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ʉʆɼɽʈɾɸʅʀɽ 
 

ɻʋʄɸʅʀʊɸʈʅʓɽ ʅɸʋʂʀ 
ʉʳʯʝʚʘ ʗ.ʖ., ʇʝʪʨʝʥʢʦ ʊ.ɺ. 
ʉʌɽʈɸ ʂʋʃʔʊʋʈʓ ʂɸʂ ʆɹʒɽʂʊ ʈɽɸʃʀɿɸʎʀʀ ʄɽʍɸʅʀɿʄʆɺ 

ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 
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ʊʘʨʘʩʝʥʢʦ ʅ.ɸ., ʂʨʘʩʥʦʢʫʪʩʢʘʷ ʂ.ʀ., ʇʝʪʨʫʭʠʥʘ ɽ.ɸ. 
ɸʋɼʀʈʆɺɸʅʀɽ ɸʋʊɽʅʊʀʏʅʆɻʆ ʊɽʂʉʊɸ ʂɸʂ ʉʈɽɼʉʊɺʆ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʆʁ ʂʆʄʇɽʊɽʅʎʀʀ 
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ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ  

Ryabov A.M., Pavlycheva T.N., Kuligina N.O. 
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ɸʞʛʘʣʠʝʚ ʈ.ʉ., ɸʣʴʙʨʝʭʪ ɼ.ɸ., ʐʝʨʝʤʝʪʦʚ ʀ.ʅ. 
ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆɻʈʋɿʆʏʅʆ-ʈɸɿɻʈʋɿʆʏʅʓʍ ʈɸɹʆʊ ʇʈʀ 

ʋɹʆʈʂɽ ʊʆʄɸʊʆɺ ɿɸ ʉʏɽʊ ʄʆɼɽʈʅʀɿɸʎʀʀ ʊʈɸʅʉʇʆʈʊʅʆ-ʇʆɻʈʋɿʆʏʅʆɻʆ 

ɸɻʈɽɻɸʊɸ 

15 

ɻʝʧʧ ɽ.ɸ. 
ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ, ʇʆʊɽʅʎʀɸʃʔʅʓɽ 

ʈʀʉʂʀ ʀ ʇʈʆɹʃɽʄʓ ɹɽɿʆʇɸʉʅʆʉʊʀ, ʉɺʗɿɸʅʅʓɽ ʉ ʀʍ ɺʆɿɼɽʁʉʊɺʀɽʄ ʅɸ 

ʃʖɼɽʁ 

17 

ʂʦʚʘʣʝʚʘ ʂ.ɸ., ʂʫʘʰʝʚ ʄ.ɿ. 
ʎɽʃʆʏʀʉʃɽʅʅʆɽ ʃʀʅɽʁʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ ʀ ɽɻʆ ʇʈʀʄɽʅɽʅʀɽ  
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ʂʦʚʘʣʝʚʘ ʂ.ɸ., ʄʦʢʰʠʥ ʈ.ʀ. 
ʇʈʀʄɽʅɽʅʀɽ ʊɽʆʈʀʗ ʀɻʈ ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʀ ɸʅɸʃʀɿɸ ʇʈʀʅʗʊʀʗ 

ʈɽʐɽʅʀʁ ɺ ʋʉʃʆɺʀʗʍ ʂʆʅʌʃʀʂʊɸ 
22 

ʂʦʨʝʥʥʦʡ ɺ.ɺ. 
ʆɹɿʆʈ ʋɻʈʆɿ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʍ 

ʆʈɻɸʅʀɿɸʎʀʁ 
25 

ʆʩʠʧʦʚʘ ʂ.ʖ. 
ʀʀ ɼʃʗ ʆʇʊʀʄʀɿɸʎʀʀ ʈɸɹʆʊʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄ, 

ʋʇʈɸɺʃɽʅʀʗ ʅɸɻʈʋɿʂɸʄʀ, ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʀ ɼʀɸɻʅʆʉʊʀʂʀ  
28 

ʆʩʠʧʦʚʘ ʂ.ʖ. 
ʇʈɽʀʄʋʑɽʉʊɺɸ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ɺ ʆʂʉʀɼ-ʊɽʍʅʆʃʆɻʀʀ ɺ ʉɺɽʊʆɼʀʆɼʅʓʍ 

ɼʀʉʇʃɽʗʍ ʀ ʆʉɺɽʑɽʅʀʀ 
31 

ʉʝʜʦʚʘ ɸ.ʄ. 
ʆʉʆɹɽʅʅʆʉʊʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʊɽʈʄʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ 

ɾɸʈʆʇʈʆʏʅʆɻʆ ʉʇʃɸɺɸ 
34 

ʐʝʚʯʝʥʢʦ ɻ.ʆ., ʌʠʣʠʧʧʦʚʠʯ ɸ.ʖ. 
ɸʅɸʃʀɿ ʊʆʅɸʃʔʅʆʉʊʀ ʊɽʂʉʊʆɺ ʅɸ ʈʋʉʉʂʆʄ ʗɿʓʂɽ 
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ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʅɸʋʂʀ 
ɸʟʘʥʦʚʘ ʅ.ʅ. 
ʇʆʈʗɼʆʂ ʆʈɻɸʅʀɿɸʎʀʀ ɺʅʋʊʈɽʅʅɽɻʆ ʌʀʅɸʅʉʆɺʆɻʆ ʂʆʅʊʈʆʃʗ ɺ 

ʋʏʈɽɾɼɽʅʀʗʍ ɹʖɼɾɽʊʅʆʁ ʉʌɽʈʓ 
41 

ɻʘʨʝʝʚʘ ʃ.ʈ., ɻʘʣʠʥʘ ɸ.ʕ. 
ʃʆʗʃʔʅʆʉʊʔ ʇɽʈʉʆʅɸʃɸ: ʕʃɽʄɽʅʊʓ ʀ ʌɸʂʊʆʈʓ ʌʆʈʄʀʈʆɺɸʅʀʗ 

45 

ʂʘʨʘʩʝʚʘ ɼ.ʅ., ʇʦʧʦʚ ɼ.ɸ. 
ɸʅɸʃʀɿ ʈɽɸʃʀɿɸʎʀʀ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʇʈʆɽʂʊɸ çʄɽɾɼʋʅɸʈʆɼʅɸʗ 

ʂʆʆʇɽʈɸʎʀʗ ʀ ʕʂʉʇʆʈʊè ʅɸ ʊɽʈʈʀʊʆʈʀʀ ʉʀɹʀʈʉʂʆɻʆ ʌɽɼɽʈɸʃʔʅʆɻʆ 

ʆʂʈʋɻɸè 

47 

ʂʫʨʪʫʤʝʨʦʚ ʅ.ʈ., ʀʚʘʥʝʥʢʦ ʀ.ɸ. 
ʄʀʈʆɺʆʁ ʈʓʅʆʂ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʋʉʃʋɻ: ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ, 

ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʀ ʄɽʉʊʆ ʅɸ ʅɽʄ ʈʆʉʉʀʀ 
49 

ʄʫʨʘʜʦʚʘ ʉ.ɸ. 
ʈʆʃʔ ʌʀʅɸʅʉʆɺʆɻʆ ʈʓʅʂɸ ɺ ʕʂʆʅʆʄʀʏɽʉʂʆʄ ʈɸɿɺʀʊʀʀ ʉʊʈɸʅʓ  
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ʅʝʧ ʗ.ɸ., ʇʫʜʘʭʠʥ ɺ.ʉ., ɻʘʥʠʝʚʘ ɸ.ʂ. 
ʆʉʆɹɽʅʅʆʉʊʀ ʄʆʊʀɺɸʎʀʀ ʇʆʂʆʃɽʅʀʗ Z 
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ʅʝʧ ʗ.ɸ., ʇʫʜʘʭʠʥ ɺ.ʉ., ɻʘʥʠʝʚʘ ɸ.ʂ. 
ʇʆɺʓʐɽʅʀɽ ʈɽʇʋʊɸʎʀʀ ʇɽʈʉʆʅɸʃɸ ɼʃʗ ʈʆʉʊɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ɼɽʗʊɽʃʔʅʆʉʊʀ ʆʈɻɸʅʀɿɸʎʀʀ 
56 

ʇʦʧʦʚʘ ʊ.ɸ., ʅʘʟʘʨʦʚʘ ɻ.ɺ., ʀʦʚʢʦ ɸ.ʉ. 
ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʈʆʎɽʅʊʅʆʁ ʄɸʈɾʀ ʂʆʄʄɽʈʏɽʉʂʆɻʆ ɹɸʅʂɸ 

57 

ʇʫʯʢʦʚʘ ʅ. ɺ., ʐʫʪʨʦ ɽ.ʅ. 
ʄɽʊʆɼʆʃʆɻʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ ʂ ʆʎɽʅʂɽ ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʕʌʌɽʂʊʆɺ 

ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ ʈɽɻʀʆʅɸʃʔʅʓʍ ʂʈɽɸʊʀɺʅʓʍ ʂʃɸʉʊɽʈʆɺ 
63 

ʉʘʚʯʝʥʢʦ ʉ.ɸ. 
ʈɸɿʈɸɹʆʊʂɸ ʀʅʊɽɻʈɸʃʔʅʆɻʆ ʇʆʂɸɿɸʊɽʃʗ ʇʆʊʈɽɹʃɽʅʀʗ ɸʃʂʆɻʆʃʗ ɺ 

ʈɽɻʀʆʅɸʍ ʈʆʉʉʀʀ 
67 

ʉʦʣʦʚʴʝʚʘ ɽ.ɸ., ɽʬʠʤʦʚʘ ʆ.ɺ., ɹʘʢʦʚʘ ɹ.ʍ. 
ʂʆʅʎɽʇʎʀʗ ʋʉʊʆʁʏʀɺʆɻʆ ʈɸɿɺʀʊʀʗ ʂɸʂ ʆʉʅʆɺɸ ɻʃʆɹɸʃʔʅʆɻʆ ʈɸɿɺʀʊʀʗ ɺ 

XXI ɺɽʂɽ: ʊɽʆʈɽʊʀʏɽʉʂʀʁ ɸʉʇɽʂʊ 
69 

ʗʣʘʣʦʚʘ ɸ.ʂ., ʄʫʭʘʤʝʪʦʚʘ ʃ.ʈ. 
ʕʂʉʇʈɽʉʉ-ɼʀɸɻʅʆʉʊʀʂɸ ʌʀʅɸʅʉʆɺʆɻʆ ʉʆʉʊʆʗʅʀʗ ʕʅɽʈɻʆʂʆʄʇɸʅʀʀ 

73 

  

ʖʈʀɼʀʏɽʉʂʀɽ ʅɸʋʂʀ 
Bykov K.A., Strakhova K.A. 
MURDER IN THE HEAT O F PASSION 

77 

ʇʘʚʣʦʚ ʄ.ʆ., ʂʘʟʘʢʦʚʘ ʉ.ʇ. 
ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ɸɼɺʆʂɸʊʉʂʆɻʆ ʆʇʈʆʉɸ ɺ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

79 

ʉʢʦʨʦʙʦʛʘʪʦʚ ʈ.ɻ. 
ʋʈɽɻʋʃʀʈʆɺɸʅʀɽ ʉʇʆʈʆɺ ʀ ʈɽʂʆʄɽʅɼɸʎʀʀ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʇʈɸɺʆɺʆʁ 

ʆʍʈɸʅʓ ʇʈʆɼʋʂʊʆɺ BIM 
81 

ʌʠʣʘʪʦʚʘ ʅ.ʖ. 
ʇʋɹʃʀʏʅɸʗ ɼɽʄʆʅʉʊʈɸʎʀʗ ɾɽʉʊʆʂʆɻʆ ʆɹʈɸʑɽʅʀʗ ʉ ɾʀɺʆʊʅʓʄʀ 

84 

  

ʇɽɼɸɻʆɻʀʏɽʉʂʀɽ ʅɸʋʂʀ 
ɹʦʥʜʘʨʝʥʢʦ ɽ.ʅ., ʉʪʝʨʭʦʚʘ ʅ.ʉ. 
ʊɽʆʈɽʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʌɽʅʆʄɽʅɸ ʂʋʃʔʊʋʈʓ ɹɽɿʆʇɸʉʅʆɻʆ ʇʆɺɽɼɽʅʀʗ 

ʇʈʀʄɽʅʀʊɽʃʔʅʆ ʂ ʄʃɸɼʐɽʄʋ ʐʂʆʃʔʅʆʄʋ ɺʆɿʈɸʉʊʋ 
87 

ʇʣʶʩʥʠʥʘ ʀ.ɺ., ʂʫʟʥʝʮʦʚ ɼ.ɽ. 
ʉʀʉʊɽʄɸ ɼʆʇʆʃʅʀʊɽʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ʂɸʂ ʌɸʂʊʆʈ ʈɸɿɺʀʊʀʗ 

ʇʆɿʅɸɺɸʊɽʃʔʅʓʍ ʀʅʊɽʈɽʉʆɺ ʋ ʄʃɸɼʐʀʍ ʐʂʆʃʔʅʀʂʆɺ ʉ ɿʇʈ 
90 

ʈʘʟʦʨʚʠʥʘ ɸ.ʉ., ʀʟʤʘʡʣʦʚʘ ʃ.ʌ. 
ʆ ʊɺʆʈʏɽʉʂʆʁ ʀʄʇʈʆɺʀɿɸʎʀʀ ʇɽɼɸɻʆɻɸ ɺ ʆɹʋʏɽʅʀʀ ʀʅʆʉʊʈɸʅʅʆʄʋ 

ʗɿʓʂʋ 
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ʄɽɼʀʎʀʅʉʂʀɽ ʅɸʋʂʀ 
ʄʠʭʘʡʣʦʚ ɺ.ʉ., ʌʝʜʦʪʦʚʘ ɻ.ɺ., ʌʝʜʦʩʦʚʘ ʃ.ʇ. 
ɺʃʀʗʅʀɽ ʇʀʊɸʅʀʗ ʅɸ ʇʈʆʎɽʉʉʓ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʇʆʉʃɽ ʊʈɽʅʀʈʆɺʂʀ ʀ 

ʇʆɺʓʐɽʅʀɽ ʈɽɿʋʃʔʊɸʊʀɺʅʆʉʊʀ ɺ ʉʇʆʈʊɽ 
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ʄʠʭʘʡʣʦʚ ɺ.ʉ., ʌʝʜʦʪʦʚʘ ɻ.ɺ., ʌʝʜʦʩʦʚʘ ʃ.ʇ. 
ʆʉʆɹɽʅʅʆʉʊʀ ʋɼɽʈɾɸʅʀʗ ʀ ʄʆʊʀɺɸʎʀʀ ʃʖɼɽʁ ʂ ɿɸʅʗʊʀʗʄ ʌʀɿʀʏɽʉʂʆʁ 

ʂʋʃʔʊʋʈʆʁ 
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ʉʆʎʀʆʃʆɻʀʏɽʉʂʀɽ ʅɸʋʂʀ 
ʂʦʣʦʪʠʢ ɽ.ʅ., ʄʫʭʘʤʝʪʰʠʥʘ ɻ.ʈ. 
ʆʉʆɹɽʅʅʆʉʊʀ ɺʓʗɺʃɽʅʀʗ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ɺʓɻʆʈɸʅʀʗ 
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ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 
Prikhodko I.N., Zholtikov M.Y., Kamyshanchenko E.A. 
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ʂʘʜʳʨʦʚ ʈ.ʈ. 
ʂʃʖʏɽɺʓɽ ɸʉʇɽʂʊʓ ʀ ʄɽʊʆɼʓ, ʀʉʇʆʃʔɿʋɽʄʓɽ ʇʈʀ ʈɸɿʈɸɹʆʊʂɽ 

ʊʈɸʅʉʃʗʊʆʈʆɺ ʅɸ C# 
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ʂʘʜʳʨʦʚ ʈ.ʈ. 
ʂʃʖʏɽɺʓɽ ɸʉʇɽʂʊʓ ʇʈɽʀʄʋʑɽʉʊɺ ʀ ʇʈʀʄɽʅɽʅʀʗ ʄʀʂʈʆʂʆʅʊʈʆʃʃɽʈʆɺ 
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ʂʘʜʳʨʦʚ ʈ.ʈ. 
ʇʈʀʄɽʅɽʅʀɽ ʆɼʅʆʄʆɼʆɺʓʍ ɺʆʃʆʂʆʅʅʓʍ ʉʀʉʊɽʄ ʉɺʗɿʀ ʀ ʀʍ 

ʆʉʆɹɽʅʅʆʉʊʀ 
113 

ʄʘʚʨʠʥʘ ɸ.ɸ. 
ʇʈɽʀʄʋʑɽʉʊɺɸ ʀ ʆɻʈɸʅʀʏɽʅʀʗ ʂɸɾɼʆɻʆ ʄɽʊʆɼɸ ɿɸʑʀʊʓ ʊʈɸʌʀʂɸ 
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ʄʘʚʨʠʥʘ ɸ.ɸ. 
ʈɸɿʃʀʏʅʓɽ ʇʆɼʍʆɼʓ ʀ ʊɽʍʅʀʂʀ ʇʈɽɼʆʊɺʈɸʑɽʅʀʗ ɺʊʆʈɾɽʅʀʁ DDOS 

ɸʊɸʂɸʄ 
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ʄʘʚʨʠʥʘ ɸ.ɸ. 
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ʆʩʠʧʦʚʘ ʂ.ʖ. 
ʆɹɿʆʈ ʌʋʅʂʎʀʁ "DIALUX", ɺʂʃʖʏɸʗ ɺʆɿʄʆɾʅʆʉʊʀ ʄʆɼɽʃʀʈʆɺɸʅʀʗ, 

ʈɸʉʏɽʊɸ ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀʗ ʀ ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ ʆʉɺɽʑɽʅʀʗ  
122 

ʉʢʦʨʦʙʦʛʘʪʦʚ ʈ.ɻ. 
ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʋʗɿɺʀʄʆʉʊɽʁ, ɸʅɸʃʀɿ ʈʀʉʂʆɺ, ʈɸɿʈɸɹʆʊʂɸ 

ʈɽʂʆʄɽʅɼɸʎʀʁ ʇʆ ʋʉʊʈɸʅɽʅʀʖ ʋʗɿɺʀʄʆʉʊɽʁ ʀ ʆɹɽʉʇɽʏɽʅʀʖ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ɸʂʊʀɺʆɺ ʆʈɻɸʅʀɿɸʎʀʀ 
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ʉʢʦʨʦʙʦʛʘʪʦʚ ʈ.ɻ. 
ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ 

ʈɸʉʉʃɽɼʆɺɸʅʀʀ ʇʈɽʉʊʋʇʃɽʅʀʁ 
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ʕʂʆʃʆɻʀʗ 
ɻʝʧʧ ɽ.ɸ. 
ʅɽʆɹʍʆɼʀʄʆʉʊʔ ʇʈɸɺʀʃʔʅʆʁ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʀ ʉʆʈʊʀʈʆɺʂʀ 

ʉʊʈʆʀʊɽʃʔʅʓʍ ʆʊʍʆɼʆɺ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʀʍ ʕʂʆʃʆɻʀʏʅʆɻʆ 

ʀʉʇʆʃʔɿʆɺɸʅʀʗ 
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ɾʘʨʢʦʚ ɼ.ʀ. 
ʆʉʅʆɺʅʓɽ ʇʈʀʅʎʀʇʓ ɿɽʃɽʅʆɻʆ ʉʊʈʆʀʊɽʃʔʉʊɺɸ, ʇʈɽʀʄʋʑɽʉʊɺɸ 

ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʈɽʁʊʀʅɻɸ ʀ ɽɻʆ ɺʃʀʗʅʀɽ ʅɸ ʈɸɿɺʀʊʀɽ ɿɽʃɽʅʆɻʆ 

ʉʊʈʆʀʊɽʃʔʉʊɺɸ 
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ʉʊʈʆʀʊɽʃʔʉʊɺʆ 
ɾʘʨʢʦʚ ɼ.ʀ. 
ʇʈʀʏʀʅʓ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ɺʃɸɻʀ ɺ ɿɼɸʅʀʗʍ, ɽɽ ʇʆʉʃɽɼʉʊɺʀʗ 
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ʀʙʨʘʛʠʤʦʚʘ ɸ.ʄ. 
ʆʉʅʆɺʅʓɽ ʕʊɸʇʓ ʆɹʉʃɽɼʆɺɸʅʀʗ ɿɼɸʅʀʁ 
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ʀʙʨʘʛʠʤʦʚʘ ɸ.ʄ. 
ʇʈʀʅʎʀʇʓ ʀ ʇʈɽʀʄʋʑɽʉʊɺɸ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʂʆʄʇʆɿʀʊʅʆʁ ʆɹʆʁʄʓ ʀɿ 

ɹɽʊʆʅɸ 
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ʀʙʨʘʛʠʤʦʚʘ ɸ.ʄ. 
ʈɽʂʆʄɽʅɼɸʎʀʀ ɼʃʗ ʉʊʈʆʀʊɽʃɽʁ ʀ ʈɸɿʈɸɹʆʊʏʀʂʆɺ, ɾɽʃɸʖʑʀʍ ɺʅɽɼʈʀʊʔ 

ʕʂʆʃʆɻʀʏɽʉʂʀ ʋʉʊʆʁʏʀɺʓɽ ʈɽʐɽʅʀʗ ʇʈʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 
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ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʅɸʋʂʀ 
ɸʣʝʢʩʝʝʚʘ ɸ.ɸ. 
ʈɸʉʇʈʆʉʊʈɸʅɪʅʅʓɽ ʆʐʀɹʂʀ ʇʈʀ ʈɸɹʆʊɽ ʉ ʂʆʅʊɽʂʉʊʅʆʁ ʈɽʂʃɸʄʆʁ 
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ʂʠʯʢʠʣʴʜʝʝʚʘ ʖ.ʌ. 
ɸʅɸʃʀɿ ɹʈɽʅɼɸ ʀ ʌʀʈʄɽʅʅʆɻʆ ʉʊʀʃʗ çMODISè 
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ʉʠʤʘʥʦʚʘ ɸ.ɸ., ʏʝʨʥʦʚʘ ʖ.ɺ. 
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ʉʳʯʝʚʘ ʗ.ʖ., ʇʝʪʨʝʥʢʦ ʊ.ɺ., 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʊ. ʊʨʫʙʠʣʠʥʘ, ʛ. ʂʨʘʩʥʦʜʘʨ 

 

ʉʌɽʈɸ ʂʋʃʔʊʋʈʓ ʂɸʂ ʆɹʒɽʂʊ ʈɽɸʃʀɿɸʎʀʀ ʄɽʍɸʅʀɿʄʆɺ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʫʛʦʤ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʩʪʘʥʦʚʣʝʥʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʠ ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʬʝʨʳ 

ʢʫʣʴʪʫʨʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʘ ʢʦʪʦʨʳʝ 

ʚʦʟʣʦʞʝʥʘ ʟʘʜʘʯʘ ʨʘʟʚʠʪʠʷ ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʱʝʩʪʚʘ, ʝʛʦ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʫʯʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʠʩʢʫʩʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʳ. 

ʆʪʤʝʯʘʝʪʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʙʦʣʝʝ ʘʢʪʠʚʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʤʦʪʠʚʠʨʦʚʘʥʠʷ ʠʟʫʯʘʝʤʦʡ ʩʬʝʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʩʫʜʘʨʩʪʚʦ, ʢʫʣʴʪʫʨʘ, ʩʬʝʨʘ, ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ, ʫʧʨʘʚʣʝʥʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ, 

ʠʩʢʫʩʩʪʚʦ. 

 

ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʟʤʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʬʝʨʦʡ ʢʫʣʴʪʫʨʳ ʩʚʷʟʘʥʦ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʠʟʫʯʘʝʤʦʡ ʩʬʝʨʦʡ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʦʥʦʤʠʢʠ ʨʳʥʦʯʥʦʛʦ ʪʠʧʘ, ʩ ʚʣʠʷʥʠʝʤ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʢʨʠʟʠʩʳ, ʩ ʨʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʬʝʨʝ ʜʦʩʫʛʘ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʦʙʱʝʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʬʝʨʳ. [1, ʩ. 

27] 

ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʜʘʥʥʦʤ ʩʝʢʪʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʙʫʜʫʱʠʭ ʧʨʦʬʠʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ 

ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ, ʦʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʙʫʜʫʱʝʝ ʨʘʟʚʠʪʠʝ ʚʩʝʡ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ ʩʬʝʨʳ ʛʦʩʫʜʘʨʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠ 

ʫʩʣʦʞʥʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʝ ʠ ʧʦʣʠʪʠʢʝ ʈʦʩʩʠʠ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ. [6, ʩ. 136] 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʟʫʯʘʝʤʦʡ ʩʬʝʨʝ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʳʤ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʤʘ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ, ʦʙʦʩʥʦʚʘʥʥʫʶ ʚʳʩʦʢʦʡ ʢʦʨʨʝʣʷʮʠʡ ʩ ʩʦʮʠʘʣʴʥʳʤ, 

ʜʫʭʦʚʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ ʈʦʩʩʠʠ, ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʩʬʝʨʳ ʢʫʣʴʪʫʨʳ. 

ʋʧʨʘʚʣʝʥʯʝʩʢʠʝ, ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʩʬʝʨʳ ʥʝ 

ʥʘʭʦʜʷʪ ʪʘʢʦʛʦ ʰʠʨʦʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʜʦʙʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ, ʤʝʭʘʥʠʟʤʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʝʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʥʝʩʣʠ ʪʘʢʠʝ ʫʯʝʥʳʝ ʢʘʢ: ʆ. ɹʘʪʠʱʝʚʘ, ɻ. ʆʩʠʧʦʚʘ, 

ʉ. ɼʦʤʙʨʦʚʩʢʘʷ, ʄ. ɾʫʣʠʥʩʢʠʡ ʠ ʜʨ. ʉ ʧʦʤʦʱʴʶ ʠʭ ʪʨʫʜʦʚ ʧʨʦʮʝʩʩ ʚʳʷʚʣʝʥʠ ̫ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʜʦʩʫʛʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʯʘʩʪʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʛʦʩʫʜʘʨʩʪʚʘ, ʥʘ ʢʦʪʦʨʳʝ ʚʦʟʣʦʞʝʥʘ ʟʘʜʘʯʘ ʨʘʟʚʠʪʠʷ ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʱʝʩʪʚʘ, ʝʛʦ 

ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʫʯʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʮʠʚʠʣʠʟʘʮʠʠ, ʠʩʢʫʩʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʠʷ, 

ʩʦʟʜʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʣʝʛʢʠʤ ʠ ʧʦʥʷʪʥʳʤ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ 

ʦʙʳʯʥʦʛʦ ʦʙʳʚʘʪʝʣʷ. [2, ʩ. 13]  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʜʦʩʫʛʘ ʚ ʈʦʩʩʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʪ ʩʠʩʪʝʤʥʦʛʦ ʠ 

ʦʙʱʝʛʦ ʦʩʚʝʱʝʥʠʷ, ʭʦʪʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʤʥʝʥʠʝ, ʯʪʦ ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʙʫʜʫʪ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚ ʥʦʚʦʤ ʩʪʦʣʝʪʠʠ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʨʝʥʝʙʨʝʞʝʥʠʷ ʢ ʠʟʫʯʘʝʤʦʤʫ ʩʝʢʪʦʨʫ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʫʩʪʦʡʯʠʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʪʨʘʪʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʪʘʢʠʭ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʢʘʢ ʥʨʘʚʩʪʚʝʥʥʦʩʪʴ, ʜʫʭʦʚʥʦʩʪ,ɹ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʛʦʜ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʠʩʩʠʷ ʢʫʣʴʪʫʨʳ ʢʘʢ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ, ʩʦʮʠʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ, ʨʘʩʰʠʨʝʥʠʠ, ʩʦʭʨʘʥʝʥʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʢʦʣʝʥʠʝʤ ʮʝʥʥʦʩʪʝʡ, ʠ ʵʪʦʡ ʤʠʩʩʠʠ ʧʦʜʯʠʥʝʥʳ ʝʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠ 

ʪʘʢʪʠʯʝʩʢʠʝ ʮʝʣʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʘʭʦʜʷʪʩʷ ʚʥʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ 
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ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʠʟʫʯʝʥʥʦʩʪʴ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʩʬʝʨʳ ʜʦʩʫʛʘ ʠ ʤʝʭʘʥʠʟʤʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʜʣʷ ʝʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʥʜʝʥʮʠʡ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʢʫʣʴʪʫʨʳ ʨʘʟʣʠʯʥʳʝ ʛʦʩʫʜʘʨʩʪʚʘ ʩʪʘʣʠ ʧʨʦʷʚʣʷʪʴ 

ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʠʥʩʪʨʫʤʝʥʪʘʤ ʦʮʝʥʢʠ ʚʢʣʘʜʘ, ʢʦʪʦʨʳʡ ʢʫʣʴʪʫʨʘ ʚʥʦʩʠʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʭ ʘʩʧʝʢʪʦʚ ʞʠʟʥʠ ʣʶʜʝʡ (ʥʘʧʨʠʤʝʨ, ʢʫʣʴʪʫʨʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ ʪʦʣʝʨʘʥʪʥʦʩʪʠ). ʉ 

ʩʝʨʝʜʠʥʳ 1990-ʭ ʛʦʜʦʚ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʣʦʞʝʥʠʝ 

ʠʟʫʯʘʝʤʦʛʦ ʩʝʢʪʦʨʘ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʦʚ, ʨʝʛʠʦʥʦʚ, ʛʦʩʫʜʘʨʩʪʚ ʠ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʠʥʩʪʠʪʫʪʦʚ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʧʦʜʭʦʜʦʚ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʦʮʝʥʢʝ ʢʫʣʴʪʫʨʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʢʣʘʜʘ ʚ ʩʦʟʜʘʥʠʝ ɺɺʇ, ʘ ʪʘʢʞʝ ʥʘ ʘʥʘʣʠʟʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʝʢʪʦʨʘ (ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʩʬʝʨʝ ʜʦʩʫʛʘ ʠ ʪ.ʜ.). [3, ʩ. 37] 

ʅʦ ʚ ʩʠʣʫ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʧʨʦʠʟʦʰʣʦ ʦʪʯʫʞʜʝʥʠʝ ʤʠʣʣʠʦʥʦʚ 

ʛʨʘʞʜʘʥ ʦʪ ʜʦʩʪʠʞʝʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʤʠʨʦʚʦʡ ʢʫʣʴʪʫʨʳ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʈʦʩʩʠʠ 

ʙʳʣʠ ʟʘʢʨʳʪʳ ʩʦʪʥʠ ʙʠʙʣʠʦʪʝʢ, ʢʣʫʙʦʚ, ʢʥʠʞʥʳʭ ʤʘʛʘʟʠʥʦʚ, ʨʝʟʢʦ ʩʥʠʟʠʣʘʩʴ ʢʦʥʮʝʨʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʪʝʘʪʨʦʚ ʠ ʢʦʣʣʝʢʪʠʚʦʚ ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ. ʉʝʛʦʜʥʷ ʙʦʣʴʰʠʥʩʪʚʦ ʛʨʘʞʜʘʥ ʥʝ ʧʦʩʝʱʘʶʪ 

ʯʠʪʘʣʴʥʳʝ ʟʘʣʳ, ʢʦʥʮʝʨʪʳ, ʦʨʢʝʩʪʨʦʚʳʝ ʚʳʩʪʫʧʣʝʥʠʷ, ʧʦʯʪʠ ʥʠʢʦʛʜʘ ʥʝ ʯʠʪʘʶʪ ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ 

ʣʠʪʝʨʘʪʫʨʫ. [4, ʩ. 22] ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʦʩʪʦʷʥʥʳʤ ʢʘʥʘʣʦʤ ʢʫʣʴʪʫʨʥʦʛʦ ʦʙʱʝʥʠʷ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʪʝʣʝʚʠʜʝʥʠʝ, ʘ ʜʣʷ ʤʦʣʦʜʝʞʠ - ʀʥʪʝʨʥʝʪ. ʂʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ 

ʧʨʠʚʝʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʪʝʣʝ ʠ ʨʘʜʠʦʧʨʦʛʨʘʤʤ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʟʚʠʪʠʶ 

ʧʘʪʨʠʦʪʠʟʤʘ, ʜʫʭʦʚʥʦʡ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ ʛʨʘʞʜʘʥ ʥʘʰʝʡ ʩʪʨʘʥʳ. [7, ʩ. 75] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʫʣʴʪʫʨʫ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʟʦʣʠʨʦʚʘʥʥʦ ʦʪ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʚʩʝʤʠ ʩʬʝʨʘʤʠ 

ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. ʊʨʫʜʥʦ 

ʥʘʜʝʷʪʴʩʷ ʥʘ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʬʦʨʤ ʚ ʩʪʨʘʥʝ ʙʝʟ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʫʨʦʚʥʷ ʦʙʱʝʩʪʚʝʥʥʦʡ ʜʫʭʦʚʥʦʩʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʬʝʨʝ ʜʦʩʫʛʘ (ʪʝʘʪʨʘʣʴʥʦʝ, ʤʫʟʝʡʥʦʝ, ʙʠʙʣʠʦʪʝʯʥʦʝ ʜʝʣʦ), ʢʠʥʦʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʫʨʠʟʤʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ "ʧʨʠʥʠʞʘʝʪ" ʟʥʘʯʠʤʦʩʪʴ ʩʫʙʲʝʢʪʦʚ 

ʠʟʫʯʘʝʤʦʡ ʩʬʝʨʳ. ʉʦʮʠʦʢʫʣʴʪʫʨʥʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʦʪʦʜʚʠʛʘʝʪʩʷ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ, ʘ, ʠʥʦʛʜʘ, 

ʧʦʣʥʦʩʪʴʶ ʪʝʨʷʝʪ ʩʚʦʡ ʚʝʩ, ʨʘʟʨʫʰʘʷʩʴ ʠʟ-ʟʘ ʘʢʪʫʘʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʛʦʜ. 

ʂʫʣʴʪʫʨʘ ʫʪʨʘʯʠʚʘʝʪ ʩʚʦʠ ʬʫʥʢʮʠʠ ʩʦʮʠʘʣʴʥʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ, ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʛʦ 

ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʝʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʧʨʦʚʦʜʥʠʢʘ ʚ ʦʙʱʝʩʪʚʦ ʜʫʭʦʚʥʳʭ ʮʝʥʥʦʩʪʝʡ ʠ 

ʚʦʩʧʠʪʘʪʝʣʷ ʧʘʪʨʠʦʪʠʟʤʘ ʣʠʯʥʦʩʪʠ ʩʫʞʘʝʪʩʷ. [5, ʩ. 42] ʉʬʝʨʘ ʜʦʩʫʛʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʡ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ ʨʘʟʚʠʪʠʝ ʜʫʭʦʚʥʦ-

ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʱʝʩʪʚʘ, ʝʛʦ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʣʫʯʰʠʭ ʜʦʩʪʠʞʝʥʠʡ 

ʠʩʢʫʩʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʠʷ, ʪʨʝʙʫʶʪ ʚʥʝʜʨʝʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʧʦʜʜʝʨʞʢʠ ʦʨʛʘʥʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʠ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1.  2.ɸʭʠʝʟʝʨ ɸ.ʉ. ʈʦʩʩʠʷ: ʢʨʠʪʠʢʘ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʦʧʳʪʘ. ʊ.1. ʅʦʚʦʩʠʙʠʨʩʢ, 2019. 

2. ɾʠʜʢʦʚ ɺ.ʉ., ʉʦʢʦʣʦʚ ʂ.ɹ. ʂʫʣʴʪʫʨʥʘʷ ʧʦʣʠʪʠʢʘ ʈʦʩʩʠʠ. ʄ., 2020, ʩ. 71-72. 

3. ʀʚʘʥʦʚ ɼ. ɺ. ʀʤʧʝʨʘʪʠʚ ʚʠʨʪʫʘʣʠʟʘʮʠʠ. ʉʇʙ., 2020, ʩ. 22; 45-47. 

4. ʂʘʧʪʦ ɸ.ʉ. ɻʝʥʝʟʠʩ ʠ ʩʪʘʥʦʚʣʝʥʠʝ ʢʫʣʴʪʫʨʳ ʤʠʨʘ // ɹʝʟʦʧʘʩʥʦʩʪʴ ɽʚʨʘʟʠʠ. ˉ1, 2019. 

5. ʂʦʥʜʘʢʦʚ ʀ.ɺ. ɺʚʝʜʝʥʠʝ ʚ ʠʩʪʦʨʠʶ ʨʫʩʩʢʦʡ ʢʫʣʴʪʫʨʳ. ʄ., 2019. 

6. ʄʠʣʦʚʘʥʦʚʘ ʖ.ɺ. ʀʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʈʦʩʩʠʠ 

ʠ ʟʘ ʨʫʙʝʞʦʤ / ʖ.ɺ. ʄʠʣʦʚʘʥʦʚʘ,  ʊ.ɺ. ʇʝʪʨʝʥʢʦ // ʋʧʨʘʚʣʝʥʠʝ ʵʢʦʥʦʤʠʢʦʡ, ʩʠʩʪʝʤʘʤʠ, ʧʨʦʮʝʩʩʘʤʠ. 

- 2020. - ʉ. 135-137. 

7. ʇʝʪʨʝʥʢʦ ʊ.ɺ. ʊʝʭʥʦʣʦʛʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʦʨʛʘʥʘʭ ʤʝʩʪʥʦʛʦ 

ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ / ʊ.ɺ. ʇʝʪʨʝʥʢʦ, ɸ.ɺ. ʉʚʝʰʥʠʢʦʚʘ // ʅʘʫʯʥʳʡ ʚʟʛʣʷʜ ʚ ʙʫʜʫʱʝʝ. - 2018. - ʊ. 2. - ˉ 9. - 

ʉ. 73-78. 
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ʊʘʨʘʩʝʥʢʦ ʅ.ɸ., ʂʨʘʩʥʦʢʫʪʩʢʘʷ ʂ.ʀ., ʇʝʪʨʫʭʠʥʘ ɽ.ɸ., 

ɸʢʘʜʝʤʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʩʣʫʞʙʳ ʄʏʉ ʈʦʩʩʠʠ, ʛ. ʄʦʩʢʚʘ 

 

ɸʋɼʀʈʆɺɸʅʀɽ ɸʋʊɽʅʊʀʏʅʆɻʆ ʊɽʂʉʊɸ ʂɸʂ ʉʈɽɼʉʊɺʆ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʆʁ ʂʆʄʇɽʊɽʅʎʀʀ 

 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʦʙʫʯʝʥʠʷ ʘʫʜʠʨʦʚʘʥʠʶ ʘʫʪʝʥʪʠʯʥʳʭ 

ʪʝʢʩʪʦʚ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʨʫʩʩʢʦʤʫ ʷʟʳʢʫ ʢʘʢ ʠʥʦʩʪʨʘʥʥʦʤʫ. ɺ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʘʚʪʦʨʦʚ ï ʨʘʙʦʪʘ ʩ 

ʪʝʢʩʪʘʤʠ ʢʘʢ ʚʘʞʥʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʢʦʤʧʝʪʝʥʮʠʠ. 

ɺ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʙʦʪʳ ʩ ʘʫʪʝʥʪʠʯʥʳʤ ʪʝʢʩʪʦʤ ʥʘ 

ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʚ ʠʥʦʩʪʨʘʥʥʦʡ ʘʫʜʠʪʦʨʠʠ ɸʢʘʜʝʤʠʠ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʫʜʠʨʦʚʘʥʠʝ, ʪʝʢʩʪ, ʘʫʪʝʥʪʠʯʥʳʡ ʪʝʢʩʪ, ʨʫʩʩʢʠʡ ʷʟʳʢ ʢʘʢ ʠʥʦʩʪʨʘʥʥʳʡ 

(ʈʂʀ), ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ. 

 

ʇʦʚʦʜʦʤ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʦʩʣʫʞʠʣʘ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩʣʫʭʦʚʦʛʦ ʚʦʩʧʨʠʷʪʠʷ 

ʠʥʦʩʪʨʘʥʥʳʤʠ ʦʙʫʯʘʶʱʠʤʠʩʷ ʘʫʪʝʥʪʠʯʥʳʭ ʪʝʢʩʪʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʢʦʤʧʝʪʝʥʮʠʠ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʘʫʜʠʨʦʚʘʥʠʶ ʚ ʚʫʟʘʭ ʄʏʉ ʈʦʩʩʠʠ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ. 

2. ʆʙʦʙʱʠʪʴ ʧʨʘʢʪʠʢʫ ʦʙʫʯʝʥʠʷ ʘʫʜʠʨʦʚʘʥʠʶ.  

3. ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʘʫʜʠʨʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 
ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ 

ʠʥʦʩʪʨʘʥʥʳʭ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʈʂʀ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʘʥʘʣʠʟ, ʘʥʘʣʦʛʠʷ, ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʫʪʝʥʪʠʯʥʳʭ ʪʝʢʩʪʦʚ ʥʘ ʟʘʥʷʪʠʷʭ ʩ ʠʥʦʩʪʨʘʥʥʳʤʠ ʩʣʫʰʘʪʝʣʷʤʠ ʚ 

ʤʝʪʦʜʠʢʝ ʧʨʝʧʦʜʘʚʘʥʠʷ ʈʂʀ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ ʣʠʥʛʚʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʪʘʢʠʭ ʢʘʢ ɽ. ʅ. ʉʦʣʦʚʦʚʘ [1, c. 34] ɽ. ʀ. ʇʘʩʩʦʚ [2, c. 90] ʠ ʜʨ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʫʪʚʝʨʞʜʘʶʪ ʯʪʦ ʨʘʙʦʪʘ ʩ ʘʫʪʝʥʪʠʯʥʳʤʠ ʪʝʢʩʪʘʤʠ ʨʘʟʚʠʚʘʝʪ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ 

ʤʦʪʠʚʘʮʠʶ ʫ ʦʙʫʯʘʶʱʠʭʩʷ [3, c. 139], ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʛʨʫʞʝʥʠʶ ʚ ʨʝʘʣʴʥʫʶ ʷʟʳʢʦʚʫʶ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ [4, c. 61]. 

