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ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʽʪʝʪ ʢʦʥʬʝʨʝʥʮʽʾ 

 

ʃʝʦʥʽʜ 

ɻʋʃʗʅʀʎʔʂʀʁ 

ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʜ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, 

ʟʘʚʽʜʫʚʘʯ ʚʽʜʜʽʣʦʤ ʤʝʪʦʜʽʚ 

ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ɯʥʩʪʠʪʫʪʫ ʢʽʙʝʨʥʝʪʠʢʠ 

ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, 
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ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʬʽʟʠʢʠ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʩʧʽʚʛʦʣʦʚʘ 
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çʉʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠè ʅʋ 

çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè; ʩʧʽʚʛʦʣʦʚʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ; 

ʂʘʤʽʣʴ ɸʁɼɸ-ɿɸɼɽ ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ 

ʣʘʙʦʨʘʪʦʨʽʾ ɯʥʩʪʠʪʫʪʫ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ, ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ɸʟʝʨʙʘʡʜʞʘʥʩʴʢʦʾ ʈʝʩʧʫʙʣʽʢʠ, ʯʣʝʥ-

ʢʦʨʝʩʧʦʥʜʝʥʪ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ 

ʥʘʫʢ ɸʟʝʨʙʘʡʜʞʘʥʫ;  

ʆʣʝʢʩʘʥʜʨ 

ʂʆʅʆɺɸʃʆɺ 

ʜʦʢʪʦʨ ʥʘʫʢ, ʣʝʢʪʦʨ, ʥʘʫʢʦʚʠʡ 

ʩʧʽʚʨʦʙʽʪʥʠʢ ɯʥʩʪʠʪʫʪʫ ʩʪʽʡʢʦʩʪʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʐʢʦʣʘ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʥʘʫʢ, ʋʥʽʚʝʨʩʠʪʝʪ ʉʝʥʪ-

ɽʥʜʨʶʩʘ, ʆʙôʻʜʥʘʥʝ ʂʦʨʦʣʽʚʩʪʚʦ; 

ʇʽʪʝʨ ʂɸʄɽʈʆʅ ʧʨʦʬʝʩʦʨ, ʐʢʦʣʘ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʩʪʘʪʠʩʪʠʢʠ, ʋʥʽʚʝʨʩʠʪʝʪ ʉʝʥʪ-ɽʥʜʨʶʩʘ, 

ʆʙôʻʜʥʘʥʝ ʂʦʨʦʣʽʚʩʪʚʦ; 

ʆʟʛʶʨ ɸʂɻʖʅ ʜʦʢʪʦʨ, ʣʝʢʪʦʨ, ʐʢʦʣʘ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʥʘʫʢ, ʋʥʽʚʝʨʩʠʪʝʪ ʉʝʥʪ-ɽʥʜʨʶʩ, 

ʆʙôʻʜʥʘʥʝ ʂʦʨʦʣʽʚʩʪʚʦ; 

ɯʣʣʷ ʉɸʌʈʆ ʜʦʢʪʦʨ ʬʽʣʦʩʦʬʽʾ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʘʩʧʽʨʘʥʪʫʨʠ ʪʘ ʜʦʩʣʽʜʞʝʥʴ, ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʘ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʥʘʫʢ, ʋʥʽʚʝʨʩʠʪʝʪ 

ɼʝʣʘʚʝʨ, ʉʐɸ; 

ʋʣʫʛʙʝʢ 

ʅɸʈɿʋʃʃɸɽɺ 

ʢʘʥʜʠʜʘʪ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ ʉʘʤʘʨʢʘʥʜʩʴʢʦʛʦ 

ʬʽʣʽʘʣʫ ʊʘʰʢʝʥʪʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

ɯʛʦʨ ʂʆɿɯʅ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ 

ʝʢʦʥʦʤʽʯʥʦʾ ʢʽʙʝʨʥʝʪʠʢʠ ɿʘʧʦʨʽʟʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ; 

ʉʝʨʛʽʡ ʂʈʀɺʀʁ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ʊ. ʐʝʚʯʝʥʢʘ; 

ɺʽʢʪʦʨ ʂʋɿʔʄɽʅʂʆ ʢ. ʬ.-ʤ. ., ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ 

ʩʧʽʚʨʦʙʽʪʥʠʢ, ʟʘʚʽʜʫʚʘʯ ʚʽʜʜʽʣʦʤ 

ʝʢʦʥʦʤʽʯʥʦʾ ʢʽʙʝʨʥʝʪʠʢʠ ɯʥʩʪʠʪʫʪʫ 

ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ 

ʅɸʅ ʋʢʨʘʾʥʠ 

ʄʠʢʦʣʘ ʄɸʃʗʈ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ 

ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʋʞʛʦʨʦʜʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ; 

 

ɭʣʠʟʘʚʝʪʘ ʄɽʃɽʐʂʆ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ; 

ʊʝʪʷʥʘ ʈʆʄɸʅʆɺɸ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʚʽʜʥʠʡ ʥʘʫʢʦʚʠʡ 

ʩʧʽʚʨʦʙʽʪʥʠʢ ʚʽʜʜʽʣʫ ʥʝʣʽʥʽʡʥʦʾ 

ʤʝʭʘʥʽʢʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ɯʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽʤ. ɸ.ʄ. ʇʽʜʛʦʨʥʦʛʦ 

ʅɸʅ ʋʢʨʘʾʥʠ; 

ʆʣʝʢʩʽʡ ʉʄɯʈʅʆɺ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ; 

ʇʝʪʨʦ ʉʊɽʎʖʂ ʯʣʝʥ ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʬ.-

ʤ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, 
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ʟʘʚʽʜʫʚʘʯ ʚʽʜʜʽʣʦʤ ʤʝʪʦʜʽʚ ʥʝʛʣʘʜʢʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ɯʥʩʪʠʪʫʪʫ ʢʽʙʝʨʥʝʪʠʢʠ 

ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ; 

ʅʘʜʽʷ ʊʀʄʆʌɯɭɺɸ ʜ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʚʽʜʜʽʣʫ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʄʽʞʥʘʨʦʜʥʦʛʦ ʥʘʫʢʦʚʦ-ʥʘʚʯʘʣʴʥʦʛʦ 

ʮʝʥʪʨʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʩʠʩʪʝʤ ʅɸʅ ʪʘ ʄʆʅ ʋʢʨʘʾʥʠ; 

ɺʘʣʝʥʪʠʥʘ ʊʋʈʏʀʅɸ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʢʽʙʝʨʥʝʪʠʢʠ 

ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆ.ɻʦʥʯʘʨʘ; 

ɺʘʩʠʣʴ 

ʐɽʅɼɽʈʆɺʉʔʂʀʁ 

ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʦʨ, ʚʽʮʝ-ʧʨʝʟʠʜʝʥʪ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʬʽʟʠʯʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ; 

ʊʝʪʷʥʘ ʐʄɽʃʔʆɺɸ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ 

ʘʝʨʦʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ; 

ɿʦʷ ʐɽʈʄɸʅ ʢ. ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʪʘ ʤʝʜʠʢʦ-

ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʜʠʩʮʠʧʣʽʥ 

ʄʽʞʥʘʨʦʜʥʦʛʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ; 

ʉʝʨʛʽʡ ʗʂʆɺʃɽɺ ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʅ ʋʢʨʘʾʥʠ, ʜ. ʬ.-

ʤ. ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ-ʜʦʩʣʽʜʥʠʢ 

ɯʥʩʪʠʪʫʪʫ ʤʘʪʝʤʘʪʠʢʠ ʃʦʜʟʴʩʴʢʦʛʦ 

ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

 

ʆʨʛʘʥʽʟʘʮʽʡʥʠʡ ʢʦʤʽʪʝʪ: 

ɺʦʣʦʜʠʤʠʨ 

ʂʈʆʇɯɺʅʀʁ  

ʧʨʦʬʝʩʦʨ, ʢ.ʪ.ʥ., ʨʝʢʪʦʨ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʛʦʣʦʚʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ; 

