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ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ, ʜʦʢʪʦʨ ʬʽʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
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ʈʆɿʈʆɹʂɸ ʊɸ ʈɽɸʃɯɿɸʎɯʗ ʅɸɺɯɻɸʎɯʁʅʀʍ ʇʈʆɻʈɸʄʅʀʍ 

ɿɸʉʊʆʉʋɺɸʅʔ 

 

ɹʝʢʝʨ ɯʛʦʨ ɺʘʩʠʣʴʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  

igorbeker94@gmail.com 

 
ʋ ʙʫʜʽʚʥʠʮʪʚʘʭ ʨʽʟʥʦʛʦ ʪʠʧʫ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʦʙʣʝʤʠ 

ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʨʦʜʫ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʧʦʪʨʽʙʥʝ ʚʽʟʫʘʣʴʥʝ ʧʨʝʜʩ-

ʪʘʚʣʝʥʥʷ ʧʨʦʝʢʪʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʦʪʦʚʠʭ ʢʨʝʩʣʝʥʴ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ 

ʥʘʜʪʦ ʟʘʪʨʘʪʥʠʤ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʠʤ. ʆʪʞʝ, ʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʫ ʧʦʙʫʜʦʚʽ 

ʰʚʠʜʰʦʛʦ, ʟʨʫʯʥʽʰʦʛʦ ʪʘ ʧʨʦʩʪʽʰʦʛʦ ʨʦʟʚôʷʟʢʫ.  

ʈʦʟʛʣʷʜʘʻʤʦ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʝʢʪʫ, 

ʥʘ ʦʩʥʦʚʽ ʛʦʪʦʚʠʭ ʢʨʝʩʣʝʥʴ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʢʦʥʪʫʨʥʠʡ ʘʥʘʣʽʟ ʟʦʙʨʘʞʝʥʥʷ, 

ʘʣʛʦʨʠʪʤ ʟʘʣʠʚʢʠ ʪʘ ʽʛʦʚʠʡ ʨʫʰʽʡ Unity3D. 

ʂɸ(ʢʦʥʪʫʨʥʠʡ ʘʥʘʣʽʟ) ʜʦʟʚʦʣʷʻ ʦʧʠʩʫʚʘʪʠ, ʟʙʝʨʽʛʘʪʠ, ʧʦʨʽʚʥʶʚʘʪʠ ʽ 

ʟʥʘʭʦʜʠʪʠ ʦʙ'ʻʢʪʠ, ʧʨʝʜʩʪʘʚʣʷʪʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʟʦʚʥʽʰʥʽʭ ʦʙʨʠʩʽʚ - 

ʢʦʥʪʫʨʽʚ (ʈʠʩ.1) [1].  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʂɸ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʢʨʝʩʣʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʧʦʟʥʘʯʝʥʥʷ. ɺʣʘʩʪʠʚʦʩʪʽ ʂɸ ʜʦʟʚʦʣʷʁʪʴ 

ʥʘʤ ʟʥʘʡʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʤʽʨʫ, ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʧʦʚʦʨʦʪʫ ʦʙ'ʻʢʪʽʚ. 

 

 
ʈʠʩ.1. ɺʝʢʪʦʨ-ʢʦʥʪʫʨ.  
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ɼʣʷ ʨʦʟʨʦʙʢʠ ʇɿ ʜʣʷ ʂɸ ʚʠʢʦʨʠʩʪʚʫʻʤʦ .NET ʽʥʪʝʨʬʝʡʩ ʜʣʷ 

ʙʽʣʽʦʪʝʢʠ OpenCV [2].  

ʊʘʢʽ ʦʙ'ʻʢʪʠ, ʷʢ ʩʪʽʥʠ, ʚʫʣʠʯʥʽ ʜʦʨʦʛʠ ʪʘ ʽʥʰʽ ʩʭʦʞʽ ʝʣʝʤʝʥʪʠ 

ʢʨʝʩʣʝʥʥʷ, ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʂɸ, ʪʦʤʫ ʱʦ ʾʭʥʽʡ ʦʙʨʠʩ ʻ ʫʥʽʢʘʣʴʥʠʤ. ʆʙ'ʻʢʪʠ 

ʪʘʢʦʛʦ ʪʠʧʫ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʪʘʢʽ ʩʧʽʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʦʜʥʦʢʦʣʽʨʥʽʩʪʴ 

ʪʘ ʩʫʮʽʣʴʥʽʩʪʴ. ɼʣʷ ʾʭʥʴʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤ ʟʘʣʠʚʢʠ 

[3]. ʗʜʨʦ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʚʠʟʥʘʯʘʻ ʦʙʣʘʩʪʴ, ñʧʦʻʜʥʘʥʫò ʟ 

ʧʝʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʤʘʩʠʚʽ. 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʨʠ ʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʢʨʝʩʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʽʛʨʦʚʠʡ ʨʫʰʽʡ Unity3D, ʬʫʥʢʮʽʦʥʘʣ 

ʷʢʦʛʦ, ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʦʚʫ ʤʦʜʝʣʝʡ, ʤʦʞʣʠʚʽʩʪʴ ʥʘʚʽʛʘʮʽʾ, ʟʥʘʭʦʜʞʝʥʥʷ 

ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ. 

 
1. ʌʫʨʤʘʥ ʗ. ɸ., ʖʨʴʝʚ ɸ. ʅ., ʗʥʰʠʥ ɺ. ʎʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ð ʂʨʘʩʥʦʷʨʩʢ: ʀʟʜ-ʚʦ ʂʨʘʩʥʦʷʨ. ʫʥ-

ʪʘ, 1992.ð 248 ʩ. 

2. Gary Bradski, Adrian Kaehle. Learning OpenCV. 2008. ï 575 ʩ. 

3. Torbert, Shane. Applied Computer Science (2nd ed.). ð Springer 2016. ï 158 ʩ. 

 

https://books.google.com/books?id=HpdPDAAAQBAJ&pg=PA158
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʐʊʋʏʅʀʍ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ɼʆ ɿɸɼɸʏɯ 

ʉɽɻʄɽʅʊɸʎɯɰ ʊɸ ʄɸʈʂʋɺɸʅʅʗ ɻʈɸʌɯʏʅʆɻʆ ʆɹʈɸɿʋ 

 

ɻʦʮʽʡ ʈʦʤʘʥ ɺʘʩʠʣʴʦʚʠʯ, ʋʢʨʘʾʥʘ  

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  
gotsijroman@gmail.com 

 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦ ʟʘʜʘʯʽ 

ʩʝʛʤʝʥʪʘʮʽʾ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʘ ʪʘʢʦʞ ʜʦ ʟʘʜʘʯʽ ʤʘʨʢʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʴ, ʘ ʩʘʤʝ, ʜʦʩʣʽʜʞʝʥʦ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʤʝʨʝʞ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʨʦʙʦʪʠ ʟʦʨʦʚʦʾ ʢʦʨʠ ʤʦʟʢʫ ʞʠʚʠʭ ʽʩʪʦʪ: PCNN ʪʘ ICM. 

ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʦʨʽʶ ʨʦʙʦʪʠ ʟʦʨʦʚʦʾ ʢʦʨʠ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʾʾ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʦʜʝʣʽ, ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʦ ʾʾ 

ʩʠʤʫʣʶʻ. 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʩʝʛʤʝʥʪʫʚʘʥʥʷ. ɼʝʷʢʽ ʟ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ 

ʟʥʘʯʥʠʤ ʯʠʥʦʤ, ʘ ʚʧʣʠʚ ʜʝʷʢʠʭ ʥʝʟʥʘʯʥʠʡ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʩʝʛʤʝʥʪʘʮʽʾ ʥʝ ʧʦʪʨʽʙʥʦ 

ʙʘʛʘʪʦ ʽʪʝʨʘʮʽʡ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

 
 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʤʘʨʢʫʚʘʥʥʷ ʩʮʝʥʠ (ʟʣʽʚʘ ï 

ʝʢʩʧʝʨʪʥʘ ʩʝʛʤʝʥʪʘʮʽʷ, ʩʧʨʘʚʘ ï ʩʝʛʤʝʥʪʘʮʽʷ ʩʠʩʪʝʤʦʶ)  

ʊʘʢʦʞ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ, ʽʤʧʣʝʤʝʥʪʦʚʘʥʦ ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʦ ʘʣʛʦʨʠʪʤ 

ʤʘʨʢʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦʜʝʣʝʡ. (ʨʠʩʫʥʦʢ 1). 
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ɿʚʘʞʘʶʯʠ ʥʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʤʝʨʝʞʽ ʪʘʢʦʛʦ ʪʠʧʫ ʟʘʩʪʦʩʦʚʥʽ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʤʘʨʢʫʚʘʥʥʷ 

ʦʙʨʘʟʽʚ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʤʘʨʢʫʚʘʥʥʷ ʷʢʠʡ ʚʨʘʭʦʚʫʻ 3 ʢʦʣʴʦʨʦʚʽ 

ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ (ʯʝʨʚʦʥʠʡ, ʟʝʣʝʥʠʡ, ʩʠʥʽʡ). ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʥʦ ʱʦ 

ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʘʻ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʨʢʫʚʘʥʥʷ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʱʦ ʩʠʤʫʣʷʮʽʷ ʟʦʨʦʚʦʾ ʢʦʨʠ ʤʦʟʢʫ ʻ 

ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʚ ʛʘʣʫʟʽ ʦʙʨʦʙʢʠ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʆʢʨʽʤ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʠʭ ʨʝʘʣʴʥʠʭ ʟʘʜʘʯ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʚʠʚʯʝʥʥʷ 

ʮʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʷʢ ʚʣʘʰʪʦʚʘʥʠʡ ʥʘʡʧʦʪʫʞʥʽʰʠʡ 

ʙʽʦʣʦʛʽʯʥʠʡ ʢʦʤʧôʶʪʝʨ ï ʤʦʟʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʙʩʦʣʶʪʥʦ ʽʥʰʠʡ ʧʽʜʭʽʜ 

ʜʦ ʦʙʯʠʩʣʝʥʴ ʥʽʞ ʩʫʯʘʩʥʽ ʢʦʤʧôʶʪʝʨʠ. ɯ ʮʝʡ ʧʽʜʭʽʜ, ʷʢ ʚʽʜʦʤʦ, ʟ ʟʘʜʘʯʘʤʠ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʩʝʛʤʝʥʪʘʮʽʾ) ʧʦʢʘʟʫʻ ʩʝʙʝ ʥʘʙʘʛʘʪʦ 

ʢʨʘʱʝ. 
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ʆʎɯʅʂɸ ʈʀɿʀʂɯɺ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɹɽɿʇɽʂʀ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʐʊʋʏʅʆɰ ʅɽʁʈʆʅʅʆɰ ʄɽʈɽɾɯ 

 

ɻʨʝʢ ʆʣʴʛʘ ʄʠʢʦʣʘʾʚʥʘ, ʋʢʨʘʾʥʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, 

 ʬʘʢʫʣʴʪʝʪ ɯʥʬʦʢʦʤʫʥʽʢʘʮʽʡ 

olha.hrek@nure.ua 

 

ʏʝʨʝʟ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʨʽʟʥʦʨʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʪʘʻ ʥʝʦʙʭʽʜʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʥʘʧʨʷʤʢʽʚ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʘ ʪʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʂʣʶʯʦʚʘ ʚʣʘʩʪʠʚʽʩʪʴ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ï ʾʭʥʷ ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʚʯʘʥʥʷ. 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʘʥʘʣʽʟʦʚʘʥʠʭ 

ʜʘʥʠʭ ʝʪʘʣʦʥʥʽʡ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɯʩʥʫʶʪʴ ʥʘʧʨʷʤʢʠ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʜʣʷ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫ  ʩʬʝʨʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʚʝʨʪʘʶʪʴ ʥʘ ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ. 

ʈʠʟʠʢ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ï ʧʦʪʝʥʮʽʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʘʢʪʠʚʫ ʯʠ ʛʨʫʧʠ ʘʢʪʠʚʽʚ ʢʦʥʢʨʝʪʥʦʶ ʟʘʛʨʦʟʦʶ 

ʜʣʷ ʟʘʧʦʜʽʷʥʥʷ ʟʙʠʪʢʫ ʦʨʛʘʥʽʟʘʮʽʻʶ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʠʢ 

ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʪʘʢʽ ʷʢ, ʤʝʪʦʜʠʢʘ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ  

ʢʦʤʧʘʥʽʾ Microsoft, ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ  Digital Security ʽ ʪ.ʜ.  

ɸʥʘʣʽʟ ʤʝʪʦʜʦʣʦʛʽʡ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʫ ʚʩʽʭ ʽʟ ʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʤʘʪʝʤʘʪʠʯʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʩʪʘʥʥʷ ʧʦʜʽʾ çʨʝʘʣʽʟʘʮʽʷ 

ʟʘʛʨʦʟʠè, ʘ ʧʨʠʙʣʠʟʥʘ ʯʘʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ ʟʘ ʟʘʜʘʥʠʡ ʧʨʦʤʽʞʦʢ 

ʯʘʩʫ. ɼʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʢʩʧʝʨʪʥʫ ʦʮʽʥʢʫ [1]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʙʘʛʘʪʴʦʭ ʧʽʜʭʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʦʮʽʥʢʘ 

ʪʦʯʥʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ, ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʫʪʦʯʥʝʥʥʷ 

ʦʮʽʥʦʢ ʧʽʩʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ, ʤʽʞ ʧʦʯʘʪʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʽ ʩʪʚʦʨʝʥʥʷʤ ʧʽʜʩʫʤʢʦʚʦʛʦ ʟʚʽʪʫ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʦʭʦʜʠʪʴ ʩʫʪʪʻʚʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʎʝ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʝʷʢʠʭ ʦʮʽʥʦʢ. 

ʂʦʥʮʝʧʮʽʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʘʫʜʠʪʫ ʚʠʨʽʰʫʻ ʮʽ ʪʘ ʽʥʰʽ ʧʨʦʙʣʝʤʠ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʥʝʧʝʨʝʨʚʥʦʾ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ 

ʜʠʥʘʤʽʯʥʦʛʦ ʽʪʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ 

ʽʪʝʨʘʪʠʚʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

mailto:olha.hrek@nure.ua
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ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʘ ʧʝʨʝʚʘʛʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʟʘʛʨʦʟ ï 

ʾʭ ʟʜʘʪʥʽʩʪʴ ʚʠʚʯʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʤʠʩʥʠʭ ʘʪʘʢ ʽ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʝʣʝʤʝʥʪʠ, ʥʝ ʩʭʦʞʽ ʥʘ ʪʽ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʫ ʤʝʨʝʞʽ ʜʦ ʮʴʦʛʦ [2].  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ 

ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʾʾ ʥʘʚʯʘʥʥʷ. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘʢʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʚʠʨʽʰʫʻ ʟʘʜʘʯʫ ʽʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʤʠʣʢʦʶ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1): 
2p

1j

jj
ot

2

1
E , 

ʜʝ  ï ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʰʘʨʽ; 

 ï ʮʽʣʴʦʚʝ ʟʥʘʯʝʥʥʷ -ʛʦ ʚʠʭʦʜʫ; 

 ï ʩʧʦʩʪʝʨʝʞʫʚʘʥʝ ʟʥʘʯʝʥʥʷ -ʛʦ ʚʠʭʦʜʫ. 

ʋ ʧʽʜʩʫʤʢʫ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ, ʥʘ ʚʭʽʜ ʜʦ ʷʢʦʾ ʥʘʜʭʦʜʷʪʴ ʜʘʥʽ ʚʽʜ 

ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʘʥʪʠʚʽʨʫʩʥʠʭ ʧʨʦʛʨʘʤ, ʙʨʘʥʜʤʘʫʝʨʽʚ ʧʨʦ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʤʝʨʝʞʝʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʄʦʜʫʣʴ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʧʨʠ ʮʴʦʤʫ ʚʠʨʽʰʫʻ ʧʠʪʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʭʽʜʥʠʭ ʚʝʢʪʦʨʽʚ. 

ʋ ʷʢʦʩʪʽ ʷʜʨʘ ʩʠʩʪʝʤʠ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʨʝʞʽ ʟ 

ʥʘʚʯʘʥʥʷʤ ʽʟ ʫʯʠʪʝʣʝʤ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʝʨʩʝʧʪʨʦʥʫ ʽʟ ʧʨʷʤʠʤ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʩʠʛʥʘʣʫ ʪʘ ʟʚʦʨʦʪʥʽʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʧʦʤʠʣʢʠ.  

ɸʨʭʽʪʝʢʪʫʨʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʛʨʘʬʽʢ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ 

ʧʦʤʠʣʢʠ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ, ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʙʫʜʦʚʘʥʠʭ ʟʘʩʦʙʽʚ Matlab. 
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ʈʠʩ.1 ɻʨʘʬʽʢ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʧʦʤʠʣʢʠ 

 

ʊʘʢ, ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʭʽʜʥʠʭ ʚʝʢʪʦʨʽʚ ʥʘ ʜʚʘ ʢʣʘʩʠ ï çʥʝʙʝʟʧʝʯʥʘ ʘʢʪʠʚʥʽʩʪʴè ʽ 

çʙʝʟʧʝʯʥʘ ʘʢʪʠʚʥʽʩʪʴè. ʎʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʘ ʦʢʨʝʤʦ ʜʣʷ 

ʢʦʞʥʦʾ ʟʘʛʨʦʟʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ N ʘʢʪʫʘʣʴʥʠʭ ʨʠʟʠʢʽʚ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ N ʪʨʠhʘʨʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʢʦʪʨʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘʚʯʘʥʥʷ ʦʮʽʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ. 

 
1. ɺʘʨʬʦʣʦʤʻʚ̒ ɸ. ɸ. çʋʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ: ʥʘʚʯ. 

ʧʦʩʽʙʥʠʢè [ʊʝʢʩʪ]/ ɸ. ɸ. ɺʘʨʬʦʣʦʤʻʚ̒ ï ʄ.: ʈʋɼʅ, 2008. ï 158 ʩ. 

2. ʂʘʣʣʘʥ ʈ. çʆʩʥʦʚʥʽ ʢʦʥʮʝʧʮʽʾ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞè [ʊʝʢʩʪ]/ ʈ. ʂʘʣʣʘʥ ï ʄ.: 

ɺʠʜʘʚʥʠʯʠʡ ʜʽʤ çɺ̔ʣʴʷʤʩè, 2001. ï 287 ʩ. 
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ɺɽɹ-ʆʈɯɭʅʊʆɺɸʅʀʁ ɼʆɼɸʊʆʂ ʇʆʐʋʂʋ ʊʈɸʅʉʇʆʈʊʋ 

çYOURWAYè 

 

ɼʦʙʫʣʷʢ ɼʝʥʠʩ ɻʝʥʥʘʜʽʡʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ,  

ʬʘʢʫʣʴʪʝʪ ʂʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ 

denys.dobuliak@nure.ua 

 

ʋ ʥʘʰ ʯʘʩ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ ʧʦʜʦʨʦʞʫʻ. ʇʣʘʥʫʶʯʠ ʩʚʦʶ 

ʧʦʜʦʨʦʞ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʣʶʜʠ ʩʪʠʢʘʶʪʴʩʷ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʚʠʙʦʨʫ ʥʘʧʨʷʤʢʫ 

ʧʦʾʟʜʢʠ. ʅʝʟʘʙʘʨʦʤ, ʦʙʨʘʚʰʠ ʥʘʧʨʷʤʦʢ, ʧʝʨʝʜ ʣʶʜʠʥʦʶ ʚʩʪʘʻ ʟʘʧʠʪʘʥʥʷ 

ʧʨʦ ʚʘʨʽʘʥʪ ʪʘ ʤʽʩʮʝ ʧʨʦʞʠʚʘʥʥʷ. ɼʘʣʽ ʚʠʥʠʢʘʻ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʝ ʧʠʪʘʥʥʷ, 

ʷʢ ʜʦʾʭʘʪʠ ʜʦ ʦʙʨʘʥʦʛʦ ʤʽʩʮʷ. ɭ ʜʝʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ: ʾʭʘʪʠ 

ʘʚʪʦʙʫʩʦʤ, ʧʦʾʟʜʦʤ ʘʙʦ ʣʝʪʽʪʠ ʣʽʪʘʢʦʤ, ʘʙʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʚʽʜʨʘʟʫ ʜʝʢʽʣʴʢʦʤʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ. ʉʫʯʘʩʥʠʡ ʤʘʥʜʨʽʚʥʠʢ 

ʚʩʝ ʯʘʩʪʽʰʝ ʦʙʠʨʘʻ ʩʧʦʩʽʙ ʧʝʨʝʩʫʚʘʥʥʷ ʽ ʢʫʧʫʻ ʢʚʠʪʢʠ ʥʘ ʧʦʾʟʜʢʫ ʯʝʨʝʟ 

ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʠ. 

     ɹʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʱʦ ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʘʨʰʨʫʪ 

ʪʨʘʥʩʧʦʨʪʫ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʪʨʘʥʩʧʦʨʪ ʣʠʰʝ ʦʜʥʦʛʦ 

ʚʠʜʫ, ʪʦʙʪʦ ʥʝ ʜʘʶʪʴ ʧʦʚʥʦʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʊʘʢʦʞ ʧʽʜʙʽʨ ʩʧʦʩʦʙʫ 

ʧʝʨʝʩʫʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʚʝʙ-ʩʘʡʪʘʭ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ ʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦʤʫ 

ʮʽʢʘʚʦʶ ʽ ʟʘʪʨʝʙʫʚʘʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʪʘʢʦʛʦ ʚʝʙ-ʜʦʜʘʪʢʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʘʢʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʥʝ ʪʽʣʴʢʠ ʧʨʦ ʤʘʨʰʨʫʪʠ ʫʩʽʭ 

ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʘʣʝ ʽ ʩʢʣʘʩʪʠ ʾʭ ʢʦʤʙʽʥʘʮʽʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦʛʦ ʤʘʨʰʨʫʪʫ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʜʦʧʦʤʘʛʘʻ ʟʘʦʱʘʜʠʪʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʯʘʩ ʥʘ ʟʙʽʨ ʚʩʽʻʾ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʥʴʦʛʦ ʽʥʬʦʨʤʘʮʽʾ ʽ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʽʩʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʢʨʘʱʦʛʦ ʤʘʨʰʨʫʪʫ ʟ ʦʜʥʦʯʘʩʥʦʶ ʧʨʠʚ'ʷʟʢʦʶ ʜʦ ʪʨʘʥʩʧʦʨʪʫ. 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʫ ʻ ʘʢʪʫʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʚ ʨʝʞʠʤʽ ʦʥʣʘʡʥ ʧʨʦ ʜʦʩʪʫʧʥʽ ʢʚʠʪʢʠ ʟ ʽʩʥʫʶʯʠʭ ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʽʚ: 

ʚʘʨʪʽʩʪʴ ʧʨʦʾʟʜʫ, ʤʘʨʰʨʫʪ, ʯʘʩ ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʘ ʧʨʠʙʫʪʪʷ ʽ ʪ.ʜ. ʆʩʥʦʚʥʦʶ 

ʬʫʥʢʮʽʻʶ ʚʝʙ-ʜʦʜʘʪʢʫ ʻ ʧʦʰʫʢ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʘʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ: 

 ʧʫʥʢʪ ʚʽʜʧʨʘʚʣʝʥʥʷ; 

 ʧʫʥʢʪ ʧʨʠʙʫʪʪʷ; 

 ʜʘʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ; 

 ʜʘʪʫ ʧʦʚʝʨʥʝʥʥʷ; 

 ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʰʫʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʦʨʪʦʚʘʥʽ ʟʘ ʚʘʨʪʽʩʪʶ ʧʨʦʾʟʜʫ, ʟʘ 

mailto:denys.dobuliak@nure.ua
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ʯʘʩʦʤ ʚʽʜʧʨʘʚʣʝʥʥʷ ʽ ʪ.ʜ. ʽ ʥʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʫ ʚ ʟʨʫʯʥʦʤʫ ʜʣʷ ʥʴʦʛʦ 

ʚʠʛʣʷʜʽ. 

ʈʦʟʨʦʙʣʶʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ.  

ɼʣʷ ʨʦʟʨʦʙʢʠ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʚʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# ʚ ʟʚ'ʷʟʮʽ ʟ ʧʣʘʪʬʦʨʤʦʶ ASP.NET MVC 4. ʄʦʚʘ C# ʻ 

ʢʨʦʩʧʣʘʪʬʦʨʤʥʦʶ ʽ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʶ, ʱʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʰʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ [2, 4]. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʚʘ ʨʦʟʤʽʪʢʠ  

HTML, ʪʘʢ ʷʢ ʚʦʥʘ ʻ ʩʪʘʥʜʘʨʪʥʦʶ ʤʦʚʦʶ ʨʦʟʤʽʪʢʠ ʜʦʢʫʤʝʥʪʽʚ ʚ ɯʥʪʝʨʥʝʪʽ, 

ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʾ ʉSS, JavaScript [1, 3, 5]. 

ɺ ʷʢʦʩʪʽ ʉʋɹɼ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Microsoft SQL Server, ʪʦʤʫ 

ʱʦ ʚʦʥʘ ʻ ʨʝʣʷʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ. ɺʩʽ ʜʘʥʽ 

ʚʩʝʨʝʜʠʥʽ ʾʾ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʣʦʛʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʪʘʙʣʠʮʴ, 

ʜʦʩʪʫʧ ʜʦ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ T-SQL. ʋ ʪʦʡ ʯʘʩ, ʷʢ 

ʙʽʣʴʰʽʩʪʴ ʽʥʰʠʭ ʉʋɹɼ ʩʪʦʷʪʴ ʧʨʠʛʦʣʦʤʰʣʠʚʠʭ ʛʨʦʰʝʡ, ʉʋɹɼ Microsoft 

SQL Server  ʧʦʰʠʨʶʻʪʴʩʷ ʚʽʣʴʥʦ. ɼʘʥʘ ʉʋɹɼ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʨʦʙʦʪʠ ʟ ʙʘʟʘʤʠ ʜʘʥʠʭ ʨʦʟʤʽʨʦʤ ʚʽʜ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʦ ʚʝʣʠʢʠʭ ʙʘʟ ʜʘʥʠʭ 

ʤʘʩʰʪʘʙʫ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ, 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʟʙʦʾʚ ʽ ʣʝʛʢʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ[6]. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʧʦʚʥʦʮʽʥʥʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ: ʧʦʰʫʢ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʧʦ ʟʘʜʘʥʦʤʫ ʤʘʨʰʨʫʪʫ, 

ʧʦʨʽʚʥʷʥʥʷ ʮʽʥ ʥʘ ʚʘʨʪʽʩʪʴ ʧʨʦʾʟʜʫ, ʯʘʩʫ ʚ ʜʦʨʦʟʽ, ʘ ʪʘʢʦʞ ʧʦʢʫʧʢʘ ʢʚʠʪʢʽʚ 

ʥʘ ʦʙʨʘʥʠʡ ʪʨʘʥʩʧʦʨʪ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ 

ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʧʝʨʝʩʫʚʘʥʥʷ. 

 

1. ʌʨʽʤʝʥ ɽʨʽʢ. ɺʠʚʯʘʻʤʦ HTML, XHTML [ʊʝʢʩʪ]/ ʌʨʽʤʝʥ ɽʨʽʢ, ʌʨʽʤʝʥ 

ɽʣʽʟʘʙʝʪ. ï    ʄ.: ʇʽʪʝʨ, 2010. ï 656 ʩ. 
2. ɽʥʜʨʶ ʊʨʦʝʣʩʝʥ. ʄʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# 5.0 ʪʘ ʧʣʘʪʬʦʨʤʘ .NET 4.5 

[ʊʝʢʩʪ]/ ɽʥʜʨʶ ʊʨʦʝʣʩʝʥ. // 6-ʝ ʚʠʜʘʥʥʷ ï ʄ.: ɺʽʣôʷʤʩ, 2013. ï 1312 ʩ. 
3. ɼʝʚʽʜ ʉʦʡʻʨ ʄʘʢʬʘʨʣʘʥʜ. ʅʦʚʘ ʚʝʣʠʢʘ ʢʥʠʛʘ CSS. [ʊʝʢʩʪ]/ ɼʝʚʽʜ ʉʦʡʻʨ 

ʄʘʢʬʘʨʣʘʥʜ. - ʄ.: ʇʽʪʝʨ, 2016. - 720 ʩ. 
4. ITVDN [ ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://itvdn.com 
5. JavaScript [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://learn.javascript.ru 
6. ʇʝʪʢʦʚʽʯ ɼ. Microsoft SQL Server 2008. ʂʝʨʽʚʥʠʮʪʚʦ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ. 

[ʊʝʢʩʪ]/ ʇʝʪʢʦʚʠʯ ɼ.- Cʧʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2009. ð 752 c. 
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ʈʆɿʈʆɹʂɸ ʉɽʈɺɽʈʅʆɰ ʏɸʉʊʀʅʀ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ 

ʋʅɯɺɽʈʉʀʊɽʊʋ 

 

ɿʘʥʝʚʠʯ ʆʣʝʛ ɹʦʛʜʘʥʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  

Oleh.Zanevych@gmail.com 

 

ɹʝʟʧʝʨʝʨʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʽʢʠ ʟʫʤʦʚʣʶʻ ʧʨʦʮʝʩʠ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ 

ʤʘʡʞʝ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʠʥʠʢʘʶʪʴ ʧʦʪʨʝʙʠ ʚ ʨʦʟʨʦʙʮʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʰʚʠʜʢʫ ʽ ʷʢʽʩʥʫ 

ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʜʽʡʥʽʩʪʴ ʾʾ ʟʙʝʨʝʞʝʥʥʷ, ʚʦʣʦʜʽʪʠ ʚʣʘʩʪʠʚʽʩʪʶ 

ʛʥʫʯʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʤʝʪʦʶ ʣʝʛʢʦʾ ʪʘ ʛʥʫʯʢʦʾ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʥʘ ʙʫʜʴ-ʷʢʽ ʧʨʠʩʪʨʦʾ. ɯʟ ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʽ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʫ ʾʭʥʴʦʾ ʨʦʟʨʦʙʢʠ. 

ʆʜʥʽʻʶ ʟ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʚʫʟʽʚ ʋʢʨʘʾʥʠ ʻ ʨʦʟʨʦʙʢʘ ʣʦʢʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʙ ʟʙʝʨʽʛʘʣʘ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʢʣʘʜʘʯʽʚ, 

ʩʪʫʜʝʥʪʽʚ, ʨʦʙʦʯʽ ʥʘʚʯʘʣʴʥʽ ʧʣʘʥʠ, ʨʦʟʢʣʘʜ ʟʘʥʷʪʴ ʪʘ ʫʩʽ ʽʥʰʽ ʧʦʚôʷʟʘʥʽ ʟ 

ʥʠʤʠ ʩʫʪʥʦʩʪʽ  ̔ʥʘʜʘʚʘʣʘ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʰʚʠʜʢʦʛʦ ʧʦʰʫʢʫ ʧʦʪʨʽʙʥʠʭ 

ʜʘʥʠʭ ʟʘ ʫʩʽʤʘ ʤʦʞʣʠʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. 

ʆʙʨʘʚʰʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ REST ʧʽʜʭʽʜ, ʷ ʨʝʘʣʽʟʫʚʘʚ RESTful Web 

Service, ʷʢʠʡ ʥʘʜʘʻ API ʤʝʪʦʜʠ ʜʣʷ ʨʦʙʦʪʠ ʜʣʷ ʨʦʙʦʪʠ ʟ ʪʘʢʠʤʠ 

ʩʫʪʥʦʩʪʷʤʠ ʷʢ: 

 ʂʦʨʧʫʩʠ ʫʥʽʚʝʨʩʠʪʝʪʫ; 

 ʂʘʨʪʠ ʢʦʨʧʫʩʽʚ; 

 ʅʘʚʯʘʣʴʥʽ ʧʽʜʨʦʟʜʽʣʠ (ʬʘʢʫʣʴʪʝʪʠ, ʢʦʣʝʜʞʽ); 

 ʂʘʬʝʜʨʠ; 

 ʉʧʝʮʽʘʣʴʥʦʩʪʽ; 

 ʅʘʚʯʘʣʴʥʽ ʢʫʨʩʠ; 

 ʈʦʙʦʯʽ ʥʘʚʯʘʣʴʥʽ ʧʣʘʥʠ; 

 ɺʠʢʣʘʜʘʯʽ; 

 ʉʪʫʜʝʥʪʠ; 

 ɸʢʘʜʝʤʽʯʥʽ ʛʨʫʧʠ; 

 ɺʠʢʣʘʜʘʮʴʢʽ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

 ɸʫʜʠʪʦʨʥʠʡ ʬʦʥʜ; 

 ʈʦʟʢʣʘʜ ʟʘʥʷʪʴ; 

 ɻʫʨʪʦʞʠʮʴʢʽ ʢʽʤʥʘʪʠ; 

mailto:Oleh.Zanevych@gmail.com
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 ɯʥʰʽ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ ʤʽʩʮʷ. 