ʇʨʦʮʝʩʩ ʘʫʜʠʨʦʚʘʥʠʷ ʘʫʪʝʥʪʠʯʥʳʭ ʪʝʢʩʪʦʚ ʚʳʟʳʚʘʝʪ ʫ ʤʥʦʛʠʭ ʠʥʦʩʪʨʘʥʥʳʭ ʩʣʫʰʘʪʝʣʝʡ 

ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʢʘʢ ʠʥʦʩʪʨʘʥʥʦʛʦ (ʠ ʢʘʢ ʥʝʨʦʜʥʦʛʦ) ɸʢʘʜʝʤʠʠ 

ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ ʠʱʫʪ ʨʘʟʥʳʝ ʧʨʠʸʤʳ ʠ ʩʧʦʩʦʙʳ ʨʘʙʦʪʳ ʩ ʘʫʪʝʥʪʠʯʥʳʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʝʛʦ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ, ʪʝʤ ʩʘʤʳʤ ʦʙʣʝʛʯʠʚ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ. 

ɺ ʤʝʪʦʜʠʢʝ ʧʨʝʧʦʜʘʚʘʥʠʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʢʘʢ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʦʜ çʘʫʜʠʨʦʚʘʥʠʝʤè ʧʦʥʠʤʘʶʪ 

ʧʨʦʮʝʩʩ ʚʦʩʧʨʠʷʪʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʟʚʫʯʘʱʝʡ ʨʝʯʠ, ʛʜʝ ʚʦʩʧʨʠʷʪʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʘʣʠʟʦʤ ʠ 

ʩʠʥʪʝʟʦʤ ʷʟʳʢʦʚʳʭ ʩʨʝʜʩʪʚ (ʬʦʥʝʤ, ʤʦʨʬʝʤ, ʧʨʝʜʣʦʞʝʥʠʡ, ʪʝʢʩʪʘ ʠ ʪ. ʜ.), ʘ ʧʦʥʠʤʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʩʤʳʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʷʟʳʢʦʚʳʭ ʩʨʝʜʩʪʚ [5, ʩ.186]. ɸʫʜʠʨʦʚʘʥʠʝ 

ʥʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʝʟ ʥʘʛʣʷʜʥʦʩʪʠ [6, ʩ. 40]. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʫʯʪyʝ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʠʟʫʯʝʥʠʠ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ ʠ ʜʠʢʪʫʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʠ ʠʣʠ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ [7, ʩ. 6]. ɼʘʥʥʳʡ ʚʠʜ ʦʙʫʯʝʥʠʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ   ʦʚʣʘʜʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʦʤ ʠ ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʦʙʫʯʘʶʱʠʭʩʷ, ʘ ʪʘʢʞʝ 

ʟʥʘʥʠʝ ʢʫʣʴʪʫʨʳ ʩʪʨʘʥʳ ʠʟʫʯʘʝʤʦʛʦ ʷʟʳʢʘ ʠ ʧʨʠʦʙʨʝʪʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʚʳʢʦʚ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ 

ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʷʭ.  

ɺ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ ʈʂʀ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ:  

ï ʠʟʫʯʝʥʠʝ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ ʢʘʢ ʩʨʝʜʩʪʚʘ ʦʚʣʘʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʩʪʴʶ; 

ï ʠʟʫʯʝʥʠʝ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ ʢʘʢ ʩʨʝʜʩʪʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ [8, ʩ. 151].    
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ʄʘʪʝʨʠʘʣʳ ʠ ʟʘʜʘʥʠʷ ʢ ʵʪʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʚ ʭʦʜʝ ʦʙʫʯʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʯʪʝʥʠʶ ʠ ʘʫʜʠʨʦʚʘʥʠʶ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʫʯʪyʦʤ ʣʝʢʩʠʢʦ-

ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʫʯʥʦʡ ʨʝʯʠ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʤʝʥʠʡ ʦʪʚʝʯʘʪʴ ʥʘ 

ʚʦʧʨʦʩʳ ʠ ʟʘʜʘʚʘʪ ɹʠʭ ʜʨʫʛʠʤ, ʚʩʪʫʧʘʪʴ ʚ ʥʘʫʯʥʫʶ ʜʠʩʢʫʩʩʠʶ [9, ʩ. 283].    

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʩʦ ʟʚʫʯʘʱʠʤ ʪʝʢʩʪʦʤ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

 ï ʧʦʜʛʦʪʦʚʢʘ ʢ ʩʣʫʰʘʥʠʶ; 

ï  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʫʰʘʥʠʝ; 

ï ʟʘʜʘʥʠ,̫ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʧʦʥʠʤʘʥʠʷ ʧʨʦʩʣʫʰʘʥʥʦʛʦ ʪʝʢʩʪʘ [10, ʩ.651]. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʩʦ ʟʚʫʯʘʱʠʤ ʪʝʢʩʪʦʤ ʥʘ ʧʨʠʤʝʨʝ 

ʪʝʢʩʪʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʫʯʝʙʥʠʢʘ çʇʦʞʘʨʥʘʷ ʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʄ. ɺ. 

ɹʝʟʙʦʨʦʜʴʢʦ [11, ʩ. 28].    

ʅʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʩʣʫʰʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ 

ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʥʝʟʥʘʢʦʤʫʶ ʣʝʢʩʠʢʫ ʠ ʧʦʧʨʦʩʠʪʴ ʠʭ ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʥʠʷ ʥʘ ʧʦʥʠʤʘʥʠʝ ʥʦʚʳʭ ʩʣʦʚ ï 

ʪʘʢ ʜʘʸʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʘʫʪʝʥʪʠʯʥʦʛʦ ʪʝʢʩʪʘ. ɺ ʦʙʫʯʝʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʛʦʚʦʨʝʥʠʶ ʠ ʘʫʜʠʨʦʚʘʥʠʶ ʥʝʦʙʭʦʜʠʤʘ ʦʧʦʨʘ ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ 

ʩʪʠʤʫʣʠʨʫʶʪ ʫʩʪʥʳʝ ʚʳʩʢʘʟʳʚʘʥʠʷ ʦʙʫʯʘʝʤʳʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʧʦʨ ʥʘ 

ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʦʤʦʛʘʝʪ ʜʦʛʘʜʘʪʴʩʷ ʦ ʪʝʤʝ ʪʝʢʩʪʘ.   

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʧʦʢʘʟʳʚʘʝʪ ʢʘʨʪʠʥʢʫ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʬʘʢʪ ʠʟ ʪʝʢʩʪʘ, ʠ ʧʨʦʩʠʪ ʦʙʫʯʘʶʱʠʭʩʷ 

ʨʘʩʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʦ. 

ʇʨʠʚʝʜʤy ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʥʠʷ: 

ɿʘʜʘʥʠʝ 1. ʇʦʩʤʦʪʨʠʪʝ ʥʘ ʨʠʩʫʥʢʠ. ʆʧʠʰʠʪʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʣʣʶʩʪʨʘʮʠʠ. 

 

 
ʈʠʩ.1             ʈʠʩ.2               ʈʠʩ.3 

 

ɿʘʜʘʥʠʝ 2. ʂʘʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʫ ʚʘʩ ʚʦʟʥʠʢʘʶʪ? 

ɿʘʜʘʥʠʝ 3. ʂʘʢ ʚʳ ʜʫʤʘʝʪʝ, ʢʘʢʦʚʘ ʪʝʤʘ ʪʝʢʩʪʘ? 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʚʳʥʦʩʠʪ ʥʘ ʜʦʩʢʫ ʘʢʪʠʚʥʫʶ ʣʝʢʩʠʢʫ, ʦʙʨʘʱʘʷ ʚʥʠʤʘʥʠʝ 

ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʩʣʦʚʘ ʙʫʜʫʪ ʫʧʦʪʨʝʙʣʷʪʴʩʷ ʚ ʪʝʢʩʪʝ, ʢʦʪʦʨʳʡ ʦʥʠ ʫʩʣʳʰʘʪ: 

ʩʘʤʦʩʧʘʩʘʥʠʝ, ʪʦʧʦʨ ʧʦʞʘʨʥʳʡ, ʣʝʥʪʘ, ʧʨʷʞʢʘ, ʧʦʷʩ, ʣʶʚʝʨʩ, ʦʪʦʧʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ, 

ʢʦʤʧʣʝʢʪʦʚʘʪʴʩʷ, ʚʳʩʦʪʥʳʡ ʫʨʦʚʝʥʴ. 

ɼʘʣʝʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʲʷʩʥʠʪʴ ʠ ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ ʠ ʧʝʨʝʚʦʜ ʩʣʦʚ. 

ɿʘʜʘʥʠʝ 4. ʇʦʩʪʘʨʘʡʪʝʩʴ ʧʦʥʷʪʴ ʠ ʦʙʲʷʩʥʠʪʴ ʟʥʘʯʝʥʠʝ ʩʣʦʚ. 

ɿʘʧʠʰʠʪʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʩʣʦʚ. ʇʨʠʜʫʤʘʡʪʝ ʩ ʥʠʤʠ ʧʨʝʜʣʦʞʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʟʘʜʘʥʠʡ ʚ ʩʦʟʥʘʥʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʤʝ ʪʝʢʩʪʘ. 

ɿʘʪʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʜʘʪy ʫʩʪʘʥʦʚʢʫ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʩʣʫʰʘʥʠʝ ʠ ʧʨʝʜʲʷʚʣʷʝʪ ʪʝʢʩʪ. ʅʘ ʵʪʘʧʝ 

ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʪʝʢʩʪ ʯʠʪʘʝʪʩʷ 1-2 ʨʘʟʘ. ɽʩʣʠ ʦʙʲʸʤ ʪʝʢʩʪʘ ʙʦʣʴʰʦʡ, ʪʦ ʦʥ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʯʘʩʪʝʡ ʠ ʧʦ ʥʠʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʙʦʪʘ. ʇʨʠ ʧʦʜʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʘʫʜʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʪʝʢʩʪʘ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʨʦʚʥʶ ʚʣʘʜʝʥʠʷ ʷʟʳʢʦʤ. ʊʝʢʩʪ ʪʘʢʞʝ 

ʜʦʣʞʝʥ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʜʣʷ ʜʘʥʥʦʡ ʘʫʜʠʪʦʨʠʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʜʘʶʪʩʷ ʟʘʜʘʥʠʷ ʥʘ 

ʧʦʥʠʤʘʥʠʝ ʪʝʢʩʪʘ. 

ʇʨʠʤʝʨʳ: 

ɿʘʜʘʥʠʝ 1. ʇʨʦʩʣʫʰʘʡʪʝ ʪʝʢʩʪ ʠ ʚʩʪʘʚʴʪʝ ʧʨʦʧʫʱʝʥʥʳʝ ʩʣʦʚʘ: 

ʇʦʷʩ ʧʦʞʘʨʥʳʡ ʩʧʘʩʘʪʝʣʴʥʳʡ ï ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ é  

ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʚʳʩʦʪʝ, é ʣʶʜʝʡ ʠ ʩʘʤʦʩʧʘʩʘʥʠʷ ʧʦʞʘʨʥʳʭ ʚʦ ʚʨʝʤʷ ʪʫʰʝʥʠʷ é, ʧʝʨʚʦʦʯʝʨʸʜʥʳʭ 

ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʢʨʝʧʣʝʥʠʷ é ʧʦʞʘʨʥʦʛʦ ʠ ʢʘʨʘʙʠʥʘ. ʇʦʞʘʨʥʳʡ ʧʦʷʩ 

ʩʦʩʪʦʠʪ ʠʟ ʣʝʥʪʳ, .., ʢʦʞʘʥʦʡ ʦʙʣʠʮʦʚʢʠ ʩ ʧʷʪʴʶ ʧʘʨʘʤʠ ʣʶʚʝʨʩʦʚ. 

ɺʝʨʝʚʢʘ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʪʨʘʭʦʚʢʠ ʧʦʞʘʨʥʳʭ é ʧʨʠ ʪʫʰʝʥʠʠ 

ʧʦʞʘʨʦʚ ʠ ʧʨʦʚʝʜʝʥʠʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʧʝʨʚʦʦʯʝʨʸʜʥʳʭ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ. ɺʝʨʝʚʢʠ 
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ʤʦʛʫʪ ʙʳʪ ʦʙʳʯʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʠ é. ɼʣʠʥʘ ʩʧʘʩʘʪʝʣʴʥʦʡ ʚʝʨʸʚʢʠ ï 25-é ʤ. ʍʨʘʥʷʪ ʚʝʨʸʚʢʠ ʚ é ʠʟ 

ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʡ ʪʢʘʥʠ. ɺʝʨʸʚʢʠ ʜʦʣʞʥʳ ʭʨʘʥʠʪʴʩʷ ʚ ʟʘʢʨʳʪʳʭ é ʘʚʪʦʤʦʙʠʣʷ ʩ ʚʣʘʞʥʦʩʪʴʶ ʥʝ 

ʙʦʣʝʝ 70%, ʟʘʱʠʱʝʥʥʳʭ ʦʪ ʧʨʷʤʳʭ é ʣʫʯʝʡ, ʤʘʩʣʘ, ʙʝʥʟʠʥʘ ʠ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʥʝ ʤʝʥʝʝ 1 ʤ ʦʪ é ʧʨʠʙʦʨʦʚ. ʀʤʠ ʢʦʤʧʣʝʢʪʫʶʪʩʷ ʧʦʞʘʨʥʳʝ ʘʚʪʦʤʦʙʠʣʠ. 

ʂʘʨʘʙʠʥ ʧʦʞʘʨʥʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʥʘʨʷʞʝʥʠʷ ʧʦʞʘʨʥʦʛʦ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ é 

ʧʦʞʘʨʥʦʛʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʚʳʩʦʪʝ, ʘ ʪʘʢʞʝ ʜʣʷ é ʠ ʩʘʤʦʩʧʘʩʘʥʠʷ ʩ ʚʳʩʦʪʥʳʭ ʫʨʦʚʥʝʡ.  

(ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʫʯʝʙʥʠʢʘ çʇʦʞʘʨʥʘʷ ʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʧʦʜ ʨʝʜ. ʄ. ɺ. 

ɹʝʟʙʦʨʦʜʴʢʦ) 

ɿʘʜʘʥʠʝ 2. ʇʨʦʩʣʫʰʘʡʪʝ ʪʝʢʩʪ ʠ ʩʢʘʞʠʪʝ, ʢʘʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢ ʩʣʝʜʫʶʱʠʤ ʩʣʦʚʘʤ ʚʘʤ 

ʚʩʪʨʝʪʠʣʠʩʴ: ʧʦʷʩ ʧʦʞʘʨʥʳʡ, ʚʝʨʝʚʢʘ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʡ ʥʘ ʵʪʘʧʝ ʩʣʫʰʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʦʩʤʳʩʣʝʥʠʷ ʠ 

ʫʩʚʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘ ʧʦʩʣʝʪʝʢʩʪʦʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʪʨʦʣʴ ʧʨʦʩʣʫʰʘʥʥʦʛʦ ʪʝʢʩʪʘ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʢʦʥʪʨʦʣʴ ʧʦʥʠʤʘʥʠʷ ʪʝʢʩʪʘ. ʆʙʫʯʘʶʱʠʤʩʷ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʥʠʷ: 

ɿʘʜʘʥʠʝ 1. ɺʳʙʝʨʠʪʝ ʟʘʛʦʣʦʚʦʢ ʢ ʪʝʢʩʪʫ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

ʘ) ʩʥʘʨʷʞʝʥʠʝ ʧʦʞʘʨʥʳʭ; 

ʙ) ʩʨʝʜʩʪʚʘ ʩʘʤʦʩʧʘʩʝʥʠʷ; 

ʚ) ʩʪʨʘʭʦʚʢʘ ʧʦʞʘʨʥʳʭ. 

ɿʘʜʘʥʠʝ 2. ɺʳʧʦʣʥʝʥʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ.  

ʆʪʤʝʪʴʪʝ ʚʝʨʥʳʝ ʦʪʚʝʪʳ. 

1. ɼʣʷ ʯʝʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥ ʧʦʷʩ ʧʦʞʘʨʥʳʡ-ʩʧʘʩʘʪʝʣʴʥʳʡ? 

ʘ) ʜʣʷ ʩʪʨʘʭʦʚʢʠ ʨʘʙʦʪʳ ʥʘ ʚʳʩʦʪʝ; 

ʙ) ʜʣʷ ʢʨʝʧʣʝʥʠʷ é ʧʦʞʘʨʥʦʛʦ ʠ ʢʘʨʘʙʠʥʘ; 

ʚ) ʩʘʤʦʩʧʘʩʘʥʠʷ ʧʦʞʘʨʥʳʭ; 

ʛ) ʚʩʝ ʚʘʨʠʘʥʪʳ ʚʝʨʥʳ. 

2. ɻʜʝ ʭʨʘʥʷʪʩʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʚʝʨʝʚʢʠ? 

ʘ) ʚ ʯʝʭʣʘʭ ʠʟ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʡ ʪʢʘʥʠ; 

ʙ) ʚ ʧʦʤʝʱʝʥʠʷʭ ʩ ʚʣʘʞʥʦʩʪʴ ʥʝ ʤʝʥʝʝ 70%; 

ʚ) ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 50 ʩʤ. 

3. ɼʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʨʝʚʢʘ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ? 

ʘ) ʜʣʷ ʩʪʨʘʭʦʚʢʠ ʧʦʞʘʨʥʳʭ ʛʨʫʧʧ; 

ʙ) ʜʣʷ ʩʧʫʩʢʘ ʩ ʚʳʩʦʪʳ; 

ʚ) ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʚʝʱʝʡ. 

4. ʏʪʦ ʥʝ ʚʭʦʜʠʪ ʚ ʩʥʘʨʷʞʝʥʠʝ ʧʦʞʘʨʥʦʛʦ? 

ʘ) ʧʦʷʩ ʧʦʞʘʨʥʳʡ;  

ʙ) ʥʦʞ; 

ʚ) ʪʦʧʦʨ. 

ʀʩʩʣʝʜʫʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠ ʧʨʠʸʤʳ ʨʘʙʦʪʳ ʩ ʘʫʪʝʥʪʠʯʥʳʤʠ ʪʝʢʩʪʘʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʪʝʤʘʪʠʢʠ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʈʂʀ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʩ 

ʘʫʪʝʥʪʠʯʥʳʤ ʪʝʢʩʪʦʤ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʦʚʳʰʘʝʪ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ 

ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʢʘʢ ʠʥʦʩʪʨʘʥʥʦʛʦ ʠ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ. 

ɸʚʪʦʨʳ ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʙʫʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʝʢʩʪʳ ʠ ʤʘʪʝʨʠʘʣʳ, 

ʯʪʦʙʳ ʧʨʠʙʣʠʟʠʪʴ ʫʯʝʙʥʫʶ ʩʠʪʫʘʮʠʶ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʨʝʘʣʠʷʤ.  
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Phenol-formaldehyde resins are the most important component of the economy in the areas of plastic 

masses, adhesives and lacquers. Plastics based on phenol-formaldehyde resins have heat resistance, water 

resistance, mechanical strength, electrical insulation properties. 

The reduction of phenol-formaldehyde resin production in 2019 led to a decrease in supply, thereby 

increasing imports of these products into Russia. In the domestic market, the demand for synthetic resins will 

grow, as the demand for plywood products for furniture production and construction is increasing. Made 

with phenol-formaldehyde resin adhesive wood has high indicators of protection against temperature and 

humidity. Thus, ensuring the production of phenol-formaldehyde resins is an urgent task. 

The following components are used in production:  

- Synthetic industrial phenol: It is used in production of caprolactam, diphenylolpropane, medical 

preparations, phenol-formaldehyde resins, orthocresol, additives for oils, for selective treatment of oils and 

other purposes. It is colourless crystals, turning pink in the air, especially in the light. Well soluble in ethyl 

alcohol, acetone, benzene, chloroform, oils, moderately in water [1]. 

- Formalin: Easily soluble in water, flammable colorless liquid. During prolonged storage at low 

temperatures polymer paraform precipitates from formalin which dissolves in formalin when heated [1]. 
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The choice of a PLC is necessary for the construction of an automated control system. This device is 

the key control element, which performs control according to a given algorithm. The controller includes a 

processor module, input-output modules, communication modules. 

The controller and modules are selected based on the information load of the technological process. 

