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ʄʝʪʦʶ ʢʦʥʬʝʨʝʥʮʽʾ ʻ ʩʧʨʠʷʥʥʷ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʩʪʫʜʝʥʪʘʤʠ, ʱʦ ʚʠʚʯʘʶʪʴ 

ʩʧʦʨʽʜʥʝʥʽ ʦʙʣʘʩʪʽ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ. 

 

ɻʦʣʦʚʥʽ ʪʝʤʠ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʠʩʪʝʤʠ, ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʽʥʞʝʥʝʨʽʷ. 

 

ʆʨʛʘʥʽʟʘʮʽʡʥʠʡ ʢʦʤʽʪʝʪ: 

ɼʠʷʢ ɯʚʘʥ ï ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ. 

ɻʦʨʣʘʯ ɺʽʪʘʣʽʡ ï ʟʘʩʪʫʧʥʠʢ ʜʝʢʘʥʘ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 

ʂʦʨʦʧʝʮʴʢʠʡ ʈʦʤʘʥ - ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 

ʂʫʣʴʛʘʚʝʮʴ ʗʨʦʤʠʨ - ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 

ʂʨʘʚʝʮʴ ʆʣʴʛʘ - ʩʪʫʜʝʥʪʢʘ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 

ʂʫʜʠʢ ʖʨʽʡ - ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ. 

ʏʚʘʨʪʢʦʚʩʴʢʘ ʉʦʣʦʤʽʷ - ʩʪʫʜʝʥʪʢʘ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 

ɻʦʨʘʢ ɺʽʢʪʦʨʽʷ-ɸʥʘʩʪʘʩʽʷ - ʩʪʫʜʝʥʪʢʘ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 

ɼʦʧʢʦ ɸʥʥʘ - ʩʪʫʜʝʥʪʢʘ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ. 

ʗʩʽʥʦʚʩʴʢʘ ʍʨʠʩʪʠʥʘ - ʩʪʫʜʝʥʪʢʘ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 

ʏʽʭ ɺʦʣʦʜʠʤʠʨ - ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ. 

ʎʠʢʣʘʫʨʽ ʇʦʣʽʥʘ - ʩʪʫʜʝʥʪʢʘ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 

ʃʘʧʯʫʢ ʉʦʣʦʤʽʷ - ʩʪʫʜʝʥʪʢʘ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 

ʇʨʦʮʴ ʍʨʠʩʪʠʥʘ - ʩʪʫʜʝʥʪʢʘ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠ. 
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ɿɸʇʆɹɯɾʅɯ ɿɸʍʆɼʀ ʉʊʆʉʆɺʅʆ DDOS-ɸʊɸʂ ʅɸ ʉɸʁʊ 

 

ɼʘʥʠʣʦ ʄʫʩʽʷʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʌʽʣʴ ɹ. ʄ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

danylo.musiiaka@lnu.edu.ua 

 

ʋ ʨʝʘʣʽʷʭ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ, ʢʽʙʝʨʬʨʦʥʪ ʥʘʙʫʚ ʪʘʢʦʛʦ ʞ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʷʢ ʽ ʪʨʘʜʠʮʽʡʥʠʡ ʬʨʦʥʪ ʙʦʡʦʚʠʭ ʜʽʡ. ɸʪʘʢʠ ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ ʤʦʞʫʪʴ 

ʧʘʨʘʣʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʫʩʪʘʥʦʚ, ʟʘʚʜʘʪʠ ʝʢʦʥʦʤʽʯʥʦʾ ʰʢʦʜʠ ʡ ʥʘʚʽʪʴ ʚʧʣʠʥʫʪʠ ʥʘ 

ʧʝʨʝʙʽʛ ʧʦʣʽʪʠʯʥʠʭ ʧʦʜʽʡ. ʇʠʪʘʥʥʷ ʟʘʭʠʩʪʫ ʚʽʜ DDoS-ʘʪʘʢ (ʟ ʘʥʛʣ. ʨʦʟʧʦʜʽʣʝʥʘ 

ʘʪʘʢʘ ʥʘ ʚʽʜʤʦʚʫ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ) ʩʪʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ, ʘʜʞʝ 

ʫʩʧʽʰʥʠʡ ʢʽʙʝʨʟʘʭʠʩʪ ʩʴʦʛʦʜʥʽ ʦʟʥʘʯʘʻ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʥʝ 

ʣʠʰʝ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ, ʘ ʡ ʫ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ.  

ʉʝʨʝʜ ʧʦʰʠʨʝʥʠʭ ʧʨʘʢʪʠʢ ʟʘʭʠʩʪʫ ʩʘʡʪʽʚ, ʭʦʯʝʪʴʩʷ ʚʠʦʢʨʝʤʠʪʠ ʥʘʩʪʫʧʥʽ 

ʤʝʪʦʜʠʢʠ ʚʽʜ ʧʨʦʩʪʠʭ (DoS) ʜʦ ʩʢʣʘʜʥʠʭ (DDoS), ʟ ʧʝʨʝʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʝʨʝʚʘʛ 

ʪʘ ʥʝʜʦʣʽʢʽʚ: 

Rate Limiting  

ʆʙʤʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ ʮʝ ʙʘʟʦʚʘ ʪʝʭʥʽʢʘ, ʷʢʘ ʢʦʥʪʨʦʣʶʻ 

ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ, ʷʢʽ ʢʣʽʻʥʪ ʤʦʞʝ ʥʘʜʽʩʣʘʪʠ ʜʦ ʩʝʨʚʝʨʘ ʟʘ ʧʝʚʥʠʡ ʯʘʩ. ɺʽʥ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ http flood ʘʪʘʢʘʭ, ʢʦʣʠ ʩʝʨʚʝʨ ʥʘʤʘʛʘʶʪʴʩʷ ʧʝʨʝʚʘʥʪʘʞʠʪʠ 

ʥʘʜʤʽʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʧʠʪʽʚ. 

ʇʝʨʝʚʘʛʠ:  

¶ ʇʨʦʩʪʦʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʯʝʨʝʟ ʧʦʧʫʣʷʨʥʽ ʚʝʙ-ʩʝʨʚʝʨʠ Apache/Nginx 

ʘʙʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ (ʥʘʧʨ. NodeJS ï express-rate-limiting ʘʙʦ 

.NET ï AspNetCoreRateLimit); 

¶ ɻʥʫʯʢʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʘʨʰʨʫʪʫ ʩʘʡʪʫ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʭʠʩʪʫ ʚʽʜ brute force ʘʪʘʢʠ, ʢʦʣʠ 

ʟʣʦʚʤʠʩʥʠʢ ʥʘʤʘʛʘʻʪʴʩʷ ʚʽʜʛʘʜʘʪʠ ʧʘʨʦʣʴ ʧʝʨʝʙʠʨʘʥʥʷʤ ʨʽʟʥʠʭ 

ʢʦʤʙʽʥʘʮʽʡ; 

ʅʝʜʦʣʽʢʠ: 

¶ ʗʢʱʦ ʘʪʘʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʟ ʦʜʥʦʾ IP ʘʜʨʝʩʠ, ʪʦ ʜʘʥʝ ʣʽʤʽʪʫʚʘʥʥʷ ʥʝ 

ʜʦʧʦʤʦʞʝ; 

mailto:danylo.musiiaka@lnu.edu.ua
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¶ ʄʦʞʝ ʙʣʦʢʫʚʘʪʠ ʨʝʘʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ï ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʧʽʣʴʥʠʭ IP ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʩʝʨʚʝʨʽʚ (ʥʘʧʨ. NAT, ʧʨʦʢʩʽ); 

¶ ʅʝ ʟʫʧʠʥʷʻ ʚʠʜʠ DDoS, ʪʘʢʽ ʷʢ UDP-flood, TCP SYN-flood; 

IP blacklisting/Geo blocking 

ɺʽʜʦʤʘ ʧʨʘʢʪʠʢʘ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʚʠʷʚʣʷʻ ʥʘʜʤʽʨʥʫ ʘʢʪʠʚʥʽʩʪʴ ʘʙʦ 

ʧʽʜʦʟʨʽʣʫ ʧʦʚʝʜʽʥʢʫ ʟ ʧʝʚʥʦʛʦ IP, ʚʦʥʘ ʜʦʜʘʻ ʮʝʡ IP ʜʦ çʯʦʨʥʦʛʦ ʩʧʠʩʢʫè, ʽ ʚʩʽ 

ʥʘʩʪʫʧʥʽ ʟʘʧʠʪʠ ʟ ʥʴʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦ ʙʣʦʢʫʶʪʴʩʷ. ʄʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʩʴʦʛʦʜʥʽʰʥʽʭ ʨʝʘʣʽʷʭ, ʢʦʣʠ ʙʽʣʴʰʽʩʪʴ ʫʢʨʘʾʥʩʴʢʠʭ ʩʝʨʚʽʩʽʚ ʙʣʦʢʫʻ ʮʽʣʫ ʛʨʫʧʫ 

ʟʘʧʠʪʽʚ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦ ʨʝʛʽʦʥʫ (ʨʦʩʽʷ, ʽʨʘʥ). 

ʇʝʨʝʚʘʛʠ: 

¶ ɽʢʦʥʦʤʽʷ ʨʝʩʫʨʩʽʚ ʩʝʨʚʝʨʘ, ʙʦ ʰʢʽʜʣʠʚʠʡ ʪʨʘʬʽʢ ʙʣʦʢʫʻʪʴʩʷ ʱʝ ʜʦ 

ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ; 

¶ ʄʦʞʣʠʚʽʩʪʴ ʙʣʦʢʫʚʘʪʠ ʮʽʣʽ ʨʝʛʽʦʥʠ ʘʙʦ ʢʨʘʾʥʠ; 

¶ ʇʨʦʩʪʦʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʯʝʨʝʟ ʧʦʧʫʣʷʨʥʽ ʚʝʙ-ʩʝʨʚʝʨʠ Apache/Nginx 

ʘʙʦ ʥʘ ʨʽʚʥʽ ʬʘʝʨʚʦʣʘ (iptables, ufw); 

ʅʝʜʦʣʽʢʠ: 

¶ ʗʢʱʦ ʘʪʘʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʟ ʦʜʥʦʾ IP ʘʜʨʝʩʠ, ʪʦ ʜʘʥʘ ʧʨʘʢʪʠʢʘ ʥʝ ʻ 

ʝʬʝʢʪʠʚʥʦʶ; 

¶ ʇʦʩʪʽʡʥʝ ʦʥʦʚʣʝʥʥʷ ʩʧʠʩʢʽʚ, ʙʦ IP-ʘʜʨʝʩʠ ʤʦʞʫʪʴ ʰʚʠʜʢʦ 

ʟʤʽʥʶʶʪʴʩʷ. 

CAPTCHA  

ʋ ʢʦʥʪʝʢʩʪʽ DDoS ʜʦʧʦʤʘʛʘʻ ʟʫʧʠʥʷʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʟʘʧʠʪʠ ʱʝ ʜʦ 

ʪʦʛʦ, ʷʢ ʚʦʥʠ ʩʠʣʴʥʦ ʥʘʚʘʥʪʘʞʫʶʪʴ ʩʝʨʚʝʨ. ɺ ʙʽʣʴʰʦʩʪʽ ʥʦʚʠʭ ʢʘʧʯʘʭ v3 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʢʘʧʯʘ Cloudflare 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʟʠ ʜʘʥʠʭ ʽʟ ʨʝʧʫʪʘʮʽʻʶ IP-ʘʜʨʝʩ. ʗʢʱʦ VPN ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʩʝʨʚʝʨʠ, ʱʦ ʯʘʩʪʦ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʧʽʜʦʟʨʽʣʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʪʦ ʜʦʩʪʫʧ ʜʦ ʩʘʡʪʫ 

ʤʦʞʝ ʙʫʪʠ ʦʙʤʝʞʝʥʠʡ ʢʘʧʯʦʶ. 

ʇʝʨʝʚʘʛʠ: 

¶ ʇʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ, ʥʘʧʨ. Google reCAPTCHA ʘʙʦ ʉloudflare, 

ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʜʦʜʘʪʠ ʮʝʡ ʤʝʭʘʥʽʟʤ ʙʝʟ ʚʝʣʠʢʠʭ ʟʫʩʠʣʴ; 

¶ CAPTCHA ʙʣʦʢʫʻ ʥʝ ʪʽʣʴʢʠ ʘʪʘʢʠ DDoS, ʘʣʝ ʡ ʩʧʘʤ, ʱʦ ʥʘʜʩʠʣʘʻʪʴʩʷ 

ʯʝʨʝʟ ʬʦʨʤʠ ʥʘ ʩʘʡʪʽ; 

¶ ɿʘʭʠʱʝʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ: ʷʢʱʦ ʙʦʪ ʥʝ ʧʨʦʡʰʦʚ CAPTCHA, ʟʘʧʠʪ 

ʥʘʚʽʪʴ ʥʝ ʜʦʭʦʜʠʪʴ ʜʦ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ; 
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ʅʝʜʦʣʽʢʠ: 

¶ ʅʝ ʟʘʭʠʱʘʻ ʚʽʜ ʧʨʦʩʫʥʫʪʠʭ ʙʦʪʽʚ, ʙʦ ʜʝʷʢʽ ʙʦʪʥʝʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʘʙʦ ʥʘʚʽʪʴ captcha-solving services ʜʣʷ ʦʙʭʦʜʫ 

ʧʨʦʩʪʠʭ CAPTCHA; 

¶ ʋ ʨʘʟʽ ʤʘʩʦʚʘʥʠʭ DDoS-ʘʪʘʢ, ʩʠʩʪʝʤʘ ʤʦʞʝ ʥʝ ʩʧʨʘʮʶʚʘʪʠ ʥʘ 100%, 

ʦʩʢʽʣʴʢʠ ʦʮʽʥʢʘ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʜʽʥʢʠ ʤʦʞʝ ʥʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦʶ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʩʽʭ ʧʽʜʦʟʨʽʣʠʭ ʟʘʧʠʪʽʚ. 

Content Delivery Network  

ʄʝʨʝʞʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʝʨʚʝʨʽʚ, ʷʢʘ ʥʝ ʣʠʰʝ ʧʨʠʩʢʦʨʶʻ ʜʦʩʪʘʚʢʫ 

ʢʦʥʪʝʥʪʫ, ʘʣʝ ʡ ʟʘʭʠʱʘʻ ʚʽʜ DDoS-ʘʪʘʢ, ʬʽʣʴʪʨʫʶʯʠ ʰʢʽʜʣʠʚʠʡ ʪʨʘʬʽʢ. ɺʦʥʘ 

ʪʘʢʦʞ ʟʙʝʨʽʛʘʻ ʢʦʧʽʾ ʩʪʘʪʠʯʥʦʛʦ ʢʦʥʪʝʥʪʫ ʩʘʡʪʫ ʽ ʜʦʩʪʘʚʣʷʶʪʴ ʾʭ ʢʽʥʮʝʚʠʤ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʟ ʥʘʡʙʣʠʞʯʦʛʦ ʩʝʨʚʝʨʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʧʨʦʚʘʡʜʝʨʘ. 

ʇʝʨʝʚʘʛʠ: 

¶ ʇʨʠʭʦʚʫʻ ʨʝʘʣʴʥʠʡ IP ʩʝʨʚʝʨʘ. ɸʪʘʢʫʶʯʽ ʙʘʯʘʪʴ ʣʠʰʝ IP CDN, ʘ 

ʥʝ ʦʨʠʛʽʥʘʣʴʥʠʡ ʩʝʨʚʝʨ; 

¶ ʊʨʘʬʽʢ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʩʝʨʚʝʨʘʤʠ CDN, ʱʦ ʟʤʝʥʰʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ; 

¶ CDN (ʥʘʧʨ. Cloudflare, Akamai) ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʽ ʟʘʭʠʩʪʠ ʚʽʜ 

HTTP/HTTPS flood (L7), DNS amplification, SYN flood; 

ʅʝʜʦʣʽʢʠ: 

¶ CDN ʤʘʣʦ ʜʦʧʦʤʦʞʝ ʧʨʦʪʠ ʧʨʷʤʦʛʦ TCP/UDP flood, ʙʦ CDN 

ʧʨʘʮʶʻ ʥʘ ʨʽʚʥʽ ʟʘʩʪʦʩʫʥʢʽʚ (L7), ʘ TCP/UDP ï ʮʝ ʤʝʨʝʞʝʚʠʡ (L3) ʽ 

ʪʨʘʥʩʧʦʨʪʥʠʡ (L4) ʨʽʚʝʥʴ; 

¶ ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ DDoS-ʘʪʘʢ ʘʙʦ ʜʣʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʪʨʘʬʽʢʫ 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʣʘʪʥʽ ʧʣʘʥʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʨʦʛʦ. 

Firewall  

TCP SYN Flood - ʮʝ ʦʜʥʘ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ DDoS-ʘʪʘʢ ʥʘ 

ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ (L3), ʢʦʣʠ ʟʣʦʚʤʠʩʥʠʢ ʥʘʜʩʠʣʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ SYN-

ʧʘʢʝʪʽʚ, ʘʣʝ ʥʝ ʟʘʚʝʨʰʫʻ ʪʨʴʦʭʝʪʘʧʥʝ ʨʫʢʦʩʪʠʩʢʘʥʥʷ, ʟʘʣʠʰʘʶʯʠ ʟ'ʻʜʥʘʥʥʷ 

"ʥʘʧʽʚʚʽʜʢʨʠʪʠʤʠ". Firewall ʤʦʞʝ ʚʽʜʙʠʪʠ ʪʘʢʫ ʘʪʘʢʫ, ʚʩʪʘʥʦʚʠʚʰʠ ʦʙʤʝʞʝʥʥʷ 

ʥʘ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʠʭ ʟ'ʻʜʥʘʥʴ ʟ ʧʝʚʥʦʛʦ IP ʘʙʦ ʦʙʨʦʙʢʫ SYN-ʟʘʧʠʪʽʚ. UDP 

Flood ï ɦ ʝ ʦʜʥʘ ʧʦʰʠʨʝʥʘ ʘʪʘʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʽʚʥʽ (L4), ʢʦʣʠ ʟʣʦʚʤʠʩʥʠʢ 

ʤʦʞʝ ʥʘʜʽʩʣʘʪʠ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ UDP-ʧʘʢʝʪʽʚ ʜʦ ʩʝʨʚʝʨʽʚ, ʱʦʙ 

ʧʝʨʝʚʘʥʪʘʞʠʪʠ ʾʭ ʘʙʦ ʟʤʫʩʠʪʠ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʟʘʧʠʪʽʚ. 
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Firewall ʤʦʞʝ ʬʽʣʴʪʨʫʚʘʪʠ UDP-ʪʨʘʬʽʢ ʥʘ ʦʩʥʦʚʽ ʪʠʧʽʚ ʟʘʧʠʪʽʚ ʽ ʧʦʨʪʽʚ ʪʘ 

ʙʣʦʢʫʚʘʪʠ ʘʙʦ ʦʙʤʝʞʫʚʘʪʠ UDP-ʟʘʧʠʪʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ 

ʘʙʦ ʧʽʜʦʟʨʽʣʽ ʧʦʨʪʠ. 

Web Application Firewall  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ, WAF ʬʽʣʴʪʨʫʻ ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ 

HTTP/HTTPS ʪʨʘʬʽʢ, ʧʝʨʝʚʽʨʷʶʯʠ ʢʦʞʝʥ ʟʘʧʠʪ ʽ ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ, SQL-ʽʥ'ʻʢʮʽʡ, XSS, CSRF ʪʘ ʽʥʰʠʭ ʘʪʘʢ. 

ʇʝʨʝʚʘʛʠ: 

¶ ɻʥʫʯʢʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʴ, ʦʩʢʽʣʴʢʠ WAF ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʦʥʢʦʾ 

ʥʘʩʪʨʦʡʢʠ ʬʽʣʴʪʨʽʚ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʽʚ ʘʪʘʢ. ʄʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ 

ʙʣʦʢʫʚʘʥʥʷ ʟʘ ʛʝʦʣʦʢʘʮʽʻʶ, User-Agent, IP ʪʦʱʦ; 

¶ ɿʘʭʠʩʪ ʚʽʜ OWASP Top-10; 

ʅʝʜʦʣʽʢʠ: 

¶ WAF ʤʦʞʝ ʧʦʤʠʣʢʦʚʦ ʙʣʦʢʫʚʘʪʠ ʣʝʛʽʪʠʤʥʠʡ ʪʨʘʬʽʢ, ʷʢʱʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ ʻ ʥʘʜʪʦ ʩʫʚʦʨʠʤʠ ʘʙʦ ʷʢʱʦ ʚʽʥ ʥʝ 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʧʨʘʚʠʣʴʥʦ; 

¶ WAF ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʘʪʘʢ ʥʘ ʨʽʚʥʽ ʟʘʩʪʦʩʫʥʢʽʚ (L7), ʘʣʝ ʥʝ 

ʟʜʘʪʥʠʡ ʟʘʭʠʩʪʠʪʠ ʚʽʜ ʘʪʘʢ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ (L4) ʘʙʦ ʤʝʨʝʞʝʚʦʤʫ 

ʨʽʚʥʷʭ (L3); 

¶ ʆʩʢʽʣʴʢʠ WAF ʧʝʨʝʚʽʨʷʻ ʚʩʽ HTTP/HTTPS ʟʘʧʠʪʠ, ʮʝ ʤʦʞʝ ʚʧʣʠʚʘʪʠ 

ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʝʙ-ʜʦʜʘʪʢʘ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʝʣʠʢʦʤʫ ʦʙʩʷʟʽ ʪʨʘʬʽʢʫ. 

Border Gateway Protocol Null Route 

ʄʝʪʦʜ ʟʘʭʠʩʪʫ ʚʽʜ DDoS-ʘʪʘʢ, ʧʨʠ ʷʢʦʤʫ ʚʝʩʴ ʚʭʽʜʥʠʡ ʪʨʘʬʽʢ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʝʚʥʠʡ ʩʝʨʚʝʨ ʯʠ ʤʝʨʝʞʫ, ʧʝʨʝʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʦ 

ʩʪʚʦʨʝʥʫ ʧʦʨʦʞʥʶ ʪʦʯʢʫ ʚ ʤʝʨʝʞʽ, ʜʝ ʪʨʘʬʽʢ ʚʽʜʢʠʜʘʻʪʴʩʷ ʘʙʦ ʽʛʥʦʨʫʻʪʴʩʷ. 

ʇʝʨʝʚʘʛʠ: 

¶ ɼʦʟʚʦʣʷʻ ʤʠʪʪʻʚʦ ʧʝʨʝʥʘʧʨʘʚʠʪʠ ʪʨʘʬʽʢ ʫ "ʥʫʣʴʦʚʠʡ ʤʘʨʰʨʫʪ", 

ʟʤʝʥʰʫʶʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʚʝʨʠ ʪʘ ʤʝʨʝʞʫ. 

ʅʝʜʦʣʽʢʠ: 

¶ ɺʝʩʴ ʪʨʘʬʽʢ ʜʦ ʘʪʘʢʦʚʘʥʦʾ IP-ʘʜʨʝʩʠ, ʚʢʣʶʯʘʶʯʠ ʣʝʛʽʪʠʤʥʠʡ, ʙʫʜʝ 

ʚʽʜʢʠʥʫʪʠʡ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʠʤʯʘʩʦʚʦʾ ʥʝʜʦʩʪʫʧʥʦʩʪʽ ʩʝʨʚʽʩʫ; 

ʋ ʨʘʟʽ ʘʪʘʢʠ, ʷʢʘ ʤʦʞʝ ʩʠʣʴʥʦ ʥʘʚʘʥʪʘʞʠʪʠ ʩʝʨʚʝʨʠ ʽ ʤʝʨʝʞʫ, ʯʘʩ ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ʊʦʤʫ ʮʝʡ ʤʝʪʦʜ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʪʠʤʯʘʩʦʚʘ 

ʘʙʦ ʝʢʩʪʨʝʥʘ ʤʽʨʘ ʜʣʷ ʟʫʧʠʥʢʠ DDoS-ʘʪʘʢ, ʘ ʥʝ ʷʢ ʧʦʩʪʽʡʥʠʡ ʟʘʭʠʩʪ. 
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. https://www.radware.com/cyberpedia/ddos-protection/how-to-prevent-

ddos-attacks-best-practices-strategies 

2. https://www.akamai.com/glossary 

3. https://www.cloudflare.com/learning/ddos/how-to-prevent-ddos-attacks 

4. https://securityscorecard.com/blog/best-practices-to-prevent-ddos-

attacks 

5. https://www.indusface.com/blog/best-practices-to-prevent-ddos-attacks/ 

 

 

  

https://www.radware.com/cyberpedia/ddos-protection/how-to-prevent-ddos-attacks-best-practices-strategies
https://www.radware.com/cyberpedia/ddos-protection/how-to-prevent-ddos-attacks-best-practices-strategies
https://www.akamai.com/glossary
https://www.cloudflare.com/learning/ddos/how-to-prevent-ddos-attacks/
https://securityscorecard.com/blog/best-practices-to-prevent-ddos-attacks/
https://securityscorecard.com/blog/best-practices-to-prevent-ddos-attacks/
https://www.indusface.com/blog/best-practices-to-prevent-ddos-attacks/
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ʈʆɿɺôʗɿʋɺɸʅʅʗ ɿɸɼɸʏ ʅɸ ɺʃɸʉʅɯ ɿʅɸʏɽʅʅʗ, ʑʆ ɿɸɼɸʅɯ ʅɸɼ 

ʄʅʆɾʀʅʆʖ ʂʆʄʋʊʋʖʏʀʍ ʄɸʊʈʀʎʔ 

 

ʄʠʭʘʡʣʦ ɿʘʨʚʘʥʩʴʢʠʡ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

e-mail: mykhailo.zarvanskyi@gmail.com 

 

 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʚʠʛʣʷʜʫ: 

Ὑὢ Ὁ ṧΏὢȟ                                   

(1) 

ʜʝ ἠ Ὑ ȟ  ð ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ ὲ ὲ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ Ὑ ᶰᴙ , 

ʚʝʢʪʦʨ ἦ ὢȟὢȟȣȟὢ , ʧʨʠʯʦʤʫ ὢᶰᴙ  ʜʣʷ ʚʩʽʭ Ὥ ρȟȣȟὲ, Ὁ  ð 

ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ ὲ ὲ, ɤ ð ʜʽʡʩʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ ὴ ὴ, ṧ 

ʧʦʟʥʘʯʘʻ ʪʝʥʟʦʨʥʠʡ ʜʦʙʫʪʦʢ. 

ʄʘʪʨʠʮʶ Ὁṧɤ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

Ὁṧɤ ɤṥɤṥỄṥɤ ṥВɤȟ 

ʜʝ ṥ ʧʦʟʥʘʯʘʻ ʧʨʷʤʫ ʩʫʤʫ ʤʘʪʨʠʮʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʫ (1) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

╡╧ ṥВΏ╧Ȣ                        

(2) 

ʅʝʭʘʡ ʚʠʟʥʘʯʥʠʢ ʙʣʦʯʥʦʾ ʤʘʪʨʠʮʽ Ἒ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

DetἚ ȡ

ὔ ὔ Ễ ὔ
ὔ ὔ Ễ ὔ
ể ể Ệ ể
ὔ ὔ Ễ ὔ

ρ ὔ ÄÅÔὔ ȟ 

ʜʝ ὔ  ð ʤʽʥʦʨʠ ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʾ ʩʪʨʽʯʢʠ ʙʣʦʢʽʚ ʤʘʪʨʠʮʽ ἠ. 

ʊʦʜʽ ʣʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ ʟʘʜʘʯʘ (2) ʻ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʟʘʜʘʯʽ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʝʥʽʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʧʦʣʽʥʦʤʘ: 
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ÄÅÔἠ Ὁṧɤ πȢ                            

(3) 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʩʪʝʧʝʥʝʚʠʡ ʤʝʪʦʜ 

ʉʢʘʞʽʤʦ, ʱʦ ʩʠʩʪʝʤʫ (1) ʟʘʜʘʥʦ ʥʘʜ ʜʝʷʢʦʶ ʤʥʦʞʠʥʦʶ ʢʦʤʫʪʫʶʯʠʭ ʤʘʪʨʠʮʴ, 

ʘ ʤʘʪʨʠʮʷ ἠ ʻ ʤʘʪʨʠʮʝʶ ʧʨʦʩʪʦʾ ʩʪʨʫʢʪʫʨʠ: 

ἦ

ὢ
ὢ
ể
ὢ

ȟ ἦ

ὢ
ὢ
ể
ὢ

ȟ ȣȟ ἦ

ὢ
ὢ
ể
ὢ

Ȣ       

(4) 

ʅʫʤʝʨʘʮʽʷ ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʧʦʨʷʜʢʫʚʘʥʥʷʤ ʚʣʘʩʥʠʭ ʯʠʩʝʣ 

ɤȟɤȟȣȟɤ  ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʥʦʨʤ: 

ɤ᷆ ᷆ ɤ᷆ ᷆ Ễ ɤ᷆ ᷆Ȣ                       

(5) 

ʇʦʜʘʤʦ ʜʦʚʽʣʴʥʠʡ ʥʝʥʫʣʴʦʚʠʡ ʚʝʢʪʦʨ ἥ  ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʟʘ 

ʚʽʜʧʦʚʽʜʥʠʤ ʙʘʟʠʩʦʤ: 

ἥ ὧἦ ὧἦ Ễ ὧἦȢ                        

(6) 

ɼʦʤʥʦʞʠʤʦ ʨʽʚʥʽʩʪʴ (6) ʟʣʽʚʘ ʥʘ ʤʘʪʨʠʮʶ ἠ: 

ἥ ἠἥ ὧἠἦ ὧἠἦ Ễ ὧἠἦȢ 

ʆʩʢʽʣʴʢʠ ɤȟἦ  (Ὥ ρȟȣȟὲ) ð ʚʣʘʩʥʽ ʧʘʨʠ ʤʘʪʨʠʮʽ ἠ, ʤʘʻʤʦ: 

ἥ ὧὉṧɤ ἦ ὧὉṧɤ ἦ Ễ ὧ Ὁṧɤ ἦȢ 

ʅʘ -ʪʽʡ ʽʪʝʨʘʮʽʾ ʦʪʨʠʤʘʻʤʦ: 

ἥ ἠἥ ὧ Ὁ ṧɤ ἦȢ 

ɸʙʦ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʢʦʦʨʜʠʥʘʪʥʝ ʧʦʜʘʥʥʷ ʚʝʢʪʦʨʽʚ ὢȟὢȟȣȟὢ : 
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ἥ

ở

Ở
ờ

ἧ

ἧ
ể

ἧ Ợ

ỡ
Ỡ

ở

Ở
Ở
Ở
Ở
Ở
Ở
ờ

ὧɤὢ

ὧɤὢ

ể

ὧɤὢ
Ợ

ỡ
ỡ
ỡ
ỡ
ỡ
ỡ
Ỡ

Ȣ 

ɹʘʯʠʤʦ, ʱʦ 

ἥ

ở

Ở
Ở
Ở
Ở
Ở
Ở
ờ

ὧɤ ὢ

ὧɤ ὢ

ể

ὧɤ ὢ
Ợ

ỡ
ỡ
ỡ
ỡ
ỡ
ỡ
Ỡ

Ȣ 

ʊʝʦʨʝʤʘ 1. ʅʝʭʘʡ ʤʘʪʨʠʮʷ ὃ  ʤʘʻ ὲ  ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ ʚʝʢʪʦʨʽʚ 

ὢȟὢȟȣȟὢ  (4), ʥʫʤʝʨʘʮʽʷ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʚʧʦʨʷʜʢʫʚʘʥʥʶ ʚʣʘʩʥʠʭ ʯʠʩʝʣ ʟʘ 

ʟʨʦʩʪʘʥʥʷʤ ʥʦʨʤ (5), ʘ ὡ  ð ʜʦʚʽʣʴʥʠʡ ʥʝʥʫʣʴʦʚʠʡ ʚʝʢʪʦʨ ʪʘʢʠʡ, ʱʦ 

ὡ ὧὢ ὧὢ Ễ ὧὢ ʽ ὧ π. ʊʦʜʽ ʜʦʙʫʪʦʢ ʤʘʪʨʠʮʴ 

ἥ ẗἥ ᴼ
ᴼ
ɤȟ Ὦ ρȟȣȟὲȢ 

ɼʦʚʝʜʝʥʦ [1]. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʭʝʤʘ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʩʪʝʧʝʥʝʚʦʛʦ ʤʝʪʦʜʫ 

ʂʨʦʢ 1. 

¶ ɺʚʝʩʪʠ ʤʘʪʨʠʮʶ 

ἠ

Ὑ Ὑ Ễ Ὑ
Ὑ Ὑ Ễ Ὑ
ể ể Ệ ể
Ὑ Ὑ Ễ Ὑ

ȟ 
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  ʜʝ Ὑ  ð ʢʚʘʜʨʘʪʥʽ ʤʘʪʨʠʮʽ ʨʦʟʤʽʨʥʦʩʪʽ ὴ ὴ. 

¶ ɿʘʜʘʪʠ ὲ-ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ: 

ἥ ὡ ȟὡ ȟȣȟὡ ȟ 

  ʜʝ ÄÅÇὡ ὴ ὴ, Ὥ ρȟȣȟὲ. 

¶ ʆʙʯʠʩʣʠʪʠ ʚʝʢʪʦʨ: 

              ἦ
ἥ᷆ ᷆

ἥ ȟ          ʜʝ ᷆ἥ ᷆

В Вȟ ύȟ . 

¶ ʇʨʠʡʥʷʪʠ Ὧ ρ. 

ʂʨʦʢ 2. 

¶ ʆʙʯʠʩʣʠʪʠ ἥ ἠἦ

ở

Ở
ờ

В Ὑ ὢ

В Ὑ ὢ

ể

В Ὑ ὢ Ợ

ỡ
Ỡ

. 

ʂʨʦʢ 3. 

¶ ʆʙʯʠʩʣʠʪʠ ʥʦʨʤʫ ἥ᷆ ᷆ В Вȟ ύȟ . 

¶ ʅʦʨʤʘʣʽʟʫʚʘʪʠ ʚʝʢʪʦʨ ἦ
ἥ᷆ ᷆

ἥ . 

ʂʨʦʢ 4. 

¶ ʆʙʯʠʩʣʠʪʠ ʤʘʪʨʠʮʽ ɤ ὡ ὢ , Ὥ ρȟȣȟὲ. 

¶ ɺʠʧʨʦʙʫʚʘʪʠ ʤʘʪʨʠʮʽ ɤ  ʪʝʩʪʦʤ ʥʘ ʟʙʽʞʥʽʩʪʴ. 

ʗʢʱʦ ʚʠʷʚʠʪʴʩʷ ʟʙʽʛ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʥʘʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ɤ  ʪʘ 

ɤ , ʪʦ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ ʧʨʠʧʠʥʠʪʠ ʪʘ ʟʘ ʟʥʘʡʜʝʥʝ ʚʣʘʩʥʝ ʟʥʘʯʝʥʥʷ 

ɤ ʧʨʠʡʥʷʪʠ ɤ В ɤ , ʘ ʟʘ ʥʦʨʤʦʚʘʥʠʡ ʚʣʘʩʥʠʡ ʚʝʢʪʦʨ ἦ 

ʧʨʠʡʥʷʪʠ ἦ . 

  ɯʥʘʢʰʝ ʧʝʨʝʡʪʠ ʜʦ ʂʨʦʢʫ 2. 
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ɼʘʥʠʡ ʤʝʪʦʜ ʬʘʢʪʠʯʥʦ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʢʣʘʩʠʯʥʦʛʦ ʩʪʝʧʝʥʝʚʦʛʦ ʤʝʪʦʜʫ 

ʟʥʘʭʦʜʞʝʥʥʷ ñʩʪʘʨʰʦʾò ʚʣʘʩʥʦʾ ʧʘʨʠ ʤʘʪʨʠʮʽ. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʩʢʘʣʷʨʥʠʭ ʜʦʙʫʪʢʽʚ 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʘʪʨʠʮʷ ἠ  ʫ ʩʠʩʪʝʤʽ (1) ʻ ʩʠʤʝʪʨʠʯʥʦʶ ʜʦʜʘʪʥʦ 

ʚʠʟʥʘʯʝʥʦʶ. ʊʦʜʽ ʾʾ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ɤȟɤȟȣȟɤ  ʻ ʜʽʡʩʥʠʤʠ ʽ ʜʦʜʘʪʥʠʤʠ, ʘ 

ʚʣʘʩʥʽ ʚʝʢʪʦʨʠ ʫʪʚʦʨʶʶʪʴ ʦʨʪʦʥʦʨʤʦʚʘʥʠʡ ʙʘʟʠʩ: 

ἦ

ὢ
ὢ
ể
ὢ

ȟ ἦ

ὢ
ὢ
ể
ὢ

ȟ ȣȟ ἦ

ὢ
ὢ
ể
ὢ

Ȣ 

ʅʫʤʝʨʘʮʽʷ ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʧʦʨʷʜʢʫʚʘʥʥʷʤ ʚʣʘʩʥʠʭ ʯʠʩʝʣ 

ɤȟɤȟȣȟɤ  ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʥʦʨʤ: 

                                   ᷆ɤ ᷆ ɤ᷆ ᷆ Ễ ɤ᷆ ᷆Ȣ                               

(7) 

ʇʦʜʘʤʦ ʜʦʚʽʣʴʥʠʡ ʥʝʥʫʣʴʦʚʠʡ ʚʝʢʪʦʨ ἥ  ʫ ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʫ: 

       ἥ ὧἦ ὧἦ Ễ ὧἦȟ   ʜʝ ὧ π .                                         

(8) 

ɼʦʤʥʦʞʠʤʦ ʨʽʚʥʽʩʪʴ (8) ʟʣʽʚʘ ʥʘ ʤʘʪʨʠʮʶ ἠ: 

ἥ ἠἥ ὧἠἦ ὧἠἦ Ễ ὧἠἦȢ 

ʆʩʢʽʣʴʢʠ ɤȟἦ  (Ὥ ρȟȣȟὲ) ð ʚʣʘʩʥʽ ʧʘʨʠ ʤʘʪʨʠʮʽ ἠ, ʤʘʻʤʦ: 

ἥ ὧὉṧɤ ἦ ὧὉṧɤ ἦ Ễ ὧ Ὁṧɤ ἦȢ 

ʊʘʢʠʤ ʯʠʥʦʤ, k-ʪʘ ʽʪʝʨʘʮʽʷ ʜʘʻ: 

ἥ ἠἥ ὧ Ὁ ṧɤ ἦȢ 

ɺʚʝʜʝʤʦ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʚʝʢʪʦʨʽʚ ἦ ὢȟȣȟὢ ʪʘ ἥ ὡȟȣȟὡ  

ʷʢ 

ἦȟἥ ὢὡ ὢὡ Ễ ὢὡȢ 

ʊʦʜʽ ʜʣʷ ʚʝʢʪʦʨʽʚ ἥ  ʽ ἥ  ʩʧʨʘʚʜʞʫʻʪʴʩʷ: 

ἥ ȟἥ ὧɤ ὧɤ Ễ ὧɤ ȟ 
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ἥ ȟἥ ὧɤ ὧɤ Ễ ὧɤ Ȣ 

ʊʝʦʨʝʤʘ. ʅʝʭʘʡ ἠ ʤʘʻ ὲ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ ἦȟȣȟἦ , 

ʥʫʤʝʨʘʮʽʷ ʷʢʠʭ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ʚʣʘʩʥʠʭ ʯʠʩʝʣ ʟʘ ʥʦʨʤʘʤʠ (7). 

ʊʦʜʽ ʤʘʻ ʤʽʩʮʝ ʟʙʽʞʥʽʩʪʴ: 

ÌÉÍ
ᴼ
ἥ ȟἥ ἥ ȟἥ ɤȢ 

ɼʦʚʝʜʝʥʦ [2]. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʭʝʤʘ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʤʝʪʦʜʫ ʩʢʘʣʷʨʥʠʭ ʜʦʙʫʪʢʽʚ 

ʂʨʦʢ 1. 

¶ ɿʘʜʘʪʠ ʩʠʤʝʪʨʠʯʥʫ ʤʘʪʨʠʮʶ ʨʦʟʤʽʨʥʦʩʪʽ ὲὴὲὴ: 

ἠ

Ὑ Ὑ Ễ Ὑ
Ὑ Ὑ Ễ Ὑ
ể ể Ệ ể
Ὑ Ὑ Ễ Ὑ

ȟ 

  ʜʝ Ὑ  (ὭȟὮ ρȟȣȟὲ) ð ʢʚʘʜʨʘʪʥʽ ʤʘʪʨʠʮʽ ʨʦʟʤʽʨʥʦʩʪʽ ὴ ὴ. 

¶ ɿʘʜʘʪʠ ʜʦʚʽʣʴʥʠʡ ʥʝʥʫʣʴʦʚʠʡ -ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ: 

ἥ ὡ ȟὡ ȟȣȟὡ ȟ 

  ʜʝ ÄÅÇὡ ὴ ὴ, Ὥ ρȟȣȟὲ. 

¶ ɿʘʜʘʪʠ ʜʦʧʫʩʪʠʤʫ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ ʦʙʯʠʩʣʝʥʥʷ ʚʣʘʩʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ɤ, ʯʠʩʣʦ ‐ π. 

¶ ɿʘʜʘʪʠ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ɤ  ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ (ʥʘʧʨʠʢʣʘʜ, 

ʥʫʣʴʦʚʫ ʤʘʪʨʠʮʶ ʚʽʜʧʦʚʽʜʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ). 

¶ ʇʨʠʡʥʷʪʠ Ὧ ρ. 

ʂʨʦʢ 2. 

¶ ʆʙʯʠʩʣʠʪʠ ʤʘʪʨʠʮʶ Ὓ ἥ ȟἥ . 

¶ ʆʙʯʠʩʣʠʪʠ ʥʦʨʤʫ ἥ᷆ ᷆ В Вȟ ί
ȟ

. 

¶ ʆʙʯʠʩʣʠʪʠ ʚʝʢʪʦʨ ἦ
ἥ᷆ ᷆

ἥ . 

ʂʨʦʢ 3. 
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¶ ʆʙʯʠʩʣʠʪʠ ἥ ἠἦ

ở

Ở
ờ

В Ὑ ὢ

В Ὑ ὢ

ể

В Ὑ ὢ Ợ

ỡ
Ỡ

. 

ʂʨʦʢ 4. 

¶ ʆʙʯʠʩʣʠʪʠ ʤʘʪʨʠʮʽ Ὓ ἥ ȟἥ , Ὕ ἥ ȟἦ . 

¶ ʆʙʯʠʩʣʠʪʠ ʥʦʨʤʫ ἥ᷆ ᷆ В Вȟ ί
ȟ

. 

¶ ʆʙʯʠʩʣʠʪʠ ʚʝʢʪʦʨ ἦ
ἥ᷆ ᷆

ἥ  (ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʥʦʨʤʦʚʘʥʦʛʦ 

ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ). 

¶ ʆʙʯʠʩʣʠʪʠ ɤ Ὓ Ὕ  (ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʚʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ). 

ʂʨʦʢ 5. 

¶ ʗʢʱʦ ɤ᷆ ɤ ᷆ ‐, ʪʦ ʧʨʠʡʥʷʪʠ Ὧȡ Ὧ ρ ʽ ʧʦʚʝʨʥʫʪʠʩʷ 

ʜʦ ʂʨʦʢʫ 3. 

¶ ɯʥʘʢʰʝ ʟʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ, ʧʦʢʣʘʚʰʠ ɤ ɤ , ἦ

ἦ . 

 

ɼʘʥʠʡ ʤʝʪʦʜ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʤʝʪʦʜʫ ʩʢʘʣʷʨʥʠʭ ʜʦʙʫʪʢʽʚ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ñʩʪʘʨʰʦʾò ʚʣʘʩʥʦʾ ʧʘʨʠ ʤʘʪʨʠʮʽ. 

ʋ ʜʦʧʦʚʽʜʽ ʙʫʜʝ ʜʦʢʣʘʜʥʽʰʝ ʨʦʟʛʣʷʥʫʪʽ ʫʟʘʛʘʣʴʥʝʥʠʡ ʩʪʝʧʝʥʝʚʠʡ ʤʝʪʦʜ ʪʘ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʧʨʦʩʪʦʾ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʪʘ ʥʘʚʝʜʝʥʽ ʯʠʩʝʣʴʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʙʽʞʥʽʩʪʴ ʤʝʪʦʜʫ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

 

[1] ʅʝʜʘʰʢʦʚʩʴʢʘ ɸ.ʄ. ʉʪʝʧʝʥʝʚʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ / 

ɸ.ʄ. ʅʝʜʘʰʢʦʚʩʴʢʘ // ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

ð 2010. ð ɺʠʧ. 11. ð ʉ. 121ï130. 

 

[2] ʅʝʜʘʰʢʦʚʩʢʘʷ ɸ.ʄ. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʽʟ ʙʘʛʘʪʴʤʘ ʥʝʚʽʜʦʤʠʤʠ 

ʤʝʪʦʜʦʤ ʩʢʘʣʷʨʥʠʭ ʜʦʙʫʪʢʽʚ / ɸ.ʄ. ʅʝʜʘʰʢʦʚʩʢʘʷ // ʂʽʙʝʨʥʝʪʠʢʘ. ð 2009. 
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ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ɿʅɸʍʆɼɾɽʅʅʗ ɺɯɼʇʆɺɯɼʅʆʉʊɯ ʊʆʏʆʂ ʄɯɾ 

ɿʆɹʈɸɾɽʅʅʗʄʀ ɺ ɿɸɼɸʏɸʍ ʉʊɽʈɽʆɿʆʈʋ  

ɼʃʗ 3D-ʈɽʂʆʅʉʊʈʋʂʎɯɰ 

ɺʽʢʪʦʨʽʷ ɻʦʰʦʚʩʴʢʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

viktoriia.hoshovska@lnu.edu.ua 

ɺʩʪʫʧ  

ɯʟ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʚʽʪʽ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʧ'ʶʪʝʨʥʝ 

ʙʘʯʝʥʥʷ (ʢʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ) ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʪʘʢʠʭ ʷʢ ʨʦʙʦʪʦʪʝʭʥʽʢʘ, 

ʙʽʦʤʝʪʨʠʢʘ, ʤʝʜʠʮʠʥʘ, ʘʩʪʨʦʥʦʤʽʷ, ʚʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ ʪʘ ʽʥ. ʆʩʥʦʚʥʝ ʡʦʛʦ 

ʟʘʚʜʘʥʥʷ ï ʟʯʠʪʘʪʠ ʪʘ ʦʧʨʘʮʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʦʚʢʦʣʠʰʥʽʡ ʩʚʽʪ, 

ʦʪʨʠʤʘʥʫ ʟ ʧʝʚʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʯʠ ʟʦʙʨʘʞʝʥʴ. ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʻ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʪʘ/ʘʙʦ ʚʽʜʩʪʝʞʝʥʥʷ ʾʭ ʪʘ ʧʦʙʫʜʦʚʘ 

3ɼ-ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʄʝʪʘ ʮʽʻʾ ʨʦʙʦʪʠ ï ʨʝʘʣʽʟʫʚʘʪʠ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʭʤʘʨʠ 3D-ʪʦʯʦʢ ʟʘ ʜʚʦʤʘ 

ʥʝʢʘʣʽʙʨʦʚʘʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʝʧʽʧʦʣʷʨʥʫ ʛʝʦʤʝʪʨʽʶ ʡ 

ʪʨʽʘʥʛʫʣʷʮʽʶ ʙʝʟ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʦʚʥʽʰʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʤʝʨ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ 

ɽʧʽʧʦʣʷʨʥʘ ʛʝʦʤʝʪʨʽʷ[1] ʦʧʠʩʫʻ ʟʚôʷʟʦʢ ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʦʯʢʘʤʠ ʥʘ ʜʚʦʭ 

ʟʦʙʨʘʞʝʥʥʷʭ ʯʝʨʝʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʤʘʪʨʠʮʶ Ὂ ʨʦʟʤʽʨʦʤ σ σ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʝʧʽʧʦʣʷʨʥʝ ʦʙʤʝʞʝʥʥʷ: 

ὼ Ὂὼ πȟ (1) 

ʜʝ ὼ ʪʘ ὼᴂ ï ʦʜʥʦʨʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʤʘʪʨʠʮʴ ʢʘʤʝʨ ὑ  ʽ ὑ  ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ 

ʤʘʪʨʠʮʶ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʽʩʪʦʪʥʫ ʤʘʪʨʠʮʶ: 

 Ὁ ὑ Ὂὑȟ (2) 
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ʷʢʘ ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʚʽʜʥʦʩʥʝ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨ (ʦʙʝʨʪʘʥʥʷ ʪʘ ʟʩʫʚ). ɼʣʷ ʽʩʪʦʪʥʦʾ 

ʤʘʪʨʠʮʽ ʪʘʢʦʞ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷ: 

ὼ Ὁὼ πȟ (3) 

ʜʝ ὼ, ὼ ï ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʢʦʦʨʜʠʥʘʪʠ (ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ὑ ). 

ʆʮʽʥʶʚʘʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʦʩʴʤʠʪʦʯʢʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʫ ʷʢʦʤʫ ʜʣʷ ʢʦʞʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʚʦʨʶʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷ: 

ὼᴂὪὼ Ὢώ Ὢ ώᴂὪὼ Ὢώ Ὢ  

Ὢὼ Ὢώ Ὢ π (4) 

 

ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 3D-ʪʦʯʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʽʘʥʛʫʣʷʮʽʷ. ɺ ʦʩʥʦʚʽ ʾʾ ʣʝʞʘʪʴ 

ʧʨʦʻʢʮʽʡʥʽ ʤʘʪʨʠʮʽ ʢʘʤʝʨ ὖ ʪʘ ὖ, ʱʦ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

ὖ ὑ Ὅȿπȟ   ὖ ὑ Ὑȿὸ (5) 

ʜʝ Ὅ ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ σ σ, Ὑ ï ʤʘʪʨʠʮʷ ʦʙʝʨʪʘʥʥʷ, ὸ  ï ʚʝʢʪʦʨ 

ʟʩʫʚʫ. 

ʊʦʯʢʦʚʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ὼȟὼ  ʧʦʨʦʜʞʫʻ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 

ὼ ὖὢ πȟ    ὼᴂ ὖὢ π (6) 

ʷʢʘ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʫ ʤʘʪʨʠʯʥʫ ʬʦʨʤʫ: 

!8 π (7) 

ʜʝ ὃ ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ τ τ, ʘ ὢ ï ʰʫʢʘʥʠʡ ʚʝʢʪʦʨ ʛʦʤʦʛʝʥʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʪʨʠʚʠʤʽʨʥʦʾ ʪʦʯʢʠ. 

ʆʪʞʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʮʽʥʢʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʤʘʪʨʠʮʽ, ʧʦʙʫʜʦʚʠ ʽʩʪʦʪʥʦʾ 

ʤʘʪʨʠʮʽ, ʾʾ ʨʦʟʢʣʘʜʫ ʪʘ ʪʨʽʘʥʛʫʣʷʮʽʾ ʤʦʞʥʘ ʚʽʜʥʦʚʠʪʠ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ 

ʩʮʝʥʠ ʟ ʜʚʦʭ ʟʦʙʨʘʞʝʥʴ. 
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ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʋ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʚʫ Python ʽʟ ʙʽʙʣʽʦʪʝʢʦʶ OpenCV[2], 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʟʥʘʢ, ʧʦʰʫʢʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ, ʦʙʯʠʩʣʝʥʥʷ ʤʘʪʨʠʮʴ Ὂ  ʪʘ Ὁ, ʘ ʪʘʢʦʞ ʪʨʽʘʥʛʫʣʷʮʽʾ 

ʧʨʦʩʪʦʨʦʚʠʭ ʪʦʯʦʢ. 

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʘʣʛʦʨʠʪʤʫ: 

1) ɿʘʚʘʥʪʘʞʫʻʤʦ ʣʽʚʝ ʡ ʧʨʘʚʝ ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʽʜʪʽʥʢʘʭ ʩʽʨʦʛʦ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ SIFT (Scale-Invariant Feature Transform)[3] 

ʚʠʷʚʣʷʻʤʦ ʩʪʽʡʢʽ ʜʦ ʤʘʩʰʪʘʙʫ ʪʘ ʦʩʚʽʪʣʝʥʥʷ ʢʣʶʯʦʚʽ ʪʦʯʢʠ ʡ 

ʙʫʜʫʻʤʦ ʜʣʷ ʢʦʞʥʦʾ 128-ʚʠʤʽʨʥʠʡ ʜʝʩʢʨʠʧʪʦʨ. 

2) ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ FLANN (Fast Library for Approximate Nearest 

Neighbors)[4] ʜʣʷ ʧʦʰʫʢʫ ʧʦ ʜʚʘ ʥʘʡʙʣʠʞʯʽ ʜʝʩʢʨʠʧʪʦʨʠ ʥʘ 

ʧʨʘʚʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ ʥʘ ʣʽʚʦʤʫ. ʉʝʨʝʜ 

ʥʠʭ ʚʽʜʢʠʜʘʻʤʦ ʚʩʽ ʧʘʨʠ, ʫ ʷʢʠʭ ʥʘʡʜʦʩʪʦʡʥʽʰʠʡ ʚʽʜʧʦʚʽʜʥʠʢ 

ʥʝ ʜʦʩʪʘʪʥʴʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʜʨʫʛʦʛʦ ʟʘ ʚʽʜʩʪʘʥʥʶ. 

3) ɯʟ ʟʘʣʠʰʝʥʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʬʦʨʤʫʻʤʦ ʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ F 

ʟʘ ʝʧʽʧʦʣʷʨʥʠʤ ʦʙʤʝʞʝʥʥʷʤ (1). ʆʙʯʠʩʣʶʻʤʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ 

ʤʘʪʨʠʮʶ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʚʦʩʴʤʠʪʦʯʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʪʘ 

ʚʽʜʩʽʶʶʯʠ ʟʘʡʚʽ ʪʦʯʢʠ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ RANSAC ï Random 

Sample Consensus[5]. 

4) ɹʫʜʫʻʤʦ ʽʩʪʦʪʥʫ ʤʘʪʨʠʮʶ ʪʘ ʨʦʟʢʣʘʜʘʻʤʦ ʾʾ ʥʘ ʧʘʨʠ (R , t), 

(R , īt), (R , t), (R , īt). ɺʠʙʠʨʘʻʤʦ ʪʫ ʧʘʨʫ, ʱʦ ʜʘʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʟ ʧʦʟʠʪʠʚʥʦʶ Z-ʛʣʠʙʠʥʦʶ ʚ ʦʙʦʭ ʢʘʤʝʨʘʭ, 

ʪʦʙʪʦ ʪʘʢʠʭ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʧʝʨʝʜ ʦʙʦʤʘ ʢʘʤʝʨʘʤʠ. 

5) ɿʘ ʦʙʨʘʥʠʤʠ R ʽ t ʪʘ ʪʨʽʘʥʛʫʣʷʮʽʻʶ ʣʽʥʽʡʥʦʛʦ ʪʠʧʫ ʚʽʜʥʦʚʣʶʻʤʦ 

3D-ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʽ ʚʠʚʦʜʠʤʦ ʾʭ ʫ ʚʠʛʣʷʜʽ ʢʦʣʴʦʨʦʚʦʾ ʭʤʘʨʠ. 
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ʈʠʩ. 1. ʇʘʨʘ ʬʦʪʦ, ʟʥʷʪʠʭ ʽʟ ʨʽʟʥʠʭ ʨʘʢʫʨʩʽʚ 

 
ʈʠʩ. 2. ʍʤʘʨʘ 3D-ʪʦʯʦʢ 

ʇʝʨʝʚʘʛʦʶ ʘʣʛʦʨʠʪʤʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʣʝʛʢʠʤ, ʥʝ ʧʦʪʨʝʙʫʻ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʦʚʥʽʰʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʤʝʨ ʽ ʟʜʘʪʝʥ ʚʽʜʥʦʚʠʪʠ ʧʨʦʩʪʦʨʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ. ʋʩʷ ʦʙʨʦʙʢʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ï ʚʽʜ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʟʥʘʢ ʜʦ ʧʦʙʫʜʦʚʠ 3D-ʪʦʯʦʢ ï 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʙʽʣʴʥʠʭ ʽ ʜʦʙʨʝ ʧʝʨʝʚʽʨʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. 

ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʨʘʢʫʨʩʫ: ʧʨʠ ʚʝʣʠʢʽʡ ʨʽʟʥʠʮʽ ʚ 

ʢʫʪʽ ʟʡʦʤʢʠ SIFT ʤʦʞʝ ʥʝ ʟʥʘʡʪʠ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʷʢʽʩʥʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ. 

ʊʘʢʦʞ ʘʣʛʦʨʠʪʤ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ çʚʠʨʘʟʥʠʭè ʩʪʨʫʢʪʫʨ ʫ 

ʩʮʝʥʽ ï ʬʘʢʪʫʨ, ʢʦʥʪʫʨʽʚ, ʢʫʪʽʚ ï ʘʜʞʝ ʛʣʘʜʢʽ ʘʙʦ ʦʜʥʦʨʽʜʥʽ ʧʦʚʝʨʭʥʽ ʥʝ ʜʘʶʪʴ 

ʩʪʘʙʽʣʴʥʠʭ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʪʨʽʘʥʛʫʣʷʮʽʾ. 
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ɺʠʩʥʦʚʦʢ 

ʇʦʢʘʟʘʥʦ, ʱʦ ʢʣʘʩʠʯʥʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʚʦʩʴʤʠʪʦʯʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ RANSAC ʜʣʷ F, ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʫ E ʪʘ ʨʦʟʢʣʘʜʦʤ ʽʟ ʧʝʨʝʚʽʨʢʦʶ 

ʛʣʠʙʠʥʠ ʜʘʻ ʟʤʦʛʫ ʙʝʟ ʞʦʜʥʠʭ ʟʦʚʥʽʰʥʽʭ ʜʘʥʠʭ ʧʨʦ ʩʮʝʥʫ ʚʽʜʥʦʚʠʪʠ ʚʽʜʥʦʩʥʝ 

ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨ ʽ 3D-ʭʤʘʨʫ ʪʦʯʦʢ ʟ ʜʚʦʭ ʟʦʙʨʘʞʝʥʴ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʦʱʘʜʣʠʚʠʤ ʽ ʩʪʽʡʢʠʤ ʥʘʚʽʪʴ ʟʘ ʟʥʘʯʥʦʾ ʯʘʩʪʢʠ ʚʽʜʢʠʜʽʚ ʫ 

ʧʦʯʘʪʢʦʚʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʷʭ. ʆʪʨʠʤʘʥʘ 3D-ʭʤʘʨʘ ʜʦʙʨʝ ʚʽʜʪʚʦʨʶʻ ʛʝʦʤʝʪʨʽʶ 

ʦʙôʻʢʪʘ ʽ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʱʽʣʴʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, 

ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʘʙʦ ʽʥʪʝʛʨʘʮʽʾ ʚ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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https://docs.opencv.org/4.x/d7/dff/tutorial_feature_homography.htmlm 
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ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʈɸʂʆɺʀʍ ʇʋʍʃʀʅ ʅɸ ʆʉʅʆɺɯ 

ʈɯɺʅʗʅʔ ʈɽɸʂʎɯɰ-ɼʀʌʋɿɯɰ 

ʉʦʬʽʷ ʇʝʨʝʧʽʯʢʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ  

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

 sofiia.perepichka@lnu.edu.ua 

 

ʆʥʢʦʣʦʛʽʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʻ ʦʜʥʽʻʶ ʽʟ ʥʘʡʛʦʩʪʨʽʰʠʭ ʧʨʦʙʣʝʤ, ʟ ʷʢʠʤʠ 

ʩʴʦʛʦʜʥʽ ʟʽʰʪʦʚʭʫʻʪʴʩʷ ʩʫʯʘʩʥʘ ʤʝʜʠʮʠʥʘ. ʎʝ ʘʢʮʝʥʪʫʻ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʽʰʠʭ 

ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʧʨʦʚʦʜʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʜʽʘʛʥʦʩʪʠʢʠ ʡ ʦʧʪʠʤʽʟʘʮʽʶ ʣʽʢʫʚʘʣʴʥʠʭ ʩʪʨʘʪʝʛʽʡ. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʤʦʥʦʛʨʘʬʽʡ 

ʥʘ ʮʶ ʪʝʤʘʪʠʢʫ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʘʮʽ ʘʚʪʦʨʽʚ ʂʨʽʩʪʽʥʽ ʪʘ 

ʌʨʽʜʤʘʥʘ[1, 2] 

ʋ ʤʝʞʘʭ ʮʽʻʾ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʨʘʢʦʚʦʾ 

ʧʫʭʣʠʥʠ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʶ ʟʘʜʘʯʝʶ. ɺʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ ʨʝʘʢʮʽʾ-ʜʠʬʫʟʽʾ (1-2): 

 

Ὀᶯὧ ‗ί‘ὧȟ   (1) 

Ὀᶯί ‎ὧ„ȟ     (2) 

 

ʜʝ Ὀ - ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʢʣʽʪʠʥ ʧʫʭʣʠʥʠ, ‗ - ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʣʽʬʝʨʘʮʽʾ 

ʢʣʽʪʠʥ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʞʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, ‘ - ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʛʠʙʝʣʽ ʢʣʽʪʠʥ, Ὀ - ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʧʦʞʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, ‎ - ʢʦʝʬʽʮʽʻʥʪ 

ʩʧʦʞʠʚʘʥʥʷ ʧʦʞʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʢʣʽʪʠʥʘʤʠ ʧʫʭʣʠʥʠ, „ - ʜʞʝʨʝʣʦ ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ. 
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ɸ ʪʘʢʦʞ ʢʨʘʡʦʚʠʤʠ (3) ʪʘ ʧʦʯʘʪʢʦʚʠʤʠ (4) ʫʤʦʚʘʤʠ: 

 

πȟ ɼί ί ȟ (3) 

 

ὧὼȟώȟπ ὧὼȟώȟ ίὼȟώȟπ ί ὼȟώȟ  (4) 

 

ʜʝ ί - ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʩʫʜʠʥʘʭ, ɼ - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʥʦʩʫ 

ʯʝʨʝʟ ʤʝʞʫ, ʘ ὧ ὼȟώ  - ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʢʣʽʪʠʥ ʽ ίὼȟώ  -

ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. 

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ[3] ʚʠʢʦʥʫʻʤʦ 

ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʟʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʟʤʽʥʥʠʤʠ. 

ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʯʘʩʦʚʦʶ ʟʤʽʥʥʦʶ ʟʘʩʪʦʩʦʚʫʻʤʦ ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ ʂʨʘʥʢʘ-

ʅʽʢʦʣʩʦʥ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʪʨʽʘʥʛʫʣʷʮʽʶ ɼʝʣʦʥʝ ʥʘ 

ʦʩʥʦʚʽ ʪʨʠʢʫʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʣʽʥʽʡʥʠʤʠ ʙʘʟʠʩʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʚʠʢʦʥʘʥʥʷ ʥʘ ʨʦʟʛʣʷʥʫʪʽʡ ʨʘʥʽʰʝ ʦʙʣʘʩʪʽ ʫʪʚʦʨʝʥʥʷ[4]. 

 
 

ʈʠʩ. 1. ɿʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ ʫʪʚʦʨʝʥʥʷ 
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ɺʽʟʴʤʝʤʦ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: Ὀ = 1. 5,  ‗ = 1.3,   ‘  =  1.1,  Ὀ = 2,  ‎  = 

0,  „  = 2,  

 ί  =  1,  ‍ = ρπ,  ὧ = 1,  ί  = 1, ʨʦʟʛʣʷʜʘʻʤʦ ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ Ὕ 

= 100. 

ʆʪʨʠʤʫʻʤʦ: 

 
ʈʠʩ. 2. ʆʙʣʘʩʪʴ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

 
ʈʠʩ. 3. ʆʙʣʘʩʪʴ ʫ ʢʽʥʮʝʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. V. Cristini. Nonlinear simulation of tumor growth. / V. Cristini, J. Lowengrub, and Q. 

Nie. // J. Math. Biol, 46. ï 2003. ï P. 191-224. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʊʈɸʅʉʌʆʈʄɸʎɯɰ ʆɹʃɸʉʊɽʁ ɿɯ ɿʄɯʅʅʀʄʀ ɺ 

ʏɸʉɯ ɻʈɸʅʀʎʗʄʀ 

ʃʶʙʦʚ ʂʨʠʞʘʣʢʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

liubov.kryzhalka@lnu.edu.ua 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ  

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʙʣʘʩʪʝʡ ʟʽ ʟʤʽʥʥʠʤʠ ʚ ʯʘʩʽ 

ʛʨʘʥʠʮʷʤʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʦʙ'ʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʦʙʣʘʩʪʝʡ ʚ ʦʜʥʫ ʦʙʣʘʩʪʴ ʯʠ, 

ʥʘʚʧʘʢʠ, ʨʦʟʜʽʣʝʥʥʷ ʦʙʣʘʩʪʽ ʥʘ ʦʢʨʝʤʽ ʧʽʜʦʙʣʘʩʪʽ. ʇʦʪʨʽʙʥʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʝʨʝʙʫʜʦʚʫ ʦʙʣʘʩʪʝʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʘʜʘʥʦ ʢʽʣʴʢʘ ʧʽʜʦʙʣʘʩʪʝʡ ʚ 

ʧʨʦʩʪʦʨʽ Ὑ , ʷʢʽ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʇʽʜʦʙʣʘʩʪʽ ʦʙʤʝʞʝʥʽ ʣʽʧʰʠʮʝʚʠʤʠ 

ʛʨʘʥʠʮʷʤʠ. ɺʽʜʦʤʦ ʟʘʢʦʥʠ ʨʫʭʫ ʧʦ ʥʦʨʤʘʣʽ ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʛʨʘʥʠʮʽ ʢʦʞʥʦʾ ʟ 

ʧʽʜʦʙʣʘʩʪʝʡ. ʇʦʪʨʽʙʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʟʤʽʥʠ ʩʪʘʥʫ ʧʽʜʦʙʣʘʩʪʝʡ, ʚʨʘʭʫʚʘʚʰʠ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭʥʴʦʛʦ ʜʽʣʝʥʥʷ ʘʙʦ ʦʙ'ʻʜʥʘʥʥʷ.  

ʇʨʦʙʣʝʤʘ ʦʙôʻʜʥʘʥʥʷ ʦʙʣʘʩʪʝʡ 

ʉʬʦʨʤʫʣʶʻʤʦ ʩʧʦʯʘʪʢʫ ʧʨʦʙʣʝʤʫ ʦʙ'ʻʜʥʘʥʥʷ ʦʙʣʘʩʪʝʡ. ɼʣʷ ʮʴʦʛʦ 

ʨʦʟʛʣʷʥʝʤʦ ʜʚʽ ʦʙʣʘʩʪʽ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ɺʭʽʜʥʽ ʦʙʣʘʩʪʽ 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʚʦʥʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʽʩʥʫʻ ʥʘʩʪʫʧʥʘ 

ʪʝʦʨʝʤʘ ʧʨʦ ʨʦʟʜʽʣʶʚʘʣʴʥʫ ʚʽʩʴ [2]:  

ʊʝʦʨʝʤʘ 1. ɼʚʽ ʦʧʫʢʣʽ ʬʽʛʫʨʠ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʽʩʥʫʻ 

ʭʦʯʘ ʙ ʦʜʥʘ ʚʽʩʴ, ʥʘ ʷʢʽʡ ʾʭʥʽ ʦʨʪʦʛʦʥʘʣʴʥʽ ʧʨʦʝʢʮʽʾ ʥʝ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ. 

