʥʦʚ ʠ 

ʦʧʦʣʟʥʝʚʳʭ ʩʢʣʦʥʦʚ 

ʊʝʭʥʦʣʦʛʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ ʕʈʊ ʚ 

ʩʦʩʪʘʚʝ ʰʧʫʥʪʦʚʦʡ ʩʪʝʥʢʠ 

ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʩʦʣʴʥʳʤʠ  

ʧʦʜʧʦʨʥʳʤʠ ʩʪʝʥʘʤʠ. ʆʥʘ 

ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʛʨʫʥʪʘ ʩʪʝʥʦʢ ʢʦʪʣʦʚʘʥʦʚ, ʘ 

ʪʘʢʞʝ ʦʧʦʣʟʥʝʚʳʭ ʠ 

ʥʘʛʨʫʞʝʥʥʳʭ ʩʢʣʦʥʦʚ. 

 
ʉʭʝʤʘ ʫʩʠʣʝʥʠʷ ʦʧʦʣʟʥʝʚʦʛʦ ʩʢʣʦʥʘ ʩ 

ʧʦʤʦʱʴʶ ʩʚʘʠ ʕʈʊ ʠ ʛʨʫʥʪʦʙʝʪʦʥʘ: 1 ⱷ 

ʩʚʘʠ ʕʈʊ; 2 ⱷ ʛʨʫʥʪʦʙʝʪʦʥʥʳʡ ʘʥʢʝʨ; 3 ⱷ 

ʫʛʦʣʢʦʚʘʷ ʤʦʥʦʣʠʪʥʘʷ ʞ/ʙ ʧʦʜʧʦʨʥʘʷ 

ʩʪʝʥʘ; 

(1)-(3) ⱷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ 
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ɻʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʫʩʠʣʝʥʠʷ ʦʧʦʣʟʥʝʚʦʛʦ ʩʢʣʦʥʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ  

ʕʈʊ ʠ ʤʦʥʦʣʠʪʥʦʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʫʛʦʣʢʦʚʦʡ 

ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ (ʢʘʢ 

ʚʘʨʠʘʥʪ, ʤʦʥʦʣʠʪʥʳʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ 

ʦʙʚʷʟʦʯʥʳʡ ʧʦʷʩ). 

ʊʝʭʥʦʣʦʛʠʷ ʚʦʩʪʨʝʙʦʚʘʥʘ ʜʣʷ 

ʫʩʪʨʦʡʩʪʚʘ   

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

ʫʢʨʝʧʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ 

ʦʧʦʣʟʥʝʚʦʛʦ ʩʢʣʦʥʘ ʩ 

ʚʦʟʚʝʜʝʥʠʝʤ  ʤʦʥʦʣʠʪʥʦʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ  ʧʦʜʧʦʨʥʦʡ 

ʩʪʝʥʳ. ʉʚʘʠ ʕʈʊ ʤʦʛʫʪ  

ʨʘʟʤʝʱʘʪʴʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʷʜʦʚ. 

 
ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʫʩʠʣʝʥʠʷ ʦʧʦʣʟʥʝʚʦʛʦ 

ʩʢʣʦʥʘ:                                           1 ⱷ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ ʚ ʪʨʠ ʨʷʜʘ; 

2 ⱷ ʚʳʧʫʩʢʠ ʘʨʤʘʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ  ʩʚʘʡ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -51- 

 

ˉˉ 

ʧ/ʧ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ, ʘ ʪʘʢʞʝ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʛʨʫʥʪʦʮʝʤʝʥʪʥʳʭ ʩʚʘʡ GET 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ  ʪʝʭʥʦʣʦʛʠʠ 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

1 2 3 4 
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ɻʝʦʪʝʭʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 
ʫʩʪʨʦʡʩʪʚʘ ʦʛʨʘʞʜʝʥʠʷ 
ʢʦʪʣʦʚʘʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʚ 
ʦʩʥʦʚʘʥʠʠ ʀɻʕ ʧʦʚʳʰʝʥʥʦʡ 
ʧʨʦʯʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

ʊʝʭʥʦʣʦʛʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʙʫʨʦʠʥʴʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ ʚ 
ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ ʦʩʥʦʚʘʥʠʠ 
ʠʥʞʝʥʝʨʥʦ - ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤʠ 
ʧʨʦʯʥʦʩʪʥʳʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 
(ʘʨʛʠʣʣʠʪ, ʘʣʝʚʨʦʣʠʪ), 

ʟʘʱʝʤʣʷʶʱʠʭ ʠʭ, ʚ ʢʘʯʝʩʪʚʝ 
ʦʛʨʘʞʜʝʥʠʷ ʢʦʪʣʦʚʘʥʦʚ ʚ 
ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʨʷʜʦʚ. ʇʦ 
ʚʝʨʭʫ ʩʚʘʡ ʕʈʊ ʫʩʪʨʘʠʚʘʝʪʩʷ 

ʤʦʥʦʣʠʪʥʳʡ 
ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʦʙʚʷʟʦʯʥʳʡ 

ʧʦʷʩ 

 
ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʦʛʨʘʞʜʝʥʠʷ 

ʢʦʪʣʦʚʘʥʘ: 
1 ⱷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ;                   
2 ⱷ ʤʦʥʦʣʠʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ 

ʦʙʚʷʟʦʯʥʳʡ ʧʦʷʩ 

 
ɺʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 
ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʳ ʜʣʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʣʫʙʣʝʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʨʘʟʨʷʜʘ ʠ ʘʧʨʦʙʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʧʦʜʟʝʤʥʦʤ 
ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʠʣʠ ʨʝʢʦʤʝʥʜʦʚʘʪʴ  ʝʝ ʜʣʷ 
ʨʝʰʝʥʠʷ  ʩʣʝʜʫʶʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ   ʟʘʜʘʯ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2 ʥʠʞʝ. 

ʊʘʙʣʠʮʘ 2 
 ̄ ɻʝʦʪʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ 

1 
ʇʨʠ ʫʩʠʣʝʥʠʠ ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʮʝʤʝʥʪʘʮʠʶ ʩʣʘʙʳʭ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

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 ʫʩʠʣʝʥʠʠ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʧʣʘʥʠʨʫʝʤʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ 

4 ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʭ ʢʨʝʥʦʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ 

5 ɼʣʷ  ʧʨʦʪʠʚʦʦʧʦʣʟʥʝʚʦʡ ʟʘʱʠʪʳ ʩʢʣʦʥʦʚ, ʙʝʨʝʛʦʚ ʨʝʢ ʠ ʤʦʨʝʡ 

6 ɼʣʷ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʥʘʩʳʧʝʡ ʩ ʥʝʩʪʘʙʠʣʴʥʳʤ ʙʘʣʣʘʩʪʥʳʤ ʰʣʝʡʬʦʤ 

7 
ɼʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʬʫʥʜʘʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚ 

ʩʣʫʯʘʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ 

8 
ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʧʝʨʝʤʝʞʠʚʘʶʱʠʭʩʷ ʩʣʘʙʳʭ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ 

9 
ʇʨʠ ʫʩʪʨʦʡʩʪʚʝ ʧʦʜʟʝʤʥʳʭ ʵʪʘʞʝʡ ʚ ʙʝʩʧʦʜʚʘʣʴʥʳʭ ʟʜʘʥʠʷʭ, ʫʛʣʫʙʣʝʥʠʷ ʧʦʣʦʚ ʧʦʜʚʘʣʦʚ, ʚʣʝʢʫʱʠʭ 
ʟʘ ʩʦʙʦʡ ʫʩʠʣʝʥʠʷ ʪʝʣʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʫʥʜʘʤʝʥʪʦʚ, ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʪʚʦʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʟʘʚʝ-

ʩ,r ʘ ʪʘʢʞʝ ʮʝʤʝʥʪʘʮʠʠ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥʪʦʚ ʩ ʥʝʩʫʱʠʤ ʩʣʦʝʤ 

10 
ɼʣʷ ʫʩʪʨʦʡʩʪʚʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʧʦʥʦʢ (ʥʘʛʝʣʝʡ) ʧʦ ʛʨʘʥʠʮʝ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ ʧʨʠ ʫʩʠʣʝʥʠʠ 

ʦʧʦʣʟʥʝʚʳʭ ʩʢʣʦʥʦʚ ʩ ʮʝʣʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʭ ʜʝʬʦʨʤʘʮʠʡ 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ  ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʛʝʦʪʝʭʥʠʯʝʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʚʝʣʠʯʝʥʥʳʭ 

ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʢʘʭ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʫʜʝʨʞʠʚʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝ ʚʩʝʛʜʘ ʦʧʨʘʚʜʘʥʦ. ʏʘʩʪʦ ʚʦʟʥʠʢʘʝʪ 

ʥʘʩʪʦʷʪʝʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʧʦʩʦʙʦʚ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʡ. ʏʘʩʪʳ 

ʩʣʫʯʘʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʜʝʨʞʠʚʘʶʱʠʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜ ʥʦʚʳʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʚʥʦʚʴ ʚʦʟʚʦʜʠʤʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭʩʚʘʡ ʕʈʊ ʠ ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ ʕʈʊ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʷʭ ʫʩʧʝʰʥʦ ʨʝʰʘʝʪ 

ʤʥʦʛʠʝ ʩʣʦʞʥʳʝ ʛʝʦʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʫʩʠʣʝʥʠʷ ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʪʝʭʥʠʯʝʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʕʈʊ, 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ ʩʚʘʷ ʕʈʊ, ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ. 

 

Abstract 

The issue of foundations with increased bearing capacity is constantly a current challenge for 

modern geotechnical construction. Considering additional increased external loads on existing 

supporting structures, the use of conventional foundation technologies may not be feasible. There is 

often a critical need for non-standard methods of foundations reinforcement. The use of existing 

reinforced concrete foundation structures for new additional loads from newly constructed facilities is 

common. In this case, the use of discharge-pulse technology (DPT) bored injection piles and DPT 

ground anchorage solves many complex geotechnical issues related to reinforcement of overloaded 

foundations in most cases. 

Keywords: geotechnical construction, discharge-pulse technology (DPT), DPT bored injection 

pile, DPT ground anchorage. 

 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʥʦʚʴ ʚʦʟʚʦʜʠʤʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʣʦʱʘʜʢʘʭ ʩʦ 

ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ ʠ ʩʣʘʙʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ 

ʧʦʜʭʦʜʘ [1-7, 8, 9, 10, 11, 12, 13]. ʏʘʩʪʦ ʧʨʠ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ 

ʫʩʠʣʝʥʥʳʤʠ ʨʘʥʝʝ ʩʢʣʦʥʘʤʠ. ʏʘʱʝ ʚʩʝʛʦ ʦʥʠ ʫʢʨʝʧʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʟʘʛʣʫʙʣʝʥʥʳʭ 



-54- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʢ ʫʜʝʨʞʠʚʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʷʭ ʦʥʠ ʧʦ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʢʦʥʩʦʣʴʥʦʛʦ ʪʠʧʘ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʩʪʝʥ ʦʪ ʨʘʩʢʨʝʧʣʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʜʘʞʝ 

ʥʝʙʦʣʴʰʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʢʘʭ ʦʥʠ ʤʦʛʫʪ ʜʝʬʦʨʤʠʨʤʠʨʦʚʘʪʴʩʷ. ɻʦʚʦʨʠʪʴ ʦ 

ʪʦʤ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʚʦʩʧʨʠʥʷʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʦʟʨʦʩʰʠʝ ʥʘʛʨʫʟʢʠ ʦʪ ʚʥʦʚʴ ʚʦʟʚʦʜʠʤʦʛʦ 

ʦʙʲʝʢʪʘ, ʥʝ ʧʨʠʭʦʜʠʪʩʷ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʧʦʜʭʦʜ ʚ ʚʦʧʨʦʩʘʭ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʮʝʣʝʡ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʢ ʩʢʣʦʥʘ, ʪʘʢ ʠ ʩʘʤʦʡ ʫʜʝʨʞʠʚʘʶʱʝʡ 

ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʢʦʥʩʦʣʴʥʦʡ ʫʛʦʣʢʦʚʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʫʜʝʨʞʠʚʘʶʱʝʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʦʟʨʦʩʰʠʭ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʢʘʭ ʩʪʨʦʷʱʝʛʦʩʷ 

ʧʦʣʦʪʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʫʛʦʣʢʦʚʘʷ ʩʪʝʥʘ ʫʞʝ 

ʙʳʣʘ ʜʝʬʦʨʤʠʨʦʚʘʥʘ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʚʝʨʪʠʢʘʣʠ ʜʦʭʦʜʠʣʘ ʜʦ 950,0 ʤʤ ʧʨʠ ʝʝ ʚʳʩʦʪʝ 5,0 ʤʝʪʨʦʚ. 

ʕʪʫ ʩʪʝʥʫ ʙʳʣʦ ʨʝʰʝʥʦ ʫʩʠʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ ʠ 

ʧʨʝʚʨʘʪʠʪʴ ʠʟ ʢʦʥʩʦʣʴʥʦʡ ʚ ʨʘʩʢʨʝʧʣʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ ʕʈʊ. ʅʠʞʝ ʚ 

ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʦʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ ʥʘ ʩʚʘʡʥʦʤ ʦʩʥʦʚʘʥʠʠ ʠʟ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʟʘʙʠʚʥʳʭ ʩʚʘʡ.  

 

ʊʘʙʣʠʮʘ 1 
ˉˉ ʧ/ʧ ɿʘʛʣʫʙʣʝʥʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʝʢʪʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

1 

ʋʜʝʨʞʠʚʘʶʱʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʘʥʢʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʘʥʢʝʨʦʚ ʕʈʊ, ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʢʠ ʠʟ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʟʘʙʠʚʥʳʭ ʩʚʘʡ ʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʪʨʬʦʨʩʦʚ ʥʘ ʩʚʘʡʥʦʤ ʦʩʥʦʚʘʥʠʠ ʠʟ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ 

 

2 

ʇʦʜʧʦʨʥʘʷ ʩʪʝʥʢʘ ʠʟ ʩʚʘʡ - ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʧʦ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʩʚʘʡʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

(ʩʚʘʠ ʕʈʊ), ʦʙʲʝʜʠʥʝʥʥʳʝ ʧʦ ʚʝʨʭʫ ʤʦʥʦʣʠʪʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʨʦʩʪʚʝʨʢʘʤʠ. ɾʝʣʝʟʦ-

ʙʝʪʦʥʥʳʝ ʢʦʥʪʨʬʦʨʩʳ ʧʦʜʧʠʨʘʶʪ ʠ ʩʚʷʟʳʚʘʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩ ʚʦʟʚʦʜʠʤʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ 

3 

ɻʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʧʦ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʘʥʢʝʨʘ ʕʈʊ), 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʧʦ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʘʥʢʝʨʘ ʕʈʊ) ʫʩʪʨʘʠʚʘʶʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ  ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʛʦʣʢʦʚʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ ʇʉ1 ʥʘ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʠ ʥʘ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʢʦʨʥʝʤ, ʧʦʣʫʯʘʝʤʳʤ 

ʧʫʪʝʤ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʛʨʫʥʪʘ ʧʦ ʜʣʠʥʝ ʩʢʚʘʞʠʥʳ 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʧʣʘʥ ʟʘʛʣʫʙʣʝʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʠʣʝʥʥʦʡ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʤʠ ʩʚʘʷʤʠ ʕʈʊ,  ʛʨʫʥʪʦʚʳʤʠ ʘʥʢʝʨʘʤʠ ʕʈʊ ʠ ʤʦʥʦʣʠʪʥʳʤʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʢʦʥʪʨʬʦʨʩʘʤʠ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʧʣʦʱʘʜʢʘ ʧʣʦʱʘʜʢʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʞʠʣʦʛʦ ʤʠʢʨʦʨʘʡʦʥʘ çʈʘʜʫʞʥʳʡè 

ʄʦʩʢʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʛ. ʏʝʙʦʢʩʘʨʳ.  

ɺ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʡʦʥ ʠʟʳʩʢʘʥʠʡ ʟʘʥʠʤʘʝʪ ʣʝʚʳʡ ʩʢʣʦʥ ʜʦʣʠʥʳ ʨ. 

ʏʝʙʦʢʩʘʨʢʘ, ʚ ʧʦʜʦʰʚʝ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʨʘʩʯʣʝʥʝʥʥʦʡ ʛʫʩʪʦʡ ʩʝʪʴʶ ʟʘʩʳʧʘʝʤʳʭ ʠ 

ʟʘʩʳʧʘʥʥʳʭ ʦʚʨʘʛʦʚ, ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʦʪ 71.2 ʚ ʧʦʡʤʝ ʨ. ʏʝʙʦʢʩʘʨʢʘ ʜʦ 112-116.0 ʤ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʢʠ ʠʟʳʩʢʘʥʠʡ (ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʩʧʣʘʥʠʨʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʤʢʨ. çʈʘʜʫʞʥʳʡè). ʇʝʨʝʧʘʜ ʚʳʩʦʪ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 45,0 ʤ. ʆʙʱʠʡ ʫʢʣʦʥ ʪʝʨʨʠʪʦʨʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʚ ʩʪʦʨʦʥʫ ʜʦʣʠʥʳ ʨ.ʏʝʙʦʢʩʘʨʢʘ. ʀʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʣʦʱʘʜʢʠ ʜʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʛʣʫʙʠʥʳ (40.0 ʤ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʦʣʱʝʡ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ʠ ʚʷʪʩʢʦʛʦ ʷʨʫʩʦʚ ʚʝʨʭʥʝʧʝʨʤʩʢʦʛʦ ʦʪʜʝʣʘ (P3s+v), 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -55- 

 

ʧʝʨʝʢʨʳʪʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʛʝʥʝʟʠʩʘ. ɺʩʷ 

ʪʦʣʱʘ ʩʚʝʨʭʫ ʧʝʨʝʢʨʳʪʘ ʥʘʩʳʧʥʳʤʠ ʛʨʫʥʪʘʤʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ (tQIV). 

ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʛʣʫʙʠʥʳ (40,0 

ʤ) ʥʘ ʧʝʨʠʦʜ ʠʟʳʩʢʘʥʠʡ ʚ ʘʚʛʫʩʪʝ 2018ʛ. ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʦʜʥʦʛʦ ʙʝʟʥʘʧʦʨʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʚʩʢʨʳʪʳ ʚʦ ʚʩʝʭ ʩʢʚʘʞʠʥʘʭ ʥʘ ʛʣʫʙʠʥʘʭ 0.2 - 23.8 ʤ 

(ʘʙʩ.ʦʪʤʝʪʢʠ 71.1 ï 100.6ʤ) ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʥʘʩʳʧʥʳʤ ʛʨʫʥʪʘʤ tQIV, ʦʧʦʣʟʥʝʚʳʤ ʦʪʣʦʞʝʥʠʷʤ 

dpQ(P3s+v), ʘʣʣʶʚʠʘʣʴʥʳʤ ʦʪʣʦʞʝʥʠʷʤ (aQIII), ʚʝʨʭʥʝʧʝʨʤʩʢʠʤ ʧʝʩʢʘʤ ʤʝʣʢʠʤ, ʧʳʣʝʚʘʪʳʤ, 

ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ, ʚʦʜʦʥʘʩʳʱʝʥʥʳʤ, ʧʝʩʯʘʥʳʤ ʧʨʦʩʣʦʷʤ ʚ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʛʣʠʥʘʭ ʠ 

ʩʫʛʣʠʥʢʘʭ (ʘʣʝʚʨʠʪʘʭ) ʧʝʩʯʘʥʠʩʪʳʭ ʠ ʤʝʨʛʝʣʷʤ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤ (P3s+v). ɺʦʜʦʫʧʦʨʦʤ ʩʣʫʞʘʪ 

ʙʦʣʝʝ ʧʣʦʪʥʳʝ ʥʠʞʝʣʝʞʘʱʠʝ ʚʝʨʭʥʝʧʝʨʤʩʢʠʝ ʛʣʠʥʳ (P3s+v). ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ 

ʩ ʫʢʘʟʘʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʠʚʷʟʢʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʚʥʦʚʴ ʚʦʟʚʦʜʠʤʦʡ ʩʪʝʥʦʢ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩ. 2. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʨʦʩʪʚʝʨʢʦʚ ʠ ʜʠʘʬʨʘʛʤ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ: 1 ï 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʚʘʠ;               2 ï ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʦʥʦʣʠʪʥʳʡ ʫʛʦʣʢʦʚʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ 

ʨʦʩʪʚʝʨʢ;                          3, 4 ï ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ; 5 ï ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ; 6 ï 

ʤʦʥʦʣʠʪʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʪʨʬʦʨʩʳ; 7 ï ʤʦʥʦʣʠʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ 

 

 

 
ʈʠʩʫʥʦʢ 2. ɺʝʨʪʠʢʘʣʴʥʘʷ ʧʨʠʚʷʟʢʘ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ: 1 ï ʩʚʘʡʥʦʝ ʦʩʥʦʚʘʥʠʝ 

ʠʟ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʚʘʡ ʧʦʜ ʩʫʱʝʩʪʚʫʶʱʠʡ 2 ʤʦʥʦʣʠʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʫʛʦʣʢʦʚʳʡ 

ʨʦʩʪʚʝʨʢ; 3, 4 ï ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ (3 ï ʘʥʢʝʨʥʘʷ ʪʷʛʘ;                            4 ï ʢʦʨʝʥʴ ʘʥʢʝʨʘ); 5 ï 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ;                      6 ï ʤʦʥʦʣʠʪʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʪʨʬʦʨʩʳ; 7 ï 

ʤʦʥʦʣʠʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ; 8 ï ʧʨʠʩʪʝʥʥʳʡʣʠʥʝʡʥʳʡ ʜʨʝʥʘʞ 

 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ ʩ ʮʝʣʴʶ ʚʦʩʧʨʠʷʪʠʷ ʝʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʨʦʩʰʠʭ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʛʣʫʙʣʝʥʥʳʭ ʞʝʣʝʟʦ-ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ, ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ ʕʈʊ, ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʪʨʬʦʨʩʦʚ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʝʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠʟ ʢʦʥʩʦʣʴʥʦʡ ʚ ʨʘʩʢʨʝʧʣʝʥʥʫʶ. ʅʠʞʝ ʚ 

ʪʘʙʣʠʮʝ 2 ʧʨʠʚʦʜʠʪʩʷ ʘʣʛʦʨʠʪʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʨʘʟʜʝʣʝʥʥʳʡ ʥʘ ʵʪʘʧʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʵʪʘʧʳ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʢʣʦʥʘ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʩʦʟʜʘʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. 

 

 



-56- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʊʘʙʣʠʮʘ 2 

ɸʣʛʦʨʠʪʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

 

ˉˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʛʝʦʪʝʭʥʠʯʝʩ-ʢʦʛʦ 

ʵʪʘʧʘ 

ʉʭʝʤʘ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʵʪʘʧʘ 

1 
ʋʩʪʨʦʡʩʪʚʦ ʙʝʨʤʳ 

ʜʦ ʦʪʤ. 87.3 

 
ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʛʨʫʥʪʦʚʦʡ ʙʝʨʤʳ ʜʦ ʦʪʤ. 87,3: 

1 ï ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʚʘʠ; 2 ï ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʦʥʦʣʠʪʥʳʡ 

ʫʛʦʣʢʦʚʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ 

 

 

 

2 

 

ɸʣʤʘʟʥʦʝ ʩʚʝʨʣʝʥʠʝ 

ʦʪʚʝʨʩʪʠʡ, 

ʫʩʪʨʦʡʩʪʚʦ ʠ 

ʥʘʪʷʞʝʥʠʝ 

ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ 

ʕʈʊ 
 

ʉʭʝʤʘ ʩʚʝʨʣʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ʚ ʨʦʩʪʚʝʨʢʝ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʠ ʥʘʪʷʞʝʥʠʷ 

ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ ʕʈʊ: 1 ï ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʚʘʠ; 2 ï 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʦʥʦʣʠʪʥʳʡ ʫʛʦʣʢʦ-ʚʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ; 3, 4 ï 

ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ 

3 
ʈʘʟʨʘʙʦʪʢʘ ʛʨʫʥʪʘ 

ʜʦ ʦʪʤ. 84.0 

 
ʉʭʝʤʘ ʨʘʟʨʘʙʦʪʢʘ ʛʨʫʥʪʘ ʜʦ ʦʪʤ. 84.0: 1 ï ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʚʘʠ; 2 ï ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʦʥʦʣʠʪʥʳʡ ʫʛʦʣʢʦ-ʚʳʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ; 3, 4 ï ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -57- 

 

4 

ʋʩʪʨʦʡʩʪʚʦ 

ʙʫʨʦʠʥʲʝʢʮʠ-

ʦʥʥʳʭʩʚʘʡ ʕʈʊ 

 
ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ ʕʈʊ ʫʩʠʣʝʥʠʷ  ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʦʩʪʚʝʨʢʦʚ (3,4) ʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ (5) ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ: 1 ï 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʚʘʠ; 2 ï ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʦʥʦʣʠʪʥʳʡ 

ʫʛʦʣʢʦʚʳʡ ʞʝʣʝʟʦʙʝʪʦʥ-ʥʳʡ ʨʦʩʪʚʝʨʢ; 3, 4 ï ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ 

5 

ʃʦʢʘʣʴʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʛʨʫʥʪʘ 

ʚ ʪʨʘʥʰʝʷʭ ʧʦʜ 

ʨʦʩʪʚʝʨʢʠ ʜʦ ʦʪʤ. 

83.0 ʤ 

 
ʉʭʝʤʘ ʢ ʣʦʢʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʛʨʫʥʪʘ ʚ ʪʨʘʥʰʝʷʭ ʧʦʜ ʨʦʩʪʚʝʨʢʠ ʜʦ ʦʪʤ. 

83.0 ʤ: 1 ï ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʚʘʠ;                     2 ï 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʦʥʦʣʠʪʥʳʡ ʫʛʦʣʢʦʚʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ; 3, 4 ï 

ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ; 5 ï ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ 

6 

ʇʝʨʚʳʡ ʵʪʘʧ 

ʫʩʪʨʦʡʩʪʚʘ ʤʦ-

ʥʦʣʠʪʥʳʭ ʞʝ-

ʣʝʟʦʙʝʪʦʥʥʳʭ 

ʨʦʩʪʚʝʨʢʦʚ ʠ 

ʜʠʘʬʨʘʛʤ 

 
ʉʭʝʤʘ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʫʩʪʨʦʡʩʪʚʘ ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʨʦʩʪʚʝʨʢʦʚ 

ʠ ʜʠʘʬʨʘʛʤ: 1 ï ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʚʘʠ; 2 ï ʩʫʱʝʩʪʚʫʶʱʠʡ 

ʤʦʥʦʣʠʪʥʳʡ ʫʛʦʣʢʦʚʳʡ ʞʝʣʝʟʦ-ʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ; 3, 4 ï ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ 

ʕʈʊ; 5 ï ʙʫʨʦ-ʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ; 6 ï ʤʦʥʦʣʠʪʥʳʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʪʨʬʦʨʩʳ; 7 ï ʤʦʥʦʣʠʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ 



-58- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

7 
ʈʘʟʨʘʙʦʪʢʘ ʛʨʫʥʪʘ 

ʜʦ ʦʪʤ. 83.0 ʤ 

 
ʉʭʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʛʨʫʥʪʘ ʜʦ ʦʪʤʝʪʢʠ 83.0: 1 ï ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʚʘʠ; 2 ï ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʦʥʦʣʠʪʥʳʡ ʫʛʦʣʢʦ-ʚʳʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ; 3, 4 ï ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ;                  5 ï 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ; 6 ï ʤʦʥʦ-ʣʠʪʥʳʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʪʨʬʦʨʩʳ; 7 ï ʤʦʥʦʣʠʪʥʳʡ ʞʝ-ʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ 
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ɿʘʚʝʨʰʝʥʠʝ 

ʫʩʪʨʦʡʩʪʚʘ 

ʤʦʥʦʣʠʪʥʳʭ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʨʦʩʪʚʝʨʢʦʚ ʠ 

ʜʠʘʬʨʘʛʤ  
ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʨʦʩʪʚʝʨʢʦʚ ʠ ʜʠʘʬʨʘʛʤ ʥʘ 

ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ: 1 ï ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʞʝʣʝʟʦ-ʙʝʪʦʥʥʳʝ ʩʚʘʠ; 2 ï 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʦʥʦʣʠʪʥʳʡ ʫʛʦʣʢʦʚʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ; 3, 4 ï 

ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ;                          5 ï ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ 

ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ; 6 ï ʤʦʥʦ-ʣʠʪʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʪʨʬʦʨʩʳ; 7 ï 

ʤʦʥʦʣʠʪʥʳʡ ʞʝʣʝʟʦ-ʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ 
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ʋʩʪʨʦʡʩʪʚʦ 

ʜʨʝʥʘʞʘ, ʟʘʩʳʧʢʘ 

ʧʘʟʫʭ ʤʦʥʦʣʠʪʥʦʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʫʛʦʣʢʦʚʦʡ ʧʦʜʧʦʨʥʦʡ 

ʩʪʝʥʢʠ, ʧʣʘʥʠʨʦʚʢʘ 

ʫʯʘʩʪʢʘ 

 
ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʩʪʝʥʥʦʛʦʣʠʥʝʡʥʦʛʦ ʜʨʝʥʘʞʘ, ʟʘʩʳʧʢʠ ʧʘʟʫʭ ʧʦʜʧʦʨʥʦʡ 

ʩʪʝʥʳ ʠ ʧʣʘʥʠʨʦʚʢʠ ʫʯʘʩʪʢʘ: 1 ï ʧʨʠʟ-ʤʘʪʠʯʝʩʢʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʚʘʠ; 2 ï 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʦʥʦ-ʣʠʪʥʳʡ ʫʛʦʣʢʦʚʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ; 3, 4 ï 

ʛʨʫʥʪʦʚʳʝ ʘʥʢʝʨʘ ʕʈʊ; 5 ï ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʕʈʊ ʫʩʠʣʝʥʠʷ ʦʩʥʦ-ʚʘʥʠʷ; 

6 ï ʤʦʥʦʣʠʪʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʪʨʬʦʨʩʳ; 7 ï ʤʦʥʦ-ʣʠʪʥʳʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʨʦʩʪʚʝʨʢ; 8 ï ʧʨʠʩʪʝʥʥʳʡʣʠʥʝʡʥʳʡ ʜʨʝʥʘʞ 

 

ɺʳʚʦʜʳ: 

1. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʩʪʘʪʴʝ ʧʦʜʭʦʜ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʫʜʝʨʞʠʚʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʕʈʊ, 

ʛʨʫʥʪʦʚʳʭ ʘʥʢʝʨʦʚ ʕʈʊ ʠ ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʪʨʬʦʨʩʦʚ ʩʦʟʜʘʪʴ 

ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʫʶ ʫʜʝʨʞʠʚʘʶʱʫʶ ʨʘʩʢʨʝʧʣʝʥʥʫʶ ʧʦʜʧʦʨʥʫʶ ʩʪʝʥʫ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -59- 

 

2. ɺʥʦʚʴ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʠ ʚʦʟʚʝʜʝʥʥʘʷ ʧʦʜʧʦʨʥʘʷ ʩʪʝʥʘ ʧʦʟʚʦʣʠʣʘ  

ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʝʨʝʛʨʫʞʝʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʩʦʟʜʘʣʘ ʫʩʣʦʚʠʷ 

ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʦʪʨʘʞʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʡ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʨʘʙʦʪʳ ʩʦʨʪʠʨʦʚʦʯʥʦʡ 

ʩʪʘʥʮʠʠ çʃè. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʨʞʝʢ ʧʦʝʟʜʦʚ ʫ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩʪʘʥʮʠʡ, 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʟʘʜʝʨʞʝʢ, ʦʧʨʝʜʝʣʝʥʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʨʠʯʘʩʪʥʳʭ ʩʣʫʞʙ ʟʘ 

ʚʳʷʚʣʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʨʠʩʢ-

ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʘʥʮʠʠ çʃè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʜʝʨʞʢʘ ʧʦʝʟʜʦʚ, 

ʧʨʠʯʠʥʳ ʥʘʨʫʰʝʥʠʡ, ʤʝʨʦʧʨʠʷʪʠʷ. 

 

Abstract 

The article reflects issues related to ensuring the required level of traffic safety in the 

organization of operation of railway stations. An analysis of the current state of traffic safety was 

carried out using the example of the operation of the marshalling yard ñLò. The number of train delays 

at station entrance signals was analyzed, the main causes of delays were considered, and the 

responsibility of the involved services for identified violations was determined. Measures have been 

developed aimed at reducing the level of risk factors at station ñLò. 

Keywords: railway transport, safety, train delays, causes of violations, measures. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʚʳʟʚʘʥʥʳʭ 

ʜʝʡʩʪʚʠʝʤ ʨʷʜʘ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʡ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ. 

ʉʦʨʪʠʨʦʚʦʯʥʳʝ ʩʪʘʥʮʠʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʷʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʧʦʣʥʝʥʠʝ ʧʣʘʥʘ ʧʝʨʝʚʦʟʦʢ. ɿʘ ʚʨʝʤʷ ʦʙʦʨʦʪʘ ʢʘʞʜʦʛʦ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʧʝʨʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʝʟʜʦʚ, ʧʦʵʪʦʤʫ ʩʦʢʨʘʱʝʥʠʝ ʥʘʭʦʞʜʝʥʠʷ ʚʘʛʦʥʦʚ ʥʘ ʩʦʨʪʠʨʦʚʦʯʥʳʭ ʩʪʘʥʮʠʷʭ 

ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʝʯʥʫʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ [1]. ʕʬʬʝʢʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʩʪʘʥʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʦʩʥʘʱʝʥʥʦʩʪʴ 

ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʜʦʩʪʠʞʝʥʠʝ ʪʘʢʠʭ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʚʨʝʤʷ 

ʧʨʦʩʪʦʷ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʘ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʩʪʘʥʮʠʠ [2]. 

ʅʘ ʧʨʠʤʝʨʝ ʨʘʙʦʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʠ ʃʠʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʪʝʢʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʩʪʘʥʮʠʠ ʠ ʨʘʟʨʘʙʦʪʘʝʤ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʨʠʩʢ-ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʘʥʮʠʠ çʃè. ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʩʪʘʥʮʠʷ 

ʃʠʩʢʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʨʪʠʨʦʚʦʯʥʦʡ, ʧʦ ʦʙʲʝʤʫ ʨʘʙʦʪʳ ʦʪʥʝʩʝʥʘ ʢ ʚʥʝʢʣʘʩʩʥʦʡ.  

ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʜʝʨʞʝʢ ʧʦʝʟʜʦʚ ʧʦ ʩʪʘʥʮʠʠ ʟʘ ʪʨʠ ʛʦʜʘ, ʦʧʨʝʜʝʣʝʥʘ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʨʠʯʘʩʪʥʳʭ ʩʣʫʞʙ ʟʘ ʚʳʷʚʣʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʨʞʝʢ ʧʦʝʟʜʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 2021 ʛʦʜʫ (ʨʠʩ. 1). 

ɿʘʜʝʨʞʢʠ ʧʨʠʛʦʨʦʜʥʳʭ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʧʦ ʩʪʘʥʮʠʠ çʃè ʙʳʣʠ ʜʦʧʫʱʝʥʳ ʧʦ ʚʠʥʝ 

ʨʘʙʦʪʥʠʢʦʚ ʩʣʫʞʙʳ çʊè ʧʦ ʧʨʠʯʠʥʝ çʥʝʜʦʩʦʜʝʨʞʘʥʠʝ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʘ ʚ ʫʟʣʝè, ʩʣʫʞʙʳ 

çʇè ʧʦ ʧʨʠʯʠʥʝ çʥʝʩʚʦʝʚʨʝʤʝʥʥʘʷ ʦʯʠʩʪʢʘ ʩʪʨʝʣʢʠè, ʩʣʫʞʙʳ çɼʉè ʧʦ ʧʨʠʯʠʥʝ 

çʥʝʨʘʩʧʨʝʜʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ɼʉʇè (ʨʠʩ. 2). 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -61- 

 

 

 
ʈʠʩʫʥʦʢ 1.  ɼʠʥʘʤʠʢʘ ʟʘʜʝʨʞʝʢ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʧʦ ʩʪʘʥʮʠʠ. 

 

 
ʈʠʩʫʥʦʢ 2.  ɼʠʥʘʤʠʢʘ ʟʘʜʝʨʞʝʢ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʝʟʜʦʚ ʧʦ ʚʠʥʝ ʭʦʟʷʡʩʪʚ. 

 

ɼʘʣʝʝ ʚʳʧʦʣʥʠʤ ʘʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʨʞʝʢ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʫ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʩʪʘʥʮʠʠ (ʨʠʩ. 3). ʆʙʱʠʡ ʫʱʝʨʙ ʦʪ ʟʘʜʝʨʞʝʢ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʫ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩʪʘʥʮʠʠ çʃè 

ʩʦʩʪʘʚʠʣ 17136 ʨʫʙ. (ʚ 2022 ʛ. ï 27 846 ʨʫʙ.). 
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ɿʘʜʝʨʞʢʠ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʧʦ ʩʪʘʥʮʠʠ çʃè ʙʳʣʠ ʜʦʧʫʱʝʥʳ ʧʦ ʚʠʥʝ ʨʘʙʦʪʥʠʢʦʚ 

ʩʣʫʞʙʳ çʊè, ʧʨʠʯʠʥʘʤʠ ʷʚʠʣʦʩʴ ʥʝʜʦʩʦʜʝʨʞʘʥʠʝ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʘ ʚ ʫʟʣʝ, ʥʝʢʦʨʨʝʢʪʥʳʡ 

ʚʚʦʜ ʠʥʬʦʨʤʘʮʠʠ, ʩʣʫʞʙʳ çɼʎʋʇè ʧʦ ʧʨʠʯʠʥʝ ʨʝʛʫʣʠʨʦʚʢʠ ɼʅʎ, ʩʣʫʞʙʳ çʇè - 

ʥʝʩʚʦʝʚʨʝʤʝʥʥʘʷ ʦʯʠʩʪʢʘ ʩʪʨʝʣʢʠ, ʩʣʫʞʙʳ çɼʉè - ʥʝʨʘʩʧʨʝʜʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ɼʉʎ (ʨʠʩ. 4). 

 



-62- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 4.  ɼʠʥʘʤʠʢʘ ʟʘʜʝʨʞʝʢ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʧʦ ʚʠʥʝ ʭʦʟʷʡʩʪʚ. 

 

ɺʳʧʦʣʥʠʤ ʘʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ ʧʦʝʟʜʦʚ, ʧʨʠʥʷʪʳʭ ʠ ʦʪʧʨʘʚʣʝʥʥʳʭ ʧʨʠ ʟʘʧʨʝʱʘʶʱʠʭ 

ʧʦʢʘʟʘʥʠʷʭ ʩʠʛʥʘʣʦʚ ʧʦ ʩʪʘʥʮʠʠ (ʪʘʙʣ. 1). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʝʟʜʦʚ ʧʦ ʧʨʠʝʤʫ ʚʳʨʦʩʣʦ ʥʘ 14 ʝʜʠʥʠʮ, ʘ ʧʦ ʦʪʧʨʘʚʣʝʥʠʶ, ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 141 

ʝʜʠʥʠʮʫ. 

ʊʘʙʣʠʮʘ 1 

ʇʨʠʝʤ ʠ ʦʪʧʨʘʚʣʝʥʠʝ ʧʦʝʟʜʦʚ ʧʨʠ ʟʘʧʨʝʱʘʶʱʠʭ ʧʦʢʘʟʘʥʠʷʭ ʩʠʛʥʘʣʦʚ, ʝʜ 

 
 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʨʦʩʣʝʜʦʚʘʥʠʷ ʤʘʥʝʚʨʦʚʦʛʦ ʩʚʝʪʦʬʦʨʘ ʩ 

ʟʘʧʨʝʱʘʶʱʠʤ ʧʦʢʘʟʘʥʠʝʤ ʠ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʯʠʥʳ, ʚʳʟʚʘʚʰʠʝ ʵʪʦʪ ʬʘʢʪ (ʪʘʙʣ. 2). ʇʨʠʯʠʥʘʤʠ 

ʧʨʦʩʣʝʜʦʚʘʥʠʷ ʩʚʝʪʦʬʦʨʦʚ ʩ ʟʘʧʨʝʱʘʶʱʠʤ ʧʦʢʘʟʘʥʠʝʤ ʷʚʠʣʠʩʴ: ʦʪʮʝʧʢʘ ʛʨʫʧʧʳ ʚʘʛʦʥʦʚ ʧʦ 

ʧʨʠʯʠʥʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʜʣʠʥʳ ʩʦʩʪʘʚʘ ʧʦʣʝʟʥʦʡ ʜʣʠʥʳ ʧʫʪʠ; ʦʪʮʝʧʢʘ ʦʪ ʜʣʠʥʥʦʩʦʩʪʘʚʥʦʛʦ 

ʧʦʝʟʜʘ ʧʦ ʧʨʠʯʠʥʝ ʠʟʦʣʷʮʠʠ; ʟʘʝʟʜ ʧʦʝʟʜʥʦʛʦ ʣʦʢʦʤʦʪʠʚʘ ʧʦʜ ʩʦʩʪʘʚ, ʢʦʪʦʨʳʡ ʚʳʭʦʜʠʪ ʟʘ 

ʧʨʝʜʝʣʳ ʧʦʣʝʟʥʦʡ ʜʣʠʥʳ ʧʫʪʠ. 

ʊʘʙʣʠʮʘ 2 

ɼʠʥʘʤʠʢʘ ʧʨʦʩʣʝʜʦʚʘʥʠʷ ʤʘʥʝʚʨʦʚʳʭ ʩʚʝʪʦʬʦʨʦʚ ʩ ʟʘʧʨʝʱʘʶʱʠʤ ʧʦʢʘʟʘʥʠʝʤ. 

 
 

ɺ ʮʝʣʷʭ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʣʫʯʘʝʚ ʩʦʙʳʪʠʡ ʚ ʨʘʙʦʪʝ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʠ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʘʙʦʪʥʠʢʘʤʠ ʩʪʘʥʮʠʡ, ʨʝʚʠʟʦʨʘʤʠ ʜʚʠʞʝʥʠʷ ʟʘ 2023 ʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 162 

ʧʨʦʚʝʨʢʠ ʩʦʩʪʦʷʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʩʪʘʥʮʠʷʭ ʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʥʠʢʘʤʠ ʩʚʦʠʭ 

ʜʦʣʞʥʦʩʪʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʦʢ 

ʚʳʷʚʣʝʥʦ ʙʦʣʝʝ 300 ʥʘʨʫʰʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʪʚʝʪʩʪʚʝʥʥʳʝ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʘʥʘʣʠʟ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʩʪʘʥʮʠʠ 

ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʨʠʩʢ-ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʘʥʮʠʠ 

çʃè.  

ʄʝʨʦʧʨʠʷʪʠʷ ʧʨʠ ʧʨʠʝʤʝ ʠ ʦʪʧʨʘʚʣʝʥʠʠ ʧʦʝʟʜʦʚ: 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -63- 

 

½ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠʥʩʪʨʫʢʪʘʞʘ ʚʩʝʤ ɼʉʇ, ʩ 
ʜʦʚʝʜʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʜʝʡʩʪʚʠʡ ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʪʢʨʳʪʠʷ 

ʧʦʝʟʜʥʦʛʦ ʠʣʠ ʤʘʥʝʚʨʦʚʦʛʦ ʩʚʝʪʦʬʦʨʘ; 

½ ʧʝʨʝʩʤʦʪʨʝʪʴ ʊʈɸ ʩʪʘʥʮʠʠ ʚ ʯʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ʤʝʨ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʧʨʠ ʦʩʘʞʠʚʘʥʠʠ ʜʣʠʥʥʦʩʦʩʪʘʚʥʳʭ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʤʝʩʪʠʣʠʩʴ 

ʧʦ ʜʣʠʥʝ ʧʨʠʝʤʦʦʪʧʨʘʚʦʯʥʦʛʦ ʧʫʪʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʷʜʦʢ ʢʦʥʪʨʦʣʷ ʪʘʢʠʭ 

ʧʦʝʟʜʦʚ; 

½ ʧʦʚʪʦʨʥʦ ʧʨʦʨʘʙʦʪʘʪʴ ʧʦʨʷʜʦʢ ʧʨʠʝʤʘ/ʦʪʧʨʘʚʣʝʥʠʷ ʧʦʝʟʜʦʚ ʧʨʠ 

ʟʘʧʨʝʱʘʶʱʝʤ ʧʦʢʘʟʘʥʠʠ ʩʚʝʪʦʬʦʨʘ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ ʩ ɼʉʇ, ʫʜʝʣʠʚ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʦʨʷʜʢʫ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʘʨʰʨʫʪʘ, ʘ ʪʘʢʞʝ ʬʦʨʤʝ ʜʦʢʣʘʜʘ ʦ 

ʛʦʪʦʚʥʦʩʪʠ ʤʘʨʰʨʫʪʘ ɼʅʎ;  

½ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʛʨʫʧʧʦʚʦʛʦ ʩʚʝʪʦʬʦʨʘ ʅ5-8ɻ ʚ ɻʣʘʚʥʦʤ 
ʧʘʨʢʝ, ʚʤʝʩʪʦ ʤʘʥʝʚʨʦʚʦʛʦ ʩʚʝʪʦʬʦʨʘ ʄ216, ʘ ʪʘʢ ʞʝ ʛʨʫʧʧʦʚʦʛʦ ʩʚʝʪʦʬʦʨʘ 

ʅ10-14ɻ ʚ ɻʣʘʚʥʦʤ ʧʘʨʢʝ, ʚʤʝʩʪʦ ʤʘʥʝʚʨʦʚʦʛʦ ʩʚʝʪʦʬʦʨʘ ʄ236. 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʥʝʚʨʦʚʦʡ ʨʘʙʦʪʳ: 

½ - ʧʨʦʚʦʜʠʪʴ ʧʨʦʚʝʨʢʠ ʧʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʘʨʰʨʫʪʦʚ, 
ʩʦʙʣʶʜʝʥʠʷ ʨʝʛʣʘʤʝʥʪʘ ʧʝʨʝʛʦʚʦʨʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʥʝʚʨʦʚʦʡ ʨʘʙʦʪʳ; 

½ - ʧʨʦʚʦʜʠʪʴ ʩʦʚʤʝʩʪʥʳʝ ʧʨʦʚʝʨʢʠ ʩʦʙʣʶʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ 
ʩʦʝʜʠʥʝʥʠʷ ʦʪʮʝʧʦʚ ʥʘ ʧʫʪʷʭ ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʧʘʨʢʘ; 

½ - ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠʥʩʪʨʫʢʪʘʞʘ ɼʉʇ ʕʎ-2 ʠ ɼʉʎ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ʤʘʥʝʚʨʦʚʦʡ ʩʠʩʪʝʤʳ ʦ ʧʣʘʥʠʨʦʚʘʥʠʠ ʦʪʮʝʧʦʢ ʧʦ ʠʟʦʣʷʮʠʠ 

ʦʪ ʨʘʟʙʦʨʦʯʥʳʭ ʧʦʝʟʜʦʚ ʩ ʫʯʸʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʩʪʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʝʟʜʘ 

ʛʦʨʦʯʥʦʛʦ ʣʦʢʦʤʦʪʠʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʦʙʝʩʧʝʯʠʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʝ ʧʣʘʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʦʚʳʩʠʪ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʩʪʘʥʮʠʠ, ʩʦʢʨʘʪʠʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠ ʩʥʠʟʠʪ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʥʘ ʩʪʘʥʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ, ʦʧʪʠʤʘʣʴʥʳʡ ʧʦʜʙʦʨ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʚʝʯʘʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʳʤ ʥʦʨʤʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʦʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ, ʤʦʜʝʨʥʠʟʘʮʠʷ. 

 

Abstract 

The article describes key solutions for modernization of utility systems for public buildings. 

Innovative power efficient solutions, a comprehensive approach to the reconstruction of engineering 

systems, an optimized selection of equipment that meets modern standards and requirements are used. 



