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ʋ ʟʙʽʨʥʠʢʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʧʦʜʘʥ ̔ ʧʝʨʩʧʝʢʪʠʚʥʽ ʧʨʘʢʪʠʯʥʽ ʨʦʟʨʦʙʢʠ 

ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʟʜʦʙʫʚʘʯʽʚ ʚ ʦʙʣʘʩʪʽ ʩʫʯʘʩʥʠʭ  ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʈʦʟʛʣʷʥʫʪʦ ʘʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ, ʢʦʤʧôʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾ, 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʡ ʽʥʞʝʥʝʨʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠʚʝʜʝʥʦ ʨʷʜ ʨʦʙʽʪ 

ʧʦ ʚʧʨʦʚʘʜʞʝʥʥ ʁ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʩʚʽʪʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʧʦʰʫʢʫ, ʦʙʨʦʙʢʠ ʡ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʤʝʜʽʡʥʠʭ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʠ. 
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ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ ʚʽʜʪʚʦʨʝʥʽ ʟ ʘʚʪʦʨʩʴʢʠʭ ʦʨʠʛʽʥʘʣʽʚ. ʇʨʠ ʤʘʢʝʪʫʚʘʥʥʽ 

ʤʦʞʣʠʚʽ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʢʦʤʧʦʥʦʚʢʠ ʢʦʥʪʝʥʪʫ ʘʚʪʦʨʩʴʢʠʭ ʦʨʠʛʽʥʘʣʽʚ.  

ʋʯʘʩʪʴ ʫ ʢʦʥʬʝʨʝʥʮʽʾ ʪʘ ʩʢʣʘʜʦʚʽ ʚʩʽʭ ʾʾ ʝʪʘʧʽʚ (ʨʦʟʛʣʷʜ ʧʨʘʮʴ, ʤʘʢʝʪʫʚʘʥʥʷ, 

ʧʫʙʣʽʢʘʮʽʷ ʟʙʽʨʥʠʢʘ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʪʘ ʚʠʜʘʯʘ ʩʝʨʪʠʬʽʢʘʪʽʚ) ʻ ʙʝʟʢʦʰʪʦʚʥʠʤʠ ʜʣʷ 

ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ. ʆʨʛʢʦʤʽʪʝʪ ʢʦʥʬʝʨʝʥʮʽʾ ʚʠʩʣʦʚʣʶʻ ʧʦʜʷʢʫ ʫʯʘʩʥʠʢʘʤ ʢʦʥʬʝʨʝʥʮʽʾ 

ʪʘ ʩʧʦʜʽʚʘʻʪʴʩʷ ʥʘ ʧʦʜʘʣʴʰʫ ʩʧʽʚʧʨʘʮʶ. 
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ɸʂʊʋɸʃʔʅɯ ʇʈʆɹʃɽʄʀ ʂʆʄʇôʖʊɽʈʅʀʍ ʅɸʋʂ - 2023 
XV ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

 

ʄʝʪʦʶ ʢʦʥʬʝʨʝʥʮʽʾ ʻ ʚʠʩʚʽʪʣʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ, 

ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
 

ʉɽʂʎɯɰ ʂʆʅʌɽʈɽʅʎɯɰ: 

1. ʂʦʤʧôʁ ʪʝʨʥʽ ʥʘʫʢʠ ʪʘ ʧʨʠʢʣʘʜʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

2. ʂʦʤʧôʁ ʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. 

3. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʞʝʥʝʨʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

4. ʊʝʣʝʨʘʜʽʦʢʦʤʫʥʽʢʘʮʽʾ, ʤʝʜʽʡʥʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. 

5. ʇʨʦʙʣʝʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ. 
 

ʈʦʙʦʯʽ ʤʦʚʠ ʢʦʥʬʝʨʝʥʮʽʾ: ʫʢʨʘʾʥʩʴʢʘ, ʘʥʛʣʽʡʩʴʢʘ 

 

ʆʈɻʂʆʄɯʊɽʊ: 

ʆʣʝʛ ʉʀʅʖʂ ï ʛʦʣʦʚʘ ʦʨʛʢʦʤʽʪʝʪʫ, ʧʨʦʨʝʢʪʦʨ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʆʣʝʛ ʉɸɺɽʅʂʆ ï ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʦʨʛʢʦʤʽʪʝʪʫ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ 

ɯʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʍʅʋ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʆʣʝʢʩʘʥʜʨ ɹɸʈʄɸʂ ï ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʦʨʛʢʦʤʽʪʝʪʫ, ʟʘʚʽʜʫʚʘʯ 

ʢʘʬʝʜʨʠ ʂʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʍʅʋ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʊʝʪʷʥʘ ɻʆɺʆʈʋʑɽʅʂʆ ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʂʦʤʧ'ʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾ 

ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʍʅʋ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʆʣʝʥʘ ɺʀʉʆʎʔʂɸ ï ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʈʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʙʽʦʤʝʜʠʯʥʠʭ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ʄ. ɭ. ɾʫʢʦʚʩʴʢʦʛʦ 

çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè, ʧʨʦʬʝʩʦʨ 

ɭʚʛʝʥʽʡ ʃɸɺʈʆɺ ï ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ (ʉʫʤʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 

ʃʶʜʤʠʣʘ ʊɯʄʆʌɭɭɺɸ ï ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʟʘ ʩʪʫʜʝʥʪʩʴʢʫ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʫ ʨʦʙʦʪʫ ʍʅʋ 

ʆʣʝʢʩʘʥʜʨ ʄɸɿʋʈɽʎʔ ï ʩʝʢʨʝʪʘʨ ʢʦʥʬʝʨʝʥʮʽʾ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 

ʂʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʍʅʋ 

ʄʘʨʠʥʘ ʄʆʃʏɸʅʆɺɸ ï ʩʝʢʨʝʪʘʨ ʢʦʥʬʝʨʝʥʮʽʾ, ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ 

ʂʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʍʅʋ 
 

ʂʆʅʊɸʂʊʅɸ ɯʅʌʆʈʄɸʎɯʗ: 

e-mail ʜʣʷ ʣʠʩʪʫʚʘʥʥʷ: apkt.khnu@gmail.com 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ʇʆʂʈɸʑɽʅʅʗ ʇɽʈɽɺɯʈʆʂ AML ʐʃʗʍʆʄ ɿʄɯʅʀ ʇɸʈɸɼʀɻʄʀ 

ʉʊɸɺʃɽʅʅʗ ʉʀʉʊɽʄʀ ɼʆ ʂʆɾʅʆɰ ʆʂʈɽʄʆɰ ʊʈɸʅɿɸʂʎɯɰ 
 
ʈʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ AML-ʧʨʦʮʝʜʫʨʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʧʝʨʝʚʽʨʦʢ AML ʰʣʷʭʦʤ 

ʟʤʽʥʠ ʧʘʨʘʜʠʛʤʠ ʩʪʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʜʦ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʪʨʘʥʟʘʢʮʽʾ. 

 

The results of statistical studies on the relevance and research of the AML procedure 

are considered. An approach to improving AML checks by changing the paradigm of the system's 

attitude to each individual transaction is proposed. 

 

AML -ʧʨʦʮʝʜʫʨʠ ʪʘ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʚ ʋʢʨʘʾʥʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʩʪʘʥʜʘʨʪʘʭ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʌʽʥʘʥʩʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʙʦʨʦʪʴʙʠ ʟ ʚʽʜʤʠʚʘʥʥʷʤ 

ʛʨʦʰʝʡ (FATF). ʆʩʥʦʚʥʠʤ ʟʘʢʦʥʦʤ, ʱʦ ʨʝʛʫʣʶʻ ʙʦʨʦʪʴʙʫ ʟ ʚʽʜʤʠʚʘʥʥʷʤ ʛʨʦʰʝʡ ʚ 

ʋʢʨʘʾʥʽ, ʻ ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʧʨʦʪʠʜʽʶ ʚʽʜʤʠʚʘʥʥʶ ʜʦʭʦʜʽʚ, 

ʦʜʝʨʞʘʥʠʭ ʟʣʦʯʠʥʥʠʤ ʰʣʷʭʦʤ, ʪʘ ʬʽʥʘʥʩʫʚʘʥʥʶ ʪʝʨʦʨʠʟʤʫè ʚʽʜ 14.10.2014 ʨ. ˉ 

1702-VIIè [1]. 

ɿʛʽʜʥʦ ʟ ʮʠʤ ʟʘʢʦʥʦʤ, ʙʘʥʢʠ ʪʘ ʽʥʰʽ ʬʽʥʘʥʩʦʚʽ ʫʩʪʘʥʦʚʠ ʟʦʙʦʚôʷʟʘʥʽ 

ʧʨʦʚʦʜʠʪʠ ɸML-ʧʨʦʮʝʜʫʨʠ, ʪʘʢʽ ʷʢ ʢʣʽʻʥʪʩʴʢʘ ʧʝʨʝʚʽʨʢʘ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʬʽʥʘʥʩʦʚʠʭ 

ʪʨʘʥʟʘʢʮʽʡ, ʪʘ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʟ ʦʨʛʘʥʘʤʠ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ ʚ ʮʽʡ ʩʬʝʨʽ. ʗʢ ʚʽʜʦʤʦ, 

ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʠʩʪʝʤ AML (Anti-Money Laundering)[2,3] ʫ ʩʬʝʨʽ ʢʨʠʧʪʦʚʘʣʶʪ 

ʻ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʦʩʪʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʘʢʪʠʚʽʚ ʫ ʧʨʦʪʠʟʘʢʦʥʥʠʭ ʦʧʝʨʘʮʽʷʭ, ʱʦ ʤʦʞʫʪʴ ʥʘʰʢʦʜʠʪʠ ʩʚʽʪʦʚʽ ʟʘʛʘʣʦʤ ʪʘ 

ʣʶʜʩʪʚʫ ʟʦʢʨʝʤʘ. ʆʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʧʦʢʨʘʱʠʪʠ ʧʨʦʮʝʩ 

ʧʨʦʪʠʜʽʾ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ML) ð ʨʝʘʣʽʟʘʮʽʾ ʩʮʝʥʘʨʽʾʚ 

ʧʦʚʝʜʽʥʢʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʚʯʝʥʥʷ ʦʜʥʦʪʠʧʥʠʭ 

ʩʠʪʫʘʮʽʡ. ʉʪʘʥʦʤ ʥʘ ʟʘʨʘʟ, ʤʝʪʦʜʦʣʦʛʽʯʥʘ ʙʘʟʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʝʪʘʧʽ ʩʪʘʥʦʚʣʝʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʜʦʩʪʝʤʝʥʥʦ ʥʝ ʚʽʜʦʤʽ ʫʩʽ ʤʦʞʣʠʚʦʩʪʽ ʄL, ʱʦ ʧʨʘʢʪʠʯʥʦ ʽʟ ʢʦʞʥʠʤ ʜʥʝʤ 

ʨʦʟʰʠʨʶʶʪʴʩʷ ʩʪʘʨʘʥʥʷʤʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʫʢʦʚʮʽʚ ʪʘ ʝʥʪʫʟʽʘʩʪʽʚ. ʆʜʥʘʢ ʩʪʘʥʦʤ 

ʥʘ ʟʘʨʘʟ, ʫʷʚʣʝʥʥʷ ʩʫʯʘʩʥʠʢʽʚ ʧʨʦ ML ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʘʨʘʜʠʛʤʽ ʧʨʠʨʦʜʠ ʣʶʜʩʴʢʦʛʦ 

ʤʠʩʣʝʥʥʷ ï ʨʘʮʽʦʥʘʣʴʥʠʡ ʧʦʰʫʢ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʜʝʜʫʢʮʽʾ. ʋ 

ʥʘʰʦʤʫ ʥʘʫʢʦʚʦʤʫ ʧʦʰʫʢʦʚʽ ʤʠ ʥʘʤʘʛʘʻʤʦʩʷ ʚʽʜʽʡʪʠ ʚʽʜ ʰʘʙʣʦʥʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ 

ʥʘʨʘʟʽ ʧʨʠʚʘʣʶʶʪʴ ʚ ʮʘʨʠʥʽ AML ʪʘ ʧʦʛʣʷʥʫʪʠ ʥʘ ʩʠʪʫʘʮʽʶ ʧʽʜ ʨʦʟʛʦʨʥʫʪʠʤ ʢʫʪʦʤ, 
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ʱʦ ʤʦʞʝ ʷʢʽʩʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʪʠʜʽʾ ʜʝʩʪʨʫʢʪʠʚʥʠʤ 

ʪʝʥʜʝʥʮʽʷʤ ʫ ʩʚʽʪʽ ʢʨʠʧʪʦʚʘʣʶʪ.  

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʠʪʫʘʮʽʾ ʟ ʨʦʟʚʠʪʢʦʤ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʤʝʨʝʞ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ, ʩʠʩʪʝʤʘʪʠʯʥʦ ʟʽʙʨʘʥʠʭ ʟ ʚʽʜʢʨʠʪʠʭ 

ʜʞʝʨʝʣ), ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʪʘ 2. 
 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʽʢʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʥʽʢʘʣʴʥʠʭ ʘʜʨʝʩ ʢʦʨʠʩʪʫʚʘʯʽʚ 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʨʠʩʫʥʢʫ 1, ʥʘ ʨʫʙʝʞʽ 20-ʭ ʨʦʢʽʚ XXI ʩʪʦʣʽʪʪʷ ʨʦʟʚʠʪʦʢ 

ʙʣʦʢʯʝʡʥʽʚ ʧʝʨʝʞʠʚʘʻ ʙʫʨʭʣʠʚʠʡ ʩʧʣʝʩʢ. ʅʘʨʘʟʽ ʜʣʷ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʪʘʢ 

ʚʘʞʣʠʚʽ ʘʙʩʦʣʶʪʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ ʜʠʥʘʤʽʢʘ ʾʭʥʴʦʛʦ ʟʙʽʣʴʰʝʥʥʷ. ʊʘʢʦʞ ʚʘʨʪʦ 

ʩʢʘʟʘʪʠ, ʱʦ ʩʘʤʝ ʧʽʩʣʷ 2020-ʛʦ ʨʦʢʫ ʚʽʜʙʫʣʠʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʤʽʥʠ ʚ ʨʦʙʦʪʽ 

ʙʣʦʢʯʝʡʥʫ Ethereum, ʱʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʣʦ ʤʦʞʣʠʚʦʩʪʽ ʤʝʨʝʞʽ ʪʘ ʧʨʠʚʘʙʠʣʦ ʱʝ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʨʦʟʨʦʙʥʠʢʽʚ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʫ ʮʽʥʥʽʩʪʴ ʜʣʷ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʽʥʬʦʨʤʘʮʽʷ ʩʘʤʝ ʧʨʦ ʧʝʨʝʚʽʨʢʫ ʪʨʘʥʟʘʢʮʽʡ, ʥʝʦʙʭʽʜʥʦ 

ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʭ. ʅʘ ʞʘʣʴ, ʦʪʨʠʤʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ ʟ ʨʷʜʫ ʧʨʠʯʠʥ: 

ï ʧʝʨʝʚʽʨʢʠ ʥʘʜʘʶʪʴʩʷ ʨʽʟʥʠʤʠ ʧʨʦʚʘʡʜʝʨʘʤʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʟʙʠʨʘʻ 

ʩʪʘʪʠʩʪʠʢʫ ʦʢʨʝʤʦ; 
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ï ʢʦʞʝʥ ʧʨʦʚʘʡʜʝʨ ʟʘʮʽʢʘʚʣʝʥʠʡ ʫ ʧʦʢʨʘʱʝʥʥʽ ʚʣʘʩʥʦʛʦ ʩʝʨʚʽʩʫ, ʪʦʤʫ 

ʩʪʝʞʠʪʴ ʟʘ ʟʙʝʨʝʞʝʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʥʝʤʦʞʣʠʚʦ ʫʟʘʛʘʣʴʥʠʪʠ ʜʘʥʽ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʧʝʨʝʚʽʨʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʫʥʽʢʘʣʴʥʽ ʧʽʜʭʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ.  

ʆʜʥʘʢ ʙʫʜʝ ʢʦʨʠʩʥʠʤ ʧʦʛʣʷʥʫʪʠ ʥʘ ʜʠʥʘʤʽʢʫ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʘʢʪʠʚʥʠʭ ʢʨʠʧʪʦ-ʛʘʤʘʥʮʽʚ ʫ ʩʚʽʪʽ, ʱʦ ʜʘʻ ʧʨʠʙʣʠʟʥʝ ʨʦʟʫʤʽʥʥʷ ʦʙʩʷʛʽʚ ʪʨʘʥʟʘʢʮʽʡ. 

ɸʜʞʝ ʷʢʱʦ ʛʘʤʘʥʝʮʴ ʘʢʪʠʚʥʠʡ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʨʘʥʟʘʢʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʾʭʥʶ ʧʝʨʝʚʽʨʢʫ. ʉʪʘʥʦʤ ʥʘ 2022-ʡ ʨʽʢ ʜʠʥʘʤʽʢʘ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʽʢʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʢʨʠʧʪʦ ʛʘʤʘʥʮʽʚ ʫ ʩʚʽʪʽ 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʨʠʩʫʥʢʫ 2, ʩʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʦʜʥʦʯʘʩʥʦ 

ʬʫʥʢʮʽʦʥʫʻ ʙʽʣʴʰʝ 90 ʤʽʣʴʡʦʥʽʚ ʢʨʠʧʪʦ ʛʘʤʘʥʮʽʚ. ʅʘ ʢʦʞʝʥ ʟ ʥʠʭ ʧʨʠʧʘʜʘʻ ʚʽʜ 1 ʜʦ 

ʥʝʣʽʤʽʪʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʟʘʢʮʽʡ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʎʝ ʜʘʻ ʧʦʚʝʨʭʥʝʚʝ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʦʙʩʷʛ ʤʘʩʠʚʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟôʷʚʣʷʶʪʴʩʷ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ML.  

ʊʦʤʫ ʪʝʤʘʪʠʢʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ AML -ʧʝʨʝʚʽʨʦʢ ʻ ʥʘʨʘʟʽ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ 

ʙʝʟʧʝʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʤʠ ʜʘʥʠʤʠ.  
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ʋ ʥʘʰʠʭ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ 

ʚʘʨʪʦʩʪʽ ʧʝʨʝʚʽʨʦʢ AML, ʛʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʟʤʽʥʽ ʧʘʨʘʜʠʛʤʠ 

ʩʪʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ AML ʜʦ ʢʦʞʥʦʾ ʥʘʩʪʫʧʥʦʾ ʪʨʘʥʟʘʢʮʽʾ. ʗʢʱʦ ʨʘʥʽʰʝ ʧʦʧʝʨʝʜʥʷ 

ʦʮʽʥʢʘ ʙʫʣʘ ʦʩʥʦʚʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʘʣʴʰʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʟʘʨʘʟ ʚʦʥʘ ʚʠʢʦʥʫʻ 

ʮʽʣʢʦʤ ʧʨʦʪʠʣʝʞʥʫ ʨʦʣʴ - ʟʘʙʦʨʦʥʫ ʪʨʘʥʟʘʢʮʽʾ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʥʘ ʧʨʝʜʤʝʪ 

ʤʦʞʣʠʚʦʩʪʽ, ʘ ʥʝ ʟʘʙʦʨʦʥʠ. ɼʣʷ ʮʴʦʛʦ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʨʦʟʛʣʷʜʘʻ ʪʨʘʥʟʘʢʮʽʶ ʟ 

ʨʽʟʥʠʭ ʙʦʢʽʚ ʪʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʧʦʩʣʘʙʣʝʥʥʷ ʥʝʛʘʪʠʚʥʦʾ ʦʮʽʥʢʠ.  

ʆʜʥʦʟʥʘʯʥʠʤʠ ʣʠʰʘʶʪʴʩʷ ʤʘʨʢʝʨʠ ʧʨʠʯʝʪʥʦʩʪʽ ʢʨʠʧʪʦʚʘʣʶʪʠ ʜʦ 

ʩʫʤʥʽʚʥʠʭ ʪʘ ʥʝʙʘʞʘʥʠʭ ʦʧʝʨʘʮʽʡ: 

ï ʤʘʨʢʝʨ ñʙʨʫʜʥʦʾò ʢʨʠʧʪʦʚʘʣʶʪʠ, ʚʽʜʤʽʯʝʥʠʭ ʫ ʧʦʧʝʨʝʜʥʽʭ ñʰʢʽʜʣʠʚʠʭò 

ʪʨʘʥʟʘʢʮʽʷʭ; 

ï ʟʘʣʠʰʢʦʚʠʡ ʤʘʨʢʝʨ, ʫ ʚʠʧʘʜʢʫ ʩʧʨʦʙ ʧʨʠʭʦʚʘʥʥʷ ʩʣʽʜʽʚ ʧʽʩʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʝʥʜʝʨʽʚ ʜʣʷ ʢʨʠʧʪʦʚʘʣʶʪ; 

ï ̔ ʥʰʽ ʷʚʥʽ ʧʨʠʯʠʥʠ ʟʘʙʦʨʦʥʠʪʠ ʪʨʘʥʟʘʢʮʽʶ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʙʩʪʘʚʠʥ.  

ɺʘʨʪʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʚʩʽ ʮʽ ʜʘʥʽ ð ʚʞʝ ʜʦʩʪʫʧʽ ʪʘ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ, ʣʠʰʝ ʧʝʨʝʚʽʨʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ ʜʣʷ ʦʙʯʠʩʣʝʥʴ ʥʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʤʘʶʪʴ ʙʫʪʠ ʟʘʟʜʘʣʝʛʽʜʴ ʤʝʥʰʠʤʠ, ʥʽʞ ʷʢʙʠ ʢʦʞʥʝ ʧʦʜʽʙʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʨʦʙʠʪʠ ʦʢʨʝʤʦ.  

ʅʘʜʘʣʽ ʘʣʛʦʨʠʪʤ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʛʣʷʜʫ ʪʠʧʦʚʠʭ ʚʠʷʚʣʝʥʠʭ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʧʘʜʢʽʚ 

ʰʘʭʨʘʡʩʪʚʘ. ʗʢ ʚʞʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʨʘʥʽʰʝ, ʢʽʣʴʢʽʩʪʴ ñʰʢʽʜʣʠʚʠʭò ʪʨʘʥʟʘʢʮʽʡ 

ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʽʩʪʴ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ñʢʦʨʠʩʥʠʤʠò. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʟʘʟʜʘʣʝʛʽʜʴ ʥʠʟʴʢʦʾ ʦʮʽʥʢʠ, ʩʣʽʜ ʦʧʨʘʮʶʚʘʪʠ ʤʝʥʰʠʡ ʤʘʩʠʚ ʜʘʥʠʭ, ʥʽʞ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʚʠʩʦʢʦʾ ʦʮʽʥʢʠ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʧʨʦʪʠʜʽʶ ʚʽʜʤʠʚʘʥʥʶ ʜʦʭʦʜʽʚ, ʦʜʝʨʞʘʥʠʭ ʟʣʦʯʠʥʥʠʤ 

ʰʣʷʭʦʤ, ʪʘ ʬʽʥʘʥʩʫʚʘʥʥʶ ʪʝʨʦʨʠʟʤʫè ʚʽʜ 14.10.2014 ʨ. ˉ 1702-VIIè URL: 

https://www.president.gov.ua/documents/2258-vi-11305 (ɼʦʩʪʫʧ 25.10.2023) 

2. ʑʦ ʪʘʢʝ AML ? URL: https://blog.whitebit.com/uk/what-is-anti-money-laundering/#heading-

text-0-8 (ɼʦʩʪʫʧ 25.04.2023) 

3. AML Anti Money Laundering URL: https://finap.com.ua/category/aml/ (ɼʦʩʪʫʧ 

01.11.2023) 
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ɸʪʘʤʘʥ ɺ.ʆ. 

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʆɻʃʗɼ ʊɽʍʅʆʃʆɻɯʁ ɼɺʆʌɸʂʊʆʈʅʆɰ ɸʋʊɽʅʊʀʌɯʂɸʎɯɰ ʊɸ ɰʍ 

ɺʇʈʆɺɸɼɾɽʅʅʗ ʋ ʄʆɹɯʃʔʅʀʍ ɼʆɼɸʊʂɸʍ 
 

ʈʦʟʛʣʷʥʫʪʦ ʪʝʭʥʦʣʦʛʽʾ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʘʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʟʘʭʠʩʪʫ ʦʩʦʙʠʩʪʠʭ ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ ʮʝ ʻ 

ʥʘʛʘʣʴʥʦʶ ʧʦʪʨʝʙʦʶ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʝʧʦʭʽ, ʜʝ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʥʠʢʘʶʪʴ ʫ ʢʦʞʥʫ 

ʩʬʝʨʫ ʞʠʪʪʷ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʷʢʽ ʩʪʘʣʠ ʯʘʩʪʠʥʦʶ ʞʠʪʪʷ 

ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʣʶʜʝʡ, ʥʘʜʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʟʘʚʜʘʥʥʷ ʚ 

ʦʥʣʘʡʥ-ʩʝʨʝʜʦʚʠʱʽ.  

 

The technologies of two-factor authentication and their implementation in mobile 

applications to ensure the security and protection of personal data have been discussed, as this is an 

urgent need in the information age, where digital technologies permeate every aspect of our lives. 

Mobile applications, in particular, have garnered significant attention, as they have become an 

integral part of life for most people, offering the capability to perform a wide range of tasks in the 

online environment. 

 
ɿʛʽʜʥʦ ʟʽ ʩʪʘʪʠʩʪʠʢʦʶ, ʚ 2021 ʨʦʮʽ ʤʦʙʽʣʴʥʽ ʧʨʦʛʨʘʤʠ ʙʫʣʠ ʟʘʚʘʥʪʘʞʝʥʽ ʥʘ 

ʧʨʠʩʪʨʦʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʽʣʴʰʝ 200 ʤʽʣʴʷʨʜʽʚ ʨʘʟʽʚ. ɿʘ ʜʘʥʠʤʠ Marketing Land, 57% 
ʯʘʩʫ, ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʮʠʬʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, - ʮʝ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʧʨʦʛʨʘʤʠ ʫ 
ʩʤʘʨʪʬʦʥʘʭ ʯʠ ʧʣʘʥʰʝʪʘʭ. ʄʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʤʽʮʥʦ ʫʚʽʡʰʣʠ ʚ ʞʠʪʪʷ: ʤʝʩʝʥʜʞʝʨʠ, 
ʙʘʥʢʽʥʛ, ʙʽʟʥʝʩ-ʜʦʜʘʪʢʠ, ʦʩʦʙʠʩʪʽ ʢʘʙʽʥʝʪʠ ʩʪʽʣʴʥʠʢʦʚʠʭ ʦʧʝʨʘʪʦʨʽʚ - ʟʘ ʩʫʯʘʩʥʦʛʦ 
ʨʠʪʤʫ ʞʠʪʪʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʜʘʪʢʠ ʱʦʜʥʷ. ɿʘ ʜʘʥʠʤʠ Juniper Research, 
ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʙʽʣʴʥʠʭ ʙʘʥʢʽʚʩʴʢʠʭ ʧʨʦʛʨʘʤ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 
ʜʚʦʭ ʤʽʣʴʷʨʜʽʚ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 40% ʚʩʴʦʛʦ ʜʦʨʦʩʣʦʛʦ ʥʘʩʝʣʝʥʥʷ. ʄʦʙʽʣʴʥʠʤ 
ʙʘʥʢʦʤ ʢʦʨʠʩʪʫʻʪʴʩʷ ʢʦʞʝʥ ʪʨʝʪʽʡ (34%) ʚʽʢʦʤ ʚʽʜ 18 ʨʦʢʽʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʚʦʬʘʢʪʦʨʥʦʾ 
ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʾʭ ʤʦʞʣʠʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʘʭ, ʟ ʤʝʪʦʶ 
ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ ʟʘʭʠʩʪʫ ʦʩʦʙʠʩʪʠʭ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɹʝʟʧʝʢʘ ʚ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʘʭ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 
ʚʧʣʠʚʘʻ ʥʘ ʟʘʭʠʩʪ ʦʩʦʙʠʩʪʠʭ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʜʦʚʽʨʫ ʩʧʦʞʠʚʘʯʽʚ, ʟʘʢʦʥʥʽʩʪʴ ʪʘ 
ʩʪʽʡʢʽʩʪʴ ʙʽʟʥʝʩ-ʦʧʝʨʘʮʽʡ, ʘ ʪʘʢʦʞ ʥʘ ʨʝʧʫʪʘʮʽʶ ʪʘ ʫʩʧʽʭ ʨʦʟʨʦʙʥʠʢʽʚ ʤʦʙʽʣʴʥʠʭ 
ʜʦʜʘʪʢʽʚ. 

ʈʠʟʠʢʠ ʚʠʥʠʢʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʯʝʨʝʟ ʦʢʨʝʤʽ ʚʨʘʟʣʠʚʦʩʪʽ ʥʘ ʢʣʽʻʥʪʽ ʘʙʦ ʩʝʨʚʝʨʽ; 
ʯʘʩʪʦ ʟʘʛʨʦʟʠ ʦʙʫʤʦʚʣʝʥʽ ʢʽʣʴʢʦʤʘ, ʟʜʘʚʘʣʦʩʷ ʙ, ʥʝʟʥʘʯʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʚ ʨʽʟʥʠʭ 
ʯʘʩʪʠʥʘʭ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ, ʷʢʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ 



ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ 

 ȬȻȶȹ-2023 17 

ʥʘʩʣʽʜʢʽʚ, ʘʞ ʜʦ ʬʽʥʘʥʩʦʚʠʭ ʟʙʠʪʢʽʚ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʨʝʧʫʪʘʮʽʡʥʠʭ ʚʪʨʘʪ ʜʣʷ 
ʚʠʨʦʙʥʠʢʘ. 

ɼʚʦʬʘʢʪʦʨʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ (2FA) ʚʽʜʽʛʨʘʻ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 
ʙʝʟʧʝʢʠ ʚ ʨʽʟʥʠʭ ʦʥʣʘʡʥ-ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʶʯʠ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ. ʇʝʨʝʚʘʛʠ 2FA: 

1. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ 
2. ɿʘʭʠʩʪ ʚʽʜ ʬʽʰʠʥʛʫ 
3. ɿʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʘʪʘʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʪʦʢʫ ʧʘʨʦʣʽʚ 
4. ɼʦʜʘʪʢʦʚʘ ʙʝʟʧʝʢʘ ʧʨʠ ʚʪʨʘʪʽ ʧʨʠʩʪʨʦʶ 
5. ɿʘʭʠʩʪ ʚʽʜ ʙʨʫʪʬʦʨʩ-ʘʪʘʢ 
6. ɿʘʭʠʩʪ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʦʩʦʙʠʩʪʠʭ ʜʘʥʠʭ 
7. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʢʦʥʦʜʘʚʩʪʚʫ ʧʨʦ ʟʘʭʠʩʪ ʜʘʥʠʭ 
ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʷʢʽ ʤʦʞʥʘ ʚʧʨʦʚʘʜʠʪʠ 

ʚ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʘʭ. ʂʦʞʝʥ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. 
SMS-ʧʦʚʽʜʦʤʣʝʥʥʷ (OTP). ʇʝʨʝʚʘʛʠ: ʎʝʡ ʤʝʪʦʜ ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ ʪʘ ʟʨʫʯʥʠʡ 

ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. OTP-ʢʦʜʠ ʥʘʜʭʦʜʷʪʴ ʯʝʨʝʟ sms ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʢʦ ʚʚʝʜʝʥʽ ʜʣʷ 
ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʽʜʝʥʪʠʯʥʦʩʪʽ. ʅʝʜʦʣʽʢʠ: SMS-ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 
ʧʽʜʪʚʝʨʜʞʝʥʽ ʧʝʨʝʭʦʧʣʝʥʥʶ ʘʙʦ ʥʝ ʥʘʜʭʦʜʠʪʠ ʚ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ. 
ʊʘʢʦʞ ʻ ʨʠʟʠʢ, ʱʦ SIM-ʢʘʨʪʫ ʤʦʞʫʪʴ ʚʟʷʪʠ ʚ ʟʘʨʫʯʥʠʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ OTP-ʢʦʜʽʚ. 

ɻʝʥʝʨʘʮʽʷ OTP ʚ ʤʦʙʽʣʴʥʦʤʫ ʜʦʜʘʪʢʫ. ʇʝʨʝʚʘʛʠ: ʄʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʷʢ 
Google Authenticator ʘʙʦ Authy, ʛʝʥʝʨʫʶʪʴ OTP-ʢʦʜʠ ʙʝʟ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ, ʱʦ 
ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ ʥʘʜʽʡʥʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ sms-ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. ɺʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ 
ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʦʬʣʘʡʥ. ʅʝʜʦʣʽʢʠ: ɺ ʨʘʟʽ ʚʪʨʘʪʠ ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʷ ʩʤʘʨʪʬʦʥʘ, 
ʜʦʩʪʫʧ ʜʦ OTP-ʢʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʚʪʨʘʯʝʥʦ. ʊʘʢʦʞ, ʨʝʟʝʨʚʥʽ ʢʦʧʽʾ ʢʦʜʽʚ ʧʦʚʠʥʥʽ 
ʟʙʝʨʽʛʘʪʠʩʷ ʙʝʟʧʝʯʥʦ. 

E-mail-ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ʇʝʨʝʚʘʛʠ: ʂʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʝʣʝʢʪʨʦʥʥʠʡ ʣʠʩʪ ʽʟ 
ʧʦʩʠʣʘʥʥʷʤ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʦʩʪʫʧʫ. ʎʝ ʜʦʩʠʪʴ ʟʨʫʯʥʦ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʠʡ 
ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. ʅʝʜʦʣʽʢʠ: E-mail ʤʦʞʝ ʙʫʪʠ ʚʨʘʟʣʠʚʠʡ ʥʘ ʘʪʘʢʠ ʬʽʰʠʥʛʫ ʘʙʦ 
ʧʝʨʝʭʦʧʣʝʥʥʷ ʣʠʩʪʽʚ. ʊʘʢʦʞ, ʮʝʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʧʦʚʽʣʴʥʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 
ʩʧʦʩʦʙʘʤʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʣʠʰʝ ʚʚʝʜʝʥʥʷ ʢʦʜʫ. 

ɹʽʦʤʝʪʨʠʯʥʽ ʜʘʥʽ (ʚʽʜʙʠʪʢʠ ʧʘʣʴʮʽʚ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ). ʇʝʨʝʚʘʛʠ: 
ɹʽʦʤʝʪʨʠʯʥʽ ʜʘʥʽ ʥʘʜʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʨʫʯʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʝ 
ʧʦʪʨʽʙʥʦ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ ʧʘʨʦʣʽ ʘʙʦ OTP-ʢʦʜʠ. ʅʝʜʦʣʽʢʠ: ɹʽʦʤʝʪʨʠʯʥʽ ʜʘʥʽ ʤʦʞʫʪʴ 
ʙʫʪʠ ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʽ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʽ ʙʝʟ ʜʦʟʚʦʣʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʊʘʢʦʞ ʥʝ ʟʘʚʞʜʠ 
ʜʦʩʪʫʧʥʽ ʥʘ ʚʩʽʭ ʧʨʠʩʪʨʦʷʭ. 

ʌʽʟʠʯʥʠʡ ʢʣʶʯ (ʧʨʠʩʪʨʽʡ ʜʣʷ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ). ʇʝʨʝʚʘʛʠ: 
ʬʽʟʠʯʥʽ ʢʣʶʯʽ ʜʫʞʝ ʥʘʜʽʡʥʽ, ʦʩʢʽʣʴʢʠ ʾʭ ʬʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʧʽʜʨʦʙʠʪʠ ʚ ʦʥʣʘʡʥ-
ʩʝʨʝʜʦʚʠʱʽ. ʅʝʜʦʣʽʢʠ: ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʪʨʘʯʝʥʽ ʘʙʦ ʧʦʰʢʦʜʞʝʥʽ; ʢʦʨʠʩʪʫʚʘʯʘʤ 
ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʬʽʟʠʯʥʠʡ ʢʣʶʯ ʧʨʠ ʩʦʙʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʥʝ ʜʫʞʝ ʟʨʫʯʥʦ. 

ʇʨʠ ʚʠʙʦʨʽ ʤʝʪʦʜʫ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʚ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʘʭ 
ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʥʠʟʢʫ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ ʪʘ ʟʘʛʨʦʟ, ʱʦʙ 
ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʙʝʟʧʝʢʦʶ ʪʘ ʟʨʫʯʥʽʩʪʶ. 

ɿʨʫʯʥʽʩʪʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥ.̫ ʂʦʨʠʩʪʫʚʘʯʽ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʤʝʪʦʜʘʤ, ʷʢʽ ʻ 
ʟʨʫʯʥʠʤʠ ʪʘ ʣʝʛʢʠʤʠ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ɺʘʞʣʠʚʦ, ʱʦʙ ʤʝʪʦʜ ʜʚʦʬʘʢʪʦʨʥʦʾ 
ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʥʝ ʤʝʰʢʘʚ ʟʚʠʯʥʦʤʫ ʢʦʨʠʩʪʫʚʘʥʥʶ ʜʦʜʘʪʢʦʤ. 
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ʈʽʚʝʥʴ ʙʝʟʧʝʢʠ. ʈʽʚʝʥʴ ʙʝʟʧʝʢʠ ʤʝʪʦʜʫ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʭʘʨʘʢʪʝʨʫ 
ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʘʥʠʭ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʜʦʜʘʪʢʫ. ɼʣʷ ʜʫʞʝ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ 
ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠʩʷ ʩʠʣʴʥʽʰʽ ʤʝʪʦʜʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. 

ɺʘʨʪʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ. ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʚʘʨʪʽʩʪʴ 
ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ɼʝʷʢʽ 
ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʨʦʞʯʠʤʠ ʘʙʦ ʚʠʤʘʛʘʪʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʜʦʩʪʫʧʫ. ɺʘʞʣʠʚʦ ʤʘʪʠ ʤʝʭʘʥʽʟʤ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ 
ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ ʫ ʨʘʟʽ ʚʪʨʘʪʠ ʦʜʥʦʛʦ ʟ ʬʘʢʪʦʨʽʚ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʘʙʦ ʽʥʰʠʭ 
ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʩʠʪʫʘʮʽʡ. 

ɿʘʛʨʦʟʠ ʙʝʟʧʝʮʽ. ʂʦʨʠʩʪʫʚʘʯʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ 
ʙʝʟʧʝʮʽ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʩʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʫ. 
ʅʘʧʨʠʢʣʘʜ, ʘʪʘʢʠ ʥʘ ʦʙʣʽʢʦʚʽ ʟʘʧʠʩʠ, ʢʨʘʜʽʞʢʘ ʧʨʠʩʪʨʦʶ ʯʠ ʧʝʨʝʭʦʧʣʝʥʥʷ sms-
ʧʦʚʽʜʦʤʣʝʥʴ. 

ɹʽʦʤʝʪʨʠʯʥʽ ʜʘʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ (ʚʽʜʙʠʪʢʠ ʧʘʣʴʮʽʚ, 
ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ) ʤʦʞʝ ʟʨʦʙʠʪʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʙʽʣʴʰ ʟʨʫʯʥʦʶ, ʘʣʝ ʚʘʨʪʦ 
ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʪʦʢʫ ʮʠʭ ʜʘʥʠʭ. 

ʈʝʟʝʨʚʥʽ ʤʝʪʦʜʠ. ʂʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʨʝʟʝʨʚʥʠʭ 
ʤʝʪʦʜʽʚ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʦʩʥʦʚʥʠʡ 
ʤʝʪʦʜ ʥʝʜʦʩʪʫʧʥʠʡ. 

ʏʘʩ ʪʘ ʤʽʩʮʝ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʪʫʘʮʽʾ, ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʽʜʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ 
ʧʝʚʥʠʤ ʤʝʪʦʜʘʤ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʪʘ ʤʽʩʮʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʜʦʜʘʪʢʘ. 

ɯʥʪʝʛʨʘʮʽʷ ʟ ʽʥʰʠʤʠ ʩʣʫʞʙʘʤʠ. ɼʝʷʢʽ ʤʝʪʦʜʠ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 
ʤʦʞʫʪʴ ʣʝʛʰʝ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʽʥʰʠʤʠ ʩʣʫʞʙʘʤʠ ʪʘ ʜʦʜʘʪʢʘʤʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ 
ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʚʠʙʦʨʫ. 

ʆʪʞʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʚ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʻ 
ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʧʽʜʚʠʱʝʥʥʽ ʙʝʟʧʝʢʠ ʚ ʦʥʣʘʡʥ-ʩʝʨʝʜʦʚʠʱʽ. ʂʦʨʠʩʪʫʚʘʯʽ ʧʦʚʠʥʥʽ 
ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʪʨʝʙʠ ʪʘ ʟʘʛʨʦʟʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʾʭ ʦʙʣʽʢʦʚʠʭ ʟʘʧʠʩʽʚ 
ʪʘ ʜʘʥʠʭ ʫ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʘʭ, ʧʨʠ ʚʠʙʦʨʽ ʤʝʪʦʜʫ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. 
ʊ̔ ʣʴʢʠ ʟʨʦʟʫʤʽʚʰʠ ʮʽ ʘʩʧʝʢʪʠ, ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʠʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʡ ʪʘ 
ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʩʚʦʾʭ ʜʘʥʠʭ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʘʭʠʩʪʠʪʠ 
ʦʩʦʙʠʩʪʽ ʜʘʥʽ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʾʤ 
ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʚʧʝʚʥʝʥʦʩʪʽ ʫ ʙʝʟʧʝʮʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. ʋ 
ʤʘʡʙʫʪʥʴʦʤʫ ʨʦʟʨʦʙʥʠʢʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʧʦʚʠʥʥʽ ʧʨʦʜʦʚʞʫʚʘʪʠ ʜʦʩʣʽʜʞʫʚʘʪʠ 
ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʤʝʪʦʜʠ ʜʚʦʬʘʢʪʦʨʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʱʦʙ ʚʽʜʧʦʚʽʜʘʪʠ 
ʟʨʦʩʪʘʶʯʠʤ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ ʚ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʉʇʆʉʆɹʀ ʇʆɹʋɼʆɺʀ ɼɽʊɽʂʊʀʅɻʋ ʆɹôɭʂʊɯɺ ʋ ʈɽɸʃʔʅʆʄʋ ʉɺɯʊɯ 
 

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʜʣʷ ʜʝʪʝʢʪʦʨʘ ʦʙ'ʻʢʪʽʚ ʪʘ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʨʝʘʣʴʥʽ ʧʨʦʛʨʘʤʠ, ʜʦʩʪʫʧʥʽ ʚ App Store ʽ Google Play, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʝʭʥʦʣʦʛʽʶ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʜʝʪʝʢʪʦʨʘ ʦʙôʻʢʪʽʚ ʫ 

ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ.  

 

The methods of creating a data source for object detector are considered and real 

programs available in the App Store and Google Play are demonstrated using object detection 

technology. An approach to creating object detector in the real world is proposed. 

 

ɺʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʛʘʣʫʟʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ 

ʟʦʨʫ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʎʝ ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʽ ʩʬʝʨʘʭ, 

ʩʧʨʠʷʶʯʠ ʽʥʥʦʚʘʮʽʷʤ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʙʝʟʧʝʢʠ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ 

ʜʦʩʚʽʜʫ. ʅʘʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʻ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʩʪʘʚʠʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ. ʋ 

ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ ʛʘʣʫʟʽ, ʜʝ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʦʟʧʽʟʥʘʚʘʯʽ ʦʙôʻʢʪʽʚ. 

ʈʦʟʫʤʽʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʛʘʣʫʟʝʡ ʪʘ ʟʘʩʪʦʩʫʥʢʽʚ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʜʦʧʦʤʘʛʘʻ 

ʜʦʩʣʽʜʥʠʢʘʤ, ʨʦʟʨʦʙʥʠʢʘʤ ʪʘ ʬʘʭʽʚʮʷʤ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʩʚʦʾ ʧʽʜʭʦʜʠ ʪʘ ʤʝʪʦʜʠ ʟʙʦʨʫ 

ʜʘʥʠʭ, ʱʦʙ ʚʠʨʽʰʠʪʠ ʫʥʽʢʘʣʴʥʽ ʚʠʢʣʠʢʠ ʪʘ ʚʠʤʦʛʠ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʗʢʽʩʪʴ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʻ ʚʠʨʽʰʘʣʴʥʠʤʠ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʪʦʯʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʫ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʥʢʘʭ. 

ʉʧʨʘʚʞʥʽʤ ʢʣʶʯʝʤ ʜʦ ʫʩʧʽʭʫ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʻ ʷʢʽʩʪʴ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʥʘʪʠ ʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʭʝʤʘʪʠʯʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʆʪʞʝ, ʧʝʨʰʠʡ ʝʪʘʧ ï ʮʝ ʟʙʽʨ ʜʘʥʠʭ. ɿʙʽʨ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʟʦʙʨʘʞʝʥʴ ʘʙʦ 

ʚʽʜʝʦ, ʥʘ ʷʢʠʭ ʨʝʘʣʴʥʽ ʦʙ'ʻʢʪʠ ʧʦʢʘʟʘʥʽ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʪʘ ʪʦʯʢʘʭ ʟʦʨʫ. ɼʣʷ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʽ ʚʘʞʣʠʚʦ ʤʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ - 

ʧʦʟʥʘʯʝʥʥʷ ʜʘʥʠʭ. ʇʽʩʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʩʣʽʜ ʨʦʟʤʽʪʠʪʠ ʦʙ'ʻʢʪʠ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʯʠ 

ʚʽʜʝʦ. ʎʷ ʨʦʟʤʽʪʢʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʢʣʘʩ ʦʙ'ʻʢʪʘ ʥʘ 

ʢʦʞʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ʎʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʙʘʛʘʪʦ ʯʘʩʫ ʪʘ ʪʨʫʜʥʦʱʽʚ, ʘʣʝ ʚʽʥ 

ʚʘʞʣʠʚʠʡ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʦʯʥʦʾ ʤʦʜʝʣʽ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ. ʇʽʜʛʦʪʦʚʢʘ ʜʘʥʠʭ 

ʧʦʪʨʝʙʫʻ ʧʽʜʛʦʪʫʚʘʪʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ, ʚʢʣʶʯʘʶʯʠ ʾʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʦʙʨʽʟʢʫ 

ʪʘ ʥʦʨʤʘʣʽʟʘʮʽʶ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʤʦʜʝʣʽ ʥʘʚʯʘʪʠʩʷ ʝʬʝʢʪʠʚʥʽʰʝ ʪʘ ʰʚʠʜʰʝ.  

ɼʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʽʩʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʚʘʞʣʠʚʦ ʦʮʽʥʶʚʘʪʠ ʾʾ 
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ʪʦʯʥʽʩʪʴ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʟʘ ʧʦʪʨʝʙʠ. ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʽʜʪʨʠʤʢʫ ʪʘ 

ʦʥʦʚʣʝʥʥʷ ʤʦʜʝʣʽ, ʦʩʢʽʣʴʢʠ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʫʤʦʚʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʟ ʯʘʩʦʤ.   

 

ʊʘʙʣʠʮʷ 1 ï ɻʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʯʽʚ ʦʙôʻʢʪʽʚ 

ɻʘʣʫʟʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʆʧʠʩ 

ɸʚʪʦʥʦʤʥʽ 

ʘʚʪʦʤʦʙʽʣʽ 

ʋ ʛʘʣʫʟʽ ʘʚʪʦʥʦʤʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʚʽʜʽʛʨʘʻ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʾʭ ʩʧʨʠʡʥʷʪʪʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɿʜʘʪʥʽʩʪʴ ʚʠʷʚʣʷʪʠ 

ʧʽʰʦʭʦʜʽʚ, ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʜʦʨʦʞʥʽ ʟʥʘʢʠ ʪʘ ʧʝʨʝʰʢʦʜʠ 

ʻ ʢʨʠʪʠʯʥʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ 

ʘʚʪʦʥʦʤʥʦʛʦ ʨʫʭʫ 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ 

ʪʘ ʙʝʟʧʝʢʘ 

ʉʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʷʚʣʝʥʥʷ 

ʦʙ'ʻʢʪʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʽʜʦʟʨʽʣʠʭ ʜʽʡ, 

ʟʣʦʚʤʠʩʥʠʢʽʚ ʯʠ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ɼʦʧʦʚʥʝʥʘ 

ʨʝʘʣʴʥʽʩʪʴ 

ɺʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʻ ʢʣʶʯʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʫ ʟʘʩʪʦʩʫʥʢʘʭ 

ʨʦʟʰʠʨʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (AR). ʈʦʟʧʽʟʥʘʚʰʠ ʪʘ ʚʽʜʩʪʝʞʠʚʰʠ 

ʦʙ'ʻʢʪʠ ʫ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ, ʩʠʩʪʝʤʠ AR ʤʦʞʫʪʴ ʥʘʢʣʘʜʘʪʠ 

ʚʽʨʪʫʘʣʴʥʽ ʦʙ'ʻʢʪʠ ʯʠ ʽʥʬʦʨʤʘʮʽʶ ʙʝʟʧʝʨʝʰʢʦʜʥʦ, 

ʟʙʘʛʘʯʫʶʯʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ ʫ ʛʘʣʫʟʷʭ ʛʨʠ, ʦʩʚʽʪʠ ʪʘ 

ʤʘʨʢʝʪʠʥʛʫ 

ɽʣʝʢʪʨʦʥʥʘ 

ʪʦʨʛʽʚʣʷ ʪʘ 

ʨʦʟʜʨʽʙʥʘ 

ʪʦʨʛʽʚʣʷ 

ʋ ʩʬʝʨʽ ʝʣʝʢʪʨʦʥʥʦʾ ʪʦʨʛʽʚʣʽ ʪʘ ʨʦʟʜʨʽʙʥʦʾ ʪʦʨʛʽʚʣʽ 

ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʜʦʧʦʤʦʛʘʻ ʚʠʢʦʥʫʚʘʪʠ ʚʽʟʫʘʣʴʥʠʡ ʧʦʰʫʢ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ 

ɯʥʢʣʶʟʠʚʥʽʩʪʴ ʊʝʭʥʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʜʣʷ ʦʩʽʙ ʟ ʚʽʟʫʘʣʴʥʠʤʠ 

ʧʦʨʫʰʝʥʥʷʤʠ. ɯʜʝʥʪʠʬʽʢʫʶʯʠ ʪʘ ʦʧʠʩʫʶʯʠ ʦʙ'ʻʢʪʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʮʽ ʟʘʩʪʦʩʫʥʢʠ ʜʦʧʦʤʘʛʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʝʬʝʢʪʠʚʥʦ ʦʨʽʻʥʪʫʚʘʪʠʩʴ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʄʝʜʠʯʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʋ ʤʝʜʠʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʘʥʦʤʘʣʽʡ 

ʯʠ ʢʦʥʢʨʝʪʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, 

ʩʧʨʠʷʶʯʠ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʧʣʘʥʫʚʘʥʥʶ ʣʽʢʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚʠʷʚʣʝʥʥʷ ʧʫʭʣʠʥ ʥʘ MRI-ʟʥʽʤʢʘʭ ʪʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʢʣʽʪʠʥ ʥʘ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ 
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ʈʠʩʫʥʦʢ 1 ï ɽʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʜʝʪʝʢʪʦʨʘ ʦʙôʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ 

 

ʑʦʙ ʨʝʘʣʽʟʫʚʘʪʠ ʨʦʟʧʽʟʥʘʚʘʯ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʘ ʢʦʥʢʨʝʪʥʦ ʥʘ iOS, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʨʝʡʤʚʦʨʢ Apple Create ML[1,2] - ʮʝ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʥʘʜʘʻ 

ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʧʣʘʪʬʦʨʤʘʭ Apple, 

ʪʘʢʠʭ ʷʢ iOS ʪʘ macOS. ɺʽʥ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʣʝʛʢʦ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʥʘʚʯʘʪʠ 

ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʘʙʦ ʚʣʘʩʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ.  

ʇʦʜʘʣʴʰʽ ʟʫʩʠʣʣʷ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʟʽ ʟʙʦʨʦʤ ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ, ML-ʬʨʝʡʤʚʦʨʢʦʤ 

ʜʣʷ ʾʾ ʪʨʝʥʫʚʘʥʥʷ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʚʽʜʩʦʪʢʫ ʫʩʧʽʰʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʪʘ 

ʧʦʜʘʣʴʰʦʾ  ʽʥʪʝʛʨʘʮʽʾ ʫ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 
1. Create ML. Create machine learning models for use in your app. URL: 

https://developer.apple.com/documentation/createml (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 27.09.2023) 

2. Create ML Tutorial: Getting Started URL: https://www.kodeco.com/5653-create-ml-tutorial-

getting-started (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 28.09.2023) 

3. ɹʘʰʪʘ ɸ.ʈ., ʇʘʚʣʦʚʘ ʆ.ʆ., ʄʝʪʦʜ ʧʨʘʢʪʠʯʥʦʾ ʧʦʙʫʜʦʚʠ ʨʦʟʧʽʟʥʘʚʘʯʘ ʦʙôʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ 
ʩʚʽʪʽ, çʂʦʤʧ'ʶʪʝʨʥʽ ʽʛʨʠ ʽ ʤʫʣʴʪʠʤʝʜʽʘ ʷʢ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʤʫʥʽʢʘʮʽʾ - 2023è, 28-

29 ʚʝʨʝʩʥʷ 2023, ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, ʩ. 160-162 
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ɹʽʣʽʥʩʴʢʘ ɸ.ɭ. 

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʇɯɼʉʀʉʊɽʄʀ ɺʀɿʅɸʏɽʅʅʗ ɹɽɿʇɽʏʅʆɰ ɺɯɼʉʊɸʅɯ 

ʇɯɼ ʏɸʉ ɺʆɼɯʅʅʗ ɸɺʊʆʄʆɹɯʃʗ ɿɸ ɼʆʇʆʄʆɻʆʖ ʂʆʄʇôʖʊɽʈʅʆɻʆ 

ɿʆʈʋ 
 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʝʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʦʜʥʽʻʾ ʟ ʧʽʜʩʠʩʪʝʤ ʩʠʩʪʝʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ, ʘ ʩʘʤʝ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ, 

ʷʢʘ ʙ ʜʦʧʦʤʦʛʣʘ ʟʤʝʥʰʠʪʠ ʪʨʘʛʽʯʥʫ ʩʪʘʪʠʩʪʠʢʫ ʥʘ ʜʦʨʦʟʽ. ɼʘʥʽ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ɼʊʇ 

ʩʧʨʠʯʠʥʝʥʠʭ ʥʝʜʦʪʨʠʤʘʥʥʷʤ ʜʠʩʪʘʥʮʽʾ ʧʦʢʘʟʫʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʾ ʪʝʤʘʪʠʢʠ. ʋ ʜʘʥʽʡ 

ʩʪʘʪʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʦʛʣʷʜ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤ ʜʽʾ ʤʘʡʙʫʪʥʴʦʾ ʧʽʜʩʠʩʪʝʤʠ. 

 

The article discusses the stages of creating one of the subsystems of the road traffic 

accident prevention system, namely, determining the safe distance between cars, which would help 

reduce tragic statistics on the road. The data on the number of traffic accidents caused by failure to 

maintain the distance shows the relevance of this topic. This article reviews various options for 

solving this problem, models of subsystem and describes the algorithm of the future subsystem. 

 

ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʜʦʨʦʛʘʭ, ʘ ʨʘʟʦʤ 

ʽʟ ʥʠʤʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʨʘʛʽʯʥʠʭ ʩʠʪʫʘʮʽʡ. ɿʘ ʧʝʨʰʝ ʧʽʚʨʽʯʯʷ 2021 ʨʦʢʫ 

ʩʪʘʣʦʩʷ ʧʦʥʘʜ 86 ʪʠʩʷʯ ɼʊʇ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʻ ʥʝʜʦʪʨʠʤʘʥʥʷ ʜʠʩʪʘʥʮʽʾ, 

ʟʘ ʜʘʥʠʡ ʧʝʨʽʦʜ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 14 675 ʚʠʧʘʜʢʽʚ. ɿʘ ʜʘʥʦʶ ʧʨʠʯʠʥʦʶ ʦʬʽʮʽʡʥʽ ʜʘʥʽ 

ʬʽʢʩʫʶʪʴ 709 ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʘ 27 ʟʘʛʠʙʣʠʭ [1]. ʊʦʤʫ ʩʠʩʪʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ 

ʚʽʜʩʪʘʥʽ ʧʽʜ ʯʘʩ ʚʦʜʽʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ. 

ɼʣʷ ʧʦʯʘʪʢʫ ʨʦʟʨʦʙʢʠ ʧʽʜʩʠʩʪʝʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʟʘ 

ʩʭʦʞʦʶ ʪʝʤʘʪʠʢʦʶ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ ʨʽʟʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʚʪʦʤʦʙʽʣʷ (ʜʦʚʞʠʥʘ/ʚʠʩʦʪʘ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʚʦʨʝʥʥʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ [2]. ʎʷ ʩʠʩʪʝʤʘ ʻ ʜʦʩʠʪʴ ʧʨʦʩʪʦʶ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʜʝʤʦʥʩʪʨʫʻ 

ʟʥʘʯʥʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. ɯʥʰʽ ʚʯʝʥʽ [3] ʧʨʝʜʩʪʘʚʠʣʠ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʛʦʨʪʢʦʚʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ (CNN) ʪʘ ʤʘʩʢʫ R-CNN ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ. ʉʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʤʦʞʝ ʨʦʟʨʦʙʣʷʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ ʢʘʤʝʨ [4]. ɺʽʜʩʪʘʥʴ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʦʙʨʘʞʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʦʙʦʭ ʢʘʤʝʨʘʭ, ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʢʘʤʝʨʘʤʠ ʪʘ ʢʫʪʘ ʧʦʣʷ ʟʦʨʫ ʢʘʤʝʨ.  
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ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ 

 

ʋ ʽʥʰʽʡ ʩʪʘʪʪʽ [5] ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ, ʱʦ ʢʦʤʙʽʥʫʻ ʟʛʦʨʪʢʦʚʫ 

ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ (CNN) ʟ ʤʝʪʦʜʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʧʽʟʥʘʚʘʪʠ 

ʥʘ ʤʘʣʦʧʦʪʫʞʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʤʘʣʦʾ ʬʦʨʤʠ. ʎʽ ʧʣʘʪʬʦʨʤʠ ʻ ʣʝʛʢʠʤʠ, ʧʦʨʪʘʪʠʚʥʠʤʠ 

ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʘʚʪʦʥʦʤʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʧʨʠ ʜʝʥʥʦʤʫ 

ʦʩʚʽʪʣʝʥʥʽ. 
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ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʜʽʘʛʨʘʤʠ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, ʷʢʫ ʟʦʙʨʘʞʝʥʦ 

ʥʘ ʨʠʩʫʥʢʫ 1. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʦʩʥʦʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʩʠʩʪʝʤʘ ʦʪʨʠʤʫʻ ʚʭʽʜʥʽ ʜʘʥʽ ʫ 

ʚʠʛʣʷʜʽ ʚʽʜʝʦʧʦʪʦʢʫ. ʂʦʞʝʥ ʢʘʜʨ ʮʴʦʛʦ ʧʦʪʦʢʫ ʘʥʘʣʽʟʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʪʘʢʠʭ ʷʢ ʤʝʪʦʜʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʧʦʧʝʨʝʜʫ. ʇʝʨʰ ʥʽʞ ʨʦʟʧʦʯʘʪʠ ʘʥʘʣʽʟ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ. ɺʽʜ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘʧʨʷʤʫ 

ʟʘʣʝʞʠʪʴ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʚʽʜʩʪʘʥʽ, ʟʛʽʜʥʦ ʟʘʟʥʘʯʝʥʠʤ ʥʦʨʤʘʤ. 

ɼʘʣʽ ʩʠʩʪʝʤʘ ʨʦʟʧʦʯʠʥʘʻ ʧʦʰʫʢ ʘʚʪʦʤʦʙʽʣʷ ʧʦʧʝʨʝʜʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʽʚ ʚʠʟʥʘʯʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʢʘʜʨʘʭ, ʚʦʥʘ ʚʩʪʘʥʦʚʣʶʻ ʥʘʷʚʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʪʘ 

ʡʦʛʦ ʢʦʦʨʜʠʥʘʪʠ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʦʤʫ ʘʚʪʦʤʦʙʽʣʶ ʧʨʠʩʚʦʶʻʪʴʩʷ ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʧʠʩʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ. ʗʢʱʦ ʜʦʨʦʞʥʽʡ ʪʨʘʥʩʧʦʨʪ ʥʝ ʙʫʚ 

ʚʠʟʥʘʯʝʥʠʡ, ʪʦ ʧʦʰʫʢ ʧʨʦʜʦʚʞʫʻʪʴʩʷ. 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʘʚʪʦʤʦʙʽʣʷ ʧʦʧʝʨʝʜʫ ʩʠʩʪʝʤʘ ʦʙʯʠʩʣʶʻ 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʮʴʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ 

ʚʠʟʥʘʯʝʥʠʭ ʢʦʦʨʜʠʥʘʪ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʨʦʟʤʽʨ ʘʚʪʦʤʦʙʽʣʷ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ. 

ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʽ ʩʧʠʩʢʦʤ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʜʦ ʙʝʟʧʝʯʥʦʾ ʚʽʜʩʪʘʥʽ. ʗʢʱʦ ʚʽʜʩʪʘʥʴ ʤʝʥʰʝ ʟʘʟʥʘʯʝʥʠʭ 

ʟʥʘʯʝʥʴ, ʩʠʩʪʝʤʘ ʚʚʘʞʘʻ, ʱʦ ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʙʝʟʧʝʢʠ. ʂʦʨʠʩʪʫʚʘʯ 

ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʧʨʦ ʮʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʘʙʦ ʩʠʛʥʘʣʫ, 

ʧʦʧʝʨʝʜʞʘʶʯʠ ʡʦʛʦ ʧʨʦ ʤʦʞʣʠʚʫ ʥʝʙʝʟʧʝʢʫ ʥʘ ʜʦʨʦʟʽ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ 
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ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Cisco Packet Tracer. ʅʘ ʨʠʩʫʥʢʫ 2 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʾʾ ʚʠʢʦʥʘʥʥʷ ʚ ʜʽʾ. ɸʣʝ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʙʝʟʧʝʯʥʘ ʪʘ ʥʝʙʝʟʧʝʯʥʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʚʪʦʤʦʙʽʣʷʤʠ, ʷʢʽ ʻ ʩʪʘʣʠʤʠ 

ʚ ʜʘʥʽʡ ʩʠʪʫʘʮʽʾ. ɸʢʮʝʥʪ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʩʘʤʝ ʥʘ ʧʨʦʛʨʘʤʥʫ ʩʢʣʘʜʦʚʫ, ʷʢʘ ʙ 

ʧʦʚʽʜʦʤʣʷʣʘ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ ʥʝʙʝʟʧʝʢʫ, ʫ ʚʠʛʣʷʜʽ ʩʚʽʪʣʦʜʽʦʜʘ. ɸ ʪʘʢʦʞ ʥʘ ʪʝ, ʯʠ 

ʧʦʪʨʘʧʣʷʻ ʘʚʪʦʤʦʙʽʣʴ ʧʦʧʝʨʝʜʫ ʚ ʥʝʙʝʟʧʝʯʥʫ ʟʦʥʫ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʥʝ ʩʪʘʣʘʩʷ ɼʊʇ. 

ʋ ʨʝʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʚʽʜʩʪʘʥʽ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ 

ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ɿʘ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤʠ ʜʘʥʠʤʠ ʚʠʜʽʣʷʶʪʴ ʪʨʠ 

ʚʠʧʘʜʢʠ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʰʚʠʜʢʦʩʪʽ ʜʦ ʚʽʜʩʪʘʥʽ [6], ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.  

 

 
ʈʠʩʫʥʦʢ 3 ï ɺʠʧʘʜʢʠ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʰʚʠʜʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʘʚʪʦʤʦʙʽʣʷʤʠ 

 

ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʾʜʝ ʟʽ ʰʚʠʜʢʽʩʪʶ 120 ʢʤ/ʛʦʜ, ʪʦʜʽ ʙʝʟʧʝʯʥʦʶ ʚʽʜʩʪʘʥʥʶ 

ʚʚʘʞʘʻʪʴʩʷ 67 ʤʝʪʨʽʚ. ʇʽʜ ʯʘʩ ʜʨʫʛʦʛʦ ʚʠʧʘʜʢʫ ʰʚʠʜʢʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 80 ʢʤ/ʛʦʜ, ʪʦʤʫ 

ʙʝʟʧʝʯʥʦʶ ʚʽʜʩʪʘʥʥʶ ʚʚʘʞʘʻʪʴʩʷ 45 ʤʝʪʨʽʚ. ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ 40 ʢʤ/ʛʦʜ, 

ʪʦ ʚʽʜʩʪʘʥʴ ʤʘʻ ʩʪʘʥʦʚʠʪʠ 23 ʤʝʪʨʠ.  
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ɸʣʝ ʜʘʥʽ ʚʠʧʘʜʢʠ ʻ ʟʘʛʘʣʴʥʠʤʠ, ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʤʦʞʝ ʙʫʪʠ ʙʝʟʣʽʯ. ʊʘʢʦʞ ʥʘ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʪʘʢʽ, ʷʢ ʜʦʱ, ʪʫʤʘʥ ʪʘ ʩʥʽʛ. ʑʝ 

ʦʜʥʽʻʶ ʟ ʫʤʦʚ ʚʧʣʠʚʫ ʻ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ ʧʦʧʝʨʝʜʫ. ɸʜʞʝ ʧʝʨʝʜ ʘʚʪʦʤʦʙʽʣʝʤ 

ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʥʪʘʞʥʽ ʘʚʪʦʤʦʙʽʣʽ ʪʘʢʽ, ʷʢ ʚʘʥʪʘʞʽʚʢʘ, ʪʨʘʢʪʦʨ, ʪʦʱʦ. 

ʊʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʰʠʨʠʪʠ ʩʧʠʩʦʢ ʚʠʧʘʜʢʽʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʚʽʜʩʪʘʥʽ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʠ ʜʦ ʥʴʦʛʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʠʜʫ 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʫ ʧʣʘʥʘʭ 

ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ SimPy. 

ʆʪʞʝ, ʫ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʩʭʦʞʦʾ 

ʪʝʤʘʪʠʢʠ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʜʽʘʛʨʘʤʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ. ʅʘʙʫʪʽ ʟʥʘʥʥʷ ʙʫʜʫʪʴ ʟʘʩʪʦʩʦʚʘʥʽ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʩʪʦʚʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʚʽʜʩʪʘʥʽ ʧʽʜ ʯʘʩ ʚʦʜʽʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇɯɼʉʀʉʊɽʄɸ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʉɺɯʊʃʆɺʀʍ ʉʀɻʅɸʃɯɺ ʉɺɯʊʃʆʌʆʈɸ 
 

ɹʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧʽʜʩʠʩʪʝʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʩʚʽʪʣʦʬʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

OpenCV, ʘ ʪʘʢʦʞ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʩʚʽʪʣʦʬʦʨʘ ʚ ʧʨʦʩʪʽʨ ʢʦʣʴʦʨʽʚ HSV ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʽʚ ʜʣʷ ʯʝʨʚʦʥʦʛʦ, ʞʦʚʪʦʛʦ ʪʘ ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʧʽʜʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʟʘʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʠʟʠʢʽʚ 

ʚʠʥʠʢʥʝʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. 

 

A subsystem for recognizing traffic signals using OpenCV was implemented, as well as 

converting the traffic light image to the HSV color space and defining ranges for red, yellow, and 

green. The proposed subsystem can be used in vehicles to prevent the risk of road accidents. 

 

ʇʦʩʪʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʪʘʢʽ ʩʠʩʪʝʤʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʭ ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʘʚʪʦʤʦʙʽʣʽʩʪʽʚ. ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʥʘ ʜʦʨʦʛʘʭ ʻ ʧʨʽʦʨʠʪʝʪʦʤ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ, ʦʩʢʽʣʴʢʠ ʮʝ ʚʧʣʠʚʘʻ ʥʘ ʞʠʪʪʷ ʪʘ 

ʟʜʦʨʦʚ'ʷ ʤʽʣʴʡʦʥʽʚ ʣʶʜʝʡ ʱʦʜʥʷ. 

ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʦʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʤʘʶʪʴ 

ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɺ  ʩʪʘʪʪʽ [1] ʩʠʩʪʝʤʘ ʦʙ'ʻʜʥʫʻ ʧʦʪʫʞʥʽʩʪʴ ʛʣʠʙʦʢʦʛʦ ʚʠʷʚʣʝʥʥʷ, ʙʘʟʦʚʘʥʦʛʦ 

ʥʘ ʥʘʚʯʘʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʢʘʨʪʘʤʠ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʽʡ 

ʧʣʘʪʬʦʨʤʽ IARA. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʨʦʟʧʽʟʥʘʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʚʽʪʣʦʬʦʨʠ ʥʘ ʧʦʧʝʨʝʜʥʴʦ 

ʚʠʟʥʘʯʝʥʠʭ ʤʘʨʰʨʫʪʘʭ. ʇʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: ʦʬʣʘʡʥʦʚʦʛʦ ʝʪʘʧʫ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʢʘʨʪ ʪʘ ʘʥʦʪʘʮʽʾ ʩʚʽʪʣʦʬʦʨʽʚ ʪʘ ʦʥʣʘʡʥ-ʬʘʟʠ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʚʽʪʣʦʬʦʨʽʚ ʧʽʜ ʯʘʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. 

ʉʪʘʪʪʷ [2] ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʨʦʟʫʤʥʠʭ ʧʘʨʢʦʚʦʢ ʟ ʜʦʢʘʟʘʤʠ ʧʝʨʝʚʘʛʠ ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʤʝʨ, ʪʘ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʢʘʤʝʨʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʫʤʥʦʛʦ 

ʧʘʨʢʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʊʦʤʫ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʾ ʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʩʠʩʪʝʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʧʦʙʽʛʘʥʥʷ ʘʚʘʨʽʡʥʠʤ ʩʠʪʫʘʮʽʷʤ ʥʘ ʜʦʨʦʟʽ ʪʘ ʧʦʢʨʘʱʫʶʪʴ 

ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ʎʝ ʩʧʨʠʷʪʠʤʝ ʟʥʠʞʝʥʥʶ ʘʚʘʨʽʡʥʦʩʪʽ, ʟʙʝʨʝʞʝʥʥʶ ʞʠʪʪʽʚ 

ʪʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʶ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʙʠʪʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʘʚʘʨʽʷʤʠ 

ʥʘ ʜʦʨʦʛʘʭ. 

ʇʽʜʩʠʩʪʝʤʘ ʟʘʚʘʥʪʘʞʫʻ ʟʦʙʨʘʞʝʥʥʷ ʩʚʽʪʣʦʬʦʨʘ ʟ ʬʘʡʣʫ "traffic.jpg" ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ñcv2.imread()ò ʽ ʟʙʝʨʽʛʘʻ ʡʦʛʦ ʚ ʟʤʽʥʥʽʡ ñimageò, ʢʦʥʚʝʨʪʫʻ 
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ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʨʦʩʪʦʨʫ ʢʦʣʴʦʨʽʚ BGR (ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʚ OpenCV) ʚ ʧʨʦʩʪʽʨ 

ʢʦʣʴʦʨʽʚ HSV ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ñcv2.cvtColor()ò ʽ ʟʙʝʨʽʛʘʻ ʡʦʛʦ ʚ ʟʤʽʥʥʽʡ 

ñhsv_imageò, ʚʠʟʥʘʯʘʻ ʜʽʘʧʘʟʦʥʠ ʢʦʣʴʦʨʽʚ ʜʣʷ ʯʝʨʚʦʥʦʛʦ, ʞʦʚʪʦʛʦ ʪʘ ʟʝʣʝʥʦʛʦ 

ʢʦʣʴʦʨʽʚ ʫ ʧʨʦʩʪʦʨʽ HSV ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙ'ʻʢʪʽʚ ñnp.array()ò. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ ʟʘʜʘʻʪʴʩʷ ʥʠʞʥʷ ʤʝʞʘ ñred_lower = np.array([0, 120, 70])ò ʽ 

ʚʝʨʭʥʷ ʤʝʞʘ ñred_upper = np.array([10, 255, 255])ò, ʩʪʚʦʨʶʻ ʙʽʥʘʨʥʽ ʤʘʩʢʠ ʜʣʷ 

ʦʙʣʘʩʪʝʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʝʨʚʦʥʦʤʫ, ʞʦʚʪʦʤʫ ʪʘ ʟʝʣʝʥʦʤʫ ʢʦʣʴʦʨʘʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ñcv2.inRange()ò. ʎʷ ʬʫʥʢʮʽʷ ʧʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʝʞʘʤʠ ʢʦʣʴʦʨʫ ʽ ʚʩʪʘʥʦʚʣʶʻ ʟʥʘʯʝʥʥʷ 255 ʚ ʤʘʩʮʽ, 

ʷʢʱʦ ʧʽʢʩʝʣʴ ʧʦʪʨʘʧʣʷʻ ʚ ʟʘʜʘʥʠʡ ʜʽʘʧʘʟʦʥ, ʽ 0 ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʘ ʪʘʢʦʞ ʨʘʭʫʻ 

ʢʽʣʴʢʽʩʪʴ ʥʝʥʫʣʴʦʚʠʭ ʧʽʢʩʝʣʽʚ (ʙʽʣʠʭ ʧʽʢʩʝʣʽʚ) ʚ ʢʦʞʥʽʡ ʟ ʤʘʩʦʢ ʯʝʨʚʦʥʦʛʦ, ʞʦʚʪʦʛʦ 

ʪʘ ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ñcv2.countNonZero()ò ʽ ʟʙʝʨʽʛʘʻ ʾʭ ʚ 

ʟʤʽʥʥʠʭ ñred_pixel_countò, ñyellow_pixel_countò ʽ ñgreen_pixel_countò. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʦ ʧʨʦʮʝʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʯʝʨʚʦʥʦʛʦ ʩʠʛʥʘʣʫ 

ʩʚʽʪʣʦʬʦʨʘ ʟ ʬʦʪʦʛʨʘʬʽʾ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʯʝʨʚʦʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʬʦʪʦʛʨʘʬʽʾ 

 

ɼʘʥʘ ʧʽʜʩʠʩʪʝʤʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ  ʢʦʣʽʨ ʩʚʽʪʣʦʬʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʢʽʣʴʢʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʢʦʞʥʽʡ ʟ ʦʙʣʘʩʪʝʡ (ʯʝʨʚʦʥʽʡ, ʞʦʚʪʽʡ ʽ ʟʝʣʝʥʽʡ). ʆʩʴ ʧʨʠʥʮʠʧ 

ʨʦʙʦʪʠ, ʧʦ ʷʢʦʤʫ ʧʨʘʮʶʻ ʧʽʜʩʠʩʪʝʤʘ: 

1. ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ ʯʝʨʚʦʥʠʭ ʧʽʢʩʝʣʽʚ ʙʽʣʴʰʘ ʟʘ ʢʽʣʴʢʽʩʪʴ ʞʦʚʪʠʭ ʧʽʢʩʝʣʽʚ ʽ 

ʙʽʣʴʰʘ ʟʘ ʢʽʣʴʢʽʩʪʴ ʟʝʣʝʥʠʭ ʧʽʢʩʝʣʽʚ, ʪʦ ʢʦʣʽʨ ʩʚʽʪʣʦʬʦʨʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʷʢ 

"ʏʝʨʚʦʥʠʡ" 
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2. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʞʦʚʪʠʭ ʧʽʢʩʝʣʽʚ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ 

ʯʝʨʚʦʥʠʭ ʧʽʢʩʝʣʽʚ ʽ ʢʽʣʴʢʽʩʪʴ ʟʝʣʝʥʠʭ ʧʽʢʩʝʣʽʚ, ʪʦʜʽ ʢʦʣʽʨ ʩʚʽʪʣʦʬʦʨʘ ʙʫʜʝ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʷʢ "ɾʦʚʪʠʡ". 

3. ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ ʟʝʣʝʥʠʭ ʧʽʢʩʝʣʽʚ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʯʝʨʚʦʥʠʭ ʧʽʢʩʝʣʽʚ ʽ 
ʢʽʣʴʢʽʩʪʴ ʞʦʚʪʠʭ ʧʽʢʩʝʣʽʚ, ʪʦ ʢʦʣʽʨ ʩʚʽʪʣʦʬʦʨʘ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʠʡ ʷʢ "ɿʝʣʝʥʠʡ". 

4. ʋ ʚʩʽʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʞʦʜʥʘ ʟ ʫʤʦʚ, ʢʦʣʽʨ 
ʩʚʽʪʣʦʬʦʨʘ ʙʫʜʝ ʧʦʟʥʘʯʝʥʠʡ ʷʢ "ʅʝʚʽʜʦʤʠʡ". 

ʎʽ ʬʦʨʤʫʣʠ ʧʦʨʽʚʥʶʶʪʴ ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ ʫ ʢʦʞʥʽʡ ʦʙʣʘʩʪʽ ʽ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʟʥʘʯʝʥʥʷ ñtraffic_light_colorò ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʡʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʧʝʚʥʽʡ 

ʦʙʣʘʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʯʝʨʚʦʥʠʭ ʧʽʢʩʝʣʽʚ ʙʽʣʴʰʘ ʟʘ ʞʦʚʪʽ ʪʘ ʟʝʣʝʥʽ, ʪʦ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 'Red' ʜʣʷ ñtraffic_light_colorò ʽ ʨʝʟʫʣʴʪʘʪ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ 

ʟʤʽʥʥʽʡ ñtraffic_light_colorò, ʪʘʢʦʞ ʚʠʚʦʜʠʪʴ ʢʦʣʽʨ ʩʚʽʪʣʦʬʦʨʘ ʥʘ ʝʢʨʘʥ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ñprint()ò, ʚʽʜʦʙʨʘʞʘʻ ʦʨʠʛʽʥʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʦʙʣʘʩʪʽ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʝʨʚʦʥʦʤʫ, ʞʦʚʪʦʤʫ ʪʘ ʟʝʣʝʥʦʤʫ ʢʦʣʴʦʨʘʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

ñcv2.imshow()ò. 

 ʅʘ ʨʠʩʫʥʢʫ 2 ʟʦʙʨʘʞʝʥʦ ʧʨʦʮʝʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʞʦʚʪʦʛʦ ʩʠʛʥʘʣʫ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʞʦʚʪʦʛʦ ʩʠʛʥʘʣʫ ʟ ʬʦʪʦʛʨʘʬʽʾ 

 

ʅʘ ʨʠʩʫʥʢʫ 3 ʟʦʙʨʘʞʝʥʦ ʧʨʦʮʝʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʘ 

ʟ ʬʦʪʦʛʨʘʬʽʾ. 

ɿʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʝʡ ʚʠʚʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʽʪʦʚʦʛʦ "ɯ" 

ñ(cv2.bitwise_and())ò ʟ ʦʨʠʛʽʥʘʣʴʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʪʘ ʚʽʜʧʦʚʽʜʥʦʶ ʤʘʩʢʦʶ. ɼʘʣʽ 

ʧʨʦʛʨʘʤʘ ʦʯʽʢʫʻ ʥʘʪʠʩʢʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʢʣʘʚʽʰʽ ʜʣʷ ʟʘʢʨʠʪʪʷ ʚʽʢʦʥ ʟʦʙʨʘʞʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ñcv2.waitKey(0)ò, ʘ ʧʦʪʽʤ ʟʘʢʨʠʚʘʻ ʚʩʽ ʚʽʢʥʘ ʟʦʙʨʘʞʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ñcv2.destroyAllWindows()ò. 
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ʈʠʩʫʥʦʢ 3 ï ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʬʦʪʦʛʨʘʬʽʾ 

 

ʆʪʞʝ, ʟʚʘʞʘʶʯʠ ʥʘ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʬʘʢʪʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʜʘʥʘ ʩʠʩʪʝʤʘ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʟʥʘʯʫʱʠʤ ʢʨʦʢʦʤ ʫ ʧʦʣʽʧʰʝʥʥʽ ʙʝʟʧʝʢʠ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʦʜʥʘʢ, ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝ ʟʘʤʽʥʠʪʠ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʪʘ ʫʚʘʛʫ ʚʦʜʽʷ. ʇʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʜʦʧʦʤʦʟʽ ʪʘ 

ʧʽʜʪʨʠʤʮʽ ʚʦʜʽʾʚ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʪʫʘʮʽʾ ʥʘ ʜʦʨʦʟʽ , ʘʣʝ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʪʽʣʴʢʠ ʫ ʨʫʢʘʭ ʚʦʜʽʾʚ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ 

ʨʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʾʾ 

ʢʦʨʠʩʥʽʩʪʴ. ʊʘʢʦʞ ʙʫʜʝ ʜʦʜʘʪʢʦʚʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʪʝʩʪʫʚʘʥʴ ʟʘʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ 

ʥʝʧʦʤʽʯʝʥʠʭ ʨʘʥʽʰʝ ʧʦʤʠʣʦʢ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʆʎɯʅʂɸ ɼʆʉʊʋʇʅʆʉʊɯ SAAS ʉʀʉʊɽʄ ɺ ʂʆʅʊɽʂʉʊɯ ɸʅɸʃɯɿʋ 

ɺʇʃʀɺʋ ʅɽʉʇʈɸɺʅʆʉʊɽʁ ɺ IT ɯʅʌʈɸʉʊʈʋʂʊʋʈɯ  
 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʦʮʽʥʢʠ ʜʦʩʪʫʧʥʦʩʪʽ SaaS ʩʠʩʪʝʤ ʚ ʢʦʥʪʝʢʩʪʽ ʘʥʘʣʽʟ 

ʚʧʣʠʚʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚ ɯʊ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. ʇʨʠʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʽ ʤʦʞʥʘ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

 

The practical aspects of assessing the availability of SaaS systems in the context of fault 

analysis in IT infrastructure have been discussed. Examples of metrics that can be calculated to 

analyze the state of information systems are provided 

 

ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʚ ɯʊ ʽʥʜʫʩʪʨʽʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʨʝʥʜ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʝʟʘʣʝʞʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʰʚʠʜʢʽʩʪʴ ʚʽʜʧʦʚʽʜʽ, ʨʦʙʦʪʫ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʧʠʪʽʚ, ʘ ʪʘʢʦʞ 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʝʟʘʣʝʞʥʦʾ ʨʦʙʦʪʠ ʙʘʛʘʪʴʦʭ ʢʦʤʘʥʜ ʥʘʜ ʧʨʦʝʢʪʦʤ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ 

ʢʦʦʨʜʠʥʘʮʽʾ ʥʘ ʥʠʞʥʽʭ ʨʽʚʥʷʭ. ʋʩʽ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʤʦʜʫʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʇɿ, ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʣʝʞʥʫ ʷʢʽʩʪʴ ʢʦʜʫ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʩʚʦʙʦʜʫ ʚʠʙʦʨʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʦʩʢʽʣʴʢʠ ʧʽʜʭʽʜ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʥʝʫʧʝʨʝʜʞʝʥʠʤ. ʎʷ ʪʝʥʜʝʥʮʽʷ ʧʨʠʟʚʝʣʘ ʜʦ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʩʝʨʚʽʩʽʚ ʷʢʽ ʥʘʜʘʶʪʴ 

ʧʦʩʣʫʛʠ ʟ ʧʨʦʜʘʞʫ ʝʣʝʤʝʥʪʽʚ ɯʊ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʇɿ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ 

ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘ ʪʘʢʦʞ ʟʘʩʦʙʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʇɿ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʊʘʢʽ ʩʝʨʚʽʩʠ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʠʡ ʨʽʚʝʥʴ 

ʘʙʩʪʨʘʢʮʽʾ ʪʘ ʟʙʽʣʴʰʫʶʪʴ ʩʢʣʘʜʥʽʩʪʴ ʽ ʨʦʟʰʘʨʦʚʘʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʧʦʤʠʣʦʢ ʥʘ ʢʦʞʥʦʤʫ ʟ ʨʽʚʥʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘʙʫʚʘʻ ʚʠʩʦʢʦʛʦ 

ʧʨʽʦʨʠʪʝʪʫ, ʦʩʢʽʣʴʢʠ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʪʘʢʠʤʠ ʢʦʤʧʘʥʽʷʤʠ 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ ʧʦʩʣʫʛʘ (SaaS) ï ʮʝ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚ ʷʢʽʡ ʭʤʘʨʥʠʡ ʧʨʦʚʘʡʜʝʨ ʨʦʟʤʽʱʫʻ ʧʨʦʛʨʘʤʠ ʪʘ ʥʘʜʘʻ 

ʜʦ ʥʠʭ ʜʦʩʪʫʧ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ. ʋ ʮʽʡ ʤʦʜʝʣʽ ʥʝʟʘʣʝʞʥʠʡ 

ʧʦʩʪʘʯʘʣʴʥʠʢ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ISV) ʤʦʞʝ ʫʢʣʘʜʘʪʠ ʫʛʦʜʫ ʟ ʩʪʦʨʦʥʥʽʤ 

ʭʤʘʨʥʠʤ ʧʨʦʚʘʡʜʝʨʦʤ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʧʨʦʛʨʘʤʠ. ɸʙʦ, ʫ ʚʝʣʠʢʠʭ ʢʦʤʧʘʥʽʡ, ʪʘʢʠʭ ʷʢ 

Microsoft ʯʠ Amazon, ʭʤʘʨʥʠʡ ʧʨʦʚʘʡʜʝʨ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

SaaS ï ʦʜʥʘ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʘʪʝʛʦʨʽʡ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʧʦʨʷʜ ʟ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʷʢ ʧʦʩʣʫʛʦʶ (IaaS) ʽ ʧʣʘʪʬʦʨʤʦʶ ʷʢ ʧʦʩʣʫʛʦʶ (PaaS). ʐʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ɯʊ-ʬʘʭʽʚʮʽʚ, ʙʽʟʥʝʩ-ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʦʩʦʙʠʩʪʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

SaaS-ʟʘʩʪʦʩʫʥʢʠ. ʇʨʦʜʫʢʪʠ ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ ʦʩʦʙʠʩʪʦʛʦ ʨʦʟʚʘʛʦʚʦʛʦ ʢʦʥʪʝʥʪʫ, 
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ʥʘʧʨʠʢʣʘʜ, Netflix, ʜʦ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ɯʊ-ʽʥʩʪʨʫʤʝʥʪʽʚ. ʋ ʚʽʜʤʽʥʫ ʚʽʜ IaaS ʽ 

PaaS, ʧʨʦʜʫʢʪʠ SaaS ʯʘʩʪʦ ʤʘʨʢʝʪʠʥʛʦʚʽ ʽ ʜʦʩʪʫʧʥʽ ʷʢ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ B2B, ʪʘʢ ʽ 

ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ B2C. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ SaaS ʩʠʩʪʝʤ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 24/7/365, ʦʩʢʽʣʴʢʠ ʧʦʩʣʫʛʠ ʷʢ ̔ ʥʘʜʘʶʪʴ ʤʦʞʫʪʴ ʤʘʪʠ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʥʘʚʽʪʴ ʙʫʪʠ ʾʭ ʦʩʥʦʚʥʦʶ 

ʩʢʣʘʜʦʚʦʶ. 

ɼʦʩʪʫʧʥʽʩʪʴ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ (MTTR) ʽ ʩʝʨʝʜʥʽʡ ʯʘʩ ʤʽʞ 

ʚʽʜʤʦʚʘʤʠ (MTBF) ʻ ʚʘʞʣʠʚʠʤʠ ʧʦʥʷʪʪʷʤʠ ʚ ʦʧʝʨʘʮʽʷʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʫ 

ʧʨʘʢʪʠʮʽ ʽʥʞʝʥʝʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʩʘʡʪʫ(SRE). ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʝʨʚʽʩʫ, ʘʣʝ ʚʦʥʠ ʤʘʶʪʴ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. 

ʋ ʦʨʛʘʥʽʟʘʮʽʾ SaaS ʦʙʯʠʩʣʝʥʥʷ MTTR ʽ MTBF ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʢʘʟʥʠʢʘʭ ʯʘʩʫ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʪʘ ʯʘʩʫ ʧʨʦʩʪʦʶ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ 

ʯʘʩʫ. ʎʽ ʩʠʨʽ ʜʘʥʽ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʜʦʩʪʫʧʥʦʩʪʽ - 

ʙʝʟʧʝʨʝʯʥʦ, ʥʘʡʙʽʣʴʰʦʛʦ ʽ ʥʘʡʚʘʞʣʠʚʽʰʦʛʦ ʧʦʢʘʟʥʠʢʘ ʨʽʚʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (SLI). 

ʎʝ ʚʘʞʣʠʚʠʡ ʤʦʤʝʥʪ, ʦʩʢʽʣʴʢʠ ʚ ʽʥʞʝʥʝʨʽʾ ʥʘʜʽʡʥʦʩʪʽ, ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʶ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʯʘʩʽ, ʥʝʦʙʭʽʜʥʦʤʫ ʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ. ʋ ʽʥʞʝʥʝʨʽʾ 

ʥʘʜʽʡʥʦʩʪʽ ʩʘʡʪʫ ʧʨʦʩʪʽʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʩʢʽʣʴʢʠ ʯʘʩʫ ʥʝʩʧʨʘʚʥʽʩʪʴ ʤʘʣʘ ʚʧʣʠʚ 

ʥʘ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʦʤʠʣʢʠ ʽ ʧʨʦʩʪʦʾ ï ʧʦʚ'ʷʟʘʥʽ ʧʦʥʷʪʪʷ, ʘʣʝ ʨʦʟʨʽʟʥʝʥʥʷ 

ʤ̔ ʞ ʥʠʤʠ ʚʘʞʣʠʚʝ. ʇʦʤʠʣʢʠ ʚ ʩʠʩʪʝʤʽ ʜʦʚʦʣʽ ʧʦʰʠʨʝʥʝ ʷʚʠʱʝ, ʘʣʝ ʚʦʥʠ ʥʝ ʟʘʚʞʜʠ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʨʦʩʪʦʶ. 

ɼʦʩʪʫʧʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʜʦ ʩʫʤʠ 

ʯʘʩʫ ʧʨʦʩʪʦʶ ʽ ʯʘʩʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʬʦʨʤʫʣʘ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ[1]: 

 
ʇʦʢʘʟʥʠʢ ʦʧʠʩʘʥʠʡ ʚʠʱʝ ʜʘʻ ʣʠʰʝ ʫʟʘʛʘʣʴʥʝʥʫ ʢʘʨʪʠʥʫ ʪʦʛʦ ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʻʜʠʥʠʤ ʤʘʨʢʝʨʦʤ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʽʥʬʦʨʤʘʮʽʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʩʠʪʫʘʮʽʾ ʧʦʪʨʽʙʥʦ ʟʙʠʨʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʤʽʞ ʩʠʩʪʝʤʥʠʤʠ ʧʦʤʠʣʢʘʤʠ (MTBF) ʪʘ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʧʨʦʩʪʦʶ (MDT) ʽ ʜʦʜʘʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʾʭ ʨʦʟʨʘʭʫʥʢʫ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʦʧʝʨʘʮʽʡʥʦʾ ʜʦʩʪʫʧʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʟʘʟʥʘʯʝʥʽ 

ʚʠʱʝ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʟʘ ʬʦʨʤʫʣʦʶ[2]: 

 
ʜʝ MBTF ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʤʽʞ ʧʦʤʠʣʢʘʤʠ, Ὕ ï ʦʧʝʨʘʮʽʡʥʠʡ ʯʘʩ, άὩὥὲ Ὂ άὩὥὲ ï 
ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ, MDT ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʨʦʩʪʦʶ, Ὕ ï ʯʘʩ Ὠ ʚʠʷʚʣʝʥʥʷ, Ὕ ï 

ʯʘʩ ʽʥʪʝʨʚʝʥʮʽʾ, ï ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ, ï ʯʘʩ Ὥ Ὕ ὶ Ὕ ὶὧ ʧʦʚʝʨʥʝʥʥʷ ʩʝʨʚʽʩʫ, ὃ ï 

ʦʧʝʨʘʮʽʡʥʘ ʜʦʩʪʫʧʥʽʩʪʴ.  
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ʌʦʨʤʫʣʘ, ʷʢʘ ʧʦʢʘʟʘʥʘ ʚʠʱʝ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ 

ʚ ʦʜʥʦʤʫ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʘʣʝ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ, ʱʦʙ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʚ ʷʢʦʤʫ ʩʪʘʥʽ ʚʦʥʠ 

ʟʥʘʭʦʜʷʪʴʩʷ, ʽ ʷʢʠʡ ʟ ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʙʣʝʤ. ɼʣʷ 

ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʘʙʩʪʨʘʢʪʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

N ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʈʠʩʫʥʢʫ 1.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʘʙʩʪʨʘʢʪʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ N ʢʦʤʧʦʥʝʥʪʽʚ 

 

ɿʛʽʜʥʦ ʩʭʝʤʠ ʚʠʜʥʦ, ʱʦ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ N ʚʥʫʪʨʽʰʥʽʭ 

ʝʣʝʤʝʥʪʽʚ ʷʢʽ ʜʦʩʪʫʧʥʽ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʯʝʨʝʟ ʧʝʚʥʠʡ ʘʙʩʪʨʘʢʪʥʠʡ, 

ʫʥʽʬʽʢʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ (ʤʝʪʦʜ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʩʠʩʪʝʤʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʥʝ ʩʫʪʪʻʚʠʡ) ʽ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ, ʤʘʻ ʚʣʘʩʥʽ ʧʦʢʘʟʥʠʢʠ ὃ , MBTF ʪʘ MDT. ʆʢʨʽʤ 

ʮʴʦʛʦ ʩʘʤʘ έ ʧʣʘʪʬʦʨʤʘ ʤʘʻ ʚʣʘʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʚʞʝ ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʠʪʠ ʟʘ 
ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ, ʚʨʘʭʦʚʫʶʯʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʫʩʽʭ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ: 

 
ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʽ ʦʢʨʝʤʦ ʢʦʞʥʦʛʦ ʟ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ, ʚ ʧʦʜʘʣʴʰʦʤʫ, ʘʥʘʣʽʟʫʚʘʪʠ 

ʽʩʥʫʶʯʽ ʧʨʦʙʣʝʤʠ ʪʘ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʩʪʘʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦʩʪʫʧʥʦʩʪʽ. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʧʝʨʘʮʽʡʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʥʝ ʻʜʠʥʠʡ ʢʦʤʧʦʥʝʥʪ ʥʘ ʦʩʥʦʚʽ 

ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʩʪʘʥ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚ ʢʦʥʪʝʢʩʪʽ ʥʘʷʚʥʠʭ ʪʘ 

ʧʦʪʝʥʮʽʡʥʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʘ ʣʠʰʝ ʦʜʠʥ ʟ ʧʦʢʘʟʥʠʢʽʚ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʨʠ ʘʥʘʣʽʟʽ. ʆʮʽʥʢʘ ʩʪʘʥʫ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʧʦ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʽ ʾʾ 

ʧʨʦʛʨʘʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʥʘʣʽʟ ʞʫʨʥʘʣʫ 

ʧʦʜʽʡ (Event Log Monitoring and Analysis), ʤʦʥʽʪʦʨʠʥʛ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (Performance 

Monitoring), ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʨʠ ʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ (Load Testing), 

ʪʝʩʪʫʚʘʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʧʝʨʝʭʦʜʫ (Failover Testing), ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ (Impact 

Modeling), ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ (Automated Monitoring System) ʪʘ 

ʦʮʽʥʢʘʫ ʨʽʚʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (SLA Assessment). ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʤʝʪʨʠʢ ʟʛʽʜʥʦ ʷʢʦʛʦ ʚʞʝ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ 

ʙʽʣʴʰ ʦʙʛʨʫʥʪʦʚʘʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʾʭ ʫʩʢʣʘʜʥʝʥʥʷ ʻ ʣʦʛʽʯʥʠʤ 

ʝʚʦʣʶʮʽʡʥʠʤ ʧʨʦʮʝʩʦʤ ʷʢʠʡ ʩʪʚʦʨʶʻ ʥʦʚʽ ʚʠʢʣʠʢʠ ʧʦʚôʷʟʘʥʽ ʟ ʫʩʢʣʘʜʥʝʥʥʷʤ ɯʊ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. 