ʆʩʢʽʣʴʢʠ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʝʡ ʟʘʟʥʘʶʪʴ ʟ ʯʘʩʦʤ ʟʤʽʥ, ʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʮʽʡ ʪʝʦʨʝʤʽ ʽ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʤʦʤʝʥʪ 
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ʾʭʥʴʦʛʦ ʟʽʪʢʥʝʥʥʷ. ʊʘʢʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʧʝʨʝʚʽʨʷʪʠ ʚʩʽ ʦʩʽ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʧʝʨʝʢʨʠʪʪʷ ʧʨʦʝʢʮʽʡ, ʦʜʥʘʢ, ʷʢ ʪʽʣʴʢʠ ʥʘ ʧʝʨʰʽʡ ʦʩʽ ʧʨʦʝʢʮʽʾ ʥʝ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʚʽʥ ʥʝʛʘʡʥʦ ʟʘʚʝʨʰʫʻ ʨʦʙʦʪʫ, ʚʠʟʥʘʯʠʚʰʠ, ʱʦ ʬʽʛʫʨʠ ʥʝ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʎʷ ʚʽʩʴ ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʜʽʣʶʚʘʣʴʥʦʶ ʚʽʩʩʶ. ʆʧʠʰʝʤʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʽʜʭʦʜʫ. 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ 

ʅʘ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʢʽʣʴʢʘ ʟʘʤʢʥʝʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʦʙʣʘʩʪʝʡ, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʬʦʨʤʫ ʢʦʣʘ. ʂʦʣʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʝʥʪʨʫ ʪʘ ʨʘʜʽʫʩʦʤ. ʂʦʥʪʫʨ  ʦʙʣʘʩʪʽ ʧʦʜʘʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦʛʦ ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʪʦʯʦʢ: 

ὴ ὼȟώ . (1) 

ʇʨʠ ʮʴʦʤʫ ʪʦʯʢʠ ʚʧʦʨʷʜʢʦʚʘʥʽ ʫ ʥʘʧʨʷʤʢʫ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʨʦʩʪʘʥʥʶ ʢʫʪʘ ʚʽʜ 0 ʜʦ 2 ́ʚ ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

ɿ ʯʘʩʦʤ ʦʙʣʘʩʪʽ ʟʘʟʥʘʶʪʴ ʧʦʩʪʫʧʦʚʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʥʘʧʨʷʤʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʚʥʠʤ ʢʫʪʦʤ, ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʩʠʤʫʣʷʮʽʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʟʤʽʥʝʥʦʛʦ ʢʦʥʪʫʨʫ ʬʽʛʫʨ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʪʷʛʫʚʘʥʥʷ. ʂʦʞʥʝ ʢʦʣʦ ʧʦʩʪʫʧʦʚʦ ʚʠʪʷʛʫʻʪʴʩʷ ʪʘʢ, ʱʦ ʦʜʥʘ 

ʧʦʣʦʚʠʥʘ ʦʙʣʘʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʢʦʣʦʤ, ʘ ʽʥʰʘ ʨʦʟʪʷʛʫʻʪʴʩʷ ʫ ʬʦʨʤʽ ʝʣʽʧʩʘ (ʜʠʚ. 

ʨʠʩ. 2). ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, 

ʚʽʜʦʙʨʘʞʘʶʯʠ ʩʧʨʷʤʦʚʘʥʠʡ ʨʽʩʪ ʘʙʦ ʪʠʩʢ ʫ ʚʠʙʨʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

 

ʈʠʩ. 2. ʆʙʣʘʩʪʽ ʧʽʩʣʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʾʭʥʽʭ ʛʨʘʥʠʮʴ 

ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʩʠʤʫʣʷʮʽʾ ʜʣʷ ʢʦʞʥʦʾ ʦʙʣʘʩʪʽ ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʠʪʠ 

ʥʦʨʤʘʣʴʥʽ ʚʝʢʪʦʨʠ ʜʦ ʾʾ ʧʦʪʦʯʥʦʛʦ ʢʦʥʪʫʨʫ. ʅʦʨʤʘʣʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʝʢʪʦʨ, 

ʦʨʪʦʛʦʥʘʣʴʥʠʡ ʜʦ ʚʝʢʪʦʨʘ ʜʦʪʠʯʥʦʾ. ʅʝʭʘʡ ʚʝʢʪʦʨ ʜʦʪʠʯʥʦʾ ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ 
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ὸ ὸȟὸ ȟ  (2) 

ʪʦʜʽ ʥʦʨʤʘʣʴʥʠʡ ʚʝʢʪʦʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ [1]: 

ὲ = (-ὸȟὸ ). (3) 

ʆʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὲ = 
ȿȿ ȿȿ

 (4) 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʥʦʨʤʘʣʽ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʣʽ ʷʢ ʦʩʽ 

ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʝʨʝʢʨʠʪʪʷ ʧʨʦʝʢʮʽʡ ʦʙʣʘʩʪʝʡ.  

ʑʦʙ ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʽʛʫʨʠ ʥʘ ʚʽʩʴ, ʧʦʪʨʽʙʥʦ 

ʧʨʦʚʝʩʪʠ ʮʠʢʣ ʧʦ ʚʩʽʭ ʚʝʨʰʠʥʘʭ, ʟʥʘʭʦʜʷʯʠ ʩʢʘʣʷʨʥʽ ʜʦʙʫʪʢʠ ʚʝʨʰʠʥ ʟ ʚʽʩʩʶ 

ʽ ʟʙʝʨʽʛʘʶʯʠ ʷʢ ʨʝʟʫʣʴʪʘʪ ʤʽʥʽʤʫʤ ʽ ʤʘʢʩʠʤʫʤ ʫʩʽʭ ʩʢʘʣʷʨʥʠʭ ʜʦʙʫʪʢʽʚ. ʊʦʜʽ 

ʧʨʦʝʢʮʽʻʶ ʙʫʜʝ ʚʽʜʨʽʟʦʢ, ʚʠʟʥʘʯʝʥʠʡ ʮʠʤ ʤʽʥʽʤʫʤʦʤ ʪʘ ʤʘʢʩʠʤʫʤʦʤ. ʗʢʱʦ 

ʟʥʘʡʜʝʥʘ ʪʘʢʘ ʚʽʩʴ, ʜʣʷ ʷʢʦʾ ʧʨʦʝʢʮʽʾ ʥʝ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʪʦ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʟʽʪʢʥʝʥʥʷ.  

ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʛʦ ʥʘ 

Python ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɿʘʩʪʦʩʦʚʫʻʤʦ ʮʝʡ ʧʽʜʭʽʜ ʜʣʷ ʪʨʴʦʭ 

ʧʽʜʦʙʣʘʩʪʝʡ, ʬʦʨʤʫʶʯʠ ʚʩʝʤʦʞʣʠʚʽ ʧʘʨʠ (ʜʠʚ. ʨʠʩ. 3). ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ 

ʦʙʣʘʩʪʽ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʧʦ ʥʦʨʤʘʣʽ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʩʪʘʥ ʩʠʩʪʝʤʠ 

ʧʨʠ ʟʣʠʪʪʽ ʧʝʨʰʠʭ ʜʚʦʭ ʧʽʜʦʙʣʘʩʪʝʡ. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʦ, ʷʢ ʫʩʽ ʦʙʣʘʩʪʽ 

ʟôʻʜʥʘʥʦ ʚ ʻʜʠʥʝ. 

 

ʈʠʩ. 3. ɿʣʠʪʪʷ ʧʝʨʰʠʭ ʜʚʦʭ ʦʙʣʘʩʪʝʡ  ʈʠʩ. 4. ɿʣʠʪʪʷ ʫʩʽʭ ʦʙʣʘʩʪʝʡ 

ʇʨʦʙʣʝʤʘ ʧʦʜʽʣʫ ʦʙʣʘʩʪʽ ʥʘ ʢʽʣʴʢʘ ʧʽʜʦʙʣʘʩʪʝʡ 

ʉʬʦʨʤʫʣʶʻʤʦ ʪʝʧʝʨ ʧʨʦʙʣʝʤʫ ʧʦʜʽʣʫ ʦʙʣʘʩʪʽ ʥʘ ʢʽʣʴʢʘ ʧʽʜʦʙʣʘʩʪʝʡ. ʅʘ 

ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʣʷʜʘʻʤʦ, ʷʢ ʽ ʨʘʥʽʰʝ, ʢʦʣʦ. ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ 
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ʦʙʣʘʩʪʴ ʟ ʯʘʩʦʤ ʟʚʫʞʫʻʪʴʩʷ ʧʦ ʥʦʨʤʘʣʽ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ 

ʪʦʯʦʢ ʥʘ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʽ, ʤʽʞ ʷʢʠʤʠ ʧʽʜ ʯʘʩ ʟʚʫʞʝʥʥʷ ʚʽʜʩʪʘʥʴ ʜʦʩʷʛʥʝ ʧʝʚʥʦʛʦ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʙʫʚ ʨʝʘʣʽʟʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ, ʫ ʷʢʦʤʫ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʩʠʤʫʣʷʮʽʾ 

ʟʚʫʞʝʥʥʷ ʦʙʣʘʩʪʽ ʬʦʨʤʫʻʪʴʩʷ ʾʾ ʤʝʜʽʘʣʴʥʘ ʚʽʩʴ. ʉʧʦʯʘʪʢʫ ʙʫʜʫʻʪʴʩʷ ʜʽʘʛʨʘʤʘ 

ɺʦʨʦʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʪʦʯʦʢ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʽ. ʇʦʪʽʤ ʚʠʙʠʨʘʶʪʴʩʷ ʪʽ ʨʝʙʨʘ 

ʜʽʘʛʨʘʤʠ ɺʦʨʦʥʦʛʦ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʣʝʞʘʪʴ ʚʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ. ɿ ʥʠʭ ʬʦʨʤʫʻʪʴʩʷ 

ʤʝʜʽʘʣʴʥʘ ʚʽʩʴ. ʅʘʡʪʦʥʰʝ ʤʽʩʮʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʝʨʝʜʠʥ ʤʝʜʽʘʣʴʥʠʭ ʚʽʜʨʽʟʢʽʚ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ. ʗʢʱʦ 

ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʩʪʘʻ ʤʝʥʰʦʶ ʟʘ ʧʦʨʦʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʪʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʦʙʣʘʩʪʴ ʜʦʩʷʛʣʘ ʢʨʠʪʠʯʥʦʾ ʪʦʚʱʠʥʠ, ʽ ʾʾ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ. 

ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ. ʅʘ ʨʠʩʫʥʢʫ 5 ʪʘ ʥʘ ʨʠʩʫʥʢʫ 6 ʟʦʙʨʘʞʝʥʦ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʦʣʘ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʥʘʧʨʠʢʽʥʮʽ ʟʚʫʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. ʇʽʩʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʦʙʣʘʩʪʶ ʢʨʠʪʠʯʥʦʾ ʪʦʚʱʠʥʠ, ʚʦʥʘ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʧʽʜʦʙʣʘʩʪʽ 

(ʜʠʚ. ʨʠʩ. 7). 

   

ʈʠʩ. 5. ʆʙʣʘʩʪʴ ʥʘ ʧʦʯʘʪʢʫ ʟʚʫʞʝʥʥʷ ʈʠʩ. 6.  ʆʙʣʘʩʪʴ ʥʘʧʨʠʢʽʥʮʽ ʟʚʫʞʝʥʥʷ 
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ʈʠʩ. 7.  ʆʙʣʘʩʪʴ ʧʽʩʣʷ ʧʦʜʽʣʫ ʥʘ ʜʚʽ ʧʽʜʦʙʣʘʩʪʽ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Bean N. Separating Axis Theorem [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. / N. Bean. // CIS 580: 

Foundations of Game Programming. ð Kansas State University, 2021. ð [ʎʠʪ. 6 

ʣʶʪʦʛʦ 2025 ʨ.]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

https://textbooks.cs.ksu.edu/cis580/04-collisions/04-separating-axis-theorem. 

2. Mileff P. Collision Detection in 2D Games. / P. Mileff // Production Systems and 

Information Engineering. ð 2023. ð Vol. 11, No. 3. ð P. 10ï26. 
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3D ʈɽʂʆʅʉʊʈʋʂʎɯʗ ʆɹʃʀʏʏʗ ɿ ʈʆɿʇɯɿʅɸɺɸʅʅʗʄ ʂʃʖʏʆɺʀʍ 

ʊʆʏʆʂ ɺ ʈɽɸʃʔʅʆʄʋ ʏɸʉɯ 

ɸʥʛʝʣʽʥʘ ʄʦʜʝʥʢʦ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

anhelina.md@gmail.com 

ɸʢʪʫʘʣʴʥʽʩʪʴ  

ʊʨʠʚʠʤʽʨʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʦʙʣʠʯʯʷ ï ʢʣʶʯʦʚʘ ʟʘʜʘʯʘ ʩʫʯʘʩʥʦʛʦ 

ʢʦʤʧᾷʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫ ʙʽʦʤʝʪʨʠʯʥʽʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, 

ʢʨʠʤʽʥʘʣʽʩʪʠʮʽ, ʤʝʜʠʮʠʥʽ, ʚʽʨʪʫʘʣʴʥʽʡ ʪʘ ʜʦʧʦʚʥʝʥʽʡ ʨʝʘʣʴʥʦʩʪʽ. ɼʣʷ 

ʚʠʣʫʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʦʙʣʠʯʯʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʣʘʩʠʯʥʽ  ʜʝʩʢʨʠʧʪʦʨʠ 

ʪʘ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ ʘʣʛʦʨʠʪʤ SURF (ʧʨʠʩʢʦʨʝʥʽ ʩʪʽʡʢʽ 

ʦʟʥʘʢʠ)[1] ʪʘ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ[2] ʚʽʜʧʦʚʽʜʥʦ: ʜʦ ʧʨʠʢʣʘʜʫ, 

BlazeFace[3] ʘʙʦ CenterNet[4] ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʜʦ 478 ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʩʪʚʦʨʶʻ ʙʘʟʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʦʯʥʠʭ ʽ ʧʨʦʜʫʢʪʠʚʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʪʨʠʚʠʤʽʨʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʫʰʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʦʪʨʠʤʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ ʜʘʥʽ 

ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ. 

ʆʩʥʦʚʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʧʦʪʽʢ ʟʦʙʨʘʞʝʥʴ ï ʚʽʜʝʦʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʙʦ ʢʘʜʨʠ ʟ ʢʘʤʝʨʠ 

ʨʝʣʴʥʦʛʦ ʯʘʩʫ ὍὸȡɱṒᴙ ᴙ ᴙȟʜʝ ὸ ï ʜʠʩʢʨʝʪʥʠʡ ʘʙʦ ʥʝʧʝʨʝʨʚʥʠʡ 

ʯʘʩ, ʘ ɱ ð ʦʙʣʘʩʪʴ ʧʽʢʩʝʣʽʚ ʢʘʜʨʫ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘ ʢʦʞʥʦʤʫ ʢʘʜʨʽ ʻ 

ʧʨʠʥʘʡʤʥʽ ʦʜʥʝ ʦʙʣʠʯʯʷ ʣʶʜʠʥʠ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʫ, ʱʦ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ: 

1. ʚʠʟʥʘʯʘʻ ʢʦʦʨʜʠʥʘʪʠ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʦʙʣʠʯʯʷ; 

2. ʚʽʜʥʦʚʣʶʻ ʛʣʠʙʠʥʫ ʜʣʷ ʢʦʞʥʦʾ ʟ ʮʠʭ ʪʦʯʦʢ; 

3. ʨʝʢʦʥʩʪʨʫʶʻ ʦʙʣʠʯʯʷ ʫ ʩʫʮʽʣʴʥʫ ʪʨʠʚʠʤʽʨʥʫ ʧʦʚʝʨʭʥʶ; 

4. ʚʽʟʫʘʣʽʟʫʻ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ. 
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ɸʣʛʦʨʠʪʤ 

ʈʦʟʚᾷʷʟʦʢ ʜʘʥʦʾ ʟʘʜʘʯʽ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʥʝʟʘʣʝʞʥʠʭ ʝʪʘʧʽʚ. ʅʠʞʯʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʢʦʞʥʦʛʦ ʽʟ ʥʠʭ. 

1. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʢʦʚʦʾ 

ʥʝʡʨʦʤʝʨʝʞʽ. 

ɼʣʷ ʨʦʟʚᾷʷʟʢʫ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ BlazeFace[3] ʪʘ ʧʨʦʛʨʘʤʥʘ ʥʘʜʙʫʜʦʚʘ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʙʽʥʘʨʥʦʤʫ ʬʦʨʤʘʪʽ, ʷʢʽ ʙʫʜʫʪʴ ʥʘʜʽʩʣʘʥʽ ʫ ʨʫʰʽʡ ʜʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ. ɿ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʦʪʨʠʤʫʻʤʦ ʥʘʙʽʨ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ 

ʨʘʟʦʤ ʽʟ ʛʣʠʙʠʥʦʶ ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ: 

όȟὺȟᾀÎÏÒÍ Ὂ ὍȟὭ ρȟȣȟτχψȟρ  

ʜʝ όȟὺᶰπȟρ ï ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʟʘ ʰʠʨʠʥʦʶ ʪʘ ʚʠʩʦʪʦʶ 

ʢʘʜʨʫ; ᾀÎÏÒÍᶰ ρȟρ  ï ʥʦʨʤʘʣʽʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʪʦʯʢʠ (ʚʠʭʽʜ 

ʥʝʡʨʦʤʝʨʝʞʽ); Ὂ Ὅï ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ —, ʱʦ 

ʧʨʘʮʶʻ ʟʽ ʟʦʙʨʘʞʝʥʥʷʤ Ὅ. 

2. ʇʝʨʝʭʽʜ ʚʽʜ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʜʦ ʬʽʟʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

ɼʘʣʽ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʢʦʦʨʜʠʥʘʪʠ όȟὺ  ʧʝʨʝʚʦʜʷʪʴʩʷ ʫ ʬʽʟʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ 

ʢʘʤʝʨʠ:  

ὼ όὡȟώ ὺ(ȟς 

ʜʝ ὡȟὌ ï ʰʠʨʠʥʘ ʪʘ ʚʠʩʦʪʘ ʢʘʜʨʫ ʫ ʧʽʢʩʝʣʷʭ ʚʽʜʧʦʚʽʜʥʦ, ʘ ʧʘʨʘ ὼȟώ  ï 

ʬʽʟʠʯʥʽ ʜʚʦʚʠʤʽʨʥʽ ʢʦʦʨʜʠʥʘʪʠ. 

ɻʣʠʙʠʥʘ ʪʦʯʢʠ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʨʝʘʣʴʥʠʡ ʧʨʦʩʪʽʨ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʥʫʪʨʽʰʥʽʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʘʤʝʨʠ: 

ᾀ ᾀ έ
ὡ

ί
ȟσ 

ʜʝ έȟί ï ʧʘʨʘʤʝʪʨʠ ʥʝʡʨʦʤʝʨʝʞʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʩʫʚ ʪʘ ʤʘʩʰʪʘʙ 

ʛʣʠʙʠʥʠ. ʊʝʧʝʨ ʢʦʞʥʘ ʪʦʯʢʘ ʤʘʻ ʬʽʟʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ὼȟώȟᾀ . 
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ɼʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʦʩʪʘʪʦʯʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʢʘʤʝʨʠ 

ʟʘʩʪʦʩʦʚʫʻʤʦ ʬʦʨʤʫʣʫ ʧʨʦʻʢʮʽʾ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʤʝʨʠ 

ὧȟὧ ȟὪȟὪȡ 

ὢ
ὣ
ὤ

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὼ ὧ ᾀ

Ὢ

ώ ὧ ᾀ

Ὢ
ᾀ Ứ

ủ
ủ
ủ
ủ
Ủ

Ȣτ 

ὧȟὧ ̓ Ὢ́ȟὪ  ï ʢʦʦʨʜʠʥʘʪʠ ʛʦʣʦʚʥʦʾ ʪʦʯʢʠ (ʧʨʦʻʢʮʽʾ ʦʧʪʠʯʥʦʛʦ ʮʝʥʪʨʘ ʥʘ 

ʤʘʪʨʠʮʶ ʧʽʢʩʝʣʽʚ) ʪʘ ʬʦʢʫʩʥʽ ʚʽʜʩʪʘʥʽ ʚʟʜʦʚʞ ʦʩʝʡ ὼ ʪʘ ώ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʦʪʨʠʤʫʻʤʦ ʤʥʦʞʠʥʫ ʪʦʯʦʢ (ʭʤʘʨʫ ʪʦʯʦʢ) ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ: 

0 ὢȟὣȟὤ . 

3. ʇʦʙʫʜʦʚʘ ʪʨʠʚʠʤʽʨʥʦʾ ʩʽʪʢʠ ʤʝʪʦʜʦʤ ʪʨʽʘʥʛʫʣʷʮʽʾ ɼʝʣʦʥʝ[5]. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʪʦʯʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʦʜʠʬʽʢʦʚʘʥʘ ʪʨʽʘʥʛʫʷʮʽʷ ɼʝʣʦʥʝ. ʉʫʪʴ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʩʽʪʢʠ 

ʪʨʠʢʫʪʥʠʢʽʚ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʞʦʜʥʘ ʟ ʪʦʯʦʢ ʤʥʦʞʠʥʠ ʥʝ ʧʦʪʨʘʧʠʣʘ 

ʚʩʝʨʝʜʠʥʫ ʦʧʠʩʘʥʦʛʦ ʢʦʣʘ ʙʫʜʴ-ʷʢʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦ 

ʬʦʨʤʫʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʪʨʠʢʫʪʥʠʢʘ Ὕ , ʫʪʚʦʨʝʥʦʛʦ 

ʪʦʯʢʘʤʠ ὖȟὖȟὖ , ʮʝʥʪʨ ʦʧʠʩʘʥʦʛʦ ʢʦʣʘ ὅ  ʽʟ ʨʘʜʽʫʩʦʤ Ὑ  ʤʘʻ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʫ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʪʦʯʦʢ ʥʘ ʢʦʣʽ: 

 

╟᷆ ὅ ᷆ Ὑ ȟᶅὮ̅ ╟̆ ᶱ ╟ȟ╟ȟ╟ Ȣτ 

ʋ ʚʠʧʘʜʢʫ ʪʨʠʚʠʤʽʨʥʠʭ ʜʘʥʠʭ ʮʷ ʫʤʦʚʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʻ 

ʧʨʦʻʢʮʽʻʶ ʦʙᾷʻʤʥʠʭ ʪʦʯʦʢ ʥʘ ʧʣʦʱʠʥʫ ʟʦʙʨʘʞʝʥʥʷ. 

ὢȟὣȟὤ ȟὢȟὣȟὤ ȟὢȟὣȟὤ Ȣυ 

ʊʘʢʦʞ ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʪʝʪʨʘʝʜʨʠʟʘʮʽʶ, ʦʩʢʽʣʴʢʠ ʤʠ ʦʧʝʨʫʻʤʦ ʟ ʜʘʥʠʤʠ ʫ 

ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʢʦʣʠ ʫʤʦʚʘ ɼʝʣʦʥʝ ʬʦʨʤʫʻʪʴʩʷ ʯʝʨʝʟ ʦʧʠʩʘʥʫ ʢʫʣʶ 

ʪʝʪʨʘʝʜʨ Ὕ : 

╟᷆ ╒ ᷆ Ὑ ȟᶅὮȡ╟ᶱ ╟ȟ╟ȟ╟ȟ╟ ȟτᶻ 
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ʜʝ ╒  ʽ Ὑ  ð ʮʝʥʪʨ ʪʘ ʨʘʜʽʫʩ ʦʧʠʩʘʥʦʾ ʢʫʣʽ ʪʝʪʨʘʝʜʨʘ ʟ ʚʝʨʰʠʥʘʤʠ 

╟ȟ╟ȟ╟ȟ╟ . 

ʇʨʘʢʪʠʯʥʦ ʧʝʨʝʚʽʨʢʫ ʟʜʽʡʩʥʶʶʪʴ ʯʝʨʝʟ ̨̤̏̑̎̓̏̃́̎̉̊ ̘̃̉̈̎́̎̉̋: 

ÓÇÎ

ὼ ώ ᾀ ὼ ώ ᾀ ρ

ὼ ώ ᾀ ὼ ώ ᾀ ρ

ὼ ώ ᾀ ὼ ώ ᾀ ρ

ὼ ώ ᾀ ὼ ώ ᾀ ρ

ὼ ώ ᾀ ὼ ώ ᾀ ρ

πȟφ 

ʱʦ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʢʨʠʪʝʨʽʶ (4).   

ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʻʤʦ ʪʝʪʨʘʝʜʨʠʟʘʮʽʶ ɼʝʣʦʥʝ, ʷʢʘ ʤʽʥʽʤʽʟʫʻ ʚʫʟʴʢʽ ʢʫʪʠ 

ʚʩʝʨʝʜʠʥʽ ʦʙᾷʻʤʫ ʪʘ ʩʣʫʛʫʻ ʥʘʜʽʡʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʟ ʩʽʪʢʦʶ. 

4. ʆʧʪʠʤʽʟʘʮʽʷ ʩʽʪʢʠ. 

ʑʦʙ ʜʦʜʘʪʢʦʚʦ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʩʽʪʢʠ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʣʘʧʣʘʩʦʚʝ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ: 

╟ ╟ ‗
ρ

ȿﬞ Ὥȿ
В
ᶰﬞ
╟ ╟ ȟχ 

ʜʝ ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʟʛʣʘʜʞʫʚʘʥʥʷ, ﬞ Ὥï ʩʫʩʽʜʥʽ ʪʦʯʢʠ ʚʝʨʰʠʥʠ ╟░. 

ʊʘʢʦʞ, ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʫ ʤʽʩʮʷʭ ʚʠʩʦʢʦʾ ʢʨʠʚʠʟʥʠ. ʗʢʱʦ 

ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʥʽ ʫ ʚʝʨʰʠʥʽ ‖ ʧʝʨʝʚʠʱʫʻ ʧʦʨʽʛ ‖ : 

‖╟ ‖ ᴼ̅̏̅́̓̉ ̨̅̏̅́̓̋̏̃ ̘̓̏̋̉ ̅  ̨̏̒̓̋̉ ̎́̃̋̏̌̏╟Ȣ 

5. ɺʽʟʫʘʣʽʟʘʮʽʷ. 

ɼʣʷ ʦʙʨʦʙʢʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʢʦʦʨʜʠʥʘʪʠ ʚʝʨʰʠʥ ʦʙʯʠʩʣʶʶʪʴʩʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʨʫʰʽʾ ʟʘ ʬʦʨʤʫʣʦʶ: 

▬
ǽ

ὖὠὓ

ὢ
ὣ
ὤ
ρ

ȟψ 



35 

 

ʜʝ ὓ ï ʤʘʪʨʠʮʷ, ʱʦ ʧʝʨʝʥʦʩʠʪʴ ʚʝʨʰʠʥʫ ʟ ʣʦʢʘʣʴʥʦʾ ʫ ʬʽʟʠʯʥʫ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ; ὠ ï ʤʘʪʨʠʮʷ, ʷʢʘ ʧʝʨʝʪʚʦʨʶʻ ʬʽʟʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʫ ʢʦʦʨʜʠʥʘʪʠ 

ʢʘʤʝʨʠ; ὖ ï ʤʘʪʨʠʮʷ ʧʨʦʝʢʮʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʢʦʦʨʜʠʥʘʪʠ ʢʘʤʝʨʠ ʫ ʧʨʦʩʪʽʨ 

ʚʽʜʩʽʢʘʥʥʷ; ὢȟὣȟὤ  ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʟ ʭʤʘʨʠ, ʦʪʨʠʤʘʥʦʾ ʥʘ ʢʨʦʮʽ 2.[6] 

ɼʣʷ ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʢʩʪʫʨʫʚʘʥʥʷ, ʜʝ ʢʦʞʥʽʡ 

ʚʝʨʰʠʥʽ ʤʦʜʝʣʽ ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʢʩʪʫʨʘ ʢʦʦʨʜʠʥʘʪʘ όȟὺ. ʂʦʣʽʨ 

ʧʽʢʩʝʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʙʽʨʢʠ ʟ ʜʚʦʚʠʤʽʨʥʦʾ ʪʝʢʩʪʫʨʠ (ʜʠʬʫʟʥʦʾ 

ʢʘʨʪʠ): 

╒ †όȟὺȟω 

ʜʝ † ï ʬʫʥʢʮʽʷ ʚʠʙʽʨʢʠ ʟ ʜʠʬʫʟʥʦʾ ʪʝʢʩʪʫʨʥʦʾ ʢʘʨʪʠ; όȟὺ ᶰπȟρ  ð 

ʧʨʠʚôʷʟʘʥʽ ʜʦ ʚʝʨʰʠʥʠ ʪʝʢʩʪʫʨʥʽ ʢʦʦʨʜʠʥʘʪʠ. ʌʫʥʢʮʽʷ ʚʠʢʦʥʫʻ ʘʜʨʝʩʘʮʽʶ ʪʘ 

ʙʽʣʽʥʽʡʥʫ ʬʽʣʴʪʨʘʮʽʶ, ʧʦʚʝʨʪʘʶʯʠ ʢʦʣʽʨ ʧʽʢʩʝʣʷ. 

ʆʩʚʽʪʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘʙʝʟʧʝʯʫʻ ʤʦʜʝʣʴ ɹʣʽʥʥʘ-ʌʦʥʛʘ[7] ʟʘʚʜʷʢʠ ʚʨʘʭʫʚʘʥʥʶ 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʠʬʫʟʥʦʛʦ, ʜʟʝʨʢʘʣʴʥʦʛʦ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. 

ʂʽʥʮʝʚʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʨʠʚʠʤʽʨʥʦʾ ʩʽʪʢʠ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʨʦʟʨʦʙʣʝʥʦʤʫ 

ʛʨʘʬʽʯʥʦʤʫ ʨʫʰʽʾ ʥʘ ʤʦʚʽ  ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C++ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʙʣʽʦʪʝʢʠ OpenGL[6], ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʧʘʨʘʣʝʣʽʟʘʮʽʾ. 

ɿʘʚʜʷʢʠ ʛʥʫʯʢʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʨʫʰʽʷ, ʧʦʻʜʥʘʥʥʶ ʪʝʢʩʪʫʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ 

ʤʦʜʝʣʣʶ ʦʩʚʽʪʣʝʥʥʷ ɹʣʽʥʥʘ-ʌʦʥʛʘ[7] ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʩʦʢʘ ʚʽʟʫʘʣʴʥʘ ʪʦʯʥʽʩʪʴ 

ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ; ʚʦʜʥʦʯʘʩ ʦʙʣʠʯʯʷ ʣʝʛʢʦ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʢʽʣʴʢʦʤʘ 

ʣʽʥʽʡʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ, ʘ ʟʘ ʧʦʪʨʝʙʠ ï ʧʽʜʢʣʶʯʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʧʨʦʛʨʘʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʽʩʪʠʯʥʦʾ ʜʠʥʘʤʽʢʠ. 

ʅʘ ʈʠʩ.1 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʫʪʚʦʨʝʥʥʷ ʩʽʪʢʠ ʪʘ ʾʾ ʧʦʜʘʣʴʰʦʾ ʣʽʥʽʡʥʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟ ʦʙʣʠʯʯʷ ʣʶʜʠʥʠ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʛʝʥʝʨʘʪʠʚʥʦʶ ʟʤʘʛʘʣʴʥʦʶ 
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ʤʝʨʝʞʝʶ (GAN) ʘʨʭʽʪʝʢʪʫʨʠ StyleGAN2[8]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʫʩʫʚʘʻ ʝʪʠʯʥʽ ʪʘ ʧʨʘʚʦʚʽ ʨʠʟʠʢʠ. 

ʈʠʩ. 1. ʌʦʪʦ, ʰʪʫʯʥʦ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʦʙʣʠʯʯʷ; ʩʽʪʢʘ ʫʪʚʦʨʝʥʘ ʟ ʢʣʶʯʦʚʠʭ 

ʪʦʯʦʢ; ʘ ʪʘʢʦʞ ʾʾ ʧʦʚʦʨʦʪ 

ɺʠʩʥʦʚʦʢ 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ ʨʫʰʽʡ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʢʦʦʨʜʠʥʘʪ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʦʙʣʠʯʯʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʆʩʥʦʚʥʽ ʟʜʦʙʫʪʢʠ: 

1. ʆʪʨʠʤʘʥʦ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ ʚʠʛʣʷʜʽ ʩʪʘʙʽʣʴʥʦʛʦ ʨʽʚʥʷ ʢʘʜʨʽʚ 

ʥʘ ʩʝʢʫʥʜʫ (90-120) ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

2. ʅʘʣʘʛʦʜʞʝʥʦ ʤʦʜʫʣʴʥʠʡ ʜʠʟʘʡʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʟʤʽʥʶʚʘʪʠ ʷʢ 

ʘʣʛʦʨʠʪʤ ʦʪʨʠʤʘʥʥʷ ʪʦʯʦʢ, ʪʘʢ ʽ ʚʽʟʫʘʣʽʟʘʮʽʶ. 

3. ɺʠʷʚʣʝʥʦ ʦʙʤʝʞʝʥʥʷ, ʧʦʚᾷʷʟʘʥʽ ʟ ʤʝʥʰʠʤ ʧʦʢʨʠʪʪʷʤ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ 

ʧʦ ʧʝʨʠʬʝʨʽʾ ʦʙʣʠʯʯʷ, ʷʢʽ, ʷ ʥʘʜʽʶʩʴ, ʤʦʞʥʘ ʙʫʜʝ ʧʦʢʨʘʱʠʪʠ ʫ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʊʘʢʦʞ, ʘʣʛʦʨʠʪʤ ʧʦʪʨʝʙʫʻ ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʽʚ ʯʘʩʦʚʦʾ ʬʽʣʴʪʨʘʮʽʾ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʷʚʣʝʥʥʽ ʜʠʧʬʝʡʢʽʚ[9]. 
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ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʘʥʽʧʫʣʷʪʦʨʘ ʪʘ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ  

ɼʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʘʢʦʥʽʚ 

ʨʫʭʫ ʯʦʪʠʨʠʣʘʥʢʦʚʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟʘʤʢʥʫʪʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʪʨʫʢ-ʪʫʨʠ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʦʾ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʻ ʩʧʘʨʝʥʽʩʪʴ ʜʚʦʭ ʜʚʦʣʘʥ-ʢʦʚʠʢʽʚ 

ʟʽ ʩʧʽʣʴʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʪʘ ʨʽʟʥʠʤʠ ʪʦʯʢʘʤʠ ʢʨʽʧʣʝʥʥʷ ʜʦ ʥʝʨʫ-ʭʦʤʦʾ 

ʦʩʥʦʚʠ ʨʦʙʦʪʘ. ʎʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʦʜʥʦʯʘʩ ʨʦʟʥʝ-ʩʝʥʥʷ 

ʪʦʯʦʢ ʢʨʽʧʣʝʥʥʷ ʜʚʦʣʘʥʢʦʚʠʢʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʘ ʰʣʷʭʦʤ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ. ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʞʠʤʽʚ ʢʝʨʫʚʘʥʥʷ ʻ 

ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʜʘʯʘʤʠ ʩʫʯʘʩʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ. 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʥʽʧʫʣʷʪʦʨ ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1, ʜʝ ὕὢὣ ï 

ʽʥʝʨʮʽʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ὕὢὣ ʟ ʧʦʯʘʪʢʦʤ ʫ ʰʘʨʥʽʨʽ ὕ ʽ ʚʽʩʩʶ ὕὢ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʰʘʨʥʽʨ ὕ. ʃʘʥʢʠ ʤʘʥʽʧʫʣʷʪʦʨʘ ὕὃ, ὃὄ, ὄὃ, ὃὕ 

ʧʦʩʣʽʜʦʚʥʦ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʰʘʨʥʽʨʘʤʠ ὃ , ὄ, ὃ  ʪʘ ʟʘʢʨʽʧʣʝʥʽ ʜʦ 

ʥʝʨʫʭʦʤʦʾ ʦʩʥʦʚʠ ʰʘʨʥʽʨʘʤʠ ὕ , ὕ. ʆʩʽ ʰʘʨʥʽʨʽʚ ὕ , ὃ , ὄ, ὃ , ὕ 

ʦʨʪʦʛʦʥʘʣʴʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʇʦʨʫʯ ʟ ʰʘʨʥʽʨʦʤ ὄ ʨʦʟʤʽʱʝʥʠʡ 

ʟʘʭʦʧʣʶʚʘʯ ʟ ʚʘʥʪʘʞʝʤ.  

ʄʘʥʽʧʫʣʷʪʦʨ ʚʠʢʦʥʫʻ ʢʝʨʦʚʘʥʠʡ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʡ ʨʫʭ ʚ ʛʦʨʠʟʦʥ- ʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ὕὢὣȢ  ɿʘʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʣʽʥʽʡʥʽ 

ʨʦʟʤʽʨʠ ʟʘʭʦʧʣʶʚʘʯʘ (ʨʘʟʦʤ ʟ ʚʘʥʪʘʞʝʤ) ʻ ʥʝʩʫʪʪʻʚʠʤʠ ʱʦʜʦ ʜʦʚʞʠʥ ʣʘʥʦʢ 

ʤʘʥʽʧʫʣʷʪʦʨʘ, ʪʦʤʫ ʧʨʝʜʩʪʘʚʠʤʦ ʾʭ ʪʦʯʢʦʚʦʶ ʤʘʩʦʶ ά, ʟʢʦʥʮʝʥʪʨʦʚʘ- ʥʦʶ ʫ 

ʰʘʨʥʽʨʽ ὄ. ʊʘʢʦʞ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʰʘʨʥʽʨʠ ʽʜʝʘʣʴʥʽ, ʘ ʣʘʥʢʠ ʤʘʥʽʧʫ- ʣʷʪʦʨʘ 

ʻ ʪʚʝʨʜʠʤʠ ʪʽʣʘʤʠ.  

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʽʚʥʷʥʴ ʨʫʭʫ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʜʽʣʠʤʦ ʾʾ ʫ ʰʘʨʥʽʨʽ ὄ 

ʥʘ ʜʚʽ ʧʽʜʩʠʩʪʝʤʠ ὕὃὄ, ὕὃὄ ʪʘ ʥʘʚʘʥʪʘʞʠʤʦ ʢʦʞʥʫ ʽʟ ʥʠʭ ʫ ʪʦʯʮʽ ὄ 
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ʤʘʩʦʶ πȢυά ʪʘ ʩʠʣʦʶ ʨʝʘʢʮʽʾ Ὑ ʪʘ Ὑ ʚʽʜʧʦʚʽʜʥʦ. ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

ʤʘʥʽʧʫʣʷʪʦʨʘ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʯʦʪʠʨʴʦʭ ʥʝʣʽʥʽʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ [2ï4] 

ὑ ‌ ὑ‍ὧέί‌ ‍ ‍ίὭὲ‌ ‍     ό ύ

ρὥὙίὭὲ‌ Ὑὧέί‌ ,  

ὑ ‍ ὑ‌ÃÏÓ ‌ ‍ ‌ÓÉÎ ‌ ‍  

     ρὦὙίὭὲ‍ Ὑὧέί‍ ȟ      Ὥ  ρȟςȟ   (1) 

ʜʦʧʦʚʥʝʥʦʾ ʫʤʦʚʘʤʠ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʚ ʰʘʨʥʽʨʽ ὄ 

ὥὧέί‌ ὦὧέί‍ ὒ ὥὧέί‌ ὦὧέί‍ ȟ 

ὥίὭὲ‌ ὦίὭὲ‍ ὥίὭὲ‌ ὦίὭὲ‍ ȟ   (2) 

ʜʝ Ὑȟ Ὑ  ï ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ Ὑ ʥʘ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ὕὢὣ; ὒ ȿὕὕȿ ï 

ʜʦʚʞʠʥʘ ʙʘʟʠ ʢʨʽʧʣʝʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʘ ʜʦ ʦʩʥʦʚʠ; ὑ ὐ ὥ ά πȢυά ; 

ὑ ὐ πȢυάὦ ; ὑ ὥὶά πȢυά Ƞ όȟ  ύ  ï ʤʦʤʝʥʪʠ ʢʝʨʫʶʯʠʭ 

ʩʠʣ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʣʘʥʦʢ ʤʘʥʽʧʫʣʷʪʦʨʘ ʫ ʰʘʨʥʽʨʘʭ ὕὃ ; ɻȟɼ ï ʢʫʪʠ 

ʧʦʚʦʨʦʪʫ ʣʘʥʦʢ ὕὃȟὃὄ ʱʦʜʦ ʦʩʽ ὕὢ; ὥ ȿὕὃȿȠὦ ȿὃὄȿ ï ʜʦʚʞʠʥʠ 

ʣʘʥʦʢ ʤʘʥʽʧʫʣʷʪʦʨʘ; ὶ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʰʘʨʥʽʨʘ ὃ ʜʦ ʮʝʥʪʨʘ ʤʘʩʠ ʣʘʥʢʠ 

ὃὄ, ά  ï ʤʘʩʘ ʣʘʥʢʠ ὃὄ; ὐȟὐ  ï ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʣʘʥʦʢ ὕὃȟ ὃὄ 

ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʰʘʨʥʽʨʽʚ ὕȟὃ; ά ï ʤʘʩʘ ʟʘʭʦʧʣʶʚʘʯʘ ʟ ʚʘʥʪʘʞʝʤ. ʂʨʘʧʢʦʶ 

ʥʘʜ ʚʝʣʠʯʠʥʦʶ ʧʦʟʥʘʯʠʤʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘ ʯʘʩʦʤ t. 
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ʅʝʭʘʡ ʤʘʥʽʧʫʣʷʪʦʨ ʚʧʨʦʜʦʚʞ ʯʘʩʫ πȟὝ  ʧʽʜ ʜʽʻʶ ʢʝʨʫʚʘʥʴ ό ὸȟ ό ὸ 

ʚʠʢʦʥʫʻ ʪʨʘʥʩʧʦʨʪʥʫ ʦʧʝʨʘʮʽʶ, ʷʢʫ ʟʘʜʘʤʦ ʫ ʪʝʨʤʽʥʘʭ ʢʫʪʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʚʦʣʘʥʢʦʚʠʢʘ ὕὃὄȡ 

‌ π ‌ ,   ‍ π ‍ ,  ‌ π ‍ π π ,  

‌ Ὕ ‌ ,   ‍ Ὕ ‍ ,  ‌ Ὕ ‍ Ὕ πȟ     (3) 

ʜʝ ‌
ȟ

,   ‍
ȟ

 ï ʟʘʜʘʥʽ ʢʫʪʦʚʽ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʣʦʞʝʥʥʷ 

ʜʚʦʣʘʥʢʦʚʠʢʘ ὕὃὄ ʚ ʧʦʯʘʪʢʦʚʠʡ ὸ π ʪʘ  ʢʽʥʮʝʚʠʡ  ὸ Ὕ ʤʦʤʝʥʪʠ 

ʯʘʩʫ. ʊʘʢʦʞ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʦʜʦʚʞ ʨʫʭʫ ʢʫʪʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʥʦʢ 

ʯʦʪʠʨʠʣʘʥʢʦʚʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟʘʜʦʚʽʣʴʥʷʶʪʴ ʦʙʤʝʞʝʥʥʷʤ: 

π ‌ ὸ “,   π ‌ ὸ “ȟ  

 ‍ ‌ȟ‌ ‍,  π ‍ ὸ ‍ ὸ “Ȣ        (4) 

ʉʬʦʨʤʫʣʶʻʤʦ ʪʘʢʫ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ɿʘʜʘʯʘ 1. ɺʠʟʥʘʯʠʪʠ ʜʦʚʞʠʥʫ ʙʘʟʠ ʢʨʽʧʣʝʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʘ  ὒᶻ ʪʘ ʦʧʪʠʤʘʣʴʥʽ 

ʢʝʨʫʚʘʥʥʷ όᶻὸȟ όᶻὸȟ ὸɴ πȟὝ, ʟʘ ʷʢʠʭ ʤʘʥʽʧʫʣʷʪʦʨ ʚʠʢʦʥʘʻ ʪʨʘʥʩʧʦʨʪʥʫ 

ʦʧʝʨʘʮʽʶ (3) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ (4) ʪʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʬʫʥʢʮʽʦʥʘʣʘ 

  ᷿ ό ὸ ό ὸὨὸ                   (5) 

ʂʚʘʜʨʘʪʥʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʪʠʧʫ (5) ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ [3ï5]. 

ɼʣʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 1 ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ [2ï5], ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʢʫʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ‌ ὸȟ‍ ὸ ʧʨʝʜʩʪʘʚʠʤʦ 

ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʧʦʣʽʥʦʤʘ ʪʨʝʪʴʦʾ ʩʪʝʧʝʥʽ ʪʘ ʩʢʽʥʯʝʥʥʦʛʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʦʛʦ 

ʨʷʜʫ  

Ὢ В ὧὸ В ὥὧέί ὸ ὦίὭὲὸ ,  Ὢὸ ‌ȟ‍       

(6) 

ʜʝ ὥ , ὦ  (k=1, é, n) ï ʥʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʻʤʦ ʫ ʭʦʜʽ 

ʨʦʟʚôʷʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪʠ 
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ʧʦʣʽʥʦʤʘ ̒   ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (3). ʂʫʪʦʚʽ 

ʰʚʠʜʢʦʩʪʽ ‌ ὸȟ‍ ὸ  ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ‌ ὸȟ‍ ὸ  ʦʙʯʠʩʣʶʻʤʦ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ ʚʠʨʘʟʫ (6). ʈʝʰʪʫ ʢʫʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ‌ ὸȟ‍ ὸ 

ʚʠʟʥʘʯʠʤʦ ʽʟ ʫʤʦʚ ʥʝʨʦʟʨʠʚʥʦʩʪʽ (2), ʢʝʨʫʚʘʥʥʷ ό ὸȟ ό ὸ ʟʥʘʭʦʜʠʤʦ ʟ 

ʨʽʚʥʷʥʴ ʨʫʭʫ (1) ʫ ʚʠʛʣʷʜʽ ʨʦʟʚôʷʟʢʫ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ [. ɺ ʢʽʥʮʝʚʦʤʫ 

ʧʽʜʩʫʤʢʫ ʟʘʜʘʯʘ 1 ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʘʢʦʾ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

ɿʘʜʘʯʘ 2. ɿʥʘʡʪʠ ʪʘʢʠʡ ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ◑ᶻ, ʷʢʽ 
ʤʽʥʽʤʽʟʫʶʪʴ ʬʫʥʢʮʽʶ Ὃ◑ В ‗ὗ ◑Ȣ  

ʊʫʪ ◑ ὒȟὥ ȟὦ ȟὥ ȟὦ  ï ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ, 

Ὃ◑  ï ʬʫʥʢʮʽʷ, ʜʦ ʷʢʦʾ ʟʚʦʜʠʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣ (5) ʥʘ ʧʽʜʩʪʘʚʽ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʠʭ ‌ ὸȟ‍ ὸ , ‌ ὸȟ‍ ὸȟ   ‗ ɀ ̨̙̓̑́̎̕ ̨̨̗̤̋̏̆̎̓̉̕ȟ  
ὗ ◑ ï ʰʪʨʘʬʥʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʦʙʯʠʩʣʶʻʤʦ ʟʘ ʬʦʨʤʫʣʘʤʠ  [2ï4] 

ὗ ᷿ ‌ ‌ “ Ὠὸ,    ὗ ᷿ ‌ ‌ “ Ὠὸ  

ὗ ᷿ ‍ ‌ Ὠὸ,  ὗ ᷿ ‌ ‍ Ὠὸ, 

 ὗ ᷿ ‍ ‍ “ ‐ Ὠὸ, 

ʜʝ ʧʦʟʥʘʯʝʥʦ ʦʧʝʨʘʮʽʶ: ύ ύ ʧʨʠ ύ π ʪʘ ύ π ʧʨʠ ύ π, ‐
π ï ʚʽʜʦʤʠʡ ʤʘʣʝʥʴʢʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʧʫʩʪʠʤʫ ʧʦʭʠʙʢʫ 

ʥʘʙʣʠʞʝʥʥʷ ʪʦʯʢʠ ὄ ʜʦ ʧʨʷʤʦʾ ὃὃ  ʧʽʜ ʯʘʩ ʨʫʭʫ ʤʘʥʽʧʫʣʷʪʦʨʘ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 2 ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʯʠʩʣʦʚʽ ʘʣʛʦʨʠʪʤʠ ʤʽʥʽʤʽʟʘʮʽʾ 

ʬʫʥʢʮʽʡ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ. ʆʙʯʠʩʣʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʚʦʜʠʤʦ ʥʘ ʨʽʚʥʦʤʽʨʥʽʡ ʩʽʪʮʽ 

ʯʘʩʦʚʠʭ ʧʨʦʤʽʞʢʽʚ πȟὝ.  

ʆʧʠʩʘʥʠʡ ʚʠʱʝ ʘʣʛʦʨʠʪʤ ʙʫʚ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʤʦʚʽ C# ʚ ʩʝʨʝʜʦʚʠʱʽ Visual 

Studio ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ NuGet ʧʘʢʝʪʽʚ: ScottPlot.WinForms, 

ExtendedNumerics.BigDecimal, MathNet.Numerics, Newtonsoft.Json, EPPlus. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʽʧʫʣʷʪʦʨʘ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʦʧʝʨʘʮʽʾ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2 (ʩʢʨʽʥʰʦʪ ʬʦʨʤʠ ʚʚʝʜʝʥʥʷ ʪʘ 

ʨʝʜʘʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ). ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʜʦʚʞʠʥʠ ʙʘʟʠ ʢʨʽʧʣʝʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʘ ὒᶻ πȢχ ̍. ɻʨʘʬʽʢʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʦʧʪʠʤʘʣʴʥʠʭ ʢʝʨʫʚʘʥʴ όᶻȟ όᶻ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 4. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʥʽʤʘʣʴʥʠʭ (ʟʘ ʢʝʨʫʚʘʥʥʷʤʠ) ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʨʽʚʥʦʤʽʨʥʽʡ ʩʽʪʮʽ 
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ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ L. ɹʘʯʠʤʦ ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ L ʤʽʥʽʤʘʣʴʥʽ 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʟʤʝʥʰʫʶʪʴʩʷ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʤʝʞʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ L ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʫʤʦʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʧʝʨʘʮʽʾ, ʱʦ ʦʙʫʤʦʚʣʝʥʝ ʜʦʩʷʞʥʽʩʪʶ ʧʦʣʦʞʝʥʴ 

ʚʘʥʪʘʞʫ.    

 

ʈʠʩ. 2. ʂʦʥʬʽʛʫʨʘʮʽʷ ʤʘʥʽʧʫʣʷʪʦʨʘ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʧʝʨʘʮʽʾ 

 

ʈʠʩ. 3. ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʘ  L  ʥʘ ʤʽʥʽʤʘʣʴʥʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ 
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ʈʠʩ. 4. ʆʧʪʠʤʘʣʴʥʽ ʢʝʨʫʚʘʥʥʷ ʜʣʷ  ὒz πȢχ ̍  
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ʄɽʊʆɼ ʈʆʖ ʏɸʉʊʆʂ ɼʃʗ ʈʆɿɺôʗɿʋɺɸʅʅʗ  

ʅɽʃɯʅɯʁʅʆɻʆ ʈɯɺʅʗʅʅʗ 

ʅʘʪʘʣʽʷ ʌʝʪʴʢʦ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

nataliia.fetko@lnu.edu.ua 

ɺʩʪʫʧ 

ʈʦʟʚôʷʟʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʻ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʦʥʠ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʫʮʽ ʪʘ ʪʝʭʥʽʮʽ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʧʠʩʫʚʘʪʠ 

ʩʢʣʘʜʥʽ ʧʨʦʮʝʩʠ ʪʘ ʷʚʠʱʘ, ʷʢʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ. ʋ ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʘʭ, ʜʝ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʥʝ ʧʨʘʮʶʶʪʴ 

ʯʝʨʝʟ ʣʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ ʘʙʦ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʬʫʥʢʮʽʾ, ʝʬʝʢʪʠʚʥʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʤʝʪʦʜ ʨʦʶ ʯʘʩʪʦʢ. ʎʝʡ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʡ ʧʽʜʭʽʜ ʥʝ ʧʦʪʨʝʙʫʻ 

ʛʣʘʜʢʦʩʪʽ ʬʫʥʢʮʽʾ, ʚʠʢʦʥʫʻ ʛʣʦʙʘʣʴʥʠʡ ʧʦʰʫʢ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ 

ʫʩʧʽʰʥʦ ʦʙʭʦʜʠʪʴ ʣʦʢʘʣʴʥʽ ʧʘʩʪʢʠ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʩʢʣʘʜʥʠʭ 

ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ: 

Ὢὼ πȟ ρ  

ʜʝ f(x) ð ʥʝʧʝʨʝʨʚʥʘ ʥʝʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ, ὪὼȡὥȟὦṒᴙᴼᴙ  ȟὪὼᶰὅὥȟὦ  

ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʡʦʛʦ ʢʦʨʽʥʴ: 

ὼᶻᶰὥȟὦȡὪὼᶻ π. 

ɿʘʤʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (1), ʨʦʟʛʣʷʜʘʻʤʦ ʝʢʚʽʚʘʣʝʥʪʥʫ 

ʟʘʜʘʯʫ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ: 

Ὣὼ ȿὪὼȿO ÍÉÎ
ᶰ ȟ

ς 

ʄʝʪʦʜ ʨʦʶ ʯʘʩʪʦʢ 
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ʆʩʥʦʚʦʶ ʤʝʪʦʜʫ ʩʪʘʣʘ ʤʦʜʝʣʴ ʩʦʮʽʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʟʛʨʘʾ ʧʪʘʭʽʚ ʽ ʢʦʩʷʢʽʚ ʨʠʙ, 

ʷʢʽ ʚ ʧʨʠʨʦʜʽ ʢʦʦʨʜʠʥʫʶʪʴ ʩʚʽʡ ʨʫʭ ʟʘ ʣʽʜʝʨʦʤ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʡʙʣʠʞʯʝ 

ʜʦ ʾʞʽ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʧʨʠʥʮʠʧʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ, ʜʝ ʨʽʡ ʯʘʩʪʠʥʦʢ 

ʧʨʝʜʩʪʘʚʣʷʻ ʤʥʦʞʠʥʫ ʤʦʞʣʠʚʠʭ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ, ʘ ʢʦʞʥʘ ʯʘʩʪʠʥʢʘ ʢʦʨʠʛʫʻ 

ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʷʢ ʚʣʘʩʥʠʡ ʥʘʡʢʨʘʱʠʡ ʜʦʩʚʽʜ, ʪʘʢ ʽ ʛʣʦʙʘʣʴʥʝ 

ʦʧʪʠʤʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ, ʚʠʷʚʣʝʥʝ ʚʩʽʻʶ ʧʦʧʫʣʷʮʽʻʶ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʣʝʢʪʠʚʥʠʡ ʤʝʭʘʥʽʟʤ ʧʦʰʫʢʫ ʦʧʪʠʤʫʤʫ ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ [1]. 

ʂʦʞʥʘ ʯʘʩʪʠʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʢʪʦʨʦʤ ʧʦʣʦʞʝʥʥʷ 8 ØȟØȟȣȟØ  ʽ 

ʚʝʢʪʦʨʦʤ ʰʚʠʜʢʦʩʪʽ 6 ÖȟÖȟȣȟÖ , ʜʝ D ð  ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʽʚ 

ʧʨʦʩʪʦʨʫ.  

 ʋ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʦʙʯʠʩʣʶʶʪʴʩʷ ʜʚʘ ʢʣʶʯʦʚʽ ʚʝʢʪʦʨʠ: 

¶ 0̎́̊̋̑ 0̎́̊̋̑ρȟ0̎́̊̋̑ςȟȣȟ0̎́̊̋̑$  (ʦʩʦʙʠʩʪʠʡ ʥʘʡʢʨʘʱʠʡ ʚʝʢʪʦʨ 

ʯʘʩʪʠʥʢʠ); 

¶ '̎ ́̊̋̑'̎ ́̊̋̑ρȟ'̎ ́̊̋̑ςȟȣȟ'̎ ́̊̋̑$  (ʛʣʦʙʘʣʴʥʠʡ ʥʘʡʢʨʘʱʠʡ ʚʝʢʪʦʨ 

ʚʩʴʦʛʦ ʨʦʶ). 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʟʥʘʯʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʥʦʚʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʦʣʦʞʝʥʥʷ 

ʯʘʩʪʠʥʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʴ: 

ὺὸ ρ ύὺὸ ὧὶ ὖ̎́̊̋ὸ̑ ὼὸ ὧὶ Ὃ̎ ́̊̋ὸ̑ ὼὸ ȟ σ 

ὼ ὸ ρ ὼ ὸ ὺ ὸ ρȟ τ 

ʜʝ ὧ ʽ ὧ ð ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʛʥʽʪʠʚʥʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʠʭ, ύ ð ʚʘʛʘ 

ʽʥʝʨʮʽʾ. ɿʤʽʥʥʽ ὶ ʽ ὶ ð ʮʝ ʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ, ʟʛʝʥʝʨʦʚʘʥʽ ʟ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʚ ʤʝʞʘʭ ʽʥʪʝʨʚʘʣʫ [0, 1], [2]. 

 ʋ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʟʘʜʘʯʫ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ 

ʥʘ ʚʽʜʨʽʟʢʫ ÁȟÂ, ʪʦʙʪʦ ʢʦʣʠ ʨʦʟʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ ʩʪʘʥʦʚʠʪʴ D=1. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʣʛʦʨʠʪʤʫ 

ʗʢ ʽ ʽʥʰʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʶ ʯʘʩʪʦʢ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʤʝʪʘʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʜʠʥʘʤʽʢʫ ʧʦʰʫʢʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ 
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ʨʦʙʦʪʠ ʪʘ ʟʙʽʞʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ.  ɰʭ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʙʘʣʘʥʩ ʤʽʞ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʽ ʝʢʩʧʣʫʘʪʘʮʽʻʶ, ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʪʘ ʷʢʽʩʪʴ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ [2]. 

ʋ ʘʣʛʦʨʠʪʤʽ ʤʝʪʦʜʫ ʨʦʶ ʯʘʩʪʦʢ ʧʦʥʷʪʪʷ ʟʙʽʞʥʦʩʪʽ ʤʦʞʝ ʤʘʪʠ ʜʚʘ ʟʥʘʯʝʥʥʷ: 

¶ ʟʙʽʞʥʽʩʪʴ ʷʢ ʛʨʘʥʠʮʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʦʟʚôʷʟʢʽʚ, ʢʦʣʠ ʙʽʣʴʰʽʩʪʴ 

ʯʘʩʪʠʥʦʢ ʩʭʦʜʷʪʴʩʷ ʜʦ ʦʜʥʽʻʾ ʪʦʯʢʠ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ; 

¶ ʟʙʽʞʥʽʩʪʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʘʙʦ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ ʟʘʜʘʯʽ, 

ʷʢʦʛʦ ʤʦʞʫʪʴ ʜʦʩʷʛʪʠ ʦʜʥʘ ʯʠ ʢʽʣʴʢʘ ʯʘʩʪʠʥʦʢ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʤʝʪʘʧʘʨʘʤʝʪʨʠ ʤʝʪʦʜʫ ʨʦʶ ʯʘʩʪʦʢ: 

1. ʈʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ 

ʈʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ ʚ ʘʣʛʦʨʠʪʤʽ ʤʝʪʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʯʘʩʪʠʥʦʢ ʽ 

ʚʧʣʠʚʘʻ ʥʘ ʙʘʣʘʥʩ ʤʽʞ ʷʢʽʩʪʶ ʨʦʟʚôʷʟʢʫ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ɿʘʥʘʜʪʦ ʤʘʣʘ ʧʦʧʫʣʷʮʽʷ ʤʦʞʝ ʥʝ ʦʭʦʧʠʪʠ ʚʝʩʴ ʧʨʦʩʪʽʨ ʧʦʰʫʢʫ, ʘ ʥʘʜʪʦ ʚʝʣʠʢʘ 

ð ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ, ʘʣʝ ʟʙʽʣʴʰʫʻ ʩʢʣʘʜʥʽʩʪʴ. ɿʘʟʚʠʯʘʡ ʦʧʪʠʤʘʣʴʥʠʤ 

ʚʚʘʞʘʻʪʴʩʷ ʨʦʟʤʽʨ ʚʽʜ 20 ʜʦ 50 ʯʘʩʪʠʥʦʢ. 

2. ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʇʦʯʘʪʢʦʚʽ ʧʦʟʠʮʽʾ ʜʦʮʽʣʴʥʦ ʟʘʜʘʚʘʪʠ ʨʽʚʥʦʤʽʨʥʦ ʚ ʤʝʞʘʭ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʧʦʢʨʠʪʪʷ. ʐʚʠʜʢʦʩʪʽ ʦʙʠʨʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʦ, 

ʟʘʟʚʠʯʘʡ ʫ ʤʝʞʘʭ [-1,1]. 

3. ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠʩʢʦʨʝʥʥʷ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠʩʢʦʨʝʥʥʷ Ã  ʽ Ã  ʢʝʨʫʶʪʴ ʚʧʣʠʚʦʤ ʦʩʦʙʠʩʪʦʛʦ ʜʦʩʚʽʜʫ 

ʯʘʩʪʠʥʢʠ (ʢʦʛʥʽʪʠʚʥʘ ʩʢʣʘʜʦʚʘ) ʪʘ ʚʧʣʠʚʦʤ ʥʘʡʢʨʘʱʦʛʦ ʨʦʟʚôʷʟʢʫ ʚ ʨʦʾ 

(ʩʦʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ). ʇʝʨʝʚʘʞʘʥʥʷ Ã ʥʘʜ Ã ʩʧʨʠʷʻ ʰʠʨʰʦʤʫ, ʘʣʝ ʤʝʥʰ 

ʩʪʘʙʽʣʴʥʦʤʫ ʧʦʰʫʢʫ, ʪʦʜʽ ʷʢ ʙʽʣʴʰʠʡ Ã  ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʝʨʝʜʯʘʩʥʫ 

ʟʙʽʞʥʽʩʪʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ 

Ã Ã ςȢ 

4. ɺʘʛʘ ʽʥʝʨʮʽʾ 
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ɺʘʛʘ ʽʥʝʨʮʽʾ ύ ʚʠʟʥʘʯʘʻ ʚʧʣʠʚ ʧʦʧʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʢʠ ʥʘ ʾʾ 

ʧʦʜʘʣʴʰʠʡ ʨʫʭ, ʨʝʛʫʣʶʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʛʣʦʙʘʣʴʥʠʤ ʧʦʰʫʢʦʤ ʪʘ 

ʣʦʢʘʣʴʥʠʤ ʫʪʦʯʥʝʥʥʷʤ. ɺʠʩʦʢʝ ύ ʩʧʨʠʷʻ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʩʪʦʨʫ, ʪʦʜʽ ʷʢ 

ʥʠʟʴʢʝ ð ʧʨʠʰʚʠʜʰʫʻ ʟʙʽʞʥʽʩʪʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ [3]. 

ɯʩʥʫʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʩʪʨʘʪʝʛʽʾ ʟʘʜʘʥʥʷ ύȡ 

¶ ʉʪʘʪʠʯʥʝ ʘʙʦ ʚʠʧʘʜʢʦʚʝ ð ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʘʙʦ ʚʠʧʘʜʢʦʚʝ 

ʦʥʦʚʣʝʥʥʷ. 

¶ ʏʘʩʦʟʤʽʥʥʝ ð ʣʽʥʽʡʥʝ ʟʤʝʥʰʝʥʥʷ ʚʽʜ ×̍ ́̋̒ ʜʦ ×̍ ̨ ̎ʧʨʦʪʷʛʦʤ 

ʽʪʝʨʘʮʽʡ: 

ύὸ   ύ̍ ́̋  ̒ύ̍ ̨̎

Ὕ  ὸ

Ὕ
 ύ̍ ̨ ̎ȟ υ 

ʜʝ ύ̍́̋ð̒ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʘʛʠ (ʯʘʩʪʦ 0,9), ύ̨̍ð̎ ʢʽʥʮʝʚʝ 

ʟʥʘʯʝʥʥʷ ʚʘʛʠ (ʯʘʩʪʦ 0,4), 4ð ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ, t ð 

ʥʦʤʝʨ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ. 

¶ ɸʜʘʧʪʠʚʥʝ ð ʚʘʛʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʫʩʧʽʰʥʦʩʪʽ ʨʦʶ: 

×Ô  ×̍ ́̋ɀ̒ ×̍ ̨ Ͻ̎0  ×̍ ̨ ̎ȟ φ 

ʜʝ 0   ð ʯʘʩʪʢʘ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʦʢʨʘʱʠʣʠ ʧʦʣʦʞʝʥʥʷ. 

ʏʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ 

 ʈʦʟʛʣʷʥʝʤʦ ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ 

● ἫἷἻⱫ● ȟ ●ɴ ȟװȟ

ʷʢʝ ʝʢʚʽʚʘʣʝʥʪʥʝ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ: 

άὭὲɴ ȟὪὼȟ Ὢὼ  ȿρπ  ὼ  ρπ ÃÏÓς“ὼȿ ψ 

 ɼʣʷ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʩʪʨʘʪʝʛʽʾ ʽʥʝʨʮʽʡʥʦʾ ʚʘʛʠ ʨʝʘʣʽʟʫʻʤʦ ʧôʷʪʴ ʧʽʜʭʦʜʽʚ: 

1) ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚʘʛʠ 

ύὸ  πȢυ ω 
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2) ʚʠʧʘʜʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʘʛʠ 

ύὸ  πȢυ  
ὶὥὲὨέάπȟρ

ς
ρπ 

 

3) ʣʽʥʽʡʥʝ ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ 

ύὸ  ύ̍́̋̒

ύ̍́̋̒ ύ̨̍̎

ὸ̍́̋̒
ὸ ρρ 

 

4) ʭʘʦʪʠʯʥʝ ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ 

ύὸ ύπ ύὸ̍́̋̒
ὸ̍́̋̒ὸ

ὸ̍́̋̒
ύὸ̍́̋ᾀ̒ȟ ρς 

 

ᾀ τὶρ ὶȟ  ʜʝ ὶ ὶὥὲὨέάπȟρ 

5) ʭʘʦʪʠʯʥʦ-ʚʠʧʘʜʢʦʚʘ ʚʘʛʘ 

ύὸ πȟυὶ πȟυᾀ ρσ 

ᾀ τὶρ ὶ , ʜʝ ὶȟὶ ὶὥὲὨέάπȟρ 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʯʘʩʪʦʢ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʘʣʛʦʨʠʪʤʫ. ʋ ʪʘʙʣ. 