ʉʝʨʛʽʡ ʗʂʀʄɽʅʂʆ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʬʽʟʠʢʠ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʟʘʩʪʫʧʥʠʢ 

ʛʦʣʦʚʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ; 

ɯʨʠʥʘ ʌɯʃɯʄʆʅɯʍɯʅɸ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʚʠʱʦʾ 

ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʬʽʟʠʢʠ 
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ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʩʝʢʨʝʪʘʨ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ; 

ʃʶʜʤʠʣʘ ɼɾʋʄɸ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʬʽʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʠʩʮʠʧʣʽʥ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʚʽʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ 

ʃʴʦʪʥʦʾ ʘʢʘʜʝʤʽʾ ʅɸʋ; 

ɻʘʣʠʥʘ ʂʆɿɯʅɸ  ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ,  ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʅʋ çɿʘʧʦʨʽʟʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè; 

ʆʣʝʢʩʘʥʜʨ 

ʅɽʉʊɽʈɽʅʂʆ 

ʜ. ʪ. ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʄʽʞʥʘʨʦʜʥʦʛʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ; 

ɺʦʣʦʜʠʤʠʨ 

ʇɽʊʈɽʅʖʂ  

ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ; 

ɼʤʠʪʨʦ ʇɽʊʈɽʅʖʂ ʢ.ʬ.-ʤ.ʥ., ʤʦʣʦʜʰʠʡ ʥʘʫʢʦʚʠʡ 

ʩʧʽʚʨʦʙʽʪʥʠʢ ʚʽʜʜʽʣʫ ʝʢʦʥʦʤʽʯʥʦʾ 

ʢʽʙʝʨʥʝʪʠʢʠ ɯʥʩʪʠʪʫʪʫ ʢʽʙʝʨʥʝʪʠʢʠ 

ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ;  

ɸʥʪʦʥ ʈʗɹɽʅʂʆ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 

çʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʤʘʪʝʤʘʪʠʢʘ ʅʋ çɿʘʧʦʨʽʟʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè; 

ɽʣʽʥʘ ʊɽʈɽʑɽʅʂʆ ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʚ.ʦ. ʟʘʚʽʜʫʚʘʯʘ 

ʢʘʬʝʜʨʠ çʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʘʪʝʤʘʪʠʢʘ ʅʋ 

çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè; 

ɼʤʠʪʨʦ ʐʀʈʆʂʆʈɸɼ  ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʩʪ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ 

çʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʤʘʪʝʤʘʪʠʢʘ ʅʋ çɿʘʧʦʨʽʟʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè; 

ɻʨʦʤʘʜʩʴʢʘ ʦʨʛʘʥʽʟʘʮʽʷ çʉʠʩʪʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 
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ɿʄɯʉʊ 

 

ɺʽʪʘʣʴʥʽ ʩʣʦʚʘ ʫʯʘʩʥʠʢʘʤ ʩʝʤʽʥʘʨʫ 12 

ɼʦʧʦʚʽʜʽ  
1ɹʘʢʫʨʦʚʘ ɸ.ɺ., 1ɻʨʠʥʯʝʥʢʦ ʇ.ɺ., 1ɻʨʽʮʢʝʚʠʯ ɸ.ɸ., 
2ɿʘʨʠʮʴʢʠʡ ʆ.ɺ., 1ʊʝʨʝʱʝʥʢʦ ɽ.ɺ., 1ʐʠʨʦʢʦʨʘʜ ɼ.ɺ. 

ʅʋ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʆʎɯʅʖɺɸʅʅʗ ɺʈɸɿʃʀɺʆʉʊɯ ɯʅʌʆʈʄɸʎɯʁʅʆɰ 

ʉʀʉʊɽʄʀ ʅɸ ʆʉʅʆɺɯ FUZZY-ʄɸʊɽʄɸʊʀʂʀ 20 

Peter Cameron 

School of Mathematics and Statistics, University of St Andrews, UK 

BEAUTIFUL GRAPHS FROM SIMPLE GROUPS 25 

ɺʽʥʪʝʥʢʦ ɹ.ʖ., ʉʤʽʨʥʦʚʘ ʊ.ɺ., ʉʤʽʨʥʦʚ ʆ.ɸ. 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʀʄʆɻ ɼʆ ʂɯɹɽʈɹɽɿʇɽʂʀ 

ʂʆʄʇôʖʊɽʈʅʀʍ ʉʀʉʊɽʄ ʋʇʈɸɺʃɯʅʅʗ ɸɽʉ 

 

28 

ʆʣʝʢʩʘʥʜʨ ɻʣʫʭʦʚ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʇʈʆ ʂɺɸɿɯɺʀʇɸɼʂʆɺɯ ɻʈɸʌʀ ʅɸ ʆʉʅʆɺɯ 3-ʈɽɹɽʈʅʆ 

ɿɺôʗɿʅʀʍ ɻʈɸʌɯɺ 

31 

 

ɺʘʩʠʣʴ ɻʦʨʙʘʯʫʢ, ɼʤʠʪʨʦ ʅʽʢʦʣʝʥʢʦ, ɺʽʢʪʦʨ ɻʦʜʣʶʢ, 

ɼʤʠʪʨʦ ʈʠʙʘʯʦʢ 

ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʇʈʆ ʎɯʃʔʆɺɯ ʈɽʂʆʅʌɯɻʋʈɸʎɯɰ ʄɽʈɽɾ 34 

ʃʝʦʥʽʜ ɻʫʣʷʥʠʮʴʢʠʡ 

ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ɻɽʊɽʈʆɻɽʅʅɯ ʊɸ ɯɭʈɸʈʍɯʏʅɯ ʂʆʄɹɯʅɸʊʆʈʅɯ 

ʂʆʅʌɯɻʋʈɸʎɯɰ 44 

Artem Gurin  

National Technical University of Ukraine "Igor Sikorsky Kyiv 

Polytechnic Institute" 

AN APPLICATION OF THE PROBLEM OF A 

MATHEMATICAL SAFE IN THE FIELDS OF 

REDUNDANCIES TO THE CONSTRUCTION OF A 

SYMMETRIC ENCRYPTION SYSTEM BASED ON THE 

VIGENERE METHOD 50 
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ɸʜʘʤ ɼʦʨʦʚʮʽ, ʄʠʢʦʣʘ ʄʘʣʷʨ, ʄʘʨʽʘʥʥʘ ʐʘʨʢʘʜʽ  

ɼɺʅɿ çʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

ɸʃɻʆʈʀʊʄ ʅɽʏɯʊʂʆɻʆ ɺʀɺʆɼʋ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ 

ʈɯɺʅʗ ɽʂʆʅʆʄɯʏʅʆɻʆ ɼʆɹʈʆɹʋʊʋ ʅɸʉɽʃɽʅʅʗ 56 
1ɿʘʜʦʨʦʞʥʠʡ ɹ.ʆ., 2,3ʈʦʤʘʥʦʚʘ ʊ.ɭ., 1,4ʉʪʝʮʶʢ ʇ.ɯ.  
1ʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
2ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ɸ.ʄ. ʇʽʜʛʦʨʥʦʛʦ 

ʅɸʅ ʋʢʨʘʾʥʠ 
3Leeds University Business School, University of Leeds, UK 
4ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʇʆʂʈɸʑɽʅʅʗ ɽɺʈʀʉʊʀʏʅʆɻʆ ɸʃɻʆʈʀʊʄʋ 

ʇɸʂʋɺɸʅʅʗ ʅɽʈɯɺʅʀʍ ʂʈʋɻɯɺ ɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ r-

ɸʃɻʆʈʀʊʄʋ ʐʆʈɸ 59 

ʂʘʣʘʰʥʠʢ ɻ.ɸ., ʂʘʣʘʰʥʠʢ-ʈʠʙʘʣʢʦ ʄ.ɸ. 