It reflects the number of used analog and discrete I/O signals. To obtain the information load, consider the 

components of field automation, taking into account the expansion: 

 

Table 1 ï Field Automatic 

Designation Name Signal type Amount 

GA 
Primary flow indicating device, signaling DI 24 

WE  
Primary weight conversion sensing element RS485 3 

LIT  
Level measuring instrument with indication, 

scale-free, with remote transmission of 

readings 

AI  3 

LE 
Sensitive element for level measurement DI 2 

TT Indicating, scale-free temperature meter with 

remote indication 
AI  2 

 

Pump, motor activity monitoring device 

signalization 
DI+DO 6 

 

Shut-off valve DO 12 

 

Flow regulator AO 4 

Let's accumulate the obtained information in the table of information load: 

 

Table 2 - Information load of FFS synthesis 

Type of I/O channel Number of I/O channels 

Analog input (AI) 8 

Analog output (AO) 4 

Discrete input (DI) 34 

Discrete output (DO) 20 

 

We recommend to buy the microprocessor controller OWEN PLC 200-01-CS. The advantages of 

this PLC are: 

-Presence of built-in discrete inputs and outputs in the number of 8 and 14 respectively; 

Keeping an archive of equipment or work on pre-specified scenarios when connecting to the 

controller of USB-drives; 

-Easy and convenient programming in CODESYS v3.5 system with IPC firmware both via RJ45 port 

and microUSB port; 

-connection of interface and I/O modules via Ethernet or RS485. 

The following modules were selected to cover the information load of the FSF synthesis process:  
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- Analog signal input module MV210-101 with universal inputs; 

- Analog output module MU110-224.8I with analog outputs in the range of 4-20mA; 

- Module for input of discrete signals MV210-212; 

- Discrete output module MV210-401 with relay outputs. 

Equipment for the middle level of the APCS is presented in Table 3. 

 

Table 3 - Hardware of the middle level of the APCS 

Module name Modification  Type and number of 

chanels 

Amount 

PLC PLC 200-01-CS 8 DI 

14 DO 

1 

Analog input module MV210-101 8 AI 2 

Analog output module MU110-224.8ʀ 8 Aʆ 1 

Discrete input module MV210-212 32 DI 1 

Discrete output module MU210-401 8 DO 1 

 

The process of phenol formaldehyde resin synthesis is a batch process. Development of a control 

algorithm is an important task for increasing the efficiency of the plant. The proposed control algorithm is 

shown in Figure 1. 

 

 
 

Figure 1 - control algorithm for the process of synthesis of PFC 

 

On the presented process the set temperature value should be kept. The operating temperature of the 

reactor is 95-97ϊC. In this case, the static regulation error is undesirable, the dynamic error should not exceed 

2ϊC. Thus, the controller must have an integral component. The change of the disturbance at the input is 

slower. Thus, we choose the PI-algorithm for regulation. 

We will calculate the controller settings using the RAFX method, which belongs to the exact 

calculation methods. A comparative analysis of several working points of the calculation has deduced the 

advantage of one of the points by the integral-quadratic criterion: 
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Table 4 - Comparative analysis of PI controller settings (RAFX) 

Kp Tʠ,ʩ m I 

1.975 24.233 0.325 6.15952 

1.981 24.338 0.324 6.156012 

1.986 24.446 0.322 6.155517 

1.992 24.557 0.32 6.152956 

1.997 24.67 0.319 6.153272 

 

Parameters of the optimal point:  

 

;1.992ʨ=K ʩ;  557.24ʠ=T ;152956.6=I 0.32;m= .ʩ  052,0 1

ʨ

-=w  

Let us verify the operation of the controller with the given parameters by the transient response 

graph (Figure 2). 

  
Figure 2 - Transient response of the closed-loop system with a PI controller  

 

After parametric optimization of the control loop, the optimal settings of the PI-regulator, which 

provides a minimum of the integral quadratic criterion, were obtained.  

In this work on development of complex of measures and technical solutions for modernization and 

improvement of automation system of stage of phenol formaldehyde resin synthesis all set tasks are fulfilled 

that allowed to increase safety level and quality of automatic control of existing technological object. 

Algorithm of program-logic control was developed. The analysis of the technological process as a control 

object, the analysis of automatic control loops and the choice of automation tools were made.  
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ɸʞʛʘʣʠʝʚ ʈ.ʉ., ɸʣʴʙʨʝʭʪ ɼ.ɸ., ʐʝʨʝʤʝʪʦʚ ʀ.ʅ., 

ʌɻɹʆʋ ɺʆ ɺʦʣʛʦʛʨʘʜʩʢʠʡ ɻɸʋ, ʛ. ɺʦʣʛʦʛʨʘʜ 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆɻʈʋɿʆʏʅʆ-ʈɸɿɻʈʋɿʆʏʅʓʍ ʈɸɹʆʊ ʇʈʀ 

ʋɹʆʈʂɽ ʊʆʄɸʊʆɺ ɿɸ ʉʏɽʊ ʄʆɼɽʈʅʀɿɸʎʀʀ ʊʈɸʅʉʇʆʈʊʅʆ-ʇʆɻʈʋɿʆʏʅʆɻʆ 

ɸɻʈɽɻɸʊɸ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʪʨʘʩʣʝʡ 

ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [1, ʩ. 19].  

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ ʨʘʟʚʠʪʠʷ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ. ʈʦʩʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʘʛʨʦʩʝʢʪʦʨʝ ʥʘ 1000 ʨʫʙ. ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʳʧʫʩʢʝ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 2,3 ʪʳʩ. ʨʫʙ., ʘ ʚ ʚʳʧʫʩʢʝ ʧʨʦʜʫʢʮʠʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ɸʇʂ ï ʧʦʯʪʠ ʥʘ 3 ʪʳʩ. ʨʫʙ. 

ʆʜʠʥ ʨʘʙʦʪʥʠʢ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʟʘʥʷʪʦʩʪʴ ʝʱʝ 6 ð 7 ʯʝʣʦʚʝʢ ʚ ʜʨʫʛʠʭ 

ʩʬʝʨʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ [2, ʩ. 24]. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʘʚʥʳʭ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ɸʇʂ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʥʜʝʥʮʠʷ ʨʘʟʚʠʪʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ, ʠʭ ʩʙʳʪ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ. 

ɼʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʙʘʟʳ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʧʦ ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʌɸʆ ʥʘ 2018 ʛʦʜ, ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ 12 

ʤʝʩʪʦ ʩ 2899,644 ʤʣʥ. ʢʛ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʦʤʘʪʦʚ, ʪʦʤʘʪʳ ʚʳʨʘʱʠʚʘʶʪʩʷ ʥʘ 82366 ʛʘ ʩʦ ʩʨʝʜʥʝʡ 

ʫʨʦʞʘʡʥʦʩʪʴʶ 3,52 ʢʛ / ʤĮ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʤʘʪʦʚ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʘʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʨʫʜʘ, ʪʘʢ ʢʘʢ, ʢ ʧʨʠʤʝʨʫ, ʚ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʨʩʢʠʭ 

ʭʦʟʷʡʩʪʚʘʭ ʚʩʝ ʝʱʸ ʧʨʘʢʪʠʢʫʝʪʩʷ ʨʫʯʥʦʡ ʩʙʦʨ ʫʨʦʞʘʷ (ʨʠʩʫʥʦʢ 1). ʉʨʝʜʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʪʦʤʘʪʦʚ ʦʩʦʙʫʶ ʨʦʣʴ ʟʘʥʠʤʘʶʪ ʧʦʜʲʝʤʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ. 

 

 
ʈʠʩʫʥʦʢ 1. ʈʫʯʥʘʷ ʩʙʦʨʢʘ ʧʦʤʠʜʦʨ ʚ ʜʝʨʝʚʷʥʥʳʝ ʷʱʠʢʠ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʥʘ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪʘʭ ʟʘʥʷʪʦ ʜʦ 40 % 

ʚʩʝʭ ʪʨʫʜʷʱʠʭʩʷ, ʢʘʞʜʳʡ ʪʨʝʪʠʡ ʪʨʘʢʪʦʨ ʦʙʦʨʫʜʦʚʘʥ ʧʦʛʨʫʟʯʠʢʦʤ ʣʠʙʦ ʧʨʠʮʝʧʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʚʳʧʫʩʢʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʤʘʰʠʥ, ʢʘʢ ʧʦ ʦʙʲʝʤʫ, ʪʘʢ ʠ ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʝ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʩʦʟʜʘʥʠʝ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʨʘʟʣʠʯʥʦʛʦ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʛʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʧʝʮʠʘʣʴʥʳʝ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʤʘʰʠʥ ʜʣʷ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʚʝʜʫʪʩʷ ʥʠʟʢʠʤʠ 

ʪʝʤʧʘʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʧʨʠ ʫʙʦʨʢʝ ʪʦʤʘʪʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦ-

ʧʦʛʨʫʟʦʯʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ 

ʨʘʙʦʪ ʧʨʠ ʫʙʦʨʢʝ ʪʦʤʘʪʦʚ, ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʦʛʨʫʟʦʯʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ ʧʨʠ ʧʦʛʨʫʟʢʝ ʛʨʫʟʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʦʙʫʩʣʦʚʣʝʥʘ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʤ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʤʘʰʠʥ ʜʣʷ ʧʦʛʨʫʟʢʠ ʛʨʫʟʦʚ, ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ; ʩʢʦʨʦʩʪʴ ʟʘʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʤʘʣʘʷ ʟʦʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʛʨʫʟʯʠʢʦʚ, ʦʩʦʙʝʥʥʦ ʬʨʦʥʪʘʣʴʥʳʭ, ʧʨʠʚʦʜʠʪ ʢ ʣʠʰʥʠʤ 

ʧʝʨʝʜʚʠʞʝʥʠʷʤ ʠ ʢ ʪʨʫʜʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʛʨʫʟʘ ʚ ʧʨʠʮʝʧʝ.  

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʙʘʟʫ 

ʪʨʘʢʪʦʨʥʦʛʦ ʧʨʠʮʝʧʘ 2ʇʊʉ-4 [3] ʢʨʘʥʦʚʦ-ʤʘʥʠʧʫʣʷʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʢʦʪʦʨʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʟʘʧʠʪʳʚʘʝʪʩʷ ʦʪ ʛʠʜʨʦʩʠʩʪʝʤʳ ʪʨʘʢʪʦʨʘ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʘʥʠʧʫʣʷʪʦʨ 

ʤʦʞʝʪ ʩʥʘʙʞʘʪʴʩʷ ʩʤʝʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʥʘʚʝʰʠʚʘʝʤʳʤʠ ʚʤʝʩʪʦ ʢʨʶʢʘ. 

 

 
ʈʠʩʫʥʦʢ 2. ʂʨʘʥʦʚʦ-ʤʘʥʠʧʫʣʷʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʙʘʟʝ ʪʨʘʢʪʦʨʥʦʛʦ ʧʨʠʮʝʧʘ 2ʇʊʉ-4 

1 ï ʢʫʟʦʚ ʙʦʨʪʦʚʦʡ, 2 ï ʦʧʦʨʥʘʷ ʨʘʤʘ, 3,4 ï ʩʪʨʝʣʘ, 5 ï ʛʠʜʨʦʮʠʣʠʥʜʨ, 6 ï ʢʨʶʢ, 7 ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ, 8 ï ʚʳʥʦʩʥʳʝ ʦʧʦʨʳ 

 

ʄʘʥʠʧʫʣʷʪʦʨ ʩʦʜʝʨʞʠʪ ʰʘʨʥʠʨʥʦ ï ʩʦʯʣʝʥʸʥʥʫʶ ʧʦʜʲʝʤʥʦ ï ʧʦʚʦʨʦʪʥʫʶ ʩʪʨʝʣʫ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʩʝʨʠʡʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ ʟʜʝʩʴ ʦʪʩʫʪʩʪʚʫʶʪ ʦʧʦʨʥʦ ï ʧʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʥʘ ʢʦʪʦʨʦʤ ʦʙʳʯʥʦ 

ʤʦʥʪʠʨʫʝʪʩʷ ʩʪʨʝʣʘ, ʧʨʠʚʦʜʠʤʦʝ ʚʦ ʚʨʘʱʝʥʠʝ ʤʝʭʘʥʠʟʤʦʤ ʧʦʚʦʨʦʪʘ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚʘʨʠʘʥʪʝ ʜʚʘ 

ʩʠʣʦʚʳʭ ʮʠʣʠʥʜʨʘ ʷʚʣʷʝʪʩʷ ʦʧʦʨʦʡ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʧʦʜʲʝʤʘ (ʦʧʫʩʢʘʥʠʷ) ʩʪʨʝʣʳ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʝʸ ʨʘʟʚʦʨʦʪʘ ʥʘ ʫʛʦʣ ʜʦ 150Á. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʰʪʦʢʦʚ ʦʙʦʠʭ ʮʠʣʠʥʜʨʦʚ ʩʪʨʝʣʘ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʨʘʙʦʪʝ ʦʜʥʦʛʦ ʮʠʣʠʥʜʨʘ ʩʪʨʝʣʘ ʩʧʦʩʦʙʥʘ ʨʘʟʚʦʨʘʯʠʚʘʪʴʩʷ ʧʦ ʛʦʨʠʟʦʥʪʫ. 
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ʇʨʠ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʥʠʞʘʶʪʩʷ ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ ʧʦʛʨʫʟʯʠʢʘ, ʧʦʚʳʰʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʫʥʠʬʠʢʘʮʠʠ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ. 

ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʩʪʨʝʣʳ (ʛʫʩʴʢʘ) ʠʤʝʝʪʩʷ ʝʱʸ ʦʜʠʥ ʛʠʜʨʦʮʠʣʠʥʜʨ. 

ʉʢʣʘʜʳʚʘʥʠʝ ʩʪʨʝʣʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ ʧʦʜʲʝʤʘ.  

ʉʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʛʨʫʟʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,2 ʜʦ 15 ʤ/ʤʠʥ. ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ 14 ï 

17 ʄʇʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʘʥʘ ʠ ʨʘʟʛʨʫʟʢʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʢʨʘʥ ʩʥʘʙʞʝʥ 

ʚʳʥʦʩʥʳʤʠ ʦʧʦʨʘʤʠ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ. 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ ʚ ʢʫʟʦʚʝ ʧʨʠʮʝʧʘ, ʢʫʟʦʚ ʦʙʦʨʫʜʦʚʘʥ ʧʝʨʝʜʚʠʞʥʦʡ 

ʧʣʘʪʬʦʨʤʦʡ. 

ʇʣʘʪʬʦʨʤʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʢʫʟʦʚʫ ʟʘ ʩʯʝʪ ʨʦʣʠʢʦʚ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʝ 

ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʜʦʣʴ ʙʦʨʪʦʚ ʢʫʟʦʚʘ ʧʨʠʮʝʧʘ ʥʘ ʚʩʶ ʝʛʦ ʜʣʠʥʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʥʘʡʜʝʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʩʣʝʜʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

1. ʉʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʰʠʥ ʜʦ ʦʜʥʦʡ; 

2. ʋʚʝʣʠʯʝʥʥʘʷ ʟʦʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

3. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠʟ-ʟʘ ʩʤʝʥʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ; 

4. ʇʦʚʳʰʝʥʥʘʷ ʩʪʝʧʝʥʴ ʫʥʠʬʠʢʘʮʠʠ ʟʘ ʩʯʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ; 

5. ʆʙʣʝʯʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʫʟʘ ʚ ʧʨʠʮʝʧ ʟʘ ʩʯʝʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʦʡ; 

6. ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ. 
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ɻʝʧʧ ɽ.ɸ., 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʢʫʟʥʝʮʢ 

 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ, ʇʆʊɽʅʎʀɸʃʔʅʓɽ ʈʀʉʂʀ ʀ 

ʇʈʆɹʃɽʄʓ ɹɽɿʆʇɸʉʅʆʉʊʀ, ʉɺʗɿɸʅʅʓɽ ʉ ʀʍ ɺʆɿɼɽʁʉʊɺʀɽʄ ʅɸ ʃʖɼɽʁ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ, ʩʪʘʥʜʘʨʪʳ ʠ ʨʝʛʫʣʷʮʠʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʟʘʱʠʪʳ ʣʶʜʝʡ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ. ʂʣʶʯʝʚʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʟʣʫʯʝʥʠʷ, ʟʜʦʨʦʚʴʝ, ʨʠʩʢʠ, ʤʝʨʳ 

ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ, ʩʪʘʥʜʘʨʪʳ, ʨʝʛʫʣʷʮʠʠ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

Abstract:  The article describes precautions, standards and regulations developed to protect people 

from electromagnetic radiation. The key focus is on information and education, as well as the need for 

additional research in this area. 

Keywords: safety, electromagnetic radiation, health, risks, precautions, standards, regulations, 

information, education, research. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʪʦʚʳʭ ʩʝʪʝʡ ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʢ 

ʧʨʦʙʣʝʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʠʮ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʟʦʥʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʠʟʣʫʯʝʥʠʡ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ (ʕʄʇ) ʛʝʥʝʨʠʨʫʶʪʩʷ ʪʘʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʢʘʢ ʨʘʜʠʦ- ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʚʳʰʢʠ, ʩʦʪʦʚʳʝ ʙʘʟʦʚʳʝ ʩʪʘʥʮʠʠ, ʩʝʪʠ Wi-Fi, ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʧʝʯʠ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʘ ʠ ʧʨʦʯʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʠʟʣʫʯʝʥʠʷʤʠ, ʷʚʣʷʝʪʩʷ ʠʭ 

ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ɺ ʭʦʜʝ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʕʄʇ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ʆʜʥʘʢʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ 

ʤʥʝʥʠʷ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʣʶʜʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʢʨʝʪʥʳʭ ʥʘʫʯʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, ʤʥʦʛʠʝ ʩʪʨʘʥʳ ʨʘʟʨʘʙʦʪʘʣʠ 

ʩʪʘʥʜʘʨʪʳ ʠ ʨʝʛʫʣʷʮʠʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʫʨʦʚʝʥʴ ʵʢʩʧʦʟʠʮʠʠ ʣʶʜʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʷʤ. 

ʊʘʢʠʝ ʩʪʘʥʜʘʨʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʠʟʣʫʯʝʥʠʡ, ʢʦʪʦʨʳʤ 

ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʦʟʤʦʞʥʳʝ 

ʨʠʩʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʣʠʮ, ʧʨʝʙʳʚʘʶʱʠʭ ʚ ʟʦʥʘʭ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ 

ʠʟʣʫʯʝʥʠʷʤʠ.ʄʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʟʦʥʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʙʝʟʦʧʘʩʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ, ʦʛʨʘʥʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʚ ʟʦʥʝ ʩ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʠʟʣʫʯʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠ ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʙʫʯʝʥʠʝ 

ʧʝʨʩʦʥʘʣʘ ʠ ʥʘʩʝʣʝʥʠʷ ʧʨʘʚʠʣʴʥʳʤ ʤʝʨʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ.ʆʜʥʘʢʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʟʦʥʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ. ʃʠʮʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʪʘʢʠʭ ʟʦʥʘʭ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʚʝʜʦʤʣʝʥʳ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʨʠʩʢʘʭ, ʤʝʨʘʭ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʠ ʩʦʙʣʶʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʫʢʘʟʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʨʛʘʥʦʚ ʠ 

ʵʢʩʧʝʨʪʦʚ. ʈʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʟʥʘʥʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʩʦʟʥʘʥʥʦʤʫ ʧʦʜʭʦʜʫ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ.ʇʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʠʮ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʟʦʥʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʪʨʝʙʫʶʪ ʚʥʠʤʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʪʘʥʜʘʨʪʳ, ʨʝʛʫʣʷʮʠʠ ʠ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʚʦʟʤʦʞʥʳʭ 

ʨʠʩʢʦʚ. ʆʜʥʘʢʦ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦ ʙʝʟʦʧʘʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʠ ʩʦʙʣʶʜʝʥʠʠ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʣʷ ʣʠʮ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ. 

ʈʘʟʚʠʪʠʝ ʮʠʚʠʣʠʟʘʮʠʠ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʨʘʟʚʠʪʠʝ ʠʩʪʦʯʥʠʢʦʚ ʝʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʚʠʪʠʷ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʤʝʞʜʫʥʘʨʦʜʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʪʦʣʝʪʠʡ, ʩʪʘʣ ʬʘʢʪʦʤ ʪʦʛʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʥʫʞʜ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʯʝʣʦʚʝʯʝʩʪʚʫ ʜʦʩʪʠʯʴ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʫʣʫʯʰʠʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ, ʦʙʣʝʛʯʠʚ ʦʙʱʠʝ 

ʫʩʣʦʚʠʷ ʪʨʫʜʘ, ʙʳʪʘ ʠ ʚʘʞʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʚ ʚʨʝʤʷ ʥʘ 

ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʥʫʞʜʳ, ʫʢʨʝʧʠʚ ʦʙʨʘʟ ʞʠʟʥʠ, ʜʦʩʪʠʛʥʫʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʩʦʪ ʚ ʥʘʫʢʝ ʠ ʧʨʘʢʪʠʢʝ 

ʠ ʧʦʜʪʚʝʨʜʠʚ ʠʩʪʠʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʮʠʚʠʣʠʟʘʮʠʠ. 