ʉʠʣʴʥʦʶ ʩʪʦʨʦʥʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʻ ʾʾ ʧʨʦʩʪʦʪʘ ʽ ʛʥʫʯʢʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɹʽʣʴʰʽʩʪʴ GET ʤʝʪʦʜʽʚ ʧʽʜʪʨʠʤʫʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ, ʟʘʜʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʚʠʙʽʨʢʫ ʣʠʰʝ ʢʦʥʢʨʝʪʥʠʭ 

ʧʦʣʽʚ, ʬʽʣʴʪʨʫʚʘʪʠ ʽ ʩʦʨʪʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʟʘ ʙʫʜʴ-ʷʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʊʘʢʦʞ  ̒ ʜʦʚʦʣʽ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʥʘʜʘʥʥʷ ʧʨʘʚ ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ (ʝʣʝʤʝʥʪʽʚ ʩʫʪʥʦʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ, 

ʢʦʥʢʨʝʪʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʢʫʨʩ). ʇʝʨʝʜʙʘʯʝʥʦ 6 ʨʽʚʥʽʚ ʜʦʩʪʫʧʫ ʜʦ ʢʦʞʥʦʾ ʽʟ 

ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʩʫʪʥʦʩʪʝʡ, ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʘʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ 

ʢʦʥʢʨʝʪʥʠʡ ʨʝʩʫʨʩ ʢʦʨʠʩʪʫʚʘʯʽʚ ʯʠ ʛʨʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʘ ʥʘʜʘʥʥʷ 

ʨʝʩʫʨʩʘʤ ʩʪʘʪʫʩʫ ʧʨʠʚʘʪʥʠʭ. 

ɺ ʷʢʦʩʪʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʙʫʣʘ ʦʙʨʘʥʘ Java, ʪʦʤʫ ʱʦ ʩʪʝʢ 

ʪʝʭʥʦʣʦʛʽʡ JavaEE ʟʘʙʝʟʧʝʯʫʻ ʧʦʙʫʜʦʚʫ ʤʘʩʰʪʘʙʦʚʘʥʦʾ, ʥʘʜʽʡʥʦʾ ʽ ʛʥʫʯʢʦʾ 

ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʇʨʦʝʢʪ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ Spring ʬʨʝʡʤʚʦʨʢʫ 

ʪʘ ʟʙʠʨʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Maven. ɹʘʟʘ ʜʘʥʠʭ ʧʦʙʫʜʦʚʘʥʘ ʧʽʜ ʉʋɹɼ 

PostgreSQL. ɼʣʷ ʨʦʙʦʪʠ ʟ ʥʝʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ORM-ʬʨʝʡʤʚʦʨʢ 

Hibernate. ʂʦʥʪʨʦʣʝʨʠ API ʤʝʪʦʜʽʚ ʨʝʘʣʽʟʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Spring 

MVC. ɸʚʪʝʥʪʠʬʽʢʘʮʽʷ ʽ ʘʚʪʦʨʠʟʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ Spring Security. ɼʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʚʘʣʽʜʘʮʽʾ ʢʦʜʫ ʧʽʜ ʯʘʩ 

ʟʙʠʨʘʥʥʷ ʧʨʦʝʢʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ Maven ʧʣʘʛʽʥʠ, ʷʢ Checkstyle ʽ 

FindBugs. ɯʥʪʝʛʨʘʮʽʡʥʝ ʪʝʩʪʫʚʘʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʙʦʪʠ ʫʩʽʭ API ʤʝʪʦʜʽʚ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʨʝʘʣʽʟʦʚʘʥʝ ʥʘ ʦʩʥʦʚʽ Gatling 

ʬʨʝʡʤʚʦʨʢʫ. 

ʅʘʧʠʩʘʥʠʡ ʤʥʦʶ Web Service ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʫʟʘʤ ʋʢʨʘʾʥʠ ʮʽʣʽʩʥʦ 

ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʚ ʦʜʥʽʡ ʙʘʟʽ ʜʘʥʠʭ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʫʩʶ ʥʝʦʙʭʽʜʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ ʰʣʷʭʦʤ ʚʠʢʣʠʢʫ ʧʨʦʩʪʠʭ ʽ ʛʥʫʯʢʠʭ API 

ʤʝʪʦʜʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʫʥʠʢʥʫʪʠ ʜʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ (ʷʢʱʦ ʪʘʢʝ ʧʨʠʩʫʪʥʻ, 

ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʢʦʞʝʥ ʬʘʢʫʣʴʪʝʪ ʤʘʻ ʩʚʽʡ ʦʢʨʝʤʠʡ ʩʘʡʪ), ʪʘ ʩʧʨʦʩʪʠʪʴ 

ʘʚʪʦʤʘʪʠʯʥʫ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʜʘʥʠʭ ʚʫʟʫ ʟ ɭɼɽɹʆ (ɭʜʠʥʦʶ ʜʝʨʞʘʚʥʦʶ 

ʝʣʝʢʪʨʦʥʥʦʶ ʙʘʟʦʶ ʟ ʧʠʪʘʥʴ ʦʩʚʽʪʠ). 

 

1. Leonard Richardson, Mike Amundsen, Sam Ruby RESTful Web APIs ð O'Reilly, 

2013 

2. Craig Walls Spring in Action (3rd Edition) ð Manning Publications, 2011 

3. Joseph Ottinger, Jeff Linwood, Dave Minter Beginning Hibernate: For Hibernate 5 
ð Apress, 2016 
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ʆɻʃʗɼ ɿɸʉʆɹɯɺ ʈɽʌʃɽʂʉɯɰ ʉɽʈɽɼʆɺʀʑɸ ʇʈʆɻʈɸʄʋɺɸʅʅʗ 

PHARO ʊɸ ʇʃɸʊʌʆʈʄʀ .NET 

 

ɿʘʮʝʨʢʦʚʥʠʡ ʈʦʩʪʠʩʣʘʚ ɻʨʠʛʦʨʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  

zatserkovnyi.rostyslav@gmail.com 

 

ɺ ʽʥʬʦʨʤʘʪʠʮʽ ʨʝʬʣʝʢʩʽʻʶ ʥʘʟʠʚʘʶʪʴ ʧʨʦʮʝʩ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʧʨʦʛʨʘʤʘ 

ʚʽʜʩʣʽʜʢʦʚʫʻ ʘʙʦ ʤʦʜʠʬʽʢʫʻ ʚʣʘʩʥʫ ʧʦʚʝʜʽʥʢʫ ʪʘ ʩʪʨʫʢʪʫʨʫ ʥʘ ʝʪʘʧʽ 

ʚʠʢʦʥʘʥʥʷ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʽʜʪʨʠʤʫʚʘʣʦ 

ʨʝʬʣʝʢʩʽʶ, ʚʦʥʦ ʤʘʻ ʜʘʚʘʪʠ ʧʨʦʛʨʘʤʽ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʚʥʫʪʨʽʰʥʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʽ ʤʦʜʠʬʽʢʫʚʘʪʠ ʮʽ ʩʪʨʫʢʪʫʨʠ ʚ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ. 

ʉʝʨʝʜʦʚʠʱʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Pharo, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Smalltalk, ʤʘʻ ʦʩʦʙʣʠʚʦ ʰʠʨʦʢʽ ʨʝʬʣʝʢʩʠʚʥʽ ʤʦʞʣʠʚʦʩʪʽ: 

ʚʩʽ ʚʥʫʪʨʽʰʥʽ ʩʫʪʥʦʩʪʽ ï ʢʣʘʩʠ, ʤʝʪʘʢʣʘʩʠ, ʩʧʠʩʢʠ ʤʝʪʦʜʽʚ, ʩʪʝʢ ʚʠʢʣʠʢʽʚ 

ʪʦʱʦ ï ʻ ʪʘʢ ʟʚʘʥʠʤʠ ʤʝʪʘʦʙôʻʢʪʘʤʠ. ʄʝʪʘʦʙôʻʢʪʠ ʤʦʞʥʘ ʷʢ ʧʝʨʝʛʣʷʥʫʪʠ 

(ʧʨʦʛʨʘʤʥʦ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʟʫʘʣʴʥʦʛʦ ʽʥʩʧʝʢʪʦʨʘ ʦʙôʻʢʪʽʚ), ʪʘʢ ʽ 

ʟʤʽʥʠʪʠ ʥʘ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ. ɺʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ Pharo ʪʝʞ ʻ 

ʤʝʪʘʦʙôʻʢʪʦʤ, ʱʦ ʜʘʻ ʧʨʦʛʨʘʤʽʩʪʫ ʤʦʞʣʠʚʽʩʪʴ ʙʫʜʫʚʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʟ 

ʥʫʣʷ, ʩʪʚʦʨʶʶʯʠ ʥʦʚʽ ʢʣʘʩʠ ʪʘ ʤʝʪʦʜʠ [1]. 

ʄʦʞʣʠʚʦʩʪʽ ʨʝʬʣʝʢʩʽʾ ʩʝʨʝʜʦʚʠʱʘ Pharo ʫʥʽʢʘʣʴʥʽ ʩʝʨʝʜ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʗʢ ʧʨʠʢʣʘʜ, ʧʦʧʫʣʷʨʥʘ ʧʣʘʪʬʦʨʤʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ .NET ʤʘʻ ʜʝʷʢʽ ʟʘʩʦʙʠ ʨʝʬʣʝʢʩʽʾ, ʦʜʥʘʢ ʮʽ ʟʘʩʦʙʠ, 

ʧʦʨʽʚʥʷʥʦ ʟ Pharo, ʻ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʤʠ. ʋ ʧʨʦʧʦʥʦʚʘʥʽʡ ʜʦʧʦʚʽʜʽ 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʦʙʠ ʨʝʬʣʝʢʩʠʚʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫ 

Pharo ʪʘ .NET ʽ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

 ʄʦʞʣʠʚʦʩʪʽ Pharo ʪʘ .NET ʱʦʜʦ ʽʥʪʨʦʩʧʝʢʮʽʾ (ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʥʫʪʨʽʰʥʽ ʩʫʪʥʦʩʪʽ) ʻ ʜʦʩʠʪʴ ʩʭʦʞʠʤʠ. Pharo 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʣʘʩʠ ʪʘ ʤʝʪʦʜʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʢʣʘʩʽʚ [1], ʪʦʜʽ ʷʢ ʫ .NET ʮʶ ʞ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 

ʨʝʘʣʽʟʦʚʫʶʪʴ ʢʣʘʩʠ ʙʽʙʣʽʦʪʝʢʠ System.Reflection [5]. 

 ʗʢ Pharo, ʪʘʢ ʽ .NET ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʤʝʪʦʜʠ ʥʘ ʝʪʘʧʽ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʚʝʨʥʝʥʥʷ ʜʦ ʢʦʤʧʽʣʷʪʦʨʘ 

[1] ʘʙʦ ʟʘʩʦʙʠ System.Reflection [3] ʚʽʜʧʦʚʽʜʥʦ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ Pharo, ʟʘʩʦʙʘʤʠ .NET ʥʝʤʦʞʣʠʚʦ ʨʝʜʘʛʫʚʘʪʠ ʚʠʭʽʜʥʠʡ 

ʢʦʜ ʧʨʦʛʨʘʤʠ ʚ ʧʨʦʮʝʩʽ ʾʾ ʚʠʢʦʥʘʥʥʷ ʘʙʦ ʟʤʽʥʶʚʘʪʠ ʥʘʷʚʥʽ ʢʣʘʩʠ 

mailto:zatserkovnyi.rostyslav@gmail.com


 

 

 

     21 

 

ʉʅʂʇʄʂʅ-2017      SSCAMCS-2017 

ʯʠ ʤʝʪʦʜʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʨʦʥʥʽʭ ʟʘʩʦʙʽʚ (ʥʘʧʨʠʢʣʘʜ, 

ʫʪʠʣʽʪʠ ʜʣʷ ʟʘʤʽʥʠ ʤʝʪʦʜʽʚ CLR ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ 

[2]). 

 Pharo ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʥʽ ʤʝʪʨʠʢʠ ʢʦʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʙʫʜʦʚʘʥʠʭ ʤʝʪʦʜʽʚ (allSelectors, allSuperclasses, linesOfCode ʪʘ 

ʽʥ.) ʋ .NET ʥʝʤʘʻ ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʘʣʝ ʩʭʦʞʽ ʤʝʪʨʠʢʠ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʽʭ ʟʘʩʦʙʽʚ ï ʥʘʧʨʠʢʣʘʜ, Code 

Metrics PowerTool ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ Visual Studio [4]. 

 Pharo ʪʘ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ .NET (Visual Studio, MonoDevelop) ʤʘʶʪʴ ʩʭʦʞʽ ʟʘʩʦʙʠ ʜʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ ʩʫʪʥʦʩʪʝʡ: ʽʥʩʧʝʢʪʦʨ ʟʤʽʥʥʠʭ, ʟʘʩʽʙ 

ʧʦʰʫʢʫ ʤʝʪʦʜʽʚ ʽ ʪ. ʽʥ. ʑʦʧʨʘʚʜʘ, ʥʘʣʘʛʦʜʞʫʚʘʯ Pharo ʟʥʘʯʥʦ 

ʧʦʪʫʞʥʽʰʠʡ ʟʘ ʘʥʘʣʦʛʠ ʫ .NET ʽ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʘʙʦ ʜʦʜʘʚʘʪʠ 

ʚʠʭʽʜʥʠʡ ʢʦʜ ʧʽʜ ʯʘʩ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʠ. ɺ ʮʽʣʦʤʫ 

ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ ʜʣʷ ʧʣʘʪʬʦʨʤʠ .NET ʻ ʟʚʠʯʘʡʥʠʤʠ 

ʘʧʣʽʢʘʮʽʷʤʠ, ʘ ʥʝ ʧʦʚʥʦʮʽʥʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʽ 

ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʥʦ ʢʝʨʫʚʘʪʠ ʝʣʝʤʝʥʪʘʤʠ ʩʚʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ. 

ʅʘʜʘʣʽ ʟʘʧʣʘʥʦʚʘʥʦ ʨʦʟʨʦʙʢʫ ʜʚʦʭ ʘʧʣʽʢʘʮʽʡ (ʥʘʧʠʩʘʥʠʭ, ʚʽʜʧʦʚʽʜʥʦ, 

ʥʘ Pharo ʪʘ .NET), ʷʢʽ ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʚʘʪʠʤʫʪʴ ʨʽʟʥʠʮʶ ʤʽʞ 

ʨʝʬʣʝʢʩʠʚʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʜʚʦʭ ʩʝʨʝʜʦʚʠʱ. 

1. Ducasse S. Pharo by Example 5.0. / St®phane Ducasse et. al. ï Square Bracket 

Associates, Switzerland, 2017. ï 358 p. 

2. Elmalki Z. CLR Injection: Runtime Method Replacer [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / 

Ziad Elmalki // CodeProject, 2009. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.codeproject.com/Articles/37549/CLR-Injection-Runtime-

Method-Replacer ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

3. Iaroshko S. Dynamic Construction of Functionality of an Application by 

Reflection Tools [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / S. Iaroshko // CodeProject, 2016. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.codeproject.com/Articles/1112276/Dynamic-

Construction-of-Functionality-of-an-Applic ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

4. Willis C. Code Metrics PowerTool for Visual Studio 2015 Available on 

Microsoft Download Center / Charles Willis (MSFT) // MSDN, 2015. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://blogs.msdn.microsoft.com/visualstudioalm/2015/07/23/code-metrics-

powertool-for-visual-studio-2015-available-on-microsoft-download-center/ ï 

ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

5. Reflection in the .NET Framework [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // MSDN, 2017. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://msdn.microsoft.com/en-us/library/f7ykdhsy.aspx ï 
ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

https://msdn.microsoft.com/en-us/library/f7ykdhsy.aspx
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ɯɼɽʅʊʀʌɯʂɸʎɯʗ ʇɽʈʉʆʅ ʅɸ ɻʈɸʌɯʏʅʆʄʋ ɿʆɹʈɸɾɽʅʅɯ 

ʄɽʊʆɼʆʄ ɺɯʆʃʀ-ɼɾʆʅʉɸ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʌɯʃʔʊʈʋ 

ʂɸʃʔʄɸʅɸ 

ɯʚʘʥʯʠʰʠʥ ʇ.ʇ., ʏʘʙʘʥʶʢ ʗ.ʄ., ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  

p.ivanchyshyn@gmail.com 

ʆʜʥʽʻʶ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʩʫʯʘʩʥʠʭ ʧʨʦʙʣʝʤ ʻ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

ʧʝʨʩʦʥ ʥʘ ʛʨʘʬʽʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ʇʝʨʝʜ ʜʦʩʣʽʜʥʠʢʘʤʠ ʧʦʩʪʘʻ ʮʽʣʠʡ ʨʷʜ 

ʧʨʦʙʣʝʤ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ. ɼʦ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

1. ʈʦʟʨʦʙʢʘ/ʚʠʙʽʨ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʜʘʚʘʣʘ ʙʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʨʘʭʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʣʶʜʩʴʢʦʛʦ ʦʙʣʠʯʯʷ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʯʽʪʢʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʽʥʰʽ ʯʠʥʥʠʢʠ. 

2. ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʫ ʯʠʩʝʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʪʨʫʩʴ ʽʟ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. 

3. ʈʦʟʨʦʙʢʘ/ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ, ʟʜʘʪʥʦʾ ʜʦ ʥʘʚʯʘʥʥʷ, ʷʢʘ ʥʘ ʦʩʥʦʚʽ  

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʤʦʞʝ ʨʦʙʠʪʠ ʧʨʦʛʥʦʟʠ ʽʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ. 

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʠʭ, ʪʘ ʥʠʟʢʠ ʽʥʰʠʭ ʧʨʦʙʣʝʤ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʘʣʛʦʨʠʪʤ ɺʽʦʣʠ-ɼʞʦʥʩʘ (ʚʠʷʚʣʝʥʥʷ ʦʙʣʠʯ, ʘʣʝ ʥʝ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʾʭ), ʘʣʛʦʨʠʪʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʬʽʣʴʪʨ ʂʘʣʴʤʘʥʘ, ʜʣʷ ʙʽʣʴʰ 

ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫ. 

ɸʣʛʦʨʠʪʤ ɺʽʦʣʠ-ɼʞʦʥʩʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʯʦʪʠʨʴʦʭ ʢʨʦʢʽʚ: 

1. ɺʠʙʽʨ ʦʟʥʘʢ ʍʘʘʨʘ. 

2. ʉʪʚʦʨʝʥʥʷ ʮʽʣʽʩʥʦʛʦ (ʽʥʪʝʛʨʘʣʴʥʦʛʦ) ʟʦʙʨʘʞʝʥʥʷ. 

3. Adaboost ʥʘʚʯʘʥʥʷ. 

4. ʂʘʩʢʘʜʥʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ. 

ʆʟʥʘʢʠ ʍʘʘʨʘ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʚʩʽ ʣʶʜʩʴʢʽ ʦʙʣʠʯʯʷ ʤʘʶʪʴ ʩʭʦʞʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.ɼʝʷʢʽ ʽʟ ʩʧʽʣʴʥʠʭ ʦʟʥʘʢ ʜʣʷ ʣʶʜʩʴʢʠʭ ʦʙʣʠʯ: 

ǒ ʆʙʣʘʩʪʴ ʦʯʝʡ ʻ ʪʝʤʥʽʰʦʶ ʟʘ ʚʝʨʭʥʶ ʦʙʣʘʩʪʴ ʱʽʢ. 

ǒ ʆʙʣʘʩʪʴ ʧʝʨʝʥʽʩʩʷ ʻ ʷʩʢʨʘʚʽʰʦʶ ʟʘ ʦʙʣʘʩʪʴ ʦʯʝʡ. 

ʅʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʬʦʨʤʫʶʪʴ ʚʧʽʟʥʘʚʘʥʽ ʨʠʩʠ ʦʙʣʠʯʯʷ: 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʽ ʨʦʟʤʽʨ: ʦʯʽ, ʨʦʪ, ʧʝʨʝʥʽʩʩʷ. 

ɿʥʘʯʝʥʥʷ: ʦʨʽʻʥʪʦʚʘʥʽ ʛʨʘʜʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ. 

mailto:p.ivanchyshyn@gmail.com
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ʈʠʩ. 1. ʆʟʥʘʢʘ ʍʘʘʨʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʥʽʩʩʷ. 

ʈʠʩ. 2. ʆʟʥʘʢʘ ʍʘʘʨʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʯʝʡ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1 ʪʘ 2 ʙʘʯʠʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʟʥʘʢ ʍʘʘʨʘ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʥʽʩʩʷ ʽ ʦʯʝʡ ʥʘ ʬʦʪʦʛʨʘʬʽʾ. 

ɿʥʘʯʝʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʦʟʥʘʢ ʨʘʭʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ɿʥʘʯʝʥʥʷ = Ɇ(ʧʯ) - Ɇ (ʧʙ), ʜʝ 
ʧʯ ï ʧʽʢʩʝʣʽ ʫ ʯʦʨʥʦʤʫ ʧʨʷʤʦʢʫʪʥʠʢʫ,  ʧʙ ï ʧʽʢʩʝʣʽ ʫ ʙʽʣʦʤʫ 

ʧʨʷʤʦʢʫʪʥʠʢʫ. 

 ʉʪʚʦʨʝʥʥʷ ʮʽʣʽʩʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, adaboost ʥʘʚʯʘʥʥʷ ʪʘ ʢʘʩʢʘʜʥʽ 

ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʟʦʤ ʽʟ ʦʟʥʘʢʘʤʠ ʍʘʘʨʘ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʦʙʣʠʯ ʥʘ ʛʨʘʬʽʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. 

 ʆʢʨʽʤ ʚʠʷʚʣʝʥʥʷ ʦʙʣʠʯ ʥʘ ʛʨʘʬʽʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʥʝʦʙʭʽʜʥʦ 

ʪʘʢʦʞ ʥʘʚʯʠʪʠ ʩʠʩʪʝʤʫ ʘʥʘʣʽʟʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʤʽʪʠ ʨʦʙʠʪʠ ʷʢʽʩʴ 

ʧʝʨʝʜʙʘʯʝʥʥʷ. ʆʜʠʥ ʽʟ ʤʝʪʦʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ 

ʨʦʜʫ ʟʘʜʘʯʽ, ʤʘʻ ʥʘʟʚʫ ʤʘʰʠʥʠ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ ( SVM - support vector 

machine). ʋ ʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʢʦʞʝʥ ʽʟ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ ʥʘʥʦʩʠʪʴʩʷ ʥʘ n-

ʚʠʤʽʨʥʠʡ ʧʨʦʩʪʽʨ (ʜʝ n - ʢʽʣʴʢʽʩʪʴ ʥʘʷʚʥʠʭ ʦʟʥʘʢ) ʟʽ ʟʥʘʯʝʥʥʷʤ ʢʦʞʥʦʾ 

ʦʟʥʘʢʠ, ʱʦ ʻ ʟʥʘʯʝʥʥʷʤ ʢʦʥʢʨʝʪʥʦʾ ʢʦʦʨʜʠʥʘʪʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʦʰʫʢʦʤ ʛʽʧʝʨʧʣʦʱʠʥʠ, ʷʢʽ ʜʦʙʨʝ ʜʽʣʷʪʴʩʷ ʥʘ ʜʚʘ ʢʣʘʩʠ. 
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ʈʠʩ. 3. SVM ʘʣʛʦʨʠʪʤ. 

ʅʘ ʨʠʩʫʥʢʫ 3 ʙʘʯʠʤʦ ʱʦ ʦʩʥʦʚʥʦʶ ʽʜʝʻʶ ʤʝʪʦʜʫ ʦʧʦʨʤʠʭ ʚʝʢʪʦʨʽʚ ʻ 

ʧʦʰʫʢ ʥʘʡʙʣʠʞʯʦʛʦ (ʥʘʡʢʨʘʱʦʛʦ) ʧʦʜʽʣʫ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ( ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ) ʥʘ ʜʚʘ ʢʣʘʩʠ (ʢʣʘʩʪʝʨʠ). ɼʣʷ ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʽʜʥʘ 

ʧʦʯʘʪʢʦʚʘ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ, ʷʢʠʭ ʻ ʜʦʩʪʘʪʥʴʦ ʙʘʛʘʪʦ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʜʦʩʪʫʧʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʯʘʪʢʦʚʦ ʥʘʚʯʠʪʠ ʘʣʛʦʨʠʪʤ ʥʘ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ, ʘ 

ʜʘʣʽ ʚʞʝ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʚʽʥ ʙʫʜʝ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠʩʴ ʥʘ ʦʩʥʦʚʽ ʥʦʚʠʭ, 

ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ. ʆʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʨʦʙʠʪʴ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʚʦʣʽ 

ʪʦʯʥʠʤ. 

 ʇʨʘʚʠʣʴʥʦ ʨʝʘʣʽʟʫʚʘʚʰʠ ʦʧʠʩʘʥʽ ʚʠʱʝ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʽʜʭʦʜʠ, ʤʠ 

ʦʪʨʠʤʘʻʤʦ ʤʦʞʣʠʚʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙʣʠʯ ʥʘ ʛʨʘʬʽʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. 

ʆʜʥʠʤ ʽʟ ʩʣʘʙʢʠʭ ʤʽʩʮʴ ʜʘʥʦʾ ʤʦʜʝʣʽ ʻ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʥʝ ʜʫʞʝ ʷʢʽʩʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ñʙʽʣʦʛʦ ʰʫʤʫò, ʪʦʱʦ.  

 

ʈʠʩ. 4. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʝʨʩʦʥʠ 
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ʅʘ ʨʠʩʫʥʢʫ 4 ʧʦʢʘʟʘʥʦ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ. 

ɹʘʯʠʤʦ ʨʝʟʫʣʴʪʘʪ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʝʨʩʦʥʠ ʥʘ ʦʩʥʦʚʽ ʥʘʪʨʝʥʦʚʘʥʦʾ ʙʘʟʠ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʬʽʣʴʪʨ 

ʂʘʣʴʤʘʥʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ 

ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʽ ʧʦʨʽʚʥʶʚʘʪʠ ʧʦʧʝʨʝʜʥʽ ʩʪʘʥʠ ʽʟ ʧʦʪʦʯʥʠʤʠ, ʱʦ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙʣʠʯ. 
1. ʂʘʨʜʘʰ ɸ.ɯ., ʃʝʚʠʮʴʢʘ ʉ.ʄ., ɼʫʜʠʢʝʚʠʯ ɸ.ʊ. ɿʘʜʘʯʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʣʶʜʩʴʢʠʭ ʦʙʣʠʯ ʤʝʪʦʜʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ð ʃʴʚʽʚ, 2013. 

2. ʄʠʮʢʦ ɸ.ɭ., ʇʘʨʘʤʫʜ ʗ.ʉ. ʇʨʦʛʨʘʤʥʠʡ ʩʝʨʚʽʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 3D ʩʝʥʩʦʨʘ PrimeSense Carmine 1.08. 

3. ʇʠʩʘʨʝʥʢʦ ɼ. Eigenface-based facial recognition ï February 13, 2003 

4. ʌʝʜʦʨʦʚ ɼ. ʄ. ʄʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʠʯʯʷ 

ʱʦʜʦ ʘʬʽʥʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. ʅʘʫʢʦʻʤʥʽ ʪʝʭʥʦʣʦʛʽʾ.  ï 2013. ï ˉ 3. ï 

c. 294-298.  

5. Sunil R.  Understanding Support Vector Machine algorithm from examples. ï 

Analytics Vidhya, October 6, 2015 

6. Viola P. Rapid Object Detection using a Boosted Cascade of Simple Features, 

/ Viola  P. and Jones M.J. Proceedings IEEE Conf. on Computer Vision and 

Pattern Recognition (CVPR 2001), 2001. 

7. Viola P.  Robust real-time face detection, / Viola P. and Jones M.J. 

International Journal of Computer Vision, vol.57, no. 2, 2004, pp.137-154. 
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ʈʆɿʈʆɹʂɸ ʉʎɽʅɸʈɯɰɺ ʆʅʃɸʁʅ ʅɸɺʏɸʅʅʗ 

 

ʂʘʨʧʽʥʩʴʢʘ ʗʥʘ ɯʛʦʨʽʚʥʘ, ʋʢʨʘʾʥʘ 

          ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ, 

               ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

yana.karpinska13@gmail.com 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʥʣʘʡʥ 

ʥʘʚʯʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʙʝʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʁ ʪʝʨʽʚ 

ʩʪʫʜʝʥʪʘʤʠ. ɸʜʞʝ, ʥʘ ʞʘʣʴ, ʚ ʜʘʥʠʡ ʯʘʩ ʥʝ ʟʘʚʞʜʠ ʻ ʜʦʩʪʫʧ ʜʦ ʜʦʩʪʘʪʥʴʦʾ 

ʢʽʣʴʢʦʩʪʽ ʢʦʤʧôʁ ʪʝʨʽʚ, ʱʦʙ ʧʨʦʚʝʩʪʠ ʥʘʚʯʘʥʥʷ/ʪʝʩʪʫʚʘʥʥʷ ʜʣʷ ʚʩʽʭ 

ʩʪʫʜʝʥʪʽʚ. 

ʊʦʤʫ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʥʝʩʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʢʫʨʩʫ 

ʥʘʚʯʘʥʥʷ ʚ ʨʝʞʠʤ ʦʬʬʣʘʡʥ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʚʽʨʢʘ ʽ ʦʙʨʦʙʢʘ ʨʦʙʽʪ 

ʟʘʣʠʰʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧʽʜʭʽʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʚʠʢʣʘʜʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʥʝʩʪʠ ʪʘʢʽ ʯʘʩʪʠʥʠ ʥʘʚʯʘʥʥʷ ʷʢ ʪʝʩʪʫʚʘʥʥʷ - 

ʚ ʦʬʬʣʘʡʥ ʨʝʞʠʤ. ɺʩʝ, ʱʦ ʡʦʤʫ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ - ʮʝ ʚʠʜʨʫʢʫʚʘʪʠ 

ʪʝʩʪʠ ʽ ʙʣʘʥʢ ʚʽʜʧʦʚʽʜʝʡ ʜʣʷ ʩʪʫʜʝʥʪʘ, ʜʘʣʽ ʩʪʫʜʝʥʪʠ ʟʘʧʦʚʥʶʶʪʴ ʙʣʘʥʢʠ ʽ 

ʧʽʩʣʷ ʮʴʦʛʦ ʚʠʢʣʘʜʘʯ ʟʘʚʘʥʪʘʞʫʻ ʚʽʜʩʢʘʥʦʚʘʥʽ ʙʣʘʥʢʠ ʫ ʩʠʩʪʝʤʫ. 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʾ ʦʙʨʦʙʢʠ ʽ ʟʯʠʪʫʚʘʥʥʷ ʚʽʜʩʢʘʥʦʚʘʥʦʛʦ ʙʣʘʥʢʫ ʚʽʥ ʤʘʻ 

ʧʝʚʥʠʡ ʩʪʘʥʜʘʨʪ. ɿʦʢʨʝʤʘ, ʙʣʘʥʢ ʤʽʩʪʠʪʴ QR-ʢʦʜ ʟ ʟʘʢʦʜʦʚʘʥʠʤ ʚ ʥʴʦʤʫ 

ʫʥʽʢʘʣʴʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʩʪʫʜʝʥʪʘ, ʱʦ ʩʢʣʘʜʘʻ ʪʝʩʪ, ʽ ʧʠʪʘʥʴ, ʥʘ ʷʢʽ 

ʚʽʥ ʜʘʻ ʚʽʜʧʦʚʽʜʽ. ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʘʤʠʭ ʚʽʜʧʦʚʽʜʝʡ ʥʘʷʚʥʘ 

ʪʘʙʣʠʮʷ, ʫ ʷʢʫ ʩʪʫʜʝʥʪ ʚʥʦʩʠʪʴ ʩʚʦʾ ʚʽʜʧʦʚʽʜʽ. ʋ ʢʫʪʢʘʭ ʪʘʙʣʠʮʽ ʨʦʟʤʽʱʝʥʽ 

ʤʘʨʢʝʨʠ ʫ ʬʦʨʤʽ ʢʦʣʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʨʝʢʪʥʝ ʟʯʠʪʫʚʘʥʥʷ ʪʘʙʣʠʮʽ 

ʥʘʚʽʪʴ ʷʢʱʦ ʚʽʜʩʢʘʥʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʻ ʥʝ ʨʽʚʥʠʤ ʘʙʦ ʦʙʝʨʥʝʥʠʤ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʤʘʨʢʝʨʽʚ ʽ ʧʨʦʚʝʜʝʥʥʷ ʫʷʚʥʠʭ ʣʽʥʽʡ 

ʤʽʞ ʮʝʥʪʨʘʤʠ ʢʽʣ ʤʠ ʟʘʚʞʜʠ ʦʪʨʠʤʘʻʤʦ ʪʘʙʣʠʮʶ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʩʝʨʝʜʠʥʽ ʫʷʚʥʦʛʦ ʢʚʘʜʨʘʪʫ ʽ ʟʘʚʞʜʠ ʤʦʞʝʤʦ ʢʦʨʝʢʪʥʦ ʦʙʝʨʥʫʪʠ ʮʝʡ 

ʢʚʘʜʨʘʪ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʧʦʭʠʙʢʠ ʩʢʘʥʫʚʘʥʥʷ, ʪʘʙʣʠʮʷ 

ʟʘʚʞʜʠ ʙʫʜʝ ʚʝʨʪʠʢʘʣʴʥʦ ʨʦʟʤʽʱʝʥʘ ʽ ʤʠ ʟʤʦʞʝʤʦ ʨʦʟʧʽʟʥʘʪʠ ʚʽʜʧʦʚʽʜʽ 

ʩʪʫʜʝʥʪʘ ʢʦʨʝʢʪʥʦ. 

mailto:yana.karpinska13@gmail.com
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ɿ ʤʝʪʦʶ ʟʯʠʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ ʩʪʫʜʝʥʪʘ ʥʘ ʪʝʩʪʦʚʽ ʟʘʧʠʪʘʥʥʷ, ʫ 

ʨʦʙʦʪʽ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʠʩʘʥʠʭ ʮʠʬʨ ʽ 

ʦʙʨʦʙʢʫ ʾʭ ʫ ʩʠʩʪʝʤʽ ʦʥʣʘʡʥ ʥʘʚʯʘʥʥʷ. 

ɼʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʠʬʨ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʽ ʥʘʚʯʝʥʦ ʥʝʡʨʦʥʥʫ 

ʤʝʨʝʞʫ, ʷʢʘ ʽʜʝʥʪʠʬʽʢʫʻ ʮʠʬʨʠ ʥʘʧʠʩʘʥʽ ʚʽʜ ʨʫʢ. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʙʫʣʘ 

ʥʘʚʯʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ MNIST ʙʘʟʠ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ.  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ Softmax-

ʨʝʛʨʝʩʽʾ. Softmax ʨʝʛʨʝʩʽʷ ʤʘʻ ʜʚʘ ʝʪʘʧʠ: ʩʧʦʯʘʪʢʫ ʤʠ ʚʠʟʥʘʯʘʻʤʦ 

çʜʦʢʘʟʠè ʪʦʛʦ, ʱʦ ʥʘʰʽ ʚʭʽʜʥʽ ʜʘʥʽ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʧʝʚʥʠʭ ʢʣʘʩʘʭ, ʘ ʧʦʪʽʤ 

ʧʝʨʝʪʚʦʨʶʻʤʦ ʮʽ ʜʦʢʘʟʠ ʚ ʡʤʦʚʽʨʥʦʩʪʽ.  

ʑʦʙ ʧʽʜʨʘʭʦʚʫʚʘʪʠ çʜʦʢʘʟʠè ʪʦʛʦ, ʱʦ ʜʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʻ ʚ ʧʝʚʥʦʤʫ 

ʢʣʘʩʽ, ʤʠ ʨʘʭʫʻʤʦ ʟʚʘʞʝʥʫ ʩʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʽʢʩʝʣʽʚ. ɺʘʛʘ ʻ 

ʥʝʛʘʪʠʚʥʦʶ, ʷʢʱʦ ʧʽʢʩʝʣʴ, ʱʦ ʤʘʻ ʚʠʩʦʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʜʯʠʪʴ çʧʨʦʪʠè 

ʪʦʛʦ ʱʦ ʟʦʙʨʘʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʴʦʤʫ ʢʣʘʩʽ, ʽ ʧʦʟʠʪʠʚʥʝ - ʷʢʱʦ 

ʩʚʽʜʯʠʪʴ çʟʘè. 

ɼʣʷ ʢʦʞʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʤʠ ʦʙʯʠʩʣʶʻʤʦ ʟʚʘʞʝʥʫ ʩʫʤʫ 

ʥ̔ʪʝʥʩʠʚʥʦʩʪʝʡ ʧʽʢʩʝʣʽʚ (x), ʜʦʜʘʻʤ ʟʤʽʱʝʥʥʷ, ʘ ʧʦʪʽʤ ʟʘʩʪʦʩʫʚʫʻʤʦ 

Softmax. ɼʘʣʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʧʦʭʠʙʢʫ 

ʤʦʜʝʣʽ ʽ ʥʘʤʘʛʘʻʤʦʩʷ ʾʾ ʤʽʥʽʤʽʟʫʚʘʪʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʢʨʘʱʫʶʯʠ ʥʘʰʫ 

ʤʦʜʝʣʴ. ʇʦʭʠʙʢʫ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʻʤʦ ʬʫʥʢʮʽʻʶ çʢʨʦʩ-ʝʥʪʨʦʧʽʾè  

H y' (y)= ï ×i yi' log (yi), 

ʜʝ y ï ʥʘʰʝ ʧʝʨʝʜʙʘʯʝʥʥʷ, ʽ  y' ï ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ (ʚʝʢʪʦʨ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʤʽʪʦʢ). ʈʦʟʚô̫ ʟʫʻʤʦ ʟʘʜʘʯʫ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ ʛʨʘʜʽʻʥʪʥʠʤ ʩʧʫʩʢʦʤ. 

ʇʽʩʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ ʩʪʫʜʝʥʪʘ ʢʦʞʥʘ ʟ ʥʠʭ ʘʩʦʮʽʶʻʪʴʩʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʧʠʪʘʥʥʷʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʻʪʴʩʷ ʤʦʜʝʣʴ ʜʘʥʠʭ, ʷʢʘ ʜʘʣʽ 

ʦʙʨʦʙʣʷʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʦʥʣʘʡʥ ʥʘʚʯʘʥʥʷ ʪʘʢʠʤ ʩʘʤʠʤ ʯʠʥʦʤ ʷʢ ʽ ʪʝʩʪʠ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʥʣʘʡʥ ʨʝʞʠʤʽ. ɭʜʠʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʩʬʦʨʤʦʚʘʥʘ ʤʦʜʝʣʴ ʥʝ ʤʘʻ ʯʘʩʦʚʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʩʪʽʚ. 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʚʩʽ ʜʘʥʽ ʦʙʨʦʙʠʣʠʩʴ ʩʠʩʪʝʤʦʶ, ʜʝʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫ, ʟ 

ʦʮʽʥʢʦʶ ʟʘ ʢʦʞʥʝ ʧʠʪʘʥʥʷ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʩʘʡʪʽ ʩʠʩʪʝʤʠ. 

ʆʪʞʝ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʩʪʫʚʘʥʥʷ ʚ ʦʬʬʣʘʡʥ ʨʝʞʠʤʽ, ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʰʠ ʝʪʘʧ ʧʝʨʝʚʽʨʢʠ ʪʝʩʪʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʯʠʪʫʚʘʥʥʷ ʚʽʜʩʢʘʥʦʚʘʥʦʛʦ 
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ʙʣʘʥʢʫ, ʘ ʩʘʤʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʘ ʦʙʨʦʙʢʘ ʥʘʧʠʩʘʥʠʭ ʥʘ ʥʴʦʤʫ ʚʽʜ 

ʨʫʢʠ ʮʠʬʨ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʣʠʰʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʠʬʨ, 

ʧʨʦʪʝ ʮʝ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʠʤ ʥʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʥʘʧʠʩʘʥʦʛʦ ʪʝʢʩʪʫ. 

1. Machine Learning by Stanford University - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
https://www.coursera.org/learn/machine-learning/ 

2. Machine Learning in Python - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://scikit-learn.org/ 

3. Tensorflow - an open-source software library for Machine Intelligence -  ʈʝʞʠʤ 
ʜʦʩʪʫʧʫ: https://www.tensorflow.org/ 
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ʊʋʈʀʉʊʀʏʅʀʁ ɹʃʆɻ  çTOURIST STORIESè 

 

ʂʣʽʥʢʦʚʘ ɯʨʠʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, ʋʢʨʘʾʥʘ 

ʍʘʨʢʽʚʩɹʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ,  

ʬʘʢʫʣʴʪʝʪ ʂʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ 

iklinkova@yandex.ru 

 

ʅʘ ʥʘʰʽʡ ʧʣʘʥʝʪʽ ʩʪʽʣʴʢʠ ʥʝʟʚʽʜʘʥʦʛʦ, ʩʪʽʣʴʢʠ ʮʽʢʘʚʦʛʦ, ʱʦ ʟʘ ʚʩʝ 

ʞʠʪʪʷ ʣʶʜʠʥʘ ʥʝ ʟʤʦʞʝ ʧʦʙʫʚʘʪʠ ʫ ʚʩʽʭ ʢʫʪʦʯʢʘʭ ɿʝʤʣʽ. ʂʦʞʝʥ, ʭʪʦ ʭʦʯ 

ʨʘʟ, ʭʦʪʽʚ ʜʝʩʴ ʧʦʤʘʥʜʨʫʚʘʪʠ, ʟʘʜʘʚʘʚʩʷ ʧʠʪʘʥʥʷʤʠ: çɸ ʢʫʜʠ ʧʦʾʭʘʪʠ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ?è, çɼʝ ʮʽʢʘʚʽʰʝ ʟʘ ʚʩʝ?è,  çʗʢ ʧʦʜʦʨʦʞʫʶʪʴ ʽʥʰʽ ʣʶʜʠ?è. ʋ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ  ʜʦʧʦʤʦʛʪʠ ʜʦʩʚʽʜ ʪʘ ʧʦʨʘʜʠ ʟʥʘʡʦʤʠʭ,  ʘʣʝ 

ʥʘʡʯʘʩʪʽʰʝ ʚʦʥʠ ʙʫʚʘʣʠ ʪʽʣʴʢʠ ʚ ʜʝʢʽʣʴʢʦʭ ʮʽʢʘʚʠʭ ʪʫʨʠʩʪʠʯʥʠʭ ʤʽʩʮʷʭ, 

ʪʦʤʫ ʧʦʨʘʜʠ ʙʫʜʫʪʴ ʧʦʚôʷʟʘʥʽ ʣʠʰʝ ʟ ʥʠʤʠ. ɯʩʥʫʻ ʚʘʨʽʘʥʪ ʚʠʙʦʨʫ ʤʽʩʮʷ 

ʧʦʜʦʨʦʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʫʨʠʩʪʠʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʘʣʝ ʮʝ ʤʦʞʝ ʙʫʪʠ ʜʦʨʦʛʦ 

ʘʙʦ ʟʘʚʜʷʢʠ ʨʝʢʣʘʤʽ ʪʫʨʠʩʪʠʯʥʦʛʦ ʤʽʩʮʷ ʦʯʽʢʫʚʘʥʥʷ ʤʦʞʫʪʴ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʨʝʘʣʴʥʦʩʪʽ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʰʠʡ ʚʘʨʽʘʥʪ.  
ɯʥʰʠʤ ʤʦʞʣʠʚʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʪʫʨʠʩʪʠʯʥʠʡ ʙʣʦʛ, ʜʝ ʣʶʜʠ 

ʟʘʣʠʰʘʶʪʴ ʩʚʦʾ ʽʩʪʦʨʽʾ ʧʦʜʦʨʦʞʝʡ. ɺ ʽʥʪʝʨʥʝʪʽ ʚʞʝ ʻ ʪʫʨʠʩʪʠʯʥʽ ʙʣʦʛʠ, 

ʘʣʝ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʽʩʥʫʶʯʽ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʚ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʻ ʭʦʯʘ ʙ 

ʦʜʠʥ ʟ ʥʠʞʯʝ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʥʝʜʦʣʽʢʽʚ  
1. ɹʣʦʛ ʚʝʜʝ ʪʽʣʴʢʠ ʦʜʥʘ ʣʶʜʠʥʘ (ʪʦʙʪʦ ʪʦʯʢʘ ʟʦʨʫ ʧʨʦ ʢʨʘʾʥʫ, ʘʙʦ 
ʤʽʩʪʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʫʤʢʠ ʦʜʥʦʾ ʣʶʜʠʥʠ). 

2. ɯʩʪʦʨʽʾ ʥʝ ʨʦʟʜʽʣʷʶʪʴʩʷ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ. ʇʨʠʢʣʘʜʠ ʢʘʪʝʛʦʨʽʡ: 

ʢʨʘʾʥʘ, ʤʽʩʪʦ, ʘʢʪʠʚʥʠʡ ʚʽʜʧʦʯʠʥʦʢ, ʧʘʩʠʚʥʠʡ ʚʽʜʧʦʯʠʥʦʢ, 

ʩʽʤʝʡʥʠʡ ʚʽʜʧʦʯʠʥʦʢ. ʊʘʢʠʡ ʧʦʜʽʣ ʥʘ ʢʘʪʝʛʦʨʽʾ ʫʩʢʣʘʜʥʶʻ ʧʦʰʫʢ 

ʥʝʦʙʭʽʜʥʦʾ ʽʩʪʦʨʽʾ. 

3. ʅʝʤʘ ʧʦʰʫʢʫ ʧʦ ʩʘʡʪʫ - ʮʝ ʫʩʢʣʘʜʥʶʻ ʧʦʰʫʢ ʥʝʦʙʭʽʜʥʦʾ ʽʩʪʦʨʽʾ. 

4. ʅʝʤʘ ʨʝʡʪʠʥʛʫ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʢʨʘʾʥ, ʤʽʩʪ ʘʙʦ ʧʘʤôʷʪʦʢ -ʮʝ 

ʪʝʞ ʫʩʢʣʘʜʥʶʻ ʚʠʙʽʨ ʤʽʩʮʷ ʚʽʜʧʦʯʠʥʢʫ. 

5. ʅʝʤʘ ʨʝʡʪʠʥʛʫ ʥʘʡʙʽʣʴʰ ʢʦʨʠʩʥʠʭ ʽʩʪʦʨʽʡ ʪʘ ʾʭ ʦʮʽʥʢʠ - ʘ ʮʝ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʪʦʛʦ,  ʱʦʙ ʚʽʜʦʢʨʝʤʠʪʠ ʮʽʢʘʚʽ ʪʘ ʢʦʨʠʩʥʽ ʽʩʪʦʨʽʾ ʚʽʜ 

ʥʝʢʦʨʠʩʥʠʭ. 

6. ʅʘʚôʷʟʣʠʚʠʡ ʪʘ ʟʘʩʪʘʨʽʣʠʡ ʜʠʟʘʡʥ ʪʘ ʥʝʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

7. ʅʝʤʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟ ʘʚʪʦʨʦʤ - ʽʥʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʱʦʩʴ 

ʜʽʟʥʘʪʠʩʴ ʜʝʪʘʣʴʥʽʰʝ ʫ ʘʚʪʦʨʘ. ɿʚʠʯʘʡʥʦ ʞ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ 

ʘʚʪʦʨʘ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ  ʡʦʛʦ ʟʛʦʜʠ. 

8. ʅʝʤʘ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʠʚʠʪʠʩʴ ʫʩʽ ʽʩʪʦʨʽʾ ʢʦʥʢʨʝʪʥʦʛʦ ʘʚʪʦʨʘ. 
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ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ, ʧʦʩʪʘʚʣʝʥʘ ʤʝʪʘ ʨʦʟʨʦʙʢʠ ʪʘʢʦʛʦ 

ʪʫʨʠʩʪʠʯʥʦʛʦ ʙʣʦʛʫ, ʷʢʠʡ ʙʫʜʝ ʤʘʪʠ ʤʘʢʩʠʤʫʤ ʧʝʨʝʚʘʛ ʪʘ ʤʽʥʽʤʫʤ 

ʥʝʜʦʣʽʢʽʚ. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʻ ʽʩʪʦʨʽʾ ʧʦʜʦʨʦʞʝʡ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ [1, 2]. ʈʦʟʛʣʷʥʝʤʦ ʟʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ 

ʘʥʘʣʽʟʫ ʽʩʪʦʨʽʡ ʥʘ ʧʨʠʢʣʘʜʽ ʨʝʯʝʥʥʷ: çʉʪʨʘʚʠ ʙʫʣʠ ʩʤʘʯʥʠʤʠ, ʘʣʝ ʦʬʽʮʽʘʥʪ 

ʧʨʘʮʶʚʘʚ ʧʦʚʽʣʴʥʦè. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʟ ʪʝʢʩʪʫ 

ʚʘʞʣʠʚʽ ʜʣʷ ʥʘʩ ʩʣʦʚʘ ʘʙʦ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ 

çʩʪʨʘʚʠè, çʩʤʘʯʥʠʤʠè, çʦʬʽʮʽʘʥʪè, çʧʦʚʽʣʴʥʦè. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʟʫʤʽʪʠ, 

ʧʨʦ ʱʦ ʡʜʝ ʤʦʚʘ ʚ ʨʝʯʝʥʥʽ. ʇʦʪʽʤ ʤʦʞʥʘ ʟʛʨʫʧʫʚʘʪʠ ʪʝʨʤʽʥʠ, ʥʘʧʨʠʢʣʘʜ, 

ʚʽʜʥʝʩʪʠ çʩʪʨʘʚʠè ʽ çʩʤʘʯʥʠʤʠè ʜʦ ʾʞʽ, ʘ çʦʬʽʮʽʘʥʪè - ʜʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʊʘʢʝ ʛʨʫʧʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʚʠʜʘʚʘʪʠ ʘʛʨʝʛʦʚʘʥʫ ʩʪʘʪʠʩʪʠʢʫ. ɯ, ʥʘʨʝʰʪʽ, 

ʜʣʷ ʦʮʽʥʢʠ ʪʦʥʘʣʴʥʦʩʪʽ ʪʝʨʤʽʥʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ, ʤʝʪʦʶ ʷʢʦʾ ʻ 

ʚʠʣʫʯʝʥʥʷ ʟ ʪʝʢʩʪʫ ʝʤʦʮʽʡʥʦʛʦ ʟʤʽʩʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʪʦʥʘʣʴʥʦʩʪʽ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʤʝʪʦʜ ʢʽʣʴʢʽʩʥʦʛʦ ʦʧʠʩʫ ʷʢʽʩʥʠʭ ʜʘʥʠʭ, ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʰʣʷʭʦʤ ʧʨʠʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʦʮʽʥʦʢ ʥʘʩʪʨʦʶ. ʍʦʯʘ ʪʦʥʘʣʴʥʽʩʪʴ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʫʙ'ʻʢʪʠʚʥʘ, ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʥʘʩʪʨʦʾʚ ʤʘʻ ʙʘʛʘʪʦ 

ʢʦʨʠʩʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 
ɺʠʜʽʣʠʚʰʠ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʥʽ ʪʝʨʤʽʥʠ, ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʨʠʢʣʘʜʫ 

ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʩʪʘʪʠʩʪʠʢʫ ʘʙʦ ʟʚʝʜʝʥʥʷ. ʉʪʨʫʢʪʫʨʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʥʝʩʝ ʚ 

ʩʦʙʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʢʦʨʠʩʥʠʭ ʜʘʥʠʭ, ʥʽʞ ʧʨʦʩʪʦ ʦʮʽʥʢʘ ʧʦ ʘʩʧʝʢʪʘʤ. 
ʅʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʨʝʡʪʠʥʛ 

ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʢʨʘʾʥ, ʤʽʩʪ ʽ ʤʽʩʮʴ ʚʠʟʥʘʯʥʠʭ ʧʘʤ'ʷʪʦʢ. ɸ ʥʘ ʦʩʥʦʚʽ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʦʾ ʷʢ ʢʽʣʴʢʽʩʪʴ çʣʘʡʢʽʚè, ʷʢʽ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ 

ʽʩʪʦʨʽʾ, ʢʽʣʴʢʽʩʪʴ ʧʨʦʯʠʪʘʥʴ (ʪʦʙʪʦ ʧʝʨʝʭʦʜʽʚ ʥʘ ʩʪʦʨʽʥʢʫ ʟ ʽʩʪʦʨʽʻʶ), ʜʘʪʘ 

ʥʘʧʠʩʘʥʥʷ ʽʩʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʚʠʜ ʚʽʜʧʦʯʠʥʢʫ (ʘʢʪʠʚʥʠʡ, ʧʘʩʠʚʥʠʡ, ʩʽʤʝʡʥʠʡ) 

ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʨʝʡʪʠʥʛ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʽʩʪʦʨʽʡ, ʘʚʪʦʨʽʚ ʘʙʦ 

ʚʠʜʽʚ ʚʽʜʧʦʯʠʥʢʫ. 
ɿʘʚʜʷʢʠ ʪʘʢʠʤ ʨʝʡʪʠʥʛʘʤ ʢʦʨʠʩʪʫʚʘʯ ʟʤʦʞʝ ʟʥʘʡʪʠ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʽ ʤʽʩʮʷ, ʷʢʽ ʚʘʨʪʦ ʚʽʜʚʽʜʘʪʠ, ʽ ʩʘʤʦʩʪʽʡʥʦ ʚʠʙʨʘʪʠ ʤʽʩʮʝ ʧʦʜʦʨʦʞʽ 

ʽ ʩʢʣʘʩʪʠ ʡʦʛʦ ʧʣʘʥ, ʥʝ ʚʜʘʶʯʠʩʴ ʜʦ ʩʪʦʨʦʥʥʴʦʾ ʜʦʧʦʤʦʛʠ. ʅʘ ʩʘʡʪʽ 

ʧʝʨʝʜʙʘʯʝʥʦ ʧʦʰʫʢ ʽʩʪʦʨʽʡ, ʾʭ ʩʦʨʪʫʚʘʥʥʷ ʟʘ ʜʘʪʦʶ ʜʦʜʘʚʘʥʥʷ, ʧʦ ʤʽʩʪʫ, 

ʢʨʘʾʥʽ, ʘʚʪʦʨʫ. 
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ʇʈʆɽʂʊʋɺɸʅʅʗ ʊɸ ʈʆɿʈʆɹʂɸ ʂʈʆʉʇʃɸʊʌʆʈʄʅʀʍ 

ʅɸʉʊɯʃʔʅʀʍ ʇʈʆɻʈɸʄʀ ɿɸ ɼʆʇʆʄʆɻʆʖ ATOM SHELL 

ʂʦʙʝʚʢʦ ɸʥʜʨʽʘʥ ʊʘʨʘʩʦʚʠʯ, ʋʢʨʘʾʥʘ,  

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  

anneaptolemkob@gmail.com 

ʊʨʘʜʠʮʽʡʥʽ ʚʝʙ ʩʪʦʨʽʥʢʠ ʧʨʠʟʥʘʯʝʥʽ ʱʦʙ ʙʫʪʠ ʚʠʢʦʥʘʥʠʤʠ ʚ ʚʝʙ-

ʙʨʘʫʟʝʨʽ ʟ ʚʠʩʦʢʠʤ ʢʦʥʪʨʦʣʝʤ ʽ ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ ʜʦ ʨʝʩʫʨʩʽʚ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʬʘʡʣʦʚʘ ʩʠʩʪʝʤʘ ʟ ʤʽʨʢʫʚʘʥʴ ʙʝʟʧʝʢʠ. ʆʩʴ 

ʯʦʤʫ ʥʝʤʦʞʣʠʚʦ ʧʦʙʫʜʫʚʘʪʠ ʚʝʙ-ʜʦʜʘʪʦʢ, ʷʢʠʡ ʙʠ ʚʟʘʻʤʦʜʽʷʚ ʟ ʥʦʩʽʷʤʠ 

ʩʠʩʪʝʤʠ ʽ ʨʝʩʫʨʩʽʚ. 

ɹʘʟʘ Atom Shell ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʘʩʪʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ 

ʟ ʜʦʩʪʫʧʦʤ ʜʦ ʩʠʩʪʝʤʥʠʭ ʨʝʩʫʨʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʧʫʣʷʨʥʠʭ ʚʝʙ- 

ʪʝʭʥʦʣʦʛʽʡ HTML, CSS ʽ JavaScript. ʌʨʝʡʤʚʦʨʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʯʘʩʽ 

ʚʠʢʦʥʘʥʥʷ JavaScript io.js (Node.js ʨʦʟʰʠʨʝʥʠʡ ʟ ʢʨʘʱʦʛʦ ʧʽʜʪʨʠʤʢʦʶ 

ʥʦʚʠʭ ʬʫʥʢʮʽʡ) ʽ ʚʝʙ -ʙʨʘʫʟʝʨʽ Chromium (ʟ ʚʽʜʢʨʠʪʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ, 

ʯʘʩʪʠʥʘ ʟ Google Chrome ). 

Atom Shell ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ: 

ǒ Browser-side - ʥʝʩʝ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʙʽʟʥʝʩ ʣʦʛʽʢʫ ʽ ʜʦʩʪʫʧ ʜʦ 

ʜʘʥʠʭ 
ǒ Render-side - ʥʝʩʝ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ UI(ʚʽʟʫʘʣʽʟʘʪʦʨ) 
ǒ Modules - ʤʽʩʪ ʤʽʞ Browser-side ʽ Render-side, ʽ ʜʦʧʦʤʘʛʘʻ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʜʦʜʘʪʢʘ. 
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Atom Shell ʜʦʜʘʪʦʢ ʟʘʟʚʠʯʘʡ ʤʽʩʪʠʪʴ ʪʨʠ ʪʠʧʠ ʬʘʡʣʽʚ: 

ǒ JavaScript ʩʢʨʠʧʪʠ 
ǒ HTML and CSS markups 
ǒ Package.json 

 
test - app/  
ƊƄƄ package.json 
ƊƄƄ main.js 
ƊƄƄ mystyles.css 
ƈƄƄ index.html 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʡʣʦʤ ʜʦʜʘʪʢʫ ʻ package.json, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʪʦʯʢʫ 

ʚʭʦʜʫ ʚ ʜʦʜʘʪʦʢ. 
{  
  "name"    : "sample - app",  
  "version" : "0.1.0",  
  "main"    : "main.js"  
}  

ɼʣʷ ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʠ ʥʝʦʙʭʽʜʥʦ ʟʘʧʫʩʪʠʪʠ Atom Shell ʟ ʰʣʷʭʦʤ ʥʘ 

 ʜʦʜʘʪʦʢ. 
atom.exe test - app \  

ʂʦʣʠ ʚʠ ʚʠʢʦʥʫʻʪʝ ʮʶ ʢʦʤʘʥʜʫ, ʆʉ ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠ ʜʣʷ ʚʘʩ ʥʦʚʠʡ 

ʝʢʟʝʤʧʣʷʨ Atom Shell (ʙʨʘʫʟʝʨʥʠʡ ʧʨʦʮʝʩ), ʱʦ ʙʫʜʝ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʩʢʨʠʧʪ, 

ʟʘʟʥʘʯʝʥʠʡ ʫ package.json. ʊʘʢʠʤ ʯʠʥʦʤ ʩʢʨʠʧʪ ʙʫʜʝ ʢʦʥʪʨʦʣʶʚʘʪʠʩʴ ʽ ʚʠ 

ʟʤʦʞʝʪʝ ʨʦʙʠʪʠ ʚʩʝ, ʱʦ ɺʠ ʭʦʯʝʪʝ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ɸʃɻʆʈʀʊʄʋ ʂʆʍʆʅɽʅɸ ɼʃʗ ʉɽɻʄɽʅʊɸʎɯɰ 

ɻʈɸʌɯʏʅʀʍ ɿʆɹʈɸɾɽʅʔ ɺ ʈɯɿʅʀʍ ʂʆʃʔʆʈʆɺʀʍ ʇʈʆʉʊʆʈɸʍ 

 

ʂʦʟʘʯʫʢ ʉʝʨʛʽʡ ɯʛʦʨʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  

skozachuk@gmail.com 

 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʫ ʂʦʭʦʥʝʥʘ. ʉʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʢʠ ʨʽʟʥʠʭ ʢʦʣʴʦʨʦʚʠʭ ʧʨʦʩʪʦʨʽʚ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʘʥʘʣʽʟ ʩʝʛʤʝʥʪʘʮʽʾ ʚ ʢʦʞʥʦʤʫ ʽʟ ʥʠʭ.  ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ 

ʘʥʘʣʽʟʫ ʟʨʦʙʣʝʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʚʠʜʽʣʝʥʥʷ ʛʨʘʬʽʯʥʠʭ ʦʙʨʘʟʽʚ ʚ ʨʽʟʥʠʭ 

ʢʦʣʴʦʨʦʚʠʭ ʧʨʦʩʪʦʨʘʭ ʘʣʛʦʨʠʪʤʦʤ ʂʦʭʦʥʝʥʘ.  

ʅʘ ʨʠʩʫʥʢʫ 1 ʛʨʘʬʽʯʥʦ ʦʧʠʩʘʥʠʡ ʩʘʤʦʦʨʛʘʥʽʟʦʚʫʶʯʠʡ ʘʣʛʦʨʠʪʤ ʷʢʠʡ 

ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ʉʧʦʯʘʪʢʫ ʦʪʨʠʤʫʻʪʴʩʷ 

ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʭ ʽ ʤʝʨʝʞʘ ʚʠʟʥʘʯʘʻ ʚʠʛʨʘʰʥʠʡ ʥʝʡʨʦʥ ʨʘʭʫʶʯʠ ʝʚʢʣʽʜʦʚʽ 

ʚʽʜʩʪʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ 1. ʇʨʦʮʝʩ ʦʥʦʚʣʝʥʥʷ ʨʽʚʥʷʥʥʷ 2 ʮʝ 

ʚʘʨʽʘʮʽʷ ʪʦʧʦʣʦʛʽʯʥʠʭ ʨʦʟʪʘʰʫʚʘʥʴ ʥʝʡʨʦʥʽʚ ʧʨʦʧʦʨʮʽʡʥʠʭ ʜʦ ɽʚʢʣʽʜʦʚʦʾ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʚʠʛʨʘʰʥʦʛʦ ʥʝʡʨʦʥʫ ʜʦ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʅʘʙʫʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

Ŭ ï ʮʝ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 1 ʷʢʝ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʯʘʩʦʤ. ʅʘ ʨʠʩʫʥʢʫ 1.ʘ ʪʽʣʴʢʠ 

ʚʠʛʨʘʰʥʠʡ ʥʝʡʨʦʥ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽ ʥʘ ʨʠʩʫʥʢʫ 1.b ʽʥʰʽ 

ʥʝʡʨʦʥʠ ʷʢʽ ʣʝʞʘʪʴ ʧʦ ʩʫʩʽʜʩʪʚʫ ʟ ʚʠʛʨʘʰʥʠʤ ʘʜʘʧʪʫʶʪʴ ʩʚʦʾ ʪʦʧʦʣʦʛʽʯʥʽ 

ʢʦʦʨʜʠʥʘʪʠ. ʅʝʡʨʦʥʠ ʧʦʟʘ ʩʫʩʽʜʩʪʚʦʤ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. ʎʝʡ 

ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦʧʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʠʡ ʧʝʚʥʠʡ ʢʨʠʪʝʨʽʡ.   

 

 

 
 

ʈʠʩʫʥʦʢ 1. ɻʨʘʬʽʯʥʠʡ ʦʧʠʩ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ 
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ʇʦʯʘʪʢʦʚʽ ʜʘʥʥʽ ʤʝʨʝʞʽ ʽ ʥʘʙʫʪʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʾʭʥʽ ʚʘʨʽʘʮʽʾ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʦ ʨʽʟʥʦʤʫ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʥʽ ʟʘʜʘʯʽ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ 

ʽʥʪʝʨʧʨʝʪʦʚʘʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʫ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ 

Python ʚʝʨʩʽʾ 2.7. ʎʝʡ ʚʠʙʽʨ ʙʫʚ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʴ ʤʦʜʫʣʽʚ ʫ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʜʠʩʪʨʠʙʫʪʠʚʽ ʤʦʚʠ, ʘ ʪʘʢʦʞ ʙʝʟʣʽʯʯʶ ʽʥʰʠʭ ʤʦʜʫʣʽʚ ʷʢʽ 

ʤʦʞʥʘ ʟ ʣʝʛʢʽʩʪʶ ʧʽʜʢʣʶʯʠʪʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʮʷ ʤʦʚʘ ʩʝʙʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʘ ʷʢ ʜʫʞʝ ʭʦʨʦʰʠʡ ʪʘ ʟʨʫʯʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʨʦʙʣʝʤ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʽʚ ʱʦ, 

ʩʘʤʦʦʨʛʘʥʽʟʦʚʫʶʯʘ ʤʝʨʝʞʘ ʻ ʜʦʩʠʪʴ ʧʦʪʫʞʥʠʤ ʟʘʩʦʙʦʤ ʟʘʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʪʘʢʠʭ ʟʘʜʘʯ ʷʢ ʩʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʮʽʻʾ ʨʦʙʦʪʠ ʤʥʦʶ ʙʫʣʦ 

ʥʘʚʝʜʝʥʦ ʙʘʛʘʪʦ ʧʨʠʢʣʘʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʜʠʯʥʽʡ ʩʬʝʨʽ, ʘʣʝ ʮʝ ʘʞ ʥʽʷʢ 

ʥʝ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ, ʽʩʥʫʻ ʱʝ ʙʝʟʣʽʯ ʽʥʰʠʡ ʛʘʣʫʟʝʡ ʚ 

ʷʢʠʭ ʪʘʢ ʩʘʤʦ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʨʦʟʙʠʪʪʷ ʟʦʙʨʘʞʝʥʴ ʥʘ ʨʝʛʽʦʥʠ ʟʘ 

ʧʝʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ʊʘʢʠʡ ʪʠʧ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʤʝʜʠʢʘʤ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʽʟʥʽ ʦʨʛʘʥʠ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ ʟʘʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ 

ʯʠ ʭʚʦʨʦʙ, ʽʥʦʜʽ ʩʝʛʤʝʥʪʘʮʽʷ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘʚʽʪʴ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 
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ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ 

ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ ʚʝʣʠʢʽ ʢʦʨʧʦʨʘʮʽʾ, ʪʘʢ ʽ ʢʦʤʧʘʥʽʾ ʩʝʨʝʜʥʴʦʛʦ 

ʨʦʟʤʽʨʫ ʘʢʪʠʚʥʦ ʧʝʨʝʥʦʩʷʪʴ ʩʝʨʚʝʨʠ ʩʚʦʾʭ ʘʧʣʽʢʘʮʽʡ ʥʘ ʚʽʜʜʘʣʝʥʽ ʤʘʰʠʥʠ. 

ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʜʘʥʠʡ ʧʽʜʭʽʜ ʻ ʜʣʷ ʩʝʨʚʝʨʽʚ ʙʘʟ ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʜʘʻ ʨʷʜ ʟʥʘʯʥʠʭ ʧʝʨʝʚʘʛ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʧʣʽʢʘʮʽʾ. ɼʦ ʪʘʢʠʭ 

ʧʝʨʝʚʘʛ ʤʦʞʥʘ ʟʘʨʘʭʫʚʘʪʠ: ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʘʧʣʽʢʘʮʽʾ ʨʦʟʧʦʜʽʣʝʥʦʶ 

ʢʦʤʘʥʜʦʶ ʨʦʟʨʦʙʥʠʢʽʚ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʫ ʧʦʙʫʜʦʚʽ ʪʘ ʧʽʜʪʨʠʤʮʽ 

ʚʣʘʩʥʦʛʦ ʩʝʨʚʝʨʘ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʩʢʦʨʦʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʟʘʣʫʯʝʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɼʣʷ ʨʦʙʦʪʠ ʟ ʧʦʜʽʙʥʠʤʠ ʭʤʘʨʥʠʤʠ ʩʭʦʚʠʱʘʤʠ, ʧʨʦʚʘʡʜʝʨʠ 

ʩʪʚʦʨʶʶʪʴ ʚʝʙ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (Azure Online SQL Editor), ʘʙʦ 

ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʜʘʣʝʥʦʛʦ ʜʦʩʪʫʧʫ ʽʟ ʥʘʩʪʽʣʴʥʠʭ 

ʘʧʣʽʢʘʮʽʡ (Remote Server Connection) ʆʜʥʘʢ, ʜʘʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʢʽʣʴʢʘ 

ʟʥʘʯʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʦʩʥʦʚʥʠʤʠ ʩʝʨʝʜ ʷʢʠʭ ʻ ʥʠʟʴʢʘ ʰʚʠʜʢʦʜʽʷ ʽ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ  ʪʘ ʩʝʨʚʝʨʘ, ʩʧʨʠʯʠʥʝʥʠʡ ʧʦʪʨʝʙʦʶ ʚ 

ʧʦʩʪʽʡʥʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ. 

ɿʘʚʜʘʥʥʷʤ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʟʥʘʡʪʠ ʩʧʦʩʽʙ, ʷʢ ʧʦʟʙʫʪʠʩʷ ʚʢʘʟʘʥʠʭ ʚʠʱʝ 

ʥʝʜʦʣʽʢʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʤʽʥʠ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ - 

ʩʪʘʪʠʯʥʠʤ. ʈʦʟʛʣʷʥʝʤʦ ʦʥʣʘʡʥ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʟʘʧʠʪʽʚ ʤʦʚʦʶ 

SQL. ɺ ʜʘʥʠʡ ʯʘʩ, ʚʩʽ ʧʦʜʽʙʥʽ ʩʝʨʝʜʦʚʠʱʘ ʦʩʥʘʱʝʥʽ ʟʘʩʦʙʘʤʠ ʜʣʷ 

ʤʠʪʪʻʚʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʘʚʪʦʜʦʧʦʚʥʝʥʥʷ ʢʦʜʫ, ʪʦʤʫ ʧʨʠ ʢʦʞʥʽʡ ʟʤʽʥʽ ʪʝʢʩʪʫ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʠʪ ʜʦ ʩʝʨʚʝʨʘ, ʟ ʤʝʪʦʶ ʚʘʣʽʜʘʮʽʾ ʥʦʚʦʛʦ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ. 

ʇʨʠ ʜʠʥʘʤʽʯʥʽʡ ʚʘʣʽʜʘʮʽʾ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʧʝʨʝʚʽʨʠʪʠ ʟʤʽʥʫ, ʩʝʨʚʝʨ 

ʟʤʫʰʝʥʠʡ ʩʢʦʤʧʽʣʶʚʘʪʠ ʡ ʚʠʢʦʥʘʪʠ ʟʘʧʠʪ ʪʘ ʧʦʚʝʨʥʫʪʠ ʨʝʟʫʣʴʪʘʪ, ʨʘʟʦʤ 

ʽʟ ʤʝʪʘʜʘʥʠʤʠ. ʊʽʣʴʢʠ ʧʽʩʣʷ ʮʴʦʛʦ ʚʝʙ ʘʧʣʽʢʘʮʽʷ ʚʽʜʦʙʨʘʞʘʻ ʢʦʨʠʩʪʫʚʘʯʫ 

ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʘʚʪʦʜʦʧʦʚʥʝʥʥʷ ʪʘ ʢʦʨʝʢʪʥʽʩʪʴ ʦʩʪʘʥʥʴʦʾ ʚʥʝʩʝʥʦʾ 

ʟʤʽʥʠ[1]. 

ʗʢʱʦ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʥʘʙʦʨʫ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ʩʢʣʘʜʘʻ 260 

ʩʠʤʚʦʣʽʚ ʟʘ ʭʚʠʣʠʥʫ[2], ʪʦ ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʧʨʠʙʣʠʟʥʦ 4 ʟʘʧʠʪʠ ʢʦʞʥʦʾ 

ʩʝʢʫʥʜʠ, ʟ ʢʦʞʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʝʘʥʩʫ. ʂʦʞʝʥ ʟ ʮʠʭ ʟʘʧʠʪʽʚ ʩʣʫʛʫʻ 
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ʪʨʠʛʝʨʦʤ ʜʣʷ ʟʙʦʨʫ ʤʝʪʘʜʘʥʠʭ, ʢʦʤʧʽʣʷʮʽʾ ʪʘ ʚʠʢʦʥʘʥʥʷ ʥʘʜʽʩʣʘʥʦʛʦ 

ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ, ʪʠʤ ʩʘʤʠʤ ʢʦʞʝʥ ʟʘʧʠʪ ʟʘʣʫʯʘʻ ʜʦʜʘʪʢʦʚʽ ʨʝʩʫʨʩʠ 

ʩʝʨʚʝʨʘ. ʂʨʽʤ ʪʦʛʦ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʠʡ ʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʨʘʮʶʻ 

ʪʽʣʴʢʠ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ  ʧʝʨʝʙʦʾʚ ʚ ʨʦʙʦʪʽ ʤʝʨʝʞʽ, ʚ ʽʥʰʦʤʫ ʞ ʚʠʧʘʜʢʫ - 

ʚʝʙ ʘʧʣʽʢʘʮʽʷ  ʧʨʠʧʠʥʷʻ ʨʝʘʛʫʚʘʪʠ ʥʘ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ ʫ ʚʠʭʽʜʥʦʤʫ ʢʦʜʽ. 

ɺ ʮʴʦʤʫ ʤʽʩʮʽ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʧʨʦʙʣʝʤ, ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʢʦʜʫ. ʂʦʥʮʝʧʮʽʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʘʥʘʣʽʟ ʪʘ ʚʘʣʽʜʘʮʽʷ ʟʘʧʠʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ, ʙʝʟ 

ʧʦʪʨʝʙʠ ʟôʻʜʥʘʥʥʷ ʽʟ ʩʝʨʚʝʨʦʤ, ʘʞ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʥʘʪʠ ʟʘʧʠʪ ʪʘ ʦʪʨʠʤʘʪʠ ʨʝʘʣʴʥʽ ʜʘʥʽ ʽʟ ʩʝʨʚʝʨʘ ɹɼ. ʉʘʤ ʘʥʘʣʽʟ ʢʦʜʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʽʣʴʢʘ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ. 

ʇʝʨʰ ʟʘ ʚʩʝ, ʚʠʭʽʜʥʠʡ ʢʦʜ ʧʨʦʭʦʜʠʪʴ ʧʝʨʝʚʽʨʢʫ ʉʠʥʪʘʢʩʠʯʥʠʤ 

ɸʥʘʣʽʟʘʪʦʨʦʤ (Parser), ʙʫʜʫʻʪʴʩʷ ʩʠʥʪʘʢʩʠʯʥʝ ʜʝʨʝʚʦ ʟʘʧʠʪʫ ʪʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʡʦʛʦ ʦʙʭʽʜ ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʘʣʽʜʥʦʩʪʽ. ʇʨʠ ʧʦʙʫʜʦʚʽ 

ʜʘʥʦʛʦ ʜʝʨʝʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠʥʮʠʧʠ ʇʨʽʦʨʠʪʝʪʥʦʛʦ ʈʝʢʫʨʩʠʚʥʦʛʦ 

ʉʧʫʩʢʫ ʪʘ ɸʣʛʦʨʠʪʤʽʯʥʘ ʃʦʛʽʢʘ ʌʣʦʡʜʘ-ɻʦʘʨʘ, ʦʧʠʩʘʥʽ ʚ [3]. ʗʢʱʦ ʚ 

ʤʦʤʝʥʪ ʧʦʙʫʜʦʚʠ ʘʙʦ ʦʙʭʦʜʫ ʜʝʨʝʚʘ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʩʠʥʪʘʢʩʠʯʥʽ ʧʦʤʠʣʢʠ, 

ʪʦ ʢʦʜ ʻ ʥʝʚʘʣʽʜʥʠʤ ʪʘ ʥʝ ʧʨʦʭʦʜʠʪʴ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʠʢʦʥʘʥʥʷ.  

ʇʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʭʽʜʥʠʡ ʢʦʜ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʃʝʢʩʠʯʥʠʡ ɸʥʘʣʽʟʘʪʦʨ (Lexer), ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʷʢʦʛʦ ʻ ʧʦʙʫʜʦʚʘ ʤʘʩʠʚʫ ʪʦʢʝʥʽʚ, ʷʢʠʡ ʙʠ ʚʽʜʧʦʚʽʜʘʚ ʩʠʥʪʘʢʩʠʯʥʦʤʫ 

ʜʝʨʝʚʫ ʪʘ ʤʽʩʪʠʚ ʚʩʶ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʭʽʜʥʠʡ ʢʦʜ. ʂʦʞʝʥ ʪʦʢʝʥ ʤʽʩʪʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ  ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

ʂʦʣʠ ʩʠʥʪʘʢʩʠʯʥʝ ʜʝʨʝʚʦ ʪʘ ʤʘʩʠʚ ʪʦʢʝʥʽʚ ʟʙʫʜʦʚʘʥʽ, ʟʘʣʠʰʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʧʨʦʚʝʩʪʠ ʧʝʨʝʚʽʨʢʫ ʉʝʤʘʥʪʠʯʥʠʤ ɸʥʘʣʽʟʘʪʦʨʦʤ. ʅʘ ʝʪʘʧʽ 

ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʩʪʨʫʢʪʫʨʠ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ 

ʦʙôʻʢʪʽʚ ʙʘʟʠ ʚ ʩʬʦʨʤʦʚʘʥʦʤʫ ʟʘʧʠʪʽ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ 

ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʜʘʥʽ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʙʘʟʠ, ʪʦʤʫ ʧʨʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʘʧʣʽʢʘʮʽʾ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʧʠʪ ʜʦ ɹɼ ʪʘ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʧʦʪʨʽʙʥʽ ʤʝʪʘʜʘʥʽ (ʩʪʨʫʢʪʫʨʘ 

ʪʘʙʣʠʮʴ,  ʦʙʦʚôʷʟʢʦʚʽ ʘʨʛʫʤʝʥʪʠ ʬʫʥʢʮʽʡ ʪʦʱʦ) ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʢʝʰʽ 

ʢʣʽʻʥʪʩʴʢʦʛʦ ʟʘʩʪʦʩʫʥʢʫ, ʪʘ ʧʝʨʽʦʜʠʯʥʦ ʦʥʦʚʣʶʶʪʴʩʷ. ʅʘʜʘʣʽ, 

ʉʝʤʘʥʪʠʯʥʠʡ ɸʥʘʣʽʟʘʪʦʨ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʽʟ ʢʝʰʫ, ʧʨʦʚʦʜʠʪʴ 

ʧʝʨʝʚʽʨʢʫ ʢʦʜʫ ʪʘ ʧʦʰʫʢ ʩʝʤʘʥʪʠʯʥʠʭ ʧʦʤʠʣʦʢ. ʑʝ ʦʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʉʝʤʘʥʪʠʯʥʦʛʦ ɸʥʘʣʽʟʘʪʦʨʘ ʻ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʧʦʟʠʮʽʡ ʜʣʷ 

ʘʚʪʦʜʦʧʦʚʥʝʥʥʷ ʢʦʜʫ, ʥʘ ʦʩʥʦʚʽ ʩʝʤʘʥʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʪʘʜʘʥʠʭ ɹɼ. 

ʇʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʨʠ ʧʦʪʨʝʙʽ, 

ʩʠʥʪʘʢʩʠʯʥʝ ʜʝʨʝʚʦ, ʨʘʟʦʤ ʽʟ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʟʘʧʠʪʫ, ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʥʘ 

ʩʝʨʚʝʨ ï ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʚ ʤʝʞʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʨʦʛʨʘʤʥʫ ʩʠʤʫʣʷʮʽʶ ʩʪʚʦʨʝʥʥʷ SQL ʟʘʧʠʪʽʚ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʪʘ 

ʩʢʣʘʜʥʦʩʪʽ. ɺ ʷʢʦʩʪʽ ʦʥʣʘʡʥ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ ʚʠʢʦʨʠʩʪʘʥʦ SAP 

HANA SQLScript Editor. ʇʨʦʪʷʛʦʤ ʩʠʤʫʣʷʮʽʾ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 50 ʟʘʧʠʪʽʚ 

ʨʦʟʤʽʨʦʤ ʚʽʜ 11 ʜʦ 708 ʩʠʤʚʦʣʽʚ ʽʟ ʩʝʨʝʜʥʴʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘʙʦʨʫ ï 260 

ʩʠʤʚʦʣʽʚ ʟʘ ʭʚʠʣʠʥʫ. ʇʨʠ ʩʪʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ, ʦʥʦʚʣʝʥʥʷ ʤʝʪʝʜʘʥʠʭ 

ʚʽʜʙʫʚʘʣʦʩʴ ʢʦʞʥʽ 10 ʩʝʢʫʥʜ. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʥʘ ʨʠʩʫʥʢʫ, ʢʽʣʴʢʽʩʪʴ 

ʟʘʧʠʪʽʚ ʜʦ ʩʝʨʚʝʨʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤ - ʫ 24 ʨʘʟʠ ʤʝʥʰʘ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ 100 ʘʢʪʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʨʦʟʨʦʙʢʠ, ʚʜʘʣʦʩʴ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʝʨʚʝʨʘ ʟ 

76% ʜʦ 29%. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʥʘʤʽʯʥʦʛʦ ʪʘ 

ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ(ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ). 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʢʦʜʫ, ʤʦʞʝ ʙʫʪʠ 

ʩʣʫʰʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʽʟ 

ʚʽʜʜʘʣʝʥʠʤʠ ʩʝʨʚʝʨʘʤʠ ɹɼ. 
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ʅʘ ʨʠʥʢʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʙʘʛʘʪʦ ʦʢʨʝʤʠʭ 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ, ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ, ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʧʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʟʥʘʡʪʠ ʦʧʠʩ 

ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟʘʭʠʩʪʫ. ʆʜʥʘʢ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʦʙ'ʻʜʥʘʪʠ ʦʢʨʝʤʽ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʚ ʩʠʩʪʝʤʫ. ʇʨʠ 

ʮʴʦʤʫ ʪʨʝʙʘ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʛʦʣʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʮʽʻʾ ʩʠʩʪʝʤʠ ʻ ʣʶʜʠʥʘ. 

ʇʨʠ ʯʦʤʫ ʣʶʜʠʥʘ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʽ ʨʘʟʦʤ ʟ ʪʠʤ ʩʘʤʠʤ 

ʚʘʞʢʦ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʽ ʧʦʪʝʥʮʽʡʥʦ ʩʣʘʙʢʦʶ ʾʾ ʣʘʥʢʦʶ. ʉʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ (ʉɿɯ) ʥʝ ʻ ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ ʽ ʦʪʨʠʤʘʥʥʷ ʧʨʠʙʫʪʢʫ. ʊʦʤʫ 

ʩʪʚʦʨʶʚʘʥʘ ʉɿɯ ʥʝ ʧʦʚʠʥʥʘ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʽʜʯʫʪʥʠʭ ʪʨʫʜʥʦʱʽʚ ʚ ʨʦʙʦʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʩʪʚʦʨʝʥʥʷ ʉɿɯ ʤʘʻ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ ʚʠʧʨʘʚʜʘʥʠʤ. ʊʠʤ ʥʝ 

ʤʝʥʰ, ʚʦʥʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʭʠʩʪ ʚʘʞʣʠʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʫʩʽʭ ʨʝʘʣʴʥʠʭ ʟʘʛʨʦʟ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʻ ʥʘʩʘʤʧʝʨʝʜ ʥʘʷʚʥʽʩʪʴ 

ʣʶʜʠʥʠ ʚ ʢʦʞʥʽʡ ʟ ʧʽʜʩʠʩʪʝʤ ʽ ʚʽʜʜʘʣʝʥʽʩʪʴ (ʨʦʟʜʽʣʝʥʽʩʪʴ) ʣʶʜʠʥʠ ʚʽʜ 

ʦʙ'ʻʢʪʘ ʡʦʛʦ ʜʽʷʣʴʥʦʩʪʽ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʙʝʟʣʽʯ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʦʙ'ʻʢʪ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ, ʽʥʪʝʛʨʘʣʴʥʦ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʫʢʫʧʥʽʩʪʶ ʪʨʴʦʭ ʛʨʫʧ ʩʠʩʪʝʤ: 

Å ʣʶʜʠ (ʙʽʦʩʦʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤʠ) 

Å ʪʝʭʥʽʢʘ (ʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʤʽʱʝʥʥʷ, ʚ ʷʢʠʭ ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ) 

Å ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʧʦʩʝʨʝʜʥʠʢʦʤ ʤʽʞ 

ʣʶʜʠʥʦʶ ʽ ʪʝʭʥʽʢʦʶ (ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ) 

ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʪʨʴʦʭ ʛʨʫʧ ʫʪʚʦʨʶʻ ʩʦʮʽʦʪʝʭʥʽʯʥʫ ʩʠʩʪʝʤʫ. ʊʘʢʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʦʮʽʦʪʝʭʥ̔ʥʯʥʽ ʩʠʩʪʝʤʠ ʻ ʜʦʩʠʪʴ ʰʠʨʦʢʠʤ ʽ ʤʦʞʝ ʙʫʪʠ 

ʧʦʰʠʨʝʥʝ ʥʘ ʙʘʛʘʪʦ ʦʙ'ʻʢʪʽʚ. ʂʦʣʦ ʥʘʰʠʭ ʽʥʪʝʨʝʩʽʚ ʦʙʤʝʞʫʻʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʙʝʟʧʝʢʠ ʩʠʩʪʝʤ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ ʚʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʚʠʜʘʯʽ ʨʝʟʫʣʴʪʘʪʫ, ʪʦʙʪʦ ʩʦʮʽʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʪʠʧʫ.  

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʻ: ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʽʥʬʦʨʤʘʮʽʾ, ʟ 
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ʽʥʰʦʛʦ ʙʦʢʫ, ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʥʝ ʧʦʚʠʥʥʽ ʩʪʚʦʨʶʚʘʪʠ ʧʦʤʽʪʥʠʭ 

ʥʝʟʨʫʯʥʦʩʪʝʡ ʘʚʪʦʨʠʟʦʚʘʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚ ʭʦʜʽ ʾʭ ʨʦʙʦʪʠ ʟ ʨʝʩʫʨʩʘʤʠ 

ʩʠʩʪʝʤʠ. ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʘ, ʱʦ ʚʠʤʘʛʘʻ ʜʣʷ ʩʚʦʛʦ ʨʽʰʝʥʥʷ ʥʝ ʧʨʦʩʪʦ ʟʜʽʡʩʥʝʥʥʷ 

ʜʝʷʢʦʶ ʩʫʢʫʧʥʽʩʪʶ ʥʘʫʢʦʚʠʭ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ 

ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʽ ʤʝʪʦʜʽʚ, ʘ ʩʪʚʦʨʝʥʥʷ ʮʽʣʽʩʥʦʾ ʩʠʩʪʝʤʠ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʭʦʜʽʚ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʽ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ (ɿɯ). 

ɻʦʣʦʚʥʘ ʤʝʪʘ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ - ʾʾ ʥʘʜʽʡʥʽʩʪʴ. 

ʉʠʩʪʝʤʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ - ʮʝ ʦʨʛʘʥʽʟʦʚʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʽ 

ʩʫʙ'ʻʢʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ 

ʟʘʭʠʩʪʫ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʥʠʭ ʟʘʭʠʩʥʠʭ ʟʘʭʦʜʽʚ. 

ʋʩʚʽʜʦʤʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʟʘʭʠʩʪʫ ʬʦʨʤʫʚʘʣʦʩʷ ʚ ʤʽʨʫ ʫʩʚʽʜʦʤʣʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ, ʥʘʪʭʥʝʥʥʷ ʽ 

ʧʨʦʙʣʝʤʠ ʟʘʭʠʩʪʫ ʽ ʥʝʤʦʞʣʠʚʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʾʾ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʩʪʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʷʢʦʛʦ ʥʘʙʦʨʫ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ. ʇʽʜ ʩʪʨʘʪʝʛʽʻʶ ʚʟʘʛʘʣʽ 

ʨʦʟʫʤʽʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙ'ʻʢʪʠʚʥʠʭ ʧʦʪʨʝʙ ʚ ʜʘʥʦʤʫ ʚʠʜʽ 

ʜʽʷʣʴʥʦʩʪʽ, ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʠʭ ʫʤʦʚ ʾʾ ʟʜʽʡʩʥʝʥʥʷ ʽ ʤʦʞʣʠʚʦʩʪʝʡ 

ʦʨʛʘʥʽʟʘʮʽʾ. 

ɿʘʚʜʘʥʥʷ ʩʪʨʘʪʝʛʽʾ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʝʨʝʚʘʛʠ, 

ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʨʠʙʫʪʢʦʚʦʩʪʽ, ʚʨʽʚʥʦʚʘʞʝʥʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʚʠʤʦʛ ʽ 

ʚʥʫʪʨʽʰʥʽʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʏʝʨʝʟ ʾʾ ʧʨʠʟʤʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʩʽ ʜʽʣʦʚʽ 

ʩʠʪʫʘʮʽʾ, ʟ ʷʢʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷ ʩʪʠʢʘʻʪʴʩʷ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. ɺʽʜʦʤʠʡ 

ʢʘʥʘʜʩʴʢʠʡ ʬʘʭʽʚʝʮʴ ʚ ʦʙʣʘʩʪʽ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ɻ. ʄʽʥʮʙʝʨʛ 

ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ ç5-ʈè. ʅʘ ʡʦʛʦ 

ʜʫʤʢʫ, ʚʦʥʘ ʚʢʣʶʯʘʻ: 

Å ʧʣʘʥ (Plan), 

Å ʧʨʠʡʦʤ, ʘʙʦ ʪʘʢʪʠʯʥʠʡ ʭʽʜ (Ploy), 

Å ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ (Patten of behaviour), 

Å ʧʦʟʠʮʽʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʠʭ (Position in respect to others), 

Å ʧʝʨʩʧʝʢʪʠʚʫ (Perspective). 

ɭʜʠʥʠʭ ʨʝʮʝʧʪʽʚ ʚʠʨʦʙʣʝʥʥʷ ʩʪʨʘʪʝʛʽʡ ʥʝ ʽʩʥʫʻ. ɺ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ 

ʜʦʮʽʣʴʥʦ ʩʪʨʘʪʝʛʽʯʥʝ ʧʣʘʥʫʚʘʥʥʷ (ʧʨʦʛʨʘʤʫʚʘʥʥʷ); ʚ ʽʥʰʦʤʫ - 

ʩʠʪʫʘʮʽʡʥʠʡ ʧʽʜʭʽʜ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʝʣʠʢʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʫʤʦʚ, ʧʨʠ ʷʢʠʭ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʛʘʣʴʥʘ ʮʽʣʴʦʚʘ ʫʩʪʘʥʦʚʢʘ ʥʘ ʚʠʨʽʰʝʥʥʷ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʠʪʘʥʴ ʧʦʚʠʥʥʘ ʧʦʣʷʛʘʪʠ ʚ ʨʦʟʨʦʙʮʽ ʙʝʟʣʽʯʽ ʩʪʨʘʪʝʛʽʡ 
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ʟʘʭʠʩʪʫ, ʽ ʚʠʙʽʨ ʪʘʢʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʾʭ ʥʘʙʦʨʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʚ ʙʠ 

ʨʘʮʽʦʥʘʣʴʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʟʘʭʠʩʪ ʫ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚʘʭ. 

1. ʂʦʤʧʣʝʢʩʥʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ [ɽʣʝʢʪʨʦʥʠʡ ʨʝʩʫʨʩ] 

https://www.dltens.ru/ ʈʝʞʠʤ ʜʦʩʪʫʧʫ: URL: 

https://www.dltens.ru/kszi1.html ï ɿʘʛʣ. ʟ ʝʢʨʘʥʫ 
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ʄɽʊʆɼ ʇɽʈɽɼɸʏɯ ɼɸʅʀʍ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʅɽʏɯʊʂʆɰ 

ʃʆɻɯʂʀ ʋ ʉɽʅʉʆʈʅʀʍ ʄɽʈɽɾɸʍ 

 

ʄʘʩʣʦʚʩʴʢʠʡ ɺʣʘʜʠʩʣʘʚ ʖʨʽʡʦʚʠʯ, ɹʫʜʴʢʦ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʽʡʦʚʠʯ 

ʋʢʨʘʾʥʘ,  

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ,  

ʬʘʢʫʣʴʪʝʪ ʢʦʤʧôʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

akmyto@gmail.com 

 

ʉʫʯʘʩʥʽ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʶʪʴ ʛʝʥʝʨʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʜʘʥʠʭ. ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʪʘʢʠʭ ʤʝʨʝʞ ʻ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʝʨʝʞʽ [1]. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʢʣʘʩʦʤ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʻ ʙʝʟʧʨʦʚʽʜʥʠʡ. 

ʊʘʢʽ ʤʝʨʝʞʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʝʥʩʦʨʽʚ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʬʫʥʢʮʽʾ ʟʙʦʨʫ ʨʽʟʥʠʭ 

ʜʘʥʠʭ (ʪʝʤʧʝʨʘʪʫʨʠ, ʦʩʚʽʪʣʝʥʦʩʪʽ, ʨʽʚʥʷ ʚʽʙʨʘʮʽʾ ʪʦʱʦ). ɼʘʥʽ ʧʝʨʝʜʘʪʁʴʩʷ 

ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ, ʟ ʷʢʦʛʦ ʜʘʥʽ ʥʘʜʭʦʜʷʪʴ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ʉʝʥʩʦʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʥʫʯʢʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʥʠʟʴʢʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʧʨʠ ʤʦʥʪʘʞʽ. ʆʜʥʽʻʶ ʟ ʧʦʰʠʨʝʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʙʝʟʧʨʦʚʽʜʥʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ï ʻ ʫʩʢʣʘʜʥʝʥʘ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʟ 

ʚʽʜʜʘʣʝʥʠʭ ʜʽʣʷʥʦʢ ʤʝʨʝʞʽ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʟʙʝʨʝʞʝʥʥʷ 

ʮʽʣʽʩʥʦʩʪʽ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʚ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʥʦʾ ʘʙʦ 

ʯʘʩʪʢʦʚʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʝʛʤʝʥʪʽʚ ʤʝʨʝʞʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʪʦʯʥʠʭ ʜʘʥʠʭ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʟʙʝʨʽʛʘʥʥʽ ʜʘʥʠʭ ʩʝʥʩʦʨʽʚ ʚ ʚʽʜʨʽʟʘʥʠʭ ʜʽʣʷʥʢʘʭ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ 

ʭʘʦʪʠʯʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʧʦʰʫʢʫ ʤʦʞʣʠʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ [2]. ɼʣʷ ʪʦʛʦ, 

ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʤʝʨʝʞ ʟʚ'ʷʟʢʫ, ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ 

ʥʝʯʽʪʢʦ ʾʣʦʛʽʢʠ ʜʣʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʩʭʦʚʠʱʘ ʜʘʥʠʭ. ɺ ʷʢʦʩʪʽ ʰʠʬʨʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʽʤʧʫʣʴʩʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʊʘʢʦʞ ʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ ʽ ʧʨʠ ʥʝʩʪʘʯʽ 

ʧʘʤ'ʷʪʽ ʚʩʝʨʝʜʠʥʽ ʩʪʚʦʨʝʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʭʦʚʠʱʘ ʙʫʜʝ ʧʨʦʚʦʜʠʪʴʩʷ 

ʟʘʤʽʥʘ ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʟʘʩʪʘʨʽʣʠʭ ʜʘʥʠʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ ʦʩʥʦʚʥʦʾ ʤʝʨʝʞʽ ʜʘʥʽ ʙʫʜʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʪʨʘʪʘʤʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ 

ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤ'ʷʪʽ ʚʩʽʭ ʩʝʥʩʦʨʽʚ ʩʝʛʤʝʥʪʫ 

ʤʝʨʝʞʽ. 
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ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʥʘʧʨʘʮʶʚʘʥʴ ʟ ʤʝʪʦʶ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʈʦʙʦʪʘ ʙʫʜʘ ʚʠʢʦʥʘʥʘ ʚ 

ʣʘʙʦʨʘʪʦʨʽʾ ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʢʘʬʝʜʨʠ ɽʆʄ ʍʅʋʈɽ. 

 
1. Sharma A. et al. Analysis and Simulation of Energy Efficient Optimal Scenarios 

for Cluster Based Routing Protocol in Wireless Sensor Network //Journal of Network 

Security Computer Networks. ï 2016. ï ʊ. 2. ï ˉ. 1. 

2. ɸʣʴ-ʅʘʛʛʘʨ ʗ. ʄ. ɸʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʛʦʣʦʚʥʦʛʦ ʫʟʣʘ ʢʣʘʩʪʝʨʘ ʜʣʷ 

ʚʩʝʧʨʦʥʠʢʘʶʱʠʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ // ʕʣʝʢʪʨʦʩʚʷʟʴ. ï 2014. ï ˉ. 9. ï ʉ. 14-18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

     43 

 

ʉʅʂʇʄʂʅ-2017      SSCAMCS-2017 

ɿʆɹʈɸɾɽʅʅʗ ɺ QR ʂʆɼɸʍ 

 

ʇʠʣʠʧʯʘʢ ʆʣʝʛ ʗʨʦʩʣʘʚʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯ. ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

liole.plo@gmail.com 

 

QR ʢʦʜ ï ʮʝ ʧʦʰʠʨʝʥʠʡ ʪʠʧ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʢʦʜʫ. ɺʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʚʽʜ ʤʘʨʢʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʫ 

ʤʘʛʘʟʠʥʘʭ ʪʘ ʧʦʩʠʣʘʥʴ ʥʘ ʽʥʪʝʨʥʝʪ-ʩʪʦʨʽʥʢʠ ʜʦ ʦʧʣʘʪʠ ʧʨʦʾʟʜʫ ʚ 

ʛʨʦʤʘʜʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. ʊʘʢʽ ʛʨʘʬʽʯʥʽ ʢʦʜʠ ʚʠʛʣʷʜʘʶʪʴ ʷʢ ʚʠʧʘʜʢʦʚʠʡ 

ʥʘʙʽʨ ʯʦʨʥʠʭ ʽ ʙʽʣʠʭ ʧʽʢʩʝʣʽʚ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʙʘʛʘʪʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʾʭ 

ʢʦʨʝʢʪʥʦʛʦ ʨʦʟʧʽʟʥʘʥʥʷ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʘʞʣʠʚʦ ʟʘʣʠʰʠʪʠ ʫʟʦʨ 

ʯʠʪʘʙʝʣʴʥʠʤ ʜʣʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʟ ʽʥʰʦʛʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠʻʤʥʠʤʠ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʆʪʞʝ, ʤʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʠʪʠ QR ʢʦʜʠ, ʷʢʽ ʙʫʜʫʪʴ ʚ ʩʦʙʽ ʥʝʩʪʠ 

ʥʝ ʪʽʣʴʢʠ ʟʘʰʠʬʨʦʚʘʥʫ ʚ ʥʠʭ ʽʥʬʦʨʤʘʮʽʶ, ʘ ʡ ʚʠʛʣʷʜʘʪʠ ʩʭʦʞʠʤʠ ʜʦ 

ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʂʦʜʠ ʟ ʚʽʟʫʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʪʝʤʦʶ, ʘʜʞʝ, ʪʘʢʽ 

ʢʦʤʧʘʥʽʾ, ʷʢ Facebook (Messenger) ʪʘ Snap (Snapchat) ʚʞʝ ʩʪʚʦʨʠʣʠ ʚʣʘʩʥʽ 

ʚʝʨʩʽʾ ʪʘʢʠʭ ʢʦʜʽʚ. ʇʨʦʪʝ, ʮʽ ʢʦʜʠ ʥʝ ʻ ʚʽʜʢʨʠʪʠʤʠ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʪʨʝʙʘʭ 

ʮʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʥʝ ʥʘʜʘʶʪʴ ʟʘʩʦʙʽʚ ʾʭ ʩʪʚʦʨʝʥʥʷ. ʋ ʮʽʡ ʨʦʙʦʪʽ 

ʨʦʟʛʣʷʥʫʪʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ QR ʢʦʜʠ, ʷʢʽ ʤʦʞʥʘ ʙʫʜʝ ʜʝʢʦʜʫʚʘʪʠ ʫ ʙʫʜʴ-

ʷʢʽʡ ʧʨʦʛʨʘʤʽ. 