1 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧôʷʪʠ ʩʪʨʘʪʝʛʽʡ ʟʤʽʥʠ ʽʥʝʨʮʽʡʥʦʾ ʚʘʛʠ ύ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢʠ ʟʙʽʞʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ύ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʤʦʞʝʤʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʘʥʠʡ 

ʤʝʪʦʜ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ. 
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ʈʠʩ. 1. ʈʦʟʪʘʰʫʚʘʥʥʷ ʯʘʩʪʦʢ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ 

 

 

 

 

ʊʘʙʣ. 1. ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʡ ʟʤʽʥʠ ύ 

 

 



51 

 

  

  

           a) ʌʽʢʩʦʚʘʥʘ ύ πȟυ                    ʙ) ɺʠʧʘʜʢʦʚʠʡ ʚʠʙʽʨ                   ʚ) 

ʃʽʥʽʡʥʝ ʩʧʘʜʘʥʥʷ ύ 

ύᶰπȟυȠρ 

 

 

ʛ) ʍʘʦʪʠʯʥʝ ʟʤʝʥʰʝʥʥʷ ύ          ʜ) ʍʘʦʪʠʯʥʦ-ʚʠʧʘʜʢʦʚʘ ύ 

 

ʈʠʩ. 2. ʇʨʦʮʝʩʠ ʟʙʽʞʥʦʩʪʽ ʧʨʠ ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʚʘʨʽʘʥʪʘʭ ʟʤʽʥʠ ʚʘʛʠ ʽʥʝʨʮʽʾ w  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

6. Marini F. Particle swarm optimization (PSO). A tutorial / F. Marini, B. Walczak // 

Chemometrics and Intelligent Laboratory Systems. ï 2015. ï Vol. 149. ï ˉ 1. ï P. 153ï

165. 
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7. Shami T. M. Particle Swarm Optimization: A Comprehensive Survey / T. M. Shami, A. 

A. El-Saleh, M. Alswaitti, Q. Al-Tashi, M. A. Summakieh, S. Mirjalili // IEEE Access. ï 

2022. ï Vol. 10. ï ˉ 1. ï P. 10031ï10067. 

8. Taherkhani M. A novel stability-based adaptive inertia weight for particle swarm 

optimization / M. Taherkhani, R. Safabakhsh // Applied Soft Computing. ï 2016. ï Vol. 

38. ï ˉ 1. ï P. 281ï295. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʉʆʅʃʀɺʆʉʊɯ ɺʆɼɯʗ 

ʊʝʪʷʥʘ ʄʫʢʦʚʦʟ, ʃʽʣʽʷ ɼʷʢʦʥʶʢ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

tetiana.mukovoz@lnu.edu.ua liliia.diakoniuk@lnu.edu.ua 

ɸʢʪʫʘʣʴʥʽʩʪʴ 

ʉʦʥʣʠʚʽʩʪʴ ʚʦʜʽʷ ʻ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʜʦʨʦʞʥʴʦʾ ʙʝʟʧʝʢʠ, ʘʜʞʝ 

ʚʪʦʤʣʝʥʽʩʪʴ ʦʙʤʝʞʫʻ ʟʜʘʪʥʽʩʪʴ ʚʦʜʽʷ ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ, 

ʱʦ ʧʽʜʚʠʱʫʻ ʨʠʟʠʢ ʘʚʘʨʽʡ ʚʪʨʠʯʽ. [5]. AAA Foundation ʧʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ 

[4] ʪʘ ʚʠʷʩʥʠʣʠ, ʱʦ ʤʽʞ 2017 ʽ 2022 ʩʦʥʣʠʚʽʩʪʴ ʙʫʣʘ ʦʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ ʚ 17.6% 

ʬʘʪʘʣʴʥʠʭ ʘʚʘʨʽʷʭ ʚ ʉʐɸ, ʱʦ ʱʝ ʨʘʟ ʧʽʜʢʨʝʩʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ. 

 

ɺʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʩʦʥʣʠʚʦʩʪʽ 

 ʉʬʦʨʤʫʣʶʻʤʦ ʧʨʦʙʣʝʤʫ. ʄʘʻʤʦ ʚʽʜʝʦ ʧʦʪʽʢ ʽʟ ʜʽʷʤʠ ʚʦʜʽʷ [3], ʟʘ ʷʢʠʤʠ 

ʤʠ ʧʦʚʠʥʥʽ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʩʪʘʥ ʚʪʦʤʣʶʚʘʥʦʩʪʽ. 

ʂʨʠʪʝʨʽʷʤʠ ʩʦʥʣʠʚʦʩʪʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʪʨʠ ʧʘʨʘʤʝʪʨʠ: ʧʦʟʽʭʘʥʥʷ, 

ʤʦʨʛʘʥʥʷ, ʥʘʭʠʣ ʛʦʣʦʚʠ. ɿʘ ʯʘʩʪʦʪʦʶ ʾʭ ʧʨʦʷʚʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʟʥʽ ʩʪʘʥʠ: 

ʩʦʥʣʠʚʦʩʪʽ ʪʘ ʩʥʫ.  

ʅʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʩʣʽʜ ʨʦʟʧʽʟʥʘʪʠ ʦʙʣʠʯʯʷ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʡʦʛʦ ʩʪʘʥ 

ʚ ʧʨʦʮʝʩʽ ʚʽʜʝʦ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʦʜʝʣʴ MediaPipe Face Mesh.   

ʇʦʪʽʤ ʚʠʟʥʘʯʠʪʠ ʥʘʭʠʣ ʛʦʣʦʚʠ, ʷʢʠʡ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʨʦʟʧʽʟʥʘʚʰʠ ʥʘ 

ʦʙʣʠʯʯʽ ʦʯʽ. ɿʥʘʭʦʜʠʤʦ ʮʝʥʪʨʠ ʣʽʚʦʛʦ ʪʘ ʧʨʘʚʦʛʦ ʦʢʘ ʪʘ ʫʪʚʦʨʶʻʤʦ ʣʽʥʽʶ ʤʽʞ 

ʥʠʤʠ, ʚʚʘʞʘʶʯʠ, ʱʦ ʚʦʥʘ ʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʣʠʮʷ. ʂʽʥʮʽ ʮʽʻʾ ʣʽʥʽʾ, ʮʝʥʪʨʠ 

ʦʯʝʡ, ʚʢʘʟʫʻʤʦ ʷʢ ʪʦʯʢʠ (ὼȟώ) ʪʘ ὼȟώ . ʇʽʩʣʷ ʮʴʦʛʦ, ʧʦʟʥʘʯʘʻʤʦ J, ʷʢ ʢʫʪ 

ʥʘʭʠʣʫ, ʪʘ ʚʠʟʥʘʯʘʻʤʦ ʡʦʛʦ ʷʢ 

J ÁÒÃÔÁÎ . (1)  
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ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʟʽʭʘʥʥʷ ʙʫʣʦ ʟʜʽʡʩʥʝʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  Mouth 

Aspect Ratio, ʩʢʘʣʷʨʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘʢʨʠʪʪʷ 

ʚʫʩʪ, ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ (2) 

 

ὓὃὙ
ᴁ ᴁ

ᴁ ᴁ
 Ȣ (2) 

 

 

ʈʠʩ. 1 ʂʣʶʯʦʚʽ ʪʦʯʢʠ ʟʦʙʨʘʞʝʥʥʷ ʨʦʪʘ ʜʣʷ Mouth Aspect Ratio. 

 

ʇʦʜʽʙʥʦ ʜʦ MAR, ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʣʽʧʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ Eyes 

Aspect Ratio, ʩʢʘʣʷʨʥʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘʢʨʠʪʪʷ ʦʢʘ (3) 

 

ὉὃὙ
ᴁ ᴁᴁ ᴁ

ᴁ ᴁ
. (3) 

 

 

ʈʠʩ. 2 ʂʣʶʯʦʚʽ ʪʦʯʢʠ ʟʦʙʨʘʞʝʥʥʷ ʦʢʘ ʜʣʷ Eyes Aspect Ratio 

 

ʇʨʦʪʝ ʚ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ EAR ʟʽ 

ʩʪʘʪʪʽ [2]. ʋ ʥʴʦʤʫ ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʻʤʦ ὉὃὙ  ʪʘ ὉὃὙ  
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ὉὃὙ
ᴁ ᴁ ᴁ ᴁ

ᴁ ᴁ
. (4) 

 

ὉὃὙ
ᴁ ᴁ ᴁ ᴁ

ᴁ ᴁ
. (5) 

 

ʇʽʩʣʷ ʮʴʦʛʦ ʦʙʯʠʩʣʶʻʤʦ ʧʦʨʽʛ, ʟʘ ʷʢʠʤ ʦʢʦ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʟʘʢʨʠʪʠʤ, 

ὉὃὙ  . (6) 

 

ɼʘʣʽ ʜʦʩʣʽʜʞʫʻʤʦ ʩʪʘʥ ʦʯʝʡ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʥʝʨʽʚʥʦʩʪʽ 

ὉὃὙὉὃὙ ὉὣὉὅὰέίὩὨȟ
ὉὃὙὉὃὙ ὉὣὉὕὴὩὲȢ

 (7) 

 

ʇʨʦʚʽʚʰʠ ʚʩʽ ʨʦʟʨʘʭʫʥʢʠ, ʧʦ ʚʢʘʟʘʥʠʤ ʢʨʠʪʝʨʽʷʤ ʦʙʨʦʙʣʷʻʤʦ ʚʠʭʽʜʥʽ 

ʩʠʛʥʘʣʠ ʟʘ ʜʦʧʦʤʦʛʠ ʚʝʡʚʣʝʪʽʚ ɼʦʙʝʰʽ [6]. 

 

 

 

ʈʝʟʫʣʴʪʘʪʠ 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʝʦ [3], ʫ 

ʷʢʦʤʫ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʚʦʜʽʡ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ ʩʥʫ. ʅʘ ʨʠʩʫʥʢʫ 3 

ʚʽʜʦʙʨʘʞʝʥʦ ʨʦʟʧʽʟʥʘʥʝ ʦʙʣʠʯʯʷ ʚʦʜʽʷ, ʥʘ ʨʠʩʫʥʢʫ 4 ʧʨʦʛʨʘʤʘ ʨʦʟʧʽʟʥʘʣʘ ʩʪʘʥ 

ʩʥʫ ʽ ʥʘ ʨʠʩʫʥʢʫ 5 ʟʘʬʽʢʩʦʚʘʥʦ ʧʨʠʪʦʤʥʦʛʦ ʚʦʜʽʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ 

ʧʨʦʛʨʘʤʘ ʚʠʜʘʻ ʛʨʘʬʽʢ ʽʟ ʧʝʨʝʙʽʛʦʤ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʚʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 6. 
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ʈʠʩ. 3. ɺʠʟʥʘʯʝʥʝ ʣʠʮʝ ʚʦʜʽʷ 

 

 

ʈʠʩ. 4. ʉʧʣʷʯʠʡ ʚʦʜʽʡ 

 

ʈʠʩ. 5. ʇʨʠʪʦʤʥʠʡ ʚʦʜʽʡ 
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ʈʠʩ. 6. ɻʨʘʬʽʢʠ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʜʝʦ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɯʚʘʥʦʚ ʉ. ʇʨʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʢʨʝʤʠʭ ʦʟʥʘʢ ʯʘʩʪʠʥ ʪʽʣʘ ʣʶʜʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʙʤʝʞʝʥʠʭ ʦʙʯʠʩʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ / ʉ. ɯʚʘʥʦʚ, ɸ. ʄʫʟʠʯʫʢ // ɺʽʩʥʠʢ ʋʥʽʚʝʨʩʠʪʝʪʫ.ï 

2021.ï ɺʠʧ.29. ï ʉ. 104-110. 

2. Dewi C. Adjusting eyes aspect ratio for strong eye blink detection based on facial 

landmarks. / C. Dewi, R-Ch. Chen, X. Jiang, H. Yu. // PeerJ Computer Science ï 2022 ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://pmc.ncbi.nlm.nih.gov/articles/PMC9044337/ 

3. Dashcam footage shows driver asleep at wheel in China. [YouTube]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://youtu.be/bjGpiFtya-U?si=C_eMURKlOmouPYPy 

4. Drowsy Driving in Fatal Crashes, United States, 2017-2021. [American Automobile 

Association Foundation for Traffic Safety]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://aaafoundation.org/drowsy-driving-in-fatal-crashes-united-states-2017-2021/ 

5. The Most Dangerous Time to Drive [National Safety Council]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.nsc.org/road/safety-topics/driving-at-night 

6. PyWavelets- Wavelet Transforms in Python [PyWavelets Documentation]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://pywavelets.readthedocs.io/en/latest/ 

7. Determine The Face Tilt Using OpenCV ï Python [GeeksforGeeks]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.geeksforgeeks.org/determine-the-face-tilt -using-opencv-python/ 

 

  

https://pmc.ncbi.nlm.nih.gov/articles/PMC9044337/
https://youtu.be/bjGpiFtya-U?si=C_eMURKlOmouPYPy
https://aaafoundation.org/drowsy-driving-in-fatal-crashes-united-states-2017-2021/
https://www.nsc.org/road/safety-topics/driving-at-night
https://pywavelets.readthedocs.io/en/latest/
https://www.geeksforgeeks.org/determine-the-face-tilt-using-opencv-python/
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ʄʆɼɽʃʖɺɸʅʅʗ ɿʄɯʅʀ ʆɹʃɸʉʊɯ ʈɸʂʆɺʆɰ ʇʋʍʃʀʅʀ ɯɿ 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʋ ʉʂɯʅʏɽʅʅʀʍ ɽʃɽʄɽʅʊɯɺ 

ʉʪʘʥʽʩʣʘʚ ʂʨʘʩʽʯʠʥʩʴʢʠʡ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʬʘʢʫʣʴʪʝʪ 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

stanislav.krasichynskyi@protonmail.com 

ɺʩʪʫʧ 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʩʪʫ ʨʘʢʦʚʠʭ ʧʫʭʣʠʥ ʩʴʦʛʦʜʥʽ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʚ ʦʥʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʟʤʦʛʫ ʚʠʚʯʘʪʠ ʩʢʣʘʜʥʫ 

ʜʠʥʘʤʽʢʫ ʨʦʩʪʫ ʧʫʭʣʠʥ ʽ ʨʦʟʨʦʙʣʷʪʠ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʩʭʝʤʠ ʣʽʢʫʚʘʥʥʷ [1]. 

ʄʦʞʝʤʦ ʚʠʜʽʣʠʪʠ ʜʚʘ ʧʦʰʠʨʝʥʠʭ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʨʦʩʪʫ 

ʨʘʢʦʚʠʭ ʧʫʭʣʠʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʜʘʯʽ ʂʦʰʽ, ʘʙʦ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ. 

ɿʘʜʘʯʽ ʂʦʰʽ ʙʽʣʴʰʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʰʚʠʜʢʦʛʦ ʘʥʘʣʽʟʫ ʝʚʦʣʶʮʽʾ ʧʫʭʣʠʥʠ ʚ ʯʘʩʽ 

ʙʝʟ ʛʣʠʙʦʢʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʩʪʦʨʫ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʠʭ 

ʦʮʽʥʦʢ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ [2] ʽ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʟʘʜʘʯʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʘʣʝ 

ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ 

ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʦʚʽ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘʢʦʞ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʤʦʞʣʠʚʽʩʪʶ 

ʚʨʘʭʫʚʘʥʥʷ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ, ʷʢ ʚʘʩʢʫʣʷʨʥʽ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʥʝʩʝʥʥʷ 

ʨʝʯʦʚʠʥ ʩʫʜʠʥʘʤʠ) ʪʘ ʘʚʘʩʢʫʣʷʨʥʽ.  ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʭʽʜ, 

ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ 

ʦʧʠʩʘʥʘ ʫ ʤʦʥʦʛʨʘʬʽʾ  [4]. 

ʄʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ 

ʍʦʯʘ ʧʨʠʨʦʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʟʤʽʥʫ ʦʙôʻʤʫ ʨʘʢʦʚʦʾ ʧʫʭʣʠʥʠ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʟʘʜʣʷ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʟʫ ʤʠ ʦʙʤʝʞʠʤʦʩʷ ʜʚʦʚʠʤʽʨʥʦʶ 

ʧʦʩʪʘʥʦʚʢʦʶ. ʋ ʥʘʰʽʡ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʜʦʚʽʣʴʥʘ ʜʽʣʷʥʢʘ ʞʠʚʦʾ ʪʢʘʥʠʥʠ, 

ʚ ʷʢʽʡ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʦʜʥʘ ʯʠ ʢʽʣʴʢʘ ʚʥʫʪʨʽʰʥʽʭ ʧʽʜʦʙʣʘʩʪʝʡ ʧʫʭʣʠʥʠ ʟ 

ʢʦʥʪʫʨʘʤʠ, ʱʦ ʝʚʦʣʶʮʽʦʥʫʶʪʴ ʫ ʯʘʩʽ. ʊʘʢʽ ʟʤʽʥʠ ʤʝʞʽ ʩʧʨʠʯʠʥʝʥʽ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚʩʝʨʝʜʠʥʽ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʟʣʠʪʪʷ ʧʽʜʦʙʣʘʩʪʝʡ ʘʙʦ ʾʭʥʴʦʛʦ ʨʦʟʧʘʜʫ ʥʘ ʢʽʣʴʢʘ ʦʢʨʝʤʠʭ ʦʩʝʨʝʜʢʽʚ. ɼʣʷ 

ʥʘʦʯʥʦʩʪʽ ʚʽʟʴʤʝʤʦ ʥʘʡʧʨʦʩʪʽʰʠʡ ʚʠʧʘʜʦʢ ð ʻʜʠʥʘ ʨʘʢʦʚʘ ʧʽʜʦʙʣʘʩʪʴ ʥʘ 

ʜʦʚʽʣʴʥʦʤʫ ʬʦʥʽ ʪʢʘʥʠʥʠ (ʜʠʚ. ʨʠʩ. 1). 
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ʈʠʩ. 1. ɿʦʙʨʘʞʝʥʥʷ ʫʤʦʚʥʦʾ ʦʙʣʘʩʪʽ 

ɿʘʜʘʻʤʦ ʬʫʥʢʮʽʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚ ʦʙʣʘʩʪʽ HW  

ʥʘʩʪʫʧʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ [4]. 

0T TD c cD - = ʚ TW ,     (1) 

0H HD c cD - = ʚ HW ,     (2) 

ʜʝ D - ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ.  

ʅʘ ʤʝʞʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʘʜʘʥʦ ʩʪʘʣʫ ʢʦʥʮʝʥʪʨʘʮʽʶ: 

Hc c=  ʥʘ G.      (3) 

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʥʘ ʛʨʘʥʠʮʽ ʤʽʞ ʨʘʢʦʚʦʶ ʧʫʭʣʠʥʦʶ ʪʘ ʟʜʦʨʦʚʦʶ ʪʢʘʥʠʥʦʶ 

THG  ʽʩʥʫʻ ʽʜʝʘʣʴʥʠʡ ʢʦʥʪʘʢʪ, ʷʢʠʡ ʦʧʠʩʫʶʪʴ ʪʘʢʽ ʫʤʦʚʠ: 

TH
H Tc c
G
= ,      (4) 

TH

H Tʩ c

n nG

µ µ
=-

µ µ
.     (5) 

ʅʘ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʯʘʩʫ ʚʽʜʦʤʘ ʤʝʞʘ ʦʙʣʘʩʪʽ: 

00TH THt=
G =G.      (6) 

ɺ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʨʽʚʥʷʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: Hc  - ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʟʜʦʨʦʚʽʡ ʪʢʘʥʠʥʽ, Tc  - ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ 
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ʫ ʨʘʢʦʚʽʡ ʪʢʘʥʠʥʽ, TD  ʽ HD  - ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ, n  - ʟʦʚʥʽʰʥʷ ʥʦʨʤʘʣʴ 

ʜʦ ʦʙʣʘʩʪʽ. 

 

ɿʘʚʝʨʰʠʚʰʠ ʦʧʠʩ ʧʘʨʘʤʝʪʨʽʚ, ʩʬʦʨʤʫʣʶʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʙʝʟʨʦʟʤʽʨʥʠʭ 

ʟʤʽʥʥʠʭ:   

2 0D c cD - = ʫ TW ,     (7) 

2 0D cD = ʫ HW ,     (8) 

2 0pD = ʫ TW ,     (9) 

ʜʝ T

H

D
D

D
= . 

ʊʫʪ ʟʘʜʘʥʦ ʪʘʢʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

TH
H Tc c
G
=  ʥʘ THG ,     (10) 

TH

H Tʩ c

n nG

µ µ
=-

µ µ
,     (11) 

( )()
( )

2

TH

TH

TH

x x
p k G c G AG

d
c

G

G

G

Ö
= + - - - , (12) 

1c= .       (13) 

ʈʦʟʚôʷʟʘʚʰʠ ʟʘʜʘʯʫ ʥʘ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʫʪʨʽʻʥʪʽʚ ʪʘ 

ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ p, ʤʦʞʥʘ  ʟʥʘʡʪʠ ʟʤʽʥʠ ʪʦʯʢʠ ʛʨʘʥʠʮʽ THG  ʫ ʢʦʞʥʽʡ 

ʪʦʯʥʽ ʥʦʨʤʘʣʽ ʟʘ ʟʘʢʦʥʦʤ, ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

( ) ( )
( )

TH

TH TH

x x
V n p Gn c AG

d

G

G G

Ö
=- Ö Ð + Ö Ð - . (14) 

ʊʫʪ ʚʚʝʜʝʥʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: A  - ʩʠʣʘ ʜʽʾ ʘʧʦʧʪʦʟʫ, G  - ʩʠʣʘ ʜʽʾ  

ʤʽʪʦʟʫ, x  - ʨʦʟʪʘʰʫʚʘʥʥʷ, d  - ʚʠʤʽʨʥʽʩʪʴ, p - ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ, c - 

ʢʦʝʬʽʮʽʻʥʪ ʭʝʤʦʪʘʢʩʠʩʫ, k  - ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʦʙʤʽʥʫ. 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

ʦʙʣʘʩʪʴ ʨʦʟʙʠʚʘʻʤʦ ʥʘ ʩʝʨʝʥʜʠʧʦʚʽ ʪʨʠʢʫʪʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʘʧʨʦʢʩʠʤʫʻʤʦ 

ʨʦʟʚôʷʟʦʢ ʢʚʘʜʨʘʪʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ-ʙʫʣʴʙʘʰʢʘʤʠ [3]. 
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ʇʨʠʢʣʘʜʠ ʚʠʢʦʥʘʥʥʷ 

 
ʈʠʩ 1. ʆʙʣʘʩʪʴ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

 
ʈʠʩ 2. ʆʙʣʘʩʪʴ ʯʝʨʝʟ ʜʝʷʢʠʡ ʧʨʦʤʽʞʦʢ. 
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ʨʽʚʥʷʥʴ. 
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ʋ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʬʽʥʘʥʩʦʚʘ ʛʨʘʤʦʪʥʽʩʪʴ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʫ ʝʢʦʥʦʤʽʯʥʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ ʢʦʞʥʦʾ ʣʶʜʠʥʠ, ʘ ʛʣʦʙʘʣʴʥʽʰʝ ï ʽ ʜʝʨʞʘʚʠ. 

ʇʨʦʪʝ, ʯʝʨʝʟ ʘʛʨʝʩʠʚʥʠʡ ʤʘʨʢʝʪʠʥʛ ʪʘ ʩʧʦʢʫʩʣʠʚʫ ʨʝʢʣʘʤʫ, ʣʶʜʠ ʯʘʩʪʦ 

ʚʪʨʘʯʘʶʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʭʦʣʦʜʥʠʤ ʨʦʟʫʤʦʤ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʥʘʜ ʚʣʘʩʥʠʤʠ 

ʬʽʥʘʥʩʘʤʠ, ʚʠʪʨʘʯʘʶʯʠ ʢʦʰʪʠ ʥʘ ʤʠʪʪʻʚʝ ʟʘʜʦʚʦʣʝʥʥʷ, ʽʛʥʦʨʫʶʯʠ 

ʚʘʞʣʠʚʽʰʽ ʧʦʪʨʝʙʠ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʽ ʮʽʣʽ. ɺʽʜʩʫʪʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʥʘʜ 

ʚʠʪʨʘʪʘʤʠ, ʽʤʧʫʣʴʩʠʚʥʽ ʧʦʢʫʧʢʠ ʯʘʩʪʦ ʪʷʛʥʫʪʴ ʟʘ ʩʦʙʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʨʝʜʠʪʥʠʭ ʢʦʰʪʽʚ ʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʧʨʦʙʣʝʤʠ ʟ ʧʣʘʥʫʚʘʥʥʷʤ ʚʣʘʩʥʦʛʦ 

ʙʶʜʞʝʪʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷʤ ʟʚʠʯʦʢ ʬʽʥʘʥʩʦʚʦʾ ʛʨʘʤʦʪʥʦʩʪʽ. ʎʷ ʧʨʦʙʣʝʤʘ 

ʥʝʩʝ ʟʘ ʩʦʙʦʶ ʥʘʩʣʽʜʢʠ, ʘ ʩʘʤʝ - ʥʝʚʤʽʥʥʷ ʬʦʨʤʫʚʘʪʠ ʚʣʘʩʥʠʡ ʙʶʜʞʝʪ ʪʘ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʨʝʜʠʪʥʠʭ ʢʦʰʪʽʚ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʧʦʚʝʨʥʫʪʠ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʤʽʩʷʮʽ, ʚʽʜʧʦʚʽʜʥʦ ʙʶʜʞʝʪ  ʟʤʝʥʰʠʪʴʩʷ ʪʘ ʙʫʜʝ ʥʝʜʦʩʪʘʪʥʽʤ 

ʜʣʷ ʧʨʦʞʠʚʘʥʥʷ.  

ʇʨʦʙʣʝʤʘ ʽʤʧʫʣʴʩʠʚʥʠʭ ʚʠʪʨʘʪ ʻ  ʧʦʰʠʨʝʥʦʶ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ 

ʦʧʠʪʫʚʘʥʥʷ. ɹʣʠʟʴʢʦ 73% ʩʧʦʞʠʚʘʯʽʚ ʟʽʟʥʘʶʪʴʩʷ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʾʭʥʽʭ 

ʧʦʢʫʧʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʦʥʪʘʥʥʦ. ɿʘ ʽʥʰʠʤʠ ʦʮʽʥʢʘʤʠ, ʧʨʘʢʪʠʯʥʦ 84% 

ʧʦʢʫʧʮʽʚ ʭʦʯʘ ʙ ʨʘʟ ʫ ʞʠʪʪʽ ʟʜʽʡʩʥʶʚʘʣʠ ʽʤʧʫʣʴʩʠʚʥʫ ʧʦʢʫʧʢʫ. ɿʛʽʜʥʦ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤ, ʧʨʦʚʝʜʝʥʠʤ ʢʦʤʧʘʥʽʻʶ OgilvyAction Ukraine, 78% 

ʫʢʨʘʾʥʮʽʚ ʟʜʽʡʩʥʶʶʪʴ ʽʤʧʫʣʴʩʠʚʥʽ ʧʦʢʫʧʢʠ. ʉʝʨʝʜ ʥʠʭ  46% ʟʤʽʥʶʶʪʴ 

ʩʚʽʡ ʚʠʙʽʨ ʙʨʝʥʜʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʘʛʘʟʠʥʽ. ɸʥʘʣʽʪʠʢʠ ʧʽʜʨʘʭʫʚʘʣʠ, ʱʦ 

ʤʘʡʞʝ 40% ʫʩʽʭ ʦʥʣʘʡʥ-ʚʠʪʨʘʪ ʫ ʪʦʨʛʽʚʣʽ ʧʨʠʧʘʜʘʻ ʩʘʤʝ ʥʘ ʩʧʦʥʪʘʥʥʽ 

ʧʨʠʜʙʘʥʥʷ. 

ʄʘʨʢʝʪʦʣʦʛʠ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝ ʷʚʠʱʝ: ʷʩʢʨʘʚʽ ʨʦʟʧʨʦʜʘʞʽ, 

ʟʥʠʞʢʠ ʟ ʪʘʡʤʝʨʦʤ, ʨʝʢʣʘʤʘ ʫ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ï ʚʩʝ ʮʝ ʧʽʜʞʠʚʣʶʻ 

ʽʤʧʫʣʴʩʠʚʥʽ ʨʽʰʝʥʥʷ. ɿʛʽʜʥʦ ʟ ʦʧʠʪʫʚʘʥʥʷʤʠ, 72% ʦʥʣʘʡʥ-ʧʦʢʫʧʮʽʚ ʭʦʯʘ 

ʙ ʨʘʟ ʧʨʠʜʙʘʣʠ ʪʦʚʘʨ ʪʽʣʴʢʠ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʦʙʘʯʠʣʠ ʟʥʠʞʢʫ ʘʙʦ ʨʝʢʣʘʤʫ. 

ʇʦʣʦʚʠʥʘ ʩʧʦʞʠʚʘʯʽʚ ʟʛʦʜʦʤ ʰʢʦʜʫʶʪʴ ʧʨʦ ʥʝʦʙʜʫʤʘʥʽ ʧʦʢʫʧʢʠ. ʆʪʞʝ, 

ʧʨʦʙʣʝʤʘ ʻ ʤʘʩʦʚʦʶ ʽ ʤʘʻ ʚʽʜʯʫʪʥʠʡ ʚʧʣʠʚ ʥʘ ʬʽʥʘʥʩʦʚʠʡ ʩʪʘʥ ʣʶʜʝʡ: 

ʛʨʦʰʽ, ʚʠʪʨʘʯʝʥʽ ʽʤʧʫʣʴʩʠʚʥʦ, ʤʦʛʣʠ ʙ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʝʬʝʢʪʠʚʥʽʰʝ ï 

ʚʽʜ ʟʘʦʱʘʜʞʝʥʴ ʜʦ ʽʥʚʝʩʪʠʮʽʡ ʫ ʚʣʘʩʥʠʡ ʨʦʟʚʠʪʦʢ. 
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ʊʘʢʦʞ ʻ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʝ ʧʦʢʘʟʘʣʦ, ʱʦ ʢʦʣʠ ʣʶʜʠ ʧʦʯʠʥʘʶʪʴ 

ʨʝʛʫʣʷʨʥʦ ʟʘʧʠʩʫʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʩʚʦʾ ʚʠʪʨʘʪʠ, ʫ ʥʠʭ ʟʥʠʞʫʻʪʴʩʷ ʨʽʚʝʥʴ 

ʩʪʨʝʩʫ ʯʝʨʝʟ ʬʽʥʘʥʩʠ. 

 

ʂʨʽʤ ʪʦʛʦ, ʬʦʨʤʫʶʯʠ ʩʚʦʶ ʬʽʥʘʥʩʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʣʶʜʠʥʘ ʨʦʙʠʪʴ 

ʚʢʣʘʜ ʚ ʝʢʦʥʦʤʽʢʫ ʜʝʨʞʘʚʠ, ʘʜʞʝ ʟʥʠʞʫʻʪʴʩʷ ʙʦʨʛʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʛʨʦʤʘʜʷʥʠ ʥʝ ʙʫʜʫʪʴ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʢʨʝʜʠʪʘʤʠ ʟʘʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʽʤʧʫʣʴʩʠʚʥʠʭ ʧʦʢʫʧʦʢ, ʱʦ ʜʘʩʪʴ ʩʪʘʙʽʣʴʥʽʰʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʥʢʘʤ. ɯ 

ʧʨʦʪʠʣʝʞʥʘ ʩʪʨʘʪʝʛʽʷ ʧʨʘʮʶʚʘʪʠʤʝ - ʣʶʜʠ ʙʫʜʫʪʴ ʽʥʚʝʩʪʫʚʘʪʠ ʩʚʦʾ ʢʦʰʪʠ, 

ʱʦ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʠʪʴ ʾʭ ʦʩʦʙʠʩʪʫ ʬʽʥʘʥʩʦʚʫ ʙʝʟʧʝʢʫ, ʘʣʝ ʡ ʟʙʽʣʴʰʠʪʴ 

ʨʝʩʫʨʩʠ ʜʣʷ ʜʝʨʞʘʚʠ. ʅʘʧʨʠʢʣʘʜ, ʽʥʚʝʩʪʠʮʽʾ ʚ ʙʽʟʥʝʩ ʯʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, 

ʱʦ ʩʪʠʤʫʣʶʚʘʪʠʤʝ ʝʢʦʥʦʤʽʯʥʠʡ ʧʨʠʨʽʩʪ ʜʝʨʞʘʚʠ. 

 

ɼʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʦʪʨʽʙʥʦ ʧʽʜʽʡʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʦ ï ʘ ʩʘʤʝ: 

ʥʘʚʯʠʪʠʩʴ ʬʦʨʤʫʚʘʪʠ ʩʚʽʡ ʚʣʘʩʥʠʡ ʙʶʜʞʝʪ ʟ ʧʦʤʽʯʥʠʢʦʤ, ʷʢʠʤ ʤʦʞʝ 

ʩʪʘʪʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ. 

 

ʆʜʥʠʤ ʟʽ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʚʣʘʩʥʠʭ ʥʘʜʭʦʜʞʝʥʴ ʪʘ ʚʠʪʨʘʪ, ʧʣʘʥʫʚʘʥʥʷ ʙʶʜʞʝʪʫ, 

ʚʽʜʢʣʘʜʘʥʥʷ ʯʠ ʽʥʚʝʩʪʠʮʽʷ ʢʦʰʪʽʚ. ʉʝʨʝʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʥʘ ʨʠʥʢʫ ʻ ʪʘʢʽ 

ʚʘʨʽʘʥʪʠ:  

 

Mint  ð ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ  ʬʽʥʘʥʩʘʤʠ. ʁʦʛʦ ʢʣʶʯʦʚʦʶ 

ʧʝʨʝʚʘʛʦʶ ʻ  ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʟ ʙʘʥʢʽʚʩʴʢʠʤʠ ʨʘʭʫʥʢʘʤʠ. ɺʽʥ ʘʚʪʦʤʘʪʠʯʥʦ 

ʢʣʘʩʠʬʽʢʫʻ ʚʠʪʨʘʪʠ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ʪʘ ʚʽʟʫʘʣʽʟʫʻ ʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʽʘʛʨʘʤ. ʆʜʥʘʢ ʧʦʨʘʜʠ ʫʥʽʚʝʨʩʘʣʴʥʽ, ʽ ʩʠʩʪʝʤʘ ʥʝ ʚʨʘʭʦʚʫʻ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʬʽʥʘʥʩʦʚʽ ʟʚʠʯʢʠ. ʇʨʦʪʝ, ʧʨʠʩʪʫʥʽʩʪʴ ʨʝʢʣʘʤʠ ʩʪʚʦʨʶʻ ʩʧʦʢʫʩʫ ʜʣʷ 

ʽʤʧʫʣʴʩʠʚʥʠʭ ʧʦʢʫʧʦʢ. 

YNAB (You Need a Budget) ð ʧʣʘʪʥʠʡ ʩʝʨʚʽʩ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʯʽʪʢʽʡ ʤʝʪʦʜʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʙʶʜʞʝʪʦʤ: ʢʦʞʥʘ ʛʨʠʚʥʷ ʤʘʻ ʙʫʪʠ 

ʧʨʠʟʥʘʯʝʥʘ ʜʦ ʢʘʪʝʛʦʨʽʾ, ʟʘʦʭʦʯʝʥʥʷ ʟʘʦʱʘʜʞʝʥʴ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʣʠʰʢʽʚ 

ʤʽʞ ʤʽʩʷʮʷʤʠ. ʆʜʥʘʢ ʤʘʻ ʩʢʣʘʜʥʠʡ ʽʥʬʪʝʨʬʝʡʩ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʥʝʟʨʦʟʫʤʽʣʠʤ ʜʣʷ ʣʶʜʝʡ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ ʟ 

ʪʝʭʥʽʢʦʶ. 

PocketGuard ð ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʪʘ ʧʨʦʩʪʦʪʫ. ʆʩʥʦʚʥʘ 

ʬʫʥʢʮʽʷ ð ʧʦʢʘʟʫʚʘʪʠ, ʩʢʽʣʴʢʠ ʛʨʦʰʝʡ ʟʘʣʠʰʘʻʪʴʩʷ "ʥʘ ʞʠʪʪʷ" ʧʽʩʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʨʝʛʫʣʷʨʥʠʭ ʧʣʘʪʝʞʽʚ ʪʘ ʟʘʦʱʘʜʞʝʥʴ. ʎʝ ʟʨʫʯʥʦ ʜʣʷ ʪʠʭ, ʭʪʦ 

ʭʦʯʝ ʫʥʠʢʥʫʪʠ ʧʝʨʝʚʠʪʨʘʪ.  ʇʨʦʪʝ ʟʘʩʪʦʩʫʥʦʢ  ʥʝ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ 

ʙʶʜʞʝʪ ʜʦ ʮʽʣʝʡ ʯʠ ʧʦʪʨʝʙ ʪʘ ʮʽʣʝʡ.  
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Spendee ð ʜʦʜʘʪʦʢ ʽʟ ʧʨʠʚʘʙʣʠʚʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ 

ʢʽʣʴʢʘ ʚʘʣʶʪ, ʩʧʽʣʴʥʽ ʛʘʤʘʥʮʽ ʪʘ ʦʢʨʝʤʽ ʙʶʜʞʝʪʠ ʥʘ ʧʦʜʽʾ. ʁʦʛʦ 

ʦʩʦʙʣʠʚʽʩʪʴ ð ʤʦʞʣʠʚʽʩʪʴ ʚʝʩʪʠ ʩʽʤʝʡʥʠʡ ʙʶʜʞʝʪ. ʆʜʥʘʢ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ 

ʚʽʟʫʘʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʜʘʥʠʭ, ʥʽʞ ʥʘ ʘʥʘʣʽʪʠʮʽ. ʋ ʥʴʦʤʫ ʥʝʤʘʻ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʩʽ ʚʠʱʝ ʥʘʚʝʜʝʥʽ ʚʘʨʽʘʥʪʠ, ʤʠ ʚʠʨʽʰʠʣʠ ʩʪʚʦʨʠʪʠ 

ʢʨʘʱʝ ʨʽʰʝʥʥʷ, ʘ ʩʘʤʝ: ʥʘʰ ʧʨʦʻʢʪ ñMoney come and goò, ʱʦ ʩʪʚʦʨʝʥʠʡ 

ʜʣʷ ʜʦʧʦʤʦʛʠ ʩʘʤʝ ʚ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ. ʉʘʡʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʧʦʪʽʢ ʛʨʦʰʝʡ, ʩʪʚʦʨʶʚʘʪʠ ʰʘʙʣʦʥʠ ʚʣʘʩʥʦʛʦ ʙʶʜʞʝʪʫ, ʘʥʘʣʽʟʫʚʘʪʠ 

ʚʠʪʨʘʪʠ, ʩʪʘʚʠʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʤʘʪʝʨʽʘʣʴʥʽ ʮʽʣʽ ʪʘ ʜʦʜʘʪʠ ʾʭ ʫ ʣʠʩʪʠ 

ʙʘʞʘʥʴ, ʘ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʦʧʦʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʷʢ ʰʚʠʜʰʝ ʟʽʙʨʘʪʠ 

ʢʦʰʪʠ ʥʘ ʪʫ ʯʠ ʽʥʰʫ ʮʽʣʴ, ʧʦʷʩʥʠʪʴ ʜʝ ʧʦʪʨʽʙʥʦ ʢʨʘʱʝ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʚʠʪʨʘʪʠ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʪʘ ʧʨʠʡʤʘʪʠ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʟʚʘʞʝʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʦʢʫʧʦʢ, ʩʧʨʠʷʶʯʠ ʰʚʠʜʢʦʤʫ 

ʜʦʩʷʛʥʝʥʥʶ ʾʭʥʽʭ ʬʽʥʘʥʩʦʚʠʭ ʮʽʣʝʡ. 

ʉʘʡʪ ʘʚʪʦʤʘʪʠʯʥʦ ʘʥʘʣʽʟʫʻ ʚʩʽ ʚʠʪʨʘʪʠ ʽ ʨʦʟʧʦʜʽʣʷʻ ʾʭ ʟʘ ʨʽʟʥʠʤʠ 

ʢʘʪʝʛʦʨʽʷʤʠ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯ ʤʽʛ ʙʘʯʠʪʠ ʢʫʜʠ ʡʜʫʪʴ ʛʨʦʰʽ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ 

ʜʘʥʠʭ ʩʠʩʪʝʤʘ ʟʤʦʞʝ ʙʫʜʫʚʘʪʠ ʧʝʨʩʦʥʘʣʴʥʠʡ ʙʶʜʞʝʪ ʽ ʥʘʜʩʠʣʘʪʠ 

ʩʧʦʚʽʱʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ï ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʚʠʪʨʘʪʠ ʚ ʧʝʚʥʽʡ ʢʘʪʝʛʦʨʽʾ 

ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʣʽʤʽʪʫ, ʐɯ ʧʦʧʝʨʝʜʞʘʻ ʧʨʦ ʮʝ, 

ʜʦʧʦʤʘʛʘʶʯʠ ʚʯʘʩʥʦ ʟʫʧʠʥʠʪʠʩʴ ʪʘ ʧʦʜʫʤʘʪʠ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʧʦʢʫʧʢʠ, ʯʠ 

ʚʘʨʪʦ ʾʾ ʟʜʽʡʩʥʶʚʘʪʠ. ʊʘʢʦʞ, ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʽ ʥʘʚʧʘʢʠ ï ʘ ʩʘʤʝ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʚʠʪʨʘʪ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦʾ ʽʩʪʦʨʽʾ ʨʘʭʫʥʢʽʚ, 

ʨʝʛʫʣʷʨʥʠʭ ʧʣʘʪʝʞʽʚ ʽ ʰʘʙʣʦʥʠ ʧʦʚʝʜʽʥʢʠ, ʷʢʽ ʘʥʘʣʽʟʫʻ ʩʠʩʪʝʤʘ, ʱʦ 

ʜʦʧʦʤʘʛʘʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʽʜʛʦʪʫʚʘʪʠʩʴ ʜʦ ʤʘʡʙʫʪʥʽʭ ʚʠʪʨʘʪ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʦʛʦ ʬʽʥʘʥʩʦʚʦʛʦ ʧʦʤʽʯʥʠʢʘ, ʥʘ ʦʩʥʦʚʽ ʐɯ, 

ʤʦʞʥʘ ʩʧʽʣʢʫʚʘʪʠʩʴ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ ʜʽʟʥʘʪʠʩʴ ʧʨʦ ʡʦʛʦ ʟʚʠʯʢʠ 

ʚʠʪʨʘʯʘʪʠ ʛʨʦʰʽ, ʧʣʘʥʫʚʘʥʥʷ ʙʶʜʞʝʪʫ, ʘ ʥʘʜʘʣʽ ʟʘʧʠʪʫʚʘʪʠ ʡʦʛʦ, ʧʨʠ 

ʟʜʽʡʩʥʝʥʥʽ ʥʝʟʘʧʣʘʥʦʚʘʥʦʾ ʧʦʢʫʧʢʠ, ʯʠ ʩʧʨʘʚʜʽ ʮʝ ʧʨʠʜʙʘʥʥʷ ʧʦʪʨʽʙʥʝ, ʘʙʦ 

ʞ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʚʽʜʢʣʘʩʪʠ ʡʦʛʦ. 

ʇʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʥʘʛʘʜʫʚʘʥʥʷ ʚʽʜ ʩʘʡʪʫ ʩʪʚʦʨʶʶʪʴ ʝʬʝʢʪ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʢʦʞʥʫ ʩʚʦʶ ʧʦʢʫʧʢʫ, ʥʽʙʠ ʧʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʝʤ ʻ 

ʚʽʨʪʫʘʣʴʥʠʡ ʬʽʥʘʥʩʦʚʠʡ ʪʨʝʥʝʨ, ʱʦ ʢʦʥʪʨʦʣʶʻ ʚʠʪʨʘʪʠ, ʪʠʤ ʩʘʤʠʤ 

ʟʜʽʡʩʥʠʪʠ ʽʤʧʫʣʴʩʠʚʥʫ ʧʦʢʫʧʢʫ ʙʫʜʝ ʚʞʝ ʥʝ ʪʘʢ ʣʝʛʢʦ, ʘʜʞʝ ʧʦʪʨʽʙʥʦ ʙʫʜʝ 

ʧʦʷʩʥʠʪʠ ʧʨʠʯʠʥʫ ʾʾ ʟʜʽʡʩʥʝʥʥʷ. 
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ʇʨʦʻʢʪ ʩʪʚʦʨʝʥʦ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ASP.NET Core MVC, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʣʦʛʽʢʫ, ʚʽʟʫʘʣʽʟʘʮʽʶ ʪʘ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʥʘ ʦʢʨʝʤʽ ʰʘʨʠ. 

ʈʝʘʣʽʟʘʮʽʷ  ʚʨʘʭʦʚʫʻ ʧʦʪʨʝʙʫ ʚ ʙʝʟʧʝʯʥʦʤʫ ʟʙʝʨʽʛʘʥʥʽ ʜʘʥʠʭ, 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʘʥʘʣʽʟʽ ʚʠʪʨʘʪ, ʛʝʥʝʨʘʮʽʾ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʽʥʪʫʾʪʠʚʥʦ 

ʟʨʦʟʫʤʽʣʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʡ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽʡ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʂʣʽʻʥʪʩʴʢʘ ʯʘʩʪʠʥʘ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ Razor Views, HTML, 

CSS ʪʘ JavaScript. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʻ ʚʦʜʥʦʯʘʩ 

ʘʜʘʧʪʠʚʥʠʤ ʪʘ ʧʨʦʩʪʠʤ ʜʣʷ ʥʘʚʽʛʘʮʽʾ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Chart.js, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʦʙʨʘʞʘʪʠ ʩʪʘʪʠʩʪʠʢʫ ʚʠʪʨʘʪ ʫ 

ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤ ð ʥʘʧʨʠʢʣʘʜ, ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ. 

ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʨʝʘʣʽʟʦʚʘʥʘ ʤʦʚʦʶ C# ʥʘ ʧʣʘʪʬʦʨʤʽ ASP.NET Core. 

ʋʩʷ ʙʽʟʥʝʩ-ʣʦʛʽʢʘ ʟʦʩʝʨʝʜʞʝʥʘ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʨʚʽʩʘʭ, ʱʦ ʦʙʨʦʙʣʷʶʪʴ ʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʥʘʧʨʠʢʣʘʜ: ʟʘʧʠʩ ʚʠʪʨʘʪ, ʜʦʜʘʚʘʥʥʷ ʙʘʞʘʥʦʾ ʧʦʢʫʧʢʠ, 

ʧʝʨʝʛʣʷʜ ʘʥʘʣʽʪʠʢʠ, ʪʦʱʦ.  

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʘʟʘ ʜʘʥʠʭ PostgreSQL. 

ʉʪʨʫʢʪʫʨʘ ʙʘʟʠ ʜʘʥʠʭ ʦʭʦʧʣʶʻ ʪʘʙʣʠʮʽ ʜʣʷ ʚʠʪʨʘʪ, ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʢʘʪʝʛʦʨʽʡ ʚʠʪʨʘʪ, ʰʘʙʣʦʥʽʚ ʙʶʜʞʝʪʫ, ʩʧʠʩʢʫ ʙʘʞʘʥʴ, ʪʦʱʦ.  

ɼʣʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ASP.NET Identity. ʎʝ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʚʥʦʮʽʥʥʫ ʩʠʩʪʝʤʫ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ.  

ʉʠʩʪʝʤʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦʙʫʜʦʚʘʥʘ ʷʢ ʤʦʜʫʣʴ ʝʢʩʧʝʨʪʥʦʾ ʣʦʛʽʢʠ. ɺʦʥʘ 

ʘʥʘʣʽʟʫʻ ʚʠʪʨʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʷʚʣʷʻ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽ ʬʦʨʤʫʻ ʧʦʨʘʜʠ, ʷʢ 

ʫʥʠʢʥʫʪʠ ʥʝʙʘʞʘʥʠʭ ʚʠʪʨʘʪ. ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʙʘʛʘʪʦ ʚʠʪʨʘʯʘʻ ʚ ʢʘʪʝʛʦʨʽʾ 

"ɰʞʘ" ð ʩʠʩʪʝʤʘ ʧʦʨʘʜʠʪʴ ʚʩʪʘʥʦʚʠʪʠ ʣʽʤʽʪ ʘʙʦ ʟʤʽʥʠʪʠ ʩʪʨʫʢʪʫʨʫ 

ʙʶʜʞʝʪʫ. ʎʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʥʘʙʽʨ ʧʨʘʚʠʣ ʫ ʩʝʨʚʽʩʥʦʤʫ ʰʘʨʽ. 

ɺʽʨʪʫʘʣʴʥʠʡ ʧʦʤʽʯʥʠʢ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʷʢ ʯʘʩʪʠʥʘ ʽʥʪʝʨʬʝʡʩʫ, ʚʟʘʻʤʦʜʽʻ 

ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʫ ʬʦʨʤʽ ʜʽʘʣʦʛʽʚ. ɺʽʥ  ʫʪʦʯʥʶʻ ʯʠ ʧʦʢʫʧʢʘ ʙʫʣʘ 

ʟʘʧʣʘʥʦʚʘʥʦʶ, ʥʘʛʘʜʫʚʘʪʠ ʧʨʦ ʤʘʡʙʫʪʥʽ ʧʣʘʪʝʞʽ, ʘʙʦ ʧʨʦʧʦʥʫʚʘʪʠ 

ʚʽʜʢʣʘʩʪʠ ʚʠʪʨʘʪʫ. ʎʝʡ ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʘʻ ʥʘ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ʚ ʤʦʤʝʥʪ 

ʚʠʪʨʘʪʠ, ʱʦ ʬʦʨʤʫʻ ʥʦʚʫ ʬʽʥʘʥʩʦʚʫ ʧʦʚʝʜʽʥʢʫ ʢʦʨʠʩʪʫʚʘʯʘ ð ʟʚʘʞʝʥʫ ʪʘ 

ʦʨʽʻʥʪʦʚʘʥʫ ʥʘ ʮʽʣʴ. 

ʉʠʩʪʝʤʘ ʩʧʦʚʽʱʝʥʴ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʙʘʥʝʨʽʚ ʫ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʽ. 

ʂʦʞʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʜʽʾ ʘʙʦ ʧʝʨʝʚʠʱʝʥʥʷ ʧʝʚʥʦʛʦ 
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ʬʽʥʘʥʩʦʚʦʛʦ ʧʘʨʘʤʝʪʨʫ: ʥʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ ʩʧʦʚʽʩʪʠʪʴ, ʱʦ ʙʶʜʞʝʪ ʥʘ 

"ʈʦʟʚʘʛʠ" ʚʠʯʝʨʧʘʥʦ, ʘʙʦ ʱʦ ʙʘʞʘʥʫ ʧʦʢʫʧʢʫ ʟ ʩʧʠʩʢʫ ʙʘʞʘʥʴ ʤʦʞʥʘ 

ʨʝʘʣʽʟʫʚʘʪʠ ʚʞʝ ʟʘʨʘʟ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʜʠʟʘʡʥʫ, ʪʦʞ  ʫ ʩʠʩʪʝʤʽ ʧʝʨʝʚʘʞʘʶʪʴ 

ʩʧʦʢʽʡʥʽ ʢʦʣʴʦʨʠ, ʽʥʪʫʾʪʠʚʥʘ ʩʪʨʫʢʪʫʨʘ ʩʪʦʨʽʥʦʢ, ʤʽʥʽʤʫʤ ʟʘʡʚʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʯʽʪʢʘ ʣʦʛʽʢʘ ʧʝʨʝʭʦʜʽʚ.  

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ ʽʤʧʫʣʴʩʠʚʥʠʭ ʚʠʪʨʘʪ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, 

ʱʦ ʙʽʣʴʰʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝ ʤʘʶʪʴ ʩʬʦʨʤʦʚʘʥʦʛʦ ʙʶʜʞʝʪʫ, ʥʝ ʧʣʘʥʫʶʪʴ 

ʚʠʪʨʘʪʠ ʪʘ ʩʭʠʣʴʥʽ ʜʦ ʬʽʥʘʥʩʦʚʠʭ ʨʽʰʝʥʴ ʧʽʜ ʚʧʣʠʚʦʤ ʤʘʨʢʝʪʠʥʛʫ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʽʥʘʥʩʦʚʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, ʥʘʢʦʧʠʯʝʥʥʷ ʙʦʨʛʽʚ ʪʘ ʚʪʨʘʪʠ 

ʢʦʥʪʨʦʣʶ ʥʘʜ ʦʩʦʙʠʩʪʠʤʠ ʬʽʥʘʥʩʘʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʘʰ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ  

ʷʢʠʡ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʦʙʣʽʢʫ ʜʦʭʦʜʽʚ ʽ ʚʠʪʨʘʪ, 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʶʜʞʝʪʫ, ʩʠʩʪʝʤʫ ʮʽʣʝʡ, ʩʧʠʩʦʢ ʙʘʞʘʥʴ, ʘ 

ʪʘʢʦʞ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. 

 

ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʝʣʝʤʝʥʪʽʚ ʐɯ, ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʩʧʨʠʷʻ 

ʬʦʨʤʫʚʘʥʥʶ ʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʨʠʩʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʟʚʠʯʦʢ: ʥʘʚʯʘʻ 

ʧʣʘʥʫʚʘʪʠ ʚʠʪʨʘʪʠ, ʫʥʠʢʘʪʠ ʥʝʦʙʜʫʤʘʥʠʭ ʧʦʢʫʧʦʢ, ʜʦʩʷʛʘʪʠ ʧʦʩʪʘʚʣʝʥʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʮʽʣʝʡ. ʋ ʧʽʜʩʫʤʢʫ ʢʦʨʠʩʪʫʚʘʯʽ ʥʝ ʣʠʰʝ ʟʥʠʞʫʶʪʴ ʨʽʚʝʥʴ 

ʪʨʠʚʦʞʥʦʩʪʽ, ʧʦʚôʷʟʘʥʦʾ ʟ ʢʦʰʪʘʤʠ, ʘ ʡ ʦʪʨʠʤʫʶʪʴ ʚʽʜʯʫʪʪʷ ʚʧʝʚʥʝʥʦʩʪʽ ʫ 

ʬʽʥʘʥʩʦʚʽʡ ʩʪʽʡʢʦʩʪʽ. 
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ʈʆɿʈʆɹʂɸ ʊɸ ʈɽɸʃIɿɸʎIʗ ʄɽʊʆɼʋ ʇʆɹʋɼʆɺʀ 

ʄʋʃʔʊʀʌʈɸʂʊɸʃʔʅʆɻʆ ʉʇɽʂʊʈʋ ɿʆɹʈɸɾɽʅʔ ʅɸ ʆʉʅʆɺI 

ʃʆʂɸʃʔʅʆɰ ʌʋʅʂʎIɰ ʑIʃʔʅʆʉʊI 

ɼʝʤʯʫʢ ʉʦʬô ̫

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

 ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

sofia.demchuk@lnu.edu.ua 

ɺʩʪʫʧ 

ʌʨʘʢʪʘʣʴʥʠʡ ʽ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʚʥʦ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʷʢ 

ʧʦʪʫʞʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʧʠʩʫ ʩʢʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʧʨʠʨʦʜʽ ʡ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʘʥʘʣʽʟ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʘʤʠ ʯʫʪʣʠʚʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʜʝ ʪʝʢʩʪʫʨʘ ʫʪʚʦʨʝʥʠʭ ʢʨʠʩʪʘʣʽʚ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ. ʆʜʥʘʢ 

ʢʣʘʩʠʯʥʽ (ʤʦʥʦʬʨʘʢʪʘʣʴʥʽ) ʧʽʜʭʦʜʠ ʯʘʩʪʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʣʦʢʘʣʴʥʽ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʧʨʠʪʘʤʘʥʥʽ ʙʽʦʣʦʛʽʯʥʠʤ ʪʘ ʤʝʜʠʯʥʠʤ ʟʨʘʟʢʘʤ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʣʦʢʘʣʴʥʠʭ ʤʘʩʰʪʘʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʜʽʘʛʥʦʩʪʠʢʠ ʩʢʣʘʜʥʠʭ ʪʝʢʩʪʫʨ (ʥʘʧʨʠʢʣʘʜ, ʢʨʠʩʪʘʣʽʚ ʤʦʣʦʢʘ). ʈʦʟʨʦʙʢʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʦʢʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʚʽʜʢʨʠʚʘʻ 

ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ 

ʈʦʟʨʦʙʠʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ 

ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʣʦʢʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ çʣʦʢʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ + box-countingè, ʘ ʪʘʢʦʞ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʧʨʠʢʣʘʜʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʤʦʣʦʢʘ. 

ʂʦʨʦʪʢʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʄʫʣʴʪʠʬʨʘʢʪʘʣʠ - ʥʝʦʜʥʦʨiʜʥi ʬʨʘʢʪʘʣʴʥi ʦʙôʻʢʪʠ, ʜʣʷ ʧʦʚʥʦʛʦ ʦʧʠʩʫ ʷʢʠʭ, ʥʘ 

ʚiʜʤiʥʫ ʚiʜ ʨʝʛʫʣʷʨʥʠʭ ʬʨʘʢʪʘʣiʚ, ʥʝʜʦʩʪʘʪʥʴʦ ʚʚʝʜʝʥʥʷ ʣʠʰʝ ʦʜʥiʻʾ 

ʚʝʣʠʯʠʥʠ, ʡʦʛʦ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤiʨʥʦʩʪi D, ʘ ʥʝʦʙʭiʜʥʠʡ ʮiʣʠʡ ʩʧʝʢʪʨ ʪʘʢʠʭ 

ʨʦʟʤiʨʥʦʩʪʝʡ, ʢiʣʴʢiʩʪʴ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʥʝʩʢiʥʯʝʥʥʦʶ. 

ʄʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʩʧʝʢʪʨ ʪʘ ʣʦʢʘʣʴʥʘ ʬʫʥʢʮʽʷ ʱʽʣʴʥʦʩʪʽ  

ʂʦʞʥʘ ʪʦʯʢʘ ὼȟώ ʟʦʙʨʘʞʝʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʣʦʢʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʱʽʣʴʥʦʩʪʽ  

Ὠὼȟώ ÌÉÍ
ᴼ

ȟȟ
 ȟ      ‘ὄ В Ὅὼǲȟώǲǲȟǲɴ , ʜʝ  

mailto:sofia.demchuk@lnu.edu.ua
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Ὅὼǲȟώǲ  ̔ʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʩʝʣʷ, ὄ  ʢʚʘʜʨʘʪ ʨʘʜʽʫʩʘ ὶ. 

ʈʦʟʙʠʚʘʶʯʠ ʜʽʘʧʘʟʦʥ Ὠ Ὠ Ὠ  ʥʘ ̔ʥʪʝʨʚʘʣʠ ‌ȟ‌ ‐ , ʜʣʷ 

ʢʦʞʥʦʛʦ ʩʪʚʦʨʶʶʪʴ ʧʜ̔ʤʥʦʞʠʥʫ  

ὓ  ‌ Ὠὼȟώ ‌ ‐}   

ɼʣʷ ʢʦʞʥʦʾ ὓ  ʦʙʯʠʩʣʶʶʪʴ ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ ʤʝʪʦʜʦʤ box-counting : 

Ὀ‌ ÌÉÍ
ᴼ

 , ʜʝ 

ὔ  ï ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʚʘʜʨʘʪʽʚ ʙʦʢʫ ‏ , ʱʦ ʧʦʢʨʠʚʘʶʪʴ ὓ Ȣ 

ʄʫʣʴʪʠʬʨʘʢʪʘʣʴʥʠʡ ʩʧʝʢʪʨ ï ʤʥʦʞʠʥʘ ʧʘʨ ‌ȟὈ‌ ȟ ɦʦ  ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʨʦʟʧʦʜʽʣ ʣʦʢʘʣʴʥʠʭ ʨʦʟʤʽʨʥʦʩʪʝʡ ʫ ʟʦʙʨʘʞʝʥʥʽ. 

ʆʧʠʩ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ 

1. ɿʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʟʦʙʨʘʞʝʥʥʷ 

o ɺʠʢʦʨʠʩʪʘʥʦ OpenCV ʜʣʷ ʯʠʪʘʥʥʷ RGB-ʬʘʡʣʫ ʪʘ 

ʢʦʥʚʝʨʪʘʮʽʾ ʚ ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ. 

2. ʆʙʯʠʩʣʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ 

o ɿʘ ʜʦʧʦʤʦʛʦʶ scipy.ndimage.uniform_filter ʧʽʜʨʘʭʦʚʘʥʘ ʩʫʤʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʫ ʢʚʘʜʨʘʪʽ ʨʦʟʤʽʨʫ kernel_size. 

o ʑʦʙ ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤ ʽʟ ʣʦʛʘʨʠʬʤʦʤ, ʟʥʘʯʝʥʥʷ Ò 0 

ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ ρπ . 

o ʈʘʜʽʫʩʠ ὶ ʙʝʨʫʪʴʩʷ ʷʢ  
ͺ

,
ͺ
,é, é, ʘ ʜʣʷ 

ʢʦʞʥʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ÌÎ‘  ὺίȢ ÌÎὶ Ÿ 

ʦʪʨʠʤʫʻʤʦ ʢʘʨʪʫ Ὠὼȟώ. 

3. ʌʦʨʤʫʚʘʥʥʷ ʤʘʩʦʢ ʨʽʚʥʽʚ ‌ 

o ɺʠʟʥʘʯʘʻʤʦ  Ὠ ȟὨ  ; ʬʦʨʤʫʻʤʦ ʨʽʚʥʽ ʟ ʢʨʦʢʦʤ 

‐ (ʥʘʧʨʠʢʣʘʜ, 0.4). 

o ɼʣʷ ʢʦʞʥʦʛʦ ‌ ʩʪʚʦʨʶʻʪʴʩʷ ʙʽʥʘʨʥʘ ʤʘʩʢʘ ʧʽʢʩʝʣʽʚ. 

4. Box-counting 

o ɼʣʷ ʢʦʞʥʦʾ ʤʘʩʢʠ ʜʽʣʠʪʴʩʷ ʦʙʣʘʩʪʴ ʥʘ ʥʝʧʝʨʝʢʨʠʚʘʶʯʽ 

ʢʚʘʜʨʘʪʠ ʨʽʟʥʠʭ ʩʪʦʨʽʥ ί. 

o ʆʙʯʠʩʣʶʻʤʦ ὔί ð ʯʠʩʣʦ ʢʚʘʜʨʘʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʭʦʯ ʦʜʠʥ 

ʧʽʢʩʝʣʴ ʟʽ ʟʥʘʯʝʥʥʷʤ ñ1ò. 

o ʃʽʥʽʡʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ÌÎὔί  ὺίȢÌÎ  ʜʘ̒ ʦʮʽʥʢʫ Ὀ‌ Ȣ 
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ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʅʘ ʨʠʩʫʥʢʫ ˉ1 ʚiʜʦʙʨʘʞʘʶʪʴʩʷ ʤʘʪʨʠʮʽ ʟʥʘʯʝʥʴ Ὠὼȟώ ʷʢ ʢʦʣʴʦʨʦʚʽ ʢʘʨʪʠ 

(colormap jet), ʜʝ ʚiʜ ʩʠʥʴʦʛʦ ʜʦ ʯʝʨʚʦʥʦʛʦ ʚiʜʧʦʚiʜʘʻ ʟʨʦʩʪʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ 

iʥʜʝʢʩʫ ʱiʣʴʥʦʩʪi. ʅʘ ʥʠʭ ʚʠʜʥʦ ʦʙʣʘʩʪi ʟ ʨiʟʥʦʶ ʥʝʦʜʥʦʨiʜʥiʩʪʶ ʨʦʟʧʦʜiʣʫ 

iʥʪʝʥʩʠʚʥʦʩʪi: ʷʩʢʨʘʚi çʛʘʨʷʯiè ʜiʣʷʥʢʠ (ʯʝʨʚʦʥi) ʩʚiʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʫ 

ʣʦʢʘʣʴʥʫ ʱiʣʴʥiʩʪʴ (ʨiʟʢi ʧʝʨʝʭʦʜʠ ʚ iʥʪʝʥʩʠʚʥʦʩʪi), ʪʝʤʥi çʭʦʣʦʜʥiè ʜiʣʷʥʢʠ 

(ʩʠʥi) ð ʧʨʦ ʙiʣʴʰ ʦʜʥʦʨiʜʥi ʦʙʣʘʩʪi.  

ʇʨʠʢʣʘʜ (UHT ʫʣʴʪʨʘʧʘʩʪʠʨʝʟʦʚʘʥʝ ʤʦʣʦʢʦ): ʮʝʥʪʨʘʣʴʥi ʢʨʠʩʪʘʣiʯʥi 

ʩʪʨʫʢʪʫʨʠ ʜʦʙʨʝ ʢʦʥʪʨʘʩʪʫʶʪʴ ʯʝʨʚʦʥʠʤʠ çʦʩʪʨʦʚʘʤʠè, ʪʦʜi ʷʢ ʬʦʥ ʪʘ ʛʣʘʜʢi 

ʜiʣʷʥʢʠ ʚiʜʦʙʨʘʞʘʶʪʴʩʷ ʙʣʘʢʠʪʥʠʤʠ ʚiʜʪiʥʢʘʤʠ.   

 

ʈʠʩ.1 ʂʘʨʪʠ ʣʦʢʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʱʽʣʴʥʦʩʪʽ. 

BDmilk ï ʥʝʦʙʨʦʙʣʝʥʝ ʤʦʣʦʢʦ, MHPmilk ï ʧʘʩʪʝʨʠʟʦʚʘʥʝ ʤʦʣʦʢʦ,  

UHTmilk ï ʫʣʴʪʨʘʧʘʩʪʝʨʠʟʦʚʘʥʝ ʤʦʣʦʢʦ. 

ʈʠʩ.2 ɻʨʘʬʽʢ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ ʪʨʴʦʭ ʟʦʙʨʘʞʝʥʴ 
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ʅʘ ʨʠʩʫʥʢʫ ˉ2 ʤʠ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʷʢ ʧʦ ʦʩi ʘʙʩʮʠʩ ʚiʜʢʣʘʜʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʨiʚʥiʚ ‌  (ʣʦʢʘʣʴʥʠʭ ʱiʣʴʥʦʩʪʝʡ), ʧʦ ʦʩi ʦʨʜʠʥʘʪ ð ʦʮiʥʝʥi ʬʨʘʢʪʘʣʴʥi 

ʨʦʟʤiʨʥʦʩʪi Ὀ‌ Ȣ ʄʘʨʢʦʚʘʥi ʪʦʯʢʠ ʧʦʢʘʟʫʶʪʴ ʜʠʩʢʨʝʪʥi ʧʘʨʠ 

 ‌ȟὈ‌ ȟ ʣiʥiʷ ʟʚôʷʟʢʫ iʣʶʩʪʨʫʻ ʟʤiʥʫ ʨʦʟʤiʨʥʦʩʪi ʚ ʟʘʣʝʞʥʦʩʪi ʚiʜ ʧʦʨʦʛʫ 

ʱiʣʴʥʦʩʪi.  

