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ʄʀʅʀʉʊɽʈʉʊɺʆ ʎʀʌʈʆɺʆɻʆ ʈɸɿɺʀʊʀʗ, 

ʉɺʗɿʀ ʀ ʄɸʉʉʆɺʓʍ ʂʆʄʄʋʅʀʂɸʎʀʁ 

ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

çʉʀɹʀʈʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ 

ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʁ ʀ ʀʅʌʆʈʄɸʊʀʂʀè 

ʍɸɹɸʈʆɺʉʂʀʁ ʀʅʉʊʀʊʋʊ ʀʅʌʆʂʆʄʄʋʅʀʂɸʎʀʁ (ʌʀʃʀɸʃ) 

ʍʀʀʂ ʉʠʙɻʋʊʀ 

 
 

 

 

 

 

ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅʓɽ 

ʊɽʍʅʆʃʆɻʀʀ: 

ɸʂʊʋɸʃʀɿɸʎʀʗ ʀ ʈɽʐɽʅʀɽ 

ʇʈʆɹʃɽʄ ʇʆɼɻʆʊʆɺʂʀ 

ɺʓʉʆʂʆʂɺɸʃʀʌʀʎʀʈʆɺɸʅʅʓʍ 

ʂɸɼʈʆɺ ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʋʉʃʆɺʀʗʍ 
(ʧʦʩʚʷʱʝʥʥʦʡ ɼʝʩʷʪʠʣʝʪʠʶ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠ  

ʠ 55-ʣʝʪʠʶ ʍʘʙʘʨʦʚʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʡ) 

ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ  

ɺʩʝʨʦʩʩʠʡʩʢʦʡ (ʦʯʥʦ-ʟʘʦʯʥʦʡ) ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ 

(ʍʘʙʘʨʦʚʩʢ, 26-27 ʜʝʢʘʙʨʷ 2024ʛ.) 
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ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ɸʢʪʫʘʣʠʟʘʮʠʷ ʠ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 
ʢʘʜʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ // ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ (ʦʯʥʦ-ʟʘʦʯʥʦʡ) ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ,  ʧʦʩʚʷʱʝʥʥʦʡ 

ɼʝʩʷʪʠʣʝʪʠʶ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ 55-

ʣʝʪʠʶ ʍʘʙʘʨʦʚʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʡ (ʍʘʙʘʨʦʚʩʢ, 

26-27 ʜʝʢʘʙʨʷ 2024ʛ.). [ʕʣʝʢʪʨʦʥʥʦʝ ʥʘʫʯʥʦʝ ʠʟʜʘʥʠʝ: 1 ʌʘʡʣ ï  18,02ʄʙ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://hiik.ru/about_the_university/nauka-i-innovatsii / ʈʝʜ. ʢʦʣ.: 

ʧʨʦʬʝʩʩʦʨ, ʜ.ʠ.ʥ., ʊʠʤʦʰʝʥʢʦ ɺ.ʅ.. ʠ ʜʨ.; ɻʨʫʧʧʘ ʅʀʈʠɼʆ ʋʄʆ. ï ʍʘʙʘʨʦʚʩʢ: 

ʀʟʜ-ʚʦ ʍʀʀʂ (ʬʠʣʠʘʣ) ʉʠʙɻʋʊʀ, 2025. ï 1078ʩ. 

 

ʈɽʎɽʅɿɽʅʊʓ: 

ɹɸʈʏʋʂʆɺ ɸ.ɺ. ï ʧʨʦʬʝʩʩʦʨ, ʜ.ʵ.ʥ., ʌɻɹʆʋ ɺʆ çɼɺɻʋʇʉè, ʛ. ʍʘʙʘʨʦʚʩʢ 

ʂʈʀɺʆʐɽɽɺ ʀ.ɸ. ï ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ., ʌɻɹʆʋ ɺʆ çɼɺɻʋʇʉè, ʛ. ʍʘʙʘʨʦʚʩʢ 

ʂʋɼʈʗʐʆɺ ɸ.ɹ. ï ʜʦʮʝʥʪ, ʢ.ʧ.ʥ., ɼɺʖ ʄɺɼ ʈʦʩʩʠʠ ʠʤ. ʀ. ʐʠʣʦʚʘ, ʛ. ʍʘʙʘʨʦʚʩʢ 

ʉʆʃʆɺʏɽʅʂʆɺ ʉ.ɸ. ï ʜʦʮʝʥʪ, ʢ.ʩ.ʥ., ʀʂɸʈʇ ɼɺʆʈɸʅ, ʛ. ɹʠʨʦʙʠʜʞʘʥ 

ʗʈʋʃʀʅ ʀ.ʌ. ï ʧʨʦʬʝʩʩʦʨ, ʜ.ʧʦʣʠʪ.ʥʘʫʢ, ʌɻɹʆʋ ɺʆ çʊʆɻʋè, ʛ. ʍʘʙʘʨʦʚʩʢ 
 

26-27 ʜʝʢʘʙʨʷ 2024 ʛʦʜʘ ʥʘ ʙʘʟʝ ʍʀʀʂ (ʬʠʣʠʘʣ) çʉʠʙɻʋʊʀè ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʪʨʘʜʠʮʠʦʥʥʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ: çʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ɸʢʪʫʘʣʠʟʘʮʠʷ ʠ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭè. ɼʘʥʥʳʡ ʩʙʦʨʥʠʢ ʩʦʜʝʨʞʠʪ ʥʘʫʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʩʬʝʨʝ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ 

ʧʨʘʚʦʚʳʭ ʧʨʘʢʪʠʢ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʚʩʶ ʩʠʩʪʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ʦʪ ʜʦʰʢʦʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʟʘʚʝʜʝʥʠʡ ʜʦ ʚʫʟʦʚ ʠʟ: ʄʦʩʢʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ɹʠʨʦʙʠʜʞʘʥ 

(ɽɸʆ), ɹʝʣʛʦʨʦʜ, ɺʦʨʦʥʝʞ, ɼʦʣʛʦʧʨʫʜʥʳʡ (ʄʦʩʢ. ʦʙʣ.), ɽʢʘʪʝʨʠʥʙʫʨʛ, ʀʨʢʫʪʩʢ, 

ʂʨʘʩʥʦʜʘʨ, ʂʨʘʩʥʦʷʨʩʢ, ʅʦʚʦʩʠʙʠʨʩʢ, ʅʦʚʦʢʫʟʥʝʮʢ, ʆʜʠʥʮʦʚʦ (ʄʦʩʢ. ʦʙʣ.), 

ʈʦʩʪʦʚ-ʥʘ-ɼʦʢʫ, ʉʘʤʘʨʘ, ʉʦʯʠ, ʊʘʛʘʥʨʦʛ, ʊʘʤʙʦʚ, ʋʣʘʥ-ʋʜʵ (ʈʝʩʧʫʙʣʠʢʘ 

ɹʫʨʷʪʠʷ), ʏʝʣʷʙʠʥʩʢ, ʏʠʪʘ, ʍʘʙʘʨʦʚʩʢ. 
 

ʉʪʘʪʴʠ ʠʟʜʘʥʳ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʦʜʝʨʞʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʧʦʜʙʦʨ ʠ ʪʦʯʥʦʩʪʴ ʬʘʢʪʦʚ, ʮʠʪʘʪ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʚʝʨʥʦʩʪʴ ʠ ʧʦʣʥʦʪʫ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ, ʘ ʪʘʢʞʝ ʟʘ ʪʦ, ʯʪʦ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʜʘʥʥʳʭ, ʥʝ ʧʦʜʣʝʞʘʱʠʭ ʦʪʢʨʳʪʦʡ ʧʫʙʣʠʢʘʮʠʠ ʥʝʩʸʪ 

ʘʚʪʦʨ. 

ISBN 978-5-6050105-0-1 
 
É ɸʚʪʦʨʩʢʠʡ ʢʦʣʣʝʢʪʠʚ, 2025 

É ʍʘʙʘʨʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʡ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠè, 2025 

https://hiik.ru/about_the_university/nauka-i-innovatsii
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ʉʆɼɽʈɾɸʅʀɽ 

 

ʇʝʨʝʯʝʥʴ ʫʯʨʝʞʜʝʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʧʨʠʥʷʚʰʠʭ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ 

ʢʦʥʬʝʨʝʥʮʠʠéééééééééééééééééééééééé.é 

 

20 

  

ʈɸɿɼɽʃ 1: 

ʊɽʍʅʀʏɽʉʂʀɽ ʀ ɽʉʊɽʉʊɺɽʅʅʆ-ʅɸʋʏʅʓɽ  

ɼʀʉʎʀʇʃʀʅʓ 
ɸʣʝʢʩʝʝʚʘ ʄ.ɸ., ʇʦʢʘʟʘʥʴʝʚʘ ʉ.ɸ ʅʘʩʪʨʦʡʢʘ ʩʝʪʝʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ZABBIXééééééééééééééééééééééé... 

 

28 

ɸʣʝʭʠʥ ɼ.ɸ., ʅʠʢʫʣʴʯʝʚʘ ʆ.ʉ., ʉʘʨʘʥʦʚ ʀ.ɸ., ʉʫʨʦʚʘ ɽ.ɸ., ʂʫʮʦʚ 

ʉ.ɺ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʚ çʫʤʥʳʭè ʛʦʨʦʜʘʭèééééééééé 

 
 

34 

ɸʥʪʦʥʷʥʮ ɽ.ʅ., ʄʦʨʦʟʦʚ ʅ.ɼ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ 
ʚʝʱʝʡéééééééééééééééééééééééééééééééé. 

 

 
37 

ɹʘʛʘʪʝʣʠʷ ʂ.ɸ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʈʝʘʣʠʟʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʩʪʠʣʷ 

REST ʥʘ ʬʨʝʡʤʚʦʨʢʝ Djangoééééééééééééééééééééé.. 

 

39 
ɹʘʨʘʥʦʚʘ ɺ.ʂ., ʊʘʨʘʩʦʚʘ ʂ.ɼ., ɸʥʪʦʥʷʥʮ ɽ.ʅ. ɸʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ 

ʪʝʢʩʪʘ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʦʚ Python ʠ ʪʨʘʥʩʬʦʨʤʝʨʦʚ ʩ HuggingFaceéé 

 

41 

ɹʘʫʵʨ ɸ.ɼ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. ɸʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʝʪʠéééééééééé.. 

 

44 
ɹʘʭʪʠʷʨʦʚʘ ʂ.ɺ., ɸʥʪʦʥʷʥʮ ɽ.ʅ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʝʯʥʷ ʢʦʤʧʝʪʝʥʮʠʡ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʘééé 

 

47 

ɹʘʰʠʥʦʚ ɸ.ʀ., ʂʫʨʯʝʝʚʘ ɻ.ʀ.  ɺʣʠʷʥʠʝ ʪʠʧʘ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ 
ʠʥʪʝʨʥʝʪʘéééééééééééééééééééééééééééééé 

 
52 

ɹʝʤ  ɼ.ʂ., ʄʘʢʝʝʚʘ ɸ.ʀ., ʕʨʣʠʭ ɽ.ɺ.  ɸʥʜʨʝ-ʄʘʨʠ ɸʤʧʝʨ ï ʠ ʝʛʦ ʚʢʣʘʜ ʚ 

ʨʘʟʚʠʪʠʝ ʥʘʫʢʠééééééééééééééééééééééééééé... 

 

54 
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ɺ.ɺ. ʉʧʦʩʦʙʳ ʠ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʦʪ ʦʙʲʝʢʪʦʚ ʚ 
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ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚ ʚʦʝʥʥʦʡ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʧʫʪʥʠʢʦʚʳʤʠ 
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ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʠʟʤʝʨʝʥʠʶ ʢʦʦʨʜʠʥʘʪ 
ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʳʭ ʧʦʤʝʭééééé. 
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ʂʦʣʙʘʩʢʦ ɺ.ɼ., ɽʧʘʥʝʰʥʠʢʦʚʘ ɼ.ʖ. ʉʦʚʨʝʤʝʥʥʳʝ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʠ: 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʫʩʪʘʨʝʚʰʠʭ ʩʘʡʪʦʚ ʠ ʧʨʦʙʣʝʤʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʩʪʦʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠééééééééééééééé.. 

 
 

164 

ʂʦʣʦʜʝʟʥʳʡ ʀ.ʄ., ʂʦʣʦʜʝʟʥʘʷ ɻ.ʀ. ʉʠʤʫʣʷʪʦʨ ʧʦʩʪʨʦʝʥʠʷ ʭʦʜʘ ʣʫʯʝʡ 
ʚ ʧʨʠʟʤʝéééééééééééééééééééééééééééééé. 

 
167 

ʂʦʧʦʪʠʣʦʚʘ ɸ.ɸ., ɽʛʦʨʦʚ ʀ.ʄ. ʈʘʟʨʘʙʦʪʢʘ ʦʮʝʥʦʯʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ 

ʧʦʣʠʤʝʨʥʳʭ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚééééééééé.ééééééé 

 

 

170 
ʂʫʟʥʝʮʦʚ ʂ.ʂ. ʅʝʥʘʰʝʚ ɽ.ɺ. ʂʦʥʮʝʧʮʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʣʴʷ: 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠééééééééééééééé.. 

 

172 

ʂʫʟʥʝʮʦʚʘ ɽ.ɽ., ʐʦʣʜʳʰʝʚʘ ɺ.ɼ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. ʀʩʩʣʝʜʦʚʘʥʠʝ 
ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠéééééé 

 
175 

ʃʘʪʢʦ ɺ.ɺ., ʅʘʜʪʦʯʠʡ ɺ.ʅ. ʆʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚéééé.. 

 

178 

ʃʝʩʢʦʚʘ ɽ.ʄ., ɹʝʨʝʜʫʭ ɽ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʫʰʢʠ ʞʝʣʝʟʦʨʫʜʥʦʛʦ 
ʢʦʥʮʝʥʪʨʘʪʘéééééééééééééééééééééééééééé... 

 
182 

ʃʦʛʫʥʦʚ ʉ.ɸ., ʇʦʢʘʟʘʥʴʝʚʘ ʉ.ɸ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʦʟʜʘʥʠʷ Docker-

ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠééééééééééééééééééé. 

 

188 

ʃʫʟʷʥʠʥ ɿ.ʉ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ 
ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ WDM ʠ DWDMééééééééé. 

 
193 

ʄʘʢʘʨʝʥʢʦ ɺ.ɺ., ʇʦʪʘʧʦʚ ɸ.ʅ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ    ʠʥʬʦʨʤʘʮʠʠ    ʧʦ 

ʦʙʥʘʨʫʞʝʥʠʶ  ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ  ʚʦʟʜʫʰʥʳʭ  ʦʙʲʝʢʪʦʚ ʚ 
ʫʩʣʦʚʠʷʭ     ʘʢʪʠʚʥʦʛʦ     ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ   ʥʘ   ʥʘʟʝʤʥʳʭ   ʧʫʥʢʪʘʭ 
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ʄʘʥʫʡʣʦʚ ʉ.ɸ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. ɸʥʘʣʠʟ ʪʠʧʦʚʳʭ ʪʦʧʦʣʦʛʠʡ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡé..ééééééééééééééééééééééé 

 

198 

ʄʘʩʣʝʥʢʦʚʘ ɸ.ɽ., ʇʦʢʘʟʘʥʴʝʚʘ ʉ.ɸ. ʅʘʩʪʨʦʡʢʘ ʙʨʘʥʜʤʘʫʵʨʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ IPTABLESéééééééééééééééééééééé.. 

 
201 

ʄʘʪʚʝʝʚ ɸ.ɸ., ʌʨʦʣʦʚ ʄ.ɽ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. ɺʳʙʦʨ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷééééééééééééééééééééé 

 

 

203 
ʄʝʣʴʥʠʢʦʚʘ ɼ.ɸ., ʇʦʪʘʧʦʚ ɸ.ʅ. ʉʪʨʫʢʪʫʨʘ   ʧʦʩʪʨʦʝʥʠʷ   

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʘʭéééééééééééé.. 

 

 

206 
ʄʦʣʦʯʢʦ ɸ.ɺ., ʇʦʣʠʢʘʨʢʠʥʘ ʆ.ʅ. ʊʶʨʠʥʘ ɸ.ʃ., ʏʝʨʥʳʭʦʚʩʢʠʡ ɼ.ʉ., 

ʄʝʞʫʝʚ ɸ.ʄ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʨʘʢʪʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠé... 

 

 

210 

ʄʦʨʦʟʦʚ ʅ.ɼ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʬʠʢʘ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭéééééééééé... 

 
214 

ʄʫʨʦʤʩʢʠʡ ɽ.ɸ., ʇʦʢʘʟʘʥʴʝʚʘ ʉ.ɸ. ʅʘʩʪʨʦʡʢʘ ʚʝʙ-ʩʝʨʚʝʨʘ ʠ 

ʨʝʘʣʠʟʘʮʠʷ ʩʪʨʘʪʝʛʠʠ ʝʛʦ ʧʦʣʥʦʛʦ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʙʘʟʫ 
ʜʘʥʥʳʭ MYSQL ʠ ʬʘʡʣʳ ʚʝʙ-ʩʝʨʚʝʨʘééééééééééééééééé... 

 

 
217 

ʅʘʤʩʘʨʘʝʚ ɿ.ɸ., ɸʥʠʢʠʥʘ ʀ.ɺ. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠééééééééééééé.. 

 

222 

ʅʝʬʸʜʦʚ ʀ.ɸ., ʇʦʢʘʟʘʥʴʝʚʘ ʉ.ɸ. ɸʥʘʣʠʟ ʠ ʟʘʱʠʪʘ ʦʪ DDOS-ʘʪʘʢ ʚ 
ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝééééééééééééééééééééééé. 

 
226 

ʅʠʢʠʬʦʨʦʚ ɻ.ʆ., ʌʣʸʨʦʚ ɸ.ʅ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ: ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʪʝʭʧʨʦʮʝʩʩʘéééé 

 

231 
ʅʠʢʦʥʦʚʘ ɽ.ɸ.,  ʉʦʣʦʜʦʚ ɸ.ɻ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡéééééééééééééééé. 

 

234 

ʅʦʚʠʢʦʚ ʈ.ɸ., ʂʫʢʫʰʢʠʥ ɽ.ʇ., ʂʫʩʨʘʝʚ ɸ.ɸ., ʊʶʨʠʥʘ ɸ.ʃ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ 
ʫʩʪʨʦʡʩʪʚʘ ʜʠʘʧʘʟʦʥʘ ʜʝʢʘʤʝʪʨʦʚʳʭ ʚʦʣʥ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠééééééééééééééééééééééééé.. 

 

 
 

236 

ʆʙʠʨʠʥ ɽ.ɸ., ʌʝʜʦʨʦʚ ʀ.ʀ., ʂʫʯʠʥʘ ʆ.ʇ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʚ 
ʬʠʟʠʢʝéééééééééééééééééééééééééééééééé 

 
240 

ʆʙʨʝʟʢʦʚ ɼ.ʀ., ɼʝʨʛʫʥʦʚ ɽ.ɸ. ɺʠʨʪʫʘʣʠʟʘʠʮʠʷ ʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷéé.. 245 

ʇʘʢʣʠʥ ɺ.ʉ., ʌʦʥʯʫʢʦʚʘ ɸ.ʉ. ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʚʠʜ ʩʧʦʨʪʘ: ʬʫʪʙʦʣ 

ʨʦʙʦʪʦʚéééééééééééééééééééééééééééééé.. 

 

252 
ʇʘʨʘʤʟʠʥʘ ʅ.ɽ., ʏʝʨʝʧʘʥʦʚʘ ʂ.ʄ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. ʄʝʪʦʜʳ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ IP-ʪʝʣʝʬʦʥʠʠ ʚ ʩʝʪʷʭ ʕɺʄééééééééé 

 

255 

ʇʘʨʘʤʟʠʥʘ ʅ.ɽ., ʏʝʨʝʧʘʥʦʚʘ ʂ.ʄ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘééé 

 

257 
ʇʘʨʰʠʥʘ ɸ.ɽ., ʖʨʦʚʘ ɸ.ɸ. ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪʝéééé. 260 

ʇʝʨʝʣʷʢʠʥʘ ɸ.ʉ., ʂʘʨʝʚʘ ɼ.ɸ., ʅʝʥʘʰʝʚ ɽ.ɺ.  ɺʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʨʝʜʝ ʤʝʩʩʝʥʜʞʝʨʘ 
çTelegramè ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʨʘʞʜʘʥéééééééééé. 

 

 
265 



8 

 

ʇʝʪʨʦʚ ʇ.ɼ., ʇʦʪʘʧʦʚ ɸ.ʅ. ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ  ʘʢʪʠʚʥʳʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ  ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ 

ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʘʢʪʠʚʥʳʭ ʧʦʤʝʭéééééé 
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ʇʦʜʪʳʥʥʠʢʦʚ ʄ.ʈ., ʇʦʪʘʧʦʚ ɸ.ʅ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ 
ʚʦʟʜʫʰʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ  ʩʠʩʪʝʤʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ  ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷééééééééééééééééééééééééé. 
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ʦʙʫʯʝʥʠʶéééééééééééééééééééééééééééééé... 

 

 
417 

ɺʦʣʦʩʶʢ ɸ.ɽ. ʈʦʤʘʥʦʚʘ ʄ.ʀ ʇʦʭʦʜʳ ʃʠʤʘʭʦʥʛʘ ʚ ʢʦʥʪʝʢʩʪʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʠʨʘʪʦʚ ʚʘʢʦééééééééééééééééééééé.. 

 

421 

ɻʘʙʠʪʦʚ ʀ.ɸ., ʂʦʟʦʜʦʝʚ ʇ.ʀ. ʇʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 
ʪʝʘʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠʥʪʝʨʘʢʪʠʚʘ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʠʦʙʱʝʥʠʷ ʜʝʪʝʡ 

ʤʣʘʜʰʝʛʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʢ ʯʪʝʥʠʶééééééééééééééé. 

 
 

423 

ɻʝʢʢ ʄ.ɽ., ʉʫʭʠʭ ʅ.ʀ. ɸʣʛʦʨʠʪʤʳ ʠ ʧʨʝʜʚʟʷʪʦʩʪʴ: ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ 
ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʠʨ ʠ ʚʳʙʦʨ ʯʝʣʦʚʝʢʘééééééééééé 

 
428 

ɼʦʙʫʜʴʢʦ ɺ.ɸ., ʉʫʭʠʭ ʅ.ʀ. ʀʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʤ: ʦʧʳʪ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳéééééééééééééééééééééééééééé.. 

 

 

430 
ɼʦʚʛʘʣʴ ʀ.ɺ., ɸʥʘʥʠʯʝʚʘ ʉ.ʈ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʮʝʥʥʦʩʪʥʳʭ ʦʨʠʝʥʪʘʮʠʡ 

ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠéééééééééééééééééééééééé... 

 

433 

ɽʥʣʝ ʂ.ɸ., ʈʦʤʘʥʦʚʘ ʄ.ʀ. ɼʠʥʘʤʠʢʘ ʧʘʜʝʥʠʷ ɸʩʩʠʨʠʡʩʢʦʡ ʠʤʧʝʨʠʠé.. 436 
ɽʬʨʝʤʝʥʢʦ ɸ.ʖ., ʂʠʨʧʘʥʝʚ ʖ.ʌ. ʈʦʣʴ ʠ ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ ʚ ʬʠʟʠʯʝʩʢʦʤ  ʚʦʩʧʠʪʘʥʠʠ  ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡééééééééééééééééééééééééé... 

 

 

441 

ɿʘʙʦʨʦʚʩʢʘʷ ɸ.ɸ., ʇʦʛʘʨʮʝʚ ɺ.ɺ. ʆʨʛʘʥʠʟʘʪʦʨʩʢʘʷ ʠ ʧʦʜʚʠʞʥʠʯʝʩʢʘʷ 
ʜʝʷʪʝʣʴʥʦʩʪʴ ʈʫʩʩʢʦʡ ʧʨʘʚʦʩʣʘʚʥʦʡ ʮʝʨʢʚʠ ʚ ʇʨʠʘʤʫʨʴʝ ʠ ʇʨʠʤʦʨʴʝ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ  XIX ï ʥʘʯʘʣʝ XX ʚʝʢʦʚéééééééééééééééé 

 
 

445 

ʀʚʘʥʦʚʘ ʉ.ɺ., ɸʩʪʘʥʠʥʘ ɽ.ɸ. ʈʦʩʩʠʡʩʢʘʷ ʧʨʦʧʘʛʘʥʜʘ ʚ ʛʦʜʳ ʇʝʨʚʦʡ 
ʤʠʨʦʚʦʡ ʚʦʡʥʳééééééééééééééééééééééééééé.. 

 
449 

ʂʘʣʠʥʢʠʥʘ ʊ.ɺ., ʂʫʯʠʥʘ ʇ.ʉ., ʇʝʪʨʦʚʘ ɸ.ʄ., ʏʝʨʥʦʚʘ ʇ.ɽ., ʂʫʯʠʥʘ 

ʆ.ʇ. ʆʙʫʯʝʥʠʝ ʜʝʪʝʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʣʫʭʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʢʣʶʟʠʚʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʦʣʳééééééé.ééééééééééé.. 

 

 

452 
ʂʘʤʳʰʘʥʩʢʘʷ ʉ.ʈ., ɸʩʪʘʥʠʥʘ ɽ.ɸ. ʈʦʣʴ ʛʨʘʬʘ ʂ.ɺ. ʅʝʩʩʝʣʴʨʦʜʝ ʚ 

ʊʝʛʝʨʘʥʩʢʦʡ ʪʨʘʛʝʜʠʠ 1829 ʛʦʜʘééééééééééééééééééé.. 

 

455 

ʂʠʯʠʛʠʥ ʂ.ʄ., ɹʫʛʨʦʚ ɸ.ʉ. ʄʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʨʝʥʠʨʦʚʢʠ ʚ 

ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʤ ʩʧʦʨʪʝéééééééééééééééééééé 

 

459 
ʂʠʯʠʛʠʥ ʂ.ʄ., ɹʫʛʨʦʚ ɸ.ʉ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʙʝʛʫʥʦʚ ʥʘ ʩʨʝʜʥʠʝ ʜʠʩʪʘʥʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʫʯʝʙʳ ʚ ʚʫʟʝéééé. 

 

462 

ʂʦʚʘʣʝʚʘ ɿ.ʀ., ʉʫʭʠʭ ʅ.ʀ. ɺʣʠʷʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 
ʢʦʛʥʠʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠéééééééé 

 
466 
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ʂʦʟʣʦʚʘ ɽ.ɸ., ʄʘʨʢʠʥʘ ʖ.ʉ. ʂʨʦʩʩʤʝʜʠʡʥʦʩʪʴ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʚ 

ʧʫʙʣʠʯʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʷʭ ʅʂʆéééééééééééééééééééé 

 

471 

ʂʦʥʜʘʫʨʦʚ ʄ.ɸ., ɸʨʴʢʦʚ ɻ.ɺ. ʇʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʫʯʝʥʠʷ ʢʫʨʩʘʥʪʦʚ ʚʦʝʥʥʳʭ ʚʫʟʦʚéééééééééééééééééé.. 

 

474 
ʂʦʥʦʧʣʷʥʢʦ ɽ.ɸ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʇʨʦʙʣʝʤʘ ʟʘʪʚʦʨʥʠʯʝʩʪʚʘ ʚ 

ʷʧʦʥʩʢʦʤ ʦʙʱʝʩʪʚʝééééééééééééééééééééééééé... 

 

478 

ʂʦʩʪʶʢ ʇ.ɸ., ɹʫʛʨʦʚ ɸ.ʉ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʪʨʝʥʠʨʦʚʦʯʥʦʤ 

ʧʨʦʮʝʩʩʝ ʧʣʦʚʮʦʚééééééééééééééééééééééééééé 

 

481 
ʂʫʟʥʝʮʦʚ ɻ.ʀ., ɼʘʥʯʠʥʦʚʘ ʄ.ɼ. ʅʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʨʘʙʦʪʳ ʥʘʜ 

ʨʦʤʘʥʦʤ ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ çʇʨʝʩʪʫʧʣʝʥʠʝ ʠ ʥʘʢʘʟʘʥʠʝèééééé..  

 

484 

ʂʫʨʘʢʩʠʥʘ ʉ.ɽ., ʄʠʰʘʨʠʥʘ ɾ.ɺ., ʏʘʱʠʭʠʥ ɸ.ɺ. ʉʥʠʞʝʥʠʝ 
ʪʨʘʚʤʘʪʠʯʥʦʩʪʠ ʚ ʢʠʦʢʫʰʠʥʢʘʡééééééééééééééééééé 

 
486 

ʂʫʨʳʰʝʚʘ ʉ.ʆ., ʄʠʰʘʨʠʥʘ ɾ.ɺ. ʈʘʟʚʠʪʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠ 

ʙʳʩʪʨʦʪʳ ʩ ʧʦʤʦʱʴʶ ʜʨʦʥʨʝʡʩʠʥʛʘééééééééééééééééé.. 

 

490 

ʃʝʤʝʰʝʚʘ ɸ.ɸ., ʇʦʛʘʨʮʝʚ ɺ.ɺ. ʅʘʯʘʣʦ ʠ ʨʘʟʚʠʪʠʝ ʜʠʧʣʦʤʘʪʠʯʝʩʢʠʭ 
ʦʪʥʦʰʝʥʠʡ ʈʦʩʩʠʠ ʠ ʂʠʪʘʷ ʚ XVII ʚʝʢʝéééééééééééééééé. 

 
494 

ʃʦʥʰʘʢʦʚ ɸ.ʄ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çɿʘʨʫʙʝʞʥʦʝ ʨʝʛʠʦʥʦʚʝʜʝʥʠʝèéééééééééééé.. 

 

498 
ʄʘʢʩʠʤʦʚʘ ɸ.ɼ., ʉʤʠʨʥʦʚʘ ɺ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʜʚʠʞʝʥʠʷ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʠʥʢʣʶʟʠʚʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʢʫʣʴʪʫʨʥʦ-

ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠééééééééé. 

 

 

501 

ʄʘʣʳʛʠʥʘ ɸ.ʉ., ʉʫʭʠʭ ʅ.ʀ. ʎʠʬʨʦʚʦʝ ʥʝʨʘʚʝʥʩʪʚʦ: ʢʘʢ ʜʦʩʪʫʧ ʢ 
ʪʝʭʥʦʣʦʛʠʷʤ ʬʦʨʤʠʨʫʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʩʪʨʘʪʳéééééé.. 

 
503 

ʄʘʣʳʰʝʚ ʈ.ʉ., ʂʫʨʙʘʥʦʚ ʈ.ʀ., ɸʨʴʢʦʚ ɻ.ɺ. ʇʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʫʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʚʷʟʠ ʚ ʚʦʝʥʥʦʤ ʚʫʟʝééééééé. 

 

506 
ʄʠʨʦʥʦʚ ʇ.ɸ., ɿʘʡʥʘʛʘʙʜʠʥʦʚʘ ʕ.ʏ. ʂʫʣʴʪʫʨʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʥʘʩʣʝʜʠʝ ʕʨʥʩʪʘ ʊʝʦʜʦʨʦʚʠʯʘ ʂʨʝʥʢʝʣʷ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʘʨʢʪʠʯʝʩʢʦʛʦ 

ʨʝʛʠʦʥʘééééééééééééééééééééééééééééééé.. 

 

 

509 

ʄʦʣʠʪʚʠʢ ɽ.ʂ., ʄʘʣʠʥʦʚʩʢʘʷ ʆ.ɺ. ɺʣʠʷʥʠʝ ʧʩʠʭʦʣʦʛʠʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 
ʣʝʛʢʦʘʪʣʝʪʦʚ: ʢʘʢ ʧʦʜʛʦʪʦʚʢʘ ʫʤʘ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʩʧʦʨʪʠʚʥʳʝ 

ʜʦʩʪʠʞʝʥʠʷééééééééééééééééééééééééééééé 

 
 

515 

ʄʦʨʦʟʦʚ ʈ.ʄ., ʄʠʰʘʨʠʥʘ ɾ.ɺ. ʄʝʪʦʜʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ 
ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʪʝʣʦʩʣʦʞʝʥʠʷ ʚ 18-20 ʣʝʪéééé.. 

 
517 

ʄʦʨʦʟʦʚ ʉ.ɼ., ʄʠʰʘʨʠʥʘ ɾ.ɺ. ʌʠʟʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʬʠʟʠʯʝʩʢʠʭ 

ʢʘʯʝʩʪʚ ʩʪʫʜʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʠʛʨʳ ʩʢʚʦʰéééééééééééééé. 

 

520 

ʅʘʫʤʦʚʘ ʉ.ɹ., ʄʠʰʘʨʠʥʘ ɾ.ɺ. ɺʣʠʷʥʠʝ ʧʠʣʘʪʝʩʘ ʥʘ ʦʩʘʥʢʫ ʠ ʟʜʦʨʦʚʴʝ 
ʧʦʟʚʦʥʦʯʥʠʢʘ ʫ ʧʦʜʨʦʩʪʢʦʚ 16-18 ʣʝʪééééééééééééééééé 

 
522 

ʅʝʢʨʘʩʦʚ ʗ.ʖ., ʇʘʚʣʦʚ ɼ.ɺ. ʈʦʣʴ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʚ ʢʫʣʴʪʫʨʥʦ-

ʜʦʩʫʛʦʚʦʡ ʞʠʟʥʠ ʩʪʫʜʝʥʪʦʚééééééééééééééééééééé. 

 

525 

ʅʝʩʪʝʨʝʚʘ ɺ.ʄ., ɹʣʘʞʥʦʚʘ ʆ.ɺ. ɾʝʥʩʢʠʝ ʦʙʨʘʟʳ ʚ ʪʚʦʨʯʝʩʪʚʝ ɸ.ʉ. 
ʇʫʰʢʠʥʘ: ʠʜʝʘʣʳ ʠ ʨʝʘʣʴʥʦʩʪʴéééééééééééééééééééé 

 
528 

ʅʝʮʝʨ ʊ.ɺ., ʂʘʣʠʥʠʯʝʥʢʦ ʖ.ɸ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʧʨʦʛʨʘʤʤʠʩʪʘéééééé 

 

532 
ʅʠʢʠʪʠʥʘ ɺ.ɽ., ʇʦʛʘʨʮʝʚ ɺ.ɺ. çʅʦʯʥʳʝ ʚʝʜʴʤʳè: ʣʝʛʝʥʜʘʨʥʳʡ 588-ʡ  
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ʛʚʘʨʜʝʡʩʢʠʡ ʥʦʯʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʦʯʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʧʦʣʢééééééé 535 

ʆʙʠʨʠʥ ɸ.ɸ., ʐʫʣʴʞʝʥʢʦ ʅ.ɺ. ʉʦʭʨʘʥʝʥʠʝ ʜʫʭʦʚʥʳʭ-ʥʨʘʚʩʪʚʝʥʥʳʭ 

ʮʝʥʥʦʩʪʝʡ ʚ ʨʦʩʩʠʡʩʢʦʤ ʦʙʱʝʩʪʚʝ: ʠʩʪʦʨʠʢʦ-ʧʨʘʚʦʚʦʡ ʘʩʩʧʝʢʪéééé. 

 

539 

ʆʟʦʨʥʠʥ ɽ.ʄ., ʄʠʰʘʨʠʥʘ ɾ.ɺ. ʄʝʪʦʜʳ ʩʘʤʦʢʦʥʪʨʦʣʷ ʚ ʧʨʦʮʝʩʩʝ 
ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʫ ʩʪʫʜʝʥʪʦʚééééééééééééééééé 

 
543 

ʆʢʦʚʠʪʘʷ ɼ.ʇ., ʇʦʛʘʨʮʝʚ ɺ.ɺ. ʆʧʠʩʘʥʠʝ ʵʧʦʭʠ ʀʚʘʥʘ ɻʨʦʟʥʦʛʦ ʚ 

ʠʥʦʩʪʨʘʥʥʦʡ ʤʝʤʫʘʨʠʩʪʠʢʝ ʢʦʥʮʘ XVI - ʥʘʯʘʣʦ XVII ʚʝʢʦʚééééééé 

 

545 

ʆʣʝʡʥʠʢʦʚʘ ɺ.ʈ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʂʠʪʘʡʩʢʠʡ ʢʠʥʝʤʘʪʦʛʨʘʬ ʢʘʢ 
ʭʨʘʥʠʪʝʣʴ ʠʩʪʦʨʠʠééééééééééééééééééééééééé... 

 
548 

ʇʝʪʨʦʚ ɼ.ɼ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʬʘʢʪʦʨʳ 

ʫʩʪʦʡʯʠʚʦʛʦ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ: ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠ 
ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʚʠʪʠʷéééééééééééééééééééééééé. 

 

 
551 

ʇʦʟʜʥʷʢʦʚʘ ʂ.ɺ., ɹʫʯʢʦ ʅ.ʇ. ʉʫʜ ʥʘʜ ʚʦʝʥʥʳʤʠ ʧʨʝʩʪʫʧʥʠʢʘʤʠ ʚ 

ʍʘʙʘʨʦʚʩʢʝééééééééééééééééééééééééééééé... 

 

556 

ʇʦʧʣʸʚʠʥ ʄ.ɺ., ʆʨʠʰʘʢʘ ɺ.ɸ., ɹʣʘʞʥʦʚʘ ʆ.ɺ., ʈʝʧʣʷʥʩʢʘʷ ʆ.ɺ. 

ʇʫʰʢʠʥʩʢʘʷ ʪʨʘʜʠʮʠʷ ʚ ʨʫʩʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ XIX-XXI ʚʝʢʦʚéééééé. 

 
559 

ʇʦʧʦʚ ʀ.ʈ., ʇʫʪʠʥʮʝʚ ɺ.ɸ., ʐʝʤʝʪʦʚ ɸ.ʉ., ʑʝʨʙʠʥʠʥ ʀ.ɸ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʝʛʦ 
ʮʝʥʥʦʩʪʥʦ-ʩʤʳʩʣʦʚʳʝ ʦʨʠʝʥʪʠʨʳéééééééééééééééééé... 

 

 
566 

ʇʦʧʦʚʘ ɺ.ɼ., ɹʫʛʨʦʚ ɸ.ʉ. ɿʘʥʷʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʩʧʦʨʪʦʤ 

ʧʨʠ ʙʨʦʥʭʠʘʣʴʥʦʡ ʘʩʪʤʝééééééééééééééééééééééé. 

 

570 

ʇʦʧʦʚʘ ɺ.ɼ., ɹʫʛʨʦʚ ɸ.ʉ. ʄʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʙʘʟʦʚʳʤ 
ʵʣʝʤʝʥʪʘʤ ʠʛʨʝ ʙʘʩʢʝʪʙʦʣéééééééééééééééééééééé. 

 
573 

ʇʦʧʦʚʘ ɺ.ɼ., ɹʫʛʨʦʚ ɸ.ʉ. ʄʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʙʘʟʦʚʳʤ 

ʵʣʝʤʝʥʪʘʤ ʚʦʣʝʡʙʦʣʘéééééééééééééééééééééééé 

 

577 
ʇʦʧʦʚʘ ɺ.ɼ., ɹʫʛʨʦʚ ɸ.ʉ. ʇʨʠʥʮʠʧʳ ʠ ʤʝʪʦʜʳ ʟʘʢʘʣʠʚʘʥʠʷ 

ʦʨʛʘʥʠʟʤʘéééééééééééééééééééééééééééééé. 

 

581 

ʇʨʦʮʝʥʢʦ ɸ.ɺ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʌʘʢʪʦʨʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʫʩʩʢʦʛʦ 

ʷʟʳʢʘ ʚ ʂʅʈééééééééééééééééééééééééééééé. 

 

584 
ʈʘʭʤʘʪʫʣʣʠʥʘ ɼ.ɸ., ʉʫʭʠʭ ʅ.ʀ. ʆ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʚʣʠʷʥʠʷ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʥʘ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡéé. 

 

587 

ʈʦʤʘʰʢʠʥʘ ʉ.ʀ., ʉʝʨʝʥʢʦʚ ʖ.ʉ. çCall-out cultureè: ʆʧʳʪ ʦʙʲʷʩʥʝʥʠʷ 
ʣʠʥʛʚʦʩʪʨʘʥʦʚʝʜʯʝʩʢʦʡ ʨʝʘʣʠʠ ʠ ʧʦʠʩʢ ʧʝʨʝʚʦʜʯʝʩʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷé.. 

 
591 

ʈʦʱʝʚʩʢʠʡ ɼ.ɸ., ʅʘʜʪʦʯʠʡ ɿ.ʖ. ɺʣʠʷʥʠʝ ʥʦʚʳʭ ʩʫʙʢʫʣʴʪʫʨ ʥʘ 

ʤʦʣʦʜʝʞʴéééééééééééééééééééééééééééééé 

 

593 

ʈʫʢʘʚʠʰʥʠʢʦʚ ɼ.ɼ., ʃʫʟʠʢʦʚʘ ʊ.ɺ. ʌʣʝʰʤʦʙ ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ 
ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʣʦʜʝʞʠééééééééé 

 
595 

ʈʷʰʝʥʮʝʚʘ ʄ.ʂ., ʍʨʦʤʠʥ ʉ.ʂ., ɸʥʪʦʥʷʥʮ ɽ.ʅ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʘʙʠʪʫʨʠʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚéééééééééééééé. 

 

 

598 
ʉʘʚʠʥ ɽ.ɸ., ʌʫʨʝʨ ʆ.ɺ. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʫʯʝʥʠʠ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʘʤ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚééééééééééééééé. 

 

 

601 
ʉʘʡʢʠʥ ɼ.ɼ., ʏʘʱʠʭʠʥ ɸ.ɺ. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ  



13 

 

ʩʧʦʨʪʘ ʚ ʜʝʪʩʢʠʭ ʣʘʛʝʨʷʭ (ʥʘ ʧʨʠʤʝʨʝ ʜʝʪʩʢʦʛʦ ʣʘʛʝʨʷ çɸʨʪʝʢè) ééé 603 

ʉʘʡʢʠʥ ɼ.ɼ., ʉʫʭʠʭ ʅ.ʀ. ʌʝʥʦʤʝʥ ʚʠʨʪʫʘʣʴʥʳʭ ʣʠʯʥʦʩʪʝʡ: 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʚʦʩʧʨʠʷʪʠʝ çʗè ʚ ʮʠʬʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝéééé... 

 

606 

ʉʝʣʝʥʷ ɼ.ɸ., ʂʦʩʘʨʝʚʘ ɸ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʚ ʦʙʨʘʟʦʚʘʥʠʠéééééééééééééééééééééééééééé.. 

 
608 

ʉʝʤʝʥʶʪʘ ʂ.ɸ., ʉʫʭʠʭ ʅ.ʀ. ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʨʠʩʢʠééééééé..éééééé.. 

 

612 

ʉʝʤʝʥʶʪʘ ʂ.ɸ., ʏʘʱʠʭʠʥ ɸ.ɺ. ʄʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ ʧʣʘʚʘʥʠʶ ʩʪʠʣʝʤ 
ʢʨʦʣʴééééééééééééééééééééééééééééééé.. 

 
615 

ʉʝʤʠʥʘ ɽ.ʂ., ʄʘʨʢʠʥʘ ʖ.ʄ.  ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʢʘʤʧʘʥʠʷ ï ʤʝʭʘʥʠʟʤ 

ʧʨʦʜʚʠʞʝʥʠʷ ʚ ʩʧʦʨʪʠʚʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷééééééééééééééé. 

 

618 
ʉʪʦʣʷʨʦʚ ʂ.ʈ., ʉʫʭʠʭ ʅ.ʀ. ʂʦʤʤʫʥʠʢʘʪʠʚʥʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʚ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʬʝʨʝ: ʈʦʣʴ ʤʷʛʢʠʭ ʥʘʚʳʢʦʚ ʚ ʦʙʣʘʩʪʠ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚéééééééééééééééééééééé... 

 

 

624 

ʉʫʨʠʥ ɼ.ʈ., ʅʘʜʪʦʯʠʡ ɿ.ʖ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʝʤʴʠ ʚʦʝʥʥʦʩʣʫʞʘʱʝʛʦéé.. 630 
ʊʘʥʷʢʠʥ ɸ.ɸ., ʉʫʭʠʭ ʅ.ʀ. ʇʨʦʮʝʩʩ ʥʝʦʣʦʛʠʟʘʮʠʠ ʚ IT: ʩʣʦʚʘ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʨʝʘʣʴʥʦʩʪʴéééééééééééééééééééééé.. 

 

632 

ʊʘʨʘʭʪʝʝʚ ɸ.ɺ., ʂʦʩʘʨʝʚʘ ɸ.ɸ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ 
ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠéééééééééééééé.. 

 
635 

ʊʝʣʝʛʠʥʘ ʂ.ɸ., ʇʦʛʘʨʮʝʚ ɺ.ɺ. ʆʪʨʘʞʝʥʠʝ ʧʦʣʠʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ 

1980-1991 ʛʦʜʦʚ ʚ ʤʫʟʳʢʝ ʩʦʚʝʪʩʢʠʭ ʠʩʧʦʣʥʠʪʝʣʝʡééééééééééé 

 

637 

ʊʝʧʣʦʚ ʂ.ʀ., ʌʫʨʝʨ ʆ.ɺ. ʇʦʜʛʦʪʦʚʢʘ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 
ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʬʝʨʝ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡéééééééééééééééééé 

 
 

643 

ʊʠʭʦʥʦʚʘ ɺ.ɽ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʂʠʪʘʡʩʢʠʡ ʢʠʥʝʤʘʪʦʛʨʘʬ: ʦʪ 
ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦéééééééééééééééééééé.. 

 
646 

ʊʨʦʬʠʤʯʫʢ ɸ.ʅ., ʉʪʘʨʫʥʦʚ ɺ.ɺ., ʗʨʦʚʦʚʘ ʊ.ɺ. ʈʠʩʢʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʬʝʨʝ ʛʫʤʘʥʠʪʘʨʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷééééééééééééééééééééééééééééé. 

 

 

649 
ʋʩʘʯʝʚ ʅ.ɸ., ʉʫʭʠʭ ʅ.ʀ. ʕʚʦʣʶʮʠʷ ʷʟʳʢʘ ʚ ʮʠʬʨʦʚʫʶ ʵʧʦʭʫ: ʚʣʠʷʥʠʝ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʤʝʩʩʝʥʜʞʝʨʦʚ ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʦʨʠʝʥʪʠʨʳééééé.. 

 

652 

ʌʝʜʦʨʠʥ ɸ.ɸ., ʌʠʣʦʥʝʥʢʦ ʃ.ɺ. ʇʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 
ʚʦʝʥʥʦ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠééééééééééééééé. 

 
655 

ʍʨʫʩʪʘʣʝʚʘ ʆ.ɸ., ʏʝʮʢʘʷ ɸ.ɽ., ɹʘʨʫʣʠʥʘ ʊ.ɸ ʆʙʫʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʠʛʨ: 

ʥʦʚʘʷ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʍʍɯ ʚʝʢʘéééééééééééééééé.. 

 

659 

ʎʚʝʪʢʦʚʘ ɸ.ɼ., ʂʦʟʦʜʦʝʚ ʇ.ʀ. ʂʨʠʪʝʨʠʠ ʠ ʫʨʦʚʥʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 
ʥʘʚʳʢʦʚ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʨʝʯʠ ʫ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ ʚ ʜʝʪʩʢʦʡ 

ʪʝʘʪʨʘʣʴʥʦʡ ʩʪʫʜʠʠéééééééééééééééééééééééé. 

 
 

663 

ʎʠʙʠʟʦʚʘ ʉ.ɺ. ɹʫʯʢʦ ʅ.ʇ.  ɾʝʥʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʈʦʩʩʠʠ ʩ ʜʨʝʚʥʝʡʰʠʭ 

ʚʨʝʤʝʥ ʜʦ XX ʚʝʢʘéééééééééééééééééééééééééé.. 

 

667 
ʏʝʨʥʝʮʢʠʡ ɸ.ʉ., ʖʨʯʝʥʢʦ ɽ.ʉ. ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ 

ɻɼʈ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 1950-ʭ ʛʦʜʦʚéééééééééééééééééé 

 

669 
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ʈɸɿɼɽʃ 3: 

ɹʀɿʅɽʉ. ʕʂʆʅʆʄʀʂɸ. ʋʇʈɸɺʃɽʅʀɽ 

ɸʛʝʝʥʢʦ ɸ.ɺ., ɻʘʬʘʨʦʚʘ ʕ.ʕ., ɹʘʨʫʣʠʥʘ ʊ.ɸ. ʇʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʫʯʠʪʝʣʴʩʢʦʡ ʧʨʦʬʝʩʩʠʠééééééééééééééééééé 

 

674 
ɸʣʘʣʳʢʠʥʘ ʗ.ɺ., ʌʦʤʝʥʢʦ ʊ.ʅ. ʄʦʰʝʥʥʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ ʚ 

ʙʫʭʛʘʣʪʝʨʩʢʦʤ ʫʯʝʪʝééééééééééééééééééééééééé 

 

677 

ɸʪʝʰ ʂ.ʅ., ʂʘʣʘʰʥʠʢʦʚʘ ɸ.ɸ. ɺʣʠʷʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʨʳʥʢʘ ʪʨʫʜʘ ʚ ʩʬʝʨʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʪʨʝʙʦʚʘʥʠʷ 
ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚéééééééééééééééééééé. 

 

 
679 

ɸʬʘʥʘʩʴʝʚʘ ʄ. ʉ., ɻʨʠʛʦʨʦʚʘ ɽ. ʂ., ɸʣʝʪʜʠʥʦʚʘ ɸ.ɸ. ɺʣʠʷʥʠʝ 

ʢʣʠʧʦʚʦʛʦ ʤʳʰʣʝʥʠʷ ʥʘ ʧʦʢʫʧʢʠ ʥʘ ʤʘʨʢʝʪʧʣʝʡʩʘʭéééééééééé.. 

 

682 
ɹʘʜʝʨʠʥ ʈ.ʆ., ʉʫʭʠʭ ʅ.ʀ. ɺʣʠʷʥʠʝ ʛʣʦʙʘʣʠʟʘʮʠʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʈʦʩʩʠʠééééééééééééééééééééé 

 

685 

ɹʦʙʝʣʘ ɸ.ʀ., ɹʦʨʦʜʠʥʘ ʆ.ʖ. ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʢʘʜʨʦʚʳʤ 

ʨʝʟʝʨʚʦʤ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭééééééééééééé 

 

691 
ɹʦʨʠʩʦʚʘ ɸ.ɸ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ɺʣʠʷʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘ ʫʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘéééééééééééééééééééééééééé... 

 

693 

ɹʫʢʠʥ ɼ.ɸ., ʂʘʣʘʰʥʠʢʦʚʘ ɸ.ɸ. ʆ ʥʝʢʦʪʦʨʳʭ ʘʩʧʝʢʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʤʝʨʦʧʨʠʷʪʠʡ ʥʘʣʦʛʦʚʦʛʦ ʢʦʥʪʨʦʣʷéééééééééééééééééé. 

 
 

698 

ɹʳʢʦʚ ɼ.ʅ., ʊʦʩʠʥʘ ʉ.ʂ., ɹʘʨʫʣʠʥʘ ʊ.ɸ. ʉʦʚʤʝʩʪʥʦʝ ʙʫʜʫʱʝʝ: ʂʘʢ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʢʦʤʧʘʥʠʡ ʤʝʥʷʝʪ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ 

 

701 
ɹʳʣʢʦʚʘ ʉ.ɸ., ʃʝʰʫʥʜʘʢ ʖ.ɸ., ʇʫʪʠʚʝʮ ɻ.ʕ. çɿʝʣʸʥʘʷ ʵʢʦʥʦʤʠʢʘè: 

ʩʫʱʥʦʩʪʴ ʠ ʨʦʣʴ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʝʸ ʨʘʟʚʠʪʠʠéééééééééééééé 

 

704 

ɺʘʰʫʨʠʥʘ ʉ.ʀ., ɿʘʯʠʥʷʝʚʘ ɺ.ʂ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʛʦ 
ʨʘʟʚʠʪʠʷ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ, ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʝʡ ʠ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʪʘʨʩʪʘʥéééééééééééééééééééééééééééé.. 

 
 

709 

ɺʠʥʥʠʢ ʂ.ɸ., ɹʘʜʨʫʪʜʠʥʦʚ ʊ.ʈ., ʇʫʪʠʚʝʮ ɻ.ʕ. ɺʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʣʛ ʈʌ: ʘʥʘʣʠʟ ʠ ʧʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠéééééééé 

 

714 
ɺʠʨʢʦʚʘ ʗ.ɺ., ʂʦʨʦʣʝʚ ʄ.ʇ., ʇʫʪʨʶʢʦʚ ʉ.ɽ., ʈʫʮ ʆ.ɸ., ʐʠʪʠʢʦʚ 

ɸ.ʀ., ɹʳʩʪʨʦʚʘ ɽ.ʄ. ɸʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʧʨʦʝʢʪʘ çʇʦʚʳʰʝʥʠʝ ʠʥʪʝʨʝʩʘ 

ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʫ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʊʘʡʤʳʨʘè.. 

 

 

718 
ɻʦʥʯʘʨʦʚʘ ɸ.ɺ., ʇʫʪʠʚʝʮ ɻ.ʕ. ʈʘʟʚʠʪʠʝ ʜʝʥʝʛ ʥʘ ʨʘʟʥʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʵʪʘʧʘʭééééééééééééééééééééééééééééééé.. 

 

721 

ɼʦʙʨʦʚʘ ɸ.ɸ., ɸʣʝʪʜʠʥʦʚʘ ɸ.ɸ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʧʦ 

ʫʨʦʚʥʶ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠéééééééééééééééééé 

 

726 
ʀʚʘʥʦʚʘ ɺ.ʉ., ʃʘʧʰʠʥ ʊ.ɸ., ɹʘʨʫʣʠʥʘ ʊ.ɸ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ: ʫʛʨʦʟʘ ʜʣʷ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠʣʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠééééé. 

 

729 

ʂʘʣʠʥʠʥʘ ɼ.ɸ., ʄʘʨʢʠʥʘ ʖ.ʄ. ɺʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ 

ʥʘ ʚʠʜʝʦ-ʢʦʥʪʝʥʪ ʥʝʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 
ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʶʜʞʝʪʘééééééééééééééééééééééé 

 

 
733 

ʂʘʣʠʥʠʥʘ ɼ.ɺ., ʃʳʩʝʥʢʦ ʅ.ʂ., ʇʫʪʠʚʝʮ ɻ.ʕ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʣʦʛʘ ʚ ʩʫʙʲʝʢʪʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ 
ʌʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ (ʥʘ ʧʨʠʤʝʨʝ ʇʨʠʤʦʨʩʢʦʛʦ ʠ ʍʘʙʘʨʦʚʩʢʦʛʦ 
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ʢʨʘʝʚ)éééééééééééééééééééééééééééééééé 736 

ʂʘʤʘʝʚ ʄ.ʉ., ʇʘʪʦʪʦʚ ʅ.ʄ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʆʮʝʥʢʠ ʫʨʦʚʥʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʚʠʪʠʷ ɺʣʘʜʠʤʠʨʩʢʦʡ, ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʝʡ ʠ ʍʘʥʪʳ-

ʄʘʥʩʠʡʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘééééééééééééééééééé 

 

 

742 
ʂʘʥ ʄʠʥ ʍʦ, ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʇʨʦʙʣʝʤʳ ʠʥʪʝʛʨʘʮʠʠ ɸʉɽɸʅéééé. 745 

ʂʘʧʣʫʥ ɸ.ʉ., ʇʫʪʠʚʝʮ ɻ.ʕ. ʇʨʦʙʣʝʤʳ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠéééééééééééééééééééééééééééééé 

 

750 

ʂʘʯʠʛʠʥʘ ɺ.ɸ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʦʚ 
ʥʘ ʦʩʥʦʚʝ ʠʥʜʝʢʩʥʦʛʦ ʤʝʪʦʜʘééééééééééééééééééééé 

 
753 

ʂʠʨʧʠʯʸʚ ɸ.ʉ., ʃʫʟʠʢʦʚʘ ʊ.ɺ. ɺʣʠʷʥʠʝ ʢʠʙʝʨʩʧʦʨʪʘ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠééééééééééééééééééééééééé 

 

759 
ʂʦʙʟʘʨʴ ʄ.ɽ., ʇʘʢ ʖ ʅʠ, ʇʫʪʠʚʝʮ ɻ.ʕ. ʌʠʥʘʥʩʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʬʝʨʳ ʟʘʱʠʪʳ ʧʨʘʚ ʧʦʪʨʝʙʠʪʝʣʝʡéééé.. 

 

763 

ʂʦʣʝʩʥʠʢʦʚ ʅ.ʄ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʗʧʦʥʠʠéééééééééééééééééééééééé... 

 

766 
ʂʦʣʦʜʶʢ ɺ.ɼ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʈʝʟʫʣʴʪʘʪʳ ʩʘʥʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʩʪʨʘʥ ɿʘʧʘʜʘ ʥʘ ʵʢʦʥʦʤʠʢʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠéééééééééé.. 

 

771 

ʂʦʨʥʝʝʚʘ ɸ.ɸ., ʗʥʢʠʥʘ ʀ.ɸ. ʂʦʨʨʫʧʮʠʷ ʢʘʢ ʬʘʢʪʦʨ ʩʥʠʞʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷéééé 

 
775 

ʂʫʟʥʝʮʦʚ ɼ.ʄ., ʖʭʥʦ ʅ.ʉ. ʕʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʤʘʪʝʤʘʪʠʢʘ ʜʚʠʛʘʪʝʣʠ 

ʵʢʦʥʦʤʠʢʠ ʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘéééééééééééééééééééé 

 

778 

ʂʫʟʥʝʮʦʚʘ ɽ.ɽ., ʈʳʢʦʚʘ ɺ.ɸ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʆʮʝʥʢʠ ʫʨʦʚʥʷ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʚʠʪʠʷ ɺʦʨʦʥʝʞʩʢʦʡ, ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʝʡ ʠ 

ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷéééééééééééééééééééééééééé.. 

 
 

781 

ʃʫʞʢʦʚ ʅ.ɼ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʣʠʪʠʢʠ ʮʠʬʨʦʚʦʡ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʠ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤééé.. 

 
783 

ʄʘʥʝʮ ɼ.ɺ., ʇʘʩʝʯʥʠʢ ʅ.ɽ., ʇʫʪʠʚʝʮ ɻ.ʕ. ʇʨʦʙʣʝʤʳ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ 

ʙʠʟʥʝʩʘ ʚ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠééééééééééééééééééééé.. 

 

789 

ʄʘʪʚʝʝʚ ɸ.ɸ., ʇʷʪʢʦʚʩʢʠʡ ɸ.ɸ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʆʮʝʥʢʠ ʫʨʦʚʥʷ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʚʠʪʠʷ ʨʝʩʧʫʙʣʠʢ ʉʘʭʘ (ʗʢʫʪʠʷ) ʠ ʊʳʚʘ, ɽʚʨʝʡʩʢʦʡ 

ɸʚʪʦʥʦʤʥʦʡ ʠ ʇʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʝʡéééééééééééééé.éé... 

 
 

793 

ʄʝʜʚʝʜʝʚʘ ɸ.ʉ., ʏʤʝʣʴ ɺ.ʗ., ʐʘʨʝʥʜʘ ɺ.ɼ., ɹʘʨʫʣʠʥʘ ʊ.ɸ. ʇʨʦʙʣʝʤʘ 
ʛʝʥʜʝʨʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʙʝʟʨʘʙʦʪʠʮʳ: ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʠ ʧʦʩʣʝʜʩʪʚʠʡéé. 

 
797 

ʄʦʮʥʘʷ ɸ.ɺ., ʅʫʨʝʪʜʠʥʦʚʘ ɽ.ɸ., ʇʫʪʠʚʝʮ ɻ.ʕ. ʈʦʣʴ ʙʶʜʞʝʪʘ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ ʈʦʩʩʠʠéééééééééééééééééééé. 

 

802 

ʄʵʨʢʵʫʮʘʥʫ ɼ.ɸ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʚ 
ʈʝʩʧʫʙʣʠʢʝ ʂʦʨʝʷéééééééééééééééééééééééééé... 

 
806 

ʇʝʥʝʛʘ ɸ.ɻ., ʇʫʪʠʚʝʮ ɻ.ʕ. ʈʘʟʚʠʪʠʝ ʢʨʝʜʠʪʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ 

ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝéééééééééééééééééééééééééé.. 

 

810 

ʇʦʜʧʦʚʝʪʥʳʡ ɸ.ɼ., ɹʘʨʯʫʢʦʚʘ ʊ.ɸ. ʆʩʥʦʚʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʣʦʚʦʡ 
ʵʪʠʢʠ ʦʨʛʘʥʠʟʘʮʠʠéééééééééééééééééééééééééé 

 
817 

ʈʫʩʘʢʦʚ ɼ.ʉ., ʌʫʨʝʨ ʆ.ɺ. ɸʢʪʫʘʣʠʟʘʮʠʷ ʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʧʦʜʛʦʪʦʚʢʠ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭééééééé 

 

820 
ʉʘʡʢʠʥ ɼ.ɼ., ʉʫʭʠʭ ʅ.ʀ. ʌʝʥʦʤʝʥ ʚʠʨʪʫʘʣʴʥʳʭ ʣʠʯʥʦʩʪʝʡ:  
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ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʚʦʩʧʨʠʷʪʠʝ çʗè ʚ ʮʠʬʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝééééé 822 

ʉʘʧʝʣʢʠʥʘ ɸ.ɺ., ɽʤʝʣʴʷʥʦʚʘ ʆ.ɺ. ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʤéééééééééééééééé.. 

 

 

825 
ʉʢʨʷʙʠʥ ɽ.ʅ., ʏʘʱʠʭʠʥ ɸ.ɺ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʰʢʦʣʴʥʦʛʦ ʠ 

ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘééééééééééééééééééééééé 

 

829 

ʉʣʝʧʮʦʚ ʀ.ɺ., ʉʠʤʦʥʝʥʢʦ ʆ.ɸ. ʇʝʨʩʧʝʢʪʠʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʢʦʩʤʦʩʝ: ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠʣʠ ʢʦʥʬʨʦʥʪʘʮʠʷ?................ 

 

831 
ʉʪʘʙʨʦʚʩʢʠʡ ʀ.ɸ., ʖʨʯʝʥʢʦ ɽ.ʉ. ʇʨʦʛʨʘʤʤʘ ʄɺʌ ʧʦ ʧʨʝʦʜʦʣʝʥʠʶ 

ʬʠʥʘʥʩʦʚʦ- ʢɻʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ 1997-1998 ʛʦʜʦʚ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʦʨʝʷé 

 

835 

ʉʪʨʷʧʯʠʭ ɽ.ʉ., ʌʦʤʝʥʢʦ ʊ.ʅ. ʇʦʨʷʜʦʢ ʭʨʘʥʝʥʠʷ ʠ ʠʟʲʷʪʠʷ 
ʙʫʭʛʘʣʪʝʨʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚéééééééééééééééééééééé. 

 
840 

ʊʢʘʯʝʚ ɼ.ʄ., ʇʣʦʪʥʠʢʦʚʘ ɺ.ʆ., ʇʫʪʠʚʝʮ ɻ.ʕ. ʇʨʦʙʣʝʤʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʨʝʜʠʪʥʦ-ʜʝʥʝʞʥʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝéééééééééééééééééééééééé.. 

 

 

843 
ʊʦʧʦʨʦʚʘ ɽ.ɺ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʆʮʝʥʢʠ ʫʨʦʚʥʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʚʠʪʠʷ 

ʨʝʩʧʫʙʣʠʢʠ ʂʘʣʤʳʢʠʷ ʠ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠéééééééééééééé. 

 

849 

ʌʨʦʣʦʚ ʄ.ɽ., ʂʫʨʯʝʝʚʘ ɻ.ʀ. ʆʮʝʥʢʠ ʫʨʦʚʥʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʚʠʪʠʷ 
ʨʝʩʧʫʙʣʠʢʠ ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ - ɸʣʘʥʠʷ, ʏʝʯʝʥʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠééééé 

 
852 

ʍʨʘʤʯʝʥʢʦ ʄ.ɼ., ʌʦʤʝʥʢʦ ʊ.ʅ. ʇʨʠʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʜʦʢʘʟʳʚʘʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʘʚʦʥʘʨʫʰʝʥʠʡééééééééééééééééééééééééééé. 

 

 

855 
ʏʝʮʢʘʷ ɸ.ɽ., ɸʥʠʢʠʥʘ ʀ.ɺ.  ɹʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʩʬʝʨʝ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡéééééééééééééééééééééééééé 

 

858 

ʐʘʡʜʫʨʦʚʘ ɸ.ʆ., ʄʘʨʢʠʥʘ ʖ.ʄ. ɸʢʪʫʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʧʨʝʟʝʥʪʘʮʠʠ 
ʙʨʝʥʜʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʝʛʦ ʚʥʝʰʥʶʶ ʠ ʚʥʫʪʨʝʥʥʶʶ ʩʨʝʜʫ. 

 
863 

ʐʝʩʪʘʢʦʚ ʂ.ɼ., ʃʫʟʷʥʠʥ ɿ.ʉ., ʂʫʨʯʝʝʚʘ ɻ.ʀ.  ʆʮʝʥʢʠ ʫʨʦʚʥʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʚʠʪʠʷ ʅʠʞʝʛʦʨʦʜʩʢʦʡ,  ʊʶʤʝʥʩʢʦʡ, ʊʚʝʨʩʢʦʡ 

ʦʙʣʘʩʪʝʡ ʠ ɽʚʨʝʡʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʦʙʣʘʩʪʠéééééééééééééé 

 

 

868 
 

 

 

ʈɸɿɼɽʃ 4:  

ʇʈɸɺʆ. ʇʆʃʀʊʀʂɸ.  

ɹɽɿʆʇɸʉʅʆʉʊʔ ɻʆʉʋɼɸʈʉʊɺɸ. 

ɹɽɿʆʇɸʉʅʆʉʊʔ ɾʀɿʅɽɼɽʗʊɽʃʔʅʆʉʊʀ 

ɸʙʨʘhʦʚ ʄ.ɸ., ɹʫʛʨʦʚ ɸ.ʉ. ɿʥʘʯʝʥʠʝ ʧʠʪʘʥʠʷ ʚ ʩʧʦʨʪʝ ʚʳʩʦʢʠʭ 
ʜʦʩʪʠʞʝʥʠʡééééééééééééééééééééééééééééé 

 
872 

ɹʘʡʨʘʤʦʚʘ ʄ.ʊ., ʐʠʨʤʘʥʦʚʘ ɸ.ɸ., ɹʘʨʫʣʠʥʘ ʊ.ɸ ʇʨʘʚʦʚʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘéééééééééééééé.. 

 

875 

ɹʘʨʰʘʮʢʠʡ ʄ.ʉ., ʉʫʭʠʭ ʅ.ʀ. ɺʣʠʷʥʠʝ çʭʦʣʦʜʥʦʡ ʚʦʡʥʳè ʥʘ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʦʩʩʠʡʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠéééééééééééééééé.. 

 
878 

ɹʝʟʦʪʝʮʢʘʷ ʄ.ɸ., ʏʝʨʥʦʚʘ ʅ.ɺ. ʇʨʦʙʣʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʦʨʛʘʥʦʚ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳéééééééééééééé 

 

882 
ɹʝʣʴʜʝʥʢʦʚ ɸ.ɸ., ɽʤʝʣʴʷʥʦʚʘ ʆ.ɺ.  ʇʨʝʩʪʫʧʣʝʥʠʷ ʚ ʩʬʝʨʝ  



17 

 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡééééééééééééééééééééé 885 

ɺʘʥʜʳʰʝʚ ʄ.ʉ., ʉʫʭʠʭ ʅ.ʀ. ɺʣʠʷʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʚʦʩʦʟʥʘʥʠʷééééééééééééééééééééé 

 

887 

ɻʫʩʝʚ ʄ.ɸ., ɹʫʛʨʦʚ ɸ.ʉ. ɸʥʪʠʜʦʧʠʥʛʦʚʳʡ ʠ ʚʨʘʯʝʙʥʳʡ ʢʦʥʪʨʦʣʴééé.. 891 
ɼʝʪʢʦʚʘ ɼ.ɸ., ʄʠʰʘʨʠʥʘ ɾ.ɺ. ʌʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʧʦʚʳʰʝʥʠʷ ʟʜʦʨʦʚʴʷ ʩʪʫʜʝʥʪʦʚééééééééééééééééééé... 

 

895 

ɼʝʫʣʷ ʅ.ɼ., ʅʘʜʪʦʯʠʡ ɿ.ʖ. ʄʝʩʪʦ ʈʦʩʩʠʠ ʚ ʥʦʚʦʡ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠéééééééééééééééééééééééééééééé.. 

 

899 
ɾʫʨʘʚʣʝʚʘ ɼ.ɸ., ʉʦʮʢʘʷ ʂ.ʈ., ɹʘʨʫʣʠʥʘ ʊ.ɸ. ɺʣʠʷʥʠʝ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʝʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷéééééééééééé. 

 

901 

ɿʘʛʨʝʙʠʥʘ ʄ.ʅ., ʄʠʰʘʨʠʥʘ ɾ.ɺ. ɿʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠé 905 
ɿʦʥʠʥʘ ɼ.ʄ., ʆʨʥʘʮʢʘʷ ʊ.ɸ. ɺʦʟʚʨʘʱʝʥʠʝ ʪʝʣ ʧʦʛʠʙʰʠʭ 

ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ ʩ ʩʦʧʨʝʜʝʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʡ ʚʦʝʥʥʦʡ ʦʧʝʨʘʮʠʠéééééééééééééééééééé. 

 

 

908 

ʂʘʧʫʩʪʠʥ ɺ.ɽ., ʏʘʱʠʭʠʥ ɸ.ɺ. ʌʠʟʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʦʩʥʦʚʘ 
ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠééééééééééééééééééééééé. 

 
912 

ʂʘʨʜʘʰ ʄ.ɽ., ʇʨʦʢʦʧʝʮ ɸ.ɼ., ʇʨʦʢʦʧʝʥʢʦ ʕ.ʌ. ʇʨʘʚʦʚʳʝ ʦʩʥʦʚʳ 

ʙʦʨʴʙʳ ʩ ʪʝʨʨʦʨʠʟʤʦʤ:  ʩʦʮʠʘʣʴʥʦ-ʧʨʘʚʦʚʦʡ ʘʩʧʝʢʪéééééééééé 

 

915 
ʂʣʠʤʝʥʢʦ ɸ.ɺ., ʆʨʞʘʭʦʚʩʢʘʷ ʀ.ʖ. ʀʩʪʦʨʠʢʦ-ʧʨʘʚʦʚʦʡ ʘʩʧʝʢʪ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʂʦʥʩʪʠʪʫʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠéééééééééé. 

 

920 

ʂʦʚʘʣʝʚ ɸ.ɸ., ʉʫʭʠʭ ʅ.ʀ. ʗʟʳʢ ʠ ʧʦʣʠʪʠʯʝʩʢʘʷ ʨʠʪʦʨʠʢʘ: ʤʘʥʠʧʫʣʷʮʠʠ 

ʩʤʳʩʣʦʤ ʠ ʮʝʥʥʦʩʪʷʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʝʜʠʘʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʧʨʠʤʝʨʝ 
ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡéééééééééééééééééééééééééé.. 

 

 
923 

ʂʦʚʙʘʩʶʢ ʆ.ɸ., ʂʠʨʧʘʥʝʚ ʖ.ʌ. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʢʨʝʧʣʝʥʠʝ 

ʟʜʦʨʦʚʴʷ ʩʪʫʜʝʥʪʦʚééééééééééééééééééééééééé.. 

 

925 
ʂʦʟʣʦʚʘ ɸ.ɸ., ʋʚʘʨʦʚʘ ɸ.ʉ., ʂʚʘʨʪʥʠʢʦʚʘ ʆ.ɸ. ʇʨʘʚʘ ʯʝʣʦʚʝʢʘ ʠ ʠʭ 

ʟʘʱʠʪʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭééééééééééééééééééé... 

 

926 

ʂʦʢʦʫʣʠʥ ʀ.ʉ., ɹʫʛʨʦʚ ɸ.ʉ. ɿʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ: ʚʘʨʠʢʦʟééééééééééé. 

 

930 
ʂʦʣʝʩʥʠʢʦʚ ʅ.ʄ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʧʣʦʤʘʪʠʷ 

ʗʧʦʥʠʠééééééééééééééééééééééééééééééé... 

 

934 

ʂʦʣʦʜʶʢ ɺ.ɸ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʈʦʣʴ ʧʫʙʣʠʯʥʦʡ ʜʠʧʣʦʤʘʪʠʠ ʚ 
ʨʘʟʚʠʪʠʠ ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʥʘ ʧʨʠʤʝʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ çʉʝʚʝʨʥʦʛʦ 

ʬʦʨʫʤʘééééééééééééééééééééééééééééééé.. 

 
 

938 

ʂʦʨʝʥʝʚʘ ʖ.ʖ., ʅʝʜʦʩʝʢʠʥʘ ʆ.ʉ., ʇʫʪʠʚʝʮ ɻ.ʕ. ʌʠʥʘʥʩʦʚʳʝ 

ʧʨʝʩʪʫʧʣʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠéééééééééééééééé.. 

 

942 
ʂʨʘʚʯʫʢ ɽ.ɸ., ɹʫʯʢʦ ʅ.ʇ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʛʨʦʟʳ ʧʨʘʚʘʤ ʯʝʣʦʚʝʢʘ ʚ 

ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠéééééééééééééééééééééééé.. 

 

948 

ʂʫʜʠʷʨʦʚ ɼ.ɸ., ʊʠʤʦʰʝʥʢʦ ɺ.ʅ. ʇʦʩʣʝʚʦʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʷʧʦʥʩʢʦʡ ʵʢʦʥʦʤʠʢʠ. ʅʘʢʦʧʣʝʥʠʝ ʢʘʧʠʪʘʣʘéééééééééééééé. 

 

951 
ʂʫʨʘʢʩʠʥʘ ʉ.ɽ., ʏʘʱʠʭʠʥ ɸ.ɺ. ʌʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʧʨʠ ʦʪʢʨʳʪʦʤ 

ʘʨʪʝʨʠʘʣʴʥʦʤ ʧʨʦʪʦʢʝééééééééééééééééééééé..éé. 

 

956 

ʄʘʤʦʷʥ ɸ.ʄ., ɹʫʛʨʦʚ ɸ.ʉ. ʆʞʠʨʝʥʠʝ ʫ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ 12-18 
ʣʝʪéééééééééééééééééééééééééééééééé.. 

 
960 



18 

 

ʄʦʨʦʟʦʚ ʈ.ʄ., ʏʘʱʠʭʠʥ ɸ.ɺ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʬʠʟʠʯʝʩʢʠʭ ʫʧʨʘʞʥʝʥʠʡééééééééééééééééééééééé. 

 

964 

ʅʘʣʠʚʘʡʯʝʥʢʦ ɸ.ʀ., ʅʠʢʠʬʦʨʦʚʘ ʆ.ʃ. ʅʝʦʜʥʦʟʥʘʯʥʦʝ ʚʣʠʷʥʠʝ 

ʧʦʣʠʪʠʢʠ ʥʘ ʩʧʦʨʪéééééééééééééééééééééééééé 

 

966 
ʅʝʢʨʘʩʦʚ ʗ.ʖ., ʇʘʚʣʦʚ ɼ.ɺ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʩʨʝʜʩʪʚʘʤʠ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳéééééééé 

 

969 

ʆʙʠʨʠʥ ɸ.ɸ., ʐʫʣʴʞʝʥʢʦ ʅ.ɺ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʚ ʤʝʜʠʘʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʢ ʚʘʞʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʝʩʧʝʯʝʥʠʷ  
ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠééééééééééééééééééééé.. 

 

 
973 

ʆʞʛʠʙʝʩʦʚʘ ʉ.ɸ., ʉʫʭʠʭ ʅ.ʀ. ɿʘʱʠʪʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ 

ʮʠʬʨʦʚʫʶ ʵʧʦʭʫééééééééééééééééééééééééééé. 

 

979 
ʆʩʪʨʦʚʩʢʘʷ ɸ.ɸ., ʖʨʯʝʥʢʦ ɽ.ʉ. ʂʨʠʟʠʩ ʚ ʘʤʝʨʠʢʘʥʦ-ʤʝʢʩʠʢʘʥʩʢʠʭ 

ʦʪʥʦʰʝʥʠʷʭ 1916 ʛʦʜʘ ï  ɻ ʢʩʧʝʜʠʮʠʷ ʇʝʨʰʠʥʛʘéééééééééééé.. 

 

980 

ʇʘʢʣʠʥ ɺ.ʉ., ʌʦʥʯʫʢʦʚʘ ɸ.ʉ. ʉʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʪʨʘʚʤʘʪʠʟʤʘ ʚ 

ʬʫʪʙʦʣʝééééééééééééééééééééééééééééééé 

 

985 
ʇʘʨʬʝʥʦʚ ʉ.ɸ., ɽʤʝʣʴʷʥʦʚʘ ʆ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʙʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʣʠʮʠʠéééééééééééééééééééééééé. 

 

988 

ʇʝʪʨʦʚʘ ʅ.ɽ., ʃʷʤʢʠʥʘ ʅ.ʀ. ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠʚʣʝʯʝʥʠʷ ʢ 
ʫʛʦʣʦʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʚʦʚʣʝʯʝʥʠʝ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ ʚ 

ʧʨʝʩʪʫʧʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴéééééééééééééééééééééé. 

 
 

992 

ʇʦʣʝʚʰʠʢʦʚʘ ʃ.ɸ., ɸʥʠʢʠʥʘ ʀ.ɺ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʚ ʩʬʝʨʝ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡéééééééééééééééééééééééééé 

 

995 
ʇʨʘʚʜʠʚʮʝʚʘ ʅ.ʉ., ʃʘʤʘʰʝʚʘ ʖ.ɸ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ 

ʗʧʦʥʠʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠééééééééééé. 

 

999 

ʈʫʜʘʢʦʚʘ ɽ.ɺ., ʂʚʘʨʪʥʠʢʦʚʘ ʆ.ɸ. ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 
ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ: ʚʳʟʦʚʳ ʜʣʷ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘéééé 

 
1005 

ʈʫʩʫʛʙʫ ɸ.ʇ., ʐʨʘʤʢʦ ɸ.ʉ., ʄʘʩʣʦʚ ɻ.ʌ. ʇʨʦʙʣʝʤʳ 

ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʈʦʩʩʠʠ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʥʝ ʚʦʚʣʝʯʝʥʠʷ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ ʚ ʛʨʫʧʧʳ 
ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʩʝʪʠ çInternetèééééééééééé. 

 

 

 
1009 

ʉʘʚʚʘʪʝʝʚ ɼ.ɺ., ʖʨʯʝʥʢʦ ɽ.ʉ. ʇʦʣʠʪʠʢʘ ʉʐɸ ʚ ʦʪʥʦʰʝʥʠʠ ʀʨʘʢʘ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 1980-ʭ ʛʦʜʦʚééééééééééééééééééééé 

 

1012 
ʉʘʤʦʩʠʥ ʊ.ɼ., ʌʦʥʯʫʢʦʚʘ ɸ.ʉ. ɸʜʘʧʪʘʮʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʟʨʝʥʠʷ, ʩʣʫʭʘ, ʦʧʦʨʥʦ-

ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷéééééééé 

 

 

1017 

ʉʝʤʝʥʶʪʘ ʂ.ɸ., ʏʘʱʠʭʠʥ ɸ.ɺ. ʇʦʚʳʰʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ ʠ 
ʧʨʦʬʠʣʘʢʪʠʢʘ ʧʨʦʩʪʫʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʨʝʜʩʪʚʘʤʠ ʬʠʟʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʳéééééééééééééééééééééééééééééé 

 
 

1021 

ʉʝʨʛʝʝʚʘ ɽ.ʉ., ʆʨʥʘʮʢʘʷ ʊ.ɸ. ʄʝʞʜʫʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʦʡ ʩʪʘʪʫʩ 

ɸʨʢʪʠʢʠéééééééééééééééééééééééééééééé.. 

 

1024 
ʉʣʝʧʮʦʚ ʀ.ɺ., ʉʠʤʦʥʝʥʢʦ ʆ.ɸ. ʇʝʨʩʧʝʢʪʠʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʢʦʩʤʦʩʝ: ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠʣʠ ʢʦʥʬʨʦʥʪʘʮʠʷ?................. 

 

1025 

ʉʪʘʰʢʦʚ ɸ.ɺ., ʉʫʭʠʭ ʅ.ʀ. ʉʦʚʝʪʩʢʠʡ ʉʦʶʟ: ʥʦʚʘʷ ʠʜʝʦʣʦʛʠʷ ʠ ʝʸ 
ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʩʠʡʩʢʫʶ ʮʠʚʠʣʠʟʘʮʠʦʥʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴéééééééé.. 

 
1029 



19 

 

ʊʘʨʘʩʦʚʘ ʉ.ʂ., ʄʘʨʢʠʥʘ ʖ.ʄ. ʈʦʣʴ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʪʢʨʳʪʦʩʪʠ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠéééééééééééé 

 

1033 

ʊʦʢʤʘʢʦʚ ɽ.ʖ., ʍʘʙʫʜʘ ɽ.ʉ. ʈʦʣʴ ʚʦʣʦʥʪʝʨʩʪʚʘ ʚ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʦʙʱʝʩʪʚʘ: ʧʨʘʚʦʚʦʡ ʘʩʧʝʢʪé. 

 

1036 
ʋʜʦʜʝʥʢʦ ʋ. ʖ., ʏʝʨʢʘʰʠʥʘ ʊ.ɸ. ɺʳʟʦʚʳ ʠ ʫʛʨʦʟʳ ʵʢʩʪʨʝʤʠʟʤʘ ʠ 

ʪʝʨʨʦʨʠʟʤʘ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘéééééééééé 

 

1040 

ʏʠʨʢʦʚ ʀ.ɸ., ʏʘʱʠʭʠʥ ɸ.ɺ. ʆʮʝʥʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʨʛʘʥʠʟʤʘ ʧʣʦʚʮʦʚ 18-19 ʣʝʪ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʟʠʤʥʠʤ ʧʣʘʚʘʥʠʝʤéééé.. 

 

1044 
ʐʘʩʘʣʠʤʦʚ ɼ.ɸ., ʅʘʜʪʦʯʠʡ ɿ.ʖ. ʉʝʤʴʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝééé 1047 

ʐʪʠʥ ɼ.ɼ., ʉʠʤʦʥʝʥʢʦ ʆ.ɸ. ɹʦʨʴʙʘ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʥʘʨʢʦʪʠʢʦʚ ʚ 

ʂʅʈééééééééééééééééééééééééééééééééé 

 

1050 
ʐʫʣʴʞʝʥʢʦ ɸ.ɸ., ʄʠʰʘʨʠʥʘ ɾ.ɺ. ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʝʪʩʢʦʤ ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʤ ʣʘʛʝʨʝéééééééééééé 

 

1054 

  

ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʫʯʘʩʪʥʠʢʘʭ ʢʦʥʬʝʨʝʥʮʠʠééééééééé. 1058 



20 

 

ʇɽʈɽʏɽʅʔ 

ʋʏʈɽɼɽʅʀʁ ʀ ʆʈɻɸʅʀɿɸʎʀʁ 

ʇʈʀʅʗɺʐʀʍ ʋʏɸʉʊʀɽ ɺ ʂʆʅʌɽʈɽʅʎʀʀ 
 

ʅɸʋʏʅʆ-ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀɽ 

ʆʈɻɸʅʀɿɸʎʀʀ, ʋʏʈɽɾɼɽʅʀʗ ʀ ʇʈɽɼʇʈʀʗʊʀʗ 

ɺʅʀʀʉʉ 

ʠʤʝʥʠ 

ɸ.ʃ. ʄʘʟʣʫʤʦʚʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ 

ʠ ʩʘʭʘʨʘ ʠʤʝʥʠ ɸ.ʃ. ʄʘʟʣʫʤʦʚʘè 

(ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ) 

ɺʋʅʎ ɺɺʉ 

çɺɺɸ ʠʤʝʥʠ 

ʧʨʦʬʝʩʩʦʨʘ 

ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ 

ʠ 

ʖ.ɸ. ɻʘʛʘʨʠʥʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʢʘʟʸʥʥʦʝ ʚʦʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ɺʦʝʥʥʳʡ 

ʫʯʝʙʥʦ-ʥʘʫʯʥʳʡ ʮʝʥʪʨ ɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣ 

çɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʘʷ ʦʨʜʝʥʦʚ ʃʝʥʠʥʘ ʠ 

ʆʢʪʷʙʨʴʩʢʦʡ ʈʝʚʦʣʶʮʠʠ, ʜʚʘʞʜʳ 

ʂʨʘʩʥʦʟʥʘʤʸʥʥʘʷ, ʦʨʜʝʥʦʚ ʂʫʪʫʟʦʚʘ ʠ ɾʫʢʦʚʘ 

ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ 

ʖ.ɸ. ɻʘʛʘʨʠʥʘè ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ) 

 

ʄʌʊʀ 

(ʅʀʋ) 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ (ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ)è 

(ʛ. ɼʦʣʛʦʧʨʫʜʥʳʡ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ) 

 

ʅʀʋ 

çʄʕʀè 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ çʄʦʩʢʦʚʩʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪè 

(ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

 

 

ʈɻʋ 

ʥʝʬʪʠ ʠ ʛʘʟʘ 

(ʅʀʋ) 

ʠʤʝʥʠ 

ʀ.ʄ. ɻʫʙʢʠʥʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) ʠʤʝʥʠ ʀ.ʄ. 

ɻʫʙʢʠʥʘè  

(ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 
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ʆɹʈɸɿʆɺɸʊɽʃʔʅʓɽ  

ʋʏʈɽɾɼɽʅʀʗ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

ɸʅʆʆ ɺʆ 

çɺʀɺʊè 

 

ɸʚʪʦʥʦʤʥʘʷ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çɺʦʨʦʥʝʞʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡè 

 (ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ) 
 

 

ɸʚʪʦʥʦʤʥʘʷ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çɺʦʨʦʥʝʞʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡè 

 (ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ) 

ɹɻʊʋ çɺʆɽʅʄɽʍè 

ʠʤʝʥʠ  

ɼ.ʌ. ʋʩʪʠʥʦʚʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɹʘʣʪʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʆɽʅʄɽʍè ʠʤʝʥʠ 

ɼ.ʌ. ʋʩʪʠʥʦʚʘè 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) 

ɹɻʋ 

ʠʤʝʥʠ 

ɼ. ɹʘʥʟʘʨʦʚʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɹʫʨʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼʦʨʞʠ ɹʘʥʟʘʨʦʚʘè 

(ʛ. ʋʣʘʥ-ʋʜʵ, ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ, ʈʦʩʩʠʷ) 

ɹʀʀʂ 

çʉʠʙɻʋʊʀè 

 

ɹʫʨʷʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʡ 

(ʬʠʣʠʘʣ) ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ 

ʠʥʬʦʨʤʘʪʠʢʠè  

(ʛ. ʋʣʘʥ-ʋʜʵ, ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ, ʈʦʩʩʠʷ) 

 

ɺɻɸʋ 

ʠʤʝʥʠ 

ʇʝʪʨʘ I 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀʤʧʝʨʘʪʦʨʘ 

ʇʝʪʨʘ Iè 

(ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ) 

ɺɻʃʋ 

ʠʤʝʥʠ 

ɻ.ʌ. ʄʦʨʦʟʦʚʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɻ.ʌ. 

ʄʦʨʦʟʦʚʘè  

(ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ) 

ɺɻʄʋ 

 ʠʤʝʥʠ 

 ʅ.ʅ. ɹʫʨʜʝʥʢʦ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʠʢʦʣʘʷ 

ʅʠʢʦʣʘʝʚʠʯʘ ɹʫʨʜʝʥʢʦè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ  

(ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ) 



22 

 

ɺɻʋʀʊ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡè 

(ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ) 

ɺʀ ʄɺɼ 

ʈʦʩʩʠʠ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʢʘʟʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʄɺɼ ʈʦʩʩʠʠ 

çɺʦʨʦʥʝʞʩʢʠʡ ʠʥʩʪʠʪʫʪ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè  

(ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ) 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 

ʬʠʣʠʘʣ 

ʌɻɹʆʋ ɺʆ çʈɻʋʇè 

 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʧʨʘʚʦʩʫʜʠʷè 

(ʛ. ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ) 

 

ɼɺɻʋʇʉ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ 

ʩʦʦʙʱʝʥʠʷè 

(ʛ. ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ) 

ɼɺʀ 

(ʬʠʣʠʘʣ) 

çɺɻʋʖ 

(ʈʇɸ ʄʠʥʶʩʪʘ 

ʈʦʩʩʠʠ)è 

 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɺʩʝʨʦʩcʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʶʩʪʠʮʠʠ (ʈʇɸ ʄʠʥʶʩʪʘ 

ʈʦʩʩʠʠ)è (ʛ. ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ) 

ɼɺʀʋ ï ʬʠʣʠʘʣ 

çʈɸʅʍʠɻʉè 

 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʠʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ - 

ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʧʨʠ 

ʇʨʝʟʠʜʝʥʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

(ʛ. ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ) 

 

ɿʘʙʀɾʊ 

ʌʃ çʀʨɻʋʇʉè 

 

ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ - ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷè 

(ʛ. ʏʠʪʘ, ʈʦʩʩʠʷ) 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B8%D1%81%D1%82%D0%B5%D1%80%D1%81%D1%82%D0%B2%D0%BE_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B8%D1%85_%D0%B4%D0%B5%D0%BB_%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B9%D1%81%D0%BA%D0%BE%D0%B9_%D0%A4%D0%B5%D0%B4%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%B8
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ʂʨʀɾʊ ï ʬʠʣʠʘʣ 

çʀʨɻʋʇʉè 

 

ʂʨʘʩʥʦʷʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ï ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ  çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷè  

(ʛ. ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ) 

ʃʠʧʝʮʢʠʡ ʬʠʣʠʘʣ 

çʈɸʅʍʠɻʉè 

 

ʃʠʧʝʮʢʠʡ ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʧʨʠ 

ʇʨʝʟʠʜʝʥʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

 (ʛ. ʃʠʧʝʮʢ, ʈʦʩʩʠʷ) 

 

 

ʄʦʩʋ ʄɺɼ ʈʦʩʩʠʠ 

ʠʤʝʥʠ 

ɺ.ʗ. ʂʠʢʦʪʷ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʢʘʟʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʄɺɼ ʈʦʩʩʠʠ 

çʄʦʩʢʦʚʩʢʠʡ ʶʨʠʜʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠʤʝʥʠ ɺ.ʗ. ʂʠʢʦʪʷè  

(ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ʄʊʋʉʀ 

 

ʆʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ 

ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠè 

(ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ʅɻʊʋ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ) 

ʅɻʋʕʠʋ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷè 

(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ) 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B8%D1%81%D1%82%D0%B5%D1%80%D1%81%D1%82%D0%B2%D0%BE_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B8%D1%85_%D0%B4%D0%B5%D0%BB_%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B9%D1%81%D0%BA%D0%BE%D0%B9_%D0%A4%D0%B5%D0%B4%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B8%D1%81%D1%82%D0%B5%D1%80%D1%81%D1%82%D0%B2%D0%BE_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B8%D1%85_%D0%B4%D0%B5%D0%BB_%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B9%D1%81%D0%BA%D0%BE%D0%B9_%D0%A4%D0%B5%D0%B4%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%B8
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ʆʜʠʥʮʦʚʩʢʠʡ 

ʬʠʣʠʘʣ  

çʄɻʀʄʆ ʄʀɼ 

ʈʦʩʩʠʠè 

 

ʆʜʠʥʮʦʚʩʢʠʡ ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʠʥʩʪʠʪʫʪ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ 

(ʫʥʠʚʝʨʩʠʪʝʪ) ʄʠʥʠʩʪʝʨʩʪʚʘ ʠʥʦʩʪʨʘʥʥʳʭ 

ʜʝʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

(ʛ. ʆʜʠʥʮʦʚʦ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ) 

ʇɻʋ 

ʠʤʝʥʠ 

ʐʦʣʦʤ-ɸʣʝʡʭʝʤʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʇʨʠʘʤʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʐʦʣʦʤ-ɸʣʝʡʭʝʤʘè 

(ʛ. ɹʠʨʦʙʠʜʞʘʥ, ɽʚʨʝʡʩʢʘʷ ɸʚʪʦʥʦʤʥʘʷ 

ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ) 

ʇɻʋʊʀ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʇʨʠʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʛ. ʉʘʤʘʨʘ, 

ʈʦʩʩʠʷ) 

 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ 

ʠʥʬʦʨʤʘʪʠʢʠè 

(ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ) 

ʈɻɸʋ-ʄʉʍɸ ʠʤʝʥʠ 

ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ï ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. 

ʊʠʤʠʨʷʟʝʚʘè 

(ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ʈɻʇʇʋ  

 
 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè  

(ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ) 

ʈɻʕʋ 

(ʈʀʅʍ) 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʀʅʍ)è 

(ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ) 

ʉɻʀʋ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

(ʛ. ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ) 
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ʉʠʙɻʋ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ʄ.ʌ. ʈʝʰʝʪʥʸʚʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ 

ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘè 

(ʛ. ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ) 

ʉʀʋ  

ʈɸʅʍʠɻʉ  

(ʉʠʙɸɻʉ) 

 

ʉʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ - ʬʠʣʠʘʣ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʧʨʠ 

ʇʨʝʟʠʜʝʥʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ) 

ʉʇʙ 

 ɻʋʇʊɼ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘè 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) 

ʉʇʙ ɻɹʇʆʋ 

çɸʋɻʉɻʠʇè 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʙʶʜʞʝʪʥʦʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çɸʢʘʜʝʤʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʦʡ, 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʝʯʘʪʠè 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) 

ʉʇʙɻʋʊ 

ʠʤʝʥʠ 

ʧʨʦʬʝʩʩʦʨʘ 

ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ. ʄ.ɸ. 

ɹʦʥʯ-ɹʨʫʝʚʠʯʘè 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) 

 

ʉʇʙʀ 

(ʬʠʣʠʘʣ) çɺɻʋʖ 

(ʈʇɸ ʄʠʥʶʩʪʘ 

ʈʦʩʩʠʠ)è 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʶʩʪʠʮʠʠ  (ʈʇɸ ʄʠʥʶʩʪʘ 

ʈʦʩʩʠʠ)è 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) 

ʊɻʄʇʀ 

ʠʤʝʥʠ 

ʉ.ɺ. ʈʘʭʤʘʥʠʥʦʚʘ 

 

 

ʊʘʤʙʦʚʩʢʦʝ ʦʙʣʘʩʪʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʊʘʤʙʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʫʟʳʢʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʠʤ. ʉ.ɺ. ʈʘʭʤʘʥʠʥʦʚʘè 

(ʛ. ʊʘʤʙʦʚ, ʈʦʩʩʠʷ) 
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ʊʆɻʋ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʊʠʭʦʦʢʝʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 

(ʛ. ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ) 

ʋʨʘʣʴʩʢʠʡ ʬʠʣʠʘʣ 

çʌʠʥʫʥʠʚʝʨʩʠʪʝʪʘè 

 

ʋʨʘʣʴʩʢʠʡ ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʌʠʥʘʥʩʦʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʠ 

ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

(ʛ. ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʷ) 

ʋʨʊʀʉʀ 

çʉʠʙɻʋʊʀè 

 

ʋʨʘʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʚʷʟʠ ʠ 

ʠʥʬʦʨʤʘʪʠʢʠ (ʬʠʣʠʘʣ) ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ 

ʠʥʬʦʨʤʘʪʠʢʠè ʚ ʛʦʨʦʜʝ ɽʢʘʪʝʨʠʥʙʫʨʛʝ 

(ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ) 

 

ʍʀʀʂ 

çʉʠʙɻʋʊʀè 

 

ʍʘʙʘʨʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʡ 

(ʬʠʣʠʘʣ) ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠè 

(ʛ. ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ) 

 

ʏʆʋ ɺʆ 

çʊʀʋʠʕè 

 

ʏʘʩʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʊʘʛʘʥʨʦʛʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʢʦʥʦʤʠʢʠè 

(ʛ. ʊʘʛʘʥʨʦʛ, ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ) 

 

 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʓɽ  

ʋʏʈɽɾɼɽʅʀʗ ɼʆʐʂʆʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ, 

ʉʈɽɼʅɽɻʆ, ʉʈɽɼʅɽɻʆ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ 

ʀ ɼʆʇʆʃʅʀʊɽʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 
 

ɸʅʇʆʆ 

çʂʦʣʣʝʜʞ ɺʀɺʊè 

 

ɸʚʪʦʥʦʤʥʘʷ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ çʂʦʣʣʝʜʞ 

ɺʦʨʦʥʝʞʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡè 

(ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ) 

 

https://www.list-org.com/company/9092920
https://www.list-org.com/company/9092920
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ʂɻɹ ʇʆʋ 

çʂʨʄʂè 

 

ʂʨʘʝʚʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

çʂʨʘʩʥʦʷʨʩʢʠʡ ʤʦʥʪʘʞʥʳʡ ʢʦʣʣʝʜʞè 

(ʛ. ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ) 

   

ʂʊ 

çʄʊʋʉʀè 

 

 

ʂʦʣʣʝʜʞ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʦʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ 

ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠè 

(ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

   

ʉʇʙʂʊ  

ʠʤʝʥʠ 

ʕ.ʊ. ʂʨʝʥʢʝʣʷ 

ʬʘʢʫʣʴʪʝʪ 

ʌɻɹʆʋ ɺʆ 

çʉʇʙɻʋʊ 

ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ 

ʄ.ɸ. ɹʦʥʯ-

ɹʨʫʝʚʠʯʘ  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʢʦʣʣʝʜʞ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤʝʥʠ ʕ.ʊ. ʂʨʝʥʢʝʣʷ 

ʬʘʢʫʣʴʪʝʪ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʄ.ɸ. ɹʦʥʯ-

ɹʨʫʝʚʠʯʘè  

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) 
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ʈɸɿɼɽʃ 1: 

ʊɽʍʅʀʏɽʉʂʀɽ ʀ ɽʉʊɽʉʊɺɽʅʅʆ-ʅɸʋʏʅʓɽ 

ɼʀʉʎʀʇʃʀʅʓ 
ʋɼʂ 004.42:004.5 

ʅɸʉʊʈʆʁʂɸ ʉɽʊɽɺʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ çZABBIX è 
 

ɸʣʝʢʩʝʝʚʘ ʄ.ɸ., ʇʦʢʘʟʘʥʴʝʚʘ ʉ.ɸ. 

ʂʊ çʄʊʋʉʀè, ʛ. ʄʦʩʢʚʘ 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʝʪʝʚʳʭ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨ, ʪʘʢ ʢʘʢ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʙʦʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ 

ʙʠʟʥʝʩʘ. ʕʬʬʝʢʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʝʪʠ ʧʦʤʦʛʘʝʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʳ, ʩʥʠʞʘʪʴ ʨʠʩʢʠ 

ʧʨʦʩʪʦʷ ʠ ʫʣʫʯʰʘʪʴ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ "Zabbix". "Zabbix" ï ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʘʷ 
ʧʣʘʪʬʦʨʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʪʱʘʪʝʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʩʝʡ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: çZabbixè, ʙʘʟʳ ʜʘʥʥʳʭ, ʤʦʥʠʪʦʨʠʥʛ, ʩʝʪʴ.  
 

CONFIGURING NETWORK MONITORING USING ZABBIX  
 

Alekseeva M.A., Pokazanyeva S.A. 

CT "MTUCI", Moscow 
 

Modern information technologies require constant monitoring of the state of network infrastructures, as 

even minor disruptions can lead to serious consequences for businesses. Effective network monitoring 

helps to quickly identify problems, reduce downtime risks, and improve overall system performance. One 

of the most popular tools for implementing these tasks is "Zabbix". "Zabbix" is a universal platform 
designed for thorough monitoring of information technology and all related infrastructure. 

Keywords: "Zabbix", databases, monitoring, network. 
 

ʕʬʬʝʢʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʦʧʝʨʘʪʠʚʥʦ 

ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʫʶ 

ʨʘʙʦʪʫ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʝʪʠ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʜʝʣʷʝʪʩʷ 

çZabbixè ï ʧʣʘʪʬʦʨʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʨʘʙʦʪʳ ʩʝʪʠ, 

ʥʘʯʠʥʘʷ ʦʪ ʟʘʛʨʫʟʢʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʜʦ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ ʩʝʪʝʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çZabbixè. ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʫʩʪʘʥʦʚʢʠ ʠ ʥʘʩʪʨʦʡʢʠ 

ʩʝʨʚʝʨʘ çZabbixè, ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ ʠ ʪʨʠʛʛʝʨʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʝʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʠʥʪʝʛʨʘʮʠʠ çZabbixè ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʷʤ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʤʦʥʠʪʦʨʠʥʛʘ. 

 

ʈʠʩʫʥʦʢ 1 ï ʋʩʪʨʦʡʩʪʚʦ çZabbixè 
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1. Zabbix Agent 

ʅʘʟʥʘʯʝʥʠʝ: ʉʙʦʨ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʭʦʩʪʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ. 

ʌʫʥʢʮʠʠ: ʉʙʦʨ ʤʝʪʨʠʢ (ʟʘʛʨʫʟʢʘ ʎʇ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠ, ʩʦʩʪʦʷʥʠʝ ʜʠʩʢʦʚ, 

ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ); ʆʪʧʨʘʚʢʘ ʫʚʝʜʦʤʣʝʥʠʡ ʦ ʩʦʙʳʪʠʷʭ ʠ ʪʨʠʛʛʝʨʘʭ. 

2. Zabbix Server 

ʅʘʟʥʘʯʝʥʠʝ: ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʪ ʘʛʝʥʪʦʚ. 

ʌʫʥʢʮʠʠ: 

- ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʭʦʩʪʦʚ ʠ ʩʦʙʳʪʠʷʭ. 

- ʆʙʨʘʙʦʪʢʘ ʪʨʠʛʛʝʨʦʚ ʠ ʛʝʥʝʨʘʮʠʷ ʫʚʝʜʦʤʣʝʥʠʡ. 

- ʉʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ ʠ ʛʨʘʬʠʢʦʚ, ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ. 

3. ɺʝʙ-ʠʥʪʝʨʬʝʡʩ 

ʅʘʟʥʘʯʝʥʠʝ: ʋʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ Zabbix ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʜʘʥʥʳʭ. 

ʌʫʥʢʮʠʠ: 

- ʋʧʨʘʚʣʝʥʠʝ ʭʦʩʪʘʤʠ, ʪʨʠʛʛʝʨʘʤʠ, ʤʝʪʨʠʢʘʤʠ ʠ ʩʦʙʳʪʠʷʤʠ. 

- ʉʦʟʜʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ʜʘʰʙʦʨʜʦʚ, ʦʪʯʝʪʦʚ ʠ ʛʨʘʬʠʢʦʚ. 

- ʅʘʩʪʨʦʡʢʘ ʫʚʝʜʦʤʣʝʥʠʡ ʠ ʜʝʡʩʪʚʠʡ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʨʠʛʛʝʨʦʚ. 

4. ɹʘʟʳ ʜʘʥʥʳʭ ʜʣʷ çZabbixè 

ʅʘʟʥʘʯʝʥʠʝ: ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ Zabbix-ʩʝʨʚʝʨʦʤ. 

ʌʫʥʢʮʠʠ: 

- ʍʨʘʥʝʥʠʝ ʤʝʪʨʠʢ, ʩʦʙʳʪʠʡ, ʢʦʥʬʠʛʫʨʘʮʠʡ ʠ ʠʩʪʦʨʠʠ. 

- ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʪʯʝʪʥʦʩʪʠ. 

5. Zabbix Proxy 

ʅʘʟʥʘʯʝʥʠʝ: ʉʙʦʨ ʜʘʥʥʳʭ ʦʪ Zabbix-ʘʛʝʥʪʦʚ ʠ ʧʝʨʝʜʘʯʘ ʠʭ ʥʘ Zabbix-ʩʝʨʚʝʨ, ʦʩʦʙʝʥʥʦ 

ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʣʠ ʫʜʘʣʝʥʥʳʭ ʩʝʪʷʭ. 

ʌʫʥʢʮʠʠ: 

- ʉʙʦʨ ʤʝʪʨʠʢ ʦʪ ʘʛʝʥʪʦʚ ʠ ʠʭ ʢʵʰʠʨʦʚʘʥʠʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʨʚʝʨ. 

- ʆʙʨʘʙʦʪʢʘ ʠ ʬʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ ʧʝʨʝʜ ʦʪʧʨʘʚʢʦʡ ʥʘ Zabbix-ʩʝʨʚʝʨ. 

- ʇʦʜʜʝʨʞʢʘ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʝʨʚʝʨʦʤ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʚʨʝʤʝʥʥʦʡ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʩʝʪʠ). 

- ʋʧʨʦʱʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʭʦʩʪʦʚ ʚ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ 

ʠʣʠ ʩʝʪʝʚʳʭ ʩʝʛʤʝʥʪʘʭ. 

ʊʝʧʝʨʴ ʟʥʘʷ, ʢʘʢ ʫʩʪʨʦʝʥʘ ʩʠʩʪʝʤʘ çZabbixè ʨʘʟʙʝʨʸʤ ʝʛʦ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʫʩʪʘʥʦʚʢʫ ʠ ʝʛʦ ʦʙʱʫʶ ʥʘʩʪʨʦʡʢʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʪʯʸʪʦʚ ʠ ʫʚʝʜʦʤʣʝʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ çZabbixè: 

1. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. ʀʩʧʦʣʴʟʫʷ ʪʨʠʛʛʝʨʳ, ʩʠʩʪʝʤʘ 

ʨʝʘʛʠʨʫʝʪ ʥʘ ʘʥʦʤʘʣʠʠ ʠ ʫʚʝʜʦʤʣʷʝʪ ʦʧʝʨʘʪʦʨʦʚ ʦ ʚʦʟʥʠʢʰʠʭ ʧʨʦʙʣʝʤʘʭ. 

2. ʋʜʦʙʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʦʚʦʜʠʪʩʷ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʠ ʰʘʙʣʦʥʳ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʷ ʢʦʥʪʨʦʣʴ ʟʘ ʢʣʶʯʝʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ: 

- ʟʘʛʨʫʟʢʘ ʧʨʦʮʝʩʩʦʨʘ (CPU load) ï ʠʟʤʝʨʝʥʠʝ ʪʝʢʫʱʝʡ ʟʘʛʨʫʟʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (disk usage) ï ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʥʦʛʦ ʠ 

ʟʘʥʷʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʜʠʩʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ; 

- ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ (system response time) ï ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʦʚ; 

- ʜʦʩʪʫʧʥʦʩʪʴ ʩʝʨʚʠʩʦʚ (service availability ) ï ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

3. ʇʝʨʠʦʜʳ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʚʨʝʤʝʥʥʦ ʦʪʢʣʶʯʠʪʴ 

ʫʚʝʜʦʤʣʝʥʠʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʠʟʙʳʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʨʠʪʠʯʝʩʢʠʝ 

ʤʦʤʝʥʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪ: 

- ʧʣʘʥʦʚʳʝ ʧʝʨʝʢʣʶʯʝʥʠʷ (scheduled maintenance) ï ʟʘʨʘʥʝʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ 

ʦʪʢʣʶʯʝʥʠʷ ʠʣʠ ʦʙʥʦʚʣʝʥʠʷ; 
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- ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ (task completion times) ï ʢʦʥʪʨʦʣʴ ʟʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

4. ʇʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ ʘʥʘʣʠʪʠʢʘ. çZabbixè ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ 

ʧʨʝʜʩʢʘʟʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʘʛʠʨʦʚʘʥʠʶ 

ʥʘ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ: 

- ʤʝʪʨʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (performance metrics) ï ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 

- ʘʥʘʣʠʟ ʪʝʥʜʝʥʮʠʡ (trend analysis) ï ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʜʠʥʘʤʠʢʝ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ Zabbix Server ʠ Zabbix Agent: 

1. ʋʩʪʘʥʦʚʢʘ Zabbix Agent: 

- ʋʩʪʘʥʦʚʢʘ: Zabbix Agent ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʝ (ʩʝʨʚʝʨʝ ʠʣʠ 

ʫʩʪʨʦʡʩʪʚʝ), ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʤʦʥʠʪʦʨʠʪʴ. ʋʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʯʝʨʝʟ 

ʧʘʢʝʪʥʳʡ ʤʝʥʝʜʞʝʨ ʠʣʠ ʚʨʫʯʥʫʶ. 

- ʂʦʥʬʠʛʫʨʘʮʠʷ: ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʘʛʝʥʪ ʢʦʥʬʠʛʫʨʠʨʫʝʪʩʷ ʜʣʷ ʫʢʘʟʘʥʠʷ ʘʜʨʝʩʘ Zabbix 

Server ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʧʦʨʪʳ, ʨʝʞʠʤ ʨʘʙʦʪʳ). 

2. ʈʝʞʠʤʳ ʨʘʙʦʪʳ Zabbix Agent: 

- ʇʘʩʩʠʚʥʳʡ ʨʝʞʠʤ: Zabbix Server ʟʘʧʨʘʰʠʚʘʝʪ ʜʘʥʥʳʝ ʫ Zabbix Agent; ɸʛʝʥʪ ʩʣʫʰʘʝʪ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʪʫ (ʧʦ ʫʤʦʣʯʘʥʠʶ 10050) ʠ ʦʞʠʜʘʝʪ ʟʘʧʨʦʩʦʚ ʦʪ ʩʝʨʚʝʨʘ; ʂʦʛʜʘ ʩʝʨʚʝʨ 

ʦʪʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩ, ʘʛʝʥʪ ʩʦʙʠʨʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʠ ʦʪʧʨʘʚʣʷʝʪ ʠʭ ʦʙʨʘʪʥʦ ʥʘ ʩʝʨʚʝʨ. 

- ɸʢʪʠʚʥʳʡ ʨʝʞʠʤ: Zabbix Agent ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʪʧʨʘʚʣʷʝʪ ʜʘʥʥʳʝ ʥʘ Zabbix Server; 

ɸʛʝʥʪ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʠ ʦʪʧʨʘʚʣʷʝʪ ʠʭ ʥʘ ʩʝʨʚʝʨ ʧʦ ʨʘʩʧʠʩʘʥʠʶ 

(ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʠʥʪʝʨʚʘʣ); ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʘʛʝʥʪ ʤʦʞʝʪ ʪʘʢʞʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʨʠʛʛʝʨʳ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢʠʝ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʧʨʘʚʣʝʥʳ. 

- ʇʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: çZabbixè ʠʩʧʦʣʴʟʫʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʘʛʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ TCP. ɼʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʚʠʜʝ ʧʘʢʝʪʦʚ; ʉʪʨʫʢʪʫʨʘ ʧʘʢʝʪʦʚ: 

- ɿʘʛʦʣʦʚʦʢ: ʉʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʧʘʢʝʪʘ, ʝʛʦ ʜʣʠʥʝ ʠ ʜʨʫʛʠʭ ʤʝʪʘʜʘʥʥʳʭ. 

- ʊʠʧ ʜʘʥʥʳʭ: ʋʢʘʟʳʚʘʝʪ, ʢʘʢʠʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ (ʥʘʧʨʠʤʝʨ, ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ, 

ʩʪʨʦʢʠ ʠ ʪ.ʜ.). 

- ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʭʦʩʪʘ: ʋʢʘʟʳʚʘʝʪ, ʢ ʢʘʢʦʤʫ ʭʦʩʪʫ ʦʪʥʦʩʷʪʩʷ ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ. 

- ɿʥʘʯʝʥʠʷ: ʌʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ (ʥʘʧʨʠʤʝʨ, ʪʝʢʫʱʘʷ ʟʘʛʨʫʟʢʘ 

ʧʨʦʮʝʩʩʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠ ʠ ʪ.ʜ.). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ Zabbix Server ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ: 

- ɼʦʩʪʫʧ ʢ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʫ: ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ Zabbix Frontend ʯʝʨʝʟ 

ʚʝʙ-ʙʨʘʫʟʝʨ, ʠʩʧʦʣʴʟʫʷ URL-ʘʜʨʝʩ, ʫʢʘʟʘʥʥʳʡ ʧʨʠ ʫʩʪʘʥʦʚʢʝ çZabbixè. ɼʣʷ ʜʦʩʪʫʧʘ ʢ 

ʠʥʪʝʨʬʝʡʩʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ (ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ). 

- ʅʘʩʪʨʦʡʢʘ ʤʦʥʠʪʦʨʠʥʛʘ: ʉʦʟʜʘʥʠʝ ʭʦʩʪʦʚ: ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ 

ʭʦʩʪʳ (ʩʝʨʚʝʨʳ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ) ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ; ʅʘʩʪʨʦʡʢʘ ʵʣʝʤʝʥʪʦʚ 

ʜʘʥʥʳʭ: ɼʣʷ ʢʘʞʜʦʛʦ ʭʦʩʪʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ, ʢʘʢʠʝ ʤʝʪʨʠʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʠʨʘʪʴ (ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ CPU, ʦʙʲʝʤ ʧʘʤʷʪʠ, ʜʦʩʪʫʧʥʦʩʪʴ ʩʝʪʠ ʠ ʪ.ʜ.); ʉʦʟʜʘʥʠʝ 

ʪʨʠʛʛʝʨʦʚ: ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʪʨʠʛʛʝʨʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʦʪʧʨʘʚʣʷʪʴʩʷ ʫʚʝʜʦʤʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ CPU ʧʨʝʚʳʰʘʝʪ 

90%). 

- ʇʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʠ ʦʪʯʝʪʦʚ: ɺʝʙ-ʠʥʪʝʨʬʝʡʩ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʜʘʰʙʦʨʜʦʚ ʠ ʦʪʯʝʪʦʚ; ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤ, ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʳ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

- ʋʚʝʜʦʤʣʝʥʠʷ: ʂʦʛʜʘ ʪʨʠʛʛʝʨ ʩʨʘʙʘʪʳʚʘʝʪ, Zabbix Server ʛʝʥʝʨʠʨʫʝʪ ʫʚʝʜʦʤʣʝʥʠʝ. 

ʋʚʝʜʦʤʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʪʧʨʘʚʣʝʥʳ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʘʥʘʣʘʤ (email, SMS, 

ʤʝʩʩʝʥʜʞʝʨʳ). ʊʝʧʝʨʴ, ʢʦʛʜʘ ʚʩʸ ʷʩʥʦ ʩ ʪʝʦʨʠʝʡ ʨʘʙʦʪʳ çZabbixè ʧʝʨʝʡʜʸʤ ʢ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʝ: 

1. ɼʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʦʬʠʮʠʘʣʴʥʳʡ ʨʝʧʦʟʠʪʦʨʠʡ çZabbixè. 

ʉʢʘʯʠʚʘʝʤ ʧʘʢʝʪ ʚ ʬʦʨʤʘʪʝ .deb ʧʨʠ ʧʦʤʦʱʠ ʫʪʠʣʠʪʘ wget: 
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https://repo.zabbix.com/zabbix/6.0/ubuntu/pool/main/z/zabbix-release/zabbix-release_6.0-

4+ubuntu22.04_all.deb 

2. ʋʩʪʘʥʘʚʣʠʚʘʝʤ ʩʢʘʯʘʥʥʳʡ ʬʘʡʣ ʩ ʧʦʤʦʱʴʶ ʫʪʠʣʠʪʳ dpkg: dpkg -i zabbix-

release_6.0-4+ubuntu22.04_all.deb. 

3. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʘʢʝʪ ʫʩʧʝʰʥʦ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ, ʧʝʨʝʭʦʜʠʤ ʢ ʫʩʪʘʥʦʚʢʝ Zabbix-

ʩʝʨʚʝʨʘ ʠ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʉʥʘʯʘʣʘ ʦʙʥʦʚʣʷʝʤ ʩʧʠʩʢʠ ʨʝʧʦʟʠʪʦʨʠʝʚ. ʇʦʤʠʤʦ ʩʘʤʦʛʦ 

ʩʝʨʚʝʨʘ çZabbixè, ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʷʟʳʢʘ PHP, ʘʛʝʥʪ çZabbixè, ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʣʘʛʠʥʳ, ʘ ʪʘʢʞʝ ʚʝʙ-ʩʝʨʚʝʨ Nginx: apt update && apt -y install zabbix-server-pgsql zabbix-

frontend-php php8.1-pgsql zabbix-nginx-conf zabbix-sql-scripts zabbix-agent. 

4. ʉʦʟʜʘʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ PostgreSQL ʩ ʠʤʝʥʝʤ zabbix (ʥʘʧʦʤʥʶ, ʯʪʦ ʉʋɹɼ ʫʞʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʘ, ʠʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʥʘʯʘʣʝ ʩʪʘʪʴʠ): sudo -u 

postgres createuser --pwprompt zabbix ʅʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʧʘʨʦʣʴ ʜʣʷ ʩʦʟʜʘʚʘʝʤʦʡ ʫʯʝʪʥʦʡ 

ʟʘʧʠʩʠ ʠ ʧʦʚʪʦʨʠʪʴ ʝʛʦ. 

5. ɼʘʣʝʝ ʩʦʟʜʘʝʤ ʙʘʟʫ ʜʘʥʥʳʭ ʩ ʠʤʝʥʝʤ zabbix: sudo -u postgres createdb -O zabbix 

zabbix. 

6. ʀʤʧʦʨʪʠʨʫʝʤ ʬʘʡʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʭʝʤʫ ʜʘʥʥʳʭ, ʚ ʩʦʟʜʘʥʥʫʶ ʨʘʥʝʝ ɹɼ ʩ 

ʠʤʝʥʝʤ zabbix: zcat /usr/share/zabbix-sql-scripts/postgresql/server.sql.gz | sudo -u zabbix psql 

zabbix. 

7. ʆʪʢʨʳʚʘʝʤ ʥʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʬʘʡʣ zabbix_server.conf ʧʨʠ ʧʦʤʦʱʠ ʣʶʙʦʛʦ 

ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ: nano /etc/zabbix/zabbix_server.conf: 

- ʀʱʝʤ ʧʘʨʘʤʝʪʨ DBPassword ʠ ʟʘʜʘʝʤ ʧʘʨʦʣʴ ʦʪ ɹɼ; 

- ʉʦʭʨʘʥʷʝʤ ʠʟʤʝʥʝʥʠʷ ʠ ʚʳʭʦʜʠʤ ʠʟ ʬʘʡʣʘ. 

8. ɼʘʣʝʝ ʦʪʢʨʳʚʘʝʤ ʥʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʬʘʡʣ nginx.conf: nano /etc/zabbix/nginx.conf. 

ɺ ʙʣʦʢʝ server ʨʘʩʢʦʤʤʝʥʪʠʨʫʝʤ ʧʘʨʘʤʝʪʨʳ listen ʠ server_name, ʟʘʜʘʚ ʧʦʨʪ (ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʨʪ 8080), ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʜʦʩʪʫʧʝʥ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ çZabbixè (ʧʘʨʘʤʝʪʨ 

listen), ʠ ʘʜʨʝʩ ʩʝʨʚʝʨʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʦʪʢʨʳʚʘʪʴʩʷ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ (ʧʘʨʘʤʝʪʨ 

server_name). ʀʩʧʦʣʴʟʦʚʘʪʴ ʤʦʞʥʦ ʢʘʢ ʜʦʤʝʥʥʦʝ ʠʤʷ, ʪʘʢ ʠ IP-ʘʜʨʝʩ. ʉʦʭʨʘʥʷʝʤ ʠʟʤʝʥʝʥʠʷ ʠ 

ʚʳʭʦʜʠʤ ʠʟ ʬʘʡʣʘ. 

9. ʇʝʨʝʟʘʧʫʩʢʘʝʤ ʩʝʨʚʝʨ Zabbix, ʘʛʝʥʪ Zabbix, Nginx, PHP-FPM ʠ ʜʦʙʘʚʣʷʝʤ ʠʭ ʚ 

ʘʚʪʦʟʘʛʨʫʟʢʫ: systemctl restart zabbix-server zabbix-agent nginx php8.1-fpm && systemctl enable 

zabbix-server zabbix-agent nginx php8.1-fpm. 

- ʇʨʦʚʝʨʷʝʤ ʩʪʘʪʫʩ ʩʝʨʚʝʨʘ Zabbix: systemctl status zabbix-server. ɽʩʣʠ ʚ ʩʪʘʪʫʩʝ 

ʦʪʦʙʨʘʞʘʝʪʩʷ active (running), ʪʦ ʩʝʨʚʝʨ çZabbixè ʫʩʧʝʰʥʦ ʟʘʧʫʱʝʥ ʠ ʨʘʙʦʪʘʝʪ. ʅʘ ʵʪʦʤ 

ʫʩʪʘʥʦʚʢʘ ʟʘʚʝʨʰʝʥʘ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʰʠʙʦʢ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ 

ʙʫʜʝʪ ʥʘʡʪʠ ʚ ʣʦʛ-ʬʘʡʣʝ zabbix_server.log, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ /var/log/zabbix/. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ çZabbixè ʥʘ ʩʝʨʚʝʨʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʪʯʸʪʦʚ ʧʦ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʩʪʦʠʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

1.ʅʘʩʪʨʦʠʪʴ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʠ ʙʘʟʫ ʜʘʥʥʳʭ çZabbixè: 

- ʋʩʪʘʥʦʚʠʪʝ ʚʝʙ-ʩʝʨʚʝʨ (ʥʘʧʨʠʤʝʨ, apache); 

- ʉʦʟʜʘʡʪʝ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ çZabbixè; 

- ʀʤʧʦʨʪʠʨʫʡʪʝ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʙʘʟʫ ʜʘʥʥʳʭ 

 ʥʘʧʨʠʤʝʨ ʦʪʩʶʜʘ: /usr/share/doc/zabbix-server-mysql/; 

- ʉʦʟʜʘʡʪʝ ʢʦʥʬʠʛʫʨʘʮʠʶ ʜʣʷ çApacheè. ʅʘʧʨʠʤʝʨ ʟʜʝʩʴ 

sudo nano /etc/apache2/conf-available/zabbix.conf; 

- ɸʢʪʠʚʠʨʫʡʪʝ ʢʦʥʬʠʛʫʨʘʮʠʶ. 

2. ɼʦʙʘʚʠʪʴ ʢʣʠʝʥʪʦʚ: 

- ɺʦʡʜʠʪʝ ʚ ʚʝʙ ʠʥʪʝʨʬʝʡʩ çZabbixè; 

- ʇʝʨʝʡʜʠʪʝ ʢ ʨʘʟʜʝʣʫ "ʂʦʥʬʠʛʫʨʘʮʠʷò, ʥʘʞʤʠʪʝ ʥʘ ʢʥʦʧʢʫ "Create host",  

ʟʘʧʦʣʥʠʪʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʦʩʪʝ ʠ ʩʦʭʨʘʥʠʪʝ ʠʟʤʝʥʝʥʠʷ; 

- ʇʨʦʚʝʨʴʪʝ ʩʪʘʪʫʩʘ ʭʦʩʪʘ ("ʄʦʥʠʪʦʨʠʥʛ" ʠʣʠ "ʅʝʜʦʩʪʫʧʝʥ") 

3. ʅʘʩʪʨʦʠʪʴ ʰʘʙʣʦʥʳ, ʠ ʪʨʠʛʛʝʨʳ ʜʣʷ ʫʚʝʜʦʤʣʝʥʠʡ. ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʰʘʙʣʦʥʦʚ: 

- ʇʝʨʝʡʜʠʪʝ ʚ ʨʘʟʜʝʣ "ʐʘʙʣʦʥʳ": 

https://repo.zabbix.com/zabbix/6.0/ubuntu/pool/main/z/zabbix-release/zabbix-release_6.0-4+ubuntu22.04_all.deb
https://repo.zabbix.com/zabbix/6.0/ubuntu/pool/main/z/zabbix-release/zabbix-release_6.0-4+ubuntu22.04_all.deb
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- ɺ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʝ Zabbix ʚʳʙʝʨʠʪʝ "Configuration" (ʂʦʥʬʠʛʫʨʘʮʠʷ) ʚ ʚʝʨʭʥʝʤ ʤʝʥʶ. 

- ɿʘʪʝʤ ʚʳʙʝʨʠʪʝ "Templates" (ʐʘʙʣʦʥʳ). 

- ʇʨʠʤʝʥʝʥʠʝ ʰʘʙʣʦʥʦʚ ʢ ʭʦʩʪʘʤ: 

- ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʰʘʙʣʦʥ ʢ ʥʦʚʦʤʫ ʭʦʩʪʫ, ʧʝʨʝʡʜʠʪʝ ʢ ʨʘʟʜʝʣʫ "Hosts" (ʍʦʩʪʳ), 

ʚʳʙʝʨʠʪʝ ʥʫʞʥʳʡ ʭʦʩʪ ʠ ʦʪʢʨʦʡʪʝ ʝʛʦ ʥʘʩʪʨʦʡʢʠ. 

ɺ ʧʦʣʝ "Templates" (ʐʘʙʣʦʥʳ) ʜʦʙʘʚʴʪʝ ʥʫʞʥʳʡ ʰʘʙʣʦʥ ʠ ʩʦʭʨʘʥʠʪʝ ʠʟʤʝʥʝʥʠʷ. 

4. ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʋʚʝʜʦʤʣʝʥʠʡ 

1. ʅʘʩʪʨʦʡʢʘ ʤʝʜʠʘ ʪʠʧʦʚ: 

- ʇʝʨʝʡʜʠʪʝ ʚ ʨʘʟʜʝʣ "Media types", ʚ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʝ çZabbixè 

ʚʳʙʝʨʠʪʝ "Administration" Ÿ "Media types". 

- ʉʦʟʜʘʡʪʝ ʥʦʚʳʡ ʤʝʜʠʘ ʪʠʧ ʠ ʩʦʭʨʘʥʠʪʝ ʠʟʤʝʥʝʥʠʷ. 

2. ʅʘʩʪʨʦʡʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: 

- ʇʝʨʝʡʜʠʪʝ ʚ ʨʘʟʜʝʣ "Users": 

- ɺʳʙʝʨʠʪʝ "Administration" Ÿ "Users". 

- ʅʘʞʤʠʪʝ "Create user" ʠʣʠ ʚʳʙʝʨʠʪʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʥʘʞʤʠʪʝ ʥʘ ʝʛʦ 

ʠʤʷ. 

ʇʝʨʝʡʜʠʪʝ ʚ "Media", ʟʘʪʝʤ ʚ ñAdd", ʚʳʙʝʨʠʪʝ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʡ ʤʝʜʠʘ ʪʠʧ ʠ ʟʘʧʦʣʥʠʪʝ 

ʧʦʣʷ: 

ʘ) Send to: ʘʜʨʝʩ ʵʣ. ʧʦʯʪʳ ʠʣʠ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʝʜʠʘ). 

ʙ) Use: ʇʨʠʯʠʥʘ ʦʪʧʨʘʚʢʠ ʫʚʝʜʦʤʣʝʥʠʡ. 

ʚ) Severity: ʋʢʘʞʠʪʝ ʫʨʦʚʝʥʴ ʩʝʨʴʝʟʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʦʪʧʨʘʚʣʷʪʴʩʷ 

ʫʚʝʜʦʤʣʝʥʠʷ. 

3. ʅʘʩʪʨʦʡʢʘ ʪʨʠʛʛʝʨʦʚ ʜʣʷ ʫʚʝʜʦʤʣʝʥʠʡ 

- ʇʝʨʝʡʜʠʪʝ ʚ ʨʘʟʜʝʣ "Triggers", ʚʳʙʝʨʠʪʝ "Configuration" Ÿ "Hosts", ʟʘʪʝʤ ʚʳʙʝʨʠʪʝ 

ʥʫʞʥʳʡ ʭʦʩʪ ʠ ʧʝʨʝʡʜʠʪʝ ʥʘ ʚʢʣʘʜʢʫ "Triggers". 

- ʅʘʞʤʠʪʝ ʥʘ ʢʥʦʧʢʫ "Create trigger" ʠʣʠ ʚʳʙʝʨʠʪʝ ʩʫʱʝʩʪʚʫʶʱʠʡ ʪʨʠʛʛʝʨ ʠ ʥʘʞʤʠʪʝ 

ʥʘ ʝʛʦ ʠʤʷ. 

- ʅʘʩʪʨʦʡʪʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʪʨʠʛʛʝʨʘ: 

ʇʝʨʝʡʜʠʪʝ ʥʘ ʚʢʣʘʜʢʫ "Actions", ʥʘʞʤʠʪʝ"Create action" ʠ ʟʘʧʦʣʥʠʪʝ ʧʦʣʷ: 

Name: ʋʢʘʞʠʪʝ ʠʤʷ ʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, Notify on High CPU Load). 

Event source: ɺʳʙʝʨʠʪʝ Triggers. 

Conditions: ʋʢʘʞʠʪʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʨʘʙʘʪʳʚʘʪʴ ʜʝʡʩʪʚʠʝ 

(ʥʘʧʨʠʤʝʨ, Trigger = High CPU Load). 

4. ʅʘʩʪʨʦʡʪʝ ʦʧʝʨʘʮʠʠ ʠ ʩʦʭʨʘʥʠʪʝ. 

- ʇʝʨʝʡʜʠʪʝ ʥʘ ʚʢʣʘʜʢʫ "Operations". 

- ʅʘʞʤʠʪʝ "Add" ʠ ʟʘʧʦʣʥʠʪʝ ʧʦʣʷ: 

Operation type: ɺʳʙʝʨʠʪʝ Send message. 

Send to: ʋʢʘʞʠʪʝ ʠʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʛʨʫʧʧʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʧʦʣʫʯʘʪʴ ʫʚʝʜʦʤʣʝʥʠʷ. 

Message: ʋʢʘʞʠʪʝ ʪʝʢʩʪ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʪʧʨʘʚʣʝʥʦ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʫʚʝʜʦʤʣʝʥʠʡ: 

1. ʉʦʟʜʘʡʪʝ ʪʨʠʛʛʝʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʨʘʙʘʪʳʚʘʪʴ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

2. ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʫʚʝʜʦʤʣʝʥʠʷ ʧʨʠʭʦʜʷʪ ʥʘ ʫʢʘʟʘʥʥʳʡ ʘʜʨʝʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠʣʠ 

ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ. 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʘʥʝʣʴ çZabbixè ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 
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ʈʠʩʫʥʦʢ 2 ï ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʘʥʝʣʴ 

ʊʘʢ ʞʝ ʧʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʠ ʜʦʙʘʚʣʝʥʠʷ ʢʣʠʝʥʪʦʚ çZabbixè ʤʦʞʝʪ ʩʪʨʦʠʪʴ ʪʦʧʦʣʦʛʠʶ 

ʩʝʪʠ.  