ʆʜʥʘʢʦ, ʢʘʢ ʛʣʘʩʠʪ ʥʘʨʦʜʥʘʷ ʤʫʜʨʦʩʪʴ, "ɽʩʣʠ ʥʝʪ ʜʦʙʨʘ, ʪʦ ʥʝʪ ʠ ʧʨʠʢʨʳʪʠʷ, ʘ ʝʩʣʠ ʥʝʪ 

ʧʨʠʢʨʳʪʠʷ, ʪʦ ʥʝʪ ʠ ʧʨʠʢʨʳʪʠʷ". ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ 

ʮʠʚʠʣʠʟʘʮʠʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʶʜʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʠʣʠ ʚʙʣʠʟʠ ʥʠʭ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʟʜʦʨʦʚʴʝ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

(ʦʩʦʙʝʥʥʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʚʝʢʘ) (ʭʦʪʷ ʠ ʥʝ ʦʯʝʥʴ ʘʢʪʠʚʥʳʭ) ʚʩʝ ʙʦʣʝʝ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦʪ 

ʬʘʢʪ. ʈʝʟʫʣʴʪʘʪʳ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ [1] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʀʭ ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, 

ʘʪʤʦʩʬʝʨʥʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʤʦʱʥʦʩʪʠ, ʨʘʜʠʦʥʘʚʠʛʘʮʠʷ, ʪʝʣʝ- ʠ ʨʘʜʠʦʚʝʱʘʥʠʝ, 

ʨʘʜʘʨʳ, ʙʳʪʦʚʘʷ ʪʝʭʥʠʢʘ, ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʣʝʬʦʥʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʚ ʜʦʤʘʭ, ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʠ 

ʦʙʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʪʝʤʘʪʠʢ (ʚ ʤʝʜʠʮʠʥʝ, ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠ ʪ.ʜ.). 

ʉʬʦʨʤʠʨʦʚʘʣʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʛʝʦʤʘʛʥʠʪʥʳʡ ʬʦʥ, ʠ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʢʘ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʙʝʟʦʧʘʩʥʦ. ɿʘʨʫʙʝʞʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ ʦʧʨʝʜʝʣʠʣʠ, 

ʯʪʦ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʦʘʢʪʠʚʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʕɼʉ). 

ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʛʨʝʚ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ, ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʶ ʕʄʇ, ʚʢʣʶʯʘʷ ʠʤʤʫʥʠʪʝʪ, 
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ʵʥʜʦʢʨʠʥʦʣʦʛʠʶ, ʥʝʨʚʳ ʠ ʧʦʣʦʚʳʝ ʦʨʛʘʥʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʕʇʄ ʥʘʢʘʧʣʠʚʘʶʪʩʷ, ʧʨʠʚʦʜʷ ʢ ʜʣʠʪʝʣʴʥʳʤ ʜʝʛʝʥʝʨʘʪʠʚʥʳʤ ʧʨʦʮʝʩʩʘʤ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʛʦʨʤʦʥʘʣʴʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʠ ʨʘʟʚʠʪʠʶ ʦʧʫʭʦʣʝʡ. ʆʢʘʟʳʚʘʝʪʩʷ, ʦʥ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʫʣʴʩʘ ʠ 

ʜʘʚʣʝʥʠʷ, ʙʦʣʴʶ ʚ ʦʙʣʘʩʪʠ ʩʝʨʜʮʘ ʠ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʛʠʧʦʪʦʥʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʢʨʘʩʥʳʭ ʠ ʙʝʣʳʭ ʢʨʦʚʷʥʳʭ 

ʪʝʣʝʮ ʚ ʢʨʦʚʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʀʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ ʥʘʨʫʰʘʝʪʩʷ ʧʝʨʝʜʘʯʘ ʥʝʨʚʥʳʭ 

ʠʤʧʫʣʴʩʦʚ, ʚʦʟʥʠʢʘʝʪ ʥʘʨʫʰʝʥʠʝ ʧʠʪʘʥʠʷ (ʩʣʘʙʦʩʪʴ ʠ ʩʠʥʜʨʦʤ ʥʝʚʨʘʩʪʝʥʠʠ), ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʴ ʠ 

ʥʘʨʫʰʝʥʠʝ ʚʳʩʰʝʡ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʦʥ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʪʨʝʩʩʦʚʳʤ ʩʠʪʫʘʮʠʷʤ, ʩʣʘʙʦʩʪʴ. ʀʟ-ʟʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʕʄʇ ʥʘ ʠʤʤʫʥʥʫʶ ʠ ʵʥʜʦʢʨʠʥʥʫʶ ʩʠʩʪʝʤʳ ʠʤʤʫʥʠʪʝʪ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʛʥʝʪʝʥʠʷ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʘʜʨʝʥʘʣʠʥʘ, ʩʥʠʞʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʛʠʧʦʬʠʟʘ, ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʩʚʝʨʪʳʚʘʝʤʦʩʪʴ 

ʢʨʦʚʠ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʵʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʧʣʦʜʘ ʠ ʨʠʩʢ 

ʨʘʟʚʠʪʠʷ ʚʨʦʞʜʝʥʥʳʭ ʜʝʬʝʢʪʦʚ. ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʯʨʝʟʤʝʨʥʦʡ 

ʨʘʜʠʘʮʠʠ, ʢʦʪʦʨʘʷ ʨʘʟʨʫʰʘʝʪ ʚʳʨʘʙʦʪʢʫ ʛʦʨʤʦʥʦʚ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʤʝʪʘʙʦʣʠʟʤ, ʩʠʥʪʝʟ ʙʝʣʢʘ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʪʦʢʩʠʥʦʚ ʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ 

ʠʩʪʦʯʥʠʢʦʚ ʢʦʥʪʘʢʪʘ ʩ ʣʶʜʴʤʠ, ʪʝʤ ʩʠʣʴʥʝʝ ʩʦʚʦʢʫʧʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ. ʇʦʚʳʰʝʥʥʘʷ 

ʦʧʘʩʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʚ ʪʝʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʥʝʦʯʝʚʠʜʥʦ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʫʩʫʛʫʙʣʷʝʪ 

ʠʥʬʝʢʮʠʶ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʧʘʪʦʛʝʥʘʤ ʟʘ ʩʯʝʪ 

ʧʦʜʘʚʣʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. ʆʧʘʩʥʦʩʪʴ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, 

ʤʦʱʥʳʝ ʚʳʰʢʠ, ʥʦ ʠ ʥʘʚʠʛʘʪʦʨʳ, ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʣʝʬʦʥʳ, ʙʦʣʴʰʠʥʩʪʚʦ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ, 

ʢʦʤʧʴʶʪʝʨʳ ʠ ʢʫʭʦʥʥʳʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʝ. ʇʦʪʦʢ ʣʫʯʝʡ, ʠʩʭʦʜʷʱʠʡ ʦʪ 

ʥʠʭ, ʧʝʨʝʩʝʢʘʝʪ ʯʝʣʦʚʝʯʝʩʢʦʝ ʪʝʣʦ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʧʦʪʦʢ ʣʫʯʝʡ ʦʪ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʚʳʰʝʢ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʝʠʚʘʥʠʷ ʧʦʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʙʳʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʠʭ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ. ʄʳ ʪʘʢʞʝ ʧʦʤʥʠʤ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, 

ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʨʘʙʦʪʘʶʪ ʥʘ ʯʘʩʪʦʪʘʭ ʦʪ 450 ʄɻʮ ʜʦ 1,9 ɻɻʮ. ʏʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʙʠʣʴʥʳʭ 

ʪʝʣʝʬʦʥʦʚ ʚ ʤʠʨʝ ʧʨʝʚʳʰʘʝʪ ʤʠʣʣʠʘʨʜ, ʠ ʪʳʩʷʯʠ ʣʶʜʝʡ ʨʘʙʦʪʘʶʪ ʥʘ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʩʪʘʥʮʠʷʭ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʤʳ ʦʪʤʝʯʘʝʤ, ʯʪʦ ʦʩʥʦʚʦʡ ʤʠʨʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʨʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʕɼʉ, ʚʳʜʝʣʷʝʤʦʡ ʪʢʘʥʴʶ ʚ ʩʝʢʫʥʜʫ (ʚ 

ʝʜʠʥʠʮʘʭ ɺʘʪʪ ʥʘ ʢʠʣʦʛʨʘʤʤ); ʚ ɽʚʨʦʧʝ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 2 ɺʪ/ʢʛ. ɺ ʤʦʝʡ 

ʩʪʨʘʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʕɼʉ ʦʙʳʯʥʦ ʠʟʤʝʨʷʝʪʩʷ ʚ ɺʪ/ʩʤ2, ʪʦ ʝʩʪʴ ʵʥʝʨʛʠʷ, ʧʦʩʪʫʧʘʶʱʘʷ ʚ ʪʢʘʥʴ ʚ 

ʩʝʢʫʥʜʫ ʥʘ ʧʣʦʱʘʜʴ ʩʤ2. 

ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʚʳʥʫʞʜʘʝʪ ʥʘʩ ʠʩʢʘʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʥʝ ʤʦʞʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʚʳʰʝʢ, 

ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ, ʨʘʜʠʦ, ʪʝʣʝʚʠʟʦʨʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ, ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʠ ʜʨʫʛʠʭ ʜʦʩʪʠʞʝʥʠʡ 

ʮʠʚʠʣʠʟʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ (ʠʣʠ ʫʩʪʨʘʥʠʪʴ) ʚʨʝʜʥʦʝ 

ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʩʘʤʦʟʘʱʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʦʩʪʫʧʥʳʭ ʠ ʧʨʠʝʤʣʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʠ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʕɼʉ ʏʝʣʦʚʝʯʝʩʢʦʤʫ ʦʨʛʘʥʠʟʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʷʜ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʩʦʢʨʘʱʝʥʠʝ ʠʣʠ ʠʩʢʣʶʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʕɼʉ ʧʨʠʝʤʣʝʤʳʭ ʯʘʩʪʦʪ, ʨʘʟʫʤʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʨʘʙʦʯʠʭ ʤʝʩʪ (ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʱʠʪʦʚ, ʩʠʣʦʚʳʭ ʢʘʙʝʣʝʡ) ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2-3 

ʤʝʪʨʦʚ ʦʪ ʠʩʪʦʯʥʠʢʘ, ʫʩʠʣʝʥʠʝ ʣʠʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʧʨʠʦʙʨʝʪʝʥʠʠ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʥʦʨʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʵʢʦʥʦʤʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʳʤʠ ʪʝʣʝʬʦʥʘʤʠ (3-4 ʤʠʥʫʪʳ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʟʛʦʚʦʨʘ).ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʥʘ ʤʥʦʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʢʨʘʥʦʚ ʚ 

ʟʦʥʘʭ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʊʨʝʚʦʛʘ ʙʳʣʘ ʚʳʟʚʘʥʘ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ: ʩʦʛʣʘʩʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠ 

ʜʨʫʛʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʙʦʣʝʚʘʥʠʡ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʚʙʣʠʟʠ 

ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ 1000 ʞʠʪʝʣʝʡ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: 110 ʢɺ-ʪ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʘʡʦʥ ʚʙʣʠʟʠ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ - 48 ʯʝʣʦʚʝʢ; 35 ʢɺ-ʪ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʘʡʦʥ ʚʙʣʠʟʠ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ - 24 

ʯʝʣʦʚʝʢʘ: ʥʘ ʨʘʩʩʪʦʷʥʠʠ 500 ʤ ʦʪ ʵʪʠʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ - 11 ʯʝʣʦʚʝʢ.  
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ ʉʦʚʝʪʘ ʌʝʜʝʨʘʮʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʉʦʙʨʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 2020. ˉ 12 (755). ʄ., 2020. 

2. ɺʦʨʦʙʴʝʚ ʖ. ʃ., ɸʢʠʤʦʚ ɺ. ɸ., ʉʦʢʦʣʦʚ ʖ. ʀ. ʃʝʩʥʳʝ ʧʦʞʘʨʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ: 

ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʦʙʣʝʤʳ / ʧʦʜ ʦʙʱ. ʨʝʜ. ʖ. ʃ. ɺʦʨʦʙʴʝʚʘ ; ʄʏʉ ʈʦʩʩʠʠ. ʄ. : ɼʕʂʉ-ʇʨʝʩʩ, 2019. 
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ʋɼʂ 519.83 

ʂʦʚʘʣʝʚʘ ʂ.ɸ.,  

ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ɺɸʂ, 

ʂʫʘʰʝʚ ʄ.ɿ.,  

çʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘè, ʙʘʢʘʣʘʚʨʠʘʪ, 3 ʢʫʨʩ, 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʨʘʩʥʦʜʘʨ  

 

ʎɽʃʆʏʀʉʃɽʅʅʆɽ ʃʀʅɽʁʅʆɽ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ ʀ ɽɻʆ ʇʈʀʄɽʅɽʅʀɽ  

 

ʎʝʣʦʯʠʩʣʝʥʥʦʝ ʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ʎʃʇ) - ʵʪʦ ʨʘʟʜʝʣ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʮʝʣʦʯʠʩʣʝʥʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ. ʎʃʇ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʵʢʦʥʦʤʠʢʝ, ʬʠʥʘʥʩʘʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʤʝʥʝʜʞʤʝʥʪʝ, 

ʣʦʛʠʩʪʠʢʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ɿʘʜʘʯʘ ʎʃʇ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʮʝʣʦʯʠʩʣʝʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʠʥʠʤʠʟʠʨʫʶʪ ʠʣʠ ʤʘʢʩʠʤʠʟʠʨʫʶʪ ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ ʦʪ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʦʪ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʨʠʤʝʨ ʟʘʜʘʯʠ ʎʃʇ: ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʩʢʦʣʴʢʦ ʝʜʠʥʠʮ ʧʨʦʜʫʢʮʠʠ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʥʫʞʥʦ ʧʨʦʠʟʚʝʩʪʠ, ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠʙʳʣʴ. ʋ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʨʦʜʫʢʮʠʠ ʝʩʪʴ ʩʚʦʷ ʮʝʥʘ ʠ 

ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠ 

ʮʝʣʦʯʠʩʣʝʥʥʳʤ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʎʃʇ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ʆʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ - ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ. ʕʪʦʪ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʙʠʝʥʠʠ ʦʙʣʘʩʪʠ 

ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʧʦʜʦʙʣʘʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʨʝʰʝʥʠʠ ʢʘʞʜʦʡ ʠʟ ʥʠʭ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. 

ɼʨʫʛʦʡ ʤʝʪʦʜ - ʤʝʪʦʜ ʩʠʤʧʣʝʢʩ-ʘʣʛʦʨʠʪʤʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʮʝʣʳʭ ʯʠʩʣʘʭ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʤʥʦʛʠʝ ʟʘʜʘʯʠ ʎʃʇ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʰʝʥʳ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʮʝʣʦʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʟʘʪʝʤ ʦʢʨʫʛʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʦ ʙʣʠʞʘʡʰʠʭ ʮʝʣʳʭ ʯʠʩʝʣ. 

ʎʝʣʦʯʠʩʣʝʥʥʦʝ ʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ. ʅʘʧʨʠʤʝʨ, ʚ ʵʢʦʥʦʤʠʢʝ ʟʘʜʘʯʠ ʎʃʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʩʫʨʩʦʚ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʣʦʛʠʩʪʠʢʝ - ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʜʦʩʪʘʚʢʠ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʤʝʥʝʜʞʤʝʥʪʝ - ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʥʪʘʨʝʤ. 

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʪʘʢʠʝ ʢʘʢ CPLEX, Gurobi, SCIP ʠ 

ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʎʃʇ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʟʘʜʘʯʠ ʎʃʇ ʠ ʝʝ ʨʝʰʝʥʠʠ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʥʘ ʷʟʳʢʝ Python ʠʣʠ Matlab, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʎʃʇ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ ʠʣʠ ʤʝʪʦʜʘ ʩʠʤʧʣʝʢʩ-ʘʣʛʦʨʠʪʤʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʫʩʢʦʨʠʪʴ ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ. 

ʊʘʢʞʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʎʃʇ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʦʝ ʦʧʪʠʤʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʠ ʚʳʜʘʚʘʪʴ ʦʪʯʝʪ ʦ ʝʛʦ ʩʚʦʡʩʪʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʪ.ʜ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 
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ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ, 

ʫʩʢʦʨʠʪʴ ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ. 

ɿʘʜʘʯʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ, ʪʘʢʠʭ ʢʘʢ: 

1. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ - ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ. 

2. ʃʦʛʠʩʪʠʢʘ - ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʜʦʩʪʘʚʢʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʫʟʦʚ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʩʫʨʩʦʚ. 

3. ʌʠʥʘʥʩʳ - ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʦʨʪʬʝʣʝʡ, ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠ ʧʨʠʥʷʪʠʷ 

ʬʠʥʘʥʩʦʚʳʭ ʨʝʰʝʥʠʡ. 

4. ʕʥʝʨʛʝʪʠʢʘ - ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

5. ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ - ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʩʚʷʟʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʨʘʙʦʪʳ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ. 

6. ʄʝʜʠʮʠʥʘ ï ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Python 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʙʣʠʦʪʝʢʫ PuLP.  

ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 

python 

from pulp import * 

# ʉʦʟʜʘʥʠʝ ʟʘʜʘʯʠ 

prob = LpProblem("example", LpMaximize) 

# ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ 

x1 = LpVariable("x1", lowBound=0, cat='Integer') 

x2 = LpVariable("x2", lowBound=0, cat='Integer') 

# ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

prob += 3*x1 + 5*x2 

# ʆʧʨʝʜʝʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ 

prob += 2*x1 + x2 <= 100 

prob += x1 + x2 <= 80 

prob += x1 <= 40 

# ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

prob.solve() 

# ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ 

print("Status:", LpStatus[prob.status]) 

for v in prob.variables(): 

    print(v.name, "=", v.varValue) 

print("Objective =", value(prob.objective)) 

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʤʳ ʩʦʟʜʘʝʤ ʟʘʜʘʯʫ ʥʘ ʤʘʢʩʠʤʠʟʘʮʠʶ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ `3*x1 + 5*x2` ʧʨʠ 

ʫʩʣʦʚʠʷʭ `2*x1 + x2 <= 100`, `x1 + x2 <= 80` ʠ `x1 <= 40`. ʇʝʨʝʤʝʥʥʳʝ `x1` ʠ `x2` ʷʚʣʷʶʪʩʷ 

ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʳʚʦʜʠʪʩʷ ʥʘ ʵʢʨʘʥ. 

PuLP ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʟʘʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʨʝʰʘʪʝʣʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʎʃʇ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ, ʤʝʪʦʜ 

ʩʠʤʧʣʝʢʩ-ʘʣʛʦʨʠʪʤʘ ʠ ʜʨʫʛʠʝ. 
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ʋɼʂ 519.83 

ʂʦʚʘʣʝʚʘ ʂ.ɸ., 

ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ɺɸʂ, 

ʄʦʢʰʠʥ ʈ.ʀ., 

 çʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘè, ʙʘʢʘʣʘʚʨʠʘʪ, 3 ʢʫʨʩ, 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʨʘʩʥʦʜʘʨ  

 

ʇʈʀʄɽʅɽʅʀɽ ʊɽʆʈʀʗ ʀɻʈ ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʀ ɸʅɸʃʀɿɸ ʇʈʀʅʗʊʀʗ 

ʈɽʐɽʅʀʁ ɺ ʋʉʃʆɺʀʗʍ ʂʆʅʌʃʀʂʊɸ 

 

ʊʝʦʨʠʷ ʠʛʨ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʥʬʣʠʢʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ. ʆʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʜʠʩʮʠʧʣʠʥ, ʚʢʣʶʯʘʷ ʵʢʦʥʦʤʠʢʫ, ʧʦʣʠʪʠʢʫ, ʙʠʦʣʦʛʠʶ, ʧʩʠʭʦʣʦʛʠʶ, ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʥʘʫʢʠ ʠ ʜʨʫʛʠʝ. ʊʝʦʨʠʷ ʠʛʨ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠ ʦʙʲʷʩʥʷʪʴ ʧʦʚʝʜʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʠʛʨʳ, ʘ ʪʘʢʞʝ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʪʝʦʨʠʠ ʠʛʨ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʠʛʨʦʢʘʤʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʘʪʝʛʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʫʪ ʢ ʥʘʠʣʫʯʰʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʛʨʦʢʘ. ɺ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʠʛʨ ʠʛʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʬʦʨʤʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʛʜʝ ʠʛʨʦʢʠ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ, ʟʥʘʷ ʩʚʦʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʨʝʩʳ ʠ ʦʞʠʜʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡʩʪʚʠʡ ʜʨʫʛʠʭ ʠʛʨʦʢʦʚ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʪʝʦʨʠʠ ʠʛʨ, ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠʛʨ, 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʘ ʷʟʳʢʝ Python. ɹʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʰʠʨʦʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʬʫʥʜʘʤʝʥʪʫ, ʪʝʦʨʠʷ ʠʛʨ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʘʥʘʣʠʟʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʠ ʧʨʠʥʷʪʠʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʥʘʰʝʡ ʞʠʟʥʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ: 
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ʀʛʨʘ: ʀʛʨʘ ʚ ʪʝʦʨʠʠ ʠʛʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʠʪʫʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʥʝʩʢʦʣʴʢʦ ʠʛʨʦʢʦʚ ʧʨʠʥʠʤʘʶʪ 

ʨʝʰʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʩʭʦʜ ʠʛʨʳ. ʀʛʨʦʢʠ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʦ, ʩʪʨʝʤʷʩʴ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʚʳʛʦʜʳ. 

ʉʪʨʘʪʝʛʠʷ: ʉʪʨʘʪʝʛʠʷ ʦʧʨʝʜʝʣʷʝʪ ʧʣʘʥ ʜʝʡʩʪʚʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʛʨʦʢʘ ʚ ʨʘʤʢʘʭ ʠʛʨʳ. ʂʘʞʜʳʡ 

ʠʛʨʦʢ ʚʳʙʠʨʘʝʪ ʩʚʦʶ ʩʪʨʘʪʝʛʠʶ, ʠʩʭʦʜʷ ʠʟ ʩʚʦʠʭ ʮʝʣʝʡ ʠ ʦʞʠʜʘʥʠʡ ʦʪ ʜʝʡʩʪʚʠʡ ʜʨʫʛʠʭ ʠʛʨʦʢʦʚ. 

ɺʳʠʛʨʳʰ: ɺʳʠʛʨʳʰ - ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʠʛʨʳ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʚʩʝʭ 

ʠʛʨʦʢʦʚ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʚʳʠʛʨʳʰʝʡ ʠʣʠ ʧʦʪʝʨʴ, ʜʝʥʝʞʥʳʭ ʝʜʠʥʠʮ, ʫʪʠʣʠʪ ʠʣʠ 

ʣʶʙʦʡ ʜʨʫʛʦʡ ʤʝʪʨʠʢʠ. 

ʆʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ: 

ʈʘʚʥʦʚʝʩʠʝ ʅʵʰʘ: ʈʘʚʥʦʚʝʩʠʝ ʅʵʰʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʦʥʷʪʠʝʤ ʚ ʪʝʦʨʠʠ ʠʛʨ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʙʦʨ ʩʪʨʘʪʝʛʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʠ ʦʜʥʦʤʫ ʠʛʨʦʢʫ ʥʝ ʚʳʛʦʜʥʦ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʩʚʦʝʡ ʩʪʨʘʪʝʛʠʠ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʠʛʨʦʢʠ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʩʚʦʠʭ ʩʪʨʘʪʝʛʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʠʛʨʦʢʦʚ ʚ ʠʛʨʝ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ. 

ʀʛʨʳ ʩ ʥʫʣʝʚʦʡ ʩʫʤʤʦʡ: ɺ ʪʘʢʠʭ ʠʛʨʘʭ ʚʳʠʛʨʳʰ ʦʜʥʦʛʦ ʠʛʨʦʢʘ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʧʦʪʝʨʷʤʠ ʜʨʫʛʦʛʦ ʠʛʨʦʢʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʫʤʤʘ ʚʳʠʛʨʳʰʝʡ ʚʩʝʭ ʠʛʨʦʢʦʚ ʨʘʚʥʘ ʥʫʣʶ. ʇʨʠʤʝʨʦʤ 

ʠʛʨʳ ʩ ʥʫʣʝʚʦʡ ʩʫʤʤʦʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʰʘʭʤʘʪʥʘʷ ʧʘʨʪʠʷ, ʛʜʝ ʚʳʠʛʨʳʰ ʦʜʥʦʛʦ ʠʛʨʦʢʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʠʛʨʳʰʝʤ ʜʨʫʛʦʛʦ. 

ʀʛʨʳ ʩ ʢʦʦʧʝʨʘʮʠʝʡ ʠ ʢʦʥʬʣʠʢʪʦʤ: ɺ ʪʘʢʠʭ ʠʛʨʘʭ ʠʛʨʦʢʠ ʤʦʛʫʪ ʩʦʪʨʫʜʥʠʯʘʪʴ ʠʣʠ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʜʨʫʛ ʜʨʫʛʫ. ʂʦʦʧʝʨʘʮʠʷ ʚʢʣʶʯʘʝʪ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʦʥʬʣʠʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ ʠʥʪʝʨʝʩʘʤ ʜʨʫʛʠʭ ʠʛʨʦʢʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʛʨʦʢʘʤʠ 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʘʪʝʛʠʠ ʠ ʚʳʠʛʨʳʰʠ ʚ ʪʘʢʠʭ ʠʛʨʘʭ. 

ʀʛʨʳ ʩ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ: ɺ ʨʝʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠʛʨʳ ʤʦʛʫʪ ʧʦʚʪʦʨʷʪʴʩʷ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʠʛʨʦʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ 

ʨʝʟʫʣʴʪʘʪʘʭ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʝʛʦ ʙʫʜʫʱʝʛʦ ʧʦʚʝʜʝʥʠʷ. ʀʛʨʳ ʩ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʪʨʘʪʝʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʟʘʠʤʥʦʤ ʜʦʚʝʨʠʠ ʠ 

ʥʘʢʘʟʘʥʠʷʭ. 

ʇʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʠ ʠʛʨ: 

ʕʢʦʥʦʤʠʢʘ: ʊʝʦʨʠʷ ʠʛʨ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʡ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʬʠʨʤʘʤʠ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʘʥʘʣʠʟʘ ʨʳʥʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʆʥʘ ʧʦʤʦʛʘʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʠ ʦʙʲʷʩʥʠʪʴ 

ʧʦʚʝʜʝʥʠʝ ʨʳʥʦʯʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʰʝʥʠʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʬʝʨʝ. 

ʇʦʣʠʪʠʢʘ: ʊʝʦʨʠʷ ʠʛʨ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʬʝʨʝ, 

ʪʘʢʠʭ ʢʘʢ ʚʳʙʦʨʳ, ʩʪʨʘʪʝʛʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʢʦʥʬʣʠʢʪʳ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʘʤʠ. ʆʥʘ 

ʧʦʤʦʛʘʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʣʠʪʠʯʝʩʢʠʭ ʘʢʪʦʨʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ. 

ɹʠʦʣʦʛʠʷ: ʊʝʦʨʠʷ ʠʛʨ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ 

ʧʨʠʯʠʥʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʦʧʝʨʘʮʠʠ ʠ ʢʦʥʬʣʠʢʪʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʤʠʨʝ ʠ ʦʙʲʷʩʥʠʪʴ ʩʪʨʘʪʝʛʠʠ 

ʚʳʞʠʚʘʥʠʷ ʠ ʨʘʟʤʥʦʞʝʥʠʷ. 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʥʘʫʢʠ: ʊʝʦʨʠʷ ʠʛʨ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢʘʭ, ʦʩʦʙʝʥʥʦ ʚ 

ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʪʨʘʪʝʛʠʡ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʦʟʜʘʥʠʷ ʘʛʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. 

ʇʨʠʤʝʨ ʟʘʜʘʯʠ: 

ʂʦʥʢʨʝʪʥʳʡ ʧʨʠʤʝʨ ʟʘʜʘʯʠ, ʨʝʰʝʥʥʳʡ ʥʘ ʷʟʳʢʝ Python, ʩʚʷʟʘʥʥʳʡ ʩ ʪʝʦʨʠʝʡ ʠʛʨ, - ʵʪʦ 

ʨʝʘʣʠʟʘʮʠʷ ʠʛʨʳ "ʂʘʤʝʥʴ, ʥʦʞʥʠʮʳ, ʙʫʤʘʛʘ" ʧʨʦʪʠʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʪʠʚʥʠʢʘ. ɺ ʵʪʦʡ ʠʛʨʝ ʠʛʨʦʢ 

ʚʳʙʠʨʘʝʪ ʦʜʠʥ ʠʟ ʪʨʝʭ ʩʠʤʚʦʣʦʚ - ʢʘʤʝʥʴ, ʥʦʞʥʠʮʳ ʠʣʠ ʙʫʤʘʛʫ, ʘ ʢʦʤʧʴʶʪʝʨ ʪʘʢʞʝ ʚʳʙʠʨʘʝʪ ʩʚʦʡ 

ʩʠʤʚʦʣ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʙʝʜʠʪʝʣʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʠʛʨʳ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʢʦʜʘ ʥʘ Python, ʢʦʪʦʨʳʡ ʨʝʰʘʝʪ ʵʪʫ ʟʘʜʘʯʫ: 

import random 

def determine_winner(player_choice, computer_choice): 

    if player_choice == computer_choice: 

        return "ʅʠʯʴʷ!"  

    elif ( 

            (player_choice == "ʢʘʤʝʥʴ" and computer_choice == "ʥʦʞʥʠʮʳ") or 

            (player_choice == "ʥʦʞʥʠʮʳ" and computer_choice == "ʙʫʤʘʛʘ") or 
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            (player_choice == "ʙʫʤʘʛʘ" and computer_choice == "ʢʘʤʝʥʴ") 

    ): 

        return "ɺʳ ʧʦʙʝʜʠʣʠ!" 

    else: 

        return "ʂʦʤʧʴʶʪʝʨ ʧʦʙʝʜʠʣ!" 

 

def play_game(): 

    choices = ["ʢʘʤʝʥʴ", "ʥʦʞʥʠʮʳ", "ʙʫʤʘʛʘ"]  

    print("ɼʦʙʨʦ ʧʦʞʘʣʦʚʘʪʴ ʚ ʠʛʨʫ 'ʂʘʤʝʥʴ, ʥʦʞʥʠʮʳ, ʙʫʤʘʛʘ'!") 

    print("ɺʳʙʝʨʠʪʝ ʩʚʦʡ ʩʠʤʚʦʣ:") 

    print("1. ʂʘʤʝʥʴ") 

    print("2. ʅʦʞʥʠʮʳ") 

    print("3. ɹʫʤʘʛʘ") 

    player_choice = int(input("ɺʘ hʚʳʙʦʨ (1-3): ")) - 1 

    player_choice = choices[player_choice] 

    computer_choice = random.choice(choices) 

    print(f"ɺʘ hʚʳʙʦʨ: {player_choice}") 

    print(f"ɺʳʙʦʨ ʢʦʤʧʴʶʪʝʨʘ: {computer_choice}") 

    winner = determine_winner(player_choice, computer_choice) 

    print(winner) 

play_game() 

 

ɺ ʵʪʦʤ ʢʦʜʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʬʫʥʢʮʠʶ determine_winner(), ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʦʙʝʜʠʪʝʣʷ ʥʘ 

ʦʩʥʦʚʝ ʚʳʙʦʨʘ ʠʛʨʦʢʘ ʠ ʢʦʤʧʴʶʪʝʨʘ. ɿʘʪʝʤ ʚ ʬʫʥʢʮʠʠ play_game() ʤʳ ʧʨʝʜʦʩʪʘʚʣʷʝʤ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʚʳʙʦʨ ʩʠʤʚʦʣʘ ʠ ʩʨʘʚʥʠʚʘʝʤ ʝʛʦ ʚʳʙʦʨ ʩ ʚʳʙʦʨʦʤ ʢʦʤʧʴʶʪʝʨʘ. ʈʝʟʫʣʴʪʘʪ ʚʳʚʦʜʠʪʩʷ ʥʘ ʵʢʨʘʥ. 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ 

 

ʊʝʦʨʠʷ ʠʛʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʬʣʠʢʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʥʘ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʫʯʘʩʪʥʠʢʦʚ. ʀʟʫʯʝʥʠʝ ʪʝʦʨʠʠ ʠʛʨ ʧʦʤʦʛʘʝʪ ʥʘʤ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʩʣʦʞʥʳʝ ʜʠʥʘʤʠʢʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ ʥʘʰʝʡ ʞʠʟʥʠ ʠ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 
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ʋɼʂ 004.056.5 

ʂʦʨʝʥʥʦʡ ɺ.ɺ., 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʆɹɿʆʈ ʋɻʈʆɿ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʍ 

ʆʈɻɸʅʀɿɸʎʀʁ 

 

ɸʥʘʣʠʟ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʀɹ) ï ʵʪʦ ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʦʮʝʥʢʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʜʣʷ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ 

ʧʝʨʝʜʘʯʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʦʨʛʘʥʠʟʘʮʠʠ. ɺʦ-ʧʝʨʚʳʭ, ʘʥʘʣʠʟ ʫʛʨʦʟ ʀɹ ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʨʠʩʢʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʝʝ 

ʘʢʪʠʚʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʫʛʨʦʟ ʀɹ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʛʨʘʬʠʢʘ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʦʚ ʘʪʘʢʠ 

ʧʦ ʠʭ ʦʪʨʘʩʣʝʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ [1]. ʉʪʘʪʠʩʪʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʫʯʨʝʞʜʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʧʦ ʯʠʩʣʫ ʫʩʧʝʰʥʳʭ ʢʠʙʝʨʘʪʘʢ.  
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ʈʠʩʫʥʦʢ 1 ï ʂʘʪʝʛʦʨʠʟʘʮʠʷ ʦʙʲʝʢʪʦʚ ʘʪʘʢ 

 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʛʘʪʠʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ 

ʯʠʩʣʝʥʥʦʩʪʠ ʢʠʙʝʨʘʪʘʢ ʠ ʫʩʣʦʞʥʝʥʠʶ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ. ɺ 2022 ʛʦʜʫ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʯʠʩʣʘ ʠʥʮʠʜʝʥʪʦʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 20%, ʧʦʜ 

ʫʜʘʨ ʧʦʧʘʣʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʫʯʨʝʞʜʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʫʩʧʝʰʥʳʭ ʘʪʘʢ ʥʘ ʚʝʙ-ʨʝʩʫʨʩʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʚʦʟʨʦʩʣʦ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, 

ʦʪʨʘʞʘʶʱʠʝ ʜʦʣʶ ʘʪʘʢ ʥʘ ʚʝʙ-ʨʝʩʫʨʩʳ ʚ 2021 ʠ 2022 ʛʦʜʘʭ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʠʩʣʘ ʢʠʙʝʨʧʨʝʩʪʫʧʥʠʢʦʚ, ʨʦʩʪʦʤ ʩʦʮʠʘʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʫʭʫʜʰʝʥʠʝʤ ʧʦʣʠʪʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʦʣʷ ʠʥʮʠʜʝʥʪʦʚ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʪʘʢʦʡ ʥʘ ʚʝʙ-ʨʝʩʫʨʩʳ ʚ 2021 ʠ 
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ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʫʛʨʦʟʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʠʙʝʨʘʪʘʢʘʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʦʜ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʠʙʝʨʘʪʘʢʠ ʤʦʞʥʦ ʧʦʜʚʝʩʪʠ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʜʝʡʩʪʚʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ 

ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʬʠʰʠʥʛ, ʘʪʘʢʘ ʛʨʫʙʦʡ ʩʠʣʦʡ 

(ʙʨʫʪʬʦʨʩ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ, ʢʨʦʩʩ-ʩʘʡʪ ʩʢʨʠʧʪʠʥʛ, ʘʪʘʢʠ ʪʠʧʘ çʦʪʢʘʟ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠè (DoS/DDoS) ʠʣʠ ʯʝʣʦʚʝʢ ʧʦʩʝʨʝʜʠʥʝè (Man-in-the-Middle, MITM) [2-4].  

ʌʠʰʠʥʛ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜʤʝʥʫ ʥʝʢʦʝʛʦ ʣʝʛʠʪʠʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɿʘʯʘʩʪʫʶ ʵʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʢʠ ʚʭʦʜʘ 

ʚʥʫʪʨʴ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. ɽʩʣʠ ʬʠʰʠʥʛ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʫ ʠʣʠ ʩʝʪʠ, ʪʦ ʚʨʝʜʦʥʦʩʥʦʝ ʇʆ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʩʪʫʧʝʥʴʶ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʢʠʙʝʨʘʪʘʢʠ. ɺ 2022 ʛʦʜʫ ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʧʠʦʥʩʢʦʛʦ ʇʆ ʧʨʠ ʘʪʘʢʝ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʩʪʘʚʠʣ 12%, ʘ ʰʠʬʨʦʚʘʣʴʱʠʢʠ ï 51%. ʇʝʨʚʳʡ ʪʠʧ ʇʆ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʩʣʝʞʢʠ, ʧʦʣʫʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʦʤʧʨʦʤʝʪʘʮʠʠ. ʏʘʱʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʘʪʘʢʘʭ 

ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʠ ʟʘʯʘʩʪʫʶ ʧʨʝʥʝʙʨʝʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʠʚʠʨʫʩʥʦʛʦ 

ʇʆ, ʚʝʜʴ ʠʤʝʥʥʦ ʘʥʪʠʚʠʨʫʩʥʳʝ endpoint-ʧʨʦʛʨʘʤʤʳ ʦʙʣʘʜʘʶʪ ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ 

ʙʦʨʴʙʝ ʩʦ ʰʧʠʦʥʩʢʠʤ ʇʆ. ʆʛʨʦʤʥʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʪʘʢʠ, ʚ ʢʦʪʦʨʳʭ ʟʘʜʝʡʩʪʚʫʶʪʩʷ 

ʚʠʨʫʩʳ-ʰʠʬʨʦʚʘʣʴʱʠʢʠ. ʂ ʧʨʠʤʝʨʫ, ʚ 8 ʠʟ 10 ʫʩʧʝʰʥʳʭ ʘʪʘʢ ʦʨʛʘʥʠʟʘʮʠʠ ʞʝʨʪʚʳ ʧʦʣʫʯʘʣʠ 

ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʚ ʚʠʜʝ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʠʩʘʤ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʧʦʪʝʨʠ ʜʘʥʥʳʭ, 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʅʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʦʪ ʜʝʡʩʪʚʠʷ ʧʨʦʛʨʘʤʤ-ʰʠʬʨʦʚʘʣʴʱʠʢʦʚ 

 

ʆʪʜʝʣʴʥʳʡ ʧʦʜʢʣʘʩʩ ʧʦʜʦʙʥʦʛʦ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ ʠʤʝʝʪ ʥʘʟʚʘʥʠʝ ʚʘʡʧʝʨ, ʪ.ʝ. ʧʨʦʛʨʘʤʤʘ, 

ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʢʦʪʦʨʦʡ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʬʨʦʚʢʠ ʠʣʠ ʜʝʰʠʬʨʦʚʢʠ ï ʜʘʥʥʳʝ ʣʠʙʦ 

ʫʥʠʯʪʦʞʘʶʪʩʷ, ʣʠʙʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʥʝʚʦʟʤʦʞʥʦ. 

ɼʘʥʥʳʡ ʢʣʘʩʩ ʇʆ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʚʳʛʦʜʳ, ʘ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʠʣʠ 

ʦʩʣʘʙʣʝʥʠʷ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ ʘʪʘʢʠ. ɽʱʝ ʦʜʥʠʤ ʪʨʝʥʜʦʤ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʘʪʘʢ 

ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ ʥʘ ʙʘʟʝ ʷʜʨʘ Linux.  

ʆʩʫʱʝʩʪʚʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʢʣʶʯʝʚʳʝ ʚʝʢʪʦʨʳ ʘʪʘʢʠ ʥʘ ʦʙʲʝʢʪʳ ʢʨʠʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʮʠʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ, ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ. 
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ʆʩʠʧʦʚʘ ʂ.ʖ., 

ʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʛ. ʋʬʘ 

 

ʀʀ ɼʃʗ ʆʇʊʀʄʀɿɸʎʀʀ ʈɸɹʆʊʓ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄ, 

ʋʇʈɸɺʃɽʅʀʗ ʅɸɻʈʋɿʂɸʄʀ, ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʀ ɼʀɸɻʅʆʉʊʀʂʀ   

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ, ʛʜʝ ʀʀ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʘʤʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʫʤʥʳʝ ʩʝʪʠ, ʦʧʪʠʤʠʟʘʮʠʷ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʜʠʘʛʥʦʩʪʠʢʘ. 

 

Abstract:  The article discusses various areas where it can be used to optimize the operation of 

electric power systems, load management, forecasting and diagnostics, as well as to ensure the efficiency and 

reliability of energy infrastructure. 

Keywords: artificial intelligence, electric power industry, smart grids, optimization, automated 

control, diagnostics. 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʫ. ʀʀ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʘʤʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.  