ʃʴʦʪʥʘ ʘʢʘʜʝʤʽʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ  

ʄɽʊʆɼ ɿɸɹɽɿʇɽʏɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅʆɰ ʉʊɯʁʂʆʉʊɯ 

ɯʅʊɽɻʈʆɺɸʅʆɻʆ ʂʆʄʇʃɽʂʉʋ ɹʆʈʊʆɺʆɻʆ 

ʆɹʃɸɼʅɸʅʅʗ ɺ ɼɽʉʊɸɹɯʃɯɿʋʖʏʀʍ ʋʄʆɺɸʍ 66 

ɯʛʦʨ ʂʦʟʽʥ, ʆʣʝʛ ʉʘʨʜʘʢ, ɸʨʪʫʨ ɸʣʝʢʩʻʻʚ 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ɺʅʇ "ɼʥʽʧʨʦʚʩʴʢʠʡ 

ʛʫʤʘʥʽʪʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ" 

ʇʆɹʋɼʆɺɸ ɺʀʇɸɼʂʆɺʀʍ ɻʈɸʌɯɺ ʅɸ ɹɸɿɯ ʄʆɼɽʃɯ 

ɽʈɼɽʐɸ-ʈɽʅʔɰ 72 

ɺʷʯʝʩʣʘʚ ʂʦʨʦʣʴʦʚ, ʄʘʢʩʠʤ ʆʛʫʨʮʦʚ, ʆʣʝʢʩʘʥʜʨ 

ʍʦʜʟʽʥʩʴʢʠʡ 

ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ. ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ  

ɸʃɻʆʈʀʊʄ ʅɸɺɯɻɸʎɯɰ ɻʈʋʇʀ 

ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ɹʇʃɸ ɿɸ ɺɯɼʉʋʊʅʆʉʊɯ GPS 77 

ʉʝʨʛʽʡ ʂʨʠʚʠʡ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʄɸʊɽʄɸʊʀʏʅʀʁ ʉɽʁʌ, ɻʈɸʎɯʆɿʅɯ ɼɽʈɽɺɸ ʊɸ ɿɸʍʀʉʊ 

ɯʅʌʆʈʄɸʎɯɰ 84 

ʉʝʨʛʽʡ ʂʫʨʘʧʦʚ, ʄʘʢʩʠʤ ɼʘʚʠʜʦʚʩʴʢʠʡ 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʂɿ çɿʘʧʦʨʽʟʴʢʠʡ 

ʦʙʣʘʩʥʠʡ ʽʥʩʪʠʪʫʪ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʧʝʜʘʛʦʛʽʯʥʦʾ ʦʩʚʽʪʠè ɿʆʈ 

ɯʅʊɽɻʈɸʃʔʅʀʁ ɯʅɺɸʈɯɸʅʊ ɻʈɸʌʋ 90 

ʃʠʪʚʠʥʝʥʢʦ ɸ.ɺ. 

ʅʋ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

ʂʆʄʇɸʈɸʊʀɺʅʀʁ ɸʅɸʃɯɿ ɻʈɸʌɯʏʅʀʍ ɹɯɹʃɯʆʊɽʂ ɼʃʗ 

ɺɯɿʋɸʃɯɿɸʎɯɰ ɻʈɸʌɯɺ 99 
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ʄʘʣʽʻʥʢʦ ʆ.ʆ., ʂʦʚʘʣʝʥʢʦ ɭ.ʆ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʇɽʈɽʈʀɺɸʅʔ ʅɸ 

ɺʀʅʀʂʅɽʅʅʗ ɸʅʆʄɸʃɯʁ ʋ ɿɸɼɸʏɸʍ ʇɸʈɸʃɽʃʔʅʆɻʆ 

ʋʇʆʈʗɼʂʋɺɸʅʅʗ 103 

ʄʝʣʝʰʢʦ ɭ. 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥiʯʥʠʡ ʫʥiʚʝʨʩʠʪʝʪ, 

ʄɽʊʆɼ ɺʀʗɺʃɽʅʅʗ ʊɸ ʅɽʁʊʈɸʃɯɿɸʎɯɰ ʄɽʈɽɾɯ ɹʆʊɯɺ 

ʋ ʈɽʂʆʄɽʅɼɸʎɯʁʅɯʁ ʉʀʉʊɽʄɯ 108 

ʄʝʣʝʰʢʦ ɭ.ɺ., ɺʘʨʯʝʥʢʦ ɯ.ɺ  

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ɺʀʂʆʈʀʉʊɸʅʅʗ  

ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʋ ʂɯɹɽʈɹɽɿʇɽʎɯ 115 

ɺʦʣʦʜʠʤʠʨ ʇʝʪʨʝʥʶʢ, ɼʤʠʪʨʦ ʇʝʪʨʝʥʶʢ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥiʯʥʠʡ ʫʥiʚʝʨʩʠʪʝʪ, 

ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʂʆʈʀʉʅɯ ɺʃɸʉʊʀɺʆʉʊɯ  ʇʃʆʑʀʅʅʀʍ ʇɯɼɻʈɸʌɯɺ 

ɻʈɸʌɯɺ-ʆɹʉʊʈʋʂʎɯʁ ʆɹʄɽɾɽʅʆɻʆ 

ʅɽʆʈɯɭʅʊʆɺɸʅʆɻʆ ʈʆɼʋ 120 

ɼʤʠʪʨʦ ʇʝʪʨʝʥʶʢ 

ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 

T-ʌɸʂʊʆʈʀɿɸʎɯʗ ʇʆɺʅʆɻʆ ɻʈɸʌɸ ʊɸ ɻʈɸʎɯʆɿʅɯʉʊʔ 

ɼɽʈɽɺ 12 

ʖʨʽʡ ʇʨʦʢʦʧʯʫʢ 

Institute of Technical Mechanics of the NAS and SSA, 

Ukrainian State University of Science and Technologies 

"ʂʆɻʅɯʊʀɺʅɯ ʏʀʉʃɸ" ʗʂ ʇʈʀʂʃɸɼ "ɾʀɺʆɰ 

ʉʊʈʋʂʊʋʈʀ" 134 

ɸʥʪʦʥ ʈʷʙʝʥʢʦ, ɽʣʽʥʘ ʊʝʨʝʱʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘòɯʥʩʪʠʪʫʪ 

ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ. ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ  

ʊɽʆʈɽʊʀʂʆ-ɻʈɸʌʆɺɸ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏɯ 

ʌʆʈʄʋɺɸʅʅʗ ʎɯʃʔʆɺʀʍ ɻʈʋʇ ʅɸ ʆʉʅʆɺɯ ʌɸʂʊʆʈɸ 

ɿʄɸɻɸʅʅʗ 140 

ɯʨʠʥʘ ʈʷʩʥʘ, ʆʣʝʢʩʘʥʜʨ ʉʝʥʴʢʦ 

ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ. ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ  

ʅɽʏɯʊʂɸ ʄʆɼɽʃʔ ʂʃɸʉʊɽʈɯɺ ʅɸ ʆʉʅʆɺɯ  

ʄʋʃʔʊʀʅɽʏɯʊʂʀʍ ʄʅʆɾʀʅ 144 
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ʄʘʨʠʥʘ ʉʝʤʝʥʶʪʘ, ʉʝʨʛʽʡ ʗʢʠʤʝʥʢʦ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥiʯʥʠʡ ʫʥiʚʝʨʩʠʪʝʪ  

ɼʀʉʊɸʅʎɯʁʅɯ ʄɸɻɯʏʅɯ ʈʆɿʄɯʊʂʀ ɯ ɻʈɸʌʀ ʂɽʃɯ 148 

ʄʘʨʠʥʘ ʉʝʤʝʥʶʪʘ, ɿʦʷ ʐʝʨʤʘʥ, ʆʣʝʢʩʘʥʜʨ ʅʝʩʪʝʨʝʥʢʦ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥiʯʥʠʡ ʫʥiʚʝʨʩʠʪʝʪ, 

ʄʽʞʥʘʨʦʜʥʠʡ ʻʚʨʦʧʝʡʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʇʈʆ ɺɽʈʍʅɯ ɯ ʅʀɾʅɯ ʆʎɯʅʂʀ ʍʈʆʄɸʊʀʏʅʆɻʆ ʏʀʉʃɸ 