 

ʈʠʩʫʥʦʢ 3 ï  ʊʦʧʦʣʦʛʠʷ ʩʝʪʠ 

ʇʦʤʠʤʦ ʩʚʦʠʭ ʩʝʨʚʠʩʦʚ, çZabbixè ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʥʝʰʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ API ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʨʠʧʪʦʚ. ɺʦʪ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʤʝʨʦʚ ʠʥʪʝʛʨʘʮʠʠ: 

- LDAP/Active Directory: ɺʳ ʤʦʞʝʪʝ ʥʘʩʪʨʦʠʪʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʯʝʨʝʟ 

LDAP ʠʣʠ Active Directory, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʧʨʘʚʣʷʪʴ ʜʦʩʪʫʧʦʤ ʢ ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ. 
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- Elasticsearch/Kibana: ɼʘʥʥʳʝ ʠʟ çZabbixè ʤʦʛʫʪ ʙʳʪʴ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʚ 

çElasticsearchè ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ Kibana. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʧʦʣʝʟʥʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ ʦʪʯʝʪʦʚ. 

- Grafana: ʀʥʪʝʛʨʘʮʠʷ ʩ çGrafanaè ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠ 

ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʨʠʢ, ʩʦʙʠʨʘʝʤʳʭ Zabbix. Grafana ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʦʪʣʠʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʦʣʥʦʛʦ ʘʥʘʣʠʟʘ.  

- Zabbix API: Zabbix ʠʤʝʝʪ RESTful API, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʜʨʫʛʠʤ ʩʠʩʪʝʤʘʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʩʧʦʩʦʙʦʤ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʟʘʜʘʯ, 

ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

- Webhook-ʠʥʪʝʛʨʘʮʠʠ: ɺʳ ʤʦʞʝʪʝ ʥʘʩʪʨʦʠʪʴ ʦʪʧʨʘʚʢʫ ʫʚʝʜʦʤʣʝʥʠʡ ʯʝʨʝʟ çWebhookè 

ʚ ʨʘʟʣʠʯʥʳʝ ʤʝʩʩʝʥʜʞʝʨʳ (çSlackè, çTelegramè ʠ ʜʨ.) ʠʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʮʠʜʝʥʪʘʤʠ 

(çJiraè, çServiceNowè ʠ ʜʨ.). 

- ʉʢʨʠʧʪʳ ʠ ʚʥʝʰʥʠʝ ʧʨʦʚʝʨʢʠ: çZabbixè ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʚʥʝʰʥʠʭ 

ʩʢʨʠʧʪʦʚ ʜʣʷ ʨʘʩʰʠʨʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʚʝʨʦʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʠʤʠ ʩʝʨʚʠʩʘʤʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ. 

ʆʜʥʘʢʦ, ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʚʩʝ ʵʪʠ ʠʥʪʝʛʨʘʮʠʠ ʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʣʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ çZabbixè, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʥʘ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ çZabbixè: 

- ʎʝʣʝʚʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ: Linux (ʥʘʧʨʠʤʝʨ, Ubuntu, CentOS, FreeBSD.). 

- ɹʘʟʘ ʜʘʥʥʳʭ: MySQL, PostgreSQL ʠʣʠ SQLite, MariaDB. 

- ɺʝʙ-ʩʝʨʚʝʨ: Apache ʠʣʠ Nginx. 

- PHP ʚʝʨʩʠʠ 7.x ʠʣʠ ʚʳʰʝ. 

- ʇʨʦʮʝʩʩʦʨ: ʄʥʦʛʦʷʜʝʨʥʳʡ ʧʨʦʮʝʩʩʦʨ (ʨʝʢʦʤʝʥʜʫʝʪʩʷ 2.0 ɻɻʮ ʠ ʚʳʰʝ) 

- ʆʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ: 6 ɻɹ ʠ ʙʦʣʝʝ (ʯʝʤ ʙʦʣʴʰʝ, ʪʝʤ ʣʫʯʰʝ) 

- ʄʝʩʪʦ ʥʘ ʜʠʩʢʝ: 20 ɻɹ ʠ ʙʦʣʝʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʜʘʥʥʳʭ) 

ʉ ʫʯʝʪʦʤ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʫʧʨʘʚʣʝʥʠʠ IT-ʨʝʩʫʨʩʘʤʠ ʠ ʥʠʟʢʠʤʠ ʩʠʩʪʝʤʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, çZabbixè ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ, ʩʧʦʩʦʙʥʳʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. Zabbix Documentation. ï URL: https://www.zabbix.com/documen-tation/current/ru/manual  (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

17.12.2024). 

2. Zabbix ï URL: Forums URL:https://www.zabbix.com/forum/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.12.2024). 

3. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ Zabbix (ʚʚʝʜʝʥʠʝ). ï URL: https://habr.com/ru/articles/73338/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 17.12.2024). 

4. Zabbix ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ.  ï URL: https://ru.wikipedia.org/wiki/Zabbix (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.12.2024). 

5. Top 20 Best Open Source Monitoring Tools for Servers, Networks&Apps. ï URL: 

https://cloudinfrastructureservices.co.uk/?p=37215 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.12.2024). 
 

ʋɼʂ 004.89 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

ɼʃʗ ʆʇʊʀʄʀɿɸʎʀʀ ʋʇʈɸɺʃɽʅʀʗ  

ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀɽʄ ɺ çʋʄʅʓʍ ɻʆʈʆɼɸʍè 
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1
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2
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3
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʚ çʋʤʥʳʭ ʛʦʨʦʜʘʭè. ʆʙʦʩʥʦʚʘʥʘ ʟʥʘʯʠʤʦʩʪʴ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʚ ʛʦʨʦʜʘʭ ʩ ʙʦʣʴʰʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ 

ʥʘʩʝʣʝʥʠʷ. ɺʳʜʝʣʝʥʘ ʦʩʦʙʘʷ ʨʦʣʴ ʀʀ ʚ ʫʧʨʘʚʣʝʥʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʚ ʩʠʩʪʝʤʘʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ 

çʫʤʥʳʭè ʟʜʘʥʠʡ, ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ), ʦʧʪʠʤʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ, çʋʤʥʳʡ ʛʦʨʦʜè, 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 
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The article discusses the possibilities of using artificial intelligence (AI) to optimize energy management 

in smart cities. The importance of innovative solutions for improving the quality of life in cities with large 

populations is substantiated. The special role of AI in energy management is highlighted. Examples of the 

use of AI in intelligent load distribution systems, in optimizing the operation of smart buildings, and in 

the integration of renewable energy sources are given. 

Keywords: artificial intelligence (AI), control optimization, smart city, energy consumption. 
 

ʉʦʛʣʘʩʥʦ ʦʜʥʦʤʫ ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ (ʀʀ, AI ï Artificial 

Intelligence) ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʰʠʥʳ ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʪʴ 

ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʠʥʪʝʣʣʝʢʪ. ʇʦʜ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝʤ 

çʋʤʥʳʡ ʛʦʨʦʜè (çSmart Cityè) ʧʦʥʠʤʘʝʪʩʷ ʩʦʟʜʘʥʥʘʷ ʯʝʣʦʚʝʢʦʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʥʪʝʨʥʝʪʦʤ ʚʝʱʝʡ (IoT ï Internet of 

Things). ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʣʣʝʢʪʠʚʥʦʡ ʩʝʪʠ ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʦʙʣʝʛʯʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ çʦʙʣʘʢʦʤè, ʘ ʪʘʢʞʝ ʤʝʞʜʫ 

ʩʘʤʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʘʧʨʷʤʫʶ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢʦʥʮʝʧʮʠʷ çʋʤʥʳʭ ʛʦʨʦʜʦʚè ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʧʨʝʜʣʘʛʘʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ 

ʦʩʥʦʚʝ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʣʝʞʠʪ ʠʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʦʨʦʜʩʢʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ, 

ʦʩʚʝʱʝʥʠʝʤ, ʚʦʜʦʡ, ʦʪʭʦʜʘʤʠ ʠ, ʢʦʥʝʯʥʦ ʞʝ, ʵʥʝʨʛʠʝʡ. ʋʯʠʪʳʚʘʷ ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ 

ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʧʨʦʙʣʝʤʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʛʦʨʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʦʨʦʜʘ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʚʳʟʦʚʦʚ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʢʦʣʝʙʘʥʠʷ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʝʟʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ 

ʠʥʪʝʛʨʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʠ ʚʝʪʨʦʚʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʧʝʨʝʤʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʛʝʥʝʨʘʮʠʠ. ɹʝʟ ʥʘʜʣʝʞʘʱʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʤʦʛʫʪ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʩʝʨʴʸʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʧʝʨʝʛʨʫʟʢʠ, ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠʣʠ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʵʥʝʨʛʠʠ, ʫʚʝʣʠʯʝʥʠʶ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʠ 

ʥʝʛʘʪʠʚʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ [1]. 

ʈʦʣʴ ʀʀ ʚ ʫʧʨʘʚʣʝʥʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʧʨʠʥʠʤʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʤʝʛʘʧʦʣʠʩʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʫʤʥʳʭ ʛʦʨʦʜʘʭ ʩʪʘʥʦʚʠʪʩʷ ʨʝʚʦʣʶʮʠʦʥʥʳʤ ʰʘʛʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʀʀ ʩʧʦʩʦʙʝʥ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʩʦʙʠʨʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʢʘʢ: 

- ʜʘʥʥʳʝ ʦ ʧʦʪʨʝʙʣʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦʤʦʭʦʟʷʡʩʪʚʘʤʠ, ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ 

ʦʙʱʝʩʪʚʝʥʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ; 

- ʧʨʦʛʥʦʟʳ ʥʘ ʦʩʥʦʚʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʚʝʪʝʨ ʠ 

ʪ.ʜ.); 

- ʜʘʥʥʳʝ ʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʘʭ ʠ ʘʢʪʠʚʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ; 

- ʜʘʥʥʳʝ ʦ ʨʘʙʦʪʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʧʨʦʛʥʦʟʳ ʠʭ ʛʝʥʝʨʘʮʠʠ. 
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ɹʣʘʛʦʜʘʨʷ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʪʘʢʠʭ ʜʘʥʥʳʭ ʀʀ ʤʦʞʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʙʫʜʫʱʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʥʝʨʛʠʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʦʟʜʘʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʩʧʨʦʩ ʠ 

ʧʨʝʜʣʦʞʝʥʠʝ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʵʥʝʨʛʦʩʝʪʝʡ ʠ ʩʥʠʞʘʪʴ ʧʦʪʝʨʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ. ʅʘʧʨʠʤʝʨ, ʀʀ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʥʠʞʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʦʤʝʥʪʳ ʧʠʢʦʚʦʛʦ ʩʧʨʦʩʘ, ʨʘʩʧʨʝʜʝʣʷʷ ʥʘʛʨʫʟʢʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʝʨʝʛʨʫʟʢʠ ʠ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʝ 

ʵʥʝʨʛʦʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʫʶʱʠʭ ʀʀ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʧʨʠʤʝʨʳ: 

- ʉʠʩʪʝʤʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ; 

- ʉʠʩʪʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʫʤʥʳʭ ʟʜʘʥʠʡ; 

- ʉʠʩʪʝʤʳ ʠʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʩʠʩʪʝʤʘʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʩʢʘʟʘʪʴ ʚʩʧʣʝʩʢʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʟʘʨʘʥʝʝ ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʫ, ʧʨʝʜʦʪʚʨʘʱʘʷ 

ʧʝʨʝʛʨʫʟʢʠ ʩʝʪʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʛʘʧʦʣʠʩʘʭ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʩʝʪʝʡ [2]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʫʤʥʳʭ ʟʜʘʥʠʡ (Smart Building) ʧʦʟʚʦʣʷʝʪ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʫʧʨʘʚʣʷʪʴ ʩʠʩʪʝʤʘʤʠ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (HVAC) ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ ʠ ʜʘʥʥʳʭ ʦ ʟʘʥʷʪʦʩʪʠ 

ʧʦʤʝʱʝʥʠʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʦʤʦʛʘʝʪ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʳʨʘʙʦʪʢʫ ʵʥʝʨʛʠʠ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʳʝ 

ʧʘʥʝʣʠ ʠ ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ, ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʭ ʚ ʦʙʱʠʝ ʛʦʨʦʜʩʢʠʝ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʀʀ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʉʠʥʛʘʧʫʨʝ ʨʝʘʣʠʟʫʶʪʩʷ ʧʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʪʝʢʫʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ. ɺ ɽʚʨʦʧʝ ʚʥʝʜʨʷʶʪʩʷ 

çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝè ʵʥʝʨʛʦʩʝʪʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʀʀ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʩʥʘʙʞʝʥʠʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʨʫʧʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ ʢʘʢ: çGoogleè, çMicrosoftè ʠ 

çIBMè, ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʀʀ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ, 

ʩʪʨʝʤʷʩʴ ʜʦʩʪʠʯʴ ʩʚʦʠʭ ʮʝʣʝʡ ʧʦ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʠ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʦʜʦʚ [3]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʚ ʫʤʥʳʭ ʛʦʨʦʜʘʭ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʩʦʢʨʘʱʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ 

ʚʳʙʨʦʩʦʚ ʠ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʛʦʨʦʜʦʚ ʙʫʜʫʱʝʛʦ. ʕʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʥʝʜʨʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʥʦ ʫʞʝ ʩʝʛʦʜʥʷ 

ʷʩʥʦ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʛʣʦʙʘʣʴʥʦʡ 

ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʛʦʨʦʜʘ ʩʤʦʛʫʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʨʝʩʫʨʩʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʤʬʦʨʪ ʠ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʜʣʷ ʩʚʦʠʭ ʞʠʪʝʣʝʡ, ʥʝ 

ʥʘʥʦʩʷ ʫʱʝʨʙʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɼʟʶʙʘ ɸ.ʇ., ʉʦʣʦʚʴʝʚʘ ʀ.ɸ. ʋʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ ʥʘ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʢʦʥʮʝʧʮʠʠ çʋʤʥʳʡ ʛʦʨʦʜè // 

ʋʧʨʘʚʣʝʥʝʮ. ï 2020. ʊ. 11. ˉ 2. ï ʉ. 53ï66. ï URL: https://viewer.rusneb.ru/ru/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.11.2024). 

2. ʂʫʧʨʠʷʥʦʚʩʢʠʡ ɺ.ʇ., ɸʣʝʥʴʢʦʚ ɺ.ɺ., ʉʦʢʦʣʦʚ ʀ.ɸ., ɿʘʞʠʛʘʣʢʠʥ ɸ.ɺ., ʂʣʠʤʦʚ ɸ.ɸ. ʋʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 
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ʇʈʀʄɽʅɽʅʀɽ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ɼʃʗ ʆɹʅɸʈʋɾɽʅʀʗ 

ɸʅʆʄɸʃʔʅʆɻʆ ʊʈɸʌʀʂɸ ɺ ʉɽʊʗʍ ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ 
 

ɸʥʪʦʥʷʥʮ ɽ.ʅ., ʄʦʨʦʟʦʚ ʅ.ɼ., ʀʩʪʨʘʪʦʚʘ ɽ.ɽ. 

ʌɻɹʆʋ ɺʆ çʅɻʊʋè, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʆʙʫʯʝʥʠʝ 

ʤʦʜʝʣʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ UNSW-NB15. ɻʦʪʦʚʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʙʳʣʘ 

ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʧʨʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʡ ʪʦʯʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ 

ʚʳʰʝ ʫ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʦʤʘʣʴʥʳʡ ʪʨʘʬʠʢ, ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʙʥʘʨʫʞʝʥʠʝ ʚʪʦʨʞʝʥʠʡ. 
 

NEURAL NETWORKS USING TO DETECT ANOMALOUS TRAFFIC IN IOT NETWORKS  
 

Antonyants E.N., Morozov N.D., Istratova E.E. 
FSBEI HE "NSTU", Novosibirsk 

 

The article presents the results of the development and study of a mathematical model for detecting 

abnormal behavior of network traffic in the Internet of Things networks. The model was trained on the 

UNSW-NB15 dataset. The finished neural network model was used as the basis for the software. 

Comparison with software analogues showed that with approximately the same accuracy of anomaly 

detection, the speed of obtaining the result is higher for the proposed model. 

Keywords: anomalous traffic, Internet of things, neural networks, intrusion detection. 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʩʝʪʠ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʠ ʩ ʫʯʝʪʦʤ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʙʠʨʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʨʝʯʴ 

ʟʘʭʦʜʠʪ ʦʙ ʘʥʘʣʠʟʝ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʱʠʡ ʩʝʪʝʚʦʡ 

ʪʨʘʬʠʢ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʠʟ ʝʜʠʥʦʡ ʪʦʯʢʠ ʩʣʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʝʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʩʦʧʨʷʞʝʥʠʷ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʩʝʪʷʤʠ, ʥʦ ʠ 

ʧʨʠʩʫʪʩʪʚʫʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʠʙʨʠʜʥʘʷ ʪʦʧʦʣʦʛʠʷ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʯʠʩʣʘ ʩʝʛʤʝʥʪʦʚ ʠ ʛʠʙʢʦʩʪʴʶ ʠʭ ʧʦʜʢʣʶʯʝʥʠʷ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʣʠʪʴ ʠʭ 

ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʂ ʧʦʜʦʙʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʝʪʠ, ʧʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʦʡ 

ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʠ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʩʣʫʞʝʙʥʦʛʦ ʪʨʘʬʠʢʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʚ ʩʠʩʪʝʤʝ [2, 3]. 

ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʇʝʨʚʦʡ ʧʦʜʦʙʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʦʙʳʪʠʡ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʝʥʘ 

ʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ (ʣʦʛʠ, ʩʣʫʞʝʙʥʳʡ ʪʨʘʬʠʢ ʠ ʪ.ʜ.). ɺ ʢʘʯʝʩʪʚʝ ʩʣʝʜʫʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʳʩʪʫʧʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʠʟ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʦʧʝʨʘʪʠʚʥʦ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʚʣʝʢʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʨʠʟʥʘʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʷʚʣʷʪʴ 

ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʊʨʝʪʴʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʤʘʩʰʪʘʙ ʩ ʫʯʝʪʦʤ ʨʦʩʪʘ ʩʝʪʠ ʀʥʪʝʨʥʝʪʘ 

ʚʝʱʝʡ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʥʝʡ ʜʘʥʥʳʭ. ʏʝʪʚʝʨʪʘʷ ʭʘʨʘʢʪʝʨʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ, ʣʦʢʘʣʠʟʘʮʠʠ 

ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʚʦʟʜʝʡʩʪʚʠʡ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʩʝʪʴ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʮʝʣʦʤ. 

ʀʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʥʝʤ ʧʨʠʟʥʘʢʦʚ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʨʠʯʝʤ ʜʣʷ ʧʨʦʩʪʦʪʳ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʝʜʠʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʜʦʣʶ ʢʦʨʨʝʢʪʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʝʚ ʘʥʦʤʘʣʴʥʦʛʦ 
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ʧʦʚʝʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ, ʥʦ ʠ ʦʮʝʥʠʚʘʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ 

ʥʘ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʢʘʞʜʦʛʦ ʠʟ ʩʣʦʝʚ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ 

ʪʨʝʙʫʝʪ ʧʦʪʨʝʙʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. 

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ ʚ ʥʝʤ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʘʥʦʤʘʣʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʆʜʥʦʡ ʠʟ 

ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʘʥʘʣʠʟʘ 

ʪʘʢʠʭ ʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʩʝʟʦʥʥʦʩʪʴ ʪʨʘʬʠʢʘ ʠ ʧʦʢʘʟʘʪʝʣʠ ʝʛʦ ʪʨʝʥʜʘ, ʧʨʠ ʵʪʦʤ ʩʫʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʫʯʘʡʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʪʨʘʬʠʢʘ ʩʝʪʠ. 

ɻʦʪʦʚʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʥʝʤ ʘʥʦʤʘʣʠʡ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʬʨʝʡʤʚʦʨʢ çTensorflowè. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʣʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ UNSW-NB15. ʆʙʫʯʘʶʱʘʷ ʠ ʪʝʩʪʦʚʘʷ ʚʳʙʦʨʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ, ʠʩʭʦʜʷ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ 80:20. ʊʘʢ, ʚ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ 135422 

ʟʘʧʠʩʠ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 80% ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʤʦʜʝʣʠ ʙʳʣʠ ʚʟʷʪʳ 33856 ʟʘʧʠʩʝʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʪʘʚʰʠʤʩʷ 20%. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʘʥʘʣʠʟʫ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʦʙʫʯʝʥʥʳʝ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ UNSW-NB15. 

ʊʘʢ, ʚ ʩʪʘʪʴʝ [2] ʨʘʩʩʤʦʪʨʝʥʘ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ, ʩʦʟʜʘʥʥʘʷ ʥʘ ʙʘʟʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʧʝʨʩʝʧʪʨʦʥʘ ʠ ʠʤʝʶʱʘʷ ʜʚʘ ʩʢʨʳʪʳʭ ʩʣʦʷ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʧʦʤʦʱʠ ʩʨʝʜʳ çMatlab Neural Network Toolboxè. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʦʪʦʚʦʡ ʤʦʜʝʣʠ 

ʧʦʢʘʟʘʣʠ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʨʘʚʥʫʶ 

93.41%. 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çBIWA Summitè, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʥʦʡ ʘʚʪʦʨʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʥʘ ʪʦʤ ʞʝ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩʦʩʪʘʚʠʣʦ 97.22% [1]. 

ɸʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [5] ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʥʠʷ ʠ ʘʧʨʦʙʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ 

ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʊʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 97.56%. 

ɺ ʩʪʘʪʴʝ [4] ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʠ ʘʥʘʣʠʟʘ ʙʦʣʝʝ ʯʝʤ 24 ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘ. ʇʨʠʯʝʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ, ʨʘʚʥʫʶ 97,62%, ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʩʦʩʪʘʚʠʣʦ ʚʩʝʛʦ 20 ʤʩ. ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʜʣʷ ʧʨʦʛʨʘʤʤ-

ʘʥʘʣʦʛʦʚ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʢʨʠʪʝʨʠʷ: ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʠ 

ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʧʨʦʛʨʘʤʤʘʤʠ-ʘʥʘʣʦʛʘʤʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʉʩʳʣʢʘ ʥʘ ʠʩʪʦʯʥʠʢ ʊʦʯʥʦʩʪʴ, % ɺʨʝʤʷ, ʤʩ 

[2] 93.41 29 

[3] 97.22 15 

[4] 97.56 19 

[5] 97.62 20 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ 97.41 16 
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ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʧʨʦʛʨʘʤʤ-ʘʥʘʣʦʛʦʚ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʤʦʜʝʣʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʚ 

ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʀʩʢʣʶʯʝʥʠʝʤ ʩʪʘʣʘ ʧʨʦʛʨʘʤʤʘ [3], ʯʪʦ ʧʦ-ʚʠʜʠʤʦʤʫ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ 

ʨʘʥʥʠʤ ʛʦʜʦʤ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦ ʢʨʠʪʝʨʠʶ çʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠè ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʭʘʨʘʢʪʝʨʦʤ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢ, ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʜʣʷ ʛʠʙʢʠʭ ʯʘʩʪʦ ʦʙʥʦʚʣʷʝʤʳʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʩʢʦʨʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʠʥʠʤʘʣʴʥʳʤ. ɼʣʷ ʩʠʩʪʝʤ, ʦʙʫʯʘʝʤʳʭ ʦʬʬʣʘʡʥ, ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩ ʝʝ 

ʧʦʤʦʱʴʶ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʢ 

ʪʦʯʥʦʩʪʠ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ, ʪʘʢ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʧʦʢʘʟʳʚʘʷ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʥʫʶ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. 
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ʘʨʭʠʪʝʢʪʫʨʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ REST ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʝʨʚʠʩʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ 

ʛʠʙʢʦʩʪʠ [3]. 

ɽʛʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ REST ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ API, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʟʣʠʯʥʳʤ ʩʠʩʪʝʤʘʤ 

ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʉ ʨʦʩʪʦʤ ʯʠʩʣʘ ʧʨʠʣʦʞʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ 

ʠʥʪʝʛʨʘʮʠʠ ʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ, REST ʩʪʘʣ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ. ʇʨʠʤʝʥʝʥʠʝ REST ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘʜʝʞʥʳʝ ʠ ʫʜʦʙʥʳʝ 

ʠʥʪʝʨʬʝʡʩʳ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʨʘʩʰʠʨʷʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʙʣʝʤʳ: ʂʦʥʮʝʧʮʠʷ ʠ ʢʣʶʯʝʚʳʝ ʩʚʦʡʩʪʚʘ REST-ʘʨʭʠʪʝʢʪʫʨʳ: REST 

ï ʵʪʦ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ. ɽʛʦ ʢʣʶʯʝʚʘʷ 

ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ʢʘʢ ʧʝʨʝʜʘʯʠ 

ʩʦʩʪʦʷʥʠʷ ʯʝʨʝʟ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ. ʂʘʞʜʳʡ ʟʘʧʨʦʩ ʢʣʠʝʥʪʘ ʢ ʩʝʨʚʝʨʫ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

REST ʩʪʨʦʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʦʩʥʦʚʘʭ. ɺʩʝ ʩʫʱʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʙʫʜʴ 

ʪʦ ʜʘʥʥʳʝ ʠʣʠ ʦʙʲʝʢʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʦʙʳʯʥʦ ʚ ʚʠʜʝ çUniform Resource Identifierè (çURIè). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʵʪʠʤʠ ʨʝʩʫʨʩʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʳʝ HTTP-ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ: GET, POST, 

PUT, DELETE ʠ ʜʨʫʛʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʩ ʜʘʥʥʳʤʠ [2]. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ REST ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʦʭʨʘʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʟʘʧʨʦʩʘʤʠ. ʂʘʞʜʳʡ ʟʘʧʨʦʩ ʷʚʣʷʝʪʩʷ ʩʘʤʦʜʦʩʪʘʪʦʯʥʳʤ ʠ ʚʢʣʶʯʘʝʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʝʛʦ ʦʙʨʘʙʦʪʢʠ. ʉʝʨʚʝʨ ʥʝ ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʢʣʠʝʥʪʘ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʜʝʣʘʝʪ ʝʸ ʙʦʣʝʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ. ʊʘʢʞʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʝʨʚʝʨʦʤ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʦ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ API, ʜʝʣʘʷ ʝʛʦ ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʳʤ. 

REST ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʵʰʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʨʚʝʨ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʨʦʩʦʚ ʢ ʩʝʨʚʝʨʫ, ʝʩʣʠ ʜʘʥʥʳʝ ʫʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʥʝʝ. ʂʨʦʤʝ ʪʦʛʦ, REST 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʯʪʦ ʜʘʸʪ ʩʠʩʪʝʤʝ 

ʛʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. 

REST-ʘʨʭʠʪʝʢʪʫʨʘ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ. ʆʥʘ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʪʩʫʪʩʪʚʠʝ ʩʦʩʪʦʷʥʠʷ ʤʝʞʜʫ ʟʘʧʨʦʩʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʝʨʚʝʨʫ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ 

ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʝ. ʇʨʦʩʪʦʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ HTTP-ʤʝʪʦʜʘʭ 

ʠ URI, ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʧʦʥʷʪʥʦʡ ʠ ʫʜʦʙʥʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. REST ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʧʦʟʚʦʣʷʷ ʨʘʟʥʳʤ ʩʠʩʪʝʤʘʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʯʝʨʝʟ ʝʜʠʥʳʡ ʠʥʪʝʨʬʝʡʩ. ʕʪʦ ʜʝʣʘʝʪ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ, ʥʝ ʟʘʚʠʩʠʤʳʤ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʠʣʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, REST ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʢʵʰʠʨʦʚʘʥʠʷ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʙʳʪʦʯʥʳʭ ʟʘʧʨʦʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. ʏʝʪʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʢʣʠʝʥʪʩʢʦʡ ʠ ʩʝʨʚʝʨʥʦʡ ʣʦʛʠʢʠ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʤʦʜʫʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʦʙʣʝʛʯʘʷ 

ʝʸ ʨʘʟʚʠʪʠʝ ʠ ʧʦʜʜʝʨʞʢʫ [2]. 

ʕʪʠ ʧʨʠʥʮʠʧʳ ʠ ʩʚʦʡʩʪʚʘ ʩʜʝʣʘʣʠ REST ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ API ʚ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷʭ, ʛʜʝ ʢʣʶʯʝʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʪʘ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʈʝʘʣʠʟʘʮʠʷ REST ʚ Django ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Django REST Framework: Django ï ʵʪʦ 

ʧʦʧʫʣʷʨʥʳʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʩʪʦʪʫ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʥʘʜʝʞʥʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʛʠʙʢʦʩʪʠ ʠ ʙʦʛʘʪʦʤʫ ʥʘʙʦʨʫ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ, Django ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ ï ʦʪ ʥʝʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ ʜʦ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤ. ɽʛʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥ ʧʨʝʜʣʘʛʘʝʪ ʫʜʦʙʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 



41 

 

ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʤʘʨʰʨʫʪʠʟʘʮʠʝʡ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ API. 

Django REST Framework (DRF) ï ʵʪʦ ʤʦʱʥʳʡ ʠ ʛʠʙʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

RESTful API ʥʘ ʦʩʥʦʚʝ ʬʨʝʡʤʚʦʨʢʘ çDjangoè. DRF ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ API, ʚʢʣʶʯʘʷ ʩʝʨʠʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʫ 

ʟʘʧʨʦʩʦʚ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ DRF ʷʚʣʷʝʪʩʷ ʝʛʦ ʪʝʩʥʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʩ çDjangoè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʢʦʤʳʝ ʤʝʭʘʥʠʟʤʳ, ʪʘʢʠʝ ʢʘʢ ʤʦʜʝʣʠ, 

ʬʦʨʤʳ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʷ [1]. 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ DRF ʷʚʣʷʶʪʩʷ ʩʝʨʠʘʣʠʟʘʪʦʨʳ (ʩʝʨʠʘʣʠʟʘʮʠʷ ï ʧʨʦʮʝʩʩ ʧʝʨʝʚʦʜʘ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʚ ʙʠʪʦʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʆʙʨʘʪʥʦʡ ʢ ʦʧʝʨʘʮʠʠ ʩʝʨʠʘʣʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʜʝʩʝʨʠʘʣʠʟʘʮʠʠ (ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ) ï ʩʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠʟ 

ʙʠʪʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʬʦʨʤʘʪʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʧʨʠʣʦʞʝʥʠʠ (ʥʘʧʨʠʤʝʨ, ʦʙʲʝʢʪʘʤʠ ʤʦʜʝʣʝʡ), ʠ ʬʦʨʤʘʪʘʤʠ, 

ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʯʝʨʝʟ API (ʥʘʧʨʠʤʝʨ, çJSONè). ʂʨʦʤʝ ʪʦʛʦ, DRF ʫʧʨʦʱʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʨʦʩʘʤʠ ʯʝʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥʠʷ çViewsè ʠ çViewSetsè, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʪʠʧʦʚʳʝ ʦʧʝʨʘʮʠʠ CRUD. 

DRF ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʘʢʠʝ ʚʘʞʥʳʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ API ʬʫʥʢʮʠʠ, ʢʘʢ ʬʠʣʴʪʨʘʮʠʷ, 

ʧʘʛʠʥʘʮʠʷ ʠ ʢʵʰʠʨʦʚʘʥʠʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʤʦʱʥʦʡ ʩʠʩʪʝʤʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ Django 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ URL-ʘʜʨʝʩʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ ʯʝʨʝʟ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ HTTP-ʟʘʧʨʦʩʳ. 

DRF ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʥʦ ʠ ʦʪʣʠʯʥʦʡ ʙʘʟʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ API, ʩʦʙʣʶʜʘʶʱʝʛʦ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ REST-ʘʨʭʠʪʝʢʪʫʨʳ [1]. 

ɺʳʚʦʜ: REST-ʘʨʭʠʪʝʢʪʫʨʘ ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ, ʛʠʙʢʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. çDjangoè, ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ çDjango REST Frameworkè, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ RESTful API. ɹʣʘʛʦʜʘʨʷ ʪʝʩʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʦʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ çDjangoè, DRF ʫʧʨʦʱʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʥʮʠʧʦʚ REST, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʠ ʫʜʦʙʥʳʡ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠʥʪʝʨʬʝʡʩ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘʜʝʞʥʳʝ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʩʠʩʪʝʤʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʠʨʘ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɼʦʢʫʤʝʥʪʘʮʠʷ DRF. ï URL: https://www.django-rest-framework.org/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 06.12.2024).  

2. ɼʦʢʫʤʝʥʪʘʮʠʷ REST. ï URL: https://www.ibm.com/topics/rest-apis (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 06.12.2024).  

3. ʌʠʣʜʠʥʛ ʈ.ʊ. Architectural Styles and the Design of Network-based Software Architectures / ʌʠʣʜʠʥʛ ʈ.ʊ. ï URL: 
https://ics.uci.edu/~fielding/pubs/dissertation/top.htm (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 06.12.2024). 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʝʥʪʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʦʪʟʳʚʦʚ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʘ, 

ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ çTextBlobè, çVADERè 

ʠ çRoBERTaè ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʳʙʦʨʫ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʢʩʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟ, ʘʥʘʣʠʟ ʪʝʢʩʪʘ, ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʥʘʩʪʨʦʝʥʠʡ, 

ʩʝʥʪʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ. 
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The article discusses the use of sentimental analysis methods for automatic processing of user reviews. 

The main approaches to the analysis of text tonality, their advantages and limitations, as well as the 

results of testing the "TextBlob", "VADER" and "RoBERTa" models on real data are described. Special 
attention is paid to the choice of tools depending on the specifics of the task and the features of the texts. 

Keywords: sentiment analysis, text mining, natural language, machine learning, sentiment analysis. 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʫʪ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʚ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʤʥʝʥʠʡ - ʦʪʟʳʚʦʚ ʦ 

ʨʘʟʣʠʯʥʳʭ ʪʦʚʘʨʘʭ, ʫʩʣʫʛʘʭ, ʢʦʤʧʘʥʠʷʭ. ʀʭ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʪ, ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʠ 

ʪʩrʷʯ, ʯʪʦ ʥʝ ʧʦʜ ʩʠʣʫ ʦʙʨʘʙʦʪʘʪʴ ʦʜʥʦʤʫ ʯʝʣʦʚʝʢʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ï ʢʘʢ 

ʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ ʵʪʦ ʦʙʠʣʠʝ ʪʝʢʩʪʘ? 

ʅʳʥʝʰʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʠʛʣʠ ʫʨʦʚʥʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʟʚʣʝʢʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʪʝʢʩʪʘ, ʯʪʦ ʝʱʝ ʥʝʜʘʚʥʦ ʢʘʟʘʣʦʩʴ ʯʝʤ-ʪʦ ʬʘʥʪʘʩʪʠʯʝʩʢʠʤ. ʉʧʝʮʠʘʣʴʥʦ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʙʳʣ ʩʦʟʜʘʥ ʩʝʥʪʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ [1]. 

ʉʝʥʪʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ - ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʤʥʝʥʠʷ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʣʶʜʝʡ ʢ ʨʘʟʣʠʯʥʳʤ ʚʦʧʨʦʩʘʤ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʪʦʥʘʣʴʥʦʩʪʴ 

ʪʝʢʩʪʘ ʠ ʚʳʷʚʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʦʥ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʤ. ʈʘʥʴʰʝ 

ʪʘʢʦʡ ʘʥʘʣʠʟ ʙʳʣ ʧʨʠʤʝʥʠʤ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʟʳʚʦʚ ʧʦʢʫʧʘʪʝʣʝʡ ʦ ʪʦʚʘʨʘʭ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʧʦʢʫʧʢʝ ʪʦʚʘʨʦʚ [5]. 

ʉʝʡʯʘʩ ʪʘʢʦʡ ʘʥʘʣʠʟ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, 

ʥʘʧʨʠʤʝʨ:  

- ʤʘʨʢʝʪʠʥʛ: ʩʝʥʪʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚ ʦʪʟʳʚʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʧʨʝʜʧʦʯʪʝʥʠʷ ʘʫʜʠʪʦʨʠʠ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʢʦʤʧʘʥʠʷʤ ʚʳʙʠʨʘʪʴ 

ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ; 

- ʤʝʜʠʘ ʠ ʞʫʨʥʘʣʠʩʪʠʢʘ: ʘʥʘʣʠʟ ʪʝʢʩʪʦʚ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʷʪʴ ʦʙʱʝʩʪʚʝʥʥʦʝ 

ʤʥʝʥʠʝ ʠ ʨʝʘʢʮʠʶ ʘʫʜʠʪʦʨʠʠ ʥʘ ʧʫʙʣʠʢʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʣʘʥʠʨʦʚʘʪʴ ʢʦʥʪʝʥʪ; 

- ʧʦʣʠʪʠʢʘ: ʩʝʥʪʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚ ʩʬʝʨʝ ʧʦʣʠʪʠʢʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʦʣʠʪʠʯʝʩʢʠʭ ʚʟʛʣʷʜʦʚ ʣʶʜʝʡ, ʧʦʤʦʯʴ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʣʠʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ [2]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ ʠ ʤʦʜʝʣʝʡ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʥʘʣʴʥʦʩʪʠ 

ʪʝʢʩʪʘ. ʆʜʥʘʢʦ, ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ. 

ɺ ʨʘʤʢʘʭ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʩʦʩʨʝʜʦʪʦʯʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʭʦʜʘʭ ʢ ʩʝʥʪʠʤʝʥʪʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ, ʠʩʧʦʣʴʟʫʷ ʧʦʧʫʣʷʨʥʳʝ ʠ ʧʨʦʚʝʨʝʥʥʳʝ ʤʦʜʝʣʠ: 

çTextBlobè (ʣʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ), çVaderè (Valence Aware Dictionary for sEntiment 

Reasoning) ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʤʝʜʠʘ) ʠ çRoBERTaè  (çRobustly Optimized BERT 

Approachè) ʤʦʜʝʣʴ, ʧʨʝʜʦʙʫʯʝʥʥʘʷ ʥʘ ʧʣʘʪʬʦʨʤʝ çHuggingFaceè). ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʰʠʨʦʢʫʶ ʢʘʨʪʠʥʫ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

çTextBlobè ï ʵʪʦ ʙʠʙʣʠʦʪʝʢʘ ʥʘ ʷʟʳʢʝ çPythonè ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ 

(NLP), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʟʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʨʘʟʤʝʪʢʫ ʯʘʩʪʝʡ ʨʝʯʠ, ʠʟʚʣʝʢʘʪʴ ʠʤʝʥʥʳʝ ʬʨʘʟʳ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʥʘʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʝʢʩʪʘ. ɼʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʨʦʪʢʠʭ ʪʝʢʩʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʜʘʥʥʦʡ ʪʝʤʦʡ [4]. 

çTextBlobè ʠʩʧʦʣʴʟʫʝʪ ʩʣʦʚʘʨʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ. ʂʘʞʜʦʤʫ ʩʣʦʚʫ 

ʠʣʠ ʚʳʨʘʞʝʥʠʶ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʮʝʥʢʘ ʪʦʥʘʣʴʥʦʩʪʠ (ʧʦʣʦʞʠʪʝʣʴʥʘʷ, 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʠʣʠ ʥʝʡʪʨʘʣʴʥʘʷ), ʠ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ 

ʚʩʝʤʫ ʪʝʢʩʪʫ. 

çVaderè ï ʵʪʦ ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘʩʪʨʦʝʥʠʷ ʪʝʢʩʪʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʪʝʢʩʪʦʚ ʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʥʝʬʦʨʤʘʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʠʣʠ ʩʣʝʥʛ. çVaderè ʠʩʧʦʣʴʟʫʝʪ ʩʣʦʚʘʨʥʳʡ ʧʦʜʭʦʜ, ʛʜʝ ʢʘʞʜʦʝ 

ʩʣʦʚʦ ʠʟ ʪʝʢʩʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʰʢʘʣʝ ʪʦʥʘʣʴʥʦʩʪʠ (ʦʪ -1 ʜʦ +1). ɼʦʧʦʣʥʠʪʝʣʴʥʦ 
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ʫʯʠʪʳʚʘʶʪʩʷ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʫʩʠʣʠʪʝʣʠ çʦʯʝʥʴè ʠʣʠ çʢʨʘʡʥʝè) ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʢʩʪʘ (ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʚʦʩʢʣʠʮʘʪʝʣʴʥʳʭ ʟʥʘʢʦʚ). ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʪʘʢʞʝ 

ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝʙʦʣʴʰʠʭ ʪʝʢʩʪʦʚ [5]. 

çRoBERTaè ï ʵʪʦʤʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ BERT, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠʟ 

çFacebook AIè. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʪʨʘʥʩʬʦʨʤʝʨʦʚ, ʯʪʦʙʳ ʫʯʠʪʳʚʘʪʴ 

ʢʦʥʪʝʢʩʪ ʢʘʞʜʦʛʦ ʩʣʦʚʘ ʚ ʪʝʢʩʪʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ, çRoBERTaè ʧʨʦʭʦʜʠʣʘ 

ʦʙʫʯʝʥʠʝ ʥʘ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʨʦʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, çRoBERTaè ʦʙʫʯʘʣʘʩʴ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʦʙʲʝʤʦʤ 160 ɻɹ, 

ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ BERT. 

ʂʨʦʤʝ ʪʦʛʦ, çRoBERTaè ʠʩʧʦʣʴʟʫʝʪ ʪʝʭʥʠʢʫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʩʢʠʨʦʚʢʠ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ ʤʦʜʝʣʠ ʫʩʚʘʠʚʘʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʠ ʦʙʦʙʱʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʦʚ [3]. 

ʀʟʫʯʠʤ ʠ ʩʨʘʚʥʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʤ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʘ, ʜʣʷ ʵʪʦʛʦ ʧʨʦʚʝʜʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʤʦʜʝʣʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʟʳʚʳ ʢ ʬʠʣʴʤʫ 

çDeadpool&Wolverineè ʩ ʩʘʡʪʘ çRotten Tomatoesè (ʉʤ. ʈʠʩ. 1). ʆʥʠ ʩʦʜʝʨʞʘʪ 11 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʪʟʳʚʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʶʪ ʶʤʦʨ, ʵʢʰʝʥ ʠ ʘʢʪʝʨʩʢʫʶ ʠʛʨʫ, 3 ʥʝʡʪʨʘʣʴʥʳʭ, 

ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪ ʬʠʣʴʤ ʥʝʧʣʦʭʠʤ, ʘ ʪʘʢʞʝ 4 ʥʝʛʘʪʠʚʥʳʭ, ʢʨʠʪʠʢʫʶʱʠʭ ʟʘ ʠʟʣʠʰʥʶʶ 

ʞʝʩʪʦʢʦʩʪʴ ʠ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʰʫʪʢʠ, ʢʦʤʤʝʥʪʘʨʠʷ. ʊʝʢʩʪ ʦʪʟʳʚʦʚ ʙʳʣ ʚʟʷʪ ʥʘ ʘʥʛʣʠʡʩʢʦʤ 

ʷʟʳʢʝ.  

 

ʈʠʩʫʥʦʢ 1 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 
 

ɸʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʢʦʤʤʝʥʪʘʨʠʝʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ çTextBlobè ʧʦʢʘʟʘʣ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʣʦʞʝʥʠʡ ʚ ʦʪʟʳʚʘʭ ʙʳʣʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ ʧʦʟʠʪʠʚʥʳʝ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʚ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ, ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʫ ʤʦʜʝʣʠ ʫʯʝʪʘ 

ʢʦʥʪʝʢʩʪʘ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʘʟʣʠʯʘʪʴ ʩʣʦʞʥʳʝ ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʥʶʘʥʩʳ ʯʘʩʪʴ ʦʪʟʳʚʦʚ 

ʦʰʠʙʦʯʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣ ʢʘʢ ʥʝʛʘʪʠʚʥʳʝ ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʝ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ, ʪʘʢʠʭ ʢʘʢ çVaderè ʠ 

çRoBERTaè ʤʦʛʣʦ ʙʳ ʫʣʫʯʰʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʦʪʟʳʚʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʥʝʦʜʥʦʟʥʘʯʥʳʭ 

ʤʥʝʥʠʡ. 

ʅʝʛʘʪʠʚʥʳʭ ʦʪʟʳʚʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʪʘʣʦ ʤʝʥʴʰʝ, ʦʜʥʘʢʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʝʡʪʨʘʣʴʥʳʭ 

ʦʢʘʟʘʣʘʩʴ ʦʪʥʝʩʝʥʘ ʢ ʨʘʟʨʷʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ çVaderè ʥʘʩʪʨʦʝʥ ʥʘ 

ʘʥʘʣʠʟ ʥʘʩʪʨʦʝʥʠʡ ʢʦʨʦʪʢʠʭ ʪʝʢʩʪʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ 

ʜʚʫʤ ʢʣʘʩʩʘʤ: çʇʦʣʦʞʠʪʝʣʴʥʳʡè ʠ çʅʝʛʘʪʠʚʥʳʡè. 

çRoBERTaè  ʷʚʣʷʝʪʩʷ ʥʝʡʨʦʩʝʪʴʶ, ʫʯʠʪʳʚʘʶʱʝʡ ʢʦʥʪʝʢʩʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʦʣʴʢʦ 

ʦʜʥʦ ʥʝʡʪʨʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪʟʳʚʘ ʙʳʣʦ ʦʰʠʙʦʯʥʦ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ ʥʝʛʘʪʠʚʥʦʝ, ʧʦʵʪʦʤʫ 

ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʤʦʜʝʣʴ ʦʢʘʟʘʣʘʩʴ ʪʦʯʥʝʝ ʚ ʧʦʥʠʤʘʥʠʠ ʢʦʥʪʝʢʩʪʘ, ʯʝʤ ʧʨʝʜʳʜʫʱʠʝ 

(ʉʤ. ʈʠʩ. 2).  
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ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ çRoBERTaè 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʨʝʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʝʥʪʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʤʦʜʝʣʴ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ. çTextBlobè ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʘʥʘʣʠʟʘ ʧʨʦʩʪʦʛʦ ʠ ʢʦʨʦʪʢʦʛʦ ʪʝʢʩʪʘ, ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʪʝʥʜʝʥʮʠʶ, ʯʪʦ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʤʘʨʢʝʪʠʥʛʘ. çVaderè ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʝʪ ʢʦʨʦʪʢʠʡ ʪʝʢʩʪ ʩ ʮʝʣʴʶ ʨʘʟʣʠʯʠʪʴ ʦʙʱʝʝ 

ʥʘʩʪʨʦʝʥʠʝ, ʯʪʦ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʝʜʠʘ ʠ ʧʦʣʠʪʠʢʠ. çRoBERTaè  ʞʝ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʣʦʞʥʳʭ ʪʝʢʩʪʦʚ, ʪʨʝʙʫʶʱʠʭ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʘʥʘʣʠʟʘ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɻʨʠʥʠʥ ʀ.ʃ. ʈʘʟʨʘʙʦʪʢʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʤʦʜʝʣʝʡ ʩʝʥʪʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʨʦʪʢʠʭ ʪʝʢʩʪʦʚ // 

ʀʥʥʦʚʘʮʠʠ ʠ ʠʥʚʝʩʪʠʮʠʠ. ï 2020. ï ˉ 6. ï ʉ. 186ï189. ï URL:  https://elibrary.ru/item.asp?id=43180428 (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ 08.12.2024). 

2. ʊʘʨʘʩʦʚʘ ɸ.ʅ., ʀʚʘʥʦʚ ʂ.ʆ. ʉʝʥʪʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʩʪʦʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʧʦʩʨʝʜʩʪʚʦʤ PYTHON // 
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ʀʟʫʯʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʪʘʙʣʠʮ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʷʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʦʪ 

ʦʪʧʨʘʚʠʪʝʣʷ ʢ ʧʦʣʫʯʘʪʝʣʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ, ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ [2, 3]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʘʣʛʦʨʠʪʤʳ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʪʘʙʣʠʮ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʣʶʙʦʡ ʩʝʪʠ ʷʚʣʷʶʪʩʷ 

ʩʪʘʪʠʯʝʩʢʘʷ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ, 

ʩʦʩʪʘʚʘ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʝʪʠ. ʇʨʦʮʝʩʩ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

1. RIP (Routing Information Protocol). ɼʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ 

ʧʨʦʪʦʢʦʣʦʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ (distance-vector). ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʨʠʢʘ hop count (ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʳʞʢʦʚ), ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʘʨʰʨʫʪʘʭ ʩ ʩʦʩʝʜʥʠʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʚ ʜʘʥʥʦʤ ʧʨʦʪʦʢʦʣʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʞʜʳʝ 30 ʩʝʢʫʥʜ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ, ʢʣʶʯʝʚʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʧʨʦʪʦʢʦʣʘ RIP ʷʚʣʷʶʪʩʷ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʘʷ 

ʩʭʦʜʠʤʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʨʳʞʢʦʚ, ʩʦʩʪʘʚʣʷʶʱʝʝ ʥʝ ʙʦʣʝʝ 15. 

2. OSPF (Open Shortest Path First). ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʩʦʩʪʦʷʥʠʷ (link-state) ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʦʩʪʦʷʥʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ 

ʘʣʛʦʨʠʪʤʘ ɼʝʡʢʩʪʨʳ, ʧʨʦʪʦʢʦʣ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʜʦ 

ʮʝʣʝʚʦʡ ʩʝʪʠ. 

3. EIGRP (Enhanced Interior Gateway Routing Protocol). ʆʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʦʤ, ʩʦʝʜʠʥʷʶʱʠʤ ʚ ʩʝʙʝ ʜʦʩʪʦʠʥʩʪʚʘ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʥʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʨʠʢʠ bandwidth ʠ delay. ɿʘ ʩʯʝʪ 

ʵʪʦʛʦ, ʧʨʦʪʦʢʦʣ EIGRP ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʩʭʦʜʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʡ ʤʘʨʰʨʫʪʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʦʙʲʝʤ ʩʣʫʞʝʙʥʦʛʦ ʪʨʘʬʠʢʘ. 

4. BGP (Border Gateway Protocol). ɼʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʦʚʘʡʜʝʨʘʤʠ ʀʥʪʝʨʥʝʪ-ʫʩʣʫʛ ʠ ʙʦʣʴʰʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʶ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʜʦʤʝʥʘʤʠ. BGP ʦʙʤʝʥʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʘʨʰʨʫʪʘʭ ʤʝʞʜʫ 

ʘʚʪʦʥʦʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (AS) ʠ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʦ ʧʝʨʝʜʘʯʝ ʪʨʘʬʠʢʘ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʜʘʥʥʳʭ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʘ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʘʪʨʠʙʫʪʦʚ ʤʘʨʰʨʫʪʘ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʙʣʠʮ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ. ʇʨʠ ʵʪʦʤ 

ʫʯʠʪʳʚʘʶʪʩʷ ʢʘʢ ʧʨʷʤʳʝ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʟʣʘʤʠ ʠ ʬʨʘʛʤʝʥʪʘʤʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʝʪʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʪʘʙʣʠʮ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

1. ʇʨʷʤʦʝ ʩʚʷʟʳʚʘʥʠʝ (Direct Linking). ʇʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʧʦʩʪʨʦʝʥʠʷ ʪʘʙʣʠʮ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʢʘʞʜʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʙʣʘʜʘʝʪ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʚʩʝʭ ʩʝʪʷʭ, ʢ ʢʦʪʦʨʳʤ ʦʥ 

ʥʘʧʨʷʤʫʶ ʧʦʜʢʣʶʯʝʥ. ʇʨʠʯʝʤ ʢʘʞʜʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʨʠʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʝʪʴ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʳʭ ʩʚʷʟʝʡ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʩʪʨʦʠʪʩʷ ʪʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 
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ʧʨʷʤʦʝ ʩʚʷʟʳʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʢ ʩʦʩʝʜʥʠʤ ʫʟʣʘʤ 

ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʢ ʜʨʫʛʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ. 

2. ʂʦʩʚʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ (Indirect Linking). ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʩʥʦʚʘʥʦ 

ʥʘ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʫʟʥʘʝʪ ʦ ʥʘʣʠʯʠʠ ʧʦʜʢʣʶʯʝʥʥʳʭ ʩʝʪʝʡ ʯʝʨʝʟ ʜʨʫʛʠʝ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʧʫʪʝʤ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʥʠʤʠ. ʕʪʦʪ ʦʙʤʝʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʪʘʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʢʘʢ: RIP, OSPF ʠʣʠ EIGRP. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʩʚʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʩʪʨʦʠʪʴ ʪʘʙʣʠʮʳ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʜʨʫʛʠʭ ʫʟʣʦʚ ʚ ʩʝʪʠ. 

3. ʂʦʤʤʫʪʘʮʠʷ ʧʦ ʤʝʪʢʘʤ (Label Switching). ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʚ ʩʝʪʠ. ʉʫʪʴ ʧʦʜʭʦʜʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, 

ʯʪʦ ʢʘʞʜʳʡ ʧʘʢʝʪ ʜʘʥʥʳʭ ʧʦʤʝʯʘʝʪʩʷ ʤʝʪʢʦʡ, ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʩʝʪʴ. ɼʨʫʛʠʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʵʪʠ ʤʝʪʢʠ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʦ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ 

ʤʘʨʰʨʫʪʠʟʘʮʠʶ, ʫʣʫʯʰʘʷ ʛʠʙʢʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʝʪʠ [1]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ 

ʬʨʘʛʤʝʥʪ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʧʨʷʤʳʝ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʫʟʣʘʤʠ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʬʨʘʛʤʝʥʪʘ ʩʝʪʠ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʥʝʤ. ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ GNS3. 

ʉʝʪʝʚʘʷ ʪʦʧʦʣʦʛʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʝʪʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʦʛʣʘʩʥʦ 

ʩʭʝʤʝ, ʫʟʝʣ A ʧʦʜʢʣʶʯʝʥ ʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ R1, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥ ʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ 

R2. ʄʘʨʰʨʫʪʠʟʘʪʦʨ R2 ʠʤʝʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ R3, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʦʝʜʠʥʝʥ ʩ ʫʟʣʦʤ B. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʬʨʘʛʤʝʥʪʘ ʩʝʪʠ 
 

ɺ ʜʘʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʩʝʪʠ ʢʘʞʜʳʡ ʫʟʝʣ ʠ ʚʩʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠʤʝʶʪ ʩʚʦʶ ʪʘʙʣʠʮʫ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʘʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʧʫʪʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʝʪʠ. 

ʇʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ ʩʚʷʟʠ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʪʨʘʬʠʢ ʦʪ ʦʪʧʨʘʚʠʪʝʣʷ 

ʢ ʧʦʣʫʯʘʪʝʣʶ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʫʟʣʳ ʩʝʪʠ. ʀʪʦʛʦʚʳʝ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1 ï ʊʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ ʫʟʣʦʚ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ 

ɿʚʝʥʦ ʩʝʪʠ ʇʨʷʤʦʝ ʩʚʷʟʳʚʘʥʠʝ ʂʦʩʚʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ 

ʋʟʝʣ ɸ A - R1 A - R1 - R2 - R3 - B 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ R1 
R1 - A 
R1 - R2 

R1 - R2 - R3 - B 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ R2 
R2 - R1 
R2 - R3 

R2 - R1 - A 
R2 - R3 - B 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ R3 
R3 - R2 
R3 - B 

R3 - R2 - R1 - A 

ʋʟʝʣ ɺ ɺ - R3 ɺ - R3 - R2 - R1 - ɸ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʪʘʙʣʠʮ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʦʩʥʦʚʥʳʝ ʧʨʦʪʦʢʦʣʳ ʠ 

ʩʧʦʩʦʙʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʙʣʠʮ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ. ʀʟʫʯʝʥʠʝ ʜʘʥʥʳʭ 

ʘʩʧʝʢʪʦʚ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʨʘʛʤʝʥʪʘ ʩʝʪʠ, 

ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʧʨʷʤʳʝ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʫʟʣʘʤʠ 

ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʝʪʠ. ʇʨʠ ʵʪʦʤ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʝʪʠ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʇʦʧʦʚ ɻ.ɸ. ɸʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʝʪʝʚʳʭ ʧʦʪʦʢʦʚ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ / ɻ.ɸ. ʇʦʧʦʚ, 

ɽ.ɸ. ʇʦʧʦʚʘ // ɺʝʩʪʥʠʢ ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ʋʧʨʘʚʣʝʥʠʝ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ. ï 2022. ï ˉ 2. ï ʉ. 35-41. ï URL: 

https://m.mathnet.ru/php/archive.phtml?wshow=paper&jrnid=vagtu&paperid=428&option_lang=rus (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

18.11.2024). 

2. ʋʤʳʩʢʦʚ ɸ.ɺ. ʇʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʘʣʛʦʨʠʪʤʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ / ɸ.ɺ. ʋʤʳʩʢʦʚ, ʇ.ɸ. ɹʣʠʷʣʢʠʥ, ɸ.ɺ. ʉʤʦʣʝʥʢʦʚ // 

ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ï 2019. ï ˉ 6 (7). ï ʉ. 142-146. ï URL: 

https://core.ac.uk/outputs/144762900/?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.11.2024). 

3. ʋʭʘʥʘʝʚʘ ʇ.ʄ. ʄʘʨʰʨʫʪʠʟʘʮʠʷ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʅʘʟʥʘʯʝʥʠʝ ʠ ʦʩʥʦʚʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʆʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ / ʇ.ʄ. ʋʭʘʥʘʝʚʘ // ɺʝʩʪʥʠʢ ʥʘʫʢʠ. ï 2024. ï ˉ 6 (75). ï ʉ. 1639-1648. ï 

URL:https://cyberleninka.ru/article/n/marshrutizatsiya-v-setyah-peredachi-dannyh-naznachenie-i-osnovnye-algoritmy-

osnovnye-svoystva-algoritmov-marshrutizatsii/viewer (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.11.2024). 
 

ʋɼʂ 004.42 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʅʉʊʈʋʄɽʅʊʆɺ ɸʅɸʃʀɿɸ ɼɸʅʅʓʍ 

ɼʃʗ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇɽʈɽʏʅʗ 

ʂʆʄʇɽʊɽʅʎʀʁ ɺɽɹ-ʈɸɿʈɸɹʆʊʏʀʂɸ 
 

ɹʘʭʪʠʷʨʦʚʘ ʂ.ɺ., ɸʥʪʦʥʷʥʮ ɽ.ʅ. 

ʌɻɹʆʋ ɺʆ çʅɻʊʋè, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʷʟʳʢʝ çPythonè, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʘʢʘʥʩʠʷʭ ʥʘ ʜʦʣʞʥʦʩʪʴ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʘ ʥʘ 

ʧʣʘʪʬʦʨʤʝ çHeadHunterè. ʇʨʦʛʨʘʤʤʘ ʚʢʣʶʯʘʝʪ ʬʫʥʢʮʠʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʦʭʚʘʪʳʚʘʶʪ ʫʨʦʚʝʥʴ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, ʪʠʧʳ ʟʘʥʷʪʦʩʪʠ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʘʢʘʥʩʠʡ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ 

ʩʦʩʪʘʚʠʪʴ ʩʧʠʩʦʢ ʢʣʶʯʝʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʧʦʜʯʝʨʢʠʚʘʶʱʠʡ ʚʘʞʥʦʩʪʴ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʭ (hard 

skills), ʪʘʢ ʠ ʤʝʞʣʠʯʥʦʩʪʥʳʭ (soft skills) ʥʘʚʳʢʦʚ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʥʥʦʩʪʝʡ ʚʝʙ-

ʨʘʟʨʘʙʦʪʯʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʨʳʥʦʢ ʪʨʫʜʘ, ʚʘʢʘʥʩʠʠ, ʚʝʙ-

ʨʘʟʨʘʙʦʪʯʠʢ. 

USING DATA ANALYSIS TOOLS FOR GENERATION A LIST  
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The article presents the results of developing software in "Python" for collecting information on web 

developer vacancies on the "HeadHunter" platform. The program includes data visualization functions 

covering salary levels, types of employment, geographic distribution of vacancies, and sought-after 

professional skills. The analysis of the collected data allowed us to compile a list of key competencies, 

emphasizing the importance of both technical (hard skills) and interpersonal (soft skills) abilities for 

successfully fulfilling the duties of a web developer. 
Keywords: data analysis, professional competencies, labor market, vacancies, web developer. 

 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʠʟʦʰʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʨʘʙʦʪʳ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʩʜʝʣʘʣʦ ʧʝʨʝʭʦʜ ʦʪ ʧʦʥʷʪʠʷ ʢʚʘʣʠʬʠʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʣʘ 
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ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʢ ʧʦʥʷʪʠʶ ʢʦʤʧʝʪʝʥʮʠʡ, ʚʢʣʶʯʘʶʱʝʤʫ ʢʘʢ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ, ʪʘʢ ʠ ʣʠʯʥʳʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʥʠʢʦʚ [3]. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʠʩʢ ʨʘʙʦʪʳ ʩʪʘʣ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʜʣʷ ʤʥʦʛʠʭ ʣʶʜʝʡ, 

ʪʨʝʙʫʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʫ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʘʢʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʧʦʜʜʝʨʞʢʫ ʩʦ ʩʪʦʨʦʥʳ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʫʯʨʝʞʜʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʫʩʣʦʚʠʡ ʜʣʷ ʟʘʥʷʪʦʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʩʪʫʧʥʳʭ ʚʘʢʘʥʩʠʷʭ ʠ ʧʨʦʛʨʘʤʤʘʭ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ. ʈʘʙʦʪʦʜʘʪʝʣʠ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʠ ʧʨʝʜʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʘʥʠʠ ʠ ʘʛʝʥʪʩʪʚʘ ʧʦ ʧʦʜʙʦʨʫ ʧʝʨʩʦʥʘʣʘ ʧʦʤʦʛʘʶʪ 

ʢʘʥʜʠʜʘʪʘʤ ʥʘʭʦʜʠʪʴ ʧʦʜʭʦʜʷʱʠʝ ʚʘʢʘʥʩʠʠ, ʫʯʠʪʳʚʘʷ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ ʠ ʦʧʳʪ. 

ɺ ʥʳʥʝʰʥʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʚʳʧʫʩʢʥʠʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʴʶ ʚ ʧʦʣʫʯʝʥʠʠ 

ʨʘʙʦʪʳ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʫʯʝʙʳ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʣʦʜʳʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʢʘʥʜʠʜʘʪʘʤʠ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ 

ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ [1]. 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʝʛʦʩʷ ʨʳʥʢʘ ʪʨʫʜʘ ʧʨʦʮʝʩʩ 

ʧʦʠʩʢʘ ʨʘʙʦʪʳ ʧʨʝʪʝʨʧʝʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʧʦʜʭʦʜʷʱʫʶ ʚʘʢʘʥʩʠʶ. ʕʪʠ ʤʝʪʦʜʳ 

ʚʢʣʶʯʘʶʪ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʪʘʢ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ 

ʢʘʥʜʠʜʘʪʘʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʥʘʭʦʜʠʪʴ ʨʘʙʦʪʫ. 

ʉʨʝʜʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

- ʃʠʯʥʦʝ ʦʙʨʘʱʝʥʠʝ ʢ ʨʘʙʦʪʦʜʘʪʝʣʷʤ ʯʝʨʝʟ ʦʪʧʨʘʚʢʫ ʨʝʟʶʤʝ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ 

ʧʠʩʝʤ; 

- ʋʯʘʩʪʠʝ ʚ ʷʨʤʘʨʢʘʭ ʚʘʢʘʥʩʠʡ ʠ ʢʘʨʴʝʨʥʳʭ ʚʳʩʪʘʚʢʘʭ; 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʘʡʪʦʚ ʧʦ ʧʦʠʩʢʫ ʨʘʙʦʪʳ (ʥʘʧʨʠʤʝʨ, 

çHeadHunterè, çSuperJobè); 

- ʆʙʨʘʱʝʥʠʝ ʟʘ ʧʦʤʦʱʴʶ ʢ ʨʝʢʨʫʪʠʥʛʦʚʳʤ ʘʛʝʥʪʩʪʚʘʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʧʦʠʩʢʘ ʨʘʙʦʪʳ: 

- ɸʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʪʘʢʠʭ ʢʘʢ: çTelegramè, çFacebookè ʠ 

çTwitterè, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʧʦʠʩʢʘ ʧʨʝʜʣʦʞʝʥʠʡ ʦ ʨʘʙʦʪʝ; 

- ʉʦʟʜʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʙʣʦʛʘ ʠʣʠ ʧʦʨʪʬʦʣʠʦ ʦʥʣʘʡʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʠ ʥʘʚʳʢʠ ʠ ʦʧʳʪ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʨʘʙʦʪʦʜʘʪʝʣʷʤ; 

- ʋʯʘʩʪʠʝ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʬʦʨʫʤʘʭ ʠ ʩʦʦʙʱʝʩʪʚʘʭ, ʛʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ 

ʚʘʢʘʥʩʠʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

ʇʨʠ ʧʦʠʩʢʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʠʥʪʝʨʥʝʪʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʫ. ʅʘʧʨʠʤʝʨ: 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ, ʚʢʣʶʯʘʷ ʪʘʢʠʝ ʨʝʩʫʨʩʳ, ʢʘʢ hh.ru ʠ superjob.ru, ʘ 

ʪʘʢʞʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʝʙ-ʩʘʡʪʳ; 

2. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʢʨʳʪʳʭ ʧʦʟʠʮʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʝʱʝʥʠʷ 

ʦʬʠʮʠʘʣʴʥʳʭ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʠ ʠʭ ʩʪʨʘʥʠʮ ʚ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ; 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʪʝʚʳʭ ʩʝʨʚʠʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʧʦʠʩʢʘ ʨʘʙʦʯʠʭ ʤʝʩʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʥʝʪʘ ʜʣʷ ʧʦʠʩʢʘ ʨʘʙʦʪʳ 

ʠʤʝʝʪ ʢʘʢ ʩʚʦʠ ʧʣʶʩʳ, ʪʘʢ ʠ ʤʠʥʫʩʳ. ʂ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʘʩʧʝʢʪʘʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ: 

- ɼʦʩʪʫʧ ʢ ʦʙʰʠʨʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʙʘʟʝ ʚʘʢʘʥʩʠʡ ʩ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʥʘʚʳʢʘʤ ʢʘʥʜʠʜʘʪʦʚ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʨʝʟʶʤʝ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʘʟʘʭ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʨʘʙʦʪʦʜʘʪʝʣʠ; 

- ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʰʘʥʩʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ 

ʢʚʘʣʠʬʠʢʘʮʠʶ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ. 
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ʉ ʨʦʩʪʦʤ ʜʦʩʪʫʧʥʦʩʪʠ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʚʘʞʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʪʘʢʠʝ ʩʘʡʪʳ ʧʦ ʧʦʠʩʢʫ ʨʘʙʦʪʳ, ʢʘʢ 

çHeadHunterè, ʛʜʝ ʝʞʝʜʥʝʚʥʦ ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʢʘʥʩʠʡ, ʘ ʠʥʬʦʨʤʘʮʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʙʠʨʘʝʪʩʷ ʠ ʧʦʩʣʝ ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʪʩʷ, ʦʙʨʘʟʫʷ ʦʙʰʠʨʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ. 

ʀʩʧʦʣʴʟʫʷ ʥʦʚʝʡʰʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ, ʵʪʠ ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʩʪʫʧʝ ʜʣʷ 

ʙʦʣʴʰʦʡ ʘʫʜʠʪʦʨʠʠ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʪ ʘʥʘʣʠʟ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʙʦʨ ʠ ʜʘʣʴʥʝʡʰʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʘʥʘʣʠʟʝ ʫʨʦʚʥʷ ʟʘʨʘʙʦʪʥʦʡ 

ʧʣʘʪʳ ʠ ʠʟʫʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʚʳʢʘʤ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʘ [3]. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʜʥʫ ʠʟ ʩʘʤʳʭ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ IT-ʤʠʨʝ. ɽʞʝʛʦʜʥʦ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʦʙʥʦʚʣʷʶʪʩʷ ʠ ʜʦʧʦʣʥʷʶʪʩʷ. ʅʦ ʩʪʦʠʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʳʥʢʘ ʪʨʫʜʘ 

ʜʦ ʩʠʭ ʧʦʨ ʠʤʝʶʪʩʷ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʙʨʘʪʴ ʚ ʨʘʩʯʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ ʠ ʩʘʡʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʠʩʢʘ ʨʘʙʦʪʥʠʢʦʚ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʘʥʠʠ ʠ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʥʘʜ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʠʤʝʝʪʩʷ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʅʳʥʝʰʥʠʝ HR-

ʩʧʝʮʠʘʣʠʩʪʳ ʚʩʪʨʝʯʘʶʪ ʚ ʩʚʦʠʭ ʟʘʜʘʯʘʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩ ʦʙʲʝʤʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʝʡʰʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ [1]. 

ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ çPythonè. ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. ɹʠʙʣʠʦʪʝʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʢ çPythonè ʫʩʠʣʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ 

ʠ ʵʪʠʤ ʩʦʩʪʘʚʣʷʶʪ ʢʦʥʢʫʨʝʥʮʠʶ ʜʨʫʛʠʤ ʩʨʝʜʩʪʚʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʪʝʢʫʱʠʭ ʬʘʢʪʘʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ çPythonè ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ 

ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʵʪʦʛʦ [4]. 

ʇʣʘʪʬʦʨʤʘ hh.ru ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʠʝ ʧʦʟʠʮʠʠ ʩʨʝʜʠ ʩʘʡʪʦʚ ʧʦ ʧʦʠʩʢʫ ʨʘʙʦʪʳ ʚ ʩʪʨʘʥʘʭ 

ʉʅɻ. ʆʥʘ ʧʨʝʜʣʘʛʘʝʪ ʫʜʦʙʥʳʡ API-ʠʥʪʝʨʬʝʡʩ (çHeadHunter APIè), ʢʦʪʦʨʳʡ ʣʝʛʢʦ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʧʣʘʪʬʦʨʤʘʤʠ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʚ IT-ʩʝʢʪʦʨʝ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ 

ʘʥʘʣʠʟ ʚʘʢʘʥʩʠʡ ʜʣʷ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚ ʈʦʩʩʠʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ çPythonè, ʢʦʪʦʨʘʷ 

ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʘʢʘʥʩʠʷʤ. ʀʥʬʦʨʤʘʮʠʷ 

ʩʦʙʠʨʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ API ʧʣʘʪʬʦʨʤʳ çHeadHunterè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʟʘʛʨʫʞʝʥʦ ʠ ʦʙʨʘʙʦʪʘʥʦ ʥʘʯʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʝʝ 

ʠʟ 2000 ʚʘʢʘʥʩʠʡ ʚʝʙ0ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʢʨʠʧʪʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʀʥʠʮʠʘʮʠʷ ʟʘʧʨʦʩʘ ʢ API çHeadHunterè ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ JSON 

ʜʣʷ ʧʝʨʚʳʭ 2000 ʚʘʢʘʥʩʠʡ. 

2. ɼʠʩʩʝʢʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʣʦʚʘʨʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʕʢʩʪʨʘʢʮʠʷ 

ʢʣʶʯʘ "salary", ʩʦʜʝʨʞʘʱʝʛʦ ʩʚʝʜʝʥʠʷ ʦ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʟʥʘʯʝʥʠʡ ʢʣʶʯʝʡ 

"from" ʠ "to", ʦʪʨʘʞʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʧʦ 

ʚʘʢʘʥʩʠʷʤ. ɺ ʘʥʘʣʠʟʝ ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝ ʚʘʢʘʥʩʠʠ, ʛʜʝ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʚʳʨʘʞʝʥʘ ʚ 

ʨʦʩʩʠʡʩʢʠʭ ʨʫʙʣʷʭ. 

3. ɸʛʨʝʛʘʮʠʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʧʦ ʢʣʶʯʘʤ "from" ʠ "to". ʈʝʛʠʩʪʨʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʚʘʢʘʥʩʠʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ. 

4. ʀʪʝʨʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʘʞʜʦʡ ʚʘʢʘʥʩʠʠ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʦ 

ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ, ʨʝʞʠʤʝ ʨʘʙʦʪʳ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʣʦʢʘʮʠʠ ʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʷʭ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʬʠʢʩʠʨʫʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʠʩʢʘʭ: salary_from, salary_to, schedule, area, skills. 

5. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʠʪʝʨʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 

ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʧʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʘʢʘʥʩʠʡ. 
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6. ʉʧʠʩʢʠ salary_from, salary_to, schedule, area ʧʝʨʝʜʘʶʪʩʷ ʚ ʤʦʜʫʣʴ matplotlib.pyplot 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʘʥʥʳʭ (ʛʠʩʪʦʛʨʘʤʤʳ ʠ ʢʦʨʦʙʯʘʪʳʝ ʜʠʘʛʨʘʤʤʳ), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ. 

7. ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʣʝʢʩʠʯʝʩʢʦʛʦ ʦʙʣʘʢʘ ʩʧʠʩʦʢ çskillsè ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʢʩʪʦʚʳʡ 

ʬʦʨʤʘʪ. ɿʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʢʝʥʠʟʘʮʠʷ ʪʝʢʩʪʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʣʝʤʤʘʪʠʟʘʮʠʝʡ ʢʘʞʜʦʛʦ 

ʪʦʢʝʥʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ WordCloud ʩʦʟʜʘʸʪʩʷ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ, ʠʩʢʣʶʯʘʷ ʩʪʦʧ-ʩʣʦʚʘ ʠʟ ʨʫʩʩʢʦʛʦ ʠ 

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʦʚ [3]. 

ʇʦ ʦʢʦʥʯʘʥʠʶ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʦʣʥʝʥʠʷ ʩʢʨʠʧʪʦʚʦʡ ʧʨʦʛʨʘʤʤʳ, ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʤʠʥʠʤʘʣʴʥʦʡ 

ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʝ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʦʩʪʘʚʠʣ 

96961 ʨʫʙʣʴ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʦʢʘʟʘʣʦʩʴ 

ʨʘʚʥʳʤ 131091 ʨʫʙʣʶ. 

ɺʳʙʦʨʢʠ ʦ ʟʘʨʧʣʘʪʘʭ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʘʚʦʩʪʦʨʦʥʥʶʶ 

ʘʩʠʤʤʝʪʨʠʶ ʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ (ʉʤ. ʈʠʩ. 1). ʊʘʢʞʝ ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʨʘʡʦʥʝ 50.000, 100.000 ʠ 150.000 ʨʫʙʣʝʡ.  

 
ʈʠʩʫʥʦʢ 1 ï ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʧʦ ʜʘʥʥʳʤ ʟʘʨʧʣʘʪ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

(ʘ - ʧʦ ʤʠʥʠʤʘʣʴʥʳʤ ʟʘʨʧʣʘʪʘʤ, ʙ - ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ) 
 

ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʙʦʨʢʘʭ ʚʳʙʨʦʩʳ ʦʙʨʘʟʫʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʟʘʨʧʣʘʪ, ʚ 300000 ʨʫʙʣʝʡ, ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘʨʧʣʘʪ, ʚ 350000 

ʨʫʙʣʝʡ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʚʘʢʘʥʩʠʡ ʚ ʦʙʣʘʩʪʠ IT-ʪʝʭʥʦʣʦʛʠʡ ʨʘʙʦʪʦʜʘʪʝʣʠ 

ʧʨʝʜʣʘʛʘʶʪ ʪʘʢʠʝ ʫʩʣʦʚʠʷ, ʢʘʢ: ʧʦʣʥʘʷ ʟʘʥʷʪʦʩʪʴ ʠʣʠ ʫʜʘʣʝʥʥʳʡ ʬʦʨʤʘʪ. ɼʣʷ ʥʳʥʝʰʥʝʛʦ 

ʚʨʝʤʝʥʠ ʵʪʦ ʧʦʧʫʣʷʨʥʘʷ ʧʨʘʢʪʠʢʘ ʜʣʷ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʪʨʝʙʫʶʪʩʷ ʚ ʪʘʢʠʭ ʛʦʨʦʜʘʭ, ʢʘʢ: ʄʦʩʢʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʨʝʞʝ ʚ ɽʢʘʪʝʨʠʥʙʫʨʛʝ ʠ  ʂʘʟʘʥʠ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʘ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʯʘʩʪʦʪʥʳʭ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʚ ʚʠʜʝ ʦʙʣʘʢʘ ʩʣʦʚ (ʉʤ. ʈʠʩ. 2).  

 
ʈʠʩʫʥʦʢ 2 ï ʆʙʣʘʢʦ ʩʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʢʦʤʧʝʪʝʥʮʠʷʤ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ 
 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʣʘʢʘ ʩʣʦʚ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʩʧʠʩʦʢ ʢʣʶʯʝʚʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʢʘʥʜʠʜʘʪʘʤ ʜʣʷ ʟʘʥʷʪʠʷ ʜʦʣʞʥʦʩʪʠ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʘ. 



51 

 

ɼʘʥʥʳʡ ʧʝʨʝʯʝʥʴ ʦʭʚʘʪʳʚʘʝʪ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʝʪʝʥʮʠʠ (çhard skillsè), ʪʘʢ ʠ ʤʷʛʢʠʝ 

ʥʘʚʳʢʠ (çsoft skillsè) [3]. 

ʂ ʦʩʥʦʚʥʳʤ çʞʝʩʪʢʠʤ ʥʘʚʳʢʘʤè (çhard skillsè) ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʘ ʦʪʥʦʩʷʪʩʷ: 

1. HTML/CSS: ʵʪʦ ʙʘʟʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʦʬʦʨʤʣʝʥʠʷ ʚʝʙ-ʩʪʨʘʥʠʮ. ɺʝʙ-ʨʘʟʨʘʙʦʪʯʠʢ ʜʦʣʞʝʥ ʫʤʝʪʴ ʧʠʩʘʪʴ ʯʠʩʪʳʡ ʠ ʚʘʣʠʜʥʳʡ ʢʦʜ 

HTML, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ CSS ʜʣʷ ʩʪʠʣʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʪʨʘʥʠʮʳ: 

2. JavaScript: ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʢ ʚʝʙ-ʩʘʡʪʘʤ. ɿʥʘʥʠʝ JavaScript ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʦʪʯʠʢʫ ʩʦʟʜʘʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʬʦʨʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʩʣʘʡʜʝʨʳ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

3. ʌʨʝʡʤʚʦʨʢʠ ʠ ʙʠʙʣʠʦʪʝʢʠ: ʥʘʧʨʠʤʝʨ, React.js, Angular, Vue.js ʠ ʜʨʫʛʠʝ. ʆʥʠ 

ʧʦʤʦʛʘʶʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʟʘʜʘʯ; 

4. ɺʝʨʩʪʢʘ ʘʜʘʧʪʠʚʥʳʭ ʩʘʡʪʦʚ: ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʘʡʪʳ, ʢʦʪʦʨʳʝ ʢʦʨʨʝʢʪʥʦ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ (ʢʦʤʧʴʶʪʝʨʳ, ʧʣʘʥʰʝʪʳ, ʩʤʘʨʪʬʦʥʳ); 

5. ʈʘʙʦʪʘ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ: ʧʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʩ ʨʝʣʷʮʠʦʥʥʳʤʠ ʠ ʥʝ 

ʨʝʣʷʮʠʦʥʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, MySQL, PostgreSQL, MongoDB), ʫʤʝʥʠʝ 

ʚʳʧʦʣʥʷʪʴ ʟʘʧʨʦʩʳ ʠ ʫʧʨʘʚʣʷʪʴ ʜʘʥʥʳʤʠ; 

6. ʉʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ (Git): ʫʤʝʥʠʝ ʨʘʙʦʪʘʪʴ ʩ Git ʠ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷʤʠ ʢʦʜʘ ʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʘʤʠ; 

7. ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʪʣʘʜʢʘ: ʥʘʚʳʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʜʘ ʥʘ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ ʠ ʠʭ 

ʠʩʧʨʘʚʣʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ; 

8. ɹʝʟʦʧʘʩʥʦʩʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ: ʟʥʘʥʠʷ ʦ ʟʘʱʠʪʝ ʧʨʠʣʦʞʝʥʠʡ ʦʪ ʘʪʘʢ, ʪʘʢʠʭ ʢʘʢ 

SQL-ʠʥʲʝʢʮʠʠ, XSS ʠ ʜʨʫʛʠʭ ʫʷʟʚʠʤʦʩʪʝʡ; 

9. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ 

ʩʘʡʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʩʢʦʨʦʩʪʠ ʟʘʛʨʫʟʢʠ ʠ ʫʣʫʯʰʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ; 

10. SEO (Search Engine Optimization): ʙʘʟʦʚʳʝ ʟʥʘʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʘʡʪʘ ʜʣʷ 

ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʝʛʦ ʚʠʜʠʤʦʩʪʴ ʠ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʂ çʛʠʙʢʠʤ ʥʘʚʳʢʘʤè (çsoft skillsè), ʢʦʪʦʨʳʝ ʚʘʞʥʳ ʜʣʷ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

1. ʂʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʴ: ʫʤʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦ ʦʙʱʘʪʴʩʷ ʩ ʢʦʣʣʝʛʘʤʠ, ʟʘʢʘʟʯʠʢʘʤʠ ʠ 

ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ; 

2. ʅʘʚʳʢʠ ʨʘʙʦʪʳ ʚ ʢʦʤʘʥʜʝ: ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩʦʚʤʝʩʪʥʦ ʩ ʜʠʟʘʡʥʝʨʘʤʠ, 

ʧʨʦʛʨʘʤʤʠʩʪʘʤʠ, ʪʝʩʪʠʨʦʚʱʠʢʘʤʠ ʠ ʤʝʥʝʜʞʝʨʘʤʠ ʧʨʦʝʢʪʦʚ; 

3. ʋʧʨʘʚʣʝʥʠʝ ʚʨʝʤʝʥʝʤ: ʫʤʝʥʠʝ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʚʨʝʤʷ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʠ 

ʧʨʦʝʢʪʘʤʠ, ʩʦʙʣʶʜʘʷ ʜʝʜʣʘʡʥʳ; 

4. ʂʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ: ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʳ ʠ ʥʘʭʦʜʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ; 

5. ɸʜʘʧʪʠʚʥʦʩʪʴ: ʛʦʪʦʚʥʦʩʪʴ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʪʨʝʙʦʚʘʥʠʡ, 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ; 

6. ʕʤʦʮʠʦʥʘʣʴʥʳʡ ʠʥʪʝʣʣʝʢʪ: ʧʦʥʠʤʘʥʠʝ ʩʚʦʠʭ ʵʤʦʮʠʡ ʠ ʫʤʝʥʠʝ ʫʧʨʘʚʣʷʪʴ ʠʤʠ, ʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʪʴ ʵʤʦʮʠʠ ʜʨʫʛʠʭ ʣʶʜʝʡ; 

7. ʃʠʜʝʨʩʢʠʝ ʢʘʯʝʩʪʚʘ: ʥʘʚʳʢʠ ʨʫʢʦʚʦʜʩʪʚʘ ʢʦʤʘʥʜʦʡ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ; 

8. ʂʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ: ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʢʣʠʝʥʪʦʚ, ʧʦʥʠʤʘʥʠʝ ʠʭ 

ʙʠʟʥʝʩ-ʮʝʣʝʡ ʠ ʟʘʜʘʯ; 

9. ʉʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ: ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʩʧʦʢʦʡʩʪʚʠʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʪʨʝʩʩʘ. 

ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʢʨʠʧʪ ʥʘ Python ʜʣʷ ʩʙʦʨʘ ʠ 

ʜʘʣʴʥʝʡʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʪʠʧʦʚ ʜʘʥʥʳʭ: 

1. ʉʨʝʜʥʷʷ ʤʠʥʠʤʘʣʴʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ; 

2. ʉʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ; 
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3. ɼʘʥʥʳʝ ʦ ʨʘʟʥʳʭ ʚʠʜʘʭ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ (ʧʦʣʥʳʡ ʨʘʙʦʯʠʡ ʜʝʥʴ, ʥʝʧʦʣʥʳʡ ʨʘʙʦʯʠʡ 

ʜʝʥʴ, ʬʨʠʣʘʥʩ); 

4. ʉʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʨʝʛʠʦʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ; 

5. ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʥʘʚʳʢʘʤ ʠ ʢʦʤʧʝʪʝʥʮʠʷʤ ʜʣʷ ʧʦʟʠʮʠʡ ʚʝʙ-

ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʥʜʠʜʘʪʳ ʥʘ ʨʦʣʴ ʚʝʙ-ʨʘʟʨʘʙʦʪʯʠʢʘ ʜʦʣʞʥʳ ʚʣʘʜʝʪʴ ʥʝ 

ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ (çhard skillsè), ʥʦ ʪʘʢʞʝ ʠʤʝʪʴ ʨʘʟʚʠʪʳʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ 

ʢʘʯʝʩʪʚʘ (çsoft skillsè). 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɸʣʝʪʜʠʥʦʚʘ ɸ.ɸ., ɿʠʙʨʦʚ ɸ.ʉ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʨʳʥʢʘ ʪʨʫʜʘ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ / ɸ.ɸ. 

ɸʣʝʪʜʠʥʦʚʘ, ɸ.ʉ. ɿʠʙʨʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʠʥʥʦʚʘʮʠʠ ʚ ʥʘʫʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ. ï ʄʠʥʩʢ: ʀʟʜ-ʚʦ 
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ʉʢʦʨʦʩʪʴ ʠʥʪʝʨʥʝʪʘ ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʉʝʛʦʜʥʷ 

ʠʥʪʝʨʥʝʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʘʟʚʣʝʯʝʥʠʡ, ʥʦ ʠ ʜʣʷ ʨʘʙʦʪʳ, ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʱʝʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʥʘʰʝʡ ʞʠʟʥʠ. ɹʳʩʪʨʘʷ ʠ ʩʪʘʙʠʣʴʥʘʷ ʩʚʷʟʴ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ, ʚʠʜʝʦʟʚʦʥʢʦʚ, ʧʦʪʦʢʦʚʦʛʦ ʚʠʜʝʦ ʠ ʦʥʣʘʡʥ-

ʠʛʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʯʘʩʪʦ ʥʝ ʟʘʜʫʤʳʚʘʶʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʠʥʪʝʨʥʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʥʘʯʠʥʘʷ ʦʪ ʪʠʧʘ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʢʘʯʝʩʪʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʠ ʩʠʪʫʘʮʠʷʭ ʜʦʩʪʫʧ ʢ ʠʥʪʝʨʥʝʪʫ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ, ʯʪʦ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʢʣʶʯʝʥʠʷ ï ʪʘʢʠʝ ʢʘʢ DSL, ʢʘʙʝʣʴʥʦʝ 

ʧʦʜʢʣʶʯʝʥʠʝ, ʦʧʪʦʚʦʣʦʢʥʦ, ʤʦʙʠʣʴʥʳʝ ʩʝʪʠ ʠ WI-FI ï ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ ʠʥʪʝʨʥʝʪʘ, ʠ 

ʧʨʦʚʝʜʸʤ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʥʪʝʨʥʝʪʫ, ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ 

ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ DSL (ʎʠʬʨʦʚʘʷ ɸʙʦʥʝʥʪʩʢʘʷ ʃʠʥʠʷ), 

https://1economic.ru/lib/40559
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ʠʩʧʦʣʴʟʫʶʱʠʡ ʪʝʣʝʬʦʥʥʳʝ ʣʠʥʠʠ. ʉʢʦʨʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 100 

ʄʙʠʪ/ʩ, ʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʙʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ 

ʧʦʜʢʣʶʯʝʥʠʷ ʚʝʣʠʢʦ. ʇʨʦʙʣʝʤʘ ʪʘʢʞʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʘʨʳʝ ʪʝʣʝʬʦʥʥʳʝ ʣʠʥʠʠ 

ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ. 

ʂʘʙʝʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʢʦʘʢʩʠʘʣʴʥʳʝ ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʢʘʙʝʣʠ, ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʚʘʨʠʘʥʪʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ DSL, ʦʥʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʢʦʨʦʩʪʴ ï ʜʦ 1 ɻʙʠʪ/ʩ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ DSL, ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʚ ʯʘʩʳ ʧʠʢ, 

ʢʦʛʜʘ ʤʥʦʛʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʩʝʪʠ. 

ʆʧʪʦʚʦʣʦʢʦʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʦʩʥʦʚʘʥʘ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʯʝʨʝʟ ʩʚʝʪʦʚʳʝ 

ʩʠʛʥʘʣʳ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɿʜʝʩʴ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ï ʦʪ 1 ɻʙʠʪ/ʩ ʜʦ 10 ɻʙʠʪ/ʩ ʠ ʜʘʞʝ ʚʳʰʝ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʧʪʦʚʦʣʦʢʥʘ 

ʚʢʣʶʯʘʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʩʠʛʥʘʣʘ ʠ ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʫ 

ʪʝʭʥʦʣʦʛʠʶ ʠʜʝʘʣʴʥʦʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ [2]. 

ʄʦʙʠʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ, ʪʘʢʦʝ ʢʘʢ 3G, 4G ʠʣʠ 5G, ʦʪʣʠʯʘʝʪʩʷ ʤʦʙʠʣʴʥʦʩʪʴʶ ʠ 

ʛʠʙʢʦʩʪʴʶ, ʥʦ ʩʢʦʨʦʩʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʢʘʯʝʩʪʚʘ ʩʦʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʝʪʷʭ 4G ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1 

ɻʙʠʪ/ʩ, ʘ 5G ï ʜʦ 10 ɻʙʠʪ/ʩ ʠ ʙʦʣʝʝ, ʦʜʥʘʢʦ ʚʳʩʦʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʝʪʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ. 

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʯʝʨʝʟ WI-FI ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ 

ʦʪ ʩʪʘʥʜʘʨʪʦʚ. WI-FI 4, ʥʘʧʨʠʤʝʨ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʜʦ 600 ʄʙʠʪ/ʩ, WI-FI 5 ï ʜʦ 3,5 

ɻʙʠʪ/ʩ, ʘ WI-FI 6 ï ʜʦ 9,6 ɻʙʠʪ/ʩ. ʆʜʥʘʢʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ WI-FI ʤʦʞʝʪ ʙʳʪʴ 

ʦʛʨʘʥʠʯʝʥʘ ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʧʷʪʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʪʝʥʳ [1]. 

ʆʧʪʦʚʦʣʦʢʦʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʚʳʜʝʣʷʝʪʩʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʉʤ. ʊʘʙʣ. 1), ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʘ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʥʝʪʘ.   
 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʪʠʧʦʚ ʧʦʜʢʣʶʯʝʥʠʷ 
ʊʠʧ 

ʧʦʜʢʣʶʯʝʥʠʷ 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ 
ʆʛʨʘʥʠʯʝʥʠʷ ʇʨʝʠʤʫʱʝʩʪʚʘ 

DSL ɼʦ 100 ʄʙʠʪ/ʩ 
ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 
ʜʦ ʧʨʦʚʘʡʜʝʨʘ 

ɼʦʩʪʫʧʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ 
ʫʩʪʘʥʦʚʢʠ 

ʂʘʙʝʣʴʥʦʝ 

ʧʦʜʢʣʶʯʝʥʠʝ 

ɼʦ 1 ɻʙʠʪ/ʩ ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʢʘʥʘʣ 

ʜʝʣʠʪʩʷ ʤʝʞʜʫ 
ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ 

ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʆʧʪʦʚʦʣʦʢʥʦ 
ɼʦ 10 ɻʙʠʪ/ʩ  
ʠ ʚʳʰʝ 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ 
ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ 

ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ, 
ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʪʝʨʷ ʩʠʛʥʘʣʘ 

ʄʦʙʠʣʴʥʦʝ 

ʧʦʜʢʣʶʯʝʥʠʝ 

3G ï ʜʦ 42 ʄʙʠʪ/ʩ, 
4G ï ʜʦ 1ɻʙʠʪ/ʩ, 
5G ï ʜʦ 10 ɻʙʠʪ/ʩ 

ʇʝʨʝʛʨʫʟʢʘ ʙʘʟʦʚʳʭ 
ʩʪʘʥʮʠʡ, ʩʣʘʙʳʡ ʩʠʛʥʘʣ ʚ 
ʫʜʘʣʸʥʥʳʭ ʨʘʡʦʥʘʭ 

ʄʦʙʠʣʴʥʦʩʪʴ, ʰʠʨʦʢʘʷ 
ʜʦʩʪʫʧʥʦʩʪʴ 

Wi-Fi ɼʦ 9,6 ɻʙʠʪ/ʩ 
ʇʦʪʝʨʠ ʩʢʦʨʦʩʪʠ ʥʘ 
ʨʘʩʩʪʦʷʥʠʠ, ʧʦʤʝʭʠ ʦʪ 
ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ 

ʋʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ 
ʫʩʪʨʦʡʩʪʚ 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʙʠʣʴʥʳʝ ʩʝʪʠ, ʪʘʢʠʝ ʢʘʢ 4G ʠ 5G, ʧʨʝʜʣʘʛʘʶʪ ʤʦʙʠʣʴʥʦʩʪʴ ʠ 

ʜʦʩʪʫʧʥʦʩʪʴ, ʥʦ ʤʦʛʫʪ ʩʪʨʘʜʘʪʴ ʦʪ ʧʝʨʝʛʨʫʟʢʠ ʠ ʩʣʘʙʦʛʦ ʩʠʛʥʘʣʘ. ʂʘʙʝʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ 

ʧʨʝʜʣʘʛʘʝʪ ʭʦʨʦʰʫʶ ʩʢʦʨʦʩʪʴ, ʥʦ ʚ ʯʘʩʳ ʧʠʢ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʩʥʠʞʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. DSL ʦʩʪʘʸʪʩʷ ʜʦʩʪʫʧʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʥʦ ʝʛʦ ʩʢʦʨʦʩʪʴ ʦʛʨʘʥʠʯʝʥʘ 

ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʧʨʦʚʘʡʜʝʨʘ. Wi-Fi, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʚ ʥʦʚʳʭ ʩʪʘʥʜʘʨʪʘʭ, ʪʘʢʞʝ 

ʠʤʝʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʠ ʧʦʤʝʭʘʤʠ. ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʪʠʧʘ 

ʧʦʜʢʣʶʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʜʦʩʪʫʧʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʊʠʧ ʧʦʜʢʣʶʯʝʥʠʷ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʠʥʪʝʨʥʝʪʘ. 

ʆʧʪʦʚʦʣʦʢʦʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ. ʄʦʙʠʣʴʥʳʝ ʩʝʪʠ ʠ Wi-Fi, ʭʦʪʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʝʝ ʩʦʝʜʠʥʝʥʠʝ, ʤʦʛʫʪ ʩʪʨʘʜʘʪʴ ʦʪ ʧʝʨʝʛʨʫʟʢʠ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 
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ʨʘʩʩʪʦʷʥʠʠ. ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʪʠʧʘ ʧʦʜʢʣʶʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʥʫʞʜ 

ʧʦʣʴʟʦʚʘʪʝʣʷ: ʝʩʣʠ ʚʘʞʥʘ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʬʘʡʣʘʤʠ 

ʠʣʠ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʷʤʠ, ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʙʫʜʝʪ ʦʧʪʦʚʦʣʦʢʥʦ. ɼʣʷ ʤʦʙʠʣʴʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʤ ʚʘʞʥʘ ʤʦʙʠʣʴʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ, ʧʦʜʦʡʜʫʪ ʤʦʙʠʣʴʥʳʝ ʩʝʪʠ 4G 

ʠʣʠ 5G. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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ʞʫʨʥʘʣ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ çStudNetè. ï  2020. - ˉ3. ï ʉ. 380-386. ï URL: 
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ʂʨʀɾʊ - ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʀʨɻʋʇʉè, ʛ. ʂʨʘʩʥʦʷʨʩʢ 
 

ɺʳʜʘʶʱʠʡʩʷ ʬʨʘʥʮʫʟʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʠ ʬʠʟʠʢ ɸʤʧʝʨ ʚ ʠʩʪʦʨʠʠ ʥʘʫʢʠ ʠʟʚʝʩʪʝʥ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʢʘʢ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. ʅʦ ʦʥ ʙʳʣ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʫʯʸʥʳʤ, ʘʚʪʦʨʦʤ ʥʘʫʯʥʳʭ 

ʪʨʫʜʦʚ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, ʣʠʥʛʚʠʩʪʠʢʝ ʠ ʬʠʣʦʩʦʬʠʠ. ʕʪʦ ʙʳʣ ʙʣʝʩʪʷʱʠʡ ʫʤ, 
ʧʦʨʘʞʘʶʱʠʡ ʩʚʦʠʤʠ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ ʚʩʝʭ ʙʣʠʟʢʦ ʟʥʘʶʱʠʭ ʝʛʦ ʣʶʜʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ,  ʢʠʥʝʤʘʪʠʢʘ, ʥʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ,  ʫʯʝʥʳʡ-

ʠʩʧʳʪʘʪʝʣʴ, ʬʠʟʠʢ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ. 
 

ANDRE-MARIE AMPĈRE ï AND HIS CONTRIBUTION TO THE DEVELOPMENT OF SCIENCE  
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The outstanding French mathematician and physicist Ampere is known in the history of science mainly as 

the founder of electrodynamics. But he was a universal scientist, the author of scientific works in the field 

of chemistry, biology, linguistics and philosophy. He was a brilliant mind, striking with his encyclopedic 

knowledge all those who knew him closely. 

Keywords: research activity, kinematics, scientific activity, research scientist, physicist, electrodynamics. 
 

ɸʥʜʨʝ-ʄʘʨʠ ɸʤʧʝʨ ʙʳʣ ʬʨʘʥʮʫʟʩʢʠʤ ʫʯʝʥʳʤ ʠ 

ʤʘʪʝʤʘʪʠʢʦʤ, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʝʥ ʢʘʢ ʦʜʠʥ ʠʟ 

ʦʩʥʦʚʘʪʝʣʝʡ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. ʈʦʜʠʣʩʷ ɸ.-ʄ. ɸʤʧʝʨ 

22 ʷʥʚʘʨʷ 1775 ʛʦʜʘ. ɼʝʪʩʪʚʦ ʝʛʦ ʧʨʦʰʣʦ ʚ ʥʝʙʦʣʴʰʦʤ 

ʧʦʤʝʩʪʴʝ ʇʦʣʝʤʴʝ, ʢʫʧʣʝʥʥʦʤ ʦʪʮʦʤ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʃʠʦʥʘ. 

ʀʩʢʣʶʯʠʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ɸʥʜʨʝ ʧʨʦʷʚʠʣʠʩʴ ʝʱʝ ʚ ʨʘʥʥʝʤ 

ʚʦʟʨʘʩʪʝ. ʆʥ ʥʠʢʦʛʜʘ ʥʝ ʭʦʜʠʣ ʚ ʰʢʦʣʫ, ʥʦ ʯʪʝʥʠʶ ʠ 

ʘʨʠʬʤʝʪʠʢʝ ʚʳʫʯʠʣʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ɸʥʜʨʝ 

ʧʨʦʷʚʣʷʣ ʢ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʥʘʫʢʘʤ. 

ɺ 1799 ʛʦʜʫ ï ɸ.-ʄ. ɸʤʧʝʨ ʫʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʨʘʙʦʪʫ ʚ 

ʧʘʨʠʞʩʢʫʶ ʇʦʣʠʪʝʭʥʠʯʝʩʢʫʶ ʰʢʦʣʫ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʧʝʪʠʪʦʨʘ. ɸ   
ʯʝʨʝʟ 2 ʛʦʜʘ ʦʥ ʫʞʝ ʚʦʟʛʣʘʚʣʷʝʪ ʢʘʬʝʜʨʫ ʬʠʟʠʢʠ ʚ ɹʫʨʢʝ. ʍʦʪʷ ʚ ʝʛʦ ʚʝʜʝʥʠʠ ʥʘʭʦʜʷʪʩʷ ʦʙʝ 

ʥʘʫʢʠ, ʩʚʦʠ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ɸʤʧʝʨ ʥʘʧʨʘʚʣʷʝʪ ʠʤʝʥʥʦ ʥʘ ʤʘʪʝʤʘʪʠʢʫ. 

ɽʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ çʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠè ʚ 1803 ʛ. ʧʨʠʚʦʜʷʪ ʝʛʦ ʚ 

ʇʘʨʠʞʩʢʫʶ ʘʢʘʜʝʤʠʶ, ʛʜʝ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʦʡ ʪʨʫʜ çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʠʛʨè. ɸʤʧʝʨ 

ʧʝʨʝʙʠʨʘʝʪʩʷ ʞʠʪʴ ʚ ʇʘʨʠʞ, ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʦʥ ʫʞʝ ʟʘʩʣʫʞʠʣ ʧʨʠʟʥʘʥʠʝ ʟʘ ʩʚʦʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʠ ʟʘ ʪʘʣʘʥʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ. 
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ɺ 1809 ʛ. ɸʤʧʝʨ, ʥʝʚʟʠʨʘʷ ʥʘ ʪʦ, ʯʪʦ ʙʳʣ ʩʘʤʦʫʯʢʦʡ, ʧʦʣʫʯʘʝʪ ʟʚʘʥʠʝ ʧʨʦʬʝʩʩʦʨʘ, 

ʯʝʤʫ ʚʦ ʤʥʦʛʦʤ ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʝʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʘʷ ʨʝʧʫʪʘʮʠʷ, ʵʪʦʪ ʧʦʩʪ ʦʥ ʙʫʜʝʪ 

ʟʘʥʠʤʘʪʴ ʜʦ 1828 ʛ. ɺ 1814 ʛʦʜʫ ɸʥʜʨʝ-ʄʘʨʠ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ɺ 1820 ʛʦʜʫ 

ɸʥʜʨʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʘʛʥʠʪʥʫʶ 

ʩʪʨʝʣʢʫ, ʧʦʟʜʥʝʝ ʵʪʦ ʥʘʟʦʚʫʪ çʇʨʘʚʠʣʦʤ ɸʤʧʝʨʘè. ʉʚʦʶ ʦʩʥʦʚʥʫʶ ʨʘʙʦʪʫ ɸʥʜʨʝ-ʄʘʨʠ 

ɸʤʧʝʨ ʧʦʩʚʷʪʠʣ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ. 

ɺ 1829 ʛʦʜʫ ɸʤʧʝʨ ʨʘʟʨʘʙʦʪʘʣ ʪʝʣʝʛʨʘʬ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʣʫʩʦʪʥʠ ʧʨʦʚʦʜʦʚ ʠ 25 

ʤʘʛʥʠʪʥʳʭ ʩʪʨʝʣʦʢ, ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʦʩʷʤ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʨʦʝʢʪ ʥʝ ʥʘʰʸʣ ʰʠʨʦʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʙʳʣ ʜʦʚʦʣʴʥʦ ʥʝʧʨʘʢʪʠʯʝʥ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʢʘ 

ʙʫʜʝʪ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʦʪʜʝʣʴʥʘʷ ʧʨʦʚʦʣʦʢʘ ʠ ʩʪʨʝʣʢʘ. ʉʚʦʠʤ ʦʪʢʨʳʪʠʝʤ ɸʤʧʝʨ ʩʤʦʛ 

ʦʧʝʨʝʜʠʪʴ ʭʦʜ ʚʨʝʤʝʥʠ. ʊʦʛʜʘ ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʩʧʦʟʥʘʪʴ 

ʵʣʝʢʪʨʦʩʠʛʥʘʣ. ʅʦ ʧʦʣʴʟʘ ʦʪ ʵʪʦʛʦ ʠʟʦʙʨʝʪʝʥʠʷ ʚʩʝ ʞʝ ʙʳʣʘ ï ʩʝʛʦʜʥʷ ʧʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ. 

ɸʥʜʨʝ-ʄʘʨʠ ʚʚʸʣ ʪʝʨʤʠʥ çʢʠʥʝʤʘʪʠʢʘè, ʘ ʚ 1830 ʛʦʜʫ ʠ çʢʠʙʝʨʥʝʪʠʢʘè. ʊʘʢ ʞʝ ɸʤʧʝʨ 

ʚʥʸʩ ʚʢʣʘʜ ʠ ʚ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ. ɺ ʯʝʩʪʴ ɸʥʜʨʝ ʥʘʟʚʘʥʘ ʝʜʠʥʠʮʘ ʩʠʣʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ï 

çʘʤʧʝʨè, ʦʜʥʘ ʠʟ 7 ʛʣʘʚʥʳʭ ʝʜʠʥʠʮ ʉʀ. ɼʣʷ ʝʸ ʠʟʤʝʨʝʥʠʷ ʫʯʸʥʳʡ ʠʟʦʙʨʸʣ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ 

ʥʘʟʚʘʣʠ çʘʤʧʝʨʤʝʪʨè. 

ʈʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. ɸ.-ʄ. ɸʤʧʝʨ, ʠʩʩʣʝʜʫʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʤʘʛʥʝʪʠʟʤʘ, ʯʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ ʦʥ ʦʙʥʘʨʦʜʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʘʚʰʠʭ, ʯʪʦ ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʘ, ʧʦ ʢʦʪʦʨʳʤ ʠʜʸʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ, ʚʟʘʠʤʥʦ ʧʨʠʪʷʛʠʚʘʶʪʩʷ, ʝʩʣʠ ʪʦʢ ʠʜʸʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʚʟʘʠʤʥʦ ʦʪʪʘʣʢʠʚʘʶʪʩʷ, 

ʝʩʣʠ ʪʦʢ ʠʜʸʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʆʪʢʨʳʪʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʨʝʚʦʣʶʮʠʦʥʥʳʤ ʠ 

ʣʷʞʝʪ ʚ ʦʩʥʦʚʳ ʟʘʨʦʞʜʘʶʱʝʡʩʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. ɸʤʧʝʨ ʧʨʦʜʦʣʞʘʝʪ ʩʪʘʚʠʪʴ ʦʧʳʪʳ, ʠ ʚʩʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚʥʦʩʠʪ ʚ ʝʞʝʥʝʜʝʣʴʥʳʝ ʦʪʯʸʪʳ ʜʣʷ ʘʢʘʜʝʤʠʠ. ʇʦʟʞʝ ʦʥʠ ʙʫʜʫʪ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʪʨʫʜʝ çʍʨʦʥʠʢʠ ʦʧʳʪʦʚ ʧʦ ʭʠʤʠʠ ʠ ʬʠʟʠʢʝè, ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʧʝʨʚʦʡ ʨʘʙʦʪʦʡ ʧʦ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ. 

ʉʣʝʜʫʶʱʠʝ ʥʘʫʯʥʳʝ ʟʘʤʝʪʢʠ ɸʤʧʝʨ ʧʨʝʜʩʪʘʚʠʪ ʧʫʙʣʠʢʝ ʚ 1822 ʛ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʦʧʳʪʦʚ ʧʦʣʫʯʘʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʠ ʚ 1826 ʛ. ʚʳʭʦʜʠʪ ʚ ʩʚʝʪ ʩʘʤʘʷ 

ʟʥʘʯʠʤʘʷ ʨʘʙʦʪʘ ï çʅʘʫʯʥʳʡ ʦʯʝʨʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʝʥʦʤʝʥʦʚè. ʕʪʘ ʧʫʙʣʠʢʘʮʠʷ ʩʪʘʣʘ ʠʩʪʦʢʦʤ ʤʥʦʞʝʩʪʚʘ ʠʜʝʡ 19 ʩʪʦʣʝʪʠʷ ʚ ʦʪʥʦʰʝʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʤʘʛʥʝʪʠʟʤʘ. ɺ ʧʦʠʩʢʘʭ ʧʦʜʭʦʜʷʱʝʛʦ ʥʘʟʚʘʥʠʷ ʜʣʷ ʥʦʚʦʡ 

ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʚʧʝʨʚʳʝ ʧʦʷʚʣʷʝʪʩʷ ʪʝʨʤʠʥ çʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘè. ɺ 1828 ʛ. ɸ.-ʄ. ɸʤʧʝʨ 

ʩʪʘʥʦʚʠʪʩʷ ʠʥʦʩʪʨʘʥʥʳʤ ʯʣʝʥʦʤ ʂʦʨʦʣʝʚʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ ʐʚʝʮʠʠ. 

ɿʘ ʛʦʜʳ ʩʚʦʝʡ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʄ.-ɸ. ɸʤʧʝʨ ʚʥʝʩ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʤʥʦʛʠʭ ʥʘʫʢ. ʅʘʧʨʠʤʝʨ: 

1. ɺ 1810 ʛʦʜʫ ɸʥʜʨʝ-ʄʘʨʠ ɸʤʧʝʨ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʧʣʘʚʠʢʦʚʘʷ ʢʠʩʣʦʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ, ʧʦ ʝʛʦ 

ʩʣʦʚʘʤ, ʘʥʘʣʦʛʠʯʥʳ ʭʣʦʨʫ. ʆʥ ʚʚʝʣ ʪʝʨʤʠʥ çʬʪʦʨè ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʵʣʝʢʪʨʦʣʠʟʦʤ. 76 ʣʝʪ ʩʧʫʩʪʷ ʬʨʘʥʮʫʟʩʢʠʡ ʭʠʤʠʢ 

ʌʨʝʜʝʨʠʢ ɸʥʨʠ ʄʫʘʩʩʘʥ (1852-1907) ʥʘʢʦʥʝʮ ʚʳʜʝʣʠʣ ʬʪʦʨ. ʆʥ ʩʜʝʣʘʣ ʵʪʦ ʵʣʝʢʪʨʦʣʠʟʦʤ, 

ʢʘʢ ʠ ʙʳʣʦ, ʧʨʝʜʣʦʞʝʥʦ ɸʤʧʝʨʦʤ.  

2. ɿʘʠʥʪʝʨʝʩʦʚʘʚʰʠʩʴ ʦʧʳʪʦʤ ʜʘʪʩʢʦʛʦ ʫʯʝʥʦʛʦ ʍʘʥʩʘ ʂʨʠʩʪʠʘʥʘ ʕʨʩʪʝʜʘ (1777-

1851), ɸʤʧʝʨ ʨʘʟʨʘʙʦʪʘʣ ʧʨʘʚʠʣʦ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ çʧʨʘʚʠʣʦ ʧʨʘʚʦʡ ʨʫʢʠ ɸʤʧʝʨʘè. ɺ ʵʪʦʤ 

ʧʨʘʚʠʣʝ, ʝʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʧʨʘʚʘʷ ʨʫʢʘ ʩʞʠʤʘʝʪ ʧʨʦʚʦʜ, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʯʝʪ ʪʦʢ, ʧʨʠ ʵʪʦʤ 

ʙʦʣʴʰʦʡ ʧʘʣʝʮ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʧʨʦʚʦʜʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʢʘ, ʟʘʪʝʤ ʧʘʣʴʮʳ, ʦʙʭʚʘʪʳʚʘʶʱʠʝ 

ʧʨʦʚʦʣʦʢʫ, ʫʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʩʪʨʝʣʢʘ ʢʦʤʧʘʩʘ ʙʫʜʝʪ ʦʪʢʣʦʥʝʥʘ.  

3. ɸʥʜʨʝ-ʄʘʨʠ ɸʤʧʝʨ ʧʨʠʤʝʥʠʣ ʤʘʪʝʤʘʪʠʢʫ ʢ ʩʚʦʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʦʤ, ʯʪʦʙʳ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ. çɿʘʢʦʥ ʩʠʣʳ ɸʤʧʝʨʘè, ʙʳʣ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʚ 1823 ʛʦʜʫ. ɺ ʥʝʤ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʠʣʠ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʨʦʚʦʜʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʭʦʜʠʪ ʪʦʢ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʭ ʜʣʠʥʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʥʠʭ ʪʦʢʘ. ʌʠʟʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʦʡ ʩʠʣʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʢʘʞʜʳʡ ʧʨʦʚʦʜ ʛʝʥʝʨʠʨʫʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʅʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʩʧʫʩʪʷ ʰʦʪʣʘʥʜʩʢʠʡ 
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ʫʯʝʥʳʡ ɼʞʝʡʤʩ ʂʣʝʨʢ ʄʘʢʩʚʝʣʣ (1831-1897) ʨʘʩʰʠʨʠʣ çʟʘʢʦʥ ɸʤʧʝʨʘè, ʩʬʦʨʤʫʣʠʨʦʚʘʚ  

çʟʘʢʦʥ ʢʨʫʛʦʦʙʦʨʦʪʘ ɸʤʧʝʨʘè. ɿʘʢʦʥ ʢʨʫʛʦʦʙʦʨʦʪʘ ɸʤʧʝʨʘ - ʦʜʥʦ ʠʟ ʟʥʘʤʝʥʠʪʳʭ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. 

4. ɸʤʧʝʨ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʤʘʛʥʝʪʠʟʤ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʜʚʠʞʝʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʟʝʤʣʷ ʜʝʡʩʪʚʦʚʘʣʘ ʢʘʢ ʤʘʛʥʠʪ, ʚ ʥʝʡ ʜʦʣʞʥʳ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʪʦʢʠ. 

ʉʝʛʦʜʥʷ ʤʳ ʟʥʘʝʤ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʟʝʤʣʠ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪʩʷ ʩʣʝʛʢʘ 

ʥʘʢʣʦʥʝʥʥʳʤ ʥʘʤʘʛʥʠʯʝʥʥʳʤ ʩʪʝʨʞʥʝʤ. ʋʯʝʥʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʣʝʞʘʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʪʦʢʠ.  

5. ɺ 1826 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ ɸʤʧʝʨʘ çʄʝʤʫʘʨʳ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʦʜʥʦʟʥʘʯʥʦ ʚʳʚʝʜʝʥʥʳʝ ʠʟ ʦʧʳʪʘè. ʉʨʝʜʠ ʧʨʦʯʝʛʦ, ʚ 

ʥʝʡ ʩʦʜʝʨʞʘʣʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʚʳʚʦʜ ʟʘʢʦʥʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ, ʠ ʦʧʠʩʳʚʘʣʠʩʴ 

ʯʝʪʳʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɸʤʧʝʨ ʧʨʠʜʫʤʘʣ ʥʘʟʚʘʥʠʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ʜʣʷ ʥʦʚʦʡ 

ʥʘʫʢʠ. ʉʝʛʦʜʥʷ ʵʪʦʪ ʪʝʨʤʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʠʥʦʥʠʤ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. ʄʝʤʫʘʨʳ ɸʤʧʝʨʘ 

ʧʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʩʯʠʪʘʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʪʝʢʩʪʦʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʆʥ ʦʢʘʟʘʣ 

ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ; ʝʛʦ ʠʟʫʯʘʣʠ ʠ ʦʙʩʫʞʜʘʣʠ ʬʠʟʠʢʠ ʦʪ ɺʝʙʝʨʘ ʜʦ ʄʘʢʩʚʝʣʣʘ ʠ ʟʘ ʝʛʦ 

ʧʨʝʜʝʣʘʤʠ.  

6. ɸʤʧʝʨ ʙʳʣ ʙʦʣʴʰʠʤ ʤʘʩʪʝʨʦʤ ʠʟʦʙʨʝʪʘʪʴ ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʪʝʨʤʠʥʳ. ʀʤʝʥʥʦ ʦʥ ʚʚʝʣ 

ʚ ʦʙʠʭʦʜ ʫʯʝʥʳʭ ʪʘʢʠʝ ʩʣʦʚʘ, ʢʘʢ çʵʣʝʢʪʨʦʩʪʘʪʠʢʘè, çʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘè, çʩʦʣʝʥʦʠʜè. ɸʤʧʝʨ 

ʚʳʩʢʘʟʘʣ ʤʳʩʣʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ, ʚʝʨʦʷʪʥʦ, ʚʦʟʥʠʢʥʝʪ ʥʦʚʘʷ ʥʘʫʢʘ ʦʙ ʦʙʱʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʆʥ ʧʨʝʜʣʦʞʠʣ ʠʤʝʥʦʚʘʪʴ ʝʝ çʢʠʙʝʨʥʝʪʠʢʦʡè. 

ʇʨʝʜʚʠʜʝʥʠʝ ɸʤʧʝʨʘ ʦʧʨʘʚʜʘʣʦʩʴ. 

7. ɺʦ ʚʨʝʤʝʥʘ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸ.-ʄ. ɸʤʧʝʨʘ ʝʱʝ ʥʝ ʙʳʣʦ ʧʨʠʙʦʨʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʠ ʩʠʣʳ ʪʦʢʘ ʚ ʙʘʪʘʨʝʝ. ʆʥ ʠʩʧʦʣʴʟʦʚʘʣ ʦʪʢʣʦʥʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʪʨʝʣʢʠ 

ʦʪ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʧʨʦʚʦʜʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥ 

ʩʳʛʨʘʣ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʛʘʣʴʚʘʥʦʤʝʪʨʘ, ʧʨʠʙʦʨʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɸʤʧʝʨ ʪʘʢʞʝ ʙʳʣ ʪʝʤ, ʢʪʦ ʥʘʟʚʘʣ ʠʥʩʪʨʫʤʝʥʪ ʚ ʯʝʩʪʴ ʠʪʘʣʴʷʥʩʢʦʛʦ 

ʬʠʟʠʢʘ-ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʷ ʃʫʠʜʞʠ ɻʘʣʴʚʘʥʠ (17-37-1798). ɼʨʫʛʠʝ ʚʢʣʘʜʳ ɸʥʜʨʝ-ʄʘʨʠ 

ɸʤʧʝʨʘ ʚ ʬʠʟʠʢʫ ʚʢʣʶʯʘʶʪ ʠʟʦʙʨʝʪʝʥʠʝ ʠ ʚʚʝʜʝʥʠʝ ʪʝʨʤʠʥʘ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʣʝʥʦʠʜʘ, 

ʢʘʪʫʰʢʠ, ʥʘʤʦʪʘʥʥʦʡ ʚ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʫʶ ʩʧʠʨʘʣʴ, ʢʦʪʦʨʘʷ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʤʘʛʥʠʪ, ʢʦʛʜʘ 

ʯʝʨʝʟ ʥʝʝ ʧʨʦʭʦʜʠʪ ʪʦʢ. 

ɸʤʧʝʨ ʩʦʟʜʘʣ ʪʝʦʨʠʶ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ, ʢʦʪʦʨʘʷ ʟʘʣʦʞʠʣʘ ʚ ʧʨʝʜʤʝʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ. ɺ ʟʥʘʢ ʧʨʠʟʥʘʥʠʷ ʝʛʦ ʚʢʣʘʜʘ ʚ ʩʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʚʝʥʮʠʷ 1881 ʛʦʜʘ ʥʘʟʚʘʣʘ ʩʪʘʥʜʘʨʪʥʫʶ ʝʜʠʥʠʮʫ 

ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʘʤʧʝʨʦʤ ʚ ʝʛʦ ʯʝʩʪʴ. ɿʘ ʩʚʦʡ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʵʪʫ ʦʙʣʘʩʪʴ 

ɸʥʜʨʝ-ʄʘʨʠ ɸʤʧʝʨ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʥʘʫʢʠ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. ʆʥ ʙʳʣ 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ (ʤʘʨʰʨʫʪʠʟʘʮʠʷ), 

ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʘʣʛʦʨʠʪʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʩʤʳʩʣʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʘʥʘʣʴʥʦ-

ʩʝʪʝʚʦʛʦ ʨʝʩʫʨʩʘ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ (ʤʘʨʰʨʫʪʠʟʘʮʠʠ) ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ï ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʤʘʨʰʨʫʪʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʮʠʬʨʦʚʦʡ 

ʩʠʩʪʝʤʝ ʩʚʷʟʠ ʩ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʠ ʧʦʪʝʨʴ ʧʘʢʝʪʦʚ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʠ, ʚʭʦʜʥʦʡ ʪʨʘʬʠʢ, ʩʧʦʩʦʙ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʬʫʥʢʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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The article considers the solution to the problem of increasing the efficiency of information exchange in 

digital communication systems under conditions of high intensity of input traffic. To organize high-

quality information interaction in digital communication systems, it is necessary to ensure optimal 

distribution of information flows (routing), which guarantees high stability of information exchange. 

However, the existing routing algorithms do not fully meet the requirements for the efficiency of 

information exchange in terms of information transfer, due to the significantly increasing volume of 

transmitted information and limited capabilities of the channel-network resource of digital 

communication systems. The paper proposes a method for distributing information flows (routing) based 

on a generalized indicator - the coefficient of efficient use of the system's capabilities for transmitting and 

storing information on the information transfer route. Information exchange in a digital communication 

system with a given structure is simulated when the input traffic changes. The simulation results showed 
that the application of the developed method provides an increase in the efficiency of information 

exchange, expressed in a decrease in time delay and packet loss, as well as an increase in system 

performance. 

Keywords: digital communication system, input traffic, routing method, efficiency factor, distribution of 

information flows, information efficiency function. 
 

ɺ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʠ ʧʦʚʳʰʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʟʥʦʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ 

(ʎʉʉ) ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʛʨʫʟʢʠ ʚ ʦʪʜʝʣʴʥʳʭ ʫʟʣʘʭ ʢʦʤʤʫʪʘʮʠʠ (ʋʂ) ʠ ʚ 

ʮʝʣʳʭ ʩʝʛʤʝʥʪʘʭ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ (ʀʆ) ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢ ʯʘʩʪʠʯʥʦʡ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʢ 

ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʤʘʨʰʨʫʪʝ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʋʂ ʈʌ [1]. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʠʤʝʶʱʠʤʩʷ ʢʘʥʘʣʴʥʦ-ʩʝʪʝʚʳʤ ʨʝʩʫʨʩʦʤ ʎʉʉ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʀʆ ʩ ʪʨʝʙʫʝʤʳʤ ʢʘʯʝʩʪʚʦʤ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʛʦ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ. ʈʘʟʨʝʰʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ (ʤʘʨʰʨʫʪʠʟʘʮʠʠ) ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʎʉʉ ʧʦ ʧʝʨʝʜʘʯʝ ʠ 

ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ, ʘʣʛʦʨʠʪʤʳ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʧʨʦʪʦʢʦʣʳ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʪʨʦʷʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʦʢʘʣʴʥʳʭ ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʝ 

ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʦʪʤʝʯʝʥʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʣʫʯʰʠʪʴ ʨʷʜ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʆ: 

ʩʨʝʜʥʶʶ ʚʨʝʤʝʥʥʫʶ ʟʘʜʝʨʞʢʫ ʧʘʢʝʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʨʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʎʉʉ, ʯʪʦ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 
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ɸʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʎʉʉ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ ʫʩʣʦʚʥʦ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʧʨʠʥʮʠʧʘʤʠ ʨʝʘʣʠʟʘʮʠʠ: ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ ʥʘ ʛʨʘʬʝ ʩʠʩʪʝʤʳ; ʘʣʛʦʨʠʪʤʳ 

ʦʧʪʠʤʘʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʦʠʤʦʩʪʥʦʡ ʬʫʥʢʮʠʠ; ʘʣʛʦʨʠʪʤʳ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʦʢʦʚʦʡ ʩʠʪʫʘʮʠʠ ʠ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ; ʘ ʪʘʢʞʝ 

ʪʝʥʟʦʨʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ [1, 2]. 

ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʠʟʚʝʩʪʥʳʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʘʭ ʠ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʯʘʩʪʥʳʝ ʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʯʠʩʣʦ ʪʨʘʥʟʠʪʥʳʭ ʫʯʘʩʪʢʦʚ, 

ʩʨʝʜʥʶʶ ʚʨʝʤʝʥʥʫʶ ʟʘʜʝʨʞʢʫ, ʟʘʛʨʫʟʢʫ ʂʉ ʠ ʜʨ.), ʯʪʦ ʷʚʣʷʝʪʩʷ ʠʭ ʦʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʪ.ʢ. 

ʦʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʎʉʉ ʧʦ ʭʨʘʥʝʥʠʶ ʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʐʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʝʪ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʨʰʨʫʪʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʎʉʉ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʨʦʪʦʢʦʣʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

IS-IS (Intermediate System to Intermediate System) ʠ ʦʩʥʦʚʘʥ ʥʘ ʘʣʛʦʨʠʪʤʝ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʠʭ 

ʧʫʪʝʡ ɼʝʡʢʩʪʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

(ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ) [3]. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʂʉ (ʉŸʉmax); ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʨʝʤʝʥʥʫʶ ʟʘʜʝʨʞʢʫ ʧʘʢʝʪʦʚ (TŸTmin) ʠ 

çʩʪʦʠʤʦʩʪʠè ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (SŸSmin); ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ (HŸHmax). 

ʆʜʥʘʢʦ ʠ ʵʪʦʪ ʩʧʦʩʦʙ ʥʝ ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ: 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ 

ʢʘʥʘʣʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʩʫʨʩʦʚ ʙʫʬʝʨʥʳʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʤʘʨʰʨʫʪʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʧʨʦʪʦʢʦʣʘʭ ʤʘʨʰʨʫʪʠʟʘʮʠʠ RIP (Routing Information Protocol) RFC 1058, RFC 2453 

ʨʝʘʣʠʟʦʚʘʥ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʎʉʉ [4, 

5]. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ ɹʝʣʣʤʘʥʘ-ʌʦʨʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʎʉʉ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʟʠʪʥʳʭ ʫʯʘʩʪʢʦʚ (KŸKmin); ʚʳʩʦʢʫʶ 

ʧʨʦʧʫʩʢʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʉŸʉmax); ʤʘʣʫʶ ʚʨʝʤʝʥʥʫʶ ʟʘʜʝʨʞʢʫ (TŸTmin); ʚʳʩʦʢʫʶ 

ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ (HŸHmax); ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʢʦʤʙʠʥʘʮʠʠ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (KŸKmin, TŸTmin, HŸHmax). 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ʥʝ ʦʪʨʘʞʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʎʉʉ; ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʟʣʦʚ ʢʦʤʤʫʪʘʮʠʠ.  

ʉʧʦʩʦʙ ʘʩʠʥʭʨʦʥʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ 

ʧʦʢʘʟʘʪʝʣʷ ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʱʥʦʩʪʴ [6]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʢʘʞʜʦʛʦ ʙʫʬʝʨʘ ʦʧʨʝʜʝʣʷʶʪ 

ʥʝʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʢʘʞʜʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʜʘʣʝʝ ʩ ʧʦʤʦʱʴʶ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʨʘʩʧʨʝʜʝʣʷʶʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʞʜʫ ʙʫʬʝʨʘʤʠ, ʠʩʭʦʜʷ ʠʟ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʨʝʙʫʝʤʳʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʠ ʜʦʧʫʩʪʠʤʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ. 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʘʭ: 

1. ɺ ʢʘʞʜʦʤ ʙʫʬʝʨʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʝ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʤʦʱʥʦʩʪʠ.  

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʚʝʥʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʶʪ 

ʥʝʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʮʠʢʣʝ ʧʝʨʝʜʘʯʠ, 

ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʜʦʧʫʩʪʠʤʦʛʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ.  

3. ɺʳʯʠʩʣʷʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʧʫʩʪʠʤʦʛʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʪʨʝʙʫʝʤʫʶ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ.  

4. ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʨʘʩʧʨʝʜʝʣʷʶʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʞʜʫ 

ʙʫʬʝʨʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʠʩʭʦʜʷ ʠʟ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʨʝʙʫʝʤʳʭ ʩʢʦʨʦʩʪʝʡ 

ʧʝʨʝʜʘʯʠ.  

          ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʱʥʦʩʪʴ, 

ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʞʜʫ 
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ʙʫʬʝʨʘʤʠ ʋʂ ʧʨʠ ʧʝʨʝʜʘʯʝ ʨʘʟʣʠʯʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʦʜʥʦʤʫ ʂʉ, ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʨʰʨʫʪʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

(ʂʇʀ) ʚʦʟʤʦʞʥʦʩʪʝʡ ʎʉʉ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʤʘʨʰʨʫʪʝ, ʢʦʪʦʨʳʡ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʜʝʣʴʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ (ʋʀʅ), ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʪʨʘʞʘʶʱʝʡ ʩʢʦʨʦʩʪʥʳʝ ʠ ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʎʉʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʩʠʩʪʝʤ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʄʆ), ʛʜʝ ʦʙʨʘʙʦʪʢʘ ʧʘʢʝʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʩʣʫʞʠʚʘʶʱʠʤʠ 

ʧʨʠʙʦʨʘʤʠ, ʧʝʨʝʜ ʢʦʪʦʨʳʤʠ ʚ ʩʠʣʫ ʩʣʫʯʘʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜ ʪʨʘʬʠʢʘ 

ʠʤʝʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʥʘʢʦʧʣʝʥʠʷ ï ʙʫʬʝʨ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʩʧʦʩʦʙʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʎʉʉ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʉʄʆ ʩ ʦʞʠʜʘʥʠʝʤ ʪʠʧʘ mN//M/M 1 , 

ʩʦʩʪʦʷʱʠʝ ʠʟ: ʙʫʬʝʨʘ ʟʘʜʘʥʥʦʡ ʝʤʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʦʞʠʜʘʶʱʠʝ ʧʘʢʝʪʳ, ʩʦʩʪʘʚʣʷʶʪ ʢʦʥʝʯʥʫʶ 

ʦʯʝʨʝʜʴ; ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʨʠʙʦʨʘ ï ʂʉ ʩ ʟʘʜʘʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʪʨʘʬʠʢʘ ʢ ʩʣʝʜʫʶʱʝʤʫ ʋʂ ʩ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʘʬʠʢʘ [7]. ʂʘʞʜʳʡ ʋʂ ʩʦʚʤʝʩʪʥʦ ʩ ʂʉ ʩʦʩʪʘʚʣʷʶʪ ʠʥʪʝʨʚʘʣʳ ʩʚʷʟʠ, ʠʟ 

ʢʦʪʦʨʳʭ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʨʰʨʫʪ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʎʉʉ. ʉʪʨʫʢʪʫʨʘ m-

ʛʦ ʠʥʪʝʨʚʘʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ m-ʛʦ ʋʂ ʩ ʙʫʬʝʨʦʤ ʠ m-ʛʦ ʂʉ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʎʉʉ ʦʪ ʋʂ-ʦʪʧʨʘʚʠʪʝʣʷ ʜʦ ʋʂ-ʧʦʣʫʯʘʪʝʣʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʂʇʀ ʚʦʟʤʦʞʥʦʩʪʝʡ ʎʉʉ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʤʘʨʰʨʫʪʝ ʧʝʨʝʜʘʯʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʟʘ ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʟʘʜtD
 
ʠʟʤʝʨʷʶʪʩʷ: ʩʨʝʜʥʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʢʝʪʦʚ m-ʛʦ ʙʫʬʝʨʘ mQ  ʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ m-ʛʦ ʂʉ mV , ʝʤʢʦʩʪʴ m-ʛʦ ʙʫʬʝʨʘ mN  ʠ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ m-ʛʦ ʢʘʥʘʣʘ 

ɹʋʇʀ ʎʉʉ mC .  