ɸʥʘʣʽʟ SaaS ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʜʦʩʪʫʧʥʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʩʠʩʪʝʤʘʭ ʟ ʨʦʟʧʦʜʽʣʝʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʦʨʽʚʥʝʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦ ʩʪʘʥ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʾʾ ʚʫʟʴʢʽ ʤʽʩʮʷ ʪʘ ʧʦʪʝʥʮʽʡʥʽ 

ʧʨʦʙʣʝʤʥʽ ʟʦʥʠ. ʆʧʝʨʘʮʽʡʥʘ ʜʦʩʪʫʧʥʽʩʪʴ, ʷʢ ʦʜʠʥ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ, 

ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʜʦʩʠʪʴ ʣʝʛʢʦ ʚʠʨʘʭʫʚʘʪʠ ʽ ʚʧʨʦʚʘʜʠʪʠ ʚ ʽʩʥʫʶʯʽ ʧʨʦʝʢʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʪʨʘʥʩʧʘʨʝʥʪʥʽʩʪʴ ʪʘ ʚʠʜʠʤʽʩʪʴ ʩʪʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʘʥʘʣʽʟ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʟ ʽʩʥʫʶʯʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ 

ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ SaaS ʧʣʘʪʬʦʨʤ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ʇɯɼʊʈʀʄʂʀ ʊɸ ʂɽʈʋɺɸʅʅʗ ɾʀʊʊɭɺʀʄ 

ʎʀʂʃʆʄ ʍʄɸʈʅʀʍ ʉɽʈɽɼʆɺʀʑ 
 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʝ ʥʘ ʧʨʦʙʣʝʤʽ ʨʦʟʨʦʙʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʭʤʘʨʥʠʤʠ 

ʜʦʜʘʪʢʘʤʠ ʟ ʢʨʠʪʠʯʥʠʤʠ ʟʘ ʯʘʩʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʩʠʩʪʝʤʠ ʧʝʨʝʜʯʘʩʥʦʛʦ 

ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʥʝʙʝʟʧʝʢʠ ʪʘ ʪʨʘʥʩʣʷʮʽʷ ʜʘʥʠʭ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʩʫʪʥʽ ʩʠʩʪʝʤʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʜʠʥʘʤʽʯʥʦʾ ʦʨʢʝʩʪʨʦʚʢʠ ʪʘ 

ʘʜʘʧʪʘʮʽʾ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʫ ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʨʠʪʠʯʥʠʭ ʟʘ ʯʘʩʦʤ 

ʭʤʘʨʥʠʭ ʜʦʜʘʪʢʽʚ ʥʘ ʧʨʦʪʷʟʽ ʾʭʥʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

 

The research focuses on the challenge of designing and managing cloud applications with 

time-critical features such as early warning systems and real-time data streaming. It was found that 

today there are no systems and tools for dynamic orchestration and adaptation that would provide 

appropriate support for the development of time-critical cloud applications throughout their life 

cycle. 

 

ɺʩʪʫʧ 

ʂʨʠʪʠʯʥʽ ʟʘ ʯʘʩʦʤ ʭʤʘʨʥʽ ʜʦʜʘʪʢʠ, ʪʘʢʽ ʷʢ ʩʠʩʪʝʤʠ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʧʨʦ ʢʘʪʘʩʪʨʦʬʠ ʪʘ ʪʨʘʥʩʣʷʮʽʷ ʚʽʜʝʦ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʚʠʛʦʜʫ ʚʽʜ 

ʤʦʜʝʣʽ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʽ (ʫ ʚʠʧʘʜʢʫ ʦʩʪʘʥʥʴʦʾ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ 

(IoT), ʷʢʠʡ ʤʦʞʝ ʦʪʨʠʤʫʚʘʪʠ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʚʽʜ ʜʘʪʯʠʢʽʚ ʽ ʚʠʢʦʥʘʚʯʠʭ 

ʤʝʭʘʥʽʟʤʽʚ. ʊʘʢʽ ʜʦʜʘʪʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ, ʣʠʰʝ ʷʢʱʦ ʚʦʥʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʯʽʢʫʚʘʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʥʘʧʨʠʢʣʘʜ, ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʜʽʾ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʨʘʱʝʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʽ ʷʢʦʩʪʽ 

ʜʦʩʚʽʜʫ (QoE). 

ʅʘʨʘʟʽ ʙʨʘʢʫʻ ʩʠʩʪʝʤ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʠʥʘʤʽʯʥʦʾ ʦʨʢʝʩʪʨʦʚʢʠ ʪʘ ʘʜʘʧʪʘʮʽʾ, 

ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʠʣʠ ʚʽʜʧʦʚʽʜʥʫ ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʨʠʪʠʯʥʠʭ ʟʘ ʯʘʩʦʤ ʭʤʘʨʥʠʭ 

ʜʦʜʘʪʢʽʚ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʾʭʥʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʘʪʨʠʙʫʪʠ QoS, SDN ʪʘ ʧʦʧʠʪ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ, 

ʧʨʦʧʦʥʦʚʘʥʽ ʭʤʘʨʥʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʻ ʦʙʤʝʞʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʝʮʠʬʽʢʘʮʽʡ ʦʨʢʝʩʪʨʦʚʢʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʧʽʜʪʨʠʤʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ 

ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʅʘʡʜʦʩʢʦʥʘʣʽʰʦʶ ʤʦʚʦʶ ʭʤʘʨʥʦʾ ʦʨʢʝʩʪʨʦʚʢʠ ʻ Topology and Orchestration 

Specification for Cloud Applications (TOSCA) [1], ʷʢʘ ʩʣʫʞʠʪʴ ʩʭʝʤʦʶ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʣʦʛʽʢʠ ʨʽʰʝʥʴ, ʚʠʟʥʘʯʝʥʥʷ ʦʧʠʩʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 
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ʤʝʨʝʞʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʦʧʦʣʦʛʽʾ ʪʘ ʧʦʣʽʪʠʢ ʪʦʱʦ. ɰʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʛʦʨʪʘʥʥʷ, ʩʘʤʦʘʜʘʧʪʘʮʽʾ ʪʘ ʘʚʪʦʤʘʩʰʪʘʙʫʚʘʥʥʷ. TOSCA 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʪʠʯʥʠʡ ʦʧʠʩ ʣʦʛʽʢʠ ʧʨʦʛʨʘʤʠ ʚ ʾʾ ʧʨʦʝʢʪʥʦʤʫ ʩʪʘʥʽ ʪʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ QoS, QoE ʪʘ ʘʪʨʠʙʫʪʽʚ ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʨʦʛʨʘʤʦʶ ʪʘ ʾʾ ʙʘʟʦʚʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʧʨʦʛʨʘʤʠ ʨʘʟʦʤ ʽʟ ʾʭʥʽʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʪʘ 

ʟʚôʷʟʢʘʤʠ ʚʩʝʨʝʜʠʥʽ ʭʤʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʝ, ʤʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʤʠʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʙʘʟʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʨʠʪʠʯʥʠʭ ʯʘʩʦʚʠʭ ʦʙʤʝʞʝʥʴ. ʊʦʤʫ QoS ʭʤʘʨʥʠʭ ʜʦʜʘʪʢʽʚ ʽʟ ʢʨʠʪʠʯʥʠʤʠ ʯʘʩʦʚʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ ʥʝʦʙʭʽʜʥʦ ʧʦʢʨʘʱʫʚʘʪʠ [2].  

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʘʩʦʮʽʡʦʚʘʥʦʶ 

ʤʦʜʝʣʣʶ ʩʧʽʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʩʧʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʜʠʥʘʤʽʯʥʠʡ ʬʦʨʤʘʪ ʦʙʤʽʥʫ TOSCA, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʝʦʙʭʽʜʥʫ ʤʦʜʫʣʴʥʽʩʪʴ, 

ʧʨʦʛʨʘʤʦʚʘʥʽʩʪʴ ʽ ʢʝʨʦʚʘʥʽʩʪʴ ʷʢ ʜʦʜʘʪʢʽʚ, ʪʘʢ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʜʘʪʢʽʚ, ʟʘʜʦʚʦʣʴʥʷʶʯʠ ʾʭ 

ʩʫʚʦʨʠʤ ʚʠʤʦʛʘʤ ʜʦ ʯʘʩʫ. 

ʆʮʽʥʢʘ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘʢʠʭ ʤʦʚ/ʩʧʝʮʠʬʽʢʘʮʽʡ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʨʢʝʩʪʨʦʚʢʠ ʭʤʘʨʠ ʧʦʜʘʥʦ ʚ ʊʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʆʮ̔ ʥʢʘ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʤʦʞʣʠʚʦʩʪʝʡ 

ʤʦʚ/ʩʧʝʮʠʬʽʢʘʮʽʡ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʨʢʝʩʪʨʦʚʢʠ ʭʤʘʨʠ: SWITCH IDE, ARIA TOSCA, 

CAMEL, Cloudify, Heat Translator 
 ARIA TOSCA  CAMEL  Cloudify  Heat Translator SWITCH IDE  

ɯʥʪʝʨʬʝʡʩ ɿʘʩʦʙʠ CLI ɿʘʩʦʙʠ CLI 
Blueprint 

Composer (GUI) 
ɿʘʩʦʙʠ CLI SIDE GUI 

ʈʝʞʠʤ 

ʩʪʚʦʨʝʥʥʷ ʇɿ 

ʂʦʥʩʦʣʴʥʠʡ 

ʨʝʞʠʤ 

ʂʦʥʩʦʣʴʥʠʡ 

ʨʝʞʠʤ 

ɻʨʘʬʽʯʥʠʡ 

ʨʝʞʠʤ 
ʉʢʨʠʧʪʠ Python ɻʨʘʬʽʯʥʠʡ ʨʝʞʠʤ 

ʄʦʚʘ 

ʦʨʢʝʩʪʨʘʮʽʾ 
ARIA TOSCA CAMEL TOSCA 

ʟʛʝʥʝʨʦʚʘʥʠʡ 
ʟʘʩʦʙʘʤʠ TOSCA 

TOSCA 

ʆʨʢʝʩʪʨʘʪʦʨ 
ɼʚʠʛʫʥ ARIA 

Workflow 

ʇʣʘʪʬʦʨʤʘ 

PaaSage 

ʇʣʘʪʬʦʨʤʘ 

Cloudify 
ɼʚʠʛʫʥ Heat ʄʝʥʝʜʞʝʨ DRIP 

ɸʪʨʠʙʫʪʠ 

ʩʧʝʮʽʬʽʢʘʮʽʾ 

QoS/QoE 

ʂʦʥʩʦʣʴʥʠʡ 
ʨʝʞʠʤ 

ʂʦʥʩʦʣʴʥʠʡ 
ʨʝʞʠʤ 

ʂʦʥʩʦʣʴʥʠʡ 
ʨʝʞʠʤ 

TOSCA TOSCA  

ʄʦʥʽʪʦʨʠʥʛ 

ʜʦʜʘʪʢʽʚ 
ARIA 

ʇʣʘʪʬʦʨʤʘ 
Needs 

PaaSage 

Grafana Kibana ASAP, JCatascopia 

ʉʘʤʦ-

ʘʜʘʧʪʠʚʥʽʩʪʴ 

ʇʽʜʪʨʠʤʢʘ 

ʤʦʜʝʣʝʡ 

@runtime 

ʇʣʘʪʬʦʨʤʘ  

Needs 

PaaSage  

ʥʝʤʘʻ ʥʝʤʘʻ ɸʜʘʧʪʠʚ-ʥʽʩʪʴ 

ɿʜʘʪʥʽʩʪʴ ʜʦ 

ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ 
ʅʝʤʘʻ ʅʝʤʘʻ ʅʝʤʘʻ 

Updated TOSCA 

template, static 

ɼʠʥʘʤʽʯʥʝ 

ʦʥʦʚʣʝʥʥʷ QoS 

ʈʽʚʝʥʴ ʜʨʫʞʥʦʩʪʽ 

ʽʥʪʝʨʬʝʡʩʫ 
ʥʠʟʴʢʠʡ ʥʠʟʴʢʠʡ ʩʝʨʝʜʥʽʡ ʥʠʟʴʢʠʡ ʚʠʩʦʢʠʡ 
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ, ʟʘʩʦʙʠ SWITCH 

IDE (Software Workbench ʜʣʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ, ʢʨʠʪʠʯʥʠʭ ʜʦ ʯʘʩʫ ʪʘ 

ʚʠʩʦʢʦʩʘʤʦʘʜʘʧʪʠʚʥʠʭ ʭʤʘʨʥʠʭ ʧʨʦʛʨʘʤ), ʷʢʽ ʯʝʨʝʟ ʩʚʽʡ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʩʥʶʚʘʪʠ ʦʧʠʩ ʜʦʜʘʪʢʽʚ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘ ʪʘʢʦʞ 

ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʘʪʨʠʙʫʪʘʤʠ QoS, ʾʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʪʦʧʦʣʦʛʽʶ TOSCA ʪʘ ʯʝʨʝʟ 

ʦʨʢʝʩʪʨʦʚʢʫ ʪʘ ʩʘʤʦʘʜʘʧʪʘʮʽʶ, ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ QoS ʽ ʘʪʨʠʙʫʪʽʚ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ 

ʰʣʷʭʦʤ ʛʝʥʝʨʘʮʽʾ ʥʦʚʦʾ ʪʦʧʦʣʦʛʽʾ TOSCA ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ.  

ɺʠʩʥʦʚʦʢ  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ ʱʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

QoS ʜʣʷ ʭʤʘʨʥʠʭ ʜʦʜʘʪʢʽʚ ʽ ʟʘʜʦʚʦʣʝʥʥʷ ʾʭ ʢʨʠʪʠʯʥʠʭ ʯʘʩʦʚʠʭ ʦʙʤʝʞʝʥʴ  ʚʠʤʘʛʘʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʧʽʜʪʨʠʤʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ 

ʭʤʘʨʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 
1. Aria, Apache ARIA TOSCA, 2019, http://ariatosca.incubator.apache.org/, (Accessed September 

2023). 

2. Anser Y., Gaber C., Wary J. -P., Garc²a S. N. M., Bouzefrane S. TRAILS: Extending TOSCA 

NFV profiles for liability management in the Cloud-to-IoT continuum. 2022 IEEE 8th 

International Conference on Network Softwarization (NetSoft), Milan, Italy, 2022, pp. 321-329, 

doi: 10.1109/NetSoft54395.2022.9844027. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ɺʀʗɺʃɽʅʅʗ ʂɯɹɽʈ-ɸʊɸʂ ʅɸ ʆʉʅʆɺɯ ʉʆʎɯɸʃʔʅʆɰ ɯʅɾɽʅɽʈɯɰ 
 
ɺʠʟʥʘʯʝʥʦ ʧʨʦʙʣʝʤʘʪʠʢʫ ʪʝʭʥʽʯʥʠʭ ʚʠʜʽʚ ʢʽʙʝʨ-ʘʪʘʢ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʦʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨ-ʘʪʘʢ 

ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. ʇʽʜʭʽʜ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨ-ʘʪʘʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʯʦʪʠʨʠ ʘʣʛʦʨʠʪʤʠ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (decision tree, random forest, K-nearest neighbor, ʪʘ extreme gradient 

boosting). ɸʥʘʣʽʟ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʟ ʭʦʩʪʽʚ ʤʝʨʝʞʽ, ʷʢʽ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ 

ʽʥʜʠʢʘʪʦʨʘʤʠ ʧʦʪʝʥʮʽʡʥʦʾ ʘʪʘʢʠ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. ɽʤʧʽʨʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ.  

 

The problems of technical types of cyber-attacks based on the use of social engineering 

methods are defined. The authors present a method for detecting social engineering cyber attacks. 

The cyber attack detection approach used four machine learning algorithms (decision tree, random 

forest, K-nearest neighbor, and extreme gradient boosting). The analysis focuses on data collected 

from network hosts that can serve as indicators of a potential social engineering attack. The 

empirical results demonstrate high accuracy of the identification. 

 

ɺʩʪʫʧ 

ʉʴʦʛʦʜʥʽ ʢʽʙʝʨ-ʘʪʘʢʠ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ ʤʦʞʫʪʴ ʟʘʚʜʘʚʘʪʠ ʟʥʘʯʥʦʾ ʰʢʦʜʠ 

ʩʫʩʧʽʣʴʩʪʚʫ. ʇʦʪʝʥʮʽʡʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʽʙʝʨ-

ʘʪʘʢ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ ʻ ʬʽʥʘʥʩʦʚʽ ʚʪʨʘʪʠ, ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʢʨʘʜʽʞʢʘ 

ʜʘʥʠʭ, ʰʢʦʜʘ ʨʝʧʫʪʘʮʽʾ, ʟʙʦʾ ʚ ʨʦʙʦʪʽ, ʧʨʘʚʦʚʽ ʥʘʩʣʽʜʢʠ, ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, 

ʧʦʰʠʨʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʧʨʦʛʨʘʤ [1-3]. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʥʦʚʦʤʫ ʤʝʪʦʜʽ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. 

ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʨʽʰʝʥʴ 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [4] ʘʚʪʦʨʠ ʚʠʩʫʚʘʶʪʴ ʩʪʨʘʪʝʛʽʾ ʪʘ ʪʘʢʪʠʢʠ ʢʘʤʧʘʥʽʾ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚôʷ ʜʣʷ ʧʨʦʪʠʜʽʾ ʘʪʘʢʘʤ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ [5] ʚʠʚʯʘʣʦ ʟʚôʷʟʦʢ 

ʤʽʞ ʨʠʩʘʤʠ ʦʩʦʙʠʩʪʦʩʪʽ ʪʘ ʾʾ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʶ ʜʦ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ ʚ ʢʦʥʪʝʢʩʪʽ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ [6] ʙʫʣʦ ʩʪʚʦʨʝʥʦ Framework ʣʶʜʠʥʠ ʷʢ 

ʜʘʪʯʠʢʘ ʙʝʟʧʝʢʠ, ʷʢʘ ʙʫʣʘ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʘ ʯʝʨʝʟ CogniSense, ʧʨʦʪʦʪʠʧ 

ʧʨʦʛʨʘʤʠ ʜʣʷ Microsoft Windows, ʽ ʤʘʻ ʥʘ ʤʝʪʽ ʥʘʜʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʘʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʘʪʘʢʠ ʩʝʤʘʥʪʠʯʥʦʾ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʥʘʮʽʣʝʥʽ ʥʘ ʥʠʭ, ʽ 

ʧʦʚʽʜʦʤʣʷʪʠ ʧʨʦ ʥʠʭ. ɸʚʪʦʨʠ [7] ʨʦʟʨʦʙʠʣʠ ʤʝʪʦʜ ʚʠʣʫʯʝʥʥʷ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʬʽʰʠʥʛʦʚʠʭ ʘʪʘʢ ʽʟ ʚʽʜʢʨʠʪʠʭ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ. ʇʨʠ ʮʴʦʤʫ 
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ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʢʨʠʧʪʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʧʝʨʝʜ ʨʦʟʛʦʨʪʘʥʥʷʤ ʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʨʦʟʩʠʣʢʠ, ʤʠʥʘʶʯʠ ʘʣʛʦʨʠʪʤʠ ʚʠʷʚʣʝʥʥʷ ʩʧʘʤʫ. ʋ ʨʦʙʦʪʽ [8] ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʴ 

ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨ-ʘʪʘʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʘ 

ʧʝʨʝʜʙʘʯʘʣʘ ʧʦʜʽʣ ʥʘʙʦʨʫ ʜʘʥʠʭ ʥʘ ʥʘʙʦʨʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʦʭʦʧʠʪʠ ʚʥʫʪʨʽʰʥʽ ʨʠʩʠ ʪʝʢʩʪʫ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʪʘ ʽʥʰʽ ʬʫʥʢʮʽʾ, 

ʟʘʙʝʟʧʝʯʠʚʰʠ ʝʬʝʢʪʠʚʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʥʘ ʬʽʰʠʥʛʦʚʽ ʪʘ ʥʝʬʽʰʠʥʛʦʚʽ ʢʘʪʝʛʦʨʽʾ. ʋ 

ʨʦʙʦʪʽ [9] ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʚʽʨʫʩʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʦʟʥʘʢ ʾʭ ʦʙʬʫʩʢʘʮʽʾ. 

ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨ-ʘʪʘʢ ʥʘ ʦʩʥʦʚʽ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨ-ʘʪʘʢ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʻ ʝʪʘʧʠ ʥʘʚʯʘʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ. ɽʪʘʧʠ ʥʘʚʯʘʥʥʷ: ʬʦʨʤʫʚʘʥʥʷ 

ʟʥʘʥʴ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʘʟʘʪʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʘʪʘʢʠ 

ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ ʥʘ ʭʦʩʪʘʭ ʤʝʨʝʞʽ; ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʘʪʘʢʠ ʫ 

ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʚʝʢʪʦʨʽʚ ʦʟʥʘʢ. 

ɽʪʘʧʠ ʚʠʷʚʣʝʥʥʷ: ʤʦʥʽʪʦʨʠʥʛ ʩʠʩʪʝʤʥʠʭ ʧʦʜʽʡ ʚ ʭʦʩʪʘʭ ʤʝʨʝʞʽ; ʟʙʽʨ ʦʟʥʘʢ ʽ 

ʚʠʜʽʣʝʥʥʷ ʬʫʥʢʮʽʡ ʟ ʭʦʩʪʫ ʤʝʨʝʞʽ, ʷʢʽ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʚʢʘʟʘʪʠ ʥʘ ʽʩʥʫʚʘʥʥʷ 

ʘʪʘʢʠ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ ʥʘ ʮʝʡ ʭʦʩʪ, ʽ ʧʦʙʫʜʦʚʘ ʚʝʢʪʦʨʘ ʦʟʥʘʢ ʟ ʮʠʭ ʦʟʥʘʢ; 

ʬʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʽʚ ʦʟʥʘʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʭʦʩʪʽʚ ʤʝʨʝʞʽ; 

ʚʠʢʦʥʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚʝʢʪʦʨʽʚ ʦʟʥʘʢ ʜʣʷ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʦʙôʻʢʪʘ ʢʦʥʢʨʝʪʥʠʤ ʢʣʘʩʘʤ ʘʪʘʢ; ʣʦʢʘʣʽʟʘʮʽʷ ʭʦʩʪʘ ʤʝʨʝʞʽ, ʷʢʠʡ ʧʽʜʜʘʻʪʴʩʷ ʘʪʘʮʽ. 

ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ MLA: decision tree, random forest, 

K-nearest neighbor, ʪʘ extreme gradient boosting. 

ɽʢʩʧʝʨʠʤʝʥʪʠ 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘʙʦʨʠ ʜʘʥʠʭ [9], ʱʦ ʤʽʩʪʷʪʴ ʧʨʠʢʣʘʜʠ ʟʣʦʚʤʠʩʥʦʾ ʧʦʚʝʜʽʥʢʠ. ʋ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʙʫʣʦ ʟʘʣʫʯʝʥʦ 50 ʭʦʩʪʽʚ, ʘ ʪʘʢʦʞ 15 ʪʠʧʽʚ ʘʪʘʢ. ɽʢʩʧʝʨʠʤʝʥʪ ʪʨʠʚʘʚ 

24 ʛʦʜʠʥʠ. 

ɺʠʩʥʦʚʦʢ  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʽʥʥʦʚʘʮʽʡʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. ʎʝʡ 

ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʝʨʝʚʽʨʢʘ 

ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʟ ʤʝʨʝʞʝʚʠʭ ʭʦʩʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʘʪʘʢʠ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. ɽʤʧʽʨʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʷʚʠʣʠ ʚʨʘʞʘʶʯʫ 

ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʧʨʠʙʣʠʟʥʦ 99% ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʯʘʩʪʦʪʦʶ ʧʦʤʠʣʢʦʚʠʭ ʧʦʟʠʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠʙʣʠʟʥʦ 6%.  
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ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 
 

ʉʋʄɸʈʀɿɸʎɯʗ ʊɽʂʉʊʋ ɿɸ ɼʆʇʆʄʆɻʆʖ ʈɽʂʋʈɽʅʊʅʀʍ ʅɽʁʈʆʅʅʀʍ 

ʄɽʈɽɾ ʊɸ ʊʈɸʅʉʌʆʈʄɽʈɯɺ 
 
ʈʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʩʫʤʘʨʠʟʘʮʽʾ ʪʝʢʩʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʪʘ ʪʨʘʥʩʬʦʨʤʝʨʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʥʘʣʽʟ ʪʘ ʚʠʣʫʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ 
ʪʝʢʩʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʟʨʫʯʥʫ ʪʘ ʪʦʯʥʫ ʩʫʤʘʨʠʟʘʮʽʶ ʪʝʢʩʪʽʚ 
ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʩʪʨʫʢʪʫʨʠ. 

  

 Various approaches to annotating the text using recurrent neural networks and 
transformers, which provide analysis and extraction of the necessary information from the text, are 
considered. The proposed approach allows you to conveniently and accurately annotate texts of 
different nature and structure. 

 
ɿ ʙʫʨʭʣʠʚʠʤ ʟʨʦʩʪʘʥʥʷʤ ʟʙʦʨʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ ʧʦʪʨʝʙʘ ʚ 

ʘʥʘʣʽʟʽ ʪʘ ʚʠʣʫʯʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʮʽʻʾ ʤʘʩʠ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ. ʂʨʽʤ ʪʦʛʦ, 
ʨʦʟʚʠʪʦʢ ʤʦʜʝʣʝʡ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʴʦʾ ʤʦʚʠ ʧʦʣʝʛʰʠʚ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ. ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʻ 
ʨʦʟʨʦʙʢʘ ʫʚʘʛʠ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʚʠʙʦʨʫ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʤʦʜʝʣʷʤ ʟʦʩʝʨʝʜʞʫʚʘʪʠʩʷ ʥʘ 
ʢʣʶʯʦʚʠʭ ʯʘʩʪʠʥʘʭ ʪʝʢʩʪʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʦʯʥʦʾ ʪʘ ʢʦʥʢʨʝʪʥʦʾ ʩʫʤʘʨʠʟʘʮʽʾ. ʂʨʽʤ 
ʪʦʛʦ, ʜʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʚʠʚʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ 
ʤʝʨʝʞ ʪʘ ʪʨʘʥʩʬʦʨʤʝʨʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʩʫʤʘʨʠʟʘʮʽʾ ʪʝʢʩʪʫ, 
ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʚʘʛʠ ʦʙʦʭ ʧʽʜʭʦʜʽʚ. ʆʜʥʘʢ ʽʩʥʫʶʪʴ ʥʝʚʠʨʽʰʝʥʽ ʧʨʦʙʣʝʤʠ. ʆʜʥʘ 
ʟ ʥʠʭ ʧʦʣʷʛʘʻ ʫ ʧʦʢʨʘʱʝʥʥʽ ʷʢʦʩʪʽ ʩʫʤʘʨʠʟʘʮʽʾ ʪʝʢʩʪʫ ʟ ʨʽʟʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, 
ʪʘʢʠʤʠ ʷʢ ʪʝʭʥʽʯʥʽ ʜʦʢʫʤʝʥʪʠ, ʥʦʚʠʥʠ, ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ ʪʦʱʦ. ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ 
ʧʨʦʙʣʝʤʦʶ ʻ ʨʦʟʚô̫ ʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʘʜʘʧʪʘʮʽʾ ʤʦʜʝʣʝʡ ʜʦ ʨʽʟʥʠʭ ʤʦʚ ʪʘ ʢʫʣʴʪʫʨʥʠʭ 
ʢʦʥʪʝʢʩʪʽʚ, ʦʩʢʽʣʴʢʠ ʩʫʤʘʨʠʟʘʮʽʷ ʪʝʢʩʪʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 
ʤʦʚʠ ʯʠ ʞʘʥʨʫ ʪʝʢʩʪʫ. 

 ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʜʣʷ ʩʫʤʘʨʠʟʘʮʽʾ ʥʦʚʠʥʥʠʭ ʪʝʢʩʪʽʚ 
ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʪʨʘʥʩʬʦʨʤʝʨʽʚ. 
ʆʩʥʦʚʥʦʶ ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʚʜʘʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʟʜʘʪʥʘ 
ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʨʦʟʧʽʟʥʘʚʘʪʠ ʢʣʶʯʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʝʣʝʤʝʥʪʠ ʫ ʥʦʚʠʥʘʭ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʷʢʦʩʪʽ ʩʫʤʘʨʠʟʘʮʽʾ ʜʣʷ ʥʦʚʠʥʥʠʭ 
ʤʘʪʝʨʽʘʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ ʪʘ ʞʘʥʨʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 
ʥʦʚʠʥʘʨʩʴʢʠʭ ʪʝʢʩʪʽʚ. 

 ɿʘʜʘʯʫ ʨʝʟʶʤʫʚʘʥʥʷ ʪʝʢʩʪʫ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʢʦʥʪʨʦʣʴʦʚʘʥʫ ʘʙʦ 
ʥʘʧʽʚʢʦʥʪʨʦʣʴʦʚʘʥʫ ʟʘʜʘʯʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʘ 
ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ seq2sequence, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʜʫʚʘʣʴʥʠʢʘ ʪʘ 
ʜʝʢʦʜʝʨʘ, ʟôʻʜʥʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦ, ʱʦʙ ʛʝʥʝʨʫʚʘʪʠ ʧʽʜʩʫʤʦʢ ʜʣʷ ʟʘʜʘʥʦʛʦ ʪʝʢʩʪʫ [1]. 
ʎʽ ʢʦʜʝʨʠ ʪʘ ʜʝʢʦʜʝʨʠ ʜʦʜʘʪʢʦʚʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ LSTM (Long Short-Term Memory), 
ʷʢ ʨʦʟʰʠʨʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʨʦʩʪʦʾ ʨʝʢʫʨʝʪʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʋ 
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ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ ʥʦʚʠʡ ʚʠʭʽʜ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ. ɿʘʚʜʷʢʠ 
ʮʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʢʩʪ ʫʟʘʛʘʣʴʥʶʻʪʴʩʷ ʙʽʣʴʰ ʣʶʜʷʥʦ. ʈʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 
ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʪʝʢʩʪ ʪʝʢʩʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʽ 
ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʪʘʥʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʥʘʩʪʫʧʥʠʭ ʩʣʽʚ [2]. ʊʨʘʥʩʬʦʨʤʝʨʠ ʜʦʟʚʦʣʷʶʪʴ 
ʫʚʘʞʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʪʝʢʩʪʦʚʽ ʦʙʩʷʛʠ ʧʘʨʘʣʝʣʴʥʦ, ʱʦ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʟ 
ʜʦʚʽʣʴʥʦ ʜʦʚʛʠʤʠ ʪʝʢʩʪʘʤʠ ʪʘ ʧʦʢʨʘʱʫʻ ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 
ʧʨʦʙʣʝʤʠ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʩʪʦʾ ʨʝʢʫʨʝʥʪʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʘ LSTM, ʷʢʘ ʟʜʘʪʥʘ ʚʠʚʯʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ. 
ʂʦʜʝʨ ʪʘ ʜʝʢʦʜʝʨ ʻ ʜʚʦʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ ʘʨʭʽʪʝʢʪʫʨʠ ʨʝʢʫʨʝʪʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 
sequence2sequence, ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʢʦʣʠ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʜʘʥʽ 
ʤʘʶʪʴ ʨʽʟʥʫ ʜʦʚʞʠʥʫ. ʂʦʜʝʨ ï ʢʦʜʫʻ ʚʝʩʴ ʚʭʽʜʥʠʡ ʬʘʡʣ ʫ ʬʦʨʤʫ, ʧʨʠʜʘʪʥʫ ʜʣʷ 
ʦʙʨʦʙʢʠ. ɼʝʢʦʜʝʨ ï ʜʝʢʦʜʫʻ ʦʙʨʦʙʣʝʥʠʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʫ ʥʝʦʙʭʽʜʥʠʡ ʚʠʭʽʜ. ʆʜʥʝ 
ʩʣʦʚʦ ʟʘ ʨʘʟ ʥʘʜʘʻʪʴʩʷ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ ʢʦʜʝʨʫ ʟ ʡʦʛʦ ʤʽʪʢʦʶ ʯʘʩʫ. ʇʦʪʽʤ ʮʝ ʩʣʦʚʦ 
ʦʙʨʦʙʣʷʻʪʴʩʷ LSTM ʰʣʷʭʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʩʫʪʥʴʦʾ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ 
ʚʚʝʜʝʥʥʽ. ɿʘ ʥʠʤ ʽʜʝ ʜʝʢʦʜʝʨ, ʷʢʠʡ ʜʝʢʦʜʫʻ ʚʭʽʜʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʫ ʙʽʣʴʰ 
ʯʠʪʘʙʝʣʴʥʠʡ ʽ ʙʘʞʘʥʠʡ ʚʠʭʽʜʥʠʡ ʬʦʨʤʘʪ. ɼʘʣʽ ʩʪʚʦʨʶʻʪʴʩʷ ʨʝʟʶʤʝ, 
ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʴ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʪʫʧʥʝ ʨʝʣʝʚʘʥʪʥʝ ʩʣʦʚʦ, ʚʨʘʭʦʚʫʶʯʠ 
ʧʦʧʝʨʝʜʥʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʚ. 

 ɺ ʷʢʦʩʪʽ ʜʘʪʘʩʝʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʙʽʨ ʜʘʥʠʭ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 
ʨʽʟʥʦʤʘʥʽʪʥʽ ʥʦʚʠʥʥʽ ʪʝʢʩʪʠ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ. ʄʦʜʝʣʴ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʰʣʷʭʦʤ 
ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʥʘʚʯʘʥʥʷ ʥʘ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʾʾ 
ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʜʘʧʪʘʮʽʾ ʜʦ ʨʽʟʥʠʭ ʩʪʠʣʽʚ ʪʘ ʞʘʥʨʽʚ ʥʦʚʠʥ.  

ʆʪʨʠʤʘʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʫ 
ʟʘʚʜʘʥʥʽ ʩʫʤʘʨʠʟʘʮʽʾ ʪʝʢʩʪʽʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʚʠʤʽʨʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʤʝʪʨʠʢ ʷʢʦʩʪʽ ʩʫʤʘʨʠʟʘʮʽʾ, ʪʘʢʠʭ ʷʢ ROUGE (Recall-Oriented Understudy for Gisting 
Evaluation) [3]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ LSTM ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤʫ ʟ 
ʜʦʚʛʦʪʝʨʤʽʥʦʚʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʫ ʪʝʢʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʪʦʯʥʽ ʪʘ ʟʤʽʩʪʦʚʥʽ 
ʨʝʟʫʣʴʪʘʪʠ ʩʫʤʘʨʠʟʘʮʽʾ. ʄʦʜʝʣʴ ʜʝʤʦʥʩʪʨʫʻ ʟʜʘʪʥʽʩʪʴ ʛʝʥʝʨʫʚʘʪʠ ʢʦʥʢʨʝʪʥʽ ʪʘ 
ʟʤʽʩʪʦʚʥʽ ʩʫʤʘʨʠʟʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʥʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 
ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʩʫʤʘʨʠʟʘʮʽʾ ʪʝʢʩʪʫ ʫ ʩʬʝʨʽ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʥʦʚʠʥʥʠʭ ʧʦʨʪʘʣʽʚ, ʜʦʧʦʤʘʛʘʶʯʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʰʚʠʜʢʦ ʟʜʦʙʫʚʘʪʠ 
ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ ʧʦʢʨʘʱʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ 
ʟʥʘʥʴ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ 
ʥʝʜʦʣʽʢʠ. ʉʝʨʝʜ ʧʝʨʝʚʘʛ: ʩʪʚʦʨʶʻ ʙʽʣʴʰ ʣʶʜʩʴʢʝ ʨʝʟʶʤʝ, ʪʦʯʥʽʩʪʴ ʟʨʦʩʪʘʻ ʟʽ 
ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʜʘʥʠʭ. ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʢʣʘʜʥʽʩʪʴ ʤʦʜʝʣʽ, 
ʧʦʚʪʦʨʝʥʥʷ ʩʣʽʚ ʥʝ ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʧʦʚʽʣʴʥʘ ʨʦʙʦʪʘ ʤʦʜʝʣʽ. 
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ɺʘʭʦʚʩʴʢʘ ɺ.ʄ.  

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄʆɹɯʃʔʅʀʁ ɼʆɼɸʊʆʂ çGYMRATè ï ɺɯʈʊʋɸʃʔʅʀʁ ʌɯʊʅɽʉ ʊʈɽʅɽʈ  
 

ɼʦʩʣʽʜʞʝʥʦ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʬʽʪʥʝʩ ʪʨʝʥʝʨʘ. ɼʦʜʘʪʦʢ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʽʪʥʝʩ-ʚʧʨʘʚʠ ʪʘ ʧʨʦʭʦʜʠʪʠ ʪʨʝʥʫʚʘʥʥʷ. ʆʩʥʦʚʥʠʡ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ 

ʩʪʚʦʨʝʥʽ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚʣʘʩʥʠʭ ʪʨʝʥʫʚʘʥʴ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʨʝʜʘʢʪʦʨʽ, ʪʘ ʰʣʷʭʦʤ 

ʥʘʜʩʠʣʘʥʥʷ ʟʘʧʠʪʫ ʜʦ ʧʦʧʝʨʝʜʥʴʦ ʥʘʪʨʝʥʦʚʘʥʦʾ ʤʦʜʝʣʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʦʜʘʪʦʢ ʥʘʜʘʻ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʨʫʯʥʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʧʦʨʪʠʚʥʠʭ ʮʽʣʝʡ. 
 

The applied aspects of developing a mobile application functioning as a virtual fitness 

trainer have been studied. This application allows users to view diverse fitness exercises and 

participate in workout sessions. The primary emphasis is placed on users creating their own 

customized workouts using a specialized editor, and by sending requests to a pre-trained model. The 

proposed application offers users a convenient and efficient tool for achieving their fitness goals. 
 

ɿʜʦʨʦʚʠʡ ʩʧʦʩʽʙ ʞʠʪʪʷ ʪʘ ʬʽʪʥʝʩ ï ʦʜʥʘ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʢʣʶʯʦʚʠʭ ʪʝʤ 

ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ. ɿʛʽʜʥʦ ʟʽ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʚʩʝ ʙʽʣʴʰʝ ʣʶʜʝʡ ʧʦʯʠʥʘʶʪʴ 

ʩʪʝʞʠʪʠ ʟʘ ʩʚʦʾʤ ʟʜʦʨʦʚôʷʤ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʭʦʨʦʰʫ ʬʦʨʤʫ, ʟʘʡʤʘʶʯʠʩʴ ʩʧʦʨʪʦʤ. 

ʌʽʪʥʝʩ ʽʥʜʫʩʪʨʽʷ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʟʘʚʜʷʢʠ ʢʦʤʝʨʮʽʡʥʽʡ 

ʦʨʽʻʥʪʘʮʽʾ, ʘ ʪʝʥʜʝʥʮʽʾ ʫ ʩʬʝʨʽ ʬʽʪʥʝʩʫ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ. 
ʅʝ ʚʩʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʚʽʜʫʚʘʪʠ ʩʧʦʨʪʠʚʥʽ ʟʘʢʣʘʜʠ ʯʝʨʝʟ ʨʽʟʥʽ 

ʦʙʩʪʘʚʠʥʠ, ʪʘʢʽ ʷʢ ʟʘʡʥʷʪʽʩʪʴ ʘʙʦ ʚʽʜʜʘʣʝʥʽʩʪʴ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ 

ʧʦʰʫʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʪʨʝʥʫʚʘʥʴ, ʥʝ ʚʠʭʦʜʷʯʠ ʟ ʜʦʤʫ. ɿ ʧʦʷʚʦʶ 

ʩʤʘʨʪʬʦʥʽʚ ʪʘ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʫ ʨʦʣʴ ʥʘ ʩʝʙʝ ʚʟʷʣʠ ʤʦʙʽʣʴʥʽ ʬʽʪʥʝʩ 

ʜʦʜʘʪʢʠ. ɺʦʥʠ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʪʨʝʥʫʚʘʪʠʩʷ ʜʝ ʟʘʚʛʦʜʥʦ ʽ ʢʦʣʠ ʟʘʚʛʦʜʥʦ, ʘ 

ʪʘʢʦʞ ʩʪʝʞʠʪʠ ʟʘ ʧʨʦʛʨʝʩʦʤ ʚ ʪʨʝʥʫʚʘʥʥʷʭ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʭʘʨʯʫʚʘʥʥʽ. 

ʑʝ ʦʜʠʥ ʧʽʢ ʧʦʧʫʣʷʨʥʦʩʪʽ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʧʦʯʘʚʩʷ ʟ ʧʘʥʜʝʤʽʻʶ COVID-

19, ʪʘʢ ʷʢ ʙʽʣʴʰʽʩʪʴ ʬʽʪʥʝʩ-ʢʣʫʙʽʚ ʪʠʤʯʘʩʦʚʦ ʟʘʯʠʥʠʣʠʩʷ ʪʘ ʩʪʘʣʦ ʩʢʣʘʜʥʦ 

ʚʽʜʚʽʜʫʚʘʪʠ ʩʧʦʨʪʠʚʥʽ ʤʘʡʜʘʥʯʠʢʠ ʪʘ ʪʨʝʥʫʚʘʪʠʩʷ ʟ ʧʨʦʬʝʩʽʡʥʠʤʠ ʪʨʝʥʝʨʘʤʠ ʯʝʨʝʟ 

ʢʘʨʘʥʪʠʥʥʽ ʦʙʤʝʞʝʥʥʷ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴ ʨʽʰʝʥʥʷ ʜʘʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʚʢʘʟʫʻ ʥʘ ʧʦʧʫʣʷʨʥʽʩʪʴ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʤʦʙʽʣʴʥʠʭ ʬʽʪʥʝʩ-ʜʦʜʘʪʢʽʚ ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʪʘ 

ʥʝʜʦʣʽʢʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʚʦʭ ʚʽʜʦʤʠʭ ʜʦʜʘʪʢʽʚ: Nike Training 

Club ʪʘ Jefit.  
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ʋ Nike Training Club ʥʝʤʦʞʣʠʚʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʜʦʜʘʪʢʦʤ ʙʝʟ ʘʚʪʦʨʠʟʘʮʽʾ, 

ʦʢʨʝʤʦ ʧʝʨʝʛʣʷʜʘʪʠ ʚʧʨʘʚʠ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʪʨʝʥʫʚʘʥʥʷ. ʇʨʦʭʦʜʞʝʥʥʷ 

ʪʨʝʥʫʚʘʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʬʦʨʤʽ ʧʝʨʝʛʣʷʜʫ ʚʽʜʝʦ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʥʝʟʨʫʯʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦ ʧʝʨʝʢʣʶʯʠʪʠ ʚʧʨʘʚʫ ʘʙʦ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ. 

ɼʦʜʘʪʦʢ ʪʘʢʦʞ ʥʝ ʥʘʜʘʻ ʦʧʮʽʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʚʽʜʧʦʯʠʥʢʫ 

ʤʽʞ ʚʧʨʘʚʘʤʠ. 

ʋ ʚʠʧʘʜʢʫ Jefit ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʢʦʨʠʩʪʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʤ ʙʝʟ ʘʚʪʦʨʠʟʘʮʽʾ, ʧʨʦʪʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ Nike Training Club, Jefit ʥʘʜʘʻ 

ʙʽʣʴʰʠʡ ʚʠʙʽʨ ʚʧʨʘʚ, ʷʢʽ ʨʦʟʜʽʣʝʥʽ ʥʘ ʢʘʪʝʛʦʨʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʨʫʧ ʤ'ʷʟʽʚ. ʇʨʦʪʝ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʝ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ ʪʨʝʥʫʚʘʥʴ ʟ ʥʫʣʷ; ʟʘʤʽʩʪʴ 

ʮʴʦʛʦ ʾʤ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʝʜʘʛʫʚʘʪʠ ʥʘʷʚʥʽ ʪʨʝʥʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʙʤʝʞʝʥʠʭ ʦʧʮʽʡ. ɺʘʞʣʠʚʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʧʦʷʚʘ ʥʘʚ'ʷʟʣʠʚʦʾ ʨʝʢʣʘʤʠ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ 

ʬʫʥʢʮʽʡ ʻ ʧʣʘʪʥʠʤʠ, ʽʥʪʝʨʬʝʡʩ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʣʫʪʘʥʠʥʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʆʪʞʝ, ʜʦʜʘʪʦʢ GymRat ʧʦʚʠʥʝʥ ʚʠʨʽʰʫʚʘʪʠ ʮʽ ʧʨʦʙʣʝʤʠ, ʥʘʜʘʶʯʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʚʦʙʦʜʫ ʚʠʙʦʨʫ. ɺʽʥ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʝʨʩʦʥʘʣʽʟʫʚʘʪʠ ʩʚʦʾ 

ʪʨʝʥʫʚʘʥʥʷ, ʚʠʙʠʨʘʶʯʠ ʚʧʨʘʚʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʾʭʥʽʤ ʧʦʪʨʝʙʘʤ ʪʘ ʮʽʣʷʤ. 

ʂʦʨʠʩʪʫʚʘʯʽ ʟʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʪʨʝʥʫʚʘʥʥʷ, ʟʤʽʥʶʚʘʪʠ ʚʧʨʘʚʠ ʪʘ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʘ ʚʽʜʧʦʯʠʥʢʫ ʤʽʞ ʥʠʤʠ. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 

ʪʨʝʥʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯ ʙʘʯʠʪʠʤʝ ʘʥʽʤʘʮʽʶ ʚʠʢʦʥʘʥʥʷ ʚʧʨʘʚʠ ʪʘ ʟʤʦʞʝ ʩʪʝʞʠʪʠ ʟʘ 

ʪʘʡʤʝʨʦʤ, ʷʢʠʡ ʚʽʜʣʽʢʦʚʫʻ ʯʘʩ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʚʧʨʘʚʠ. ʂʨʽʤ ʪʦʛʦ, ʢʦʨʠʩʪʫʚʘʯ ʤʘʪʠʤʝ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʧʫʩʪʠʪʠ ʘʙʦ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʚʧʨʘʚʠ, ʷʢʱʦ ʪʘʢʘ ʧʦʪʨʝʙʘ 

ʚʠʥʠʢʥʝ. ʇʽʩʣʷ ʢʦʞʥʦʾ ʚʧʨʘʚʠ ʥʘʜʘʻʪʴʩʷ ʚʽʜʧʦʯʠʥʦʢ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʝʢʨʘʥʽ ʟ 

ʨʝʣʘʢʩʫʶʯʝʶ ʘʥʽʤʘʮʽʻʶ ʪʘ ʪʘʡʤʝʨʦʤ, ʷʢʠʡ ʟʘ ʙʘʞʘʥʥʷʤ ʤʦʞʥʘ ʧʨʦʧʫʩʪʠʪʠ. ʇʽʩʣʷ 

ʫʩʧʽʰʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʪʨʝʥʫʚʘʥʥʷ ʚʠʥʠʢʘʻ ʝʢʨʘʥ ʧʨʠʚʽʪʘʥʥʷ.  

ʄʝʪʦʶ ʮʴʦʛʦ ʜʦʜʘʪʢʫ ʻ ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʨʫʯʥʦʛʦ ʪʘ ʧʨʦʩʪʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʬʽʪʥʝʩ ʪʨʝʥʫʚʘʥʴ. ɼʦʜʘʪʦʢ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʧʝʨʝʛʣʷʜʘʪʠ ʚʧʨʘʚʠ, ʧʨʦʚʦʜʠʪʠ ʪʨʝʥʫʚʘʥʥʷ, ʩʪʚʦʨʶʚʘʪʠ ʩʧʠʩʦʢ ʫʣʶʙʣʝʥʠʭ ʚʧʨʘʚ ʪʘ 

ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʪʨʝʥʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʞʝ ʜʦʜʘʥʠʭ ʚʧʨʘʚ. ɼʦʜʘʪʦʢ ʙʫʜʝ 

ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ React Native Expo, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ RapidAPI ʜʣʷ ʥʘʜʘʥʥʷ ʚʧʨʘʚ ʪʘ 

Firebase ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʦ ʟʘʛʘʣʴʥʫ ʜʽʘʛʨʘʤʫ ʤʦʙʽʣʴʥʦʛʦ ʬʽʪʥʝʩ ʜʦʜʘʪʢʫ. 
ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ React Native Expo ʪʘ Redux ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʦʛʦ ʬʽʪʥʝʩ-ʜʦʜʘʪʢʫ.  

React Native ï ʚʽʜʢʨʠʪʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. React Native ʙʘʟʫʻʪʴʩʷ ʥʘ ʙʽʙʣʽʦʪʝʮʽ React, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ JavaScript ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʽ ʥʘ ʨʽʟʥʽ ʤʦʙʽʣʴʥʽ ʧʣʘʪʬʦʨʤʠ. 

ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ Expo (React Native), ʱʦ ʜʦʧʦʤʘʛʘʻ 

ʧʨʠʩʢʦʨʠʪʠ ʨʦʟʨʦʙʢʫ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʥʘ ʦʩʥʦʚʽ React Native. ʎʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʷʚʠʣʠʩʷ ʦʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʥʦʩʥʠʭ ʜʦʜʘʪʢʽʚ ʜʣʷ Android ʽ iOS ʟ 
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ʦʜʥʽʻʶ ʩʧʽʣʴʥʦʶ ʢʦʜʦʚʦʶ ʙʘʟʦʶ, ʱʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʽ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ 

ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ. 

ɼʦʜʘʪʦʢ ʙʫʜʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ Firebase ʩʝʨʚʽʩʘʤʠ: 

1. Firebase Authentication ʜʣʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

2. Firestore Database ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʜʘʥʠʭ; 

3. Cloud Storage ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʜʘʥʠʭ. 

ʎʝʡ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ ʦʙʛʨʫʥʪʦʚʫʻʪʴʩʷ ʾʭʥʴʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʽ ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʶ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

Firebase Firestore ʦʙʨʘʥʦ ʷʢ ʙʘʟʫ ʜʘʥʠʭ ʜʣʷ ʜʦʜʘʪʢʫ ʪʘʢ ʷʢ ʮʷ ʜʦʢʫʤʝʥʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʘ ʙʘʟʘ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʢʦʣʝʢʮʽʡ ʜʦʢʫʤʝʥʪʽʚ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʛʥʫʯʢʽʩʪʴ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʜʘʥʠʭ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʧʽʜʪʨʠʤʢʘ ʨʦʙʦʪʠ ʚ ʦʬʣʘʡʥ ʨʝʞʠʤʽ ʪʘ ʘʚʪʦʤʘʪʠʯʥʘ 

ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʟ ʩʝʨʚʝʨʦʤ. 

ʊʘʢʦʞ ʦʙʨʘʥʦ RapidAPI ExerciseDB ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʬʽʪʥʝʩ-

ʚʧʨʘʚʠ, ʱʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʜʦʜʘʪʢʫ ʱʦʜʦ ʥʘʜʘʥʥʷ ʨʦʟʰʠʨʝʥʦʛʦ ʧʝʨʝʣʽʢʫ 

ʚʧʨʘʚ ʪʘ ʾʭ ʢʘʪʝʛʦʨʽʡ. ʂʦʞʥʘ ʚʧʨʘʚʘ ʤʘʻ ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ, ʚʢʣʶʯʘʶʯʠ ʥʘʟʚʫ ʪʘ GiF-

ʘʥ̔ʤʘʮʽʶ ʚʠʢʦʥʘʥʥʷ, ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʘ ʚʽʜʧʦʯʠʥʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʧʨʘʚʠʣʴʥʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʪʠ ʚʧʨʘʚʠ ʧʽʜ ʯʘʩ ʩʚʦʾʭ ʪʨʝʥʫʚʘʥʴ. ɯʥʪʝʛʨʘʮʽʷ ʟ 

ʮʠʤ API ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʙʘʞʘʥʥʷʤ ʜʦʜʘʪʠ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʦʛʦ ʢʦʣʘ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʘ ʜʽʘʛʨʘʤʘ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʟʘʻʤʦʜʽʾ 
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ʆʩʦʙʣʠʚʽʩʪʶ ʜʦʜʘʪʢʫ ʪʘʢʦʞ ʻ ʧʦʪʝʥʮʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʫ ʪʦʥʢʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

(fine-tuning) ʧʦʧʝʨʝʜʥʴʦ ʥʘʪʨʝʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʪʨʝʥʫʚʘʣʴʥʠʭ ʧʣʘʥʽʚ. ʎʝʡ ʧʽʜʭʽʜ ʜʘʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʤʦʛʫ 

ʦʪʨʠʤʘʪʠ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʝ ʪʨʝʥʫʚʘʥʥʷ, ʧʨʦʩʪʦ ʚʢʘʟʘʚʰʠ ʩʚʦʾ ʪʨʝʥʫʚʘʣʴʥʽ ʮʽʣʽ. ʎʷ  

ʽʥʥʦʚʘʮʽʡʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʜʦʜʘʪʢʫ ʥʘ ʨʠʥʢʫ 

ʬʽʪʥʝʩ-ʜʦʜʘʪʢʽʚ, ʥʘʜʘʶʯʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʫʥʽʢʘʣʴʥʠʡ ʪʘ ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʪʨʝʥʫʚʘʥʴ. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʙʽʣʴʥʠʡ ʬʽʪʥʝʩ ʜʦʜʘʪʦʢ, ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʬʽʪʥʝʩ ʪʨʝʥʝʨʘ, ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʬʽʟʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʽʥ ʥʘʜʘʻ ʟʨʫʯʥʠʡ ʜʦʩʪʫʧ ʜʦ ʚʝʣʠʢʦʛʦ ʨʦʟʤʘʾʪʪʷ ʬʽʪʥʝʩ-

ʚʧʨʘʚ ʪʘ ʪʨʝʥʫʚʘʥʴ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʧʨʦʭʦʜʠʪʠ ʚʣʘʩʥʽ 

ʪʨʝʥʫʚʘʥʥʷ. ʎʷ ʤʦʞʣʠʚʽʩʪʴ ʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʠʙʽʨ ʽ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʚʦʻʶ ʬʽʪʥʝʩ-

ʧʨʦʛʨʘʤʦʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʩʧʦʨʪʠʚʥʠʭ 

ʮʣ̔ʝʡ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

(ʥʘʧʨʠʢʣʘʜ fine-tuned Llama 2) ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʪʨʝʥʫʚʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ.  
 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 
1. Alexander Benedikt Kuttig. Professional React Native: Expert techniques and solutions for 

building high-quality, cross-platform, production-ready apps ï Birmingham: Packt Publishing, 

2022 ï 268 p. 
2. M. Holmes He. Creating Apps with React Native: Deliver Cross-Platform ï New York: Apress, 

2022 ï 449 p. 
3. Shashank Mohan Jain. Introduction to Transformers for NLP: With the Hugging Face Library 

and Models to Solve Problems ï New York: Apress, 2022 ï 183 p. 
4. Lewis Tunstall, Leandro von Werra, Thomas Wolf. Natural Language Processing with 

Transformers: Building Language Applications with Hugging Face ï California: O'Reilly 

Media; 1st edition, 2022 ï 406p. 
 

  



ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ 

 ȬȻȶȹ-2023 47 

#Paper_2023_017_KI 

ʋɼʂ 005.21:005.8:004.8 

 

ɺʣʘʜʦʚʩʴʢʘ ɸ.O., ʇʨʦʜʝʫʩ ʄ.ʉ., ʅʽʯʝʧʦʨʫʢ ɸ.ʆ.  

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸɼɸʇʊʀɺʅɽ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʊɸ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʇʆɺɽɼɯʅʂʀ 

ʄɽʐʂɸʅʎɯɺ ʋ ʈʆɿʋʄʅʀʍ ɹʋɼʀʅʂɸʍ 
 

ʈʦʟʛʣʷʥʫʪʦ ʤʘʩʰʪʘʙʦʚʘʥʠʡ ʤʝʪʦʜ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʜʽʷʣʴʥʦʩʪʽ ʚ ʨʦʟʫʤʥʠʭ ʙʫʜʠʥʢʘʭ, ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ 

ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʟʜʘʪʥʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚ ʽ ʧʨʝʜʤʝʪʽʚ. 

 

Considered is a scalable method that provides flexible modeling and identification of 

activities in smart homes, is focused on a large number of activities and is able to adapt to a variety 

of conditions and subjects. 

 

ʏʘʩʪʦ çʨʦʟʫʤʥʽ ʙʫʜʠʥʢʠè ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʽʜʝʘʣʴʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʙʫʪʦʚʠʭ 

ʧʨʦʙʣʝʤʠ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʚʠʷʚʣʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʤʝʰʢʘʥʮʽʚ. ʎʝ ʜʘʻ ʟʤʦʛʫ çʨʦʟʫʤʥʠʤ ʩʝʨʚʽʩʘʤè ʧʨʘʮʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ, 

ʱʦʙ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʾʾ ʘʢʪʠʚʥʽʩʪʴ. ʊʝʭʥʦʣʦʛʽʾ ʜʦʩʷʛʣʠ ʚʨʘʞʘʶʯʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʮʽʡ 

ʛʘʣʫʟʽ, ʧʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʩʝʨʚʽʩʽʚ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʟʘʟʜʘʣʝʛʽʜʴ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʜʽʾ, ʷʢʽ ʥʝ ʟʘʚʞʜʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʚʦʥʠ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʦʪʞʝ ï ʥʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʘ ʤʝʞʘʤʠ ʣʘʙʦʨʘʪʦʨʽʾ. ʑʦʙ 

ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʪʨʝʙʘʤ  ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʘ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʜʽʡ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʣʶʜʠʥʠ. ʎʷ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʪʘʧʽʚ: 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ, ʙʦʥʫʩʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

RFID-ʤʽʪʦʢ, ʱʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʾʾ ʚʘʨʪʽʩʪʴ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʫʻ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʙʨʝ ʽʜʝʥʪʠʬʽʢʫʻ ʽ ʧʨʦʛʥʦʟʫʻ ʜʽʾ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʯʫʜʦʚʫ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. 

ʎʝʡ ʤʝʪʦʜ ʻ ʤʘʩʰʪʘʙʦʚʘʥʠʤ ʪʘ ʧʽʜʪʨʠʤʫʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ, 

ʣʝʛʢʦ ʘʜʘʧʪʫʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʙʫʜʠʥʢʽʚ, ʥʘʚʽʪʴ ʷʢʱʦ ʚ ʥʠʭ ʻ ʨʽʟʥʽ ʧʨʝʜʤʝʪʠ 

(ʥʘʧʨʠʢʣʘʜ ʩʪʽʣʴʮʽ) ʪʘ ʧʨʠʩʪʨʦʾ (ʥʘʧʨʠʢʣʘʜ ʣʘʤʧʠ), ʽ ʮʷ ʛʥʫʯʢʽʩʪʴ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ 

ʦʙʤʝʞʝʥʴ ʪʨʘʜʠʮʽʡʥʠʭ ʤʦʜʝʣʝʡ. ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ Human Activity Recognition (HAR) ʚ ʨʦʟʫʤʥʠʭ ʙʫʜʠʥʢʘʭ, ʽ 

ʥʝʟʘʙʘʨʦʤ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʩʪʚʦʨʶʚʘʪʠ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʨʦʟʫʤʥʽ ʙʫʜʠʥʢʠ. 

ʑʝ ʦʜʥʘ ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʨʠʩʪʫʧʝʥʝʚʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʨʦʟʙʠʪʠ 

ʟʘʚʜʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʟʚʠʯʘʡʥʫ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ.  



ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ 

 ȬȻȶȹ-2023  48 

ʂʦʞʝʥ ʝʪʘʧ ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʦʢʨʝʤʦ, ʘʙʦ ʟʘʤʽʥʠʪʠ ʽʥʰʠʤʠ. ʆʜʥʠʤ ʽʟ 

ʧʨʠʢʣʘʜʽʚ ʤʦʞʝ ʙʫʪʠ ʟʘʤʽʥʘ LSTM-ʤʦʜʝʣʽ ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ 

ʘʣʛʦʨʠʪʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʦʚʘʥʠʭ ʜʘʥʠʭ 

ʟ ʧʝʨʰʦʛʦ ʝʪʘʧʫ. ʆʩʢʽʣʴʢʠ ʤʝʪʦʜ ʤʘʻ ʪʨʠ ʝʪʘʧʠ, ʧʦʪʨʽʙʥʦ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʛʦ. ʄʝʪʘ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʜʽʾ ʷʢʽ 

ʚʠʢʦʥʫʚʘʣʠʩʴ. ɭ ʜʚʘ ʢʣʶʯʦʚʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʮʴʦʛʦ ʝʪʘʧʫ. ʇʝʨʰʠʡ ʬʘʢʪʦʨ ï ʮʝ ʪʝ, ʯʠ ʤʦʞʥʘ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙ'ʻʢʪʘ, ʘ ʜʨʫʛʠʡ ï ʯʠ ʤʦʞʥʘ ʧʨʘʚʠʣʴʥʦ ʧʦʟʥʘʯʠʪʠ ʜʽʷʣʴʥʽʩʪʴ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ 

ʥʘʙʽʨ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 

ɯʜʝʥʪʠʬʽʢʘʪʦʨʠ ʜʽʡ 1-10 ʧʨʝʜʩʪʘʚʣʷʶʪʴ 10 ʜʽʡ: ʚʠʭʽʜ, ʪʫʘʣʝʪ, ʜʫʰ, ʩʦʥ, ʩʥʽʜʘʥʦʢ, 

ʚʝʯʝʨʷ, ʦʙʽʜ, ʧʝʨʝʢʫʩ, ʚʽʣʴʥʠʡ ʯʘʩ/ʪʝʣʝʙʘʯʝʥʥʷ ʪʘ ʜʦʛʣʷʜ ʟʘ ʩʦʙʦʶ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʽ 

ʜʽʾ, ʷʢ ʪʫʘʣʝʪ ʽ ʜʫʰ, ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʧʽʟʥʘʥʽ ʪʦʯʥʦ (ʪʘʙʣʠʮʷ 1). 

 

ʊʘʙʣʠʮʷ 1 ï ʄʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʚʠʟʥʘʥʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ 

 
 

ɿʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʩʝʨʝʜʥʷ ʪʦʯʥʽʩʪʴ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʩʪʘʥʦʚʠʪʴ 85,0%, 

ʘ ʩʝʨʝʜʥʷ ʨʦʟʧʽʟʥʘʚʘʥʽʩʪʴ ʜʽʡ ï 87,9%. ɼʽʾ ˉ 6 ʽ ˉ 7 ʧʦʤʠʣʢʦʚʦ ʦʪʦʪʦʞʥʶʶʪʴʩʷ 

ʪʨʠʯʽ, ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ "ʦʙʽʜ" ʪʘ "ʚʝʯʝʨʶ". ʋ ʥʘʙʦʨʽ ʜʘʥʠʭ ʜʽʾ "ʩʥʽʜʘʥʦʢ", "ʦʙʽʜ" 

ʽ "ʚʝʯʝʨʷ" ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʪʨʠ ʨʽʟʥʽ ʜʽʾ. ʍʦʯʘ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʯʘʩʦʚʦʤʫ 
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ʧʨʦʩʪʦʨʽ, ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʦʙ'ʻʢʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʮʠʤʠ ʜʽʷʤʠ, ʻ ʩʭʦʞʠʤʠ. ʆʜʥʘʢ 

ʥʝʩʧʨʘʚʝʜʣʠʚʦ ʜʽʣʠʪʠ ʪʘʢʽ ʯʫʪʣʠʚʽ ʜʦ ʯʘʩʫ ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ ʣʠʰʝ ʟʘ ʯʘʩʦʤ, ʦʩʢʽʣʴʢʠ 

ʤʝʰʢʘʥʮʽ ʤʘʶʪʴ ʨʽʟʥʠʡ ʨʦʟʧʦʨʷʜʦʢ ʜʥʷ ï ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʯʘʩ ʦʙʽʜʫ ʟ 11:00 ʜʦ 

13:00, ʪʦ, ʢʨʽʤ ʪʦʛʦ, ʤʝʰʢʘʥʝʮʴ ʤʦʞʝ ʧʨʦʩʪʦ ʚʩʪʘʪʠ ʦʙ 11:00 ʽ ʧʦʩʥʽʜʘʪʠ. ʗʢʱʦ 

ʩʫʜʠʪʠ ʣʠʰʝ ʟʘ ʯʘʩʦʤ, ʪʦ ʮʝ ʤʘʻ ʙʫʪʠ "ʦʙʽʜ". ʆʜʥʘʢ "ʩʥʽʜʘʥʦʢ" ï ʮʝ ʧʝʨʰʠʡ ʧʨʠʡʦʤ 

ʾʞʽ ʚʧʨʦʜʦʚʞ ʜʥʷ, ʷʢʠʡ ʩʧʨʠʯʠʥʷʻ ʢʦʥʬʣʽʢʪ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʧʣʘʥʫʻʪʴʩʷ ʦʙ'ʻʜʥʘʪʠ 

ʘʢʪʠʚʥʦʩʪʽ, ʷʢʽ ʯʫʪʣʠʚʽ ʜʦ ʯʘʩʫ, ʮʝ ʜʦʧʦʤʦʞʝ ʢʨʘʱʝ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʘʢʽ ʚʠʜʠ 

ʜʽʷʣʴʥʦʩʪʽ. ʊʨʝʪʽʡ ʝʪʘʧ ʫ ʧʨʦʮʝʩʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʯʘʪʢʫ ʧʦʪʨʽʙʥʦ ʚʽʜʢʦʨʠʛʫʚʘʪʠ ʪʘ 

ʦʯʠʩʪʠʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘ ʩʘʤʘ ʘʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʧʦʚʪʦʨʶʻʪʴʩʷ ʯʝʨʝʟ 

ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʷʢ ʧʩʝʚʜʦʟʘʧʠʩ ʽ ʦʙ'ʻʜʥʫʻʪʴʩʷ ʨʘʟʦʤ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʜʘʣʷʶʪʴʩʷ ʜʝʷʢʽ ʧʦʤʠʣʢʦʚʽ ʟʘʧʠʩʠ. ʇʦʪʽʤ ʧʦʪʨʽʙʥʦ ʥʦʨʤʘʣʽʟʫʻʤʦ ʜʘʥʽ, ʱʦʙ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʥʘʚʯʘʥʥʷ LSTM-ʤʦʜʝʣʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʨʫʛʦʛʦ ʝʪʘʧʫ, ʥʘ 

ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʧʦʯʘʪʢʦʚʽ 70% ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ, ʘ ʨʝʰʪʘ 30% ï 

ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ. 

ʄʝʰʢʘʥʮʽ ʚʠʢʦʥʫʶʪʴ ʨʽʟʥʽ ʜʽʾ ʫ ʚʽʜʥʦʩʥʦ ʬʽʢʩʦʚʘʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʟ ʞʫʨʥʘʣʦʤ ʘʢʪʠʚʥʦʩʪʽ, ʻ ʤʝʰʢʘʥʝʮʴ, ʷʢʠʡ ʟʘʚʞʜʠ ʜʠʚʠʪʴʩʷ 

ʪʝʣʝʚʽʟʦʨ ʧʽʩʣʷ ʚʝʯʝʨʽ. ʆʪʞʝ, ʷʢʱʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʽʥ ʚʝʯʝʨʷʻ, ʪʦ 

ʡʦʛʦ ʥʘʩʪʫʧʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʙʫʜʝ ʧʝʨʝʛʣʷʜ ʪʝʣʝʚʽʟʦʨʘ. ʊʘʢʫ 

ʧʨʦʙʣʝʤʫ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʥʫ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʤʦʞʥʘ 

ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʨʦʪʝ, ʥʘʩʪʫʧʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʧʦʚ'ʷʟʘʥʘ ʥʝ ʣʠʰʝ ʟ ʧʦʪʦʯʥʦʶ, ʘʣʝ ʡ ʟ ʧʦʧʝʨʝʜʥʽʤʠ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʜʝʣʴ ʤʦʞʝ ʧʝʨʝʜʙʘʯʠʪʠ ʥʘʩʪʫʧʥʫ ʜʽʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝ 

ʣʠʰʝ ʧʦʪʦʯʥʫ ʜʽʶ, ʘʣʝ ʡ ʜʝʢʽʣʴʢʘ ʤʠʥʫʣʠʭ ʜʽʡ. ʎʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʨʠʧʫʱʝʥʥʷʤ, ʱʦ 

ʜʽʾ ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʦ, ʽ ʱʦ ʤʦʪʠʚʘʮʽʷ ʥʘʩʪʫʧʥʦʾ ʜʽʾ - ʮʝ ʪʝ, ʱʦ ʤʝʰʢʘʥʝʮʴ 

ʟʨʦʙʠʚ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ LSTM ʚʠʱʘ, ʥʽʞ ʫ 

ʢʣʘʩʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ; ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʧʝʨʰʠʤ ʧʽʜʭʦʜʦʤ, ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʠʯʦʢ ʤʝʰʢʘʥʮʽʚ ʚʨʘʭʦʚʫʻʪʴʩʷ ʙʽʣʴʰʝ ʟʥʘʥʴ ( ʨʠʩʫʥʦʢ 1). 
 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʪʘ ʤʦʜʝʣʴ ʨʝʢʫʨʝʥʪʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (RNN) 
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ʆʪʞʝ, ʩʠʩʪʝʤʘ RF-ARP, ʷʢʘ ʩʪʚʦʨʝʥʘ ʜʣʷ "ʨʦʟʫʤʥʠʭ" ʙʫʜʠʥʢʽʚ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʽʡ ʣʶʜʝʡ ʚʩʝʨʝʜʠʥʽ. ʉʠʩʪʝʤʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʨʴʦʭʝʪʘʧʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʧʦʤʘʛʘʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʤʝʰʢʘʥʮʽʚ. ʆʩʢʽʣʴʢʠ ʜʣʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʥʝ ʧʦʪʨʽʙʝʥ 

ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ, ʡʦʛʦ ʤʦʞʥʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʨʽʟʥʠʭ ʙʫʜʠʥʢʘʭ, ʪʘʢʦʞ ʤʘʻ 

ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʉʠʩʪʝʤʘ ʙʫʣʘ ʚʝʨʠʬʽʢʦʚʘʥʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʙʽʨ ʜʘʥʠʭ ADL ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʟ ʜʚʦʤʘ ʤʝʰʢʘʥʮʷʤʠ, 

ʦʪʨʠʤʘʚʰʠ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 85,0% ʽ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 78,3%. 

ʊʠʤ ʥʝ ʤʝʥʰ, ʧʦʪʦʯʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʥʝ ʧʦʟʙʘʚʣʝʥʘ ʦʙʤʝʞʝʥʴ. ʆʩʢʽʣʴʢʠ 

ʩʠʩʪʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʪʦʨʦʚʠʭ ʟʥʘʥʴ, 

ʚʦʥʘ ʩʪʨʘʞʜʘʻ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ, ʷʢʘ ʤʘʻ ʪʠʤʯʘʩʦʚʝ ʩʝʤʘʥʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ɺ 

ʤʘʡʙʫʪʥʴʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʚʢʣʶʯʠʪʠ ʯʘʩʦʚʽ ʟʥʘʥʥʷ ʚ ʮʝʡ ʤʝʪʦʜ, ʱʦʙ ʚʠʧʨʘʚʠʪʠ ʮʝʡ 

ʥʝʜʦʣʽʢ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ɯɼɽʅʊʀʌɯʂɸʎɯɰ ɸʊɸʂ ʊʀʇʋ ʌɯʐʀʅɻ ʋ 

ʂʆʈʇʆʈɸʊʀɺʅʀʍ ʄɽʈɽɾɸʍ 
 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ ʪʠʧʫ ʬʽʰʠʥʛ, ʽ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʤʘʶʪʴ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ. ʉʧʝʮʠʬʽʯʥʦ, ʮʽ ʤʝʪʦʜʠ ʥʝ ʝʬʝʢʪʠʚʥʦ 

ʟʘʧʦʙʽʛʘʶʪʴ ʨʘʥʥʽʤ ʘʪʘʢʘʤ ʽ ʣʠʰʝ ʦʙʤʝʞʝʥʦ ʙʣʦʢʫʶʪʴ ʦʢʨʝʤʽ ʽʥʮʠʜʝʥʪʠ, ʥʝ ʦʭʦʧʣʶʶʯʠ ʚʩʽ 

ʤʦʞʣʠʚʽ ʨʝʘʣʴʥʽ ʘʪʘʢʠ. ʂʨʽʤ ʪʦʛʦ, ʭʦʯʘ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʨʽʰʠʪʠ 

ʮʽ ʧʨʦʙʣʝʤʠ, ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʽʣʠʣʠ ʽʥʰʽ ʥʝʜʦʣʽʢʠ, ʚʢʣʶʯʘʶʯʠ ʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʚʝʙ-ʩʝʨʚʽʩʽʚ ʽ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʱʦ ʨʦʙʠʪʴ ʩʢʣʘʜʥʠʤ ʧʦʨʽʚʥʷʥʥʷ ʾʭʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʣʘʩʥʠʤʠ 

ʤʝʪʦʜʘʤʠ.  

 

An analysis of known methods for detecting phishing attacks was conducted, and it was 

found that existing approaches have their limitations. Specifically, these methods are not effective in 

preventing early attacks and only block individual incidents to a limited extent, not covering all 

possible real attacks. In addition, while there are certain tools that can address these issues, 

research studies have highlighted other shortcomings, including limited access to web services and 

data sets, making it difficult to compare their results with our own methods. 

 

ɺʩʪʫʧ 

ʌʽʰʠʥʛʦʚʽ ʘʪʘʢʠ ï ʮʝ ʩʧʨʦʙʠ ʟʣʦʚʤʠʩʥʠʢʽʚ ʦʪʨʠʤʘʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʪʘʢʫ ʷʢ ʧʘʨʦʣʽ, ʥʦʤʝʨʠ ʢʨʝʜʠʪʥʠʭ ʢʘʨʪʦʢ ʪʘ ʽʥʰʽ ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʜʘʥʽ, 

ʚʠʜʘʶʯʠ ʩʝʙʝ ʟʘ ʥʘʜʽʡʥʽ ʜʞʝʨʝʣʘ ʘʙʦ ʦʩʽʙ. ʈʦʟʛʣʷʥʝʤʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʽʰʠʥʛʦʚʠʭ ʘʪʘʢ. [1-2].  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ 

ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʪʠʧʫ ʬʽʰʠʥʛ ʪʘ ʦʢʨʝʩʣʠʪʠ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʧʨʘʚʪʠ 

ʟʘʩʦʙʘʤʠ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʧʽʜʚʠʱʘʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʪʘʢ ʪʠʧʫ ʬʽʰʠʥʛ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʽʙʝʨʘʪʘʢ ʪʠʧʫ ʬʽʰʠʥʛ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʯʦʨʥʠʭ ʩʧʠʩʢʘʭ, ʫʩʧʽʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʷʚʣʝʥʥʷ ʬʽʰʠʥʛʦʚʠʭ ʩʘʡʪʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʜʽʣʝʥʥʽ ʟʘʛʘʣʴʥʠʭ ʦʟʥʘʢ ʚʝʙ-ʩʘʡʪʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʤʝʪʦʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʬʽʰʠʥʛʦʚʠʭ ʚʝʙ-ʩʘʡʪʽʚ [!!!!] . 

ʊʘʢ, ʫ ʨʦʙʦʪ ̔ [3] ʘʚʪʦʨʠ ʚʠʜʽʣʠʣʠ ʯʦʪʠʨʠ ʢʘʪʝʛʦʨʽʾ ʨʝʣʝʚʘʥʪʥʠʭ ʦʟʥʘʢ 

ʬʽʰʠʥʛʦʚʠʭ ʚʝʙ-ʩʘʡʪʽʚ: ʦʟʥʘʢʠ ʥʘ ʦʩʥʦʚʽ HTML ʪʘ JavaScript, ʦʟʥʘʢʠ ʥʘ ʦʩʥʦʚʽ 
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ʘʜʨʝʩʥʦʛʦ ʨʷʜʢʘ, ʦʟʥʘʢʠ ʥʘ ʦʩʥʦʚʽ ʜʦʤʝʥʫ ʪʘ ʦʟʥʘʢʠ ʥʘ ʦʩʥʦʚʽ ʘʥʦʤʘʣʽʡ. ɺ [4] 

ʜʦʩʣʽʜʞʝʥʦ 51 401 ʫʥʽʢʘʣʴʥʠʡ ʬʽʰʠʥʛʦʚʠʡ ʚʝʙ-ʩʘʡʪ. ʎʷ ʩʪʘʪʠʩʪʠʢʘ ʜʦʚʦʜʠʪʴ, ʱʦ 

ʽʩʥʫʶʯʽ ʘʥʪʠʬʽʰʠʥʛʦʚʽ ʨʽʰʝʥʥʷ ʪʘ ʟʫʩʠʣʣʷ ʥʝ ʻ ʧʦ-ʩʧʨʘʚʞʥʴʦʤʫ ʝʬʝʢʪʠʚʥʠʤʠ. ʋ 

ʨʦʙʦʪʽ [5] ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʬʽʰʠʥʛʦʚʠʭ ʩʘʡʪʽʚ, ʷʢʠʡ 

ʙʫʚ ʥʘʟʚʘʥʠʡ ʷʢ ʜʠʥʘʤʽʯʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ (DCDA), ʚ 

ʷʢʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʽʜʭʽʜ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʬʽʰʠʥʛʫ 

ʟʘ ʦʟʥʘʢʘʤʠ (MFPD).  

ʋ ʨʦʙʦʪʽ [6] ʙʫʣʦ ʚʜʦʩʢʦʥʘʣʝʥʦ ʘʣʛʦʨʠʪʤ ʘʩʦʮʽʘʪʠʚʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ 

ʢʽʣʴʢʦʤʘ ʤʽʪʢʘʤʠ (Multi-Label Class ʘʩʦʮʽʘʪʠʚʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ (MCAC) ʰʣʷʭʦʤ 

ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʝʥʪʫ.  

ʄʝʪʦʜ ʚ [7] ʻ ʛʽʙʨʠʜʠʟʘʮʽʻʶ ʝʚʦʣʶʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʪʘ ʛʣʠʙʦʢʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ.ʝʚʦʣʶʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʪʘ ʛʣʠʙʦʢʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ɺ ʷʢʦʩʪʽ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚ ʾʭʥʽʡ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʨʦʙʦʪʽ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ (ɻɸ), ʷʢʠʡ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʦʰʫʢʫ 

ʚʠʩʦʢʦʽʥʬʦʨʤʘʪʠʚʥʽ ʦʟʥʘʢʠ ʟ ʚʠʭʽʜʥʠʭ ʥʘʙʦʨʽʚ ʦʟʥʘʢ. 

ɸʚʪʦʨʠ [8] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʘʥʥʷ ʜʣʷ ʚʠʙʦʨʫ 

ʧʦʨʽʚʥʷʥʥʦʩʪʽ ʜʠʟʘʡʥʫ ʩʪʦʨʽʥʦʢ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʩʪʦʨʽʥʦʢ 

ʬʽʰʠʥʛʦʚʠʭ ʘʪʘʢ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʘʢʝʪʘ ʩʪʦʨʽʥʢʠ ʚʦʥʠ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʧʦʙʫʜʫʚʘʣʠ ʢʣʘʩʠʬʽʢʘʪʦʨ ʬʽʰʠʥʛʦʚʠʭ ʩʪʦʨʽʥʦʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʪʨʘʜʠʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ, SVM ʪʘ DT. ɺʦʥʠ ʧʨʦʪʝʩʪʫʚʘʣʠ 

ʤʝʪʦʜʦʣʦʛʽʶ ʥʘ ʨʝʘʣʴʥʠʭ ʪʝʩʪʘʭ ʩʪʦʨʽʥʦʢ ʩʘʡʪʽʚ phishtank.com ʪʘ alexa.com.  

ɸʚʪʦʨʠ [9] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʧʦʨʽʚʥʷʥʥʷ Adaboost ʪʘ ʤʫʣʴʪʠ-ʙʫʩʪʽʥʛʫ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʬʽʰʠʥʛʦʚʠʭ ʩʘʡʪʽʚ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʙʽʨ ʜʘʥʠʭ ʨʝʧʦʟʠʪʦʨʽʶ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ UCI, ʱʦ ʤʽʩʪʠʪʴ 11 055 ʝʢʟʝʤʧʣʷʨʽʚ ʽ 30 ʦʟʥʘʢ. AdaBoost ʪʘ 

multi boost - ʮʝ ʘʥʩʘʤʙʣʝʚʽ ʤʦʜʝʣʽ ʥʘʚʯʘʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʬʽʰʠʥʛʦʚʠʭ ʘʪʘʢ. ɸʥʩʘʤʙʣʝʚʽ ʤʦʜʝʣʽ 

ʧʦʢʨʘʱʫʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʦʯʥʦʩʪʽ, F-ʤʽʨʠ ʪʘ ʦʙʣʘʩʪʽ 

ROC. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʩʘʤʙʣʝʚʠʭ 

ʤʦʜʝʣʝʡ ʤʦʞʥʘ ʨʦʟʧʽʟʥʘʚʘʪʠ ʬʽʰʠʥʛʦʚʽ ʩʪʦʨʽʥʢʠ ʟ ʪʦʯʥʽʩʪʶ 97,61%.  

ɸʚʪʦʨʠ [10] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʦʚʠʡ ʧʽʜʭʽʜ, ʚ ʷʢʦʤʫ URL-ʘʜʨʝʩʘ ʥʘʜʩʠʣʘʻʪʴʩʷ 

ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ, ʘ URL-ʘʜʨʝʩʘ, ʘ ʪʘʢʦʞ ʦʟʥʘʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ HTML, ʚʠʪʷʛʫʶʪʴʩʷ. ʇʽʩʣʷ 

ʚʠʣʫʯʝʥʥʷ ʦʟʥʘʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʩʪʝʢʫʚʘʥʥʷ ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. ɺʦʥʠ ʧʨʦʚʝʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʨʽʟʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ: ʇʝʨʰʠʡ ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʟ Phishtank ʽ ʤʽʩʪʠʚ 2000 ʚʝʙ-ʩʪʦʨʽʥʦʢ (1000 ʣʝʛʘʣʴʥʠʭ ʽ 1000 

ʬʽʰʠʥʛʦʚʠʭ).  

ɸʚʪʦʨʠ [11] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʟʥʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ, ʪʘʢʽ ʷʢ C4.5, IBK, NB ʪʘ 

SVM.  

ɸʥʘʣʦʛʽʯʥʦ, ʘʚʪʦʨʠ ʚ [12] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ RF ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʨʽʟʥʠʪʠ 

ʬʽʰʠʥʛʦʚʽ ʘʪʘʢʠ ʚʽʜ ʦʨʠʛʽʥʘʣʴʥʠʭ ʚʝʙ-ʩʪʦʨʽʥʦʢ.  
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ɺʠʩʥʦʚʦʢ  

ɿ'ʷʩʦʚʘʥʦ, ʱʦ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ ʪʠʧʫ ʬʽʰʠʥʛ ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʝʬʝʢʪʠʚʥʦ ʧʨʦʪʠʩʪʦʷʪʴ ʨʘʥʥʽʤ ʘʪʘʢʘʤ ʽ ʙʣʦʢʫʶʪʴ 

ʣʠʰʝ ʦʢʨʝʤʽ ʽʥʮʠʜʝʥʪʠ, ʘ ʥʝ ʚʩʽ ʨʝʘʣʴʥʽ ʘʪʘʢʠ. ɼʦʜʘʪʢʦʚʦ, ʭʦʯʘ ʻ ʧʝʚʥʽ ʟʘʩʦʙʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʢʦʤʧʝʥʩʫʚʘʪʠ ʮʽ ʥʝʜʦʣʽʢʠ, ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʦʢʨʝʤʠʣʠ ʜʝʷʢʽ ʽʥʰʽ 

ʥʝʜʦʣʽʢʠ, ʚʢʣʶʯʘʶʯʠ ʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʚʝʙ-ʩʝʨʚʽʩʽʚ ʪʘ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʧʦʨʽʚʥʷʥʥʷ ʾʭʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʚʣʘʩʥʠʤ ʤʝʪʦʜʦʤ. ʆʪʞʝ, ʽʩʥʫʻ ʘʢʪʫʘʣʴʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʟʘʜʘʯʘ ʧʦ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʟʘʛʨʦʟ ʪʠʧʫ 

"ʬʽʰʠʥʛ" ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. Ali, W., & Malebary, S. (2020). Particle swarm optimization-based feature weighting for 

improving intelligent phishing website detection. IEEE Access, 8, 116766ï116780. 

2. Patel, P., Sarno, D. M., Lewis, J. E., Shoss, M., Neider, M. B., Bohil, C. J. (2019). Perceptual 

Representation of Spam and Phishing Emails. Applied Cognitive Psychology, acp.3594. 

https://doi.org/10.1002/acp.3594 

3. Cybercrime Protection: Phishing and How to Avoid it?https://www.bocasay.com/cybercrime-

protection-phishing-avoid/ 

4. C.  C.  Inez  and  F.  Baruch,  ñSetting  Priorities  in  Behavioral Interventions:  An  Application  

to  Reducing  Phishing  Risk,ò  Risk Anal., vol. 38, no. 4, pp. 826-838, Apr. 2019.   

5. Jakobsson, M. The Rising Threat of Launchpad Attacks. IEEE Secur. Priv. 2019, 17, 68ï72.  

6. Abdelhamid, Neda & Ayesh, Aladdin & Thabtah, Fadi. (2014). Phishing detection based 

Associative Classification data mining. Expert Systems with Applications. 41. 5948ï5959. 

10.1016/j.eswa.2014.03.019. 

7. W. Ali and A. A. Ahmed, ñHybrid intelligent phishing website prediction using deep neural 

networks with genetic algorithmbased feature selection and weighting,ò IET Inf. Secur., vol. 13, 

no. 6, pp. 659ï699, 2019. 

8. Mao, J.; Bian, J.; Tian, W.; Zhu, S.; Wei, T.; Li, A.; Liang, Z. Phishing Page Detection via 

Learning Classiýers from Page Layout Feature. EURASIP J. Wirel. Commun. Netw. 2019, 43. 

Available online: https://jwcn-eurasipjournals.springeropen.com/articles/10.1186/s13638-019-

1361-0 (accessed on 27 September 2021). [CrossRef] 

9. S. Rao and A. R. Pais, ñJail-Phish: An improved search engine based phishing detection 

system,ò Comput. Secur., vol. 83, pp. 246ï267, 2019. 

10.  Li, Y., Yang, Z., Chen, X., Yuan, H., & Liu, W. (2019). A stacking model using url and html 

features for phishing webpage detection. Future Generation Computer Systems, 94, 27ï39. 

11. S. Wang, X. Jiang, W. Cui, T. Huang, B. Li, and Y. Qian, "Robust detection of web phishing 

using RBF based on an improved extreme learning machine," Expert Systems with 

Applications, vol. 42, no. 21, pp. 7374-7382, 2019.  

12. A. Agresti, "Foundations of Linear and Generalized Linear Models," John Wiley & Sons, 2019.  

 

  



ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ 

 ȬȻȶȹ-2023  54 

#Paper_2023_075_KI 

ʋɼʂ 004.4 

 

ɻʘʣʠʮʴʢʠʡ ʆ.ʉ. 

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ʂɽʈʋɺɸʅʅʗ ʂɺɸɼʈʆʂʆʇʊɽʈʆʄ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ɺʀʂʆʈʀʉʊɸʅʅʗ ʈɽʊʈɸʅʉʃʗʊʆʈɸ 
 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʫ ʥʘʢʣʘʜʘʥʥʷ ʚʽʜʝʦʩʠʛʥʘʣʽʚ ʧʨʠ ʨʦʙʦʪʽ ʟ ʜʨʦʥʘʤʠ ʥʘ ʦʜʥʘʢʦʚʽʡ 

ʯʘʩʪʦʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʽʰʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʩʠʛʥʘʣʽʚ ʪʘ  ʨʦʟʨʦʙʣʝʥʦ 

ʧʣʘʪʬʦʨʤʫ-ʪʨʠʤʘʯ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʜʣʷ  ɹʇʃɸ ʪʠʧʫ Mavic. 

 

The problem of overlapping video signals when working with drones at the same 

frequency was considered. A solution in the form of a signal repeater is proposed and a repeater-

holding platform for Mavic-type UAVs is developed. 

 

ʇʨʦʙʣʝʤʘ, ʷʢʫ ʨʦʟʛʣʷʥʫʪʦ, ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʦʧʝʨʘʪʦʨʘ ʟ 

ʜʨʦʥʦʤ, ʽʥʦʜʽ ʽʥʰʽ ʢʦʤʘʥʜʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʝʧʦʜʘʣʽʢ, ʚʤʠʢʘʶʪʴ ʜʨʦʥ ʽ ʧʨʘʮʶʶʪʴ 

ʥʘ ʪʽʡ ʩʘʤʽʡ ʯʘʩʪʦʪʽ ʚʽʜʝʦʩʠʛʥʘʣʫ. ʏʝʨʝʟ ʮʝ ʚʽʜʝʦʩʠʛʥʘʣʠ ʦʙʦʭ ʢʦʤʘʥʜ ʥʘʢʣʘʜʘʶʪʴʩʷ 

ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʽ ʮʠʤ ʩʘʤʠʤ ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʰʢʦʜʠ ʦʜʥʘ ʜʣʷ ʦʜʥʦʾ. ʇʽʣʦʪ 1 ʟʘʤʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʜʨʦʥʫ 1 ʙʘʯʠʪʴ ʢʘʨʪʠʥʢʫ ʜʨʦʥʫ 2 ʯʠ ʥʘʚʧʘʢʠ ʧʽʣʦʪ 2 ʙʘʯʠʪʴ ʢʘʨʪʠʥʢʫ 

ʜʨʦʥʫ 1. ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʡʤʦʚʽʨʥʽ ʚʘʨʽʘʥʪʠ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ: 

1. ʉʪʚʦʨʦʪʠ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ ʦʧʦʚʽʱʝʥʴ, ʭʪʦ ʟ ʦʧʝʨʘʪʦʨʽʚ ʥʘ ʷʢʽʡ ʯʘʩʪʦʪʽ 
ʧʨʘʮʶʻ ʽ ʚ ʷʢʠʡ ʯʘʩ.  

ʊʨʫʜʥʦʱʽ ʨʝʘʣʽʟʘʮʽʾ: ʜʘʥʫ ʩʠʩʪʝʤʫ ʪʨʝʙʘ ʚʚʦʜʠʪʠ ʥʘ ʚʩʶ ʣʽʥʽʶ ʬʨʦʥʪʫ, ʱʦ ʻ 

ʜʦʚʛʠʤ ʪʘ ʙʶʨʦʢʨʘʪʠʯʥʠʤ ʧʨʦʮʝʩʦʤ. ɺ ʨʝʘʣʽʷʭ ʙʦʡʦʚʠʭ ʜʽʡ ʜʘʥʝ ʨʽʰʝʥʥʷ ʥʝ ʻ 

ʜʦʮʽʣʴʥʠʤ ʽ ʧʦʪʨʝʙʫʻ ʥʘʙʘʛʘʪʦ ʥʘʛʘʣʴʥʽʰʠʭ ʚʘʨʽʘʥʪʽʚ. 

2. ʉʪʚʦʨʠʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʜʣʷ ʧʽʣʦʪʘ, ʱʦʙ ʫ ʨʘʟʽ ʩʧʽʚʧʘʜʽʥʥʷ 

ʯʘʩʪʦʪ ʧʽʣʦʪ ʤʽʛ ʰʚʠʜʢʦ ʧʝʨʝʤʢʥʫʪʠ ʢʘʥʘʣ ʚʽʜʝʦʟʚʷʟʢʫ.  

ɺ ʧʨʦʪʦʢʦʣʽ Crossfire ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʢʥʫʪʠ ʢʘʥʘʣ ʚʽʜʝʦ ʟ ʧʫʣʴʪʘ. ɼʣʷ 

ʮʴʦʛʦ ʜʦ Vtx ʧʦʨʪʘ ʚ ʜʨʦʥʽ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʠʪʠ IRCTramp(Zeus pro) ʘʙʦ Tbs smart 

audio(rush solo tank) ʧʨʦʪʦʢʦʣ. 

ɼʘʥʘ ʟʘʜʘʯʘ ʻ ʤʦʞʣʠʚʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ, ʘʣʝ ʜʣʷ ʧʝʨʝʤʠʢʘʥʥʷ ʢʘʥʘʣʫ ʧʽʣʦʪʫ 

ʪʨʝʙʘ ʟʥʷʪʠ ʦʢʫʣʷʨʠ, ʽ ʟʘʡʪʠ ʚ ʤʝʥʶ ʧʫʣʴʪʘ ʱʦʙ ʟʜʽʡʩʥʠʪʠ ʦʧʝʨʘʮʽʶ. ʊʘʢ ʩʘʤʦ 

ʧʦʪʨʽʙʥʦ ʟʤʽʥʠʪʠ ʢʘʥʘʣ ʧʨʠʡʦʤʫ ʥʘ ʦʢʫʣʷʨʘʭ. ɼʘʥʘ ʦʧʝʨʘʮʽʷ ʜʦʩʠʪʴ ʻ ʧʦʚʽʣʴʥʦʶ ʽ 

ʟʘʡʤʝ ʜʦ ʭʚʠʣʠʥʠ ʯʘʩʫ. ɿʘ ʮʝʡ ʧʝʨʽʦʜ ʽʥʰʠʡ ʜʨʦʥ ʡʤʦʚʽʨʥʽʰʝ ʚʩʴʦʛʦ ʚʪʨʫʪʠʪʴʩʷ. 

ɿ ʜʘʥʦʾ ʽʜʝʾ ʚʠʧʣʠʚʘʻ ʥʘʩʪʫʧʥʝ ʟʘʚʜʘʥʥʷ: ʧʨʠʰʚʠʜʰʠʪʠ ʯʘʩ ʧʝʨʝʤʠʢʘʥʥʷ 

ʢʘʥʘʣʫ ʥʘ ʧʨʠʡʤʘʯʽ ʽ ʧʝʨʝʜʘʚʘʯʽ ʜʦ ʢʽʣʴʢʦʭ ʩʝʢʫʥʜ. 

ɼʘʥʘ ʟʘʜʘʯʘ ʙʝʟ ʧʨʦʙʣʝʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ FC-ʢʦʧʪʝʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʥʢʠʭ 

ʥʘʣʘʰʪʫʚʘʥʴ ʚʽʜʝʦʧʝʨʝʜʘʚʘʯʘ ʽ ʧʫʣʴʪʘ. ʊʦʙʪʦ ʥʘ ʦʜʥʦʤʫ ʟ ʘʥʘʣʦʛʦʚʠʭ ʢʘʥʘʣʽʚ 

ʧʫʣʴʪʘ, ʥʘʧʨʠʢʣʘʜ aux4 (3 ʧʦʟʠʮʽʡʥʠʡ ʩʪʽʢ) ʚʩʪʘʥʦʚʠʪʠ ʧʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʩʦʙʦʶ 3-ʭ 
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ʢʘʥʘʣʽʚ ʚʽʜʝʦ. ʇʨʦʙʣʝʤʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʨʝʤʠʢʘʥʥʷ ʢʘʥʘʣʽʚ ʥʘ ʦʢʫʣʷʨʘʭ, ʘʜʞʝ 

ʧʨʷʤʦʛʦ ʟʚᾷʷʟʢʫ ʦʢʫʣʷʨʽʚ ʪʘ ʧʫʣʴʪʫ ʥʝʤʘʻ. 