ɼʃʗ ʇʃɸʅɸʈʅʀʍ ɯ ʅɽʇʃɸʅɸʈʅʀʍ ɻʈɸʌɯɺ 152 

ʆʣʝʢʩʽʡ ʉʝʨʛʻʻʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘ 

ɸʉʇɽʂʊʀ ʇʈʆɻʈɸʄʅʆɰ ʈɽɸʃɯɿɸʎɯɰ ɼɺʆɽʊɸʇʅʆɰ 

ɿɸɼɸʏɯ ɸʂʊʀɺɸʎɯɰ-ʈʆɿʄɯʑɽʅʅʗ ɼʃʗ ʇʆʂʈɸʑɽʅʅʗ 

ʄɽɼʀʏʅʆɰ ʃʆɻɯʉʊʀʂʀ 
 

158 

Oleksandr Smishko 

National University «Zaporizhzhia Polytechnic 

IMPACT OF THE CHOICE OF THE TECHNOLOGY STACK 

ON THE INNOVATION AND COMPETITIVENESS OF 

COMPANIES: SAP CLOUD VS SAP ON-PREMISE 165 

ʄʠʭʘʡʣʦ ʉʦʣʦʤʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ  

ʅɽʉʊɸʅɼɸʈʊʅɽ ʇʆʏʀʅɸʅʅʗ ʉʇʈʆʑɽʅʅʗ ɹʋʃɽɺʀʍ 

ʌʋʅʂʎɯʁ ɸʅɸʃɯʊʀʏʅʀʄ ʄɽʊʆɼʆʄ 170 
1 ʉʪʝʮʶʢ ʇ.ɯ., 2ʈʦʤʘʥʦʚʘ ʊ.ɭ., 3ʊʠʚʦʜʘʨ ʉ.ʈ. 
1 ɯʥʩʪʠʪʫʪ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 
2ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ɸ.ʄ. ʇʽʜʛʦʨʥʦʛʦ 

ʅɸʅ ʋʢʨʘʾʥʠ 
3 ʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʆʃɺɽʈɸ BARON ɼʃʗ ʈʆɿɺôʗɿɸʅʅʗ 

ʂɺɸɼʈɸʊʀʏʅʆɰ ɿɸɼɸʏɯ ʆʇʊʀʄɸʃʔʅʆɰ ʋʇɸʂʆɺʂʀ 

ʅɽʈɯɺʅʀʍ ʂʈʋɻɯɺ 179 

ʊʠʤʦʬʽʻʚʘ ʅ. ʂ. 

ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ ʅɸʅ ʪʘ ʄʆʅ ʋʢʨʘʾʥʠ 

ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʅɸʄɯʂʀ ʄʀʉʃɽʅʅʗ ʃʖɼʀʅʀ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʂʆʄɹɯʅɸʊʆʈʀʂʀ 188 
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1Shmelova T., 2Sikirda Yu., 3Yatsko M. 
1,3National Aviation University 
2Flight Academy of the National Aviation University 

METHOD OF COLLABORATIVE DECISION-MAKING 

MODELING BY OPERATORS OF AIR NAVIGATION SYSTEM 

CONSIDERING THE FACTORSô PRIORITY 193 

ɯʨʠʥʘ ʌʽʣʽʤʦʥʽʭʠʥʠ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɻʈɸʌɯɺ ɼʆ ʈʆɿɺʗɿɸʅʅʗ ʉʃɸʈ 204 

ɸʨʪʝʤ ʍʦʚʨʘʪ, ɺʦʣʦʜʠʤʠʨ ʂʦʙʟʻʚ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

ɺʀʗɺʃɽʅʅʗ ʉʌɸʃʔʉʀʌɯʂʆɺɸʅʆɰ ɯʅʌʆʈʄɸʎɯɰ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʅɸɰɺʅʆɻʆ ɹɸɭʉʆɺʆɻʆ ʂʃɸʉʀʌɯʂɸʊʆʈɸ 208 

Sergiy Yakovlev, Oksana Pichugina 

Institute of Mathematics, Lodz University of Technology, Lodz, 

Poland  

National Aerospace University ñKharkiv aviation instituteò, Kharkiv 

COMBINATORIAL POINT CONFIGURATIONS AND THEIR 

PROPERTIES 216 

ʆʣʝʥʘ ʇʦʣʝʚʝʮʴʢʘ, ɺʘʩʠʣʴ ʐʝʥʜʝʨʦʚʩʴʢʠʡ 

ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʠ ʅɸʅʋ 

ʄʀʈʆʅ ɿɸʈʀʎʔʂʀʁ ï ʌʋʅɼɸʊʆʈ ʄɸʊɽʄɸʊʀʏʅʆɰ 

ʅɸʋʂʀ ʅɸ ɿɸʍɯɼʅʆʋʂʈɸɰʅʉʔʂʀʍ ɿɽʄʃʗʍ 219 

ʈʝʟʦʣʶʮʽʷ XXVI ʄʽʞʥʘʨʦʜʥʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ 

ʩʝʤʽʥʘʨʫ, ʧʨʠʩʚʷʯʝʥʦʛʦ ʧʘʤôʷʪʽ ʧʨʦʬʝʩʦʨʘ ɼʦʥʮʷ ɻ.ʇ. 224 

 

ɼʦʧʦʚʽʜʽ ʟʘʢʦʨʜʦʥʠʭ ʫʯʘʩʥʠʢʽʚ ʩʝʤʽʥʘʨʫ 

Özgür Akgün 

School of Computer Science, University of St Andrews, UK  

CONSTRAINT PROGRAMMING WITH CONJURE INSIDE 

JUPYTER NOTEBOOKS 

Peter Cameron 

School of Mathematics and Statistics, University of St Andrews, UK 

BEAUTIFUL GRAPHS FROM SIMPLE GROUPS 

Olexandr KONOVALOV  

School of Computer Science, University of St Andrews, UK  

EXPLORING GRAPHS WITH GAP 

ʤʦʞʥʦ ʧʦʜʠʚʠʪʠʩʷ ʟʘ ʧʦʩʠʣʘʥʥʷʤ: 

https://www.youtube.com/watch?v=RZ9zcLf3Hvg 
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ɺɯʊɸʃʔʅɯ ʉʃʆɺɸ ʋʏɸʉʅʀʂɸʄ ʉɽʄɯʅɸʈʋ 
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ʇʨʠʚʽʪʘʥʥʷ ʚʽʜ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

 

ʐʘʥʦʚʥʽ ʢʦʣʣʝʛʠ!!! 

ɼʦʟʚʦʣʴʪʝ ʧʨʠʚʽʪʘʪʠ ɺʘʩ ʚʽʜ ʽʤʝʥʽ ʚʩʴʦʛʦ ʥʘʫʢʦʚʦ-

ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ XXVI  ʄʽʞʥʘʨʦʜʥʦʛʦ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʩʝʤʽʥʘʨʫ "ʂʆʄɹɯʅɸʊʆʈʅɯ 

ʂʆʅʌɯɻʋʈɸʎɯɰ ʊɸ ɰʍʅɯ ɿɸʉʊʆʉʋɺɸʅʅʗ", ʧʨʠʩʚʷʯʝʥʦʛʦ 

ʧʘʤôʷʪʽ ʚʠʜʘʪʥʦʛʦ ʚʯʝʥʦʛʦ ʜʦʢʪʦʨʘ ʬ-ʤ.ʥ., ʧʨʦʬʝʩʦʨʘ ɼʦʥʮʷ ɻʝʦʨʛʽʷ 

ʇʘʥʘʩʦʚʠʯʘ! 

ʈʘʟʦʤ ʟ ɸʥʘʪʦʣʽʻʤ ʗʢʦʚʠʯʝʤ ʇʝʪʨʝʥʶʢʦʤ, ɻʝʦʨʛʽʡ ʇʘʥʘʩʦʚʠʯ 

ʻ ʟʘʩʥʦʚʥʠʢʘʤʠ ʩʝʤʽʥʘʨʫ. ʇʝʨʰʠʡ ʩʝʤʽʥʘʨ ʚʽʜʙʫʚʩʷ ʚ ɼʝʨʞʘʥʽʡ 

ʣʴʦʪʥʽʡ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ, ʷʢʱʦ ʷ ʥʝ ʧʦʤʠʣʷʶʩʷ ʫ 2006 ʨʦʮʽ. ʇʝʨʰʽ 

ʩʝʤʽʥʘʨʠ ʧʨʦʚʦʜʠʣʠʩʷ ʜʚʽʯʽ ʥʘ ʨʽʢ. 