Nm  Ó QmNm  Ó Qm

ȹɍɋɑ
ɐɔɒɒəɘɆɜɎɎ

(ȹȰ)

ȹɍɋɑ
ɐɔɒɒəɘɆɜɎɎ

(ȹȰ)

ȰɆɓɆɑ ɗɈɥɍɎ (Ȱȷ)ȰɆɓɆɑ ɗɈɥɍɎ (Ȱȷ)

ȨɛɔɊɓɔɏ ɘɖɆɚɎɐȨɛɔɊɓɔɏ ɘɖɆɚɎɐ

ȰɆɓɆɑɢɓɡɏ ɘɖɆɚɎɐȰɆɓɆɑɢɓɡɏ ɘɖɆɚɎɐ

Cm Ó Vm Cm Ó Vm 

 Ȃm
 Ȃm

Cm 

Vm

Qm
Nm

ȻɖɆɓɋɓɎɋ Ɉ ɇəɚɋɖɋȻɖɆɓɋɓɎɋ Ɉ ɇəɚɋɖɋ

ȹȰȹȰ

Li 

ȲɆɖɞɖəɘ ɕɋɖɋɊɆɝɎ 
ɎɓɚɔɖɒɆɜɎɎ

ȲɆɖɞɖəɘ ɕɋɖɋɊɆɝɎ 
ɎɓɚɔɖɒɆɜɎɎ

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ m-ʛʦ ʠʥʪʝʨʚʘʣʘ ʩʚʷʟʠ ʚ ʎʉʉ 

 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ: ʋʀʅ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʋʀʅ ʢʘʞʜʦʛʦ m-ʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩʚʷʟʠ ʎʉʉ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ m-ʛʦ ʢʘʥʘʣʘ ɹʋʇʀ ʠ m-ʛʦ ʙʫʬʝʨʘ 

ɹɿʋ ʎʉʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

mmm VQʈ = ,                                                      (1) 

mmm CNʈ =max
,                                                     (2) 
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ʛʜʝ ]M...[m 1Í , M  ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ ʩʚʷʟʠ ʚ ʎʉʉ. 

ɿʘʪʝʤ ʚʳʯʠʩʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʂʇʀ ʚʦʟʤʦʞʥʦʩʪʝʡ ʎʉʉ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʢʘʞʜʦʤ i-ʦʤ ʤʘʨʰʨʫʪʝ ʦʪ ʋʂ-ʦʪʧʨʘʚʠʪʝʣʷ ʜʦ ʋʂ-ʧʦʣʫʯʘʪʝʣʷ 

=

i

i

ʄm

ʪʘʭ

m

ʄm

m

i
ʈ

ʈ

ɖ ,                                                     (3) 

ʛʜʝ 
iʄ  ï ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ ʩʚʷʟʠ ʚ ʩʦʩʪʘʚʝ i-ʛʦ ʤʘʨʰʨʫʪʘ ʦʪ  

ʋʂ-ʦʪʧʨʘʚʠʪʝʣʷ ʜʦ ʋʂ-ʧʦʣʫʯʘʪʝʣʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ )L,...,L...,,L(optL Ii

opt

1=  (ʛʜʝ 

Ii L,...,L...,,L1
 ï ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʤʘʨʰʨʫʪʦʚ ʦʪ ʋʂ-ʦʪʧʨʘʚʠʪʝʣʷ ʜʦ  

ʋʂ-ʧʦʣʫʯʘʪʝʣʷ ʧʨʠ ʵʪʦʤ]I...[i 1Í , I  ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʤʘʨʰʨʫʪʦʚ) ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʘʣʴʥʦʛʦ ʂʇʀ ),...,,...,min( 1min Ii hhhh = , ʧʦ ʢʦʪʦʨʦʤʫ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʀʆ ʤʝʞʜʫ ʋʂ-ʦʪʧʨʘʚʠʪʝʣʝʤ ʠ ʋʂ-ʧʦʣʫʯʘʪʝʣʝʤ.  

 ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʚ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʡ ʩʨʝʜʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

AnyLogic ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʀʆ ʚ ʎʉʉ ʩ ʦʮʝʥʢʦʡ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʦʙʱʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʎʉʉ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʠ ʠʟʚʝʩʪʥʳʡ 

ʩʧʦʩʦʙ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʤʠʥʠʤʠʟʘʮʠʶ ʯʠʩʣʘ ʪʨʘʥʟʠʪʥʳʭ ʋʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ 

ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ ɼʝʡʢʩʪʨʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʤʦʜʝʣʠ ʎʉʉ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ 

ʪʠʧʘ (ʉʤ. ʈʠʩ. 2). 
 

̂˴ 1 ̂˴ 2

̂˴ 3 ̂˴ 4 ̂˴ 5 ̂˴ 6

̂˴ 7 ̂˴ 8 ̂˴ 9 ̂˴ 10 ̂˴ 11 ̂˴ 12 ̂˴ 13 ̂˴ 14
 

ʈʠʩʫʥʦʢ 2 ï ʀʩʩʣʝʜʫʝʤʘʷ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʪʠʧʘ 
 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʩʧʘʢʚʭ /60000...50=g  ʜʣʷ ʧʨʦʚʝʨʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʎʉʉ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ ʥʘʛʨʫʟʢʠ. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʉ ʟʘʜʘʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʩʧʘʢCʢʘʥ /300...100= , 

ʝʤʢʦʩʪʠ ʙʫʬʝʨʦʚ ʋʂ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʘʢNʙʫʬ 10= . ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʫʩʪʠʤʦʡ ʚʨʝʤʝʥʥʦʡ 

ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʎʉʉ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʤʩTʜʦʧ100= . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʀʆ ʚ ʎʉʉ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʎʉʉ )( ʚʭGg , ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ )( ʚʭʟʘʜT g  ʠ ʦʙʦʙʱʝʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʂʇʀ ï ʬʫʥʢʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ )( ʚʭgh  ʦʪ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ 

(ʉʤ. ʈʠʩ. 3). ɼʣʷ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʠʭ ʧʫʪʝʡ ɼʝʡʢʩʪʨʳ, ʤʠʥʠʤʠʟʠʨʫʶʱʝʛʦ ʯʠʩʣʦ 

ʪʨʘʥʟʠʪʥʳʭ ʫʯʘʩʪʢʦʚ ʛʨʘʬʠʢʠ ʠʟʦʙʨʘʞʝʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ, ʘ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʎʉʉ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ. ɸ ʠʤʝʥʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠ 
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ʨʝʘʣʠʟʘʮʠʠ ʀʆ ʚ ʩʪʨʫʢʪʫʨʝ ʎʉʉ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʘ 

ʂʇʀ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ (ʩʧʘʢʚʭ /208302 =g ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦ ʯʠʩʣʫ ʪʨʘʥʟʠʪʥʳʭ ʋʂ (ʩʧʘʢʚʭ /166701 =g ). ʇʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ %4,141max =h  ʜʦ %5,152max =h , ʯʪʦ ʩʦʩʪʘʚʠʣʦ %1,1=Dh  (ʉʤ. ʈʠʩ. ï 10ʚ). 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʦʟʨʦʩʣʘ ʥʘ ʩʧʘʢG /40=D  (6,6 %) ʩ ʩʧʘʢG /6051 =  ʜʦ 

ʩʧʘʢG /6451 =  (ʨʠʩʫʥʦʢ 3ʘ), ʧʨʠ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʡ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ ʥʘ 

ʤʩTʟʘʜ46=D  (6,7%) ʩ ʤʩTʟʘʜ 7271 =  ʜʦ ʤʩTʟʘʜ 6812 =  (ʉʤ. ʈʠʩ. ï 3ʙ). 
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ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʀʆ ʚ ʎʉʉ ʩ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʪʦʧʦʣʦʛʠʝʡ 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʇʀ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʎʉʉ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ 

ʪʨʘʬʠʢʘ ʟʘ ʩʯʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʯʝʪʘ ʧʨʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʩʚʷʟʠ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʤʘʨʰʨʫʪ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ [8]. ʂʦʥʪʨʦʣʴ 

ʚʘʞʥʝʡʰʠʭ ʦʙʱʝʧʨʠʥʷʪʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʀʆ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ G, ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ 

ʟʘʜT , ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʨʴ ʧʘʢʝʪʦʚ ʧʦʪN  ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʎʉʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ 

ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ʨʘʙʦʪʳ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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The article presents the results of a comparative analysis of communication protocol stacks. To conduct 

the comparison, the characteristics of standard protocol stacks were preliminarily studied, documentation 

and technical specifications were reviewed, comparison criteria were selected, stacks were compared, and 

features related to performance and applicability of protocols in various conditions were identified. 
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ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʷʭ. ʆʩʥʦʚʦʡ ʵʪʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ï 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʘʚʠʣʘ ʠ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ 
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ʩ ʜʨʫʛʦʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʩʪʝʢʘ 

ʧʨʦʪʦʢʦʣʦʚ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ, ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʟʘʱʠʱʘʝʪʩʷ. 

ɺ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʛʦʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [2,3]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʥʜʘʨʪʥʳʭ 

ʩʪʝʢʦʚ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʪʝʢʠ ʧʨʦʪʦʢʦʣʦʚ: TCP/IP, IPX/SPX, NetBIOS/SMB, 

OSI. 

ʉʪʝʢ TCP/IP ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʥʘʯʘʣʝ 1970-ʭ ʛʦʜʦʚ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʦʙʦʨʦʥʳ ʉʐɸ ʜʣʷ ʩʚʷʟʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʪʠ ARPAnet ʩ ʜʨʫʛʠʤʠ ʩʝʪʷʤʠ. ʕʪʦʪ ʩʪʝʢ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʨʦʪʦʢʦʣʦʚ TCP ʠ IP, ʩʪʘʣ ʦʩʥʦʚʦʡ ʜʣʷ ʀʥʪʝʨʥʝʪʘ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʝʡ, ʚʢʣʶʯʘʷ ʢʦʨʧʦʨʘʪʠʚʥʳʝ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʪʝʢʘ ʷʚʣʷʶʪʩʷ: 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʨʘʛʤʝʥʪʠʨʦʚʘʪʴ ʧʘʢʝʪʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʝʪʷʭ ʩ ʨʘʟʣʠʯʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ; 

ʛʠʙʢʘʷ ʩʠʩʪʝʤʘ ʘʜʨʝʩʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʝʪʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

ʵʢʦʥʦʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ ʨʘʩʩʳʣʦʢ. ʅʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʛʦ ʩʪʝʢʘ 

ʧʨʦʪʦʢʦʣʦʚ ʩʦʩʪʦʷʪ ʚ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʨʝʩʫʨʩʘʤ ʠ ʩʣʦʞʥʦʩʪʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. 

ʉʪʝʢ IPX/SPX ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ çNovellè ʚ ʥʘʯʘʣʝ 1980-ʭ ʛʦʜʦʚ ʜʣʷ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ NetWare. ʕʪʦʪ ʩʪʝʢ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʨʘʙʦʪʫ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʪʦʢʦʣʦʚ IPX ʠ SPX. ʅʠʟʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʩʫʨʩʘʤ, ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ 

ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʦʚ. ʅʝʜʦʩʪʘʪʢʠ ʩʚʷʟʘʥʳ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʠʟ-ʟʘ ʟʘʢʨʳʪʦʡ ʧʨʠʨʦʜʳ ʧʨʦʪʦʢʦʣʦʚ, ʘ ʪʘʢʞʝ ʩ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ ʨʘʙʦʪʝ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʷʭ. 

 çNetwork Basic Input/Output Systemè (NetBIOS) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 1984 ʛʦʜʫ ʢʘʢ 

ʩʝʪʝʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʬʫʥʢʮʠʡ BIOS ʜʣʷ IBM PC. ʇʦʟʞʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

çNetBIOS Extended User Interfaceè (NetBEUI), ʢʦʪʦʨʳʡ ʩʪʘʣ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʦʛʨʘʥʠʯʝʥʥʳʭ 200 ʨʘʙʦʯʠʤʠ ʩʪʘʥʮʠʷʤʠ. 

NetBIOS ʚʳʧʦʣʥʷʝʪ ʩʝʪʝʚʳʝ ʬʫʥʢʮʠʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʝʪʝʚʦʤʫ, ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʠ ʩʝʘʥʩʦʚʦʤʫ 

ʫʨʦʚʥʷʤ ʤʦʜʝʣʠ OSI, ʦʜʥʘʢʦ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʧʘʢʝʪʦʚ. ʕʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʤʠ ʩʝʪʷʤʠ, ʥʝ ʠʤʝʶʱʠʤʠ ʧʦʜʩʝʪʝʡ. 

ʉʪʝʢ çOpen Systems Interconnectionè (OSI) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʧʨʦʪʦʢʦʣʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʝʤʠ ʫʨʦʚʥʷʤ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ OSI. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʠ OSI, ʩʪʝʢ 

ʧʨʦʪʦʢʦʣʦʚ OSI ʚʢʣʶʯʘʝʪ ʢʦʥʢʨʝʪʥʳʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ. ʇʨʦʪʦʢʦʣʳ ʩʪʝʢʘ OSI 

ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʴʶ ʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʩʧʝʮʠʬʠʢʘʮʠʡ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʪʨʝʤʣʝʥʠʝʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʫʯʝʩʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ 

ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʢʦʤʧʨʦʤʠʩʩʘʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʀʟ-ʟʘ ʩʚʦʝʡ 

ʩʣʦʞʥʦʩʪʠ ʵʪʠ ʧʨʦʪʦʢʦʣʳ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʤʦʱʥʳʭ ʤʘʰʠʥ, ʥʝʞʝʣʠ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʪʝʢʦʚ ʧʨʦʪʦʢʦʣʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʣʝʜʫʶʱʠʝ: 

- ʈʘʩʰʠʨʷʝʤʦʩʪʴ (Extensibility) ï ʚʦʟʤʦʞʥʦʩʪʴ  ʣʝʛʢʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʠ ʠ ʫʩʪʨʦʡʩʪʚʘ. 

- ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ (Scalability) ï ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʠ 

ʜʣʠʥʫ ʩʚʷʟʝʡ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

- ʇʨʦʟʨʘʯʥʦʩʪʴ (Transparency) ï ʉʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, 

ʩʢʨʳʚʘʷ ʚʥʫʪʨʝʥʥʠʝ ʜʝʪʘʣʠ. 

- ʇʦʜʜʝʨʞʢʘ ʨʘʟʥʳʭ ʚʠʜʦʚ ʪʨʘʬʠʢʘ ï ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʡ, 

ʪʘʢ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ ʪʨʘʬʠʢ. 

- ʋʧʨʘʚʣʷʝʤʦʩʪʴ (Manageability) ï ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʠ. 
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- ʉʦʚʤʝʩʪʠʤʦʩʪʴ (Compatibility) ï ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʦʪ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

- ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (Quality of Service, QoS) ï ʛʘʨʘʥʪʠʠ  ʩʝʪʠ ʧʦ ʧʦʚʦʜʫ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʧʨʠʣʦʞʝʥʠʡ. 

- ɹʝʟʦʧʘʩʥʦʩʪʴ ï ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʠ ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʠ ʘʪʘʢ. 

- ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʠ, ʚʢʣʶʯʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʠ ʚʨʝʤʷ ʦʪʢʣʠʢʘ. 

ʉʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ï ʟʘʪʨʘʪʳ  ʥʘ ʨʘʟʚʝʨʪʳʚʘʥʠʝ, ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ. 

ʕʪʠ ʢʨʠʪʝʨʠʠ ʧʦʟʚʦʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʨʘʟʣʠʯʥʳʝ ʩʪʝʢʠ 

ʧʨʦʪʦʢʦʣʦʚ ʧʦ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʚʳʙʦʨʝ 

ʨʝʰʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʝʡ [4]. ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʚʩʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʦʚ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʰʢʘʣʘ ʦʪ 1 ʜʦ 3 ʙʘʣʣʦʚ, ʛʜʝ 1 ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ, ʘ 3 ï 

ʤʘʢʩʠʤʘʣʴʥʦʝ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʝʢʦʚ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʧʦ ʫʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʝʢʦʚ ʧʨʦʪʦʢʦʣʦʚ 

ʂʨʠʪʝʨʠʡ TCP/IP IPX/SPX NetBIOS/SMB OSI 

ʈʘʩʰʠʨʷʝʤʦʩʪʴ 3 1 2 3 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 3 1 1 3 

ʇʨʦʟʨʘʯʥʦʩʪʴ 3 2 3 2 

ʇʦʜʜʝʨʞʢʘ ʨʘʟʥʳʭ ʚʠʜʦʚ ʪʨʘʬʠʢʘ 3 1 3 3 

ʋʧʨʘʚʣʷʝʤʦʩʪʴ 3 1 1 1 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ 3 1 2 2 

ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (QoS) 1 1 1 2 

ɹʝʟʦʧʘʩʥʦʩʪʴ 2 1 2 2 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 3 2 3 2 

ʉʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ 
1 2 2 3 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʝʢʦʚ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ 

ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʝʪʝʚʳʭ ʩʨʝʜʘʭ. ʊʘʢ, TCP/IP ʚʳʜʝʣʷʝʪʩʷ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ ʠ 

ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʛʣʦʙʘʣʴʥʳʭ 

ʩʝʪʝʡ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ɽʛʦ ʧʦʜʜʝʨʞʢʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʨʘʬʠʢʘ ʠ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʧʣʘʪʬʦʨʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʠʙʢʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. IPX/SPX, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʘʣʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʨʝʜʘʭ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ çNovellè. ʆʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʚʩʝ ʙʦʣʝʝ ʨʝʜʢʠʤ. NetBIOS/SMB ʧʨʝʢʨʘʩʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʝʪʝʡ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʥʘ 

ʩʦʚʤʝʩʪʥʦʤ ʜʦʩʪʫʧʝ ʢ ʬʘʡʣʘʤ, ʦʩʦʙʝʥʥʦ ʚ ʵʢʦʩʠʩʪʝʤʝ Windows. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʝʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʜʝʣʘʶʪ ʝʛʦ ʤʝʥʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ 

ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. OSI, ʭʦʪʷ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʩʝʪʝʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʜʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ ʩʚʦʝʡ ʩʣʦʞʥʦʩʪʠ ʠ ʚʳʩʦʢʠʭ 

ʟʘʪʨʘʪ ʥʘ ʚʥʝʜʨʝʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʦʚ ʜʦʣʞʝʥ 

ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʦʪʨʝʙʥʦʩʪʷʭ ʙʠʟʥʝʩʘ, ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ 

ʦʞʠʜʘʝʤʦʤ ʨʦʩʪʝ ʩʝʪʠ. ʊʦʣʴʢʦ, ʘʥʘʣʠʟʠʨʫʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
ʇʝʨʝʯʝʥʴ  ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʩʠʩʪʝʤ ʥʘʯʘʣʦ ʨʘʟʚʠʚʘʪʴʩʷ ʥʦʚʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʠʛʥʘʣʦʚ ʪʝʣʝʚʝʱʘʥʠʷ ʠ ʨʘʜʠʦʩʚʷʟʠ ʚ ʦʙʣʘʩʪʠ 

ʠʟʫʯʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʦʪʨʘʞʘʶʱʠʭʩʷ ʦʪ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʜʠʦʧʦʣʝ ʜʝʡʩʪʚʠʷ 

ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʩʪʘʥʮʠʡ ʠʣʠ ʩʪʘʥʮʠʡ ʨʘʜʠʦʩʚʷʟʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʦʧʦʣʷ 

ʚʦʟʥʠʢʘʶʪ ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʦʙʲʝʢʪʦʚ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘʤʠ, 

ʫʜʘʣʝʥʥʳʤʠ ʥʘ ʥʝʢʦʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʨʘʜʠʦʧʝʨʝʜʘʶʱʠʭ ʩʪʘʥʮʠʡ, ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ 

ʥʠʭ. ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʷʪʳʭ ʩʠʛʥʘʣʦʚ ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʦʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʚ ʧʘʩʩʠʚʥʦʤ ʨʝʞʠʤʝ ʥʘʙʣʶʜʝʥʠʷ ʩʠʩʪʝʤʦʡ ʧʨʠʝʤʥʠʢʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʚʦʝʡ 

ʥʝʟʘʤʝʪʥʦʩʪʴʶ, ʠ, ʢʘʢ ʧʦ ʠʪʦʛʫ, ʥʝʫʷʟʚʠʤʦʩʪʴʶ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʠ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʦʪʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʷʪʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʦ ʢʦʦʨʜʠʥʘʪʘʭ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʩʳʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʩʠʩʪʝʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʡ ʚ ʦʭʨʘʥʷʝʤʳʝ ʟʦʥʳ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʦʟʥʘʥʠʷ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʧʃɸ). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʘʩʩʠʚʥʳʭ ʨʘʜʠʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ 

ʙʦʣʴʰʫʶ ʜʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ  ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʘʰʝ ʚʨʝʤʷ ʨʘʜʠʦʩʠʩʪʝʤ 

ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʙʦʨʪʦʚʳʝ ʥʦʩʠʪʝʣʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʝʡʯʘʩ ʩʪʘʚʠʪʩʷ ʥʦʚʘʷ ʟʘʜʘʯʘ ʧʝʨʝʜ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʘʩʩʠʚʥʳʭ ʠ ʧʦʣʫʘʢʪʠʚʥʳʭ ʨʘʜʠʦʩʠʩʪʝʤ ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠʥʷʪʳʭ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘʤʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʥʝʧʦʜʚʠʞʥʳʤʠ ʠ ʜʚʠʞʫʱʠʤʠʩʷ 

ʦʙʝ̡ʢʪʘʤʠ ʥʘ ʤʘʣʦʡ ʜʘʣʴʥʦʩʪʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 
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ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ  ʩʠʩʪʝʤ ʦʭʨʘʥʳ ʥʝʟʘʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʚʦʟʜʫʰʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʟʦʥʜʦʚ, ʜʨʦʥʦʚ, ɹʧʃɸ ʠ ʜʨ. 

ɿʘʜʘʯʝʡ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʨʘʜʠʦʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ 

ʧʦʜʚʠʞʥʦʛʦ ʦʙʲʝʢʪʘ, ʥʘʧʨʠʤʝʨ ʪʘʥʢʘ ʠʣʠ ʩʘʤʦʣʝʪʘ ʚ ʟʝʤʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʧʫʪʥʠʢʦʚʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 

ʅʫʞʜʘ ʚ ʙʳʩʪʨʦʤ ʠ ʪʦʯʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʦʚ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʤʦʙʠʣʴʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʨʪʘʪʠʚʥʳʭ, ʩʨʝʜʩʪʚ ʩʚʷʟʠ. 

ʊʘʢʠʝ ʩʨʝʜʩʪʚʘ ʧʨʠʤʝʥʷʶʪʩʷ: 

- ʚ ʘʧʧʘʨʘʪʫʨʝ ʨʘʜʠʦʢʦʥʪʨʦʣʷ ʧʨʠ ʧʦʠʩʢʝ ʠʩʪʦʯʥʠʢʦʚ ʨʘʜʠʦʧʦʤʝʭ, ʦʙʥʘʨʫʞʝʥʠʠ 

ʥʝʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʝʨʝʜʘʪʯʠʢʦʚ; 

- ʚ ʩʣʫʞʙʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʙʦʨʴʙʝ ʩ (ʥʝ)ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʧʨʝʩʪʫʧʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ; 

- ʚ  ʮʝʣʷʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʦʝʥʥʦʤ ʜʝʣʝ;  

- ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ī ʩʠʩʪʝʤʳ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ; 

- ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ī ʚ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʠ, ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʠʟʫʯʝʥʠʠ ɿʝʤʣʠ, 

ʩʪʨʦʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʪ.ʜ. 

ʇʨʷʤʦ ʩʝʡʯʘʩ ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ (ʈʊʉ) ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʙʲʝʢʪʘʤʠ 

ʥʘʠʙʦʣʴʰʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʚʨʘʱʘʶʱʝʡʩʷ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʪʝʥʥʳ (ʣʠʙʦ ʚʨʘʱʘʶʱʝʡʩʷ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ), 

ʜʚʫʭʢʘʥʘʣʴʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʬʘʟʦʚʳʝ ʩʠʩʪʝʤʳ, ʜʦʧʣʝʨʦʚʩʢʠʝ ʠ 

ʢʚʘʟʠʜʦʧʣʝʨʦʚʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ, ʩʠʩʪʝʤʳ ʩʦ 

ʩʚʝʨʭʨʘʟʨʝʰʝʥʠʝʤ.  

ʇʦ ʤʝʪʦʜʫ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʝ ʨʘʜʠʦʩʠʩʪʝʤʳ ʜʝʣʷʪʩʷ ʥʘ: ʘʤʧʣʠʪʫʜʥʳʝ, ʬʘʟʦʚʳʝ ʠ ʘʤʧʣʠʪʫʜʥʦ- ʬʘʟʦʚʳʝ 

(ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ). 

ɸʤʧʣʠʪʫʜʥʳʡ ʤʝʪʦʜ. ɺ ʘʤʧʣʠʪʫʜʥʦʤ ʤʝʪʦʜʝ ʧʨʠʤʝʥʷʶʪ ʘʥʪʝʥʥʫʶ ʩʠʩʪʝʤʫ, 

ʠʤʝʶʱʫʶ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ (ɼʅɸ) ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʯʝʪʢʠʤʠ 

ʤʠʥʠʤʫʤʘʤʠ ʠʣʠ ʤʘʢʩʠʤʫʤʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʜʠʘʧʘʟʦʥʝ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʚʦʣʥ (ʋʂɺ) 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʝʥʥ ʪʠʧʘ çʚʦʣʥʦʚʦʡ ʢʘʥʘʣè ʜʣʷ ʧʦʠʩʢʘ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

ʧʦ ʤʘʢʩʠʤʫʤʫ. ɺ ʜʠʘʧʘʟʦʥʝ ʢʦʨʦʪʢʠʭ ʚʦʣʥ (ʂɺ) ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʤʦʯʥʘʷ ʘʥʪʝʥʥʘ, ɼʅ 

ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʬʦʨʤʫ ʚʦʩʴʤʝʨʢʠ ʩ ʜʚʫʤʷ ʯʝʪʢʠʤʠ ʤʠʥʠʤʫʤʘʤʠ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ, ʤʘʣʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʘʤʧʣʠʪʫʜʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ï ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʤʘʣʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʰʫʤʦʚ ʥʘ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ. 

ʌʘʟʦʚʳʡ ʤʝʪʦʜ. ɺ ʬʘʟʦʚʳʭ ʤʝʪʦʜʘʭ ʠʩʧʦʣʴʟʫʶʪ ʘʥʪʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʠʛʥʘʣʳ, ʧʨʠʭʦʜʷʱʠʝ ʩ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʫʪʸʤ ʘʥʘʣʠʟʘ ʬʘʟ 

ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʥʝʩʢʦʣʴʢʠʤʠ ʘʥʪʝʥʥʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʪʘ ʚ ʨʝʞʠʤʝ ʵʪʦʛʦ ʤʝʪʦʜʘ  

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ. ɺ ʜʘʥʥʳʭ ʤʝʪʦʜʘʭ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʘʤʧʣʠʪʫʜʥʦ-

ʬʘʟʦʚʳʡ ʤʝʪʦʜ. ɺʳʚʦʜ ʦ ʥʘʧʨʘʚʣʝʥʠʠ (ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʦ ʨʘʩʩʪʦʷʥʠʠ) ʥʘ ʠʩʪʦʯʥʠʢ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʜʝʣʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ 

ʩʠʛʥʘʣʘ 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʜʣʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

- ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ 

(ɸɸ); 

- ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ; 
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- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʦʰʠʙʦʢ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʘʥʪʝʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ, ʚʥʫʪʨʝʥʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ, 

ʥʝʠʜʝʥʪʠʯʥʦʩʪʴʶ ʢʘʥʘʣʦʚ, ʦʰʠʙʢʘʤʠ ʦʮʠʬʨʦʚʢʠ ʠ ʪ.ʜ.; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

(ʚʟʘʠʤʥʦ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʠ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ), ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʜʥʦʡ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 

ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʤʥʦʞʝʩʪʚʘ m 

ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ (m Ó 1). ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ n ʧʨʠʝʤʥʠʢʦʚ (n ² 2), 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʝʤʣʝ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʦʪʨʘʞʝʥʥʳʝ 

ʩʠʛʥʘʣʳ ʦʪ ʦʙʲʝʢʪʦʚ ʚ ʨʘʜʠʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʨʠʝʤʥʠʢʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ 

ʨʝʞʠʤʘʭ: ʢʦʛʜʘ ʘʥʪʝʥʥʘ ʩʢʘʥʠʨʫʝʪ ʫʟʢʫʶ ɼʅɸ (10 ʤʘʛʥʠʪʫʜ) ʧʦ ʨʘʩʪʨʦʚʦʡ ʩʭʝʤʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʘʟʠʤʫʪʫ ʠ ʚʳʩʦʪʝ, ʦʥʘ ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣʳ ʦʪ ʥʝʧʦʜʚʠʞʥʳʭ ʠ ʤʝʜʣʝʥʥʦ 

ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ; ʢʦʛʜʘ ʦʥʘ ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣʳ ʦʪ ʙʳʩʪʨʦ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ, ʦʥʘ 

ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣʳ ʦʪ ʰʠʨʦʢʦʡ ɼʅɸ (300 ʤʘʛʥʠʪʫʜ), ʘ ʟʘʪʝʤ ʩʢʘʥʠʨʫʝʪ ʫʟʢʫʶ ɼʅɸ ʧʦ 

ʨʘʩʪʨʦʚʦʡ ʩʭʝʤʝ. (300) ʇʨʠʥʷʪʳʝ ʩʠʛʥʘʣʳ ʟʘʪʝʤ ʬʠʣʴʪʨʫʶʪʩʷ ʚ ʫʟʢʦʡ ʧʦʣʦʩʝ ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʦʙʲʝʢʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠʣʠ ʯʘʩʪʦʪʥʦ ʨʘʟʨʝʰʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʫʧʝʨʜʦʧʣʝʨʦʚʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʇʨʠʝʤʥʠʢ ʠ ʧʝʨʝʜʘʪʯʠʢ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʜʣʷ ʢʦʛʝʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʚ 

ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ. ʂʦʛʝʨʝʥʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ. ʇʨʠ ʧʨʠʝʤʝ 

ʢʘʞʜʦʛʦ ʧʘʢʝʪʘ ʠʤʧʫʣʴʩʦʚ. ʌʘʟʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʚ 
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The article presents the results of the study of the design features of heterogeneous networks for the 

Internet of Things technology. In the course of the work, the key features were identified and the 
problems of networks based on the Internet of Things were formulated, which include: segmentation, 

high degree of decentralization, large volume of service traffic, a significant number of events in the 

Internet of Things system. 

Keywords: network technologies, Internet of Things, heterogeneous networks. 
 

ɸʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʬʝʨ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʫʜʠʚʠʪʝʣʴʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʝʜʤʝʪʦʚ ʧʦʚʩʝʜʥʝʚʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʀʥʪʝʨʥʝʪʝ ʚʝʱʝʡ (IoT) ð ʢʦʥʮʝʧʮʠʠ, ʚ 

ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʝʪʴ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʙʝʩʧʨʦʚʦʜʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʪʝʭʥʦʣʦʛʠʡ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ 

ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʦʙʫʩʣʦʚʠʣʠ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧʮʠʠ 

ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʢʦʥʮʝʧʮʠʠ ʨʘʟʫʤʥʳʭ 

ʚʩʝʧʨʦʥʠʢʘʶʱʠʭ ʩʝʪʝʡ, ʥʦ ʠ ʧʦʟʚʦʣʠʣʦ ʢʦʤʧʘʥʠʷʤ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʠ ʩʥʠʞʘʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʟʜʦʨʦʚʴʷ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ ʠ ʣʦʛʠʩʪʠʢʠ, ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ, ʚ ʨʦʟʥʠʯʥʦʡ ʧʨʦʜʘʞʝ, ʠ ʜʘʞʝ 

ʜʦʤʘ [2]. 

ɺ ʩʝʪʷʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʮʝʧʮʠʝʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʨʦʜʥʳʡ ʪʨʘʬʠʢ. ʅʘʧʨʠʤʝʨ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ ʪʨʘʬʠʢ ʧʝʨʝʜʘʯʠ ʛʦʣʦʩʘ ʠ 

ʚʠʜʝʦ, ʢʦʪʦʨʳʡ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʟʘʜʝʨʞʢʘʤ, ʪʨʘʬʠʢ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʪʨʘʬʠʢ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜʥʦ-ʩʠʛʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʨʘʬʠʢ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʟʘʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʠ ʩʝʨʚʠʩʦʚ. ʊʝʤ ʩʘʤʳʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʢʣʘʩʩʫ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʥʦʩʪʴ ʣʦʛʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ 

ʘʨʭʠʪʝʢʪʫʨ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʲʝʢʪʠʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʧʦʩʪʨʦʝʥʠʠ 

ʧʦʜʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ ʠ ʟʘʱʠʪʳ ʩʝʪʝʚʦʡ ʠ ʘʙʦʥʝʥʪʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ [3]. 

ʇʦʩʢʦʣʴʢʫ ʘʨʭʠʪʝʢʪʫʨʘ IoT ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʲʝʜʠʥʝʥʠʝ ʨʷʜʘ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ 

ʦʜʥʫ ʩʝʪʴ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʭ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʘʤʠ ʦʙʲʝʜʠʥʝʥʠʷ 

ʨʘʟʥʦʨʦʜʥʳʭ ʫʟʣʦʚ ʚ ʝʜʠʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʨʳʥʢʝ ʨʘʟʥʳʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ ʬʦʨʤʘʪʘ çAll-In-Oneè, ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʧʨʠʚʥʦʩʷʪ ʩʣʦʞʥʦʩʪʠ ʚ ʪʝʭʥʦʣʦʛʠʶ, ʪʘʢ ʢʘʢ ʥʘ ʨʳʥʢʝ ʧʦʷʚʣʷʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʦʜʫʣʝʡ ʠ 

ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʤʝʞʜʫ 

ʜʨʫʛ ʜʨʫʛʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ, ʚʳʧʫʩʢ ʠ ʚʥʝʜʨʝʥʠʝ ʤʦʜʫʣʝʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʬʫʥʢʮʠʠ, 

ʠʥʪʝʨʝʩʫʶʱʠʝ ʫʟʢʠʡ ʧʣʘʩʪ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʟʘʪʨʫʜʥʷʝʪʩʷ. ʕʪʫ ʩʠʪʫʘʮʠʶ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʠʩʧʨʘʚʠʪʴ ʚʥʝʜʨʝʥʠʝʤ ʝʜʠʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

[4]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʚʝʜʫʪʩʷ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦʜʦʙʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʧʨʝʜʣʦʞʝʥʦ ʥʝ ʙʳʣʦ. ɽʱʝ 

ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʜʦʙʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʘʤʘ ʢʦʥʮʝʧʮʠʷ 

ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʫʯʥʦ ʦʧʠʩʘʥʥʦʡ ʚ ʩʠʣʫ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʥʦʚʠʟʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʦʙʦʙʱʝʥʠʝ ʜʦʩʪʫʧʥʳʭ 

ʟʥʘʥʠʡ ʧʦ ʦʜʥʦʤʫ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ï ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʆʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ʩʦʩʪʘʚʣʝʥʠʷ ʩʝʪʝʡ ʜʣʷ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʤʦʜʫʣʝʡ. ɺʩʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʪʦʢʦʣʳ (HTTP, MQTT, DDS, CoA ʠ ʪ.ʜ.), ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ (ʮʠʬʨʦʚʦʡ 
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(ʜʚʦʠʯʥʳʡ), XML, JSON, GIOP ʠ ʪ.ʜ.) ʠ ʨʘʟʣʠʯʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ (LoRa, Wi-Fi, Bluetooth, 

ZigBee ʠ ʪ.ʜ.) [5]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʫʩʪʨʦʡʩʪʚʘ IoT ʟʘʯʘʩʪʫʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʩʪʳʝ ʩʝʥʩʦʨʳ, 

ʠʤʝʶʱʠʝ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʙʘʪʘʨʝʠ, ʧʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʪʠ, ʪʘʢ ʢʘʢ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚʣʠʷʝʪ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʜʘʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʩʝʪʠ ʜʣʷ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʷʚʣʷʝʪʩʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʆʥʘ ʧʦʣʴʟʫʝʪʩʷ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʚ ʩʚʷʟʠ ʩʦ 

ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ. ʉʫʪʴ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʤʦʜʫʣʠ çʦʙʱʘʶʪʩʷè ʩ 

ʮʝʥʪʨʘʣʴʥʳʤ ʫʟʣʦʤ ʩʠʩʪʝʤʳ ð ʩʝʨʚʝʨʦʤ. ʃʶʙʦʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʫʯʘʩʪʠʝʤ ʩʝʨʚʝʨʘ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʡ 

ʩʠʩʪʝʤʳ. ʇʨʠ ʝʛʦ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʨʘʙʦʪʘ ʩʝʪʠ ʧʦʣʥʦʩʪʴʶ ʧʘʨʘʣʠʟʫʝʪʩʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʪʘʢʦʡ ʩʮʝʥʘʨʠʡ, ʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʜʦʣʞʘʶʪ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ 

ʬʫʥʢʮʠʠ, ʥʦ ʫʞʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ 

[6]. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʦʜʥʦʛʦ ʦʙʱʝʛʦ ʩʝʨʚʝʨʘ ʥʘʢʣʘʜʳʚʘʝʪ ʥʘ ʥʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʥʘʛʨʫʟʢʫ ʚ ʚʠʜʝ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʜʘʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ 

ʚʣʝʯʝʪ ʟʘʤʝʜʣʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʠʤʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ. ʇʦʜʦʙʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʫʜʦʙʥʘ ʠ ʚʳʛʦʜʥʘ ʜʣʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʘʩʩʦʚʳʭ ʩʠʩʪʝʤ çʫʤʥʦʛʦ ʜʦʤʘè, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʧʦʩʪʘʚʣʷʪʴ ʩʚʦʝ 

ʩʦʙʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʝʛʦ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ, ʙʝʟʫʩʣʦʚʥʦ, 

ʙʫʜʫʪ ʩʣʘʞʝʥʥʦ ʨʘʙʦʪʘʪʴ ʚ ʨʘʤʢʘʭ ʩʚʦʝʡ ʵʢʦʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ, ʪʘʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝ ʦʙʣʘʜʘʝʪ 

ʛʠʙʢʦʩʪʴʶ, ʣʝʛʢʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ. 

ɹʦʣʝʝ ʚʳʠʛʨʳʰʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʩʝʪʝʡ. ʇʨʠ ʵʪʦʤ 

ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʪʨʝʭ ʫʨʦʚʥʝʡ: ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ, 

ʩʨʝʜʥʝʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʠ ʚʳʩʦʢʦʛʦ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. ɿʘʜʘʯʘ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ï 

ʧʨʦʠʟʚʝʩʪʠ ʥʘʜʝʞʥʦʝ ʩʯʠʪʳʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʫʩʪʨʦʡʩʪʚ, ʩʨʝʜʥʝʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ï ʩʙʦʨ ʠ 

ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʣʦʛʠʩʪʠʢʠ ʜʘʥʥʳʭ, ʚʳʩʦʢʦʛʦ ʩʝʪʝʚʦʛʦ ï ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʩʝʤʝʩʪʥʳʡ ʜʦʩʪʫʧ, ʧʝʨʝʜʘʯʫ 

ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʦʙʨʘʙʦʪʢʫ ʠ ʭʨʘʥʝʥʠʝ [7]. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʡ ʩʝʪʠ ʧʦʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʝ 

ʧʦʜʩʝʪʝʡ ʠ ʰʣʶʟʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʠʭ ʢʘʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʩʝʨʚʝʨʦʤ. 

ɻʝʪʝʨʦʛʝʥʥʳʡ ʰʣʶʟ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʝʪʷʤʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʪʝʭʥʦʣʦʛʠʡ ʫʩʪʨʦʡʩʪʚ IoT ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ɹʣʘʛʦʜʘʨʷ ʛʝʪʝʨʦʛʝʥʥʦʤʫ 

ʰʣʶʟʫ, ʚʦʟʤʦʞʥʦ, ʧʦʩʪʨʦʠʪʴ ʩʝʪʴ, ʦʙʲʝʜʠʥʷʶʱʫʶ ʦʪʜʝʣʴʥʳʝ ʧʦʜʩʝʪʠ ʠʟ ʤʦʜʫʣʝʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝ ʠʣʠ ʠʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʤʝʞʜʫ ʩʦʙʦʡ. 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʤʝʞʜʫ ʩʝʪʷʤʠ ʪʨʝʙʫʝʪʩʷ 

ʧʨʠʢʣʘʜʥʦʡ ʰʣʶʟ. ʄʦʜʫʣʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʨʘʙʦʪʝ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʦʪʦʢʦʣʳ, ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʜʩʝʪʠ, ʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ  ʙʫʜʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʠ ʢʦʤʤʫʪʠʨʦʚʘʪʴ 

ʧʦʣʫʯʘʝʤʳʝ ʧʘʢʝʪʳ ʤʝʞʜʫ ʧʦʜʩʝʪʷʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʞʧʨʦʪʦʢʦʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

[8]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ 

ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʨʘʟʚʠʪʦʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ, ʩʣʦʞʥʦʡ ʠ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ, ʧʨʦʙʣʝʤʘ ʫʥʠʬʠʢʘʮʠʠ ʩʪʘʥʜʘʨʪʦʚ ʩʚʷʟʠ ʜʣʷ ʫʩʪʨʦʡʩʪʚ IoT ʜʦ ʩʠʭ ʧʦʨ 

ʥʝ ʨʝʰʝʥʘ. ɹʦʣʴʰʦʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ, ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʀʥʪʝʨʥʝʪʫ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʝʡ ʧʨʠʚʦʜʷʪ ʢ ʥʦʚʳʤ ʧʨʦʙʣʝʤʘʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʣʦ ʙʳ 

ʩʦʟʜʘʥʠʝ ʦʙʱʝʡ ʩʠʩʪʝʤʳ IoT ʠ ʨʘʩʰʠʨʠʣʦ ʙʳ ʛʨʘʥʠʮʳ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʥʮʝʧʮʠʠ, ʦʜʥʘʢʦ, ʠ ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʛʨʘʤʦʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʧʨʦʝʢʪʳ, ʜʝʣʘʪʴ ʠʭ ʥʘʜʝʞʥʳʤʠ, ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ ʥʝʜʦʨʦʛʠʤʠ. 
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ʉʝʛʦʜʥʷʰʥʷʷ ʨʝʘʣʴʥʦʩʪʴ ʪʘʢʦʚʘ, ʯʪʦ ʢʦʤʧʴʶʪʝʨ, ʢʦʪʦʨʳʡ ʝʱʝ ʥʝʜʘʚʥʦ ʚʦʩʧʨʠʥʠʤʘʣʩʷ 

ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʘʙʦʪʳ ʠʣʠ ʨʘʟʚʣʝʯʝʥʠʡ, ʫʞʝ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʥʝ 

ʠʥʪʝʨʥʝʪʘ ʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. ʇʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ, 

ʪʘʢʠʭ ʢʘʢ ʬʦʨʫʤʳ, ʙʣʦʛʠ, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʦʚ, ʩʜʝʣʘʣʠ 

ʘʚʪʦʥʦʤʥʳʡ ʢʦʤʧʴʶʪʝʨ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ IP-ʪʝʣʝʬʦʥʠʠ ʠ ʙʠʟʥʝʩ-ʢʦʤʤʫʥʠʢʘʮʠʡ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʥʥʫʶ 

ʧʦʯʪʫ, ʧʨʝʚʨʘʪʠʣʠ ʢʦʤʧʴʶʪʝʨʳ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ 

ʧʦʣʥʦʮʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʵʪʠʭ ʧʨʠʣʦʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʝʪʝʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ 

çEthernetè. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘʜʘʝʪ ʧʨʘʚʠʣʘ ʜʣʷ ʧʨʦʚʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʬʦʨʤʘʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʩʪʨʫʢʪʫʨʳ ʢʘʜʨʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ 

ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʝ [1, ʩ.256]. ʉʦʟʜʘʥʠʝ ʚʩʝʦʙʲʝʤʣʶʱʝʡ ʩʝʪʠ ʥʘ ʙʘʟʝ çEthernetè ʦʪʢʨʳʣʦ 

ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʚʠʜʝʦ ʠ ʘʫʜʠʦ ʧʦ ʧʨʦʪʦʢʦʣʫ IP, ʯʪʦ ʩʪʘʣʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʙ-ʢʘʤʝʨʳ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʩʠʩʪʝʤʳ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʙʣʶʜʘʪʴ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʥʦ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶʙʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠʣʠ ʩʙʦʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʬʝʨʘʭ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʥʪʨʦʣʷ ʠ ʪʦʯʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʭʠʤʠʯʝʩʢʘʷ ʠ 

ʥʝʬʪʷʥʘʷ ʦʪʨʘʩʣʠ. 
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ʊʝʭʥʦʣʦʛʠʷ çFast Ethernetè ʙʳʣʘ ʩʦʟʜʘʥʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʜʦ 100 ʄʙʠʪ/ʩ. ɽʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʝʪʷʤʠ 

çEthernetè. ʇʦʩʪʝʧʝʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʛʤʝʥʪʦʚ ʩʝʪʠ ʧʦʟʚʦʣʷʝʪ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ çFast Ethernetè ʙʝʟ ʧʦʪʝʨʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ [2, ʩ.384]. ɺ ʩʪʘʨʳʭ 

ʩʝʛʤʝʥʪʘʭ ʩʢʦʨʦʩʪʴ ʦʩʪʘʝʪʩʷ 10 ʄʙʠʪ/ʩ, ʚ ʥʦʚʳʭ ʜʦʩʪʠʛʘʝʪ 100 ʄʙʠʪ/ʩ, ʘ ʤʝʞʜʫ ʥʠʤʠ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ 10 ʄʙʠʪ/ʩ. 

ʈʘʟʚʠʪʠʝ çEthernetè ʧʨʦʜʦʣʞʠʣʦʩʴ ʩʦʟʜʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ çGigabit Ethernetè, ʢʦʪʦʨʳʡ 

ʫʚʝʣʠʯʠʣ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ 1 ɻʙʠʪ/ʩ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ 

IEEE 802.3ab (1000BASE-T), ʠʩʧʦʣʴʟʫʶʱʘʷ ʚʠʪʫʶ ʧʘʨʫ ʢʘʪʝʛʦʨʠʠ 5e. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʚʩʝʤ ʯʝʪʳʨʝʤ ʧʘʨʘʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 250 ʄʙʠʪ/ʩ ʥʘ ʢʘʞʜʫʶ 

ʧʘʨʫ.  

çGigabit Ethernetè ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʨʘʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ çFast Ethernetè ʠ 

ʩʪʘʥʜʘʨʪʘʤʠ çEthernetè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʝʟ ʦʩʦʙʳʭ ʟʘʪʨʘʪ ʠ ʩʣʦʞʥʦʩʪʝʡ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʝʪʠ. ʕʪʦ ʜʝʣʘʝʪ çGigabit Ethernetè 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʪʨʝʤʷʱʠʭʩʷ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʚʦʠʭ 

ʩʝʪʝʚʳʭ ʨʝʰʝʥʠʡ. 

ʅʘ ʩʤʝʥʫ çGigabit Ethernetè ʧʨʠʭʦʜʠʪ ʩʪʘʥʜʘʨʪ 10 Gigabit Ethernet, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʩʢʦʨʦʩʪʴ ʜʦ 10 ɻʙʠʪ/ʩ. ʇʨʠʥʷʪʘʷ ʪʝʭʥʦʣʦʛʠʷ IEEE 802.3an-2006 (10GBASE-T) ʠʩʧʦʣʴʟʫʝʪ 

ʵʢʨʘʥʠʨʦʚʘʥʥʫʶ ʚʠʪʫʶ ʧʘʨʫ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 100 ʤʝʪʨʦʚ. ʕʪʦʪ 

ʩʪʘʥʜʘʨʪ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʦʣʴʢʦ ʜʫʧʣʝʢʩʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ 

ʢʦʤʤʫʪʠʨʫʝʤʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ [2, ʩ.384]. ɺ ʩʝʪʷʭ 10G Ethernet, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ, ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʦʪ ʦʪʧʨʘʚʠʪʝʣʷ ʢ ʧʦʣʫʯʘʪʝʣʶ ʯʝʨʝʟ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʫʪʦʯʥʷʶʱʠʝ ʤʘʨʰʨʫʪ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʪʠ çEthernetè ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʘʜʘʧʪʘʮʠʠ ʢ 

ʨʘʩʪʫʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʊʨʘʜʠʮʠʦʥʥʳʡ çEthernet(10/100/1000BASE-T)è ʧʦ-ʧʨʝʞʥʝʤʫ 

ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʦʬʠʩʥʳʭ ʠ ʜʦʤʘʰʥʠʭ ʩʝʪʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠʝʤʣʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʚʝʨʩʠʠ çEthernetè, ʪʘʢʠʝ ʢʘʢ 10GbE, ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʮʝʥʪʨʘʭ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʩʝʪʷʭ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʛʜʝ 

ʪʨʝʙʫʶʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʥʠʟʢʘʷ ʟʘʜʝʨʞʢʘ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʳʭ çEthernetè ʪʝʭʥʦʣʦʛʠʡ 
ʊʝʭʥʦʣʦʛʠʷ ʉʢʦʨʦʩʪʴ ʈʘʩʩʪʦʷʥʠʝ ʂʘʙʝʣʴ ʇʨʠʤʝʥʝʥʠʝ 

Ethernet 10Base-T 
10 

ʄʙʠʪ/ʩ 
100 ʤ ɺʠʪʘʷ ʧʘʨʘ 

ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ, ʦʬʠʩʥʳʝ 

ʧʦʤʝʱʝʥʠʷ 

Fast Ethernet 
100Base-TX 

100 
ʄʙʠʪ/ʩ 

100 ʤ ɺʠʪʘʷ ʧʘʨʘ 
ʆʬʠʩʥʳʝ ʩʝʪʠ, ʤʘʣʳʝ ʠ ʩʨʝʜʥʠʝ 
ʧʨʝʜʧʨʠʷʪʠʷ 

Gigabit Ethernet 
1000Base-T 

1 ɻʙʠʪ/ʩ 100 ʤ ɺʠʪʘʷ ʧʘʨʘ 
ʂʦʨʧʦʨʘʪʠʚʥʳʝ ʩʝʪʠ, ʩʝʨʚʝʨʥʳʝ 
ʧʦʤʝʱʝʥʠʷ 

10 Gigabit Ethernet 

10GBase-T 
10 ɻʙʠʪ/ʩ 100 ʤ ɺʠʪʘʷ ʧʘʨʘ 

ʎʝʥʪʨʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ çEthernetè-ʩʝʪʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʪʜʝʣʴʥʳʝ ʪʠʧʳ 

çEthernetè ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʢʘʢ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ ʠ ʥʘ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ, ʢʘʞʜʳʡ ʪʠʧ 

ʪʘʢʞʝ ʠʤʝʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʞʝʣʘʝʤʘʷ ʩʢʦʨʦʩʪʴ, 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʢʦʥʢʨʝʪʥʦʛʦ ʩʪʘʥʜʘʨʪʘ.  

çEthernetè ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʦʩʪʘʚʘʷʩʴ 

ʦʩʥʦʚʥʳʤ ʨʝʰʝʥʠʡ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. ʆʜʥʘʢʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ çEthernetè  ʥʝʦʙʭʦʜʠʤ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʙʠʟʥʝʩʘ 

ʠ ʧʨʦʝʢʪʦʚ. ʈʘʟʦʙʨʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʘʩʧʝʢʪʳ çEthernetè ʧʦʟʚʦʣʷʪ ʩʝʪʝʚʳʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʠ 

IT-ʤʝʥʝʜʞʝʨʘʤ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭ ʠʣʠ 
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ʠʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʯʪʦ ʚ ʠʪʦʛʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
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ANALYSIS OF NETWORK TRAFFIC WITH ANOMALIES  
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The article provides an analysis of network traffic by constructing a state graph for traffic operating 

normally and with an anomaly ï affected by a DDoS attack. Network traffic is represented as http GET 

requests from users to the server: client-server architecture. 

Keywords: network traffic anomalies, state graph, client-server architecture, server, network traffic, 

system states, http requests, get requests, DDoS attacks, HTTP Flood. 
 

ʇʦʜ ʘʥʦʤʘʣʠʷʤʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʧʦʥʠʤʘʶʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ ʚ ʝʛʦ ʨʘʙʦʪʝ. 

ʅʝʧʨʠʷʪʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ, ʥʦ ʥʝ ʘʥʦʤʘʣʠʷʤʠ, ʩʯʠʪʘʶʪʩʷ 

ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ, ʩʥʠʞʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʦʯʠʝ ʧʦʤʝʭʠ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʯʘʩʪʦ 

ʠʟ-ʟʘ ʧʝʨʝʛʨʫʟʢʠ ʩʝʪʠ ʠʣʠ ʚ ʩʠʣʫ ʝʱʸ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʯʠʥ. ɸʥʦʤʘʣʠʠ ʞʝ ï ʵʪʦ ʭʘʢʝʨʩʢʠʝ 

ʘʪʘʢʠ, ʧʦʧʳʪʢʠ ʧʝʨʝʭʚʘʪʘ ʪʨʘʬʠʢʘ, ʚʠʨʫʩʳ. ʂʨʦʤʝ ʪʦʛʦ, ʢ ʥʠʤ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʦʪʢʘʟ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʝʛʦ ʥʝʧʨʘʚʠʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ [1]. ʅʦ ʯʘʱʝ ʚ ʢʦʥʪʝʢʩʪʝ ʘʥʦʤʘʣʠʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʤʝʥʥʦ ʟʣʦʥʘʤʝʨʝʥʥʘʷ ʯʝʣʦʚʝʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ.  

ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʧʨʠʤʝʨ ʘʥʦʤʘʣʠʠ ï DDoS-ʘʪʘʢʠ. ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʧʝʨʝʛʨʫʞʘʶʪ 

ʩʝʨʚʝʨ ʟʘʧʨʦʩʘʤʠ. ʆʥ ʥʝ ʫʩʧʝʚʘʝʪ ʠʭ ʚʩʝ ʦʙʨʘʙʦʪʘʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ, ʘ 

ʦʙʳʯʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʩʝʪʝʚʦʤʫ ʨʝʩʫʨʩʫ [2]. 

ʅʘʧʨʠʤʝʨ, ʢ ʩʘʡʪʫ ï ʦʥ ʧʝʨʝʩʪʘʸʪ ʟʘʛʨʫʞʘʪʴʩʷ.  

ɺ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ ʩʝʨʚʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩ ʠ ʚʳʜʘʸʪ ʢʣʠʝʥʪʫ ʦʪʚʝʪ ï ʵʪʦ ʢʣʠʝʥʪ-

ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʆʙʳʯʥʦ ʩʝʨʚʝʨ ʩʧʦʩʦʙʝʥ ʦʙʩʣʫʞʠʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʟʘʷʚʦʢ ʦʪ 

ʧʦʩʝʪʠʪʝʣʝʡ ʩʘʡʪʘ, ʥʦ ʥʘʛʨʫʟʢʘ, ʩʦʟʜʘʚʘʝʤʘʷ DDoS-ʘʪʘʢʦʡ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʝʪ ʪʫ, ʯʪʦ 

ʩʦʟʜʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʠ. ʇʨʦʠʩʭʦʜʠʪ ʪʘʢ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʪʧʨʘʚʣʷʝʪʩʷ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʩ ʥʝʩʢʦʣʴʢʠʭ ʟʘʨʘʞʸʥʥʳʭ ʫʩʪʨʦʡʩʪʚ [2]. ʇʦʣʴʟʦʚʘʪʝʣʴ (ʜʘʞʝ 

ʤʥʦʞʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ) ʩʦʟʜʘʪʴ ʪʘʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʨʚʝʨ ʥʝ ʩʤʦʞʝʪ.  

DDoS-ʘʪʘʢʠ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʧʨʦʪʦʢʦʣʦʚ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ. ɺʳʰʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ ï HTTP-ʟʘʧʨʦʩʳ. ʊʘʢʦʡ ʚʠʜ ʘʪʘʢʠ ʥʘʟʳʚʘʝʪʩʷ çHTTP-

Floodè [3]. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʧʨʦʪʦʢʦʣʦʚ ʜʨʫʛʠʭ ʫʨʦʚʥʝʡ ʛʝʥʝʨʠʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʘʢʝʪʦʚ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ.  

ɻʨʘʬʳ ʩʦʩʪʦʷʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ʠ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʥʠʤʠ [6]. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʠʟʤʝʥʝʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʧʨʠʤʝʨʝ ʥʝʙʦʣʴʰʦʛʦ ʢʣʫʙʘ ʉʘʤʘʨʳ, 

ʛʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʝʜʩʪʦʷʱʠʝ ʩʧʦʨʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʩʘʤʘʨʩʢʦʡ ʥʘʙʝʨʝʞʥʦʡ. ʆʥ ʠʤʝʝʪ 

ʬʦʨʫʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ => ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʢʦʪʦʨʳʝ ʝʛʦ ʨʝʛʫʣʷʨʥʦ ʧʦʩʝʱʘʶʪ. ɺ ʥʦʯʥʦʝ ʚʨʝʤʷ ʧʦʩʝʪʠʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ.  
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʙʦʪʘ ʩʘʡʪʘ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʝʨʚʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩʳ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʚʳʜʘʸʪ ʠʤ ʦʪʚʝʪ 

 

ʉʜʝʣʘʚ ʘʥʘʣʠʟ ʨʠʩʫʥʢʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʨʘʬʠʢ ʚ ʚʠʜʝ, ʛʨʘʬ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʉʤ. ʈʠʩ. 2): 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩʝʨʚʝʨʘ 

 

ʋ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʝʩʪʴ ʪʨʠ ʩʦʩʪʦʷʥʠʷ:  

-   ï ʩʠʩʪʝʤʘ ʧʨʦʩʪʘʠʚʘʝʪ, ʢʘʥʘʣ ʥʝ ʟʘʥʷʪ => ʥʠʢʪʦ ʥʝ ʧʦʩʝʱʘʝʪ ʩʘʡʪ. 

-   ï ʥʘ ʩʝʨʚʝʨ ʦʪʧʨʘʚʣʝʥʳ ʟʘʧʨʦʩʳ. ɼʘʞʝ ʦʪ ʦʜʥʦʛʦ ʟʘʧʨʦʩʘ ʩʠʩʪʝʤʘ ʫʞʝ ʧʝʨʝʭʦʜʠʪ 

ʚ ʵʪʦ ʩʦʩʪʦʷʥʠʝ. 

-   ï ʩʝʨʚʝʨ ʚʳʧʦʣʥʠʣ ʟʘʧʨʦʩʳ ʠ ʦʪʧʨʘʚʠʣ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʪʚʝʪʳ.  

ʉʠʩʪʝʤʘ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ  ï ʦʥʘ ʛʝʥʝʨʠʨʫʝʪ ʦʪʚʝʪ ʥʘ 

ʟʘʧʨʦʩ. ɿʘʪʝʤ ʦʥʘ ʦʪʧʨʘʚʣʷʝʪ ʦʪʚʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ . ʕʪʦ ʩʦʩʪʦʷʥʠʝ 

ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʚʝʪ ʜʦʰʸʣ ʜʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɽʩʣʠ ʫ ʩʝʨʚʝʨʘ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʙʦʣʴʰʝ ʥʝʪ 

ʟʘʧʨʦʩʦʚ, ʪʦ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ .  

ɼʦʧʫʩʪʠʤ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʩʦʟʜʘʸʪ DDoS-ʘʪʘʢʫ ʥʘ ʩʘʡʪ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʳʢʫʧʘ ʟʘ 

ʝʸ ʧʨʝʢʨʘʱʝʥʠʝ ï ʵʪʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʮʝʣʴ ʤʥʦʛʠʭ ʭʘʢʝʨʦʚ [5]. ɼʣʷ ʵʪʦʛʦ ʩʦʟʜʘʸʪʩʷ 

ʩʧʝʮʠʘʣʴʥʘʷ ʩʝʪʴ ï çʙʦʪʥʝʪè ʩ ʚʨʝʜʦʥʦʩʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ʆʥʘ ʩʦʟʜʘʸʪ 

ʠʟʙʳʪʦʯʥʳʡ ʪʨʘʬʠʢ ï ʪʝ ʩʘʤʳʝ ʟʘʧʨʦʩʳ ï ʠ ʧʝʨʝʛʨʫʞʘʝʪ ʩʝʨʚʝʨ. ʉʝʨʚʝʨ ʙʦʣʴʰʝ ʥʝ 

ʧʨʠʥʠʤʘʝʪ ʟʘʧʨʦʩʳ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [4]. ʅʘ ʨʠʩʫʥʢʝ 3 ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʢʘʢ ʚʳʛʣʷʜʠʪ ʪʘʢʘʷ 

DDoS-ʘʪʘʢʘ. 

 
ʈʠʩʫʥʦʢ 3 ï  ʉʝʨʚʝʨ ʧʝʨʝʛʨʫʞʝʥ ʟʘʧʨʦʩʘʤʠ ʠʟ-ʟʘ DDoS-ʘʪʘʢʠ 
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ɹʦʪʥʝʪ ʩʦʩʪʦʠʪ ʠʟ ʟʘʨʘʞʸʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠʣʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʫʧʨʘʚʣʷʝʤʳʭ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘʟʳʚʘʶʪʩʷ çʙʦʪʘʤʠè ʠʣʠ çʟʦʤʙʠè ʠ ʠʤʝʥʥʦ ʦʥʠ 

ʛʝʥʝʨʠʨʫʶʪ GET-ʟʘʧʨʦʩʳ ʢ ʩʝʨʚʝʨʫ (ʟʘʧʨʦʩʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ). 

ʊʦʛʜʘ ʛʨʘʬ ʩʦʩʪʦʷʥʠʡ ʧʦʤʝʥʷʝʪʩʷ. ʇʦʩʣʝ DDoS-ʘʪʘʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ ʤʘʩʰʪʘʙʦʚ, 

ʩʝʨʚʝʨ, ʤʦʞʝʪ, ʢʘʢ ʠʩʧʳʪʘʪʴ ʧʝʨʝʛʨʫʟʢʠ, ʪʘʢ ʠ ʚʦʦʙʱʝ ʧʝʨʝʩʪʘʪʴ ʨʘʙʦʪʘʪʴ, ʝʩʣʠ ʝʛʦ ʨʝʩʫʨʩʳ 

ʠʩʯʝʨʧʘʥʳ. ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʚ ʮʝʣʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʙʣʦʢʠʨʫʝʪ ʭʦʩʪʠʥʛ-ʧʨʦʚʘʡʜʝʨ. ɺ ʣʶʙʦʤ 

ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʝʨʚʝʨʘ ʥʘʨʫʰʠʪʩʷ, ʮʠʢʣ çʟʘʧʨʦʩ ï ʧʦʣʫʯʝʥʠʝ 

ʩʝʨʚʝʨʦʤ ï ʦʪʚʝʪè ʧʨʝʨʚʸʪʩʷ. ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʩʝʨʚʝʨʘ ʧʦʩʣʝ DDoS-ʘʪʘʢʠ ʧʦʢʘʟʘʥ ʥʘʤʠ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʩʝʨʚʝʨʘ ʧʦʩʣʝ ʩʦʚʝʨʰʝʥʠʷ DDoS-ʘʪʘʢʠ ʪʠʧʘ çHTTP-Floodè 
 

ɼʦʙʘʚʣʷʝʪʩʷ ʝʱʸ ʦʜʥʦ ʩʦʩʪʦʷʥʠʝ  ï ʩʝʨʚʝʨ ʚʳʰʝʣ ʠʟ ʩʪʨʦʷ. ʀʟ ʥʝʛʦ ʥʝʪ ʧʝʨʝʭʦʜʘ ʚ 

ʜʨʫʛʠʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʨʘʙʦʪʳ ʩʝʨʚʝʨʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʣʠʢʚʠʜʘʮʠʠ DDoS-ʘʪʘʢʠ ʠ ʝʸ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʠ ʘʥʘʣʦʛʠʯʥʳʡ ʪʠʧ DDoS-ʘʪʘʢʠ ï HTTP-Flood. ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʩʝʨʚʝʨʘ ʚ ʵʪʠʭ ʜʚʫʭ ʩʣʫʯʘʷʭ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ 

ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ (ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. 

ʂʘʢ ʚʠʜʥʦ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʦʚ ʩʦʩʪʦʷʥʠʡ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʙʦʪʫ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʢʘʢ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʪʘ ʢ ʠ ʧʨʠ ʘʥʦʤʘʣʠʷʭ. 
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SLOT ANTENNAS, THEIR ADVANTAGES AND DEVELOPMENT  

PROSPECTS IN MILITARY AND CIVIL RADIO ENGINEERING  
 

Varlamov M.N., Pikalov E.A., Polikarkina O.N., Bredikhin a E.V. 
MECS of AF çAFA named after professor N.E. Zhukovsky and Yu.A. Gagarin è, Voronezh 

 

Various types of slot antennas and their application in civil and military radio engineering are considered. 

Keywords: electronic warfare, radiation pattern, slot antennas.  
 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʠ ʚʦʝʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ 

ʩʚʷʟʘʥʘ ʩ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ, ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʆʥʠ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, 

ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦʛʦ 

ʨʝʩʫʨʩʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʦʙʳʡ ʪʠʧ ʘʥʪʝʥʥ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʸʤʘ ʨʘʜʠʦʚʦʣʥ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʚʜʦʣʴ ʫʟʢʦʡ ʱʝʣʠ ʠʣʠ ʦʪʚʝʨʩʪʠʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʵʢʨʘʥʝ.  

ʑʝʣʝʚʘʷ ʘʥʪʝʥʥʘ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʵʢʨʘʥʦʤ. ʕʪʦʪ ʪʠʧ ʘʥʪʝʥʥʳ ʩʦʩʪʦʠʪ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʠ ʱʝʣʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ ʵʢʨʘʥʘ. ʑʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʢʘʢ ʧʘʨʘʣʣʝʣʴʥʦ, ʪʘʢ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʝ ʵʢʨʘʥʘ. 

ʑʝʣʝʚʘʷ ʘʥʪʝʥʥʘ ʩ ʢʨʫʛʣʳʤ ʵʢʨʘʥʦʤ. ɺ ʵʪʦʤ ʪʠʧʝ ʘʥʪʝʥʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʢʨʘʥ 

ʠʤʝʝʪ ʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʘ ʱʝʣʝʚʦʡ ʧʨʦʚʦʜʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʚʜʦʣʴ ʦʢʨʫʞʥʦʩʪʠ ʵʢʨʘʥʘ. ʑʝʣʠ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʠʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. 

ʑʝʣʝʚʘʷ ʘʥʪʝʥʥʘ ʩ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ. ʕʣʣʠʧʪʠʯʝʩʢʠʡ ʵʢʨʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʵʣʣʠʧʩʘ. ʑʝʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʤʘʣʦʡ 

ʦʩʠ ʵʣʣʠʧʩʘ. ʕʪʦʪ ʪʠʧ ʘʥʪʝʥʥʳ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʪʝʥʥʘʤʠ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʠ ʢʨʫʛʣʳʤʠ ʵʢʨʘʥʘʤʠ. 

ʑʝʣʝʚʘʷ ʘʥʪʝʥʥʘ ʩ ʜʚʦʡʥʦʡ ʱʝʣʴʶ. ɼʚʦʡʥʘʷ ʱʝʣʝʚʘʷ ʘʥʪʝʥʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʱʝʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦʪ ʪʠʧ ʘʥʪʝʥʥʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʧʦʜʘʚʣʝʥʠʷ ʙʦʢʦʚʳʭ 

ʣʝʧʝʩʪʢʦʚ. 

ʑʝʣʝʚʘʷ ʘʥʪʝʥʥʘ ʩ ʬʘʟʦʚʦʡ ʢʦʨʨʝʢʮʠʝʡ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʬʘʟʦʚʦʡ ʢʦʨʨʝʢʮʠʠ. ʌʘʟʦʚʘʷ 

ʢʦʨʨʝʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʬʘʟʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʱʝʣʷʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ. 

ʑʝʣʝʚʘʷ ʘʥʪʝʥʥʘ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʧʦʣʥʝʥʠʝʤ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʱʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʦʣʥʝʥʳ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ. ɼʠʵʣʝʢʪʨʠʢ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ ʠ 

ʱʝʣʝʚʳʤ ʧʨʦʚʦʜʥʠʢʦʤ. 

ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʢʦʤʧʘʢʪʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ 

ʧʨʠʸʤʘ ʨʘʜʠʦʚʦʣʥ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʥʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʨʘʜʠʦʣʦʢʘʮʠʷ, ʩʚʷʟʴ, ʥʘʚʠʛʘʮʠʷ ʠ ʜʨʫʛʠʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʦʝʥʥʘʷ ʨʘʜʠʦʪʝʭʥʠʢʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʙʦʨʦʥʳ ʩʪʨʘʥʳ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʷʚʣʷʶʪʩʷ ʘʥʪʝʥʥʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʥʘʜʸʞʥʦʩʪʴʶ.  

ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ: 

- ʂʦʤʧʘʢʪʥʦʩʪʴ ʠ ʣʸʛʢʦʩʪʴ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʚʝʩ, ʯʪʦ 

ʦʙʣʝʛʯʘʝʪ ʠʭ ʫʩʪʘʥʦʚʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʦʝʥʥʳʭ 
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ʦʧʝʨʘʮʠʡ, ʛʜʝ ʢʘʞʜʳʡ ʛʨʘʤʤ ʚʝʩʘ ʠ ʦʙʲʸʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ. 

- ʕʬʬʝʢʪʠʚʥʦʩʪʴ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʠ ʧʨʠʸʤʝ ʨʘʜʠʦʚʦʣʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʸʞʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʘʞʝ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. 

- ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʫʩʪʦʡʯʠʚʳ ʢ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ, ʢʦʨʨʦʟʠʠ ʠ ʜʨʫʛʠʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʥʘʜʸʞʥʳʤʠ ʠ ʜʦʣʛʦʚʝʯʥʳʤʠ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʪʦʯʥʫʶ 

ʥʘʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʸʤʘ ʨʘʜʠʦʚʦʣʥ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ ʚ ʚʦʝʥʥʦʡ ʨʘʜʠʦʪʝʭʥʠʢʝ: 

- ʉʠʩʪʝʤʳ ʩʚʷʟʠ ʠ ʥʘʚʠʛʘʮʠʠ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʠʩʪʝʤʘʭ 

ʩʚʷʟʠ ʠ ʥʘʚʠʛʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʩʘʤʦʣʸʪʳ, ʢʦʨʘʙʣʠ ʠ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ. 

- ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʣʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʠ. 

- ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʨʫʞʠʝʤ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʦʨʫʞʠʝʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜ ʠ ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʪʦʯʥʦʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ. 

- ʉʠʩʪʝʤʳ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ (ʈʕɹ). ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʠʩʪʝʤʘʭ ʈʕɹ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʤʝʭ ʠ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ ʚʨʘʞʝʩʢʠʭ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʤʦʞʝʪ ʜʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʙʦʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʪʠʧʦʚ ʘʥʪʝʥʥ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʸʤʘ ʨʘʜʠʦʩʠʛʥʘʣʦʚ.  

ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʘʥʪʝʥʥʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʝ. ʂ 

ʪʘʢʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ: 

- ʄʘʣʳʡ ʚʝʩ ʠ ʛʘʙʘʨʠʪʳ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʠʤʝʶʪ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʘʥʪʝʥʥ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʠʭ ʫʩʪʘʥʦʚʢʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

- ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣʳ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʩ ʤʝʥʴʰʠʤʠ ʧʦʪʝʨʷʤʠ. 

- ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ. 

ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʫʞʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʛʨʘʞʜʘʥʩʢʦʡ 

ʨʘʜʠʦʪʝʭʥʠʢʠ, ʪʘʢʠʭ ʢʘʢ: 

- ʉʦʪʦʚʘʷ ʩʚʷʟʴ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʷʭ ʩʦʪʦʚʦʡ ʩʚʷʟʠ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʢʨʳʪʠʷ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ. 

- ɹʝʩʧʨʦʚʦʜʥʦʡ ʠʥʪʝʨʥʝʪ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ Wi-

Fi ʠ LTE ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

- ʊʝʣʝʚʠʜʝʥʠʝ ʠ ʨʘʜʠʦʚʝʱʘʥʠʝ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʠ 

ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʧʝʨʝʜʘʪʯʠʢʘʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

ɺ ʙʫʜʫʱʝʤ ʦʞʠʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ: 

- ʋʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʪ 

ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ, ʪʘʢʠʝ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʜʠʘʛʨʘʤʤʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ. 

- ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ 

ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʬʘʟʠʨʦʚʘʥʥʳʝ ʘʥʪʝʥʥʳʝ ʨʝʰʸʪʢʠ ʠ ʘʢʪʠʚʥʳʝ ʘʥʪʝʥʥʳʝ 
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ʩʠʩʪʝʤʳ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

- ʇʨʠʤʝʥʝʥʠʝ ʚ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʥʦʚʳʭ ʦʙʣʘʩʪʷʭ ʛʨʘʞʜʘʥʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, 

ʘʚʪʦʤʦʙʠʣʠ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ. 

ʑʝʣʝʚʳʝ ʘʥʪʝʥʥʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʚ ʦʙʣʘʩʪʠ 

ʛʨʘʞʜʘʥʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʠ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʤʘʣʳʡ ʚʝʩ, ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, ʜʝʣʘʶʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ ʠ ʫʣʫʯʰʝʥʠʶ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɼʤʠʪʨʠʝʚ ʉ.ɸ. ʋʩʪʨʦʡʩʪʚʘ ʉɺʏ ʠ ʘʥʪʝʥʥʳ. ʏʘʩʪʴ 3. ɸʥʪʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʉ.ɸ. ɼʤʠʪʨʠʝʚ, 

ɽ.ɺ. ɹʨʝʜʠʭʠʥʘ, ʆ.ɸ. ʊʨʠʙʫʥʩʢʠʭ, ʉ.ɺ. ʈʫʜʳʡ. ï ɺʦʨʦʥʝʞ: ɺʋʅʎ ɺɺʉ çɺɺɸè, 2024. ï 164 ʩ. 

2. ɸʚʠʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ ʨʘʜʠʦʩʚʷʟʠ. /ʇʦʜ ʨʝʜ. ɺ.ʀ. ʊʠʭʦʥʦʚʘ. ʋʯʝʙʥʠʢ. ï ʄʦʩʢʚʘ: ɺɺʀɸ ʠʤ. 

ʧʨʦʬ. ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ, 2007. 784 ʩ. 

3. ʅʝʛʘʥʦʚ ɺ.ɸ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʝʥʥ / ɺ.ɸ. ʅʝʛʘʥʦʚ, ɼ.ʇ. ʊʘʙʘʢʦʚ, ɻ.ʇ. 

ʗʨʦʚʦʡ. ï ʄʦʩʢʚʘ: ʈʘʜʠʦʪʝʭʥʠʢʘ, 2009. ï 720 ʩ. 
 

ʋɼʂ 51-73 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ ɼʃʗ 

ʋʃʋʏʐɽʅʀʗ ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʀʗ ʉ ʇʆʄʆʑʔʖ ʋʉʊʈʆʁʉʊɺɸ 

ɼʃʗ ʈɸɹʆʊʓ ʉ ɻʃʆɹɸʃʔʅʓʄʀ ʅɸɺʀɻɸʎʀʆʅʅʓʄʀ 

ʉʇʋʊʅʀʂʆɺʓʄʀ ʉʀʉʊɽʄɸʄʀ  
 

ɺʘʩʠʣʴʯʫʢ ɺ.ɹ., ʉʤʦʣʘ ɸ.ɺ., ʋʨʳʚʩʢʘʷ ʊ.ʖ. 

ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè, ʛ. ɺʦʨʦʥʝʞ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʫʣʫʯʰʝʥʠʷ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʙʨʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʣʦʢʘʣʴʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, BPSK-ʩʠʛʥʘʣʳ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ, ʩʧʫʪʥʠʢʦʚʳʝ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 
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The article considers the issue of choosing software for a positioning improvement device involving 

satellite radio navigation systems, and the practical application of software for analyzing and configuring 

an assembled device using a computer. The results obtained can be used by developers of local navigation 

systems. The results obtained can be used by developers of local navigation systems. 
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ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʨʫʧʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʘʤʠ ʜʣʷ ʚʦʝʥʥʳʭ ʮʝʣʝʡ. ʇʦʵʪʦʤʫ ʢʘʢ ʜʣʷ ʦʨʛʘʥʦʚ 

ʚʣʘʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʘʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ, ʯʪʦʙʳ ʚʩʝʛʜʘ 

ʠʤʝʪʴ ʟʘʧʘʩʥʦʡ ʚʘʨʠʘʥʪ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʩʧʫʪʥʠʢʦʚʳʤʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʝʛʦ ʘʥʘʣʠʟʫ ʠ 

ʥʘʩʪʨʦʡʢʝ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʬʠʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ open-source 

ʨʝʰʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʢʘʢ ʪʦʯʥʦʝ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ, ʪʘʢ ʠ ʫʣʫʯʰʝʥʠʝ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʪʘʢʠʭ ʢʘʢ çReal Time Kinematicè. ʇʘʨʘʤʝʪʨʳ ʘʜʘʧʪʠʚʥʦʛʦ 

ʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʧʦʜ ʚʭʦʜʷʱʠʡ ʩʠʛʥʘʣ. 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʨʦʮʝʩʩʘ ʘʜʘʧʪʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 
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ʈʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʙʣʝʤʳ. 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʝ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

(ʉʈʅʉ) ʩʣʫʞʘʪ ʜʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʦʰʠʙʢʘʤʠ. ʂʦʦʨʜʠʥʘʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʘʟʝʤʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʤʥʦʞʝʩʪʚʦʤ ʩʧʫʪʥʠʢʦʚ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʪʘʢʠʝ 

ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʜʣʷ ʚʦʝʥʥʳʭ ʥʫʞʜ, ʦʜʥʘʢʦ ʩʝʛʦʜʥʷ ʦʥʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʛʨʘʞʜʘʥʩʢʠʭ ʧʨʦʝʢʪʘʭ. GPS ʠ ɻʃʆʅɸʉʉ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʣʷ ʘʨʤʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Galileo 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʢʨʫʧʥʳʝ ʛʨʘʞʜʘʥʩʢʠʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʟʘʜʘʯʠ. ɽʚʨʦʧʝʡʩʢʘʷ ʉʈʅʉ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʘ ʜʣʷ ʙʠʟʥʝʩʘ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʩʪʨʘʥʘʭ ɽʉ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʠʥʦʩʪʨʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʚʦʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

 
ʈʠʩʫʥʦʢ 1  - ʉʦʩʪʘʚʣʷʶʱʠʝ ʣʶʙʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

 

ɺ ʩʠʩʪʝʤʘʭ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʪʠʧʘ ʧʨʠʤʝʥʷʝʪʩʷ BPSK-ʩʠʛʥʘʣ, ʧʨʠ ʵʪʦʤ L 

ʩʠʤʚʦʣʦʚ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣʝ ʊʩ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʨʝʞʠʤʳ (ɼʈ) ʨʘʙʦʪʳ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʨʝʞʠʤʦʚ ʪʨʝʙʫʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʣʫʞʘʱʠʭ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʥʘʚʠʛʘʮʠʠ. 

ʇʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʧʨʠʝʤʥʠʢʘʤʠ 

ʩʠʛʥʘʣʦʚ ʦʪ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʘʣʠʟʘʮʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʉʈʅʉ 

 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʙʘʟʦʚʦʛʦ ʧʨʠʝʤʥʠʢʘ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʥʠʤ ʠ ʨʦʚʝʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 

ʥʝ ʙʦʣʝʝ 10-20 ʢʤ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʩʪʨʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ, ʚʳʟʚʘʥʥʳʭ ʷʚʣʝʥʠʷʤʠ ʥʘ ʦʨʙʠʪʝ 

ʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʧʫʪʥʠʢʦʚʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ (ʉʤ. ʈʠʩ.  3-4). 
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ʈʠʩʫʥʦʢ 3 ï ʄʦʜʫʣʴ ʩ ʧʣʘʪʦʡ ʈʠʩʫʥʦʢ 4 - ɸʥʪʝʥʥʘ 
 

ʇʦʩʣʝ ʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʙʣʝʤ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ 

ʦʧʨʝʜʝʣʝʥʳ ʢʦʦʨʜʠʥʘʪʳ, ʪʘʢʠʝ ʢʘʢ ʰʠʨʦʪʘ, ʜʦʣʛʦʪʘ, ʚʳʩʦʪʘ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ (ʉʤ. ʈʠʩ. 5). 

 
ʈʠʩʫʥʦʢ 5 ï ʈʘʙʦʯʝʝ ʦʢʥʦ ʥʘʩʪʨʦʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʪʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʥʘʚʠʛʘʮʠʠ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʣʦʙʘʣʴʥʳʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɻʃʆʅɸʉʉ. ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦʜ ʨʝʜ. ɸ.ʀ. ʇʝʨʦʚʘ,  

ɺ. ʅ. ʍʘʨʠʩʦʚʘ. ʀʟʜ. 4-ʝ, ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄʦʩʢʚʘ: ʈʘʜʠʦʪʝʭʥʠʢʘ, 2010. ï 800 ʩ. 

2. ʅʝʨʦʚʥʳʡ ɺ.ɺ., ɾʫʨʘʚʣʝʚ ɸ.ɺ., ʋʨʳʚʩʢʘʷ ʊ.ʖ., ʂʦʨʘʪʘʝʚ ʇ.ɼ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʩ ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ  // ʈʘʜʠʦʪʝʭʥʠʢʘ. ï 2022. ï ˉ 7. ï ʉ. 69ï75. 
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ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ OpenVPN, ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʢʘʟʘʪʝʣʠ, ʚʣʠʷʶʱʠʝ ʥʘ 
ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚ OpenVPN. 
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The article presents the results of the analysis of existing algorithms and methods of symmetric and 

asymmetric encryption that ensure reliability and data protection when using the OpenVPN software 

product, and discusses the characteristics and indicators that affect the speed of operation, as well as 

authentication methods in OpenVPN. 

Keywords: algorithms, methods, encryption, OpenVPN. 
 

ʀʥʪʝʨʥʝʪ ʜʘʚʥʦ ʩʪʘʣ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. 

ʅʦ ʥʝ ʚʩʝ ʦʩʚʝʜʦʤʣʝʥʳ ʦʙ ʫʩʪʨʦʡʩʪʚʝ ʩʝʪʠ ʠ ʫʛʨʦʟʘʭ ʥʘ ʧʨʦʩʪʦʨʘʭ ʚʩʝʤʠʨʥʦʡ ʧʘʫʪʠʥʳ. 

çVirtual Private Networkè (VPN) ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʘʥʦʥʠʤʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʝʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʟʘʱʠʱʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʣʠ ʪʫʥʥʝʣʴ, ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ 

ʢʦʤʧʴʶʪʝʨ, ʘ ʥʘ ʜʨʫʛʦʤ ï VPN-ʩʝʨʚʝʨ. ʕʪʘ ʚʠʨʪʫʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʝʪʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʚʝʨʭ ʜʨʫʛʦʡ ʩʝʪʠ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʊʘʢʞʝ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʩʝʪʝʡ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʫʜʘʣʝʥʥʳʭ ʬʠʣʠʘʣʘʭ 

ʦʨʛʘʥʠʟʘʮʠʠ [1]. 

OpenVPN ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʟʜʘʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ VPN, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʢʘʥʘʣʦʚ ʪʠʧʘ 

ʪʦʯʢʘ-ʪʦʯʢʘ ʠʣʠ ʩʝʨʚʝʨ-ʢʣʠʝʥʪʳ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ. OpenVPN ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʜ 

ʩʚʦʙʦʜʥʦʡ ʣʠʮʝʥʟʠʝʡ GNU GPL, ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʢʩʠ-ʩʝʨʚʝʨʦʤ ʜʣʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʠ ʥʝ 

ʨʘʙʦʪʘʝʪ ʯʝʨʝʟ ʚʝʙ-ʙʨʘʫʟʝʨ. ʕʪʦʪ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʠʙʢʠʝ ʤʝʪʦʜʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʢʣʠʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʩʝʨʪʠʬʠʢʘʪʦʚ, ʩʤʘʨʪ-ʢʘʨʪ ʠ 

ʠʤʝʥʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʠʪʠʢʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ 

ʛʨʫʧʧʳ, ʠʩʧʦʣʴʟʫʷ ʧʨʘʚʠʣʘ ʬʘʡʨʚʦʣʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʢ ʚʠʨʪʫʘʣʴʥʦʤʫ VPN-ʠʥʪʝʨʬʝʡʩʫ [2,3]. 

ʎʝʣʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʘʥʘʣʠʟʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

OpenVPN. ʆʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ VPN, ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʰʠʬʨʦʚʘʥʠʷ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʟʘʱʠʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʩʪʫʧʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ 

ʰʠʬʨʦʚʘʥʠʷ OpenVPN ï ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ. 

ʉʠʤʤʝʪʨʠʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʣʶʯʘ ʜʣʷ 

ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ. ʇʨʠ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʰʠʬʨʦʚʘʥʠʠ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʢʣʶʯ, ʘ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʦʛʦ, ʦʪʣʠʯʥʦʛʦ 

ʦʪ ʧʝʨʚʦʛʦ ʢʣʶʯʘ. ɼʣʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ OpenVPN ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ: çAESè, çCamelliaè, ç3DESè, çCAST-128è 

ʠ çBlowfishè. ʅʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ çAESè ʠ çBlowfishè. 

çAESè ï ʩʠʤʤʝʪʨʠʯʥʳʡ ʠʪʝʨʘʪʠʚʥʳʡ ʙʣʦʢʦʚʳʡ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʦʜʠʥ 

128-ʙʠʪʥʳʡ ʙʣʦʢ ʚ ʜʨʫʛʦʡ, ʠʩʧʦʣʴʟʫʷ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ, ʢʦʪʦʨʳʡ ʥʫʞʝʥ ʜʣʷ ʪʘʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɼʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʧʦʣʫʯʝʥʥʦʛʦ 128-ʙʠʪʥʦʛʦ ʙʣʦʢʘ ʠʩʧʦʣʴʟʫʶʪ ʚʪʦʨʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩ ʪʝʤ ʞʝ ʩʝʢʨʝʪʥʳʤ ʢʣʶʯʦʤ. ɸʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʣʶʯʘ ʜʣʠʥʦʡ 128, 192 ʠʣʠ 256 ʙʠʪ. ɼʣʷ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʢʣʶʯʝʡ çAESè ʧʦʣʥʳʡ 

ʧʝʨʝʙʦʨ ʪʨʝʙʫʝʪ 1272, 1912 ʠʣʠ 2552 ʦʧʝʨʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʞʝ ʥʘʠʤʝʥʴʰʝʝ ʠʟ ʵʪʠʭ 

ʯʠʩʝʣ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʘʪʘʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʙʦʨʘ ʢʣʶʯʝʡ ʩʝʛʦʜʥʷ ʥʝ ʠʤʝʝʪ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʮʝʥʢʘʤʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʰʠʬʨ ʫʩʪʦʡʯʠʚ ʧʨʦʪʠʚ 

ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ ʢʨʠʧʪʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʪʘʢ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʢʨʠʧʪʦʘʥʘʣʠʟʘ; ʣʠʥʝʡʥʦʛʦ 

ʢʨʠʧʪʦʘʥʘʣʠʟʘ; ʢʨʠʧʪʦʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʘʥʥʳʭ ʢʣʶʯʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦʪ ʘʣʛʦʨʠʪʤ 

ʦʙʣʘʜʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʟʘʱʠʱʝʥʥʦʩʪʴʶ, ʥʦ ʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʰʠʬʨʦʚʘʥʠʷ. 



81 

 

ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ çBlowfishè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 64-ʙʠʪʦʚʳʡ ʙʣʦʯʥʳʡ ʰʠʬʨ ʩ ʢʣʶʯʦʤ 

ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ. ɸʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʢʣʶʯʘ ʠ hʠʬʨʦʚʘʥʠʝ 

ʜʘʥʥʳʭ. ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʢʣʶʯʘ ʧʨʝʦʙʨʘʟʫʝʪ ʢʣʶʯ ʜʣʠʥʦʡ ʜʦ 448 ʙʠʪʦʚ ʚ ʥʝʩʢʦʣʴʢʦ ʤʘʩʩʠʚʦʚ 

ʧʦʜʢʣʶʯʝʡ, ʦʙʱʠʤ ʦʙʲʝʤʦʤ 4168 ʙʘʡʪʦʚ. ʍʦʪʷ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʣʶʙʦʛʦ ʰʠʬʨʦʚʘʥʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʦʞʥʘʷ ʬʘʟʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ, ʩʘʤʦ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ çBlowfishè ʚ ʦʪʣʠʯʠʝ ʦʪ çAESè ʜʝʣʘʝʪ ʝʛʦ ʫʷʟʚʠʤʳʤ ʜʣʷ ʘʪʘʢʠ ʜʥʝʡ 

ʨʦʞʜʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʦʥʪʝʢʩʪʘʭ ʪʠʧʘ HTTPS. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ çBlowfishè ʜʣʷ ʬʘʡʣʦʚ ʩ ʨʘʟʤʝʨʦʤ, ʧʨʝʚʳʰʘʶʱʠʤ 4ɻɹ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ 

ʙʣʦʢʘ ʩʘʤʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʍʦʪʷ çBlowfishè ʧʦ ʩʢʦʨʦʩʪʠ ʦʧʝʨʝʞʘʝʪ ʥʝʢʦʪʦʨʳʝ ʩʚʦʠ ʘʥʘʣʦʛʠ, ʥʦ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʩʤʝʥʳ ʢʣʶʯʘ ʦʩʥʦʚʥʦʝ ʚʨʝʤʷ ʝʛʦ ʨʘʙʦʪʳ ʙʫʜʝʪ ʫʭʦʜʠʪʴ ʥʘ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ, ʯʪʦ ʚ ʩʦʪʥʠ ʨʘʟ ʫʤʝʥʴʰʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɽʱʝ ʦʜʠʥ ʧʦʢʘʟʘʪʝʣʴ, ʚʣʠʷʶʱʠʡ ʥʘ ʪʨʝʙʫʝʤʳʝ ʤʦʱʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ 

OpenVPN ï ʵʪʦ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ. ɺ ʧʨʦʪʦʢʦʣʝ OpenVPN ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ: ʧʦ ʩʝʨʪʠʬʠʢʘʪʫ; ʧʦ ʣʦʛʠʥʫ/ʧʘʨʦʣʶ; ʧʨʠ ʧʦʤʦʱʠ 

ʦʙʱʝʛʦ ʢʣʶʯʘ. ʉʝʨʪʠʬʠʢʘʪʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ï ʥʘʠʙʦʣʝʝ ʛʠʙʢʠʡ ʚ ʥʘʩʪʨʦʡʢʘʭ ʤʝʪʦʜ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʮʝʥʪʨ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʚʳʧʫʩʢʘʶʱʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʝʨʪʠʬʠʢʘʪʳ. ʉ ʧʦʤʦʱʴʶ ʮʝʥʪʨʘ ʩʝʨʪʠʬʠʢʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʥʪʨʦʣʴ 

ʟʘ ʧʦʜʢʣʶʯʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ OpenVPN ʩʝʨʚʝʨʫ. ʇʨʠ ʦʢʦʥʯʘʥʠʠ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ 

ʩʝʨʪʠʬʠʢʘʪʘ ʠʣʠ ʝʛʦ ʦʪʟʳʚʝ, ʜʦʩʪʫʧ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʣʦʢʠʨʫʝʪʩʷ. ʇʨʠʚʘʪʥʳʝ ʢʣʶʯʠ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʥʠʭ ʧʘʨʦʣʝʤ, ʚʳʧʫʩʢʘʝʤʳʝ ʩʦʚʤʝʩʪʥʦ ʩ ʩʝʨʪʠʬʠʢʘʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʥʫʪʨʝʥʥʠʤ ʨʝʩʫʨʩʘʤ. 
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çʉʇʙɻʋʊ ʠʤ. ʧʨʦʬ. ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʥʦʩʠʪ ʩʚʦʠ ʢʦʨʨʝʢʪʠʚʳ, ʠʟʤʝʥʷʷ ʪʨʘʜʠʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʚʥʠʤʘʥʠʷ ʦʙʱʝʩʪʚʘ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʢ ʥʝʡʨʦʩʝʪʷʤ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤʫ 

ʧʨʦʮʝʩʩʫ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʮʠʬʨʦʚʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʩʝʪʴ,  ʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʫʯʝʥʠʝ, ʧʝʜʘʛʦʛ, ʩʪʫʜʝʥʪ, ʪʝʭʥʦʣʦʛʠʠ, ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ.  
 

THE INFLUENCE OF NEURAL NETWORKS ON THE EDUCATIONAL PROCE SS 
 

Voronin Ar.Mak., Barulina T.A.  
St. Petersburg ST named after E.T. Krenkel faculty FSBEI HE 

"SPbSUT im. prof. M.A. Bonch-Bruevich", St. Petersburg 
 

Currently, digitalization has a significant impact on educational processes, and, as a result, makes its own 

adjustments, changing the traditional learning model. This is due to increased public attention to 

information and communication tools, in particular to neural networks. Digitalization of education creates 
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new approaches to the educational process. In this article, the authors discuss the features of traditional 

and digital education, the impact of digitalization on educational processes. 

Keywords: neural network, education, training, teacher, student, technology, digitalization of education. 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ, ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʳ ʥʘʙʣʶʜʘʝʤ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʜʭʦʜʘʭ ʢ ʦʙʫʯʝʥʠʶ ʠ ʧʨʝʧʦʜʘʚʘʥʠʶ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʚʠʪʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʩʪʘʣʠ ʥʝʡʨʦʩʝʪʠ, ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʧʨʝʧʦʜʘʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʡʨʦʩʝʪʝʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʴʶʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʘʚʳʢʘʤ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʷʟʳʢʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʣʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ. ʕʪʠ ʪʴʶʪʦʨʳ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʫʯʝʙʥʳʭ 

ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʦʚ ʠ ʦʙʫʯʘʶʪʩʷ ʠʤʠ, ʠʩʧʦʣʴʟʫʷ ʢʦʥʪʝʢʩʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʪʠʣʴ ʦʙʫʯʝʥʠʷ. [5] 

ʉʝʡʯʘʩ ʥʝʡʨʦʩʝʪʴ ʦʙʨʘʟʦʚʳʚʘʶʪ ʛʣʘʚʥʫʶ ʣʠʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ï ʦʜʠʥ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʧʨʠʤʝʨʦʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʦʤʠʤʦ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʙʠʨʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʜʘʥʥʳʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ [2]. 

ɺʳʙʨʘʥʥʘʷ ʥʘʤʠ ʪʝʤʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʪʘʢ ʢʘʢ 

ʪʝʭʥʦʣʦʛʠʠ ʤʝʥʷʶʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʠʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ, 

ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ - ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʘ ʪʘʢʞʝ ʝʸ ʧʨʦʛʨʘʤʤʥʦʝ ʠʣʠ ʘʧʧʘʨʘʪʥʦʝ 

ʚʦʧʣʦʱʝʥʠʝ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʧʨʠʥʮʠʧʫ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ï 

ʩʝʪʝʡ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʕʪʦ ʧʦʥʷʪʠʝ ʚʦʟʥʠʢʣʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʤʦʟʛʝ, ʠ ʧʨʠ ʧʦʧʳʪʢʝ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʵʪʠ ʧʨʦʮʝʩʩʳ. ʇʝʨʚʦʡ 

ʪʘʢʦʡ ʧʦʧʳʪʢʦʡ ʙʳʣʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʥʝʡʨʦʧʩʠʭʠʘʪʨʘ ʋ. ʄʘʢ-ʂʘʣʦʢʘ (1898-1969) 

ʠ ʤʘʪʝʤʘʪʠʢʘ ʋ. ʇʠʪʪʩʘ (1923-1969). ʇʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ 

ʤʦʜʝʣʠ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ: ʚ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, 

ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨ. 

ʀʅʉ (ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʩʦʝʜʠʥʸʥʥʳʭ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʩʪʳʭ ʧʨʦʮʝʩʩʦʨʦʚ (ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʦʚ). ʊʘʢʠʝ 

ʧʨʦʮʝʩʩʦʨʳ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳ (ʦʩʦʙʝʥʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʮʝʩʩʦʨʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ). ʂʘʞʜʳʡ ʧʨʦʮʝʩʩʦʨ ʧʦʜʦʙʥʦʡ ʩʝʪʠ ʠʤʝʝʪ ʜʝʣʦ ʪʦʣʴʢʦ 

ʩ ʩʠʛʥʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʦʥ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʣʫʯʘʝʪ, ʠ ʩʠʛʥʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʦʥ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʦʩʳʣʘʝʪ ʜʨʫʛʠʤ ʧʨʦʮʝʩʩʦʨʘʤ. ʀ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʙʫʜʫʯʠ ʩʦʝʜʠʥʸʥʥʳʤʠ ʚ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʫʶ ʩʝʪʴ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʪʘʢʠʝ ʧʨʦʩʪʳʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʳ 

ʚʤʝʩʪʝ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ. 

ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ 

ʩʝʙʷ çPyTorchè ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ, ʪʘʢʠʝ ʢʘʢ: çTensorFlowè, 

çPyTorch ʠ çKerasè. ʊʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʣʘʪʬʦʨʤʳ ʠ ʩʝʨʚʠʩʳ, ʪʘʢʠʝ ʢʘʢ: çGoogle 

Colabè, çMicrosoft Azure Machine Learningè ʠ çAmazon SageMakerè. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʡʨʦʩʝʪʠ 

ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʠ ʧʨʝʜʣʦʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʠʟʫʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʪʫʜʝʥʪ ʥʝ ʧʦʥʠʤʘʝʪ ʢʘʢʦʡ-ʪʦ ʢʦʥʮʝʧʪ, ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ 

ʧʨʝʜʣʦʞʠʪʴ ʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʦʤʦʞʝʪ ʝʤʫ ʣʫʯʰʝ ʦʩʚʦʠʪʴ ʧʨʝʜʤʝʪ 

[3]. ʅʝʡʨʦʩʝʪʠ ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʨʝʜ ʦʙʫʯʝʥʠʷ. ʆʥʠ 

ʤʦʛʫʪ ʧʦʤʦʯʴ ʩʦʟʜʘʪʴ ʩʨʝʜʫ, ʢʦʪʦʨʘʷ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʫʨʦʚʥʶ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ ʠ 

ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ. ʊʘʢ ʙʦʪʳ-ʘʩʩʠʩʪʝʥʪʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʡʨʦʩʝʪʷʭ, ʩʤʦʛʫʪ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʩʪʫʜʝʥʪʦʚ, ʧʨʝʜʣʘʛʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʧʦʤʦʛʘʪʴ ʫʯʘʱʠʤʩʷ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʧʨʝʜʤʝʪ [2]. 

ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʠʩʪʝʤʳ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʵʪʦ ʦʜʠʥ ʠʟ ʟʥʘʯʠʤʳʭ 

ʚʳʟʦʚʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ɸʢʪʫʘʣʴʥʳʤ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʜʘʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B7%D0%B3
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C_%D0%BC%D0%BE%D0%B7%D0%B3%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BA%D0%BA%D0%B0%D0%BB%D0%BE%D0%BA,_%D0%A3%D0%BE%D1%80%D1%80%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%82%D1%82%D1%81,_%D0%A3%D0%BE%D0%BB%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%B4%D0%B0%D1%87%D0%B8_%D0%BF%D1%80%D0%BE%D0%B3%D0%BD%D0%BE%D0%B7%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D0%BF%D0%BE%D0%B7%D0%BD%D0%B0%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%90%D0%B4%D0%B0%D0%BF%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%B5_%D1%83%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BD%D0%B5%D0%B9%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
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ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʍʦʪʷ ʟʘʜʘʯʘʤ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʦʩʚʷʱʝʥʦ 

ʫʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʨʝʰʝʥʥʦʡ. ʕʣʝʢʪʨʦʥʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʚʢʣʶʯʘʶʱʫʶ 

ʮʝʣʳʡ ʨʷʜ ʘʧʧʘʨʘʪʥʳʭ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʦʜʩʠʩʪʝʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʦʞʝʪ ʠʤʝʪʴ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʫʩʧʝʰʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ:  

1. ʇʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ: ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠʣʦʞʝʥʠʝ çCogBooksè 

ʠʩʧʦʣʴʟʫʝʪ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʢ ʫʨʦʚʥʶ ʟʥʘʥʠʡ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ.  

2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʚʝʨʢʘ ʟʘʜʘʥʠʡ: ʥʝʡʨʦʩʝʪʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʟʘʜʘʥʠʡ ʠ ʪʝʩʪʦʚ. ʊʘʢ ʧʨʠʣʦʞʝʥʠʝ çGradescopeè ʠʩʧʦʣʴʟʫʝʪ 

ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʦʤʘʰʥʠʭ ʟʘʜʘʥʠʡ ʠ ʪʝʩʪʦʚ, ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʪʫʜʝʥʪʘʤ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ.  

3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʪʘʣʘʥʪʦʚ ʩʪʫʜʝʥʪʦʚ: ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʩʪʫʜʝʥʪʦʚ ʠ ʥʘʩʪʨʦʡʢʠ ʦʙʫʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʪʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ. ʂ ʧʨʠʤʝʨʫ, ʧʨʦʝʢʪ çTALENTè ʨʘʙʦʪʘʝʪ ʩ ʥʝʡʨʦʩʝʪʷʤʠ, ʯʪʦʙʳ 

ʦʧʨʝʜʝʣʠʪʴ ʪʘʣʘʥʪʳ ʩʪʫʜʝʥʪʦʚ ʚ ʤʫʟʳʢʝ, ʩʧʦʨʪʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ.  

4. ɸʥʘʣʠʟ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʯʘʱʠʭʩʷ: ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʯʘʱʠʭʩʷ ʠ ʥʘʩʪʨʦʡʢʠ ʫʯʝʙʥʦʡ ʩʨʝʜʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʪʠ ʩʦʩʪʦʷʥʠʝʤ. ʇʨʠʣʦʞʝʥʠʝ çEmotion Sensorè ʠʩʧʦʣʴʟʫʝʪ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʦʙʫʯʝʥʠʠ.  

5. ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʛʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʴʶʪʦʨʦʚ ï ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʩʪʫʜʝʥʪʘʤ 

ʠʟʫʯʘʪʴ ʠʥʬʦʨʤʘʪʠʢʫ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʥʘʫʢʠ. ʆʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʤ ʥʘʚʳʢʘʤ, ʪʘʢʠʤ ʢʘʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟ 

ʜʘʥʥʳʭ ʠ ʤʥʦʛʦʤʫ ʜʨʫʛʦʤʫ. ʉʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʪʘʢʠʝ 

ʢʘʢ çCourseraè, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʢʫʨʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʜʨʫʛʠʭ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ.  

6. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʚʦʜ: ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʜʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʦʚ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʘʤ ʦʚʣʘʜʝʪʴ ʷʟʳʢʦʤ ʙʝʟ 

ʟʘʪʨʘʪ ʥʘ ʟʘʥʷʪʠʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. ʅʘʧʨʠʤʝʨ, ʩʝʨʚʠʩʳ çGoogle Translateè ʠ 

çYandex.Translateè ʠʩʧʦʣʴʟʫʶʪ ʛʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʘ, ʟʚʫʢʘ ʠ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʥʝʡʨʦʩʝʪʝʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʢʘʞʜʦʤ ʫʯʘʱʝʤʩʷ, ʚʢʣʶʯʘʷ ʝʛʦ ʫʩʧʝʭʠ, ʧʨʝʜʧʦʯʪʝʥʠʷ ʠ ʩʪʠʣʴ 

ʦʙʫʯʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʧʨʝʜʣʘʛʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʫʯʝʙʥʳʝ ʧʣʘʥʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ ʢʦʥʢʨʝʪʥʦʛʦ ʩʪʫʜʝʥʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ, ʥʦ ʠ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ ʫ ʫʯʘʱʠʭʩʷ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʴʩʷ ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʥʠʭ ʪʝʤʧʝ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʆʙʨʘʟʦʚʘʥʠʝ.2030è, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʥʝʡʨʦʩʝʪʷʭ, ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʫʯʘʱʠʭʩʷ. ʅʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʧʣʘʪʬʦʨʤʳ, ʢʘʢ 

çʗʥʜʝʢʩ.ʋʯʝʙʥʠʢè ʠ çʋʯʠ.ʨʫè, ʠʩʧʦʣʴʟʫʶʪ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʧʦʜʙʠʨʘʶʪ ʟʘʜʘʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʠ ʧʨʦʛʨʝʩʩʘ ʫʯʝʥʠʢʘ.  

ʅʝʡʨʦʩʝʪʠ ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʮʝʥʢʠ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʩʦ ʩʪʦʨʦʥʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʯʪʦ ʦʩʚʦʙʦʞʜʘʝʪ ʚʨʝʤʷ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʫʯʘʱʠʤʠʩʷ. 
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ʉʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʡʨʦʩʝʪʷʭ, ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ, 

ʚʳʷʚʣʷʪʴ ʦʰʠʙʢʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʠʩʧʨʘʚʣʝʥʠʶ. ʅʘʧʨʠʤʝʨ, ʧʣʘʪʬʦʨʤʳ, 

ʪʘʢʠʝ ʢʘʢ çɻʨʘʤʦʪʘ.ʨʫè ʠ çɸʥʪʠʧʣʘʛʠʘʪè, ʠʩʧʦʣʴʟʫʶʪ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʩʪʠʣʶ, ʛʨʘʤʤʘʪʠʢʝ ʠ ʩʪʨʫʢʪʫʨʝ. ʕʪʦ ʥʝ 

ʪʦʣʴʢʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ, ʥʦ ʠ ʧʦʤʦʛʘʝʪ ʫʯʘʱʠʤʩʷ ʨʘʟʚʠʚʘʪʴ ʩʚʦʠ ʥʘʚʳʢʠ. 

 ʅʝʡʨʦʩʝʪʠ ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʣʫʯʰʝʥʠʠ ʜʦʩʪʫʧʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ. ʉ 

ʧʦʤʦɦɹʶ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʜʘ ʤʦʛʫʪ ʧʦʤʦʯʴ ʣʶʜʷʤ ʩ 

ʥʘʨʫʰʝʥʠʷʤʠ ʩʣʫʭʘ ʠʣʠ ʟʨʝʥʠʷ ʧʦʣʫʯʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʨʘʚʥʝ ʩ ʜʨʫʛʠʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʙʫʯʘʶʱʠʭ 

ʧʣʘʪʬʦʨʤ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʦʙʫʯʝʥʠʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠʟ ʫʜʘʣʝʥʥʳʭ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʝʩʧʝʯʝʥʥʳʭ ʨʝʛʠʦʥʦʚ. ʊʘʢʠʝ ʧʣʘʪʬʦʨʤʳ ʤʦʛʫʪ ʧʨʝʜʣʘʛʘʪʴ ʢʫʨʩʳ ʥʘ ʨʘʟʥʳʭ 

ʷʟʳʢʘʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʰʠʨʝʥʠʶ ʘʫʜʠʪʦʨʠʠ ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ [7]. 

 ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʥʝʜʨʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ ʠ ʚʳʟʦʚʦʚ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʚʦʧʨʦʩʘʤ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʫʯʘʱʠʭʩʷ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʙʣʶʜʝʥʠʷ ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ ʠ ʟʘʱʠʪʳ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ 

ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʫʯʘʱʠʝʩʷ 

ʤʦʛʫʪ ʩʪʘʪʴ ʩʣʠʰʢʦʤ ʧʦʣʘʛʘʪʴʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʘʪʴʩʷ ʥʘ ʢʨʠʪʠʯʝʩʢʦʤ ʤʳʰʣʝʥʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʦʙʫʯʝʥʠʶ. ɺʘʞʥʦ 

ʥʘʭʦʜʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ. 

 ɺʣʠʷʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ʆʥʠ 

ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʮʝʥʢʠ ʠ 

ʫʣʫʯʰʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʣʶʙʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʥʝʡʨʦʩʝʪʠ ʪʨʝʙʫʶʪ 

ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʦʩʦʟʥʘʥʠʷ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʨʠʩʢʦʚ. ɺʘʞʥʦ, ʯʪʦʙʳ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʩ ʫʤʦʤ, 

ʩʪʨʝʤʷʩʴ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʠʥʢʣʶʟʠʚʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ.  

ʂ ʧʝʨʩʧʝʢʪʠʚʘʤ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʜʠʘʛʥʦʩʪʠʢʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨ. ɼʘʣʴʥʝʡʰʝʝ ʵʚʦʣʶʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʭ ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ 

çʫʤʥʳʝè Smart-ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʩʪʫʜʝʥʪʘ ʥʘ 

ʚʩʝʭ ʵʪʘʧʘʭ ʨʝʘʣʠʟʘʮʠʠ ʝʛʦ ʧʝʨʩʦʥʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʠ 
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The article discusses the issue of system analysis of the well-known scientific and methodological 

apparatus, which provides solutions to the problems of detecting and measuring the coordinates of air 

objects under the influence of active interference. It is shown that the existing scientific and 

methodological apparatus (SMA) does not take into account the lack of passive location methods that 

solve the problem of detecting non-emitting air objects based on the use of electromagnetic energy 

reflected from them. 
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ɿʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʚ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʚʠʜʝ ʩʚʦʜʠʪʩʷ 

ʢ ʦʮʝʥʠʚʘʥʠʶ ʜʠʩʢʨʝʪʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ɸ  ʥʘ ʦʩʥʦʚʝ ʚʭʦʜʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʠʥʠʤʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ 

y(t)=Ax(t,Ŭ,ɓ)+n(t,ɔ).                                                          (1) 

ʠʣʠ ʞʝ ʩʦʚʦʢʫʧʥʦʛʦ ʚʝʢʪʦʨ-ʩʪʦʣʙʮʘ ʝʝ ʦʪʩʯʝʪʦʚ 

y=Ax(Ŭ,ɓ)+n(ɔ).                                                              (2) 

ɿʜʝʩʴ: x(t,Ŭ,ɓ) ʠ x(t,Ŭ) ð ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ (ʚʨʝʤʝʥʥʦʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ) ʠ 

ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʝʛʦ ʦʪʩʯʝʪʦʚ ʩ ʬʠʢʩʠʨʫʝʤʳʤʠ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ Ŭ ʩʦ 

ʩʣʫʯʘʡʥʳʤʠ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɓ; n(t,ɔ) ʠ n(ɔ) ð ʦʞʠʜʘʝʤʘʷ ʘʜʜʠʪʠʚʥʘʷ 

ʧʦʤʝʭʘ ʩ ʥʝʢʦʪʦʨʳʤ ʧʘʨʘʤʝʪʨʦʤ ɔ ʠ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʝʝ ʦʪʩʯʝʪʦʚ. 

ʇʦ ʧʨʠʥʷʪʦʡ ʨʝʘʣʠʟʘʮʠʠ (1) ʠʣʠ (2) ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʜʘʥʘ ʦʮʝʥʢʘ ӿ ʧʘʨʘʤʝʪʨʘ ɸ (ӿ = 0 

ʠʣʠ ӿ = 1). ʆʮʝʥʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʠʥʷʪʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʢʘʯʝʩʪʚʘ ʠʣʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʟʘʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʚʭʦʜʷʱʠʭ ʚ 

(1) ʠ (2) ʚʝʣʠʯʠʥ.  

ɿʘʜʘʯʘ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʩʚʦʜʠʪʩʷ ʢ ʦʮʝʥʠʚʘʥʠʶ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ Ŭ ʩʠʛʥʘʣʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʥ ʦʙʥʘʨʫʞʝʥ  (ɸ = 1). ʇʦ ʧʨʠʥʷʪʦʡ ʨʝʘʣʠʟʘʮʠʠ  

y(t)=x(t,Ŭ,ɓ)+n(t,ɔ).                                                        (3) 

https://na-journal.ru/3-2024-informacionnye-tekhnologii/9709-primenenie-nejronnyh-setej-v-adaptivnom-obuchenii
https://na-journal.ru/3-2024-informacionnye-tekhnologii/9709-primenenie-nejronnyh-setej-v-adaptivnom-obuchenii
https://cyberleninka.ru/article/n/tsifrovizatsiya-vysshego-obrazovaniya-novye-trendy-i-opyt-vnedreniya
https://cyberleninka.ru/article/n/tsifrovizatsiya-vysshego-obrazovaniya-novye-trendy-i-opyt-vnedreniya
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ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʜʘʥʘ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ aĔ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʠʛʥʘʣʘ. ɿʘʜʘʯʘ 

ʠʟʤʝʨʝʥʠʷ, ʢʘʢ ʚʧʨʦʯʝʤ ʠ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ, ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʥʘʣʦʞʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʦʪʩʯʝʪʦʚ ʟʘʜʘʯʘ ʠʟʤʝʨʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʦʪʩʯʝʪʦʚ  ʩʠʛʥʘʣʘ  ʧʝʨʝʭʦʜʠʪ  ʚ  ʟʘʜʘʯʠ  ʝʛʦ  ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ   ʠ     ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ 

[1, ʩ.224]. 

ɹʘʡʝʩʦʚʩʢʠʝ ʤʝʪʦʜʳ ʠ ʢʨʠʪʝʨʠʠ ʜʦʧʫʩʢʘʶʪ ʚʚʝʜʝʥʠʝ ʜʦʦʧʳʪʥʳʭ (ʘʧʨʠʦʨʥʳʭ) 

ʚʝʨʦʷʪʥʦʩʪʝʡ P(Ak) ʩʦʙʳʪʠʡ Ak, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ 

ʯʪʦ ʫʢʘʟʘʥʠʝ ʠʭ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʟʘʪʨʫʜʥʝʥʠʷ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʧʨʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʚʦʜʷʪʩʷ ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ 
)/Ĕ( ki AAP
 ʧʨʠʥʷʪʠʷ 

ʧʨʘʚʠʣʴʥʳʭ    (i = k) ʠ ʦʰʠʙʦʯʥʳʭ (i Í k) ʨʝʰʝʥʠʡ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʘʧʨʠʦʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

ɺʚʝʜʝʥʠʝ ʜʦʦʧʳʪʥʳʭ ʠ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʧʨʠʡʪʠ ʢ ʚʝʨʦʷʪʥʦʩʪʷʤ 

ʩʦʚʤʝʱʝʥʠʷ ʨʝʰʝʥʠʡ ʠ ʫʩʣʦʚʠʡ 

P(ӿi, ӿk)= P(ӿi / ӿk) P( Ak) .                                                 (4) 

ʂʨʠʪʝʨʠʡ ʅʝʡʤʘʥʘ ï ʇʠʨʩʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʜʚʫʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʨʝʰʝʥʠʷʤ, ʥʘʧʨʠʤʝʨ, 

ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ ʚ ʟʘʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʯʠʪʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ, ʝʩʣʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʚʝʨʭʫ (ʜʦʧʫʩʪʠʤʦʡ ʝʱʝ) ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ 

F= P(ӿi / ӿk)¢ Fʜʦʧʫʩʪ .                                                       (5) 

ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 
( )10 AAPD =

 ʧʨʦʧʫʩʢʘ ʮʝʣʠ ʠʣʠ, ʠʥʘʯʝ, 

ʤʘʢʩʠʤʠʟʠʨʫʝʪʩʷ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 
( )11 AAPD =

 ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ (ʤʦʱʥʦʩʪʴ 

ʢʨʠʪʝʨʠʷ). ʇʨʠ ʥʘʣʠʯʠʠ ʤʝʰʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ɓ, ɔ ʘʧʨʠʦʨʥʳʝ ʟʥʘʥʠʷ ʦ ʥʠʭ, ʢʨʦʤʝ ʟʥʘʥʠʡ 

ʦʙ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʤʦʛʫʪ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ. ʏʘʩʪʦ ʪʨʝʙʫʶʪ, ʯʪʦʙʳ ʧʨʠ 

F(ɓ,ɔ)ÒFʜʦʧʫʩʪ  ʟʥʘʯʝʥʠʝ D
~

 ʤʠʥʠʤʠʟʠʨʦʚʘʣʦʩʴ ʜʣʷ ʣʶʙʳʭ ɓ, ɔ. 

ʂʨʠʪʝʨʠʡ ʤʘʢʩʠʤʫʤʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʘʨʠʘʥʪ ʙʘʡʝʩʦʚʩʢʦʛʦ 

ʢʨʠʪʝʨʠʷ ʤʘʢʩʠʤʫʤʘ ʧʦʩʣʝʦʧʳʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ (4) ʧʨʠ P(Ak) = const. ɺ ʟʘʜʘʯʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ӿk, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʨ(ʫ|Ak) = max   ʧʨʠ    

Ø

=kk .                                                (6) 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʥʝʧʨʝʨʳʚʥʳʤ ʬʫʥʢʮʠʷʤ, ʧʨʠʥʠʤʘʝʪʩʷ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ Ŭ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʨ(ʫ|Ŭk)   =   max    ʧʨʠ    

Ø

=aa .                                           (7) 

ʌʫʥʢʮʠʠ ʨ(ʫ|Ak) , ʨ(ʫ|Ŭk), ʚʭʦʜʷʱʠʝ ʚ (6-7), ʥʘʟʳʚʘʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

ʟʥʘʯʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʛʦʚʦʨʷʪ ʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ (ʄʇ) ʠʣʠ ʥʘʠʙʦʣʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ (ʅʇ) ʨʝʰʝʥʠʷʭ ʠʣʠ ʦʮʝʥʢʘʭ. ɺ 

ʥʝʙʘʡʝʩʦʚʩʢʦʡ ʪʝʦʨʠʠ ʢʨʠʪʝʨʠʠ (6-7) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʚʝʜʝʥʠʝʤ ʘʧʨʠʦʨʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ [2, ʩ. 321].  

ʇʨʠ ʜʚʫʭʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʦʜʥʦʮʝʣʝʚʦʤ ʦʙʥʘʨʫʞʝʥʠʠ ʚʦʟʤʦʞʥʳ ʯʝʪʳʨʝ ʩʠʪʫʘʮʠʠ 

ʩʦʚʤʝʱʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ ʨʝʰʝʥʠʷ ʠ ʫʩʣʦʚʠʷ: ʘ) ʩʠʪʫʘʮʠʷ ӿ1A1 ï ʧʨʘʚʠʣʴʥʦʝ 

ʦʙʥʘʨʫʞʝʥʠʝ; ʙ) ʩʠʪʫʘʮʠʷ ӿ0A1 ʧʨʦʧʫʩʢ ʮʝʣʠ; ʚ) ʩʠʪʫʘʮʠʷ ӿ1A0 ï ʣʦʞʥʘʷ ʪʨʝʚʦʛʘ; ʛ) 

ʩʠʪʫʘʮʠʷ ӿ0A1 ï ʧʨʘʚʠʣʴʥʦʝ ʥʝʦʙʥʘʨʫʞʝʥʠʝ. ɺʦʟʤʦʞʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ 

ʜʚʫʭʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʵʪʦʤʫ, ʯʝʪʳʨʝ ʚʝʨʦʷʪʥʦʩʪʠ ʩʠʪʫʘʮʠʡ 

ʩʦʚʤʝʱʝʥʠʷ P(ӿ0Ak), ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʜʠʥʠʮʫ ʚ ʩʫʤʤʝ ʧʦ i, k (i, k = 0, 1). ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʠʟʚʝʜʝʥʠʶ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʰʝʥʠʷ  
( )kɸɸʈ 0
Ĕ

 ʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʫʩʣʦʚʠʷ P(ӿ0): 

P(ӿi, ӿk)= P(ӿi / ӿk) P(Ak).                                           (8) 

ɺʝʨʦʷʪʥʦʩʪʠ ʫʩʣʦʚʠʡ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʥʘʣʠʯʠʷ ʮʝʣʠ P(Ak), k = 0, 1, ʥʘʟʳʚʘʝʤʳʝ 

ʘʧʨʠʦʨʥʳʤʠ (ʜʦʦʧʳʪʥʳʤʠ), ʦʙʳʯʥʦ ʥʝʠʟʚʝʩʪʥʳ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʚʤʝʱʝʥʠʷ. ɹʦʣʝʝ ʫʜʦʙʥʳ ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʰʝʥʠʡ 
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kɸAʈ 0

, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʣʠ ʧʫʪʝʤ ʨʘʩʯʝʪʘ. ʇʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ 

ʮʝʣʠ A1 ʚʚʦʜʷʪ ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʝʝ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘ, ʚ ʩʫʤʤʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʜʠʥʠʮʫ, 

DɸAʈ =ö
÷

õ
æ
ç

åØ

11

 ʠ 

DDɸAʈ
~

110 =-=ö
÷

õ
æ
ç

åØ

.                                   (9) 

ʇʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʮʝʣʠ ɸ0 ʚʚʦʜʷʪ ʘʥʘʣʦʛʠʯʥʳʝ ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ 

ʪʨʝʚʦʛʠ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʥʝʦʙʥʘʨʫʞʝʥʠʷ: 

FɸAʈ =ö
÷

õ
æ
ç

åØ

01

 ʠ 

FFɸAʈ
~

100 =-=ö
÷

õ
æ
ç

åØ

.                                  (10) 

ɼʣʷ ʪʨʝʭʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʜʥʦʮʝʣʝʚʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʦʜʥʦʵʪʘʧʥʳʭ ʨʝʰʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʷʪ ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ çʥʝ 

ʟʥʘʶè ʧʨʠ ʥʘʣʠʯʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʮʝʣʠ: 

ö
÷

õ
æ
ç

å
=

Ø

1
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 ʠ 

ö
÷

õ
æ
ç

å
=

Ø
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ɸAʈF ʅ

 

ʅʘ ʢʘʞʜʦʤ ʪʘʢʦʤ ʵʪʘʧʝ 

                                       1
~~~
=++ DDD  ʠ 1

~~~
=++ FFF . 

ɿʥʘʯʝʥʠʷ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ F ʚ ʣʦʢʘʮʠʠ ʟʘʜʘʶʪ ʦʙʳʯʥʦ ʤʘʣʳʤʠ 

[3, ʩ. 112]. ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʦʜʥʦʮʝʣʝʚʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ - ʣʠʰʴ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ 

ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ  ʤʥʦʛʦʮʝʣʝʚʦʛʦ, ʜʣʷ ʢʦʪʦʨʦʡ ʣʦʞʥʘʷ ʪʨʝʚʦʛʘ ʥʝʟʘʚʠʩʠʤʦ ʚʦʟʥʠʢʘʝʪ ʚ 

ʣʶʙʦʤ ʠʟ m>>1 ʨʘʟʨʝʰʘʝʤʳʭ ʦʙʲʝʤʦʚ. ʉʦʚʦʢʫʧʥʘʷ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ 

ʥʝʦʙʥʘʨʫʞʝʥʠʷ ʚ ʪ ʪʘʢʠʭ ʦʙʲʝʤʦʚ 

                                              
() ( )m

m

m FFF -== 1
~~

 
ʩʥʠʞʘʝʪʩʷ, ʘ ʩʦʚʦʢʫʧʥʘʷ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ Fm ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪ.  ʇʨʠ mF<<1 

( ) mFFFF
m

mm º--=-= 11
~

1
.                                                        (11) 

ɼʦʧʫʩʪʠʤʳʤʠ ʩʯʠʪʘʶʪ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʥʘʯʝʥʠʷ 
104 10...10 --ºº mFF m [3, ʩ.22]. 

ʊʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʜʚʫʭʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʦʡ 

ʜʦʧʫʩʪʠʤʳʭ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ D å (0,5...0,99) ʠ F å (10-4é10-10) ʠʣʠ ʘʥʘʣʦʛʠʯʥʦʡ ʝʡ 

ʧʘʨʦʡ, ʚ ʢʦʪʦʨʦʡ D ʟʘʤʝʥʷʝʪʩʷ ʥʘ  DD -=1
~

 [4, ʩ.28]. 

ʆʧʫʩʢʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʵʣʝʤʝʥʪ ʫʢʘʟʘʥʥʳʭ ʧʘʨ (ʥʘʧʨʠʤʝʨ, F, ʦʩʪʘʚʣʷʷ D, ʠʣʠ D, 

ʦʩʪʘʚʣʷʷ F) ʥʝʜʦʧʫʩʪʠʤʦ: ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʨʘʜʦʢʩʘʤ. ʄʦʞʥʦ ʧʨʠʡʪʠ ʢ ʫʩʣʦʚʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʧʫʩʢʘ D
~
= 0, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʜʘʚʘʷ ʦʪʚʝʪ çʜʘè ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʩʠʪʫʘʮʠʡ (ʟʥʘʯʝʥʠʝ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ F ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʵʪʦʤ ʜʦ 

ʝʜʠʥʠʮʳ). ʄʦʞʥʦ ʧʨʠʡʪʠ ʢ ʟʥʘʯʝʥʠʷʤ F = 0, ʚʳʜʘʚʘʷ ʦʜʥʠ ʪʦʣʴʢʦ ʨʝʰʝʥʠʷ çʥʝʪè (ʫʩʣʦʚʥʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʘ D
~

 ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʝʜʠʥʠʮʳ). 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʜʚʫʭʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʞʝʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʙʘʡʝʩʦʚʩʢʠʭ ʠ ʥʝʙʘʡʝʩʦʚʩʢʠʭ ʢʨʠʪʝʨʠʝʚ 

ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʨʘʜʠʦʣʦʢʘʮʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʤʠʥʠʤʫʤʘ ʩʨʝʜʥʝʛʦ ʨʠʩʢʘ ʪʘʢ, 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. 

ɹʘʡʝʩʦʚʩʢʠʡ ʩʨʝʜʥʠʡ ʨʠʩʢ ʦʰʠʙʦʢ ʜʚʫʭʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʩʨʝʜʥʝʛʦ ʨʠʩʢʘ ʦʰʠʙʦʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [4, ʩ.32]: 



88 

 

ä
=

Ø

ö
÷

õ
æ
ç

å
==

1

0,

)(
ki

kiik AAPrrMr

.                                         (12) 

ɿʜʝʩʴ rik  - ʧʣʘʪʘ ʟʘ i, k-ʶ ʦʰʠʙʦʯʥʫʶ ʩʠʪʫʘʮʠʶ (ʩʪʦʠʤʦʩʪʴ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʵʪʦʡ ʩʠʪʫʘʮʠʠ). ɺʚʦʜʷ ʥʝʥʫʣʝʚʳʝ ʧʣʘʪʳ ʟʘ ʦʰʠʙʢʠ r01 ʧʨʦʧʫʩʢʘ ʮʝʣʠ ʠ ʛ10 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ ʧʨʠ ʥʫʣʝʚʳʭ ʧʣʘʪʘʭ ʟʘ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ r00 = r11  = 0, ʜʣʷ 

ʜʚʫʭʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʣʫʯʘʶʪ: 
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ɺʝʩʦʚʳʝ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚʳʨʘʞʝʥʠʷ (13) ʩʨʝʜʥʝʛʦ ʨʠʩʢʘ: 

                             
() ( ) ()( )FlDAPrAFPrAPDrr 0101010101

~~
+=+=

. 

ɿʜʝʩʴ l0 ð ʚʝʩʦʚʦʡ ʤʥʦʞʠʪʝʣʴ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: 

( ) ()1010100 APrAPrl =
,                                                 (14) 

ʛʜʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 
() 0101 >APr

.  

ʊʨʝʙʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ F < F0= Fʜʦʧʫʩʪ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʙʘʡʝʩʦʚʩʢʦʤʫ ʢʨʠʪʝʨʠʶ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ. ɺ ʜʚʫʭʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʚʦʜʷʪ ʦʜʥʫ 

ʨʝʰʘʶʱʫʶ ʬʫʥʢʮʠʶ 
)(ʫA

Ø

 ʦʪ ʧʨʠʥʠʤʘʝʤʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʪʩʯʝʪʦʚ ʫ. ʆʥʘ ʨʘʚʥʘ ʝʜʠʥʠʮʝ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʡ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʩʠʛʥʘʣʘ, ʠ ʥʫʣʶ ʜʣʷ ʨʝʘʣʠʟʘʮʠʡ, 

ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʰʝʥʠʝ ʦʙ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʥʦʛʦʤʝʨʥʦʝ 

(ʚʝʢʪʦʨʥʦʝ) ʧʨʦʩʪʨʘʥʩʪʚʦ Vʫ ʨʝʘʣʠʟʘʮʠʡ y = ||y1 y2 é ym||T  ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʦʙʲʝʤʳ dVy=dy1dy2édym. ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʫ ʚ ʪʘʢʦʡ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 

ʨʉʇ(ʫ) dVy ʠʣʠ ʨʇ(ʫ) dVʫ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ). ʇʨʠ ʵʪʦʤ: 
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ɺʝʩʦʚʦʡ ʢʨʠʪʝʨʠʡ (14) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ, ʫʜʦʙʥʦʤʫ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ: 
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                                 (16) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (16) ʚʚʦʜʷʪ ʦʪʥʦʰʝʥʠʝ (ʢʦʵʬʬʠʮʠʝʥʪ) ʧʨʘʚʜʦʧʦʜʦʙʠʷ. 