-64- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

Keywords: utility systems, heating, ventilation, modernization. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʨʪʠʚʥʳʝ ʙʣʦʢ ʠ ʧʠʱʝʙʣʦʢ ʰʢʦʣʳ ˉ7 ʛ. ʀʨʢʫʪʩʢʘ.  ʐʢʦʣʘ 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʚ  1937 ʛʦʜʫ. ʉ ʤʦʤʝʥʪʘ ʟʘʧʫʩʢʘ ʰʢʦʣʳ ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʪʝʢʫʱʝʤʫ ʠ ʵʢʩʪʨʝʥʥʦʤʫ ʨʝʤʦʥʪʫ. ʆʙʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣʦ ʠʟʥʦʩ ʙʦʣʝʝ 30 %. ɺ 

ʩʚʷʟʠ ʩ ʯʝʤ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʠ ʦʪʦʧʣʝʥʠʷ, 

ʧʨʠʚʝʜʝʥʠʝ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

ʎʝʣʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʫʯʘʱʠʭʩʷ, ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ, ʟʘʤʝʥʘ ʠʟʥʦʰʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʝ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ. 

ɼʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʙʳʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʝʩʪʝʩʪʚʝʥʥʘʷ (ʫʜʘʣʝʥʠʝ 

ʚʦʟʜʫʭʘ ʠʟ ʚʝʨʭʥʝʡ ʟʦʥʳ ʧʦʤʝʱʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʱʝʣʝʚʳʭ ʨʝʰʝʪʦʢ ʠ ʜʝʬʣʝʢʪʦʨʦʚ ʎɸɻʀ, 

ʧʨʠʪʦʢ ï ʧʨʦʚʝʪʨʠʚʘʥʠʝʤ ʯʝʨʝʟ ʦʢʥʘ ʠ ʬʨʘʤʫʛʠ). ɺ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʳʭ ʟʠʤ ʛ. ʀʨʢʫʪʩʢʘ, 

ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʧʦʤʝʱʝʥʠʡ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʠ ʥʝ ʙʝʟʦʧʘʩʥʦ, ʪʘʢ 

ʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʪʝʧʣʘ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʨʠʪʦʯʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʪʦʣʴʢʦ ʚ ʧʦʤʝʱʝʥʠʷʭ ʮʝʭʦʚ ʧʠʱʝʙʣʦʢʘ 

(ʛʦʨʷʯʠʡ, ʦʚʦʱʥʦʡ, ʤʫʯʥʦʡ ʮʝʭʘ).  

ɺ ʧʨʦʮʝʩʩʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ: 

½ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʙʣʦʢʦʚ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʠʟʦʣʷʮʠʠ 

ʚʦʟʜʫʭʦʚʦʜʦʚ; 

½ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ; 

½ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʩ ʨʝʢʫʧʝʨʘʪʦʨʘʤʠ (ʨʠʩʫʥʦʢ 1); 

½ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ ʩ ʢʣʘʧʘʥʘʤʠ ʚʦʟʜʫʭʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʠ ʧʦʜʘʚʘʪʴ/ ʫʜʘʣʷʪʴ ʩʪʨʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ; 

½ ʧʨʠʤʝʥʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʦʚ ʩ ɽʉ-ʜʚʠʛʘʪʝʣʷʤʠ (ʵʥʝʨʛʦʵʬʬʝʢʪʚʠʥʳʝ); 

½ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʯʘʱʠʭʩʷ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (ʩʦʙʣʶʜʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʥʘ 1 ʯʝʣʦʚʝʢʘ); 

½ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ; 

½ ʜʦʙʘʚʣʝʥʠʝ ʧʨʦʪʠʚʦʜʳʤʥʳʭ ʩʠʩʪʝʤ. 

ɼʘʣʝʝ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʢʫʧʝʨʘʪʦʨʦʚ, EC-ʜʚʠʛʘʪʝʣʝʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʠʩʪʝʤ. 

ʈʝʢʫʧʝʨʘʪʦʨ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʪ 

ʚʳʪʷʞʥʦʛʦ ʚʳʙʨʘʩʳʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʢ ʧʨʠʪʦʯʥʦʤʫ ʚʦʟʜʫʭʫ, ʧʦʜʘʚʘʝʤʦʤʫ ʚ ʧʦʤʝʱʝʥʠʝ [1-2]. 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʨʝʢʫʧʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ ʦʪ  ʫʜʘʣʷʝʤʦʛʦ 

ʚʦʟʜʫʭʘ ʠʟ ʧʦʤʝʱʝʥʠʷ. ʕʪʘ ʬʫʥʢʮʠʷ ʜʦʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝʤ: ʧʦʪʦʢʠ ʥʝ ʜʦʣʞʥʳ ʩʤʝʰʠʚʘʪʴʩʷ, ʪʦ 

ʝʩʪʴ ʧʨʠʪʦʯʥʳʡ ʚʦʟʜʫʭ ʥʝ ʜʦʣʞʝʥ ʭʦʪʴ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʛʨʷʟʥʷʪʴʩʷ 

ʦʪʨʘʙʦʪʘʥʥʳʤ ʚʳʪʷʞʥʳʤ ʚʦʟʜʫʭʦʤ.  ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʟʘʜʘʯʝʡ ʨʝʢʫʧʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ çʙʝʩʧʣʘʪʥʦʛʦè ʥʘʛʨʝʚʘ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘ ʩʯʸʪ ʚʳʪʷʞʥʦʛʦ. ɼʣʷ ʵʪʦʛʦ 

ʭʦʣʦʜʥʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʩ ʫʣʠʮʳ ʠ ʪʸʧʣʳʡ ʚʳʪʷʞʥʦʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʠʟ ʧʦʤʝʱʝʥʠʷ ʧʦʜʘʶʪʩʷ ʚ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʛʜʝ ʚʳʪʷʞʥʦʡ ʚʦʟʜʫʭ ʥʘʛʨʝʚʘʝʪ ʧʨʠʪʦʯʥʳʡ. 

ɼʣʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʪʘʢʦʡ ʥʘʛʨʝʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʵʢʦʥʦʤʠʪʴ ʥʘ 

ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ. 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -65- 

 

 
ʈʠʩʫʥʦʢ 1. ɺʝʥʪʠʣʷʮʠʦʥʥʳʝ ʨʝʢʫʧʝʨʘʪʦʨʳ. 

 

ɽʉ-ʜʚʠʛʘʪʝʣʴ ð ʵʪʦ ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, 

ʠʣʠ, ʙʦʣʝʝ ʢʨʘʪʢʦ, ʵʣʝʢʪʨʦʥʥʦ-ʢʦʤʤʫʪʠʨʫʝʤʳʡ ʜʚʠʛʘʪʝʣʴ. ɺʝʥʪʠʣʷʪʦʨʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʙʘʟʝ 

ɽʉ-ʜʚʠʛʘʪʝʣʷ, ʥʘʟʳʚʘʶʪʩʷ ɽʉ-ʚʝʥʪʠʣʷʪʦʨʘʤʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ EC-ʚʝʥʪʠʣʷʪʦʨʦʚ: 

½ ʫʤʝʥʴʰʘʶʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʛʦ ʂʇɼ, ʚʳʩʦʢʦʛʦ cos (ű) ʠ 
ʥʠʟʢʦʡ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʜʘʶʱʝʡ ʣʠʰʥʶʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʝʪʴ; 

½ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ɽʉ-ʚʝʥʪʠʣʷʪʦʨʦʚ ʧʨʠ ʤʝʥʴʰʠʭ ʛʘʙʘʨʠʪʘʭ ʠ 

ʧʦʪʨʝʙʣʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

½ ʙʦʣʴʰʦʡ ʩʨʦʢ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʙʣʘʛʦʜʘʨʷ ʙʝʩʱʸʪʦʯʥʦʤʫ 
ʢʦʤʤʫʪʠʨʦʚʘʥʠʶ. 

ʉʨʝʜʠ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʦʩʦʙʦ ʚʳʜʝʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 

ʆʥʘ ʠʟʙʘʚʣʷʝʪ ʯʝʣʦʚʝʢʘ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʨʫʪʠʥʥʳʭ, ʘ ʟʘʯʘʩʪʫʶ ʠ ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʧʝʨʘʮʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ. 

ʇʦʜ ʘʚʪʦʤʘʪʠʢʦʡ ʚʝʥʪʠʣʷʮʠʠ ʧʦʥʠʤʘʶʪ ʙʣʦʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʢʣʶʯʝʥʥʳʡ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʨʧʫʩ (ʱʠʪ ʠʣʠ ʰʢʘʬ), ʩ ʢʦʤʧʣʝʢʪʦʤ ʜʘʪʯʠʢʦʤ 

ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚʩʝ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʩʥʘʱʝʥʠʠ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʞʠʣʳʭ ʦʙʲʝʢʪʦʚ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʘʛʨʝʛʘʪʦʚ - ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʩʥʠʞʘʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʚʦʙʦʞʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪ ʨʫʯʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ - ʨʘʙʦʪʫ ʩʝʪʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʢʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʩ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʥʘʩʪʨʦʝʢ [3]. 

ʂʘʯʝʩʪʚʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠ ʫʤʝʣʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʪ 

ʩʦʭʨʘʥʷʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʣʶʜʝʡ ʚ ʟʜʘʥʠʠ. 

ɼʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʚ ʟʜʘʥʠʠ ʰʢʦʣʳ ʙʳʣʘ ʦʜʥʦʪʨʫʙʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʘʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ ʚʦʜʦʛʘʟʦʧʨʦʚʦʜʥʘʷ ʧʦ ɻʆʉʊ 3262-

75, ʦʪʦʧʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ï ʯʫʛʫʥʥʳʝ ʨʘʜʠʘʪʦʨʳ. ɺ ʩʧʦʨʪʠʚʥʦʤ ʟʘʣʝ ï ʨʝʛʠʩʪʨʳ ʩʪʘʣʴʥʳʝ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ð ʵʪʦ ʧʨʦʮʝʩʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʪʝʧʣʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʟʜʘʥʠʠ ʠʣʠ ʩʦʦʨʫʞʝʥʠʠ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʤʬʦʨʪʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʞʝʥʝʨʥʦʡ ʩʝʪʠ. ɺ ʭʦʜʝ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʟʘʤʝʥʘ ʫʩʪʘʨʝʚʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʩʪʘʥʦʚʢʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʜʠʘʪʦʨʦʚ, ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʚ, ʀʊʇ. ʊʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ [4-5]. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ: 



-66- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

½ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʙʣʦʢʦʚ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʠʟʦʣʷʮʠʠ 
ʪʨʫʙʦʧʨʦʚʦʜʦʚ; 

½ ʧʨʠʤʝʥʝʥʠʝ ʠʟʦʣʷʮʠʠ ʠʟ ʚʩʧʝʥʝʥʥʦʛʦ ʢʘʫʯʫʢʘ ʚʤʝʩʪʦ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ; 

½ ʧʦʜʢʣʶʯʝʥʠʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʰʢʦʣʳ ʯʝʨʝʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ 

ʧʫʥʢʪ (ʥʝʟʘʚʠʩʠʤʘʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ); 

½ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʚ ʀʊʇ, ʫ ʧʨʠʙʦʨʦʚ 
ʦʪʦʧʣʝʥʠʷ, ʥʘ ʩʪʦʷʢʘʭ ʠ ʤʘʛʠʩʪʨʘʣʷʭ; 

½ ʟʘʤʝʥʘ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʩʪʘʣʴʥʳʝ ʢʦʥʚʝʢʪʦʨʘ ʚ ʪʨʘʚʤʦʙʝʟʦʧʘʩʥʦʤ 
ʢʦʞʫʭʝ (ʨʠʩʫʥʦʢ 2); 

½ ʜʦʙʘʚʣʝʥʠʝ ʩʠʩʪʝʤ ʚʦʜʷʥʦʛʦ ʥʘʧʦʣʴʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʚ ʜʫʰʝʚʳʭ ʠ ʨʘʟʜʝʚʘʣʢʘʭ 

ʧʨʠ ʩʧʦʨʪʠʚʥʦʤ ʟʘʣʝ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʰʠʨʦʢʦʡ ʛʨʫʧʧʳ ʮʝʣʝʡ: 

½ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ: ʩʪʘʨʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʯʘʩʪʦ ʠʤʝʶʪ ʥʠʟʢʫʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ 

ʦʪʦʧʣʝʥʠʝ; 

½ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʢʦʤʬʦʨʪʘ: ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ ʠ ʨʘʚʥʦʤʝʨʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʦʤʝʱʝʥʠʠ, 

ʯʪʦ ʧʦʚʳʰʘʝʪ ʢʦʤʬʦʨʪ ʜʣʷ ʫʯʘʱʠʭʩʷ ʠ ʩʦʪʨʫʜʥʠʢʦʚ; 

½ ʙʝʟʦʧʘʩʥʦʩʪʴ: ʩʪʘʨʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʤʝʥʝʝ ʙʝʟʦʧʘʩʥʳʤʠ ʠʟ-ʟʘ 
ʠʟʥʦʩʘ ʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʦʤʦʛʘʝʪ ʫʩʪʨʘʥʠʪʴ ʚʦʟʤʦʞʥʳʝ ʫʛʨʦʟʳ, 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤʳ; 

½ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

 

 
ʈʠʩʫʥʦʢ 2. ʉʪʘʣʴʥʳʝ ʢʦʥʚʝʢʪʦʨʘ ʪʠʧʘ ʂʉʂ ʩ ʪʝʨʤʦʩʪʘʪʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

 

ɺʳʚʦʜ: ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ ʚ ʟʜʘʥʠʠ ʰʢʦʣʳ ð ʵʪʦ 

ʠʥʚʝʩʪʠʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʳʛʦʜʘʤ ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ (ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʨʝʩʫʨʩʦʚ), ʫʣʫʯʰʝʥʠʶ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʟʜʘʥʠʠ, ʩʘʤʦʯʫʚʩʪʚʠʷ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʶʜʝʡ. 
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Abstract 

In the presented work, a set of measures has been developed and technical solutions have been 

proposed to create a control system for the process of producing flue gases in a pentacarbonyl iron 

decomposition cabin, which made it possible to bring the safety level in line 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 ʧʦʣʫʯʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʢʘʙʠʥʝ 

ʨʘʟʣʦʞʝʥʠʷ ʧʝʥʪʘʢʘʨʙʦʥʠʣʴʥʦʛʦ ʞʝʣʝʟʘ, 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. 

 

Introduction. The production of flue gases in the decomposition cabin of pentacarbonyl iron 

(PCI) is an important topic in chemical engineering, as this process is used to produce iron powders, 

alloyed alloys and other materials that are widely used in various industries. In this case, the production 

of flue gases is an auxiliary process to the main one, namely, to the production process of carbonyl iron 

powder, which is massively used in such advanced technologies and processes as metal injection 

molding, the production of diamond tools, electromagnetic components and antiïinterference 

materials. 

Research objective. For the effective functioning of technological processes, it is important to 

correctly determine the goals of automation. One of the key stages of this process is the analysis of the 

main components of the management system, such as sources of impact and regulation [1]. By 

studying the technological process as an object of control, it is possible to determine the structure of the 

control system, that is, to choose the optimal methods of influencing the object to achieve the 

necessary changes in the controlled parameters. 

Analysis of the technological process as a control object. The decomposition of PCI with the 

release of carbonyl iron powders of various brands occurs in the decomposer pos. P301/1. 

The reaction of obtaining carbonyl iron powders requires constant heat supply so that the 

temperature in the decomposer is in the range of 270-350 Á C, therefore flue gases are fed into the 

decomposer jacket. The quality and type of the output powder depend on the consumption of PCI 

vapors, as well as on the temperature in the decomposer. 

To maintain the required temperature, flue gases from the furnace pos. X315/1 are fed into the 

decomposer. They are obtained by burning natural gas in an air environment inside the firebox of the 

furnace pos. X315/1. 

The procedure for turning on the furnace: 
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Nitrogen purging is necessary to remove exhaust gases from the furnace in order to reduce the 

likelihood of an emergency; 

After the end of the purge, the ignition valve on the natural gas supply line opens into the 

furnace hog, natural gas is supplied; 

The air blowers are turned on and the air enters the furnace; 

After the flame appears and the combustion process is stabilized, the valve on the main gas 

supply line to the firebox is opened, the ignition valve is closed.  

The furnace operation is possible in two versions: 

1. constant supply of natural gas and air, where the ratio of their flow is constant and 

maintained throughout the decomposition stage, so that flue gas of the same flow 

rate and temperature is constantly supplied to the decomposer jacket; 

2. using cooled gases supplied after the decomposer to the recuperator, and then back 

to the furnace hog pos. X315/1, thereby saving natural gas needed for combustion in 

the furnace.  

A control object is an object or a section of a technological line, with the help of which the 

necessary result is achieved. The main apparatus in this process is a furnace with a hog. The flue gas 

production process is continuous. 

 

 
Figure 1. hnological control object. 

 

To solve the problems of analysis, it is necessary to carry out a detailed description of all 

existing influences in the system (Figure 2) in order to then identify transformations, i.e. patterns by 

which input influences turn into reactions. 

 

 
Figure 2. Description of the coordinates of the system: 

X ï control action; Zï disturbing effect; 

f ï uncontrolled disturbance; q ï controlled disturbance; 

S ï transformations; Y ï controlled coordinates. 

 

The control action X is set by a person or is produced by a control device. The control actions 

include those values, the values of which can be varied during the control process. 

The Z perturbations are independent of the control system. They can occur both outside the 

system and inside it. 

To determine the normal technological regime, it is necessary to establish key parameters and 

their permissible ranges of values at which the technological process functions without failures. The 
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process control consists in maintaining the parameters at an optimal level in accordance with the 

normal technological regime [2]. 

Figure 3 shows a block diagram of the effects that affect the process taking place inside the 

furnace hog pos. X315/1. 

 

 
Figure 3. Information diagram of the control object. 

 

In real conditions, when an object is exposed to various external factors, the dynamic mode of 

its operation is important [3]. The analysis of the technological process as an object of control allows 

us to determine the optimal regulation of parameters by influencing them. Therefore, the choice of the 

control system structure is aimed at determining the appropriate method for regulating each parameter 

of the object's state. 

The main disturbing effects are the pressure drop of natural gas inside the firebox, as well as the 

possible risk of emergency situations. Figure 3 shows a block diagram of the significant factors 

affecting the process taking place inside the furnace hog pos. X315/1. The priority control action is 

considered to be maintaining the temperature of the flue gases inside the furnace hog at the set values. 

Compensation of the disturbing effect is carried out by regulating the flow of natural gas and air using 

control valves. 

Research Results. After analyzing the technological process as an object of management, it 

revealed the need for control and regulation of many parameters [4]. For this process, it was decided to 

develop an automated process control system (APʉS). 

The automated control system is designed to provide automated control, process control and 

emergency protection of the Site of the PCI production workshop in the flue gas production 

department. 

The objectives of creating an automated control system in the process of producing flue gases 

are: 

½ ensuring the efficiency and validity of decisions made by operators by obtaining in 
real time a complete and reliable amount of information about the progress of the 

technological process, presented in a user-friendly form; 

½ ensuring continuous monitoring of the operation of technological equipment, timely 
notification of the output of controlled parameters of technological processes and 

controlled equipment beyond the permissible operating modes; 

½ ensuring the quality of the products received. 

In this development, it is proposed to implement a three-level automated control system: 

½ lower level: sensors and actuators installed both directly on technological equipment 
and in special rooms, and connected to the middle level; 

½ middle level (programmable logic controllers (PLCs) based on specialized 
microprocessor technology that provides automatic collection, processing of 

technological information, implementation of automatic control and protection 

algorithms, issuance of control actions on lower-level actuators and transfer of 

technological information to the upper level; 
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½ the upper level, implemented in the form of automated operator workstations based 
on industrial computers and designed for centralized monitoring and control of 

technological equipment. 

 A video frame of the flue gas production process in the PCI decomposition cabin is displayed 

on the monitor. The video frame illustrates all the devices involved in the production of flue gases and 

the parameters occurring in our process. In addition, the video frame contains buttons, by pressing 

which the operator can control the progress of the process. In case of an emergency, messages are 

displayed on the operator's screen, as well as an audible or/and light alarm appears. Thanks to the 

operator's station, you can organize and maintain personal archives of documents, perform various 

calculations and get ready-made results in tabular and graphical form. 

Hardware and system solutions used in the creation of automated process control systems 

should provide an opportunity to improve and increase the functions of the system at further stages of 

installation operation. 

Conclusion. In the presented work, a set of measures and technical solutions has been 

developed to create a system for automating the process of producing flue gases in a pentacarbonyl 

iron decomposition cabin, which made it possible to bring the safety level in line with regulatory 

requirements and improve the quality of automatic control of an existing technological facility. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʟʘʜʘʯʘʭ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʡ ʚ ʜʠʩʢʨʝʪʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʦʧʨʦʩ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʛʘ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ. ʅʝʦʙʭʦʜʠʤʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʩʝ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʧʨʠʥʘʜʣʝʞʘʪ ʚʥʫʪʨʝʥʥʦʩʪʠ 

ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʯʠʩʣʦ ʢʦʨʥʝʡ ʥʝ ʪʦʣʴʢʦ 

ʚʥʫʪʨʠ ʠ ʚʥʝ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ, ʥʦ ʠ ʯʠʩʣʦ ʢʦʨʥʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʝʛʦ ʛʨʘʥʠʮʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʦʣʠʥʦʤ ʠʤʝʝʪ ʣʶʙʦʝ ʯʠʩʣʦ ʧʘʨ ʢʦʨʥʝʡ, 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʨʘʚʥʦ ʝʜʠʥʠʮʝ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʧʘʨ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ, ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʨʘʚʥʦ ʝʜʠʥʠʮʝ, ʯʠʩʣʘ ʧʘʨ ʢʦʤʧʣʝʢʩʥʦ-

ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʝʡ, ʣʝʞʘʱʠʭ ʥʘ ʝʜʠʥʠʯʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʠ ʯʠʩʣʘ ʢʦʨʥʝʡ, ʨʘʚʥʳʭ ʧʣʶʩ ʠ 

ʤʠʥʫʩ ʝʜʠʥʠʮʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʢʨʝʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ, ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

Abstract. 

In problems of stability of motions in discrete dynamic systems, the determining role is played 

by the question of the location of the roots of the characteristic polynomial relative to a circle of unit 

radius. A necessary and sufficient condition for stability is the fact that all roots of the characteristic 

polynomial belong to the interior of the unit circle. In other cases, it is no less important to determine 

the number of roots not only inside and outside the unit circle, but also the number of roots located on 

its border. 

In this paper, we consider the case when a polynomial has any number of pairs of roots whose 

product is equal to one. A method is proposed for determining the number of pairs of real roots whose 

product is equal to one, the number of pairs of complex conjugate roots lying on the unit circle, and the 

number of roots equal to plus and minus one. 

Keywords: discrete dynamic system, motion stability, location of the roots of the characteristic 

polynomial, algebraic stability criterion.  

 

ɺʚʝʜʝʥʠʝ. 

ɺʦʧʨʦʩ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʨʘʜʠʦʪʝʭʥʠʢʠ, 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ ʪ.ʜ. [1]. ʇʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯʘʭ ʤʳ ʠʤʝʝʤ ʜʝʣʦ  ʩ ʛʨʫʙʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʨʘʚʥʦʚʝʩʠʷ, ʪ.ʝ. ʧʨʠ ʘʥʘʣʠʟʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʪʝʤ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʚʦʧʨʦʩ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥ ʧʫʪʝʤ ʦʪʙʨʘʩʳʚʘʥʠʷ ʚʩʝʭ 

ʥʝʣʠʥʝʡʥʳʭ ʯʣʝʥʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʦʪʙʨʘʩʳʚʘʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ [1, ʉ. 9]. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʩʢʨʝʪʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʜʚʠʞʝʥʠʡ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ ʚʩʝ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʣʝʞʘʪ ʚʥʫʪʨʠ ʢʨʫʛʘ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ (ʪ.ʝ. ʠʤʝʶʪ ʤʦʜʫʣʠ, ʤʝʥʴʰʠʝ ʝʜʠʥʠʮʳ), ʪʦ ʩʦʩʪʦʷʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʫʩʪʦʡʯʠʚʳʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʯʣʝʥʦʚ ʧʦʨʷʜʢʘ ʚʳʰʝ ʧʝʨʚʦʛʦ [2, C. 73]. ɸ ʝʩʣʠ ʩʨʝʜʠ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 
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ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪʩʷ ʭʦʪʷ ʙʳ ʦʜʠʥ ʢʦʨʝʥʴ, ʠʤʝʶʱʠʡ ʤʦʜʫʣʴ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʪʦ ʩʦʩʪʦʷʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ʙʫʜʝʪ ʥʝʫʩʪʦʡʯʠʚʳʤ ʪʘʢʞʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʣʝʥʦʚ ʩʪʘʨʰʠʭ ʧʦʨʷʜʢʦʚ. ɽʩʣʠ, ʥʘʢʦʥʝʮ, 

ʩʨʝʜʠ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʝʩʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʢʦʨʝʥʴ, ʤʦʜʫʣʴ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ 

ʝʜʠʥʠʮʝ, ʪʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʥʝ ʤʦʛʫʪ ʜʘʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʩʚʝʜʝʥʠʷ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʛʘ 

ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ, ʪ.ʝ. ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʨʥʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ  [2, ʉ. 73-74, 76-78; 3; 4]. ʇʨʠ ʵʪʦʤ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʤʦʛʫʪ ʣʝʞʘʪʴ 

ʢʘʢ ʚʥʫʪʨʠ, ʪʘʢ ʠ ʚʥʝ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ. ʅʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʨʥʝʡ ʚʥʫʪʨʠ ʢʨʫʛʘ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠ 

ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ [2, ʉ. 73], ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʛʦ 

ʬʘʢʪʘ [2, ʉ. 76-78, 84-86, 5].  

ʇʨʠ ʯʠʩʣʝʥʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʧʨʦʩʘ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʨʥʝʡ ʧʦʣʠʥʦʤʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ [6-

8]. ʅʦ ʦʥ ʥʝ ʜʘʝʪ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʫ ʧʦʣʠʥʦʤʘ ʠʤʝʶʪʩʷ ʢʦʨʥʠ, 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʨʘʚʥʦ ʝʜʠʥʠʮʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʦʧʨʝʜʝʣʷʪʴ ʫ ʧʦʣʠʥʦʤʘ 
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ʧʦʜʩʪʘʚʣʷʷ ʠʭ ʚ (10) ʠ ʧʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʦʡ (9), ʧʨʠʭʦʜʠʤ ʢ ʚʳʨʘʞʝʥʠʶ (8). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ (8) ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʣʶʙʦʛʦ n . 

ʇʨʠʤʝʨ 2.  ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʠʥʦʤ 
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6 z33z26z9z)1z5z)(1z3z)(1zz()z(D
 

                1z9z26 2 +++ . 

ʇʦʩʪʨʦʠʤ ʜʣʷ ʥʝʛʦ ʧʦʣʠʥʦʤ 
)p(Q3 , ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (8). ʇʦʣʫʯʠʤ: 

1q0= , 
99)1(q 1

1 -=Ö-=
, 

23)326()1(q 2
2 =--=

,  

15)9233()1(q 2
3 -=Ö--=

. 

ʅʦ ʪʦʛʜʘ ʣʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʧʦʣʠʥʦʤ 

)5p)(1p)(1p(15p23p9p)p(Q 23
3 ---=-+-=

, 

ʪ.ʝ. ʢʦʵʬʬʠʮʠʝʥʪʳ 
1p1= , 

3p2= , 
5p3=  ʧʦʣʠʥʦʤʘ 

)z(D6  ̫ ʚʣʷʶʪʩʷ ʝʛʦ ʢʦʨʥʷʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ. 

ɽʩʣʠ ʠʤʝʝʪʩʷ ʧʦʣʠʥʦʤ ʩʪʝʧʝʥʠ N, ʪʦ ʧʨʠʤʝʥʷʷ ʢ ʥʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʯʝʨʝʟ 

m ʰʘʛʦʚ ʤʳ ʧʨʠʜʝʤ ʢ ʧʦʣʠʥʦʤʫ 
)z(D mN- . ʪʘʢ, ʯʪʦ  

]dd[signdd mN0kmNk ---=
, ʠ ʦʥ 

ʠʤʝʝʪ ʚʠʜ ʘ), ʪ.ʝ. kmNk dd --=
. ʀʟ ʚʠʜʘ ʙ), ʚ), ʛ) ʣʝʛʢʦ ʧʝʨʝʡʪʠ ʢ ʚʠʜʫ ʘ), ʪʦʛʜʘ ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ 

ʢʨʠʪʝʨʠʡ ʥʝ ʧʨʠʤʝʥʠʤ, ʥʦ ʤʦʞʥʦ ʩʨʘʟʫ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʳ ʥʘʭʦʜʠʤʩʷ ʥʘ ʦʜʥʦʡ ʠʟ ʛʨʘʥʠʮ 

jN,N,N -+  ʠʣʠ ʥʘ ʠʭ ʧʝʨʝʩʝʯʝʥʠʠ. 
ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʩʢʦʣʴʢʦ ʧʘʨ ʢʦʨʥʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ, ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʨʘʚʥʦ 

ʝʜʠʥʠʮʝ, ʩʢʦʣʴʢʦ ʧʘʨ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʝʡ ʠ ʩʢʦʣʴʢʦ ʢʦʨʥʝʡ, ʨʘʚʥʳʭ 1°  

ʠʤʝʝʪ ʧʦʣʠʥʦʤ, ʩʪʨʦʠʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʧʦʣʠʥʦʤ 
)x(Q'

2/)mN( - , ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ 
)z(D mN- . ʇʦ ʬʦʨʤʫʣʝ (8), ʥʦ 

s
s

'
s 2/qq =

. 

ɽʩʣʠ ʫ ʧʦʣʫʯʝʥʥʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʠʥʦʤʘ ʥʝʪ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʨʥʝʡ, ʟʥʘʯʠʪ ʫ ʠʩʭʦʜʥʦʛʦ 

ʧʦʣʠʥʦʤʘ ʥʝʪ ʢʦʨʥʝʡ ʚʠʜʘ 
jj i1i eR,Re °-°

 )1R( ¸ . ʇʨʠʤʝʥʷʷ ʢ 
)x(Q'

2/)mN( -  

ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ, ʦʧʨʝʜʝʣʠʤ , ʩʢʦʣʴʢʦ ʫ ʥʝʛʦ ʢʦʨʥʝʡ ʩ 1|x| ¸ . ʏʠʩʣʦ ʟʥʘʯʝʥʠʡ x , 

ʪʘʢʠʭ, ʯʪʦ 1|x| > , ʦʧʨʝʜʝʣʠʪ ʯʠʩʣʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ ʫ 
)z(D mN- . ʏʠʩʣʦ ʟʥʘʯʝʥʠʡ x , 

ʪʘʢʠʭ, ʯʪʦ 1|x| <  ʦʧʨʝʜʝʣʠʪ ʩʢʦʣʴʢʦ ʫ 
)z(D mN- . ʇʘʨ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʝʡ, 

ʣʝʞʘʱʠʭ ʥʘ ʝʜʠʥʠʯʥʦʡ ʦʢʨʫʞʥʦʩʪʠ. ʂʦʣʠʯʝʩʪʚʦ 1x °=  ʦʧʨʝʜʝʣʠʪ, ʩʢʦʣʴʢʦ ʫ ʧʦʣʠʥʦʤʘ 

)z(D mN-  ʢʦʨʥʝʡ 1° . 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ  ʯʠʩʣʦ ʧʘʨ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ ʧʦʣʠʥʦʤʘ, ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʨʘʚʥʦ ʝʜʠʥʠʮʝ, ʯʠʩʣʦ ʧʘʨ 

ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʨʥʝʡ, ʣʝʞʘʱʠʭ ʥʘ ʝʜʠʥʠʯʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʠ ʯʠʩʣʦ ʢʦʨʥʝʡ, ʨʘʚʥʳʭ 

1° , ʚ ʩʣʫʯʘʝ ʯʠʩʣʦʚʦʛʦ ʟʘʜʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʪʦʛʦ ʧʦʣʠʥʦʤʘ. ʄʝʪʦʜ ʥʝ ʜʘʝʪ ʦʪʚʝʪʘ ʚ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -77- 

 

ʩʣʫʯʘʝ, ʝʩʣʠ ʫ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʥʦʤʘ ʠʤʝʶʪʩʷ ʢʦʨʥʠ 
ji

2,1 Rez °=
, 

ji1
4,3 eRz °-=

 (

0,1R ¸¸ j ), ʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ  ʪʘʢʠʭ ʢʦʨʥʝʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʚʣʠʷʥʠʷ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʥʘ 

ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʠ ʰʢʦʣʴʥʠʢʘ, ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʘʪʝʤʘʪʠʢʠ ʚ ʜʘʣʴʥʝʡʰʝʡ ʞʠʟʥʠ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʢʝʪʠʨʦʚʘʥʠʷ, ʨʘʩʢʨʳʚʘʶʱʝʛʦ ʩʪʝʧʝʥʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ 

ʰʢʦʣʴʥʠʢʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʫʯʝʥʠʝ. 

 

Abstract 

The article examines the positive aspects of the influence of teaching mathematics on the 

development of the student's personality, the applicability of mathematics in the future life of students. 

The results of a questionnaire that reveal the degree of interest of schoolchildren in mathematics 

education are given. 

Keywords: mathematics, mathematical education, teaching. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ N 273-ʌɿ çʆʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʦʙʫʯʝʥʠʷ, ʥʘʯʠʥʘʷ ʩ 2012 ʛʦʜʘ, ʷʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ ʠ ʚʦʩʧʠʪʘʥʠʝ 

ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʦʡ ʣʠʯʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʪʦʡ ʣʠʯʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ, ʪʚʦʨʯʝʩʢʠʝ ʠ ʣʠʯʥʦʩʪʥʳʝ ʢʘʯʝʩʪʚʘ. ʀ ʤʘʪʝʤʘʪʠʢʘ, ʢʘʢ çʤʝʪʘʜʠʩʮʠʧʣʠʥʘè 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ [3]. 

ʄʘʪʝʤʘʪʠʢʘ ʩʧʦʩʦʙʥʘ ʚʦʩʧʠʪʘʪʴ ʚ ʯʝʣʦʚʝʢʝ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʥʠʤʘʪʴ ʩʤʳʩʣ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʧʝʨʝʜ ʥʠʤ ʟʘʜʘʯʠ, ʫʤʝʪʴ ʧʨʘʚʠʣʴʥʦ ʠ ʣʦʛʠʯʥʦ ʨʘʩʩʫʞʜʘʪʴ, ʫʩʚʦʠʪʴ ʥʘʚʳʢʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʘʚʳʢʠ ï ʦʩʥʦʚʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʫʤʝʥʠʡ, ʠ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʢʘʢ: ʃ. ʉ. ɺʳʛʦʪʩʢʠʡ, ʇ. ʗ. ɻʘʣʴʧʝʨʠʥ, ɽ. ʅ. ʂʘʙʘʥʦʚʘ-ʄʝʣʣʝʨ, 



-78- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅ. ɸ. ʄʝʥʯʠʥʩʢʘʷ, ɺ. ʌ. ʇʘʣʘʤʘʨʯʫʢ, ʉ. ʃ. ʈʫʙʠʥʰʪʝʡʥ, ʊ. ʀ. ʐʘʤʦʚʘ, ʀ. ʉ. ʗʢʠʤʘʥʩʢʘʷ, ʥʝ 

ʨʘʟ ʚ ʩʚʦʠʭ ʪʨʫʜʘʭ ʦʪʤʝʯʘʣʠ ʚʘʞʥʦʩʪʴ ʠʭ ʨʘʟʚʠʪʠʷ ʫ ʜʝʪʝʡ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʄʘʪʝʤʘʪʠʢʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʚʝʜʴ ʦʥʘ 

ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʫʭʦʚʥʦʛʦ ʤʠʨʘ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʀ ʚʣʠʷʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʩʠʣ ʠ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʰʠʨʦʢʦ ʦʩʚʝʪʠʣʠ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ: ʃ.ʅ. ɺʘʭʨʫʰʝʚʘ, ɽ. ɺ. ʉʦʣʦʚʴʝʚʘ, ʅ.ɻ. ɹʝʣʦʫʩ, ʈ.ʃ. 

ɹʝʨʝʟʠʥʘ, ɿ.ɸ. ɻʨʘʯʝʚʘ, ɽ.ɸ. ʅʦʩʦʚʘ [2]. 

ʆʜʥʘʢʦ ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ʤʘʪʝʤʘʪʠʢʠ ï ʙʳʪʴ ʢʣʶʯʦʤ ʢ ʧʦʟʥʘʥʠʶ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, 

ʙʘʟʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʚʘʞʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ. ʆ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʦʪʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʪʝʥʜʝʥʮʠʠ 

ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʤʘʪʝʤʘʪʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʦʪʨʘʩʣʝʡ, ʥʦ ʠ ʚ ʙʫʨʥʦʤ ʨʘʟʚʠʪʠʠ ʠ ʥʝʧʨʝʨʳʚʥʦʤ 

ʚʥʝʜʨʝʥʠʠ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʧʨʘʢʪʠʢʫ ʢʘʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʘʢ ʠ ʚ ʙʳʪʫ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʠʢʠ. ʄʘʪʝʤʘʪʠʢʘ ʚʩʪʨʝʯʘʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʘʙʩʦʣʶʪʥʦ ʚʦ ʚʩʝʭ 

ʩʬʝʨʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ 

ʥʫʞʥʳ ʢʘʞʜʦʤʫ ʯʝʣʦʚʝʢʫ [4]. 

ʏʪʦʙʳ ʧʦʥʷʪʴ, ʥʘʩʢʦʣʴʢʦ ʰʢʦʣʴʥʠʢʠ ʦʩʦʟʥʘʶʪ ʚʩʶ ʚʘʞʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʞʠʟʥʠ, ʤʳ ʧʨʦʚʝʣʠ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʦʙʫʯʘʶʱʠʝʩʷ 9 ʠ 11 ʢʣʘʩʩʦʚ. ʉʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ, ʜʝʪʠ ʜʦʣʞʥʳ ʙʳʣʠ 

ʦʪʚʝʪʠʪʴ ʥʘ 8 ʚʦʧʨʦʩʦʚ ʠʟ ʩʧʠʩʢʘ, 6 ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʪʝʤʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʝʨʚʳʡ ʚʦʧʨʦʩ ʧʨʝʜʧʦʣʘʛʘʣ ʚʳʙʦʨ ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʠʩʢʘ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʫʪʚʝʨʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʢʘʟʘʣʠʩʴ ʫʯʝʥʠʢʘʤ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʠʭ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʪʝʤʘʪʠʢʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʦʪʚʝʪʦʚ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʨʝʩʧʦʥʜʝʥʪʦʚ ʩʯʠʪʘʶʪ ʤʘʪʝʤʘʪʠʢʫ ʦʩʥʦʚʦʡ ʚʩʝʭ ʥʘʫʢ (39,6%), ʩʘʤ ʫʨʦʢ ʤʘʪʝʤʘʪʠʢʠ ʢʘʞʝʪʩʷ ʠʤ 

ʠʥʪʝʨʝʩʥʳʤ (44%), ʤʘʪʝʨʠʘʣ ʧʦʥʷʪʥʳʤ (38,5%) ʠ ʦʥʠ ʩ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʟʘʥʠʤʘʶʪʩʷ ʝʝ 

ʠʟʫʯʝʥʠʝʤ (31,9%). ʆʜʥʘʢʦ ʝʩʪʴ ʠ ʪʘʢʠʝ ʫʯʝʥʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʘʪ ʜʘʥʥʳʡ ʧʨʝʜʤʝʪ 

(9,9%), ʘ ʫʨʦʢʠ ʤʘʪʝʤʘʪʠʢʠ ʩʯʠʪʘʶʪ ʩʢʫʯʥʳʤʠ (16,5%). 

ɺʪʦʨʦʡ ʚʦʧʨʦʩ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʪʦʨʦʥ 

ʫʨʦʢʘ ʤʘʪʝʤʘʪʠʢʠ. ʉʨʝʜʠ ʧʣʶʩʦʚ ʫʯʘʱʠʝʩʷ ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʚʳʜʝʣʷʣʠ: ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ (57,1%), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (52,7%). ʀʟ ʥʝʛʘʪʠʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʨʦʢʘ ʧʦ ʜʘʥʥʦʤʫ ʧʨʝʜʤʝʪʫ ï ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʨʝʰʝʥʠʷ (36,3%). 

ʉʣʝʜʫʶʱʠʤ ʚʦʧʨʦʩʦʤ ʥʘʤ ʭʦʪʝʣʦʩʴ ʚʳʷʩʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʦʙʫʯʝʥʠʷ 

ʜʘʥʥʦʤʫ ʫʨʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʫʯʠʪʝʣʷ ʢ ʫʯʝʥʠʢʫ. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʨʝʩʧʦʥʜʝʥʪʦʚ ʩʯʠʪʘʶʪ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʫʯʠʪʝʣʷ ʢ ʫʯʝʥʠʢʫ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʤʦʪʠʚʘʮʠʶ ʢ 

ʠʟʫʯʝʥʠʶ (71,4%), 24,2% ʚʳʙʨʘʣʠ ʦʪʚʝʪ çʩʢʦʨʝʝ ʜʘ, ʯʝʤ ʥʝʪè, ʠ ʣʠʰʴ 3,3% ʠ 1,1% 

ʧʨʦʛʦʣʦʩʦʚʘʣʠ ʟʘ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ çʩʢʦʨʝʝ ʥʝʪ, ʯʝʤ ʜʘè ʠ çʥʝʪè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʚʝʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʫʯʠʪʝʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʙʣʠʞʝʥ ʢ ʜʝʪʷʤ, ʦʜʥʘʢʦ ʝʤʫ ʥʝ ʩʣʝʜʫʝʪ ʦʢʘʟʳʚʘʪʴ ʷʚʥʦʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʜʥʠʤ ʜʝʪʷʤ ʚ ʫʱʝʨʙ 

ʜʨʫʛʠʤ ʠ ʥʘʦʙʦʨʦʪ. 

ʅʘ ʚʦʧʨʦʩ, ʩʢʦʣʴʢʦ ʯʘʩʦʚ ʚ ʥʝʜʝʣʶ ʩʣʝʜʫʝʪ ʦʪʚʦʜʠʪʴ ʥʘ ʫʨʦʢ ʤʘʪʝʤʘʪʠʢʠ ʦʪʚʝʪʳ 

ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 45,1% ʦʧʨʦʰʝʥʥʳʭ ʩʯʠʪʘʶʪ, ʯʪʦ 3-4 ʨʘʟʘ ʚ ʥʝʜʝʣʶ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʫʩʚʦʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ, 29,7% ʚʳʙʨʘʣʠ ʦʪʚʝʪ 5-6 ʯʘʩʦʚ, 

14,3% ʧʨʦʛʦʣʦʩʦʚʘʣʠ ʟʘ ʦʪʚʝʪ 1-2 ʨʘʟʘ ʚ ʥʝʜʝʣʶ ʠ 11% ʩʯʠʪʘʶʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ 6 ʫʨʦʢʦʚ 

ʤʘʪʝʤʘʪʠʢʠ ʚ ʥʝʜʝʣʶ. ʂʘʢ ʚʠʜʠʤ, ʦʪʚʝʪʳ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʥʝʣʴʟʷ ʪʦʯʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʨʦʢʦʚ ʤʘʪʝʤʘʪʠʢʠ, ʧʦʜʭʦʜʷʱʝʤ ʢʘʞʜʦʤʫ 

ʫʯʝʥʠʢʫ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʦʰʝʥʥʳʤʠ ʙʳʣʠ ʫʯʝʥʠʢʠ 9, 11 ʢʣʘʩʩʦʚ, ʤʳ ʤʦʞʝʤ ʩʦʩʣʘʪʴʩʷ ʥʘ 

ʦʩʦʟʥʘʥʥʦʩʪʴ ʠʭ ʦʪʚʝʪʦʚ, ʬʘʢʪ ʧʦʥʠʤʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʙʨʘʪʴ ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ, ʢʦʪʦʨʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʩʚʦʙʦʜʠʪ ʠʤ 

ʚʨʝʤʷ ʜʣʷ ʫʛʣʫʙʣʝʥʥʳʭ ʟʘʥʷʪʠʡ ʧʦ ʪʝʤ ʧʨʝʜʤʝʪʘʤ, ʢʦʪʦʨʳʝ ʠʤ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ. 

ʊʘʢʞʝ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʣʘʩʩʦʚ ʠ ʰʢʦʣ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʦʙʫʯʝʥʠʝʤ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -79- 

 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʥʘʧʨʦʪʠʚ, ʩ ʫʧʨʦʱʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʝʝ ʠʟʫʯʝʥʠʷ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʫʯʝʥʠʝ 

ʜʘʥʥʦʤʫ ʧʨʝʜʤʝʪʫ ʥʘ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ ʜʣʷ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʉʣʝʜʫʶʱʠʤʠ ʚʦʧʨʦʩʘʤʠ ʤʳ ʟʘʭʦʪʝʣʠ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʠʤʝʥʥʦ ʰʢʦʣʴʥʠʢʠ ʧʨʠʤʝʥʷʶʪ 

ʤʘʪʝʤʘʪʠʢʫ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʪʘʢ ʢʘʢ ʩʘʤʠ ʩʯʠʪʘʝʤ, ʯʪʦ ʤʘʪʝʤʘʪʠʢʘ ʠʤʝʝʪ ʰʠʨʦʯʘʡʰʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʳʪʫ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʦʙʣʘʩʪʝʡ ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʪʚʝʪʳ 

ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʧʦʢʫʧʦʢ ʚ ʤʘʛʘʟʠʥʝè (87,9%), çʜʣʷ 

ʨʘʩʯʝʪʘ ʨʘʩʭʦʜʦʚ ʠ ʜʦʭʦʜʦʚè (72,5%), çʧʨʠ ʨʘʮʠʦʥʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥʠè (53,8%), 

çʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʨʦʮʝʥʪʦʚè (47,3%), çʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʧʦʨʮʠʡ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʧʠʱʠè 

(42,9%), çʧʨʠ ʠʟʤʝʨʝʥʠʠ ʜʣʠʥ ʠ ʧʣʦʱʘʜʝʡè (35,2%), çʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡè (17,6%), çʧʨʠ ʨʘʩʢʨʦʡʢʝ ʪʢʘʥʠ ʠ ʧʦʰʠʚʝ ʦʜʝʞʜʳè (14,3%). ʂʘʢ ʚʠʜʠʤ, 

ʦʧʨʦʰʝʥʥʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʦʩʦʟʥʘʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʘʪʝʤʘʪʠʢʠ ʚ ʙʳʪʦʚʦʡ ʩʬʝʨʝ. 

ʎʝʣʴʶ ʚʪʦʨʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʦ ʫʟʥʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʝʪʝʡ, 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ ʚʳʙʦʨʝ ʧʨʦʬʝʩʩʠʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɿʜʝʩʴ ʛʨʘʜʘʮʠʷ 

ʦʪʚʝʪʦʚ ʩʣʝʜʫʶʱʘʷ: çʤʦʷ ʙʫʜʫʱʘʷ ʧʨʦʬʝʩʩʠʷ ʜʘʣʝʢʘ ʦʪ ʤʘʪʝʤʘʪʠʢʠè (47,3%), çʷ ʯʘʩʪʦ ʙʫʜʫ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʢʫ, ʥʦ ʪʦʣʴʢʦ ʚ ʙʳʪʫè (38,5%), çʷ ʦʨʠʝʥʪʠʨʫʶʩʴ ʥʘ ʧʨʦʬʝʩʩʠʶ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʤʘʪʝʤʘʪʠʢʦʡè (26,4%), çʷ ʩʦʤʥʝʚʘʶʩʴ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʥʝ ʧʨʠʛʦʜʷʪʩʷ ʟʥʘʥʠʷ 

ʤʘʪʝʤʘʪʠʢʠè (25,3%), çʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶ ʩʚʦʶ ʜʘʣʴʥʝʡʰʫʶ ʞʠʟʥʴ ʙʝʟ ʤʘʪʝʤʘʪʠʢʠè (17,6%), çʷ 

ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʢʫ ʚ ʙʳʪʫè (8,8), çʙʦʣʴʰʠʥʩʪʚʦ ʟʥʘʥʠʡ ʥʝ ʧʨʠʛʦʜʠʪʩʷ. 