ʉʧʦʯʘʪʢʫ ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʘʚʜʷʢʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʤʫ ʘʣʛʦʨʠʪʤʫ 

ʈʽʜʘ-ʉʦʣʦʤʦʥʘ ʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʮʽʡ ʨʦʙʦʪʽ 

ʪʘ ʻ ʚʙʫʜʦʚʘʥʠʤ ʫ ʩʪʘʥʜʘʨʪ ʪʘʢʠʭ ʢʦʜʽʚ, ʤʠ ʤʦʞʝʤʦ ʚʽʜʥʦʚʠʪʠ ʚʽʜ 7% ʜʦ 

30% ʧʦʰʢʦʜʞʝʥʠʭ ʜʘʥʠʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʨʽʚʥʷ ʢʦʨʝʢʮʽʾ. ʎʝ 

ʜʦʧʦʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʥʘʚʽʪʴ, 

ʷʢʱʦ ʥʘʰʽ ʤʦʜʠʬʽʢʘʮʽʾ ʩʠʣʴʥʦ ʟʤʽʥʷʪʴ ʜʝʷʢʫ ʯʘʩʪʠʥʫ ʢʦʜʫ. 

ɹʽʣʴʰʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʻ ʢʦʣʴʦʨʦʚʠʤʠ, ʧʨʦʪʝ ʜʣʷ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʦʧʝʨʫʶʪʴ QR ʢʦʜʘʤʠ, ʚʘʞʣʠʚʦ ʯʽʪʢʦ ʨʦʟʨʽʟʥʷʪʠ ʪʝʤʥʽ ʙʣʦʢʠ ʚʽʜ ʩʚʽʪʣʠʭ, 

ʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʤʦʥʦʭʨʦʤʥʽ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ 

ʦʧʝʨʫʚʘʪʠ ʙʫʣʝʚʠʤʠ ʜʘʥʠʤʠ ʧʨʠ ʨʦʙʦʪʽ ʟ ʥʠʤʠ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʨʦʙʦʪʠ ʟʽ 

ʟʚʠʯʘʡʥʠʤʠ ʢʦʜʘʤʠ. ʇʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʘʣʛʦʨʠʪʤ ʌʣʦʡʜʘ-ʉʪʝʡʥʙʝʨʛʘ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʧʦʭʠʙʢʠ 

ʢʦʣʴʦʨʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʙʝʨʝʛʪʠ ʚʩʽ ʛʨʘʜʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʦʧʪʠʯʥʦʾ ʽʣʶʟʽʾ. 

ɼʣʷ ʥʘʡʢʨʘʱʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʯʽʪʢʽʩʪʶ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ 

ʷʢʽʩʪʶ ʡʦʛʦ ʯʠʪʘʥʥʷ ʨʽʟʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʦʜʽʣʠʪʠ 
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ʢʦʞʥʠʡ ʤʦʜʫʣʴ ʚʭʽʜʥʦʛʦ ʢʦʜʫ ʥʘ 9 ʧʽʜʤʦʜʫʣʽʚ, ʪʦʙʪʦ ʢʚʘʜʨʘʪʽʚ 3Ĭ3. 

ɸʥʘʣʽʟʫʶʯʠ ʚʩʽ 512 (2
9
) ʤʦʞʣʠʚʠʭ ʚʽʟʝʨʫʥʢʽʚ ʮʠʭ ʧʽʜʤʦʜʫʣʽʚ, ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʽʤʦʚʽʨʥʽʩʪʴ ʾʭ ʧʨʦʯʠʪʘʥʥʷ ʷʢ ʙʽʣʦʛʦ ʘʙʦ ʯʦʨʥʦʛʦ ʤʦʜʫʣʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘʤʽʥʫ ʚʽʟʝʨʫʥʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʧʘʩʫ ʢʦʨʝʢʮʽʾ 

ʧʦʤʠʣʦʢ. 

ʊʝʢʩʪ, ʱʦ ʟʘʢʦʜʦʚʫʻʪʴʩʷ, ʟʘʜʣʷ ʧʽʜʪʨʠʤʢʠ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʬʦʨʤʘʪʽʚ, ʥʝ ʟʤʽʥʶʚʘʚʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʤʦʞʥʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʧʦʩʠʣʘʥʥʷ ʥʘ ʩʘʡʪʠ, ʘ ʽ ʟʚʠʯʘʡʥʠʡ 

ʪʝʢʩʪ, ʘʙʦ ʙʽʥʘʨʥʽ ʜʘʥʽ. ʉʧʝʮʠʬʽʢʘʮʽʷ QR ʢʦʜʽʚ, ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʡʦʛʦ 

ʛʝʥʝʨʫʚʘʥʥʷ, ʧʦʪʨʝʙʫʻ ʥʘʢʣʘʜʘʥʥʷ ʦʜʥʽʻʾ ʟ 8 ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʘʩʦʢ, ʟʘʜʣʷ 

ʧʽʜʩʠʣʝʥʥʷ ʚʠʧʘʜʢʦʚʦʩʪʽ ʚʽʟʝʨʫʥʢʫ. ʎʝ ʥʝ ʻ ʥʘʰʦʶ ʤʝʪʦʶ, ʪʦʤʫ ʤʠ 

ʤʦʞʝʤʦ ʚʠʙʨʘʪʠ ʤʘʩʢʫ, ʧʽʩʣʷ ʥʘʢʣʘʜʘʥʥʷ ʷʢʦʾ ʷʢʥʘʡʙʽʣʴʰʝ ʤʦʜʫʣʽʚ 

ʩʧʽʚʧʘʜʘʪʠʤʝ ʟ ʚʭʽʜʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ. ʎʝ ʥʝ ʧʦʨʫʰʠʪʴ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ, 

ʦʩʢʽʣʴʢʠ ʮʶ ʤʘʩʢʫ ʤʠ ʪʝʞ ʧʝʨʝʜʘʻʤʦ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʷʭ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʟʙʝʨʝʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʪʘʢʠʭ ʷʢ, 

ʥʘʢʣʘʜʝʥʘ ʤʘʩʢʘ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʝʨʩʽʶ ʪʘ ʢʚʘʜʨʘʪʠ ʚʠʨʽʚʥʶʚʘʥʥʷ ʻ 

ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʨʦʟʧʽʟʥʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʷʢ QR ʢʦʜʫ, ʪʦʤʫ 

ʟʘʤʽʥʶʚʘʪʠ ʾʭ ʥʘ ʧʽʜʤʦʜʫʣʽ ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʙʫʜʝʤʦ. ʊʘʢʦʞ ʮʝ ʜʦʧʦʤʦʞʝ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʪʨʠʤʘʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʷʢ QR ʢʦʜ, ʪʘ ʟʯʠʪʘʪʠ 

ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʂʦʨʠʩʪʫʚʘʯʫ ʧʨʦʛʨʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ QR ʢʦʜʽʚ ʟʽ ʟʦʙʨʘʞʝʥʴ ʥʘʜʘʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʝʢʪʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʚʠʟʥʘʯʘʪʠ, ʷʢʽ ʤʦʜʫʣʽ ʚʘʞʣʠʚʽʰʽ, ʽ 

ʤʘʶʪʴ ʚʠʛʣʷʜʘʪʠ ʷʢ ʚʠʭʽʜʥʠʡ ʤʘʣʶʥʦʢ, ʘ ʷʢʽ ʤʦʞʥʘ ʧʨʦʽʛʥʦʨʫʚʘʪʠ, ʟʘʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ.  

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʦ ʧʨʠʢʣʘʜ ʟʘʢʦʜʫʚʘʥʥʷ ʧʦʩʠʣʘʥʥʷ ʥʘ ʩʘʡʪ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʫ QR ʢʦʜ, ʚ ʷʢʠʡ ʚʙʫʜʦʚʘʥʦ ʟʦʙʨʘʞʝʥʥʷ ʡʦʛʦ ʛʦʣʦʚʥʦʛʦ 

ʢʦʨʧʫʩʫ. 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʢʣʘʜ ʢʦʜʫ ï ʩʘʡʪ ʫʥʽʚʝʨʩʠʪʝʪʫ 
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ʗʢ ʙʘʯʠʤʦ, ʟʙʝʨʽʛʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʽʟʥʘʪʠ ʮʝʡ ʢʦʜ ʪʘ ʦʪʨʠʤʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʥʴʦʛʦ, ʤʠ ʟʤʦʛʣʠ ʥʘʜʘʪʠ ʡʦʤʫ ʟʨʦʟʫʤʽʣʦʛʦ ʚʠʛʣʷʜʫ. ɯʥʰʠʡ 

ʧʨʠʢʣʘʜ ʽʟ ʛʝʨʙʦʤ ʬʘʢʫʣʴʪʝʪʫ ʪʘ ʧʦʩʠʣʘʥʥʷʤ ʥʘ ʡʦʛʦ ʩʘʡʪ ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 2. ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʚʠʙʨʘʥʦ ʚʠʱʫ ʚʝʨʩʽʶ ʢʦʜʫ, ʪʦʙʪʦ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʢʨʘʱʘ. 

 
ʈʠʩʫʥʦʢ 2. ʇʨʠʢʣʘʜ ʢʦʜʫ ï ʩʘʡʪ ʌʇʄɯ 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʢʦʜ ʷʢʥʘʡʢʨʘʱʦʛʦ ʚʠʛʣʷʜʫ. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʽʥʬʦʨʤʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦ ʟʤʽʩʪ ʢʦʜʫ, ʱʦ ʟʤʝʥʰʠʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʦʧʠʩʫʚʘʪʠ, ʘʙʦ ʧʨʦʩʪʦ ʧʨʠʚʝʨʥʝ ʾʭ ʫʚʘʛʫ. 

 
1. Hung-Kuo Chu et al., 2013, Halftone QR Codes 

2. Cox R., 2012, QArt Codes  

3. Reed S., Solomon. G., 1960, Polynomial Codes over Certain Finite Fields 

4. Floyd R., Steinberg L., 1976, An adaptive algorithm for spatial grey scale 
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ʅɽʁʈʆʅʅɯ ʄɽʈɽɾɯ. ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʆɹʃʀʏ 

 

ʈʘʡʪʝʨ ʆʨʝʩʪ ʂʦʩʪʷʥʪʠʥʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

ʂʦʤʘʨʥʠʮʴʢʠʡ ʊʦʤʘʰ ʄʘʨʢʦʚʠʯ, ʋʢʨʘʾʥʘ(ɯʪʘʣʽʷ) 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ 

(Universit¨ Degli Studi dell'Aquila), 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

i.am.mr.ursa@gmail.com 

TomKomarnicki@gmail.com 

 

ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʙʣʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʩʪʘʣʘ ʦʜʥʽʻʶ 

ʽʟ ʧʦʧʫʣʷʨʥʽʰʠʭ ʪʝʤ ʩʴʦʛʦʜʝʥʥʷ. ʉʘʤʘ ʧʨʦʙʣʝʤʘ ʷʚʣʷʻ ʩʦʙʦʶ, ʷʢ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʨʝʩʫʨʩʫ ʤʦʞʥʘ ʙʫʣʦ ʙʠ ʨʦʟʧʽʟʥʘʚʘʪʠ ʦʙôʻʢʪʠ, 

ʥʘʧʨʠʢʣʘʜ ʷʙʣʫʢʦ ʘʙʦ ʧʦʤʽʜʦʨ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʽʜʥʦʩʥʽ ʬʦʨʤʠ ʧʦʜʽʙʥʽ, 

ʥʘʚʽʪʴ ʻ ʯʝʨʚʦʥʽ ʷʙʣʫʢʘ ʽ ʟʝʣʝʥʽ ʧʦʤʽʜʦʨʠ, ʥʦ ʷʢ ʾʭ ʚʽʜʨʽʟʥʠʪʠ. ʅʘ ʜʦʧʦʤʦʛʫ 

ʥʘʤ ʧʨʠʭʦʜʠʪʴ ʪʝʦʨʽʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʥʦ ʩʘʤʦʩʪʽʡʥʦ ʪʘʢʘ ʩʠʩʪʝʤʘ 

ʧʨʘʮʶʚʘʪʠ ʥʝ ʙʫʜʝ. ʆʜʠʥ ʽʟ ʢʨʘʱʠʭ ʚʘʨʽʘʥʪʽʚ ʙʫʜʝ ʪʝʭʥʦʣʦʛʽʷ ʩʴʦʛʦʜʝʥʥʷ 

ï ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ.  

ʐʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ï ʮʝ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʘ ʪʘʢʦʞ ʾʾ 

ʧʨʦʛʨʘʤʥʘ ʪʘ ʘʧʘʨʘʪʥʘ ʨʝʘʣʽʟʘʮʽʷ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʬʫʥʢʮʽʶʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ð ʤʝʨʝʞ ʥʝʨʚʦʚʠʭ ʢʣʽʪʠʥ 

ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ. ʎʝ ʧʦʥʷʪʪʷ ʚʠʥʠʢʣʦ ʧʨʠ ʚʠʚʯʝʥʥʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʦʟʢʫ, ʪʘ ʧʨʠ ʥʘʤʘʛʘʥʥʽ ʟʤʦʜʝʣʶʚʘʪʠ ʮʽ ʧʨʦʮʝʩʠ. 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ, ʟʥʘʭʦʜʞʝʥʥʷ ʦʙʣʠʯʴ ʽ ʾʭ ʦʙʨʦʙʢʘ ʧʨʠ 

ʩʢʘʥʫʚʘʥʥʽ ʬʦʪʦʛʨʘʬʽʾ, ʚʽʜʝʦ. ʅʘʤ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ, ʜʝ ʥʘ ʬʦʪʦ 

ʨʦʟʪʘʰʦʚʘʥʘ ʣʶʜʠʥʘ ʽ ʥʝ ʩʧʣʫʪʘʪʠ ʾʾ ʟ ʛʦʜʠʥʥʠʢʦʤ ʥʘ ʩʪʽʥʽ ʽ ʢʘʢʪʫʩʦʤ ʥʘ 

ʧʽʜʚʽʢʦʥʥʽ. ɿʜʘʚʘʣʦʩʷ ʙ, ʧʨʦʩʪʝ ʟʘʚʜʘʥʥʷ ʜʣʷ ʣʶʜʠʥʠ, ʥʦ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝ 

ʪʘʢʦʶ ʧʨʦʩʪʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʢʦʤʧ'ʶʪʝʨʘ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʘʡʪʠ ʦʩʦʙʫ ʤʠ 

ʧʦʚʠʥʥʽ ʚʠʜʽʣʠʪʠ ʡʦʛʦ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ ʷʢ ʥʽʩ, ʣʦʙ, ʦʯʽ, ʛʫʙʠ ʽ ʪ.ʜ. 

ʑʦʙ ʚʠʨʽʰʠʪʠ ʪʘʢʫ ʧʨʦʙʣʝʤʫ, ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʘʙʣʦʥʠ (ʚʦʥʠ ʞ 

ʧʨʠʤʽʪʠʚʠ ʍʘʘʨʘ). ʎʽ ʰʘʙʣʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʽ ʧʦʷʩʥʶʶʪʴ 

ʰʫʢʘʥʽ ʥʘʤʠ ʢʦʤʧʦʥʝʥʪʠ ʦʙʣʠʯʯʷ. ʗʢʱʦ ʟʘʩʪʦʩʫʚʘʪʠ ʰʘʙʣʦʥʠ ʜʦ ʚʩʴʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʤʠ ʥʝ ʟʥʘʡʜʝʤʦ ʪʘʤ ʦʩʽʙ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʙʫʜʫʪʴ ʤʝʥʰʽ ʥʽʞ 

ʥʘʰʽ ʰʘʙʣʦʥʠ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʰʫʢʘʪʠ ʥʘ ʚʩʽʭ ʬʦʪʦ ʦʙʣʠʯʯʷ ʨʽʟʥʠʭ 

ʨʦʟʤʽʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʢʦʚʟʥʦʛʦ ʚʽʢʥʘ. ʉʘʤʝ ʚʩʝʨʝʜʠʥʽ ʮʴʦʛʦ 
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ʚʽʢʥʘ ʽ ʚʠʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠʤʽʪʠʚʠ. ɺʽʢʥʦ ʷʢ ʙʠ ʢʦʚʟʘʻ ʧʦ ʚʩʴʦʤʫ 

ʟʦʙʨʘʞʝʥʥʶ. ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʚʽʢʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦʙ ʟʥʘʡʪʠ ʦʙʣʠʯʯʷ ʙʽʣʴʰʦʛʦ ʤʘʩʰʪʘʙʫ. ʎʝʡ ʤʝʪʦʜ ʜʣʷ 

ʨʦʙʦʪʠ ʧʨʦʩʪʠʡ, ʥʦ ʥʝ ʝʬʝʢʪʠʚʥʠʡ, ʯʦʤʫ? ɸ ʪʦʤʫ ʱʦ ʯʘʩʪʦ ʟʦʙʨʘʞʝʥʥʷ 

ʟʨʦʙʣʝʥʦ ʽʟ ʨʽʟʥʠʤ ʦʩʚʽʪʣʝʥʥʷʤ, ʯʘʩʪʠʥʫ ʦʙʣʠʯʯʷ ʥʝ ʚʠʜʥʦ, ʘʙʦ ʚʦʥʦ 

ʨʦʟʤʠʪʝ, ʯʠ ʷʢʽʩʴ ʟʦʙʨʘʞʝʥʥʷ ʻ ʧʦʛʘʥʦʶ. ɼʣʷ ʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ 

ʧʽʜʭʦʜʷʪʴ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʘ ʷʢʱʦ ʪʦʯʥʽʰʝ, Convolutional Neural Network 

(ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ). 

ʑʦʙ ɿʅʄ ʟʫʤʽʣʘ ʽʟ ʰʘʥʩʦʤ ʚ 98.9% ʥʘʡʪʠ ʜʚʘ ʦʜʥʘʢʦʚʠʭ ʦʙʣʠʯʯʷ 

ʧʦʪʨʽʙʥʦ ʧʨʠʜʫʤʘʪʠ ʩʧʦʩʽʙ ʥʘʚʯʠʪʠ ɿʅʄ ʚʽʜʨʽʟʥʷʪʠ ʦʙʣʠʯʯʷ ʽ ʰʫʢʘʪʠ 

ʦʜʠʥʘʢʦʚʽ, ʘʙʦ ʚʽʟʫʘʣʴʥʦ ʧʦʜʽʙʥʽ. ɼʣʷ ʮʴʦʛʦ ʤʠ ʟʘʩʪʦʩʫʻʤʦ Active 

Appearance Models (ʘʢʪʠʚʥʽ ʤʦʜʝʣʽ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ): ʮʝ ʩʪʘʪʠʩʪʠʯʥʽ 

ʤʦʜʝʣʽ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʰʣʷʭʦʤ ʨʽʟʥʦʛʦ ʨʦʜʫ ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʽʜʽʛʥʘʥʽ ʧʽʜ ʨʝʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʬʦʨʤʘʮʽʡ ʽ ʤʝʪʦʜʫ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ, 

ʙʫʜʫʻʤʦ ʪʦʯʢʠ ʽ ʩʪʚʦʨʶʻʤʦ ʪʘʢʫ ʩʦʙʽ 3D ʤʦʜʝʣʴ ʦʙʣʠʯʯʷ, ʚʠʢʦʥʫʶʯʠ 

ʪʨʠʘʥʛʫʣʷʮʽʶ. ʇʨʦʮʝʜʫʨʘ ʥʘʚʯʘʥʥʷ AAM ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʥʦʨʤʘʣʽʟʘʮʽʾ 

ʬʦʨʤ ʥʘ ʨʦʟʤʽʯʝʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʟ ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʨʽʟʥʠʮʽ ʚ ʤʘʩʰʪʘʙʽ, 

ʥʘʭʠʣʽ ʽ ʟʤʽʱʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ ʫʟʘʛʘʣʴʥʝʥʠʡ 

ʇʨʦʢʨʫʩʪʦʤ ʘʥʘʣʽʟ. ɼʘʣʽ ʟ ʧʽʢʩʝʣʽʚ ʚʩʝʨʝʜʠʥʽ ʪʨʠʢʫʪʥʠʢʽʚ, ʫʪʚʦʨʝʥʠʭ 

ʪʦʯʢʘʤʠ ʬʦʨʤʠ, ʬʦʨʤʫʻʪʴʩʷ ʤʘʪʨʠʮʷ, ʪʘʢʘ ʱʦ, ʢʦʞʝʥ ʾʾ ʩʪʦʚʧʝʮʴ ʤʽʩʪʠʪʴ 

ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʢʩʪʫʨʠ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʝʢʩʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʦʜʥʦʢʘʥʘʣʴʥʠʤʠ 

(ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ), ʪʘʢ ʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʤʠ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʩʪʽʨ ʢʦʣʴʦʨʽʚ 

RGB ʘʙʦ ʽʥʰʝ). ʋ ʨʘʟʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʪʝʢʩʪʫʨ ʚʝʢʪʦʨʠ ʧʽʢʩʝʣʽʚ 

ʬʦʨʤʫʶʪʴʩʷ ʦʢʨʝʤʦ ʧʦ ʢʦʞʥʦʤʫ ʟ ʢʘʥʘʣʽʚ, ʘ ʧʦʪʽʤ ʚʠʢʦʥʫʻʪʴʩʷ ʾʭ 

ʢʦʥʢʘʪʝʥʘʮʽʷ. ʇʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʮʽ ʪʝʢʩʪʫʨ 

ʤʦʜʝʣʴ AAM ʚʚʘʞʘʻʪʴʩʷ ʥʘʚʯʝʥʦʶ.  

ʇʨʠʢʣʘʜ ʢʦʥʢʨʝʪʠʟʘʮʽʾ AAM ï  ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʠ 

p =  (p1,p2,...,pm)
T
  =  (ï 54, 10, ï9.1,...)

T
 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʠʥʪʝʟʫ ʤʦʜʝʣʽ ʬʦʨʤʠ s, ʘ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ 

ɚ =  (ɚ1,ɚ2,...,ɚm)
T
  =  (3559,351, ï256,...)

T
 

ʜʣʷ ʩʠʥʪʝʟʫ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʤʦʜʝʣʽ. ʇʽʜʩʫʤʢʦʚʘ ʤʦʜʝʣʴ ʦʩʦʙʠ 

M (W(x; p))
T
 

ʚʠʭʦʜʠʪʴ ʷʢ ʢʦʤʙʽʥʘʮʽʷ ʜʚʦʭ ʤʦʜʝʣʝʡ - ʬʦʨʤʠ ʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʠʛʣʷʜʫ. ʇʽʜʛʦʥʢʘ ʤʦʜʝʣʽ ʧʽʜ ʢʦʥʢʨʝʪʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʠʯʯʷ ʚʠʢʦʥʫʻʪʴʩʷ 

ʚ ʧʨʦʮʝʩʽ ʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ, ʩʫʪʴ ʷʢʦʾ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʫ ʤʝʪʦʜʦʤ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ. ɿʥʘʡʜʝʥʽ ʧʨʠ 

ʮʴʦʤʫ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʽ ʚʽʜʦʙʨʘʞʘʪʠʤʫʪʴ ʩʪʘʥ ʤʦʜʝʣʽ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ.   
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ɿʘ ʜʦʧʦʤʦʛʦʶ AAM ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʩʭʠʣʴʥʠʭ 

ʜʦ ʷʢ ʞʦʨʩʪʢʦʾ, ʪʘʢ ʽ ʥʝʞʦʨʩʪʢʽʡ ʜʝʬʦʨʤʘʮʽʾ. ɸɸʄ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ 

ʧʘʨʘʤʝʪʨʽʚ, ʯʘʩʪʠʥʘ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʬʦʨʤʫ ʦʩʦʙʠ, ʽʥʰʽ ʟʘʜʘʶʪʴ ʡʦʛʦ 

ʪʝʢʩʪʫʨʫ. ʇʽʜ ʜʝʬʦʨʤʘʮʽʻʶ ʟʘʟʚʠʯʘʡ ʨʦʟʫʤʽʶʪʴ ʛʝʦʤʝʪʨʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʦʟʠʮʽʾ ʧʝʨʝʥʝʩʝʥʥʷ, ʧʦʚʦʨʦʪʫ ʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʇʨʠ 

ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʣʦʢʘʣʽʟʘʮʽʾ ʦʩʦʙʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʰʫʢ 

ʧʘʨʘʤʝʪʨʽʚ (ʨʦʟʪʘʰʫʚʘʥʥʷ, ʬʦʨʤʘ, ʪʝʢʩʪʫʨʘ) ɸɸʄ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʠʥʪʝʟʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʜʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ. ɿʘ 

ʩʪʫʧʝʥʝʤ ʙʣʠʟʴʢʦʩʪʽ AAM ʧʽʜʛʘʥʷʻ ʟʦʙʨʘʞʝʥʥʷ, ʜʘʣʽ ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʰʝʥʥʷ - ʻ ʦʩʦʙʘ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʯʠ ʥʽ.  
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ʄʆɺɸ ʇʈʆɻʈɸʄʋɺɸʅʅʗ ɜ (ʅʖ) 

ʈʠʚʘʢ ɺʦʣʦʜʠʤʠʨ ɯʛʦʨʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  

GreatV@email.ua 

 

ʄʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ɜ (ʣʘʪ. ʥʶ) ï ʦʙôʻʢʪʥʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʉʠʥʪʘʢʩʠʩ ʤʦʚʠ ʚ ʜʝʯʦʤʫ ʻ ʉ-ʧʦʜʽʙʥʠʤ, ʪʠʧʽʟʘʮʽʷ ʩʪʘʪʠʯʥʘ. ʊʨʘʥʩʣʷʮʽʷ 

ʛʝʥʝʨʫʻ ʟ ʩʠʨʮʝʚʦʛʦ ʢʦʜʫ çʧʨʦʤʽʞʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷè ï ʩʫʢʫʧʥʽʩʪʴ ʦʧʠʩʽʚ 

ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ, ʬʫʥʢʮʽʡ ʽ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʥʠʤʠ. ʇʨʦʤʽʞʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʚ ʧʦʜʘʣʴʰʦʤʫ ʪʨʘʥʩʣʶʻʪʴʩʷ ʚ llvm ʽʥʩʪʨʫʢʮʽʾ, ʱʦ ʨʦʙʠʪʴ ʤʦʚʫ ʧʨʠʜʘʪʥʦʶ 

ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʣʘʪʬʦʨʤʠ, ʜʣʷ ʷʢʦʾ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚʽʜʧʦʚʽʜʥʠʡ back-end. ʅʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʤʦʚʘ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ ʘʢʪʠʚʥʦʾ ʨʦʟʨʦʙʢʠ. 

ʆʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʚʠ ɜ ï ʚʽʜʜʽʣʝʥʥʷ ʽʤʝʥ ʚʽʜ ʩʫʪʥʦʩʪʝʡ, 

ʛʥʫʯʢʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʽʤʝʥʫʚʘʥʥʷ, ʢʘʩʢʘʜʥʠʡ ʧʨʝʧʨʦʮʝʩʠʥʛ, ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʣʝʞʥʽ ʧʨʘʚʠʣʘ ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʨʦʟʙʦʨʫ. ʆʩʥʦʚʥʽ ʮʽʣʽ ʤʦʚʠ ï 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʰʚʠʜʢʦʜʽʷ, ʙʦʨʦʪʴʙʘ ʟ ʘʨʭʘʾʟʤʘʤʠ ʽ ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ, ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ ʩʠʥʪʘʢʩʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʯʝʨʝʟ 

ʢʦʨʠʩʪʫʚʘʮʴʢʽ ʙʽʙʣʽʦʪʝʢʠ (ʘ ʥʝ ʷʜʨʦ ʤʦʚʠ). ʅʘ ʤʝʪʽ ʻ ʩʪʚʦʨʠʪʠ 

ʫʥʽʚʝʨʩʘʣʴʥʝ ʽ ʛʥʫʯʢʝ ʷʜʨʦ, ʥʘʚʢʦʣʦ ʷʢʦʛʦ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʛʣʠ ʙ 

ʩʬʦʨʤʫʚʘʪʠ ʟʨʫʯʥʠʡ ʜʣʷ ʩʝʙʝ ʽʥʪʝʨʬʝʡʩ. ʋ ʩʚʦʻʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʚʘ ɜ 

ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʘʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʽʪʥʽʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʨʦʙʢʠ: ʢʦʜ-

ʩʪʘʥʜʘʨʪʽʚ ʽ ʩʝʨʝʜʦʚʠʱ ʨʦʟʨʦʙʢʠ. ɯʜʝʷ ʚ ʪʦʤʫ, ʱʦʙ ʥʝ ʦʙʤʝʞʫʚʘʪʠ 

ʨʦʟʨʦʙʥʠʢʘ, ʘ ʜʘʪʠ ʡʦʤʫ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ, ʘʙʠ ʧʦʪʽʤ ʟ ʮʽʻʾ ʤʥʦʞʠʥʠ ʢʦʞʝʥ 

ʤʽʛ ʚʠʦʢʨʝʤʠʪʠ ʜʣʷ ʩʝʙʝ ʥʝʦʙʭʽʜʥʽ ʟʘʩʦʙʠ.  

ɺʽʜʢʠʥʫʚʰʠ ʥʝʩʫʪʪʻʚʽ ʜʝʪʘʣʽ, ʤʦʚʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ 

ʢʦʤʧʦʥʝʥʪʠ: ʽʤʝʥʘ, ʩʭʝʤʠ ʽ ʘʣʛʦʨʠʪʤʠ. ʇʝʨʰʽ ï ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʥʠʢʫ 

ʨʦʟʨʽʟʥʷʪʠ ʩʫʪʥʦʩʪʽ ʧʽʜ ʯʘʩ ʥʘʧʠʩʘʥʥʷ ʧʨʦʛʨʘʤʠ, ʜʨʫʛʽ ï ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʢʦʥʪʝʡʥʝʨʠ ʜʣʷ ʜʘʥʠʭ, ʪʨʝʪʽ ï ʘʣʛʦʨʠʪʤʠ ʥʘʜ ʮʠʤʠ ʜʘʥʠʤʠ. 

ɯʤʝʥʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʨʫʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ɺʦʥʠ ʚʽʜʜʽʣʝʥʽ ʚʽʜ ʨʝʰʪʠ ʤʝʭʘʥʽʟʤʽʚ ʤʦʚʠ, ʜʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʫʚʘʪʠ 

ʽʤʝʥʝʤ ʚ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʷʢʽʡ ʩʫʪʥʦʩʪʽ ʚʦʥʦ ʥʘʣʝʞʠʪʴ (ʩʭʝʤʘ, 

ʘʣʛʦʨʠʪʤ, ʙʣʦʢ, etc).  