ɺʘʨʽʘʥʪʦʤ ʨʽʰʝʥʥʷ ʻ ʚʠʥʝʩʪʠ ʧʨʠʡʤʘʯ ʚʽʜʝʦ ʩʠʛʥʘʣʫ ʦʢʨʝʤʦ, ʪʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʨʝʪʨʘʥʩʣʷʪʦʨ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʝʨʝʤʠʢʘʥʥʷ ʢʘʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʪʨʘʥʩʣʷʪʦʨʘ 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ, ʷʢʠʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʩʭʝʤʽ ʥʘ ʨʠʩʫʥʢʫ 1 ʥʘʩʪʫʧʥʠʡ: ʫ ʧʽʜʦʪʘ 

ʻ ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ ʟ ʢʘʥʘʣʦʤ 2.4ʛʛʮ. ʅʘ ɹʇʃɸ ʪʠʧʫ ʤʘʚʽʢ ʻ ʧʨʠʡʤʘʯ ʢʝʨʫʚʘʥʥʷ ʥʘ 

2.4ʛʛʮ. ɼʘʥʠʡ ʧʨʠʡʤʘʯ ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ ʥʘ 2 ʦʙᾷʻʢʪʠ: ʧʝʨʝʜʘʚʘʯ 900ʤʛʮ, ʷʢʠʡ ʚʞʝ 

ʧʨʠʡʤʘʻ ʢʦʧʪʝʨ 900ʤʛʮ, ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʣʘʪʦʶ ʧʨʠʡʤʘʯʘ ʚʽʜʝʦ ʥʘ 5.8ʛʛʮ. ʅʘ 

ʧʨʠʡʤʘʯʽ 2.4, ʦʜʠʥ ʽʟ ʚʠʭʦʜʽʚ ʤʦʞʥʘ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʥʘ ʨʦʙʦʪʫ ʪʦʛʦ ʞ ʩʘʤʦʛʦ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʫʣʴʪʘ aux4. ʅʘ ʚʽʜʝʦ ʧʨʠʡʤʘʯʽ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʟʤʽʥʫ 

ʧʘʨʘʤʝʪʨʫ aux4 ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʤʽʥʫ ʢʘʥʘʣʫ ʧʨʠʡʤʘʥʥʷ. ɺʽʜʝʦ ʧʨʠʡʤʘʯ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʘʙʝʣʷ ʯʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʛʦ ʚʽʜʝʦʧʝʨʝʜʘʚʘʯʘ ʟ ʥʠʞʯʠʤ ʩʠʛʥʘʣʦʤ, ʩʢʘʞʽʤʦ 1.2ʛʛʮ 

ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ ʥʘ ʦʢʫʣʷʨʠ ʧʽʣʦʪʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʪʝʢʩʪʦʣʽʪʫ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʪʨʠʤʘʯ 

ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʥʘ Mavic (ʨʠʩʫʥʦʢ 2). ʊʘʢʦʞ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ 

ʢʦʤʧʣʝʢʪʫʶʯʽ: 

1. ʇʝʨʝʜʘʚʘʯ ʚʽʜʝʦ RushFPV TANK SOLO VTX 

2. ʇʨʠʡʤʘʯ ʚʽʜʝʦ Skyzone steadyview x receiver with IPS screen (STVX) 

3. ɸʥʪʝʥʘ TrueRC 5.8 MK II SMA RHCP  

4. ʇʨʠʡʤʘʯ ʢʝʨʫʚʘʥʥʷ ʟ ʜʦʜʘʪʢʦʚʠʤʠ pwm ʚʠʭʦʜʘʤʠ HappyModel 

ExpressLRS ELRS EPW6 TCXO 2.4GHz  

5. ʇʝʨʝʨʝʜʘʚʘʯ ʢʝʨʫʚʘʥʥʷ BETAFPV ELRS Micro TX Module 915MHZ 

6. ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘʧʨʫʛʠ ʪʠʧʫ DC-DC 

ɼʣʷ ʫʥʽʚʝʩʘʣʽʟʘʮʽʾ ʞʠʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʝʣʝʤʝʥʪʠ ʪʠʧʫ 18650. 
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ʈʠʩʫʥʦʢ 2 ï ʇʣʘʪʬʦʨʤʘ-ʨʦʛʘʪʢʘ ʟ ʪʝʢʩʪʦʣʽʪʫ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʜʦ ɹʇʃɸ ʪʠʧʫ Mavic 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʝʨʝʤʠʢʘʯ ʥʘ ʧʫʣʴʪʽ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ 

ʧʝʨʝʤʠʢʘʻ ʢʘʥʘʣ ʥʘ ʧʝʨʝʜʘʚʘʯʽ ʚʽʜʝʦʩʠʛʥʘʣʫ ʜʨʦʥʘ ʪʘ ʥʘ ʧʨʠʡʤʘʯʽ ʚʽʜʝʦʩʠʛʥʘʣʫ ʥʘ 

ʨʝʪʨʘʥʩʣʷʪʦʨʽ. ʅʝʜʦʣʽʢʦʤ ʻ ʪʝ ʱʦ ʧʝʨʝʤʠʢʘʥʥʷ ʢʘʥʘʣʽʚ ʦʙʤʝʞʝʥʝ ʢʽʣʴʢʽʩʪʶ 

ʧʝʨʝʤʠʢʘʥʴ ʚ ʘʥʘʣʦʛʦʚʦʤʫ ʪʫʤʙʣʝʨʽ ʧʫʣʴʪʘ, ʘ ʩʘʤʝ 3 ʢʘʥʘʣʠ, ʥʘ tx12. ɸʣʝ ʜʣʷ 

ʝʢʩʪʨʝʥʠʭ ʩʠʪʫʘʮʽʡ ʜʘʥʘ ʩʭʝʤʘ ʜʽʻʟʜʘʪʥʘ ʪʘ ʤʦʞʝ ʚʨʷʪʫʚʘʪʠ ʜʨʦʥ ʪʘ ʧʨʦʜʦʚʞʠʪʠ 

ʤʽʩʽʶ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 
1. ɿʫʙʨʝʮʴʢʘ ɯ. ʉ., ɸʬʦʥʽʥ ɯ. ɺ., ɿʫʙʨʝʮʴʢʘ ʅ. ɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʨʘʜʽʦʧʝʣʝʥʛʘʮʽʾ. ʅʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ ʤʦʣʦʜʽ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ : ʪʝʟʠ 

ʜʦʧ. XVII  ɺʩʝʫʢʨ. ʥʘʫʢ. ʢʦʥʬ., ʂʠʾʚ, 26ï27 ʢʚʽʪʥʷ 2018 ʨ. ʉ. 347ï348.  

2. ʂʘʣʘʰʥʽʢʦʚ ɼ.ʉ., ʊʠʤʯʝʥʢʦ ɺ.ɺ., ʐʫʪʴʢʦ ɺ.ʆ. ʆʛʣʷʜ ʤʝʪʦʜʽʚ ʨʘʜʽʦʧʝʣʝʥʛʫʚʘʥʥʷ ʥʘʟʝʤʥʦʾ 

ʈɽɹ. ʆʣʴʚʽʡʩʴʢʠʡ ʬʦʨʫʤ ï 2023: ʩʪʨʘʪʝʛʽʾ ʢʨʘʾʥ ʇʨʠʯʦʨʥʦ-ʤʦʨʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʚ 

ʛʝʦʧʦʣʽʪʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ.ʊʝʭʥʽʯʥʽ ʥʘ-ʫʢʠ. ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʩʠʩʪʝʤʠ 

ʦʩʚʽʪʠ: XVII  ʄʽʞʥʘʨ. ʥʘʫʢ. ʢʦʥʬ. 15ï18 ʯʝʨʚ. 2023 ʨ., ʩ. 31-34. 
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ɻʘʨʜʠʰ ɼ.ʆ., ʂʣʽʤʝʥʢʦ ɺ.ɯ. 

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇʈʀʂʃɸɼʅɯ ɸʉʇɽʂʊʀ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʆʎɯʅʖɺɸʅʅʗ 

ɺɯɼʇʆɺɯɼʅʆʉʊɯ ʂɽʁʉɸ ʊɽʉʊʆɺʀʍ ɿɸɺɼɸʅʔ ʉɽʄɸʅʊʀʏʅɯʁ 

ʉʂʃɸɼʆɺɯʁ ʅɸɺʏɸʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 
 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʝʡʩʘ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʩʝʤʘʥʪʠʯʥʽʡ ʩʢʣʘʜʦʚʽʡ 

ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʦʞ ʥʘʚʝʜʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʪʦʜʫ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʪʝʢʩʪʦʚʦʛʦ ʢʦʥʪʝʥʪʫ ʪʝʩʪʦʚʠʭ ʽ ʥʘʚʯʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

 

The applied aspects of software implementation of application for automated assessment 

of compliance of the case test tasks with the semantic component of educational materials are 

considered. Features of corresponding method based on intellectual analysis of textual content of 

test and educational materials are also given. 

 

ɺ ʩʫʯʘʩʥʦʤʫ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʚʝʣʠʢʘ ʫʚʘʛʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ, ʪʝʩʪʦʚʠʭ 

ʟʘʚʜʘʥʴ, ʷʢʽ ʻ ʮʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʽʥʢʠ ʟʥʘʥʴ ʪʘ ʨʦʟʫʤʽʥʥʷ ʫʯʥʽʚ. ʇʨʦʪʝ, 

ʚʘʨʪʦ ʥʝ ʟʘʙʫʚʘʪʠ, ʱʦ ʟʚʠʯʘʡʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʦʙʤʝʞʝʥʽ ʪʽʣʴʢʠ 

ʧʝʨʝʚʽʨʢʦʶ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʽʜʧʦʚʽʜʝʡ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʝʤʘʥʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʪʘ 

ʢʦʥʪʝʢʩʪʫ [1, 2]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʘʣʦ ʦʙ'ʻʢʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʝʪʦʜ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʝʡʩʘ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ 

ʩʝʤʘʥʪʠʯʥʽʡ ʩʢʣʘʜʦʚʽʡ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ 

ʪʝʢʩʪʦʚʦʛʦ ʢʦʥʪʝʥʪʫ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʧ'ʶʪʝʨʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ 

ʪʝʭʥʽʢʠ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ 

ʪʝʩʪʦʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʪʘ ʥʘʚʯʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ [3]. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʚʽʜʧʦʚʽʜʽ ʥʘ ʪʝʩʪʦʚʽ ʟʘʚʜʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʽʩʪʫ 

ʪʘ ʩʝʤʘʥʪʠʮʽ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʝʡʩʘ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʩʝʤʘʥʪʠʯʥʽʡ ʩʢʣʘʜʦʚʽʡ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʅʘ ʚʭʽʜ ʤʝʪʦʜ ʧʨʠʡʤʘʻ ʦʙʨʘʥʠʡ ʪʝʢʩʪ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʘ ʪʘʢʦʞ ʢʝʡʩ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʦʙʨʘʥʽʡ ʪʝʤʽ. ɼʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʮʽʣʝʡ 

ʫ ʟʘʩʪʦʩʫʥʢʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʨʠʩʫʥʦʢ 

2). ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʚʝʩʴ ʚʤʽʩʪ ʥʘʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʙʫʣʦ ʚʠʚʝʜʝʥʦ 

ʥʘ ʬʦʨʤʫ, ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʾʭ ʨʝʜʘʛʫʚʘʪʠ. ʊʦʙʪʦ, ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʚ ʪʝʢʩʪ ʥʘʚʯʘʣʴʥʽ 

ʤʘʪʝʨʽʘʣʽ ʪʘ ʟʙʝʨʽʛʘʪʠ ʮʽ ʟʤʽʥʠ. ʊʘʢʦʞ ʤʦʞʥʘ ʨʝʜʘʛʫʚʘʪʠ ʪʝʩʪʦʚʽ ʟʘʧʠʪʘʥʥʷ.   
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʝʡʩʘ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ 

ʩʝʤʘʥʪʠʯʥʽʡ ʩʢʣʘʜʦʚʽʡ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ʇʽʩʣʷ ʧʨʠʡʦʤʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʦʯʠʥʘʻʪʴʩʷ ʾʭ ʦʙʨʦʙʢʘ. ʉʧʝʨʰʫ ʡʜʝ 

ʬʽʣʴʪʨʘʮʽʷ ɯʅʄ. ʌʽʣʴʪʨʘʮʽʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʜʘʣʝʥʥʷ ʟʥʘʢʽʚ ʧʫʥʢʪʫʘʮʽʾ ʪʘ ʮʠʬʨ, ʘ 

ʪʘʢʦʞ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʩʴʦʛʦ ʪʝʢʩʪʫ ʚ ʥʠʞʥʽʡ ʨʝʛʽʩʪʨ. ʇʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʝʢʪʦʨʠʟʘʮʽʷ ʢʦʥʪʝʥʪʫ ɯʅʄ, ʪʦʙʪʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʤʘʩʠʚ ʩʣʽʚ. ɼʣʷ ʢʝʡʩʘ ʪʝʩʪʦʚʠʭ 

ʟʘʧʠʪʘʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʽ ʞ ʝʪʘʧʠ, ʱʦ ʡ ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʆʪʨʠʤʘʚʰʠ ʜʚʘ ʧʝʨʝʣʽʢʘ ʩʣʽʚ, ʤʝʪʦʜ ʧʨʠʩʪʫʧʘʻ ʜʦ ʾʭ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʊʦʙʪʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʜʣʷ ɯʅʄ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʫ DE [4].  
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ʈʠʩʫʥʦʢ 2 ï ɿʥʽʤʦʢ ʝʢʨʘʥʫ ʧʝʨʰʦʾ ʚʢʣʘʜʢʠ ʟʘʩʪʦʩʫʥʢʫ 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ɯʅʄ 
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ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʡʜʝ ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʦʨʠʛʽʥʘʣʴʥʠʭ ʩʣʽʚ. ʇʽʩʣʷ ʯʦʛʦ, ʟ 

ʪʝʢʩʪʫ ʚʠʜʘʣʷʶʪʴʩʷ ʩʪʦʧ-ʩʣʦʚʘ, ʪʘʢʽ ʷʢ ʧʨʠʡʤʝʥʥʠʢʠ, ʟʘʡʤʝʥʥʠʢʠ, ʯʠʩʣʽʚʥʠʢʠ ʪʘ 

ʩʧʦʣʫʯʥʠʢʠ. ɼʘʣʽ ʜʣʷ ɯʅʄ ʦʙʨʘʭʦʚʫʶʪʴʩʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʣʦʚʘʤʠ ʪʘ ʦʙʨʘʭʫʥʦʢ 

ʚʘʞʣʠʚʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ DE (ʨʠʩʫʥʦʢ 3), ʘ ʜʣʷ ʂʊɿ ʡʜʝ ʦʙʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ 

ʦʨʠʛʽʥʘʣʴʥʠʭ ʩʣʽʚ (ʨʠʩʫʥʦʢ 4). ʇʽʩʣʷ ʯʦʛʦ ʡʜʝ ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʢʣʶʯʦʚʠʭ ʩʣʽʚ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʂʊɿ 

 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʤʝʪʦʜ ʦʪʨʠʤʘʻ ʢʣʶʯʦʚʽ ʪʝʨʤʽʥʠ ɯʅʄ ʪʘ ʢʣʶʯʦʚʽ ʪʝʨʤʽʥʠ ʂʊɿ 

ʚʽʥ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʝʪʘʧʫ ï ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʝʡʩʘ ʪʝʩʪʦʚʠʭ 

ʟʘʚʜʘʥʴ ʩʝʤʘʥʪʠʯʥʽʡ ʩʢʣʘʜʦʚʽʡ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʄʝʪʦʜ ʧʝʨʝʚʽʨʷʻ ʯʠ ʫʩʽ 

ʚʘʞʣʠʚʽ ʪʝʨʤʽʥʠ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʥʘʷʚʥʽ ʫ ʪʝʩʪʦʚʠʭ 

ʟʘʧʠʪʘʥʥʷʭ. 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʮʠʬʨʦʚʘ ʦʮʽʥʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʝʡʩʘ 

ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʩʝʤʘʥʪʠʯʥʽʡ ʩʢʣʘʜʦʚʽʡ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ 

ʘʥʘʣʽʟʦʤ ʾʭ ʪʝʢʩʪʦʚʦʛʦ ʢʦʥʪʝʥʪʫ. ʊʘʢʦʞ ʢʦʨʠʩʪʫʚʘʯ ʪʘʢʦʞ ʤʦʞʝ ʦʪʨʠʤʘʪʠ 

ʝʢʩʧʝʨʪʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦʛʨʘʤʠ ʟ ʨʝʢʦʤʝʥʜʘʮʽʻʶ, ʷʢʽ ʢʣʶʯʦʚʽ ʪʝʨʤʽʥʠ ʟ ʥʘʚʯʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʘʨʪʦ ʚʢʣʶʯʠʪʠ ʚ ʟʤʽʩʪ ʪʝʩʪʦʚʠʭ ʟʘʧʠʪʘʥʴ. ɼʣʷ ʮʴʦʛʦ ʡʦʤʫ ʥʝʦʙʭʽʜʥʦ 
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ʥʘʪʠʩʥʫʪʠ ʥʘ ʢʥʦʧʢʫ çɿʛʝʥʝʨʫʚʘʪʠ ʚʠʩʥʦʚʦʢè (ʨʠʩʫʥʦʢ 5). ʇʽʩʣʷ ʯʦʛʦ ʢʽʥʮʝʚʠʡ 

ʨʝʟʫʣʴʪʘʪ ʟʘʩʪʦʩʫʥʢʫ ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʂʊɿ ʜʦ ɯʅʄ 

 

ʈʦʟʨʦʙʠʚʰʠ ʟʘʩʪʦʩʫʥʦʢ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʤʝʪʦʜʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʝʡʩʘ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʩʝʤʘʥʪʠʯʥʽʡ ʩʢʣʘʜʦʚʽʡ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ ʾʭ ʪʝʢʩʪʦʚʦʛʦ ʢʦʥʪʝʥʪʫ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʽʘʛʨʘʤʫ ʢʣʘʩʽʚ 

(ʨʠʩʫʥʦʢ 6). ɿ ʨʠʩʫʥʢʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʱʦ ʦʩʥʦʚʥʠʤʠ ʢʣʘʩʘʤʠ ʚ ʜʘʥʦʤʫ ʟʘʩʪʦʩʫʥʢʫ 

ʻ ʢʣʘʩ çForm1è, çText Processorè, çRead Textè, çSemanticè. 

ʂʣʘʩ çForm1è ʻ ʦʩʥʦʚʥʠʤ ʚ ʜʘʥʦʤʫ ʟʘʩʪʦʩʫʥʢʫ, ʪʘ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʤʝʪʦʜʠ 

ʙʘʛʘʪʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʬʦʨʤʠ. ʂʣʘʩ ʤʽʩʪʠʪʴ ʧʨʠʚʘʪʥʝ ʧʦʣʝ folder  Path, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘ ʟʙʝʨʝʞʝʥʥʷ ʰʣʷʭʫ ʜʦ ʧʘʧʢʠ ʟ ʬʘʡʣʘʤʠ. ʋ ʜʘʥʦʤʫ ʢʣʘʩʽ ʨʝʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ 

ReadText() ʪʘ LoadDataIntoDataGrid View(), ʷʢʽ ʨʝʘʣʽʟʦʚʫʶʪʴ ʚʠʚʝʜʝʥʥʷ ʜʘʥʠʭ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ DataGridView. ʊʘʢʦʞ ʢʣʘʩ ʤʽʩʪʠʪʴ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴʩʷ 

ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ, ʮʽ ʤʝʪʦʜʠ ʚʽʜʧʦʚʽʜʥʦ ʚʠʢʦʥʫʶʪʴ ʪʽ ʬʫʥʢʮʽʾ ʟʘ ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʻ ʢʦʞʥʘ ʟ ʢʥʦʧʦʢ. 

ʂʣʘʩ çReadTextè ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʤʝʪʦʜʠ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʪʝʢʩʪʦʚʠʭ ʬʘʡʣʽʚ. 

ʇʝʨʰʠʡ ʤʝʪʦʜ ï raedINM(), ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʯʠʪʫʚʘʥʥʷ ʪʝʢʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʪʨʠʤʫʻ ʽʤôʷ ʬʘʡʣʫ, ʜʘʣʽ ʩʪʚʦʨʶʻ ʰʣʷʭ ʜʦ ʥʴʦʛʦ ʪʘ ʧʦʚʝʨʪʘʻ 

ʡʦʛʦ ʚʤʽʩʪ ʫ ʚʠʛʣʷʜʽ ʨʷʜʢʘ. ʄʝʪʦʜ LoadDataIntoDataGridView() ʚʽʜʧʦʚʽʜʘʻ ʟʘ 
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ʟʯʠʪʫʚʘʥʥʷ ʪʝʢʩʪʫ ʢʝʡʩʘ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ. ʊʦʙʪʦ ʤʝʪʦʜ ʟʯʠʪʫʻ ʜʘʥʽ ʟ ʬʘʡʣʫ ʧʦ 

ʨʷʜʢʘʭ ʪʘ ʧʦʚʝʨʪʘʻ ʾʭ ʤʘʩʠʚ. 

 

 
ʈʠʩʫʥʦʢ 6 ï ɼʽʘʛʨʘʤʘ ʢʣʘʩʽʚ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʂʊɿ ʜʦ ɯʅʄ 
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ʂʣʘʩ çTextProcessorè ʟʘʛʘʣʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʚʭʽʜʥʦʛʦ 

ʪʝʢʩʪʫ. ʄʝʪʦʜ RemovePunctuation() ʚʠʜʘʣʷʻ ʚʩʽ ʟʥʘʢʠ ʧʫʥʢʪʫʘʮʽʾ, ToLowercase() ï

ʧʝʨʝʪʚʦʨʶʻ ʪʝʢʩʪ ʫ ʥʠʞʥʽʡ ʨʝʛʽʩʪʨ, ʘ RemoveStopWords() ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʠʜʘʣʝʥʥʷ 

ʩʪʦʧ-ʩʣʽʚ ʟ ʪʝʢʩʪʫ. 

ʆʩʪʘʥʥʽʡ ʢʣʘʩ ï çSemanticè, ʚʽʥ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʜʚʘ ʤʝʪʦʜʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

TF ʪʘ DE. ʇʝʨʰʠʡ ʤʝʪʦʜ çCalculateTermFrequencyè ʧʝʨʝʙʠʨʘʻ ʢʦʞʥʝ ʩʣʦʚʦ ʤʝʪʦʜʫ 

ʪʘ ʜʣʷ ʥʴʦʛʦ ʦʙʨʘʭʦʚʫʻ ʯʘʩʪʦʪʥʫ ʦʮʽʥʢʫ. ʄʝʪʦʜ çCalculateDocumentImportanceè 

ʪʘʢʦʞ ʧʝʨʝʙʠʨʘʻ ʢʦʞʥʝ ʩʣʦʚʦ ʪʝʢʩʪʫ ʪʘ ʚʠʨʘʭʦʚʫʻ ʡʦʛʦ ʚʘʞʣʠʚʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʩʧʝʨʩʽʡʥʦʾ ʦʮʽʥʢʠ. 

ʆʪʦʞ, ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʤʘʪʠ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʧʽʜ ʯʘʩ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʜʝ ʚʘʞʣʠʚʦ ʦʮʽʥʶʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʥʘʚʯʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʘʤ. ɺʦʥʘ ʜʦʟʚʦʣʠʪʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ  ʦʙôʻʢʪʠʚʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ, ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʥʘʩʪʫʧʥʽ ʥʘʧʨʷʤʢʠ 

ʨʦʟʨʦʙʢʠ: ʧʦʢʨʘʱʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʣʴʰ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ, ʙʽʣʴʰ ʪʦʯʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʝʢʩʪʫ ʟ ʪʝʩʪʦʚʠʤʠ 

ʟʘʧʠʪʘʥʥʷʤʠ ʪʘ ʨʦʟʨʦʙʢʘ ʙʽʣʴʰʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ.  
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çɯʥʬʦʨʤʘʮʽʡʥʽ ʫʧʨʘʚʣʷʶʯʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ICST-ODESSA-2021è. ʆʜʝʩʘ. 2021.ï 

ʉ.105-107. 
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ɻʦʣʦʚʘʪʶʢ ɸ.ʆ. 

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʇɯɼʉʀʉʊɽʄʀ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʊɸ ɸʅɸʃɯɿʋ 

ɼʆʈʆɾʅɯʍ ɿʅɸʂɯɺ ʄɽʊʆɼɸʄʀ ʂʆʄʇ'ʖʊɽʈʅʆɻʆ ɿʆʈʋ 
 

ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʩʠʩʪʝʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʦʨʦʞʥʽʭ 

ʟʥʘʢʽʚ ʤʝʪʦʜʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʧʦʟʠʮʽʾ 

ʽʥʰʠʭ ʨʦʟʨʦʙʥʠʢʽʚ ʫ ʜʘʥʽʡ ʪʝʤʘʪʠʮʽ, ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʽʜʩʠʩʪʝʤʠ ʪʘ ʧʨʦʚʝʜʝʥʦ ʾʾ 

ʪʝʩʪʫʚʘʥʥʷ. 

 

In this article were considered a subsystem for recognizing and analyzing road signs 

using computer vision methods. The research analyzed the proposals of other developers in this 

area, described the algorithm of the subsystem and tested it. 

 

ɿʛʽʜʥʦ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʚʽʜ ɼʝʧʘʨʪʘʤʝʥʪʫ ʧʘʪʨʫʣʴʥʦʾ ʧʦʣʽʮʽʾ ʋʢʨʘʾʥʠ, ʟʘ 

ʧʝʨʽʦʜ 2022 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʩʪʘʣʦʩʴ ʧʦʥʘʜ 18 ʪʠʩʷʯ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. 

ʇʨʠ ʮʴʦʤʫ ʙʣʠʟʴʢʦ 23 ʪʠʩ. ʣʶʜʝʡ ʦʪʨʠʤʘʣʠ ʧʦʨʘʥʝʥʥʷ, 2791 ʦʩʦʙʘ ʟʘʛʠʥʫʣʘ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ɼʊʇ ʚʠʜʽʣʷʶʪʴ: ʧʝʨʝʚʠʱʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʧʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ ʤʘʥʝʚʨʫʚʘʥʥʷ, ʧʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ ʧʨʦʾʟʜʫ 

ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ ʪʘ ʧʝʨʝʭʨʝʩʪʴ, ʥʝʜʦʪʨʠʤʘʥʥʷ ʜʠʩʪʘʥʮʽʾ [1]. ɺ ʙʽʣʴʰʦʩʪʽ 

ʩʠʪʫʘʮʽʡ, ʾʭ ʤʦʞʥʘ ʙʫʣʦ ʫʥʠʢʥʫʪʠ, ʷʢʱʦ ʙ ʫʯʘʩʥʠʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʙʫʣʠ 

ʧʠʣʴʥʽʰʝ ʪʘ ʧʨʠʜʽʣʷʣʠ ʫʚʘʛʫ ʜʦʨʦʞʥʽʤ ʟʥʘʢʘʤ. ʊʦʤʫ, ʧʽʩʣʷ ʧʝʨʝʛʣʷʜʫ ʩʪʘʪʠʩʪʠʢ 

ɼʊʇ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʨʦʟʨʦʙʠʪʠ ʧʽʜʩʠʩʪʝʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʝʢʽʣʴʢʘ ʩʪʘʪʝʡ ʽʥʰʠʭ 

ʥʘʫʢʦʚʮʽʚ ʥʘ ʜʘʥʫ ʪʝʤʫ. 

ɺ ʦʜʥʽʡ ʟ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʩʪʘʪʝʡ [2] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʚʦʝʪʘʧʥʫ ʢʘʩʢʘʜʥʫ ʩʠʩʪʝʤʫ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʜʦʨʦʟʽ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʾ. 

ʉʠʩʪʝʤʘ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʜʥʦʩʪʫʧʝʥʝʚʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ, ʷʢʽ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʰʚʠʜʢʽ, ʪʘ ʜʚʦʝʪʘʧʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʪʦʯʥʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ, ʘʣʝ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʚ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʢʘʜʨʽʚ ʽ 

ʚʠʷʚʣʝʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʛʤʝʥʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʢʦʣʴʦʨʽʚ ʽ ʚʠʷʚʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ɻʘʬʘ (Hough) ʟ ʧʦʜʘʣʴʰʦʶ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʧʩʫʣʴʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ [3]. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʧʨʦʧʦʥʫʶʪʴ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʭʥʽʢʫ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [4]. ɸ ʪʘʢʦʞ, 

ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʘʣʛʦʨʠʪʤ SSD (Single Shot Detector) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʟʣʠʪʪʷ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʦʟʥʘʢ, ʧʦʟʥʘʯʝʥʠʡ ʷʢ MF-SSD, ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ [5]. 

  

 
ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ 

 

ɸʣʛʦʨʠʪʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ɺʽʥ 

ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

1. ɿʙʽʨ ʜʘʥʠʭ: ʉʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢʝ ʷʢ 
ʢʘʤʝʨʘ, ʜʣʷ ʟʙʦʨʫ ʚʽʟʫʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʚʪʦʤʦʙʽʣʷ. 

2. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ: ʆʪʨʠʤʘʥʽ ʚʽʟʫʘʣʴʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʰʫʤʣʝʥʠʤʠ 
ʘʙʦ ʤʽʩʪʠʪʠ ʥʘʜʤʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʪʘʢʽ ʝʪʘʧʠ, ʷʢ 

ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ, ʬʽʣʴʪʨʘʮʽʷ, ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʪʦʱʦ. 

3. ɺʠʷʚʣʝʥʥʷ ʢʦʥʪʫʨʽʚ: ʉʧʝʮʽʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʘʥʘʣʽʟʫʶʪʴ ʦʙʨʦʙʣʝʥʝ 

ʟʦʙʨʘʞʝʥʥʷ, ʱʦʙ ʚʠʷʚʠʪʠ ʤʦʞʣʠʚʽ ʢʦʥʪʫʨʠ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ. ʎʝʡ ʝʪʘʧ ʜʦʟʚʦʣʷʻ 

ʚʠʜʽʣʠʪʠ ʦʙʣʘʩʪʽ, ʜʝ ʤʦʞʣʠʚʦ ʨʦʟʪʘʰʦʚʘʥʽ ʟʥʘʢʠ. 
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4. ɺʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʫ: ʅʘ ʦʩʥʦʚʽ ʚʠʷʚʣʝʥʠʭ ʢʦʥʪʫʨʽʚ ʘʣʛʦʨʠʪʤ 
ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʫ ʪʘ ʨʦʟʤʽʨ ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʨʦʞʥʴʦʛʦ ʟʥʘʢʫ. ʎʝ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʘʥʘʣʽʟ ʢʫʪʽʚ, ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʪʦʯʢʘʤʠ ʪʘ ʽʥ. 

5. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʥʘʢʫ: ʆʜʨʘʟʫ ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʫ, ʩʠʩʪʝʤʘ 
ʧʨʦʙʫʻ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʥʘʢ ʟʘ ʡʦʛʦ ʦʙʨʘʟʦʤ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʨʽʚʥʷʥʥʷ 

ʨʦʟʧʽʟʥʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʟʥʘʢʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʟʥʘʯʝʥʥʷ. 

6. ɺʨʘʭʫʚʘʥʥʷ ʢʦʥʪʝʢʩʪʫ: ɼʝʷʢʽ ʩʠʪʫʘʮʽʾ ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʚʨʘʭʫʚʘʥʥʷ 
ʢʦʥʪʝʢʩʪʫ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʜʚʘ ʟʥʘʢʠ ʤʘʶʪʴ ʩʭʦʞʠʡ ʦʙʨʘʟ, ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʽʥʰʽ ʜʘʥʽ, ʪʘʢʽ ʷʢ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʪʠʧ ʜʦʨʦʛʠ, ʯʘʩ ʜʦʙʠ ʪʦʱʦ. 

7. ɺʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ: ʗʢʱʦ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ ʟʥʘʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ 
ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʽ ʝʚʨʠʩʪʠʢʠ ʘʙʦ ʘʥʘʣʽʟʫʻ 

ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦʛʦ ʚʘʨʽʘʥʪʫ. 

8. ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ: ʅʘ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʢʦʥʪʝʢʩʪʫ, ʩʠʩʪʝʤʘ 

ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʷʢ ʨʝʘʛʫʚʘʪʠ ʥʘ ʨʦʟʧʽʟʥʘʥʠʡ ʟʥʘʢ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʥʘʜʩʠʣʘʥʥʷ ʚʦʜʽʶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʧʘʥʝʣʽ ʧʨʠʣʘʜʽʚ. 

ɿʘ ʜʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʪʝʩʪʦʚʫ ʚʝʨʩʽʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʈʝʘʣʴʥʘ ʩʠʩʪʝʤʘ ʙʫʜʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʢʘʤʝʨʫ ʜʣʷ ʟʯʠʪʫʚʘʥʥʷ ʩʠʪʫʘʮʽʾ 

ʥʘ ʜʦʨʦʟʽ, ʝʢʨʘʥ ʥʘ ʧʘʥʝʣʽ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʦʜʽʷ, ʜʠʥʘʤʽʢ 

ʜʣʷ ʧʨʦʛʨʘʚʘʥʥʷ ʜʝʷʢʠʭ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʩʘʤ ʘʚʪʦʤʦʙʽʣʴ. ʊʝʩʪʦʚʘ 

ʚʝʨʩʽʷ ʬʫʥʢʮʽʦʥʫʻ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʚ 

ʧʨʦʛʨʘʤʫ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʬʦʪʦʛʨʘʬʽʾ ʥʘ ʷʢʠʭ ʧʨʠʩʫʪʥʽ (ʽʥʦʜʽ ʚʽʜʩʫʪʥʽ, ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ) ʜʦʨʦʞʥʽ ʟʥʘʢʠ. ʇʨʦʛʨʘʤʘ ʘʥʘʣʽʟʫʻ ʬʦʪʦ, 

ʟʥʘʭʦʜʠʪʴ ʥʘ ʥʴʦʤʫ ʜʦʨʦʞʥʽʡ ʟʥʘʢ, ʦʢʨʝʩʣʶʻ ʟʦʥʫ, ʜʝ ʡʦʛʦ ʙʫʣʦ ʟʥʘʡʜʝʥʦ, ʪʘ 

ʚʠʚʦʜʠʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʟʥʘʯʝʥʥʷ ʟʥʘʡʜʝʥʦʛʦ ʟʥʘʢʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʪʘ 3. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʊʝʩʪʫʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʥʘ ʬʦʪʦʛʨʘʬʽʾ ʟ 

ʦʜʥʠʤ ʟʥʘʢʦʤ 
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ʈʠʩʫʥʦʢ 3 ï ʊʝʩʪʫʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʥʘ ʬʦʪʦʛʨʘʬʽʾ ʟ 

ʜʚʦʤʘ ʟʥʘʢʘʤʠ 

 

ʆʪʞʝ, ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

ʚ ʋʢʨʘʾʥʽ ʪʘ ʥʘʛʦʣʦʰʝʥʦ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫʚʘʛʠ ʜʦ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʧʦʜʽʙʥʠʤ ʩʠʪʫʘʮʽʷʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʠʣʦ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʢʘʩʢʘʜʥʫ ʩʠʩʪʝʤʫ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʮʽʻʾ ʤʝʪʠ. ʋ ʤʘʡʙʫʪʥʴʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʨʝʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʘ ʚʢʣʶʯʘʪʠʤʝ ʢʘʤʝʨʫ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʨʦʞʥʴʦʾ ʩʠʪʫʘʮʽʾ, ʝʢʨʘʥ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʦʜʽʷ, ʜʠʥʘʤʽʢ ʜʣʷ ʧʨʦʛʨʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʪʘ ʽʥʰʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʊʘʢʦʞ, ʧʽʜ ʯʘʩ ʨʦʟʛʣʷʜʫ ʮʽʻʾ ʪʝʤʠ ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʪʘʢʦʾ 

ʧʽʜʩʠʩʪʝʤʠ ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʦ ʾʾ ʧʨʦʙʥʫ ʚʝʨʩʽʶ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʨʝʘʣʴʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʎʝʡ ʢʨʦʢ ʻ ʚʘʞʣʠʚʠʤ ʫ ʧʦʢʨʘʱʝʥʥʽ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ ʟʘʧʦʙʽʛʘʥʥʽ ɼʊʇ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇɯɼʍɯɼ ɼʆ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ɺʀʈɯʐɽʅʅʗ ɿɸɼɸʏ ʃɯʅɯʁʅʆɻʆ 

ʇʈʆɻʈɸʄʋɺɸʅʅʗ 
 

ʈʦʟʛʣʷʥʫʪʦ ʧʽʜʭʽʜ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʪʘ ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ. ɿʘʙʝʟʧʝʯʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʟʘʚʜʘʥʴ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʙʨʦʙʢʫ ʚʝʣʠʢʦʛʦ 

ʦʙʩʷʛʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʽʜʪʨʠʤʢʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʚʽʜʪʚʦʨʝʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. 

 

The approach to automated solution of linear programming problems is considered and 

the applied aspects of corresponding software application are considered. The ability to solve 

various types of linear programming tasks, processing of large volume of input data, support for 

various types of linear programming tasks, reproduction to find the result is provided. 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʫʯʘʩʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʻ ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʦʮʝʩʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʣʝʞʘʪʴ 

ʚ ʦʩʥʦʚʽ ʙʫʜʴ-ʷʢʦʾ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʘʪʝʛʽʯʥʠʭ ʽ 

ʪʘʢʪʠʯʥʠʭ ʨʽʰʝʥʴ ʢʝʨʽʚʥʠʢ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʙʝʟʣʽʯ ʯʘʩʦʤ ʩʫʧʝʨʝʯʣʠʚʠʭ 

ʤʽʨʢʫʚʘʥʴ, ʩʧʠʨʘʪʠʩʷ ʥʘ ʩʢʣʘʜʥʽ ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʣʷʭʽʚ ʜʦʩʷʛʥʝʥʥʷ ʢʽʥʮʝʚʠʭ 

ʮʽʣʝʡ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ 

ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʪʫʘʮʽʡ ʽ ʩʠʩʪʝʤ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʽ ʩʫʯʘʩʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ 

ʪʝʭʥʽʢʫ. ʊʘʢʽ ʤʝʪʦʜʠ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʧʽʜ ʟʘʛʘʣʴʥʦʶ ʥʘʟʚʦʶ ï ʤʘʪʝʤʘʪʠʯʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ [1]. 

ɿʘʚʜʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ 

ʦʙʣʘʩʪʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʜʝ ʥʝʦʙʭʽʜʥʠʡ ʚʠʙʽʨ ʦʜʥʦʛʦ ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʜʽʡ, 

ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʙʘʛʘʪʦʯʠʩʝʣʴʥʠʭ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽ ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʚ ʟʘʜʘʯʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʧʨʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʾʭ ʢʦʦʨʜʠʥʘʮʽʾ ʟ 

ʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ [2]. ʆʧʪʠʤʘʣʴʥʽ (ʝʬʝʢʪʠʚʥʽ) ʨʽʰʝʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʘʪʠ ʤʝʪʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʪʨʫʜʦʚʠʭ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ 

ʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʦʣʷʛʘʻ ʫ ʰʚʠʜʢʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʩʘʤʠʭ ʦʙʯʠʩʣʝʥʴ. ɼʦ ʪʦʛʦ ʞ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧôʶʪʝʨʘ ʤʠ ʤʘʪʠʤʝʤʦ ʟʤʦʛʫ ʦʙʨʦʙʣʷʪʠ ʜʽʡʩʥʦ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʽ ʧʨʦʚʦʜʠʪʠ 

ʩʢʣʘʜʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʱʦ ʜʦʟʚʦʣʷʪʠʤʝ ʥʘʤ ʟʥʘʯʥʦ ʝʢʦʥʦʤʠʪʠ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ ʽ ʪʘ ʟʙʝʨʽʛʘʪʠ ʥʘʰʽ ʨʝʩʫʨʩʠ.  
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ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʧʽʜʭʦʜʫ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʡʦʛʦ ʘʧʨʦʙʘʮʽʷ. ʄʘʻ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʧʽʜʪʨʠʤʢʘ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʤʽʥʽʤʽʟʘʮʽʶ, 

ʤʘʢʩʠʤʽʟʘʮʽʶ ʪʘ ʮʽʣʦʯʠʩʝʣʴʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʜʝʢʽʣʴʢʘ ʜʽʛʨʘʤ. ʅʘ 

ʨʠʩʫʥʢʫ 1 ʧʦʜʘʥʦ ʜʽʘʛʨʘʤʫ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ [3]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ 

 

ɿʤʽʥʘ ʢʽʣʴʢʦʩʪʽ çʩʪʦʚʙʮʽʚè ʯʠ çʨʷʜʢʽʚè ʚʠʢʣʠʢʘʻ ʟʘ ʩʦʙʦʶ ʦʥʦʚʣʝʥʥʷ 

ʤʘʪʨʠʮʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. çɺʭʽʜʥʽ ʜʘʥʽè ʤʽʩʪʷʪʴ ʚ ʩʦʙʽ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʙʤʝʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʾʾ ʪʠʧ (ʤʘʢʩʠʤʽʟʘʮʽʷ ʯʠ ʤʽʥʽʤʽʟʘʮʽʷ). 

ɺʠʙʽʨ ʘʣʛʦʨʠʪʤʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʦʜʘʪʢʦʚʽ ʧʦʢʨʘʱʝʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢ ʦʪ 

ʮʽʣʦʯʠʩʝʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ ʽʥʰʽ. 

ɿʘʜʣʷ ʟʘʧʫʩʢʫ ʨʦʟʚôʷʟʢʫ ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʻ çʽʥʽʮʽʘʣʽʟʘʮʽʷ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭè. 

ʅʘ ʨʠʩʫʥʢʫ 2 ʟʘ ʜʦʧʦʤʦʛʦʶ çActivity diagramè[14] ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʽʜ 

ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ. 
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ʈʠʩʫʥʦʢ 2 ï ɼʽʘʛʨʘʤʘ ʘʢʪʠʚʥʦʩʪʽ ʭʦʜʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ɿʃʇ 

 

ʇʨʦʮʝʩ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʧʦʚʥʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʦʙʤʝʞʝʥʴ, 

ʘ ʪʘʢʦʞ ʪʠʧʫ ʟʘʜʘʯʽ (ʤʽʥʽʤʫʤ/ʤʘʢʩʠʤʫʤ). ʇʽʜʛʦʪʦʚʢʫ ʞ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʥʘ ʨʦʟʙʠʪʠ 

ʥʘ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʇʝʨʰʠʡ ï ʧʨʠʚʝʜʝʥʥʷ ʟʘʜʘʯʽ ʜʦ ʢʦʨʝʢʪʥʦʛʦ ʪʠʧʫ (ʟʘʜʘʯʫ ʥʘ 

ʤʽʥʽʤʫʤ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʟʘʜʘʯʫ ʥʘ ʤʘʢʩʠʤʫʤ) (ʨʠʩʫʥʦʢ 3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ɼʽʘʛʨʘʤʘ ʘʢʪʠʚʥʦʩʪʽ ʜʦʯʽʨʥʴʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ɿʃʇ. 

ʇʨʠʚʝʜʝʥʥʷ ʟʘʜʘʯʽ ʜʦ ʢʦʨʝʢʪʥʦʛʦ ʪʠʧʫ 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʜʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙʤʝʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʥʝʩʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʟʤʽʥʥʠʭ. ʉʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4. 

 

 
ʈʠʩʫʥʦʢ 4 ï ɼʽʘʛʨʘʤʘ ʘʢʪʠʚʥʦʩʪʽ ʜʦʯʽʨʥʴʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ɿʃʇ. 

ʂʦʨʝʛʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ 

 

ʆʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʩʣʽʜ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʚ ʟʘʜʘʯʽ ʙʘʟʠʩ, ʽ 

ʷʢʱʦ ʥʽ, ʜʦʜʘʪʠ ʰʪʫʯʥʽ ʟʤʽʥʥʽ (ʨʠʩʫʥʦʢ 5). 
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ʈʠʩʫʥʦʢ 5 ï ɼʽʘʛʨʘʤʘ ʘʢʪʠʚʥʦʩʪʽ ʜʦʯʽʨʥʴʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ɿʃʇ. 

ɺʚʝʜʝʥʥʷ ʰʪʫʯʥʦʛʦ ʙʘʟʠʩʫ 

 

ʇʽʩʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʤʦʞʥʘ ʧʨʠʩʪʫʧʘʪʠ ʜʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ, ʘʣʛʦʨʠʪʤ 

ʯʦʛʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʥʘʩʪʫʧʥʽʡ çactivity diagramè (ʨʠʩʫʥʦʢ 6). 

 

 
ʈʠʩʫʥʦʢ 6 ï ɼʽʘʛʨʘʤʘ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʧʪʠʤʽʟʘʮʽʾ ɿʃʇ 

 

 
ʈʠʩʫʥʦʢ 7 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʽʚ 
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ɺʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʨʠʭʦʚʘʥʦ ʧʽʜ çʜʦʜʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠè ʪʘ 

çʚʥʝʩʝʥʥʷʤ ʟʤʽʥ ʜʦ ʦʧʨʘʮʴʦʚʘʥʠʭ ʜʘʥʠʭè. ʗʢʱʦ ʚʟʷʪʠ, ʜʦ ʧʨʠʢʣʘʜʫ, ʘʣʛʦʨʠʪʤ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ɿʃʇ ʚ ʮʽʣʠʭ ʯʠʩʣʘʭ, ʪʦ ʟʘ ʜʨʫʛʠʤ ʙʫʜʝ ʩʭʦʚʘʥʦ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ 

ʦʙʤʝʞʝʥʥʷ, ʘ ʟʘ ʧʝʨʰʠʤ ï ʧʝʨʝʚʽʨʢʘ ʥʘ ʪʝ, ʯʠ ʤʦʞʣʠʚʦ ʚʟʘʛʘʣʽ ʜʦʜʘʪʠ ʪʝ ʦʙʤʝʞʝʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ 7 ʟʦʙʨʘʞʝʥʦ ʜʽʘʛʨʘʤʫ ʩʪʘʥʽʚ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ. ʇʦʤʠʣʢʘʤʠ ʫ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ, ʜʦ ʧʨʠʢʣʘʜʫ, ʧʫʩʪʽ, ʘʙʦ ʥʝ ʧʨʘʚʠʣʴʥʦ ʧʦʣʷ ʜʘʥʠʭ 

(ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ, ʦʙʤʝʞʝʥʥʷ). ʋ ʨʘʟʽ ʾʭ ʢʦʨʝʢʪʥʦʩʪʽ ʙʫʜʝ ʤʦʞʣʠʚʦ ʟʘʧʫʩʪʠʪʠ 

ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ. ʋ ʡʦʛʦ ʨʦʙʦʪʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʪʘʪʠʩʷ ʧʦʤʠʣʢʠ: ʥʝ ʧʝʨʝʭʦʧʣʝʥʽ 

ʥʘ ʝʪʘʧʽ ʟʘʧʦʚʥʝʥʥʷ, ʘʙʦ ʞ ʚʠʢʣʠʢʘʥʽ ʚ ʭʦʜʽ ʨʦʙʦʪʠ (ʧʣʘʥ ʥʝ ʤʦʞʣʠʚʦ 

ʦʧʪʠʤʽʟʫʚʘʪʠ). ʂʦʣʠ ʨʽʰʝʥʥʷ ʙʫʜʝ ʚʩʝ ʞ ʪʘʢʠ ʟʥʘʡʜʝʥʦ, ʧʦʢʘʟʘʪʠ ʡʦʛʦ ʢʦʨʠʩʪʫʚʘʯʫ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʢʘʟʘʪʠ ʚʟʘʻʤʦʜʽʶ ʜʝʷʢʠʡ ʦʙôʻʢʪʽʚ ʫ ʜʠʥʘʤʽʮʽ, ʧʦʙʫʜʦʚʘʥʦ 

ʜʽʘʛʨʘʤʫ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 8). 

 

 
ʈʠʩʫʥʦʢ 8 ï ɼʽʘʛʨʘʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʨʦʟʚôʷʟʫʚʘʥʥʷ ɿʃʇ 
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ʉʝʨʝʜ ʤʦʞʣʠʚʠʭ ʘʨʭʽʪʝʢʪʫʨ ʜʣʷ ʨʦʟʨʦʙʢʠ ʙʫʣʘ ʦʙʨʘʥʘ çʢʦʤʧʦʥʝʥʪʥʘè [4], 

ʢʦʣʠ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʦʥʢʨʝʥʪʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʘʙʦ ʘʩʧʝʢʪ 

ʟʘʩʪʦʩʫʥʢʫ. ʊʘʢʘ ʜʝʢʦʤʧʦʟʠʮʽʷ ʜʦʟʚʦʣʷʻ ʣʦʛʽʯʥʦ ʛʨʫʧʫʚʘʪʠ ʬʫʥʢʮʽʾ ʪʘ ʨʦʟʜʽʣʷʪʠ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ. ɺʠʙʽʨ ʢʦʤʧʦʥʝʥʪʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʬʦʢʫʩʦʤ ʥʘ ʨʦʟʧʦʜʽʣʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʦ ʢʘʪʝʛʦʨʽʷʭ ʻ ʭʦʨʦʰʦʶ ʩʪʨʘʪʝʛʽʻʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʯʽʪʢʽʩʪʴ, 

ʤʦʜʫʣʴʥʽʩʪʴ ʪʘ ʨʦʟʰʠʨʶʚʘʥʽʩʪʴ ʟʘʩʪʦʩʫʥʢʫ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʟʨʫʯʥʠʡ ʩʧʦʩʽʙ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ɼʣʷ ʱʝ ʙʽʣʴʰʦʾ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ, ʢʦʤʧʦʥʝʥʪʠ ʜʦʜʘʪʢʦʚʦ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʜʚʽ ʣʦʛʽʯʥʽ ʢʘʪʝʛʦʨʽʾ ï ʜʣʷ ʚʣʘʩʥʦʨʫʯ ʨʦʟʨʦʙʣʝʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ɿʃʇ ʪʘ 

ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʂʦʤʧʦʥʝʥʪʠ ʙʽʙʣʽʦʪʝʢʠ ʙʫʜʫʪʴ ʤʽʩʪʠʪʠ ʥʝʦʙʭʽʜʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ, ʷʢ ʦʪ ʩʠʤʧʣʝʢʩ-ʘʣʛʦʨʠʪʤ, ʤʝʪʦʜ ɻʦʤʦʨʽ [5], ʚʚʝʜʝʥʥʷ ʰʪʫʯʥʦʛʦ 

ʙʘʟʠʩʫ, ʪʦʱʦ. ʇʨʦʚʝʜʝʥʽ ʪʫʪ ʨʦʟʨʘʭʫʥʢʠ ʙʫʜʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ ʽʥʰʠʤ ʢʦʤʧʦʥʝʥʪʘʤ 

ɯʉ. ʂʦʤʧʦʥʝʥʪʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʟʦʚʥʽʰʥʽʡ 

ʚʠʛʣʷʜ, ʚʢʣʶʯʘʶʯʠ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ (GUI). 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʦʛʨʘʤʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʜʽʘʛʨʘʤʫ ʢʣʘʩʽʚ, 

ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʨʦʻʢʪʫ. ʈʦʟʨʦʙʣʝʥʘ ʜʽʘʛʨʘʤʘ ʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩʫʥʢʫ 9. 

 

 
ʈʠʩʫʥʦʢ 9 ï ɼʽʘʛʨʘʤʘ ʢʣʘʩʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 
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çSimplexMethodè ï ʢʣʘʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʠʩʪʝʤʫ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʊʘʢʦʞ ʟʙʝʨʽʛʘʻ ʚ ʩʦʙʽ ʽʩʪʦʨʽʶ ʦʧʪʠʤʽʟʘʮʽʡ. 

çGomoryMethodè ï ʡʦʛʦ ʢʣʘʩ-ʥʘʱʘʜʦʢ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚ ʮʽʣʠʭ ʯʠʩʣʘʭ. 

çTableauSimplexè ï ʷʚʣʷʻ ʩʦʙʦʶ ʪʘʙʣʠʮʶ ʦʧʪʠʤʽʟʘʮʽʡ. çTableauCreatorè ï 

ʢʦʥʚʝʨʪʫʻ ʢʘʥʦʥʽʯʥʫ ʬʦʨʤʫ ʟʘʜʘʯʽ ʜʦ ʩʪʘʥʜʘʨʪʥʦʾ. ɻʦʪʫʻ ʾʾ ʜʣʷ çTableauSimplexè. 

çProblemDataè ï ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʪʘʙʣʠʮʽ. 

çStructuresCreatorè ï ʩʪʘʪʠʯʥʠʡ çGenericè ʢʣʘʩ. ɼʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ 

ʤʘʩʠʚʠ ʨʽʟʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʥʠʭ ʩʪʘʥʜʘʨʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜ 

çIDefaultè, ʪʘʢʦʞ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʚʝʨʪʫʚʘʪʠ ʤʘʩʠʚ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʥʘʩʣʽʜʫʶʪʴ 

ʽʥʪʝʨʬʝʡʩ çIParsableè. 

çComplexVariableè ʪʘ çFractionè ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʦʜʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʯʠʩʝʣ ʪʘ ʜʨʦʙʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʆʙʦôʻ ʥʘʩʣʽʜʫʶʪʴ ʪʨʠ ʽʥʪʝʨʬʝʡʩʠ: 

çIDefaultè, çIParsableè ʪʘ çINumberè. ʆʩʪʘʥʥʽʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ ʚ 

çGenericè ʤʝʪʦʜʘʭ. 

ʋ ʢʣʘʩʽ çUtilsè ʤʽʩʪʷʪʴʩʷ ʤʝʪʦʜʠ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘʙʣʠʮʽ 

ʙʫʜʴ-ʷʢʦʾ ʪʘʙʣʠʮʽ ʚ ʚʠʛʣʷʜʽ ʪʝʢʩʪʫ. 

çNamedFractionè ʪʘ çNamedFractionListè ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʦʜʘʥʥʷ ʜʨʦʙʽʚ ʟ 

ʾʭ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʷʢ ʝʣʝʤʝʥʪʽʚ ʦʙʤʝʞʝʥʴ ʘʙʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. 

 çProblemè ʪʘ çConstraintsè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʷʤʦʤʫ ʟʚʝʨʥʝʥʽ ʜʦ 

ʙʽʙʣʽʦʪʝʢʠ. ɿʘʧʝʟʧʝʯʫʶʪʴ ʧʨʘʚʠʣʴʥʠʡ ʧʘʨʩʠʥʛ ʩʪʨʽʯʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʾʭ 

ʦʙʨʦʙʢʠ ʚ çTableauCreatorè ʪʘ çTableauSimplexè. 

ʇʝʨʝʣʽʯʫʚʘʥʥʽ ʪʠʧʠ ʜʘʥʠʭ çProblemTypeè, çSimplexMethodTypeè ʪʘ 

çConstraintsSignè ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʚʠʜʫ 

ʝʢʩʪʨʝʤʫʤʽʚ ʪʘ ʟʥʘʢʫ ʦʙʤʝʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 

ʂʣʘʩʠ, ʷʢʽ ʥʘ ʜʽʘʛʨʘʤʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʩʣʷ ʽʥʪʝʨʬʝʡʩʽʚ ʪʘ ʧʝʨʝʣʽʯʫʚʘʥʠʭ ʪʠʧʽʚ 

ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʨʘʚʠʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʤʠʣʦʢ ʚ ʭʦʜʽ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ. ʗʢ 

ʦʪ: çTableauExceptionè ï ʟʘʛʘʣʴʥʠʡ ʢʣʘʩ ʜʣʷ ʧʦʤʠʣʦʢ ʚ ʭʦʜʽ ʦʙʨʦʙʢʠ (ʦʧʪʠʤʽʟʘʮʽʾ) 

ʪʘʙʣʠʮʽ. çInvalidTablauInitDataExceptionè ï ʥʝʢʦʨʝʢʪʥʦ ʟʘʜʘʥʽ ʚʭʽʜʥʽ ʜʘʥʽ ʪʘʙʣʠʮʽ. 

çCannotFindPivotElementExceptionè ï ʥʝ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʝʣʝʤʝʥʪ ʚʽʜʥʦʩʥʦ ʷʢʦʛʦ 

ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʦʧʪʠʤʽʟʘʮʽʷ. çOptimalPlanFoundedExceptionè ï ʥʝ ʤʦʞʣʠʚʦ 

ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴʪʫʶʯʝ ʨʽʰʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʦʧʪʠʤʘʣʴʥʝ ʚʞʝ ʟʥʘʡʜʝʥʦ. 

çDoesNotHaveOptimalPlanExceptionè ï ʥʝ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ. 

çSimplexMethodExceptionè ï ʟʘʛʘʣʴʥʠʡ ʢʣʘʩ, ʱʦ ʦʧʠʩʫʻ ʧʦʤʠʣʢʠ, ʢʦʪʨʽ ʤʦʞʫʪʴ 

ʚʠʥʠʢʥʫʪʠ ʚ ʭʦʜʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʤʧʣʝʢʩʥʠʤ-ʤʝʪʦʜʦʤ. çGomoryExceptionè ï ʧʦʤʠʣʢʠ 

ʧʦʭʽʜʥʦʛʦ ʢʣʘʩʫ (ʮʽʣʦʯʠʩʝʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ). 

çGomoryDoesNotHaveIntegerSolutionExceptionè ï ʥʝ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʮʽʣʦʯʠʩʝʣʴʥʝ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. çGomoryDoesAlreadyHaveIntegerSolutionExceptionè ï ʧʦʰʫʢ 

ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʥʝ ʤʦʞʣʠʚʠʡ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʚʞʝ ʟʥʘʡʜʝʥʦ. 

çProblemDataExceptionè ï ʧʦʤʠʣʢʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘʙʣʠʮʽ. 

çInvalidProblemDataInitialParametersExceptionè ïʥʝʢʦʨʝʢʪʥʦ ʟʘʜʘʥʽ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ. 

çCannotFindBasisExceptionè ï ʥʝ ʤʦʞʝ ʚʽʜʥʘʡʪʠ ʙʘʟʠʩ. ʇʦʢʘʟʫʻ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ 

ʟʥʘʡʜʝʥʠʭ, ʪʘ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʚʝʢʪʦʨʽʚ ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʘʟʠʩʫ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
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ʟʘʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘʜʘʯʽ ʟ ʚʥʝʩʝʥʥʷʤ ʰʪʫʯʥʦʛʦ 

ʙʘʟʠʩʫ. çInvalidConstraintExceptionè ï ʥʝʢʦʨʝʢʪʥʽ ʚʭʽʜʥʽ ʜʘʥʽ ʦʙʤʝʞʝʥʥʷ. 

çConstraintHasInvalidBValueExceptionè ï ʧʦʤʠʣʢʠ ʚ ʟʘʜʘʥʽ ʦʙʤʝʞʝʥʥʷ. 

çConstraintHasInvalidSignExceptionè ï ʧʦʤʠʣʢʦʚʠʡ ʟʥʘʢ ʚ ʦʙʤʝʞʝʥʥʽ. 

çNamedFractionExceptionè ï ʟʘʛʘʣʴʥʠʡ ʢʣʘʩ ʜʣʷ ʧʦʤʠʣʦʢ ʚʠʷʚʣʝʥʠʭ ʚ ʭʦʜʽ 

ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʯʠʩʣʘ ʟ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ. çNamedFractionNumberExceptionè ï 

ʥʝʢʦʨʝʢʪʥʦ ʟʘʜʘʥʦ ʯʠʩʣʦ. çNamedFractionNameExceptionè ï ʥʝʢʦʨʝʢʥʠʡ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ. çNamedFractionNameIsAlreadyExistsExceptionè ï ʫ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ 

ʩʘʤʦʤʫ ʦʙʤʝʞʝʥʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʥʝ ʤʦʞʝ ʟʫʩʪʨʽʯʘʪʠʩʷ ʙʽʣʴʰʝ ʜʚʦʭ ʨʘʟʽʚ. 

çNamedFractionListExceptionè ï ʧʦʤʠʣʢʘ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʯʠʩʝʣ ʟ ʾʭ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ. 

çMainFormè ï ʦʩʥʦʚʥʝ ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ. ɿʘʜʘʶʪʴʩʷ ʚʩʽ ʚʭʽʜʥʽ ʜʘʥʽ. 

çResultFormè ï ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʚʦʜʫ ʨʝʟʫʣʴʪʘʪʫ ʦʧʪʠʤʽʟʘʮʽʷ ʟ ʫʩʽʤʘ ʧʨʦʡʜʝʥʠʤʠ 

ʢʨʦʢʘʤʠ. çConstraintsListè, çCellPairListè, çFractionInputè, çConstraintsRowè ʪʘ 

çCellPairè ʢʦʨʠʩʪʫʚʘʮʴʢʽ ʢʦʤʧʦʥʝʥʪʠ, ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʶʪʴ ʨʦʟʨʦʙʢʫ. 

ɺ ʫʩʽʭ ʚʠʱʝ ʟʛʘʜʘʥʠʭ ʨʝʯʝʥʥʷʭ ʩʪʦʩʦʚʥʦ ʧʦʤʠʣʦʢ, ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʩʣʽʜ 

ʩʧʨʠʡʤʘʪʠ ʷʢ ʫʥʽʢʘʣʴʥʫ ʟʤʽʥʥʫ, ʱʦ ʩʪʦʾʪʴ ʙʽʣʷ ʯʠʩʣʘ. 

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʪʘ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ çSolveè ʧʨʦʛʨʘʤʘ 

ʚʠʨʽʰʫʻ ʟʘʜʘʥʫ ʡʦʤʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʨʠʩʫʥʦʢ 10). ɼʘʣʽ ʨʦʟʚôʷʟʦʢ 

ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʝʢʨʘʥ ʢʦʨʠʩʪʫʚʘʯʘ (ʨʠʩʫʥʦʢ 11). 

 

 
ʈʠʩʫʥʦʢ 10 ï ɻʦʣʦʚʥʠʡ ʝʢʨʘʥ ʟʘʩʪʦʩʫʥʢʫ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʽ ʚʽʜʧʦʚʽʜʥʠʡ 

ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ. ʉʠʩʪʝʤʘ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʟʘʚʜʘʥʴ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʧʨʘʮʶʻ ʦʬʣʘʡʥ, ʦʙʨʦʙʣʷʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, 

ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʧʦʢʘʟʫʻ ʢʨʦʢʠ ʜʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. 

ʑʦʜʦ ʧʝʨʩʧʝʢʪʠʚ ʪʘ ʩʪʫʧʝʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ï ʡʦʛʦ 

ʤʦʞʣʠʚʦʩʪʽ ʽ ʧʝʨʝʚʘʛʠ, ʜʘʶʪʴ ʡʦʤʫ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 
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ʘʢʘʜʝʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ, ʜʝ ʧʦʪʨʽʙʥʦ 

ʨʦʟʚ'ʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

 

 
ʈʠʩʫʥʦʢ 11 ï ʈʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ 

 

ʋ ʤʘʡʙʫʪʥʴʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ: ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ 

ʪʠʧʽʚ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʧʽʜʪʨʠʤʢʠ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ, 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʪʦʱʦ; ʘʥʘʣʽʟ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽ 

ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ; ʜʦʜʘʚʘʥʥʷ ʥʘʣʘʰʪʫʚʘʥʴ ʪʘ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʚʜʘʥʴ. ʎʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʰʣʷʭʠ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʨʠʷʪʠʤʫʪʴ ʧʦʜʘʣʴʰʦʤʫ 

ʫʩʧʽʭʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼʀ ɺʀʗɺʃɽʅʅʗ ɺʈɸɿʃʀɺʆʉʊɽʁ ɺ ɻʈɸʌɯʏʅʀʍ ʆɹ'ɭʂʊɸʍ 
 
ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʩʪʘʣʠ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɻʨʘʬʽʯʥʽ ʬʦʨʤʘʪʠ, ʪʘʢʽ ʷʢ PNG, 
JPG ʪʘ JPEG, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʧʨʦʪʝ ʨʘʟʦʤ ʽʟ ʧʦʧʫʣʷʨʥʽʩʪʶ 
ʟʨʦʩʪʘʻ ʽ ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʪʘʢ ʪʘ ʟʣʦʚʤʠʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʽʜʦʙʨʘʞʝʥʥʷ 
ʢʘʨʪʠʥʦʢ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ ʚʢʣʶʯʘʻ ʟʯʠʪʫʚʘʥʥʷ, ʜʝʢʦʜʫʚʘʥʥʷ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ 
ʛʨʘʬʽʯʥʠʭ ʬʘʡʣʽʚ. ɼʣʷ ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʝʢʦʜʫʚʘʥʥʷ. 
ɿʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʝʛʘʥʦʛʨʘʬʽʶ ʜʣʷ ʧʨʠʭʦʚʫʚʘʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ ʚ 
ʟʦʙʨʘʞʝʥʥʷʭ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ ʟʤʽʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ, ʪʘʢʽ ʷʢ 
ʚʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʘʥʘʣʽʟ ʛʽʩʪʦʛʨʘʤ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ 
ʙʝʟʧʝʢʠ ʩʠʩʪʝʤʠ ʪʘ ʚʠʷʚʣʝʥʥʶ ʥʦʚʠʭ ʟʘʛʨʦʟ. 

 

Software development and processing of graphic objects have become an integral part of 
modern information technology. Graphic formats such as PNG, JPG, and JPEG are widely used in 
various industries, but along with their popularity, their vulnerability to various attacks and misuse 
is growing. Image display at the software level involves reading, decoding, and displaying graphic 
files. Different decoding methods are used for different formats. Attackers can use steganography to 
hide malicious code in images. Various analysis methods are used to detect such changes, such as 
visual analysis, histogram analysis, and statistical methods. This helps to increase the security level 
of the system and detect new threats. 

 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʩʪʘʣʠ 
ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʦʢʨʝʤʘ, ʛʨʘʬʽʯʥʽ 
ʬʦʨʤʘʪʠ, ʪʘʢʽ ʷʢ PNG, JPG ʪʘ JPEG, ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ 
ʩʬʝʨʘʭ, ʘʣʝ ʨʘʟʦʤ ʟ ʾʭʥʴʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ ʟʨʦʩʪʘʻ ʽ ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 
ʘʪʘʢ ʪʘ ʟʣʦʚʤʠʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʽʜʦʙʨʘʞʝʥʥʷ ʢʘʨʪʠʥʦʢ ʫ ʬʦʨʤʘʪʘʭ PNG, JPG ʪʘ JPEG ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ 
ʨʽʚʥʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʷʜ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʯʠʪʫʚʘʥʥʷ, ʜʝʢʦʜʫʚʘʥʥʷ ʪʘ 
ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʨʘʬʽʯʥʠʭ ʬʘʡʣʽʚ ʫ ʚʽʢʥʽ ʘʙʦ ʥʘ ʝʢʨʘʥʽ. ʇʨʦʮʝʩ ʟʯʠʪʫʚʘʥʥʷ ʬʘʡʣʫ 
ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʧʝʨʘʮʽʶ, ʧʽʜ ʯʘʩ ʷʢʦʾ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʪʨʠʤʫʻ ʜʦʩʪʫʧ ʜʦ 
ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʬʘʡʣʽ ʘʙʦ ʽʥʰʦʤʫ ʨʝʩʫʨʩʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʦʤʠʤ ʬʦʨʤʘʪʘʤ, 
ʪʘʢʠʤ ʷʢ PNG, JPG ʪʘ JPEG. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ 
ʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʮʠʭ ʬʘʡʣʘʭ. ɼʣʷ ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ, ʪʘʢʠʭ ʷʢ 
PNG ʪʘ JPG ʘʙʦ JPEG, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʝʢʦʜʫʚʘʥʥʷ. ʋ ʚʠʧʘʜʢʫ 
ʬʦʨʤʘʪʫ PNG (Portable Network Graphics), ʷʢʠʡ ʩʣʘʚʠʪʴʩʷ ʩʚʦʻʶ ʟʜʘʪʥʽʩʪʶ 
ʩʪʠʩʢʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ ʚʪʨʘʪ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʩʪʠʩʥʝʥʥʷ zlib[1]. ʎʝʡ 
ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʩʪʠʩʥʫʪʠ ʛʨʘʬʽʯʥʽ ʜʘʥʽ, ʟʤʝʥʰʫʶʯʠ ʾʭ ʨʦʟʤʽʨ ʙʝʟ 
ʚʪʨʘʪʠ ʷʢʦʩʪʽ. ʌʦʨʤʘʪʠ JPG ʘʙʦ JPEG (Joint Photographic Experts Group) ʧʨʠʟʥʘʯʝʥʽ 



ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ 

 ȬȻȶȹ-2023  78 

ʜʣʷ ʬʦʪʦʛʨʘʬʽʡ ʪʘ ʧʦʜʽʙʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʟ 
ʢʽʣʴʢʦʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ[2]. ʎʽ ʘʣʛʦʨʠʪʤʠ ʚʢʣʶʯʘʶʪʴ ʚ 
ʩʝʙʝ ʩʪʠʩʥʝʥʥʷ ʟ ʚʪʨʘʪʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʬʘʡʣʫ, ʘʣʝ ʤʦʞʝ 
ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʜʝʷʢʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. ʆʪʞʝ, ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, 
ʱʦ ʩʧʨʦʙʠ ʟʘʧʫʩʪʠʪʠ ʟʣʦʚʤʠʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʘʤʫ 
ʢʘʨʪʠʥʢʫ ʷʢ ʚʝʢʪʦʨ ʘʪʘʢʠ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ ʙʫʜʫʪʴ ʥʝʚʜʘʣʠʤʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, 
ʱʦ ʛʨʘʬʽʯʥʽ ʬʦʨʤʘʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʦʙʨʘʞʝʥʴ, ʪʘʢʽ ʷʢ PNG, JPG ʪʘ 
JPEG, ʥʝ ʤʽʩʪʷʪʴ ʚ ʩʦʙʽ ʚʙʫʜʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʽʨʫʩʽʚ ʘʙʦ ʢʦʤʘʥʜ. 
ɺʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽ ʥʝ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʫʚʘʪʠ 
ʢʦʜ. ʆʜʥʘʢ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʘʤ ʬʦʨʤʘʪ ʟʦʙʨʘʞʝʥʥʷ 
ʥʝ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʢʦʤʘʥʜʠ, ʟʣʦʚʤʠʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʩʝ ʦʜʥʦ ʤʦʞʝ 
ʙʫʪʠ ʧʝʨʝʜʘʥʦ ʯʝʨʝʟ ʟʦʙʨʘʞʝʥʥʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʩʪʝʛʘʥʦʛʨʘʬʽʾ. 

ʉʪʝʛʘʥʦʛʨʘʬʽʷ [3] - ʮʝ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʠʭʦʚʫʚʘʪʠ ʽʥʰʽ ʜʘʥʽ 
ʚʩʝʨʝʜʠʥʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘʢ, ʱʦ ʮʝ ʧʨʠʭʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʤʽʯʝʥʝ 
ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ ʧʝʨʝʛʣʷʜʽ. ɿʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʤʝʪʦʜ ʜʣʷ 
ʚʥʝʩʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ ʚ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʦʙʨʘʞʝʥʥʷ 
ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ. ɿʘʛʨʦʟʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 
ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʽ ʩʢʨʠʧʪʠ, ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʘʪʘʢʠ, ʱʦ 
ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʧʦʤʽʪʥʠʤʠ ʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʥʪʠʚʽʨʫʩʥʠʤʠ 
ʧʨʦʛʨʘʤʘʤʠ. ɻʦʣʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʩʢʨʠʧʪʽʚ 
ʥʝ ʤʽʩʪʷʪʴ ʚ ʩʦʙʽ ʥʘʧʨʷʤʫ ʚʽʜʦʤʠʭ ʢʦʤʘʥʜ, ʘ ʦʪʨʠʤʫʶʪʴ ʾʭ ʯʝʨʝʟ ʧʨʠʭʦʚʘʥʝ 
ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʙʫʣʦ ʟʤʽʥʝʥʦ ʙʝʟ ʚʠʜʠʤʠʭ ʟʤʽʥ. ʊʘʢʘ ʪʝʭʥʽʢʘ ʤʦʞʝ 
ʜʦʟʚʦʣʠʪʠ ʟʣʦʚʤʠʩʥʠʢʘʤ ʚʠʢʦʥʫʚʘʪʠ ʰʢʽʜʣʠʚʽ ʜʽʾ, ʪʘʢʽ ʷʢ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʽʨʫʩʽʚ 
ʯʠ ʘʪʘʢʠ ʥʘ ʩʠʩʪʝʤʫ, ʦʙʭʦʜʷʯʠ ʟʘʭʠʩʥʽ ʤʝʭʘʥʽʟʤʠ. ʏʝʨʝʟ ʪʝ, ʱʦ ʩʢʨʠʧʪʠ 
ʚʽʜʧʨʘʚʣʷʶʪʴ ʟʘʧʠʪʠ ʪʘ ʦʪʨʠʤʫʶʪʴ ʢʦʤʘʥʜʠ, ʷʢʽ ʚʙʫʜʦʚʘʥʽ ʚ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʝ 
ʟʦʙʨʘʞʝʥʥʷ, ʚʦʥʠ ʤʦʞʫʪʴ ʟʘʣʠʰʘʪʠʩʷ ʥʝʚʠʷʚʣʝʥʠʤʠ ʘʥʪʠʚʽʨʫʩʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, 
ʷʢʽ ʥʝ ʚʠʷʚʣʷʶʪʴ ʢʦʥʢʨʝʪʥʠʭ ʟʘʛʨʦʟ ʘʙʦ ʘʥʦʤʘʣʽʡ ʚ ʧʦʚʝʜʽʥʮʽ ʧʨʦʛʨʘʤ. ʆʪʞʝ, 
ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʧʝʨʝʚʽʨʢʫ 
ʟʦʙʨʘʞʝʥʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʭ ʟʤʽʥ. 

ʅʘʡʧʨʦʩʪʽʰʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʢʦʥʪʝʡʥʝʨʽʚ ʟʦʙʨʘʞʝʥʴ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 
ʚʽʟʫʘʣʴʥʠʡ ʧʽʜʭʽʜ. ɺʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʠʷʚʣʝʥʥʷ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʭ 
ʚʢʨʘʧʣʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʛʦ ʧʦʛʣʷʜʫ) 
ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʽʟʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ, ʧʨʦʚʝʜʝʥʠʡ 
ʟʚʠʯʘʡʥʠʤ ʦʢʦʤ, ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʠʤ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʽ ʜʘʥʽ 
ʧʨʠʭʦʚʘʥʽ ʚ ʦʜʥʦʪʦʥʥʠʭ ʦʙʣʘʩʪʷʭ ʟʦʙʨʘʞʝʥʥʷ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧ'ʶʪʝʨʥʽ 
ʧʨʦʛʨʘʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʢʣʘʩʪʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʢʨʝʤʽ ʙʽʪʦʚʽ ʧʣʦʱʠʥʠ. ʂʦʞʥʘ 
ʙʽʪʦʚʘ ʧʣʦʱʠʥʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʙʽʪʽʚ ʧʘʤ'ʷʪʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 
ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʶ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ɿʘʟʚʠʯʘʡ ʽʥʬʦʨʤʘʮʽʶ, ʧʨʠʭʦʚʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʭ ʧʨʦʛʨʘʤ, ʟʙʝʨʽʛʘʶʪʴ ʥʘ ʧʣʦʱʠʥʘʭ ʤʦʣʦʜʰʠʭ ʙʽʪʽʚ. ʗʢʱʦ 
ʚʠʥʠʢʘʶʪʴ ʧʽʜʦʟʨʠ ʩʪʦʩʦʚʥʦ ʥʝʟʚʠʯʘʡʥʠʭ ʘʨʪʝʬʘʢʪʽʚ ʥʘ ʧʣʦʱʠʥʘʭ ʤʦʣʦʜʰʠʭ ʙʽʪʽʚ, 
ʮʝ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʚ ʟʦʙʨʘʞʝʥʥʽ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʚ ʛʨʘʬʽʯʥʠʭ 
ʟʦʙʨʘʞʝʥʥʷʭ: 
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1. ʄʝʪʦʜ ʦʮʽʥʢʠ ʯʠʩʣʘ ʧʝʨʝʭʦʜʽʚ ʟʥʘʯʝʥʴ ʤʦʣʦʜʰʠʭ ʙʽʪʽʚ ʚ ʩʫʩʽʜʥʽʭ 
ʝʣʝʤʝʥʪʘʭ ʢʦʥʪʝʡʥʝʨʘ. ʎʝʡ ʤʝʪʦʜ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ 
ʥʘʡʥʠʞʯʠʭ ʙʽʪʽʚ ʩʫʩʽʜʥʽʭ ʧʽʢʩʝʣʽʚ ʫ ʟʦʙʨʘʞʝʥʥʽ. 

2. ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʛʽʩʪʦʛʨʘʤ, ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʯʘʩʪʦʪʘʤʠ ʝʣʝʤʝʥʪʽʚ 
ʟʦʙʨʘʞʝʥʥʷ. ʎʝʡ ʤʝʪʦʜ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʘʥʘʣʽʟ ʛʽʩʪʦʛʨʘʤ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʦʟʧʦʜʽʣ 
ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʟʦʙʨʘʞʝʥʥʽ. 

3. ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʣʦʱʠʥʽ. ʎʝʡ ʤʝʪʦʜ 
ʜʦʩʣʽʜʞʫʻ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʧʽʢʩʝʣʽʚ ʫ ʧʣʦʱʠʥʽ ʟʦʙʨʘʞʝʥʥʷ. 

4. ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ. ʎʝʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʽ ʩʪʘʪʠʩʪʠʯʥʽ 
ʤʝʪʦʜʠ ʪʘ ʤʝʪʨʠʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʚ ʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ. 

5. ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʧʘʨ ʟʥʘʯʝʥʴ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ. ʎʝʡ ʤʝʪʦʜ 
ʦʮʽʥʶʻ ʨʦʟʧʦʜʽʣ ʧʘʨ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ ʪʘ ʟʘʩʪʦʩʦʚʫʻ ʧʝʚʥʠʡ ʢʨʠʪʝʨʽʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
ʘʥʦʤʘʣʽʡ. 

6. ʄʝʪʦʜ ʦʮʽʥʢʠ ʯʘʩʪʦʪ ʧʦʷʚʠ k-ʙʽʪʦʚʠʭ ʩʝʨʽʡ ʫ ʧʦʪʦʮʽ ʅɿɹ ʝʣʝʤʝʥʪʽʚ 
ʢʦʥʪʝʡʥʝʨʘ. ʎʝʡ ʧʽʜʭʽʜ ʘʥʘʣʽʟʫʻ ʯʘʩʪʦʪʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ k-ʙʽʪʦʚʠʭ 
ʜʘʥʠʭ ʫ ʥʘʡʤʝʥʰ ʟʥʘʯʫʱʠʭ ʙʽʪʘʭ ʢʦʥʪʝʡʥʝʨʘ. 

7. ʄʝʪʦʜ ʦʮʽʥʢʠ ʯʠʩʣʘ ʧʝʨʝʭʦʜʽʚ ʟʥʘʯʝʥʴ ʤʦʣʦʜʰʠʭ ʙʽʪʽʚ ʚ ʩʫʩʽʜʥʽʭ 
ʝʣʝʤʝʥʪʘʭ ʢʦʥʪʝʡʥʝʨʘ. ʎʝʡ ʤʝʪʦʜ ʪʘʢʦʞ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟ ʧʝʨʝʭʦʜʽʚ ʤʽʞ 
ʟʥʘʯʝʥʥʷʤʠ ʥʘʡʥʠʞʯʠʭ ʙʽʪʽʚ ʧʽʢʩʝʣʽʚ ʫ ʟʦʙʨʘʞʝʥʥʽ. 

ʎʽ ʤʝʪʦʜʠ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʷʚʠʪʠ ʧʽʜʦʟʨʽʣʽ ʟʤʽʥʠ ʚ ʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ 
ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʩʪʝʛʘʥʦʛʨʘʬʽʾ, ʪʦʙʪʦ ʧʨʠʭʦʚʘʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʫ 
ʟʦʙʨʘʞʝʥʥʷʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ 
ʩʠʩʪʝʤʠ ʚʘʞʣʠʚʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʚʽʨʢʠ ʟʦʙʨʘʞʝʥʴ ʥʝ ʣʠʰʝ ʥʘ 
ʥʘʷʚʥʽʩʪʴ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ, ʘʣʝ ʪʘʢʦʞ ʥʘ ʥʘʷʚʥʽʩʪʴ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʭ ʟʤʽʥ. ʎʝ ʤʦʞʝ 
ʙʫʪʠ ʢʣʶʯʦʚʠʤ ʢʨʦʢʦʤ ʫ ʟʘʧʦʙʽʛʘʥʥʽ ʤʦʞʣʠʚʠʤ ʟʘʛʨʦʟʘʤ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʠ ʚ 
ʟʦʙʨʘʞʝʥʥʷʭ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʩʭʦʚʘʥʠʭ ʚʢʘʟʽʚʦʢ ʜʣʷ ʽʥʰʠʭ 
ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟ ʤʝʪʦʶ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʜʽʡ. ʊʘʢʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ 
ʤʦʞʝ ʚʠʷʚʠʪʠ ʥʦʚʽ ʚʠʜʠ ʟʘʛʨʦʟ ʪʘ ʧʦʣʽʧʰʠʪʠ ʟʘʛʘʣʴʥʫ ʙʝʟʧʝʢʫ ʩʠʩʪʝʤʠ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ɯɼɽʅʊʀʌɯʂɸʎɯɰ ʇʆɼɯʁ ɺ ʋʂʈɸɰʅʆʄʆɺʅʀʍ ʊɽʂʉʊɸʍ 

ɿɸʉʆɹɸʄʀ ʆɹʈʆɹʂʀ ʇʈʀʈʆɼʅʆɰ ʄʆɺʀ 
 

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ, ʥʘʩʢʽʣʴʢʠ ʪʝʢʩʪ ʪʝʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ 

ʚʽʜʧʦʚʽʜʘʻ ʚʚʝʜʝʥʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ ʢʣʶʯʦʚʠʤ ʪʦʢʝʥʘʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʩʣʽʚ 

ʫ ʪʝʢʩʪʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʽʻʾ ʚʘʞʣʠʚʦʩʪʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʚʘ ʧʽʜʭʦʜʠ: 

ʜʠʩʧʝʨʩʽʡʥʘ ʦʮʽʥʢʘ ʪʘ ʤʝʪʦʜ ɺʄ-25. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʩʠʥʦʥʽʤʽʯʥʠʭ ʨʷʜʽʚ ʜʦ ʚʚʝʜʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʦʢʝʥʽʚ ʟ ʤʝʪʦʶ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʤʝʪʦʜʫ. 

 

In this study, we evaluate the extent to which the text of the test document corresponds to 

the key tokens entered by the user, taking into account the importance of words in the text. To 

determine this importance, two approaches can be used: variance estimation and the VM-25 

method. An automated process of forming synonymous series to the user-entered tokens is envisaged 

to expand the capabilities of the method. 
 

ʆʙʨʦʙʢʘ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ (Natural Language Processing, NLP) ï ʮʝ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʘ ʛʘʣʫʟʴ ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʤʦʚʦʟʥʘʚʩʪʚʘ, ʱʦ ʚʠʚʯʘʻ ʪʘ ʨʦʟʨʦʙʣʷʻ 

ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʤʧ'ʶʪʝʨʘʤʠ ʪʘ ʣʶʜʴʤʠ ʯʝʨʝʟ ʧʨʠʨʦʜʥʫ 

ʤʦʚʫ. ɺʦʥʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʪʘ ʦʙʨʦʙʢʫ ʪʝʢʩʪʫ ʪʘ ʤʦʚʠ ʟ 

ʤʝʪʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʫʤʽʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʾ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ [1]. 

ʄʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʜʽʡ ʚ ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʪʝʢʩʪʘʭ ʟʘʩʦʙʘʤʠ ʦʙʨʦʙʢʠ 

ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʚ ʛʘʣʫʟʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʣʽʥʛʚʽʩʪʠʢʠ ʪʘ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʎʝʡ ʤʝʪʦʜ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʜʽʡ, 

ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʝʢʩʪʽ, ʟʦʢʨʝʤʘ, ʜʽʷʣʴʥʦʩʪʽ, ʧʦʜʽʡ, ʧʨʦʮʝʩʽʚ ʪʘ ʾʭʥʽʭ ʘʪʨʠʙʫʪʽʚ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦʜʽʡ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʙʘʛʘʪʴʦʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʽʟ 

ʥʦʚʠʥ, ʤʦʥʽʪʦʨʠʥʛ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʨʦʟʨʦʙʢʫ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʫʤʽʥʥʷ 

ʪʝʢʩʪʫ, ʘʥʘʣʽʟʫ ʩʝʤʘʥʪʠʢʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʦʙʣʘʩʪʝʡ [2]. 

ɼʣʷ ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʜʘʯ NLP ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ 

ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʢʦʥʪʝʢʩʪʫ ʪʘ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʩʣʦʚʘʤʠ ʪʘ ʬʨʘʟʘʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʩʢʣʘʜʥʠʡ ʘʥʘʣʽʟ 

ʪʝʢʩʪʽʚ ʽ ʚʠʷʚʣʷʪʠ ʧʦʜʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʶ, ʧʦʚ'ʷʟʘʥʫ ʟ ʥʠʤʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ 

ʚ ʨʽʟʥʠʭ ʜʦʜʘʪʢʘʭ, ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʽʪʠʢʫ ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ, ʧʦʰʫʢʦʚʽ ʩʠʩʪʝʤʠ, 

ʤʦʥʽʪʦʨʠʥʛ ʥʦʚʠʥ ʪʦʱʦ [3]. 

ɼʣʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʤʝʪʦʜ ʜʠʩʧʝʨʩʽʡʥʦʾ ʦʮʽʥʢʠ, ʮʝ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʪʘ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʜʘʥʠʭ ʫ 
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ʚʠʙʽʨʮʽ. ɼʠʩʧʝʨʩʽʷ ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʙʘʛʘʪʴʦʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʜʘʯʘʭ, ʚʢʣʶʯʘʶʯʠ 

ʦʮʽʥʢʫ ʚʘʞʣʠʚʦʩʪʽ ʩʣʽʚ ʫ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʘʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʤʝʪʦʜʘʭ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʪʘʢʠʭ ʷʢ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦʜʽʡ. 

ɼʠʩʧʝʨʩʽʡʥʘ ʦʮʽʥʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙʯʠʩʣʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ (ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ) ʜʘʥʠʭ ʚʽʜ ʾʭʥʴʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɺʦʥʘ ʚʠʤʽʨʶʻ, ʥʘʩʢʽʣʴʢʠ ʜʘʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. ɺʠʱʘ 

ʜʠʩʧʝʨʩʽʷ ʚʢʘʟʫʻ ʥʘ ʙʽʣʴʰʫ ʨʦʟʢʠʜʘʥʽʩʪʴ ʜʘʥʠʭ, ʪʦʜʽ ʷʢ ʥʠʞʯʘ ʜʠʩʧʝʨʩʽʷ ʚʢʘʟʫʻ ʥʘ 

ʤʝʥʰʠʡ ʨʦʟʢʠʜ [4]. 

ʌʦʨʤʫʣʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʥʘʚʝʜʝʥʦ ʫ ʬʦʨʤʫʣʽ: 

 
ʜʝ ů

2
 ï ʜʠʩʧʝʨʩʽʷ, xi ï ʢʦʞʥʝ ʦʢʨʝʤʝ ʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʠ, ɛ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

(ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ) ʚʠʙʽʨʢʠ, N ï ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʚʠʙʽʨʢʠ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʠʩʧʝʨʩʽʷ ʚʠʤʽʨʶʻ, ʥʘʩʢʽʣʴʢʠ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʠ. ɺʝʣʠʢʘ ʜʠʩʧʝʨʩʽʷ 

ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʜʘʥʽ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʨʦʟʢʠʜ, ʪʦʜʽ ʷʢ ʤʘʣʘ ʜʠʩʧʝʨʩʽʷ ʦʟʥʘʯʘʻ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʠ ʤʘʡʞʝ ʦʜʥʘʢʦʚ.̔ 

ɼʠʩʧʝʨʩʽʡʥʘ ʦʮʽʥʢʘ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚ ʢʦʥʪʝʢʩʪʽ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʜʽʡ ʚ ʪʝʢʩʪʘʭ. ɺʦʥʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʘʞʣʠʚʦʩʪʽ ʩʣʽʚ ʫ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʘʭ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʢʣʶʯʦʚʽ 

ʪʝʨʤʽʥʠ ʘʙʦ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʝʚʥʽ ʧʦʜʽ ʾ ʯʠ ʪʝʤʠ [5]. ʈʦʟʨʘʭʫʥʦʢ 

ʜʠʩʧʝʨʩʽʡʥʦʾ ʦʮʽʥʢʠ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʠʦʢʨʝʤʠʪʠ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʽ ʩʣʦʚʘ, ʷʢʽ 

ʩʣʽʜ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʜʘʣʴʰʝ ʚ ʢʦʥʪʝʢʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʜʽʡ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʜʽʡ ʚ ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʪʝʢʩʪʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʚʠʙʦʨʽʚ ʻ ʚʠʙʽʨ ʧʽʜʭʦʜʫ 

ʜʣʷ ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʩʣʽʚ ʪʘ ʪʦʢʝʥʽʚ ʫ ʪʝʢʩʪʘʭ. ʋ ʢʦʥʪʝʢʩʪʽ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, 

ʜʠʩʧʝʨʩʽʡʥʘ ʦʮʽʥʢʘ ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰ ʚʜʘʣʦʶ ʩʪʨʘʪʝʛʽʻʶ. ɼʠʩʧʝʨʩʽʡʥʘ ʦʮʽʥʢʘ 

ʙʽʣʴʰʝ ʫʨʘʭʦʚʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʣʽʚ ʪʘ ʪʦʢʝʥʽʚ ʫ ʪʝʢʩʪʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʦʥʘ 

ʥʘʜʘʻ ʚʘʞʣʠʚʽʩʪʴ ʩʣʦʚʘʤ, ʷʢʽ ʚʥʦʩʷʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʘ ʙʘʛʘʪʦʛʨʘʥʥʽʩʪʴ ʚ ʪʝʢʩʪ, 

ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʜʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʩʧʝʨʩʽʡʥʘ ʦʮʽʥʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʝʢʩʪʫ, ʱʦ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʠʦʢʨʝʤʠʪʠ ʢʣʶʯʦʚʽ 

ʩʣʦʚʘ ʪʘ ʬʨʘʟʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʜʽʷʤʠ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʜʽʡ ʚ ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʪʝʢʩʪʘʭ 

ʥʝʦʙʭʽʜʥʦ ʯʽʪʢʦ ʦʢʨʝʩʣʠʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ. ʉʭʝʤʘ ʨʦʙʦʪʠ ʤʝʪʦʜʫ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɺʭʽʜʥʽ ʜʘʥʽ. ʅʘ ʮʴʦʤʫ ʢʨʦʮʽ ʚʭʽʜʥʽ ʜʘʥʽ ʚʢʣʶʯʘʶʪʴ ʪʝʢʩʪʦʚʠʡ ʜʦʢʫʤʝʥʪ, 

ʷʢʠʡ ʧʽʜʜʘʻʪʴʩʷ ʦʙʨʦʙʮʽ, ʽ ʩʧʠʩʦʢ ʪʦʢʝʥʽʚ, ʷʢʽ ʚʚʦʜʠʪʴ ʢʦʨʠʩʪʫʚʘʯ. ʊʝʢʩʪʦʚʠʡ 

ʜʦʢʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʚ ʘʙʦ ʬʨʘʟ, ʷʢʽ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʧʦʜʽʾ. 

ʊʦʢʝʥʽʟʘʮʽʷ ʪʝʢʩʪʫ. ʊʦʢʝʥʽʟʘʮʽʷ ï ʮʝ ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʪʝʢʩʪʫ ʥʘ ʦʢʨʝʤʽ 

ʪʦʢʝʥʠ (ʩʣʦʚʘ, ʬʨʘʟʠ, ʩʠʤʚʦʣʠ ʪʦʱʦ). ʎʝʡ ʧʨʦʮʝʩ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 
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ʪʝʢʩʪʫ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʊʦʢʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʤʚʦʣʽʚ, ʽ 

ʢʦʞʝʥ ʪʦʢʝʥ ʤʘʻ ʩʚʽʡ ʚʥʫʪʨʽʰʥʽʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ. 

 

ˤͻ͒ͤ͜͜ ͒͊ͤ͜
͔͍͙͚́ͫͭͦ ͔ͭͫͭ͟

͔͙́ͦͤ͟ ͒͡Ύ ͊ͤ͊ͯ͘͜͡

͔́ͦͤ͊͘͟͜ͼ͜Ύ ͔ͭͫͭͯ͟
͔́ͫͭ͟ ͙͍ͪͦ͋͊͘ΊͭΈͫΎ ͤ ͔͊ͦͪͣ͟͜ ͔͙ͭͦͤ͟, ̈́  ͦ

ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍͙ͫͦ͊ͣ͡, ͅ ͙ͪ͊͊ͣ͘ ͊͋ͦ ͤ͜΄͙͙ͣ 

͔͍͙͙ͭͫͭͦͣ͟ ͙͙ͦ͒ͤͼΎ͙ͣ.
͍̅ͦͪͣͯ͊ͤͤΎ ͙ͫͤͦͤͣ͜͜;͙ͤͻ ͪΎ͍͒͜

˨͡Ύ ͎ͦ͗ͤͦͦ͟ ͔ͭͦͤ͊͟  ͍͍͔͔ͯ͒ͤͦͣͯ ͙ͫͨͫͯ͟ 

͙͍ͦͪͫͭͯ͊͟;͔ͣ ͍ͫͭͦͪΌΌͭΈͫΎ ͙ͫͤͦͤͣ͜͜;ͤ͜ 

ͪΎ͙͒.

˻ͼͤ͊͜͟ ͍͙͍͊͗ͦͫͭ͜͡ ͍ͫ͜͡
˭͍͊ͫͭͦͫͦͯΊͭΈͫΎ ͙͔͚͒ͫͨͪͫͤ͊͜ ͦͼͤ͊͜͟, Ύ͊͟ 

͍͒ͦͦ͘͡ΎΊ ͍͙ͤ͊͘;͙͙ͭ, ͤ ͊ͫ͟͜͡Έ͙͟ ͍͙͍͊͗͜͡ ͍ͫͦ͊͡ 

ͭ ͔͙͊ͭͦͤ͟  ͔ͯͭͫͭ͟͜ ͤ ͍͊ͦͫͤͦ͜ ͝ͻ ͪͦͨͦ͒ͯ͘͜͡ ͭ ͊

ͪͦͣ͘͜΅͔ͤͤΎ
ˤ͙ͤ͊͘;͔ͤͤΎ ͍͙͍͊͗ͦͫͭ͜͡ ͔͍ͭͦͤ͟͜:

˴ͦ͗ͤͦͣͯ ͔ͭͦͤͯ͟, Ύ͙͚͟ ͍͍͔͔͙͚͒ͤ 

͙͍ͦͪͫͭͯ͊͟;͔ͣ, ͨ ͙͍ͪͫͦΌΊͭΈͫΎ ͦͼͤ͊͜͟ 

͍͙͍͊͗ͦͫͭ͜͡ ͤ ͍͊ͦͫͤͦ͜ ͙͔͚͒ͫͨͪͫͤͦ͜͝ ͦͼ͙ͤ͜͟

ˤ͍͒ͨͦ͒ͤͫͭ͜͜͜Έ ͔͍ͭͦͤ͟͜  ͔ͭͫͭͯ͜͟
˴͔ͦ͗ͤ ͔ͭͦͤ͟ ͍ͨͦͪͤ͜ΌΊͭΈͫΎ ͘͜ ͔ͭͫͭͦͣ͟, ͜  

͍͙ͤ͊͘;͊ΊͭΈͫΎ, ͤ ͊ͫ͟͜͡Έ͙͟ ͍ͤ͜ ͍͍͒ͨͦ͒͊͜͜Ί ͔ͭͫͭͯ͟ 

ͭ ͍͙͍͙͊͊͗ͣ͡ ͨͦ͒͜Ύͣ  ͔ͯͭͫͭ͟͜

ˤ͙ͻ͒ͤ͜͜ ͒͊ͤ͜
ˤ͙͍ͫͤͦͦ͟ ͨͪͦ ͍͙͍͊͗ͫͭ͜͡Έ ͭ ͊

͔͔͍ͪ͊ͤͭͤͫͭ͜͡Έ ͚ͨͦ͒͜  ͔ͯͭͫͭ͟͜.

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʜʽʡ ʚ ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʪʝʢʩʪʘʭ ʟʘʩʦʙʘʤʠ 

ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ 

 

ʌʦʨʤʫʚʘʥʥʷ ʩʠʥʦʥʽʤʽʯʥʠʭ ʨʷʜʽʚ. ʇʽʩʣʷ ʪʦʢʝʥʽʟʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʪʦʢʝʥʘ, 

ʚʚʝʜʝʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʬʦʨʤʫʶʪʴʩʷ ʩʠʥʦʥʽʤʽʯʥʽ ʨʷʜʠ. ʉʠʥʦʥʽʤʽʯʥʠʡ ʨʷʜ - ʮʝ 

ʥʘʙʽʨ ʽʥʰʠʭ ʩʣʽʚ ʘʙʦ ʬʨʘʟ, ʷʢʽ ʤʘʶʪʴ ʩʭʦʞʠʡ ʩʝʤʘʥʪʠʯʥʠʡ ʟʤʽʩʪ ʘʙʦ ʧʦʚ'ʷʟʘʥʽ ʟʘ 

ʢʦʥʪʝʢʩʪʦʤ. ʌʦʨʤʫʚʘʥʥʷ ʩʠʥʦʥʽʤʽʯʥʠʭ ʨʷʜʽʚ ʜʦʧʦʤʘʛʘʻ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ. 

ʆʮʽʥʢʘ ʚʘʞʣʠʚʦʩʪʽ ʩʣʽʚ. ɼʣʷ ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʩʣʽʚ ʫ ʪʝʢʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʠʩʧʝʨʩʽʡʥʘ ʦʮʽʥʢʘ. ɼʠʩʧʝʨʩʽʡʥʘ ʦʮʽʥʢʘ ʚʠʟʥʘʯʘʻ, ʥʘʩʢʽʣʴʢʠ 



ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ 

 ȬȻȶȹ-2023 83 

ʩʣʦʚʘ ʨʦʟʧʦʜʽʣʝʥʽ ʫ ʪʝʢʩʪʽ ʪʘ ʷʢ ʚʦʥʠ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ʎʷ ʦʮʽʥʢʘ ʜʦʧʦʤʘʛʘʻ 

ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʩʣʦʚʘ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʧʦʜʽʡ ʫ ʪʝʢʩʪʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʪʦʢʝʥʽʚ. ʂʦʞʥʦʤʫ ʪʦʢʝʥʫ, ʚʚʝʜʝʥʦʤʫ 

ʢʦʨʠʩʪʫʚʘʯʝʤ, ʧʨʠʩʚʦʶʻʪʴʩʷ ʦʮʽʥʢʘ ʚʘʞʣʠʚʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʜʠʩʧʝʨʩʽʡʥʦʾ ʦʮʽʥʢʠ. 