ʟʘʯʝʤ ʧʦʣʠʪʦʣʦʛʫ ʚʳʯʠʩʣʷʪʴ ʫʛʦʣ ʪʫʧʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠʣʠ ʨʝʰʘʪʴ ʙʠʢʚʘʜʨʘʪʥʦʝ 

ʫʨʘʚʥʝʥʠʝè (1,1%). ʂʘʢ ʚʠʜʠʤ, ʥʝ ʪʘʢ ʤʥʦʛʦ ʦʧʨʦʰʝʥʥʳʭ ʩʯʠʪʘʶʪ ʤʘʪʝʤʘʪʠʢʫ ʬʫʥʜʘʤʝʥʪʦʤ 

ʜʘʣʴʥʝʡʰʝʡ ʞʠʟʥʠ ʠ ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʚʩʝ 

ʧʨʦʬʝʩʩʠʠ ʠʤʝʶʪ ʜʘʥʥʫʶ ʥʘʫʢʫ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ. ʆʜʥʘʢʦ ʯʝʪʚʝʨʪʴ ʛʦʣʦʩʦʚ ʟʘ ʦʪʚʝʪ, ʯʪʦ ʟʥʘʥʠʷ 

ʤʘʪʝʤʘʪʠʢʠ ʥʝ ʧʨʠʛʦʜʷʪʩʷ ʚʦʚʩʝ, 8,8% ʪʦʛʦ, ʯʪʦ ʜʘʞʝ ʚ ʙʳʪʫ ʥʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʢʠ ʷʚʣʷʶʪʩʷ ʪʨʝʚʦʞʥʳʤ ʟʚʦʥʢʦʤ ʢ ʧʝʨʝʦʩʤʳʩʣʝʥʠʶ ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʝ ʜʘʥʥʦʡ 

ʜʠʩʮʠʧʣʠʥʝ. ʇʦʪʦʤʫ ʯʪʦ ʜʘʞʝ ʯʝʣʦʚʝʢʫ, ʟʘʥʠʤʘʶʱʝʤʫʩʷ ʚ ʩʬʝʨʝ ʬʠʣʦʣʦʛʠʠ, ʙʠʦʣʦʛʠʠ, 

ʣʠʥʛʚʠʩʪʠʢʠ ʠ ʪ.ʜ. ʥʝʦʙʭʦʜʠʤʳ, ʧʫʩʪʴ ʠ ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʟʥʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʢʫʨʩʝ ʰʢʦʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʰʝʡ ʘʥʢʝʪʳ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʜʝʪʝʡ ʚʠʜʷʪ, ʯʪʦ 

ʤʘʪʝʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʭ ʞʠʟʥʠ ʠ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʠʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ʆʜʥʘʢʦ ʝʩʪʴ ʠ ʪʝ, ʢʪʦ ʥʝ ʩʯʠʪʘʝʪ ʜʘʥʥʳʡ ʧʨʝʜʤʝʪ ʚʘʞʥʳʤ, ʠ, ʝʩʪʴ 
ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʧʨʝʧʦʜʥʝʩʝʥʠʠ ʰʢʦʣʴʥʦʛʦ 

ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ ʰʢʦʣʴʥʠʢʫ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʚʠʚʘʥʠʝ ʣʶʙʚʠ ʠ ʦʩʦʟʥʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʘʪʝʤʘʪʠʢʠ ʢʘʢ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʜʠʩʮʠʧʣʠʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʮʝʣʝʡ ʧʝʜʘʛʦʛʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʬʝʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɸ ʟʥʘʯʠʪ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʙʣʝʩʪʷʱʠʤ ʦʨʘʪʦʨʦʤ, ʚʣʘʜʝʶʱʠʤ ʠʩʢʫʩʩʪʚʦʤ ʧʫʙʣʠʯʥʦʛʦ 

ʚʳʩʪʫʧʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʤ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʦʙʫʯʘʶʱʠʭʩʷ, ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʩʣʫʰʘʪʝʣʝʡ, 

ʮʝʣʦʩʪʥʫʶ ʠ ʦʙʲʝʢʪʠʚʥʫʶ ʢʘʨʪʠʥʳ ʤʠʨʘ, ʚ ʢʦʪʦʨʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ 

ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʮʝʥʥʦʩʪʝʡ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ ʠ ʫʩʧʝʰʥʦʩʪʴ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʤʘʪʨʠʯʥʳʭ 

ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʠʭ ʠʛʨ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʨʘʟʤʝʨʦʚ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ 

(ʧʰʝʥʠʮʳ, ʷʯʤʝʥʷ, ʢʫʢʫʨʫʟʳ). ɼʣʷ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʈʆʉʉʊɸʊɸ ʦ ʢʦʣʠʯʝʩʪʚʝ 

ʦʩʘʜʢʦʚ, ʚʘʣʦʚʦʤ ʩʙʦʨʝ ʠ ʩʨʝʜʥʠʭ ʮʝʥʘʭ ʨʝʘʣʠʟʘʮʠʠ ʟʝʨʥʘ ʟʘ 2010-2016ʛʛ. ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ 

ʢʨʘʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʤʘʪʨʠʯʥʦʡ ʠʛʨʳ, ʜʘʶʱʝʛʦ ʩʪʨʫʢʪʫʨʫ ʧʦʩʝʚʦʚ, ʧʨʠʙʣʠʞʝʥʥʫʶ ʢ 

ʨʝʘʣʴʥʦʩʪʠ, ʧʨʦʠʟʚʝʜʸʥ ʧʦʜʙʦʨ ʮʝʥ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʟʝʨʥʘ. ʅʘ ʧʨʠʤʝʨʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʠʛʨ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʩʝʚʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʠʛʨ, ʤʘʪʨʠʯʥʘʷ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʘʷ ʠʛʨʘ, ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ, 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʩʝʚʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 

 

Abstract 

The article is devoted to the study of the possibility of applying the methods of the theory of 

matrix antagonistic games to planning the size and structure of crops of grain crops (wheat, barley, 

corn). ROSSTAT data on precipitation, gross harvest and average grain sales prices for 2010-2016 in 

the Krasnodar Territory were used for calculations. In order to obtain a solution to the matrix game, 

which gives a structure of crops close to reality, prices for grain sales were selected. The example 

shows the possibility of using the game theory apparatus in crop planning. 

Keywords: game theory, matrix antagonistic game, simplex method, planning of grain crops. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʧʦʩʝʚʥʘʷ ʧʣʦʱʘʜʴ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʟʘʥʷʪʘ 

ʟʝʨʥʦʚʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʢʦʪʦʨʳʝ ʚʳʨʘʱʠʚʘʶʪʩʷ ʚ ʭʦʟʷʡʩʪʚʘʭ ʚʩʝʭ ʢʘʪʝʛʦʨʠʡ. ʇʰʝʥʠʮʘ ʠ 

ʷʯʤʝʥʴ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʉʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʠʩʴ ʧʦʩʝʚʳ 

ʢʫʢʫʨʫʟʳ ʥʘ ʟʝʨʥʦ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʟʝʨʥʘ ʷʚʣʷʝʪʩʷ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʋʨʦʞʘʡʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ 

ʢʫʣʴʪʫʨ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʥʦ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʷʚʣʷʶʪʩʷ ʧʦʛʦʜʥʳʝ 

ʫʩʣʦʚʠʷ, ʘ ʪʦʯʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʠʛʨ ʩ ʧʨʠʨʦʜʦʡ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ 

ʨʘʟʤʝʨʦʚ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʨʠʯʥʫʶ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʫʶ ʠʛʨʫ, ʛʜʝ ʚʩʝ ʭʦʟʷʡʩʪʚʘ ʨʘʟʥʳʭ ʢʘʪʝʛʦʨʠʡ 

ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ, ʚ ʜʘʣʴʥʝʡʰʝʤ çʌʝʨʤʝʨè, ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʠʛʨʦʢʘ ï çʇʨʠʨʦʜʘè. 

ɺʳʜʝʣʠʤ ʜʣʷ çʌʝʨʤʝʨʘè ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʚʠʜʳ ʢʫʣʴʪʫʨ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʟʘʜʘʚʘʪʴ ʪʨʠ ʝʛʦ ʩʪʨʘʪʝʛʠʠ: ɸ1 ï ʧʰʝʥʠʮʘ, ɸ2 ï ʷʯʤʝʥʴ, ɸ3 ï ʢʫʢʫʨʫʟʘ. ɼʣʷ çʇʨʠʨʦʜʳè ʪʦʞʝ 

ʚʳʜʝʣʠʤ ʪʨʠ ʩʪʨʘʪʝʛʠʠ: ʇ1 ï ʟʘʩʫʭʘ, ʇ2 ï ʜʦʞʜʠ, ʇ3 ï ʥʦʨʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ. ʅʫʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʘʪʝʛʠʶ çʌʝʨʤʝʨʘè ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʩʝʚʦʚ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -81- 

 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʛʦʜ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʟʘʩʫʰʣʠʚʳʤ, ʘ ʢʘʢʦʡ ʜʦʞʜʣʠʚʳʡ, ʠʟ 

ʩʧʨʘʚʦʯʥʠʢʘ ʙʳʣʠ ʚʟʷʪʳ ʜʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ, ʚʳʧʘʚʰʠʭ ʩʫʤʤʘʨʥʦ ʟʘ ʛʦʜ ʚ 

ʂʨʘʩʥʦʜʘʨʝ (ʈʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʝʩʷʯʥʳʭ ʠ ʛʦʜʦʚʳʭ ʩʫʤʤ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ ʚ ʂʨʘʩʥʦʜʘʨʝ. 

 

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʮʝʥʳ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʨʝʘʣʠʟʫʝʤʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʠʟ ɽʄʀʉʉ. 

 

ʊʘʙʣʠʮʘ 1  

ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ (ʨʫʙʣʝʡ ʟʘ ʪʦʥʥʫ) 

ʛʦʜ ʇʐɽʅʀʎɸ ʗʏʄɽʅʔ ʂʋʂʋʈʋɿɸ 

2010 4465,23 3695,86 5358,62 

2014 7592,54 5914,33 5726,65 

2016 9575,14 7675,01 8281,52 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʩʝʚʥʦʡ 

ʧʣʦʱʘʜʠ ʠ ʚʘʣʦʚʦʛʦ ʩʙʦʨʘ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʠʟ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ (ʈʆʉʉʊɸʊ), ʛʣʘʚʥʦʛʦ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ (ʩʤ. ʊʘʙʣ. 2 ʠ ʊʘʙʣ. 3). 

 

ʊʘʙʣʠʮʘ 2 

ʇʦʩʝʚʥʘʷ ʧʣʦʱʘʜʴ (ʪʳʩ. ʛʝʢʪʘʨ) 
 ʇʰʝʥʠʮʘ ʗʯʤʝʥʴ ʂʫʢʫʨʫʟʘ ʇʦʛʦʜʘ 

2010 1317,289 242,081 408,715 ɿʘʩʫʭʘ 

2014 1402,083 216,527 614,615 ɼʦʞʜʠ 

2016 1457,956 184,503 640,645 ʅʦʨʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 

 

ʊʘʙʣʠʮʘ 3 

ɺʘʣʦʚʦʡ ʩʙʦʨ (ʪʳʩ. ʮʝʥʪʥʝʨʦʚ) 
 ʇʰʝʥʠʮʘ ʗʯʤʝʥʴ ʂʫʢʫʨʫʟʘ ʇʦʛʦʜʘ 

2010 65413,495 10634,68 13826,625 ɿʘʩʫʭʘ 

2014 76583,258 9797,801 32772,491 ɼʦʞʜʠ 

2016 85107,839 7770,34 35313,62 ʅʦʨʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 

 

ɺʳʯʠʩʣʠʤ ʫʨʦʞʘʡʥʦʩʪʴ ʧʦ ʬʦʨʤʫʣʝ (1): 

ὠ

Ὓ
Ὗȟ                                                                     ρ 

ʛʜʝ U ï ʫʨʦʞʘʡʥʦʩʪʴ; Vi ï ʚʘʣʦʚʦʡ ʩʙʦʨ; Si ï ʧʦʩʝʚʥʘʷ ʧʣʦʱʘʜʴ ʢʫʣʴʪʫʨʳ i. 

ʷʥʚ ʬʝʚ ʤʘʨ ʘʧʨ ʤʘʡ ʠʶʥ ʠʶʣ ʘʚʛ ʩʝʥ ʦʢʪ ʥʦʷ ʜʝʢ ʟʘ ʛʦʜ

2007 73 69 28 51 40 27 13 31 10 41 23 111 515

2008 87 49 89 19 93 57 80 12 42 14 86 96 724

2009 105 75 107 85 25 93 19 22 18 92 24 100 766

2010 15 39 68 55 69 52 47 1 77 28 67 30 546

2011 110 66 66 138 107 54 3 81 22 76 32 43 797

2012 52 70 50 41 74 15 83 4 27 45 38 75 574

2013 41 34 80 20 17 86 96 35 107 75 36 71 697

2014 87 27 43 68 72 145 71 63 9 83 78 53 798

2015 107 15 94 18 45 129 51 0.0 40 78 17 65 659

2016 20 35 53 44 116 63 88 13 14 74 49 77 645



-82- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʊʘʙʣʠʮʘ 4 

ʋʨʦʞʘʡʥʦʩʪʴ (ʮʝʥʪʥʝʨ/ʛʝʢʪʘʨ) 

 ʇʰʝʥʠʮʘ ʗʯʤʝʥʴ ʂʫʢʫʨʫʟʘ 

2010 49,66 43,93 33,83 

2014 54,62 45,25 53,32 

2016 58,37 49,95 55,12 

 

ʏʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʮʝʥʳ ʢ ʦʜʥʦʤʫ 

ʛʦʜʫ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʠʥʬʣʷʮʠʠ ʥʘ ʮʝʥʥʦʩʪʴ (ʧʦʢʫʧʘʪʝʣʴʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ) 

ʜʝʥʝʛ ʠ ʨʦʩʪ ʮʝʥ ʩʦ ʚʨʝʤʝʥʝʤ.  

ʊʘʙʣʠʮʘ 5 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʥʬʣʷʮʠʠ ʚ ʛʦʜʦʚʦʤ ʠʩʯʠʩʣʝʥʠʠ 
ɻʦʜ ʗʥʚ ʌʝʚ ʄʘʨ ɸʧʨ ʄʘʡ ʀʶʥ ʀʶʣ ɸʚʛ ʉʝʥ ʆʢʪ ʅʦʷ ɼʝʢ ɺʩʝʛʦ 

2016 9.77 8.06 7.26 7.24 7.30 7.48 7.21 6.84 6.42 6.09 5.76 5.38 5.38 

2015 14.97 16.71 16.93 16.42 15.78 15.29 15.64 15.77 15.68 15.59 14.98 12.91 12.91 

2014 6.05 6.20 6.92 7.33 7.59 7.80 7.45 7.56 8.03 8.30 9.07 11.36 11.36 

2013 7.07 7.28 7.02 7.23 7.38 6.88 6.45 6.49 6.13 6.25 6.48 6.45 6.45 

2012 4.16 3.74 3.70 3.57 3.61 4.30 5.59 5.95 6.58 6.55 6.47 6.58 6.58 

2011 9.56 9.47 9.46 9.61 9.59 9.42 9.01 8.16 7.21 7.19 6.78 6.10 6.10 

2010 8.02 7.18 6.46 6.04 5.97 5.74 5.46 6.04 6.96 7.50 8.06 8.78 8.78 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘ ʛʦʜ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʥʬʣʷʮʠʠ ʟʘ 12 ʤʝʩʷʮʝʚ, 

ʚʢʣʶʯʘʷ ʚʳʙʨʘʥʥʳʡ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʠʥʬʣʷʮʠʠ ʚ 

ʮʝʣʦʤ, ʩʛʣʘʞʠʚʘʷ ʩʝʟʦʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

ʈʘʩʩʯʠʪʘʪʴ ʥʦʚʫʶ ʩʪʦʠʤʦʩʪʴ ʤʦʞʥʦ ʧʦ ʬʦʨʤʫʣʝ (2): 

Ὂὓ ὖὓz ρ Ὑ ᶻρ Ὑ ȣzᶻρ Ὑ ȟ                            ς 

ʛʜʝ FM ï ʙʫʜʫʱʘʷ ʩʪʦʠʤʦʩʪʴ ʜʝʥʝʛ, PM ï ʪʝʢʫʱʘʷ ʩʪʦʠʤʦʩʪʴ ʜʝʥʝʛ, Ὑ ï ʩʨʝʜʥʷʷ 

ʠʥʬʣʷʮʠʷ ʪʝʢʫʱʝʛʦ ʛʦʜʘ, Ὑ  ï ʩʨʝʜʥʷʷ ʠʥʬʣʷʮʠʷ ʛʦʜʘ, ʢ ʢʦʪʦʨʦʤʫ ʥʫʞʥʦ ʧʨʠʚʝʩʪʠ ʬʠʥʘʥʩʳ. 
ʇʨʠʤʝʥʠʚ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʥʬʣʷʮʠʠ ʠʟ ʊʘʙʣ. 5 ʢʦ ʚʩʝʤ ʟʥʘʯʝʥʠʷʤ ʠʟ ʊʘʙʣ. 1 ʧʦʣʫʯʠʤ 

ʩʨʝʜʥʶʶ ʩʪʦʠʤʦʩʪʴ, ʧʨʠʚʝʜʸʥʥʫʶ ʢ 2016 ʛʦʜʫ. 

ʊʘʙʣʠʮʘ 6 

ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ, ʧʨʠʚʝʜʸʥʥʘʷ ʢ 2016 ʛʦʜʫ (ʨʫʙʣʝʡ ʟʘ ʪʦʥʥʫ) 
 ʇʰʝʥʠʮʘ ʗʯʤʝʥʴ ʂʫʢʫʨʫʟʘ 

2010 7747,3 6412,4 9297,3 

2014 10060,2 7836,6 7587,9 

2016 10090,3 8087,9 8727,1 

 

 ʉʦʩʪʘʚʠʤ ʧʣʘʪʸʞʥʫʶ ʤʘʪʨʠʮʫ (ὥ) ʧʦ ʬʦʨʤʫʣʝ (3): 

ὥ ό άz ,                                                     (3) 

ʛʜʝ ό  ï ʵʣʝʤʝʥʪ i-ʛʦ ʩʪʦʣʙʮʘ j-ʦʡ ʩʪʨʦʢʠ ʊʘʙʣ. 4 ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨ, ά  ï ʵʣʝʤʝʥʪ i-

ʛʦ ʩʪʦʣʙʮʘ j-ʦʡ ʩʪʨʦʢʠ ʊʘʙʣ. 6 ʩʨʝʜʥʝʡ ʩʪʦʠʤʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 7 

ʇʣʘʪʸʞʥʘʷ ʤʘʪʨʠʮʘ 

 
ʇ1 

(ʟʘʩʫʭʘ) 

ʇ2 

(ʜʦʞʜʠ) 
ʇ3 (ʥʦʨʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ) 

ɸ1 (ʇʰʝʥʠʮʘ) 3847 549499 589018 
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12 

ɸ2 (ʗʯʤʝʥʴ) 
2816

99 
354603 403952 

ɸ3 (ʂʫʢʫʨʫʟʘ) 
3145

24 
404601 481053 

 

ʈʝʰʠʤ ʤʘʪʨʠʯʥʫʶ ʩ ʧʦʣʫʯʝʥʥʦʡ ʧʣʘʪʸʞʥʦʡ ʤʘʪʨʠʮʝʡ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ, ʩʚʦʜʷ ʝʸ ʢ 

ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʘʝʤ: ʮʝʥʘ ʠʛʨʳ ʨʘʚʥʘ 384712, ʦʧʪʠʤʘʣʴʥʘʷ 

ʩʪʨʘʪʝʛʠʷ çʌʝʨʤʝʨʘè (1,0,0). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ çʌʝʨʤʝʨʫè ʚʳʛʦʜʥʝʝ ʚʩʝʛʦ ʚʳʨʘʱʠʚʘʪʴ ʪʦʣʴʢʦ 

ʧʰʝʥʠʮʫ. 

ʇʦʧʨʦʙʫʝʤ ʧʦʜʦʙʨʘʪʴ ʪʘʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʯʪʦʙʳ ʧʨʠʙʣʠʟʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ 

ʩʪʨʘʪʝʛʠʶ ʢ ʨʝʘʣʴʥʳʤ ʜʘʥʥʳʤ ʧʦʩʝʚʥʦʡ ʧʣʦʱʘʜʠ ʢʘʞʜʦʡ ʠʟ ʢʫʣʴʪʫʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣ. 

2. 

ʄʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ ʚʳʙʨʘʥʳ ʩʨʝʜʥʠʝ ʮʝʥʳ (ʨʫʙʣʝʡ ʟʘ ʪʦʥʥʫ) ʠ ʟʘʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʫ 8. 

ʊʘʙʣʠʮʘ 8 

ʆʮʝʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʢʫʣʴʪʫʨ (ʨʫʙʣʝʡ ʟʘ ʪʦʥʥʫ) 
 ʇʰʝʥʠʮʘ ʗʯʤʝʥʴ ʂʫʢʫʨʫʟʘ 

2010 5165 4996 5759 

2014 5592 6194 6727 

2016 8375 7975 8981 

ʇʦ ʬʦʨʤʫʣʝ (2) ʧʨʠʚʝʜʸʤ ʮʝʥʳ ʢ ʦʜʥʦʤʫ ʛʦʜʫ. 

ʊʘʙʣʠʮʘ 9 

ʀʟʤʝʥʸʥʥʳʝ ʮʝʥʳ, ʧʨʠʚʝʜʸʥʥʳʝ ʢ 2016 ʛʦʜʫ (ʨʫʙʣʝʡ ʟʘ ʪʦʥʥʫ) 

ʛʦʜ ʇʐɽʅʀʎɸ ʗʏʄɽʅʔ ʂʋʂʋʈʋɿɸ 

2010 8961,4 8668,2 9992,0 

2014 7409,5 8207,1 8913,4 

2016 8825,5 8404,1 9464,2 

 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʜʘʥʥʳʤʠ ʫʨʦʞʘʡʥʦʩʪʠ ʠʟ ʊʘʙʣ. 4, ʨʘʩʩʯʠʪʘʝʤ ʧʣʘʪʸʞʥʫʶ ʤʘʪʨʠʮʫ ʧʦ 

ʬʦʨʤʫʣʝ (3): 

ὃ
ττυππςτπτχρσυρυρωρ
σψπχωυσχρσχρτρωχτρ
σσψπςυτχυςχψυςρφψτ

. 

ʉʥʦʚʘ ʨʝʰʠʤ ʤʘʪʨʠʯʥʫʶ ʠʛʨʫ: ʮʝʥʘ ʠʛʨʳ ʨʘʚʥʘ 422023, ʦʧʪʠʤʘʣʴʥʘʷ ʩʤʝʰʘʥʥʘʷ 

ʩʪʨʘʪʝʛʠʷ çʌʝʨʤʝʨʘè (0,67;0,1;0,23). ʊʦ ʝʩʪʴ çʌʝʨʤʝʨʫè ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʧʰʝʥʠʮʝ 67% ʟʝʤʣʠ, 

ʷʯʤʝʥʶ ï 10%, ʘ ʢʫʢʫʨʫʟʝ ï ʦʩʪʘʚʰʠʝʩʷ 23%. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ 

ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʠʛʨ ʩ ʧʨʠʨʦʜʦʡ ʚ ʧʨʘʢʪʠʢʫ ʘʛʨʘʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʪʦʯʥʝʥʠʝ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ 

ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʥʦ ʠ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʞʘʡʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʦʚʠʡ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʘ. 

***  

1. ɽʄʀʉʉ (ɽʜʠʥʘʷ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ) ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].URL: https://www.fedstat.ru/indicator/31454 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 13.05.2024). 

2. ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ɺʘʣʦʚʳʝ ʩʙʦʨʳ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2018 ʛʦʜʫ (ʯʘʩʪʴ 2) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://rosstat.gov.ru/compendium/document/13277# (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 13.04.2024). 

3. ʋʨʦʚʝʥʴ-ʠʥʬʣʷʮʠʠ.ʨʬ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://xn----ctbjnaatncev9av3a8f8b.xn--p1ai/ (ɼʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 29.04.2024). 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ ʚ ʵʢʦʥʦʤʠʢʝ : ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ / ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʅ. ʐ. ʂʨʝʤʝʨʘ. ï 4-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. 

ʠ ʜʦʧ. ï ʄ.: ʖʨʘʡʪ, 2023. ï 414 ʩ. ï ISBN 978-5-534-12800-0. 
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ʈʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ mathcad 

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ 

(ʈʦʩʩʠʷ, ʀʨʢʫʪʩʢ) 

doi: 10.18411/trnio-07-2024-509 

 

ɸʥʥʦʪʘʮʠʷ 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʠʭ ʧʨʠʣʦʞʝʥʠʷ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʩʣʦʞʥʳʤʠ ʜʣʷ 

ʨʫʯʥʦʛʦ ʨʝʰʝʥʠʷ ʠʟ-ʟʘ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ. ɺ Mathcad ʜʣʷ 

ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ Odesolve, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʚʳʯʠʩʣʝʥʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʫʨʘʚʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʩʣʦʞʥʳʝ ʬʫʥʢʮʠʠ ʠʣʠ ʧʘʨʘʤʝʪʨʳ. 

ʂʦʤʘʥʜʘ Odesolve ʚ Mathcad ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠ ʠʥʞʝʥʝʨʘʤ ʙʦʣʝʝ ʛʣʫʙʦʢʦ 

ʧʦʥʷʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʠ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
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Abstract 

Differential equations and their applications are often difficult to solve manually because of 

their structure and the variety of possible choices. Mathcad uses the Odesolve command to solve 

differential equations, which automates the process and greatly simplifies calculations. This is 

especially useful when working with equations that contain complex functions or parameters. 

The Odesolve command in Mathcad not only allows you to quickly find numerical solutions to 

differential equations, but also provides the ability to analyze the results and visualize them. This 

allows researchers and engineers to more deeply understand the behavior of the system and make 

informed decisions based on the data obtained. 
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ɺʚʝʜʝʥʠʝ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ Mathcad: ʫʧʨʦʱʝʥʠʝ ʠ ʫʩʢʦʨʝʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ɺ 

ʵʧʦʭʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʧʦʷʚʣʷʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʦʙʣʝʛʯʘʶʱʠʝ 

ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʥʘʰʝʡ ʞʠʟʥʠ. Mathcad ʷʚʣʷʝʪʩʷ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ [1]. 

Mathcad ʵʪʦ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʆʥʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ, 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ ʚ ʝʜʠʥʦʤ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʤ ʠʥʪʝʨʬʝʡʩʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Mathcad ʇʨʠʤʝʥʝʥʠʝ Mathcad ʧʨʝʜʣʘʛʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ 

ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ: 

ʋʧʨʦʱʝʥʠʝ ʚʳʯʠʩʣʝʥʠʡ: Mathcad ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʩʣʦʞʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʠ ʫʩʠʣʠʷ ʥʘ ʚʳʯʠʩʣʝʥʠʷ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ: ʇʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʝʥʠʡ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʜʠʘʛʨʘʤʤ ʠ ʜʨʫʛʠʭ ʥʘʛʣʷʜʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʕʪʦ ʦʙʣʝʛʯʘʝʪ 

ʧʦʥʠʤʘʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ.  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -85- 

 

ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ: Mathcad ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ 

ʦʬʦʨʤʣʝʥʥʳʝ ʦʪʯʝʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʪʝʢʩʪʦʚʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ.  

 ɹʠʙʣʠʦʪʝʢʠ ʬʫʥʢʮʠʡ: Mathcad ʨʘʩʧʦʣʘʛʘʝʪ ʦʙʰʠʨʥʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʚʩʪʨʦʝʥʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʯʪʦ ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʠ ʚʥʝʜʨʝʥʠʷ ʩʪʦʨʦʥʥʠʭ 

ʘʣʛʦʨʠʪʤʦʚ.  

ʆʩʥʦʚʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʠ ʦʧʝʨʘʪʦʨʳ 

ɺ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Mathcad ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʢʦʤʘʥʜʳ ʠ ʦʧʝʨʘʪʦʨʳ. ʆʧʝʨʘʪʦʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ: ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ, ʣʦʛʠʯʝʩʢʠʝ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ, ʤʘʪʨʠʯʥʳʝ, ʦʧʝʨʘʪʦʨʳ ʚʳʨʘʞʝʥʠʷ ʠ ʦʧʝʨʘʪʦʨʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʀʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ Given ʦʙʦʟʥʘʯʘʶʪ ʚʚʦʜʥʳʝ ʜʘʥʥʳʝ ʪʘʢʠʝ, ʢʘʢ ʫʨʘʚʥʝʥʠʝ ʠ ʜʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ. 

 ʂʦʤʘʥʜʘ solve. ʆʥʘ ʧʨʠʥʠʤʘʝʪ ʫʨʘʚʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʠ ʚʦʟʚʨʘʱʘʝʪ ʟʥʘʯʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʨʘʚʥʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ. ʀʩʧʦʣʴʟʫʷ ʧʨʠʩʪʘʚʢʫ Ode (Ordinary 

Differential Equation) ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʘʥʜʘ Odesolve ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʨʝʰʝʥʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ . 

ʂʦʤʘʥʜʘ Odesolve ʚʳʜʘʝʪ ʬʫʥʢʮʠʶ ʠʣʠ ʚʝʢʪʦʨ ʬʫʥʢʮʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦʣʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʚ ʨʝʰʘʶʱʝʤ ʙʣʦʢʝ. 

ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Mathcad 

 

 
ʈʠʩʫʥʦʢ 1. ɺʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʢʦʥʪʫʨʝ. 

 

ʏʪʦ ʪʘʢʦʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ, ʪʦ ʝʩʪʴ RLC-ʮʝʧʴ, ʚ ʢʦʪʦʨʫʶ 

ʚʢʣʶʯʝʥ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʕɼʉ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ (t) = 0 cos ɤt, 

ʛʜʝ 0 ï ʘʤʧʣʠʪʫʜʘ, ɤ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ. 
 ɼʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪʠ. ɿʘʢʦʥ ʆʤʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʜʣʷ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʠ 

ʥʘʧʨʷʞʝʥʠʡ. 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʟʘʨʷʜʘ q(t) ʚ RLC - 

ʢʦʥʪʫʨʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʡ ʕɼʉ ʚ ʚʠʜʝ [3 5]: 
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ʀʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ Given ʟʘʧʠʰʝʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Mathcad 

ʧʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: R, L, C, ʀ, ɤ. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʬʫʥʢʮʠʠ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʤʚʦʣ ç ʚʝʨʭʥʠʡ ʘʧʦʩʪʨʦʬ è ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʤʘʥʜʫ ʥʘ ʧʘʥʝʣʠ 

ʚʳʯʠʩʣʝʥʠʷ.  



-86- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 2. ɿʘʧʠʩʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ MATHCAD 

 

ɺ Mathcad ʢʦʤʘʥʜʘ "given" ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʧʦʠʩʢʘ 

ʨʝʰʝʥʠʷ. ʇʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ "given" ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʥʘʯʘʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʫʪ ʘʣʛʦʨʠʪʤʫ ʥʘʡʪʠ ʨʝʰʝʥʠʝ. ʏʠʩʣʦ ʥʘʯʘʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɼʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʪʨʝʙʫʝʪʩʷ ʦʜʥʦ ʥʘʯʘʣʴʥʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ, ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ð ʜʚʘ ʠ ʪʘʢ ʜʘʣʝʝ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʦ 

ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʵʪʦʤʫ ʥʘʤ ʥʫʞʥʳ ʜʚʘ ʥʘʯʘʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʪʦʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʢ ʠʩʪʠʥʥʦʤʫ ʨʝʰʝʥʠʶ, ʯʪʦʙʳ ʘʣʛʦʨʠʪʤ ʤʦʛ 

ʩʦʡʪʠʩʴ ʢ ʥʝʤʫ. ʇʦʩʣʝ ʚʚʦʜʘ ʥʘʯʘʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʠʪʴ ʢʦʤʘʥʜʫ "Odesolve(x, 

b, [step])" ʢ ʫʨʘʚʥʝʥʠʶ. ʕʪʘ ʢʦʤʘʥʜʘ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ 

ʟʘʜʘʥʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɺ ʢʦʤʘʥʜʝ "Odesolve" ʧʝʨʝʤʝʥʥʘʷ "x" ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ, "b" ð ʚʝʢʪʦʨ ʥʘʯʘʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʘ "step" ð ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ 

ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʟʘʜʘʝʪ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɽʩʣʠ "step" ʥʝ ʫʢʘʟʘʥ, Mathcad ʚʳʙʠʨʘʝʪ 

ʦʧʪʠʤʘʣʴʥʳʡ ʰʘʛ ʘʚʪʦʤʘʪʠʯʝʩʢʠ.  

 
ʈʠʩʫʥʦʢ 3. ʈʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 

ʇʦʩʣʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʤʳ ʧʦʣʫʯʘʝʤ ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʚʘ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʝʨʝʤʝʥʥʦʡ t ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʦ ʦʩʠ OY ʧʦ -1 ʜʦ 1. 

 
ʈʠʩʫʥʦʢ 4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʤʝʥʥʦʡ t 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -87- 

 

ʇʦ ʛʨʘʬʠʢʫ ʞʝ ʤʦʞʥʦ ʫʞʝ ʦʧʨʝʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʝʥʠʷ ʪʘʢʠʝ, ʢʘʢ ʘʤʧʣʠʪʫʜʘ, 

ʧʝʨʠʦʜ, ʯʘʩʪʦʪʫ ʚʳʥʫʞʜʝʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ Mathcad ʜʣʷ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ, ʬʠʥʘʥʩʦʚʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦʪ 

ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʩʣʦʞʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

Mathcad ʧʨʝʜʣʘʛʘʝʪ ʫʜʦʙʥʫʶ ʩʨʝʜʫ ʜʣʷ ʨʘʙʦʪʳ ʩ ʫʨʘʚʥʝʥʠʷʤʠ, ʛʜʝ ʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʠ ʦʧʝʨʠʨʦʚʘʪʴ ʠʤʠ. ʇʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʳʧʦʣʥʷʝʪ ʚʳʯʠʩʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ, ʩʧʝʮʠʘʣʠʩʪʳ ʤʦʛʫʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʷ 

ʩʣʦʞʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, Mathcad ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ, 

ʯʪʦ ʧʦʤʦʛʘʝʪ ʣʫʯʰʝ ʧʦʥʷʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʝʥʠ ʠ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʙʦʣʝʝ 

ʥʘʛʣʷʜʥʳʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Mathcad ʜʣʷ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ 

ʨʫʯʥʳʭ ʨʘʩʯʝʪʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ, ʥʦ ʠ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʇʝʣʣʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʤʝʪʦʜ ʮʝʧʥʳʭ ʜʨʦʙʝʡ ʠ ʮʠʢʣʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʜʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʅ. 

ɺʘʡʣʜʙʝʨʛʝʨʘ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʦʜʠʪʩʷ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ὼ στώ ρ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʩʥʦʚʘʤ 
ʤʝʪʦʜʦʚ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ. ʈʘʙʦʪʘ ʟʘʚʝʨʰʝʥʘ ʚʳʚʦʜʘʤʠ ʦ ʟʥʘʯʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʡ 



-88- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʇʝʣʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʜʦʩʪʠʞʝʥʠʡ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʝ ʇʝʣʣʷ, ʤʘʪʨʠʯʥʳʡ ʘʣʛʦʨʠʪʤ ʅ. ɺʘʡʣʜʙʝʨʛʝʨʘ, 

ʜʠʦʬʘʥʪʦʚʳʝ ʫʨʘʚʥʝʥʠʷ, ʮʝʧʥʳʝ ʜʨʦʙʠ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʧʦʚʦʨʦʪ. 

 

Abstract 

In this work, the Pell equation is considered. The work is devoted to the study of various 

methods for solving this equation, ranging from classical methods such as the method of continued 

fractions and the cyclic method, to the modern matrix algorithm of N. Wildberger, which is 

distinguished by its effectiveness. As an example, the solution of the equation x^2-34y^2=1 is given. 

The main attention is paid to the theoretical foundations of the methods and their practical application. 

The work is completed with conclusions on the importance of the Pell equations in various fields of 

science and technology, as well as confirmation of the achievement of the set goals. 

Keywords: ʨell equation, Wildberger matrix algorithm, diophantine equations, continued 

fractions, hyperbolic rotation. 

 

ʋʨʘʚʥʝʥʠʝ ʇʝʣʣʷ ʠʤʝʝʪ ʚʠʜ ὼ Ὀώ ρ, ʛʜʝ Ὀ ð ʵʪʦ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, ʥʝ 

ʷʚʣʷʶʱʝʝʩʷ ʧʦʣʥʳʤ ʢʚʘʜʨʘʪʦʤ. 

ɿʘ ʧʣʝʯʘʤʠ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʩʪʦʠʪ ʙʦʛʘʪʘʷ ʠʩʪʦʨʠʷ. ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʫʨʘʚʥʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʟʘʜʘʯʝ ɸʨʭʠʤʝʜʘ ʦ ʙʳʢʘʭ, ʢʦʪʦʨʫʶ ʦʥ ʧʨʝʜʣʦʞʠʣ ʘʣʝʢʩʘʥʜʨʠʡʩʢʠʤ 

ʤʘʪʝʤʘʪʠʢʘʤ [1]. ɺ III ʚʝʢʝ ɼʠʦʬʘʥʪ ɸʣʝʢʩʘʥʜʨʠʡʩʢʠʡ ʚ ʩʚʦʝʡ ʢʥʠʛʝ çɸʨʠʬʤʝʪʠʢʘè 

ʨʘʩʩʤʘʪʨʠʚʘʣ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ [2]. ɿʘʪʝʤ ʚ XVII ʚʝʢʝ ʇʴʝʨ ʌʝʨʤʘ ʦʙʨʘʪʠʣʩʷ ʢ 

ʘʥʛʣʠʡʩʢʠʤ ʤʘʪʝʤʘʪʠʢʘʤ ʩ ʧʨʠʟʳʚʦʤ ʥʘʡʪʠ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʥʘ ʯʪʦ ʦʪʨʝʘʛʠʨʦʚʘʣʠ 

ʋʠʣʴʷʤ ɹʨʦʫʥʢʝʨ ʠ ɼʞʦʥ ɺʘʣʣʠʩ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ, ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʥʘʠʤʝʥʴʰʝʛʦ ʨʝʰʝʥʠʷ ʩʣʝʜʫʝʪ ʨʘʟʣʦʞʠʪʴ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠ ʭ ʚ 

ʥʝʧʨʝʨʳʚʥʫʶ ʜʨʦʙʴ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʜʭʦʜʷʱʠʝ ʜʨʦʙʠ ʢ ʥʝʡ. ɺ ʩʣʝʜʫʶʱʝʤ ʚʝʢʝ ʃʝʦʥʘʨʜ ʕʡʣʝʨ 

ʧʨʠʝhʣ ʢ ʪʦʤʫ, ʯʪʦ ʥʝʧʨʝʨʳʚʥʘʷ ʜʨʦʙʴ ʜʣʷ Ѝ́  ʠʟ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ 

 ́ ὼ  ρ  ώ, ʛʜʝ ʘ ð ʥʝʢʚʘʜʨʘʪʥʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ. ɼʘʣʝʝ 

ɾʦʟʝʬ ʃʫʠ ʃʘʛʨʘʥʞ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʩ ʧʦʤʦʱʴʶ ʮʝʧʥʳʭ 

ʜʨʦʙʝʡ. ɼʨʫʛʦʡ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ï ʮʠʢʣʠʯʝʩʢʠʡ, ʙʳʣ ʦʪʢʨʳʣ ɹʭʘʩʢʘʨʘ ɸʢʭʘʨʠʷ ʚ XII ʚʝʢʝ. 

ʉʘʤ ʞʝ ʪʝʨʤʠʥ ʷʚʣʷʝʪʩʷ ʦʰʠʙʦʯʥʳʤ, ʚʝʜʴ ɼʞʦʥ ʇʝʣʣʴ ʥʝ ʠʤʝʣ ʥʠʢʘʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ 

ʥʝʤʫ. ɼʘʥʥʦʝ ʥʝʜʦʨʘʟʫʤʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʧʦ ʚʠʥʝ ʕʡʣʝʨʘ, ʢʦʪʦʨʳʡ ʠʟʫʯʘʷ ʨʘʙʦʪʳ ɺʘʣʣʠʩʘ 

ʧʝʨʝʧʫʪʘʣ ʝʛʦ ʩ ʇʝʣʣʝʤ ʠʟ-ʟʘ ʯʘʩʪʦʛʦ ʫʧʦʤʠʥʘʥʠʷ ʚ ʪʝʢʩʪʝ, ʢʦʛʜʘ ʠʟʜʘʚʘʣ çɺʚʝʜʝʥʠʝ ʚ ʘʣʛʝʙʨʫè 

[3]. 

ʀʥʪʝʨʝʩ ʢ ʫʨʘʚʥʝʥʠʶ ʇʝʣʣʷ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʩʝʡ ʜʝʥʴ.  ʉʦʚʨʝʤʝʥʥʳʝ 

ʤʘʪʝʤʘʪʠʢʠ ʠʟʫʯʘʶʪ ʫʨʘʚʥʝʥʠʝ ʇʝʣʣʷ ʠ ʥʘʭʦʜʷʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʳ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʡ, ʦʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʜʨʫʛʠʝ 

ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ, ʠʟʫʯʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ. 

ʈʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʮʝʧʥʳʭ ʜʨʦʙʝʡ 

ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʩ ʧʦʤʦʱʴʶ ʮʝʧʥʳʭ ʜʨʦʙʝʡ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʠʟ XVII 

ʚʝʢʘ, ʢʦʛʜʘ ɼʞʦʥ ɺʘʣʣʠʩ ʠ ʋʠʣʴʷʤ ɹʨʘʫʥʢʝʨ ï ʤʘʪʝʤʘʪʠʢʠ ʠʟ ɸʥʛʣʠʠ, ʧʨʝʜʣʦʞʠʣʠ ʝʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʦʙʱʝʥʥʦʛʦ. 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʧʥʳʭ ʜʨʦʙʝʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʢʚʘʜʨʘʪʥʳʭ ʜʠʦʬʘʥʪʦʚʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʚʠʜʘ 

ὼ Ὀώ ρ, ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʭʦʜʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ 

ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʠʟ ʯʠʩʣʘ  

D, ʠʩʧʦʣʴʟʫʷ ʝʛʦ ʮʝʧʥʫʶ ʜʨʦʙʴ. ʇʦʩʣʝ ʵʪʦʛʦ, ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ. 

ʇʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʧʥʳʭ ʜʨʦʙʝʡ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʅʘʭʦʜʠʤ ʮʝʧʥʫʶ ʜʨʦʙʴ ʜʣʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʠʟ ʯʠʩʣʘ D; 

ʈʘʟʙʠʚʘʝʤ ʵʪʫ ʮʝʧʥʫʶ ʜʨʦʙʴ ʥʘ ʮʝʣʫʶ ʯʘʩʪʴ ʠ ʜʨʦʙʥʫʶ ʯʘʩʪʴ; 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -89- 

 

ʇʦʜʩʪʘʚʣʷʝʤ ʢʘʞʜʦʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʚ ʫʨʘʚʥʝʥʠʝ ʇʝʣʣʷ 

ʠ ʧʨʦʚʝʨʷʝʤ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʣʠ ʦʥʦ ʫʩʣʦʚʠʶ ʫʨʘʚʥʝʥʠʷ; 

ɽʩʣʠ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ, ʜʦʙʘʚʣʷʝʤ ʝʛʦ ʚ ʩʧʠʩʦʢ ʨʝʰʝʥʠʡ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, 

ʧʨʦʜʦʣʞʘʝʤ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʠ ʧʨʦʚʝʨʢʠ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʚʷʟʘʥʦ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʮʝʧʥʳʭ ʜʨʦʙʝʡ ʠ 

ʪʝʦʨʠʝʡ ʜʠʦʬʘʥʪʦʚʳʭ ʫʨʘʚʥʝʥʠʡ. ʆʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʳʝ 

ʧʨʠʙʣʠʞʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʠʟ D ʩʭʦʜʷʪʩʷ ʢ ʝʛʦ ʮʝʧʥʦʡ ʜʨʦʙʠ, ʘ ʪʘʢʞʝ, ʯʪʦ ʚʩʝ 

ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʵʪʠʭ ʧʨʠʙʣʠʞʝʥʠʡ. 

ɺ. ʆ. ɹʫʛʘʝʥʢʦ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [4, ʩ. 27] ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ ʇʝʣʣʷ ʠ ʜʘʞʝ ʧʨʠʚʦʜʠʪ ʧʨʠʤʝʨ, ʢʦʛʜʘ ʚ ʦʜʥʦʤ ʠʟ ʩʣʦʞʥʝʡʰʠʭ 

ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʧʨʠ Ὀ  φρ ʨʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʥʘ ʰʘʛʝ ˉ21. 
ʎʠʢʣʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʀʩʪʦʨʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʫʭʦʜʠʪ ʢʦʨʥʷʤʠ ʚ ʜʘʣʝʢʦʝ 

ʧʨʦʰʣʦʝ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʧʝʨʚʳʝ ʠʥʜʠʡʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ɹʘʩʭʘʨʦʡ II 

ʚ XII ʚʝʢʝ, ʦʜʥʘʢʦ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʧʨʠʧʠʩʳʚʘʶʪ ʝʛʦ ʩʦʟʜʘʥʠʝ ɼʞʘʷʜʝʚʝ (Acarya Jayadeva), 

ʢʦʪʦʨʳʡ ʞʠʣ ʦʢʦʣʦ 1000 ʛ. ʥ.ʵ. ʠʣʠ ʨʘʥʝʝ, ʥʦ ʢʘʢ ʤʠʥʠʤʫʤ ʟʘ 100 ʣʝʪ ʜʦ ɹʘʩʭʘʨʳ [5, ʩ. 168]. ɺ 

ʦʙʱʝʤ, ɼʞʘʷʜʝʚʘ ʦʙʦʙʱʠʣ ʤʝʪʦʜ ʜʨʫʛʦʛʦ ʤʘʪʝʤʘʪʠʢʘ-ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʘ ɹʨʘʭʤʘʛʫʧʪʳ, ʘ ʝʛʦ 

ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʟʘʥʠʤʘʣʩʷ ɹʘʩʭʘʨʘ, ʢʦʪʦʨʳʡ ʜʦʙʘʚʠʣ ʝʛʦ ʚ ʩʚʦʡ ʪʨʘʢʪʘʪ ʧʦ ʘʣʛʝʙʨʝ 

çɹʠʞʜʘʛʘʥʠʪʘè ʠ ʧʝʨʝʠʤʝʥʦʚʘʣ ʝʛʦ ʢʘʢ çʯʘʢʨʘʚʘʣʘè, ʯʪʦ ʚ ʧʝʨʝʚʦʜʝ ʥʘ ʩʘʥʩʢʨʠʪ ʦʙʦʟʥʘʯʘʝʪ 

ʢʦʣʝʩʦ ʠʣʠ ʮʠʢʣ. 

 ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʞʜʝʩʪʚʝ ɹʨʘʭʤʘʛʫʧʪʳ: 

ὼ ὔώ ὼ ὔώ  ὼὼ ὔώώ ὔὼώ ὼώ , 

ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʦʤʙʠʥʠʨʦʚʘʪʴ ʜʣʷ ʫʨʘʚʥʝʥʠʷ  

ὼ ὔώ Ὧ ʧʘʨʫ ʪʨʦʝʢ ʨʝʰʝʥʠʷ ὼȟώȟὯ  ʠ ὼȟώȟ Ὧ  ʚ ʥʦʚʫʶ ʪʨʦʡʢʫ (ὼὼ
ὔώώȟὼώ ὼώȟὯὯ). 