 

 ʊʠʧʦʚʘ ʬʦʨʤʘ ʩʧʝʢʪʨʘ:  

o ɺʫʟʴʢʦʧiʢʦʚʠʡ ʨʦʟʧʦʜiʣ (ʛʦʩʪʨʠʡ ʤʘʢʩʠʤʫʤ) ʚʢʘʟʫʻ ʥʘ ʤʘʡʞʝ 

ʦʜʥʦʤʦʜʘʣʴʥʫ ʪʝʢʩʪʫʨʫ (ʜʦʤiʥʫʻ ʦʜʥʘ ʪʠʧʦʚʘ ʣʦʢʘʣʴʥʘ ʱiʣʴʥiʩʪʴ).  

o ʐʠʨʦʢʠʡ ʧʦʣiʤʦʜʘʣʴʥʠʡ ʩʧʝʢʪʨ ʩʚiʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥiʩʪʴ ʨiʟʥʦʨiʜʥʠʭ 

ʬʨʘʢʪʘʣʴʥʠʭ ʧiʜʤʥʦʞʠʥ iʟ ʜʝʢiʣʴʢʦʤʘ ʧʝʨʝʚʘʞʘʶʯʠʤʠ ʱiʣʴʥʦʩʪʷʤʠ. 

 

ʇʨʠʢʣʘʜ ʜʣʷ ʤʦʣʦʯʥʠʭ ʢʨʘʧʝʣʴ: 

1.BD ʤʦʣʦʢʦ : ʩʧʝʢʪʨ ʟ ʧʣʘʚʥʠʤ, ʤʘʡʞʝ ʩʠʤʝʪʨʠʯʥʠʤ ʧiʢʦʤ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʩʝʨʝʜʥʶ ʦʜʥʦʨiʜʥiʩʪʴ ʩʪʨʫʢʪʫʨʠ. 

 2.MHP ʤʦʣʦʢʦ : ʜʝʱʦ ʨʦʟʰʠʨʝʥʠʡ ʩʧʝʢʪʨ, ʧʦʷʚʘ çʭʚʦʩʪiʚè ʧʨʠ ʚʠʩʦʢʠʭ Ŭ ð 

ʩʠʛʥʘʣ ʧʨʦ ʣʦʢʘʣʴʥi ʘʥʦʤʘʣiʾ ʚ iʥʪʝʥʩʠʚʥʦʩʪi. 

 3.UHT ʤʦʣʦʢʦ : ʩʧʝʢʪʨ ʟi ʟʥʘʯʥʦ ʟʛʣʘʜʞʝʥʠʤ ʣiʚʠʤ ʢʨʠʣʦʤ i ʜʚʦʤʘ 

ʣʦʢʘʣʴʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ð ʚiʜʦʙʨʘʞʘʻ ʩʢʣʘʜʥiʰʫ ʢʨʠʩʪʘʣiʯʥʫ ʪʝʢʩʪʫʨʫ iʟ 

ʟʦʥʘʤʠ ʚʠʩʦʢʦʾ ʡ ʥʠʟʴʢʦʾ ʱiʣʴʥʦʩʪi. 

ɺʠʩʥʦʚʦʢ : 

ʈʦʟʨʦʙʣʝʥʦ ʡ ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ 

ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʣʦʢʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ, ʱʦ ʧʦʻʜʥʫʻ ʟʛʦʨʪʢʫ 

uniform_filter ʽʟ ʣʽʥʽʡʥʦʶ ʨʝʛʨʝʩʽʻʶ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ Ὠὼȟώ ʪʘ ʢʣʘʩʠʯʥʠʡ box-

counting ʜʣʷ ʦʮʽʥʢʠ Ὀ‌.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  ʄʘʥʜʝʣʴʙʨʦʪ ɹ.ɹ. ɻʝʦʤʝʪʨʽʷ ʬʨʘʢʪʘʣʽʚ ʧʨʠʨʦʜʠ / ɹ.ɹ. ʄʘʥʜʝʣʴʙʨʦʪ 

// Freeman. ï 1982. ï ʊʦʤ 1. ï ʉ. 1ï256. 

2. ʌʝʜʝʨ ʗ. Fractals: Zufall und Ordnung in den Naturwissenschaften / ʗ. 

ʌʝʜʝʨ // Springer. ï 1988. ï ʊʦʤ 45. ï ʉ. 72ï191. 

3. Falconer ʂ. Fractal Geometry: Mathematical Foundations and Applications 

/ ʂ. Falconer // Wiley. ï 1990. ï ʊʦʤ 10. ï ʉ. 33ï320. 
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ʉʊɺʆʈɽʅʅʗ ɺɽɹ-ɼʆɼɸʊʂʋ ɼʃʗ ʈʆɿʉɽʃɽʅʅʗ ɸɹɯʊʋʈɯɭʅʊɯɺ ʊɸ 

ʆʈɻɸʅɯɿɸʎɯɰ ɾʀʊʊʗ ɺ ɻʋʈʊʆɾʀʊʂɸʍ 

ɻʘʥʥʘ ɺʝʣʴʛʫʩ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʬʘʢʫʣʴʪʝʪ 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

hanna.velhus@lnu.edu.ua 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʫ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ 

ʧʦʣʝʛʰʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʩʝʣʝʥʥʷ ʘʙʽʪʫʨʽʻʥʪʽʚ ʫ ʩʪʫʜʝʥʪʩʴʢʽ ʛʫʨʪʦʞʠʪʢʠ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʾ ʾʭ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ. ʄʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʻ ʩʧʨʦʱʝʥʥʷ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʩʪʫʜʝʥʪʘʤʠ ʡ 

ʘʜʤʽʥʽʩʪʨʘʮʽʻʶ. 

ʆʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʜʦʜʘʪʢʫ ʻ: ʩʧʨʦʱʝʥʠʡ 

ʨʦʟʧʦʜʽʣ ʤʽʩʮʴ; ʧʝʨʝʛʣʷʜ ʩʪʘʪʫʩʫ ʧʦʩʝʣʝʥʥʷ; ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʦʩʦʙʠʩʪʠʤʠ ʜʘʥʠʤʠ ʤʝʰʢʘʥʮʽʚ; ʽʥʬʦʨʤʫʚʘʥʥʷ ʧʨʦ ʚʘʞʣʠʚʽ ʧʦʜʽʾ ʯʠ ʟʤʽʥʠ 

(ʨʝʤʦʥʪʠ, ʧʝʨʝʚʽʨʢʠ, ʟʙʦʨʠ). 

ɺʝʙ-ʜʦʜʘʪʦʢ ʨʝʘʣʽʟʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʝʢʫ ʪʝʭʥʦʣʦʛʽʡ MERN 

(MongoDB, Express.js, React, Node.js), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʽʩʪʴ ʨʦʟʨʦʙʢʠ, 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʣʽʻʥʪʩʴʢʦʶ ʪʘ ʩʝʨʚʝʨʥʦʶ 

ʯʘʩʪʠʥʘʤʠ. React ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

ʢʦʨʠʩʪʫʚʘʯʘ, Node.js ʽ Express.js ð ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʝʨʚʝʨʥʦʾ ʣʦʛʽʢʠ, ʘ 

MongoDB ð ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʢʽʤʥʘʪʠ ʽ 

ʦʛʦʣʦʰʝʥʥʷ. 

 
ʈʠʩ. 1. ɼʠʟʘʡʥ ʛʦʣʦʚʥʦʾ ʩʪʦʨʽʥʢʠ 
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ʋ ʨʦʙʦʪʽ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤʠ ʟ 

ʚʥʫʪʨʽʰʥʽʤʠ ʨʝʩʫʨʩʘʤʠ ʫʥʽʚʝʨʩʠʪʝʪʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʞʠʪʣʦʚʠʭ ʫʤʦʚ 

ʩʪʫʜʝʥʪʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʨʦʮʝʩʽʚ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Subramanian V. Pro MERN Stack: Full Stack Web App Development with 

Mongo, Express, React, and Node// Apress.ï2019.ï ʉ. 5-16. 

2. Mead A. Learning Node. js Development: Learn the Fundamentals of Node. js, 

and Deploy and Test Node. js Applications on the Web// Packt Publishing Ltd.ï2018.ï 

ʉ. 280-300. 
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ʇʈɽʌɯʂʉʅɯ ʂʆɼʀ ʊɸ ɸɺʊʆʄɸʊʀ , ʄɽʊʆɼ ADAPTIVE PREFIX 

CODING WITH ERROR CORRECTION(APC -EC) 

ʐʫʥʜʘʨʝʚʩʴʢʠʡ ʅʘʟʘʨʽʡ  

ʃʴʚʽʚʩʴʢʠʡ ʅʘʮʽʦʥʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

nazarii.shundarevskyi@lnu.edu.ua 

 

ʇʨʝʬʽʢʩʥʽ ʢʦʜʠ. ɺ̔ ʜʦʤʽ ʷʢ ʧʨʝʬʽʢʩʥʽ ʙʽʥʘʨʥʽ ʢʦʜʠ(ʈʠʩ.1), ʻ ʤʝʪʦʜʦʤ 

ʢʦʜʫʚʘʥʥʷ, ʜʝ ʢʦʞʝʥ ʩʠʤʚʦʣ ʘʙʦ ʩʠʤʚʦʣʴʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʫʥʽʢʘʣʴʥʠʤ ʙʽʪʦʚʠʤ ʢʦʜʦʤ. ʌʦʨʤʘʣʴʥʦ, ʚʩʽ ʢʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʧ'ʶʪʝʨ, 

ʷʢʱʦ ʪʘʤ ʥʝʤʘʻ ʜʦʜʘʪʢʦʚʦʛʦ, ʻ ʧʨʝʬʽʢʩʥʠʤʠ. ʆʜʥʘ ʟ ʢʣʶʯʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʝʬʽʢʩʥʠʭ ʢʦʜʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʽʷʢʠʡ ʢʦʜ ʜʣʷ ʦʜʥʦʛʦ ʩʠʤʚʦʣʫ ʥʝ ʻ 

ʧʨʝʬʽʢʩʦʤ ʢʦʜʫ ʜʣʷ ʽʥʰʦʛʦ ʩʠʤʚʦʣʫ. ʎʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʟʥʘʯʥʦ 

ʜʝʢʦʜʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʪʽʚ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʨʦʟʜʽʣʴʥʠʢʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʜʝʨʝʚ: 

ʇʨʝʬʽʢʩʥʽ ʢʦʜʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʙʽʥʘʨʥʦʛʦ ʜʝʨʝʚʘ, ʜʝ ʰʣʷʭ ʜʦ 

ʢʦʞʥʦʛʦ ʣʠʩʪʢʘ ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʢʨʝʪʥʦʤʫ ʢʦʜʫ. ʎʝ ʩʧʨʦʱʫʻ ʧʦʰʫʢ ʪʘ ʚʩʪʘʚʢʫ, 

ʘ ʪʘʢʦʞ ʧʦʣʝʛʰʫʻ ʦʧʝʨʘʮʽʾ ʟ ʥʠʤʠ. 

 
ʈʠʩ. 1. ʇʨʝʬʽʢʩʥʽ ʢʦʜʠ 

 

ʇʨʘʢʪʠʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʝʬʽʢʩʥʠʭ ʢʦʜʽʚ 

ʇʨʝʬʽʢʩʥʽ ʢʦʜʠ ʤʘʶʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʥʘʫʢ ʽ ʪʝʭʥʽʢʠ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʟ ʥʠʭ: 

¶ ɸʨʭʽʚʫʚʘʥʥʷ ʪʝʢʩʪʽʚ 

¶ ɸʣʛʦʨʠʪʤ ʍʘʬʬʤʘʥʘ 

¶ ɸʟʙʫʢʘ ʄʦʨʟʝ 

ɸʟʙʫʢʘ ʄʦʨʟʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʨʠ ʩʠʤʚʦʣʠ: ʪʦʯʢʘ (.), ʪʠʨʝ (-) ʽ ʧʨʦʙʽʣ ( 

) ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʙʫʢʚ. ʅʘʧʨʠʢʣʘʜ, ʙʫʢʚʘ "E" ʢʦʜʫʻʪʴʩʷ ʷʢ ".", ʘ ʙʫʢʚʘ 
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"T" ʷʢ "-". ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʞʦʜʝʥ ʢʦʜ ʙʫʢʚʠ ʥʝ ʻ ʧʨʝʬʽʢʩʦʤ ʽʥʰʦʛʦ, 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʜʝʢʦʜʦʚʘʥʽ ʦʜʥʦʟʥʘʯʥʦ. 

¶  

¶ ʂʦʜʫʚʘʥʥʷ ʟʚʫʢʽʚ ʪʘ ʙʫʢʚ 

ʅʘʧʨʠʢʣʘʜ, ʙʫʢʚʠ "ʾ" ʪʘ "ʡʽ". 

¶ ʌʦʨʤʘʪʠ ʟʦʙʨʘʞʝʥʴ (JPEG, BMP) 

ʇʽʢʩʝʣʽ ʟ ʦʜʥʘʢʦʚʠʤʠ ʢʦʣʴʦʨʘʤʠ ʘʙʦ ʙʣʠʟʴʢʠʤʠ ʚʽʜʪʽʥʢʘʤʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʢʦʜʦʚʘʥʽ ʙʽʣʴʰ ʢʦʤʧʘʢʪʥʦ, ʱʦ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ ʬʘʡʣʫ. 

 

ʇʨʝʚʘʛʠ: 

¶ ʆʜʥʦʟʥʘʯʥʝ ʜʝʢʦʜʫʚʘʥʥʷ: ɾʦʜʝʥ ʢʦʜ ʥʝ ʻ ʧʨʝʬʽʢʩʦʤ ʽʥʰʦʛʦ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʣʫʪʘʥʠʥʠ ʧʨʠ ʜʝʢʦʜʫʚʘʥʥʽ. 

¶ ɽʬʝʢʪʠʚʥʽʩʪʴ: ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʩʠʤʚʦʣʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʢʦʜʦʚʘʥʽ ʢʦʨʦʪʰʠʤʠ ʢʦʜʘʤʠ, ʱʦ ʟʤʝʥʰʫʻ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʘʥʠʭ. 

ʆʙʤʝʞʝʥʥʷ: 

¶ ʉʢʣʘʜʥʽʩʪʴ: ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʝʬʽʢʩʥʠʭ ʢʦʜʽʚ ʤʦʞʝ 

ʙʫʪʠ ʩʢʣʘʜʥʠʤ ʽ ʚʠʤʘʛʘʪʠ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɸʚʪʦʤʘʪʠ. ɸʚʪʦʤʘʪð (ʈʠʩ. 2) ʮʝ ʘʙʩʪʨʘʢʪʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʠʩʪʝʤʫ, ʱʦ ʤʦʞʝ ʧʝʨʝʭʦʜʠʪʠ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʟʘʜʘʥʠʭ ʧʨʘʚʠʣ.ɸʚʪʦʤʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʨʽʟʥʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʛʨʘʤʥʽ ʘʣʛʦʨʠʪʤʠ, ʧʨʠʩʪʨʦʾ ʫʧʨʘʚʣʽʥʥʷ, ʤʝʨʝʞʽ 

ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʉʪʘʥ, ʚʭʽʜʥʽ ʜʘʥʽ ʽ ʧʝʨʝʭʦʜʠ ð ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʘʚʪʦʤʘʪ (ʟ 

3 ʥʘ ʦʤʝʛʘ).ʇʨʠʢʣʘʜ: ʄʘʰʠʥʘ ʊʴʶʨʽʥʛʘ, ʷʢʘ ʤʦʜʝʣʶʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʦʮʝʩʠ. 

 

ɯʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ 

ʟʤʦʜʝʣʴʦʚʘʥʠʡ ʥʘ ʮʽʡ ʤʘʰʠʥʽ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʩʢʣʘʜʥʦʩʪʽ 
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ʈʠʩ. 2 ɸʚʪʦʤʘʪ 

 

 

ɿʚ'ʷʟʦʢ ʤʽʞ ʧʨʝʬʽʢʩʥʠʤʠ ʢʦʜʘʤʠ ʪʘ ʘʚʪʦʤʘʪʘʤʠ. 

ɸʚʪʦʤʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʧʨʝʬʽʢʩʥʠʭ ʢʦʜʽʚ. ʅʘ (ʈʠʩ. 3) ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ, ʷʢ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʘʚʪʦʤʘʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʥʘʟʚʘʪʠ 

ʧʨʝʬʽʢʩʥʠʤʠ ʘʚʪʦʤʘʪʘʤʠ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʮʝ ʟʘʚʜʘʥʥʷ.ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦ ʢʦʞʝʥ ʰʣʷʭ ʚ ʘʚʪʦʤʘʪʽ ʚʽʜ ʢʦʨʝʥʷ ʜʦ ʣʠʩʪʷ ʧʨʝʜʩʪʘʚʣʷʻ ʢʦʜ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʠʤʚʦʣʫ ʯʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʤʚʦʣʽʚ.ʇʨʝʬʽʢʩʥʠʡ ʘʚʪʦʤʘʪ ʻ 

ʩʪʨʫʢʪʫʨʦʶ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʥʦʞʠʥʠ ʩʪʨʽʯʦʢ, ʜʝ ʢʦʞʝʥ 

ʰʣʷʭ ʚʽʜ ʢʦʨʝʥʷ ʜʦ ʣʠʩʪʷ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʽʡ ʩʪʨʽʯʮʽ. 

ʂʦʞʝʥ ʣʠʩʪ ʘʚʪʦʤʘʪʘ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʟʘʢʽʥʯʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʩʪʨʽʯʢʠ, ʘ 

ʢʦʞʝʥ ʚʥʫʪʨʽʰʥʽʡ ʚʫʟʦʣ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʧʨʝʬʽʢʩʥʫ ʯʘʩʪʠʥʫ ʩʪʨʽʯʢʠ. 

 

ɻʝʥʝʨʘʮʽʷ ʢʦʜʽʚ: 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʩʠʤʚʦʣʠ ʘʣʬʘʚʽʪʫ ʢʦʜʫʶʪʴʩʷ ʙʽʥʘʨʥʠʤʠ ʢʦʜʘʤʠ. 

ʂʦʞʝʥ ʰʣʷʭ ʚʽʜ ʢʦʨʝʥʷ ʜʦ ʣʠʩʪʷ ʚ ʧʨʝʬʽʢʩʥʦʤʫ ʘʚʪʦʤʘʪʽ ʧʨʝʜʩʪʘʚʣʷʻ ʦʜʠʥ 

ʩʠʤʚʦʣ ʘʙʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʤʚʦʣʽʚ. ʂʦʞʝʥ ʧʝʨʝʭʽʜ ʧʦ ʛʽʣʮʽ ʚʽʜʧʦʚʽʜʘʻ 

ʙʽʪʦʚʦʤʫ ʟʥʘʯʝʥʥʶ, ʜʝ ʣʽʚʘ ʛʽʣʢʘ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ "0", ʘ ʧʨʘʚʘ ð ʥʘ "1". 
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             ʈʠʩ. 3. ʂʦʜ ʟ 26 ʝʣʝʤʝʥʪʘʤʠ 

 

ɸʥʘʣʽʟ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ . 

ʂʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʟʘʟʚʠʯʘʡ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʚʠʛʣʷʜ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʥʠʡ ʯʠ ʟʙʝʨʝʞʝʥʠʡ, 

ʤʽʥʽʤʽʟʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʦʙʩʷʛ ʜʘʥʠʭ ʘʙʦ ʟʘʙʝʟʧʝʯʫʶʯʠ ʷʢʫʩʴ ʜʦʜʘʪʢʦʚʫ 

ʢʦʨʠʩʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʟʘʭʠʩʪ ʚʽʜ ʧʦʤʠʣʦʢ ʯʠ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ. 

ʆʩʴ ʜʝʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ ʤʝʪʦʜʽʚ: 

 

1. Huffman Coding: 

ɺʠʢʦʨʠʩʪʦʚʫʻ ʯʘʩʪʦʪʫ ʚʞʠʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʝʬʽʢʩʥʠʭ ʢʦʜʽʚ, ʜʝ ʙʽʣʴʰ ʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʩʠʤʚʦʣʠ ʤʘʶʪʴ ʤʝʥʰʠʡ ʢʦʜ. 

2. Lempel-Ziv Compression: 

ɺʠʢʦʨʠʩʪʦʚʫʻ ʩʣʦʚʥʠʢʦʚʠʡ ʧʽʜʭʽʜ, ʜʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʬʨʘʛʤʝʥʪʠ, ʽ ʢʦʞʝʥ ʥʦʚʠʡ ʬʨʘʛʤʝʥʪ ʢʦʜʫʻʪʴʩʷ ʷʢ ʧʦʩʠʣʘʥʥʷ ʥʘ 

ʧʦʧʝʨʝʜʥʽ ʬʨʘʛʤʝʥʪʠ. 

3. Arithmetic Coding: 

ɼʦʟʚʦʣʷʻ ʢʦʜʫʚʘʪʠ ʮʽʣʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʜʥʠʤ ʯʠʩʣʦʤ. 

4. Prefix-Free Codes for Data Transmission: 

ɼʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʝʨʝʟ ʤʝʨʝʞʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʝʬʽʢʩʥʽ 

ʢʦʜʠ, ʱʦ ʛʘʨʘʥʪʫʶʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʘʤʙʽʛʚʽʪʥʦʩʪʽ ʫ ʜʝʢʦʜʫʚʘʥʥʽ. 

5. Error-Correcting Codes (ECC): 

ʊʫʪ ʧʨʝʬʽʢʩʥʽ ʢʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʙʽʪʽʚ ʧʝʨʝʚʽʨʢʠ ʥʘ ʧʦʤʠʣʢʠ ʜʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʪʘ 

ʚʠʧʨʘʚʠʪʠ ʧʦʤʠʣʢʠ ʫ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ. 
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 ʈʦʣʴ ʧʨʝʬʽʢʩʥʠʭ ʢʦʜʽʚ ʪʘ ʘʚʪʦʤʘʪʽʚ ʚ ʢʽʙʝʨʙʝʟʧʝʮʽ.  

ʇʨʝʬʽʢʩʥʽ ʢʦʜʠ ʪʘ ʘʚʪʦʤʘʪʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʝ ʢʦʜʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʇʨʝʬʽʢʩʥʽ ʢʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ  ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʦʜʫʚʘʥʥʷ ʚ 

ʢʨʠʧʪʦʛʨʘʬʽʾ ʟʤʝʥʰʫʶʯ ʨʦʟʤʽʨ ʢʣʶʯʽʚ ʪʘ ʰʠʬʨʦʚʘʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, 

ʧʦʢʨʘʱʫʶʯʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤ.ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʫ 

ʩʠʩʪʝʤʘʭ ʢʦʤʧʨʝʩʽʾ ʤʦʞʝ ʟʨʦʙʠʪʠ ʘʪʘʢʫ ʥʘ ʘʣʛʦʨʠʪʤʠ ʩʪʠʩʥʝʥʥʷ ʙʽʣʴʰ 

ʩʢʣʘʜʥʦʶ, ʦʩʢʽʣʴʢʠ ʟʣʦʚʤʠʩʥʠʢʠ ʧʦʚʠʥʥʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʩʧʝʮʠʬʽʢʘʮʽʡʥʽʰʝʾ 

ʩʪʨʫʢʪʫʨʠ ʢʦʜʫ. 

ʂʽʥʮʝʚʽ ʘʚʪʦʤʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʰʘʙʣʦʥʽʚ ʫ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ.ʎʝ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʘʙʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʚ ʤʝʨʝʞʝʚʦʤʫ ʪʨʘʬʽʢʫ,ʱʦ ʜʦʧʦʤʘʛʘʻ ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ. ʂʽʥʮʝʚʽ ʘʚʪʦʤʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ   

ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʘʙʦ ʧʨʦʛʨʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʚ ʩʠʩʪʝʤʘʭ ʢʽʙʝʨʙʝʟʧʝʢʠ. ɸʚʪʦʤʘʪʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʧʨʦʪʦʢʦʣʽʚ ʙʝʟʧʝʢʠ,ʱʦ 

ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʣʷʪʠ ʤʦʞʣʠʚʽ ʟʘʛʨʦʟʠ ʪʘ ʚʨʘʟʣʠʚʦʩʪʽ ʫ ʩʠʩʪʝʤʘʭ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. 

ʄʝʪʦʜ Adaptive Prefix Coding With Error Correction (APC-EC). 

                                   APC-EC ð ɽʡʧʽʩʽ-ɯʩʝʡ 

1. ɸʜʘʧʪʠʚʥʽʩʪʴ ʧʨʝʬʽʢʩʥʦʛʦ ʢʦʜʫʚʘʥʥʷ (APC): 

ʇʦʯʘʪʢʦʚʝ ʢʦʜʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʜʘʧʪʠʚʥʠʡ ʧʽʜʭʽʜ, ʩʭʦʞʠʡ ʥʘ 

ʤʝʪʦʜʠ Huffman ʘʙʦ Lempel-Ziv, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʝʬʽʢʩʥʠʭ ʢʦʜʽʚ ʥʘ 

ʦʩʥʦʚʽ ʯʘʩʪʦʪ ʚʭʦʜʞʝʥʥʷ ʩʠʤʚʦʣʽʚ ʯʠ ʬʨʘʛʤʝʥʪʽʚ ʜʘʥʠʭ. ʆʜʥʘʢ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʪʠʯʥʠʭ ʪʘʙʣʠʮʴ, APC ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʟʤʽʥ ʫ ʜʘʥʠʭ ʧʽʜ 

ʯʘʩ ʢʦʜʫʚʘʥʥʷ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʠʩʥʝʥʥʷ. 

2. ʂʦʨʝʢʮʽʷ ʧʦʤʠʣʦʢ (EC): 

ɼʦʜʘʪʢʦʚʽ ʙʽʪʠ ʜʣʷ ʢʦʨʝʢʮʽʾ ʧʦʤʠʣʦʢ ʜʦʜʘʶʪʴʩʷ ʜʦ ʟʘʢʦʜʦʚʘʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʠʥʮʠʧʠ ʢʦʜʫʚʘʥʥʷ ʟ ʧʦʤʠʣʢʘʤʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʪʘ ʚʠʧʨʘʚʣʷʪʠ ʥʝʚʝʣʠʢʽ ʧʦʤʠʣʢʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʥʠʢʥʫʪʠ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʯʠ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 

3. ɸʨʠʬʤʝʪʠʯʥʝ ʢʦʜʫʚʘʥʥʷ (AC) ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʢʦʤʧʨʝʩʽʾ: 

ʇʽʩʣʷ APC ʪʘ EC ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʘʨʠʬʤʝʪʠʯʥʝ ʢʦʜʫʚʘʥʥʷ ʜʣʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʧʦʜʘʪʠ ʚʩʽ ʮʽ ʬʨʘʛʤʝʥʪʠ 

ʜʘʥʠʭ ʢʦʤʧʘʢʪʥʦ ʪʘ ʝʬʝʢʪʠʚʥʦ. 
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ʇʝʨʝʚʘʛʠ: 

¶ ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʪʠʩʥʝʥʥʷ: 

ʂʦʤʙʽʥʘʮʽʷ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʝʬʽʢʩʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʢʦʨʝʢʮʽʾ ʧʦʤʠʣʦʢ ʪʘ 

ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʪʠʩʥʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ. 

¶ ʅʘʜʽʡʥʽʩʪʴ ʧʝʨʝʜʘʯʽ: 

ɼʦʜʘʪʢʦʚʽ ʙʽʪʠ ʜʣʷ ʢʦʨʝʢʮʽʾ ʧʦʤʠʣʦʢ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʥʝʚʝʣʠʢʠʭ ʧʦʰʢʦʜʞʝʥʴ. 

¶ ɸʜʘʧʪʠʚʥʽʩʪʴ: 

ʉʠʩʪʝʤʘ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʟʤʽʥ ʫ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʠʩʥʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʅʝʜʦʣʽʢʠ: 

¶ ʏʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʨʦʙʢʫ ʬʘʡʣʽʚ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ. 

 

 

 

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͍ͦ͒ͯ͊ͤͤ͟Ύ ͭ ͊ ͔͍͒ͦ͒ͯ͊ͤͤ͟Ύ ͍ͫͦ͊͡ "hello": 

 

˾͔ͯͭ͘Έ͙ͭ͊ͭ  ͍ͦ͒ͯ͊ͤͤ͟Ύ ͭ ͊ ͔͍͒ͦ͒ͯ͊ͤͤ͟Ύ ͔͍͎ͭͫͭͦͦͦ͟ ͺ͚͊ͯ͡ ͪͦͣͪͯ͘͜ мм ˴ˣ 

͚̅͊͡ text1 ͒ ͦ ͍ͦ͒ͯ͊ͤͤ͟Ύ : 
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˾͔ͯ͘͡Έ͙ͭ͊ͭ ͍ͦ͒ͯ͊ͤͤ͟Ύ ͭ ͊ ͔͍͒ͦ͒ͯ͊ͤͤ͟Ύ ͔͍͎ͭͫͭͦͦͦ͟ ͺ͚͊ͯ͡: 

 

̉͊ͫ ͍ͦ͒ͯ͊ͤͤ͟ΎΥ лΦлпсноопмрслосотсфр ͔ͫͯͤ͒͟ 

̉͊ͫ ͔͍͒ͦ͒ͯ͊ͤͤ͟ΎΥ лΦлофнрроулсолпфомсп ͔ͫͯͤ͒͟ 

 

 ˾͔ͯͭ͘Έ͙ͭ͊ͭ  ͍ͦ͒ͯ͊ͤͤ͟Ύ ͭ ͊ ͔͍͒ͦ͒ͯ͊ͤͤ͟Ύ ͔͍͎ͭͫͭͦͦͦ͟ ͺ͚͊ͯ͡ ͪͦͣͪͯ͘͜ м ˸͎ 

͚̅͊͡ text2 ͒ ͦ ͍ͦ͒ͯ͊ͤͤ͟Ύ: 
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˾͔ͯ͘͡Έ͙ͭ͊ͭ ͍ͦ͒ͯ͊ͤͤ͟Ύ : 

 

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͔͍͒ͦ͒ͯ͊ͤͤ͟Ύ : 
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈɽʂʆʄɽʅɼɸʎɯʁ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ɼɽʎɽʅʊʈɸʃɯɿʆɺɸʅʀʍ ɸɻɽʅʊɯɺ ɯ ɸʃɻʆʈʀʊʄɯɺ 

ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ 

ɹʦʛʜʘʥ ʈʦʤʘʥʶʢ, ʆʣʴʛʘ ʇʝʣʶʰʢʝʚʠʯ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

bohdan.romaniuk@lnu.edu.ua, olga.peliushkevych@lnu.edu.ua 

ɺʩʪʫʧ 

ʉʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʽʚ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʠʣʦ ʚʠʙʽʨ ʢʦʥʪʝʥʪʫ 

ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʯʝʨʝʟ ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʘʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʽ 

ʘʣʛʦʨʠʪʤʠ ʪʘ ʩʠʩʪʝʤʠ, ʷʢʽ ʘʥʘʣʽʟʫʶʪʴ ʽʩʪʦʨʽʶ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ 

ʢʦʥʪʝʥʪʦʤ ʪʘ ʧʨʦʧʦʥʫʶʪʴ ʥʘʡʙʽʣʴʰ ʨʝʣʝʚʘʥʪʥʽ ʧʨʦʧʦʟʠʮʽʾ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʥʝ 

ʣʠʰʝ ʧʽʜʚʠʱʫʶʪʴ ʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʝʨʚʽʩʘʤʠ, ʘ ʡ ʩʧʨʠʷʶʪʴ ʟʨʦʩʪʘʥʥʶ 

ʧʨʠʙʫʪʢʽʚ ʢʦʤʧʘʥʽʡ, ʧʽʜʚʠʱʫʶʪʴ ʟʘʜʦʚʦʣʝʥʽʩʪʴ ʢʣʽʻʥʪʽʚ ʪʘ ʩʧʨʦʱʫʶʪʴ ʧʨʦʮʝʩ 

ʧʦʰʫʢʫ ʙʘʞʘʥʠʭ ʪʦʚʘʨʽʚ, ʧʦʩʣʫʛ, ʤʝʜʽʘ-ʢʦʥʪʝʥʪʫ, ʪʦʱʦ. 

ʈʝʢʦʤʝʥʜʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʥʘʚʯʘʥʥʽ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ 

[1] ʪʘ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ, 

ʧʦʩʪʫʧʦʚʦ ʚʠʪʽʩʥʷʶʯʠ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ [2], ʪʘʢʽ ʷʢ ʤʘʪʨʠʯʥʘ ʬʘʢʪʦʨʠʟʘʮʽʷ, 

ʥʘʾʚʥʠʡ ʙʘʻʩʽʚ ʢʣʘʩʠʬʽʢʘʪʦʨ ʪʘ ʘʣʛʦʨʠʪʤʠ ʙʘʛʘʪʦʨʫʢʦʛʦ ʙʘʥʜʠʪʘ. ɿʘʟʥʘʯʝʥʽ 

ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʥʠʟʢʫ ʦʙʤʝʞʝʥʴ, ʟʦʢʨʝʤʘ ʽʛʥʦʨʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʟʤʽʥ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʫʧʦʜʦʙʘʥʴ ʫ ʯʘʩʽ ʪʘ ʦʨʽʻʥʪʘʮʽʶ ʧʝʨʝʚʘʞʥʦ ʥʘ 

ʢʦʨʦʪʢʦʪʨʠʚʘʣʫ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʛʘʣʫʟʽ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʚʯʘʥʥʽ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ, 

ʦʙʤʝʞʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʝʣʝʡ ʟ ʦʜʥʠʤ ʘʛʝʥʪʦʤ, ʷʢʽ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʙʘʛʘʪʦʛʨʘʥʥʫ ʧʨʠʨʦʜʫ ʨʝʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʟʘʻʤʦʜʽʾ. ʋ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʯʠʩʣʝʥʥʽ ʥʝʟʘʣʝʞʥʽ ʘʛʝʥʪʠ ï ʱʦ ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʨʽʟʥʽ 

ʤʦʜʝʣʽ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʯʠ ʧʨʦʬʽʣʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ï 

ʥʘʚʯʘʶʪʴʩʷ ʡ ʘʜʘʧʪʫʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. ʅʘʰʘ ʨʦʙʦʪʘ ʧʨʦʧʦʥʫʻ ʙʘʛʘʪʦʘʛʝʥʪʥʫ 

ʩʠʩʪʝʤʫ ʨʝʢʦʤʝʥʜʘʮʽʡ ʽʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʥʘʚʯʘʥʥʷʤ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ 

ʚʠʢʦʥʘʥʥʷʤ (CTDE) [3], ʷʢʘ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʦʢʨʝʤʦ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʘʛʝʥʪʘʤ ʚʠʚʯʘʪʠ ʜʦʜʘʪʢʦʚʫ ʩʧʽʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʽʜ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ, 

ʟʙʝʨʽʛʘʶʯʠ ʥʝʟʘʣʝʞʥʽʩʪʴ ʜʽʡ ʥʘ ʝʪʘʧʽ ʚʠʢʦʥʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʨʘʭʫʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ʫʧʦʜʦʙʘʥʴ ʪʘ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʦʧʪʠʤʽʟʘʮʽʶ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʮʽʣʝʡ ʪʘ ʚʠʩʦʢʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʝʨʩʦʥʘʣʴʥʠʤ ʽʥʪʝʨʝʩʘʤ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ 

 ʅʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʬʦʨʤʫʣʶʻ ʨʝʢʦʤʝʥʜʘʮʽʾ ʷʢ ʧʦʩʣʽʜʦʚʥʫ ʟʘʜʘʯʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʦʧʪʠʤʽʟʫʶʯʠ ʢʫʤʫʣʷʪʠʚʥʫ ʚʠʥʘʛʦʨʦʜʫ ʡ ʘʜʘʧʪʫʶʯʠʩʴ ʜʦ 

ʟʤʽʥʠ ʫʧʦʜʦʙʘʥʴ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ 
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ʟʜʘʪʥʽʩʪʴ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʬʦʨʤʫʚʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʫ ʩʝʨʝʜʦʚʠʱʘʭ. ʅʘ ʈʠʩ. 1 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʘʛʝʥʪʦʤ ʫ ʧʝʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ 

ʧʨʦʮʝʩʦʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʄʘʨʢʦʚʘ [4], ʱʦ ʻ ʦʩʥʦʚʦʶ ʧʽʜʢʨʽʧʣʶʚʘʣʴʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʅʘʰ ʧʽʜʭʽʜ ʧʨʦʧʦʥʫʻ ʚʽʜʽʡʪʠ ʚʽʜ ʢʣʘʩʠʯʥʦʾ ʤʦʜʝʣʽ ʦʜʥʦʘʛʝʥʪʥʦʾ 

ʩʠʩʪʝʤʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʩʦʥʘʣʴʥʽ ʘʛʝʥʪʠ, ʪʘʢʠʡ ʘʛʝʥʪ ʦʪʨʠʤʫʻ ʩʧʠʩʦʢ 

ʫʧʦʜʦʙʘʥʴ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʥʘʜʘʻ ʚʽʜʧʦʚʽʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʤʝʪʦʶ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʠʥʘʛʦʨʦʜʠ ὶ ὗίȟὥ . 

 
ʈʠʩ. 1. ʇʝʨʩʦʥʘʣʽʟʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʝʢʦʤʝʥʜʘʮʽʾ 

 ɺ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ὸ, ʢʦʨʠʩʪʫʚʘʯ 5 ʧʝʨʝʜʘʻ ʘʛʝʥʪʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʩʚʽʡ ʧʦʪʦʯʥʠʡ ʩʪʘʥ (ʦʮʽʥʝʥʽ ʝʣʝʤʝʥʪʠ) ί ὪὟ  ʪʘ ʚʠʥʘʛʦʨʦʜʫ  ὶ, ʷʢʘ ʻ 

ʧʦʟʠʪʠʚʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʟ ʩʠʩʪʝʤʦʶ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ, ʘʛʝʥʪ ʛʝʥʝʨʫʻ 

ʨʝʢʦʤʝʥʜʘʮʽʶ ὥ ʽ ʚʽʜʦʙʨʘʞʘʻ ʾʾ ʢʦʨʠʩʪʫʚʘʯʝʚʽ. ɺ ʜʘʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ, ʮʷ 

ʜʽʷ, ʮʝ ʥʝ ʧʨʦʩʪʦ ʝʣʝʤʝʥʪʠ ʯʠ ʩʧʠʩʦʢ ʝʣʝʤʝʥʪʽʚ ʟ ʚʠʙʽʨʢʠ, ʘ ʥʝʧʝʨʝʨʚʥʠʡ 

ʚʝʢʪʦʨ, ʟʛʝʥʝʨʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʨʘʥʞʦʚʘʥʦʾ ʟʘ ʧʝʚʥʦʶ ʤʝʪʨʠʢʦʶ ʚʠʙʽʨʢʠ. ɼʘʣʽ 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʽʜʨʝʘʛʫʚʘʪʠ ʧʝʚʥʠʤ ʯʠʥʦʤ ʥʘ ʧʨʦʧʦʟʠʮʽʶ ὥ ̔ ʡʦʛʦ ʩʪʘʥ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ί . ʎʽʣʴ ʘʛʝʥʪʘ ʧʦʣʷʛʘʻ ʫ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʠʥʘʛʦʨʦʜʠ, ʟʘʣʫʯʝʥʥʽ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʩʠʩʪʝʤʽ ʷʢʦʤʦʛʘ ʜʦʚʰʝ, ʪʘ ʛʝʥʝʨʘʮʽʾ ʨʝʣʝʚʘʥʪʥʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ ʘʢʪʠʚʥʦʩʪʽ ʽʥʰʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʢʨʝʤʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘ 

ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʧʝʨʩʦʥʘʣʴʥʽ ʘʛʝʥʪʠ, ʷʢʽ ʻ 

ʢʦʧʽʻʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʧʦʧʝʨʝʜʥʴʦ ʥʘʪʨʝʥʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʡ 

ʫʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʘʚʜʷʢʠ ʥʘʢʦʧʠʯʝʥʥʶ ʜʦʩʚʽʜʫ, 

ʧʝʨʩʦʥʘʣʴʥʠʡ ʘʛʝʥʪ ʧʦʩʪʫʧʦʚʦ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʜʽʥʢʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʨʽʚʥʷ 

ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʨʝʢʦʤʝʥʜʘʮʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʡʦʛʦ ʽʥʪʝʨʝʩʽʚ. 
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ɸʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

 ʂʦʥʩʪʨʫʢʮʽʷ ʢʦʞʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʘʛʝʥʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʧʫʣʷʨʥʽʡ 

ʤʦʜʝʣʽ çɸʢʪʦʨ-ʂʨʠʪʠʢè [5], ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʜʚʘ ʪʠʧʠ ʥʘʚʯʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʄʝʨʝʞʘ çɸʢʪʦʨè ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʚʦʨʝʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ, ʪʦʜʽ ʷʢ çʂʨʠʪʠʢè ʘʥʘʣʽʟʫʻ ʟʛʝʥʝʨʦʚʘʥʫ ʧʨʦʧʦʟʠʮʽʶ, ʦʮʽʥʶʶʯʠ 

ʾʾ ʧʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʜʘʣʴʰʫ ʘʢʪʠʚʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʩʠʩʪʝʤʽ. 

 
ʈʠʩ. 2. ɸʨʭʽʪʝʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʄʝʨʝʞʘ çɸʢʪʦʨè ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʨʘʪʝʛʽʯʥʝ ʥʘʚʯʘʥʥʷ (Policy-learning) 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʦʯʥʠʤ ʽʥʪʝʨʝʩʘʤ 

ʢʦʨʠʩʪʫʚʘʯʘ. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʮʽʻʾ ʤʝʨʝʞʽ ʻ ʚʝʢʪʦʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

(embeddings) [6] ʝʣʝʤʝʥʪʽʚ ʪʘ ʘʢʪʠʚʥʦʩʪʝʡ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴʩʷ 

ʤʦʜʫʣʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʪʘʥʫ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʦʥʢʘʪʝʥʘʮʽʷ ʚʝʢʪʦʨʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʦʮʽʥʦʢ. ɺʠʭʽʜʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʮʽʻʾ 

ʤʝʨʝʞʽ ʻ ʚʝʢʪʦʨʥʘ ʨʝʧʨʝʟʝʥʪʘʮʽʷ ʥʘʙʣʠʞʝʥʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ. ʊʘʢʘ ʥʘʙʣʠʞʝʥʘ 

ʨʝʢʦʤʝʥʜʘʮʽʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʤʠ ʟʘʛʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ 

ʦʩʥʦʚʽ ʧʝʚʥʦʾ ʤʝʪʨʠʢʠ, ʥʘʧʨʠʢʣʘʜ ʢʦʩʠʥʫʩʫ ʧʦʜʽʙʥʦʩʪʽ, ʤʝʪʨʠʢ ὒȟὒȟ ʪʦʱʦ ʽ 

ʧʝʨʰʽ Ὧ ʝʣʝʤʝʥʪʽʚ ʧʦʚʝʨʪʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʚʽ. ʋʩʽ ʰʘʨʠ ʮʽʻʾ ʤʝʨʝʞʽ ʻ 

ʧʦʚʥʦʟʚôʷʟʥʠʤʠ ʟ ʘʢʪʠʚʘʮʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ReLU ʪʘ ʤʽʩʪʷʪʴ ʤʝʭʘʥʽʟʤ Dropout 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʥʘʚʯʘʥʥʶ ʤʝʨʝʞʽ. 

ʄʝʨʝʞʘ çʂʨʠʪʠʢè ʨʝʘʣʽʟʦʚʘʥʘ ʷʢ ʛʣʠʙʦʢʘ Q-ʤʝʨʝʞʘ (DQN), 

ʚʠʢʦʨʠʩʪʦʚʫʻ Q-ʥʘʚʯʘʥʥʷ ʪʘ ʦʮʽʥʶʻ ʷʢʽʩʪʴ ʟʛʝʥʝʨʦʚʘʥʠʭ ʧʨʦʧʦʟʠʮʽʡ ʤʝʨʝʞʝʶ 

çɸʢʪʦʨè, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʜʽʶ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ, ʪʘ 

ʚʠʜʘʻ ʩʢʘʣʷʨʥʝ Q-ʟʥʘʯʝʥʥʷ. ɰʾ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʠʩʢʫ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʯʝʨʝʟ ʤʘʢʩʠʤʽʟʘʮʽʶ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʟʘʣʫʯʝʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 
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ʦʙʠʜʚʽ ʤʝʨʝʞʽ ʧʨʘʮʶʶʪʴ ʩʧʽʣʴʥʦ, ʟ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ 

ʪʘ ʩʪʚʦʨʝʥʥʽ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʚʠʙʽʨʦʢ, ʱʦ ʟʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʪʨʝʙʘʤ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʣʛʦʨʠʪʤʫ ʛʣʠʙʦʢʦʾ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʪʨʘʪʝʛʽʾ (DDPG) [7], 10 ʚʽʜʩʦʪʢʦʚʦʛʦ 

dropout ʪʘ ʦʧʪʠʤʽʟʘʪʦʨʘ RAdam [8] ʜʣʷ ʢʦʞʥʦʾ ʟ ʤʝʨʝʞ ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʭʦʨʦʰʫ ʤʦʜʝʣʴ ʥʘʚʯʘʥʥʷ, ʪʘ ʟʘʧʦʙʽʛʣʠ ʧʝʨʝʥʘʚʯʘʥʥʶ 

ʤʝʨʝʞʽ. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʪʘʢʝ ʥʘʚʯʘʥʥʷ ʧʨʦʭʦʜʠʪʴ ʥʘ ʦʩʥʦʚʽ ʘʢʪʠʚʥʦʩʪʽ 

ʚʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʨʦʟʜʽʣʷʻ ʘʛʝʥʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ 

 ʆʮʽʥʶʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʨʝʞʠʤʽ ʩʠʤʫʣʷʪʦʨʘ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʥʘʙʦʨʫ GroupLens [9]. ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʦʩʪʘʥʥʽʡ ʥʘʙʽʨ, 

ʦʧʫʙʣʽʢʦʚʘʥʠʡ ʚ ʪʨʘʚʥʽ 2024 ʨʦʢʫ ʥʘ 32 ʤʽʣʴʡʦʥʠ ʘʢʪʠʚʥʦʩʪʝʡ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟ 

ʷʢʦʛʦ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 1 ʤʽʣʴʡʦʥ ʚʽʜʛʫʢʽʚ. ʆʮʽʥʢʠ ʟ ʥʘʙʦʨʫ 

ʜʘʥʠʭ ʙʫʣʦ ʥʦʨʤʘʣʽʟʦʚʘʥʦ ʜʦ ʜʽʘʧʘʟʦʥʫ [-5,5]. ʇʨʠ ʮʴʦʤʫ ʦʮʽʥʢʠ, ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʥʫʣʴ, ʚʚʘʞʘʶʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤʠ. ɼʣʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʦ 80% ʮʠʭ ʜʘʥʠʭ, ʘ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ 20%. ʇʨʠ ʮʴʦʤʫ ʜʣʷ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 100 ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʟ ʪʨʝʥʫʚʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, ʪʘʢʠʭ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʛʫʢʽʚ ʚ ʮʽʡ ʚʠʧʘʜʢʦʚʽʡ 

ʚʠʙʽʨʮʽ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʷʢ ʦʜʥʦʘʛʝʥʪʥʽ, ʪʘʢ ʽ ʙʘʛʘʪʦʘʛʝʥʪʥʽ ʩʝʨʝʜʦʚʠʱʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʥʘʢʦʚʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʤʝʨʝʞ ʪʠʧʫ çɸʢʪʦʨ-ʂʨʠʪʠʢè, 

ʧʨʦʪʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘʪʨʝʥʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʚ ʙʘʛʘʪʦʘʛʝʥʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʪʠ ʦʜʥʦʘʛʝʥʪʥʦʛʦ 

ʧʽʜʭʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʨʠʢʠ Precision@K ʪʘ NDCG@K. ʇʝʨʰʘ 

ʤʝʪʨʠʢʘ ʦʮʽʥʶʻ ʯʘʩʪʢʫ ʨʝʣʝʚʘʥʪʥʠʭ ʦʙ'ʻʢʪʽʚ ʩʝʨʝʜ ʪʦʧ-k ʨʝʢʦʤʝʥʜʘʮʽʡ, ʘ ʜʨʫʛʘ 

ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʻ ʧʦʨʷʜʦʢ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʥʘʜʘʶʯʠ ʧʝʨʝʚʘʛʫ ʦʙ'ʻʢʪʘʤ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʧʦʟʠʮʽʷʭ ʩʧʠʩʢʫ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʦʧ-5 ʪʘ ʪʦʧ-10 

ʝʣʝʤʝʥʪʽʚ. ɽʤʧʽʨʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʊʘʙʣʠʮʽ 1, ʧʨʠʯʦʤʫ 

ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʚʠʜʽʣʝʥʦ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ. ʗʢ ʩʚʽʜʯʘʪʴ ʦʪʨʠʤʘʥʽ ʜʘʥʽ, 

ʙʘʛʘʪʦʘʛʝʥʪʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟʘʛʘʣʦʤ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʨʦʟʚ'ʷʟʘʥʥʽ 

ʟʘʚʜʘʥʴ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ. 
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ʊʘʙʣ. 1. ʄʝʪʨʠʢʠ ʧʦʨʽʚʥʷʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ 

ʄʦʜʝʣʴ Precision@5 Precision@10 NDCG@5 NDCG@10 

ʆʜʥʦʘʛʝʥʪʥʘ 0.8352 0.8443 0.8338 0.8443 

ɹʘʛʘʪʦʘʛʝʥʪʥʘ 0.8464 0.8472 0.8466 0.8468 

ɺʠʩʥʦʚʢʠ 

 ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʘʛʘʪʦʘʛʝʥʪʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʫ ʩʠʩʪʝʤʘʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʷʢʠʡ ʤʦʜʝʣʶʻ ʧʨʦʮʝʩ ʷʢ 

ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʝ ʧʦʩʣʽʜʦʚʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʨʭʽʪʝʢʪʫʨʽ çɸʢʪʦʨïʂʨʠʪʠʢè ʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤ ʛʣʠʙʦʢʦʾ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʪʨʘʪʝʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ 

ʧʦʙʫʜʦʚʫ ʝʬʝʢʪʠʚʥʦʾ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʤʦʜʝʣʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʝʨʝʚʘʛʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘʜ ʦʜʥʦʘʛʝʥʪʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʟʘ ʚʽʜʦʤʠʤʠ ʤʝʪʨʠʢʘʤʠ. ʇʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

 ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʘʛʨʝʛʦʚʘʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʪʘʥʫ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʦʢʨʝʤʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʫ ʨʝʘʣʴʥʫ ʚʝʙ-ʩʠʩʪʝʤʫ ʜʣʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʢʽʥʮʝʚʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. 
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ɺɯɼʉʃɯɼʂʆɺʋɺɸʅʅʗ ʆɹôɭʂʊɯɺ ʄɽʊʆɼɸʄʀ ɸʅɸʃɯɿʋ 

ʆʇʊʀʏʅʆɻʆ ʇʆʊʆʂʋ 

ʃʽʣʽʷ ɼʷʢʦʥʶʢ, ɻʝʣʝʡ ɼʘʥʠʣʦ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʬʘʢʫʣʴʪʝʪ 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

liliia.diakoniuk@lnu.edu.ua, danylo.helei@lnu.edu.ua 

ɺʩʪʫʧ 

ʂʦʤʧôʶʪʝʨʥʝ ʙʘʯʝʥʥʷ ʩʴʦʛʦʜʥʽ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʚʽʡʩʴʢʦʚʦʾ, ʦʭʦʨʦʥʥʦʾ ʪʘ ʨʦʙʦʪʦ ʪʝʭʥʽʯʥʦʾ ʩʬʝʨ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʟʤʦʛʫ ʥʘʤ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʪʘ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʦʙôʻʢʪʠ, ʯʠ ʥʘʚʽʪʴ ʮʽʣʽ 

ʞʠʪʣʦʚʽ ʨʘʡʦʥʠ. ʋʩʝ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʘʥʘʣʽʟʫ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʻ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʦʟʨʘʭʫʥʢʫ ʨʫʭʫ ʦʙôʻʢʪʘ , ʱʦ ʤʠ ʚʽʜʩʣʽʜʢʦʚʫʻʤʦ. ɯʩʥʫʻ ʜʚʘ ʡʦʛʦ 

ʚʠʜʠ: ʱʽʣʴʥʠʡ (dense) ʪʘ ʚʠʙʽʨʢʦʚʠʡ (sparse). ɺʠʙiʨʢʦʚʠʡ ʧʦʪiʢ ʦʙʯʠʩʣʶʻ 

ʟʤiʱʝʥʥʷ ʧʝʚʥʠʭ ʟʘʜʘʥʠʭ ʧʽʢʩʝʣʽʚ ( ʥʘʧʨʠʢʣʘʜ ʪʘʢʠʭ, ʱʦ ʦʙôʻʜʥʘʥi ʧʝʚʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʢʨʠʪʝʨiʻʤ), ʱiʣʴʥʠʡ ʧʦʪiʢ ʞʝ ʞ ʚʠʟʥʘʯʘʻ ʟʤiʱʝʥʥʷ ʫʩiʭ 

ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ. ɺʠʙʽʨʢʦʚʠʡ ʧʦʪʽʢ ʤʘʻ ʢʨʘʱʫ ʰʚʠʜʢʦʜʽʶ, ʧʨʦʪʝ ʥʝ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʫʩʽʭ ʟʘʜʘʯ [1]. ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʟʘ ʩʧʦʩʦʙʦʤ ʦʙʨʘʭʫʥʢʫ ʧʦʪʦʢʫ, ʘ ʩʘʤʝ: ʤʝʪʦʜʠ ʬʘʟʦʚʦʾ ʢʦʨʝʣʷʮʽʾ, 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʤʝʪʦʜʠ, ʙʣʦʢʦʚʽ, ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʋʩʽ ʚʦʥʠ 

ʤʘʶʪʴ ʩʚʦʾ ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʪʘ ʻ ʩʠʪʫʘʪʠʚʥʠʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʩʪʘʚʣʝʥʦʾ ʧʝʨʝʜ ʥʘʤʠ ʟʘʜʘʯʽ [2]. 

 

ɿʘʛʘʣʴʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʦʙʯʠʩʣʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʮʶ ʧʨʦʙʣʝʤʘʪʠʢʫ ʨʦʟʛʣʷʜʘʶʪʴ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʤʦʚʘ ʽʜʝ ʧʨʦ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʢʘʤʝʨʘʤʠ, 

ʣʶʜʩʴʢʠʤ ʦʢʦʤ, ʪʦʱʦ. ʇʨʦʪʝ ʤʠ ʜʣʷ ʧʨʦʩʪʦʪʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʟʫ 

ʦʙʤʝʞʠʤʦʩʴ ʜʚʦʚʠʤʽʨʥʠʤ.  

ʋʩʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʥʘʰʦʾ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʽ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ. 

ʆʧʪʠʯʥʠʡ ʧʦʪiʢ ð ʮʝ ʚʝʢʪʦʨʥʝ ʧʦʣʝ, ʱʦ ʦʧʠʩʫʻ ʚʠʜʠʤʠʡ ʨʫʭ ʧiʢʩʝʣiʚ, ʤiʞ 

ʜʚʦʤʘ ʧʦʩʣiʜʦʚʥʠʤʠ ʢʘʜʨʘʤʠ ʚiʜʝʦ, ʘʙʦ ʟʦʙʨʘʞʝʥʴ [2]. 

mailto:liliia.diakoniuk@lnu.edu.ua
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ʄʠ ʤʘʻʤʦ ʧʝʚʥʠʡ ʚʽʜʝʦʤʘʪʝʨʽʘʣ, ʱʦ ʻ ʨʦʟʜʽʣʝʥʠʤ ʥʘ ʢʘʜʨʦʚʠ, ʘ ʦʙôʻʢʪ, ʱʦ ʤʠ 

ʚʽʜʩʣʽʜʢʦʚʫʻʤʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘʙʦʨʦʤ ʧʽʢ ʩʝʣʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʩʦʙʦʶ ʢʘʜʨʠ . 

ʊʨʘʜʠʮiʡʥʦ ʜʣʷ ʙiʣʴʰʦʩʪi ʤʝʪʦʜiʚ ʨʦʙʠʪʴʩʷ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ: 

Ὅὼᴆȟὸ Ὅὼᴆ όᴆȟὸ ρ,      (1) 

ʜʝ: 

¶ ╘●ᴆȟ◄ ï ʢʦʦʨʜʠʥʘʪʠ ʧʽʢʩʝʣʷ ʥʘ t-ʪʦʤʫ ʢʘʜʨʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ●ᴆ●ȟ◐, 

¶ ╘●ᴆ ◊ᴆȟ◄  - ʢʦʦʨʜʠʥʘʪʠ ʪʦʛʦ ʞ ʧʽʢʩʝʣʷ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʢʘʜʨʽ, 

¶ ◊ᴆ◊ȟ◊  ï ʚʝʢʪʦʨ ʨʫʭʫ ʮʴʦʛʦ ʧʽʢʩʝʣʷ, ʘʙʦ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ï 

ʦʧʪʠʯʥʠʡ ʧʦʪʽʢ. 

ʇʦʨʽʚʥʷʥʥʷ ʧʽʢʩʝʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʘʛʘʪʴʤʘ ʤʝʪʦʜʘʤʠ. ɿʘʟʚʠʯʘʡ, 

ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʫ ʥʠʭ ʥʝ ʟʤiʥʶʻʪʴʩʷ iʥʪʝʥʩʠʚʥiʩʪʴ ( ʪʦʙʪʦ ʷʩʢʨʘʚiʩʪʴ, ʘʙʦ 

ʢʦʣʽʨ ʜʣʷ ʢʦʣʴʦʨʦʚʠʭ ʬʦʪʦï ʘʙʦ ʚiʜʝʦʤʘʪʝʨiʘʣiʚ ), ʛʝʩiʘʥ [4], ʣʘʧʩʘʩʽʘʥ [5], 

ʚʝʣʠʯʠʥʘ ʛʨʘʜiʻʥʪʫ, iʥʰi ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʷʢʱʦ ʤʠ 

ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ iʥʪʝʥʩʠʚʥiʩʪʴ ʦʜʥʘʢʦʚʘ ʤiʞ ʜʚʦʤʘ ʜʦʩʣiʜʞʫʚʘʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʦʙʯʠʩʣʝʥʥʷ ʧʦʪʦʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʢʦʨʝʢʪʥʠʤʠ. ʇʨʦʪʝ, ʷʢʱʦ ʤʠ 

ʨʦʟʛʣʷʜʘʻʤʦ ʩʘʤʝ ʚiʜʝʦʤʘʪʝʨiʘʣ, ʨiʟʥʠʮʷ ʚ ʯʘʩi ʤiʞ ʜʚʦʤʘ ʢʘʜʨʘʤʠ ʤʘʣʘ i 

ʟʤiʥʦʶ ʮiʻʾ iʥʪʝʥʩʠʚʥʦʩʪi ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʊʦʤʫ ʯʘʩʪʦ ʙʝʨʫʪʴ ʩʘʤʝ ʾʾ, ʷʢ 

ʧʘʨʘʤʝʪʨ, ʱʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʫ ʧiʢʩʝʣʷ. ɿʘʜʣʷ ʟʨʫʯʥʦʩʪi, ʥʘʜʘʣi 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʟʘʤiʩʪʴ ʩʣʦʚʘ ñʧiʢʩʝʣʴò ð ñʪʦʯʢʘò. 

 

ʄʝʪʦʜ ʃʫʢʘʩʘ-ʂʘʥʘʜʝ 

 ɯʜʝʷ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʤʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 

ʪʦʯʢʠ ╘●ᴆȟ◄ ʥʘ ʚʝʢʪʦʨ ◊ᴆ ʤʽʞ ʜʚʦʤʘ ʤʦʤʝʥʪʘʤʠ ʯʘʩʫ t, ʫ ʥʝʾ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ. ʊʦʜʽ ʤʠ ʤʦʞʝʤʦ ʨʦʟʚʠʥʫʪʠ I ʟ ʥʘʩʪʫʧʥʦʛʦ ʢʘʜʨʫ ʫ ʨʷʜ ʊʝʡʣʦʨʘ 

ʜʦ ʧʝʨʰʦʛʦ ʯʣʝʥʘ, ʪʘ ʦʪʨʠʤʘʪʠ: 

╘●ᴆ ◊ᴆȟ◄ ╘●ᴆȟ◄ ◊ᴆϽ♩╘●ᴆȟ◄ ╘◄ȟ    (2) 

ʜʝ ♩╘ ḳ ╘●ȟ╘◐  ʽ ╘◄ ʧʦʟʥʘʯʘʶʪʴ ʧʦʭʽʜʥʽ ʧʦ ʯʘʩʫ ʪʘ ʧʨʦʩʪʦʨʫ. ɿ ʦʛʣʷʜʫ ʥʘ 

(2) ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ: 
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♩╘●ᴆȟ◄Ͻ◊ᴆ ╘◄●ᴆȟ◄ .      (3) 

ʈiʚʥʷʥʥʷ (2.2) ʧʦʚôʷʟʫʻ ʟʤiʱʝʥʥʷ ʪʦʯʢʠ ʟ ʾʾ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤʠ ʧʦʭiʜʥʠ- 

ʤʠ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ i ʯʘʩʪʦ ʥʘʟʠʚʘʻʪʴʩʷ ʨiʚʥʷʥʥʷʤ ʛʨʘʜiʻʥ- 

ʪʥʦʛʦ ʦʙʤʝʞʝʥʥʷ.  

 ɿʚʽʩʥʦ ʤʠ ʥʝ ʤʦʞʝʤʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʝ ʨʽʚʥʷʥʥʷ, ʘʜʞʝ ʚʦʥʦ ʤʘʻ ʜʚʽ 

ʥʝʚʽʜʦʤʽ. ʇʨʦʪʝ, ʥʘ ʥʘʰʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʦʙôʻʢʪʠ ʥʝ ʻ ʨʦʟʤʽʨʦʤ ʚ ʦʜʠʥ ʧʽʢʩʝʣʴ ʽ 

ʤʠ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʷʢʠʡʩʴ ʦʢʽʣ ʮʽʻʾ ʪʦʯʢʠ ʪʘʢʦʞ ʟʤʽʱʫʻʪʴʩʷ 

ʥʘ ʨʽʚʥʠʡ, ʘʙʦ ʙʣʠʟʴʢʠʡ ʜʦ ◊ᴆ ʚʝʢʪʦʨ. ɿʘ ʥʘʷʚʥʦʩʪi ʙʘʛʘʪʴʦʭ ʦʙʤʝʞʝʥʴ, 

ʟʤiʱʝʥʥʷ, ʷʢʝ ʦʜʥʦʯʘʩʥʦ ʟʘʜʦʚʦʣʴʥʷʻ ʫʩi ʪʦʯʢʠ ʦʢʦʣʫ, ʤʦʞʝ ʥʝ iʩʥʫʚʘʪʠ. ʋ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʪʘʢʠʤ, ʱʦ ʤiʥiʤiʟʫʻ ʧʦʭʠʙʢʠ ʦʙʤʝʞʝʥʴ. 

ʆʮiʥʶʚʘʯ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪiʚ (LS) ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʰʣʷʭʦʤ 

ʤʽʥʽʤʽʟʘʮʽʾ ʩʫʤʠ ʢʚʘʜʨʘʪiʚ ʮʠʭ ʧʦʭʠʙʦʢ: 

╔◊ᴆ В▌●ᴆ◊ᴆϽ♩╘●ᴆȟ◄ ╘◄●ᴆȟ◄●ᴆ ,    (4) 

ʜʝ ▌●ᴆ ʻ ʚʘʛʦʚʦʶ ʬʫʥʢʮʽʻʶ. ɿʘʟʚʠʯʘʡ, ʫ ʨʦʣʽ ▌●ᴆ ʙʝʨʫʪʴ ʬʫʥʢʮʽʶ ɻʘʫʩʘ 

[6] ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʘʡʙʽʣʴʰʫ ʚʘʛʫ ʤʘʣʠ ʪʽ ʪʦʯʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʞʯʝ 

ʜʦ ʪʽʻʾ, ʷʢʫ ʤʠ ʨʦʟʛʷʜʘʻʤʦ. ʄʽʥʽʤʽʟʘʮʽʻʶ ╔◊ᴆ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ ʾʾ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʪʦʯʦʢ, ʜʝ ʧʦʭʽʜʥʽ ʧʦ ◊ᴆ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ 

⸗╔◊ȟ◊

⸗◊
В▌●ᴆ◊╘● ◊╘●╘◐ ╘●╘◐●ᴆ     (5), 

⸗╔◊ȟ◊

⸗◊
В▌●ᴆ◊╘◐ ◊╘●╘◐ ╘◐╘◄●ᴆ     (6) 

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʧʦʪʦʢʫ ʌʘʨʥʝʙʘʢʘ 

 ʄʝʪʦʜ ʌʘʨʥʝʙʘʢʘ ʦʮʽʥʶʻ ʨʫʭ ʤʽʞ ʜʚʦʤʘ ʢʘʜʨʘʤʠ ʚʽʜʝʦ ʰʣʷʭʦʤ 

ʣʦʢʘʣʴʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʢʚʘʜʨʘʪʠʯʥʠʤ ʧʦʣʽʥʦʤʦʤ. ɯʜʝʷ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʚ ʦʢʦʣʽ ʢʦʞʥʦʾ ʪʦʯʢʠ ʤʦʞʥʘ 

ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʷʢ: 

█● ●╣═● ╫╣● ╬,      (7) 
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ʜʝ A ï ʩʠʤʝʪʨʠʯʥʘ ʤʘʪʨʠʮʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʣʦʢʘʣʴʥʫ ʢʨʠʚʠʟʥʫ ʷʩʢʨʘʚʦʩʪʽ, b ï 

ʚʝʢʪʦʨ ʛʨʘʜʽʻʥʪʘ, ʘ c ï ʩʢʘʣʷʨʥʘ ʢʦʥʩʪʘʥʪʘ. ʇʨʠ ʟʩʫʚʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʥʝʚʝʣʠʢʠʡ 

ʚʝʢʪʦʨ d, ʤʦʜʝʣʴ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὪὼᴼὪὼ Ὠ ὼ Ὠ ὃὼ Ὠ ὦ ὼ Ὠ ὧ   (8) 

ʱʦ ʜʘʻ ʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ: 

ὃ ὃȟ ὦ ὦ ςὃὨȟ          ὧ ὨὃὨ ὦὨ ὧȢ 

ʅʘ ʦʩʥʦʚʽ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʽʞ ʜʚʦʤʘ ʢʘʜʨʘʤʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʝʢʪʦʨ ʟʩʫʚʫ 

d ʷʢ: 

Ὠ ὃ ὦ ὦȢ        (9) 

ʇʨʦʪʝ ʯʝʨʝʟ ʰʫʤ, ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʫʭʫ ʪʘ ʽʥʰʽ ʝʬʝʢʪʠ ʪʘʢʘ ʦʮʽʥʢʘ ʥʝʩʪʽʡʢʘ. 