ʋ 2009 ʨʦʮʽ ʩʝʤʽʥʘʨ ʧʨʦʜʦʚʞʠʚ ʨʦʙʦʪʫ ʚ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʤʫ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ. ʇʦʪʽʤ ʥʘ ʜʝʷʢʠʡ ʯʘʩ ʚʽʥ 

ʧʦʚʝʨʥʫʚʩʷ ʚ ʣʴʦʪʥʫ ʘʢʘʜʝʤʽʶ ʽ ʚ ʮʴʦʤʫ ʨʦʮʽ ʟʥʦʚ ʨʦʟʧʦʯʘʚ ʨʦʙʦʪʫ 

ʥʘ ʙʘʟʽ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ʁʦʛʦ ʞʠʪʪʷ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ 

ʢʦʣʝʛ ʢʘʬʝʜʨʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʦʥʠ 

ʧʽʜʪʨʠʤʘʣʠ ʩʝʤʽʥʘʨ ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ ʽ ʧʨʦʜʦʚʞʠʣʠ ʩʧʽʚʧʨʘʮʶʚʘʪʠ 

ʜʘʣʽ ʧʽʜ ʯʘʩ ʚʽʡʥʠ. ɿʘʨʘʟ ʩʝʤʽʥʘʨ ʧʨʦʚʦʜʠʪʠʩʷ ʧʦ ʯʝʨʟʽ ʚ 

ʂʨʦʧʠʚʥʠʮʴʢʦʤʫ ʽ ɿʘʧʦʨʽʞʞʽ ʘʣʝ ʨʘʟʦʤ ʽ ʟʘʚʜʷʢʠ ʧʽʜʪʨʠʤʢʠ 

ɯʥʩʪʠʪʫʪʫ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ. ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ. 

ɻʝʦʨʛʽʡ ʇʘʥʘʩʦʚʠʯ ʙʫʚ ʥʝ ʪʽʣʴʢʠ ʦʜʥʠʤ ʟ ʦʨʛʘʥʽʟʘʪʦʨʽʚ 

ʩʝʤʽʥʘʨʫ, ʡʦʛʦ ʘʢʪʠʚʥʠʤ ʫʯʘʩʥʠʢʦʤ, ʘʣʝ ʽ ʥʘʜʠʭʘʚ ʽ ʧʽʜʪʨʠʤʫʚʘʚ 

ʽʥʰʠʭ ʢʦʣʝʛ. 

 

ɹʘʞʘʶ ʥʘʪʭʥʝʥʥʷ ʽ ʧʣʽʜʥʦʾ ʜʠʩʢʫʩʽʾ, ʪʚʦʨʯʠʭ ʫʩʧʽʭʽʚ, ʟʜʦʨʦʚôʷ, 

ʤʠʨʫ! 

ɼʷʢʫʶ, ʟʘ ʫʚʘʛʫ. 

 

ʄʘʨʠʥʘ ʉʝʤʝʥʶʪʘ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʬʽʟʠʢʠ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ 
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ʇʨʠʚʽʪʘʥʥʷ ʚʽʜ ɿʘʧʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

 

ʐʘʥʦʚʥʽ ʢʦʣʝʛʠ! 

ɺʽʜ ʽʤʝʥʽ ʢʦʣʝʢʪʠʚʫ ɿʘʧʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʱʠʨʦ ʚʽʪʘʻʤʦ ʫʯʘʩʥʠʢʽʚ XXVI ʄʽʞʥʘʨʦʜʥʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ 

ʩʝʤʽʥʘʨʫ çʂʦʤʙʽʥʘʪʦʨʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʾʭʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷè, 

ʧʨʠʩʚʷʯʝʥʦʛʦ ʧʘʤôʷʪʽ ʚʠʜʘʪʥʦʛʦ ʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʫʢʦʚʮʷ, ʧʘʪʨʽʦʪʘ ʪʘ 

ʥʝʧʝʨʝʩʽʯʥʦʾ ʣʶʜʠʥʠ ï ʜʦʢʪʦʨʘ ʬ-ʤ.ʥ., ʧʨʦʬʝʩʦʨʘ ɼʦʥʮʷ ɻʝʦʨʛʽʷ 

ʇʘʥʘʩʦʚʠʯʘ! 

 

ʋʩʝ ʞʠʪʪʷ ɻʝʦʨʛʽʷ ʇʘʥʘʩʦʚʠʯʘ ʙʫʣʦ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʤ ʽʟ ʤʽʩʪʦʤ 

ɿʘʧʦʨʽʞʞʷ ʪʘ ʟʘʧʦʨʽʟʴʢʦʶ ʟʝʤʣʝʶ. ʋ ʤ. ɿʘʧʦʨʽʞʞʷ ʧʨʦʡʰʣʠ ʡʦʛʦ 

ʰʢʽʣʴʥʽ ʨʦʢʠ, ʘ ʧʦʪʽʤ ʚʽʥ ʟ ʨʘʜʽʩʪʶ ʪʘ ʙʘʞʘʥʥʷʤ ʧʦʚʝʨʪʘʚʩʷ ʩʶʜʠ ʜʦ 

ʨʽʜʥʠʭ, ʘ ʪʘʢʦʞ ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ, ʩʝʤʽʥʘʨʠ ʪʘ ʽʥʰʽ ʟʘʭʦʜʠ, ʚʢʣʘʜʘʶʯʠ 

ʚʩʝ ʥʦʚʽ ʽ ʥʦʚʽ ʚʥʝʩʢʠ ʚ ʟʙʘʛʘʯʝʥʥʷ ʥʘʫʢʠ, ʱʦ ʨʦʟʚʠʚʘʣʘʩʷ ʥʘ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʪʘ ʝʢʦʥʦʤʽʯʥʦʤʫ ʬʘʢʫʣʴʪʝʪʘʭ ɿʘʧʦʨʽʟʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʅʝ ʤʦʞʥʘ ʥʝ ʚʽʜʟʥʘʯʠʪʠ ʡʦʛʦ ʫʯʘʩʪʴ ʫ 

ʧʽʜʛʦʪʦʚʮʽ ʥʦʚʠʭ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ ï ʩʧʦʯʘʪʢʫ ʷʢ ʚʯʝʥʠʡ 

ʩʝʢʨʝʪʘʨ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ ʨʘʜʠ ʚ ɯʥʩʪʠʪʫʪʽ ʢʽʙʝʨʥʝʪʠʢʠ 

ʅɸʅʋ, ʘ ʧʦʪʽʤ ï ʷʢ ʦʬʽʮʽʡʥʠʡ ʦʧʦʥʝʥʪ ʢʘʥʜʠʜʘʪʩʴʢʠʭ ʪʘ 

ʜʦʢʪʦʨʩʴʢʠʭ ʜʠʩʝʨʪʘʮʽʡ, ʷʢ ʙʘʛʘʪʦʨʽʯʥʠʡ ʯʣʝʥ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

ʚʯʝʥʦʾ ʨʘʜʠ ʽʟ ʟʘʭʠʩʪʫ ʜʠʩʝʨʪʘʮʽʡ ʫ ɿʘʧʦʨʽʟʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ.  

 

ɹʘʛʘʪʠʡ ʥʘʫʢʦʚʠʡ ʜʦʩʚʽʜ ɻʝʦʨʛʽʷ ʇʘʥʘʩʦʚʠʯʘ ʪʘ ʧʣʽʜʥʽ ʩʧʽʣʴʥʽ ʟ 

ʜʦʢʪʦʨʦʤ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨʦʤ ɺʽʪʘʣʽʻʤ ʇʝʨʝʧʝʣʠʮʝʶ 

ʥʘʫʢʦʚʽ ʧʦʰʫʢʠ ʚ ʛʘʣʫʟʽ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʢʽʙʝʨʥʝʪʠʢʠ 

ʩʧʨʠʷʣʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ çɼʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʢʘ 

ʪʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭè, ʱʦ ʟʘʩʥʦʚʘʥʘ ʧʨʦʬ. 