ʆʩʥʦʚʥʘʷ ʤʳʩʣʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚʩʷʢʫʶ ʪʨʦʡʢʫ ὼȟώȟὯ, 

ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ὼ ὔώ Ὧ, ʚʦʟʤʦʞʥʦ ʩʢʦʤʙʠʥʠʨʦʚʘʪʴ ʩ ʪʨʠʚʠʘʣʴʥʦʡ 
ʪʨʦʡʢʦʡ άȟρȟά  ὔ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʥʝʪ ʥʦʚʘʷ ʪʨʦʡʢʘ ὼά  ὔὦȟὼ 
 ώάȟὯ ά  ὔ . ʇʫʩʪʴ ʤʳ ʥʘʯʥʝʤ ʩ ʪʨʦʡʢʠ, ʛʜʝ ˚˛ˑ̖ȟ̔ ρ, ʪʦʛʜʘ ʧʦʩʣʝʜʥʷʷ ʪʨʦʡʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʥʠʞʝʥʘ ʥʘ Ὧ: ὼ ὔώ Ὧᴼ ὔ  . ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, 

ʯʪʦ ʟʥʘʢʠ ʚʥʫʪʨʠ ʩʢʦʙʦʢ ʥʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ, ʚʦʟʤʦʞʥʳ ʧʦʜʩʪʘʥʦʚʢʠ:  

ὼᴺ
ὼά ὔώ

ȿὯȿ
 ȟώᴺ

ὼ ώά

ȿὯȿ
ȟὯᴺ

ά ὔ

Ὧ
 

ɼʚʘ ʜʨʫʛʠʝ ʯʠʩʣʘ ʚ ʪʨʦʡʢʝ ʙʫʜʫʪ ʮʝʣʳʤʠ, ʝʩʣʠ ʯʠʩʣʦ ά π ʚʳʙʨʘʥʦ ʪʘʢ, ʯʪʦ  ï ʮʝʣʦʝ. ʀʟ 

ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʥʘʯʝʥʠʡ m, ʜʘʥʥʳʡ ʤʝʪʦʜ ʚʳʙʠʨʘʝʪ ʪʘʢʦʝ, ʢʦʪʦʨʦʝ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ȿά ɀ ὔȿ. ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʜʩʪʘʥʦʚʢʘ ʩ ʚʳʙʨʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ά, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʧʦʣʫʯʘʝʤ ʪʨʦʡʢʫ ȟ̖̔ȟὯ. ɼʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʥʘʡʜʝʥʘ ʪʨʦʡʢʘ ʩ Ὧ ρ, ʧʨʦʮʝʩʩ 
ʧʦʚʪʦʨʷʝʪʩʷ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ʩ ʧʦʤʦʱʴʶ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʧʦʚʦʨʦʪʘ 

ʉʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ ï ʩ ʧʦʤʦʱʴʶ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ 

ʧʦʚʦʨʦʪʘ. ʉʫʱʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʥʘʡʪʠ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʛʠʧʝʨʙʦʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʘʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʇʝʣʣʷ, ʩ ʢʦʦʨʜʠʥʘʪʥʳʤʠ 

ʧʨʷʤʳʤʠ. ʂʦʦʨʜʠʥʘʪʳ ʧʦʣʫʯʠʚʰʠʭʩʷ ʪʦʯʝʢ ʠ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ. ɼʣʷ ʥʘʯʘʣʘ 

ʩʣʝʜʫʝʪ ʦʪʳʩʢʘʪʴ ʯʘʩʪʥʦʝ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʦʙʦʟʥʘʯʠʚ ʟʘʪʝʤ ʝʛʦ 

ʢʘʢ ὼȟώ . ɼʘʣʝʝ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʯʪʦʙʳ ʧʨʠʚʝʩʪʠ ʝʛʦ ʢ ʫʨʘʚʥʝʥʠʶ 
ʛʠʧʝʨʙʦʣʳ. ʇʦʩʣʝ ʯʝʛʦ ʜʣʷ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʫʨʘʚʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʥʘ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʥʘ ʥʝʤ ʪʦʯʢʫ ὼȟώ . 

ɿʘʪʝʤ ʚʳʧʦʣʥʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʧʝʨʝʚʦʜʠʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʪʦʯʢʫ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ȟ̖̔  ʚ ʪʦʯʢʫ ὼὼ  άώώȟὼώ  ώὼ. ɿʘʜʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 



-90- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤ ʧʦʚʦʨʦʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʩʜʚʠʛʘʝʪ ʣʶʙʫʶ ʛʠʧʝʨʙʦʣʫ ʩʝʤʝʡʩʪʚʘ ʚʜʦʣʴ ʩʝʙʷ 

ʧʫʪʝʤ ʧʝʨʝʚʦʜʘ ʣʶʙʦʡ ʪʦʯʢʠ ʛʠʧʝʨʙʦʣʳ ʚ ʜʨʫʛʫʶ ʪʦʯʢʫ ʥʘ ʥʝʡ ʞʝ. ʎʝʣʳʝ ʪʦʯʢʠ ʦʩʪʘʶʪʩʷ 

ʮʝʣʳʤʠ ʠ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʘ (ʨʠʩ. 1) ʠʟʦʙʨʘʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʩʜʚʠʛʘʶʪʩʷ ʛʠʧʝʨʙʦʣʳ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ὼȟώ  [4, ʩ. 14]. ɿʘʚʝʨʰʘʶʱʠʤ ʰʘʛʦʤ ʥʝʦʙʭʦʜʠʤʦ 
ʠʩʩʣʝʜʦʚʘʪʴ ʚʩʝ ʧʦʣʫʯʠʚʰʠʝʩʷ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ (ʩ ʮʝʣʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ) ʥʦʚʦʡ ʛʠʧʝʨʙʦʣʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʷʤ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ. 

 

 
ʈʠʩʫʥʦʢ 1. ʄʥʦʞʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʡ ʩʜʚʠʞʝʥʠʷ ʛʠʧʝʨʙʦʣʳ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ὼȟώ  

 

ʇʦʜʳʪʦʞʠʚ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʤʝʪʦʜ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤ ʧʦʚʦʨʦʪʝ, ʩʚʦʜʠʪʩʷ ʢ ʩʠʩʪʝʤʝ: 
ὼ ὼὼ άώώ
ώ ὼώ ώὼ

. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʚʳʚʝʜʝʥʥʳʭ ʬʦʨʤʫʣ ʚʦʟʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʠʥʜʫʢʮʠʝʡ [6, ʩ. 98]. 

ʄʘʪʨʠʯʥʳʡ ʘʣʛʦʨʠʪʤ ɺʘʡʣʜʙʝʨʛʝʨʘ 

ʅʦʨʤʘʥ ɺʘʡʣʜʙʝʨʛʝʨ, ʧʨʦʬʝʩʩʦʨ ʤʘʪʝʤʘʪʠʢʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ʅʦʚʦʛʦ ʖʞʥʦʛʦ ʋʵʣʴʩʘ ʚ 

ʉʠʜʥʝʝ, ɸʚʩʪʨʘʣʠʷ, ʢʦʪʦʨʳʡ ʩʢʦʨʦ ʚʳʡʜʝʪ ʥʘ ʧʝʥʩʠʶ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʦʥ ʜʦʩʪʠʛ ʙʦʣʴʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ: ʟʘʧʠʩʘʣ ʤʥʦʞʝʩʪʚʦ ʢʫʨʩʦʚ ʥʘ YouTube, ʨʘʙʦʪʘʣ ʥʘʜ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʛʨʫʧʧʳ ʃʠ, ʨʝʰʘʷ ʛʠʧʦʪʝʟʫ ʍʦʨʥʘ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʫʤʤ 

ʵʨʤʠʪʦʚʳʭ ʤʘʪʨʠʮ, ʧʨʝʜʩʪʘʚʠʣ ʢʚʘʟʠʩʪʘʥʜʘʨʪʥʳʝ ʪʘʙʣʠʮʳ ʖʥʛʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ çʨʦʤʙʦʚʠʜʥʦʡè ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʥʝʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʠʩʘʣ ʢʥʠʛʫ 

çʈʘʮʠʦʥʘʣʴʥʘʷ ʪʨʠʛʦʥʦʤʝʪʨʠʷè, ʦʪʢʨʳʣ ʟʘʤʝʯʘʪʝʣʴʥʫʶ ʪʨʦʡʥʫʶ ʩʠʤʤʝʪʨʠʶ ʚ ʧʣʘʥʘʨʥʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʥʘʟʳʚʘʝʤʫʶ ʭʨʦʤʦʛʝʦʤʝʪʨʠʝʡ, ʨʘʟʨʘʙʦʪʘʣ ʪʝʦʨʠʶ ʢʦʥʝʯʥʳʭ ʟʥʘʢʦʚʳʭ ʛʠʧʝʨʛʨʫʧʧ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ ʚʝʨʩʠʷʤʠ ʢʦʥʝʯʥʳʭ ʛʨʫʧʧ, ʠ ʨʘʟʨʘʙʦʪʘʣ ʜʣʷ ʥʠʭ ʪʝʦʨʠʶ 

ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ 2008 ʛʦʜʫ ʦʥ ʨʘʟʨʘʙʦʪʘʣ ʩʘʤʳʡ ʤʦʱʥʳʡ ʦʙʱʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʭ ʜʠʦʬʘʥʪʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʨʘʟʛʘʜʘʣ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʛʘʫʩʩʦʚʩʢʠʭ 

ʧʝʨʠʦʜʦʚ. ʉʚʦʠʤ ʤʘʪʨʠʯʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʦʥ ʥʘʰʝʣ ʧʨʦʩʪʝʡʰʝʝ ʦʙʲʷʩʥʝʥʠʝ ʪʦʛʦ, ʧʦʯʝʤʫ 

ʨʝʰʝʥʠʷ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʳ [8]. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʝʛʦ ʤʝʪʦʜ. 

ʊʝʦʨʝʤʘ 1. ʋʨʘʚʥʝʥʠʝ ʇʝʣʣʷ ʠʤʝʝʪ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ:  

ʈʘʩʩʤʦʪʨʠʤ ʢʚʘʜʨʘʪʠʯʥʫʶ ʬʦʨʤʫ: 

ὗὼȟώ ὼȟώ
ὥ ὦ
ὦ ὧ

̖

̔
 ὥὼ ςὦὼώὧώȢ 

ʄʘʪʨʠʮʘ  ̱  
ὥ ὦ
ὦ ὧ

 ï ʧʦʜʭʦʜʷʱʘʷ, ʝʩʣʠ ὥ πȟ̒ π. 
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ʋʨʘʚʥʝʥʠʝ ὼ  άώ  ρ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ ὗὼȟώ ρ ʩ ʤʘʪʨʠʮʝʡ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʬʦʨʤʳ ὃ 
ρ π
π ά

 ï ʧʦʜʭʦʜʷʱʝʡ, ʧʨʠʯʝʤ ʯʠʩʣʦὃ ʥʝ ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ. ʀʪʦʛʦʤ ʤʘʪʨʠʮʳ 

ʙʫʜʝʪ ʩʫʤʤʘ ʝʸ ʵʣʝʤʝʥʪʦʚ. 

ɺʚʝʜʝʤ ʤʘʪʨʠʮʳ ὒ
ρ π
ρ ρ

 ʠ Ὑ
ρ ρ
π ρ

.  

ʇʦʩʪʨʦʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʘʪʨʠʮ ὃ  
ὥ ὦ
ὦ ὧ

, ʛʜʝ  

Ὥ  πȟρȟςȟȣ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʘʷ ʩʣʝʜʫʶʱʘʷ ʤʘʪʨʠʮʘ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʩ ʧʦʤʦʱʴʶ 
ʣʝʚʦʛʦ ʠʣʠ ʧʨʘʚʦʛʦ ʰʘʛʘ (ʟʘʤʝʥʳ ʤʘʪʨʠʮʳ ὃ). ʃʝʚʳʡ ʰʘʛ ʦʟʥʘʯʘʝʪ ʟʘʤʝʥʫ ʥʘ ʤʘʪʨʠʮʫ ὒȭὃὒ 

 
ὥ ςὦ ὧ ὦ ὧ
ὦ ὧ ὧ

 , ʘ ʧʨʘʚʳʡ ὙȭὃὙ  
ὥ ὥ ὦ
ὥ ὦ ὥ ςὦ ὧ

 , ʛʜʝ ʰʪʨʠʭ ï ʵʪʦ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ. 

ʀʟ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʘʪʨʠʮʳ ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ ʣʝʚʳʡ ʰʘʛ, ʠʟ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʧʨʘʚʳʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʦʜʭʦʜʷʱʝʡ ʤʘʪʨʠʮʳ ʚʩʝʛʜʘ ʧʦʣʫʯʠʪʩʷ ʧʦʜʭʦʜʷʱʘʷ. 

ʋʙʝʜʠʤʩʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʣʶʙʦʡ ʤʘʪʨʠʮʳ ʠʟ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʨʘʚʝʥ ʥʫʣʶ. 

ʃʝʚʳʡ ʠ ʧʨʘʚʳʡ ʰʘʛʠ ʤʘʪʨʠʮʳ ʥʝ ʤʝʥʷʶʪ ʝʛʦ ʦʧʨʝʜʝʣʠʪʝʣʷ, ʪʘʢ ʢʘʢ ὒ  Ὑ  ρ. ɿʥʘʯʠʪ, 
ʦʧʨʝʜʝʣʠʪʝʣʴ ʢʘʞʜʦʡ ʤʘʪʨʠʮʳ 

 ὃ  ά. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʘʪʨʠʮʘ ʩ ʥʫʣʝʚʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʤʝʝʪ ʚʠʜ 
ὥ ὦ
ὦ ὥ ςὦ

 , 

ʛʜʝ ὥ ʠ ὦ ɸ  ὤ , ʠ ʝʸ ʦʧʨʝʜʝʣʠʪʝʣʴ ʨʘʚʝʥ ɀὦ  ὥ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ά ὦ ɀ ὥ , ʥʦ ά, ʧʦ 
ʫʩʣʦʚʠʶ, ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʢʚʘʜʨʘʪʦʤ. 

ʄʳ ʠʤʝʝʤ ʙʝʩʢʦʥʝʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʪʨʠʮ ὃ  
ὥ ὦ
ὦ ὧ

, ʛʜʝ ὥ πȟὧ

πȟὥὧ ὦ ά, ʯʠʩʣʘ ὥ, ὧ ʠ ὦ ʦʙʨʘʟʫʶʪ ʨʝʰʝʥʠʝ ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʣʘʭ ʜʣʷ ʫʨʘʚʥʝʥʠʷ 

ὼώ  ᾀ  ά. ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ, ʘ ʟʥʘʯʠʪ, ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὃ  ʥʝ ʚʩʝ ʤʘʪʨʠʮʳ ʨʘʟʣʠʯʥʳ. ʇʦʢʘʞʝʤ, ʯʪʦ ʧʝʨʚʦʡ ʧʦʚʪʦʨʠʪʩʷ ὃ . 

ʋʙʝʜʠʤʩʷ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ὃ  ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ὃ . 

ɽʩʣʠ ˍ  ὒȭ ̱ ὒȟ̓  ̱̏   ὒȭ  ̱ὒ  
ρ ρ
π ρ

ὥ ὦ
ὦ ὧ

ρ π
ρ ρ

  

ὥ ςὦ ὧ ὦ ὧ
ὦ ὧ ὧ

. 

ɽʩʣʠ ˍ Ὑȭ̱ Ὑȟ̓  ̱̏ Ὑȭ  ̱Ὑ  
ρ π
ρ ρ

ὥ ὦ
ὦ ὧ

ρ ρ
π ρ

 

ὥ ὦ ὥ
ὦ ὥ ὥ ςὦ ὧ

. 

ʊʦ ʝʩʪʴ ʚʩʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ὸ ὥ ςὦ ὧ, ʝʩʣʠ ὸ π, ʪʦ ʤʘʪʨʠʮʘ  ̱

ʧʦʣʫʯʝʥʘ ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʣʝʚʳʤ ʰʘʛʦʤ, ʘ ʧʨʠ ὸ π ʧʨʘʚʳʤ. ʇʨʠ ʵʪʦʤ ὸ π, ʧʦʩʢʦʣʴʢʫ 
ʤʘʪʨʠʮʘ ˍ  ̫ ʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʝʡ (ʙʝʟ ʥʫʣʝʡ ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʥʝʢʦʪʦʨʘʷ ʤʘʪʨʠʮʘ  ̱Í ὃ  ʚʩʪʨʝʪʠʣʘʩʴ ʚʪʦʨʦʡ ʨʘʟ, 

ʪʦ ʘʥʘʣʦʛʠʯʥʦ ʚʩʪʨʝʪʠʪʩʷ ʝʱʝ ʨʘʟ ʠ ˍ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʚʦʡ ʧʦʚʪʦʨʠʪʩʷ ὃ . 

ʇʝʨʚʳʡ ʰʘʛ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʩʝʛʜʘ ʧʨʘʚʳʡ, ʪʘʢ ʢʘʢ ρ ά π. ʆʜʥʘʢʦ ʚʩʝ ʰʘʛʠ 
ʧʨʘʚʳʤʠ ʙʳʪʴ ʥʝ ʤʦʛʫʪ. ʇʦʩʢʦʣʴʢʫ, ʝʩʣʠ  ̱ʧʦʣʫʯʝʥʘ ʧʨʘʚʳʤ ʰʘʛʦʤ, ʪʦ ὦ ὥ ὦ
ὦ , ʘ ʯʠʩʣʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ὦ  ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʠ ʥʝ ʚʦʟʨʘʩʪʘʝʪ. 

ɿʥʘʯʠʪ, ʤʘʪʨʠʮʘ ὔ
‌ ‍
‎ ‏

, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʚʩʝʛʜʘ 

ʩʦʩʪʦʠʪ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ.  



-92- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʇʫʩʪʴ ὗὼȟώ ὼȟώὃ ρ ʠ ὔ . ʊʦʛʜʘ  

ὗὼȟώ ὼȟώ ὃ ὼȟώὔὃὔ ὼȟώὃ ὗὼȟώ ρ.  

ʊʦ ʝʩʪʴ, ʝʩʣʠ ὼȟώ - ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ, ʪʦ ὼȟώ  ʪʦʞʝ ʝʛʦ ʨʝʰʝʥʠʝ [7, c. 91 - 93].  

ʀʩʧʦʣʴʟʫʷ ʤʘʪʨʠʯʥʳʡ ʘʣʛʦʨʠʪʤ ʥʘʡʪʠ ʚʩʝ ʥʘʪʫʨʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ 

● ◐  
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ συȟφ. ɸ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

συςπτ
φ συ

 , ʛʜʝ Ὕ ï ʣʶʙʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ.  

ʇʨʦʚʝʨʢʘ: συ ɀ στφς  ρςςυ ɀ στσφ  ρςςυ ɀ ρςςτ  ρ.  
ɿʘʢʣʶʯʝʥʠʝ 

ɿʥʘʯʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʇʝʣʣʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ɼʘʥʥʳʡ 

ʚʠʜ ʫʨʘʚʥʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʥʘʧʨʠʤʝʨ, ʚ 

ʢʦʤʙʠʥʘʪʦʨʠʢʝ ʠ ʪʝʦʨʠʠ ʯʠʩʝʣ, ʢʨʠʧʪʦʛʨʘʬʠʠ, ʬʠʟʠʢʝ ʠ ʜʨʫʛʠʭ. ʄʘʪʝʤʘʪʠʢʠ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ 

ʥʝ ʧʝʨʝʩʪʘʶʪ ʠʩʧʳʪʳʚʘʪʴ ʠʥʪʝʨʝʩ ʢ ʫʨʘʚʥʝʥʠʶ ʇʝʣʣʷ ʠ ʧʳʪʘʶʪʩʷ ʝʱʝ ʣʫʯʰʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʥʘʭʦʞʜʝʥʠʷ ʝʛʦ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʡ 

ʫʨʘʚʥʝʥʠʷ ʇʝʣʣʷ: ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʮʠʢʣʠʯʝʩʢʠʡ ʠ ʤʝʪʦʜ ʮʝʧʥʳʭ ʜʨʦʙʝʡ, ʜʦ 

ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ - ʤʘʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʅ. ɺʘʡʣʜʙʝʨʛʝʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʧʦʚʦʨʦʪʘ. 

ʄʘʪʨʠʯʥʳʡ ʘʣʛʦʨʠʪʤ ʅ. ɺʘʡʣʜʙʝʨʛʝʨʘ ʟʘʩʣʫʞʠʚʘʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ  

ὼ στώ ρ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʤʠʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʚʝʢʪʦʨʳ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʫʥʠʢʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, 

ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʢʘʢ ʨʘʟʤʝʨʥʦʩʪʴ, ʪʘʢ ʠ ʥʘʧʨʘʚʣʝʥʠʝ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʠʭ 

ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚ ʬʦʨʤʝ ʩʪʨʝʣʦʢ. ʕʪʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʚʟʛʣʷʜ ʥʘ ʚʝʢʪʦʨʳ ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʠʭ ʧʦʥʠʤʘʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʫʶ ʢʘʨʪʠʥʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʝʢʪʦʨʳ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʠ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʬʦʨʤʝ ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʥʘʙʦʨʳ ʯʠʩʣʦʚʳʭ 

ʟʥʘʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨʥʘʷ ʢʦʥʮʝʧʮʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʚʦʶ ʤʥʦʛʦʛʨʘʥʥʦʩʪʴ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ. ʄʘʪʝʤʘʪʠʢʠ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʘʙʩʪʨʘʢʮʠʠ ʠ 

ʩʪʨʦʛʦʩʪʠ ʬʦʨʤʫʣ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʠʟʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʚʝʢʪʦʨʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ, ʘ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʚʝʢʪʦʨʳ ʩʪʘʥʦʚʷʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʩʧʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʢʪʦʨʦʚ 

ʦʙʦʛʘʱʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʬʝʨʘʭ ʟʥʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʢʪʦʨ, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ, ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. 

 

Abstract 

In the world of mathematical concepts, vectors act as unique objects combining both dimension 

and direction, which is clearly reflected in their graphical representation in the form of arrows. This 

geometric view of vectors underlies their understanding, providing an intuitive picture. At the same 

time, vectors can also be written in algebraic form as organized sets of numeric values. Thus, the 

vector concept demonstrates its versatility and application in various disciplines. Mathematicians focus 

on abstraction and rigor of formulas, while physicists use vectors to describe physical phenomena, and 

in computer science vectors become effective tools for solving practical problems. Understanding these 

diverse aspects of using vectors enriches their application and study in a variety of fields of knowledge. 

Keywords: vector, geometric interpretation, various approaches, universality. 

 

ɺʝʢʪʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʨʤʠʥʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʝ. ʈʘʟʚʠʪʠʝ 

ʵʪʦʛʦ ʧʦʥʷʪʠʷ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ. 

ɺ ʬʠʟʠʢʝ ʚʝʢʪʦʨʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʦʧʠʩʘʥʠʠ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ, 

ʩʢʦʨʦʩʪʴ ʠ ʩʠʣʘ. ɿʜʝʩʴ ʚʝʢʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʢʘʢ ʯʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ, ʪʘʢ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʠ 

ʫʨʘʚʥʝʥʠʷ. 

ɺ ʠʥʬʦʨʤʘʪʠʢʝ ʚʝʢʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʷ 

ʩʦʙʦʡ ʥʘʙʦʨʳ ʟʥʘʯʝʥʠʡ. 

ɺ ʛʝʦʤʝʪʨʠʠ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ, ʦʜʥʦ ʠʟ ʥʠʭ: "ɺʝʢʪʦʨ - ʵʪʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʜʣʠʥʦʡ". 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʝʮʠʬʠʢʘʮʠʠ. 



-94- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

1. ʇʨʝʜʤʝʪʦʤ ʚʝʢʪʦʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ ʢʘʢ ʥʘʙʦʨ ʩʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʩʝʛʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ. 

ɺʝʢʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʵʢʚʠʚʘʣʝʥʪʥʳʝ, ʝʩʣʠ ʦʥʠ ʠʜʝʥʪʠʯʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ 

ʥʘʧʨʘʚʣʝʥʠʶ, ʥʦ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝ 

ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʚʝʢʪʦʨʳ ʠʤʝʥʫʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʩʚʦʙʦʜʥʳʝ ʚʝʢʪʦʨʳ ʧʦʣʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʝʡ ʜʣʠʥʦʡ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ (ʝʩʣʠ ʜʣʠʥʘ ʥʝ 

ʨʘʚʥʘ ʥʫʣʶ). ɼʚʘ ʚʝʢʪʦʨʘ, ʨʘʚʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ, ʥʦ ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʨʘʟʥʳʭ 

ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʯʠʪʘʶʪʩʷ ʨʘʟʥʳʤʠ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʩʚʦʙʦʜʥʦʛʦ ʚʝʢʪʦʨʘ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʚʝʢʪʦʨʘʤ ʧʨʝʜʣʘʛʘʝʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʥ ʫʧʨʦʱʘʝʪ 

ʧʦʥʠʤʘʥʠʝ ʨʘʚʝʥʩʪʚʘ ʚʝʢʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ ʦʧʨʝʜʝʣʷʪʴ ʦʧʝʨʘʮʠʠ ʥʘʜ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʚʝʢʪʦʨʘʤʠ. ʊʘʢ, ʩʫʤʤʘ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʚʝʢʪʦʨʦʚ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʝʟʘʚʠʩʠʤʳʤ ʚʝʢʪʦʨʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʫʤʤʘ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʥʳʭ ʦʪʨʝʟʢʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ ʥʘʧʨʘʚʣʝʥʥʳʤ ʦʪʨʝʟʢʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʧʝʨʘʮʠʶ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʜʦʙʘʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʦʛʦʚʦʨʦʢ. ʅʘʧʨʠʤʝʨ, ʠʟ 

ʙʘʟʦʚʦʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʣʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟʦʙʨʘʞʝʥʘ ʥʘʧʨʘʚʣʝʥʥʳʤ ʩʝʛʤʝʥʪʦʤ. 

ʆʜʥʘʢʦ ʪʘʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʝʢʪʦʨ ʚ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʠʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʚʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʦʪʨʝʟʢʘʤʠ, ʤʦʛʫʪ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

2. ʊʝʦʨʠʷ ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʥʮʝʧʮʠʠ ʚʝʢʪʦʨʘ ʢʘʢ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʧʦ ʧʘʨʘʣʣʝʣʴʥʳʤ ʣʠʥʠʷʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʯʢʠ ʩʜʚʠʛʘʶʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ. ʉʫʪʴ ʫʩʪʘʥʦʚʢʠ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʢʝ ʜʣʠʥʳ (ʪʦ ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʷ, ʥʘ ʢʦʪʦʨʦʝ ʪʦʯʢʠ 

ʩʤʝʱʘʶʪʩʷ). 

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʩʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʦʯʝʪʘʥʠʶ (ʢʦʤʧʦʟʠʮʠʠ) 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʝʨʝʥʦʩʦʚ. 

ʊʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʦʤʦʛʘʝʪ ʨʘʟʨʝʰʠʪʴ ʧʨʦʪʠʚʦʨʝʯʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ 

ʤʥʦʞʝʩʪʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʥʷʪʠʷ ʨʘʚʝʥʩʪʚʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ 

ʚʝʢʪʦʨʘ ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʨʝʟʢʘ. ʕʪʦʪ ʣʦʛʠʯʝʩʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʚʚʝʜʝʥʠʶ 

ʚʝʢʪʦʨʘ, ʦʜʥʘʢʦ, ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʥʷʪʝʥ. 

3. ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʚʝʢʪʦʨ: 

ʆʧʨʝʜʝʣʝʥʠʝ: "ʇʘʨʘ ʪʦʯʝʢ ʥʘʟʳʚʘʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ, ʝʩʣʠ ʦʙ ʵʪʠʭ ʪʦʯʢʘʭ ʠʟʚʝʩʪʥʦ, 

ʢʘʢʘʷ ʠʟ ʥʠʭ ʧʝʨʚʘʷ, ʘ ʢʘʢʘʷ ʚʪʦʨʘʷ". ɺʝʢʪʦʨʦʤ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʚʝʢʪʦʨʦʤ) ʥʘʟʳʚʘʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪʨʝʟʦʢ, ʪ.ʝ. ʦʪʨʝʟʦʢ, ʫ ʢʦʪʦʨʦʛʦ ʫʢʘʟʘʥʳ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ (ʨʠʩ.1). 

 

 
ʈʠʩʫʥʦʢ 1.ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ. 

 

ʆʙʦʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ: !"ᴆ, Áᴆ. ɼʣʠʥʦʡ ʚʝʢʪʦʨʘ !"ᴆ ʥʘʟʳʚʘʝʪʩʷ ʜʣʠʥʘ ʦʪʨʝʟʢʘ ὃὄ. 

ʆʙʦʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʚʝʢʪʦʨʘ: | !"ᴆ |, |Áᴆ|. 
ʆʧʨʝʜʝʣʝʥʠʝ 2: ʅʫʣʝʚʦʡ ʚʝʢʪʦʨ - ɻ ʪʦ ʚʝʢʪʦʨ, ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʶʪ. 

ʆʧʨʝʜʝʣʝʥʠʝ 3: ɺʝʢʪʦʨʳ ʥʘʟʳʚʘʶʪʩʷ ʢʦʣʣʠʥʝʘʨʥʳʤʠ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ, ʢʦʪʦʨʦʡ 

ʦʥʠ ʧʘʨʘʣʣʝʣʴʥʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ 4: ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʠ ʢʦʥʮʦʤ ʚʝʢʪʦʨʘ ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʜʣʠʥʦʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ 5: ɼʚʘ ʚʝʢʪʦʨʘ ʥʘʟʳʚʘʶʪʩʷ ʨʘʚʥʳʤʠ, ʝʩʣʠ ʦʥʠ ʢʦʣʣʠʥʝʘʨʥʳ, ʦʜʠʥʘʢʦʚʦ 
ʥʘʧʨʘʚʣʝʥʳ ʠ ʠʤʝʶʪ ʨʘʚʥʫʶ ʜʣʠʥʫ. ʇʨʠʤʝʯʘʥʠʝ: ʚʩʝ ʥʫʣʝʚʳʝ ʚʝʢʪʦʨʳ ʩʯʠʪʘʶʪʩʷ ʨʘʚʥʳʤʠ. 
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ʈʠʩʫʥʦʢ 2. ʂʦʣʣʠʥʝʘʨʥʳʝ ʠ ʥʝʢʦʣʣʠʥʝʨʥʳʝ ʚʝʢʪʦʨʳ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ 6. ɺʝʢʪʦʨʳ Áᴆ, Âᴆ ʥʘʟʳʚʘʶʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʘʨʦʡ ʚʝʢʪʦʨʦʚ, ʝʩʣʠ ʫʢʘʟʘʥʦ, 
ʢʘʢʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ, ʘ ʢʘʢʦʡ ð ʚʪʦʨʳʤ.  

ʇʨʠ ʟʘʧʠʩʠ ʙʫʜʝʤ ʨʘʩʧʦʣʘʛʘʪʴ ʚʝʢʪʦʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʨʷʜʢʝ: Áᴆ, Âᴆ.  

ʆʧʨʝʜʝʣʝʥʠʝ 7. ʋʧʦʨʷʜʦʯʝʥʥʘʷ ʧʘʨʘ ʥʝʢʦʣʣʠʥʝʘʨʥʳʭ ʚʝʢʪʦʨʦʚ Áᴆ, Âᴆ , ʣʝʞʘʱʠʭ ʚ ʝʜʠʥʦʡ 
ʧʣʦʩʢʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʙʘʟʠʩʦʤ ʥʘ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ.  

ʇʫʩʪʴ Áᴆ, Âᴆ ð ʙʘʟʠʩ ʚ ʥʝʢʦʪʦʨʦʡ ʧʣʦʩʢʦʩʪʠ. ʊʦʛʜʘ ʣʶʙʦʡ ʚʝʢʪʦʨ ᴆ̒, ʣʝʞʘʱʠʡ ʚ ʪʦʡ ʞʝ 

ʧʣʦʩʢʦʩʪʠ, ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʧʦ ʙʘʟʠʩʫ, ʪ.ʝ. ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ὧ = ‗Áᴆ + ‘Âᴆ .ʏʠʩʣʘ ‗, ‘ 

ʥʘʟʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ ὧ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʠʩʘ Áᴆ , Âᴆ . 
ʆʧʨʝʜʝʣʝʥʠʝ 8. ɺʝʢʪʦʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ð ʵʪʦ ʤʥʦʞʝʩʪʚʦ V, ʥʘ ʢʦʪʦʨʦʤ ʚʚʝʜʝʥʳ 

ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʠ ʫʤʥʦʞʝʥʠʷ ʥʘ ʩʢʘʣʷʨ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʣʶʙʳʭ v, w  ɴV 

ʩʫʱʝʩʪʚʫʝʪ v +w  ɴV, ʠ ʧʨʦʠʟʚʦʣʴʥʳʭ v  ɴV ʠ ɚ  ɴR ʦʧʨʝʜʝʣʝʥ ɚv  ɴV. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ:  

1. v +w = w +v ʜʣʷ ʣʶʙʳʭ v, w  ɴV (ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʴ ʩʣʦʞʝʥʠʷ);  

2. v + (w + u) = (v + w) + u ʜʣʷ ʣʶʙʳʭ u, v, w  ɴV (ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʴ ʩʣʦʞʝʥʠʷ);  

3. ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʡ ʵʣʝʤʝʥʪ ᴆ0, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ v  ɴV ʚʳʧʦʣʥʝʥʦ v +ᴆ0 = ᴆ0 + v = 

v (ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʝʥʠʷ);  

4. ʜʣʷ ʣʶʙʦʛʦ v  ɴV ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʡ ʵʣʝʤʝʥʪ w  ɴV, ʯʪʦ v + w = w + v = ᴆ0 
(ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʵʣʝʤʝʥʪʘ).  

5. ɚ(Õv) = (ɚÕ)v ʜʣʷ ʣʶʙʳʭ v  ɴV ʠ ɚ, Õ  ɴR; 

6. 1v = v ʜʣʷ ʣʶʙʳʭ v  ɴV (ʫʤʥʦʞʝʥʠʝ ʥʘ ʝʜʠʥʠʮʫ ʩʦʭʨʘʥʷʝʪ ʚʝʢʪʦʨ).  

7. (ɚ + Õ)v = ɚv + Õv ʜʣʷ ʣʶʙʳʭ v  ɴV ʠ ɚ, Õ  ɴR (ʜʠʩʪʨʠʙʫʪʠʚʥʦʩʪʴ ʫʤʥʦʞʝʥʠʷ 
ʥʘ ʚʝʢʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʝʥʠʷ ʩʢʘʣʷʨʦʚ);  

8. ɚ(v + w) = ɚv + ɚw ʜʣʷ ʣʶʙʳʭ v, w  ɴV ʠ ɚ  ɴR (ʜʠʩʪʨʠʙʫʪʠʚʥʦʩʪʴ ʫʤʥʦʞʝʥʠʷ 
ʥʘ ʩʢʘʣʷʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ). 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʜʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʪʘʢʠʝ ʢʘʢ: ʚʝʢʪʦʨ, ʨʘʚʥʳʝ ʚʝʢʪʦʨʳ, ʢʦʣʣʠʥʝʘʨʥʳʝ 

ʚʝʢʪʦʨʳ ʥʘ ʧʨʠʤʝʨʝ ʠʟ ʫʯʝʙʥʠʢʘ ʇʦʛʦʨʝʣʦʚʘ ɸ.ɺ. ʊʘʢʞʝ, ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ (ʤʦʜʫʣʷ), ʥʫʣʝʚʦʛʦ ʚʝʢʪʦʨʘ. ʇʨʠʚʦʜʷʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ ʠ 

ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʢ ʦʧʨʝʜʝʣʝʥʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʢʪʦʨ, ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ, ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ. 



-96- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 

Abstract 

The article provides basic concepts such as: vector, equal vectors, collinear vectors using the 

example from the textbook by A.V. Pogorelov. Also, definitions of the absolute magnitude of a vector 

(module), zero vector are touched upon. The proofs of the theorems are given and examples are given 

in the images to the definitions. 

Keywords: vector, vector modulus, vector coordinates. 

 

ʀʟʫʯʝʥʠʶ ʚʝʢʪʦʨʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʫʜʝʣʷʝʪʩʷ ʥʝ ʪʘʢ ʤʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʇʝʨʚʦʝ ʟʥʘʢʦʤʩʪʚʦ ʥʘʯʠʥʘʝʪʩʷ ʚ ʧʣʘʥʠʤʝʪʨʠʠ, ʪʦ ʝʩʪʴ ʚ 8-9 ʢʣʘʩʩʘʭ, ʟʘʪʝʤ ʚ 

ʩʪʝʨʝʦʤʝʪʨʠʠ 10-11 ʢʣʘʩʩʘ.   

ɿʥʘʯʠʤʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʦʯʝʚʠʜʥʘ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʨʝʰʝʥʠʠ ʰʢʦʣʴʥʠʢʘʤʠ ʤʥʦʛʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, 

ʟʘʢʣʘʜʳʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʥʷʪʠʷ ʚʝʢʪʦʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʯʝʙʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʛʝʦʤʝʪʨʠʠ ʜʣʷ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ 

ʩʨʝʜʥʝʡ ʰʢʦʣʳ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʢʪʦʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʆʜʥʘʢʦ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʫʩʚʦʝʥʠʷ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʯʝʥʠʢʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʫʤʝʥʠʝ ʨʘʙʦʪʘʪʴ ʩ ʦʪʨʝʟʢʘʤʠ, 

ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʧʦʥʠʤʘʪʴ 

ʟʥʘʯʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠ ʟʥʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ. ɺ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʦʥʷʪʠʝ 

ʚʝʢʪʦʨʘ ʚʚʦʜʠʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʥʷʪʠʝ ʚʝʢʪʦʨʘ ʥʘ ʧʨʠʤʝʨʝ ʠʟ ʫʯʝʙʥʠʢʘ ʇʦʛʦʨʝʣʦʚʘ ɸ.ɺ. 

"ɺʝʢʪʦʨʦʤ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪʨʝʟʦʢ (ʨʠʩ. 1). ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʢʘʟʘʥʠʝʤ ʝʛʦ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ. ʅʘ ʯʝʨʪʝʞʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʦʪʤʝʯʘʝʪʩʷ 

ʩʪʨʝʣʢʦʡ". 

 

 
ʈʠʩʫʥʦʢ 1. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ. 

 

ʆʙʳʯʥʦ ʧʨʠʥʷʪʦ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʧʨʠʤʝʥʷʪʴ ʩʪʨʦʯʥʳʝ ʙʫʢʚʳ ʣʘʪʠʥʩʢʦʛʦ 

ʘʣʬʘʚʠʪʘ, ʥʘʧʨʠʤʝʨ, a, b, c ʠ ʧʨʦʯʠʝ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʚʝʢʪʦʨ, ʫʢʘʟʘʚ ʝʛʦ ʥʘʯʘʣʴʥʫʶ 

ʠ ʢʦʥʝʯʥʫʶ ʪʦʯʢʠ (ʧʨʠ ʵʪʦʤ ʥʘʯʘʣʦ ʚʝʢʪʦʨʘ ʫʢʘʟʳʚʘʝʪʩʷ ʜʦ ʢʦʥʝʯʥʦʡ). ɺʤʝʩʪʦ ʪʝʨʤʠʥʘ 

"ʚʝʢʪʦʨ" ʧʝʨʝʜ ʙʫʢʚʝʥʥʳʤ ʦʙʦʟʥʘʯʝʥʠʝʤ ʚʝʢʪʦʨʘ ʧʦʤʝʱʘʶʪ ʩʪʨʝʣʢʫ ʠʣʠ ʯʝʨʪʫ. 

ɺʝʢʪʦʨ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1,  ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ: ʘᴆ,ȿʘᴆȿ ʠʣʠ ὃὄᴆ, ὃὄᴆ.  

ñɸʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʦʡ (ʠʣʠ ʤʦʜʫʣʝʤ) ʚʝʢʪʦʨʘ ʥʘʟʳʚʘʝʪʩʷ ʜʣʠʥʘ ʦʪʨʝʟʢʘ, 

ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʚʝʢʪʦʨò.   

ɸʙʩʦʣʶʪʥʫʶ ʚʝʣʠʯʠʥʫ ʚʝʢʪʦʨʘ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ, ʪʘʢʞʝ, ʜʣʠʥʦʡ ʚʝʢʪʦʨʘ ʠ ʦʙʦʟʥʘʯʘʶʪ: 

ȿʘᴆȿ ʠʣʠ ὃὄᴆ. ɽʩʣʠ ʥʘʯʘʣʦ ʚʝʢʪʦʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʝʛʦ ʢʦʥʮʦʤ, ʪʦ ʪʘʢʦʡ ʚʝʢʪʦʨ ʥʘʟʳʚʘʝʪʩʷ ʥʫʣʝʚʳʤ 

ʚʝʢʪʦʨʦʤ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ πᴆ. ɼʣʠʥʘ ʥʫʣʝʚʦʛʦ ʚʝʢʪʦʨʘ ʨʘʚʥʘ ʥʫʣʶ, ʠ ʦʥ ʥʝ ʠʤʝʝʪ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɼʚʘ ʚʝʢʪʦʨʘ ʩʯʠʪʘʶʪʩʷ ʨʘʚʥʳʤʠ, ʝʩʣʠ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʤʝʱʝʥʳ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʧʝʨʝʥʦʩʦʤ. ʀʟ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʚʥʳʝ ʚʝʢʪʦʨʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʠ ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ.  

ʇʦʥʷʪʠʝ ʢʦʣʣʠʥʝʘʨʥʳʭ ʚʝʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

"ɼʚʘ ʚʝʢʪʦʨʘ ʥʘʟʳʚʘʶʪʩʷ ʢʦʣʣʠʥʝʘʨʥʳʤʠ, ʝʩʣʠ ʦʥʠ ʣʝʞʘʪ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ ʠʣʠ 

ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ." ʂʦʣʣʠʥʝʘʨʥʳʝ ʚʝʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʜʠʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʳ ʠʣʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʳ.  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -97- 

 

ʆʙʲʷʩʥʠʪʴ ʵʪʠ ʧʦʥʷʪʠʷ ʤʦʞʥʦ ʧʦ-ʨʘʟʥʦʤʫ, ʨʘʩʩʤʦʪʨʠʤ ʦʙʘ, ʥʘ ʧʨʠʤʝʨʝ ʨʠʩʫʥʢʘ 2:  

1. ʄʳ ʤʦʞʝʤ ʨʘʩʧʦʣʦʞʠʪʴ ʜʚʘ ʢʦʣʣʠʥʝʘʨʥʳʭ ʚʝʢʪʦʨʘ ʪʘʢ, ʯʪʦʙʳ ʠʭ ʥʘʯʘʣʘ ʙʳʣʠ 

ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ. ʀ ʝʩʣʠ ʦʥʠ ʦʙʘ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʷʤʦʡ, ʪʦ ʚʝʢʪʦʨʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʦʥʠ 

ʣʝʞʘʪ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʫʧʣʦʩʢʦʩʪʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʡ, ʪʦ ʚʝʢʪʦʨʳ ʠʤʝʶʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ.  

2. ɺʝʢʪʦʨʳ ὃὄᴆ ʠ ὅὈᴆ ʥʘʟʳʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʥʳʤʠ, ʝʩʣʠ ʧʦʣʫʧʨʷʤʳʝ 
ɸɺ ʠ CD ʦʜʠʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʳ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʣʫʧʨʷʤʳʝ ɸɺ ʠ CD 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʳ, ʪʦ ʚʝʢʪʦʨʳ ὃὄᴆ ʠ ὅὈᴆ ʥʘʟʳʚʘʶʪʩʷ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤʠ.  

 

 
ʈʠʩʫʥʦʢ 2. ʂʦʣʣʠʥʝʘʨʥʳʝ ʚʝʢʪʦʨʳ. 

 

ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʦʪ ɸ.ɺ. ʇʦʛʦʨʝʣʦʚʘ ʨʘʚʥʳʝ ʚʝʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʧʨʦʮʝʩʩ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ: çɼʚʘ ʚʝʢʪʦʨʘ ʥʘʟʳʚʘʶʪʩʷ ʨʘʚʥʳʤʠ, ʝʩʣʠ ʦʥʠ ʩʦʚʤʝʱʘʶʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤè.  

ʀʟ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʚʥʳʝ ʚʝʢʪʦʨʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ 

ʘʙʩʦʣʶʪʥʫʶ ʚʝʣʠʯʠʥʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʛʣʷʜʥʦ.  

 

 
ʈʠʩʫʥʦʢ 3. ʈʘʚʥʳʝ ʚʝʢʪʦʨʳ. 

 

ʅʘ 3 ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʚʝʢʪʦʨʳ ὃὄᴆ ʠ ὅὈᴆ, ʢʦʪʦʨʳʝ ʦʜʠʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʠ ʠʤʝʶʪ 
ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ. ʇʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʝʨʝʥʦʩʝ ʪʦʯʢʘ ʉ ʧʝʨʝʭʦʜʠʪ ʚ ʪʦʯʢʫ A, ʩʦʚʤʝʱʘʷ 

ʧʦʣʫʧʨʷʤʫʶ CD ʩ ʧʦʣʫʧʨʷʤʦʡ ɸɺ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʜʠʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʳ (ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʢʦʣʣʠʥʝʘʨʥʳ). ʊʘʢ ʢʘʢ ʚʝʢʪʦʨʳ ʨʘʚʥʳ, ʪʦ ʧʨʠ ʦʩʫʱʝʩʪʚʣʷʝʤʦʤ ʥʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʝʨʝʥʦʩʝ 

ʪʦʯʢʘ D ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʪʦʯʢʦʡ ɺ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʝʢʪʦʨ ὅὈᴆ ʧʝʨʝʭʦʜʠʪ ʚ ʚʝʢʪʦʨ ὃὄᴆ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ,  ʚʝʢʪʦʨʳ ὃὄᴆ ʠ ὅὈᴆ ʨʘʚʥʳ, ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 
ʊʝʧʝʨʴ ʦʟʥʘʢʦʤʠʤʩʷ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ: 

ʇʫʩʪʴ ʚʝʢʪʦʨ ᴆ́ ʠʤʝʝʪ ʥʘʯʘʣʦ ʚ ʪʦʯʢʝ ˍ ὼȠώ , ʘ ʢʦʥʝʮ ʚ ʪʦʯʢʝ ˍ ὼȠώ . 

ʂʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ ᴆ́ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʯʠʩʣʘ ὥ ὼ ὼ, ὥ ώ ώ. 

ɿʘʧʠʰʝʤ ʵʪʦ: ὥᴆὥȠὥ . ʂʦʦʨʜʠʥʘʪʳ ʥʫʣʝʚʦʛʦ ʚʝʢʪʦʨʘ ʨʘʚʥʳ 0. 
ʇʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʯʝʨʝʟ ʠʭ 

ʢʦʦʨʜʠʥʘʪʳ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʣʠʥʳ ʚʝʢʪʦʨʘ ὥ ʠ ὥ: 

ȿὥᴆȿ ὼ ὼ ώ ώ = ὥ ὥ 



-98- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʊʝʦʨʝʤʘ. ʈʘʚʥʳʝ ʚʝʢʪʦʨʳ ʠʤʝʶʪ ʨʘʚʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ.  

ʆʙʨʘʪʥʘʷ ʪʝʦʨʝʤʘ: ʝʩʣʠ ʫ ʚʝʢʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʳ, ʪʦ ʚʝʢʪʦʨʳ 

ʨʘʚʥʳ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 

ʇʫʩʪʴ ʚʝʢʪʦʨʳ ὃὃ  ʠ  ὄὄ ʨʘʚʥʳ. ʊʦʛʜʘ ʠʭ ʥʘʧʨʘʚʣʝʥʠʷ ʦʜʠʥʘʢʦʚʳ, ʘ ʜʣʠʥʳ ʨʘʚʥʳ 

ὃὃᴆ ὄὄᴆ .  

ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ὃὃὃ ʠ ὄὄὄ ʨʘʚʥʳʝ ʧʦ ʛʠʧʦʪʝʥʫʟʝ ʠ ʦʩʪʨʦʤʫ ʫʛʣʫ, ʠ 

ʪʦʛʜʘ ʠʟ ʨʘʚʝʥʩʪʚʘ ʩʣʝʜʫʝʪ ʨʘʚʝʥʩʪʚʦ ʢʘʪʝʪʦʚ: ὃὃ ὄὄ ʠ  ὃὃ ὄὄ, ʠʣʠ, ʫʯʠʪʳʚʘʷ 
ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ὃ ὼȟώ , ὃ ὼȟώ , ὄ ὼȟώ , ὄ ὼȟώ , ʧʦʣʫʯʠʤ ὼ ὼ ὼ ὼ ʠ 

ώ ώ ώ ώ, ʪʦ ʝʩʪʴ ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʳʭ ʚʝʢʪʦʨʦʚ ʨʘʚʥʳ. 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʙʨʘʪʥʦʡ ʪʝʦʨʝʤʳ: 

ʇʫʩʪʴ ʚʝʢʪʦʨʳ ὃὃ ʠ  ὄὄ ʨʘʚʥʳ. ʊʦʛʜʘ ʢʘʪʝʪʳ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ὃὃὃ ʠ ὄὄὄ ʨʘʚʥʳ 

ʠ æὃὃὃ=æὄὄὄ. ʀʟ ʨʘʚʝʥʩʪʚʘ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʣʝʜʫʝʪ ʨʘʚʝʥʩʪʚʦ ʛʠʧʦʪʝʥʫʟ  ὃὃ ʠ ὄὄ, ʪ.ʝ. 