ʆʮʽʥʢʘ ʚʘʞʣʠʚʦʩʪʽ ʚʨʘʭʦʚʫʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʢʝʥʫ ʚ ʪʝʢʩʪʽ ʪʘ ʡʦʛʦ ʩʝʤʘʥʪʠʯʥʠʡ 

ʟʚ'ʷʟʦʢ ʟ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ. ʊʦʢʝʥʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʘʞʣʠʚʦʩʪʽ, 

ʚʚʘʞʘʶʪʴʩʷ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʧʦʜʽʡ ʫ ʪʝʢʩʪʽ. 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʪʦʢʝʥʽʚ ʽ ʪʝʢʩʪʫ. ʂʦʞʝʥ ʪʦʢʝʥ ʧʦʨʽʚʥʶʻʪʴʩʷ ʽʟ ʪʝʢʩʪʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʦʮʽʥʦʢ ʚʘʞʣʠʚʦʩʪʽ ʪʘ ʜʠʩʧʝʨʩʽʡʥʦʾ ʦʮʽʥʢʠ. ʎʝ 

ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʪʦʢʝʥ ʚʽʜʧʦʚʽʜʘʻ ʪʝʢʩʪʫ ʽ ʥʘʩʢʽʣʴʢʠ ʚʘʞʣʠʚʠʡ ʜʣʷ 

ʧʦʜʽʡ, ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʪʝʢʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʦʢ. ʅʘ ʦʩʥʦʚʽ ʦʮʽʥʦʢ ʚʘʞʣʠʚʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʪʦʢʝʥʽʚ ʪʝʢʩʪʫ ʚʚʝʜʝʥʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʦʢʝʥʘʤ ʛʝʥʝʨʫʻʪʴʩʷ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʚʘʞʣʠʚʽʩʪʴ ʪʘ ʨʝʣʝʚʘʥʪʥʽʩʪʴ ʧʦʜʽʡ ʫ ʪʝʢʩʪʽ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʜʦʧʦʤʘʛʘʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʜʽʾ ʪʘ ʾʭ ʢʦʥʪʝʢʩʪ ʫ ʪʝʢʩʪʽ. 

ʆʪʞʝ, ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʜʽʡ ʚ ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʪʝʢʩʪʘʭ ʟʘʩʦʙʘʤʠ 

ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʧʦʣʷʛʘʻ ʚ ʩʢʣʘʜʥʦʤʫ ʘʥʘʣʽʟʽ ʪʝʢʩʪʫ ʪʘ ʦʮʽʥʮʽ ʚʘʞʣʠʚʦʩʪʽ 

ʪʦʢʝʥʽʚ ʥʘ ʦʩʥʦʚʽ ʜʠʩʧʝʨʩʽʡʥʦʾ ʦʮʽʥʢʠ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʜʽʾ ʚ ʪʝʢʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ, 

ʟʦʢʨʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʜʽʡ ʚ ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʪʝʢʩʪʘʭ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ 

ʤʝʪʦʜʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʪʽʣʝʥʦ ʚ ʧʨʦʛʨʘʤʥʠʭ ʨʝʘʣʽʟʘʮʽʷʭ.  
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ɻɽʅɽʈɸʎɯɰ ʊɽʉʊɯɺ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ɿ 

ʇʆʐʋʂʆʄ ʇɽɺʅʀʍ ɼɯʁ 
 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ ʥʘ  ʦʩʥʦʚʽ ʧʦʰʫʢ 

ʧʦʚʥʠʭ ʜʽʡ. ɼʘʥʠʡ ʤʝʪʦʜ ʟʜʽʡʩʥʶʻ ʛʝʥʝʨʘʮʽʶ ʢʦʜʫ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʠʭ ʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʷʢʽ ʚʢʘʟʫʶʪʴ ʷʢʽ ʜʽʾ ʥʝʦʙʭʽʜʥʦ ʧʨʦʪʝʩʪʫʚʘʪʠ, ʮʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

 

The main aspects of the development of the test generation method based on the search for 

complete actions are considered. This method generates code for testing based on the data entered 

by the user, which indicates which actions need to be tested, thereby increasing the productivity and 

quality of the software testing process. 

 

ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʽʛʨʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʨʦʟʨʦʙʮʽ ʪʘ ʧʽʜʪʨʠʤʮʽ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤ ʽ ʟʘʩʪʦʩʫʥʢʽʚ. ɺ ʧʨʦʮʝʩʽ ʧʦʩʪʽʡʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʾ ʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʛʨʘʤ, ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʩʪʘʣʠ ʢʨʠʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʜʦʩʷʛʥʝʥʥʷ 

ʙʽʟʥʝʩ-ʮʽʣʝʡ.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʚʠʜʠ ʪʝʩʪʫʚʘʥʴ[1]: 

ī ʨʫʯʥʝ ʪʝʩʪʫʚʘʥʥʷ; 

ī ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ. 

ʈʫʯʥʝ ʪʝʩʪʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ, ʚ ʷʢʦʤʫ ʪʝʩʪʫʚʘʣʴʥʠʢʠ ʚʨʫʯʥʫ ʧʝʨʝʚʽʨʷʶʪʴ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʤʠʣʦʢ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʪʴ ʧʨʦʜʫʢʪʫ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʪʚʦʨʝʥʥʷ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ, 

ʚʠʢʦʥʘʥʥʷ ʾʭ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʚʠʷʚʣʝʥʠʭ ʧʨʦʙʣʝʤ. ʈʫʯʥʝ 

ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʘʩʧʝʢʪʽʚ, ʷʢʽ ʚʘʞʢʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʽʥʰʠʭ ʘʩʧʝʢʪʽʚ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʣʶʜʩʴʢʦʛʦ ʽʥʪʫʾʪʠʚʥʦʛʦ ʨʦʟʫʤʽʥʥʷ. ʈʫʯʥʝ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʠʤ, ʘʣʝ ʚʦʥʦ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʝ, ʽ ʪʦʤʫ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʩʪʫʚʘʥʥʷ ʩʪʘʻ 

ʚʘʞʣʠʚʦʶ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʩʮʝʥʘʨʽʾʚ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʁʦʛʦ ʛʦʣʦʚʥʘ ʤʝʪʘ ï ʟʤʝʥʰʠʪʠ ʨʫʯʥʝ ʪʝʩʪʫʚʘʥʥʷ, 

ʧʦʣʝʛʰʠʪʠ ʽ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ 

ʥʘʜʽʡʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. 
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ɿʘʛʘʣʦʤ ʧʨʠʥʮʠʧ ʪʝʩʪʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʦʨʽʚʥʶʚʘʪʠ ʬʘʢʪʠʯʥʠʡ 

ʪʘ ʦʯʽʢʫʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʝʚʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʪʝʩʪʫʚʘʥʥʷ 

ʩʢʣʘʜʘʻʪʴʩʷ ʪʝʩʪ-ʧʣʘʥ ʚ ʷʢʦʤʫ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣ, ʱʦ ʪʝʩʪʫʻʪʴʩʷ ʧʨʠ ʧʝʚʥʠʭ 

ʫʤʦʚʘʭ, ʦʯʽʢʫʚʘʥʠʡ ʪʘ ʬʘʢʪʠʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ (ʪʘʙʣʠʮʷ 1). 

ʆʯʽʢʫʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ï ʮʝ ʨʝʟʫʣʴʪʘʪ ʷʢʠʡ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʾ ʬʫʥʢʮʽʾ ʚʠʜʘʻ 

ʜʘʥʽ ʟʛʽʜʥʦ ʩʮʝʥʘʨʽʶ. ʌʘʢʪʠʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ï ʮʝ ʪʦʡ ʨʝʟʫʣʴʪʘʪ ʘʙʦ ʩʪʘʥ, ʷʢʠʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʫ ʯʠ ʬʫʥʢʮʽʾ. ʗʢʱʦ ʬʘʢʪʠʯʥʠʡ ʽ ʦʯʽʢʫʚʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʩʧʽʚʧʘʜʘʶʪʴ ï ʪʝʩʪ ʧʨʦʡʜʝʥʠʡ, ʷʢʱʦ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ ï ʪʝʩʪ ʥʝ 

ʧʨʦʡʜʝʥʠʡ[3]. 
 

ʊʘʙʣʠʮʷ 1 ï ʇʨʠʢʣʘʜ ʪʝʩʪ-ʧʣʘʥʫ. 

ˉ 
ʆʯʽʢʫʚʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ 

ʌʘʢʪʠʯʥʠʡ 

ʨʝʟʫʣʴʪʘʪ 
ʉʪʘʪʫʩ 

ʊʝʩʪ 1 

ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ 

çʢʥʦʧʢʠ1è ʤʘʻ 

ʟʘʚʘʥʪʘʞʫʚʘʪʠʩʴ 

ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ. 

ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ 

çʢʥʦʧʢʠ1è 

ʪʝʢʩʪʦʚʠʡ  

ʬʘʡʣ ʅɽ 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ. 

ʊʝʩʪ ʥʝ 

ʧʨʦʡʜʝʥʠʡ 

ʊʝʩʪ 2 

ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ 

çʢʥʦʧʢʠ2è ʤʘʻ 

ʟʘʢʨʠʚʘʪʠʩʴ çʙʣʦʢ1è. 

ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ 

çʢʥʦʧʢʠ2è 

ʟʘʢʨʠʚʘʻʪʴʩʷ 

çʙʣʦʢ1è. 

ʊʝʩʪ 

ʧʨʦʡʜʝʥʠʡ 

 

ɿʘʛʘʣʦʤ ʧʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ ʻ ʚʘʞʢʠʤ, ʤʘʩʠʚʥʠʤ ʧʨʦʮʝʩʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘʣʝ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʡʦʛʦ 

ʨʦʟʨʦʙʢʠ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ ʟ ʧʦʰʫʢʦʤ ʧʝʚʥʠʭ ʜʽʡ 

ʷʢʠʡ ʧʝʨʝʜ ʫʩʽʤ ʜʦʟʚʦʣʠʪʴ ʩʧʨʦʩʪʠʪʠ ʪʘ ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

 ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʬʝʨʫ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

 ʜʦʩʣʽʜʠʪʠ ʥʘʷʚʥʽ ʧʽʜʭʦʜʠ ʪʘ ʢʦʥʮʝʧʮʽʾ ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ; 

 ʚʠʢʦʥʘʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ 
ʘʣʛʦʨʠʪʤʫ ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ; 

 ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʦʙʨʘʪʠ ʟʘʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʤʝʪʦʜʫ; 

 ʚʠʢʦʥʘʪʠ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʤʝʪʦʜʫ ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ ʟ ʧʦʰʫʢʦʤ 

ʧʝʚʥʠʭ ʜʽʡ; 

 ʧʨʦʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʫ ʘʧʨʦʙʘʮʽʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; 

 ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 
ʜʦʮʽʣʴʥʦʩʪʽ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʤʝʪʦʜʦʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʻ ʤʝʪʦʜ 

ʪʝʩʪʫʚʘʥʥʷ ʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠ [2]. ʄʝʪʦʜ ʯʦʨʥʠʭ ʩʢʨʠʥʴʦʢ (Black Box Testing) - ʮʝ 

ʤʝʪʦʜ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʪʝʩʪʫʚʘʣʴʥʠʢ ʥʝ ʤʘʻ ʟʥʘʥʴ 
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ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʯʠ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʛʨʘʤʠ. ʊʝʩʪʫʚʘʣʴʥʠʢ ʧʨʘʮʶʻ ʟ 

ʧʨʦʛʨʘʤʦʶ ʷʢ ʽʟ "ʯʦʨʥʦʶ ʩʢʨʠʥʴʢʦʶ", ʜʝ ʚʽʥ ʙʘʯʠʪʴ ʣʠʰʝ ʚʭʽʜʥʽ ʜʘʥʽ ʪʘ ʦʯʽʢʫʚʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʘʣʝ ʥʝ ʟʥʘʻ, ʷʢ ʩʘʤʝ ʧʨʦʛʨʘʤʘ ʦʙʨʦʙʣʷʻ ʜʘʥʽ. ʊʦʙʪʦ ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝ ʚʘʞʣʠʚʦ ʷʢ ʧʨʦʛʨʘʤʘ ʚʠʢʦʥʫʻ ʪʫ ʯʠ ʽʥʰʫ ʜʽʶ, ʘ ʚʘʞʣʠʚʦ ʷʢʠʡ 

ʨʝʟʫʣʴʪʘʪ ʚʦʥʘ ʤʘʻ ʚʠʚʦʜʠʪʠ. ʉʘʤʝ ʮʝʡ ʚʠʜ ʪʝʩʪʫʚʘʥʥʷ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʤʝʪʦʜʫ 

ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ. 

ɻʝʥʝʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʮʝ ʧʦʪʫʞʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʢʦʜʫ 

ʪʝʩʪʫʚʘʥʥʷ ʯʦʨʥʠʭ ʩʢʨʠʥʴʦʢ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ. ɺʦʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʨʠʥʮʠʧʠ ʝʚʦʣʶʮʽʾ ʪʘ ʚʽʜʙʦʨʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ. 

ʇʨʠʢʣʘʜ ʘʣʛʦʨʠʪʤʫ ʛʝʥʝʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʢʣʘʜ ʘʣʛʦʨʠʪʤʫ ʛʝʥʝʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

 

ɿʘʛʘʣʴʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [4]: 

ï ʉʪʚʦʨʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʧʦʧʫʣʷʮʽʾ: ʛʝʥʝʨʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʦʯʘʪʢʦʚʠʭ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ ʘʙʦ ʭʨʦʤʦʩʦʤ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʤʦʞʣʠʚʠʡ ʪʝʩʪ. 
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ï ʆʮʽʥʢʘ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ: ʢʦʞʝʥ ʪʝʩʪ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʻ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʚʽʥ ʚʠʢʦʥʫʻ ʩʚʦʶ ʨʦʙʦʪʫ. 

ï ʉʭʨʝʱʫʚʘʥʥʷ: ʪʝʩʪʦʚʽ ʩʮʝʥʘʨʽʾ ʦʙ'ʻʜʥʫʶʪʴʩʷ (ʩʭʨʝʱʫʶʪʴʩʷ) ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʩʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʫʩʧʘʜʢʦʚʫʚʘʪʠ ʢʦʨʠʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʘʪʴʢʽʚʩʴʢʠʭ ʪʝʩʪʽʚ. 

ï ʄʫʪʘʮʽʷ: ʜʝʷʢʽ ʪʝʩʪʦʚʽ ʩʮʝʥʘʨʽʾ ʧʽʜʜʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʟʤʽʥʘʤ, ʱʦʙ 

ʨʦʟʰʠʨʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʝʩʪʽʚ. 

ï ɺʽʜʙʽʨ: ʚʠʙʠʨʘʶʪʴʩʷ ʢʨʘʱʽ ʪʝʩʪʦʚʽ ʩʮʝʥʘʨʽʾ ʥʘ ʦʩʥʦʚʽ ʾʭʥʴʦʾ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ, ʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʪʝʩʪʽʚ. 

ï ʇʦʚʪʦʨʝʥʥʷ: ʧʨʦʮʝʩ ʩʭʨʝʱʫʚʘʥʥʷ, ʤʫʪʘʮʽʾ ʪʘ ʚʽʜʙʦʨʫ ʧʦʚʪʦʨʶʻʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʧʦʢʦʣʽʥʴ. 

ʄʝʪʦʜ ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʛʝʥʝʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʽ ʪʝʩʪʦʚʠʭ ʚʠʧʘʜʢʽʚ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʜʽʥʢʠ (ʤʝʪʦʜ ʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠ). 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ ʚʠʟʥʘʯʝʥʥʷ, ʷʢ ʧʨʦʛʨʘʤʘ ʚʟʘʻʤʦʜʽʻ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʽ ʛʝʥʝʨʫʻ 

ʚʠʭʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʥʘʥʴ ʧʨʦ ʾʾ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʛʝʥʝʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʪʝʩʪʦʚʽ 

ʩʮʝʥʘʨʽʾ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʪʝʩʪʫʚʘʥʥʷ. ʎʝʡ ʧʽʜʭʽʜ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʠʡ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʫ ʛʘʣʫʟʽ ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʚ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ 

ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ ʤʦʞʝ ʧʦʣʝʛʰʠʪʠ ʧʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ, ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʛʨʘʤ ʪʘ 

ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʪʝʩʪʫʚʘʥʥʷ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʫʛʫʻ ʦʩʥʦʚʦʶ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʨʦʙʽʪ ʫ ʮʽʡ ʛʘʣʫʟʽ ʪʘ ʨʦʟʚʠʪʢʫ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ʂʆʄʇɽʅʉɸʎɯɰ ʊɽʈʄʆɼʀʅɸʄɯʏʅʆɰ ʉʂʃɸɼʆɺʆɰ 

ʅɽʉʊɸɹɯʃʔʅʆʉʊɯ ʏɸʉʊʆʊʀ ʂɺɸʈʎʆɺʀʍ ʈɽɿʆʅɸʊʆʈɯɺ 
 

ʇʦʢʘʟʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʯʘʩʪʦʪʠ ʢʚʘʨʮʦʚʠʭ ʨʝʟʦʥʘʪʦʨʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʯʘʩʪʦʪʥʦʛʦ 

ʨʝʞʠʤʫ ʟʙʫʜʞʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʩʪʘʥʫ 

ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʱʦ ʪʘʢʦʞ ʤʦʞʝ ʟʥʘʡʪʠ ʨʦʟʚʠʪʦʢ ʫ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʢʦʤʧʝʥʩʘʪʦʨʘ ʜʣʷ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ 

ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

 

The necessity and expediency of applying thermodynamic compensation for the frequency 

instability of a quartz resonator by using a two-frequency excitation mode is demonstrated. The 

proposed method makes it possible to identify the state of a quartz resonator, which can also be 

developed in measuring technology. The simulation results show the feasibility of using a 

thermodynamic compensator for radio engineering devices operating in a wide range of operating 

temperature changes. 

 

ʂʚʘʨʮʦʚʽ ʨʝʟʦʥʘʪʦʨʠ (ʂʈ) ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ ʪʘ ʟʘʩʦʙʘʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʟʘʚʜʷʢʠ ʾʭʥʽʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʱʦʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʯʘʩʪʦʪʠ, ʪʦʯʥʦʩʪʽ, ʪʝʨʤʽʥʫ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ, 

ʘ ʪʘʢʦʞ ʥʝʚʝʣʠʢʠʤ ʛʘʙʘʨʠʪʘʤ ʪʘ ʤʘʩʽ [1-3]. ɼʽʡʩʥʦ, ʛʝʥʝʨʘʪʦʨʠ ʦʧʦʨʥʠʭ ʢʦʣʠʚʘʥʴ, 

ʱʦ ʦʩʥʦʚʘʥʽ ʥʘ ʂʈ ï ʢʚʘʨʮʦʚʽ ʛʝʥʝʨʘʪʦʨʠ (ʂɻ) ï ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʩʧʦʪʚʦʨʝʥʴ 

ʪʘ ʚʣʘʩʥʠʭ ʰʫʤʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʷʭ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʘ ʧʨʠʩʪʨʦʾʚ ʙʫʜʴ-ʷʢʠʡ ʟʦʚʥʽʰʥʽʡ ʚʧʣʠʚ ʥʘ ʂʈ 

(ʪʝʤʧʝʨʘʪʫʨʥʠʡ, ʚʽʙʨʘʮʽʡʥʠʡ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ, ʩʧʨʠʯʠʥʝʥʠʡ ʩʪʘʨʽʥʥʷʤ ʪʦʱʦ) ʻ 

ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʯʘʩʪʦʪʠ ʽ ʥʘʩʣʽʜʢʠ ʷʢʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʫ ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʪʝʭʥʽʮʽ ʂʈ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ, ʚ ʪʘʢʦʤʫ ʨʘʟʽ ʬʘʢʪʦʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʥʝʩʫʪʴ ʽʥʬʦʨʤʘʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ [1], ʘ ʜʝʚʽʘʮʽʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ 

ʂɻ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙôʻʢʪ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ [1, 4]. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝʩʢʘʟʘʥʝ, ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʂɻ. 



ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ 

 ȬȻȶȹ-2023 89 

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ (ʪʝʤʧʝʨʘʪʫʨʥʠʡ) 

ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʂʈ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʦʧʦʨʥʦʛʦ 

ʜʞʝʨʝʣʘ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʯʘʩʪʦʪʥʦʛʦ ʨʝʞʠʤʫ ʟʙʫʜʞʝʥʥʷ ʂʈ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʯʘʩʪʦʪʠ ʂɻ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʩʝʨʝʜʦʚʠʱʘ. 

 

 

 
(ʘ) 

 
(ʙ)               (ʚ) 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʟʥʠʮʝʚʦʾ ʯʘʩʪʦʪʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʂʈ (ʘ); ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʰʦʾ ʪʘ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ ʂʈ (ʙ); ʨʝʟʫʣʴʪʘʪʠ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʂɻ ʟ ʪʝʨʤʦʢʦʤʧʝʥʩʘʪʦʨʦʤ ʪʘ ʙʝʟ ʥʴʦʛʦ (ʚ, ʢʨʠʚʽ 1 ʪʘ 2 

ʚʽʜʧʦʚʽʜʥʦ) 
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ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʯʘʩʪʦʪʠ ɻʂ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʫ 1. ʎʝʥʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʤʦʜʝʣʽ ʻ 

ʜʚʦʯʘʩʪʦʪʥʘ ʧʽʜʤʦʜʝʣʴ ʂɻ, ʷʢʠʡ ʟʙʫʜʞʝʥʠʡ ʥʘ 1-ʡ ʪʘ 3-ʡ ʛʘʨʤʦʥʽʢʘʭ ʚʽʜʧʦʚʽʜʥʦ.  

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʂʈ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʶʯʦʛʦ ʧʘʨʘʤʝʪʨʫ 

ʚ ʤʝʞʘʭ ʚʽʜ -45 ʜʦ 80 ÁC. ʄʦʜʝʣʴ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ ʚʽʟʫʘʣʽʟʘʮʽʶ ʩʠʛʥʘʣʽʚ ʚ ʯʘʩʦʚʽʡ 

ʦʙʣʘʩʪʽ. ɿʘ ʨʘʭʫʥʦʢ ʚʠʚʝʜʝʥʥʷ ʂɻ ʚ ʜʚʦʯʘʩʪʦʪʥʠʡ ʨʝʞʠʤ ʟʙʫʜʞʝʥʥʷ, ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʊʏʍ) ʦʙʦʭ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʨʝʟʦʥʘʪʦʨʘ (1-

ʰʘ ʪʘ 3-ʪʷ ʛʘʨʤʦʥʽʢʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʜʠʚ. ʈʠʩʫʥʦʢ 1, ʙ), ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʜʽʣʴʥʠʢʘ ʯʘʩʪʦʪʠ 1:3, ʟʤʽʰʫʚʘʯʘ, ʪʘ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ (ʌʅʏ), ʤʦʞʣʠʚʠʤ ʻ 

ʚʠʜʽʣʝʥʥʷ ʩʠʛʥʘʣʫ ʨʽʟʥʠʮʝʚʦʾ ʯʘʩʪʦʪʠ fd. ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪʠ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʪʘ 

ʬʘʢʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʂʈ ʻ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʦʶ (ʨʠʩʫʥʦʢ 1, ʘ) [4]. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʪʝʨʤʦʢʦʤʧʝʥʩʘʪʦʨʘ ʧʦʢʘʟʘʥʽ ʥʘ 

ʈʠʩʫʥʢʫ 2. ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʨʽʟʥʠʮʝʚʦʾ ʯʘʩʪʦʪʠ, ʱʦ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʣʽʥʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʫ 1, ʘ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʣʽʥʽʡʥʦ ʥʘʨʦʩʪʘʶʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʨʤʦʢʦʤʧʝʥʩʘʪʦʨʘ ʽ ʙʝʟ ʥʴʦʛʦ ʧʦʢʘʟʘʥʽ ʥʘ ʈʠʩʫʥʢʫ 1, ʚ, ʟ ʷʢʦʛʦ 

ʚʠʜʥʦ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʠ ȹf ï ʤʘʡʞʝ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʜʣʷ 

ʜʽʘʧʘʟʦʥʫ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ ʜʣʷ ʂɻ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʨʦʙʦʯʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ï ʚʽʜ -45 ʜʦ +80 Áʉ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʧʫʩʪʠʤʠʤ ʥʦʨʤʘʤ ʜʣʷ ʂʈ [5]. ɼʦ 

ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʊʏʍ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʝʢʟʝʤʧʣʷʨʫ ʂʈ, ʦʜʥʘʢ ʟʥʘʶʯʠ ʪʠʧ ʟʨʽʟʫ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʤʦʞʣʠʚʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʝʨʝʜʥʝʥʦʾ ʊʏʍ ʟʘʤʽʩʪʴ ʨʝʘʣʴʥʦʾ ʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʧʦʛʽʨʰʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʫ, ʱʦ ʙʫʜʝ ʨʦʟʚʠʥʫʪʦ ʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 
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ɭʨʰʦʚʘ ʉ.ɸ., ʄʝʣʴʥʠʢʦʚ ʆ.ʖ.  

 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ 

 

ɼʆɼɸɺɸʅʅʗ ʄʆɼʋʃʗ ʇʆʐʋʂʋ ɸʉʆʎɯɸʊʀɺʅʀʍ ʇʈɸɺʀʃ ɼʆ 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɰ ʉʀʉʊɽʄʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ɸʅɸʃɯɿʋ ɼɸʅʀʍ 

ɸʇʊɽʏʅʆɰ ʄɽʈɽɾɯ 
 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʘʧʪʝʢʠ. ʆʧʠʩʘʥʦ ʥʘʷʚʥʫ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʧʨʦʜʘʞʽʚ ʛʨʫʧ ʣʽʢʘʨʥʷʥʠʭ ʪʦʚʘʨʽʚ ʪʘ ʰʣʷʭʠ ʾʾ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʅʘʚʝʜʝʥʦ ʦʧʠʩ ʧʝʨʰʦʛʦ ʝʪʘʧʫ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ ï ʜʦʜʘʚʘʥʥʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ,  ʘʥʘʣʽʟ 

ʪʨʘʥʟʘʢʮʽʡ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʪʦʚʘʨʽʚ; ʧʨʠʢʣʘʜʠ ʨʦʙʦʪʠ 

ʥʦʚʦʛʦ ʤʦʜʫʣʷ ʩʠʩʪʝʤʠ. 

 

The possibility of using methods of intelligent data analysis to improve the efficiency of 

the pharmacy was considered. The existing decision-making support system for forecasting sales 

volumes of groups of hospital goods and the ways in which it can be transformed into an intelligent 

decision-making system are described. The description of the first stage of this process is provided ï 

adding the solution to the task of finding associative rules, analyzing transactions for a better 

understanding of the optimal combination of goods; work examples of the new system module. 

 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ (ɯɸɼ) ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʘʧʪʝʯʥʦʾ ʤʝʨʝʞʽ 

ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʧʦʪʨʝʙʠ ʢʣʽʻʥʪʽʚ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʟʘʧʘʩʘʤʠ ʪʘ ʟʙʽʣʴʰʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ. ʄʦʞʥʘ ʥʘʚʝʩʪʠ ʜʝʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ ʧʨʠʢʣʘʜʽʚ ɯɸɼ ʚ 

ʘʧʪʝʯʥʽʡ ʤʝʨʝʞʽ: ʘʥʘʣʽʟ ʪʨʘʥʟʘʢʮʽʡ (ʱʦʙ ʨʦʟʫʤʽʪʠ, ʷʢʽ ʣʽʢʠ ʢʫʧʫʶʪʴʩʷ ʨʘʟʦʤ), ʘʥʘʣʽʟ 

ʮʽʥ ʥʘ ʧʨʦʜʫʢʪʠ ʚ ʘʧʪʝʯʥʽʡ ʤʝʨʝʞʽ ʪʘ ʢʦʥʢʫʨʝʥʪʽʚ; ʘʥʘʣʽʟ ʢʫʧʽʚʝʣʴʥʦʾ ʽʩʪʦʨʽʾ; ʘʥʘʣʽʟ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ ʪʦʱʦ [1]. 

ʅʘʷʚʥʘ ʘʧʪʝʯʥʘ ʤʝʨʝʞʘ, ʟʛʽʜʥʦ ʟ ʾʾ çʉʪʘʪʫʪʦʤè, ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʪʘʢʽ ʚʠʜʠ 

ʜʽʷʣʴʥʦʩʪʽ, ʷʢ ʧʨʠʜʙʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʧʝʨʝʨʦʙʣʶʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʷ 

ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʧʨʝʜʤʝʪʽʚ ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʤʝʜʠʯʥʦʾ ʪʝʭʥʽʢʠ ʪʦʱʦ [2]. 

ɹʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʪʘ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʧʨʦʜʘʞʽʚ ʛʨʫʧ ʣʽʢʘʨʥʷʥʠʭ ʪʦʚʘʨʽʚ [3ï4]. ɼʘʣʽ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʥʘʷʚʥʫ ʉʇʇʈ ʪʨʝʙʘ ʨʦʟʚʠʥʫʪʠ ʜʦ ʩʠʩʪʝʤʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ï ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʙʫʜʝ ʜʦʜʘʚʘʥʥʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʘʩʦʮʽʘʪʠʚʥʠʭ 

ʧʨʘʚʠʣ (ʘʥʘʣʽʟ ʪʨʘʥʟʘʢʮʽʡ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ 

ʪʦʚʘʨʽʚ) [5]. 

ɺ ʥʘʷʚʥʦʩʪʽ ʻ ʜʘʥʽ ʱʦʜʦ ʧʨʠʜʙʘʥʥʷ ʧʦʢʫʧʮʷʤʠ ʪʦʚʘʨʽʚ (ʣʽʢʽʚ): 

ï ʥʦʤʝʨ; 
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ï ʜʘʪʘ ʪʘ ʯʘʩ; 

ï ʥʦʤʝʨ ʯʝʢʘ; 

ï ʥʘʟʚʘ ʪʦʚʘʨʫ; 

ï ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ; 

ï ʢʦʜ ʦʙôʻʢʪʘ. 

ɺʦʯʝʚʠʜʴ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʪʨʽʙʥʠʡ ʥʦʤʝʨ ʯʝʢʘ (ʷʢ ʽʜʝʥʪʠʬʽʢʘʪʦʨ 

ʪʨʘʥʟʘʢʮʽʾ) ʪʘ ʥʘʟʚʘ ʪʦʚʘʨʫ (ʷʢ ʾʾ ʥʘʧʦʚʥʝʥʥʷ). 

ʌʦʨʤʫ ʟʘʚʘʥʪʘʞʝʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʘʥʪʘʞʝʥʽ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ 

 

ɼʘʣʽ ʩʠʩʪʝʤʘ ʟʜʽʡʩʥʶʻ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘʢʠʤ ʰʣʷʭʦʤ: 

ï ʚʠʜʘʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʩʠʤʚʦʣʽʚ; 

ï ʚʠʜʘʣʝʥʥʷ ʩʢʦʨʦʯʝʥʴ ʥʘʟʚ; 

ï ʚʠʜʘʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʩʢʦʨʦʯʝʥʴ. 

ʇʝʨʝʣʽʢ ʩʢʦʨʦʯʝʥʴ ʥʘʟʚ ʪʘ ʮʠʬʨʦʚʠʭ ʩʢʦʨʦʯʝʥʴ ʥʘʚʦʜʠʪʴʩʷ ʥʘ ʬʦʨʤʽ 

ʜʦʜʘʪʢʫ ʪʘ ʤʦʞʝ ʨʝʜʘʛʫʚʘʪʠʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʂʦʨʠʩʪʫʚʘʯ ʧʦ ʯʝʨʟʽ ʦʙʠʨʘʻ ʧʫʥʢʪʠ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ (ʨʠʩʫʥʦʢ 2): 

çʉʢʦʨʦʪʠʪʠ ʥʘʟʚʠè, çɺʧʦʨʷʜʢʫʚʘʪʠ ʟʘ ʯʝʢʦʤè, çʆʙôʻʜʥʘʪʠ ʜʫʙʣʽʢʘʪʠè ʪʘ çɿʙʝʨʝʛʪʠ 

ʫ ʬʘʡʣʽè. 

ʆʩʢʽʣʴʢʠ ʧʝʨʝʣʽʢ ʪʦʚʘʨʽʚ ʱʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʟʘʡʚʠʭ ʜʘʥʠʭ, ʩʠʩʪʝʤʘ ʚʠʙʠʨʘʻ 

çʛʦʣʦʚʥʝ ʩʣʦʚʦè, ʽ ʧʫʥʢʪ çʉʪʚʦʨʠʪʠ ID-ʪʘʙʣʠʮʽè ʟʜʽʡʩʥʶʻ ʩʪʚʦʨʝʥʥʷ ʩʘʤʝ 

ʪʨʘʥʟʘʢʮʽʡ, ʷʢʽ ʤʽʩʪʷʪʴ ʦʜʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟ ʢʦʞʥʦʛʦ ʪʦʚʘʨʫ (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 2 ï ʂʦʥʪʝʢʩʪʥʝ ʤʝʥʶ 

 

 
ʈʠʩʫʥʦʢ 3 ï ʊʘʙʣʠʮʽ ʜʣʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ 

 
ɼʘʣʽ ʢʦʨʠʩʪʫʚʘʯ ʟʙʝʨʽʛʘʻ ʪʘʙʣʠʮʽ ʫ ʪʝʢʩʪʦʚʦʤʫ ʬʘʡʣʽ ʪʘ ʟʘʣʫʯʘʻ ʘʣʛʦʨʠʪʤ 

ʧʦʰʫʢʫ ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ Apriori. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʘʙʦ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʧʘʢʝʪʽ 

Deductor Studio Lite (ʨʠʩʫʥʢʦ 4), ʘʙʦ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʯʠ 

ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ R. 
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ʈʠʩʫʥʦʢ 4 ï ʇʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʫ ʩʠʩʪʝʤʽ Deductor Studio Lite 

 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʚʦʨʝʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʽʚ, ʟʨʦʙʠʪʠ ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ. 
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ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 

ɺɯɿʋɸʃɯɿɸʎɯʗ ʊɸ ʇʆʇɽʈɽɼʅɯʁ ɸʅɸʃɯɿ ɼɸʅʀʍ ɽʂɻ 
 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ɽʂɻ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʣʷʪʠ ʭʚʦʨʦʙʠ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ 

ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʜʽʘʛʥʦʟʫ, ʪʘ ʧʨʠʟʥʘʯʝʥʥʶ ʝʬʝʢʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ 

ʟʘʧʦʙʽʛʪʠ ʣʝʪʘʣʴʥʦʩʪʽ. ʉʪʚʦʨʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʽʟʫʻ ʧʦʚʥʠʡ ʮʠʢʣ ʧʦʧʝʨʝʜʥʴʦʛʦ 
ʘʥʘʣʽʟʫ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʽ ʟʘʢʽʥʯʫʶʯʠ ʚʠʜʽʣʝʥʥʷʤ ʾʭ ʦʢʨʝʤʠʭ ʚʽʜʚʝʜʝʥʴ, ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ, ʚʽʟʫʘʣʽʟʘʮʽʾ, ʟʙʝʨʝʞʝʥʥʷʤ ʪʘ ʩʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ 

ʚʠʩʥʦʚʢʫ.  

 

The main aspects of visualizing and preliminary data analysis of ECG data have been 

considered. This enables the early detection of cardiovascular diseases for a more accurate 

diagnosis and the prescription of effective treatment, which, in some cases, can prevent fatalities. 

The developed software implements the complete cycle of preliminary analysis, starting with data 

acquisition and ending with the extraction of individual leads, allowing for further processing, 

visualization, storage, and the creation of intermediate conclusions. 

 

ɿʘʭʚʦʨʶʚʘʥʥʷ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʤʘʩʦʚʽʰʠʭ ʧʨʠʯʠʥ  

ʩʤʝʨʪʥʦʩʪʽ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ, ʟʦʢʨʝʤʘ ʡ ʚ ʋʢʨʘʾʥʽ [1]. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʝ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʢʦʣʠ ʟôʷʚʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʟʙʫʜʥʠʢʽʚ ʭʚʦʨʦʙʠ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʜʦʨʦʚôʷ ʩʝʨʮʷ [2]. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʦʜʥʠʤ ʟ ʥʘʡʢʨʘʱʠʭ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʢʘʟʥʠʢʽʚ 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʚʚʘʞʘʻʪʴʩʷ  ʤʦʥʽʪʦʨʠʥʛ ɽʂɻ ʟʘ ʍʦʣʪʝʨʦʤ [3]. ʄʝʪʦʜʠ 

ʚʠʷʚʣʝʥʥʷ ʩʝʨʮʝʚʠʭ ʘʥʦʤʘʣʽʡ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʟʘʭʚʦʨʶʚʘʥʥʷ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʘʜʞʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʭʚʦʨʦʙʫ ʜʦ ʾʾ 

ʧʝʨʝʭʦʜʫ ʚ ʙʽʣʴʰ ʚʘʞʢʫ ʩʪʘʜʽʶ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʣʽʢʫʚʘʥʥʷ ʙʝʟ 

ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʘʙʦ ʥʘʚʽʪʴ ʟʘʧʦʙʽʛʪʠ ʩʤʝʨʪʽ. 

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ɽʂɻ ʪʘ  ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʍʦʣʪʝʨ-ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʩʦʙʦʶ ʟʘʚʜʘʥʥʷ ʧʦʢʨʘʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ ʩʝʨʮʝʚʠʭ ʘʥʦʤʘʣʽʡ [4]. ʋ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ɽʂɻ ʟʥʷʪʠʭ ʟ ʍʦʣʪʝʨʘ ʥʘ ʨʽʟʥʠʭ 

ʡʦʛʦ ʝʪʘʧʘʭ ʜʣʷ ʜʦʧʦʤʦʛʠ ʣʽʢʘʨʷʤ ʟʘʚʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʥʘʷʚʥʽʩʪʴ ʘʨʠʪʤʽʡ ʯʠ ʽʥʰʠʭ 

ʩʝʨʮʝʚʠʭ ʧʘʪʦʣʦʛʽʡ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʣʽʢʘʨʷ ʟ ʧʘʮʽʻʥʪʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʣʝ-ʤʝʜʠʮʠʥʫ. 
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ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʜʘʥʠʭ 

ʩʝʨʮʝʚʦʛʦ ʨʠʪʤʫ ʧʘʮʽʻʥʪʘ ʪʘ ʨʦʟʨʦʙʢʘ ʛʦʪʦʚʦʾ ʜʦ ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ ʨʝʘʣʽʟʫʻ 

ʧʦʚʥʠʡ ʮʠʢʣ ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ, ʚʽʜ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦ ʚʠʜʽʣʝʥʥʷ ʾʭ ʦʢʨʝʤʠʭ 

ʚʽʜʚʝʜʝʥʴ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ, ʚʽʟʫʘʣʽʟʘʮʽʾ, ʟʙʝʨʝʞʝʥʥʷʤ ʪʘ 

ʩʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʚʠʩʥʦʚʢʫ [5]. 

ʗʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʟ ʽʥʰʠʤʠ ʧʦʧʫʣʷʨʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʦ ɽʂɻ ʟʘ ʍʦʣʪʝʨʦʤ 

ʤʘʻ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ, ʘʣʝ ʡ ʤʽʩʪʠʪʴ ʥʝʟʥʘʯʥʽ ʥʝʜʦʣʽʢʠ. ʆʜʥʘ ʟ ʭʘʨʘʢʪʝʨʥʠʭ 

ʚʽʜʤʽʥʥʦʩʪʝʡ ï ʜʘʥʽ ʟʙʠʨʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʟʥʘʯʥʦ ʜʦʚʰʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ʊʘʢ ʷʢ 

ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʟʘʭʚʦʨʶʚʘʥʴ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʧʘʜʘʻ ʥʘ ʘʨʠʪʤʽʶ, 

ʦʜʥʠʤ ʟ ʨʽʟʥʦʚʠʜʽʚ ʷʢʦʾ ʻ ʬʽʙʨʠʣʷʮʽʷ ʧʝʨʝʜʩʝʨʜʴ [6], ʪʦ ʩʘʤʝ ʧʨʠʣʘʜ ʍʦʣʪʝʨʘ ʟʤʦʞʝ 

ʧʦʢʘʟʘʪʠ ʙʽʣʴʰ ʪʦʯʥʫ ʢʘʨʪʠʥʫ ʭʚʦʨʦʙʠ. 

ʅʘʡʯʘʩʪʽʰʝ ʜʘʥʽ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʍʦʣʪʝʨʘ,  ʦʪʨʠʤʫʶʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʘʙʦ ʞ ʜʝʢʽʣʴʢʦʭ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚ ʮʴʦʤʫ ʻ ʧʦʪʨʝʙʘ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʘʥʦʤʘʣʽʾ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠ ʩʝʙʝ 

ʣʠʰʝ ʚ ʚʫʟʴʢʦʤʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʽ ʩʠʛʥʘʣʽʚ 

ʟʙʠʨʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʘ ʜʽʣʷʥʦʢ ʪʽʣʘ ʦʜʥʦʯʘʩʥʦ, ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʠʭ 

ʜʘʥʠʭ ʪʘ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʇʨʦʪʝ ʚ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʡ ʜʝʷʢʽ 

ʥʝʜʦʣʽʢʠ, ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʚôʷʟʘʥʽ ʟ ʢʽʣʴʢʽʩʪʶ ʜʘʥʠʭ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʟʙʝʨʝʛʪʠ ʪʘ 

ʦʙʨʦʙʠʪʠ. ʉʘʤʝ ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʝʬʝʢʪʠʚʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʟʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʟ 

ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ ʧʦʩʪʘʚʣʝʥʽ 

ʟʘʜʘʯʽ. ʅʘ ʨʠʩʫʥʢʫ 1 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʛʦʣʦʚʥʝ ʤʝʥʶ ʧʨʦʛʨʘʤʠ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʽ ʨʦʟʤʽʪʢʘ ʬʨʘʛʤʝʥʪʽʚ ɽʂɻ 
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ɿʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ, 

ʧʝʨʰʠʤ ʟ ʷʢʠʭ ʻ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʬʘʡʣʽʚ ʍʦʣʪʝʨʘ, ʘʜʞʝ ʚʩʽ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ 

ʙʽʥʘʨʥʦʤʫ ʬʦʨʤʘʪʽ. ɹʽʣʴʰʽʩʪʴ ʍʦʣʪʝʨʽʚ ʢʦʜʫʶʪʴ ʜʘʥʽ ʫ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ 

ʬʦʨʤʘʪʘʭ ï ʪʘʢʽ ʷʢ edf /edf+/bdf+ [7] ɸʣʝ ʜʝʷʢʽ ʢʣʽʥʽʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʡ ʚʣʘʩʥʽ. ʋ 

ʧʨʦʛʨʘʤʽ ʥʘʷʚʥʠʡ ʤʦʜʫʣʴ, ʷʢʠʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʘʪʫ ʦʙʠʨʘʻ ʘʣʛʦʨʠʪʤ 

ʜʝʢʦʜʫʚʘʥʥʷ. ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʬʦʨʤʘʪʠ ʤʽʩʪʷʪʴ ʜʘʥʽ ʧʨʦ ʧʘʮʽʻʥʪ ʫ ʧʝʨʰʽʡ ʯʘʩʪʠʥʽ, ʘ 

ʩʠʛʥʘʣ ʫ ʜʨʫʛʽʡ. ɼʣʷ ʨʦʙʦʪʠ ʚʩʷ ʟʘʢʦʜʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʘʮʽʻʥʪʘ ʚʠʜʘʣʷʻʪʴʩʷ, ʘ 

ʟʘʣʠʰʝʥʽ ʜʘʥʽ ʜʝʢʦʜʫʶʪʴʩʷ ʫ ʤʘʪʨʠʮʽ ʨʦʟʤʽʨʥʽʩʪʶ [ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ ʭ ʢʽʣʴʢʽʩʪʴ 

ʯʘʩʫ], ʧʽʩʣʷ ʯʦʛʦ ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ ʨʦʟʜʽʣʷʻʪʴʩʷ ʟʘ ʜʘʥʠʤʠ ʢʦʞʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ(ʜʘʥʽ 

ʢʦʞʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʦʪʨʠʤʫʶʪʴʩʷ ʦʢʨʝʤʠʤ ʜʘʪʯʠʢʦʤ) ʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʬʘʡʣʘʭ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʚʠʜʽʣʝʥʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ 

ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʦʜʠʥ 

ʨʘʟ ʪʽʣʴʢʠ ʜʣʷ ʥʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚ ʤʦʤʝʥʪ ʢʦʞʥʦʛʦ 

ʥʘʩʪʫʧʥʦʛʦ ʟʘʧʫʩʢʫ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʚʠʜʽʣʝʥʥʷ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʰʣʷʭʦʤ 

ʚʠʜʘʣʝʥʥʷ ʥʝʟʥʘʯʫʱʦʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʣʷʪʠ ʧʽʜʦʟʨʽʣʽ ʬʨʘʛʤʝʥʪʠ ɽʂɻ, 

ʘʣʝ ʡ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʛʣʷʜʫ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʫ ʜʦ ʩʝʢʫʥʜ. ʇʝʨʝʚʘʛʦʶ ʥʘʚʝʜʝʥʦʾ ʧʨʦʛʨʘʤʠ ʻ ʾʾ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, 

ʘʜʞʝ ʜʣʷ ʚʚʽʤʢʥʝʥʥʷ ʧʝʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʥʝ ʧʦʪʨʽʙʥʦ ʾʾ 

ʧʝʨʝʨʦʙʣʶʚʘʪʠ, ʜʦʩʪʘʪʥʴʦ ʣʠʰʝ ʚʚʽʤʢʥʫʪʠ ʥʝʦʙʭʽʜʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʜʣʷ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ ʙʫʜʝ ʩʪʘʚʠʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʝʚʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʙʘʞʘʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʢʦʞʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ, 

ʧʽʩʣʷ ʷʢʦʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʙʨʦʙʢʘ ʜʦ ʤʝʥʰʠʭ ʯʘʩʪʠʥ ʜʘʥʠʭ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʧʦʨʦʛʦʚʽ 

ʘʣʛʦʨʠʪʤʠ, ʥʘ ʧʨʦʤʽʞʢʘʭ ʜʦ 10-15 ʪʠʩʷʯ ʪʦʯʦʢ ʫ ʩʠʛʥʘʣʽ ʟʥʘʭʦʜʠʤʦ RR ʽʥʪʝʨʚʘʣʠ, ʪʘ 

ʘʥʘʣʽʟʫʻʤʦ ʢʦʞʝʥ ʟ ʥʠʭ ʥʘ ʥʘʷʚʥʽʩʪʴ ʝʢʩʪʨʘʩʠʩʪʦʣʽʡ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʤʘʨʢʫʚʘʥʥʷ 

ʪʘʢʠʭ ʯʘʩʪʠʥ ʘʥʦʤʘʣʴʥʠʤʠ, ʱʦʙ ʣʽʢʘʨʽ ʷʢʽ ʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʥʘʰʦʾ ʧʨʦʛʨʘʤʠ 

ʟʚʝʨʪʘʣʠ ʥʘ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ɽʂɻ ʫʚʘʛʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʟʥʘʭʦʜʞʝʥʥʷ ʝʢʩʪʨʘʩʠʩʪʦʣʽʾ ʥʘ RR ʽʥʪʝʨʚʘʣʽ 
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ɽʢʩʪʨʘʩʠʩʪʦʣʽʾ ʻ ʽʥʜʠʢʘʪʦʨʦʤ ʘʥʦʤʘʣʴʥʦʛʦ  ʩʢʦʨʦʯʝʥʥʷ ʩʝʨʮʷ, ʱʦ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʧʦʨʫʰʝʥʥʷ ʨʠʪʤʫ ʪʘ ʧʦʛʽʨʰʠʪʠ ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʦʨʛʘʥʽʚ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʟʘʛʨʦʟʫ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʩʝʨʮʝʚʦʾ ʬʫʥʢʮʽʾ. ʅʘʷʚʥʽʩʪʴ ʙʽʣʴʰʝ ʪʨʴʦʭ 

ʝʢʩʪʨʘʩʠʩʪʦʣʽʡ ʧʽʜ ʯʘʩ ʦʜʥʦʛʦ ʮʠʢʣʫ ʚʞʝ ʥʝʩʝ ʫ ʩʦʙʽ ʩʤʝʨʪʝʣʴʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ 

ʧʘʮʽʻʥʪʘ.  

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ, ʷʢ  ʘʣʛʦʨʠʪʤʠ ʫ ʧʨʦʛʨʘʤʽ ʟʥʘʭʦʜʷʪʴ 

ʝʢʩʪʨʘʩʠʩʪʦʣʽʶ ʥʘ ʦʜʥʦʤʫ RR ʽʥʪʝʨʚʘʣʽ. 

ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʚ ʩʬʝʨʽ ʤʝʜʠʮʠʥʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʜʫʞʝ 

ʚʘʞʣʠʚʠʤ, ʱʦ ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʠʷʚʣʷʪʠ ʭʚʦʨʦʙʠ 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʾʭ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʠʪʠ ʩʚʽʪʦʚʫ ʪʝʥʜʝʥʮʽʶ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ. ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ 

ʧʽʜʦʟʨʽʣʠʭ ʬʨʘʛʤʝʥʪʽʚ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʷʚʣʷʪʠ ʪʫ ʯʠ ʽʥʰʫ ʧʦʚʝʜʽʥʢʫ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʧʦʢʨʘʱʠʪʴ ʪʦʯʥʽʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʜʽʘʛʥʦʟʫ. ɸ ʧʨʦʛʨʘʤʠ ʱʦ ʾʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʩʬʝʨʫ ʪʝʣʝ-ʤʝʜʠʮʠʥʠ, ʷʢʘ ʩʪʨʽʤʢʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ ʥʘʰ ʯʘʩ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʩʫʯʘʩʥʠʭ ʩʧʦʩʦʙʽʚ ʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʟʨʫʯʥʦʩʪʽ ʷʢ ʜʣʷ ʣʽʢʘʨʽʚ, ʪʘʢ ʽ ʜʣʷ 

ʧʘʮʽʻʥʪʽʚ. 
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ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ 

 

ɸʅɸʃɯɿ ʄʆɼɽʃɽʁ ɯ ʄɽʊʆɼɯɺ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʄʆɾʃʀɺʆʉʊɯ 

ɸɺɸʈɯʁ ɺ ʉʀʉʊɽʄɯ ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ 
 

ɿʘʟʥʘʯʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʨʝʙʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʩʠʩʪʝʤ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʛʣʷʜ ʥʘʷʚʥʠʭ 

ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʚʘʨʽʡ, ʚʠʟʥʘʯʝʥʦ ʥʠʟʢʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʾʭʥʴʦʛʦ ʚʠʥʠʢʥʝʥʥʷ: ʟʥʦʩ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʢʦʨʦʟʽʷ, ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʪʠʩʢ, ʚʧʣʠʚ ʛʨʫʥʪʫ ʪʦʱʦ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

 

The importance of water supply systems in the modern world and ensuring their reliability 

and uninterrupted functioning of these systems is noted. The available methods and models for 

predicting accidents have been reviewed, and a number of factors that lead to their occurrence have 

been identified: wear and tear of pipelines, corrosion, uneven pressure, soil influence, etc. The task 

of developing a decision support system for predicting the reliability of water supply is formulated. 

 

ʉʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʚʽʜʽʛʨʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʞʠʪʪʻʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʪʘ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʨʝʙʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʩʠʩʪʝʤ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʧʦʪʨʝʙ. ɸʚʘʨʽʾ ʚ ʩʠʩʪʝʤʘʭ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʨʠʧʠʥʝʥʥʷ 

ʧʦʜʘʯʽ ʚʦʜʠ ʥʘʩʝʣʝʥʥʶ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʦʤʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʘʚʘʨʽʡ ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʮʠʭ ʩʠʩʪʝʤ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʘʚʘʨʽʡ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʛʣʷʜ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ, ʾʭ ʥʘʩʣʽʜʢʽʚ ʪʘ ʨʦʟʨʦʙʢʫ 

ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ.  

ʄʦʜʝʣʴ ʨʠʟʠʢʫ ʘʚʘʨʽʡʥʦʛʦ ʚʠʪʦʢʫ [1] ʚʨʘʭʦʚʫʻ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʩʪʘʥ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʪʠʩʢ ʫ ʩʠʩʪʝʤʽ, ʤʘʪʝʨʽʘʣ ʪʨʫʙ, ʷʢʽʩʪʴ ʟʝʤʝʣʴʥʦʛʦ ˇʨʫʥʪʫ ʪʦʱʦ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʠʟʠʢʫ ʤʘʻ ʚʠʛʣʷʜ: 

ʈʠʟʠʢ = (P1 * ʂ1) + (P2 * ʂ2) + ...  (1) 

ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʦʩʫ ʪʨʫʙʦʧʨʦʚʦʜʽʚ [2] ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ ʟʥʦʩʫ 

ʤʘʪʝʨʽʘʣʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟ ʧʣʠʥʦʤ ʯʘʩʫ, ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʨʽʚʝʥʴ ʢʦʨʦʟʽʾ. ʌʦʨʤʫʣʘ ʜʣʷ 

ʟʥʦʩʫ ʤʘʻ ʚʠʛʣʷʜ: 

ɿʥʦʩ = (ʂ1 * t) ï (ʂ2 * %ʢʦʨʦʟʽʾ ʪʨʫʙ)      (2) 
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ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʪʠʩʢʽʚ [3] ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽ ʟʤʽʥʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ, 

ʨʦʙʦʪʠ ʧʦʤʧ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ʌʦʨʤʫʣʘ ʚʠʛʣʷʜʘʻ: 

ȹP = (ʈʦʙʦʯʠʡ ʪʠʩʢ ï ʊʠʩʢ ʟʤʽʥʠ) / ʚʦʜʠV   (3) 

ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʫʧʝʥʷ ʢʦʨʦʟʽʾ ʪʨʫʙʦʧʨʦʚʦʜʽʚ [4] ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʢʦʨʦʟʽʾ ʤʘʪʝʨʽʘʣʽʚ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʩʢʣʘʜ ʚʦʜʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʤʘʪʝʨʽʘʣ ʪʨʫʙʠ. ʌʦʨʤʫʣʘ ʤʘʻ ʚʠʛʣʷʜ:  

ʂʦʨʦʟʽʷ = (ʂ1 * (t1 ï t0)) / ʂʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʠʭ ʩʦʣʝʡ     (4) 

ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ [5]: 
ɺʧʣʠʚ = (ʂʦʝʬʽʮʽʻʥʪ ʧʦʛʦʜʠ * ɿʤʽʥʘ ʪʠʩʢʫ ʧʦʚʽʪʨʷ) 

+ (ʂʦʝʬʽʮʽʻʥʪ ʢʘʪʘʩʪʨʦʬ * ʁʤʦʚʽʨʥʽʩʪʴ ʢʘʪʘʩʪʨʦʬʠ) 
(5) 

ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʣʘʤʽʚ [6]: 

ʊʝʭʥʽʯʥʽ ʟʣʘʤʠ = (ʂʦʝʬʽʮʽʻʥʪ ʟʣʘʤʽʚ * ʂʽʣʴʢʽʩʪʴ ʽʩʪʦʨʠʯʥʠʭ ʟʣʘʤʽʚ) + 

(ʂʦʝʬʽʮʽʻʥʪ ʩʪʘʥʫ * ʉʪʘʥ ʦʙʣʘʜʥʘʥʥʷ) 
(6) 

ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʙʦʪʠ ʧʦʤʧ ʪʘ ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʠʩʪʝʤ [7]: 

ʈʦʙʦʪʘ ʧʦʤʧ = (ʇʦʪʫʞʥʽʩʪʴ ʧʦʤʧ * ʏʘʩ ʨʦʙʦʪʠ ʧʦʤʧ) / (ʊʠʩʢ ʧʝʨʝʜ 

ʧʦʤʧʘʤʠ * ɺʠʪʨʘʪʘ ʚʦʜʠ) 
(7) 

ɸʚʪʦʨʘʤʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ 

ʧʽʜ ʯʘʩ ʧʦʰʢʦʜʞʝʥʥʷ ʚʦʜʦʧʨʦʚʦʜʫ ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʘʚʘʨʽʾ, ʱʦ 

ʩʪʘʣʠʩʷ ʨʘʥʽʰʝ ʥʘ ʚʦʜʦʧʨʦʚʦʜʽ ʜʘʥʦʛʦ ʤʽʩʪʘ, ʽ ʪʨʠʚʘʣʦʩʪʽ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʫ 

ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ [8]. ʎʶ ʤʦʜʝʣʴ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʤʝʪʦʜʦʤ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ [9], ʘʣʝ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʜʝʷʢʽ ʩʫʤʥʽʚʠ. 

ɸʥʘʣʽʟ ʥʘʷʚʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ 

ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ: ʟʥʦʩ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʢʦʨʦʟʽʷ, 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʪʠʩʢ, ʚʧʣʠʚ ʛʨʫʥʪʫ ʪʦʱʦ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʘʚʘʨʽʡ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʮʽ 

ʬʘʢʪʦʨʠ ʪʘ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ ʪʘ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. 

ʇʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʽʥʪʝʛʨʘʣʴʥʫ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʫʚʝʩʪʠ ʾʾ ʜʦ ʥʘʷʚʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [10]. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʂʆʅʌɯɻʋʈʋɺɸʅʅʗ ʅɽʁʈʆʅʅʆɰ ʄɽʈɽɾɯ ɼʃʗ ʂʃɸʉʀʌɯʂɸʎɯɰ 

ɽʄʆʎɯʁʅʆɰ ʊʆʅɸʃʔʅʆʉʊɯ ʊɽʂʉʊʆɺʆɰ ɯʅʌʆʈʄɸʎɯɰ ɿɸ 

ʇʆʂɸɿʅʀʂɸʄʀ ʉɽʄɸʅʊʀʏʅʆɰ ɿɺôʗɿʅʆʉʊɯ 
 

ʆʧʠʩʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʢʣʘʩʫ 

ʪʨʘʥʩʬʦʨʤʝʨ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʩʝʤʘʥʪʠʯʥʦʾ ʟʚôʷʟʥʦʩʪʽ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪ̔ ʚ. 

 

The results of research on the configuration of a transformer-class neural network for the 

classification of the emotional tonality of text information based on indicators of semantic 

connectivity are described. The choice of optimal parameters necessary for effective classification 

of the emotional tonality of texts is substantiated. 

 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʤʝʪʦʜʦʤ 

ʚʠʣʫʯʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʮʽʥʦʢ ʢʦʨʠʩʪʫʚʘʯʽʚ ʱʦʜʦ ʧʨʦʜʫʢʪʽʚ ʽ ʤʦʜʝʣʝʡ ʪʘ ʤʘʻ 

ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʝʤʦʮʽʡ, ʱʦ ʩʪʦʷʪʴ ʟʘ ʮʠʤ ʪʝʢʩʪʦʤ [1]. ɼʦ ʧʨʠʢʣʘʜʫ, ʘʥʘʣʽʟ ʥʘʩʪʨʦʾʚ ʪʚʽʪʽʚ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʴʤʠ ʧʝʚʥʠʭ ʥʦʚʠʥ, ʦʮʽʥʢʘ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʟ ʨʦʙʦʪʦʤ, 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʫ ʚʠʙʦʨʽ ʪʦʚʘʨʽʚ ʪʦʱʦ. 

ʈʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʫʢʨʘʾʥʦʤʦʚʥʠʭ 

ʪʝʢʩʪʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʚʽʜʛʫʢʽʚ ʩʝʨʚʽʩʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʷʢ 

ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʴʤʠ ʧʝʚʥʠʭ ʥʦʚʠʥ, ʪʘʢ ʽ ʜʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʮʽʣʝʡ ʷʢ ʪʦ 

ʦʮʽʥʢʠ ʨʦʙʦʪʠ ʤʝʥʝʜʞʝʨʘ ʪʦʱʦ. 

ʋ ʥʘʧʨʷʤʢʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʙʽʣʴʰʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʧʨʠʩʚʷʯʝʥʦ ʩʘʤʝ ʨʦʙʦʪʽ ʟ ʘʥʛʣʦʤʦʚʥʠʤʠ ʪʝʢʩʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʻ 

ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʨʦʟʤʽʯʝʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʥʘ ʢʰʪʘʣʪ IMDB (ʥʘʙʽʨ ʨʦʟʤʽʯʝʥʠʭ 

ʜʘʥʠʭ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʥʘʜ 50 000 ʦʛʣʷʜʽʚ ʬʽʣʴʤʽʚ) ʪʘ ʥʘʙʽʨ ʨʦʟʤʽʯʝʥʠʭ ʟʘ ʝʤʦʮʽʡʥʠʤ 

ʟʘʙʘʨʚʣʝʥʥʷʤ ʚʽʜʛʫʢʽʚ ʟ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ çAmazonè. ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʴ 

ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ, ʧʝʨʰʘ ʧʨʦʙʣʝʤʘ ʟ ʷʢʦʶ ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʥʘʫʢʦʚʮʽ, ʩʪʦʩʫʻʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [2]. ɺ ʦʩʥʦʚʥʦʤʫ ʥʘʫʢʦʚʮʽ ʪʘʢʽ ʜʘʥʽ ʟʙʠʨʘʶʪʴ ʩʘʤʽ, ʱʦ ʻ 

ʪʨʫʜʦʤʽʩʪʢʠʤ ʧʨʦʮʝʩʦʤ, ʪʘ ʟʘʟʚʠʯʘʡ ʪʘʢʽ ʜʘʥʽ ʥʝ ʻ ʨʦʟʤʽʯʝʥʠʤʠ, ʾʭ ʧʦʪʨʽʙʥʦ 

ʨʦʟʤʽʯʫʚʘʪʠ çʚʨʫʯʥʫè. 

ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ 

ʚʘʨʽʘʮʽʶ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ RoBERTa (ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ çʅʘʜʽʡʥʦ ʦʧʪʠʤʽʟʦʚʘʥʠʡ 

ʧʽʜʭʽʜ BERTè), ʷʢʘ ʻ ʚʘʨʽʘʥʪʦʤ ʤʦʜʝʣʽ BERT (Bidirectional Encoder Representations 
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from Transformers), ʷʢʫ ʨʦʟʨʦʙʠʣʠ ʜʦʩʣʽʜʥʠʢʠ Facebook AI [3]. ʗʢ ʽ BERT, RoBERTa 

ʻ ʤʦʚʥʦʶ ʤʦʜʝʣʣʶ ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʩʬʦʨʤʝʨʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʘʤʦʫʚʘʛʫ ʜʣʷ 

ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʽ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʝʢʩʪʫʘʣʽʟʦʚʘʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʩʣʽʚ 

ʫ ʨʝʯʝʥʥʽ. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ RoBERTa ʪʘ BERT ʻ ʪʝ, ʱʦ RoBERTa 

ʥʘʚʯʘʚʩʷ ʥʘ ʟʥʘʯʥʦ ʙʽʣʴʰʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʬʝʢʪʠʚʥʽʰʦʾ 

ʧʨʦʮʝʜʫʨʠ ʥʘʚʯʘʥʥʷ. ʇʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ RoBERTa ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʽʢʫ ʜʠʥʘʤʽʯʥʦʛʦ 

ʤʘʩʢʫʚʘʥʥʷ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʤʦʜʝʣʽ ʚʠʚʯʘʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʣʽʚ. 

ʊʘʢ ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʩʝʤʘʥʪʠʯʥʦʾ ʟʚôʷʟʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʧʽʜʭʦʜʫ ʻ ʩʴʦʛʦʜʥʽ 

ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ ʥʘ ʩʴʦʛʦʜʥʽ ʪʘʢʦʞ 

ʻ ʜʝʷʢʽ ʥʘʧʨʘʮʶʚʘʥʥʷ. ʆʜʥʠʤʠ ʟ ʷʢʠʭ ʻ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʘ ʤʫʣʴʪʠʤʦʚʥʘ ʤʦʜʝʣʴ 

ʧʨʝʧʨʦʮʝʩʠʥʛʫ, ʱʦ ʧʨʘʮʶʻ ʪʘʢʦʞ ʽ ʟ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ ʪʘ ʱʝ ʟ ʧʦʥʘʜ 50 ʽʥʰʠʤʠ 

ʤʦʚʘʤʠ [4], ʪʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʤʦʜʝʣʝʡ ʙʽʙʣʽʦʪʝʢʠ Tensorflow_hub ʤʦʚʠ Python. 

ʅʘ ʙʘʟʽ ʮʠʭ ʤʦʜʝʣʝʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ, ʱʦ ʙʫʜʝ ʜʦʥʘʚʯʝʥʦ ʥʘ 

ʚʠʱʝʦʧʠʩʘʥʽʡ ʚʠʙʽʨʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɺʠʙʽʨ ʤʫʣʴʪʠʤʦʚʥʠʭ ʤʦʜʝʣʝʡ 

ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʷʢ ʚʞʝ ʙʫʣʦ ʚʠʱʝ ʥʘʚʝʜʝʥʦ, ʪʝʢʩʪʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʪʝʢʩʪ ʥʝ 

ʪʽʣʴʢʠ ʣʽʪʝʨʘʪʫʨʥʦʶ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ. 

ʂʦʥʬʽʛʫʨʘʮʽʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ 

ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʙʘʟʽ ʦʙʨʘʥʦʛʦ ʪʠʧʫ ʥʝʡʨʦʤʝʨʝʞʽ ʤʘ ̒ʥʘʩʪʫʧʥʫ ʩʪʨʫʢʪʫʨʫ. 

ʅʘ ʚʭʽʜʥʦʤʫ ʰʘʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʾ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʪʝʥʟʦʨ 

Keras, ʪʦʙʪʦ ʩʠʤʚʦʣʽʯʥʠʡ ʪʝʥʟʦʨʦʧʦʜʽʙʥʠʡ ʦʙôʻʢʪ, ʷʢʠʡ ʜʦʧʦʚʥʶʻʪʴʩʷ ʘʪʨʠʙʫʪʘʤʠ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ Keras ʟʘ ʚʭʽʜʥʠʤ ʪʘ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʤʦʜʝʣʽ. 

ʅʘʜʘʣʽ ʪʝʥʟʦʨ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ ʰʘʨʫ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʦʙʛʦʨʪʢʫ ʦʙôʻʢʪʘ, ʱʦ ʚʠʢʣʠʢʘʻʪʴʩʷ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʰʘʨʫ Keras ʥʘ ʙʘʟʽ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʦʾ ʤʦʜʝʣʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʫ [4]. ɼʘʥʘ ʤʦʜʝʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ SentencepieceTokenizer [5], ʱʦ ʪʦʢʝʥʽʟʫʻ ʪʝʥʟʦʨ ʨʷʜʢʽʚ UTF-8 ʪʘ ʻ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʪʦʢʝʥʽʟʘʪʦʨʦʤ ʽ ʜʝʪʦʢʝʥʽʟʘʪʦʨʦʤ ʪʝʢʩʪʫ. 

ʅʘʩʪʫʧʥʠʤ ʰʘʨʦʤ ʻ RoBERTa ʝʥʢʦʜʝʨ. ʎʝʡ ʰʘʨ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʦʾ ʤʦʜʝʣʽ çxlm_roberta_multi_cased_L-12_H-768_A-12è [6], ʱʦ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʢʨʦʩ-ʤʦʚʥʦʛʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ 

ʤʘʩʰʪʘʙʽ (XLM-RoBERTa), ʪʘ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʘ ʥʘ 2,5 ʊɹ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʜʘʥʠʭ 

CommonCrawl, ʱʦ ʤʽʩʪʷʪʴ 100 ʤʦʚ. 

ʅʘʩʪʫʧʥʠʤ ʰʘʨʦʤ ʻ ʰʘʨ dropout, ʱʦ ʚʠʧʘʜʢʦʚʦ ʚʩʪʘʥʦʚʣʶʻ ʦʜʠʥʠʮʽ 

ʚʚʝʜʝʥʥʷ ʥʘ 0 ʽʟ ʯʘʩʪʦʪʦʶ ʰʚʠʜʢʦʩʪʽ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ, ʱʦ 

ʜʦʧʦʤʘʛʘʻ ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʥʘʚʯʘʥʥʶ. ɺʭʽʜʥʽ ʜʘʥʽ, ʜʣʷ ʷʢʠʭ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʝʥʥʷ 0 

ʤʘʩʰʪʘʙʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʫʤʘ ʚʩʽʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʥʝ ʟʤʽʥʶʚʘʣʘʩʷ. 

ʆʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʚ ʤʦʜʝʣʽ ʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʣʘʩʠʬʽʢʘʮʽʷ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʾ Dense ʪʘ ʚʠʜʘʻ ʨʝʟʫʣʴʪʘʪ ʚʽʜ 0 ʜʦ 1, ʱʦ ʻ ʤʽʨʦʶ ʧʦʟʠʪʠʚʫ ʚ 

ʫʢʨʘʾʥʦʤʦʚʥʠʭ ʚʽʜʛʫʢʘʭ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ. ɼʝ 0 ï ʥʝʛʘʪʠʚʥʠʡ ʪʝʢʩʪ, ʘ 1 ï 

ʧʦʟʠʪʠʚʥʠʡ ʪʝʢʩʪ. 
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ɼʘʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʧʨʦʭʦʜʠʪʴ ʜʦʥʘʚʯʘʥʥʷ ʧʽʜ ʚʠʱʝʦʧʠʩʘʥʫ 

ʚʠʙʽʨʢʫ. ɼʦʥʘʚʯʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʽʟ ʨʽʟʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ: ʢʽʣʴʢʽʩʪʴ ʝʧʦʭ ʥʘʚʯʘʥʥʷ, Seed, Batch size [7].  

ʂʽʣʴʢʽʩʪʴ ʝʧʦʭ ʥʘʚʯʘʥʥʷ ʧʦʢʘʟʫʻ, ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʤʦʜʝʣʴ ʧʽʜʣʷʛʘʻ ʥʘʚʯʘʥʥʶ. 

ʇʘʨʘʤʝʪʨ Seed ʙʫʜʝ ʚʟʷʪʦ 42, ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʷʢʱʦ ʥʝ ʚʩʪʘʥʦʚʠʪʠ ʜʣʷ random_state 

ʟʥʘʯʝʥʥʷ 42, ʱʦʨʘʟʫ, ʢʦʣʠ ʟʥʦʚʫ ʙʫʜʝ ʟʘʧʫʩʢʘʪʠʩʴ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ, ʚʽʥ 

ʩʪʚʦʨʶʚʘʪʠʤʝ ʽʥʰʠʡ ʪʝʩʪʦʚʠʡ ʥʘʙʽʨ. Batch size ï ʢʽʣʴʢʽʩʪʴ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʽʪʝʨʘʮʽʾ. ɼʫʞʝ ʚʘʞʢʦ ʚʽʜʨʘʟʫ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ 

ʽʜʝʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʘʨʪʽʾ ʜʣʷ ʧʦʪʨʝʙ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ, ʪʦʤʫ ʜʘʥʠʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝ 

ʧʽʜʽʙʨʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ.    

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʟʥʘʯʘʣʠʩʴ ʧʦʢʘʟʥʠʢʠ ʦʮʽʥʢʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʪʘʢʽ ʷʢ: ʯʘʩ ʥʘʚʯʘʥʥʷ ʚ ʩʝʢʫʥʜʘʭ, ʪʦʯʥʽʩʪʴ ʪʘ ʚʪʨʘʪʠ. ʋ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʚʪʨʘʪ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʙʽʥʘʨʥʘ ʢʨʦʩ-ʝʥʪʨʦʧʽʯʥʘ ʬʫʥʢʮʽʷ. ʊʦʯʥʽʩʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʽʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣʴʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʟʘʛʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʦʚʽʜʝʡ. 

ɺʨʘʭʦʚʫʚʘʣʠʩʴ ʦʜʝʨʞʘʥʽ ʧʦʢʘʟʥʠʢʠ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ (ʯʘʩ ʥʘʚʯʘʥʥʷ, 

ʪʦʯʥʽʩʪʴ ʪʘ ʚʪʨʘʪʠ) ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ ʥʘʣʘʰʪʫʚʘʥʥʷ (ʢʽʣʴʢʽʩʪʴ ʝʧʦʭ 

ʥʘʚʯʘʥʥʷ, seed, batch size) ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. ʆʩʢʽʣʴʢʠ ʜʦʩʣʽʜʞʫʚʘʥʘ 

ʚʝʨʩʽʷ RoBERTa ʻ ʤʫʣʴʪʠʤʦʚʥʠʤ ʪʨʘʥʩʬʦʨʤʝʨʦʤ, ʜʦʥʘʚʯʝʥʠʤ ʥʘ ʙʽʣʽʥʛʚʽʩʪʠʯʥʠʭ 

ʜʘʥʠʭ, ʚ ʮʽʣʦʤʫ ʥʝʡʨʦʤʝʨʝʞʘ ʥʝ ʤʘʻ ʧʨʦʙʣʝʤ ʟ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʥʘʩʪʨʦʾʚ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʝʢʩʪʽʚ, ʷʢʠʭ ʥʝʤʘʻ ʚ ʥʘʚʯʘʣʴʥʽʡ ʪʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʢʘʭ 

ʧʦʢʘʟʘʥʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʧʦʥʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʅʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʥʝ 

ʯʠʩʪʠʣʘʩʴ çʚʨʫʯʥʫè, ʪʦʤʫ ʜʦʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʝʚʥʠʡ ʚʽʜʩʦʪʦʢ ʭʠʙʥʦ-

ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʝʢʩʪʽʚ, ʧʨʦʪʝ ʮʝ ʥʝ ʜʘʻ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʽʥʮʝʚʫ ʪʦʯʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʧʠʩʘʥʽ ʥʝ ʣʠʰʝ 

ʯʠʩʪʦʶ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ, ʘ ʡ ʤʽʩʪʷʪʴ ʩʫʨʞʠʢ ʪʘ ʙʽʣʽʥʛʚʽʩʪʠʯʥʽ ʜʘʥʽ. ʅʘ ʈʠʩʫʥʢʫ 1 

ʛʨʘʬʽʢ ʽʣʶʩʪʨʫʻ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʪʦʯʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʡʜʝʥʠʭ ʝʧʦʭ, ʘ 

ʈʠʩʫʥʢʫ 2 ï ʟʤʽʥʠ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʜʣʷ ʢʦʤʙʽʥʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʯʘʥʥʷ: 3 ʝʧʦʭʠ, 64 

ʨʦʟʤʽʨ ʙʘʪʯʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɯʣʶʩʪʨʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʟʘ ʝʧʦʭʘʤʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʪʦʯʥʦʩʪʽ ʟʘ 

ʢʽʣʴʢʦʩʪʽ ʝʧʦʭ ʥʘʚʯʘʥʥʷ 3 
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ʈʠʩʫʥʦʢ 2 ï ɯʣʶʩʪʨʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʟʘ ʝʧʦʭʘʤʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʬʫʥʢʮʽʾ ʚʪʨʘʪ 

ʟʘ ʢʽʣʴʢʦʩʪʽ ʝʧʦʭ ʥʘʚʯʘʥʥʷ 3 

 

ɻʨʘʬʽʢ ʥʘ ʈʠʩʫʥʢʫ 1 ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʝʧʦʭ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʫ, ʦʩʢʽʣʴʢʠ ʧʦʢʘʟʥʠʢ Accuracy ʤʘʚ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ, ʘ 

ʧʦʢʘʟʥʠʢ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ï ʜʦ ʩʧʘʜʘʥʥʷ, ʥʝ ʟʘʩʪʠʛʰʠ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ.  

ʇʨʦʪʝ, ʧʨʦʜʦʚʞʠʚʰʠ ʝʢʩʧʝʨʠʤʝʥʪ, ʟʤʽʥʠʚʰʠ ʢʽʣʴʢʽʩʪʴ ʝʧʦʭ ʥʘʚʯʘʥʥʷ ʜʦ 10, 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ ʥʘ ʈʠʩʫʥʢʘʭ 3 ʪʘ 4. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɯʣʶʩʪʨʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʟʘ ʝʧʦʭʘʤʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʪʦʯʥʦʩʪʽ ʟʘ 

ʢʽʣʴʢʦʩʪʽ ʝʧʦʭ ʥʘʚʯʘʥʥʷ 10 

 

 
ʈʠʩʫʥʦʢ 4 ï ɯʣʶʩʪʨʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʟʘ ʝʧʦʭʘʤʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʬʫʥʢʮʽʾ ʚʪʨʘʪ 

ʟʘ ʢʽʣʴʢʦʩʪʽ ʝʧʦʭ ʥʘʚʯʘʥʥʷ 10 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʙʽʨʢʠ ʜʣʷ ʚʘʣʽʜʘʮʽʾ 

ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝ ʨʦʩʪʝ. ɸ ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʚʟʘʛʘʣʽ ʧʽʩʣʷ 3ʾ ʽʪʝʨʘʮʽʾ ʜʣʷ ʚʠʙʽʨʢʠ 
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ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʤʘʣʘ ʪʝʥʜʝʥʮʽʶ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. ʇʨʦʪʝ, ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʚʠʙʽʨʢʠ ʥʝʜʦʩʪʘʪʥʴʦ ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ. ʆʩʢʽʣʴʢʠ ʧʝʨʝʚʽʨʢʘ 

ʥʝʡʨʦʤʝʨʝʞʽ ʥʘ ʪʝʢʩʪʘʭ, ʱʦ ʥʝ ʤʽʩʪʷʪʴʩʷ ʚ ʙʘʟʽ ʜʘʣʘ ʧʨʘʢʪʠʯʥʦ ʙʝʟʧʦʤʠʣʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ 40 ʪʝʢʩʪʽʚ, ʷʢʽ ʜʽʡʩʥʦ ʤʽʩʪʠʣʠ ʝʤʦʮʽʶ. ɻʨʘʬʽʢ ʽʣʶʩʪʨʘʮʽʾ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʦʥʘʚʯʘʥʥʷ ʧʦ ʝʧʦʭʘʤ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʘʭ 5 ʪʘ 6.  

 

 
ʈʠʩʫʥʦʢ 5 ï ɯʣʶʩʪʨʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʟʘ ʝʧʦʭʘʤʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʪʦʯʥʦʩʪʽ ʟ 

ʜʦʥʘʚʯʘʥʥʷʤ 

 

 
ʈʠʩʫʥʦʢ 6 ï ɯʣʶʩʪʨʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʟʘ ʝʧʦʭʘʤʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʟ 

ʜʦʥʘʚʯʘʥʥʷʤ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ 

ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʠʙʽʨʢʘ ʷʢ ʚʞʝ ʙʫʣʦ ʚʠʱʝ ʩʢʘʟʘʥʦ, ʥʝ ʙʫʣʘ 

ʦʯʠʱʝʥʘ ʚʨʫʯʥʫ. ʊʦʤʫ, ʟʽ ʟʨʦʩʪʦʤ ʢʽʣʴʢʦʩʪʽ ʝʧʦʭ ʥʝʡʨʦʤʝʨʝʞʘ ʧʦʯʠʥʘʻ ʧʨʦʩʪʦ 

çʟʘʧʘʤôʷʪʦʚʫʚʘʪʠè, ʷʢʽ ʪʝʢʩʪʠ ʢʫʜʠ ʥʘʣʝʞʘʪʴ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʯʝʨʚʦʥʘ ʣʽʥʽʷ ʥʘ 

ʛʨʘʬʽʢʘʭ 3-4 ʪʘ 5-6. ʊʘʢ ʷʢ ʜʣʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʟʥʘʯʥʦ ʤʝʥʰʘ, ʘ 

ʪʦʯʥʽʩʪʴ ï ʟʥʘʯʥʦ ʚʠʱʘ. ʇʨʦʪʝ, ʦʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʪʘ ʪʦʯʥʦʩʪʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʚʠʙʽʨʢʘ ʥʝ ʙʫʣʘ ʚʽʜʬʽʣʴʪʨʦʚʘʥʘ çʚʨʫʯʥʫè, ʽ ʤʽʩʪʠʣʘ ʪʝʢʩʪʠ, ʷʢʽ 

ʚʢʣʶʯʘʣʠ ʙʝʟʝʤʦʮʽʡʥʽ ʢʦʤʝʥʪʘʨʽ, ʯʘʩʪʦ ʟ ʦʜʥʦʛʦ ʩʣʦʚʘ ʘʙʦ ʬʨʘʟʠ. ɼʦ ʪʦʛʦ ʞ, 

ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʦʮʽʥʢʠ ʪʦʥʘʣʴʥʦʩʪʽ ʧʦʢʘʟʘʚ ʥʘ ʧʨʘʢʪʠʮʽ ʟ 40 ʬʨʘʟ, ʷʢʠʭ ʥʝ ʤʘʻ ʥʽ 

ʚ ʥʘʚʯʘʣʴʥʽʡ, ʥʽ ʚ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʢʘʭ, ʽ ʷʢʽ ʙʫʣʠ ʧʦʧʝʨʝʜʥʴʦ ʦʮʽʥʝʥʽ ʝʢʩʧʝʨʪʦʤ, ʱʦ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʩʧʨʘʚʣʷʻʪʴʩʷ ʟ ʟʘʚʜʘʥʥʷʤ ʙʝʟʧʦʤʠʣʢʦʚʦ, ʧʨʠ ʯʦʤʫ ʪʝʢʩʪʠ ʤʽʩʪʠʣʠ 

ʷʢ ʩʪʠʣʽʩʪʠʯʥʽ, ʪʘʢ ʽ ʦʨʬʦʛʨʘʬʽʯʥʽ ʧʦʤʠʣʢʠ ʪʘ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʫʣʴʪʠʤʦʚʥʠʤʠ 

ʜʘʥʠʤʠ.  
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ʆʪʞʝ, ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʧʨʷʤʫ ʩʝʤʘʥʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʫ, 

ʘ ʩʘʤʝ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʽʻʶ ʽʟ ʥʘʡʙʽʣʴʰ 

ʪʦʯʥʠʭ ʥʝʡʨʦʤʝʨʝʞ ʚʠʟʥʘʯʠʣʠ ʘʨʭʽʪʝʢʪʫʨʫ BERT, ʧʨʦʪʝ ʜʣʷ ʘʥʘʣʽʟʫ ʢʦʨʦʪʢʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʢʨʘʱʝ ʩʝʙʝ ʧʦʢʘʟʘʣʘ ʾʾ ʤʦʜʠʬʽʢʘʮʽʷ ï RoBERTa. ɼʣʷ ʦʮʽʥʢʠ ʨʦʙʦʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʦʯʥʽʩʪʴ ʪʘ ʬʫʥʢʮʽʶ ʚʪʨʘʪ. ɼʣʷ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʤʫʣʴʪʠʤʦʚʥʠʭ ʪʝʢʩʪʽʚ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʪʦʯʥʽʩʪʴ 0.92, ʚ ʪʦʡ ʯʘʩ ʷʢ ʬʫʥʢʮʽʷ ʚʪʨʘʪ 

ʤʘʣʘ ʟʥʘʯʝʥʥʷ 0.29.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ɼʦʮʽʣʴʥʦ ʡʦʛʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʥʘʣʴʥʦʩʪʽ ʢʦʨʦʪʢʠʭ ʪʝʢʩʪʦʚʠʭ ʪʝʢʩʪʽʚ (ʜʦʚʞʠʥʦʶ ʜʦ 500 ʩʣʽʚ), ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ 

ʫʢʨʘʾʥʩʴʢʽʡ ʤʦʚʽ ʪʘ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʩʫʨʞʠʢ ʪʘ ʽʥʰʦʤʦʚʥʽ ʚʢʣʘʜʝʥʥʷ ʩʣʽʚ. ɿʤʽʥʘ 

ʚʤʽʩʪʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ɿ ʯʘʩʦʤ ʚ ʧʦʙʫʪʦʚʽʡ ʤʦʚʽ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʟʤʽʥʠ, ʷʢʽ ʪʘʢʦʞ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʽʜ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 
1. Mann, S., Arora, J., Bhatia, M., Sharma, R., Taragi, R, Twitter Sentiment Analysis Using 

Enhanced BERT, in: Kulkarni, A.J., Mirjalili, S., Udgata, S.K. Intelligent Systems and 

Applications. Lecture Notes in Electrical Engineering, vol 959. Springer, Singapore, 2023, pp. 

263-271.  

2. Panchenko, D., Maksymenko, D., Turuta, O., Yerokhin, A., Daniiel, Y., Turuta, O., Evaluation 

and Analysis of the NLP Model Zoo for Ukrainian Text Classification, in: Information and 

Communication Technologies in Education, Research, and Industrial Applications. ICTERI 

2021, Communications in Computer and Information Science, vol 1698. Springer, Cham.  

3. Ai.Facebook.Com., RoBERTa: An optimized method for pretraining self-supervised NLP 

systems. URL: https://ai.facebook.com/blog/roberta-an-optimized-method-for-pretraining-self-

supervised-nlp-systems. 

4. Tfhub.Dev., Text preprocessing model xlm_roberta_multi_cased_preprocess. URL: 

https://tfhub.dev/jeongukjae/xlm_roberta_multi_cased_preprocess/1. 

5. Tensorflow.Org., Text.SentencepieceTokenizer. URL: 

https://www.tensorflow.org/text/api_docs/python/text/SentencepieceTokenizer. 

6. Tfhub.Dev., Unsupervised Cross-lingual Representation Learning at Scale. 

xlm_roberta_multi_cased_L-12_H-768_A-12. URL: 

https://tfhub.dev/jeongukjae/xlm_roberta_multi_cased_L-12_H-768_A-12/1. 

7. ɿʘʣʫʮʴʢʘ ʆ.ʆ., ʄʦʣʯʘʥʦʚʘ ʄ.ʆ., ʄʘʟʫʨʝʮʴ ʆ.ɺ., ʄʝʣʴʥʠʢ ʆ.ɯ., ʉʢʨʠʧʥʠʢ ʊ.ʂ. ʄʝʪʦʜ 
ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʤʦʮʽʡʥʦʾ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʚʝʜʽʥʢʦʚʠʭ ʥʘʤʽʨʽʚ ʥʝʡʨʦʤʝʨʝʞʝʚʠʤʠ ʟʘʩʦʙʘʤʠ. ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɺʽʩʥʠʢ 

ʍʤʝʣɹʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè ʩʝʨʽʷ: ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. ʍʤʝʣʴʥʠʮʴʢʠʡ, 2023. 

ˉ5 (325). ʊ.1. ʉ. 67-73. 

  



ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ 

 ȬȻȶȹ-2023  108 

#Paper_2023_030_KN 

ʋɼʂ 004.4 

 

ɿʘʧʦʨʦʞʝʮʴ ʄ.ɺ., ʄʦʣʯʘʥʦʚʘ ʄ.ʆ., ʉʢʨʠʧʥʠʢ ʊ.ʂ. 

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ɺʀʗɺʃɽʅʅʗ ʇɸʊʆʃʆɻɯʁ ʄʆɿʂʋ ɿɸ ɿʆɹʈɸɾɽʅʅʗʄʀ 

ʄɸɻʅɯʊʅʆ-ʈɽɿʆʅɸʅʉʅʆɰ ʊɽʈɸʇɯɰ ʅɽʁʈʆʄɽʈɽɾɽɺʀʄʀ ɿɸʉʆɹɸʄʀ 
 
ʈʦʟʛʣʷʥʫʪʦ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ 

ʪʝʨʘʧʽʾ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʟʥʘʭʦʜʠʪʠ ʨʽʟʥʽ ʚʠʜʠ ʧʘʪʦʣʦʛʽʡ ʥʘ ʜʽʣʷʥʢʘʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ 
ʪʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʘʚʠʣʴʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʣʽʢʫʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʧʦʰʫʢ 
ʧʘʪʦʣʦʛʽʾ ʤʦʟʢʫ ʧʦ ʟʦʙʨʘʞʝʥʥʶ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʪʝʨʘʧʽʾ. 

 
The article deals with the aspects of developing a method for analyzing magnetic 

resonance imaging, which allows to effectively find various types of pathologies in the brain and 
subsequently organize treatment correctly. The proposed method provides a search for brain 
pathology by magnetic resonance imaging. 

 

ɺ ʩʫʯʘʩʥʽʡ ʤʝʜʠʮʠʥʽ ʚʘʞʣʠʚʠʤ ʻ ʚʠʷʚʣʝʥʥʷ ʧʘʪʦʣʦʛʽʡ ʤʦʟʢʫ ʜʣʷ ʨʘʥʥʴʦʾ 
ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ. ʆʜʠʥ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ - 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʪʝʨʘʧʽʾ 
(ʄʈʊ) ʤʦʟʢʫ. ʎʝʡ ʧʽʜʭʽʜ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʫ ʪʘ ʰʚʠʜʢʫ ʜʽʘʛʥʦʩʪʠʢʫ, ʘ ʪʘʢʦʞ 
ʧʦʣʽʧʰʠʪʠ ʧʣʘʥʫʚʘʥʥʷ ʣʽʢʫʚʘʥʥʷ. ɸʥʘʣʽʟ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʤʘʛʘʻ ʫʚʘʞʥʦʩʪʽ ʪʘ 
ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ ʬʘʭʽʚʮʷ, ʘ ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʯʘʩʫ. ʐʚʠʜʢʝ ʪʘ ʚʯʘʩʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ 
ʜʽʘʛʥʦʟʫ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʪʠ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʧʘʮʽʻʥʪʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ 
ʥʝʡʨʦʤʝʨʝʞ ʜʣʷ ʘʥʘʣʽʟʫ ʄʈʊ ʤʦʞʝ ʪʘʢʦʞ ʚʠʷʚʣʷʪʠ ʩʠʛʥʘʣʠ ʧʘʪʦʣʦʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ 
ʙʫʪʠ ʥʝʧʦʤʽʪʥʠʤʠ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʢʘ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʣʷʪʠ ʧʘʪʦʣʦʛʽʾ ʥʘ ʨʘʥʥʽʭ 
ʩʪʘʜʽʷʭ, ʢʦʣʠ ʣʽʢʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʪʘ ʤʦʞʝ ʟʘʧʦʙʽʛʪʠ ʧʦʜʘʣʴʰʦʤʫ 
ʧʨʦʛʨʝʩʫ ʭʚʦʨʦʙʠ. ɸʥʘʣʽʟ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʻ ʚʘʞʣʠʚʠʤ ʤʝʪʦʜʦʤ ʜʽʘʛʥʦʩʪʠʢʠ 
ʜʣʷ ʯʠʩʣʝʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 

ʊʝʤʫ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʄʈʊ ʟʦʙʨʘʞʝʥʴ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 
ʜʝʥʴ ʜʦʩʣʽʜʞʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ. ɼʝʭʪʦ ʟ ʥʠʭ, ʟʘʚʜʷʢʠ ʨʝʟʫʣʴʪʘʪʘʤ 
ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʴ ï ʚʽʜʢʨʠʚʘʶʪʴ ʱʦʩʴ ʥʦʚʝ ʘʙʦ ʧʦʢʨʘʱʫʶʪʴ ʚ ʟʘʛʘʣʴʥʦʤʫ ʨʦʙʦʪʫ 
ʮʴʦʛʦ ʤʝʪʦʜʫ. ɼʣʷ ʧʨʠʢʣʘʜʫ: 

ʋ ʨʦʙʦʪʽ [1] ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʩʪʝʤʫ ʚʠʷʚʣʝʥʥʷ ʧʫʭʣʠʥ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʥʘ 
ʦʩʥʦʚʽ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (CNN). ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ 
ʢʦʤʧʦʥʝʥʪʽʚ: 

1) ɸʨʭʽʪʝʢʪʫʨʘ CNN: ɸʚʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʠʬʽʢʦʚʘʥʫ ʘʨʭʽʪʝʢʪʫʨʫ 
VGG16, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 13 ʰʘʨʽʚ ʟʛʦʨʪʢʠ, 3 ʰʘʨʽʚ ʧʦʚʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʪʘ 1 ʰʘʨʫ 
ʢʣʘʩʠʬʽʢʘʪʦʨʘ. 

2) ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ: ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ CNN 
ʘʚʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʷʢ ʥʦʨʤʘʣʽʟʘʮʽʷ, 
ʬʽʣʴʪʨʫʚʘʥʥʷ ʰʫʤʫ ʪʘ ʩʝʛʤʝʥʪʘʮʽʷ. 

file:///C:/ХНУ/АПКН/АПКН_2023/Тези/Тези/030%20Запорожець%20КНм-22-1%20(2).docx%23Посилання1
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ʉʠʩʪʝʤʘ ʧʨʦʪʝʩʪʦʚʘʥʘ ʥʘ ʥʘʙʦʨʽ ʜʘʥʠʭ BRATS 2022, ʷʢʠʡ ʤʽʩʪʠʪʴ 325 ʄʈʊ-
ʟʦʙʨʘʞʝʥʴ ʤʦʟʢʫ ʟ ʧʫʭʣʠʥʘʤʠ. ʊʝʩʪʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʠʩʪʝʤʘ ʤʦʞʝ 
ʜʦʩʷʛʪʠ ʪʦʯʥʦʩʪʽ 95,3% ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʫʭʣʠʥ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. 

ʋ ʨʦʙʦʪʽ [2]  ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʷʢʦʤʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 
ʥʦʚʫ ʤʦʜʝʣʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʫʭʣʠʥ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʥʘ 
ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ (ʄʈʊ). ʄʦʜʝʣʴ ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʛʦʨʪʢʦʚʠʭ 
ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ (CNN).ʋ ʩʪʘʪʪʽ ʧʨʦʚʝʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʥʘʙʦʨʽ ʜʘʥʠʭ ʟ 1000 
ʄʈʊ-ʟʦʙʨʘʞʝʥʴ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʥʘ ʷʢʠʭ ʙʫʣʠ ʧʦʟʥʘʯʝʥʽ ʧʫʭʣʠʥʠ. ʈʝʟʫʣʴʪʘʪʠ 
ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʦʩʷʛʣʘ ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʧʫʭʣʠʥ 
ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʥʘ ʨʽʚʥʽ 95%. 

ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʮʽ ʜʚʽ ʩʪʘʪʪʽ, ʪʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʧʝʨʰʘ ʩʪʘʪʪʷ, 
ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʙʽʨ ʜʘʥʠʭ ʟ 1000 ʄʈʊ-ʟʦʙʨʘʞʝʥʴ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʘ ʜʨʫʛʘ ʩʪʘʪʪʷ, 
ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʙʽʨ ʜʘʥʠʭ ʟ 2000 ʄʈʊ-ʟʦʙʨʘʞʝʥʴ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 
ʜʨʫʛʘ ʩʪʘʪʪʷ ʤʘʻ ʙʽʣʴʰʫ ʚʠʙʽʨʢʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʽʣʴʰ ʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʊʦʤʫ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʝʘʣʽʟʫʚʘʪʠ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ 
ʧʘʪʦʣʦʛʽʡ ʤʦʟʢʫ ʟʘ ʟʦʙʨʘʞʝʥʥʷʤʠ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʪʝʨʘʧʽʾ ʥʝʡʨʦʤʝʨʝʞʝʚʠʤʠ 
ʟʘʩʦʙʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʤʝʨʝʞʽ CNN.  

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 
 

 
ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʤʝʪʦʜʫ 

 
ʉʧʦʯʘʪʢʫ ʧʦʪʨʽʙʥʦ ʥʘʜʘʪʠ ʚʭʽʜʥʽ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʟʦʙʨʘʞʝʥʥʷ ʄʈʊ ʽ ʧʽʩʣʷ 

ʮʴʦʛʦ ʮʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ ʜʦ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʇʽʩʣʷ ʮʴʦʛʦ, ʮʽ ʜʘʥʥʽ 
ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʥʘʩʪʫʧʥʽ ʰʘʨʠ: 

ï ʇʦʯʠʥʘʶʯʠ ʟ ʥʫʣʴʦʚʦʛʦ ʟʘʧʦʚʥʝʥʦʛʦ ʰʘʨʫ ʟ ʨʦʟʤʽʨʦʤ ʧʫʣʫ (2,2), ʤʠ 
ʜʦʜʘʻʤʦ ʥʫʣʴʦʚʽ ʟʥʘʯʝʥʥʷ ʥʘʚʢʦʣʦ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʡʦʛʦ ʨʦʟʤʽʨʠ 
ʪʘ ʨʦʟʰʠʨʠʪʠ ʡʦʛʦ. 