 

ʀʀ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʫʤʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʩʙʦʨ, ʘʥʘʣʠʟ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ, ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʩʙʦʠ ʠ ʫʣʫʯʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʀʀ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ. ʇʫʪʝʤ 

ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʀʀ ʤʦʞʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʠʶ, ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʘ 

ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʦʪʢʘʟʳ ʚ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʠ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ. ɸʣʛʦʨʠʪʤʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʧʦʪʨʝʙʣʝʥʠʠ 
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ʵʥʝʨʛʠʠ, ʟʘʛʨʫʟʢʝ ʩʝʪʝʡ, ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘʭ, ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʫʧʨʘʚʣʷʪʴ ʥʘʛʨʫʟʢʘʤʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʠ ʥʘʭʦʜʠʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʫʤʥʳʝ ʩʝʪʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘ. ʇʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ.ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʚʘʜʮʘʪʴ ʧʝʨʚʳʡ ʚʝʢ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʳʩʪʨʦʨʘʩʪʫʱʠʤ ʧʝʨʠʦʜʦʤ ʚ 

ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʅʦ ʢʘʢʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʧʦ ʧʨʘʚʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʨʝʚʦʣʶʮʠʦʥʥʳʤ, ʢʦʪʦʨʦʝ 

ʠʟʤʝʥʠʪ ʚʝʩʴ ʤʠʨ? ʉʝʛʦʜʥʷ ʤʠʨʦʚʳʝ ʵʢʩʧʝʨʪʳ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʝʜʠʥʦʜʫʰʥʦ ʦʪʚʝʯʘʶʪ ʥʘ ʵʪʦʪ 

ʚʦʧʨʦʩ ï ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʪʝʭʥʦʣʦʛʠʶ, ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʠʥʪʝʣʣʝʢʪ ʚʥʫʪʨʠ ʢʦʤʧʴʶʪʝʨʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ - ʵʪʦ ʦʯʝʥʴ ʩʣʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʙʦʪʢʠ ʚʠʨʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʤ ʘʩʧʝʢʪʦʤ 

ʠʥʪʝʣʣʝʢʪʘ ʚ it ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʧʦʣʥʷʝʪ ʜʝʡʩʪʚʠʷ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʝʛʦ ʮʝʣʷʭ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʵʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʠ ʛʠʙʢʦʝ 

ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʫʯʠʪʩʷ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʪ ʥʦʚʳʝ 

ʨʝʰʝʥʠʷ.ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʝʪʠʢʠ: 

1. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

2. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ 

3. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʝʪʴ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʵʥʝʨʛʠʠ 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʍʦʪʷ ʵʪʠ ʜʚʘ ʧʫʥʢʪʘ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʨʝʘʣʠʟʘʮʠʠ, ʠʭ 

ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʠʥ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʦʪʨʘʩʣʝʚʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʩʦʩʪʘʚʣʝʥʠʶ ʪʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʠ 

ʧʦʤʦʛʘʶʪ ʧʦʥʷʪʴ ʧʨʝʜʣʦʞʝʥʠʝ ʠ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʠʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠ ʧʨʦʜʘʞʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʫʣʫʯʰʠʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʤʧʘʥʠʷʤ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ: 

ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ, ʵʢʦʥʦʤʠʪʴ ʵʥʝʨʛʠʶ, ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʫʣʫʯʰʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ 

ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʛʜʝ ʮʝʥʘ ʦʰʠʙʢʠ ʦʯʝʥʴ 

ʚʳʩʦʢʘ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʯʘʡʰʠʡ ʫʨʦʚʝʥʴ ʪʦʯʥʦʩʪʠ. 

ʇʦʩʪʘʚʱʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʠʣʠ 

ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʡ ʧʨʦʚʝʨʢʠ ʥʘ ʥʘʣʠʯʠʝ ʧʨʦʙʣʝʤ, ʯʪʦʙʳ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʦʥʦʤʠʪʴ ʨʝʩʫʨʩʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʥʠ ʤʦʛʫʪ ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʝʝ ʧʦʪʝʨʶ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʝʪʴ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʵʥʝʨʛʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʚ ʩʚʷʟʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚʦʟʨʦʩʣʦ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ. ɺʦʪ 

ʧʦʯʝʤʫ ʩʝʪʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʩʪʘʣʠ ʤʝʥʝʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʣʫʯʰʠʡ ʠʩʪʦʯʥʠʢ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ. "ʎʠʬʨʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ", ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʪʨʘʩʣʝʡ, ʦʙʝʩʧʝʯʠʪ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ. "ʇʝʨʝʭʦʜ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʝʪʷʤ - ʵʪʦ ʦʙʱʝʤʠʨʦʚʘʷ 

ʪʝʥʜʝʥʮʠʷ, ʥʦ ʜʣʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʧʨʠʦʨʠʪʝʪʥʘʷ ʟʘʜʘʯʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ. ʕʪʦ ʪʨʝʙʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʨʘʙʦʪʳ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ - ʦʪ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦ ʧʦʪʨʝʙʣʝʥʠʷ"[2]. 

ʕʪʠ ʠʥʥʦʚʘʮʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʚʥʝʜʨʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʮʠʬʨʦʚʳʭ ʪʨʘʩʩʘʭ, ʥʦ ʠ ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʝʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.ʕʪʦ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʪʨʫʜʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʠʟ-ʟʘ ʚʦʟʨʦʩʰʝʡ ʥʘʛʨʫʟʢʠ ʠ ʥʝʧʦʩʪʦʷʥʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʪʘʢʠʭ 

ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʠ ʚʝʪʨʷʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʪʨʫʜʥʝʝ ʫʧʨʘʚʣʷʪʴ ʩʠʩʪʝʤʦʡ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʝ ʙʘʣʘʥʩ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʨʘʙʦʪʳ ʵʪʠʭ ʩʪʘʥʮʠʡ, 

ʚʳʥʫʞʜʘʝʪ ʥʘʩ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ. ʊʝʭʥʦʣʦʛʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʩʳʛʨʘʣʘ ʟʜʝʩʴ ʩʧʘʩʠʪʝʣʴʥʫʶ ʨʦʣʴ. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦʣʞʥʦ ʨʘʟʫʤʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ (ʠ ʥʘʦʙʦʨʦʪ). ʉ ʧʦʤʦʱʴʶ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʤʳ ʤʦʞʝʤ ʦʮʝʥʠʚʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʯʘʩʪʥʠʢʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʝʥʳ ʜʨʫʛ ʢ ʜʨʫʛʫ ʯʝʨʝʟ ʵʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʝʪʠ. 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʝʨʝʙʦʠ ʚ ʧʦʜʘʯʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʣʠ ʚʳʨʘʙʦʪʢʘ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. ɿʜʝʩʴ ʥʘʤ ʧʦʤʦʛʣʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ. ɺʤʝʩʪʝ ʩ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʝʪʷʤʠ ʦʥʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʤʦʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʥʘʢʦʧʣʝʥʠʝʤ 

ʵʥʝʨʛʠʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʵʢʩʧʝʨʪʳ ʜʦʢʘʟʘʣʠ, ʯʪʦ: "ʂʣʶʯʦʤ ʢ ʧʨʦʜʚʠʞʝʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʙʫʜʫʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʦʯʥʦʡ 

ʵʥʝʨʛʠʠ". 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʝʨʝʛʨʫʟʢʠ ʩʠʩʪʝʤʳ ʠʣʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʦʪʢʘʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʩʣʫʯʘʝ ʣʶʙʦʡ ʘʚʘʨʠʠ. ɸʥʘʣʠʟʠʨʫʷ ʜʦʩʪʫʧʥʳʝ ʜʘʥʥʳʝ ʠ ʢʦʤʙʠʥʠʨʫʷ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʛʣʫʙʦʢʦʝ 

ʦʙʫʯʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʧʨʝʜʩʢʘʟʘʪʴ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʫʰʝʥʠʝ ʠʟʦʣʷʮʠʠ ʠʣʠ ʜʨʫʛʠʝ 

ʧʨʠʯʠʥʳ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʛʨʦʟʫ ʜʣʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʙʫʜʫʱʠʤ ʢʘʪʘʩʪʨʦʬʘʤ. ɺʦʪ ʧʦʯʝʤʫ ʧʦʜʩʪʘʥʮʠʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʟʫʤʥʦʡ ʮʝʣʴʶ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʦʙʨʳʚ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ.ʂʘʢ ʤʳ ʫʞʝ ʟʥʘʝʤ, ʠʜʝʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ. ʅʦ 

ʫʷʟʚʠʤʦʩʪʴʶ ʵʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʝʪʝʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʇʦʧʘʜʘʥʠʝ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ ʚʥʫʪʨʴ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʠʥʝʩʪʠ ʦʛʨʦʤʥʳʝ 

ʫʙʳʪʢʠ ʧʨʝʜʧʨʠʷʪʠʶ, ʥʦ ʠ ʨʘʟʨʫʰʠʪʴ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʥʫʪʨʠ. ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʢʦʤʧʘʥʠʠ ʦʙʨʘʱʘʶʪʩʷ ʢ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʚʦʟʨʘʩʪʘʝʪ ʨʠʩʢ ʢʠʙʝʨʘʪʘʢ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʂʦʤʧʘʥʠʠ ʚʥʝʜʨʷʶʪ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʥʠ ʩʦʙʠʨʘʶʪ ʠ ʘʥʘʣʠʟʠʨʫʶʪ 

ʜʘʥʥʳʝ, ʧʦʜʢʣʶʯʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʢ ʀʥʪʝʨʥʝʪʫ ʠ ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʛʨʘʤʤ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʙʳʣʠ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʫʛʨʦʟ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʢʦʣʣʝʢʪʠʚʥʘʷ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʪʨʘʩʣʠ ʨʘʩʰʠʨʷʝʪ ʩʬʝʨʫ ʢʠʙʝʨʧʨʝʩʪʫʧʥʳʭ ʘʪʘʢ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʦʧʝʨʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ, ʪʦ ʝʩʪʴ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ.ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʦʧʪʠʤʠʟʠʨʫʝʪ ʠ ʟʘʱʠʱʘʝʪ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ ʠ ʀʊ-ʩʝʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʨʝʜʘʭ ʧʦʤʦʛʣʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʪʘʢʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʩʘʤʳʤ 

ʩʦʚʨʝʤʝʥʥʳʤ ʩʨʝʜʩʪʚʘʤ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ ʠ 

ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. 

ɺʧʦʣʥʝ ʨʘʟʫʤʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʳʩʪʨʫʶ ʨʝʘʣʠʟʘʮʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ.ɺ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʪʘʢʘʷ ʮʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʦʪʦʢʘʤʠ ʵʥʝʨʛʠʠ, ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʨʝʩʫʨʩʦʚ ʩ ʧʨʠʩʫʱʝʡ ʠʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʪʨʝʙʫʝʪ ʪʘʢʦʡ ʩʠʩʪʝʤʳ.ʍʦʪʷ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʫʷʟʚʠʤʦʩʪʴʶ ʮʠʬʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʦʟʨʦʩʣʠ, ʚʥʝʜʨʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʳʤ 

ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʬʫʥʢʮʠʡ. 
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ʆʩʠʧʦʚʘ ʂ.ʖ., 

ʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʛ. ʋʬʘ 

 

ʇʈɽʀʄʋʑɽʉʊɺɸ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ɺ ʆʂʉʀɼ-ʊɽʍʅʆʃʆɻʀʀ ɺ ʉɺɽʊʆɼʀʆɼʅʓʍ 

ɼʀʉʇʃɽʗʍ ʀ ʆʉɺɽʑɽʅʀʀ 

 

ɸʥʥʦʪʘʮʠʷ: ʆʉʀɼ (Organic Semiconductor Injection Device) - ʵʪʦ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, 

ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʚʝʪʦʜʠʦʜʥʳʭ ʜʠʩʧʣʝʷʭ ʠ ʦʩʚʝʱʝʥʠʠ. ʕʃ ʤʘʪʝʨʠʘʣʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʆʉʀɼ-ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟʣʫʯʘʪʴ ʩʚʝʪ ʧʨʠ ʧʦʜʘʯʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʆʉʀɼ-ʪʝʭʥʦʣʦʛʠʷ, ʩʠʥʪʝʟ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʥʘʥʦʯʘʩʪʠʮʳ, ʩʚʝʪʦʜʠʦʜʥʳʝ ʜʠʩʧʣʝʠ. 

 

Abstract:  OXIDE (Organic Semiconductor Injection Device) is a promising technology that finds 

application in LED displays and lighting. EL materials play an important role in OSIDtechnology, as they 

have the ability to emit light when an electrical signal is applied.  

Keywords: electroluminescent materials, OXIDE technology, synthesis, organic polymers, 

nanoparticles, LED displays. 

 

ʆʉʀɼ-ʪʝʭʥʦʣʦʛʠʷ (Organic Semiconductor Injection Device) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʩʚʝʪʦʜʠʦʜʥʳʭ ʜʠʩʧʣʝʷʭ ʠ ʦʩʚʝʱʝʥʠʠ. ɺ ʦʩʥʦʚʝ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ (ʕʃ) ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟʣʫʯʘʪʴ ʩʚʝʪ ʧʨʠ ʧʦʜʘʯʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ.  

ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʕʃ ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʠ 

ʥʘʥʦʯʘʩʪʠʮ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʫʞʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘʥʦʯʘʩʪʠʮʳ, ʪʘʢʠʝ ʢʘʢ 

ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʠʣʠ ʥʘʥʦʩʪʝʨʞʥʠ, ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʚ ʤʘʪʨʠʮʫ ʧʦʣʠʤʝʨʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʠʟʣʫʯʘʝʤʦʛʦ ʩʚʝʪʘ. 

ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʕʃ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʠʙʢʠʝ ʠ ʫʜʦʙʥʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʳ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʆʉʀɼ-ʫʩʪʨʦʡʩʪʚ. ɺʦ-ʚʪʦʨʳʭ, ʜʦʙʘʚʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʘʪʨʠʮʫ 

ʧʦʣʠʤʝʨʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʣʫʯʰʝʡ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʠʟʣʫʯʘʝʤʦʛʦ ʩʚʝʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʕʃ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʳʩʦʢʦʡ ʷʨʢʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ. 

ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʕʃ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʆʉʀɼ-

ʪʝʭʥʦʣʦʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʬɻʬʝʢʪʠʚʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʜʠʩʧʣʝʠ ʠ ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʆʉʀɼ-

ʪʝʭʥʦʣʦʛʠʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʜʠʩʧʣʝʠ ʠ ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʦʚʳʤ ʜʦʩʪʠʞʝʥʠʷʤ ʠ ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʆʉʀɼ. 

ʂʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʜʠʦʜʳ (ʆʉ) ʪʨʝʙʫʶʪ ʜʣʷ 

ʩʚʦʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ, ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʭʠʤʠʯʝʩʢʦʡ 

ʯʠʩʪʦʪʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ɸʣʶʤʠʥʠʡ ʪʨʠʩ (8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʘʪ) (Alq3) - ʵʪʦ 

ʪʝʩʪʦʚʳʡ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʢʦʨʧʫʩ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʦʩʴ ʙʳʩʪʨʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

OSID ʥʘ ʨʳʥʦʢ ʧʣʦʩʢʠʭ ʜʠʩʧʣʝʝʚ [1]. ʊʨʘʜʠʮʠʦʥʥʳʡ "ʤʦʢʨʳʡ" ʩʠʥʪʝʟ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʩ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʦʢʦʣʦ 99,995 ʤʘʩ. ʇʨʦʮʝʥʪʥʘʷ ʠ ʬʘʟʦʚʘʷ ʯʠʩʪʦʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 99,9 ʦʙ.% [2]. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʩʫʙʣʠʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ ʩ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ 99,998ʤʘʩ.%. ʇʨʦʮʝʥʪʥʘʷ ʠ ʬʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 

99,995 ʦʙ.%. ʉʠʥʪʝʟ ʵʪʦʛʦ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʯʠʩʪʳʭ ʢʠʩʣʦʪ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʫʜʘʣʝʥʠʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʧʨʦʮʝʜʫʨʦʡ. 
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ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ Alq3 ʚʳʩʦʢʦʡ 

ʯʠʩʪʦʪʳ ʩ ʧʦʤʦʱʴʶ ʛʝʪʝʨʦʛʝʥʥʦʡ ʨʝʘʢʮʠʠ: 

 

 
 

ʇʝʨʝʭʦʜ ʦʪ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ 

ʚʦʜʳ ʩ ʦʢʩʠʜʦʤ ʬʦʩʬʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ 8- 

ʛʠʜʨʦʩʠʭʠʥʦʣʠʥ(8-Hq99.9999 ʚʪ.%) ʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʤ ʦʢʩʠʜʝ ʘʣʶʤʠʥʠʷ (99,999ʤʘʩ.%). 

ʍʠʤʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ ʧʨʦʜʫʢʪʘ ʧʦ ʜʘʥʥʳʤ ICP-MS ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʭʫʞʝ 99,999ʤʘʩ.%. 

ʇʦʣʫʯʝʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʩʚʝʪʦʠʟʣʫʯʘʶʱʝʡ ʩʪʨʫʢʪʫʨʳ, ʠʤʝʶʱʝʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʵʤʠʩʩʠʦʥʥʳʡ ʩʣʦʡ. ʕʪʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʫʶ ʪʦʧʦʣʦʛʠʶ 

(ʨʠʩʫʥʦʢ 1, ʩʧʨʘʚʘ): 

 

ITO/MoO3(1 ʥʤ)/NPB(40 ʥʤ)/Alq3 15 ʥʤ/LiF(1,2 ʥʤ)/Al 

 

ʊʘʢʘʷ ʤʘʣʘʷ ʪʦʣʱʠʥʘ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʦʙʫʩʣʦʚʣʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʯʘʩʪʠʮʳ Alq3 ʚ ʧʦʨʦʰʢʝ Al2O3): ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʠʟʦʣʠʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʥʘʛʨʝʚʫ ʠ ʜʘʣʴʥʝʡʰʝʤʫ ʠʩʧʘʨʝʥʠʶ Alq3 (ʨʠʩ. 1, ʩʣʝʚʘ). 

ʅʘʧʨʷʞʝʥʠʝ ʟʘʞʠʛʘʥʠʷ ʩʪʨʫʢʪʫʨ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ODID, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4 ɺ, ʠ ʦʥʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Alq3 (ʨʠʩʫʥʦʢ 2) 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 530 ʥʤ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Lumicam1300 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʨʢʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʣʫʯʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ (ʨʠʩʫʥʦʢ). 3, 

X=0,3273;Y=0,5055). ʇʨʠ ʥʘʧʨʷʞʝʥʠʠ 9 ɺ ʤʘʢʩʠʤʘʣʴʥʘʷ ʷʨʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 200 

ʢʜ/ʤ2. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʪʠʛʣʷ 

(ʩʣʝʚʘ) ʠ ʪʦʧʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ ʆʉʀɼ ʩʪʨʫʢʪʫʨ (ʩʧʨʘʚʘ) 

 



 

33 

 
 

 

ʈʠʩʫʥʦʢ 2 ï ʋʜʝʣʴʥʘʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʩʣʝʚʘ) 

ʠ ʩʧʝʢʪʨ ɻ ʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ (ʩʧʨʘʚʘ) ʧʦ- ʣʫʯʝʥʥʳʭ ʆʉʀɼ 

ʩʪʨʫʢʪʫʨ 

 

 

ʈʠʩʫʥʦʢ 3 ï ʌʦʪʦʛʨʘʬʠʷ ʨʘʙʦʯʝʡ ʆʉʀɼ ʩʪʨʫʢʪʫʨʳ (ʩʣʝʚʘ) 

ʠ ʝ yʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ (ʩʧʨʘʚʘ) 

 

ʅʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʪʨʠʩ (8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘ) ʘʣʶʤʠʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳʭ ʦʧʝʨʘʮʠʡ. ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ 

ʜʝʰʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʜʣʷ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʫʩʪʨʦʡʩʪʚ ODID. 

ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʞʝ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʅʘʧʨʠʤʝʨ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʕʃ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʛʠʙʢʠʭ ʠ ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʛʠʙʢʠʝ, ʧʨʦʟʨʘʯʥʳʝ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ 

ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʛʠʙʢʠʝ ʜʠʩʧʣʝʠ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʠ ʩʝʥʩʦʨʥʳʝ ʧʘʥʝʣʠ. 

ʍʦʪʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʝʱʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʥ ʪʘʢʞʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʳʟʦʚʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʚʳʟʦʚʦʚ ʚʢʣʶʯʘʶʪ 

ʧʦʚʳʰʝʥʠʝ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʠʭ 

ʦʙʣʘʩʪʷʭ ʙʫʜʫʪ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʚʳʟʦʚʦʚ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ. ʕʪʦʪ 

ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʭ ʩʚʝʪʦʜʠʦʜʥʳʭ ʜʠʩʧʣʝʝʚ ʠ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʆʜʥʘʢʦ, ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʠʥʥʦʚʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʚʳʟʦʚʦʚ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ.  
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ʉʝʜʦʚʘ ɸ.ʄ., 

ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʆʨʝʥʙʫʨʛ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʊɽʈʄʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ 

ɾɸʈʆʇʈʆʏʅʆɻʆ ʉʇʃɸɺɸ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠ ̫ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʥʘʠʙʦʣʝʝ çʛʦʨʷʯʠʭè ʫʟʣʦʚ ʜʚʠʛʘʪʝʣʝʡ. 