ὃὃᴆ ὄὄᴆ, ʠ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʧʨʷʤʳʭ ὃὃ ʠ  ὄὄ, ʪʘʢ ʢʘʢ  ᷁ὃὃὃ=  ᷁ὄὄὄ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʢʪʦʨʳ ὃὃ ʠ  ὄὄ ʨʘʚʥʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ 
ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʨʘʚʥʳʝ ʜʣʠʥʳ. ʏʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʮʠʦʥʘ ʧʠʪʘʥʠʷ. ʉʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʮʠʦʥ, ʤʠʥʠʤʠʟʠʨʫʷ ʟʘʪʨʘʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ, 

ʞʠʨʦʚ ʠ ʫʛʣʝʚʦʜʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʤʝʩʝʡ, ʨʘʮʠʦʥ ʧʠʪʘʥʠʷ, ʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

 

Abstract 

This work develops a linear programming mathematical model for diet planning. The created 

model allows generating a diet that minimizes costs while providing the required amount of proteins, 

fats, and carbohydrates. The constraints and objective function of the model are considered, as well as 

a method for solving the problem using the simplex method. 

Keywords: forming blends, graph theory, Diet Planning, Linear Programming. 

 

ʀʩʪʦʨʠʷ ʚʦʧʨʦʩʘ 

ɿʘʜʘʯʘ ʦ ʩʤʝʩʷʭ ʚ ʣʠʥʝʡʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʮʝʣʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʠʣʠ 

ʤʘʢʩʠʤʠʟʠʨʫʷ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ. ʕʪʦ ʚʘʞʥʦ ʚ ʩʝʣʴʩʢʦʤ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -99- 

 

ʭʦʟʷʡʩʪʚʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʨʘʮʠʦʥʦʚ ʧʠʪʘʥʠʷ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʙʝʣʢʠ, ʞʠʨʳ ʠ ʫʛʣʝʚʦʜʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. ʅʝʧʨʘʚʠʣʴʥʦʝ ʧʠʪʘʥʠʝ 

ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʠ ʚʳʟʚʘʪʴ ʙʦʣʝʟʥʠ. ʃʶʜʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʥʫʞʜʘʶʪʩʷ ʚ ʨʘʮʠʦʥʝ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʙʝʟ 

ʧʝʨʝʧʣʘʪ. ʆʙʳʯʥʦ ʨʘʮʠʦʥ ʩʦʩʪʘʚʣʷʝʪʩʷ ʣʠʙʦ ʛʦʪʦʚʳʤʠ ʧʣʘʥʘʤʠ, ʣʠʙʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ 

ʧʦʜʩʯʝʪʦʤ ʢʘʣʦʨʠʡ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ɻʦʪʦʚʳʝ ʨʘʮʠʦʥʳ ʥʝ ʫʯʠʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʚʢʫʩʳ ʠ ʤʝʩʪʥʳʝ ʮʝʥʳ ʥʘ ʧʨʦʜʫʢʪʳ. 

ʇʦʜʩʯʝʪ ʢʘʣʦʨʠʡ ʥʝ ʤʠʥʠʤʠʟʠʨʫʝʪ ʩʪʦʠʤʦʩʪʴ ʠ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʯʪʦ ʥʝʫʜʦʙʥʦ ʠ 

ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʫ ʦʪ ʤʝʪʦʜʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʠʪʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʥʦ ʥʝ ʬʦʨʤʠʨʫʶʪ ʨʘʮʠʦʥ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʫʯʠʪʳʚʘʷ ʚʢʫʩʳ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʫʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʩʦʟʜʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʦʚ 

ʧʠʪʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʫʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʨʦʩʪ, ʚʝʩ, ʚʦʟʨʘʩʪ) ʠ ʮʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

(ʧʦʭʫʜʝʪʴ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʝʩ, ʥʘʙʨʘʪʴ ʚʝʩ). ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʣʦʞʠʪ ʤʠʥʠʤʘʣʴʥʦ 

ʟʘʪʨʘʪʥʳʡ ʨʘʮʠʦʥ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ɹɾʋ, ʥʝ ʧʨʝʚʳʰʘʷ ʢʘʣʦʨʠʡʥʦʩʪʴ ʠ 

ʫʯʠʪʳʚʘʷ ʧʦʞʝʣʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʨʝʰʠʪ ʧʨʦʙʣʝʤʳ ʧʨʝʜʳʜʫʱʠʭ ʨʝʰʝʥʠʡ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʮʠʦʥʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʘʜʘʯʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘ 

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʩʫʪʦʯʥʦʡ ʥʦʨʤʳ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʫʯʠʪʳʚʘʶʪ ʚʝʩ, ʨʦʩʪ, 

ʚʦʟʨʘʩʪ, ʬʠʟʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʮʝʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʞʝʥʱʠʥ ʬʦʨʤʫʣʘ ʢʘʣʦʨʠʡʥʦʩʪʠ:  

ὑ̇ ρπẗὄ φȟςυẗὙ υẗὃ ρφρẗὊẗὖȟ 
ʛʜʝ ὑ̇  ï ʩʫʪʦʯʥʘʷ ʥʦʨʤʘ ʜʣʷ ʞʝʥʱʠʥ, ʢʢʘʣ.; B ï ʚʝʩ ʯʝʣʦʚʝʢʘ, ʢʛ.; R ï ʨʦʩʪ ʯʝʣʦʚʝʢʘ, ʩʤ.; 

A ï ʚʦʟʨʘʩʪ ʯʝʣʦʚʝʢʘ, ʣʝʪ; F ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ (ʛʜʝ 1,2 ï ʦʪʩʫʪʩʪʚʠʝ ʥʘʛʨʫʟʢʠ 

ʠ 1,9 ï ʪʨʝʥʠʨʦʚʢʠ ʢʘʞʜʳʡ ʜʝʥʴ/ʬʠʟʠʯʝʩʢʠʡ ʪʨʫʜ); P ï ʢʦʵʬʬʠʮʠʝʥʪ ʮʝʣʠ ʯʝʣʦʚʝʢʘ [6]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʮʝʣʠ ʙʳʚʘʝʪ: 0,8 ï ʧʦʭʫʜʝʥʠʝ , 1 ï ʧʦʜʜʝʨʞʘʥʠʝ ʚʝʩʘ, 1,2 ï ʥʘʙʦʨ ʚʝʩʘ. 

ʉʫʪʦʯʥʘʷ ʥʦʨʤʘ ʜʣʷ ʤʫʞʯʠʥ ʞʝ ʧʦʭʦʞʘ, ʥʦ ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ: 

ὑ̇ ρπẗὄ φȟςυẗὙ υẗὃ υẗὊẗὖȢ 
ʄʳ ʠʤʝʝʤ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʩʫʪʦʯʥʦʡ ʢʘʣʦʨʠʡʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʮʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ: ʙʝʣʢʠ, ʞʠʨʳ ʠ ʫʛʣʝʚʦʜʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪ 1 ʜʦ 2 ʛʨʘʤʤ ʙʝʣʢʦʚ ʥʘ ʢʠʣʦʛʨʘʤʤ ʚʝʩʘ, ʦʪ 0,8 ʜʦ 1,5 ʛʨʘʤʤ ʞʠʨʦʚ, ʠ ʦʪ 2 ʛʨʘʤʤ 

ʫʛʣʝʚʦʜʦʚ ʥʘ ʢʠʣʦʛʨʘʤʤ ʚʝʩʘ. ʉʦʢʨʘʪʠʤ ʫʛʣʝʚʦʜʳ, ʧʦʚʳʩʠʤ ʙʝʣʢʠ. ʌʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʙʝʣʢʦʚ ʚ 

ʜʝʥʴ: 

ὃ ὄẗὊẗρ ȿὖ ρȿȟ 
ʛʜʝ A1 ï ʥʦʨʤʘ ʙʝʣʢʘ ʚ ʜʝʥʴ, ʛʨ.; B ï ʚʝʩ ʯʝʣʦʚʝʢʘ, ʢʛ.; F ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʟʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ; P ï ʢʦʵʬʬʠʮʠʝʥʪ ʮʝʣʠ. 

ʄʳ ʩʤʦʞʝʤ ʧʦʢʨʳʪʴ ʥʦʨʤʫ ʙʝʣʢʘ ʦʪ 1,2 ʜʦ 1,9 ʛʨʘʤʤ ʥʘ ʢʠʣʦʛʨʘʤʤ ʚʝʩʘ, ʫʚʝʣʠʯʠʚʘʷ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʘ 20% ʜʣʷ ʮʝʣʝʡ ʧʦʭʫʜʝʥʠʷ ʠʣʠ ʥʘʙʦʨʘ ʤʘʩʩʳ. 

ʌʦʨʤʫʣʘ ʞʝ ʨʘʩʯʝʪʘ ʞʠʨʦʚ: 

ὃ πȟφχẗὄẗὊȟ 
ʛʜʝ A2 ï ʥʦʨʤʘ ʞʠʨʘ ʚ ʜʝʥʴ, ʛʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʙʫʜʝʤ ʧʦʢʨʳʚʘʪʴ ʥʦʨʤʫ ʚ 0,8 ï 1,5 ʛʨʘʤʤʘ ʞʠʨʘ ʥʘ ʢʠʣʦʛʨʘʤʤ ʚʝʩʘ. 

ʀ, ʥʘʢʦʥʝʮ, ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʫʛʣʝʚʦʜʦʚ: 

ὃ ὑ ὃẗτȟρ ὃẗωȟσ Ⱦ τȟρȟ 
ʛʜʝ K ï ʢʘʣʦʨʠʡʥʦʩʪʴ ʨʘʮʠʦʥʘ ʯʝʣʦʚʝʢʘ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʨʘʥʝʝ ʫʢʘʟʘʥʥʳʤ ʬʦʨʤʫʣʘʤ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʦʣʘ, ʢʢʘʣ.; 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦ ʮʝʥʝ. ʇʫʩʪʴ n ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ, ʘ j ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 3 ï ʥʦʤʝʨ 

ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛʜʝ 1 ï ʙʝʣʢʠ, 2 ï ʞʠʨʳ, 3 ï ʫʛʣʝʚʦʜʳ. ʊʦʛʜʘ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʚʠʜʝ 

ʩʠʩʪʝʤʳ ʥʝʨʘʚʝʥʩʪʚ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 



-100- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ừ
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
ứ ὥὼ ὃ̃ ȟ Ὦ  ρȟςȟσ

ὥὼ ὃ̎ ȟ Ὦ  ρȟςȟσ

ὼ ὄ̎ ȟ
ὼ ὄ̃ ȟ
ὼ πȟ

 Ὥ  ρȟςȟȢȢȢȟὲ
 Ὥ  ρȟςȟȢȢȢȟὲ
 Ὥ  ρȟςȟȢȢȢȟὲ

 

ʛʜʝ ὼ ï ʚʳʯʠʩʣʷʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʚʝʩ ʧʨʦʜʫʢʪʘ ʩ ʠʥʜʝʢʩʦʤ Ὥ, ʛʨ.; ὥ  ï ʩʦʜʝʨʞʘʥʠʝ j-ʛʦ 

ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ -ʤ ʧʨʦʜʫʢʪʝ ʚ 1 ʛʨ.; ὃ̎  ï ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʦʜʝʨʞʘʥʠʷ j-ʛʦ 

ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʨʘʮʠʦʥʝ, ʛʨ.; ὃ̃  ï ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʩʦʜʝʨʞʘʥʠʷ j-ʛʦ ʧʠʪʘʪʝʣʴʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʨʘʮʠʦʥʝ (ʚʟʷʣʠ 1,05 ʢʘʢ ʧʦʛʨʝʰʥʦʩʪʴ ʚ 5 % ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʠʜʝʘʣʘ), ʛʨ.; ὄ̎  ï 0, 

ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʚʝʩʘ Ὥ-ʛʦ ʧʨʦʜʫʢʪʘ, ʛʨ.; ὄ̃  ï ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʚʝʩʘ Ὥ-ʛʦ ʧʨʦʜʫʢʪʘ, ʛʨ. 

ʉʠʤʧʣʝʢʩ-ʤʝʪʦʜ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʚ 8-10 ʨʘʟ ʙʳʩʪʨʝʝ, 

ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʤ ʝʛʦ. ʆʛʨʘʥʠʯʝʥʠʷ: 

ừ
ỬỬ
Ừ

ỬỬ
ứ ὥὼ ὃ̃ ȟ Ὦ  ρȟςȟσ

ὥὼ  ὃ̎ ȟ Ὦ  ρȟςȟσ

 ὄ̎ ὼ ὄ̃ ȟὭ ρȟςȟȣȟὲ  ̉  ὄ̎ π

 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

Ὂὼȟȣȟὼ ὼὧᴼάὭὲȟ 

ʛʜʝ Ὂὼȟȣȟὼ  ï ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ; ci ï ʩʪʦʠʤʦʩʪʴ ʛʨʘʤʤʘ -ʛʦ ʧʨʦʜʫʢʪʘ.  
ʋʩʣʦʚʠʷ ʚʳʧʦʣʥʠʤʦʩʪʠ ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʩʘʤ ʦʧʨʝʜʝʣʷʝʪ ʥʦʤʝʥʢʣʘʪʫʨʫ ʧʨʦʜʫʢʪʦʚ. ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʨʝʰʘʪʝʣʷ 

ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʷʝʪʩʷ ʩʫʤʤʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʫʢʘʟʳʚʘʝʪ ὄ̃  ð ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ ʧʨʦʜʫʢʪʘ ʟʘ ʜʝʥʴ. ɺʩʝ ʥʝʨʘʚʝʥʩʪʚʘ ʜʦʣʞʥʳ 

ʚʳʧʦʣʥʷʪʴʩʷ: 

ὥὄ̃ ὃ̎ ȟὮ  ρȟςȟσȟ 

ʛʜʝ Aʥj ï ʥʦʨʤʘ j-ʛʦ ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛʨ.; ὥ  ï ʢʦʣʠʯʝʩʪʚʦ j-ʛʦ ʧʠʪʘʪʝʣʴʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʛʨʘʤʤʝ -ʛʦ ʧʨʦʜʫʢʪʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʵʪʠʭ ʫʩʣʦʚʠʡ. ɺʠʟʫʘʣʴʥʦ ʵʪʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʰʢʘʣ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʨʠʩʫʥʢʝ 2.1.  

 

 
ʈʠʩʫʥʦʢ 2.1. ʀʣʣʶʩʪʨʘʮʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʣʦʚʠʷ ʟʘʧʦʣʥʷʝʤʦʩʪʠ ʤʘʢʩʠʤʫʤʘʤʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʚʩʝʡ 

ʥʦʤʝʥʢʣʘʪʫʨʝ ʧʨʦʜʫʢʪʦʚ ʥʦʨʤ ʩʫʪʦʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -101- 

 

 

ʅʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ, ʪʘʢ ʢʘʢ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ 

ʤʦʞʝʪ ʟʘʧʦʣʥʷʪʴ ʚʩʝ ʥʦʨʤʳ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʧʦʣʥʝʥʠʝ. 

ʇʦʩʤʦʪʨʠʤ ʥʘ ʠʣʣʶʩʪʨʘʮʠʶ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʝʨʝʧʦʣʥʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 2.2. 

 

 
ʈʠʩʫʥʦʢ 2.2. ʀʣʣʶʩʪʨʘʮʠʷ ʥʝʚʳʧʦʣʥʠʤʦʩʪʠ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʮʠʦʥʘ ʚʚʠʜʫ ʧʝʨʝʧʦʣʥʝʥʠʷ. 

 

ɺʳʯʠʪʘʷ ʠʟ ʥʦʨʤʳ ʧʦ ʧʠʪʘʪʝʣʴʥʳʤ ʚʝʱʝʩʪʚʘʤ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʘʝʤ 

ʩʠʪʫʘʮʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 2.3. 

 

 
ʈʠʩʫʥʦʢ 2.3. ʀʣʣʶʩʪʨʘʮʠʷ ʥʝʚʳʧʦʣʥʠʤʦʩʪʠ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʮʠʦʥʘ ʚʚʠʜʫ ʧʝʨʝʧʦʣʥʝʥʠʷ ʙʝʟ ʫʯʝʪʘ 

ʤʠʥʠʤʘʣʴʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʦʜʫʢʪʦʚ, ʪʦʯʥʦ ʚʢʣʶʯʘʶʱʠʭʩʷ ʚ ʨʘʮʠʦʥ. 

 

ʊʝʧʝʨʴ ʦʩʪʘʚʰʠʝʩʷ ʟʥʘʯʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 0 ʜʦ ʟʥʘʯʝʥʠʡ ʥʘ 

ʨʠʩʫʥʢʝ 2.3, ʪʘʢ ʢʘʢ ʚʝʩʘ ʧʨʦʜʫʢʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. ʅʘʡʜʝʤ ʥʘʠʙʦʣʴʰʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʧʦʣʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʳ ʠ ʨʘʟʜʝʣʠʤ ʥʘ ʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʩʤʝʩʠ. ʅʘ ʧʨʠʤʝʨʝ ʵʪʦ ʙʝʣʢʠ. ʀʪʦʛʦʚʘʷ ʢʘʨʪʠʥʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2.4. 

 

 
ʈʠʩʫʥʦʢ 2.4. ʀʣʣʶʩʪʨʘʮʠʷ ʥʝʭʚʘʪʢʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʤʝʩʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ. 

 

ʋʤʝʥʴʰʠʚ ʩʪʦʣʙʮʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʧʝʨʝʧʦʣʥʝʥʠʶ ʠ ʚʳʷʚʠʣʠ 

ʨʝʘʣʴʥʫʶ ʥʝʭʚʘʪʢʫ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʕʪʦ ʫʤʝʥʴʰʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʧʨʦʧʦʨʮʠʠ ʩʤʝʩʠ ʙʝʟ 



-102- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʠʟʣʠʰʢʦʚ. ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʤ ʥʫʞʥʦ ʚʦʩʧʦʣʥʠʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʜʦʙʘʚʠʚ ʧʨʦʜʫʢʪʳ, 

ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʪ ʥʝʜʦʙʦʨ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʥʷʪʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʘʨʠʬʤʝʪʠʢʝ. ʀʩʩʣʝʜʫʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʘʣʛʝʙʨʝ ʠ ʥʘʯʘʣʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʩʫʱʝʩʪʚʠʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʵʢʩʢʫʨʩ ʚ ʤʠʨ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ, ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʬʦʨʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ, 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ. 

 

Abstract 

This article discusses the concept of complex numbers and their application in arithmetic. The 

question of their applicability in algebra and the principles of mathematical analysis is investigated. A 

solution is presented that allows for an independent excursion into the world of complex numbers. 

Keywords: complex numbers, algebraic form of a complex number, arithmetic operations. 

 

ʂʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ï ʩʘʤʳʡ ʚʘʞʥʳʡ ʧʨʝʜʤʝʪ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ. ʆʥ ʚʢʣʶʯʝʥ ʚ ʫʯʝʙʥʳʝ 

ʧʣʘʥʳ ʙʦʣʴʰʠʥʩʪʚʘ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʢʘʤ, ʥʦ ʠ ʧʦ ʪʝʤ, 

ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʟʥʘʢʦʤʩʪʚʦ ʩ ʧʨʝʜʤʝʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʪʦʣʴʢʦ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʰʢʦʣʳ, ʚ 11 ʢʣʘʩʩʝ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʧʨʝʜʤʝʪ ʥʝ ʚʢʣʶʯʝʥ ʚ ʝʜʠʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʟʘʤʝʥ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʨʝʤʷ, ʦʪʚʝʜʝʥʥʦʝ ʥʘ ʠʟʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʚ ʧʦʣʴʟʫ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʫʯʝʥʠʢʠ ʤʦʛʫʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʵʪʦʡ ʚʘʞʥʦʡ ʠʥʪʝʨʝʩʥʦʡ ʪʝʤʦʡ ʣʠʰʴ ʧʦʚʝʨʭʥʦʩʪʥʦ ʠʣʠ 

ʫʞʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʥʠʷ ʫʯʘʱʠʭʩʷ ʦ ʯʠʩʣʦʚʳʭ ʤʥʦʞʝʩʪʚʘʭ ʦʛʨʘʥʠʯʝʥʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ 

ʯʠʩʣʘʤʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʨʫʛʦʟʦʨ ʫʯʘʱʠʭʩʷ. 

ʀʟʫʯʘʷ ʠʩʪʦʨʠʶ ʯʠʩʣʦʚʳʭ ʤʥʦʞʝʩʪʚ, ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʠʭ ʨʘʟʨʘʙʦʪʢʘ ʚʩʝʛʜʘ 

ʟʘʥʠʤʘʣʘ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʘʞʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʠʩʣʘ ʙʳʣʠ ʯʫʞʜʳ ʤʘʪʝʤʘʪʠʢʘʤ ʠ ʪʨʝʙʦʚʘʣʠ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʪʦʨʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʥʘʯʠʥʘʝʪʩʷ ʚ XVI  ʚʝʢʝ, 

ʢʦʛʜʘ ʥʘʯʘʣʦʩʴ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʢʫʙʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʠʪʘʣʴʷʥʩʢʠʡ ʫʯʝʥʳʡ ɼʞʝʨʦʣʘʤʦ ʂʘʨʜʘʥʦ ʧʨʠʥʷʣ ʦʙʱʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʨʝʰʝʥʠʷ ʢʫʙʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ x
3
+px+q=0: 
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Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -103- 

 

 

ɽʩʣʠ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ, ʧʨʦʙʣʝʤ ʥʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʫʨʘʚʥʝʥʠʝ 

ʠʤʝʝʪ ʪʨʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʷ, ʥʫʞʥʦ ʠʟʚʣʝʯʴ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʯʠʩʣʘ, 

ʯʪʦʙʳ ʥʘʡʪʠ ʠʭ [4, ʩ. 6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʝʨʝʜ ʤʘʪʝʤʘʪʠʢʘʤʠ ʚʩʪʘʣʘ ʧʨʦʙʣʝʤʘ: ʧʦʯʝʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦʡ ʦʧʝʨʘʮʠʠ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʨʥʷ ʠʟ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʯʠʩʣʘ? ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʚ 1545 ʛ. ɼʞʝʨʦʣʘʤʦ ʂʘʨʜʘʥʦ ʧʨʝʜʣʦʞʠʣ 

ʚʚʝʩʪʠ ʥʦʚʳʝ ʯʠʩʣʘ ʚʠʜʘ aÑãïb , ʥʘʟʚʘʥʥʳʝ çʯʠʩʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠè ʠʣʠ çʩʦʬʠʩʪʠʯʝʩʢʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠè. ʋʯʝʥʳʡ ʩʯʠʪʘʣ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʷ ʩ ʥʠʤʠ ʜʦʣʞʥʳ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʧʨʘʚʠʣʘʤ 

ʦʙʳʯʥʦʡ ʘʣʛʝʙʨʳ: 

 

ãïa*ãïa=ïa 

 

ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤ ʂʘʨʜʘʥʦ ʩʪʘʨʘʣʩʷ ʠʟʙʝʛʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʯʠʩʝʣ, ʥʦ ʵʪʦ ʙʳʣ 

ʚʘʞʥʳʡ ʰʘʛ ʚ ʨʘʩʰʠʨʝʥʠʠ ʥʘʙʦʨʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ. ʀʟʥʘʯʘʣʴʥʦ ʥʦʚʳʝ ʯʠʩʣʘ ʙʳʣʠ 

ʪʱʘʪʝʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ, ʠ ʥʝʢʦʪʦʨʳʝ ʤʘʪʝʤʘʪʠʢʠ ʩʯʠʪʘʣʠ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʭ ʧʦʤʦʱʴʶ, ʥʝʥʘʜʝʞʥʳ ʠ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʠʟʫʯʝʥʠʝ ʯʠʩʝʣ, ʧʨʦʜʦʣʞʘʣʦʩʴ, ʠ ʚ 1572 ʛ. ʠʪʘʣʴʷʥʩʢʠʡ ʤʘʪʝʤʘʪʠʢ 

ʈʘʬʘʵʣʴ ɹʦʤʙʝʣʣʠ ʫʩʪʘʥʦʚʠʣ ʧʝʨʚʳʝ ʧʨʘʚʠʣʘ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ɺ 1637 ʛʦʜʫ ʈ. ɼʝʢʘʨʪ 

ʚʚʝʣ ʥʘʟʚʘʥʠʝ çʤʥʠʤʳʝ ʯʠʩʣʘè, ʘ ʚ 1777 ʛ. ʃʝʦʥʘʨʜʦʤ ʕʡʣʝʨʦʤ ʙʳʣ ʚʚʝʜʝʥ ʩʠʤʚʦʣ (ʧʝʨʚʘʷ 

ʙʫʢʚʘ ʬʨ. Imaginaire ï çʤʥʠʤʳʡè). ɺʦ ʚʩʝʦʙʱʝʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʩʠʤʚʦʣ ʚʦʰʝʣ ʙʣʘʛʦʜʘʨʷ ʂ. 

ɻʘʫʩʩʫ. ʉʦ ʚʨʝʤʝʥʝʤ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʨʘʟʚʠʚʘʣʠʩʴ ʠ ʧʨʠʤʝʥʷʣʠʩʴ ʤʘʪʝʤʘʪʠʢʘʤʠ ʚʩʝ ʯʘʱʝ. ɺ 

1748 ʛ. ʃʝʦʥʘʨʜ ʕʡʣʝʨ ʚʳʚʝʣ ʬʦʨʤʫʣʫ eix=cos x+i*sin x, ʢʦʪʦʨʘʷ ʩʚʷʟʳʚʘʝʪ ʧʦʢʘʟʘʪʝʣʴʥʫʶ ʠ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʩʠʥʫʩʳ ʠ ʢʦʩʠʥʫʩʳ ʦʪ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʚʳʯʠʩʣʷʪʴ ʠʭ ʣʦʛʘʨʠʬʤʳ, ʪ. ʝ. ʩʪʨʦʠʪʴ ʪʝʦʨʠʶ ʬʫʥʢʮʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʝʨʝʤʝʥʥʦʛʦ. [1, ʩ. 19]  

ʂ ʢʦʥʮʫ XVI ʚʝʢʘ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʧʦʣʥʦʩʪʴʶ ʚʦʰʣʠ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ 

ʤʘʪʝʤʘʪʠʢʦʚ. ʆʥʠ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʨʘʞʝʥʠʷ ʢʦʨʥʝʡ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʡʜʝʥʥʳʭ ʚ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ 

ʚ ʩʨʝʜʝ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʐʚʝʡʮʘʨʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ɼʞ. ɹʝʨʥʫʣʣʠ ʠʩʧʦʣʴʟʦʚʘʣ ʢʦʤʧʣʝʢʩʥʳʝ 
ʯʠʩʣʘ. ɺ ʰʝʩʪʥʘʜʮʘʪʦʤ ʚʝʢʝ ʩ ʠʭ ʧʦʤʦʱʴʶ ʙʳʣʠ ʨʝʰʝʥʳ ʤʥʦʛʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʢʘʨʪʦʛʨʘʬʠʝʡ ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ, ʥʦ ʪʦʣʴʢʦ ʚ ʥʘʯʘʣʝ ʰʝʩʪʥʘʜʮʘʪʦʛʦ ʚʝʢʘ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. ʄʘʪʝʤʘʪʠʢʠ ʂʘʩʧʘʨ ɺʝʩʩʝʣ, ɾʘʥ ʈʦʙʝʨ 

ɸʨʛʘʥ, ʂʘʨʣ ɻʘʫʩʩ ʧʨʝʜʣʦʞʠʣʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʩ ʧʦʤʦʱʴʶ ʪʦʯʝʢ ʥʘ 

ʧʣʦʩʢʦʩʪʠ. 

ʇʦʟʞʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʯʠʩʣʫ ʫʜʦʙʥʝʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʝʢʪʦʨʫ, 

ʠʩʭʦʜʷʱʝʤʫ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʝʱʝ ʙʦʣʴʰʝ ʨʘʩʰʠʨʠʣʦ 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. ʆʥʠ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʚʦʧʨʦʩʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʚʝʢʪʦʨʘʤʠ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʝʩʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʚ ʟʘʜʘʯʘʭ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ. ɺ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʫʯʝʥʳʝ ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ ʄʘʩʭʝʣʠʰʚʠʣʠ, ʄʩʪʠʩʣʘʚ 

ɺʩʝʚʦʣʦʜʦʚʠʯ ʂʝʣʜʳʰ, ʄʠʭʘʠʣ ɸʣʝʢʩʝʝʚʠʯ ʃʘʚʝʥʪʴʝʚ, ʅʠʢʦʣʘʡ ʅʠʢʦʣʘʝʚʠʯ ɹʦʛʦʣʶʙʦʚ, 

ɺʘʩʠʣʠʡ ʉʝʨʛʝʝʚʠʯ ɺʣʘʜʠʤʠʨʩʢʠʡ ʠ ʜʨʫʛʠʝ ʠʟʫʯʘʣʠ ʪʝʦʨʠʶ ʬʫʥʢʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʝʨʝʤʝʥʥʦʛʦ. ʆʥʘ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʝʛʦ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʩʪʘʣʠ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳʤʠ ʠ ʩʝʡʯʘʩ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʫʢʝ. 

ɸʨʠʬʤʝʪʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ ʥʘʜ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ ʪʝ ʞʝ, ʯʪʦ ʠ ʥʘʜ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ: ʠʭ ʤʦʞʥʦ ʩʢʣʘʜʳʚʘʪʴ, ʚʳʯʠʪʘʪʴ, ʫʤʥʦʞʘʪʴ ʠ ʜʝʣʠʪʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʉʣʦʞʝʥʠʝ 

ʠ ʚʳʯʠʪʘʥʠʝ ʧʨʦʠʩʭʦʜʷʪ ʧʦ ʧʨʘʚʠʣʫ (a + bi) Ñ (c + di) = (a Ñ c) + (b Ñ d)i, ʘ ʫʤʥʦʞʝʥʠʝ ï ʧʦ 

ʧʨʘʚʠʣʫ (a + bi) Ŀ (c + di) = (ac ï bd) + (ad + bc)i (ʟʜʝʩʴ ʢʘʢ ʨʘʟ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦ i2 = ï1). ʏʠʩʣʦ 

 = a ï bi ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʩʦʧʨʷʞʝʥʥʳʤʢ z = a + bi. ʈʘʚʝʥʩʪʚʦ z Ŀ  = a2 + b2 ʧʦʟʚʦʣʷʝʪ 

ʧʦʥʷʪʴ, ʢʘʢ ʜʝʣʠʪʴ ʦʜʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ ʥʘ ʜʨʫʛʦʝ (ʥʝʥʫʣʝʚʦʝ) ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ:  

 



-104- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

. 

(ʅʘʧʨʠʤʝʨ, .) [2, ʩ. 37] 
  

ʂʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʠʤʝʶʪ ʧʨʦʩʪʦʝ ʠ ʥʘʛʣʷʜʥʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ:  

ʯʠʩʣʦ z = a + bi ʤʦʞʥʦ ʠʟʦʙʨʘʞʘʪʴ ʚʝʢʪʦʨʦʤ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (a; b) ʥʘ ʜʝʢʘʨʪʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ (ʠʣʠ, ʯʪʦ ʧʦʯʪʠ ʪʦ ʞʝ ʩʘʤʦʝ, ʪʦʯʢʦʡ ï ʢʦʥʮʦʤ ʚʝʢʪʦʨʘ ʩ ʵʪʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ). ʇʨʠ 

ʵʪʦʤ ʩʫʤʤʘ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʠʟʦʙʨʘʞʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʢʪʦʨʦʚ 

(ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʧʨʘʚʠʣʫ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ). ʇʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ ʜʣʠʥʘ ʚʝʢʪʦʨʘ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (a; b) ʨʘʚʥʘ . ʕʪʘ ʚʝʣʠʯʠʥʘ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʫʣʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ 

z = a + bi ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ |z|. ʋʛʦʣ, ʢʦʪʦʨʳʡ ʵʪʦʪ ʚʝʢʪʦʨ ʦʙʨʘʟʫʝʪ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ʘʙʩʮʠʩʩ (ʦʪʩʯʠʪʘʥʥʳʡ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ), ʥʘʟʳʚʘʝʪʩʷ ʘʨʛʫʤʝʥʪʦʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ z ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ Arg z. ɸʨʛʫʤʝʥʪ ʦʧʨʝʜʝʣʝʥ ʥʝ ʦʜʥʦʟʥʘʯʥʦ, ʘ ʣʠʰʴ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʨʠʙʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥʳ, ʢʨʘʪʥʦʡ 2ˊ ʨʘʜʠʘʥ (ʠʣʠ 360Á, ʝʩʣʠ ʩʯʠʪʘʪʴ ʚ ʛʨʘʜʫʩʘʭ) ï 

ʚʝʜʴ ʷʩʥʦ, ʯʪʦ ʧʦʚʦʨʦʪ ʥʘ ʪʘʢʦʡ ʫʛʦʣ ʚʦʢʨʫʛ ʥʘʯʘʣʘ  ʢʦʦʨʜʠʥʘʪ ʥʝ ʠʟʤʝʥʠʪ ʚʝʢʪʦʨ. ʅʦ ʝʩʣʠ 

ʚʝʢʪʦʨ ʜʣʠʥʳ r ʦʙʨʘʟʫʝʪ ʫʛʦʣ űʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ʘʙʩʮʠʩʩ, ʪʦ ʝʛʦ ʢʦʦʨʜʠʥʘʪʳ 

ʨʘʚʥʳ (r Ŀ cos ű; r Ŀ sin ű). ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʪʩʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʯʠʩʣʘ: z = |z| Ŀ (cos(Arg z) + i sin(Arg z)). ʏʘʩʪʦ ʙʳʚʘʝʪ ʫʜʦʙʥʦ ʟʘʧʠʩʳʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ 

ʠʤʝʥʥʦ ʚ ʪʘʢʦʡ ʬʦʨʤʝ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʦ ʩʠʣʴʥʦ ʫʧʨʦʱʘʝʪ ʚʳʢʣʘʜʢʠ. ʋʤʥʦʞʝʥʠʝʢʦʤʧʣʝʢʩʥʳʭ 

ʯʠʩʝʣ ʚ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʚʳʛʣʷʜʠʪ ʦʯʝʥʴ ʧʨʦʩʪʦ: z1 Ŀ z2 =  

 

| 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. 

 

 

z1| Ŀ |z2| Ŀ (cos(Arg z1 + Arg z2) + i sin(Arg z1 + Arg z2))  

(ʧʨʠ ʫʤʥʦʞʝʥʠʠ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʠʭ ʤʦʜʫʣʠ ʧʝʨʝʤʥʦʞʘʶʪʩʷ, ʘ ʘʨʛʫʤʝʥʪʳ 

ʩʢʣʘʜʳʚʘʶʪʩʷ). ʆʪʩʶʜʘ ʩʣʝʜʫʶʪ ʬʦʨʤʫʣʳ  

ʄʫʘʚʨʘ: zn = |z|n Ŀ (cos(n Ŀ (Arg z)) + i sin(n Ŀ (Arg z))).  

 

ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʬʦʨʤʫʣ ʣʝʛʢʦ ʥʘʫʯʠʪʴʩʷ ʠʟʚʣʝʢʘʪʴ ʢʦʨʥʠ ʣʶʙʦʡ ʩʪʝʧʝʥʠ  ʠʟ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. ʂʦʨʝʥʴ nïʡ ʩʪʝʧʝʥʠ ʠʟ ʯʠʩʣʘ z ï ʵʪʦ ʪʘʢʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ w, ʯʪʦ wn = 

z. ɺʠʜʥʦ, ʯʪʦ  
 

,  , ʘ 
  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -105- 

 

ʛʜʝ k ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ ʠʟ ʤʥʦʞʝʩʪʚʘ {0, 1, ..., n ï 1}. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʚʩʝʛʜʘ ʝʩʪʴ ʨʦʚʥʦ n ʢʦʨʥʝʡ nïʡ ʩʪʝʧʝʥʠ ʠʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ (ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʥʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʧʨʘʚʠʣʴʥʦʛʦ nʫʛʦʣʴʥʠʢʘ)  

ɽʩʣʠ x = 0, ʪʦ z ʥʘʟʳʚʘʝʪʩʷ ʤʥʠʤʳʤ ʠʣʠ ʯʠʩʪʦ ʤʥʠʤʳʤ [1, ʩ. 211]. 

***  
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ʫʨʦʚʝʥʴ) / ɸ.ɻ. ʄʝʨʟʣʷʢ, ɼ.ɸ. ʅʦʤʠʨʦʚʩʢʠʡ, ɺ.ʄ. ʇʦʣʷʢʦʚ. ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɺʝʥʪʘʥʘïɻʨʘʬè, 2019. 

415 ʩ. 

2. ʄʫʨʘʚʠʥ ɻ.ʂ. ʄʘʪʝʤʘʪʠʢʘ: ʘʣʛʝʙʨʘ ʠ ʥʘʯʘʣʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʛʝʦʤʝʪʨʠʷ. ɸʣʛʝʙʨʘ ʠ ʥʘʯʘʣʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʫʛʣʫʙʣʝʥʥʳʡ ʫʨʦʚʝʥʴ). 11 ʢʣʘʩʩ: ʫʯʝʙʥʠʢ / ɻ.ʂ. ʄʫʨʘʚʠʥ, ʆ.ɺ. ʄʫʨʘʚʠʥʘ. ʄ.: 

ɼʨʦʬʘ, 2014. 318 ʩ. 

3. ʇʨʘʪʫʩʝʚʠʯ ʄ.ʗ. ɸʣʛʝʙʨʘ ʠ ʥʘʯʘʣʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 11 ʢʣʘʩʩ: ʫʯʝʙ. ʜʣʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪ. 

ʫʯʨʝʞʜʝʥʠʡ (ʧʨʦʬʠʣ. ʫʨʦʚʝʥʴ) / ʄ.ʗ. ʇʨʘʪʫʩʝʚʠʯ, ʂ.ʄ. ʉʪʦʣʙʦʚ, ɸ.ʅ. ɻʦʣʦʚʠʥ. ʄ.: ʇʨʦʩʚʝʱʝʥʠʝ, 2010. 463 

ʩ. 

4. ʗʛʣʦʤ ʀ. ʄ. ʂʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʛʝʦʤʝʪʨʠʠ; ʃʠʙʨʦʢʦʤ ï ʄʦʩʢʚʘ, 2009. ï 192 c. 

  



-106- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʈɸɿɼɽʃ XXVIII I. ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

 

ʂʘʨʧʝʥʢʦ ʅ.ɺ., ʉʦʣʷʨ ʉ.ʕ. 

ʇʨʦʛʥʦʟʥʘʷ ʤʦʜʝʣʴ ʢʫʨʩʘ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʈʫʩʘʛʨʦ 

ʌɻɸʋʆ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʊʨʘʥʩʧʦʨʪʘè (ʈʋʊ çʄʀʀʊè) 

(ʈʦʩʩʠʷ, ʄʦʩʢʚʘ) 

doi: 10.18411/trnio-07-2024-515 

 

ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʠ ʯʘʩʪʥʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʚʳʙʨʘʥʳ ʠ ʧʦʩʪʨʦʝʥʳ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʝ ʧʨʦʛʥʦʟʥʳʝ ʤʦʜʝʣʠ ʢʫʨʩʘ ʘʢʮʠʡ. ʆʮʝʥʝʥʘ ʪʦʯʥʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʇʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʜʝʣʝʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʳʧʦʣʥʝʥʠʝʤ 

ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʧʦʩʳʣʦʢ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʢ ʦʩʪʘʪʢʘʤ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩʪʦʠʤʦʩʪʠ ʮʝʥʥʳʭ ʙʫʤʘʛ ʥʘ 

ʬʠʥʘʥʩʦʚʦʤ ʨʳʥʢʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʨʩ ʘʢʮʠʡ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʤʦʜʝʣʴ ʘʚʪʦʨʝʛʨʝʩʩʠʠ, 

ʧʨʦʛʥʦʟ, ʪʦʯʥʦʩʪʴ. 

 

Abstract 

Based on the analysis of the autocorrelation and private autocorrelation functions, 

autoregressive predictive models of the stock price are selected and constructed. The accuracy and 

quality of the obtained models are evaluated. The predictive properties of the models were determined 

by meeting the requirements of the prerequisites of the least squares method for residuals. The 

proposed approach can be used to predict the time series of the value of securities in the financial 

market.  

Keywords: stock price, autocorrelation function, autoregression model, forecast, accuracy. 

 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʫʯʸʪʘ ʠ ʘʥʘʣʠʟʘ. ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʥʠʭ 

ʷʚʣʷʶʪʩʷ ʘʢʮʠʠ. ɸʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʮʝʥʥʫʶ ʙʫʤʘʛʫ ʩ ʥʝ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʠʟʤʝʥʷʶʱʠʤʩʷ, ʧʣʘʚʘʶʱʠʤ ʜʦʭʦʜʦʤ, ʫʜʦʩʪʦʚʝʨʷʶʱʫʶ ʚʣʘʜʝʥʠʝ ʜʦʣʝʡ/ʧʘʝʤ/ ʚ ʢʘʧʠʪʘʣʝ 

ʘʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʜʘʶʱʫʶ ʧʨʘʚʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʯʘʩʪʠ ʧʨʠʙʳʣʠ ʚ ʚʠʜʝ ʜʠʚʠʜʝʥʜʘ. [1] 

ʈʳʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʘʢʮʠʡ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʩʘʤʳʭ ʨʘʟʥʳʭ 

ʬʘʢʪʦʨʦʚ - ʦʪ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʜʦ ʚʥʫʪʨʠ ʩʝʢʪʦʨʘʣʴʥʳʭ, ʦʪʨʘʩʣʝʚʳʭ ʠʣʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ. 

ʀʟʤʝʥʝʥʠʝ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʘʢʮʠʠ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʝʝ ʚʣʘʜʝʣʴʮʫ ʢʘʢ ʜʦʭʦʜ, ʪʘʢ ʠ ʫʙʳʪʦʢ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʝʝ ʨʳʥʦʯʥʦʡ 

ʩʪʦʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʠʥʘʤʠʢʝ ʠʟʤʝʥʝʥʠʷ ʮʝʥ, ʦʮʝʥʠʪʴ ʨʠʩʢʠ 

ʚʣʘʜʝʥʠʷ ʘʢʮʠʷʤʠ ʠ ʧʝʨʝʩʤʦʪʨʝʪʴ ʧʣʘʥʳ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʘʥʘʣʠʟʘ ʘʢʮʠʡ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʭʥʠʯʝʩʢʠʡ.  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ï ʵʪʦ ʤʝʪʦʜ ʧʦʜʙʦʨʘ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ 

ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʤʧʘʥʠʠ ʠ ʧʨʠʙʳʣʠ, ʢʦʪʦʨʫʶ ʵʪʘ 

ʢʦʤʧʘʥʠʷ ʩʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʠʥʚʝʩʪʦʨʫ. ɼʣʷ ʵʪʦʛʦ ʠʟʫʯʘʝʪʩʷ ʬʠʥʘʥʩʦʚʘʷ ʠ ʙʫʭʛʘʣʪʝʨʩʢʘʷ 

ʦʪʯʝʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʵʤʠʪʝʥʪʘ ʜʘʥʥʦʡ ʙʫʤʘʛʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʮʝʥʳ ʠ ʩʦʩʪʘʚʠʪʴ ʧʨʦʛʥʦʟʳ ʠʭ ʜʠʥʘʤʠʢʠ ʥʘ ʨʘʟʥʳʝ ʚʨʝʤʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ [2].  

ʊʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʮʝʥʳ ʘʢʮʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʦʚ ʪʦʨʛʦʚ ʘʢʮʠʡ ʚ ʧʨʦʰʣʦʤ, ʩʪʨʦʷʪʩʷ 

ʧʨʦʛʥʦʟʳ ʥʘ ʙʣʠʞʘʡʰʝʝ ʙʫʜʫʱʝʝ [3]. ʊʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ - ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʮʝʥʳ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʬʠʥʘʥʩʦʚʳʡ ʘʢʪʠʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʨʘʬʠʢʘ 

ʮʝʥr, ʘ ʥʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ [4]. ʊʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤ ʢ ʨʳʥʢʘʤ ʚʩʝʭ ʪʠʧʦʚ.  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʩʪʦʠʤʦʩʪʠ ʘʢʮʠʠ ʆɸʆ çɻʨʫʧʧʘ çʈʫʩʘʛʨʦè, ʚʝʜʫʱʝʛʦ 

ʘʛʨʦʭʦʣʜʠʥʛʘ ʈʌ, ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʤʷʩʦʤʦʣʦʯʥʫʶ ʠ ʤʘʩʣʦʞʠʨʦʚʫʶ ʧʨʦʜʫʢʮʠʶ, ʩʘʭʘʨ ʠ ʜʨ. 

ʂʦʤʧʘʥʠʷ ʨʝʘʣʠʟʫʝʪ ʧʨʦʜʫʢʮʠʶ ʚ 80 ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʠ ʙʦʣʝʝ 60 ʩʪʨʘʥ ʤʠʨʘ. ɸʢʮʠʠ ʢʦʤʧʘʥʠʠ 

ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ. 

ɼʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʷʜ ʟʥʘʯʝʥʠʡ ʮʝʥʳ ʘʢʮʠʠ (yt, ʨʫʙ.) ʥʘ ʤʦʤʝʥʪ 

ʟʘʢʨʳʪʠʷ ʪʦʨʛʦʚ ʟʘ ʧʝʨʠʦʜ ʩ 21 ʤʘʷ 2021 ʛʦʜʘ ʧʦ 22 ʤʘʷ 2024 ʛʦʜʘ ʚʢʣʶʯʠʪʝʣʴʥʦ [5]. ɺʩʝʛʦ ʨʷʜ 

ʟʥʘʯʝʥʠʡ ʠʤʝʝʪ 741 ʫʨʦʚʝʥʴ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʷʜʘ ʠ ʚʳʙʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʤʦʜʝʣʠ ʩʪʦʠʤʦʩʪʠ ʘʢʮʠʠ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦ 741 ʫʨʦʚʥʶ ʨʷʜʘ ʧʦʩʪʨʦʝʥʳ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (ACF) ʠ ʯʘʩʪʥʘʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (PACF), ʛʨʘʬʠʢʠ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʡ, ʘ ʠʤʝʥʥʦ, 

ʧʦʩʪʝʧʝʥʥʦʝ ʤʝʜʣʝʥʥʦʝ ʫʙʳʚʘʥʠʝ ACF ʠ ʨʝʟʢʠʡ ʦʙʨʳʚ PACF, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʨʘʚʥʦʛʦ 0,992 (p value < 0,05), ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʣʫʯʰʝʡ ʬʦʨʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʝʛʨʝʩʩʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ AR(1) 

ʚʠʜʘ: 

0 1 1t t ty b b y e-= + Ö +
.        (1) 

  

a b 

ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ACF (a) ʠ ʯʘʩʪʥʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ PACF (b) 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʮʝʥʳ ʘʢʮʠʠ ʨʷʜ ʟʥʘʯʝʥʠʡ yt ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʦʙʫʯʘʶʱʫʶ 

ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʠ, ʜʣʠʥʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 375 ʠ 365 ʫʨʦʚʥʝʡ. ʈʘʟʤʝʨ ʚʳʙʦʨʦʢ ʚʳʙʠʨʘʣʩʷ ʠʟ 

ʮʝʣʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʝʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʣʳ ʥʘ 

ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʷ ʦʧʠʩʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʦʜʝʣʠ ʥʘ ʫʯʘʩʪʢʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʨʦʩʪʦʤ ʮʝʥʳ ʘʢʮʠʠ (ʨʠʩ.2). 