ï ʅʘʩʪʫʧʥʦʶ ʩʪʨʫʢʪʫʨʥʦʶ ʦʜʠʥʠʮʝʶ ʻ ʟʛʦʨʪʢʦʚʠʡ ʰʘʨ ʟ ʬʽʣʴʪʨʘʤʠ, ʷʢʽ 
ʤʘʶʪʴ ʨʦʟʤʽʨ ʬʽʣʴʪʨʘ ʽ ʢʨʦʢ 1. ʎʝʡ ʰʘʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʨʽʟʥʠʭ ʦʟʥʘʢ ʪʘ 
ʦʩʦʙʣʠʚʦʩʪʝʡ ʟ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʌʽʣʴʪʨʠ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʚʭʽʜʥʦʤʫ 
ʟʦʙʨʘʞʝʥʥʶ, ʰʫʢʘʶʯʠ ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʘʙʦ ʚʝʨʪʠʢʘʣʴʥʽ 
ʣ̔ ʥʽʾ, ʢʫʪʠ, ʪʝʢʩʪʫʨʥʽ ʰʘʙʣʦʥʠ ʪʦʱʦ. 

ï ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʰʘʨ ʧʘʢʝʪʥʦʾ ʥʦʨʤʘʣʽʟʘʮʽʾ, ʷʢʠʡ ʩʣʫʞʠʪʴ ʜʣʷ 
ʥʦʨʤʘʣʽʟʘʮʽʾ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ ʟ ʤʝʪʦʶ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʯʠʩʣʝʥʴ. 
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ï ʇʽʩʣʷ ʮʴʦʛʦ ʚ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʘʨ ʘʢʪʠʚʘʮʽʾ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻ 
ʦʧʝʨʘʮʽʶ ʘʢʪʠʚʘʮʽʾ ʜʦ ʚʠʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʟʛʦʨʪʢʦʚʠʭ ʪʘ ʽʥʰʠʭ ʰʘʨʽʚ. 

ï ɼʚʘ ʥʘʩʪʫʧʥʠʭ ʰʘʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʽ ʚʠʜʽʣʝʥʥʷ 
ʥʘʡʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ ʟ ʧʝʚʥʠʭ ʦʙʣʘʩʪʝʡ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ï ʇʽʩʣʷ ʮʴʦʛʦ ʩʣʽʜʫʻ ʰʘʨ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʘʪʨʠʮʽ ʚ 
ʦʜʥʦʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ. 

ï ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ ʱʽʣʴʥʠʡ (ʚʠʭʽʜʥʠʡ) ʧʦʚʥʽʩʪʶ ʟʚ'ʷʟʘʥʠʡ ʰʘʨ ʟ 
ʦʜʥʠʤ ʥʝʡʨʦʥʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʠʛʤʦʾʜʥʫ ʘʢʪʠʚʘʮʽʶ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʤʝʪʦʜʫ, ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʧʝʚʥʦʶ 
ʢʽʣʴʢʽʩʪʶ ʥʘʙʦʨʫ ʜʘʥʠʭ ʚ 24 ʮʠʢʣʘ. ʈʝʟʫʣʴʪʘʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2-3. ʇʦ 
ʟʘʢʽʥʯʝʥʥʶ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʪʨʠʤʫʻʤʦ ʨʝʟʫʣʴʪʘʪ, ʱʦ ʥʘʡʢʨʘʱʘ ʪʦʯʥʽʩʪʴ ʙʫʣʘ 
ʦʪʨʠʤʘʥʘ ʥʘ 23 ʮʠʢʣʽ ʽ ʩʪʘʥʦʚʠʪʴ 91%. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪ 

 
ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʧʘʪʦʣʦʛʽʡ ʤʦʟʢʫ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʤʝʨʝʞʽ. ʎʝʡ 
ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʄʈʊ-ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʠʷʚʣʷʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 
ʚʠʜʠ ʧʘʪʦʣʦʛʽʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. ɹʽʣʴʰ ʪʦʛʦ, ʮʝʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʧʦʩʪʽʡʥʦ 
ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʴ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʦʚʠʭ ʚʠʤʦʛ ʪʘ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ 
ʟʘʭʚʦʨʶʚʘʥʴ ʤʦʟʢʫ, ʷʢʽ ʜʦʩʽ ʥʝ ʙʫʣʠ ʚʽʜʢʨʠʪʽ ʘʙʦ ʥʝ ʤʘʶʪʴ ʥʘʣʝʞʥʠʭ ʤʝʪʦʜʽʚ 
ʚʠʷʚʣʝʥʥʷ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ, ʢʦʣʠ ʣʽʢʫʚʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ. 

 
ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ʉʊʈʋʂʊʋʈʋɺɸʅʅʗ ʊɽʂʉʊʋ ʆɻʆʃʆʐɽʅʔ ɼʃʗ ʆɹ'ɭʂʊɯɺ 

ʅɽʈʋʍʆʄʆʉʊɯ ɿɸʉʆɹɸʄʀ NLP 
 

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʝʥʦʚʘʥʥʠʭ ʩʫʪʥʦʩʪʝʡ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʧʦ ʢʘʪʝʛʦʨʽʷʭ ʨʦʟʧʽʟʥʘʥʽ ʜʘʥʽ ʽʟ ʪʝʢʩʪʦʚʠʭ ʦʛʦʣʦʰʝʥʴ ʫ 

ʩʬʝʨʽ ʥʝʨʫʭʦʤʦʩʪʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʭʦʜʽʚ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʪʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʚ ʩʪʨʫʢʪʫʨʦʚʘʥʽ. ʊʘʢʦʞ ʪʫʪ ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤ 

ʨʦʙʦʪʠ ʪʘʢʦʛʦ ʤʝʪʦʜʫ, ʚʥʫʪʨʽʰʥʽ ʧʨʦʮʝʩʠ ʟʚôʷʟʘʥʽ ʟ ʥʠʤ ʪʘ ʨʝʟʫʣʴʪʘʪ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʩʫʪʥʦʩʪʝʡ 

 

A named entity recognition method is proposed that allows one to identify and categorize 

recognized data from text advertisements in the real estate industry using natural language 

processing methods, thereby ensuring the transformation of unstructured data into structured ones. 

The algorithm of this method, the internal processes connected with it and the result of entity 

recognition are described here 

 

ɺʩʪʫʧ 

ʉʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʠʩʦʢʦʦʨʛʘʥʽʟʦʚʘʥʫ, ʬʘʢʪʠʯʥʫ ʪʘ ʪʦʯʥʫ 

ʽʥʬʦʨʤʘʮʽʶ [1]. ɺʦʥʠ ʤʘʶʪʴ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʡ ʪʘ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʬʦʨʤʘʪ, ʷʢʠʡ 

ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʽʡʢʽʡ ʩʭʝʤʽ ʘʙʦ ʤʦʜʝʣʽ ʜʘʥʠʭ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʪʠʧ ʪʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʘʤʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ. ʅʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʥʝʦʨʛʘʥʽʟʦʚʘʥʠʡ ʥʘʙʽʨ ʽʥʬʦʨʤʘʮʽʾ [2]. ɺʦʥʠ ʥʝ ʤʘʶʪʴ ʧʝʚʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʩʴʦʤʫ ʨʽʟʥʦʤʘʥʽʪʪʽ ʬʦʨʤ. ʆʜʥʠʤ ʟ ʧʨʠʢʣʘʜʽʚ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʘʥʠʭ, ʜʝ ʤʦʞʝ ʤʽʩʪʠʪʠʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʙôʻʢʪʠ ʥʝʨʫʭʦʤʦʩʪʽ ʷʚʣʷʻʪʴʩʷ 

ʦʛʦʣʦʰʝʥʥʷ. 

ʆʛʦʣʦʰʝʥʥʷ ï ʮʝ ʢʦʨʦʪʢʽ ʪʝʢʩʪʦʚʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʢʦʪʨʽ ʤʽʩʪʷʪʴ ʨʽʟʥʫ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʶ, ʟʘʟʚʠʯʘʡ ʧʨʠʚʘʪʥʦʛʦ ʨʝʢʣʘʤʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [3]. ɿʤʽʩʪ 

ʙʫʜʴ-ʷʢʦʛʦ ʦʛʦʣʦʰʝʥʥʷ ʚʘʨʽʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʪʠʧʫ, ʪʘ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʷʢʫ 

ʚʽʥ ʧʨʝʜʩʪʘʚʣʷʻ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ ʟ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʪʝʢʩʪʫ 

ʦʛʦʣʦʰʝʥʴ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʯʠʤ 

ʟʘʡʤʘʻʪʴʩʷ ʦʢʨʝʤʘ ʛʘʣʫʟʴ ʧʽʜ ʥʘʟʚʦʶ ʦʙʨʦʙʢʘ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ (Natural Language 

Processing) [4]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʟ ʦʛʦʣʦʰʝʥʥʷ ʫ ʩʪʨʫʢʪʫʨʦʚʘʥʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʦʙʢʠ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʽʟʥʽ 

ʧʽʜʭʦʜʠ ʽ ʪʝʭʥʽʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʻ 
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ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʝʥʦʚʘʥʠʭ ʩʫʪʥʦʩʪʝʡ (NER). ʎʝ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʽʤʝʥʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ ʫ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʤʫ ʪʝʢʩʪʽ ʟʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ [5]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʝʥʦʚʘʥʠʭ ʩʫʪʥʦʩʪʝʡ ʟ 

ʪʝʢʩʪʽʚ ʦʛʦʣʦʰʝʥʴ ʫ ʩʬʝʨʽ ʥʝʨʫʭʦʤʦʩʪʽ. ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʮʝʡ ʧʨʦʮʝʩ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʩ ʨʦʙʦʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʫʪʥʦʩʪʝʡ  

 

ɿʛʽʜʥʦ ʨʠʩʫʥʢʫ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘ ʜʚʘ ʢʣʶʯʦʚʠʭ ʝʪʘʧʠ: 

1. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʪʝʢʩʪʫ. ʇʝʨʰʠʡ ʢʨʦʢ ʚʢʣʶʯʘʻ ʧʽʜʛʦʪʦʚʢʫ ʪʝʢʩʪʦʚʠʭ 

ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ. ɺʽʥ  ʚʢʣʶʯʘʻ ʪʘʢʽ ʟʘʚʜʘʥʥʷ, ʷʢ ʪʦʢʝʥʽʟʘʮʽʷ (ʨʦʟʙʠʪʪʷ ʨʝʯʝʥʥʷ ʥʘ 

ʩʣʦʚʘ), ʚʠʜʘʣʝʥʥʷ ʰʫʤʽʚ (ʚʠʜʘʣʝʥʥʷ ʟʘʡʚʠʭ ʩʧʦʣʫʯʥʠʭ ʩʣʽʚ), ʣʝʤʘʪʠʟʘʮʽʷ ʪʘ ʩʪʝʤʽʥʛ 

(ʩʧʨʦʱʝʥʥʷ ʩʣʦʚʘ ʜʦ ʡʦʛʦ ʦʩʥʦʚʥʦʛʦ ʢʦʨʝʥʷ). 

2. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʫʪʥʦʩʪʽ. ʇʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

ʪʝʢʩʪʫ ʘʣʛʦʨʠʪʤʠ NER ʩʢʘʥʫʶʪʴ ʡʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʣʽʚ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙôʻʢʪʘʤ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʩʫʪʥʦʩʪʝʡ, ʷʢʠʡ ʤʦʞʝ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʧʽʜʭʦʜʽ ʟ ʫʯʠʪʝʣʝʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʘʻ ʪʦʯʥʽʰʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʧʽʜʭʦʜʘʤʠ [5]. ʎʝʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ 

ʪʝʢʩʪ ʽ ʧʨʠʟʥʘʯʘʪʠ ʪʝʛʠ, ʤʽʪʢʠ, ʪʘ ʢʘʪʝʛʦʨʽʾ ʥʘ ʦʩʥʦʚʽ ʚʤʽʩʪʫ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ, 

ʥʘʧʨʠʢʣʘʜ, ʚʢʘʟʘʚʰʠ ʤʽʪʢʫ ç1200è ʷʢ ʮʽʥʘ ʤʘʻʪʢʫ (ʨʠʩʫʥʦʢ 2) 

ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʥʘ ʧʦʯʘʪʢʫ NER-ʩʠʩʪʝʤʘ ʧʨʠʡʤʘʻ ʚʭʽʜʥʝ ʨʝʯʝʥʥʷ ʧʨʦ 

ʦʙô̒ ʢʪ ʥʝʨʫʭʦʤʦʤʪʽ ʽ ʨʦʟʙʠʚʘʻ ʡʦʛʦ ʥʘ ʦʢʨʝʤʽ ʩʣʦʚʘ. ʊʦʙʪʦ, ʨʝʯʝʥʥʷ: çʄʘʻʪʦʢ 

ʢʦʰʪʫʻ 1200$ ʤʘʻ 5 ʢʽʤʥʘʪ, ʪʘ ʟʥʘʭʦʣʠʪʴʩʷ ʥʘ ʊʨʠʧʽʣʴʩʴʢʽʡè ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 

ʩʧʠʩʦʢ ʩʣʽʚ <wn>, ʜʝ w ï ʦʟʥʘʯʘʻ ʩʣʦʚʦ ʟ ʨʝʯʝʥʥʷ, a n ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʩʣʦʚʘ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʫʪʥʦʩʪʝʡ ʚ ʦʛʦʣʦʰʝʥʥʽ 

 

ʆʪʨʠʤʘʚʰʠ ʩʣʦʚʘ ʟ ʨʝʯʝʥʥʷ ʜʦ ʥʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʽʤʝʥʦʚʘʥʠʭ ʩʫʪʥʦʩʪʝʡ, ʷʢʠʡ ʚʩʝʨʝʜʠʥʽ ʷʚʣʷʻ ʩʦʙʦʶ ʮʽʣʠʡ ʬʨʝʡʤʚʦʨʢ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʪʘ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʽ ʤʘʻ ʥʘʟʚʫ çEmbed, Encode, Attend, Predictè, ʱʦ ʩʪʦʩʫʻʪʴʩʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʦʩʥʦʚʠ ʄʝʪʴʶ ʍʦʥʥʽʙʘʣʘ ʟ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ [6]. ɺʽʥ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ ʥʠʞʯʝ: 

ʅʘ ʝʪʘʧʽ çEmbedè ʢʦʞʥʝ ʩʣʦʚʦ ʟ ʨʝʯʝʥʥʷ çʄʘʻʪʦʢ ʢʦʰʪʫʻ 1200$ ʤʘʻ 5 

ʢʽʤʥʘʪ, ʪʘ ʟʥʘʭʦʣʠʪʴʩʷ ʥʘ ʊʨʠʧʽʣʴʩʴʢʽʡè ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʯʠʩʣʦʚʠʡ ʚʝʢʪʦʨ ʩʣʦʚʘ, 

ʪʠʤ ʩʘʤʠʤ, ʟʙʠʨʘʶʯʠ ʩʝʤʘʥʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʽʟ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ. ʎʝ ʩʘʤʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʩʣʦʚʘʤʠ ʱʦ ʧʦʟʥʘʯʘʶʪʴ ʛʦʪʦʚʽ ʢʘʪʝʛʦʨʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʣʦʚʘ ʟʽ 

ʩʭʦʞʠʤ ʢʦʥʪʝʢʩʪʦʤ ʩʪʘʶʪʴ ʙʣʠʟʴʢʦ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʚ ʯʠʩʣʦʚʦʤʫ ʧʨʦʩʪʦʨʽ.  

ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʪʘʧ çEncodeè ʜʝ ʢʦʜʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʯʠʩʣʦʚʠʭ ʚʝʢʪʦʨʽʚ ʩʣʽʚ (ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʪʘʧʫ) ʫ ʤʘʪʨʠʮʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (RNN). ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʬʽʢʩʫʶʪʴʩʷ ʚʽʜʥʦʩʠʥʠ ʤʽʞ 

ʩʣʦʚʘʤʠ.  

ɼʘʣʽ ʝʪʘʧ çAttendè ï ʧʨʠʡʤʘʻ ʤʘʪʨʠʮʽ (ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ) 

ʪʘ ʟʚʦʜʠʪʴ ʾʭ ʜʦ ʦʜʥʦʛʦ ʻʜʠʥʦʛʦ ʚʝʢʪʦʨʘ, ʷʢʠʡ ʙʫʜʝ ʜʘʣʽ ʧʝʨʝʜʘʥʠʡ ʫ ʥʝʡʨʦʥʥʫ 

ʤʝʨʝʞʫ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ.  
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ʈʠʩʫʥʦʢ 3 ï ʌʨʝʡʤʚʦʨʢ çEmbed, Encode, Attend, Predictè 

 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʟ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʫʪʥʦʩʪʝʡ ʟ ʪʝʢʩʪʽʚ ʦʛʦʣʦʰʝʥʴ 

ʧʦ ʦʙô̒ ʢʪʘʭ ʥʝʨʫʭʦʤʦʩʪʽ  
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ʆʩʪʘʥʥʽʡ ʝʪʘʧ çPredictè ï ʧʨʦʛʥʦʟʫʻ (ʧʝʨʝʜʘʻ ʚʝʢʪʦʨ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʨʦʢʫ) 

ʙʘʛʘʪʦʰʘʨʦʚʦʤʫ ʧʝʨʮʝʧʪʨʦʥʫ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʤʽʪʢʠ ʦʙ'ʻʢʪʘ. ʉʘʤʝ ʪʫʪ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʝʥʝʨʘʮʽʷ ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ʈʦʟʽʙʨʘʚʰʠ ʨʦʙʦʪʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʝʥʦʚʘʥʠʭ ʩʫʪʥʦʩʪʝʡ (NER), ʚʘʞʣʠʚʦ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ NER ʻ ʟʥʘʯʥʦ ʧʦʣʝʛʰʝʥʦʶ ʟʘ ʨʘʭʫʥʦʢ ʫʞʝ 

ʚʽʜʦʤʠʭ ʧʦʪʫʞʥʠʭ ʙʽʙʣʽʦʪʝʢ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ. ʆʜʥʘ ʟ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʥʠʭ 

ʙʽʙʣʽʦʪʝʢ, ʷʢʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʻ ʥʘʟʚʫ SpaCy [7], ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ NER ʪʘ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ. ʅʘ ʨʠʩʫʥʢʫ 3, ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʫʪʥʦʩʪʝʡ ʧʦʜʘʚʰʠ ʥʘ ʚʭʽʜ ʪʝʢʩʪ 

ʦʛʦʣʦʰʝʥʥʷ ʟ ʥʝʨʫʭʦʤʦʩʪʽ. 

 

ɺʠʩʥʦʚʢʠ 

ʆʪʞʝ, ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʚ ʩʪʨʫʢʪʫʨʫʚʘʥʥʽ 

ʪʝʢʩʪʽʚ ʦʛʦʣʦʰʝʥʴ ʜʣʷ ʦʙ'ʻʢʪʽʚ ʥʝʨʫʭʦʤʦʩʪʽ ʟʘʩʦʙʘʤʠ NLP. ʈʦʟʛʣʷʥʫʪʦ ʪʘ ʦʧʠʩʘʥʦ 

ʦʩʥʦʚʥʠʡ ʧʽʜʭʽʜ ʧʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʫʪʥʦʩʪʝʡ ʫ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʤʫ 

ʪʝʢʩʪʽ, ʪʘ ʘʥʘʣʽʟ ʤʝʪʦʜʫ ʟ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʝʥʦʚʘʥʠʭ ʩʫʪʥʦʩʪʝʡ. ʅʘ ʦʩʥʦʚʽ 

ʧʦʧʝʨʝʜʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʪʝʢʩʪʫ 

ʦʛʦʣʦʰʝʥʴ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʨʦʟʧʽʟʥʘʚʘʪʠ, ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ, 

ʢʘʪʝʛʦʨʠʟʫʚʘʪʠ ʪʘ ʚʠʪʷʛʫʚʘʪʠ ʨʦʟʧʽʟʥʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʽʟ ʟʚʠʯʘʡʥʠʭ ʪʝʢʩʪʽʚ 

ʦʛʦʣʦʰʝʥʴ ʫ ʩʬʝʨʽ ʥʝʨʫʭʦʤʦʩʪʽ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼʀ ɺʀʈɯʐɽʅʅʗ ʇʈʆɹʃɽʄ ʇʈʆʇʋʉʂʅʆɰ ɿɼɸʊʅʆʉʊɯ ɼʀʉʂɯɺ 

ɼʃʗ ɿɸʉʊʆʉʋʅʂɯɺ ɿ ɯʅʊɽʅʉʀɺʅʀʄ ʆɹʉʗɻʆʄ ɼɸʅʀʍ 
 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʠ ʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʠʩʢʽʚ ʜʣʷ ʟʘʩʪʦʩʫʥʢʽʚ ʟ 

ʽʥʪʝʥʩʠʚʥʠʤ ʦʙʩʷʛʦʤ ʜʘʥʠʭ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʦ ʧʨʘʮʶʶʪʴ ʽʟ ʜʘʥʠʤʠ, ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʤʝʪʦʜʠ ʨʦʙʦʪʠ ʚ ʧʘʤôʷʪʽ, ʦʢʨʽʤ ʚʠʨʽʰʝʥʥʷ 

ʥʦʚʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʨʦʛʨʘʤʘʤʠ ʦʙʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʧʘʤôʷʪʽ, ʪʘʢʠʤʠ ʷʢ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʚʽʜʤʦʚ ʽ ʫʟʛʦʜʞʝʥʽʩʪʴ. ɺʘʨʽʘʥʪʦʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʻ ʦʙʤʝʞʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ, ʱʦʙ 

ʜʦʟʚʦʣʠʪʠ ʨʽʟʥʠʤ ʧʨʦʛʨʘʤʘʤ ʽʟ ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʨʦʜʦʚʞʫʚʘʪʠ 

ʧʨʘʮʶʚʘʪʠ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʫ ʨʘʟʽ ʟʙʦʶ. 

  

Addresses disk bandwidth issues for data-intensive applications. 

The paper proposes to develop new in-memory techniques to improve the efficiency of 

such data-intensive operations, in addition to addressing new challenges associated with memory-

based processing programs, such as fault tolerance and consistency. A workaround is to limit fault 

tolerance to allow various data-intensive applications to continue to function properly in the event 

of a failure. 

 

ʉʴʦʛʦʜʥʽ çʚʝʣʠʢʽ ʜʘʥʽè ʩʪʘʶʪʴ ʟʘʛʘʣʴʥʦʶ ʪʝʤʦʶ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʙʘʛʘʪʦ ʜʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʚʠʢʣʠʢʽʚ ʽ 

ʧʦʚôʷʟʘʥʠʭ ʦʙʤʝʞʝʥʴ ʟ ʧʦʪʦʯʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʜʘʥʠʭ [1-3]. ʎʽ ʧʨʦʛʨʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʽʩʥʫʶʯʠʤʠ ʚʝʣʠʢʠʤʠ 

ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ. ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ [4, 5] ʽʩʥʫʶʯʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʽʟ 

ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʻ ʚʽʜʥʦʩʥʦ ʧʦʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʜʠʩʢʘ. ɼʠʩʢʦʚʽ 

ʧʨʦʛʨʘʤʠ ʦʙʨʦʙʢʠ ʥʝ ʤʦʞʫʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʘʜʝʢʚʘʪʥʠʡ ʚʽʜʧʦʚʽʜʥʠʡ ʯʘʩ ʚʽʜʧʦʚʽʜʽ 

ʯʝʨʝʟ ʟʘʪʨʠʤʢʫ ʜʦʩʪʫʧʫ ʜʦ ʜʠʩʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʽ ʧʨʦʛʨʘʤʠ ʟ ʽʥʪʝʥʩʠʚʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʦʙʨʦʙʢʦʶ ʥʘ ʦʩʥʦʚʽ ʧʘʤôʷʪʽ ʟʘʤʽʩʪʴ 

ʦʙʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʘ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʠʭ ʧʨʦʛʨʘʤ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʙʫʪʠ 

ʧʦʢʨʘʱʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʽʥʪʝʥʩʠʚʥʦ ʧʨʘʮʶʶʪʴ ʽʟ ʜʘʥʠʤʠ, ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʨʦʙʦʪʠ ʚ ʧʘʤôʷʪʽ, ʦʢʨʽʤ ʚʠʨʽʰʝʥʥʷ ʥʦʚʠʭ ʧʨʦʙʣʝʤ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʨʦʛʨʘʤʘʤʠ ʦʙʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʧʘʤôʷʪʽ, ʪʘʢʠʤʠ ʷʢ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʽʜʤʦʚ ʽ 
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ʫʟʛʦʜʞʝʥʽʩʪʴ. ɺʘʨʽʘʥʪʦʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʪʘʢʦʞ, ʻ ʦʙʤʝʞʝʥʥʷ 

ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ, ʱʦʙ ʜʦʟʚʦʣʠʪʠ ʨʽʟʥʠʤ ʧʨʦʛʨʘʤʘʤ ʽʟ ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʥʠʭ ʧʨʦʜʦʚʞʫʚʘʪʠ ʧʨʘʮʶʚʘʪʠ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʫ ʨʘʟʽ ʟʙʦʶ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʧʘʤôʷʪʽ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʰʚʠʜʢʠʤ 

ʧʦʨʽʚʥʷʥʦ ʟ ʜʦʩʪʫʧʦʤ ʜʦ ʜʠʩʢʘ, ʥʘʷʚʥʘ ʝʬʝʢʪʠʚʥʘ ʪʝʭʥʽʢʘ ʽʥʜʝʢʩʫʚʘʥʥʷ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʰʚʠʜʢʠʭ ʟʘʧʠʪʽʚ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʥʫʪʠ ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʧʘʤôʷʪʽ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʠʤʦ ʤʝʪʦʜ ʽʥʜʝʢʩʫʚʘʥʥʷ, ʱʦʙ 

ʧʦʢʨʘʱʠʪʠ ʜʚʽ ʩʢʣʘʜʥʽ ʦʧʝʨʘʮʽʾ, ʧʦʚôʷʟʘʥʽ ʟ ʚʝʣʠʢʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ ï ʧʨʦʧʫʩʢ 

ʚʽʜʩʫʪʥʽʭ ʟʥʘʯʝʥʴ ʽ ʟʘʧʠʪ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʯʝʨʝʟ ʩʪʚʦʨʝʥʥʷ ʧʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʘʤôʷʪʽ ʟ ʧʽʜʪʨʠʤʢʦʶ ʽʥʜʝʢʩʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʨʦʙʦʪʫ ʟ 

ʽʥʪʝʥʩʠʚʥʠʤʠ ʜʘʥʠʤʠ ʧʨʠ ʾʭ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ.  

ʇ̔ ʜʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʟʜʽʡʩʥʝʥʦ ʯʝʨʝʟ ʽʤʧʣʝʤʝʥʪʘʮʽʶ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚ ʟʘʩʪʦʩʫʥʢʘʭ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʯʘʩʫ 

ʟʚʝʨʥʝʥʴ ʽ ʟʤʽʥʠ ʦʙʩʷʛʫ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ɽʃɽʂʊʈʆʅʅʆɻʆ 

ʈɽʂʈʋʊʀʅɻʋ ʇɽʈʉʆʅɸʃʋ 
 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʨʝʢʨʫʪʠʥʛʫ ʧʝʨʩʦʥʘʣʫ ʤʘʻ 

ʚʝʣʠʢʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʫ ʩʫʯʘʩʥʦʤʫ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʽ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʨʝʢʨʫʪʠʥʛʫ 

ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʙʘʛʘʪʦ ʨʫʪʠʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢʠʭ ʷʢ ʦʛʦʣʦʰʝʥʥʷ ʚʘʢʘʥʩʽʡ, 

ʧʨʠʡʦʤ ʟʘʷʚʦʢ, ʩʦʨʪʫʚʘʥʥʷ ʨʝʟʶʤʝ, ʦʮʽʥʢʘ ʢʘʥʜʠʜʘʪʽʚ ʽ ʨʦʟʩʠʣʢʘ ʟʘʧʨʦʰʝʥʴ ʥʘ ʩʧʽʚʙʝʩʽʜʠ. ʎʝ 

ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ ʟʙʽʣʴʰʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ HR-ʚʽʜʜʽʣʫ ʪʘ ʟʘʦʱʘʜʞʝʥʥʶ ʯʘʩʫ ʽ ʨʝʩʫʨʩʽʚ. 

ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʢʨʫʪʠʥʛ ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʷʤ ʧʨʠʚʝʨʪʘʪʠ ʪʘʣʘʥʪʠ ʟ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʪʘ ʢʨʘʾʥ. 

ʂʘʥʜʠʜʘʪʠ ʤʦʞʫʪʴ ʣʝʛʢʦ ʟʥʘʭʦʜʠʪʠ ʚʘʢʘʥʩʽʾ ʽ ʥʘʜʩʠʣʘʪʠ ʩʚʦʾ ʨʝʟʶʤʝ ʯʝʨʝʟ ʦʥʣʘʡʥ-

ʧʣʘʪʬʦʨʤʠ, ʱʦ ʨʦʟʰʠʨʶʻ ʛʝʦʛʨʘʬʽʯʥʠʡ ʦʭʦʧʣʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʨʝʢʨʫʪʠʥʛʫ. ɺʠʷʚʣʝʥʦ, ʱʦ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʙʘʟʠ ʜʘʥʠʭ ʢʘʥʜʠʜʘʪʽʚ, ʧʨʦʚʦʜʠʪʠ 

ʘʥʘʣʽʟ ʜʘʥʠʭ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʢʘʥʜʠʜʘʪʽʚ. 

ɺʠʷʚʣʝʥʦ ʥʝʜʦʣʽʢʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʢʨʫʪʠʥʛʫ ʧʝʨʩʦʥʘʣʫ. 

 

The use of information systems in the electronic recruitment of personnel is very relevant 

in the modern business environment. Recruiting information systems allow you to automate many 

routine processes, such as job postings, receiving applications, sorting resumes, evaluating 

candidates, and sending invitations to interviews. This helps to significantly increase the 

productivity of the HR department and save time and resources. Electronic recruiting allows 

companies to attract talent from different regions and countries. Candidates can easily find jobs and 

submit their resumes through online platforms, which expands geographic coverage. Researched 

information systems of recruiting. They have been found to enable the creation of candidate 

databases, data analysis and the use of various assessment methods to identify the best candidates. 

The shortcomings of the information system of electronic staff recruitment were revealed. 

 

ɺʩʪʫʧ 

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʜʘʯ ʷʢʘ ʩʪʦʾʪʴ ʧʝʨʝʜ ʢʦʤʧʘʥʽʻʶ ʷʢ ʚ ʙʫʜʴ ʷʢʠʡ 

ʧʝʨʽʦʜ ʾʾ ʽʩʥʫʚʘʥʥʷ ʻ ʧʽʜʙʽʨ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ. ʉʴʦʛʦʜʥʽ ʚ ʢʦʞʥʽʡ ʢʦʤʧʘʥʽʾ 

ʻ ʚʽʜ 1-2 ʨʝʢʨʫʪʝʨʽʚ ʜʦ ʮʽʣʠʭ ʦʢʨʝʤʠʭ ʚʽʜʜʽʣʽʚ ʨʝʢʨʫʪʠʥʛʫ, ʧʨʘʮʽʚʥʠʢʠ ʢʦʪʨʠʭ ʟʘ 

ʜʝʥʴ ʤʦʞʫʪʴ ʧʨʦʚʝʩʪʠ ʜʝʩʷʪʢʠ ʩʧʽʚʙʝʩʽʜ - ʚʜʘʣʠʭ ʯʠ ʥʽ [1-3].  

ʆʩʥʦʚʥʝ ʨʽʰʝʥʥʷ ʧʨʠ ʥʘʡʤʽ ʧʨʘʮʽʚʥʠʢʘ ʟʘʚʞʜʠ ʤʘʻ ʟʘʣʠʰʘʪʠʩʷ ʟʘ 

ʣʶʜʠʥʦʶ, ʘʣʝ ʚʩʝ ʦʜʥʦ ʽʩʥʫʻ ʙʘʛʘʪʦ ʽʥʩʪʨʫʤʝʥʪʽʚ ʷʢʽ ʪʘʢ ʯʠ ʽʥʘʢʰʝ ʧʦʣʝʛʰʫʶʪʴ ʯʠ 

ʧʨʠʰʚʠʜʰʫʶʪʴ ʮʶ ʨʦʙʦʪʫ.  
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ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʨʝʢʨʫʪʠʥʛʫ ʧʝʨʩʦʥʘʣʫ 

ʅʘ ʩʴʦʛʦʜʥʽ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʠ ʨʝʢʨʫʪʠʥʛʫ 

ʧʝʨʩʦʥʘʣʫ ʽ ʚʠʢʦʥʫʶʪʴ ʙʘʛʘʪʦ ʟʘʜʘʯ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʫʧʦʨʷʜʢʦʚʫʚʘʥʥʷ, ʚʠʩʪʘʚʣʝʥʥʷ 

ʧʨʽʦʨʽʪʝʪʽʚ, ʚʝʜʝʥʥʷ ʙʘʟʠ ʧʦʪʝʥʮʽʡʥʠʭ ʢʘʥʜʠʜʘʪʽʚ ʽ ʪ.ʜ. ʆʜʥʘʢ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʨʝʢʨʫʪʝʨʽʚ ʙʽʟʥʝʩ ʧʨʦʮʝʩʽʚ, ʻ 

ʩʘʤʘ ʩʧʽʚʙʝʩʽʜʘ [1-3].  

ɯ ʚʨʘʭʦʚʫʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʝʪʘʧʽʚ ʩʧʽʚʙʝʩʽʜ ʥʘʚʽʪʴ ʜʣʷ ʦʜʥʽʻʾ ʣʶʜʠʥʠ, ʮʝ 

ʻ ʜʫʞʝ ʟʘʪʨʘʪʥʦʶ ʜʽʻʶ .  

ɸ ʜʣʷ ʪʦʛʦ ʱʦʙ ʮʝʡ ʙʽʟʥʝʩ ʧʨʦʮʝʩ ʦʧʪʠʤʽʟʫʚʘʪʠ, ʤʘʙʫʪʴ ʥʘʡʢʨʘʱʠʤ 

ʨʽʰʝʥʥʷʤ ʙʫʜʝ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʧʽʚʙʝʩʽʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʷʢʘ ʟʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʦʧʠʪʫʚʘʥʠʭ ʢʘʥʜʠʜʘʪʽʚ. 

ɺ ʭʦʜʽ ʧʦʰʫʢʫ ʩʭʦʞʠʭ ʨʽʰʝʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʝʷʢʽ ʩʝʨʚʽʩʠ ʟʽ ʩʭʦʞʦʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ:  

ī All-in-one recruiting software for ambitious companies - ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʝʢʨʫʪʠʥʛʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʰʚʠʜʰʦʛʦ 

ʧʦʰʫʢʫ ʪʘ ʥʘʡʤʫ ʢʘʥʜʠʜʘʪʽʚ. ʉʧʝʮʽʘʣʴʥʦ ʜʣʷ ʢʦʤʘʥʜ ʚʽʜʜʽʣʫ ʢʘʜʨʽʚ, ʢʘʜʨʦʚʠʭ 

ʘʛʝʥʪʩʪʚ ʽ ʭʝʜʭʘʥʪʝʨʽʚ, ʤʦʞʥʘ ʧʝʨʝʛʣʷʥʫʪʠ ʟʘ ʧʦʩʠʣʘʥʥʷʤ [4];  

ī Rate and compare candidates online - ʙʝʟʧʝʯʥʽ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʦʥʣʘʡʥ-

ʛʦʣʦʩʫʚʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʣʝʛʢʦ ʧʨʦʚʦʜʠʪʠ ʚʠʙʦʨʠ ʢʘʥʜʠʜʘʪʽʚ, ʚ ʜʞʝʨʝʣʽ [5];  

ī Talent Management Software with a Clear Mission for Success - AI ʜʦʧʦʤʦʞʝ 

ʚʘʤ ʩʢʣʘʩʪʠ ʥʘʙʦʨʠ ʥʘʚʠʯʦʢ ʜʣʷ ʧʦʩʘʜʠ, ʟʘʧʦʚʥʠʪʠ ʧʽʜʮʽʣʽ ʜʣʷ ʧʦʩʘʜʠ ʪʘ 

ʧʽʜʛʦʪʫʚʘʪʠ ʘʥʢʝʪʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ, ʦʜʠʥ ʟ ʧʦʜʽʙʠʭ ʨʝʩʫʨʩʽʚ ʤʦʞʥʘ ʧʝʨʝʛʣʷʥʫʪʠ ʚ 

ʜʞʝʨʝʣʽ [6];  

ī LinkedIn - ʤʠ ʤʦʞʝʪʝ ʰʚʠʜʢʦ ʟʥʘʡʪʠ ʚʘʢʘʥʩʽʶ ʪʘ ʧʦʜʘʪʠ ʟʘʷʚʢʠ ʥʘ ʨʦʙʦʪʫ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʰʦʤʫ ʥʘʙʦʨʫ ʥʘʚʠʯʦʢ ʪʘ ʢʘʨôʻʨʥʠʤ ʮʽʣʷʤ, ʤʦʞʥʘ ʧʝʨʝʛʣʷʥʫʪʠ ʟʘ 

ʧʦʩʠʣʘʥʥʷʤ [7].  

ɺʘʞʣʠʚʠʡ ʝʣʝʤʝʥʪ ʽʩʥʫʚʘʥʥʷ ʢʦʤʘʥʜʠ ʪʘ ʟʘʧʦʨʫʢʘ ʾʾ ʫʩʧʽʰʥʦʩʪʽ ï 

ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʦʩʦʙʣʠʚʦ ʪʠʭ ʢʦʤʧʘʥʽʡ, ʜʝ ʻ ʽ ʚʽʜʜʘʣʝʥʽ ʢʦʤʘʥʜʠ, ʽ 

ʜʝʢʽʣʴʢʘ ʧʨʦʻʢʪʽʚ, ʽ ʘʤʙʽʪʥʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʛʦʨʘʥʥʷ. 

ʇʨʦʧʦʥʫʚʘʪʠ ʢʦʣʝʛʘʤ ʟʘʧʦʚʥʠʪʠ ʙʣʘʥʢʠ ʚʽʜʧʦʚʽʜʝʡ, ʘ ʧʦʪʽʤ ʱʦʩʴ ʪʘʤ ʨʘʭʫʚʘʪʠ ʦʜʠʥ 

ʨʘʟ ʥʘ ʨʽʢ ï ʥʝʣʦʛʽʯʥʦ ʪʘ ʥʝʽʥʬʦʨʤʘʪʠʚʥʦ. ʍʤʘʨʥʽ ʨʽʰʝʥʥʷ ʪʘʢʦʞ ʧʨʦʧʦʥʫʶʪʴ 

ʬʫʥʢʮʽʶ ʦʧʠʪʫʚʘʥʴ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ eNPS.  

eNPS ï ʘʙʦ ʧʦʢʘʟʥʠʢ Employee Net Promoter Score ï ʮʝ ̔ʥʜʝʢʩ ʟʘʜʦʚʦʣʝʥʦʩʪʽ 

ʧʝʨʩʦʥʘʣʫ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʫ ʚʠʚʯʝʥʥʽ ʨʽʚʥʷ ʟʘʣʫʯʝʥʦʩʪʽ ʪʘ ʣʦʷʣʴʥʦʩʪʽ [8]. 

ɺʠʩʥʦʚʦʢ  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʢʨʫʪʠʥʛʫ 

ʚʠʷʚʠʣʦ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʟʦʢʨʝʤʘ: ʚʽʜʦʤʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʽʜʙʦʨʫ ʢʘʥʜʠʜʘʪʽʚ, ʽ ʮʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 
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ʩʭʠʣʴʥʽ ʜʦ ʙʽʘʩʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʜʠʩʢʨʠʤʽʥʘʪʦʨʥʦʛʦ ʚʽʜʢʠʜʘʥʥʷ 

ʢʘʥʜʠʜʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʾʭ ʩʪʘʪʫʩʫ, ʨʘʩʠ, ʩʪʘʪʽ ʪʦʱʦ; ʦʧʝʨʫʚʘʥʥʷ ʟʘʩʪʘʨʽʣʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ; ʥʝʟʜʘʪʥʽʩʪʴ ʜʦ ʦʧʝʨʘʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ; ʥʝʦʧʪʠʤʘʣʴʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ɯʊ, ʱʦ ʥʝ ʫʤʦʞʣʠʚʣʶʻ ʾʾ ʦʥʦʚʣʝʥʥʷ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʨʝʢʨʫʪʠʥʛʫ ʙʫʣʦ 

ʫʩʧʽʰʥʠʤ, ʚʘʞʣʠʚʦ ʫʩʫʥʫʪʠ ʮʽ ʥʝʜʦʣʽʢʠ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʣʘʥʩ ʤʽʞ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʪʘ 

ʣʶʜʩʴʢʠʤ ʧʽʜʭʦʜʦʤ ʫ ʧʨʦʮʝʩʽ ʚʽʜʙʦʨʫ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʢʨʫʪʠʥʛʫ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺʀʂʃʀʂʀ ɺ ʈʆɿɺʀʊʂʋ ʊɽʍʅʆʃʆɻɯɰ ɺɯʈʊʋɸʃʔʅʆɰ ʈɽɸʃʔʅʆʉʊɯ: 

ʆʇʊʀʄɯɿɸʎɯʗ ɸʈʍɯʊɽʂʊʋʈʀ VR 
 

ɼʦʩʣʽʜʞʝʥʦ ʚʠʢʣʠʢʠ ʫ ʨʦʟʚʠʪʢʫ VR, ʚʢʣʶʯʘʶʯʠ ʪʝʭʥʽʯʥʽ, ʬʽʥʘʥʩʦʚʽ ʪʘ ʝʪʠʯʥʽ 

ʘʩʧʝʢʪʠ. ʇʨʦʙʣʝʤʠ ʚʢʣʶʯʘʶʪʴ ʨʦʟʨʦʙʢʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʩʦʢʽ 

ʚʠʪʨʘʪʠ ʪʘ ʝʪʠʯʥʽ ʧʠʪʘʥʥʷ. ʊʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʦʧʪʠʤʽʟʘʮʽʶ ʪʘ ʧʦʪʨʝʙʫ ʫ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ VR.  

 

Research has been conducted on the challenges in the development and application of 

Virtual Reality (VR) technology. Despite VR's revolutionary potential in various fields, its 

realization is complicated by technical, financial, and ethical issues. Technical aspects include 

hardware and software development, high production costs, and ethical concerns, such as addiction 

and data privacy. Complexity, technological limitations, optimization, testing, and validation of VR 

have been discussed. An overview of solutions proposed in scientific literature has been presented, 

emphasizing the need for further research and innovation to unlock the potential of VR technology. 

 

ɺʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ (VR), ʷʢʘ ʦʙ'ʻʜʥʫʻ ʬʽʟʠʯʥʠʡ ʽ ʮʠʬʨʦʚʠʡ ʩʚʽʪʠ, ʟʤʽʥʶʻ 

ʨʽʟʥʽ ʛʘʣʫʟʽ, ʪʘʢʽ ʷʢ ʦʩʚʽʪʘ, ʦʭʦʨʦʥʘ ʟʜʦʨʦʚ'ʷ, ʨʦʟʚʘʛʠ ʽ ʥʘʚʯʘʥʥʷ. ʇʨʦʪʝ ʨʝʘʣʽʟʘʮʽʷ ʾʾ 

ʧʦʪʝʥʮʽʘʣʫ ʧʦʩʪʘʚʣʝʥʘ ʧʽʜ ʟʘʛʨʦʟʫ ʯʝʨʝʟ ʪʝʭʥʽʯʥʽ, ʬʽʥʘʥʩʦʚʽ ʽ ʝʪʠʯʥʽ ʚʠʢʣʠʢʠ [1]. 

ʈʦʟʨʦʙʢʘ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʘʻ 

ʩʚʦʾ ʚʠʢʣʠʢʠ, ʚʢʣʶʯʘʶʯʠ ʘʚʪʦʥʦʤʥʽʩʪʴ, ʢʦʤʬʦʨʪ, ʪʦʯʥʽʩʪʴ ʩʣʽʜʢʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʫ 

ʜʘʥʠʭ. ɺʠʩʦʢʽ ʚʠʪʨʘʪʠ ʪʘ ʝʪʠʯʥʽ ʜʠʣʝʤʠ ʫʩʢʣʘʜʥʶʶʪʴ ʟʘʚʜʘʥʥʷ [2].  

ʆʧʪʠʤʽʟʘʮʽʷ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ VR ʚʜʦʩʢʦʥʘʣʶʻ ʾʾ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʦʢʨʘʱʝʥʥʷ ʦʜʥʦʛʦ 

ʘʩʧʝʢʪʫ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʽʥʰʽ, ʫʩʢʣʘʜʥʶʶʯʠ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ. ʎʷ ʦʙʣʘʩʪʴ 

ʚʠʤʘʛʘʻ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʙ'ʻʜʥʫʶʯʠ ʢʦʤʧ'ʶʪʝʨʥʽ ʥʘʫʢʠ, ʽʥʞʝʥʝʨʽʶ 

ʪʘ ʚʟʘʻʤʦʜʽʶ ʣʶʜʠʥʘ-ʢʦʤʧ'ʶʪʝʨ. ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʘʩʧʝʢʪʠ: 

1) ʂʦʤʧʨʦʤʽʩʥʽ ʨʽʰʝʥʥʷ. ʆʧʪʠʤʽʟʘʮʽʷ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʚʠʤʘʛʘʻ 

ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʪʘʢʠʭ ʮʽʣʝʡ, ʷʢ ʧʦʪʫʞʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʧʘʤ'ʷʪʴ, ʚʘʨʪʽʩʪʴ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ [3].  

2) ʉʢʣʘʜʥʽʩʪʴ. ʆʧʪʠʤʽʟʘʮʽʷ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ [4].  

3) ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ. ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ ʩʪʚʦʨʶʻ 

ʧʨʦʙʣʝʤʠ, ʪʘʢʽ ʷʢ ʚʠʪʽʢ ʩʠʛʥʘʣʫ, ʥʝʩʪʘʯʘ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʝʨʝʛʨʽʚʘʥʥʷ [5]. 
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4) ʆʧʪʠʤʽʟʘʮʽʷ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʇʦʢʨʘʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʻ ʟʙʘʣʘʥʩʦʚʘʥʫ ʚʟʘʻʤʦʜʽʶ ʘʧʘʨʘʪʥʦʾ ʪʘ ʧʨʦʛʨʘʤʥʦʾ 

ʯʘʩʪʠʥʠ [6]. 

5) ʇʝʨʩʧʝʢʪʠʚʘ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʧʦʪʨʝʙ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʙʘʣʘʥʩʫ 

ʤʽʞ ʢʦʥʢʨʝʪʥʽʩʪʶ ʽ ʟʘʛʘʣʴʥʽʩʪʶ ʻ ʚʠʢʣʠʢʦʤ [7]. 

6) ʊʝʩʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʘ. ʈʝʪʝʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʘʚʠʣʴʥʫ ʨʦʙʦʪʫ [8]. 

7) ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʆʧʪʠʤʽʟʘʮʽʷ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʧʦʚʠʥʥʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʨʠʩʪʴ ʚʽʜ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ [9]. 

ʋʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʦʩʪʽ ʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽ ʚʠʢʣʠʢʠ ʫ ʦʧʪʠʤʽʟʘʮʽʾ 

ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ VR, ʚʘʞʣʠʚʠʤ ʻ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ. ʅʘʫʢʦʚʘ ʨʦʙʦʪʘ ʤʘʻ 

ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï çɼʦʨʦʞʥʷ ʢʘʨʪʘè ʦʧʪʠʤʽʟʘʮʽʾ ʘʨʭʽʪʝʢʪʫʨʠ VR 

 

ɸʚʪʦʨʠ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʚ ʘʨʭʽʪʝʢʪʫʨʽ VR ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ. 

ʇʝʨʝʣʽʢ ʪʘʢʠʭ ʚʠʢʣʠʢʽʚ ʩʣʫʞʠʪʴ ʦʛʣʷʜʦʤ ʦʩʥʦʚʥʠʭ ʦʙʣʘʩʪʝʡ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʩʬʝʨʽ VR, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʘʢʪʫʘʣʴʥʽ ʥʘʧʨʷʤʢʠ ʫ ʚʠʨʽʰʝʥʥʽ ʩʢʣʘʜʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ: 

- ɿʘʪʨʠʤʢʠ. 

- ɺʠʪʨʘʪʠ ʝʥʝʨʛʽʾ. 

- ʉʪʘʙʽʣʴʥʽʩʪʴ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

- ɿʨʫʯʥʽʩʪʴ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

- ʇʦʨʪʘʪʠʚʥʽʩʪʴ. 

- ʈʦʟʨʦʙʢʘ. 
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ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʦʧʪʠʤʽʟʘʮʽʾ VR ʧʦʚʠʥʥʽ ʬʦʢʫʩʫʚʘʪʠʩʷ ʥʘ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʨʽʰʝʥʥʷʭ, ʱʦ ʙʘʣʘʥʩʫʶʪʴ ʟʘʪʨʠʤʢʫ, ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ. ɯʥʪʝʛʨʘʮʽʷ VR ʫ ʨʽʟʥʽ ʛʘʣʫʟʽ ʦʙʽʮʷʻ ʧʨʦʩʫʚʘʥʥʷ, ʚʠʤʘʛʘʶʯʠ 

ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʧʨʠʚʘʪʥʦʩʪʽ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇɽʈʉʇɽʂʊʀɺʅɯ ʅɸʇʈʗʄʂʀ ʈʆɿɺʀʊʂʋ ʉʋʏɸʉʅʆɻʆ 

ɸʅʊʀɺɯʈʋʉʅʆɻʆ ɿɸʍʀʉʊʋ ʄɽʈɽɾ ʊɸ ʈʆʃʔ ʄɽʊʆɼɯɺ ʅɸ ʆʉʅʆɺɯ 

ɻɽʅɽʊʀʏʅʀʍ ɸʃɻʆʈʀʊʄɯɺ 
 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʠ ʽʩʪʦʨʠʯʥʠʭ ʪʘ ʩʫʯʘʩʥʠʭ ʟʘʛʨʦʟ ʫ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ. 

ʅʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʜʝʪʝʢʪʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʚʽʨʫʩʽʚ ʪʘ 

ʰʢʽʜʣʠʚʦʛʦ ʇɿ ʥʘ PC, cloud, mobile ʪʘ IoT ʧʣʘʪʬʦʨʤʘʭ. ʅʘʚʝʜʝʥʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʦʣʦʛʽʾ ʘʥʘʣʽʟʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (AI) ʪʘ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ(GA). ʅʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʚʦʣʶʮʽʡʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʰʢʽʜʣʠʚʦʛʦ ʇɿ, 

ʪʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʙʦʨʦʪʴʙʠ ʟ 

ʤʝʨʝʞʝʚʠʤʠ ʢʦʤʧ'ʶʪʝʨʥʠʤʠ ʚʽʨʫʩʘʤʠ. 

 

The scientific work outlines problems of historical and modern threats in the field of cyber 

security. The analysis and classification of methods for detecting computer viruses and malicious 

software on PC, cloud, mobile and IoT platforms. Modern analysis of methodologies using artificial 

intelligence (AI) and genetic algorithms (GA) is provided. Examples of the evolutionary genetic 

algorithms usage for protection against malicious software are given, and use of the genetic 

algorithms for the development of a method of network computer viruses detection proposed. 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʷʢʠʡ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘ ʮʠʬʨʦʚʽʟʫʻʪʴʩʷ, 

ʢʽʙʝʨʙʝʟʧʝʢʘ ʩʪʘʣʘ ʧʝʨʰʦʯʝʨʛʦʚʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʦʜʥʘʢʦʚʦ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʦʢʨʝʤʠʭ 

ʦʩʽʙ ʪʘʢ ʽ ʦʨʛʘʥʽʟʘʮʽʾ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʥʘʜʟʚʠʯʘʡʥʦ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ 

ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʢʽʙʝʨʟʘʛʨʦʟ ʪʘ ʘʪʘʢ ʥʘʮʽʣʝʥʠʭ ʥʘ ʤʝʨʝʞʝʚʽ ʩʠʩʪʝʤʠ. ɼʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʮʠʭ ʟʣʦʚʤʠʩʥʠʢʽʚ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʧʦʩʪʽʡʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʘ 

ʘʥʘʣʽʟʫʚʘʪʠ ʥʦʚʽ ʟʘʛʨʦʟʠ ʢʽʙʝʨʙʝʟʧʝʮʽ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʟʥʘʯʥʽ ʨʠʟʠʢʠ. ʉʬʝʨʘ 

ʢʽʙʝʨʙʝʟʧʝʢʠ, ʱʦ ʦʭʦʧʣʶʻ ʥʠʟʢʫ ʟʘʭʦʜʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʭʠʩʪ 

ʢʦʤʧôʶʪʝʨʽʚ, ʩʝʨʚʝʨʽʚ, ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ, ʤʝʨʝʞ ʽ ʜʘʥʠʭ ʚʽʜ 

ʮʠʬʨʦʚʠʭ ʘʪʘʢ ʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. ʇʨʦʪʝ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʽ ʤʦʞʣʠʚʦʩʪʽ 

ʢʽʙʝʨʟʣʦʯʠʥʮʽʚ, ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʽ ʥʝʚʧʠʥʥʝ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʟʘʛʨʦʟ ʽ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʻ ʧʦʩʪʽʡʥʦʶ ʧʨʦʙʣʝʤʦʶ. ɯʩʪʦʨʠʯʥʦ ʚʠʜʽʣʷʶʪʴ ʨʷʜ ʝʧʦʭ ʫ ʧʦʷʚʽ ʥʦʚʠʭ 

ʢʽʙʝʨʟʘʛʨʦʟ [1].  

ʈʘʥʥʽ ʯʘʩʠ (1970-1990 ʨʦʢʠ): ʟʣʦʚʤʠʩʥʠʢʠ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʫʨʘʟʣʠʚʦʩʪʽ ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʝʘʚʪʦʨʠʟʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. ʎʽ ʧʝʨʰʽ ʟʘʛʨʦʟʠ ʙʫʣʠ ʟʜʝʙʽʣʴʰʦʛʦ ʧʦʦʜʠʥʦʢʠʤʠ 
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ʽʥʮʠʜʝʥʪʘʤʠ, ʘ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ ʙʫʣʠ ʤʽʥʽʤʘʣʴʥʠʤʠ. ɺʽʨʫʩʠ ʪʘ ʟʣʦʚʤʠʩʥʝ ʇɿ 

(malware) (1990-2000 ʨʦʢʠ): ɺ ʮʝʡ ʧʝʨʽʦʜ ʟʨʦʩʪʘʣʘ ʧʦʧʫʣʷʨʥʽʩʪʴ ʚʽʨʫʩʥʠʭ ʘʪʘʢ, ʷʢʠ 

ʷʢ ʧʨʘʚʠʣʦ ʧʦʰʠʨʶʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʝʪ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʢʦʤʨʴʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʢʨʘʜʝʥʥʷ 

ʯʫʪʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ɺʝʙ-ʟʘʛʨʦʟʠ ʯʘʩʽʚ ʟʨʦʩʪʘʶʯʦʛʦ ɯʥʪʝʨʥʝʪ (2000-2010 ʨʦʢʠ): ʎʝʡ ʧʝʨʽʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʧʦʰʠʨʝʥʥʷʤ ʽʥʪʝʨʥʝʪʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʥʦʚʠʤʠ 

ʢʽʙʝʨʟʘʛʨʦʟʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʬʽʰʠʥʛʦʚʽ ʘʪʘʢʠ ʪʘ DDoS ʘʪʘʢʠ, ʥʘ ʜʦʜʘʯʫ ʜʦ ʥʦʚʠʭ ʚʠʜʽʚ 

ʚʽʨʫʩʥʠʭ ʘʪʘʢ.  

ʉʫʯʘʩʥʘ ʝʧʦʭʘ (2010-ʪʝʧʝʨʠʰʥʽʡ ʯʘʩ): ɼʦ ʚʩʽʭ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʟʘʛʨʦʟ 

ʜʦʜʘʶʪʴʩʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʘʪʘʢʠ ʟ ʤʝʪʦʶ ʢʦʤʧʨʦʤʝʥʪʘʮʽʾ ʢʦʥʢʨʝʪʥʠʭ ʦʩʽʙ, 

ʦʨʛʘʥʽʟʘʮʽʡ ʘʙʦ ʛʘʣʫʟʝʡ. ʎʽ ʘʪʘʢʠ ʚʢʣʶʯʘʶʪʴ ʧʦʻʜʥʘʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ, 

ʩʢʨʠʪʥʦʛʦ ʟʣʦʚʤʠʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʝʨʝʞʝʚʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ, 

ʧʨʽʦʨʠʪʝʪ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʜʝʪʝʢʪʫʚʘʥʥʷ. ɿ ʩʫʯʘʩʥʠʤʠ ʪʨʝʥʜʘʤʠ ʜʦʜʘʶʪʴʩʷ ɯʥʪʝʨʥʝʪ 

ʨʝʯʝʡ (IoT - Internet of things) ʪʘ ʭʤʘʨʥʽ (Cloud-based) ʟʘʛʨʦʟʠ.  

ʊʨʝʥʜʠ ʫ ʢʽʙʝʨʘʪʘʢʘʭ ʟ 2015 ʧʦ 2022 ʨʽʢ ʧʦʢʘʟʫʶʪʴ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʘʪʘʢ ʫʩʽʭ ʢʘʪʝʛʦʨʽʷʭ, ʪʘʢ ʰʘʭʨʘʡʩʪʚʦ (fraud) - ʧʨʠʨʽʩʪ 50%, ʩʧʘʤ (spam) - 

511%, ʘʪʘʢʠ ʟ ʚʽʜʤʦʚʦʶ ʜʦʩʪʫʧʥʦʩʪʽ (DDoS) - 327%, [1] ʬʽʰʠʥʛ (phishing) - 600% [2] 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʝʥʜ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʪʘʢ ʪʘ ʧʦʷʚʘ ʥʦʚʠʭ ʪʠʧʽʚ ʟʘʛʨʦʟ 

ʟʙʝʨʽʛʘʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ ʥʘʙʫʚʘʶʪʴ ʘʢʪʫʘʣʴʥʦʩʪʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʪʘ 

ʟʘʭʠʩʪʫ.  

ɺʠʜʽʣʷʶʪʴ 2 ʦʩʥʦʚʥʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʦʣʦʛʽʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʟʣʦʚʤʠʩʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (malware). MARE (Malware Analysis Reverse Engineering) 

ɿʘʛʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʟʘʭʠʩʪʫ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 1) ɺʠʷʚʣʝʥʥʷ 2) ʽʟʦʣʷʮʽʷ ʪʘ 

ʚʠʣʫʯʝʥʥʷ 3) ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ 4) ʘʥʘʣʽʟ ʢʦʜʫ ʪʘ ʟʚʦʨʦʪʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ 5) 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʰʘʙʣʦʥʽʚ ʟʣʦʚʤʠʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 6) ʣʽʢʫʚʘʥʥʷ ʎʽ 

ʢʨʦʢʠ ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʜʦʧʦʤʦʛʪʠ ʘʥʘʣʽʪʠʢʘʤ ʦʜʝʨʞʘʪʠ ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ ʻ 

ʧʦʚʪʦʨʶʚʘʥʠʤ, ʦʙôʻʢʪʠʚʥʠʤ ʽ ʟʘʩʪʦʩʦʚʥʠʤ, ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʘʥʘʣʽʟʦʚʘʥʦʛʦ 

ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʽʩʪʦʨʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʯʝʨʝʟ 10 

ʨʦʢʽʚ ʟᾷʷʚʠʚʩʷ ʧʽʜʭʽʜ SAMA (Systematic Approach to Malware Analysis). 

ʆʩʥʦʚʥʽ ʝʪʘʧʠ: 

1. ʇʦʯʘʪʢʦʚʽ ʜʽʾ  

2. ʂʣʘʩʠʬʽʢʘʮʽʷ  

3. ʉʪʘʪʠʯʥʠʡ ʽ ʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʢʦʜʫ  

4. ʇʦʚʝʜʽʥʢʦʚʠʡ ʘʥʘʣʽʟ 

ʄʝʪʦʶ ʥʦʚʦʾ ʧʨʦʮʝʜʫʨʠ ʻ ʩʪʚʦʨʝʥʥʷ ʦʩʥʦʚʠ, ʟʜʘʪʥʦʾ ʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʝ ʪʘ 

ʩʢʣʘʜʥʝ ʰʢʽʜʣʠʚʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʯʝʨʝʟ ʧʦʪʨʝʙʫ ʚ ʽʪʝʨʘʮʽʡʥʦʤʫ ʧʨʦʮʝʩʽ, 

ʷʢʠʡ ʻ ʩʠʩʪʝʤʘʪʠʯʥʠʡ, ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʥʘʜʽʡʥʠʭ ʽ ʞʦʨʩʪʢʠʭ ʤʝʪʦʜʘʭ, 

ʟʜʘʪʥʠʡ ʜʦʧʦʤʦʛʪʠ ʘʥʘʣʽʪʠʢʘʤ ʫ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʥʴ ʧʨʦ ʧʝʚʥʫ ʰʢʽʜʣʠʚʫ 
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ʧʨʦʛʨʘʤʫ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʙʦʨʦʪʴʙʠ ʟ ʰʢʽʜʣʠʚʠʤ ʇɿ. ʑʦʜʦ ʘʥʘʣʽʟʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʚʠʜʠ, ʷʢ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ (static analysis), ʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ 

(dynamic analysis) ʪʘ ʛʽʙʨʠʜʥʠʡ [3].  

ʉʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʢʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʬʘʢʪʠʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʢʦʜʫ 

ʧʨʦʛʨʘʤʠ. ʇʨʠʢʣʘʜʠ ʽʥʬʦʨʤʘʮʽʾ ʱʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʻ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡʥʠʭ ʢʦʜʽʚ (operation code, opcode) ʟ ʙʽʥʘʨʥʠʭ ʬʘʡʣʽʚ, ʛʨʘʬʠ 

ʧʦʪʦʢʫ ʢʝʨʫʚʘʥʥʷ ʪʘ ʽʥʰʽ. ʅʘʙʦʨʠ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʦʢʨʝʤʦ ʪʘʢ ʽ ʚ ʫ ʢʦʤʙʽʥʘʮʽʾ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ. ʄʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʝʨʝʚʘʛʦʶ 

ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʭʠʙʥʦ ʧʦʟʠʪʠʚʥʠʭ ʜʝʪʝʢʪʫʚʘʥʴ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʜʝʪʝʢʪʫʚʘʥʥʷ ʫ ʨʘʟʽ ʥʝʚʽʜʦʤʠʭ ʩʠʛʥʘʪʫʨ.  

ɼʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʚʠʤʘʛʘʻ, ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ, ʯʘʩʪʦ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʇʨʠʢʣʘʜʠ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʻ: ɺʠʢʣʠʢʠ API, ʩʠʩʪʝʤʥʽ ʚʠʢʣʠʢʠ, ʪʨʘʩʫʚʘʥʥʷ ʽʥʩʪʨʫʢʮʽʡ, ʟʤʽʥʠ ʨʝʻʩʪʨʫ, 

ʟʘʧʠʩʠ ʚ ʧʘʤôʷʪʴ ʪʦʱʦ. ɺ ʥʝʱʦʜʘʚʥʽʭ ʨʦʙʦʪʘʭ ʻ ʧʦʧʫʣʷʨʥʠʤʠ ʛʨʘʬʦʚʽ ʤʝʪʦʜʠ, ʱʦ 

ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʜʠʥʘʤʽʯʥʽ ʜʘʥʥʽ. ʊʘʢʦʞ ʧʦʧʫʣʷʨʥʠʤ ʻ ʘʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ API 

ʚʠʢʣʠʢʽʚ, ʥʘʧʨʠʢʣʘʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʝʨʝʚʘʛʦʶ ʜʠʥʘʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʝʚʽʜʦʤʦʛʦ ʰʢʽʜʣʠʚʦʛʦ ʇɿ, ʚʦʜʥʦʯʘʩ ʟ ʚʠʩʦʢʠʤ 

ʨʽʚʥʝʤ ʭʠʙʥʦ ʧʦʟʠʪʠʚʥʠʭ ʜʝʪʝʢʪʫʚʘʥʴ ʪʘ ʧʦʚʽʣʴʥʠʤ ʚʠʢʦʥʘʥʥʷʤ.  

ɻʽʙʨʠʜʥʠʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʦʤʙʽʥʦʚʘʥʽ, ʥʘ ʧʝʚʥʦʤʫ ʝʪʘʧʽ ʧʽʜʭʦʜʠ 

ʩʪʘʪʠʯʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʟ ʤʝʪʦʶ ʧʦʻʜʥʘʪʠ ʥʘʡʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʦʭ ʧʽʜʭʦʜʽʚ. ɼʦ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʚʽʜʥʦʩʠʪʴʩʷ Mal-DNA (Malware-DNA), ROC 

Analysis (Receiver Operating Characteristic), Precision Recall Analysis (PR) ʪʘ ʽʥʱʽ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʟʥʦʚʠʜʽʚ ʰʢʽʜʣʠʚʦʛʦ ʇɿ, ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ, ʪʦʞ ʥʘʡʢʨʘʱʦʶ ʩʪʨʘʪʝʛʽʶ ʻ ʧʦʻʜʥʘʥʥʷ 

ʤʝʪʦʜʽʚ ʟ ʦʛʣʷʜʫ ʥʘ ʨʝʩʫʨʩʠ ʪʘ ʥʘʷʚʥʽ ʤʦʜʝʣʽ ʟʘʛʨʦʟ.  

ɿ ʧʦʰʠʨʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ(AI), ʚʦʥʠ ʥʝʚʽʜʚʦʨʦʪʥʦ 

ʚʭʦʜʷʪʴ ʚ ʩʬʝʨʫ ʢʽʙʝʨʙʝʟʧʝʢʠ. ɹʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, 

ʷʢ Shallow Learning, Deep Learning and BioInspired Computing ʧʽʜ ʚʩʽ ʚʠʜʠ ʧʣʘʪʬʦʨʤ: 

PC, cloud, mobile ʪʘ IoT.[4]  

ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʙʽʦʽʥʩʧʠʨʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʡ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʙʦʨʫ ʪʘ ʛʝʥʝʪʠʢʠ. ʋ ʩʬʝʨʽ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʚʦʥʠ ʥʘʙʫʚʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ [5] 

ʪʘʢ ʽ ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ ʘʪʘʢ [6]. ʇʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ [7]. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʚʦʣʶʮʽʡʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʚʽʜʙʦʨʫ ʜʠʩʢʨʠʤʽʥʘʮʽʡʥʦʾ 

ʦʟʥʘʢʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʪʘʣʘ ʧʽʜʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ, ʷʢʘ ʧʽʟʥʽʰʝ ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʟʣʦʚʤʠʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Android, ʟ ʪʦʯʥʽʩʪʶ 94%.  
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ʄʝʨʝʞʝʚʽ ʚʽʨʫʩʠ ʟʘʣʠʰʘʶʪʴʩʷ ʦʜʥʽʻʶ ʟʽ ʟʨʦʩʪʘʶʯʠʭ ʪʘ ʥʘʡʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʭ ʟʘʛʨʦʟ ʫ ʩʫʯʘʩʥʽʡ ʢʽʙʝʨʙʝʟʧʝʮʽ, ʪʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʾʭ 

ʚʠʷʚʣʝʥʥʷ ʟʛʽʜʥʦ ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʆʯʽʢʫʚʘʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʻ ʚʠʱʘ 

ʪʦʯʥʽʩʪʴ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ.  
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅʉʊʈʋʄɽʅʊʋ ELASTICSEARCH ɼʃʗ 

ʆʇʊʀʄɯɿɸʎɯɰ ɺɽɹɼʆɼɸʊʂɯɺ, ʈʆɿʈʆɹʃɽʅʀʍ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʌʈɽʁʄɺʆʈʂʋ LARAVEL 
 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ Elasticsearch ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʚʝʙʜʦʜʘʪʢʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʬʨʝʡʤʚʦʨʢʫ Laravel, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʷ Elasticsearch ʫ ʚʝʙʜʦʜʘʪʢʠ, 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ Laravel, ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ ʰʚʠʜʢʦʛʦ ʪʘ ʪʦʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ 

ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʩʥʦʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʪʠʤʝ ʚ ʨʦʟʨʦʙʮʽ ʚʜʦʩʢʦʥʘʣʝʥʦʾ 

ʩʠʩʪʝʤʠ ʧʦʰʫʢʫ ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʜʘʥʠʭ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʚʝʣʠʢʠʤ 

ʦʙʩʷʛʦʤ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʢʨʘʱʠʪʴ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ ʚʝʙʜʦʜʘʪʢʽʚ ʚ ʫʤʦʚʘʭ 

ʟʨʦʩʪʘʶʯʦʛʦ ʦʙʩʷʛʫ ʜʘʥʠʭ ʪʘ ʧʦʪʨʝʙʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʦʙʨʦʙʢʠ ʪʘ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ. 

 

This research involved an analysis of the possibilities of using Elasticsearch tool to 

optimize web applications developed based on the Laravel framework, with the aim of improving 

their productivity and efficiency. The primary goal of the research is to create and integrate 

Elasticsearch into web applications built on Laravel, in order to provide a fast and precise 

mechanism for information retrieval for users. The main outcome of the research will be the 

development of an enhanced data search and filtration system, which will enable effective 

interaction with a large volume of information and enhance the user experience of web applications 

in the context of growing data volumes and the need for real-time data processing and retrieval. 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʘʥʠʭ, 

ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʪʘ ʦʙʨʦʙʣʷʶʪʴʩʷ ʚ ʤʝʨʝʞʽ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʚʘʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʦʰʫʢʫ ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʮʠʭ ʜʘʥʠʭ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʾ ʚʘʛʠ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ Elasticsearch ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʝʙʜʦʜʘʪʢʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʫ Laravel. 

ʂʦʨʠʩʪʫʚʘʯʽ ʩʫʯʘʩʥʠʭ ʚʝʙʜʦʜʘʪʢʽʚ ʦʯʽʢʫʶʪʴ ʤʠʪʪʻʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɼʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʮʠʭ ʦʯʽʢʫʚʘʥʴ ʚʘʞʣʠʚʦ ʤʘʪʠ ʰʚʠʜʢʠʡ ʪʘ ʪʦʯʥʠʡ 

ʤʝʭʘʥʽʟʤ ʧʦʰʫʢʫ ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʜʘʥʠʭ. 

ʇʦʢʨʘʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ ʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ʨʦʟʨʦʙʥʠʢʽʚ ʚʝʙʜʦʜʘʪʢʽʚ. ɽʬʝʢʪʠʚʥʠʡ ʧʦʰʫʢ ʪʘ ʬʽʣʴʪʨʘʮʽʷ ʜʘʥʠʭ ʜʦʧʦʤʘʛʘʶʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʥʘʭʦʜʠʪʠ ʧʦʪʨʽʙʥʫ ʽʥʬʦʨʤʘʮʽʶ ʰʚʠʜʢʦ ʽ ʟʨʫʯʥʦ. 

Elasticsearch ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʧʦʰʫʢʫ ʪʘ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʽ ʚʽʥ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʭ ʧʨʦʮʝʩʽʚ. ʆʙ'ʻʜʥʘʥʥʷ 
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Elasticsearch ʟ ʬʨʝʡʤʚʦʨʢʦʤ Laravel ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʫ 

ʧʣʘʥʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʚʝʙʜʦʜʘʪʢʽʚ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʦʙʦʪʠ Elasticsearch 

 

ʆʪʞʝ, ʦʙʨʘʥʘ ʪʝʤʘʪʠʢʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʚʘʞʣʠʚʦʶ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʝʙʘʤ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʙʽʟʥʝʩʫ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ 

ʚʝʙʜʦʜʘʪʢʽʚ ʽ ʧʦʢʨʘʱʝʥʥʽ ʦʙʨʦʙʢʠ ʪʘ ʧʦʰʫʢʫ ʜʘʥʠʭ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 
1. ɼʦʢʫʤʝʥʪʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ Elasticsearch. URL: http://stmarysguntur.com/wp-

content/uploads/2019/04/1021302647.pdf 

2. Wai Tak Wong. Advanced Elasticsearch 7.0: A practical guide to designing, indexing, and 

querying advanced distributed search engines. 2021. ʉ. 230ï239. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʊɽʍʅʆʃʆɻɯɰ ʊɽʉʊʋɺɸʅʅʗ ɹɽɿʇɽʂʀ ɺɽɹʈɽʉʋʈʉɯɺ 
 

ʂʦʞʝʥ ʚʝʙ-ʨʝʩʫʨʩ ʤʘʻ ʚʨʘʟʣʠʚʦʩʪʽ. ʅʘʷʚʥʽʩʪʴ ʚʨʘʟʣʠʚʦʩʪʝʡ ʧʦʷʩʥʶʻʪʴʩʷ 

ʟʜʘʪʥʽʩʪʶ ʣʶʜʝʡ ʜʦʧʫʩʢʘʪʠ ʧʦʤʠʣʢʠ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʢʽ ʚʝʙ-ʨʝʩʫʨʩʠ ʧʠʰʝ ʥʝ ʦʜʥʘ ʣʶʜʠʥʘ, ʘ 

ʮʽʣʘ ʛʨʫʧʘ. ɯ ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʨʘʟʣʠʚʦʩʪʽ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʧʝʨʝʚʽʨʢʫ ʢʦʜʫ, 

ʥʝʢʦʨʝʢʪʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʝʨʚʝʨʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʧʝʨʝʚʽʨʥʠʭ ʙʽʙʣʽʦʪʝʢ ʽ ʬʨʝʡʤʚʦʨʢʽʚ 

ʚʽʜ ʩʪʦʨʦʥʥʽʭ ʨʦʟʨʦʙʥʠʢʽʚ. ʆʜʥʘʢ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʷʤ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʚʝʙ-ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʪʝʩʪʫʚʘʥʥʷ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʷʚʣʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ. 

 

Almost any web resource has vulnerabilities. The presence of vulnerabilities is easily 

explained by the ability of people to make mistakes, because large web resources are written not by 

one person, but by a whole group. And quite often vulnerabilities occur due to insufficient code 

verification, incorrect configuration of the server and the use of untested libraries and frameworks 

from third-party developers. However, to prevent vulnerabilities and ensure the security of web 

resources, it is necessary to implement testing techniques. This paper compares the most common 

vulnerability detection techniques. 

 

ɿʘʭʠʩʪ ʚʝʙ-ʨʝʩʫʨʩʽʚ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʡ, ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʪʝʢʩʪʽ ʩʪʨʽʤʢʦʛʦ 

ʨʦʟʚʠʪʢʫ ʽ ʟʙʽʣʴʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʪʝʨʥʝʪʫ. 

ɼʦʜʘʪʢʦʚʦ, ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʪʝʨʥʝʪʫ 

ʽ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʣʦʚʤʠʩʥʠʢʽʚ ʽʟ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʥʘʚʠʯʢʘʤʠ, ʷʢʽ ʰʫʢʘʶʪʴ ʩʣʘʙʢʽ ʤʽʩʮʷ ʫ ʚʝʙ-ʨʝʩʫʨʩʘʭ ʜʣʷ 

ʥʝʟʘʢʦʥʥʦʛʦ ʜʦʩʪʫʧʫ ʽ ʟʣʦʚʞʠʚʘʥʥʷ. ʊʦʤʫ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚʝʙ-ʨʝʩʫʨʩʽʚ, 

ʥʝʦʙʭʽʜʥʦ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʝʨʝʜʦʚʽ ʧʨʘʢʪʠʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʽ ʫʩʫʚʘʪʠ ʚʨʘʟʣʠʚʦʩʪʽ. 

ʈʠʥʦʢ ʙʝʟʧʝʢʠ ʪʘʢʦʞ ʩʪʨʽʤʢʦ ʥʘʙʠʨʘʻ ʦʙʝʨʪʠ ʽ ʮʷ ʜʠʥʘʤʽʢʘ ʦʩʦʙʣʠʚʦ 

ʧʦʤʽʪʥʘ ʟ ʨʦʩʪʦʤ ʚʨʘʟʣʠʚʦʩʪʝʡ ʽ ʨʠʟʠʢʦʤ ʾʭ ʝʢʩʧʣʫʘʪʫʚʘʥʥʷ ʟʣʦʚʤʠʩʥʠʢʘʤʠ. ʎʝʡ 

ʪʨʝʥʜ ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʠʡ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ Grand View Research [1], ʱʦ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʄʝʪʦʁ ʨʦʙʦʪʠ ʻ ʨʦʟʛʣʷʜ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʥʘ 

ʧʨʘʢʪʠʮʽ, ʘ ʩʘʤʝ DAST (ɼʠʥʘʤʽʯʥʝ ʪʝʩʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʜʦʜʘʪʢʽʚ)[2] ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʠʪʠ ʚʨʘʟʣʠʚʦʩʪʽ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ SAST (ʉʪʘʪʠʯʥʝ ʪʝʩʪʫʚʘʥʥʷ 

ʙʝʟʧʝʢʠ ʜʦʜʘʪʢʽʚ)[3] ʷʢʝ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʠʷʚʣʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ, 

ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ. 

DAST ï ʪʝʭʥʦʣʦʛʽʷ ʪʝʩʪʫʚʘʥʥʷ ʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠ, ʷʢʘ ʜʠʥʘʤʽʯʥʦ ʧʝʨʝʚʽʨʷʻ 

ʨʦʙʦʪʫ ʚʝʙ-ʨʝʩʫʨʩʫ ʙʝʟ ʟʥʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʪʘ ʩʭʝʤʠ ʨʦʙʦʪʠ. ɼʘʥʠʡ ʧʽʜʭʽʜ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʥʘ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ ʨʦʟʨʦʙʢʠ, ʷʢʠʤʠ 

ʤʦʞʝ ʩʢʦʨʠʩʪʘʪʠʩʷ ʟʣʦʚʤʠʩʥʠʢ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʚʚʝʜʝʥʥʷ 

ʧʦʤʠʣʦʢ, ʘ ʩʘʤʝ ʧʝʨʝʜʘʯʽ ʰʢʽʜʣʠʚʠʭ ʜʘʥʠʭ ʪʘ ʽʥʩʪʨʫʢʮʽʡ, ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʧʦʰʠʨʝʥʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ ʙʝʟʧʝʢʠ, ʪʘʢʠʭ ʷʢ SQL-ʽʥ'ʻʢʮʽʾ, ʤʽʞʩʘʡʪʦʚʽ ʩʮʝʥʘʨʽʾ (XSS) 

ʪʘ ʽʥʰʽ, ʱʦ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚ OWASP Top 10[4]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʠʥʦʢ ʙʝʟʧʝʢʠ ʜʦʜʘʪʢʽʚ ʫ ʉʐɸ 

 

SAST ïʪʝʭʥʦʣʦʛʽʷ ʪʝʩʪʫʚʘʥʥʷ ʙʽʣʦʾ ʩʢʨʠʥʴʢʠ ʷʢʘ ʽʩʥʫʻ ʚʞʝ ʙʽʣʴʰʝ ʜʝʩʷʪʠ 

ʨʦʢʽʚ. SAST ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʚʠʷʚʣʷʪʠ ʚʨʘʟʣʠʚʦʩʪʽ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʨʦʟʨʦʙʢʠ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʧʽʜʭʦʜʽ ʘʥʘʣʽʟʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ, ʙʫʜʦʚʘ ʪʘ 

ʚʠʭʽʜʥʠʡ ʢʦʜ. ɺʘʛʦʤʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʡ ʪʝ ʱʦ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʪʦʯʥʦ ʚʢʘʟʫʻ ʥʘ 

ʚʨʘʟʣʠʚʠʡ ʬʨʘʛʤʝʥʪ ʚ ʢʦʜʽ ʪʘ ʥʘʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʡʦʛʦ ʫʩʫʥʝʥʥʷ. 

ʆʙʠʜʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʝʩʪʫʚʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʪʘ ʥʝʜʦʣʽʢʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ, ʘʣʝ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʧʨʘʢʪʠʢʦʶ ʻ ʾʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʘʥʜʝʤʽ. ʊʘʢʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʦʢʨʠʪʠ ʫʩʽ ʘʩʧʝʢʪʠ 

ʙʝʟʧʝʢʠ ʚʝʙ-ʨʝʩʫʨʩʽʚ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʧʦʚʥʠʡ ʟʘʭʠʩʪ. ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ 

ʢʣʶʯʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ DAST ʽ SAST ʪʝʭʥʦʣʦʛʽʷʤʠ [5]. 

 

ʊʘʙʣʠʮʷ 1 ï ʂʣʶʯʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ DAST ʽ SAST 
DAST SAST 

ʇʦʪʨʽʙʝʥ ʧʨʘʮʶʶʯʠʡ ʚʝʙ-ʨʝʩʫʨʩ ʇʦʪʨʽʙʝʥ ʚʠʭʽʜʥʠʡ ʢʦʜ 

ʇʽʜʪʨʠʤʫʻ ʙʫʜʴ ʷʢʫ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʨʝʩʫʨʩʽʚ 

ɿʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʅʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʜʞʝʨʝʣʦ 

ʧʨʦʙʣʝʤʠ 

ʊʦʯʥʦ ʚʠʟʥʘʯʘʻ ʚʨʘʟʣʠʚʠʡ ʬʨʘʛʤʝʥʪ ʫ ʚʠʭʽʜʥʦʤʫ 

ʢʦʜʽ 

ʄʦʞʝ ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʯʘʩʦʤ 

ʚʠʢʦʥʘʥʥʷ, ʧʦʪʦʢʘʤʠ ʪʘ ʩʝʨʝʜʦʚʠʱʝʤ 

ʅʝ ʚʠʷʚʣʷʻ ʧʨʦʙʣʝʤʠ ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʯʘʩʦʤ 

ʚʠʢʦʥʘʥʥʷ, ʧʦʪʦʢʘʤʠ ʪʘ ʩʝʨʝʜʦʚʠʱʝʤ 

ɺʨʘʟʣʠʚʦʩʪʽ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʮʠʢʣʫ ʨʦʟʨʦʙʢʠ 

ʉʢʘʥʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ, ʷʢ ʪʽʣʴʢʠ ʢʦʜ ʙʫʜʝ 

ʚʚʘʞʘʪʠʩʷ ʟʘʚʝʨʰʝʥʠʤ 

ɼʦʨʦʛʠʡ ʩʧʦʩʽʙ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ, ʪʘʢ ʷʢ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʢʽʥʮʝʚʦʤʫ ʮʠʢʣʫ ʨʦʟʨʦʙʢʠ 

ɼʝʰʝʚʰʠʡ ʩʧʦʩʽʙ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ, ʦʩʢʽʣʴʢʠ 

ʚʠʷʚʣʷʶʪʴʩʷ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʅʝ ʚʠʤʘʛʘʻ ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ ʨʦʟʨʦʙʥʠʢʽʚ ʫ 

ʧʨʦʮʝʩʽ ʪʝʩʪʫʚʘʥʥʷ, ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʥʘʜʘʻʪʴʩʷ 

ʟʚʽʪ ʟ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʫʩʫʥʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ 

ɺʠʤʘʛʘʻ ʫʯʘʩʪʽ ʨʦʟʨʦʙʥʠʢʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʦʚʠʥʥʽ 

ʘʥʘʣʽʟʫʚʘʪʠ ʟʥʘʡʜʝʥʽ ʚʨʘʟʣʠʚʦʩʪʽ ʪʘ ʫʩʫʚʘʪʠ ʾʭ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʚʠʭʽʜʥʦʤʫ ʢʦʜʽ 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙʦʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʚʝʙ-

ʨʝʩʫʨʩʫ, ʪʘ ʧʨʦʜʦʚʞʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʩʣʷ ʡʦʛʦ ʚʠʧʫʩʢʫ ï ʮʝ ʪʝ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ 

ʧʽʜʩʫʤʢʫ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʚʝʙ-ʨʝʩʫʨʩʫ ʪʘ ʙʽʟʥʝʩʫ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ, ʜʝ ʙʝʟʧʝʢʘ ʚʝʙ-ʨʝʩʫʨʩʽʚ ʩʪʘʻ ʜʝʜʘʣʽ 

ʚʘʞʣʠʚʽʰʦʶ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʢʣʶʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ SAST ʪʘ DAST ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ. ʆʙʠʜʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ ʧʝʨʝʚʘʛʠ ʽ 

ʜʦʧʦʚʥʶʶʪʴ ʦʜʥʘ ʦʜʥʫ, ʩʪʚʦʨʶʶʯʠ ʢʦʤʧʣʝʢʩʥʫ ʪʝʭʥʦʛʦʽʶ ʪʝʩʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ, ʪʘ 

ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʷʚʣʷʪʠ ʽ ʚʠʧʨʘʚʣʷʪʠ ʚʨʘʟʣʠʚʦʩʪʽ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʧʘʤôʷʪʘʪʠ ʧʨʦ ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʙʝʟʧʝʢʠ ʚʝʙ-

ʨʝʩʫʨʩʫ, ʥʘʚʽʪʴ ʧʽʩʣʷ ʡʦʛʦ ʚʠʧʫʩʢʫ. ʊʘʢʘ ʧʨʘʢʪʠʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʪʨʠʚʘʣʠʡ ʪʘ 

ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ, ʱʦ ʜʦʧʦʤʦʞʝ ʫʥʠʢʥʫʪʠ ʧʦʪʝʥʮʽʡʥʠʡ ʟʘʛʨʦʟ ʜʣʷ ʙʽʟʥʝʩʫ ʪʘ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ʂʦʙʝʨʥʠʢ ɼ.ʉ. 

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄʆɹɯʃʔʅʀʁ ɼʆɼɸʊʆʂ ɼʃʗ ʏʀʊɸʅʅʗ ʂʅʀɻ ɿ GOOGLE BOOKS: 

ʄɽʊʆɼʆʃʆɻɯɰ ʇʈʆɻʈɸʄʅʆɰ ɯʅɾɽʅɽʈɯɰ ʊɸ ɸʈʍɯʊɽʂʊʋʈʅɯ ʈɯʐɽʅʅʗ 
 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʜʣʷ ʯʠʪʘʥʥʷ ʢʥʠʛ ʟ Google Books. ɼʦʜʘʪʦʢ 

ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʧʨʠʩʪʨʦʾʚ Android ʽ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʯʠʪʘʪʠ ʢʥʠʛʠ ʟ ʢʘʪʘʣʦʛʫ Google 

Books. 

 

The presented software engineering methodologies and architectural decisions that were 

used for the development of a mobile application for reading books from Google Books are 

discussed. The application is available for Android and devices and allows users to read books from 

the Google Books catalog. 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʢʥʠʛʠ ʧʝʨʝʩʪʘʶʪʴ ʙʫʪʠ ʚʠʢʣʶʯʥʦ ʧʘʧʝʨʦʚʠʤʠ, 

ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʥʘ ʮʠʬʨʦʚʽ ʬʦʨʤʘʪʠ. Google Books ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ 

ʧʣʘʪʬʦʨʤ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʯʠʪʘʥʥʷ, ʧʨʦʪʝ ʧʦʪʨʝʙʘ ʚ ʦʧʪʠʤʽʟʦʚʘʥʦʤʫ ʜʦʜʘʪʢʫ ʜʣʷ 

ʯʠʪʘʥʥʷ ʟ ʮʴʦʛʦ ʨʝʩʫʨʩʫ ʣʠʰʝ ʟʨʦʩʪʘʻ. ɺʘʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʜʦʜʘʪʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʦʮʽʥʝʥʘ. ʎʷ ʩʪʘʪʪʷ 

ʨʦʟʛʣʷʜʘʻ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʜʦʜʘʪʢʘ ʜʣʷ ʯʠʪʘʥʥʷ ʢʥʠʛ ʟ Google Books. ʄʠ 

ʟʦʩʝʨʝʜʠʤʦʩʷ ʥʘ ʚʠʙʦʨʽ ʤʝʪʦʜʦʣʦʛʽʡ, ʾʭʥʽʡ ʘʜʘʧʪʘʮʽʾ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʫ, ʘ 

ʪʘʢʦʞ ʥʘ ʢʣʶʯʦʚʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʥʷʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʥʫʯʢʽʩʪʴ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʦʤ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʽʟ ʰʚʠʜʢʠʤ ʨʦʩʪʦʤ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʦʙʽʣʴʥʦʛʦ 

ɯʥʪʝʨʥʝʪʫ, ʩʧʦʞʠʚʘʯʽ ʚʩʝ ʯʘʩʪʽʰʝ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʯʠʪʘʥʥʶ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʬʦʨʤʘʪʽ. Google Books, ʙʫʜʫʯʠ ʦʜʥʽʻʶ ʟ ʧʨʦʚʽʜʥʠʭ ʧʣʘʪʬʦʨʤ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʥʘʜʘʻ ʜʦʩʪʫʧ ʜʦ ʤʽʣʴʡʦʥʽʚ ʚʠʜʘʥʴ, ʘʣʝ ʱʝ ʟʘʣʠʰʘʻ ʧʨʦʩʪʽʨ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ ʯʝʨʝʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʜʦʜʘʪʢʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʘ ʩʘʤʝ ʤʦʙʽʣʴʥʦʛʦ 

ʜʦʜʘʪʢʫ, ʜʣʷ ʚʽʣʴʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʪʘ ʯʠʪʘʥʥʷ ʢʥʠʛ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʘʫʜʠʪʦʨʽʾ ʧʨʦʛʨʘʤʠ 

ʚʽʜʢʨʠʪʠ ʜʣʷ ʩʝʙʝ ʥʦʚʝ ʟʘʥʷʪʪʷ ʯʠ ʧʨʦʜʦʚʞʠʪʠ ʟʘʡʤʘʪʠʩʴ ʧʨʠʻʤʥʦʶ ʩʧʨʘʚʦʶ ʟ 

ʢʦʤʬʦʨʪʦʤ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʦʩʦʙʣʠʚʦ ʪʘʢʦʛʦ, ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʽʟ 

ʚʞʝ ʽʩʥʫʶʯʦʶ ʝʢʦʩʠʩʪʝʤʦʶ, ʚʠʥʠʢʘʻ ʙʝʟʣʽʯ ʚʠʢʣʠʢʽʚ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʢʦʤʧʣʝʢʩʥʽʩʪʴ 

ʽʥʪʝʛʨʘʮʽʾ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʣʘʪʬʦʨʤ, ʘ ʪʘʢʦʞ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʨʝʘʢʪʠʚʥʦʩʪʽ ʜʦʜʘʪʢʘ. ʊʦʤʫ ʧʨʘʚʠʣʴʥʠʡ 

ʚʠʙʽʨ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʚʠʨʽʰʘʣʴʥʠʤ. 

ʄʠ ʨʦʟʛʣʷʥʫʣʠ, ʷʢ ʢʦʥʢʨʝʪʥʽ ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ ʧʽʜʭʦʜʠ ʜʦʧʦʤʦʛʣʠ ʢʦʤʘʥʜʽ 

ʨʦʟʨʦʙʥʠʢʽʚ ʩʪʚʦʨʠʪʠ ʜʦʜʘʪʦʢ, ʷʢʠʡ ʥʝ ʪʽʣʴʢʠ ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ, ʘʣʝ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʤʽʥʥʠʡ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ. ʄʠ ʪʘʢʦʞ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʝʤʦ 

ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ, ʧʨʠʡʥʷʪʽ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ, ʘʥʘʣʽʟʫʶʯʠ ʾʭʥʽ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ ʚ ʢʦʥʪʝʢʩʪʽ ʟʘʜʘʥʠʭ ʮʽʣʝʡ ʧʨʦʝʢʪʫ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʘ ʻ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʽʥʪʝʨʬʝʡʩʫ. ʆʩʢʽʣʴʢʠ Google Books ʤʘʻ ʩʚʦʶ ʫʥʽʢʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʘʣʛʦʨʠʪʤʠ, ʙʫʣʦ ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʜʦʜʘʪʦʢ, ʷʢʠʡ ʙ ʥʝ ʪʽʣʴʢʠ 

ʝʬʝʢʪʠʚʥʦ ʽʥʪʝʛʨʫʚʘʚʩʷ ʟ ʮʽʻʶ ʧʣʘʪʬʦʨʤʦʶ, ʘʣʝ ʡ ʥʘʜʘʚʘʚ ʜʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʝʙʘʤ ʩʫʯʘʩʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʆʩʥʦʚʦʶ ʨʦʟʨʦʙʢʠ ʩʪʘʣʘ ʘʛʽʣʴʥʘ ʤʝʪʦʜʦʣʦʛʽʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ Kanban 

ʜʦʟʚʦʣʠʣʦ ʢʦʤʘʥʜʽ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʚʠʤʦʛ, ʧʨʦʚʦʜʠʪʠ ʨʝʛʫʣʷʨʥʽ ʽʪʝʨʘʮʽʾ 

ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʜʫʢʪʫ. ʎʝʡ ʧʽʜʭʽʜ ʩʧʨʠʷʚ ʛʥʫʯʢʦʩʪʽ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʩʦʢʽʡ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʠ, ʟʘʤʦʚʥʠʢʘʤʠ ʪʘ ʢʽʥʮʝʚʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. 

ɸʨʭʽʪʝʢʪʫʨʥʦ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʢʨʦʩʝʨʚʽʩʥʫ 

ʩʪʨʫʢʪʫʨʫ. ʎʝ ʥʝ ʪʽʣʴʢʠ ʩʧʨʦʩʪʠʣʦ ʽʥʪʝʛʨʘʮʽʶ ʟ Google Books API, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʠʣʦ 

ʤʦʜʫʣʴʥʽʩʪʴ ʜʦʜʘʪʢʘ, ʜʦʟʚʦʣʷʶʯʠ ʣʝʛʢʦ ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʬʫʥʢʮʽʾ ʘʙʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ 

ʽʩʥʫʶʯʽ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʬʫʥʢʮʽʡ ʜʦʜʘʪʢʘ ʩʪʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʧʨʦ ʧʨʦʯʠʪʘʥʽ ʢʥʠʛʠ, ʽʥʪʝʨʝʩʠ ʪʘ 

ʚʽʜʛʫʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʩʠʩʪʝʤʘ ʧʨʦʧʦʥʫʻ ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʘʜʘʧʪʫʻ ʽʥʪʝʨʬʝʡʩ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦ. ɼʽʘʛʨʘʤʘ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʜʣʷ 

ʯʠʪʘʥʥʷ ʟ Google Books ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʜʣʷ ʯʠʪʘʥʥʷ ʟ Google Books 
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ɺ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʛʣʷʜʽ, ʮʝʡ ʜʦʜʘʪʦʢ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʻʜʥʘʥʥʷ ʥʦʚʽʪʥʽʭ 

ʧʽʜʭʦʜʽʚ ʫ ʧʨʦʛʨʘʤʥʽʡ ʽʥʞʝʥʝʨʽʾ ʟ ʛʣʠʙʦʢʠʤ ʨʦʟʫʤʽʥʥʷʤ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʄʠ  

ʨʦʟʛʣʷʥʫʣʠ ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʚʨʘʭʫʚʘʣʠ  ʚʽʜʛʫʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʘ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ɻɽʅɽʈɸʎɯɰ ʊɽʂʉʊʆɺʀʍ ʇʆɺɯɼʆʄʃɽʅʔ 

ɿɸɼɸʅʆɰ ʉɽʄɸʅʊʀʏʅʆɰ ʉʇʈʗʄʆɺɸʅʆʉʊɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʃɽʂʉʀʏʅʀʍ N-ɻʈɸʄ 
 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʢʣʶʯʦʚʽ ʧʨʠʢʣʘʜʠ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʶʪʴ ʪʝʢʩʪʦʚʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʦʶ ʩʝʤʘʥʪʠʯʥʦʶ ʩʧʨʷʤʦʚʘʥʽʩʪʶ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʝʢʩʠʯʥʠʭ n-ʛʨʘʤ ʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʮʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

 

The key examples of the development of information systems that automatically generate 

text messages with a defined semantic orientation using lexical n-grams were considered, and the 

results of the work of these systems were obtained for further analysis. 

 

ɻʝʥʝʨʘʮʽʷ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ï ʮʝ ʘʚʪʦʤʘʪʠʯʥʝ ʩʪʚʦʨʝʥʥʷ ʘʙʦ 

ʥʘʜʩʠʣʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʦʢʨʝʤʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʘʙʦ 

ʛʨʫʧʘʤ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʥʝʚʝʣʠʢʠʤʠ ʟʤʽʥʘʤʠ ʘʙʦ ʙʝʟ ʥʠʭ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘʢʦʛʦ 

ʤʘʨʢʝʪʠʥʛʫ ʥʘʙʫʣʘ ʧʦʧʫʣʷʨʥʦʩʪʽ ʩʝʨʝʜ ʙʘʛʘʪʴʦʭ ʙʨʝʥʜʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʾʤ 

ʝʬʝʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟʽ ʩʚʦʻʶ ʥʦʚʦʶ ʘʫʜʠʪʦʨʽʻʶ ʚ ʰʠʨʦʢʦʤʫ ʤʘʩʰʪʘʙʽ. ʂʨʽʤ ʪʦʛʦ, 

ʘʚʪʦʤʘʪʠʯʥʘ ʛʝʥʝʨʘʮʽʷ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʩʧʦʚʽʱʝʥʥʷ [1]. 