ʇʝʨʝʧʝʣʠʮʝʶ  ɺ.ʆ. ʪʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ɿʘʧʦʨʽʟʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʡʦʛʦ ʫʯʥʷʤʠ. 

 

ɺʽʪʘʶʯʠ ʫʯʘʩʥʠʢʽʚ ʩʝʤʽʥʘʨʫ, ʦʜʥʠʤ ʽʟ ʟʘʩʥʦʚʥʠʢʦʤ ʪʘ 

ʥʘʪʭʥʝʥʥʠʢʦʤ ʷʢʦʛʦ ʙʫʚ ɻʝʦʨʛʽʡ ɼʦʥʝʮʴ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʘʞʢʫ 

ʩʠʪʫʘʮʽʶ, ʷʢʫ ʤʠ ʚʩʽ ʧʝʨʝʞʠʚʘʻʤʦ, ʙʘʞʘʻʤʦ ʦʪʨʠʤʘʪʠ ʢʦʨʠʩʥʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟ ɺʘʩ ʥʦʚʽ ʟʥʘʥʥʷ ʚ ʛʘʣʫʟʽ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʴ, ʥʘʜʠʭʥʫʪʠʩʷ ʥʦʚʠʤʠ ʮʽʢʘʚʠʤʠ ʽʜʝʷʤʠ, ʦʪʨʠʤʘʪʠ 

ʨʘʜʽʩʪʴ ʜʠʩʢʫʩʽʡ ʪʘ ʦʙʤʽʥʫ ʜʫʤʢʘʤʠ ʟ ʢʦʣʝʛʘʤʠ! 

 



 18 

ʅʝʭʘʡ ʥʦʚʽ ʦʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʩʧʨʠʷʪʠʤʫʪʴ ʨʦʟʚʠʪʢʫ ʥʘʰʦʾ ʥʘʫʢʠ 

ʪʘ ʡʜʫʪʴ ʥʘ ʢʦʨʠʩʪʴ ʫʢʨʘʾʥʩʴʢʽʡ ʜʝʨʞʘʚʽ! 

ʅʘʪʘʣʽʷ ʄɸʂʉʀʐʂʆ, ʜʦʢʪʦʨ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʝʢʦʥʦʤʽʯʥʦʾ ʢʽʙʝʨʥʝʪʠʢʠ ɿʘʧʦʨʽʟʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, 

ɯʛʦʨ ʂʆɿɯʅ, ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʥʦʤʽʯʥʦʾ ʢʽʙʝʨʥʝʪʠʢʠ ɿʘʧʦʨʽʟʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

 

 

 

ʇʨʠʚʽʪʘʥʥʷ ʚʽʜ ɯʥʩʪʠʪʫʪʫ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ.ɻʣʫʰʢʦʚʘ 

ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʐʘʥʦʚʥʽ ʢʦʣʝʛʠ, ʫʯʘʩʥʠʢʠ ʩʝʤʽʥʘʨʫ! 

ʇʨʦʚʝʜʝʥʥʷ ɼʚʘʜʮʷʪʴ ʰʦʩʪʦʛʦ ʩʝʤʽʥʘʨʫ ï ʮʝ ʚʘʞʣʠʚʘ ʧʦʜʽʷ ʜʣʷ 

ʥʘʰʦʾ ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ, ʷʢʘ ʟʙʠʨʘʻ ʧʽʜ ʩʚʦʾʤ ʜʘʭʦʤ ʧʨʦʚʽʜʥʠʭ 

ʚʯʝʥʠʭ, ʜʦʩʣʽʜʥʠʢʽʚ, ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʦʙôʻʜʥʘʥʠʭ ʩʧʽʣʴʥʦʶ 

ʧʨʠʩʪʨʘʩʪʶ ʜʦ ʤʘʪʝʤʘʪʠʢʠ. 

ʊʘʢʦʞ ʤʘʶ ʯʝʩʪʴ ʽ ʟʘʜʦʚʦʣʝʥʥʷ ʧʝʨʝʜʘʪʠ ʚʽʪʘʥʥʷ ʚʽʜ ʜʠʨʝʢʪʦʨʘ 

ɯʥʩʪʠʪʫʪʫ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤ.ɺ.ʄ.ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ ʘʢʘʜʝʤʽʢʘ 

ɯ.ɺ.ʉʝʨʛʽʻʥʢʘ ʪʘ ʘʢʘʜʝʤʽʢʘ-ʩʝʢʨʝʪʘʨʽ ɺʽʜʜʽʣʝʥʥʷ ʽʥʬʦʨʤʘʪʠʢʠ ʅɸʅ 

ʋʢʨʘʾʥʠ ʘʢʘʜʝʤʽʢʘ ʆ.ʄ.ʍʽʤʽʯʘ. 

ʅʘʰ ʩʝʤʽʥʘʨ ʧʨʠʩʚʷʯʝʥʦ ʧʘʤ'ʷʪʽ ʧʨʦʬ. ɻʝʦʨʛʽʷ ʆʧʘʥʘʩʦʚʠʯʘ 

ɼʦʥʮʷ ï ʚʽʜʦʤʦʛʦ ʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ, ʷʢʠʡ ʚʥʽʩ ʩʫʪʪʻʚʠʡ 

ʚʢʣʘʜ ʫ ʨʦʟʚʠʪʦʢ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʝʨʰ ʟʘ ʚʩʝ, ʪʝʦʨʽʾ ʛʨʘʬʽʚ. 

ʁʦʛʦ ʫʯʘʩʪʴ ʫ ʧʦʧʝʨʝʜʥʽʭ ʥʘʰʠʭ ʩʝʤʽʥʘʨʘʭ ʩʧʨʠʷʣʘ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ 

ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʪʘ ʩʫʤʽʞʥʠʭ ʦʙʣʘʩʪʝʡ. ʆʪʨʠʤʘʥʽ ʥʠʤ ʨʝʟʫʣʴʪʘʪʠ 

ʟʥʘʭʦʜʷʪʴ ʨʦʟʚʠʪʦʢ ʽ ʧʨʦʜʦʚʞʝʥʥʷ ʫ ʧʨʘʮʷʭ ʫʯʥʽʚ ʽ ʢʦʣʝʛ. 

ʉʝʤʽʥʘʨ ʚʞʝ ʜʘʚʥʦ ʩʪʘʚ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʦʙʤʽʥʫ ʥʦʚʠʤʠ ʽʜʝʷʤʠ, 

ʜʦʩʷʛʥʝʥʥʷʤʠ ʪʘ ʚʽʜʢʨʠʪʪʷʤʠ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʤʘʪʝʤʘʪʠʢʠ. ɿʘʚʜʷʢʠ 

ʥʘʰʠʤ ʟʫʩʪʨʽʯʘʤ ʩʪʚʦʨʶʶʪʴʩʷ ʥʦʚʽ ʥʘʫʢʦʚʽ ʢʦʣʘʙʦʨʘʮʽʾ, 

ʥʘʨʦʜʞʫʶʪʴʩʷ ʧʨʦʻʢʪʠ ʪʘ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʥʦʚʽ ʛʦʨʠʟʦʥʪʠ ʚ 

ʜʦʩʣʽʜʞʝʥʥʷʭ. ʉʘʤʝ ʥʘ ʥʠʭ, ʚ ʘʪʤʦʩʬʝʨʽ ʚʟʘʻʤʦʧʦʚʘʛʠ ʪʘ 

ʚʽʜʢʨʠʪʦʩʪʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʣʽʜʥʠʡ ʦʙʤʽʥ ʟʥʘʥʥʷʤʠ ʪʘ ʜʦʩʚʽʜʦʤ, ʱʦ 

ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʥʘʰʦʾ ʥʘʫʢʠ. 