ʉʭʝʤʠ ʻ ʰʘʙʣʦʥʘʤʠ ʤʘʡʙʫʪʥʽʭ ʟʤʽʥʥʠʭ, ʘʥʘʣʦʛʘʤʠ ʢʣʘʩʽʚ, ʪʠʧʽʚ ʽ 

ʩʪʨʫʢʪʫʨ ʟ ʚʽʜʦʤʠʭ ʥʘʤ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʉʭʝʤʠ ʜʦ ʧʝʚʥʦʾ ʤʽʨʠ 

ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʽ ʧʦʚʝʜʽʥʢʫ ʦʙôʻʢʪʽʚ ʷʢʽ ʙʫʜʫʪʴ ʩʪʚʦʨʝʥʽ çʟʘ ʾʭ 

ʚʠʛʣʷʜʦʤ ʽ ʧʦʜʦʙʦʶè. ʊʘʢʦʞ ʚʦʥʠ ʦʧʠʩʫʶʪʴ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ 

ʧʨʦʛʨʘʤʠ, ʫʤʦʚʥʦ ʨʦʟʙʠʚʘʶʯʠ ʾʾ ʥʘ ʦʙʣʘʩʪʽ, ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʦʢʨʝʤʽ ʟʘʜʘʯʽ. 

mailto:GreatV@email.ua


 

 

 

     50 

 

ʉʅʂʇʄʂʅ-2017      SSCAMCS-2017 

ɸʣʛʦʨʠʪʤʠ ʚʠʟʥʘʯʘʶʪʴ ʧʦʚʝʜʽʥʢʫ ʦʙôʻʢʪʽʚ, ʦʧʝʨʘʮʽʾ ʥʘʜ ʜʘʥʠʤʠ. 

ʂʦʞʝʥ ʘʣʛʦʨʠʪʤ ʦʧʠʩʫʻ ʥʝʦʙʭʽʜʥʽ ʩʠʥʪʘʢʩʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʩʚʦʻʾ ʨʝʘʣʽʟʘʮʽʾ, 

ʜʦʟʚʦʣʷʶʯʠ ʨʦʟʰʠʨʠʪʠ ʤʥʦʞʠʥʫ ʚʘʨʽʘʥʪʽʚ ʩʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʢʦʜʽ 

ʧʨʦʛʨʘʤʠ. ɸʣʛʦʨʠʪʤʠ ʻ ʘʥʘʣʦʛʘʤʠ ʬʫʥʢʮʽʡ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʨʦʮʝʜʫʨ, ʘʣʝ ʟ 

ʙʽʣʴʰʦʶ ʧʨʝʪʝʥʟʽʻʶ ʜʦ ʩʠʥʪʘʢʩʠʩʫ. ʆʛʦʣʦʰʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʚʩʝʨʝʜʠʥʽ 

ʩʭʝʤ ʽ ʜʝʢʣʘʨʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʜʣʷ ʫʩʽʻʾ ʤʥʦʞʠʥʠ ʾʾ ʝʢʟʝʤʧʣʷʨʽʚ. 

ʄʦʚʘ ɜ ï ʧʝʚʥʦʶ ʤʽʨʦʶ ʝʢʩʧʝʨʠʤʝʥʪ, ʩʧʨʦʙʘ ʜʦʩʣʽʜʠʪʠ ʤʦʞʣʠʚʽ 

ʧʝʨʝʚʘʛʠ ʚʽʜʢʨʠʪʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʠʥʪʘʢʩʠʩʫ. ʄʦʚʠ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦ ʥʝ ʜʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʟʘʩʦʙʽʚ, ʱʦʙ ʧʽʜʽʛʥʘʪʠ ʩʠʥʪʘʢʩʠʩ 

ʧʽʜ ʧʝʚʥʽ ʧʦʪʨʝʙʠ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʪʝ, ʱʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟʘʜʘʯ 

ʚʠʥʦʩʠʪʴʩʷ ʚ ʦʢʨʝʤʽ ʨʽʰʝʥʥʷ (ʧʨʝʜʤʝʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽ ʤʦʚʠ). ʇʨʠʢʣʘʜʘʤʠ 

ʪʦʤʫ ʻ ʤʦʚʠ, ʧʨʝʜʤʝʪʥʠʤʠ ʦʙʣʘʩʪʷʤʠ ʷʢʠʭ ʻ ʨʦʟʤʽʪʢʘ (HTML), ʪʝʢʩʪ 

(TeX), ʙʘʟʠ ʜʘʥʠʭ (SQL), ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ (Tcl), ʢʦʤʘʥʜʥʽ 

ʩʪʨʽʯʢʠ (Unix Shell), ʤʦʜʝʣʶʚʘʥʥʷ (UML), ʪʘ ʽʥʰʽ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʞʥʦʛʦ 

ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ʦʢʨʝʤʦ ʚʠʤʘʛʘʻ ʽ ʦʢʨʝʤʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʟʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʨʘʥʩʣʷʪʦʨʘ. ɹʽʣʴʰʝ ʪʦʛʦ, ʦʢʨʝʤʽ ʨʽʰʝʥʥʷ ʟʘʟʚʠʯʘʡ ʙʫʚʘʶʪʴ 

ʥʝʩʫʤʽʩʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʚʪʨʫʯʘʥʥʷ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʙʦʪʠ ʚ ʻʜʠʥʽʡ ʩʠʩʪʝʤʽ. ʄʦʞʣʠʚʽʩʪʴ ʛʥʫʯʢʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʩʠʥʪʘʢʩʠʩʫ 

ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʮʠʭ ʧʨʦʙʣʝʤ, ʬʦʨʤʫʶʯʠ ʧʨʝʜʤʝʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʫ ʤʦʚʫ 

ʧʦʚʝʨʭ ʙʘʟʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ.  
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʊɽʆʈɯɰ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʋ 

ʐʀʌʈʋɺɸʃʔʅʀʍ ʉʀʉʊɽʄɸʍ 

ʉʦʣʜʘʪʦʚ ʄʘʢʩʠʤ ɼʤʠʪʨʦʚʠʯ, ʆʣʝʩʴʢʽʚ ʗʨʦʩʣʘʚ ʗʨʦʩʣʘʚʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  

slavko.ol96@gmail.com 

   max.sold32@gmail.com 

 

ɼʦʚʦʣʽ ʧʦʰʠʨʝʥʦʶ ʻ ʽʜʝʷ ʟʘʩʪʦʩʫʚʘʪʠ ʪʝʦʨʽʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 

ʰʠʬʨʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʽ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʦʙʦʪʠ ʧʨʠ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʉʬʦʨʤʫʣʶʻʤʦ ʩʘʤʫ ʟʘʜʘʯʫ. ʅʝʭʘʡ ʥʘʤ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʘʪʠ ʜʝʷʢʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʝ ʦʮʽʥʶʻʪʴʩʷ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢ 

ʦʙ'ʻʤ ʽʥʬʦʨʤʘʮʽʾ, ʯʘʩ ʘʢʪʫʘʣʴʥʦʩʪʽ  ʪʘ ʚʘʞʣʠʚʽʩʪʴ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʪʘʢʽ ʯʦʪʠʨʠ ʰʠʬʨʠ: ʰʠʬʨ ʎʝʟʘʨʷ, ʰʠʬʨ ʧʨʦʩʪʦʾ ʟʘʤʽʥʠ, 

ʰʠʬʨ ɺʽʞʝʥʝʨʘ ʪʘ ʰʠʬʨ ʯʘʩʪʦʢʦʣʫ, ʷʢʽ, ʚ ʧʨʠʥʮʠʧʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʤʽʥʝʥʽ 

ʙʫʜʴ-ʷʢʠʤʠ ʽʥʰʠʤʠ ʽʩʥʫʶʯʠʤʠ ʰʠʬʨʘʤʠ. ʆʢʨʽʤ ʪʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʾʭʥʽ ʢʦʤʙʽʥʘʮʽʾ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʮʽʥʦʢ ʧʦʚʽʜʦʤʣʝʥʥʷ, 

ʢʦʤʧôʶʪʝʨ ʧʦʚʠʥʝʥ ʚʠʙʨʘʪʠ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ 

ʧʝʨʝʜʘʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʊʝʧʝʨ ʥʝʦʙʭʽʜʥʦ ʦʟʥʘʯʠʪʠ ʦʮʽʥʢʠ ʜʣʷ ʧʦʚʽʜʦʤʣʝʥʴ. ʏʠʤ ʤʝʥʰʠʡ ʯʘʩ 

ʘʢʪʫʘʣʴʥʦʩʪʽ, ʪʠʤ ʧʨʦʩʪʽʰʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʜʣʷ ʰʚʠʜʰʦʛʦ 

ʨʦʟʰʠʬʨʫʚʘʥʥʷ. ʏʠʤ ʙʽʣʴʰʘ ʚʘʞʣʠʚʽʩʪʴ, ʪʠʤ ʙʽʣʴʰʝ ʤʘʥʽʧʫʣʷʮʽʡ ʚʘʨʪʦ 

ʟʨʦʙʠʪʠ ʟ ʪʝʢʩʪʦʤ. ʏʠʤ ʙʽʣʴʰʠʡ ʦʙʩʷʛ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʠʤ ʩʢʣʘʜʥʽʰʠʡ 

ʰʠʬʨ ʪʨʝʙʘ ʚʠʙʨʘʪʠ ʜʣʷ ʫʩʢʣʘʜʥʝʥʥʷ ʜʝʰʠʬʨʫʚʘʥʥʷ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʤʝʪʦʜʦʤ ʙʨʫʪʘʣʴʥʦʾ ʘʪʘʢʠ. ɺ ʯʦʤʫ ʞ 

ʧʦʣʷʛʘʻ ʨʦʣʴ ʪʝʦʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ? ɺʨʘʭʦʚʫʶʯʠ ʦʮʽʥʢʠ, ʢʦʤʧôʶʪʝʨ 

ʚʠʙʠʨʘʪʠʤʝ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ. 

ʆʩʢʽʣʴʢʠ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʩʠʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʚʽʜʧʨʘʚʥʠʢ ʪʘ 

ʦʜʝʨʞʫʚʘʯ ʧʦʚʠʥʥʽ ʧʦʧʝʨʝʜʥʴʦ ʫʟʛʦʜʠʪʠ ʢʣʶʯʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʘʣʛʦʨʠʪʤʽʚ ʽ 

ʪʨʠʤʘʪʠ ʾʭ ʚ ʪʘʻʤʥʠʮʽ. ʂʣʶʯʝʤ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʙʫʜʝ ʯʠʩʣʦ, ʷʢʝ 

ʬʦʨʤʫʚʘʪʠʤʝʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʮʽʥʦʢ ʽ ʧʦʟʥʘʯʘʪʠʤʝ ʩʧʦʩʽʙ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʷʢʽ ʪʘʢʦʞ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʫʟʛʦʜʞʝʥʥʽ ʟʘʟʜʘʣʝʛʽʜʴ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʰʦʾ ʟʘʜʘʯʽ ʙʫʜʫʻʪʴʩʷ ʜʝʨʝʚʦ ʚʠʙʦʨʫ. ʃʠʩʪʢʘʤʠ 

ʮʴʦʛʦ ʜʝʨʝʚʘ ʙʫʜʫʪʴ ʚʩʽ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ ʟʘʜʘʥʠʭ ʰʠʬʨʽʚ, ʢʦʪʨʽ ʙʫʜʫʪʴ 

ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʧʨʦʥʫʤʝʨʦʚʘʥʽ ʯʠʩʣʘʤʠ ʚʽʜ ʦʜʠʥʠʮʽ. ʂʦʞʥʘ ʮʠʬʨʘ 

ʚʠʩʪʫʧʘʪʠʤʝ ʚ ʨʦʣʽ ʢʣʶʯʘ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʧʝʚʥʽʡ ʢʦʤʙʽʥʘʮʽʾ ʰʠʬʨʽʚ.  
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ʅʝʦʙʭʽʜʥʦ ʧʦʚôʷʟʘʪʠ ʟʘʛʘʣʴʥʫ ʦʮʽʥʢʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽ ʦʮʽʥʢʫ 

ʘʣʛʦʨʠʪʤʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʚʝʜʝʤʦ ʫʥʽʬʽʢʦʚʘʥʫ ʦʮʽʥʢʫ ʚʠʜʫ: 

, ʜʝ  ï ʦʮʽʥʢʘ ʯʘʩʫ ʘʢʪʫʘʣʴʥʦʩʪʽ,   ï ʦʮʽʥʢʘ 

ʚʝʣʠʯʠʥʠ ʧʦʚʽʜʦʤʣʝʥʥ,̫  ï ʦʮʽʥʢʘ ʚʘʞʣʠʚʦʩʪʽ. ʂʦʝʬʽʮʽʻʥʪʠ 

ʦʙʠʨʘʪʠʤʝʤʦ ʪʘʢ, ʱʦʙ ʟʘʛʘʣʴʥʘ ʩʫʤʘ ʙʫʣʘ ʚ ʤʝʞʘʭ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ. ɿʘ 

ʦʮʽʥʢʫ ʘʣʛʦʨʠʪʤʽʚ ʙʨʘʪʠʤʝʤʦ ʾʭʥʶ ʩʪʽʡʢʽʩʪʴ ʜʦ ʙʨʫʪʘʣʴʥʦʾ ʘʪʘʢʠ, ʟʘʪʨʘʪʠ 

ʥʘ ʰʠʬʨʫʚʘʥʥʷ. ʆʮʽʥʢʫ ʰʠʬʨʫʚʘʥʥʷ ʙʫʜʫʻʤʦ ʟʘ ʪʽʻʶ ʞ ʩʭʝʤʦʶ, ʱʦ ʽ 

ʦʮʽʥʢʫ ʧʦʚʽʜʦʤʣʝʥʥʷ. ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʧʦʙʫʜʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʽʘʥʪʫ ʰʠʬʨʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʰʫʢʘʪʠʤʝʤʦ ʥʘʡʙʽʣʴʰʫ ʩʭʦʞʽʩʪʴ ʦʮʽʥʦʢ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ, ʟʘʩʪʦʩʫʻʪʴʩʷ ʤʝʪʦʜ 

ʧʨʦʩʪʦʛʦ ʧʝʨʝʙʦʨʫ. ʇʝʨʝʙʠʨʘʶʯʠ ʦʮʽʥʢʠ ʤʝʪʦʜʫ ʰʠʬʨʫʚʘʥʥʷ, ʤʠ 

ʟʥʘʡʜʝʤʦ ʪʫ, ʢʦʪʨʘ ʻ ʥʘʡʙʣʠʞʯʦʶ ʜʦ ʦʮʽʥʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʮʝʡ ʤʝʪʦʜ. 

ʆʪʞʝ, ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ. ʅʘ ʚʭʽʜ 

ʧʦʜʘʻʪʴʩʷ ʩʘʤʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘ ʜʚʽ ʚʝʣʠʯʠʥʠ: ʯʘʩ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘ 

ʚʘʞʣʠʚʽʩʪʴ. ɼʘʣʽ ʤʠ ʟôʷʩʦʚʫʻʤʦ ʦʙôʻʤ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽ ʦʙʠʨʘʻʤʦ 

ʢʦʝʬʽʮʽʻʥʪʠ  ʪʘʢ, ʱʦʙ ʚʦʥʠ ʟʘʜʦʚʦʣʴʥʷʣʠ ʫʤʦʚʫ, ʱʦ ʫʥʽʬʽʢʦʚʘʥʘ 

ʦʮʽʥʢʘ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ, ʪʘ ʟʥʘʭʦʜʠʤʦ ʥʘʡʢʨʘʱʠʡ 

ʚʘʨʽʘʥʪ ʢʦʜʫʚʘʥʥʷ ʽ ʬʦʨʤʫʻʤʦ ʢʣʶʯ. ʅʘ ʚʠʭʦʜʽ ʤʠ ʦʪʨʠʤʘʻʤʦ ʧʘʨʫ: 

ʟʘʰʠʬʨʦʚʘʥʠʡ ʪʝʢʩʪ ʽ ʢʣʶʯ. ɯ ʧʝʨʝʜʘʻʤʦ ʾʾ ʦʜʝʨʞʫʚʘʯʫ. 
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ʇʈʆɽʂʊʋɺɸʅʅʗ ʊɸ ʈɽɸʃɯɿɸʎɯʗ ʉʀʉʊɽʄʀ ɺɯɿʋɸʃɯɿɸʎɯɰ 3D 

ʆɹôɭʂʊɯɺ 

ʊʠʤʯʠʰʠʥ ʉʚʷʪʦʩʣʘʚ ʗʨʦʩʣʘʚʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʩʚʽʪʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʩʠʩʪʝʤ ʚʽʟʫʘʣʽʟʘʮʽʾ 3-D 

ʦʙôʻʢʪʽʚ, ʧʨʦʪʝ ʞʦʜʥʝ ʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʪʠ 

ʧʨʦʩʪʦʨʦʚʽ ʬʽʛʫʨʠ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʘʨʽʘʥʪ ʩʠʩʪʝʤʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʫ 3-D ʧʨʦʩʪʦʨʽ ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ 

ʟʘʪʨʘʪ. ʈʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʫʜʫʚʘʪʠ 

ʚʽʨʪʫʘʣʴʥʽ ʧʨʦʩʪʦʨʦʚʽ ʦʙôʻʢʪʠ ʟʛʽʜʥʦ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʢʦʨʠʩʪʫʚʘʯ ʟʤʦʞʝ 

ʚʚʝʩʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʥʠʤ ʢʣʘʩʫ ʦʙôʻʢʪʘ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ 3-D ʦʙôʻʢʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʦ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʧʨʦʩʪʦʨʦʚʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ, ʤʦʜʝʣʽ ʾʭ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʩʧʨʦʱʝʥʥʷ 3D-ʧʦʣʽʛʦʥʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʽ 

ʘʬʽʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ  ʧʨʦʩʪʦʨʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʪʨʘʪʠ ʥʘ ʧʨʦʮʝʩ ʨʝʘʣʽʟʘʮʽʾ, ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʩʠʩʪʝʤʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʦʩʥʦʚʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʙʫʜʦʚʠ ʦʙôʻʢʪʽʚ ʚʝʢʪʦʨʥʦʾ ʛʨʘʬʽʢʠ, ʱʦ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʯʥʠʭ ʧʨʠʤʽʪʠʚʽʚ, ʪʘʢʠʭ ʷʢ ʣʽʣʽʥʽʾ ʱʦ 

ʟôʻʜʥʫʶʪʴʩʷ ʚʫʟʣʘʤʠ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʽʰʠʭ 

ʦʙôʻʢʪʽʚ, ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʚʫʟʣʽʚ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ. 

ʋ ʟʚôʷʟʢʫ ʟ ʚʠʱʝ ʩʢʘʟʘʥʠʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʪʝʨʘʮʽʡʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʩʧʨʦʩʪʠʪʠ ʧʦʣʽʛʦʥʘʣʴʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʪʠʧʠ: 

ï ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʧʨʦʨʽʜʞʝʥʠʭ ʚʝʨʰʠʥ; 

ï ʤʦʜʝʣʽ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʟʛʦʨʪʘʥʥʷ ʨʝʙʨʘ. 

ʅʘʡʰʚʠʜʰʠʤ ʘʣʛʦʨʠʪʤʦʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʩʧʨʦʱʝʥʥʷ, ʱʦ ʥʘʣʝʞʠʪʴ 

ʜʦ ʢʘʪʝʛʦʨʽʾ ʧʨʦʨʽʜʞʫʚʘʥʥʷ ʚʝʨʰʠʥ, ʻ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʝʨʰʠʥ. 
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ʈʠʩ.1. ɽʪʘʧʠ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʝʨʰʠʥ 

ɼʘʥʠʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʦʙôʻʜʥʘʥʥʽ ʚʝʨʰʠʥ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʦʜʥʦʤʫ 

ʢʣʘʩʪʝʨʽ ʧʨʦʩʪʦʨʫ, ʚ ʦʜʥʫ. ʂʣʘʩʪʝʨʠ ʫʪʚʦʨʶʶʪʴ ʩʦʙʦʶ ʪʨʠʚʠʤʽʨʥʫ ʩʽʪʢʫ, 

ʪʦʙʪʦ ʢʦʦʨʜʠʥʘʪʠ ʚʝʨʰʠʥ ʬʘʢʪʠʯʥʦ ʟʘʦʢʨʫʛʣʶʶʪʴʩʷ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ, 

ʘ ʫ ʨʘʟʽ ʟʙʽʛʫ ʢʽʣʴʢʦʭ ʚʝʨʰʠʥ, ʧʽʩʣʷ ʟʘʦʢʨʫʛʣʝʥʥʷ, ʮʽ ʚʝʨʰʠʥʠ 

ʟʘʤʽʥʶʶʪʴʩʷ ʦʜʥʽʻʶ. 

ʅʘ ʧʨʦʪʠʚʘʛʫ ʨʦʟʨʽʜʞʝʥʥʶ,  ʟʛʦʨʪʘʥʥʷ ʨʝʙʨʘ ʧʝʨʝʜʙʘʯʘʻ ʦʧʝʨʘʮʽʶ 

ʟʣʠʪʪʷ ʜʚʦʭ ʚʝʨʰʠʥ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʨʝʙʨʦ, ʚ ʦʜʥʫ (ʨʠʩ. 2). ʇʨʠ ʮʴʦʤʫ, ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʘʣʝʥʥʷ ʜʚʦʭ ʪʨʠʢʫʪʥʠʭ ʢʦʤʽʨʦʢ. 

ʂʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡʥʠʭ ʢʨʦʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʩʷʛʥʝʥʥʷʤ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʛʨʘʥʝʡ ʘʙʦ ʜʝʷʢʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. 

 
ʈʠʩ. 2. ʇʨʦʮʝʜʫʨʘ ʟʛʦʨʪʘʥʥʷ ʨʝʙʨʘ . ɺʝʨʰʠʥʘ  ʧʝʨʝʥʦʩʠʪʴʩʷ ʫ 

ʚʝʨʰʠʥʫ  

ʇʦʜʽʙʥʦ ʜʦ ʙʽʣʴʰʦʩʪʽ ʟʘʚʜʘʥʴ ʩʧʨʦʱʝʥʥʷ, ʪʘʢʦʞ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ 

ʚʠʙʦʨʫ ʤʽʞ ʷʢʽʩʪʶ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 3D-ʤʦʜʝʣʝʡ ʽ ʰʚʠʜʢʦʜʽʻʶ ʾʭ 

ʚʽʜʪʚʦʨʝʥʥʷ. ʂʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʚʣʘʩʥʝ 

ʰʚʠʜʢʦʜʽʶ. 

ʆʙʝʨʪʘʥʥʷ ʦʙôʻʢʪʽʚ ʟʜʽʡʩʥʶʻʤʦ ʟʘʩʪʦʩʦʚʫʶʯʠ ʟʘʛʘʣʴʥʫ ʬʦʨʤʫ 

ʘʬʽʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʧʨʦʩʪʦʨʽ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ: 
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x' = ax+by+ez+m 

y' = cx+dy+fz+n 

z' = gx+hy+pz+l 

 

ʜʝ (x', y', z') ï ʪʦʯʢʠ (ʚʝʢʪʦʨʠ), ʱʦ ʦʜʝʨʞʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ.  
ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ 3-D ʦʙôʻʢʪʽʚ ʻ 

ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʤ ʧʨʦʮʝʩʦʤ, ʪʦʤʫ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʠ ʾʭ ʧʦʙʫʜʦʚʠ ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʪʨʘʪ ʯʘʩʫ ʽ ʨʝʩʫʨʩʽʚ. 

 
1. Cohen J., Varshney A., Manocha D., Turk G., Weber H., Agarwal P., Brooks 

F. and Wright W. Simplification Envelopes. // In ACM SIGGRAPH 96 

Conference Proceedings, ï 2001 ï ʈ. 119ï128. 

2. ɸʥʽʩʽʤʦʚ ɺ.ɸ., ʊʝʨʝʱʝʥʢʦ ɺ.ʄ., ʂʨʘʚʯʝʥʢʦ ɯ.ɺ. ʆʩʥʦʚʥʽ ʘʣʛʦʨʠʪʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ: ʅʘʚʯ. ʧʦʩʽʙʥ. ï ʂ.: ʂʠʾʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

2002. ï 82 ʩ 

3. ʊʦʟʠʢ ɺ.ʊ., ʄʝʞʝʥʠʥ ɸ.ɺ. 3ds max 7: ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʘʥʠʤʘʮʠʷ. ï ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2005. ï 992 ʩ: ʠʣ 
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ʉʊɺʆʈɽʅʅʗ ʉʀʉʊɽʄʀ ɼʀʉʊɸʅʎɯʁʅʆɻʆ ʅɸɺʏɸʅʅʗ 

ñINFORMATICSò 

 

ʏʝʨʢʘʩʢʦ ʈʦʤʘʥ ʉʝʨʛʽʡʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, 

 ʬʘʢʫʣʴʪʝʪ ʽʥʬʦʨʤʘʮʽʡʥʦ ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʥʝʜʞʤʝʥʪʫ 

cherkasko.roman@gmail.com 

 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʽʤʢʠʤ ʩʪʘʨʽʥʥʷʤ 

ʟʥʘʥʴ, ʘ ʦʪʞʝ ʟʨʦʩʪʘʶʪʴ ʧʦʪʨʝʙʠ ʚ ʾʭ ʦʥʦʚʣʝʥʥʽ. ɼʦʩʷʛʥʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʨʽʰʠʪʠ ʜʘʥʫ ʧʨʦʙʣʝʤʫ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ (ɼʅ). ɸʣʝ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʝ ʤʘʩʰʪʘʙʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʪʫʞʥʠʭ 

ʩʠʩʪʝʤ, ʱʦ ʟʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʜʠʩʪʘʥʮʽʡʥʠʡ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʘʢʠʭ ʷʢ ʝʣʝʢʪʨʦʥʥʽ ʙʽʙʣʽʦʪʝʢʠ, ʢʫʨʩʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʩʠʩʪʝʤʠ ʪʝʩʪʫʚʘʥʥʷ, ʝʣʝʢʪʨʦʥʥʽ ʧʽʜʨʫʯʥʠʢʠ ʪʘ 

ʽʥʰʽ ʨʝʩʫʨʩʠ.  

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘʚʯʘʥʥʷʤ (Learning 

Management System (LMS)), ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽʽ: Moodle, ʇʨʦʤʝʪʝʡ, 

ɺʽʨʪʫʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ, ʪʘ ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ ʚʘʛʦʤʽ ʥʝʜʦʣʽʢʠ, ʘ ʩʘʤʝ 

ʧʦʪʨʝʙʫʶʪʴ ʧʦʪʫʞʥʦʛʦ ʩʝʨʚʝʨʫ ʘʙʦ ʧʨʠʜʙʘʥʥʷ ʣʽʮʝʥʟʽʾ ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʊʦʙʪʦ, ʨʦʟʨʦʙʢʘ LMS ʤʘʻ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʽ ʥʘʜʘʻ ʧʦʪʫʞʥʫ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ, ʯʝʨʝʟ ʮʝ ʙʫʣʦ ʧʨʠʡʥʷʪʦ 

ʨʽʰʝʥʥʷ ʩʪʚʦʨʠʪʠ ʚʣʘʩʥʫ ʙʝʟʢʦʰʪʦʚʥʫ ʪʘ ʣʝʛʢʫ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʫ 

ɼʅ, ʱʦ ʙʫʜʝ ʥʘʜʘʚʘʪʠ ʚʝʩʴ ʥʝʦʙʭʽʜʥʠʡ  ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ  ʫʩʧʽʰʥʦʛʦ 

ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʚʝʙ ʜʦʜʘʪʢʫ ñInformaticsò ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ɼʅ. ʎʷ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʧʝʨʝʜʙʘʯʘʪʠ ʜʝʢʽʣʴʢʘ ʨʦʣʝʡ 

ʜʦʩʪʫʧʫ, ʘ ʩʘʤʝ: ʩʪʫʜʝʥʪ, ʚʠʢʣʘʜʘʯ, ʘʜʤʽʥʽʩʪʨʘʪʦʨ, ʪʘ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 
ʚʠʢʦʥʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʮʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʧʝʨʝʜʙʘʯʘʪʠ 

ʟʨʫʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʩ ʩʠʩʪʝʤʦʶ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʙʫʣʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʛʥʫʯʢʫ ʪʘ ʜʦʙʨʝ ʩʧʨʦʝʢʪʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʜʦʜʘʪʢʫ ʜʣʷ ʣʝʛʢʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʩʠʩʪʝʤʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ (ʟʘ ʥʝʦʙʭʽʜʥʽʩʪʶ).  
ɿʘʛʘʣʴʥʠʡ ʦʧʠʩ  ʩʠʩʪʝʤʠ ɼʅ: ʩʪʫʜʝʥʪ ʨʝʻʩʪʨʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʪʘ 

ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʘʪʠ ʙʫʜʴ ʷʢʠʡ ʜʦʩʪʫʧʥʠʡ ʢʫʨʩ, ʧʝʨʝʛʣʷʥʫʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʣʘʩʥʫ ʫʩʧʽʰʥʽʩʪʴ, ʥʘʜʘʪʠ ʦʩʦʙʠʩʪʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʝʙʝ 

ʟʘ ʙʘʞʘʥʥʷʤ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʚʠʢʣʘʜʘʯ ʧʦʚʠʥʝʥ ʤʘʪʠ ʬʫʥʢʮʽʾ ʷʢʽ ʜʦʟʚʦʣʷʪʴ  

ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʩʝ ʥʝʦʙʭʽʜʥʝ  ʜʣʷ ʟʨʫʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʧʝʚʥʦʛʦ ʢʫʨʩʫ 

mailto:cherkasko.roman@gmail.com
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ʩʪʫʜʝʥʪʘʤʠ (ʟʘʚʘʥʪʘʞʠʪʠ ʥʝʦʙʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʯʠ ʟʘʚʜʘʥʥʷ, ʨʦʟʨʦʙʠʪʠ 

ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʫ ʩʪʨʫʢʪʫʨʫ ʢʫʨʩʫ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ) ʪʘʢʦʞ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʦʮʽʥʠʪʠ ʨʦʙʦʪʫ,  ʷʢʫ ʥʘʜʘʻ ʪʦʡ ʯʠ ʽʥʰʠʡ ʩʪʫʜʝʥʪ. ɸʜʤʽʥʽʩʪʨʘʪʦʨ  ʤʘʻ 

ʚʠʢʦʥʫʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʨʦʙʦʪʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʻʶ ʩʠʩʪʝʤʦʶ, 
ʚʽʜʩʪʝʞʫʚʘʪʠ ʽʩʥʫʶʯʽ ʜʘʥʥʽ ʚ ʩʠʩʪʝʤʽ ʪʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʜʘʣʠʪʠ ʯʠ 

ʚʽʜʨʝʜʘʛʫʚʘʪʠ  ʾʭ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ.  

ʇʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʨʽʟʥʽ UML ʜʽʘʛʨʘʤʠ. 

ɼʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ  ʨʦʣʽ ñʩʪʫʜʝʥʪò ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩ.1 ï ɼʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʦʣʽ çʩʪʫʜʝʥʪè 

 

ʅʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʬʫʥʢʮʽʦʥʘʣ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ JAVA. ʈʦʟʨʦʙʣʝʥʠʡ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʩʫʪʪʻʚʦ 

ʨʦʟʰʠʨʠʪʴ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʥʘʙʫʪʪʷ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʥʴ. 

 
 
 
 
 
 
 
 
 
 



 

 

 

     58 

 

ʉʅʂʇʄʂʅ-2017      SSCAMCS-2017 

 

 
 

 

ʏʀʉɽʃʔʅɯ ʄɽʊʆɼʀ 
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ʊʈʀʂʈʆʂʆɺʀʁ ʄɽʊʆɼ ʇʆʂʆʆʈɼʀʅɸʊʅʆɻʆ ʉʇʋʉʂʋ ɼʃʗ 

ʈʆɿɺôʗɿʋɺɸʅʅʗ ʉʀʉʊɽʄ ʅɽʃɯʅɯʁʅʀʍ ʈɯɺʅʗʅʔ 

 

ɹʘʢʦʚʠʯ ʄ.ʇ., ɹʘʨʪʽʰ ʄ.ʗ.,ʋʢʨʘʾʥʘ  

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

marianna605@gmail.com 

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ  

 

  

 

ɼʣʷ ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʩʣʽʜʦʚʥʽ ʘʣʛʦʨʠʪʤʠ, ʫ ʷʢʠʭ ʚʠʙʽʨ ʥʘʩʪʫʧʥʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʋ ʚʠʧʘʜʢʫ  ʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʚʥʠʭ ʫʤʦʚ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʅʴʶʪʦʥʘ ʘʙʦ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ. ʋ ʚʠʧʘʜʢʫ  

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʝʪʦʜ ɻʘʫʩʘ-ʅʴʶʪʦʥʘ (ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʚʥʠʭ 

ʫʤʦʚ). ʆʜʥʠʤ ʽʟ ʥʝʜʦʣʽʢʽʚ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʻ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ, 

ʦʩʦʙʣʠʚʦ ʮʝ ʚʽʜʯʫʚʘʻʪʴʩʷ ʧʨʠ ʚʝʣʠʢʠʭ n (ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʥʝʦʙʭʽʜʥʦ 

ʦʙʯʠʩʣʶʚʘʪʠ ʤʘʪʨʠʮʽ ʗʢʦʙʽ). ɿ ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ ʤʝʥʰ ʪʨʫʜʦʤʽʩʪʢʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʛʨʘʜʽʻʥʪʥʠʡ ʤʝʪʦʜ ʩʧʫʩʢʫ.  

ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʻʤʦ ʟʘʜʘʯʫ:  

 

 
ʷʢʘ ʚ ʧʝʚʥʦʤʫ ʩʝʥʩʽ ʝʢʚʽʚʘʣʝʥʪʥʘ ʧʦʯʘʪʢʦʚʽʡ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʘʣʛʦʨʠʪʤ 

 

 

 

 

 

 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʷʤ  ʤʘʻ ʚʠʛʣʷʜ . 
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ʋʤʦʚʦʶ ʟʘʢʽʥʯʝʥʥʷ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʚʠʙʠʨʘʻʤʦ: 

 
ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʷʚʣʷʻ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ 

n, ʦʩʢʽʣʴʢʠ ʧʨʠ ʘʧʨʦʙʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʟʘʪʨʘʪʠ ʜʣʷ ʪʘʢʠʭ n ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʫʶʪʴʩʷ.  

1. ɹʘʨʪʽʰ ʄ. ʗ. ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ. ʊʝʦʨʽʷ ʽ ʘʣʛʦʨʠʪʤʠ./ ɹʘʨʪʽʰ ʄ.ʗ. ï 

ʃʴʚʽʚ, 2006. ï ʉ.16-31, 102-106. 

2. ɹʘʨʪʽʰ ʄ.ʗ. ʇʨʦ ʦʜʠʥ ʽʪʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ/ ɹʘʨʪʽʰ ʄ. ʗ. ï  ʜʦʧ. ɸʅ ʋʈʉʈ.ï  1968.ï   ʉ.387-391. 

3. ɹʘʭʚʘʣʦʚ ʅ.ʉ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. / ɹʘʭʚʘʣʦʚ ʅ.ʉ., ɾʠʜʢʦʚ ʅ. ʇ., 

ʂʦʙʝʣʴʢʦʚ ɻ.ʄ. ï ʄʦʩʢʚʘ, 1987. ï  ʉ. 330-336. 
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ʏʀʉɽʃʔʅɽ ʈʆɿɺôʗɿʋɺɸʅʅʗ ɿɸɼɸʏɯ ʂʆʐɯ ɼʃʗ ʆɼʅɯɭɰ 

ʉʀʉʊɽʄʀ ɽʃɯʇʊʀʏʅʀʍ ʈɯɺʅʗʅʔ 

 

ɹʝʢʝʪʦʚ ɺʽʪʘʣʽʡ ɼʤʠʪʨʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

beketov0vitaliy@gmail.com 
 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʯʠʩʝʣʴʥʝ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʂʦʰʽ ʜʣʷ 

ʩʠʩʪʝʤʠ ʝʣʽʧʪʠʯʥʠʭ ʨʽʚʥʷʥʴʫ ʜʚʦʟʚô̫ ʟʥʽʡ ʦʙʣʘʩʪʽ ʤʝʪʦʜʦʤ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ. 

ʅʝʭʘʡ  ï ʜʚʦʟʚô̫ ʟʥʘ ʦʙʣʘʩʪʴ ʚ ʟ ʚʽʜʦʤʠʤʠ ʚʥʫʪʨʽʰʥʴʦʶ ʪʘ 

ʟʦʚʥʽʰʥʴʦʶ ʛʨʘʥʠʮʷʤʠ , ʚʽʜʧʦʚʽʜʥʦ, - ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ 

ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʢʨʠʚʦʾ. ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʂʦʰʽ ʜʣʷ ʩʠʩʪʝʤʠ 

ʝʣʽʧʪʠʯʥʠʭ ʨʽʚʥʷʥʴ: 

 
ʜʝ  ï ʚʽʜʦʤʽ ʜʽʡʩʥʽ ʢʦʥʩʪʘʥʪʠ. 

ʇʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʟʥʘʯʝʥʥʷ  ʽ . ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʘ (1) ʻ 

ʥʝʢʦʨʝʢʪʥʦʶ, ʪʦ ʜʣʷ ʾʾ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʨʝʛʫʣʷʨʠʟʫʶʯʽ ʤʝʪʦʜʠ.ɼʣʷ ʟʚʝʜʝʥʥʷ ʟʘʜʘʯʽ (1) ʜʦ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʧʦʜʘʤʦ ʨʦʟʚô̫ ʟʦʢ ʫ   ʚʠʛʣʷʜʽ ʩʫʤʠ ʧʦʪʝʥʮʽʘʣʽʚ ʧʨʦʩʪʦʛʦ ʰʘʨʫ [1]: 

 
ʜʝ  ï ʥʝʚʽʜʦʤʽ ʛʫʩʪʠʥʠ,  ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ 

ʨʦʟʚô̫ ʟʢʠʚʽʜʧʦʚʽʜʥʠʭ ʝʣʽʧʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʚ ʟʘʜʘʯʽ (1). 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ , ʚʠʢʦʨʠʩʪʘʚʰʠ ʪʝʦʨʝʤʫ ʧʨʦ 

ʥʝʧʝʨʝʨʚʥʝ ʧʨʦʜʦʚʞʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʧʨʦʩʪʦʛʦ ʰʘʨʫ ʥʘ ʛʨʘʥʠʮʶ, 

ʦʪʨʠʤʘʻʤʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʩʪʝʤ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽʧʽʩʣʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

mailto:beketov0vitaliy@gmail.com
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ʜʝ  - ʧʨʘʚʽ ʯʘʩʪʠʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʨʦʟʚôʷʟʢʠ 

ʟʥʘʡʜʝʥʽ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʘʭ, , , - ʛʣʘʜʢʽ ʷʜʨʘ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʽ ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ[2] ʜʦ 

ʽʥʪʝʛʨʘʣʽʚ ʫ (3), ʽ ʚʟʷʚʰʠ ʚ ʷʢʦʩʪʽ ʪʦʯʦʢ ʢʦʣʦʢʘʮʽʡ ʢʚʘʜʨʘʪʫʨʥʽ 

ʚʫʟʣʠ,ʦʪʨʠʤʘʻʤʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʥʝʢʦʨʝʢʪʥʽʩʪʴ ʩʠʩʪʝʤ, ʟʘʩʪʦʩʦʚʫʻʤʦ ʨʝʛʫʣʷʨʠʟʘʮʽʶ ʊʽʭʦʥʦʚʘ. ɼʘʥʽ ʂʦʰʽ 

ʥʘ   ʚʠʟʥʘʯʘʻʤʦ ʰʣʷʭʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦʜʘʥʥʷ (2) ʪʘ ʡʦʛʦ ʥʦʨʤʘʣʴʥʦʾ 

ʧʦʭʽʜʥʦʾ. 
 

ʇʨʠʢʣʘʜ.ʅʝʭʘʡ ʦʙʣʘʩʪʴ ʟʘʜʘʥʘ ʥʘʩʪʫʧʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʢʨʠʚʠʤʠ: 

 

 
ɺ ʷʢʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʬʫʥʢʮʽʡ ʚʠʙʝʨʝʤʦ ʟʚʫʞʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʨʦʟʚô̫ ʟʢʽʚ  ʨʽʚʥʷʥʥʷ ʚ ʟʘʜʘʯʽ (1) ʽ ʾʭ ʧʦʭʽʜʥʠʭ ʥʘ ʢʨʠʚʽʡ . ʋ ʪʘʙʣ.1 

ʧʦʜʘʥʦ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʜʣʷ ʩʠʩʪʝʤʠ ʝʣʽʧʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʨʦʟʤʽʨʥʦʩʪʽ 

ʜʣʷ , , ʽ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ  ʪʘ ʧʘʨʘʤʝʪʨʘ ʨʝʛʫʣʷʨʠʟʘʮʽʾ . 
 

ʊʘʙʣʠʮʷ 1. 

  ɻ  

 
8 0  0.000709 0.012342 

10  0.000647 0.007781 

20 
 

0.000707 0.009706 

16 0  0.000036 0.000923 

10  0.000027 0.000514 

20 
 

0.000015 0.000513 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʤʝʪʦʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʻ 

ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʨʦʟʚô̫ ʟʫʚʘʥʥʽ ʪʘʢʦʛʦ ʨʦʜʫ ʟʘʜʘʯ. 
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1. Chapko R., Johansson B.T. Boundary-integral approach for the numerical solution 

of the Cauchy problem for the Laplace equation // Ukrainian Mathematical Journal, 

2016.- 68.- P.1665-1682. 

2. Kress R. Linear Integral Equatios. Springer, 1989. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʆʎɯʅʆʂ ɸʇʆʉʊɽʈɯʆʈʅʀʍ ʇʆʍʀɹʆʂ 

ɸʇʈʆʂʉʀʄɸʎɯʁ ʄʉɽ ɼʃʗ ɸɼɸʇʊʀɺʅʆɻʆ ɿɻʋʑɽʅʅʗ ʉɯʊʂʀ 

ɼʃʗ ɿɸɼɸʏ ʂʈʋʏɽʅʅʗ ʉʊʈʀɾʅɯɺ 

 

ɺʘʩʠʣʠʰʠʥ ɹʦʛʜʘʥ ɹʦʛʜʘʥʦʚʠʯ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ,  

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

asmeralt@gmail.com 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʚ ʩʝʨʝʜʦʚʠʱʽ 

WOLFRAM Mathematica ʘʣʛʦʨʠʪʤʫ ʜʣʷ h-ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ(ʄʉɽ) ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʚʦʾʩʪʠʭ ʟʘʜʘʯ ʢʨʫʯʝʥʥʷ ʩʪʨʠʞʥʽʚ [1, 

5-6] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʯʥʦʾ ʩʫʤʘʨʥʦʾ ʘʧʦʩʪʝʨʽʦʨʥʦʾ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ 

ʢʫʩʢʦʚʦ ʣʽʥʽʡʥʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʮʴʦʛʦ ʤʝʪʦʜʫ. ʑʦʙ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ h-ʘʜʘʧʪʫʚʘʥʥʷ ʤʠ ʧʦʨʽʚʥʶʻʤʦ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʟ 

ʪʘʢʠʤʠ, ʱʦ ʦʙʯʠʩʣʝʥʽ ʄʉɽ ʽʟ ʟʚʠʯʘʡʥʠʤ ʨʽʚʥʦʤʽʨʥʠʤ ʟʛʫʱʝʥʥʷ ʩʽʪʦʢ.  

ɸʧʦʩʪʝʨʽʦʨʥʠʡ ʦʮʽʥʶʚʘʯ ʧʦʭʠʙʢʠ ʄʉɽ. ɼʣʷ ʘʧʦʩʪʝʨʽʦʨʥʦʛʦ  

ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʦʢ ʄʉɽ ʚʠʢʦʨʠʩʪʘʻʤʦ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ  ʦʜʝʨʞʘʥʫ ʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʘʮʽ [1] ʥʦʨʤʫʚʘʥʥʷʤ ʟʥʘʯʝʥʥʷʤʠ 

                   .       (1) 

ɼʣʷ ʣʦʢʘʣʴʥʦʛʦ ʘʜʘʧʪʫʚʘʥʥʷ ʩʽʪʢʠ ʪʨʠʢʫʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙʯʠʩʣʠʤʦ 

ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʟʘ ʬʦʨʤʫʣʦʶ (6.4) ʜʣʷ ʢʦʞʥʦʛʦ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ 

ʧʦʜʨʽʙʥʠʤʦ ʪʽ ʟ ʥʠʭ, ʜʣʷ ʷʢʠʭ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʙʽʣʴʰʝ 

ʟʘ ʩʝʨʝʜʥʻ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʜʣʷ ʚʩʽʻʾ ʪʨʽʘʥʛʫʣʷʮʽʾ. ɼʣʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʢʦʞʝʥ ʾʾ ʪʨʠʢʫʪʥʠʢ ʜʽʣʠʤʦ ʥʘ ʯʦʪʠʨʠ 

ʢʦʥʛʨʫʝʥʪʥʽ, ʪʠʤ ʩʘʤʠʤ ʚʜʚʽʯʽ ʟʤʝʥʰʫʶʯʠ ʾʾ ʜʽʘʤʝʪʨ . 

ʏʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. ʈʦʟʚôʷʞʝʤʦ ʟʘʜʘʯʫ ʢʨʫʯʝʥʥʷ ʩʪʝʨʞʥʷ ʟ L-

ʧʦʜʽʙʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ, ʦʜʝʨʞʘʥʠʤ ʪʨʴʦʤʘ ʦʜʠʥʠʯʥʠʤʠ 

ʢʚʘʜʨʘʪʘʤʠ, ʟ ʤʦʜʫʣʝʤ ʞʦʨʩʪʢʦʩʪʽ  ʽ 

ʜʦʧʫʩʪʠʤʠʤ ʨʽʚʥʝʤ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ  ʇʦʯʘʪʢʦʚʘ ʩʽʪʢʘ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 1. ʊʘʙʣ. 1 ʜʝʤʦʥʩʪʨʫʻ ʨʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʥʘ ʨʽʚʥʦʤʽʨʥʦ 

ʟʛʫʱʫʚʘʥʠʭ ʩʽʪʢʘʭ, ʘ ʊʘʙʣ. 2 ï ʪʘʢʽ ʞ ʨʝʟʫʣʴʪʘʪʠ  ʟʘ h-ʘʜʘʧʪʠʚʥʦʶ ʩʭʝʤʦʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ h-ʘʜʘʧʪʫʚʘʥʥʷ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʰʚʠʜʰʝ ʘʣʛʦʨʠʪʤʫ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʛʫʱʝʥʥʷ. ʅʘ ʨʠʩ. 2 ʧʦʜʘʥʦ ʩʽʪʢʫ, ʦʜʝʨʞʘʥʫ ʥʘ ʪʨʝʪʴʦʤʫ  

ʢʨʦʮʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʛʫʱʝʥʥʷ, ʘ ʥʘ ʨʠʩ. 3 ï ʩʽʪʢʫ ʯʝʪʚʝʨʪʦʛʦ ʢʨʦʢʫ h-

ʘʜʘʧʪʫʚʘʥʥʷ. 

mailto:asmeralt@gmail.com
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       ʈʠʩ. 1 

 
       ʈʠʩ. 2 

 
        ʈʠʩ. 3 

ˉ ʂʽʣʴʢʽʩʪʴ 

ʚʫʟʣʽʚ 

ʂʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ  
  

ʏʘʩ, ʩ ɿʙʽʞʥʽʩʪʴ 

1 37 50 1.0360 0.6961 36.6 0.92 - 

2 112 184 1.1075 0.8105 20.3 1.81 - 

3 413 754 1.1313 0.8418 11.6 3.19 - 

4 1586 3034 1.1395 0.8517 6.6 13.11 0.92 

5 6196 12120 1.1423 0.8548 3.8 116.56 1.01 

6 24623 48708 1.1432 0.8558 2.3 1706.02 1.06 

ʊʘʙʣ. 1 

ˉ ʂʽʣʴʢʽʩʪ ɹ

ʚʫʟʣʽʚ 

ʂʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ  
  ʏʘʩ, ʩ ɿʙʽʞ

ʥʽʩʪʴ 

1 37 50 1.0360 0.6961 36.6 0.92 - 

2 59 155 1.0934 0.7855 24.6 1.23 - 

3 174 551 1.1245 0.8355 14.2 2.17 - 

4 591 1243 1.1373 0.8469 8.9 4.05 2.02 

5 1438 3362 1.1410 0.8524 5.8 14.00 0.82 

6 3937 8469 1.1426 0.8547 3.6 68.20 0.82 

7 10209 21647 1.1432 0.8556 2.4 343.55 1.26 

ʊʘʙʣ. 2 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ (1) ʜʘʻ ʪʦʯʥʫ ʩʫʤʘʨʥʫ ʦʮʽʥʢʫ 

ʧʦʭʠʙʦʢ ʧʘʨʠ ʜʚʦʾʩʪʠʭ ʟʘʜʘʯ ʧʨʦ ʢʨʫʯʝʥʥʷ ʩʪʨʠʞʥʷ, ʧʨʦʪʝ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚ 

ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ 

ʧʦʭʠʙʢʠ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʯʠʩʣʝʥʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ h-ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʜʘʶʪʴ 

ʙʽʣʴʰʠʡ ʧʦʨʷʜʦʢ ʟʙʽʞʥʦʩʪʽ ʯʠʩʝʣʴʥʦʾ ʩʭʝʤʠ, ʪʘ ʩʫʪʪʻʚʠʡ ʚʠʛʨʘʰ ʚ 

ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. 

1. ʆ. ɺʦʚʢ. ʊʦʯʥʘ ʩʫʤʘʨʥʘ ʦʮʽʥʢʘ ʘʧʦʩʪʝʨʽʦʨʥʠʭ ʧʦʭʠʙʦʢ ʘʧʨʦʢʩʠʤʘʮʽʡ ʄʉɽ 

ʜʣʷ ʜʚʦʾʩʪʠʭ ʟʘʜʘʯ ʢʨʫʯʝʥʥʷ ʩʪʨʠʞʥʽʚ / ɺʦʚʢ ʆ., ʂʚʘʩʥʠʮʷ ɻ., ʐʠʥʢʘʨʝʥʢʦ ɻ. 

// ɺʽʩʥʠʢ ʃʴʚʽʚ. ʫʥ-ʪʫ. ʉʝʨ. ʧʨʠʢʣ. ʤʘʪʝʤ. ʪʘ ʽʥʬʦʨʤ. ɺʠʧ.  24, 2016.- ʉ. 44-52. 

2. O. C. Zienkiewicz Adaptive techniques in the finite element method / O. C. 

Zienkiewicz, J. Z. Zhu // Communications in Applied Numerical Methods, 1988. 
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ʋɿɸɻɸʃʔʅɽʅʅʗ ʄɽʊʆɼʋ ʍʆɺɸʅʉʔʂʆɻʆ ʈʆɿɺôʗɿʋɺɸʅʅʗ 

ʄɸʊʈʀʏʅʀʍ ʇʆʃɯʅʆʄɯɸʃʔʅʀʍ ʈɯɺʅʗʅʔ 

 

ɼʨʦʧʢʦ ʄʘʨʪʘ ʁʦʩʠʧʽʚʥʘ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

artamnine@gmail.com 

 

ʋ ʩʫʯʘʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢʘʭ ʚʘʞʣʠʚʠʤ ʻ ʥʘʙʣʠʞʝʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ʫ ʚʠʛʣʷʜʽ ʤʥʦʛʦʯʣʝʥʽʚ ʚʽʜ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ. 

ɯʩʥʫʶʪʴ ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʨʦʙʦʚʦ-

ʨʘʮʽʦʥʘʣʴʥʠʭ ʥʘʙʣʠʞʝʥʴ ʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʛʨʦʤʽʟʜʢʠʭ ʚʠʢʣʘʜʽʚ. ʆʜʥʠʤ ʟ 

ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʻ ʤʝʪʦʜ ʣʘʥʮʶʛʦʚʠʭ ʜʨʦʙʽʚ, ʷʢʠʡ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʤʝʪʦʜʫ 

ʍʦʚʘʥʩʴʢʦʛʦ.  

ɯʜʝʶ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʫ ʍʦʚʘʥʩʴʢʦʛʦ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʜʣʷ ʨʽʚʥʷʥʥʷ 

ʈʽʢʢʘʪʽ. ɼʘʥʝ ʨʽʚʥʷʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʪʝʦʨʽʾ ʣʽʥʽʡʥʠʭ 

ʛʘʤʽʣʴʪʦʥʦʚʠʭ ʩʠʩʪʝʤ, ʚʘʨʽʘʮʽʡʥʦʤʫ ʯʠʩʣʝʥʥʽ, ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʬʽʣʴʪʨʘʮʽʾ, ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʝʨʦʚʘʥʠʭ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʦʙʫʜʦʚʘʥʦ ʽ ʨʝʘʣʽʟʦʚʘʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ 

ʤʝʪʦʜʫ ʍʦʚʘʥʩʴʢʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʈʽʢʢʘʪʽ. ʇʨʦʛʨʘʤʥʦ 

ʨʝʘʣʽʟʦʚʘʥʦ ʙʘʛʘʪʦʧʦʪʦʢʦʚʝ ʦʙʯʠʩʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʱʝʟʛʘʜʘʥʠʡ 

ʘʣʛʦʨʠʪʤ. 

ɸʣʛʝʙʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ ʈʽʢʢʘʪʽ ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʚʠʛʣʷʜʫ: 

  (1) 

ʋ ʜʘʥʦʤʫ ʨʽʚʥʷʥʥʽ  ï ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ʧʦʨʷʜʢʫ ,  ï ʢʚʘʜʨʘʪʥʘ 

ʤʘʪʨʠʮʷ ʧʦʨʷʜʢʫ , ï ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʥʦʩʪʽ ,  ï ʤʘʪʨʠʮʷ 

ʨʦʟʤʽʨʥʦʩʪʽ  ï ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʥʦʩʪʽ ,  ï ʥʝʚʽʜʦʤʘ ʤʘʪʨʠʮʷ 

ʨʦʟʤʽʨʥʦʩʪʽ , ʧʨʠ ʯʦʤʫ . 

ʅʝʭʘʡ , ʜʝ  ï ʜʽʘʛʦʥʘʣʴʥʘ ʥʝʚʠʨʦʜʞʝʥʘ ʤʘʪʨʠʮʷ. 

ʈʽʚʥʷʥʥʷ (1) ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ:  

 (2) 

 

ɺʚʝʜʝʤʦ ʜʝʷʢʠʡ ʧʘʨʘʤʝʪʨ ï ʜʽʘʛʦʥʘʣʴʥʫ ʥʝʚʠʨʦʜʞʝʥʫ ʤʘʪʨʠʮʶ 

 ʜʝ . ʈʽʚʥʷʥʷ (2) ʜʦʤʥʦʞʠʤʦ ʟʣʽʚʘ ʥʘ  ʽ ʦʪʨʠʤʘʻʤʦ: 

 (3) 
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ɼʘʣʽ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʘʪʨʠʮʷ  ʻ ʥʝʚʠʨʦʜʞʝʥʦʶ, ʪʦʜʽ 

ʟ (3) ʦʪʨʠʤʘʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 (4) 

ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʨʝʢʫʨʝʥʪʥʦʾ ʬʦʨʤʫʣʠ 

 (5) 

ʪʫʪ  

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘʩʦʙʘʤʠ .Net. ʇʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʦʪʨʠʤʘʥʦ ʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ. 

1. ʅʝʜʘʰʢʦʚʩʴʢʘ ɸ.ʄ. ʄʘʪʨʠʮʷ ʣʘʥʮʶʛʦʚʠʭ ʜʨʦʙʽʚ ʣʘʥʮʶʛʦʚʠʭ ʜʨʦʙʽʚ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʤʘʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ/ ʅʝʜʘʰʢʦʚʩʴʢʘ ɸ.ʄ. ï 

ɾʫʨʥʘʣ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, 2014. ï ˉ 2(116). 

2. ʉʘʤʘʨʩʢʠʡ ɸ.ɸ ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ / ʉʘʤʘʨʩʴʢʠʡ ɸ.ɸ. ï ʄʦʩʢʚʘ: ʅʘʫʢʘ, 

1989. ï 432 ʩ. 

3. ʍʦʚʘʥʩʴʢʠʡ ɸ.ʅ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʘʥʮʶʛʦʚʠʭ ʜʨʦʙʽʚ ʽ ʾʭ ʫʟʘʛʘʣʴʥʝʥʴ ʜʦ 
ʥʘʙʣʠʞʝʥʦʛʦ ʘʥʘʣʽʟʫ/ ʍʦʚʘʥʩʴʢʠʡ ɸ.ʅ. ï ʄʦʩʢʚʘ:ʅʘʫʢʘ, 1963. ï 212 ʩ. 
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ʄʆɼʀʌɯʂɸʎɯʗ ʌʋʅʂʎɯʆʅɸʃʔʅʆ-ʈɯɿʅɽʎɽɺʆɻʆ ʄɽʊʆɼʋ 

ʐʃʗʍʆʄ ʇʈʀʄɯʅɽʅʅʗ ɸʇʆʉʊɽʈɯʆʈʅʆɻʆ ʆʎɯʅʑʀʂɸ ʅɸ 

ʅɽʈɽɻʋʃʗʈʅɯʁ ʉɯʊʎɯ 

 

ɼʫʜʥʠʢ ʆ.ʆ.,ʋʢʨʘʾʥʘ 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

frightempire@yandex.ru 
 

ɹʘʛʘʪʦ ʪʝʭʥʽʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʪʨʝʙʫʶʪʴ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʐʪʫʨʤʘ-ʃʽʫʚʽʣʣʷ. ʅʘʧʨʠʢʣʘʜ, ʚʦʥʘ ʦʧʠʩʫʻ ʨʝʞʠʤ ʢʦʣʠʚʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʥʠ ʘʙʦ ʚʣʘʩʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʢʚʘʥʪʦʚʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʨʦʙʣʝʤʘ ʧʦʙʫʜʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʟʥʘʭʦʜʞʝʥʥʷ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ 

ʪʘ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ ʟʘʜʘʯʽ ʐʪʫʨʤʘ-ʃʽʫʚʽʣʣʷ ʻ ʥʘʛʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʄʝʪʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʫʪ, ʙʫʚ ʚʧʝʨʰʝ ʦʧʠʩʘʥʠʡ ʚ [1] ʽ ʧʦ ʩʫʪʽ ʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʨʽʟʥʠʮʝʚʠʤ (FD) ʤʝʪʦʜʦʤ ʥʫʣʴʦʚʦʛʦ ʨʘʥʛʫ [3]. ʄʝʪʦʶ ʮʽʻʾ 

ʨʦʙʦʪʠ ʻ ʜʝʤʦʥʩʪʨʘʮʽʷ ʤʦʜʠʬʽʢʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ, ʱʦ ʧʦʣʷʛʘʻ ʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʧʦʩʪʝʨʽʦʨʥʦʛʦ ʦʮʽʥʱʠʢʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ 

ʨʦʙʦʪʠ ʤʝʪʦʜʘ ʥʘ ʥʝʨʝʛʫʣʷʨʥʽʡ ʩʽʪʮʽ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʐʪʫʨʤʘ-ʃʽʫʚʽʣʣʷ ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ: 

010

100

)()(

);(,)()]([)(

uu

xxuxqxu
 

ʉʫʪʴ FD-ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ )(xq ʩʪʫʧʽʥʯʘʪʦʶ 

ʬʫʥʢʮʽʻʶ 111 Nixxxxq ii ,],,[),( , ʱʦ ʚ ʧʽʜʩʫʤʢʫ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʽʰʝʥʥʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

0
2

1 )det()(
N

j

jAAF  

ʜʝ ʤʘʪʨʠʮʽ NiAi ,, 1 ʟʘʣʝʞʘʪʴ ʚʽʜ  ʪʘ )(xq . 

ɼʣʷ ʢʦʞʥʦʛʦ ʚʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʥʝʨʝʛʫʣʷʨʥʦʾ ʩʽʪʢʠ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʦʮʽʥʶʚʘʯʘ ʧʦʭʠʙʢʠ [2]: 

dxuqqERR

b

a

kk

2

)(=i  

ʊʽ ʜʽʣʷʥʢʠ, ʜʣʷ ʷʢʠʭ TOLERRi , ʜʽʣʷʪʴʩʷ ʥʘʚʧʽʣ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʚʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʫʻʤʦ ʥʦʚʽ ʩʽʪʢʠ. ʎʽ ʩʽʪʢʠ 
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ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʜʥʘ ʥʘ ʦʜʥʫ ʽ ʦʪʨʠʤʫʻʤʦ ʩʽʪʢʫ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʥʘʩʪʫʧʥʽʡ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʥʘʩʪʫʧʥʦʾ ʟʘʜʘʯʽ: 

010

10012

)()(

);(,)())]cos(([)(

uu

xxuxxu
 (1) 

ɺ ʪʘʙʣʠʮʽ ʪʘ ʥʘ ʨʠʩʫʥʢʫ ʧʨʠʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʚ'ʷʟʢʫ 

ʟʘʜʘʯʽ (1) ʟʘ ʜʦʧʦʤʦʛʦʶ FD-ʤʝʪʦʜʘ [1] ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ FD-ʤʝʪʦʜʘ. ʂʦʞʥʠʡ 

ʟ ʤʝʪʦʜʽʚ ʚʠʢʦʥʫʚʘʚ ʪʨʠ ʽʪʝʨʘʮʽʾ. FD-ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʛʫʣʷʨʥʫ ʩʽʪʢʫ ʽ ʥʘ 

ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʤʝʪʦʜʫ ʢʦʞʥʘ ʜʽʣʷʥʢʘ ʩʽʪʢʠ ʜʽʣʠʣʘʩʴ ʥʘʚʧʽʣ. ʄʦʜʠʬʽʢʦʚʘʥʠʡ 

ʤʝʪʦʜ ʻ ʙʽʣʴʰ ʪʦʯʥʠʤ. ʊʘʢʦʞ ʥʘ ʨʠʩʫʥʢʫ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʘ ʜʽʣʝʥʥʷ ʩʽʪʢʠ ʧʨʦʭʦʜʠʪʴ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ. ʇʨʠʙʣʠʞʝʥʥʷ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʟʥʠʟʫ ʪʘ ʟʚʝʨʭʫ ʚʟʷʪʽ ʟ [3]. 
 

FD-method Modified FD-

method 

ʇʨʠʙʣʠʞʝʥʥʷ 

ʟʥʠʟʫ 

ʇʨʠʙʣʠʞʝʥʥʷ 

ʟʚʝʨʭʫ 

1,919281275 1,91809248 1,91805812 1,91805816 

5,038321863 5,03200157 5,031913 5,031922 

10,012137152 10,0145964 10,011665 10,014381 

16,758125873 17,0021122 16,538364 17,035638 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ 
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3. ʄʘʢʘʨʦʚ ɺ. ʃ. ʆ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʤ ʤʝʪʦʜʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʨʷʜʢʘ 

ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʐʪʫʨʤʘïʃʠʫʚʠʣʣʷ ʩ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʤʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ɼʦʢʣ. ɸʅ ʉʉʉʈ; 1991, 320 (1), ʩ. 34ï39. 

MFD (it=1) 

 

FD (it=1) 

 

FD (it=3) 

 
MFD (it=3) 

 
ʇʦʨʽʚʥʷʥʥʷ ʜʽʣʝʥʥʷ ʩʽʪʢʠ, it-ʥʦʤʝʨ ʽʪʝʨʘʮʽʾ 

http://www.forvo.com/word/%C3%BCber/#de
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɼɽʗʂʀʍ ʄɸɻʅɯʊʅʀʍ 

ʉʀʉʊɽʄ ʄɽʊʆɼʆʄ R-ʌʋʅʂʎɯʁ 
 

ɿʘʚʝʨʫʭʘ ʆʣʴʛʘ ɯʛʦʨʽʚʥʘ, ʋʢʨʘʾʥʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, 

ʬʘʢʫʣʴʪʝʪ ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʥʝʜʞʤʝʥʪʫ 

olha.zaverukha@nure.ua 
 

ʄʘʛʥʽʪʥʽ ʩʠʩʪʝʤʠ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʚ ʧʨʠʨʦʜʽ ʪʘ ʪʝʭʥʽʮʽ. ʇʝʨʝʚʘʞʥʦ, 

ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ 

ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ, ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʛʨʘʥʠʯʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʦʱʦ. ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʽʩʥʫʶʯʠʤ ʤʝʪʦʜʘʤ ʯʠʩʝʣʴʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʤʘʛʥʽʪʥʠʭ ʩʠʩʪʝʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʝʪʦʜʫ 

(ʤʝʪʦʜʫ R-ʬʫʥʢʮʽʡ), ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʢʘʜ. ʅɸʅ ʋʢʨʘʾʥʠ ɺ.ʃ. ʈʚʘʯʦʚʠʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʘʛʥʽʪʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʝʨʦʤʘʛʥʝʪʠʢʫ 
f
 ʽ 

ʚʘʢʫʫʤʫ 
v
 ʟ ʟʘʤʢʥʝʥʠʤʠ ʩʪʨʫʤʦʚʠʤʠ ʦʙʤʦʪʢʘʤʠ 

c
. ʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ 

ʟʥʘʡʪʠ ʨʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʝ ʩʪʚʦʨʝʥʦ ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʩʪʨʫʤʘʤʠ 

ʪʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʶ ʽʟʦʪʨʦʧʥʠʭ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ [1]. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ 

ʧʦʟʜʦʚʞʥʽʡ ʨʦʟʨʽʟ ʤʘʛʥʽʪʫ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʧʦʧʝʨʝʯʥʦʛʦ. ʊʦʜʽ ʚʝʢʪʦʨʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʚʝʢʪʦʨʫ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʙʫʜʝ ʤʘʪʠ ʪʽʣʴʢʠ ʦʜʥʫ ʥʝʥʫʣʴʦʚʫ 

ʢʦʦʨʜʠʥʘʪʫ ( , )u u x y  ʽ ʚʽʜ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʤʦʞʥʘ ʙʫʜʝ ʧʝʨʝʡʪʠ ʜʦ ʩʢʘʣʷʨʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 
0

1 1
( , )z

u u
J x y

x x y y
, 2( , )x y R . (1) 

ʊʫʪ  ï ʬʫʥʢʮʽʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʬʝʨʦʤʘʛʥʝʪʠʢʫ, ʷʢʘ ʻ 

ʚʽʜʦʤʦʶ ʚ 
f
 ʥʝʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʻʶ ʚʽʜ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ (ʜʣʷ ʥʝʤʘʛʥʽʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 1), 0  ï ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

ʚʘʢʫʫʤʫ, ( , )zJ x y  ï z -ʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʦʙôʻʤʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ, 

ʚʽʜʤʽʥʥʘ ʚʽʜ ʥʫʣʷ ʣʠʰʝ ʚ c  ʽ ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ 

( , ) 0,

c

zJ x y dxdy  
( , ), ( , ) ,

( , )
( , ), ( , ) .

f f

v v

u x y x y
u x y

u x y x y
 

ʈʽʚʥʷʥʥʷ (1) ʩʣʽʜ ʜʦʧʦʚʥʠʪʠ ʫʤʦʚʘʤʠ ʩʧʨʷʞʝʥʥʷ ʥʘ ʤʝʞʽ 
fv

 

ʨʦʟʜʽʣʫ ʬʝʨʦʤʘʛʥʝʪʠʢʫ ʽ ʚʘʢʫʫʤʫ: 

mailto:olha.zaverukha@nure.ua
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fvfv

f vu u ,  
1

fvfv

f v
u u

n n
, (2) 

ʜʝ n  ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʜʦ 
fv
, ʪʘ ʫʤʦʚʘʤʠ ʥʘ ʥʝʩʢʽʥʯʝʥʦʩʪʽ:  

 
2 2
lim 0

x y
u . (3) 

ʋʤʦʚʫ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ (3) ʟʘʤʽʥʠʤʦ ʫʤʦʚʦʶ 

 
0

0u , (4) 

ʜʝ ʢʦʥʪʫʨ 
0

 ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʜʦʩʪʘʪʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 
f
. ʅʘʧʨʠʢʣʘʜ, 

ʤʦʞʥʘ ʚʟʷʪʠ ʟʘ 
0

 ʢʦʣʦ 2 2 2

0x y R  ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʤʫ 
0.R  ʏʝʨʝʟ 

0
 ʧʦʟʥʘʯʠʤʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ ʟʘʜʘʯʽ (1), (2), (4). 