ʊʘʢ ʥʘʟʳʚʘʶʪ ʦʪʥʦʰʝʥʠʝ ʜʚʫʭ ʧʣʦʪʥʦʩʪʝʡ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʨʝʘʣʠʟʘʮʠʠ ʫ ʧʨʠ ʫʩʣʦʚʠʷʭ ʥʘʣʠʯʠʷ ʩʠʛʥʘʣʘ ʠ ʧʦʤʝʭʠ ʠ ʥʘʣʠʯʠʷ ʪʦʣʴʢʦ ʧʦʤʝʭʠ: 

l(y)=pʉʇ(y)/pʇ(ʫ)                                                           (17) 

ɹʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ (17) ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʴ ʛʠʧʦʪʝʟʳ ʦ ʥʘʣʠʯʠʠ ʩʠʛʥʘʣʘ, 

ʤʝʥʴʰʠʝ ï ʛʠʧʦʪʝʟʳ ʦʙ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ. ʆʧʪʠʤʘʣʴʥʦʝ ʨʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʱʠʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ (ʅʄɸ) ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʳʭ ʧʦʤʝʭ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʜʠʦʣʦʢʘʮʠʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʘʤʦʣʝʪʳ ʈʕɹ, ʠʟʣʫʯʘʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʈʕʉ ʘʢʪʠʚʥʳʝ 

ʧʦʤʝʭʠ, ʪʘʢʞʝ ʦʙʣʫʯʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʚʦʟʜʫʰʥʦʛʦ ʥʘʧʘʜʝʥʠʷ (ʉɺʅ), ʪʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʦʚ  

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʢʨʳʚʘʝʤʳʭ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ (ɺʆ). ʆʜʥʘʢʦ 
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ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ ʯʪʦ, ʩʫʱʝʩʪʚʫʶʱʠʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ (ʅʄɸ) 

ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ [5, ʩ. 98]: 

- ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʦʜʦʚ ʧʘʩʩʠʚʥʦʡ ʣʦʢʘʮʠʠ, ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʝʠʟʣʫʯʘʶʱʠʭ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʦʪʨʘʞʝʥʥʦʡ ʦʪ ʥʠʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ; 

- ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʚʳʩʦʢʫʶ 

ʥʘʩʳʱʝʥʥʦʩʪʴ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʢʘʢ ʚ ʤʠʨʥʦʝ, ʪʘʢ ʠ ʚʦʝʥʥʦʝ ʚʨʝʤʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʘʣʠʯʠʝ ʦʪʨʘʞʝʥʠʡ ʦʪ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʝ ʫʩʪʫʧʘʶʱʠʭ ʧʦ ʩʚʦʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʝʨʝʦʪʨʘʞʝʥʥʳʤ ʩʠʛʥʘʣʘʤ ʘʢʪʠʚʥʳʭ ʈʃʉ;  

- ʚʳʩʦʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ. 
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ʊʝʣʝʬʦʥʳ, ʧʣʘʥʰʝʪʳ, ʢʦʤʧʴʶʪʝʨʳ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪ ʥʘʩ ʚʩʶ ʞʠʟʥʴ. ʅʦ 

ʧʦʨʦʡ, ʤʳ ʜʘʞʝ ʥʝ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ, ʢʘʢʦʡ ʚʨʝʜ ʥʘʰʝʤʫ ʟʜʦʨʦʚʴʶ ʥʘʥʦʩʠʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ: ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʨʛʘʥʳ ʟʨʝʥʠʷ, ʜʦ ʩʝʨʴʸʟʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ.  

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʯʝʨʪʝʞʠ ʨʦʙʦʪʘ. ʄʳ ʨʝʰʠʣʠ ʩʦʟʜʘʪʴ ʨʦʙʦʪʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʧʦʜʩʢʘʟʳʚʘʪʴ, ʯʪʦ ʧʦʨʘ ʩʜʝʣʘʪʴ ʧʝʨʝʨʳʚ.  ɹʫʜʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʧʦʢʘʟʘʥʠʡ, ʨʦʙʦʪ ʙʫʜʝʪ ʧʦʜʙʘʜʨʠʚʘʪʴ ʠ ʜʘʚʘʪʴ ʩʦʚʝʪ. ɿʘʩʪʘʚʠʪ ʩʜʝʣʘʪʴ ʟʘʨʷʜʢʫ, 

ʠʣʠ ʜʘʩʪ ʧʦʩʣʫʰʘʪʴ ʤʫʟʳʢʫ, ʜʣʷ ʨʘʩʩʣʘʙʣʝʥʠʷ. 

ʉʥʘʯʘʣʘ ʤʳ ʧʨʦʜʫʤʘʣʠ ʢʦʥʩʪʨʫʢʮʠʶ ʨʦʙʦʪʘ. ʄʳ ʜʦʣʛʦ ʥʝ ʤʦʛʣʠ ʚʳʙʨʘʪʴ ʢʦʥʮʝʧʮʠʶ. 

ɼʝʣʦ ʦʩʣʦʞʥʷʣʦʩʴ ʪʝʤ, ʯʪʦ ʤʳ ʥʝ ʭʦʪʝʣʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʟʥʘʚʘʝʤʳʭ ʨʦʙʦʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ: çɹʝʡʤʘʢʩè, çɺʘʣʣʠè ʠ ʪ.ʜ. ʧʦʵʪʦʤʫ ʨʝʰʠʣʠ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʄʳ ʨʝʰʠʣʠ ʚʟʷʪʴ ʢʦʥʩʪʨʫʢʮʠʶ 

ʚʪʦʨʦʩʪʝʧʝʥʥʦʛʦ ʧʝʨʩʦʥʘʞʘ ʤʫʣʴʪʬʠʣʴʤʘ 

çɺʘʣʣʠ BERN-Eè. ʂʦʨʧʫʩ ʨʦʙʦʪʘ ʩʦʟʜʘʥ ʧʨʠ 

ʧʦʤʦʱʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʦʟʜʘʥʥʳʭ ʠʟ ʇɺʍ 

ʧʣʘʩʪʠʢʘ. ʈʫʢʠ ʨʦʙʦʪʘ ʚʳʧʦʣʥʝʥʳ ʠʟ 

ʩʘʥʪʝʭʥʠʯʝʩʢʦʡ ʪʨʫʙʳ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʨʦʙʦʪʝ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ - ʵʪʦ 

ʧʣʘʪʳ: çTrekduinoè ʠ çArduino Unoè, ʘ ʪʘʢ ʞʝ: 

ʄʈ-3 ʧʣʝʝʨ, ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ 

(LCD), TFT ʜʠʩʧʣʝʡ NEXION ʠ ʥʝʡʨʦ-ʦʙʨʫʯ  

. 

  
  ɾʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ (LCD). ɼʣʷ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʙʨʘʟʘ ʠ ʤʠʣʦʛʦ 

ʚʠʜʘ ʨʦʙʦʪʘ, ʤʳ ʫʩʪʘʥʦʚʠʣʠ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ (LCD) 1602. ʇʨʦʛʨʘʤʤʘ 

ʥʘʧʠʩʘʥʘ ʜʣʷ ʧʣʘʪʳ çArduino Unoè. 

 

 

 
ʕʪʦʪ ʜʠʩʧʣʝʡ 16*2, ʟʥʘʯʠʪ, ʦʥ ʠʤʝʝʪ ʜʚʝ ʩʪʨʦʯʢʠ ʧʦ 16 ʙʣʦʢʦʚ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʜʘʪʴ 

ʣʶʙʦʝ ʚʳʨʘʞʝʥʠʝ ʣʠʮʘ ʥʘʜʦ ʧʦʥʷʪʴ ʢʘʢʠʝ ʙʣʦʢʠ ʘʢʪʠʚʠʨʦʚʘʪʴ. ɺ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ, ʦʜʥʠ ʦʪʚʝʯʘʶʪ ʟʘ ʩʘʤʦ ʚʳʨʘʞʝʥʠʝ ʣʠʮʘ, ʘ ʜʨʫʛʠʝ ʟʘ 

ʯʠʩʪʦʪʫ ʤʦʨʛʘʥʠʷ. ʆʜʠʥ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʥʘʰʝʡ ʪʚʦʨʯʝʩʢʦʡ ʛʨʫʧʧʳ ʩʜʝʣʘʣ ʪʘʢ, ʯʪʦʙʳ 

ʚʳʨʘʞʝʥʠʝ ʣʠʮʘ ʙʳʣʦ ʩʣʫʯʘʡʥʳʤ, ʥʦ ʠ ʥʝ ʧʦʚʪʦʨʷʣʦʩʴ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʩʥʘʱʝʥʠʝ ʨʦʙʦʪʘ. 

ʅʝʡʨʦ-ʦʙʨʫʯ: ɼʘʥʥʳʡ ʧʨʠʙʦʨ ʨʘʙʦʪʘʝʪ ʧʦ ʩʠʩʪʝʤʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

(ɹʆʉ) ï ʩʯʠʪʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ. 



91 

 

ɺ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳ ʤʦʞʝʪʝ ʧʦʥʷʪʴ, ʚ 

ʢʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʭʦʜʠʪʝʩʴ çɿɼɽʉʔè ʠ çʉɽʁʏɸʉè: 

ʨʘʩʩʣʘʙʣʝʥʥʦʩʪʴ ʠʣʠ ʚʦʟʙʫʞʜʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʣʠ 

çʧʦʣʝʪ ʤʳʩʣʠè. 

ɺ ʛʨʘʬʠʢʝ ʝʩʪʴ ʪʨʠ ʫʨʦʚʥʷ ï ʘʢʪʠʚʥʳʡ (ʛʘʤʤʘ-

ʨʠʪʤ), ʩʨʝʜʥʠʡ (ʙʝʪʘ-ʨʠʪʤ) ʠ ʩʧʦʢʦʡʥʳʡ (ʘʣʴʬʘ-ʨʠʪʤ). ɿʘ 

ʚʨʝʤʷ ʩʯʠʪʳʚʘʥʠʷ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʢʨʠʚʘʷ, ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʥʘʤʠʢʝ ʠʟʤʝʥʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚʘʰʝʛʦ ʤʦʟʛʘ. 

ʋʨʦʚʥʠ:  

- ɻʘʤʤʘ-ʨʠʪʤ ï ʦʯʝʥʴ ʭʦʨʦʰʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʚʥʠʤʘʥʠʷ. 

- ɹʝʪʘ-ʨʠʪʤ ï ʪ.ʝ., ʙʝʪʘ-ʚʦʣʥʳ ʚ ʥʦʨʤʝ ʩʚʷʟʘʥʳ ʩ 

ʚʳʩʰʠʤʠ ʢʦʛʥʠʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʬʦʢʫʩʠʨʦʚʘʥʠʝʤ 

ʚʥʠʤʘʥʠʷ. 

- ɸʣʴʬʘ-ʨʠʪʤ - ʩʚʷʟʘʥ ʩ ʨʘʩʩʣʘʙʣʝʥʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʦʨʛʘʥʠʟʤʘ - ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʠ ʧʦʢʦʷ.  

 ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʥʝʡʨʦ-ʦʙʨʫʯʘ. ʂʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʜʘʝʪ, ʨʦʙʦʪ ʛʦʚʦʨʠʪ 

ʧʦʜʙʘʜʨʠʚʘʶʱʫʶ ʨʝʯʴ. ʂʘʞʜʳʝ 40 ʤʠʥʫʪ ʨʦʙʦʪ ʧʨʝʜʣʘʛʘʝʪ ʚʳʙʨʘʪʴ ʚʠʜ ʦʪʜʳʭʘ. ʅʘ ʮʚʝʪʥʦʤ 

TFT ɼʠʩʧʣʝʝ çNextionè  ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʥʦʧʢʠ ʤʝʥʶ. 

 ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çʤʫʟʳʢʘè ʟʚʫʯʠʪ ʤʝʣʦʜʠʷ, ʜʣʷ ʨʘʩʩʣʘʙʣʝʥʠʷ, 

ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ ʘʥʠʤʘʮʠʷ. ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʥʘʞʘʪʠʠ ʥʘ ʵʢʨʘʥ, ʤʳ ʤʦʞʝʤ ʚʳʡʪʠ ʚ 

ʦʩʥʦʚʥʦʝ ʤʝʥʶ. ʆʩʪʘʣʴʥʳʝ ʢʥʦʧʢʠ ʪʘʢʞʝ ʠʤʝʶʪ ʘʥʠʤʘʮʠʶ. 

 ɺʠʟʫʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʝʶ ʯʘʩʪʴ ʜʠʩʧʣʝʷ ʜʝʣʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ çNextionEditorè. 

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʙʦʪʳ ʩʥʘʯʘʣʘ ʧʠʩʘʣʘʩʴ ʚ çRobotrack IDEè, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʛʨʘʤʤʘ 

ʧʠʰʝʪʩʷ ʚ çArduinoè ʜʣʷ ʧʣʘʪʳ çArduino Unoè. 

 

 

 
 ʇʨʦʙʣʝʤʳ ʩ ʜʘʥʥʳʤ ʜʠʩʧʣʝʝʤ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʪʦʤ, ʯʪʦ ʪʝ ʢʪʦ ʩ ʥʠʤ ʨʘʙʦʪʘʣʠ ʫʞʝ ʥʝ 

ʭʦʜʷʪ ʥʘ ʨʦʙʦʪʦʪʝʭʥʠʢʫ, ʘ ʚ ʚʠʜʫ ʪʦʛʦ ʯʪʦ ʜʠʩʧʣʝʡ ʩʪʘʨʳʡ ʚʩʷ ʣʠʪʝʨʘʪʫʨʘ ʧʦʪʝʨʷʣʘ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʵʪʦʤʫ ʥʘʤ ʧʨʠʰʣʦʩʴ ʨʘʟʙʠʨʘʪʴʩʷ ʩ ʥʠʤʠ ʦʧʳʪʥʳʤ ʧʫʪʝʤ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʨʦʙʦʪʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳʩʪʘʚʢʘʭ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ 

ʥʘʯʠʥʘʷ ʛʦʨʦʜʩʢʠʤ ʟʘʢʘʥʯʠʚʘʷ ʚʩʝʨʦʩʩʠʡʩʢʠʤ, ʛʜʝ ʤʳ ʟʘʥʠʤʘʣʠ ʧʝʨʚʳʝ ʠ ʚʪʦʨʳʝ ʤʝʩʪʘ. 

ʅʘʰʝʛʦ ʨʦʙʦʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʟʜʝ, ʛʜʝ ʥʫʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʚʥʠʤʘʥʠʷ ʯʝʣʦʚʝʢʘ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʟʨʘʩʪʘ). ʅʘʧʨʠʤʝʨ, ʚ ʭʦʜʝ ʦʙʫʯʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʟʘʚʝʜʝʥʠʷʭ (ʰʢʦʣʘ, ʢʦʣʣʝʜʞ, ʚʫʟ, ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʪ.ʜ.) ʪʘʢ ʞʝ ʠ ʜʦʤʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ) ʜʦʤʘʰʥʠʭ (ʥʝ ʩʣʦʞʥʳʭ) ʨʘʙʦʪ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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The issue of modernization of the universal monitoring and diagnostic systems by developing an adapter 

for measuring the power of microwave signals is being considered. A variant of a two-stage microwave 

power measurement module is proposed. 
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measuring the power of microwave signals. 
 

ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ ʚ ʥʝʢʦʪʦʨʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʰʠʨʦʢʦ ʚʥʝʜʨʝʥʳ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʦʙʲʝʢʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʷ, ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʫʟʣʦʚ ʠ ʤʦʜʫʣʝʡ [1]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʥʘ ʙʘʟʝ ʫʩʪʨʦʡʩʪʚ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʨʠʝʤʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʩʠʛʥʘʣʦʚ ʚ ʮʠʬʨʦʚʦʡ 

ʬʦʨʤʘʪ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʚ ʧʦʨʪʘʪʠʚʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʕɺʄ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ (ʋʉʂɼ) ʷʚʣʷʝʪʩʷ ʋʉʂɼ ʩʝʨʠʠ çʂʨʦʥʘè [2]. 

ʌʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʧʨʠʤʝʥʝʥʠʝ ʋʉʂɼ ʜʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ ʨʘʜʠʦʩʚʷʟʠ, ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʉɺʏ-ʩʠʛʥʘʣʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʩʰʠʨʝʥʠʝ ʥʦʤʝʥʢʣʘʪʫʨʳ ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ ʨʘʜʠʦʩʚʷʟʠ, 

ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʋʉʂɼ çʂʨʦʥʘè, ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʝʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʉɺʏ-ʩʠʛʥʘʣʦʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʥʘʩʪʨʦʡʢʦʡ, ʟʘʧʠʩʴʶ, ʦʙʨʘʙʦʪʢʦʡ ʠ ʧʨʦʩʤʦʪʨʦʤ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʦʛʨʘʤʤʦʡ ʚ ʩʨʝʜʝ çWindowsè. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʥʘʩʪʨʦʠʪʴ ʚʭʦʜʥʳʝ 

ʢʘʥʘʣʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ. ɼʣʷ ʩʠʛʥʘʣʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʢʦʥʪʨʦʣʶ, ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʘ ʠʣʠ 

ʟʘʜʘʝʪʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ (ʩʨʝʜʥʝʝ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʠʣʠ ʩʨʝʜʥʝʚʳʧʨʷʤʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʷ). ʌʦʨʤʘ ʵʪʘʣʦʥʘ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʢʘʢ ʦʜʥʘ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ 

(ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ, ʧʠʣʦʦʙʨʘʟʥʦʡ ʠ ʪ.ʧ.), ʪʘʢ ʠ ʟʘʧʠʩʘʥʥʦʡ ʩ ʨʝʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʠʟ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʟʘʜʘʶʪʩʷ çʜʦʧʫʩʢʠè ï ʜʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʬʦʨʤʳ ʠʣʠ 

ʧʘʨʘʤʝʪʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʟʘʧʠʩʠ ï ʜʠʩʢʨʝʪʥʦʩʪʴ ʟʘʧʠʩʠ ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ, 

ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ, ʥʘʯʘʣʘ ʠ ʦʩʪʘʥʦʚʘ ʟʘʧʠʩʠ (ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ï ʜʦ 

https://doi.org/
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60 ʫʩʣʦʚʠʡ). ʋʩʣʦʚʠʝʤ ʤʦʞʝʪ ʙʳʪʴ: ʧʝʨʝʭʦʜ ʟʘʜʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ, 

ʥʘʭʦʞʜʝʥʠʝ ʩʠʛʥʘʣʘ ʚʳʰʝ ʠʣʠ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ, ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʠʣʠ 

ʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ) ʠʣʠ ʚʥʝ ʥʝʛʦ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʦʪʦʙʨʘʞʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʵʢʨʘʥ ʚʳʚʦʜʷʪʩʷ ʧʘʨʘʤʝʪʨʳ ʟʘʧʠʩʘʥʥʳʭ ʩʠʛʥʘʣʦʚ: ʧʝʨʠʦʜ, ʯʘʩʪʦʪʘ, ʩʨʝʜʥʝʝ, 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʠ ʩʨʝʜʥʝʚʳʧʨʷʤʣʝʥʥʦʝ ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ. ʄʦʞʥʦ 

ʚʳʚʝʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʛʨʘʬʠʢʦʚ ʩʠʛʥʘʣʦʚ (ʟʘʧʠʩʠ ʩʠʛʥʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʟ ʨʘʟʥʳʭ 

ʩʝʘʥʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʜʨʝʡʬ ʧʘʨʘʤʝʪʨʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ). ʅʘ ʧʦʣʫʯʝʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʤʦʛʫʪ ʥʘʢʣʘʜʳʚʘʪʴʩʷ ʵʪʘʣʦʥʳ ʜʣʷ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʠ ʥʘ ʛʨʘʬʠʢʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʥʘ ʵʢʨʘʥʝ ʠʥʬʦʨʤʘʮʠʶ, ʚʦʟʤʦʞʥʦ, ʨʘʩʧʝʯʘʪʘʪʴ ʥʘ ʧʨʠʥʪʝʨʝ ʚ ʚʠʜʝ ʜʦʢʫʤʝʥʪʘ. ɺ ʥʝʛʦ 

ʚʢʣʶʯʘʝʪʩʷ ʩʚʦʜʢʘ, ʚ ʢʦʪʦʨʦʡ ʫʢʘʟʳʚʘʶʪʩʷ ʥʘʟʚʘʥʠʷ ʩʝʘʥʩʦʚ ʠ ʨʘʩʧʝʯʘʪʳʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ, 

ʜʘʪʘ ʠ ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʟʘʧʠʩʠ.  

 
ʈʠʩʫʥʦʢ 1 ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

 

ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʫʩʪʨʦʡʩʪʚʘʤ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʚʳʥʦʩʥʳʝ ʘʜʘʧʪʝʨʳ 

(ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ) ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʧʨʠ ʵʪʦʤ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 10 ʤʝʪʨʦʚ. ɼʠʘʧʘʟʦʥʳ ʠʟʤʝʨʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ: 

 0.01 ɺ é 2500 ɺ; 

 0.0005 ɸ é 10 ɸ; 

 0 Áʉ é 100 Áʉ.  

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʜʘʧʪʝʨʦʚ ʋʉʂɼ çʂʨʦʥʘè ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʋʉʂɼ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ʉɺʏ) ʩʠʛʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʜʘʧʪʝʨ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚʘʪʪʤʝʪʨʳ 

ʧʦʛʣʦʱʘʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʩʦʙʩʪʚʝʥʥʫʶ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʥʘʛʨʫʟʢʫ, ʠʣʠ 

ʚʘʪʪʤʝʪʨʳ ʧʨʦʭʦʜʷʱʝʡ ʤʦʱʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʠʛʥʘʣʘ ʦʪʚʝʪʚʣʷʝʪʩʷ ʠ 

ʧʦʜʘʝʪʩʷ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʠʛʥʘʣʘ. ɺ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʚʘʪʪʤʝʪʨʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʠʩʪʦʨʳ, ʪʝʨʤʦʧʘʨʳ ʠ ʜʠʦʜʥʳʝ ʜʝʪʝʢʪʦʨʳ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʜʠʦʜʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ  ʩʢʦʨʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ɼʠʦʜʥʳʝ ʚʘʪʪʤʝʪʨʳ ʦʙʣʘʜʘʶʪ ʚʨʝʤʝʥʝʤ 

ʦʪʢʣʠʢʘ ʚʧʣʦʪʴ ʜʦ ʝʜʠʥʠʮ ʥʘʥʦʩʝʢʫʥʜ [3]. ɼʠʦʜʥʳʡ ʜʝʪʝʢʪʦʨ ʧʨʝʦʙʨʘʟʫʝʪ ʵʥʝʨʛʠʶ ʉɺʏ 

ʢʦʣʝʙʘʥʠʡ ʚ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ɼʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʦʜʘ ʠ ʩʭʝʤʳ ʬʠʣʴʪʨʘʮʠʠ ʚ ʩʦʩʪʘʚʝ 

ʜʝʪʝʢʪʦʨʘ. 
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ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʉɺʏ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

3, ʛʜʝ ʧʦʢʘʟʘʥ ʤʦʜʫʣʴ ʉɺʏ, ʩʦʜʝʨʞʘʱʠʡ ʤʦʥʦʣʠʪʥʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʭʝʤʫ ʜʝʪʝʢʪʦʨʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʥʠʟʢʦʙʘʨʴʝʨʥʳʝ ʜʠʦʜʳ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʘʨʥʦ-ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʧʦʜʣʦʞʢʝ ʠʟ ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ [4]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʜʚʫʭʢʘʩʢʘʜʥʦʝ 

ʧʦʩʪʨʦʝʥʠʝ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʜʝʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʉɺʏ ʩʠʛʥʘʣʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ 

ʢʘʩʢʘʜʘʭ ʤʘʣʦʡ ʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ (ʘ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ (ʙ)  ʩʭʝʤʳ ʤʦʜʫʣʷ ʉɺʏ ʥʘ ʜʠʦʜʘʭ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʤʝʥʷʝʤʳʭ ʉɺʏ-ʜʠʦʜʦʚ ʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʠʟʤʝʨʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʩ ʯʘʩʪʦʪʦʡ ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ ʛʠʛʘʛʝʨʮ. ʆʛʨʘʥʠʯʝʥʠʷ 

ʙʫʜʫʪ ʢʘʩʘʪʴʩʷ ʜʠʘʧʘʟʦʥʘ ʤʝʞʜʫ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʘʤʠ ʧʦ ʯʘʩʪʦʪʝ (ʥʘʧʨʠʤʝʨ, 1ï2ɻɻʮ, 

2ï5ɻɻʮ, 3ï8ɻɻʮ, 5ï10ɻɻʮ ʠ ʪ.ʧ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʠʝ ʘʜʘʧʪʝʨʦʚ ʜʣʷ ʋʉʂɼ çʂʨʦʥʘè 

ʧʦ ʧʨʠʥʮʠʧʫ ʜʚʫʭʢʘʩʢʘʜʥʦʛʦ ʉɺʏ-ʤʦʜʫʣʷ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʥʦʤʝʥʢʣʘʪʫʨʫ 

ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʀʧʧʦʣʠʪʦʚ ʉ.ɺ., ʂʫʯʝʚʩʢʠʡ ɺ.ʃ., ʖʜʠʥ ɺ.ʊ. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ. ï ɺʦʨʦʥʝʞ: ɺɸʀʋ, 

2011. ï 240 ʩ. 
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3. ɿʘʛʦʨʦʜʥʠʡ ɸ.ʉ., ʏʝʨʝʧʘʥʦʚ ɸ.ɺ. ɼʝʪʝʢʪʦʨʳ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʉɺʏ ʢʦʤʧʘʥʠʠ çʄʠʢʨʘʥè // ʉɺʏ-
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ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʣʠʥʟʦʚʳʭ ʘʥʪʝʥʥ, ʘ ʪʘʢʞʝ ʚʘʨʠʘʥʪʳ ʠʭ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ ʚʦʝʥʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʥʟʦʚʘʷ ʘʥʪʝʥʥ, ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʣʠʥʟʘ ʃʶʥʝʙʝʨʛʘ, ʨʘʜʠʦʥʘʚʠʛʘʮʠʷ, 
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FEATURES OF LENS ANTENNAS AND THEIR APPLICATIONS IN CIVIL AND MILITARY SPHERES  
 

Galkin N.S., Lisitsky D.A., Polikarkina O.N., Bredikhina E.V. 
MECS of AF çAFA named after professor N.E. Zhukovsky and Yu.A. Gagarin è, Voronezh 

 

Various types of lens antennas are considered, as well as options for their civil and military use. 

Keywords: lens antenna, radiation pattern, Luneberg lens, radionavigation, radar. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʥʟʦʚʳʭ ʘʥʪʝʥʥ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʠ ʚʦʝʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ, ʰʠʨʦʢʦʫʛʦʣʴʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʩʣʦʞʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʠʥʟʳ, ʥʘʣʠʯʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʠʟ-ʟʘ 

ʤʘʩʩʳ ʣʠʥʟʳ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʨʘʟʨʘʙʦʪʢʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ, ʚʢʣʶʯʘʷ ʣʠʥʟʦʚʳʝ ʘʥʪʝʥʥʳ, ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ. 

ʏʪʦ ʞʝ ʪʘʢʦʝ ʣʠʥʟʦʚʘʷ ʘʥʪʝʥʥʘ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʣʠʥʟʳ ʠ 

ʦʙʣʫʯʘʪʝʣʷ. ʃʠʥʟʦʚʳʝ ʘʥʪʝʥʥʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʟʢʠʭ ʜʠʘʛʨʘʤʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ.  

ʃʠʥʟʦʚʳʝ ʘʥʪʝʥʥʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʬʦʢʫʩʠʨʫʶʱʠʝ ʘʥʪʝʥʥʳ (ʣʠʥʟʳ) ʠ ʣʠʥʟʦʚʳʝ 

ʘʥʪʝʥʥʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʠʧʘ. ʌʦʢʫʩʠʨʫʶʱʠʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʟʘʤʝʜʣʷʶʱʫʶ, ʫʩʢʦʨʷʶʱʫʶ, ʘʥʪʝʥʥʳ (ʣʠʥʟʳ) ʩ ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʣʦʤʣʝʥʠʷ ʠ 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʣʠʥʟʳ, ʢʘʞʜʳʝ ʠʟ ʢʦʪʦʨʳʭ ʜʝʣʷʪʩʷ ʥʘ ʧʦʜʚʠʜʳ. ɿʘʤʝʜʣʷʶʱʠʝ ʣʠʥʟʳ ʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʜʳʨʯʘʪʫʶ ʠ ʤʝʪʘʣʣʦʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʋʩʢʦʨʷʶʱʠʝ 

ʣʠʥʟʳ ʥʘ ʤʝʪʘʣʣʦ-ʜʳʨʯʘʪʳʝ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ɽ-ʧʣʦʩʢʦʩʪʥʫʶ ʠ ʅ-

ʧʣʦʩʢʦʩʪʥʫʶ. ɸʥʪʝʥʥʳ (ʣʠʥʟʳ) ʩ ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʣʦʤʣʝʥʠʷ ʜʝʣʷʪʩʷ ʥʘ 

ʣʠʥʟʳ ʃʶʥʝʙʝʨʛʘ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʷʪʩʷ ʥʘ ʩʬʝʨʠʯʝʩʢʫʶ ʠ ʣʠʥʟʫ ʢʨʫʛʦʚʦʛʦ 

ʮʠʣʠʥʜʨʘ, ʘ ʪʘʢʞʝ ʣʠʥʟʫ ʈʘʡʤʭʘʨʪʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʧʦʜʚʠʜʦʚ ʘʥʪʝʥʥʳ (ʣʠʥʟʳ) ʩ ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʨʝʣʦʤʣʝʥʠʷ - ʣʠʥʟʫ ʃʶʥʝʙʝʨʛʘ. ʃʠʥʟʘ ʃʶʥʝʙʝʨʛʘ (ʃʃ) ï ʦʙʲʝʤʥʘʷ ʩʬʝʨʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ. 

ʄʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʰʠʨʦʢʦʫʛʦʣʴʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʤʥʦʛʦʣʫʯʝʚʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ. ʆʪʣʠʯʘʝʪʩʷ ʫʤʝʨʝʥʥʳʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʃʠʥʟʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʫʜʘʣʝʥʥʦʛʦ ʦʙʣʫʯʘʪʝʣʷ: ʩʦʚʤʝʱʝʥʠʝ ʵʪʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩ 

ʘʥʪʝʥʥʳʤ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʧʦʜʘʚʣʝʥʠʷ ʦʪʨʘʞʝʥʠʷ ʦʪ ʤʝʩʪʥʳʭ ʧʨʝʜʤʝʪʦʚ ʠʣʠ 

ʠʩʪʦʯʥʠʢʦʚ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʦʤʝʭ. ɻʝʦʤʝʪʨʠʷ ʣʠʥʟʳ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʤʦʥʪʠʨʦʚʘʪʴ ʝʝ ʥʘ 

ʢʦʨʧʫʩ ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʃʃ ʚʧʝʨʚʳʝ ʦʧʠʩʘʣ ʥʝʤʝʮʢʠʡ ʤʘʪʝʤʘʪʠʢ ʈʫʜʦʣʴʬ ʂʘʨʣ ʃʶʥʝʙʝʨʛ 

(1903-1949) ʚ ʨʘʙʦʪʝ çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʦʧʪʠʢʠè. ʀʟ ʥʘʟʚʘʥʠʷ ʩʘʤʦʡ ʨʘʙʦʪʳ ʧʦʥʷʪʥʦ, 

ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʪʘʢʘʷ ʣʠʥʟʘ ʜʦʣʞʥʘ ʙʳʣʘ ʨʘʙʦʪʘʪʴ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʦʣʛʦʝ ʚʨʝʤʷ 

ʣʠʥʟʘ ʃʶʥʝʙʝʨʛʘ ʦʩʪʘʚʘʣʘʩʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʢʫʨʴʝʟʦʤ, ʧʦʢʘ ʚ ʥʘʯʘʣʝ 1960-ʭ 

ʛʦʜʦʚ ʝʝ ʥʝ ʧʨʠʤʝʥʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʣʫʯʘ ʚ ʘʤʝʨʠʢʘʥʩʢʦʤ ʨʘʜʘʨʝ AN/SPG-59 ï 

ʦʜʥʦʤ ʠʟ ʧʝʨʚʳʭ ʚ ʤʠʨʝ ʨʘʜʘʨʦʚ ʩ ʬʘʟʠʨʦʚʘʥʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʦʡ (ʌɸʈ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʦʢʦʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʝʥʥ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ, ʨʘʜʠʦʣʦʢʘʮʠʠ, ʨʘʜʠʦʧʨʦʪʠʚʦʜʝʡʩʪʚʠʠ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘʭ 

ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʥʘʟʝʤʥʦʡ ʨʘʜʠʦʩʚʷʟʠ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʘʥʪʝʥʥʘ ʈʃʉ çʅʝʤʘʥ-ʇè, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɼʘʥʥʘʷ ʈʃʉ ʧʨʦʝʢʪʠʨʦʚʘʣʘʩʴ ʢʘʢ ʩʪʘʥʮʠʷ ʦʙʥʘʨʫʞʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʩʝʣʝʢʮʠʠ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʩʪʨʝʣʴʙʦʚʦʛʦ ʣʦʢʘʪʦʨʘ ʩʠʩʪʝʤ ʇʈʆ ʄʦʩʢʚʳ. 

ʅʘ ʩʝʛʦʜʥʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʃʃ ï ʦʨʛʘʥʠʟʘʮʠʷ ʩʚʷʟʠ 

ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚʘʨʠʘʥʪ 

ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʃʃ ʧʨʠ ʨʘʙʦʪʝ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ 
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ʈʠʩʫʥʦʢ 1 ï ʈʃʉ çʅʝʤʘʥ-ʇè ʈʠʩʫʥʦʢ 2 ï ɺʘʨʠʘʥʪ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʃʃ 

 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʥʟʳ 

ʃʶʥʝʙʝʨʛʘ ʚ ʢʘʯʝʩʪʚʝ ʩʧʫʪʥʠʢʦʚʦʡ 

ʘʥʪʝʥʥʳ ʥʘ ʧʦʝʟʜʝ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʘ, ʫʩʪʘʥʦʚʢʘ ʣʠʥʟʦʚʦʡ 

ʘʥʪʝʥʥʳ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʣʘʚʥʦʝ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʝʨʝʜʘʶʱʝʡ ʩʪʘʥʮʠʠ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʪʝʤ ʩʘʤʳʤ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ 

ʩʪʘʙʠʣʴʥʫʶ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ. 

ʃʠʥʟʦʚʳʝ ʘʥʪʝʥʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ: 

- ɺ ʢʘʯʝʩʪʚʝ ʢʦʣʣʠʤʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩ  
 

ʈʠʩʫʥʦʢ 3 ï ʃʃ ʥʘ ʢʦʨʧʫʩʝ ʧʦʝʟʜʘ 

ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʧʫʪʥʠʢʦʚʳʝ ʘʥʪʝʥʥʳ, ʨʘʜʠʦʪʝʣʝʩʢʦʧʳ 

ʠ ʨʘʜʘʨʳ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

- ɺ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʉɺʏ-ʫʩʪʨʦʡʩʪʚʘʭ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ). ʃʠʥʟʦʚʳʝ ʘʥʪʝʥʥʳ ʫʜʦʙʥʳ ʧʨʠ ʨʘʙʦʪʝ ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ 

ʯʘʩʪʦʪ (ʙʝʟ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

- ɺ ʛʨʘʞʜʘʥʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʣʠʥʟʳ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʢʨʳʰʘʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʩʧʫʪʥʠʢʦʚʦʤʫ ʨʘʜʠʦʢʘʥʘʣʫ. ʊʘʢʞʝ 

ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʣʝʞʝʥʠʷ, ʛʜʝ ʩʧʫʪʥʠʢ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. 
ʇʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʣʠʥʟʦʚʳʭ ʘʥʪʝʥʥ ʚ 

ɺʦʦʨʫʞʝʥʥʳʭ ʩʠʣʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʨʘʜʠʦʩʪʘʥʮʠʷ ʈ-431-ɸʄ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʥʦʛʦʠʥʪʝʨʚʘʣʴʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ 

ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 

ʧʝʨʝʜʘʯʠ 34 ʄʙʠʪ/ʩ, 155 ʄʙʠʪ/ʩ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʨʘʜʠʦʜʦʩʪʫʧʘ ʚ ʧʦʣʝʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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ʆʧʪʠʤʠʟʘʮʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʬʝʨʳ ʜʠʟʘʡʥʝʨʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ. ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʦʪʤʝʯʘʝʪʩʷ ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ. ʇʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ 

ʀʥʪʝʨʥʝʪʘ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʠ ʩʧʦʩʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʣʶʜʴʤʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʭʦʜʝ ʛʣʦʙʘʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ ʚʦʟʥʠʢʘʝʪ 

ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʯʝʣʦʚʝʢ ʩʫʱʝʩʪʚʫʝʪ, ʠ ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʝʜʠʥʠʮ, ʪʘʢʠʭ ʢʘʢ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ [3]. 

ɼʠʟʘʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʝʢʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʯʝʪʘʝʪ ʥʘʫʯʥʳʝ 

ʧʨʠʥʮʠʧʳ ʩ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤʠ ʚ ʝʜʠʥʦʤ ʧʨʦʝʢʪʥʦʤ ʦʙʨʘʟʝ, ʩʦʟʜʘʚʘʷ ʵʬʬʝʢʪ, ʥʝʜʦʩʪʫʧʥʳʡ ʚ 

ʨʘʤʢʘʭ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɻʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ 

ʚʳʨʘʞʝʥʠʷ ʵʤʦʮʠʡ. 

ɼʠʟʘʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʛʨʘʥʥʦʝ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʯʝʪʘʥʠʝ ʛʫʤʘʥʠʪʘʨʥʳʭ, 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʦʭʚʘʪʳʚʘʶʱʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʥʷʪʥʦ ʣʶʜʷʤ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʶʪ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʟʘʢʘʟʯʠʢʦʤ ʠ ʜʠʟʘʡʥʝʨʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʪʨʝʙʠʪʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʮʝʥʠʚʘʶʪ ʧʨʦʜʫʢʪ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʧʝʨʩʧʝʢʪʠʚʳ, ʘ ʥʝ ʩ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ. ɿʘʢʘʟʯʠʢ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤ ʧʦʥʠʤʘʥʠʝʤ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʦʝʛʦ ʧʨʦʜʫʢʪʘ ʠ ʝʛʦ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʢʫʨʝʥʪʘʤʠ. 

ʆʙʨʘʪʠʚʰʠʩʴ ʢ ʜʠʟʘʡʥʝʨʫ ʟʘ ʧʦʤʦʱʴʶ, ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʝʜʘʪʴ ʝʤʫ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʠ ʟʘʪʝʤ 

ʜʦʚʝʨʠʪʴʩʷ ʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʥʘʚʳʢʘʤ [1]. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʢ ʙʳʩʪʨʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʠʩʧʦʣʥʠʪʝʣʝʤ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʟʘʜʘʯ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʜʝʣʘʝʪ 

ʦʧʪʠʤʠʟʘʮʠʶ ʢʨʘʡʥʝ ʚʘʞʥʦʡ. ʆʧʪʠʤʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ 

ʠʩʧʦʣʥʠʪʝʣʝʤ ʥʘ web-ʧʣʘʪʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [4]. 

ʉʪʨʫʢʪʫʨʘ web-ʧʣʘʪʬʦʨʤʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʝʸ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ ʠ ʵʣʝʤʝʥʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʜʦʙʩʪʚʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ [5].  

ʋʩʧʝʭ ʣʶʙʦʛʦ ʜʠʟʘʡʥ-ʧʨʦʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʚʝʨʠʝʤ ʠ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʝʤ ʤʝʞʜʫ 

ʢʣʠʝʥʪʦʤ ʠ ʠʩʧʦʣʥʠʪʝʣʝʤ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʠʪʦʛ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʦʥʠ 

ʩʤʦʛʫʪ ʜʦʩʪʠʯʴ ʩʦʛʣʘʩʠʷ. ʇʦʩʢʦʣʴʢʫ ʟʘʢʘʟʯʠʢʠ ʷʚʣʷʶʪʩʷ ʚʟʨʦʩʣʳʤʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ 

ʣʠʯʥʦʩʪʷʤʠ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʚʠʜʝʥʠʝʤ ʤʠʨʘ, ʠʤʝʥʥʦ ʜʠʟʘʡʥʝʨ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 

ʥʘʣʘʞʠʚʘʥʠʝ ʵʪʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ [7]. ɼʠʟʘʡʥʝʨ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ: ʢʘʢ 
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ʫʩʪʘʥʦʚʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩ ʢʣʠʝʥʪʦʤ, ʢʘʢ ʦʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ ʩ ʟʘʢʘʟʯʠʢʦʤ, ʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʝʛʦ ʪʨʝʙʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʦʙʦʩʥʦʚʳʚʘʪʴ ʩʚʦʠ ʜʠʟʘʡʥʝʨʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦ ʟʘʱʠʱʘʪʴ ʧʨʦʝʢʪ [6]. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʜʦʩʪʫʧʥʦ ʦʙʲʷʩʥʠʪʴ ʟʘʢʘʟʯʠʢʫ ʢʦʥʮʝʧʮʠʶ ʜʠʟʘʡʥʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʠʩʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʜʠʘʣʦʛʘ ʤʝʞʜʫ ʜʠʟʘʡʥʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ. 

ɺ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʝʨʘ ʪʚʦʨʯʝʩʪʚʦ ʠ ʤʝʥʝʜʞʤʝʥʪ ʪʝʩʥʦ 

ʧʝʨʝʧʣʝʪʘʶʪʩʷ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʕʪʘ ʢʦʤʤʫʥʠʢʘʪʠʚʥʘʷ ʬʫʥʢʮʠʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʟʘʢʘʟʯʠʢʦʤ ʠ ʠʩʧʦʣʥʠʪʝʣʝʤ. ɺ ʭʦʜʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʥʠ ʜʦʣʞʥʳ ʜʝʣʠʪʴʩʷ ʩʚʦʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ, ʠʜʝʷʤʠ, ʠʥʪʝʨʝʩʘʤʠ, 

ʥʘʩʪʨʦʝʥʠʷʤʠ ʠ ʵʤʦʮʠʷʤʠ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʤʝʥʫ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʥʦ ʠ ʚʝʜʝʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʱʝʛʦ ʩʤʳʩʣʘ, ʠʜʝʠ ʠ ʢʦʥʮʝʧʮʠʠ [7]. ʕʪʦ 

ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠʥʷʪʘ, ʥʦ ʠ ʧʦʥʷʪʘ ʠ ʦʩʤʳʩʣʝʥʘ. 

ɼʠʟʘʡʥ ʟʘʚʠʩʠʤ ʦʪ ʚʢʫʩʦʚ ʠ ʞʝʣʘʥʠʡ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʢʘʟʯʠʢʘ, ʢʦʪʦʨʳʡ ʩʣʘʙʦ ʟʥʘʢʦʤ ʩ 

ʜʠʟʘʡʥʦʤ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʝʨʘ ʠ 

ʟʘʢʘʟʯʠʢʘ ʩʧʝʮʠʘʣʠʩʪʳ ʠʱʫʪ ʚʳʭʦʜ ʠʟ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ. ʊʘʢ ɻʝʦʨʛʠʝʚʳʤ ɽ.ʇ., ʩʪʫʜʝʥʪʦʤ 1 

ʢʫʨʩʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ çɻʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥʝʨè ʉʇʙ ɻɹʇʆʋ çɸʢʘʜʝʤʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʦʡ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʝʯʘʪʠè, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʝʢʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʢʘʟʯʠʢʦʤ ʠ ʠʩʧʦʣʥʠʪʝʣʝʤ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ web-

ʧʣʘʪʬʦʨʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʩʢʠʟʦʚ, ʯʝʨʥʦʚʠʢʦʚ ʠ ʟʘʤʝʪʦʢ ʜʠʟʘʡʥʘ, ʢʦʪʦʨʳʝ ʟʘʢʘʟʯʠʢ ʞʝʣʘʝʪ ʚʠʜʝʪʴ.   

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʝʨʚʳʭ ʯʝʨʥʦʚʳʭ 

ʚʝʨʩʠʡ ʜʠʟʘʡʥʘ ʠ ʫʩʢʦʨʝʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʦʱʝʥʠʷ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʟʘʢʘʟʯʠʢʦʤ ʠ ʜʠʟʘʡʥʝʨʦʤ ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʘ.  

ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʙʣʝʛʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ ʠʜʝʡ ʟʘʢʘʟʯʠʢʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʪʦʯʥʦʤʫ ʠ ʚʝʨʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʠ ʟʘʢʘʟʦʚ. 

ʇʨʦʝʢʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʣʶʜʝʡ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʛʣʫʙʦʢʠʤʠ ʟʥʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʜʠʟʘʡʥʘ ʠ ʥʝ ʧʦʥʠʤʘʶʱʠʭ, ʩ ʯʝʛʦ ʥʘʯʘʪʴ ʠ ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʨʷʜʦʚʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʣʝʛʢʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, 

ʜʦʙʘʚʣʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ ʠ ʚʥʦʩʠʪʴ ʠʩʧʨʘʚʣʝʥʠʷ. ɼʘʞʝ ʪʝ, ʢʪʦ ʨʝʜʢʦ ʧʦʣʴʟʫʝʪʩʷ 

ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʩʤʦʛʫʪ ʧʦʥʠʤʘʪʴ ʠ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʚʦʠ ʧʦʞʝʣʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʦʪ ʥʠʭ ʪʨʝʙʫʝʪʩʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʚʣʝʯʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʪʚʦʨʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʬʦʨʤʠʨʫʝʪ ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʨʘʙʦʪʝ ʜʠʟʘʡʥʝʨʘ.    

ʀʥʪʝʨʬʝʡʩ ʢʦʥʩʪʨʫʢʪʦʨʘ ʨʘʟʨʘʙʦʪʘʥ ʩ ʫʯʝʪʦʤ ʧʨʠʥʮʠʧʦʚ ʧʨʦʩʪʦʪʳ ʠ ʫʜʦʙʩʪʚʘ. 

ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ çʤʫʣʴʪʠʪʫʣʦʚè (çʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʦʚè), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʥʫʞʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʤʳʰʠ. ɺʩʝ ʛʦʨʷʯʠʝ ʢʣʘʚʠʰʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʵʢʨʘʥʝ, ʥʝ ʤʝʰʘʷ 

ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʇʨʠ ʥʘʚʝʜʝʥʠʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ çʪʫʪʦʨʠʘʣʳè 

(çʦʙʫʯʘʶʱʝʝ ʧʦʩʦʙʠʝè ʠʣʠ çʠʥʩʪʨʫʢʮʠʷè), ʢʦʪʦʨʳʝ ʧʦʰʘʛʦʚʦ ʦʙʲʷʩʥʷʶʪ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʨʘʙʦʪʦʡ ʢʦʥʩʪʨʫʢʪʦʨʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʩʳʣʢʘ ʥʘ ʩʪʨʘʥʠʮʫ ʩ ʧʦʜʨʦʙʥʳʤʠ ʦʙʲʷʩʥʝʥʠʷʤʠ. 

Web-ʧʣʘʪʬʦʨʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʜʠʟʘʡʥʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʧʦʣʫʯʘʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʠ ʥʘʚʳʢʠ ʙʝʟ ʫʯʘʩʪʠʷ ʜʠʟʘʡʥʝʨʘ.  

ʉʠʩʪʝʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʟʘʢʘʟʯʠʢʫ ʦʩʪʘʚʣʷʪʴ ʢʦʤʤʝʥʪʘʨʠʠ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

ʧʦ ʧʨʦʝʢʪʫ. ʇʣʘʪʬʦʨʤʘ ʪʘʢʞʝ ʩʦʙʠʨʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʝʥʥʦʤ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ, ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʜʠʟʘʡʥʝʨʘ.  

ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʟʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʛʨʫʞʘʪʴ ʩʦʚʩʝʤ ʧʨʦʩʪʳʝ ʨʘʙʦʪʳ ʜʣʷ 

ʣʠʯʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʩʝʨʚʠʩ ʙʫʜʝʪ ʚ ʵʪʦʤ ʧʦʤʦʛʘʪʴ, ʙʫʜʫʪ ʧʦʜʛʦʪʦʚʣʝʥʳ ʥʫʞʥʳʝ ʬʘʡʣʳ ʚ 
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ʬʦʨʤʘʪʝ, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʚʳʙʨʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ (PNG, JPEG, ʠ ʪ.ʧ.). ɽʩʣʠ ʞʝ ʟʘʜʘʯʘ 

ʩʣʠʰʢʦʤ ʩʣʦʞʥʘʷ ʩʦʟʜʘʸʪʩʷ ʟʘʢʘʟ, ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʬʨʠʣʘʥʩ-ʧʣʘʪʬʦʨʤʝ (ʯʘʩʪʴ 

ʩʘʡʪʘ/ʧʣʘʪʬʦʨʤ) ʛʜʝ ʜʠʟʘʡʥʝʨʳ ʩʤʦʛʫʪ ʦʪʢʣʠʢʘʪʴʩʷ ʥʘ ʟʘʢʘʟʳ, ʚʳʧʦʣʥʷʪʴ ʩ ʧʦʣʥʳʤ 

ʧʦʥʠʤʘʥʠʝʤ, ʪʘʢ ʢʘʢ ʫ ʥʠʭ ʝʩʪʴ çʯʝʨʥʦʚʠʢè, ʠ ʚʩʸ ʪʦ, ʯʪʦ ʦʧʠʩʘʥʦ ʨʘʥʥʝʝ. ɹʫʜʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʚʷʟʳʚʘʪʴʩʷ ʯʝʨʝʟ ʵʪʫ ʞʝ ʧʣʘʪʬʦʨʤʫ ʩ ʟʘʢʘʟʯʠʢʦʤ ʧʦʢʘʟʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʜʘʚʘʪʴ ʨʘʙʦʪʫ 

ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʩʘʡʪʘ (ʩʘʤʘ ʨʘʙʦʪʘ ʚ ʥʫʞʥʦʤ ʬʦʨʤʘʪʝ, ʦʧʠʩʘʥʠʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʠ 

ʬʘʡʣʳ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʩʘʡʪʘ) ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʝ ʚʦʟʥʠʢʘʣʦ ʥʝʜʦʧʦʥʠʤʘʥʠʷ ʩ ʟʘʢʘʟʯʠʢʦʤ. ʅʘ 

ʩʘʡʪʝ ʩʦʟʜʘʝʪʩʷ ʯʘʪ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʟʘʛʨʫʟʢʝ ʬʘʡʣʦʚ ʤʠʥʠʤʘʣʴʥʳ, ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʢʘʟʯʠʢʘ ʠ ʜʠʟʘʡʥʝʨʘ. 

ʀʥʪʝʛʨʘʮʠʷ ʢʦʥʩʪʨʫʢʪʦʨʘ ʠ ʬʨʠʣʘʥʩ-ʧʣʘʪʬʦʨʤʳ ʫʧʨʦʱʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʟʘʢʘʟʯʠʢʦʤ ʠ ʜʠʟʘʡʥʝʨʦʤ. ʏʝʨʥʦʚʠʢ ʩʣʫʞʠʪ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʷʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʢʣʠʝʥʪʘ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʙʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʢʦʤʘʥʜʝ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʪ ʝʝ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʢʘʯʝʩʪʚʘ, ʫʜʦʙʩʪʚʘ ʠ ʧʦʥʷʪʥʦʩʪʠ, ʘ ʟʘʪʝʤ ʧʝʨʝʜʘʜʫʪ ʟʘʢʘʟʯʠʢʫ. 

ʈʘʙʦʪʫ ʥʘ web-ʧʣʘʪʬʦʨʤʝ ʤʦʞʥʦ ʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʤʝʨʦʤ 

(ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ): 

1. ʇʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ ʚʳ ʚʣʘʜʝʣʝʮ ʥʝʙʦʣʴʰʦʛʦ ʩʪʘʨʪʘʧʘ, ʟʘʥʠʤʘʶʱʝʛʦʩʷ 

ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʋ ʚʘʩ ʝʩʪʴ ʠʜʝʷ ʜʣʷ ʥʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʥʦ ʚʳ ʥʝ 

ʟʥʘʝʪʝ, ʢʘʢ ʝʝ ʧʨʘʚʠʣʴʥʦ ʦʬʦʨʤʠʪʴ. ɺʳ ʥʘʭʦʜʠʪʝ ʥʘʰ ʧʨʦʝʢʪ ʠ ʨʝʰʘʝʪʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʝʛʦ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ɿʘʡʜʷ ʥʘ ʩʘʡʪ, ʚʳ ʩʨʘʟʫ ʞʝ ʦʙʨʘʱʘʝʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʝʛʦ ʧʨʠʷʪʥʳʡ ʠ ʵʥʝʨʛʠʯʥʳʡ 

ʜʠʟʘʡʥ, ʢʦʪʦʨʳʡ ʧʨʠʚʣʝʢʘʝʪ ʚʘʰʝ ʚʥʠʤʘʥʠʝ. ʉʘʡʪ ʚʳʧʦʣʥʝʥ ʧʦ ʧʨʠʥʮʠʧʫ ʩʣʦʸʥʦʛʦ ʧʠʨʦʛʘ: 

ʩʥʘʯʘʣʘ ʚʳ ʚʠʜʠʪʝ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʤʧʘʥʠʠ, ʝʝ ʤʠʩʩʠʠ ʠ ʮʝʣʷʭ, ʘ ʟʘʪʝʤ ʧʝʨʝʭʦʜʠʪʝ ʢ 

ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʤ ʜʝʪʘʣʷʤ. ɺʳ ʫʟʥʘʝʪʝ ʦ ʪʦʤ, ʢʘʢ ʠʤʝʥʥʦ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʨʘʙʦʪʘ ʥʘʜ ʚʘʰʠʤ 

ʧʨʦʝʢʪʦʤ, ʯʪʦ ʚʳ ʤʦʞʝʪʝ ʩʦʟʜʘʪʴ ʟʘʢʘʟ, ʥʘ ʢʦʪʦʨʳʡ ʤʦʛʫʪ ʦʪʢʣʠʢʥʫʪʩʷ ʜʠʟʘʡʥʝʨʳ, ʧʨʠʯʝʤ ʪʝ, 

ʢʦʪʦʨʳʭ ʚʳʙʝʨʝʪʝ ʠʤʝʥʥʦ ʚʳ. ʋʚʠʜʠʪʝ ʧʨʠʤʝʨʳ ʫʞʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʠ ʧʦʣʫʯʠʪʝ 

ʥʝʙʦʣʴʰʫʶ ʩʚʦʜʢʫ ʧʦ ʛʨʘʬʠʯʝʩʢʦʤʫ ʜʠʟʘʡʥʫ: ʯʪʦ ʵʪʦ ʪʘʢʦʝ ʠ ʢʘʢ ʵʪʦ ʨʘʙʦʪʘʝʪ. 

ʇʦʩʣʝ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʦʩʥʦʚʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚʳ ʧʝʨʝʭʦʜʠʪʝ ʢ ʢʦʥʩʪʨʫʢʪʦʨʫ. ɺʘʩ 

ʚʩʪʨʝʯʘʝʪ ʥʝʟʥʘʢʦʤʳʡ ʠʥʪʝʨʬʝʡʩ, ʥʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʣʦʛʦʪʠʧ 

ʢʦʤʧʘʥʠʠ ʩʘʡʪʘ. ɺʩʝʛʦ ʟʘ ʧʘʨʫ ʧʨʦʩʪʳʭ ʰʘʛʦʚ ʚʳ ʩʦʟʜʘʸʪʝ ʣʦʛʦʪʠʧ ʠ ʟʥʘʢʦʤʠʪʝʩʴ ʩ 

ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ.  

ɿʘʪʝʤ ʫ ʚʘʩ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ, ʭʦʪʠʪʝ ʣʠ ʚʳ ʩʜʝʣʘʪʴ ʙʦʣʴʰʦʡ ʟʘʢʘʟ ʠʣʠ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʥʝʙʦʣʴʰʠʤ ʧʨʦʝʢʪʦʤ. ʅʘʧʨʠʤʝʨ, ʚʳ ʤʦʞʝʪʝ ʟʘʢʘʟʘʪʴ ʣʦʛʦʪʠʧ, ʚʠʟʠʪʢʫ ʠ 

ʙʘʥʥʝʨ. ɺʳ ʥʘʙʨʘʩʳʚʘʝʪʝ ʩʚʦʠ ʠʜʝʠ ʚʩʝʛʦ ʟʘ ʧʘʨʫ ʤʠʥʫʪ, ʢʦʥʩʪʨʫʢʪʦʨ ʚʘʤ ʚ ʵʪʦʤ ʧʦʤʦʛʘʝʪ, ʠ 

ʚʦʪ ʫʞʝ ʛʦʪʦʚʳʡ ʯʝʨʥʦʚʠʢ, ʢʦʪʦʨʳʡ ʧʦʡʤʸʪ ʣʶʙʦʡ ʜʠʟʘʡʥʝʨ ʠ ʩʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʪʘʢ, 

ʢʘʢ ʭʦʪʠʪʝ ʠʤʝʥʥʦ ʚʳ. 

ɼʘʣʝʝ ʫ ʚʘʩ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʣʠʙʦ ʚʳʛʨʫʟʠʪʴ ʨʘʙʦʪʫ, ʝʩʣʠ ʦʥʘ ʧʨʦʩʪʘʷ ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʘ, ʣʠʙʦ ʩʦʟʜʘʪʴ ʟʘʢʘʟ. ɺ ʦʢʥʝ ʩʦʟʜʘʥʠʷ ʟʘʢʘʟʘ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʜʦʣʞʝʥ ʙʫʜʝʪ ʜʦʙʘʚʠʪʴ ʧʠʩʴʤʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʜʠʟʘʡʥ-ʧʨʦʝʢʪʘ ʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʠʢʨʝʧʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʠ çʨʝʬʝʨʝʥʩʳè, ʢʦʪʦʨʳʝ ʝʱʸ ʣʫʯʰʝ ʦʙʣʝʛʯʘʪ ʧʦʥʠʤʘʥʠʝ ʟʘʜʘʯʠ 

ʜʠʟʘʡʥʝʨʫ. ɿʘʢʘʟ ʩʦʟʜʘʥ, ʦʥ ʚʳʛʨʫʞʘʝʪʩʷ ʥʘ ʬʨʠʣʘʥʩ-ʧʣʘʪʬʦʨʤʫ, ʛʜʝ ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴʩʷ 

ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʜʝʪʘʣʠ ʠʟ ʚʩʝʛʦ ʯʝʨʥʦʚʠʢʘ ʠ ʟʘʢʘʟʘ, ʯʪʦʙʳ ʜʠʟʘʡʥʝʨ ʥʝ ʥʘʯʠʥʘʣ ʚʳʧʦʣʥʷʪʴ 

ʨʘʙʦʪʫ ʩʨʘʟʫ, ʘ ʙʳʣ ʚʳʥʫʞʜʝʥ ʦʪʢʣʠʢʥʫʪʴʩʷ ʠ ʩʚʷʟʘʪʴʩʷ ʩ ʟʘʢʘʟʯʠʢʦʤ. 

2. ɼʣʷ ʜʠʟʘʡʥʝʨʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʦʪʜʝʣʴʥʘʷ ʩʪʨʘʥʠʮʘ ï çʬʨʠʣʘʥʩ ʧʣʘʪʬʦʨʤʘè. ɿʘʡʜʷ 

ʥʘ ʥʝʸ, ʚʳ ʫʚʠʜʠʪʝ ʩʧʠʩʦʢ ʨʘʟʣʠʯʥʳʭ ʟʘʢʘʟʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʝʪʝ ʚʳʙʨʘʪʴ ʠ ʦʪʢʣʠʢʥʫʪʴʩʷ. 

ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʧʳʪʥʳʭ ʜʠʟʘʡʥʝʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʚʝʨʠʬʠʢʘʮʠʶ: 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʢʫʤʝʥʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʣʠʯʥʦʩʪʴ, ʜʦʢʫʤʝʥʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ, ʧʨʠʢʨʝʧʠʪʴ 

ʨʘʙʦʪʳ ʠ ʦʧʠʩʘʪʴ ʩʚʦʡ ʦʧʳʪ. 

ɼʘʣʝʝ ʧʝʨʝʜ ʜʠʟʘʡʥʝʨʦʤ ʧʨʝʜʩʪʘʥʝʪ ʧʦʣʥʦʮʝʥʥʳʡ ʩʧʠʩʦʢ ʘʢʪʫʘʣʴʥʳʭ ʟʘʢʘʟʦʚ, 

ʢʦʪʦʨʳʝ ʝʞʝʯʘʩʥʦ ʦʙʥʦʚʣʷʶʪʩʷ. ɺʳ ʠʤʝʝʪʝ ʧʨʘʚʦ ʦʪʢʣʠʢʥʫʪʴʩʷ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʢʘʟʦʚ ʠ ʞʜʘʪʴ, ʢʦʛʜʘ ʟʘʢʘʟʯʠʢʠ ʚʳʙʝʨʫʪ ʠʤʝʥʥʦ ʚʘʩ. 
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ʂʦʛʜʘ ʚʳʙʠʨʘʶʪ ʚʘʩ, ʚʘʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʨʘʚʦ ʧʦʣʥʦʮʝʥʥʦ ʦʩʤʦʪʨʝʪʴ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ ʪʦ, ʯʪʦ ʦʧʠʩʘʣ, ʩʜʝʣʘʣ ʠ ʜʦʙʘʚʠʣ ʟʘʢʘʟʯʠʢ ʚ ʟʘʢʘʟ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʦʧʨʦʩʦʚ ʦʙʝ ʩʪʦʨʦʥʳ ʤʦʛʫʪ ʩʚʷʟʘʪʴʩʷ ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʡ ʚ ʧʣʘʪʬʦʨʤʫ ʯʘʪ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ 

ʜʝʣʠʪʴʩʷ ʠʣʣʶʩʪʨʘʮʠʷʤʠ ʠ ʥʫʞʥʳʤʠ ʬʘʡʣʘʤʠ. 

ɺʳ ʤʦʞʝʪʝ ʚʳʧʦʣʥʠʪʴ ʟʘʢʘʟ ʚ ʣʶʙʦʡ ʫʜʦʙʥʦʡ ʜʣʷ ʚʘʩ ʧʨʦʛʨʘʤʤʝ. ɺʩʝ ʬʘʡʣʳ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʥʫʞʥʳ ʜʣʷ ʟʘʢʘʟʯʠʢʘ, ʧʣʘʪʬʦʨʤʘ ʙʫʜʝʪ ʦʛʣʘʰʘʪʴ ʠ ʪʨʝʙʦʚʘʪʴ, ʯʪʦʙʳ ʙʳʣʦ 

ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʧʨʠ ʦʪʧʨʘʚʢʝ ʛʦʪʦʚʦʡ ʨʘʙʦʪʳ. 

ɼʠʟʘʡʥʝʨ ʟʘʚʝʨʰʠʣ ʨʘʙʦʪʫ, ʥʫʞʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʢʨʝʧʠʣ ʝʸ ʢ ʟʘʢʘʟʫ ʠ ʦʪʧʨʘʚʠʣ 

ʟʘʢʘʟʯʠʢʫ. ɿʘʢʘʟʯʠʢ ʚʩʝ ʧʦʩʤʦʪʨʝʣ, ʠ, ʝʩʣʠ ʥʫʞʥʦ ʙʫʜʝʪ, ʦʪʨʝʘʛʠʨʦʚʘʣ. ɽʩʣʠ ʥʠʢʘʢʠʭ 

ʠʩʧʨʘʚʣʝʥʠʡ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ, ʨʘʙʦʪʘ ʦʢʦʥʯʝʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʚʦʩʧʨʠʷʪʠʷ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʦʱʝʥʠʶ 

ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ. ʉʠʩʪʝʤʘ ʦʧʪʠʤʠʟʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʟʘʢʘʟʯʠʢʦʤ ʠ ʜʠʟʘʡʥʝʨʦʤ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʤ ʫʜʦʙʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʙʱʝʥʠʷ ʠ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʙʦʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʟʘʡʥʝʨ ʤʦʞʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʸ ʚʨʝʤʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʨʘʙʦʪʳ, ʪʘʢʦʡ ʢʘʢ 

ʩʦʟʜʘʥʠʝ ʢʦʥʮʝʧʮʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʤʘʢʝʪʦʚ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʰ ʧʨʦʝʢʪ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʣʠʝʥʪʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʠ 

ʧʨʦʩʪʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ, ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʠ ʠʜʝʠ, ʥʝ ʪʨʝʙʫʷ ʦʪ ʥʠʭ ʛʣʫʙʦʢʠʭ ʟʥʘʥʠʡ ʚ 

ʩʬʝʨʝ ʜʠʟʘʡʥʘ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʠ ʫʩʠʣʠʡ ʢʣʠʝʥʪʦʚ, ʧʦʟʚʦʣʷʷ ʠʤ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʨʘʟʚʠʪʠʠ ʩʚʦʝʛʦ ʙʠʟʥʝʩʘ. 

ʀʜʝʘʣʴʥʳʭ ʬʦʨʤʫʣ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʦʜʥʘʢʦ ʢ ʥʠʤ 

ʩʪʦʠʪ ʩʪʨʝʤʠʪʴʩʷ. ʃʠʰʴ ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʱʝʥʠʷ, ʚʦʟʤʦʞʥʦ, ʜʦʩʪʠʯʴ 

ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʠ ʠʥʪʝʨʝʩʥʳʝ ʧʨʦʝʢʪʳ, ʢʦʪʦʨʳʝ 

ʫʜʦʚʣʝʪʚʦʨʷʪ ʢʘʢ ʢʣʠʝʥʪʦʚ, ʪʘʢ ʠ ʩʘʤʠʭ ʜʠʟʘʡʥʝʨʦʚ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʢʫʣʴʪʫʨʘ ʀʥʪʝʨʥʝʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣʘ ʥʘ ʦʙʱʝʩʪʚʦ, 

ʬʦʨʤʠʨʫʷ ʩʠʩʪʝʤʫ ʮʝʥʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ web-ʧʣʘʪʬʦʨʤʘ, 

ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʴʥʦʛʦ ʘʩʧʝʢʪʘ ʩʝʪʠ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʭ ʚʦʩʧʨʠʷʪʠʝ ʤʠʨʘ, ʚʠʟʫʘʣʴʥʦʝ ʤʳʰʣʝʥʠʝ, ʚʢʫʩʦʚʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʠ 

ʵʩʪʝʪʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʠʟʘʡʥ-ʧʨʦʝʢʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʨʦʚʝʥʴ ʚʠʟʫʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʩʪʨʝʤʷʩʴ ʙʳʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʠ ʫʜʦʙʥʳʤʠ 

ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʟʥʘʥʠʡ ʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ. ɼʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʝʨʘ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʫʣʴʪʫʨʥʳʡ ʢʦʥʪʝʢʩʪ. ʆʥ ʜʦʣʞʝʥ ʧʨʦʷʚʣʷʪʴ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʠʟʘʡʥʝʨʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʩʦʟʜʘʚʘʪʴ 

ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʦʤ, ʙʳʪʴ ʚ ʢʫʨʩʝ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʠ 

ʥʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʜʠʟʘʡʥʝ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʪʴ ʟʥʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
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FORECASTING RADIO WAVE PROPAGATION IN 5G NETWORKS CONSIDERING  

TERRAIN  AND STATISTICAL PARAM ETERS: STUDY OF THE LONGLEY -RICE MODEL  
 

Getman M.V., Kolodeznaya G.V. 
FSBEI HE "DVGUPS", Khabarovsk 

 

This article examines the application of the Longley-Rice model to analyze the propagation of radio 
waves in different geographical conditions in the context of modern communication networks, especially 

taking into account the deployment of 5G technologies. The Longley-Rice model is an effective tool for 

assessing diffraction, scattering, absorption and other factors affecting communication quality. 

Keywords: 5G, radio frequency planning, communication network optimization, communication 

networks, coverage optimization, Longley-Rice model, radio wave propagation.  
 

ʈʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʘʜʠʦʚʦʣʥ ʚ ʩʝʪʷʭ 5G. 

ɺʦʣʥʳ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʭʥʦʣʦʛʠʠ 5G, ʙʦʣʝʝ ʥʘʧʨʘʚʣʝʥʥʳʝ ʠ ʤʝʥʴʰʝ 

ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʧʨʝʧʷʪʩʪʚʠʷ, ʯʝʤ ʚʦʣʥʳ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. ʇʦʵʪʦʤʫ ʨʝʣʴʝʬ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʢʘʯʝʩʪʚʦ ʩʠʛʥʘʣʘ ʠ ʧʦʢʨʳʪʠʝ ʩʝʪʠ. 

ɺ ʩʣʫʯʘʝ ʧʨʝʧʷʪʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʭʦʣʤʳ ʠʣʠ ʟʜʘʥʠʷ, ʩʠʛʥʘʣ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴʩʷ, 

ʧʨʝʣʦʤʣʷʪʴʩʷ ʠʣʠ ʧʦʛʣʦʱʘʪʴʩʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʝʥʝʚʳʭ ʟʦʥ ʠʣʠ 

ʦʩʣʘʙʣʝʥʠʶ ʩʠʛʥʘʣʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ. ʕʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʨʦʙʣʝʤʳ ʩ ʧʦʢʨʳʪʠʝʤ 

ʩʝʪʠ ʠ ʢʘʯʝʩʪʚʦʤ ʩʚʷʟʠ ʜʣʷ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʢʨʳʪʠʷ ʠ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ ʚ ʨʝʛʠʦʥʘʭ ʩ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʠʣʠʪʝʣʝʡ ʩʠʛʥʘʣʘ, ʥʘʩʪʨʦʡʢʘ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʝʥʥ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʨʝʣʴʝʬʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʪʠ [1,2].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʥʠʤʘʥʠʝ ʚʣʠʷʥʠʷ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʚ 

ʩʝʪʷʭ 5G ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʩʚʷʟʠ ʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʄʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ - ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʛʥʘʣʘ. ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ 

ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʝʝ: 

1. ɿʝʤʥʘʷ ʢʨʠʚʠʟʥʘ ʠ ʧʨʷʤʘʷ ʚʠʜʠʤʦʩʪʴ: ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʢʨʠʚʠʟʥʫ ɿʝʤʣʠ ʠ ʧʨʷʤʫʶ 

ʚʠʜʠʤʦʩʪʴ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢʦʤ ʢʘʢ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʘ. 

2.ʈʘʩʩʝʷʥʠʝ ʥʘ ʘʪʤʦʩʬʝʨʝ: ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʨʘʩʩʝʷʥʠʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮʘʭ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʘ. 

3. ɿʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ ʠ ʤʥʦʛʦʣʫʯʝʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʧʦʪʝʨʠ 

ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʟʘʪʫʭʘʥʠʷ ʠ ʤʥʦʛʦʣʫʯʝʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ 

ʩʚʷʟʠ. 
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4. ʋʯʝʪ ʜʠʬʨʘʢʮʠʠ ʠ ʦʪʨʘʞʝʥʠʡ: ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷʭ 

ʠ ʦʪʨʘʞʝʥʠʷʭ ʩʠʛʥʘʣʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʜʣʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʚʢʣʶʯʘʝʪ: 

1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʝʪʝʡ ʩʚʷʟʠ: ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʤʝʱʝʥʠʷ 

ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʠ ʘʥʪʝʥʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ. 

2. ʇʣʘʥʠʨʦʚʘʥʠʝ ʨʘʜʠʦʧʦʢʨʳʪʠʷ: ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʟʦʥʳ ʧʦʢʨʳʪʠʷ ʩʠʛʥʘʣʘ ʜʣʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʪʠ ʚ ʢʦʥʢʨʝʪʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

3. ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ: ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ, 

ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʩʝʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʩʚʷʟʠ, ʦʩʦʙʝʥʥʦ ʩ ʫʯʝʪʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [3]. 

ɸʥʘʣʠʟ ʦʩʣʘʙʣʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʢʦʥʪʝʢʩʪʝ ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ: ʜʠʬʨʘʢʮʠʠ, ʨʘʩʩʝʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ. ɼʘʚʘʡʪʝ 

ʨʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ: 

1. ɼʠʬʨʘʢʮʠʷ: ɼʠʬʨʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʷʚʣʝʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʣʥʳ ʠʟʛʠʙʘʶʪʩʷ ʚʦʢʨʫʛ 

ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʪʝʥʠ ʟʘ ʥʠʤʠ. ʄʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʫʯʠʪʳʚʘʝʪ 

ʜʠʬʨʘʢʮʠʶ ʢʘʢ ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʘ. ʇʨʠ ʜʠʬʨʘʢʮʠʠ ʥʘ 

ʧʨʝʧʷʪʩʪʚʠʷʭ ʩʠʛʥʘʣ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʟʘ ʥʠʭ ʠ ʜʦʩʪʠʛʘʪʴ ʧʨʠʝʤʥʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ. 

2. ʈʘʩʩʝʷʥʠʝ: ʈʘʩʩʝʷʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʦʪʨʘʞʝʥʠʷ ʠ ʨʘʩʩʝʠʚʘʥʠʷ ʨʘʜʠʦʚʦʣʥ 

ʥʘ ʤʝʣʢʠʭ ʦʙʲʝʢʪʘʭ ʚ ʘʪʤʦʩʬʝʨʝ, ʪʘʢʠʭ ʢʘʢ ʤʦʣʝʢʫʣʳ ʠ ʘʵʨʦʟʦʣʠ. ʄʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ 

ʫʯʠʪʳʚʘʝʪ ʨʘʩʩʝʷʥʠʝ ʢʘʢ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʟʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ ʠ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

3. ʇʦʛʣʦʱʝʥʠʝ: ʇʦʛʣʦʱʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʘʪʤʦʩʬʝʨʳ, ʪʘʢʠʤʠ ʢʘʢ ʢʠʩʣʦʨʦʜ, ʚʦʜʷʥʦʡ ʧʘʨ ʠ ʜʨʫʛʠʝ ʛʘʟʳ. 

ʄʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʫʯʠʪʳʚʘʝʪ ʧʦʪʝʨʠ ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʝʛʦ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ. 

ɸʥʘʣʠʟ ʦʩʣʘʙʣʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʫʯʝʪʦʤ ʜʠʬʨʘʢʮʠʠ, ʨʘʩʩʝʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʤʦʜʝʣʠ 

ʃʦʥʛʣʠ-ʈʘʡʩʘ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʘʤ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʩʝʪʝʡ ʩʚʷʟʠ ʦʮʝʥʠʪʴ ʧʨʝʧʷʪʩʪʚʠʷ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩʠʛʥʘʣ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʠ ʧʨʠʥʷʪʴ ʤʝʨʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʦʢʨʳʪʠʷ ʠ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ. ʆʙʲʝʜʠʥʝʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʧʦʤʦʛʘʝʪ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʢʨʫʞʘʶʱʠʭ ʩʨʝʜʘʭ ʠ 

ʫʩʣʦʚʠʷʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʝʡ 

ʩʚʷʟʠ[4]. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʢʣʶʯʝʚʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʩʣʦʚʠʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚʢʣʶʯʘʶʪ: 

1. ʄʝʜʠʘʥʥʘʷ ʟʘʜʝʨʞʢʘ: ʕʪʦ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʨʝʜʥʶʶ ʟʘʜʝʨʞʢʫ 

ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ. ɿʥʘʥʠʝ ʤʝʜʠʘʥʥʦʡ ʟʘʜʝʨʞʢʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ ʜʦ ʧʨʠʝʤʥʠʢʘ ʠ ʫʯʝʩʪʴ ʵʪʦ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʝʪʠ. 

2. ʉʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ: ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʦʪʨʘʞʘʝʪ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʩʠʛʥʘʣ 

ʦʩʣʘʙʣʷʝʪʩʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ. ɿʥʘʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ 

ʟʦʥʳ ʧʦʢʨʳʪʠʷ ʠ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʜʘʣʴʥʦʩʪʠ ʩʚʷʟʠ. 

3. ʀʟʤʝʥʯʠʚʦʩʪʴ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ: ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ 

ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʠ/ʠʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʨʠʝʤʘ. ʇʦʥʠʤʘʥʠʝ ʵʪʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʚʷʟʠ ʠ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʪʝʨʴ. 
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4. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʘ: ʆʥ ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʠʛʥʘʣʦʤ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɿʥʘʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʤʦʛʘʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. 

ɺʣʠʷʥʠʝ ʵʪʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ ʥʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʚʷʟʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʨʝʜʳ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʤʦʛʘʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʝʪʝʡ ʩʚʷʟʠ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʝʪʷʤʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ [5-7]. 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʝʪʝʡ 5G ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʥʘʜʝʞʥʦʡ ʩʚʷʟʠ ʠ ʫʣʫʯʰʝʥʠʷ ʦʙʱʝʛʦ ʦʧʳʪʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʚ ʢʦʥʪʝʢʩʪʝ ʩʝʪʝʡ 5G ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʚʷʟʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ]. ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ 

ʃʦʥʛʣʠ-ʈʘʡʩʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʝʡ 5G: 

1. ʇʣʘʥʠʨʦʚʘʥʠʝ ʨʘʜʠʦʧʦʢʨʳʪʠʷ: ʄʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʪʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʜʠʦʧʦʢʨʳʪʠʷ ʚ ʩʝʪʷʭ 5G. ʆʥʘ ʧʦʤʦʞʝʪ ʦʮʝʥʠʪʴ ʟʦʥʳ ʧʦʢʨʳʪʠʷ, 

ʫʯʝʩʪʴ ʜʠʬʨʘʢʮʠʶ, ʨʘʩʩʝʷʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʩʠʛʥʘʣʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʠʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʤʝʱʝʥʠʝ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʠ ʘʥʪʝʥʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

2. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ: ʄʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ 

ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. ʕʪʦ 

ʧʦʤʦʞʝʪ ʦʧʝʨʘʪʦʨʘʤ ʩʝʪʠ ʚʳʷʚʠʪʴ ʦʙʣʘʩʪʠ ʩ ʧʣʦʭʠʤ ʢʘʯʝʩʪʚʦʤ ʩʚʷʟʠ, ʧʨʝʜʧʨʠʥʷʪʴ ʤʝʨʳ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʩʚʷʟʴ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [7,8]. 

3. ʆʧʪʠʤʠʟʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ: ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ, ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʶ, ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʩʝʪʠ. 

4. ʋʯʝʪ ʚʣʠʷʥʠʷ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ: ʄʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʷʟʠ ʚ ʩʝʪʷʭ 5G ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʝʡ 5G ʦʙʝʱʘʝʪ 

ʫʣʫʯʰʠʪʴ ʧʦʢʨʳʪʠʝ ʩʝʪʠ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ ʩʚʷʟʴ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʦʨʘʤ ʩʚʷʟʠ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʥʘʜʝʞʥʳʝ ʠ ʤʦʱʥʳʝ ʩʝʪʠ 5G, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʪʫʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʠ ʢʘʯʝʩʪʚʫ ʦʙʩʣʫʞʠʚʘʥʠʷ [8,9]. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ 

ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ: 

1. ɻʦʨʦʜʩʢʠʝ ʩʝʪʠ ʩʚʷʟʠ: ɺ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʤʦʞʝʪ ʙʳʪʴ 

ʩʠʣʴʥʦ ʦʩʣʦʞʥʝʥʦ ʟʘ ʩʯʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ, ʟʜʘʥʠʡ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. ʄʦʜʝʣʴ 

ʃʦʥʛʣʠ-ʈʘʡʩʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʘʥʪʝʥʥ ʠ ʫʯʝʪʘ ʦʪʨʘʞʝʥʠʡ ʩʠʛʥʘʣʘ ʦʪ ʟʜʘʥʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʧʦʢʨʳʪʠʷ ʠ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ. 

2. ʉʝʣʴʩʢʘʷ ʤʝʩʪʥʦʩʪʴ: ɺ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ ʧʨʝʧʷʪʩʪʚʠʡ ʤʝʥʴʰʝ, ʥʦ ʨʝʣʴʝʬ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʤ, ʤʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʧʦʤʦʞʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʣʘʥʜʰʘʬʪʘ 

ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʩʝʣʴʩʢʠʭ 

ʨʘʡʦʥʦʚ ʩʝʪʷʤʠ ʩʚʷʟʠ. 

3. ɻʦʨʳ ʠ ʧʝʨʝʩʝʯʝʥʥʘʷ ʤʝʩʪʥʦʩʪʴ: ɺ ʛʦʨʠʩʪʳʭ ʨʘʡʦʥʘʭ ʠ ʨʘʡʦʥʘʭ ʩ ʧʝʨʝʩʝʯʝʥʥʦʡ 

ʤʝʩʪʥʦʩʪʴʶ ʧʦʚʝʜʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʤʦʞʝʪ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʠʟ-ʟʘ ʦʪʨʘʞʝʥʠʡ ʠ ʜʠʬʨʘʢʮʠʠ 
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ʥʘ ʩʢʣʦʥʘʭ ʠ ʫʱʝʣʴʷʭ. ʄʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʝʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ. 

4. ʈʘʜʠʦʯʘʩʪʦʪʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ: ʇʨʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʥʦʚʳʭ ʩʝʪʝʡ ʩʚʷʟʠ ʠʣʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʤʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ, ʚʳʷʚʣʝʥʠʷ ʩʣʘʙʳʭ ʤʝʩʪ, ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʢʨʳʪʠʷ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ. 

ʕʪʠ ʧʨʠʤʝʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʢʘʢ ʤʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʘʤ ʠ ʦʧʝʨʘʪʦʨʘʤ ʩʝʪʝʡ ʩʚʷʟʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʩʝʪʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʚʷʟʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʨʝʜʘʭ [10]. 

ɿʘʢʣʶʯʝʥʠʝ. ɸʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʝʪʷʤʠ 

ʩʚʷʟʠ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʝʪʝʡ 5G. ʄʦʜʝʣʴ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʘ, ʚʢʣʶʯʘʷ 

ʜʠʬʨʘʢʮʠʶ, ʨʘʩʩʝʷʥʠʝ, ʧʦʛʣʦʱʝʥʠʝ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. 

ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʢʨʳʪʠʷ ʩʝʪʠ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʤʦʜʝʣʠ ʚ 

ʛʦʨʦʜʩʢʠʭ, ʩʝʣʴʩʢʠʭ, ʛʦʨʠʩʪʳʭ ʠ ʧʝʨʝʩʝʯʝʥʥʳʭ ʨʘʡʦʥʘʭ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠ 

ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ 

ʩʚʷʟʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʃʦʥʛʣʠ-ʈʘʡʩʘ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʝʡ ʩʚʷʟʠ, ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʩʝʪʠ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʥʞʝʥʝʨʳ ʠ 

ʦʧʝʨʘʪʦʨʳ ʩʝʪʝʡ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʠ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʠ. 
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It's quite difficult to work in organizations without mail these days. This article discusses the process of 

implementing a mail server based on the Ubuntu Server operating system.  

Keywords:  server, mail server,  çPostfixè, SMTP. 
 

ʇʦʯʪʦʚʳʡ ʩʝʨʚʝʨ ï ʵʪʦ ʦʩʥʦʚʘ ʦʙʤʝʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʝʡ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʠʣʠ ʧʝʨʩʦʥʘʣʴʥʦʡ ʩʝʪʠ. ʆʥ ʫʧʨʘʚʣʷʝʪ ʧʝʨʝʜʘʯʝʡ, ʧʦʣʫʯʝʥʠʝʤ ʠ ʭʨʘʥʝʥʠʝʤ ʧʦʯʪʳ ʤʝʞʜʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʯʪʦʚʦʛʦ ʩʝʨʚʝʨʘ ʥʘ ʙʘʟʝ çUbuntu Serverè ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʜʝʞʥʫʶ, ʛʠʙʢʫʶ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʫʶ ʩʠʩʪʝʤʫ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʚʢʣʶʯʘʷ çPostfixè, ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ 

ʘʛʝʥʪʦʚ ʧʝʨʝʜʘʯʠ ʧʦʯʪʳ çMail Transfer Agentè (MTA). 

ʏʪʦ ʪʘʢʦʝ çPostfixè: 

çPostfixè ï ʵʪʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʧʦʯʪʦʚʳʡ ʩʝʨʚʝʨ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ 

ʢʦʜʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʠ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. 

ʀʟʥʘʯʘʣʴʥʦ ʦʥ ʙʳʣ ʩʦʟʜʘʥ ʢʘʢ ʟʘʤʝʥʘ çSendmailè ʠ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʨʦʩʪʦʪʫ ʥʘʩʪʨʦʡʢʠ, 

ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. çPostfixè ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ 

ʜʦʩʪʘʚʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʚ ʀʥʪʝʨʥʝʪʝ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʧʨʘʚʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ 

ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʜʨʫʛʠʝ ʩʝʨʚʝʨʳ ʠʣʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. 

ʆʩʥʦʚʥʘʷ ʩʪʨʫʢʪʫʨʘ çPostfixè:  

çPostfixè ʠʤʝʝʪ ʤʦʜʫʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʠ 

ʨʘʩʰʠʨʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ: 

- Master - ʛʣʘʚʥʳʡ ʧʨʦʮʝʩʩ, ʫʧʨʘʚʣʷʶʱʠʡ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ çPostfixè. 

- SMTP-ʩʝʨʚʝʨ (smtpd) - ʧʨʠʥʠʤʘʝʪ ʚʭʦʜʷʱʠʝ ʩʦʦʙʱʝʥʠʷ ʧʦ ʧʨʦʪʦʢʦʣʫ SMTP. 

- SMTP-ʢʣʠʝʥʪ (smtp) - ʦʪʧʨʘʚʣʷʝʪ ʠʩʭʦʜʷʱʠʝ ʩʦʦʙʱʝʥʠʷ ʥʘ ʫʜʘʣʝʥʥʳʝ ʧʦʯʪʦʚʳʝ 

ʩʝʨʚʝʨʳ. 

- Qmgr - ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʦʯʝʨʝʜʴʶ, ʢʦʪʦʨʳʡ ʨʘʩʧʨʝʜʝʣʷʝʪ ʩʦʦʙʱʝʥʠʷ ʠʟ ʧʦʯʪʦʚʦʡ 

ʦʯʝʨʝʜʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. 

- Local - ʣʦʢʘʣʴʥʳʡ ʜʦʩʪʘʚʱʠʢ, ʢʦʪʦʨʳʡ ʜʦʩʪʘʚʣʷʝʪ ʩʦʦʙʱʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʘ 

ʩʝʨʚʝʨʝ. 

Bounce - ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʥʝʜʦʩʪʘʚʣʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

Cleanup - ʧʨʦʚʝʨʷʝʪ ʩʦʦʙʱʝʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʠʪʠʢʝ ʠ ʜʦʙʘʚʣʷʝʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʟʘʛʦʣʦʚʢʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ Postfix 

ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ Postfix ʩʦʩʪʦʠʪ: 

- Bounce: SMTP-ʩʝʨʚʝʨ ʧʨʠʥʠʤʘʝʪ ʚʭʦʜʷʱʠʝ ʩʦʦʙʱʝʥʠʷ ʦʪ ʢʣʠʝʥʪʦʚ (MUA - Mail 

User Agent) ʠʣʠ ʜʨʫʛʠʭ ʩʝʨʚʝʨʦʚ. 

- ʆʯʠʩʪʢʘ ʠ ʧʨʦʚʝʨʢʘ: ʆʯʠʩʪʢʘ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʦʦʙʱʝʥʠʷ, ʫʜʘʣʷʷ ʧʦʜʦʟʨʠʪʝʣʴʥʦʝ 

ʩʦʜʝʨʞʠʤʦʝ ʠʣʠ ʜʦʙʘʚʣʷʷ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʪʘʜʘʥʥʳʝ. 
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- ʆʯʝʨʝʜʴ ʩʦʦʙʱʝʥʠʡ: ʉʦʦʙʱʝʥʠʷ ʧʦʤʝʱʘʶʪʩʷ ʚ ʧʦʯʪʦʚʫʶ ʦʯʝʨʝʜʴ, ʛʜʝ çQmgrè 

ʨʘʩʧʨʝʜʝʣʷʝʪ ʠʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʜʦʩʪʘʚʢʠ. 

- ɼʦʩʪʘʚʢʘ: SMTP-ʢʣʠʝʥʪ ʦʪʧʨʘʚʣʷʝʪ ʩʦʦʙʱʝʥʠʷ ʥʘ ʜʨʫʛʠʝ ʩʝʨʚʝʨʳ ʠʣʠ ʣʦʢʘʣʴʥʦ 

ʜʦʩʪʘʚʣʷʝʪ ʵʣʝʢʪʨʦʥʥʳʝ ʧʠʩʴʤʘ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

ʏʪʦ ʠʩʧʦʣʴʟʫʝʪ çPostfixè: 

- ʇʨʦʪʦʢʦʣʳ: SMTP, SMTPS, ESMTP. 

- ʄʝʭʘʥʠʟʤʳ ʘʚʪʦʨʠʟʘʮʠʠ: SASL (ʧʨʦʩʪʦʡ ʫʨʦʚʝʥʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ). 

- ʌʠʣʴʪʨʘʮʠʷ ʩʦʦʙʱʝʥʠʡ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʠʚʠʨʫʩʥʳʭ ʠ ʩʧʘʤ-ʬʠʣʴʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ClamAV ʠ SpamAssassin. 

- ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ: ʀʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʧʨʦʚʝʨʢʠ DKIM, SPF ʠ DMARC 

ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʦʜʜʝʣʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. 

ʌʦʨʤʘʪʳ ʭʨʘʥʝʥʠʷ ʩʦʦʙʱʝʥʠʡ: Maildir ʠʣʠ mbox. 

ʋʷʟʚʠʤʦʩʪʠ çPostfixè:  ʍʦʪʷ çPostfixè ʠʟʚʝʩʪʝʥ ʩʚʦʝʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʦʥ ʥʝ 

ʟʘʩʪʨʘʭʦʚʘʥ ʦʪ ʚʩʝʭ ʫʛʨʦʟ. ɺʦʟʤʦʞʥʳʝ ʫʷʟʚʠʤʦʩʪʠ: 

- ʅʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ: ɽʩʣʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʥʝ ʥʘʩʪʨʦʝʥʘ, 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʨʚʝʨ ʜʣʷ ʨʘʩʩʳʣʢʠ ʩʧʘʤʘ. 

- ɸʪʘʢʠ ʥʘ ʧʨʦʪʦʢʦʣ SMTP: ʅʘʧʨʠʤʝʨ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʦʪʢʨʳʪʳʭ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ (open 

relay). 

- ʋʛʨʦʟʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʪʘʨʝʚʰʠʤʠ ʚʝʨʩʠʷʤʠ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʦʜʜʝʨʞʠʚʘʝʤʦʡ 

ʚʝʨʩʠʠ Postfix ʤʦʞʝʪ ʧʦʜʚʝʨʛʥʫʪʴ ʩʝʨʚʝʨ ʨʠʩʢʫ ʠʟ-ʟʘ ʠʟʚʝʩʪʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ. 

- ʅʝʧʨʘʚʠʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ: ʆʰʠʙʢʠ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʩʣʘʙʳʝ ʥʘʩʪʨʦʡʢʠ 

TLS) ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʩʝʨʚʝʨ ʫʷʟʚʠʤʳʤ ʜʣʷ ʧʝʨʝʭʚʘʪʘ ʜʘʥʥʳʭ ʠʣʠ ʘʪʘʢʠ çʯʝʣʦʚʝʢ ʧʦʩʝʨʝʜʠʥʝè 

(MITM).  

- ʆʪʩʫʪʩʪʚʠʝ ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤʘ ʠ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ: ʕʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʨʘʞʝʥʥʳʭ ʧʠʩʝʤ. 

ɿʘʢʣʶʯʝʥʠʝ: çPostfixè  ʚ ʩʦʯʝʪʘʥʠʠ ʩ çUbuntu Serverè ï ʵʪʦ ʥʘʜʝʞʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʯʪʦʚʦʛʦ ʩʝʨʚʝʨʘ. ɹʣʘʛʦʜʘʨʷ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʨʦʜʚʠʥʫʪʳʤ ʤʝʭʘʥʠʟʤʘʤ 

ʟʘʱʠʪʳ ʠ ʦʙʰʠʨʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʥ ʧʦʜʭʦʜʠʪ ʢʘʢ ʜʣʷ ʤʘʣʳʭ ʩʝʪʝʡ, ʪʘʢ ʠ ʜʣʷ ʢʨʫʧʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʪʴ ʩʠʩʪʝʤʫ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʆʬʠʮʠʘʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ Postfix. ï URL: https://www.postfix.org/documentation.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

17.12.2024). 

2. The Book of Postfix: State-of-the-Art Message Transport // Ralf Hildebrandt, Patrick Koetter. ï URL: 

https://books.4nmv.ru/books/postfix_podrobnoe_rukovodstvo_fail_pdf_565563.pdf(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.12.2024). 

3. ʈʫʢʦʚʦʜʩʪʚʘ ʧʦ Ubuntu Server.  ï URL: https://ubuntu.com/server/docs (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.12.2024). 

4. Ubuntu: ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ.  ï URL: https://ubuntu.com (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.12.2024). 
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The article discusses the features of the application of controlled coatings in antenna technology. Their 

tasks, composition, principle of operation and application in various types of communication. 

Keywords: controlled coatings, intelligent coatings, adaptability, communication, metamaterials. 
 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʚ ʘʥʪʝʥʥʦʡ ʪʝʭʥʠʢʝ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʠ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ ʠ ʦʙʲʝʤʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʩʦʚʨʝʤʝʥʥʘʷ ʩʚʷʟʴ 

ʥʫʞʜʘʝʪʩʷ ʚ ʨʝʰʝʥʠʷʭ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʤʘʣʳʝ 

ʟʘʜʝʨʞʢʠ ʠ ʥʘʜʝʞʥʦʩʪʴ.  

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ï ʵʪʦ ʧʝʨʝʜʦʚʘʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʮʝʣʝʥʥʘʷ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥ. ʆʥʠ ʦʙʣʘʜʘʶʪ 

ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʘʜʘʧʪʠʚʥʦʩʪʴ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʤʧʘʢʪʥʦʩʪʴ.  

ɺ ʚʦʝʥʥʦʡ ʩʬʝʨʝ ʫʧʨʘʚʣʷʝʤʳʝ ʧʦʢʨʳʪʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ, ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʡʩʢʘʤʠ ʠ ʧʝʨʝʜʘʯʠ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ 

ʨʘʙʦʪʫ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ (ʈʕɹ). 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʧʨʘʚʣʷʝʤʳʭ ʧʦʢʨʳʪʠʡ. ʋʧʨʘʚʣʷʝʤʳʝ ʧʦʢʨʳʪʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʦʣʥʘʤʠ, ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ ï ʬʘʟʫ, ʘʤʧʣʠʪʫʜʫ, ʥʘʧʨʘʚʣʝʥʠʝ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʘʥʪʝʥʥʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ.  

ʋʧʨʘʚʣʷʝʤʳʝ ʧʦʢʨʳʪʠʷ ʩʧʦʩʦʙʥʳ ʤʝʥʷʪʴ ʬʘʟʫ ʧʨʦʭʦʜʷʱʝʛʦ ʠʣʠ ʦʪʨʘʞʘʝʤʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʌʘʟʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʬʦʢʫʩʠʨʦʚʘʪʴ ʩʠʛʥʘʣ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʚʳʰʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʣʠ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ.  

ʀʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʝʤʳʭ ʧʦʢʨʳʪʠʡ ʧʦʟʚʦʣʷʝʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʛʦ ʤʦʱʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʤʝʭ ʠ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʛʜʝ ʚʘʞʥʦ ʧʦʜʘʚʣʷʪʴ ʥʝʥʫʞʥʳʝ 

ʦʪʨʘʞʝʥʥʳʝ ʩʠʛʥʘʣʳ ʠ ʫʩʠʣʠʚʘʪʴ ʦʩʥʦʚʥʦʡ.  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʚ ʘʥʪʝʥʥʘʭ ʩʧʦʩʦʙʥʳ ʪʘʢʞʝ 

ʠʟʤʝʥʷʪʴ ʬʦʨʤʫ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ, ʜʝʣʘʷ ʝʸ ʙʦʣʝʝ ʫʟʢʦʡ ʠʣʠ ʰʠʨʦʢʦʡ, ʘ 

ʪʘʢʞʝ ʩʤʝʱʘʪʴ ʝʸ ʚ ʥʫʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʋʚʝʣʠʯʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʟʘ ʩʯʝʪ 

ʬʦʢʫʩʠʨʦʚʢʠ ʩʠʛʥʘʣʘ. ʇʦʟʚʦʣʷʝʪ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʷʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥ ʥʝ ʚʩʝʛʜʘ ʦʪʚʝʯʘʶʪ ʟʘʜʘʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ 

ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʜʥʘʢʦ, ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ 

ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʨʝʰʝʥʠʷ ʜʣʷ ʵʪʠʭ ʟʘʜʘʯ [3]:  

- ʚʦʟʤʦʞʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

(ɼʅ), ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʧʦʟʠʮʠʠ ʧʠʢʘ ɼʅ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

- ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʫ ʘʥʪʝʥʥʳ ʚ ʨʝʞʠʤʝ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ 

ʨʘʩʰʠʨʝʥʥʳʤ ʩʧʝʢʪʨʦʤ; 

- ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳ ʚ ʨʝʞʠʤʝ ʇʇʈʏ, ʩʢʨʳʪʥʦʩʪʠ 

ʨʘʙʦʪʳ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ çʥʫʣʝʡè ʚ ʜʠʘʛʨʘʤʤʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ;  

- ʩʦʟʜʘʥʠʝ ɼʅ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ. 

ʊʘʢʠʝ ʘʥʪʝʥʥʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʘʤ. 

ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʩʚʦʠ ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʠʟʤʝʥʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʦʙʳʯʥʳʭ ʘʥʪʝʥʥ ʧʘʨʘʤʝʪʨʳ 

ʬʠʢʩʠʨʦʚʘʥʳ. ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʣʫʯʦʤ: ʥʦʚʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʘʥʪʝʥʥʳ ʤʦʛʫʪ ʘʢʪʠʚʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʥʘʧʨʘʚʣʷʪʴ ʣʫʯʠ ʚ ʢʦʥʢʨʝʪʥʳʝ 

ʟʦʥʳ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

çʪʨʘʜʠʮʠʦʥʥʳʭè ʘʥʪʝʥʥ, ʠʟʣʫʯʘʶʱʠʭ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʠʣʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʥʪʝʥʥʳ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʠʛʥʘʣʦʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ çʪʨʘʜʠʮʠʦʥʥʳʝè ʘʥʪʝʥʥʳ 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʝ.  

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʘʥʪʝʥʥ ʩʜʝʣʘʥʳ ʢʘʢ ʧʨʘʚʠʣʦ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʬʦʨʤʠʨʫʶʪ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʤʝʥʷʪʴ ʩʚʦʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʢʨʳʪʠʡ, ʩʧʦʩʦʙʥʳʭ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ ʥʦʩʠʪʝʣʷ ʘʥʪʝʥʥʳ ï ʩʘʤʦʣʸʪʘ ʠʣʠ ʘʚʪʦʤʦʙʠʣʷ) [1, ʩ. 12]. 

ʄʝʪʘʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʦʣʥʘʤʠ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ 

ʘʜʘʧʪʠʚʥʳʝ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪ ʩʚʦʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʆʥʠ 

ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʪʝʥʥ ʩ ʠʟʤʝʥʷʝʤʦʡ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ [2, ʩ. 3].  

ʌʘʟʦʚʳʝ ʧʝʨʝʢʣʶʯʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʘʥʪʝʥʥʘʤ ʠʟʤʝʥʷʪʴ ʜʠʘʛʨʘʤʤʫ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ) ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ çʧʠʢʠè ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʝʰʥʠʤʠ 

ʫʩʣʦʚʠʷʤʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʩʢʨʳʪʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʭʚʘʪʘ 

ʩʠʛʥʘʣʘ (ʇʇʈʏ), ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ. ʊʘʢʠʝ 

ʧʦʢʨʳʪʠʷ ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʚʘʪʴ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʙʦʢʦʚʳʭ 

ʣʝʧʝʩʪʢʦʚ ʠ çʥʫʣʝʚʳʤʠè ʟʦʥʘʤʠ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ 

ʥʝʥʫʞʥʦʝ ʠʟʣʫʯʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʥʪʝʥʥ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʧʦʢʨʳʪʠʷʤʠ, 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ, ʠʥʪʝʛʨʘʮʠʝʡ ʚ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʅʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʦʩʪʘʝʪʩʷ ʜʦʨʦʛʦʡ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʘʩʩʦʚʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʀʥʪʝʛʨʘʮʠʷ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʇʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʢ ʬʘʢʪʦʨʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʝʨʴʸʟʥʫʶ ʧʨʦʙʣʝʤʫ. ʇʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ 

ʩʝʨʪʠʬʠʢʘʮʠʷ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʭ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ 

ʠ ʧʦʚʳʩʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ. ʉʦʚʤʝʩʪʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʩ ʥʘʫʯʥʳʤʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʢʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠ 

ʛʨʘʥʪʦʚ ʧʦʟʚʦʣʷʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʪ ʩʜʝʣʘʪʴ ʵʪʠ 

ʧʦʢʨʳʪʠʷ ʜʦʩʪʫʧʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʪʝʭʥʠʢʝ ʩʚʷʟʠ. 

ʋʧʨʘʚʣʷʝʤʳʝ ʧʦʢʨʳʪʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʪʠʧʘʭ ʩʚʷʟʠ: 

1) ʈʘʜʠʦʨʝʣʝʡʥʘʷ ʩʚʷʟʴ. ɺ ʫʩʣʦʚʠʷʭ ʛʦʨʥʳʭ ʠʣʠ ʫʨʙʘʥʠʩʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ 

ʨʘʜʠʦʨʝʣʝʡʥʳʝ ʩʪʘʥʮʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʦʪʝʨʷʤʠ ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʟʘʪʫʭʘʥʠʷ ʥʘ ʙʦʣʴʰʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʩ ʘʜʘʧʪʠʚʥʦʡ ʜʠʘʛʨʘʤʤʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦʤʦʛʘʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʪʨʘʞʝʥʠʷ ʦʪ ʨʝʣʴʝʬʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʪʘʙʠʣʴʥʳʡ ʩʠʛʥʘʣ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʦʞʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

2) ʄʦʙʠʣʴʥʳʝ ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ. ɺ ʵʧʦʭʫ 5G ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʝʪʝʡ 6G 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ ʘʥʪʝʥʥ ʚʦʟʨʘʩʪʘʶʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʧʦʟʚʦʣʷʝʪ ʜʠʥʘʤʠʯʝʩʢʠ ʥʘʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʘʥʪʝʥʥ, 

ʨʘʩʧʨʝʜʝʣʷʷ ʩʠʛʥʘʣ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ ʩ ʫʯʝʪʦʤ ʠʭ ʧʦʣʦʞʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʪʘʢʠʝ ʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʩʤʝʱʝʥʠʝ ʩʧʫʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ ʧʝʨʝʜʘʯʫ 

ʜʘʥʥʳʭ.  
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3) ɹʝʩʧʨʦʚʦʜʥʘʷ ʩʚʷʟʴ ʜʣʷ ɹʇʃɸ. ɼʣʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚʘʞʥʦ 

ʥʘʣʠʯʠʝ ʢʦʤʧʘʢʪʥʳʭ ʠ ʣʸʛʢʠʭ ʘʥʪʝʥʥ, ʩʧʦʩʦʙʥʳʭ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʩʢʦʨʦʩʪʠ ʠ ʚʳʩʦʪʝ 

ʧʦʣʝʪʘ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʩʪʦʡʯʠʚʫʶ ʩʚʷʟʴ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʪʘʙʠʣʴʥʫʶ ʩʚʷʟʴ ʜʘʞʝ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʠ ʚʦʝʥʥʦʡ ʘʥʪʝʥʥʦʡ 

ʪʝʭʥʠʢʝ ï ʵʪʦ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʚ ʘʥʪʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʪʠʧʳ çʫʤʥʳʭè ʘʥʪʝʥʥ, ʩʧʦʩʦʙʥʳʭ ʢ ʘʜʘʧʪʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʟʘʱʠʪʫ ʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɸ.ɸ. ɹʦʙʮʦʚ, ɺ.ʀ. ɹʦʡʢʦʚ, ʉ.ɺ. ɹʳʩʪʨʦʚ, ɺ.ɺ. ɻʨʠʛʦʨʴʝʚ, ʇ.ɺ. ʂʘʨʝʚ. ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ 

ʜʣʷ ʤʠʢʨʦʧʝʨʝʤʝʱʝʥʠʡ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʉʇʙ: ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, 2017. ï 134 ʩ. 

2. ʇʦʥʦʤʘʨʝʚ ʆ.ʇ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ: ʦʙʟʦʨ: ʤʦʥʦʛʨʘʬʠʷ / ʆ.ʇ. ʇʦʥʦʤʘʨʝʚ, ʉ.ʊ. ʂʥʷʟʝʚ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋʨʌʋ, 2012. ï 96 ʩ. 

3. ʍʘʨʯʝʥʢʦ ɺ.ɺ., ɻʝʨʘʩʠʤʦʚ ʅ.ʀ., ʉʫʭʦʧʘʨʦʚ ʇ.ɽ. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 
ʧʦʢʨʳʪʠʡ ʚ ʘʥʪʝʥʥʘʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ. ï 2012. ï 

ˉ 6. ï URL: https://science-education.ru/ru/article/view?id=7866 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 27.11.2024). 
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ɺʀɼʓ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʀʊɽʄ 

ʀ ʀʍ ʈʆʃʔ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʆɹʑɽʉʊɺɽ 
 

ɻʨʠʛʦʨʴʝʚ ʈ.ɽ.,   ɻʘʨʙʫʟʦʚ ɺ.ɺ. 

ɸʅʇʆʆ çʂʦʣʣʝʜʞ ɺʀɺʊè, ʛ. ɺʦʨʦʥʝʞ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʀʉ), ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʜʣʷ ʫʯʝʙʳ, ʨʘʙʦʪʳ ʠ ʙʠʟʥʝʩʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʠʜʳ ʀʉ, ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʦʙʱʝʩʪʚʝ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ, ʩ 

ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ, ʨʦʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʪʠ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʦʪ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ, ʠʥʥʦʚʘʮʠʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʦʙʱʝʩʪʚʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʀʉ), ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʱʝʩʪʚʝ, ʨʦʣʴ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʠʧʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʝʡ, ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʵʢʦʥʦʤʠʢʘ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ.  
 

TYPES OF INFORMATION SYSTEMS  AND THEIR ROLE IN MODERN SOCIETY  
 

Grigoriev R.E., Garbuzov V.V. 
ANPOO "College VIVT", Voronezh 

 

The article examines information systems as a tool for working in a modern society for study, work and 

business. The types of information systems, their role in a modern society, and the prospects for the 

development of information systems are considered. Conclusions were made that in the future, with the 

development of technologies, the role of information systems will only grow, which will require highly 

qualified specialists and the ability to adapt to new conditions. 

Keywords: data security, digital transformation, economy and information systems,  information 

management,  information society, information systems,  information technology in society, innovations 

in information systems, modern technologies, role of information, social aspects of information 

technology, types of information systems.  
 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʀʉ) ï ʵʪʦ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʝʸ 

ʩʦʩʪʘʚʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ (ʢʦʤʧʴʶʪʝʨʳ, ʩʝʨʚʝʨʳ, ʩʝʪʠ), ʪʘʢ ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʩʠʩʪʝʤʦʡ ʠ ʠʩʧʦʣʴʟʫʶʪ 

ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʂʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʀʉ: 

- ɸʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (hardware) ï ʢʦʤʧʴʶʪʝʨʳ, ʩʝʨʚʝʨʳ, ʫʩʪʨʦʡʩʪʚʘ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ. 
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- ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (software) ï ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʙʘʟʳ ʜʘʥʥʳʭ, 

ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʛʨʘʤʤʳ. 

- ɼʘʥʥʳʝ ï ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ. 

- ʇʨʦʮʝʩʩʳ ï ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʮʝʜʫʨʳ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ, ʢʘʢ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. 

- ʇʦʣʴʟʦʚʘʪʝʣʠ ï ʣʶʜʠ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʩʠʩʪʝʤʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. 

ɺʠʜʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʥʘʟʥʘʯʝʥʠʷ. 

ʆʧʝʨʘʮʠʦʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ: ʕʪʠ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʚʩʝʜʥʝʚʥʳʭ ʦʧʝʨʘʮʠʡ ʦʨʛʘʥʠʟʘʮʠʡ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʩʠʩʪʝʤʳ 

ʫʯʸʪʘ ʧʨʦʜʘʞ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʨʘʥʟʘʢʮʠʡ. 

ʉʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (DSS): ʕʪʠ ʩʠʩʪʝʤʳ ʧʦʤʦʛʘʶʪ ʤʝʥʝʜʞʝʨʘʤ ʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʘʥʘʣʠʟʠʨʫʷ ʠ ʦʙʨʘʙʘʪʳʚʘʷ ʜʘʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪʩʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺʢʣʶʯʘʶʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʕʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ: ʕʪʦ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʦʧʳʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʦʙʣʘʩʪʠ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʚ 

ʤʝʜʠʮʠʥʝ ʠʣʠ ʶʨʠʜʠʯʝʩʢʠʝ ʢʦʥʩʫʣʴʪʘʥʪʳ. 

ʀʉ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ (ERP): ʕʪʠ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʘʩʧʝʢʪʳ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ: ʙʫʭʛʘʣʪʝʨʠʶ, ʟʘʢʫʧʢʠ, ʧʨʦʜʘʞʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʠ ʪ.ʜ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʜʠʥʠʪʴ ʜʘʥʥʳʝ ʠʟ ʚʩʝʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʢʦʤʧʘʥʠʠ ʠ ʫʧʨʘʚʣʷʪʴ ʠʤʠ 

ʠʟ ʝʜʠʥʦʛʦ ʮʝʥʪʨʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ (CRM): ʉʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʝʥʪʘʭ, ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʥʠʤʠ, ʤʘʨʢʝʪʠʥʛʦʚʳʤʠ 

ʢʘʤʧʘʥʠʷʤʠ ʠ ʧʦʜʜʝʨʞʢʦʡ. 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ (KMS): ʕʪʠ ʩʠʩʪʝʤʳ ʧʦʤʦʛʘʶʪ ʦʨʛʘʥʠʟʘʮʠʷʤ 

ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʟʥʘʥʠʷʤʠ ʠ ʦʧʳʪʦʤ ʩʦʪʨʫʜʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ 

ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

ʈʦʣʴ ʀʉ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʚʠʪʠʝ ʀʉ ʧʨʦʠʩʭʦʜʠʪ 

ʢʦʣʦʩʩʘʣʴʥʦ ʚʩrʦʢʠʤʠ ʪʝʤʧʘʤʠ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʪʘʢʠʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ 

ʛʣʦʙʘʣʠʟʘʮʠʷ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʱʝʩʪʚʘ. 

ʀʉ ʩʝʛʦʜʥʷ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. ʆʥʠ ʧʨʦʥʠʢʣʠ ʚʦ 

ʚʩʝ ʩʬʝʨʳ ʥʘʰʝʡ ʞʠʟʥʠ, ʠ ʵʢʦʥʦʤʠʢʘ ï ʥʝ ʠʩʢʣʶʯʝʥʠʝ. ʅʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢʫʶ ʠʤʝʥʥʦ 

ʨʦʣʴ ʠʛʨʘʶʪ ʀʉ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʬʝʨʝ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ? ʏʪʦʙʳ ʛʣʫʙʞʝ ʠʟʫʯʠʪʴ ʵʪʫ 

ʪʝʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠʭ ʀʉ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʠ: 

- ʋʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʧʦʩʨʝʜʥʠʢʦʚ; 

- ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʘʨʝʥʜʫ ʠ ʧʝʨʩʦʥʘʣ; 

- ʋʧʨʦʱʝʥʠʝ ʩʜʝʣʦʢ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ: 

- ʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ; 

- ʆʙʝʩʧʝʯʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ: 

- ɹʳʩʪʨʘʷ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ; 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. 

ʀʥʥʦʚʘʮʠʠ: 

- ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ.  

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ: 

- ɸʥʘʣʠʟ ʨʳʥʢʘ ʠ ʧʨʝʜʩʢʘʟʘʥʠʝ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʠ. 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 
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ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ 

ʤʦʱʥʳʤʠ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʨʘʟʚʠʪʠʷ ʚʢʣʶʯʘʶʪ: 

- ʀʥʪʝʛʨʘʮʠʷ ʠ ʩʦʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʦʧʝʨʘʪʠʚʥʦ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʥʷʶʱʠʤʠʩʷ ʚʥʝʰʥʠʤʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ; 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʈʘʟʚʠʪʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʀʀ ʠ ʄʆ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʥʳʭ 

ʦʪʨʘʩʣʷʭ: ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʵʢʦʥʦʤʠʢʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʪʨʘʥʩʧʦʨʪʝ. 

- ʈʘʟʚʠʪʠʝ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT). ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ 

çʫʤʥʳʝè ʜʦʤʘ, ʛʦʨʦʜʘ ʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʛʜʝ ʚʩʝ ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʜʣʷ 

ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. 

- ɺʥʝʜʨʝʥʠʝ ʩʨʝʜʩʪʚ ʤʫʣʴʪʠʤʝʜʠʘ. ɸʫʜʠʦ- ʠ ʚʠʜʝʦʩʨʝʜʩʪʚʘ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʪ ʦʙʱʘʪʴʩʷ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ 

- ʉʦʟʜʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ɺʠʨʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʘʢʪʠʚʥʦ ʞʠʪʴ ʠ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʩʪʘʥʝʪ ʯʘʩʪʴʶ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʀʉ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. ʆʥʠ ʩʪʘʥʦʚʷʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʨʦʛʨʝʩʩʘ, 

ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʫʣʫʯʰʘʷ ʢʘʯʝʩʪʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʠʟʥʝʩʘ, ʥʘʫʢʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʙʫʜʫʱʝʤ, ʩ ʨʘʟʚʠʪʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ, ʨʦʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʪʠ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʦʪ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠ̫ ʤ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ: ʆʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʠʥʬʦʨʤʘʪʠʢʠ / ʇʦʜ ʨʝʜ. ʉ.ɺ. 

ɽʤʝʣʴʷʥʦʚʘ. ï ʄʦʩʢʚʘ: ʃʝʥʘʥʜ, 2015. ï 104 c. 

2. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ: ʋʯʝʙʥʠʢ / ʇʦʜ ʨʝʜ. ɻ.ɸ. ʊʠʪʦʨʝʥʢʦ. ï ʄʦʩʢʚʘ: ʖʥʠʪʠ, 
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The article discusses modern technologies (primarily artificial intelligence (AI) and their application in 

the ñsmart homeò concept. 
Keywords: adaptation, safety, artificial intelligence (AI), comfort, remote control, smart home. 
 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʢʦʥʮʝʧʮʠʷ çʫʤʥʦʛʦ ʜʦʤʘè ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʮʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʚ 

ʜʦʤʝ. çʋʤʥʳʡ ʜʦʤè ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʘʝʪ ʢʦʤʬʦʨʪʥʦʩʪʴ ʧʨʦʞʠʚʘʥʠʷ, ʥʦ ʠ ʧʦʚʳʰʘʝʪ 
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ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʥʷʪʠʝ çʫʤʥʳʡ ʜʦʤè, 

ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʧʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʠʩʪʦʨʠʷ ʝʛʦ ʩʦʟʜʘʥʠʷ. 

çʋʤʥʳʡ ʜʦʤè ï ʵʪʦ ʞʠʣʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʩʥʘʱʝʥʥʦʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ 

ʬʫʥʢʮʠʷʤʠ ʜʦʤʘ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ: ʫʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤ, ʦʪʦʧʣʝʥʠʝʤ, 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝʤ, ʩʠʩʪʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʦʡ ʠ ʤʫʣʴʪʠʤʝʜʠʘ. çʋʤʥʳʡ 

ʜʦʤè ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʯʝʨʝʟ ʤʦʙʠʣʴʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʛʦʣʦʩʦʚʳʝ ʢʦʤʘʥʜʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʢʦʤʬʦʨʪ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʞʠʚʘʥʠʷ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʪʝʛʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʠ 

ʩʠʩʪʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʦʡ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʧʦʪʨʝʙʥʦʩʪʷʤ 

ʞʠʣʴʮʦʚ. 

ʂʦʥʮʝʧʮʠʷ çʫʤʥʦʛʦ ʜʦʤʘè ʥʘʯʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚ 1960-ʭ ʛʦʜʘʭ. ʆʜʥʘʢʦ ʠʤʝʥʥʦ ʚ 1998 ʛʦʜʫ ʪʝʨʤʠʥ çʫʤʥʳʡ 

ʜʦʤè ʩʪʘʣ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʘʥʠʠ çX10è, ʨʘʟʨʘʙʦʪʘʚʰʝʡ ʪʝʭʥʦʣʦʛʠʶ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʫʧʨʘʚʣʷʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʯʝʨʝʟ ʜʦʤʘʰʥʠʝ ʩʝʪʠ. 

ɺ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʩ ʨʘʟʚʠʪʠʝʤ ʠʥʪʝʨʥʝʪʘ ʠ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ çʫʤʥʳʡ ʜʦʤè 

ʥʘʯʘʣ ʧʨʠʦʙʨʝʪʘʪʴ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʯʝʨʪʳ. ʇʦʷʚʣʝʥʠʝ ʧʨʦʪʦʢʦʣʦʚ ʩʚʷʟʠ, ʪʘʢʠʭ ʢʘʢ: Wi-Fi 

ʠ Zigbee, ʧʦʟʚʦʣʠʣʦ ʫʩʪʨʦʡʩʪʚʘʤ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʉʨʝʜʠ ʧʝʨʚʳʭ ʢʦʤʧʘʥʠʡ, ʩʜʝʣʘʚʰʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ çʫʤʥʦʛʦ ʜʦʤʘè, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ: 

- Nest Labs, ʦʩʥʦʚʘʥʥʘʷ ʚ 2010 ʛʦʜʫ, ʨʘʟʨʘʙʦʪʘʣʘ ʫʤʥʳʡ ʪʝʨʤʦʩʪʘʪ, ʢʦʪʦʨʳʡ ʩʪʘʣ 

ʧʦʧʫʣʷʨʥʳʤ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

- Philips, ʧʨʝʜʩʪʘʚʠʚʰʘʷ ʩʠʩʪʝʤʫ ʦʩʚʝʱʝʥʠʷ Hue, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ 

ʦʩʚʝʱʝʥʠʝʤ ʯʝʨʝʟ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

- Amazon, ʩ ʚʳʭʦʜʦʤ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ Alexa ʚ 2014 ʛʦʜʫ, ʦʪʢʨʳʚʰʠʡ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʜʦʤʝ. 

ʉ ʪʝʭ ʧʦʨ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʘʥʠʡ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʫʤʥʦʛʦ ʜʦʤʘ, 

ʧʨʝʜʣʘʛʘʷ ʩʚʦʠ ʨʝʰʝʥʠʷ ʠ ʩʠʩʪʝʤʳ. 

ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʤʥʦʛʦ ʜʦʤʘ: 

1. ʉʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ. 

- çʫʤʥʳʝè ʣʘʤʧʳ: ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʫʧʨʘʚʣʷʝʤʳʤʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 

ʩʤʘʨʪʬʦʥʘʭ ʠʣʠ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʘʠʚʘʪʴ ʷʨʢʦʩʪʴ, ʮʚʝʪ ʠ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ (ʥʘʧʨʠʤʝʨ, ʠʤʠʪʘʮʠʶ ʧʨʠʩʫʪʩʪʚʠʷ); 

- ʩʝʥʩʦʨʳ ʜʚʠʞʝʥʠʷ: ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʪʴ ʠ ʚʳʢʣʶʯʘʪʴ 

ʩʚʝʪ, ʢʦʛʜʘ ʢʪʦ-ʪʦ ʚʭʦʜʠʪ ʠʣʠ ʚʳʭʦʜʠʪ ʠʟ ʢʦʤʥʘʪʳ, ʯʪʦ ʵʢʦʥʦʤʠʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ: ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʮʝʥʘʨʠʠ, ʥʘʧʨʠʤʝʨ, çʚʝʯʝʨè - ʚʢʣʶʯʝʥʠʝ ʤʷʛʢʦʛʦ 

ʩʚʝʪʘ ʚ ʛʦʩʪʠʥʦʡ ʠ ʚʳʢʣʶʯʝʥʠʝ ʷʨʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʢʫʭʥʝ; 

- ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʦʩʚʝʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʩʠʩʪʝʤʘʤʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʷ, ʯʪʦʙʳ ʩʦʟʜʘʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʫʩʣʦʚʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠʣʠ ʩʦʙʳʪʠʡ. 

2. ʆʪʦʧʣʝʥʠʝ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ. 

- çʫʤʥʳʝè ʪʝʨʤʦʩʪʘʪʳ: ʦʥʠ ʤʦʛʫʪ ʦʙʫʯʘʪʴʩʷ ʚʘʰʝʤʫ ʛʨʘʬʠʢʫ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷʤ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʘ ʠ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ; 

- ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ: ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʤʦʛʘʶʪ ʪʝʨʤʦʩʪʘʪʘʤ ʙʦʣʝʝ ʪʦʯʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʣʠʤʘʪ ʚ ʨʘʟʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʧʣʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ: ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢ, 

ʯʪʦʙʳ ʦʥʠ ʨʘʙʦʪʘʣʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ, ʥʘʧʨʠʤʝʨ, ʚʢʣʶʯʘʣʠ ʥʘʛʨʝʚ ʜʦ ʧʨʠʭʦʜʘ ʭʦʟʷʠʥʘ 

ʜʦʤʦʡ; 

- ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʪʢʨʳʚʘʝʪʩʷ ʦʢʥʦ, ʩʠʩʪʝʤʘ 

ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʥʠʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠʣʠ ʦʪʢʣʶʯʘʪʴ ʢʦʥʜʠʮʠʦʥʝʨ. 
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3. ʉʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

- ʢʘʤʝʨʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ: ʫʤʥʳʝ ʢʘʤʝʨʳ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʚʠʜʝʦ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʟʘʧʠʩʳʚʘʪʴ ʩʦʙʳʪʠʷ ʠ ʦʪʧʨʘʚʣʷʪʴ ʫʚʝʜʦʤʣʝʥʠʷ ʥʘ ʩʤʘʨʪʬʦʥ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʜʚʠʞʝʥʠʷ; 

- ʜʘʪʯʠʢʠ ʦʪʢʨʳʪʠʷ ʠ ʜʚʠʞʝʥʠʷ: ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʦ ʧʦʧʳʪʢʘʭ 

ʚʟʣʦʤʘ, ʩʠʛʥʘʣʠʟʠʨʫʷ ʚʣʘʜʝʣʴʮʫ ʦ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʜʦʩʪʫʧʝ; 

- ʩʠʛʥʘʣʠʟʘʮʠʠ: ʫʤʥʳʝ ʩʠʛʥʘʣʠʟʘʮʠʠ ʤʦʛʫʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʜʘʪʯʠʢʘ ʜʚʠʞʝʥʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʪʴ ʦʩʚʝʱʝʥʠʝ ʠ 

ʦʪʧʨʘʚʣʷʪʴ ʫʚʝʜʦʤʣʝʥʠʷ ʚʣʘʜʝʣʴʮʫ; 

- ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ: ʫʤʥʳʝ ʟʘʤʢʠ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʦʩʪʫʧ ʚ ʜʦʤ ʯʝʨʝʟ 

ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʨʝʤʝʥʥʳʝ ʢʦʜʳ ʜʦʩʪʫʧʘ ʜʣʷ ʛʦʩʪʝʡ ʠʣʠ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

4. ɹʳʪʦʚʘʷ ʪʝʭʥʠʢʘ. 

- çʫʤʥʳʝè ʭʦʣʦʜʠʣʴʥʠʢʠ: ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ ʟʘʧʘʩʳ ʧʨʦʜʫʢʪʦʚ, ʧʨʝʜʣʘʛʘʪʴ ʨʝʮʝʧʪʳ ʠ 

ʜʘʞʝ ʟʘʢʘʟʳʚʘʪʴ ʧʨʦʜʫʢʪʳ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ; 

- ʩʪʠʨʘʣʴʥʳʝ ʤʘʰʠʥʳ ʠ ʧʦʩʫʜʦʤʦʝʯʥʳʝ ʤʘʰʠʥʳ: ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ ʚ ʦʧʨʝʜʝʣʸʥʥʦʝ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ 

ʫʜʘʣʸʥʥʦ; 

- ʢʦʬʝʤʘʰʠʥʳ ʠ ʤʫʣʴʪʠʚʘʨʢʠ: ʫʤʥʳʝ ʧʨʠʙʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥʳ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʠʱʠ ʠʣʠ ʥʘʧʠʪʢʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʦʚʩʝʜʥʝʚʥʳʝ 

ʟʘʜʘʯʠ; 

- ʠʥʪʝʛʨʘʮʠʷ: ʙʳʪʦʚʘʷ ʪʝʭʥʠʢʘ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʤʥʦʛʦ ʜʦʤʘ, ʥʘʧʨʠʤʝʨ, ʥʘʯʘʪʴ ʛʦʪʦʚʠʪʴ ʟʘʚʪʨʘʢ, ʢʦʛʜʘ ʚʣʘʜʝʣʝʮ ʧʨʦʩʳʧʘʝʪʩʷ. 

5. ʋʧʨʘʚʣʝʥʠʝ ʤʫʣʴʪʠʤʝʜʠʘ. 

- çʫʤʥʳʝè ʪʝʣʝʚʠʟʦʨʳ ʠ ʘʫʜʠʦʩʠʩʪʝʤʳ - ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ ʠ ʫʧʨʘʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʡ ʠʣʠ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ; 

- ʤʫʣʴʪʠʨʫʤ ʩʠʩʪʝʤʳ: ʧʦʟʚʦʣʷʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʤʫʟʳʢʫ ʠʣʠ ʚʠʜʝʦ ʚ ʨʘʟʥʳʭ 

ʢʦʤʥʘʪʘʭ, ʩʦʟʜʘʚʘʷ ʝʜʠʥʦʝ ʤʫʣʴʪʠʤʝʜʠʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ; 

- ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ, ʯʪʦʙʳ ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʬʠʣʴʤʘ ʚ ʛʦʩʪʠʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʢʣʶʯʘʣʩʷ ʩʚʝʪ, ʠ ʟʘʢʨʳʚʘʣʠʩʴ ʰʪʦʨʳ; 

- ʫʧʨʘʚʣʝʥʠʝ ʯʝʨʝʟ ʛʦʣʦʩʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ: ʫʜʦʙʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʫʣʴʪʠʤʝʜʠʘ ʩ 

ʧʦʤʦʱʴʶ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʢʘʪʴ ʧʫʣʴʪ. 

6. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. 

- ʫʤʥʳʝ ʨʦʟʝʪʢʠ ʠ ʫʜʣʠʥʠʪʝʣʠ: ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʳʢʣʶʯʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʫʜʘʣʸʥʥʦ; 

- ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ: ʠʥʪʝʛʨʘʮʠʷ ʩ ʫʤʥʳʤ ʜʦʤʦʤ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ; 

- ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ: ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʪʩʣʝʞʠʚʘʶʪ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʤʦʛʘʶʪ ʚʳʷʚʣʷʪʴ ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʟʘʪʨʘʪʳ; 

- ʫʧʨʘʚʣʝʥʠʝ ʥʘʛʨʫʟʢʦʡ: ʫʤʥʳʡ ʜʦʤ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʥʝʨʛʠʠ, ʦʪʢʣʶʯʘʷ ʤʝʥʝʝ ʚʘʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʯʘʩʳ ʧʠʢ. 

ɺ ʩʠʩʪʝʤʝ ʫʤʥʦʛʦ ʜʦʤʘ ʝʩʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʙʝʟ ʢʦʪʦʨʳʭ ʩʝʨʚʠʩʳ ʥʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ. ʂ 

ʪʘʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʪʥʦʩʷʪʩʷ: 

1. ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ IoT (ʘʥʛʣ. internet of things). ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ - ʵʪʦ ʢʦʥʮʝʧʮʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʫʩʪʨʦʡʩʪʚʘʤ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ. ɺ ʫʤʥʦʤ ʜʦʤʝ IoT-

ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʩʦʟʜʘʚʘʷ ʝʜʠʥʫʶ 

ʵʢʦʩʠʩʪʝʤʫ. ʆʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʪʝʭʥʦʣʦʛʠʠ IoT: 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ: ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠʣʠ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʦʟʜʘʚʘʷ ʫʜʦʙʥʳʝ ʩʮʝʥʘʨʠʠ (ʥʘʧʨʠʤʝʨ, 

ʚʢʣʶʯʝʥʠʝ ʩʚʝʪʘ ʧʨʠ ʟʘʭʦʜʝ ʩʦʣʥʮʘ); 
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- ʧʦʜʢʣʶʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚ: ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʫʤʥʳʝ ʣʘʤʧʳ, ʪʝʨʤʦʩʪʘʪʳ, ʜʘʪʯʠʢʠ ʠ 

ʙʳʪʦʚʘʷ ʪʝʭʥʠʢʘ, ʤʦʛʫʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ Wi-Fi ʠʣʠ ʜʨʫʛʠʤ ʩʝʪʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ 

ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʠ ʧʦʣʫʯʘʪʴ ʢʦʤʘʥʜʳ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

- ʩʙʦʨ ʜʘʥʥʳʭ: ʫʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʦʙʠʨʘʶʪ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʠ ʧʦʚʝʜʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ; 

- ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ: ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʩʚʦʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʟ ʣʶʙʦʡ 

ʪʦʯʢʠ ʤʠʨʘ ʯʝʨʝʟ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ ʠ 

ʢʦʥʪʨʦʣʷ. 

2. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʤʥʦʤ ʜʦʤʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʢʦʦʨʜʠʥʘʮʠʶ ʨʘʙʦʪʳ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ. ʆʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ: 

- ʮʝʥʪʨʘʣʴʥʳʡ ʭʘʙ: ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʫʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʠʤʠ ʠʟ ʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʍʘʙ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʩʚʷʟʠ, ʪʘʢʠʤʠ ʢʘʢ Zigbee, Z-Wave ʠʣʠ Wi-Fi; 

- ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ: ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʩʚʦʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʯʝʨʝʟ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʩʤʘʨʪʬʦʥʘʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʪʫ ʥʘʩʪʨʦʡʢʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ; 

- ʩʮʝʥʘʨʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʩʮʝʥʘʨʠʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʠ ʢʦʛʜʘ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ. ʅʘʧʨʠʤʝʨ, ʩʮʝʥʘʨʠʡ çʋʭʦʜè 

ʤʦʞʝʪ ʚʳʢʣʶʯʘʪʴ ʚʩʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʟʘʢʨʳʚʘʪʴ ʰʪʦʨʳ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʜʦʤʘ; 

- ʠʥʪʝʛʨʘʮʠʷ ʩ ʛʦʣʦʩʦʚʳʤʠ ʧʦʤʦʱʥʠʢʘʤʠ: ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ 

ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ ʯʝʨʝʟ ʪʘʢʠʝ ʧʣʘʪʬʦʨʤʳ, ʢʘʢ: Amazon Alexa, Google Assistant ʠʣʠ Apple 

HomeKit. 

3. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ). ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʫʤʥʦʤ ʜʦʤʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʫʣʫʯʰʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʆʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ: 

- ʛʦʣʦʩʦʚʳʝ ʧʦʤʦʱʥʠʢʠ: ʀʀ-ʘʣʛʦʨʠʪʤʳ ʧʦʟʚʦʣʷʶʪ ʛʦʣʦʩʦʚʳʤ ʧʦʤʦʱʥʠʢʘʤ ʧʦʥʠʤʘʪʴ 

ʢʦʤʘʥʜʳ ʠ ʦʪʚʝʯʘʪʴ ʥʘ ʥʠʭ, ʜʝʣʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʱʝ ʠ ʠʥʪʫʠʪʠʚʥʝʝ; 

- ʦʙʫʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: ʀʀ ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚ ʧʦʜ ʠʭ ʧʨʠʚʳʯʢʠ. ʅʘʧʨʠʤʝʨ, ʫʤʥʳʡ ʪʝʨʤʦʩʪʘʪ ʤʦʞʝʪ 

ʫʯʠʪʴʩʷ, ʢʦʛʜʘ ʚʳ ʦʙʳʯʥʦ ʧʨʠʭʦʜʠʪʝ ʜʦʤʦʡ, ʠ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ ʢʦʤʬʦʨʪʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʀʀ ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ 

ʠ ʧʨʝʜʣʘʛʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ, ʥʘʧʨʠʤʝʨ, ʚʳʢʣʶʯʘʷ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʦʛʜʘ ʦʥʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ; 

- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ: ʀʀ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʩʚʝʱʝʥʠʷ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʧʦʛʦʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʢʣʶʯʝʥʠʠ ʤʳ ʤʦʞʝʤ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

çʫʤʥʳʡ ʜʦʤè ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʪʨʝʥʜ, ʘ ʨʝʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪ ʥʘʰʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʞʠʣʠʱʝ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʠ ʥʘʜʝʞʥʳʤʠ. 

çʋʤʥʳʡ ʜʦʤè ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʢʦʤʬʦʨʪʘ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠ, 

ʙʝʟʫʩʣʦʚʥʦ, ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʨʘʟʚʠʚʘʪʴʩʷ, ʚʥʝʜʨʷʷ ʠʥʥʦʚʘʮʠʠ ʠ ʫʣʫʯʰʘʷ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ 

ʣʶʜʝʡ. 
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ɼʨʦʙʦʣʶʢ ʉ.ɺ., ʂʘʣʘʰʥʠʢʦʚʘ ɸ.ɸ. 

ʄʦʩʋ ʄɺɼ ʈʦʩʩʠʠ ʠʤ. ɺ.ʗ. ʂʠʢʦʪʷ, ʛ. ʄʦʩʢʚʘ 
 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʘʟʚʠʪʠʠ ʪʘʢʞʝ, ʢʘʢ ʠ ʥʘʰʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ 

ʩ ʥʠʤʠ. ɺʦʧʨʦʩ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʜʣʷ ʤʥʦʛʠʭ ʣʶʜʝʡ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʝʩʪʫʧʥʦʩʪʴ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ʏʘʩʪʦ ʚʟʣʘʤʳʚʘʶʪ 

ʘʢʢʘʫʥʪʳ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʩʪʫʧʥʠʢʠ ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʤʦʛʘʥʠʷ 

ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʧʦʩʨʝʜʩʪʚʦʤ ʰʘʥʪʘʞʘ. ʍʘʢʝʨʳ ʢʨʘʜʫʪ ʥʝ ʪʦʣʴʢʦ ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʥʦ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ. ɺʟʣʦʤʳ ʩʪʘʣʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ 

ʷʚʣʝʥʠʝʤ, ʧʦʵʪʦʤʫ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ ʚʦʟʤʦʞʥʳʭ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʯʝʣʦʚʝʢʘ ʠ ʦʨʛʘʥʠʟʘʮʠʡ. ɿʘʜʘʯʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ï ʟʘʜʘʯʘ, ʩʘʤʘ ʧʦ ʩʝʙʝ 

ʩʣʦʞʥʘʷ, ʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʩʪʨʦʡʩʪʚʦ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʚʟʣʦʤ. 
 

METHODS OF PROTECTION AGAINST HACKING: ANTIVIRUSES, FIREWALLS, IDS/IPS  
 

Drobolyuk S.V., Kalashnikova A.A. 
MosU MVD of Russia named after V.Ya. Kikot, Moscow 

 

Computer technologies are constantly evolving, as are our relationships with them. The issue of data 

security remains a pressing issue for many people. Currently, crime in the information sphere has 

increased. Social network accounts are often hacked, thereby criminals get the opportunity to extort 

money through blackmail. Hackers steal not only users' personal data, but also restricted information from 

large companies. Hacking has become a common occurrence, so there is a need to take possible measures 

to protect the personal data of individuals and organizations. The task of data confidentiality is a complex 

task in itself, but necessary to ensure the safety of the population of our country. 

Keywords: security, device, personal data, hacking. 
 

ɽʩʣʠ ʫʩʪʨʦʡʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ 

(ʧʣʘʥʰʝʪʘʤʠ, ʪʝʣʝʬʦʥʘʤʠ, ʢʦʤʧʴʶʪʝʨʘʤʠ, ʥʦʫʪʙʫʢʘʤʠ ʠ ʪ.ʜ.) ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʪʦ ʦʥʦ 

ʤʦʞʝʪ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʨʠʩʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʝʩʪʫʧʥʠʢʘʤʠ. ʈʝʛʫʣʷʨʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʫʪʝʯʢʠ ʜʘʥʥʳʭ ʢʣʠʝʥʪʦʚ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ, ʥʘʭʦʜʷʪʩʷ ʢʨʠʪʠʯʝʩʢʠʝ ʫʷʟʚʠʤʦʩʪʠ ʚ 

ʧʦʧʫʣʷʨʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʩʝʨʚʠʩʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʪʘʢʘʤ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ 

ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʨʘʞʜʘʥ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʠʥʪʝʨʥʝʪʝ. ʀʥʪʝʨʥʝʪ-ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʠ ʪʨʘʥʟʘʢʮʠʡ, 

ʩʦʚʝʨʰʘʝʤʳʭ ʚ ʠʥʪʝʨʥʝʪ ʩʨʝʜʝ. ʀʥʪʝʨʥʝʪ-ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʭʦʜʠʪ ʚ ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʧʦʥʷʪʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʠ ʚʢʣʶʯʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʙʨʘʫʟʝʨʘ ʠ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʧʨʘʚʠʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʩʝʪʠ. [3] ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʦʩʫʜʘʨʩʪʚʦ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ ʦʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʭʨʘʥʫ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʀʥʪʝʨʥʝʪ-ʩʨʝʜʝ.  

ʍʘʢʝʨʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʜʧʘʜʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʷ ʋʛʦʣʦʚʥʦʛʦ ʢʦʜʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ [1], ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦ:  

- ʩʪ. 272 ʋʂ ʈʌ ʅʝʧʨʘʚʦʤʝʨʥʳʡ ʜʦʩʪʫʧ ʢ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

- ʩʪ. 273 ʋʂ ʈʌ ʉʦʟʜʘʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʨʝʜʦʥʦʩʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ;  

- ʩʪ. 274 ʋʂ ʈʌ ʅʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʨʝʜʩʪʚ ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʝʨʝʜʘʯʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ. 

ʉʘʤʘ ʞʝ ʫʛʦʣʦʚʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʷʭ. ɸ ʠʤʝʥʥʦ ʧʨʠ 

ʫʥʠʯʪʦʞʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʙʣʦʢʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʤʦʜʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʝʸ ʢʦʧʠʨʦʚʘʥʠʠ.  

ʄʝʪʦʜʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʟʣʦʤʦʚ ʷʚʣʷʝʪʩʷ:  
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1. ɸʥʪʠʚʠʨʫʩʳ (ʘʪʠʚʠʨʫʩʥʳʝ ʩʢʘʥʝʨʳ, ʤʦʥʠʪʦʨʳ, ʧʦʣʠʬʘʛʠ, ʨʝʚʠʟʦʨʳ, 

ʙʣʦʢʠʨʦʚʱʠʢʠ) ʧʦʟʚʦʣʷʶʪ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʚʝʨʷʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ, 

ʦʪʩʣʝʞʠʚʘʶʪ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʫʩʪʨʦʡʩʪʚʝ, ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʦʜʦʟʨʠʪʝʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʫʚʝʜʦʤʣʷʶʪ ʦʙ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʟʘʧʦʤʠʥʘʶʪ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʘʡʣʦʚ ʠ 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʤ. ʊʝʤ ʩʘʤʳʤ, ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ; 

2. Firewalls ï  ʵʪʦ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʟʘʱʠʱʘʝʪ ʢʦʤʧʴʶʪʝʨ ʦʪ ʘʪʘʢ ʠʟ Cʝʪʠ. ɽʝ 

ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʙʨʘʥʜʤʘʫʵʨʦʤ ʠ ʤʝʞʩʝʪʝʚʳʤ ʵʢʨʘʥʦʤ, ʧʦʪʦʤʫ ʯʪʦ ʩʠʩʪʝʤʘ ʢʘʢ ʙʳ 

ʵʢʨʘʥʠʨʫʝʪ ʚʨʝʜʦʥʦʩʥʳʝ ʜʝʡʩʪʚʠʷ ʠʟ ʠʥʪʝʨʥʝʪʘ. [4] ʇʨʦʛʨʘʤʤʘ ʟʘʱʠʱʘʝʪ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ï ʧʘʨʦʣʠ, ʙʘʥʢʦʚʩʢʠʝ ʠ ʜʨʫʛʠʝ ʣʠʯʥʳʝ ʜʘʥʥʳʝ. Firewalls 

ʙʣʦʢʠʨʫʝʪ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, IP ï ʘʜʨʝʩʦʚ ʠ ʜʦʤʝʥʥʳʭ ʠʤʝʥ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʨʘʬʠʢ 

ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʦʪʦʢʦʣʘʤ; 

3. ʉʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʪʦʨʞʝʥʠʡ (IDS/IPS) ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʱʠʪʫ ʩʝʪʝʡ ʠ ʩʠʩʪʝʤ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʫʛʨʦʟ. IDS ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʟʚʝʥʦʤ ʚ ʙʦʨʴʙʝ ʩ ʘʪʘʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʘʬʠʢʠ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʦʙʱʘʪʴ ʦʙ ʚʦʟʤʦʞʥʳʭ ʠʥʮʠʜʝʥʪʦʚ. IPS, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʘʢʪʠʚʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʫʛʨʦʟʳ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʸʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʦʜʝʨʞʠʤʦʛʦ, ʢʘʢ 

ʤʝʞʩʝʪʝʚʦʡ ʵʢʨʘʥ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʪʨʘʬʠʢ ʧʦ IP ïʘʜʨʝʩʫ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʨʝʜʩʪʚ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʛʦʩʫʜʘʨʩʪʚʦ ʟʘʱʠʱʘʝʪ ʠʥʪʝʨʥʝʪ ʜʘʥʥʳʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ, ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʠʝʩʷ ʥʘ ʫʩʪʨʦʡʩʪʚʝ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ 

ʨʠʩʢʠ ʢʨʘʞʠ ʜʘʥʥʳʭ ʠ ʜʨʫʛʠʭ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ʆʜʥʘʢʦ, ʨʘʟʚʠʪʠʝ ʭʘʢʝʨʩʢʠʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ.  
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ɿʘʢʦʥʳ. ʋʛʦʣʦʚʥʳʡ ʢʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʬʝʜʝʨ. ʟʘʢʦʥ ʦʪ 13.06.1996 ˉ 63-

ʌɿ (ʨʝʜ. ʦʪ 30.11.2024) // ʉʇʉ çCONSULTANT.ruè. 

2. ɽʤʝʣʴʷʥʦʚʘ ʆ.ɺ. ɿʘʱʠʪʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ / ʆ.ɺ. 
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ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʄʦʩʢʚʘ, 18 ʘʧʨʝʣʷ 2024 ʛʦʜʘ). ï ʄʦʩʢʚʘ: 
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3. ʀʥʪʝʨʥʝʪ-ʙʝʟʦʧʘʩʥʦʩʪʴ: ʯʪʦ ʵʪʦ ʠ ʢʘʢ ʩʦʭʨʘʥʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʩʝʪʠ. // Kaspersky: [ʩʘʡʪ]. ï URL: 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʫʯʝʙʥʳʡ ʧʣʘʥ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʉʧʦʩʦʙ ʫʣʫʯʰʝʥʠʷ ʧʦʜʭʦʜʘ ʢ 

ʦʙʫʯʝʥʠʶ. ʏʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʵʪʦʛʦ ʠ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʀʀ ʥʘ ʢʦʣʣʝʜʞʝ çɺʀɺʊè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 
(ʀʀ), ʦʙʨʘʟʦʚʘʥʠʝ, ʦʮʝʥʠʚʘʥʠʝ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʩʪʫʜʝʥʪ. 
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ʀʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʦʙʨʘʟʦʚʘʥʠʝ  - ʵʪʦ ʙʳʩʪʨʦʨʘʩʪʫʱʠʝ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʩʧʦʩʦʙʥʦʝ ʠʟʤʝʥʠʪʴ ʧʦʜʭʦʜʳ ʦʙʫʯʝʥʠʷ ʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʀʀ ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʞʠʟʥʠ ʫʯʝʥʳʭ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʳʩʪʨʦʤʫ 

ʨʝʰʝʥʠʶ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʶ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ, ʧʦʤʦʛʘʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠ ʫʣʫʯʰʘʪʴ ʫʤʩʪʚʝʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʣʶʜʝʡ ʚ ʮʝʣʦʤ. 

ɺ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʠ ʀʀ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʦʙʫʯʝʥʠʠ ʚ 

ʰʢʦʣʘʭ ʢʦʣʣʝʜʞʘʭ ʠ ʚʫʟʘʭ, ʦʮʝʥʠʚʘʥʠʝ ʨʘʙʦʪ, ʫʯʘʱʠʭʩʷ ʠ ʨʝʧʝʪʠʪʦʨʩʪʚʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʯʝʣʦʚʝʢʘ ʧʦʩʢʦʣʴʢʫ ʥʝ ʚʩʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʜʘʥʥʫʶ ʫʩʣʫʛʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʧʨʦʙʣʝʤʳ. ʆʜʥʠʤ ʠʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʀʀ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʩʧʦʩʦʙʠʪʴ 

ʦʙʫʯʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʱʝʛʦʩʷ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʪʫʘʮʠʡ ʝʛʦ ʧʨʦʙʣʝʤ ʠ ʧʨʦʚʘʣʦʚ 

ʦʙʫʯʝʥʠʷ. ɸʣʛʦʨʠʪʤʳ ʀʀ ï ʘʥʘʣʠʟʠʨʫʶʪ ʩʪʠʣʴ ʦʙʫʯʝʥʠʷ ʠ ʫʩʧʝʚʘʝʤʦʩʪʴ ʚʩʝʭ ʫʯʝʥʠʢʦʚ ʪʝʤ 

ʩʘʤʳʤ, ʩʦʟʜʘʚʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ ʢʦʪʦʨʳʝ, ʧʦʟʚʦʣʷʶʪ ʩʪʫʜʝʥʪʘʤ 

ʫʯʠʪʴʩʷ ʚ ʩʚʦʝʤ ʪʝʤʧʝ ʢʦʪʦʨʳʡ ʠʤ ʢʦʤʬʦʨʪʝʥ ʠ ʧʦʚʳʰʘʝʪ ʠʭ ʠʥʪʝʨʝʩ ʠ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʚ 

ʫʯʝʙʫ ʚ ʮʝʣʦʤ. 

ʄʠʥʮʠʬʨʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʡ ʩʯʠʪʘʝʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʀʀ, ʘ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʧʨʠʤʝʨʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ çʂʦʣʣʝʜʞʘ ɺʀɺʊè ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʕʣʠʥʦʩè ʥʝʟʘʤʝʥʠʤʦ 

ʚʝʜʴ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʯʝʥʴ ʧʨʦʩʪʫʶ ʚ ʧʣʘʥʝ ʠʥʪʝʨʬʝʡʩʘ ʠ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ 

ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʣʝʛʯʝʥʠʷ ʫʩʚʦʝʥʠʷ ʠ ʨʘʙʦʪʳ ʥʘʜ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ. ɺʝʜʴ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʤʦʛʘʝʪ ʚ ʣʸʛʢʦʤ ʠʟʫʯʝʥʠʡ ʤʘʪʝʨʠʘʣʘ. ɺʝʜʴ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʢʘʢ ʠ ʩʪʫʜʝʥʪʳ ʧʦʥʠʤʘʶʪ ʢʘʢʦʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʩʜʘʥ ʠ ʯʪʦ ʪʨʝʙʫʝʪʩʷ 

ʜʦʨʘʙʦʪʘʪʴ. ʊʘʢ ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ.  ʊʝʤ ʩʘʤʳʤ  çʕʣʠʥʦʩè 

ʧʦʤʦʛʘʝʪ ʚ ʫʯʝʙʥʦʡ ʩʬʝʨʝ. 

ʀʀ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʥʠʷ ʨʘʙʦʪ, ʙʳʩʪʨʦ ʘʥʘʣʠʟʠʨʫʷ 

ʦʪʚʝʪʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʷ ʤʛʥʦʚʝʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʝʣʷʤ ʚʥʦʩʠʪʴ 

ʧʨʘʚʢʠ ʚ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʙʦʣʴʰʝʛʦ ʠʥʪʝʨʝʩʘ ʢ ʫʯʸʙʝ ʩʨʝʜʠ 

ʦʙʫʯʘʝʤʳʭ ʣʶʜʝʡ. ɺ ʩʪʫʜʝʥʯʝʩʢʠʝ ʛʦʜʳ ʀʀ ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʦ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʚʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʙʝʟ ʧʦʩʝʱʝʥʠʷ ʫʯʝʙʥʦʛʦ 

ʟʘʚʝʜʝʥʠʷ, ʜʠʩʪʘʥʮʠʦʥʥʦ. ʊʝʭʥʦʣʦʛʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʚʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʣʶʜʷʤ ʠʟ ʦʪʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ, ʩ ʠʥʚʘʣʠʜʥʦʩʪʴʶ, ʩʪʫʜʝʥʪʘʤ ʠʟ ʜʨʫʛʠʭ 

ʩʪʨʘʥ, ʘ ʪʘʢʞʝ ʧʨʠ ʣʶʙʳʭ ʞʠʟʥʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺ ʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʠ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ 

ʠʥʩʪʨʫʤʝʥʪʳ ʀʀ ʤʦʛʫʪ ʦʪʚʝʯʘʪʴ ʥʘ ʟʘʧʨʦʩʳ ʩʪʫʜʝʥʪʦʚ ʠ ʫʧʨʦʱʘʪʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʵʢʦʥʦʤʷ ʚʨʝʤʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʉʠʩʪʝʤʳ ʀʀ ʜʦʩʪʫʧʥʳ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ, ʯʪʦ 

ʜʝʣʘʝʪ ʦʙʫʯʝʥʠʝ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʧʦʩʢʦʣʴʢʫ ʩʪʫʜʝʥʪʘʤ ʥʝ ʥʫʞʥʦ ʦʞʠʜʘʪʴ ʦʪʚʝʪʘ 

ʥʘ ʟʘʜʘʥʥʳʡ ʠʤʠ ʚʦʧʨʦʩ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʀʀ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠʛʨʳ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʶ ʠ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʧʨʦʙʣʝʤʳ, ʚʝʜʴ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʧʨʠʤʝʥʷʪʴ ʟʥʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʫʯʸʙʝ ʥʘ ʨʘʙʦʪʝ ʠ 

ʞʠʟʥʠ ʚ ʮʝʣʦʤ. 

ʅʦ ʝʩʪʴ ʠ ʫ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʬʠʥʘʥʩʦʚ ʥʘ 

ʚʥʝʜʨʝʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʩʢʦʣʴʢʫ ʚʩʷ ʘʧʧʘʨʘʪʫʨʘ ʠ ʀʀ ʚ ʮʝʣʦʤ ʩʪʦʷʪ ʙʦʣʴʰʠʭ ʜʝʥʝʛ ʠ ʥʝ 

ʚʩʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʤʦʛʫʪ ʩʝʙʝ ʵʪʦ ʧʦʟʚʦʣʠʪʴ ʪʝʤ ʩʘʤʳʤ ʵʪʦ ʨʘʟʚʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʛʨʦʤʥʳʭ ʟʘʪʨʘʪ ʥʘ ʵʪʦ ʚʩʸ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʠʥʪʝʨʥʝʪʘ ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʛʦʜ ʚʝʜʴ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʀʀ 

ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ ʧʦʩʢʦʣʴʢʫ ʩʨʘʚʥʠʚʘʷ ʀʀ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʚ ʫʯʝʙʥʦʤ 

ʧʣʘʥʝ ʠ ʩʝʡʯʘʩ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʙʦʣʴʰʦʡ ʧʨʦʨʳʚ. ʇʨʦʙʣʝʤʳ ʧʨʠʚʘʪʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʨʠʩʢ 

ʥʝʦʙʲʝʢʪʠʚʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʚ ʘʣʛʦʨʠʪʤʘʭ. ɺʝʜʴ ʀʀ ʟʘʪʨʘʛʠʚʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʪʫʜʝʥʪʦʚ ʚʦ 

ʚʨʝʤʷ ʧʨʦʚʝʨʢʠ ʪʝʤ ʩʘʤʳʤ ʠʭ ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʫʷʟʚʠʤʦʩʪʠ ʠ ʵʪʦ ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ 

ʠʭ ʢʨʘʞʫ. ɺʘʞʥʦ ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʥʫʞʥʦ ʥʘʡʪʠ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʣʶʩʘʤʠ ʠ ʤʠʥʫʩʘʤʠ ʀʀ, ʜʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʴʟʫ ʚ ʩʪʦʨʦʥʫ ʫʯʘʱʠʭʩʷ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ. ʯʪʦ ʀʀ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ, ʥʦ ʵʪʦ ʧʦʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʥʝʞʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʠ ʥʘʙʦʨʘ 
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ʦʙʫʯʘʶʱʠʭʩʷ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɽʩʣʠ ʥʘʡʪʠ ʙʘʣʘʥʩ ʤʝʞʜʫ ʚʩʝʤʠ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʦ ʀʀ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʚ 

ʮʝʣʦʤ ʠ ʧʨʠʥʝʩʸʪ ʙʦʣʴʰʝ ʧʦʣʴʟʳ, ʥʝʞʝʣʠ ʫʱʝʨʙʘ ʚ ʧʦʜʛʦʪʦʚʢʝ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʩʚʦʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɹʨʳʟʛʘʣʠʥʘ ɽ.ɺ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. ɸʥʘʣʠʟ ʮʝʣʝʡ ʚʥʝʜʨʝʥʠʷ / ɽ.ɺ. ɹʨʳʟʛʘʣʠʥʘ // 

ʏʝʣʦʚʝʢ. ï 2021. ʊʦʤ 32. - ˉ 2. ï ʉ. 9-29. ï URL:  https://elibrary.ru/item.asp?id=46154473 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

07.12.2024). 

2. ɺʦʨʦʥʦʚ ʄ ɺ.  ʉʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ʫʯʝʙʥʠʢ ʠ ʧʨʘʢʪʠʢʫʤ ʜʣʷ ʚʫʟʦʚ / ʄ.ɺ. ɺʦʨʦʥʦʚ, 

ɺ.ʀ. ʇʠʤʝʥʦʚ, ʀ.ɸ. ʅʝʙʘʝʚ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʖʨʘʡʪ, 2024. ï 268 ʩ. ï (ɺʳʩʰʝʝ 

ʦʙʨʘʟʦʚʘʥʠʝ) // ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ çʖʨʘʡʪè. ï URL: https://urait.ru/bcode/544161 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

08.12.2024) 

3. ɼʦʢʣʘʜ ʦ ʨʝʘʣʠʟʘʮʠʠ ʇʣʘʥʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʩʚʷʟʠ ʠ ʤʘʩʩʦʚʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ 2019-2024 ʛʦʜʦʚ ʟʘ 2023 ʛʦʜ. 

https://digital.gov.ru/ru/documents/9477/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 07.12.2024) 

4. ʀʚʘʥʦʚʘ ʅ.ɸ. ɸʨʭʠʧʦʚʘ ʀ.ʀ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ / ʅ.ɸ. ʀʚʘʥʦʚʘ,  ʀ.ʅ 
ɸʨʭʠʧʦʚʘ // ɾʫʨʥʘʣ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ï 2023. - ˉ 4. ï ʉ. 152-157. ï URL: 

https://cyberleninka.ru/article/n/informatsionnye-tehnologii-i-obrazovatelnyy-protsess/viewer (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

07.12.2024) 

5. ʂʫʣʠʢʦʚ ɸ.ɸ., ʉʚʠʨʠʜʦʚʘ ɸ.ɸ. ɺʦʟʜʝʡʩʪʚʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ / ɸ.ɸ. ʂʫʣʠʢʦʚ, ɸ.ɸ. ʉʚʠʨʠʜʦʚʘ // ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʫʢʠ: ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ III ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʋʬʘ, 21 

ʘʚʛʫʩʪʘ 2020 ʛʦʜʘ). ï ʋʬʘ: ʆʆʆ çʅʀʎ çɺʝʩʪʥʠʢ ʥʘʫʢʠè, 2020. ï ʉ. 99-106. ï URL: 

https://elibrary.ru/item.asp?id=43921638 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 07.12.2024). 

6. ʅʦʚʠʢʦʚ ʌ.ɸ. ʉʠʤʚʦʣʠʯʝʩʢʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ: 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʙʘʢʘʣʘʚʨʠʘʪʘ  / ʌ.ɸ. ʅʦʚʠʢʦʚ. ï ʄʦʩʢʚʘ: ʖʨʘʡʪ, 2023. ï 278 ʩ.  

7. ʉʪʨʫʥʠʥ ɼ. ɸ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ / ɼ.ɸ. ʉʪʨʫʥʠʥ // ʄʦʣʦʜʦʡ ʫʯʝʥʳʡ. ï 2023. - 

ˉ6(453). ï ʉ. 15-16. ï URL: https://moluch.ru/archive/453/99921/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 07.12.2024). 
 

ʋɼʂ 621.391 

ʋʉʊʈʆʁʉʊɺʆ ʂʆʄʇɽʅʉɸʎʀʀ ʂʆʄʇʆʅɽʅʊʆɺ 

ʄʅʆɻʆʃʋʏɽɺʆʉʊʀ ɺ ɼɽʂɸʄɽʊʈʆɺʆʄ ʂɸʅɸʃɽ ʉɺʗɿʀ 
 

ɽʚʩʶʢʦʚ ɼ.ɺ., ʂʦʪʣʷʨʦʚ ʇ.ʖ., ʉʪʫʨʦʚ ɼ.ʃ., ʉʫʭʦʚ ɺ.ʇ., ʄʝʞʫʝʚ ɸ.ʄ. 

ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤ. ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè, ʛ. ɺʦʨʦʥʝʞ 
 

ɺ ʚʠʜʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʝʢʘʤʝʪʨʦʚʳʡ ʨʘʜʠʦʢʘʥʘʣ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʜʘʣʴʥʝʡ ʩʚʷʟʠ. ʆʜʥʘʢʦ ʝʛʦ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʛʨʦʤʦʟʜʢʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ, ʩʣʦʞʥʦʩʪʴ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʠʟʢʘʷ 
ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʨʦʛʨʝʩʩʫ ʚ ʪʝʭʥʦʣʦʛʠʠ ʜʝʢʘʤʝʪʨʦʚʦʡ ʩʚʷʟʠ. ʈʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, 

ʯʪʦ ʜʨʫʛʠʝ ʚʠʜʳ ʩʚʷʟʠ ʧʨʝʚʟʦʡʜʫʪ ʠ ʚʳʪʝʩʥʷʪ ʩʨʝʜʩʪʚʘ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʠʥʪʝʨʝʩ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ ʵʪʠʤ ʨʘʜʠʦʩʠʩʪʝʤʘʤ ʪʦʣʴʢʦ ʨʘʩʪʝʪ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ 

ʜʝʢʘʤʝʪʨʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʣʫʯʝʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʩʠʛʥʘʣʦʚ ʚ ʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʚʳʟʚʘʥʥʳʝ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʦʥʦʩʬʝʨʳ. ɽʩʣʠ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʢʘʞʝʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ 

ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ, ʪʦ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ ʟʘʤʠʨʘʥʠʷʤ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʘʜʘʧʪʠʚʥʦʛʦ 

ʩʧʦʩʦʙʘ ʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʚ ʜʝʢʘʤʝʪʨʦʚʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʨʠʝʤ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʢʘʤʝʪʨʦʚʳʡ ʢʘʥʘʣ ʩʚʷʟʠ, ʟʦʥʜʠʨʦʚʘʥʠʝ ʢʘʥʘʣʘ, ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ,  

ʢʦʤʧʦʥʝʥʪʳ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ, ʧʝʨʠʦʜ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪʠ.  
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The summary: In a type of geographical features of the Russian Federation the decameter radio channel 

represents an effective remedy of a long-distance communication. However its wide use is interfered by 

such factors as bulkiness of the equipment, complexity of its operation, low capacity and reliability of a 

communication channel. Nevertheless, active development of modern element base promoted progress in 

technology of decameter communication. Earlier was considered that other types of communication will 

surpass and will force out means of decameter range, but actually the interest of producers in these radio 

systems only grows. One of key problems of a decameter radio communication is multipath distribution 

of waves on a communication channel and an interference of signals in the intake, the ionospheres caused 

by repeated reflections from not uniformity. If the signal on an entrance of the intake appears in an 

antiphase with multipath components, then it will lead to total disappearance of a useful signal, so-called 

dying down in a reception point. This work is devoted to development of an adaptive way and the device 

of the reception of signals in a decameter communication channel providing effective elimination of 

components of a multipath of attendants reception of a useful signal. 

 Keywords: decameter communication channel, pulse characteristic, multipath components, sounding of 

the channel, period of quasi-stationarity. 
 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʜʠʦʩʚʷʟʠ ʚ ʜʝʢʘʤʝʪʨʦʚʦʤ (ɼʂʄɺ) ʜʠʘʧʘʟʦʥʝ 

ʷʚʣʷʶʪʩʷ ʟʘʤʠʨʘʥʠʷ ʩʠʛʥʘʣʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʩʠʛʥʘʣʘ ʦʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʦʥʦʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʤʥʦʛʦʣʫʯʝʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʧʦ 

ʢʘʥʘʣʫ ʩʚʷʟʠ (ʂʉ) ʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (ʇʈʋ). ʇʨʠ ʵʪʦʤ ʟʘʤʠʨʘʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʇʈʋ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʘ ʦʩʪʘʶʪʩʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʪʦʣʴʢʦ ʥʘ ʦʯʝʥʴ ʤʘʣʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ. ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʜʣʷ 

ʪʨʘʩʩʳ ʩ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1000  ï 3000 ʢʤ (ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ɼʂʄɺ ʨʘʜʠʦʩʚʷʟʠ) 

ʧʝʨʠʦʜ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʢʘʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 
ʤʠʥʫʪ155tst -º

 [1]. 

ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʫʩʣʦʚʠʷ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ 

ɼʂʄɺ ʂʉ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʜʘʧʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʨʠʝʤʘ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ (ʉʄ. ʈʠʩ. 1), 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

1. ʇʨʦʚʝʨʢʘ (ʟʦʥʜʠʨʦʚʘʥʠʝ) ʂʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. 

2. ʆʮʝʥʠʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʀʍ) ʂʉ ( )t,th
%

 ʥʘ ʦʩʥʦʚʝ ʝʝ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʚ ʧʝʨʠʦʜ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʂʉ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ 

ʦʮʝʥʢʠ ʀʍ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʢʦʤʧʦʥʝʥʪ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ.  

ʇʨʠʝʤʥʳʡ

ʄʦʜʫʣʷʪʦʨ

ɻʝʥʝʨʘʪʦʨ 

ʟʦʥʜʠʨʫʶʱʠʭ 

ʩʠʛʥʘʣʦʚ

ʀʩʪʦʯʥʠʢ 

ʩʦʦʙʱʝʥʠʡ

ʀʩʪʦʯʥʠʢ 

ʧʦʤʝʭ

ʄʥʦʛʦʣʫʯʝʚʳʡ

 ɼʂʄɺ ʢʘʥʘʣ

( )h t,Ű

ɹʣʦʢ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ 

ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ 

ʋʩʪʨʦʡʩʪʚʦ 

ʦʪʦʙʨʘʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ

ʉʠʥʭʨʦʥʥʳʡ 

ʜʝʪʝʢʪʦʨ

ʇʝʨʝʜʘʶʱʠʡ

ʋʩʪʨʦʡʩʪʚʦ 

ʦʙʨʘʙʦʪʢʠ 

ʤʥʦʛʦʣʫʯʝʚʳʭ 

ʩʠʛʥʘʣʦʚ

ɼʝʤʦʜʫʣʷʪʦʨ

u(t)

s(t)

SS (t) Sʚʳʭ (t)

n0 (t)

ɹʣʦʢ

ʩʠʥʭʨʦʥʠʟʘʮʠʠ

),t(hĔ t

ʤʦʜʫʣʴ ʤʦʜʫʣʴ

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʚ ɼʂʄɺ ʂʉ 
 

ʆʩʪʘʥʦʚʠʤʩʷ ʦʪʜʝʣʴʥʦ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʨʘʟʙʝʨʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ɼʂʄɺ ʢʘʥʘʣʘ, ʚʢʣʶʯʘʶʱʝʡ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʧʝʨʝʜʘʶʱʠʡ ʤʦʜʫʣʴ, 

ʤʥʦʛʦʣʫʯʝʚʳʡ ɼʂʄɺ ʂʉ ʠ ʧʨʠʝʤʥʳʡ ʤʦʜʫʣʴ. ɺ ʩʦʩʪʘʚ ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ ʚʭʦʜʠʪ: 
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ʛʝʥʝʨʘʪʦʨ ʧʨʦʚʝʨʦʯʥʳʭ (ʟʦʥʜʠʨʫʶʱʠʭ) ʩʠʛʥʘʣʦʚ, ʠʩʪʦʯʥʠʢ ʩʦʦʙʱʝʥʠʡ ʠ ʤʦʜʫʣʷʪʦʨ. 

ʇʨʠʝʤʥʳʡ ʤʦʜʫʣʴ ʩʦʩʪʦʠʪ ʠʟ: ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʙʣʦʢʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ, ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ, ʙʣʦʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, 

ʜʝʤʦʜʫʣʷʪʦʨ, ʫʩʪʨʦʡʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠʝʤʘ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ 

ɼʂʄɺ ʂʉ ʛʝʥʝʨʘʪʦʨ ʟʦʥʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ u(t) ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʚʝʨʢʫ (ʟʦʥʜʠʨʦʚʘʥʠʝ) ʂʉ.  ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʚʝʨʢʠ ʂʉ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʟʦʥʜʠʨʫʶʱʠʡ 

ʩʠʛʥʘʣ ʦʙʣʘʜʘʣ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʂʉ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʧʨʠ ʦʪʢʣʠʢʝ ʥʘ 

ʧʨʦʚʝʨʦʯʥʳʡ ʩʠʛʥʘʣ. ʇʦʵʪʦʤʫ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ 

ʩʠʛʥʘʣ ʩ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ʃʏʄ-ʩʠʛʥʘʣ), ʠʤʝʶʱʠʡ ʙʘʟʫ ɺ = 20 ʠ ʦʪʢʣʦʥʝʥʠʝ 

ʩʧʝʢʪʨʘ ʦʪ ʣʠʥʝʡʥʦʛʦ ʦʢʦʣʦ 2 ʜɹ [2]. 

() ()( )
ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å
++=+= 2

00000
2

2 t
b

tfˊűcosUtűűcosUtuʃʏʄ ,                         (1) 

ʛʜʝ 
0U
 
ï ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ, 

0ű ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, ()tű  ï ʬʘʟʘ ʩʠʛʥʘʣʘ,  ( )20 /fff minmax+=  ï

 ʮʝʥʪʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ, ( ) cminmax T/ffb -=
 
ï ʧʘʨʘʤʝʪʨ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʚʦ ʚʨʝʤʝʥʠ, 
cT  ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ, 

minmax f,f
 
ïʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ. ʉ ʛʝʥʝʨʘʪʦʨʘ ʟʦʥʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʙʣʦʢ ʤʦʜʫʣʷʪʦʨʘ (ʛʜʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʛʦ ʧʝʨʝʥʦʩ ʥʘ ʟʘʜʘʥʥʫʶ ʥʝʩʫʱʫʶ ʯʘʩʪʦʪʫ ʢʘʥʘʣʘ) ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ 

ʧʨʦʚʝʨʦʯʥʳʡ (ʟʦʥʜʠʨʫʶʱʠʡ) ʩʠʛʥʘʣ ʠʟʣʫʯʘʝʪʩʷ ʘʥʪʝʥʥʦʡ ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ ʚ ɼʂʄɺ ʂʉ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʂʉ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʩʪʨʦʝʥʠʷ ʠʦʥʦʩʬʝʨʳ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʤʝʭ (ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʘʜʜʠʪʠʚʥʦʡ ʜʦʙʘʚʢʦʡ ʰʫʤʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʚʠʜʝ ɹɻʐ (t)n0
 ʢ ʧʦʣʝʟʥʦʤʫ 

ʩʠʛʥʘʣʫ), ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʳʤʠ 

ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʦʩʥʦʚʥʳʭ ʩʣʦʝʚ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʦʥʦʩʬʝʨʳ. ʇʨʠ ʵʪʦʤ ʦʮʝʥʢʘ ʨʝʘʢʮʠʠ 

ʂʉ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʧʨʦʚʝʨʦʯʥʦʛʦ ʃʏʄ-ʩʠʛʥʘʣʘ ʯʝʨʝʟ ɼʂʄɺ ʂʉ ʦʧʨʝʜʝʣʷʝʪ ʀʍ ʢʘʥʘʣʘ, 

ʦʪʨʘʞʘʶʱʫʶ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠʦʥʦʩʬʝʨʳ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʘʜʘʧʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʚ ʧʨʠʝʤʥʦʤ ʤʦʜʫʣʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʝʤ 

ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʂʉ. ɺ ʩʠʥʭʨʦʥʥʦʤ ʜʝʪʝʢʪʦʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʟ ʙʣʦʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʩʧʝʢʪʨʘ ʧʨʦʚʝʨʦʯʥʦʛʦ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ɺʏ) ʩʠʛʥʘʣʘ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (ʅʏ). ɿʘʪʝʤ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʚ ʙʣʦʢ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʣʫʯʸʚʦʩʪʠ. ɺ ʥʸʤ, ʥʘ ʦʩʥʦʚʝ ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʀʍ ɼʂʄɺ ʢʘʥʘʣʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʣʫʯʝʡ ʚ ʧʨʠʥʷʪʦʤ 

ʩʠʛʥʘʣʝ ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ (ʧʦʨʦʛʦʚʦʤʫ ʫʨʦʚʥʶ) [3]. ʊʘʢʞʝ ʦʮʝʥʠʚʘʶʪʩʷ ʠʭ ʘʤʧʣʠʪʫʜʘ 

ʠ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʛʦ (ʦʩʥʦʚʥʦʛʦ) ʣʫʯʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʬʠʢʩʠʨʫʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʪʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ 

ʤʥʦʛʦʣʫʯʸʚʦʩʪʠ ʚ ʫʩʪʨʦʡʩʪʚʝ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ s(t) 

ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʤʦʜʫʣʷʪʦʨ ʬʦʨʤʠʨʦʚʘʥʠʝ ɺʏ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʧʝʨʝʜʘʯʫ ʚ ʂʉ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʩʤʦʪʨʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ɼʂʄɺ ʨʘʜʠʦʩʚʷʟʠ ʩʠʛʥʘʣʘ ʩ ʜʚʦʠʯʥʦʡ ʬʘʟʦʚʦʡ 

ʤʘʥʠʧʫʣʷʮʠʝʡ ʌʄʥ-2 (ʚ ʘʥʛʣʠʡʩʢʦʡ ʘʙʙʨʝʚʠʘʪʫʨʝ BPSK), ʦʙʣʘʜʘʶʱʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ [4]. ʇʨʠ ʵʪʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʦʙʱʝʧʨʠʥʷʪʳʭ ʧʦʜʭʦʜʦʚ, ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʘʜʘʧʪʠʚʥʦʤ ʩʧʦʩʦʙʝ ʧʨʠʝʤʘ ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ 

ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʤʧʝʥʩʘʮʠʶ ʟʘʜʝʨʞʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʛʦ 

ʣʫʯʘ ʢʦʤʧʦʥʝʥʪ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ (ʚ ʙʣʦʢʝ ʦʮʝʥʢʠ 
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ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ) ʦʮʝʥʦʢ ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʀʍ ʢʘʥʘʣʘ, ʢʦʪʦʨʳʝ 

ʚʳʩʪʫʧʘʶʪ ʦʧʦʨʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʤʝʞʜʫ ʣʫʯʘʤʠ (
iȹ) ʠ 

ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʣʷ ʠʭ ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ (
ia), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.  
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ʈʠʩʫʥʦʢ 2 ï ʋʩʪʨʦʡʩʪʚʦ ʢʦʤʧʝʥʩʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ  ɼʂʄɺ ʂʉ  

 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʚ ʧʨʠʥʠʤʘʝʤʦʤ ʩʠʛʥʘʣʝ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʢʘʥʘʣʘʭ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʭʝʤʳ. ɺ ʧʝʨʚʦʤ ʢʘʥʘʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ç0è ʩ ʬʘʟʦʡ 0, ʘ ʚʦ ʚʪʦʨʦʤ ï ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ç1è ʩ ʬʘʟʦʡ .́ ʊʦʯʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦ ʯʘʩʪʦʪʝ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ (ʟʘʧʦʣʥʝʥʠʝ 

ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ BPSK) ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʧʨʠ ʢʦʤʧʝʥʩʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʩ ʪʨʝʙʫʝʤʳʤ ʢʘʯʝʩʪʚʦʤ (ʩʠʛʥʘʣʳ çʉʠʥʭʨʦʥ.è, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ 

ʙʣʦʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʦʧʦʨʥʳʝ ʛʝʥʝʨʘʪʦʨʳ )t(S1 , )t(S2  ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʧʣʝʯʘ (ʉʤ. 

ʈʠʩ. 2). ɺ ʧʨʠʝʤʥʳʡ ʤʦʜʫʣʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʚʭʦʜ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ 

ʩʠʛʥʘʣʦʚ ʧʦʩʪʫʧʘʝʪ ʩʫʤʤʘʨʥʳʡ ʤʥʦʛʦʣʫʯʝʚʳʡ ʩʠʛʥʘʣ )t(SɆ  ʚ ʚʠʜʝ ʘʜʜʠʪʠʚʥʦʡ ʩʤʝʩʠ ʩ 

ʙʝʣʳʤ ʛʘʫʩʩʦʚʩʢʠʤ ʰʫʤʦʤ ()tn0
  

() ()tn)t(Stɝ Ɇ 0+= .                                                (2) 

ɸ ʩʘʤ ʩʫʤʤʘʨʥʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʚʠʜ 

()ä
=

-+=
N

i

iiɆ )ȹt(SatSʘ)t(S
1

0 ,                                    (3) 

ʛʜʝ )t(Sʘ0
 ï ʦʩʥʦʚʥʦʡ ʠʣʠ ʧʨʷʤʦʡ ʣʫʯ, ʠʤʝʶʱʠʡ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ 

0ʘ; )ȹt(Sʘ ii -  ï 

ʚʟʘʠʤʦʟʘʜʝʨʞʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ (ʥʘ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ 
iȹ ʩ 

ʘʤʧʣʠʪʫʜʘʤʠ 
iʘ); N  ï ʢʦʣʠʯʝʩʪʚʦ ʣʫʯʝʡ ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ʩʠʛʥʘʣʝ. 

ʇʨʠʥʷʪʳʡ ʚ ʧʨʠʝʤʥʦʤ ʤʦʜʫʣʝ ʩʠʛʥʘʣ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʘʝʪʩʷ ʚ ʜʚʘ ʢʘʥʘʣʘ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ:  

1. ʕʬʬʝʢʪʠʚʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ (ʟʘʜʝʨʞʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʷʤʦʛʦ ʣʫʯʝʡ) ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʦʢ ʀʍ ( )Ű,th
%

 [5], ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʪʦʜʘ ʚ ʙʣʦʢʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ;  
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2. ʇʨʠʤʝʥʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʬʠʣʴʪʨʦʚ (ʉʌ1, ʉʌ2) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ (ç0è ʠʣʠ ç1è). 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʘ ʪʦʯʥʘʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʧʨʠʥʠʤʘʝʤʳʤ ʩʠʛʥʘʣʦʤ, ʧʦʵʪʦʤʫ ʥʘ ʦʧʦʨʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ 

ʢʘʥʘʣʦʚ (ʆʧ.ʛʝʥ1 ç0è ʠ ʆʧ.ʛʝʥ2 ç1è) ʧʦʜʘʶʪʩʷ ʩʠʛʥʘʣʳ çʉʠʥʭʨʦʥ.è ʠʟ ʙʣʦʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʧʦʜʩʪʨʘʠʚʘʶʪ ʠʭ ʧʦ ʬʘʟʝ ʠ ʯʘʩʪʦʪʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ç0è ʠ ç1è, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʆʧ.ʛʝʥ1 ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ )t(S1
, ʠʤʝʶɦ ʠʡ ʬʘʟʫ, ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʩʠʛʥʘʣʫ ç0è, ʘ  ʆʧ.ʛʝʥ2 ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʝʥʝʨʘʮʠʶ ʩʠʛʥʘʣʘ 

)t(S2
 ʩ ʬʘʟʦʡ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ç1è. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ 

ʛʝʥʝʨʘʪʦʨʘʭ ʩʠʛʥʘʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ (ʩʠʥʭʨʦʥʠʟʘʮʠʠ) ʮʠʬʨʦʚʳʭ 

ʣʠʥʠʡ ʟʘʜʝʨʞʢʠ (ʎʃɿ 1 ʠ ʎʃɿ 2, ʥʘ ʨʠʩʫʥʢʝ 2). ʆʩʥʦʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʎʃɿ ï ʵʪʦ 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʝʥʩʘʮʠʠ ʚʘʟʠʤʦʟʘʜʝʨʞʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ, ʧʦʵʪʦʤʫ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʙʣʦʢʘ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʧʨʝʜʣʘʛʘʝʤʳʡ ʘʜʘʧʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʚ ɼʂʄɺ ʂʉ. ʇʦ ʩʫʪʠ ʎʃɿ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʳʝ ʬʠʣʴʪʨʳ ʩ N ʦʪʚʦʜʘʤʠ (ʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʙʣʦʢʘ ʧʨʠʥʷʪʦ N = 10, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ, ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʩʣʫʯʘʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ 

ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ). ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ ʫʩʪʨʘʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ, ʎʃɿ ʠʩʧʦʣʴʟʫʶʪ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʥʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʚ ʙʣʦʢʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʦʮʝʥʢʠ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʀʍ ( )Ű,th
%

, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ: ʢʦʣʠʯʝʩʪʚʦ 

ʚʟʘʠʤʦʟʘʜʝʨʞʘʥʥʳʭ ʣʫʯʝʡ, ʠʭ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʟʘʜʝʨʞʢʠ 

ʤʝʞʜʫ ʥʠʤʠ. ʇʨʠ ʵʪʦʤ ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʨʞʘʥʥʳʭ ʣʫʯʝʡ ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʪʚʦʜʦʚ ʎʃɿ. ʆʮʝʥʢʠ ʘʤʧʣʠʪʫʜʳ ʢʦʤʧʦʥʝʥʪ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʠ ʚʨʝʤʝʥʥʦʡ 

ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʥʠʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʦʨʤʠʨʫʶʪ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ iʘ ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʧʝʨʝʩʪʨʦʡʢʫ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 
iȹ ʚ ʢʘʞʜʦʤ ʦʪʚʦʜʝ ʎʃɿ. ʉ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʦʢ ʀʍ ʚ ʢʘʞʜʦʤ ʦʪʚʦʜʝ ʎʃɿ, ʚ ʚʳʯʠʪʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʝʥʩʘʮʠʷ ʢʦʤʧʦʥʝʥʪ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʠʟ ʘʜʜʠʪʠʚʥʦʡ ʩʤʝʩʠ 

(2).  

ɼʘʣʝʝ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʬʠʣʴʪʨʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʉʌ1 ʠ ʉʌ2. ɺ ʩʣʫʯʘʝ ʧʨʘʚʠʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʩʠʛʥʘʣʫ ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʳʭʦʜʝ ʉʌ ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʦʪʥʦʰʝʥʠʷ ʩ/ʰ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʉʌ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʯʘʩʪʠʯʥʦʛʦ ʥʘʣʦʞʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʠ ʧʨʷʤʦʛʦ ʣʫʯʘ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʠ ʦʪʥʦʰʝʥʠʝ ʩ/ʰ ʥʘ 

ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʙʣʦʢʘ ʩʠʛʥʘʣʳ 

ʧʦʩʪʫʧʘʶʪ ʥʘ ʨʝʰʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʥʘʣʠʯʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ç1è ʠʣʠ ç0è ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʩ/ʰ, 

ʧʦʩʪʫʧʘʶʱʝʤʫ ʦʪ ʉʌ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʚ ʜʝʤʦʜʫʣʷʪʦʨʝ (ʠʩʧʦʣʴʟʫʝʤʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʜʝʪʝʢʪʦʨʘ ʦʛʠʙʘʶʱʝʡ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʅʏ ʦʛʠʙʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ 

(ʠʤʧʫʣʴʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ), ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ ʚ ʫʩʪʨʦʡʩʪʚʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʋʩʪʨʦʡʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʙʣʦʢʘ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʪʠʧʘ TMS320C6000. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ BPSK ʚ ʤʥʦʛʦʣʫʯʝʚʦʤ ɼʂʄɺ ʂʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.  
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ʘ) 

 

           ʙ) 

 
           ʚ) 

 
           ʛ) 

 
          ʜ) 
ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ BPSK ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 
ʢʦʤʧʝʥʩʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ: ʘ ï ʩʠʛʥʘʣ ʧʝʨʚʦʛʦ ʥʝʟʘʜʝʨʞʘʥʥʦʛʦ ʣʫʯʘ; ʙ ï ʩʠʛʥʘʣ ʚʪʦʨʦʛʦ 
ʟʘʜʝʨʞʘʥʥʦʛʦ ʣʫʯʘ; ʚ ï ʩʠʛʥʘʣ ʪʨʝʪʴʝʛʦ ʟʘʜʝʨʞʘʥʥʦʛʦ ʣʫʯʘ; ʛ ï ʩʫʤʤʘʨʥʳʡ ʪʨʝʭʣʫʯʝʚʦʡ ʩʠʛʥʘʣ; ʜ ï ʨʝʟʫʣʴʪʘʪ 

ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
 

ʉʫʤʤʘʨʥʳʡ ʤʥʦʛʦʣʫʯʝʚʦʡ ʩʠʛʥʘʣ ʩʦʩʪʦʠʪ ʠʟ ʧʨʷʤʦʛʦ ʣʫʯʘ (ʨʠʩʫʥʦʢ 3ʘ) ʠ ʜʚʫʭ 

ʟʘʜʝʨʞʘʥʥʳʭ ʣʫʯʝʡ (ʨʠʩʫʥʢʠ 3ʙ ʠ 3ʚ). ɽʩʣʠ ʥʝ ʧʨʠʥʠʤʘʪʴ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʦʛʦ ʥʘʣʦʞʝʥʠʷ ʣʫʯʝʡ ʜʨʫʛ ʥʘ ʜʨʫʛʘ (ʵʬʬʝʢʪʘ 

ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ), ʩʠʛʥʘʣ BPSK ʠʩʢʘʞʝʥ ʠ ʝʛʦ ʧʨʘʚʠʣʴʥʳʡ ʧʨʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ 

(ʉʄ. ʈʠʩ. ï 3ʛ). ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʘ ʤʥʦʛʦʣʫʯʝʚʳʭ 

ʩʠʛʥʘʣʦʚ, ʢʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3ʜ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʠʩʢʘʞʝʥʠʡ. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ 

ʦʰP  ʦʪ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʩ/ʰ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ 
ʰ/ʩɔ  (ʉʤ. ʈʠʩ. 4). 

1

2

3

 

ʈʠʩʫʥʦʢ 4 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 
ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʚ ɼʂʄɺ ʂʉ 

 

ʂʨʠʚʘʷ 1 ʧʦʩʪʨʦʝʥʘ ʜʣʷ ʩʣʫʯʘʷ ʠʜʝʘʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʵʬʬʝʢʪʘ 

ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ 

ʬʦʨʤʫʣʳ ʂʨʘʤʧʘ. ʂʨʠʚʳʝ 2 ʠ 3 ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Matlab. ʇʨʠ 

ʵʪʦʤ 2 ï ʢʨʠʚʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʘʜʘʧʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠʝʤʘ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ, 3 ï ʢʨʠʚʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ. 

ʀʟ ʛʨʘʬʠʢʦʚ (ʉʤ. ʈʠʩ. 4) ʚʠʜʥʦ, ʯʪʦ ʢʨʠʚʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 2 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʜʘʧʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʘ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʦʜʥʦʣʫʯʝʚʦʤʫ (ʠʜʝʘʣʴʥʦʤʫ) ʚʘʨʠʘʥʪʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ɼʂʄɺ ʂʉ ʙʝʟ 

ʧʦʷʚʣʝʥʠʷ ʚʟʘʠʤʦʟʘʜʝʨʞʘʥʥʳʭ ʣʫʯʝʡ (ʢʨʠʚʘʷ 1). ʊʘʢ ʜʣʷ ʪʨʝʙʫʝʤʦʛʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ɼʂʄɺ 

ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʫʨʦʚʥʷ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ 410-ºʦʰP  ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ 

ʫʩʪʫʧʘʝʪ ʠʜʝʘʣʴʥʦʤʫ ʩʣʫʯʘʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʩ/ʰ ʚʩʝʛʦ ʚ 1,13 ʨʘʟʘ. ɺ ʪʦ ʞʝ ʩʘʤʦʝ ʚʨʝʤʷ, 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʠʝʤʥʦʤ ʤʦʜʫʣʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ (ʥʘʧʨʠʤʝʨ, 

ʰ/ʩg  

ʦʰP
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ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩ/ʰ º 3) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʥʘ 2 

ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ (ʢʨʠʚʘʷ 2), ʯʝʤ ʙʝʟ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʢʨʠʚʘʷ 3). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʦʪʩʫʪʩʪʚʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʧʨʠʝʤʥʦʛʦ ʤʦʜʫʣʷ 

ʪʨʝʙʫʝʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ 410-ºʦʰP  ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ 

ʦʪʥʦʰʝʥʠʷ ʩ/ʰ ʚ 1,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ 

ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ. 

ʊʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ 

ʩʠʛʥʘʣʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʀʆ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʂʇʀ) ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʧʦ ʧʝʨʝʜʘʯʝ ʠ 

ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʤʝʭ 
iʧʦʤɖ  [6]. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ɼʂʄɺ ʨʘʜʠʦʩʚʷʟʠ ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ 

ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʤʝʭ ʥʘ ʂʉ (ʨʠʩʫʥʦʢ 5). 

ɺʳʠʛʨʳʰ ʧʦ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ (410-ºʦʰP ) ʫʯʪʝʥ ʚ ʟʥʘʯʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ ʣʦʛʘʨʠʬʤʘ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ S  [7], ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʫʪʦʯʥʷʁ ʪʩʷ  

ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʂʇʀ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ 
iʧʦʤɖ . 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʘʜʘʧʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʜʣʷ ʦʪʜʝʣʥɹʳʭ ʤʦʜʫʣʝʡ 

(ʫʟʣʦʚ) ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʂʇʀ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʚ ʤʘʢʩʠʤʫʤʝ ʥʘ 2%) ʠ ʨʘʩʰʠʨʝʥʠʶ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʚʭʦʜʥʦʤʫ 

ʪʨʘʬʠʢʫ (ʚ 1,1 ʨʘʟʘ). ʆʜʥʘʢʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ (ʉʤ. ʈʠʩ. 5) ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ 

ʬʫʥʢʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ )ɔ(ɖ ʚʭʧʦʤ
 ʨʘʙʦʪʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʢʨʫʪʠʟʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʚ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ 

iʧʦʤɖȹ  ʜʦʩʪʠʛʘʝʪ ʜʦ 10%), ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʜʦʣʞʥʦ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʨʘʙʦʪʝ ʚʳʩʰʠʭ 

ʢʦʥʪʫʨʦʚ ʘʜʘʧʪʘʮʠʠ (ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ) ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 

ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʚʦʜʘ ʩʠʩʪʝʤʳ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʆ. 
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ʈʠʩʫʥʦʢ 5 ï ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ ʘʜʘʧʪʘʮʠʠ 

ʟʥʘʯʝʥʠʷʤʠ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʆ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ɼʂʄɺ ʂʉ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʀʆ ʧʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʚ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʫʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ɼʂʄɺ ʢʘʥʘʣʝ, ʯʪʦ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʩɹʪʚʫʝʪ 

ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ, ʫʩʪʨʦʡʩʪʚʘ ʠ ʤʦʜʝʣʝʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʚ ɼʂʄɺ ʂʉ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʫʨʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʩʠʩʪʝʤ ɼʂʄɺ ʨʘʜʠʦʩʚʷʟʠ 

ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʡʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʠ ʚʦʟʜʝʡʩʪʚʠʷ 



125 

 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʤʝʭ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʠʦʥʦʩʬʝʨʳ ʢʘʢ ʩʨʝʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʀʆ ʚ ɼʂʄɺ ʢʘʥʘʣʝ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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ɺ.ɸ. ɹʝʨʝʟʦʚʩʢʠʡ, ʀ.ɺ. ɼʫʣʴʢʝʡʪ, O.ʂ. ʉʘʚʠʮʢʠʡ // ʈʘʜʠʦʪʝʭʥʠʢʘ, 2011. ï 444 ʩ. 

3. ʄʝʞʫʝʚ ɸ.ʄ. ɸʜʘʧʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʠʝʤʘ ʤʥʦʛʦʣʫʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʜʝʢʘʤʝʪʨʦʚʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ 
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ʋɼʂ 004.057.4 

ɺʅɽɼʈɽʅʀɽ ʉʀʉʊɽʄʓ ɸɼʄʀʅʀʉʊʈʀʈʆɺɸʅʀʗ 

REDOS ɺ ʂʆʈʇʆʈɸʊʀɺʅʆʁ ʉɽʊʀ 
 

ɽʚʪʠʭʝʝʚʘ ʅ.ʀ., ʇʦʢʘʟʘʥʴʝʚʘ ʉ.ɸ. 
ʂʊ çʄʊʋʉʀè, ʛ. ʄʦʩʢʚʘ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ RedOS ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ, ʘʢʮʝʥʪʠʨʫʷ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠʥʪʝʛʨʘʮʠʠ RedOS, ʚʢʣʶʯʘʷ ʧʦʜʛʦʪʦʚʢʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʫʩʪʘʥʦʚʢʫ ʠ ʥʘʩʪʨʦʡʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʙʦʪʳ ʩ ʩʝʪʝʚʳʤʠ ʩʝʨʚʠʩʘʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʨʠʩʢʠ ʠ ʩʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʧʨʦʮʝʩʩʝ ʚʥʝʜʨʝʥʠʷ, ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʤʠʥʠʤʠʟʘʮʠʠ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ RedOS ʢʘʢ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʨʦʩʪʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʶ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: RedOS, çLinuxè, ʩʠʩʪʝʤʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʫʷʟʚʠʤʦʩʪʠ. 
 

IMPLEMENTATION OF THE REDOS ADMINISTRATION SYSTEM  

IN A CORPORATE NETWORK  
\ 

Evtikheeva N.I., Pokazaneva S.A. 
KT "MTUCI", Moscow 

 

The article discusses the processes of implementing the RedOS administration system in a corporate 

network, focusing on the benefits of using this operating system to ensure security, manage resources and 

improve employee efficiency. The main stages of RedOS integration are described, including 

infrastructure preparation, software installation and configuration, and personnel training. Particular 

attention is paid to the specifics of working with network services and administration tools to optimize 
processes. The article also analyzes potential risks and difficulties that may arise during implementation 

and offers recommendations for their minimization. In conclusion, the importance of using RedOS as a 

means of creating a safe and reliable corporate environment that promotes productivity growth and 

improved resource management is emphasized. 

Keywords: RedOS, "Linux", administration system, vulnerabilities. 
 

 ɺʚʝʜʝʥʠʝ: ʉʠʩʪʝʤʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ RedOS ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʰʘʛ ʚ 

ʨʘʟʚʠʪʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʦʟʜʘʥʥʦʛʦ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʠ 

ʪʨʝʙʦʚʘʥʠʡ ʨʫʩʩʢʦʛʦ ʙʠʟʥʝʩʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʨʦʩʩʠʡʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, RedOS ʦʙʨʝʣʘ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʘʜʘʧʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʚʳʩʦʢʠʤ ʩʪʘʥʜʘʨʪʘʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʠʜʝʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ. ɺ ʫʩʣʦʚʠʷʭ 
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ʚʦʟʨʘʩʪʘʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʥʘʜʝʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ. 

ʀʩʪʦʨʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ RedOS ʥʘʯʘʣʘʩʴ ʚ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ ʚ ʦʪʚʝʪ ʥʘ 

ʛʣʦʙʘʣʠʟʘʮʠʶ ʠ ʨʘʩʪʫʱʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʣʦʢʘʣʴʥʳʭ ʨʝʰʝʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʩʦʟʜʘʪʴ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʥʝʟʘʚʠʩʠʤʫʶ ʦʪ ʟʘʨʫʙʝʞʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ 

ʧʦʜ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ RedOS 

ʫʯʠʪʳʚʘʣʠʩʴ ʢʘʢ ʣʫʯʰʠʝ ʤʠʨʦʚʳʝ ʧʨʘʢʪʠʢʠ, ʪʘʢ ʠ ʦʧʳʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʡ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʦʟʜʘʥʠʶ ʧʨʦʜʫʢʪʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘʧʨʦʩʘʤ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ. 

 

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩʫʥʦʢ 1 ï Cʠʩʪʝʤʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ RedOS ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ 
 

ʉ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʧʦʷʚʣʝʥʠʷ RedOS ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʢʘʢ ʥʘʜʝʞʥʘʷ ʩʠʩʪʝʤʘ, 

ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʬʝʨʝ ʠ 

ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨʘʭ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ RedOS. RedOS ï ʵʪʦ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʷʜʨʘ Linux, ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʆʥʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʦʩʩʠʡʩʢʠʭ ʨʝʘʣʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʝʨʚʠʩʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʨʘʟʣʠʯʥʦʛʦ 

ʤʘʩʰʪʘʙʘ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ RedOS ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ 

ʘʩʧʝʢʪʦʚ: 

1. ʄʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ: RedOS ʠʤʝʝʪ ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʣʝʛʢʦ ʜʦʙʘʚʣʷʪʴ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʙʠʟʥʝʩʘ. ʕʪʘ ʛʠʙʢʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʘʙʦʪʳ ʆʉ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. 

2. ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ Linux-ʧʨʠʣʦʞʝʥʠʷʤʠ: ʇʦʩʢʦʣʴʢʫ RedOS ʦʩʥʦʚʘʥʘ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ 

Linux, ʦʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʘʥʜʘʨʪʥʳʭ Linux-ʧʨʠʣʦʞʝʥʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

3. ʀʥʪʝʨʬʝʡʩ ʜʣʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ: RedOS ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ 

ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʧʦʜʛʦʪʦʚʢʠ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʣʝʛʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʝʪʝʚʳʝ ʨʝʩʫʨʩʳ, ʧʦʣʴʟʦʚʘʪʝʣʠ ʠ ʧʨʦʮʝʩʩʳ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢ ʥʝʦʙʭʦʜʠʤʳʤ ʬʫʥʢʮʠʷʤ. 

4. ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ: RedOS ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʝʭʘʥʠʟʤʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ, 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. ʕʪʠ ʬʫʥʢʮʠʠ ʧʦʤʦʛʘʶʪ ʟʘʱʠʱʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʨʝʩʫʨʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʘʪʘʢ. 
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ʈʠʩʫʥʦʢ 2 ï ɸʚʪʦʨʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 
 

5. ʄʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ: ɺʩʪʨʦʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɸʜʤʠʥʠʩʪʨʘʪʦʨʳ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʩʦʦʙʱʝʥʠʷ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʚ ʥʘʛʨʫʟʢʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʝʩʫʨʩʦʚ ʠ ʩʪʘʪʫʩʝ ʨʘʟʣʠʯʥʳʭ ʩʝʨʚʠʩʦʚ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʚ ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʚʳʷʚʣʝʥʠʠ ʠ 

ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ. 

6. ʇʦʜʜʝʨʞʢʘ ʚʠʨʪʫʘʣʠʟʘʮʠʠ: RedOS ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʩʝʨʚʝʨʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʢʦʤʧʘʥʠʡ, ʛʜʝ ʫʧʨʘʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʤʠ 

ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ. 

7. ʆʙʥʦʚʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʘ: RedOS ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʫʣʷʨʥʳʝ ʦʙʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʟʘʱʠʪʫ ʦʪ ʥʦʚʳʭ ʫʛʨʦʟ. ʇʦʜʜʝʨʞʢʘ ʩʦ ʩʪʦʨʦʥʳ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤʠ ʚ ʪʦʤ, ʯʪʦ ʠʭ ʩʠʩʪʝʤʳ ʙʫʜʫʪ 

ʦʩʪʘʚʘʪʴʩʷ ʟʘʱʠʱʝʥʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

ʕʪʠ ʢʣʶʯʝʚʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ RedOS ʜʝʣʘʶʪ ʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʛʠʙʢʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʢʦʤʧʘʥʠʷʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʠ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ RedOS. ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ RedOS ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʩʝʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʨʝʩʫʨʩʘʤʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʡ. ʇʝʨʚʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ 

ʫʩʪʘʥʦʚʢʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʠʩʪʝʤʳ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʦʮʝʥʠʚʘʶʪ 

ʩʫʱʝʩʪʚʫʶʱʫʶ IT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʦʧʨʝʜʝʣʷʶʪ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ RedOS. ʇʨʦʮʝʩʩ 

ʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʘʣʣʷʮʠʦʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʠʣʠ ʧʦ ʩʝʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ. ʇʦʩʣʝ ʵʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʥʘʩʪʨʦʡʢʫ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʘʨʘʤʝʪʨʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʛʨʫʧʧʘʤʠ. 

ɸʜʤʠʥʠʩʪʨʘʪʦʨʳ ʩʦʟʜʘʶʪ ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʠʭ ʨʦʣʝʡ ʠ ʦʙʷʟʘʥʥʦʩʪʝʡ, 

ʦʧʨʝʜʝʣʷʷ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ ʩʠʩʪʝʤʳ. ʅʘʩʪʨʦʡʢʘ ʧʦʣʠʪʠʢ ʜʦʩʪʫʧʘ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʢʘʢʠʝ ʨʝʩʫʨʩʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʟʘʱʠʪʫ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ RedOS ʠʛʨʘʝʪ ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ. ʉʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʘʛʨʫʟʢʠ ʠ ʩʦʩʪʦʷʥʠʷ ʩʝʪʝʚʳʭ ʩʝʨʚʠʩʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦʤʦʛʘʝʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʝʨʚʝʨʘ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ RedOS. 

ɸʜʤʠʥʠʩʪʨʘʪʦʨʳ ʤʦʛʫʪ ʥʘʩʪʨʘʠʚʘʪʴ ʙʨʘʥʜʤʘʫʵʨ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʘʥʪʠʚʠʨʫʩʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ. 
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ʈʝʛʫʣʷʨʥʳʝ ʦʙʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʤʝʨʦʡ ʧʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʦʪ ʥʦʚʳʭ ʫʛʨʦʟ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷʤʠ. 

RedOS ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ 

ʚʠʨʪʫʘʣʴʥʳʤʠ ʩʝʨʚʝʨʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ɸʜʤʠʥʠʩʪʨʘʪʦʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ, 

ʥʘʩʪʨʘʠʚʘʶʪ ʠ ʦʙʥʦʚʣʷʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʠʙʢʦʩʪʠ ʠ 

ʘʜʘʧʪʠʚʥʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʈʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ï ʝʱʝ ʦʜʠʥ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ 

ʘʩʧʝʢʪ ʨʘʙʦʪʳ RedOS. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʝʛʫʣʷʨʥʦʝ ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ 

ʜʘʥʥʳʭ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʠʭ ʧʦʪʝʨʶ ʚ ʩʣʫʯʘʝ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʩʙʦʝʚ. ɺ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʤʦʛʫʪ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʘʥʥʳʝ ʠ ʩʠʩʪʝʤʳ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʙʠʟʥʝʩʘ. ʅʘʢʦʥʝʮ, ʦʙʫʯʝʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʩʧʝʰʥʦʤ ʚʥʝʜʨʝʥʠʠ RedOS. ɺʘʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʦʙʫʯʝʥʠʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ ʩʠʩʪʝʤʝ ʠ ʩʦʙʣʶʜʘʪʴ 

ʧʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʨʝʰʝʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ 

ʚʦʧʨʦʩʦʚ ʠ ʧʨʦʙʣʝʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ RedOS ʚ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʩʝʪʴ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʥʦ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʬʫʥʢʮʠʦʥʘʣʫ, ʦʥʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ IT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʋʷʟʚʠʤʦʩʪʠ RedOS: ʂʘʢ ʠ ʣʶʙʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, RedOS ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʠ 

ʫʷʟʚʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ ʚʢʣʶʯʘʶʪ ʦʰʠʙʢʠ ʚ ʢʦʜʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʜʘ ʠʣʠ ʧʦʣʫʯʝʥʠʶ ʥʝʨʘʟʨʝʰʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʠʩʪʝʤʥʳʤ 

ʨʝʩʫʨʩʘʤ. ʊʘʢʞʝ ʘʢʪʫʘʣʴʥʳ ʫʷʟʚʠʤʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʧʨʘʚ ʜʦʩʪʫʧʘ, 

ʯʪʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʨʝʚʰʠʭ ʚʝʨʩʠʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʠʩʢ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʠʟʚʝʩʪʥʳʝ 

ʫʷʟʚʠʤʦʩʪʠ, ʧʦʜʣʝʞʘʱʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʵʪʦʤʫ ʨʝʛʫʣʷʨʥʳʝ ʦʙʥʦʚʣʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʘ 

ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʤʝʨʘʤʠ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʪʠʭ ʨʠʩʢʦʚ 

ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ. 

ʄʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ: ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʩʠʩʪʝʤʝ RedOS ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

1. ʈʝʛʫʣʷʨʥʳʝ ʦʙʥʦʚʣʝʥʠʷ ʠ ʧʘʪʯʠ: ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʧʨʠʣʦʞʝʥʠʡ ʧʦʤʦʛʘʝʪ ʫʩʪʨʘʥʠʪʴ ʠʟʚʝʩʪʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

2. ʅʘʩʪʨʦʡʢʘ ʧʨʘʚ ʜʦʩʪʫʧʘ ʠ ʤʦʥʠʪʦʨʠʥʛ: ʉʪʨʦʛʘʷ ʥʘʩʪʨʦʡʢʘ ʧʨʘʚ ʜʦʩʪʫʧʘ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʢ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʜʦʟʨʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

3. ʆʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ: ʇʨʦʚʝʜʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʪʨʝʥʠʥʛʦʚ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʧʝʨʩʦʥʘʣʘ ʧʦʤʦʛʘʝʪ ʧʦʚʳʩʠʪʴ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟʘʭ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʩʣʫʯʘʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʪʘʢʠʝ ʢʘʢ ʬʠʰʠʥʛ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʉʠʜʦʨʦʚ ɸ.ɹ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɸ.ɹ. 

ʉʠʜʦʨʦʚ. ï ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ çɹʠʟʥʝʩ-ʇʦʣʠʛʦʥè, 2021. ï 266ʩ. 

2. ʊʠʤʦʬʝʝʚ ɼ.ɸ. ɺʥʝʜʨʝʥʠʝ Linux-ʩʠʩʪʝʤ ʚ ʙʠʟʥʝʩ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɼ.ɸ. ʊʠʤʦʬʝʝʚ. ï ʉʇʙ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 
çʇʠʪʝʨè, 2021. ï 122ʩ. 

3. ʍʘʨʠʪʦʥʦʚ ɽ.ɸ. ʄʦʥʠʪʦʨʠʥʛ ʠ ʘʫʜʠʪ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʧʨʘʢʪʠʢʘ / ɽ.ɸ. ʍʘʨʠʪʦʥʦʚ. ï 

ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ çʅʘʫʯʥʘʷ ʢʥʠʛʘè, 2022.  ï 154ʩ. 

4. ʆʬʠʮʠʘʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ RedOS. ʀʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ ʥʘʩʪʨʦʡʢʘʭ 

ʩʠʩʪʝʤʳ (ɼʦʩʪʫʧʥʦ ʥʘ ʩʘʡʪʝ ʨʘʟʨʘʙʦʪʯʠʢʘ). 
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ʄɽʊʆɼʓ ɿɸʑʀʊʓ ɼɸʅʅʓʍ ɺ ʆɹʃɸʏʅʓʍ ɺʓʏʀʉʃɽʅʀʗʍ 
 

ɽʣʴʢʠʥʘ ɽ.ɼ., ʄʦʨʦʟʦʚ ɼ.ɻ.,  ʈʦʜʠʢʦʚʘ ɸ.ɼ., ʂʦʚʘʣʝʥʢʦ ʊ.ɸ. 

ʌɻɹʆʋ ɺʆ çʇɻʋʊʀè, ʛ ʉʘʤʘʨʘ 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʠ 

ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʪʦʜʳ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʦʜʭʦʜʘʤ ʢ ʟʘʱʠʪʝ ʜʘʥʥʳʭ, ʪʘʢʠʤ ʢʘʢ ʰʠʬʨʦʚʘʥʠʝ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʦʢʯʝʡʥʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʰʠʬʨʦʚʘʥʠʶ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ 

AES-256 ʠ ʧʨʠʤʝʥʝʥʠʶ ʙʣʦʢʯʝʡʥʘ ʜʣʷ ʟʘʱʠʪʳ ʤʝʪʘʜʘʥʥʳʭ. ʆʮʝʥʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʚʦʟʤʦʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʣʦʢʯʝʡʥ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ), ʟʘʱʠʪʘ ʜʘʥʥʳʭ, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ,  

ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ), ʰʠʬʨʦʚʘʥʠʝ. 
 

DATA PROTECTION METHODS IN CLOUD COM PUTING 
 

Elkina E.D., Morozov D.G., Rodikova A.D., Kovalenko T.A. 
FSBEI HE "PGUTI", Samara 

 

The article analyzes current threats to data security in cloud computing and discusses methods to prevent 

them. Special attention is paid to traditional and innovative approaches to data protection, such as 

encryption, access control, the use of blockchain and artificial intelligence. As a practical part, the results 

of experiments on data encryption using the AES-256 algorithm and the use of blockchain to protect 

metadata are presented. The effectiveness of the proposed methods, their advantages and possible 

limitations are evaluated. 

Keywords: blockchain, artificial intelligence (AI), data protection, cybersecurity, cloud computing, 

software (SW), encryption. 
 

 ʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʩʝʛʦʜʥʷ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʙʠʟʥʝʩ, ʤʝʜʠʮʠʥʫ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʀʭ ʧʦʧʫʣʷʨʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʝʣʘʝʪ ʠʭ ʦʙʲʝʢʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʛʨʦʟ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʚʢʣʶʯʘʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ, ʫʪʝʯʢʫ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʨʝʜʦʥʦʩʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) [1, ʩ.112; 2, ʩ.25]. 

 ʉ ʨʦʩʪʦʤ ʫʛʨʦʟ ʚʦʟʨʘʩʪʘʝʪ ʚʘʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ 

ʜʘʥʥʳʭ. ʂ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʘʤ, ʪʘʢʠʤ ʢʘʢ ʰʠʬʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ, 

ʜʦʙʘʚʣʷʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʙʣʦʢʯʝʡʥ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʨʝʰʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ [3, ʩ.34; 4, ʩ.47]. 

 ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʩʥʦʚʥʳʝ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʥʝʨʘʟʨʝʰʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ, ʘʪʘʢʠ çʯʝʣʦʚʝʢ ʧʦʩʝʨʝʜʠʥʝè 

ʠ ʚʨʝʜʦʥʦʩʥʦʝ ʇʆ. 

 ʅʝʨʘʟʨʝʰʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ. ʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʩʝʪʝʡ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʫʷʟʚʠʤʳʤʠ ʢ ʘʪʘʢʘʤ ʥʘ ʩʠʩʪʝʤʳ ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʘʙʳʭ ʧʘʨʦʣʝʡ ʠ ʫʩʪʘʨʝʚʰʠʭ ʧʨʦʪʦʢʦʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ 

ʫʪʝʯʢʠ ʜʘʥʥʳʭ [2, ʩ.45]. 

 ɸʪʘʢʠ çʯʝʣʦʚʝʢ ʧʦʩʝʨʝʜʠʥʝè. ʕʪʠ ʘʪʘʢʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ 

ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʦʙʣʘʯʥʳʤ ʩʝʨʚʝʨʦʤ, ʧʦʟʚʦʣʷʶʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ ʧʝʨʝʭʚʘʪʳʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʠʣʠ ʚʥʦʩʠʪʴ ʚ ʥʝʝ ʠʟʤʝʥʝʥʠʷ [5, ʩ.15]. 

 ɺʨʝʜʦʥʦʩʥʦʝ ʇʆ. ɺʠʨʫʩʳ, ʪʨʦʷʥʳ ʠ ʧʨʦʛʨʘʤʤʳ-ʰʠʬʨʦʚʘʣʴʱʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ ʜʣʷ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʦʙʣʘʯʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [6, ʩ.15]. 

 ʉ ʨʦʩʪʦʤ ʫʛʨʦʟ ʚʦʟʨʘʩʪʘʝʪ ʚʘʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ 

ʜʘʥʥʳʭ. ʂ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʘʤ, ʪʘʢʠʤ ʢʘʢ ʰʠʬʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ, 

ʜʦʙʘʚʣʷʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʙʣʦʢʯʝʡʥ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ [3, 

ʩ.15; 4, ʩ.55]. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 
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 ʐʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ï ʵʪʦ ʦʩʥʦʚʦʡ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʦʙʣʘʢʝ ʠ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʯʝʨʝʟ ʩʝʪʴ. ʉʠʤʤʝʪʨʠʯʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ AES-256, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʥʘʜʝʞʥʦʩʪʴ [3, ʩ.32]. 

 ʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ. ʄʥʦʛʦʬʘʢʪʦʨʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʨʘʟʦʚʳʭ 

ʧʘʨʦʣʝʡ ʠ ʨʦʣʝʚʳʭ ʤʦʜʝʣʝʡ ʜʦʩʪʫʧʘ ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ [4, ʩ.55; 7, ʩ.50]. 

 ʉʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ IDS/IPS, ʧʦʟʚʦʣʷʶʪ ʚʦʚʨʝʤʷ ʦʙʥʘʨʫʞʠʪʴ 

ʧʦʜʦʟʨʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʘʪʘʢʠ [6, ʩ.34]. 

 ɹʣʦʢʯʝʡʥ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ ʚ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʂʘʞʜʳʡ ʫʟʝʣ ʩʝʪʠ ʭʨʘʥʠʪ 

ʭʵʰʠ ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʭ ʠʟʤʝʥʝʥʠʝ ʙʝʟ ʫʚʝʜʦʤʣʝʥʠʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ [5, 

ʩ.44]. 

 ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) - ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ ʠ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʘʪʘʢʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʢʘʢ ʢʦʨʧʦʨʘʪʠʚʥʳʭ, ʪʘʢ ʠ ʣʠʯʥʳʭ ʜʘʥʥʳʭ [7, ʩ.36]. 

 ʐʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AES-256. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AES-256. 

ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʢʦʜ ʧʦʟʚʦʣʷʝʪ ʟʘʰʠʬʨʦʚʘʪʴ ʪʝʢʩʪʦʚʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜ ʟʘʛʨʫʟʢʦʡ ʠʭ ʚ ʦʙʣʘʯʥʦʝ 

ʭʨʘʥʠʣʠʱʝ. 

from Crypto.Cipher import AES  from Crypto.Random import get_random_bytes   

# ɻʝʥʝʨʘʮʠʷ ʢʣʶʯʘ   

key = get_random_bytes(32)  # 256 ʙʠʪ   

cipher = AES.new(key, AES.MODE_EAX)   

# ʐʠʬʨʦʚʘʥʠʝ   

data = "ʇʨʠʤʝʨ ʟʘʱʠʱʝʥʥʳʭ ʜʘʥʥʳʭ".encode('utf-8')   

ciphertext, tag = cipher.encrypt_and_digest(data)   

# ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ  print("ʆʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ:", data.decode('utf-8'))  

print("ɿʘʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ:", ciphertext)  print("ʂʣʶʯ:", key)  print("ʊʝʛ ʧʨʦʚʝʨʢʠ:", tag)  

print("ʀʥʠʮʠʘʣʠʟʘʮʠʦʥʥʳʡ ʚʝʢʪʦʨ (nonce):", cipher.nonce)   

ʈʝʟʫʣʴʪʘʪʳ ʢʦʜʘ: ʆʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ: ʇʨʠʤʝʨ ʟʘʱʠʱʝʥʥʳʭ ʜʘʥʥʳʭ: 

- ɿʘʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ: b'\x93\xb1\xd3\xad\xea...\x01' 

- ʂʣʶʯ: b'\xa1\x02\x7f...\x9b' 

- ʊʝʛ ʧʨʦʚʝʨʢʠ: b'\x5c\x8a...\xdf' 

- ʀʥʠʮʠʘʣʠʟʘʮʠʦʥʥʳʡ ʚʝʢʪʦʨ (nonce): b'\xf0...\x8d' 

ʇʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʚ ʦʙʣʘʯʥʳʭ 

ʚʳʯʠʩʣʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʐʠʬʨʦʚʘʥʠʝ AES-256 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʘ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʟʘʱʠʪʫ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ [3, ʩ.44; 6, ʩ.54]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚʳʷʚʣʷʪʴ ʫʛʨʦʟʳ ʠ 

ʩʥʠʞʘʪʴ ʨʠʩʢʠ [7, ʩ.22]. 

ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʠ 

ʥʘʜʝʞʥʳʭ ʩʠʩʪʝʤ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʚʳʟʦʚʘʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ EXCEL ɼʃʗ ʈɸʉʏɽʊɸ 

ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆɻʆ ʇʆʃʗ ɺ ʇʈʗʄʆʋɻʆʃʔʅʆʁ ʆɹʃɸʉʊʀ 
 

ɽʨʦʬʝʝʚ ɸ.ɽ., ʇʦʣʠʢʘʨʢʠʥʘ ʆ.ʅ., ʊʶʨʠʥʘ ɸ.ʃ., ʊʨʠʙʫʥʩʢʠʭ ʆ.ɸ 
ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè, ʛ. ɺʦʨʦʥʝʞ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʃʠʙʤʘʥʘ ʩʨʝʜʩʪʚʘʤʠ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ Excel. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʪʝʥʮʠʘʣ, ʫʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ, ʬʫʥʢʮʠʷ, ʣʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ, ʫʨʘʚʥʝʥʠʝ. 
 

USING EXCEL TO CALCULATE ELECTROSTATIC FIELD IN A RECTANGULAR AREA  
 

Erofeev A.E., Polikarkina O.N., Tyurina A.L., Tribunskikh O.A.  
VUNTS Air Force "VVA named after Professor N.E. Zhukovsky and Yu.A. Gagarin", Voronezh 

 

The article discusses the possibility of calculating the potential distribution using the Liebman method 

using the Excel spreadsheet processor. 

Keywords: potential, Laplace equalized, function, linear interpolation, equalized. 
 

ʇʫʩʪʴ ʧʝʨʚʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚʥʫʪʨʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʉʦʛʣʘʩʥʦ [1] ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ű(x,y), ʢʦʪʦʨʦʝ ʥʝ 

ʩʦʜʝʨʞʠʪ ʠʩʪʦʯʥʠʢʦʚ ʟʘʨʷʜʘ, ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

0
22

22
=

µ

µ
+

µ

µ

yx

jj

.     (1) 

ʇʨʠ ʵʪʦʤ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʘʥʳ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ: 

)(1),0( yfy =j
, 

)(2),1( yfy =j
,

)(3)0,( xfx =j
, 

)(4)1,( xfx =j
.  (2) 

ʇʨʠ ʟʘʜʘʥʥʳʭ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʷʭ ʟʘʜʘʯʘ (1) ï (2) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ [2]. 

ʉʪʘʥʜʘʨʪʥʳʤ ʧʨʠʝʤʦʤ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʠʩʪʝʤʦʡ 

ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʊʘʢ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʫʟʣʦʚ 

ʦʢʘʟʳʚʘʝʪʩʷ ʛʨʦʤʦʟʜʢʠʤ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ï 

ʤʝʪʦʜ ʫʩʨʝʜʥʝʥʠʷ ʃʠʙʤʘʥʘ [3].  

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʃʠʙʤʘʥʘ ʩʨʝʜʩʪʚʘʤʠ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ Excel. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʞʜʘʷ 

ʷʯʝʡʢʘ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʫʟʣʫ ʩʝʪʢʠ. ʆʧʠʰʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʜʝʡʩʪʚʠʡ ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚ ʢʚʘʜʨʘʪʥʦʡ 

ʦʙʣʘʩʪʠ. ʅʘʡʜʝʤ ʬʫʥʢʮʠʶ ű(x,y), ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (1), ʘ ʥʘ ʛʨʘʥʠʮʘʭ 

ʦʙʣʘʩʪʠ  ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʷʤ  

0),0( =yj
, 

100),1( =yj
,

xx 90)0,( =j
, 

3200)1,( xx =j
.       (3) 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʃʠʙʤʘʥʘ ʚ ʩʨʝʜʝ Exel ʦʧʠʰʝʤ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʜʣʷ ʧʦʠʩʢʘ 

ʬʫʥʢʮʠʠ ű(x,y). 

1. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ʬʫʥʢʮʠʠ  ű(x,y). ɼʣʷ ʵʪʦʛʦ ʩʦʟʜʘʜʠʤ 

ʰʘʙʣʦʥ ʜʣʷ ʜʚʘʜʮʘʪʠ ʧʷʪʠ ʫʟʣʦʚ ʩʝʪʢʠ, ʪʦ ʝʩʪʴ ʠʟ ʜʚʘʜʮʘʪʠ ʧʷʪʠ ʷʯʝʝʢ ʪʘʙʣʠʮʳ. ʆʧʨʝʜʝʣʠʤ 
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ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʚ ʰʝʩʪʥʘʜʮʘʪʠ ʛʨʘʥʠʯʥʳʭ ʫʟʣʘʭ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʟ 

ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ (3). ɼʝʚʷʪʴ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ (U1,1 ï U3,3) ʩʦʜʝʨʞʘʪ ʥʝʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɼʣʷ ʵʪʠʭ ʫʟʣʦʚ ʚʳʯʠʩʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʬʫʥʢʮʠʠ ű(x,y) ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʘʛ H, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ɼʣʷ ʧʝʨʚʦʛʦ ʩʪʦʣʙʮʘ ʵʪʠ ʬʦʨʤʫʣʳ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

4

1,11,3 UU
H

-
= ,  ,1,1,1 HnUU ii +=-    (4)

 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʢʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚ 

Excel ʙʘʟʦʚʫʶ ʪʘʙʣʠʮʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʆʥʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʚ ʨʝʞʠʤʝ 

ʦʪʦʙʨʘʞʝʥʠʷ ʬʦʨʤʫʣ. 

 

ʈʠʩʫʥʦʢ ï 1 ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʦʚʦʡ ʪʘʙʣʠʮʳ 

2. ʇʝʨʝʭʦʜ ʦʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢ ʩʠʩʪʝʤʝ 

ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʠʭ ʨʝʰʝʥʠʝ. ʉʦʟʜʘʝʪʩʷ ʪʘʙʣʠʮʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ 

ű(x,y) ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʘʭ ʩʝʪʢʠ. ɼʣʷ ʵʪʦʛʦ ʷʯʝʡʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʥʫʪʨʝʥʥʠʤ ʫʟʣʘʤ 

(U1,1 ï U3,3), ʟʘʧʦʣʥʷʶʪʩʷ ʬʦʨʤʫʣʘʤʠ, ʢʦʪʦʨʳʝ ʩʪʨʦʷʪʩʷ ʩʦʛʣʘʩʥʦ [3] ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ (4) 

)(25,0 1,1,,1,1 -+-+ +++= jijijijiij jjjjj     (4) 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʥʮʠʘʣʘ ʚ ʫʟʣʝ U1,1 ʥʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ, ʢʘʢ 

=0,25*(C13+B14+C15+D14).  

 

ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʝʥʠʝ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ 
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ʅʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʟʥʘʯʝʥʠʷ ʠʟ ʙʘʟʦʚʦʡ ʪʘʙʣʠʮʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʘʭ. ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʥʘ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ (4), ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʥʝʸ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ, ʚʳʯʠʩʣʝʥʥʳʝ 

ʥʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʤʥʦʛʦʢʨʘʪʥʦ ʢʦʧʠʨʦʚʘʪʴ 

ʰʘʙʣʦʥ ʨʘʩʯʝʪʥʦʡ ʪʘʙʣʠʮʳ, ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʚʳʜʝʨʞʠʚʘʪʴ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʰʘʙʣʦʥʘʤʠ (ʚ ʧʨʠʤʝʨʝ ʵʪʦ ʪʨʠ ʩʪʨʦʢʠ) ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʘʜʨʝʩʦʚ 

ʷʯʝʝʢ.  

3. ɼʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ, ʫʩʣʦʚʠʝ ʦʩʪʘʥʦʚʢʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʧʨʝʜʳʜʫʱʝʡ. ɼʣʷ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʠʪʝʨʘʮʠʡ ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʠʭ ʟʥʘʯʝʥʠʡ. ʀʪʝʨʘʮʠʠ ʧʨʦʜʦʣʞʘʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ 

ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʪʘʙʣʠʮʘʭ ʥʝ ʩʦʚʧʘʜʝʪ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʩʷʪʠʯʥʳʭ ʟʥʘʢʦʚ. ɹʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʢ ʪʦʣʴʢʦ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʨʘʟʥʦʩʪʴ ʩʪʘʥʝʪ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʦ 0,01, ʪʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʝʢʨʘʱʘʪʴ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ 

ʧʦʩʣʝ ʜʚʫʭ ʟʘʚʝʨʰʘʶʱʠʭ ʠʪʝʨʘʮʠʡ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʟʥʘʯʝʥʠʷʤʠ. 
ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʪʝʥʮʠʘʣʘ 

x     y 0 0,25 0,5 0,75 1 

0 0,00 3,13 25,00 84,38 100,00 

0,25 0,00 15,90 39,92 74,18 100,00 

0,5 0,00 20,68 44,68 72,55 100,00 

0,75 0,00 22,22 45,81 71,44 100,00 

1 0,00 22,50 45,00 67,50 100,00 

4. ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʪʦʛʦʚʦʛʦ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʀʩʢʦʤʘʷ ʬʫʥʢʮʠʷ ű(x,y) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʚ 

ʚʠʜʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʃʠʙʤʘʥʘ ʩʨʝʜʩʪʚʘʤʠ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ Excel ʠ ʦʧʠʩʘʣʠ ʚ ʚʠʜʝ ʨʝʰʝʥʠʷ ʥʘʙʦʨʘ ʟʘʜʘʯ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʊʠʭʦʥʦʚ ɸ.ʅ. ʋʨʘʚʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ / ɸ.ʅ. ʊʠʭʦʥʦʚ, ɸ.ɸ. ʉʘʤʘʨʩʢʠʡ. - 5-ʝ ʠʟʜ., ʩʪʝʨ. ï ʄʦʩʢʚʘ: 

ʅʘʫʢʘ, 1977. ï 735 ʩ. 

2. ʉʘʤʘʨʩʢʠʡ ɸ.ɸ. ʊʝʦʨʠʷ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ / ɸ.ɸ. ʉʘʤʘʨʩʢʠʡ. ï 3-ʝ ʠʟʜ., ʠʩʧʨ. ï ʄʦʩʢʚʘ: ʅʘʫʢʘ, 1989 (1990). ï 

614, [2] ʩ. 

3. ɹʫʭʘʥʴʢʦ ɸ.ɸ. ʇʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ / ɸ.ɸ. ɹʫʭʘʥʴʢʦ, ʆ.ʇ. 

ʏʦʩʪʢʦʚʩʢʘʷ; ʄ-ʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ, ʉʘʤʘʨ. ʛʦʩ. ʘʵʨʦʢʦʩʤ. ʫʥ-ʪ ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘ (ʥʘʮ. ʠʩʩʣʝʜ. ʫʥ-ʪ). ï
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The article presents the results of a study of the features and results of using Internet of Things networks. 

Based on the analysis of this technology, the requirements that this type of network must meet were 

formulated: low energy consumption, reliability of network organization, high level of information 

security, high speed of data collection, processing and transmission. 

Keywords: analysis, development trends, Internet of Things,  requirements.  
 

ʉʬʝʨʘ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʢʘʞʜʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. 

ɽʝ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ, ʢʘʢ: ʪʨʘʥʩʧʦʨʪ, ʩʠʩʪʝʤʳ 

ʫʤʥʦʛʦ ʜʦʤʘ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ [1]. 

ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʤʦʞʥʦ ʥʘʡʪʠ ʤʘʩʩʫ ʬʘʢʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʜʘʥʥʦʝ 

ʷʚʣʝʥʠʝ. ʊʘʢ, ʚ ʩʪʘʪʴʝ [2] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʝʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ɸʚʪʦʨʦʤ 

ʨʘʩʢʨʳʪʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʜʣʷ ʪʠʧʦʚʦʛʦ ʤʘʣʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʭʘ. 

ɺ ʩʪʘʪʴʝ [3] ʧʨʠʚʝʜʝʥ ʩʧʦʩʦʙ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʝʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ 

ʠʥʩʪʨʫʤʝʥʪʳ. 

ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʝʡ ʠʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʅʘʧʨʠʤʝʨ, ʚ ʩʪʘʪʴʝ [4] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ, ʠ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʝʰʝʥʠʷ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʘʪʘʢ ʥʘ ʩʝʪʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩ 

ʫʯʝʪʦʤ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ 

ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ, ʥʦ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: ʩʣʦʞʥʘʷ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʩʝʪʠ ʨʘʟʥʦʨʦʜʥʳʭ çʫʤʥʳʭè 

ʫʩʪʨʦʡʩʪʚ ʠ ʜʘʪʯʠʢʦʚ; ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʝʪʠ ʫʩʪʨʦʡʩʪʚ; ʤʝʪʦʜʠʢʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʠʟ-ʟʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʩʝʪʠ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʪʴ; ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʫʥʠʬʠʢʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʠ 

ʜʘʪʯʠʢʦʚ; ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪʘ 

ʚʝʱʝʡ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʤ ʜʘʥʥʳʡ ʚʠʜ ʩʝʪʝʡ ʜʦʣʞʝʥ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ: ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʥʘʜʝʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʷʚʣʷʝʪʩʷ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʠʭ 

ʩʪʨʫʢʪʫʨʳ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʦʡ ʤʝʪʦʜʠʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʢʦʛʥʠʪʠʚʥʦʩʪʠ 

ʠ ʩʘʤʦʘʥʘʣʠʟʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʩʬʝʨʝ ʩʝʪʝʡ 

ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ: ʨʘʟʚʠʪʠʝ ʩʝʪʝʡ 5G; 

ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ; ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʥʮʝʧʮʠʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʰʠʨʝʥʥʦʡ ʘʥʘʣʠʪʠʢʠ; 

ʘʜʘʧʪʘʮʠʷ ʤʝʪʦʜʦʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʣʦʢʯʝʡʥʘ ʜʣʷ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʩʪʘʪʴʝ [4], ʢ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ ʩʝʪʝʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʈʦʩʩʠʠ ʟʘ ʧʝʨʚʦʝ ʧʦʣʫʛʦʜʠʝ 2024 

ʛʦʜʘ ʦʪʥʦʩʷʪʩʷ ʪʝʥʜʝʥʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʝʪʝʡ 5G ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. 

ʂʦʥʮʝʧʮʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʘʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʙʣʦʢʯʝʡʥ, ʠʤʝʶʪ ʙʦʣʝʝ ʫʟʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʠ ʧʦʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ 
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ʍʀʀʂ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çʉʠʙɻʋʊʀè, ʛ. ʍʘʙʘʨʦʚʩʢ 
 

ʉ ʜʨʝʚʥʠʭ ʚʨʝʤʸʥ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʢʘʢ ʩʧʦʨʪ ʧʦʣʫʯʘʝʪ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʩʦʨʝʚʥʦʚʘʥʠʡ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʘʤʠ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʩʧʦʨʪʫ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ, 

ʥʘʯʠʥʘʷ ʩ ʩʝʢʮʠʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʥʷʪʠʡ, ʟʘʢʘʥʯʠʚʘʷ ʦʣʠʤʧʠʡʩʢʠʤʠ ʩʙʦʨʥʳʤʠ ʠ ʰʢʦʣʘʤʠ 

ʦʣʠʤʧʠʡʩʢʦʛʦ ʨʝʟʝʨʚʘ, ʥʦ ʩ ʥʘʯʘʣʘ XXI ʚʝʢʘ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚʥʝʩʣʠ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʠʛʨʳ (ʢʠʙʝʨʩʧʦʨʪ), ʢʦʪʦʨʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʚʣʝʢʘʶʪ ʢ ʩʝʙʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ɺ ʩʪʘʪʴʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʟʦʨ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʢʠʙʝʨʩʧʦʨʪʘ ʚ ʈʦʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʚʝʩʪʠʮʠʠ ʚ ʨʘʟʚʠʪʠʝ ʢʠʙʝʨʩʧʦʨʪʘ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʧʦʨʪʘ, ʢʠʙʝʨʩʧʦʨʪ, 

ʢʦʤʧɹʁʪʝʨʥʳʝ ʠʛʨʳ, ʃʠʛʠ ʢʠʙʝʨʩʧʦʨʪʘ,  ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʘʥʜʳ, ʨʘʟʚʠʪʠʝ ʢʠʙʝʨʩʧʦʨʪʘ, 

ʈʦʩʩʠʷ.  
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Since ancient times, the phenomenon of sport has been actively developing and is one of the ways of 

competition between states. Nowadays, much attention is paid to sports, from sections and additional 

classes to Olympic teams and Olympic reserve schools, but since the beginning of the 21st century, 

computer games (e-sports) have introduced a competitive element, which today attract a lot of attention. 

The article offers an overview of the current state and prospects for the development of e-sports in Russia. 
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ɺʚʝʜʝʥʠʝ:  ʂʠʙʝʨʩʧʦʨʪ, ʢʘʢ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʠʥʜʫʩʪʨʠʡ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ, ʢʘʢ ʠʛʨʦʢʦʚ, ʪʘʢ ʠ ʟʨʠʪʝʣʝʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʥ ʧʨʦʯʥʦ ʫʪʚʝʨʜʠʣʩʷ ʚ ʢʫʣʴʪʫʨʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʞʠʟʥʠ ʤʥʦʛʠʭ ʩʪʨʘʥ, 

ʩʪʘʚ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʣʝʯʝʥʠʝʤ, ʥʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʩʧʦʩʦʙʥʦʡ ʧʨʠʥʦʩʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʦʭʦʜ. ʈʦʩʩʠʷ, ʠʤʝʶʱʘʷ ʙʦʛʘʪʫʶ ʪʨʘʜʠʮʠʶ ʚ ʩʬʝʨʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʩʝʪʝʚʳʭ 

ʠʛʨ, ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʤʠʨʦʚʦʡ ʘʨʝʥʝ ʢʠʙʝʨʩʧʦʨʪʘ. ʅʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ 

ʫʯʘʩʪʥʠʢʦʚ, ʢʦʤʘʥʜ ʠ ʟʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʩʦ ʩʪʦʨʦʥʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʨʘʟʚʠʪʠʷ ʢʠʙʝʨʩʧʦʨʪʘ ʚ 

ʈʦʩʩʠʠ, ʚʢʣʶʯʘʷ ʝʛʦ ʠʩʪʦʨʠʯʝʩʢʠʝ ʢʦʨʥʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʶ 

ʩʨʝʜʠ ʤʦʣʦʜʝʞʠ. ɸʥʘʣʠʟʠʨʫʷ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ ʢʠʙʝʨʩʧʦʨʪʘ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʢʘʢ 
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ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʙʣʝʤʳ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʜʘʥʥʘʷ ʩʬʝʨʘ.  

ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʠʛʨʦʚʦʡ ʢʫʣʴʪʫʨʝ, 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʙʝʨʩʧʦʨʪʘ ʚ ʈʦʩʩʠʠ ʧʨʦʜʦʣʞʘʝʪ ʚʦʟʨʘʩʪʘʪʴ, ʧʨʝʜʣʘʛʘʷ ʢʘʢ 

ʥʘʫʯʥʦʝ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʠʥʚʝʩʪʦʨʦʚ ʠ ʩʦʟʜʘʪʝʣʝʡ 

ʢʦʥʪʝʥʪʘ. 

ʏʪʦ ʪʘʢʦʝ ʢʠʙʝʨʩʧʦʨʪ?: ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʦʬʠʮʠʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʧʨʝʜʣʘʛʘʝʤʦʝ 

ʌʝʜʝʨʘʮʠʝʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ ʈʦʩʩʠʠ (ʌʂʉ ʈʦʩʩʠʠ). 

ʂʦʤʧʴʶʪʝʨʥʳʡ ʩʧʦʨʪ ï (ʢʠʙʝʨʩʧʦʨʪ, ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʦʨʪ (ʘʥʛʣ. esports) ï ʚʠʜ 

ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʘʢʪʠʢʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʩʦʨʝʚʥʦʚʘʥʠʷʤ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ/ʠʣʠ ʚʠʜʝʦʠʛʨ, ʛʜʝ ʠʛʨʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʨʝʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʳʝ ʫʩʣʦʚʠʷ ʩʦʩʪʷʟʘʥʠʡ ʯʝʣʦʚʝʢʘ ʩ ʯʝʣʦʚʝʢʦʤ ʠʣʠ 

ʢʦʤʘʥʜʳ ʩ ʢʦʤʘʥʜʦʡ. ʊʦ ʝʩʪʴ ʢʠʙʝʨʩʧʦʨʪ ï ʵʪʦ ʥʝ ʩʦʨʝʚʥʦʚʘʥʠʝ ʯʝʣʦʚʝʢʘ ʩ ʢʦʤʧʴʶʪʝʨʦʤ, ʵʪʦ 

ʠʤʝʥʥʦ ʩʦʨʝʚʥʦʚʘʥʠʝ ʯʝʣʦʚʝʢʘ ʩ ʯʝʣʦʚʝʢʦʤ ʠʣʠ ʢʦʤʘʥʜʳ ʩ ʢʦʤʘʥʜʦʡ, ʛʜʝ ʢʦʤʧʴʶʪʝʨ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʧʦʨʪʠʚʥʦʛʦ ʠʥʚʝʥʪʘʨʷ, ʘ ʠʛʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʨʪʫʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ 

ʧʨʘʚʠʣʘ ʩʦʩʪʷʟʘʥʠʷ. 

ʅʝ ʚʩʝ ʢʦʤʧʴʶʪʝʨʥʳʝ (ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʝ) ʠʛʨʳ. ʏʪʦʙʳ ʩʯʠʪʘʪʴʩʷ ʪʘʢʦʚʦʡ, ʠʛʨʘ 

ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʵʣʝʤʝʥʪ ʩʦʨʝʚʥʦʚʘʥʠʷ, ʥʝ ʠʤʝʪʴ ʩʶʞʝʪʘ (ʧʨʦʭʦʞʜʝʥʠʷ), ʩʝʩʩʠʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʢʦʨʦʪʢʠʤʠ, ʘ ʚʩʝ ʠʛʨʦʢʠ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʣʝʤʝʥʪ ʩʣʫʯʘʡʥʦʩʪʠ 

ʠʩʢʣʶʯʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʦʥʣʘʡʥ-ʧʦʢʝʨ ï ʵʪʦ ʥʝ ʢʠʙʝʨʩʧʦʨʪ. 

ʇʦʧʫʣʷʨʥʦʩʪʴ ʢʠʙʝʨʩʧʦʨʪʘ ʚ ʈʦʩʩʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʩʣʦʚʘʤʠ ʟʘʤʝʩʪʠʪʝʣʴ 

ʧʨʝʜʩʝʜʘʪʝʣʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʚʦʧʨʦʩʘʤ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ 

ʠʥʥʦʚʘʮʠʷʤ, ʩʚʷʟʠ, ʉʄʀ, ʘ ʪʘʢʞʝ ʢʫʣʴʪʫʨʳ, ʪʫʨʠʟʤʘ ʠ ʩʧʦʨʪʘ ɼ.ʅ. ʏʝʨʥʳʰʝʥʢʦ ï ʚ ʢʦʥʮʝ 

2023 ʛʦʜʘ ʛʦʚʦʨʠʣ, ʯʪʦ ʢʠʙʝʨʩʧʦʨʪʦʤ ʚ ʈʦʩʩʠʠ ʟʘʥʠʤʘʝʪʩʷ ʙʦʣʝʝ 15 ʤʠʣʣʠʦʥʦʚ 

ʯʝʣʦʚʝʢ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘʩʝʣʝʥʠʝ ʈʦʩʩʠʠ ʥʘ ʥʘʯʘʣʦ 2024 ʛʦʜʘ ʩʦʩʪʘʚʣʷʣʦ 146 ʤʠʣʣʠʦʥʦʚ 

ʯʝʣʦʚʝʢ, ʧʦʣʫʯʘʝʪʩʷ, ʢʠʙʝʨʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʫʚʣʝʯʝʥʠʝʤ ʜʣʷ ʢʘʞʜʦʛʦ 10-ʛʦ ʛʨʘʞʜʘʥʠʥʘ ʥʘʰʝʡ 

ʩʪʨʘʥʳ. 

ɺ ʦʢʪʷʙʨʝ 2023 ʛʦʜʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʦʣʠʤʧʠʡʩʢʦʤ ʢʦʤʠʪʝʪʝ ʟʘʜʫʤʘʣʠʩʴ ʦʙ 

ʦʨʛʘʥʠʟʘʮʠʠ ʆʣʠʤʧʠʡʩʢʠʭ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʭ ʠʛʨ. ɺ ʠʶʣʝ 2024 ʛʦʜʘ ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʩʦʚʝʪ 

ʄʆʂ ʦʙʲʷʚʠʣ ʦ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʠʛʨ. ʆʨʛʘʥʠʟʘʪʦʨʦʤ ʧʝʨʚʦʛʦ ʯʝʤʧʠʦʥʘʪʘ ʧʦ ʢʠʙʝʨʩʧʦʨʪʫ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪʩʷ ʚ 2025 ʛʦʜʫ, ʚʳʩʪʫʧʠʪ ʅʘʮʠʦʥʘʣʴʥʳʡ ʦʣʠʤʧʠʡʩʢʠʡ ʢʦʤʠʪʝʪ ʉʘʫʜʦʚʩʢʦʡ 

ɸʨʘʚʠʠ. 

ʇʦʯʝʤʫ ʢʠʙʝʨʩʧʦʨʪ ʵʪʦ ʩʧʦʨʪ?: ɽʩʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʨʪʘ: ʵʪʦ çʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʧʦ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʨʘʚʠʣʘʤ ʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ, ʩʦʩʪʦʷʱʘʷ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʠ/ʠʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʘ ʢ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʤʝʞʣʠʯʥʦʩʪʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʝʸ ʧʨʦʮʝʩʩʝè. ʂʠʙʝʨʩʧʦʨʪ ʧʦʜ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʥʦʩʪʴʶ ʧʦʧʘʜʘʝʪ. 

ʅʘʩ ʪʘʢʞʝ ʯʘʩʪʦ ʫʧʨʝʢʘʶʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʭ ʪʨʝʥʠʨʦʚʦʢ ʠ 

ʩʦʨʝʚʥʦʚʘʥʠʡ ʦʨʛʘʥʠʟʤ ʥʝ ʨʘʙʦʪʘʝʪ ʠ ʥʝ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʦʣʦʛʠʠ. ʕʪʦ ʥʝ ʪʘʢ: 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ ʥʘ ʯʝʣʦʚʝʢʘ ʠʟʫʯʘʣʦʩʴ ʚ ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʤʦʙʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʚʦ ʚʨʝʤʷ 

ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʪʫʨʥʠʨʘ ʩʦʧʦʩʪʘʚʠʤ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʛʦʥʦʯʥʳʤ ʘʚʪʦʤʦʙʠʣʝʤ ʠʣʠ ʩ ʟʘʙʝʛʦʤ 

ʥʘ ʩʪʦʤʝʪʨʦʚʢʫ ï ʧʨʦʠʩʭʦʜʠʪ ʦʛʨʦʤʥʳʡ ʚʳʙʨʦʩ ʛʦʨʤʦʥʦʚ, ʫʯʘʱʘʝʪʩʷ ʩʝʨʜʮʝʙʠʝʥʠʝ, ʠʛʨʦʢ 

ʧʦʣʥʦʩʪʴʶ ʥʘʧʨʷʞʸʥ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ. 

ɿʘʨʦʞʜʝʥʠʝ ʢʠʙʝʨʩʧʦʨʪʘ ʚ ʈʦʩʩʠʠ: ʈʦʩʩʠʷ ʩʪʘʣʘ ʧʝʨʚʦʡ ʩʪʨʘʥʦʡ ʚ ʤʠʨʝ, 

ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʟʥʘʚʰʝʡ ʢʠʙʝʨʩʧʦʨʪ ʢʘʢ ʚʠʜ ʩʧʦʨʪʘ, ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʢʘʟʘ 

ɻʦʩʢʦʤʩʧʦʨʪʘ ʈʦʩʩʠʠ ˉ 449 ʦʪ 25 ʠʶʣʷ 2001 ʛʦʜʘ. ʆʜʥʘʢʦ, ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʨʫʢʦʚʦʜʩʪʚʘ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʦʩʢʦʤʩʧʦʨʪʘ ʚ ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ ʠ ʩʧʦʨʪʫ, ʘ 

ʪʘʢʞʝ ʩ ʚʚʝʜʝʥʠʝʤ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʨʝʝʩʪʨʘ ʚʠʜʦʚ ʩʧʦʨʪʘ (ɺʈɺʉ), ʧʨʠʟʥʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʩʧʦʨʪʘ ʧʨʠʰʣʦʩʴ ʧʦʚʪʦʨʠʪʴ. ʕʪʦ ʩʣʫʯʠʣʦʩʴ 12 ʤʘʨʪʘ 2004 ʛʦʜʘ ʧʦ ʫʢʘʟʘʥʠʶ ʛʣʘʚʳ 

ɻʦʩʢʦʤʩʧʦʨʪʘ ɺʷʯʝʩʣʘʚʘ ʌʝʪʠʩʦʚʘ. ɺ ʠʶʣʝ 2006 ʛʦʜʘ ʢʠʙʝʨʩʧʦʨʪ ʙʳʣ ʠʩʢʣʶʯʸʥ ʠʟ 

ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʨʝʝʩʪʨʘ ʚʠʜʦʚ ʩʧʦʨʪʘ, ʪʘʢ ʢʘʢ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʥʝʦʙʭʦʜʠʤʳʤ ʢʨʠʪʝʨʠʷʤ: 
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ʪʨʝʙʦʚʘʣʦʩʴ ʝʛʦ ʨʘʟʚʠʪʠʝ ʚ ʙʦʣʝʝ ʯʝʤ ʧʦʣʦʚʠʥʝ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʠ ʠ ʥʘʣʠʯʠʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʦʙʱʝʨʦʩʩʠʡʩʢʦʛʦ ʬʠʟʢʫʣʴʪʫʨʥʦ-ʩʧʦʨʪʠʚʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ. 

ɺ 2014 ʛʦʜʫ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʩʧʦʨʪʘ, 

ʤʦʣʦʜʸʞʠ ʠ ʪʫʨʠʟʤʘè (ʈʋʉ çɻʎʆʃʀʌʂè)  ʥʘʯʘʣ ʨʝʘʣʠʟʘʮʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

çʊʝʦʨʠʷ ʠ ʤʝʪʦʜʠʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʚʠʜʦʚ ʩʧʦʨʪʘ (ʢʠʙʝʨʩʧʦʨʪ)è. 

ɺ 2015 ʛʦʜʫ ʙʳʣ ʦʩʥʦʚʘʥ ʨʦʩʩʠʡʩʢʠʡ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʡ ʭʦʣʜʠʥʛ çESforceè, ʩʪʘʚʰʠʡ 

ʢʨʫʧʥʝʡʰʝʡ ʢʠʙʝʨʩʧʦʨʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʚ ʈʦʩʩʠʠ, ʉʅɻ ʠ ʩʪʨʘʥʘʭ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. ɺ 

ʯʘʩʪʥʦʩʪʠ, çESforceè ʧʨʠʥʘʜʣʝʞʠʪ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʡ ʢʣʫʙ Virtus.pro, ʚʳʠʛʨʘʚʰʠʡ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʟʦʚʳʭ ʩʨʝʜʠ ʢʣʫʙʦʚ ʉʅɻ ʠ ʚʭʦʜʷʱʠʡ ʚ ʪʦʧ-10 ʤʠʨʘ ʧʦ ʵʪʦʤʫ 

ʧʦʢʘʟʘʪʝʣʶ. ʊʘʢʞʝ çESforceè ʧʨʦʚʦʜʠʪ ʢʨʫʧʥʝʡʰʫʶ ʚ ʉʅɻ ʩʝʨʠʶ ʪʫʨʥʠʨʦʚ EPICENTER ʠ 

ʚʣʘʜʝʝʪ ʛʣʘʚʥʳʤ ʉʄʀ ʉʅɻ-ʢʠʙʝʨʩʧʦʨʪʘ çCybersport.ruè. 

7 ʠʶʥʷ 2016 ʛʦʜʘ ʄʠʥʠʩʪʝʨʩʪʚʦ ʩʧʦʨʪʘ ʦʧʫʙʣʠʢʦʚʘʣʦ ʧʨʠʢʘʟ ʦ ʚʢʣʶʯʝʥʠʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ ʚ ʨʝʝʩʪʨ ʦʬʠʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʩʧʦʨʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 13 

ʘʧʨʝʣʷ 2017 ʛʦʜʘ ʚ ʄʠʥʠʩʪʝʨʩʪʚʝ ʶʩʪʠʮʠʠ ʈʦʩʩʠʠ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʇʨʠʢʘʟ ˉ 183 ʦʪ 16 

ʤʘʨʪʘ 2017 ʛʦʜʘ çʆ ʧʨʠʟʥʘʥʠʠ ʠ ʚʢʣʶʯʝʥʠʠ ʚʦ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʨʝʝʩʪʨ ʚʠʜʦʚ ʩʧʦʨʪʘ 

ʩʧʦʨʪʠʚʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʚʠʜʦʚ ʩʧʦʨʪʘè, ʢʦʪʦʨʳʡ ʚʥʝʩ ʠʟʤʝʥʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʡ ʨʝʝʩʪʨ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʠʢʘʟʫ, ʢʦʤʧʴʶʪʝʨʥʳʡ ʩʧʦʨʪ ʙʳʣ ʧʝʨʝʚʝʜʝʥ ʚʦ ʚʪʦʨʦʡ ʨʘʟʜʝʣ ï çʚʠʜʳ 

ʩʧʦʨʪʘ, ʨʘʟʚʠʚʘʝʤʳʝ ʥʘ ʦʙʱʝʨʦʩʩʠʡʩʢʦʤ ʫʨʦʚʥʝè. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʚ ʈʦʩʩʠʠ ʦʬʠʮʠʘʣʴʥʳʭ ʯʝʤʧʠʦʥʘʪʦʚ ʩʪʨʘʥʳ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʷ ʨʘʟʨʷʜʦʚ ʠ ʟʚʘʥʠʡ 

ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʩʧʦʨʪʫ. ɺ ʵʪʦʪ ʞʝ ʨʘʟʜʝʣ ʚʢʣʶʯʝʥʳ ʚʩʝ çʪʨʘʜʠʮʠʦʥʥʳʝè ʚʠʜʳ ʩʧʦʨʪʘ, 

ʪʘʢʠʝ ʢʘʢ ʬʫʪʙʦʣ, ʭʦʢʢʝʡ ʠ ʙʘʩʢʝʪʙʦʣ. ʉ 5 ʠʶʥʷ 2018 ʛʦʜʘ ʌʝʜʝʨʘʮʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ 

ʈʦʩʩʠʠ ʙʳʣʘ ʘʢʢʨʝʜʠʪʦʚʘʥʘ ʢʘʢ ʩʧʦʨʪʠʚʥʘʷ ʬʝʜʝʨʘʮʠʷ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʩʧʦʨʪʘ ʩʦʛʣʘʩʥʦ ʧʨʠʢʘʟʫ ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʧʦʨʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ 562. 

ʉ 2018 ʛʦʜʘ ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ ʚʚʸʣ ʩʪʠʧʝʥʜʠʶ ʜʣʷ ʪʘʣʘʥʪʣʠʚʳʭ ʢʠʙʝʨʩʧʦʨʪʩʤʝʥʦʚ 

ʚ ʨʘʟʤʝʨʝ 10 ʪʳʩ. ʨʫʙ. ʝʞʝʤʝʩʷʯʥʦ. ʇʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʢʠ ʪʘʣʘʥʪʣʠʚʳʭ ʢʠʙʝʨʩʧʦʨʪʩʤʝʥʦʚ 

ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʧʨʠ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʦʡ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʝ ʌʝʜʝʨʘʮʠʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ ʈʦʩʩʠʠ. ʏʪʦʙʳ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʩʪʠʧʝʥʜʠʶ, ʘʙʠʪʫʨʠʝʥʪʫ ʙʳʣʦ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʙʨʘʪʴ ʙʦʣʝʝ 250 ʙʘʣʣʦʚ ɽɻʕ, ʧʦʩʪʫʧʠʪʴ ʥʘ ʙʶʜʞʝʪʥʫʶ ʬʦʨʤʫ ʦʙʫʯʝʥʠʷ 

ʚ ʀʊʄʆ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʴ ʢʠʙʝʨʩʧʦʨʪʠʚʥʦʝ ʧʦʨʪʬʦʣʠʦ ʥʘ ʢʦʥʢʫʨʩ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ 

ʩʪʫʜʝʥʯʝʩʢʠʤ ʩʧʦʨʪʠʚʥʳʤ ʢʣʫʙʦʚ çʂʨʦʥʚʝʨʢʩʢʠʝ ʙʘʨʩʳè. ɺ ʥʝʛʦ ʚʭʦʜʷʪ ʘʥʢʝʪʘ, 

ʤʦʪʠʚʘʮʠʦʥʥʦʝ ʧʠʩʴʤʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʧʦʙʝʜʘʭ ʥʘ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʠ ʜʦʢʫʤʝʥʪʳ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʥʘʣʠʯʠʝ ʩʧʦʨʪʠʚʥʳʭ ʨʘʟʨʷʜʦʚ ʧʦ ʢʠʙʝʨʩʧʦʨʪʫ.  

ʉʪʠʧʝʥʜʠʷ ʚ ʨʘʟʤʝʨʝ 10 000 ʨʫʙʣʝʡ ʥʘʟʥʘʯʘʝʪʩʷ ʧʷʪʠ ʩʪʫʜʝʥʪʘʤ, ʢʦʪʦʨʳʝ ʧʨʝʫʩʧʝʣʠ ʚ 

ʪʘʢʠʭ ʜʠʩʮʠʧʣʠʥʘʭ, ʢʘʢ: CS:GO, çDota2è, çHearthstoneè, FIFA, çOverwatch, League of 

Legendsè, çTekken7è, çEternalè, çWorld of Tanks, World of Warshipsè ʠ çWorld of Warplanesè. 

ʂʠʙʝʨʩʧʦʨʪʠʚʥʘʷ ʩʪʠʧʝʥʜʠʷ ʚʳʧʣʘʯʠʚʘʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʚʦʛʦ ʩʝʤʝʩʪʨʘ ʦʙʫʯʝʥʠʷ, ʘ 

ʝʩʣʠ ʢʠʙʝʨʩʧʦʨʪʩʤʝʥʳ ʩʜʘʶʪ ʩʝʩʩʠʶ ʥʘ çʭʦʨʦʰʦè ʠʣʠ çʦʪʣʠʯʥʦè, ʪʦ ʬʠʥʘʥʩʦʚʘʷ ʧʦʜʜʝʨʞʢʘ 

ʧʨʦʜʣʝʚʘʝʪʩʷ ʜʦ ʢʦʥʮʘ ʧʝʨʚʦʛʦ ʛʦʜʘ ʦʙʫʯʝʥʠʷ. ʂʠʙʝʨʩʧʦʨʪʩʤʝʥ-rʧʦʙʝʜʠʪʝʣʠ ʢʦʥʢʫʨʩʘ 

ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʝʥʠʨʦʚʘʪʴʩʷ ʥʘ ʙʘʟʝ ʢʠʙʝʨʩʧʦʨʪʠʚʥʦʛʦ ʢʣʫʙʘ ʉʉʂ çʂʨʦʥʚʝʨʢʩʢʠʝ 

ʙʘʨʩʳè. 

ʉ 16 ʤʘʨʪʘ 2020 ʛʦʜʘ ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ ʧʝʨʝʰʸʣ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʚʢʣʶʯʘʷ ʟʘʥʷʪʠʷ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ ʠ ʩʧʦʨʪʫ ʚ ʦʥʣʘʡʥ-ʬʦʨʤʘʪ. ʉʪʫʜʝʥʯʝʩʢʠʡ 

ʩʧʦʨʪʠʚʥʳʡ ʢʣʫʙ çʂʨʦʥʚʝʨʢʩʢʠʝ ʙʘʨʩʳè ʧʨʝʜʣʦʞʠʣ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʦʥʣʘʡʥ-ʪʨʝʥʠʨʦʚʦʢ, 

ʚʢʣʶʯʘʷ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʝ ʩʦʨʝʚʥʦʚʘʥʠʷ. ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʜʜʝʨʞʘʣʘ ʵʪʫ 

ʠʥʠʮʠʘʪʠʚʫ ʠ ʟʘʧʫʩʪʠʣʘ ʧʨʦʝʢʪ çʂʠʙʝʨʬʠʟʢʫʣʴʪʫʨʘ ʚ ʀʊʄʆè. ʉʪʫʜʝʥʪʳ ʤʦʛʫʪ ʥʘʙʠʨʘʪʴ 

ʙʘʣʣʳ ʟʘ ʫʯʘʩʪʠʝ ʚ ʢʠʙʝʨʩʧʦʨʪʝ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʠʛʨʘʷ ʚ ʣʠʛʝ ʧʦ ʙʫʜʥʷʤ, ʛʜʝ ʙʘʣʣʳ ʟʘʚʠʩʷʪ 

ʦʪ ʚʨʝʤʝʥʠ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʚ ʠʛʨʝ, ʠ, ʫʯʘʩʪʚʫʷ ʚ ʚʳʭʦʜʥʳʭ ʪʫʨʥʠʨʘʭ, ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ ʟʘ 

ʢʦʪʦʨʳʝ ʟʘʚʠʩʠʪ ʦʪ ʟʘʥʷʪʦʛʦ ʤʝʩʪʘ. ɼʣʷ ʪʝʭ, ʢʪʦ ʥʝ ʟʥʘʢʦʤ ʩ ʠʛʨʘʤʠ çDota2è, çCS:GOè ʠʣʠ 

çClash Royaleè, ʥʘ ʩʘʡʪʝ ʧʨʦʝʢʪʘ ʦʨʛʘʥʠʟʦʚʘʥʦ ʦʙʫʯʝʥʠʝ. ʆʮʝʥʢʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ: ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʡ ʢʣʫʙ ʨʘʟʨʘʙʦʪʘʣ ʩʠʩʪʝʤʫ ʥʘʯʠʩʣʝʥʠʷ 

ʙʘʣʣʦʚ ʟʘ ʫʯʘʩʪʠʝ ʚ ʪʫʨʥʠʨʘʭ ʧʦ ʢʘʞʜʦʡ ʜʠʩʮʠʧʣʠʥʝ ʠ ʩʦʟʜʘʣ ʩʘʡʪ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʠ ʚʥʦʩʠʪ ʠʭ ʚ ʵʣʝʢʪʨʦʥʥʫʶ ʙʘʟʫ. ʋʯʘʩʪʚʦʚʘʪʴ ʤʦʞʥʦ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, 
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ʪʘʢ ʠ ʚ ʢʦʤʘʥʜʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʟʘʯʝʪ ʚʤʝʩʪʝ ʩ ʜʨʫʟʴʷʤʠ. ɺ ʨʘʤʢʘʭ ʬʘʢʫʣʴʪʝʪʘ 

ʠʛʨʦʚʦʡ ʠʥʜʫʩʪʨʠʠ ʠ ʢʠʙʝʨʩʧʦʨʪʘ ʄʌʇʋ çʉʠʥʝʨʛʠʷè ʩʪʘʨʪʦʚʘʣʦ ʜʚʘ ʩʝʟʦʥʘ ʣʠʛʠ çSynergy 

ESPORTS Leagueè ʩ ʙʝʩʧʣʘʪʥʳʤ ʫʯʘʩʪʠʝʤ ʚ ʦʥʣʘʡʥ-ʪʫʨʥʠʨʘʭ ʜʣʷ ʚʩʝʭ ʞʝʣʘʶʱʠʭ. ʆʙʱʠʡ 

ʧʨʠʟʦʚʦʡ ʬʦʥʜ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 50 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʶʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʛʨʘʥʪʳ ʥʘ ʦʧʣʘʪʫ ʦʙʫʯʝʥʠʷ ʥʘ ʣʶʙʳʭ ʬʘʢʫʣʴʪʝʪʘʭ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʛʨʘʥʪʦʤ ʚ 

ʩʬʝʨʝ ʠʛʨʦʚʦʡ ʠʥʜʫʩʪʨʠʠ ʠ ʢʠʙʝʨʩʧʦʨʪʘ ʚ ʈʦʩʩʠʠ ʠ ʉʅɻ. 

ɼʠʩʮʠʧʣʠʥʳ: ɺʦ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʨʝʝʩʪʨ ʚʠʜʦʚ ʩʧʦʨʪʘ (ʈʘʟʜʝʣ 2 ï ɺʠʜʳ ʩʧʦʨʪʘ. 

ʈʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʙʱʝʨʦʩʩʠʡʩʢʦʤ ʫʨʦʚʥʝ, ʢʘʢ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʦʨʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʜʠʩʮʠʧʣʠʥʳ) ʚʥʝʩʝʥʳ ʜʠʩʮʠʧʣʠʥʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 1. ʊʘʢʞʝ, ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʧʦʜʚʠʜʘ ʠʛʨ ʠ ʧʨʠʤʝʨʳ ʵʪʠʭ 

ʞʘʥʨʦʚ. 
ʊʘʙʣʠʮʘ 1 ï ɼʠʩʮʠʧʣʠʥʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ ʠ ʠʭ ʦʧʠʩʘʥʠʝ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʆʧʠʩʘʥʠʝ ʀʛʨʳ 

ɹʦʝʚʘʷ ʘʨʝʥʘ  

(MOBA, Multiplayer 

Online Battle Arena) 

ɹʦʝʚʘʷ ʘʨʝʥʘ ï ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʦʥʣʘʡʥʦʚʘʷ 
ʙʦʝʚʘʷ ʘʨʝʥʘ ï ʜʠʩʮʠʧʣʠʥʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ, ʚ 

ʢʦʪʦʨʦʡ 2 ʢʦʤʘʥʜʳ ʠʛʨʦʢʦʚ ʩʨʘʞʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 
ʥʘ ʢʘʨʪʝ ʦʩʦʙʦʛʦ ʚʠʜʘ ʩ ʮʝʣʴʶ ʫʥʠʯʪʦʞʝʥʠʷ ʛʣʘʚʥʦʛʦ 
ʟʜʘʥʠʷ ʢʦʤʘʥʜʳ ʩʦʧʝʨʥʠʢʘ. ʂʘʞʜʳʡ ʠʛʨʦʢ ʫʧʨʘʚʣʷʝʪ 
ʦʜʥʠʤ ʠʟ ʩʧʠʩʢʘ ʜʦʩʪʫʧʥʳʭ ʛʝʨʦʝʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ. ɺ ʪʝʯʝʥʠʝ ʤʘʪʯʘ 
ʛʝʨʦʠ ʤʦʛʫʪ ʩʪʘʥʦʚʠʪʴʩʷ ʩʠʣʴʥʝʝ, ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ 
ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʥʘʨʷʞʝʥʠʝ 

Dota 2 
League of Legends 
Wild Rift 

ʊʘʢʪʠʯʝʩʢʠʡ 
ʪʨʝʭʤʝʨʥʳʡ ʙʦʡ 
(ʰʫʪʝʨ)  

(Tactical shooters, 

Shooter) 

ʊʘʢʪʠʯʝʩʢʠʡ ʪʨʝʭʤʝʨʥʳʡ ʙʦʡ ï ʢʠʙʝʨʩʧʦʨʪʠʚʥʘʷ 
ʜʠʩʮʠʧʣʠʥʘ, ʜʣʷ ʩʦʨʝʚʥʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʘʥʜʥʘʷ ʚʠʜʝʦʠʛʨʘ, ʚʳʩʪʫʧʘʶʱʘʷ ʩʠʤʫʣʷʪʦʨʦʤ 
ʪʘʢʪʠʯʝʩʢʦʛʦ ʙʦʷ, ʛʜʝ ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʢʦʤʘʥʜʳ, 
ʦʩʫʱʝʩʪʚʣʷʷ ʫʧʨʘʚʣʝʥʠʝ ʩʚʦʠʤ ʦʙʲʝʢʪʦʤ 
ʫʧʨʘʚʣʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʫʯʘʩʪʥʠʢʘʤʠ ʩʚʦʝʡ 
ʢʦʤʘʥʜʳ ʩ ʮʝʣʴʶ ʫʥʠʯʪʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 
ʢʦʤʘʥʜʳ ʩʦʧʝʨʥʠʢʘ ʠʣʠ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 
ʟʘʜʘʯʠ 

CS:GO 
Rainbow Six Siege 
Valorant 
Overwatch 

PUBG 
Fortnite 

ʉʪʨʘʪʝʛʠʷ ʚ ʨʝʘʣʴʥʦʤ 
ʚʨʝʤʝʥʠ 
(RTS, Real-time 

strategy) 

Cʪʨʘʪʝʛʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ï ʩʧʦʨʪʠʚʥʘʷ 
ʜʠʩʮʠʧʣʠʥʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ, ʚ ʢʦʪʦʨʦʡ 
ʧʨʦʪʠʚʦʙʦʨʩʪʚʫʶʱʠʝ ʩʪʦʨʦʥʳ ʫʯʘʩʪʥʠʢʦʚ 

ʩʦʨʝʚʥʦʚʘʥʠʡ ʥʘ ʘʨʝʥʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 
ʧʦʟʠʮʠʦʥʠʨʫʶʪ ʠ ʤʘʥʝʚʨʠʨʫʶʪ ʠʛʨʦʚʳʤʠ 
ʧʝʨʩʦʥʘʞʘʤʠ, ʜʣʷ ʟʘʱʠʪʳ ʨʘʡʦʥʦʚ ʢʘʨʪʳ ʠ/ʠʣʠ 
ʫʥʠʯʪʦʞʝʥʠʷ ʘʢʪʠʚʦʚ ʩʚʦʠʭ ʩʦʧʝʨʥʠʢʦʚ.  

Warcraft 3 

Starcraft 
StarCraft II 

ʌʘʡʪʠʥʛ (Fighting) 

ʌʘʡʪʠʥʛ ï ʜʠʩʮʠʧʣʠʥʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ, 
ʠʤʠʪʠʨʫʶʱʘʷ ʧʨʦʮʝʩʩ ʝʜʠʥʦʙʦʨʩʪʚʘ ʥʘ ʘʨʝʥʝ ʩ 
ʧʦʤʦʱʴʶ ʚʠʜʝʦʠʛʨʳ, ʚ ʢʦʪʦʨʦʡ ʫʯʘʩʪʥʠʢʫ 
ʩʦʨʝʚʥʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʜʦ ʥʫʣʷ ʧʘʨʘʤʝʪʨ 
ʵʥʝʨʛʠʠ (ʟʜʦʨʦʚʴʷ) ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʧʝʨʥʠʢʘ ʟʘ 

ʦʪʚʝʜʝʥʥʦʝ ʚʨʝʤʷ 

Mortal Kombat 
Tekken 7 
Street Fighter V 

ʉʧʦʨʪʠʚʥʳʡ 
ʩʠʤʫʣʷʪʦʨ  

(Sports simulators) 

Cʧʦʨʪʠʚʥʳʡ ʩʠʤʫʣʷʪʦʨ (ʩʠʤʫʣʷʪʦʨ ʩʧʦʨʪʠʚʥʦʡ 

ʠʛʨʳ) ï ʩʧʦʨʪʠʚʥʘʷ ʜʠʩʮʠʧʣʠʥʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 
ʩʧʦʨʪʘ, ʚʦʩʩʦʟʜʘʶʱʘʷ ʩ ʧʦʤʦʱʴʶ ʚʠʜʝʦʠʛʨʳ 
ʩʧʦʨʪʠʚʥʫʶ ʠʛʨʫ ʥʘ ʘʨʝʥʝ ʧʦ ʧʨʘʚʠʣʘʤ ʚʠʜʘ ʩʧʦʨʪʘ, 
ʧʨʠʟʥʘʥʥʦʛʦ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. 

FIFA 
NHL 
Rocket League 
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ʉʦʨʝʚʥʦʚʘʪʝʣʴʥʳʝ 
ʛʦʣʦʚʦʣʦʤʢʠ 

(Competitive puzzles) 

ʉʦʨʝʚʥʦʚʘʪʝʣʴʥʳʝ ʛʦʣʦʚʦʣʦʤʢʠ ï ʩʧʦʨʪʠʚʥʘʷ 
ʜʠʩʮʠʧʣʠʥʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 
ʩʦʙʦʡ ʨʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʫʯʘʩʪʥʠʢʘʤʠ 
ʩʦʨʝʚʥʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ 
ʩʢʦʨʦʩʪʠ ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ 
ʩʦʦʙʨʘʟʠʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʭ ʚʳʙʦʨ ʪʦʡ 
ʠʣʠ ʠʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠʛʨʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʙʝʜʳ 

Hearthstone 
ʊʝʪʨʠʩ 
Clash Royale 

ʊʝʭʥʠʯʝʩʢʠʡ 
ʩʠʤʫʣʷʪʦʨ  

(Technical simulators) 

ʊʝʭʥʠʯʝʩʢʠʡ ʩʠʤʫʣʷʪʦʨ ï ʩʧʦʨʪʠʚʥʘʷ ʜʠʩʮʠʧʣʠʥʘ 
ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʧʦʨʪʘ, ʚ ʢʦʪʦʨʦʡ ʫʯʘʩʪʥʠʢʠ 
ʩʦʨʝʚʥʦʚʘʥʠʡ, ʠʤʠʪʠʨʫʷ ʬʠʟʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʜʦʩʪʠʛʘʶʪ 
ʧʦʙʝʜʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʝʭʥʠʯʝʩʢʠʤʠ ʧʨʘʚʠʣʘʤʠ 
ʜʠʩʮʠʧʣʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʥʠʢ ʧʦʣʫʯʘʝʪ ʥʘʚʳʢʠ ʫʧʨʘʚʣʝʥʠʷ 
ʨʝʘʣʴʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ 
(ʥʘʧʨʠʤʝʨ: ʪʘʥʢʦʚʳʡ ʩʠʤʫʣʷʪʦʨ, ʘʚʠʘʮʠʦʥʥʳʡ ʠʣʠ 
ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʩʠʤʫʣʷʪʦʨ) 

Project CARS 
Assetto Corsa 
Competizione 
Gran Tourismo 

ʇʝʨʩʧʝʢʪʠʚʳ ʚʠʨʪʫʘʣʴʥʦʛʦ  ʩʧʦʨʪʘ: ʂʠʙʝʨʩʧʦʨʪ ʚ ʈʦʩʩʠʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʳʝ 

ʪʝʤʧʳ ʨʦʩʪʘ ʠ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʝʨʩʧʝʢʪʠʚ ʜʣʷ ʨʘʟʚʠʪʠʷ. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʘʢ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʢʠʙʝʨʩʧʦʨʪʘ ʚ ʩʪʨʘʥʝ. 

1. ʋʚʝʣʠʯʝʥʠʝ ʘʫʜʠʪʦʨʠʠ ʠ ʧʦʧʫʣʷʨʥʦʩʪʠ ʢʠʙʝʨʩʧʦʨʪʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ 

ʢʠʙʝʨʩʧʦʨʪ ʚ ʈʦʩʩʠʠ ʧʨʠʚʣʝʢ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʰʠʨʦʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʇʦ ʜʘʥʥʳʤ çNewzooè, ʚ 2021 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʟʨʠʪʝʣʝʡ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʭ ʩʦʙʳʪʠʡ ʚ ʈʦʩʩʠʠ 

ʧʨʝʚʳʩʠʣʦ 20 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ, ʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ. ʇʨʦʚʝʜʝʥʠʝ ʢʨʫʧʥʳʭ 

ʪʫʨʥʠʨʦʚ, ʪʘʢʠʭ ʢʘʢ: çThe Internationalè ʧʦ çDota2è ʠ çCS:GO Majorè, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʧʦʚʳʰʝʥʠʶ ʠʥʪʝʨʝʩʘ ʢ ʢʠʙʝʨʩʧʦʨʪʫ ʢʘʢ ʩʨʝʜʠ ʠʛʨʦʢʦʚ, ʪʘʢ ʠ ʩʨʝʜʠ ʟʨʠʪʝʣʝʡ. 

2. ʀʥʚʝʩʪʠʮʠʠ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ. ʂʠʙʝʨʩʧʦʨʪ ʩʪʘʣ ʧʨʠʚʣʝʢʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʥʚʝʩʪʠʮʠʠ. ʇʦ ʜʘʥʥʳʤ GfK, ʦʙʲʝʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʢʠʙʝʨʩʧʦʨʪ ʚ ʈʦʩʩʠʠ 

ʫʚʝʣʠʯʠʣʩʷ ʥʘ 30% ʩ 2020 ʧʦ 2023 ʛʦʜ. ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ 

ʩʧʦʥʩʦʨʩʢʠʝ ʢʦʥʪʨʘʢʪʳ, ʧʨʦʜʘʞʠ ʧʨʘʚ ʥʘ ʪʨʘʥʩʣʷʮʠʶ ʠ ʨʝʢʣʘʤʘ. ɺ 2022 ʛʦʜʫ ʦʜʥʠʤ ʠʟ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ ʩʪʘʣʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʢʨʫʧʥʦʛʦ ʨʦʩʩʠʡʩʢʦʛʦ ʙʘʥʢʘ ʩ ʠʟʚʝʩʪʥʦʡ 

ʢʠʙʝʨʩʧʦʨʪʠʚʥʦʡ ʢʦʤʘʥʜʦʡ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʜʦʚʝʨʠʝ ʠʥʚʝʩʪʦʨʦʚ ʢ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

3. ʈʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʋʣʫʯʰʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʢʠʙʝʨʩʧʦʨʪʘ ʪʘʢʞʝ 

ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʝʛʦ ʨʘʟʚʠʪʠʷ. ʇʦʩʪʨʦʡʢʘ ʥʦʚʳʭ ʠʛʨʦʚʳʭ ʘʨʝʥ, ʪʘʢʠʭ ʢʘʢ çArena 

Cyberè ʚ ʄʦʩʢʚʝ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʢʠʙʝʨʩʧʦʨʪʩʤʝʥʦʚ ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʦʩʪ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʶ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʇʦʜʜʝʨʞʢʘ ʦʪ 

ʤʝʩʪʥʳʭ ʠ ʬʝʜʝʨʘʣʴʥʳʭ ʚʣʘʩʪʝʡ ʚ ʨʘʟʚʠʪʠʠ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʤʦʞʝʪ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʠʛʨʦʢʦʚ. 

4. ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʪʨʝʥʠʨʦʚʢʘ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ 

ʢʠʙʝʨʩʧʦʨʪʫ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʠ ʢʦʣʣʝʜʞʘʭ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʩʝʢʪʦʨʘ. 

ʇʨʦʛʨʘʤʤʘ çʋʧʨʘʚʣʝʥʠʝ ʢʠʙʝʨʩʧʦʨʪʦʤ (E-Sports Management)è ʚ ɺʐʕ, ʥʘʧʨʠʤʝʨ, ʫʞʝ 

ʧʨʠʚʣʝʢʘʝʪ ʩʪʫʜʝʥʪʦʚ ʠ ʙʫʜʫʱʝʝ ʧʦʢʦʣʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʛʨʦʢʦʚ ʠ ʤʝʥʝʜʞʝʨʦʚ. 

ɺʘʞʥʦ, ʯʪʦʙʳ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ ʤʠʨʠʣʠʩʴ ʩ ʨʘʩʪʫʱʠʤ ʯʠʩʣʦʤ ʦʥʣʘʡʥ-ʢʫʨʩʦʚ ʠ 

ʧʨʦʛʨʘʤʤ, ʯʪʦʙʳ ʨʘʟʚʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʚʳʢʠ ʫ ʥʦʚʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

5. ʇʨʘʚʦʚʳʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ. ʆʙʦʩʪʨʝʥʠʝ ʧʨʘʚʦʚʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʠʙʝʨʩʧʦʨʪʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʢʦʥʦʧʨʦʝʢʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʩʪʘʚʦʢ ʥʘ ʢʠʙʝʨʩʧʦʨʪ ʠ ʟʘʱʠʪʳ ʧʨʘʚ 

ʠʛʨʦʢʦʚ, ʪʨʝʙʫʶʪ ʚʥʠʤʘʥʠʷ. ʇʨʠʥʷʪʠʝ ʯʝʪʢʠʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʧʦʟʚʦʣʠʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ 

ʜʘʥʥʫʶ ʩʬʝʨʫ, ʩʜʝʣʘʚ ʝʝ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʦʡ ʠ ʟʘʱʠʱʝʥʥʦʡ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ. 

6. ɺʣʠʷʥʠʝ ʧʘʥʜʝʤʠʠ çCovid-19è. ʇʘʥʜʝʤʠʷ çCovid-19è ʚ 2020 ʛʦʜʫ ʦʢʘʟʘʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʢʠʙʝʨʩʧʦʨʪʘ. ʉ ʧʝʨʝʭʦʜʦʤ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʦʥʣʘʡʥ ʬʦʨʤʘʪ 

ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʟʨʠʪʝʣʴʩʢʦʡ ʘʫʜʠʪʦʨʠʠ ʠ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʫʨʥʠʨʦʚ. ʇʦ 
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ʜʘʥʥʳʤ ESI, 2021 ʛʦʜ ʩʪʘʣ ʨʝʢʦʨʜʥʳʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʥʣʘʡʥ-ʪʫʨʥʠʨʦʚ, ʯʪʦ ʦʪʢʨʳʣʦ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʬʦʨʤʘʪʦʚ ʤʝʨʦʧʨʠʷʪʠʡ. 

7. ʇʝʨʩʧʝʢʪʠʚʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ʈʦʩʩʠʡʩʢʠʝ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʝ 

ʢʦʤʘʥʜʳ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʝ ʯʘʱʝ ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ. ʕʪʦ ʩʦʟʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʙʤʝʥʘ ʦʧʳʪʦʤ, ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʘʨʪʥʝʨʦʚ ʠ ʨʘʩʰʠʨʝʥʠʷ ʨʳʥʢʘ ʜʣʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʫʩʣʫʛ. ʋʯʘʩʪʠʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʨʝʥʝ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʦʩʩʠʷʥʘʤ 

ʟʘʷʚʠʪʴ ʦ ʩʝʙʝ ʠ ʩʪʘʪʴ ʯʘʩʪʴʶ ʛʣʦʙʘʣʴʥʦʛʦ ʢʠʙʝʨʩʧʦʨʪʠʚʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ: ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʢʠʙʝʨʩʧʦʨʪʘ ʚ ʈʦʩʩʠʠ ʚʳʛʣʷʜʷʪ 

ʤʥʦʛʦʦʙʝʱʘʶʱʝ. ʋʚʝʣʠʯʝʥʠʝ ʘʫʜʠʪʦʨʠʠ, ʨʦʩʪ ʠʥʚʝʩʪʠʮʠʡ, ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʦ ʩʪʦʨʦʥʳ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʧʨʘʚʦʚʳʭ ʦʩʥʦʚ, 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʬʝʨʝ ʢʠʙʝʨʩʧʦʨʪʘ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʈʦʩʩʠʷ ʠʤʝʝʪ ʚʩʝ ʰʘʥʩʳ 

ʟʘʥʷʪʴ ʢʣʶʯʝʚʳʝ ʧʦʟʠʮʠʠ ʥʘ ʤʠʨʦʚʦʡ ʘʨʝʥʝ ʢʠʙʝʨʩʧʦʨʪʘ, ʫʢʨʝʧʣʷʷ ʩʚʦʶ ʨʝʧʫʪʘʮʠʶ ʢʘʢ 
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ʇʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʢʠ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ AES ʚ ʨʝʞʠʤʝ CBC, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʠ 

ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʙʩʫʞʜʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʚʳʟʦʚʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʱʠʪʳ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʦʣʴ ʨʝʛʫʣʷʨʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʇʆ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʡ ʫʷʟʚʠʤʦʩʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʧʃɸ, AES, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ, ʇʆ, ʰʠʬʨʦʚʘʥʠʝ, ʫʛʨʦʟʳ. 
 

THE IMPACT OF CYBERSECURITY ON UAV FACILITIES  
 

Zobova E.V., Kotova A.E., Kovalenko T.A. 
FSBEI HE "PGUTI", Samara 

 

This article discusses approaches to ensuring the cybersecurity of unmanned aerial vehicles (UAVs) 

through the implementation of data encryption. The types of threats are considered. An example of 

software implementation of data encryption and decryption functions using the AES algorithm in CBC 

mode, ensuring confidentiality and integrity of information, is presented. In conclusion, the current 

challenges of cybersecurity, the need to protect communication channels and data storage systems, as well 

as the role of regular software updates to prevent exploitations of vulnerabilities are discussed. 

Keywords: UAVs, AES, cybersecurity, encryption, software, threats. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʝʝ ʚʩʝʚʦʟʤʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʤʳ 

ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɹʧʃɸ ʢʘʢ ʚ ʛʨʘʞʜʘʥʩʢʦʡ, ʪʘʢ ʠ ʚʦʝʥʥʦʡ ʩʬʝʨʝ. ɽʩʣʠ ʨʘʥʴʰʝ 

ɹʧʃɸ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ ʩʝʨʴʝʟʥʦʝ ʦʨʫʞʠʝ, ʘ ʙʳʣʦ ʧʨʦʩʪʦ ʠʛʨʫʰʢʦʡ ʜʣʷ ʜʝʪʝʡ, ʪʦ 

ʪʝʧʝʨʴ ʨʝʯʴ ʠʜʝʪ ʦ ʧʨʠʤʝʥʝʥʠʠ ɹʧʃɸ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʥʘʰʝʡ ʞʠʟʥʠ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ï ʦʪ ʚʦʝʥʥʦʡ ʜʦ ʛʨʘʞʜʘʥʩʢʦʡ ï ʚʦʧʨʦʩʳ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʦʙʨʝʪʘʶʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʋʷʟʚʠʤʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʚʷʪ ʧʦʜ ʫʛʨʦʟʫ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʨʘʙʦʪʳ ɹʇʃɸ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʚʣʠʷʥʠʷ ʢʠʙʝʨʫʛʨʦʟ ʥʘ ʩʨʝʜʩʪʚʘ ɹʇʃɸ ʠ ʤʝʨʳ 

ʜʣʷ ʠʭ ʟʘʱʠʪʳ.  

1. ʇʝʨʝʭʚʘʪ ʫʧʨʘʚʣʝʥʠʷ: ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʫʛʨʦʟ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʧʦʣʫʯʠʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʘʧʧʘʨʘʪʦʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʩ ʧʦʤʦʱʴʶ 

ʘʪʘʢ ʥʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ GPS-spoofing ï ʧʦʜʤʝʥʳ ʢʦʦʨʜʠʥʘʪ, ʦʪʧʨʘʚʣʷʝʤʳʭ ɹʇʃɸ. 

ʇʝʨʝʭʚʘʪ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʘʧʧʘʨʘʪʘ ʠʣʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʧʨʝʩʪʫʧʥʳʭ ʮʝʣʷʭ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʛʣʦʙʘʣʴʥʳʝ ʉʈʅʉ: GPS (ʉʐɸ), 

çGalileoè (ɽʚʨʦʩʦʶʟ), ɻʃʆʅɸʉʉ (ʈʌ), çBeiDouè (ʂʠʪʘʡ) [1]. 

2. ʇʦʜʤʝʥʘ ʠ ʫʪʝʯʢʘ ʜʘʥʥʳʭ: ɹʧʃɸ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʥʘʣʳ ʩʚʷʟʠ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʚʠʜʝʦʩʲʝʤʢʫ, ʪʝʣʝʤʝʪʨʠʶ ʠ ʢʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ. ʋʷʟʚʠʤʦʩʪʴ ʵʪʠʭ ʢʘʥʘʣʦʚ 

ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ ʧʝʨʝʭʚʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʠʣʠ ʚʥʝʜʨʷʪʴ ʣʦʞʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʠʩʢʘʞʘʷ ʚʦʩʧʨʠʷʪʠʝ ʦʧʝʨʘʪʦʨʦʚ [6]. ɺʥʝʜʨʝʥʠʝ ʣʦʞʥʳʭ ʜʘʥʥʳʭ ʩʧʦʩʦʙʥʦ 

ʚʳʟʚʘʪʴ ʜʝʟʠʥʬʦʨʤʘʮʠʶ ʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʥʦʩʠʪ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʯʝʨʝʟ ʧʦʪʝʨʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʘʥʥʳʭ ʠ ʨʝʧʫʪʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

3. ɸʪʘʢʠ ʥʘ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ 

ʫʷʟʚʠʤʦʩʪʠ ʚ ʧʨʦʰʠʚʢʝ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʙʦʷʤ ʚ ʨʘʙʦʪʝ 

ʠʣʠ ʫʩʪʘʥʦʚʢʝ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ. ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨ ʥʘ ʦʩʥʦʚʝ Sniffer-ʫʪʠʣʠʪʳ. ɼʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʭʚʘʪʘ ʠ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ ʤʝʞʜʫ ʦʧʝʨʘʪʦʨʦʤ ʠ ɹʧʃɸ [5]. 

ʈʘʩʩʤʦʪʨʝʚ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴʶ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʤʝʨʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɹʧʃɸ  

1. ɿʘʱʠʪʘ ʢʘʥʘʣʦʚ ʩʚʷʟʠ: ʈʘʟʨʘʙʦʪʢʘ ʟʘʱʠʱʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʩʚʷʟʠ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʘʪʘʢʘʤ, ʚʢʣʶʯʘʷ GPS-spoofing, ʠ ʚʥʝʜʨʝʥʠʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʤʝʞʜʫ ʦʧʝʨʘʪʦʨʘʤʠ ʠ ɹʧʃɸ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʟʘʜʘʯʘʤʠ ʚ ʫʩʣʦʚʠʷʭ, ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʢʠʙʝʨʫʛʨʦʟ. ʇʨʠʤʝʥʝʥʠʝ 

ʰʠʬʨʦʚʘʥʠʷ, ʮʠʬʨʦʚʳʭ ʧʦʜʧʠʩʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʸʞʥʫʶ ʠ ʫʩʪʦʡʯʠʚʫʶ ʢ ʘʪʘʢʘʤ ʩʠʩʪʝʤʫ ʩʚʷʟʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ɹʧʃɸ ʚ ʚʦʝʥʥʳʭ ʮʝʣʷʭ. 

2. ʈʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʇʆ: ʈʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʇʆ ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ 

ʟʘʱʠʪʝ ɹʧʃɸ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʫʛʨʦʟ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʪʦʣʴʢʦ ʫʩʪʨʘʥʷʝʪ ʫʷʟʚʠʤʦʩʪʠ, ʥʦ ʠ 

ʫʣʫʯʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ [4]. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʩʪʨʦʛʠʡ 
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ʢʦʥʪʨʦʣʴ ʦʙʥʦʚʣʝʥʠʡ ʧʦʤʦʛʫʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʶ ʫʩʪʘʨʝʚʰʠʭ ʩʠʩʪʝʤ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʸʞʥʫʶ ʟʘʱʠʪʫ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ: ʀʥʪʝʛʨʘʮʠʷ IDS ʚ ʟʘʱʠʪʫ ʢʘʥʘʣʦʚ 

ʩʚʷʟʠ ɹʇʃɸ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ 

ʚʳʷʚʣʷʪʴ ʫʛʨʦʟʳ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʰʠʬʨʦʚʘʥʠʝ [1]. ʂʦʤʙʠʥʘʮʠʷ IDS ʩ ʜʨʫʛʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ VPN ʠ ʘʜʘʧʪʠʚʥʳʝ 

ʘʥʪʝʥʥʳ, ʜʝʣʘʝʪ ʢʘʥʘʣʳ ʩʚʷʟʠ ʜʣʷ ɹʧʃɸ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʢʠʙʝʨʘʪʘʢʘʤ. 

4. ʐʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ (AES, 

RSA) ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʟʘʱʠʱʘʝʪ ʠʭ ʦʪ ʧʝʨʝʭʚʘʪʘ ʠ ʧʦʜʤʝʥʳ [2; 3]. ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ 

ʚʘʤ ʧʨʠʤʝʨ ʥʘʰʝʛʦ ʢʦʜʘ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ɹʧʃɸ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ AES. ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥ ʃʠʩʪʠʥʛ ʪʘʢʦʛʦ ʢʦʜʘ. ʆʥ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʧʨʦʩʪʦʡ, ʦʜʥʘʢʦ ʝʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʥʝʛʦ ʙʦʣʝʝ ʚʥʠʤʘʪʝʣʴʥʦ ʦʥ ʜʘʝʪ ʰʘʥʩ 

ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ɹʧʃɸ:  

from cryptography.hazmat.primitives.ciphers import Cipher, algorithms, modes 

from cryptography.hazmat.primitives.kdf.pbkdf2 import PBKDF2HMAC 

from cryptography.hazmat.primitives import hashes 

from cryptography.hazmat.primitives.padding import PKCS7 

from cryptography.hazmat.backends import default_backend import os 

# ʌʫʥʢʮʠʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʘ ʥʘ ʦʩʥʦʚʝ ʧʘʨʦʣʷ ʠ ʩʦʣʠ 

def generate_key(password: str, salt: bytes) -> bytes: 

  kdf = PBKDF2HMAC(algorithm=hashes.SHA256(), 

 length=32 

salt=salt, 

iterations=100000, 

backend=default_backend() 

 ) 

   return kdf.derive(password.encode()) 

# ʌʫʥʢʮʠʷ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 

def encrypt_data(data: bytes, key: bytes) -> tuple: 

 iv = os.urandom(16)  # ʉʣʫʯʘʡʥʳʡ ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ 

cipher = Cipher(algorithms.AES(key), modes.CBC(iv), backend=default_backend 

 encryptor = cipher.encryptor() 

 # ɼʦʙʘʚʣʝʥʠʝ ʦʪʩʪʫʧʦʚ 

padder = PKCS7(algorithms.AES.block_size).padder() 

padded_data = padder.update(data) + padder.finalize() 

encrypted_data = encryptor.update(padded_data) + encryptor.finalize() 

return encrypted_data, iv 

# ʌʫʥʢʮʠʷ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʜʘʥʥʳʭ 

def decrypt_data(encrypted_data: bytes, key: bytes, iv: bytes) -> bytes: 

cipher = Cipher(algorithms.AES(key), modes.CBC(iv), backend=default_backend()) 

decryptor = cipher.decryptor() 

decrypted_padded_data = decryptor.update(encrypted_data) + decryptor.finalize() 

# ʋʜʘʣʝʥʠʝ ʦʪʩʪʫʧʦʚ 

unpadder = PKCS7(algorithms.AES.block_size).unpadder() 

data = unpadder.update(decrypted_padded_data) + unpadder.finalize() 

return data 

# ʆʩʥʦʚʥʦʡ ʙʣʦʢ ʧʨʦʛʨʘʤʤʳ 

if __name__ == "__main__": 

# ɼʘʥʥʳʝ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ 

original_data = "ɿʘʱʠʪʠ ɹʇʃɸ".encode() 

# ʇʘʨʦʣʴ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʘ 

password = "securepassword" 
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salt = os.urandom(16)  # ɻʝʥʝʨʘʮʠʷ ʩʦʣʠ 

 # ɻʝʥʝʨʘʮʠʷ ʢʣʶʯʘ ʰʠʬʨʦʚʘʥʠʷ 

key = generate_key(password, salt) 

 # ʐʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ 

encrypted_data, iv = encrypt_data(original_data, key) 

 print(f"ɿʘʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ: {encrypted_data}") 

# ʈʘʩʰʠʬʨʦʚʢʘ ʜʘʥʥʳʭ 

decrypted_data = decrypt_data(encrypted_data, key, iv) 

print(f"ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ: {decrypted_data.decode()}")  

 ɺʳʚʦʜ ʧʨʦʛʨʘʤʤʳ: 

 
 ɺ ʟʘʢʣʶʯʝʥʠʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ɹʧʃɸ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʠʭ ʫʩʧʝʰʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʇʦʩʪʦʷʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʝʪ ʢʘʢ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ɹʧʃɸ, ʪʘʢ 

ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʠʩʢʠ. ʕʬʬʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʜʘʥʥʳʭ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʘʢʘʤ ʠ ʨʝʛʫʣʷʨʥʦʝ 

ʦʙʥʦʚʣʝʥʠʝ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʫʛʨʦʟ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ 
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ʈʘʩʯʸʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʢʦʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʩʯʸʪʘ ʩʣʦʞʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

- ʉʦʩʪʘʚʣʷʝʪʩʷ ʦʙʳʯʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʮʝʧʠ; 

- ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʮʝʧʠ ʟʘʤʝʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ï ʢʦʤʧʣʝʢʩʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ; 

- ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʦʙʱʝʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʯʘʩʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʮʝʧʠ; 

- ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʫʯʘʩʪʢʘ ʮʝʧʠ, ʥʘʡʜʸʤ ʢʦʤʧʣʝʢʩʥʳʝ ʪʦʢʠ 

ʫʯʘʩʪʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ; 

- ʇʦ ʠʟʚʝʩʪʥʳʤ ʢʦʤʧʣʝʢʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ ʠ ʪʦʢʘʤ ʥʘʡʜʸʤ ʢʦʤʧʣʝʢʩʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʫʯʘʩʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ; 

- ʇʨʦʚʝʨʷʝʤ ʙʘʣʘʥʩ ʤʦʱʥʦʩʪʝʡ; 

- ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʚʝʢʪʦʨʥʳʭ 

ʜʠʘʛʨʘʤʤ). 

ɺ ʩʪʘʪʴʝ ʙʫʜʝʪ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʧʠʩʘʥʥʳʭ ʬʦʨʤʫʣ ʚ MS Excel, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʦʧʠʩʘʥʠʝ ʦʧʝʨʘʮʠʡ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʘ 

ʦʩʥʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʉʤ. ʈʠʩ.1): 

- ʏʘʩʪʦʪʘ; 

- ʅʘʧʨʷʞʝʥʠʝ ʫʯʘʩʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ; 

- ʆʧʠʩʘʥʠʝ ʚʝʪʚʝʡ, ʚʚʦʜʷ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

 

ʇʦʩʣʝ ʚʚʦʜʘ ʚʩʝʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʙʫʜʝʪ ʧʦʜʩʯʠʪʘʥʘ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷʩʷ 

ʚʝʪʚʝʡ (ʉʤ. ʈʠʩ.2). 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʜʩʯʸʪ ʨʝʘʢʪʠʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʸʪʘ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʚ ʜʚʫʭ ʬʦʨʤʘʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ (ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʠ ʧʦʢʘʟʘʪʝʣʴʥʘʷ) (ʉʤ. ʈʠʩ.3): 

- ʉʣʦʞʝʥʠʝ N ʵʣʝʤʝʥʪʦʚ; 

- ʋʤʥʦʞʝʥʠʝ N ʵʣʝʤʝʥʪʦʚ; 

- ɺʳʯʠʪʘʥʠʝ 2 ʧʨʝʜʳʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ; 

- ɼʝʣʝʥʠʝ 2 ʧʨʝʜʳʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ; 

- ɺʦʟʚʝʜʝʥʠʝ ʧʨʝʜʳʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʪʝʧʝʥʴ ; 

- ʉʫʤʤʘ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʘ ʟʘʪʝʤ ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ , ʚʩʝʭ ʨʘʥʝʝ 

ʚʚʝʜʸʥʥʳʭ ʦʧʝʨʘʮʠʡ 5. 
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ʈʠʩʫʥʦʢ 3 ï ɺʦʟʤʦʞʥʳʝ ʦʧʝʨʘʮʠʠ 

 

ɺ ʧʨʦʮʝʩʩʝ ʦʧʠʩʘʥʠʷ ʨʘʩʯʸʪʘ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ, ʨʘʥʝʝ ʚʳʯʠʩʣʝʥʥʳʝ, ʚʝʣʠʯʠʥʳ ʠ 

ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʠʤ ʠʤʷ ʚ ʩʪʨʦʢʝ 21. ɿʘʪʝʤ ʝʩʣʠ ʵʪʘ ʚʝʣʠʯʠʥʘ ʧʦʪʨʝʙʫʝʪʩʷ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʘʭ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʪʨʦʢʝ 18 ʚʚʝʩʪʠ ʝʸ ʠʤʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʧʦʷʚʷʪʩʷ ʥʠʞʝ. ʇʦʩʣʝ ʚʚʦʜʠʤ ʚ ʩʪʨʦʢʝ 19 ʢʘʢʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʦʧʝʨʘʮʠʶ (ʉʤ. 

ʈʠʩ.4). 

 
ʈʠʩʫʥʦʢ 4 ï ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ çʀʤʷè ʠ ʝʛʦ ʧʦʠʩʢ ʜʣʷ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʠʩʫʥʢʝ 4, ʧʨʠ ʚʚʦʜʝ ʚ ʩʪʨʦʢʫ 20 

ʚʳʚʦʜʷʪʩʷ ʨʘʥʝʝ ʚʚʝʜʸʥʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʚʝʪʚʠ 

ʫʯʘʩʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. 

ɽʩʣʠ ʞʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʜʣʠʥʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʩʯʸʪʘ, ʜʦʩʪʘʪʦʯʥʦ ʧʫʩʪʳʝ ʷʯʝʡʢʠ 

ʩʪʨʦʯʝʢ 18:32 ʧʨʠʤʝʥʠʪʴ ʜʘʣʴʰʝ ʚʧʨʘʚʦ. ʏʝʣʦʚʝʢ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʩ ʷʯʝʡʢʘʤʠ ʚ 

ʩʪʨʦʢʘʭ 18:21.. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʫʤʥʦʞʝʥʠʷ (ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʢʘʟʘʪʝʣʴʥʦʡ 

ʬʦʨʤʝ) ʬʦʨʤʫʣʘ ʚ ʷʯʝʡʢʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʚʝʜʸʪ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʬʦʨʤʫ. 

ɸʥʘʣʦʛʠʯʥʦ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʦʧʝʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʜʥʦʡ 

ʬʦʨʤʝ, ʨʝʟʫʣʴʪʘʪ ʚʳʚʦʜʠʪʩʷ ʚ ʜʚʫʭ ʬʦʨʤʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ. ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʝʨʘʮʠʡ ʩ ʯʠʩʣʘʤʠ: 

- ʆʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʝ, ʫʤʥʦʞʝʥʠʷ ʠ ʜʝʣʝʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4; 

- ʆʧʝʨʘʮʠʷ ʚʳʯʠʪʘʥʠʷ ʧʨʠʤʝʥʷʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ, ʥʦ ʪʦʣʴʢʦ ʜʣʷ 

ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ; 

ɼʘʣʝʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

 
ʈʠʩʫʥʦʢ 5 ï ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ç^è ʠ ç+^è 

 

ɽʩʣʠ ʟʘʤʝʪʠʪʴ, ʪʦ ʧʦʩʣʝʜʥʠʝ ʩʪʦʣʙʮʳ ʥʘ ʨʠʩʫʥʢʝ 4 ʠ 5 ʨʘʚʥʳ, ʪʘʢ ʢʘʢ ʵʪʠ ʦʧʝʨʘʮʠʠ 

ʨʘʚʥʦʮʝʥʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʬʦʨʤʫʣ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 
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ʅʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʥʘ ʨʠʩʫʥʢʝ 4, ʧʨʠʤʝʥʠʤʘ ʪʦʣʴʢʦ ʜʣʷ ʜʚʫʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʥʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʣʶʙʦʛʦ ʯʠʩʣʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʂʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʨʘʩʯʸʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. ï URL: https://studfile.net/preview/2140889/page:12/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 12.12.2024). 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʚ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʘʩʪʝʡ ʞʠʟʥʠ ʦʙʳʯʥʦʛʦ ʯʝʣʦʚʝʢʘ ʧʨʦʥʠʢʘʶʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʆʪ ʙʫʜʥʠʯʥʳʭ ʟʘʥʷʪʠʡ ʜʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʨʘʙʦʪʝ. ʀ ʦʥʠ ʥʝ ʤʦʛʣʠ 

ʦʙʦʡʪʠ ʩʪʦʨʦʥʦʡ ʪʘʢʫʶ ʚʘʞʥʫʶ ʚʝʱʴ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ. ʂʘʢ ʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʚʣʠʷʣʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ?  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʫʯʝʥʠʝ, ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʝ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

(ʊʂʊ), ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ. 
 

THE IMPACT OF TELECOMMUNICATION TECHNOLOGIES  

ON THE QUALITY OF EDUCATION  
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Today, information technology (AI) is penetrating more and more areas of the life of an ordinary person. 

From everyday activities to tools at work. And they could not ignore such an important thing as 

education. How has information technology affected education? 

Keywords: education, training, online learning, telecommunication technologies (TCT), digital platforms. 
 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʞʠʚʘʝʪ ʧʝʨʠʦʜ ʩʪʨʝʤʠʪʝʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʚʩʝʤʝʩʪʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʊʂʊ). ʇʦʜ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʥʠʤʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ, 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ, ʫʯʝʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʬʦʨʤʳ ʠ ʤʝʪʦʜʳ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʀʥʪʝʛʨʘʮʠʷ ʊʂʊ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʙʝʱʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʝʛʦ ʢʘʯʝʩʪʚʘ, ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʝʨʴʝʟʥʳʤʠ ʚʳʟʦʚʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʊʂʊ ʥʘ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʘʥʘʣʠʟʠʨʫʷ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ, ʪʘʢ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦʙʣʝʤʳ.  

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʦʩʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ 

ʬʦʨʤʦʡ ʦʙʫʯʝʥʠʷ, ʦʜʥʘʢʦ ʩʦʙʳʪʠʷ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ 2020 ʛʦʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʵʢʩʪʨʝʥʥʳʭ 

ʩʠʪʫʘʮʠʷʭ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʤʦʞʝʪ ʩʪʘʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʦʟʤʦʞʥʳʤ ʚʠʜʦʤ ʨʘʙʦʪʳ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʦʙʱʝʛʦ ʧʝʨʝʭʦʜʘ ʰʢʦʣ, ʢʦʣʣʝʜʞʝʡ ʠ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʥʘ ʜʘʥʥʫʶ ʬʦʨʤʫ ʦʙʫʯʝʥʠʷ, ʝʸ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʦʷʚʠʣʠʩʴ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ [1]. 

ʊʂʊ ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʜ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ: 

- ʚʦ-ʧʝʨʚʳʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʆʥʣʘʡʥ-ʢʫʨʩʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʠ ʮʠʬʨʦʚʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ 

ʧʨʝʦʜʦʣʝʚʘʶʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ, ʜʝʣʘʷ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʣʶʜʝʡ. ʕʪʘ ʜʝʤʦʢʨʘʪʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʠ ʨʘʚʥʦʛʦ ʦʙʱʝʩʪʚʘ; 

- ʚʦ-ʚʪʦʨʳʭ, ʊʂʊ ʧʦʟʚʦʣʷʶʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ɸʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʦʙʫʯʝʥʠʷ ʫʯʠʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʝʤʧʳ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, 

https://studfile.net/preview/2140889/page:12/
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ʩʪʠʣʠ ʦʙʫʯʝʥʠʷ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʞʜʦʛʦ ʦʙʫʯʘʶʱʝʛʦʩʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ; 

- ʚ-ʪʨʝʪʴʠʭ, ʊʂʊ ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʡ, ʦʥʣʘʡʥ-ʩʠʤʫʣʷʮʠʡ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʜʝʣʘʝʪ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʟʘʥʠʤʘʪʝʣʴʥʳʤ ʠ ʚʦʚʣʝʢʘʶʱʠʤ, ʧʦʚʳʰʘʷ ʫʨʦʚʝʥʴ ʤʦʪʠʚʘʮʠʠ ʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʊʂʊ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʥʘʚʳʢʦʚ 

ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʠ ʢʦʣʣʘʙʦʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ.  

ɺʥʝʜʨʝʥʠʝ ʊʂʊ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʦʚ ʢ 

ʨʘʙʦʪʝ ʩ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ [5]. ʇʨʝʧʦʜʘʚʘʪʝʣʷʤ ʥʝʦʙʭʦʜʠʤʦ ʦʩʚʦʠʪʴ ʥʦʚʳʝ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ, ʥʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʪʫʜʝʥʪʘʤʠ, 

ʠʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʦʪ ʫʯʠʪʝʣʝʡ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʷ ʩʘʤʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʥʦ ʠ 

ʫʤʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʝʡ. 

ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʦ ʩʦʮʠʘʣʴʥʦʡ ʠʟʦʣʷʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʦʥʣʘʡʥ-ʬʦʨʤʘʪʳ 

ʦʙʫʯʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʤʝʞʣʠʯʥʦʩʪʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ 

ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʊʘʢ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʸʥʥʦʝ ʚ ʬʝʚʨʘʣʝïʤʘʨʪʝ 2022 ʛʦʜʘ ʥʘ 

ʬʘʢʫʣʴʪʝʪʝ ʧʩʠʭʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʈɻʉʋè (ʛ. ʄʦʩʢʚʘ), ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʜʣʠʪʝʣʴʥʦʛʦ 

ʫʜʘʣʸʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʳ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠʩʧʳʪʳʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ 

ʫʯʝʙʥʦʡ ʦʥʣʘʡʥ-ʢʦʤʤʫʥʠʢʘʮʠʠ, ʠʤʝʣʠ  ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ, 

ʞʠʟʥʝʩʪʦʡʢʦʩʪʠ ʠ ʢʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʠ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ ʛʠʙʨʠʜʥʳʝ 

ʬʦʨʤʘʪʳ ʦʙʫʯʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʝ ʦʯʥʦʝ ʠ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʩʚʦʙʦʜʦʡ ʦʙʫʯʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʱʝʥʠʷ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʊʂʊ ʩʝʨʴʝʟʥʦ ʤʝʥʷʶʪ ʣʘʥʜʰʘʬʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ, ʧʝʨʩʦʥʘʣʠʟʠʨʫʷ ʦʙʫʯʝʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʠʥʪʝʛʨʘʮʠʠ ʥʦʚʳʭ 

ʘʫʜʠʪʦʨʥʳʭ ʬʦʨʤʘʪʦʚ. ʆʜʥʘʢʦ ʩ ʵʪʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʚʷʟʘʥʳ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʟʦʚʳ, 

ʪʘʢʠʝ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʦʚ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ. 

ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʣʠʰʴ ʠʥʪʝʛʨʘʮʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʨʘʜʠʮʠʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʧʨʘʢʪʠʢʠ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʩʠʩʪʝʤʫ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ. 
 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 - ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 
ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʈʦʩʩʠʠ [6] 

ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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ʇʨʝʜʤʝʪʦʤ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʝʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʚ ʩʠʩʪʝʤʘʭ 

ʩʦʪʦʚʦʡ ʩʚʷʟʠ 5G NR. ʊʝʤʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʦʮʝʜʫʨʳ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʚ ʩʠʩʪʝʤʘʭ ʩʦʪʦʚʦʡ ʩʚʷʟʠ 5G NR. ʎʝʣʴ: 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʩʚʷʟʠ 5G NR. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 5G NR, Physical layer, PDSCH, PUCCH ʥʫʣʝʚʦʛʦ ʬʦʨʤʘʪʘ. 
 

STUDY OF METHODS TO INCREASE THE NOISE IMMUNITY  

OF 5G NR COMMUNICATION SYSTEMS  
 

Kalugin V.F.A., Savin E.Z. 
FSBEI HE "DVGUPS", Khabarovsk 

 

The object of the dissertation research is the methods and algorithms for signal generation and 

demodulation in 5G NR cellular communication systems. The subject of the study is the noise immunity 

of methods and algorithms implementing physical layer procedures in 5G NR cellular communication 

systems. Objective: experimental study of the noise immunity of 5G NR communication systems. 

Keywords: 5G NR, Physical layer, PDSCH, PUCCH zero format. 
 

5G ï ʥʦʚʝʡʰʠʡ ʩʪʘʥʜʘʨʪ ʩʚʷʟʠ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʦʜʥʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤ 

ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʫʨʦʚʝʥʴ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʩʚʷʟʠ 5G, 

ʥʘʤʝʯʝʥʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʨʘʜʠʦʩʪʘʥʜʘʨʪʘ 5G New Radio, ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʚʳʩʦʯʘʡʰʠʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 1 ɻʙʠʪ/ʩ), ʦʛʨʦʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 

(ʜʦ 1 ʤʣʥ. ʥʘ ʢʤ
2
), ʚʳʩʦʢʫʶ ʤʦʙʠʣʴʥʦʩʪʴ ʠ ʦʯʝʥʴ ʥʠʟʢʫʶ ʟʘʜʝʨʞʢʫ (ʤʝʥʝʝ 1 ʤʠʣʣʠʩʝʢʫʥʜʳ). 

ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʟʘʜʘʯ, ʧʨʝʜʲʷʚʣʷʶʱʠʭ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʠʩʪʝʤʳ ʩʚʷʟʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʣʶʜʝʡ, ʥʦ ʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʤʘʰʠʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʰʚʝʜʩʢʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ Ericsson ʚʳʷʚʠʣʦ ʥʝ ʤʝʥʝʝ 200 ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ 5G ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʵʥʝʨʛʝʪʠʢʝ, ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛʘʭ, ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʫʩʣʫʛʘʭ, ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʪʦʨʛʦʚʣʝ, 

ʦʙʱʝʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʬʠʥʘʥʩʦʚʳʭ ʫʩʣʫʛʘʭ [1]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʰʠʨʥʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʜʝʣʘʶʪ ʚʥʫʪʨʝʥʥʶʶ ʦʨʛʘʥʠʟʘʮʠʶ ʨʘʜʠʦʩʪʘʥʜʘʨʪʘ 

https://na-journal.ru/2-2020-pedagogika-psihologiya/2356-osobennosti-primeneniya-tekhnologii-telekommunikacii-v-obrazovanii-v-usloviyah-informatizacii-obshchestva-socialnyj-i-filosofskij-aspekty
https://na-journal.ru/2-2020-pedagogika-psihologiya/2356-osobennosti-primeneniya-tekhnologii-telekommunikacii-v-obrazovanii-v-usloviyah-informatizacii-obshchestva-socialnyj-i-filosofskij-aspekty
https://cyberleninka.ru/article/n/psihologicheskaya-bezopasnost-i-kommunikativnye-trudnosti-prepodavateley-i-studentov-pri-dlitelnom-onlayn-obuchenii
https://cyberleninka.ru/article/n/psihologicheskaya-bezopasnost-i-kommunikativnye-trudnosti-prepodavateley-i-studentov-pri-dlitelnom-onlayn-obuchenii
https://www.psychology.science/
https://www.elibrary.ru/item.asp?id=18320560
https://www.education21.com/
https://elibrary.ru/item.asp?id=45713591
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ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʠ ʧʦʵʪʦʤʫ ʪʨʝʙʫʶʪ ʦʛʨʦʤʥʦʛʦ ʦʙʲʝʤʘ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʦʷʚʣʝʥʠʝ ʩʠʩʪʝʤ ʩʚʷʟʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʧʦʷʚʣʝʥʠʷ 

ʩʪʘʥʜʘʨʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʧʨʠʤʝʨʥʦ ʢʘʞʜʳʝ ʜʝʩʷʪʴ ʣʝʪ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ 

ʘʢʪʫʘʣʴʥʦʩʪʠ 5G ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʘʪ 

ʮʠʬʨʦʚʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʦʚʳʝ ʤʝʪʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʝʨʝʜʘʯʠ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʜʝʨʥʠʟʘʮʠʶ ʚʩʝʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʜʥʠʤ ʠʟ ʜʦʤʠʥʠʨʫʶʱʠʭ ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩʚʷʟʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤ 

ʩʚʷʟʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʰʘʛʦʤ ʚ ʨʘʟʚʠʪʠʠ ʩʠʩʪʝʤ 

ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, ʥʝʦʩʧʦʨʠʤʘ. 

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʚʝʜʝʥʳ 

ʯʠʩʣʝʥʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʩʠʛʥʘʣ 5G NR PDSCH (Physical 

Downlink Shared Channel) ʧʨʠʥʠʤʘʝʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜ 

ʚʦʟʤʫʱʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ. 

ʉʠʛʥʘʣ PDSCH ʬʦʨʤʠʨʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʘʭ: 
 

ʊʘʙʣʠʮʘ 1 - ʇʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ PDSCH 
ʇʘʨʘʤʝʪʨ PDSCH ɿʥʘʯʝʥʠʝ ʂʦʤʤʝʥʪʘʨʠʡ 

NRB 23 ʂʦʣʠʯʝʩʪʚʦ  ʨʝʩʫʨʩ-ʙʣʦʢʦʚ BWP 

SubcarrierSpacing 14 ʂɻʮ ʈʘʟʥʝʩʝʥʠʝ ʧʦʜʥʝʩʫʱʠʭ 

CyclicPrefix normal ʊʠʧ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʝʬʠʢʩʘ 

PRBSet 0, 1..NRB-1 ɹʣʦʢʠ ʨʘʟʤʝʱʝʥʠʷ PDSCH 

SymbolSet 0, 1..12 ɺʳʜʝʣʝʥʥʳʝ ʧʦʜ ʧʝʨʝʜʘʯʫ ʩʠʤʚʦʣʳ 

EnableHARQ false ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ 

NLayers 1 ʋʨʦʚʥʠ ʧʝʨʝʜʘʯʠ 

NTxAnts 1 ʏʠʩʣʦ ʧʝʨʝʜʘʶʱʠʭ ʘʥʪʝʥʥ 

NumCW 1 ʏʠʩʣʦ ʢʦʜʦʚʳʭ ʩʣʦʚ 

TargetCodeRate 0.3785 ʂʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ 

Modulation QPSK ʊʠʧ ʤʦʜʫʣʷʮʠʠ 

NRxAnts 1 ʏʠʩʣʦ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ 
 

ʊʘʙʣʠʮʘ 2 - ʇʘʨʘʤʝʪʨʳ DM-RS, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ PDSCH 

ʇʘʨʘʤʝʪʨ DM-RS ɿʥʘʯʝʥʠʝ ʂʦʤʤʝʥʪʘʨʠʡ 

PDSCHMappingType A ʊʠʧ ʤʝʧʧʠʥʛʘ 

DMRSTypeAPosition 2 ʉʠʤʚʦʣ ʩʪʘʨʪʦʚʦʛʦ 

DMRSLength 2 ʂʦʣʠʯʝʩʪʚʦ ʩʠʤʚʦʣʦʚ 

DMRSAdditionalPosition 1 ʂʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʤʚʦʣʦʚ 

ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ PDSCH ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʪʝʩʪʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʩʪʘʥʜʘʨʪʘʭ, ʧʨʠʤʝʥʠʤʳʭ ʢ ʜʨʫʛʠʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ, 

ʠ ʰʠʨʠʥʦʡ ʩʧʝʢʪʨʘ ʥʘʣʦʞʝʥʥʦʛʦ ʟʘʰʫʤʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ PDSCH [2]. 

ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʰʫʤ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ PDSCH ʚ ʦʜʥʦʡ ʧʦʣʦʩʝ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʙʦʪʦʡ ʪʘʢʦʡ ʢʦʤʧʘʥʠʠ ʧʨʦʚʦʜʷʪʩʷ ʪʨʠ ʢʦʤʧʣʝʢʩʘ ʠʩʧʳʪʘʥʠʡ ʜʚʫʭ ʩʠʩʪʝʤ 

ʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʤʫ ʩʠʛʥʘʣʫ ʜʦʙʘʚʣʷʶʪʩʷ 

ʘʜʜʠʪʠʚʥʳʝ ʰʫʤʦʧʦʜʦʙʥʳʝ ʚʳʙʦʨʢʠ; ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ 

ʜʝʤʦʜʫʣʷʮʠʠ PDSCH. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʨʘʙʦʪʘʶʪ ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʝʟ 

ʠʩʢʘʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʦʪʨʘʞʝʥʠʝʤ ʩʠʛʥʘʣʘ ʦʪ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʫʡʪʝ ʤʥʦʛʦʣʫʯʝʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʧʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʭʦʞʝʛʦ ʥʘ ʰʫʤ PDSCH, ʦʥ ʪʘʢʞʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʯʠʩʣʝʥʥʫʶ 

ʤʦʜʝʣʴ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʘʥʘʣʘ [3, 4]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʧʦ 

ʨʝʘʣʴʥʳʤ ʨʘʜʠʦʢʘʥʘʣʘʤ ʧʨʠʝʤʥʘʷ ʘʥʪʝʥʥʘ ʜʦʩʪʠʛʘʝʪ ʥʘʙʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʨʷʤʳʭ (ʝʩʣʠ 

ʧʝʨʝʜʘʶʱʘʷ ʘʥʪʝʥʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ - ʃɺʉ) ʠ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʧʨʝʧʷʪʩʪʚʠʡ 

ʣʫʯʝʡ. ʂʘʞʜʳʡ ʣʫʯ ʧʨʠʭʦʜʠʪ ʚ ʪʦʯʢʫ ʧʨʠʝʤʘ ʩʦ ʩʚʦʝʡ ʟʘʜʝʨʞʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʬʘʟʦʡ 

ʥʝʩʫʱʝʡ ʠ ʟʥʘʯʝʥʠʝʤ ʟʘʪʫʭʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʝʛʦ ʘʤʧʣʠʪʫʜʫ. 
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ʉʪʘʥʜʘʨʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʜʚʘ 

ʪʠʧʘ ʤʦʜʝʣʝʡ ʢʘʥʘʣʦʚ: ʤʦʜʝʣʴ ʢʣʘʩʪʝʨʥʦʡ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ (CDL) ʠ ʤʦʜʝʣʴ ʦʪʚʦʜʥʦʡ ʣʠʥʠʠ 

ʟʘʜʝʨʞʢʠ (TDL), ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʠʞʝ 1 ʜʦ 100 ɻɻʮ ʥʘ ʯʘʩʪʦʪʝ 2 ɻɻʮ. ʟʦʥʘ ʧʝʨʝʜʘʯʠ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʢʘʞʜʦʛʦ 

ʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʩʪʘʥʜʘʨʪʳ ʢʘʥʘʣʦʚ 5G NR 

ʦʧʨʝʜʝʣʷʶʪ ʧʷʪʴ ʧʨʦʬʠʣʝʡ ʟʘʜʝʨʞʢʠ, ʦʙʦʟʥʘʯʝʥʥʳʭ -A, -B, -C, -D, -E. ʇʨʦʬʠʣʠ ʟʘʜʝʨʞʢʠ -D, 

-E ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʮʝʥʳ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ (LOS), ʧʨʦʬʠʣʠ -A, -B, -C 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʮʝʥʘʨʠʷ ʦʪʩʫʪʩʪʚʠʷ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ (NLOS). 

ʂʣʘʩʪʝʨʥʘʷ ʤʦʜʝʣʴ CDL ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʢʘʥʘʣʦʚ ʩ 

ʫʯʝʪʦʤ ʫʟʢʦʬʦʢʫʩʥʦʡ ʬʦʨʤʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʣʫʯʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʣʣʠʤʝʪʨʦʚʳʭ ʚʦʣʥ ʠ 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʪʦʤ ʚʦʣʥʦʚʳʭ ʵʬʬʝʢʪʦʚ. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʚ ʤʦʤʝʥʪ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ 

ʧʨʝʧʷʪʩʪʚʠʷ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ ʢʦʪʦʨʦʛʦ ʥʘʟʳʚʘʝʪʩʷ ʣʫʯʦʤ, ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʣʫʯʘ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ ʛʨʫʧʧʦʚʦʡ ʟʘʜʝʨʞʢʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʥʦ, ʯʪʦ ʙʦʣʝʝ ʚʘʞʥʦ, ʩ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʤʠ ʟʝʥʠʪʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʀʟ-ʟʘ ʧʨʦʷʚʣʝʥʠʷ ʚʦʣʥʦʚʳʭ ʷʚʣʝʥʠʡ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚʝʩʘ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʣʫʯʘ, ʠ ʠʩʢʘʞʘʝʪʩʷ ʝʛʦ ʬʦʨʤʘ. ʕʪʦ ʢʨʠʪʠʯʥʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ MIMO ʠ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ FR2, ʢʦʛʜʘ ʜʣʠʥʳ ʠʟʣʫʯʘʝʤʳʭ ʨʘʜʠʦʚʦʣʥ 

ʩʪʘʥʦʚʷʪʩʷ ʩʨʘʚʥʠʤʳʤʠ ʩ ʨʘʟʤʝʨʘʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʧʨʝʧʷʪʩʪʚʠʷʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʨʦʮʝʜʫʨʘ ʛʝʥʝʨʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʥʘʣʘ CDL ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʤʦʜʝʣʠ CDL ʷʚʣʷʶʪʩʷ ʜʠʩʧʝʨʩʠʦʥʥʳʡ 

ʩʧʝʢʪʨ ʟʘʜʝʨʞʢʠ ʠ ʫʛʣʳ ʧʨʠʭʦʜʘ ʠ ʫʭʦʜʘ (ʧʦ ʘʟʠʤʫʪʫ ʠ ʟʝʥʠʪʫ), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʫʪʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʨʦʩʩʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ - 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʦʧʣʝʨʦʚʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʦʪʢʣʦʥʝʥʠʝ ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʝʡ, ʯʘʩʪʦʪʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʣʴʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʫʯʘ LOS (ʂ-ʬʘʢʪʦʨ) - ʜʣʷ 

ʧʨʦʬʠʣʝʡ LOS ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʶʱʠʭ ʠ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʢʘʟʳʚʘʝʪʩʷ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʥʘʣʴʥʫʶ 

ʤʦʜʝʣʴ TDL, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʦʱʝʥʥʫʶ ʚʝʨʩʠʶ CDL. ʄʦʜʝʣʴ TDL ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʚʦʣʥʦʚʳʝ ʵʬʬʝʢʪʳ, ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʧʨʝʧʷʪʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʩʫʱʝʩʪʚʝʥʥʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʪʦʪ ʜʠʘʧʘʟʦʥʘ FR1, ʧʦʵʪʦʤʫ ʛʝʥʝʨʘʮʠʷ ʢʘʥʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʫɦʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ. 

ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʬʠʣʷ ʢʘʥʘʣʘ TDL ʚʢʣʶʯʘʶʪ ʦʪʜʝʣʴʥʳʝ ʟʘʜʝʨʞʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʣʫʯʘ ʠ ʠʭ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ, ʟʘʪʫʭʘʥʠʝ ʢʘʞʜʦʛʦ ʣʫʯʘ ʚ ʜɹ, 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ ʤʦʱʥʦʩʪʠ ʧʨʷʤʦʛʦ ʣʫʯʘ (ʂ-ʬʘʢʪʦʨ ʧʝʨʚʦʛʦ ʩʣʦʪʘ, ʜʣʷ LOS), 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʦʧʣʝʨʦʚʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʯʘʩʪʦʪʳ, ʂ-ʬʘʢʪʦʨ ʜʣʷ LOS, ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, 

ʧʦʣʷʨʠʟʘʮʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʶʱʠʭ ʠ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ. 

ʇʘʨʘʤʝʪʨʳ ʢʘʥʘʣʘ TDL ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 3 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ, 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʚ ʩʪʘʥʜʘʨʪʘʭ [3]. 
 

ʊʘʙʣʠʮʘ 3 ï ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʘ TDL 
ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ʂʦʤʤʝʥʪʘʨʠʡ 

DelayProfile TDL-A 

(NLOS, 22 ʣʫʯʘ) 

TDL-D 

(LOS, 13 ʣʫʯʝʡ) 

ʇʨʦʬʠʣʴ TDL 

DelaySpread 75/100 30/100 ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʙʨʦʩ ʟʘʜʝʨʞʝʢ 

MaximumDopplerShift 25/50 75/200 ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʦʧʧʣʝʨʦʚʩʢʦʝ 
ʩʤʝʱʝʥʠʝ 

NumTransmitAntennas 1 ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʶʱʠʭ ʘʥʪʝʥʥ 

NumReceiveAntennas 1 ʂʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ 

SampleRate 7670000 ɻʮ ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ɺ ʪʨʝʪʴʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʧʨʘʢʪʠʯʝʩʢʠʭ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ-

ʢʦʥʬʠʛʫʨʠʨʫʝʤʘʷ ʨʘʜʠʦʩʚʷʟʴ (SDR) PLUTO [5, 6]. ʇʝʨʚʳʡ ʧʝʨʝʜʘʪʯʠʢ ʧʝʨʝʜʘʝʪ ʩʠʛʥʘʣ 

PDSCH ʧʨʦʪʠʚ ʩʠʛʥʘʣʘ ʚʥʝʰʥʠʭ ʧʦʤʝʭ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚʪʦʨʳʤ SDR. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʩʠʛʥʘʣ ʧʨʠʥʠʤʘʝʪʩʷ ʪʨʝʪʴʠʤ ʫʩʪʨʦʡʩʪʚʦʤ SDR ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʧʨʠʝʤʘ PDSCH. ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʠʟʤʝʥʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʠʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʧʝʨʝʜʘʶʱʝʛʦ ʟʘʰʫʤʣʝʥʥʳʡ ʩʠʛʥʘʣ. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ 



151 

 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʨʘʜʠʦʩʚʷʟʠ 

ADALM -PLUTO SDR. 

ɺ ʪʝʩʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʫʯʘʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʪ.ʝ. ʜʦʣʷ ʧʨʘʚʠʣʴʥʦ ʜʝʢʦʜʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ ʧʝʨʝʜʘʯʠ. 

ʀʥʜʠʢʘʪʦʨʳ ʢʘʯʝʩʪʚʘ ʢʘʥʘʣʘ, ʪʘʢʠʝ ʢʘʢ ʚʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ ʦʰʠʙʦʢ (EVM) ʠ BER (ʩʨʝʜʥʷʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʙʠʪʦʚ), ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʤʝʩʪʝ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ. EVM ï 

ʵʪʦ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʩʝʭ ʜʝʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʠʤʚʦʣʦʚ ʦʪ ʠʭ ʦʞʠʜʘʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʫʣʷʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1, 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʦʧʠʩʘʥʠʠ 

ʛʨʘʬʠʢʘ ʧʝʨʚʦʝ ʯʠʩʣʦ ʧʦʩʣʝ ʥʘʟʚʘʥʠʷ ʧʨʦʬʠʣʷ ʢʘʥʘʣʘ ʦʟʥʘʯʘʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚ ʤʩ, ʚʪʦʨʦʝ ʯʠʩʣʦ ʦʟʥʘʯʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʜʦʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ ʚ ʛʝʨʮʘʭ. ɺʩʝ ʯʠʩʣʝʥʥʳʝ 

ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ ʙʦʣʝʝ 100 000 ʨʝʘʣʠʟʘʮʠʡ ʜʣʷ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 10 000 ʜʣʷ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʛʨʘʬʠʢʘ. 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʨʠʝʤʦʧʝʨʝʜʘʯʝ 

ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʥʦ-ʦʧʨʝʜʝʣʷʝʤʦʝ ʨʘʜʠʦ ADALM-PLUTO SDR ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 4%) ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʜʠʦʢʘʥʘʣʘ LOS ʩ 14 ʦʪʚʦʜʘʤʠ TDL-D100-200. ʇʨʠ ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʤ 

ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ, ʨʘʚʥʦʤ 3 ʜɹ, ʜʦʩʪʠʛʘʝʪʩʷ ʪʨʝʙʫʝʤʦʝ ʩʪʘʥʜʘʨʪʘʤʠ 5G NR ʟʥʘʯʝʥʠʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ 70% [3]. ʊʘʢʦʡ ʥʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʘʚʠʣʴʥʦʤʫ ʜʝʢʦʜʠʨʦʚʘʥʠʶ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʜʦʚʦʣʴʥʦ ʥʝʦʞʠʜʘʥʥʳʡ ʠ 

ʦʨʠʛʠʥʘʣʴʥʳʡ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 5G NR ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʧʝʨʝʜʘʯʠ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʰʫʤʦʧʦʜʦʙʥʳʝ ʩʠʛʥʘʣʳ. ʅʘ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

EVM ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 
ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ EVM ʦʪ ʦʪʥʦʰʝʥʠʷ 
ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ 
 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʚʢʣʘʜ ʵʬʬʝʢʪʘ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝ ʪʘʢ 

ʟʥʘʯʠʪʝʣʝʥ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʜʫʨ ʦʮʝʥʢʠ ʢʘʥʘʣʘ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʪʝʯʢʘ ʚ ʢʘʥʘʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʝʪʩʷ, ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ 

ʥʝʫʤʝʥʴʰʘʝʤʳʡ ʰʫʤ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ TDL-D100-200 ʦʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 1%. ʅʘ 

ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʙʠʪʦʚʘʷ ʦʰʠʙʢʘ BER ʢʘʢ ʬʫʥʢʮʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʯʝʤ ʧʨʦʧʫʩʢʥʘʷʩʧʦʩʦʙʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ BER ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ 
 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣ/ʰʫʤ 4 ʜɹ, ʢʦʛʜʘ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʯʠʥʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ, ʠʟ ʨʠʩʫʥʢʘ 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʫʞʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʩʠʛʥʘʣ/ʰʫʤ 3 ʜɹ ʚ ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʝʨʝʜʘʯʝ ʚʦʟʥʠʢʘʶʪ ʙʠʪʦʚʳʝ ʦʰʠʙʢʠ, ʙʣʦʢʠ ʠʩʯʝʟʘʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ. 

ʍʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʠʪʳ CRC ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʶʱʝʛʦ ʙʣʦʢʘ. ɽʩʣʠ ʚʳʯʠʩʣʝʥʥʘʷ ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ ʥʝʚʝʨʥʘ, 

ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʯʘʪʘ ʥʘ ʧʨʠʥʠʤʘʶʱʝʡ ʩʪʦʨʦʥʝ ʩ ʨʘʟʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʙʠʪʦʚ ʜʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ RV. ɸʙʦʥʝʥʪ ʙʘʟʦʚʦʡ 

ʩʪʘʥʮʠʠ ʩʦʦʙʱʘʝʪ ʦʙ ʵʪʦʤ ʚ ʬʦʨʤʝ ʙʠʪʦʚ ʠʥʬʦʨʤʘʮʠʠ HARQ ACK/NACK, ʢʦʪʦʨʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʚʚʝʨʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʩʥʦ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʙʠʪʦʚ HARQ ʠʛʨʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚʦ ʚʩʝʡ ʩʠʩʪʝʤʝ ʩʚʷʟʠ. 

ɺʳʚʦʜʳ: ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʝʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʦʚ 

ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʩ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ 5G NR 

PDSCH. ʏʠʩʣʝʥʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʥʘʠʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ 4%) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʨʝʢʪʥʘʷ 

ʨʘʙʦʪʘ 5G NR (70% ʢʦʨʨʝʢʪʥʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʙʣʦʢʦʚ ʧʝʨʝʜʘʯʠ) ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʚʥʝʰʥʠʭ ʰʫʤʦʚʳʭ ʩʠʛʥʘʣʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʤ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ 4 

ʜɹ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʩʠʩʪʝʤʳ ʩʚʷʟʠ 5G NR ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʢʘʥʘʣʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʦʚ ʩ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. The 5G business potential; Industry digitalization and the untapped opportunities for operators 2017. ï URL:  

https://www.economiadehoy.es/adjuntos/19430/Ericsson-5G-business-potential-report.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

30.11.2024). 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʪʝʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʩʧʦʩʦʙʥʳʭ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ 

ʠʟʤʝʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɹʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʛʨʫʧʧʳ 

ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʩʝʪʝʡ, ʚʢʣʶʯʘʶʱʠʝ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʨʘʩʰʠʨʷʝʤʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʤʝʥʝʥʠʝ 

ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʝʪʴ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 
 

MODERN METHODS OF DESIGNING SCALABLE COMPUTER NETWORKS  
 

Kamaev M.S., Patotov N.M., Istratova E.E. 

FSBEI HE "NSTU", Novosibirsk 
 

The article presents the results of the analysis of methods and tools for designing networks that have a 

high level of scalability and can easily adapt to changing requirements from the network infrastructure. 

Groups of methods for designing scalable networks were formulated, including the use of cluster devices, 

expandable modular equipment, multi-level intermediate devices, and the use of a modular structure of a 

computer network. 

Keywords: design, computer network, scaling, network technologies. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚʦʧʨʦʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʩʝʪʝʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʥʳʤ ʨʝʩʫʨʩʘʤ ʩʝʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩ ʝʝ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʚʦʟʨʘʩʪʘʶʪ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʝʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʱʠʝ ʩʙʦʠ ʚ ʨʘʙʦʪʝ 

ʩʝʪʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʝʝ 

ʫʯʘʩʪʢʘ, ʥʦ ʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʤʝʪʦʜʦʚ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʪʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ 

ʩʧʦʩʦʙʥʳʭ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʠʟʤʝʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʩʝʪʝʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʪʚʝʨʜʠʣ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ. ʊʘʢ, ʚ ʩʪʘʪʴʝ [1] ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʥʘ ʧʨʠʤʝʨʝ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ 

ʩʝʪʝʡ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [2] ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʩʝʪʝʡ ʠ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʝʪʠ ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ IDEF14. 

ʇʦʤʠʤʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, ʚ ʨʷʜʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʩʤʦʪʨʝʥʳ 

ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʝʡ, ʪʨʝʙʫʶʱʠʭ ʘʢʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʩʝʪʷʤʠ ʠʣʠ ʯʘʩʪʴʶ ʥʝʢʦʪʦʨʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʪʘʪʴʝ [3] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʮʝʥʪʨʦʤ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʛʠʙʢʦʩʪʠ ʧʝʨʝʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ ʥʘ ʥʦʚʳʝ ʟʘʜʘʯʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʘʟʦʚ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʠ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ 

ʩʝʪʠ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʩʪʨʘʪʝʛʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʠ, ʥʦ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʚʩʝʭ ʝʝ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʣʷ 
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ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʨʘʩʰʠʨʷʝʤʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʮʝʣʝʡ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘʩʪʨʦʡʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʫʢʘʟʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʝʜʠʥʳʡ ʢʣʘʩʪʝʨ. 

ɺ ʢʘʯʝʩʪʚʝ ʝʱʝ ʦʜʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ 

ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʝʝ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʙʥʦʚʣʝʥʠʷ ʠ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʨʥʠʟʘʮʠʶ 

ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʪʨʫʢʪʫʨʫ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʰʠʨʷʝʤʦʛʦ ʤʦʜʫʣʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʜʦʩʪʫʧʘ 

ʷʜʨʦ ʩʝʪʠ ʠ ʜʨʫʛʠʝ ʫʨʦʚʥʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ 

ʢʦʤʤʫʪʘʪʦʨʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʨʘʩʩʳʣʢʠ ʚ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʥʝ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ, ʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʩʝʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʨʠʤʝʥʠʤ ʜʣʷ ʥʝʙʦʣʴʰʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʦʜʥʘʢʦ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʥ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʩʝʪʝʡ, ʚʢʣʶʯʘʶʱʠʝ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʩʰʠʨʷʝʤʦʛʦ 

ʤʦʜʫʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʘ ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʮʠʬʨʦʚʳʭ ʩʝʪʝʡ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ï ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʠʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʮʠʬʨʦʚʳʭ 

ʩʝʪʷʭ ʩʚʷʟʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʘʥʘʣʴʥʳʡ ʠ ʩʝʪʝʚʦʡ ʨʝʩʫʨʩʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ. ʇʦʩʣʝ ʯʝʛʦ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʙʦʩʥʦʚʘʥ ʠ 

ʦʧʨʝʜʝʣʝʥ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʡ ʢʨʠʪʝʨʠʡ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ. ʇʨʦʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ ʚ ʮʠʬʨʦʚʳʭ ʩʝʪʷʭ ʩʚʷʟʠ ʩ ʪʦʨʦʠʜʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ 

ʪʨʘʬʠʢʘ, ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʜʠʣʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ.  
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʨʚʘʣʴʥʘʷ ʦʮʝʥʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ, ʬʫʥʢʮʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʮʠʬʨʦʚʘʷ ʩʝʪʴ ʩʚʷʟʠ.  
 

INTERVAL ASSESSMENT OF THE IN FORMATION EFFICIENCY OF DIGITAL  
COMMUNICATION NETWORKS IN CONDITIONS OF CHANGING INPUT TRAFFIC  

 

Kobelev K.K., Podbortsev A.V., Sturov D.L., Mezhuev A.M. 
VUNTS Air Force "VVA them. NOT.  Zhukovsky and Yu.A. Gagarin", Voronezh 

 

The work is devoted to development of a way of interval assessment of information efficiency of digital 

communication networks on the basis of the generalized indicator - coefficient of useful use of 

opportunities of a system on information transfer and storage. The analysis of well-known approaches to 
estimation of efficiency of information exchange in digital communication networks as a result of which 

is carried out the relevance of interval assessment for definition of the conditions of information exchange 

allowing to use rationally channel and network resources is formulated. For this purpose at the first stage 

the technique of formation of function of information efficiency as dependences of coefficient of useful 

use on intensity of entrance traffic is developed. Then at the second stage the threshold level of coefficient 

of useful use forming criterion for realization of interval assessment is reasonable and determined. 

Imitating modeling of information exchange in digital communication networks with toroidal structures 

in the conditions of change of entrance traffic which confirmed operability of the offered way is carried 

out. 

Keywords: coefficient of useful use, digital communication network, function of efficiency, information 

efficiency,  

 interval assessment, threshold level. 
 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʝ ʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ (ʀʆ) ʮʠʬʨʦʚʳʭ ʩʝʪʝʡ ʩʚʷʟʠ (ʎʉʉ) ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ (ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʠ) ʠ ʝʛʦ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʚʦʟʥʠʢʘʝʪ 

ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʦʙʣʘʩʪʠ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʙʣʠʟʢʦʤ ʢ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʩʫʱʝʩʪʚʠʤʦʤʫ, ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʝ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ ʧʨʠ ʀʆ ʚ ʎʉʉ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʤʘʢʩʠʤʫʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʢʘʞʜʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʎʉʉ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʥʘʣʴʥʳʭ 

ʠ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʧʦ ʩʫʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʜʘʧʪʘʮʠʶ ʩʠʩʪʝʤʳ ʢ ʫʩʣʦʚʠʷʤ ʀʆ ʚ ʨʝʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʠ 

ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʦʧʦʣʦʛʠʷʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʫʩʣʦʚʠʷ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ (ʚʭɔ) ʠ ʝʝ ʠʟʤʝʥʝʥʠʡ. 

ɸʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʠ 

ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʪʝʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʦʧʨʦʩʳ ʥʘʭʦʞʜʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ 

ʎʉʉ [1 ï 9]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ 

ʚʢʣʶʯʘʝʪ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʣʦʢʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʝ 

ʢʘʢ: ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʉ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ R  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʥʘʣʘ 

(m); ʩʨʝʜʥʷʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʦʜʥʦʛʦ ʧʘʢʝʪʘ ʚ ʩʠʩʪʝʤʝ ʊ; ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ N , 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʭʨʘʥʝʥʠʠ; ʢʦʣʠʯʝʩʪʚʦ ʫʩʧʝʰʥʦ ʧʝʨʝʜʘʥʥʳʭ ʫʧN
 ʠ ʧʦʪʝʨʷʥʥʳʭ ʧʘʢʝʪʦʚ 

ʧʦʪN
; ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ G   ʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ (ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʰʠʙʢʠ ʧʨʠʝʤʘ ʦʜʥʦʛʦ ʙʠʪʘ ʠʥʬʦʨʤʘʮʠʠ BER ʦʰʈ  ʠ ʝʝ ʣʦʛʘʨʠʬʤ S) [4]. ʂ ʵʪʦʡ ʞʝ ʛʨʫʧʧʝ 
ʦʪʥʦʩʠʪʩʷ ʩʠʩʪʝʤʘ QoS-ʧʘʨʘʤʝʪʨʦʚ (Quality of Service) [5], ʧʦʣʫʯʠʚʰʘʷ ʙʦʣʴʰʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʜʚʠʞʥʦʡ 

ʩʚʷʟʠ. 
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ʂʨʦʤʝ ʪʦʛʦ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʝ ʦʮʝʥʢʠ ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ: ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʜʦʚʝʜʝʥʠʷ 

)t(F
ʜT ; ʚʝʨʦʷʪʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʦʩʪʘʚʢʠ  ʧʘʢʝʪʦʚ 

)t(ʈʩʚ ; ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʦʚʝʜʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ D  [1 ï 3, 6].  

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ 

ʧʘʨʘʤʝʪʨʳ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʞʠʚʫʯʝʩʪʴ ʠ ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʮʝʥʢʫ ʚʳʙʨʘʥʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʎʉʉ [5, 6].  ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʀʊɔ , ʢʦʪʦʨʳʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʦʮʝʥʠʚʘʝʪ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʎʉʉ, ʘ ʩ ʜʨʫʛʦʡ ï ʪʝʭʥʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ, 

ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʦʙʤʝʥʫ. 

ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʚʤʝʩʪʥʦ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʎʉʉ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ʟʘʪʨʘʪʳ ʨʝʩʫʨʩʦʚ ʨɿ; ʚʝʢʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ )t(ʕ , ʌY ; ʦʙʦʙʱʝʥʥʳʡ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʊʕg  [6, 7, 9]; ʧʦʢʘʟʘʪʝʣʴ ʃʠʚʥ (ʫ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʫʜʝʣʴʥʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʩʢʦʨʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʧʝʨʝʜʘʯʠ [8]. 

ʆʜʥʘʢʦ ʦʮʝʥʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʧʨʠʥʷʪʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʙʱʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʢʘʣʥɹʳʭ 

ʦʮʝʥʦʢ; ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʫʯʝʪʘ 

ʩʪʨʫʢʪʫʨʳ ʠ ʘʣʛʦʨʠʪʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ; ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʎʉʉ ʩ ʨʘʟʥʳʤʠ ʪʦʧʦʣʦʛʠʷʤʠ  ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ; ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʢʘʟʘʪʝʣʷ, ʦʪʨʘʞʘʶʱʝʛʦ ʪʝʢʫʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʎʉʉ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ 

ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ [9] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ ʧʨʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʚʭg, ʜʣʷ ʯʝʛʦ ʦʙʦʩʥʦʚʘʥ ʠ ʧʨʝʜʣʦʞʝʥ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʂʇʀ) ʚʦʟʤʦʞʥʦʩʪʝʡ ʎʉʉ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʠ: 
%100)ʈ/ʈ( ʪʘʭÖ=h

.                                                    (1) 

ʉʬʦʨʤʫʣʠʨʦʚʘʥ ʝʛʦ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʝʥ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʩʠʩʪʝʤʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, 

ʚʳʨʘʞʘʝʤʳʤʠ ʚ ʫʜʝʣʴʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʎʉʉ: ʜʦʧTT
|NGʈ
¢

=
,     (2) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʧʦʪʦʢʦʚʦʡ ʤʦʜʝʣʠ ʎʉʉ (ʉʤ. ʈʠʩ. 1). 

Ni 

ɺʭʦʜʥʦʡ ʫʟʝʣ
ʢʦʤʤʫʪʘʮʠʠ

(ʋʂ)
 
ɔʚʭ i

ʂʘʥʘʣ ʩʚʷʟʠ (ʂʉ)

ɺʭʦʜʥʦʡ 
ʪʨʘʬʠʢ

ɹʫʬʝʨʥʦʝ 
ʟʘʧʦʤʠʥʘʶʱʝʝ
ʫʩʪʨʦʡʩʪʚʦ (ɹɿʋ)

 lʚʳʭ j 

 lʪʨ j

ʊʨʘʥʟʠʪʥʳʡ 
ʪʨʘʬʠʢ

ʊʨʘʥʟʠʪʥʳʡ
ʋʂ

ɺʳʭʦʜʥʦʡ
ʋʂ

 
ʧʪʨ i

ʉʢʘʥ j

nʚʳʭ i

 
ɔʚʳʭ i

 lʪʨ j
 lʚʭ i

ʊʨʘʥʟʠʪʥʳʡ
ʋʂ  lʪʨ j

 lʪʨ j

 
ʧʪʨ i

 lʚʳʭ j 

 
ʧʪʨ i

. . . . . .

Ni ʜʦʧ 

  
ʈʠʩʫʥʦʢ 1 ï ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʥʦ-ʧʦʪʦʢʦʚʦʡ ʤʦʜʝʣʠ ʎʉʉ 
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ɻʜʝ 
äää
===

++=
ʚʳʭʪʨʚʭ ɺ

1i

iʚʳʭ

ɺ

1i

iʪʨ

ɺ

1i

i ʧʧNN

 ï ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʩʠʩʪʝʤʝ ʥʘ ʭʨʘʥʝʥʠʠ (ʚʭɺ , ʪʨɺ  ʠ ʚʳʭ
ɺ

 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʠʩʣʦ ʫʟʣʦʚ ʢʦʤʤʫʪʘʮʠʠ (ʋʂ), 

ʠʤʝʶʱʠʭ ʥʘʢʦʧʣʝʥʠʷ ʚʭʦʜʥʦʛʦ, ʪʨʘʥʟʠʪʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ; iN
, iʪʨʧ , iʳʭʚʧ  ï ʩʨʝʜʥʠʝ 

ʟʘ ʠʥʪʝʨʚʘʣʝ ʥʘʙʣʶʜʝʥʠʷ ʊD  ʢʦʣʠʯʝʩʪʚʘ ʧʘʢʝʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʭʨʘʥʝʥʠʠ ʚʦ ʚʭʦʜʥʳʭ, 

ʪʨʘʥʟʠʪʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʋʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); 

ʊ/nG
ʚʳʭɺ

1i

iʚʳʭʚʳʭ Dg ö
ö
÷

õ
æ
æ
ç

å
== ä

=  ï ʩʨʝʜʥʷʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʎʉʉ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʳʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ; 

K/ʊʊ
K

1k

kö
÷

õ
æ
ç

å
=ä

=  ï ʩʨʝʜʥʷʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʦʜʥʦʛʦ ʧʘʢʝʪʘ ʚ ʩʠʩʪʝʤʝ (kʊ   ï ʚʨʝʤʝʥʥʘʷ 

ʟʘʜʝʨʞʢʘ ʢʘʞʜʦʛʦ k-ʛʦ ʧʘʢʝʪʘ, K  ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʎʉʉ ʟʘ 

ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʷ ʊD ); ʜʦʧT
 ï ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʨʝʤʝʥʥʫʶ ʟʘʜʝʨʞʢʫ ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ 

ʚ ʎʉʉ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʡ ʩʝʪʠ ʠʟ ʄ  ʦʜʥʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ (ʆʉ) ʙʝʟ ʢʦʥʬʣʠʢʪʦʚ, 

ʧʦʚʪʦʨʥʳʭ ʧʝʨʝʜʘʯ ʠ ʧʦʪʝʨʴ ʧʘʢʝʪʦʚ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʧʝʨʝʜʘʯʝ 

(ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʢʘʞʜʦʡ j -ʪʦʡ ʆʉ jʚʳʭg
 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʘʥʘʣʦʚ ʩʚʷʟʠ (ʂʉ) jʢʘʥʉ
) ʠ ʭʨʘʥʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʠ (ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ jN
 ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʤʢʦʩʪʴʶ ʙʫʬʝʨʥʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (ɹɿʋ) ʢʘʞʜʦʛʦ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ (ʋʂ) ʜʦʧjN
) ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʫʜʝʣʴʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ  

ää
==

==
M

1j

jʢʘʥʜʦʧj

M

1j

jʚʳʭjʪʘʭ ʉNNʈ g

.                                      (3) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʂʇʀ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʮʝʥʢʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʧʨʝʜʝʣʷʷ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʩʪʝʧʝʥʴ ʙʣʠʟʦʩʪʠ ʜʝʡʩʪʚʫʶʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʢ ʤʘʢʩʠʤʫʤʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʀʆ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʝʜʦʩʪʘʪʢʘ ʧʦʩʣʝʜʥʝʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ ʧʦ ʚʭʦʜʥʦʤʫ ʪʨʘʬʠʢʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʝʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʚʝʜʝʥʥʦʛʦ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʂʇʀ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʦʧʦʣʦʛʠʤ̫ʠ ʚ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʎʉʉ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʂʇʀ ʦʪ ʚʭʦʜʥʦʛʦ 

ʪʨʘʬʠʢʘ 
)ɔ(ɖ ʚʭ, ʢʦʪʦʨʫʶ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʬʫʥʢʮʠʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ ʎʉʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʩʥʦʚʘʪʴ ʠ ʥʘʡʪʠ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʂʇʀ ʧʦʨh
, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʃ. ʂʣʝʡʥʨʦʢʘ [1] ʜʣʷ ʩʠʩʪʝʤʳ ʪʠʧʘ ʩʠʥʭʨʦʥʥʘʷ ALOHA ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʫʧʨʦʱʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʘʢʝʪʦʚ ʥʘ ʭʨʘʥʝʥʠʠ ʚ ɹɿʋ ʦʪ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ 
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ʚʭʊ

ʚʭʚʭ e)(G
ggg -

Ö=
,                                                    (4) 

)e1(N)(N
))(G(ʊ

ʜʦʧʚʭ
ʚʭʚʭ ggg --

-Ö=
,                                         (5) 

ʛʜʝ ʊ ï ʩʨʝʜʥʷʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʦʜʥʦʛʦ ʧʘʢʝʪʘ; ʜʦʧN
 ï ʝʤʢʦʩʪʴ ɹɿʋ, 

ʦʧʨʝʜʝʣʷʶɦ ʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʧʘʢʝʪʦʚ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʦʩʪʫʧʠʪʴ ʚ ʩʠʩʪʝʤʫ 

ʥʘ ʭʨʘʥʝʥʠʝ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʦʚʤʝʩʪʥʦ ʛʨʘʬʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  ʎʉʉ 
)(G ʚʭg , ʥʘʢʦʧʣʝʥʠʡ ʧʘʢʝʪʦʚ 

)(N ʚʭg  ʠ ʂʇʀ 

ʩʠʩʪʝʤʳ 
)( ʚʭgh  ʧʨʦʠʟʚʝʜʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʂʇʀ ʧʦ ʜʚʫʤ ʟʥʘʯʝʥʠʷʤ 

ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ. ʇʝʨʚʦʝ ʟʥʘʯʝʥʠʝ minʚʭg  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʩʢʦʨʦʩʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʎʉʉ ʪʘʭminʚʭ G)(G =g
 ʧʨʠ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʥʘʢʦʧʣʝʥʠʡ  ʧʘʢʝʪʦʚ ʚ 

ɹɿʋ ʋʂ 
)(N minʚʭg  ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʚʘ ʦʪ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʥʘʯʝʥʠʝ ʧʦʨ1minʚʭ )( hgh =
. 

ɺʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ maxʚʭg  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʣʠʟʢʦʡ ʢ ʥʘʠʙʦʣʴʰʝʡ 

ʟʘʛʨʫʟʢʝ ɹɿʋ ʋʂ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ 

maxmaxʚʭ N)(N ­g
 ʧʝʨʝʜ ʧʝʨʝʧʦʣʥʝʥʠʝʤ ʎʉʉ ʩ ʫʯʝʪʦʤ ʝʤʢʦʩʪʝʡ ʙʫʬʝʨʦʚ, ʜʦʧʫʩʪʠʤʦʛʦ 

ʧʨʦʮʝʥʪʘ ʧʦʪʝʨʷʥʥʳʭ ʧʘʢʝʪʦʚ [10] ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʨʝʤʝʥʥʫʶ ʟʘʜʝʨʞʢʫ ʜʦʧTT¢
) ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʩʧʨʘʚʘ ʦʪ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʥʘʯʝʥʠʝ 

ʧʦʨ2maxʚʭ )( hgh =
. 

ʊʘʢ ʢʘʢ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʫʨʦʚʥʝʡ ʂʇʀ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʜʝʣʴʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʎʉʉ ʧʦ ʧʝʨʝʜʘʯʝ ʠ ʭʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʠʪʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʧʦʨh
 ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʩʨʝʜʥʝʛʦ ʤʝʞʜʫ ʥʠʤʠ ʟʥʘʯʝʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ (ʙʣʠʟʢʦʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ) ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ  ʠ  ʟʘʛʨʫʟʢʠ ɹɿʋ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʂʇʀ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʎʉʉ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  

2

2ʧʦʨ1ʧʦʨ

ʧʦʨ

hh
h

+
=

.                                                   (6) 

ʎʝʣʴ ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ ï ʥʘʭʦʞʜʝʥʠʝ 

ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ, ʚ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʘʢʦʛʦ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʩʪʫʧʘʝʪ ʫʩʣʦʚʠʝ ʧʨʝʚʳʰʝʥʠʷ 

ʟʥʘʯʝʥʠʝʤ ʂʇʀ ʧʨʠ ʪʝʢʫʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʫʨʦʚʥʷ 

ʧʦʨiʚʭ)( hgh ²
.                                                        (7) 

ɺ ʧʨʦʮʝʩʩʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʮʝʥʢʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚrʯʠʩʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʂʇʀ. ɽʩʣʠ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ, ʯʪʦ ʎʉʉ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʦʚʥʝʤ 

ʧʦʨh
. ʇʨʠ ʧʦʨ

hh=
 ʬʠʢʩʠʨʫʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ 1ʧʦʨʚʭg  ʠ 2ʧʦʨʚʭg  ʠʥʪʝʨʚʘʣʘ ʚʭʦʜʥʦʛʦ 

ʪʨʘʬʠʢʘ 
],[ 2ʧʦʨʚʭ1ʧʦʨʚʭ gg
, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʦʚʳʡ ʦʮʝʥʦʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ  ï ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʎʉʉ ʧʦ ʚʭʦʜʥʦʤʫ ʪʨʘʬʠʢʫ 
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1ʧʦʨʚʭ2ʧʦʨʚʭ)( ʧʦʨ
ʇ gghg -=

.                                                 (8) 

 ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʠʥʪʝʨʚʘʣʴʥʦʡ 

ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʎʉʉ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʘʣʛʦʨʠʪʤ ʠ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʭʦʜʥʦʛʦ 

ʪʨʘʬʠʢʘ ʚ ʩʠʩʪʝʤʘʭ ʩ ʪʦʨʦʠʜʘʣʴʥʳʤʠ ʪʦʧʦʣʦʛʠʷʤʠ (ʎʉʉ-4 ʀ ʎʉʉ-6). ɺʳʙʦʨ ʜʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʝʩʣʫʯʘʝʥ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʎʉʉ ʩ 

ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʠʤʠʩʷ ʩʪʨʫʢʪʫʨʘʤʠ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʤʘʨʰʨʫʪʦʚ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʎʉʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

20000

ɔʚʭ ʧʦʨ2(6)

5

10

ɖ,

 %

0

ɖʧʦʨ1(4)

1000

2000

G,

 ʧʘʢ/ʩ

0
ɔʚʭ, ʧʘʢ/ʩ

40000 60000 80000

20000 40000 60000 80000

3000

20000 ɔʚʭ, ʧʘʢ/ʩ

1000

2000

N

0
40000 60000 80000

ɔʚʭ, 

ʧʘʢ/ʩ

ɔʚʭ, 

ʧʘʢ/ʩ

ɖʧʦʨ(4)

ɖʧʦʨ(6)

ɔʚʭ ʧʦʨ1(4) ɔʚʭ ʧʦʨ1(6)
ɔʚʭ ʧʦʨ2(4) ɔʚʭ, 

ʧʘʢ/ʩ

ɖʧʦʨ2(4)

ɖʧʦʨ2(6)

ɖʧʦʨ1(6)

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʦʨʦʠʜʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ 
)ɔ(G ʚʭ, 

)ɔ(N ʚʭ  ʠ ʬʫʥʢʮʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʎʉʉ-4 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʎʉʉ-6 (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ. ʊʦʨʦʠʜʘʣʴʥʘʷ ʎʉʉ-4 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʫʤ ʂʇʀ ʧʦʨʷʜʢʘ 14,5% ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʦʢʦʣʦ 

2000 ʧʘʢ/ʩ (ʜʣʠʥʘ ʧʘʢʝʪʘ 255 ʙʘʡʪ, ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ 48 ï 256 ʢʙʠʪ/ʩ, 
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ʜʦʧʫʩʪʠʤʘʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʧʘʢʝʪʘ 100 ʤʩ ʩ ʜʞʠʪʪʝʨʦʤ 50ʤʩ). ʇʨʠ ʵʪʦʤ ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʂʇʀ 

%ɖ )(ʧʦʨ 94 º  ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 
ʩ/ʧʘʢ];[ʇ )ɖ(ɔ ʧʦʨ

370005000=
. ɼʣʷ ʎʉʉ-6 ʤʘʢʩʠʤʫʤ ʂʇʀ 

ʩʦʩʪʘʚʣʷʝʪ º 7% ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʦʢʦʣʦ 2500 ʧʘʢ/ʩ, ʘ ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʧʦʨʦʛʦʚʦʤ ʫʨʦʚʥʝ ʂʇʀ 
%,ɖ )(ʧʦʨ 346 º  ʩʦʩʪʘʚʣʷʝʪ 

ʩ/ʧʘʢ];[ʇ )ɖ(ɔ ʧʦʨ
640007000=

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʩʪʠʛʥʫʪʦʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ 

ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʎʉʉ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ 

ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʩʝʪʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʩʦʚʧʘʜʝʥʠʝʤ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ [1 ï 7] ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʭʘʨʘʢʪʝʨʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʡ.  
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. Kleinrock L. Queueing Systems: Problems and Solutions / L. Kleinrock, R. Gail // Wiley-Interscience, 1996. ï 

240 p.  

2. Bertsekas D. Data Networks: 2nd ed. / D. Bertsekas, R. Gallager // Prentice-Hall, Englewood Cliffs. NJ. - 1992. ï 

556ʨ. 

3. ʎʳʙʠʟʦʚ ɸ.ɸ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʪʝʡ ʩʚʷʟʠ / ɸ.ɸ. ʎʳʙʠʟʦʚ // ɺʝʩʪʥʠʢ ʈɻʈʊʋ. ï 2009. - ˉ 3 (ɺrʧʫʩʢ 

29). ï ʉ. 18 ï 22. 

4. Julian D. QoS and fairness constrained convex optimization of resource allocation for wireless cellular and ad hoc 

networks / D. Julian, M. Chiang, D. OôNeill, S. Boyd // Proc. IEEE Infocom Conf. June 2002. ï P. 477 ï 486. 

5. ʅʘʟʘʨʦʚ ɸ. ʅ. ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʟʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʩʝʪʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʝʡ ʩʚʷʟʠ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ / ɸ.ʅ. ʅʘʟʘʨʦʚ, ʂ.ʀ. ʉʳʯʝʚ. ï ʂʨʘʩʥʦʷʨʩʢ: 

ʀʟʜ-ʚʦ ʇʦʣʠʢʦʤ, 2010. ï 389 ʩ. 

6. Obaidat M. Modeling and Simulation of Computer Networks and Systems 1st Edition Methodologies and 

Applications / M. Obaidat, F. Zarai, P. Nicopolitidis  // Morgan Kaufmann, 2015. ï 964 ʨ. 

7. ʂʘʨʛʘʥʦʚ ɺ. ɺ. ʇʦʢʘʟʘʪʝʣʴ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ ʩʚʟ̫ʠ / ɺ.ɺ. ʂʘʨʛʘʥʦʚ, ɸ.ɻ. 

ʈʘʩʯʝʩʦʚʘ, ɺ.ɸ. ʂʫʜʨʷʰʦʚ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʚʝʜʦʤʦʩʪʠ ʉʇʙɻʇʋ. 2016. ˉ 1(236). ï ʉ. 7-14. 

8. Peterson L.L. Computer Networks: A Systems Approach (5th ed.) / L.L. Peterson, B.S. Davie // Elsevier, 2011. ï 

 372p. 
9. ʄʝʞʫʝʚ ɸ.ʄ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʪʝʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʙʦʙʱʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ / ɸ.ʄ. 

ʄʝʞʫʝʚ, ɸ.ɺ. ʂʦʨʝʥʥʦʡ // ʈʘʜʠʦʪʝʭʥʠʢʘ. ï 2021. - ˉ 3. ï ʉ. 65-77. 

10. IʊU-ʊ Recommendation Y.1541 Network Performance Objectives for IP-Based Services // May 2002. 
 

ʋɼʂ 004.89 (470) 

ɺʅɽɼʈɽʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

ɺ ɺʀɼɽʆʄʆʅʀʊʆʈʀʅɻ ʅɸ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆʁ ɻʈɸʅʀʎɽ 

ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 
 

ʂʦʙʳʣʴʮʦʚ ɺ.ʂ., ʂʦʣʦʜʝʟʥʘʷ ɻ.ɺ. 

ʌɻɹʆʋ ɺʆ çɼɺɻʋʇʉè, ʛ. ʍʘʙʘʨʦʚʩʢ 
 

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʠʩʪʝʤʝ 

ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʛʨʘʥʠʮʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʀʀ, 

ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʚʠʜʝʦʧʦʪʦʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʛʨʦʟ ʠ ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ ʦʪ ʜʨʦʥʦʚ. ʀʟʫʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʀʀ, 

ʪʘʢʠʝ ʢʘʢ ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʩʦʥʘʣ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʘʥʘʣʠʟʘ ʠ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʚʳʟʦʚʳ, ʚʢʣʶʯʘʷ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʚʦʧʨʦʩʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʨʘʥʠʮʳ. 
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IMPLEMENTATION OF ARTIFICIAL INTELLIGENCE  

IN VIDEO MONITORING ON THE BORDER OF THE RUSSIAN FEDERATION  
 

Kobyltsov V.K., Kolodeznaya G.V. 
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Study analyzes the possibilities of applying artificial intelligence in the video monitoring system on the 

border of the Russian Federation. Key AI functions, such as real-time video stream analysis, facial and 
vehicle recognition, threat prediction, and working with data from drones, are examined. The advantages 

of AI integration, including reduced workload for personnel, improved analysis accuracy, and 24/7 

monitoring, are explored, along with challenges like high implementation costs and cybersecurity 

concerns. The conclusion highlights the strategic importance of using AI to enhance border security. 

Keywords: automation, security, video monitoring, border of the Russian Federation, artificial intelligence 

(AI), cybersecurity, computer vision, border control, threat forecasting, facial recognition. 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʝʥʷʶʪ ʩʧʦʩʦʙʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʥʠʮʘʭ. ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʦʙʲʝʤʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨʛʦʚʣʠ, 

ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʫʛʨʦʟ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʦʡ ʧʨʝʩʪʫʧʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʯʠʥʘʶʪ ʫʩʪʫʧʘʪʴ ʧʦ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʠʜʝʦʤʦʥʠʪʦʨʠʥʛ ï 

ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʪʨʦʣʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʛʨʘʥʠʮʝ. ʆʜʥʘʢʦ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʘ ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʩʠʩʪʝʤʫ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʘ ʥʘ 

ʛʨʘʥʠʮʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʥʦ ʠ ʚʘʞʥʳʤ 

ʰʘʛʦʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ï ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ, ʢʦʪʦʨʦʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʠ ʠʟʫʯʘʝʪ ʤʝʪʦʜʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʘʰʠʥʘʤ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʠ ʠʥʪʝʣʣʝʢʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʜʝʡʩʪʚʠʡ.   

ɺ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ï ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʢʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʫʯʝʥʠʶ ʠ ʨʝʰʝʥʠʶ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ɺ ʫʟʢʦʤ ʩʤʳʩʣʝ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʠ ʥʘ 

ʦʩʥʦʚʝ ʦʙʫʯʝʥʠʷ ʢʦʤʧʴʶʪʝʨʘ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʤʳʰʣʝʥʠʶ.  

ʀʀ ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʴʶʪʝʨʫ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ 

ʦʙʲʸʤʳ ʜʘʥʥʳʭ ʠ ʥʘʭʦʜʠʪʴ ʚ ʥʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʥ ʤʦʞʝʪ 

ʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʩʦʙʳʪʠʷ ʠʣʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ [3]. 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ 

ʧʨʠʦʨʠʪʝʪʦʤ ʣʶʙʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʦʙʣʘʜʘʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʧʨʦʪʷʞʝʥʥʳʭ ʛʨʘʥʠʮ ʚ ʤʠʨʝ, ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʚʳʟʦʚʘʤʠ: ʦʪ ʥʝʣʝʛʘʣʴʥʦʡ 

ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʪʨʘʙʘʥʜʳ ʜʦ ʫʛʨʦʟ ʪʝʨʨʦʨʠʟʤʘ, ʠ ʪʨʘʥʩʛʨʘʥʠʯʥʦʡ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ 

ʧʨʝʩʪʫʧʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʘʨʩʝʥʘʣʝ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʫʞʙ ʷʚʣʷʝʪʩʷ 

ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʶʜʝʡ, ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʛʨʫʟʦʚ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʝʨʩʦʥʘʣ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʥʘ 

ʫʛʨʦʟʳ ʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʩʧʦʩʦʙʝʥ ʨʝʰʠʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [3]. 

ɺʥʝʜʨʝʥʠʝ ʀʀ ʚ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʘ ʘʢʪʫʘʣʴʥʦ ʪʘʢʞʝ ʚ ʢʦʥʪʝʢʩʪʝ ʛʣʦʙʘʣʴʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ɺʦ ʚʩʝʤ ʤʠʨʝ ʩʪʨʘʥʳ ʠʥʚʝʩʪʠʨʫʶʪ ʚ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʦʛʨʘʥʠʯʥʦʛʦ ʢʦʥʪʨʦʣʷ [2].  

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʈʦʩʩʠʷ ʠʩʧʦʣʴʟʫʝʪ ʦʯʝʥʴ ʤʘʣʳʡ ʧʦʪʝʥʮʠʘʣ ʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ. ʂ ʧʨʠʤʝʨʫ, ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2024 ʛʦʜ ʧʦʛʨʘʥʠʯʥʳʝ ʚʦʡʩʢʘ ʠʩʧʦʣʴʟʫʶʪ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠ ʥʦʤʝʨʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ 

ʪʘʤʦʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʧʨʠ ʵʪʦʤ ʣʠʰʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʝʛʠʦʥʘʭ [5]. ɽʩʣʠ ʈʦʩʩʠʷ ʥʘʤʝʨʝʥʘ 

ʩʦʭʨʘʥʠʪʴ ʩʚʦʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴ ʧʝʨʝʜʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
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ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʚʳʟʦʚʳ 

ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʠʩʪʝʤʫ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʛʨʘʥʠʮʝ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. ʄʳ ʩʪʨʝʤʠʤʩʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʀʀ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʫʞʙ, ʢʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʵʪʦʛʦ, ʘ ʪʘʢʞʝ ʢʘʢʠʝ ʨʠʩʢʠ ʠ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ 

ʧʨʦʝʢʪʦʚ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʘʤ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʀʀ, 

ʝʛʦ ʚʣʠʷʥʠʶ ʥʘ ʥʘʮʠʦʥʘʣʴʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʩʦʦʙʱʝʩʪʚʦʤ. 

ʀʀ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʝ. ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ ʀʀ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʳʷʚʣʷʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ, ʪʝʭʥʦʣʦʛʠʷ 

ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʫʞʙ. 

ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʀʀ ʚ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʝ ʨʘʩʩʤʦʪʨʠʤ 

ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

1. ɸʥʘʣʠʟ ʚʠʜʝʦ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʬʫʥʢʮʠʡ ʀʀ ʚ 

ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʝ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʠʜʝʦʧʦʪʦʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʦʜʦʟʨʠʪʝʣʴʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʣʶʜʝʡ ʠʣʠ ʜʚʠʞʝʥʠʝ ʥʝʦʧʦʟʥʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʠʜʝ 

ʬʠʢʩʘʮʠʠ ʯʝʣʦʚʝʢʘ, ʣʠʙʦ ʛʨʫʧʧʳ ʣʶʜʝʡ ʚ ʩʦʩʪʘʚʝ ɼʈɻ (ʜʠʚʝʨʩʠʦʥʥʘʷ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʘʷ 

ʛʨʫʧʧʘ) ʧʳʪʘʶʱʠʭʩʷ ʧʝʨʝʩʝʯʴ ʛʨʘʥʠʮʫ ʚʥʝ ʦʬʠʮʠʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʥʦʛʦ ʧʫʥʢʪʘ, ʣʠʙʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʚʦʢʘʮʠʶ ʥʘ ʧʨʠʛʨʘʥʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʤʛʥʦʚʝʥʥʦ 

ʫʚʝʜʦʤʠʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʦ ʥʘʨʫʰʝʥʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʘʶʪʩʷ ʥʘ 

ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʪʝʢʩʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʚʨʝʤʷ ʩʫʪʦʢ, ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

2. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ. ʊʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʢʦʥʪʨʦʣʝ ʥʘ ʧʫʥʢʪʘʭ ʧʨʦʧʫʩʢʘ. ʂʘʤʝʨʳ ʬʠʢʩʠʨʫʶʪ ʠʟʦʙʨʘʞʝʥʠʷ ʣʶʜʝʡ, ʧʝʨʝʩʝʢʘʶʱʠʭ 

ʛʨʘʥʠʮʫ, ʠ ʤʛʥʦʚʝʥʥʦ ʩʨʘʚʥʠʚʘʶʪ ʠʭ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʣʠʮ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʦʟʳʩʢʝ, ʠʣʠ ʧʨʦʚʝʨʷʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʨʝʘʣʴʥʦʡ 

ʣʠʯʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʜʘʞʝ ʝʩʣʠ ʯʝʣʦʚʝʢ ʥʦʩʠʪ ʛʦʣʦʚʥʦʡ ʫʙʦʨ ʠʣʠ ʟʘʱʠʪʥʫʶ ʤʘʩʢʫ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʘʥʜʝʤʠʡ, ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʩʠʪʫʘʮʠʡ, ʪʨʝʙʫʶʱʠʭ 

ʩʦʙʣʶʜʝʥʠʷ ʩʘʥʠʪʘʨʥʳʭ ʤʝʨ ʠ ʤʘʩʢʠʨʦʚʢʠ [5]. 

3. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʇʦʤʠʤʦ ʨʘʙʦʪʳ ʩ 

ʣʶʜʴʤʠ, ʀʀ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ʉʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʦʚ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʧʝʨʝʩʝʢʘʶʱʠʭ ʛʨʘʥʠʮʫ, ʬʠʢʩʠʨʦʚʘʪʴ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʧʨʦʚʝʨʷʪʴ ʠʭ 

ʧʦ ʙʘʟʘʤ ʜʘʥʥʳʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʠʧʳ ʠ ʨʘʟʤʝʨʳ ʛʨʫʟʦʚ, 

ʧʦʤʦʛʘʷ ʚʳʷʚʣʷʪʴ ʢʦʥʪʨʘʙʘʥʜʫ [6]. 

4. ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʦʟ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʀʀ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ. 

ʅʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʢ, ʜʚʠʞʫʱʠʡʩʷ ʥʝʦʙʳʯʥʦ ʙʳʩʪʨʦ ʠʣʠ ʥʘʭʦʜʷʱʠʡʩʷ ʩʣʠʰʢʦʤ ʜʦʣʛʦ ʚ ʟʦʥʝ 

ʢʦʥʪʨʦʣʷ, ʤʦʞʝʪ ʙʳʪʴ ʦʪʤʝʯʝʥ ʩʠʩʪʝʤʦʡ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʫʛʨʦʟʘ. ʈʘʩʧʦʟʥʘʚʘʪʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʟʫ ʯʝʣʦʚʝʢʘ ʧʨʠ ʥʦʰʝʥʠʠ ʠʤ ʦʨʫʞʠʷ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʩʪʨʝʣʴʙʳ ʯʝʣʦʚʝʢʘ ʠʟ 

ʧʦʣʦʞʝʥʠʷ ʩʠʜʷ, ʩʪʦʷ ʩ ʫʢʨʳʪʠʷ ʠ ʪ.ʜ., ʘ ʪʘʢʞʝ ʟʘʢʣʘʜʳʚʘʥʠʷ ʚʟʨʳʚʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɸʣʛʦʨʠʪʤʳ ʪʘʢʞʝ ʤʦʛʫʪ ʬʠʢʩʠʨʦʚʘʪʴ ʩʢʦʧʣʝʥʠʷ ʣʶʜʝʡ ʠʣʠ ʪʝʭʥʠʢʠ ʚ ʥʝʦʞʠʜʘʥʥʳʭ ʤʝʩʪʘʭ, 

ʯʪʦ ʯʘʩʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʟʘʢʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ.  

5. ʈʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ ʦʪ ʜʨʦʥʦʚ ʠ ʜʨʫʛʠʭ ʩʝʥʩʦʨʦʚ. ɺ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʛʜʝ 

ʫʩʪʘʥʦʚʢʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʘʤʝʨ ʥʝʚʦʟʤʦʞʥʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʦʥʳ, ʦʩʥʘʱʝʥʥʳʝ ʢʘʤʝʨʘʤʠ ʠ 

ʪʝʧʣʦʚʠʟʦʨʘʤʠ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʜʨʦʥʦʚ, 

ʘʥʘʣʠʟʠʨʫʷ ʠʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʘʨʫʰʠʪʝʣʝʡ ʥʘ 
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ʫʜʘʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʛʨʘʥʠʮʳ, ʬʠʢʩʠʨʦʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʶʜʝʡ ʠʣʠ ʞʠʚʦʪʥʳʭ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʧʳʪʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʥʠʮʳ ʚ ʥʝʧʦʣʦʞʝʥʥʳʭ ʤʝʩʪʘʭ. 

6. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʛʨʦʟ. ʀʀ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʢʫʱʫʶ ʩʠʪʫʘʮʠʶ, 

ʥʦ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʫʛʨʦʟʳ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʘʥʘʣʠʟʠʨʫʶʪ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʥʘʨʫʰʝʥʠʷʭ ʛʨʘʥʠʮʳ, ʚʳʷʚʣʷʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ, ʘ ʪʘʢ ʞʝ ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʨʳʪʳʭ 

ʠ ʥʝ ʩʢʨʳʪʳʭ ʚʟʨʳʚʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʉʤ. ʈʠʩ.1). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʫʞʙʘʤ ʟʘʨʘʥʝʝ 

ʧʣʘʥʠʨʦʚʘʪʴ ʨʘʟʤʝʱʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʫʩʠʣʠʚʘʪʴ ʢʦʥʪʨʦʣʴ ʚ ʧʨʦʙʣʝʤʥʳʭ ʤʝʩʪʘʭ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʥʮʠʜʝʥʪʳ ʜʦ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨʥʳʝ ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʟʨʳʚʥʳʭ ʫʩʪʨʦʡʩʪʚ 

7. ʀʥʪʝʛʨʘʮʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ 

ʚʥʝʜʨʝʥʠʷ ʀʀ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʥʪʝʛʨʘʮʠʷ ʩ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʘ 

ʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʀʀ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʩʪʝʤʘʤʠ 

ʪʘʤʦʞʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʙʨʘʙʘʪʳʚʘʷ ʜʘʥʥʳʝ ʦ ʛʨʫʟʘʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ, ʥʦ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ. 

8. ʉʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʩʦʥʘʣ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʘ 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ: ʦʧʝʨʘʪʦʨʳ ʜʦʣʞʥʳ ʚʨʫʯʥʫʶ ʦʪʩʤʘʪʨʠʚʘʪʴ ʚʠʜʝʦʟʘʧʠʩʠ, 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʣʶʜʝʡ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ. ʉ ʚʥʝʜʨʝʥʠʝʤ ʀʀ ʵʪʘ ʥʘʛʨʫʟʢʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʘʣʛʦʨʠʪʤʳ ʚʳʧʦʣʥʷʶʪ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʩʦʪʨʫʜʥʠʢʘʤ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯʘʭ, ʪʨʝʙʫʶʱʠʭ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

9. ɹʦʨʴʙʘ ʩ ʢʦʥʪʨʘʙʘʥʜʦʡ ʠ ʥʝʟʘʢʦʥʥʳʤ ʦʙʦʨʦʪʦʤ. ʀʀ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ. ʉʠʩʪʝʤʳ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʢʘʥʠʨʦʚʘʪʴ ʩʦʜʝʨʞʠʤʦʝ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʚʳʷʚʣʷʪʴ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʟʘʷʚʣʝʥʥʦʡ ʠ ʬʘʢʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʛʨʫʟʘʭ, ʘ ʪʘʢʞʝ ʬʠʢʩʠʨʦʚʘʪʴ ʧʦʧʳʪʢʠ ʩʢʨʳʪʴ ʟʘʧʨʝʱʝʥʥʳʝ ʪʦʚʘʨʳ. ʊʘʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳ ʚ ʙʦʨʴʙʝ ʩ ʢʦʥʪʨʘʙʘʥʜʦʡ ʦʨʫʞʠʷ, ʥʘʨʢʦʪʠʢʦʚ ʠ ʜʨʫʛʠʭ 

ʥʝʣʝʛʘʣʴʥʳʭ ʪʦʚʘʨʦʚ. 

10. ʆʙʝʩʧʝʯʝʥʠʝ ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʙʝʟ ʧʝʨʝʨʳʚʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʛʨʘʥʠʮʝʡ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʯʝʣʦʚʝʢʘ, ʘʣʛʦʨʠʪʤʳ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʫʩʪʘʣʦʩʪʠ ʠ ʤʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ 24/7, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ. 
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11. ɸʜʘʧʪʠʚʥʦʩʪʴ ʠ ʦʙʫʯʝʥʠʝ ʩʠʩʪʝʤ. ʀʀ-ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʩʘʤʦʦʙʫʯʘʪʴʩʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʘ 

ʛʨʘʥʠʮʝ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʛʠʦʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʦʚʳʡ ʪʠʧ ʥʘʨʫʰʝʥʠʡ, ʢʘʢ 

ʧʨʠʤʝʨ ʧʨʦʨʳʚ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʚ ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʘʚʛʫʩʪʝ 2024 ʛʦʜʘ, ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ, ʫʣʫʯʰʘʷ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ. 

ɺʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛ ʥʘ ʛʨʘʥʠʮʝ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʫʞʙ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʧʦʜʦʙʥʳʭ ʧʨʦʝʢʪʦʚ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʷ ʪʝʭʥʠʯʝʩʢʠʝ, ʬʠʥʘʥʩʦʚʳʝ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ [4]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʪʴ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʫʶ ʙʘʟʫ, ʨʝʛʫʣʠʨʫʶʱʫʶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʧʦʛʨʘʥʠʯʥʦʡ ʩʬʝʨʝ [4]. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʧʨʦʩʳ ʵʪʠʢʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʩʦʟʜʘʚʘʷ ʧʨʦʟʨʘʯʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʢʦʥʪʨʦʣʷ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛ ʥʘ ʛʨʘʥʠʮʝ ʈʌ ʩʪʘʥʝʪ ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʪʦʤ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ, ʥʦ ʠ ʚʢʣʘʜʦʤ ʚ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ. 
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The article raises the topic of outdated sites, the reasons for updating them, what modern sites should be 

like, what modern web technologies exist, how modern site development works, and raising the problem 

of technological stagnation in education due to the lack of electronic journals based on web technologies. 
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ʇʨʝʜʩʪʘʚʴʪʝ: ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʭʦʜʠʪ ʥʘ ʚʘʰ ʩʘʡʪ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʟʘʢʘʟ, ʫʟʥʘʪʴ ʢʘʢʫʶ-ʪʦ 

ʠʥʬʦʨʤʘʮʠʶ ʠʣʠ ʚʳʧʦʣʥʠʪʴ ʚʘʞʥʦʝ ʜʝʡʩʪʚʠʝ. ʅʦ ʩʘʡʪ ʛʨʫʟʠʪʩʷ ʩʣʠʰʢʦʤ ʜʦʣʛʦ, ʵʣʝʤʝʥʪʳ 

ʠʥʪʝʨʬʝʡʩʘ ʨʘʙʦʪʘʶʪ ʥʝʢʦʨʨʝʢʪʥʦ, ʘ ʥʘ ʤʦʙʠʣʴʥʦʤ ʪʝʣʝʬʦʥʝ ʠʥʬʦʨʤʘʮʠʷ ʝʜʚʘ ʚʠʜʥʘ. 

ʑʝʣʯʦʢ ï  ʢʣʠʝʥʪ ʫʰʸʣ. ʇʨʦʙʣʝʤʘ? ɼʘ, ʠ ʦʥʘ ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʙʠʟʥʝʩʘ, ʥʦ ʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʦ 

ʯʸʤ ʤʳ ʧʦʛʦʚʦʨʠʤ ʯʫʪʴ ʧʦʟʞʝ. 

ʅʦ ʥʘʯʥʸʤ ʩ ʦʩʥʦʚʥʦʛʦ: ʩʘʡʪʳ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʥʘ ʫʩʪʘʨʝʚʰʠʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʜʘʚʥʦ 

ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʦʤʦʱʠ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥʠ ʩʪʘʣʠ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʦʷʥʥʳʭ 

ʧʨʦʙʣʝʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ: çReactè, çVue.jsè, ʠʣʠ çNext.jsè, 

ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʶʪ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʙʳʩʪʨʳʝ, ʫʜʦʙʥʳʝ ʠ 

ʥʘʜʸʞʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʣʶʜʝʡ ʚ 2024 ʛʦʜʫ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʤ ï ʠ ʢʘʢ ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʨʘʟʚʠʪʠʝ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʨʦʤʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʩʢʘ ʠ ʥʘʫʯʥʳʭ ʥʘʧʦʣʝʥʠʡ ʩʪʨʘʥʳ: ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʘʡʪʳ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʥʘʙʦʨʳ ʩʪʨʘʥʠʮ ʠʣʠ ʬʦʨʤ. ʆʥʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʨʘʩʪʫʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺʦʪ ʯʪʦ ʩʝʛʦʜʥʷ ʩʯʠʪʘʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ: 

- ʉʢʦʨʦʩʪʴ ʨʘʙʦʪʳ. ɽʩʣʠ ʚʘʰ ʩʘʡʪ ʛʨʫʟʠʪʩʷ ʤʝʜʣʝʥʥʦ, ʚʳ ʪʝʨʷʝʪʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʘʢ 

ʢʘʢ ʠʥʪʝʨʥʝʪ ʧʨʦʛʨʝʩʩʠʨʫʝʪ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʭʦʪʷʪ ʙʦʣʴʰʝʛʦ ʦʪʜʘʚ ʤʘʣʦʝ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʭʦʯʝʪ ʧʦʣʫʯʠʪʴ ʥʝʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʩʘʡʪʝ ʟʘʪʨʘʪʠʚ ʥʘ ʵʪʦ ʤʠʟʝʨʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʘʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. 

- ʋʜʦʙʩʪʚʦ ʠʥʪʝʨʬʝʡʩʘ. ʅʠʢʪʦ ʥʝ ʭʦʯʝʪ ʨʘʟʙʠʨʘʪʴʩʷ ʩ ʟʘʧʫʪʘʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

ʇʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ. 

- ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ. ʃʶʜʠ ʦʞʠʜʘʶʪ, ʯʪʦ ʩʘʡʪ ʙʫʜʝʪ çʞʠʚʦʡè, ʩ ʙʳʩʪʨʳʤʠ ʦʪʢʣʠʢʘʤʠ 

ʥʘ ʠʭ ʜʝʡʩʪʚʠʷ, ʙʫʜʴ ʪʦ ʜʦʙʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʠʣʠ ʧʨʦʩʤʦʪʨ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʢʦʥʪʝʥʪʘ. 

- ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ʉʘʡʪ ʜʦʣʞʝʥ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʠ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʚʳʟʦʚʘʤ, ʥʘʧʨʠʤʝʨ: ʩʢʠʜʢʠ ʚ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʝ, ʘ ʟʥʘʯʠʪ, ʙʫʜʝʪ 

ʧʨʠʪʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʯʪʦʙʳ ʢʫʧʠʪʴ ʪʦʚʘʨʳ ʩʦ ʩʢʠʜʢʦʡ. 

ʇʦʯʝʤʫ ʩʪʘʨʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʘʨʝʣʠ? ʅʘ ʩʘʡʪʘʭ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʩʪʘʨʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʤʦʥʦʣʠʪʥʳʡ ʢʦʜè. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʝʩʴ ʩʘʡʪ ï ʝʜʠʥʳʡ 

çʢʦʤʦʢè ʢʦʜʘ, ʛʜʝ ʚʩʸ ʚʟʘʠʤʦʩʚʷʟʘʥʦ. ʇʦʧʨʦʙʫʡʪʝ ʠʟʤʝʥʠʪʴ ʦʜʥʫ ʯʘʩʪʴ, ʠ ʚʘʤ ʧʨʠʜʸʪʩʷ 

ʧʝʨʝʩʤʦʪʨʝʪʴ ʚʩʸ ʦʩʪʘʣʴʥʦʝ, ʯʪʦʙʳ ʥʠʯʝʛʦ ʥʝ ʩʣʦʤʘʣʦʩʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʠ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʩʘʡʪʳ 

ʧʦ-ʜʨʫʛʦʤʫ. ɺʤʝʩʪʦ ʦʜʥʦʛʦ ʙʦʣʴʰʦʛʦ ʤʦʥʦʣʠʪʘ ʚʳ ʩʦʟʜʘʸʪʝ ʤʘʣʝʥʴʢʠʝ, ʥʝʟʘʚʠʩʠʤʳʝ 

ʤʦʜʫʣʠ. ɽʩʣʠ ʚʘʤ ʥʫʞʥʦ ʧʦʤʝʥʷʪʴ ʯʪʦ-ʪʦ ʚ ʤʦʜʫʣʝ ʢʦʨʟʠʥʳ ʪʦʚʘʨʦʚ, ʵʪʦ ʥʠʢʘʢ ʥʝ ʧʦʚʣʠʷʝʪ 

ʥʘ ʤʦʜʫʣʴ ʧʦʠʩʢʘ ʠʣʠ ʬʦʨʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʟʳʚʘʝʪʩʷ çʢʦʤʧʦʥʝʥʪʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘè, ʠ ʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʦʜʜʝʨʞʢʫ ʠ ʦʙʥʦʚʣʝʥʠʝ ʩʘʡʪʘ. 

ʇʦʯʝʤʫ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʠ ʚʘʞʥʳ ʚ 2024 ʛʦʜʫ? ɼʘʚʘʡʪʝ ʨʘʟʙʝʨʸʤʩʷ: ʯʪʦ ʚʦʦʙʱʝ ʪʘʢʦʝ 

ʚʝʙ-ʬʨʝʡʤʚʦʨʢ? ʕʪʦ ʥʝ ʛʦʪʦʚʳʝ ʰʘʙʣʦʥʳ, ʢʘʢ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨʘʭ ʚʨʦʜʝ ʊʠʣʴʜʳ. ʕʪʦ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʩʦʟʜʘʚʘʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʦʤʧʦʥʝʥʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʙʦʣʴʰʠʭ ʙʣʦʢʦʚ ʢʦʜʘ, ʚ ʢʦʪʦʨʳʭ ʟʘʣʦʞʝʥʘ ʦʧʨʝʜʝʣʸʥʥʘʷ 

ʣʦʛʠʢʘ. ʇʨʠʤʝʨ: ʧʨʝʜʩʪʘʚʴʪʝ ʩʘʡʪ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʧʠʩʘʪʴ ʢʦʜ ʜʣʷ 

ʢʘʞʜʦʡ ʢʥʦʧʢʠ çɼʦʙʘʚʠʪʴ ʚ ʢʦʨʟʠʥʫè ʥʘ ʚʩʝʭ ʩʪʨʘʥʠʮʘʭ, ʚʳ ʩʦʟʜʘʸʪʝ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʜʣʷ 

ʵʪʦʡ ʢʥʦʧʢʠ. ʕʪʦʪ ʢʦʤʧʦʥʝʥʪ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʚʨʫʯʥʫʶ ʠ ʚʢʣʶʯʘʝʪ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ 

ʣʦʛʠʢʫ: ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʣʠʢʝ, ʢʘʢ ʦʙʥʦʚʣʷʝʪʩʷ ʢʦʨʟʠʥʘ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʠʜʠʪ ʥʘ 

ʵʢʨʘʥʝ. ʀ ʧʦʪʦʤ ʚʳ ʧʨʦʩʪʦ ʠʩʧʦʣʴʟʫʝʪʝ ʵʪʦʪ ʢʦʤʧʦʥʝʥʪ ʥʘ ʚʩʝʭ ʩʪʨʘʥʠʮʘʭ, ʛʜʝ ʥʫʞʥʘ ʵʪʘ 

ʢʥʦʧʢʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ: 
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- ɹʳʩʪʨʦ ʦʙʥʦʚʣʷʪʴ ʬʫʥʢʮʠʦʥʘʣ. ʅʫʞʥʦ ʜʦʙʘʚʠʪʴ ʩʢʠʜʢʫ? ʀʟʤʝʥʠʪʝ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ, 

ʠ ʦʙʥʦʚʣʝʥʠʝ ʩʨʘʟʫ ʧʦʷʚʠʪʩʷ ʥʘ ʚʩʝʭ ʩʪʨʘʥʠʮʘʭ. 

- ʋʤʝʥʴʰʠʪʴ ʦʰʠʙʢʠ. ʂʦʤʧʦʥʝʥʪʳ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʥʝʟʘʚʠʩʠʤʳ, ʠ ʠʟʤʝʥʝʥʠʝ 

ʦʜʥʦʛʦ ʥʝ ʣʦʤʘʝʪ ʦʩʪʘʣʴʥʳʝ ʯʘʩʪʠ ʩʘʡʪʘ. 

- ʄʘʩʰʪʘʙʠʨʦʚʘʪʴ ʩʘʡʪ. ʏʝʤ ʙʦʣʴʰʝ ʵʣʝʤʝʥʪʦʚ ʩʘʡʪʘ ʧʦʩʪʨʦʝʥʦ ʥʘ ʢʦʤʧʦʥʝʥʪʘʭ, 

ʪʝʤ ʧʨʦʱʝ ʝʛʦ ʨʘʩʰʠʨʷʪʴ. 

ʏʪʦ ʜʘʸʪ ʧʝʨʝʭʦʜ ʥʘ ʬʨʝʡʤʚʦʨʢʠ? 

- ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ʉʘʡʪ ʣʝʛʢʦ çʨʘʩʪʸʪè ʚʤʝʩʪʝ ʩ ʚʘʰʠʤ ʙʠʟʥʝʩʦʤ. ɽʩʣʠ ʫ ʚʘʩ 

ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʝ ʢʣʠʝʥʪʦʚ ʠʣʠ ʥʫʞʥʦ ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʠ, ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʙʝʟ 

ʧʝʨʝʧʠʩʳʚʘʥʠʷ ʚʩʝʛʦ ʧʨʦʝʢʪʘ. 

- ʋʜʦʙʩʪʚʦ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ: ʅʦʚʳʝ ʩʦʪʨʫʜʥʠʢʠ ʙʳʩʪʨʝʝ ʧʦʥʠʤʘʶʪ, ʢʘʢ ʫʩʪʨʦʝʥ 

ʩʘʡʪ, ʠ ʤʦʛʫʪ ʩʨʘʟʫ ʥʘʯʘʪʴ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʢʦʤʧʘʥʠʡ, ʛʜʝ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʯʘʩʪʦ ʤʝʥʷʶʪʩʷ. 

- ɹʝʟʦʧʘʩʥʦʩʪʴ: ʉʦʚʨʝʤʝʥʥʳʝ ʬʨʝʡʤʚʦʨʢʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʦʩʣʝʜʥʠʝ ʩʪʘʥʜʘʨʪʳ 

ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʠ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʶʪʩʷ. 

- ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ: ɺʘʰ ʩʘʡʪ ʟʘʛʨʫʞʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʇʦʯʝʤʫ ʧʝʨʝʧʠʩʳʚʘʪʴ ʩʪʘʨʳʡ ʩʘʡʪ ʩ ʥʫʣʷ ï ʵʪʦ ʭʦʨʦʰʘʷ ʠʜʝʷ? ʇʝʨʝʧʠʩʳʚʘʥʠʝ ʩʘʡʪʘ 

ʥʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʦʩʪʦ çʦʙʥʦʚʠʪʴ ʜʠʟʘʡʥè. ʕʪʦ ʰʘʥʩ ʫʣʫʯʰʠʪʴ ʚʩʸ: ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚʳ ʤʦʞʝʪʝ ʚʥʝʜʨʠʪʴ ʠʥʪʝʛʨʘʮʠʶ 

ʩ ʧʣʘʪʝʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʯʘʪ-ʙʦʪʘʤʠ ʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʩʪʦ 

ʥʝʚʦʟʤʦʞʥʳ ʥʘ ʩʪʘʨʳʭ ʧʣʘʪʬʦʨʤʘʭ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʨʦʜʝ ʢʦʥʪʝʡʥʝʨʦʚ (çDockerè) ʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʙʦʨʢʠ (CI/CD) ʜʝʣʘʶʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʙʳʩʪʨʳʤ ʠ ʧʨʝʜʩʢʘʟʫʝʤʳʤ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʘʰ 

ʩʘʡʪ ʚʩʝʛʜʘ ʙʫʜʝʪ ʘʢʪʫʘʣʴʥʳʤ, ʙʝʟʦʧʘʩʥʳʤ ʠ ʛʦʪʦʚʳʤ ʢ ʣʶʙʳʤ ʠʟʤʝʥʝʥʠʷʤ. 

ɹʠʟʥʝʩ ʫʞʝ ʜʘʚʥʦ ʦʩʦʟʥʘʣ, ʯʪʦ ʫʩʪʘʨʝʚʰʠʝ ʩʘʡʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ï ʵʪʦ ʧʦʪʝʨʷ ʚʨʝʤʝʥʠ ʠ 

ʜʝʥʝʛ. ʂʦʤʧʘʥʠʠ ʧʝʨʝʭʦʜʷʪ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦʙʳ ʙʳʩʪʨʝʝ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʠ ʧʨʝʜʣʘʛʘʪʴ ʣʫʯʰʠʡ ʩʝʨʚʠʩ. ʅʦ ʜʘʚʘʡʪʝ ʟʘʜʫʤʘʝʤʩʷ: ʘ ʢʘʢ ʩ 

ʵʪʠʤ ʦʙʩʪʦʷʪ ʜʝʣʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ? 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʧʨʠʤʝʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʩʪʦʷ: ɿʜʝʩʴ ʥʘʯʠʥʘʝʪʩʷ ʘʥʘʣʦʛʠʷ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, ʢʘʢ ʠ ʩʘʡʪʳ, ʩʪʨʘʜʘʶʪ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʩʪʦʷ. ɽʩʣʠ 

ʢʦʤʧʘʥʠʠ ʘʢʪʠʚʥʦ ʦʙʥʦʚʣʷʶʪ ʩʚʦʠ ʩʘʡʪʳ, ʪʦ ʢʦʣʣʝʜʞʠ ʠ ʚʫʟʳ ʯʘʩʪʦ ʨʘʙʦʪʘʶʪ ʩ ʙʫʤʘʞʥʳʤʠ 

ʞʫʨʥʘʣʘʤʠ ʠʣʠ ʫʩʪʘʨʝʚʰʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ çʜʦʞʠʚʘʶʪ ʩʚʦʡ ʚʝʢè. 

ʅʘʧʨʠʤʝʨ, ʚʦʟʴʤʸʤ ʩʠʩʪʝʤʫ çɼʅɽɺʅʀʂ.ʨʫè. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʦʥʘ ʩʦʚʨʝʤʝʥʥʘ: ʝʩʪʴ 

ʩʦʙʩʪʚʝʥʥʳʡ ʤʝʩʩʝʥʜʞʝʨ, ʧʨʠʣʦʞʝʥʠʝ, ʧʦʜʜʝʨʞʢʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʅʦ ʝʩʣʠ ʢʦʧʥʫʪʴ 

ʧʦʛʣʫʙʞʝ, ʦʢʘʞʝʪʩʷ, ʯʪʦ ʝʸ ʦʩʥʦʚʘ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʠ ʥʘʯʘʣʘ 2010-ʭ ʛʦʜʦʚ. ɼʘ, ʬʫʥʢʮʠʠ, 

ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʫʶʪʩʷ ʥʘ ʚʠʜʫ, ʦʙʥʦʚʣʝʥʳ, ʥʦ ʜʨʫʛʘʷ ʯʘʩʪʴ ʩʘʡʪʘ ʚʩʝ ʝʱʝ ʨʘʙʦʪʘʝʪ ʥʘ 

ʫʩʪʘʨʝʚʰʠʭ ʨʝʰʝʥʠʷʭ. ʕʪʦ ʪʦʪ ʩʘʤʳʡ çʘʡʩʙʝʨʛ çʊʠʪʘʥʠʢʘè, ʛʜʝ 80% ʩʠʩʪʝʤʳ ʩʢʨʳʪʦ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʦ ʩʦʟʜʘʸʪ ʤʘʩʩʫ ʧʨʦʙʣʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ. 

ɼʣʷ ʰʢʦʣ ʵʪʦ ʭʦʪʴ ʢʘʢʦʝ-ʪʦ ʨʝʰʝʥʠʝ. ʅʦ ʚ ʢʦʣʣʝʜʞʘʭ ʠ ʚʫʟʘʭ ʩʠʪʫʘʮʠʷ ʝʱʸ ʭʫʞʝ. 

ɿʜʝʩʴ ʯʘʩʪʦ ʥʝʪ ʜʘʞʝ ʧʦʜʦʙʥʦʡ ʙʘʟʳ. ʋʧʨʘʚʣʝʥʠʝ ʫʯʸʪʦʤ ʫʩʧʝʚʘʝʤʦʩʪʠ, ʨʘʩʧʠʩʘʥʠʷʤʠ ʠ 

ʟʘʜʘʥʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʚʨʫʯʥʫʶ ʠʣʠ ʯʝʨʝʟ ʛʨʦʤʦʟʜʢʠʝ ʪʘʙʣʠʮʳ ʇʆ çExcelè. ʕʪʦ ʢʘʢ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʘʡʪ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ 2000-ʭ ʛʦʜʦʚ: ʤʝʜʣʝʥʥʦ, ʥʝʫʜʦʙʥʦ ʠ ʥʝʧʨʘʢʪʠʯʥʦ. 

ʇʦʯʝʤʫ ʵʪʘ ʧʨʦʙʣʝʤʘ ʪʨʝʙʫʝʪ ʚʥʠʤʘʥʠʷ? 

- ʊʨʘʪʘ ʚʨʝʤʝʥʠ. ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʪʨʘʪʷʪ ʯʘʩʳ ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʞʫʨʥʘʣʦʚ ʠ ʩʦʟʜʘʥʠʝ 

ʦʪʯʸʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ. 

- ʆʪʩʫʪʩʪʚʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ. ʉʪʫʜʝʥʪʳ ʥʝ ʚʠʜʷʪ ʩʚʦʶ ʪʝʢʫʱʫʶ ʫʩʧʝʚʘʝʤʦʩʪʴ, 

ʨʘʩʧʠʩʘʥʠʷ ʠʣʠ ʜʦʤʘʰʥʠʝ ʟʘʜʘʥʠʷ ʚ ʫʜʦʙʥʦʡ ʬʦʨʤʝ. ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʫʟʥʘʪʴ ʟʘʜʦʣʞʝʥʥʦʩʪʠ 

ʠʣʠ ʦʮʝʥʢʠ ʟʘ ʧʨʝʜʤʝʪ, ʧʨʠʭʦʜʠʪʩʷ ʠʜʪʠ ʥʘ ʢʦʥʩʫʣʴʪʘʮʠʶ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ. 

- ʉʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ. ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʥʝ ʠʤʝʝʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ. 
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ʄʳ ʚʠʜʠʤ ʪʦ ʞʝ, ʯʪʦ ʠ ʩ ʫʩʪʘʨʝʚʰʠʤʠ ʩʘʡʪʘʤʠ: ʩʠʩʪʝʤʘ ʪʦʨʤʦʟʠʪ ʚʩʝʭ ʝʸ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʧʦʤʦʛʘʪʴ ʠʤ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʷ ʭʦʯʫ ʧʨʝʜʩʪʘʚʠʪʴ ʤʦʡ 

ʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ ʠʣʣʶʩʪʨʠʨʫʝʪ, ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʧʦʜʭʦʜ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʄʳ ʥʘʟʚʘʣʠ ʝʛʦ çTabulateè - ʯʪʦ ʦʟʥʘʯʘʝʪ ʦʪ 

ʘʥʛʣʠʡʩʢʦʛʦ çʩʚʦʜʠʪʴ ʚ ʪʘʙʣʠʮʫè, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʧʨʠʚʦʜʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʜʘʥʥʳʝ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʦʨʷʜʢʫ. 

çTabulateè ï ʵʪʦ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʞʫʨʥʘʣʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩ ʥʫʣʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʍʀʀʂ ʉʠʙɻʋʊʀ. ʆʥʘ 

ʥʘʮʝʣʝʥʘ ʥʘ ʪʦ, ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʜʦʩʪʫʧ ʩʪʫʜʝʥʪʘʤ ʢ ʠʭ ʫʩʧʝʚʘʝʤʦʩʪʠ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʦʮʝʥʦʢ, 

ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ ʠ ʢʘʢʠʭ ʣʠʙʦ ʟʘʜʦʣʞʝʥʥʦʩʪʝʡ ʨʘʙʦʪ ʠ ʜʨ.  ʕʪʦ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ ʵʪʠ ʚʝʙ-

ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʘʷ ʘʚʪʦʨʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ, ʠ ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

ʇʨʠʚʦʜʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʣʫʯʝʡ ʯʝʨʝʟ ʣʠʥʟʫ, 

ʧʦʢʘʟʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʯʝʩʢʘʷ ʣʠʥʟʘ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ.  
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This article discusses the original author's program for the study of spherical aberration, and on the basis 

of which the limits of applicability are formulated. A mathematical model used to construct the passage of 

rays through a lens is presented, and dependence graphs obtained as a result of modeling are shown.  

Keywords: optical lens, computer modeling, spherical aberration. 
 

ɸʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʧʨʝʜʲʷʚʣʷʝʪ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺ ʵʪʦʤ ʨʘʢʫʨʩʝ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʦʚ 

ʬʠʟʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ.  

ɺ ʧʨʦʮʝʩʩʝ ʦʩʚʘʠʚʘʥʠʷ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʫ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʩʚʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ, ʠ ʢʘʞʜʳʡ ʠʟ 

ʥʠʭ ʠʤʝʝʪ ʩʚʦʶ ʢʦʥʩʪʨʫʢʮʠʶ ʩʦ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝ ʧʨʠʙʦʨʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʪʘʢʦʡ ʦʧʪʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ, ʢʘʢ ʣʠʥʟʘ. 

ʃʠʥʟʘ ï ʵʪʦ ʦʧʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʬʦʢʫʩʠʨʫʝʪ ʠʣʠ ʨʘʩʩʝʠʚʘʝʪ ʣʫʯʠ ʩʚʝʪʘ ʟʘ 

https://www.prj-exp.ru/integration/why_should_integrate.php
https://cchgeu.ru/upload/iblock/9a1/vl4u0967oifoeso5gsqoherdd5c1au3s/Uchebn_posobie-Sovremennye-standarty-informatsionnogo-vzaimodei_stviya-sistem.pdf
https://cchgeu.ru/upload/iblock/9a1/vl4u0967oifoeso5gsqoherdd5c1au3s/Uchebn_posobie-Sovremennye-standarty-informatsionnogo-vzaimodei_stviya-sistem.pdf
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ʩʯʝʪ ʧʨʝʣʦʤʣʝʥʠʷ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʫʶ ʜʝʪʘʣʴ, ʠʤʝʶʱʫʶ ʜʚʝ 

ʧʨʝʣʦʤʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ [1]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʬʦʨʤʘ ʧʨʝʣʦʤʣʷʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ï ʩʬʝʨʘ.  

ʀʜʝʘʣʴʥʘʷ ʣʠʥʟʘ ʜʦʣʞʥʘ ʩʦʙʠʨʘʪʴ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʚʩʝ ʧʦʧʘʜʘʶʱʠʝ ʥʘ ʥʝʝ ʣʫʯʠ ʩʚʝʪʘ, 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʜʨʫʛ ʜʨʫʛʫ ʠʣʠ ʚʳʭʦʜʷʱʠʝ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ. ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʦʩʪʠ, ʣʠʥʟʘ, 

ʧʨʝʣʦʤʣʷʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʬʦʨʤʫ ʩʬʝʨʳ (ʘ ʠʤʝʥʥʦ ʪʘʢʠʤʠ ʷʚʣʷʝʪʩʷ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʣʠʥʟ), ʩʤʦʛʣʘ ʙʳ ʩʦʙʨʘʪʴ ʚʩʝ ʣʫʯʠ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʣʠʰʴ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʝʝ ʪʦʣʱʠʥʘ (ʪʦ ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚʜʦʣʴ 

ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʠʭ ʮʝʥʪʨʳ ʢʨʠʚʠʟʥʳ) ʨʘʚʥʘ ʥʫʣʶ. ʊʘʢʫʶ ʣʠʥʟʫ ʥʘʟʳʚʘʶʪ ʪʦʥʢʦʡ 

ʣʠʥʟʦʡ. [2] ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʪʘʢ ʢʘʢ ʚ ʨʝʘʣʴʥʦʩʪʠ ʠʟʛʦʪʦʚʠʪʴ ʣʠʥʟʫ ʥʫʣʝʚʦʡ ʪʦʣʱʠʥʳ 

ʥʝʚʦʟʤʦʞʥʦ, ʪʦʥʢʫʶ ʣʠʥʟʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʣʠʰʴ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʢʦʪʦʨʘʷ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʨʘʩʯʝʪʳ. ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʪʘʢʘʷ ʤʦʜʝʣʴ ʣʠʥʟʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʝ.  

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʩʬʝʨʠʯʝʩʢʘʷ ʣʠʥʟʘ, ʪʦʣʱʠʥʦʡ ʢʦʪʦʨʦʡ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʯʴ, 

ʩʦʙʠʨʘʝʪ ʣʫʯʠ ʥʝ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ, ʥʘʟʳʚʘʝʤʳʡ 

ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʝʡ: ʥʝʩʦʚʧʘʜʝʥʠʝ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʛʨʫʧʧ ʣʫʯʝʡ [3]. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʦʜʝʣʴ ʪʦʥʢʦʡ ʣʠʥʟʳ ʥʝʧʨʠʤʝʥʠʤʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ. ʇʦʵʪʦʤʫ, ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʛʨʘʥʠʮʳ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʠ ʪʦʥʢʦʡ ʣʠʥʟʳ ʙʳʣʘ 

ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʭʦʜʘ ʣʫʯʝʡ. ʅʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʙʳʩʪʨʝʝ 

ʥʘʭʦʜʠʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʦʰʠʙʢʠ, ʘ ʚʦ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʪʦʚʦʡ ʧʨʦʛʨʘʤʤʳ ʵʪʦ ʫʧʨʦʱʘʝʪ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʣʫʯʰʝ ʧʦʥʷʪʴ ʬʠʟʠʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

2. ɺʳʚʦʜ ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ. ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʭʦʜʝ ʣʫʯʝʡ ʧʦʣʝʟʥʘ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʢʠ ʧʨʦʠʩʭʦʜʷʱʝʛʦ, ʥʦ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ, ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʳ ʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ. 

3. ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ʅʝʦʙʭʦʜʠʤ ʜʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ C#, ʭʦʨʦʰʦ 

ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʠ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʈʠʩʫʥʦʢ 1 ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 
 

ʈʘʙʦʪʘ ʩ ʧʨʦʛʨʘʤʤʦʡ ʩʪʨʦʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʜʦ 4 

ʫʨʘʚʥʝʥʠʡ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʟʘʪʝʤ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ 

ʚʳʜʝʣʷʝʪ ʠʭ ʧʝʨʝʩʝʯʝʥʠʝ, ʪʝʤ ʩʘʤʳʤ ʚʳʙʠʨʘʷ ʬʦʨʤʫ ʧʨʠʟʤʳ. ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ 

ʚʠʜʘ  

bym + a0 + a1xn1 + a2xn2 + é = 0, ʛʜʝ x, y ï ʧʝʨʝʤʝʥʥʳʝ;  

b, a1, a2, é ï ʨʘʮʠʦʥʘʣʴʥʳʝ ʯʠʩʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʜʝʩʷʪʠʯʥʦʡ ʜʨʦʙʠ; 
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m, n1, n2, é ï ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʯʠʩʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ 

ʜʝʩʷʪʠʯʥʦʡ ʜʨʦʙʠ. 

ʅʘʧʨʠʤʝʨ, ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ 2ã3 ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (8; 0) ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʧʨʦʛʨʘʤʤʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: y^2+x^2-16x+64=12 

ɿʘʪʝʤ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʣʠʙʦ ʚʚʝʜʷ ʝʛʦ 

ʢʦʦʨʜʠʥʘʪʳ, ʣʠʙʦ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ.  

ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʫʩʪʠʪʴ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ, ʪʦ ʥʫʞʥʦ ʥʘʞʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʘʣʦʯʢʫ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʪʝʤ ʫʢʘʟʘʪʴ ʝʛʦ ʰʠʨʠʥʫ, ʫʛʦʣ ʢ 

ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʣʫʯʝʡ. ɽʩʣʠ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʩʚʝʪʘ, ʪʦ ʥʫʞʥʦ ʫʢʘʟʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʣʫʯʝʡ ʠ ʜʠʘʧʘʟʦʥ (ʫʛʦʣ ʤʝʞʜʫ ʢʨʘʡʥʠʤ ʧʨʘʚʳʤ ʠ 

ʢʨʘʡʥʠʤ ʣʝʚʳʤ ʣʫʯʦʤ). 

ʇʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ çɺʳʚʝʩʪʠ ʜʘʥʥʳʝè ʧʨʦʛʨʘʤʤʘ ʩʦʭʨʘʥʷʝʪ ʚ ʬʘʡʣ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʞʜʦʛʦ ʣʫʯʘ ʩ ʦʩʴʶ OX. 

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʛʠʧʦʪʝʟʫ, ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ï ʦʪʥʦʰʝʥʠʷ ʜʠʘʤʝʪʨʘ ʣʠʥʟʳ d ʢ ʝʝ 

ʬʦʢʫʩʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ F ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʨʝʣʦʤʣʝʥʠʷ n=1,5. ʊʘʢ ʢʘʢ ʚʩʝ ʣʫʯʠ 

ʩʦʙʠʨʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ, ʪʦ ʤʦʞʥʦ ʧʦ-ʨʘʟʥʦʤʫ ʚʚʦʜʠʪʴ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʣʠʥʟʳ. 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʙʫʜʝʪ ʧʦʜʨʘʟʫʤʝʚʘʪʴʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʧʪʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ ʣʠʥʟʳ ʜʦ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʦʛʦ ʬʦʢʫʩʘ. ʆʥʦ ʦʙʦʟʥʘʯʘʣʦʩʴ ʙʫʢʚʦʡ F. ʊʘʢʞʝ ʚ ʘʥʘʣʠʟʝ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʬʦʢʫʩʘ f.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʥʝʢʦʪʦʨʫʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʚʝʣʠʯʠʥʫ. ʊʘʢʦʡ ʚʝʣʠʯʠʥʦʡ ʤʦʛʣʘ ʙʳ ʙʳʪʴ ʧʨʦʜʦʣʴʥʘʷ ʩʬʝʨʠʯʝʩʢʘʷ 

ʘʙʝʨʨʘʮʠʷ - ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʠʙʣʠʞʸʥʥʳʭ ʢ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʠ ʦʪʜʘʣʸʥʥʳʭ ʦʪ ʥʝʸ ʣʫʯʝʡ. ʆʜʥʘʢʦ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʚʩʝʛʜʘ ʫʜʦʙʥʦ, ʪʘʢ 

ʢʘʢ ʦʥʘ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʤʝʨʫ ʩʘʤʦʡ ʣʠʥʟʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʪʥʦʰʝʥʠʝ f ʢ F.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʧʣʦʩʢʦ-ʚʳʧʫʢʣʦʡ ʣʠʥʟʳ, ʥʘ ʧʣʦʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʧʘʜʘʝʪ ʧʫʯʦʢ ʩʚʝʪʘ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ʉ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʧʦʩʪʨʦʠʤ ʝʝ ʛʨʘʬʠʢ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ f/F = -(d/F)
2
+1 

(ʉʤ. ʈʠʩ. 2): 

  

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ: ʘ) ʦʙʱʠʡ, ʙ) ʧʨʠ ʤʘʣʳʭ d/F 
 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ: 

f/F = - 4,721. (d/F)6 + 1,286 . (d/F)4 ï 1,16 . (d/F)2 +1 

ʊʝʧʝʨʴ ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʫʯʘʩʪʦʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʤʘʣʳʭ (d/F). ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʝʡ.  
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ʕʪʠ ʜʘʥʥʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠ ʢʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʣʠʥʟʘ 

ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʦʜʝʣʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʥʝʧʨʠʛʦʜʥʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʧʨʦʜʝʣʘʪʴ ʘʥʘʣʦʛʠʯʥʳʝ 

ʜʝʡʩʪʚʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʠ ʪʦʥʢʦʡ ʣʠʥʟʳ ʚ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʌʠʟʠʯʝʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ. ï URL: https://dic.academic.ru/dic.nsf/enc_physics/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.10.2024). 

2. ʄʷʢʠʰʝʚ ɻ.ʗ., ʉʠʥʷʢʦʚ ɸ.ɿ. ʌʠʟʠʢʘ: ʆʧʪʠʢʘ. ʂʚʘʥʪʦʚʘʷ ʬʠʟʠʢʘ. 11 ʢʣ.: ʋʯʝʙʥʠʢ / ɻ.ʗ. ʄʷʢʠʰʝʚ, ɸ.ʉ. 
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ɹʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʠʩʢ ʥʦʚʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ [1]. 

ʅʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʝʢʚʘʪʥʳʤʠ, ʪ.ʝ. ʜʦʩʪʦʚʝʨʥʦ ʦʪʦʙʨʘʞʘʪʴ 

ʠʩʩʣʝʜʫʝʤʳʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [2]. 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʚʷʟʢʦʫʧʨʫʛʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʝʣʘʢʩʘʮʠʠ ʠ ʧʦʣʟʫʯʝʩʪʠ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

[3]. 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʝʣʘʢʩʘʮʠʠ ʠ ʧʦʣʟʫʯʝʩʪʠ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ [4]. 

ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʚʳʙʦʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʠ ʧʦʣʟʫʯʝʩʪʠ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʡ ʥʝʣʠʥʝʡʥʦ-ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʚʷʟʢʦʫʧʨʫʛʦʩʪʠ [5]. 

ʂʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʷʟʢʦʫʧʨʫʛʦʩʪʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʷʜʨʘ ʨʝʣʘʢʩʘʮʠʠ ʧʦ ʟʘʜʘʥʥʦʤʫ ʷʜʨʫ 

ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ ʥʘʦʙʦʨʦʪ, ʥʘʭʦʞʜʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʷʜʨʘ ʟʘʧʘʟʜʳʚʘʥʠʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʷʜʨʫ 

ʨʝʣʘʢʩʘʮʠʠ [6]. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʩʣʫʯʘʷ ʥʝʣʠʥʝʡʥʦʡ ʚʷʟʢʦʫʧʨʫʛʦʩʪʠ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ 

ʥʝ ʨʝʰʝʥʘ [7]. ʉʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚʷʟʢʦʫʧʨʫʛʠʭ 

https://dic.academic.ru/dic.nsf/enc_physics/%20(дата


171 

 

ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʘʢʪʠʚʠʨʫʶʱʝʛʦ 

ʚʣʠʷʥʠʷ ʧʨʠʣʦʞʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʛʨʫʟʢʠ ʥʘ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʠ ʟʘʧʘʟʜʳʚʘʥʠʷ [8]. 

ʋʢʘʟʘʥʥʦʝ ʚʣʠʷʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ.ʜ. [9]. 

ʋʯʝʪ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʛʨʫʟʢʠ ʥʘ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʨʝʣʘʢʩʘʮʠʠ ʠ ʧʦʣʟʫʯʝʩʪʠ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ [10]. 

ʋʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʫʧʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ-ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʝʣʘʢʩʘʮʠʠ ʠ ʧʦʣʟʫʯʝʩʪʠ [11]. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʠ ʟʘʧʘʟʜʳʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʣʝʞʘʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʪʦʣʴʢʦ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ [12]. 

ɺʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʠ ʟʘʧʘʟʜʳʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʨʝʤʝʥʘ ʧʝʨʝʭʦʜʘ 

çʨʝʣʘʢʩʠʨʫʶʱʠʭè ʠʣʠ çʟʘʧʘʟʜʳʚʘʶʱʠʭè ʯʘʩʪʠʮ ʠʟ ʦʜʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ 

[13]. 

ʈʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʪʘʢʠʭ ʧʝʨʝʭʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʢʘʢ ʩʪʨʦʝʥʠʝʤ 

ʧʦʣʠʤʝʨʘ, ʪʘʢ ʠ ʚʝʣʠʯʠʥʦʡ ʧʨʠʣʦʞʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʥʘʛʨʫʟʢʠ [14]. 

ɺ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʦʥ ʦʙʲʷʩʥʷʝʪʩʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚʥʫʪʨʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʦʣʠʤʝʨʘ, ʢʦʛʜʘ ʤʝʥʷʝʪʩʷ ʝʝ ʬʦʨʤʘ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ï ʧʨʦʠʩʭʦʜʷʪ ʩʜʚʠʛʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʠ ʪ.ʜ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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The article presents a unique perspective on the potential of developing automated systems designed for 

the effective functioning of autonomous bee hives. 
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 ʍʘʙʘʨʦʚʩʢʠʡ ʢʨʘʡ ʠ ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʷ, ʧʨʦʠʟʚʦʜʷʪ ʜʦ ʧʦʣʦʚʠʥʳ ʚʩʝʛʦ 

ʵʢʩʧʦʨʪʠʨʫʝʤʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʝʡ ʤʝʜʘ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʣʦʞʠʣʘʩʴ ʙʣʘʛʦʜʘʨʷ 

ʦʙʰʠʨʥʳʤ ʣʝʩʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ [1] ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʧʦʨʦʜʳ 

ʤʝʜʦʥʦʩʥʦʡ ʧʯʝʣʳ (çApis mellifera far-easternè) [2], ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʚʳʩʦʢʦʡ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʠʥʪʝʥʩʠʚʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʤʝʜʦʩʙʦʨʝ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʙʦʣʴʰʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʣʠʤʘʪʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ.  
ɺ ʦʩʥʦʚʥʦʤ ʜʦʙʳʯʘ ʤʝʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ ʠ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʝʨʝʚʷʥʥʳʭ 

ʫʣʴʝʚ (ʤʝʪʦʜ ɹʫʪʢʝʚʠʯʘ, ʎʝʩʝʣʴʩʢʦʛʦ, ɺʝʣʴʩʘ ʠ ʜʨ.). ɼʦʙʳʯʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʯʝʣʦʚʦʜʘʤʠ, ʪʘʢ ʠ ʨʷʜʦʤ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ.  

ʀʟʨʘʠʣʴʩʢʠʡ ʩʪʘʨʪʘʧ BeeWise [8] ʩʜʝʣʘʣ ʰʘʛ ʚʧʝʨʝʜ ʚ ʧʯʝʣʦʚʦʜʩʪʚʝ, ʚʥʝʜʨʠʚ 

ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʩʚʦʠʭ ʘʚʪʦʥʦʤʥʳʭ 

çʫʤʥʳʭ ʫʣʴʝʚè. ʕʪʠ ʫʣʴʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʳʣʝʥʠʷ ʠ ʫʚʝʣʠʯʠʚʘʶʪ 

ʩʙʦʨ ʤʝʜʘ. 

ʅʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʦʝʢʪ ʧʨʝʜʩʪʘʚʠʣʘ ʢʦʤʘʥʜʘ çʋʣʝʡ 

Professionalè, ʢʦʪʦʨʘʷ ʦʩʥʘʩʪʠʣʘ ʩʚʦʠ ʫʣʴʠ ʨʘʟʣʠʯʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʠʨʫʝʪ 

ʧʦʜʦʛʨʝʚ, ʯʪʦʙʳ ʟʘʱʠʪʠʪʴ ʧʯʝʣ ʦʪ ʭʦʣʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʳʡ ʫʣʝʡ ʦʙʦʨʫʜʦʚʘʥ ʜʘʪʯʠʢʘʤʠ 

ʫʜʘʨʦʚ ʠ ʢʦʥʪʨʦʣʷ ʚʝʩʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʦʪʧʨʘʚʣʷʪʴ ʉʄʉ-ʫʚʝʜʦʤʣʝʥʠʷ ʦ ʚʘʞʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ. ʉʫʱʝʩʪʚʫʝʪ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʦʝʢʪʦʚ ʩ ʧʦʭʦʞʠʤʠ ʬʫʥʢʮʠʷʤʠ. ʅʘʧʨʠʤʝʨ, 

ʥʦʚʦʩʠʙʠʨʩʢʘʷ ʢʦʤʘʥʜʘ çSHiveè ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʫʣʴʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʘ 

ʘʚʩʪʨʘʣʠʡʩʢʠʡ ʢʦʥʮʝʧʪ çFlowè ʧʨʝʜʣʘʛʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʤʝʜʘ [6]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʘʰʢʦʨʪʦʩʪʘʥ ʧʨʦʭʦʜʷʪ ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʘ 

çʎʠʬʨʦʚʦʛʦ ʫʣʴʷè. ʕʪʦʪ ʧʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʜʦʙʳʚʘʝʤʦʛʦ ʤʝʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʣʫʯʠʣ ʧʦʜʜʝʨʞʢʫ ʦʪ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʌ ʠ ʉʦʶʟʘ ʧʯʝʣʦʚʦʜʦʚ ʈʦʩʩʠʠ. 
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ɺʚʠʜʫ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʜʘ, ʚ ʨʘʤʢʘʭ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʨʦʝʢʪʘ ʤʳ ʭʦʪʠʤ ʦʙʦʩʥʦʚʘʪʴ ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʦʥʮʝʧʪʘ çʋʤʥʦʛʦ ʫʣʴʷè, ʩʧʦʩʦʙʥʦʛʦ 

ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʜʦʙʳʚʘʝʤʦʛʦ ʤʝʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ ʠ 

ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ, ʩ ʧʦʤʦʱʴʶ ʚʥʝʜʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ. 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ çʫʤʥʦʛʦ ʫʣʴʷè, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʯʝʣ ʠ ʰʤʝʣʝʡ. ʕʪʦʪ çʫʤʥʳʡ ʫʣʝʡè 

ʦʩʥʘʱʝʥ ʜʘʪʯʠʢʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʠʟʤʝʨʷʪʴ ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʬʠʢʩʠʨʦʚʘʪʴ ʫʜʘʨʳ ʧʦ ʢʦʨʧʫʩʫ ʫʣʴʷ. ɺʩʝ ʩʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʚʝʙ-ʩʝʨʚʝʨ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PHP. 

ɺʝʙ-ʩʝʨʚʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʙ-ʩʪʨʘʥʠʮʫ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʠ ʜʦʣʞʥʳ 

ʧʨʦʡʪʠ ʘʚʪʦʨʠʟʘʮʠʶ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ ʘʚʪʦʨʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 

ʜʦʩʪʫʧʥʦʡ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʚʢʣʶʯʘʷ ʧʦʢʘʟʘʥʠʷ ʚʩʝʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʘʪʯʠʢʦʚ. ɼʘʥʥʳʝ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʫʧʨʘʚʣʷʝʤʦʡ ʩʠʩʪʝʤʦʡ MySQL. ʕʪʦ ʩʦʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʝʪʘʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʤʦʞʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʝʨʠʦʜʳ ʤʝʜʦʩʙʦʨʘ, 

ʦʮʝʥʠʚʘʪʴ ʟʜʦʨʦʚʴʝ ʧʯʝʣ ʠ ʰʤʝʣʝʡ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ, ʪʘʢʠʝ ʢʘʢ 

ʙʦʣʝʟʥʠ ʠʣʠ ʥʘʧʘʜʝʥʠʷ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ ʠ ʥʘʩʝʢʦʤʳʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʢʦʥʢʨʝʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʜʘʪʯʠʢʦʚ: 

1. ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ. ʋʩʪʘʥʦʚʢʘ ʥʝʩʢʦʣʴʢʠʭ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʯʘʣʦ ʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʤʝʡ, ʦʙʠʪʘʶʱʠʭ ʚ ʫʣʴʝ, ʠ ʠʭ ʫʨʦʚʝʥʴ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʯʝʣʳ, ʚʳʜʝʣʷʷ ʝʩʪʝʩʪʚʝʥʥʦʝ ʪʝʧʣʦ ʠ ʧʝʨʝʤʝʱʘʷ ʚʦʟʜʫʭ ʚʥʫʪʨʠ ʫʣʴʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʝʨʤʦʨʝʛʫʣʷʮʠʶ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʝʨʝʛʨʝʚ ʢʦʣʦʥʠʠ ʠ ʚʳʧʘʨʠʚʘʷ ʠʟ ʤʝʜʘ 

ʣʠʰʥʶʶ ʚʣʘʛʫ. ʅʘʨʫʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʥʘʣʠʯʠʝ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʣʦʥʠʠ, ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ ʟʘʤʦʨʦʟʢʠ. 

ʄʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʧʦʤʦʞʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʨʠʥʠʤʘʪʴ 

ʤʝʨʳ, ʥʘʧʨʠʤʝʨ, ʦʪʢʨʳʚʘʪʴ ʥʝʙʦʣʴʰʠʝ ʟʘʜʚʠʞʢʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʫʣʴʷ, ʚʢʣʶʯʘʪʴ ʫʜʘʣʝʥʥʫʶ 

ʢʘʤʝʨʫ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ ʜʣʷ ʦʪʧʫʛʠʚʘʥʠʷ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ ʠ ʪ.ʜ. 

2. ɼʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ. ʇʦʜʦʙʥʦ ʜʘʪʯʠʢʫ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʘʯʘʣʦ ʨʦʝʥʠʷ ʧʯʝʣ. ʆʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʠʟʙʳʪʢʝ ʠʣʠ ʥʝʭʚʘʪʢʝ 

ʚʣʘʛʠ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʝʜʘ. ʆʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʵʪʦʪ ʜʘʪʯʠʢ 

ʟʠʤʦʡ, ʢʦʛʜʘ ʧʯʝʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ. ɺ ʩʨʝʜʥʝʤ, ʟʘ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʧʦʝʜʘʷ ʤʝʜ, 

ʢʦʣʦʥʠʷ ʤʦʞʝʪ ʚʳʜʝʣʷʪʴ ʜʦ 10 ʣʠʪʨʦʚ ʚʣʘʛʠ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚ ʫʨʦʚʥʝ ʚʣʘʞʥʦʩʪʠ 

ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦʙʣʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʤʝʨʟʘʥʠʝ ʫʣʴʷ ʠ ʛʠʙʝʣʴ ʯʘʩʪʠ ʢʦʣʦʥʠʠ. 

ʃʝʪʦʤ ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʧʦʪʦʤʩʪʚʘ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʪʩʷ ʥʘ 

ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʣʦʥʠʠ. 

3. ɼʘʪʯʠʢ ʜʘʚʣʝʥʠʷ. ʀʟ-ʟʘ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʝʤʦʡ ʦʪʜʝʣʴʥʳʤʠ ʧʯʝʣʘʤʠ, ʚ 

ʫʣʴʝ ʬʦʨʤʠʨʫʝʪʩʷ ʜʘʚʣʝʥʠʝ, ʥʠʞʝ ʘʪʤʦʩʬʝʨʥʦʛʦ (ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 0,3 ʤʤ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ). 

ʆʪʢʣʦʥʝʥʠʷ ʦʪ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʘʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʘʪʯʠʢʘ, ʤʦʛʫʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʣʦʥʠʠ ʠʣʠ ʥʘ ʚʪʦʨʞʝʥʠʝ ʚ 

ʫʣʝʡ, ʥʘʧʨʠʤʝʨ, ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʥʘʩʝʢʦʤʳʭ ʠʣʠ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ. ʇʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʧʯʝʣ ʚʥʫʪʨʠ ʫʣʴʷ ʠʟʤʝʥʷʝʪ ʜʘʚʣʝʥʠʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʠʭ ʢʨʳʣʴʝʚ. 

4. ɼʘʪʯʠʢ ʚʝʩʘ. ʀʟʤʝʥʝʥʠʷ ʚ ʚʝʩʝ ʫʣʴʷ, ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ, ʪʘʢ ʠ ʫʚʝʣʠʯʝʥʠʷ, 

ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ. ʉʥʠʞʝʥʠʝ ʚʝʩʘ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʛʠʙʝʣʠ ʯʘʩʪʠ ʢʦʣʦʥʠʠ ʠʣʠ ʦ ʥʘʧʘʜʝʥʠʠ ʥʘ ʫʣʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʝ ʚʝʩʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʟʥʘʢʦʤ ʫʩʧʝʰʥʦʛʦ ʩʙʦʨʘ ʤʝʜʘ, ʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʦʩʪ 

ʢʦʣʦʥʠʠ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʜʦʩʙʦʨʘ. 

5. ɿʚʫʢʦʚʦʡ ʜʘʪʯʠʢ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʠʭ ʯʘʩʪʦʪʳ ʫ ʧʯʝʣ ʤʦʞʝʪ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʥʘʩʝʢʦʤʳʭ, ʥʘʣʠʯʠʠ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʥʘʯʘʣʝ ʨʦʝʥʠʷ ʠʣʠ ʚʥʝʰʥʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚʘʭ. 

6. ɺʥʝʰʥʠʝ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʠʢʨʦʢʣʠʤʘʪ ʚʥʫʪʨʠ ʫʣʴʷ, 
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ʦʩʦʙʝʥʥʦ ʧʨʠ ʫʭʫʜʰʝʥʠʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʤʦʞʥʦ ʜʠʩʪʘʥʮʠʦʥʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʦʙʦʛʨʝʚʘ ʫʣʴʷ. ɸʥʘʣʦʛʠʯʥʦ, 

ʝʩʣʠ ʚʣʘʞʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦ ʚʢʣʶʯʠʪʴ 

ʩʠʩʪʝʤʫ ʦʩʫʰʝʥʠʷ ʚʥʫʪʨʠ ʫʣʴʷ. 

7. ɼʘʪʯʠʢ ʫʜʘʨʦʚ. ʕʪʦʪ ʜʘʪʯʠʢ ʩʧʦʩʦʙʝʥ ʦʙʥʘʨʫʞʠʚʘʪʴ ʚʥʝʰʥʠʝ ʬʠʟʠʯʝʩʢʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʣʝʡ ʠ ʫʚʝʜʦʤʣʷʪʴ ʦ ʧʦʧʳʪʢʘʭ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠʣʠ ʥʘʧʘʜʝʥʠʷʭ ʩʦ ʩʪʦʨʦʥʳ 

ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ ʠʣʠ ʣʶʜʝʡ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦ ʩʪʦʨʦʥʳ ʜʠʢʠʭ 

ʞʠʚʦʪʥʳʭ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʤʦʛʫʪ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ, ʩʠʩʪʝʤʘ 

ʨʘʩʧʳʣʝʥʠʷ ʧʝʨʮʦʚʦʛʦ ʘʵʨʦʟʦʣʷ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʬʠʢʩʘʮʠʠ ʠ 

ʪʨʘʥʩʣʷʮʠʠ ʘʢʪʘ ʥʝʟʘʢʦʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʜʘʪʯʠʢʘʤ, ʢʦʥʩʪʨʫʢʮʠʷ ʵʪʦʛʦ çʫʤʥʦʛʦ ʫʣʴʷè 

ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʤʦʜʫʣʠ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʶ GSM [5], ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʯʝʨʝʟ ʨʝʪʨʘʥʩʣʷʪʦʨʳ ʠʣʠ ʩʧʫʪʥʠʢʦʚʫʶ ʩʚʷʟʴ. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʤʥʦʛʠʝ ʫʣʴʠ ʥʘʭʦʜʷʪʩʷ ʚ ʫʜʘʣʝʥʥʳʭ ʣʝʩʥʳʭ ʟʦʥʘʭ, ʚʜʘʣʠ ʦʪ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʦʧʝʨʘʪʦʨʦʚ 

ʩʚʷʟʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʥʩʪʨʫʢʮʠʠ çʋʤʥʦʛʦ ʫʣʴʷè ʠʛʨʘʝʪ ʚʥʝʰʥʠʡ ʢʦʨʧʫʩ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦ ʚʳʜʝʣʷʝʪʩʷ ʜʨʝʚʝʩʠʥʘ [7]. ʆʥʘ 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʜʨʝʚʝʩʠʥʘ ʭʦʨʦʰʦ 

ʧʨʦʧʫʩʢʘʝʪ ʚʦʟʜʫʭ. ɺʦ-ʚʪʦʨʳʭ, ʦʥʘ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʜʣʷ ʜʘʥʥʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. ɺ-ʪʨʝʪʴʠʭ, ʜʨʝʚʝʩʠʥʘ ʵʬʬʝʢʪʠʚʥʦ 

ʫʜʝʨʞʠʚʘʝʪ ʪʝʧʣʦ ʚʥʫʪʨʠ ʫʣʴʷ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʵʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʥʝ 

ʥʘʢʘʧʣʠʚʘʝʪ ʦʧʘʩʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʟʘʛʨʷʟʥʝʥʠʷ (ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ), ʯʪʦ ʪʘʢʞʝ ʚʘʞʥʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʯʠʩʪʦʪʳ ʤʝʜʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʨʝʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɺ-ʧʷʪʳʭ, ʜʨʝʚʝʩʠʥʘ ʩʧʦʩʦʙʥʘ ʚʧʠʪʳʚʘʪʴ ʠʟʙʳʪʦʯʥʫʶ 

ʚʣʘʛʫ ʠ ʢʦʥʜʝʥʩʘʪ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʚʥʫʪʨʠ 

ʫʣʴʷ. ɺ-ʰʝʩʪʳʭ, ʫʣʝʡ ʠʟ ʜʨʝʚʝʩʠʥʳ ʧʨʦʱʝ ʨʝʤʦʥʪʠʨʦʚʘʪʴ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʫʧʥʦʩʪʠ ʵʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʝʨʝʚʷʥʥʦʛʦ ʢʦʨʧʫʩʘ, ʝʛʦ ʤʦʞʥʦ ʣʝʛʢʦ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʩʥʘʨʫʞʠ, ʯʪʦʙʳ ʟʘʱʠʪʠʪʴ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʣʘʛʠ ʠ ʭʦʣʦʜʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ʜʘʪʯʠʢʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʫʣʴʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʥʘ ʧʣʘʪʬʦʨʤʝ çRaspberry Piè ʠʣʠ çArduinoè. ʕʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ ʫʜʦʙʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʛʠʙʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ 

ʥʘʩʪʨʦʡʢʠ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧʥʦʡ ʮʝʥʦʡ.  

ɼʣʷ ʤʝʪʘʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʜʘʪʯʠʢʦʚ, ʥʘ ʩʝʨʚʝʨʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʩʣʝʞʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ 

ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚʳʷʚʣʷʶʪ ʢʦʨʨʝʣʷʮʠʠ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ 

ʦʧʝʨʘʪʠʚʥʦ ʫʚʝʜʦʤʣʷʪʴ ʦ ʥʘʣʠʯʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʣʝʤ ʢʘʢ ʚʥʫʪʨʠ, ʪʘʢ ʠ ʩʥʘʨʫʞʠ ʫʣʴʷ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʦʙʫʯʝʥʠʷ ʪʘʢʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʠʪ ʚ ʙʫʜʫʱʝʤ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʢʘʞʜʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ. ɹʦʣʝʝ ʰʠʨʦʢʠʡ ʘʥʘʣʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʘʩʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʦʩʪʘʚʠʪʴ ʢʘʨʪʫ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʤʝʩʪ ʜʣʷ ʤʝʜʦʩʙʦʨʘ ʠ ʨʘʟʤʝʱʝʥʠʷ ʥʦʚʳʭ ʢʦʣʦʥʠʡ. ʂʨʦʤʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ çʫʤʥʦʛʦ ʫʣʴʷè, ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʥʘʫʯʥʦʛʦ ʠʥʪʝʨʝʩʘ 

ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʧʦʨʦʜʳ ʧʯʝʣ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ [9]. ʕʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʩʪʠʤʫʣʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʥʘʫʢʠ ʚ ɼʘʣʴʥʝʤ 

ɺʦʩʪʦʢʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʝʢʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʵʪʘʧʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʘʥʘʣʠʟʫ ʧʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʧʯʝʣ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʆʮʝʥʢʘ ʚʝʨʦʷʪʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʥʘ 

ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʪʦʪʠʧʘ ʝʱʝ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʇʨʠ ʩʘʤʳʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ 
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ʩʪʦʠʤʦʩʪʴ ʜʘʥʥʦʛʦ çʫʤʥʦʛʦ ʫʣʴʷè ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʢʦʣʦ 5-7 ʪʳʩʷʯ ʨʫʙʣʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʜʦʩʪʫʧʥʳʤ ʢʘʢ ʜʣʷ ʦʙʳʯʥʳʭ ʛʨʘʞʜʘʥ, ʪʘʢ ʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ çʫʤʥʦʛʦ 

ʫʣʴʷè, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʦʚʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʯʝʣʦʚʦʜʩʪʚʘ. 

ʕʪʦʪ ʧʨʦʝʢʪ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʯʝʣʦʚʦʜʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʘʩʝʢ, ʥʦ ʠ ʟʘʙʦʪʠʪʴʩʷ ʦ ʟʜʦʨʦʚʴʝ ʧʯʝʣ. ɺ ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʤʳ ʥʘʤʝʨʝʥʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʥʘʰʫ ʥʝʡʨʦʩʝʪʝʚʫʶ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʩ ʜʘʪʯʠʢʦʚ ʠ ʩʦʟʜʘʪʴ ʧʦʣʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʧʨʦʪʦʪʠʧ çʫʤʥʦʛʦ ʫʣʴʷè. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʥʘʤ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʷʚʠʪʴ ʝʝ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʘ ʪʘʢʞʝ ʘʜʘʧʪʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʦʜ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʜʝʨʞʘʥʠʷ ʧʯʝʣ. 
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ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʥʘʛʨʫʟʢʠ ʚ ʩʝʪʠ ʥʘ 

ʟʥʘʯʝʥʠʝ ʟʘʜʝʨʞʢʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ, ʚʢʣʶʯʘʶʱʠʡ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʠʟʢʫʶ ʟʘʜʝʨʞʢʫ ʚʨʝʤʝʥʠ ʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʝʣʠʯʠʥʳ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʩʝʪʴ, ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 
 

STUDY OF NETWORK TRAFFIC DELAY TIME IN A C ORPORATE NETWORK  
 

Kuznetsova E.E., Sholdysheva V.D., Istratova E.E. 
FSBEI HE "NSTU", Novosibirsk 

 

The article presents the results of a study of the influence of time of day and network load on the value of 

network traffic delay. In the course of the work, measures were proposed to ensure full control of the 

quality of communication in a corporate network, including the lowest possible delay time and high 

performance without an additional increase in bandwidth and the size of the communication channel. 

Keywords: corporate network, network traffic, delay time, bandwidth. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ, ʥʘʯʠʥʘʶʪ ʧʦʚʳʰʘʪʴʩʷ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʤʫ ʠ ʢʘʯʝʩʪʚʫ ʪʨʘʥʩʧʦʨʪʘ ʜʘʥʥʳʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʝʪʝʚʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʩʯʝʪ ʠ ʦʮʝʥʢʫ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ 

ʩʚʷʟʠ ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʥʘʛʨʫʟʢʠ [1,2]. ʆʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʱʠʭ 

ʥʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ, ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ʊʘʢ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʠ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ [3]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʜʘʞʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʩʝʢʫʥʜ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʘʫʜʠʦ ʠ ʚʠʜʝʦ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʢ ʦʰʠʙʢʘʤ ʚ ʨʘʙʦʪʝ ʧʨʠʣʦʞʝʥʠʡ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ [4]. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʥʘʛʨʫʟʢʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʩʝʪʴ ʢʘʬʝʜʨʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʚ ʩʝʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

1. ɿʘʜʝʨʞʢʘ ʩʝʨʠʘʣʠʟʘʮʠʠ. 

2. ɿʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

3. ɿʘʜʝʨʞʢʘ ʧʝʨʝʛʨʫʟʢʠ. 

4. ɿʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʜʘʥʥʳʝ ʪʝʨʤʠʥʳ. 

- ɿʘʜʝʨʞʢʘ ʩʝʨʠʘʣʠʟʘʮʠʠ ï ʵʪʦ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʯʝʨʝʟ ʧʦʨʪ. 

- ɿʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï ʵʪʦ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʢʘʞʜʳʡ ʙʠʪ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʝʶ ʧʨʠʝʤʥʠʢʘ. 

- ɿʘʜʝʨʞʢʘ ʧʝʨʝʛʨʫʟʢʠ ï ʵʪʦ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʦʚʪʦʨʥʫʶ ʧʝʨʝʩʳʣʢʫ ʧʘʢʝʪʦʚ 

ʜʘʥʥʳʭ. 

- ɿʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ï ʵʪʦ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʩʝʪʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ, 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ. 

ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʪʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʟʥʳʝ ʚʠʜʳ 

ʪʨʘʬʠʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʘʞʥʳʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʪʨʘʬʠʢʘ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʫʛ, ʪʘʢʠʭ ʢʘʢ: 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ, ʚʳʜʝʣʝʥʠʝ ʯʘʩʪʠ ʢʘʥʘʣʘ ʜʣʷ ʨʘʙʦʪʳ ʢʨʠʪʠʯʝʩʢʠʭ ʙʠʟʥʝʩ-ʧʨʠʣʦʞʝʥʠʡ [5-

7]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʚʢʣʶʯʘʣʦ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ. ʇʨʝʞʜʝ 

ʚʩʝʛʦ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʩʷ ʟʘʭʚʘʪ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ 

ʯʝʨʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʩʪʨʦʝʥʥʦʝ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʩʝʪʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ 

ʘʥʘʣʠʟʘ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ [8]. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʚʩʝʭ ʧʘʢʝʪʦʚ ʚ ʚʠʜʝ ʩʝʪʝʚʳʭ 

ʧʦʪʦʢʦʚ, ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

- ʧʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ; 

- IP-ʘʜʨʝʩʘ ʦʪʧʨʘʚʠʪʝʣʷ ʧʘʢʝʪʦʚ; 

- IP-ʘʜʨʝʩʘ ʧʦʣʫʯʘʪʝʣʷ ʧʘʢʝʪʦʚ; 

- ʥʦʤʝʨʘ ʧʦʨʪʦʚ ʦʪʧʨʘʚʠʪʝʣʷ ʧʘʢʝʪʦʚ; 

- ʥʦʤʝʨʘ ʧʦʨʪʦʚ ʧʦʣʫʯʘʪʝʣʷ ʧʘʢʝʪʦʚ; 

- ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʯʝʪʯʠʢʦʚ, ʘʥʘʣʠʟʠʨʫʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʟʘʚʝʨʰʝʥʠʷ ʩʝʪʝʚʳʭ ʧʦʪʦʢʦʚ, ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ 
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ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʘʢʝʪʦʚ ʠ ʠʭ ʦʙʲʝʤʦʚ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʙʨʘʥʥʳʭ ʩʝʪʝʚʳʭ ʧʦʪʦʢʦʚ ʩ ʠʭ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʢʦʥʢʨʝʪʥʳʭ ʩʝʪʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʨʦʪʦʢʦʣʦʚ ʧʨʠʢʣʘʜʥʦʛʦ 

ʫʨʦʚʥʷ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʟʘʪʨʫʜʥʝʥʠʝʤ ʧʨʠ ʘʥʘʣʠʟʝ ʩʝʪʝʚʳʭ ʧʦʪʦʢʦʚ ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʝʪʩʷ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʜʥʠ ʠ ʪʝ ʞʝ ʜʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʝʨʝʜʘʯʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʜʚʝʨʛʥʫʪʳ ʨʘʟʣʠʯʥʳʤ ʤʝʪʦʜʘʤ ʠ ʘʣʛʦʨʠʪʤʘʤ ʩʞʘʪʠʷ ʠ ʰʠʬʨʦʚʘʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʦʚ ʢʦʜʠʨʦʚʢʠ ʚ ʩʝʪʠ. 

ɼʘʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʝʨʝʭʚʘʪʘ ʧʘʢʝʪʦʚ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʩʝʨʚʝʨʘ ʙʘʟʳ ʜʘʥʥʳʭ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʡ ʫʪʠʣʠʪʳ tcpdump. ʇʨʠ ʵʪʦʤ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ 

ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʪ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʩʨʝʟ ʙʳʣ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʢʘʢ ʪʨʘʬʠʢ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʷʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʪʨʘʬʠʢʘ ʠ 

ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʥʘʣʘʭ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʝʨʝʜʘʯʫ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ʇʨʠʯʝʤ ʦʙʲʝʤʳ ʩʫʤʤʘʨʥʦʛʦ 

ʚʥʝʰʥʝʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʫʪʦʯʥʦʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʣʠʰʢʦʤ ʤʘʣʳ 

ʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʙʱʠʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʝʪʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʜʚʘ ʧʝʨʠʦʜʘ: ʩ 10.00 ʜʦ 12.00 ʠ ʩ 15.30 ʜʦ 17.00, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʦ-ʚʠʜʠʤʦʤʫ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʜʥʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ. 

ʊʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʥʘʛʨʫʟʢʫ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʚ ʚʝʣʠʯʠʥʫ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʠ 

ʫʚʝʣʠʯʠʚ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ: 

1. ʆʨʛʘʥʠʟʘʮʠʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ. 

2. ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʫʨʦʚʥʠ ʜʦʩʪʫʧʘ ʚʥʫʪʨʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ. 

3. ʇʦʜʢʣʶʯʝʥʠʝ ʩʝʨʚʠʩʘ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. 

4. ɺʥʝʜʨʝʥʠʝ ʧʦʣʠʪʠʢʠ ʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʩʭʝʤʘʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʜʘʥʥʦʡ ʩʝʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʣʥʦʮʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ, ʚʢʣʶʯʘʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʦ 

ʥʠʟʢʫʶ ʟʘʜʝʨʞʢʫ ʚʨʝʤʝʥʠ ʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʝʣʠʯʠʥʳ ʢʘʥʘʣʘ ʩʚʷʟʠ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɻʫʙʝʥʢʦʚ ɸ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʩʝʪʝʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ / ɸ.ɸ. ɻʫʙʝʥʢʦʚ // ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʛʠʦʥʦʚ. ï 2020. - ˉ 1. ï ʉ. 17-22. 

2. ʂʘʟʴʤʠʥʘ ʀ.ɺ. ʆʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʦʙʲʝʢʪʘʤʠ ʦʯʝʥʴ ʤʘʣʝʥʴʢʦʛʦ ʨʘʟʤʝʨʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʥʜʠʨʫʶʱʠʡ ʠ ʦʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣʳ, ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʤʘʣʦʨʘʟʤʝʨʥʳʝ ʚʦʟʜʫʰʥʳʝ ʦʙʲʝʢʪʳ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ. 
 

FEATURES OF FUNCTIONING OF RECOGNITION SYSTEMS  

FOR SMALL SIZES OF DETECTED OBJECTS  
 

Latko V.V., Nadtochiy V.N. 
VUNTS Air Force "VVA them. NOT.  Zhukovsky and Yu.A. Gagarin", Voronezh 

The article examines the features of the functioning of recognition systems when working with very small 

objects, and also conducts a study of the informative characteristics of unmanned aerial vehicles of 

different types based on a mathematical model. 

Keywords:  informative characteristics,  probing and reflected signals, recognition, small-sized air 

objects. 
 

ʄʘʣʦʨʘʟʤʝʨʥʳʝ ʚʦʟʜʫʰʥʳʝ ʦʙʲʝʢʪʳ ʪʠʧʘ ʫʧʨʘʚʣʷʝʤʳʭ ʨʘʢʝʪ, ʘʚʠʘʮʠʦʥʥʳʭ ʙʦʤʙ, 

ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʙʘʟʠʨʦʚʘʥʠʷ ʧʨʦʪʠʚʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʨʘʢʝʪ ʠ ʜʨ. ʫʞʝ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʜʦʩʪʘʚʣʷʶʪ ʤʥʦʞʝʩʪʚʦ ʪʨʫʜʥʦʩʪʝʡ ʩʠʩʪʝʤʘʤ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ 

ʦʙʦʨʦʥʳ ʩʚʦʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʣʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʵʪʦ ʠʭ ʤʘʣʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʝʠʚʘʥʠʷ, ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ 

ʜʚʠʞʝʥʠʷ, ʩʦʚʝʨʰʝʥʠʝ ʩʢʨʳʪʥʳʭ ʧʦʣʝʪʦʚ ʥʘ ʤʘʣʳʭ ʠ ʧʨʝʜʝʣʴʥʦ ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʠ ʪ. ʧ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʦʨʫʞʸʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʟʘʨʫʙʝʞʥʳʝ ʩʪʨʘʥʳ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʣʦʨʘʟʤʝʨʥʳʭ 

ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ɹʇʃɸ ʧʝʨʝʜ ʧʠʣʦʪʠʨʫʝʤʳʤʠ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ: 

- ʦʪʩʫʪʩʪʚʠʝ ʵʢʠʧʘʞʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʙʦʝʚʳʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʨʠʩʢʘ ʜʣʷ 

ʞʠʟʥʠ ʣʝʪʯʠʢʦʚ; 

- ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʠʣʦʪʠʨʫʝʤʳʤʠ ʘʧʧʘʨʘʪʘʤʠ; 

- ʤʝʥʴʰʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʤʦʙʠʣʴʥʦʩʪʴ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ɹʇʃɸ ʩʘʤʦʣʸʪʥʦʛʦ ʠ ʚʝʨʪʦʣʸʪʥʦʛʦ 

ʪʠʧʦʚ. ʇʨʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʧʣʘʚʳ, ʘ 

ʪʘʢʞʝ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʦʝʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɹʇʃɸ ʦʩʥʘʱʘʶʪ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʙʦʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʚʠʛʘʮʠʠ ʠ 

ʩʚʷʟʠ. 

ɺ ʭʦʜʝ ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʚ ʅʘʛʦʨʥʦʤ ʂʘʨʘʙʘʭʝ, ʉʠʨʠʠ, ʃʠʚʠʠ ɹʇʃɸ 

ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠ ʫʜʘʨʥʳʝ ʠ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʝ ʟʘʜʘʯʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺʦʟʜʝʡʩʪʚʠʝ ʧʦʤʝʭ ʫʤʝʥʴʰʘʝʪ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ɹʇʃɸ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʝʡ ʟʝʥʠʪʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɿʈʂ) ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ 

ʦʙʦʨʦʥʳ, ʪʘʢ ʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʮʝʣʝʫʢʘʟʘʥʠʷ ʟʝʥʠʪʥʳʤ 

ʫʧʨʘʚʣʷʝʤʳʤ ʨʘʢʝʪʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʦʥʘ ʧʦʨʘʞʝʥʠʷ ɿʈʂ ʩʨʝʜʩʪʚʘʤʠ, ʨʘʟʤʝʱʝʥʥʳʤʠ ʥʘ 

ɹʇʃɸ, ʩʪʘʥʦʚʠʪʩʷ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʨʘʟʤʝʨʘʤʠ ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ ʨʘʢʝʪʘʤʠ ɿʈʂ [1]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʚʥʷʷ ʟʘʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʝʡʩʪʚʝʥʥʦʡ 

ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʤʥʦʞʝʩʪʚʫ ʤʘʣʳʭ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʧʳʪ ʙʦʝʚʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚʦʡʩʢ ʚ ʥʳʥʝʰʥʠʭ ʣʦʢʘʣʴʥʳʭ ʢʦʥʬʣʠʢʪʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʘʢʪʠʚʥʘʷ 

ʙʦʨʴʙʘ ʩ ʙʝʩʧʠʣʦʪʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʘʡʥʝ ʩʣʦʞʥʫʶ ʠ 

ʪʨʫʜʦʝʤʢʫʶ ʟʘʜʘʯʫ. 

ɸʢʪʫʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʨʪʦʚʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʮʝʣʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʪʨʘʞʸʥʥʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʦʪ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʩʨʝʜʩʪʚ 

ʚʦʟʜʫʰʥʦʛʦ ʥʘʧʘʜʝʥʠʷ. ɺʘʞʥʦ ʢʦʨʨʝʢʪʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʦʪʨʘʞʸʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ, ʧʦʩʢʦʣʴʢʫ ʤʝʞʜʫ ʥʠʤʠ 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʵʪʠʭ ʨʝʞʠʤʦʚ ʩʣʝʜʫʝʪ ʟʘʤʝʥʷʪʴ ʨʝʘʣʴʥʳʝ ʩʠʛʥʘʣʳ 

ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʦʪʨʘʞʸʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʩʚʦʡʩʪʚ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʳʜʝʣʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʩʪʦʚʝʨʥʳʝ ʠ 

ʫʩʪʦʡʯʠʚʳʝ ʧʨʠʟʥʘʢʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʠʧʦʚ ʩʨʝʜʩʪʚ ʚʦʟʜʫʰʥʦʛʦ ʥʘʧʘʜʝʥʠʷ. ɺ 

ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʜʚʠʛʘʪʝʣʷ, ʫʛʦʣ ʦʙʟʦʨʘ ʮʝʣʠ ʠ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʪʦʨʠʯʥʦʡ ʤʦʜʫʣʷʮʠʠ; ʢʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʡ, ʧʦ ʢʦʪʦʨʳʤ 

ʜʦʩʪʫʧʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʫʩʣʦʚʠʷ ʠʭ ʥʘʙʣʶʜʝʥʠʷ [2]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɹʇʃɸ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ [3].  

ʀʥʬʦʨʤʘʮʠʷ ʦ ʥʘʙʣʶʜʘʝʤʦʤ ʦʙʲʝʢʪʝ ʩ ʧʦʤʦʱʴʶ ʈʃʉ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʨʘʤʝʪʨʘʭ 

ʦʪʨʘʞʝʥʥʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʜʦʧʣʝʨʦʚʩʢʠʡ ʧʦʨʪʨʝʪ ʵʪʦʛʦ ʦʙʲʝʢʪʘ. ʆʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣʘ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʧʘʩʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ, ʚʨʘʱʘʶʱʠʝʩʷ ʵʣʝʤʝʥʪʳ ʨʘʟʨʝʰʘʶʪʩʷ ʧʦ 

ʯʘʩʪʦʪʝ, ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʢʦʤʧʦʥʝʥʪ ʚʪʦʨʠʯʥʦʡ ʤʦʜʫʣʷʮʠʠ. ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩʠʛʥʘʣ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʣʦʧʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʦʪʨʘʞʝʥʠʡ ʦʪ ʦʩʠ ʨʦʪʦʨʘ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ɋ ʠ ʯʠʩʣʘ 

ʣʦʧʘʩʪʝʡ N. ɿʦʥʜʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʈʃʉ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʦʪʨʘʞʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʈʃʉ ʠ ʤʝʞʜʫ 

ʨʦʪʦʨʦʤ ʠ ʣʦʧʘʩʪʷʤʠ 

ʇʨʠ ʨʘʩʯʝʪʝ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʥʘ ɹʇʃɸ-1 N1=3 ʣʦʧʘʩʪʠ, ʜʣʠʥʥʦʡ L1= 0,56 ʤ, ʨʘʜʠʫʩ 

ʨʦʪʦʨʘ R1=1,734 ʤ; ɹʇʃɸ-2 ʥʘ N2=3 ʣʦʧʘʩʪʠ, ʜʣʠʥʥʦʡ L2=0,7 ʤ, ʨʘʜʠʫʩ ʨʦʪʦʨʘ R2=1,9 ʤ. 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ɋ=93 ɻʮ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ 

ʦʙʣʫʯʝʥʠʷ ʦʙʲʝʢʪʘ ɚ=0,03 ʤ ʠ ɚ=0,1 ʤ 
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ʈʠʩʫʥʦʢ 1 ï ɺʠʜ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʣʦʧʘʩʪʠ 

ɹʇʃɸ-1,-2 ʧʨʠ ʫʯʝʪʝ ʫʛʣʘ ʦʙʣʫʯʝʥʠʷ ɔ=15Á 
 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʠʜ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʣʦʧʘʩʪʠ 

ɹʇʃɸ-1,-2 ʧʨʠ ʫʯʝʪʝ ʫʛʣʘ ʦʙʣʫʯʝʥʠʷ ɔ=85Á 
 

ʅʘ ʨʠʩʫʥʢʝ 1, 2 ʚʠʜʥʦ, ʯʪʦ ʩʠʛʥʘʣʳ, ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʣʦʧʘʩʪʝʡ ɹʇʃɸ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï ʦʪʨʘʞʝʥʠʝ ʦʪ ʧʝʨʚʦʡ ʣʦʧʘʩʪʠ ɹʇʃɸ-1, ʩʠʥʷʷ ʣʠʥʠʷ ï 

ʦʪʨʘʞʝʥʠʝ ʦʪ ʚʪʦʨʦʡ ʣʦʧʘʩʪʠ ɹʇʃɸ-1; ʛʦʣʫʙʘʷ ʣʠʥʠʷ ï ʦʪʨʘʞʝʥʠʝ ʦʪ ʧʝʨʚʦʡ ʣʦʧʘʩʪʠ ɹʇʃɸ-

2, ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï ʦʪʨʘʞʝʥʠʝ ʦʪ ʚʪʦʨʦʡ ʣʦʧʘʩʪʠ ɹʇʃɸ-2). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʘʟʤʝʨʳ 

ʵʣʝʤʝʥʪʦʚ ʦʜʠʥʘʢʦʚʳ, ʘ ʣʦʧʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɸʥʘʣʠʟ 

ʠʟʦʙʨʘʞʝʥʠʡ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʬʦʨʤʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʨʦʮʝʩʩʝ 

çʧʫʣʴʩʘʮʠʠè ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʆʜʥʘʢʦ ʥʘ ʨʠʩʫʥʢʝ 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʛʣʘʞʠʚʘʥʠʝ ʦʛʠʙʘʶʱʝʡ, ʠ ʛʨʘʬʠʢ ʚ ʬʦʨʤʘʪʝ sinc ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ çʧʫʣʴʩʘʮʠʠè ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʦʧʘʩʪʝʡ, 

ʠʭ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʜʣʠʥʳ ʦʙʣʫʯʘʶʱʝʡ ʚʦʣʥʳ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ. 
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ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʠʛʥʘʣʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʣʦʚʳʭ ʧʦʣʦʞʝʥʠʷʭ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʠ ʚʣʠʷʥʠʷ ʤʦʜʫʣʷʮʠʠ 

ʘʤʧʣʠʪʫʜʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʪʦʨʠʯʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ ʠʭ ʯʘʩʪʦʪʳ (ʬʘʟʳ) ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʠʪʦʛʝ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʠʧʘ ɹʇʃɸ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʠʭ ʧʦʨʘʞʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɸʢʦʧʷʥ ʀ.ɻ. ʆʧʳʪ ʙʦʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʛʨʫʧʧ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʘʭ ʚ 

ʉʠʨʠʠ, ʃʠʚʠʠ ʠ ʅʘʛʦʨʥʦʤ ʂʘʨʘʙʘʭʝ // ʈʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï 2021. -  ̄  3 (30). ï  ʉ. 62ï68. 

2. ʐʠʨʤʘʥ ʗ.ɼ. ʠ ʜʨ. ʄʝʪʦʜʳ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝ / ʗ.ɼ. ʐʠʨʤʘʥ, ʉ.ɸ. 

ɻʦʨʰʢʦʚ, ʉ.ʇ. ʃʝʱʝʥʢʦ, ɻ.ɼ. ɹʨʘʪʯʝʥʢʦ, ɺ.ʄ. ʆʨʣʝʥʢʦ // ʈʘʜʠʦʪʝʭʥʠʢʘ. ï 2000. - ˉ2. ï ʉ. 5-65. 

3. ʅʘʜʪʦʯʠʡ ɺ.ʅ., ʊʨʫʱʠʥʩʢʠʡ ɸ.ʖ., ʌʨʦʣʦʚ ɸ.ʖ., ɸʚʨʘʤʦʚ ɸ.ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʧʝʢʪʨʘʣʴʥʦ-
ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʚʦʟʜʫʰʥʦʡ ʮʝʣʠ ʩ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ // 

ʈʘʜʠʦʪʝʭʥʠʢʘ. ï 2017. - ̄ 12. ï ʉ. 39-43. 
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FEATURES OF IRON ORE CONCENTRATE DRYING  
 

Leskova E.M., Beredukh E.A. 
FSBEI HE "PSU named after. Sholom Aleichem", Birobidzhan 

 

The drying process. The main methods of drying iron ore concentrate are considered. Drying plants. 

Drying of iron ore concentrate. 

Keywords: iron ore concentrate, drying, drying plants, process efficiency. 
 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʷʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ (ʧʨʦʮʝʩʩʦʚ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʝʨʘʣʦʚ. ʇʨʦʮʝʩʩʳ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ ʜʝʣʷʪʩʷ ʥʘ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ (ʨʫʜʦʧʦʜʛʦʪʦʚʢʘ), ʦʩʥʦʚʥʳʝ (ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩʳ ʨʘʟʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ) 

ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ .  

ʆʧʝʨʘʮʠʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ï ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʧʨʦʭʦʜʠʪ ʦʙʦʛʘʱʝʥʠʝ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʨʠʯʝʤ ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ  ʨʫʜʥʦʛʦ 

ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ. 

ɺʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʦʙʚʦʜʥʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʫʜʘʣʝʥʠʝ ʠʟ 

ʥʠʭ ʠʟʙʳʪʦʯʥʦʡ ʚʣʘʛʠ (ʦʙʝʟʚʦʞʠʚʘʥʠʷ) ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʠ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʨʝʛʣʘʤʝʥʪʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. ʆʙʝʟʚʦʞʠʚʘʥʠʝ ʠ ʩʫʰʢʘ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʪʥʦʩʷʪʩʷ ʢ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɾʝʣʝʟʦʨʫʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ï ʵʪʦ ʧʨʦʜʫʢʪ ʧʝʨʝʨʘʙʦʪʢʠ ʞʝʣʝʟʥʦʡ ʨʫʜʳ, ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʯʫʛʫʥʘ ʠ ʩʪʘʣʠ. ɽʛʦ ʧʦʣʫʯʘʶʪ ʦʙʦʛʘʱʝʥʠʝʤ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ 

ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʪʘʢʠʭ ʢʘʢ ʢʚʘʨʮ, ʛʣʠʥʘ, ʩʣʶʜʘ, ʩʝʨʘ, ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ. ɿʘʚʝʨʰʘʶʱʠʤ 

ʧʨʦʮʝʩʩʦʤ ʦʙʦʛʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʠʩʧʘʨʝʥʠʝʤ ʯʝʨʝʟ ʧʝʨʝʜʘʯʫ 

ʪʝʧʣʘ ʦʪ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʩʫʰʢʘ ʢʦʥʮʝʥʪʨʘʪʘ). 

. 
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ʅʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʚʷʱʝʥʠʷ ʚʦʧʨʦʩʦʚ ʩʫʰʢʠ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʝʜʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʫʯʝʙʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ, ʥʘ ʩʘʡʪʘʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ. 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʫʰʢʠ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʧʨʠʤʝʥʷʝʤʦʤ 

ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚ ʠʩʪʦʯʥʠʢʘʭ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʫʰʢʠ ʫʛʣʝʡ ʠ ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ 

ʵʪʦʤ ʫʩʪʘʥʦʚʢʠ, ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʩʫʰʢʝ ʢʦʥʮʝʥʪʨʘʪʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ 

ʢʨʘʡʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʪʝʨʤʠʥʳ, ʧʨʦʮʝʩʩʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ 

ʦʙʦʛʘʱʝʥʠʠ ʨʫʜ. 

ʇʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ï ʧʨʠʨʦʜʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩ 

ʜʦʩʪʘʪʦʯʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʪʨʘʩʣʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʜʝʣʷʪʩʷ ʥʘ 

ʪʚʝʨʜʳʝ (ʨʫʜʳ, ʥʝʨʫʜʥʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʫʛʣʠ), ʞʠʜʢʠʝ (ʥʝʬʪʴ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ) ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʝ (ʧʨʠʨʦʜʥʳʡ ʛʦʨʶʯʠʡ ʛʘʟ).  

ʈʫʜʳ ï ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʤʠʥʝʨʘʣʳ) ʚ 

ʢʦʣʠʯʝʩʪʚʝ, ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʝʭʥʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʦʡ.  

ʄʠʥʝʨʘʣʳ ï ʧʨʠʨʦʜʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʠ 

ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʝʤʥʦʡ 

ʢʦʨʝ.  

ʂ ʨʫʜʘʤ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ ʦʪʥʦʩʷʪʩʷ: ʞʝʣʝʟʦ, ʤʘʨʛʘʥʝʮ, ʭʨʦʤ, ʪʠʪʘʥ, ʥʠʢʝʣʴ, ʢʦʙʘʣʴʪ). 

ʈʫʜʳ ʧʦʜʣʝʞʘʪ ʦʙʦʛʘʱʝʥʠʶ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʮʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ - 

ʞʝʣʝʟʘ ʤʘʛʥʠʪʥʦʛʦ (ʩ 32-33% ʚ ʜʨʦʙʣʝʥʦʡ ʨʫʜʝ ʜʦ 65% ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʥʘ ʆʆʆ çʂʉ ɻʆʂè).  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝʥʠʷ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ (ʤʠʥʝʨʘʣʳ), ʩʣʘʛʘʶʱʠʝ ʨʫʜʫ, 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʫʩʪʫʶ ʧʦʨʦʜʫ ʠ 

ʚʨʝʜʥʳʝ ʧʨʠʤʝʩʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʦʛʘʱʝʥʠʷ ʩʦʩʪʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʫʜʳ ʚʳʜʝʣʷʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʝ 

ʧʨʦʜʫʢʪʳ: ʢʦʥʮʝʥʪʨʘʪʳ (ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ) ʠ ʭʚʦʩʪʳ.  

ʂʦʥʮʝʥʪʨʘʪʳ ï ʤʠʥʝʨʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʝʟʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʦʩʨʝʜʦʪʦʯʝʥ 

ʚ ʢʦʣʠʯʝʩʪʚʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ɻʆʉʊʘʤ, ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠʣʠ ʩʪʘʥʜʘʨʪʘʤ ʦʪʨʘʩʣʠ. 

ʇʦʥʷʪʠʝ çʢʦʥʮʝʥʪʨʘʪè ʠʩʧʦʣʴʟʫʶʪ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ ʢʘʢ: ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʧʠʱʝʚʘʷ 

ʧʨʦʤrhʣʝʥʥʦʩʪʴ, ʤʝʪʘʣʣʫʨʛʠʷ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʣʘʢʦʢʨʘʩʦʯʥʘʷ, ʭʠʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʛʦʨʥʘʷ ʦʪʨʘʩʣʴ ʠ ʜʨʫʛʠʝ. ʊʝʨʤʠʥ çʢʦʥʮʝʥʪʨʘʪè ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ. ɺ ʤʝʪʘʣʣʫʨʛʠʠ ʨʘʟʣʠʯʘʶʪ 

ʨʫʜʥʳʡ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʡ, ʤʝʜʥʳʡ, ʞʝʣʝʟʦʨʫʜʥʳʡ, ʫʛʦʣʴʥʳʡ, ʮʠʥʢʦʚʳʡ, ʤʘʨʛʘʥʮʝʚʳʡ, 

ʩʚʠʥʮʦʚʳʡ ʠ ʜʨʫʛʠʝ ʢʦʥʮʝʥʪʨʘʪʳ. ʊʘʢʠʝ ʢʦʥʮʝʥʪʨʘʪʳ ʧʨʦʭʦʜʷʪ ʩʫʰʢʫ ʚ ʧʨʷʤʦʪʦʯʥʦʡ 

ʙʘʨʘʙʘʥʥʦʡ ʩʫʰʠʣʢʝ ʩ ʧʨʷʤʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ ï ʚʨʘʱʘʶʱʝʤʩʷ ʙʘʨʘʙʘʥʝ, ʢʦʪʦʨʳʡ ʥʝʤʥʦʛʦ 

ʥʘʢʣʦʥʝʥ ʚ ʩʪʦʨʦʥʫ ʨʘʟʛʨʫʟʢʠ.  

ʍʚʦʩʪʳ ï ʤʠʥʝʨʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ, ʚ ʢʦʪʦʨʳʭ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʧʫʩʪʘʷ ʧʦʨʦʜʘ, 

ʚʨʝʜʥʳʝ ʧʨʠʤʝʩʠ ʠ ʦʩʪʘʪʦʯʥʘʷ (ʥʝʠʟʚʣʝʯʝʥʥʘʷ) ʯʘʩʪʴ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ , ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʠ ʠʟʚʣʝʯʝʥʠʝ ʧʦʣʝʟʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ .  

ɺʳʭʦʜ  ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ: ʢʦʥʮʝʥʪʨʘʪʘ , ʧʨʦʤʧʨʦʜʫʢʪʘ , 

ʭʚʦʩʪʦʚ , ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʫʜʳ, ʧʨʠʥʷʪʦʛʦ ʟʘ 100%.  

ʀʟʚʣʝʯʝʥʠʝ  ï ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʜʘʥʥʦʤ ʧʨʦʜʫʢʪʝ (ʦʙʳʯʥʦ ʚ ʢʦʥʮʝʥʪʨʘʪʝ) ʢ ʢʦʣʠʯʝʩʪʚʫ ʝʛʦ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʧʨʠʥʷʪʦʤʫ 

ʟʘ 100%. ʆʧʨʝʜʝʣʷʶʪ ʠʟʚʣʝʯʝʥʠʝ ʚ ʢʦʥʮʝʥʪʨʘʪʝ , ʧʨʦʤʧʨʦʜʫʢʪʝ , ʭʚʦʩʪʘʭ . ʉʫʤʤʘ 

ʠʟʚʣʝʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘʭ ʨʘʚʥʘ ʠʟʚʣʝʯʝʥʠʶ ʚ ʨʫʜʝ, 100%. 



183 

 

ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ï ʚʝʩʦʚʘʷ ʜʦʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

(ʤʠʥʝʨʘʣʘ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ), ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʨʫʜʝ ʠʣʠ ʚ ʧʨʦʜʫʢʪʝ ʦʙʦʛʘʱʝʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʫʜʝ ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ . 

ʆʙʦʛʘʱʝʥʠʝ ʞʝʣʝʟʦ-ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ ʂʠʤʢʘʥʩʢʦʛʦ ʠ ʉʫʪʘʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʢʘʢ ʠ ʜʨʫʛʠʭ ʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ɼʦʙʳʯʘ ʨʫʜʳ: ʞʝʣʝʟʥʘʷ ʨʫʜʘ ʜʦʙʳʚʘʝʪʩʷ ʚ ʢʘʨʴʝʨʘʭ ʠʣʠ ʰʘʭʪʘʭ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ 

ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʳʝ ʬʘʙʨʠʢʠ. 

2. ɼʨʦʙʣʝʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ: ʜʦʙʳʪʘʷ ʨʫʜʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʨʦʙʣʝʥʠʶ ʠ ʠʟʤʝʣʴʯʝʥʠʶ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʩʢʨʳʚʘʝʤʦʩʪʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ 

ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ. 

3. ʆʙʦʛʘʱʝʥʠʝ: ʧʨʦʮʝʩʩ ʦʙʦʛʘʱʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʤʘʛʥʠʪʥʦʝ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ ʦʪ ʧʫʩʪʦʡ ʧʦʨʦʜʳ. 

4. ʉʫʰʢʘ: ʚʦʜʘ, ʦʩʪʘʚʰʘʷʩʷ ʧʦʩʣʝ ʦʙʦʛʘʱʝʥʠʷ, ʫʜʘʣʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʘ ʩ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʣʘʛʠ ʜʦ 2 % ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠ 11 % ʚ ʣʝʪʥʠʡ.  

ʇʦʜ ʩʫʰʢʦʡ ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʚʣʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʘʨʝʥʠʠ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚʦ ʚʣʘʞʥʦʡ ʤʘʩʩʝ ʚʦʜʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʦʨʷʯʠʝ ʜʳʤʦʚʳʝ ʛʘʟʳ ʠʣʠ ʥʘʛʨʝʪʳʡ ʚʦʟʜʫʭ. ʉʫʰʢʫ ʨʝʘʣʠʟʫʶʪ ʚ 

ʩʫʰʠʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ, ʥʘʟʳʚʘʝʤʳʭ ʩʫʰʠʣʢʘʤʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʨʦʮʝʩʩ ʩʫʰʢʠ ʢʦʥʮʝʥʪʨʘʪʘ, ʷʚʣʷʶʪʩʷ: 

- ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ; 

- ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ; 

- ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ;  

- ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ - ʩʫʰʢʘ - ʵʪʦ 

ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʠʩʧʘʨʝʥʠʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʦʪ ʧʦʪʦʢʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢ ʧʫʣʴʧʝ. ʊʝʭʥʦʣʦʛʠʠ ʩʫʰʢʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʛʦʨʥʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʤʘʪʝʨʠʘʣʦʚ ʢ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ.  

ɼʣʷ ʩʫʰʢʠ ʧʨʦʜʫʢʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʨʠ ʪʠʧʘ ʩʫʰʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ: ʙʘʨʘʙʘʥʥʳʝ ʩʫʰʠʣʢʠ (ʜʣʷ ʨʫʜʥʳʭ ʠ ʥʝʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ), ʪʨʫʙʳ-

ʩʫʰʠʣʢʠ (ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʫʛʣʝʡ) ʠ ʩʫʰʠʣʢʠ çʢʠʧʷʱʝʛʦ ʩʣʦʷè. ʇʨʠ ʩʫʰʢʝ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʤʦʣʠʙʜʝʥʦʚʳʝ, ʦʣʦʚʷʥʥʳʝ) ʧʨʠʤʝʥʷʶʪ ʩʫʰʠʣʢʠ ʙʘʨʘʙʘʥʥʳʝ ʩ 

ʢʦʩʚʝʥʥʳʤ ʥʘʛʨʝʚʦʤ ʠ ʰʥʝʢʦʚʳʝ ʩ ʵʣʝʢʪʨʦʧʦʜʦʛʨʝʚʦʤ. 

ʉʫʰʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ï ʵʪʦ ʩʣʦʞʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʪʦʧʦʯʥʳʭ, ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʠ ʜʫʪʴʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʙʩʪʚʝʥʥʦ ʩʫʰʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ, 

ʜʦʟʘʪʦʨʦʚ, ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʠ ʟʘʧʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ .  

ɹʘʨʘʙʘʥʥʳʝ ʩʫʰʠʣʢʠ ʙʳʚʘʶʪ ʧʨʷʤʦʪʦʯʥʳʤʠ ʠ ʧʨʦʪʠʚʦʪʦʯʥʳʤʠ. ʅʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʨʷʤʦʪʦʯʥʳʝ ʩʫʰʠʣʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʜʳʤʦʚʳʭ ʛʘʟʘʭ 

ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʧʨʠ ʩʫʰʢʝ ʩʳʧʫʯʠʭ, ʚʷʟʢʠʭ ʠ ʣʠʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɹʘʨʘʙʘʥʥʳʝ ʩʫʰʠʣʢʠ - ʘʧʧʘʨʘʪʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʉʦʩʪʦʷʪ ʠʟ ʩʚʘʨʥʦʛʦ ʙʘʨʘʙʘʥʘ ʩ 

ʥʘʩʘʞʝʥʥʳʤʠ ʥʘ ʥʝʛʦ ʙʘʥʜʘʞʘʤʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʙʘʨʘʙʘʥ ʦʧʠʨʘʝʪʩʷ ʥʘ ʦʧʦʨʥʳʝ 

ʨʦʣʠʢʠ. ɺʨʘʱʝʥʠʝ ʙʘʨʘʙʘʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʟʫʙʯʘʪʦʛʦ ʦʙʦʜʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ 

ʙʘʨʘʙʘʥʝ ʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʟʘʮʝʧʣʝʥʠʠ ʩ ʰʝʩʪʝʨʥʝʡ ʧʨʠʚʦʜʘ.  

ʉʫʰʠʣʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʘʨʥʦʡ ʙʘʨʘʙʘʥ ʜʠʘʤʝʪʨʦʤ ʦʪ , ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʦʨʘʟʤʝʨʘ ʜʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ . ɹʘʨʘʙʘʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʘʥʜʘʞʘʤʠ ʥʘ ʦʧʦʨʥʳʝ 

ʨʦʣʠʢʠ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʦʪ 1 ʜʦ  ʚ ʩʪʦʨʦʥʫ ʨʘʟʛʨʫʟʦʯʥʦʡ ʢʘʤʝʨʳ. ʇʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ 

ʦʧʦʨʦʡ ʦʪ ʧʨʠʚʦʜʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ . ɼʣʷ ʨʘʟʨʳʭʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʚʥʫʪʨʠ 

ʙʘʨʘʙʘʥʘ ʟʘʢʨʝʧʣʝʥʳ ʛʠʨʣʷʥʜʳ ʠʟ ʩʚʦʙʦʜʥʦ ʧʦʜʚʝʰʝʥʥʳʭ ʷʢʦʨʥʳʭ ʮʝʧʝʡ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʨʘʟʤʝʱʝʥʳ ʩʝʢʪʦʨʥʳʝ ʣʦʧʘʩʪʥʳʝ ʥʘʩʘʜʢʠ (ʉʤ. ʈʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1  - ʉʫʰʠʣʴʥʳʡ ʙʘʨʘʙʘʥ: 

ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ ï ʣʦʧʘʩʪʥʘʷ ʥʘʩʘʜʢʘ; ʚ ï ʩʝʢʪʦʨʥʘʷ ʥʘʩʘʜʢʘ; 1 ï ʙʘʥʜʘʞʠ; 2 ï ʙʘʨʘʙʘʥ; 
3 ï ʟʫʙʯʘʪʳʡ ʚʝʥʝʮ; 4 ï ʨʝʜʫʢʪʦʨ; 5 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 6 ï ʦʧʦʨʥʳʝ ʨʦʣʠʢʠ; 7 ï ʥʘʩʘʜʢʠ 

 

ɺʣʘʞʥʳʡ ʧʨʦʜʫʢʪ ʧʦʜʘʝʪʩʷ ʥʘ ʧʨʠʝʤʥʦ-ʚʠʥʪʦʚʳʝ ʥʘʩʘʜʢʠ, ʩʣʫʞʘʱʠʝ ʜʣʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʠʭʪʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʮʝʧʝʡ. ʇʨʦʚʠʩʘʥʠʝ ʮʝʧʝʡ ʠ ʚʨʘʱʝʥʠʝ 

ʙʘʨʘʙʘʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʣʝʙʘʥʠʷ ʮʝʧʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʧʨʠ ʵʪʦʤ ʧʨʦʜʫʢʪ 

ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʳʭʣʷʝʪʩʷ ʠ ʩʫʰʠʪʩʷ. 

ʃʦʧʘʩʪʥʳʝ ʥʘʩʘʜʢʠ ʧʦʜʭʚʘʪʳʚʘʶʪ ʩʦ ʜʥʘ ʙʘʨʘʙʘʥʘ ʤʘʪʝʨʠʘʣ, ʧʦʜʥʠʤʘʶʪ ʝʛʦ ʠ 

ʧʝʨʝʩʳʧʘʶʪ ʥʘ ʩʦʩʝʜʥʶʶ ʮʝʧʥʫʶ ʛʠʨʣʷʥʜʫ. ɺʳʩʫʰʝʥʥʳʡ ʧʨʦʜʫʢʪ-ʢʦʥʮʝʥʪʨʘʪ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʨʘʟʛʨʫʟʦʯʥʦʡ ʢʘʤʝʨʝ, ʠʟ ʢʦʪʦʨʦʡ ʚʳʛʨʫʞʘʝʪʩʷ ʩ ʚʣʘʞʥʦʩʪʴʶ ʦʪ 1,5% ʜʦ 8%. 

ʊʠʧʦʨʘʟʤʝʨ ʙʘʨʘʙʘʥʥʦʡ ʩʫʰʠʣʢʠ ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʝʝ 

ʦʙʲʝʤʘ ʠʩʭʦʜʷ ʠʟ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦ ʠʩʧʘʨʷʝʤʦʡ ʚʣʘʛʝ:  

, 

ʛʜʝ - ʦʙʱʠʡ ʦʙʲʝʤ ʩʫʰʠʣʢʠ;  

, ʤʘʩʩʘ ʩʫʰʠʤʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ (ʧʦ ʪʚʝʨʜʦʡ ʬʘʟʝ); 

, ʚʣʘʞʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʪʘ ʜʦ ʠ ʧʦʩʣʝ ʩʫʰʢʠ; 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʩʫʰʠʣʢʠ ʧʦ ʠʩʧʘʨʷʝʤʦʡ ʚʣʘʛʝ. 

ɼʠʘʤʝʪʨ ʙʘʨʘʙʘʥʥʦʡ ʩʫʰʠʣʢʠ ʚʳʙʠʨʘʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ ʛʦʨʶʯʠʭ 

ʛʘʟʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ  

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʝʯʝʥʠʶ ʙʘʨʘʙʘʥʘ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʧʨʠʤʝʥʷʶʪ ʥʘʩʘʜʢʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʙʘʨʘʙʘʥʘ ʠ ʩʚʦʡʩʪʚ ʚʳʩʫʰʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʨʫʧʥʦʩʪʠ, 

ʚʣʘʞʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʩʳʧʫʯʝʩʪʠ). ʃʦʧʘʩʪʠ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʚʥʫʪʨʠ ʙʘʨʘʙʘʥʘ, ʟʘʭʚʘʪʳʚʘʶʪ 

ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʘʜʘʷ ʢʘʩʢʘʜʘʤʠ, ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʚʣʘʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʛʦʨʷʯʠʤʠ 

ʛʘʟʘʤʠ ʠ ʚʳʩʫʰʠʚʘʝʪʩʷ. ʅʘʩʘʜʢʠ ʚʳʧʦʣʥʷʶʪ ʚ ʚʠʜʝ ʧʨʠʝʤʥʦ-ʚʠʥʪʦʚʳʭ ʣʦʧʘʩʪʝʡ, ʧʦʜʲʝʤʥʦ-

ʣʦʧʘʩʪʥʳʤʠ, ʩʝʢʪʦʨʥʳʤʠ, ʮʝʧʥʳʤʠ. 

ɼʳʤʦʚʳʝ ʛʘʟʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 800ï900ÁC ʧʦʩʪʫʧʘʶʪ ʚ ʩʫʰʠʣʴʥʳʡ ʙʘʨʘʙʘʥ ʚ ʚʠʜʝ 

ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠ ʧʨʦʭʦʜʷʪ ʚʜʦʣʴ ʙʘʨʘʙʘʥʘ ʚ ʨʘʟʛʨʫʟʦʯʥʫʶ ʢʘʤʝʨʫ, ʦʪʢʫʜʘ ʧʦʜʘʶʪʩʷ ʚ 

ʦʯʠʩʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʟʘʪʝʤ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʙʘʨʘʙʘʥʘ ʤʘʪʝʨʠʘʣ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʨʘʟʛʨʫʟʦʯʥʦʡ ʢʘʤʝʨʝ. 

ʉʫʰʠʣʴʥʳʡ ʘʛʝʥʪ ʜʚʠʞʝʪʩʷ ʚ ʙʘʨʘʙʘʥʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʨʝʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʳʤʦʩʦʩʦʤ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʪʝʧʣʘ ʥʘʨʫʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʨʘʙʘʥʘ ʧʦʢʨʳʚʘʶʪ ʢʦʞʫʭʦʤ 

ʠʟ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ, ʟʘʧʦʣʥʝʥʥʳʤ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʨʫʞʥʦʡ ʩʪʝʥʢʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 40ÁC. ʅʘ ʢʦʥʮʘʭ ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʜʩʦʩʦʚ ʚʦʟʜʫʭʘ. 
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ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʦʙʲʝʤʘ ʙʘʨʘʙʘʥʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 10ï12%, ʚʨʝʤʷ 

ʧʨʝʙʳʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʙʘʨʘʙʘʥʝ ʦʪ 15 ʜʦ 40 ʤʠʥ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʥʘʯʘʣʴʥʦʡ ʠ 

ʢʦʥʝʯʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʠ ʪʷʛʦʜʫʪʴʝʚʦʛʦ ʨʝʞʠʤʘ. 

ʊʨʫʙʳ-ʩʫʰʠʣʢʠ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʤʝʣʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ 

ʫʛʣʝʡ ʠʣʠ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʫʰʢʠ ʦʯʝʥʴ ʤʝʣʢʠʭ ʨʫʜʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩ ʥʘʯʘʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʴʶ 18-19% ʠ ʢʦʥʝʯʥʦʡ ʚʣʘʞʥʦʩʪʴʶ 7-8% ʤʘʪʝʨʠʘʣʘ ʚ ʪʨʫʙʘʭ-ʩʫʰʠʣʢʘʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʠʮ 

ʤʘʪʝʨʠʘʣʘ ʩ ʛʦʨʷʯʠʤʠ ʛʘʟʘʤʠ. ʀʩʭʦʜʥʘʷ ʰʠʭʪʘ ʠʟ ʙʫʥʢʝʨʘ ʩʢʨʝʙʢʦʚʳʤ ʧʠʪʘʪʝʣʝʤ ʧʦʜʘʝʪʩʷ 

ʥʘ ʟʫʙʯʘʪʳʡ ʨʳʭʣʠʪʝʣʴ ʠ ʚ ʨʘʟʨʳʭʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʜʭʚʘʪʳʚʘʝʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ 

ʧʦʪʦʢʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 50-60 ʤʩ
-1
, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʛʘʟʦʚʟʚʝʩʴ ʚ ʨʝʞʠʤʝ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ 

ʜʚʠʞʝʪʩʷ ʧʦ ʪʨʫʙʝ-ʩʫʰʠʣʢʝ. ʉʫʰʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ , ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʦ 

ʚʩʝʡ ʩʠʩʪʝʤʝ ʩʫʰʠʣʢʠ ʩʦʩʪʘʚʣʷʝʪ  

ɺʳʩʫʰʝʥʥʳʡ ʧʨʦʜʫʢʪ ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʟʛʨʫʟʦʯʥʫʶ ʢʘʤʝʨʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ 

ʠʟ ʧʦʪʦʢʘ 92ï95% ʚʳʩʫʰʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʚʳʛʨʫʞʘʝʤʦʛʦ ʥʘ ʢʦʥʚʝʡʝʨ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. ɼʚʠʞʝʥʠʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦ ʪʨʘʢʪʫ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʷʛʠ ʠ ʥʘʧʦʨʘ ʜʳʤʦʩʦʩʘ; ʦʯʠʱʝʥʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʯʝʨʝʟ 

ʜʳʤʦʚʫʶ ʪʨʫʙʫ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʉʫʰʠʣʢʠ ʛʘʟʘʤʠ ʚ çʢʠʧʷʱʝʤ (ʧʩʝʚʦʦʞʠʞʝʥʥʦʤ) ʩʣʦʝè ʨʝʘʣʠʟʫʶʪ ʧʨʦʜʫʚʢʫ ʛʦʨʷʯʠʭ 

ʛʘʟʦʚ ʯʝʨʝʟ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʨʝʰʝʪʢʝ. ʉʫʰʢʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʝʨʝʚʦʜʘ 

ʤʘʪʝʨʠʘʣʘ ʠʟ ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ çʢʠʧʝʥʠʷè. ʇʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʫʛʣʷ, ʨʫʜʳ) ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʧʦ ʢʨʫʧʥʦʩʪʠ 

ʩʦʩʪʘʚʦʤ . ʉʫʰʠʣʢʘ ʩ ʢʠʧʷʱʠʤ ʩʣʦʝʤ ï ʵʪʦ ʚʝʨʪʠʢʘʣʴʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʠʣʠ 

ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʰʘʭʪʘ, ʨʘʟʜʝʣʝʥʥʘʷ ʧʦ ʚʳʩʦʪʝ ʥʘ ʜʚʝ ʢʘʤʝʨʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʨʝʰʝʪʢʦʡ (ʉʤ. 

ʈʠʩ. 2).  

 
ʈʠʩʫʥʦʢ 2 ï ʉʫʰʠʣʢʘ ʩ ʢʠʧʷʱʠʤ ʩʣʦʝʤ: 1- ʚʝʥʪʠʣʷʪʦʨ; 2 ï ʧʝʨʚʠʯʥʳʡ ʚʦʟʜʫʭ; 

 3 ï ʚʪʦʨʠʯʥʳʡ ʚʦʟʜʫʭ; 4 ï ʛʦʨʝʣʢʘ; 5 ï ʪʦʧʢʘ; 6 ï ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ;  
7 ï ʢʘʤʝʨʘ ʩʤʝʰʝʥʠʷ; 8 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ; 9 ï ʨʝʘʢʪʦʨ;  

10 ï ʨʘʟʙʨʳʟʛʠʚʘʪʝʣʴ; 11 ï ʨʝʜʫʢʪʦʨ ʨʘʟʙʨʳʟʛʠʚʘʪʝʣʷ; 12 ï ʮʠʢʣʦʥ; 13 ï ʜʤrʦʩʦʩ 
 

ɺ ʚʝʨʭʥʝʡ ʢʘʤʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʩʫʰʢʠ, ʘ ʚ ʥʠʞʥʝʡ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʦʨʷʯʠʭ 

ʛʘʟʦʚ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ. ɻʦʨʷʯʠʝ ʛʘʟʳ ʧʦʜʘʶʪʩʷ ʚ ʥʠʞʥʶʶ ʢʘʤʝʨʫ ʧʦ 

ʚʦʟʜʫʭʦʚʦʜʫ ʠʟ ʪʦʧʢʠ ʩʞʠʛʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʛʘʟʦʦʙʨʘʟʥʦʤ ʠʣʠ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ. ʇʦʜʘʯʘ 

ʛʘʟʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʛʥʝʪʘʪʝʣʴʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ. ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩʷ ʧʠʪʘʪʝʣʝʤ 
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ʩʚʝʨʭʫ ʠ ʨʘʟʛʨʫʞʘʝʪʩʷ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘʜ ʨʝʰʝʪʢʦʡ. ʆʪʨʘʙʦʪʘʥʥʳʝ ʛʘʟʳ ʩ 

ʧʘʨʦʤ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʧʳʣʝʫʣʘʚʣʠʚʘʪʝʣʠ ʚ ʘʪʤʦʩʬʝʨʫ.  

ɺ ʩʫʰʠʣʢʘʭ ʩ çʢʠʧʷʱʠʤ ʩʣʦʝʤè ʜʦʩʪʠʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʫʰʢʠ, 

ʚʦʟʤʦʞʥʘ ʨʝʛʫʣʠʨʦʚʢʘ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʝʰʝʪʢʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ 

ʛʣʫʙʦʢʘʷ ʠ ʨʘʚʥʦʤʝʨʥʘʷ ʩʫʰʢʘ ʢʦʥʮʝʥʪʨʘʪʘ.  

ʉʫʰʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʆʆʆ çʂʉ-ɻʆʂè 

ʅʘ ʆʆʆ çʂʉ ɻʆʂè ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʘʨʘʙʘʥʥʳʝ ʩʫʰʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʨʷʤʦʪʦʯʥʦʛʦ 

ʪʠʧʘ, ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʳʩʪʫʧʘʶʪ ʜʳʤʦʚʳʝ ʛʘʟʳ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʠʟ ʪʦʧʢʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʠʧʷʱʝʛʦ ʩʣʦʷ (ʜʘʣʝʝ ʅʊʂʉ). 

ʂʦʥʮʝʧʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ ʚ ʢʠʧʷʱʝʤ ʩʣʦʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʘʥʥʝ ʨʘʩʢʘʣʝʥʥʦʛʦ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʯʝʤ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʪʦʧʣʠʚʘ ʚ 

ʦʙʲʝʤʝ ʚʩʝʛʦ ʩʣʦʷ ʥʝ ʧʨʝʚʳʰʘʝʪ . ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

(çʢʠʧʝʥʠʷè) ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʢʠʧʷʱʝʤ ʩʣʦʝ ʧʨʦʪʝʢʘʶʪ ʢʨʘʡʥʝ ʠʥʪʝʥʩʠʚʥʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʜʛʦʪʦʚʢʘ (ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ, ʚʳʭʦʜ ʣʝʪʫʯʠʭ) ʯʘʩʪʠʮ 

ʪʦʧʣʠʚʘ ʠ ʠʭ ʩʛʦʨʘʥʠʝ. ɿʘ ʩʯʝʪ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʪʚʝʨʜʦʡ ʬʘʟʦʡ, 

ʵʬʬʝʢʪʘ ʩʦʫʜʘʨʝʥʠʷ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʢʠʧʷʱʝʤ ʩʣʦʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʧʦʜʦʙʥʳʝ ʜʣʷ ʦʙʳʯʥʳʭ 

ʩʧʦʩʦʙʦʚ ʩʞʠʛʘʥʠʷ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʩʞʠʛʘʪʴ ʩʘʤʳʝ ʥʠʟʢʦʩʦʨʪʥʳʝ ʠ 

ʥʠʟʢʦʢʘʣʦʨʠʡʥʳʝ ʩʦʨʪʘ ʪʦʧʣʠʚʘ, ʩʞʠʛʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʦʧʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʦ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʅʊʂʉ: 

- ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ï ʨʝʘʣʴʥʦ ʜʦʩʪʠʞʠʤʘ ʚʝʣʠʯʠʥʘ ʩʫʤʤʘʨʥʳʭ 

ʧʦʪʝʨʴ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʥʝʜʦʞʦʛʦʤ ʤʝʥʝʝ ; 

- ʚʳʩʦʢʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ï ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʣʦʝ  

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʦʢʨʘʱʘʝʪ 

ʚʳʙʨʦʩʳ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʘʪʤʦʩʬʝʨʫ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʪʘʥʦʚʢʠ ʢʦʪʣʘ ʚ ʛʦʨʷʯʠʡ ʨʝʟʝʨʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʫʩʢʦʤ ʙʝʟ ʨʦʟʞʠʛʘ; 

- ʚʳʩʦʢʘʷ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʢʦʪʣʘ ï ʙʣʘʛʦʜʘʨʷ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʥʘʭʦʜʷʱʝʛʦʩʷ 

ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ; 

- ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʦ ʩʞʠʛʘʝʤʦʤʫ ʪʦʧʣʠʚʫ ï ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʧʨʦʙʣʝʤʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩ 

ʦʜʥʦʛʦ ʪʠʧʘ ʥʠʟʢʦʩʦʨʪʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʜʨʫʛʦʡ; 

- ʦʪʩʫʪʩʪʚʠʝ ʚ ʪʦʧʢʝ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ; 

- ʧʨʦʩʪʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʛʦʨʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ ʅʊʂʉ: 

- ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʪʣʘ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʦʧʢʠ ʅʊʂʉ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʚʳʰʝ 900-950
0
ʉ ʧʨʦʠʩʭʦʜʠʪ ʰʣʘʢʦʚʘʥʠʝ ʩʣʦʷ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʝʡ ʠ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʪʘʥʦʚʢʠ ʢʦʪʣʘ. 

- ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʦʷ ʜʦ 750
0
ʉ ʛʦʨʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʠ 

ʚʦʟʤʦʞʥʦ ʝʛʦ ʧʨʝʢʨʘʱʝʥʠʝ, ʚʳʟʳʚʘʶʱʝʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʘ ʢʦʪʣʘ, ʯʪʦ 

ʩʦʧʨʷʞʝʥʦ ʩ ʚʨʝʤʝʥʥʳʤʠ ʠ ʪʨʫʜʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

- ʀʩʪʠʨʘʥʠʝ ʯʘʩʪʠʮ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʥʦʩ ʠʭ ʧʦʪʦʢʦʤ ʩʞʠʞʘʶʱʝʛʦ ʘʛʝʥʪʘ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

- ʕʨʦʟʠʷ ʘʧʧʘʨʘʪʫʨʳ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʩʞʠʞʘʶʱʝʛʦ ʘʛʝʥʪʘ. 

 ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʬʘʢʪʦʨʳ ʚʣʠʷʥʠʷ ʩʫʰʢʠ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʦʛʘʱʝʥʠʷ ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ ʠ ʜʨʫʛʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ: 

1. ʋʩʪʨʘʥʝʥʠʝ ʚʣʘʛʠ. ʉʫʰʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʣʠʰʥʝʡ ʚʣʘʛʠ ʠʟ ʨʫʜʳ ʠʣʠ 

ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʟʙʳʪʦʯʥʘʷ ʚʣʘʛʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʣʝʜʫʶʱʠʤ 

ʧʨʦʙʣʝʤʘʤ: 

- ʉʣʦʞʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʩ ʠ ʦʙʲʝʤ 

ʢʦʥʮʝʥʪʨʘʪʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʧʦʚʳʰʘʝʪ ʟʘʪʨʘʪʳ; 
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 - ʅʝʧʦʣʥʦʮʝʥʥʦʝ ʜʨʦʙʣʝʥʠʝ ʠ ʦʙʦʛʘʱʝʥʠʝ, ʚʣʘʛʘ ʤʦʞʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʪ ʧʫʩʪʦʡ ʧʦʨʦʜʳ, ʩʥʠʞʘʷ ʢʘʯʝʩʪʚʦ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ - ʢʦʥʮʝʥʪʨʘʪʦʚ. 

2. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ:  

- ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʥʮʝʥʪʨʘʪʝ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ;  

- ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ, ʩʫʭʠʝ ʤʘʪʝʨʠʘʣʳ ʣʫʯʰʝ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ 

ʨʘʟʣʦʞʝʥʠʶ ʠʣʠ ʜʝʛʨʘʜʘʮʠʠ ʚʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ. 

3. ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʝʨʝʨʘʙʦʪʢʝ. ʉʫʰʢʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʧʦʩʣʝ 

ʦʙʦʛʘʱʝʥʠʷ ʧʝʨʝʜ ʜʘʣʴʥʝʡʰʠʤ ʧʝʨʝʜʝʣʦʤ: 

 - ʆʧʪʠʤʠʟʘʮʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʜʣʷ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʣʘʚʢʘ, ʩʫʰʢʘ 

ʧʦʤʦʛʘʝʪ ʜʦʙʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʧʝʨʘʮʠʡ ʠ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ;  

- ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʛʘʱʝʥʠʷ, ʩʫʭʠʝ ʦʙʨʘʟʮʳ ʣʝʛʯʝ ʧʦʜʜʘʶʪʩʷ 

ʜʨʦʙʣʝʥʠʶ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʛʘʱʝʥʠʷ ʠ ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ. 

4. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʫʰʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ 

ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ:  

- ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʥʝʨʛʠʶ, ʩʫʰʢʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ 

ʜʘʣʴʥʝʡʰʠʝ ʵʪʘʧʳ ʧʝʨʝʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʧʣʘʚʢʘ.  

- ʋʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʧʨʦʜʫʢʮʠʠ, ʵʬʬʝʢʪʠʚʥʘʷ ʩʫʰʢʘ ʧʦʤʦʛʘʝʪ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ 

ʢʦʥʮʝʥʪʨʘʪʘ, ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʜʦʦʯʠʩʪʢʫ ʠ ʧʝʨʝʨʘʙʦʪʢʫ. 

5. ʉʦʙʣʶʜʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʦʠʟʚʦʜʩʪʚʘ:  

- ʄʠʥʠʤʠʟʘʮʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʤʦʞʝʪ 

ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʚʳʙʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʘʤʠ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʜʨʫʛʠʤʠ 

ʦʧʝʨʘʮʠʷʤʠ ʚ ʤʝʪʘʣʣʫʨʛʠʠ.  

- ʉʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʩʫʭʘʷ ʩʨʝʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʤʥʦʛʠʭ 

ʬʦʨʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʦʩʝʜʘʥʠʝ ʧʳʣʠ. 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʢʣʶʯʝʚʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʩʫʰʢʠ ʚ ʦʙʦʛʘʱʝʥʠʠ ʨʫʜ. 

1. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʫʰʢʠ: 

 - ʉʦʣʥʝʯʥʘʷ ʩʫʰʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʩʫʰʢʠ ʤʘʪʝʨʠʘʣʦʚ ʫʞʝ 

ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ. ʕʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ.  

- ɺʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʦʙʤʝʥʘ ʠ 

ʩʫʰʢʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦ, ʩʥʠʞʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

- ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʘʷ ʩʫʰʢʘ, ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʠ 

ʨʘʚʥʦʤʝʨʥʦ ʚʳʩʫʰʠʚʘʪʴ ʤʘʪʝʨʠʶ, ʯʪʦ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʮʝʩʩʦʚ. 

2. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʮʠʬʨʦʚʠʟʘʮʠʷ 

 - ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ, ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʜʘʪʯʠʢʠ ʠ ʀʊ-ʨʝhʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʩʫʰʢʠ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʦʧʪʠʤʠʟʠʨʫʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 - ɸʥʘʣʠʪʠʢʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʫʰʢʝ, ʯʪʦ ʚʝʜʝʪ ʢ ʙʦʣʝʝ 

ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ. 

3. ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ - ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ: 

 - ʊʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʤʠʥʠʤʠʟʠʨʫʶʪ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ ʠ ʵʥʝʨʛʠʠ, ʙʫʜʫʪ 

ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʠʭ ʤʠʨʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ.  
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- ʇʨʘʢʪʠʢʠ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʝʨʝʨʘʙʦʪʢʫ, ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʩʵʢʦʥʦʤʠʪʴ ʨʝʩʫʨʩʳ, ʥʦ ʠ 

ʫʤʝʥʴʰʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʚʥʝʜʨʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʥʠʟʠʪʴ 

ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢ ʢʘʢ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʰʠʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʯʠʪʘʝʪʩʷ 

ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʫʰʠʣʢʠ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʚʦʟʤʦʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʟʥʘʯʝʥʠʷ. 

ʉ ʫʯʝʪʦʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʠʟʤʝʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ 

ʧʨʦʜʫʢʮʠʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ, ʙʫʜʫʱʝʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʫʰʢʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʛʘʱʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚʳʭʦʜ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩ 

ʥʦʨʤʘʪʠʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʤʘʛʥʠʪʥʦʛʦ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 
Docker-ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʢʨʠʧʪ çBashè, ʢʦʪʦʨʳʡ 

ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʩʙʦʨʢʫ ʦʙʨʘʟʦʚ çDockerè, ʫʧʨʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠ ʧʫʙʣʠʢʘʮʠʶ ʛʦʪʦʚʳʭ 

ʢʦʥʪʝʡʥʝʨʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: çDockerè, ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʚʝʙ-ʨʘʟʨʘʙʦʪʢʘ, ʩʢʨʠʧʪ, DevOps. 
 

AUTOMATION OF DOCKER  CONTAINER CREATION F OR WEB 

DEVELOPMENT  
 

Logunov S.A., Pokazanieva S.A 
 CT "MTUCI", Moscow 

  

This paper presents a developed system for automating the creation and deployment of "Docker" 

containers for web development. The system includes a Bash script that automates the building of 

"Docker" images, dependency management, and the publication of ready-made containers. The results of 

testing the system are presented, demonstrating an increase in the efficiency and productivity of the 

development process. 

Keywords: "Docker", containerization, automation, web development, script, CI/CD, DevOps. 
 

ɺʚʝʜʝʥʠʝ: ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʟʨʘʙʦʪʢʝ, ʨʘʟʚʝʨʪʳʚʘʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʧʘʢʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʠ ʚʩʝ ʝʛʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʢʦʥʪʝʡʥʝʨ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʛʦ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ, çDockerè ʚʳʜʝʣʷʝʪʩʷ 

ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʰʠʨʦʢʦʡ ʧʦʜʜʝʨʞʢʦʡ ʠ ʙʦʣʴʰʠʤ ʩʦʦʙʱʝʩʪʚʦʤ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ çDockerè ʚ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʚʥʦʩʠʪ ʨʷʜ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶʯʘʷ: 
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- ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ: çDockerè ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ ʠ ʟʘʧʫʩʢʘʪʴ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

- ʋʣʫʯʰʝʥʠʝ ʧʝʨʝʥʦʩʠʤʦʩʪʠ: ʢʦʥʪʝʡʥʝʨʳ Docker ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʫʱʝʥʳ ʥʘ ʣʶʙʦʡ 

ʧʣʘʪʬʦʨʤʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ çDockerè, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ (ʨʘʟʨʘʙʦʪʢʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʨʦʜʫʢʮʠʷ). 

- ʇʦʚʳʰʝʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ: çDockerè ʫʧʨʦʱʘʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ 

ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʞʝʩʪʚʦʤ ʢʦʥʪʝʡʥʝʨʦʚ. 

- ʋʣʫʯʰʝʥʥʘʷ ʠʟʦʣʷʮʠʷ: ʢʦʥʪʝʡʥʝʨʳ çDockerè ʠʟʦʣʠʨʫʶʪ ʧʨʠʣʦʞʝʥʠʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʢʦʥʬʣʠʢʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. 

- ʋʧʨʦʱʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʷʤʠ: çDockerè ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʧʨʠʣʦʞʝʥʠʷ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʚʝʨʩʠʡ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʨʫʯʥʦʝ ʩʦʟʜʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ Docker-

ʢʦʥʪʝʡʥʝʨʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʪʨʫʜʦʝʤʢʠʤ ʠ ʧʦʜʚʝʨʞʝʥʥʳʤ ʦʰʠʙʢʘʤ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʩʣʦʞʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʩ ʤʥʦʞʝʩʪʚʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʚʨʝʤʝʥʠ ʠ 

ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʙʣʝʤʳ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ Docker-ʢʦʥʪʝʡʥʝʨʦʚ 

ʜʣʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʫʩʠʣʠʷ, 

ʟʘʪʨʘʯʠʚʘʝʤʳʝ ʥʘ ʵʪʠ ʟʘʜʘʯʠ, ʠ ʧʦʚʳʩʠʪ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʠʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʟʜʘʥʠʷ ʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ Docker-ʢʦʥʪʝʡʥʝʨʦʚ. 

2. ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʢʨʠʧʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʩʢʨʠʧʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʙʦʨʢʫ ʦʙʨʘʟʘ 

Docker, ʫʧʨʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʧʫʙʣʠʢʘʮʠʶ ʛʦʪʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʩʠʷʤʠ ʢʦʜʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʣʦʛʠʨʦʚʘʥʠʷ, ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʭʦʜʘ ʨʘʙʦʪʳ 

ʩʢʨʠʧʪʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ. 

6. ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʩʪʦʚʳʭ ʩʨʝʜʘʭ, ʩ ʮʝʣʴʶ 

ʧʨʦʚʝʨʢʠ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. 

7. ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʦʟʜʘʥʠʝ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʠʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʟʜʘʥʠʷ ʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ Docker-ʢʦʥʪʝʡʥʝʨʦʚ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ Docker-ʢʦʥʪʝʡʥʝʨʘʤʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʩʙʦʨʢʠ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ Docker-ʢʦʥʪʝʡʥʝʨʘʤʠ: 

1. çDocker Composeè: ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʟʘʧʫʩʢʘ 

ʤʥʦʛʦʢʦʥʪʝʡʥʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʚʩʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʷ 

ʚ ʦʜʥʦʤ ʬʘʡʣʝ (docker-compose.yml), ʫʧʨʦʱʘʷ ʧʨʦʮʝʩʩ ʟʘʧʫʩʢʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ. Docker Compose ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʠ 

ʩʨʝʜʥʠʭ ʧʨʦʝʢʪʦʚ, ʥʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʤ ʜʣʷ ʢʨʫʧʥʳʭ ʠ ʩʣʦʞʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. 

2. çKubernetesè: ʵʪʦ ʤʦʱʥʳʡ ʦʨʢʝʩʪʨʘʪʦʨ ʢʦʥʪʝʡʥʝʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ ʢʦʥʪʝʡʥʝʨʦʚ. çKubernetesè ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʙʘʣʘʥʩʠʨʦʚʢʫ ʥʘʛʨʫʟʢʠ, ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʜʨʫʛʠʝ 

ʬʫʥʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ, çKubernetesè 

ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ. 
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3. ɼʨʫʛʠʝ ʦʨʢʝʩʪʨʘʪʦʨʳ: ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʜʨʫʛʠʭ ʦʨʢʝʩʪʨʘʪʦʨʦʚ ʢʦʥʪʝʡʥʝʨʦʚ, ʪʘʢʠʭ 

ʢʘʢ: çDocker Swarmè, çRancherè, çNomadè ʠ ʜʨʫʛʠʝ. ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʦʨʢʝʩʪʨʘʪʦʨʘ 

ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʰʪʘʙʘ ʧʨʦʝʢʪʘ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʦʚ. 

 ʇʦʜʭʦʜʳ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʙʦʨʢʠ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ (CI/CD): 

 ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʢʠ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ 

ʢʦʥʪʝʢʩʪʝ Docker, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CI/CD-ʧʘʡʧʣʘʡʥʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʦʚ: 

- ʈʫʯʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ: ʭʦʪʷ ʠ ʩʘʤʳʡ ʧʨʦʩʪʦʡ, ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʦʜʚʝʨʞʝʥʥʳʤ ʦʰʠʙʢʘʤ. ʆʥ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʣʦʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ 

ʙʦʣʴʰʠʭ ʢʦʤʘʥʜ. 

- ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʨʠʧʪʦʚ: ʕʪʦʪ ʧʦʜʭʦʜ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʨʠʧʪʦʚ çBashè, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. çBashè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʩʝʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʵʪʘʧʦʚ. ʆʥ ʭʦʨʦʰʦ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ Docker ʠ ʜʨʫʛʠʤʠ ʢʦʤʘʥʜʥʳʤʠ ʫʪʠʣʠʪʘʤʠ. 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ CI/CD-ʩʠʩʪʝʤ: ʪʘʢʠʝ ʩʠʩʪʝʤʳ, ʢʘʢ Jenkins, GitLab CI, CircleCI ʠ 

ʜʨʫʛʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ CI/CD-ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʷ ʩʙʦʨʢʫ ʢʦʜʘ, 

ʪʝʩʪʠʨʦʚʘʥʠʝ, ʩʙʦʨʢʫ ʦʙʨʘʟʦʚ Docker, ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʳ ʠ ʤʦʥʠʪʦʨʠʥʛ. ʆʥʠ 

ʧʨʝʜʣʘʛʘʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʡ: 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ Docker-ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ çBashè. ʕʪʦʪ ʚʳʙʦʨ ʦʙʦʩʥʦʚʘʥ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

1. ʐʠʨʦʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠ ʧʦʜʜʝʨʞʢʘ: çBashè ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ 

ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʤ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ Unix-ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ çLinuxè 

ʠ macOS, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ. 

2. ʇʨʦʩʪʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ Docker: Bash ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʤʘʥʜʘʤʠ çDockerè, ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʩʢʨʠʧʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: çBashè, ʙʫʜʫʯʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʤ ʢʦʤʘʥʜ, 

ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʤʘʥʜʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ. 

ɼʦʩʪʘʪʦʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ: ʜʣʷ ʟʘʜʘʯ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ çBashè ʜʦʩʪʘʪʦʯʥʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʣʦʞʥʘʷ ʣʦʛʠʢʘ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʥʝʰʥʠʤʠ API ʧʦʤʠʤʦ Docker API. 

ɺʳʙʦʨ çBashè ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʠ ʣʝʛʢʦ ʧʦʜʜʝʨʞʠʚʘʝʤʫʶ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠʣʠ ʠʥʪʝʛʨʘʮʠʠ ʩ CI/CD ʩʠʩʪʝʤʘʤʠ, ʩʢʨʠʧʪ ʥʘ Bash ʤʦʞʝʪ 

ʙʳʪʴ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʥ ʠʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʙʦʣʝʝ ʢʨʫʧʥʫʶ ʩʠʩʪʝʤʫ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

1. ʉʢʨʠʧʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ (main.sh): ʎʝʥʪʨʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʳ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤ ʧʨʦʮʝʩʩʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʉʢʨʠʧʪ ʚʳʧʦʣʥʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʘʥʜ, 

ʚʢʣʶʯʘʷ ʩʙʦʨʢʫ ʦʙʨʘʟʘ çDockerè, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʧʫʙʣʠʢʘʮʠʶ. 

2. Dockerfile: ʌʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʩʙʦʨʢʝ ʦʙʨʘʟʘ çDockerè. ʆʧʨʝʜʝʣʷʝʪ 

ʙʘʟʦʚʳʡ ʦʙʨʘʟ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʧʠʨʫʝʤʳʝ ʬʘʡʣʳ ʠ ʢʦʤʘʥʜʳ ʜʣʷ ʟʘʧʫʩʢʘ 

ʧʨʠʣʦʞʝʥʠʷ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ. 

3. ʌʘʡʣʳ ʧʨʦʝʢʪʘ: ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʬʘʡʣʳ ʧʨʦʝʢʪʘ (ʠʩʭʦʜʥʳʡ ʢʦʜ, 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʢʦʧʠʨʫʶʪʩʷ ʚ ʦʙʨʘʟ çDockerè. 

4. (ʅʝʦʙʷʟʘʪʝʣʴʥʦ) ʈʝʧʦʟʠʪʦʨʠʡ çDockerè: ʄʝʩʪʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʦʟʜʘʥʥʳʭ ʦʙʨʘʟʦʚ 

Docker (ʥʘʧʨʠʤʝʨ, Docker Hub, ʯʘʩʪʥʳʡ ʨʝʝʩʪʨ). 

5. ʉʢʨʠʧʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ (main.sh): ʉʢʨʠʧʪ ʥʘʧʠʩʘʥ ʥʘ çBashè ʠ ʚʳʧʦʣʥʷʝʪ 

ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 
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1. ʇʨʦʚʝʨʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ: ʇʨʦʚʝʨʷʝʪ ʥʘʣʠʯʠʝ çDockerè ʠ ʥʝʦʙʭʦʜʠʤʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. 

2. ʉʙʦʨʢʘ ʦʙʨʘʟʘ çDockerè: ɺʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜʫ docker build ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʥʪʝʢʩʪʘ 

ʩʙʦʨʢʠ ʠ ʧʫʪʠ ʢ çDockerfileè. 

3. ʊʝʩʪʠʨʦʚʘʥʠʝ: (ʆʧʮʠʦʥʘʣʴʥʦ) ɺʳʧʦʣʥʷʝʪ ʪʝʩʪʳ ʧʨʠʣʦʞʝʥʠʷ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ. 

ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʟʘʧʫʩʢ ʶʥʠʪ-ʪʝʩʪʦʚ ʠʣʠ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʪʝʩʪʦʚ. 

4. ʇʫʙʣʠʢʘʮʠʷ ʦʙʨʘʟʘ: (ʆʧʮʠʦʥʘʣʴʥʦ) ʇʫʙʣʠʢʫʝʪ ʩʦʟʜʘʥʥʳʡ ʦʙʨʘʟ ʚ ʨʝʝʩʪʨʝ 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʪʦʢ ʚʳʧʦʣʥʝʥʠʷ ʩʢʨʠʧʪʘ main.sh 

 

1. Docker, ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ docker push. 

2. ʋʜʘʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʙʨʘʟʦʚ: ʋʜʘʣʷʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʙʨʘʟʳ, ʩʦʟʜʘʥʥʳʝ ʚ 

ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ, ʜʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʝʩʪʘ ʥʘ ʜʠʩʢʝ. 

ʈʠʩʫʥʦʢ 2 ï ʉʦʜʝʨʞʠʤʦʝ ʩʢʨʠʧʪʘ main.sh 
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ʋʧʨʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ Dockerfile. ɺ Dockerfile 

ʫʢʘʟʳʚʘʶʪʩʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʵʪʘʧʝ ʩʙʦʨʢʠ 

ʦʙʨʘʟʘ. 

ʈʠʩʫʥʦʢ 3 ï ʉʦʜʝʨʞʠʤʦʝ ʬʘʡʣʘ Dockerfile 
 

ʊʝʩʪʦʚʘʷ ʩʨʝʜʘ: ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʈɽɼ ʆʉ. ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʆʉ ʦʙʫʩʣʦʚʣʝʥ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʜʠʩʪʨʠʙʫʪʠʚʘʭ. 

ɺʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ ʩ ʫʯʝʪʦʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʪʝʩʪʠʨʦʚʘʥʠʷ: ʫʩʪʘʥʦʚʣʝʥʘ 

ʧʦʩʣʝʜʥʷʷ ʩʪʘʙʠʣʴʥʘʷ ʚʝʨʩʠʷ çDockerEngineè, ʠ ʩʦʟʜʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʩʫʨʩʳ 

(ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʵʪʘʧʦʚ ʧʨʦʮʝʩʩʘ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʚʝʙ-ʢʦʥʬʠʛʫʨʘʮʠʡ, ʦʪ ʧʨʦʩʪʳʭ ʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʚʝʨʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʝʙ-ʩʝʨʚʝʨʘ Nginx, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ HTTPS ʠ ʨʘʟʣʠʯʥʳʭ ʰʘʙʣʦʥʦʚ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʚʪʦʨʷʣʦʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʫʨʦʚʥʷ ʥʘʛʨʫʟʦʢ ʥʘ ʩʝʨʚʝʨ. ɺ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʤʝʪʦʜʳ: 

1. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʇʨʦʚʝʨʢʘ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʚʩʝʭ ʬʫʥʢʮʠʡ 

ʩʢʨʠʧʪʘ, ʚʢʣʶʯʘʷ ʩʙʦʨʢʫ ʦʙʨʘʟʘ Docker, ʟʘʧʫʩʢ ʢʦʥʪʝʡʥʝʨʘ Nginx ʠ ʧʨʦʚʝʨʢʘ ʜʦʩʪʫʧʥʦʩʪʠ 

ʚʝʙ-ʩʝʨʚʝʨʘ. ʕʪʦ ʚʢʣʶʯʘʣʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʙʦʪʳ ʩ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ, 

ʨʘʟʤʝʱʝʥʥʳʤ ʟʘ Nginx. 

2. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ. ʕʪʦ ʜʦʩʪʠʛʘʣʦʩʴ ʧʫʪʝʤ ʠʤʠʪʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʢ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʶ. ʀʟʤʝʨʷʣʠʩʴ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʥʘ ʟʘʧʨʦʩʳ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ 

ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ (CPU, ʧʘʤʷʪʴ, ʜʠʩʢ). 

3. ʅʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʥʩʪʨʫʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ab, wrk ʠʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘʛʨʫʟʦʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʙʦʣʴʰʦʡ ʥʘʛʨʫʟʢʠ ʥʘ Nginx 

ʩʝʨʚʝʨ, ʟʘʧʫʱʝʥʥʳʡ ʚ ʢʦʥʪʝʡʥʝʨʝ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʷʭ ʥʘʛʨʫʟʢʠ. 

4. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ: ʇʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʨʘʙʦʪʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ʇʨʦʚʝʨʷʣʘʩʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʟʘʛʨʫʟʢʝ.                              ʊʘʙʣʠʮʘ 1 ï  ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʅʘʛʨʫʟʢʘ 

(ʟʘʧʨʦʩʳ/ʩʝʢ) 

ɺʨʝʤʷ 

ʦʪʢʣʠʢʘ (ʤʩ) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

CPU (%) (ʈɽɼ ʆʉ) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠ 

(%) (ʈɽɼ ʆʉ) 

10 25 2 5 

50 35 8 12 

100 50 15 20 

200 80 28 35 

500 200 60 70 

1000 450 85 90 

 ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

(ʫʢʘʞʠʪʝ ʥʘʧʨʠʤʝʨ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ, ʚʳʩʦʢʫʶ, ʥʠʟʢʫʶ) ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʉʨʘʚʥʝʥʠʝ 

ʩ ʜʨʫʛʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ (ʝʩʣʠ ʧʨʦʚʦʜʠʣʦʩʴ) ʜʘʣʦ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: (ʉʨʘʚʥʠʪʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩ Docker Compose, ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʥʦ ʫʢʘʞʠʪʝ ʢʘʢʦʡ 

ʢʦʥʢʨʝʪʥʦ ʜʠʩʪʨʠʙʫʪʠʚ ʆʉ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʨʘʚʥʝʥʠʷ.) 
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 ɿʘʢʣʶʯʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ Docker-ʢʦʥʪʝʡʥʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚʝʙ-ʩʝʨʚʝʨ Nginx, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʢʨʠʧʪʦʚ ʥʘ ʷʟʳʢʝ çBashè. ʉʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʫʯʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʰʠʙʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʢʨʠʧʪ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʵʪʘʧʳ ʩʙʦʨʢʠ Docker-ʦʙʨʘʟʘ 

ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ Dockerfile, ʚʳʧʦʣʥʷʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ Nginx 

ʩʝʨʚʝʨʘ ʧʦʩʣʝ ʩʙʦʨʢʠ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʫʙʣʠʢʫʝʪ ʛʦʪʦʚʳʡ ʦʙʨʘʟ ʚ Docker-ʨʝʝʩʪʨ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʈɽɼ ʆʉ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʜʠʩʪʨʠʙʫʪʠʚʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʠ ʝʸ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʫʨʦʚʥʷʤʠ ʥʘʛʨʫʟʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʫʯʥʳʤ ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ, ʧʦʢʘʟʳʚʘʷ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʠʩʢʘ ʦʰʠʙʦʢ. ʇʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʢʦʪʦʨʦʝ 

ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʵʪʦ ʦʞʠʜʘʝʤʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʦ ʧʫʪʝʤ ʜʘʣʴʥʝʡʰʝʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʨʠʧʪʘ ʠʣʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʆʬʠʮʠʘʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ. ï URL:Nginx. https://nginx.org/en/docs/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.12.2024) 

2. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ Bash. ï URL:https://www.gnu.org/software/bash/manual/bash.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.12.2024). 