ʄʦʜʝʣʴ (1), ʦʮʝʥʝʥʥʘʷ ʥʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʠʤʝʝʪ 

ʚʠʜ: 

111,197 0,988t t ty y e-= + Ö +
.        (2) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ (p-value < 0,05). 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ (2) ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʮʝʥʪʥʦʡ 

ʦʰʠʙʢʠ ʄɸʈɽ ʠ ʝʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ʚʝʨʩʠʠ sMAPE, ʥʠʚʝʣʠʨʫʶʱʝʡ ʥʝʜʦʩʪʘʪʢʠ ʦʮʝʥʢʠ ʄɸʈɽ, 

ʢʦʪʦʨʘʷ ʚ ʩʣʫʯʘʝ ʬʠʥʘʥʩʦʚʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʠ ʤʘʩʰʪʘʙʘ ʨʷʜʘ, ʠ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʙʦʩʥʦʚʘʥʥʦʤʫ ʟʘʥʠʞʝʥʠʶ ʠʣʠ ʟʘʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ: 

1
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100%
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ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʢʘʢ ʥʘ ʦʙʫʯʘʶʱʝʡ, ʪʘʢ ʠ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ. ɺʝʣʠʯʠʥʘ sMAPE ʥʝʩʢʦʣʴʢʦ 

ʥʠʞʝ ʢʘʢ ʥʘ ʦʙʫʯʘʶʱʝʡ, ʪʘʢ ʠ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʅʘ ʨʠʩʫʥʢʝ 2 ʚ ʧʨʠʥʷʪʦʤ ʤʘʩʰʪʘʙʝ 

ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʢʫʨʩʘ ʘʢʮʠʠ ʠ ʤʦʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ AR(1) ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. 

ʊʘʙʣʠʮʘ 1 

ʊʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ AR(1) ʠ AR(2). 

ʄʝʪʨʠʢʘ 

AR(1) AR(2) 

ʆʙʫʯʘʶʱʘʷ 

ʚʳʙʦʨʢʘ 
ʊʝʩʪʦʚʘʷ ʚʳʙʦʨʢʘ 

ʆʙʫʯʘʶʱʘʷ 

ʚʳʙʦʨʢʘ 
ʊʝʩʪʦʚʘʷ ʚʳʙʦʨʢʘ 

ʄɸʈɽ 1,87 1,88 1,85 1,86 

sMAPE 1,61 1,64 1,60 1,63 

 

 
ʈʠʩʫʥʦʢ 2. ɸʚʪʦʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ AR(1) ʮʝʥʳ ʘʢʮʠʠ ʢʦʤʧʘʥʠʠ ʈʫʩʘʛʨʦ. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʤʦʜʝʣʴ (2) ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʯʘʩʪʠ ʦʩʪʘʪʢʦʚ et : 

0 1 1( )t t te y b b y-= - + Ö
. 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʥʘ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0,05 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʦʩʪʘʪʢʠ et ʩʣʫʯʘʡʥʳ (ʢʨʠʪʝʨʠʡ ʧʦʚʦʨʦʪʥʳʭ ʪʦʯʝʢ) ʠ ʠʤʝʶʪ ʥʫʣʝʚʦʝ 

ʩʨʝʜʥʝʝ (t-ʪʝʩʪ), ʚ ʦʩʪʘʪʢʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (DW-ʪʝʩʪ). ʆʜʥʘʢʦ 

ʜʠʩʧʝʨʩʠʷ ʦʩʪʘʪʢʦʚ ʥʝ ʧʦʩʪʦʷʥʥʘ (ʪʝʩʪ ɻʦʣʜʬʝʣʜʘ-ʂʚʘʥʜʪʘ) (ʨʠʩ. 3) ʠ ʥʝ ʧʦʜʯʠʥʷʝʪʩʷ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ (ʪʝʩʪ ʍʘʨʢʝ-ɹʝʨʘ), ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʥʘʜʝʞʥʳʝ 

ʠʥʪʝʨʚʘʣʴʥʳʝ ʦʮʝʥʢʠ ʧʨʦʛʥʦʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʤʦʜʝʣʴ 

ʟʘʥʠʞʘʝʪ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʮʝʥʳ ʘʢʮʠʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 4,32 ʨʫʙ. 

 

 
ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢ ʦʩʪʘʪʢʦʚ ʤʦʜʝʣʠ AR(1). 
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ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦʣʫʯʝʥʳ ʄʅʂ-ʦʮʝʥʢʠ ʘʚʪʦʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ AR(2): 

1 210,493 0,954 0,035t t t ty y y e- -= + Ö + Ö +
.     (3) 

ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ (3) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʶ (2) ʥʝʩʫʱʝʩʪʚʝʥʥʦ (ʪʘʙʣ.). ɺ 

ʪʦʞʝ ʚʨʝʤʷ, ʦʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠ yt-2 ʠ ʢʦʥʩʪʘʥʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳ (p-

value > 0,05). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʦʩʪʘʪʢʠ et ʤʦʜʝʣʠ (3) ʩʣʫʯʘʡʥʳ ʠ ʠʤʝʶʪ 

ʥʫʣʝʚʦʝ ʩʨʝʜʥʝʝ, ʚ ʦʩʪʘʪʢʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʆʜʥʘʢʦ ʜʠʩʧʝʨʩʠʷ 

ʦʩʪʘʪʢʦʚ ʦʩʪʘʝʪʩʷ ʥʝʧʦʩʪʦʷʥʥʦʡ ʠ ʪʘʢʞʝ ʥʝ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘ ʪʝʩʪʦʚʦʡ 

ʚʳʙʦʨʢʝ ʤʦʜʝʣʴ ʪʘʢʞʝ ʟʘʥʠʞʘʝʪ ʧʨʦʛʥʦʟʥʳʡ ʢʫʨʩ ʘʢʮʠʠ (ʚ ʩʨʝʜʥʝʤ ʥʘ 4,30 ʨʫʙ.). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʛʥʦʟʥʦʡ ʤʦʜʝʣʠ 

ʮʝʥʳ ʘʢʮʠʠ ʆɸʆ çʈʫʩʘʛʨʦè ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʬʦʨʤʳ AR(p) ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʨʘʚʠʪʴ ʥʝʜʦʩʪʘʪʢʠ 

ʚ ʯʘʩʪʠ ʦʩʪʘʪʢʦʚ: ʩʤʝʱʝʥʠʝ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ, ʛʝʪʝʨʦʩʢʝʜʘʩʪʠʯʥʦʩʪʴ ʠ çʥʝʥʦʨʤʘʣʴʥʦʩʪʴè. 

ʋʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʨʦʛʥʦʟʥʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʤʷʛʯʠʪʴ ʠʣʠ ʵʣʠʤʠʥʠʨʦʚʘʪʴ, 

ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠʟ ʢʣʘʩʩʘ ʤʦʜʝʣʝʡ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʩʢʦʣʴʟʷʱʝʛʦ 

ʩʨʝʜʥʝʛʦ ARMA(p,q), ʣʠʙʦ ʚʚʝʜʝʥʠʝʤ ʚ ʤʦʜʝʣʴ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʳ ʘʢʮʠʠ. ɺ ʤʦʜʝʣʠ ARMA ʫʩʣʦʚʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʦʩʪʦʷʥʥʘ. ʇʦʜ ʫʩʣʦʚʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʜʠʩʧʝʨʩʠʷ ʮʝʥʳ ʘʢʮʠʠ, ʟʘʚʠʩʷʱʘʷ ʪʦʣʴʢʦ ʦʪ ʧʨʦʰʣʳʭ ʟʥʘʯʝʥʠʡ 

ʫʨʦʚʥʝʡ ʨʷʜʘ, ʧʨʦʰʣʳʭ ʟʥʘʯʝʥʠʡ ʫʩʣʦʚʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪ.ʝ. ʠʤʝʶʱʘʷ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʶ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʫʩʪʨʘʥʝʥʠʶ ʥʝʜʦʩʪʘʪʢʦʚ ï ʫʯʝʪ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʥʷʪʠʷ 

ʚʦʣʘʪʠʣʴʥʦʩʪʠ, ʦʮʝʥʠʚʘʶʱʝʡ ʨʠʩʢ ʮʝʥʥʦʡ ʙʫʤʘʛʠ ʠ ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʡ ʝʝ ʮʝʥʫ. ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ 

[4], ʢʫʨʩ ʘʢʮʠʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʩʪʘʮʠʦʥʘʨʝʥ, ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʜʣʠʥʥʳʡ çʭʚʦʩʪè. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʘ çʨʳʯʘʛʘè, ʢʦʛʜʘ ʧʝʨʚʳʝ ʧʨʠʨʘʱʝʥʠʷ ʢʫʨʩʘ ʘʢʮʠʠ ʠ 

ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ. ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʮʝʥʳ ʘʢʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ çʰʦʢʠè, ʢʦʛʜʘ ʧʣʦʭʠʝ ʥʦʚʦʩʪʠ 

ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʝʝ ʧʘʜʝʥʠʝ ʮʝʥʳ, ʯʝʤ ʝʝ ʨʦʩʪ ʧʨʠ ʭʦʨʦʰʠʭ ʥʦʚʦʩʪʷʭ. 

ʋʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʟʨʝʰʘʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʣʠʙʦ ʯʘʩʪʠʯʥʦ ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʝʡ 

ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʡ ʫʩʣʦʚʥʦʡ ʛʝʪʝʨʦʩʢʝʜʘʩʪʯʥʦʩʪʠ ARCH(q), ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ GARCH(p,q), 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ IGARCH(p,q), ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʝʣʠ EGARCH(p,q) ʠ, ʚʦʟʤʦʞʥʦ, 

ʜʨʫʛʠʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʤʦʜʝʣʠ ARCH(q). 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʚʳʙʦʨʘ ʠʟ ʥʠʭ çʥʘʠʣʫʯʰʝʡè 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʨʷʜʫ ʩ ʤʝʪʨʠʢʘʤʠ ʄɸʈɽ ʠ sMAPE ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʪʝʨʠʠ 

ɸʢʘʠʢʝ (AIC) ʠ ʐʚʘʨʮʘ (BIC), ʢʦʪʦʨʳʝ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪ ʩʣʦʞʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ. 

ɺʚʠʜʫ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʄʦʜʝʣʴ ʘʚʪʦʨʝʛʨʝʩʩʠʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʩʤʳʩʣʝ ʵʣʝʤʝʥʪʘʨʥʘ, ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ ʚ ʯʘʩʪʠ ʦʩʪʘʪʢʦʚ, 

ʜʘʝʪ ʧʨʦʛʥʦʟ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʞʝ ʵʪʦʡ ʤʦʜʝʣʠ ʩʣʦʞʥʘ ʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʧʣʘʥʝ, ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ. ɺʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʧʫʭʦʣʠ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ. ʈʝʘʣʠʟʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʦʧʫʭʦʣʠ. ʇʨʦʚʝʜʝʥʘ ʚʘʣʠʜʘʮʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,8 % ʜʦ 14,6 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʫʭʦʣʠ, ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʦʧʫʭʦʣʠ, ʨʦʩʪ ʦʧʫʭʦʣʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

Abstract 

A mathematical model of benign brain tumor development is constructed. Software was 

implemented to conduct computational experiments to study the spatial and temporal dynamics of the 

tumor. Validation of the mathematical model using clinical examination data was carried out. It was 

determined that the error of the constructed models ranges from 1.8 to 14.6 percent. 

Keywords: tumor modeling, diffusion equation, spatiotemporal dynamics of tumor, tumor 

growth, mathematical modeling. 

 

ʈʘʢʦʚʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʩʤʝʨʪʥʦʩʪʠ ʚ ʤʠʨʝ. ʆʥʠ 

ʟʘʥʠʤʘʶʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʩʧʠʩʢʝ ʥʘʠʙʦʣʝʝ 

ʩʤʝʨʪʝʣʴʥʳʭ ʙʦʣʝʟʥʝʡ. ɺ 2020 ʛʦʜʫ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʢʦʣʦ 19.3 ʤʠʣʣʠʦʥʘ ʥʦʚʳʭ ʩʣʫʯʘʝʚ 

ʨʘʢʘ ʠ ʦʢʦʣʦ 10 ʤʠʣʣʠʦʥʦʚ ʩʤʝʨʪʝʡ ʦʪ ʨʘʢʘ [1]. ʈʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʣʝʯʝʥʠʷ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ. ʍʠʤʠʦʪʝʨʘʧʠʷ, 

ʨʘʜʠʦʪʝʨʘʧʠʷ, ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʠ ʠʤʤʫʥʦʪʝʨʘʧʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [2]. ʆʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʡ ʩʪʨʘʪʝʛʠʠ ʣʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʈʘʟʚʠʚʘʝʪʩʷ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʫʭʦʣʝʡ [3]. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʛʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ, ʟʘʜʘʶʱʫʶ ʟʜʦʨʦʚʳʝ 

ʢʣʝʪʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʦʧʫʭʦʣʝʚʳʡ ʦʯʘʛ, ʨʦʩʪ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1. ɻʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ: ʢʨʘʩʥʳʤ ʢʨʫʛʦʤ ʧʦʢʘʟʘʥ ʦʯʘʛ ʦʧʫʭʦʣʠ, ʩʝʨʘʷ ʦʙʣʘʩʪʴ ï ʦʧʫʭʦʣʴ. 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʦʧʫʭʦʣʝʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -111- 

 

 

 

 

 

 

 

 

ʛʜʝ                                 ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʝʟʥʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ, D ï 

ʩʪʝʧʝʥʴ ʧʦʨʘʞʝʥʠʷ, P ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, Q ï ʬʫʥʢʮʠʷ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʦʯʘʛ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʦʣʝʟʥʠ, Ŭ ï ʧʘʨʘʤʝʪʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʨʘʟʚʠʪʠʶ ʦʧʫʭʦʣʠ [4].  

ɼʣʷ ʨʝʰʝʥʠʷ (1) ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʷʚʥʦʡ 

ʨʘʟʥʦʩʪʥʦʡ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ: 

 

 

 

 

                                                                                                   (2) 

 

 

 

 

         

ʛʜʝ                                                                                                            ʠ  

                               ʇʦʪʦʢʠ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʧʦʩʪʨʦʝʥʥʳʭ ʵʡʣʝʨʦʚʳʭ ʷʯʝʝʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʩʠʣʦʚʳʤ ʧʝʨʝʥʦʩʦʤ, ʚʳʨʘʞʘʶʪʩʷ ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ ʯʝʨʝʟ ʟʥʘʯʝʥʠʝ 
nMD . ɼʣʷ ʫʯʝʪʘ ʤʝʪʘʩʪʘʟʦʚ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʠ 

ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ, ʥʦ ʠ ʧʨʦʮʝʩʩʳ ʤʠʛʨʘʮʠʠ ʠ ʠʥʚʘʟʠʠ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʦʚʳʭ ʦʧʫʭʦʣʝʡ ʚ ʜʨʫʛʠʭ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʫʯʝʪʫ ʤʝʪʘʩʪʘʟʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʦʧʫʭʦʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʣʝʪʦʢ, 

ʪʘʢʠʝ ʢʘʢ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ, ʢʣʝʪʢʠ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʠ ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʝ 

ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʤʠʛʨʘʮʠʠ ʠ ʠʥʚʘʟʠʠ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʢʣʝʪʦʢ. ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʝʡ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʜʠʥʘʤʠʢʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʧʦ ʢʨʦʚʝʥʦʩʥʳʤ ʩʦʩʫʜʘʤ ʠ 

ʣʠʤʬʘʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ. 

ʕʪʠ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʩʪʘʟʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ 

ʠ ʪʢʘʥʷʭ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʥʘ 

ʨʦʩʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ʕʪʠ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ 

ʥʘʧʨʷʞʝʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʧʣʦʪʥʦʩʪʴ ʢʣʝʪʦʢ ʠ ʥʘʣʠʯʠʝ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʨʘʚʥʝʥʠʠ 

ʜʠʬʬʫʟʠʠ, ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 



-112- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʄʳ ʧʨʦʚʝʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʩʯʝʪʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʜʠʥʘʤʠʢʠ ʦʧʫʭʦʣʠ. ɺʘʣʠʜʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ 

ʜʠʥʘʤʠʢʝ ʨʦʩʪʘ ʛʣʠʦʤʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʜʣʷ 10 ʧʘʮʠʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 

[5]. ʅʘʤ ʫʜʘʣʦʩʴ ʧʦʜʦʙʨʘʪʴ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣʦ ʩ 

ʨʘʟʣʠʯʥʦʡ ʪʦʯʥʦʩʪʴʶ (ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1,8 % ʜʦ 14,6 %) ʦʧʠʩʘʪʴ ʢʣʠʥʠʯʝʩʢʠʝ ʩʣʫʯʘʠ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʜʘʥʥʳʤʠ ʦʜʥʦʛʦ ʠʟ ʧʘʮʠʝʥʪʦʚ ʚ ʚʳʙʦʨʢʝ. ʆʪʤʝʪʠʤ, ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦʝ, ʪʘʢ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

 

 
ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʨʘʢʦʚʦʡ ʦʧʫʭʦʣʠ ʧʘʮʠʝʥʪʘ ʠʟ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ 

[5].  

 

ʆʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ. ʅʘ ʨʠʩ. 3 ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʣʝʞʘʪʴ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ 

P ʠ S ʜʣʷ 10 ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʮʠʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ 

ʜʣʷ ʤʦʜʫʣʷ ʩʢʦʨʦʩʪʠ S: 1,69 ʤʢʤ/ʩ Ò S Ò 3,22 ʤʢʤ/ʩ, ʘ ʜʣʷ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʫʭʦʣʠ P: 1,81 ʤʢʤ2/ʩ Ò P Ò 3,89 ʤʢʤ2/ʩ. ʉʨʝʜʥʠʝ ʚʳʙʦʨʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ çʪʠʧʠʯʥʦʛʦè ʧʘʮʠʝʥʪʘ ʨʘʚʥʳ P å 2,9 ʤʢʤ2/ʩ, ʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʙʦʣʝʟʥʠ S å 2,5 ʤʢʤ/ʩ.   

ʇʨʠʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ ʠ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʦʧʫʭʦʣʠ. ʆʧʨʝʜʝʣʝʥʘ 

ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʪ ʜʘʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ 

ʦʙʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʧʦʨʘʞʝʥʥʦʡ ʟʘʙʦʣʝʚʘʥʠʝʤ ʦʙʣʘʩʪʠ, ʢʘʢ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʠʥʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʪʘʢ ʠ ʜʣʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 3. ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʩʚʦʙʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ P ʠ S (ʧʦʢʘʟʘʥʘ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ). ʂʨʘʩʥʳʤʠ 

ʪʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 10 ʤʦʜʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʣʴʥʳʤ ʧʘʮʠʝʥʪʘʤ. 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -113- 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ [6]. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʤʘʤʤʦʛʨʘʬʠʠ [7].  

ʌʫʥʢʮʠʷ Q ʚ ʫʨʘʚʥʝʥʠʠ (1), ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʷʚʣʝʥʠʝ ʦʧʫʭʦʣʠ, ʥʫʞʜʘʝʪʩʷ ʚ 

ʜʘʣʴʥʝʡʰʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʨʦʨʘʙʦʪʢʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʟʥʘʯʝʥʠʝ Q ʟʘʜʘʝʪʩʷ ʢʘʢ ʢʦʥʩʪʘʥʪʘ ʠ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʧʣʘʥʠʨʫʝʤ ʨʘʩʰʠʨʠʪʴ ʩʧʠʩʦʢ ʩʚʦʙʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ 

ʛʨʫʟʦʧʦʜʲʸʤʥʳʭ ʤʘʰʠʥʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʠʭ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʜʣʷ ʧʦʜʲʸʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʢʦʚʰʠ ʣʦʧʘʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥ. 

ʕʪʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʦʝ ʠ ʪʦʯʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʛʠʜʨʦʧʨʠʚʦʜʳ 

ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʨʘʟʚʠʪʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʛʨʫʟʦʧʦʜʲʸʤʥʦʡ 

ʪʝʭʥʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʧʨʠʚʦʜ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʛʨʫʟʦʧʦʜʲʸʤʥʳʝ ʤʘʰʠʥʳ 

 

Abstract 

This article studies the extensive application of hydraulic drives in construction and lifting 

machinery, driven by their high power and efficiency. Special attention is given to the use of hydraulic 

drives for lifting and lowering working elements, such as shovel buckets, as well as for controlling the 

speed and direction of machine movement. These systems ensure reliable and precise execution of 

various operations, making them indispensable in modern technology. In conclusion, it is stated that 

hydraulic drives continue to be a key element in the development of construction and lifting 

machinery. 

Keywords: hydraulic drives,  construction machines, lifting machines 

 

ɻʠʜʨʦʧʨʠʚʦʜ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʛʨʫʟʦʧʦʜʲʸʤʥʳʭ ʤʘʰʠʥʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʪʠʧʦʚ ʧʨʠʚʦʜʦʚ. ʊʠʧʠʯʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʛʠʜʨʦʬʠʮʠʨʦʚʘʥʥʳʭ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ 

ʷʚʣʷʶʪʩʷ ʩʘʤʦʭʦʜʥʳʝ ʢʨʘʥʳ, ʦʜʥʦʢʦʚʰʦʚʳʝ ʵʢʩʢʘʚʘʪʦʨʳ, ʙʫʨʦʚʳʝ ʤʘʰʠʥʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʪʣʦʚʘʥʦʢʦʧʘʪʝʣʠ. ʆʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʚʝʜʫʱʠʤʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʘʰʠʥ 

ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʨʦʛ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɻʣʘʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʩʠʩʪʝʤ ʛʠʜʨʦʧʨʠʚʦʜʘ - ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʧʝʨʚʠʯʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʚ ʵʥʝʨʛʠʶ ʧʦʪʦʢʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ ʧʝʨʝʜʘʯʘ ʝʝ ʢ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ ʤʘʰʠʥ, ʛʜʝ ʦʥʘ ʚʥʦʚʴ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. 

ʉʠʩʪʝʤʘ ʛʠʜʨʦʧʨʠʚʦʜʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʫʶ ʠ 

ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʠʩʪʝʤ ʤʘʰʠʥ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʱʥʦʩʪʴ, 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʧʣʘʚʥʦʝ ʠ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʭʨʘʥʷʝʪ ʤʝʭʘʥʠʟʤʳ ʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʦʪ 

ʧʝʨʝʛʨʫʟʦʢ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʚʦʜ ʪʝʧʣʘ ʠ ʝʩʣʠ ʢʘʢʦʡ-ʪʦ ʤʝʭʘʥʠʟʤ ʦʪʢʘʟʘʣ, ʪʦ ʚʳʧʦʣʥʷʝʪ 

ʬʫʥʢʮʠʶ ʪʦʨʤʦʟʘ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʣʦʤʢʫ ʩʠʩʪʝʤʳ. 

ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤ ʛʠʜʨʦʧʨʠʚʦʜʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʘʰʠʥ 

ʚʭʦʜʷʪ: ʩʠʣʦʚʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʪʦʢʦʚ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ; ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʜʨʦʩʩʝʣʴʥʦʛʦ ʠʣʠ ʦʙʲʝʤʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; ʛʠʜʨʦʜʚʠʛʘʪʝʣʠ 

ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʚ ʢʦʪʦʨʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ; 

ʫʩʪʨʦʡʩʪʚʘ ʢʦʤʤʫʪʘʮʠʠ ʧʦʪʦʢʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʪʨʘʥʩʤʠʩʩʠʠ; 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝʦʩʥʦʚʥʳʭ ʨʘʙʦʯʠʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ; ʫʩʪʨʦʡʩʪʚʘ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʧʦʜʧʠʪʢʠ ʥʘʩʦʩʦʚ ʠ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʡ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -115- 

 

ʅʘʜʝʞʥʫʶ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɼʣʷ ʵʪʦʛʦ 

ʩʠʩʪʝʤʳ ʛʠʜʨʦʧʨʠʚʦʜʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʣʝʜʫʶʱʝʝ 

½ ʨʝʘʣʠʟʘʮʠʶ ʟʘʜʘʥʥʳʭ ʫʩʠʣʠʡ ʥʘ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ ʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʧʦ 
ʟʘʜʘʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʝʛʦ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ; 

½ ʨʝʘʣʠʟʘʮʠʶ ʤʦʤʝʥʪʘ ʥʘ ʧʦʚʦʨʦʪʥʦʡ ʧʣʘʪʬʦʨʤʝ ʠ ʪʷʛʦʚʦ-ʩʢʦʨʦʩʪʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ ʤʘʰʠʥʳ; 

½ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʳʭʦʜʥʳʭ ʟʚʝʥʴʝʚ (ʰʪʦʢʦʚ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʠ ʚʘʣʦʚ ʛʠʜʨʦʤʦʪʦʨʦʚ) ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʧʨʝʜʝʣʘʭ 

ʫʩʪʘʥʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ; 

½ ʟʘʱʠʪʫ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʥʘʩʦʩʦʚ ʦʪ ʧʝʨʝʛʨʫʟʦʢ;  

½ ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʳʭʦʜʥʳʭ ʟʚʝʥʴʝʚ ʧʨʠ ʦʧʫʩʢʘʥʠʠ ʨʘʙʦʯʠʭ 
ʦʨʛʘʥʦʚ ʠ ʧʝʨʝʜʚʠʞʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʢʣʦʥʘ; 

½ ʫʜʦʙʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. 
ɺʘʞʥʳʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʨʝʙʫʝʤʦʡ ʩʠʩʪʝʤʳ ʛʠʜʨʦʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ 

ʚʠʜʦʚ ʠ ʪʠʧʦʚ ʛʠʜʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɻʠʜʨʦʩʠʩʪʝʤʳ ʚʩʝʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ, ʪʘʢ 

ʢʘʢ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʦʘʧʧʘʨʘʪʦʚ, ʨʘʟʚʝʪʚʣʸʥʥʫʶ ʩʝʪʴ ʪʨʘʥʩʤʠʩʩʠʠ, 

ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʠ ʤʥʦʛʦʛʦ ʜʨʫʛʦʛʦ. ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʩʪʳʝ ʛʠʜʨʦʩʠʩʪʝʤʳ, ʦʥʠ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʤʠ ʤʘʰʠʥʘʭ, ʥʦ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʥʝʢʦʪʦʨʳʭ 

ʤʝʭʘʥʠʟʤʘʭ.  

ʇʦʜ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʦʙʳʯʥʦ ʧʦʥʠʤʘʝʪʩʷ ʦʙʲʝʢʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʯʣʝʥʝʥ ʥʘ ʵʣʝʤʝʥʪʳ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʨʫʛʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʠʜʨʦʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ ʠʟ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʦʪʜʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʪʳʩʷʯ 

ʜʝʪʘʣʝʡ, ʠ ʚʩʝ ʵʪʦ ʜʦʣʞʥʦ ʥʘʜʝʞʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

ʌʘʢʪʦʨʳ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʩʣʦʞʥʳʭ ʛʠʜʨʦʩʠʩʪʝʤ, ʵʪʦ: 

½ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʦʪʢʘʟ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʢʘʟʫ 

ʚʩʝʡ ʩʠʩʪʝʤʳ; 

½ ʫʥʠʢʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤ, ʚʳʧʫʩʢʘʝʤʳʭ ʝʜʠʥʠʯʥʦ ʠʣʠ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 
(ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʫʪʝʚʳʭ ʤʘʰʠʥ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʪʦʨʳʭ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ; 

½ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʩʠʩʪʝʤ ʜʘʞʝ ʫ ʤʘʰʠʥ ʦʜʠʥʘʢʦʚʦʛʦ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 

ʉʣʦʞʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʘʢ 

ʫʣʫʯʰʘʪʴ, ʪʘʢ ʠ ʫʭʫʜʰʘʪʴ ʠʭ ʥʘʜʝʞʥʦʩʪʴ. ɺʳʩʦʢʘʷ ʤʦʱʥʦʩʪʴ ʠ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʠʭ ʨʘʙʦʪʫ, ʪʦʛʜʘ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʟʘʛʨʷʟʥʝʥʠʷʤ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʠʭ ʥʘʜʝʞʥʦʩʪʴ (ʨʠʩ. 1). 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʦʤʦʛʘʶʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʩʣʦʞʥʳʭ 

ʛʠʜʨʦʩʠʩʪʝʤ, ʫʤʝʥʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡ ʠ ʩʙʦʝʚ. 

ɺ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʝ ʛʠʜʨʦʩʠʩʪʝʤʳ, ʚʦ-ʧʝʨʚʳʭ, ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʚʟʘʠʤʦʩʚʷʟʠ, 

ʢʦʛʜʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʝ ʵʣʝʤʝʥʪʳ ʦʢʘʟʳʚʘʶʪ ʧʦʙʦʯʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʠ 

ʤʦʛʫʪ ʚʳʚʝʩʪʠ ʠʭ ʠʟ ʩʪʨʦʷ. ɺʦ-ʚʪʦʨʳʭ, ʤʘʣʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ (ʚ ʧʨʝʜʝʣʘʭ 

ʥʦʨʤʳ) ʤʦʛʫʪ ʜʘʪʴ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʠʟʜʝʣʠʷ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʥʘʨʷʜʫ ʩ ʨʘʙʦʪʘʤʠ 

ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʤʘʰʠʥ ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ 

ʤʝʩʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʸʞʥʦʩʪʠ. ʉʪʨʫʢʪʫʨʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʥʘʜʝʞʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʤʘʰʠʥ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɼʨʫʛʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʨʫʜʥʦʩʪʠ, ʘ 

ʠʥʦʛʜʘ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢ ʩʠʩʪʝʤʝ ʚ ʮʝʣʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʕʪʦ 



-116- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʜʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʤ ʦʥʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʶʱʠʝ 

ʦʪʢʘʟʳ ʦʪʥʦʩʷʪʩʷ ʢʘʞʜʳʡ ʨʘʟ ʢ ʥʦʚʦʤʫ ʵʣʝʤʝʥʪʫ. ʇʦʪʦʢ ʦʪʢʘʟʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʪʦʤ, 

ʢʘʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʷ. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʣʦʞʥʳʭ ʛʠʜʨʦʩʠʩʪʝʤ. 

 

 

 
ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʸʞʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʤʘʰʠʥ. 

 

ʈʘʟʚʠʪʠʝ ʛʠʜʨʦʩʠʩʪʝʤ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ ʚ ʭʦʜʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʠ ʯʠʩʣʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ 

ʧʝʨʝʭʦʜʦʤ ʥʘ ʛʠʜʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʚ 

ʰʠʨʦʢʠʭ ʤʘʩʰʪʘʙʘʭ ʤʘʰʠʥ ʩʦ ʩʣʦʞʥʳʤʠ ʛʠʜʨʦʧʨʠʚʦʜʘʤʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʠʭ ʥʘʜʝʞʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʩ ʮʝʣʴʶ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ, ʘ ʪʘʢʞʝ 

ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʢʠʥʝʪʠʢʝ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. 

ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʫʩʪʝʥʠʪʘ, ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʨʘʟʤʝʨʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ ʘʫʩʪʝʥʠʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʧʘʨʘʤʘʛʥʝʪʠʟʤ, ʘʫʩʪʝʥʠʪ, ʤʘʨʪʝʥʩʠʪ, ʩʪʘʣʴ, 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤ. 

 

Abstract 

The mechanisms of formation of ferromagnetic phase nuclei, as well as the influence of an 

external magnetic field on changes in the kinetics of martensitic transformation, are considered. The 

features of the magnetic state of austenite are studied, and the dependence of the critical size of a 

ferromagnetically ordered nanocluster in a paramagnetic austenite matrix on the magnetic field 

strength is shown. 

Keywords: ferromagnetism, paramagnetism, austenite, martensite, steel, superparamagnetism. 

 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʟʘʨʦʜʳʰʝʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ ʚʣʠʷʥʠʝ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʨʦʷʪʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʥʦ ʠ ʜʨʫʛʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ ʧʨʠ ʬʘʟʦʚʦʤ 

ʧʝʨʝʭʦʜʝ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ, ʧʦʤʠʤʦ ʦʙʳʯʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʫʧʦʨʷʜʦʯʝʥʠʷ I, ʢʦʪʦʨʳʡ ʙʳʣ ʚʚʝʜʝʥ ʃ. ɼ. ʃʘʥʜʘʫ [1] 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʭʦʜʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʳ ʤʦʞʝʤ ʫʯʠʪʳʚʘʪʴ ʧʦʷʚʣʝʥʠʝ 

ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʠʥʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩ ʠʟʚʝʩʪʥʦʡ ʩʪʝʧʝʥʴʶ 

ʫʩʣʦʚʥʦʩʪʠ ʧʨʠʧʠʩʳʚʘʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʤʘʨʪʝʥʩʠʪʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ ʥʝʢʦʪʦʨʳʝ ʯʝʨʪʳ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʠʩʢʣʶʯʘʷ çʚʟʨʳʚʥʫʶè ʢʠʥʝʪʠʢʫ), ʚʳʟʚʘʥʥʦʝ çʧʦʨʮʠʦʥʥʳʤè ʘʪʝʨʤʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʩʘ. 

ɽʩʣʠ ʠʩʭʦʜʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʡ ʘʫʩʪʝʥʠʪ, ʪʦ ʝʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚ ʤʘʢʨʦʤʘʩʰʪʘʙʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʥʳʤ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʠʥʦʚ, 

ʧʨʠ ʵʪʦʤ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʤʠʥʠʤʘʣʴʥʘ. 

ʀʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʘʷʪʥʠʢʦʚʳʭ ʚʝʩʦʚ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʤʧʝʥʩʘʮʠʝʡ ʚ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ. ʊʘʢʠʝ ʧʨʠʙʦʨʳ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʠʟʤʝʨʷʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ, ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʷʭ, ʠ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʛʨʘʚʠʪʘʮʠʠ ʥʘ ʠʟʤʝʨʝʥʠʷ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫ-ʬʘʟʳ ʠʩʩʣʝʜʦʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʪʘʣʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ 0,8%. ɺ 

ʪʘʢʦʡ ʩʪʘʣʠ ʩʪʘʙʠʣʴʥʳʡ ʘʫʩʪʝʥʠʪ ʩʦʭʨʘʥʷʝʪʩʷ ʜʘʞʝ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʪʘʣʠ  ʩ 0,8 % ʉ 

 

ʀʟʤʝʨʝʥʠʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʘʫʩʪʝʥʠʪʘ ʚʦʟʤʦʞʥʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʦʣʦ 700 ÁC. ʅʠʞʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʝʥʠʷ ʟʘʪʨʫʜʥʷʶʪʩʷ ʠʟ-ʟʘ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ Ŭ-ʬʘʟʳ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 820 ÁC ɔ-ʬʘʟʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʛʜʝ ʟʘʚʠʩʠʤʦʩʪʴ 1/ɢ(T) ʣʠʥʝʡʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ. 

ʆʜʥʘʢʦ ʥʠʞʝ 820 ÁC ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ɢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʟʘʢʦʥʘ ʂʶʨʠ-

ɺʝʡʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʘ ʢʨʠʚʦʡ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʃʘʥʞʝʚʝʥʘ ʜʣʷ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʢʦʚ. 

ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ɔ-ʬʘʟʳ ʩʚʷʟʘʥʳ ʩʦ ʩʧʦʥʪʘʥʥʳʤ ʧʦʷʚʣʝʥʠʝʤ 

ʬʣʫʢʪʫʘʮʠʡ ʜʘʣʴʥʝʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ "ʨʦʠ" ʩʧʠʥʦʚ. ʕʪʠ "ʨʦʠ" 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʣʝʥʴʢʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʪ ʠ 

ʠʩʯʝʟʘʶʪ. ʆʥʠ ʥʘʟʳʚʘʶʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʠʭ 

ʬʣʫʢʪʫʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʨʘʙʦʪʝ ʦʙʲʷʩʥʷʶʪʩʷ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʘʫʩʪʝʥʠʪʘ 

ʭʨʦʤʦʥʠʢʝʣʝʚʳʭ ʩʪʘʣʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ. 

 

 
ʈʠʩʫʥʦʢ 2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʥʘʯʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʪʘʣʝʡ 1 ï 52ʍ2ʅ15; 2 

ï 52X2H20; 3 ï 52X2H22 

 

ʅʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚ ʘʫʩʪʝʥʠʪʝ, ʩʦʛʣʘʩʥʦ ʃ. ʀ. ʈʦʤʘʰʝʚʫ [2], ʩʚʷʟʘʥʦ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʚ ʤʠʢʨʦʦʙʲʝʤʘʭ, ʛʜʝ ʦʙʦʛʘʱʝʥʥʳʝ ʘʪʦʤʳ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʝʱʝʩʪʚ ʚʳʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʕʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 

ʪʦʯʢʠ ʂʶʨʠ (ʠʣʠ ʚʳʰʝ ʊ(ɔ-Ŭ) ʚ ʩʣʫʯʘʝ ʩʪʘʣʝʡ, ʛʜʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ɔ-Ŭ 

ʧʨʝʚʨʘʱʝʥʠʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ Ŭ-ʬʘʟʳ). ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʦʙʲʷʩʥʷʝʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʚ ʘʫʩʪʝʥʠʪʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʟʘʨʦʜʳʰʘ ʥʦʚʦʡ ʬʘʟʳ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʣʝʢʩʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʧʝʨʝʭʦʜʘ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʤʘ ʠʩʭʦʜʥʦʡ ʬʘʟʳ ʚ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʥʦʚʦʡ ʬʘʟʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʠʟʙʳʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʝʡ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʦʜʥʦʡ ʠʣʠ ʦʙʝʠʭ ʬʘʟʘʭ ʠʟ-ʟʘ 

ʨʘʟʥʦʩʪʠ ʠʭ ʫʜʝʣʴʥʳʭ ʦʙʲʝʤʦʚ (ʠʣʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʨʝʰʝʪʦʢ ʧʨʠ ʤʘʨʪʝʥʩʠʪʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ). 



-120- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʕʪʦʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʫʤʝʥʴʰʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʦʚʦʡ ʬʘʟʳ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʠʟ-ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʠ ʫʧʨʫʛʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʶ ʟʘʨʦʜʳʰʝʡ ʥʦʚʦʡ ʬʘʟʳ ʚ ʤʘʪʝʨʠʘʣʝ. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʵʪʠ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʢʠʥʝʪʠʢʠ 

ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʘʭ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʟʘʨʦʞʜʝʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʚʠʪʠʝ ʠʜʝʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʫʯʝʥʳʭ ʌ. ʌʨʘʥʢʘ, ʍ. 

ʂʥʘʧʧʘ ʠ ʋ. ɼʝʣʥʥʛʝʨʘ ʦ ʜʠʩʣʦʢʘʮʠʦʥʥʦʤ ʩʪʨʦʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʛʘʤʤʘ (ɔ) ʠ 

ʘʣʴʬʘ (Ŭ) ʬʘʟʘʤʠ. 

ʀʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʦʙʫʩʣʦʚʣʝʥ 

ʜʠʩʣʦʢʘʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʤʝʞʜʫ ʛʘʤʤʘ (ɔ) ʠ ʘʣʴʬʘ (Ŭ) ʬʘʟʘʤʠ. ɼʠʩʣʦʢʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʷʜʝʨ 

ʥʦʚʦʡ ʬʘʟʳ ʤʘʨʪʝʥʩʠʪʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʤʝʭʘʥʠʟʤ ʟʘʨʦʞʜʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʩʣʝʜʫʶʪ ʠ ʨʘʟʚʠʚʘʶʪ ʢʦʥʮʝʧʮʠʠ ʫʧʦʤʷʥʫʪʳʭ ʫʯʝʥʳʭ, 

ʜʦʙʘʚʣʷʷ ʥʦʚʳʝ ʜʘʥʥʳʝ ʠ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʧʨʦʮʝʩʩʳ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. 
ʀʟ ʚʘʰʝʛʦ ʩʦʦʙʱʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʧʝʪʝʣʴ ʧʨʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʩʜʚʠʛʝ, ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʡ 
ʜʚʠʞʫʱʝʡ ʩʠʣʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ ʵʥʝʨʛʠʝʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʚʦ 
ʚʨʝʤʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ (ʦʜʥʦʨʦʜʥʦʛʦ) ʩʜʚʠʛʘ. ʖ. ʅ. ʇʝʪʨʦʚ [3] ʧʨʦʚʝʣ ʦʮʝʥʢʫ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʟʘʨʦʞʜʝʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʧʝʪʣʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʦʧʨʝʜʝʣʠʣ ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʧʝʪʣʠ. ʇʨʠ ʵʪʦʤ ʦʥ 
ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʩʷ ʠʜʝʝʡ ʦ ʪʦʤ, ʯʪʦ ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ ʦʜʥʦʨʦʜʥʦʛʦ ʩʜʚʠʛʘ ʧʨʠ ʤʘʨʪʝʥʩʠʪʥʦʤ 
ʧʨʝʚʨʘʱʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʳʤ ʠʣʠ ʯʘʩʪʠʯʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʨʘʩʱʝʧʣʝʥʠʷ 
ʧʦʣʥʦʡ ʜʠʩʣʦʢʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʘʫʩʪʝʥʠʪʘ ʩ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ ʧʨʝʚʨʘʱʝʥʠʝ 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦʣʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʯʘʩʪʠʯʥʳʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʘʦʪʠʯʝʩʢʠʭ 
ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʚʨʘʱʝʥʠʡ ʠ 
ʜʝʬʦʨʤʘʮʠʡ ʚ ʤʘʪʝʨʠʘʣʘʭ. 

ʀʟ-ʟʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʠʯʠʥ ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ 
ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ Ŭ-ʬʘʟʳ ʥʘ 
ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʝʘʢʮʠʠ ʚ ʤʠʢʨʦʦʙʲʝʤʘʭ ʘʫʩʪʝʥʠʪʘ ʩ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 
ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʠʥʦʚ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʢʣʶʯʝʥʠʝ ʜʨʫʛʠʭ ʤʠʢʨʦʦʙʲʝʤʦʚ ʤʘʪʨʠʮʳ, 
ʢʦʪʦʨʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʚʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ 
ʧʝʪʣʠ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ Ŭ/18 <112>. 

ɺ ʨʘʙʦʪʝ ɺ. ʅ. ʇʫʩʪʦʚʦʡʪʘ [4] ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ (ʪʘʢʠʭ ʢʘʢ ʬʝʨʨʠʪʥʦ-ʢʘʨʙʠʜʥʘʷ ʩʤʝʩʴ, 

ʙʝʡʥʠʪ, ʤʘʨʪʝʥʩʠʪ), ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʣʦ ʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʤʘʛʥʠʪʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʠʩʭʦʜʥʦʡ ʬʘʟʳ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʘʥʩʘʤʙʣʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʤʠʢʨʦʦʙʲʝʤʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʬʣʫʢʪʫʘʮʠʦʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʚ ʛʨʫʧʧʝ ʘʪʦʤʦʚ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʠʥʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʟʘʨʦʜʳʰʝʡ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʠ ʫʩʢʦʨʝʥʠʶ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʠʟʤʝʥʷʝʪ 

ʢʠʥʝʪʠʢʫ ʧʨʝʚʨʘʱʝʥʠʡ ʠʩʭʦʜʥʦʡ ʥʝʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ, ʛʜʝ ʨʝʟʫʣʴʪʘʪʦʤ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʧʨʠʤʝʥʷʝʤʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ (ʋɿ) ʦʪ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʠ ʦʬʦʨʤʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʂɼ) ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʋɿ ï ʙʦʨʪʦʚʘʷ ʘʧʧʘʨʘʪʫʨʘ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʪ ʂɼ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʋɿ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʨʦʡʩʪʚʦ ʟʘʱʠʪʳ, ʵʣʝʢʪʨʦʥʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʘʧʧʘʨʘʪʫʨʘ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ, AutoCAD, 

nanoCAD. 

 

Abstract 

This article provides an overview of the computer-aided design (CAD) systems used to develop 

the design of an overvoltage protection device (PD) and the preparation of design documentation (DD) 

for this development. The area of application of the developed ultrasound system is on-board 

equipment of spacecraft. The result of the work is a set of design documentation for the ultrasonic 

design, the characteristics of which are formulated in the technical specifications. 

Keywords: ʨrotection device, electronic device, design documentation, technological 

documentation, spacecraft equipment, AutoCAD, nanoCAD. 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʧʘʜʦʚ 

ʥʘʧʨʷʞʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʬʦʨʤʣʝʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ. 
ʉʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʙʣʘʛʦʜʘʨʷ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ (ʈʕɸ). ɺʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʈʕɸ, ʦʩʦʙʝʥʥʦ 
ʜʣʷ ʪʘʢʠʭ ʦʪʨʘʩʣʝʡ ʢʘʢ ʪʨʘʥʩʧʦʨʪʥʦʡ, ʘʪʦʤʥʦʡ, ʚʦʝʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ. ʈʘʙʦʪʘ ʥʘʜ ʧʨʦʙʣʝʤʘʤʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ (ʉʕʇ) ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʦʙʲʝʢʪʦʚ ʚʝʜʝʪʩʷ ʚʦ 
ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ: ʚ ɸʆ "ʅʇʎ "ʇʦʣʶʩ" (ʛ. ʊʦʤʩʢ), ʅʀʀ ɸʕʄ ʊʋʉʋʈ (ʛ. ʊʦʤʩʢ), ʚ ʅʇʆ 
ʇʄ ʠʤ. ʘʢʘʜ. ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ (ʛ.ʂʨʘʩʥʦʷʨʩʢ), ʚ ʉʠʙʠʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʤ 
ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, ʚ ʉʫʭʫʤʩʢʦʤ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠ ʜʨ.  

ʈʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʣʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʦʮʝʩʩ, 
ʷʚʣʷʶʱʠʡʩʷ ʥʘʯʘʣʦʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ. ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 
ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʜʝʣʠʷ, ʥʘʯʠʥʘʷ ʩʦ ʩʭʝʤʳ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʦ ʙʫʜʫʱʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʦʪʦʚʳʭ ʙʣʦʢʦʚ. 

ʇʨʦʚʦʜʠʪʩʷ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʠʥʞʝʥʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ, 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʠ ʧʨʝʜʩʪʘʨʪʦʚʳʭ 
ʠʩʧʳʪʘʥʠʡ ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
ʆʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) 
ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʣʫʞʝʙʥʳʭ ʩʠʩʪʝʤ ʠ ʨʝʩʫʨʩʘ 
ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʂɸ ʚ ʮʝʣʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʠ 
ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʉʕʇ ʂɸ), ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʢʦʪʦʨʦʛʦ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʫʪ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʠ, ʪʝʢʫʱʠʝ ʧʦ 



-122- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʰʠʥʘʤ ʙʘʪʘʨʝʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ʇʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 
(ʧʦʜʢʣʶʯʝʥʠʝ ʠ ʦʪʢʣʶʯʝʥʠʝ ʮʝʧʠ, ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ) 
ʚʦʟʥʠʢʘʶʪ ʧʝʨʝʭʦʜʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʃʶʙʳʝ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʉʕʇ ʂɸ ʧʨʠʚʦʜʷʪ ʢ 
ʥʘʨʫʰʝʥʠʶ ʜʨʫʛʠʭ ʩʠʩʪʝʤ, ʘ ʧʨʠ ʝʝ ʦʪʢʘʟʝ ï ʢ ʟʘʚʝʨʰʝʥʠʶ ʩʨʦʢʘ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʂɸ. 
ʂʨʦʤʝ ʧʦʪʝʨʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʠ ʥʘ ʨʝʧʫʪʘʮʠʠ 
ʨʘʟʨʘʙʦʪʯʠʢʘ-ʠʟʛʦʪʦʚʠʪʝʣʷ.   