ʅʝʭʘʡ ʬʫʥʢʮʽʷ 0( , )x y  ʪʘʢʘ, ʱʦ  

1) 0( , ) 0x y  ʚ 
0
; 

2) 
0( , ) 0x y  ʥʘ 

0
. 

ʌʫʥʢʮʽʶ 0( , )x y  ʽʟ ʟʘʟʥʘʯʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʫ 

ʚʠʛʣʷʜʽ ʻʜʠʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʘʧʘʨʘʪʫ ʪʝʦʨʽʾ R-ʬʫʥʢʮʽʡ [2]. 

ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (1), (2), (4) ʤʘʻ 

ʚʠʛʣʷʜ  

 0 1 0

0

(1 ) ( ), ( , ) ,
( , )

, ( , ) ,

fv

fv f

v

D x y
u x y

x y
 (5) 

ʜʝ 0fv
 ï ʥʦʨʤʘʣʽʟʦʚʘʥʝ ʨʽʚʥʷʥʥʷ ʤʝʞʽ 

fv
, ʧʨʠʯʦʤʫ 0fv

 ʚ 
f
, ʘ 

ʦʧʝʨʘʪʦʨ 
1

fvD  ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ 

 
1

fv fvfvD
x x y y

. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (1) ï (3) ʥʝʚʠʟʥʘʯʝʥʫ 

ʢʦʤʧʦʥʝʥʪʫ ʌ ʚ ʩʪʨʫʢʪʫʨʽ (5) ʘʧʨʦʢʩʠʤʫʻʤʦ ʚʠʨʘʟʦʤ ʚʠʛʣʷʜʫ 

 
1

n

n i i

i

c , (6) 

ʜʝ { }i  ï ʧʦʚʥʘ ʚ 2 0( )L  ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʡ (ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʽ ʘʙʦ 

ʩʪʝʧʝʥʝʚʽ ʧʦʣʽʥʦʤʠ, ʩʧʣʘʡʥʠ ʪʦʱʦ), 1, ..., nc c   ï ʥʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 1, ..., nc c   ʟ (6) ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʙʫʜʴ ʷʢʠʤ ʚʘʨʽʘʮʽʡʥʠʤ ʘʙʦ ʧʨʦʝʢʮʽʡʥʠʤ ʤʝʪʦʜʦʤ.  



 

 

 

     72 

 

ʉʅʂʇʄʂʅ-2017      SSCAMCS-2017 

 

1. ɸʡʨʷʥ ʕ.ɸ., ɾʠʜʢʦʚ ɽ.ʇ., ʌʝʜʦʨʦʚ ɸ.ɺ., ʍʦʨʦʤʩʢʠʡ ɹ.ʅ., ʐʝʣʘʝʚ ʀ.ɸ., 

ʖʜʠʥ ʀ.ʇ., ʖʣʜʘʰʝʚ ʆ.ʀ. ʏʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ 

ʫʩʢʦʨʠʪʝʣʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ // ʌʠʟʠʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ. 

ï 1990. ï ʊ. 21. ï ɺʳʧ. 1. ï ʉ. 251 ï 307. 

2. ʈʚʘʯʝʚ ɺ.ʃ. ʊʝʦʨʠʷ R-ʬʫʥʢʮʠʡ ʠ ʥʝʢʦʪʦʨʳʝ ʝʝ ʧʨʠʣʦʞʝʥʠʷ. ï ʂ.: ʅʘʫʢ. 

ʜʫʤʢʘ, 1982. ï 552 ʩ. 



 

 

 

     73 

 

ʉʅʂʇʄʂʅ-2017      SSCAMCS-2017 

ʏʀʉɽʃʔʅɽ ʈʆɿɺôʗɿʋɺɸʅʅʗ ɿɸɼɸʏɯ ʂʆʐɯ ʋ ɼɺʆɿɺôʗɿʅɯʁ 

ʊʆʈʆɰɼɸʃʔʅɯʁ ʆɹʃɸʉʊɯ 

 

ʂʣʶʯʢʦʚʩʴʢʘ ʄʘʨʽʷ ɺʘʩʠʣʽʚʥʘ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

maria_kliuchkovska@ukr.net 

 

ɺ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ ʘʙʦ ʰʪʫʯʥʠʭ 

ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʾʭ ʦʧʠʩ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʟʘʜʘʯ. 

ʆʜʥʫ ʟ ʪʘʢʠʭ ʟʘʜʘʯ ʨʦʟʛʣʷʥʫʪʦ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʘ ʩʘʤʝ ʦʙʝʨʥʝʥʫ ʟʘʜʘʯʫʫ 

ʜʚʦʟʚ'ʷʟʥʽʡ ʪʦʨʦʾʜʘʣʴʥʽʡ ʦʙʣʘʩʪʽ [2]. 

ʅʝʭʘʡ D ï ʪʦʨʦʾʜʘʣʴʥʘ ʦʙʣʘʩʪʴ ʚ , ʦʙʤʝʞʝʥʘ ʜʚʦʤʘ ʛʨʘʥʠʯʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ . ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʂʦʰʽ ʜʣʷ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ: 

 
ʜʝ f i g ï ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ,  ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ. 

ɿʦʢʨʝʤʘ, ʩʪʘʥʦʚʠʪʴ iʥʪʝʨʝʩ ʚiʜʪʚʦʨʝʥʥʷ ʟʥʘʯʝʥʴ ʨʦʟʚ'ʷʟʢʫ ʪʘ ʡʦʛʦ 

ʥʦʨʤʘʣʴʥʦʾ ʧʦʭiʜʥʦʾ ʥʘ ʚʥʫʪʨiʰʥiʡ ʧʦʚʝʨʭʥʽ . 

ɿʘʜʘʯʘ (1) ʻ ʥʝʢʦʨʝʢʪʥʦʶ, ʦʩʢʽʣʴʢʠ ʧʦʨʫʰʫʻʪʴʩʷ ʫʤʦʚʘ ʥʝʧʝʨʝʨʚʥʦʾ 

ʟʘʣʝʞʥʦʩʪi ʨʦʟʚ'ʷʟʢʫ ʚiʜ ʚʭiʜʥʠʭ ʜʘʥʠʭ. ɺiʜʧʦʚiʜʥʦ, ʧʨʠ ʾʾ ʨʦʟʚ'ʷʟʫʚʘʥʥi 

ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʝʛʫʣʷʨʠʟʫʶʯi ʤʝʪʦʜʠ. 

ʉʢʦʨʠʩʪʘʻʤʦʩʴ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʽʘʣʽʚ ʽ ʧʦʜʘʤʦ ʨʦʟʚ'ʷʟʦʢ ʫ ʚʠʛʣʷʜʽ 

ʩʫʤʠ ʧʦʪʝʥʮʽʘʣʽʚ ʧʨʦʩʪʦʛʦ ʰʘʨʫ [1]: 

 
ʜʝ  - ʥʝʚʽʜʦʤʽ ʛʫʩʪʠʥʠ,  ï 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʜʣʷ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ ʚ . 

ɿʚʘʞʘʶʯʠ ʥʘ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʫ ʧʨʦʩʪʦʛʦ ʰʘʨʫ ʽ ʩʪʨʠʙʦʢ ʡʦʛʦ 

ʥʦʨʤʘʣʴʥʦʾ ʧʦʭʽʜʥʦʾ, ʟʘʜʘʯʘ (1) ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʛʨʘʥʠʯʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ ʧʽʩʣʷ ʚʨʘʭʫʚʘʥʥʷ ʪʦʨʦʾʜʘʣʴʥʦʩʪʽ 

ʛʨʘʥʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ  ʥʘʙʫʜʝ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ: 

mailto:maria_kliuchkovska@ukr.
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ʜʝ  

ɺ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʷʜʨʘ ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʧʦʚʥʽ ʝʣʽʧʪʠʯʥʽ ʽʥʪʝʛʨʘʣʠ 

ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʨʦʜʫ, ʧʨʠʯʦʤʫ  ʤʽʩʪʷʪʴ ʣʦʛʘʨʠʬʤʽʯʥʫ ʦʩʦʙʣʠʚʽʩʪʴ, 

ʷʢʫ ʚʠʜʽʣʷʻʤʦ ʫ ʬʦʨʤʽ ʚʘʛʦʚʦʾ ʧʝʨʽʦʜʠʯʥʦʾ ʬʫʥʢʮʽʾ: 

 
ɼʣʷ ʯʠʩʝʣʴʥʛʦ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʢʚʘʜʨʘʪʫʨʥʠʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʽʡ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟ 

ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʤʠ ʚʫʟʣʘʤʠ. ɿʘʩʪʦʩʫʚʘʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ 

[3] ʜʦ ʽʥʪʝʛʨʘʣʽʚ ʩʠʩʪʝʤʠ ʪʘ ʢʦʣʦʢʫʶʯʠ ʾʾ ʫ ʢʚʘʜʨʘʪʫʨʥʠʭ ʚʫʟʣʘʭ, 

ʧʨʠʭʦʜʠʤʦ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

 

ʜʝ  ʚʽʜʦʤʽ ʚʘʛʦʚʽ ʬʫʥʢʮʽʾ. 

ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʘ ʂʦʰʽ ʻ ʥʝʢʦʨʝʢʪʥʦʶ, ʪʦ ʟʘʩʪʦʩʦʚʫʻʤʦ ʨʝʛʫʣʷʨʠʟʘʮʽʶ 

ʊiʭʦʥʦʚʘ ʜʦ ʦʪʨʠʤʘʥʦʾ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʽ ʟʥʘʭʦʜʠʤʦ ʥʝʚʽʜʦʤʽ 

.  

ʅʘʙʣʠʞʝʥʠʡ ʨʦʟʚô̫ ʟʦʢ ʪʘ ʡʦʛʦ ʥʦʨʤʘʣʴʥʫ ʧʦʭʽʜʥʫ ʥʘ ʛʨʘʥʠʯʥʽʡ 

ʧʦʚʝʨʭʥʽ  ʟʥʘʭʦʜʠʤʦ ʥʘ ʦʩʥʦʚʽ ʧʦʜʘʥʥʷ (2). 

ʗʢ ʧʽʜʩʫʤʦʢ, ʚ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʟʘʩʚʽʜʯʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʪʝʥʮʘʣʽʚ ʜʣʷ 

ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ ʫ ʪʦʨʦʾʜʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ. 
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1. Babenko C., Chapko R., Johansson B.T. On the numerical solution of the Laplace 

equation with complete and incomplete Cauchy data using integral equations // 

CMES: Computer Modeling in Engineering & Sciences, 2014.- 101.- P. 299-317. 

2. Chapko R. On the numerical solution of the Dirichlet initial boundary-value 

problem for the heat equation in the case of a torus // J. Eng. Math., 2002. -  34. - 

P. 75-87. 

3. Kress R. Linear Integral Equatios. Springer, 1989. 
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ʇʆɹʋɼʆɺɸ ɸʃɻʆʈʀʊʄʋ ʈʆɿɺôɿʋɺɸʅʅʗ ʇʆʏɸʊʂʆɺʆ-

ɻʈɸʅʀʏʅʆɰ ɿɸɼɸʏɯ ɼʃʗ ʈɯɺʅʗʅʅʗ ʊɽʇʃʆʇʈʆɺɯɼʅʆʉʊɯ 

 

ʂʦʥʜʨʘʪʶʢ ɻʘʣʠʥʘ ʆʣʝʛʽʚʥʘ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

rosa.lovely23@gmail.com 

 

ɸʥʘʣʽʟ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ, ʯʠʩʝʣʴʥʠʭ ʘʙʦ 

ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʧʦʙʫʜʦʚʘʥʦ ʽ ʨʝʘʣʽʟʦʚʘʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚô̫ ʟʘʥʥʷ 

ʧʦʯʘʪʢʦʚʦ-ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʽ ʟʤʽʥʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʎʷ ʟʘʜʘʯʘ ʦʭʦʧʣʶʻ ʢʣʘʩ ʪʨʠʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʤʝʪʝʤʘʪʠʯʥʦʾ 

ʬʽʟʠʢʠ. 

ʇʦʯʘʪʢʦʚʦ-ʛʨʘʥʠʯʥʘ ʟʘʜʘʯʘ ʜʣʷ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʽ 

ʟʤʽʥʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟʘʧʠʰʝʪʴʩʷ ʪʘʢ: 

                                                                 (1) 

                                                       (2) 

 
ʩʽʪʢʘ 

 
ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ t ʦʧʝʨʘʪʦʨ  ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ 

ʦʧʝʨʘʪʦʨʦʤ 

 
ʜʝ , ʥʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  ʘʙʦ 

 ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʣʷ :  

 
ɿʚʝʜʝʤʦ ʮʶ ʩʭʝʤʫ ʜʦ ʯʠʩʝʣʴʥʦʛʦ ʚʠʛʣʷʜʫ, ʪʦʙʪʦ ʜʦ ʚʠʛʣʷʜʫ ʟʨʫʯʥʦʤʫ 

ʜʣʷ ʦʙʯʠʩʣʝʥʴ. ɼʣʷ ʷʚʥʦʾ ʩʭʝʤʠ ʚ ʽʥʜʝʢʩʥʦʤʫ ʚʠʛʣʷʜʽ ʦʪʨʠʤʘʻʤʦ ʬʦʨʤʫʣ 

mailto:rosa.lovely23@gmail.com
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 (3) 

 

 
ʅʘ ʧʦʙʫʜʦʚʘʥʽʡ ʩʽʪʮʽ ʧʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘʧʠʰʫʪʴʩʷ ʪʘʢ: 

 
                                                                 (4) 

 

 
ɿʘ ʜʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʧʨʦʚʝʜʝʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʝʢʩʤʝʨʝʤʝʥʪʠ, 

ʦʜʝʨʞʘʥʦ ʜʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

1. ʉʘʤʘʨʩʢʠʡ ɸ.ɸ ʊʝʦʨʠʷ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ / ʉʘʤʘʨʩʴʢʠʡ ɸ.ɸ. ï ʄʦʩʢʚʘ: 

ʅʘʫʢʘ, 1989. ï 616 ʩ. 

2. ʐʘʭʥʦ ʉ.ʄ. ʇʨʘʢʪʠʢʫʤ ʟ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ / ʉ.ʄ. ʐʘʭʥʦ, ɸ.ʊ. 

ɼʫʜʠʢʝʚʠʯ, ʉ.ʄ. ʃʝʚʠʮʴʢʘ ï ʃʴʚʽʚ: ɺʠʜʘʚʥʠʯʠʡ ʮʝʥʪʨ ʃʅʋ ʽʤ. ɯʚʘʥʘ 
ʌʨʘʥʢʘ, 2013. ï 432 ʩ. 
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ʄɽʊʆɼ ɹʃʆʏʅʆɻʆ ʇʆʂʆʆʈɼʀʅɸʊʅʆɻʆ ʉʇʋʉʂʋ 

ʄɯʅɯʄɯɿɸʎɯɰ ʌʋʅʂʎɯɰ 

 

ʃʘʙʘʟʝʚʠʯ ʄ.ʆ.,ʋʢʨʘʾʥʘ  

ʃɹ ʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ,  

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

marta.labazevuch@gmail.com 

 

  ʋ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ 

ʨʦʟʚô̫ ʟʫʚʘʥʥʽ ʟʘʜʘʯ ʤʽʥʽʤʽʟʘʮʽʾ. ʊʘʢʽ ʟʘʜʘʯʽ ʯʘʩʪʦ ʪʨʘʧʣʷʶʪʴʩʷ ʚ ʥʘʫʮʽ, 

ʪʝʭʥʽʮʽ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. ɿʜʝʙʽʣʴʰʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟʚʦʜʷʪʴʩʷ ʜʦ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʘ ʟʨʦʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʢʦʤʧôʁ ʪʝʨʽʚ ʩʧʨʠʷʻ ʨʦʟʰʠʨʝʥʥʶ ʩʬʝʨ ʫʩʧʽʰʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʨʦʟʚô̫ ʟʘʥʥʽ ʚʩʝ ʩʢʣʘʜʥʽʰʠʭ ʟʘʜʘʯ ʚʩʝ 

ʙʽʣʴʰʠʭ ʨʦʟʤʽʨʥʦʩʪʝʡ. ʈʽʟʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʷʶʪʴ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ 

ʨʽʟʥʠʭ ʢʣʘʩʘʭ ʟʘʜʘʯ. ʄʝʪʦʜʠ ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ: ʚʠʙʽʨ 

ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ, ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʢʨʝʤʦʾ 

ʪ̔ʝʨʘʮʽʾ ʪʦʱʦ. ʉʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʪʦʤʫ ʽ ʥʘʜʘʣʽ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ.  

 ʈʦʟʛʣʷʜʘʻʤʦ ʤʝʪʦʜ ʩʧʫʩʢʫ, ʘ ʩʘʤʝ ʤʝʪʦʜ ʙʣʦʯʥʦʛʦ 

ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʘʩʪʢʦʚʽ ʧʦʭʽʜʥʽ 

ʤʽʥʽʤʽʟʫʶʯʦʾ ʬʫʥʢʮʽʾ ʧʦ ʙʣʦʢʘʭ ʫ ʢʦʦʨʜʠʥʘʪʘʭ ʚʝʢʪʦʨʘ ʩʧʫʩʢʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʙʝʟʫʤʦʚʥʦʾ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʙʘʛʘʪʴʦʭ 

ʟʤʽʥʥʠʭ                                   
nRxxf min,)( ,                                         

(1) 

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ nN ,...2,1 . ɿ ʜʘʥʦʾ ʤʥʦʞʠʥʠ ʚʠʜʽʣʠʤʦ 

ʧʽʜʤʥʦʞʠʥʠ .,,0,,,....
1

1 jie

p

i
iiie NNNNneNeeeN G  

ɺʚʝʜʝʤʦ ʚʝʢʪʦʨ )(xa j , 

ʜʝ                                      

ji

j
i

j Ni
dx

df

Ni

xa
,

,0

)( , 

ɼʣʷ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʟʘʜʘʯʽ (1) ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʛʣʷʜʫ 

                           )( ,,,1, jkjjkjkjk xaxx                                  (2) 
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2

,,,1, )()()( jkjjkjkjk xaxfxf                     (3) 

ʜʝ )1,0(,,...,2,1,0, pjjk  ʜʣʷ ʷʢʦʛʦ ʩʧʨʘʚʝʜʣʠʚʽ 

ʥʘʩʪʫʧʥʽ ʣʝʤʠ. 

ʃʝʤʘ 1. ʅʝʭʘʡ )()( 1,1 nRCxf ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʽ ʧʝʨʰʘ 

ʧʦʭʽʜʥʘ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ ʃʽʧʰʠʮʷ 

,,,)()( '' nRyxyxMyfxf  .0M  ʊʦʜʽ ʜʣʷ ʜʦʚʽʣʴʥʠʭ 

)1,0(,n

k Rx  ʽ ka , ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ ,0)),(( '

kk axf  ʫʤʦʚʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ  

.
)1(

0
M

k  

ʃʝʤʘ 2. ʗʢʱʦ ʬʫʥʢʮʽʷ )(2 nRCf ʽ )('' xf  ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ 

,0,,,),)((
2'' DRaxaDaaxf n

 ʪʦʜʽ ʜʣʷ ʜʦʚʽʣʴʥʠʭ 

)1,0(,n

k Rx  ʽ ),( fxh kk G  ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ  

.
)1(2

0
D

k  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ ʧʨʠʥʮʠʧʦʤ ʤʝʪʦʜʽʚ ʩʧʫʩʢʫ, 

ʧʨʦʪʝ ʟʘʤʽʩʪʴ ʚʝʢʪʦʨʘ ʩʧʫʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦ ʣʠʰʝ ʜʝʢʽʣʴʢʘ ʯʘʩʪʢʦʚʠʭ 

ʧʦʭʽʜʥʠʭ  ʤʽʥʽʤʽʟʫʶʯʦʾ ʬʫʥʢʮʽʾ. ʄʝʪʦʜ ʤʘʻ ʣʽʥʽʡʥʫ ʟʙʽʞʥʽʩʪʴ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʽ ʧʦʨʽʚʥʷʥʥʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʟô̫ ʩʫʚʘʣʠ, ʱʦ ʤʝʪʦʜ ʩʧʫʩʢʫ ʟʘ ʢʽʣʴʢʽʩʪʶ ʦʙʯʠʩʣʝʥʴ ʧʝʨʝʚʘʞʘʻ 

ʛʨʘʜʽʻʥʪʥʠʡ ʤʝʪʦʜ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ ʬʫʥʢʮʽʾ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʙʣʦʯʥʦʛʦ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʫ, ʚ ʩʝʥʩʽ 

ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʟʨʦʩʪʘʻ.  

 

1. ɹʘʨʪʽʰ ʄ. ʗ. ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ. ʊʝʦʨʽʷ ʽ ʘʣʛʦʨʠʪʤʠ. ï ʃʴʚʽʚ. 

ɺʠʜʘʚʥʠʯʠʡ ʮʝʥʪʨ ʃʅʋ ʽʤ. ɯ. ʌʨʘʥʢʘ, 2006. 

2. ɹʝʡʢʦ ɯ.ɺ. ɿʘʜʘʯʽ, ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ / ɯ. ɺ. ɹʝʡʢʦ, ʇ. ʄ. 

ɿʽʥʴʢʦ, ʆ.ɻ. ʅʘʢʦʥʝʯʥʠʡ. ï ʂ.: ɺʇʎ ʂʠʾʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ï 2012. ï 800ʩ. 
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ʏʀʉʃʆɺɽ ɼʆʉʃɯɼɾɽʅʅʗ ʅɽʉʊɸʎɯʆʅɸʈʅʆɰ ɿɸɼɸʏɯ 

ɻɽʊɽʈʆɼʀʌʋɿɯɰ  

  

ʄʘʟʫʨʷʢ ɯʣʣʷ ɺʘʩʠʣʴʦʚʠʯ, ʋʢʨʘʾʥʘ
 

ʃɹ ʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ,  

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

Illay1994@gmail.com 

 

ɺʩʪʫʧ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʪʘ 

ʯʘʩʪʦ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʚʯʝʥʠʭ. ʎʝ ʧʦʚ`ʷʟʘʥʦ, ʟʦʢʨʝʤʘ, ʟ ʪʠʤ, ʱʦ 

ʧʨʦʮʝʩʠ ʜʠʬʫʟʽʾ ʟʫʤʦʚʣʶʶʪʴ ʟʤʽʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ 

ʜʝʛʨʘʜʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʦʞ ʚʫʟʣʽʚ 

ʪʘ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʛʦ ʚʠʜʫ ʪʝʭʥʽʯʥʠʭ ʤʘʢʨʦʢʦʥʩʪʨʫʢʮʽʡ. ʂʨʽʤ ʮʴʦʛʦ, ʪʘʢʽ 

ʧʨʦʮʝʩʠ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʠʨʦʜʽ, ʟʦʢʨʝʤʘ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʟʘʙʨʫʜʥʝʥʴ ʫ 

ʜʦʚʢʽʣʣʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʥʝʤʦ ʜʚʦʚʠʤʽʨʥʫ ʟʘʜʘʯʫ ʛʝʪʝʨʦʜʠʬʫʟʽʾ, 

ʟʘʧʠʩʘʥʫ ʫ ʙʝʟʨʦʟʤʽʨʥʠʭ ʢʦʨʜʠʥʘʪʘʭ 

.

,

221222
2

121211
1

fcaccdcd
t

ʩ

fcaccdc
t

ʩ

(1) 

ʜʝ 21,,, ddda - ʩʪʘʣʽ, ʱʦ ʭʘʨʘʢʪʝʨʝʟʫʶʪʴ ʩʝʨʝʜʦʚʠʱʝ, ʜʣʷ ʷʢʠʭ 

ʚʽʜʦʤʦ, ʱʦ 21121 ,,1~)(,1,,,1 ffddaddda  ʬʫʥʢʮʽʾ ʜʞʝʨʝʣ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʦʜʥʦʨʽʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʛʨʘʥʠʮʽ  

],0(0,0 21 ʥʘʩʩ  

ʘ ʪʘʢʦʞ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ 

,0)1(,),( 0201 tʧʨʠcʩctʩ  

ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 
 ɿʘʩʪʦʩʫʻʤʦ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ (1) ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ 

ʙʘʟʠʩʥʠʤʠ ʬʫʥʢʮʽʷʤʠ-ʙʫʣʴʙʘʰʢʘʤʠ ʥʘ ʪʨʠʢʫʪʥʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʘʭ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

;8.0;0, 21 ddd 1;10c  

mailto:Illay1994@gmail.com
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5a ʧʨʠ ʨʦʟʙʠʪʪʽ ʥʘ 8 ʪʘ 16 ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

 
10a  ʧʨʠ ʨʦʟʙʠʪʪʽ ʥʘ 8 ʪʘ 16 ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

 
ɺʠʩʥʦʚʢʠ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʛʝʪʝʨʦʜʠʬʫʟʽʾ ʯʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ 

ï ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʥʝʦʙʭʽʜʥʦ ʨʦʟʙʠʪʠ ʩʝʨʝʜʦʚʠʱʝ ʥʘ 

ʧʽʜʦʙʣʘʩʪʽ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʨʦʟʙʠʪʪʷ 

ʟʘʜʦʚʦʣʴʥʷʣʦ ʫʤʦʚʫ ɼʝʣʦʥʝ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʛʣʷʥʫʪʘ ʢʦʥʢʨʝʪʥʘ ʟʘʜʘʯʘ ʪʘ 
ʦʪʨʠʤʘʥʠʡ ʾʾ ʯʠʩʣʦʚʠʡ ʨʦʟʚʷʟʦʢ. ʅʘ ʦʩʥʦʚʽ ʄʉɽ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʽ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʛʝʪʝʨʦʜʠʬʫʟʽʾ 

ʜʦʤʽʰʢʦʚʦʾ ʨʝʯʦʚʠʥʠ ʫ ʜʚʦʚʠʤʽʨʥʠʭ ʟʘ ʧʨʦʩʪʦʨʦʚʦʶ ʟʤʽʥʥʦʶ 

ʩʝʨʝʜʦʚʠʱʘʭ. ɼʣʷ ʰʘʨʫ ˇʨʫʥʪʫ ʧʨʦʚʝʜʝʥʦ ʥʠʟʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʥʘ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʢʦʚʦʾ ʨʝʯʦʚʠʥʠ. 

 

 
1. ʉʘʚʫʣʘ ʗ. ɻ.  ʏʠʩʣʦʚʠʡ ʘʥʘʣʽʟ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ 

ʚʘʨʽʘʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ / ʗ. ɻ. ʉʘʚʫʣʘ. - ʃʴʚʽʚ: ʚʠʜʘʚʥʠʯʠʡ ʮʝʥʪʨ ʃʅʋ 

ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, 2004. ï 221 ʩ. 

2. ʏʘʧʣʷ ɭ.ʗ.,ʏʝʨʥʫʭʘ ʆ.ʖ. ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʛʝʪʝʨʦʜʠʬʫʟʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ. ʅɸʅ ʋʢʨʘʾʥʠ. ʎʝʥʪʨ ʤʘʪʝʤ. ʤʦʜʝʣʶʚʘʥʥʷ 

ɯʥ-ʪʫ ʧʨʠʢʣ. ʧʨʦʙʣʝʤ ʤʝʭʘʥʽʢʠ ʽ ʤʘʪʝʤʘʪʠʢʠ ʽʤ.ʗ.ʉ. ʇʽʜʩʪʨʠʛʘʯʘ. - ʃʴʚʽʚ: 

ʉʇʆʃʆʄ.2003-128ʩ. 
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ɯʅʊɽʈɺɸʃʔʅɯ ʄɽʊʆɼʀ ʅʔʖʊʆʅɯɺʉʔʂʆɻʆ ʊʀʇʋ ɼʃʗ 

ʈʆɿɺôʗɿʋɺɸʅʅʗ ʉʀʉʊɽʄ ʅɽʃɯʅɯʁʅʀʍ ʈɯɺʅʗʅʔ 

 

ʄʘʨʪʠʥʶʢ-ʃʦʪʦʮʴʢʘ ɺʽʢʪʦʨʽʷ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, ʋʢʨʘʾʥʘ 

ʃɹ ʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɯʚʘʥʘ ʌʨʘʥʢʘ,  

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

viktoriiaML@gmail.com 

 

ʅʝʣʽʥʽʡʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʜʣʷ ʤʘʪʝʤʘʪʠʢʽʚ, ʬʽʟʠʢʽʚ, ʦʩʢʽʣʴʢʠ 

ʙʽʣʴʰʽʩʪʴ ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʥʝʣʽʥʽʡʥʽ. ʆʜʥʘ ʟ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ  - ʮʝ 

ʚʠʨʽʰʝʥʥʷ ʩʠʩʪʝʤ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ.  

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʻ 

ʽʪʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ. ɯʪʝʨʘʮʽʡʥʽ ʤʝʪʦʜʠ ʥʝ ʻ ʜʦʩʠʪʴ ʪʦʯʥʠʤʠ. ʅʘ 

ʟʤʽʥʫ ʾʤ ʧʨʠʡʰʣʠ ʽʥʪʝʨʚʘʣʴʥʽ ʤʝʪʦʜʠ. ʈʦʟʛʣʷʥʝʤʦ ʽʥʪʝʨʚʘʣʴʥʽ ʤʝʪʦʜʠ 

ʥʴʶʪʦʥʽʚʩʴʢʦʛʦ ʪʠʧʫ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʠʱʝ ʟʛʘʜʘʥʠʭ ʩʠʩʪʝʤ. 

ʅʝʭʘʡ ʜʘʥʘ ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ  

  ʚʝʢʪʦʨʥʦʾ ʟʤʽʥʥʦʾ , ʷʢʽ ʦʙôʻʜʥʫʻʤʦ ʫ 

ʚʝʢʪʦʨʥʫ ʬʫʥʢʮʽʶ  ʅʝʭʘʡ ʧʦʭʽʜʥʘ ʌʨʝʰʝ 

 ʬʫʥʢʮʽʾ  ʽʩʥʫʻ ʥʘ ʤʥʦʞʠʥʽ  ʽ 

. 

ʈʦʟʛʣʷʥʝʤʦ ʜʦʚʽʣʴʥʫ ʤʘʪʨʠʮʶ , 

. ɿʘʩʪʦʩʫʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʘʣʛʦʨʠʪʤʫ ɻʘʫʩʘ ʦʪʨʠʤʘʻʤʦ 

ʪʦʙʪʦ ʤʠ ʦʪʨʠʤʘʣʠ ʚʢʣʶʯʝʥʥʷ  

 
ʊʝʧʝʨ ʧʦʢʘʞʝʤʦ, ʱʦ ʧʨʠ   ʣʽʚʘ ʯʘʩʪʠʥʘ ʮʴʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

ʨʽʚʥʘ  

 
ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʚʠʨʘʟʽʚ  ʽ  

ʦʪʨʠʤʘʻʤʦ  

mailto:viktoriiaML@gmail.com

































































































