3. Docker Documentation. ï URL:https://docs.docker.com/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.12.2024). 

4. ʇʨʠʤʝʨ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ï URL:https://www.dmosk.ru/miniinstruktions.php?mini=docker-
webserver(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.12.2024). 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʡ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʦ 

ʜʣʠʥʝ ʚʦʣʥʳ WDM ʠ DWDM. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʝʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ WDM, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʩʪʘʥʜʘʨʪ 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʦʣʝʝ 

ʜʦʣʛʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ, ʜʣʠʥʘ ʚʦʣʥʳ, WDM, DWDM, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. 
 

COMPARATIVE ANALYSIS OF WAVELENGTH MULTIPLEXING TECHNOLOGIES WDM AND  DWDM  
 

Luzyanin Z.S., Istratova E.E. 
FSBEI HE "NSTU", Novosibirsk 

 

The article presents the results of a comparative analysis of wavelength multiplexing technologies WDM 

and DWDM. It was found that in order to increase the efficiency of using network capabilities, it is 

advisable to use WDM, since this standard has higher performance, a high level of security and a longer 

service life of the system. 

Keywords: multiplexing, wavelength, WDM, DWDM, comparative analysis. 
  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ ʫ ʨʘʟʣʠʯʥʳʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʚʘʡʜʝʨʦʚ ʠ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʩʧʨʦʩʘ ʥʘ 

ʪʝʭʥʦʣʦʛʠʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʦʜʥʦʤ ʢʘʥʘʣʝ ʩʚʷʟʠ ʧʝʨʝʜʘʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʩʩʦʚʦʩʪʠ 

ʧʦʜʢʣʶʯʝʥʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʪʘʪʴʝ [1] ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʡ WDM ʠ DWDM ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʦʩʥʦʚʘʥʦ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʠ ʩ ʫʯʝʪʦʤ ʚʩʝʚʦʟʤʦʞʥʳʭ ʤʦʜʫʣʷʮʠʡ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

https://nginx.org/en/docs/
https://www.gnu.org/software/bash/manual/bash.html
https://docs.docker.com/
https://www.dmosk.ru/miniinstruktions.php?mini=docker-webserver
https://www.dmosk.ru/miniinstruktions.php?mini=docker-webserver
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ʩʠʛʥʘʣʘ, ʪʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʫʧʣʦʪʥʝʥʠʝ ʢʘʥʘʣʘ ʠ 

ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɺ ʨʷʜʝ ʜʨʫʛʠʭ ʩʪʘʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ DWDM. ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [2] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ DWDM, ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʦʥʮʝʧʮʠʠ 

ʚʩʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ ʙʝʩʮʚʝʪʥʦʛʦ DWDM ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ Flex Spectrum ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ WSON ï ʵʪʦ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʠʩʪʦʯʥʠʢʝ ʙʳʣʘ ʜʦʢʘʟʘʥʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ DWDM-ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ROADM-ʫʟʣʦʚ ʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʘʣʠʷʭ. 

ɺ ʩʪʘʪʴʝ [3] ʨʝʯʴ ʪʘʢʞʝ ʠʜʝʪ ʦ DWDM, ʥʦ ʫʞʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʥʝʜʦʩʪʘʪʢʦʚ DWDM, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʝʩʝʥʳ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʢʘʪʴ 

ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʫʯʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʡ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ WDM ʠ DWDM ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʝʪʠ. ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ: ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ 

ʯʘʩʪʦʪʝ (FDM); ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ (TDM); ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ; ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ (WDM). ʆʜʥʘʢʦ 

ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʠʤʝʥʥʦ ʪʝʭʥʦʣʦʛʠʠ WDM ʠ DWDM. ʊʝʭʥʦʣʦʛʠʷ 

WDM ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʚʦʣʥ ʠ ʧʝʨʝʜʘʯʠ ʩ 

ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. ɺʩʝ ʚʦʣʥʦʚʳʝ ʢʘʥʘʣʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʥʘ 

ʧʝʨʝʜʘʶʱʝʡ ʩʪʦʨʦʥʝ ʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʨʠʝʤʥʦʡ. ʇʨʠʤʝʥʝʥʠʝ WDM ʦʛʨʘʥʠʯʝʥʦ ʜʚʫʤʷ - 

ʪʨʝʤʷ ʢʘʥʘʣʘʤʠ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 1310 ʥʤ, 1550 ʥʤ ʠ 1490 ʥʤ ʩ ʤʝʞʢʘʥʘʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 240 

ʥʤ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ CWDM ʠ DWDM ʩʠʩʪʝʤʳ. 

DWDM ʠʣʠ dense WDM ʤʦʞʝʪ ʠʤʝʪʴ ʜʦ 160 ʜʣʠʥ ʚʦʣʥ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ ʚ 

25 ɻɻʮ. ɼʣʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʦʭʣʘʞʜʘʶʱʠʭ ʣʘʟʝʨʦʚ ʩ ʦʯʝʥʴ ʩʪʨʦʛʠʤʠ 

ʜʦʧʫʩʢʘʤʠ ʠ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ. ɼʣʠʥʘ ʚʦʣʥʳ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ 

ʦʪ 1530 ʥʤ ʜʦ 1565 ʥʤ (C-ʜʠʘʧʘʟʦʥ). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 

ʨʘʙʦʪʘʶʪ ʫʩʠʣʠʪʝʣʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ EDFA, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʜʘʣʴʥʦʜʝʡʩʪʚʠʝ ʜʦ 

500 ʢʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʣʝʜʫʶʱʠʝ: ʮʝʥʘ ʟʘ 1 ʢʘʥʘʣ; ʜʘʣʴʥʦʜʝʡʩʪʚʠʝ; ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ; ʧʨʦʩʪʦʪʘ 

ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʜʢʣʶʯʝʥʠʷ; ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; ʙʝʟʦʧʘʩʥʦʩʪʴ; ʩʨʦʢ ʩʣʫʞʙʳ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
ʪʝʭʥʦʣʦʛʠʡ WDM ʠ DWDM 

ʂʨʠʪʝʨʠʠ ʩʨʘʚʥʝʥʠʷ WDM  DWDM  

ʎʝʥʘ ʟʘ 1 ʢʘʥʘʣ + - 

ɼʘʣʴʥʦʜʝʡʩʪʚʠʝ - + 

ɺʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ - + 

ʇʨʦʩʪʦʪʘ ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʜʢʣʶʯʝʥʠʷ + - 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪ ɹ - + 

ɹʝʟʦʧʘʩʥʦʩʪʴ - + 

ʉʨʦʢ ʩʣʫʞʙʳ - + 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ WDM 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ. ʊʝʭʥʦʣʦʛʠʷ DWDM, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ WDM, ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʩʪʦʠʤʦʩʪʴ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʦʣʝʝ ʜʦʣʛʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʩʠʩʪʝʤʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʪʝʭʥʦʣʦʛʠʷ DWDM ʩ 
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ʄʝʪʦʜ   ʦʧʪʠʤʠʟʘʮʠʠ   ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ    ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ  ʠ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʦʨʜʠʥʘʪ  ʚʦʟʜʫʰʥʳʭ  ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ  ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʥʘ ʥʘʟʝʤʥʳʭ   

ʧʫʥʢʪʘʭ ʦʙʨʘʙʦʪʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʷʜʘ ʤʦʜʝʣʝʡ: 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʟʘʧʨʦʩʘ. 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʥʘʟʥʘʯʝʥʠʷ ʟʘʧʨʦʩʘ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʧʨʦʩʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʦʩʪʘʪʦʯʥʳʭ ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʦʚ. 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʀʟʥʘʯʘʣʴʥʦ ʧʨʦʮʝʩʩʳ   ʥʝ   ʧʨʠʚʷʟʘʥʳ ʢ ʧʫʥʢʪʘʤ  ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʇʆʀ)   

(ʫʟʣʘʤ), ʥʦ  ʠʟʚʝʩʪʥʦ   ʚ   ʢʘʢʠʭ   ʫʟʣʘʭ ʦʥʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ [1, ʩ.211]. ʂʘʞʜʳʡ  ʫʟʝʣ ʠʤʝʝʪ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʨʠʚʷʟʢʫ. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʡ ʧʨʦʮʝʩʩ ʠ ʥʘ ʢʘʢʦʤ ʇʆʀ ʙʫʜʝʪ 

ʟʘʧʫʱʝʥ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʢʠ. 

https://doi.org/10.1007/978-3-319-97816-1_37
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ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ     ʨʘʩʧʨʝʜʝʣʝʥʠʷ     ʠʥʬʦʨʤʘʮʠʠ    ʧʦ  ʦʙʥʘʨʫʞʝʥʠʶ   

ʠ ʦʧʨʝʜʝʣʝʥʠʶ   ʢʦʦʨʜʠʥʘʪ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ   ʘʢʪʠʚʥʦʛʦ    ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ  

ʥʘ  ʥʘʟʝʤʥʳʭ  ʧʫʥʢʪʘʭ  ʦʙʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ  ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʟʘʧʨʦʩʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ Z ʠ ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚ ʩʠʩʪʝʤʫ   

ʤʘʢʩʠʤʘʣʴʥʦʝ  ʯʠʩʣʦ  ʟʘʧʨʦʩʦʚ, ʪʘʢʠʭ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ A.  

ɿʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ  ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ  

ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ  ʚʦʟʜʫʰʥʳʭ  ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ   ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ   ʥʘ   

ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʘʭ ʦʙʨʘʙʦʪʢʠ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʝʝ ʜʝʢʦʤʧʦʟʠʮʠʠ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʷʚʢʠ ʧʦ ʥʘʟʝʤʥʳʤ ʇʆʀ ʩ 
ʠʟʚʝʩʪʥʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʇʆʀ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ/ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʫʩʢʘ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʢʠ ʚ 

ʫʟʣʘʭ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʘ, ʪʦ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʤʘʨʰʨʫʪʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʚʥʫʪʨʠ ʩʝʙʷ ʫʟʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʦʩʪʨʦʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʥʘ 

ʛʨʘʬʝ. ʇʨʠ ʵʪʦʤ ʢʨʠʪʝʨʠʷʤʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ: ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʢʘʢ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʷʚʢʠ ʤʝʞʜʫ ʟʘʜʘʥʥʳʤʠ ʇʆʀ ʠ ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ [2, 

ʩ.324]. 

ʄʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʦ ʩʚʝʩʪʠ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ 

ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʷʚʢʠ ʧʦ ʵʣʝʤʝʥʪʘʤ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʇʆʀ ʢ ʟʘʜʘʯʝ ʧʦʩʪʨʦʝʥʠʠ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʥʘ ʛʨʘʬʝ. ɼʣʷ ʢʘʞʜʦʡ ʟʘʷʚʢʠ ʩʪʨʦʠʪʩʷ ʛʨʘʬ ʝʝ ʧʨʦʭʦʞʜʝʥʠʷ. ɺ 

ʧʦʩʪʨʦʝʥʥʦʤ ʛʨʘʬʝ ʠʩʢʣʶʯʘʶʪʩʷ ʇʆʀ, ʚ ʢʦʪʦʨʳʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʨʝʩʫʨʩʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ SLA-ʩʦʛʣʘʰʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʢʘʣʷʨʠʟʘʮʠʠ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʪʨʠ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʘ: ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ, ʘʣʛʦʨʠʪʤ ʌʣʦʡʜʘ, ʧʝʨʝʙʦʨʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

ʋʢʘʟʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʣʝʛʢʦ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʝʨʰʠʥ ʚ ʛʨʘʬʝ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʫʩʣʦʞʥʷʝʪʩʷ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʇʆʀ ʩ ʫʯʝʪʦʤ 

ʩʪʘʪʠʩʪʠʢʠ ʟʘʷʚʦʢ ʠ ʠʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʚʷʟʢʠ. 

ʄʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʇʆʀ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʇʆʀ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ (ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ) ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ: 

- ʟʘʜʘʯʘ ʠʤʝʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ; 

- ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪ 

ʚʨʝʤʝʥʠ, ʪʦ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʦʣʞʥʦ ʧʨʦʚʦʜʠʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ, ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ; 

- ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ: 

ʘ) ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʷʚʦʢ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

ʙ) ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʨʠʝʤ ʠ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʚʦʟʜʫʰʥʦʛʦ ʦʙʲʝʢʪʘ (ɺʆ) ʥʘ 

ʵʣʝʤʝʥʪʳ ʇʆʀ, 

ʚ) ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʷʚʢʠ ʧʦ ʵʣʝʤʝʥʪʘʤ ʇʆʀ. 

ʇʘʨʘʤʝʪʨʘʤʠ, ʧʦʜʣʝʞʘʱʠʤʠ ʦʧʨʝʜʝʣʝʥʠʶ ʷʚʣʷʶʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʝ: 

- ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʘʪʨʠʙʫʪʳ ʟʘʷʚʢʠ; 

- ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ, ʛʝʥʝʨʠʨʫʶʱʠʝ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ; 

- ʫʟʣʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ   ʦʧʪʠʤʠʟʘʮʠʠ   

ʨʘʩʧʨʝʜʝʣʝʥʠʷ    ʠʥʬʦʨʤʘʮʠʠ    ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ  ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ  ʚʦʟʜʫʰʥʳʭ  

ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ  ʘʢʪʠʚʥʦʛʦ  ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ   ʥʘ   ʥʘʟʝʤʥʳʭ   ʧʫʥʢʪʘʭ ʦʙʨʘʙʦʪʢʠ. 

ʆʙʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ    

ʠʥʬʦʨʤʘʮʠʠ    ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ  ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ  ʚʦʟʜʫʰʥʳʭ  ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ     
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ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʥʘ  ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʘʭ ʦʙʨʘʙʦʪʢʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʧʦʩʪʘʥʦʚʢʠ 

ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʤʠ. ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʨʝʰʝʥʠʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʢʘʣʷʨʠʟʘʮʠʶ ʢʨʠʪʝʨʠʷ. ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʝʝ ʨʝʰʝʥʠʶ [3, ʩ. 275]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 
ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ  ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ 

ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ  ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʥʘ ʇʆʀ 
 

ʇʨʠ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ ʠ ʟʘʷʚʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ [4, ʩ.24]: 

- ʤʝʪʦʜ ʣʠʥʝʡʥʦʡ ʩʚʝʨʪʢʠ ʢʨʠʪʝʨʠʝʚ, 

- ʤʝʪʦʜ ʇʘʨʝʪʦ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ, 

- ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʩʪʫʧʦʢ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, 

- ʤʝʪʦʜ ʫʚʝʨʝʥʥʳʭ ʩʫʞʜʝʥʠʡ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ [5, ʩ. 110]: 

1. ɺʘʨʠʘʥʪ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʩ ʫʯʝʪʦʤ ʥʘʢʦʧʣʝʥʥʦʡ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ (ʥʘ ʤʦʤʝʥʪ ʟʘʧʫʩʢʘ ʩʠʩʪʝʤʳ) ʩʪʘʪʠʩʪʠʢʠ. ʅʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʧʦ 

ʄʝʪʦʜ   ʦʧʪʠʤʠʟʘʮʠʠ   ʨʘʩʧʨʝʜʝʣʝʥʠʷ    ʠʥʬʦʨʤʘʮʠʠ

ʥʘ   ʥʘʟʝʤʥʳʭ   ʧʫʥʢʪʘʭ ʦʙʨʘʙʦʪʢʠ

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ 

ʬʠʟʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ 

ʟʘʧʨʦʩʘ

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ 

ʥʘʟʥʘʯʝʥʠʷ ʟʘʧʨʦʩʘ

ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʜʝʣʠ 

ʦʛʨʘʥʠʯʝʥʠʡ

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ 

ʦʩʪʘʪʦʯʥʳʭ ʜʦʩʪʫʧʥʳʭ 

ʨʝʩʫʨʩʦʚ

ʆʧʨʝʜʝʣʝʥʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ

ʇʦʩʪʨʦʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʷʚʢʠ ʧʦ ʥʘʟʝʤʥʳʤ ʇʆʀ 

ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʇʆʀ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ/ʩʯʠʪʳʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʇʆʀ ʩ 

ʫʯʝʪʦʤ ʩʪʘʪʠʩʪʠʢʠ ʟʘʷʚʦʢ ʠ ʠʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʚʷʟʢʠ

ʟʘʜʘʯʘ ʠʤʝʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʭʨʘʥʠʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ - ʨʝʰʝʥʠʝ ʵʪʦʡ 

ʟʘʜʘʯʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ  

ʜʦʣʞʥʦ ʧʨʦʚʦʜʠʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ, ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ

ʦʩʥʦʚʥʦʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ - 

ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ
 



198 

 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʷʚʦʢ ʫʪʦʯʥʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʦʚ. 

2. ɺʘʨʠʘʥʪ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʩ ʫʯʝʪʦʤ ʥʘʢʦʧʣʝʥʥʦʡ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ (ʥʘ ʤʦʤʝʥʪ ʟʘʧʫʩʢʘ ʩʠʩʪʝʤʳ) ʩʪʘʪʠʩʪʠʢʠ, ʘ ʧʦʩʪʫʧʘʶʱʠʝ ʟʘʷʚʢʠ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʫʟʣʦʚ ʭʨʘʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʜʘʥʥʳʭ. ʅʘ ʦʩʥʦʚʝ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ  ʚʳʚʦʜ.   

ʈʘʟʨʘʙʦʪʘʥ  ʤʝʪʦʜ  ʦʧʪʠʤʠʟʘʮʠʠ   ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʠʥʬʦʨʤʘʮʠʠ   ʧʦ   ʦʙʥʘʨʫʞʝʥʠʶ    ʠ 

ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ  ʚʦʟʜʫʰʥʳʭ  ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ  ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ  ʥʘ 

ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʘʭ  ʦʙʨʘʙʦʪʢʠ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ɺʆ ʩʚʦʜʠʪʩʷ ʢ ʩʦʚʤʝʩʪʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦʩʪʨʦʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʦʙʨʘʙʦʪʢʠ ʠ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʇʆʀ (ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ) ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ ʚ ʚʠʜʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʦʠʤʦʩʪʠ ʠ 

ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ (ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʢʘʢ ʩʫʤʤʘʨʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʷʚʢʠ ʤʝʞʜʫ 

ʟʘʜʘʥʥʳʤʠ ʇʆʀ). 
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ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʠʧʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʦʧʦʣʦʛʠʡ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʚʳʙʦʨ ʪʦʧʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʤʘʩʰʪʘʙʘ, ʮʝʣʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ: ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʧʦʣʦʛʠʷ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʝʪʴ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. 
 

ANALYSIS OF TYPICAL COMPUTER NETWORK TOPOLOGIES  
 

Manuilov S.A., Istratova E.E. 
FSBEI HE "NSTU", Novosibirsk 

 

The article presents the results of a comparative analysis of typical modern computer network topologies. 

During the study, the main factors influencing the choice of computer network topology were determined 

depending on its scale, design purpose, as well as such parameters as: data transfer rate, equipment cost 

and upgradeability. 

Keywords: topology, computer network, comparative analysis. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʧʝʨʩʦʥʘʣʴʥʳʝ 

ʢʦʤʧʴʶʪʝʨʳ, ʠʟ-ʟʘ ʯʝʛʦ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʪʝʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʚʝʣʠʯʠʣʦʩʴ ʠ ʟʥʘʯʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. ɻʣʘʚʥʳʝ ʢʨʠʪʝʨʠʠ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ï ʵʪʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ, ʧʦʵʪʦʤʫ ʧʨʘʚʠʣʴʥʦ 

ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʝʪʴ ʧʦʤʦʛʘʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯ. ʉ ʮʝʣʴʶ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʪʝʩʪʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʪʦʧʦʣʦʛʠʡ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʶʪ ʢʘʢ ʬʠʟʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʦʚ ʩʝʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʪʘʢ ʠ ʩʧʦʩʦʙ ʩʦʝʜʠʥʝʥʠʷ ʠʭ ʣʠʥʠʷʤʠ ʩʚʷʟʠ. 

https://ieeexplore.ieee.org/document/220924
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʘʥʘʣʠʟʝ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʪʦʧʦʣʦʛʠʡ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʆʪ ʚʳʙʦʨʘ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʟʘʚʠʩʠʪ ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢ ʩʙʦʷʤ, ʯʪʦ ʜʝʣʘʝʪ ʦʧʪʠʤʠʟʘʮʠʶ ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʨʠʩʢʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʟʘʱʠʪʝ ʜʘʥʥʳʭ. 

ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʯʘʩʪʦ ʬʠʛʫʨʠʨʫʶʪ ʪʘʢʠʝ ʚʠʜʳ ʪʦʧʦʣʦʛʠʡ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʝʪʝʡ, ʢʘʢ: çʰʠʥʘè, çʢʦʣʴʮʦè, çʟʚʝʟʜʘè, çʜʝʨʝʚʦè, çʩʝʪʦʯʥʘʷè ʠ çʛʠʙʨʠʜʥʘʷè [1-4]. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʫʶ ʠʟ ʥʠʭ ʧʦʜʨʦʙʥʝʝ. ʊʦʧʦʣʦʛʠʷ çʰʠʥʘè ï ʪɻʦ ʪʠʧ ʩʝʪʠ, ʛʜʝ ʢʘʞʜʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʢʣʶʯʝʥʦ ʢ ʦʜʥʦʤʫ ʢʘʙʝʣʶ, ʧʨʦʭʦʜʷʱʝʤʫ ʦʪ ʦʜʥʦʛʦ ʢʦʥʮʘ ʩʝʪʠ ʢ ʜʨʫʛʦʤʫ. ʊʘʢ 

ʢʘʢ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ ʢʘʙʝʣʷ, ʵʪʘ ʪʦʧʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ 

ʚʳʛʦʜʥʦʡ ʚ ʧʣʘʥʝ ʩʪʦʠʤʦʩʪʠ. ʐʠʥʘ ʧʦʟʚʦʣʷʝʪ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʙʝʟ ʚʩʷʢʠʭ ʪʨʫʜʥʦʩʪʝʡ 

ʜʦʙʘʚʠʪʴ ʥʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ ʩʝʪʠ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʧʣʶʩʦʤ, ʦʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ, ʧʘʜʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʵʪʘ ʪʦʧʦʣʦʛʠʷ ʧʦʣʫʜʫʧʣʝʢʩʥʘʷ ï 

ʜʘʥʥʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʚ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʪʠʧ ʪʦʧʦʣʦʛʠʠ, ʯʘʱʝ ʚʩʝʛʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʩʝʪʷʭ [4]. ʅʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʪʘʢʘʷ ʪʦʧʦʣʦʛʠʷ ʚʩʝ ʞʝ ʠʤʝʝʪ ʝʜʠʥʫʶ ʪʦʯʢʫ ʦʪʢʘʟʘ ï ʧʦʚʨʝʞʜʝʥʠʝ ʢʘʙʝʣʷ. ɺʩʝ ʫʟʣʳ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʝʜʠʥʦʤʫ ʢʘʙʝʣʶ, ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ, ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʚʩʝʡ 

ʩʠʩʪʝʤʳ. ɽʩʣʠ ʩʦʝʜʠʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʠʣʠ ʧʦʚʪʦʨʠʪʝʣʝʡ ʥʝʩʢʦʣʴʢʦ ʩʝʪʝʡ 

ʪʦʧʦʣʦʛʠʠ çʰʠʥʘè, ʧʦʣʫʯʠʪʩʷ ʪʦʧʦʣʦʛʠʷ çʜʝʨʝʚʦè, ʛʜʝ ʩʝʛʤʝʥʪʳ ʥʝ ʟʘʚʠʩʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ï 

ʨʘʟʨʳʚ ʢʘʙʝʣʷ ʚ ʦʜʥʦʤ, ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʜʨʫʛʦʛʦ. ʆʪʢʘʟ ʚ ʨʘʙʦʪʝ ʢʦʨʥʝʚʦʛʦ ʩʝʛʤʝʥʪʘ, 

ʧʨʠʚʝʜʝʪ ʢ ʦʪʢʘʟʫ ʚʩʝʡ ʩʝʪʠ [5]. 

ʂʦʣʴʮʝʚʘʷ ʪʦʧʦʣʦʛʠʷ ï ʪʠʧ ʩʝʪʠ, ʛʜʝ ʫʩʪʨʦʡʩʪʚʘ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ 

ʢʦʣʴʮʝʚʦʤ ʬʦʨʤʘʪʝ, ʪʦ ʝʩʪʴ ʢʘʞʜʳʡ ʫʟʝʣ ʙʫʜʝʪ ʠʤʝʪʴ ʜʚʘ ʩʦʩʝʜʘ. ɼʘʥʥʳʝ ʚ ʪʘʢʦʡ ʩʝʪʠ 

ʦʙʳʯʥʦ ʧʨʝʜʘʶʪʩʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʡʜʫʪ ʜʦ ʧʦʣʫʯʘʪʝʣʷ [2]. ʇʨʠ 

ʵʪʦʤ ʯʝʪʢʦ ʚʳʜʝʣʝʥʥʦʛʦ ʮʝʥʪʨʘ ʚ ʜʘʥʥʦʤ ʪʠʧʝ ʪʦʧʦʣʦʛʠʠ ʥʝʪ, ʦʜʥʘʢʦ ʠʥʦʛʜʘ ʚʳʜʝʣʷʝʪʩʷ 

ʫʧʨʘʚʣʷʶʱʠʡ ʫʟʝʣ, ʢʦʪʦʨʳʡ ʦʨʛʘʥʠʟʫʝʪ ʦʙʤʝʥ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʝʛʦ. ʕʪʦ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʠ 

ʥʝʜʦʩʪʘʪʢʦʤ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʟʣʘ ʧʘʨʘʣʠʟʫʝʪʩʷ ʨʘʙʦʪʘ ʚʩʝʡ ʩʝʪʠ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ çʰʠʥʳè, ʚʳʧʦʣʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ, ʥʦ 

ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʦʪʢʣʶʯʝʥʠʝ ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ 

ʤʝʥʝʝ, ʯʝʤ ʚ ʪʦʧʦʣʦʛʠʠ çʰʠʥʘè. ʂʦʣʴʮʝʚʘʷ ʪʦʧʦʣʦʛʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʧʝʨʝʛʨʫʟʢʘʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʨʝʥʥʫʶ ʨʘʙʦʪʫ ʩ ʙʦʣʴʰʠʤʠ ʧʦʪʦʢʘʤʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʚʥʫʪʨʠ 

ʩʝʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʥʬʣʠʢʪʳ ʤʝʞʜʫ ʫʟʣʘʤʠ ʠ ʥʝʪ 

ʢʦʥʢʨʝʪʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʩʠʣʴʥʦ ʥʘʛʨʫʞʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʚʩʝʭ 

ʜʘʥʥʳʭ ʯʝʨʝʟ ʩʝʙʷ. ʅʝʜʦʩʪʘʪʢʦʤ ʢʦʣʴʮʝʚʦʡ ʪʦʧʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ 

ʢʘʙʝʣʷ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ, ʚʩʷ ʩʠʩʪʝʤʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ. ʉ 

ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ, ʵʪʫ ʪʦʧʦʣʦʛʠʶ ʚʳʧʦʣʥʷʶʪ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʣʴʮʝʚʳʭ ʣʠʥʠʡ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ ʪʦʧʦʣʦʛʠʷ çʜʚʦʡʥʦʛʦ ʢʦʣʴʮʘè, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʥʘʜʝʞʥʦʩʪʴ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ 

ʦʜʥʦʛʦ ʢʘʙʝʣʷ, ʩʝʪʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʜʨʫʛʠʤ ʢʘʙʝʣʝʤ. 

ʊʦʧʦʣʦʛʠʷ çʟʚʝʟʜʘè ï ʵʪʦ ʪʠʧ ʩʝʪʠ, ʛʜʝ ʢʘʞʜʳʡ ʫʟʝʣ ʩʦʝʜʠʥʝʥ ʩ ʦʜʥʠʤ ʮʝʥʪʨʘʣʴʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ. ɹʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ çʟʚʝʟʜʳè ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʫʟʣʳ ʧʦʜʢʣʶʯʝʥʳ ʢ 

ʦʜʥʦʤʫ, ʧʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ. ʊʘʢʞʝ ʥʘʣʠʯʠʝ ʝʜʠʥʦʛʦ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʟʣʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʝʪʠ, ʣʦʢʘʣʠʟʦʚʘʪʴ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʦʛʨʘʥʠʯʠʚʘʪʴ ʜʦʩʪʫʧ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʟʣʘʤ [3]. ʇʦʜʢʣʶʯʝʥʠʝ ʫʟʣʦʚ ʢ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʯʘʩʪʦ ʚʳʧʦʣʥʷʶʪ ʜʚʫʤʷ ʢʘʙʝʣʷʤʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚ ʦʙʦʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʅʘʣʠʯʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʟʣʘ ʚ ʪʦʧʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʢʘʢ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʪʘʢ ʠ ʝʝ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʫʟʣʘ, ʨʘʙʦʪʘ ʚʩʝʡ ʩʝʪʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʊʘʢʞʝ ʨʘʩʭʦʜ ʢʘʙʝʣʷ ʟʜʝʩʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʜʚʫʭ 

ʧʨʝʜʳʜʫʱʠʭ ʪʦʧʦʣʦʛʠʷʭ, ʠʟ-ʟʘ ʯʝʛʦ ʪʘʢʦʡ ʩʧʦʩʦʙ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʪʠ ʦʙʭʦʜʠʪʩʷ ʜʦʨʦʞʝ ʠ 

ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʢʣʘʜʢʫ ʢʘʙʝʣʷ. 
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ʊʦʧʦʣʦʛʠʷ çʩʝʪʦʯʥʘʷè ʠʣʠ çʧʦʣʥʦʩʚʷʟʥʘʷè ï ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʪʦʯʢʘ-ʪʦʯʢʘ, ʛʜʝ ʢʘʞʜʳʡ 

ʫʟʝʣ ʩʚʷʟʘʥ ʩʦ ʚʩʝʤʠ ʫʟʣʘʤʠ ʚ ʩʝʪʠ. ʕʪʦ ʩʘʤʘʷ ʥʘʜʝʞʥʘʷ ʪʦʧʦʣʦʛʠʷ ʠʟ ʚʩʝʭ, ʪʘʢ ʢʘʢ ʦʪʢʘʟ 

ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʝʪʠ ʥʠʢʘʢ ʥʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ ʚ ʮʝʣʦʤ. ʅʦ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʪʦʧʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʢʘʞʜʳʡ ʫʟʝʣ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʪʦʣʴʢʦ ʞʝ ʧʦʨʪʦʚ, ʩʢʦʣʴʢʦ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʩʝʪʠ. ʊʘʢʞʝ ʵʪʦ 

ʩʘʤʳʡ ʜʦʨʦʛʦʡ ʚʘʨʠʘʥʪ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʙʝʣʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʪʦʧʦʣʦʛʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʦʡ ʪʦʧʦʣʦʛʠʠ ʦʯʝʥʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘʥʠʤʘʝʪ 

ʥʘʩʪʨʦʡʢʘ ʚʩʝʭ ʫʟʣʦʚ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ [5]. 

ʊʘʢʞʝ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʪʦʧʦʣʦʛʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʢʦʤʙʠʥʘʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʚ ʩʝʪʠ. ʉʝʪʠ ʩ ʪʘʢʠʤ ʪʠʧʦʤ 

ʪʦʧʦʣʦʛʠʠ ʭʦʨʦʰʦ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ, ʛʠʙʢʠʝ ʠ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. ʆʜʥʘʢʦ ʪʘʢʫʶ ʩʝʪʴ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʷʞʝʣʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ, ʥʘʩʪʨʦʡʢʘ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʤʥʦʛʦ ʢʘʙʝʣʷ, ʢʦʪʦʨʳʡ ʫʚʝʣʠʯʠʪ ʨʘʩʭʦʜʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʝʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʠʧʦʚʳʭ ʪʦʧʦʣʦʛʠʡ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʚʠʜʘ. 

ʆʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʢʦʤʧʴʶʪʝʨʥʳʤ ʩʝʪʷʤ, ʦʙʲʝʜʠʥʷʶʱʠʤ ʦʙʳʯʥʦ 

ʥʝʜʦʨʦʛʠʝ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʰʝʚʳʭ ʪʦʧʦʣʦʛʠʡ: 

çʟʚʝʟʜʘè ʠ çʜʝʨʝʚʦè. ʊʦʧʦʣʦʛʠʷ çʦʙʱʘʷ ʰʠʥʘè, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ɻʣʦʙʘʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʪʠ ʩʪʨʦʷʪʩʷ ʦʙʳʯʥʦ ʥʘ ʦʩʥʦʚʝ 

ʤʥʦʛʦʩʚʷʟʥʦʡ ʠʣʠ ʩʤʝʰʘʥʥʦʡ ʪʦʧʦʣʦʛʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʚʳʭ ʪʦʧʦʣʦʛʠʡ 

ʥʦʩʷʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʝʩʪʴ ʧʦʢʘʟʳʚʘʶʪ ʫʨʦʚʝʥʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʥʝʢʦʪʦʨʦʡ ʪʦʧʦʣʦʛʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʪʦʧʦʣʦʛʠʡ, ʠ ʥʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʦʡ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʦʮʝʥʢʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ, ʪʘʢʠʭ ʢʘʢ: ʧʨʦʧʫʩʢʥʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʴ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʟʣʦʚ ʩʚʷʟʠ, ʩʪʦʠʤʦʩʪʴ 

ʢʦʤʧʦʥʝʥʪ ʩʝʪʠ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠ ʪ.ʧ. ʋʯʝʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʢʘʞʜʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʪʦʧʦʣʦʛʠʠ ʦʢʘʟʳʚʘʶʪʩʷ 

ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ, ʘ ʩʣʦʞʥʳʝ ʪʦʧʦʣʦʛʠʠ ï ʙʦʣʝʝ ʜʝʰʝʚʳʤʠ, ʯʝʤ ʧʨʦʩʪʳʝ ʪʦʧʦʣʦʛʠʠ, 

ʥʘʧʨʠʤʝʨ, ʧʦʪʦʤʫ, ʯʪʦ ʚ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʥʘʣʳ ʩʚʷʟʠ ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʦʧʦʣʦʛʠʡ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ 

ʦʩʪʘʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʪʝʚʳʝ ʨʝʰʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ 

ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʥʳʤʠ ʠ ʫʜʦʙʥʳʤʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʥʦ ʠ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʛʠʙʢʦʩʪʴʶ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɿʥʘʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʪʦʧʦʣʦʛʠʡ ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʦʩʦʟʥʘʥʥʦ ʚʳʙʠʨʘʪʴ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʝʪʝʚʳʝ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʩʧʦʩʦʙʥʫʶ ʵʬʬʝʢʪʠʚʥʦ 

ʦʪʚʝʯʘʪʴ ʚʳʟʦʚʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʨʦʩʪʦʤ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʫʩʣʦʞʥʝʥʠʝʤ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʘʞʜʦʡ ʩʬʝʨʝ 

ʞʠʟʥʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʝʚʳʭ ʩʠʩʪʝʤ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʟʘʱʠʪʳ 

ʩʠʩʪʝʤʳ ʦʪ ʚʥʝʰʥʠʭ ʫʛʨʦʟ ʷʚʣʷʝʪʩʷ ʙʨʘʥʜʤʘʫʵʨ. ɺ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʙʘʟʝ Linux ʜʣʷ ʵʪʦʡ 

ʮʝʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʪʠʣʠʪʘ IPTABLES. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Ipchains, Linux, ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ, ʙʨʘʥʜʤʘʫʵʨ, ʪʨʘʬʠʢ, ʬʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ, 

ʮʝʧʦʯʢʘ ʜʘʥʥʳʭ. 

CONFIGURING THE FIREWALL USING IPTABLES  
 

Maslenkova A.E., Pokazaneva S.A. 
KT çMTUCIè, Moscow 

 

In today's world, where information technology plays a key role in every area of life, ensuring the 

security of network systems is becoming a top priority for organizations and users. One of the most 

effective tools for protecting a system from external threats is a firewall. In Linux-based operating 

systems, the iptables utility is widely used for this purpose. 

Keywords: Ipchains, Linux, network traffic, firewall, traffic, data filtering, data chain. 
 

ɺ ʥʘʯʘʣʝ 1990-ʭ ʛʦʜʦʚ, ʩ ʨʦʩʪʦʤ ʠʥʪʝʨʥʝʪʘ, ʚʦʧʨʦʩʳ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʣʠ 

ʚʘʞʥʳʤʠ. ʉʥʘʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʪʠʣʠʪʘ ipfw ʚ BSD-ʩʠʩʪʝʤʘʭ, ʟʘʪʝʤ ʚ 1999 ʛʦʜʫ 

ʧʦʷʚʠʣʘʩʴ çIpchainsè ʜʣʷ çLinuxè. ʆʜʥʘʢʦ ʫ çIpchainsè ʙʳʣʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʨʘʟʨʘʙʦʪʢʝ çIptablesè ʚ 2000 ʛʦʜʫ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʈʫʩʪʝʤʘ ɿʘʢʠʨʦʚʘ.  

çIptablesè ʟʘʤʝʥʠʣ çIpchainsè, ʧʨʝʜʣʦʞʠʚ ʫʣʫʯʰʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʤʦʜʫʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. ʆʥ ʦʨʛʘʥʠʟʫʝʪ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʬʠʢʦʤ ʯʝʨʝʟ çʮʝʧʦʯʢʠè ʠ çʧʨʘʚʠʣʘè 

ʜʣʷ ʚʭʦʜʷʱʠʭ, ʠʩʭʦʜʷʱʠʭ ʠ ʧʝʨʝʩʳʣʘʝʤʳʭ ʧʘʢʝʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʧʦʜʜʝʨʞʢʝ ʨʘʩʰʠʨʝʥʠʡ, ʪʘʢʠʭ 

ʢʘʢ çIpsetè ʠ conntrack, çIptablesè ʩʪʘʣ ʤʦʱʥʳʤ ʠ ʛʠʙʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʝʪʝʚʳʤʠ ʧʘʢʝʪʘʤʠ. 

çIptablesè ï ʫʪʠʣʠʪʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʝʚʳʤ ʪʨʘʬʠʢʦʤ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 

çLinuxè. ʆʥʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʬʠʣʴʪʨʘʮʠʠ, ʢʦʪʦʨʳʡ ʜʝʣʠʪ ʪʨʘʬʠʢ ʥʘ 

çʮʝʧʦʯʢʠè (chains) ʠ çʧʨʘʚʠʣʘè (rules), ʧʦʟʚʦʣʷʷ ʥʘʩʪʨʘʠʚʘʪʴ, ʢʘʢ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚʭʦʜʷʱʠʝ, 

ʠʩʭʦʜʷʱʠʝ ʠ ʧʝʨʝʩʳʣʘʝʤʳʝ ʧʘʢʝʪʳ. 

çIptablesè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ, ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʧʷʪʠ ʢʣʶʯʝʚʳʭ 

ʪʘʙʣʠʮ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʮʝʧʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʟʘʢʨʝʧʣʝʥʳ ʧʨʘʚʠʣʘ 

ʬʠʣʴʪʨʘʮʠʠ. 
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- Raw ï ʵʪʘ ʮʝʧʦʯʢʘ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʘʢʝʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ 

ʠʭ ʧʨʠʭʦʜʘ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʪʨʦʝʥʥʳʝ ʮʝʧʦʯʢʠ PREROUTING ʠ OUTPUT.  

- Mangle ï ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʘʢʝʪʦʚ ʠ ʦʭʚʘʪʳʚʘʝʪ 

ʮʝʧʦʯʢʠ PREROUTING, INPUT, FORWARD, OUTPUT ʠ POSTROUTING.  

- Nat ï ʦʪʚʝʯʘʝʪ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʘʜʨʝʩʦʚ ʠ ʧʦʨʪʦʚ ʧʘʢʝʪʦʚ ʢʘʢ ʦʪʧʨʘʚʠʪʝʣʷ, 

ʪʘʢ ʠ ʧʦʣʫʯʘʪʝʣʷ, ʚʢʣʶʯʘʷ ʚ ʩʝʙʷ ʮʝʧʦʯʢʠ PREROUTING, OUTPUT ʠ POSTROUTING.  

- Filter ï ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʪʘʙʣʠʮʝʡ, ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʬʠʣʴʪʨʘʮʠʶ ʧʘʢʝʪʦʚ ʠ 

ʚʢʣʶʯʘʶʱʝʡ ʮʝʧʦʯʢʠ INPUT, FORWARD ʠ OUTPUT. 

- Security ï ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʩ ʩʠʩʪʝʤʘʤʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ, ʪʘʢʠʤʠ 

ʢʘʢ SELinux, ʠ ʦʭʚʘʪʳʚʘʝʪ ʮʝʧʦʯʢʠ INPUT, FORWARD ʠ OUTPUT. 

ɺ ʵʪʠʭ ʪʘʙʣʠʮʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʮʝʧʦʯʝʢ: 

- PREROUTING ï ʜʝʡʩʪʚʫʝʪ ʥʘ ʚʭʦʜʷʱʠʡ ʪʨʘʬʠʢ ʜʦ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦ ʝʛʦ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

- INPUT ï ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʪʨʘʬʠʢʘ, ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ ʣʦʢʘʣʴʥʳʡ ʫʟʝʣ. 

- FORWARD ï ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʪʨʘʬʠʢʫ, ʧʨʦʭʦʜʷʱʝʤʫ ʯʝʨʝʟ ʫʟʝʣ. 

- OUTPUT ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʨʘʙʦʪʢʫ ʪʨʘʬʠʢʘ, ʦʪʧʨʘʚʣʷʝʤʦʛʦ ʩ ʪʝʢʫʱʝʛʦ ʫʟʣʘ. 

- POSTROUTING ï ʚʣʠʷʝʪ ʥʘ ʪʨʘʬʠʢ, ʦʪʧʨʘʚʣʷʝʤʳʡ ʟʘ ʧʨʝʜʝʣʳ ʫʟʣʘ ʧʦʩʣʝ ʚʩʝʭ 

ʧʨʦʮʝʜʫʨ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

ʇʨʘʚʠʣʘ ʚ ʮʝʧʦʯʢʘʭ ʚʢʣʶʯʘʶʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʘ: ʫʩʣʦʚʠʷ, ʜʝʡʩʪʚʠʷ ʠ ʩʯʝʪʯʠʢʠ. 

ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʘʢʝʪʘ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ, ʢ ʥʝʤʫ ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʜʝʡʩʪʚʠʝ, ʘ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʬʠʢʩʠʨʫʝʪʩʷ ʩʯʝʪʯʠʢʦʤ. ɽʩʣʠ ʫʩʣʦʚʠʷ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ, 

ʜʝʡʩʪʚʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦ ʚʩʝʤ ʧʘʢʝʪʘʤ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʢʘʢ ʫʩʣʦʚʠʡ, ʪʘʢ ʠ ʜʝʡʩʪʚʠʡ, 

ʘʢʪʠʚʝʥ ʪʦʣʴʢʦ ʩʯʝʪʯʠʢ.  

ɺʦʟʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʚʠʡ ʩ ʧʦʤʦʱʴʶ ʣʦʛʠʯʝʩʢʦʛʦ ʀ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʨʠʮʘʥʠʷ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʣʦʛʠʯʝʩʢʦʤʫ ʀ-ʅɽ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʘʚʠʣʦ ʙʫʜʝʪ 

ʩʨʘʙʘʪʳʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʘʢʝʪʘ ʚʩʝʤ ʫʩʣʦʚʠʷʤ ʦʜʥʦʚʨʝʤʝʥʥʦ.  
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ iptables: ʂʘʢ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʚʭʦʜʷʪ ʚ ʩʠʩʪʝʤʫ, ʦʥʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʮʝʧʦʯʢʫ 

PREROUTING ʚ ʪʘʙʣʠʮʝ mangle. ɼʘʣʝʝ ʦʥʠ ʧʝʨʝʜʘʶʪʩʷ ʚ PREROUTING ʪʘʙʣʠʮʳ nat, ʛʜʝ ʥʘ ʥʠʭ 
ʩʪʘʚʷʪʩʷ ʤʝʪʢʠ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʚʝʨʪʘʮʠʷ ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ Iptables 
 

ɿʘʪʝʤ ʩʠʩʪʝʤʘ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ɽʩʣʠ ʜʘʥʥʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʣʦʢʘʣʴʥʦʛʦ ʭʦʩʪʘ, ʦʥʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʮʝʧʦʯʢʠ INPUT ʪʘʙʣʠʮ mangle ʠ filter. ɽʩʣʠ ʞʝ ʦʥʠ 

ʪʨʘʥʟʠʪʥʳʝ, ʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʝʧʦʯʢʠ FORWARD ʪʝʭ ʞʝ ʪʘʙʣʠʮ.  

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʧʦ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʘʙʣʠʮʝ filter. ʆʙʨʘʙʦʪʢʘ 

ʣʦʢʘʣʴʥʦʛʦ ʠ ʪʨʘʥʟʠʪʥʦʛʦ ʪʨʘʬʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʨʘʚʠʣ 

ʬʠʣʴʪʨʘʮʠʠ ʢʨʠʪʠʯʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʘʜʨʝʩ ʠ ʧʦʨʪ ʥʘʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʚ ʮʝʧʦʯʢʝ PREROUTING ʚ ʪʘʙʣʠʮʝ nat, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʠ ʧʦʨʪʦʚ ʥʘ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʥʦʤʝʨʘ. ʇʘʢʝʪ, ʢʦʪʦʨʳʡ ʧʨʠʰʝʣ ʥʘ ʚʥʝʰʥʠʡ ʠʥʪʝʨʬʝʡʩ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʡ 
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ʧʦʨʪ, ʧʦʩʣʝ DNAT ʙʫʜʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʪʘʙʣʠʮʝ filter ʫʞʝ ʩ ʦʙʳʯʥʳʤ ʧʦʨʪʦʤ ʠ ʘʜʨʝʩʦʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʫʟʣʘ ʢʘʢ ʘʜʨʝʩʦʤ ʥʘʟʥʘʯʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʦʪʢʘ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʠ 

ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʠ.  

ɺʘʞʥʦ ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʪʨʘʥʟʠʪʥʳʡ ʪʨʘʬʠʢ ʥʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʧʦʯʢʠ INPUT ʠ 

OUTPUT. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ (DNAT) ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʚʳʤ, ʘ ʟʘʪʝʤ ʠʜʫʪ 

ʬʠʣʴʪʨʘʮʠʷ.  

ʊʨʘʬʠʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʣʦʢʘʣʴʥʦʡ ʩʝʪʴʶ, ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʥʟʠʪʥʳʤ ʪʨʘʬʠʢʦʤ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʘʪʝʛʦʨʠʡ ʧʘʢʝʪʦʚ: ʧʨʠʭʦʜʷʱʠʭ ʠ ʦʪʧʨʘʚʣʷʝʤʳʭ. 

ʇʨʠʭʦʜʷʱʠʝ ʧʘʢʝʪʳ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʬʠʣʴʪʨʳ PREROUTING ʠ INPUT, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʪʧʨʘʚʣʷʝʤʳʝ ï ʯʝʨʝʟ OUTPUT ʠ POSTROUTING. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ 

ʣʦʢʘʣʴʥʦʛʦ ʧʘʢʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʝʧʦʯʢʫ OUTPUT, ʪʘʢ ʢʘʢ ʚ PREROUTING 

ʪʘʢʠʝ ʧʘʢʝʪʳ ʥʝ ʧʦʜʣʝʞʘʪ ʦʙʨʘʙʦʪʢʝ.  

ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʩʚʦʠʪʴ ʧʘʢʝʪʘʤ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʪʦʚ ʥʘ ʚʭʦʜʷʱʠʝ ʟʘʧʨʦʩʳ, ʤʝʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʚʘʠʚʘʪʴ ʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʘʢʝʪʘʤ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʝʜʠʥʝʥʠʷʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʪʨʘʬʠʢ ʠ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʠ. ʅʝʜʦʩʪʘʪʢʠ iptables:  

- iptables-restore ʥʝ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʮʝʥʘʨʠʠ; 

- ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʧʠʩʘʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ; 

- ʪʨʝʙʫʝʪ ʜʣʷ ʨʘʙʦʪʳ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʝʛʘʙʘʡʪ ʧʘʤʷʪʠ; 

- ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʨʦʙʥʳʭ ʩʦʦʙʱʝʥʠʡ ʦʙ ʦʰʠʙʢʘʭ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʆʩʥʦʚʳ Iptables ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ. ʏʘʩʪʴ 1. ʆʙʱʠʝ ʚʦʧʨʦʩʳ. ï URL: 

https://interface31.ru/tech_it/2020/02/osnovy-iptables-dlya-nachinayushhih- (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.12.2024). 

2. ʆʙʟʦʨ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Iptables. ï URL: https://timeweb.cloud/tutorials/network-security/obzor-i-

prakticheskoe-ispolzovanie-iptables(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.12.2024). 

3. Iptables Tutorial 1.1.19. ï URL: https://citforum.ru/operating_systems/linux/iptables/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.12.2024). 

4. Web-ʠʥʪʝʨʬʝʡʩ ʜʣʷ Iptables. ï URL: https://habr.com/ru/articles/123490/(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.12.2024). 

5. ɺʚʝʜʝʥʠʝ ʚ iptables. ï URL: https://habr.com/ru/articles/747616/(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.12.2024). 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʜʣʷ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʦʨʘʙʦʪʘʥʳ 
ʪʨʠ ʚʘʨʠʘʥʪʘ ʨʘʟʤʝʱʝʥʠʷ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ ʠ ʚ ʥʠʭ ʠʟʤʝʨʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣ ʚʳʷʚʣʝʥ 

ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʡ ʩʝʨʠʝʡ ʪʝʩʪʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʢʘʯʝʩʪʚʘ 

ʩʠʛʥʘʣʘ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 
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SELECTING A METHODOLOGY FOR CALCULATING THE NUMBER  

OF ACCESS POINTS FOR ORGANIZING A WIRELESS LOCAL AREA NE TWORK  

OF AN ENTERPRISE 
 

Matveev A.A., Frolov M.E., Istratova E.E. 
FSBEI HE "NSTU", Novosibirsk 

 

The article presents the results of various methods for calculating the number of access points for a 

wireless local area network of an enterprise. During the experiment, three options for placing access 

points indoors were worked out, for each of which key points were identified and signal quality indicators 

were measured in them. As a result of the work, the most rational calculation method was identified, 

confirmed by a series of test measurements of signal quality in the local area network of the organization. 

Keywords: wireless network, access point, calculation, local area network. 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʩʝʪʴ 

ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʦʙʱʠʤʠ ʵʪʘʧʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: ʨʘʩʯʝʪ 

ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʦʛʦ 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʥʘ ʧʣʘʥʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʤʝʱʝʥʠʷ; ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʯʠʩʣʘ 

ʪʦʯʝʢ ʜʦʩʪʫʧʘ, ʦʧʨʝʜʝʣʝʥʠʝ çʛʣʫʭʠʭè ʟʦʥ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʯʠʩʣʘ 

ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣʘ 

ʩʦʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʪʨʠ ʢʣʶʯʝʚʳʭ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ [1,2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ, ʥʦ ʠ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ï 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʝʨʚʳʭ ʩʧʦʩʦʙʦʚ ʨʘʩʯʝʪʘ ʯʠʩʣʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʧʦʜʭʦʜ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʟʘʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʬʠʢʩʠʨʦʚʘʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʝ. ʇʨʠʯʝʤ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʫʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʶ ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ ʧʨʠʤʝʥʷʝʤʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʊʘʢ, ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʰʠʬʨʦʚʘʥʠʷ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʥʘ ʦʜʥʫ ʯʝʪʚʝʨʪʫʶ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʧʨʦʩʪʦʪʫ ʨʘʩʯʝʪʘ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʟʙʳʪʦʯʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʦʢʨʫʛʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʨʘʩʭʦʜʳ ʥʘ ʟʘʢʫʧʢʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. ɽʱʝ ʦʜʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʧʦʤʝʭ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʢʨʳʚʘʥʠʷ ʟʦʥ ʦʪ ʢʘʞʜʦʡ ʪʦʯʢʠ ʜʦʩʪʫʧʘ. ʊʘʢʦʡ ʵʬʬʝʢʪ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʝʜʩʪʚʠʝʤ ʠʟʙʳʪʦʯʥʦʛʦ ʯʠʩʣʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʙʝʟ ʫʯʝʪʘ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʚ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʘʭ ʠ ʣʝʢʪʦʨʠʷʭ. 

ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ 

ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ 5 ɻɻʮ. ʆʜʥʘʢʦ ʵʪʦʪ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝ ʵʬʬʝʢʪʠʚʝʥ ʚ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 802.11g ʠʣʠ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 2,4 ɻɻʮ [3]. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʢ ʨʘʩʯʝʪʫ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ 

ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ. ɿʥʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʪʧʨʘʚʢʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʨʬʠʥʛʘ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʥʦ ʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʣʫʞʝʙʥʳʭ ʬʫʥʢʮʠʡ ʩʝʪʠ. ɹʣʘʛʦʜʘʨʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʦʜʭʦʜʘ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʠ ʥʘ ʟʘʢʫʧʢʫ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʠʭ ʨʘʙʦʪʫ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʠ ʜʚʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʥʝʜʦʩʪʘʪʢʘ, ʩʚʷʟʘʥʥʳʭ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʚʦʟʤʦʞʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʧʦʤʝʱʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ, ʠ, 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʳʭ 

ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʫ ʧʝʨʩʦʥʘʣʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʩʝʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʭʦʜʘʤ ʧʨʠ ʝʝ ʤʦʜʝʨʥʠʟʘʮʠʠ [4]. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʨʝʪʴʝʛʦ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ ʯʠʩʣʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʷʚʣʷʝʪʩʷ 

ʢʦʤʙʠʥʘʮʠʷ ʬʫʥʢʮʠʡ ʫʯʝʪʘ ʜʘʥʥʳʭ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʧʦʜʦʙʥʦʤʫ ʧʦʜʭʦʜʫ, ʤʦʞʥʦ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʠʪʴ 
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ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʧʦʟʚʦʣʷʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʘʯʝʩʪʚʦ ʩʠʛʥʘʣʘ ʚ ʩʝʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʦʤʝʥʪʦʚ, ʫ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ. ʂʣʶʯʝʚʳʤ ʠʟ ʥʠʭ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʧʦʤʝʱʝʥʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʤʝʭ ʚ ʦʪʜʝʣʴʥʳʭ ʟʦʥʘʭ ʠʟ-ʟʘ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʠʣʠ ʥʝʜʦʩʪʘʪʢʘ ʩʚʦʙʦʜʥʳʭ 

ʨʝʟʝʨʚʠʨʫʝʤʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘ ʩʪʘʜʠʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʪʴ ʯʘʩʪʦʪʥʳʡ ʧʣʘʥ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʥʝ ʪʦʣʴʢʦ ʪʦʯʝʢ 

ʜʦʩʪʫʧʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʝʜʝʣʘʭ ʩʝʪʠ, ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʥʦ ʠ ʥʘ ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʩʥʘʨʫʞʠ ʧʦʤʝʱʝʥʠʷ ʠ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʜʨʫʛʠʤ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʝʪʷʤ [5]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʩʯʝʪʫ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ 

ʜʦʩʪʫʧʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʩ 

ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 27 ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ: ʰʠʨʠʥʘ ï 18 ʤʝʪʨʦʚ, ʛʣʫʙʠʥʘ ï 11 ʤʝʪʨʦʚ, ʚʳʩʦʪʘ ï 2,4 ʤʝʪʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʭʦʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 ï ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʜʦʩʪʫʧʘ 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʜʦʩʪʫʧʘ 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ 6 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ 4 
ʊʨʝʪʠʡ ʧʦʜʭʦʜ 5 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʦʨʘʙʦʪʘʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʨʘʟʤʝʱʝʥʠʷ ʪʦʯʝʢ 

ʜʦʩʪʫʧʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ ʠ ʚ ʥʠʭ 

ʠʟʤʝʨʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʘʩʯʝʪʫ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ 

ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʪʨʝʪʠʡ 

ʚʘʨʠʘʥʪ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʯʝʪʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʯʠʩʣʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʨʘʩʯʝʪʫ ʯʠʩʣʘ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʢʘʞʜʳʤ ʠʟ ʩʧʦʩʦʙʦʚ, ʚʳʷʚʣʝʥ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ, 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʡ ʩʝʨʠʝʡ ʪʝʩʪʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ ʚ ʧʦʤʝʱʝʥʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʝʪʴ 

ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʣʦʢʘʣʴʥʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʚʥʝʜʨʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʪʠʧʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʪʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʥʦ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ: ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʩʠʩʪʝʤʳ. 

ʀʩʭʦʜʷ ʠʭ ʵʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ ʩʝʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʯʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʨʠʤʝʨ ʠ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʣʦʢʘʣʴʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ 

ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʩʝʪʠ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
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ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʘʭ. ʇʨʦʛʨʘʤʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 
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ʨʘʙʦʪʳ ʧʨʦʮʝʜʫʨʳ    ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ  ʥʦʨʤʠʨʦʚʘʥʠʷ. 
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ɼʣʷ  ʧʨʘʢʪʠʯʝʩʢʦʛʦ  ʘʥʘʣʠʟʘ  ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ   ʨʘʟʨʘʙʦʪʘʥʥʳʭ  

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ) ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ, ʚʢʣʶʯʘʶʱʠʡ:   

- çʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʤʝʪʦʜʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʦʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʘʚʠʘʮʠʠ  çʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠè [2, ʩ. 79]; 

- çʇʨʦʛʨʘʤʤʥʳʡ   ʢʦʤʧʣʝʢʩ     ʨʝʘʣʠʟʘʮʠʠ  ʤʝʪʦʜʠʢ ʠ ʤʦʜʝʣʝʡ  ʧʦʩʪʨʦʝʥʠʷ  ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʦʩʚʦʝʥʠʷ  ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ  

çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʧʦʜʜʝʨʞʢʘ ʧʨʠ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭè; 

- çʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ  ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. çʋʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠè.  

ʈʘʟʨʘʙʦʪʢʘ ʣʶʙʦʡ  ʧʨʦʛʨʘʤʤʥʦʡ  ʩʠʩʪʝʤʳ  ʜʦʣʞʥʘ  ʥʘʯʠʥʘʪʴʩʷ  ʩ  ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ  ʢ  ʥʝʡ.  ɼʣʷ  ʧʨʦʛʨʘʤʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʘʭ ʙʳʣ  ʩʬʦʨʤʠʨʦʚʘʥ  
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ʥʘʙʦʨ  ʟʘʜʘʯ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʘʟʥʘʯʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʨʦʛʨʘʤʤʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ [3, ʩ.76]: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ  ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ  ʦʙʨʘʟʦʚ  ʦʙʲʝʢʪʦʚ  ʥʘ  ʦʩʥʦʚʝ  ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʣʘʩʪʝʡ; 

- ʧʦʩʪʨʦʝʥʠʝ  ʤʘʪʨʠʮʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ (ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ); 

- ʧʦʩʪʨʦʝʥʠʝ ʩʦʢʨʘʱʝʥʥʦʡ ʤʘʪʨʠʮʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ; 

- ʧʨʠʤʝʥʝʥʠʝ  ʨʘʟʣʠʯʥʳʭ  ʚʘʨʠʘʥʪʦʚ  ʧʨʦʮʝʜʫʨʳ   ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʢ 

ʩʦʟʜʘʥʥʳʤ ʤʘʪʨʠʮʘʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ;  

- ʦʪʦʙʨʘʞʝʥʠʝ  ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ   ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ  ʧʨʦʩʪʨʘʥʩʪʚʘ  ʚ ʛʨʘʬʠʯʝʩʢʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚ ʚʠʜʝ ʜʚʫʭ ʜʚʫʤʝʨʥʳʭ ʛʨʘʬʠʢʦʚ; 

- ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  ʩʦʜʝʨʞʠʤʦʛʦ  ʢʘʪʘʣʦʛʘ ʵʪʘʣʦʥʥʳʭ  ʟʥʘʯʝʥʠʡ ʢʣʘʩʩʦʚ ʚ  

ʚʠʜʝ ʦʙʣʘʩʪʝʡ  ʚ  ʯʝʪʳʨʝʭʤʝʨʥʦʤ  ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ  ʧʨʦʩʪʨʘʥʩʪʚʝ (ʢʘʞʜʳʡ  ʢʣʘʩʩ  

ʧʨʝʜʩʪʘʚʣʝʥ  ʧʘʨʦʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ  ʥʘ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  

ʛʨʘʬʠʢʘʭ); 

- ʥʘʛʣʷʜʥʦʝ  ʧʨʝʜʩʪʘʚʣʝʥʠʝ  ʚʭʦʜʥʳʭ  ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ  ʚʠʜʝ ʪʦʯʝʢ  ʚ  

ʯʝʪʳʨʝʭʤʝʨʥʦʤ  ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ  ʧʨʦʩʪʨʘʥʩʪʚʝ  (ʢʘʞʜʳʡ  ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʝʥ ʧʘʨʦʡ 

ʪʦʯʝʢ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʬʠʢʘʭ); 

- ʚʦʟʤʦʞʥʦʩʪʴ  ʚʠʟʫʘʣʴʥʦʡ   ʦʧʝʨʘʪʠʚʥʦʡ  ʢʦʨʨʝʢʪʠʨʦʚʢʠ  ʜʘʥʥʳʭ,  ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ; 

- ʩʨʘʚʥʠʪʝʣʴʥʳʡ  ʘʥʘʣʠʟ  ʤʘʰʠʥʥʳʭ  ʟʘʪʨʘʪ  ʥʘ  ʨʝʰʝʥʠʝ  ʟʘʜʘʯʠ  ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ; 

- ʦʮʝʥʢʘ  ʟʘʚʠʩʠʤʦʩʪʠ  ʢʦʣʠʯʝʩʪʚʘ  ʦʧʝʨʘʮʠʡ  ʩʨʘʚʥʝʥʠʷ  ʦʪ  ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʩʝʯʝʥʠʡ 

ʦʙʣʘʩʪʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚ;        

- ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʜʘʥʥʳʭ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʘʧʘ 

ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʦʚʳʭ ʦʙʲʝʢʪʘʭ;  

- ʩʦʟʜʘʥʠʝ  ʠ  ʛʨʘʬʠʯʝʩʢʦʝ  ʦʪʦʙʨʘʞʝʥʠʝ   ʦʙʣʘʩʪʝʡ,  ʧʦʣʫʯʝʥʥʳʭ  ʚ  ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʥʦʚʳʭ ʦʙʲʝʢʪʘʭ ʩ ʫʯʝʪʦʤ ʦʪʩʝʠʚʘʥʠʷ ʰʫʤʦʚ; 

- ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʅʘ  ʨʠʩʫʥʢʝ  1  ʧʨʝʜʩʪʘʚʣʝʥʘ  ʩʪʨʫʢʪʫʨʥʘʷ  ʩʭʝʤʘ,  ʦʪʦʙʨʘʞʘʶʱʘʷ ʟʘʣʦʞʝʥʥʳʝ ʚ 

ʧʨʦʛʨʘʤʤʫ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʘ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʇʨʦʛʨʘʤʤʘ  ʙʳʣʘ  ʨʝʘʣʠʟʦʚʘʥʘ  ʩ  ʧʨʠʤʝʥʝʥʠʝʤ  ʩʣʝʜʫʶʱʠʭ  ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ: QT 

4.8.2 ʜʣʷ  ʆʉ çWindowsè ʠ çLinuxè, WATCOM C/C++ 10.6  ʠ  çPhoton Application 

Builder1.14è ʜʣʷ ʆʉʈɺ QNX4.25. ʕʪʦ  ʧʦʟʚʦʣʠʣʦ   ʫʣʫʯʰʠʪʴ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ   ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ [1, ʩ.39]. 

ʂʣʘʩʩʳ  ʠ  ʦʩʥʦʚʥʳʝ  ʬʫʥʢʮʠʠ  ʧʨʦʛʨʘʤʤʳ  ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʜʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʘ ʥʘʚʝʜʝʥʠʷ  ʜʣʷ  ʨʝʰʝʥʠʷ  ʟʘʜʘʯʠ  ʢʣʘʩʩʠʬʠʢʘʮʠʠ   ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʦʚ 

ʧʨʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʠ     ʩʨʝʜʩʪʚʘʤ   ʈʕɹ   ʚ  ʫʩʣʦʚʠʷʭ   ʚʝʜʝʥʠʷ   ʙʦʝʚʳʭ  ʜʝʡʩʪʚʠʡ. ɺʩʝ  

ʟʘʜʘʯʠ,  ʨʝʰʘʝʤʳʝ  ʧʨʦʛʨʘʤʤʦʡ,  ʫʩʣʦʚʥʦ  ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ  ʥʘ  ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

1. ʈʘʙʦʪʘ  ʩ  ʯʝʪʳʨʝʭʤʝʨʥʳʤ  ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ  ʧʨʦʩʪʨʘʥʩʪʚʦʤ: ʘʥʘʣʠʟ  ʚʟʘʠʤʥʦʛʦ  

ʨʘʩʧʦʣʦʞʝʥʠʷ  ʦʙʲʝʢʪʦʚ  ʠ  ʦʙʣʘʩʪʝʡ,  ʧʦʩʪʨʦʝʥʠʝ  ʦʙʣʘʩʪʝʡ  ʜʣʷ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ, 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʪ.ʜ. 

2. ʈʝʘʣʠʟʘʮʠʷ  ʨʘʙʦʪʳ  ʧʨʦʮʝʜʫʨʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ  

ʨʘʟʣʠʯʥʳʭ  ʚʘʨʠʘʥʪʦʚ ʟʘʜʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ  ʤʘʪʨʠʮ, ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ 

ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʠ ʪ.ʜ. 
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˹͊;͊ͦ͡ ͪ͊ ͋ͦ ·ͭ

˭͎͊ͪͯ͊͘͟ ͒͊ ͤͤ·ͻ ͙͘  ͊͟ ͎ͭ͊ͦ͊͡ Ήͭ͊ ͦͤͤ͡·ͻ 
ͤ͘ ;͔͙͚͊ͤ

˭͎͊ͪͯ͊͘͟ ͒͊ ͤͤ·ͻ ͨ͊ ͔ͪ͊ͣ ͍ͭͪͦ ͦ͋ Ά͔͍ͭͦ͟ 
͙͊ͫͫ͟͡ͺ͙ ͊͟ͼ͙͙

ˤ͙͙ͯ͊͘͘͡ ͼ͙͊Ύ ͍ͻͦ͒ͤ·ͻ ͒͊ ͤͤ·ͻ

˥͍ͪͯͨͨͦͦ  ͚ͤ͊ ͙͊͘͡ ͪ͊ ͫͨͦͦ͗͡ ͔ͤ Ύ͙ 
ͦ͋Ά͔͍ͭͦ͟ ͦͭ ͙͔ͤͦͫͭ Έͤ͡  ͦ͋ͦ ͔͊ͫͭ͡ ͚

ˢ͙ͤ͊͘͡ ͪ͊ ͫͨͦͦ͗͡ ͔ͤ Ύ͙ ͦ͋ Ά͔͍ͭͦ͟ ͙ 
͔ͦ͋͊ͫͭ͡ .͚ ˽ ͔͙ͦͫͭͪͦͤ  ͔

͙͊ͫͫ͟͡ͺ͙ ͊͟ͼ͙ͦͤ ·ͤͻ ͦ͋ ͍ͪ͊ͦ͘

˨͙ ͙ͤ͊ͣ ;͔͙͚ͫ͟ ͊ͤ ͙͊͘͡ 
͙ͤͺͦͪͣ ͼ͙͊  ͙ͦ ͤͦ ·͍ͻ ͦ͋ Ά͔ͭ͟ ͻ͊

̅ͦ ͪͣ ͙͍͙͔ͪͦ͊ͤ ͟͡ ͙͊ͫͫͺ͙ ͊͟ͼ͙ͦͤͤͦ  ͚
ͣ͊ ͭͪ ͼ͙·

͙̇ ͟͡ ;͙͔͔ͫͦ͟ ͙ͦͪͣͅ ͍͙ͪͦ͊ͤ  ͔
͙͊ͫͫ͟͡ͺ͙ ͊͟ͼ͙ͦͤͤͦ  ͚͙ͣ͊ͭͪͼ·

̅ͦ ͪͣ ͙͍͙͔ͪͦ͊ͤ 
͙͊ͫͫ͟͡ͺ͙ ͊͟ͼ͙ͦͤͤͦ  ͚͙ͣ͊ͭͪͼ· ͍ 

ͪͯ;ͤͦͣ  ͔ͪ ͙͗ ͔ͣ

˿ͦͪ͊̈́͟ ͔͙͔ͤ 
͙͊ͫͫ͟͡ͺ͙ ͊͟ͼ͙ͦͤͤͦ  ͚͙ͣ͊ͭͪͼ·

˾͔͙͊͘͡ ͼ͙͊Ύ ͨͪ ͼ͔ͦ͒ͯ ·ͪ 
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͎ͤͦ  ͦͦͤ ͪͣ ͙͍ͪͦ͊ͤ Ύ͙ 

ͣ͊ͭͪ ;͙ͤ·ͣ  ͊͡ ͎͙ͦͪͭͣͦͣ

˾͔͙͊͘͡ ͼ͙͊Ύ ͨͪ ͼ͔ͦ͒ͯ ·ͪ 
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͎ͤͦ  ͦͦͤ ͪͣ ͙͍ͪͦ͊ͤ Ύ͙ 

͙ͫͨͫ ;ͦͤ·ͣ  ͊͡ ͎͙ͦͪͭͣͦͣ

˽͔ͪ͒ͫͭ͊ ͍͔͙͔ͤ͡ ͔ͪ ͯ͘ Έ͍ͭ͊ͭͦ͡

˴͔ͦͤͼ ͪ͊ ͋ͦ ·ͭ

 

ʈʠʩʫʥʦʢ 1 ï Cʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʟʘʣʦʞʝʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʫ 
ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ  ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 
 

ɺ  ʩʦʦʪʚʝʪʩʪʚʠʠ  ʩ  ʵʪʠʤ,  ʨʘʟʨʘʙʦʪʘʥʥʘʷ  ʧʨʦʛʨʘʤʤʘ  ʩʦʩʪʦʠʪ  ʠʟ  ʜʚʫʭ ʦʩʥʦʚʥʳʭ  

ʯʘʩʪʝʡ:  ʧʨʦʛʨʘʤʤʳ  ʘʥʘʣʠʟʘ  ʧʘʨʘʤʝʪʨʦʚ  ʦʙʲʝʢʪʦʚ  ʠ  ʧʨʦʛʨʘʤʤʳ ʨʝʘʣʠʟʘʮʠʠ  ʨʘʙʦʪʳ  

ʧʨʦʮʝʜʫʨʳ    ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ  ʥʦʨʤʠʨʦʚʘʥʠʷ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʇʨʦʛʨʘʤʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥr ʡ ʢʦʤʧʣʝʢʩ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  

ʨʝʘʣʠʟʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠ̫ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʫh ʥr ʭ ʦʙ̡ʝʢʪʘʭ

ʇʨʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙ̡ʝʢʪʦʚ

ʇʨʦʛʨʘʤʤʘ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʪr 

ʧʨʦʮʝʜʫʨr ʧʦʩʣʝʜʦʚʘʪʝʣɹʥʦʛʦ 

ʥʦʨʤʠʨʦʚʘʥʠ̫
ʇʦʜʩʠʩʪʝʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ

ʇʨʝʜʩʪʘʚʣʝʥʠʝ 4-ʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ̡ʝʢʪʦʚ 

ʠ ʦʙʣʘʩʪʝʡ

ʇʦʜʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥrʭ

ʄʦʜʫʣɹ ʘʥʘʣʠʟʘ 

ʨʘʩʧʦʣʦʞʝʥʠ̫ ʦʙ̡ʝʢʪʦʚ 

ʦʪʥʦʩʠʪʝʣɹʥʦ ʦʙʣʘʩʪʝʡ

ʄʦʜʫʣɹ ʛʨʫʧʧʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʨʘʩʧʦʣʦʞʝʥʠ̫ 

ʦʙ̡ʝʢʪʦʚ ʦʪʥʦʩʠʪʝʣɹʥʦ 

ʦʙʣʘʩʪʝʡ

ʄʦʜʫʣɹ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʥʦʚrʭ ʦʙ̡ʝʢʪʘʭ

ʇʦʜʩʠʩʪʝʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʨʠʮ

ʇʨʝʜʩʪʘʚʣʝʥʠʝ 

ʨʝʟʫʣɹʪʘʪʦʚ

ʇʦʜʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥrʭ

ʄʦʜʫʣɹ ʯʪʝʥʠ̫ ʚʭʦʜʥrʭ 

ʜʘʥʥrʭ ʠʟ ʬʘʡʣʘ

ʄʦʜʫʣɹ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ 

ʤʘʪʨʠʮr

ʄʦʜʫʣɹ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʟʘʜʘʥʠ̫ ʚʭʦʜʥrʭ ʜʘʥʥrʭ

ʄʦʜʫʣɹ ʨʫʯʥʦʛʦ ʚʚʦʜʘ 

ʚʭʦʜʥrʭ ʜʘʥʥrʭ

ʄʦʜʫʣɹ ʨʝʘʣʠʟʘʮʠʠ 

ʤʘʪʨʠʯʥʦʛʦ ʩʧʦʩʦʙʘ

ʄʦʜʫʣɹ ʨʝʘʣʠʟʘʮʠʠ 

ʩʧʠʩʦʯʥʦʛʦ ʩʧʦʩʦʙʘ

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʛʨʘʤʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʠʤʠʪʘʮʠʦʥʥʦʡ 
 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  ʨʝʘʣʠʟʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʫʰʥʳʭ ʦʙʲʝʢʪʘʭ. 

ʇʨʦʛʨʘʤʤʘ  ʘʥʘʣʠʟʘ  ʧʘʨʘʤʝʪʨʦʚ  ʦʙʲʝʢʪʦʚ  ʚʢʣʶʯʘʝʪ  ʚ  ʩʚʦʡ  ʩʦʩʪʘʚ ʧʦʜʩʠʩʪʝʤʫ  

ʚʠʟʫʘʣʠʟʘʮʠʠ  ʠ  ʧʦʜʩʠʩʪʝʤʫ  ʦʙʨʘʙʦʪʢʠ  ʜʘʥʥʳʭ.  ʇʦʜʩʠʩʪʝʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʳʧʦʣʥʷʝʪ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: 

- ʛʨʘʬʠʯʝʩʢʦʝ  ʧʨʝʜʩʪʘʚʣʝʥʠʝ  ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ  ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʚʠʜʝ ʜʚʫʭ ʜʚʫʤʝʨʥʳʭ ʛʨʘʬʠʢʦʚ; 

- ʧʨʝʜʩʪʘʚʣʝʥʠʝ  ʢʣʘʩʩʦʚ  ʠʟ  ʢʘʪʘʣʦʛʘ  ʵʪʘʣʦʥʥʳʭ  ʟʥʘʯʝʥʠʡ  ʠ  ʦʙʲʝʢʪʦʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʚʠʜʝ ʦʙʣʘʩʪʝʡ ʠ ʪʦʯʝʢ ʚ ʯʝʪʳʨʝʭʤʝʨʥʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʪʘʙʣʠʮ. 

ʇʦʜʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʤʦʜʫʣʝʡ:  

1. ʄʦʜʫʣʴ  ʘʥʘʣʠʟʘ  ʨʘʩʧʦʣʦʞʝʥʠʷ  ʦʙʲʝʢʪʦʚ  ʦʪʥʦʩʠʪʝʣʴʥʦ  ʦʙʣʘʩʪʝʡ. ɼʘʥʥʳʡ  

ʤʦʜʫʣʴ  ʘʥʘʣʠʟʠʨʫʝʪ  ʚʭʦʜʥʳʝ  ʜʘʥʥʳʝ  ʠ  ʬʦʨʤʠʨʫʝʪ  ʜʣʷ  ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ  ʢʣʘʩʩʠʬʠʢʘʮʠʠ  

ʝʛʦ  ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ  ʦʙʨʘʟ.  ʊʘʢʞʝ  ʤʦʜʫʣʴ ʘʥʘʣʠʟʠʨʫʝʪ ʥʘʣʠʯʠʝ ʧʝʨʝʩʝʯʝʥʠʡ ʦʙʣʘʩʪʝʡ. 

2. ʄʦʜʫʣʴ  ʛʨʫʧʧʦʚʦʛʦ  ʘʥʘʣʠʟʘ  ʨʘʩʧʦʣʦʞʝʥʠʷ  ʦʙʲʝʢʪʦʚ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʣʘʩʪʝʡ.  

ʄʦʜʫʣʴ  ʨʝʘʣʠʟʫʝʪ  ʨʘʙʦʪʫ  ʩ  ʛʨʫʧʧʘʤʠ  ʨʝʘʣʠʟʘʮʠʡ  ʦʙʲʝʢʪʦʚ  ʠ ʦʙʣʘʩʪʝʡ.  ʊʘʢʠʤ  ʦʙʨʘʟʦʤ,  

ʜʦʩʪʠʛʘʝʪʩʷ  ʦʙʨʘʙʦʪʢʘ  ʙʦʣʴʰʠʭ  ʦʙʲʝʤʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

3.ʄʦʜʫʣʴ  ʜʠʥʘʤʠʯʝʩʢʦʛʦ  ʘʥʘʣʠʟʘ  ʠʥʬʦʨʤʘʮʠʠ  ʦ  ʥʦʚʳʭ  ʦʙʲʝʢʪʘʭ. ʄʦʜʫʣʴ 

ʨʝʘʣʠʟʫʝʪ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 
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ʇʨʦʛʨʘʤʤʘ  ʨʝʘʣʠʟʘʮʠʠ  ʨʘʙʦʪʳ  ʧʨʦʮʝʜʫʨʳ   ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʞʝ  

ʚʢʣʶʯʘʝʪ  ʚ  ʩʚʦʡ  ʩʦʩʪʘʚ  ʧʦʜʩʠʩʪʝʤʫ ʚʠʟʫʘʣʠʟʘʮʠʠ  ʠ  ʧʦʜʩʠʩʪʝʤʫ  ʦʙʨʘʙʦʪʢʠ  ʜʘʥʥʳʭ. 

ʇʦʜʩʠʩʪʝʤʘ  ʚʠʟʫʘʣʠʟʘʮʠʠ  ʚʳʧʦʣʥʷʝʪ  ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ:    

- ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʨʠʮ  ï ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʠʩʭʦʜʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ  ʤʘʪʨʠʮʘ,  ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ  ʢ  ʚʳʧʦʣʥʝʥʠʶ  ʧʨʦʮʝʜʫʨʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ  ʥʦʨʤʠʨʦʚʘʥʠʷ  ʤʘʪʨʠʮʘ  ʠ  ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ  ʤʘʪʨʠʮʘ ʚʝʨʦʷʪʥʦʩʪʝʡ; 

- ʧʨʝʜʩʪʘʚʣʝʥʠʝ  ʨʝʟʫʣʴʪʘʪʦʚ  ʨʘʙʦʪʳ  ʘʣʛʦʨʠʪʤʦʚ  ʚ  ʪʝʢʩʪʦʚʦʤ  ʠ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. 

ʇʦʜʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ  ʩʦʩʪʦʠʪ ʠʟ ʤʦʜʫʣʝʡ ʨʘʟʣʠʯʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʥʠʷ 

ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʝʝ ʩʦʢʨʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʜʫʣʝʡ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʤʘʪʨʠʯʥʳʡ ʠ ʩʧʠʩʦʯʥʳʡ ʘʣʛʦʨʠʪʤʳ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʨʠʮʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ. 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɻʘʨʴʢʠʥʘ ʀ.ɸ., ɼʘʥʠʣʦʚ ɸ.ʄ., ʇʨʦʰʠʥ ʀ.ɸ. ʊʨʝʥʘʞʝʨʳ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʦʧʝʨʘʪʦʨʦʚ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ // XXI ʚʝʢ: ʠʪʦʛʠ ʧʨʦʰʣʦʛʦ ʠ ʧʨʦʙʣʝʤʳ ʥʘʩʪʦʷʱʝʛʦ ʧʣʶʩ. ï 2013. ï ˉ12 (16). ï ʉ. 37-42. 

ï URL: https://vek21.penzgtu.ru/wp-content/uploads/2017/12/2013_12.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.12.2024). 

2. ʂʦʤʘʨʦʚ ʉ.ɺ.  ʉʪʨʫʢʪʫʨʘ  ʧʦʜʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʚʷʟʠ / ʉ.ɺ. ʂʦʤʘʨʦʚ, ɸ.ʅ. ʇʦʪʘʧʦʚ / ʉʙʦʨʥʠʢ 

ʤʘʪʝʨʠʘʣʦʚ ʪʨʫʜʦʚ XVIII -ʡ ʤʝʞʚʫʟʦʚʩʢʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʥʦʚʘʮʠʦʥʥʳʝ 

ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʠ XXI ʚʝʢʘè ʍʘʙʘʨʦʚʩʢ, 5 ʤʘʷ 2017 ʛʦʜʘ). ï ʍʘʙʘʨʦʚʩʢ:  ʍʀʀʂ ʉʠʙɻʋʊʀ, 2017. ï ʉ. 78-84. 

3. ʉʳʩʦʝʚ ɺ.ɺ. ʉʠʩʪʝʤʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʥʦʛʦʮʝʣʝʚʳʭ ʦʙʲʝʢʪʦʚ / ɺ.ɺ. ʉʳʩʦʝʚ // ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ï ʄʦʩʢʚʘ: ʀʌʊʇ, 1993.   ï C. 72-79. 
 

ʋɼʂ 621.396.62 

ʇʈɸʂʊʀʏɽʉʂɸʗ ʈɽɸʃʀɿɸʎʀʗ ʊʈɸʂʊɸ ʇʈʆʄɽɾʋʊʆʏʅʆʁ 

ʏɸʉʊʆʊʓ ʈɸɼʀʆʇʈʀɽʄʅʀʂɸ ʇʆɺʓʐɽʅʅʆʁ 

ʏɸʉʊʆʊʆʁ ʀɿɹʀʈɸʊɽʃʔʅʆʉʊʀ 
 

ʄʦʣʦʯʢʦ ɸ.ɺ., ʇʦʣʠʢʘʨʢʠʥʘ ʆ.ʅ. ʊʶʨʠʥʘ ɸ.ʃ., ʏʝʨʥʳʭʦʚʩʢʠʡ ɼ.ʉ., ʄʝʞʫʝʚ ɸ.ʄ. 

ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤ. ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè, ʛ. ɺʦʨʦʥʝʞ 
 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʪʨʘʢʪʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ ʧʦʚʳʰʝʥʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ 

ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʜʠʦʩʪʘʥʮʠʠ ʜʠʘʧʘʟʦʥʘ ʜʝʢʘʤʝʪʨʦʚʳʭ ʠ ʤʝʪʨʦʚʳʭ ʚʦʣʥ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ, ʘ ʪʘʢʞʝ 

ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʚʘʨʠʘʥʪʘ ʬʠʣʴʪʨʘ ʜʣʷ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʢʪʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʦʩʣʝ ʯʝʛʦ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʦʙʦʩʥʦʚʘʥ ʚʙrʦʨ ʩʭʝʤʳ, ʧʦ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥ ʘʢʪʠʚʥʳʡ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʝ 

ʪʦʣʴʢʦ ʨʝʰʠʪʴ ʟʘʜʘʯʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʩʢʘʜʦʚ ʫʩʠʣʠʪʝʣʝʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ. ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʣʴʪʨʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Mathcad ʠ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʪʨʘʢʪʘ ʚ ʧʨʦʛʨʘʤʤʝ Multisim.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʧʨʠʝʤʥʠʢ, ʪʨʘʢʪ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ, ʠʟʙʠʨʘʪʝʣʥɹʦʩʪʴ, ʫʩʠʣʝʥʠʝ 

ʩʠʛʥʘʣʘ, ʘʢʪʠʚʥʳʡ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ, ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦ ʏʝʙʳʰʝʚʫ. 
 

PRACTICAL IMPLEMENTATION OF THE INTERMEDIATE FREQUENCY  

PATH OF A RADIO RECEIVER  WITH INCREASED FREQUENCY SELECTIVITY  
 

Molochko A.V., Polikarkina O.N. Tyurina A.L., Chernykhovsky D.S., Mezhuev A.M. 

VUNTS Air Force "VVA them. NOT.  Zhukovsky and Yu.A. Gagarin", Voronezh 
 

Operation is devoted development of a path of intermediate frequency of the raised selectivity of a radio 

receiver of the modern wireless set of a range decameter and metric waves. The analysis of well-known 

constructions of the bandpass filters used in radio engineering, and also a choice of a suitable variant of 

the filter for its practical implementation is carried out. With that end in view at the first stage research of 

a path of intermediate frequency, means of support of its selectivity and used circuitry decisions is 
conducted. Then at the second stage the circuit choice on which the active bandpass filter allowing will be 

constructed is justified not only to solve selectivity tasks, but also to provide demanded signal 

multiplication that allows to reduce an amount of stages of intermediate frequency strips. Calculation of 

characteristics of the filter in program Mathcad environment and simulation modeling of schematic circuit 

of a path in program Multisim is carried out. 

Keywords: Radio receiver, intermediate frequency path, selectivity, signal multiplication, the active 

bandpass filter, approximation on Chebyshev 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʜʥʫ ʠʟ ʛʣʘʚʥʳʭ ʨʦʣʝʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʡʩʢʘʤʠ ʠʛʨʘʶʪ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʩʚʷʟʴ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʦʪʠʚʥʠʢʘ. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ.  

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʠʣʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ï ʵʪʦ ʚʳʜʝʣʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʩʫʤʤʳ 

ʵʣʝʢʪʨʦʜʚʠʞʫʱʠʭ ʩʠʣ, ʥʘʚʦʜʠʤʳʭ ʚ ʘʥʪʝʥʥʝ ʧʦʤʝʭʘʤʠ ʠ ʜʨʫʛʠʤʠ ʩʠʛʥʘʣʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ: ʯʘʩʪʦʪʥʘʷ, 

ʚʨʝʤʝʥʥʘʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ, ʘʤʧʣʠʪʫʜʥʘʷ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʠ ʜʨʫʛʠʝ. 

ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ, ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʥʘʷ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ. ʇʦʜ ʯʘʩʪʦʪʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʦ ʝʛʦ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ ʠ ʧʦʜʘʚʣʝʥʠʝ ʜʨʫʛʠʭ ʩʠʛʥʘʣʦʚ (ʧʦʤʝʭ), ʠʤʝʶʱʠʭ ʜʨʫʛʠʝ 

ʥʝʩʫʱʠʝ ʯʘʩʪʦʪʳ.  

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʯʘʩʪʦʪʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʥʘ ʣʶʙʦʡ ʜʨʫʛʦʡ ʦʪʣʠʯʥʦʡ ʦʪ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

1

1

0
1 b

)f(ʂ

ʂ
)f( -==s

,                                                    (1) 

ʛʜʝ )f( 1s  ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 1f ,  0ʂ  ï ʨʝʟʦʥʘʥʩʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ (ʤʘʢʩʠʤʫʤ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɸʏʍ)), )f(ʂ 1  ï 

ʟʥʘʯʝʥʠʝ ɸʏʍ ʥʘ ʯʘʩʪʦʪʝ 1f , )f(ʫb 1=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ (ʫʨʦʚʝʥʴ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ɸʏʍ ʥʘ ʯʘʩʪʦʪʝ 1f ). 

ʈʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʦʩʪʘʥʮʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʪʨʝʙʫʶʪ ʧʦʩʪʨʦʝʥʠʷ ʠʭ ʨʘʜʠʦʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦ 

ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʦʡ ʩʭʝʤʝ [1]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʦʡ ʪʨʘʢʪ ʧʨʠʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: 

ʧʨʝʩʝʣʝʢʪʦʨʘ ʠ ʪʨʘʢʪʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ (ʊʇʏ). ʇʨʝʩʝʣʝʢʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ (ʧʦ ʧʦʙʦʯʥʳʤ ʢʘʥʘʣʘʤ ʧʨʠʝʤʘ) ʠ 

ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ. ʆʩʥʦʚʥʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ (ʧʦ 

ʩʦʩʝʜʥʠʤ ʢʘʥʘʣʘʤ ʧʨʠʝʤʘ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʧʝʨʝʩʪʨʘʠʚʘʝʤʦʤ ʊʇʏ ʥʘ ʧʦʥʠʞʝʥʥʦʡ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʝ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʭʝʤ ʊʇʏ 

ʨʘʜʠʦʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʤʝʭ ʩʦ 

ʩʪʦʨʦʥʳ ʧʨʦʪʠʚʥʠʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʟʷʪʘ ʨʘʜʠʦʩʪʘʥʮʠʷ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʝʢʘʤʝʪʨʦʚʳʭ-ʤʝʪʨʦʚʳʭ ʚʦʣʥ (ɼʢʄɺ-ʄɺ) 1,5 ï 60 ʄɻʮ, ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʊʇʏ (ʝʛʦ ʦʢʦʥʝʯʥʘʷ ʯʘʩʪʴ, ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ ʧʦ ʩʦʩʝʜʥʠʤ 

ʢʘʥʘʣʘʤ ʧʨʠʝʤʘ ʠ ʚ ʜʘʥʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʞʠʤʘʭ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʩ 

ʜʚʫʭʧʦʣʦʩʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʪʝʣʝʬʦʥʠʝʡ (ɸ3), ʯʘʩʪʦʪʥʦʡ ʪʝʣʝʬʦʥʠʝʡ (F3) ʠ ʘʤʧʣʠʪʫʜʥʦʡ 

ʪʝʣʝʛʨʘʬʠʝʡ (ɸʊ) (ʧʦ ʫʟʢʦʡ ɸ1-ʋ ʠ ʰʠʨʦʢʦʡ ɸ1-ʐ ʧʦʣʦʩʝ).  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʦʙʦʩʥʦʚʘʥʘ ʠ ʧʦʩʪʨʦʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʪʨʘʢʪʘ (ɺʏʊ) ʧʨʠʝʤʥʠʢʘ. ʈʘʩʯʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ɺʏʊ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ Mathcad ʠ ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʯʘʩʪʝʡ [2]: 
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1. ʆʙʦʩʥʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʧʨʝʩʝʣʝʢʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʟʘʜʘʥʥʫʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʧʦʙʦʯʥʳʤ ʢʘʥʘʣʘʤ ʧʨʠʝʤʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ ʥʘʠʙʦʣʝʝ 

ʦʧʘʩʥʦʤʫ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ). 

2. ʆʙʦʩʥʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʊʇʏ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʟʘʜʘʥʥʫʶ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʩʝʜʥʠʤ ʢʘʥʘʣʘʤ ʧʨʠʝʤʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʝʩʝʣʝʢʪʦʨʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

- ʚʳʙʠʨʘʝʪʩʷ ʪʠʧ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʝʩʝʣʝʢʪʦʨʝ (ʦʙʳʯʥʦ 

ʦʜʠʥʦʯʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʢʦʥʪʫʨʳ (ʆʂ)); 

- ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ʧʨʠʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ 

ʨʘʟʣʠʯʥʳʤʠ ʩʭʝʤʘʤʠ ʧʨʝʩʝʣʝʢʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʪ ʦʜʥʦʛʦ ʜʦ ʩʝʤʠ ʆʂ (ʚʭʦʜʥʘʷ ʮʝʧʴ ʠ 

ʨʝʟʦʥʘʥʩʥʳʝ ʥʘʛʨʫʟʢʠ ʫʩʠʣʠʪʝʣʝʡ ʨʘʜʠʦʯʘʩʪʦʪʳ (ʋʈʏ)); 

- ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘ ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ 

ʟʝʨʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ɿʂs . 

ʈʘʩʯʝʪ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʊʇʏ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

- ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ (ʦʩʣʘʙʣʝʥʠʝ ʧʦʤʝʭ) ʧʦ ʩʦʩʝʜʥʠʤ ʢʘʥʘʣʘʤ ʧʨʠʝʤʘ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʨʘʟʣʠʯʥʳʤʠ ʩʭʝʤʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʊʇʏ: 

1. 
)ʄ,(ʆʂ,ʇ xs
 ï ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʩʝʜʥʠʤ ʢʘʥʘʣʘʤ ʧʨʠʝʤʘ ʚ ʊʇʏ, ʩʦʩʪʦʷɦ ʝʤ ʠʟ 

ʄ ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʫʩʠʣʠʪʝʣʝʡ; 

2. 
)ʂʄ,,(ʉʄ,ʇ xs
 ï ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʩʝʜʥʠʤ ʢʘʥʘʣʘʤ ʧʨʠʝʤʘ ʚ ʊʇʏ, ʧʦʩʪʨʦʝʥʥʦʤ 

ʧʦ ʩʤʝʰʘʥʥʦʡ ʩʭʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʄ ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʫʩʠʣʠʪʝʣʝʡ ʠ ʠʟ ʂ 

ʢʘʩʢʘʜʦʚ ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤʠ ʧʦʣʦʩʦʚʳʤʠ ʬʠʣʴʪʨʘʤʠ (ɼʇʌ); 

3. 
)ʂ,(ɼʂ,ʇ xs
 ï ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʩʝʜʥʠʤ ʢʘʥʘʣʘʤ ʧʨʠʝʤʘ ʚ ʊʇʏ, ʩʦʩʪʦʷɦ ʝʤ ʠʟ 

ʢʘʩʢʘʜʦʚ ʩ ɼʇʌ; 

- ʚʳʙʠʨʘʝʪʩʷ ʪʘ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʊʇʏ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʩʝʜʥʠʤ ʢʘʥʘʣʘʤ ʉʂʇ ss ²
 ʧʨʠ ʦʙʦʙʱʝʥʥʦʡ ʨʘʩʩʪʨʦʡʢʝ x, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʝʨʝʜʠʥʝ ʩʦʩʝʜʥʠʭ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ [3]. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʊʇʏ ʩʦʩʪʦʠʪ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ (ʇʏ) ʠ 

ʢʘʩʢʘʜʦʚ ʫʩʠʣʠʪʝʣʝʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ (ʋʇʏ). ʇʦ ʠʪʦʛʘʤ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʝ̫ʪʩʷ 

ʢʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʩʢʘʜʦʚ ʋʇʏ, ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʧʨʦʝʢʪʠʨʫʝʤʳʡ 

ʪʨʘʢʪ (ʉʤ. ʈʠʩ. 1). 

fʩ

ʀʟ ʊʈʏ

ʉʤ ɼʇʌ

ʅʘʩʪʨʦʡʢʘ

fʛ

ʇʏ

fʧʨ

ʋʇʏ 1 ʋʇʏ(ʂ-1)

ʋʇʏ(ʄ+ʂ-1)

Uʚrʭ

ʥʘ ɸɼ

(ʂ-1)

. . .

ɻ

 

ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʊʇʏ 
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Ȧ1-ȹ

Ȧ1-Ⱦ

Ȧ3,F3

ȵf =300 ȩɜ

ȵf =1200 ȩɜ

ȵf = 20 ɐȩɜ

Ɏɍ 

ȹȵȽ-3

ɓɆ 

Ȫɋɘ.

 

ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ 
ʩʭʝʤʘ ʯʘʩʪʠ ʊʇʏ ʧʦʚʳʰʝʥʥʦʡ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʦ ʩʦʩʝʜʥʠʤ 

ʢʘʥʘʣʘʤ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ, 

ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ (ʫʩʠʣʠʪʝʣʴʥʳʭ 

ʢʘʩʢʘʜʦʚ) ʚ ʊʇʏ ʠ ʫʣʫʯʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʯʘʩʪʠ ʊʇʏ 

ʧʦʚʳʰʝʥʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʚ ʢʘʥʘʣʝ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʩ 

ɸʄ (ɸ3), ʏʄ (F3) ʠ ɸʊ (ɸ1-ʋ, ɸ1-ʐ) ʧʨʠʝʤʥʠʢʘ 

ʨʘʜʠʦʩʪʘʥʮʠʠ ʜʠʘʧʘʟʦʥʘ ɼʢʄɺ-ʄɺ. ʉʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʤʤʫʪʠʨʫʝʤʳʭ ʢʘʥʘʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʧʦʣʦʩʦʚʳʝ ʬʠʣʴʪʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʣʦʩʘʤʠ ʧʨʦʧʫʩʢʘʥʠʷ. 

ʊʘʢ ʜʣʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ɸ1-ʋ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʣʴʪʨ ʩ 

ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 300 ɻʮ, ʜʣʷ ɸ1-ʐ ï ʬʠʣʴʪʨ ʩ ʧʦʣʦʩʦʡ 

1200 ɻʮ, ʚ ʨʝʞʠʤʘʭ ɸ3 ʠ F3 ʧʨʠʤʝʥʷʝʪʩʷ ʬʠʣʴʪʨ, ʠʤʝʶʱʠʡ 

ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ 20 ʢɻʮ (ʉʤ. ʈʠʩ. 2). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʫʙʣʠʢʘʮʠʡ ʚ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘʤʠ 

ʚʳʙʨʘʥʘ ʩʭʝʤʘ ʘʢʪʠʚʥʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʠʣʠʪʝʣʷʭ. ʉʫʱʝʩʪʚʫʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʩʭʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʚʝʥʴʝʚ ʩ 

ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʦ ɹʘʪʪʝʨʚʦʨʪʫ, ʂʘʫʵʨʫ, ʏʝʙʳʰʝʚʫ, ɿʦʣʦʪʘʨʝʚʫ ʠ ʪ.ʜ. ɺ ʨʘʙʦʪʝ ʚʳʙʨʘʥʘ ʠ 

ʨʘʩʩʯʠʪʘʥʘ ʩʭʝʤʘ ʬʠʣʴʪʨʘ ʥʘ ʦʩʥʦʚʝ ʟʚʝʥʴʝʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʦ 

ʏʝʙʳʰʝʚʫ [4, 5], ʦʙʣʘʜʘʶʱʘʷ ʥʘʠʤʝʥʴʰʝʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 

(ʉʤ. ʈʠʩ. 3). 
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ʈʠʩʫʥʦʢ 3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʟʚʝʥʘ ʇʌ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʪʨʝʭ ʆʋ 

ʇʨʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʦ ʩʦʩʝʜʥʠʤ ʢʘʥʘʣʘʤ ʧʨʠʝʤʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʳ ʊʇʏ ʩ 

ʘʢʪʠʚʥʳʤʠ ʧʦʣʦʩʦʚʳʤʠ ʬʠʣʴʪʨʘʤʠ ʜʦ 100 ʜɹ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 80 ʜɹ ʚ ʧʨʦʪʦʪʠʧʝ). ʇʨʠ ʵʪʦʤ 

ʚ ʬʠʣʴʪʨʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʊʇʏ, ʦʪʢʘʟʘʚʰʠʩʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʫʩʠʣʠʪʝʣʴʥʳʭ ʢʘʩʢʘʜʦʚ ʋʇʏ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʪʨʘʢʪʘ ʠ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʚ ʮʝʣʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʣʝʤʝʥʪʦʚ 
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ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʊʇʏ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʘʢʪʠʚʥʳʭ ʬʠʣʴʪʨʦʚ ʥʘ ʆʋ. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʥʦʛʦ ʊʇʏ ʥʘ ʙʘʟʝ 

ʘʢʪʠʚʥʳʭ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʧʨʦʛʨʘʤʤʝ Multisim, ʜʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʠʝ ʨʷʜʘ ʚʘʞʥʳʭ ʪʘʢʪʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʨʘʜʠʦʩʪʘʥʮʠʠ [6].  
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɸʚʠʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ ʨʘʜʠʦʩʚʷʟʠ / ʋʯʝʙʥʠʢ ʧʦʜ ʨʝʜ. ɺ.ʀ. ʊʠʭʦʥʦʚʘ. ï  ʄʦʩʢʚʘ: ɺɺʀɸ ʠʤ. 

ʧʨʦʬ. ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ, 2007. ï 784 ʩ. 

2. ʄʝʞʫʝʚ ɸ.ʄ. ʋʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ: ʧʨʘʢʪʠʢʫʤ / ɸ.ʄ. ʄʝʞʫʝʚ. ï  ɺʦʨʦʥʝʞ: ɺʋʅʎ ɺɺʉ 

çɺɺɸè, 2023. ï 198 ʩ. 

3. ʄʝʞʫʝʚ ɸ.ʄ., ʏʝʪʚʝʨʪʘʢʦʚ ɸ.ʅ., ʉʘʟʘʥʦʚ ɸ.ɹ. ʠ ʜʨ. ʋʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ: 

ʕʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʠʢ / ɸ.ʄ. ʄʝʞʫʝʚ, ɸ.ʅ. ʏʝʪʚʝʨʪʘʢʦʚ, ɸ.ɹ. ʉʘʟʘʥʦʚ, ɼ.ʃ. ʉʪʫʨʦʚ ɼ.ʃ., ɸ.ʃ. ʊʶʨʠʥʘ, ʅ.ʄ. 
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The article presents the results of a comparative analysis of software tools for monitoring traffic in 

computer networks. Within the framework of the work, the comparison criteria were defined, the software 

products were compared and conclusions were made. The results of this study can be used to select the 

optimal tool for analyzing network traffic when designing a network. 

Keywords: computer networks, monitoring, software, network traffic, network technologies, comparative 

analysis. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʬʝʨ ʷʚʣʷʶʪʩʷ ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʜʘʥʥʳʡ ʚʠʜ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʭʚʘʪʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ ʫʩʣʫʛ ʠ 

ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʫʧʥʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʧʨʦʩʘ ʠ ʨʦʩʪʫ ʦʙʲʝʤʦʚ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʜʥʦʡ ʠʟ ʙʘʟʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʝʪʝʚʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʦʚʦʜʠʤʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʦʥʠʪʦʨʠʥʛʝ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ 

ʠʟʤʝʥʝʥʠʷ ʪʨʘʬʠʢʘ, ʚʳʷʚʠʪʴ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ ʥʘ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ. ʆʮʝʥʢʘ ʦʪʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʇʨʠʯʝʤ ʦʙʘ ʵʪʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʳ ʩʙʦʨ, 

ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʪʘʢʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ 

ʩʢʦʨʦʩʪʴ ʜʘʥʥʦʡ ʧʝʨʝʜʘʯʠ. ʉʙʦʨ ʧʦʜʦʙʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʛʨʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʫʶ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ ʚ ʮʝʣʦʤ [3]. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʴʶ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʝʝ 

ʤʦʥʠʪʦʨʠʥʛ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢ ʠ ʦʙ ʫʯʝʪʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʝʩʫʨʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʚʳʷʚʣʝʥʠʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʦʪʢʘʟʦʚ ʚ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʝʰʝʥʠʠ 

ʚʦʧʨʦʩʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ [1]. 

ʊʘʢ ʢʘʢ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ, ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʩʪʠ ʝʛʦ ʠʟʫʯʝʥʠʝ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ, ʘʧʧʘʨʘʪʥʳʝ ʠ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʚ ʦʜʥʠʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʠʚʝʜʝʥʳ 

ʦʧʠʩʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʊʘʢ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʪʦʜʘʭ ʟʘʱʠʪʳ ʩʝʪʝʡ ʠ ʤʝʨʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʧʠʩʘʥʥʘʷ ʚ 

ʩʪʘʪʴʷʭ [2,4], ʚʢʣʶʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʪʘʢ ʥʘ ʩʝʪʴ. ɼʨʫʛʠʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʦʜʝʨʞʘʪ ʦʧʠʩʘʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʮʝʩʩʫ ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. 

ʇʦʤʠʤʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʫʨʦʚʥʷʤ 

ʤʦʜʝʣʠ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ OSI. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʧʦʜʭʦʜʫ, ʜʠʘʛʥʦʩʪʠʢʘ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ OSI ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʰʠʙʢʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ ʦʧʪʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʜʦʙʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʙʝʣʴʥʳʝ ʪʝʩʪʝʨʳ ʠ 

ʚʨʝʤʝʥʥʳʝ ʨʝʬʣʝʢʪʦʤʝʪʨʳ. ʇʦʤʠʤʦ ʨʝʬʣʝʢʪʦʤʝʪʨʦʚ ʠ ʪʝʩʪʝʨʦʚ ʢʘʙʝʣʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʘʢ: ʪʦʥʦʚʳʝ 

ʛʝʥʝʨʘʪʦʨʳ ʠ ʮʠʬʨʦʚʳʝ ʚʦʣʴʪʤʝʪʨʳ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʝʪʷʭ ʥʘ ʢʘʥʘʣʴʥʦʤ, ʪʨʘʥʩʧʦʨʪʥʦʤ ʠ ʩʝʪʝʚʦʤ ʫʨʦʚʥʷʭ ʤʦʜʝʣʠ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ OSI 

ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʳ-ʘʥʘʣʠʟʘʪʦʨʳ ʧʨʦʪʦʢʦʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʬʠʢʘ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ 

ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ ʨʳʥʢʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ; ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʣʶʯʝʚʳʭ ʢʨʠʪʝʨʠʝʚ ʩʨʘʚʥʝʥʠʷ; ʩ 

ʧʨʦʚʝʜʝʥʠʝʤ ʩʨʘʚʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ, ʟʘʧʠʩʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʯʝʨʝʟ 

ʩʝʪʴ. ʀʭ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï ʚʳ̫ʚʣʝʥʠʝ ʧʨʦʙʣʝʤ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʩʝʪʠ, ʦʙʥʘʨʫʞʝʥʠʝ 

ʘʪʘʢ, ʘ ʪʘʢʞʝ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʶʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʘʣʴʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʚʩʝ ʫʨʦʚʥʠ 

ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ (ʦʪ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʪʦʢʦʣʦʚ), ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʣʦʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ. ʇʨʠ ʵʪʦʤ ʦʜʥʠ ʧʨʦʛʨʘʤʤʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ð ʥʘ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʘʪʴ ʠʭ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʦʙʣʘʩʪʷʤ ʧʨʠʤʝʥʝʥʠʷ. ʂ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʦʪʥʦʩʷʪʩʷ 

ʩʣʝʜʫʶʱʠʝ: 
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1. Wireshark ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʠ ʤʦʱʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʟʘʭʚʘʪʘ ʠ 

ʘʥʘʣʠʟʘ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ. 

2. tcpdump ï ʫʪʠʣʠʪʘ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʜʣʷ ʟʘʭʚʘʪʘ ʠ ʘʥʘʣʠʟʘ ʧʘʢʝʪʦʚ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 

3. NetFlow Analyzer ï ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʪʝʭʥʦʣʦʛʠʠ NetFlow. 

4. PRTG Network Monitor ï ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʠ, ʚʢʣʶʯʘʶʱʘʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ. 

5. SolarWinds Network Performance Monitor ï ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ ʠ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 

ʛʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ (ʚʦʟʤʦʞʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ, ʥʘʩʪʨʦʡʢʠ ʟʘʭʚʘʪʘ ʠ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ); ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʪʯʝʪʦʚ; ʧʦʨʦʛ ʚʭʦʞʜʝʥʠʷ; ʩʪʦʠʤʦʩʪʴ; ʧʦʜʜʝʨʞʢʘ 

ʩʦʦʙʱʝʩʪʚʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ; ʥʘʣʠʯʠʝ ʧʘʢʝʪʘ ʩʧʨʘʚʦʯʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʢʨʠʪʝʨʠʷ ʙʳʣʦ ʚʳʨʘʞʝʥʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʚʝʣʠʯʠʥʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 5, ʛʜʝ 1 ï ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʨʠʪʝʨʠʷ, ʘ 5 ï 

ʤʘʢʩʠʤʘʣʴʥʳʡ. ʉʨʘʚʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ˉ 

ʧ/ʧ 
ʂʨʠʪʝʨʠʡ Wireshark  tcpdump NetFlow Analyzer PRTG SolarWinds Network 

1. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 4 5 3 4 5 

2. ɻʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ 5 5 4 3 5 

3. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʪʯʝʪʦʚ 4 1 3 4 4 

4. ʇʦʨʦʛ ʚʭʦʞʜʝʥʠʷ 4 3 4 5 5 

5. ʉʪʦʠʤʦʩʪʴ 5 5 3 4 1 

6. ʇʦʜʜʝʨʞʢʘ ʩʦʦʙʱʝʩʪʚʘ 5 5 4 4 5 

7. ɼʦʢʫʤʝʥʪʘʮʠʷ 5 5 4 3 5 

ʉʫʤʤʘ ʙʘʣʣʦʚ 32 29 25 27 30 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

- ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠʤʝʶʪ 

ʢʘʢ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ, ʪʘʢ ʠ ʩʣʘʙʳʝ;  

- çWiresharkè ʠ çTcpdumpè ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʘʢʝʪʦʚ, 

ʧʨʠʯʝʤ çWiresharkè ʦʙʣʘʜʘʝʪ ʫʜʦʙʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʘ çTcpdumpè ʚʢʣʶʯʘʝʪ 

ʪʦʣʴʢʦ ʢʦʤʘʥʜʥʫʶ ʩʪʨʦʢʫ, ʧʨʠ ʵʪʦʤ ʦʙʘ ʠʥʩʪʨʫʤʝʥʪʘ ʙʝʩʧʣʘʪʥʳ ʠ ʧʦʜʭʦʜʷʪ ʜʣʷ ʜʝʪʘʣʴʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ; çNetFlow Analyzerè, çPRTGè ʠ çSolarWindsè ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʝʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʩʝʪʠ. 

ʕʪʠ ʧʨʦʛʨʘʤʤʳ ʠʤʝʶʪ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʦʙʣʘʯʥʳʝ ʬʫʥʢʮʠʠ ʠ ʤʦʛʫʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʩʝʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ ʢʨʫʧʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ. 
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In the modern world, web servers are critical components of the infrastructure of almost any online 
business or project. Continuous operation of the web server and data availability are the key to success 

and stability. 
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ɺʚʝʜʝʥʠʝ. ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʙʦʷʤʠ, ʢʠʙʝʨ-ʘʪʘʢʘʤʠ ʠʣʠ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ, ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʥʘʜʝʞʥʦʡ ʩʠʩʪʝʤʳ ʨʝʟʝʨʚʥʦʛʦ 

ʢʦʧʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʚʝʙ-ʩʝʨʚʝʨʦʤ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʨʦʡʢʝ ʚʝʙ-ʩʝʨʚʝʨʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʧʦʣʥʦʛʦ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ, 

ʦʭʚʘʪʳʚʘʶʱʝʡ ʬʘʡʣʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠ ʙʘʟʫ ʜʘʥʥʳʭ MySQL. ʕʬʬʝʢʪʠʚʥʦʝ ʨʝʟʝʨʚʥʦʝ 

ʢʦʧʠʨʦʚʘʥʠʝ ʛʘʨʘʥʪʠʨʫʝʪ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʝʨʴ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʧʨʦʙʣʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʝʙ-ʩʝʨʚʝʨʘ. 

ʇʝʨʚʳʤ ʜʝʣʦʤ, ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ, ʷ ʥʘʯʥʫ ʩ ʥʘʩʪʨʦʡʢʠ 

ʩʝʨʚʝʨʘ. ʋʩʪʘʥʘʚʣʠʚʘʪʴ ʚʝʙ-ʩʝʨʚʝʨ ʷ ʙʫʜʫ ʥʘ Debian. 

ɼʣʷ ʤʦʝʛʦ ʧʨʦʝʢʪʘ ʷ ʚʳʙʨʘʣ Apache, ʘ ʥʝ Nginx, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ-ʟʘ ʝʛʦ ʙʦʣʴʰʝʡ 

ʧʨʦʩʪʦʪʳ ʚ ʦʩʚʦʝʥʠʠ ʠ ʥʘʩʪʨʦʡʢʝ. ʆʙʰʠʨʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʤʥʦʞʝʩʪʚʦ ʦʙʫʯʘʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʣʠ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʢʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ PHP, ʯʪʦ ʙʳʣʦ 

ʢʨʠʪʠʯʥʦ ʜʣʷ ʤʦʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʍʦʪʷ Nginx ʠʟʚʝʩʪʝʥ ʩʚʦʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, 

ʧʨʠʦʨʠʪʝʪʦʤ ʜʣʷ ʤʝʥʷ ʙʳʣʘ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʩʪʦʪʘ ʦʪʣʘʜʢʠ, ʚ ʯʸʤ Apache ʧʦʢʘʟʘʣ 

ʩʝʙʷ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. 

ʂʦʤʘʥʜʳ ʢʦʪʦʨʳʤʠ ʥʫʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ apache: 

apt-get update 

apt-get update 

ap-get install apache2 

systemctl enable apache2 ïnow. 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʨʠ ʧʨʦʚʝʨʢʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ apache ʢʦʤʘʥʜʦʡ 

systemctl status apache2, ʚʳʜʘʩʪ ʪʘʢʦʝ ʩʦʦʙʱʝʥʠʝ 

https://izv-tn.tti.sfedu.ru/index.php/izv_tn/article/view/415
https://izv-tn.tti.sfedu.ru/index.php/izv_tn/article/view/415
https://www.researchgate.net/publication/340876858
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ɽʩʣʠ ʦʰʠʙʦʢ ʥʝʪʫ, ʪʦ ʤʳ ʩʤʦʞʝʤ ʫʚʠʜʝʪʴ ʥʘʰʫ ʩʪʨʘʥʠʮʫ ʚ ʙʨʘʫʟʝʨʝ: 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʘʥʠʮʘ ʚ ʙʨʘʫʟʝʨʝ 

ʊʘʢ ʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ UFW ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʙ-ʩʝʨʚʝʨʘ. 

ʕʪʦ ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʨʘʥʜʤʘʫʵʨ ʜʣʷ Linux. ʆʥ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ 

ʧʨʘʚʠʣʘʤʠ ʜʦʩʪʫʧʘ ʢ ʚʘʰʝʤʫ ʩʝʨʚʝʨʫ, ʟʘʱʠʱʘʷ ʝʛʦ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ. ufw ʦʧʝʨʠʨʫʝʪ ʩ ʧʦʨʪʘʤʠ ʠ ʧʨʦʪʦʢʦʣʘʤʠ, ʨʘʟʨʝʰʘʷ ʠʣʠ ʙʣʦʢʠʨʫʷ 

ʚʭʦʜʷʱʠʡ/ʠʩʭʦʜʷʱʠʡ ʪʨʘʬʠʢ.apt-get install ufw 

ufw enable 

ufw allow http 

ufw allow https 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʚʝʙ-ʩʝʨʚʝʨʘ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʙʘʟʫ ʜʘʥʥʳʭ MySQL. ʂʦʤʘʥʜʳ 

ʢʦʪʦʨʳʤʠ ʥʫʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ: 

wget https://dev.mysql.com/get/mysql-apt-config_0.8.30-1_all.deb 

dpkg -i mysql-apt-config_0.8.30-1_all.deb 

apt-get install mysql-server ïy 

systemctl enable mysql ïnow 

ɽʩʣʠ ʩʜʝʣʘʪʴ ʚʩʸ ʧʨʘʚʠʣʴʥʦ, ʪʦ ʧʦʩʣʝ ʚʚʦʜʘ ʢʦʤʘʥʜʳ systemctl status mysql, ʧʦʷʚʠʪʩʷ 

ʵʪʦ ʩʦʦʙʱʝʥʠʝ: 

https://dev.mysql.com/get/mysql-apt-config_0.8.30-1_all.deb
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ʈʠʩʫʥʦʢ 2  - ʉʦʦʙʱʝʥʠʝ ʩʠʩʪʝʤʳ 
 

ʈʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ web ʩʝʨʚʝʨʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʸʪ rsync, ʵʪʘ ʫʪʠʣʠʪʘ 

ʜʣʷ ʙʳʩʪʨʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʬʘʡʣʦʚ ʠ ʜʠʨʝʢʪʦʨʠʡ. ʆʥʘ ʧʝʨʝʜʘʝʪ ʪʦʣʴʢʦ 

ʠʟʤʝʥʝʥʠʷ, ʘ ʥʝ ʚʩʝ ʜʘʥʥʳʝ ʮʝʣʠʢʦʤ, ʯʪʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʠ ʪʨʘʬʠʢ. 

ʂʦʤʘʥʜʳ chown ʠ chmod ʥʫʞʥʳ ʯʪʦʙʳ ʩʢʦʧʠʨʦʚʘʥʥʳʝ ʬʘʡʣʳ ʧʨʠʥʘʜʣʝʞʘʣʠ ʥʫʞʥʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʠ ʠʤʝʣʠ ʧʨʘʚʠʣʴʥʳʝ ʧʨʘʚʘ ʜʦʩʪʫʧʘ. 

chown -R user:user /path/to/backup/location/chmod -R 775 /path/to/backup/location/ 

Cron ʧʦʟʚʦʣʷʝʪ ʧʣʘʥʠʨʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʩʢʨʠʧʪʦʚ, ʢʦʤʘʥʜ ʠ ʧʨʦʛʨʘʤʤ ʚ ʟʘʜʘʥʥʦʝ 

ʚʨʝʤʷ ʠ ʩ ʥʫʞʥʦʡ ʯʘʩʪʦʪʦʡ (ʥʘʧʨʠʤʝʨ, ʢʘʞʜʳʡ ʯʘʩ, ʢʘʞʜʳʡ ʜʝʥʴ, ʢʘʞʜʫʶ ʥʝʜʝʣʶ). 

mysqldump: ʕʪʦ ʫʪʠʣʠʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ ʙʘʟ ʜʘʥʥʳʭ MySQL. ʆʥʘ 

ʛʝʥʝʨʠʨʫʝʪ SQL-ʩʢʨʠʧʪ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʙʘʟʳ. mysqldump ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʜʘʥʥʳʝ ʙʘʟʳ, ʠʣʠ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʫ, ʠʣʠ 

ʪʦʣʴʢʦ ʜʘʥʥʳʝ. 

ʏʪʦʙʳ cron ʤʦʛ ʨʘʙʦʪʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʥʫʞʥʦ ʥʘʩʪʨʦʠʪʴ ssh ʜʦʩʪʫʧ ʙʝʟ ʧʘʨʦʣʷ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʦʪʢʨʳʪʳʡ ʠ ʟʘʢʨʳʪʳʡ ʢʣʶʯ ʵʪʦʡ ʢʦʤʘʥʜʦʡ: ssh-keygen -t rsa -b 

2048 ʠ ʚʘʞʥʦ ʧʦʣʝ ñEnter passphraseò ʦʩʪʘʚʠʪʴ ʧʫʩʪʳʤ, ʯʪʦʙʳ rsync ʚ cron ʥʝ ʟʘʧʨʘʰʠʚʘʣ 

ʧʘʨʦʣʴ. ʉʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʢʣʶʯ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

 

ʈʠʩʫʥʦʢ 3 ï ʉʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʢʣʶʯ 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʦʪʢʨʳʪʳʡ ʠ ʟʘʢʨʳʪʳʡ ʢʣʶʯ ʩʦʟʜʘʥ, ʥʫʞʥʦ ʧʦʜʝʣʠʪʴʩʷ ʠʤ ʩ ʨʝʟʝʨʚʥʳʤ 

ʩʝʨʚʝʨʦʤ. ʕʪʘ ʢʦʤʘʥʜʘ ʧʦʟʚʦʣʠʪ ʧʝʨʝʜʘʪʴ ʢʣʶʯ: ssh-copy-id -i /root/.ssh/example 

backupserver@192.168.1.20 ʊʝʧʝʨʴ, ʢʦʛʜʘ ʢʣʶʯ ʧʝʨʝʜʘʥ, ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʨʝʟʝʨʚʥʦʤʫ 

ʩʝʨʚʝʨʫ ʧʦ ssh ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʦʣʷ ʢʦʤʘʥʜʦʡ ssh ïp 22 backupserver@192.168.1.20 

mailto:backupserver@192.168.1.20
mailto:backupserver@192.168.1.20
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ʇʦʩʣʝ ʵʪʦʡ ʢʦʤʘʥʜʳ ʧʨʦʠʟʦʡʜʸʪ ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ web-ʩʝʨʚʝʨʘ ʥʘ backup 

ʩʝʨʚʝʨ: rsync ïavz ïe óssh ïp 22ô /var/www/html backupserver@192.168.1.20:/var/www/ 

 

ʈʠʩʫʥʦʢ 4 ï  ɼʝʤʦʥʩʪʨʘʮʠʷ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ 

ʂʦʤʘʥʜʘ mysqldump ʜʣʷ ʢʦʧʠʨʦʚʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ Mysql: mysqldump ïu root ïp 

magazine | ssh ïp 22 backupserver@192.168.1.20 ñcat > /var/lib/mysql/magazine.sqlò 

 

ʂʦʤʘʥʜʦʡ less /var/lib/mysql/magazine.sql ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʯʪʦ ʚʩʸ ʩʢʦʧʠʨʦʚʘʣʦʩʴ 

ʧʨʘʚʠʣʴʥʦ  

 

ʈʠʩʫʥʦʢ 5 ï ʇʨʦʚʝʨʢʘ ʨʝʘʣʠʟʘʮʠʠ ʙʵʢʘʧʘ 

mailto:backupserver@192.168.1.20
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ʊʝʧʝʨʴ ʥʫʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʚʩʝ ʵʪʠ ʜʝʡʩʪʚʠʷ. ʏʪʦʙʳ ʵʪʦ ʩʜʝʣʘʪʴ ʥʫʞʥʦ ʩʦʟʜʘʪʴ 

ʩʢʨʠʧʪ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʨʘʙʘʪʳʚʘʪʴ ʢʘʞʜʳʝ 2 ʯʘʩʘ. ʉʢʨʠʧʪ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʚʦʜʠʪʴ ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

 

ʈʠʩʫʥʦʢ 6 ï ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʝʛʦ ʟʘʧʫʩʪʠʪʴ ʥʫʞʥʦ ʚ ʜʠʨʝʢʪʦʨʠʠ ʵʪʦʛʦ ʩʢʨʠʧʪʘ ʥʘʧʠʩʘʪʴ ʢʦʤʘʥʜʫ: 

bash backup.sh 

 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʢʦʧʠʨʫʝʪ ʣʠ ʬʘʡʣʳ ʩʢʨʠʧʪ, ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʜʘʪʫ ʠʟʤʝʥʝʥʠʷ 

ʬʘʡʣʘ ʢʦʤʘʥʜʦʡ stat: 

 

ʈʠʩʫʥʦʢ 7 ï ʇʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʦʡ stat 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʢʨʠʧʪ ʩʨʘʙʘʪʳʚʘʣ ʢʘʞʜʳʝ 2 ʯʘʩʘ ʥʫʞʥʦ ʧʨʦʧʠʩʘʪʴ ʢʦʤʘʥʜʫ crontab-e 

ʠ ʚ ʥʸʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʧʠʩʘʪʴ ʵʪʫ ʢʦʤʘʥʜʫ: 0 */2 * * * /etc/backup/backup.sh 
ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʅʘʩʪʨʦʡʢʘ ʠ ʫʩʪʘʥʦʚʢʘ Mysql. ï URL: https://docs.vultr.com/how-to-install-mysql-on-debian-12 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

12.12.2024). 

2. ʅʘʩʪʨʦʡʢʘ ʠ ʫʩʪʘʥʦʚʢʘ Web server apache. ï URL: https://linuxcapable.com/how-to-install-apache-on-debian-

linux/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.12.2024). 

3. ʈʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ Mysql. ï URL: https://www.dmosk.ru/miniinstruktions.php?mini=mysql-

dump(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.12.2024). 

https://docs.vultr.com/how-to-install-mysql-on-debian-12
https://linuxcapable.com/how-to-install-apache-on-debian-linux/
https://linuxcapable.com/how-to-install-apache-on-debian-linux/
https://www.dmosk.ru/miniinstruktions.php?mini=mysql-dump
https://www.dmosk.ru/miniinstruktions.php?mini=mysql-dump
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4. ʈʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʬʘʡʣʦʚ ʚʝʙ ʩʝʨʚʝʨʘ. ï URL: https://blog.sedicomm.com/2020/07/14/kak-sinhronizirovat-

dva-veb-servera-apache-s-pomoshhyu-rsync/(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.12.2024). 

5. ʅʘʩʪʨʦʡʢʘ cron. ï URL: https://losst.pro/nastrojka-cron (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.12.2024). 
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Telecommunication technologies play a key role in modern society, providing communication and 

information exchange on a global level. Their development in Russia is not only a history of technical 
progress, but also a reflection of social, economic and political changes that have taken place in the 

country over the centuries. From the advent of the first means of communication to modern digital 

technologies such as 5G and the Internet of Things, Russia has come a long way, which is determined by 

both internal factors and the influence of international trends. 

Keywords: telecommunications, technologies, communications. 
 

ɺʚʝʜʝʥʠʝ. ʀʩʪʦʨʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʈʦʩʩʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʥʮʘ XVIII ʚʝʢʘ, ʢʦʛʜʘ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʝʨʚʳʝ ʩʠʩʪʝʤʳ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʦʧʪʠʯʝʩʢʠʝ ʪʝʣʝʛʨʘʬʳ. ʉ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ, ʯʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʠʞʝʥʠʷʤ ʚ 

ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ ʨʘʜʠʦʩʚʷʟʠ. ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʚʠʪʠʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ ʚ ʢʦʥʮʝ XIX ʚʝʢʘ, ʯʪʦ ʦʪʢʨʳʣʦ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʣʶʜʴʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʚʦʧʨʦʩʘ. ʆʧʪʠʯʝʩʢʠʡ ʪʝʣʝʛʨʘʬ ʙʳʣ ʠʟʦʙʨʝʪʝʥ ʚ ʢʦʥʮʝ XVIII ʚʝʢʘ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʬʨʘʥʮʫʟʩʢʠʤ ʠʥʞʝʥʝʨʦʤ 

ʂʣʦʜʦʤ ʐʘʧʧʦʤ (1762-1805) ʚ 1792 ʛʦʜʫ. ʆʥ ʩʦʟʜʘʣ ʩʝʨʠʶ ʙʘʰʝʥ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʣʘ 

ʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ (ʦʙʳʯʥʦ ʚ ʚʠʜʝ ʨʫʢ ʠʣʠ ʱʠʪʦʚ), ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʧʨʠʥʠʤʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʧʦʟʠʮʠʠ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʤʚʦʣʦʚ. 

ʉʠʩʪʝʤʘ ʂ. ʐʘʧʧʘ ʩʦʩʪʦʷʣʘ ʠʟ ʮʝʧʠ ʪʝʣʝʛʨʘʬʥʳʭ ʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 10-15 ʢʤ. ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʧʝʨʘʪʦʨ ʥʘ ʦʜʥʦʡ ʩʪʘʥʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʣ ʧʦʣʦʞʝʥʠʝ 

ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ ʩʦʦʙʱʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʩʪʘʥʮʠʠ. ʉʦʦʙʱʝʥʠʝ 

ʧʝʨʝʜʘʚʘʣʦʩʴ ʚʠʟʫʘʣʴʥʦ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʩ ʧʦʤʦʱʴʶ ʙʠʥʦʢʣʝʡ ʠʣʠ ʪʝʣʝʩʢʦʧʦʚ. 

ʆʧʪʠʯʝʩʢʠʝ ʪʝʣʝʛʨʘʬʳ ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʧʦ ɽʚʨʦʧʝ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʚʦʝʥʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʫʞʜ. ɺ ʈʦʩʩʠʠ ʧʝʨʚʘʷ ʦʧʪʠʯʝʩʢʘʷ ʪʝʣʝʛʨʘʬʥʘʷ ʣʠʥʠʷ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʚ 1816 ʛʦʜʫ ʤʝʞʜʫ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʠ ʄʦʩʢʚʦʡ. ʆʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠ ʚʦʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʧʪʠʯʝʩʢʦʛʦ ʪʝʣʝʛʨʘʬʘ ʚʢʣʶʯʘʣʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʫʨʴʝʨʘʤʠ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʆʜʥʘʢʦ 

ʝʛʦ ʥʝʜʦʩʪʘʪʢʘʤʠ ʙʳʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ (ʜʦʞʜʴ, ʪʫʤʘʥ) ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʥʘʣʠʯʠʷ ʚʠʜʠʤʦʩʪʠ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ. 

https://blog.sedicomm.com/2020/07/14/kak-sinhronizirovat-dva-veb-servera-apache-s-pomoshhyu-rsync/
https://blog.sedicomm.com/2020/07/14/kak-sinhronizirovat-dva-veb-servera-apache-s-pomoshhyu-rsync/
https://losst.pro/nastrojka-cron
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ʈʠʩʫʥʦʢ 1 ï ʆʧʪʠʯʝʩʢʠʡ ʪʝʣʝʛʨʘʬ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʧʦʟʠʮʠʡ ʥʘ ʣʘʪʠʥʠʮʝ 

 

ɺ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʩʚʷʟʠ ʢʘʢ ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʪʘʢ 

ʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ ʩʪʘʣʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʪʝʣʝʬʦʥʥʳʝ ʩʪʘʥʮʠʠ (ɸʊʉ). ʇʠʦʥʝʨʦʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣ ʠʥʞʝʥʝʨ 

ɸʣʝʢʩʘʥʜʨ ɻʨʠʛʦʨʴʝʚʠʯ ɹʘʨʘʥʦʚ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʣ ʧʝʨʚʫʶ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʪʝʣʝʬʦʥʥʫʶ 

ʩʪʘʥʮʠʶ ʚ 1950-ʭ ʛʦʜʘʭ. ɺʥʝʜʨʝʥʠʝ ʧʝʨʚʦʡ ɸʊʉ ʩʦʩʪʦʷʣʦʩʴ ʚ 1952 ʛʦʜʫ ʚ ʄʦʩʢʚʝ, ʠ ʦʥʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘ ʨʝʣʝʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʙʝʟ ʫʯʘʩʪʠʷ 

ʦʧʝʨʘʪʦʨʘ. ʇʦʟʞʝ, ʚ 1960-ʭ ʛʦʜʘʭ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ (ʉʊʄ) ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ.ʅ. ʄʘʣʴʮʝʚʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʣʘ ʫʣʫʯʰʝʥʥʦʝ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʜʢʣʶʯʝʥʠʷ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʘʙʦʥʝʥʪʦʚ, ʧʝʨʝʭʦʜʷ ʦʪ ʘʥʘʣʦʛʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢ ʮʠʬʨʦʚʳʤ. 

 
ʈʠʩʫʥʦʢ 2 ï ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʪʝʣʝʬʦʥʥʘʷ ʩʪʘʥʮʠʷ (ɸʊʉ) 

 