ʉʝʛʦʜʥʷ ʜʣʷ ʨʘʙʦʯʠʭ ʠ ʩʦʧʣʦʚʳʭ ʣʦʧʘʪʦʢ ʧʝʨʚʳʭ ʩʪʫʧʝʥʝʡ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪ 

ʣʠʪʝʡʥʳʝ ʞʘʨʦʧʨʦʯʥʳʝ ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ (ɾʅʉ) ʩ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʘʣʠʪʠʨʦʚʘʥʥʳʤʠ ʠʣʠ ʩ 

ʥʘʥʦʩʠʤʳʤʠ ʵʣʝʢʪʨʦʥʥʦʣʫʯʝʚʳʤʠ ʧʣʘʟʤʝʥʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʱʠʪʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʘʨʦʧʨʦʯʥʳʝ ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ, ʣʠʪʝʡʥʳʝ ʩʧʣʘʚʳ, ʟʘʢʘʣʢʘ. 

 

Abstract: In modern gas turbine engines, the use of higher temperatures and pressures is achieved 

by significantly expanding the scope of heat-resistant alloys while increasing the heat resistance of materials 

intended for the ñhottestò engine components. 

Today, for the working and nozzle blades of the first stages of gas turbines, cast heat-resistant nickel 

alloys with diffusion aluminized or with protective coatings applied by electron beam plasma and other 

methods are more often used. 

Keywords: heat-resistant nickel alloys, casting alloys, hardening. 

 

ɾʘʨʦʧʨʦʯʥʳʝ ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ (ɾʅʉ) ʦʙʣʘʜʘʶʪ ʩʘʤʤr ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʞʘʨʦʧʨʦʯʥʦʩʪʠ, 

ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1, ʩ. 37 

- 47]. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʨʘʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ɾʅʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ. ʂʦʥʢʨʝʪʥʘʷ ʤʘʨʢʘ ɾʅʉ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʝ 10-15 ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʦ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ɾʅʉ ʜʝʣʷʪʩʷ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʝ, ʣʠʪʝʡʥʳʝ ʠ 

ʧʦʨʦʰʢʦʚʳʝ [4, ʩ. 98 -103]: 

- ɼʝʬʦʨʤʠʨʫʝʤʳʝ - ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʩʪʦʚ, ʧʨʦʚʦʣʦʢʠ, ʣʝʥʪʳ, ʬʘʩʦʥʥʳʭ ʧʨʦʬʠʣʝʡ 

ʠ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ ʢʦʚʢʦʡ, ʰʪʘʤʧʦʚʢʦʡ ʠʣʠ ʧʨʝʩʩʦʚʘʥʠʝʤ [5, ʩ. 116-129].  

- ʃʠʪʝʡʥʳʝ - ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʝʡ ʧʫʪʝʤ ʦʪʣʠʚʢʠ ʚ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʣʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʦʨʤʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʕʪʠ ʩʧʣʘʚʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫ  ʁʞʘʨʦʧʨʦʯʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ, ʠ ʧʦʟʚʦʣʷʶʪ ʦʪʣʠʚʘʪʴ ʠʟ ʥʠʭ ʪʦʥʢʦʩʪʝʥʥʳʝ 

ʣʦʧʘʪʢʠ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʨʘʟʚʠʪʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʴʶ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʨʠʧʫʩʢʘʤʠ ʧʦʜ 

ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʫ. 

- ʇʦʨʦʰʢʦʚʳʝ - ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ (ʤʝʭʘʥʠʯʝʩʢʦʝ ʣʝʛʠʨʦʚʘʥʠʝ, 

ʨʘʩʧʳʣʝʥʠʝ ʨʘʩʧʣʘʚʦʚ ʠ ʜʨ.), ʘ ʠʟʜʝʣʠʷ ʠʟ ʥʠʭ ʧʫʪʸʤ ʩʧʝʢʘʥʠʷ ʠʣʠ ʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʦʩʥʦʚʝ ɾʅʉ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʘʚʠʘʮʠʠ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ [6, ʩ. 80-86]. 



 

35 

 
 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠ ̫ ʩʦʧʣʦʚʳʭ ʣʦʧʘʪʦʢ, ʩʦʧʣʦʚʳʭ ʚʝʥʮʦʚ, ʮʝʣʴʥʦʣʠʪʳʭ ʨʦʪʦʨʦʚ, ʨʘʙʦʯʠʭ 

ʣʦʧʘʪʦʢ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʣʠʪʝʡʥʳʝ ʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ [3, ʩ. 39 - 

42].  

ʊʘʢ ʢʘʢ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʩʧʣʘʚʳ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ, ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 

ʣʝʛʠʨʦʚʘʥʥʳʤʠ ʠ ʙʦʣʝʝ ʞʘʨʦʧʨʦʯʥʳʤʠ, ʯʝʤ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ. ɺʩʣʝʜʩʪʚʠʝ 

ʙʦʣʴʰʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ 

ʜʣʷ ʣʠʪʳʭ ʜʝʪʘʣʝʡ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ ʥʘ 40ð50%, ʯʝʤ ʜʣʷ ʜʝʬʦʨʤʠʨʫʝʤʳʭ.  

ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʪʝʡʥʳʝ ʩʧʣʘʚʳ ɾʉ6ʂ, ɾʉ6ʋ, ɾʉ6ʌ, ɺɾʃ12ʋ, ɾʉ30, ɾʉ32 ʠ ʜʨ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʧʣʘʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʛʘʨʘ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʭʨʦʤ, ʪʠʪʘʥ, ʘʣʶʤʠʥʠʡ ʠ ʙʦʨ) ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʣʠʙʦ ʚ 

ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʘʨʛʦʥ, ʛʝʣʠʡ) ʠʣʠ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʣʠʙʦ ʚ ʚʘʢʫʫʤʝ.  

ʊʝʨʤʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ɾʅʉ ʚʢʣʶʯʘʝʪ ʟʘʢʘʣʢʫ (ʨʝʜʢʦ ʜʚʝ ʟaʢʘʣʢʠ ʩ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨ) ʠ ʩʪʘʨʝʥʠʝ, ʧʨʦʚʦʜʠʤʳʝ ʚ 1-2 ʩʪʫʧʝʥʠ: ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʎʝʣʴ ʪʘʢʦʡ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ð ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʯʝʪʘʥʠ ̫ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʦʩʪʘʚʘ ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ ʚ ʩʧʣʘʚʘʭ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ɼeʪaʣʠ ʠʟ ɾʅʉ ʟʘʛʨʫʞʘʶʪ ʚ ʞapoʩʪʦʡʢʠʡ ʢʦʥʪʝʡʥʝʨ, ʥʘʧʦʣʥʝʥʥʳʡ ʟaʱʠʪʥʳʤʠ ʛʘʟʘʤʠ. 

ʊʝʨʤʦʧʝʯʴ ʇʂʄ (ʨʠʩ. 1) ʦʙʦʨʫʜʦʚʘʥʘ ʞʘʨʦʧʨʦʯʥʳʤ ʚʳʜʚʠʞʥʳʤ ʧʦʜʦʤ, cʠcʪeʤoʡ 

peʛʫʣʠpoʚʢʠ ʪeʤʧepaʪʫpʳ. ʇʝʯʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʩʪoʣ ʟaʛpʫʟʢʠ-paʟʛpʫʟʢʠ, ʢʦʥʪʝʡʥʝʨ ʞapoʩʪʦʡʢʠʡ c 

ʪʨʫʙʢʦʡ ʜʣʷ ʧoʜʚoʜa ʛaʟa, ʜʚʘ ʛʘʟʦʚʳʭ ʙaʣʣoʥa (ʘʟʦʪ ʠʣʠ ʘʨʛʦʥ), ʨeʛʫʣʷʪop ʜaʚʣeʥʠʷ, ʛʘʟʦʚʫ  ʁʧʘʥʝʣʴ. 

 

 
ʈʠʩ. 1 - ɿʘʢʘʣʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʙʘʟʝ ʧʝʯʠ ʇʂʄ3.6.2/13 ɿʂ 

 

ɺ ʩrʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʢʘʣʢʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʣʠʪʝʡʥʳʝ ʩʧʣʘʚʳ, ʪʘʢ ʢʘʢ ʦʥʘ ʛʦʤʦʛʝʥʠʟʠʨʫʝʪ ʠʭ 

ʩʪʨʫʢʪʫʨʫ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʘʨʝʥʠʝ 

ʧʨʦʚʦʜʷʪ ʚ ʦʜʥʫ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʜʠʶ, ʧʦʪʦʤʫ ʯʪʦ ʣʠʪʝʡʥʳʝ ʩʧʣʘʚʳ ʢʘʢ ʧʨʘʚʠʣʦ ʨʘʙʦʪʘʶʪ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʀʥʦʛʜʘ ʣʠʪʝʡʥʳʝ ʩʧʣʘʚʳ ʠʩʧʦʣʴʟʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʣʠʪʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʧʨʠʯʝʤ ʩʪʘʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ [2, ʩ. 101]. ʇʦʩʢʦʣʴʢʫ ʜʝʪʘʣʠ ʠʟ 

ɾʅʉ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ ʟʘʱʠʪʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ (ʘʣʠʪʠʨʦʚʘʥʠʝ, ʭʨʦʤʘʣʠʪʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ.), 

ʪʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʛʨʝʚʘʭ ʠ ʦʭʣʘʞʜʝʥʠʷʭ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʥʘʥʝʩʝʥʠʷ.   
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ʤʘʛʠʩʪʨʘʥʪ, 

ʌʠʣʠʧʧʦʚʠʯ ɸ.ʖ., 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʦʩʢʚʘ 

 

ɸʅɸʃʀɿ ʊʆʅɸʃʔʅʆʉʊʀ ʊɽʂʉʊʆɺ ʅɸ ʈʋʉʉʂʆʄ ʗɿʓʂɽ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʥʘ 

ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʦʙʱʝʥʠʡ ʠ ʦʪʟʳʚʦʚ ʦ ʨʘʟʣʠʯʥʳʭ ʫʩʣʫʛʘʭ ʠ ʪʦʚʘʨʘʭ. ʄʥʦʞʝʩʪʚʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʪʢʨʳʪʳʭ ʜʘʪʘʩʝʪʦʚ, ʨʘʟʤʝʯʝʥʥʳʭ ʧʦ ʪʦʥʘʣʴʥʦʩʪʠ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʪʝʢʩʪʦʚʳʭ ʩʦʦʙʱʝʥʠʡ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ 

ʧʝʨʝʚʦʜʘ ʘʥʛʣʦʷʟʳʯʥʳʭ ʜʘʪʘʩʝʪʦʚ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ ʨʷʜʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʪʘʢʠʭ ʢʘʢ LSTM, GRU ʠ Transformer. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʝʣʴ Transformer, ʦʙʫʯʝʥʥʘʷ ʥʘ ʧʝʨʝʚʝʜʝʥʥʦʤ ʜʘʪʘʩʝʪʝ, ʜʦʩʪʠʛʘʝʪ 

ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ, ʧʦʣʥʦʪʳ ʠ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ, ʜʝʣʘʷ ʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 

 

ɺʚʝʜʝʥʠʝ 

ɸʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ. ʉʦʮʠʘʣʴʥʳʝ ʤʝʜʠʘ ʠ ʤʝʩʩʝʥʜʞʝʨʳ ʩʪʘʣʠ ʧʦʧʫʣʷʨʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʜʣʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ 

ʠ ʚʳʨʘʞʝʥʠʷ ʤʥʝʥʠʡ ʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʫʩʣʫʛʘʭ. ʕʬʬʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʥʘ 

ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʨʝʜʧʨʠʷʪʠʷʤ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʱʝʩʪʚʝʥʥʦʝ ʤʥʝʥʠʝ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ 

ʩʚʦʠ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ [3, c. 7]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʩʣʝʜʫʝʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʘʪʘʩʝʪʳ ʥʘ ʨʫʩʩʢʦʤ 

ʷʟʳʢʝ, ʧʨʦʚʦʜʠʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʤ ʥʘʰ ʧʦʜʭʦʜ ʢ 

ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʪʢʨʳʪʳʭ ʜʘʪʘʩʝʪʦʚ 

ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ, ʨʘʟʤʝʯʝʥʥʳʭ ʧʦ ʪʦʥʘʣʴʥʦʩʪʠ. ʕʪʠ ʜʘʪʘʩʝʪʳ ʥʝ ʙʳʣʠ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʦʮʝʥʢʠ 

ʪʝʢʩʪʦʚʳʭ ʩʦʦʙʱʝʥʠʡ ʦ ʨʘʟʣʠʯʥʳʭ ʫʩʣʫʛʘʭ ʠ ʪʦʚʘʨʘʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʳ ʨʝʰʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʢʨʳʪʳʡ ʜʘʪʘʩʝʪ ʦʪʟʳʚʦʚ YELP ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. 
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ɼʣʷ ʧʝʨʝʚʦʜʘ ʦʪʢʨʳʪʦʛʦ ʜʘʪʘʩʝʪʘ YELP ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ 

API Google Translate. ʄʳ ʨʘʟʨʘʙʦʪʘʣʠ ʩʦʙʩʪʚʝʥʥʳʡ ʩʢʨʠʧʪ ʜʣʷ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʦʚ ʦʪʟʳʚʦʚ ʩ 

ʘʥʛʣʠʡʩʢʦʛʦ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʥʘʤ ʧʦʣʫʯʠʪʴ ʨʫʩʩʢʦʷʟʳʯʥʳʡ ʜʘʪʘʩʝʪ, 

ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʝʨʝʚʝʜʝʥʥʦʛʦ ʜʘʪʘʩʝʪʘ ʤʳ ʧʨʦʚʝʣʠ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʷ 

ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʪʘʢʠʝ ʢʘʢ LSTM ʠ GRU. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʙʫʯʝʥʠʷ ʵʪʠʭ 

ʤʦʜʝʣʝʡ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʨʝʡʤʚʦʨʢ TensorFlow. ɼʣʷ ʤʦʜʝʣʠ Transformer, ʢʦʪʦʨʘʷ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʨʝʡʤʚʦʨʢ PyTorch. 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʤʝʪʨʠʢʠ, ʪʘʢʠʝ ʢʘʢ 

ʪʦʯʥʦʩʪʴ (precision), ʧʦʣʥʦʪʘ (recall) ʠ ʬʫʥʢʮʠʶ ʦʰʠʙʢʠ. ʕʪʠ ʤʝʪʨʠʢʠ ʧʦʤʦʛʣʠ ʥʘʤ ʦʮʝʥʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʠ ʚʳʙʨʘʪʴ ʥʘʠʣʫʯʰʫʶ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ 

ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ [2, c. 5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰ ʧʦʜʭʦʜ ʢ ʧʝʨʝʚʦʜʫ ʦʪʢʨʳʪʦʛʦ ʜʘʪʘʩʝʪʘ YELP ʦʪʟʳʚʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʤʦʜʝʣʝʡ LSTM, GRU (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TensorFlow) ʠ ʤʦʜʝʣʠ Transformer (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

PyTorch) ʧʦʟʚʦʣʠʣ ʥʘʤ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʘʥʘʣʠʟʫ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʦʚ 

ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ LSTM, GRU ʠ Transformer. ʆʙʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ 

ʜʘʪʘʩʝʪʝ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʧʝʨʝʚʦʜʘ ʘʥʛʣʦʷʟʳʯʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʦʪʟʳʚʦʚ. 

ʄʳ ʦʮʝʥʠʚʘʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʨʠʢ, ʚʢʣʶʯʘʷ 

ʬʫʥʢʮʠʶ ʦʰʠʙʢʠ, ʘ ʪʘʢʞʝ ʤʝʪʨʠʢʠ accuracy ʠ recall. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʦʙʫʯʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʩ ʥʘʠʣʫʯʰʠʤʠ ʧʦʜʦʙʨʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʦʜʝʣʴ LSTM  

ʄʳ ʥʘʯʥʝʤ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ LSTM, 

ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ TensorFlow. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ 

ʦʰʠʙʢʠ, ʪʦʯʥʦʩʪʠ (accuracy) ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ LSTM, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʠʣʫʯʰʝʝ 

ʟʥʘʯʝʥʠʝ ʤʝʪʨʠʢʠ recall ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʣʣʶʩʪʨʘʮʠʠ ʤʝʪʨʠʢ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ MatplotLib. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʠʤʝʝʪ ʨʝʟʢʠʝ ʩʢʘʯʢʠ, ʪʘʢ ʢʘʢ ʧʦʜʩʯʝʪ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʢʘʞʜʦʤ ʧʘʢʝʪʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 1). ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʥʝ ʩʭʦʞʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ 

ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʬʫʥʢʮʠʠ. ʋʩʨʝʜʥʝʥʥʘʷ 

ʬʫʥʢʮʠʷ ʦʪʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʢʝʪʘ ʜʘʥʥʳʭ. 
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ʈʠʩʫʥʦʢ 2 ï ʋʩʨʝʜʥʝʥʥʳʡ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʥʘ ʢʘʞʜʦʤ ʧʘʢʝʪʝ ʜʘʥʥʳʭ. 

 

ʊʘʢʞʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʦʭʨʘʥʝʥʠʝ ʤʝʪʨʠʢʠ accuracy, ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪ ʜʦʣʶ ʧʨʘʚʠʣʴʥʳʭ 

ʧʨʝʜʩʢʘʟʘʥʠʡ ʤʦʜʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʨʝʜʩʢʘʟʘʥʠʡ ʥʘ ʢʘʞʜʦʤ ʧʘʢʝʪʝ ʜʘʥʥʳʭ ʦʙʫʯʝʥʠʷ. 

ɽʝ ʛʨʘʬʠʢ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʋʩʨʝʜʥʝʥʥʳʡ ʛʨʘʬʠʢ ʤʝʪʨʠʢʠ accuracy ʥʘ ʢʘʞʜʦʤ ʧʘʢʝʪʝ ʜʘʥʥʳʭ. 

 

ʄʝʪʨʠʢʘ recall (ʧʦʣʥʦʪʘ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʨʠʢ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʘ. Recall 

ʠʟʤʝʨʷʝʪ ʜʦʣʶ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʨʝʘʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ [1, c. 9]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʤʝʪʨʠʢʠ 

recall ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʪʟʳʚʦʚ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ. ʀ ʥʘʠʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʥʘ 

ʯʝʪʚʝʨʥʦʡ ʵʧʦʭʝ ʦʙʫʯʝʥʠʷ ʠ ʨʘʚʥʦ ʧʨʠʤʝʨʥʦ 92,49%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʭʦʨʦʰʝʡ ʦʙʫʯʘʝʤʦʩʪʠ ʤʦʜʝʣʠ 

LSTM. 
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ʄʦʜʝʣʴ GRU 

ʇʦʩʣʝ ʤʦʜʝʣʠ LSTM ʤʳ ʧʝʨʝʭʦʜʠʤ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ GRU. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʠ 

ʪʦʯʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ GRU. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʥʘ ʢʘʞʜʦʤ ʧʘʢʝʪʝ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. 
 

 
ʈʠʩʫʥʦʢ 4 ï ʋʩʨʝʜʥʝʥʥʳʡ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ ʥʘ ʢʘʞʜʦʤ ʧʘʢʝʪʝ ʜʘʥʥʳʭ. 

 

ɿʥʘʯʝʥʠʝ ʤʝʪʨʠʢʠ recall ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʪʟʳʚʦʚ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʥʘ 3 ʵʧʦʭʝ ʦʙʫʯʝʥʠʷ 

ʨʘʚʥʦ 87,34%. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʤʦʜʝʣʴ LSTM ʣʫʯʰʝ ʩʧʨʘʚʠʣʘʩʴ ʩ ʟʘʜʘʯʝʡ. 

ʄʦʜʝʣʴ Transformer 

ʇʝʨʝʭʦʜʷ ʢ ʤʦʜʝʣʠ Transformer, ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ 

ʤʦʜʝʣʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ, accuracy, recall ʚʦ 

ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ Transformer. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ PyTorch, ʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʛʨʘʬʠʢʦʚ 

ʜʣʷ ʤʝʪʨʠʢ ʠ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ TensorBoard. 

TenzorBoard ï ʵʪʦ ʥʘʙʦʨ ʫʪʠʣʠʪ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʨʦʚʝʨʷʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʠ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ. ʈʘʙʦʪʘ ʩ TensorBoard ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʩ 

PyTorch, ʪʘʢ ʢʘʢ ʚ ʦʪʣʠʯʠʝ ʦʪ TensorFlow, ʵʪʘ ʙʠʙʣʠʦʪʝʢʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ 

ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʥʘ ʪʝʩʪʦʚʦʡ ʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5 ʠ 

ʨʠʩʫʥʢʝ 6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ. 