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʠʙʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ (ʋɿ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʘʚʪʦʤʘʪʠʢʠ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʟʘʱʠʪʳ (ʂɸʉ). ʋɿ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ 

ʤʦʜʫʣʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʫʛʦʚʦʛʦ ʧʨʦʙʦʷ ʚ ʢʘʢʦʤ-

ʥʠʙʫʜʴ ʠʟ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ. ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʘʙʝʣʴʥʫʶ ʩʝʪʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʡ (ʂɿ), ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʥʘʯʠʥʘʷ ʦʪ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʫʟʣʦʚ 

ʘʧʧʘʨʘʪʫʨʳ ʜʦ ʧʦʞʘʨʘ ʠ ʧʦʪʝʨʠ ʛʦʪʦʚʳʭ ʂɸ. ʆʩʦʙʦ ʦʧʘʩʥʳʤ ʷʚʣʷʝʪʩʷ ʂɿ ʰʠʥ ʧʠʪʘʥʠʷ, ʠʜʫʱʠʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʘʛʨʝʛʘʪʘ ʧʠʪʘʥʠʷ. ʊʘʢʞʝ ʥʘ ʰʠʥʳ ʧʠʪʘʥʠʷ ʠ ʘʧʧʘʨʘʪʫʨʫ ʦʢʘʟʳʚʘʝʪ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʂɿè ï 

ʦʰʠʙʢʠ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʢʘʙʝʣʝʡ, ʥʘʩʪʨʦʡʢʝ ʘʧʧʘʨʘʪʫʨʳ ʠ ʪ.ʧ. [1,2]. 

ɺ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʋɿ), ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʳ AutoCAD ʠ nanoCAD. ʆʙʝ ʧʨʦʛʨʘʤʤʳ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʯʝʨʪʝʞʝʡ ʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʧʦʧʫʣʷʨʥʳʭ ʚ ʩʚʦʝʡ ʢʘʪʝʛʦʨʠʠ.  
ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʝʡ ʧʨʦʜʫʢʪ ʢʦʤʧʘʥʠʠ çNanosoftè ῐ nanoCAD, ʩʪʘʣ 

ʦʪʣʠʯʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʧʨʦʜʫʢʪʫ ʢʦʤʧʘʥʠʠ çAutodeskè. ʇʨʠ ʵʪʦʤ,  nanoCAD ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 
ʣʝʛʢʠʤ ʨʝʰʝʥʠʝʤ ʜʣʷ 2D ʠ 3D ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʨʦʩʩʠʡʩʢʠʤʠ ʧʨʦʛʨʘʤʤʠʩʪʘʤʠ, nanoCAD 
ʧʨʝʜʣʘʛʘʝʪ ʰʘʙʣʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ, ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʳ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊʦʤ. ʊʘʢʞʝ ʠʤʝʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ AutoCAD, ʧʨʠ ʵʪʦʤ 
ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ. [3, ʩ.32] 

ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ nanoCAD ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʝʨʪʝʞʠ ʢʘʢ ʚ nanoCAD, ʪʘʢ ʠ ʚ ʜʨʫʛʠʭ ʉɸʇʈ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʬʦʨʤʘʪ *.dwg .  

ʌʦʨʤʘʪ  DWG (ʦʪ ʘʥʛʣ.  drawing ï çʯʝʨʪʝʞè) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʦʨʤʘʪʦʤ ʜʣʷ ʤʥʦʛʠʭ 
ʉɸʇʈ-ʧʨʦʛʨʘʤʤ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʉɸʇʈ-ʧʨʠʣʦʞʝʥʠʷʤʠ ʢʦʩʚʝʥʥʦ: ʜʘʥʥʳʝ ʠʟ ʦʜʥʦʛʦ 
ʬʦʨʤʘʪʘ ʜʘʥʥʳʭ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʜʨʫʛʦʡ ʯʝʨʝʟ ʬʫʥʢʮʠʠ ʠʤʧʦʨʪʘ ʠ ʵʢʩʧʦʨʪʘ [4]. ʆʙʲʝʜʠʥʝʥʠʝ 
ʨʝʰʝʥʠʡ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʝʜʠʥʦʝ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ 
ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʪ ʦʙʫʯʝʥʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. 
ʀʟ-ʟʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʩ ʜʨʫʛʠʤʠ ʉɸʇʈ  nanoCAD ʠʩʧʦʣʴʟʫʶʪ ʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʧʨʝʜʧʨʠʷʪʠʷʭ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉɸʇʈ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ   ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ ʜʦʣʞʥʘ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʝʡʩʪʚʫʶʱʠʤ ʩʪʘʥʜʘʨʪʘʤ ɻʆʉʊ ʠ ɽʜʠʥʦʡ ʩʠʩʪʝʤʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 
ʜʦʢʫʤʝʥʪʘʮʠʠ (ɽʉʂɼ): ɻʆʉʊ ʈ 2.106-2019 çʊʝʢʩʪʦʚʳʝ ʜʦʢʫʤʝʥʪʳè, ɻʆʉʊ 2.307-2011 
çʅʘʥʝʩʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʧʨʝʜʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡè, ɻʆʉʊ 2.113-75 çɻʨʫʧʧʦʚʳʝ ʠ ʙʘʟʦʚʳʝ 
ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʜʦʢʫʤʝʥʪʳè, ɻʆʉʊ 2.104-2006 çʆʩʥʦʚʥʳʝ ʥʘʜʧʠʩʠè, ɻʆʉʊ 2.109-73 
çʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʯʝʨʪʝʞʘʤè. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ nanoCAD ʙʳʣ ʦʬʦʨʤʣʝʥ ʢʦʤʧʣʝʢʪ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʟʘʱʠʪʳ, ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʊʝʭʥʠʯʝʩʢʦʛʦ 
ʟʘʜʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʆʙʲʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʧʘʜʦʚ 
ʥʘʧʨʷʞʝʥʠʷ (ʋɿ)  ʠʟ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʤʘʪʠʢʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ (ʂɸʉ) ʩʠʩʪʝʤ 
ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʋʩʪʨʦʡʩʪʚʦ ʟʘʱʠʪʳ ʨʘʟʨʘʙʦʪʘʥʦ ʧʦ ʪʨʝʙʦʚʘʥʠʶ 
ʟʘʢʘʟʯʠʢʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʪʫʱʠʤ 

ʩʧʨʦʩʦʤ ʥʘ ʩʠʩʪʝʤʳ ʫʤʥʦʛʦ ʜʦʤʘ ʠ ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʜʦʙʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʫʤʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʫʩʪʨʦʡʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʤʥʳʡ ɼʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʞʝʩʪʘʤʠ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʪʯʠʢ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. 

 

Abstract 

The current state of the scientific and technical problem is characterized by a growing demand 

for smart home systems and increasing requirements for the convenience of lighting control. For the 

further development of smart fixtures, it is necessary to solve a number of issues, such as improving 

energy efficiency, improving compatibility between various devices and technologies, as well as 

reducing the cost of devices. 

Keywords: smart Home, gesture control, ultrasonic sensor, microcontroller, remote control. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʭʥʦʣʦʛʠʠ ʫʤʥʦʛʦ ʜʦʤʘ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ. ʆʜʥʦʡ 

ʠʟ ʢʣʶʯʝʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʤʥʦʛʦ ʜʦʤʘ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʨʘʟʨʘʙʦʪʢʘ RGB-ʩʚʝʪʠʣʴʥʠʢʘ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʞʝʩʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ. RGB-ʩʚʝʪʠʣʴʥʠʢ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʞʝʩʪʘʤʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ - ʵʪʦ 

ʩʚʝʪʠʣʴʥʠʢ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʮʚʝʪ ʠ ʷʨʢʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʞʝʩʪʦʚ ʨʫʢ ʠ 

ʯʝʨʝʟ WI-FI. ʆʥ ʩʦʩʪʦʠʪ ʠʟ RGB-ʩʚʝʪʦʜʠʦʜʦʚ, ʜʘʪʯʠʢʦʚ ʞʝʩʪʦʚ, WIFI-ʤʦʜʫʣʷ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʠʣʴʥʠʢʦʤ.  

RGB-ʩʚʝʪʠʣʴʥʠʢ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʞʝʩʪʘʤʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʧʦʣʝʟʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ: 

1. ʋʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʫʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʩʪʘʚʘʪʴ 

ʩ ʤʝʩʪʘ ʠʣʠ ʧʦʜʭʦʜʠʪʴ ʢ ʚʳʢʣʶʯʘʪʝʣʶ ʜʝʣʘʝʪ ʩʚʝʪʠʣʴʥʠʢ ʫʜʦʙʥʳʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ - ʦʪ ʩʦʟʜʘʥʠʷ ʫʶʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʜʦʤʘ 

ʜʦ ʩʦʟʜʘʥʠʷ ʩʚʝʪʦʚʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʩʮʝʥʝ. 

2. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʚʝʪʦʚʳʭ ʵʬʬʝʢʪʦʚ: ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʷʪʴ ʮʚʝʪ ʠ 

ʷʨʢʦʩʪʴ ʦʩʚʝʱʝʥʠʷ, ʩʚʝʪʠʣʴʥʠʢ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʚʝʪʦʚʳʝ 

ʩʮʝʥʳ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ. 

3. ʀʥʪʝʛʨʘʮʠʷ ʚ ʩʠʩʪʝʤʫ ʫʤʥʦʛʦ ʜʦʤʘ: ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʠʣʴʥʠʢʦʤ 

ʯʝʨʝʟ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʣʠ ʛʦʣʦʩʦʚʳʝ ʢʦʤʘʥʜʳ ʜʝʣʘʝʪ ʝʛʦ ʝʱʝ ʙʦʣʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʫʜʦʙʥʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʎʝʣʴ 



-124- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɺʳʧʦʣʥʝʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ RGB-ʩʚʝʪʠʣʴʥʠʢʘ ʩ 

ʫʧʨʘʚʣʝʥʠʝʤ ʞʝʩʪʘʤʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʥʘ ʨʳʥʢʝ ʋʤʥʳʭ 

ʩʚʝʪʠʣʴʥʠʢʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚ: ʅʦʯʥʠʢ Yeelight LED Bedside Lamp 

D2 ʠ ʅʦʯʥʠʢ Xiaomi Bedside Lamp. ʉʨʘʚʥʠʤ ʠʭ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 1, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʫʩʪʨʦʡʩʪʚʫ. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

ɺʳʚʦʜ: ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, 

ʤʝʥʴʰʠʤʠ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ, ʚʤʝʩʪʦ 

ʠʥʬʨʘʢʨʘʩʥʳʭ, ʢʘʢ ʫ ʢʦʥʢʫʨʝʥʪʦʚ. ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ 

ʠʥʬʨʘʢʨʘʩʥʳʤʠ: ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ, ʦʪʩʫʪʩʪʚʠʝ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʥʘ 

ʧʦʩʪʦʨʦʥʥʠʝ ʧʨʝʜʤʝʪʳ ʠ ʜʚʠʞʝʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʧʳʣʴ, 

ʚʣʘʛʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʜʘʪʯʠʢʘ.  

ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʷ. ʊʘʢʞʝ ʫʩʪʨʦʡʩʪʚʦ 

ʦʩʥʘʱʝʥʦ ʬʫʥʢʮʠʷʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʞʝʩʪʘʤʠ.  ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚʢʣʶʯʝʥ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʝʤ ʞʝʩʪʘʤʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʋʟ-ʜʘʪʯʠʢʠ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʜʦʩʪʫʧʥʳʭ ʚʳʚʦʜʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʜʚʠʛʦʚʳʝ 

ʨʝʛʠʩʪʨʳ. 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ WIFI-ʤʦʜʫʣʴ. ɸʥʪʝʥʥʳ ʚ 

Wi-Fi ʤʦʜʫʣʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʠʸʤʘ ʠ ʧʝʨʝʜʘʯʠ WIFI- ʩʠʛʥʘʣʦʚ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʝʤ 

ʩʠʛʥʘʣʘ ʚ ʫʩʪʨʦʡʩʪʚʝ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʧʦʩʪʘʚʠʪʴ ʢʦʥʜʝʥʩʘʪʦʨ ʧʦʩʣʝ ʘʥʪʝʥʥʳ ʧʨʠʸʤʥʠʢʘ, ʠʥʘʯʝ 

ʝʛʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʟʢʦ ʫʤʝʥʴʰʠʪʩʷ. ʊʘʢ ʞʝ ʜʘʥʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʥʝʦʙʭʦʜʠʤ ʚ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʚʘʨʮʝʚʳʝ ʨʝʟʦʥʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʩʦʟʜʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ. ʆʥʠ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʧʦʤʝʭ. 

ɼʠʦʜʳ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʟʘʱʠʪʳ ʦʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʦʙʨʘʪʥʳʭ ʪʦʢʦʚ. 

ʆʥʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʦʚʨʝʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʨʘʙʦʪʳ ʤʦʜʫʣʷ. 
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Yeelight LED Bedside 

Lamp D2 

 

110-

240 
0,818 240 6290 

140ʭ140ʭ10

0 
2700-5000 80 

Xiaomi Bedside Lamp 2 

 

220-

240 
0,78 400 6090 

152ʭ152ʭ25

4 
1700-6500 80 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ 

ʩʚʝʪʠʣʴʥʠʢ 

220-

240 
1,2 280 4201 

140ʭ140ʭ74.

1 
1700-6500 80 
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ʈʝʟʠʩʪʦʨʳ ʧʝʨʝʜ RGB-ʤʘʪʨʠʮʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ 

ʩʚʝʪʦʜʠʦʜʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʝʪʦʜʠʦʜʘʤ ʨʘʙʦʪʘʪʴ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʠ ʧʨʦʜʣʝʚʘʝʪ ʠʭ ʩʨʦʢ 

ʩʣʫʞʙʳ. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ. 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ 

ʉ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ HC-SR04, ʢʦʪʦʨʳʝ ʦʪʧʨʘʚʣʷʶʪ ʠ  ʧʨʠʥʠʤʘʶʪ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠʤʧʫʣʴʩʳ ʦʪ ʦʙʲʝʢʪʘ ʜʦ ʜʘʪʯʠʢʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʞʝʩʪʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʠʟʤʝʨʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʙʲʝʢʪʘ ʜʦ ʜʘʪʯʠʢʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʨʝʜ 

ʩʚʝʪʠʣʴʥʠʢʦʤ. ʂʘʢ ʪʦʣʴʢʦ ʞʝʩʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʙʥʘʨʫʞʝʥ ʠ                ʨʘʩʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʝʥʦ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʝʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʞʝʩʪʘ ʠ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ, ʮʚʝʪ ʠ ʷʨʢʦʩʪʴ ʩʚʝʪʦʜʠʦʜʦʚ ʚʥʫʪʨʠ RGB-ʤʘʪʨʠʮʳ ʠʟʤʝʥʷʝʪʩʷ. 

ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʠʣʴʥʠʢʦʤ ʩʦ ʩʤʘʨʪʬʦʥʘ ʠʣʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʜʣʷ 

ʵʪʦʛʦ ʚʩʪʨʦʝʥ WI-FI ʤʦʜʫʣʴ.  

ʂʦʥʪʨʦʣʣʝʨ ʦʪʧʨʘʚʣʷʝʪ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ RGB-ʤʘʪʨʠʮʫ, ʥʘʩʪʨʘʠʚʘʷ ʠʭ ʥʘ ʥʫʞʥʳʡ 

ʮʚʝʪ ʠ ʷʨʢʦʩʪʴ. ʉʚʝʪʦʜʠʦʜʳ ʦʪʦʙʨʘʞʘʶʪ ʮʚʝʪ ʠ ʷʨʢʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʘʤʦʤʫ ʞʝʩʪʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʝʛʦ ʧʦʣʦʞʝʥʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʢʦʨʧʫʩʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʂʦʨʧʫʩ RGB-ʩʚʝʪʠʣʴʥʠʢʘ, ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 3, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʨʢʘʩ ʩ ʢʨʳʰʢʦʡ ʠʟ 

ABS-ʧʣʘʩʪʠʢʘ. ɺ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʪʨʝʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ 
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HC-SR04 ʠ USB-ʨʘʟʲʝʤʘ. ʊʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʧʠʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʯʝʨʝʟ USB-

ʧʦʨʪ. ʅʘ ʢʨʳʰʢʝ ʥʘʭʦʜʷʪʩʷ: ʢʥʦʧʢʘ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, 4 ʢʥʦʧʢʠ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʨʝʞʠʤʘ ʩʚʝʯʝʥʠʷ RGB-ʤʘʪʨʠʮʳ ʠ ʨʘʩʩʝʠʚʘʪʝʣʴ ʩʚʝʪʘ. 

ʇʝʯʘʪʥʳʝ ʧʣʘʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ. ʉʘʤʘʷ ʥʠʞʥʷʷ ʧʣʘʪʘ ï ʧʣʘʪʘ ʩʦ ʚʩʝʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʚʳʰʝ ʥʘʜ ʥʝʡ ʧʣʘʪʘ ʩ RGB-ʤʘʪʨʠʮʝʡ. ɼʣʷ ʢʨʝʧʣʝʥʠʷ ʧʣʘʪ ʢ ʢʦʨʧʫʩʫ ʙʳʣʦ 

ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʦʡʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʮʘʨʘʧʠʥ ʥʘ ʢʦʨʧʫʩʝ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʦʣʘ 

ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʩʘʤʦʢʣʝʷʱʠʝʩʷ ʧʨʠʙʦʨʥʳʝ ʥʦʞʢʠ ʥʘ ʜʥʦ ʫʩʪʨʦʡʩʪʚʘ. 

 

 
ʈʠʩʫʥʦʢ 3. ʂʦʨʧʫʩ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉ ʧʦʟʠʮʠʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ 

ʦʩʤʳʩʣʝʥʘ ʵʚʦʣʶʮʠʷ ʤʦʜʝʣʝʡ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ - ʦʪ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦʡ ʣʠʥʝʡʥʦʡ ʜʦ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʟʘʤʢʥʫʪʦʡ ʮʠʬʨʦʚʦʡ. ɺ ʢʦʦʨʜʠʥʘʪʘʭ "ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ - ʚʦʜʥʳʡ ʩʣʝʜ" ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʦʣʦʛʠʷ ʤʦʜʝʣʝʡ ʚʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

ʋʪʦʯʥʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʚʳʛʦʜʳ ʙʫʜʫʱʝʡ ʤʦʜʝʣʠ "ʋʤʥʘʷ" ʚʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʧʦʪʝʨʠ ʚʦʜʳ, ʦʙʦʨʦʪʥʳʝ ʩʠʩʪʝʤʳ, ʟʘʤʢʥʫʪʳʝ 

ʩʠʩʪʝʤʳ, "ʋʤʥʘʷ" ʚʦʜʘ" ("Smart Water"), ʚʦʜʥʳʡ ʩʣʝʜ, ʚʪʦʨʠʯʥʘʷ ʚʦʜʘ 

 

Abstract 

From the position of balancing environmental, social and economic interests, the evolution of 

water use models is comprehended - from ineffective linear to highly effective closed digital. The 

typology of water relations models is presented in the coordinates ñsocio-economic performance - 

water footprintò. The advantages and benefits of the future Smart Water model have been clarified. 

Keywords: water use, water loss, circulating systems, closed systems, ñSmart Waterò, water 

footprint, recycled water 

 

ɺʦʜʘ ʤʥʦʛʦʣʠʢʘ ï ʧʨʠʨʦʜʥʳʡ ʜʘʨ, ʙʣʘʛʦ, ʨʝʣʠʛʠʦʟʥʳʡ ʢʫʣʴʪ, ʩʦʮʠʘʣʴʥʘʷ ʮʝʥʥʦʩʪʴ, 

ʪʦʚʘʨ, ʟʘʛʨʷʟʥʝʥʥʘʷ ʞʠʜʢʦʩʪʴ, ʩʥʝʛ, ʜʦʞʜʴ, ʣʠʚʝʥʴ, ʩʪʠʭʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʜʦʣʶ 

ʛʠʜʨʦʩʬʝʨʳ (71 %) ʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʜʦʣʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ 3 %, ʝʝ ʩʫʪʦʯʥʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʦʪ 70 ʜʦ 500 ʣ.  

ɺ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʩʦʭʨʘʥʷʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʠʟʲʷʪʠʝ ʩʚʝʞʝʡ ʚʦʜʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ 

ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ ʚʦʜʳ ʠ ʩʙʨʦʩ ʥʝʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ 

(ʪʘʙʣʠʮʘ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʩʚʦʝʥʥʦʩʪʠ, ʨʘʩʩʝʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ, 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʨʨʠʪʦʨʠʡ. ɼʦʣʷ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʢʘʢ 

ʧʦʢʘʟʘʪʝʣʴ ʚʦʜʦʩʙʝʨʝʞʝʥʠʷ, ʠʟʤʝʥʷʝʪʩʷ ʰʠʨʦʢʦ ï ʦʪ 0,6  (ʉʂʌʆ) ʜʦ 26,4 % (ʎʌʆ), ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʣʘʙʫʶ ʩʪʦʨʦʥʫ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. 

ʄʥʦʛʠʝ ʨʝʛʠʦʥʳ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʜʦʣʶ (ʙʦʣʝʝ 10%) ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ  

ʚ ʦʙʲʝʤʝ ʝʞʝʛʦʜʥʦʛʦ ʩʙʨʦʩʘ ʩʪʦʢʘ. 

 

ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʚ 2022 ʛʦʜʫ. 

ʌʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ 
ʉʚʝʞʘʷ ʚʦʜʘ ʆʙʦʨʦʪʥʘʷ ʚʦʜʘ ɿʘʛʨʷʟʥʝʥʥʘʷ ʚʦʜʘ 

ʤʣʨʜ. ʤ
3
 % ʤʣʨʜ. ʤ

3
 %11 ʤʣʨʜ. ʤ

3
 % 

ʈʌ 56,53 100 145,27 100 11,33 100 

ʎʝʥʪʨʘʣʴʥʳʡ 8,65 15,3 38,29 26,4 2,65 23,5 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ 7,53 13,3 14,38 9,9 2,10 18,5 

ʖʞʥʳʡ 9,60 17,0 10,27 7,1 1,27 11,2 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ 10,14 18,0 0,91 0,6 
0,35 

 

3,1 

 

ʇʨʠʚʦʣʞʩʢʠʡ 6,54 11,6 30,41 20,8 1,88 16,6 



-128- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʋʨʘʣʴʩʢʠʡ 5,28 9,3 27,25 18,8 1,00 8,8 

ʉʠʙʠʨʩʢʠʡ 6,33 11,2 13,93 9,6 1,36 12,0 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 2,45 4,3 9,83 6,8 0,71 6,3 

 

ʀʩʪʦʯʥʠʢ: ʚʳʧʦʣʥʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʈʦʩʩʪʘʪʘ - ʈʦʩʩʠʡʩʢʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʝʞʝʛʦʜʥʠʢ 2023 ʛ. ʉʪʘʪ. ʩʙ./ʈʦʩʩʪʘʪ.-ʈ76. ʄ., 2023.-701 ʩ. 

ɿʘ ʤʥʦʛʦʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʦʙʱʝʩʪʚʦ ʥʘʢʦʧʠʣʦ ʙʦʛʘʪʝʡʰʠʡ ʦʧʳʪ ʨʘʩʪʦʯʠʪʝʣʴʥʦʛʦ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʅʘʨʘʩʪʘʶʱʠʡ ʜʝʬʠʮʠʪ ʧʨʠʚʦʜʠʪ ʢ ʦʩʦʟʥʘʥʠʶ ʠʩʪʠʥʥʦʡ ʮʝʥʥʦʩʪʠ ʚʦʜʳ ʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʦʪ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʯʝʨʝʟ 

ʦʙʦʨʦʪʥʳʝ ʩʠʩʪʝʤʳ ʢ ʮʠʨʢʫʣʷʨʥʦʡ ʠ çʋʤʥʦʡè ʚʦʜʝ (ʨʠʩ.). ʇʨʝʜʣʘʛʘʝʤ ʦʮʝʥʢʫ ʪʠʧʘ ʤʦʜʝʣʠ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚʳʧʦʣʥʷʪʴ ʩ ʫʯʝʪʦʤ ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ ï ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ (çʚʦʜʥʦʛʦ ʩʣʝʜʘè). ʇʝʨʚʳʡ ʢʨʠʪʝʨʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʯʝʪʘʥʠʝʤ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʟʘʢʨʝʧʣʝʥʥʳʭ ʧʨʘʚʘ: ʛʨʘʞʜʘʥ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʠʭ ʦʙʷʟʘʥʥʦʩʪʴʶ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʧʣʘʯʠʚʘʪʴ ʚʦʜʦʧʨʦʚʦʜʥʦ-ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ 

ʫʩʣʫʛʠ. ɻʦʩʫʜʘʨʩʪʚʦ ʛʘʨʘʥʪʠʨʫʝʪ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʝʞʝʜʥʝʚʥʦʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʥʦʨʤʳ  ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʧʦ ʜʦʩʪʫʧʥʦʡ 

ʮʝʥʝ (ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʨʝʜʩʪʚ ʥʘ ʦʧʣʘʪʫ ʫʩʣʫʛ). ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɼʫʙʣʠʥʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ (1992 ʛ.) ʚʦʜʘ ʠʤʝʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʚʦ ʚʩʝʭ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʬʦʨʤʘʭ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʟʥʘʥʘ ʨʳʥʦʯʥʳʤ ʪʦʚʘʨʦʤ, ʘ 

ʪʦʚʘʨʦʦʙʤʝʥ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷ.  

ɼʝʬʠʮʠʪ ʧʨʝʩʥʦʡ ʚʦʜʳ ʦʨʠʝʥʪʠʨʫʝʪ ʦʙʱʝʩʪʚʦ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʜʦʩʙʝʨʝʞʝʥʠʝ ʧʫʪʝʤ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʈʝʠʥʚʝʩʪʠʨʦʚʘʥʠʝ ʧʨʠʙʳʣʠ ʚ 

ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦʦʯʠʩʪʢʠ ʟʘʩʪʘʚʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʟʘʪʨʘʪʥʦʛʦ ʢ 

ʙʦʣʝʝ ʩʧʨʘʚʝʜʣʠʚʦʤʫ ʮʝʥʥʦʩʪʥʦʤʫ ʤʝʪʦʜʫ ʪʘʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢ, ʪʦʨʛʦʚʣʷ ʥʝʧʠʪʴʝʚʦʡ 

ʚʦʜʦʡ, ʧʦʣʫʯʘʝʤʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʦʯʠʩʪʢʠ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʨʘʩʰʠʨʷʝʪ ʚʦʜʥʳʡ 

ʨʳʥʦʢ, ʚʳʩʪʫʧʘʷ ʘʜʘʧʪʘʮʠʦʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʝʦʜʦʣʝʥʠʷ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʠ ʤʝʨʦʡ 

ʧʨʝʦʜʦʣʝʥʠʷ ʧʦʣʠʪʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʢʦʥʬʣʠʢʪʦʚ.  

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʩʚʷʟʘʥ ʩ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʙʣʝʤ, ʩʦʟʜʘʚʘʝʤʳʭ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ: ʥʘʨʫʰʝʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʨʦʩʪ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʝʤʦʚ ʪʷʞʝʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʠ ʜʨʫʛʠʤʠ ʪʦʢʩʠʢʘʥʪʘʤʠ, ʜʝʛʨʘʜʘʮʠʷ ʘʢʚʘ- ʠ ʛʝʦʣʘʥʜʰʘʬʪʘ, ʩʥʠʞʝʥʠʝ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʠʥʦʝ. 
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4. çʋʄʅɸʗè (ʎʀʌʈʆɺɸʗ) ɺʆɼɸ 

 

ɻʘʨʤʦʥʠʟʘʮʠʷ ʦʙʲʝʤʦʚ ʠʟʲʷʪʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

 

 

1. ʈɸʉʊʆʏʀʊɽʃʔʅʆɽ ʃʀʅɽʁʅʆɽ 

ɺʆɼʆʇʆʃʔɿʆɺɸʅʀɽ 

ʉʙʨʦʩ ʩʪʦʢʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʝʤʳ. 

ʆʨʦʩʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʛʦʨʦʜʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʜʦʤʦʭʦʟʷʡʩʪʚʘ 

ʅ
ʠ
ʟ
ʢ
ʘ
ʷ

 

 

3.ʎʀʈʂʋʃʗʈʅʆɽ (ɿɸʄʂʅʋʊʆɽ) 

ɺʆɼʆʇʆʃʔɿʆɺɸʅʀɽ 

 

ʄʥʦʛʦʢʨʘʪʥʳʡ ʨʝʮʠʢʣ ʩ ʧʦʜʧʠʪʢʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚʦʜʳ ʧʦʩʣʝ ʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʯʠʩʪʢʠ, ʫʪʠʣʠʟʘʮʠʷ 

ʦʪʭʦʜʦʚ 

 

 

2.ʈɸʎʀʆʅɸʃʔʅʆɽ ʆɹʆʈʆʊʅʆɽ 

ɺʆɼʆʇʆʃʔɿʆɺɸʅʀɽ 

 

ʅʘʠʣʫʯʰʠʝ ʜʦʩʪʫʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ, 

ʧʦʚʩʝʤʝʩʪʥʳʝ ʦʙʦʨʦʪʥʳʝ ʩʠʩʪʝʤʳ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

 

 
ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ 

ɺʦʜʥʳʡ ʩʣʝʜ (ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ) 

ʈʠʩʫʥʦʢ 1 ɺʠʜʳ ʤʦʜʝʣʝʡ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʢʦʥʦʤʠʢʝ 

(ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʦʤ) 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -129- 

 

 

ɿʘʤʢʥʫʪʦʝ (ʮʠʢʣʠʯʥʦʝ) ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʘʠʣʫʯʰʠʡ ʚʘʨʠʘʥʪ 

ʨʝʰʝʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʥʠʞʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʚʦʜʳ.   

ɺ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚʩʝ ʵʪʠ ʤʦʜʝʣʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ: 
ʈʘʩʪʦʯʠʪʝʣʴʥʦʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ï ʵʪʦ ʧʨʦʰʣʳʡ (ʜʦ ʩʝʨʝʜʠʥʳ ʍʍ ʚ.) ʦʧʳʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ çʚʦʜʥʦʛʦ ʩʣʝʜʘè: ʧʦʪʝʨʠ, ʧʝʨʝʨʘʩʭʦʜ, ʘʚʘʨʠʠ, ʥʝʨʘʟʫʤʥʦʝ ʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʝ 
ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ, ʙʝʟʨʘʩʩʫʜʥʘʷ ʪʨʘʪʘ, ʩʙʨʦʩ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʨʦʩʪ ʠʩʪʦʱʝʥʠʷ 
ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʥʝʜʦʦʮʝʥʝʥʥʦʩʪʴ ʨʝʩʫʨʩʘ. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʦʙʦʨʦʪʥʦʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ï ʟʘʙʦʨ ʠ ʩʪʨʦʛʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ, ʫʯʝʪ, 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʙʝʨʝʞʣʠʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʙʝʟ ʦʪʢʘʟʘ ʦʪ ʣʠʥʝʡʥʦʡ ʩʭʝʤʳ 
ʚʦʜʦʩʥʘʙʞʝʥʠʷ [1-2].  

ʎʠʨʢʫʣʷʨʥʦʝ (ʟʘʤʢʥʫʪʦʝ) ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ï ʙʝʩʩʪʦʯʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʤʥʦʛʦʢʨʘʪʥʳʡ 
ʨʝʮʠʢʣ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ ʠ ʧʦʜʧʠʪʢʘ ʩʚʝʞʝʡ 
ʚʦʜʦʡ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ (ʠʩʧʘʨʝʥʠʝ 5-7 %). ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ï ʜʦʩʪʫʧʥʦʩʪʴ 
ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪʥʳʭ ʠ ʛʘʙʘʨʠʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʦʙʦʨʦʪ 
ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʪʝʭʥʦʣʦʛʠʡ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʢ 2025 ʛ. ʧʨʝʚʳʩʠʪ 210 ʤʣʨʜ ʜʦʣ. [3]. 

ʋʤʥʘʷ (ʮʠʬʨʦʚʘʷ) ʚʦʜʘ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʳʭ  ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ 
ʚʦʜʦʧʦʪʦʢʘʤʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʫʛʣʫʙʣʝʥʥʦʤ ʤʥʦʛʦʬʘʢʪʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ 
ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʛʠʜʨʦʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʝʧʨʝʨʳʚʥʳʡ 
ʤʦʥʠʪʦʨʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʚʦʜʥʳʭ ʨʝʞʠʤʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ 
ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʟʘʜʘʚʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ 
ʥʝʛʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ. ʕʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʚʝʢʪʦʨ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʧʨʘʢʪʠʢʘ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, 
ʧʦʟʚʦʣʷʶʱʘʷ ʩʥʠʞʘʪʴ ʥʘ 30 % ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʥʘ 40 % ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, ʥʘ 15 % 
ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ, ʥʘ 7 % ʧʦʪʝʨʠ ʚʦʜʳ ʚ ʩʝʪʷʭ [4-5]. 

ɹʫʜʫʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʦʮʝʥʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠ ʵʢʩʧʝʨʪʘʤʠ, 
ʢʘʢ ʨʘʟʚʠʪʠʝ ʛʝʦʩʠʩʪʝʤʥʦʡ ʦʩʥʦʚʳ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʥʘʢʦʧʠʚʰʠʝʩʷ 
ʧʨʦʙʣʝʤʳ [6]. ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ ʫʪʦʯʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʤʦʜʝʣʠ "ʋʤʥʦʡ" ʚʦʜʳ, 
ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ:  

½ ʠʟʙʝʛʘʪʴ ʥʝʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʦʪʝʨʴ ʨʝʩʫʨʩʘ, ʩʦʢʨʘʪʠʪʴ ʥʦʨʤʫ 
ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

½ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʜʫ, ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʥʝʧʠʪʴʝʚʫʶ ʚʦʜʫ ʚ 
ʧʦʤʳʚʦʯʥʦ-ʧʦʣʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʵʥʝʨʛʠʶ, ʨʝʘʛʝʥʪʳ ʠ ʘʢʪʠʚʥʳʡ ʠʣ; 

½ ʚʦʚʣʝʢʘʪʴ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ ʤʦʨʩʢʠʝ, ʜʦʞʜʝʚʳʝ ʠ ʪʘʣʳʝ ʚʦʜʳ; 
½ ʧʨʦʚʦʜʠʪʴ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 
½ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʦʬʠʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʘʟʫ; 
½ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʙʳʪ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʩʣʫʛ ʩ ʧʦʤʦʱʴʶ, ʤʦʙʠʣʴʥʦʛʦ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘʢʪʠʚʠʟʘʮʠʠ ʨʝʟʝʨʚʦʚ ʩʝʨʚʠʩʦʚ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʪʘʨʠʬʥʫʶ ʚʳʨʫʯʢʫ  (ʧʨʦʜʘʞʘ ʥʝʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʫʩʣʫʛʠ,); 

½ ʚʦʚʣʝʢʘʪʴ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʠʥʳʭ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʚ 
ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʝ ʦʪʥʦʰʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʉʦʛʣʘʰʘʝʤʩʷ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʦʩʪʝ ʜʝʬʠʮʠʪʘ ʚʦʜʳ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʢʦʥʬʣʠʢʪʦʚ, ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʘ ʢʫʣʴʪʫʨʘ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʛʣʦʙʘʣʴʥʳʤ ʚʥʝʰʥʠʤ ʚʳʟʦʚʘʤ [7]. ʇʦʠʩʢ ʤʝʨ ʩʦʭʨʘʥʝʥʠʷ ʙʘʣʘʥʩʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʚʳʛʦʜʳ ʘʢʪʫʘʣʠʟʠʨʫʝʪʩʷ. ʇʝʨʝʭʦʜ ʥʘ Digital-ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʙʫʜʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ, ʥʦ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʧʨʦʝʢʪʳ 

ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʯʝʪʢʦʛʦ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʨʘʟʥʦʧʣʘʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʦʣʠʬʦʥʠʯʝʩʢʦʡ ʨʦʣʠ ʧʦʣʝʟʘʱʠʪʥʳʭ 

ʣʝʩʦʥʘʩʘʞʜʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʆʆʆ çʉʬʝʨʘè ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ʣʝʩʥʳʭ ʧʦʣʦʩ, ʢʦʪʦʨʳʝ 

ʩʣʫʞʘʪ ʟʘʱʠʪʦʡ ʦʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʩʪʘʪʴʠ ï 

ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʜʨʝʚʦʩʪʦʷ ʧʦʣʝʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʧʦʣʦʩ ʠ ʦʮʝʥʢʘ ʠʭ 

ʬʠʪʦʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʟʜʦʨʦʚʴʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʙʦʣʝʟʥʷʤ ʠ ʚʨʝʜʠʪʝʣʷʤ). ʇʨʦʚʝʜʝʥʠʝ ʪʘʢʦʡ ʦʮʝʥʢʠ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ 

ʣʝʩʥʳʭ ʧʦʣʦʩ. ʉʪʘʪʴʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʵʢʦʣʦʛʠʠ ʠ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʦʭʨʘʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʩʦʟʘʱʠʪʥʳʝ ʥʘʩʘʞʜʝʥʠʷ, ʙʦʥʠʪʝʪ, ʤʝʣʠʦʨʘʮʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ, ʨʝʢʫʣʴʪʠʚʘʮʠʷ, ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ. 

 

Abstract 

The polyphonic role of protective forest plantations on the example of LLC ñSpheraò of the 

Krasnodar Territory and of forest strips that serve as the protection from adverse environmental factors 

is analyzed in the article. The scientific novelty of the article is the assessment of the current state of 

the stand of protective forest strips and the assessment of their phytosanitary condition (the state of 

plant organisms and their ability to resist diseases and pests). Carrying out such an assessment is of 

practical importance, as it allows to determine the need to work on the reclamation of forest strips. In 

general, this article is of interest to specialists in the field of forestry, ecology and land use who are 

engaged in the protection and restoration of the natural environment. 

Keywords: forest protection plantations, bonitet, land reclamation, environmental assessment, 

reclamation, forestry. 

 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ (ɿʃʅ) ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʘʥʘʣʠʟʝ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ 

ʥʘʩʘʞʜʝʥʠʡ. ɿʘʱʠʪʥʳʝ ʣʝʩʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʟʥʘʯʠʤʫʶ ʬʫʥʢʮʠʶ ʚ ʩʦʭʨʘʥʝʥʠʠ 

ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʠʨʦʜʥʦʛʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʟʘʱʠʱʘʪʴ ʧʦʯʚʫ ʦʪ ʵʨʦʟʠʠ, 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -131- 

 

ʫʜʝʨʞʠʚʘʪʴ ʚʦʜʫ, ʩʤʷʛʯʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʟʘʩʫʭʠ ʠʣʠ ʥʘʚʦʜʥʝʥʠʷ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʰʝʥʳ ʪʘʢʠʝ ʟʘʜʘʯʠ ʢʘʢ: 

1. ʠʟʫʯʝʥʠʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʚʠʜʦʚ ʧʦʣʝʟʘʱʠʪʥʳʭ 

ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ; 

2. ʠʟʤʝʨʝʥʠʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ; 

3. ʦʮʝʥʢʘ ʬʠʪʦʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʚʦʟʨʘʩʪ ʠ ʩʪʨʫʢʪʫʨʘ ʥʘʩʘʞʜʝʥʠʡ, ʧʣʦʪʥʦʩʪʴ ʜʨʝʚʦʩʪʦʷ ʠ ʩʦʩʪʦʷʥʠʝ ʣʝʩʥʦʡ 

ʧʦʜʩʪʠʣʢʠ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʟʨʝʣʦʩʪʠ ʠ ʟʜʦʨʦʚʴʷ ʥʘʩʘʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ, ʪʘʢʠʝ ʢʘʢ ʥʘʣʠʯʠʝ ʚʨʝʜʠʪʝʣʝʡ ʠʣʠ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ɿʃʅ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʠ 

ʦʭʨʘʥʝ ʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. 

ʇʦʥʠʤʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ʆʧʠʨʘʷʩʴ ʥʘ 

ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʮʝʥʢʝ ʠʭ ʩʦʩʪʦʷʥʠʷ, ʚʦʟʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʪʠʭ ʮʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ ʦʮʝʥʢʘ ʘʢʪʫʘʣʴʥʦʛʦ ʞʠʟʥʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʜʨʝʚʦʩʪʦʷ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʆʆʆ çʉʬʝʨʘè ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʝʜʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ.  

ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

1. ʄʘʨʰʨʫʪʥʳʡ ʤʝʪʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʬʠʪʦʮʝʥʦʟʦʚ, ʩʙʦʨ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʨʘʩʪʝʥʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ 

ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʘʥʘʣʠʟʘ. 

2. ɻʝʦʙʦʪʘʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, ʛʜʝ ʥʘ ʚʳʙʨʘʥʥʦʡ ʧʣʦʱʘʜʢʝ 10ʭ10 ʤ ʧʨʦʚʦʜʠʪʩʷ 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʜʝʨʝʚʴʝʚ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʝʨʝʚʴʷʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ óʯʝʣʦʚʝʯʢʦʚô. ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʟʤʝʨʝʥʠʠ ʚʳʩʦʪʳ ʜʝʨʝʚʴʝʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʪʝʣʴ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʚʘʝʪ 

ʠʭ ʨʘʟʤʝʨ ʩʨʝʜʠ ʩʝʙʷ ʠ ʩʨʘʚʥʠʚʘʝʪ ʩʦ ʩʚʦʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʨʦʩʪʦʤ.  

ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʝ ʚʳʩʦʪʳ ʜʝʨʝʚʴʝʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʫʝʪʩʷ ʙʦʥʠʪʝʪ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʦʡ, 
ʩʨʝʜʥʠʤ ʚʦʟʨʘʩʪʦʤ ʠ ʚʳʩʦʪʦʡ ʥʘʩʘʞʜʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʘʙʣʠʮʝ ʄ.ʄ. ʆʨʣʦʚʘ, 1931) [3] ʠ 

ʩʦʩʪʘʚʣʷʶʪʩʷ ʬʦʨʤʫʣʳ ʜʨʝʚʦʩʪʦʷ [2, ʩ. 58ï63]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʝʩʥʳʭ ʧʦʣʦʩ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʪʨʫʜʘ ɸ.ʉ. ɿʝʨʥʦʚʘ 

çʈʘʩʪʝʥʠʷ ʈʦʩʩʠʡʩʢʦʛʦ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ. ʇʦʣʝʚʦʡ ʘʪʣʘʩè, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ 

1211 ʚʠʜʘʭ ʩʦʩʫʜʠʩʪʳʭ ʩʧʦʨʦʚʳʭ ʠ ʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ [1]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʝʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʧʨʦʭʦʜʠʣʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʪʘʥʠʮʳ 

ʇʣʘʪʥʠʨʦʚʩʢʘʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʆʆ çʉʬʝʨʘè. ɼʘʥʥʳʝ ʣʝʩʦʧʦʣʦʩʳ ʚʳʧʦʣʥʷʶʪ ʚʝʪʨʦʟʘʱʠʪʥʫʶ 

ʬʫʥʢʮʠʶ (ʨʠʩ. 1). 

ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʣʝʟʘʱʠʪʥʳʝ ʣʝʩʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʪʘʥʠʮʳ ʇʣʘʪʥʠʨʦʚʩʢʘʷ ʠʩʧʳʪʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ. 

ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ, ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʦʙʨʘʙʦʪʢʝ ʠ ʫʭʦʜʫ ʟʘ ʥʘʩʘʞʜʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʭʫʜʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʝʩʦʧʦʣʦʩʳ ˉ1 (ʨʠʩ. 2). ʂʦʦʨʜʠʥʘʪʳ: 45Á35Ë34ËË72ʩ.ʰ. 39Á27Ë19ËË98 ʚ.ʜ. 

ɼʣʠʥʘ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ï 15 ʤ, ʰʠʨʠʥʘ ï 14,6 ʤ. ʇʣʦʱʘʜʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ 219 ʤĮ. 

ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʨʷʜʫ 1,5 ʤ. ʄʝʞʜʫ ʨʷʜʘʤʠ 1,5 ʤ. ʂʦʥʩʪʨʫʢʮʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʣʝʩʦʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʥʘʩʘʞʜʝʥʠʷ ï ʘʞʫʨʥʘʷ. ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʚʠʜʘʤʠ ʚʳʩʪʫʧʘʶʪ: ʷʩʝʥʴ 

ʦʙʳʢʥʦʚʝʥʥʳʡ (Fraxinus excelsior) ʩʝʤʝʡʩʪʚʦ ʄʘʩʣʠʥʦʚʳʝ ʠ ʢʣʝʥ ʪʘʪʘʨʩʢʠʡ (ɸcer tataricum) 

ʩʝʤʝʡʩʪʚʦ ʂʣʝʥʦʚʳʝ. 

 



-132- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

  

ʈʠʩʫʥʦʢ. 1. ʂʘʨʪʘ-ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʦʣʝʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ 

ʈʠʩʫʥʦʢ. 2. ɿʘʱʠʪʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʥʘʩʘʞʜʝʥʠʷ 

ʆʆʆ çʉʬʝʨʘè (ʃʝʩʦʧʦʣʦʩʘ ˉ 1) 

 

ʆʧʠʩʘʥʠʝ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʢʠ: ʄʘʭʘʣʝʙʢʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (Prunus 

mahaleb) ʩʝʤʝʡʩʪʚʦ ʈʦʟʦʚʳʝ ï 8 ʰʪ. (hʩʨ.=2,4 ʤ, ʢʘʪʝʛʦʨʠʷ 2); ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ (Fraxinus 

excelsior) ʩʝʤʝʡʩʪʚʦ ʄʘʩʣʠʥʦʚʳʝ ï 14 ʰʪ. (hcʨ=4,1 ʤ, ʢʘʪʝʛʦʨʠʷ 3); ɹʫʟʠʥʘ ʯʸʨʥʘʷ (Samb¼cus 

n²gra) ʩʝʤʝʡʩʪʚʦ ʂʘʣʠʥʦʚʳʝ ï 3ʰʪ.(h=1,4 ʤ, ʢʘʪʝʛʦʨʠʷ 2); ɼʫʙ ʯʝʨʝʰʯʘʪʳʡ (Quercus robur) 

ʩʝʤʝʡʩʪʚʦ ɹʫʢʦʚʳʝ ï 3 ʰʪ. (hʩʨ=1,8 ʤ, ʢʘʪʝʛʦʨʠʷ 3); ʗʙʣʦʥʷ ʢʘʨʣʠʢʦʚʘʷ (Malus pumila) 

ʩʝʤʝʡʩʪʚʦ ʈʦʟʦʚʳʝ ï 1 ʰʪ.(h=1,4 ʤ, ʢʘʪʝʛʦʨʠʷ 2); ɸʣʳʯʘ ( Prunus ctrasifera Ehrh) ʩʝʤʝʡʩʪʚʦ 

ʉʣʠʚʦʚʳʝ ï 3 ʰʪ.(h=3ʤ, ʢʘʪʝʛʦʨʠʷ 2) ʂʣʝʥ ʪʘʪʘʨʩʢʠʡ (Acer tataricum) ʩʝʤʝʡʩʪʚʦ ʉʘʧʠʥʜʦʚʳʝ ï 2 

ʰʪ.(h=2 ʤ, ʢʘʪʝʛʦʨʠʷ 3). ɺʩʝʛʦ ʥʘ ʫʯʘʩʪʢʝ ʦʙʩʣʝʜʦʚʘʥʦ 65 ʜʝʨʝʚʴʝʚ. 

ɺ ʪʘʙʣʠʮʝ (ʪʘʙʣ. 1) ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜʘʭ ʜʣʷ ʜʘʥʥʦʡ 
ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʢʠ. 