ʎʴʦʛʦ ʨʦʢʫ ʧʨʦʛʨʘʤʘ ʩʝʤʽʥʘʨʫ ʚʢʣʶʯʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʤ, 

ʱʦ ʦʭʦʧʣʶʶʪʴ ʷʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ, ʪʘʢ ʽ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ 

ʤʘʪʝʤʘʪʠʢʠ. ʄʠ ʤʘʻʤʦ ʯʝʩʪʴ ʩʣʫʭʘʪʠ ʜʦʧʦʚʽʜʽ ʚʽʜʦʤʠʭ ʚʯʝʥʠʭ, ʘ 

ʪʘʢʦʞ ʥʘʜʘʚʘʪʠ ʩʣʦʚʦ ʤʦʣʦʜʠʤ ʜʦʩʣʽʜʥʠʢʘʤ, ʷʢʽ ʪʽʣʴʢʠ ʧʦʯʠʥʘʶʪʴ 

ʩʚʽʡ ʥʘʫʢʦʚʠʡ ʰʣʷʭ. ʊʘʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ 
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ʙʘʛʘʪʦʛʨʘʥʥʫ ʢʘʨʪʠʥʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʩʬʝʨʽ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʆʩʦʙʣʠʚʦ ʭʦʯʫ ʚʽʜʟʥʘʯʠʪʠ ʟʫʩʠʣʣʷ ʆʨʛʢʦʤʽʪʝʪʫ, ʯʣʝʥʠ ʷʢʦʛʦ 

ʟʨʦʙʠʣʠ ʚʩʝ ʤʦʞʣʠʚʝ, ʱʦʙ ʮʝʡ ʩʝʤʽʥʘʨ ʧʨʦʡʰʦʚ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ 

ʥʘʚʽʪʴ ʫ ʥʠʥʽʰʥʽʭ ʥʝʧʨʦʩʪʠʭ ʫʤʦʚʘʭ. 

ʐʘʥʦʚʥʽ ʫʯʘʩʥʠʢʠ, ʚʘʰʽ ʽʜʝʾ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ 

ʩʢʣʘʜʦʚʦʶ ʥʘʰʦʛʦ ʩʝʤʽʥʘʨʫ. ɺʘʰʘ ʘʢʪʠʚʥʘ ʫʯʘʩʪʴ ʜʦʜʘʶʪʴ ʟʘʭʦʜʫ 

ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʩʪʠʤʫʣʶʶʪʴ ʥʘ ʧʦʜʘʣʴʰʽ ʟʫʩʠʣʣʷ ʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʜʽʙʥʠʭ ʟʫʩʪʨʽʯʝʡ. ʉʧʦʜʽʚʘʶʩʷ, ʱʦ ʮʝʡ ʩʝʤʽʥʘʨ ʩʪʘʥʝ 

ʜʣʷ ʚʘʩ ʜʞʝʨʝʣʦʤ ʥʘʪʭʥʝʥʥʷ, ʥʦʚʠʭ ʟʥʘʥʴ ʪʘ ʥʘʫʢʦʚʠʭ ʢʦʥʪʘʢʪʽʚ. 

ɹʘʞʘʶ ʚʩʽʤ ʧʣʽʜʥʦʾ ʨʦʙʦʪʠ, ʮʽʢʘʚʠʭ ʜʠʩʢʫʩʽʡ ʪʘ ʥʝʟʘʙʫʪʥʽʭ 

ʚʨʘʞʝʥʴ ʚʽʜ ʥʘʰʦʛʦ ʩʝʤʽʥʘʨʫ. ʅʝʭʘʡ ʢʦʞʥʘ ʜʦʧʦʚʽʜʴ ʽ ʢʦʞʥʝ 

ʦʙʛʦʚʦʨʝʥʥʷ ʩʧʨʠʷʪʠʤʫʪʴ ʚʘʰʦʤʫ ʧʨʦʬʝʩʽʡʥʦʤʫ ʪʘ ʦʩʦʙʠʩʪʦʤʫ 

ʟʨʦʩʪʘʥʥʶ. 

 

 

ʃʝʦʥʽʜ ɻʫʣʷʥʠʮʴʢʠʡ, ʯʣʝʥ-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, ɯʥʩʪʠʪʫʪ 

ʢʽʙʝʨʥʝʪʠʢʠ ʽʤʝʥʽ ɺ.ʄ.ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 
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ʉʀʉʊɽʄʀ ʅɸ ʆʉʅʆɺɯ FUZZY-ʄɸʊɽʄɸʊʀʂʀ 

 

 
Abstract. A fuzzy-mathematics approach for assessing the vulnerability of 

information systems has been proposed. This approach is based on systems 

analysis, viewing the information system as an interaction between subjects and 

objects governed by access control policies. The key elements are Assessing the 

vulnerability of objects, Monitoring anomalies, Evaluating risk levels, and 

Adjusting access policies. This approach allows for dynamic responses to 

changes in the system and adaptation of security policies, thereby enhancing the 

overall level of protection. The methodology entails the deployment of advanced 

tools and software, including Intrusion Detection Systems (IDS), fuzzy testing, 

User and Entity Behavior Analytics (UEBA), User Activity Monitoring (UAM), 

Software Bill of Materials (SBOM), and machine learning techniques. Integral 

to the methodology are relevant libraries and databases such as the CIS 

Benchmark, Common Vulnerabilities and Exposures (CVEs), Common 

Platform Enumeration (CPE) Dictionary, and Common Vulnerability Scoring 

System (CVSS). These components ensure the standardization and integration 

of the methodology with other approaches and methods for the control and 

monitoring of information systems. In this article, the example of calculation of 

vulnerability estimation for model Object-Subject was considered. 

 

The team of authors has developed a methodology for building 

access control systems based on fuzzy mathematics. The grounds of the 

approach are outlined in the work [1]. The methodology involves a 

combination of modern tools and methods of data analysis and 

information system states in order to determine the risk level of the access 

control system. The influence of factors in the "subject-object" system, 

caused by various aspects, including incorrect actions of the user, is 

considered. The methodology is based on FUZZY mathematics with the 

following implementation in the MATLAB package [2]. The presented 

material is an approbation of the previously developed methodology. It 
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considers the "subject-object" model of a particular information system, 

which reflects the structure of relationships between the indicators of the 

access control testing system to this information system (Fig. 1). We will 

assume that the subject is an entity that interacts with the system and is 

endowed with certain rights to perform actions with system objects, for 

example, a system user or a process. The entity is characterized by the 

degree of trust in its qualifications and actions in the system. An object is 

an entity (often a resource) represented by elements of the information 

system, which also have their own attributes. Software, file system, 

service, and equipment are considered as objects. 

All subjects are characterized by the ability to interact with objects 

(change, add, update, etc.). The access control policy defines the 

possibility of the subject's influence on the object, described by the 

Access Control List (ACL) indicator. 

The output parameter is the Access control system risk level, 

assessed on a scale of 0 to 1. This indicator is calculated using fuzzy 

derivation and mathematical calculations, using the values of the 

parameters characterizing both the Object and the Subject. 

We will describe the "subject-object" interaction using model (1). Using 

the Algebra of Statements, we will describe the events according to the 

state of the indicators, which is presented in Fig. 1. 

AL= PRM  ᷈PR ẓ NT ᷈ AV ẓ AC ᷈ AML ẓ AR ᷈ AML ẓEM, 
OVL= VC  ᷈ISL ẓ (VA  ᷈OAF ẓVA) ẓLOI,                                       (1) 

ACSR=ALO᷈VL, 

where a possible event for the Subject indicator group will be presented 

as 

AML=PMLẓSCA. 

PML= RAL  ᷈mPA ᷈  ALD  ᷈MPA  ᷈EPH ᷈  ALT  ᷈MPL  ᷈PCR ᷈  

SPE, 

where the entered indicators are described in the standard [3]. 