ʊʦʤʫ ʟʘʤʽʩʪʴ ʦʮʽʥʢʠ ʥʘ ʨʽʚʥʽ ʦʜʥʽʻʾ ʪʦʯʢʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʦʢʘʣʴʥʝ 

ʟʛʣʘʜʞʫʚʘʥʥʷ. ɺʚʦʜʠʪʴʩʷ ʚʘʛʘ ύЎὼʜʣʷ ʦʢʦʣʫ ʥʘʚʢʦʣʦ ʢʦʞʥʦʾ ʪʦʯʢʠ, ʽ 
ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣ ʧʦʤʠʣʦʢ: 

В ύЎὼᴁὃὼ ЎὼὨὼ Ўὦὼ ЎὼᴁȟЎ                 (10) 

ɼʝ Ўὦὼ ὦὼ ὦὼȢ ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʪʘʙʽʣʴʥʽʰʫ ʦʮʽʥʢʫ ʚʝʢʪʦʨʘ 

ʟʤʽʱʝʥʥʷ ʯʝʨʝʟ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʚʘʞʝʥʦʾ ʩʠʩʪʝʤʠ ʥʦʨʤʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʚʝʣʠʢʠʭ ʟʤʽʱʝʥʴ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʘʪʝʛʽʶ: 

ʙʫʜʫʻʪʴʩʷ ʧʽʨʘʤʽʜʘ ʟʦʙʨʘʞʝʥʴ ʽʟ ʧʦʩʣʽʜʦʚʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ. ʅʘ ʚʝʨʭʥʽʭ ʨʽʚʥʷʭ ʧʽʨʘʤʽʜʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʛʨʫʙʽ ʦʮʽʥʢʠ ʨʫʭʫ, ʷʢʽ 

ʧʦʪʽʤ ʫʪʦʯʥʶʶʪʴʩʷ ʥʘ ʥʠʞʯʠʭ ʨʽʚʥʷʭ ʽʟ ʚʠʱʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ. 

ʊʘʢʦʞ ʚ ʤʝʪʦʜʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʛʘʫʩʦʚʝ ʟʛʣʘʜʞʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʦʣʽʥʦʤʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʰʫʤʫ ʪʘ ʥʝʟʥʘʯʥʠʭ ʣʦʢʘʣʴʥʠʭ ʟʤʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜ ʌʘʨʥʝʙʘʢʘ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʛʫʩʪʽ (dense) 

ʧʦʣʷ ʨʫʭʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʣʘʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʽʪʴ ʧʨʠ ʜʝʬʦʨʤʘʮʽʷʭ ʪʘ 

ʩʢʣʘʜʥʠʭ ʨʫʭʘʭ ʫ ʩʮʝʥʽ. ʆʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʫ ʻ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ ʟʘʚʜʷʢʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʤʫ ʣʦʢʘʣʴʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʶ ʽ ʟʘʩʪʦʩʫʚʘʥʥʶ ʟʚʘʞʝʥʦʾ ʨʝʛʨʝʩʽʾ [3]. 
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ʇʨʠʢʣʘʜʠ ʚʠʢʦʥʘʥʥʷ ʤʝʪʦʜʽʚ: 

 ʅʘ ʨʠʩʫʥʢʫ 1 ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʃʫʢʘʩʘ-ʂʘʥʘʜʝ. 

ʉʧʦʯʘʪʢʫ ʤʠ ʦʙʠʨʘʻʤʦ ʦʙôʻʢʪ, ʱʦ ʚʽʜʩʣʽʜʢʦʚʫʻʤʦ ʩʠʥʴʦʶ ʨʘʤʢʦʶ, ʧʽʩʣʷ ʯʦʛʦ, 

ʧʨʠ ʟʘʧʫʩʢʫ ʚʽʜʝʦ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʪʦʯʢʠ, ʜʣʷ ʷʢʠʭ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʧʝʨʝʤʽʱʝʥʥʷ. ʃʽʥʽʾ ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ï ʮʝ ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʮʠʭ ʪʦʯʦʢ. 

 

ʈʠʩ. 1. ɿʦʙʨʘʞʝʥʥʷ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʃʫʢʘʩʘ-ʂʘʥʘʜʝ ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ (ʟʣʽʚʘ-ʥʘʧʨʘʚʦ) 

 

ʅʘ ʨʠʩʫʥʢʫ 2 ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʌʘʨʥʝʙʘʢʘ. 

ɹʫʜʫʻʪʴʩʷ ʚʝʢʪʦʨʥʝ ʧʦʣʝ ʥʘ ʢʦʞʥʦʤʫ ʢʘʜʨʽ, ʷʢʝ ʧʨʝʜʩʪʘʚʣʝʥʝ ʩʽʪʢʦʶ ʟ ʟʝʣʝʥʦʛʦ 

ʢʦʣʴʦʨʫ ʪʦʯʦʢ. ʂʦʣʠ ʥʘʚʢʦʣʦ ʮʠʭ ʪʦʯʦʢ ʻ ʨʫʭ, ʚʽʥ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʩʪʨʽʣʢʦʶ-

ʚʝʢʪʦʨʦʤ ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ. 
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ʈʠʩ. 2. ɿʦʙʨʘʞʝʥʥʷ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʌʘʨʥʝʙʝʢʘ ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ (ʟʣʽʚʘ-ʥʘʧʨʘʚʦ) 

 

ɺʠʩʥʦʚʦʢ: 

 ʗʢ ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʦʨʤʫʣʶʚʘʥʴ ʤʝʪʦʜʽʚ ʪʘ ʾʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ï ʤʝʪʦʜ ʃʫʢʘʩʘ-ʂʘʥʘʜʝ ʣʝʛʰʠʡ ʫ ʚʠʢʦʥʘʥʥʽ, ʧʨʦʪʝ ʧʽʜʭʦʜʠʪʴ ʣʠʰʝ 

ʪʦʜʽ, ʢʦʣʠ ʨʫʭʠ ʧʣʘʚʥʽ ʪʘ ʥʝ ʧʦʪʨʽʙʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʨʫʭ ʫʩʽʻʾ ʢʘʨʪʠʥʢʠ; ʫ ʪʦʡ 

ʞʝ ʯʘʩ ʤʝʪʦʜ ʌʘʨʥʝʙʘʢʘ ʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰ ʨʽʟʢʦʾ ʟʤʽʥʠ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʪʘ ʦʭʦʧʣʝʥʥʷ ʫʩʴʦʛʦ ʢʘʜʨʫ. 
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ʈʆɿʈʆɹʂɸ ɸʃɻʆʈʀʊʄɯɺ ʈʆɿʇɸʈɸʃɽʃɽʅʅʗ ʊʈɯɸʅɻʋʃʗʎɯɰ 

ɼɽʃʆʅɽ ɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ɼʆ ʄʆɼɽʃʖɺɸʅʅʗ ʈɽʃʔɭʌʋ 

ʆʣʝʢʩʘʥʜʨ ʈʠʙʘʯʠʢ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

oleksandr.rybachyk@lnu.edu.ua 

ɺʩʪʫʧ  

ʋ ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʜʘʯʘʭ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʦʙʨʦʙʢʦʶ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʜʘʥʠʭ ʪʘ ʧʦʙʫʜʦʚʦʶ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ, ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʤʝʪʦʜʠ 

ʪʨʽʘʥʛʫʣʷʮʽʾ ʧʣʦʱʠʥʠ. ʆʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʪʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʻ ʪʨʽʘʥʛʫʣʷʮʽʷ ɼʝʣʦʥʝ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʙʫʜʦʚʫ ʩʽʪʦʢ ʽʟ ʚʠʩʦʢʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ð ʤʘʢʩʠʤʽʟʘʮʽʻʶ ʤʽʥʽʤʘʣʴʥʦʛʦ ʢʫʪʘ ʚ 

ʪʨʠʢʫʪʥʠʢʘʭ ʪʘ ʫʥʠʢʥʝʥʥʷʤ "ʚʫʟʴʢʠʭ" ʪʨʠʢʫʪʥʠʢʽʚ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʦʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʻʬʫ (DEM), ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʢʣʘʩʠʯʥʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʨʽʘʥʛʫʣʷʮʽʾ ʩʪʘʻ ʥʝʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʟʘʜʘʯʘ 

ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʦʙʫʜʦʚʠ ʪʨʽʘʥʛʫʣʷʮʽʾ ɼʝʣʦʥʝ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʩʘʡʪ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 3D ʨʝʣʶʻʬʫ. ɺ ʡʦʛʦ 

ʦʩʥʦʚʽ ʣʝʞʠʪʴ ʢʦʜ ʨʝʘʣʽʟʦʚʥʠʡ ʥʘ Python, ʷʢʠʡ ʨʦʟʧʘʨʘʣʝʣʶʻ ʪʨʽʘʥʛʫʣʷʮʽʶ 

ɼʝʣʦʥʝ, ʪʘ ʧʨʠʰʚʠʜʰʫʻ ʨʦʙʦʪʫ ʜʣʷ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʚʥʠʭ. 

ʄʝʪʦʜ ʨʦʟʧʘʨʘʣʝʣʝʥʥʷ 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʧʘʨʘʣʝʣʝʥʥʷ ʪʨʽʘʥʛʫʣʷʮʽʾ ɼʝʣʦʥʝ. ʆʜʥʠʤʠ ʽʟ 

ʦʩʥʦʚʥʠʭ ʻ : ʧʘʨʘʣʝʣʴʥʝ ʜʦʜʘʚʘʥʥʷ ʪʦʯʦʢ, ʧʘʨʘʣʝʣʴʥʽ ʟʘʤʽʪʘʣʴʥʽ ʧʨʷʤʽ, 

ʜʝʢʦʤʧʦʟʠʮʽʷ ʜʦʤʝʥʫ. ʂʦʞʝʥ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. 

ʋ ʩʚʦʻʤʫ ʢʦʜʽ, ʘ ʚʠʢʦʨʠʩʪʘʚ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʽʾ ʜʦʤʝʥʫ. ʁʦʛʦ ʩʫʪʴ ʧʦʣʷʛʘʻ, ʫ 

ʨʦʟʙʠʪʽ ʥʘʰʦʾ ʦʙʣʘʩʪʽ ʥʘ ʜʝʢʽʣʴʢʘ ʧʽʜʦʙʣʘʩʪʝʡ. ɼʣʷ ʢʦʞʥʦʾ ʧʽʜʦʙʣʘʩʪʽ 

ʥʝʟʘʣʝʞʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʪʨʽʘʥʛʫʣʷʮʽʷ. ʇʦʪʽʤ ʯʘʩʪʢʦʚʽ ʪʨʽʘʥʛʫʣʷʮʽʾ 

ʦʙʻʜʥʫʶʪʴʩʷ. ʁʦʛʦ ʛʦʣʦʚʥʦ ʧʝʨʝʚʘʛʦʶ ʻ ʪʝ, ʱʦ ʥʘʤ ʥʝ ʧʦʪʨʽʙʥʦ 
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ʨʦʟʧʘʨʘʣʝʣʶʚʘʪʠ ʩʘʤʠʡ ʘʣʛʦʨʠʪʤ ʪʨʽʘʥʛʫʣʷʮʽʾ , ʘ ʧʨʦʩʪʦ ʡʦʛʦ ʚʠʢʦʥʫʚʘʪʠ 

ʧʘʨʘʣʝʣʴʥʦ. ʎʝ ʥʘʤ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʞʝ ʛʦʪʦʚʽ ʬʫʥʮʽʾ, ʷʢʽ 

ʤʘʶ ʭʦʨʦʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʋ Python ʻ ʜʝʢʽʣʴʢʘ ʛʦʪʦʚʠʭ ʬʫʥʢʮʽʡ ʷʢʽ 

ʨʝʘʣʽʟʦʚʫʶʪʴ ʪʨʽʘʥʛʫʣʷʮʽʶ ɼʝʣʦʥʝ. ʅʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʽʟ ʥʠʭ ʻ Delaunay ʟ 

ʙʽʙʣʽʦʪʝʢʠ scipy.spatial ʪʘ triangulate ʟ ʙʽʙʣʽʦʪʝʢʠ triangle. ʅʘ ʦʩʥʦʚʽ ʤʦʾʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.1, ʷ ʚʠʟʥʘʯʠʚ ʱʦ triangulate 

ʻ ʥʘʙʘʛʘʪʦ ʢʨʘʱʦʶ ʟʘ ʰʚʠʜʢʦʜʽʻʶ, ʪʦʤʫ ʩʘʤʝ ʾʾ ʷ ʚʠʢʦʨʠʩʪʘʚ ʫ ʩʚʦʻʤʫ ʢʦʜʽ. 

 

ʈʠʩ.1. ʇʦʨʽʚʥʷʥʥʷ triangulate ʪʘ Delaunay 

ɻʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʤʝʪʦʜʫ ʜʝʢʦʤʧʦʟʠʮʽʾ ʜʦʤʝʥʫ, ʻ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ñʟʰʠʚʘʥʥʷò ʧʽʜʦʙʣʘʩʪʝʡ. ʈʝʘʣʽʟʦʚʥʠʡ ʩʧʦʩʽʙ ñʟʰʠʚʘʥʥʷò , ʧʝʨʰʠʤ ʝʪʘʧʦʤ, 

ʦʙô̒ ʜʥʫʻ ʚʩʽ ʧʽʜʦʙʣʘʩʪʽ ʚ ʦʜʥʫ ʦʙʣʘʩʪʴ ʪʘ ʧʦʟʙʫʚʘʻʪʴʩʷ ʜʫʙʣʽʢʘʪʽʚ ʪʦʯʦʢ, 

ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʧʽʜʦʙʣʘʩʪʴ ʤʦʞʝ ʤʽʩʪʠʪʠ ʩʧʽʣʴʥʽ ʪʦʯʢʠ ʟ ʽʥʰʦʶ ʧʽʜʦʙʣʘʩʪʶ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ, ʜʣʷ ʟʨʫʯʥʦʩʪʽ, ʙʫʜʫʻʪʴʩʷ ʜʝʨʝʚʦ ʟ ʪʦʯʦʢ, ʜʣʷ ʪʦʛʦ ʱʦʙ 

ʰʚʠʜʢʦ ʟʥʘʭʦʜʠʪʠ ʥʘʡʙʣʠʞʯʽ ʪʦʯʢʠ. ɺʽʜʧʦʚʽʜʥʦ ʦʥʦʚʣʝʥʦ ʽʥʜʝʢʩʠ ʪʦʯʦʢ ʚ 

ʥʘʰʽʡ ʪʨʽʘʥʛʫʣʷʮʽʾ ʟʛʽʜʥʦ  ʜʝʨʝʚʘ. ɼʘʣʴʰʝ ʤʠ ʰʫʢʘʻʤʦ ʨʝʙʨʘ ʷʢʽ ʙʫʣʠ ʥʘ ʤʝʞʽ 

ʩʪʠʢʽʚ ʦʙʣʘʩʪʝʡ, ʪʘ ʜʦʜʘʻʤʦ ʤʽʞ ʥʠʤʠ ʥʦʚʽ ʨʝʙʨʘ ʫʪʚʦʨʶʶʯʠ ʥʦʚʽ ʪʨʠʢʫʪʥʠʢʠ. 

ʆʩʪʘʥʥʽʤ ʝʪʘʧʦʤ, ʥʦʚʽ ʪʨʠʢʫʪʥʠʢʠ ʜʦʜʘʻʤʦ ʜʦ ʟʘʛʘʣʴʥʦʾ ʪʨʽʘʥʛʫʣʷʮʽʾ, ʪʘ 

ʨʦʙʠʤʦ ʥʘʜ ʥʠʤʠ ʧʦʚʪʦʨʥʫ ʪʨʽʘʥʛʫʣʷʮʽʶ. ɸʣʝ ʩʘʤʘ ʪʨʽʘʥʛʫʣʷʮʽʷ ʚʞʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ, ʦʩʢʽʣʴʢʠ ʾʡ ʥʝ ʧʦʪʨʽʙʥʦ ʪʨʽʘʥʛʫʣʶʚʘʪʠ ʚʩʶ ʦʙʣʘʩʪʴ 

ʟʘʥʦʚʦ, ʚʦʥʘ ʪʽʣʴʢʠ ʢʦʨʝʢʪʫʻ ʥʦʚʽ ʪʨʠʢʫʪʥʠʢʠ. 
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ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʦʢʘʟʘʥʽ ʚ ʨʠʩ.2 ʪʘ ʨʠʩ.3, 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʱʦ ʥʘʰʝ ʨʦʟʧʘʨʘʣʝʣʝʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʦʯʦʢ. ʗʢ ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʭ, ʥʘ ʚʝʣʠʢʠʭ ʥʘʙʦʨʘʭ ʪʦʯʦʢ ʯʠʤ 

ʙʽʣʴʰʝ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʠʤ ʢʨʘʱʝ ʨʦʟʧʘʨʘʣʝʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʜʽʻ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʷʤʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

 

  

ʈʠʩ.2. ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʪʘ ʧʨʦʮʝʩʽʚ 

 

ʈʠʩ.3. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʨʠ ʨʽʟʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʦʮʝʩʽʚ 
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ʄʦʜʝʣʶʚʘʥʥʷ ʨʝʣʴʻʬʫ ʟʘ ʜʦʧʦʤʦʛʦʶ DEM-ʜʘʥʠʭ 

ʎʠʬʨʦʚʽ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ (DEM, Digital Elevation Models) ð ʮʝ ʤʘʪʝʤʘʪʠʯʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʘʙʦ ʽʥʰʦʛʦ ʦʙ'ʻʢʪʘ, ʩʪʚʦʨʝʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʠʩʦʪʠ ʪʦʯʦʢ ʥʘ ʧʦʚʝʨʭʥʽ. DEM-ʜʘʥʽ ʻ 

ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʦʙʨʘʞʘʪʠ ʨʝʘʣʴʥʽ ʛʝʦʛʨʘʬʽʯʥʽ ʦʙ'ʻʢʪʠ. 

ʇʨʠ ʦʙʨʦʙʮʽ DEM-ʜʘʥʠʭ ʚʘʞʣʠʚʦʶ ʻ ʟʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʪʨʽʘʥʛʫʣʷʮʽʡ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʩʪʚʦʨʝʥʥʷ 3D ʤʦʜʝʣʝʡ. ʊʨʽʘʥʛʫʣʷʮʽʷ ɼʝʣʦʥʝ, ʟʘʚʜʷʢʠ ʩʚʦʾʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ, ʻ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʽʜʦʙʨʘʞʝʥʥʽ ʪʘ ʘʥʘʣʽʟʽ ʣʘʥʜʰʘʬʪʥʠʭ ʟʤʽʥ. 

ɿʘʟʚʠʯʘʡ DEM ʤʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ ʜʘʥʠʭ, ʪʦʙʪʦ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ. ɯ ʪʦʤʫ ʧʨʠ ʪʨʽʘʥʛʫʣʷʮʽʾ ʪʘʢʠʭ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, 

ʜʫʞʝ ʘʢʪʫʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʧʘʨʘʣʝʣʝʥʷ, ʦʩʢʽʣʴʢʠ ʮʝ ʥʘʤ ʧʨʠʰʚʠʜʰʫʻ 

ʦʙʨʘʭʫʥʢʠ. ʊʦʤʫ ʽ ʚʠʥʠʢʣʘ ʽʜʝʷ ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʷʢʠʡ ʨʦʟʧʘʨʘʣʝʣʝʥʥʷ 

ʪʨʽʘʥʛʫʣʷʮʽʾ ɼʝʣʦʥʝ ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʡʦʛʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʣʴʻʬʫ. 

ʋ ʤʝʞ ʧʨʦʝʢʪʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʝʙʩʘʡʪ. ɺʽʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʚʘʥʪʘʞʠʪʠ 

ʚʽʜʧʦʚʽʜʥʠʡ ʬʘʡʣ DEM, ʚʠʙʨʘʪʠ n ʜʣʷ ʧʽʜʤʥʦʞʠʥʠ ʨʦʟʤʽʨʦʤ nĬn ʘʙʦ 

ʧʨʦʪʨʽʘʥʛʫʣʶʚʘʪʠ ʚʩʶ ʦʙʣʘʩʪʴ ʧʦʚʥʽʩʪʶ. 

ʗʢ ʞ ʩʘʤʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ 3D ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ? ʇʝʨʰʠʤ ʝʪʘʧʦʤ 

ʟʯʠʪʫʶʪʴʩʷ ʜʘʥʽ ʟ DEM, ʘ ʩʘʤʝ x, y ʪʘ z ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ. ɼʘʣʴʰʝ ʤʠ 

ʪʨʽʘʥʛʫʣʶʻʤʦ  ʧʨʦʝʢʮʽʶ ʪʦʯʦʢ ʥʘ ʧʣʦʱʠʥʫ XY. ʇʽʩʣʷ ʪʨʽʘʥʛʫʣʷʮʽʾ, ʪʦʯʢʠ ʟ 

ʥʘʰʦʾ ʧʨʦʝʢʮʽʾ ʧʽʜʥʽʤʘʻʤʦ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʚʠʩʦʪʫ ʟʛʽʜʥʦ z ʢʦʦʨʜʠʥʘʪʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʦʪʨʠʤʫʻʤʦ 3D ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ. 
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ʈʠʩ.4.ʇʨʠʢʣʘʜ 3D ʤʦʜʝʣʽ ʥʝʚʝʣʠʢʦʾ ʯʘʩʪʠʥʢʠ ʨʝʣʴʻʬʫ  

ɺʠʩʥʦʚʢʠ 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤ 

ʨʦʟʧʘʨʘʣʝʣʝʥʥʷ ʪʨʽʘʥʛʫʣʷʮʽʾ ɼʝʣʦʥʝ ʥʘ ʦʩʥʦʚʽ ʜʝʢʦʤʧʦʟʠʮʽʾ ʦʙʣʘʩʪʽ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʟʥʘʯʥʦ ʧʨʠʰʚʠʜʰʠʪʠ ʦʙʨʦʙʢʫ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʜʘʥʠʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʨʦʙʦʪʽ ʟ ʮʠʬʨʦʚʠʤʠ ʤʦʜʝʣʷʤʠ 

ʨʝʣʴʻʬʫ (DEM), ʜʝ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʤʦʞʝ ʩʷʛʘʪʠ ʩʦʪʝʥʴ ʪʠʩʷʯ ʽ ʙʽʣʴʰʝ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʝʤʦʥʩʪʨʫʻ ʜʦʙʨʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ð ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʯʘʩ ʧʦʙʫʜʦʚʠ ʪʨʽʘʥʛʫʣʷʮʽʾ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʱʦ 

ʧʦʢʘʟʘʣʠ ʧʝʨʝʚʘʛʫ ʤʝʪʦʜʫ ʜʣʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ. 

ʆʢʨʝʤʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʻ ʽʥʪʝʛʨʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʚ ʚʝʙ-ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʣʝʛʢʦ ʟʘʚʘʥʪʘʞʫʚʘʪʠ DEM-ʜʘʥʽ, ʢʝʨʫʚʘʪʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦʙʫʜʦʚʠ ʩʽʪʢʠ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ. ʊʘʢʠʡ ʽʥʩʪʨʫʤʝʥʪ 
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ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʝʢʦʣʦʛʽʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ, ʘ ʪʘʢʦʞ ʫ ʟʘʜʘʯʘʭ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʧʽʜʭʦʜʫ ʜʦ 

ʨʦʟʧʘʨʘʣʝʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʣʫʯʝʥʥʷ ʢʽʣʴʢʦʭ ʢʦʤʧôʶʪʝʨʽʚ (ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʦʙʯʠʩʣʝʥʴ). ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʦʙʨʦʙʣʷʪʠ ʱʝ ʙʽʣʴʰʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, 

ʨʦʟʧʦʜʽʣʷʶʯʠ ʧʽʜʦʙʣʘʩʪʽ ʪʨʽʘʥʛʫʣʷʮʽʾ ʤʽʞ ʚʫʟʣʘʤʠ ʚ ʢʣʘʩʪʝʨʽ ʘʙʦ ʤʝʨʝʞʝʶ 

ʤʘʰʠʥ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ ʜʦʩʷʛʪʠ ʚʠʱʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ 

ʩʠʩʪʝʤʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ ʘʙʦ ʦʙʨʦʙʮʽ ʜʝʪʘʣʴʥʠʭ 

DEM-ʬʘʡʣʽʚ. 
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ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ɸʃɻʆʈʀʊʄɯɺ ʂʃɸʉʀʌɯʂɸʎɯɰ 

ʂʘʪʨʽʥʘ ʉʘʧʦʞʥʠʢ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

katrina.sapozhnyk@gmail.com 

ɺʩʪʫʧ  

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚ ʨʽʰʝʥʴ, ʟʦʢʨʝʤʘ ʘʣʛʦʨʠʪʤʠ 

ID3 ʪʘ CART, ʟʘʣʠʰʘʶʪʴʩʷ ʦʜʥʠʤʠ ʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʇʨʦʪʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ 

ʟʨʦʩʪʘʻ ʽ ʩʢʣʘʜʥʽʩʪʴ ʾʾ ʦʙʨʦʙʢʠ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʩʪʘʻ ʥʝ ʣʠʰʝ 

ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘ ʡ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ï ʰʚʠʜʢʽʩʪʴ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘ ʥʦʚʽ 

ʜʘʥʽ ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʚʦʭ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ: ID3 ʪʘ CART. ɸ ʪʘʢʦʞ ʚʠʷʚʠʪʠ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ 

ʩʪʦʨʦʥʠ ʢʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʦʛʣʷʜʫ ʥʘ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʠʭ.  

ʆʧʠʩ ʘʣʛʦʨʠʪʤʫ ID3 ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʤʥʦʞʠʥʘ ʦʙôʻʢʪʽʚ ὀȟ ὀȟȣ ὀἴ}  ʧʦʜʽʣʝʥʘ ʥʘ ʛʨʫʧʠ ʘʙʦ 

ʢʣʘʩʠ. ʂʦʞʥʘ ʛʨʫʧʘ ʤʘʻ ʤʽʪʢʫ ʢʣʘʩʫ (ʮʽʣʴʦʚʝ ʟʥʘʯʝʥʥʷ). ʅʘʙʽʨ ʫʩʽʭ ʟʥʘʯʝʥʴ 

ʤʽʪʦʢ ʬʦʨʤʫʶʪʴ ʤʥʦʞʠʥʫ ʚʠʭʽʜʥʠʭ (ʮʽʣʴʦʚʠʭ) ʟʥʘʯʝʥʴ: ὣ ώȟώȟȣȟώ . 

ʉʫʢʫʧʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʮʽʣʴʦʚʽ ʟʥʘʯʝʥʥʷ ʫʪʚʦʨʶʶʪʴ ʥʘʚʯʘʣʴʥʫ 

ʚʠʙʽʨʢʫ: ὢ ὀȟώ . 

ʆʧʠʩʘʥʫ ʤʥʦʞʠʥʫ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʟʘʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ ʦʙôʻʢʪ/ʦʟʥʘʢʘ 

ʨʦʟʤʽʨʥʦʩʪʽ ὰ ὲ: 

ˢ

●
●
Ễ
●

ὼ
ὼ
Ễ
ὼ

ὼ
ὼ
Ễ
ὼ

ȣ
ȣ
ȣ

ὼ
ὼ
Ễ
ὼ

ρ 

ɸʣʛʦʨʠʪʤ ID3 ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʦʨʤʫʣʫ ʝʥʪʨʦʧʽʾ [1], 

ʱʦ ʤʘʻ ʚʠʛʣʷʜ: 
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ὍὲὪέὢ
ȿὧȿ

ȿὢȿ
ÌÏÇ
ȿὧȿ

ȿὢȿ
ςȟ 

ʜʝ:  

ȿὢȿ  ð ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʫ ʤʥʦʞʠʥʽ, 

ά ð ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ,  

 ̒ð ʧʽʜʤʥʦʞʠʥʘ ʦʙôʻʢʪʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ k-ʛʦ ʢʣʘʩʫ. 

ɼʣʷ ʢʦʞʥʦʾ ʦʟʥʘʢʠ ὼ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʙʠʪʪʷ ʤʥʦʞʠʥʠ ὢ ʥʘ ʧʽʜʤʥʦʞʠʥʠ 

ὢ ȟὢ ȟȢȢȢὢ  , ʜʝ ί ï ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʢʦʥʢʨʝʪʥʦʾ ʦʟʥʘʢʠ. ɯʥʬʦʨʤʘʮʽʡʥʽʩʪʴ 

ʪʘʢʦʛʦ ʨʦʟʙʠʪʪʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὍὲὪέὼ
ȿὢ ȿ

ȿὢȿ
ὍὲὪέὢױ σ 

ɸ ʚʝʣʠʯʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʠʨʦʩʪʫ: 

ὋὥὭὲ ὢ ὍὲὪέὢ ὍὲὪέὼ τ 

ɼʣʷ ʨʦʟʙʠʪʪʷ ʦʙʠʨʘʻʪʴʩʷ ʦʟʥʘʢʘ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʨʠʨʦʩʪʫ: 

Øᶻ ÁÒÇ ÍÁØὋὥὭὲ ὢ υ 

ʌʦʨʤʫʻʪʴʩʷ ʥʦʚʠʡ ʚʫʟʦʣ ʜʝʨʝʚʘ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʦʙʨʘʥʽʡ ʦʟʥʘʮʽ Øᶻ, ʟ ʛʽʣʢʘʤʠ 

ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʾʾ ʟʥʘʯʝʥʥʴ. ɼʣʷ ʢʦʞʥʦʾ ʟ ʦʪʨʠʤʘʥʠʭ ʧʽʜʤʥʦʞʠʥ ʨʝʢʫʨʩʠʚʥʦ 

ʧʦʚʪʦʨʶʶʪʴʩʷ ʧʦʧʝʨʝʜʥʽ ʝʪʘʧʠ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʢʨʠʪʝʨʽʡ ʟʫʧʠʥʢʠ. 

ʆʧʠʩ ʘʣʛʦʨʠʪʤʫ CART ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʘʣʛʦʨʠʪʤ CART ʬʦʨʤʫʻ ʧʨʘʚʠʣʦ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʫʟʣʘ, 

ʟʛʽʜʥʦ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʥʘʨʥʝ ʨʦʟʙʠʪʪʷ ʟʘʜʘʥʦʾ ʤʥʦʞʠʥʠ ʦʙôʻʢʪʽʚ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʗʢ ʥʘʩʣʽʜʦʢ, ʫʪʚʦʨʶʻʪʴʩʷ ʜʚʘ ʥʘʱʘʜʢʠ: ʣʽʚʠʡ ʟ ʦʙôʻʢʪʘʤʠ, 

ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʘʚʠʣʦ, ʽ ʧʨʘʚʠʡ, ʟ ʪʠʤʠ, ʜʣʷ ʷʢʠʭ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ [1]. 

ʇʨʘʚʠʣʘ ʩʢʣʘʜʘʶʪʴʩʷ ʜʣʷ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʨʦʟʙʠʪʪʽʚ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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¶ ʏʠʩʣʦʚʽ ʦʟʥʘʢʠ: ʧʨʘʚʠʣʦ ʤʘʻ ʚʠʛʣʷʜ ὼ  Á, ʜʝ a ð ʩʝʨʝʜʥʻ ʤʽʞ ʜʚʦʤʘ 

ʩʫʩʽʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʟʥʘʢʠ. 

¶ ʂʘʪʝʛʦʨʽʘʣʴʥʽ ʦʟʥʘʢʠ: ʧʨʘʚʠʣʦ ʚʠʛʣʷʜʫ ὼÍV( ὼ), ʜʝ V(ὼ )  ð 

ʧʽʜʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ. 

ɺʠʙʽʨ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʦʛʦ ʩʝʨʝʜ ʤʦʞʣʠʚʠʭ ʧʨʘʚʠʣ, ʟʘʙʝʟʧʝʯʫʻ ʽʥʜʝʢʩ ὋὭὲὭ. 

ʗʢʱʦ ʥʘʙʽʨ ʜʘʥʠʭ ʊ ʤʽʩʪʠʪʴ ʜʘʥʽ n ʢʣʘʩʽʚ, ʪʦʜʽ ὋὭὲὭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

ὋὭὲὭὝ ρ
ȿὧȿ

ȿὢȿ
φ 

ʇʽʩʣʷ ʧʦʜʽʣʫ ʤʥʦʞʠʥʠ T ʥʘ ˟ ʽ  ˟ (ʟ ὔ  ʽ ὔ  ʦʙôʻʢʪʘʤʠ ʚʽʜʧʦʚʽʜʥʦ), 

ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʨʦʟʙʠʪʪʷ ʜʦʨʽʚʥʶʻ: 

ὋὭὲὭÓÐÌÉÔὝ
ὔ

ὔ
ẗὋὭὲὭὝ

ὔ

ὔ
ẗὋὭὲὭὝ χ 

ʅʘʡʢʨʘʱʠʤ ʚʚʘʞʘʻʪʴʩʷ ʪʝ ʨʦʟʙʠʪʪʷ, ʜʣʷ ʷʢʦʛʦ ὋὭὲὭ4 ʤʽʥʽʤʘʣʴʥʝ. 

ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʘʣʛʦʨʠʪʤ ʧʦʩʣʽʜʦʚʥʦ ʧʦʨʽʚʥʶʻ ʽʥʜʝʢʩ 

ὋὭὲὭ4 ʜʣʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʨʦʟʙʠʪʪʽʚ ʚʩʽʭ ʘʪʨʠʙʫʪʽʚ ʽ ʚʠʙʠʨʘʻ ʪʽ, ʜʣʷ ʷʢʠʭ 

ʨʦʟʙʠʪʪʷ ʻ ʥʘʡʢʨʘʱʠʤ. 

ʂʨʠʪʝʨʽʾ ʟʫʧʠʥʢʠ ʘʣʛʦʨʠʪʤʫ 

ɸʣʛʦʨʠʪʤʠ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʧʨʘʮʶʶʪʴ ʜʦʪʠ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ 

ʧʦʚʥʦʛʦ ʧʦʜʽʣʫ ʥʘ ʧʽʜʤʥʦʞʠʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʣʠʰʝ ʧʨʠʢʣʘʜʠ ʦʜʥʦʛʦ ʢʣʘʩʫ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʝ ʜʝʨʝʚʦ ʚʠʷʚʠʪʴʩʷ ʧʝʨʝʥʘʚʯʝʥʠʤ. ʑʦʙ ʮʴʦʛʦ ʫʥʠʢʥʫʪʠ, 

ʥʝʦʙʭʽʜʥʦ ʰʪʫʯʥʦ ʦʙʤʝʞʠʪʠ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ [2]. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ 

ʩʢʦʨʠʩʪʘʪʠʩʴ ʥʘʩʪʫʧʥʠʤʠ ʧʽʜʭʦʜʘʤʠ: 

¶ ʈʘʥʥʻ ʟʫʧʠʥʝʥʥʷ ð ʧʦʙʫʜʦʚʘ ʜʝʨʝʚʘ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʽʩʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʛʦ ʢʨʠʪʝʨʽʶ. 

¶ ʆʙʤʝʞʝʥʥʷ ʛʣʠʙʠʥʠ ʜʝʨʝʚʘ ð ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʨʦʟʛʘʣʫʞʝʥʴ. 

¶ ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʫ ʚʫʟʣʽ ð ʟʘʙʦʨʦʥʷʻʪʴʩʷ 

ʩʪʚʦʨʝʥʥʷ ʚʫʟʣʽʚ, ʷʢʱʦ ʚ ʥʠʭ ʤʝʥʰʝ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʢʣʘʜʽʚ. 

ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ [3]: 

ὴὶὩὧὭίὭέὲ
Ὕὖ

Ὕὖ Ὂὖ
ȟ ψ 

ὶὩὧὥὰὰ
Ὕὖ

Ὕὖ Ὂὔ
ȟ ω 

Ὂ
ςὝὖ

ςὝὖ Ὂὖ Ὂὔ
ȟ ρπ 

ʜʝ: 

TP(True Positive) ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ ʧʦʟʠʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ,  

FP(False Positive) ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʦ ʚʠʟʥʘʯʝʥʠʭ ʧʦʟʠʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ,  

FN(False Negative) ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʦ ʚʠʟʥʘʯʝʥʠʭ ʥʝʛʘʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʆʧʠʩ ʦʙʨʘʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ 

ɹʫʣʦ ʚʠʙʨʘʥʦ ʥʘʙʽʨ ʜʘʥʠʭ Hotel Booking Cancellation Prediction ʟ 

Kaggle. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʝʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʩʢʘʩʫʚʘʥʥʷ 

ʙʨʦʥʶʚʘʥʥʷ ʛʦʪʝʣʽʚ. ʅʘʙʽʨ ʜʘʥʠʭ ʤʽʩʪʠʪʴ 36285 ʨʷʜʢʽʚ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ 

ʚʠʟʥʘʯʝʥʘ ʮʽʣʴʦʚʘ ʟʤʽʥʥʘ ( ὣ πȠρ ) ï booking_status {ñCanceledò; 

ñNot_Canceledò} ʪʘ 16 ʦʟʥʘʢ. 

ɽʪʘʧʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʠʟʢʫ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʜʣʷ ʥʘʡʷʢʽʩʥʽʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʦʜʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, ʩʝʨʝʜ ʥʠʭ: 

1. ɺʠʜʘʣʝʥʥʷ ʥʝʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ; 

2. ʆʙʨʦʙʢʘ ʧʨʦʧʫʩʢʽʚ; 

3. ʂʦʜʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʘʣʴʥʠʭ ʪʘ ʧʦʧʝʨʝʜʥʴʦ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ 

ʯʠʩʣʦʚʠʭ ʦʟʥʘʢ; 

4. ɺʠʜʘʣʝʥʥʷ ʜʫʙʣʽʢʘʪʽʚ; 

5. ʈʦʟʜʽʣʝʥʥʷ ʜʘʥʠʭ (ʥʘ ʦʟʥʘʢʠ ʽ ʮʽʣʴʦʚʫ ʟʤʽʥʥʫ, ʥʘ ʥʘʚʯʘʣʴʥʫ ʪʘ 

ʪʝʩʪʦʚʫ ʚʠʙʽʨʢʠ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 80:20). 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ ʟʤʝʥʰʝʥʘ ʜʦ 12. ʈʦʟʤʽʨʠ ʪʨʝʥʫʚʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ 

ʚʠʙʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦ ï 11906 ʪʘ 2977. 

ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ  

ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʦʙʨʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʽ ʛʣʠʙʠʥʠ ʜʝʨʝʚʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ ʥʠʞʯʝ. 

ʊʘʙʣ. 1. ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʦʤ ID3 

 

 

 

ʊʘʙʣ. 2.ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʦʤ CART 
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ɺʠʩʥʦʚʢʠ 

ʄʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʜʝʨʝʚʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʦʤ ID3 ʦʙʤʝʞʝʥʘ 

ʢʽʣʴʢʽʩʪʶ ʦʟʥʘʢ ʥʘʙʦʨʫ ʜʘʥʠʭ. ɸ ʪʘʢʦʞ ʪʘʢʝ ʜʝʨʝʚʦ ʚ ʢʦʞʥʽʡ ʚʝʨʰʠʥʽ ʤʘʻ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʨʦʟʛʘʣʫʞʝʥʴ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʩʪʨʽʤʢʦ ʨʦʩʪʝ ʚ ʰʠʨʠʥʫ. ʋ ʩʚʦʶ 

ʯʝʨʛʫ ʘʣʛʦʨʠʪʤ CART ʟʙʽʣʴʰʫʻ ʯʘʩ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʟʘ ʨʘʭʫʥʦʢ ʦʙʨʘʭʫʥʢʫ ʫʩʽʭ 

ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʟʥʘʯʝʥʴ ʦʟʥʘʢ. ʆʙʠʜʚʘ ʘʣʛʦʨʠʪʤʠ ʥʘʡʝʬʝʢʪʠʚʥʽʰʽ ʟʘ 

ʥʠʟʴʢʦʾ ʛʣʠʙʠʥʠ ʜʝʨʝʚʘ. ʇʝʨʝʚʘʛʘ CART ʚ ʥʠʟʴʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ, ʫ ʪʦʡ ʯʘʩ 

ʷʢ ʧʝʨʝʚʘʛʘ ID3 ʚ ʪʨʦʭʠ ʚʠʱʽʡ ʪʦʯʥʦʩʪʽ. ɿʘʛʘʣʦʤ, ʘʣʛʦʨʠʪʤ ID3 ʧʝʨʝʚʝʨʰʠʚ 

CART ʥʘ ЎὊ ȿὊ ὍὈσ Ὂ ὅὃὙὝȿ πȟψσρρπȟψρψςπȟπρςω. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʂʦʥʦʥʦʚʘ ʂ. ʖ. ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ. ʄʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ. ï 2020ï ʉ. 279. 

2. ʍʘʨʯʝʥʢʦ ɺ. ʆ. ʆʩʥʦʚʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ.ï 2023ï ʉ. 71-72. 

3. Scikit-learn. [ Ὂ ίὧέὶὩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://scikit-

learn.org/stable/modules/generated/sklearn.metrics.f1_score.html  

  

https://scikit-learn.org/stable/modules/generated/sklearn.metrics.f1_score.html
https://scikit-learn.org/stable/modules/generated/sklearn.metrics.f1_score.html
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ʆɹʈʆɹʂɸ ʄɽɼʀʏʅʀʍ ɿʆɹʈɸɾɽʅʔ ɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ 

ʌʈɸʂʊɸʃʔʅʆɻʆ ɸʅɸʃɯɿʋ 

 

ʄʘʨʽʷ ʂʽʩʽʣʴ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

mariia.kisil@lnu.edu.ua 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ  

ʋ ʥʠʥʽʰʥʴʦʤʫ ʯʘʩʽ ʚʠʩʪʝʞʫʻʪʴʩʷ ʧʦʤʽʪʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʦʥʢʦʣʦʛʽʯʥʠʭ ʧʘʪʦʣʦʛʽʡ ʥʝ ʣʠʰʝ ʚ ʋʢʨʘʾʥʽ, ʘ ʡ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. 

ʇʝʨʚʠʥʥʠʤ ʬʘʢʪʦʨʦʤ ʪʘʢʦʾ ʪʨʠʚʦʞʥʦʾ ʪʝʥʜʝʥʮʽʾ ʯʘʩʪʦ ʻ 

ʥʝʩʚʦʻʯʘʩʥʦ ʟʜʽʡʩʥʝʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʱʦ ʥʝ ʜʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʧʦʯʘʪʠ ʤʝʜʠʯʥʝ ʚʪʨʫʯʘʥʥʷ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʭʚʦʨʦʙʠ, ʪʦʤʫ ʚʦʥʘ ʧʦʪʨʝʙʫʻ ʧʦʩʠʣʝʥʦʾ ʫʚʘʛʠ ʜʦ ʧʠʪʘʥʥʷ 

ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. ʇʨʠʡʦʤʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʟʥʘʭʦʜʞʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʨʘʢʪʘʣʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʽʘʛʥʦʟʫ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʜʘʶʪʴ ʟʤʦʛʫ ʪʦʯʥʦ ʽ ʦʧʝʨʘʪʠʚʥʦ 

ʚʠʷʚʣʷʪʠ ʥʘʷʚʥʽʩʪʴ ʧʘʪʦʣʦʛʽʡ, ʱʦ ʱʝ ʥʝ ʤʘʶʪʴ ʷʚʥʠʭ ʢʣʽʥʽʯʥʠʭ 

ʩʠʤʧʪʦʤʽʚ. 

 

ʆʩʥʦʚʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʥʘʙʦʨʫ ʜʚʦʚʠʤʽʨʥʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʅʘ ʦʩʥʦʚʽ ʬʨʘʢʪʘʣʴʥʦʾ ʪʝʦʨʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ 

ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ (ʽʥʰʘ ʥʘʟʚʘ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ: 

çʻʤʥʽʩʥʘ ʨʦʟʤʽʨʥʽʩʪʴè) ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʱʦʥʘʡʤʝʥʰʝ ʜʚʦʤʘ 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʧʽʜʭʦʜʠ, ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʄʈʊ-ʟʦʙʨʘʞʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʪʠʧʫ. ʇʦʨʽʚʥʶʶʪʴʩʷ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚʽʜʤʽʥʥʦʩʪʽ ʬʨʘʢʪʘʣʴʥʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ ʟʜʦʨʦʚʠʭ ʣʶʜʝʡ ʽ ʪʠʤʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʧʘʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ. 

 

ɸʣʛʦʨʠʪʤ 
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ʄʝʪʦʜ ʻʤʥʽʩʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʜʝʾ ʧʦʢʨʠʪʪʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʩʽʪʢʦʶ ʟ ʢʦʤʽʨʢʘʤʠ, ʨʦʟʤʽʨ ʷʢʠʭ ʜʦʨʽʚʥʶʻ 

Ů. ʇʦʪʽʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʦʤʽʨʦʢ N(Ů), ʱʦ ʦʭʦʧʣʶʶʪʴ ʦʙ'ʻʢʪ. 

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ ʢʦʤʽʨʦʢ Ů ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʾʭʥʴʦʾ ʢʽʣʴʢʦʩʪʽ. ʌʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʻʤʥʽʩʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʤʘʻ 

ʚʠʛʣʷʜ: 

 

D =īlim ŮŸ 0 lg N ( Ů )/ lg Ů  (1) 

 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʚʥʝʩʪʠ ʧʝʚʥʽ ʢʦʨʝʢʪʠʚʠ. ʑʦʙ 

ʦʮʽʥʠʪʠ ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ, ʩʣʽʜ ʩʢʦʨʠʩʪʘʪʠʩʷ ʯʠʩʣʦʚʠʤ 

ʘʣʛʦʨʠʪʤʦʤ. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ 

ʢʦʤʽʨʦʢ, ʱʦ ʧʦʢʨʠʚʘʶʪʴ ʬʨʘʢʪʘʣ, ʚʽʜ ʨʦʟʤʽʨʫ ʮʠʭ ʢʦʤʽʨʦʢ. ɼʘʣʽ ʥʘ 

ʮʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʠʜʽʣʷʻʪʴʩʷ ʣʽʥʽʡʥʘ ʜʽʣʷʥʢʘ, ʷʢʘ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ 

ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʧʨʷʤʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʪʝʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʂʽʥʮʝʚʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʘ ʩʘʤʝ ʻʤʥʽʩʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʬʨʘʢʪʘʣʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ 

ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʮʽʻʾ ʧʨʷʤʦʾ. 

 

ʈʦʟʤʽʨʥʽʩʪʴ ʄʽʥʢʦʚʩʴʢʦʛʦ ð ʮʝ ʱʝ ʦʜʠʥ ʽʟ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ 

ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʾʾ ʟʥʘʯʝʥʥʷ 

ʤʦʞʝ ʟʙʽʛʘʪʠʩʷ ʟ ʻʤʥʽʩʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ, ʦʜʥʘʢ ʮʝ ʥʝ ʻ ʟʘʛʘʣʴʥʠʤ 

ʧʨʘʚʠʣʦʤ. 

ʄʝʪʦʜ ʄʽʥʢʦʚʩʴʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʥʷ 

ʩʪʚʦʨʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʝ ŭ-ʧʘʨʘʣʝʣʴʥʝ ʪʽʣʦ, ʷʢʝ ʪʘʢʦʞ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ 

ñʧʦʢʨʠʚʘʣʦʤò. ɼʣʷ ʮʴʦʛʦ ʦʙôʻʢʪʘ ʦʙʯʠʩʣʶʶʪʴ ʦʙôʻʤ, ʦʮʽʥʶʶʪʴ 

ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ. ɿʘʛʘʣʴʥʫ 

ʩʭʝʤʫ ʤʝʪʦʜʫ ʤʦʞʝʤʦ ʧʦʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

1. ɿʦʙʨʘʞʝʥʥʷ ʜʽʣʷʪʴʩʷ ʥʘ n ʢʚʘʜʨʘʪʥʠʭ ʦʩʝʨʝʜʢʽʚ. 

2. ɹʫʜʫʻʤʦ ʬʫʥʢʮʽʶ ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ F. 

3. ɹʫʜʫʻʤʦ ʥʠʞʥʶ bŭ ʪʘ ʚʝʨʭʥʶ uŭ ʧʦʚʝʨʭʥʶ ʜʣʷ ŭ - 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʪʽʣʘ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

uŭ ( i , j )=max uŭī1 (i , j )+1, max (m, n)ī(i , j) 1ɴ uŭ ī1 (m , n) (2) 
       bŭ (i , j )=min uŭ ī1( i , j)ī1, min (m, n)ī(i , j) 1ɴ uŭ ī1( m , n) 
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(3). 

4. ɺʠʨʘʭʦʚʫʻʤʦ ʦʙ'ʻʤ  ŭï  ʧʘʨʘʣʝʣʴʥʦʛʦ ʪʽʣʘ ʟʘ ʬʦʨʤʫʣʦʶ 

Vŭ =Ɇ i , j(uŭ (i , j )ībŭ (i , j )) (4). 

5. ɿʥʘʭʦʜʠʤʦ ʧʣʦʱʫ 

Aŭ =(Vŭ īVŭ ī1)/ 2  (5) . 

6. ɿʥʘʭʦʜʠʤʦ ʬʨʘʢʪʘʣʴʥʫ ʨʦʟʤʽʨʥʽʩʪʴ 

D=2ī(log 2 Aŭ / log2 ŭ )  (6) . 

 

ʈʝʟʫʣʴʪʘʪʠ 

ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʨʦʟʨʦʙʣʷʣʘʩʷ ʧʨʦʛʨʘʤʘ ʜʣʷ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ, ʜʝ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʘʚʘʥʪʘʞʠʪʠ ʮʠʬʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ, 

ʦʙʨʦʙʠʪʠ ʾʭ ʽ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʩʪʠ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʾʭ ʧʝʚʥʘ ʯʘʩʪʠʥʘ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ, ʥʘʡʙʽʣʴʰ 

ʥʘʙʣʠʞʝʥʽ ʜʦ 2. ʋ ʪʦʡ ʯʘʩ ʷʢ ʟʥʘʯʝʥʥʷ ʽʥʰʦʾ ʯʘʩʪʠʥʠ ʙʣʠʞʯʝ ʜʦ 1. 

ʎʷ ʩʫʪʪʻʚʘ ʨʽʟʥʠʮʷ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʝʨʰʽ ʟʦʙʨʘʞʝʥʥʷ ʤʽʩʪʷʪʴ 

ʙʽʣʴʰʝ ʯʦʨʥʠʭ ʧʽʢʩʝʣʽʚ, ʪʦʙʪʦ ʥʘ ʥʠʭ ʜʦʤʽʥʫʻ ʯʦʨʥʠʡ ʢʦʣʽʨ. 

ʅʘʪʦʤʽʩʪʴ ʫ ʦʩʪʘʥʥʽʭ ʟʦʙʨʘʞʝʥʥʷʭ ʧʝʨʝʚʘʞʘʻ ʙʽʣʠʡ ʢʦʣʽʨ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʧʦʚʥʝʥʠʭ 

ʢʦʤʽʨʦʢ, ʪʦʙʪʦ ʪʠʭ, ʷʢʽ ʤʽʩʪʷʪʴ ʯʦʨʥʽ ʧʽʢʩʝʣʽ.  

ʅʘʩʪʫʧʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ, ʮʝ ʦʙʯʠʩʣʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ ʄʽʥʢʦʚʩʴʢʦʛʦ. ʎʝʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ 

ʥʘʧʽʚʪʦʥʦʚʠʭ ʪʘ ʤʦʥʦʪʦʥʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʨʘʟʫ 

ʚʠʜʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʩʫʪʪʻʚʦ ʨʽʟʥʷʪʴʩʷ. ʗʢʱʦ ʜʝʪʘʣʴʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʪʦ, ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʻ ʫʥʽʢʘʣʴʥʠʤʠ. ʆʯʝʚʠʜʥʘ ʨʽʟʥʠʮʷ ʫ ʟʥʘʯʝʥʥʷʭ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ 

ʟʦʙʨʘʞʝʥʥʷ. ʇʦʨʽʚʥʶʶʯʠ ʜʘʥʽ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʽʟʥʠʡ ʦʩʝʨʝʜʦʢ 

ʨʦʟʙʠʪʪʷ, ʤʦʞʥʘ ʜʽʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ ʱʦ, ʯʠʤ ʙʽʣʴʰʠʡ ʦʩʝʨʝʜʦʢ 

ʨʦʟʙʠʪʪʷ, ʪʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ.  
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦ ʨʝʘʣʴʥʠʭ ʚʠʧʘʜʢʽʚ 

ʯʘʩʪʦ ʚʠʢʣʠʢʘʻ ʪʨʫʜʥʦʱʽ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʩʢʨʠʥʽʥʛʫ ʤʝʜʠʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ. ɺʠʙʽʨʢʘ ʚʢʣʶʯʘʣʘ ʄʈʊ-ʟʥʽʤʢʠ ʟʜʦʨʦʚʠʭ ʧʘʮʽʻʥʪʽʚ ʪʘ 

ʧʘʮʽʻʥʪʽʚ ʽʟ ʧʘʪʦʣʦʛʽʷʤʠ, ʟʦʢʨʝʤʘ ʟʣʦʷʢʽʩʥʠʤʠ ʧʫʭʣʠʥʘʤʠ. ɸʥʘʣʽʟ 

ʧʦʢʘʟʘʚ, ʱʦ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʟʜʦʨʦʚʠʭ ʧʘʮʽʻʥʪʽʚ 

ʧʝʨʝʚʠʱʫʻ 1,98, ʪʦʜʽ ʷʢ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʽʟ ʧʘʪʦʣʦʛʽʷʤʠ ʚʦʥʘ ʻ ʥʠʞʯʦʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʟʦʙʨʘʞʝʥʴ 

ʟʜʦʨʦʚʦʛʦ ʤʦʟʢʫ ʻ ʙʽʣʴʰʦʶ, ʥʽʞ ʟʦʙʨʘʞʝʥʴ ʽʟ ʧʫʭʣʠʥʘʤʠ. ʆʪʞʝ, 

ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʪʝʥʜʝʥʮʽʶ: ʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

ʜʣʷ ʟʦʙʨʘʞʝʥʴ ʟʜʦʨʦʚʠʭ ʧʘʮʽʻʥʪʽʚ ʻ ʚʠʱʠʤʠ, ʥʽʞ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʽʟ 

ʧʘʪʦʣʦʛʽʷʤʠ. 

ɺʠʩʥʦʚʢʠ 

ʊʝʦʨʽʷ ʬʨʘʢʪʘʣʽʚ ʚʽʜʢʨʠʚʘʻ ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ ʫ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʪʦʤʫ ʦʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʜʦʙʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʤʝʪʦʜ ʬʨʘʢʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʙʨʘʞʝʥʴ. ʁʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʦʪʨʠʤʘʪʠ ʛʣʠʙʰʝ ʨʦʟʫʤʽʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʦʙôʻʢʪʽʚ, ʘʣʝ ʡ ʝʬʝʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʧʨʠʭʦʚʘʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʚʘʞʣʠʚʦ ʚ ʥʘʫʮʽ, ʤʝʜʠʮʠʥʽ, ʝʢʦʣʦʛʽʾ ʪʘ ʽʥʰʠʭ 

ʩʬʝʨʘʭ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʟʜʘʪʥʦʩʪʽ ʦʧʠʩʫʚʘʪʠ ʥʝʨʝʛʫʣʷʨʥʽ, ʘʣʝ 

ʟʘʢʦʥʦʤʽʨʥʽ ʽ ʩʢʣʘʜʥʽ ʬʦʨʤʠ, ʬʨʘʢʪʘʣʠ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚ ʘʥʘʣʽʟʽ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʟʦʢʨʝʤʘ ʄʈʊ-ʟʥʽʤʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʨʘʢʪʘʣʴʥʠʡ ʧʽʜʭʽʜ ʻ ʥʝ ʧʨʦʩʪʦ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʥʘʧʨʷʤʦʤ, ʘ ʧʨʘʢʪʠʯʥʠʤ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ 

ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ. 
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ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʽ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ 

ʙʶʜʞʝʪʫ ʥʘ ʦʩʥʦʚʽ ʙʘʡʻʩʽʚʩʴʢʦʛʦ ʧʽʜʭʦʜʫ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʝʥʜʫ, ʩʝʟʦʥʥʦʩʪʽ, ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʪʘ ʝʬʝʢʪʫ ʨʝʢʣʘʤʠ ʯʝʨʝʟ 

ʘʜʩʪʦʢ-ʬʫʥʢʮʽʾ ʪʘ ʬʫʥʢʮʽʶ ʍʽʣʣʘ. ʄʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʷʢ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʡ, ʪʘʢ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʚʧʣʠʚ ʤʝʜʽʘ-ʘʢʪʠʚʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʫ ʥʘʩʠʯʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ, 

ʷʢʽ ʧʦʢʘʟʘʣʠ ʟʜʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʪʦʯʥʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʟʤʽʥʫ KPI. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʨʦʟʧʦʜʽʣʫ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʙʶʜʞʝʪʫ. 

ʆʩʥʦʚʥʠʡ ʚʠʛʣʷʜ ʤʦʜʝʣʽ: ʄʦʜʝʣʴ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʢʣʘʤʥʦʛʦ 

ʙʶʜʞʝʪʫ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʦʚʦʤʫ ʨʽʚʥʷʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ 

ʽʥʚʝʩʪʠʮʽʡ (KPI), ʷʢʝ ʚʢʣʶʯʘʻ ʪʨʝʥʜʠ, ʩʝʟʦʥʥʽʩʪʴ, ʚʧʣʠʚ ʨʝʢʣʘʤʥʠʭ ʢʘʥʘʣʽʚ ʽ 

ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ [4]:  

t t t t tKPI T S M Oa= + + + +                                                              

(1) 

ʜʝ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ 

ʽʥʚʝʩʪʠʮʽʡ. 

 

ʊʨʝʥʜʦʚʠʡ ʢʦʤʧʦʥʝʥʪ (T): ʊʨʝʥʜ ʚʽʜʦʙʨʘʞʘʻ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʟʤʽʥʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥ: 

mailto:mariia.kravchuk@lnu.edu.ua
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t tT mk=             (2) 

 ʉʝʟʦʥʥʽʩʪʴ (S): ʉʝʟʦʥʥʽʩʪʴ ʤʦʜʝʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ 

(ʢʦʩʠʥʫʩ ʪʘ ʩʠʥʫʩ), ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʮʠʢʣʽʯʥʽ ʟʤʽʥʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʪʘʢʽ ʷʢ 

ʩʚʷʪʢʦʚʽ ʧʝʨʽʦʜʠ ʘʙʦ ʩʝʟʦʥʥʽ ʪʨʝʥʜʠ:

2

1, 2, 7

1

2 2
cos sin

365 365
t d d tmod

d

dt dt
S

p p
g g d

=

å õå õ å õ
= + +æ ö æ öæ ö

ç ÷ ç ÷ç ÷
ä                        

(3) 

ʎʝ ʜʘʻ ʟʤʦʛʫ ʚʨʘʭʦʚʫʚʘʪʠ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ ʽ ʟʤʽʥʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʥʷ ʪʠʞʥʷ. [6] 

 ɯʥʰʽ ʬʘʢʪʦʨʠ (O): ɺʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʢʣʘʤʥʠʭ 

ʢʘʤʧʘʥʽʡ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

1

N

t i it

i

O Zl
=

=ä        (4) 

ɿʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʽ ʫʤʦʚʠ, ʢʦʥʢʫʨʝʥʪʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʩʦʮʽʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʽʯʥʽ ʬʘʢʪʦʨʠ ʪʘ ʨʝʛʫʣʷʪʦʨʥʽ ʟʤʽʥʠ.  

 

ʈʠʩ.1 ʇʝʨʝʜʙʘʯʝʥʠʡ ʪʘ ʧʨʘʚʜʠʚʠʡ ʧʦʢʘʟʥʠʢ KPI 
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ʅʘ ʛʨʘʬʽʢʫ ʧʦʢʘʟʘʥʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʬʘʢʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ  ʟʤʽʥʥʦʾ KPI 

ʪʘ ʾʾ ʧʝʨʝʜʙʘʯʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʡʻʩʽʚʩʴʢʦʾ 

ʤʝʜʽʘ-ʤʽʢʩ ʤʦʜʝʣʽ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʤʦʜʝʣʴ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʻ 

ʦʩʥʦʚʥʽ ʢʦʣʠʚʘʥʥʷ ʮʽʣʴʦʚʦʾ ʤʝʪʨʠʢʠ ʚ ʯʘʩʽ, ʟʙʝʨʽʛʘʶʯʠ ʟʘʛʘʣʴʥʽ ʪʨʝʥʜʠ ʪʘ 

ʩʝʟʦʥʥʽ ʧʘʪʝʨʥʠ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʜʝʢʚʘʪʥʫ ʷʢʽʩʪʴ ʧʦʙʫʜʦʚʘʥʦʾ ʤʦʜʝʣʽ ʪʘ ʾʾ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʢʣʘʤʥʦʛʦ 

ʙʶʜʞʝʪʫ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʤʝʜʽʘ-ʢʘʥʘʣʽʚ ʻ ʢʣʶʯʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʫ ʧʦʙʫʜʦʚʽ 

ʙʘʡʻʩʦʚʠʭ ʤʦʜʝʣʝʡ ʨʦʟʧʦʜʽʣʫ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʙʶʜʞʝʪʽʚ. 

 ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʫ ʨʝʢʣʘʤʠ ʚ ʯʘʩʽ 

ʪʘ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʧʣʠʚʫ. 

ʆʜʥʠʤ ʟ ʧʽʜʭʦʜʽʚ ʻ ʤʦʜʝʣʴ ʧʝʨʝʥʝʩʝʥʥʷ (carryover model), ʷʢʘ ʦʧʠʩʫʻ 

ʟʘʪʨʠʤʘʥʠʡ ʝʬʝʢʪ ʨʝʢʣʘʤʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʩʪʦʢ-ʬʫʥʢʮʽʡ. ɺʦʥʘ 

ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʚʧʣʠʚ ʨʝʢʣʘʤʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 

ʢʽʣʴʢʦʭ ʧʝʨʽʦʜʽʚ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʧʫʱʝʥʴ ʱʦʜʦ ʜʠʥʘʤʽʢʠ ʝʬʝʢʪʫ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚʘʛʦʚʽ ʬʫʥʢʮʽʾ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤ ʟʘʪʫʭʘʥʥʷʤ ʘʙʦ ʟ ʧʽʢʦʚʦʶ 

ʟʘʪʨʠʤʢʦʶ. 

m

t tM x
r

=             (5) 

ɿʛʣʘʜʞʝʥʠʡ ʨʝʢʣʘʤʥʠʡ ʚʧʣʠʚ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʜʩʪʦʢ-ʬʫʥʢʮʽʾ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʝʬʝʢʪ ʚʠʪʨʘʪ ʥʘ ʨʝʢʣʘʤʫ ʚ ʧʦʧʝʨʝʜʥʽʭ ʧʝʨʽʦʜʘʭ: 

1

,

0
1, , 1

0

( )

( , , ; , )

( )

L

m t l m

l
t L m t m m L

m

l

w l x

adstock x x w L

w l

-

-

=
- + -

=

» =
ä

ä
                       

(6) 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʫ ʬʦʨʤʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ ʍʽʣʣʘ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʫ ʬʦʨʤʫ ʢʨʠʚʦʾ ʥʘʩʠʯʝʥʥʷ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʷʢ 

ʧʨʠʩʢʦʨʝʥʝ, ʪʘʢ ʽ ʫʧʦʚʽʣʴʥʝʥʝ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʩʷʛʫ ʚʠʪʨʘʪ. 

ʆʜʥʘʢ ʥʘʜʤʽʨʥʘ ʛʥʫʯʢʽʩʪʴ ʬʫʥʢʮʽʾ ʫʩʢʣʘʜʥʶʻ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʤʦʞʝ ʟʥʠʞʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʮʽʥʢʠ ʤʦʜʝʣʽ. 
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1
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1
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m
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x

K
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= ²

å õ
+æ ö
ç ÷

                          

(7) 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʨʽʟʥʽ ʤʘʢʩʠʤʘʣʴʥʽ ʝʬʝʢʪʠ ʜʣʷ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʤʠ 

ʜʦʜʘʪʢʦʚʦ ʧʦʤʥʦʞʠʤʦ ʬʫʥʢʮʽʶ ʍʽʣʣʘ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʨʝʩʽʾ ɓ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʟʘʜʘʻʪʴʩʷ ɓHill(x), ʷʢʝ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

,

,

Hill ( )
m

m m

S

m m
m m t m m S S

t m m

K
x

x K

b
b b= -

+
             (8) 

ʈʠʩ.2 ʇʦʚʝʜʽʥʢʘ ʬʫʥʢʮʽʾ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ K, S, ɓ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʧʣʠʚʫ ʢʘʥʘʣʽʚ ʫʨʘʭʦʚʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ɓ ʟʘ ʟʘʢʦʥʦʤ ʧʦʣʦʚʠʥʥʦ-ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʫʢʫʧʥʠʭ ʚʠʪʨʘʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʡʦʛʦ ʟʥʘʯʫʱʦʩʪʽ. ʄʦʜʝʣʽ ʘʜʩʪʦʢʫ ʙʫʣʠ ʧʦʧʫʣʷʨʠʟʦʚʘʥʽ Google Research (Chen 

et al., 2017) [5]. 