 

ʊʘʙʣʠʮʘ 1 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ ʧʦʣʝʟʘʱʠʪʥʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʆʆʆ çʉʬʝʨʘè 

(ʃʝʩʦʧʦʣʦʩʘ ˉ 1) 

 ̄
ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʠʜʘ ʜʨʝʚʝʩʥʦʡ 

ʧʦʨʦʜʳ 

ɼʠʘʤʝʪʨ 

ʩʪʚʦʣʘ, ʩʤ 
ɺʳʩʦʪʘ, ʤ 

ɹʦʥʠʪʝʪ 

ʢʣʘʩʩ 

ʂʘʪʝʛʦʨʠʷ 

ʩʘʥʠʪʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 

ʜʨʝʚʦʩʪʦʷ 

1 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 32 15 V 6 

2 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 12 6 III  3 

3 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 37 14 V 6 

4 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 21 6 V 6 

5 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 24 4 V 5 

6 ʗʩʝʥʴ ʟʝʣʝʥʳʡ 7 3 IV 4 

7 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 22 12 III  3 

8 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 24 8 V 6 

9 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 11 4 II  2 

10 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 35 15 V 6 

11 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 28 14 V 6 

12 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 18 5 IV 4 

13 ʗʩʝʥʴ ʟʝʣʝʥʳʡ 5 2 IV 5 

14 ʗʩʝʥʴ ʟʝʣʝʥʳʡ 17 4 V 5 

15 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 31 15 IV 4 

16 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 28 14 V 5 

17 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 38 14 V 5 
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18 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 37 15 V 5 

19 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 24 16 V 6 

20 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 20 7 IV 4 

21 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 47 5 V 5 

22 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 41 18 IV 4 

23 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 15 5 II  2 

24 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 28 7 IV 4 

25 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 21 8 IV 4 

26 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 32 12 IV 4 

27 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 18 9 II  2 

28 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 14 8 II  2 

29 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 34 11 IV 4 

30 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 35 10 IV 4 

31 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 17 5 II  2 

 

ʉʦʩʪʘʚ ʢʘʞʜʦʛʦ ʷʨʫʩʘ ʥʘʩʘʞʜʝʥʠʷ ʦʧʠʩʳʚʘʣʩʷ ʦʪʜʝʣʴʥʦ. ʌʦʨʤʫʣʘ ʩʦʩʪʘʚʘ ʥʘʩʘʞʜʝʥʠʡ: 

9ʗ1ɿ (ʗ ï ʷʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ, ɿ ï ʷʩʝʥʴ ʟʝʣʝʥʳʡ). ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʢʘʞʜʦʡ ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʳ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʟʘʱʠʪʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʆʆʆ 

çʉʬʝʨʘè (ʃʝʩʦʧʦʣʦʩʘ ˉ 1) 

ˉʇʇ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʜʨʝʚʝʩʥʦʡ 

ʧʦʨʦʜʳ 

ʂʦʣʠʯʝʩʪʚʦ 

ʜʝʨʝʚʴʝʚ, ʰʪ 
ɼʠʘʤʝʪʨ, ʩʤ ɺʳʩʦʪʘ, ʤ 

ʂʘʪʝʛʦʨʠʷ 

ʩʘʥʠʪʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 

ʜʨʝʚʦʩʪʦʷ 

1 ʗʩʝʥʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 28 26 10 4 

2 ʗʩʝʥʴ ʟʝʣʝʥʳʡ 3 10 3 5 

 

ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʦʜʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʘʣʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ï 17 ʰʪ., ʧʥʝʡ ï 5 ʰʪ. ɺ 

ʧʝʨʠʦʜ ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʦʜʩʯʠʪʘʥʳ ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʝʥʠʷ: ʘ) ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʨʷʜʘʤʠ ï 2,25 ʤ; 6) ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ ï 1,5 ʤ; ʚ) ʧʣʦʱʘʜʴ ʧʠʪʘʥʠʷ: 

ʧʠʪ=1,5Ĭ2,25=3,375 ʤĮ; ʛ) ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʭʨʘʥʥʦʩʪʠ: ʂʩʦʭ= ʢʦʣʠʯʝʩʪʚʦ ʜʝʨʝʚʴʝʚ ʥʘ 

ʛʘ/ʢʦʣʠʯʝʩʪʚʦ ʜʝʨʝʚʴʝʚ ʥʘ ʛʘ ʯʝʨʝʟ Sʧʠʪ. ʂʩʦʭ=775/4444=0,17. 

ʊʘʢʞʝ ʙʳʣ ʩʦʙʨʘʥ ʠ ʚʟʚʝʰʝʥ ʞʠʚʦʡ ʥʘʜʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʠ ʣʝʩʥʘʷ ʧʦʜʩʪʠʣʢʘ (ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʘ 3 

ɼʘʥʥʳʝ ʦ ʞʠʚʦʤ ʥʘʜʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʠ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʝ. 

ɺʝʩ ʃʇ, 

ʛ 

ɺʝʩ ʩʫʭʦʡ 

ʃʇ, ʛ 

ɺʝʩ 

ɾʅʇ, 

ʛ 

ʉʫʭʦʡ ʚʝʩ ɾʅʇ, ʛ 

ɺʝʩ 

ʃʇ+ɾʅ

ʇ, ʛ 

ʉʫʭʦʡ ʚʝʩ 

ʃʇ+ɾʅʇ, 

ʛ/ʤĮ 

ʉʫʭʦʡ ʚʝʩ 

ʃʇ+ɾʅʇ, 

ʪ/ʛʘ 

376 301 295 212 671 513 5.13 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʦʜʘʤʠ, ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʥʘ ʣʝʩʦʧʦʣʦʩʝ ˉ1 ʷʚʣʷʶʪʩʷ: ʗʩʝʥʴ 

ʦʙʳʢʥʦʚʝʥʥʳʡ (Fraxinus excelsior) ʩʝʤʝʡʩʪʚʦ ʄʘʩʣʠʥʦʚʳʝ, ʘ ʪʘʢʞʝ ʗʩʝʥʴ ʟʝʣʝʥʳʡ (Fraxinus 

lanceolata) ʩʝʤʝʡʩʪʚʦ ʄʘʩʣʠʥʦʚʳʝ. 

ɸʢʪʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʣʝʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʪʘʥʠʮʳ 

ʇʣʘʪʥʠʨʦʚʩʢʘʷ ʪʨʝʙʫʝʪ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠ ʧʨʠʥʷʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ.  



-134- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʚʣʝʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʧʣʘʥʦʚ ʠ ʧʨʦʛʨʘʤʤ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʦʣʝʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʦʯʘʛʦʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʩʝʪʠ, ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʠʩʪʝʤʳ. 

 

Abstract 

The article deals with the principles of operation of fire outbreak early detection systems based 

on the use of neural network technologies. 

Keywords: neural networks, fire safety, intelligent transport systems. 

 

ʉ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ ʯʝʣʦʚʝʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʣʦ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʦʛʦʥʴ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʦʛʦʥʴ ʜʦʙʳʚʘʣʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʩʣʫʯʘʡʥʦʛʦ ʧʦʞʘʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ ʠ ʧʣʝʤʝʥʘ ʧʦʜʜʝʨʞʠʚʘʣʠ ʝʛʦ ʛʦʨʝʥʠʝ, ʥʝʤʥʦʛʦ ʧʦʟʞʝ ʯʝʣʦʚʝʯʝʩʪʚʦ ʦʩʚʦʠʣʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʜʦʙʳʯʫ ʦʛʥʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʩʦʤʥʝʥʥʫʶ ʧʦʣʴʟʫ ʦʪ çʫʢʨʦʱʝʥʠʷè ʦʛʥʷ, ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʤʦʞʝʪ ʧʦʚʣʝʯʴ 

ʟʘ ʩʦʙʦʡ ʩʝʨʴʝʟʥʳʝ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʝʤʘʣʦ ʩʣʫʯʘʝʚ ʛʠʙʝʣʠ ʮʝʣʳʭ ʛʦʨʦʜʦʚ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ, ʦʜʥʠ ʠʟ ʧʝʨʚʳʭ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʝʚ, 

ʩʚʝʜʝʥʠʷ ʦ ʢʦʪʦʨʦʤ ʜʦʰʣʠ ʥʘ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ, ʧʨʦʠʟʦʰʝʣ ʚ ʈʠʤʝ 19 ʥʦʷʙʨʷ 64 ʛʦʜʘ: ʧʦʞʘʨ 

ʜʣʠʣʩʷ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʚ ʪʝʯʝʥʠʠ 7 ʜʥʝʡ, ʯʪʦ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʫʥʠʯʪʦʞʝʥʠʝ ʠʤʫʱʝʩʪʚʘ ʠ ʛʠʙʝʣʴ 

ʣʶʜʝʡ.  

ɺ ʮʝʣʷʭ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʧʦʞʘʨʦʚ ʩ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥʠ ʠ ʜʦ ʥʘʰʠʭ ʜʥʝʡ 

ʦʙʫʩʪʨʘʠʚʘʶʪʩʷ ʩʤʦʪʨʦʚʳʝ ʚʳʰʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʩʤʦʪʨ ʪʝʨʨʠʪʦʨʠʡ. ʇʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʜʳʤʘ ʠʣʠ ʦʛʥʷ ʠʥʬʦʨʤʘʮʠʷ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʧʝʨʝʜʘʝʪʩʷ ʧʦʞʘʨʥʳʤ ʨʘʩʯʝʪʘʤ ʜʣʷ 

ʩʢʦʨʝʡʰʝʛʦ ʚʳʝʟʜʘ ʥʘ ʤʝʩʪʦ ʚʦʟʛʦʨʘʥʠʷ ʩ ʮʝʣʴʶ ʪʫʰʝʥʠʷ ʧʣʘʤʝʥʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ 

ʧʦʞʘʨʘ. 

ʆʩʤʦʪʨ ʪʝʨʨʠʪʦʨʠʡ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʦʞʘʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʯʘʩʪʫʶ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʥʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʧʨʠ ʧʦʣʥʦʤ ʫʯʘʩʪʠʠ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʦʟʤʦʞʥʦʩʪʴ ʦʰʠʙʢʠ, ʘ 

ʪʘʢʞʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʯʘʩʪʠ ʜʘʣʴʥʦʩʪʠ ʠ ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʡ 

ʦʙʟʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʫʯʝʪʦʤ ʫʚʝʣʠʯʝʥʠʷ ʛʦʨʦʜʦʚ ʢʘʢ ʧʦ ʧʣʦʱʘʜʠ, ʪʘʢ ʠ ʚ ʚʳʩʦʪʫ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʟʦʨ ʞʠʣʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʤʦʪʨʦʚʳʭ ʚʳʰʝʢ. 

ɺ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʧʨʦʮʝʩʩ ʚʳʷʚʣʝʥʠʷ ʧʦʞʘʨʦʚ ʚ XXI 

ʚʝʢʝ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʡ. 

ʅʝʡʨʦʩʝʪʠ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ʅʝʡʨʦʩʝʪʴ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʠʜʦʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʘʤ ʠʤʠʪʠʨʦʚʘʪʴ 

ʨʘʙʦʪʫ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ: ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝʡʨʦʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʟʘʠʤʥʳʡ 

ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦʜʦʙʥʦ ʥʝʡʨʦʥʘʤ ʯʝʣʦʚʝʢʘ. 

ʂʘʞʜʳʡ ʥʝʡʨʦʥ ʧʦʣʫʯʘʝʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʪ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ ʠ ʨʝʰʘʝʪ, ʦʪʧʨʘʚʣʷʪʴ ʣʠ 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʘʣʴʰʝ ʧʦ ʩʝʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ ʦʙʫʯʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʤʝʨʦʚ ʠ ʜʝʣʘʪʴ ʧʨʦʛʥʦʟʳ ʦ ʥʦʚʳʭ ʜʘʥʥʳʭ. 



-136- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʇʨʦʛʨʘʤʤʠʩʪʳ ʧʨʦʠʟʚʦʜʷʪ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʥʘ ʧʨʠʤʝʨʝ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʣʷʪʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʦʙʨʘʞʝʥʠʷ ʜʳʤʘ, ʦʛʥʷ, 

ʪʣʝʶʱʠʭ ʧʨʝʜʤʝʪʦʚ ʠ ʪ.ʜ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʩʠʩʪʝʤʘ ʟʘ ʩʯʠʪʘʥʥʳʝ ʩʝʢʫʥʜʳ ʩʧʦʩʦʙʥʘ ʚʳʷʚʠʪʴ 

ʢʘʢʦʡ-ʣʠʙʦ ʠʥʮʠʜʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʢʘʤʝʨʳ, ʠ ʦʧʦʚʝʩʪʠʪʴ ʦʙ ʵʪʦʤ ʦʧʝʨʘʪʦʨʘ 

ʩʠʩʪʝʤʳ. ʊʦʯʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʠʥʮʠʜʝʥʪʦʚ ʜʦʩʪʠʛʘʝʪ 98%. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʚ ʮʝʣʷʭ ʚʳʷʚʣʝʥʠʷ ʧʦʞʘʨʦʚ ʟʘʯʘʩʪʫʶ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʘʥʦʚʢʫ ʩʧʝʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ, ʚ ʩʚʷʟʠ 

ʩ ʯʝʤ ʚʳʷʚʣʝʥʠʝ ʧʦʞʘʨʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ï ʚ ʣʝʩʘʭ, 

ʧʦʣʷʭ ʠ ʪ.ʜ. 

ʊʘʢ ʚ ʉʐɸ ʦʪʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʞʘʨʥʳʭ ʩʠʪʫʘʮʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʦʟʚʦʣʷʶʪ ʬʠʢʩʠʨʦʚʘʪʴ ʦʯʘʛ ʚʦʟʛʦʨʘʥʠʷ ʧʦ ʢʦʩʚʝʥʥʳʤ 

ʧʨʠʟʥʘʢʘʤ, ʪʘʢʠʤ ʢʘʢ ʜʳʤ, ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʪʦʯʢʠ ʨʘʟʤʝʱʝʥʠʷ ʚʠʜʝʦʢʘʤʝʨʳ ʠ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʤʝʨ ʚ ʩʚʷʟʢʝ ʩ ʥʝʡʨʦʩʝʪʷʤʠ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʷʚʣʝʥʠʝ 40% 

ʧʦʞʘʨʦʚ ʨʘʥʴʰʝ, ʯʝʤ ʥʘ ʪʝʣʝʬʦʥ ʵʢʩʪʨʝʥʥʦʡ ʩʣʫʞʙʳ ʧʦʩʪʫʧʘʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʙʨʘʱʝʥʠʝ 

ʦʪ ʛʨʘʞʜʘʥ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʂʘʣʠʬʦʨʥʠʠ ʩ ʤʦʤʝʥʪʘ ʚʚʦʜʘ ʩʠʩʪʝʤʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʇʨʠ ʵʪʦʤ 

ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʘʤʝʨʳ ʥʘʙʣʶʜʝʥʠʷ, ʪʘʢ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʶʱʠʭ ʘʧʧʘʨʘʪʘʭ, ʤʘʣʦʡ ʘʚʠʘʮʠʠ ʠ ʪ.ʜ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʈʦʩʩʠʠ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ: ʩʠʩʪʝʤʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʧʦʯʪʠ ʫʞʝ 10 ʣʝʪ ʠ ʦʭʚʘʪʳʚʘʝʪ 

80% ʪʝʨʨʠʪʦʨʠʠ ʂʫʨʦʨʪʥʦʛʦ ʣʝʩʦʧʘʨʢʘ. ɺ 2023 ʛʦʜʫ ʧʨʦʠʟʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʜʨʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʞʘʨʥʦʡ ʩʠʪʫʘʮʠʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʉʝʨʜʮʝ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ çʃʝʩʦʭʨʘʥʠʪʝʣʴè, ʛʣʘʟʘʤʠ - 

16 Full HD ʢʘʤʝʨ ʩ ʫʛʣʦʤ ʦʙʟʦʨʘ 360 ʛʨʘʜʫʩʦʚ. 

ʉʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʧʦʟʠʮʠʶ ʧʦʞʘʨʘ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚ ʣʶʙʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʪʴ ʟʘʜʳʤʣʝʥʠʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 20 ʢʤ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʳʷʚʣʝʥʠʠ 

ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨʘʤ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʘʣʠʜʘʮʠʶ ʦʧʦʚʝʱʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʫʛʨʦʟʳ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʢʦʦʨʜʠʥʘʪʳ 

ʠ ʥʘʧʨʘʚʣʷʶʪ ʧʦʞʘʨʥʳʝ ʦʪʨʷʜʳ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʃʝʩʦʦʭʨʘʥʠʪʝʣʴè ʜʦʢʘʟʘʣʦ 

ʩʚʦʶ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʜʝʣʝ ʩʦʭʨʘʥʝʥʠʷ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʦʪ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʞʘʨʦʚ: 

ʚʳʷʚʣʝʥʠʝ ʠ ʣʠʢʚʠʜʘʮʠʷ ʦʯʘʛʦʚ ʚʦʟʛʦʨʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʠ ʧʝʨʚʳʭ ʯʘʩʦʚ. 

ʂʨʦʤʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʦʯʘʛʦʚ ʚʦʟʛʦʨʘʥʠʷ ʫʞʝ ʩʝʡʯʘʩ ʥʝʡʨʦʩʝʪʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʘʥʘʣʠʟʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʣʘʤʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʦʙʣʘʩʪʠ ʜʦʨʦʞʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʊʝʭʥʦʣʦʛʠʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʜʦʨʦʞʥʳʭ ʠʥʮʠʜʝʥʪʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʦʞʘʨʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʜʩʠʩʪʝʤʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʳʤ ʵʣʝʤʝʥʪʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʤʝʨ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʚʠʜʝʦʜʘʥʥʳʭ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʙʦʪʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʝʡ ʥʘ ʙʘʟʝ ʥʝʡʨʦʩʝʪʝʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʅʉʊ 893-2023 ʧʦʜʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

½ ʚʠʜʝʦʢʘʤʝʨʳ; 

½ ʚʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ; 

½ ʫʩʪʨʦʡʩʪʚʘ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

½ ʢʦʤʧʦʥʝʥʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ; 

½ ʩʝʨʚʠʩ ʫʧʨʘʚʣʝʥʠʷ ʚʠʜʝʦʢʦʥʪʝʥʪʦʤ; 

½ ʩʝʨʚʠʩ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ; 

½ ʩʝʨʚʠʩ ʘʥʘʣʠʪʠʢʠ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ -137- 

 

ʇʦʜʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʦʜʨʘʟʜʝʣʷʪʴʩʷ ʧʦ ʩʧʦʩʦʙʘʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

½ ʨʫʯʥʘʷ ï ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʝʨʘʪʦʨʦʤ; 

½ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ï ʦʙʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʧʝʨʘʪʦʨ, ʧʨʠ ʵʪʦʤ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʭʦʪʷ ʙʳ ʦʜʥʘ ʬʫʥʢʮʠʷ; 

½ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ï ʨʘʙʦʪʘ ʧʦʜʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

½ ʦʧʨʝʜʝʣʝʥʠʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʟʣʠʯʥʳʭ ʜʦʨʦʞʥʳʭ ʩʠʪʫʘʮʠʡ: 
ɼʊʇ, ʟʘʪʦʨ, ʦʩʪʘʥʦʚʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥʘʭ, ʜʚʠʞʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʟʘʧʨʝʱʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ; 

½ ʧʦʜʩʯʝʪ ʣʶʜʝʡ ʠ ʦʙʲʝʢʪʦʚ ʚ ʟʘʜʘʥʥʳʭ ʛʨʘʥʠʮʘʭ ʟʦʥʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ; 
½ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʚ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ (ʩʝʨʚʠʩʥʘʷ 

ʘʥʘʣʠʪʠʢʘ): ʧʦʪʝʨʷ ʬʦʢʫʩʘ, ʧʦʚʦʨʦʪ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʦʙʲʝʢʪʠʚʘ ʚʠʜʝʦʢʘʤʝʨʳ, 
ʧʦʪʝʨʷ ʩʠʛʥʘʣʘ ʦʪ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

½ ʬʠʢʩʘʮʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʦʩʪʘʚʣʝʥʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ 
ʟʦʥʳ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʩʪʝʨʠʣʴʥʳʝ ʟʦʥʳ); ʧʝʨʝʩʝʯʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʛʨʘʥʠʮ; 
ʜʚʠʞʝʥʠʝ ʚ ʟʦʥʘʭ ʢʦʥʪʨʦʣʷ; ʠʩʯʝʟʥʦʚʝʥʠʝ ʦʙʲʝʢʪʦʚ; ʟʘʜʳʤʣʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʘ 
ʧʦʞʘʨʘ ʠ ʪ.ʜ. 

ʕʬʬʝʢʪʘʤʠ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʦʜʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʦʨʦʞʥʦ-
ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʷʚʣʷʶʪʩʷ: 

½ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʦʯʘʛʦʚ ʚʦʟʛʦʨʘʥʠʷ, ʥʝ ʟʘʚʠʩʠʤʘʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʚ ʩʣʫʯʘʝ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʪʨʝʙʫʝʪʩʷ 
ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (60 ʛʨʘʜʫʩʦʚ ʠ 
ʚʳʰʝ); 

½ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʧʦʞʘʨʳ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʦʢʨʘʱʝʥʠʝ 
ʨʘʩʭʦʜʦʚ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʞʘʨʦʚ; 

½ ʚʳʷʚʣʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ, ʥʦ ʪʘʢʞʝ ʪʣʝʶʱʠʭ ʧʨʝʜʤʝʪʦʚ; 
½ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʪʯʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʦʞʘʨʥʳʭ ʩʠʪʫʘʮʠʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ, ʪʘʢ ʠ ʦʙʲʝʢʪʦʚ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: 
ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʤʦʩʪʦʚ, ʧʫʪʝʧʨʦʚʦʜʦʚ, ʪʦʥʥʝʣʝʡ ʠ ʪ.ʜ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʳʷʚʣʝʥʠʷ ʧʦʞʘʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʥʘʣʠʟʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ 
ʩ ʢʘʤʝʨ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ ʪʘʢʦʛʦ ʨʦʜʘ ʠʥʮʠʜʝʥʪʳ, 
ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʩʣʝʜʫʶʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʨʘʟʳ. 
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ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʢʘʞʜʦʤ ʢʠʣʦʤʝʪʨʝ ʜʦʨʦʞʥʦʡ ʠʣʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ 

ʚʦʜʦʪʦʢʠ, ʨʫʯʴʠ ʠ ʧʨʦʤʦʠʥʳ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʚʦʜʳ, ʙʫʜʴ ʪʦ 



-138- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʦʩʪʦʷʥʥʘʷ ʠʣʠ ʚʨʝʤʝʥʥʘʷ (ʥʘʧʨʠʤʝʨ, ʚ ʧʝʨʠʦʜ ʣʠʚʥʝʡ ʠʣʠ ʪʘʷʥʠʷ ʩʥʝʛʘ), ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ 

ʜʨʝʥʘʞʥʳʝ ʩʠʩʪʝʤʳ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ ʥʘ ʜʦʨʦʛʘʭ 

ʧʨʠʤʝʥʷʣʩʷ ʞʝʣʝʟʦʙʝʪʦʥ. ʆʜʥʘʢʦ ʩʝʛʦʜʥʷ ʥʘ ʨʳʥʢʝ ʧʦʷʚʠʣʠʩʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ: 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʨʝʥʘʞʥʳʝ ʪʨʫʙʳ ʜʣʷ ʚʦʜʦʦʪʚʝʜʝʥʠʷ. ʕʪʠ ʪʨʫʙʳ ʦʪʣʠʯʘʶʪʩʷ ʣʝʛʢʦʩʪʴʶ, 

ʪʦʥʢʠʤʠ ʩʪʝʥʢʘʤʠ ʠ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʦʮʠʥʢʦʚʘʥʥʫʶ ʩʪʘʣʴ, ʢʦʪʦʨʫʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʱʠʱʘʶʪ ʦʪ ʢʦʨʨʦʟʠʠ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʜʨʝʥʘʞʥʳʝ ʪʨʫʙʳ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠʟʜʝʣʠʷ, 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʛʦʬʨʠʨʦʚʘʥʥʳʝ ʪʨʫʙʳ. 

 

Abstract 

There are shallow watercourses, streams and gullies on every kilometer of a road or railway. 

Drainage systems are critically important to ensure the smooth flow of water, whether permanent or 

temporary (for example, during heavy rains or snowmelt). Until recently, reinforced concrete was used 

for the construction of drainage systems on roads. However, innovative solutions have appeared on the 

market today: metal drainage pipes for drainage. These pipes are characterized by lightness, thin walls 

and high mechanical strength due to the use of a corrugated structure. Manufacturers use galvanized 

steel, which is additionally protected from corrosion by the use of a polymer coating. 

Keywords: ʘutomobile road, drainage pipes, reinforced concrete products, corrugated metal 

pipes. 

 

ɻʦʬʨʠʨʦʚʘʥʥʳʝ ʩʪʘʣʴʥʳʝ ʪʨʫʙʳ ʧʨʝʚʦʩʭʦʜʷʪ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʪʦʣʴʢʦ ʧʦ 

ʩʚʦʝʤʫ ʣʝʛʢʦʤʫ ʚʝʩʫ, ʥʦ ʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ 

ʩʪʦʡʢʦʩʪʠ ʢ ʢʦʨʨʦʟʠʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʝʪʦʥ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʤʝʥʯʠʚʳʭ ʥʘʛʨʫʟʦʢ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʝʟʞʘʶʱʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʘ ʠ ʧʦʜʦʙʥʳʝ ʬʘʢʪʦʨʳ) 

ʨʘʩʪʨʝʩʢʠʚʘʝʪʩʷ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʣʴʮʘ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʜʨʝʥʘʞʥʘʷ ʩʠʩʪʝʤʘ, ʪʝʨʷʶʪ ʩʚʦʶ 

ʮʝʣʦʩʪʥʦʩʪʴ, ʩʤʝʱʘʷʩʴ. ʂ ʪʦʤʫ ʞʝ, ʚʦʜʘ, ʧʨʦʥʠʢʘʶʱʘʷ ʚ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʫʩʠʣʠʚʘʝʪ ʠʭ ʧʨʠ 

ʟʘʤʝʨʟʘʥʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʫʰʝʥʠʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʜʨʝʥʘʞʥʳʝ ʪʨʫʙʳ ʠʟ 

ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʥʘʤʥʦʛʦ ʵʬʬʝʢʪʠʚʥʝʝ 

ʧʨʦʪʠʚʦʩʪʦʷʪ ʧʝʨʝʤʝʥʥʳʤ ʥʘʛʨʫʟʢʘʤ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ, ʢ ʧʨʠʤʝʨʫ, 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʩʧʦʣʟʘʥʠʝʤ ʛʨʫʥʪʘ, ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʪʨʫʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʦʙʦʜʥʳʡ ʧʦʪʦʢ ʚʦʜʳ. 

 

 
ʈʠʩʫʥʦʢ 1. ɼʨʝʥʘʞʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʚʦʜʦʧʨʦʧʫʩʢʥʘʷ ʪʨʫʙʘ. 

 

ɼʨʝʥʘʞʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʦʜʦʧʨʦʧʫʩʢʥʳʝ ʪʨʫʙʳ: ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ 

½ ʃʝʛʢʦʩʪʴ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ʊʨʫʙʳ ʠʟ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʦʙʣʘʜʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʤʘʩʩʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʜʨʝʥʘʞʘ ʥʘ ʜʦʨʦʛʘʭ. ʀʭ ʣʝʛʢʦʩʪʴ 
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ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʦʟʠʪʴ ʠʭ ʦʙʳʯʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʞʝ ʥʘ ʩʣʦʞʥʳʭ ʪʠʧʘʭ ʛʨʫʥʪʘ. 

½ ʅʝʫʷʟʚʠʤʦʩʪʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʥʝʰʥʝʝ ʚʧʝʯʘʪʣʝʥʠʝ ʭʨʫʧʢʦʩʪʠ, ʛʦʬʨʠʨʦʚʘʥʥʘʷ 
ʩʪʘʣʴʥʘʷ ʪʨʫʙʘ ʩʧʦʩʦʙʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ, 

ʯʝʤ ʝʸ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʘʥʘʣʦʛ. 

½ ʇʨʦʩʪʦʪʘ ʫʩʪʘʥʦʚʢʠ. ʋʩʪʘʥʦʚʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʨʝʥʘʞʥʳʭ ʪʨʫʙ ʥʝ ʪʨʝʙʫʝʪ 
ʩʣʦʞʥʳʭ ʦʩʥʦʚʘʥʠʡ. ʆʥʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʣʝʛʢʫʶ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʫʶ 

ʧʦʜʫʰʢʫ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʙʝʟ ʧʦʜʫʰʢʠ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʢʦʪʣʦʚʘʥʘ. ɿʘʪʨʘʪʳ ʥʘ ʬʫʥʜʘʤʝʥʪ ʦʪʧʘʜʘʶʪ. 

½ ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʣʝʙʘʥʠʷʤ ʥʘʛʨʫʟʦʢ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʦʩʝʜʘʥʠʝ ʧʦʯʚʳ, 

ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʝʸ ʧʣʦʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘʛʨʫʟʢʠ ʦʪ ʧʨʦʭʦʜʷʱʝʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʩʪʘʣʴ ʦʙʣʘʜʘʝʪ ʫʧʨʫʛʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʘ 

ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ. 

½ ɿʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ. ʉʪʘʣʴ ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʥʝ ʚʧʠʪʳʚʘʝʪ ʚʣʘʛʫ, ʥʝ 
ʧʦʜʚʝʨʞʝʥʘ ʨʘʟʨʫʰʝʥʠʶ ʦʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝ ʧʦʜʚʝʨʞʝʥʘ 

ʚʦʟʜʝʡʩʪʚʠʶ ʙʣʫʞʜʘʶʱʠʭ ʪʦʢʦʚ, ʥʝ ʷʚʣʷʝʪʩʷ ʩʨʝʜʦʡ ʜʣʷ ʨʦʩʪʘ ʧʣʝʩʝʥʠ. 

½ ʅʠʟʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʪʨʫʙʳ ʪʨʝʙʫʶʪ 
ʨʝʛʫʣʷʨʥʳʭ ʧʨʦʚʝʨʦʢ ʠ ʦʙʨʘʙʦʪʢʠ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʘ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʨʝʤʦʥʪʘ. ʊʨʫʙʳ ʠʟ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʥʝ ʪʨʝʙʫʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʠ ʚʦ ʚʨʝʤʷ ʤʦʥʪʘʞʘ, ʥʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɽʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ï ʵʪʦ ʚʨʝʤʷ ʦʪ 

ʚʨʝʤʝʥʠ ʦʯʠʩʪʢʘ ʦʪ ʢʨʫʧʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʝʩʣʠ ʪʘʢʠʝ ʠʤʝʶʪʩʷ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʨʝʥʘʞʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʦʜʦʧʨʦʧʫʩʢʥʳʭ ʪʨʫʙ 

ɻʦʬʨʠʨʦʚʘʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʪʨʫʙʳ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʩʠʩʪʝʤ ʚʦʜʦʦʪʚʝʜʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʜʦʩʪʫʧʥʳ ʛʦʬʨʦʪʨʫʙʳ ʩ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 

ʪʨʸʭ ʤʝʪʨʦʚ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʤʘʣʝʥʴʢʠʤ 

ʤʦʩʪʘʤ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠʭ ʤʦʥʪʘʞʘ, ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʥʠʞʘʷ 

ʝʛʦ ʩʪʦʠʤʦʩʪʴ. ʊʘʢʠʝ ʪʨʫʙʳ ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʝʰʝʭʦʜʥʳʭ ʠ ʚʝʣʦʩʠʧʝʜʥʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʵʢʦʜʫʢʦʚ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʩʢʦʪʦʧʨʦʚʦʜʦʚ ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʆʥʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʣʠʚʥʝʚʳʭ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʦʟʜʘʥʠʷ ʩʤʦʪʨʦʚʳʭ ʢʦʣʦʜʮʝʚ, ʢʝʩʩʦʥʦʚ, ʘ ʪʘʢʞʝ ʢʘʢ ʥʘʟʝʤʥʳʝ ʠ 

ʧʦʜʟʝʤʥʳʝ ʨʝʟʝʨʚʫʘʨʳ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʪʨʫʙ ʷʚʣʷʝʪʩʷ ʠʭ 

ʣʝʛʢʦʩʪʴ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʩʢʦʨʦʩʪʴ ʤʦʥʪʘʞʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʜʝʤʦʥʪʘʞʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʥʦʚʦʝ ʤʝʩʪʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ.  

 

 
ʈʠʩʫʥʦʢ 2. ɼʨʝʥʘʞʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʦʜʦʧʨʦʧʫʩʢʥʳʝ ʪʨʫʙʳ. 
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ɻʦʬʨʠʨʦʚʘʥʥʳʝ ʜʨʝʥʘʞʥʳʝ ʪʨʫʙʳ ʥʘʭʦʜʷʪ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʨʝʤʦʥʪʝ ʙʝʪʦʥʥʳʭ ʪʨʫʙ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʧʫʩʢʘ ʚʦʜʳ ʧʦʜ ʜʦʨʦʛʘʤʠ. ʅʝʠʩʧʨʘʚʥʳʝ ʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ 

ʪʦʣʴʢʦ ʥʝ ʚʳʧʦʣʥʷʶʪ ʩʚʦʠ ʟʘʜʘʯʠ, ʥʦ ʠ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʩʝʨʴʸʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʠʭ 

ʨʘʟʨʫʰʝʥʠʠ. ʆʙʳʯʥʳʡ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʘʢʠʭ ʪʨʫʙ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʝʤʣʷʥʳʭ 

ʨʘʙʦʪ, ʚʢʣʶʯʘʷ ʜʝʤʦʥʪʘʞ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʧʦʣʥʫʶ ʦʩʪʘʥʦʚʢʫ ʜʚʠʞʝʥʠʷ ʥʘ ʜʘʥʥʦʤ 

ʫʯʘʩʪʢʝ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʛʠʙʢʠʡ ʩʧʦʩʦʙ ʨʝʤʦʥʪʘ ï ʛʠʣʴʟʦʚʘʥʠʝ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ 

ʜʚʠʞʝʥʠʝ ʧʦ ʜʦʨʦʛʝ ʥʝ ʧʨʝʨʳʚʘʝʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʦʚʨʝʞʜʸʥʥʫʶ ʪʨʫʙʫ ʚʩʪʘʚʣʷʶʪ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʛʦʬʨʦʪʨʫʙʫ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʥʠʤʠ ʟʘʧʦʣʥʷʝʪʩʷ 

ʙʝʪʦʥʦʤ. 

ʂʦʤʧʘʥʠʷ çɼʦʨɻʝʦʊʝʭè ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʩʧʠʨʘʣʴʥʳʭ ʛʦʬʨʠʨʦʚʘʥʥʳʭ 

ʪʨʫʙ ʠʟ ʦʮʠʥʢʦʚʘʥʥʦʡ ʩʪʘʣʠ ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ. ʈʘʟʤʝʨʳ ʪʨʫʙ ʦʭʚʘʪʳʚʘʶʪ ʜʠʘʧʘʟʦʥ ʦʪ 

0,5 ʜʦ 3,0 ʤʝʪʨʦʚ ʩ ʰʘʛʦʤ ʚ 10 ʩʘʥʪʠʤʝʪʨʦʚ, ʧʨʠ ʵʪʦʤ ʜʣʠʥʘ ʜʦʩʪʠʛʘʝʪ 13,5 ʤʝʪʨʦʚ. ʕʪʦʪ ʩʧʝʢʪʨ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʨʫʙʘʤ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʢʘʢ ʘʚʪʦʤʦʙʠʣʴʥʳʭ, ʪʘʢ ʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ. ʊʨʫʙʳ ʠʟʜʝʣʠʷ çɼʦʨɻʝʦʊʝʭè ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʜʦʨʦʞʥʳʭ ʨʘʙʦʪ ʧʦ 

ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʧʨʦʰʣʠ ʧʨʦʚʝʨʢʫ ʚʨʝʤʝʥʝʤ, ʧʨʦʷʚʣʷʷ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʩʪʦʡʢʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʥʝʩʪʘʙʠʣʴʥʳʤ ʛʨʫʥʪʘʤ. 

 

 
ʈʠʩʫʥʦʢ 3. 

 

ʂʦʨʦʙʢʠ ʜʣʷ ʜʨʝʥʘʞʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʥʘ 

ʦʙʲʝʢʪʳ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʛʨʫʟʦʧʝʨʝʚʦʟʢʘʤ, ʚʢʣʶʯʘʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʚʘʛʦʥʳ ʠ 

ʩʫʜʘ. ɼʣʷ ʩʚʷʟʳʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʝʛʤʝʥʪʦʚ ʪʨʫʙʳ ʚ ʢʦʤʧʣʝʢʪʘʮʠʶ ʚʭʦʜʠʪ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ 

ʫʟʣʦʚ ʠ ʢʨʝʧʝʞʘ. ʄʦʥʪʘʞ ʠ ʨʘʟʛʨʫʟʢʘ ʪʨʫʙ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʷʞʝʣʦʡ ʪʝʭʥʠʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʫʩʪʘʥʦʚʢʠ ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʠʟʛʦʪʦʚʠʪʝʣʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʆʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʚʠʪʠʶ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ - ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʦʙʣʝʛʯʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʪʠʤʫʣʠʨʫʝʪ ʪʦʨʛʦʚʣʶ ʠ 

ʠʥʚʝʩʪʠʮʠʠ. ʐʠʨʦʢʦ ʨʘʟʚʠʪʘʷ ʩʝʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʝ ʠ 

ʢʦʤʬʦʨʪʥʦʝ ʧʝʨʝʜʚʠʞʝʥʠʝ ʣʶʜʝʡ. ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʪʫʨʠʟʤʘ, ʪʘʢ 

ʢʘʢ ʦʥʠ ʦʙʣʝʛʯʘʶʪ ʜʦʩʪʫʧ ʢ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʷʤ ʠ ʧʨʠʨʦʜʥʳʤ ʦʙʲʝʢʪʘʤ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩʦʟʜʘʝʪ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ 

ʠʥʞʝʥʝʨʠʶ, ʪʨʘʥʩʧʦʨʪ ʠ ʜʨʫʛʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʛʝʦʣʦʛʠʷ, ʛʠʜʨʦʛʝʦʣʦʛʠʷ, 

ʢʘʪʝʛʦʨʠʷ, ʪʨʘʩʩʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

Abstract 

The construction of highways is an urgent topic. It contributes to the development of the 

country's economy - this is due to the fact that improving transport infrastructure facilitates the 

movement of goods and services, which in turn stimulates trade and investment. A well-developed 

network of highways ensures safer and more comfortable movement of people. Highways contribute to 

the development of tourism, as they facilitate access to attractions and natural sites. The construction 

and maintenance of highways creates jobs in various industries, including construction, engineering, 

transportation and others. 

Keywords: highway, construction, geology, hydrogeology, category, tracing, project, traffic 

intensity.  

 
ʀʟʫʯʝʥʠʝ ʦʧʳʪʘ ʠ ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚ ʨʘʟʣʠʯʥʳʭ 

ʜʦʨʦʞʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʟʚʦʣʠʣʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʨʤʘʪʠʚʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ-ʨʝʘʣʠʟʫʝʤʳʡ ʧʨʦʝʢʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʟʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʝʨʨʠʪʦʨʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʋʜʤʫʨʪʠʷ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʘʤʝʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʈʝʩʧʫʙʣʠʢʠ ʋʜʤʫʨʪʠʷ: ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʚʝʪʨʦʚʦʡ ʨʝʞʠʤ, ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ, ʛʝʦʣʦʛʠʷ, 

ʛʠʜʨʦʛʝʦʣʦʛʠʷ, ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ - ʚ ʮʝʣʷʭ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʚʝʜʝʥʠʡ, ʨʠʩʫʥʦʢ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʆʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. 

 
ʆʩʥʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʝʜʘʥʦ ʜʦ ʛʣʫʙʠʥʳ 5,0-7,0ʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʜʝʣʶʚʠʘʣʴʥʳʤʠ ʩʫʛʣʠʥʢʘʤ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʛʝʦʣʦʛʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ 
ʢʦʣʦʥʢʘʤʠ ʠ ʠʥʞʝʥʝʨʥʦï ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʟʨʝʟʘʤʠ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ (ʩʚʝʨʭʫ-ʚʥʠʟ): 



-142- Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ; ʩʫʛʣʠʥʦʢ ʞʝʣʪʦ-ʙʫʨʦʛʦ ʮʚʝʪʘ, ʧʨʦʩʘʜʦʯʥʳʡ, ʣʝʛʢʠʡ, 
ʧʦʣʫʪʚʝʨʜʳʡ, ʧʳʣʝʚʘʪʳʡ, ʩ ʯʝʨʚʝʭʦʜʘʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʛʫʤʫʩʦʤ; ʩʫʛʣʠʥʦʢ ʢʦʨʠʯʥʝʚʘʪʦ-
ʙʫʨʦʛʦ ʮʚʝʪʘ, ʥʝʧʨʦʩʘʜʦʯʥʳʡ, ʪʷʞʝʣʳʡ, ʧʦʣʫʪʚʝʨʜʳʡ, ʧʳʣʝʚʘʪʳʡ;  ʩʫʛʣʠʥʦʢ ʢʦʨʠʯʥʝʚʘʪʦ-
ʙʫʨʦʛʦ ʮʚʝʪʘ, ʥʝʧʨʦʩʘʜʦʯʥʳʡ, ʪʷʞʝʣʳʡ, ʪʫʛʦʧʣʘʩʪʠʯʥʳʡ, ʧʳʣʝʚʘʪʳʡ, ʩ ʨʝʜʢʠʤʠ ʤʘʢʨʦʧʦʨʘʤʠ. 

ɸʥʘʣʠʟ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʡ ʧʦ ʢʘʟʘʣ, ʯʪʦ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʚʩʢʨʳʪʳ ʥʘ ʛʣʫʙʠʥʝ 
2,0-5,6ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʝʬʘ. ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʫ 
ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʭ ʜʝʣʶʚʠʘʣʴʥʳʭ ʩʫʛʣʠʥʢʦʚ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ 
ʙʝʟʥʘʧʦʨʥʳʝ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ. ʋʯʘʩʪʦʢ ʠʟʳʩʢʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥ 
ʚʙʣʠʟʠ ʬʨʦʥʪʘ ʨʘʟʛʨʫʟʢʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʜʨʝʥʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʝʡ. 
ʋʨʦʚʝʥʴ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 1,0-1,5ʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠʥʷʪ ʨʘʚʥʳʤ ʀɻʕ-1 ï 0,69 ʤ/ʩʫʪ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 
ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʝʧʝʥʴ ʘʛʨʝʩʩʠʚʥʦʩʪʠ 
ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ. 
ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 12248.1-2020. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʦʣʱʠ ʜʦ ʨʘʟʚʝʜʘʥʥʦʡ ʛʣʫʙʠʥʳ 5,0-7,0ʤ. 
ʧʦʟʚʦʣʠʣʘ ʚʳʜʝʣʠʪʴ ʪʨʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘ (ʀɻʕ). ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 
ʠʟʫʯʘʣʠʩʴ ʚ ʧʨʠʙʦʨʘʭ ʂʇʈ-1 ʩʠʩʪʝʤʳ ˈɻʠʜʨʦʧʨʦʝʢʪ. 

ʈʘʩʯʝʪʳ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ çmkè, ʧʦʣʫʯʝʥʥʳʭ:  
ʜʣʷ ʀɻʕ-1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʠʩʪʝʥʮʠʠ ʛʨʫʥʪʘ ʚ ʠʥʪʝʨʚʘʣʝ ʥʘʛʨʫʟʦʢ 0.05-0.15 ʄʧʘ; 
ʜʣʷ ʀɻʕ-2,3 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʛʨʫʥʪʘ ʚ ʠʥʪʝʨʚʘʣʝ ʥʘʛʨʫʟʦʢ 

0,1-0,2 ʄʧʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ɓ ʧʦ ʤʝʪʦʜʠʢʝ ʪʨʝʩʪʘ çʈʦʩʪʦʚɼʦʥʊʀʉʀʟè. 
ʉʜʚʠʛʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʛʨʫʥʪʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʧʨʠʙʦʨʘʭ ɺʉɺ-25 ʥʘ ʪʨʝʭ ʩʪʫʧʝʥʷʭ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʧʦʣʥʦʤ ʚʦʜʦʥʘʩʳʱʝʥʠʠ.  
ɸʛʨʝʩʩʠʚʥʦʩʪʴ ʛʨʫʥʪʦʚ ʟʦʥʳ ʘʵʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ SO4 ʠ CI-ʠʦʥʦʚ ʚ 

ʚʦʜʥʳʭ ʚʳʪʷʞʢʘʭ ʠʟ ʛʨʫʥʪʦʚ. ɼʣʷ ʀɻʕ-1 ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪʦʚ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 
ʠʦʥʳ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 158-967 ʤʛ/ʢʛ ʛʨ., ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ 
ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʘʪʠʦʥʦʚ 967 ʤʛ/ʢʛ ʛʨ. ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʜʦʚ ʚ 
ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʦʥʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 35 ʜʦ 201 ʤʛ/ʢʛ. ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ 
ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʦʥʦʚ 201 ʤʛ/ʢʛ ʛʨ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʪʝʛʦʨʠʠ ʩʪʨʦʷʱʝʡʩʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʩʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤ 
ʜʦʢʫʤʝʥʪʘʤ, ʩʚʦʜʘʤ ʧʨʘʚʠʣ ʠ ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʘʪʝʛʦʨʠʠ ʜʦʨʦʛʠ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʣʠ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʝʜʠʥʠʮʘʭ. ʌʘʢʪʠʯʝʩʢʘʷ ʩʫʪʦʯʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩʦʙʩʪʚʝʥʥʳʭ ʠʟʳʩʢʘʥʠʡ, ʩʦʩʪʘʚʣʷʝʪ 285 ʘʚʪ/ʩʫʪ. ɺʝʣʠʯʠʥʘ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʩʯʠʪʘʥʘ ʧʦ ʜʘʥʥʳʤ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʟʳʩʢʘʥʠʡ ʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʥʘʟʥʘʯʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʢʣʘʩʩʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ï ʤʝʩʪʥʘʷ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ.  

ʊʨʘʩʩʠʨʦʚʘʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʢʘʤʝʨʘʣʴʥʦ ʚ ʩʠʩʪʝʤʝ ʊʦʧʦʤʘʪʠʢ Robur, ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ, ʨʠʩʫʥʦʢ 2. 

 

 
ʈʠʩʫʥʦʢ 2.  ʅʘʯʘʣʘ ʫʯʘʩʪʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ ʚ ʧʣʘʥʝ ʠʤʝʝʪ 5 ʢʨʠʚʳʭ, ʚ ʩʨʝʜʥʝʤ 1,5 ʥʘ ʦʜʠʥ ʢʠʣʦʤʝʪʨ. 

ʇʨʠʥʮʠʧʦʤ ʪʨʘʩʩʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʛʨʫʥʪʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ, ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʧʦʣʦʩʳ ʦʪʚʦʜʘ. ʇʘʨʘʤʝʪʨʳ ʢʨʫʛʦʚʳʭ 

ʢʨʠʚʳʭ ʧʨʠʥʷʪʳ ʠʩʭʦʜʷ ʠʟ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ. ɼʣʠʥʳ ʧʝʨʝʭʦʜʥʳʭ ʢʨʠʚʳʭ ʧʨʠʥʠʤʘʣʠʩʴ 

ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʨʘʩʯʸʪʘ ʥʘ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ ʚʦ ʚʨʝʤʷ 

ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. ʄʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʢʨʠʚʦʡ ʚ ʧʣʘʥʝ ʧʨʠʥʷʪ ï 300 ʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʦʝʢʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʟʘʪʨʘʛʠʚʘʣʘ ʚʩʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʚ ʨʘʤʢʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ 

ʥʝʞʝʩʪʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ, ʥʘʠʣʫʯʰʠʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3. ɺʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʞʝʩʪʢʦʡ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜ. 

 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ), ʢʦʪʦʨʳʝ ʧʦʤʦʛʣʠ ʠʟʙʝʞʘʪʴ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ 

ʧʨʦʮʝʩʩʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ 

ʦʧʨʝʜʝʣʝʥ ʫʨʦʚʝʥʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʘ. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʙʳʣ 

ʧʦʩʯʠʪʘʥ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (ʈ), ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʩ ʫʯʝʪʦʤ ʟʥʘʯʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʬʦʨʤʫʣʘ (1): 

 


























































































































