Let's introduce linguistic variables for indicators of both Object and 

Subject corresponding to model (1). The input data of the production 

system of fuzzy output are the facts of certain states of the system, 

obtained at certain discrete moments, and dynamic, taking into account 

the results of constant monitoring of anomalies in the system, which are 

provided by modern tools and software, such as intrusion detection 

systems (IDS), fuzzy testing, User and Entity Behavior Analytics 

(UEBA), User Activity Monitoring (UAM), SBOM. Fuzzification of 

input data considers the predefined permission level access control list. 

The knowledge base is formed taking into account standardized 
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requirements for the security of information systems, such as CIS 

Benchmark, Common Vulnerabilities and Exposures (CVEs), Common 

Platform Enumeration (CPE) Dictionary, and Common Vulnerability 

Scoring System (CVSS). The use of appropriate libraries and databases 

provides standardization and integration of the methodology with other 

approaches and methods of control and monitoring of information 

systems.  

 

 
Fig. 1 ï Structure of relationships between indicators of the access 

control testing system 
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The output linguistic variable of the production system is the 

ACSRL risk level, the terms and functions of which are defined in the 

table. 1, according to [4]. 

 

Table 1. Linguistic variables Access control system risk level (ACSRL) 

The fuzzy inference production system has a hierarchical structure 

corresponding to model (1). Fig. 2 b)-i) presents some response surfaces 

of this hierarchical structure, and Fig. 2 a) presents the ACSRL response 

surface. 

 

a) b) 

c)                                                             d) 

 

ʊʝʨʤʠ ACSRL ʌʫʥʢʮʽʷ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʪʝʨʤʽʚ 

Very high (VH) s (0,70 0,90) 

High (H) Pi (0,50 0,65 0,82 0,90) 

Substantial (S) Pi (0,30 0,42 0,58 0,70) 

Possible (P) Pi (0,10 0,18 0,35 0,50) 

Slight (S) s (0,10 0,30) 
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e)                                                             ʽ) 

Fig.2 ï Surface of fuzzy output a) ACSRL depend on ɸL & ɸS, b) 

VC&ISL, c) OAF&VIA, d) NTA &AV, e) AML&AR, ʽ) AML&AC. 

 
This is an example of system operation for a vector of input data 

under the conditions of operation of a real "subject-object" system using 

the built-in programming language of the Matlab package. The subject is 

the user, described by binary characteristics, and the object is some 

device characterized by phased data. 

 

Subjects(1)=struct("RAL", 1,"mPA", 1,"ALD",  1,"MPA", 1,"EPH"

, 1,"ALT", 1,"MPL", 1,"PCR", 1,"SPE", 1); 

Objects(2)= 

struct("Name", "Switch","OVL", "High","OAF", "Constantly","ISL", "

High","LOD", "Low","LOI",  "High","OVLP",[OVLP(2)]). 

The vulnerability characteristic of the object looks like this: 

OVLP(2)= struct ("CVE", "CVE-2020-

35221","VALUE",  8.8,"EM", "Not-

Defined","AV", "Adjacent","AC", "Low","PR", "None","UI", "None","

VC", "High","VA",  "High","VI",  "High","AR","None"). 

 

Characteristics of the system as a whole: 

 

NT=struct("NTA", "CAN","NTS", "Open","SPI", "Average"). 

 

The result of the system is a risk assessment ACSRL=0.64922. 

Conclusions. The real example shows the operation of the developed 

system, which allows you to test the object of the system against the 

unauthorized influence of some subject and determine the assessment of 

the vulnerability of the "subject-object" connection. 
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BEAUTIFUL GRAPHS FROM SIMPLE GROUPS 

 

Peter J. Cameron, University of St Andrews 

 

The commuting graph of a group 

Let Ὃ be a finite group. The commuting graph of Ὃ is the graph with 
vertex set Ὃ, in which ὼ and ώ are joined if ὼώ ώὼ. 
Here are the commuting graphs of the two non-abelian groups of 

order 8: 

Ὀ ộὥȟὦȡὥ ρȟὦ ρȟὦ ὥὦ ὥ Ớ and 
ὗ ộὥȟὦȡὥ ρȟὦ ὥȟὦ ὥὦ ὥ Ớ. 

https://doi.org/10.1186/s42400-022-00112-1
https://www.first.org/cvss/
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We see that the commuting graph doesnôt determine the group; but 

it carries a lot of information. 

In 1955, Brauer and Fowler used the commuting graph to prove that 

there are only a finite number of simple groups of even order with a given 

centraliser of an involution (element of order 2). 

With hindsight , this was the first step on the road to the 

Classification of Finite Simple Groups. A huge amount of work was done 

determining the simple groups with a given involution centraliser. 

It is interesting that the paper doesnôt contain the word ñgraphò; 

graph theory was not mainstream mathematics at the time. 

A number of further graphs on groups have been discussed. 

Among them are 

Ồ the power graph: ὼ and ώ joined if one is a power of the other; 

Ồ the enhanced power graph: ὼ and ώ joined if they are both powers 
of an element ᾀ (equivalently, ἂὼȟώἃ is cyclic). 

I will talk about the difference graph ὈὋ, in which ὼ and ώ are 
joined if ὼȟώ is an edge of the enhanced power graph but not of the 

power graph. 

I believe that similar results will be found for many of the other 

graph types, but this has not been studied. 

Vertices ὼ and ώ of a graph are twins if they have the same 
neighbours, possibly except for one another. 

If a graph contains twins, then the information it contains can be 

expressed more compactly, since we only have to give the neighbour set 

of ὼ and also whether or not ὼ and ώ are joined. 

So it is natural to apply twin reduction: delete one of a pair of twins, 

and continue until no twins remain. 

Theorem. The result of twin reduction is (up to isomorphism) 

independent of the way the reduction is performed. 

A graph is a cograph if it has no induced subgraph which is a four-

vertex path. 

Theorem. Applying twin reduction to a graph Ὃ yields the trivial 1-

vertex graph if and only if Ὃ is a cograph. 

Twin reduction preserves many graph-theoretic properties. For 

example, if H is a twin-free graph, then H is an induced subgraph of Ὃ if 
and only if H is an induced subgraph in the graph obtained from Ὃ by 
twin reduction. 

Connected components which are not cographs remain connected 

after twin reduction. 
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Graphs defined on groups often have many pairs of twins. For 

example, if ὼ and ώ generate the same cyclic subgroup (that is, if ώ ὼ 
where Ὧ is coprime to the order of x), then ὼ and y are twins. 

So it is interesting to apply twin reduction to these graphs. 

First, of course, we want to know whether the graph is a cograph! 

Question 

For each type Ὕ of graph on groups, determine the class of groups Ὃ 
for which ὝὋ is a cograph. 

Despite a lot of work, most cases are not completely resolved! 

It turns out, that for small finite simple groups, ὈὋ is a cograph. 
For slightly more complicated examples, ὈὋ may not be very 
interesting; for example, the twin reduction may consist of a large number 

of small isomorphic graphs. When we get to the Mathieu group ὓ , 

something more interesting happens. The twin reduction of Ὀὓ  is a 

beautiful graph: 

Ồ it is bipartite, with bipartite blocks of sizes 165 and 220; 

Ồ it is semiregular, with valencies 4 in one block and 3 in the other; 

Ồ it has diameter 10 and girth 10; 

Ồ its automorphism group is just ὓ . 

Note that 165 + 220 = 385 is much smaller than ȿὓ ȿ χωςπ. 
All these computations were done in GAP, using the package 

GRAPE for graphs and groups. 

It is straightforward to construct the graph and perform twin 

reductions on it. Then many properties of the resulting graph can be read 

out by simple GRAPE commands. 

This is as far as the exploration has gone so far, but I would be 

delighted if you would join me in pushing the analysis further! 

 

See Sucharita Biswas, Peter J. Cameron, Angsuman Das, Hiranya 

Kishore Dey, On difference of enhanced power graph and power graph 

of a finite group, arXiv 2206.12422. 

For backgroupd, see Peter J. Cameron, Graphs defined on groups, 

Internat. J Group Theory 11 (2022), 43ï124 

 

 

 

 

 

 

 