ʆʮʽʥʢʘ ʙʘʡʻʩʽʚʩʴʢʦʾ ʤʦʜʝʣʽ 

ʋ ʤʦʜʝʣʽ ʤʝʜʽʘ-ʤʽʢʩʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʘʡʻʩʽʚʩʴʢʠʡ [10] ʧʽʜʭʽʜ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʧʝʨʝʜʥʽ ʟʥʘʥʥʷ ʽ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʘʧʦʩʪʝʨʽʦʨʥʠʭ 

ʨʦʟʧʦʜʽʣʽʚ[7][8] ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚ 

ʦʮʽʥʢʘʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʜʘʻ ʙʽʣʴʰ ʛʥʫʯʢʝ ʽ ʨʝʘʣʽʩʪʠʯʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʪʨʘʪ ʥʘ ʤʝʜʽʘ. 
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ROAS ʪʘ mROAS 

ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʪʨʘʪ ʥʘ ʨʝʢʣʘʤʫ ʯʝʨʝʟ ʧʦʢʘʟʥʠʢʠ ROAS (Return on 

Ad Spend) ʽ mROAS (Marginal ROAS) ʻ ʢʣʶʯʦʚʠʤ ʤʦʤʝʥʪʦʤ ʫ ʤʦʜʝʣʷʭ ʤʝʜʽʘ-

ʤʽʢʩʫ. ROAS ʚʠʤʽʨʶʻ, ʩʢʽʣʴʢʠ ʜʦʭʦʜʫ ʛʝʥʝʨʫʻʪʴʩʷ ʥʘ ʢʦʞʝʥʫ ʚʠʪʨʘʯʝʥʫ 

ʛʨʠʚʥʶ ʥʘ ʨʝʢʣʘʤʫ, ʘ mROAS ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ, ʷʢ ʟʤʽʥʠ ʚ ʚʠʪʨʘʪʘʭ ʥʘ 

ʨʝʢʣʘʤʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʭʦʜʠ.[4] 

ɺʠʩʥʦʚʦʢ 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʙʶʜʞʝʪʫ ʥʘ ʦʩʥʦʚʽ ʙʘʡʻʩʦʚʠʭ ʤʦʜʝʣʝʡ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʤʝʜʽʘ-ʤʽʢʩ ʤʦʜʝʣʝʡ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʨʝʥʜʫ, ʩʝʟʦʥʥʦʩʪʽ, ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʪʘ 

ʨʝʢʣʘʤʥʦʛʦ ʚʧʣʠʚʫ, ʚʜʘʻʪʴʩʷ ʙʽʣʴʰ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʛʦ 

ʢʘʥʘʣʫ ʢʦʤʫʥʽʢʘʮʽʾ. ɯʥʪʝʛʨʘʮʽʷ ʘʜʩʪʦʢ-ʤʦʜʝʣʝʡ ʽ ʬʫʥʢʮʽʡ ʍʽʣʣʘ ʜʦʟʚʦʣʷʻ 

ʤʦʜʝʣʶʚʘʪʠ ʷʢ ʢʦʨʦʪʢʦ-, ʪʘʢ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʝʬʝʢʪʠ ʨʝʢʣʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʬʝʢʪʫ ʥʘʩʠʯʝʥʥʷ. ɹʘʡʻʩʽʚʩʴʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʥʦʚʣʝʥʥʷ 

ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʥʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʫ 

ʜʠʥʘʤʽʯʥʦʤʫ ʨʠʥʢʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ROAS ʪʘ 

mROAS ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʫ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʪʨʘʪ, ʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʘʧʦʩʪʝʨʽʦʨʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʧʘʨʘʤʝʪʨʽʚ ð ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʢʣʘʤʥʦʾ ʩʪʨʘʪʝʛʽʾ ʟʘʛʘʣʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʝʪʦʜʦʣʦʛʽʷ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʫ 

ʩʬʝʨʽ ʨʦʟʧʦʜʽʣʫ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʙʶʜʞʝʪʽʚ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 
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ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʇʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

daryna.parasiuk@lnu.edu.ua 

ʉʫʨʦʛʘʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ (ʤʝʪʘʤʦʤʦʜʝʣʶʚʘʥʥʷ) ʻ ʦʜʥʠʤ ʟ ʧʦʰʠʨʝʥʠʭ 

ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʚʠʤʘʛʘʶʪʴ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʾʭ ʨʦʟʚôʷʟʫʚʘʥʥʷ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʨʦʛʘʪʥʠʭ ʤʦʜʝʣʝʡ (ʤʝʪʘʤʦʜʝʣʝʡ) ʻ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ, ʦʙʝʨʥʝʥʽ ʟʘʜʘʯʽ. ʈʘʜʽʘʣʴʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʡ (RBF) ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ 

ʜʣʷ ʩʫʨʦʛʘʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ 

ʤʦʜʝʣʶʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʚʭʦʜʘʤʠ ʽ ʚʠʭʦʜʘʤʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʩʫʨʦʛʘʪʥʽ ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʘʣʴʥʠʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ (RBF) 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʽ "ʭʠʞʘʢ-ʞʝʨʪʚʘ". 

ʄʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʧʦʧʫʣʷʮʽʡ ʧʦ ʪʠʧʫ "ʭʠʞʘʢ-ʞʝʨʪʚʘ" (ʤʦʜʝʣʴ 

ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʘ[1]) ʟʘʜʘʻʪʴʩʷ ʫ ʬʦʨʤʽ ʧʦʯʘʪʢʦʚʦʾ ʟʘʜʘʯʽ ʜʣʷ ʩʠʩʪʝʤʠ ʜʚʦʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ:  

Ὠὼ

Ὠὸ
 ‌ὼ ‍ὼώ 

Ὠώ

Ὠὸ
ὼώ ‎ώ‏

 

ʜʝ: 

 

¶ ὼὸ ï ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ ʞʝʨʪʚ ʫ ʤʦʤʝʥʪ ʯʘʩʫ ὸȠ 

¶ ώὸ ̨̑̏̈̍̑ ̨̠̗̩̐̏̐̔̌ ̨̖̉̇́̋̃ ̔ ̍̏̍̆̎̓ ̘́̒̔ ὸȠ 

¶ ‌ ̙̃ ̨̝̉̅̋̒̓ ̨̎́̑̏̅̇̏̃́̎̏̒̓ ̇̆̑̓̃ ̔ ̨̨̃̅̒̔̓̎̏̒̓ ̨̖̉̇́̋̃Ƞ 

¶ ‍ ̨̙̝̃̉̅̋̒̓ ̨̈́̄̉̂̆̌ ̇̆̑̓̃ ̘̆̑̆̈ ̨̨̘̈̔̒̓̑ ̈ ̖̉̇́̋́̍̉Ƞ 

‏ ¶ ̨̨̗̤̋̏̆̎̓̕ ̠̐̆̑̆̓̃̏̑̆̎̎ ̈ ̩̖̅̆̎̉ ̇̆̑̓̃ ̔ ̖̎̏̃̉ ̨̖̉̇́̋̃Ƞ 
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¶ ‎ ̨̙̝̃̉̅̋̒̓ ̩̐̑̉̑̏̅̎̏ ̨̒̍̆̑̓̎̏̒̓ ̨̖̉̇́̋̃Ȣ  

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʧʦʙʫʜʦʚʠ ʤʝʪʘʤʦʜʝʣʽ ʻ ʛʝʥʝʨʘʮʽʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ (ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ð ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʠ).  

ʅʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʛʝʥʝʨʫʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟ ʜʦʧʦʤʦʛʦʶ ʣʘʪʠʥʩʴʢʦʛʦ 

ʛʽʧʝʨʢʫʙʘ [2]. ʎʽʣʴʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʷʢʘ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ 

RBF, ʚʠʙʨʘʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʞʝʨʪʚ: 

ὖὦ  ÍÁØ
ὸɴ ὸπȟὸὩ

ὼὸ 

ʜʝ ὦ ὦȟȣȟὦ  - ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʜʫʻʪʴʩʷ 

ʩʫʨʦʛʘʪʥʘ ʤʦʜʝʣʴ. ʋ ʢʦʞʥʽʡ ʪʦʯʮʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ὦ ὦ ȟȣȟὦ ȟ 

Ὧ ρȟȣȟὲ  ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ὖ ὖὦ ȟὖ ὖὦ ȟὖ

ὖὦ Ȣ ʅʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʛʝʥʝʨʫʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟ ʜʦʧʦʤʦʛʦʶ 

ʣʘʪʠʥʩʴʢʦʛʦ ʛʽʧʝʨʢʫʙʘ [2] ʚ ʦʙʣʘʩʪʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ὦ ὦ ὦ ,                             

 Ὥ ρȟȣȟὲ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ ʃʦʪʢʠ-

ɺʦʣʴʪʝʨʨʘ ʚ ʢʦʞʥʽʡ ʽʟ ʪʦʯʦʢ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʦʙʯʠʩʣʠʪʠ ʤʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʞʝʨʪʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʚʦʨʶʻʪʴʩʷ ʙʘʟʘ ʟʥʘʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʝʪʘʤʦʜʝʣʽ, ʷʢʘ ʘʧʨʦʢʩʠʤʫʻ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʦʚʪʦʨʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ.  

ɼʨʫʛʠʡ ʝʪʘʧ ʧʦʙʫʜʦʚʠ ʤʝʪʘʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʫ ʥʘʚʯʘʥʥʽ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ 

ʧʦʧʝʨʝʜʥʴʦ ʟʛʝʥʝʨʦʚʘʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʊʦʙʪʦ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɚ , ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʘʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʨʠ ʢʦʞʥʽʡ ʙʘʟʠʩʥʽʡ ʬʫʥʢʮʽʾ ʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 

ʨʽʚʥʷʥʴ, ʧʦʙʫʜʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ɯʥʪʝʨʧʦʣʷʮʽʡʥʘ ʤʦʜʝʣʴ ʫ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ: 

ὖὦ ‗•ȿȿὦ  ὦ ȿȿ 
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ɼʝ •ὶ ð ʮʝ ʨʘʜʽʘʣʴʥʘ ʙʘʟʠʩʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ 

ὶ ὦ   ὦ  ̨̍ ̘̟̇̓̏̋̏ ὦ ̨ ̃̔̈̌̏̍  ὦ .  

ʊʨʝʪʽʡ ʝʪʘʧ  ʚʢʣʶʯʘʻ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʘʣʽʜʘʮʽʶ ʧʦʙʫʜʦʚʘʥʦʾ 

ʤʝʪʘʤʦʜʝʣʽ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʝʪʘʤʦʜʝʣʴ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘ ʥʦʚʠʭ, ʨʘʥʽʰʝ ʥʝ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ ʥʘʚʯʘʥʥʽ ʟʥʘʯʝʥʥʷʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦʙ ʦʮʽʥʠʪʠ ʾʾ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʫʟʘʛʘʣʴʥʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʧʨʦʛʥʦʟʠ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʪʦʯʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʯʠʩʝʣʴʥʠʤ ʨʦʟʚôʷʟʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ. ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʤʝʪʘʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʪʨʠʢʠ ʧʦʭʠʙʢʠ, ʪʘʢʽ ʷʢ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ, ʤʘʢʩʠʤʘʣʴʥʘ ʘʙʩʦʣʶʪʥʘ 

ʧʦʭʠʙʢʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ. ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʩʧʽʰʥʝ ʥʘʚʯʘʥʥʷ ʤʝʪʘʤʦʜʝʣʽ ʪʘ ʾʾ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʥʘʣʽʟʽ ʘʙʦ ʦʧʪʠʤʽʟʘʮʽʾ. ʊʦʯʢʠ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ (ʷʢ ʽ ʪʦʯʢʠ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ) ʛʝʥʝʨʫʚʘʣʠʩʴ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟ ʜʦʧʦʤʦʛʦʶ 

ʣʘʪʠʥʩʴʢʦʛʦ ʛʽʧʝʨʢʫʙʘ.[2,3] 

ʉʫʨʦʛʘʪʥʽ ʤʦʜʝʣʽ ʜʣʷ ʟʘʜʘʯʽ (1)-(3) ʙʫʜʫʚʘʣʠʩʴ ʜʣʷ ʪʨʴʦʭ ʨʽʟʥʠʭ 

ʚʠʧʘʜʢʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʚʠʙʦʨʦʤ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ. ʏʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ: 

ὸ πȟ ὸ ςπȟ ὼ τπȟ ώ ω 

  πȟσ ‌ ρȟυȠ  πȟπςυ‍ πȟςυȠ  πȟρ ‎ πȟσυ 

  

ɺʠʧʘʜʦʢ 1: ʉʠʩʪʝʤʘ ʟ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ὦ ὥ 

ʋ ʧʝʨʰʦʤʫ ʧʨʠʢʣʘʜʽ ʟʤʽʥʶʚʘʚʩʷ ʦʜʠʥ ʧʘʨʘʤʝʪʨ ʩʠʩʪʝʤʠ (ʧʘʨʘʤʝʪʨʘ ‌ 

(ʰʚʠʜʢʽʩʪʴ ʥʘʨʦʜʞʫʚʘʥʦʩʪʽ ʞʝʨʪʚ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʭʠʞʘʢʽʚ)), ʽ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ 

ʩʫʨʦʛʘʪʥʘ ʤʦʜʝʣʴ RBF. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʥʘʧʨʠʢʣʘʜ, ʥʘʨʦʜʞʫʚʘʥʦʩʪʽ ʟʜʦʙʠʯʽ ʘʙʦ ʭʠʞʘʢʽʚ, ʚʽʜʧʦʚʽʜʥʠʡ 

ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ ʪʘʢʦʞ ʟʨʦʩʪʘʚ.  
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ʊʝʩʪʫʚʘʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʧʦʢʘʟʘʣʦ ʥʝʟʥʘʯʥʫ ʧʦʭʠʙʢʫ. ɺ ʪʘʙʣʠʮʽ 1 

ʧʦʢʘʟʘʥʦ, ʪʦʯʥʽʩʪʴ ʩʫʨʦʛʘʪʥʦʾ ʤʦʜʝʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ n. ʏʠʤ ʙʽʣʴʰʝ ʪʦʯʦʢ ï ʪʠʤ ʤʝʥʰʘ ʧʦʭʠʙʢʘ.   

ʊʘʙʣʠʮʷ 1. ɿʘʣʝʞʥʽʩʪʴ ʪʦʯʥʦʩʪʽ ʩʫʨʦʛʘʪʥʦʾ ʤʦʜʝʣʽ ʚʽʜ n ʜʣʷ ʧʝʨʰʦʛʦ ʚʠʧʘʜʢʫ. 

ὲ 5 10 20 40 

ὓὃὉ 1.1009 0.4061 0.3301 0.1684 

ὙὓὛὉ 1.6706 0.5538 0.4377 0.2582 

Ὑ  0.9995 1.0000 1.0000 1.0000 

 

ɺʠʧʘʜʦʢ 2: ʉʠʩʪʝʤʘ ʟ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ, ὦ ‌ȟ‍ 

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʚʘʨʽʶʚʘʣʠʩʷ ʜʚʘ ʧʘʨʘʤʝʪʨʠ ʦʜʥʦʯʘʩʥʦ (‌ (ʰʚʠʜʢʽʩʪʴ 

ʥʘʨʦʜʞʫʚʘʥʦʩʪʽ ʞʝʨʪʚ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʭʠʞʘʢʽʚ), ‍ (ʰʚʠʜʢʽʩʪʴ ʟʘʛʠʙʝʣʽ ʞʝʨʪʚ 

ʯʝʨʝʟ ʟʫʩʪʨʽʯʽ ʟ ʭʠʞʘʢʘʤʠ) ). ɺʠʢʦʨʠʩʪʘʥʥʷ RBF ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ 

ʩʢʣʘʜʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʤʦʛʣʘ ʙ ʚʨʘʭʫʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʦʙʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ.  

ɺ ʪʘʙʣʠʮʽ 2 ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ. ʄʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʪʝʩʪʫʚʘʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʧʦʢʘʟʘʣʦ ʙʽʣʴʰʫ 

ʧʦʭʠʙʢʫ ʥʽʞ ʜʣʷ ʤʦʜʝʣʽ ʧʝʨʰʦʛʦ ʚʠʧʘʜʢʫ, ʪʦʤʫ ʱʦ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ.  

ʊʘʙʣʠʮʷ 2. ɿʘʣʝʞʥʽʩʪʴ ʪʦʯʥʦʩʪʽ ʩʫʨʦʛʘʪʥʦʾ ʤʦʜʝʣʽ ʚʽʜ n ʜʣʷ ʜʨʫʛʦʛʦ ʚʠʧʘʜʢʫ. 

ὲ 5 10 20 40 

ὓὃὉ 31.5838 27.1931 9.8971 5.3416 

ὙὓὛὉ 38.0030 33.8821 13.8344 7.2575 

Ὑ  0.5452 0.7769 0.6696 0.9733 

  

ɺʠʧʘʜʦʢ 3: ʉʠʩʪʝʤʘ ʟ ʪʨʴʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ, ὦ ‌ȟ‍ȟ‎ 
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ʋ ʙʽʣʴʰ ʩʢʣʘʜʥʦʤʫ ʩʮʝʥʘʨʽʾ ʪʨʠ ʧʘʨʘʤʝʪʨʠ (‌ (ʰʚʠʜʢʽʩʪʴ ʥʘʨʦʜʞʫʚʘʥʦʩʪʽ 

ʞʝʨʪʚ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʭʠʞʘʢʽʚ), ‍ (ʰʚʠʜʢʽʩʪʴ ʟʘʛʠʙʝʣʽ ʞʝʨʪʚ ʯʝʨʝʟ ʟʫʩʪʨʽʯʽ ʟ 

ʭʠʞʘʢʘʤʠ), ‎ (ʰʚʠʜʢʽʩʪʴ ʧʨʠʨʦʜʥʦʾ ʩʤʝʨʪʥʦʩʪʽ ʭʠʞʘʢʽʚ)) ʟʤʽʥʶʚʘʣʠʩʷ 

ʦʜʥʦʯʘʩʥʦ.  

ɺ ʪʘʙʣʠʮʽ 3 ʧʦʢʘʟʘʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʥʘʚʯʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ ʧʦʭʠʙʢʘ ʤʦʜʝʣʽ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʦʭʠʙʢʘ ʙʽʣʴʰʘ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʚʠʧʘʜʢʘʤʠ, ʪʘʢ ʷʢ ʩʢʣʘʜʥʽʩʪʴ ʮʽʻʾ ʤʦʜʝʣʽ ʙʽʣʴʰʘ.  

ʊʘʙʣʠʮʷ 3. ɿʘʣʝʞʥʽʩʪʴ ʪʦʯʥʦʩʪʽ ʩʫʨʦʛʘʪʥʦʾ ʤʦʜʝʣʽ ʚʽʜ n ʜʣʷ ʪʨʝʪʴʦʛʦ ʚʠʧʘʜʢʫ. 

ὲ 5 10 20 40 

ὓὃὉ 33.9247 28.4638 18.8251 11.9295 

ὙὓὛὉ 58.7037 39.2992 27.0709 17.7774 

Ὑ  0.6215 0.5737 0.7641 0.9245 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ ʨʘʜʽʘʣʴʥʦ-ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ (RBF) ʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʟʫʤʦʚʣʝʥʝ ʾʭʥʴʦʶ ʟʜʘʪʥʽʩʪʶ ʝʬʝʢʪʠʚʥʦ ʽ 

ʪʦʯʥʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʩʢʣʘʜʥʫ, ʙʘʛʘʪʦʚʠʤʽʨʥʫ ʧʦʚʝʜʽʥʢʫ. ʅʘʚʽʪʴ ʥʝʟʚʘʞʘʶʯʠ 

ʥʘ ʪʝ, ʱʦ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʦʞʫʪʴ ʚʥʦʩʠʪʠ ʥʝʟʥʘʯʥʽ ʧʦʤʠʣʢʠ - ʦʩʦʙʣʠʚʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ - ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ RBF ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʘʜʽʡʥʠʤ ʽ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ  

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  
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ɺʩʪʫʧ  

ʄʘʥʽʧʫʣʷʮʽʡʥʽ ʨʦʙʦʪʠ ʩʴʦʛʦʜʥʽ ʟʘʡʤʘʶʪʴ ʚʘʞʣʠʚʫ ʧʦʟʠʮʽʶ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ 

ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʟʜʘʪʥʦʩʪʽ ʚʠʢʦʥʫʚʘʪʠ ʤʦʥʦʪʦʥʥʽ ʪʘ ʮʠʢʣʽʯʥʦ ʧʦʚʪʦʨʶʚʘʥʽ 

ʦʧʝʨʘʮʽʾ, ʟʤʝʥʰʫʶʯʠ ʧʦʪʨʝʙʫ ʚ ʣʶʜʩʴʢʽʡ ʧʨʘʮʽ ʚ ʥʝʙʝʟʧʝʯʥʠʭ ʪʘ ʚʘʞʢʠʭ 

ʫʤʦʚʘʭ. ɺʦʜʥʦʯʘʩ ʪʘʢʽ ʩʠʩʪʝʤʠ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʩʴʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ ʾʭ ʤʦʞʥʘ ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʥʦʚʠʭ ʦʧʝʨʘʮʽʡ. 

ʄʘʥʽʧʫʣʷʮʽʡʥʠʡ ʨʦʙʦʪ ï ʮʝ ʧʝʨʝʧʨʦʛʨʘʤʦʚʘʥʠʡ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʤʝʭʘʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʆʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʤʘʥʽʧʫʣʷʮʽʡʥʦʛʦ 

ʨʦʙʦʪʘ ʻ ʤʘʥʽʧʫʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ (ʤʘʥʽʧʫʣʷʪʦʨ), ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ 

ʣʘʥʦʢ, ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʰʘʨʥʽʨʽʚ 

(ʟʜʝʙʽʣʴʰʦʛʦ, ʮʠʣʽʥʜʨʠʯʥʠʭ): ʧʝʨʰʘ ʣʘʥʢʘ ʟʚôʷʟʘʥʘ ʟ ʦʩʥʦʚʦʶ ʨʦʙʦʪʘ, ʥʘ ʢʽʥʮʽ 

ʦʩʪʘʥʥʴʦʾ ʟʘʢʨʽʧʣʝʥʦ ʨʦʙʦʯʠʡ ʦʨʛʘʥ (ʟʘʭʦʧʣʶʚʘʯ). 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʙʫʜʦʚʘ ʘʣʛʦʨʠʪʤʫ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʟʘʢʦʥʽʚ ʨʫʭʫ ʦʜʥʦʣʘʥʢʦʚʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʫʙʽʯʥʠʭ 

ʩʧʣʘʡʥʽʚ), ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɿʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʢʦʥʽʚ ʨʫʭʫ ʦʜʥʦʣʘʥʢʦʚʦʛʦ 

ʤʘʥʽʧʫʣʷʪʦʨʘ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚ ʩʪʘʪʪʷʭ [1-3], ʜʚʦʣʘʥʢʦʚʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ï ʫ 

ʧʨʘʮʷʭ [4, 5].      

 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʝʨʦʚʘʥʦʛʦ ʨʫʭʫ ʦʜʥʦʣʘʥʢʦʚʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ  

ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʦʣʘʥʢʦʚʠʡ ʤʘʥʽʧʫʣʷʪʦʨ, ʱʦ ʚʠʢʦʥʫʻ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴ- ʥʠʡ ʨʫʭ 

ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʄʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ʤʘʥʽʧʫʣʷʪʦʨʘ ʩʭʝʤʘ- ʪʠʯʥʦ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ʅʝʭʘʡ OXY  ï ʽʥʝʨʮʽʘʣʴʥʘ ʩʠʩʪʝʤʘ ʚʽʜʣʽʢʫ, ʨʦʟʤʽ-ʱʝʥʘ ʚ 
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ʧʣʦʱʠʥʽ ʨʫʭʫ ʤʘʥʽʧʫʣʷʪʦʨʘ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ( )ta  ï  ʢʫʪ ʧʦʚʦʨʦʪʫ 

ʤʘʥʽʧʫʣʷʪʦʨʘ (ʢʫʪ ʤʽʞ ʣʘʥʢʦʶ OA  ʽ ʚʝʨʪʠʢʘʣʴʥʦʶ ʚʽʩʩʶ, a  ï ʜʦʚʞʠʥʘ 

ʣʘʥʢʠ OA, m  ï ʤʘʩʘ  ʣʘʥʢʠ, Jï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʣʘʥʢʠ ʚʽʜʥʦʩʥʦ ʾʾ ʮʝʥʪʨʘ 

ʤʘʩʠ C , r ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʯʢʠ ʢʨʽʧʣʝʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʘ Oʜʦ ʮʝʥʪʨʘ ʤʘʩ C

. ʐʘʨʥʽʨ O  ʚʚʘʞʘʻʤʦ ʽʜʝʘʣʴʥʠʤ, ʟʘʭʦʧʣʶʚʘʯ (ʟ ʚʘʥʪʘʞʝʤ) ʤʦʜʝʣʶʻʤʦ 

ʪʦʯʢʦʚʦʶ ʤʘʩʦʶ 1m , ʟʦʩʝʨʝʜʞʝʥʦʶ ʫ ʪʦʯʮʽ A . 

ʈʫʭ ʤʘʥʽʧʫʣʷʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʤʦʤʝʥʪʫ ( )u t  ʘʢʪʠʚʥʠʭ ʩʠʣ, ʱʦ 

ʜʽʶʪʴ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ O, ʪʘ ʩʠʣʠ ʪʷʞʽʥʥʷ. 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʪʘʢʦʛʦ 

ʥʝʣʽʥʽʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ [3]: 

 

( ) sin ( ) ( )a aJ t K t u ta a+ =  (1) 

 

ʜʝ ʧʦʟʥʘʯʝʥʦ: 
2 2

a 1J = J +mr +m a , a 1K = g(mr+m a) , g ï 

ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ. ʂʨʘʧʢʦʶ ʥʘʜ ʟʤʽʥʥʦʶ (ʥʘʧʨʠʢʣʘʜ, a) ʧʦʟʥʘʯʝʥʦ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘ ʯʘʩʦʤ t . ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1) ʻ ʨʽʚʥʷʥʥʷʤ ʃʘʛʨʘʥʞʘ 

ʜʨʫʛʦʛʦ ʨʦʜʫ, ʷʢʝ ʦʧʠʩʫʻ ʦʙʝʨʪʦʚʠʡ ʨʫʭ ʣʘʥʢʠ ʤʘʥʽʧʫʣʷʪʦʨʘ ʧʽʜ ʜʽʻʶ 

ʢʝʨʫʚʘʥʥʷ ( )u t . 
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ʈʠʩ. 1. ʄʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ʦʜʥʦʣʘʥʢʦʚʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʦʤ 

ʆʜʥʽʻʶ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʨʦʙʦʯʠʭ ʦʧʝʨʘʮʽʡ ʤʘʥʽʧʫʣʷʮʽʡʥʠʭ ʨʦʙʦʪʽʚ ʻ 

ʪʨʘʥʩʧʦʨʪʥʘ ʦʧʝʨʘʮʽʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʥʝʩʝʥʥʽ ʚʘʥʪʘʞʫ ʽʟ ʟʘʜʘʥʦʛʦ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʟʘʜʘʥʝ ʢʽʥʮʝʚʝ ʧʦʣʦʞʝʥʥʷ. ɺʦʜʥʦʯʘʩ ʪʨʠʚʘʣʽʩʪʴ 

ʦʧʝʨʘʮʽʾ ʻ ʟʘʜʘʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʚʘʥʪʘʞʫ ʥʝ ʟʘʜʘʻʪʴʩʷ, ʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʚô̫ ʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ [4, 5]. 

ɿʘʜʘʤʦ ʧʦʯʘʪʢʦʚʝ ʪʘ ʢʽʥʮʝʚʝ ʧʦʣʦʞʝʥʥʷ ʪʘ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʣʘʥʢʠ 

ʤʘʥʽʧʫʣʷʪʦʨʘ 

0(0)a a= , (0) 0a = , (2) 

( ) TTa a= , ( ) 0Ta = , (3) 

ʜʝ 0aï ʧʦʣʦʞʝʥʥʷ ʣʘʥʢʠ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 0t= , Ta ï ʧʦʣʦʞʝʥʥʷ 

ʣʘʥʢʠ ʚ ʢʽʥʮʝʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t T= , T ï ʪʨʠʚʘʣʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʧʝʨʘʮʽʾ. 

ʊʫʪ ʚʚʘʞʘʻʤʦ, ʱʦ ʣʘʥʢʘ ʤʘʥʽʧʫʣʷʪʦʨʘ ʚ ʧʦʯʘʪʢʦʚʠʡ ʽ ʢʽʥʮʝʚʠʡ ʤʦʤʝʥʪʠ ʯʘʩʫ 
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ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ. ʉʬʦʨʤʫʣʶʻʤʦ ʪʘʢʫ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ. 

ɿʘʜʘʯʘ 1. ɿʥʘʡʪʠ ʪʘʢʠʡ ʨʫʭ ʦʜʥʦʣʘʥʢʦʚʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ *( )ta  ʪʘ 

ʚʽʜʧʦʚʽʜʥʝ ʢʝʨʫʚʘʥʥʷ *( )u t , [0, ]t TÍ , ʷʢʽ ʚ ʩʠʣʫ ʨʽʚʥʷʥʴ ʨʫʭʫ (1) 

ʟʘʙʝʟʧʝʯʘʪʴ ʚʠʢʦʥʘʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʦʤ ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʧʝʨʘʮʽʾ (2), (3) ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʘ 

2

0

( )

T

E u t dt=ñ  (4) 

ʂʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʪʠʧʫ (4) ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʟʘʜʘʯʘʭ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʘʥʽʧʫʣʷʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ [3ï5]. ʊʘʢʠʡ 

ʬʫʥʢʮʽʦʥʘʣ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ (ʟʘ ʧʝʚʥʠʭ ʧʨʠʧʫʱʝʥʴ) ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʦʙʤʦʪʢʘʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʧʨʠʚʦʜʽʚ ʢʝʨʫʚʘʥʥʷ 

ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

 

ʇʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʛʦ ʩʧʣʘʡʥʘ 

ɼʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ 1 ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ  

(ʫ ʧʨʦʩʪʦʨʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʦʜʠʥʘʪ) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʢʫʙʽʯʥʠʤ ʩʧʣʘʡʥʦʤ( )S t . 

ʈʦʟʜʽʣʠʚʰʠ ʧʨʦʤʽʞʦʢ [0, ]T  ʥʘ ʪʨʠ ʨʽʚʥʽ ʚʽʜʨʽʟʢʠ, ʦʪʨʠʤʘʣʠ 4 ʪʦʯʢʠ ( , )i it a

: 1 2 3 40 t t t t T= < < < =, ( )i iS t a= , 1,...,4ia= , ʜʝ 1 0a a= , 

4 Ta a=  ï ʟʘʜʘʥʽ ʚʝʣʠʯʠʥʠ (ʟʛʽʜʥʦ ʟ ʫʤʦʚʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʧʝʨʘʮʽʾ), 2 3,a a 

ï ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʻʤʦ ʰʣʷʭʦʤ ʨʦʟʚô̫ ʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʟʘʜʘʯʽ 

ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʜʦ ʷʢʦʾ ʟʚʦʜʠʪʴʩʷ ʟʘʜʘʯʘ 1.  

ʆʪʞʝ, ʥʘʰ ʩʧʣʘʡʥ ( )S t   ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʢʫʙʽʯʥʠʭ ʧʦʣʽʥʦʤʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʚʦʾʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ , , ,i i i ia b c d , ( 1,2,3)i = . ɿʛʽʜʥʦ ʟ 

ʫʤʦʚʘʤʠ ʧʦʙʫʜʦʚʠ ʢʫʙʽʯʥʦʛʦ ʩʧʣʘʡʥʫ [6, 7], ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʥʝʧʝʨʝʨ- 

ʚʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʛʣʘʜʢʦʩʪʽ ʤʠ ʧʦʚʠʥʥʽ ʟʘʜʦʚʽʣʴʥʠʪʠ ʩʠʩʪʝʤʫ 12 ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟ 12 ʟʘʟʥʘʯʝʥʠʤʠ ʚʠʱʝ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʉʬʦʨʤʦʚʘʥʫ ʩʠʩ- 
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ʪʝʤʫ ʨʽʚʥʷʥʴ ʤʠ ʟʘʧʠʩʘʣʠ ʚ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

GNU Octave, ʷʢʝ ʧʽʜʪʨʠʤʫʻ ʩʠʤʚʦʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ ʟʘʚʜʷʢʠ ʧʘʢʝʪʫ symbolic. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ ñsolveò ʜʘʥʦʛʦ ʧʘʢʝʪʫ, ʤʠ ʟʥʘʭʦʜʠʤʦ (ʚ ʷʚʥʦʤʫ 

ʚʠʛʣʷʜʽ) ʚʠʨʘʟʠ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ , , ,i i i ia b c d , ( 1,2,3)i = , ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ 2 3,a a ʪʘ ʚʝʣʠʯʠʥʠ ʢʨʦʢʫ h . ɼʘʣʽ, ʧʽʜʩʪʘʚʠʚʰʠ ʩʬʦʨʤʦʚʘʥʠʡ 

ʢʫʙʽʯʥʠʡ ʩʧʣʘʡʥ ( )S t  ʫ ʨʽʚʥʷʥʥʷ ʨʫʭʫ (1) ʦʪʨʠʤʫʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ 

όὸ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 2 3,a a, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʟʚʦʜʠʪʴ ʚʠʭʽʜʥʫ ʟʘʜʘʯʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʦ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

2 32 3 ,( , ) minE a aa a­  (5) 

ɼʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʟʘʜʘʯʽ (5) ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʩʪʘʥʜʘʨʪʥʽ ʯʠʩʝʣʴʥʽ 

ʤʝʪʦʜʠ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ [2].  

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʘʣʛʦʨʪʤ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʘʣʛʦʨʠʪʤʽʯʥʽʡ ʤʦʚʽ Python 3.11 ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ JetBrains PyCharm. ɺ ʧʨʦʛʨʘʤʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʉʽʤʧʩʦʥʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ (4) ʪʘ ʤʝʪʦʜ 

ʮʠʢʣʽʯʥʦʛʦ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʫ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ (5). ɼʣʷ ʤʘʣʶʚʘʥʥʷ 

ʛʨʘʬʽʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʙʣʽʦʪʝʢʫ ñmatplotlibò. 

ʇʨʦʚʝʜʝʥʦ ʥʠʟʢʫ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʧʽʜʪʚʝʨʜʠʣʠ ʝʬʝʢ- ʪʠʚʥʽʩʪʴ 

ʧʦʙʫʜʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʪʘ ʡʦʛʦ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ 

ʛʨʘʬʽʢʠ ʜʣʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʥʽʧʫʣʷʪʦʨʘ: 5m= , 1 1m = , 1a= , 

0.5r = , 0.1J =  ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʧʝʨʘʮʽʾ 0 0a = , 4 40a = , 6T = . ɿʘ 

ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʚʘʣʠ 2 0a = , 3 0a= , 

ʚʽʜʧʦʚʽʜʥʦ ʷʢʠʤ ʟʥʘʯʝʥʥʷ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʩʪʘʥʦʚʠʣʦ 11646.25.  

ʇʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Ὁ‌ȟ‌  3421.38, ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʮʝʩʫ ʤʽʥʽʤʽʟʘʮʽʾ ï 0.41 ʩ. 
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ʈʠʩ. 2. ɻʨʘʬʽʢʠ ʨʫʭʫ, ʢʝʨʫʚʘʥʥʷ, ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ                        

(ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ï ʦʧʪʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ, ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ ï ʚʝʣʠʯʠʥʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʨʪʦʚʽʡ ʪʦʯʮʽ ʤʽʥʽʤʽʟʘʮʽʾ)   
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ɻʈɸʌʆɺɯ ʄʆɼɽʃɯ ɼʃʗ ʉʀʄʋʃʗʎɯɰ ʇʆʐʀʈɽʅʅʗ 

ɼɽɿɯʅʌʆʈʄɸʎɯɰ ʋ ʉʆʎɯɸʃʔʅʀʍ ʄɽʈɽɾɸʍ 

ʆʣʝʥʘ ɻʘʪʘʣʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

olena.hatala@lnu.edu.ua 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʻ ʥʝ ʣʠʰʝ ʟʘʩʦʙʦʤ ʢʦʤʫʥʽʢʘʮʽʾ, ʾʭ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʾ ʜʫʤʢʠ, ʧʨʦʩʫʚʘʥʥʷ ʙʨʝʥʜʽʚ, 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʦʮʽʘʣʴʥʠʭ ʨʫʭʽʚ ʪʘ ʚʧʣʠʚʫ ʥʘ ʧʦʣʽʪʠʯʥʽ ʧʨʦʮʝʩʠ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʨʦʩʪʘʻ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʡ, ʱʦ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʝ ʩʝʨʝʜʦʚʠʱʝ ʷʢ ʜʣʷ ʤʠʪʪʻʚʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʦʚʠʥ, ʪʘʢ ʽ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʝʟʽʥʬʦʨʤʘʮʽʾ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʦʰʠʨʝʥʥʷ ʜʝʟʽʥʬʦʨʤʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʠʟʢʫ 

ʧʽʜʭʦʜʽʚ, ʟʦʢʨʝʤʘ ʘʛʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʜʝʣʽ ʢʘʩʢʘʜʥʦʛʦ 

ʚʧʣʠʚʫ, ʛʨʘʬʦʚʽ ʤʦʜʝʣʽ ʪʘ ʢʣʽʪʠʥʢʦʚʽ ʘʚʪʦʤʘʪʠ.  

ɻʨʘʬʠ ʻ ʧʨʠʨʦʜʥʠʤ ʪʘ ʥʘʦʯʥʠʤ ʩʧʦʩʦʙʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʨʝʞ, ʜʝ ʚʫʟʣʠ ʨʝʧʨʝʟʝʥʪʫʶʪʴ ʦʢʨʝʤʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʘʙʦ ʦʨʛʘʥʽʟʘʮʽʾ, ʘ ʨʝʙʨʘ 

ï ʟʚôʷʟʢʠ ʪʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ. ɺʦʜʥʦʯʘʩ, ʜʣʷ ʦʧʠʩʫ ʜʠʥʘʤʽʢʠ ʧʦʰʠʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ, ʟʦʢʨʝʤʘ SIR, ʷʢʽ 

ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʧʨʦʪʝ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʽ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ. ʎʷ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʫʪʠ ʚ ʦʜʥʦʤʫ ʟ ʪʨʴʦʭ ʩʪʘʥʽʚ: susceptible ï ʚʨʘʟʣʠʚʠʡ, 

infected ï ̔ ʥʬʽʢʦʚʘʥʠʡ ʪʘ  recovered ï ʦʜʫʞʘʚ ʟ ʥʘʙʫʪʪʷʤ ʽʤʫʥʽʪʝʪʫ. ʇʦʻʜʥʘʥʥʷ 

ʛʨʘʬʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʦʶ ʜʠʥʘʤʽʢʦʶ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ 

ʤʦʜʝʣʶʚʘʪʠ ʤʝʨʝʞʝʚʫ ʚʟʘʻʤʦʜʽʶ, ʘ ʡ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʤʽʥʫ ʩʪʘʥʽʚ ʫ ʯʘʩʽ, 

ʦʮʽʥʶʶʯʠ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʟʘʛʘʣʴʥʠʡ 

ʧʝʨʝʙʽʛ ʧʦʰʠʨʝʥʥʷ [3]. 

ʄʦʜʝʣʴ SIR ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ: 

Ὓὸ Ὅὸ Ὑὸ ὔ, 

Ὓπ Ὓ, 



133 

 

 Ὑπ Ὑ,                                            (1) 

‗z
ᶻ

‘z Ὑὸ, 

‗z Ὓὸ Ὅzὸ, 

ʜʝ Ὓὸ ï ʢʽʣʴʢʽʩʪʴ ʚʨʘʟʣʠʚʠʭ ʣʶʜʝʡ ʫ ʤʦʤʝʥʪ ʯʘʩʫ ὸ, Ὅὸ ï ʢʽʣʴʢʽʩʪʴ 

ʽʥʬʽʢʦʚʘʥʠʭ ʣʶʜʝʡ ʫ ʤʦʤʝʥʪ ʯʘʩʫ  ὸ, Ὑὸ ï ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʷʢʽ ʦʜʫʞʘʣʠ ʫ 

ʤʦʤʝʥʪ ʯʘʩʫ  ὸ, ὔ ï ʟʘʛʘʣʴʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ, ‗ ï ʡʤʦʚʽʨʥʽʩʪʴ 

ʢʦʥʪʘʢʪʫ ʚʨʘʟʣʠʚʦʾ ʣʶʜʠʥʠ ʟ ʽʥʬʽʢʦʚʘʥʦʶ, ‘ ï ʡʤʦʚʽʨʥʽʩʪʴ ʦʜʫʞʘʪʠ [2]. 

ɼʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʜʠʥʘʤʽʢʠ ʤʦʜʝʣʽ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʩʠʤʫʣʷʮʽʶ ʥʘ ʦʩʥʦʚʽ 

small-world ʛʨʘʬʘ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʢʣʘʩʪʝʨʠʟʘʮʽʻʶ ʪʘ 

ʢʦʨʦʪʢʠʤ ʩʝʨʝʜʥʽʤ ʰʣʷʭʦʤ ʤʽʞ ʚʝʨʰʠʥʘʤʠ [1].  ʋ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʦʜʥʘ ʚʝʨʰʠʥʘ ʦʙʠʨʘʻʪʴʩʷ ʷʢ ʜʞʝʨʝʣʦ ʧʦʰʠʨʝʥʥʷ ʜʝʟʽʥʬʦʨʤʘʮʽʾ ʡ ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ, ʪʦʜʽ ʷʢ ʫʩʽ ʽʥʰʽ ʻ ʚʨʘʟʣʠʚʠʤʠ ʟ ʧʝʚʥʠʤʠ ʩʪʫʧʝʥʷʤʠ ʦʧʦʨʫ, 

ʷʢʽ ʧʨʠʩʚʦʶʻʪʴʩʷ ʫʩʽʤ ʚʝʨʰʠʥʘʤ ʪʘ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. ɺʦʥʠ 

ʟʦʙʨʘʞʝʥʽ ʙʣʘʢʠʪʥʠʤ ʢʦʣʴʦʨʦʤ  ʥʘ ʨʠʩ.1.  

 

 

ʈʠʩ. 1. ʇʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʛʨʘʬʘ ʫ ʤʦʜʝʣʽ small-world 
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ʋ ʧʨʦʮʝʩʽ ʩʠʤʫʣʷʮʽʾ ʜʝʷʢʽ ʚʫʟʣʠ ʧʝʨʝʭʦʜʷʪʴ ʫ ʽʥʬʽʢʦʚʘʥʠʡ ʩʪʘʥ, ʷʢʠʡ 

ʟʦʙʨʘʞʘʻʪʴʩʷ ʪʝʤʥʦ-ʧʦʤʘʨʘʥʯʝʚʠʤ ʢʦʣʴʦʨʦʤ, ʪʘ ʫ ʩʪʘʥ ʦʜʫʞʘʥʥʷ ï ʽʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ. ʉʪʘʥʠ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʧʨʘʚʠʣʘʤʠ: 

ʚʨʘʟʣʠʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʽʥʬʽʢʫʚʘʪʠʩʴ, ʷʢʱʦ ʙʘʪʴʢʽʚʩʴʢʘ ʚʝʨʰʠʥʘ ʻ 

ʜʞʝʨʝʣʦʤ ʜʝʟʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʻ ʽʥʬʽʢʦʚʘʥʦʶ, ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʨʘʞʝʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʾʭʥʴʦʛʦ ʨʽʚʥʷ ʦʧʦʨʫ. ʏʠʤ ʥʠʞʯʠʡ ʦʧʽʨ, ʪʠʤ ʚʠʱʘ ʡʤʦʚʽʨʥʽʩʪʴ ʽʥʬʽʢʫʚʘʥʥʷ. 

ʅʘʪʦʤʽʩʪʴ ʽʥʬʽʢʦʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʦʜʫʞʘʪʠ ʘʙʦ ʟʤʝʥʰʠʪʠ ʩʚʽʡ ʦʧʽʨ, 

çʟʜʦʨʦʚʽè ʧʦʩʪʫʧʦʚʦ ʥʘʙʫʚʘʶʪʴ ʙʽʣʴʰʦʾ ʩʪʽʡʢʦʩʪʽ ʘʙʦ ʟʥʦʚʫ ʩʪʘʶʪʴ 

ʚʨʘʟʣʠʚʠʤʠ, ʱʦ ʽʣʶʩʪʨʫʻ ʜʨʫʛʘ ʽʪʝʨʘʮʽʷ ʩʠʤʫʣʷʮʽʾ (ʨʠʩ. 2). 

ʍʽʜ ʩʠʤʫʣʷʮʽʾ ʜʦʮʽʣʴʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʯʝʨʝʟ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʤʽʥʠ 

ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʫ ʨʽʟʥʠʭ ʩʪʘʥʘʭ ʫʧʨʦʜʦʚʞ ʫʩʽʭ ʾʾ ʝʪʘʧʽʚ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ.3ʘ ʪʘ 

ʨʠʩ.3ʙ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʤʝʨʝʞʽ, ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʪʘ ʩʪʫʧʝʥʷ ʟʚôʷʟʥʦʩʪʽ 

ʩʠʩʪʝʤʘ ʟ ʯʘʩʦʤ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʻ ʪʠʧʦʚʦʶ ʜʣʷ ʩʠʤʫʣʷʮʽʾ, ʜʝ 

ʚʽʜʩʫʪʥʻ ʜʞʝʨʝʣʦ ʧʦʚʪʦʨʥʦʛʦ çʟʘʨʘʞʝʥʥʷè. 

 

 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʩʠʤʫʣʷʮʽʾ ʥʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ: ʯʘʩʪʢʦʚʝ ʧʦʰʠʨʝʥʥʷ ʜʝʟʽʥʬʦʨʤʘʮʽʾ ʚʽʜ 

ʜʞʝʨʝʣʘ 
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ʘ)                               ʙ) 

ʈʠʩ. 3. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʟʘ ʩʪʘʥʘʤʠ ʧʨʦʪʷʛʦʤ ʩʠʤʫʣʷʮʽʾ: 

ʘ) ʤʝʨʝʞʘ ʽʟ 10 ʚʝʨʰʠʥʘʤʠ ʪʘ 1 ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ 

ʙ) ʤʝʨʝʞʘ ʽʟ 200 ʚʝʨʰʠʥʘʤʠ ʪʘ 6 ʜʞʝʨʝʣʘʤʠ ʽʥʬʦʨʤʘʮʽʾ 

 

ʋ ʤʝʜʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʯʘʩʪʦ ʦʜʥʦʯʘʩʥʦ ʧʦʰʠʨʶʶʪʴ ʜʚʽ ʩʫʧʝʨʝʯʣʠʚʽ ʜʫʤʢʠ, ʷʢʽ 

ʢʦʥʢʫʨʫʶʪʴ ʟʘ ʫʚʘʛʫ ʪʘ ʚʧʣʠʚ ʥʘ ʘʫʜʠʪʦʨʽʶ. ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʩʮʝʥʘʨʽʶ 

ʙʫʣʦ ʨʦʟʰʠʨʝʥʦ ʧʦʯʘʪʢʦʚʫ ʤʦʜʝʣʴ ʩʠʤʫʣʷʮʽʾ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʜʚʦʭ 

ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ ʚʧʣʠʚʫ ï SOURCE_A ʪʘ SOURCE_B. ʋʩʽʤ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʧʝʚʥʽ ʨʽʚʥʽ ʜʦʚʽʨʠ ʜʦ ʢʦʞʥʦʛʦ ʟ ʜʞʝʨʝʣ, ʧʨʠʯʦʤʫ ʩʫʤʘ ʮʠʭ 

ʟʥʘʯʝʥʴ ʜʦʨʽʚʥʶʻ 1. ʋ ʨʘʟʽ ʦʜʥʦʯʘʩʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʟ ʦʙʦʭ ʙʦʢʽʚ 

ʢʦʨʠʩʪʫʚʘʯ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʩʪʦʨʦʥʫ ʪʦʛʦ ʜʞʝʨʝʣʘ, ʷʢʦʤʫ ʜʦʚʽʨʷʻ ʙʽʣʴʰʝ, ʟʘ 

ʫʤʦʚʠ, ʱʦ ʮʝ ʜʦʟʚʦʣʷʻ ʡʦʛʦ ʧʦʪʦʯʥʠʡ ʨʽʚʝʥʴ ʦʧʦʨʫ. 
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ʈʠʩ. 4. ɼʠʥʘʤʽʢʘ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʚʦʭ ʢʦʥʢʫʨʫʶʯʠʭ ʜʞʝʨʝʣ SOURCE_A ʪʘ 

SOURCE_B, ʫ ʢʽʣʴʢʦʩʪʽ 5 ʪʘ 7, ʚʽʜʧʦʚʽʜʥʦ, ʫ ʤʝʨʝʞʽ ʟ 300 ʢʦʨʠʩʪʫʚʘʯʘʤʠ. 

 

ʄʦʜʝʣʴ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ (ʨʠʩ. 4) ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚʞʝ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʩʠʤʫʣʷʮʽʾ ʤʘʡʞʝ ʚʩʽ ʚʨʘʟʣʠʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʜʦʣʫʯʘʶʪʴʩʷ ʜʦ 

ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʧʦʰʠʨʝʥʠʭ ʥʘʨʘʪʠʚʽʚ. ɿ ʯʘʩʦʤ ʩʠʩʪʝʤʘ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʪʘ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʜʝʣʽ ʟ ʦʜʥʠʤ ʜʞʝʨʝʣʦʤ ʜʝʟʽʥʬʦʨʤʘʮʽʾ, ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʘʥ recovered, ʪʦʙʪʦ ʧʨʠʧʠʥʷʶʪʴ ʧʽʜʜʘʚʘʪʠʩʷ 

ʚʧʣʠʚʫ ʙʫʜʴ-ʷʢʦʾ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʦʨʽʥ. ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʚʽʜʦʙʨʘʞʘʻ 

ʨʝʘʣʽʩʪʠʯʥʫ ʩʠʪʫʘʮʽʶ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʝ ʢʦʥʢʫʨʝʥʮʽʷ ʤʽʞ 

ʜʫʤʢʘʤʠ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʪʦʤʠ ʘʙʦ ʩʚʽʜʦʤʦʛʦ ʽʛʥʦʨʫʚʘʥʥʷ 

ʦʙʦʭ ʧʦʟʠʮʽʡ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʩʠʤʫʣʷʮʽʾ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʧʦʰʠʨʝʥʥʷ 

ʜʝʟʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʷʢ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ, ʪʘʢ ʽ ʙʘʛʘʪʦʚʝʢʪʦʨʥʦʛʦ ʚʧʣʠʚʫ. 

ɺʦʥʘ ʚʨʘʭʦʚʫʻ ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ, ʨʽʚʝʥʴ ʜʦʚʽʨʠ ʪʘ ʦʧʽʨ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ 

ʨʦʙʠʪʴ ʾʾ ʛʥʫʯʢʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʘʤʧʘʥʽʡ ʪʘ ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʡ ʧʨʦʪʠʜʽʾ ʜʝʟʽʥʬʦʨʤʘʮʽʾ. ʋ 

ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʩʦʮʽʘʣʴʥʠʭ 

ʜʘʥʠʭ, ʯʘʩʦʚʦʾ ʟʘʪʨʠʤʢʠ, ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ ʪʘ ʝʚʦʣʶʮʽʾ ʧʝʨʝʢʦʥʘʥʴ. 
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ɺʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʤʦʩʪʠ ʤʽʩʪʘ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʤʽʩʴʢʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

1. ɺʩʪʫʧ 

1.1 ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʫʯʘʩʥʽ ʤʽʩʪʘ ʩʪʠʢʘʶʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʘʪʦʨʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ 

ʪʘ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʘʥʘʣʽʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʣʶʯʦʚʽ ʝʣʝʤʝʥʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ ʤʦʩʪʠ ʪʘ 

ʤʘʛʽʩʪʨʘʣʽ, ʻ ʥʝʦʙʭʽʜʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʟ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʫʭʫ. ɽʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʧʦʪʨʝʙʫʻ 

ʚʩʝʙʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʙʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʽʣʷʥʦʢ 

ʤʝʨʝʞʽ ʜʣʷ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʾʾ ʨʦʟʚʠʪʢʫ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ. 

1.2 ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʧʦʜʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʋ ʩʬʝʨʽ ʘʥʘʣʽʟʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. ɻʨʘʬʦʚʽ 

ʤʦʜʝʣʽ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ, ʘ 

ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ, ʪʘʢʽ ʷʢ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʠ, 

ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʭʦʜʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʤʽʞ ʪʦʯʢʘʤʠ ʚ ʤʝʨʝʞʽ. 

ɯʩʥʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʫ ʤʽʩʪʘʭ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʜʘʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʫ ʜʦʩʣʽʜʞʝʥʥʽ "A Graph-

Based Analysis with Path-finding and Learning Algorithms" ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ɼʝʡʢʩʪʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʫ 

ʜʦʨʦʞʥʽʡ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ A* ʪʘ Q-learning ʜʣʷ 
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ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʨʘʬʽʢ ʪʘ 

ʩʪʘʥ ʜʦʨʽʛ.[5]  

ɯʥʰʝ ʜʦʩʣʽʜʞʝʥʥʷ, "Optimization of Joint Decision of Transport Mode and 

Path in Multi-mode Transportation Network", ʘʥʘʣʽʟʫʻ ʩʧʽʣʴʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʱʦʜʦ ʚʠʙʦʨʫ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʤʘʨʰʨʫʪʫ ʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʝʨʝʞʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ɼʝʡʢʩʪʨʠ ʪʘ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ.[6] 

ʊʘʢʦʞ, ʫ ʜʦʩʣʽʜʞʝʥʥʽ "Finding the Shortest Path in the Transport Problem 

using Dijkstra's Algorithm" ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ɼʝʡʢʩʪʨʠ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʪʘʢʠʭ ʷʢ 

ʚʽʜʩʪʘʥʴ, ʯʘʩ ʘʙʦ ʚʘʨʪʽʩʪʴ.[7] 

ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʦʚʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʫ ʘʥʘʣʽʟʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʫ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ. 

1.3 ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʩʪʘʚʣʝʥʦ ʧʨʦʙʣʝʤʫ ʦʮʽʥʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʨʠʪʠʯʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʘʨʪʝʨʽʾ ʤʽʩʪʘ ʥʘ ʧʨʠʢʣʘʜʽ ʘʥʘʣʽʟʫ ʚʝʣʦʩʠʧʝʜʥʦʛʦ ʨʫʭʫ ʚ 

ʅʴ-ʁʁʦʨʢʫ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽʾ, ʱʦ ʧʦʻʜʥʫʻ ʘʥʘʣʽʟ 

ʜʘʥʠʭ ʧʨʦ ʧʦʾʟʜʢʠ ʥʘ ʚʝʣʦʩʠʧʝʜʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʦʚʦʾ ʤʦʜʝʣʽ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʤʽʩʪʘ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ, ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʦʩʪʠ ʤʽʩʪʘ. 

2. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

2.1 ɺʠʭʽʜʥʽ ʜʘʥʽ 

ɼʞʝʨʝʣʦʤ ʜʘʥʠʭ ʧʦʩʣʫʞʠʚ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʡ ʚʝʙ-ʩʘʡʪ ʧʨʦʢʘʪʫ 

ʤʽʩʴʢʠʭ ʚʝʣʦʩʠʧʝʜʽʚ ʫ ʤʽʩʪʽ ʅʴʶ-ʁʦʨʢ [9]. ɹʘʟʘ ʜʘʥʠʭ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʢʦʞʥʫ ʚʝʣʦʩʠʧʝʜʥʫ ʧʦʾʟʜʢʫ, ʚʢʣʶʯʘʶʯʠ: 

¶ Ride ID: ʋʥʽʢʘʣʴʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʢʦʞʥʦʾ ʧʦʾʟʜʢʠ. 

¶ Started at, Ended at: ɼʘʪʘ ʪʘ ʯʘʩ ʧʦʯʘʪʢʫ ʪʘ ʟʘʢʽʥʯʝʥʥʷ ʧʦʾʟʜʢʠ. 

¶ Start latitude, Start longitude: ɻʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ. 

¶ End latitude, End Longitude: ɻʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʢʽʥʮʝʚʦʾ ʪʦʯʢʠ. 

ʈʠʩ. 1. ɹʘʟʘ ʜʘʥʠʭ ʚʝʣʦʧʦʾʟʜʦʢ (ʟʦʙʨʘʞʝʥʽ ʦʩʥʦʚʥʽ ʢʦʣʦʥʢʠ) 
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ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʞʝʥ ʤʽʩʷʮʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʦʢʨʝʤʦʤʫ ʬʘʡʣʽ ʫ ʬʦʨʤʘʪʽ CSV. ʆʙʩʷʛ ʜʘʥʠʭ ʟʘ ʦʜʠʥ ʤʽʩʷʮʴ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʛʽʛʘʙʘʡʪʘ. 

2.2 ɻʨʘʬʦʚʘ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ 

ʊʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ ʤʽʩʪʘ ʟʤʦʜʝʣʴʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ 

G = (V, E), ʜʝ ʚʝʨʰʠʥʠ V ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʝʨʝʭʨʝʩʪʷ, ʘ ʨʝʙʨʘ E ð ʚʫʣʠʮʽ ʟ 

ʚʽʜʧʦʚʽʜʥʦʶ ʚʘʛʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʚʞʠʥʽ ʫ ʤʝʪʨʘʭ. ʆʨʽʻʥʪʦʚʘʥʽʩʪʴ ʛʨʘʬʘ 

ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʨʫʭʫ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʘ ʚʠʢʦʨʠʩʪʘʥʦ 

Python-ʙʽʙʣʽʦʪʝʢʫ OSMnx, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʽʟ 

ʩʝʨʚʽʩʫ OpenStreetMap ʪʘ ʾʭ ʧʦʜʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʧʨʠʜʘʪʥʦʾ 

ʜʣʷ ʘʥʘʣʽʟʫ. 

 
ʈʠʩ. 2. ʊʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ ʨʘʡʦʥʫ ɹʨʫʢʣʽʥ ʤʽʩʪʘ ʅʴʶ-ʁʦʨʢ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ 

2.3 ɸʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʠ ʜʣʷ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʢʦʨʦʪʰʠʭ ʤʘʨʰʨʫʪʽʚ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʢʽʣʴʢʘ 

ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ: ɼʝʡʢʩʪʨʠ, ɹʝʣʣʤʘʥʘ-ʌʦʨʜʘ, ʌʣʦʡʜʘ-

ʋʦʨʰʝʣʣʘ ʪʘ A*. 

ɸʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʠ ʦʙʨʘʥʦ ʷʢ ʦʧʪʠʤʘʣʴʥʠʡ ʜʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʠʤʠ ʛʨʘʬʘʤʠ ʙʝʟ 

ʚʽʜôʻʤʥʠʭ ʚʘʛ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ A*, ʚʽʥ ʥʝ ʧʦʪʨʝʙʫʻ ʝʚʨʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ, ʷʢʽ 

ʩʢʣʘʜʥʦ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʜʣʷ ʚʝʣʦʩʠʧʝʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɸʣʛʦʨʠʪʤ ɹʝʣʣʤʘʥʘ-

ʌʦʨʜʘ ʭʦʯ ʽ ʧʨʘʮʶʻ ʟ ʚʽʜôʻʤʥʠʤʠ ʚʘʛʘʤʠ, ʻ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ. ʌʣʦʡʜ-ʋʦʨʰʝʣʣ 
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ʜʦʟʚʦʣʷʻ ʟʥʘʭʦʜʠʪʠ ʰʣʷʭʠ ʤʽʞ ʫʩʽʤʘ ʧʘʨʘʤʠ ʚʝʨʰʠʥ, ʘʣʝ ʤʘʻ ʚʠʩʦʢʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ɼʝʡʢʩʪʨʠ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʟʘʜʘʯʽ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʨʰʨʫʪʽʚ ʫ ʤʽʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʈʝʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ NetworkX ʜʣʷ 

Python, ʷʢʘ ʥʘʜʘʻ ʬʫʥʢʮʽʾ ʜʣʷ ʨʦʙʦʪʠ ʟ ʛʨʘʬʘʤʠ ʪʘ ʤʝʨʝʞʘʤʠ. 

2.4 ʆʙʯʠʩʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʘʨʪʝʨʽʾ 

ɼʣʷ ʦʮʽʥʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʘʨʪʝʨʽʾ ʥʝʦʙʭʽʜʥʦ ʧʦʻʜʥʘʪʠ 

ʜʘʥʽ ʧʨʦ ʧʦʾʟʜʢʠ ʥʘ ʚʝʣʦʩʠʧʝʜʘʭ ʽʟ ʛʨʘʬʦʚʦʶ ʤʦʜʝʣʣʶ ʤʽʩʪʘ. ʇʦʯʘʪʢʦʚʽ ʪʘ 

ʢʽʥʮʝʚʽ ʩʪʘʥʮʽʾ ʚʝʣʦʧʨʦʢʘʪʫ ʧʨʠʚ'ʷʟʫʶʪʴʩʷ ʜʦ ʥʘʡʙʣʠʞʯʠʭ ʚʫʟʣʽʚ ʛʨʘʬʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ nearest_nodes() ʙʽʙʣʽʦʪʝʢʠ OSMnx. ɼʣʷ ʢʦʞʥʦʾ ʧʦʾʟʜʢʠ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ ɼʝʡʢʩʪʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʡʢʦʨʦʪʰʠʡ ʤʘʨʰʨʫʪ, ʧʽʩʣʷ ʯʦʛʦ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʯʠ ʧʨʦʭʦʜʠʪʴ ʚʽʥ ʯʝʨʝʟ ʟʘʜʘʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʘʨʪʝʨʽʶ. 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʘʨʪʝʨʽʷʤʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ɹʨʫʢʣʽʥʩʴʢʠʡ, ʄʘʥʭʝʪʪʝʥʩʴʢʠʡ ʪʘ ɺʽʣʴʷʤʩʙʫʨʛʟʴʢʠʡ ʤʦʩʪʠ ʅʴʶ-ʁʦʨʢʘ. 

ʇʝʨʝʚʽʨʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ ʥʘ ʤʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʨʘʜʽʫʩʘ. ʗʢʱʦ ʤʘʨʰʨʫʪ ʧʝʨʝʪʠʥʘʻ ʮʶ ʦʙʣʘʩʪʴ, ʧʦʾʟʜʢʘ 

ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʦʶ, ʱʦ ʩʪʚʦʨʶʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʤʽʩʪ. 

2.5 ʇʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ 

ʆʧʝʨʘʮʽʾ ʟʽ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʙʣʠʞʯʠʭ ʚʫʟʣʽʚ, ʦʙʯʠʩʣʝʥʥʷ ʥʘʡʢʦʨʦʪʰʠʭ 

ʤʘʨʰʨʫʪʽʚ ʽ ʧʝʨʝʚʽʨʢʠ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʟʘʜʘʥʽ ʪʦʯʢʠ ʻ ʨʝʩʫʨʩʦʻʤʥʠʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʙʩʷʛ ʜʘʥʠʭ, ʧʦʥʘʜ ʤʽʣʴʡʦʥ ʟʘʧʠʩʽʚ ʥʘ ʤʽʩʷʮʴ, ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ 

ʦʙʨʦʙʢʠ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʙʽʙʣʽʦʪʝʢʫ Dask, ʱʦ ʨʝʘʣʽʟʫʻ ʧʘʨʘʣʝʣʴʥʽ 

ʦʙʯʠʩʣʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʘ ʦʜʠʥ ʤʽʩʷʮʴ ʟ ʰʝʩʪʠ 

ʛʦʜʠʥ ʜʦ ʦʜʥʽʻʾ ʛʦʜʠʥʠ. 

2.6 ʇʨʠʧʫʱʝʥʥʷ ʪʘ ʦʙʤʝʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠʡʥʷʪʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚʝʣʦʩʠʧʝʜʠʩʪʠ ʦʙʠʨʘʶʪʴ 

ʥʘʡʢʦʨʦʪʰʠʡ ʤʘʨʰʨʫʪ ʤʽʞ ʩʪʘʥʮʽʷʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʛʥʝʥʥʶ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʯʘʩ ʽ ʟʫʩʠʣʣʷ. ɺʦʜʥʦʯʘʩ ʥʝ ʚʨʘʭʦʚʘʥʦ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʥʘʷʚʥʽʩʪʴ ʚʝʣʦʜʦʨʽʞʦʢ, 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʜʦʨʽʛ ʽ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ. ʊʘʢʦʞ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʝʣʦʩʪʘʥʮʽʷʤʠ 

ʪʘ ʚʫʟʣʘʤʠ ʛʨʘʬʘ ʚ ʦʙʯʠʩʣʝʥʥʷʭ ʥʝ ʚʨʘʭʦʚʫʚʘʣʘʩʷ ʯʝʨʝʟ ʾʾ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʟʘʛʘʣʴʥʫ ʜʦʚʞʠʥʫ ʤʘʨʰʨʫʪʫ. 

3. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʦʪʨʠʤʘʥʦ ʦʮʽʥʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʤʦʩʪʠ ʤʽʩʪʘ ʅʴʶ-ʁʦʨʢʘ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ 

ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ, ʜʝ ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʩʪʫ ʚʢʘʟʘʥʦ ʢʽʣʴʢʽʩʪʴ ʚʝʣʦʩʠʧʝʜʥʠʭ ʧʦʾʟʜʦʢ, 

ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʥʴʦʛʦ. 
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ʊʘʙʣʠʮʷ 1. ʆʙʯʠʩʣʝʥʘ ʢʽʣʴʢʽʩʪʴ (ʪʠʩ.) ʧʝʨʝʪʠʥʽʚ ʤʦʩʪʽʚ ʚʝʣʦʩʠʧʝʜʠʩʪʘʤʠ 

4. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʦʩʪʠ ʅʴʶ-ʁʦʨʢʘ ʤʘʻ 

ʩʝʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʙʘʛʘʪʴʤʘ ʬʘʢʪʦʨʘʤʠ. ɿʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʦʾʟʜʦʢ ʯʝʨʝʟ ɹʨʫʢʣʽʥʩʴʢʠʡ ʤʽʩʪ ʧʽʩʣʷ ʚʝʨʝʩʥʷ 2021 ʨʦʢʫ ʤʦʞʝ ʙʫʪʠ 

ʧʦʷʩʥʝʥʝ ʧʦʢʨʘʱʝʥʥʷʤ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʦʢʨʝʤʘ ʙʫʜʽʚʥʠʮʪʚʦʤ ʥʦʚʦʾ 

ʚʝʣʦʜʦʨʽʞʢʠ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʽʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ. 

5. ɺʠʩʥʦʚʦʢ 

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʦʮʽʥʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʨʠʪʠʯʥʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʘʨʪʝʨʽʾ ʤʽʩʪʘ ʥʘ ʧʨʠʢʣʘʜʽ ʚʝʣʦʩʠʧʝʜʥʦʛʦ ʨʫʭʫ ʚ ʅʴʶ-ʁʦʨʢʫ, ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʨʘʬʦʚʠʭ ʤʦʜʝʣʝʡ ʽ ʘʣʛʦʨʠʪʤʫ ɼʝʡʢʩʪʨʠ. ʇʨʦʚʝʜʝʥʦ 

ʨʦʟʨʘʭʫʥʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʥʽ ʤʦʩʪʠ ʤʽʩʪʘ. ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʡʦʛʦ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʜʦʮʽʣʴʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʥʘʷʚʥʽʩʪʴ ʚʝʣʦʜʦʨʽʞʦʢ, 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʜʦʨʽʛ ʽ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ. 