ʋ ʥʘʰ ʯʘʩ, ʢʦʣʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ 

ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤʠ, ʧʨʦʜʫʢʪʠʚʥʠʤʠ ʽ ʟʨʫʯʥʠʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʘʞʣʠʚʦ ʤʘʪʠ 

ʟʘʩʦʙʠ ʝʬʝʢʪʠʚʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʥʠʤ. ʎʝ ʩʪʘʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʢʦʞʥʦʛʦ 

ʧʨʦʝʢʪʫ ʯʠ ʨʦʙʦʪʠ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʟʚ'ʷʟʢʫ ʟ ʧʦʪʝʥʮʽʡʥʠʤʠ ʘʙʦ ʧʦʩʪʽʡʥʠʤʠ 

ʢʣʽʻʥʪʘʤʠ, ʫʢʣʘʜʝʥʥʷ ʢʦʥʪʨʘʢʪʽʚ ʟ ʧʨʘʮʽʚʥʠʢʘʤʠ ʢʦʤʧʘʥʽʾ ʪʘ ʚ ʱʦʜʝʥʥʽʡ ʨʦʙʦʯʽʡ 

ʘʪʤʦʩʬʝʨʽ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʩʦʙʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʛʝʥʝʨʘʮʽʾ 

ʥʝʚʝʣʠʢʠʭ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. 

ʊʘʢʽ ʩʠʩʪʝʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʥʝʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʪʝʢʩʪʦʚʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʯʘʪ-

ʙʦʪʠ, ʧʨʦʛʨʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʧʦʚʽʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʜʣʷ ʤʦʜʝʨʘʮʽʾ 

ʘʢʪʠʚʥʦʩʪʽ ʧʦʩʪʽʡʥʠʭ ʫʯʘʩʥʠʢʽʚ ʫ ʛʨʫʧʦʚʠʭ ʯʘʪʘʭ ʽ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʩʬʝʨ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʯʘʪ-ʙʦʪʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʙʤʽʥ 

ʪʝʢʩʪʦʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʝʤ ʽ ʩʝʨʚʽʩʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʛʘʡʥʦ ʪʘ 

ʥʘʛʘʜʫʻ ʟʚʠʯʘʡʥʠʡ ʜʽʘʣʦʛ ʤʽʞ ʜʚʦʤʘ ʦʩʦʙʘʤʠ. ʆʜʥʘʢ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʦʜʥʠʤ ʽʟ 

ʫʯʘʩʥʠʢʽʚ ʻ ʨʝʘʣʴʥʘ ʦʩʦʙʘ, ʘ ʟ ʽʥʰʦʛʦ - ʩʠʩʪʝʤʘ ʟ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ ʛʝʥʝʨʘʮʽʻʶ 

ʥʝʚʝʣʠʢʠʭ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. ʊʘʢʦʞ ʤʦʞʣʠʚʠʡ ʦʙʤʽʥ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʟ 
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ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʗʢʱʦ ʚ ʙʝʩʽʜʽ ʙʝʨʝ ʫʯʘʩʪʴ ʙʽʣʴʰʝ 

ʜʚʦʭ ʦʩʽʙ ʦʜʥʦʯʘʩʥʦ, ʮʝ ʚʞʝ ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʪʦʤ. ʊʘʢʦʞ ʚʘʞʣʠʚʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʫʜʽʦ ʘʩʠʩʪʝʥʪʽʚ [2], ʷʢʽ ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʶʪʴ ʚʽʜʧʦʚʽʜʽ ʫ 

ʪʝʢʩʪʦʚʦʤʫ ʘʙʦ ʘʫʜʽʦ ʬʦʨʤʘʪʽ. 

ʆʜʠʥ ʽʟ ʧʨʠʢʣʘʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʠʧʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʠʡ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʨʦʙʦʪʽ ʃʘʥʢʛʢʽʣʜʝ ʪʘ ʅʘʡʪʪʘ. 

ɿʘʜʘʯʘ ʛʝʥʝʨʘʮʽʾ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ [3] ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʚʽʜʧʦʚʽʜʽ ʢʦʨʠʩʪʫʚʘʯʫ.  

ʄʦʜʝʣʽ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʦʙʦʪʽ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʚʠʧʘʜʢʘʤʠ, ʚ ʜʘʥʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʘʥʘʣʽʟʫʶʪʴ ʚʭʽʜʥʽ ʜʘʥʽ ʷʢ ʥʘʙʽʨ ʧʦʨʽʚʥʶʚʘʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʅʘʧʨʠʢʣʘʜ, ʟʘʜʘʚʰʠ ʦʜʥʘʢʦʚʽ ʟʘʧʠʪʘʥʥʷ ʚʝʣʠʢʽʡ 

ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ, ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʾʭ ʚʽʜʧʦʚʽʜʽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʫʪʚʦʨʶʻ ʛʨʫʧʫ 

ʚʽʜʧʦʚʽʜʝʡ ʟ ʦʜʥʘʢʦʚʦʶ ʩʝʤʘʥʪʠʢʦʶ ʪʘ ʟʤʽʩʪʦʤ. Grounded theory[4] ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʮʴʦʤʫ ʧʽʜʭʦʜʽ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴ HALogen [5], ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 

ʈʠʩʫʥʦʢ 1 ï HALogen [5] 

 

ɻʨʘʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫ ʮʽʡ ʨʝʘʣʽʟʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʥʘʟʠʚʘʻʪʴʩʷ "ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ" (random forest). ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʙʨʘʥʠʡ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ ʚʘʨʽʘʥʪ. ʋ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʟʫ ʫ ʬʦʨʤʽ n -ʛʨʘʤ, ʪʦʜʽ ʷʢ ʩʫʯʘʩʥʽ 

ʧʽʜʭʦʜʠ ʚʠʢʦʥʫʶʪʴ ʚʝʣʠʢʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʩʫʯʘʩʥʠʤʠ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ[6]. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʚʠʜʠ n -ʛʨʘʤ. 
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ʋʥʽʛʨʘʤʠ (1-ʛʨʘʤʠ) ï ʮʝ ʥʘʡʧʨʦʩʪʽʰʽ ʥ-ʛʨʘʤʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʢʨʝʤʽ 

ʩʣʦʚʘ. ɺʦʥʠ ʥʝ ʤʽʩʪʷʪʴ ʢʦʥʪʝʢʩʪʫ ʪʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʽʟʦʣʴʦʚʘʥʦ. ʅʘʧʨʠʢʣʘʜ, ʫ 

ʨʝʯʝʥʥʽ "ʉʴʦʛʦʜʥʽ ʛʘʨʥʠʡ ʜʝʥʴ", ʫʥʽʛʨʘʤʘʤʠ ʙʫʜʫʪʴ "ʉʴʦʛʦʜʥʽ", "ʛʘʨʥʠʡ", "ʜʝʥʴ". 

ɹʽʛʨʘʤʠ (2-ʛʨʘʤʠ) ï ʮʝ n-ʛʨʘʤʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʩʣʽʚ. ɺʦʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʪʝʢʩʪ, ʘʣʝ ʪʽʣʴʢʠ ʚ ʦʙʤʝʞʝʥʦʤʫ ʦʙʩʷʟʽ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʪʦʛʦ ʞ ʨʝʯʝʥʥʷ, ʙʽʛʨʘʤʘʤʠ ʙʫʜʫʪʴ "ʉʴʦʛʦʜʥʽ ʛʘʨʥʠʡ", "ʛʘʨʥʠʡ ʜʝʥʴ". 

ʊʨʠʛʨʘʤʠ (3-ʛʨʘʤʠ) ï ʮʝ n-ʛʨʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʪʨʠ ʩʣʦʚʘ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ɺʦʥʠ 

ʚʨʘʭʦʚʫʶʪʴ ʙʽʣʴʰʠʡ ʢʦʥʪʝʢʩʪ, ʥʽʞ ʙʽʛʨʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʦʛʦ ʞ ʨʝʯʝʥʥʷ, 

ʪʨʠʛʨʘʤʘʤʠ ʙʫʜʫʪʴ "ʉʴʦʛʦʜʥʽ ʛʘʨʥʠʡ ʜʝʥʴ". 

ʏʦʪʠʨʠʛʨʘʤʠ (4-ʛʨʘʤʠ) ï ʮʝ n-ʛʨʘʤʠ ʟ ʯʦʪʠʨʤʘ ʩʣʦʚʘʤʠ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥ-ʛʨʘʤʽʚ, ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʤʦʚʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʚʭʦʜʞʝʥʥʷ 

ʧʝʚʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʣʽʚ ʫ ʪʝʢʩʪ. ɸʚʪʦʤʘʪʠʯʥʠʡ ʧʝʨʝʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʭ ʧʝʨʝʢʣʘʜʽʚ. 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʡʽʤʦʚʽʨʥʽʰʠʭ ʩʣʽʚ ʘʙʦ ʬʨʘʟ ʚ ʘʫʜʽʦʟʘʧʠʩʘʭ. ɸʚʪʦʢʦʨʝʢʪʦʨʠ ʪʘ ʩʠʩʪʝʤʠ ʧʽʜʢʘʟʢʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥ-ʛʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦʛʦ ʧʨʦʜʦʚʞʝʥʥʷ 

ʚʚʝʜʝʥʦʛʦ ʪʝʢʩʪʫ. 

ɺʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ n (ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ ʚ n-

ʛʨʘʤʽ), ʟʨʦʩʪʘʻ ʩʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ ʪʘ ʦʙʩʷʛ ʟʘʪʨʝʙʫʚʘʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ n ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʙʽʣʴʰʠʡ ʢʦʥʪʝʢʩʪ 

ʪʘ ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. 

N-ʛʨʘʤʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ, ʜʝ ʚʘʞʣʠʚʦ ʘʥʘʣʽʟʫʚʘʪʠ 

ʪʝʢʩʪʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʨʦʟʫʤʽʪʠ ʾʾ ʢʦʥʪʝʢʩʪ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦʷʚʠ ʧʝʚʥʠʭ ʩʣʽʚ ʯʠ ʬʨʘʟ ʫ ʪʝʢʩʪʽ. ʎʝ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʚʜʘʥʴ, ʪʘʢʠʭ ʷʢ 

ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʝʨʝʢʣʘʜ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ, ʛʝʥʝʨʘʮʽʷ ʪʝʢʩʪʫ ʪʦʱʦ. N-ʛʨʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʭ ʧʝʨʝʢʣʘʜʽʚ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ 

ʩʣʽʚ ʯʠ ʬʨʘʟ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥ-ʛʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦʛʦ 

ʧʨʦʜʦʚʞʝʥʥʷ ʚʚʝʜʝʥʦʛʦ ʪʝʢʩʪʫ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʚʢʘʟʫʚʘʪʠ ʥʘ ʤʦʞʣʠʚʽ ʧʦʤʠʣʢʠ ʘʙʦ 

ʥʘʜʘʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ. N-ʛʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ 

ʡʤʦʚʽʨʥʠʭ ʩʣʽʚ ʯʠ ʬʨʘʟ ʚ ʢʦʥʪʝʢʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʫ. N-ʛʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʜʽʡ ʯʠ ʪʨʝʥʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ. 

N-ʛʨʘʤʠ, ʭʦʯ ʽ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ ʪʘ ʨʦʟʫʤʽʥʥʷ 

ʢʦʥʪʝʢʩʪʫ, ʤʘʶʪʴ ʢʽʣʴʢʘ ʥʝʜʦʣʽʢʽʚ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʟʘʚʜʘʥʴ, ʦʩʦʙʣʠʚʦ ʚ ʛʣʠʙʦʢʠʭ 

ʘʥʘʣʽʟʘʭ, n-ʛʨʘʤʠ ʦʙʤʝʞʝʥʽ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ ʚʨʘʭʫʚʘʪʠ ʜʫʞʝ ʚʝʣʠʢʠʡ 

ʢʦʥʪʝʢʩʪ. ʎʝ ʦʩʦʙʣʠʚʦ ʩʪʘʻ ʧʨʦʙʣʝʤʦʶ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʩʣʦʚʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʜʦʚʰʦʛʦ ʢʦʥʪʝʢʩʪʫ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ n-ʛʨʘʤ ʤʦʞʝ ʙʫʪʠ ʨʽʜʢʽʩʥʠʤʠ, ʪʦʙʪʦ ʚʦʥʠ 

ʤʦʞʫʪʴ ʚʟʘʛʘʣʽ ʥʝ ʟʫʩʪʨʽʯʘʪʠʩʷ ʚ ʪʨʝʥʫʚʘʣʴʥʠʭ ʜʘʥʠʭ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʧʦʙʫʜʦʚʫ 

ʥʘʜʽʡʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ n (ʥʘʧʨʠʢʣʘʜ, 4-ʛʨʘʤʠ ʪʘ 

ʚʠʱʝ), ʨʦʟʤʽʨ ʩʣʦʚʥʠʢʘ ʪʘ ʧʦʪʨʽʙʥʘ ʢʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʨʘʡ ʚʝʣʠʢʠʤʠ. N-ʛʨʘʤʠ ʚʨʘʭʦʚʫʶʪʴ ʪʽʣʴʢʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʚ, ʘʣʝ ʥʝ 
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ʾʭʥʽʡ ʬʘʢʪʠʯʥʠʡ ʧʦʨʷʜʦʢ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʧʨʘʚʠʣʴʥʠʭ ʘʙʦ ʥʝʟʨʦʟʫʤʽʣʠʭ 

ʚʠʩʥʦʚʢʽʚ.  

ɯʥʰʠʡ ʧʨʠʢʣʘʜ ʮʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʧʽʜʭʽʜ, ʱʦ ʥʝ ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʘʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʚʽʜʧʦʚʽʜʽ ʫ ʤʦʤʝʥʪ ʚʠʙʦʨʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ʎʝʡ ʤʝʪʦʜ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ PCRU, ʷʢʘ ʙʫʣʘ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ 2007 ʨʦʮʽ [7]. 

ʈʦʙʦʪʘ ʮʽʻʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. ɺʦʥʘ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʝ 

ʟʘʢʽʥʯʝʥʥʷ ʨʝʯʝʥʥʷ, ʷʢʝ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʡʤʦʚʽʨʥʽʩʪʴ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ PCRU 

 

ɺʘʛʦʤʠʤ ʧʨʠʢʣʘʜʦʤ ʻ ʬʨʝʡʤʚʦʨʢ OpenCCG[8]. ʎʝʡ ʽʥʩʪʨʫʤʝʥʪ ʻ ʧʦʪʫʞʥʠʤ 

ʟʘʩʦʙʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ ʪʘ ʩʢʣʘʜʥʦʩʪʽ. ɺʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʨʘʤʘʪʠʯʥʠʡ ʧʽʜʭʽʜ [9] ʽ ʙʘʟʫ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ, ʧʦʙʫʜʦʚʘʥʫ ʥʘ ʦʩʥʦʚʽ 

ʙʽʙʣʽʦʪʝʢʠ Penn Treebank (ʨʠʩʫʥʦʢ 3), ʷʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ. 

 

 

ʈʠʩʫʥʦʢ 3 ï Penn Treebank 
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ʑʦʙ ʨʦʟʧʦʯʘʪʠ ʨʦʙʦʪʠ ʟ ʮʽʻʶ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʝʢʩʪʦʚʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ ʧʦʪʨʽʙʥʦ ʧʽʜʛʦʪʫʚʘʪʠ ʢʦʨʧʫʩ (ʜʠʚ. ʨʠʩʫʥʦʢ 4), ʥʘ ʷʢʦʤʫ ʤʠ ʙʫʜʝʤʦ 

ʥʘʚʯʘʪʠ ʥʘʰʫ ʤʦʜʝʣʴ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ ʫ ʚʠʭʽʜʥʦʤʫ 

ʪʝʢʩʪʽ. ɻʝʥʝʨʘʪʦʨ ʚʠʜʘʩʪʴ "ʦʯʠʱʝʥʫ" ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʚ ʪʘ ʚʩʽʭ ʨʦʟʜʽʣʦʚʠʭ ʟʥʘʢʽʚ. 

ʊʘʢʦʞ ʜʦʜʘʥʠʡ ʱʝ ʦʜʠʥ ʛʝʥʝʨʘʪʦʨ, ʷʢʠʡ ʥʘʜʘʻ ʪʨʠ ʪʦʢʝʥʠ ʧʦʩʧʽʣʴ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʪʦʢʝʥʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʣʦʚʘ ʘʙʦ ʩʠʤʚʦʣʠ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʧʦʙʫʜʦʚʠ ʪʝʢʩʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ n-ʛʨʘʤ 
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ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʜʦʜʘʚʘʥʥʷ ʬʫʥʢʮʽʾ, ʷʢʘ ʚʠʚʦʜʠʪʴ ʢʽʣʴʢʘ ʩʣʽʚ ʧʦʩʧʽʣʴ. 

ʎʝ ʧʦʣʝʛʰʫʻ ʚʠʙʽʨ ʧʝʨʰʦʛʦ ʩʣʦʚʘ ʫ ʬʨʘʟʽ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ. ʋʟʘʛʘʣʽ, ʤʝʪʦʜ ʧʨʘʮʶʻ 

ʪʘʢ: ʚʽʥ ʧʦʚʝʨʪʘʻ ʪʨʠ ʪʦʢʝʥʠ ʧʦʩʧʽʣʴ, ʢʦʞʝʥ ʥʘʩʪʫʧʥʠʡ ʟʨʫʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥ ʨʽʚʝʥʴ 

ʧʽʩʣʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ. 

ɼʣʷ ʧʦʯʘʪʢʫ ʽʥʽʮʽʘʣʽʟʫʻʤʦ ʛʝʥʝʨʘʪʦʨʠ. ʇʦʪʽʤ ʦʙʯʠʩʣʶʻʤʦ n-ʛʨʘʤʠ ʪʘ 

ʚʠʟʥʘʯʘʻʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʢʦʞʥʦʛʦ ʩʣʦʚʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ. ɼʘʣʽ, ʮʝ ʩʣʦʚʦ 

ʪʘ ʡʦʛʦ ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʜʘʶʪʴʩʷ ʫ ʩʣʦʚʥʠʢ. ɺʘʞʣʠʚʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʮʝʡ ʤʝʪʦʜ ʤʦʞʝ 

ʥʝ ʙʫʪʠ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʟʥʘʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ʧʘʤ'ʷʪʽ. ʇʨʦʪʝ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʢʦʨʧʫʩʽʚ ʚʽʥ ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ. 

ʎʝʡ ʤʝʪʦʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʩʪʫʧʦʚʦʤʫ ʚʠʙʦʨʽ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʭ ʩʣʽʚ ʪʘ 

ʨʦʟʜʽʣʦʚʠʭ ʟʥʘʢʽʚ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʚʠʷʚʣʷʻʤʦ ʧʦʯʘʪʦʢ ʥʘʩʪʫʧʥʦʾ ʬʨʘʟʠ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ ʽʥʪʝʛʨʘʮʽʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʝʪʘʧʽʚ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʪʘ ʟʨʫʯʥʠʭ 

ʩʠʩʪʝʤ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʘʙʦ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ 

ʬʦʨʤʘʪʫʚʘʥʥʷ ʪʝʢʩʪʫ. 

ʊʦʤʫ ʙʫʣʠ ʨʝʪʝʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʢʣʶʯʦʚʽ ʧʨʠʢʣʘʜʠ ʨʦʟʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʝʢʩʠʯʥʽ n-ʛʨʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʛʝʥʝʨʘʮʽʾ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʟ ʚʠʟʥʘʯʝʥʦʶ ʩʝʤʘʥʪʠʯʥʦʶ ʩʧʨʷʤʦʚʘʥʽʩʪʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʮʽʻʾ ʨʦʙʦʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʫʱʠʡ ʧʨʦʛʨʝʩ ʫ ʩʬʝʨʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʛʝʥʝʨʘʮʽʾ ʢʦʥʪʝʥʪʫ ʪʘ ʡʦʛʦ ʘʥʘʣʽʟʫ. 
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ʂʦʟʝʣʴʩʴʢʠʡ ʆ.ɺ.  

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼʀ ʊɸ ɿɸʉʆɹʀ ʉʊɺʆʈɽʅʅʗ ʄʋʃʔʊʀʂʆʄʇôʖʊɽʈʅʀʍ ʉʀʉʊɽʄ 

ɿ ʇʆɼɺɯʁʅʆʖ ɸɺʊɽʅʊʀʌɯʂɸʎɯɭʖ ʇʆʊʆʂɯɺ ɼɸʅʀʍ ɺ 

ʂʆʈʇʆʈɸʊʀɺʅʀʍ ʄɽʈɽɾɸʍ 
 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʤʫʣʴʪʠʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟ ʧʦʜʚʽʡʥʦʶ ʘʚʪʝʥʪʠʬʽʢʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʤʝʨʝʞʘʭ. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʢʦʤʙʽʥʦʚʘʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʙʽʦʤʝʪʨʽʾ 

ʪʘ ʙʣʦʢʯʝʡʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ .NET, ʘ ʩʘʤʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ .NET Core. 

  

The problems of creating effective methods and tools of multi -computer systems with dual 

authentication of corporate networks are considered. The work proposes a combination 

authentication method based on biometry and blockchain using .NET technology, namely using the 

.Net Core crosspaying technology. 

 

ɺ ʝʧʦʭʫ ʛʣʦʙʘʣʽʟʘʮʽʾ ʪʘ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʢʦʨʧʦʨʘʪʠʚʥʽ ʤʝʨʝʞʽ ʩʪʘʶʪʴ ʦʩʥʦʚʦʶ ʜʽʷʣʴʥʦʩʪʽ ʙʘʛʘʪʴʦʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʦʨʛʘʥʽʟʘʮʽʡ. 

ʋ ʪʘʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʛʘʨʘʥʪʽʷ ʙʝʟʧʝʢʠ ʽ ʮʽʣʽʩʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʟʘʩʦʙʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʫʣʴʪʠʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʦʜʚʽʡʥʫ ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ.  

ʊʨʘʜʠʮʽʡʥʦ ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʦʛʽʥʘ ʪʘ ʧʘʨʦʣʶ, ʘʣʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ 

ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. ɸʪʘʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʣʦʤʫ ʧʘʨʦʣʽʚ, ʬʽʰʠʥʛʦʚʽ ʘʪʘʢʠ ʪʘ ʽʥʰʽ 

ʟʘʛʨʦʟʠ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ, ʱʦ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʟʘʭʠʩʪʫ[1].  

ʄʝʪʦʜʠ ʧʦʜʚʽʡʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʢʦʤʙʽʥʘʮʽʾ ʜʚʦʭ ʨʽʟʥʠʭ 

ʬʘʢʪʦʨʽʚ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʱʦʩʴ, ʱʦ ʟʥʘʻ ʢʦʨʠʩʪʫʚʘʯ (ʧʘʨʦʣʴ), ʪʘ ʱʦʩʴ, ʱʦ 

ʚʽʥ ʤʘʻ (ʝʣʝʢʪʨʦʥʥʠʡ ʢʣʶʯ ʘʙʦ ʩʤʘʨʪʬʦʥ), ʩʪʘʶʪʴ ʩʪʘʥʜʘʨʪʦʤ ʚ ʽʥʜʫʩʪʨʽʾ ʙʝʟʧʝʢʠ. 

ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʜʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ, ʷʢʠʡ ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ, ʚʦʥʠ ʥʝ 

ʚʽʣʴʥʽ ʚʽʜ ʚʨʘʟʣʠʚʦʩʪʝʡ ʪʘ ʦʙʤʝʞʝʥʴ.  

ɺʚʘʞʘʶʯʠ ʮʝ, ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʩʪʚʦʨʝʥʥʷ ʤʫʣʴʪʽʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʟ ʧʦʜʚʽʡʥʦʶ ʘʚʪʝʥʪʠʬʽʢʘʮʽʻʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ ʻ ʥʝ 
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ʣʠʰʝ ʘʢʪʫʘʣʴʥʦʶ, ʘʣʝ ʡ ʥʝʦʙʭʽʜʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʛʘʨʘʥʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʪʘ 

ʩʝʨʚʽʩʽʚ ʫ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʚʠʤʦʛ ʜʦ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʻ ʥʝ ʪʽʣʴʢʠ ʟʘʭʠʩʪ 

ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ, ʘ ʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʜʘʥʠʭ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ, ʄʝʪʦʜ ʢʦʤʙʽʥʦʚʘʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʙʽʦʤʝʪʨʽʾ ʪʘ 

ʙʣʦʢʯʝʡʥʫ ʧʨʝʪʝʥʜʫʻ ʙʫʪʠ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ[2].  

ɹʽʦʤʝʪʨʠʯʥʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʫʥʽʢʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʘʙʦ 

ʧʦʚʝʜʽʥʢʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʷʭ ʦʩʦʙʠ, ʪʘʢʠʭ ʷʢ ʚʽʜʙʠʪʢʠ ʧʘʣʴʮʽʚ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʣʠʯʯʷ ʘʙʦ ʛʦʣʦʩʫ, ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʨʦʣʽ ʘʙʦ ʧʽʥ-ʢʦʜʠ. ɸʣʝ, ʷʢ ʽ ʙʫʜʴ-ʷʢʘ 

ʽʥʰʘ ʩʠʩʪʝʤʘ, ʙʽʦʤʝʪʨʠʯʥʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ ʤʦʞʝ ʤʘʪʠ ʩʚʦʾ ʩʣʘʙʢʽ ʤʽʩʮʷ, ʟʦʢʨʝʤʘ 

ʱʦʜʦ ʟʘʭʠʩʪʫ ʩʘʤʦʾ ʙʽʦʤʝʪʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ[3].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʙʽʦʤʝʪʨʠʯʥʠʭ 

ʜʘʥʠʭ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʥʝʟʤʽʥʥʽʩʪʴ, ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ. ʎʝ ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʟʘʚʜʷʢʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ ʩʪʨʫʢʪʫʨʽ ʙʣʦʢʯʝʡʥʫ, ʜʝ ʢʦʞʥʠʡ ʥʦʚʠʡ ʙʣʦʢ ʽʥʬʦʨʤʘʮʽʾ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʤʝʨʝʞʝʶ ʫʯʘʩʥʠʢʽʚ ʽ, ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʻ 

ʥʝʟʤʽʥʥʽʩʪʴ ʤʠʥʫʣʠʭ ʟʘʧʠʩʽʚ. ʆʪʞʝ, ʧʦʻʜʥʘʥʥʷ ʙʽʦʤʝʪʨʽʾ ʪʘ ʙʣʦʢʯʝʡʥʫ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʷʢʘ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʤʘʢʩʠʤʘʣʴʥʦ ʽʥʜʠʚʽʜʫʘʣʽʟʫʻ 

ʜʦʩʪʫʧ ʜʦ ʩʠʩʪʝʤʠ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʫʥʽʢʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʷʭ ʢʦʨʠʩʪʫʚʘʯʘ, ʽ ʟ ʽʥʰʦʛʦ - 

ʛʘʨʘʥʪʫʻ ʟʘʭʠʩʪ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʧʨʦʟʦʨʽʩʪʴ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ 

ʙʣʦʢʯʝʡʥ (ʨʠʩʫʥʦʢ 1).  

 

  
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʛʝʥʝʨʘʮʽʾ ʙʽʦʤʝʪʨʠʯʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʽ ʚʝʨʠʬʽʢʘʮʽʾ ʧʦ ʥʴʦʤʫ ʚ 

ʙʣʦʢʯʝʡʥʽ 
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ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʪʨʝʙʘ ʟʚʝʨʥʫʪʠ ʥʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʚ 

ʙʣʦʢʯʝʡʥʽ [4]. ɹʣʦʢʯʝʡʥ ʻ ʧʨʦʟʦʨʠʤ ʽ ʚʽʜʢʨʠʪʠʤ, ʘ ʙʽʦʤʝʪʨʠʯʥʽ ʜʘʥʽ ʧʦ ʩʫʪʽ ʻ 

ʧʘʨʦʣʝʤ, ʪʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʭʝʰʫʚʘʪʠ ʜʘʥʽ. ɸ ʪʘʢʦʞ ʦʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ 

ʙʽʦʤʝʪʨʠʯʥʽ ʜʘʥʽ, ʥʘʧʨʠʢʣʘʜ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʽ 

ʩʪʘʨʽʩʪʶ, ʧʦ ɼʅʂ(ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ), ʘʙʦ ʞ ʟʘ ʨʘʡʜʫʞʥʦʶ ʦʙʦʣʦʥʢʦʶ 

ʦʢʘ, ʱʦ ʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽʰʠʤ ʚʘʨʽʘʥʪʦʤ. 

ʈʦʟʛʣʷʥʝʤ ʨʝʘʣʽʟʘʮʽʶ ʢʦʤʙʽʥʦʚʘʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʙʽʦʤʝʪʨʽʾ ʪʘ 

ʙʣʦʢʯʝʡʥʫ ʚ ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʠ .NET Core, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʦʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. ɿʦʙʨʘʞʝʥʦ  ʦʩʥʦʚʥʽ ʢʨʦʢʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʪʘʢʦʾ ʨʝʘʣʽʟʘʮʽʾ: 

ï ɹʽʦʤʝʪʨʠʯʥʠʡ ʤʦʜʫʣʴ: ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʦʚʥʽʰʥʽ ʙʽʙʣʽʦʪʝʢʠ ʘʙʦ API 

(ʥʘʧʨʠʢʣʘʜ, Windows Hello ʜʣʷ Windows ʘʙʦ ʽʥʰʽ ʩʪʦʨʦʥʥʽ ʙʽʙʣʽʦʪʝʢʠ ʜʣʷ ʨʽʟʥʠʭ 

ʧʣʘʪʬʦʨʤ), ʨʦʟʨʦʙʥʠʢ ʤʦʞʝ ʽʥʪʝʛʨʫʚʘʪʠ ʬʫʥʢʮʽʾ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʚ ʩʚʦʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ .NET Core[5]. 

ï ɹʣʦʢʯʝʡʥ ʤʦʜʫʣʴ: ɭ ʢʽʣʴʢʘ ʙʽʙʣʽʦʪʝʢ ʪʘ ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʦʙʦʪʠ ʟ 

ʙʣʦʢʯʝʡʥʦʤ ʥʘ .NET Core, ʥʘʧʨʠʢʣʘʜ, Nethereum ʜʣʷ Ethereum. ʎʝʡ ʤʦʜʫʣʴ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʶ ʟ ʙʣʦʢʯʝʡʥʦʤ, ʚʢʣʶʯʘʶʯʠ ʜʦʜʘʚʘʥʥʷ 

ʥʦʚʠʭ ʙʣʦʢʽʚ ʽ ʧʝʨʝʚʽʨʢʫ ʽʩʥʫʶʯʠʭ. 

ï ɿʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ: ɺʠʙʽʨ ʟʘʩʦʙʽʚ ʟʙʝʨʽʛʘʥʥʷ ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ. ɿ ʦʛʣʷʜʫ ʥʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ, ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʛʣʷʥʫʪʘ ʤʦʜʝʣʴ ʟʙʝʨʽʛʘʥʥʷ "hash" ʚʽʜ ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʫ ʙʣʦʢʯʝʡʥʽ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʚʽʨʷʪʠ ʘʚʪʝʥʪʠʯʥʽʩʪʴ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʝʨʽʛʘʥʥʷ ʩʘʤʠʭ 

ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ. 

ï ɸʚʪʝʥʪʠʬʽʢʘʮʽʷ: ʇʨʦʮʝʩ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʦʪʨʠʤʘʥʥʷ 

ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʭ ʫ "hash" ʽ ʧʝʨʝʚʽʨʢʠ ʮʴʦʛʦ 

"hash" ʫ ʙʣʦʢʯʝʡʥʽ. ʗʢʱʦ ʚʽʜʧʦʚʽʜʥʠʡ ʟʘʧʠʩ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʙʣʦʢʯʝʡʥʽ, 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ ʚʚʘʞʘʻʪʴʩʷ ʫʩʧʽʰʥʦʶ. 

ï ɹʝʟʧʝʢʘ: ɼʦʜʘʪʢʦʚʽ ʤʝʭʘʥʽʟʤʠ ʙʝʟʧʝʢʠ, ʪʘʢʽ ʷʢ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʪʽʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʟʘʩʦʙʽʚ .NET Core, ʪʘʢʠʭ ʷʢ ASP.NET Core 

Identity ʜʣʷ ʟʘʭʠʩʪʫ ʽʜʝʥʪʠʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ. 

ï ɯʥʪʝʨʬʝʡʩ ʪʘ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ: ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʽʥʪʝʨʬʝʡʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʻ ʙʫʪʠ ʽʥʪʫʾʪʠʚʥʦ 

ʟʨʦʟʫʤʽʣʠʤ ʪʘ ʧʨʦʩʪʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ï ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ: ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʛʦ ʚʝʣʠʢʦʛʦ 

ʦʙʩʷʛʫ ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʪʨʘʥʟʘʢʮʽʡ ʚ ʙʣʦʢʯʝʡʥʽ, ʨʝʘʣʽʟʘʮʽʷ ʤʘʻ ʙʫʪʠ 

ʦʧʪʠʤʽʟʦʚʘʥʘ ʜʣʷ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ(ɸʩʠʥʭʨʦʥʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ async/await, ʧʫʣʽʥʛ ʧʘʤ'ʷʪʽ ñSystem.Buffersò). 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʟʙʽʣʴʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʠʩʪʫ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ, ʧʨʠ ʮʴʦʤʫ ʛʘʨʘʥʪʫʶʯʠ ʾʭ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ.  

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, 

ʜʝ ʙʫʜʝ ʟʘʩʪʦʚʘʥʦ ʨʝʘʣʽʟʦʚʘʥʠʡ ʦʧʠʩʘʥʠʡ ʤʝʪʦʜ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʟ ʤʝʪʦʶ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʈʀʂ ʂʆʉʀʅʋʉʅʆɰ ʉʍʆɾʆʉʊɯ ʊɸ ɯʅɼɽʂʉʋ 

ɾɸʂʂɸʈɸ ɼʃʗ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ ɸʅɸʃɯɿʋ ʉɽʄɸʅʊʀʏʅʆɰ 

ʇʆɼɯɹʅʆʉʊɯ ʊɽʂʉʊʆɺʀʍ ɼʆʂʋʄɽʅʊɯɺ 
 
ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʝʪʨʠʢ ʢʦʩʠʥʫʩʥʦʾ ʩʭʦʞʦʩʪʽ 

ʪʘ ʽʥʜʝʢʩʫ ɾʘʢʢʘʨʘ ʫ ʢʦʥʪʝʢʩʪʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʠʪʘʥʴ 
ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʛʽʜʥʦ ʜʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʙʨʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʨʠʢ ʫ 
ʢʦʥʪʝʢʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʚʝʢʪʦʨʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʝʢʩʪʦʚʽ ʜʦʢʫʤʝʥʪʠ. ʆʪʨʠʤʘʥʽ 
ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ 
ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ, ʟʦʢʨʝʤʘ ʚ ʦʙʣʘʩʪʷʭ, ʜʝ ʢʣʶʯʦʚʠʤ ʻ ʩʝʤʘʥʪʠʯʥʝ 
ʧʦʨʽʚʥʷʥʥʷ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

 
The work is devoted to the study and application of cosine similarity metrics and the 

Jaccard index in the context of recommending text documents according to user queries. According 
to the conducted analysis, it was chosen to use the specified metrics in the context of comparing 
vectors representing text documents. The results of the analysis can be used for further improvement 
of recommendation systems and information retrieval, in particular in areas where semantic 
comparison of textual information is key. 

 

ʅʘʨʘʟʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʨʝʣʝʚʘʥʪʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟʘ ʟʘʧʠʪʦʤ 
ʢʦʨʠʩʪʫʚʘʯʘ. ʆʜʠʥ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʨʠʢ 
ʧʦʜʽʙʥʦʩʪʽ. ʄʝʪʨʠʢʠ ʧʦʜʽʙʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ 
ʟʘʧʠʪʦʤ ʪʘ ʜʦʢʫʤʝʥʪʦʤ. ʏʠʤ ʙʽʣʴʰʘ ʧʦʜʽʙʥʽʩʪʴ ʤʽʞ ʟʘʧʠʪʦʤ ʪʘ ʜʦʢʫʤʝʥʪʦʤ, ʪʠʤ 
ʙʽʣʴʰ ʨʝʣʝʚʘʥʪʥʠʡ ʜʦʢʫʤʝʥʪ [1]. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʜʝʷʢʽ ʧʦʰʠʨʝʥʽ ʤʝʪʨʠʢʠ ʧʦʜʽʙʥʦʩʪʽ [1]: 
ï TF-IDF ï ʮʝ ʤʝʪʨʠʢʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʯʘʩʪʦʪʫ ʚʠʥʠʢʥʝʥʥʷ ʩʣʽʚ ʫ ʜʦʢʫʤʝʥʪʽ 

ʪʘ ʯʘʩʪʦʪʫ ʚʠʥʠʢʥʝʥʥʷ ʩʣʽʚ ʫ ʥʘʙʦʨʽ ʜʦʢʫʤʝʥʪʽʚ. 
ï ʂʦʩʠʥʫʩʥʘ ʩʭʦʞʽʩʪʴ (Cosine similarity) ï ʮʝ ʤʝʪʨʠʢʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʢʫʪ 

ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʟʘʧʠʪʫ ʪʘ ʜʦʢʫʤʝʥʪʘ.  
ï ɯʥʜʝʢʩ ɾʘʢʢʘʨʘ (Jaccard similarity) ï ʮʝ ʤʝʪʨʠʢʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʢʽʣʴʢʽʩʪʴ 

ʩʧʽʣʴʥʠʭ ʩʣʽʚ ʫ ʟʘʧʠʪʽ ʪʘ ʜʦʢʫʤʝʥʪʽ. 
ʄʝʪʨʠʢʠ ʢʦʩʠʥʫʩʥʦʾ ʩʭʦʞʦʩʪʽ ʪʘ ʽʥʜʝʢʩʫ ɾʘʢʢʘʨʘ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʨʘʤʢʘʭ ʤʝʪʦʜʫ ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟʘ 
ʟʘʧʠʪʘʥʥʷʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʙʘʟʽ ʩʣʫʞʙʠ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 
ʧʦʰʫʢʫ ʨʝʣʝʚʘʥʪʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʙʘʟʠ ʪʝʢʩʪʦʚʠʭ ʧʦʨʘʜ ʟʘ ʪʝʢʩʪʦʚʠʤ ʟʘʧʠʪʦʤ 
ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʤʘʻ ʜʘʪʘʩʝʪ ʽʟ ʥʘʙʦʨʦʤ ʦʯʠʱʝʥʠʭ ʣʝʤʘʪʠʟʦʚʘʥʠʭ 
ʘʩʦʮʽʘʪʠʚʥʠʭ ʟʘʧʠʪʽʚ, ʚʝʢʪʦʨʠʟʦʚʘʥʠʡ ʢʦʨʧʫʩ ʪʘ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʟʘʧʠʪ, ʱʦ 
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ʧʝʨʝʪʚʦʨʶʻ ʾʭ ʫ ʚʠʭʽʜʥʽ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʪʝʢʩʪʦʚʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ ʨʝʣʝʚʘʥʪʥʦʾ ʜʦ 
ʟʘʧʠʪʫ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʢʦʩʠʥʫʩʥʦʾ ʩʭʦʞʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʷʢʱʦ ʜʚʘ ʚʝʢʪʦʨʠ 
ʩʧʨʷʤʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʢʫʪ ʤʽʞ ʥʠʤʠ ʜʦʨʽʚʥʶʻ 0 ʛʨʘʜʫʩʽʚ), ʪʦ ʾʭʥʽ ʚʝʢʪʦʨʠ 
ʤʘʶʪʴ ʥʘʡʚʠʱʫ ʢʦʩʠʥʫʩʥʫ ʩʭʦʞʽʩʪʴ ʪʘ ʚʚʘʞʘʶʪʴʩʷ ʜʫʞʝ ʩʭʦʞʠʤʠ. ʅʘʚʧʘʢʠ, ʷʢʱʦ 
ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʜʦʨʽʚʥʶʻ 90 ʛʨʘʜʫʩʽʚ, ʪʦ ʢʦʩʠʥʫʩʥʘ ʩʭʦʞʽʩʪʴ ʜʦʨʽʚʥʶʻ 0, ʱʦ 
ʚʢʘʟʫʻ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʨʽʟʥʠʮʶ ʤʽʞ ʥʠʤʠ [2]. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʩʠʥʫʩʥʦʾ ʩʭʦʞʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʚʝʢʪʦʨʘʤʠ ʪʝʢʩʪʫ 
(ʥʘʧʨʠʢʣʘʜ, ʩʣʦʚʥʠʢʦʚʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤʠ ʜʦʢʫʤʝʥʪʽʚ), ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ: 

Cosine Similarity (A, B) = (A Å B) / (||A|| * ||B||),  
ʜʝ: A ʪʘ B ï ʚʝʢʪʦʨʠ ʪʝʢʩʪʫ ʘʙʦ ʜʦʢʫʤʝʥʪʽʚ. A Å B - ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʚʝʢʪʦʨʽʚ A ʽ B. 
||A|| ʪʘ ||B|| ï ʥʦʨʤʠ (ʜʦʚʞʠʥʠ) ʚʝʢʪʦʨʽʚ A  ̔B. 

ɿʥʘʯʝʥʥʷ ʢʦʩʠʥʫʩʥʦʾ ʩʭʦʞʦʩʪʽ ʟʘʟʚʠʯʘʡ ʣʝʞʘʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ -1 (ʧʦʚʥʘ 
ʧʨʦʪʠʣʝʞʥʽʩʪʴ) ʜʦ 1 (ʧʦʚʥʘ ʽʜʝʥʪʠʯʥʽʩʪʴ), ʜʝ 0 ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʩʭʦʞʦʩʪʽ. 

ʎʝʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ, 
ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʘʥʘʣʽʟʽ ʪʝʢʩʪʫ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ 
ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʩʭʦʞʦʩʪʽ ʤʽʞ ʪʝʢʩʪʘʤʠ ʪʘ ʚʽʜʙʦʨʫ ʥʘʡʙʽʣʴʰ ʨʝʣʝʚʘʥʪʥʠʭ 
ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʽ ʙʫʜʝ ʟʘʩʪʦʩʦʚʘʥʠʡ ʷʢ ʦʜʥʘ ʽʟ ʤʝʪʨʠʢ ʧʦʜʽʙʥʦʩʪʽ ʟʘʧʠʪʫ 
ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʥʘʷʚʥʠʭ ʰʘʙʣʦʥʽʚ ʟʘʧʠʪʽʚ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʨʝʣʝʚʘʥʪʥʦʾ ʚʽʜʧʦʚʽʜʽ. 

ɯʥʜʝʢʩ ɾʘʢʢʘʨʘ (Jaccard index), ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ɾʘʢʢʘʨʜʦʚʘ ʩʭʦʞʽʩʪʴ ʯʠ 
ʢʦʝʣʽʮʽʻʥʪ ɾʘʢʢʘʨʘ, ʻ ʤʝʪʨʠʢʦʶ ʩʭʦʞʦʩʪʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 
ʤʥʦʞʠʥ ʝʣʝʤʝʥʪʽʚ. ʎʷ ʤʝʪʨʠʢʘ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʩʭʦʞʦʩʪʽ ʜʚʦʭ ʤʥʦʞʠʥ ʰʣʷʭʦʤ 
ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʧʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʦʙʦʭ ʤʥʦʞʠʥʘʭ ʚʽʜʥʦʩʥʦ ʟʘʛʘʣʴʥʦʾ 
ʢʽʣʴʢʦʩʪʽ ʫʥʽʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ [3]. 

ɯʥʜʝʢʩ ɾʘʢʢʘʨʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ:  
J(A, B) = |A ž B| / |A  ᷾B|,  

ʜʝ: J(A, B) ï ʽʥʜʝʢʩ ɾʘʢʢʘʨʘ ʤʽʞ ʤʥʦʞʠʥʘʤʠ A ʽ B.|A ž B| ï ʢʽʣʴʢʽʩʪʴ ʩʧʽʣʴʥʠʭ 
ʝʣʝʤʝʥʪʽʚ ʤʽʞ ʤʥʦʞʠʥʘʤʠ A ʽ B. |A  ᷾ B| ï ʢʽʣʴʢʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 
ʤʥʦʞʠʥʘʭ A ̔  B ʨʘʟʦʤ. 

ɿʥʘʯʝʥʥʷ ɯʥʜʝʢʩʫ ɾʘʢʢʘʨʘ ʤʦʞʫʪʴ ʣʝʞʘʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 1, ʜʝ 0 
ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʩʧʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ 1 ʦʟʥʘʯʘʻ ʧʦʚʥʫ ʽʜʝʥʪʠʯʥʽʩʪʴ ʤʥʦʞʠʥ. 
ɿʥʘʯʝʥʥʷ, ʙʣʠʟʴʢʽ ʜʦ 1, ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʩʦʢʫ ʩʭʦʞʽʩʪʴ ʤʥʦʞʠʥ, ʪʦʜʽ ʷʢ ʟʥʘʯʝʥʥʷ, 
ʙʣʠʟʴʢʽ ʜʦ 0, ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʠʟʴʢʫ ʩʭʦʞʽʩʪʴ. 

ɯʥʜʝʢʩ ɾʘʢʢʘʨʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ 
ʘʥʘʣʽʟ ʪʝʢʩʪʫ, ʨʝʢʦʤʝʥʜʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʧʦʰʫʢʦʚʽ ʩʠʩʪʝʤʠ ʪʘ ʙʽʦʣʦʛʽʯʥʽ 
ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʨʦʙʦʪʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʭʦʞʦʩʪʽ ʤʽʞ 
ʢʣʶʯʦʚʠʤʠ ʩʣʦʚʘʤʠ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʟʘʧʠʪʫ ʪʘ ʥʘʷʚʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

 
ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. Cosine Similarity. URL: https://www.geeksforgeeks.org/cosine-similarity/ 
2. Cosine Similarity. URL: https://www.learndatasci.com/glossary/cosine-similarity/  
3. Jaccard Similarity Made Simple: A Beginnerôs Guide to Data Comparison. URL: 

https://medium.com/@mayurdhvajsinhjadeja/jaccard-similarity-34e2c15fb524 
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ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʈʍɯʊɽʂʊʋʈʅɽ ʈɯʐɽʅʅʗ ɼʃʗ ʇɯɼʉʀʉʊɽʄʀ ʇɯɼʊʈʀʄʂʀ 

ʋʇʈɸɺʃɯʅʅʗ ɻɯɹʈʀɼʅʆʖ ɽʅɽʈɻʆʉʀʉʊɽʄʆʖ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ʅɸ ʄʆɹɯʃʔʅʀʍ ʇʈʀʉʊʈʆʗʍ 
 

ʈʦʟʛʣʷʥʫʪʦ ʧôʷʪʠʨʽʚʥʝʚʫ ʢʨʘʡʦʚʦ-ʭʤʘʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʫ ʤʝʞʘʭ ʟʘʜʘʯʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʛʽʙʨʠʜʥʠʤʠ ʝʥʝʨʛʦʩʠʩʪʝʤʘʤʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʚʘʪʥʦʩʪʽ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʜʽʘʛʨʘʤʘ ʧʦʪʦʢʫ ʜʘʥʠʭ 

ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʛʽʙʨʠʜʥʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

 

A five-layer edge-cloud architecture was considered in terms of the task of designing a 

hybrid energy management system with an increased level of user data privacy. An architectural 

solution dataflow diagram is proposed as a resolution to the problem of a household hybrid energy 

network management using machine learning models on mobile devices. 

 

ɻʣʦʙʘʣʽʟʘʮʽʷ ʪʘ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʦʩʪʫ 

ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [1] ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ, ʪʨʘʥʩʧʦʨʪ ʪʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʻ ʦʩʥʦʚʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʜʝ ʯʘʩʪʢʘ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʩʷʛʘʻ 40%. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʫ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʭ ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ ʟʤʝʥʰʠʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʯʝʨʧʥʠʭ ʨʝʩʫʨʩʽʚ, ʘʣʝ ʡ ʟʤʝʥʰʠʪʴ ʨʽʚʝʥʴ ʚʠʢʠʜʫ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ 

ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʟʘʩʦʙʽʚ ʛʝʥʝʨʘʮʽʾ. ʅʘʞʘʣʴ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʝ ʻ ʰʚʠʜʢʠʤ, ʪʦʤʫ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ 

ʚʘʨʽʘʥʪʦʤ ʧʝʨʝʭʦʜʫ ʜʦ 100% ʯʠʩʪʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʠʭ 

ʝʥʝʨʛʦʩʠʩʪʝʤ, ʪʦʙʪʦ ʪʠʭ, ʱʦ ʦʙôʻʜʥʫʶʪʴ ʨʽʟʥʽ ʜʞʝʨʝʣʘ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʚ ʦʜʥʫ 

ʩʠʩʪʝʤʫ. 

ʉʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʥʷ ʛʽʙʨʠʜʥʠʤʠ ʝʥʝʨʛʦʩʠʩʪʝʤʘʤʠ (ʉʇʋɻɽ) 

ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʙʘʛʘʪʴʦʤ ʚʠʤʦʛʘʤ, ʪʘʢʠʤ ʷʢ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, 

ʥʘʜʽʡʥʦʩʪʽ, ʩʫʤʽʩʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ, ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 

ʟʘʪʨʠʤʢʠ [2]. ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤʠ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ ʾʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʚʠʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢ ʽ ʥʘ ʧʦʜʘʣʴʰʫ ʚʘʨʪʽʩʪʴ 

ʧʽʜʪʨʠʤʢʠ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʛʣʷʜ ʤʦʞʣʠʚʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʉʇʋɻɽ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʪʦʪʠʧʫ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ 

ʧʨʠʚʘʪʥʦʩʪʽ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ɼʦʩʣʽʜʥʠʢʠ ʧʨʦʧʦʥʫʶʪʴ ʨʽʟʥʽ ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ 

ʧʨʠʩʪʨʦʾʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʦʩʥʦʚʥʘ ʟʘʜʘʯʘ ʷʢʠʭ - ʟʙʽʨ, ʧʝʨʝʜʘʯʘ ʪʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʟʘʜʘʯ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʪʨʠʨʽʚʥʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʱʦ ʚʢʣʶʯʘʻ ʨʽʚʝʥʴ 

ʩʧʨʠʡʥʷʪʪʷ, ʤʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ʪʘ ʨʽʚʝʥʴ ʟʘʩʪʦʩʫʥʢʽʚ [2]. ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʷʢ ʉʇʋɻɽ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʨʠʨʽʚʥʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʥʝ 

ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʦʧʠʩʘʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ. ʗʢ ʚʽʜʧʦʚʽʜʴ ʥʘ ʮʶ ʧʨʦʙʣʝʤʫ ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧᾷʷʪʠʨʽʚʥʝʚʘ ʢʨʘʡʦʚʦ-ʭʤʘʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ [3], ʱʦ ʜʦʜʘʻ ʱʝ ʜʚʘ ʨʽʚʥʽ 

ï ʧʨʦʤʽʞʥʠʡ ʪʘ ʙʽʟʥʝʩ ʨʽʚʥʽ (ʨʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1 ï ʇôʷʪʠʨʽʚʥʝʚʘ ʢʨʘʡʦʚʦ-ʭʤʘʨʥʘ ʘʨʭʽʪʝʢʪʫʨʘ  

 

ʅʘʷʚʥʽʩʪʴ ʧʨʦʤʽʞʥʦʛʦ ʨʽʚʥʷ ʚ ʘʨʭʽʪʝʢʪʫʨʽ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʨʘʡʦʚʽ ʦʙʯʠʩʣʝʥʥʷ  - ʪʘʢʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʙʨʦʙʣʷʪʠ ʪʘ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʙʣʠʞʯʝ ʜʦ ʾʭ 

ʜʞʝʨʝʣʘ. ɹʽʟʥʝʩ-ʨʽʚʝʥʴ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʛʣʦʙʘʣʴʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʜʝʣʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ, ʷʢ ʟ 

ʝʢʦʥʦʤʽʯʥʦʾ ʪʘʢ ʽ ʟ ʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʨʽʚʥʽʚ ʘʨʭʽʪʝʢʪʫʨʠ 

ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ ʚ ʪʘʙʣʠʮʽ 1. 

ʇʠʪʘʥʥʷ ʧʨʠʚʘʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʫ ʉʇʋɻɽ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ, ʘʜʞʝ, ʜʘʥʽ ʧʨʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʦʤ ʤʦʞʫʪʴ ʨʦʟʢʨʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʽʡʥʦ ʧʨʦʞʠʚʘʶʯʠʭ ʦʩʽʙ, ʾʭʥʽ ʟʚʠʯʢʠ ʪʘ ʧʝʨʽʦʜʠ ʚʽʜʩʫʪʥʦʩʪʽ ʫ 

ʧʨʠʤʽʱʝʥʥʽ. ʈʝʛʣʘʤʝʥʪʠ ʪʘ ʟʘʢʦʥʠ, ʪʘʢʽ ʷʢ GDPR [4] ʯʠ ʟʘʢʦʥ ʋʢʨʘʾʥʠ ʧʨʦ ʟʘʭʠʩʪ 
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ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ [5], ʩʪʘʚʣʷʪʴ ʚʠʤʦʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʜʦ ʩʧʦʩʦʙʫ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ, ʾʭ ʧʦʨʫʰʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʰʪʨʘʬʽʚ. 

ʂʦʨʠʩʪʫʚʘʯʽ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʩʪʘʶʪʴ ʙʽʣʴʰ ʚʠʙʘʛʣʠʚʠʤʠ ʱʦʜʦ ʧʨʘʚʠʣ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʾʭ ʦʩʦʙʠʩʪʠʤʠ ʜʘʥʠʤʠ. ɰʭ ʧʦʙʦʶʚʘʥʥʷ ʧʦʨʦʜʞʫʶʪʴ ʜʦʜʘʪʢʦʚʠʡ ʢʨʠʪʝʨʽʡ - çʜʦʚʽʨʘ 

ʜʦ ʩʠʩʪʝʤʠè. ʅʘʜʽʡʥʠʡ ʟʘʭʠʩʪ, ʟʙʽʨ, ʦʙʨʦʙʢʘ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʪʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʚʘʞʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʮʽʻʾ ʚʠʤʦʛʠ. ʎʝ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʫʩʧʽʰʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʩʠʩʪʝʤʠ [6].  

 

ʊʘʙʣʠʮʷ 1 ï ʆʧʠʩ ʧôʷʪʠʨʽʚʥʝʚʦʾ ʢʨʘʡʦʚʦ-ʭʤʘʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʈʽʚʝʥʴ  ʆʧʠʩ 

ʈʽʚʝʥʴ ʩʧʨʠʡʥʷʪʪʷ ɿʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʨʦʟʫʤʥʠʭ ʜʘʪʯʠʢʽʚ, 

ʣʽʯʠʣʴʥʠʢʽʚ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʟʘʩʦʙʽʚ 

ʛʝʥʝʨʘʮʽʾ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʜʘʯʽ ʥʘ ʥʘʩʪʫʧʥʽ ʨʽʚʥʽ.  

ʄʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ɿʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʽʥʰʠʤʠ ʨʽʚʥʷʤʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʟʘʭʠʱʝʥʦʩʪʽ, 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʟʘʪʨʠʤʢʠ, ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʢʦʥʢʨʝʪʥʠʤʠ ʨʽʚʥʷʤʠ ʽ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʨʘʤʢʘʭ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ. 

ʇʨʦʤʽʞʥʠʡ ʨʽʚʝʥʴ ɺʽʜʧʦʚʽʜʘʻ ʟʘ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʪʘ ʬʽʣʴʪʨʘʮʽʶ 

ʽʥʬʦʨʤʘʮʽʾ. ʄʦʞʝ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʝʟ ʧʝʨʝʜʘʯʽ 

ʫ ʭʤʘʨʫ ʜʣʷ ʾʭ ʙʽʣʴʰʦʾ ʧʨʠʚʘʪʥʦʩʪʽ. ɼʦʟʚʦʣʷʻ 

ʨʦʟʚʘʥʪʘʞʠʪʠ ʷʢ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʪʘʢ ʽ 

ʤʝʨʝʞʝʚʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʽʚ. ʅʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʨʝʞʠʤʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʝʨʝʞ. 

ʈʽʚʝʥʴ ʟʘʩʪʦʩʫʥʢʽʚ ʈʝʘʣʽʟʫʻ ʧʨʦʛʨʘʤʥʽ ʽʥʪʝʨʬʝʡʩʠ, ʤʽʢʨʦʩʝʨʚʽʩʠ, ʟʘʩʪʦʩʫʥʢʠ 

ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 

ʛʽʙʨʠʜʥʽʡ ʤʝʨʝʞʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ï 

ʢʦʥʪʨʦʣʶ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ, ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʝʨʝʞʽ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʨʝʛʣʘʤʝʥʪʥʠʭ ʨʦʙʽʪ, ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʪʦʱʦ. 

ɹʽʟʥʝʩ-ʨʽʚʝʥʴ ʅʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʥʘ 

ʛʣʦʙʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʧʦʰʫʢʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʚʠʙʦʨʫ 

ʙʽʟʥʝʩ-ʤʦʜʝʣʽ, ʘʥʘʣʽʟʫ ʽʥʜʝʢʩʫ ʧʦʚʝʨʥʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ 

(ROI), ʪʦʱʦ.  

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʽʜʭʽʜ ʧʨʠ ʷʢʦʤʫ ʧʨʠʚʘʪʥʽʩʪʴ ʜʘʥʠʭ ʱʦʜʦ 

ʽʩʪʦʨʠʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʾʭ ʟʙʝʨʽʛʘʥʥʷʤ ʪʘ ʦʙʨʦʙʢʦʶ ʥʘ 

ʩʪʦʨʦʥʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦʙʪʦ ʢʨʘʡʦʚʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ ʥʘ ʡʦʛʦ ʜʦʤʘʰʥʴʦʤʫ ʭʘʙʽ, 

ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʤʦʙʽʣʴʥʦʤʫ ʪʝʣʝʬʦʥʽ ʪʘ ʫ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʟʘʭʠʱʝʥʦʤʫ ʭʤʘʨʥʦʤʫ 

ʩʭʦʚʠʱʽ. ʂʦʨʠʩʪʫʚʘʯ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʤʦʞʝ ʢʝʨʫʚʘʪʠ ʮʠʤʠ ʜʘʥʠʤʠ ʽ ʧʨʠ 
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ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʭ ʚʠʜʘʣʷʪʠ. ɼʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ 

ʬʽʣʴʪʨʫʶʪʴʩʷ, ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʟʘʭʠʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʥʝ ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʽʩʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʉʭʝʤʘ ʧʦʪʦʢʫ ʜʘʥʠʭ ʜʣʷ ʧʽʜʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ (ʨʠʩ. 2) ʦʧʠʩʫʻ ʚʟʘʻʤʦʜʽʶ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ 

ʜʦʤʘʰʥʽʡ ʭʘʙ, ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ-ʢʣʽʻʥʪ ʥʘ ʙʘʟʽ ʧʣʘʪʬʦʨʤʠ iOS, ʩʭʦʚʠʱʝ ʜʘʥʠʭ 

CloudKit, ʩʝʨʚʽʩʠ ʪʨʝʥʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʩʭʦʚʠʱʝ ʤʦʜʝʣʝʡ. ʈʦʟʛʣʷʥʝʤʦ ʜʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʧᾷʷʪʠʨʽʚʥʝʚʦʾ ʢʨʘʻʚʦ-ʭʤʘʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʽʘʛʨʘʤʘ ʧʦʪʦʢʫ ʜʘʥʠʭ  

 

ɼʦʤʘʰʥʽʡ ʭʘʙ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʟʙʦʨʫ ʜʘʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʪʘ ʾʭ ʧʽʜʛʦʪʦʚʢʠ ʜʦ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ï ʮʝ ʨʽʚʝʥʴ ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʧʨʦʤʽʞʥʠʡ ʨʽʚʝʥʴ. ʄʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ 

ʟʯʠʪʫʻ ʜʘʥʽ ʟ ʭʘʙʫ, ʘʨʭʽʚʫʻ ʾʭ ʫ ʩʭʦʚʠʱʝ ʪʘ ʥʘʜʘʻ ʧʨʦʛʥʦʟʠ ʱʦʜʦ ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʜʦʧʦʤʘʛʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʩʪʦʩʦʚʥʦ ʚʠʙʦʨʫ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʊʘʢʦʞ ʜʦʜʘʪʦʢ ʛʦʪʫʻ ʜʘʥʽ ʜʣʷ ʧʝʨʝʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ ʡʦʛʦ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʨʽʚʥʷ ʟʘʩʪʦʩʫʥʢʽʚ ʪʘ 

ʧʨʦʤʽʞʥʦʛʦ ʨʽʚʥʷ. ʇʨʠʚʘʪʥʝ ʩʭʦʚʠʱʝ CloudKit ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʤʽʞʥʦʛʦ ʨʽʚʥʷ ʪʘ 

ʘʢʫʤʫʣʶʻ ʜʘʥʽ ʧʨʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʧʨʠʚʘʪʥʽʡ ʭʤʘʨʽ, ʧʨʠ ʯʦʤʫ ʥʘʚʽʪʴ 
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ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʭʤʘʨʠ ʥʝ ʤʘʻ ʜʦʩʪʫʧʫ ʜʦ ʧʝʨʝʛʣʷʜʫ ʮʠʭ ʜʘʥʠʭ, ʥʠʤʠ ʢʝʨʫʻ ʦʩʦʙʠʩʪʦ 

ʢʦʨʠʩʪʫʚʘʯ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʙʣʽʢʦʚʠʡ ʟʘʧʠʩ iCloud. ʉʝʨʚʽʩ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʝʡ 

ʥʘʚʯʘʻ ʥʦʚʫ ʚʝʨʩʽʶ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟ ʜʦʜʘʪʢʫ ʪʘ ʥʝ ʟʙʝʨʽʛʘʻ ʦʪʨʠʤʘʥʽ ʜʘʥʽ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʣʠʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʾʭ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʽ ʚʠʜʘʣʷʻ ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʉʝʨʚʽʩ ʦʮʽʥʢʠ ʤʦʜʝʣʽ ʧʦʨʽʚʥʶʻ ʧʦʧʝʨʝʜʥʶ ʚʝʨʩʽʶ ʤʦʜʝʣʽ ʟ ʥʦʚʦʶ ʥʘ ʦʩʥʦʚʽ ʥʦʚʠʭ 

ʜʘʥʠʭ ʟ ʜʦʜʘʪʢʫ, ʥʝ ʟʙʝʨʽʛʘʶʯʠ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʩʝʩʽʾ. ʉʭʦʚʠʱʝ 

ʤʦʜʝʣʝʡ ʟʙʝʨʽʛʘʻ ʽʩʪʦʨʽʶ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʦʚʠʤʠ 

ʤʦʜʝʣʷʤʠ. ɺʩʽ ʪʨʠ ʩʝʨʚʽʩʠ ʻ ʭʤʘʨʥʠʤʠ ʤʽʢʨʦʩʝʨʚʽʩʘʤʠ ʽ ʯʘʩʪʠʥʦʶ ʧʨʦʤʽʞʥʦʛʦ ʨʽʚʥʷ 

ʩʠʩʪʝʤʠ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʠʙʽʨ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʉʇʋɻɽ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʧʦʪʦʢʫ ʜʘʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʦʤ. ʉʭʝʤʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʠʚʘʪʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʘʜʘʧʪʘʮʽʶ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʥʘ ʦʩʥʦʚʽ ʘʢʪʫʘʣʴʥʠʭ ʜʘʥʠʭ, ʨʦʙʠʪʠ ʧʨʦʛʥʦʟʠ ʱʦʜʦ ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʘʡʦʚʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʤʦʙʽʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ. ʋ 

ʧʝʨʩʧʝʢʪʠʚʽ ʮʷ ʩʭʝʤʘ ʤʦʞʝ ʙʫʪʠ ʚʪʽʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʧʨʦʪʦʪʠʧʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʾʾ 

ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ ʉʇʋɻɽ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʂʆʅʎɽʇʎɯʗ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ 

ɻɽʅɽʈɸʎɯɰ ʎʀʌʈʆɺʆɻʆ ʂʆʅʊɽʅʊʋ ʅɸ ʆʉʅʆɺɯ ʐʊʋʏʅʆɻʆ 

ɯʅʊɽʃɽʂʊʋ 
 

ʈʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘ 

ʯʘʩʪʦʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʛʝʥʝʨʘʮʽʾ ʮʠʬʨʦʚʦʛʦ 

ʢʦʥʪʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʐɯ. 

  

The results of statistical studies on the relevance and frequency of application of 

generative language models for various areas of human life are considered. The concept of an 

information system for the automated generation of digital content based on AI is proposed. 

 

ɿ ʧʦʷʚʦʶ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ), ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʦ ʧʦʤʽʪʥʠʤ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɿʘ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʢʦʤʧʘʥʽʾ Statista, ʫ 2022 ʨʦʮʽ 25% ʢʦʤʧʘʥʽʡ ʫ ʩʚʽʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʐɯ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʫ. ɼʦ 2025 ʨʦʢʫ ʦʯʽʢʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʜʦ 40%. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʩʧʦʩʦʙʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʫ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʝʥʪʫ ʜʣʷ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʜʽʘ. ɯʥʰʽ ʧʦʧʫʣʷʨʥʽ ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʢʩʪʫ ʚʢʣʶʯʘʶʪʴ 

ʩʪʚʦʨʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʝʡ ʽ ʧʝʨʝʢʣʘʜ ʤʦʚ. 15% 

ʢʦʤʧʘʥʽʡ ʫ ʩʚʽʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʐɯ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. ʆʯʽʢʫʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷ ʮʴʦʛʦ ʯʠʩʣʘ ʜʦ 30% ʫ 2025 ʨʦʮʽ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʩʧʦʩʦʙʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʝʥʪʫ ʜʣʷ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʜʽʘ. ɯʥʰʽ ʧʦʧʫʣʷʨʥʽ ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʚʢʣʶʯʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʚʦʨʝʥʥʷ ʽʣʶʩʪʨʘʮʽʡ ʽ ʩʪʚʦʨʝʥʥʷ 

3D-ʤʦʜʝʣʝʡ. ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ Statista[1], ʫ 2022 ʨʦʮʽ 10% ʢʦʤʧʘʥʽʡ ʫ ʩʚʽʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʚʽʜʝʦ. ʎʝ ʯʠʩʣʦ 

ʦʯʽʢʫʻʪʴʩʷ ʟʨʦʩʪʠ ʜʦ 20% ʫ 2025 ʨʦʮʽ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʩʧʦʩʦʙʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ 

ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʚʽʜʝʦ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʝʥʪʫ ʜʣʷ ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ. ɯʥʰʽ ʧʦʧʫʣʷʨʥʽ 

ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʚʽʜʝʦ ʚʢʣʶʯʘʶʪʴ ʩʪʚʦʨʝʥʥʷ 

ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʚʽʜʝʦ ʽ ʩʪʚʦʨʝʥʥʷ 3D-ʚʽʜʝʦ. ɿʘ 

ʜʘʥʠʤʠ ʦʧʠʪʫʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʦʛʦ Gartner ʟ 31 ʙʝʨʝʟʥʷ ʜʦ 4 ʢʚʽʪʥʷ 2023 ʨʦʢʫ[2] 

(ʨʠʩʫʥʦʢ 1), ʢʦʤʧʘʥʽʾ, ʷʢʽ ʚʽʜʧʦʚʽʣʠ, ʱʦ ʚʦʥʠ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʝʥʝʨʘʪʠʚʥʠʡ ʐɯ, 
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ʦʢʨʽʤ ChatGPT (n=119), ʥʘʟʚʘʣʠ ʘʥʘʣʽʟ ʜʘʥʠʭ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ (56%), ʘ ʪʘʢʦʞ 

ʤʘʨʢʝʪʠʥʛ ʽ ʨʝʢʣʘʤʫ (53%) ʷʢ ʥʘʡʧʦʧʫʣʷʨʥʽʰʽ ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɹʣʠʟʴʢʦ 

ʪʨʝʪʠʥʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʐɯ ʜʣʷ ʦʧʝʨʘʮʽʡ ʽ ʣʦʛʽʩʪʠʢʠ (34%), 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ (32%) ʘʙʦ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʠ (30%). 

ʈʦʟʨʦʙʢʘ ʧʨʦʜʫʢʪʫ 22%. ʃʶʜʩʴʢʽ ʨʝʩʫʨʩʠ 9%. ʌʽʥʘʥʩʦʚʽ ʦʧʝʨʘʮʽʾ 5%. ɯʥʰʝ 

(ʨʦʟʨʦʙʢʘ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ) 2%. ʈʝʩʧʦʥʜʝʥʪʠ, ʷʢʽ ʢʘʞʫʪʴ, 

ʱʦ ʾʭʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʦ ʧʣʘʥʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʝʥʝʨʘʪʠʚʥʠʡ 

ʐɯ ʮʴʦʛʦ ʨʦʢʫ (n = 174) ʦʯʽʢʫʶʪʴ, ʱʦ ʮʝ ʤʘʪʠʤʝ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ (62%) ʽ ʢʣʽʻʥʪʩʴʢʠʡ ʜʦʩʚʽʜ (51%). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʦʧʠʪʫʚʘʥʥʷ ʢʦʤʧʘʥʽʡ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʐɯ 

ʫ ʩʚʦʾʡ ʜʽʷʣʴʥʦʩʪʽ [2] 

 

ʅʘ ʧʠʪʘʥʥʷ çʗʢ ʚʠ ʦʯʽʢʫʻʪʝ, ʫ ʷʢʠʭ ʢʦʥʢʨʝʪʥʠʭ ʩʬʝʨʘʭ ʛʝʥʝʨʘʪʠʚʥʠʡ ʐɯ 

ʤʘʪʠʤʝ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʫ ʚʘʰʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʮʴʦʛʦ ʨʦʢʫ? ɺʠʙʝʨʽʪʴ ʜʦ 3è 

ʥʘʡʯʘʩʪʽʰʦʶ ʚʽʜʧʦʚʽʜʜʶ ʙʫʣʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʜʝʥʥʷ ʙʽʟʥʝʩʫ (62%). 
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ʈʠʩʫʥʦʢ 2 ï ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʐɯ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ [1] 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʐɯ 

 

ʆʩʢʽʣʴʢʠ ʚʢʘʟʘʥʽ ʚʠʱʝ ʬʘʢʪʠ ʜʦʚʦʜʷʪʴ, ʱʦ ʛʝʥʝʨʘʪʠʚʥʽ ʤʦʚʥʽ ʤʦʜʝʣʽ ʣʠʰʝ 

ʥʘʙʠʨʘʶʪʴ ʦʙʝʨʪʽʚ ʫ ʾʭʥʴʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʣʷ ʨʽʟʥʠʭ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʪʘ 
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ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʫ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3. 

ʅʘʨʘʟʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʝʪʘʧʽ ʧʦʙʫʜʦʚʠ ʢʦʥʮʝʧʮʽʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʮʽʻʾ ʩʠʩʪʝʤʠ ʪʘ ʥʘ ʝʪʘʧʽ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ, ʘʜʞʝ, ʷʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʨʠʩʫʥʢʫ 3, ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʚ ʩʠʩʪʝʤʫ, ʥʘʤ ʧʦʪʨʽʙʥʽ ɸʇɯ ʧʽʜʩʠʩʪʝʤ, ʪʦʙʪʦ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʚʥʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʪʝʢʩʪʫ, ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʽʜʝʦʢʦʥʪʝʥʪʫ. ɼʣʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʜʽʟʥʘʪʠʩʷ, ʯʠ ʥʘʷʚʥʽ ʮʽ ɸʇɯ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʜʦʩʪʫʧʽ, ʯʠ ʻ ʚʦʥʠ ʧʣʘʪʥʠʤʠ ʯʠ ʙʝʟʢʦʰʪʦʚʥʠʤʠ, ʽ ʷʢʽ ʫʤʦʚʠ ʨʦʟʨʦʙʥʠʢʠ ʩʪʘʚʣʷʪʴ 

ʜʣʷ ʾʭ ʦʪʨʠʤʘʥʥʷ.  

ʇʦʜʘʣʴʰʽ ʟʫʩʠʣʣʷ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʧʨʦʙʣʝʤ, 

ʦʪʨʠʤʘʥʥʷ ɸʇɯ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʛʝʥʝʨʫʚʘʥʷ ʪʝʢʩʪʫ, ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʽʜʝʦ, 

ʪʘ ʧʦʜʘʣʴʰʫ ʾʭ  ̔ ʥʪʝʛʨʘʮʽ ʁʫ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɯɻʈʆɺʀʁ ɿɸʉʊʆʉʋʅʆʂ ʋ ɾɸʅʈɯ çʇʃɸʊʌʆʈʄɽʈè ɿ ɯʅʊɽʈʌɽʁʉʆʄ 

ʋʇʈɸɺʃɯʅʅʗ ʅɸ ʆʉʅʆɺɯ ɻʆʃʆʉʆɺʆɰ ɺɿɸɭʄʆɼɯɰ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʊɽʍʅʆʃʆɻɯʁ UNITY 
 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ ʽʛʨʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʫ ʞʘʥʨʽ 

çʇʣʘʪʬʦʨʤʝʨ" ʟ ʽʥʪʝʨʬʝʡʩʦʤ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʦʣʦʩʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʡ Unity. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʥʽʢʘʣʴʥʠʡ ʽʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʽʥʥʷ, ʜʝ 

ʛʨʘʚʝʮʴ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʟʚʫʢʠ, ʪʘʢʽ ʷʢ ʢʨʠʢʠ, ʩʤʽʭ ʪʘ ʽʥʰʽ ʤʦʞʣʠʚʽ ʟʚʫʢʠ, ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʧʝʨʩʦʥʘʞʝʤ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʙʝʟʣʽʯ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʪʚʦʨʯʦʛʦ ʛʝʡʤʧʣʝʶ, ʜʝ ʛʨʘʚʝʮʴ 

ʤʦʞʝ ʚʠʙʠʨʘʪʠ, ʷʢʽ ʟʚʫʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʱʦʙ ʧʨʦʡʪʠ ʨʽʚʥʽ. ɺ ʭʦʜʽ ʨʦʟʨʦʙʢʠ ʧʨʦʚʦʜʠʚʩʷ 

ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ ʥʘ ʨʠʥʢʫ ʪʘ ʦʙʨʘʥʦ ʩʪʨʘʪʝʛʽʶ ʚʣʘʩʥʦʾ ʨʦʟʨʦʙʢʠ. 

 

The applied aspects of the development of a game application in the "Platformer" genre 

with a control interface based on voice interaction using Unity technologies were considered. 

During the design, a unique control interface was proposed, where the player can use various 

sounds, such as screams, laughter and other possible sounds, to control character. This opens up a 

lot of possibilities for creative gameplay, where the player can choose which sounds to use to pass 

the levels. During the development, an analysis of existing software applications on the market was 

carried out and a strategy was chosen for its own development. 

 

ɻʝʡʤʽʥʛʦʚʘ ʽʥʜʫʩʪʨʽʷ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʽ ʚʘʞʢʦ ʥʝ ʧʦʤʽʪʠʪʠ 

ʙʝʟʧʝʨʝʨʚʥʫ ʧʦʷʚʫ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ, ʟʚʽʩʥʦ ʞ, ʽʛʦʨ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʽ 

ʽʥʥʦʚʘʮʽʾ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʚʢʘʟʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʙʫʣʦ ʦʙʨʘʥʦ ʦʜʥʫ 

ʢʦʥʢʨʝʪʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʘ ʩʘʤʝ ʛʦʣʦʩʦʚʝ ʫʧʨʘʚʣʽʥʥʷ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʾʾ ʨʝʘʣʽʟʘʮʽʾ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʛʣʷʜʽ ʪʘ ʘʥʘʣʽʟʽ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʨʦʟʨʦʙʢʠ ʽʛʨʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʫ ʞʘʥʨʽ "ʇʣʘʪʬʦʨʤʝʨ" ʟ ʽʥʪʝʨʬʝʡʩʦʤ ʫʧʨʘʚʣʽʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʛʦʣʦʩʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʭʥʦʣʦʛʽʾ Unity. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʻ 

ʨʦʟʫʤʽʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʛʦʣʦʩʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ ʪʘ ʽʛʨʦʚʦʛʦ ʜʦʩʚʽʜʫ ʛʨʘʚʮʽʚ ʫ ʪʘʢʦʤʫ ʽʛʨʦʚʦʤʫ ʞʘʥʨʽ. 

ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʠʥʢʫ ʚʽʜʝʦ-ʽʛʦʨ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʦʜʽʙʥʫ ʪʝʭʥʦʣʦʛʽʶ ï ʛʦʣʦʩʦʚʝ ʢʝʨʫʚʘʥʥʷ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʣʘʪʬʦʨʤʝʨʽʚ. ʅʘ ʦʩʥʦʚʽ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʠʣʦʩʷ, ʱʦ ʪʘʢʠʭ ʽʛʦʨ ʻ ʥʝ ʪʘʢ ʙʘʛʘʪʦ, ʘʣʝ ʚʦʥʠ 

ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ ʩʝʨʝʜ ʛʨʘʚʮʽʚ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʪʘʢʽ ʽʛʨʠ 

ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʥʘʩʦʣʦʜʞʫʚʘʪʠʩʷ ʧʦʟʠʪʠʚʥʠʤʠ ʝʤʦʮʽʷʤʠ, ʽ ʚʦʥʠ ʦʩʦʙʣʠʚʦ 
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ʮʽʢʘʚʽ ʜʣʷ ʛʨʠ ʟ ʜʨʫʟʷʤʠ, ʨʦʜʠʥʦʶ ʘʙʦ ʢʦʣʝʛʘʤʠ. ʂʫʤʝʜʥʠʡ ʦʙʨʘʟ ʛʨʘʚʮʷ, ʩʪʚʦʨʝʥʠʡ 

ʟʘʚʜʷʢʠ ʛʦʣʦʩʦʚʦʤʫ ʢʝʨʫʚʘʥʥʶ, ʜʦʜʘʻ ʜʦ ʛʨʠ ʝʢʩʪʨʘ ʜʦʟʫ ʨʦʟʚʘʛʠ ʪʘ ʜʦʟʚʦʣʷʻ 

ʛʨʘʚʮʷʤ ʷʢʽʩʥʦ ʧʨʦʚʝʩʪʠ ʯʘʩ ʨʘʟʦʤ. ʇʝʨʝʣʽʢ ʧʦʧʫʣʷʨʥʠʭ ʽʛʦʨ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʦʜʽʙʥʫ ʪʝʭʥʦʣʦʛʽʶ (ʪʘʙʣʠʮʷ 1).  

 

ʊʘʙʣʠʮʷ 1 ï ʧʝʨʝʣʽʢ ʧʦʧʫʣʷʨʥʠʭ ʽʛʦʨ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʛʦʣʦʩʦʚʦʛʦ 

ʢʝʨʫʚʘʥʥʷ 

ʅʘʟʚʘ ʛʨʠ ʂʦʨʦʪʢʠʡ ʦʧʠʩ 

One Hand Clapping ʎʷ 2D ʧʣʘʪʬʦʨʤʘ, ʷʢʘ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʦʜʨʘʟʥʝʥʥʷ ʛʦʨʣʘ, ʚʠʤʘʛʘʻ 

ʚʽʜ ʛʨʘʚʮʽʚ ʚʦʢʘʣʴʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ð ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʚʦʥʠ 

ʩʧʽʚʘʶʪʴ, ʛʫʜʫʪʴ, ʢʨʠʯʘʪʴ ʯʠ ʢʨʠʯʘʪʴ ð ʚ ʤʽʢʨʦʬʦʥ, ʱʦʙ ʨʫʭʘʪʠʩʷ 

ʪʘ ʩʪʨʠʙʘʪʠ ʥʘ ʨʽʚʥʷʭ. ɻʨʘ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʨʠʪʤʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ 

ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʛʨʘʚʮʽʚ ʘʧʣʦʜʫʚʘʪʠ ʘʙʦ ʥʘʚʽʪʴ ʙʽʪʙʦʢʩʠʪʠ, ʱʦʙ 

ʧʝʨʝʤʦʛʪʠ ʪʠʰʫ ʪʘ ʚʠʭʦʜʠʪʠ ʥʘʚʝʨʭ. 

Scream Go Hero ɻʨʘ "Scream Go Hero" ʩʭʦʞʘ ʥʘ "Stick Hero", ʘʣʝ ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ 

ʙʫʜʫʚʘʪʠ ʧʘʣʠʯʢʦʚʽ ʤʦʩʪʠ ʜʣʷ ʧʝʨʝʭʦʜʫ ʥʘ ʥʘʩʪʫʧʥʫ ʧʣʘʪʬʦʨʤʫ, 

ʢʦʨʠʩʪʫʚʘʯ ʢʝʨʫʻ ʩʪʨʠʙʢʘʤʠ ʩʚʦʛʦ ʛʝʨʦʷ, ʢʨʠʯʘʯʠ. ɺʠʩʦʪʘ ʪʘ 

ʚʽʜʩʪʘʥʴ ʩʪʨʠʙʢʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʫʯʥʦʩʪʽ ʢʨʠʢʫ ʛʨʘʚʮʷ. ʅʝʚʝʣʠʢʽ 

ʩʪʨʠʙʢʠ ʚʠʤʘʛʘʶʪʴ ʪʠʭʠʭ ʙʫʨʢʦʪʽʥʴ, ʪʦʜʽ ʷʢ ʜʘʣʝʢʽ ʧʨʦʡʜʝʥʽ 

ʚʽʜʩʪʘʥʽ ʧʦʪʨʝʙʫʶʪʴ ʪʨʠʚʘʣʦʾ ʥʦʪʠ, ʷʢʘ ʤʦʛʣʘ ʙ ʟʘʩʣʫʞʠʪʠ ʚʘʤ 

"ɻʨʝʤʤʽ". 

 

ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʛʨʠ ʻ ʛʦʣʦʩʦʚʝ ʢʝʨʫʚʘʥʥʷ, ʜʝ ʚʠ ʛʝʥʝʨʫʻʪʝ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʚʫʢʠ, ʽ ʚʘʰ ʧʝʨʩʦʥʘʞ ʨʝʘʛʫʻ ʥʘ ʚʘʰʠ ʢʦʤʘʥʜʠ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ 

ʛʨʘʚʮʷ ʻ ʜʦʩʷʛʥʝʥʥʷ ʧʦʨʪʘʣʫ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʧʨʦʪʠʣʝʞʥʦʤʫ ʢʽʥʮʽ ʢʘʨʪʠ. ʉʝʨʝʜ 

ʽʥʰʠʭ ʫʥʽʢʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʨʠ ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʨʦʟʤʘʾʪʽʩʪʴ ʧʝʨʝʰʢʦʜ ʪʘ 

ʤʝʭʘʥʽʟʤʽʚ, ʟ ʷʢʠʤʠ ʛʨʘʚʮʝʚʽ ʥʝʦʙʭʽʜʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ʢʨʽʟʴ ʨʽʚʥʽ. 

ʊʘʢʦʞ ʚ ʛʨʽ ʽʩʥʫʻ ʩʠʩʪʝʤʘ ʟʽʨʦʢ, ʜʦʟʚʦʣʷʶʯʠ ʛʨʘʚʮʶ ʧʨʦʡʪʠ ʨʽʚʝʥʴ ʟʽ ʟʙʦʨʦʤ ʫʩʽʭ 

ʪʨʴʦʭ ʟʽʨʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʠʪʴ ʚʘʞʢʦ ʜʦʩʪʫʧʥʽ ʘʙʦ ʧʨʠʭʦʚʘʥʽ ʥʘ ʨʽʚʥʷʭ. ʂʨʽʤ 

ʮʴʦʛʦ, ʛʨʘ ʧʨʦʧʦʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʘʩʪʦʤʽʟʘʮʽʾ ʧʝʨʩʦʥʘʞʘ, ʷʢʫ ʛʨʘʚʝʮʴ ʤʦʞʝ 

ʦʪʨʠʤʫʚʘʪʠ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʨʽʚʥʽʚ ʽ ʧʨʠʢʨʘʰʘʪʠ ʩʚʦʛʦ ʧʝʨʩʦʥʘʞʘ. ʆʜʥʽʻʶ ʟ 

ʮʽʢʘʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʻ ʩʝʢʨʝʪʥʽ ʨʽʚʥʽ, ʷʢʽ ʛʨʘʚʝʮʴ ʤʦʞʝ ʨʦʟʙʣʦʢʫʚʘʪʠ, ʨʦʟʚ'ʷʟʫʶʯʠ 

ʛʦʣʦʚʦʣʦʤʢʠ ʪʘ ʰʫʢʘʶʯʠ ʩʝʢʨʝʪʠ ʚ ʛʨʽ. 

ɼʽʘʛʨʘʤʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʛʨʠ - ʮʝ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʚʩʽ ʝʪʘʧʠ ʚʽʜ 

ʩʪʚʦʨʝʥʥʷ ʛʨʠ ʜʦ ʾʾ ʟʘʚʝʨʰʝʥʥʷ. ɼʘʚʘʡʪʝ ʧʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʮʽʻʾ ʜʽʘʛʨʘʤʠ, ʱʦʙ 

ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ, ʷʢ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʛʨʘ ʚʽʜ ʽʜʝʾ ʜʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ (ʈʠʩʫʥʦʢ 1) 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʛʨʠ ʙʫʚ ʦʙʨʘʥʠʡ ʜʚʠʛʫʥ Unity, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʦʙ'ʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʫ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C#. ʎʝ ʦʙʨʘʥʦ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʾ 

ʛʨʠ. Unity ʦʙʨʘʥʦ ʪʘʢʦʞ ʯʝʨʝʟ ʡʦʛʦ ʟʨʫʯʥʽʩʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʠʭ ʽʛʦʨ ʽ 

ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. 
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ʈʠʩʫʥʦʢ 1 ï ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʛʨʠ 

 

ɼʣʷ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ ʙʫʣʘ ʦʙʨʘʥʘ ʛʥʫʯʢʘ ʤʝʪʦʜʦʣʦʛʽʷ Agile Scrum 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʽʪʝʨʘʪʠʚʥʦʾ ʨʦʟʨʦʙʢʠ ʧʨʦʜʫʢʪʫ. (ʈʠʩʫʥʦʢ 2) 

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʝʤʦʥʩʪʨʘʮʽʷ ʪʦʛʦ, ʷʢ ʧʨʘʮʶʻ ʤʝʪʦʜʦʣʦʛʽʷ 

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʛʨʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʦʙʨʘʪʠ ʩʪʠʣʴ, ʚ ʷʢʦʤʫ ʛʨʘ ʙʫʜʝ 

ʚʠʛʣʷʜʘʪʠ, ʽ ʦʙʨʘʥʠʤ ʩʪʠʣʝʤ ʩʪʘʚ ʧʽʢʩʝʣʴ-ʘʨʪ. ʇʽʢʩʝʣʴ-ʘʨʪ ï ʮʝ ʛʨʘʬʽʯʥʠʡ ʩʪʠʣʴ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʽʢʩʝʣʽ ʷʢ ʦʩʥʦʚʥʠʡ ʛʨʘʬʽʯʥʠʡ ʝʣʝʤʝʥʪ. (ʈʠʩʫʥʦʢ 3) ʋ ʮʴʦʤʫ 
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ʩʪʠʣʽ ʛʨʘʬʽʢʘ ʩʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʢʦʣʴʦʨʠʟʘʮʽʾ ʧʽʢʩʝʣʽʚ ʥʘ ʨʘʩʪʨʽ, 

ʱʦ ʥʘʜʘʻ ʛʨʽ ʭʘʨʘʢʪʝʨʥʫ ʨʝʪʨʦ-ʝʩʪʝʪʠʢʫ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʠʢʣʘʜ ʧʽʢʩʝʣʴ-ʘʨʪ ʛʨʘʬʽʢʠ 

 

ʋ ʧʽʜʩʫʤʢʫ, ʤʦʞʥʘ ʧʽʜʢʨʝʩʣʠʪʠ ʚʘʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʣʦʩʦʚʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʚ ʽʛʨʦʚʽʡ ʽʥʜʫʩʪʨʽʾ. ʊʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʛʨʘʚʮʷʤ ʚʟʘʻʤʦʜʽʷʪʠ ʟ 

ʛʨʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʦʣʦʩʫ, ʩʪʚʦʨʶʶʪʴ ʫʥʽʢʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʝʟʘʙʫʪʥʴʦʛʦ ʽʛʨʦʚʦʛʦ ʜʦʩʚʽʜʫ. ɻʦʣʦʩʦʚʝ ʢʝʨʫʚʘʥʥʷ ʜʦʜʘʻ ʝʣʝʤʝʥʪ ʝʤʦʮʽʡ ʪʘ 

ʚʟʘʻʤʦʜʽʾ, ʷʢʠʡ ʟʨʦʙʠʪʴ ʛʨʫ ʙʽʣʴʰ ʮʽʢʘʚʦʶ ʪʘ ʚʝʩʝʣʦʶ ʜʣʷ ʛʨʘʚʮʽʚ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʽʛʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʦʣʦʩʦʚʝ ʢʝʨʫʚʘʥʥʷ, ʥʘʙʫʚʘʶʪʴ ʧʦʧʫʣʷʨʥʦʩʪʽ ʪʘ 

ʧʨʦʧʦʥʫʶʪʴ ʥʦʚʽ ʩʧʦʩʦʙʠ ʨʦʟʚʘʛʠ. ʈʦʟʛʣʷʥʫʪʽ ʽʛʨʦʚʽ ʟʘʩʪʦʩʫʥʢʠ ʜʦʟʚʦʣʷʶʪʴ ʛʨʘʚʮʷʤ 

ʚʽʜʯʫʪʠ ʚʣʘʩʥʫ ʚʘʞʣʠʚʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʤʫʟʠʢʠ ʽ ʢʦʥʪʨʦʣʽ ʛʝʨʦʾʚ, ʱʦ ʨʦʙʠʪʴ 

ʛʝʡʤʧʣʝʡ ʥʝʟʘʙʫʪʥʽʤ ʪʘ ʫʥʽʢʘʣʴʥʠʤ. ɻʦʣʦʩʦʚʝ ʢʝʨʫʚʘʥʥʷ ï ʮʝ ʦʜʠʥ ʽʟ ʥʘʧʨʷʤʢʽʚ, 

ʷʢʠʡ ʩʧʨʠʷʻ ʨʦʟʰʠʨʝʥʥʶ ʤʦʞʣʠʚʦʩʪʝʡ ʚ ʽʛʨʦʚʽʡ ʩʬʝʨʽ ʪʘ ʧʨʠʥʦʩʠʪʴ ʛʨʘʚʮʷʤ ʙʽʣʴʰʝ 

ʟʘʜʦʚʦʣʝʥʥʷ ʚʽʜ ʛʨʠ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. ɻʨʘ  çScream Go Heroè. URL: 

https://play.google.com/store/search?q=scream+go+hero&c=apps&hl=en&gl=US 

2. ɻʨʘ  çOne Hand Clappingè. URL: 

https://store.steampowered.com/app/893720/One_Hand_Clapping/ 

3. ɼʽʘʛʨʘʤʘ Agile Scrum. URL: 

https://uk.m.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Scrum_process.svg 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ʂʈʀʇʊʆɻʈɸʌɯʏʅʆɻʆ ɿɸʍʀʉʊʋ ʇʈʆʊʆʂʆʃɯɺ ɺ ɿɸʉʆɹɸʍ 

ʂʆʄʋʅɯʂɸʎɯɰ ɯʅʊɽʈʅɽʊʋ ʈɽʏɽʁ 
 
ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ, ʱʦ ʟʜʽʡʩʥʶʻ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʟʘʭʠʩʪ ʽ ʜʦʩʷʛʘʻ ʥʘʡʥʠʞʯʦʾ 

ʥʘʩʢʨʽʟʥʦʾ ʟʘʪʨʠʤʢʠ ʩʝʨʝʜ ʘʥʘʣʦʛʽʚ. ʎʝ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʥʠʞʯʦʛʦ 
ʢʣʘʩʫ. ʗʢ ʢʨʦʢ ʜʦ ʧʦʚʥʽʩʪʶ ʧʦʩʪʢʚʘʥʪʦʚʦʛʦ ʙʣʦʢʯʝʡʥʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ Proof of Work 
(PoW), ʷʢʠʡ ʤʽʥʽʤʽʟʫʻ ʧʝʨʝʚʘʛʠ ʢʚʘʥʪʦʚʦʛʦ ʤʘʡʥʝʨʘ. ʅʦʚʠʡ ʧʨʦʪʦʢʦʣ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʙʣʝʤʽ 
ʥʘʡʢʦʨʦʪʰʦʛʦ ʚʝʢʪʦʨʘ ʫ ʝʚʢʣʽʜʦʚʽʡ ʥʦʨʤʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʘʣʛʦʨʠʪʤ ʧʝʨʝʚʽʨʢʠ. ʑʦʙ 
ʟʤʝʥʰʠʪʠ ʧʝʨʝʰʢʦʜʫ ʧʝʨʝʜʘʯʽ ʩʝʨʪʠʬʽʢʘʪʽʚ ʽ ʧʝʨʝʚʽʨʢʠ ʜʣʷ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʧʨʠʩʪʨʦʾʚ, 
ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʨʠʧʪʦʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʙʝʟ ʩʝʨʪʠʬʽʢʘʪʽʚ, ʩʪʚʦʨʝʥʽ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʽʚ.   

 
A method has been developed that provides cryptographic protection and achieves the 

lowest end-to-end latency among peers. This makes it suitable for lower end devices. As a step 
towards a full post-quantum blockchain, a Proof of Work (PoW) protocol is proposed, which 
minimizes the benefits of a quantum miner. The new protocol is based on the shortest vector 
problem in the Euclidean norm and provides a fast verification algorithm. To reduce the barrier of 
certificate transmission and verification for lower-level devices, identity-based and certificate-less 
cryptosystems created using special key generation algorithms are introduced. 

 
ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ï ʮʝ ʛʝʪʝʨʦʛʝʥʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʽʜʢʣʶʯʝʥʠʭ ʜʘʪʯʠʢʽʚ, ʨʦʟʫʤʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʨʘʥʩʠʚʝʨʽʚ, 
ʤʽʢʨʦʢʦʤʧôʶʪʝʨʽʚ ʪʦʱʦ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʩʧʽʣʢʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ 
ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʧʣʘʥʦʚʘʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 
ʧʽʜʜʘʥʽ ʩʧʨʷʤʦʚʘʥʽʡ ʟ ʙʦʢʫ ʟʣʦʚʤʠʩʥʠʢʘ ʘʪʘʮʽ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 
ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ, ʮʽʣʽʩʥʽʩʪʴ ʪʘ/ʘʙʦ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʜʘʥʠʭ, ʱʦ 
ʧʝʨʝʜʘʶʪʴʩʷ/ʟʙʝʨʽʛʘʶʪʴʩʷ. ʅʘʷʚʥʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʩʭʝʤ, 
ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʤ'ʷʢʰʝʥʥʷ/ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʘ ʪʘʢʽ ʥʘʧʘʜʠ. 

ʎʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʩʭʝʤʠ ʤʦʞʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʨʦʟʜʽʣʠʪʠ ʥʘ ʩʠʩʪʝʤʠ ʟ 
ʩʠʤʝʪʨʠʯʥʠʤʠ ʘʙʦ ʚʽʜʢʨʠʪʠʤʠ ʢʣʶʯʘʤʠ. ʇʨʦʪʝ ʩʭʝʤʠ ʥʘ ʦʩʥʦʚʽ ʩʠʤʝʪʨʠʯʥʠʭ 
ʢʣʶʯʽʚ ʧʨʦʧʦʥʫʶʪʴ [1, 2] ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʪʘ ʙʝʟʧʝʯʥʽ ʨʽʰʝʥʥʷ, ʘʣʝ ʚʦʥʠ ʤʦʞʫʪʴ 
ʙʫʪʠ ʥʝ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʜʝʷʢʠʭ ʥʘʣʘʰʪʫʚʘʥʥʷʭ IoT ʯʝʨʝʟ ʩʧʽʣʴʥʠʡ 
ʢʣʶʯ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ɼʣʷ ʩʭʝʤ ʥʘ ʦʩʥʦʚʽ ʩʠʤʝʪʨʠʯʥʠʭ ʢʣʶʯʽʚ 
ʧʦʪʨʽʙʝʥ ʧʨʦʪʦʢʦʣ ʫʟʛʦʜʞʝʥʥʷ ʢʣʶʯʽʚ. ʇʦʪʨʽʙʥʦ ʦʙʯʠʩʣʠʪʠ ʩʧʽʣʴʥʠʡ ʩʝʢʨʝʪʥʠʡ 
ʢʣʶʯ ʧʝʨʝʜ ʽʥʽʮʽʶʚʘʥʥʷʤ ʙʝʟʧʝʯʥʦʛʦ ʟʚôʷʟʢʫ. ʍʦʯʘ ʮʝ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʥʠʤ 
ʧʦʧʝʨʝʜʥʴʦ ʟʘʚʘʥʪʘʞʠʚʰʠ ʮʽ ʩʧʽʣʴʥʽ ʢʣʶʯʽ ʥʘ ʚʩʽ ʧʨʠʩʪʨʦʾ ʚ ʜʝʷʢʠʭ ʧʨʦʛʨʘʤʘʭ, ʘʣʝ 
ʮʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʜʣʷ ʩʠʩʪʝʤ, ʫ ʷʢʠʭ ʨʫʭʦʤʽ ʜʘʪʯʠʢʠ/ʧʨʠʩʪʨʦʾ 
ʧʦʪʨʝʙʫʶʪʴ ʟʚôʷʟʢʫ ʟ ʙʝʟʣʽʯʯʶ ʥʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ɿʙʝʨʽʛʘʥʥʷ 
ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʢʣʶʯʽʚ ʜʣʷ ʚʝʣʠʢʠʭ ʤʝʨʝʞ IoT ʟ ʪʠʩʷʯʘʤʠ ʘʙʦ ʥʘʚʽʪʴ 
ʤʽʣʴʡʦʥʘʤʠ ʧʨʠʩʪʨʦʾʚ ʩʪʚʦʨʶʻ ʪʝʞ ʧʨʦʙʣʝʤʠ. ɿʙʝʨʽʛʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʦʙʯʠʩʣʝʥʠʭ 
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ʩʧʽʣʴʥʠʭ ʢʣʶʯʽʚ ʤʦʞʝ ʙʫʪʠ ʥʝʤʦʞʣʠʚʠʤʠ ʥʘ ʧʨʠʩʪʨʦʷʭ ʥʠʞʯʦʛʦ ʢʣʘʩʫ ʯʝʨʝʟ ʾʭ 
ʦʙʤʝʞʝʥʝ ʩʭʦʚʠʱʝ. ɺʽʜʩʫʪʥʽʩʪʴ ʧʫʙʣʽʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʪʘ ʥʝʩʧʨʦʩʪʦʚʥʦʩʪʽ ʚ ʩʭʝʤʘʭ 
ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ. ʍʦʯʘ ʽʩʥʫʻ ʙʘʛʘʪʦ ʧʦʥʷʪʴ ʥʘ ʦʩʥʦʚʽ ʩʠʤʝʪʨʠʯʥʠʭ ʢʣʶʯʽʚ ʜʣʷ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʩʧʨʦʩʪʫʚʘʥʥʷ. 

ʉʠʩʪʝʤʠ ɯoT ʯʘʩʪʦ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʧʨʠʩʪʨʦʾ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʜʣʷ 
ʥʘʜʩʠʣʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʽʥʰʠʤ ʩʪʦʨʦʥʘʤ, ʽ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʣʘʰʪʫʚʘʥʴ 
ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʘ ʟʤʽʥʘ ʪʘ/ʘʙʦ ʧʦʨʫʰʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʮʠʭ ʟʘʭʦʜʽʚ ʤʦʞʝ ʤʘʪʠ 
ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ. ʊʦʤʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʮʽʣʽʩʥʦʩʪʽ ʪʘ 
ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʚ ʮʠʭ ʧʘʨʘʤʝʪʨʘʭ ʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤ. ʍʦʯʘ ʟʚʠʯʘʡʥʽ 
ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʟʘʩʦʙʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʮʠʭ ʚʠʤʦʛ 
ʙʝʟʧʝʢʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʜʠʟʘʡʥ, ʚʦʥʠ ʯʘʩʪʦ ʟʘʥʘʜʪʦ ʜʦʨʦʛʽ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 
ʪʦʯʢʠ ʟʦʨʫ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʥʠʟʴʢʦʛʦ ʢʣʘʩʫ. ʉʠʪʫʘʮʽʷ ʱʝ ʙʽʣʴʰʝ ʧʦʩʠʣʶʻʪʴʩʷ, ʢʦʣʠ 
ʙʝʨʝʪʴʩʷ ʜʦ ʫʚʘʛʠ ʟʘʭʠʩʪ ʚʽʜ ʢʚʘʥʪʦʚʠʭ ʢʦʤʧôʶʪʝʨʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʩʝʨʽʶ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʟʚʠʯʘʡʥʠʭ ʽ ʧʦʩʪʢʚʘʥʪʦʚʠʭ 
ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʩʭʝʤʠ, ʱʦʙ ʚʽʜʧʦʚʽʜʘʪʠ ʩʫʚʦʨʠʤ ʚʠʤʦʛʘʤ ʪʘʢʠʭ ʩʠʩʪʝʤ IoT. ʋ ʨʷʜʢʫ 
ʧʨʦʧʦʟʠʮʽʡ ʝʬʝʢʪʠʚʥʠʭ ʩʭʝʤ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʚʽ ʩʭʝʤʠ ʧʽʜʧʠʩʫ. ʇʝʨʰʘ 
ʩʭʝʤʘ ʧʽʜʧʠʩʫ ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʚʠʯʘʡʥʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʙʣʝʤʘʭ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ 
ʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʽʟ ʩʽʤʝʡʩʪʚʘʤʠ ʙʝʟ ʧʦʢʨʠʪʪʷ ʪʘ ʦʩʦʙʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 
ʬʫʥʢʮʽʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʥʦʛʦ ʧʨʠʨʦʩʪʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʦʛʘʤʠ. 
ɼʨʫʛʘ ʩʭʝʤʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʩʪʢʚʘʥʪʦʚʠʭ ʧʨʠʤʽʪʠʚʘʭ ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 
ʨʦʟʰʠʨʝʥʥʷ ʦʜʥʦʨʘʟʦʚʠʭ ʧʽʜʧʠʩʽʚ ʜʦ (ʧʦʣʽʥʦʤʽʘʣʴʥʦ ʦʙʤʝʞʝʥʠʭ) ʙʘʛʘʪʦʨʘʟʦʚʠʭ 
ʧʽʜʧʠʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʜʠʪʠʚʥʽ ʛʦʤʦʤʦʨʬʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʠʭ 
ʢʦʤʧʘʢʪʥʠʭ ʬʫʥʢʮʽʡ.  

ʉʭʝʤʘ ʜʦʩʷʛʘʻ ʥʘʡʥʠʞʯʦʾ ʥʘʩʢʨʽʟʥʦʾ ʟʘʪʨʠʤʢʠ ʩʝʨʝʜ ʘʥʘʣʦʛʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʾ 
ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʥʠʞʯʦʛʦ ʢʣʘʩʫ. ʗʢ ʢʨʦʢ ʜʦ ʧʦʚʥʽʩʪʶ ʧʦʩʪʢʚʘʥʪʦʚʦʛʦ 
ʙʣʦʢʯʝʡʥʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ Proof of Work (PoW), ʷʢʠʡ ʤʽʥʽʤʽʟʫʻ ʧʝʨʝʚʘʛʠ 
ʢʚʘʥʪʦʚʦʛʦ ʤʘʡʥʝʨʘ. ʅʦʚʠʡ ʧʨʦʪʦʢʦʣ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʙʣʝʤʽ ʥʘʡʢʦʨʦʪʰʦʛʦ ʚʝʢʪʦʨʘ 
ɽʨʤʽʪʘ (Hermite-SVP) ʫ ʝʚʢʣʽʜʦʚʽʡ ʥʦʨʤʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʘʣʛʦʨʠʪʤ 
ʧʝʨʝʚʽʨʢʠ. ʑʦʙ ʟʤʝʥʰʠʪʠ ʧʝʨʝʰʢʦʜʫ ʧʝʨʝʜʘʯʽ ʩʝʨʪʠʬʽʢʘʪʽʚ ʽ ʧʝʨʝʚʽʨʢʠ ʜʣʷ 
ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʧʨʠʩʪʨʦʾʚ, ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʢʨʠʧʪʦʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 
ʙʝʟ ʩʝʨʪʠʬʽʢʘʪʽʚ, ʩʪʚʦʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʽʚ, 
ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʘʜʠʪʠʚʥʦʾ ʛʦʤʦʤʦʨʬʥʦʩʪʽ ʝʢʩʧʦʥʝʥʪ, ʱʦʙ 
ʜʦʟʚʦʣʠʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʢʣʶʯʘʪʠ ʩʚʦʾ ʧʨʠʚʘʪʥʽ ʢʣʶʯʽ ʚ ʢʣʶʯ, ʥʘʜʘʥʠʡ ʜʦʚʽʨʝʥʦʶ 
ʪʨʝʪʴʦʶ ʩʪʦʨʦʥʦʶ, ʥʝ ʧʽʜʨʦʙʣʷʶʯʠ ʡʦʛʦ. ʅʦʚʽ ʩʭʝʤʠ ʜʦʩʷʛʘʶʪʴ ʢʨʘʱʦʾ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʽ ʧʦʨʽʚʥʷʥʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʚôʷʟʢʫ ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʦʛʘʤʠ 
ʥʘ ʦʩʥʦʚʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʙʝʟ ʩʝʨʪʠʬʽʢʘʪʽʚ.  
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ʃʝʚʘʥʜʦʚʩʴʢʠʡ ɸ.ʆ., ʄʫʣʷʨ ɯ.ɺ.  

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ɸʅɸʃɯɿʋ ʊʈɸʌɯʂʋ ɿ ʄɽʊʆʖ ɺʀʗɺʃɽʅʅʗ ɸʊɸʂ ʅɸ 

ʂʆʄʇʃɽʂʉʅɯ ʉʀʉʊɽʄʀ ɿɸʍʀʉʊʋ ɯʅʌʆʈʄɸɯɰɰ 

 
ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʷʢ ʝʬʝʢʪʠʚʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. ɼʦʩʣʽʞʝʥʦ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʮʴʦʛʦ 

ʤʝʪʦʜʫ. ʇʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʪʘ 

ʧʽʜʦʟʨʽʣʠʭ ʧʘʪʝʨʥʽʚ. ʈʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʩʚʽʪʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʩʬʝʨʽ 
ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ. 

 

In this work, the method of traffic analysis was considered as an effective tool for 

detecting attacks on information systems. Various aspects of this method have been studied. The 

proposed method of traffic analysis is aimed at detecting anomalies and suspicious patterns. The 

work is aimed at highlighting modern trends in the field of traffic analysis to detect attacks.. 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ, ʜʝ ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʷ ʪʘ 

ʤʝʨʝʞʝʚʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʘʶʪʴ ʥʝʦʜʤʽʥʥʦʶ ʯʘʩʪʠʥʦʶ ʜʽʣʦʚʦʛʦ ʪʘ ʦʩʦʙʠʩʪʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ.  

ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʩʪʘʶʪʴ ʦʙ'ʻʢʪʦʤ ʩʧʨʦʙ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ, 

ʚʪʨʫʯʘʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʟ ʙʦʢʫ ʟʣʦʚʤʠʩʥʠʢʽʚ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʡ, ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʮʽʣʦʤʫ. 

ʂʦʤʧʣʝʢʩʥʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ (ʂʉɿɯ) - ʮʝ ʩʫʢʫʧʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʮʝʜʫʨ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʭʠʩʪʫ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʎʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ ʜʦ 

ʜʘʥʠʭ, ʾʭʥʴʦʛʦ ʨʦʟʛʦʣʦʰʝʥʥʷ ʯʠ ʚʪʨʘʪʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ 

ʘʪʘʢ ʘʙʦ ʢʘʪʘʩʪʨʦʬ [1]. 

ʎʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ ʷʢ 

ʬʘʡʨʚʦʣʠ, ʘʥʪʠʚʽʨʫʩʠ, ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʽ ʤʝʪʦʜʠ, ʬʽʟʠʯʥʽ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. ɺʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴ ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʎʽ ʩʠʩʪʝʤʠ ʚʘʞʣʠʚʽ ʜʣʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ 

ʽʥʬʦʨʤʘʮʽʷ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʘʭ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʙʽʟʥʝʩʫ. 
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ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʻ ʟʘʚʜʘʥʥʷʤ ʚʘʞʣʠʚʠʤ ʷʢ ʜʣʷ ʜʝʨʞʘʚʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʪʘʢ ʽ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʽʥʰʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. 

ɯʥʪʝʛʨʘʮʽʷ ʪʝʭʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʽʚʥʷ ʟʘʭʠʩʪʫ. ʂʦʤʧʣʝʢʩʥʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʟʚʠʚʘʪʠʩʷ, 

ʘʜʘʧʪʫʶʯʠʩʴ ʜʦ ʟʨʦʩʪʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʽʙʝʨʟʘʛʨʦʟ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʜʣʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʽ ʢʦʤʧʦʥʝʥʪʠ ʚʢʣʶʯʘʶʪʴ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ, 

ʪʨʝʥʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʧʨʦʮʝʜʫʨʠ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣʷ ʽʥʮʠʜʝʥʪʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛ 

ʙʝʟʧʝʢʠ. 

ɸʥʘʣʽʟ ʪʨʘʬʽʢʫ ʚ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʻ ʜʠʥʘʤʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʚʠʤʘʛʘʻ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʣʶʜʩʴʢʦʛʦ ʝʢʩʧʝʨʪʥʦʛʦ 

ʚʪʨʫʯʘʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʽʜʚʝʨʥʝʥʥʷ ʢʽʙʝʨʟʘʛʨʦʟ 

ɻʦʣʦʚʥʘ ʽʜʝʷ - ʮʝ ʩʪʝʞʠʪʠ ʟʘ ʪʠʤ, ʷʢ ʜʘʥʽ ʧʝʨʝʩʫʚʘʶʪʴʩʷ, ʰʫʢʘʪʠ ʱʦʩʴ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʥʝʩʪʘʥʜʘʨʪʥʠʤ ʘʙʦ ʥʝʙʝʟʧʝʯʥʠʤ, ʽ ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ 

ʤʦʞʣʠʚʠʤ ʧʨʦʙʣʝʤʘʤ ʫ ʙʝʟʧʝʮʽ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʪʦʶ  ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ, ʘʥʘʣʽʟ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ 

ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʥʘ ʢʦʤʧʣʝʢʩʥʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʨʦʟʢʨʠʪʪʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʚʠʷʚʣʝʥʥʽ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʘʥʦʤʘʣʽʡ ʫ ʤʝʨʝʞʝʚʦʤʫ ʪʨʘʬʽʢʫ 

ɺʨʘʭʦʚʫʶʯʠ ʧʦʩʪʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʢʽʙʝʨʟʘʛʨʦʟ ʪʘ ʾʭʥʶ ʚʜʦʩʢʦʥʘʣʝʥʽʩʪʴ, 

ʘʥʘʣʽʟ ʪʨʘʬʽʢʫ ʚʠʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʥʝʜʦʧʫʱʝʥʥʽ ʩʝʨʡʦʟʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʻ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʪʘ 

ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʦʪʠʩʪʦʷʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʟʘʛʨʦʟʘʤ ʫ 

ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʝʨʝʜʙʘʯʘʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ 

ʘʜʘʧʪʘʮʽʶ ʜʦ ʟʤʽʥʶʶʯʦʛʦʩʷ ʭʘʨʘʢʪʝʨʫ ʢʽʙʝʨʟʘʛʨʦʟ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ ʥʘ ʢʦʤʧʣʝʢʩʥʽ ʩʠʩʪʝʤʠ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚʢʣʶʯʘ ̒ʚ ʩʝʙʝ ʢʽʣʴʢʘ ʝʪʘʧʽʚ ʪʘ ʧʽʜʭʦʜʽʚ.  

- ʄʦʥʽʪʦʨʠʥʛ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʦʜʽʚʘʥʦʛʦ ʘʙʦ 

ʧʽʜʦʟʨʽʣʦʛʦ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʘʪʘʢʠ ʘʙʦ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʥʝʟʚʠʯʘʡʥʠʭ ʧʘʪʝʨʥʽʚ ʫ ʪʨʘʬʽʢʫ, ʱʦ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʘʪʘʢʠ ʘʙʦ 

ʧʦʨʫʰʝʥʥʷ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʫ ʩʠʩʪʝʤʘʭ; 
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- ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʟ ʧʽʜʧʠʩʘʤʠ ʚʽʜʦʤʠʭ ʘʪʘʢ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʤ ʪʨʘʬʽʢʦʤ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʘʪʘʢ; 

- ʘʥʘʣʽʟ ʧʦʪʦʢʫ ʜʘʥʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʰʘʙʣʦʥʽʚ ʘʪʘʢ ʪʘ ʥʦʨʤʘʣʴʥʦʛʦ 

ʪʨʘʬʽʢʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʦʯʽʢʫʚʘʥʦʛʦ ʧʦʚʝʜʽʥʢʠ; 

- ʘʥʘʣʽʟ ʞʫʨʥʘʣʽʚ ʧʦʜʽʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʟʚʠʯʘʡʥʦʾ ʘʙʦ ʧʽʜʦʟʨʽʣʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʷʢʘ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʘʪʘʢʠ ʘʙʦ ʚʪʦʨʛʥʝʥʥʷ. 

ʆʪʞʝ ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʨʽʚʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ ʜʣʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ. ʎʝʡ ʤʝʪʦʜ ʜʦʧʦʤʘʛʘʻ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʢʦʤʧʣʝʢʩʥʠʭ 

ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʷʚʣʶʶʯʠ ʘʪʘʢʠ ʨʘʥʦ ʽ ʟʘʧʦʙʽʛʘʶʯʠ ʾʭ ʥʝʛʘʪʠʚʥʠʤ 

ʥʘʩʣʽʜʢʘʤ. ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʽʾ ʫ 

ʤʝʨʝʞʝʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʚʢʘʟʫʶʯʠ ʥʘ ʤʦʞʣʠʚʽ ʘʪʘʢʠ ʘʙʦ ʽʥʰʽ ʟʘʛʨʦʟʠ 

ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʝʟʧʝʮʽ.  

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʥʝ ʣʠʰʝ ʨʝʘʢʮʽʷ ʥʘ ʚʞʝ ʚʽʜʦʤʽ ʘʪʘʢʠ, ʘʣʝ ʡ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʥʦʚʠʤ ʟʘʛʨʦʟʘʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʠʤ 

ʩʠʩʪʝʤʘʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʚ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʤʫ ʢʽʙʝʨʧʨʦʩʪʦʨʽ.  

ʊʘʢʦʞ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʦʩʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ, 

ʚʨʘʭʦʚʫʶʯʠ ʟʤʽʥʶʶʯʠʡʩʷ ʭʘʨʘʢʪʝʨ ʢʽʙʝʨʟʘʛʨʦʟ, ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʘʪʘʢʘʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʠʜʽʾ ʥʝʚʠʟʥʘʯʝʥʠʤ ʽ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʤ ʢʽʙʝʨʟʘʛʨʦʟʘʤ ʫ 

ʩʫʯʘʩʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ..  

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʧʦʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ 

ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʦʛʦ ʨʽʚʥʷ ʟʘʛʨʦʟ ʪʘ ʢʦʤʧʣʝʢʩʥʦʩʪʽ ʢʽʙʝʨʘʪʘʢ. ʤʝʪʦʜ 

ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʻ ʚʘʞʣʠʚʦʶ ʣʘʥʢʦʶ ʫ ʩʠʩʪʝʤʘʭ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ. 
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ʃʠʛʫʥ ʆ.ʆ. 

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼʀ ʊɸ ɿɸʉʆɹʀ ɺʀʗɺʃɽʅʅʗ ɿʃʆɺʄʀʉʅʀʍ ɼʈʆʇɽʈɯɺ ɺ 

ʂʆʄʇôʖʊɽʈʅʀʍ ʉʀʉʊɽʄɸʍ 
 

ʈʦʟʛʣʷʥʫʪʦ  ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʞʝ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʚʠʷʚʣʝʥʥʷ 

ʟʣʦʚʤʠʩʥʠʭ ʜʨʦʧʝʨʽʚ ʚ ʢʦʧԁʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʪʘ 

ʟʘʩʦʙʠ ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʤʠʩʥʠʭ ʜʨʦʧʝʨʽʚ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʛʣʷʥʫʪ ʥʦʚʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ, ʟʦʢʨʝʤʘ ʪʽ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʧʦʚʝʜʽʥʢʦʚʠʭ ʩʠʛʥʘʪʫʨʘʭ. ʇʦʚʝʜʽʥʢʦʚʽ ʩʠʛʥʘʪʫʨʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʘʥʦʤʘʣʽʾ ʚ ʧʦʚʝʜʽʥʮʽ 

ʧʨʦʛʨʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʟʣʦʚʤʠʩʥʫ ʜʽʷʣʴʥʽʩʪʴ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʨʦʟʚʠʪʦʢ 

ʘʨʭʽʪʝʢʪʫʨ ʟʘʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ, ʚ ʷʢʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʮʽ ʤʝʪʦʜʠ. ɿʤʽʰʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʪʘ ʘʨʭʽʪʝʢʪʫʨ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʤʠʩʥʠʭ ʜʨʦʧʝʨʽʚ ʚ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. 
 

ʉonsidered and analyzed already existing methods and means of detecting malicious 

droppers in computer systems have been. The paper proposes to develop methods and means of 

detecting malicious droppers in computer systems and to improve the efficiency of their detection, 

new methods and means will be considered, in particular, those based on behavioral signatures. 

Behavioral signatures allow you to identify anomalies in program behavior that may indicate 

malicious activity. An important aspect is the development of detection architectures into which 

these methods are implemented. Mixing different methods and architectures can improve the 

performance of detecting malicious droppers in computer systems. 

 

ʆʜʥʽʻʶ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʘ ʥʝʱʘʜʥʠʭ ʤʝʪʦʜʽʚ ʚʚʝʜʝʥʥʷ ʟʣʦʚʤʠʩʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ɿʇɿ) ʚ ʢʦʤʧ'ʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʣʦʚʤʠʩʥʠʭ 

ʜʨʦʧʝʨʽʚ. ɿʣʦʚʤʠʩʥʽ ʜʨʦʧʝʨʠ (ʟʣʦʚʤʠʩʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʧʦʰʠʨʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ) 

ʻ ʩʝʨʡʦʟʥʦʶ ʟʘʛʨʦʟʦʶ ʜʣʷ ʙʝʟʧʝʢʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʟʘʚʘʥʪʘʞʠʪʠ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʞʝʨʪʚʠ ʽʥʰʽ ʟʣʦʚʤʠʩʥʽ ʧʨʦʛʨʘʤʠ, ʪʘʢʽ ʷʢ 

ʪʨʦʷʥʮʽ, ʚʽʨʫʩʠ ʘʙʦ ʰʧʠʛʫʥʩʴʢʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʎʷ ʪʝʭʥʽʢʘ ʻ ʜʫʞʝ 

ʝʬʝʢʪʠʚʥʦʶ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʟʣʦʚʤʠʩʥʠʢʘʤ ʦʙʭʦʜʠʪʠ ʙʘʛʘʪʦ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ 

ʚʠʷʚʣʝʥʥʷ ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʟʘʣʠʰʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʩʣʽʜ 

ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʞʝʨʪʚʠ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʤʠʩʥʠʭ 

ʜʨʦʧʝʨʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʦʙʣʘʩʪʽ ʢʽʙʝʨʙʝʟʧʝʢʠ. 

ɺʽʜʦʤʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʤʠʩʥʠʭ ʜʨʦʧʝʨʽʚ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ 

ʧʽʜʭʦʜʘʭ ʽ ʪʝʭʥʽʢʘʭ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʰʢʽʜʣʠʚʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʘʙʦ 

ʜʽʾ ʟʣʦʚʤʠʩʥʠʢʽʚ ʥʘ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. ʆʩʴ ʜʝʷʢʽ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʪʘ ʾʭ ʥʝʜʦʣʽʢʠ: 

1. ɸʥʪʠʚʽʨʫʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (AV): ɸʥʪʠʚʽʨʫʩʥʽ ʧʨʦʛʨʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʘʟʫ ʜʘʥʠʭ ʩʠʛʥʘʪʫʨ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʽʜʦʤʠʭ ʰʢʽʜʣʠʚʠʭ ʜʨʦʧʝʨʽʚ. 
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ɺʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʦʤʠʭ 

ʟʘʛʨʦʟ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ ʱʦ ʘʥʪʠʚʽʨʫʩʠ ʥʝ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠ ʥʦʚʽ 

ʘʪʘʢʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʩʠʛʥʘʪʫʨʘʭ. ɿʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʭʥʽʢʠ ʧʦʣʽʤʦʨʬʽʟʤʫ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʚʠʷʚʣʝʥʥʷ. 

2. ʉʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ (IDS): IDS ʤʦʥʽʪʦʨʷʪʴ ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ 
ʪʘ ʩʠʩʪʝʤʥʽ ʞʫʨʥʘʣʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʽʜʦʟʨʽʣʠʭ ʜʽʡ ʪʘ ʘʪʘʢ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ 

ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʩʧʨʠʡʤʘʪʠ ʥʦʨʤʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʷʢ ʧʽʜʦʟʨʽʣʫ, ʧʦʨʦʜʞʫʶʯʠ ʙʘʛʘʪʦ 

ʣʦʞʥʠʭ ʧʦʟʠʪʠʚʽʚ. IDS ʥʝ ʟʘʚʞʜʠ ʝʬʝʢʪʠʚʥʽ ʚ ʚʠʷʚʣʝʥʥʽ ʘʪʘʢ ʚʩʝʨʝʜʠʥʽ ʟʘʭʠʱʝʥʦʾ 

ʤʝʨʝʞʽ. 

3. ɸʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʧʨʦʛʨʘʤ: ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʽʷʤʠ ʧʨʦʛʨʘʤ ʥʘ ʩʠʩʪʝʤʽ ʽ 

ʚʠʷʚʣʝʥʥʷ ʥʝʟʚʠʯʘʡʥʠʭ ʘʙʦ ʧʽʜʦʟʨʽʣʠʭ ʜʽʡ. ʇʨʦʙʣʝʤʦʶ ʻ ʪʝ ʱʦ ʜʝʷʢʽ ʧʨʦʛʨʘʤʠ ʟ 

ʧʽʜʦʟʨʽʣʦʶ ʧʦʚʝʜʽʥʢʦʶ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʷʢ ʟʘʛʨʦʟʠ. ɯʥʦʜʽ 

ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠ ʩʧʦʩʦʙʠ ʦʙʭʽʜ ʮʴʦʛʦ ʚʠʜʫ ʚʠʷʚʣʝʥʥʷ. 

4. ɸʥʘʣ̔ʟ ʩʠʛʥʘʪʫʨ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʩʠʛʥʘʪʫʨ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 
ʬʘʡʣʽʚ ʪʘ ʧʨʦʮʝʩʽʚ ʥʘ ʩʠʩʪʝʤʽ ʟ ʚʽʜʦʤʠʤʠ ʰʢʽʜʣʠʚʠʤʠ ʜʨʦʧʝʨʘʤʠ. ʎʝʡ ʤʝʪʦʜ 

ʝʬʝʢʪʠʚʥʠʡ ʣʠʰʝ ʜʣʷ ʚʽʜʦʤʠʭ ʟʘʛʨʦʟ. ɺʽʥ ʥʝ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʣʷʪʠ ʥʦʚʽ ʘʪʘʢʠ ʘʙʦ 

ʚʘʨʽʘʮʽʾ ʚʞʝ ʽʩʥʫʶʯʠʭ. 

5. ɺʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ: ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ 

ʟʘʧʫʩʢʫ ʩʫʤʥʽʚʥʠʭ ʧʨʦʛʨʘʤ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʾʭ ʜʽʡ ʙʝʟ ʚʧʣʠʚʫ ʥʘ ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ. 

ɸʣʝ ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʨʦʟʧʽʟʥʘʪʠ ʚʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʨʠʭʦʚʘʪʠ ʩʚʦʾ 

ʰʢʽʜʣʠʚʽ ʜʽʾ. 

ʂʦʞʝʥ ʤʝʪʦʜ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ, ʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ 

ʤʦʞʝ ʙʫʪʠ ʢʦʤʙʽʥʘʮʽʷ ʜʝʢʽʣʴʢʦʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ. ʊʘʢʦʞ ʚʘʞʣʠʚʦ 

ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʟʘʛʨʦʟʠ ʧʦʩʪʽʡʥʦ ʝʚʦʣʶʮʽʦʥʫʶʪʴ, ʪʦʤʫ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʧʦʚʠʥʥʽ 

ʨʝʛʫʣʷʨʥʦ ʦʥʦʚʣʶʚʘʪʠʩʷ ʪʘ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ ʚʠʜʽʚ ʘʪʘʢ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ, ʪʘʢʽ ʷʢ ʘʥʘʣʽʟ ʩʠʛʥʘʪʫʨ (ʧʽʜʧʠʩʽʚ), ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ ʪʘ ʩʭʦʞʦʩʪʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʫ ʚʠʷʚʣʝʥʥʽ ʮʠʭ ʜʨʦʧʝʨʽʚ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʦʞʫʪʴ ʣʝʛʢʦ ʟʤʽʥʶʚʘʪʠ ʩʚʦʶ ʩʠʛʥʘʪʫʨʫ ʪʘ ʚʝʩʪʠ ʩʝʙʝ "ʥʦʨʤʘʣʴʥʦ" 

ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʚʠʷʚʣʝʥʥʷ. ɸʣʝ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ ʙʫʜʫʪʴ ʚʨʘʭʦʚʘʥʽ 

ʥʝʜʦʣʽʢʽ ʮʠʭ ʩʠʩʪʝʤ, ʱʦ ʨʦʟʰʠʨʠʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟ ʚʠʢʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʤʠʩʥʠʭ ʜʨʦʧʝʨʽʚ 

ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʤʠʩʥʠʭ ʜʨʦʧʝʨʽʚ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ɺʀʗɺʃɽʅʅʗ ɹʆɭʇʈʀʇɸʉɯɺ, ʑʆ ʅɽ ʈʆɿɯʈɺɸʃʀʉʔ, ɿɸ 

ɿʆɹʈɸɾɽʅʅʗʄ ɿ ʊɽʇʃʆɺɯɿʆʈɸ ɿɸʉʆɹɸʄʀ ɻʃʀɹʆʂʆɻʆ ʅɸɺʏɸʅʅʗ 
 

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʙʦʻʧʨʠʧʘʩʽʚ ʱʦ ʥʝ ʨʦʟʽʨʚʘʣʠʩʴ ʟʘ ʟʦʙʨʘʞʝʥʥʷʤ ʟ 

ʪʝʧʣʦʚʽʟʦʨʘ ʟʘʩʦʙʘʤʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʰʫʢ ʥʝʨʦʟʽʨʚʘʥʠʭ ʙʦʻʧʨʠʧʘʩʽʚ ʥʘ 

ʥʝʦʙʭʽʜʥʽʡ ʪʝʨʠʪʦʨʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ  ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʠʡ ʽ ʰʚʠʜʢʠʡ ʧʦʰʫʢ 

ʙʦʻʧʨʠʧʘʩʽʚ ʱʦ ʥʝ ʨʦʟʽʨʚʘʣʠʩʷ ʟʘ ʟʦʙʨʘʞʝʥʥʷʤ ʟ ʪʝʧʣʦʚʽʟʦʨʘ. 

 

The method of detecting unexploded ordnance based on the image from a thermal imager 

by deep learning means, which ensures the search for unexploded ordnance in the required 

territory, is considered. The proposed method provides an accurate and fast search for unexploded 

ordnance based on the image from the thermal imager. 

 

ɹʦʻʧʨʠʧʘʩʠ ï ʮʝ ʚʽʡʩʴʢʦʚʽ ʩʠʣʠ, ʚʽʡʩʴʢʦʚʘ ʪʝʭʥʽʢʘ, ʚʠʙʫʭʦʚʽ ʨʝʯʦʚʠʥʠ, 

ʨʘʢʝʪʠ, ʩʪʨʽʣʝʮʴʢʘ ʟʙʨʦʷ ʪʘ ʽʥʰʽ ʤʘʪʝʨʽʘʣʴʥʽ ʟʘʩʦʙʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʙʦʡʦʚʠʭ ʜʽʷʭ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʯʘʩʪʠʥʘ ʚʽʡʩʴʢʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʽ ʪʘʢʪʠʢʠ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʮʽʣʝʡ. ʎʝ ʚʢʣʶʯʘʻ ʚʦʛʥʝʚʫ ʧʽʜʪʨʠʤʢʫ, ʦʙʦʨʦʥʫ ʽ ʥʘʩʪʫʧ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʦʻʧʨʠʧʘʩʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʘʮʽʦʥʘʣʴʥʽʡ ʚʽʡʩʴʢʦʚʽʡ ʜʦʢʪʨʠʥʽ, ʪʘʢʪʠʮʽ 

ʽ ʩʪʨʘʪʝʛʽʾ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, ʪʘʢʠʭ ʷʢ ʟʥʠʱʝʥʥʷ 

ʚʦʨʦʞʦʾ ʪʝʭʥʽʢʠ, ʧʝʨʝʰʢʦʜʞʘʥʥʷ ʧʝʨʝʩʫʚʘʥʥʶ ʩʠʣ ʧʨʦʪʠʚʥʠʢʘ, ʟʘʭʠʩʪ ʚʣʘʩʥʠʭ 

ʚʽʡʩʴʢ ʪʘ ʦʙ'ʻʢʪʽʚ, ʥʝʡʪʨʘʣʽʟʘʮʽʷ ʚʦʨʦʞʠʭ ʟʘʛʨʦʟ. ɼʦʪʨʠʤʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʟʘʢʦʥʽʚ ʽ 

ʢʦʥʚʝʥʮʽʡ, ʪʘʢʠʭ ʷʢ ɾʝʥʝʚʩʴʢʽ ʢʦʥʚʝʥʮʽʾ ʪʘ ʂʦʥʚʝʥʮʽʷ ʧʨʦ ʟʘʙʦʨʦʥʫ ʤʽʥ, ʤʘʻ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʞʝʨʪʚ ʩʝʨʝʜ ʮʠʚʽʣʴʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʪʘ ʟʘʭʠʩʪʫ 

ʛʫʤʘʥʽʪʘʨʥʠʭ ʥʘʩʣʽʜʢʽʚ ʢʦʥʬʣʽʢʪʫ. ʆʜʥʘʢ ʟʘʛʘʣʴʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʣʠʰʝ 

ʥʝʚʝʣʠʢʠʡ ʚʽʜʩʦʪʦʢ ʧʨʘʚʠʣ ʽ ʥʦʨʤ ʜʦʪʨʠʤʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʽʡʥʠ ʘʙʦ ʢʦʥʬʣʽʢʪʫ, ʱʦ 

ʟʙʽʣʴʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʞʝʨʪʚ ʷʢ ʩʝʨʝʜ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ, ʪʘʢ ʽ ʩʝʨʝʜ ʮʠʚʽʣʴʥʦʛʦ  

ʥʘʩʝʣʝʥʥʷ [1-5]. 

ʈʦʟʤʽʥʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʪʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʥʝʨʦʟʽʨʚʘʥʠʭ 

ʚʠʙʫʭʽʚʦʢ (ʅɺɺ) ʪʘ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʦʙ'ʻʢʪʽʚ (ɺʅʆ) ʥʘ ʪʝʨʠʪʦʨʽʾ, ʜʝ ʻ ʟʘʛʨʦʟʘ ʜʣʷ 

ʙʝʟʧʝʢʠ ʣʶʜʝʡ ʽ ʤʘʡʥʘ. ʎʝ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʘ ʛʘʣʫʟʴ ʜʽʷʣʴʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ 

ʥʝʨʦʟʽʨʚʘʥʽ ʚʠʙʫʭʽʚʢʠ ʤʦʞʫʪʴ ʟʘʣʠʰʘʪʠʩʷ ʚ ˇʨʫʥʪʽ, ʙʫʜʽʚʣʷʭ, ʥʘ ʚʦʜʥʦʤʫ ʜʥʽ, ʚ ʣʽʩʽ, 

ʥʘ ʧʦʣʽʛʦʥʽ, ʥʘ ʘʝʨʦʜʨʦʤʽ, ʥʘ ʚʽʡʩʴʢʦʚʠʭ ʧʦʣʽʛʦʥʘʭ ʪʘ ʽʥʰʠʭ ʤʽʩʮʷʭ[4]. ʈʦʟʤʽʥʫʚʘʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʢʦʤʘʥʜʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʥʘʚʠʯʢʠ, 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʥʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʙʝʟʧʝʯʥʦʾ ʟʥʠʱʝʥʥʷ ʅɺɺ ʪʘ ɺʅʆ. 

ʆʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʨʦʟʤʽʥʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ: 
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1. ɺʠʷʚʣʝʥʥʷ: ʂʦʤʘʥʜʠ ʨʦʟʤʽʥʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ, 

ʚʢʣʶʯʘʶʯʠ ʤʝʪʘʣʦʰʫʢʘʯʽ, ʛʽʜʨʦʣʦʢʘʮʽʶ, ʨʝʥʪʛʝʥʦʚʩʴʢʽ ʧʨʠʩʪʨʦʾ ʪʘ ʽʥʰʽ ʜʣʷ ʧʦʰʫʢʫ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙ'ʻʢʪʽʚ. 

2. ɯʜʝʥʪʠʬʽʢʘʮʽʷ: ʇʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʦʾ ʅɺɺ ʯʠ ɺʅʆ ʚʘʞʣʠʚʦ 

ʧʨʘʚʠʣʴʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʾʭ ʪʠʧ, ʩʪʘʥ ʪʘ ʧʦʪʝʥʮʽʡʥʫ ʥʝʙʝʟʧʝʢʫ. 

3. ʅʝʡʪʨʘʣʽʟʘʮʽʷ: ʗʢʱʦ ʚʠʷʚʣʝʥʘ ʚʠʙʫʭʦʚʘ ʨʝʯʦʚʠʥʘ ʚʚʘʞʘʻʪʴʩʷ 

ʥʝʙʝʟʧʝʯʥʦʶ, ʪʦ ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʝʟʧʝʯʥʦ ʥʝʡʪʨʘʣʽʟʦʚʘʥʘ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ 

ʚʠʙʫʭʦʚʫ ʜʝʪʦʥʘʮʽʶ ʥʘ ʙʝʟʧʝʯʥʽʡ ʚʽʜʩʪʘʥʽ, ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʧʽʜʧʘʣʶʚʘʥʥʷ ʘʙʦ ʽʥʰʽ 

ʤʝʪʦʜʠ. 

4. ʇʦʨʷʪʫʥʦʢ ʽ ʨʷʪʫʚʘʥʥʷ: ʋ ʨʘʟʽ ʚʠʙʫʭʽʚ ʪʘ ʘʚʘʨʽʡ ʟ ʅɺɺ ʢʦʤʘʥʜʠ 

ʨʦʟʤʽʥʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʨʦʰʝʥʽ ʜʣʷ ʧʦʨʷʪʫʥʢʫ ʽ ʜʦʧʦʤʦʛʠ ʧʦʩʪʨʘʞʜʘʣʠʤ. 

5. ʇʦʧʝʨʝʜʞʝʥʥʷ: ʈʦʟʤʽʥʫʚʘʥʥʷ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʚʯʘʥʥʷ ʪʘ 

ʢʦʥʩʫʣʴʪʫʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ ʟ ʧʠʪʘʥʴ ʫʥʠʢʥʝʥʥʷ ʅɺɺ ʪʘ ɺʅʆ ʪʘ 

ʧʨʦʷʚʫ ʦʙʝʨʝʞʥʦʩʪʽ. 

ʂʦʤʘʥʜʠ ʨʦʟʤʽʥʫʚʘʥʥʷ ʯʘʩʪʦ ʩʧʽʚʧʨʘʮʶʶʪʴ ʟ ʚʽʡʩʴʢʦʚʠʤʠ, 

ʧʨʘʚʦʦʭʦʨʦʥʥʠʤʠ ʦʨʛʘʥʘʤʠ, ʛʫʤʘʥʽʪʘʨʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʪʘ ʽʥʰʠʤʠ ʩʣʫʞʙʘʤʠ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʪʘ ʚʠʜʘʣʠʪʠ ʟʘʛʨʦʟʫ ʚʽʜ ʥʝʨʦʟʽʨʚʘʥʠʭ ʚʠʙʫʭʽʚʦʢ. 

ʈʦʟʤʽʥʫʚʘʥʥʷ ʻ ʥʝʦʙʭʽʜʥʦʶ ʩʢʣʘʜʦʚʦʶ ʛʫʤʘʥʽʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʟʘʭʦʜʽʚ ʟʽ 

ʚʨʷʪʫʚʘʥʥʷ ʫ ʟʦʥʘʭ ʢʦʥʬʣʽʢʪʽʚ ʽ ʢʘʪʘʩʪʨʦʬ. 

ʊʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ ʽ ʘʥʘʣʽʟ ʪʝʧʣʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʧʨʦʧʦʥʫʶʪʴ ʙʘʛʘʪʦ 

ʧʝʨʝʚʘʛ ʽ ʚʠʛʦʜ ʧʨʠ ʧʦʰʫʢʫ ʅɺɹ ʽ ʤʽʥ [3]:  

1. ɽʬʝʢʪʠʚʥʽ ʚʥʦʯʽ ʽ ʚ ʫʤʦʚʘʭ ʧʦʛʘʥʦʾ ʚʠʜʠʤʦʩʪʽ: ʪʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ 

ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʢʦʨʠʩʥʦ, ʢʦʣʠ ʟʚʠʯʘʡʥʘ ʚʠʜʠʤʽʩʪʴ 

ʦʙʤʝʞʝʥʘ, ʥʘʧʨʠʢʣʘʜ, ʚʥʦʯʽ ʘʙʦ ʚ ʫʤʦʚʘʭ ʧʦʛʘʥʦʾ ʚʠʜʠʤʦʩʪʽ;  

2. ʊʝʧʣʦʚʽ ʘʥʦʤʘʣʽʾ ɺʠʷʚʣʝʥʥʷ: ʅɺɹ ʽ ʤʽʥʠ ʤʦʞʫʪʴ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʪʝʧʣʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʚʧʣʠʚʦʤ ʩʦʥʮʷ ʘʙʦ ʧʨʠ ʬʽʟʠʯʥʦʤʫ ʢʦʥʪʘʢʪʽ. 

ʊʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʚʠʷʚʠʪʠ ʮʽ ʪʝʧʣʦʚʽ ʘʥʦʤʘʣʽʾ ʽ ʚʠʟʥʘʯʠʪʠ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʜʽʣʷʥʢʠ. 

3. ʐʚʠʜʢʽʩʪʴ ʽ ʤʦʙʽʣʴʥʽʩʪʴ: ʪʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ ʻ ʧʦʨʪʘʪʠʚʥʠʤʠ ʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʰʚʠʜʢʦ. ʎʝ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʦʙʩʪʝʞʫʚʘʪʠ ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ ʽ 

ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʙʦʻʧʨʠʧʘʩʠ, ʱʦ ʥʝ ʨʦʟʽʨʚʘʣʠʩʷ. 

4. ɹʝʟʢʦʥʪʘʢʪʥʠʡ ʘʥʘʣʽʟ: ʘʥʘʣʽʟ ʪʝʧʣʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʜʦʟʚʦʣʷʻ ʙʝʟʢʦʥʪʘʢʪʥʦ 

ʚʠʷʚʣʷʪʠ ʙʦʻʧʨʠʧʘʩʠ, ʱʦ ʥʝ ʨʦʟʽʨʚʘʣʠʩʷ, ʟʤʝʥʰʫʶʯʠ ʨʠʟʠʢ ʜʣʷ ʩʘʧʝʨʥʠʭ ʙʨʠʛʘʜ ʽ 

ʫʥʠʢʘʶʯʠ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ. 

5. ʊʦʯʥʽʩʪʴ ʽ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ: ʩʫʯʘʩʥʽ ʪʝʧʣʦʚʽʟʽʡʥʽ ʊʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʾʤ ʪʦʯʥʦ ʚʠʷʚʣʷʪʠ ʅɺɹ ʥʘʚʽʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ. 

6. ʄʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʟ ɻɯʉ: ʪʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ ʤʦʞʥʘ ʣʝʛʢʦ 

ʽʥʪʝʛʨʫʚʘʪʠ ʟ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ɻɯʉ), ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ 

ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʽ ʢʦʦʨʜʠʥʘʪʠ ʚʠʷʚʣʝʥʠʭ ʅɺɹ. 

7. ʇʽʜʚʠʱʝʥʘ ʙʝʟʧʝʢʘ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʤʽʥʫʚʘʥʥʷ: ʪʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ 

ɺʠʷʚʣʝʥʥʷ ʽ ʣʦʢʘʣʽʟʘʮʽʷ ʅɺɹ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʢʘʤʝʨ ʜʦʟʚʦʣʷʻ ʢʦʤʘʥʜʘʤ 
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ʨʦʟʤʽʥʫʚʘʥʥʷ ʫʥʠʢʘʪʠ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ ʽ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʪʦʯʥʦʤʫ ʨʦʟʤʽʥʫʚʘʥʥʽ. 

ɿʘʚʜʷʢʠ ʮʠʤ ʧʝʨʝʚʘʛʘʤ ʪʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʅɺɹ ʽ ʤʽʥ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ ʚ ʟʦʥʽ ʫʨʘʞʝʥʥʷ. 
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̨̝̑̆̈̔̌̓́̓̃

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʽ ʤʝʪʦʜʫ 

 

ʇʨʦʛʨʘʤʘ ʚʠʷʚʣʝʥʥʷ ʅɺɹ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

1. ɿʙʽʨ ʪʝʧʣʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʟʙʽʨ ʪʝʧʣʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʜʽʣʷʥʢʠ, ʜʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʅɺɹ. ʊʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ 

ʚʠʤʽʨʶʶʪʴ ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʡʦʛʦ ʥʘ ʪʝʧʣʦʚʫ ʢʘʨʪʫ. 

ʊʘʢʽ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʫʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʦʻʧʨʠʧʘʩʠ, ʱʦ ʥʝ ʨʦʟʽʨʚʘʣʠʩʷ, ʟʘ 

ʭʘʨʘʢʪʝʨʥʠʤ ʪʝʧʣʦʚʠʤ ʩʠʛʥʘʣʦʤ. 

2. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ: ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʠʪʠ, ʥʘʧʨʠʢʣʘʜ, 

ʚʠʜʘʣʠʪʠ ʰʫʤ, ʧʽʜʚʠʱʠʪʠ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʽ ʧʽʜʛʦʪʫʚʘʪʠ ʜʦ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

3. ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ: ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʛʣʠʙʦʢʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʟʘʟʚʠʯʘʡ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (CNN). ʄʝʨʝʞʽ 

ʥʘʚʯʘʶʪʴʩʷ ʨʦʟʧʽʟʥʘʚʘʪʠ ʧʘʪʝʨʥʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʙʦʻʧʨʠʧʘʩʽʚ, ʱʦ ʥʝ ʚʠʙʫʭʥʫʣʠ. 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʙʽʨ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʠʪʴ ʪʝʧʣʦʚʽʟʽʡʥʽ ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʧʦʟʥʘʯʝʥʥʷʤ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʅɺɹ. 

4. ʊʝʩʪʫʚʘʥʥʷ ʽ ʚʠʷʚʣʝʥʥʷ: ʥʘʚʯʝʥʽ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʘʥʘʣʽʟʫ ʥʦʚʠʭ ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʄʦʜʝʣʴ ʰʫʢʘʻ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʧʦʜʽʙʥʽ ʜʦ 
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ʪʠʭ, ʱʦ ʙʫʣʠ ʚʠʚʯʝʥʽ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ, ʽ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʅɺɹ 

ʥʘ ʟʦʙʨʘʞʝʥʥʽ. 

5. ʆʧʦʚʽʱʝʥʥʷ ʽ ʜʽʾ: ʗʢʱʦ ʤʦʜʝʣʴ ʚʠʷʚʣʷʻ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʤʦʞʣʠʚʠʡ ʅɺɹ, 

ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʚʞʠʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ. ʎʝ ʤʦʞʝ 

ʚʢʣʶʯʘʪʠ ʝʚʘʢʫʘʮʽʶ ʤʽʩʮʝʚʦʩʪʽ, ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʚʽʜʢʠ, ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʩʥʘʨʷʜʘ ʽ 

ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʜʣʷ ʡʦʛʦ ʟʥʠʱʝʥʥʷ ʘʙʦ ʥʝʡʪʨʘʣʽʟʘʮʽʾ. 

6. ɺʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ: ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʥʘ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʝʢʨʘʥʽ ʘʙʦ ʽʥʪʝʨʬʝʡʩʽ, ʱʦʙ ʦʧʝʨʘʪʦʨʠ ʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʛʣʠ ʧʨʠʡʤʘʪʠ 

ʰʚʠʜʢʽ ʽ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ.  

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʽ ʧʨʦʛʨʘʤʠ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1.  

ʎʷ ʧʨʦʛʨʘʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʷʚʣʝʥʥʷ 

ʙʦʻʧʨʠʧʘʩʽʚ, ʱʦ ʥʝ ʚʠʙʫʭʥʫʣʠ, ʥʘ ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, ʜʦʧʦʤʘʛʘʶʯʠ ʪʘʢʠʤ 

ʯʠʥʦʤ ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʽ ʚ ʟʦʥʘʭ, ʜʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ 

ʥʝʙʝʟʧʝʯʥʽ ʤʘʪʝʨʽʘʣʠ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɸʊɽʄɸʊʀʏʅɸ ɯʅʊɽʈʇʈɽʊɸʎɯʗ ʂʆʅʎɽʇʎɯɰ ɿɸʍʀʉʊʋ 

ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʈɽʉʋʈʉɯɺ ʂʆʈʇʆʈɸʊʀɺʅʆɰ ʄɽʈɽɾɯ ɯɿ 

ɿɸʉʊʆʉʋɺɸʅʅʗʄ ɯʄʆɺɯʈʅɯʉʅʀʍ ʂʈʀʊɽʈɯɰɺ ɼʆɺɯʈʀ 
 

ʈʦʟʛʣʷʥʫʪʦ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʤʦʚʽʨʥʽʩʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʜʦʚʽʨʠ, ʥʘʚʝʜʝʥʦ ʙʘʟʦʚʽ ʧʦʣʦʞʝʥʥʷ ʤʝʪʦʜʫ ʪʘ ʟʘʛʘʣʴʥʠʡ ʦʧʠʩ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʚ ʪʝʨʤʽʥʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ. 

 
The conceptual provisions of the method of protecting information resources of the 

corporate network from unauthorized access based on probabilistic assessments of trust criteria are 

considered, the basic provisions of the method and a general description of the mathematical model 

are given, and the concept of method implementing in terms of the proposed mathematical model is 

presented. 

 

ɺ ʫʤʦʚʘʭ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʨʦʩʪʘʥʥʷ ʢʽʙʝʨʟʘʛʨʦʟ ʙʝʟʧʝʢʘ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ ʩʪʘʻ ʚʘʞʣʠʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʦʛʦ ʙʽʟʥʝʩʫ. ɼʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʤʝʨʝʞ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʚʨʘʭʦʚʫʶʯʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ ʪʘ 

ʨʝʪʝʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ [1]. ʊʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ ʦʭʦʧʣʶʶʪʴ 

ʩʫʢʫʧʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʙʝʟʧʝʢʦʚʠʭ ʟʘʭʦʜʽʚ [2,3]: 

ʤʽʞʤʝʨʝʞʝʚʽ ʝʢʨʘʥʠ, ʘʥʪʠʚʽʨʫʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ; 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʘʚʪʦʨʠʟʘʮʽʷ; ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ; ʨʝʛʫʣʷʨʥʽ ʦʥʦʚʣʝʥʥʷ ʪʘ ʧʘʪʯʽ; 

ʨʝʟʝʨʚʥʝ ʢʦʧʽʶʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ, ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʥʘʣʽʟ ʘʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʟʘʭʦʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ ʻ 

ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʥʘʣʽʟ ʘʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʪʘ ʙʣʦʢʫʚʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʽʡ ʟ ʾʾ ʨʝʩʫʨʩʘʤʠ 

[4]. ʇʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʤʝʨʝʞʽ ʽ ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟ ʜʦʧʦʤʘʛʘʶʪʴ ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ 

ʥʘ ʢʽʙʝʨʘʪʘʢʠ ʪʘ ʘʥʦʤʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʟʘʧʦʙʽʛʘʶʯʠ ʤʦʞʣʠʚʠʤ ʽʥʮʠʜʝʥʪʘʤ. 

ʇʨʦʙʣʝʤʘ ʙʦʢʫʚʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʽʡ ʧʦʣʷʛʘʻ ʥʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʦʧʝʨʘʮʽʾ 

ʙʣʦʢʫʚʘʥʥʷ, ʘ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʟʣʦʚʤʠʩʥʦʩʪʽ ʜʽʡ, ʪʦʙʪʦ, ʚ ʦʮʽʥʮʽ çʜʦʚʽʨʠè ʜʦ 

ʽʥʽʮʽʘʪʦʨʘ ʮʠʭ ʜʽʡ. ɼʦʚʽʨʘ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʝʟʧʝʮʽ ʻ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [5]. ʑʦʙ 

ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʜʦʚʽʨʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʝʟʧʝʮʽ ʧʦʪʨʽʙʥʽ ʢʨʠʪʝʨʽʾ ʚʠʟʥʘʯʝʥʥʷ, 

ʥʘʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ ʪʘ ʚʨʘʭʦʚʫʶʪʴʩʷ ʨʠʟʠʢʠ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʥʘ ʢʦʨʠʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ 
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 ȬȻȶȹ-2023 173 

ʜʦʚʽʨʠ ʩʫʙôʻʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ 

ʽʤʚʽʨʥʽʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʥʘʢʦʧʠʯʫʚʘʥʦʾ ʩʪʘʪʠʩʪʠʢʠ 

ʧʦʧʝʨʝʜʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʦʞʥʦʛʦ ʩʫʙʻʢʪʘ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʬʽʢʩʦʚʘʥʠʭ ʚʠʧʘʜʢʽʚ 

ʰʢʽʜʣʠʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʟʘʛʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʘʢʪʠʚʥʦʩʪʽ. 

ʂʦʥʮʝʧʮʽʷ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ 

ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʤʦʚʽʨʥʽʩʥʠʭ ʦʮʽʥʦʢ ʢʨʠʪʝʨʽʾʚ 

ʜʦʚʽʨʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʣʦʞʝʥʥʷʭ:  

- ʤʝʪʦʜ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ; 

- ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʷʚʣʝʥʥʽ ʘʥʦʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ  

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʽ ʦʙʤʝʞʝʥʥʽ ʧʨʘʚ ʜʦʩʪʫʧʫ ʜʦ 

ʟʘʟʥʘʯʝʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʧʦʨʫʰʝʥʴ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʠʤʦʛ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ 

ʨʦʙʦʪʠ ʚ ʤʝʨʝʞʽ; 

- ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʨʫʰʝʥʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚʠʤʦʛ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʨʦʙʦʪʠ ʚ 
ʢʦʨʧʦʨʘʪʠʚʥʽʡ ʤʝʨʝʞʽ ʟ ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʥʷ ʱʦʜʦ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʾʾ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦ ʚ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ; 

- ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ 

ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʩʠʩʪʝʤʦʶ ʟʘʭʠʩʪʫ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ ʟʫʤʦʚʣʶʻ 

ʧʦʪʨʝʙʫ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʠʪʢʦ ʚʠʟʥʘʯʝʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʙʘʟʠʩʫ ʪʘ ʧʨʘʚʠʣ ʨʦʙʦʪʠ 

ʤʝʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʙʘʟʠʩʫ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʽ ʧʦʜʘʣʴʰʦʾ 

ʪʝʭʥʽʯʥʦʾ (ʧʨʦʛʨʘʤʥʦʾ) ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ; 

- ʤʘʪʝʤʘʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʤʝʪʦʜʫ ʻ ʚʠʟʥʘʯʝʥʘ ʡʤʦʚʽʨʥʽʩʥʘ ʩʪʘʪʠʩʪʠʯʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ (ʢʨʠʪʝʨʽʾʚ) ʜʦʚʽʨʠ; 

- ʙʘʟʦʚʠʤ ʢʨʠʪʝʨʽʻʤ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʦʤ ʧʨʘʚ ʜʦʩʪʫʧʫ 
ʻ ʽʤʦʚʽʨʥʽʩʥʠʡ ʢʨʠʪʝʨʽʡ ʜʦʚʽʨʠ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽ ʧʦʩʪʽʡʥʦ ʜʠʥʘʤʽʯʥʦ 

ʢʦʨʝʛʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʤʝʨʝʞʽ; 

- ʽʤʦʚʽʨʥʽʩʥʠʡ ʢʨʠʪʝʨʽʡ ʜʦʚʽʨʠ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʦʩʥʦʚʥʠʤ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 
ʽ ʟʤʽʥʽ ʧʨʘʚ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ 

ʪʘ ʧʨʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʙʣʦʢʫʚʘʥʥʽ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʟʘʟʥʘʯʝʥʠʭ ʨʝʩʫʨʩʽʚ 

ʪʦʱʦ. 

ʈʦʟʨʦʙʣʝʥʘ ʚ ʪʝʨʤʽʥʘʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ ʩʭʝʤʘ 

ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʤʝʪʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.  

ʄʝʪʦʜʠʢʠ, ʧʨʠʡʦʤʠ ʪʘ ʟʘʩʦʙʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʙʦʨʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʾʭ ʘʥʘʣʽʟʫ ʽ ʦʙʨʦʙʢʠ, ʘʣʛʦʨʠʪʤʠ 

ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ ʫ ʨʘʤʢʘʭ ʤʝʪʦʜʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʤʦʚʽʨʥʽʩʥʠʭ 

ʦʮʽʥʦʢ ʢʨʠʪʝʨʽʾʚ ʜʦʚʽʨʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʡʤʦʚʽʨʥʽʩʥʽʡ ʩʪʘʪʠʩʪʠʯʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ 

ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ (ʢʨʠʪʝʨʽʾʚ) ʜʦʚʽʨʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʤʝʪʦʜʫ ʚ ʪʝʨʤʽʥʘʭ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

 



ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʥʘʫʢ 

 ȬȻȶȹ-2023 175 

ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʭʘʨʘʢʪʝʨʫ ʜʽʡ (ʘʢʪʠʚʥʦʩʪʝʡ) ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʟʘʻʤʦʜʽʷ 

ʟʘʟʥʘʯʝʥʠʭ ʩʫʙôʻʢʪʽʚ ʽ ʦʙôʻʢʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʽʜʥʦʩʠʥ, ʚʽʜʦʙʨʘʞʝʥʠʭ ʚ ʤʦʜʝʣʽ 

ʤʥʦʞʠʥʘʤʠ SUBJECTS ʽ OBJECTS ʚʽʜʧʦʚʽʜʥʦ. 

ɹʘʟʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ 

SubjectiÍSUBJECTS ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ObjectjÍOBJECTS ʢʦʨʧʦʨʘʪʠʚʥʦʾ 

ʤʝʨʝʞʽ ʻ ʙʽʥʘʨʥʘ ʤʘʪʨʠʮʷ ʧʨʘʚ ʜʦʩʪʫʧʫ MatrixOfAccessRights. 

ɹʘʟʦʚʠʤ ʢʨʠʪʝʨʽʻʤ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʦʤ ʧʨʘʚ ʜʦʩʪʫʧʫ ʻ 

ʽʤʦʚʽʨʥʽʩʥʠʡ ʢʨʠʪʝʨʽʡ ʜʦʚʽʨʠ P(ProhibitedActions)i, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽ ʧʦʩʪʽʡʥʦ 

ʜʠʥʘʤʽʯʥʦ ʢʦʨʝʛʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ SubjectiÍSUBJECTS ʚ 

ʤʝʨʝʞʽ, ʷʢʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʪʘʪʠʩʪʠʢʠ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ. 

ʅʘʢʦʧʠʯʫʚʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʱʦʜʦ ʜʽʡ ʩʫʙôʻʢʪʽʚ SubjectiÍSUBJECTS 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʽʜʥʦʩʠʥ ʥʘʜ ʦʙôʻʢʪʘʤʠ ObjectjÍOBJECTS ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ 

ʬʦʨʤʫʶʪʴʩʷ ʟ ʨʦʟʧʦʜʽʣʦʤ ʜʘʥʠʭ ʱʦʜʦ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʢʦʨʝʢʪʥʽ ʽ ʥʝʢʦʨʝʢʪʥʽ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʨʦʙʦʪʠ ʚ ʤʝʨʝʞʽ ʪʘ ʫʟʘʛʘʣʴʥʶʶʪʴʩʷ 

ʚ ʤʦʜʝʣʽ ʫ ʬʦʨʤʽ ʤʘʪʨʠʮʴ ʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʜʽʡ MatrixOfAuthorizedActions ʽ 

ʟʘʙʦʨʦʥʝʥʠʭ ʜʽʡ MatrixOfProhibitedActions. 

ɯʤʦʚʽʨʥʽʩʥʠʡ ʢʨʠʪʝʨʽʡ ʜʦʚʽʨʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʥʘʢʦʧʠʯʫʚʘʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʜʽʡ ʩʫʙôʻʢʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʽʜʥʦʩʠʥ ʥʘʜ ʦʙôʻʢʪʘʤʠ 

(ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ) ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ (ʜʘʥʠʭ ʤʘʪʨʠʮʽ ʩʘʥʢʮʽʦʥʦʚʘʥʠʭ 

ʜʽʡ MatrixOfAuthorizedActions ʽ ʤʘʪʨʠʮʽ ʟʘʙʦʨʦʥʝʥʠʭ ʜʽʡ MatrixOfProhibitedActions) 

ʽ ʫʟʘʛʘʣʴʥʶʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ SubjectiÍSUBJECTS ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʚ ʬʦʨʤʽ ʚʝʢʪʦʨʘ ʢʨʠʪʝʨʽʾʚ ʜʦʚʽʨʠ VectorOfTrustCriteria. 

ɺʝʢʪʦʨ ʢʨʠʪʝʨʽʾʚ ʜʦʚʽʨʠ VectorOfTrustCriteria ʜʦ ʢʦʨʠʩʪʫʚʘʯʽʚ 

SubjectiÍSUBJECTS ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʷʢʠʡ, ʬʘʢʪʠʯʥʦ, 

ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʥʝʩʘʢʮʽʦʥʦʚʘʥʠʭ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ 

SubjectiÍSUBJECTS ʚ ʧʦʣʽ OBJECTS ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʧʦʨʘʪʠʚʥʦʾ 

ʤʝʨʝʞʽ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʦʩʥʦʚʥʠʡ ʢʨʠʪʝʨʽʡ ʜʦʚʽʨʠ ʤʝʪʦʜʫ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʽ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʠʥʘʤʽʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʨʝʩʫʨʩʽʚ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʠʥʘʤʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ 

SubjectiÍSUBJECTS ʜʦ ʨʝʩʫʨʩʽʚ ObjectjÍOBJECTS ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʚʥʽ ʦʙʤʝʞʝʥʥʷ ʜʦʚʽʨʯʦʛʦ ʜʦʧʫʩʢʫ ʜʦ ʢʦʞʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʨʝʩʫʨʩʫ ObjectjÍOBJECTS, ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ ʛʨʘʥʠʯʥʠʭ ʦʙʤʝʞʝʥʴ 

VectorOfBoundaryConstraints ʜʦʚʽʨʯʦʛʦ ʜʦʧʫʩʢʫ ʜʦ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ. 

ʗʢʱʦ ʚʽʜʦʙʨʘʞʫʚʘʥʘ ʚʝʢʪʦʨʦʤ ʢʨʠʪʝʨʽʾʚ ʜʦʚʽʨʠ VectorOfTrustCriteria 

ʩʪʘʪʠʩʪʠʢʘ ʜʽʡ ʧʝʚʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ SubjectiÍSUBJECTS ʚ ʧʦʣʽ OBJECTS 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʘʜʽʥʥʷ ʨʽʚʥʷ ʡʦʛʦ 

ʜʦʚʽʨʠ ʥʠʞʯʝ ʟʘ ʦʙʤʝʞʝʥʥʷ ʜʦʚʽʨʯʦʛʦ ʜʦʧʫʩʢʫ ʜʦ ʧʝʚʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ 

ObjectjÍOBJECTS ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʪʦ ʜʦʩʪʫʧ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ 

ʮʴʦʛʦ ʨʝʩʫʨʩʫ ʙʣʦʢʫʻʪʴʩʷ. 
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ɹʣʦʢʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʘ SubjectiÍSUBJECTS ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʨʝʩʫʨʩʫ ObjectjÍOBJECTS ʧʝʨʝʜʙʘʯʘʻ ʟʤʽʥʫ ʩʪʘʪʫʩʫ ʟʘʟʥʘʯʝʥʦʛʦ ʚ ʤʘʪʨʠʮʽ ʧʨʘʚ 

ʜʦʩʪʫʧʫ MatrixOfAccessRights ʨʽʚʥʷ ʧʨʘʚ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʘ ï ʟʤʽʥʫ ʟʥʘʯʝʥʥʷ 

ʝʣʝʤʝʥʪʘ ARijÍMatrixOfAccessRights ʥʘ ʥʫʣʴʦʚʝ. ʋʤʦʚʘ ARij=0, ʚʽʜʧʦʚʽʜʥʦ, ʙʣʦʢʫʻ 

ʜʦʩʪʫʧ ʢʦʨʠʩʪʫʚʘʯʘ SubjectiÍSUBJECTS ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ 

ObjectjÍOBJECTS. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ʆʇʊʀʄɯɿɸʎɯɰ ʇʃɸʅʋɺɸʅʅʗ ʇʈʆɽʂʊɯɺ ʊɸ ʌʆʈʄʋɺɸʅʅʗ 

ʂʆʄɸʅɼ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɻɽʅɽʊʀʏʅʆɻʆ ɸʃɻʆʈʀʊʄʋ 
 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʄʝʪʦʜ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʨʦʙʢʫ ʛʝʥʝʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ, ʪʘʢʠʭ ʷʢ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʧʦʧʫʣʷʮʽʾ, ʤʫʪʘʮʽʷ, ʢʨʦʩʦʚʝʨ,  

ʟʘʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʦʟʨʦʙʥʠʢʽʚ ʥʘ ʧʨʦʻʢʪʽ. 

 

The methodological and practical aspects of creating a method for optimizing project 

planning and team formation using a genetic algorithm has been developed. The method involves 

the development of a genetic algorithm and a sequence of steps, such as population initialization, 

mutation, and crossover, to select the optimal distribution of developers on a project. 

 

ɺʩʪʫʧ. ɺ ʝʧʦʭʫ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʙʣʝʤʘ 

ʥʝʚʜʘʣʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʚʠʤʘʛʘʻ ʪʝʨʤʽʥʦʚʦʛʦ 

ʘʥʘʣʽʟʫ. ɿʛʽʜʥʦ ʟ ʟʚʽʪʦʤ CHAOS, ʦʧʫʙʣʽʢʦʚʘʥʠʤ Standish Group ʫ 2020 ʨʦʮʽ, ʣʠʰʝ 

16% ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ ʚʠʢʦʥʫʶʪʴʩʷ ʫʩʧʽʰʥʦ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʟʘʧʣʘʥʦʚʘʥʠʭ 

ʪʝʨʤʽʥʽʚ, ʙʶʜʞʝʪʽʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ ʷʢʦʩʪʽ [1]. ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʦʙʩʪʘʚʠʥʠ, ʥʝʚʽʜʢʣʘʜʥʠʤ 

ʩʪʘʻ ʧʦʰʫʢ ʰʣʷʭʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʟʦʢʨʝʤʘ, ʚ ʘʩʧʝʢʪʘʭ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜ. ɺʘʞʣʠʚʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ 

ʢʦʤʘʥʜʠ, ʘ ʪʘʢʦʞ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʙʶʜʞʝʪʫʚʘʥʥʷ ʧʨʦʝʢʪʫ, ʥʝ ʤʦʞʥʘ 

ʥʝʜʦʦʮʽʥʶʚʘʪʠ, ʘʜʞʝ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠ, ʯʠ ʩʪʘʥʝ ʧʨʦʝʢʪ ʫʩʧʽʰʥʠʤ, ʯʠ 

ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʠʪʢʽʚ [2-4]. 

ʄʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʄʝʪʦʶ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ ʪʘ 

ʢʘʜʨʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ɺʽʥ ʤʘʻ ʥʘ ʤʝʪʽ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʨʠʨʦʜʠ ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜ ʟʘ ʾʾ ʜʦʧʦʤʦʛʦʶ 

[5-7]. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʶ ʚʽʜʥʦʩʥʠʭ ʧʝʨʝʚʘʛ ʨʽʟʥʠʭ ʤʦʞʣʠʚʠʭ 

ʨʽʰʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʘʞʣʠʚʠʭ ʷʢʦʩʪʝʡ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʨʦʙʣʝʤ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜ. 

ɺ ʨʘʤʢʘʭ ʮʽʻʾ ʨʦʙʦʪʠ, ʤʝʪʦʜʠ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʚʽʜʙʦʨʫ, ʢʨʦʩʠʥʛʦʚʝʨʫ ʪʘ ʤʫʪʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʤʘʢʩʠʤʽʟʘʮʽʶ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʧʦʢʦʣʽʥʴ [8, 9]. ʆʩʥʦʚʥʽ ʦʙʣʘʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚʢʣʶʯʘʶʪʴ ʢʘʜʨʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʘʥʜ ʪʘ ʧʣʘʥʫʚʘʥʥʷ 

ʨʦʟʢʣʘʜʫ ʧʨʦʝʢʪʫ. ʊʘʢ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʥʘʚʠʯʦʢ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 
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ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʤʦʜʝʣʶʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʟʘʚʜʘʥʴ ʧʨʘʮʽʚʥʠʢʘʤ ʥʘ ʦʩʥʦʚʽ ʾʭʥʽʭ ʥʘʚʠʯʦʢ ʪʘ ʜʦʩʚʽʜʫ.  

ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʽʙʨʠʜʥʝ ʢʦʜʫʚʘʥʥʷ [10], ʷʢʝ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ. ʏʘʩ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʦʜʘʪʢʦʚʠʤ, ʥʝʥʫʣʴʦʚʠʤ ʮʽʣʠʤ ʯʠʩʣʦʤ, ʱʦ 

ʚʢʘʟʫʻ, ʢʦʣʠ ʟʘʜʘʯʘ ʧʦʯʠʥʘʻʪʴʩʷ. ʊʘʢʦʞ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʽʡʢʦʚʝ ʢʦʜʫʚʘʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ, ʯʠ ʙʫʚ ʧʨʘʮʽʚʥʠʢ ʟʘʜʽʷʥʠʡ ʫ ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʴ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʚʽʡʢʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

 

ɸʣʛʦʨʠʪʤ ʙʫʚ ʟʘʧʫʱʝʥʠʡ 30 ʨʘʟʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʧʨʦʝʢʪʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʽʟʥʽ ʩʪʫʧʝʥʽ ʟʙʽʞʥʦʩʪʽ. ʋ ʧʝʨʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʙʣʠʟʴʢʦ 

60% ʨʝʘʣʽʟʘʮʽʡ ʚʠʷʚʠʣʠʩʴ ʥʘʡʢʨʘʱʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʘ ʚ ʪʨʝʪʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ï 

ʣʠʰʝ 5% ʟʙʽʞʥʽʩʪʴ ʙʫʣʘ ʜʦʩʷʛʥʫʪʘ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ 

ʧʦʯʘʪʢʦʚʦʛʦ ʚʠʙʦʨʫ ʧʦʧʫʣʷʮʽʾ ʪʘ ʛʝʥʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʚʧʣʠʚʽ ʥʘ ʟʙʽʞʥʽʩʪʴ 

ʘʣʛʦʨʠʪʤʫ [2]. 

 

ʊʘʙʣʠʮʷ 1. ʈʽʚʝʥʴ ʜʦʩʚʽʜʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʜʣʷ ʪʝʩʪʦʚʠʭ ʧʨʦʝʢʪʽʚ 
 E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 

S1 0 0.2 0 0 0 0 0 0 0 0.6 

S2 0 0 0.8 0 0.6 0.6 0 0.6 0.2 0.4 

S3 0.4 0.4 0 0.4 0 0.4 0.4 0.6 0.4 0 

S4 0.8 0 0 0.8 0 0.8 0.8 0.8 0 0 

S5 0 0 0 0.6 0 0 0 0 0 0.6 

 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ, ʻ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ ʪʘ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʚʠʙʦʨʫ (ʈʠʩʫʥʦʢ 2).  

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬ ʧʨʽʦʨʠʪʝʪʽʚ ʟʘʚʜʘʥʴ ʜʣʷ ʪʝʩʪʦʚʠʭ ʧʨʦʝʢʪʽʚ 
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ɼʘʥʠʡ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʽʙʨʠʜʥʝ ʢʦʜʫʚʘʥʥʷ, ʜʝ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʜʦʜʘʪʥʽ ʮʽʣʽ ʯʠʩʣʘ, ʘ ʫʯʘʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ ï 

ʯʝʨʝʟ ʜʚʽʡʢʦʚʝ ʢʦʜʫʚʘʥʥʷ.  

 

ɽʢʩʧʝʨʠʤʝʥʪʠ 

ʋ ʮʽʡ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ DEAP ʪʘ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python [11]. 

ʇʦʯʘʪʢʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʣʷʛʘʚ ʫ ʚʠʢʦʥʘʥʥʽ ʰʝʩʪʠ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ, ʢʦʞʥʝ 

ʟ ʷʢʠʭ ʚʠʤʘʛʘʣʦ ʧʝʚʥʠʭ ʥʘʚʠʯʦʢ. ɹʫʣʦ ʚʠʨʽʰʝʥʦ ʦʙôʻʥʘʪʠ ʮʽ ʟʘʚʜʘʥʥʷ ʟ ʢʦʤʘʥʜʦʶ, 

ʱʦ ʩʢʣʘʜʘʣʘʩʷ ʟ ʰʝʩʪʠ ʯʣʝʥʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʚ ʫʥʽʢʘʣʴʥʫ ʢʦʤʙʽʥʘʮʽʶ ʥʘʚʠʯʦʢ. 

ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʩʝʙʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʫ ʨʽʰʝʥʴ, ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʙʫʚ 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʽʪʝʨʘʮʽʾ ʧʨʦʪʷʛʦʤ 40 ʧʦʢʦʣʽʥʴ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʤʽʩʪʠʣʦ ʧʦʧʫʣʷʮʽʶ ʟ 

50 ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʤʘʥʜʥʠʭ ʫʪʚʦʨʝʥʴ. ɿ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʢʨʦʩʠʥʛʦʚʝʨʫ ʪʘ ʤʫʪʘʮʽʾ, 

ʟʘʬʽʢʩʦʚʘʥʠʤʠ ʥʘ ʨʽʚʥʽ 0,7 ʪʘ 0,2 ʚʽʜʧʦʚʽʜʥʦ, ʘʣʛʦʨʠʪʤ ʤʘʚ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʷʢ 

ʢʦʤʙʽʥʫʚʘʪʠ ʫʩʧʽʰʥʽ ʨʽʰʝʥʥʷ, ʪʘʢ ʽ ʚʚʦʜʠʪʠ ʚʠʧʘʜʢʦʚʽ ʚʘʨʽʘʮʽʾ. 

ʋ ʤʽʨʫ ʨʦʟʛʦʨʪʘʥʥʷ ʽʪʝʨʘʮʽʡ ʘʣʛʦʨʠʪʤ ʜʝʤʦʥʩʪʨʫʚʘʚ ʯʽʪʢʫ ʪʨʘʻʢʪʦʨʽʶ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ɼʦ ʢʫʣʴʤʽʥʘʮʽʾ 40-ʛʦ ʧʦʢʦʣʽʥʥʷ ʚʽʥ ʚʠʟʥʘʯʠʚ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ 

ʢʦʤʘʥʜʠ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʦʮʽʥʢʫ ʧʨʠʜʘʪʥʦʩʪʽ 6.0. ʎʝʡ ʧʦʢʘʟʥʠʢ ʩʚʽʜʯʠʚ ʧʨʦ ʽʜʝʘʣʴʥʫ 

ʫʟʛʦʜʞʝʥʽʩʪʴ, ʢʦʣʠ ʥʘʚʠʯʢʠ ʢʦʞʥʦʛʦ ʯʣʝʥʘ ʢʦʤʘʥʜʠ ʨʝʟʦʥʫʚʘʣʠ ʟ ʚʠʤʦʛʘʤʠ 

ʧʦʩʪʘʚʣʝʥʦʛʦ ʧʝʨʝʜ ʥʠʤ ʟʘʚʜʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʦʪʨʠʤʘʣʘ 

ʫʯʘʩʥʠʮʷ ʢʦʤʘʥʜʠ, ʥʘʜʽʣʝʥʘ ʜʠʟʘʡʥʝʨʩʴʢʠʤʠ ʥʘʚʠʯʢʘʤʠ, ɸʣʽʩʘ, ʷʢʘ ʦʪʨʠʤʘʣʘ 

ʟʘʚʜʘʥʥʷ "ɼʠʟʘʡʥ UI/UX", ʱʦ ʙʫʣʦ ʚʣʫʯʥʦ ʧʦʟʥʘʯʝʥʦ ʷʢ "ɼʠʟʘʡʥ UI/UX", ʨʝʟʫʣʴʪʘʪ 

ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʫ ʢʦʥʩʦʣʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ 

 

ɺʠʩʥʦʚʢʠ 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ ʪʘ 
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ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜ. ʇʨʦʙʣʝʤʠ ʚʠʥʠʢʣʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʩʚʽʜʯʝʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʱʦ ʤʘʣʠ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʝʢʪʫ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ, ʪʘʢʽ ʷʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʮʽʣʴʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʽʪʝʨʘʮʽʡʥʽ ʫʪʦʯʥʝʥʥʷ, ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʢʦʨʠʩʥʠʤʠ ʫ ʨʦʟʚ'ʷʟʘʥʥʽ ʮʠʭ ʚʠʢʣʠʢʽʚ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʈʆɿʇɸʈɸʃɽʃʖɺɸʅʅʗ ɼʃʗ ʂʈʀʇʊʆɻʈɸʌɯɰ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɻʋɹʏɸʉʊʆɰ ʉʊʈʋʂʊʋʈʀ 
 
ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʫ 

ʢʨʠʧʪʦʛʨʘʬʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʘʨʘʣʝʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʫʙʯʘʩʪʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ. 
ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʞʠʤʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʩʠʤʝʪʨʠʯʥʠʡ 
ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʧʨʠʤʽʪʠʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʨʽʚʥʽ ʧʘʨʘʣʝʣʽʟʤʫ ʪʘ 
ʧʝʨʝʩʪʘʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʪʦʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ 
ʧʝʨʝʩʪʘʥʦʚʢʠ ʯʠ ʩʽʤ'ʾ ʧʝʨʝʩʪʘʥʦʚʦʢ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʨʘʫʥʜʽʚ. ʐʠʬʨ ʚʢʣʶʯʘʻ ʰʘʨ 
ʦʪʨʠʤʘʥʥʷ ʤʘʩʢʠ, ʰʘʨ ʩʪʠʩʥʝʥʥʷ ʽ ʰʘʨ ʨʦʟʰʠʨʝʥʥʷ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʘʨʘʣʝʣʴʥʽ 
ʧʝʨʝʩʪʘʥʦʚʢʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʨʦʩʪʦʪʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʧʦʜʽʙʥʫ ʜʦ 
ʢʦʥʩʪʨʫʢʮʽʾ ʛʫʙʦʢ, ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʽʥʢʨʝʤʝʥʪʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 
ɺʽʥ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ 
ʧʝʨʝʩʪʘʥʦʚʦʢ. ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ 
ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʤ ʽ ʛʥʫʯʢʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ 
ʩʠʩʪʝʤʘʭ ʢʨʠʧʪʦʛʨʘʬʽʾ. 

 
This work introduces a novel solution to cryptographic challenges through the application 

of parallel sponge cryptography. Utilizing permutation-based modes for all key operations in 
symmetric cryptography, the proposed approach accommodates various levels of parallelism and 
permutations of length shorter than the boundary 2s. Similar to sponge constructions, this method 
relies on a composite primitive and associated modes. The primitive functions as a pseudorandom 
generator, accepting a key and a string or sequence of strings as input, and producing output bits of 
arbitrary length. To an adversary ignorant of the key, these output bits present themselves as 
independent and uniformly distributed random bits. This primitive serves as a fundamental 
component suitable for authenticity verification, stream ciphers, and other cryptographic 
applications. Simple modes can transform it into an authenticated encryption scheme and a 
variable-length block cipher. 

 

ɺ ʩʬʝʨʽ ʩʠʤʝʪʨʠʯʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʧʝʨʝʚʘʞʘʶʪʴ ʙʣʦʢʦʚʽ ʰʠʬʨʠ. ɿʘ 
ʚʠʥʷʪʢʦʤ ʜʝʷʢʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʦʪʦʢʦʚʠʭ ʰʠʬʨʽʚ, ʩʪʘʥʜʘʨʪʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 
ʰʠʬʨʫʚʘʥʥʷ, ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʣʦʯʥʽ ʰʠʬʨʠ [1, 3]. 
ɼʦʩʠʪʴ ʯʘʩʪʦ ʜʣʷ ʭʝʰʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʝʞʠʤʠ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 
ʙʣʦʯʥʠʭ  
ʰʠʬʨʽʚ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʨʦʟʨʦʙʢʫ ʙʣʦʢʦʚʠʭ ʰʠʬʨʽʚ ʙʫʣʦ ʚʥʝʩʝʥʦ ʟʥʘʯʥʽ ʽʥʥʦʚʘʮʽʾ, 
ʱʦ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʠʭ ʨʝʞʠʤʽʚ. ʇʨʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʮʠʭ 
ʨʝʞʠʤʽʚ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʪʝʥʜʝʥʮʽʶ ʜʦ ʫʥʠʢʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʝʨʥʝʥʠʭ 
ʚʽʜʦʙʨʘʞʝʥʴ ʙʣʦʯʥʠʭ ʰʠʬʨʽʚ. 
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ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʽʜʪʨʠʤʢʘ ʦʙʝʨʥʝʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘʢʣʘʜʘʻ 
ʦʙʤʝʞʝʥʥʷ ʥʘ ʦʙʨʦʙʢʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʢʣʶʯʘ ʪʘ ʚʭʽʜʥʦʛʦ ʙʣʦʢʫ ʽʥʬʦʨʤʘʮʽʾ. ʂʣʶʯ 
ʦʙʨʦʙʣʷʻʪʴʩʷ ʫ ʨʝʞʠʤʽ ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʽʚ, ʘ ʜʘʥʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʫ ʧʦʪʦʮʽ ʜʘʥʠʭ, ʧʨʠ 
ʮʴʦʤʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʠʬʫʟʽʾ ʚʽʜ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʜʦ ʧʦʪʦʢʫ ʛʝʥʝʨʘʮʽʾ ʢʣʶʯʽʚ. ʎʝ 
ʦʙʤʝʞʝʥʥʷ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ, ʷʢ ʮʝ ʚʢʘʟʘʥʦ 
ʛʨʘʥʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʦʙʦʭ ʨʦʟʤʽʨʽʚ ʙʣʦʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʙʣʦʯʥʦʛʦ ʰʠʬʨʫ ʚ ʨʝʞʠʤʽ, ʱʦ ʫʥʠʢʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʦʙʝʨʥʝʥʦʾ ʧʨʦʝʢʮʽʾ, 
ʚʚʘʞʘʻʪʴʩʷ ʥʝ ʦʧʪʠʤʘʣʴʥʠʤ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ʇʨʠʢʣʘʜʘʤʠ ʬʫʥʢʮʽʡ ʥʘ 
ʦʩʥʦʚʽ ʙʣʦʯʥʠʭ ʰʠʬʨʽʚ, ʱʦ ʫʥʠʢʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʝʨʥʝʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ, ʻ 
ʰʠʬʨʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʰʠʬʨʫʚʘʥʥʷ ʉME ʘʙʦ ʧʝʨʝʚʽʨʢʘ ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 
ʙʣʦʯʥʦʛʦ ʰʠʬʨʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʣʦʢʦʚʠʭ ʰʠʬʨʽʚ, ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʧʝʨʝʩʪʘʥʦʚʢʠ ʥʝ 
ʨʦʟʨʽʟʥʷʶʪʴ ʤʽʞ ʢʣʶʯʝʤ ʽ ʚʚʝʜʝʥʠʤʠ ʜʘʥʠʤʠ, ʽ, ʦʪʞʝ, ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʟʘʟʥʘʯʝʥʦʤʫ 
ʦʙʤʝʞʝʥʥʶ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʫʣʦ ʧʦʧʫʣʷʨʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʧʽʜ ʯʘʩ ʢʦʥʢʫʨʩʫ SHA-
3, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʘ ʢʘʥʜʠʜʘʪʽʚ ʙʘʟʫʚʘʣʠʩʴ ʥʘ ʮʴʦʤʫ ʪʠʧʽ ʧʨʠʤʽʪʠʚʽʚ [2]. ʅʘ ʩʴʦʛʦʜʥʽ 
ʢʨʠʧʪʦʛʨʘʬʽʷ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʠʧʫ "ʛʫʙʢʘ" (sponge) ʩʪʘʣʘ ʧʦʚʥʦʮʽʥʥʦʶ 
ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʙʣʦʯʥʦʤʫ ʰʠʬʨʫ. 

ʇʨʦʪʝ ʛʫʙʢʘ ʪʘ ʜʫʧʣʝʢʩʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʧʦʩʣʽʜʦʚʥʠʤʠ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ. 
ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʦʙʯʠʩʣʝʥʴ ʚʢʣʶʯʘʻ ʧʦʚʪʦʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʽ ʜʣʷ 
ʢʦʞʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʧʦʪʨʽʙʝʥ ʨʝʟʫʣʴʪʘʪ ʧʦʧʝʨʝʜʥʴʦʛʦ. ʉʫʯʘʩʥʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ 
ʧʨʦʮʝʩʦʨʠ ʥʘʩʪʽʣʴʢʠ ʧʦʪʫʞʥʽ, ʱʦ ʦʙʯʠʩʣʝʥʥʷ n ʧʝʨʝʩʪʘʥʦʚʦʢ ʦʜʥʦʯʘʩʥʦ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʾʭ ʧʦʩʣʽʜʦʚʥʝ ʦʙʯʠʩʣʝʥʥʷ. ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 
ʦʧʪʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʣʷ ʭʝʰʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʨʝʚʦʚʠʜʥʝ 
ʭʝʰʫʚʘʥʥʷ. ʇʦʜʽʙʥʽ ʤʝʪʦʜʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ 
ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʘʙʦ ʰʠʬʨʫʚʘʥʥʷ. ʆʜʥʘʢ ʜʣʷ ʜʫʧʣʝʢʩʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʟ 
ʘʚʪʝʥʪʠʬʽʢʘʮʽʻʶ ʥʝʦʙʭʽʜʥʦ ʟʘʟʜʘʣʝʛʽʜʴ ʟʥʘʪʠ ʦʙʩʷʛ ʜʦʩʪʫʧʥʦʛʦ ʧʘʨʘʣʝʣʽʟʤʫ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʪʝʥʮʽʡʥʦʛʦ 
ʩʫʧʨʦʪʠʚʥʠʢʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʥʘ ʨʽʚʥʽ s ʙʽʪ, ʢʽʣʴʢʽʩʪʴ ʨʘʫʥʜʽʚ 
(ʧʝʨʝʩʪʘʥʦʚʦʢ) ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʤʽʞ s ʪʘ 2s. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ 
ʜʦʩʷʛʥʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʥʘ ʨʽʚʥʽ 128 ʙʽʪ, ʢʽʣʴʢʽʩʪʴ ʨʘʫʥʜʽʚ ʧʨʠ ʰʠʨʠʥʽ ʧʝʨʝʩʪʘʥʦʚʢʠ 
128-256 ʙʽʪ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʶ ʟʘ ʰʠʨʠʥʫ ʧʝʨʝʩʪʘʥʦʚʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 
ʦʙʤʝʞʝʥʥʷ ʙʘʟʦʚʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʜʦ ʧʝʚʥʦʾ ʤʽʥʽʤʘʣʴʥʦʾ ʰʠʨʠʥʠ, ʽ ʜʣʷ ʚʽʜʥʦʩʥʦ 
ʥʝʚʝʣʠʢʠʭ ʙʣʦʢʽʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʦʶ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʠʡ ʚʘʨʽʘʥʪ ʛʫʙʯʘʩʪʦʾ 
ʢʨʠʧʪʦʛʨʘʬʽʾ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʞʠʤʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʦʢ ʜʣʷ ʚʩʽʭ ʦʧʝʨʘʮʽʡ ʟ 
ʢʣʶʯʘʤʠ ʫ ʩʠʤʝʪʨʠʯʥʽʡ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʨʽʚʝʥʴ 
ʧʘʨʘʣʝʣʽʟʤʫ ʽ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰʽ ʟʘ ʛʨʘʥʠʯʥʫ ʜʦʚʞʠʥʫ 2s. 
ʇʦʜʽʙʥʦ ʜʦ ʛʫʙʦʢ, ʮʝʡ ʧʽʜʭʽʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʢʣʘʜʝʥʦʤʫ ʧʨʠʤʽʪʠʚʽ ʪʘ ʨʝʞʠʤʘʭ, ʱʦ 
ʧʨʘʮʶʶʪʴ ʟ ʥʠʤ. ʎʝʡ ʧʨʠʤʽʪʠʚ ʻ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʶ ʬʫʥʢʮʽʻʶ, ʷʢʘ ʧʨʠʡʤʘʻ ʥʘ ʚʭʽʜ 
ʢʣʶʯ ʪʘ ʨʷʜʦʢ ʘʙʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʷʜʢʽʚ ʽ ʛʝʥʝʨʫʻ ʚʠʭʽʜʥʽ ʙʽʪʠ ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ. 
ɼʣʷ ʧʨʦʪʠʚʥʠʢʘ, ʷʢʠʡ ʥʝ ʟʥʘʻ ʢʣʶʯʘ, ʮʽ ʚʠʭʽʜʥʽ ʙʽʪʠ ʚʠʛʣʷʜʘʶʪʴ ʷʢ ʥʝʟʘʣʝʞʥʽ 
ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚʠʧʘʜʢʦʚʽ ʙʽʪʠ. ʎʝʡ ʧʽʜʭʽʜ ʻ ʙʘʟʦʚʠʤ ʧʨʠʤʽʪʠʚʦʤ, ʷʢʠʡ 
ʤʦʞʥʘ ʣʝʛʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʧʝʨʝʚʽʨʢʠ ʘʚʪʝʥʪʠʯʥʦʩʪʽ, ʧʦʪʦʢʦʚʦʛʦ ʰʠʬʨʫ 
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ʪʦʱʦ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʝʷʢʠʭ ʧʨʦʩʪʠʭ ʨʝʞʠʤʽʚ ʡʦʛʦ ʤʦʞʥʘ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʚ ʩʭʝʤʫ 
ʰʠʬʨʫʚʘʥʥʷ ʟ ʘʚʪʝʥʪʠʬʽʢʘʮʽʻʶ ʽ ʚ ʙʣʦʢʦʚʠʡ ʰʠʬʨ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʟʤʽʥʥʫ ʜʦʚʞʠʥʫ 
ʙʣʦʢʫ. 

ʇʽʜʭʽʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ b-ʙʽʪʦʚʦʾ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ 
ʘʙʦ ʩʽʤ'ʾ ʧʝʨʝʩʪʘʥʦʚʦʢ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʨʘʫʥʜʽʚ. ʈʦʟʨʦʙʣʝʥʠʡ ʰʠʬʨ ʧʨʠʡʤʘʻ ʥʘ 
ʚʭʽʜ ʢʣʶʯ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʷʜʢʽʚ ʜʘʥʠʭ ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ, ʛʝʥʝʨʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 
ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʘʨʫ ʦʪʨʠʤʘʥʥʷ ʤʘʩʢʠ, ʰʘʨʫ 
ʩʪʠʩʥʝʥʥʷ ʽ ʰʘʨʫ ʨʦʟʰʠʨʝʥʥʷ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʝʨʝʜʙʘʯʘʻ ʧʘʨʘʣʝʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʧʝʨʝʩʪʘʥʦʚʢʠ. 

ʐʘʨ ʩʪʠʩʥʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻ ʦʜʥʫ ʟ ʧʝʨʝʩʪʘʥʦʚʦʢ ʜʦ ʚʭʽʜʥʠʭ ʙʣʦʢʽʚ, ʧʨʠ 
ʮʴʦʤʫ ʢʦʞʝʥ ʙʣʦʢ ʤʘʩʢʫʻʪʴʩʷ ʢʦʚʟʥʦʶ b-ʙʽʪʦʚʦʶ ʚʭʽʜʥʦʶ ʤʘʩʢʦʶ, ʽ ʾʭʥʽ ʚʠʭʦʜʠ 
ʧʦʙʽʪʥʦ ʜʦʜʘʶʪʴʩʷ ʜʦ b-ʙʽʪʦʚʦʛʦ ʙʣʦʢʫ. ʑʦʜʦ ʰʘʨʫ ʨʦʟʰʠʨʝʥʥʷ, ʥʘʢʦʧʠʯʫʚʘʯ 
ʧʽʜʜʘʻʪʴʩʷ ʧʝʨʝʩʪʘʥʦʚʮʽ, ʘ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʨʫʭʦʤʠʡ ʩʪʘʥ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 
ʚʠʭʦʜʫ. ʂʦʞʝʥ ʚʠʭʽʜʥʠʡ ʙʣʦʢ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʜʘʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʤʘʩʢʠ ʪʘ ʚʠʭʦʜʫ 
ʧʝʨʝʩʪʘʥʦʚʢʠ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʨʦʩʪʦʪʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʤʘʻ ʩʧʽʣʴʥʽ ʨʠʩʠ ʟ 
ʢʦʥʩʪʨʫʢʮʽʻʶ ʛʫʙʢʠ. ʇʦʜʽʙʥʦ ʜʦ ʛʫʙʦʢ, ʚʦʥʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʚʦʨʦʪʥʶ 
ʧʝʨʝʩʪʘʥʦʚʢʫ. ʑʝ ʦʜʥʽʻʶ ʩʧʽʣʴʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʟ ʛʫʙʢʘʤʠ ʻ ʟʜʘʪʥʽʩʪʴ ʜʦ 
ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʽʥʢʨʝʤʝʥʪʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʗʢʱʦ ʫ ʛʫʙʢʘʭ ʮʝ ʨʝʘʣʽʟʫʻʪʴʩʷ 
ʜʫʧʣʝʢʩʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʪʦ ʚ ʜʘʥʦʤʫ ʧʽʜʭʦʜʽ ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʭʽʜʥʠʡ ʙʣʦʢ 
ʟʘʣʝʞʘʪʴ ʣʠʰʝ ʚʽʜ ʡʦʛʦ ʟʥʘʯʝʥʴ ʪʘ ʧʦʟʠʮʽʡ ʥʘ ʚʭʦʜʽ. 

ɼʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʦʟʧʘʨʘʣʝʣʝʥʠʡ ʚʘʨʽʘʥʪ ʛʫʙʢʠ ʜʣʷ 
ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤ. ɿʦʢʨʝʤʘ, ʚʠʢʣʠʢʠ ʧʝʨʝʩʪʘʥʦʚʦʢ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ 
ʧʘʨʘʣʝʣʴʥʦ, ʱʦʡʥʦ ʟʛʝʥʝʨʦʚʘʥʦʾ ʚʭʽʜʥʦʾ ʤʘʩʢʠ. ʎʝʡ ʧʽʜʭʽʜ ʣʝʛʢʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ 
ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʚʢʣʶʯʘʶʯʠ ʽ ʩʫʯʘʩʥʽ ʧʨʦʮʝʩʦʨʠ ʟ ʦʜʥʦʽʥʩʪʨʫʢʮʽʡʥʠʤʠ ʙʣʦʢʘʤʠ 
ʟ ʤʥʦʞʠʥʥʠʤʠ ʜʘʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ 
ʨʘʫʥʜʽʚ ʫ ʧʝʨʝʩʪʘʥʦʚʢʘʭ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʤʝʥʰʦʶ, ʥʽʞ ʫ ʨʝʞʠʤʘʭ ʥʘ ʦʩʥʦʚʽ ʛʫʙʢʠ, 
ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʧʨʦʪʠʚʥʠʢ ʥʽʢʦʣʠ ʥʝ ʤʘʻ ʜʦʩʪʫʧʫ ʜʦ ʷʢ ʚʭʦʜʫ, ʪʘʢ ʽ ʚʠʭʦʜʫ 
ʚʠʢʣʠʢʫ ʧʝʨʝʩʪʘʥʦʚʦʢ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ, ʮʝʡ ʧʽʜʭʽʜ ʻ 
ʫʥʽʚʝʨʩʘʣʴʥʠʤ. ʁʦʛʦ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʫʜʴ-ʷʢʦʾ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ 
ʧʝʨʝʩʪʘʥʦʚʢʠ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʆɼʋɺɸʅʅʗ ɿʆɹʈɸɾɽʅʔ ʋ ʌʆʈʄɸʊɯ BASE64 ɼʃʗ 

ɺɽɹɿɸʉʊʆʉʋʅʂɯɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʈɽʃʗʎɯʁʅʀʍ ɹɸɿ ɼɸʅʀʍ 
 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʧʝʨʝʜʙʘʯʘʻ ʬʫʥʢʮʽʾ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʴ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʜʫʚʘʥʥʷ Base64. ʈʦʙʦʪʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ. ʆʧʠʩʘʥʠʡ ʤʝʪʦʜ, ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʡ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʟʘʩʪʦʩʫʥʢʽʚ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʟʝʨʚʥʦʛʦ 

ʢʦʧʽʶʚʘʥʥʷ. 

 

This study presents a methodology for developing software that provides image storage 

and transfer functions using Base64 encoding. The work is focused on the joint use of client-server 

architecture and relational databases. The described method can be useful when interacting with 

applications with a large number of images that require regular backups. 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʽʚ ʩʪʘʣʦ ʧʦʚʩʷʢʜʝʥʥʠʤ 

ʧʨʦʮʝʩʦʤ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʩʪʽʡʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʝʨʝʟ ʚʝʙ-ʤʝʨʝʞʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʩʪʦʩʫʻʪʴʩʷ ʟʘʩʪʦʩʫʥʢʽʚ ʟ 

ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ʆʜʠʥ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʠʜʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʦʶ 

ʘʢʪʠʚʥʦ ʦʙʤʽʥʶʶʪʴʩʷ ʨʽʟʥʽ ʧʨʠʩʪʨʦʾ ï ʮʝ ʟʦʙʨʘʞʝʥʥʷ. 

ɹʽʣʴʰʽʩʪʴ ʩʘʡʪʽʚ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʷʢ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʚʽʟʫʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʘʩʪʦʩʫʥʢʫ, ʪʘʢ ʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʜʝ ʷʢ ʧʨʠʢʣʘʜ 

ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʠ. ɺʣʘʩʥʠʢʠ ʪʘʢʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʧʦʪʨʝʙʫʶʪʴ 

ʩʪʚʦʨʝʥʥʷ ʟʨʫʯʥʠʭ ʪʘ ʙʝʟʧʝʯʥʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ, ʷʢʽ, ʧʨʠ ʧʦ ʪʨʝʙʽ, ʤʦʞʣʠʚʦ ʰʚʠʜʢʦ 

ʧʝʨʝʤʽʱʫʚʘʪʠ ʥʘ ʽʥʰʽ ʩʝʨʚʝʨʠ, ʘʙʦ ʜʣʷ ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʨʝʛʫʣʷʨʥʦ ʩʪʚʦʨʶʚʘʪʠ 

ʨʝʟʝʨʚʥʽ ʢʦʧʽʾ. ɸʣʝ, ʧʨʠ ʢʣʘʩʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʟʦʙʨʘʞʝʥʴ [1], ʤʦʞʝ ʚʪʨʘʪʠʪʠʩʴ ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʭʦʚʠʱ, ʯʝʨʝʟ ʱʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʽʥʰʠʭ ʨʽʰʝʥʥʷʭ. ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ 

ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʧʽʜʭʽʜ ʜʦ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʴ ʤʽʞ ʢʣʽʻʥʪʦʤ ʪʘ 

ʩʝʨʚʝʨʦʤ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʘʪʦʤ ʢʦʜʫʚʘʥʥʷ Base64, ʷʢʠʡ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʫ ʬʦʨʤʘʪʽ Base64 ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʴ ʫ ʚʝʙ-

ʟʘʩʪʦʩʫʥʢʘʭ ʧʦʙʫʜʦʚʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʣʷʮʽʡʥʽ ʙʘʟʠ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʷʢʠʤ ʯʠʥʦʤ 

ʙʫʜʝ ʩʧʨʦʝʢʪʦʚʘʥʘ ʬʘʡʣʦʚʘ ʩʠʩʪʝʤʘ ʜʦʜʘʪʢʫ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʣʽʻʥʪʦʤ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʩʪʦʨʦʥʽ ʬʘʡʣʠ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ ʟʙʝʨʽʛʘʥʥʷ ʪʘʢʠʭ ʬʘʡʣʽʚ ʫ ʥʝʨʝʣʷʮʽʡʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ, ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤʘ ʟ ʧʝʨʝʤʽʱʝʥʥʷʤ ʪʘ ʨʝʟʝʨʚʥʠʤ ʢʦʧʽʶʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʜʦʜʘʪʢʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ, ʽʩʥʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʧʨʦʝʢʪʫʚʘʪʠ ʨʝʣʷʮʽʡʥʫ ʙʘʟʫ ʜʘʥʠʭ, ʷʢʘ ʟʤʦʞʝ ʨʦʟʤʽʱʫʚʘʪʠ ʚ ʩʦʙʽ ʽ 

ʬʘʡʣʠ. 

ʆʜʠʥ ʟ ʥʘʡʢʨʘʱʠʭ ʩʧʦʩʦʙʽʚ ʨʦʟʤʽʱʝʥʥʷ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷ ʫ ʙʘʟʽ ʜʘʥʠʭ ï ʮʝ 

ʟʙʝʨʝʛʪʠ ʡʦʛʦ ʜʘʥʽ ʫ ʬʦʨʤʘʪʽ ʤʘʩʠʚʫ ʙʘʡʪʽʚ. ɸʣʝ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤʘ, ʧʨʠ 

ʷʢʽʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʚʝʨ, ʯʝʨʝʟ ʧʦʪʨʝʙʫ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʚʝʨʪʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʘʜʘʯ ʪʘ ʩʧʦʩʦʙʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʜʦ ʢʣʽʻʥʪʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘ, ʩʪʘʥʜʘʨʪʥʠʡ ʜʣʷ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʽʚ, ʬʦʨʤʘʪ ʢʦʜʫʚʘʥʥʷ Base64, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ 

ʤʘʩʠʚ ʙʘʡʪʽʚ ʥʘ ʨʷʜʢʦʚʠʡ ʬʦʨʤʘʪ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʤʽʥʠʪʴ ʨʦʟʤʽʨ ʪʘ ʷʢʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ [3]. 

ɿʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʟʙʝʨʝʞʝʥʥʷ ʫ ʬʦʨʤʘʪʽ Base64 ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʚʽʥ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʢʣʽʻʥʪʦʤ ʪʘ ʩʝʨʚʝʨʦʤ, ʱʦ 

ʧʦʟʙʘʚʣʷʻ ʧʦʪʨʝʙʠ ʫ ʜʦʜʘʪʢʦʚʦʤʫ ʧʝʨʝʪʚʦʨʝʥʽ ʜʘʥʠʭ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʫ. ʊʦʤʫ, ʜʘʥʘ 

ʤʝʪʦʜʦʣʦʛʽʷ ʙʫʜʝ ʢʦʨʠʩʥʘ ʚ ʚʠʧʘʜʢʘʭ, ʜʝ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʫ ʥʝ ʤʫʩʠʪʴ ʚʽʜʙʫʚʘʪʠʩʴ 

ʜʦʜʘʪʢʦʚʠʭ ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʦʢʨʽʤ ʾʭ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʤʽʞ 

ʨʽʟʥʠʤʠ ʤʦʜʫʣʷʤʠ. 

ʗʢʱʦ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʚʫ ʨʦʟʤʽʪʢʠ HTML, ʪʦʜʽ ʟʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʫ ʜʦʜʘʪʢʦʚʽʡ ʦʙʨʦʙʮʽ ʧʝʨʝʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ. ʎʝ 

ʩʧʨʠʯʠʥʝʥʦ ʪʠʤ, ʱʦ ʙʨʘʫʟʝʨʠ ʟʜʘʪʥʽ ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʱʦ 

ʟʘʤʽʩʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʬʘʡʣ, ʨʦʟʤʽʩʪʠʪʠ ʜʘʥʽ ʟʘʢʦʜʦʚʘʥʽ ʫ ʬʦʨʤʘʪʽ Base64. 

ɯʥʰʦʶ ʧʦʟʠʪʠʚʥʦʶ ʩʪʦʨʦʥʦʶ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʬʦʨʤʘʪʫ Base64, ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʱʝʥʘ ʧʝʨʝʜʘʯʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʚʽʜ 

ʢʣʽʻʥʪʘ ʜʦ ʩʝʨʚʝʨʫ. ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʟʘʚʘʥʪʘʞʠʪʴ ʚʣʘʩʥʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʢʣʽʻʥʪʩʴʢʫ 

ʯʘʩʪʠʥʫ, ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʢʦʥʚʝʨʪʫʶʪʴ ʬʘʡʣʠ ʜʦ 

ʤʘʩʠʚʫ ʨʷʜʢʽʚ ʫ ʬʦʨʤʘʪʽ Base64, ʩʘʤʝ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ. ɸʣʝ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, 

ʱʦ ʧʨʠ ʧʝʨʝʜʘʯʽ ʨʷʜʢʽʚ ʥʘ ʩʝʨʚʝʨ, ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʽʨʷʪʠ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʝʨʝʜʘʥʦʛʦ ʬʦʨʤʘʪʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʟʘ ʦʜʠʥ ʮʠʢʣ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʦ ʨʷʜʢʫ, ʧʝʨʝʚʽʨʠʚʰʠ ʣʠʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʪʫʧʥʠʭ ʩʠʤʚʦʣʽʚ ʪʘ 

ʢʨʘʪʥʽʩʪʴ ʨʦʟʤʽʨʫ ʨʷʜʢʘ ʯʠʩʣʫ 6. 

ɭʜʠʥʘ ʧʨʦʙʣʝʤʘ, ʷʢʘ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ 

ʤʝʪʦʜʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʝʨʝʜʘʯʘ ʟʦʙʨʘʞʝʥʴ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʧʽʜ ʯʘʩ 

ʧʝʨʝʜʘʯʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʢʣʽʻʥʪʩʴʢʫ ʯʘʩʪʠʥʫ. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ, ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʝ ʙʫʪʠ ʜʦʚʛʠʤ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʬʘʡʣʽʚ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʚʘʨʪʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ 

ʘʣʛʦʨʠʪʤʠ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ, ʷʢʽ ʟʜʘʪʥʽ ʧʝʨʝʜʘʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʢʣʽʻʥʪʘ 

ʧʦʩʪʫʧʦʚʦ, ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʚʥʽʩʪʶ ʙʫʜʝ ʧʝʨʝʜʘʥʦ ʢʦʨʠʩʪʫʚʘʯʫ. ɼʘʥʠʡ 
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ʘʣʛʦʨʠʪʤ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʟʘʩʪʦʩʫʥʢʫ. ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʦʧʠʩʘʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩʫʥʢʫ ʥʠʞʯʝ (ʨʠʩʫʥʦʢ 1) 

 

 
ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʦʩʪʫʧʦʚʦʾ ʚʽʜʧʨʘʚʢʠ ʟʦʙʨʘʞʝʥʴ 

 

ɯʥʰʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʴ ʫ 

ʬʦʨʤʘʪʽ Base64 ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʩʝʨʚʝʨʽʚ. ʇʨʠ ʜʘʥʦʤʫ 

ʧʽʜʭʦʜʽ, ʦʜʠʥ ʩʝʨʚʝʨ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠ ʪʘ ʚʽʜʧʨʘʚʣʷʪʠ ʣʠʰʝ ʩʬʦʨʤʦʚʘʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʝ ʙʫʜʝ ʤʽʩʪʠʪʠ ʟʘʧʠʪ ʜʦ ʽʥʰʦʛʦ ʩʝʨʚʝʨʘ, ʷʢʠʡ ʙʫʜʝ 

ʬʦʨʤʫʚʘʪʠ ʩʧʠʩʦʢ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʽʜʧʨʘʚʣʷʪʠ ʾʭ ʢʦʨʠʩʪʫʚʘʯʝʚʽ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, 

ʰʚʠʜʢʽʩʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ, ʙʫʜʝ ʧʦʜʽʙʥʦʶ ʜʦ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʨʝʣʷʮʽʡʥʘ ʙʘʟʘ ʜʘʥʠʭ. 

ɺ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʛʣʷʜʽ, ʦʧʠʩʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʩʪʚʦʨʠʪʠ 

ʻʜʠʥʝ ʨʝʣʷʮʽʡʥʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭ, ʷʢʝ ʜʦʟʚʦʣʠʪʴ ʩʧʨʦʩʪʠʪʠ ʚʟʘʻʤʦʜʽʶ ʟ ʽʥʬʦʨʤʘʮʽʻʶ, 

ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʚʝʨ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʜʦʜʘʪʢʘʭ 

ʟ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʝʪʦʜʦʣʦʛʽʶ, 

ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʩʘʤʝ ʚ ʦʧʠʩʘʥʠʭ 

ʚʠʧʘʜʢʘʭ. 
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ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

WEB-ʆʈɯɭʅʊʆɺɸʅɸ ʉʀʉʊɽʄɸ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʇʈʆʎɽʉʋ ɸʅɸʃɯɿʋ 

ʗʂʆʉʊɯ ʇʈʆɻʈɸʄʅʆɻʆ ʇʈʆɼʋʂʊʋ 
 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʽʰʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ (ʇʇ). ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʢʫʤʝʥʪ Bug review. ʎʝ 

ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʡʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ ʚ ʨʘʤʢʘʭ ɯʊ-ʢʦʤʧʘʥʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ web-ʦʨʽʻʥʪʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʦʙʣʘʩʪʽ, ʜʝ ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʫ 

ʧʨʦʮʝʩʘʭ ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʱʦ ʧʦʢʘʟʥʠʢʠ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ 

ʥʦʨʤʘ  ʣʽʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ. 

 

This work presents a solution for automation the process of analyzing the quality of a 

software product (SP). It is suggested to use the Bug review document. This will ensure an increase 

in the quality of software product development and testing during project implementation within the 

IT company. The proposed web-oriented system allows to identify areas where changes and, 

accordingly, improvements are needed in the processes of software product development and 

testing, if the indicators go beyond the normalized values. 

 

 ʋ ʟʚôʷʟʢʫ ʟʽ ʩʪʨʽʤʢʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʊ) 

ʤʘʡʞʝ ʫ ʚʩʽ ʩʬʝʨʠ ʞʠʪʪʷ ʩʫʩʧʽʣʴʩʪʚʘ, ʩʴʦʛʦʜʥʽ ʟʥʘʯʥʦ ʚʠʨʦʩʣʘ ʷʢ ʢʽʣʴʢʽʩʪʴ, ʪʘʢ ʽ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʨʦʻʢʪʽʚ, ʚʠʢʦʥʫʚʘʥʠʭ ʩʫʯʘʩʥʠʤʠ ɯʊ-ʢʦʤʧʘʥʽʷʤʠ. ʊʘʢʦʞ ʚʘʨʪʦ 

ʚʽʜʤʽʪʠʪʠ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ web-ʪʝʭʥʦʣʦʛʽʡ, ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʜʽʡʩʥʝʥʥʷ ʧʝʚʥʠʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʜʫʢʪʽʚ (ɾʎʈʇʇ) ʪʦʱʦ. ʊʦʤʫ, ʥʘ ʦʩʥʦʚʽ ʚʠʱʝʚʢʘʟʘʥʦʛʦ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʟʘʨʘʟ ʥʘʛʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʝʘʣʽʟʘʮʽʾ ɯʊ-ʧʨʦʻʢʪʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʱʦʾ ʷʢʦʩʪʽ ʾʭ ʚʠʢʦʥʘʥʥʷ. ɯ ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ (Quality 

Assurance ï QA) ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ 

ʷʢʦʩʪʽ ʦʩʪʘʥʥʴʦʛʦ, ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʚʠʜʦʤ ʜʽʷʣʴʥʦʩʪʽ ʚ ɾʎʈʇʇ, ʚʽʥ ʥʝ ʻ ʚʠʥʷʪʢʦʤ ʽ 

ʦʜʥʦʟʥʘʯʥʦ ʧʽʜʣʷʛʘʻ ʧʦʣʽʧʰʝʥʥʶ.  

ɼʘʥʝ ʧʠʪʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʩʴʦʛʦʜʥʽ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʩʪʘʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʦʶ, ʦʩʢʽʣʴʢʠ ʮʝ ʜʦʟʚʦʣʷʻ ʧʝʚʥʠʤ 

ʫʯʘʩʥʠʢʘʤ ʢʦʤʘʥʜʠ ʧʨʦʻʢʪʫ, ʘ ʩʘʤʝ ʨʦʟʨʦʙʥʠʢʘʤ ʪʘ ʪʝʩʪʫʚʘʣʴʥʠʢʘʤ, ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʪʘ ʚʠʧʨʘʚʣʷʪʠ ʜʝʬʝʢʪʠ ʇʇ ʟʘ ʨʘʭʫʥʦʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʙʦʨʫ 

ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ.  
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ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʘʭ [1]. ʋ ʩʬʝʨʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʇʇ ʽʩʥʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ [2]. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʠʷʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʧʨʦʮʝʩʽʚ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʢʦʜʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʢʦʜʫ [3] ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʷʢʠʭ ʚʠʜʽʚ ʚʨʘʟʣʠʚʦʩʪʝʡ ʽ 

ʧʦʤʠʣʦʢ, ʚʽʥ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʩʠʤʫʣʷʮʽʾ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʇ. 

ʈʦʟʚʠʪʦʢ web-ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʛʥʫʯʢʠʭ ʽ ʜʦʩʪʫʧʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʨʦʟʨʦʙʥʠʢʽʚ ʽ ʪʝʩʪʫʚʘʣʴʥʠʢʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʻʢʪʽʚ ʫ ʨʘʤʢʘʭ ɯʊ-ʢʦʤʧʘʥʽʾ. ɺʦʥʘ 

ʛʝʥʝʨʫʻ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʢʫʤʝʥʪʘ Bug review. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʣʘʙʢʠʭ ʤʽʩʮʴ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʽ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʥʘʨʷʜʫ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʝʩʪʫʚʘʥʥʷ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʮʝ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ 

ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʜʝʬʝʢʪʘʤʠ ʇʇ. 

 

ʊʘʙʣʠʮʷ 1 ï ʄʝʪʨʠʢʠ ʜʣʷ ʘʥʘʣʽʟʫ ʜʦʢʫʤʝʥʪʘ Bug review  

ʅʘʟʚʘ ʤʝʪʨʠʢʠ ʇʦʷʩʥʝʥʥʷ ʟʥʘʯʝʥʴ ʨʝʟʫʣʴʪʘʪʽʚ ʤʝʪʨʠʢʠ 

Defect density ʑʽʣʴʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʟʘ ʢʦʥʢʨʝʪʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ. 

ʗʢʱʦ ʧʦʢʘʟʥʠʢ >0,3 ʥʝʦʙʭʽʜʥʦ ʚʥʝʩʪʠ ʟʤʽʥʠ ʚ ʧʨʦʮʝʩʠ 

ʢʦʤʘʥʜʠ ʨʦʟʨʦʙʢʠ. 

Time bugs 

solving by 

Priority 

ʏʘʩ ʥʘ ʚʠʧʨʘʚʣʝʥʥʷ ʜʝʬʝʢʪʫ ʚʽʜʥʦʩʥʦ ʡʦʛʦ ʧʨʽʦʨʠʪʝʪʫ. 

ɺʽʜʦʙʨʘʞʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʝʥʜʫ ʟʤʽʥ.  

Bugs 

Environment 

ʄʽʩʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʜʝʬʝʢʪʽʚ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ. 

ʗʢʱʦ ʙʽʣʴʰʽʩʪʴ ʜʝʬʝʢʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʘ dev/stage 

ʩʝʨʝʜʦʚʠʱʽ ï ʢʦʤʘʥʜʘ QA ʧʨʘʮʶʻ ʧʨʘʚʠʣʴʥʦ, ʷʢʱʦ ʙʽʣʴʰʽʩʪʴ 

ʜʝʬʝʢʪʽʚ ʟʥʘʡʜʝʥʦ ʥʘ production ʩʝʨʝʜʦʚʠʱʽ ï ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ 

ʚ QA ʧʨʦʮʝʩʘʭ. 

Bug Discovery 

Source 

ɸʥʘʣʽʟ ʢʠʤ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʜʝʬʝʢʪʠ. ʗʢʱʦ ʙʽʣʴʰʽʩʪʴ ʜʝʬʝʢʪʽʚ 

ʙʫʣʦ ʟʥʘʡʜʝʥʦ QA ʪʘ ʨʦʟʨʦʙʥʠʢʘʤʠ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʘʣʘʛʦʜʞʝʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʚ ʢʦʤʘʥʜʽ ʨʦʟʨʦʙʢʠ, 

ʷʢʱʦ ʜʝʬʝʢʪ ʙʫʚ ʟʥʘʡʜʝʥʠʡ ʢʦʨʠʩʪʫʚʘʯʝʤ ï ʥʝʦʙʭʽʜʥʦ 

ʧʦʣʽʧʰʠʪʠ ʤʝʪʦʜʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ. 

 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʩʫʪʴ ʜʦʢʫʤʝʥʪʘ Bug review. ʎʝ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʜʝʬʝʢʪʽʚ. ʆʩʪʘʥʥʽ ʟʙʠʨʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʪʘ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɼʦʢʫʤʝʥʪ Bug review ʤʽʩʪʠʪʴ ʦʩʥʦʚʥʽ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʞʥʦʛʦ ʜʝʬʝʢʪʫ: ʡʦʛʦ ID ʪʘ ʥʘʟʚʫ, ʥʦʤʝʨ ʩʧʨʠʥʪʫ, ʭʪʦ ʟʥʘʡʰʦʚ 

ʜʝʬʝʢʪ, ʦʪʦʯʝʥʥʷ, ʬʫʥʢʮʽʦʥʘʣ, ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʚʽʜʪʚʦʨʶʚʘʚʩʷ ʜʝʬʝʢʪ, ʡʦʛʦ ʧʨʠʯʠʥʘ, 

ʩʪʘʪʫʩ, ʧʨʽʦʨʠʪʝʪ, ʩʝʨʡʦʟʥʽʩʪʴ, ʜʘʪʘ ʩʪʚʦʨʝʥʥʷ, ʜʘʪʘ ʟʤʽʥʠ, ʯʘʩ ʥʘ ʚʠʧʨʘʚʣʝʥʥʷ 

ʜʝʬʝʢʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʝʪʝʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʷʢʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʢʫʤʝʥʪʘ Bug review ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʤʝʪʨʠʢʠ ʪʝʩʪʫʚʘʥʥʷ. ɰʭ ʦʧʠʩ ʥʘʜʘʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ɺʠʢʦʨʠʩʪʘʥʥʷ web-ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʤʘʻ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ. ʇʝʨʰ ʟʘ ʚʩʝ, ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʝʢʪʽʚ ʇʇ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʟ 

ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʮʷ ʽ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ. ʂʨʽʤ ʪʦʛʦ, ʜʘʥʘ web-ʦʨʽʻʥʪʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʜʦʢʫʤʝʥʪʘ Bug review ʫ ʟʨʫʯʥʦʤʫ 

ʬʦʨʤʘʪʽ, ʱʦ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʨʦʟʫʤʽʥʥʶ ʧʨʦʙʣʝʤʠ ʪʘ ʧʨʠʡʥʷʪʪʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʽʰʝʥʴ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʻ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʫ ʭʦʜʽ ʧʽʜʪʨʠʤʢʠ ʝʪʘʧʽʚ ɾʎʈʇʇ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ web-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʜʦʢʫʤʝʥʪʘ Bug review, ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʮʝ 

ʚʝʜʝ ʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʨʝʘʣʽʟʘʮʽʾ ʩʫʯʘʩʥʠʭ ɯʊ-ʧʨʦʻʢʪʽʚ ʫ ʮʽʣʦʤʫ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʨʠʢ ʪʝʩʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ 

ʜʝʬʝʢʪʘʤʠ. ʎʝ ʚʧʣʠʚʘʻ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʇʇ ʪʘ ʧʨʦʮʝʩʽʚ ʨʦʟʨʦʙʢʠ. ʊʘʢʽ ʧʽʜʭʦʜʠ 

ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʠʭ ʟʤʽʥ ʽ ʚʠʤʦʛ ʨʠʥʢʫ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ʉʊɺʆʈɽʅʅʗ ɹɽɿʇɽʏʅʆɰ ʂɯɹɽʈʌɯɿʀʏʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ 

ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʇʈʀʄɯʑɽʅʔ ʇɯɼʇʈʀɭʄʉʊɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʆʇɽʈɸʎɯʁʅʀʍ ʉʀʉʊɽʄ ʅɸ ʆʉʅʆɺɯ ʄɯʂʈʆʗɼʈɸ 
 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʢʽʙʝʨʬʽʟʠʯʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʠʤʽʱʝʥʴ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʷʜʨʘ. 

ʈʝʘʣʽʟʦʚʘʥʦ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʧʨʠʩʪʨʦʾʚ ʽ 

ʢʦʥʪʨʦʣʝʨʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʙʝʟʧʝʢʠ, ʷʢ ʥʘʜʽʡʥʠʡ ʤʦʜʫʣʴʥʠʡ ʜʠʟʘʡʥ, 

ʥʝʚʝʣʠʢʠʡ ʢʦʜ ʧʨʠʚʽʣʝʾʚ ʽ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʘʨʭʽʪʝʢʪʫʨʠ ʤʽʢʨʦʷʜʨʘ, 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ ʟ 

ʚʙʫʜʦʚʘʥʠʤ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʫ ʽ ʢʦʤʫʥʽʢʘʮʽʡʥʫ ʦʩʥʦʚʫ ʥʘ ʦʩʥʦʚʽ ʧʨʦʢʩʽ ʜʣʷ 

ʢʦʥʪʨʦʣʝʨʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʠʤʽʱʝʥʴ. ʎʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʫʥʽʢʘʮʽʶ ʪʘ ʽʟʦʣʷʮʽʶ ʤʽʞ 

ʢʨʠʪʠʯʥʠʤʠ ʪʘ ʥʝʢʨʠʪʠʯʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʚ ʧʦʪʝʥʮʽʡʥʦ ʩʢʣʘʜʥʦʤʫ ʢʽʙʝʨʩʝʨʝʜʦʚʠʱʽ. 

 

A method of creating a safe cyber-physical system for the automation of enterprise 

premises using microkernel-based operating systems has been developed. It is implemented at the 

system level to ensure reliable calculations based on devices and controllers. Core security features 

such as robust modular design, small privilege code, and the ability to formally verify the 

microkernel architecture are used. 

A security-enhanced operating system concept with built-in mandatory access control and 

a proxy-based communication framework for room automation controllers has been developed. This 

solution provides communication and isolation between critical and non-critical applications in this 

complex cyber environment. 

 

ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʠʤʽʱʝʥʴ ʧʽʜʧʨʠʻʤʩʪʚ ï ʮʝ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʽ 

ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʧʦʢʨʘʱʝʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʝʤ ʧʨʠʤʽʱʝʥʴ. ɸ ʪʠʧʦʚʘ ʪʘʢʘ 

ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶʻ ʚʩʽ ʘʩʧʝʢʪʠ ʨʦʙʦʪʠ ʙʫʜʽʚʣʽ ʚʽʜ ʦʩʚʽʪʣʝʥʥʷ, ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ 

ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʜʦ ʧʨʦʪʠʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ, ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ, ʚʽʜʝʦ ʪʘ 

ʙʘʛʘʪʦ ʽʥʰʦʛʦ. ʆʧʝʨʘʮʽʾ ʚ ʥʽʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʙʫʜʽʚʝʣʴʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ. ʊʦʤʫ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʚʜʘʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʥʦʚʦʾ ʢʽʙʝʨʽʟʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦʙ ʧʦʢʨʘʱʠʪʠ ʢʦʤʬʦʨʪ, ʟʤʝʥʰʠʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ʊʨʘʜʠʮʽʡʥʦ ʪʘʢʽ ʩʠʩʪʝʤʠ [1-5] ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʘʚʪʦʥʦʤʥʠʭ ʧʽʜʩʠʩʪʝʤ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʧʨʦʛʨʘʤʠ. ʂʦʞʥʘ ʩʫʙʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʣʠʰʝ ʦʜʥʫ ʧʦʩʣʫʛʫ, 
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ʥʘʧʨʠʢʣʘʜ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʝʥʪʠʣʷʮʽʶ ʪʦʱʦ. ʇʨʠʩʪʨʦʾ ʚ ʢʦʞʥʽʡ ʧʽʜʩʠʩʪʝʤʽ 

ʧʽʜʢʣʶʯʝʥʽ ʯʝʨʝʟ ʤʝʨʝʞʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʨʘʥʽʰʝ ʙʫʣʠ ʚʽʜʜʽʣʝʥʽ ʚʽʜ ɯʊ-

ʩʠʩʪʝʤ ʫ ʩʝʨʝʜʦʚʠʱʽ. ʃʦʛʽʢʘ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʩʝʨʚʝʨʦʤ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʤʽʱʝʥʴ, ʷʢʽ ʟôʻʜʥʫʶʪʴʩʷ ʟ 

ʧʨʦʛʨʘʤʦʚʘʥʠʤʠ ʣʦʛʽʯʥʠʤʠ ʢʦʥʪʨʦʣʝʨʘʤʠ ʫ ʩʭʝʤʽ ʛʦʣʦʚʥʠʡ-ʧʽʜʣʝʛʣʠʡ. ʈʽʟʥʽ 

ʧʽʜʩʠʩʪʝʤʠ ʦʙ'ʻʜʥʘʥʽ ʚ ʨʽʟʥʽ ʢʦʥʪʨʦʣʴʥʽ ʜʦʤʝʥʠ (ʥʘʧʨʠʢʣʘʜ, ʜʦʤʝʥ ʙʝʟʧʝʢʠ, ʜʦʤʝʥ 

ʙʝʟʧʝʢʠ) ʽ ʢʝʨʫʶʪʴʩʷ ʦʢʨʝʤʦ. 

ɿʽ ʰʚʠʜʢʠʤ ʢʦʤʝʨʮʽʡʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ ʘʙʦ 

ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʭ ʪʝʭʥʦʣʦʛʽʡ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʨʦʟʨʦʙʥʠʢʠ ʪʘ 

ʜʦʩʣʽʜʥʠʢʠ ʧʨʘʛʥʫʣʠ ʦʭʦʧʠʪʠ ʢʦʥʮʝʧʮʽʶ çʨʦʟʫʤʥʠʭ ʙʫʜʠʥʢʽʚè, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʨʽʟʥʽ ʜʘʪʯʠʢʠ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʢʦʥʪʝʢʩʪʫ ʞʠʪʪʷ, ʥʘʜʘʻ ʧʨʠʚʦʜʠ ʟ ʧʽʜʪʨʠʤʢʦʶ 

IP ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʟôʻʜʥʫʻ ʽʩʥʫʶʯʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʭ 

ʪʠʤ, ʱʦʙ ʢʨʘʱʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʪʨʝʙʠ. ɹʫʜʠʥʢʠ ʟʘʟʥʘʶʪʴ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʨʘʱʝ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʢʣʽʻʥʪʽʚ ʽ ʤʝʰʢʘʥʮʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʜʦʚʦʾ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʤʝʨʝʞ. 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʠʤʽʱʝʥʴ ʧʽʜʧʨʠʻʤʩʪʚ ï ʮʝ ʩʢʣʘʜʥʘ ʨʦʟʧʦʜʽʣʝʥʘ 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʤʝʨʮʽʡʥʠʭ, ʞʠʪʣʦʚʠʭ ʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʤ/ʝʣʝʢʪʨʠʯʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ. ɿʘʚʜʷʢʠ ʟʨʦʩʪʘʥʥʶ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʩʷʛʥʝʥʴ, 

ʢʦʤʧʦʥʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ. ʈʘʟʦʤ ʽʟ 

ʧʦʪʝʥʮʽʡʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʽʥʪʝʛʨʘʮʽʷ ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʥʦʚʽ ʚʝʢʪʦʨʠ ʘʪʘʢ, ʱʦ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻ ʨʠʟʠʢʠ ʙʝʟʧʝʢʠ ʪʘ ʙʝʟʧʝʢʠ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ. ɯʩʪʦʨʠʯʥʦ ʩʢʣʘʣʦʩʷ ʪʘʢ, 

ʱʦ ʩʠʩʪʝʤʘ ʥʝ ʤʘʻ ʜʠʟʘʡʥʫ ʙʝʟʧʝʢʠ ʪʘ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʬʽʟʠʯʥʫ ʽʟʦʣʷʮʽʶ ʪʘ çʙʝʟʧʝʢʫ 

ʯʝʨʝʟ ʥʝʚʽʜʦʤʽʩʪʴè. ʎʽ ʤʝʪʦʜʠ ʥʝʧʨʠʡʥʷʪʥʽ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ çʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫè. 

ɻʘʣʫʟʴ ʧʦʪʨʝʙʫʻ ʧʝʨʝʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʪʘ ʙʝʟʧʝʢʠ ʧʦʪʦʯʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʠʤʽʱʝʥʴ, 

ʩʠʩʪʝʤʫ ʪʘ ʨʦʟʨʦʙʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ 

ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʷʢ ʥʘ ʨʽʚʥʽ ʩʠʩʪʝʤʠ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ ʤʝʨʝʞʽ. 

ʈʝʘʣʽʟʦʚʘʥʦ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʧʨʠʩʪʨʦʾʚ ʽ ʢʦʥʪʨʦʣʝʨʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʙʝʟʧʝʢʠ, ʷʢ 

ʥʘʜʽʡʥʠʡ ʤʦʜʫʣʴʥʠʡ ʜʠʟʘʡʥ, ʥʝʚʝʣʠʢʠʡ ʢʦʜ ʧʨʠʚʽʣʝʾʚ ʽ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʘʣʴʥʦʾ 

ʧʝʨʝʚʽʨʢʠ ʘʨʭʽʪʝʢʪʫʨʠ ʤʽʢʨʦʷʜʨʘ, 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ ʟ 

ʚʙʫʜʦʚʘʥʠʤ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʫ ʽ ʢʦʤʫʥʽʢʘʮʽʡʥʫ ʦʩʥʦʚʫ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʢʩʽ ʜʣʷ ʢʦʥʪʨʦʣʝʨʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʠʤʽʱʝʥʴ. ʎʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʤʫʥʽʢʘʮʽʶ ʪʘ ʽʟʦʣʷʮʽʶ ʤʽʞ ʢʨʠʪʠʯʥʠʤʠ ʪʘ ʥʝʢʨʠʪʠʯʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʚ 

ʧʦʪʝʥʮʽʡʥʦ ʩʢʣʘʜʥʦʤʫ ʢʽʙʝʨʩʝʨʝʜʦʚʠʱʽ. 
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ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 

ɿɸɼɸʏɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʈɽʉʋʈʉɯɺ ʉʇʆɾʀɺɸʏɸʄ 
 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʜʘʯʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʡ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 

ʧʨʦʙʣʝʤ ʣʦʛʽʩʪʠʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʩʫʨʩʦʦʙʤʽʥʫ ʤʽʞ ʜʞʝʨʝʣʘʤʠ ʪʘ ʩʧʦʞʠʚʘʯʘʤʠ. 

ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʤʽʩʪʠʪʴ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ, ʚʽʟʫʘʣʽʟʘʮʽʶ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʢʨʦʢʽʚ ʪʘ ʧʨʦʤʽʞʥʠʭ ʪʘʙʣʠʮʴ. 

 

The process of developing a software solution for the resource transportation problem 

and its modifications is presented. The main goal of this research is to address practical logistics 

and resource exchange optimization challenges between sources and consumers. The developed 

program includes various algorithms and solution search methods, visualization of results, steps, 

and intermediate tables. 
 

ɿʘʜʘʯʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʩʧʦʞʠʚʘʯʘʤ ʻ ʚʘʞʣʠʚʦʶ ʯʝʨʝʟ ʩʚʦʶ 

ʰʠʨʦʢʫ ʧʦʰʠʨʝʥʽʩʪʴ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʩʢʣʘʜʥʽʩʪʴ ʨʦʟʚ'ʷʟʘʥʥʷ, ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ 

ʟʘʜʘʯʽ ʤʘʻ ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [2]. ʊʘʢʦʞ ʘʣʛʦʨʠʪʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʟʥʘʡʰʣʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʟʽʩʪʘʚʣʝʥʥʽ ʟʦʙʨʘʞʝʥʴ, ʩʝʡʩʤʦʣʦʛʽʾ, ʝʢʦʥʦʤʽʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʚ ʪʝʦʨʽʾ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ 

ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ ʨʝʩʫʨʩʽʚ ʚʽʜ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʜʦ ʩʧʦʞʠʚʘʯʽʚ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ.  

ɼʣʷ ʧʦʰʫʢʫ ʦʧʦʨʥʠʭ ʧʣʘʥʽʚ ʨʝʘʣʽʟʦʚʘʥʽ  ʤʝʪʦʜʠ [1]: 

1. ʄʝʪʦʜ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ. 

2. ʄʝʪʦʜ ʥʘʡʤʝʥʰʦʾ ʚʘʨʪʦʩʪʽ. 

3. ʄʝʪʦʜʠ ʤʽʥʽʤʫʤʫ ʚ ʨʷʜʢʫ ʽ ʤʽʥʽʤʫʤʫ ʩʪʦʚʧʮʽ. 

4. ʄʝʪʦʜ ʧʦʜʚʽʡʥʦʾ ʧʝʨʝʚʘʛʠ. 

5. ʄʝʪʦʜ ʘʧʨʦʢʩʠʤʘʮʽʾ ʌʦʛʝʣʷ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʣʘʥʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʩʦʙʽ ʨʝʘʣʽʟʦʚʘʥʽ 

ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

ï ʈʦʟʧʦʜʽʣʴʥʠʡ ʤʝʪʦʜ [4]. 

ï ʄʝʪʦʜ ʧʦʪʝʥʮʽʘʣʽʚ. 

ï ʉʠʤʧʣʝʢʩ-ʤʝʪʦʜ [1]. 
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ï ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ [5]. 

ï ʇʦʰʫʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ [3]. 

ʌʦʨʤʘʣʴʥʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ [1] ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʦʪʨʽʙʥʦ 

ʚʠʟʥʘʯʠʪʠ ʧʣʘʥ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ  { } n,=j,m,=i,x=X ij 11 , ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʥʘʩʪʫʧʥʽ 

ʫʤʦʚʠ: 

ä ä
n

=j

m

=i
ijjijiij ji,,xn,=j,b=xm,=i,a=x{

1 1

ᶪ0Ó11  

ʊʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʟ ʥʝʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ 

ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʚʠʛʣʷʜʫ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʬʽʢʪʠʚʥʦʛʦ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ/ʩʧʦʞʠʚʘʯʘ. 

ʗʢʱʦ ʚ ʪʘʙʣʠʮʽ ʨʦʟʚôʷʟʢʫ ʤʝʥʰʝ ʥʽʞ m+n-1 ʟʘʡʥʷʪʠʭ ʢʣʽʪʠʥ, ʪʦ ʚʽʥ 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʨʦʜʞʝʥʠʤ. ʑʦʙ ʧʦʙʦʨʦʪʠ ʚʠʨʦʜʞʝʥʽʩʪʴ ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʠ ʥʝʩʢʽʥʯʝʥʥʦ 

ʤʘʣʝ ʟʥʘʯʝʥʥʷ e ʚ ʥʝʟʘʡʥʷʪʫ ʢʣʽʪʢʫ, ʪʘʢ ʱʦʙ ʚʦʥʘ ʥʝ ʩʪʚʦʨʶʚʘʣʘ ʽʟ ʟʘʡʥʷʪʠʤʠ 

ʢʣʽʪʢʘʤʠ ʮʠʢʣʫ. 

ʑʦʙ ʟʤʝʥʰʠʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʜʦʮʽʣʴʥʦ ʧʝʨʝʡʪʠ ʜʦ ʦʧʦʨʥʦʛʦ ʧʣʘʥʫ, ʱʦ ʻ ʙʣʠʟʴʢʠʤ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ. ʆʜʥʦʶ ʟ ʧʨʦʙʣʝʤ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʻ ʪʝ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʧʨʦʩʪʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʯʠ ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʤʘʪʠʤʝ ʚʠʨʦʜʞʝʥʝ ʨʽʰʝʥʥʷ. 

ʏʘʩʪʦ ʤʘʻ ʤʽʩʮʝ ʥʘʩʪʫʧʥʘ ʩʠʪʫʘʮʽʷ: ʧʦʩʪʘʯʘʣʴʥʠʢ ʪʨʘʥʩʧʦʨʪʫʻ ʨʝʩʫʨʩʠ ʥʝ 

ʥʘʧʨʷʤʫ ʩʧʦʞʠʚʘʯʫ, ʘ ʯʝʨʝʟ ʜʝʷʢʦʛʦ ʧʦʩʝʨʝʜʥʠʢʘ. ʊʘʢʠʡ ʧʦʩʝʨʝʜʥʠʢ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʨʦʤʽʞʥʠʤ ʧʫʥʢʪʦʤ. ɺ ʡʦʛʦ ʨʦʣʽ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʩʢʣʘʜ ʽʟ ʨʝʩʫʨʩʘʤʠ. ʋ 

ʮʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʥʘʷʚʥʽ p  ʧʨʦʤʽʞʥʠʭ ʧʫʥʢʪʽʚ p,=k,Ek 1  ʽ ʜʦʜʘʪʢʦʚʽ ʧʦʪʨʝʙʠ ʚ 

ʨʝʩʫʨʩʽ ke . 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ: 

ä ä ä ä-
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=k
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=j
kjkikkjkijkiiki jk,,kyi,,xp,=k,e=yxn,=j,b=ym,=i,a=x{

1 1 1 1
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ʋ ʤʦʜʠʬʽʢʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟ ʧʨʦʤʽʞʥʠʤʠ ʧʫʥʢʪʘʤʠ ʪʘ ʟʘʙʦʨʦʥʦʶ 

ʧʝʨʝʚʝʟʝʥʴ ʽʩʥʫʶʪʴ ʩʮʝʥʘʨʽʾ, ʢʦʣʠ ʧʝʚʥʽ ʤʘʨʰʨʫʪʠ ʧʝʨʝʚʝʟʝʥʴ ʟʘʙʦʨʦʥʝʥʽ ʘʙʦ 

ʥʝʜʦʧʫʩʪʠʤʽ, ʽ ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʚ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ. 

ɹʘʛʘʪʦʽʥʜʝʢʩʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʜʘʯʽ ʚʨʘʭʦʚʫʶʪʴ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʠʧʽʚ 

ʨʝʩʫʨʩʽʚ, ʷʢʽ ʪʨʝʙʘ ʨʦʟʧʦʜʽʣʠʪʠ. ʊʘʢʦʞ ʤʦʞʝ ʙʨʘʪʠʩʴ ʜʦ ʫʚʘʛʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ ʯʠ ʷʢʽʩʴ ʽʥʰʽ ʟʤʽʥʥʽ. ɼʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ 

ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʟʘʛʘʣʴʥʝʥʥʷ ʤʝʪʦʜʫ ʧʦʪʝʥʮʽʘʣʽʚ. ʊʘʢʦʞ ʟʘʜʘʯʫ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʽʜʟʘʜʘʯʽ ʽ ʚʠʨʽʰʠʪʠ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ. 

ɯʩʥʫʶʪʴ ʚʘʨʽʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʜʘʯ, ʫ ʷʢʠʭ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʤʘʻ ʙʫʪʠ 

ʤʘʢʩʠʤʽʟʦʚʘʥʘ, ʘ ʥʝ ʤʽʥʽʤʽʟʦʚʘʥʘ. ʊʘʢʘ ʤʦʜʠʬʽʢʘʮʽʷ ʜʦʮʽʣʴʥʘ ʢʦʣʠ ʧʦʪʨʽʙʥʦ 
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ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ ʚʽʜ ʧʦʩʪʘʚʦʢ ʨʝʩʫʨʩʫ. ʎʽ ʟʘʜʘʯʽ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ, 

ʧʝʨʝʪʚʦʨʠʚʰʠ ʟʘʜʘʯʫ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚ ʟʘʜʘʯʫ ʤʽʥʽʤʽʟʘʮʽʾ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʟʥʘʯʝʥʠʡ ʮʠʢʣ. 

ʗʢʱʦ ʚ ʮʠʢʣʽ ʧʦʟʥʘʯʠʪʠ ʢʫʪʦʚʽ ʢʣʽʪʢʠ ʟ ʥʝʧʘʨʥʠʤʠ ʥʦʤʝʨʘʤʠ ʟʥʘʢʦʤ çʧʣʶʩè, ʘ 

ʢʣʽʪʢʠ ʟ ʧʘʨʥʠʤʠ ʥʦʤʝʨʘʤʠ ʟʥʘʢʦʤ çʤʽʥʫʩè, ʪʦ ʮʝʡ ʮʠʢʣ ʥʘʟʠʚʘʻʪʴʩʷ ʦʟʥʘʯʝʥʠʤ. 

ɼʣʷ ʥʴʦʛʦ ʭʘʨʘʢʪʝʨʥʝ ʧʦʥʷʪʪʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ï ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʤʽʥʥʠʭ ʫ 

ʢʣʽʪʢʘʭ, ʧʦʟʥʘʯʝʥʠʭ ʟʥʘʢʦʤ çʧʣʶʩè, ʽ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʫ ʢʣʽʪʢʘʭ, ʧʦʟʥʘʯʝʥʠʭ 

ʟʥʘʢʦʤ çʤʽʥʫʩè, ʥʘ ʟʘʜʘʥʫ ʚʝʣʠʯʠʥʫ. 

ʋ ʤʝʪʦʜʽ ʧʦʪʝʥʮʽʘʣʽʚ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʽʩʥʫʶʪʴ ʧʦʪʝʥʮʽʘʣʠ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ m,=i,ui 1  ʽ ʧʦʪʝʥʮʽʘʣʠ ʩʧʦʞʠʚʘʯʽʚ n,=j,v j 1 . ɿʛʘʜʘʥʽ ʧʦʪʝʥʮʽʘʣʠ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 
0Ò =x,cv+u ijijji  

0>x,c=v+u ijijji  

ʊʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʽ ʚʠʨʽʰʠʪʠ ʷʢ ʟʘʜʘʯʫ ʪʝʦʨʽʾ ʛʨʘʬʽʚ 

[3]. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʦʯʘʩʪʢʦʚʠʡ ʛʨʘʬ, ʫ ʷʢʦʤʫ ʧʫʥʢʪʠ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʝʨʝʙʫʚʘʶʪʴ 

ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʮʽ, ʘ ʧʫʥʢʪʠ ʩʧʦʞʠʚʘʥʥʷ ʫ ʥʠʞʥʽʡ. ʇʫʥʢʪʠ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʪʘ 

ʩʧʦʞʠʚʘʯʽʚ ʧʦʧʘʨʥʦ ʟ'ʻʜʥʫʶʪʴʩʷ ʨʝʙʨʘʤʠ ʥʝʩʢʽʥʯʝʥʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ 

ʚʘʨʪʦʩʪʽ. 

ʇʘʥʝʣʴ ʟ ʢʦʨʠʩʪʫʚʘʮʴʢʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʟʘʩʪʦʩʫʥʢʫ ʤʽʩʪʠʪʴ ʚʢʣʘʜʢʠ çɺʭʽʜʥʽ 

ʜʘʥʽè (ʨʠʩʫʥʢʦ 1), çɹʘʣʘʥʩʫʚʘʥʥʷ ʟʘʜʘʯʽè, çʆʧʦʨʥʠʡ ʨʦʟʚôʷʟʦʢè, çʆʧʪʠʤʘʣʴʥʠʡ 

ʨʦʟʚôʷʟʦʢè (ʨʠʩʫʥʦʢ 2), çʈʝʟʫʣʴʪʘʪè. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʭʽʜʥʽ ʜʘʥʽ 
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ʈʠʩʫʥʦʢ 2 ï ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ 

 

ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʩʧʦʞʠʚʘʯʘʤ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʽ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ. ɯʥʥʦʚʘʮʽʾ 

ʚ ʮʽʡ ʛʘʣʫʟʽ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʚ 

ʙʽʟʥʝʩʽ ʪʘ ʽʥʰʠʭ ʩʬʝʨʘʭ ʝʢʦʥʦʤʽʢʠ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  
1. Introduction To Operations Research. Frederick S. Hillier, Gerald J. Lieberman, 1995. 

2. Computational Optimal Transport. Gabriel Peyr®, Marco Cuturi. 2018. 

3. L. R. Ford Jr., D. R. Fulkerson. Flows in Networks. 1962. 

4. Stepping Stone | Transportation Problem [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï 

https://www.educationlessons.co.in/notes/stepping-stone 

5. Genetic Algorithm [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï https://en.wikipedia.org/wiki /Genetic_algorithm 
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ʄʽʨʦʥʠʢ ʄ.ɺ., ʇʨʘʚʦʨʩʴʢʘ ʅ.ɯ. 

 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɯɻʈʆɺʀʁ ɿɸʉʊʆʉʋʅʆʂ ɺ ɾɸʅʈɯ çROGUE-LI TEè ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʊɽʍʅʆʃʆɻɯɰ UNITY  
 

ʈʦʟʛʣʷʥʫʪʦ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʢʠ ʽʛʨʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʚ ʞʘʥʨʽ çRogue-liteè ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ çUnityè. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʦʙʢʘ ʟʘʭʦʧʣʠʚʦʛʦ ʛʝʡʤʧʣʝʶ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʧʘʜʢʦʚʦʤʫ ʛʝʥʝʨʫʚʘʥʥʽ ʨʽʚʥʽʚ ʪʘ ʧʦʩʣʽʜʦʚʥʦʤʫ ʧʦʢʨʘʱʝʥʥʽ ʧʝʨʩʦʥʘʞʘ, ʧʨʠ 

ʮʴʦʤʫ ʟʙʝʨʽʛʘʶʯʠ ʝʣʝʤʝʥʪʠ ʨʠʟʠʢʫ ʽ ʚʠʧʘʜʢʦʚʦʩʪʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʮʝʡ ʞʘʥʨ. ɺ ʧʨʦʮʝʩʽ 

ʨʦʟʨʦʙʢʠ ʙʫʣʦ ʦʛʣʷʥʫʪʦ ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʧʦʧʫʣʷʨʥʠʭ ʚʽʜʝʦ-ʽʛʨ ʪʘ ʟôʷʩʦʚʘʥʦ ʾʭ ʧʦʟʠʪʠʚʥʽ 

ʪʘ ʥʝʛʘʪʠʚʥʽ ʩʪʦʨʦʥʠ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʠʤʦʛʠ ʜʦ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʜʦʜʘʪʢʫ. 

ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʤʦʜʫʣʽ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ ʥʘʜ ʟʘʩʪʦʩʫʥʢʦʤ. 

 

Aspects of developing a game application in the "Rogue-lite" genre using the "Unity" 

technology are considered. It is proposed to develop an exciting gameplay that is based on the 

random generation of levels and the consistent improvement of the character, while maintaining the 

elements of risk and randomness that characterize this genre. In the development process, the 

disadvantages and advantages of popular video games were reviewed and their positive and 

negative aspects were clarified. Based on this, the requirements for the developed application were 

developed. The main modules that will help in further work on the application are defined. 

 

ɿ ʧʦʯʘʪʢʦʤ ʛʣʦʙʘʣʽʟʘʮʽʾ ʪʘ ʨʦʟʚʠʪʢʦʤ ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ ʥʘʫʢʦʚʮʷʤʠ ʧʦ 

ʚʩʴʦʤʫ ʩʚʽʪʫ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʨʦʟʚʠʪʦʢ ʪʘʢʠʭ ʩʫʩʧʽʣʴʥʠʭ ʧʨʦʙʣʝʤ ʷʢ ʜʝʧʨʝʩʽʷ, 

ʥʝʚʧʝʚʥʝʥʽʩʪʴ ʫ ʩʦʙʽ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʘ ʥʝʚʜʦʚʦʣʝʥʽʩʪʴ ʩʚʦʾʤ ʞʠʪʪʷʤ. 

ʗʢ ʧʨʘʚʠʣʦ ʪʘʢʽ ʧʨʦʙʣʝʤʠ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʢʘʨʽʚ ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʜʠʢʘʤʝʥʪʽʚ. ʅʘ ʞʘʣʴ ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ ʧʨʘʚʠʣʦ, ʣʠʰʝ ʪʠʤʯʘʩʦʚʦ 

ʧʨʠʟʫʧʠʥʷʶʪʴ ʜʽʾ ʪʘʢʠʭ ʧʩʠʭʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 

ʉʘʤʝ ʪʦʤʫ, ʜʝʷʢʽ ʥʘʫʢʦʚʮʽ ʪʘ ʝʥʪʫʟʽʘʩʪʠ ʚʠʨʽʰʠʣʠ ʧʝʨʝʚʽʨʠʪʠ ʯʠ ʟʜʘʪʥʽ 

ʚʽʜʝʦ-ʽʛʨʠ ʜʦʧʦʤʦʛʪʠ ʚ ʙʦʨʦʪʴʙʽ ʟ ʜʘʥʠʤʠ ʭʚʦʨʦʙʘʤʠ, ʱʦ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʝ 

ʦʜʥʦʨʘʟʦʚʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʛʘʣʴʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʚʽʜʝʦ-ʽʛʦʨ, ʷʢ ʜʦ ʯʦʛʦʩʴ 

ʰʢʽʜʣʠʚʦʛʦ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʠʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ ʜʦʧʦʤʦʞʝ ʚʽʜʚʦʣʽʢʪʠʩʴ ʚʽʜ ʭʚʠʣʶʚʘʥʴ ʚ 

ʟʦʚʥʽʰʥʴʦʤʫ ʩʚʽʪʽ, ʘ ʪʘʢʦʞ ʜʘʪʠ ʩʦʙʽ ʟʤʦʛʫ ʨʦʟʩʣʘʙʠʪʠʩʴ. 

ɺ ʭʦʜʽ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʠʥʢʫ 

ʽʛʨʦʚʠʭ ʜʦʜʘʪʢʽʚ, ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʽʛʨʦʚʦʤʫ ʟʘʩʪʦʩʫʥʢʫ.  

ɹʫʣʦ ʚʠʜʽʣʝʥʦ ʜʚʦʭ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʢʦʥʢʫʨʝʥʪʽʚ, ʷʢ ʟ ʨʠʥʢʫ ʧʝʨʩʦʥʘʣʴʥʠʭ 

ʢʦʤʧôʶʪʝʨʽʚ, ʪʘʢ ʽ ʟ ʨʠʥʢʫ ʩʤʘʨʪʬʦʥʽʚ ʘʙʠ ʧʦʻʜʥʘʪʠ ʥʘʡʢʨʘʱʽ ʘʩʧʝʢʪʠ ʟ ʜʚʦʭ ʽʛʦʨ. 
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ʊʘʙʣʠʮʷ 1 ï ɸʥʘʣʽʟ ʢʦʥʢʫʨʝʥʪʽʚ 

ʂʦʥʢʫʨʝʥʪ ʆʧʠʩ 

çEnter the Gungeonè ɺʽʜʝʦ-ʛʨʘ ʞʘʥʨʫ çRogue-liteè ʟ ʦʩʦʙʣʠʚʽʩʪʶ çBullet 

hellè. ɼʘʥʠʡ ʽʛʨʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠʻʤʥʦʶ 

ʪʘ ʘʪʤʦʩʬʝʨʥʦʶ ʛʨʘʬʽʢʦʶ, ʪʷʞʢʠʤʠ, ʘʣʝ ʟʘʭʦʧʣʶʶʯʠʤʠ 

ʚʦʨʦʛʘʤʠ ʪʘ ʧʨʦʩʪʠʤ, ʘʣʝ ʟʨʦʟʫʤʽʣʠʤ ʩʶʞʝʪʦʤ. 

çRemixed Dungeon: 

Pixel Dungeonè 

ʄʦʙʽʣʴʥʠʡ ʽʛʨʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ, ʷʢʠʡ ʚʠʜʽʣʷʻʪʴʩʷ 

ʧʨʦʩʪʦʶ ʧʽʢʩʝʣʴʥʦʶ ʛʨʘʬʽʢʦʶ, ʧʦʢʨʦʢʦʚʠʤʠ ʭʦʜʘʤʠ ʪʘ 

ʩʢʣʘʜʥʽʩʪʶ. ɻʨʘʚʮʶ ʧʦʪʨʽʙʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʙʝʟʢʽʥʝʯʥʦ 

ʛʝʥʝʨʦʚʘʥʽ ʧʽʜʟʝʤʥʽ ʣʘʙʽʨʠʥʪʠ ʚʽʜʙʠʚʘʶʯʠʩʴ ʚʽʜ ʚʦʨʦʛʽʚ 

ʪʘ ʩʣʽʜʢʫʶʯʠʤ ʟʘ ʩʪʘʥʦʤ ʩʚʦʛʦ ʛʝʨʦʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ 

 

ʇʝʨʝʚʘʛʠ çEnter the Gungeonè: 

1) ʩʪʠʣʴ ʛʨʘʬʽʢʠ ï ʧʨʠʻʤʥʠʡ ʪʘ ʫʥʽʢʘʣʴʥʠʡ ʩʪʠʣʴ ʚʦʨʦʛʽʚ ʪʘ ʚʩʝʩʚʽʪʫ, 

ʨʦʙʠʪʴ ʛʨʫ ʚʧʽʟʥʘʚʘʥʦʶ ʪʘ ʣʝʛʢʦʶ ʜʣʷ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ; 

2) ʩʶʞʝʪ ï ʧʨʦʩʪʠʡ, ʘʣʝ ʟʨʦʟʫʤʽʣʠʡ, ʜʝ ʛʨʘʚʮʶ ʧʦʟʥʘʯʘʶʪʴ ʡʦʛʦ ʤʝʪʫ ʪʘ 

ʮʽʣʴ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʧʫʩʢʘʶʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʚʽʪ ʛʨʠ; 

3) ʙʦʡʦʚʘ ʩʠʩʪʝʤʘ ï ʜʠʥʘʤʽʯʥʘ ʪʘ ʧʨʦʩʪʘ ʜʣʷ ʨʦʟʫʤʽʥʥʷ, ʘʣʝ ʩʢʣʘʜʥʘ ʚ 

ʦʩʚʦʶʚʘʥʥʽ; 

4) ʝʣʝʤʝʥʪ ʚʠʧʘʜʢʦʚʦʩʪʽ ï ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʧʽʜʟʝʤʝʣʣʷ, ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʯʠ ʚʽʜʥʘʡʜʝ ʩʠʣʴʥʫ ʟʙʨʦʶ ʛʨʘʚʝʮʴ ʚ ʩʢʨʠʥʷʭ 

ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ ʥʘ ʨʽʚʥʽ; 
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5) ʟʘʭʦʧʣʶʶʯʽ ʙʦʩʠ ʪʘ ʚʦʨʦʛʠ ï ʙʦʩʠ ʪʘ ʚʦʨʦʛʠ, ʧʨʠʤʫʰʫʶʪʴ ʛʨʘʚʮʷ 

ʦʙʜʫʤʫʚʘʪʠ ʩʚʦʾ ʥʘʩʪʫʧʥʽ ʜʽʾ ʥʘʧʝʨʝʜ, ʱʦ ʧʝʚʥʠʤ ʯʠʥʦʤ ʤʦʞʝ ʥʘʛʘʜʫʚʘʪʠ ʧʘʨʪʽʶ ʚ 

ʰʘʭʠ, ʘʜʞʝ ʢʦʞʥʘ ʜʽʷ ʤʦʞʝ ʩʪʘʪʠ ʬʘʪʘʣʴʥʦʶ. 

ʇʝʨʝʚʘʛʠ çRemixed Dungeon: Pixel Dungeonè: 

1) ʧʨʦʩʪʦʪʘ ï ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʽʛʨʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ, ʜʘʥʘ ʚʽʜʝʦ-

ʛʨʘ ʧʨʦʩʪʘ, ʷʢ ʟʽ ʩʪʦʨʦʥʠ ʛʨʘʬʽʯʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ, ʪʘʢ ʽ ʽʛʨʦʚʠʭ ʤʝʭʘʥʽʢ; 

2) çʚʙʠʚʘʯ ʯʘʩʫè ï ʜʘʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʜʦʩʪʫʧʥʠʡ, ʷʢ ʥʘ ʩʤʘʨʪʬʦʥʘʭ ʪʘʢ ʽ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʛʨʘʚʮʝʚʽ ʛʨʘʪʠ ʤʘʡʞʝ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ, 

ʥʝʟʚʘʞʘʶʯʠ ʜʝ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ; 

3) ʜʦʩʪʫʧʥʽʩʪʴ ï ʽʛʨʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ ʧʦʚʥʽʩʪʶ ʙʝʟʢʦʰʪʦʚʥʠʡ ʪʘ ʟʘʡʤʘʻ 

ʤʘʣʦ ʤʽʩʮʷ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ; 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʟʘʻʤʦʜʽʷ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʽʛʨʦʚʠʤ ʟʘʩʪʦʩʫʥʢʦʤ 
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ʄʝʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ 

ʟʘʭʦʧʣʠʚʦʛʦ ʽʛʨʦʚʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʚ ʞʘʥʨʽ çRogue-liteè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ 

çUnityè. ʇʨʠ ʨʦʟʨʦʙʮʽ ʚʘʞʣʠʚʦ ʙʫʣʦ ʩʪʚʦʨʠʪʠ ʟʘʭʦʧʣʠʚʠʡ ʩʚʽʪ, ʜʝ ʛʨʘʚʮʽ ʤʘʪʠʤʫʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʢʽʥʝʯʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʠʧʘʜʢʦʚʦ ʛʝʥʝʨʦʚʘʥʽ ʨʽʚʥʽ, ʩʪʠʢʘʪʠʩʷ ʟ 

ʥʠʟʢʦʶ ʚʠʢʣʠʢʽʚ ʽ ʥʝʙʝʟʧʝʢ, ʷʢʽ ʩʪʘʥʫʪʴ ʾʭʥʽʤ ʰʣʷʭʦʤ, ʱʦ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʜʦʧʦʤʦʞʝ 

ʛʨʘʚʮʷʤ ʨʦʟʩʣʘʙʠʪʠʩʴ ʪʘ ʜʘʪʠ ʩʚʦʻʤʫ ʤʦʟʢʫ ʚʽʜʧʦʯʠʪʠ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʽʘʛʨʘʤʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, ʷʢʘ ʜʦʧʦʤʦʞʝ ʧʨʦʚʝʩʪʠ 

ʚʽʟʫʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʅʘ ʥʽʡ ʧʦʢʘʟʘʥʦ, ʟʚʽʜʢʠ ʥʘʜʭʦʜʷʪʴ ʜʘʥʽ, ʷʢʽ 

ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ ʦʙʨʦʙʣʷʶʪʴ ʜʘʥʽ, ʽ ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʭʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʽʷʣʴʥʽʩʪʶ ʘʙʦ ʟʦʚʥʽʰʥʽʤ ʩʫʙ'ʻʢʪʦʤ. 

ɺʟʘʻʤʦʜʽʷ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʽʛʨʦʚʠʤ ʟʘʩʪʦʩʫʥʢʦʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. ʎʷ 

ʙʣʦʢ-ʩʭʝʤʘ ʩʪʘʥʝ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ, 

ʥʘʧʠʩʘʥʥʶ ʢʦʜʫ ʽ ʪʝʩʪʫʚʘʥʥʷ.  

ʈʦʟʨʦʙʢʘ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʴ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʽʛʨʦʚʦʛʦ ʨʫʰʽʷ çUnityè, ʧʨʠ 

ʧʽʜʪʨʠʤʮʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʽʪʝʨʘʮʽʡʥʦʾ ʪʘ 

ʽʥʢʨʝʤʝʥʪʥʦʾ ʨʦʟʨʦʙʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʫ ʩʪʚʦʨʠʪʠ ʽʛʨʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ 

ʥʘʡʚʠʱʦʾ ʷʢʦʩʪʽ ʪʘ ʥʘʜʘʪʠ ʛʨʘʚʮʷʤ ʥʝʟʘʙʫʪʥʶ ʧʦʜʦʨʦʞ ʫ ʮʴʦʤʫ ʟʘʭʦʧʣʶʶʯʦʤʫ 

ʽʛʨʦʚʦʤʫ ʞʘʥʨʽ. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʛʨʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ ʧʦʢʣʠʢʘʥʠʡ ʩʪʘʪʠ ʥʝ ʣʠʰʝ 

ʨʦʟʚʘʞʣʠʚʠʤ ʜʦʟʚʽʣʣʷʤ ʜʣʷ ʛʨʘʚʮʽʚ, ʘʣʝ ʡ ʧʽʜʪʨʠʤʢʦʶ ʜʣʷ ʪʠʭ, ʭʪʦ ʰʫʢʘʻ ʚʪʽʭʫ ʪʘ 

ʚʽʜʚʦʣʽʢʘʥʥʷ ʚʽʜ ʩʫʯʘʩʥʠʭ ʞʠʪʪʻʚʠʭ ʪʨʫʜʥʦʱʽʚ. ɼʘʥʘ ʚʽʜʝʦ-ʛʨʘ ʨʦʟʚʠʚʘʪʠʤʝ 

ʥʘʚʠʯʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʜʦʧʦʤʘʛʘʪʠʤʝ ʚʠʨʦʙʠʪʠ ʩʪʨʘʪʝʛʽʯʥʝ ʤʠʩʣʝʥʥʷ ʪʘ 

ʥʘʚʠʯʢʠ ʩʧʽʚʧʨʘʮʽ ʚ ʨʝʞʠʤʽ ʩʧʽʣʴʥʦʾ ʛʨʠ.  

ɿʘʚʜʷʢʠ ʨʝʪʝʣʴʥʦʤʫ ʘʥʘʣʽʟʫ ʢʦʥʢʫʨʝʥʪʽʚ, ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʥʘʡʢʨʘʱʽ ʘʩʧʝʢʪʠ 

ʚʽʜʦʤʠʭ ʽʛʦʨ ʽ ʧʦʻʜʥʘʥʦ ʾʭ ʫ ʨʦʟʨʦʙʣʶʚʘʥʦʤʫ ʟʘʩʪʦʩʫʥʢʫ. ɺʽʜʧʦʚʽʜʥʦ, ʜʘʥʘ 

ʧʨʠʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ ʧʨʦʧʦʥʫʻ ʙʘʣʘʥʩ ʤʽʞ ʧʨʦʩʪʦʪʦʶ ʪʘ ʩʢʣʘʜʥʽʩʪʶ, ʜʦʩʪʫʧʥʽʩʪʶ ʪʘ 

ʚʠʢʣʠʢʘʤʠ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʧʨʠʚʘʙʣʠʚʦʶ ʜʣʷ ʛʨʘʚʮʽʚ ʨʽʟʥʠʭ ʨʽʚʥʽʚ. ɹʫʜʫʯʠ ʩʧʦʩʦʙʦʤ 

ʚʪʝʢʪʠ ʚʽʜ ʧʨʦʙʣʝʤ ʨʝʘʣʴʥʦʩʪʽ, ʮʝʡ ʽʛʨʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ ʟʙʘʛʘʯʫʻ ʜʦʟʚʽʣʣʷ ʪʘ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʥʫʨʠʪʠʩʷ ʚ ʟʘʭʦʧʣʶʶʯʠʡ ʩʚʽʪ ʧʨʠʛʦʜ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ɺʀʗɺʃɽʅʅʗ ɿɸɹʈʋɼʅɽʅʔ ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸ 

ʄɽʊʆɼɸʄʀ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʉʋʇʋʊʅʀʂʆɺʀʍ ɿʆɹʈɸɾɽʅʔ 
 
ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʩʠʩʪʝʤʫ ʚʠʷʚʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ 
ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʠʷʚʣʝʥʥʽ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʜʦʚʢʽʣʣʷ. ɹʫʣʦ ʩʬʦʨʤʦʚʘʥʦ 
ʤʥʦʞʠʥʫ ʦʟʥʘʢ ʽ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ 
ʽʥʪʝʣʝʢʪʫ. ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʤʝʪʦʜʠ ʟ ʥʘʷʚʥʽʩʪʶ ʜʘʥʠʭ ʝʪʘʣʦʥʫ, 
ʪʘʢ ʽ ʤʝʪʦʜʠ ʙʝʟ ʥʴʦʛʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 
ʧʽʜʪʚʝʨʜʠʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʫ ʚʠʷʚʣʝʥʥʽ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ 
ʟʘʙʨʫʜʥʝʥʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

 
The system of environmental pollution using artificial intelligence methods, which are 

based on the analysis of satellite images and negative effects on the environment, has been 
identified, developed and implemented. A set of features and parameters were formed, which are 
used as input data for artificial intelligence methods. As part of the study, both methods with the 
availability of training data and methods without it were used to detect pollution on the Earth's 
surface. The results of the study confirmed the high efficiency of the proposed methods of detection 
and monitoring of environmental pollution using satellite images. 

 
ʋ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʧʨʦʙʣʝʤʘ ʥʝʟʘʢʦʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ 

ʥʘʨʦʩʪʘʻ, ʧʨʠʥʦʩʷʯʠ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ ʷʢ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 
ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢ ʽ ʜʣʷ ʝʢʦʥʦʤʽʢʠ [1, 2]. ʎʷ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʚʠʤʘʛʘʻ ʪʝʨʤʽʥʦʚʦʛʦ 
ʨʦʟʚ'ʷʟʘʥʥʷ, ʘ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʾʾ ʧʦʜʦʣʘʥʥʷ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʣʠʙʦʢʦʛʦ 
ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (CNN) [3]. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ, ʜʣʷ 
ʪʦʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʣʝʛʘʣʴʥʠʭ ʩʤʽʪʪʻʟʚʘʣʠʱ. ʎʷ ʤʝʪʘ ʚʢʣʶʯʘʻ ʜʚʘ ʢʣʶʯʦʚʠʭ 
ʘʩʧʝʢʪʠ: ʧʝʨʰʝ - ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʟʦʙʨʘʞʝʥʴ ʟʚʘʣʠʱ ʽ 
ʚʽʜʩʫʪʥʽʩʪʴ ʪʘʢʠʭ ʟʚʘʣʠʱ, ʘ ʜʨʫʛʝ - ʢʣʘʩʠʬʽʢʘʮʽʶ ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʤʽʪʪʷ ʥʘ 
ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ, ʜʝ ʚʠʷʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʩʤʽʪʪʻʟʚʘʣʠʱ. 

CNN-ʤʦʜʝʣʽ ʚʠʷʚʣʷʶʪʴʩʷ ʢʦʨʠʩʥʠʤʠ ʫ ʧʨʦʮʝʩʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʟʘʢʦʥʥʦ 
ʟʘʭʦʨʦʥʝʥʠʭ ʚʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. ʉʘʤ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ 
ʧʝʨʝʜʙʘʯʘʻ ʪʨʝʥʫʚʘʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ ʥʘ ʘʥʦʪʦʚʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, 
ʚʢʣʶʯʘʶʯʠ ʪʽ, ʱʦ ʤʽʩʪʷʪʴ ʚʽʜʟʥʘʯʝʥʽ ʟʚʘʣʠʱʘ, ʘ ʪʘʢʦʞ ʟʦʙʨʘʞʝʥʥʷ, ʜʝ ʮʽ ʟʚʘʣʠʱʘ 
ʚʽʜʩʫʪʥʽ. ʎʝʡ ʧʽʜʭʽʜ ʥʘʜʘʻ ʟʤʦʛʫ ʥʝʡʨʦʥʥʠʤ ʤʝʨʝʞʘʤ ʥʘʜʽʡʥʦ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʘ 
ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʝʟʘʢʦʥʥʦ ʟʘʭʦʨʦʥʝʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝʡ ʧʽʜʭʽʜ ʚʠʷʚʣʷʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʫ ʢʦʥʪʝʢʩʪʽ 
ʙʦʨʦʪʴʙʠ ʽʟ ʧʨʦʙʣʝʤʦʶ ʥʝʟʘʢʦʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʩʧʨʠʷʶʯʠ ʚʦʜʥʦʯʘʩ 
ʧʝʨʝʭʦʜʫ ʜʦ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʜʝ ʨʝʩʫʨʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʽʣʴʰ ʦʙʝʨʝʞʥʦ 
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ʪʘ ʨʘʮʽʦʥʘʣʴʥʦ. ʋʩʧʽʰʥʽʩʪʴ ʪʘʢʦʾ ʤʦʜʝʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʥʘʙʦʨʫ ʜʘʥʠʭ ʽ 
ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ, ʘʣʝ ʟʘ ʥʘʣʝʞʥʦʾ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʽʚ ʚʦʥʘ ʤʦʞʝ 
ʜʦʩʷʛʪʠ ʭʦʨʦʰʦʾ ʪʦʯʥʦʩʪʽ ʫ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʟʤʽʮʥʶʻ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ 
ʛʣʦʙʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. 

ʆʪʞʝ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 
ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʨʦʟʚ'ʷʟʘʥʥʽ ʧʨʦʙʣʝʤʠ 
ʥʝʟʘʢʦʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ ʽ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʩʪʘʣʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦ 
ʯʠʩʪʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. 

ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʤʦʜʝʣʽ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨ 
ʥʘʷʚʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʾʾ ʥʘʚʯʘʥʥʷ. ɿ ʥʘʣʝʞʥʠʤʠ 
ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙ'ʻʤʥʦʛʦ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ 
ʥʘʙʦʨʫ ʜʘʥʠʭ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʥʘʣʝʞʥʦʾ ʪʦʯʥʦʩʪʽ ʫ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 
ʩʧʨʠʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤʠ ʥʝʟʘʢʦʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ 
ʪʘ ʩʧʨʠʷʻ ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ ʩʪʘʣʦʾ ʪʘ ʮʠʨʢʫʣʷʨʥʦʾ ʩʧʦʞʠʚʯʦʾ ʧʘʨʘʜʠʛʤʠ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʚʯʘʥʥʷ ʢʽʣʴʢʦʭ 
ʤʦʜʝʣʝʡ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, ʷʢʠʡ ʚʢʣʶʯʘʚ ʜʚʘ ʟʦʚʩʽʤ ʨʽʟʥʠʭ 
ʢʣʘʩʠ ʚʽʜʭʦʜʽʚ. ʅʘ ʞʘʣʴ, ʮʝʡ ʥʘʙʽʨ ʜʘʥʠʭ ʙʫʚ ʟʥʘʯʥʦ ʦʙʤʝʞʝʥʠʤ ʷʢ ʟʘ ʦʙʩʷʛʦʤ 
ʜʦʩʪʫʧʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʘʢ ʽ ʟʘ ʨʽʚʥʝʤ ʜʦʢʣʘʜʥʠʭ ʘʥʦʪʘʮʽʡ. 

ʄʦʜʝʣʽ ʙʫʣʠ ʥʘʚʯʝʥʽ ʨʦʟʨʽʟʥʷʪʠ ʜʚʘ ʨʽʟʥʠʭ ʢʣʘʩʠ ʚʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ 
ʜʘʪʘʩʝʪʫ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜʠ ʨʦʟʰʠʨʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʮʴʦʛʦ 
ʦʙʤʝʞʝʥʥʷ, ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʨʝʟʫʣʴʪʘʪ ʟ ʪʦʯʥʽʩʪʶ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʨʽʚʥʽ 72%. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʙʤʝʞʝʥʠʡ ʦʙʩʷʛ ʜʘʥʠʭ, ʽ ʮʝ, 
ʙʝʟʫʤʦʚʥʦ, ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʦʙʤʝʞʝʥʴ. ʇʨʦʪʝ, ʚʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ 
ʨʦʟʚʠʪʦʢ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ CNN ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʩʦʢʦʨʦʟʜʽʣʴʥʠʤʠ 
ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʩʪʘʪʠ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʫ 
ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʥʝʟʘʢʦʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ. ɿʚʽʩʥʦ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ 
ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʧʦʜʦʣʘʪʠ ʨʷʜ ʦʙʤʝʞʝʥʴ ʪʘ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʪʘ 
ʧʽʜʭʦʜʠ. 

ʆʪʞʝ, ʤʘʡʙʫʪʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʦʟʰʠʨʝʥʥʷ 
ʜʦʩʪʫʧʫ ʜʦ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʽ ʜʦʢʣʘʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ 
ʟʜʘʪʥʽʩʪʶ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʦʣʽʧʰʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʤʦʜʝʣʝʡ ʛʣʠʙʦʢʦʛʦ 
ʥʘʚʯʘʥʥʷ. ɼʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʽ ʤʝʪʦʜʽʚ ʜʦ ʦʙʩʷʛʫ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʝ ʚʽʜʢʨʠʪʠ 
ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʫ ʙʦʨʦʪʴʙʽ ʟ ʧʨʦʙʣʝʤʦʶ ʥʝʟʘʢʦʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ 
ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʩʪʘʣʽʩʪʴ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 
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ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ɺʀʗɺʃɽʅʅʗ ʆɿʅɸʂ ʅɸʉʀʃʔʉʊɺɸ ʋ ɺɯɼɽʆʄɸʊɽʈɯɸʃɸʍ 

ʅɽʁʈʆʄɽʈɽɾɽɺʀʄʀ ɿɸʉʆɹɸʄʀ 
 

ʇʨʦʙʣʝʤʘ ʚʠʷʚʣʝʥʥʷ ʥʘʩʠʣʴʩʪʚʘ ʫ ʚʽʜʝʦʧʦʪʦʮʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ 

ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ ʟ ʥʘʩʠʣʴʥʠʮʴʢʠʤʠ ʩʮʝʥʘʤʠ. ɺʠʷʚʣʝʥʥʷ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʪʘʢʽ ʩʮʝʥʠ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʩʴʢʠʭ ʧʨʦʩʪʦʨʽʚ ʪʘ 

ʟʘʭʠʩʪʫ ʧʨʘʚ ʣʶʜʠʥʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʥʘʩʠʣʴʩʪʚʘ ʫ ʚʽʜʝʦʤʘʪʝʨʽʘʣʘʭ 

ʥʝʡʨʦʤʝʨʝʞʝʚʠʤʠ ʟʘʩʦʙʘʤʠ. ʄʝʪʦʜ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʚʜʘʥʴ ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ 

ʥʘʩʠʣʴʩʪʚʘ ʥʘ ʚʽʜʝʦʤʘʪʝʨʽʘʣʘʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʘ ʪʘʢʦʞ ʬʽʣʴʪʨʘʮʽʾ ʢʦʥʪʝʥʪʫ ʥʘ 

ʧʦʪʦʢʦʚʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʧʣʘʪʬʦʨʤʘʭ. 

 

The problem of detecting violence in a video stream is relevant in the modern world, 

where the number of videos with violent scenes is growing. Detecting and responding to such scenes 

is important for ensuring the safety of public spaces and protecting human rights. The paper 

proposes a method for detecting signs of violence in video materials using neural network tools. The 

method opens the way to solving the problems of detecting signs of violence in real-time video 

materials, as well as filtering content on streaming multimedia platforms. 

 

ɺʩʪʫʧ 

ʉʴʦʛʦʜʥʽ ʜʣʷ ʧʨʦʪʠʜʽʾ ʪʘʢʽʡ ʩʫʩʧʽʣʴʥʽʡ ʧʨʦʙʣʝʤʽ ʷʢ ʥʘʩʠʣʴʩʪʚʦ ʨʦʟʧʦʯʘʣʠ 

ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʴ. ʊʘʢʽ ʢʨʘʾʥʠ, ʷʢ ʂʠʪʘʡ ʪʘ 

ʇʽʚʜʝʥʥʘ ʂʦʨʝʷ, ʻ ʣʽʜʝʨʘʤʠ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʩʠʩʪʝʤ ʻ ʚʨʘʞʘʶʯʠʤʠ. ʋ ʂʠʪʘʾ ʨʽʚʝʥʴ ʥʘʩʠʣʴʩʪʚʘ ʫ ʛʨʦʤʘʜʩʴʢʠʭ 

ʤʽʩʮʷʭ ʟʥʠʟʠʚʩʷ ʥʘ 60%, ʘ ʚ ʇʽʚʜʝʥʥʽʡ ʂʦʨʝʾ - ʥʘ ʧʨʠʙʣʠʟʥʦ 50% [1]. ʆʜʥʘʢ, ʮʽ 

ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ, ʟʦʢʨʝʤʘ 

ʥʝʫʚʘʞʥʽʩʪʴ ʪʘ ʥʝʜʙʘʣʽʩʪʴ ʦʧʝʨʘʪʦʨʽʚ-ʩʧʦʩʪʝʨʽʛʘʯʽʚ. ɿʘʟʚʠʯʘʡ ʦʧʝʨʘʪʦʨ ʤʦʞʝ 

ʝʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʣʠʰʝ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʆʜʥʘʢ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʢʘʤʝʨ ʧʝʨʝʚʠʱʫʻ ʾʭ ʤʝʞʽ, ʦʧʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʜʦʧʫʩʢʘʪʠ 

ʧʦʤʠʣʢʠ ʘʙʦ ʧʨʦʧʫʩʢʘʪʠ ʚʠʧʘʜʢʠ ʥʘʩʠʣʴʩʪʚʘ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʩʴʦʛʦʜʥʽ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʜʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ 

ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. ɿʘʚʜʷʢʠ ʮʠʤ ʪʝʭʥʦʣʦʛʽʷʤ, ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʚʽʜʝʦʜʘʥʠʭ ʽ ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʽ 

ʚʠʧʘʜʢʠ ʥʘʩʠʣʴʩʪʚʘ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʦʧʝʨʘʪʦʨʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʪʦʯʥʝ ʪʘ ʝʬʝʢʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ ʧʦʜʽʡ [2]. 
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ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʫʙʣʽʢʘʮʽʡ 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʴʦʛʦʜʥʽ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜʭʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʧʦʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʘʨʭʽʪʝʢʪʫʨ 

ʥʝʡʨʦʤʝʨʝʞ [3]. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʜʝʣʴ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ BiConvLSTM 

(Bidirectional Convolutional LSTM). ʎʷ ʤʦʜʝʣʴ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʜʚʘ ʧʦʪʫʞʥʠʭ 

ʢʦʤʧʦʥʝʥʪʠ: ʜʚʦʩʪʦʨʦʥʥʶ ʟʛʦʨʪʢʦʚʫ ʤʝʨʝʞʫ (BiConv) ʪʘ ʨʝʢʫʨʝʥʪʥʫ ʥʝʡʨʦʥʥʫ 

ʤʝʨʝʞʫ LSTM (Long Short-Term Memory). BiConvLSTM ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʧʦʩʣʽʜʦʚʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʚʽʜʝʦ, ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʰʘʙʣʦʥʽʚ ʪʘ ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʮʠʭ ʜʘʥʠʭ [4]. 

ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʟʘʜʘʯʽ ʚʠʷʚʣʝʥʥʷ 

ʥʘʩʠʣʴʩʪʚʘ ʫ ʚʽʜʝʦʧʦʪʦʮʽ ʻ 3D CNN (3D Convolutional Neural Network). ɼʘʥʘ ʤʦʜʝʣʴ 

ʷʚʣʷʻʪʴʩʷ ʟʛʦʨʪʢʦʚʦʶ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ 

ʪʨʠʚʠʤʽʨʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʚʽʜʝʦ, ʤʝʜʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ [5]. 

ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ BiConvLSTM ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [6], ʜʝ 

ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʽʜ ʜʦ ʚʠʷʚʣʝʥʥʷ ʥʘʩʠʣʴʩʪʚʘ ʫ ʚʽʜʝʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

çʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʢʦʜʝʨè. çʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʢʦʜʝʨè ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʤʝʪʦʜ ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʜʝʢʽʣʴʢʦʭ ʘʨʭʽʪʝʢʪʫʨ: BiConvLSTM, VGG13 [7] 

ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʚʽʜʝʦʢʘʜʨʫ ʷʢ ʥʘʙʽʨ ʢʘʨʪ ʬʫʥʢʮʽʡ. ʎʽ ʢʘʨʪʠ ʬʫʥʢʮʽʡ ʧʦʪʽʤ 

ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ BiConvLSTM ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʦʜʫʚʘʥʥʷ ʫ ʯʘʩʦʚʦʤʫ ʥʘʧʨʷʤʢʫ 

ʚʽʜʝʦ. ɺʠʢʦʥʫʻʪʴʩʷ ʧʦʝʣʝʤʝʥʪʥʘ ʤʘʢʩʠʤʽʟʘʮʽʷ ʢʦʜʫʚʘʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʽʜʝʦ, ʷʢʝ ʧʝʨʝʜʘʻʪʴʩʷ ʢʣʘʩʠʬʽʢʘʪʦʨʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʘʩʠʣʴʩʪʚʘ. 

ʑʦʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʪʦ ʜʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ çHockey fightsè 

ʪʦʯʥʽʩʪʴ ʩʢʣʘʣʘ 96.54%, ʜʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ çViolent flowsè - 92.18%. 

ʋ ʨʦʙʦʪʽ [8] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʦ ʚʠʷʚʣʝʥʥʷ ʥʘʩʠʣʴʩʪʚʘ ʫ ʚʽʜʝʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 3D-CNN. 3D-CNN ʩʧʦʯʘʪʢʫ ʦʙʨʦʙʣʷʻ ʢʦʞʥʠʡ ʢʘʜʨ ʚʽʜʝʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʙʦʨʠ ʬʽʣʴʪʨʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʘʞʣʠʚʠʭ ʦʟʥʘʢ, ʪʘʢʠʭ ʷʢ ʨʫʭ, 

ʬʦʨʤʘ ʪʘ ʢʦʣʽʨ. ʇʦʪʽʤ 3D-CNN ʦʙʨʦʙʣʷʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʘʜʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 3D-

ʬʽʣʴʪʨʠ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ ʜʦ 

ʚʠʭʽʜʥʦʛʦ ʪʝʥʟʦʨʘ 3D-CNN. ʅʘ ʨʘʭʫʥʦʢ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ, ʪʦ ʜʣʷ 

ʥʘʙʦʨʫ ʜʘʥʠʭ çHockey fightsè ʪʦʯʥʽʩʪʴ ʩʢʣʘʣʘ 98.3%, ʜʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ çViolent 

flowsè - 97.17%. 

ɺ ʥʘʚʝʜʝʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʥʝ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʦʜʠ ʜʦ ʚʟʘʻʤʦʜʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʟ ʚʽʜʝʦʤʘʪʝʨʽʘʣʘʤʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʦʤʫ ʚʠʥʠʢʘʶʪʴ 

ʧʠʪʘʥʥʷ ʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʘʥʠʭ ʧʽʜʭʦʜʽʚ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʽʜʝʦʧʦʪʦʢʦʤ ʜʘʥʠʭ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʥʘʩʠʣʴʩʪʚʘ ʫ 

ʚʽʜʝʦʤʘʪʝʨʽʘʣʘʭ ʥʝʡʨʦʤʝʨʝʞʝʚʠʤʠ ʟʘʩʦʙʘʤʠ. ʄʝʪʦʜ ʧʦʚʠʥʝʥ ʧʨʘʮʶʚʘʪʠ ʷʢ ʟʽ 

ʩʪʘʪʠʯʥʠʤ ʚʽʜʝʦʤʘʪʝʨʽʘʣʦʤ (ʚʽʜʝʦʨʦʣʠʢ) ʪʘʢ ʽ ʟ ʜʠʥʘʤʽʯʥʠʤ (ʚʽʜʝʦʧʦʪʽʢ ʚ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ). 
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ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʥʘʩʠʣʴʩʪʚʘ ʫ ʚʽʜʝʦʤʘʪʝʨʽʘʣʘʭ 

ʥʝʡʨʦʤʝʨʝʞʝʚʠʤʠ ʟʘʩʦʙʘʤʠ 

ʈʦʙʦʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʦʟʥʘʢ ʥʘʩʠʣʴʩʪʚʘ ʟ 

ʢʘʜʨʽʚ ʚʭʽʜʥʦʛʦ ʚʽʜʝʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʽ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʫʧʝʥʶ ʥʘʩʠʣʴʩʪʚʘ ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʫ ʚʽʜʝʦʧʦʪʦʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ SVM 

(ʤʝʪʦʜʫ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ). ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʟʘʙʦʨʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

 

ɽʪʘʧ 1 ï ʆʪʨʠʤʘʥʥʷ ʢʘʜʨʽʚ ʽʟ ʚʭʽʜʥʦʛʦ ʚʽʜʝʦʤʘʪʝʨʽʘʣʫ 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʙʠʪʠ ʚʭʽʜʥʠʡ ʚʽʜʝʦʤʘʪʝʨʽʘʣ ʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʘʜʨʽʚ ʪʘ 

ʧʝʨʝʪʚʦʨʠʪʠ ʢʦʞʝʥ ʢʘʜʨ ʫ ʢʘʨʪʫ ʟʦʙʨʘʞʝʥʴ. 

ɽʪʘʧ 2 ï ʆʧʝʨʘʮʽʷ ʟʛʦʨʪʢʠ 

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʦʧʝʨʘʮʽʶ ʟʛʦʨʪʢʠ ʥʘ ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʢʘʨʪʫ ʦʟʥʘʢ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʦʧʝʨʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʽʣʴʪʨʠ (ʤʘʪʨʠʮʷ ʧʘʨʘʤʝʪʨʽʚ). ɼʣʷ ʜʘʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʙʫʣʦ 

ʦʙʨʘʥʦ 4 ʨʽʚʥʷ ʬʽʣʴʪʨʽʚ ʧʦ 32, 64, 128, 128 ʬʽʣʴʪʨʽʚ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʚʽʜʧʦʚʽʜʥʦ. 

ʌʦʨʤʫʚʘʥʥʷ ʢʘʨʪʠ ʦʟʥʘʢ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʬʦʨʤʫʣʠ: 

ää --==
m n

njmiXnmKjiXKjiM ),(),(),)(*(),( ,       (1) 

ʜʝ M ï ʝʣʝʤʝʥʪ ʢʘʨʪʠ ʦʟʥʘʢ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ i ʪʘ j, X ï ʚʭ̔ʜʥʝ ʟʦʙʨʘʞʝʥʥʷ, K ï 

ʜʝʪʝʢʪʦʨ ʦʟʥʘʢ, (m, n) ï ʨʦʟʤʽʨʥʦʩʪʽ ʜʝʪʝʢʪʦʨʘ ʦʟʥʘʢ. 
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ɽʪʘʧ 3 ï ʆʧʝʨʘʮʽʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙôʻʜʥʘʥʥʷ 

ʄʘʢʩʠʤʘʣʴʥʝ ʦʙ'ʻʜʥʘʥʥʷ ʷʚʣʷʻʪʴʩʷ ʦʧʝʨʘʮʽʻʶ, ʷʢʘ ʦʙ'ʻʜʥʫʻ ʝʣʝʤʝʥʪʠ ʚ 

ʤʝʞʘʭ ʬʽʣʴʪʨʘ ʥʘ ʢʘʨʪʽ ʦʟʥʘʢ ʽ ʚʠʙʠʨʘʻ ʥʘʡʙʽʣʴʰʠʡ ʝʣʝʤʝʥʪ. ʊʦʙʪʦ, ʧʽʩʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʰʘʨ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙ'ʻʜʥʘʥʥʷ, ʦʪʨʠʤʫʻʪʴʩʷ ʥʦʚʘ ʢʘʨʪʘ ʦʟʥʘʢ, 

ʷʢʘ ʤʽʩʪʠʪʴ ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʽ ʦʟʥʘʢʠ ʟ ʧʦʧʝʨʝʜʥʴʦʾ ʢʘʨʪʠ ʦʟʥʘʢ. ɺʠʢʦʥʘʪʠ ʜʘʥʫ 

ʦʧʝʨʘʮʽʶ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ: 

)),((max),(
,

njmixjip
ji

--= ,                                (2) 

ʜʝ p(i, j) ï ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʫ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ i ʪʘ j, x ï ʚʭʽʜʥʽ ʜʘʥʽ ʟ 

ʧʦʧʝʨʝʜʥʽʭ ʨʽʚʥʽʚ, (m, n) ï ʨʦʟʤʽʨʥʽʩʪʴ ʨʝʮʝʧʪʠʚʥʦʛʦ ʧʦʣʷ. 

ɽʪʘʧ 4 ï ʇʦʚʥʦʟʚ'ʷʟʥʠʡ ʨʽʚʝʥʴ 

ʇʦʚʥʦʟʚ'ʷʟʥʠʡ ʨʽʚʝʥʴ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʦʜʝʣʴ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ 

ʧʝʨʩʝʧʪʨʦʥʘ, ʜʝ ʚʩʽ ʥʝʡʨʦʥʠ ʟ ʥʘʩʪʫʧʥʦʛʦ ʰʘʨʫ ʟ'ʻʜʥʘʥʽ ʟ ʥʝʡʨʦʥʘʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʰʘʨʫ. ʎʝʡ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʧʝʨʝʜʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʜʣʷ 

ʧʽʜʛʦʪʦʚʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʚʠʭʦʜʽ ʤʝʨʝʞʽ. ʅʘ ʜʘʥʦʤʫ ʨʽʚʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ 

ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʜʘʥʠʭ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʟ ʜʦʜʘʚʘʥʥʷʤ ʟʩʫʚʫ. 

ɽʪʘʧ 5 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʦʟʥʘʢ ʟʘ ʜʦʧʦʤʦʛʦʶ SVM 

ʄʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ (SVM) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʛʽʧʝʨʧʣʦʱʠʥʠ ʫ ʚʝʣʠʢʦʤʫ ʯʠ ʥʝʩʢʽʥʯʝʥʥʦʤʫ ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʷʢʘ 

ʤʦʞʝ ʩʣʫʞʠʪʠ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɻʦʣʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʥʘʡʪʠ 

ʛʽʧʝʨʧʣʦʱʠʥʫ, ʷʢʘ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʚʽʜʩʪʘʥʴ ʜʦ ʥʘʡʙʣʠʞʯʠʭ ʥʘʚʯʘʣʴʥʠʭ ʪʦʯʦʢ ʙʫʜʴ-

ʷʢʦʛʦ ʢʣʘʩʫ. ʅʘ ʚʠʭʦʜʽ ʢʣʘʩʠʬʽʢʘʪʦʨ SVM ʚʠʜʘʻ ʦʮʽʥʢʫ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʭʽʜʥʽ ʜʘʥʽ ʥʘʣʝʞʘʪʴ ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ (ʥʘʩʠʣʴʥʠʮʴʢʦʛʦ ʘʙʦ ʥʝ 

ʥʘʩʠʣʴʥʠʮʴʢʦʛʦ). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʤʽʛ ʧʨʘʮʶʚʘʪʠ ʟ ʚʽʜʝʦʤʘʪʝʨʽʘʣʦʤ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ 

fine-tuning. ʉʫʪʴ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʡʨʦʤʝʨʝʞʫ ʩʧʦʯʘʪʢʫ ʥʘʚʯʘʶʪʴ 

ʥʘ ʥʘʙʦʨʽ ʜʘʥʠʭ ʛʦʪʦʚʠʭ ʚʽʜʝʦ, ʘ ʧʦʪʽʤ ʧʦʩʪʫʧʦʚʦ ʜʦʜʘʶʪʴ ʜʦ ʥʘʙʦʨʫ ʜʘʥʠʭ 

ʚʽʜʝʦʧʦʪʦʢʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʥʝʡʨʦʤʝʨʝʞʽ ʥʘʚʯʠʪʠʩʷ ʨʦʟʧʽʟʥʘʚʘʪʠ 

ʥʘʩʠʣʴʩʪʚʦ ʚ ʫʤʦʚʘʭ ʰʫʤʫ, ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ. 

 

ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʚʦʨʝʥʦʛʦ ʤʝʪʦʜʫ 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, 

ʧʨʦʚʝʜʝʥʦ ʜʝʢʽʣʴʢʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʱʦʜʦ ʜʚʦʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʥʘʩʠʣʴʩʪʚʘ: çHockey fightsè [9], çLivestreamè [10]. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ. 

ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʜʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ çHockey fightsè ʩʢʣʘʣʘ 98.5%, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.  
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ʈʠʩʫʥʦʢ 2 ï ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʥʘʙʦʨʫ ʜʘʥʠʭ çHockey fightsè 

 

ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʜʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ çLivestreamè ʩʢʣʘʣʘ 87.4%, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʛʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʥʘʙʦʨʫ ʜʘʥʠʭ çLivestreamè 

 
























































































































































































































































