ʈʽʢ 
ɹʨʫʢʣʽʥʩʴʢʠʡ 

ʤʽʩʪ 

ʄʘʥʭʝʪʝʥʩʴʢʠʡ 

ʤʽʩʪ 

ɺʽʣʴʷʤʩʙʫʨʛʟʴ-

ʢʠʡ ʤʽʩʪ 

ʉʫʤʘʨʥʘ 

ʢʽʣʴʢʽʩʪʴ 

2020(ʩʝʨ.) 1 914 5 449 7 624 14 987 

ʂʚʽʪʝʥʴ 866 2 059 3 189 6 114 

ʊʨʘʚʝʥʴ 1 592 3 642 5 780 11 014 

ʏʝʨʚʝʥʴ 2 106 5 569 8 279 15 954 

ʃʠʧʝʥʴ 2 059 5 739 8 540 16 338 

ʉʝʨʧʝʥʴ 2 197 6 725 9 167 18 089 

ɺʝʨʝʩʝʥʴ 2 336 7 318 9 452 19 106 

ɾʦʚʪʝʥʴ 2 239 7 093 8 964 18 296 

2021(ʩʝʨ.) 2 652 6 444 7 860 16 956 

ʂʚʽʪʝʥʴ 1 766 5 358 6 550 13 674 

ʊʨʘʚʝʥʴ 2 369 6 729 8 370 17 468 

ʏʝʨʚʝʥʴ 2 529 7 146 8 810 18 485 

ʃʠʧʝʥʴ 2 074 6 368 7 864 16 306 

ʉʝʨʧʝʥʴ 1 986 6 182 7 670 15 838 

ɺʝʨʝʩʝʥʴ 3 635 6 982 8 246 18 863 

ɾʦʚʪʝʥʴ 4 206 6 344 7 508 18 058 
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https://pmc.ncbi.nlm.nih.gov/articles/PMC9269792 

7. ɼʦʩʣʽʜʞʝʥʥʷ çFinding the Shortest Path in the Transport Problem using Dijkstra's 

Algorithmè [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.ijert.org/research/finding-the-shortest-path-in-thetransport-problem-using-

dijikstras-algorithm-IJERTV13IS070046.pdf 

8. ɼʦʢʫʤʝʥʪʘʮʽʷ ʙʽʙʣʽʦʪʝʢʠ DASK [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://docs.dask.org/en/stable/dataframe.html  

9. ɺʝʙ-ʩʘʡʪ ʧʨʦʢʘʪʫ ʚʝʣʦʩʠʧʝʜʽʚ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://citibikenyc.com/system-data  

10. ɼʦʢʫʤʝʥʪʘʮʽʷ ʙʽʙʣʽʦʪʝʢʠ Pandas [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://pandas.pydata.org/docs/  

  

https://ela.kpi.ua/server/api/core/bitstreams/fb0a4251-74d9-470b-88da-71abb4e85f93/content
https://ela.kpi.ua/server/api/core/bitstreams/fb0a4251-74d9-470b-88da-71abb4e85f93/content
https://math.libretexts.org/Bookshelves/Combinatorics_and_Discrete_Mathematics/Combinatorics_and_Graph_Theory_%28Guichard%29/05%3A_Graph_Theory/5.01%3A_The_Basics_of_Graph_Theory
https://math.libretexts.org/Bookshelves/Combinatorics_and_Discrete_Mathematics/Combinatorics_and_Graph_Theory_%28Guichard%29/05%3A_Graph_Theory/5.01%3A_The_Basics_of_Graph_Theory
https://math.libretexts.org/Bookshelves/Combinatorics_and_Discrete_Mathematics/Combinatorics_and_Graph_Theory_%28Guichard%29/05%3A_Graph_Theory/5.01%3A_The_Basics_of_Graph_Theory
https://ami.lnu.edu.ua/wp-content/uploads/2014/02/DO_CH2_Alhorytmy-optymizatsii-na-hrafakh.pdf
https://ami.lnu.edu.ua/wp-content/uploads/2014/02/DO_CH2_Alhorytmy-optymizatsii-na-hrafakh.pdf
https://library.kre.dp.ua/Books/2-4%20kurs/Дискретна%20математика/nikolskii_iuv_pasichnik_vv_shcherbina_ium_diskretna_matemati.pdf
https://library.kre.dp.ua/Books/2-4%20kurs/Дискретна%20математика/nikolskii_iuv_pasichnik_vv_shcherbina_ium_diskretna_matemati.pdf
https://library.kre.dp.ua/Books/2-4%20kurs/Дискретна%20математика/nikolskii_iuv_pasichnik_vv_shcherbina_ium_diskretna_matemati.pdf
https://link.springer.com/article/10.1007/s13177-024-00453-w
https://pmc.ncbi.nlm.nih.gov/articles/PMC9269792
https://www.ijert.org/research/finding-the-shortest-path-in-thetransport-problem-using-dijikstras-algorithm-IJERTV13IS070046.pdf
https://www.ijert.org/research/finding-the-shortest-path-in-thetransport-problem-using-dijikstras-algorithm-IJERTV13IS070046.pdf
https://docs.dask.org/en/stable/dataframe.html
https://citibikenyc.com/system-data
https://pandas.pydata.org/docs/
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çʈʆɿʈʆɹʂɸ ɺɽɹ-ʉɸʁʊʋ ɼʃʗ ʇʋɹʃɯʂɸʎɯɰ ʆʉɺɯʊʅɯʍ ʄɸʊɽʈɯɸʃɯɺ, 

ʇʆɽɿɯɰ ʊɸ ʍʋɼʆɾʅɯʍ ʊɺʆʈɯɺè 

ɹʨʦʰʢʦ ʍʨʠʩʪʠʥʘ  

 ʃʴʚiʚʩʴʢʠʡ ʥʘʮiʦʥʘʣʴʥʠʡ ʫʥiʚʝʨʩʠʪʝʪ iʤʝʥi Iʚʘʥʘ ʌʨʘʥʢʘ 

 ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ iʥʬʦʨʤʘʪʠʢʠ 

Khrystyna.broshko@lnu.edu.ua 

ɺ ʫʤʦʚʘʭ ʮʠʬʨʦʚʽʟʘʮʽʾ ʦʩʚʽʪʠ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʩʪʚʦʨʝʥʥʷ 

ʟʨʫʯʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʧʫʙʣʽʢʘʮʽʾ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʩʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʭʫʜʦʞʥʽʭ ʪʘ ʧʦʝʪʠʯʥʠʭ ʪʚʦʨʽʚ. ʊʘʢʽ ʧʣʘʪʬʦʨʤʠ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʨʘʤ 

ʜʽʣʠʪʠʩʷ ʩʚʦʾʤʠ ʨʦʙʦʪʘʤʠ, ʦʪʨʠʤʫʚʘʪʠ ʚʽʜʛʫʢʠ ʪʘ ʬʦʨʤʫʚʘʪʠ ʚʣʘʩʥʫ 

ʘʫʜʠʪʦʨʽʶ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʚʝʙ-ʩʘʡʪʫ, ʱʦ ʨʝʘʣʽʟʫʻ ʪʘʢʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʝʙ-

ʨʦʟʨʦʙʢʠ. 

 

ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʪʨʠʨʽʚʥʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ.  

ɸʨʭʽʪʝʢʪʫʨʘ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʨʽʚʥʽ: 

 

ʈʽʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (Frontend) - ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. ʈʝʘʣʽʟʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ HTML, CSS ʪʘ JavaScript ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʫ Bootstrap ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʜʠʟʘʡʥʫ. 

 

ʇʨʠʢʣʘʜʥʠʡ ʨʽʚʝʥʴ (Backend) - ʟʘʙʝʟʧʝʯʫʻ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ, ʦʙʨʦʙʢʫ ʟʘʧʠʪʽʚ ʪʘ 

ʚʟʘʻʤʦʜʽʶ ʟ ʙʘʟʦʶ ʜʘʥʠʭ. ʈʝʘʣʽʟʦʚʘʥʠʡ ʥʘ Node.js ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʨʝʡʤʚʦʨʢʫ Express.js. 
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ʈʽʚʝʥʴ ʜʘʥʠʭ (Database) - ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ 

ʩʠʩʪʝʤʠ. ʈʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʨʝʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ 

PostgreSQL. 

 

ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ RESTful API, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʙʝʟ ʟʥʘʯʥʠʭ 

ʟʤʽʥ ʫ ʩʪʨʫʢʪʫʨʽ ʧʨʦʻʢʪʫ. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʘʨʭʽʪʝʢʪʫʨʠ 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ  

ʋʧʨʘʚʣʽʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ: 

ʈʝʻʩʪʨʘʮʽʷ ʪʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʚʢʣʶʯʥʦ ʟ OAuth ʯʝʨʝʟ Google ʪʘ 

Facebook), ʨʦʟʤʝʞʫʚʘʥʥʷ ʧʨʘʚ ʜʦʩʪʫʧʫ (ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʪʘ ʟʚʠʯʘʡʥʽ 

ʢʦʨʠʩʪʫʚʘʯʽ), ʟʘʭʠʩʪ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʬʨʫʚʘʥʥʷ ʧʘʨʦʣʽʚ 

(bcrypt). 

ʋʧʨʘʚʣʽʥʥʷ ʩʪʘʪʪʷʤʠ: 
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ʉʪʚʦʨʝʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʩʪʘʪʝʡ, ʤʦʜʝʨʘʮʽʷ ʢʦʥʪʝʥʪʫ ʯʝʨʝʟ ʩʪʘʪʫʩʠ ʩʪʘʪʝʡ 

(pending, confirmed, rejected), ʩʠʩʪʝʤʘ URL-ʘʜʨʝʩ ʥʘ ʦʩʥʦʚʽ ʘʣʽʘʩʽʚ ʜʣʷ SEO-

ʦʧʪʠʤʽʟʘʮʽʾ. 

ʂʦʤʫʥʽʢʘʮʽʡʥʽ ʬʫʥʢʮʽʾ: 

ʄʦʞʣʠʚʽʩʪʴ ʢʦʤʝʥʪʫʚʘʥʥʷ ʩʪʘʪʝʡ, ʧʽʜʧʠʩʢʘ ʥʘ ʨʦʟʩʠʣʢʫ ʥʦʚʠʥ. 

 

ʄʦʜʝʣʴ ʜʘʥʠʭ  

ER-ʤʦʜʝʣʴ ʜʘʥʠʭ ʚʢʣʶʯʘʻ ʦʩʥʦʚʥʽ ʩʫʪʥʦʩʪʽ: 

USERS - ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ: 

id (integer) - ʧʝʨʚʠʥʥʠʡ ʢʣʶʯ 

email (varchar) - ʫʥʽʢʘʣʴʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʘʜʨʝʩ 

password (varchar) - ʭʝʰʦʚʘʥʠʡ ʧʘʨʦʣʴ 

role (text) - ʨʦʣʴ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʩʠʩʪʝʤʽ 

 

ARTICLES - ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʩʪʘʪʪʽ: 

id (integer) - ʧʝʨʚʠʥʥʠʡ ʢʣʶʯ 

title (varchar) - ʟʘʛʦʣʦʚʦʢ ʩʪʘʪʪʽ 

content (text) - ʚʤʽʩʪ ʩʪʘʪʪʽ 

status (varchar) - ʩʪʘʪʫʩ ʤʦʜʝʨʘʮʽʾ 

created_at (timestamp) - ʜʘʪʘ ʩʪʚʦʨʝʥʥʷ 

updated_at (timestamp) - ʜʘʪʘ ʦʥʦʚʣʝʥʥʷ 

alias (varchar) - URL ʩʪʘʪʪʽ 
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COMMENTS - ʟʙʝʨʽʛʘʻ ʢʦʤʝʥʪʘʨʽ ʜʦ ʩʪʘʪʝʡ: 

id (integer) - ʧʝʨʚʠʥʥʠʡ ʢʣʶʯ 

text (text) - ʚʤʽʩʪ ʢʦʤʝʥʪʘʨʷ 

username (varchar) - ʽʤ'ʷ ʘʚʪʦʨʘ ʢʦʤʝʥʪʘʨʷ 

created_at (timestamp) - ʜʘʪʘ ʩʪʚʦʨʝʥʥʷ 

 

 

ʈʠʩ. 2 . ER-ʜʽʘʛʨʘʤʘ ʙʘʟʠ ʜʘʥʠʭ  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  JSON Web Token Introduction. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://jwt.io/introduction/ 

2. Bootstrap Documentation. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://getbootstrap.com/docs/ 

3. PostgreSQL Documentation. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.postgresql.org/docs/ 

4. Express.js Guide. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://expressjs.com/en/guide/routing.html 

5. Node.js Documentation. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://nodejs.org/en/docs/  

https://www.postgresql.org/docs/
https://expressjs.com/en/guide/routing.html
https://nodejs.org/en/docs/
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ɸʅɸʃɯɿ ʊɸ ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʀʍ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ 

ɼʃʗ ɺʀʈɯʐɽʅʅʗ ɿɸɼɸʏɯ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʆɹʃʀʏ 

ʆʣʝʥʘ ʄʽʭʘʡʣʦʚʘ, ɹʦʛʜʘʥ ɺʘʩʠʣʠʰʠʥ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ,  

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

olena.mikhailova@lnu.edu.ua 

 

ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (ʐʅʄ) ʘʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʟʦʢʨʝʤʘ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʣʠʯ. ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʙʫʣʦ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ ʜʣʷ 

ʧʦʧʫʣʷʨʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ResNet ʪʘ ViT ʥʘ ʨʽʟʥʦʨʽʜʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, ʚʠʷʚʠʪʠ 

ʥʝʜʦʣʽʢʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʫʩʫʥʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ 

ʟʘ ʤʝʪʨʠʢʘʤʠ ʪʦʯʥʦʩʪʽ, ʚʣʫʯʥʦʩʪʽ ʪʘ ʧʽʜʪʨʠʤʢʠ. 

 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʦʙʨʘʞʝʥʴ ð ʮʝ ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚ ʦʙʣʘʩʪʽ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʱʦ ʤʘʻ ʥʘ ʤʝʪʽ ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ 

ʢʘʪʝʛʦʨʠʟʘʮʽʶ ʦʙ'ʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ. ʉʴʦʛʦʜʥʽ ʮʷ ʛʘʣʫʟʴ ʧʨʠʚʝʨʪʘʻ ʟʥʘʯʥʫ 

ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʽ ʧʨʘʢʪʠʢʽʚ ʟʘʚʜʷʢʠ ʩʚʦʻʤʫ ʚʝʣʠʯʝʟʥʦʤʫ ʧʦʪʝʥʮʽʘʣʫ ʪʘ 

ʰʠʨʦʢʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʚʦʭ ʘʨʭʽʪʝʢʪʫʨ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ: 

1. Resnet34 ð ʥʘʡʧʦʰʠʨʝʥʽʰʘ ʤʦʜʝʣʴ ʜʣʷ ʟʘʜʘʯ 

ʢʣʘʩʠʬʽʢʘʮʽʾ; ʩʫʯʘʩʥʘ ʤʦʜʝʣʴ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʧʦʙʫʜʦʚʘʥʘ ʫ 

ʚʠʛʣʷʜʽ 34-ʰʘʨʦʚʦʾ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ; ʥʘʚʯʝʥʘ ʥʘ ʥʘʙʦʨʽ 

ʜʘʥʠʭ CIFAR-10. [2] 

2. ViT_base_patch16 ð ʮʝ ʚʽʟʫʘʣʴʥʘ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ 

ʘʨʭʽʪʝʢʪʫʨʠ ʪʨʘʥʩʬʦʨʤʝʨʘ, ʩʧʦʯʘʪʢʫ ʨʦʟʨʦʙʣʝʥʦʾ ʜʣʷ ʪʝʢʩʪʦʚʠʭ 

ʟʘʚʜʘʥʴ. ʄʦʜʝʣʴ ViT ʧʨʝʜʩʪʘʚʣʷʻ ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʷʢ ʩʝʨʽʶ ʧʘʪʯʽʚ, 

ʘʥʘʣʦʛʽʯʥʠʭ ʩʝʨʽʾ ʚʝʢʪʦʨʽʚ ʩʣʽʚ ʫ ʪʝʢʩʪʦʚʠʭ ʪʨʘʥʩʬʦʨʤʝʨʘʭ, ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʛʥʦʟʫʻ ʢʣʘʩʦʚʽ ʤʽʪʢʠ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ. [1] 
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ʈʝʘʣʽʟʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʚʠʢʦʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʽʙʣʽʦʪʝʢʠ Fastai, ʷʢʘ ʥʘʜʘʻ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʨʦʙʦʪʠ ʟ ʢʦʤʧ'ʶʪʝʨʥʠʤ 

ʟʦʨʦʤ ʥʘ ʦʩʥʦʚʽ PyTorch. [4] ʊʘʢʦʞ ʮʽ ʤʝʨʝʞʽ ʪʨʝʥʦʚʘʥʽ ʥʘ ʪʘʢʦʤʫ ʥʘʙʦʨʽ 
ʜʘʥʠʭ ï 105_classes_pins_dataset ʟ ʽʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʠ Kaggle. ʎʝ ʚʠʙʨʘʥʽ 

ʬʦʪʦʛʨʘʬʽʾ 105 ʟʥʘʤʝʥʠʪʦʩʪʝʡ ɻʦʣʣʽʚʫʜʫ, ʟ ʨʽʟʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, 

ʧʦʚʦʨʦʪʦʤ ʦʙʣʠʯʯʷ, ʤʘʢʽʷʞʝʤ, ʘʢʩʝʩʫʘʨʘʤʠ ʽ ʪʜ. [ʇʦʤʠʣʢʘ! ɼʞʝʨʝʣʦ ʧ

ʦʩʠʣʘʥʥʷ ʥʝ ʟʥʘʡʜʝʥʦ.] 

ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʚʝʜʝʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʟʦʢʨʝʤʘ ViT ʪʘ ResNet, ʜʣʷ ʩʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ ʣʶʜʝʡ. ʊʦʜʽ 

ʷʢ ʧʦʧʝʨʝʜʥʽ ʨʦʙʦʪʠ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʤʦʜʝʣʝʡ ʥʘ ʧʨʦʩʪʽʰʠʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʟʘʜʘʯʘʭ (ʥʘʧʨʠʢʣʘʜ, [1]), ʤʠ ʜʦʩʣʽʜʞʫʻʤʦ ʾʭʥʶ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʚʧʦʨʘʪʠʩʷ ʟ ʚʠʩʦʢʦʶ ʚʘʨʽʘʪʠʚʥʽʩʪʶ ʪʘ ʪʦʯʥʽʩʪʶ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ. 

ʂʣʶʯʦʚʠʤ ʢʨʦʢʦʤ ʫ ʧʽʜʛʦʪʦʚʮʽ ʜʦ ʪʨʝʥʫʚʘʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘʚʯʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ lr_find() ʟ ʙʽʙʣʽʦʪʝʢʠ 

Fastai. ʎʷ ʬʫʥʢʮʽʷ ʘʚʪʦʤʘʪʠʯʥʦ ʪʝʩʪʫʻ ʨʽʟʥʽ ʰʚʠʜʢʦʩʪʽ ʥʘʚʯʘʥʥʷ, ʙʫʜʫʶʯʠ 

ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʚʪʨʘʪ (loss) ʚʽʜ learning rate, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ ʦʙʨʘʪʠ 

ʥʘʡʢʨʘʱʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʘʨʪʫ ʪʨʝʥʫʚʘʥʥʷ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʝʡ 

ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ fit_flat_cos(), ʪʘʢʦʞ ʜʦʩʪʫʧʥʦʾ ʫ Fastai. ʎʷ 

ʬʫʥʢʮʽʷ ʨʝʘʣʽʟʫʻ ʝʬʝʢʪʠʚʥʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʥʘʚʯʘʥʥʷ (ʩʧʦʯʘʪʢʫ 

ʩʪʘʣʠʡ learning rate, ʧʦʪʽʤ ʩʧʘʜ ʟʘ ʢʦʩʠʥʫʩʥʠʤ ʟʘʢʦʥʦʤ), ʱʦ ʩʧʨʠʷʻ ʩʪʘʙʽʣʴʥʽʡ 

ʦʧʪʠʤʽʟʘʮʽʾ. ʇʽʜ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ ʟʜʽʡʩʥʶʚʘʚʩʷ ʤʦʥʽʪʦʨʠʥʛ 

ʚʘʣʽʜʘʮʽʡʥʦʾ ʚʪʨʘʪʠ (valid_loss) ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʧʝʨʝʥʘʚʯʘʥʥʷʤ ʤʦʜʝʣʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʧʦʭ. ʈʝʟʫʣʴʪʘʪʠ ʪʨʝʥʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʬʫʥʢʮʽʡ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʛʨʘʬʽʢʘʤʠ (ʨʠʩ. 1). [3, 4] 
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ʈʠʩ. 1. ɻʨʘʬʽʢʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ResNet ʪʘ ViT  ʧʽʜ ʯʘʩ 

ʪʨʝʥʫʚʘʥʥʷ 

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʝʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʨʠʢ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʘʢʠʭ ʷʢ Precision (ʚʣʫʯʥʽʩʪʴ), Recall 

(ʧʦʚʥʦʪʘ), F1-score (F1-ʦʮʽʥʢʘ), Support (ʧʽʜʪʨʠʤʢʘ) ʪʘ Accuracy (ʪʦʯʥʽʩʪʴ). ʎʽ 

ʤʝʪʨʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʤʧʣʝʢʩʥʦ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʣʘʩʫ ʦʩʽʙ, ʚʨʘʭʦʚʫʶʯʠ ʷʢ ʪʦʯʥʽʩʪʴ ʧʝʨʝʜʙʘʯʝʥʴ, ʪʘʢ ʽ ʧʦʚʥʦʪʫ ʚʠʷʚʣʝʥʥʷ. ʑʦʙ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʦʙʦʪʫ, ʘʨʭʽʪʝʢʪʫʨ ʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ (ʨʠʩ. 2 ʪʘ ʨʠʩ.3),  

ʚʽʜʦʙʨʘʞʘʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ Precision (ʚʽʩʴ X) ʪʘ Recall (ʚʽʩʴ Y) ʜʣʷ 

ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʢʣʘʩʫ. ʂʦʞʥʘ ʙʫʣʴʙʘʰʢʘ ʥʘ ʛʨʘʬʽʢʫ ʧʨʝʜʩʪʘʚʣʷʻ ʦʜʠʥ ʢʣʘʩ, 

ʘ ʾʾ ʨʦʟʤʽʨ ʧʨʦʧʦʨʮʽʡʥʠʡ ʟʥʘʯʝʥʥʶ ʤʝʪʨʠʢʠ Support, ʪʦʙʪʦ ʢʽʣʴʢʦʩʪʽ ʪʝʩʪʦʚʠʭ 

ʟʨʘʟʢʽʚ ʜʣʷ ʮʴʦʛʦ ʢʣʘʩʫ. [5] 

ɼʣʷ ResNet (ʨʠʩ. 2) ʙʽʣʴʰʽʩʪʴ ʢʣʘʩʽʚ ʧʦʢʘʟʫʶʪʴ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʛʨʫʧʫʶʯʠʩʴ ʫ ʚʝʨʭʥʴʦʤʫ ʧʨʘʚʦʤʫ ʢʫʪʽ ʛʨʘʬʽʢʘ (Precision ʪʘ Recall ʧʝʨʝʚʘʞʥʦ 

> 0.7), ʭʦʯʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʚʥʘ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʤʽʞ ʢʣʘʩʘʤʠ, ʯʘʩʪʢʦʚʦ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʨʽʟʥʠʤ ʦʙʩʷʛʦʤ ʜʘʥʠʭ (ʨʦʟʤʽʨʦʤ ʙʫʣʴʙʘʰʦʢ). ɯʩʥʫʶʪʴ ʢʣʘʩʠ ʟ 

ʥʠʞʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʋʩʝʨʝʜʥʝʥʽ ʤʝʪʨʠʢʠ ʜʣʷ ResNet: 

¶ Accuracy: 0.81 

¶ Macro F1-Score: 0.80 

¶ Weighted F1-Score: 0.81 
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ʈʠʩ.2. ɹʫʣʴʙʘʰʢʦʚʠʡ ʛʨʘʬʽʢ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʤʦʜʝʣʽ ResNet 

ʄʦʜʝʣʴ ViT, ʥʘʚʧʘʢʠ, ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʥʦ ʚʠʱʫ ʪʘ ʩʪʘʙʽʣʴʥʽʰʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʅʘ ʾʾ ʛʨʘʬʽʢʫ ʢʣʘʩʠ ʥʘʜʟʚʠʯʘʡʥʦ ʱʽʣʴʥʦ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʫ 

ʚʝʨʭʥʴʦʤʫ ʧʨʘʚʦʤʫ ʢʫʪʽ (Precision > 0.85, Recall > 0.8 ʜʣʷ ʤʘʡʞʝ ʚʩʽʭ), ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʚʽʜʤʽʥʥʫ ʚʣʫʯʥʽʩʪʴ ʪʘ ʧʦʚʥʦʪʫ. ʊʦʯʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʟʥʘʯʥʦ ʙʣʠʞʯʝ ʜʦ 

ʽʜʝʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ (1,1) ʧʦʨʽʚʥʷʥʦ ʟ ResNet, ʟ ʣʠʰʝ ʧʦʦʜʠʥʦʢʠʤʠ 

ʚʠʥʷʪʢʘʤʠ. ʋʩʝʨʝʜʥʝʥʽ ʤʝʪʨʠʢʠ ʜʣʷ ViT ʟʥʘʯʥʦ ʚʠʱʽ: 

¶ Accuracy: 0.95 

¶ Macro F1-Score: 0.95 

¶ Weighted F1-Score: 0.95 
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ʈʠʩ.3. ɹʫʣʴʙʘʰʢʦʚʠʡ ʛʨʘʬʽʢ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʤʦʜʝʣʽ ViT 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʨʝʥʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʧʦʢʘʟʘʚ, ʱʦ ʘʨʭʽʪʝʢʪʫʨʘ Vision 

Transformer (ViT) ʜʦʩʷʛʣʘ ʟʥʘʯʥʦ ʥʠʞʯʠʭ ʟʥʘʯʝʥʴ ʪʨʝʥʫʚʘʣʴʥʦʾ ʪʘ ʚʘʣʽʜʘʮʽʡʥʦʾ 

ʧʦʤʠʣʦʢ, ʘ ʪʘʢʦʞ ʚʠʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʝʪʨʠʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ ʧʦʨʽʚʥʷʥʦ ʟ 

ResNet34, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʜʽʙʥʠʡ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ. 
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ʉʚʽʪ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʝʞʽ ʝʢʦʣʦʛʽʯʥʦʾ ʢʘʪʘʩʪʨʦʬʠ. ɿʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ, 

ʧʦʚʽʪʨʷ, ʟʥʠʢʥʝʥʥʷ ʧʝʚʥʠʭ ʚʠʜʽʚ ʪʚʘʨʠʥ ʪʘ ʨʦʩʣʠʥ, ʤʘʩʰʪʘʙʥʽ ʧʦʞʝʞʽ, ʪʦʱʦ ʻ 

ʥʘʩʣʽʜʢʦʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʣʶʜʠʥʠ ʥʘ ʜʦʚʢʽʣʣʷ [6]. ʇʦʧʨʠ ʥʘʤʘʛʘʥʥʷ ʫʨʷʜʫ 

ʚʚʦʜʠʪʠ ʚ ʜʽʶ ʥʦʚʝ ʝʢʦʣʦʛʽʯʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʤʠ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʻʤʦ 

ʥʝʧʨʠʡʥʷʪʪʷ ʟ ʙʦʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʟʘʢʦʥʽʚ. 

ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʚʠʩʪʫʧʘʻ ʥʝʫʩʚʽʜʦʤʣʝʥʽʩʪʴ ʣʶʜʝʡ ʱʦʜʦ ʥʘʩʣʽʜʢʽʚ ʜʦ ʷʢʠʭ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʽ ʷʢʠʡ ʛʣʦʙʘʣʴʥʠʡ ʚʧʣʠʚ 

ʚʯʠʥʢʠ ʣʶʜʝʡ ʤʘʶʪʴ ʥʘ ʝʢʦʣʦʛʽʶ, ʘ ʦʪʞʝ ʟʚʽʜʩʠ ʽ ʥʝʨʦʟʫʤʽʥʥʷ ʜʣʷ ʯʦʛʦ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʟʚʠʯʢʠ ʫ ʩʚʦʻ ʞʠʪʪʷ. ʌʘʢʪʠʯʥʦ, ʟʘ ʚʯʠʥʢʠ ʣʶʜʝʡ 

ʩʪʦʩʦʚʥʦ ʝʢʦʣʦʛʽʾ ʚʽʜʧʦʚʽʜʘʻ ʝʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ, ʪʦʙʪʦ ʨʦʟʫʤʽʥʥʷ ʽʥʜʠʚʽʜʦʤ 

ʚʧʣʠʚʫ ʡʦʛʦ ʚʯʠʥʢʽʚ ʥʘ ʧʨʠʨʦʜʫ, ʡʦʛʦ ʻʜʥʦʩʪʽ ʟ ʧʨʠʨʦʜʦʶ ʎʝ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ 

ʦʙʘʯʥʝ ʩʪʘʚʣʝʥʥʷ ʪʘ ʪʫʨʙʦʪʫ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [2]. 

 ʆʜʥʠʤ ʟ ʥʘʡʜʽʻʚʽʰʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ  ʻ 

ʝʢʦʣʦʛʽʯʥʘ ʦʩʚʽʪʘ, ʘ ʩʘʤʝ ʩʝʨʽʷ ʟʘʭʦʜʽʚ ʧʦʢʣʠʢʘʥʠʭ ʥʘʚʯʠʪʠ ʣʶʜʝʡ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʜʦʚʢʽʣʣʷ ʪʘ ʥʘʜʘʪʠ ʾʤ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝʧʝʨʽʰʥʽʡ 

ʩʪʘʥ ʧʣʘʥʝʪʠ, ʚʧʣʠʚ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʥʴʦʛʦ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʟʥʘʥʥʷʤʠ 

ʧʨʦ ʪʝ, ʷʢ ʩʘʤʽ ʣʶʜʠ ʤʦʞʫʪʴ ʮʝ ʟʤʽʥʠʪʠ, ʷʢʽ ʟʚʠʯʢʠ ʩʣʽʜ ʚʧʨʦʚʘʜʠʪʠ ʫ ʱʦʜʝʥʥʝ 

ʞʠʪʪʷ, ʘʙʠ ʚʽʜʚʝʨʥʫʪʠ ʢʣʽʤʘʪʠʯʥʫ ʢʘʪʘʩʪʨʦʬʫ ʫ ʤʘʡʙʫʪʥʴʦʤʫ [2]. ʋ 

ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʦʚʝʜʝʥʦʤʫ ʖʅɽʉʂʆ ʫ 2022 ʨʦʮʽ, ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʥʘʡʢʨʘʱʝ 

ʝʢʦʣʦʛʽʯʥʫ ʦʩʚʽʪʫ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʟʤʘʣʝʯʢʫ ʪʘ ʧʨʦʚʦʜʠʪʠ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʽ 

ʟʘʭʦʜʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʜʽʪʝʡ ʫ ʪʝʤʽ ʜʦʚʢʽʣʣʷ ʫ ʧʦʯʘʪʢʦʚʽʡ 

ʰʢʦʣʽ. ʉʘʤʝ ʫ ʮʴʦʤʫ ʚʽʮʽ ʜʽʪʠ ʧʨʦʷʚʣʷʶʪʴ ʦʩʦʙʣʠʚʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ, ʣʝʛʢʦ 

ʥʘʚʯʘʶʪʴʩʷ ʽ ʧʝʨʝʡʤʘʶʪʴ ʧʝʚʥʽ ʟʚʠʯʢʠ. ʉʘʤʝ ʪʦʤʫ ʧʦʯʘʪʢʦʚʘ ʰʢʦʣʘ ï ʮʝ 

ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʡ ʝʪʘʧ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʦʩʚʽʪʠ ʧʨʦ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʊʘ ʧʦʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʚ ʰʢʦʣʘʭ, 

ʚʦʥʘ ʯʘʩʪʦ ʻ ʥʝʝʬʝʢʪʠʚʥʦʶ ʯʝʨʝʟ ʥʠʟʢʫ ʬʘʢʪʦʨʽʚ: ʥʝʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʚʯʠʪʝʣʽʚ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʛʨʘʤʠ ʥʘʚʯʘʥʥʷ, ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʪʨʝʙʘʤ ʫʯʥʽʚ, 

ʥʘʩʠʣʴʥʠʮʴʢʠʡ ʧʽʜʭʽʜ, ʩʪʝʨʝʦʪʠʧʽʟʘʮʽʷ ʧʦʥʷʪʴ ʪʦʱʦ. ʄʘʪʝʨʽʘʣ ʫ ʧʽʜʨʫʯʥʠʢʘʭ 

ʥʝ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩʫ ʫʯʥʽʚ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʤʠ ʛʦʚʦʨʠʤʦ ʧʨʦ 1-4 ʢʣʘʩʠ. ɼʦ ʪʦʛʦ 
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ʞ ʚʯʠʪʝʣʽ ʯʘʩʪʦ ʥʝ ʟʥʘʶʪʴ ʷʢ ʩʣʽʜ ʧʦʜʘʪʠ ʤʘʪʝʨʽʘʣ, ʘʙʠ ʟʘʮʽʢʘʚʠʪʠ ʜʽʪʝʡ ʽ 

ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʚʽʥ ʤʦʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʪʨʝʙʘʤ ʫʯʥʽʚ, ʤʘʪʠ ʚʠʢʨʠʚʣʝʥʫ 

ʩʠʩʪʝʤʫ ʮʽʥʥʦʩʪʝʡ ʽ ʧʦʥʷʪʴ [6]. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʥʘʤ ʥʝ ʚʜʘʩʪʴʩʷ ʜʦʩʷʛʪʠ 

ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʙʝʟ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʮʽʢʘʚʠʪʠ ʪʘ ʥʘʚʯʠʪʠ ʜʽʪʝʡ, ʘ 

ʪʘʢʦʞ ʩʧʨʦʩʪʠʪʠ ʮʝʡ ʧʨʦʮʝʩ ʜʣʷ ʧʝʜʘʛʦʛʽʚ. 

ʊʦʤʫ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʨʦʟʚʠʪʢʫ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ, ʥʘʚʠʯʦʢ ʪʘ ʟʚʠʯʦʢ ʫ ʜʽʪʝʡ ʧʦʯʘʪʢʦʚʦʾ ʰʢʦʣʠ. ɺʘʞʣʠʚʦ, 

ʘʙʠ ʮʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʦʛʣʠ ʣʝʛʢʦ ʘʜʘʧʪʦʚʫʚʘʪʠʩʷ ʜʦ ʨʽʟʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ ʪʘ 

ʩʧʨʦʱʫʚʘʣʠ ʧʨʦʮʝʩ ʜʣʷ ʦʩʚʽʪʷʥ ʯʠ ʙʘʪʴʢʽʚ. 

EcoDino ï ʮʝ ʥʘʚʯʘʣʴʥʘ ʤʦʙʽʣʴʥʘ ʛʨʘ, ʱʦ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ  ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʚʽʜʦʤʦʩʪʽ ʫ ʜʽʪʝʡ ʪʘ ʩʧʨʠʷʻ ʚʠʨʦʙʣʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ ʟʚʠʯʦʢ. ʋ ʭʦʜʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʷʚʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘʫʢʦʚʮʽʚ ʫ ʩʬʝʨʽ 

ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʪʘ ʦʩʚʽʪʠ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʽʛʦʨ, ʱʦ ʚʞʝ 

ʜʦʩʪʫʧʥʽ ʥʘ ʨʠʥʢʫ.  

ɼʣʷ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʫ ʙʫʣʦ ʦʙʨʘʥʦ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʨʦʟʨʦʙʢʘ ʙʫʣʘ ʧʦʜʽʣʝʥʘ ʥʘ ʜʚʘ ʦʩʥʦʚʥʠʭ ʝʪʘʧʠ: ʨʦʟʨʦʙʢʘ ʩʝʨʚʝʨʥʦʾ 

ʯʘʩʪʠʥʠ (backend) ʪʘ ʨʦʟʨʦʙʢʘ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ (frontend). 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʙʫʣʦ ʦʙʨʘʥʦ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# ʪʘ 

ʬʨʝʡʤʚʦʨʢ ASP.NET, ʷʢʠʡ ʚ ʟʚôʷʟʮʽ ʟ ʬʨʝʡʤʚʦʨʢʦʤ .NET 8 ʥʘʜʘʻ ʧʝʨʝʜʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʛʥʫʯʢʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʽʚ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʩʠʩʪʝʤʘʭ ʪʘ ʧʣʘʪʬʦʨʤʘʭ. ʊʘʢʽ ʧʝʨʝʚʘʛʠ ʥʘʤ ʥʘʜʘʻ ʤʝʭʘʥʽʟʤ ʨʦʙʦʪʠ ʬʨʝʡʚʦʨʢʫ 

.NET ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ ʪʘ JIT ʢʦʤʧʽʣʷʮʽʷ ʢʦʜʫ. ʊʘʢʦʞ 

ʜʣʷ ʟʨʫʯʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ Docker. Docker ï ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʪʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʟ 

ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʩʝʨʚʝʨʘ ʜʣʷ 

ʨʦʙʦʪʠ ʟʽ ʩʧʝʮʠʬʽʯʥʠʤ ʘʧʘʨʘʪʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʘʙʩʪʨʘʢʪʥʦʩʪʽ ʇɿ ʚʽʜʥʦʩʥʦ ʪʘʢ ʟʚʘʥʦʛʦ ñʟʘʣʽʟʘò. ʈʦʟʨʦʙʢʘ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ 

ʚʽʜʙʫʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʽ ʧʘʪʪʝʨʥʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ MVC ï Model-View-Controller. 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʚ ʨʝʘʣʽʟʘʮʽʶ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-

ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ASP.NET MVC, ʟʦʢʨʝʤʘ 

ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʡ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʚʽʜ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʥʘʧʨʠʢʣʘʜ, ʨʝʻʩʪʨʘʮʽʾ, ʚʭʦʜʫ, ʧʝʨʝʛʣʷʜʫ ʚʽʜʝʦ ʪʦʱʦ. ɺ 

ʘʨʭʽʪʝʢʪʫʨʽ ʧʨʦʻʢʪʫ ʟʘʢʣʘʜʝʥʦ ʨʦʟʧʦʜʽʣ ʥʘ ʣʦʛʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ ʷʢ 

"ɸʥʽʤʦʚʘʥʽ ʚʽʜʝʦ", "ʂʚʽʟʠ", "ɯʥʪʝʨʘʢʪʠʚʥʽ ʟʘʚʜʘʥʥʷ" ʪʘ ñɿʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʧʨʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚò ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʪʝʨʥʫ ʧʨʦʝʢʪʫʚʘʥʥʷ MVP (Model-

View-Presenter) ʘʙʦ MVVM (Model-View-ViewModel) ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʜʽʣʝʥʥʷ 
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ʣʦʛʽʢʠ ʜʦʜʘʪʢʫ.  

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʨʽʟʥʠʭ ʝʢʨʘʥʽʚ ʜʣʷ ʥʘʚʯʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʽʜʝʦ, ʢʚʽʟʽʚ ʪʘ ʽʥʰʠʭ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʟʘʚʜʘʥʴ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ .NET MAUI . ɻʨʘʬʽʢʘ ʧʝʨʩʦʥʘʞʽʚ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʫ ʩʝʨʝʜʦʚʠʱʽ 

Figma ʪʘ ʢʦʨʦʪʢʽ ʘʥʽʤʘʮʽʾ ʜʣʷ ʥʘʚʯʘʣʴʥʠʭ ʚʽʜʝʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Lottie. 

ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 4 ʽʥʪʝʨʚᾷʶ, 3 ʟ ʷʢʠʭ ʟ ʚʯʠʪʝʣʷʤʠ ʧʦʯʘʪʢʦʚʦʾ 

ʰʢʦʣʠ ʪʘ 1 ʟ ʜʠʪʷʯʠʤ ʧʩʠʭʦʣʦʛʦʤ, ʟʜʽʡʩʥʝʥʦ ʪʝʩʪʫʚʘʥʥʷ 45 ʫʯʥʷʤʠ 2-4 ʢʣʘʩʽʚ 

ʟ ʦʮʽʥʢʦʶ ʚʧʣʠʚʫ ʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʚʦʨʝʥʦʛʦ 

ʘʚʪʦʨʩʴʢʦʛʦ ʦʧʠʪʫʚʘʣʴʥʠʢʘ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ, ʜʝʪʘʣʴʥʦ ʚʠʚʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʛʨʘʤ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ, ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ EcoDino ʟ ʾʾ ʫʥʽʢʘʣʴʥʠʤ 

ʢʘʟʢʦʚʠʤ ʩʚʽʪʦʤ ʪʘ ʧʝʨʩʦʥʘʞʘʤʠ, ʢʦʪʨʘ ʟʘʮʽʢʘʚʣʶʻ ʜʽʪʝʡ ʤʦʣʦʜʰʦʛʦ ʰʢʽʣʴʥʦʛʦ 

ʚʽʢʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʛʨʘ ʧʽʜʚʠʱʫʻ ʦʙʽʟʥʘʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʾ ʪʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʥʘ ʧʦʥʘʜ 70%. ʏʘʩʪʦʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʫʨʙʦʪʠ ʧʨʦ ʜʦʚʢʽʣʣʷ ʟʨʦʩʣʘ ʥʘ ʧʦʥʘʜ 40%. ʛʨʘ ʪʘʢʦʞ 

ʦʪʨʠʤʘʣʘ ʩʭʚʘʣʴʥʽ ʚʽʜʛʫʢʠ ʚʽʜ ʙʘʪʴʢʽʚ, ʚʯʠʪʝʣʽʚ ʪʘ ʜʽʪʝʡ. ʎʽ ʬʘʢʪʠ ʜʦʚʦʜʷʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ. 
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ʧʨʦʚʦʜʷʪʴʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ProZorro, ʥʘ ʞʘʣʴ,  ʯʘʩʪʦ ʩʪʘʶʪʴ ʦʙôʻʢʪʦʤ 

ʤʘʥʽʧʫʣʷʮʽʡ: ʟʘʚʠʱʝʥʥʷ ʮʽʥ, ʟʤʦʚʘ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ, ʬʽʢʪʠʚʥʽ ʢʦʤʧʘʥʽʾ. 

ʇʨʠʚʘʪʥʽ ʪʝʥʜʝʨʠ ʪʘʢʦʞ ʥʝ ʻ ʚʠʥʷʪʢʦʤ, ʘʜʞʝ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʟʦʨʦʩʪʽ ʜʦʟʚʦʣʷʻ 

ʥʝʜʦʙʨʦʩʦʚʽʩʥʠʤ ʫʯʘʩʥʠʢʘʤ ʦʪʨʠʤʫʚʘʪʠ ʢʦʥʪʨʘʢʪʠ ʟʘ ʟʘʚʠʱʝʥʠʤʠ ʮʽʥʘʤʠ.        

    ʎʷ ʧʨʦʙʣʝʤʘ ʤʘʻ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ: ʥʝʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʶʜʞʝʪʥʠʭ ʢʦʰʪʽʚ, ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʪʦʚʘʨʽʚ ʽ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʧʽʜʨʠʚ ʜʦʚʽʨʠ 

ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʜʝʨʞʘʚʥʠʭ ʽʥʩʪʠʪʫʮʽʡ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ProZorro, ʷʢʘ ʧʦʢʣʠʢʘʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʟʦʨʽʩʪʴ, ʾʾ ʜʘʥʽ ʧʦʪʨʝʙʫʶʪʴ 

ʜʦʜʘʪʢʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʘʜʞʝ ʰʘʭʨʘʡʩʪʚʦ ʯʘʩʪʦ ʧʨʠʭʦʚʘʥʝ ʚ ʜʝʪʘʣʷʭ ð 

ʥʘʧʨʠʢʣʘʜ, ʫ ʟʘʚʠʱʝʥʠʭ ʮʽʥʘʭ ʥʘ ʪʦʚʘʨʠ, ʷʢʽ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʨʠʥʢʦʚʠʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʙʠ 

ʘʚʪʦʤʘʪʠʟʫʚʘʚ ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ ʘʥʦʤʘʣʽʡ, ʥʘʜʘʶʯʠ ʘʥʘʣʽʪʠʢʫ ʜʣʷ ʛʨʦʤʘʜʩʴʢʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ, ʞʫʨʥʘʣʽʩʪʽʚ ʽ ʜʝʨʞʘʚʥʠʭ ʘʫʜʠʪʦʨʽʚ. 

ɯʜʝʷ ʚʝʙʩʘʡʪʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ 

   ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʰʘʭʨʘʡʩʪʚʘ ʫ ʪʝʥʜʝʨʘʭ ʜʦʮʽʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ 

ʚʝʙʩʘʡʪʫ, ʷʢʠʡ ʘʚʪʦʤʘʪʠʟʫʻ ʘʥʘʣʽʟ ʜʘʥʠʭ ʽʟ ʜʝʨʞʘʚʥʠʭ ʽ ʧʨʠʚʘʪʥʠʭ ʟʘʢʫʧʽʚʝʣʴ, 

ʚʠʷʚʣʷʶʯʠ ʧʽʜʦʟʨʽʣʽ ʘʥʦʤʘʣʽʾ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʩʘʡʪʫ ʧʦʣʷʛʘʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʮʽʥ, 

ʚʢʘʟʘʥʠʭ ʫ ʪʝʥʜʝʨʥʠʭ ʜʦʢʫʤʝʥʪʘʭ, ʽʟ ʨʠʥʢʦʚʠʤʠ ʮʽʥʘʤʠ ʥʘ ʥʘʡʙʽʣʴʰʠʭ 

ʤʘʨʢʝʪʧʣʝʡʩʘʭ ʋʢʨʘʾʥʠ (ʥʘʧʨʠʢʣʘʜ, Rozetka, Prom.ua, EpicentrK). ʉʠʩʪʝʤʘ 

ʧʨʘʮʶʚʘʪʠʤʝ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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1. ɿʙʽʨ ʜʘʥʠʭ ʽʟ ProZorro: ɺʝʙʩʘʡʪ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʚʘʥʪʘʞʫʚʘʪʠʤʝ PDF-
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ʤʽʩʪʷʪʴ ʩʧʝʮʠʬʽʢʘʮʽʾ ʪʦʚʘʨʽʚ, ʾʭʥʶ ʢʽʣʴʢʽʩʪʴ ʽ ʮʽʥʠ. 

2. ɸʥʘʣʽʟ Excel-ʜʦʢʫʤʝʥʪʽʚ: ʂʦʨʠʩʪʫʚʘʯʽ ʟʤʦʞʫʪʴ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʚʣʘʩʥʽ 

Excel-ʬʘʡʣʠ ʟ ʜʘʥʠʤʠ ʧʨʦ ʧʨʠʚʘʪʥʽ ʪʝʥʜʝʨʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ. 

3. ʇʘʨʩʠʥʛ ʮʽʥ ʽʟ ʤʘʨʢʝʪʧʣʝʡʩʽʚ: ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʠʨʘʪʠʤʝ ʮʽʥʠ 

ʥʘ ʘʥʘʣʦʛʽʯʥʽ ʪʦʚʘʨʠ ʟ ʤʘʨʢʝʪʧʣʝʡʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʭʥʦʣʦʛʽʾ 

ʚʝʙʩʢʨʘʧʽʥʛʫ. 

4. ʇʦʨʽʚʥʷʥʥʷ ʪʘ ʘʥʘʣʽʪʠʢʘ: ʉʘʡʪ ʧʦʨʽʚʥʶʚʘʪʠʤʝ ʮʽʥʠ ʟ ʪʝʥʜʝʨʽʚ ʽʟ 

ʨʠʥʢʦʚʠʤʠ ʮʽʥʘʤʠ, ʚʠʚʦʜʷʯʠ ʘʥʘʣʽʪʠʢʫ ʫ ʟʨʦʟʫʤʽʣʦʤʫ ʚʠʛʣʷʜʽ ð 

ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ. ʗʢʱʦ ʮʽʥʘ ʚ ʪʝʥʜʝʨʽ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʶ 

ʨʠʥʢʦʚʫ ʥʘ ʧʝʚʥʠʡ ʚʽʜʩʦʪʦʢ (ʥʘʧʨʠʢʣʘʜ, 30%), ʩʠʩʪʝʤʘ ʧʦʟʥʘʯʘʪʠʤʝ 

ʪʝʥʜʝʨ ʷʢ ʧʽʜʦʟʨʽʣʠʡ. 

    ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʽʾ ʚ ʪʝʥʜʝʨʘʭ, ʥʘʧʨʠʢʣʘʜ, 

ʟʘʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʤʝʜʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʯʠ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʻ 

ʧʦʰʠʨʝʥʠʤ ʚʠʜʦʤ ʰʘʭʨʘʡʩʪʚʘ. ʂʦʨʠʩʪʫʚʘʯʽ (ʧʽʜʧʨʠʻʤʮʽ, ʛʨʦʤʘʜʩʴʢʽ 

ʘʢʪʠʚʽʩʪʠ, ʘʫʜʠʪʦʨʠ, ʞʫʨʥʘʣʽʩʪʠ-ʨʦʟʩʣʽʜʫʚʘʯʽ) ʟʤʦʞʫʪʴ ʰʚʠʜʢʦ ʦʪʨʠʤʘʪʠ ʟʚʽʪ 

ʧʨʦ ʧʽʜʦʟʨʽʣʽ ʟʘʢʫʧʽʚʣʽ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʙʦʨʦʪʴʙʽ ʟ ʢʦʨʫʧʮʽʻʶ 

ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʻʢʪʫ ʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙʩʘʡʪʫ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʯʘʩʥʠʡ ʩʪʝʢ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ: 

¶ ʌʨʦʥʪʝʥʜ: ɺʠʢʦʨʠʩʪʘʥʦ ʙʽʙʣʽʦʪʝʢʫ Vue.js ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. Vue.js ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ 

ʰʚʠʜʢʽ ʪʘ ʘʜʘʧʪʠʚʥʽ ʚʝʙʜʦʜʘʪʢʠ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ. 

¶ ɹʝʢʝʥʜ: ɼʣʷ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʚʠʢʦʨʠʩʪʘʥʦ Python ʽʟ ʬʨʝʡʤʚʦʨʢʦʤ 

FastAPI. Python ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘ FastAPI ð 

ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ API. 

¶ ɸʥʘʣʽʟ PDF-ʜʦʢʫʤʝʥʪʽʚ ProZorro: ɼʣʷ ʚʠʪʷʛʫʚʘʥʥʷ ʜʘʥʠʭ ʽʟ PDF-

ʬʘʡʣʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʭʥʦʣʦʛʽʶ OCR (Tesseract) ʫ ʢʦʤʙʽʥʘʮʽʾ ʟ 

ʙʽʙʣʽʦʪʝʢʦʶ Camelot ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘʙʣʠʮʴ. 
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¶ ɹʘʟʘ ʜʘʥʠʭ: ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʮʽʥ ʚʠʢʦʨʠʩʪʘʥʦ 

PostgreSQL, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʽ ʧʽʜʪʨʠʤʢʫ 

ʩʢʣʘʜʥʠʭ ʟʘʧʠʪʽʚ. 

¶ ɺʝʙʩʢʨʘʧʽʥʛ: ɼʣʷ ʟʙʦʨʫ ʮʽʥ ʽʟ ʤʘʨʢʝʪʧʣʝʡʩʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʙʣʽʦʪʝʢʫ 

Selenium ʜʣʷ Python, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʘʨʩʠʪʠ ʜʠʥʘʤʽʯʥʽ ʩʪʦʨʽʥʢʠ. 

ʎʝʡ ʩʪʝʢ ʪʝʭʥʦʣʦʛʽʡ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʠʡ ʮʠʢʣ ʨʦʙʦʪʠ: ʚʽʜ ʟʙʦʨʫ ʜʘʥʠʭ ʜʦ ʾʭʥʴʦʾ 

ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

 

ʈʠʩ.1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʻʢʪʫ 

ɼʝʤʦʥʩʪʨʘʮʽʷ 

ʉʪʦʨʽʥʢʘ çExcel ʪʝʥʜʝʨʠè ʧʨʠʟʥʘʯʝʥʘ ʩʘʤʝ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʠʚʘʪʥʠʭ ʪʝʥʜʝʨʽʚ, 

ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʘʢʠʤ ʘʣʛʦʨʠʪʤʦʤ(ʨʠʩ.2): 
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ʉʪʦʨʽʥʢʘ çProzorro ʪʝʥʜʝʨʠè ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʝ ʽ ʰʚʠʜʢʝ ʧʦʨʽʚʥʷʥʥʷ ʮʽʥ ʚ 

ʜʝʨʞʘʚʥʠʭ ʪʝʥʜʝʨʘʭ. ʇʨʦʩʪʦ ʚʚʝʩʪʠ ID ʧʦʪʨʽʙʥʦʛʦ ʪʝʥʜʝʨʫ ʟ Zakupilvi.pro, 

ʟʘʯʝʢʘʪʠ ʽ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪ, ʜʝ ʯʽʪʢʦ ʚʠʜʥʦ (ʯʝʨʚʦʥʠʤ), ʜʝ ʮʽʥʠ ʟʘʚʠʱʝʥʽ, ʘ 

ʜʝ <= ʩʝʨʝʜʥʴʦʾ ʮʽʥʠ(ʟʝʣʝʥʠʤ) (ʨʠʩ.3): 
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ɺʠʩʥʦʚʦʢ   

   ʈʦʟʨʦʙʣʝʥʠʡ ʚʝʙʩʘʡʪ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ ʫ ʪʝʥʜʝʨʘʭ ʻ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʟʘʢʫʧʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ. ʉʠʩʪʝʤʘ 

ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʮʽʥʠ ʟ ProZorro ʪʘ Excel-ʬʘʡʣʽʚ ʽʟ 

ʨʠʥʢʦʚʠʤʠ ʮʽʥʘʤʠ, ʚʠʷʚʣʷʶʯʠ ʘʥʦʤʘʣʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ Vue.js, Python, OCR, 

Camelot, PostgreSQL ʽ Selenium ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ ʨʦʙʦʪʠ. ʋ 

ʤʘʡʙʫʪʥʴʦʤʫ ʧʨʦʻʢʪ ʤʦʞʥʘ ʨʦʟʰʠʨʠʪʠ, ʜʦʜʘʚʰʠ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʘʭʨʘʡʩʴʢʠʭ ʩʭʝʤ ʘʙʦ ʽʥʪʝʛʨʘʮʽʶ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʤʘʨʢʝʪʧʣʝʡʩʘʤʠ. ʊʘʢʠʡ ʽʥʩʪʨʫʤʝʥʪ ʩʧʨʠʷʪʠʤʝ ʙʦʨʦʪʴʙʽ ʟ ʢʦʨʫʧʮʽʻʶ ʪʘ 

ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʙʶʜʞʝʪʥʠʭ ʢʦʰʪʽʚ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. H.Garcia-Molina, J.D.Ullman, J.Widom Database Systems (2nd Edition). 2009 

by Pearson Education Inc. -1203c. 

2. https://github.com/tesseract-ocr/tesseract 

3. https://www.selenium.dev/documentation 

4. K. Hamad and M. Kaya, "A Detailed Analysis of Optical Character 

Recognition Technology", International Journal of Applied Mathematics 

Electronics and Computers, no. Special Issue-1, pp. 244-249, Dec. 2016, 

doi:10.18100/ijamec.270374 

5. John Au-Yeung Vue.js 3 By Example 2021 

6. https://zakupivli.pro/gov/contracts 
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ʏʀʉɽʃʔʅɽ ʈʆɿɺôʗɿʋɺɸʅʅʗ ɿɸɼɸʏɯ ʅɸ ɺʃɸʉʅɯ ɿʅɸʏɽʅʅʗ ɿɯ 

ʉʀʄɽʊʈʀʏʅʆʖ ʄɸʊʈʀʎɽʖ 

ɸʥʜʨʫʰʢʦ ɯʨʠʥʘ ɹʨʦʥʽʩʣʘʚʽʚʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ  

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  

iryna.andrushko@lnu.edu.ua 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʟʥʘʭʦʜʞʝʥʥʷ ʚʣʘʩʥʠʭ ʧʘʨ ‗ȟὼ ʩʠʤʝʪʨʠʯʥʦʾ ʤʘʪʨʠʮʽ ὃɴװ

ᴙװ           

ὃὼװ  ὼ .                                       (1)‗װ

ʑʦʙ ʦʙʯʠʩʣʠʪʠ ‗  ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʥʝʣʽʥʽʡʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ 

[1]: 

ÄÅÔὃװ װὉ‗װ  π ,                                          (2)װ

ʘ ʪʦʜʽ ʜʣʷ ʢʦʞʥʦʛʦ  ‗װʦʙʯʠʩʣʠʪʠ ʚʣʘʩʥʠʡ ʚʝʢʪʦʨ ὼɴװ ᴙװ . 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʦʤʠʭ ʽʪʝʨʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ (2) ʧʦʪʨʽʙʥʦ 

ʦʙʯʠʩʣʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʬʫʥʢʮʽʾ Ὢ‗װ ÄÅÔὃװ ‗Ὁװװʪʘ ʾʾ 

ʧʦʭʽʜʥʦʾ Ὢ ‗ . ʅʝʭʘʡ ‗  ð ʜʦʚʽʣʴʥʝ ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ. ʊʦʜʽ, 

ʩʢʦʨʠʩʪʘʚʰʠʩʴ ὟὟ-ʨʦʟʢʣʘʜʦʤ ʤʘʪʨʠʮʽ ʦʜʝʨʞʫʻʤʦ 

                   Ὢ‗װ ÄÅÔὟװ ‗ẗÄÅÔὟ‗װ Бװ ό  ,װ

                   Ὢ װ‗ ςВװ ὺ ό Бװ όװ  .װ

ʅʝʭʘʡ ʤʘʻʤʦ ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ 

Ὢ‗ π,                                                  (3) 

ʜʝ Ὢȡὥȟὦᴼᴙ. ʇʦʪʨʽʙʥʦ ʟʥʘʡʪʠ  ‗ᶻᶰװὥȟὦȡװὪ‗ᶻװ  .πװ

ʄʝʪʦʜ ʅʴʶʪʦʥʘ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ (3) ʤʘʻ ʚʠʛʣʷʜ [2]: 

                        ‗ ‗ ȟװװװװװװװװὯ πȟρȟȣȢ                                      

(4) 
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ɸʣʛʦʨʠʪʤ ʟʥʘʭʦʜʞʝʥʥʷ ʦʜʥʽʻʾ ʚʣʘʩʥʦʾ ʧʘʨʠ:  

1. ɿʘʜʘʪʠ ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ‗ᶰװᴙȟװὯװ  πȢװ

2. ʆʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ Ὢ‗  ʪʘ ʾʾ ʧʦʭʽʜʥʦʾ Ὢ ‗  ʟʘ 

ʜʦʧʦʤʦʛʦʶ ὟὟ-ʨʦʟʢʣʘʜʫ. 

3. ʆʙʯʠʩʣʠʪʠ ʥʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ‗  ʟʘ ʬʦʨʤʫʣʦʶ (4). 

4. ʗʢʱʦ ȿὪ‗ ȿ ‐, ʪʦ ʟʘʚʝʨʰʠʪʠ, ʽʥʘʢʰʝ Ὧװ Ὧװ ρװ ̔  ʧʝʨʝʡʪʠ ʜʦ 

ʧ. 2 ʘʣʛʦʨʠʪʤʫ.  

5. ʆʪʨʠʤʘʚʰʠ ʚʣʘʩʥʝ ʯʠʩʣʦ ‗װ ‗װ ,  ʨʦʟʚôʷʟʘʪʠ ʉʃɸʈ: 

                       ὃ ‗Ὁὼװ  .πװ

ʉʭʦʞʠʤ ʯʠʥʦʤ ʨʦʟʚôʷʟʫʻʤʦ ʮʶ ʟʘʜʘʯʫ ʪʘʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ:  

¶ ʤʝʪʦʜ ʩʽʯʥʠʭ: 

 ‗ ‗װ Ὢ‗ ȟװװװװװὯ ρȟςȟȣȟ 

 ʜʚʦʢʨʦʢʦʚʽ ʧʽʜʭʦʜʠ [3]: 

¶               ᾀ ‗ ‌ ȟ     

‗װ ‗װ τᾀ ‗ ȟ                          

(5) 

ʜʝ ‌ɴװ  .πȟρ - ʜʝʷʢʠʡ ʧʘʨʘʤʝʪʨװ

¶              ᾀ ‗װ ȟװ 

 ‗ ᾀ ȟ                                           (6) 

ʜʝ ὴ - ʜʝʷʢʠʡ ʧʘʨʘʤʝʪʨ. 
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ɿʘʜʘʯʫ ʤʦʞʥʘ ʪʘʢʦʞ ʧʝʨʝʬʦʨʤʫʣʶʚʘʪʠ ʷʢ ʩʠʩʪʝʤʫ ʟ ʥʝʚʽʜʦʤʠʤʠ ὼɴװ ᴙװ  ʪʘ 

‗ɴװ  :ᴙ  [4]װ

Ὂ
ὼ
‗

ὃὼ ‗ὼ
ρ

ς
ρ ὼὼ

Ȣ 

ʊʦʜʽ ʤʘʪʨʠʮʷ ʗʢʦʙʽ ʜʣʷ ʮʽʻʾ ʩʠʩʪʝʤʠ:  

Ὂᴂ
ὼ
‗

ὃ ‗Ὅ ὼ
ὼ π

Ȣ 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʽʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʤʝʪʦʜʫ ʅʴʶʪʦʥʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ [4]: 

ὼ
‗

ὼ
‗

Ὂ ὼ
‗

Ὂ ὼ
‗

 ȟ   Ὧ πȟρȟȣȢ  

 

 ʈʦʟʛʣʷʥʝʤʦ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʫʩʽʭ ʤʝʪʦʜʽʚ ʜʣʷ ʪʘʢʦʾ ʤʘʪʨʠʮʽ: 

ὃ  

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ρπς σ τ υ φ
ς ω χ ψ ρ π
σ χ ψ ς τ υ
τ ψ ς χ σ ρ
υ ρ τ σ φ ς
φ π υ ρ ς ρρỨ

ủ
ủ
ủ
ủ
Ủ

. 

 

ɺʽʜʦʤʦ, ʱʦ ʚʦʥʘ ʤʘʻ ʪʘʢʽ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ:  

1.4464, 4.7478, 7.4187, 13.6362, 26.5270, -2.7759. 

ʅʘʚʝʜʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ‌ȟװὴ ʽ ʧʦʯʘʪʢʦʚʠʭ ʥʘʙʣʠʞʝʥʴ ʜʦ ʚʣʘʩʥʦʛʦ ʯʠʩʣʘ. ʋ ʪʘʙʣʠʮʽ 1 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʟʥʘʡʜʝʥʽ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʪʘ ʦʮʽʥʢʫ 

ʧʦʭʠʙʢʠ ʜʣʷ ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟ ʪʦʯʥʽʩʪʶ ‐װ ρπ. 
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ʊʘʙʣ. 1 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ 

 

 ʇʦʯʘʪʢʦʚʝ ʥʘʙʣʠʣʠʞʝʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʄʝʪʦʜ ‗= -1, ‗= -3, ‗= 6, ‗= 7.7, ‗ = 22, ‗= 25.9 

‌ = 0.5,  ὴ = 0.1  ‌ = 0.5,  ὴ = 0.2 ‌ = 0.44,  ὴ = 0.2 

ʅʴʶʪʦʥʘ 

(ὟὟ) 

-2.775923, 7 

1.97799ʝ-06 

7.418674, 6 

8.45211e-10 

26.526955, 7 

2.36341e-07 

ʉʽʯʥʠʭ 

(ὟὟ) 

-2.775923, 8 

1.88322e-10 

7.418674, 7 

1.07161e-08 

26.526955, 13 

4.36485e-08 

ʄʝʪʦʜ(5) -2.775923, 7 

3.95071e-07 

7.418674, 10 

2.73973e-06 

26.526955, 6 

3.15318e-09 

ʄʝʪʦʜ(6) -2.775923, 3 

1.22409e-06 

7.418674, 3 

3.99005e-09 

26.526955, 3 

2.12919e-09 

ʅʴʶʪʦʥʘ 

(ʩʠʩʪʝʤʘ) 

-2.775923, 7 

8.2315e-07 

7.418674, 6 

9.79871e-09 

26.526955, 5 

9.54983e-07 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʐʘʭʥʦ ʉ.ʄ. ʏʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ïɺʠʜʘʚʥʠʯʠʡ 

ʮʝʥʪʨ ʃʅʋ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, 2007. 

2. Kress R. Numerical analysis. - New York: Springer, 1998. 

3. Noor M. A. Two-step iterative methods for nonlinear equations /  M. A. Noor, F. Ahmad, 

S. Javeed // Applied Mathematics and Computation Journal. ï 2006. ï Vol. 181, Iss. 2. ï 

P. 1068-1075. 

4. Verbitskyi V. V. Newton's method for the eigenvalue problem of a symmetric matrix / V. 

V. Verbitskyi, A. G. Huk // Researches in Mathematics and Mechanics. ï 2020. ï V. 25, 

Iss. 2(36). ï P. 75ï82. 

  



166 

 

CROSS-MODALITY SUPERVISION VIA PSEUDO -LABELING FOR 

MEDICAL IMAGE SEGMENTATION  

Markiian Mandzak, Andrii Pereimybida 

Ivan Franko National University of Lviv 

markiian.mandzak@lnu.edu.ua, andrii.pereimybida@lnu.edu.ua 

 

Introduction  

Assessing cranial muscle development in children is essential for understanding 

normal growth patterns, diagnosing neuromuscular conditions, and detecting 

developmental issues. Magnetic Resonance Imaging (MRI) is a crucial tool in 

clinical settings because it is non-invasive, provides excellent contrast for soft 

tissues, and offers high anatomical detail, making it especially useful for pediatric 

care. Despite these advantages, automating the accurate measurement of cranial 

muscles in pediatric MRI scans remains a challenge. This is largely due to the limited 

availability of pediatric-specific datasets and the high cost and complexity of 

manually annotating MRI images. 

Recent progress in deep learning, particularly using convolutional neural networks 

(CNNs) for medical image segmentation, has greatly improved the automatic 

identification of anatomical structures. However, these techniques require large, 

well-labeled datasets to function effectively. Unfortunately, pediatric imaging data 

is often limited due to ethical concerns, patient safety, and the difficulties associated 

with imaging children. This scarcity creates a significant difficulty when trying to 

train deep learning models on pediatric MRI data. 

A potential solution to this challenge is to utilize knowledge from other imaging 

modalities. For example, Computed Tomography (CT) provides detailed structural 

images and has many adult-annotated datasets available. Projects like 

TotalSegmentator [1] have developed advanced segmentation tools based on 

extensive CT datasets. Although these tools are not directly applicable to pediatric 

MRI, they offer an opportunity for transferring knowledge between modalities, a 

technique known as cross-modality supervision. This approach could involve using 

CT-derived segmentations as pseudo-labels to train MRI segmentation models, 

making it an important area for further exploration. 

mailto:markiian.mandzak@lnu.edu.ua
mailto:andrii.pereimybida@lnu.edu.ua
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Another challenge in pediatric medical imaging is adapting models developed from 

adult data to work with pediatric images. Since children's anatomy undergoes 

continuous growth and development, their cranial structures differ significantly from 

those of adults. As a result, models trained on adult data may not perform well on 

pediatric scans. Therefore, understanding whether adult-based models can be 

adapted for pediatric use is another key area of investigation. 

 

Research Questions  

Given these considerations, our study focuses on two key research questions: 

- Cross-Modality Supervision: Can knowledge from CT-based segmentation 

models be effectively transferred to MRI segmentation, ensuring clinically 

relevant and anatomically precise results? 

- Adult-to-Pediatric Model Adaptation: Is it possible to adapt deep learning 

models, originally trained on adult anatomical data, to perform accurate and 

reliable segmentation of pediatric cranial structures? 

These questions not only address pressing clinical needs but also present 

significant methodological challenges in the fields of medical imaging and deep 

learning. The findings from this research could substantially improve our 

understanding of knowledge transfer across different imaging modalities and age 

groups, potentially leading to more efficient use of existing annotated datasets. 

 

Data and Pre-Processing  

The SynthRAD2023 dataset [2], created for the Grand Challenge in synthetic CT 

generation for radiotherapy, includes CT, MRI, and CBCT scans from 540 patients 

aged 3 to 93 years, collected from three Dutch medical centers. The data is divided 

into subsets corresponding to brain and pelvis regions for both CT and MRI/CBCT 

scans. Each subset is further split into training, validation, and test sets, with Task 

1 Brain containing 180 patients. 

For our research, we focused solely on the Task 1 Brain subset because it contains 

paired CT and MRI scans, which is key for our study. We began with the 180 
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samples in the training set and performed a manual review of each CT-MRI pair to 

ensure quality and alignment. As a result, 25 samples with significant artifacts 

were excluded. Additionally, we removed one more calibration sample, yielding a 

final dataset of 154 high-quality samples, ensuring reliable and precise 

segmentation results. 

For initial testing, we compiled a mixed pediatric MRI dataset consisting of 50 

samples, sourced from six distinct datasets: Calgary [3], ICBM [4], and IXI [5]. 

The data were stratified by dataset source, gender, and age group to ensure a 

balanced representation. By integrating data from various sources, our goal was to 

improve the generalizability of the segmentation model. 

Incorporating these three datasets into our 50-sample mixed dataset enables us to 

cover a broad range of pediatric ages, imaging protocols, and scanner types. This 

diversity is crucial for ensuring that the proposed approach can generalize 

effectively across different scenarios. 

 

Methodology 

We initiated the process by running the TotalSegmentator model (task-specific 

variants) on CT volumes to extract various anatomical structures. We focused on 

three main tasks: 

- tissue_types: subcutaneous_fat, torso_fat, skeletal_muscle 

- oculomotor_muscles: skull, eyeballs, extraocular muscles, optic nerves 

- head_muscles: masseters, temporalis, pterygoids, tongue, digastric 

muscles  

Each task produces a separate set of masks, which were subsequently combined to 

generate a comprehensive segmentation covering the head and neck regions of 

interest. 

We used the HD-BET model [6] to generate brain masks for all MRI scans. HD-

BET is a powerful deep learning-based tool for brain extraction, known for its 

robustness and ability to generalize across diverse MRI sequences. 
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These brain masks were then used to deface the MRI volumes, ensuring patient 

anonymity prior to further processing or visualization. 

While TotalSegmentator provides detailed anatomical labels, many of them are too 

granular for our pediatric-focused use case. Therefore, we consolidated the detailed 

labels into the following simplified classes: 

- brain: Includes all brain tissue.  

- skull: Comprising skull structures.  

- subcutaneous_fat: The subcutaneous fat layer surrounding the head. 

- temporalis: Grouping the left and right temporalis muscles.  

- other_muscles: Includes masseters, lateral/medial pterygoids, tongue, and 

digastric muscles. 

This curated grouping focuses on structures relevant to pediatric craniofacial 

development and simplifies the training process. We also introduced an implicit 

background label for non-relevant structures, such as air or other anatomical 

features not included in the label set.  

Finally, we trained nnUNet [7] to predict these curated labels directly from the 

MRI scans. Figure 1 shows schematic visualization of our proposed approach. 
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Figure 1. High-level visualization of the proposed solution. 

 

 

Conclusion 

This paper outlines our initial progress toward developing an automated pipeline for 

segmenting pediatric cranial muscles from MRI scans. By utilizing CT-derived 

pseudo-labels generated through the TotalSegmentator model and training a 3D 

nnUNet, we achieved anatomically consistent segmentations across a diverse 

pediatric dataset. 

Our next steps include comprehensive post-processing and robust statistical 

validation of the obtained results. If successful, this pipeline could establish non-

invasive, volumetric references for pediatric cranial muscle development, enhancing 
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pediatric diagnostic tools and facilitating earlier detection of neuromuscular or 

developmental disorders. 
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ʈʆɿʈʆɹʂɸ ɸʃɻʆʈʀʊʄɯɺ ɯ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʃʗ 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɺ ɿɸɼɸʏɸʍ 

ɸɺʊʆʅʆʄʅʆɰ ʅɸɺɯɻɸʎɯɰ ɹʧʃɸ 

ɸʥʜʨʽʡ ʗʮʫʣʷʢ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʌʘʢʫʣʴʪʝʪ 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

andrii.yatsuliak@lnu.edu.ua  

ɺʩʪʫʧ 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʜʨʦʥʠ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʚʘʥʪʘʞʽʚ, ʘʝʨʦʟʡʦʤʦʢ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʽʥʩʧʝʢʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʪʘ ʚʠʢʦʥʘʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʟʘʚʜʘʥʴ. ʇʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʢʣʘʜʘʻʪʴʩʷ 

ʥʘ ʩʠʩʪʝʤʫ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ (GPS) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ, ʱʦ 

ʨʦʙʠʪʴ ʾʭ ʫʨʘʟʣʠʚʠʤʠ ʜʦ ʚʪʨʘʪʠ ʩʠʛʥʘʣʫ ʯʝʨʝʟ ʧʨʠʨʦʜʥʽ ʧʝʨʝʰʢʦʜʠ, ʰʪʫʯʥʽ 

ʛʣʫʰʠʣʢʠ ʘʙʦ ʥʘʚʤʠʩʥʽ ʘʪʘʢʠ. ʊʦʤʫ ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ ʜʦ ʤʝʪʦʜʽʚ ʘʚʪʦʥʦʤʥʦʾ 

ʥʘʚʽʛʘʮʽʾ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʙʽʡʥʫ ʨʦʙʦʪʫ ʙʝʟ ʜʦʩʪʫʧʫ ʜʦ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. ʋ ʮʠʭ ʪʝʟʘʭ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʽʜʭʦʜʠ: 

1. ʦʜʥʦʯʘʩʥʘ ʣʦʢʘʣiʟʘʮiʷ ʪʘ ʧʦʙʫʜʦʚʘ ʢʘʨʪʠ (SLAM); 

2. ʧʦʨʽʚʥʷʥʥʷ ʬʦʪʦʛʨʘʬʽʡ ʜʨʦʥʘ ʽʟ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ. 

ʇʽʜʭʽʜ 1. 

SLAM  

SLAM ð ʮʝ ʘʣʛʦʨʠʪʤiʯʥʘ ʟʘʜʘʯʘ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ɹʧʃɸ 

ʦʜʥʦʯʘʩʥʦ ʙʫʜʫʚʘʚ ʢʘʨʪʫ ʥʝʚiʜʦʤʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʟʥʘʯʘʚ ʩʚʦʻ 

ʤiʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚ ʥʴʦʤʫ. ʎʝʡ ʧiʜʭiʜ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʚʪʦʥʦʤʥʦʩʪi ɹʧʃɸ, ʦʩʢiʣʴʢʠ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʯʽ ʘʚʪʦʥʦʤʥʦʾ 

ʥʘʚʽʛʘʮʽʾ ʚ ʥʝʚiʜʦʤʠʭ ʘʙʦ ʜʠʥʘʤiʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʙʝʟ ʥʘʧʝʨʝʜ ʚiʜʦʤʦʾ ʢʘʨʪʠ  

[2,6]. 

ʆʩʥʦʚʥi ʢʦʤʧʦʥʝʥʪʠ SLAM: 

Å ʣʦʢʘʣiʟʘʮiʷ ï ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ɹʧʃɸ ʚiʜʥʦʩʥʦ ʢʘʨʪʠ, ʱʦ 

ʙʫʜʫʻʪʴʩʷ; ʚʢʣʶʯʘʻ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʚiʜ ʨʽʟʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʨʠʣʘʜʽʚ 

(ʣiʜʘʨʘ, ʚʽʜʝʦʢʘʤʝʨʠ ʯʠ iʥʝʨʮiʡʥʦʛʦ ʚʠʤiʨʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ(IMU)) ʜʣʷ 

ʦʮiʥʢʠ ʧʦʟʠʮiʾ ʪʘ ʦʨiʻʥʪʘʮiʾ ɹʧʃɸ; 

Å ʧʦʙʫʜʦʚʘ ʢʘʨʪʠ ï  ʩʪʚʦʨʝʥʥʷ ʪʘ ʦʥʦʚʣʝʥʥʷ ʤʦʜʝʣi ʦʪʦʯʝʥʥʷ ʥʘ ʦʩʥʦʚi 

ʜʘʥʠʭ ʚiʜ ʜʘʪʯʠʢiʚ; ʢʘʨʪʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʫ ʨiʟʥʠʭ ʬʦʨʤʘʭ, ʪʘʢʠʭ 

ʷʢ ʩiʪʢʦʚi, ʪʦʧʦʣʦʛiʯʥi ʘʙʦ ʦʙôʻʢʪʥʦ-ʦʨiʻʥʪʦʚʘʥi ʤʦʜʝʣi. 
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Inertial Measurement Unit (IMU)  

IMU ʧʦʻʜʥʫʻ ʘʢʩʝʣʝʨʦʤʝʪʨʠ ʪʘ ʛʽʨʦʩʢʦʧʠ, ʽʥʦʜʽ ʜʦʧʦʚʥʝʥʽ 

ʤʘʛʥʽʪʦʤʝʪʨʦʤ. ɸʢʩʝʣʝʨʦʤʝʪʨʠ ʬʽʢʩʫʶʪʴ ʣʽʥʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʟʜʦʚʞ ʪʨʴʦʭ 

ʦʩʝʡ, ʛʽʨʦʩʢʦʧʠ ð ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ. ɯʥʪʝʛʨʫʚʘʥʥʷ ʮʠʭ ʩʠʛʥʘʣʽʚ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʦʨʽʻʥʪʘʮʽʶ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʜʨʦʥʘ ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ [3]. 

ʌʽʣʴʪʨ ʂʘʣʤʘʥʘ (Kalman Filter) 

ʌʽʣʴʪʨ ʂʘʣʤʘʥʘ ð ʮʝ ̔ʪʝʨʘʪʠʚʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʷʢʠʡ 

ʧʦʻʜʥʫʻ ʧʦʧʝʨʝʜʥʽ ʜʘʥʽ, ʰʫʤ ʚʠʤʽʨʶʚʘʥʴ ʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʘ. ʇʨʦʪʝ ʢʣʘʩʠʯʥʠʡ ʬʽʣʴʪʨ ʧʨʘʮʶʻ ʣʠʰʝ ʟ 

ʣʽʥʽʡʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʱʦ ʦʙʤʝʞʫʻ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʘʢʪʠʯʥʠʭ, ʧʝʨʝʚʘʞʥʦ 

ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯʘʭ. 

Unscented Kalman Filter (UKF) ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʬʽʣʴʪʨʘ ʂʘʣʤʘʥʘ 

ʜʣʷ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ. ɿʘʤʽʩʪʴ ʣʽʥʝʘʨʠʟʘʮʽʾ ʯʝʨʝʟ ʧʦʭʽʜʥʽ, UKF ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʥʘʙʽʨ ʩʠʛʤʘ-ʪʦʯʦʢ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʪʦʯʥʽʰʫ ʦʮʽʥʢʫ ʩʪʘʥʫ. ʎʝ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʚ SLAM-ʟʘʜʘʯʘʭ, ʜʝ ʯʘʩʪʦ 

ʧʨʠʩʫʪʥʽ ʢʫʪʠ, ʦʙʝʨʪʘʥʥʷ ʪʘ ʽʥʰʽ ʩʢʣʘʜʥʽ ʧʨʦʩʪʦʨʦʚʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ [1,7].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʦʟʥʘʢ 

ʚʽʜʝʦʟʦʙʨʘʞʝʥʥʷ 

ʂʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʫ ʨʝʘʣʽʟʘʮʽʾ SLAM ʻ ʥʘʜʽʡʥʝ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ (ʬʽʯ) 

ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ ʜʨʦʥʘ ʪʘ ʦʥʦʚʣʶʚʘʪʠ 

ʢʘʨʪʫ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʘ ʦʩʥʦʚʥʠʭ ʢʣʘʩʠ ʘʣʛʦʨʠʪʤʽʚ: ʢʣʘʩʠʯʥʽ 

(ʨʫʯʥʽ) ʪʘ ʥʝʡʨʦʤʝʨʝʞʝʚʽ (ʛʣʠʙʠʥʥʽ).  

ʈʦʟʛʣʷʥʝʤʦ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ. 

1. Scale-Invariant Feature Transform (SIFT) ð ʩʪʽʡʢʠʡ ʜʦ ʤʘʩʰʪʘʙʫ, ʧʦʚʦʨʦʪʫ 

ʪʘ ʟʤʽʥ ʦʩʚʽʪʣʝʥʥʷ; ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ, ʘʣʝ ʥʠʟʴʢʘ ʰʚʠʜʢʦʜʽʷ; ʙʫʚ 

ʟʘʧʘʪʝʥʪʦʚʘʥʠʡ. 

2. Speeded-Up Robust Features (SURF) ð ʧʨʠʰʚʠʜʰʝʥʠʡ ʚʘʨʽʘʥʪ SIFT; 

ʯʘʩʪʢʦʚʦ ʧʘʪʝʥʪʦʚʘʥʠʡ; ʪʘʢʦʞ ʩʪʽʡʢʠʡ ʜʦ ʤʘʩʰʪʘʙʽʚ ʽ ʦʙʝʨʪʘʥʴ. 

3. Oriented FAST and Rotated BRIEF (ORB) ð ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; ʰʚʠʜʢʠʡ, ʘʣʝ ʤʝʥʰ ʪʦʯʥʠʡ; ʥʝ ʽʥʚʘʨʽʘʥʪʥʠʡ ʜʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʉʝʨʝʜ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʝʪʦʜʽʚ ʦʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʻ ʟʚôʷʟʢʘ 

SuperPoint + SuperGlue [4]: 

1. SuperPoint ð CNN-ʤʦʜʝʣʴ, ʷʢʘ ʚʠʢʦʥʫʻ ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʧʠʩ ʬʽʯ; ʚʚʘʞʘʻʪʴʩʷ 

ʥʝʡʨʦʤʝʨʝʞʝʚʠʤ ʘʥʘʣʦʛʦʤ SIFT, ʢʨʘʱʝ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʩʣʘʙʢʦʾ 

ʚʠʜʠʤʦʩʪʽ. 
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2. SuperGlue ð ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʛʨʘʬʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ, ʮʷ ʤʦʜʝʣʴ 

ʚʩʪʘʥʦʚʣʶʻ ʪʦʯʥʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʦʟʥʘʢʘʤʠ ʟ ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʥʪʝʢʩʪʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʄʘʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʘʣʝ ʚʠʤʘʛʘʻ 

ʙʽʣʴʰʝ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʤʦʛ ʜʦ 

ʪʦʯʥʦʩʪʽ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ. ʋ ʟʘʜʘʯʘʭ ʜʨʦʥ-ʥʘʚʯʘʥʥʷ 

ʛʣʠʙʠʥʥʽ ʤʝʪʦʜʠ ʯʘʩʪʦ ʧʦʢʘʟʫʶʪʴ ʢʨʘʱʫ ʘʜʘʧʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ. 

ʇʽʜʭʽʜ 2. 

ʇʦʨʽʚʥʷʥʥʷ ʬʦʪʦʛʨʘʬʽʡ ʜʨʦʥʫ ʽʟ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ 

ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʜʨʦʥʘ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ 

GPS ʦʩʥʦʚʘʥʠʡ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʬʦʪʦʛʨʘʬʽʡ, ʦʪʨʠʤʘʥʠʭ ʽʟ 

ʙʦʨʪʦʚʦʾ ʢʘʤʝʨʠ ʜʨʦʥʘ, ʽʟ ʟʘʟʜʘʣʝʛʽʜʴ ʟʽʙʨʘʥʦʶ ʢʦʣʝʢʮʽʻʶ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ [5]. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʦʙʨʘʥʘ 

ʩʪʨʘʪʝʛʽʷ ʧʦʜʽʣʫ ʩʫʧʫʪʥʠʢʦʚʦʾ ʢʘʨʪʠ ʥʘ ʦʢʨʝʤʽ ʛʝʦʧʨʠʚ'ʷʟʘʥʽ ʬʨʘʛʤʝʥʪʠ  

(ʥʘʜʘʣʽ ʮʽ ʬʨʘʛʤʝʥʪʠ ʥʘʟʠʚʘʪʠʤʫʪʴʩʷ ʪʘʡʣʘʤʠ (ʘʥʛʣ. tiles)) ʽʟ ʯʘʩʪʢʦʚʠʤ 

ʧʝʨʝʢʨʠʪʪʷʤ ʤʽʞ ʥʠʤʠ.  

 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʜʽʣʫ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʪʘʡʣʠ 

ʂʦʞʝʥ ʪʘʡʣ ʤʽʩʪʠʪʴ ʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʩʚʦʛʦ ʚʝʨʭʥʴʦʛʦ ʣʽʚʦʛʦ ʪʘ ʥʠʞʥʴʦʛʦ 

ʧʨʘʚʦʛʦ ʢʫʪʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʧʽʢʩʝʣʴʥʽ 

ʢʦʦʨʜʠʥʘʪʠ ʟʥʘʡʜʝʥʠʭ ʦʟʥʘʢ ʫ ʛʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ. 

 

ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʪʘʡʣʫ ʟ ʛʝʦʛʨʘʬʽʯʥʦʶ ʧʨʠʚôʷʟʢʦʶ [5] 
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ɻʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʨʘʭʫʶʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ [5]: 

                         (1)                                              

                       (2)                

ʜʝ: 

,  - ʦʙʯʠʩʣʝʥʘ ʰʠʨʦʪʘ ʪʘ ʜʦʚʛʦʪʘ; 

,   - ʰʠʨʦʪʘ ʪʘ ʜʦʚʛʦʪʘ ʚʝʨʭʥʴʦʛʦ ʣʽʚʦʛʦ ʢʫʪʘ;  

,   - ʚʝʨʪʠʢʘʣʴʥʘ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʽʢʩʝʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʬʫʥʢʮʽʡ; 

,   - ʚʠʩʦʪʘ ʪʘ ʰʠʨʠʥʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʧʽʢʩʝʣʷʭ; 

,   - ʰʠʨʦʪʘ ʪʘ ʜʦʚʛʦʪʘ ʥʠʞʥʴʦʛʦ ʧʨʘʚʦʛʦ ʢʫʪʘ. 

ɸʣʛʦʨʠʪʤ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: 

1. ɺʝʣʠʢʘ ʢʘʨʪʘ ʤʽʩʮʝʚʦʩʪʽ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʪʘʡʣʠ ʬʽʢʩʦʚʘʥʦʛʦ ʨʦʟʤʽʨʫ ʟ 10ï

20% ʧʝʨʝʢʨʠʪʪʷʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʤʝʞʘʭ; ʜʣʷ ʢʦʞʥʦʛʦ 

ʪʘʡʣʫ ʟʘʧʠʩʫʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʢʨʘʡʥʽʭ ʪʦʯʦʢ. 

2. ʌʦʪʦ ʨʦʙʠʪʴʩʷ ʢʘʤʝʨʦʶ ʜʨʦʥʘ, ʦʨʽʻʥʪʦʚʘʥʦʶ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ; ʧʝʨʝʜ 

ʦʙʨʦʙʢʦʶ ʬʦʪʦʛʨʘʬʽʷ ʥʦʨʤʘʣʽʟʫʻʪʴʩʷ: ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʢʫʪ ʥʘʭʠʣʫ ʜʨʦʥʘ 

(yaw) ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʥʘ ʧʽʚʥʽʯ. 

3. ʅʘ ʟʦʙʨʘʞʝʥʥʷʭ ʜʨʦʥʘ ʽ ʢʦʞʥʦʤʫ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʪʘʡʣʽ ʚʠʷʚʣʷʶʪʴʩʷ 

ʢʣʶʯʦʚʽ ʪʦʯʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ SuperPoint; ʬʦʨʤʫʶʪʴʩʷ ʥʘʙʦʨʠ ʜʝʩʢʨʠʧʪʦʨʽʚ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ. 

4. ɼʣʷ ʢʦʞʥʦʛʦ ʪʘʡʣʫ ʙʫʜʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʽʟ 

ʟʦʙʨʘʞʝʥʥʷʤ ʜʨʦʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ SuperGlue, ʷʢʘ ʚʨʘʭʦʚʫʻ ʧʨʦʩʪʦʨʦʚʽ 

ʟʚ'ʷʟʢʠ ʤʽʞ ʦʟʥʘʢʘʤʠ; ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝ ʟ ʦʜʥʠʤ ʪʘʡʣʦʤ, ʘ ʦʜʨʘʟʫ 

ʟ ʢʽʣʴʢʦʤʘ ʩʫʩʽʜʥʽʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʬʦʪʦʛʨʘʬʽʷ 

ʥʘʢʨʠʚʘʻ ʤʝʞʽ ʢʽʣʴʢʦʭ ʪʘʡʣʽʚ. 

5. ɼʣʷ ʢʦʞʥʦʾ ʧʘʨʠ "ʬʦʪʦ ź ʪʘʡʣ" ʦʙʯʠʩʣʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʘʣʽʜʥʠʭ ʤʘʪʯʽʚ; 

ʚʠʙʠʨʘʻʪʴʩʷ ʪʦʡ ʪʘʡʣ ʘʙʦ ʢʦʤʙʽʥʘʮʽʷ ʪʘʡʣʽʚ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʠʭ 

ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʤʘʢʩʠʤʘʣʴʥʘ. 

6. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʡʜʝʥʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʛʦʤʦʛʨʘʬʽʷ ʯʝʨʝʟ 

ʤʝʪʦʜ RANSAC [8], ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʪʦʯʥʝ ʧʦʣʦʞʝʥʥʷ ʬʦʪʦʛʨʘʬʽʾ ʚ 

ʤʝʞʘʭ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ. 

ʇʽʜʩʪʘʚʣʝʥʥʷ ʢʘʨʪʠ ʟʽ SLAM 
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ʆʪʨʠʤʘʥʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʢʘʨʪʫ ʟ SLAM ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʦʩʥʦʚʥʫ ʢʘʨʪʫ ʟʘʤʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦ ʟʽʙʨʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʎʝ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦ ʫ ʥʝʚʽʜʦʤʠʭ ʘʙʦ ʰʚʠʜʢʦʧʣʠʥʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ, ʜʝ ʘʢʪʫʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʚʽʜʩʫʪʥʽ. ʇʝʨʝʜ ʟʽʩʪʘʚʣʝʥʥʷʤ 

ʥʝʦʙʭʽʜʥʦ ʫʟʛʦʜʠʪʠ ʤʘʩʰʪʘʙ ʽ ʦʨʽʻʥʪʘʮʽʶ SLAM-ʢʘʨʪʠ ʟ ʣʦʢʘʣʴʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʨʝʢʮʽʶ ʧʝʨʩʧʝʢʪʠʚʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ. 

ɺʠʩʥʦʚʦʢ 

ʂʦʞʝʥ ʽʟ ʦʧʠʩʘʥʠʭ ʧʽʜʭʦʜʽʚ ʤʘʻ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʜʘʯʘʭ. ʇʽʜʭʽʜ 1 ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʨʚʥʫ ʣʦʢʘʣʽʟʘʮʽʶ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʾ 

ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʩʠʛʥʘʣʽʚ, ʦʜʥʘʢ ʮʝ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʩʢʣʘʜʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ 

ʦʩʥʘʱʝʥʥʷ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʇʽʜʭʽʜ 2 ʜʘʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʛʝʦʧʨʠʚôʷʟʢʠ ʚ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʠʭ ʟʦʥʘʭ, ʘʣʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ. ʂʦʤʙʽʥʫʚʘʥʥʷ ʦʙʦʭ ʧʽʜʭʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ SLAM-ʢʘʨʪʠ ʜʣʷ ʜʦʧʦʚʥʝʥʥʷ ʘʙʦ ʢʦʨʝʢʮʽʾ ʛʦʤʦʛʨʘʬʽʾ) ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʥʘʜʽʡʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʥʘʚʽʛʘʮʽʾ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Medium.com // The Unscented Kalman Filter, simply the best! Python code ï 

https://jgoslinski.medium.com/the-unscented-kalman-filter-simply-the-best-python-

code-5cd5ebaebf5f 

2. Wikipedia.com // Simultaneous localization and mapping ï 

https://en.wikipedia.org/wiki/Simultaneous_localization_and_mapping 
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https://arxiv.org/pdf/2210.09727 
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ɸʥʦʪʘʮiʷ 

ʋ ʪʝʟʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣiʜʞʝʥʥʷ ʤʝʪʦʜiʚ ʧiʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪi ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʤʝʭʘʥiʢʠ ʜʝʬʦʨʤiʚʥʦʛʦ ʪiʣʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢiʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪiʚ (ʄʉɽ). ʆʩʥʦʚʥʫ ʫʚʘʛʫ 

ʧʨʠʜiʣʝʥʦ ʘʜʘʧʪʠʚʥʦʤʫ ʫʪʦʯʥʝʥʥʶ ʩiʪʢʠ ʥʘ ʦʩʥʦʚi ʦʮiʥʢʠ ʧʦʭʠʙʢʠ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜiʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮiʾ 

ʧʨʦʮʝʩʫ. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣiʟʘʮiʶ ʟʘʜʘʯi ʧʣʦʩʢʦʾ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ 

ʧʨʫʞʥʦʩʪi ʟ ʚiʟʫʘʣiʟʘʮiʻʶ ʨʦʟʧʦʜiʣiʚ ʥʘʧʨʫʞʝʥʴ i ʧʝʨʝʤiʱʝʥʴ. ʆʮiʥʝʥʦ 

ʧʦʭʠʙʢʠ ʰʣʷʭʦʤ ʧʦʨiʚʥʷʥʥʷ ʟ ʘʥʘʣiʪʠʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥiʩʪʴ i ʧʦʪʝʥʮiʘʣ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʘʜʘʧʪʠʚʥʠʭ ʩʭʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ. 

1. ɺʩʪʫʧ 

ʄʝʪʦʜ ʩʢiʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪiʚ (ʄʉɽ) ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʯʠʩʝʣʴʥʠʭ 

ʤʝʪʦʜiʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʢʦʥʪʠʥʫʫʤʥʦʾ ʤʝʭʘʥiʢʠ, ʱʦ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ iʥʞʝʥʝʨiʾ, ʬiʟʠʮi ʪʘ ʧʨʠʢʣʘʜʥiʡ ʤʘʪʝʤʘʪʠʮi. ʁʦʛʦ 

ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʫ ʟʜʘʪʥʦʩʪi ʧʨʘʮʶʚʘʪʠ ʟ ʜʦʚiʣʴʥʦʶ ʛʝʦʤʝʪʨiʻʶ, ʨiʟʥʠʤʠ 

ʪʠʧʘʤʠ ʤʘʪʝʨiʘʣiʚ ʪʘ ʩʢʣʘʜʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. 

ʆʜʥʘʢ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥi ʨʝʘʣʴʥʠʭ ʬiʟʠʯʥʠʭ ʧʨʦʮʝʩiʚ, ʦʩʦʙʣʠʚʦ ʫ 

ʧʨʠʩʫʪʥʦʩʪi ʣʦʢʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʚôʷʟʢʫ ð ʪʘʢʠʭ ʷʢ ʩʠʥʛʫ-ʣʷʨʥʦʩʪi, 

ʦʙʣʘʩʪi ʨiʟʢʦʛʦ ʟʤiʱʝʥʥʷ ʯʠ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ð ʢʣʘʩʠʯʥʘ 

ʨiʚʥʦʤiʨʥʘ ʜʠʩʢʨʝʪʠʟʘʮiʷ ʩiʪʢʠ ʯʘʩʪʦ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʝʬʝʢʪʠʚʥʦʶ. ʋ ʪʘʢʠʭ 
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ʚʠʧʘʜʢʘʭ ʘʜʘʧʪʠʚʥi ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʣʦʢʘʣʴʥʦ ʟʤiʥʶʚʘʪʠ ʱiʣʴʥiʩʪʴ 

ʩiʪʢʠ, ʟʙʝʨiʛʘʶʯʠ ʟʘʛʘʣʴʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʝʬʝʢʪʠʚʥiʩʪʴ. 

ɿ ʨʦʟʚʠʪʢʦʤ ʰʪʫʯʥʦʛʦ iʥʪʝʣʝʢʪʫ ʚʠʥʠʢʣʘ ʤʦʞʣʠʚiʩʪʴ ʧiʜʚʠʱʠʪʠ ʨiʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮiʾ ʫ ʧʦʙʫʜʦʚi ʦʧʪʠʤʘʣʴʥʠʭ ʩiʪʦʢ. ʄʝʪʦʜʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʟʦʢʨʝʤʘ Physics-Informed Neural Networks (PINNs), ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʜʘʪʥiʩʪʴ 

ʧʦʢʨʘʱʫʚʘʪʠ ʪʦʯʥiʩʪʴ ʪʘ ʰʚʠʜʢiʩʪʴ ʦʙʯʠʩʣʝʥʴ, ʧʨʦʛʥʦʟʫʶʯʠ ʨʦʟʧʦʜiʣ 

ʧʦʭʠʙʢʠ ʘʙʦ ʨʝʢʦʤʝʥʜʫʚʘʚʰʠ ʣʦʢʘʣʴʥʝ ʟʛʫʱʝʥʥʷ ʩiʪʢʠ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 

iʪʝʨʘʮiʡʥʠʭ ʨʦʟʚôʷʟʘʥʴ. 

2. ʊʝʦʨʝʪʠʯʥi ʟʘʩʘʜʠ ʘʜʘʧʪʠʚʥʠʭ ʄʉɽ 

ʄʝʪʦʜʠ ʘʜʘʧʪʘʮiʾ 

ω h-ʘʜʘʧʪʠʚʥiʩʪʴ ð ʧʦʜiʣ ʝʣʝʤʝʥʪiʚ ʥʘ ʜʨiʙʥiʰi; 

ω p-ʘʜʘʧʪʠʚʥiʩʪʴ ð ʧiʜʚʠʱʝʥʥʷ ʧʦʨʷʜʢʫ ʘʧʨʦʢʩʠʤʘʮiʾ; 

ω hp-ʘʜʘʧʪʠʚʥiʩʪʴ ð ʢʦʤʙiʥʦʚʘʥʝ ʫʪʦʯʥʝʥʥʷ ʛʝʦʤʝʪʨiʾ ʪʘ ʧʦʨʷʜʢʫ. 

ʆʮiʥʢʘ ʧʦʭʠʙʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʘʧʦʩʪʝʨiʦʨʥʦ, ʧiʩʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯi, ʥʘ 

ʦʩʥʦʚi ʣʦʢʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʥʘʧʨʫʞʝʥʴ ʘʙʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʥʦʨʤ. 

3. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣiʟʘʮiʷ 

ʈʝʘʣiʟʘʮiʶ ʟʘʜʘʯi ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʧʨʫʞʥʦʩʪi ʟʜiʡʩʥʝʥʦ ʫ Python ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʨʩʴʢʦʾ FEM-ʙiʙʣiʦʪʝʢʠ. ʆʩʥʦʚʥi ʤʦʜʫʣi: 

ω Mesh ð ʛʝʥʝʨʘʮiʷ ʨʝʛʫʣʷʨʥʦʾ ʩiʪʢʠ; 

ω AxisymmetricElement ð ʦʙʯʠʩʣʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʞʦʨʩʪʢiʩʥʠʭ ʤʘʪʨʠʮʴ; 

ω FEMSolver ð ʟʙiʨʢʘ ʛʣʦʙʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ; 

ω Shape-ʬʫʥʢʮiʾ 1-ʛʦ i 2-ʛʦ ʧʦʨʷʜʢʫ. 

ʏʠʩʣʦʚi ʨʝʟʫʣʴʪʘʪʠ 

ʇiʩʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯi ʦʪʨʠʤʘʥʦ ʨʦʟʧʦʜiʣ ʧʝʨʝʤiʱʝʥʴ ʫ ʚʫʟʣʘʭ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʨʘʜiʘʣʴʥʝ ʧʝʨʝʤiʱʝʥʥʷ: 
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 umax
r å 1.0459, uz å 0 

ʏʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʩʪʘʥʦʚʠʚ ʣʠʰʝ 0.000868 ʩ. ɼʣʷ ʚʘʣiʜʘʮiʾ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʨiʚʥʷʥʦ ʟ ʘʥʘʣiʪʠʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ. 

ɻʨʘʬiʢʠ ʨʦʟʚôʷʟʢiʚ 

 

ʈʠʩ. 1: ʇʦʚʝʨʭʥʝʚi ʛʨʘʬiʢʠ ʨʦʟʧʦʜiʣʫ ur, uz ʪʘ ʢʦʤʧʦʥʝʥʪ ʥʘʧʨʫʞʝʥʴ 

ʇʦʭʠʙʢʠ ʨʦʟʚôʷʟʢʫ 
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4. ɺʠʩʥʦʚʢʠ ʫ ʨʦʙʦʪʽ: 

ω ʨʝʘʣiʟʦʚʘʥʦ ʄʉɽ ʜʣʷ ʟʘʜʘʯi ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʧʨʫʞʥʦʩʪi ʟ ʚʘʣiʜʘʮiʻʶ; 

ω ʟʜiʡʩʥʝʥʦ ʦʮiʥʢʫ ʧʦʭʠʙʢʠ ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬiʢʠ ʨʦʟʧʦʜiʣʫ 

ʥʘʧʨʫʞʝʥʴ; 

ω ʧʦʢʘʟʘʥʦ ʧʦʪʝʥʮiʘʣ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥi ʟʦʥ 

ʟʛʫʱʝʥʥʷ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ GIL ɿɸ ʈɯɿʅʀʍ ʇɯɼʍʆɼɯɺ ɼʆ 

ʇɸʈɸʃɽʃʔʅʆɻʆ ʈʆɿɺôʗɿɸʅʅʗ CPU-BOUND ɿɸɼɸʏ ʅɸ PYTHON 

ɸʥʘʩʪʘʩʽʷ ʉʝʣʽʚʝʨʩʪʦʚʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʬʘʢʫʣʴʪʝʪ 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

anastasiia.seliverstova@lnu.edu.ua 

ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʯʘʩʪʦ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. ʎʝ 

ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʫ ʩʬʝʨʘʭ, ʜʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʻ ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʽ ʰʚʠʜʢʦʜʽʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʥʘʫʢʦʚʠʭ ʦʙʯʠʩʣʝʥʥʷʭ, ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ 

ʜʘʥʠʭ, ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʦʱʦ. 

ɿ ʪʝʦʨʝʪʠʯʥʠʤʠ ʦʩʥʦʚʘʤʠ ʪʘ ʙʘʟʦʚʠʤʠ ʧʨʘʢʪʠʯʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʧʘʨʘʣʝʣʴʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʤʦʞʥʘ ʦʟʥʘʡʦʤʠʪʠʩʷ ʫ ʨʦʙʦʪʽ [1]. ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. Python ʥʝ ʻ ʚʠʥʷʪʢʦʤ, 

ʘʣʝ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʩʢʣʘʜʥʦʱʽ, ʦʩʥʦʚʥʦʶ ʟ ʷʢʠʭ ʻ ʛʣʦʙʘʣʴʥʝ 

ʙʣʦʢʫʚʘʥʥʷ ʽʥʪʝʨʧʨʝʪʘʪʦʨʘ (Global Interpreter Lock, GIL) [2, 3]. 

ʈʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʢʣʶʯʦʚʽ ʪʠʧʠ ʟʘʜʘʯ, ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʘ ʩʘʤʝ: I/O- ʪʘ CPU-bound [4]. ɼʣʷ ʧʨʦʛʨʘʤʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʘʯ ʧʝʨʰʦʛʦ ʪʠʧʫ GIL ʟʘʟʚʠʯʘʡ ʥʝ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤ. ʅʘʪʦʤʽʩʪʴ 

ʜʣʷ ʟʘʜʘʯ ʜʨʫʛʦʛʦ ʪʠʧʫ ʚʽʥ ʤʦʞʝ ʩʪʘʪʠ ʩʫʪʪʻʚʠʤ ʦʙʤʝʞʝʥʥʷʤ.  

ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ GIL ʧʨʠ ʨʽʟʥʠʭ ʧʽʜʭʦʜʘʭ ʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʣʷ CPU-bound ʟʘʜʘʯ: 

1. ʆʜʥʦʧʦʪʦʢʦʚʝ ʚʠʢʦʥʘʥʥʷ. 

2. ɹʘʛʘʪʦʧʦʪʦʢʦʚʽʩʪʴ (ʤʦʜʫʣʴ threading). 

3. ɹʘʛʘʪʦʧʨʦʮʝʩʦʨʥʽʩʪʴ (ʤʦʜʫʣʴ multiprocessing). 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʟʦʚʥʽʰʥʽʭ ʬʫʥʢʮʽʡ (ʤʦʜʫʣʴ Ctypes). 

5. ɺʽʜʢʣʶʯʝʥʥʷ GIL (ʜʦʩʪʫʧʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟ ʚʝʨʩʽʾ 3.13) [5]. 

 ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʥʘ ʜʚʦʭ ʧʨʠʩʪʨʦʷʭ: 
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1. ʅʦʫʪʙʫʢ Dell Inc. Inspiron 15-3573 ʽʟ ʜʚʦʷʜʝʨʥʠʤ ʧʨʦʮʝʩʦʨʦʤ IntelÈ 

Celeron(R) N4000 CPU @ 1.10GHz Ĭ 2 ʪʘ ʦʧʝʨʘʪʠʚʥʦʶ ʧʘʤôʷʪʪʶ 4 ɻɹ 

(ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ Ubuntu 22.04.5 LTS). 

2. ʅʦʫʪʙʫʢ Acer Aspire A315-57G ʽʟ ʯʦʪʠʨʠʷʜʝʨʥʠʤ ʧʨʦʮʝʩʦʨʦʤ Intel(R) 

Core(TM) i5-1035G1 CPU @ 1.00GHz   1.19 GHz ʪʘ ʦʧʝʨʘʪʠʚʥʦʶ ʧʘʤôʷʪʪʶ 8 

ɻɹ (ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ Windows 11 Education).  

ʏʘʩʦʚʠʡ ʘʥʘʣʽʟ ʟʜʽʡʩʥʝʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʪʝʩʪʦʚʦʾ CPU-bound ʟʘʜʘʯʽ ʦʙʯʠʩʣʝʥʥʷ 

ʩʫʤʠ ʮʽʣʠʭ ʯʠʩʝʣ ʚʽʜ 1 ʜʦ σϽρπ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʷʜʝʨ 

ʜʝʤʦʥʩʪʨʫʶʪʴʩʷ ʥʘ ʽʥʰʠʭ ʨʦʟʤʽʨʘʭ ʟʘʜʘʯʽ ʟ ʤʽʨʢʫʚʘʥʴ, ʱʦʙ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʚʢʣʘʜʘʚʩʷ ʚ 1 ʭʚ, ʙʦ ʩʘʤʝ ʪʘʢʘ ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʜʠʩʧʝʪʯʝʨʽ ʟʘʚʜʘʥʴ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʨʽʟʥʠʮʶ ʤʽʞ ʥʘʚʘʥʪʘʞʝʥʽʩʪʶ ʷʜʝʨ ʧʨʦʮʝʩʦʨʘ ʧʨʠʩʪʨʦʶ 1 

ʜʣʷ ʦʜʥʦʧʦʪʦʢʦʚʦʩʪʽ (ʣʽʚʘ ʯʘʩʪʠʥʘ ʛʨʘʬʽʢʘ) ʪʘ ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʩʪʽ (ʧʨʘʚʘ 

ʯʘʩʪʠʥʘ). ʋ ʚʠʧʘʜʢʫ ʦʜʥʦʧʦʪʦʢʦʚʦʩʪʽ ʫʩʽ ʦʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʦʜʥʦʤʫ 

ʟ ʜʚʦʭ ʷʜʝʨ, ʷʢʝ ʧʨʘʮʶʚʘʣʦ ʥʘ 100. ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʚʠʢʦʥʘʥʥʷ ʫ ʧʦʪʦʢʘʭ 

ʦʯʽʢʫʚʘʣʦʩʷ, ʱʦ ʦʙʠʜʚʘ ʷʜʨʘ ʧʨʘʮʶʚʘʪʠʤʫʪʴ ʥʘ ʧʦʚʥʫ ʧʦʪʫʞʥʽʩʪʴ, 

ʨʦʟʚôʷʟʫʶʯʠ ʢʦʞʥʝ ʩʚʦʶ ʯʘʩʪʠʥʫ ʟʘʜʘʯʽ. ʇʨʦʪʝ, ʙʘʯʠʤʦ, ʱʦ ʥʘʩʧʨʘʚʜʽ ʚʦʥʠ 

ʧʨʘʮʶʚʘʣʠ ʧʨʠʙʣʠʟʥʦ ʥʘ ʧʦʣʦʚʠʥʫ ʩʚʦʾʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʎʝ ʚʣʘʩʥʝ ʽ ʻ ʥʘʩʣʽʜʢʦʤ 

ʨʦʙʦʪʠ GIL, ʷʢʠʡ ʥʝ ʜʦʟʚʦʣʠʚ ʧʦʪʦʢʘʤ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ. ʆʜʠʥ ʧʦʪʽʢ 

ʟʤʫʰʝʥʠʡ ʯʝʢʘʪʠ, ʧʦʢʠ ʜʨʫʛʠʡ ʥʝ ʟʚʽʣʴʥʠʪʴʩʷ, ʱʦ ʬʘʢʪʠʯʥʦ ʧʝʨʝʪʚʦʨʶʻ 

ʧʨʦʛʨʘʤʫ ʥʘ ʦʜʥʦʧʦʪʦʢʦʚʫ. 

 

 
ʈʠʩ. 1. ɻʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʜʝʨ ʧʨʠ ʦʜʥʦ- ʪʘ ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʩʪʽ ʥʘ ʜʚʦʷʜʝʨʥʦʤʫ 

ʧʨʦʮʝʩʦʨʽ ὲ  ςϽρπ 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʦʩʪʽ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ (ʜʠʚ. ʨʠʩ. 

2). ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʢʦʞʝʥ ʧʨʦʮʝʩ ʤʘʻ ʚʣʘʩʥʠʡ ʥʝʟʘʣʝʞʥʠʡ 

GIL, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦ ʥʘ ʦʙʦʭ ʷʜʨʘʭ, 

ʥʘʚʘʥʪʘʞʝʥʠʭ ʥʘ 100% ʢʦʞʥʝ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ Ctypes ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʢʣʶʯʝʥʥʷ GIL ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʷʢʽʩʥʦ ʪʘʢʫ ʩʘʤʫ ʧʦʚʝʜʽʥʢʫ ʷʜʝʨ, ʷʢ ʥʘ ʨʠʩ. 2, ʘʣʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʯʘʩʦʤ ʚʠʢʦʥʘʥʥʷ. 

 

 
ʈʠʩ. 2. ɻʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʜʝʨ ʧʨʠ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʦʩʪʽ ʥʘ ʜʚʦʷʜʝʨʥʦʤʫ ʧʨʦʮʝʩʦʨʽ 

ὲ  σϽρπ 

 

ʊʘʙʣ. 1 ʽ ʨʠʩ. 3 ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʨʽʚʥʷʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʘʩʦʚʠʭ ʚʠʪʨʘʪ ʥʘ 

ʨʦʟʚôʷʟʘʥʥʷ ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ, ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʨʝʘʣʽʟʘʮʽʷʤʠ ʥʘ ʨʽʟʥʠʭ ʚʝʨʩʽʷʭ 

Python ʜʣʷ ʧʨʠʩʪʨʦʶ 1 (ʥʘ ʧʨʠʩʪʨʦʾ 2 ʯʝʨʝʟ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʷʜʝʨ ʚʽʜʧʦʚʽʜʥʽ 

ʨʝʘʣʽʟʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʰʚʠʜʰʝ). ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʩʫʪʪʻʚʦʩʪʽ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʦʪʨʠʤʘʥʠʤʠ ʯʘʩʘʤʠ ʚʠʢʦʥʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ 

ʢʨʠʪʝʨʽʡ ʫʟʛʦʜʞʝʥʦʩʪʽ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʽ t-ʪʝʩʪ.  

 

ʊʘʙʣ. 1. ʏʘʩ (ʫ ʩʝʢʫʥʜʘʭ) ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ ʥʘ ʧʨʠʩʪʨʦʾ 1 

ʉʧʦʩʽʙ ʨʝʘʣʽʟʘʮʽʾ 

ɺʝʨʩʽʷ Python 

3.12 3.13 3.13t 3.13  
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(GIL off)   (GIL on)  

ʆʜʥʦʧʦʪʦʢʦʚʽʩʪʴ 27,26 24,52 43,56 43,59 

ɹʘʛʘʪʦʧʦʪʦʢʦʚʽʩʪʴ 30,31 26,06 22,16 48,76 

ɹʘʛʘʪʦʧʨʦʮʝʩʦʨʥʽʩʪʴ 14,49 12,44 24,44 24,12 

ɹʘʛʘʪʦʧʦʪʦʢʦʚʽʩʪʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ctypes 

ʙʝʟ ʦʧʪʠʤʽʟʘʮʽʾ 

0,429 0,43 0,429 0,429 

ɹʘʛʘʪʦʧʦʪʦʢʦʚʽʩʪʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ctypes ʟ 

ʦʧʪʠʤʽʟʘʮʽʻʶ 

0,185 0,185 0,185 0,186 
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ʈʠʩ. 3. ɻʨʘʬʽʢ ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯʽ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘ ʧʨʠʩʪʨʦʾ 1 ʜʣʷ 

ʨʽʟʥʠʭ ʚʝʨʩʽʡ Python 

 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʚʠʷʚʠʚʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ ctypes. 

ʇʨʦʪʝ, ʷʢʱʦ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʜʘʚʘʥʥʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʮʝʡ ʧʽʜʭʽʜ 

ʥʝ ʜʘʩʪʴ ʭʦʨʦʰʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ctypes ʥʝ ʧʽʜʽʡʜʝ, ʷʢʱʦ 

ʦʜʥʽʻʶ ʟ ʚʠʤʦʛ ʜʦ ʧʨʦʛʨʘʤʠ ʻ ñʯʠʩʪʦʪʘ ʢʦʜʫò, ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʰʠʨʝʥʴ, 

ʥʘʧʠʩʘʥʠʭ ʚʠʢʣʶʯʥʦ ʥʘ Python, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʟ ʩʝʨʝʜʦʚʠʱʝʤ ʯʠ 

ʧʣʘʪʬʦʨʤʦʶ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʨʦʙʦʪʽ ʟ ʧʦʪʦʢʘʤʠ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ Python 3.13t ʟ ʚʽʜʢʣʶʯʝʥʠʤ GIL. ɸʣʝ, 

ʦʩʢʽʣʴʢʠ ʮʷ ʚʝʨʩʽʷ ʻ ʣʠʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ, ʥʝʤʘʻ ʪʦʯʥʠʭ ʛʘʨʘʥʪʽʡ ʙʝʟʧʝʢʠ 

ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʚʝʣʠʢʠʭ ʧʨʦʻʢʪʽʚ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʦʢʽʚ ʥʝ ʻ 

ʧʨʠʥʮʠʧʦʚʠʤ, ʭʦʨʦʰʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʥʘʪʦʤʽʩʪʴ. ʉʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ ʚʝʨʩʽʡ ʤʦʚʠ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʮʴʦʛʦ 

ʧʽʜʭʦʜʫ ʧʦʢʘʟʘʣʘ ʩʪʘʥʜʘʨʪʥʘ Python 3.13. 
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1. Introduction  

 

In many engineering and scientific problems, the true objective or constraint 

evaluations can be very expensive. Surrogate modelling, also known as 

metamodeling, addresses this challenge by constructing an inexpensive 

approximation Ὢ from limited high-fidelity runs of true model [1]. 

The goal of this work is to develop a unified kriging-based surrogate modelling 

framework and accelerate optimization of both benchmark functions and complex 

dynamic systems achieving similar accuracy with fewer model evaluations. In our 

thesis, we present a structured workflow for surrogate-model development covering 

data sampling, kriging-based model construction, and validate its effectiveness 

through targeted experiments. 

 

2. Surrogate modeling framework 

 

The basic framework for surrogate modeling is following: 

- Prepare and sample: 

- Train surrogate: 

- Test: 

- Exploit surrogate: 

 

mailto:oleksandr.shchepanchuk@lnu.edu.ua
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3. Surrogate modeling approaches (Kriging)  

 

Several surrogate modeling approaches exist, including polynomial regression, 

radial basis functions (RBFs), and Kriging. Polynomial models offer simplicity but 

often lack the flexibility needed to approximate complex functions. RBF models 

are more flexible and can be viewed as universal approximators, their flexibility is 

easy to control (that is, we can decide on how many parameters the model will 

have), they lie at the foundations of other methods (e.g. Kriging) and they are easy 

to implement.  

Kriging, on the other hand, provides us with both exact interpolation at known data 

points and an estimate of prediction uncertainty at unseen location. The 

interpolation polynomial in the Kriging model expressed as: 

Ὂὼ ʈ В ύױʕ ȟ                                         (1) 

 

where ʕ ÅØÐВ ʃױὼ ὼ  ï basis functions 

ʃ ʃȟʃȟȣȟʃ  ï correlation vector that allows the width of the basis function 

vary from variable to variable 

ὴ ὴȟὴȟȣȟὴ - vector that controls how smooth the  exponent is in Ὦth 

direction.  

ʈ is the maximum-likelihood [4] estimate of the constant trend. 

ύ the weights are chosen so that Ὂὼ ώ , ensuring exact interpolation at 

the training points ὼ  

For the derivation of kriging the output of deterministic computer experiments is 

treated as stochastic process which could be displayed in the following way: 

 



190 

 

ὣ
ὣὼ

ể
ὣὼ

              (2) 

 

Any two observation ὣὼ  and ὣὼ■  are assumed to have correlation  

 

ÃÏÒ╨●░ ȟ╨●■ ἭὀἸВ ▒
▓
▒ ▒●ױױ

░ ●▒
▒▬ȿױ■                  (3) 

 

From which we can have a correlation matrix 

 

ÃÏÒ╨● ȟ╨● Ễ ÃÏÒ╨● ȟ╨●▪

ể Ệ ể
ÃÏÒ╨●▪ ȟ╨● Ễ ÃÏÒ╨●▪ ȟ╨●▪

             (4) 

 

And covariance matrix 

#ÏÖὣȟὣ ʎɰ                                                  (5) 

 

One of the methods to find the parameters ʃ and ὴ is to maximize the likelihood 

of y. For this purpose, we construct maximum-likelihood function ὒ. 

╛◐᷄᷄ȟ ▪

ȿȿ

ÅØÐ
◐ ╣ ◐

ױ
                       (6) 

 

Then when we take the log which results in:  

ÌÎὒ ÌÎςʌ ÌÎʎ ÌÎȿɰȿ
ױ

          (7) 
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 From which we get the estimations: 

ʈ ȟ ʎ
ױ ױ

                                (8) 

 

These MLEs can now be substituted back into Equation (7) and constant 

terms removed to give what is known as the concentrated ln-likelihood function: 

ÌÎὒ ÌÎʎ ÌÎȿɰȿ                                           (9) 

Thus, having solved the trend ʈ  and the weight vector  

ύ    ώױ   Ƕ , the Kriging predictor at any new point ὼ  is given by‘ױ

[1] 

 

ώὼ ʈ ʕὼ ɰױ ώױ ρױʈ                                  (10) 

4. Experiments and results 

 

           This section presents our optimization studies on two examples: the 

classical Branin-Hoo benchmark function and SEIR model of rumor propagation 

[2]. For each case we use our python-based implementation of Kriging surrogate 

described in this paper. 

 

4.1 BraninïHoo Benchmark 

 

      The Branin-Hoo function is defined as: 

Ὢὼȟὼ ὼ ὦױὼ ὧױὼ ὶ ίױρ ὸױÃÏÓὼ ί 
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ὦ
υȢρ

τ“
ȟ ὧ

υ

“
ȟ ὶ φȟ ί ρπȟ ὸ

ρ

ψ“
 

ὼᶰ υȟρπȟ ὼᶰπȟρυȢ 

 

4.2 SEIR model of rumor propagation 

     As presented in [2], the SEIR model of rumor propagation takes the form:  

 

ừ
Ừ

ứ
ίὸ ‍ίὸὭὸ

Ὡ ὸ  ‍ίὸὭὸ  ‘Ὡὸ

Ὥ ὸ  ‎Ὥὸ  ‌‘Ὡὸ

ὶὸ ‎Ὥὸ ρ ‌Ὡὸ

                                       

 

With initial values : 

ίὸ πȢχȟ Ὡὸ πȢςυȟ Ὥὸ πȢπυȟ ὶὸ πȟ 

where: 

¶ ‍ - contact rate based on social media penetration index ; 

¶ ‘ - latency rate based on the media literacy rate among people of spea cific 

age group ; 

¶ ‌ ï probability of sharing fake news based on the trust rate of specific age 

group to social media; 

¶ ‎ ï recovery rate based on human development index. 

The parameter bounds used in this study are: 

 

‍ᶰπȢρȟװπȢσȟ ‘ɴ πȢππυȟװπȢπρȟ ‎ɴ πȢππυȟװπȢπρȟ ‌ᶰπȢςȟװπȢυȢ 

 

We define the performance metric as the cumulative infected load: 

ὐ  В Ὅὸ  

4.3 Results 

Branin -Hoo results: 

Training set for surrogate: 25 
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True function calls, when optimizing directly: 80 

Surrogate accuracy: ὙὓὛὉρȢςρττ;  Ὑ πȢωωψχ 

Surrogate-based optimum: ὼȟὼ σȢρυπυȟρςȢςυπρᵼὪὼᶻ πȢτππτ 

Direct-optimization result: ὼȟὼ σȢρτρφȟρςȢςχυπᵼὪὼᶻ πȢσωχω

  

 

SEIR model results: 

Training set for surrogate: 50 

True function calls, when optimizing directly: 151 

Surrogate-based optimum:  

‍ȟ‘ȟ‌ȟ‎ πȢρπρτȟπȢππυρȟπȢςπςρȟπȢππωψ ὐ ρφȢωςωπ 

Direct-optimization result: 

‍ȟ‘ȟ‌ȟ‎ πȢρππρȟπȢππυρȟπȢςπππȟπȢππωω ὐ ρφȢτχχρ 

Surrogate accuracy: ὙὓὛὉ  πȢρυςτ, Ὑό  πȢωωωψȢ 

 

Image 1. Parity plots comparing true vs. surrogate 

predictions: Å Left: SEIR rumor propagation model Å Right: BraninïHoo benchmark 

function 
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ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʬʘʢʫʣʴʪʝʪ 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

kupchak.ol@gmail.com 

ʐʢʽʣʴʥʘ ʦʩʚʽʪʘ ʩʴʦʛʦʜʥʽ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʢʣʠʢʘʤ ʯʘʩʫ, ʢʦʣʠ ʮʠʬʨʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ ʻ ʥʝ ʧʨʦʩʪʦ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʩʝʨʝʜʦʚʠʱʝʤ ʽʩʥʫʚʘʥʥʷ. ʋʯʥʽ ʱʦʜʥʷ 

ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʮʠʬʨʦʚʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʩʧʦʞʠʚʘʶʪʴ ʢʦʥʪʝʥʪ ʽ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ 

ʧʨʘʛʥʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʠʡ. ʇʨʦʪʝ ʟʚʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʥʘʚʯʘʥʥʷ ʯʘʩʪʦ ʥʝ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʪʘʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʑʦʙ ʩʫʯʘʩʥʘ ʰʢʦʣʘ ʥʝ ʟʘʣʠʰʘʣʘʩʷ 

ʦʩʪʦʨʦʥʴ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʧʦʪʨʽʙʥʽ ʥʦʚʽ ʬʦʨʤʘʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʫʯʥʷʤ 

ʥʝ ʣʠʰʝ ʚʠʚʯʘʪʠ ɯʊ ʷʢ ʧʨʝʜʤʝʪ, ʘ ʡ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʩʝʙʝ ʚ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ð ʪʚʦʨʯʦ ʡ ʧʨʘʢʪʠʯʥʦ. 

ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʽʚ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʫʯʥʷʤ ʰʣʷʭ ʜʦ ʩʘʤʦʨʝʘʣʽʟʘʮʽʾ ʫ ʮʠʬʨʦʚʽʡ 

ʩʬʝʨʽ, ʻ ʚʝʙʨʦʟʨʦʙʢʘ. ʉʘʤʝ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʝʩʪʝʪʠʢʫ ʜʠʟʘʡʥʫ ʟ ʣʦʛʽʢʦʶ 

ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ, ʨʦʟʚʠʚʘʪʠ ʚʽʟʫʘʣʴʥʝ ʤʠʩʣʝʥʥʷ, ʫʚʘʛʫ ʜʦ ʜʝʪʘʣʝʡ ʽ 

ʚʦʜʥʦʯʘʩ ʙʘʯʠʪʠ ʨʝʟʫʣʴʪʘʪ ʩʚʦʻʾ ʨʦʙʦʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʚʥʦʮʽʥʥʦʛʦ ʚʝʙʧʨʦʜʫʢʪʫ. 

ɺʦʜʥʦʯʘʩ ʚʠʚʯʝʥʥʷ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʘʜʪʦ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʫ ʤʝʞʘʭ ʰʢʽʣʴʥʦʾ ʧʨʦʛʨʘʤʠ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ 

ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽ ʰʢʦʣʠ, ʘ ʥʝ ʧʨʦʬʽʣʴʥʽ ɯʊ-ʥʘʧʨʷʤʠ. ʊʦʤʫ ʟʘʤʽʩʪʴ ʧʦʚʥʦʛʦ 

ʟʘʛʣʠʙʣʝʥʥʷ ʫ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ, ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʤʦʞʝ ʩʪʘʪʠ ʚʽʟʫʘʣʴʥʘ 

ʚʝʙʨʦʟʨʦʙʢʘ ð ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʬʦʨʤ, ʪʘʢʠʭ ʷʢ Webflow [1]. 

Webflow ð ʮʝ ʩʫʯʘʩʥʠʡ ʚʝʙʩʝʨʚʽʩ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʪʘ 

ʘʜʘʧʪʠʚʥʽ ʩʘʡʪʠ ʙʝʟ ʟʥʘʥʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʇʣʘʪʬʦʨʤʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʟʨʫʯʥʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʤʦʞʣʠʚʦʩʪʝʡ, ʱʦ 

ʨʦʙʠʪʴ ʾʾ ʽʜʝʘʣʴʥʦʶ ʜʣʷ ʧʝʨʰʦʛʦ ʟʥʘʡʦʤʩʪʚʘ ʟ ʚʝʙʜʠʟʘʡʥʦʤ. ɺʦʥʘ ʚʽʜʢʨʠʚʘʻ 

ʰʣʷʭ ʜʦ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ ʧʨʦʻʢʪʽʚ ʥʘʚʽʪʴ ʜʣʷ ʪʠʭ, ʭʪʦ ʥʽʢʦʣʠ ʥʝ ʧʨʘʮʶʚʘʚ ʟ 

HTML ʯʠ CSS. 

ʇʦʧʨʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙʨʝʩʫʨʩʽʚ, Webflow 

ʚʠʨʽʟʥʷʻʪʴʩʷ ʩʝʨʝʜ ʥʠʭ ʩʘʤʝ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ 

ʦʨʽʻʥʪʘʮʽʾ ʥʘ ʚʽʟʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ 

ʢʦʥʩʪʨʫʢʪʦʨʽʚ, ʷʢʽ ʟʜʝʙʽʣʴʰʦʛʦ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʰʘʙʣʦʥʥʠʭ ʨʽʰʝʥʥʷʭ ʘʙʦ 
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ʦʙʤʝʞʫʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʜʠʟʘʡʥʽ ʪʘ ʣʦʛʽʮʽ ʧʦʙʫʜʦʚʠ ʩʪʦʨʽʥʢʠ, Webflow 

ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʧʨʦʻʢʪʫ ʤʘʡʞʝ ʥʘ ʨʽʚʥʽ ʨʫʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ 

ð ʘʣʝ ʫ ʚʽʟʫʘʣʴʥʦʤʫ ʬʦʨʤʘʪʽ. 

ʂʨʽʤ ʪʦʛʦ, Webflow ð ʮʝ ʥʝ ʧʨʦʩʪʦ ʚʽʟʫʘʣʴʥʠʡ ʢʦʥʩʪʨʫʢʪʦʨ, ʘ ʧʣʘʪʬʦʨʤʘ, ʷʢʘ 

ʛʝʥʝʨʫʻ ʯʠʩʪʠʡ ʢʦʜ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʽ ʧʦʟʘ ʾʾ ʤʝʞʘʤʠ. ʎʝ ʨʦʙʠʪʴ ʾʾ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʭʦʞʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ 

[2], ʱʦ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʷʢ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʫ ʩʬʝʨʽ ʚʝʙʨʦʟʨʦʙʢʠ, ʪʘʢ ʽ 

ʧʦʚʥʦʮʽʥʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʝʘʣʴʥʠʭ ʧʨʦʻʢʪʽʚ. ʉʘʤʝ ʪʦʤʫ ʾʾ 

ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʙʘʟʫ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʰʢʽʣʴʥʫ ʦʩʚʽʪʫ. 

 

ʊʘʙʣ. 1. ʇʦʨʽʚʥʷʥʥʷ ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙʟʘʩʪʦʩʫʥʢʽʚ 

ʇʣʘʪʬʦʨʤʘ ʇʦʪʨʝʙʫʻ 

ʢʦʜʫʚʘʥʥʷ 
ɻʥʫʯʢʽʩʪʴ ʜʠʟʘʡʥʫ ɸʥʽʤʘʮʽʾ 

Webflow ʅ ̔ ɺʠʩʦʢʘ ɭ 

WordPress ʏʘʩʪʢʦʚʦ ʉʝʨʝʜʥʷ ʆʙʤʝʞʝʥʽ 

Wix ʅ ̔ ʅʠʟʴʢʘ ʄʽʥʽʤʘʣʴʥʽ 

Tilda ʅ ̔ ʉʝʨʝʜʥʷ ʄʽʥʽʤʘʣʴʥʽ 

 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ ʨʝʘʣʽʟʘʮʽʾ ʨʦʙʦʪʠ ʩʪʘʣʦ ʩʪʚʦʨʝʥʥʷ ʚʝʙʟʘʩʪʦʩʫʥʢʫ ʥʘ 

ʧʣʘʪʬʦʨʤʽ Webflow. ʁʦʛʦ ʨʦʟʨʦʙʢʘ ʥʝ ʣʠʰʝ ʽʣʶʩʪʨʫʻ ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʩʝʨʚʽʩʫ, ʘ ʡ ʚʠʢʦʥʫʻ ʜʝʤʦʥʩʪʨʘʮʽʡʥʫ ʬʫʥʢʮʽʶ ʚ ʤʝʞʘʭ ʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʬʘʢʫʣʴʪʘʪʠʚʥʦʛʦ ʢʫʨʩʫ. ɺʝʙʟʘʩʪʦʩʫʥʦʢ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʫʯʥʽʚ 
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ʽʟ ʙʘʟʦʚʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʚʝʙʜʠʟʘʡʥʫ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʚʯʝʥʥʷ 

ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʉʘʤʝ ʮʷ ʦʩʦʙʣʠʚʽʩʪʴ ʧʣʘʪʬʦʨʤʠ Webflow ð ʜʦʩʪʫʧʥʽʩʪʴ 

ʜʣʷ ʥʦʚʘʯʢʽʚ ð ʚʠʟʥʘʯʠʣʘ ʾʾ ʚʠʙʽʨ ʷʢ ʦʩʥʦʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʻʢʪʫ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʫʻ 

ʬʫʥʢʮʽʦʥʘʣ ʙʝʟʢʦʰʪʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢʠʡ ʻ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʽʤ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʻʢʪʫ. 

ʋ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʩʪʚʦʨʝʥʦ ʧʨʠʢʣʘʜ ʘʜʘʧʪʠʚʥʦʾ ʣʝʥʜʽʥʛ-ʩʪʦʨʽʥʢʠ ð 

ʦʜʥʦʩʪʦʨʽʥʢʦʚʦʛʦ ʩʘʡʪʫ [3], ʧʦʜʽʣʝʥʦʛʦ ʥʘ ʣʦʛʽʯʥʽ ʩʝʢʮʽʾ. ʊʘʢʠʡ ʬʦʨʤʘʪ ʻ 

ʧʦʰʠʨʝʥʠʤ ʫ ʩʫʯʘʩʥʦʤʫ ʚʝʙʜʠʟʘʡʥʽ ʪʘ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʥʘʚʯʘʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʟʦʩʝʨʝʜʠʪʠ ʫʚʘʛʫ ʫʯʥʽʚ ʥʘ ʧʦʩʣʽʜʦʚʥʦʤʫ 

ʧʦʜʘʥʥʽ ʟʤʽʩʪʫ ʪʘ ʬʦʨʤʫʚʘʥʥʽ ʟʨʦʟʫʤʽʣʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʎʝʡ ʚʝʙʟʘʩʪʦʩʫʥʦʢ ʩʪʘʚ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʬʘʢʫʣʴʪʘʪʠʚʥʦʛʦ ʢʫʨʩʫ 

çʆʩʥʦʚʠ ʚʝʙʨʦʟʨʦʙʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Webflowè, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʫʯʥʽʚ 

ʩʪʘʨʰʠʭ ʢʣʘʩʽʚ. ʄʝʪʘ ʢʫʨʩʫ ð ʜʘʪʠ ʰʢʦʣʷʨʘʤ ʟʤʦʛʫ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ 

ʩʫʯʘʩʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʚʝʙʜʠʟʘʡʥʫ, ʨʦʟʚʠʥʫʪʠ ʢʨʝʘʪʠʚʥʽʩʪʴ ʽ ʦʪʨʠʤʘʪʠ 

ʙʘʟʦʚʽ ʮʠʬʨʦʚʽ ʥʘʚʠʯʢʠ ʙʝʟ ʚʠʚʯʝʥʥʷ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʢʫʨʩʫ ʟʫʤʦʚʣʝʥʘ ʧʦʪʨʝʙʦʶ ʚ ʦʥʦʚʣʝʥʥʽ ʟʤʽʩʪʫ 

ʰʢʽʣʴʥʦʾ ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʨʦʟʰʠʨʝʥʥʽ ʾʾ ʤʝʞ ʫ ʥʘʧʨʷʤʽ ʧʨʘʢʪʠʯʥʠʭ ɯʊ-

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ. ʇʦʧʨʠ ʥʘʷʚʥʽʩʪʴ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʽʚ ʚʝʙʨʦʟʨʦʙʢʠ ʫ 

ʰʢʽʣʴʥʽʡ ʧʨʦʛʨʘʤʽ, ʫʯʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʟʥʘʡʦʤʣʷʪʴʩʷ ʣʠʰʝ ʟ ʙʘʟʦʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʥʝ ʜʘʻ ʮʽʣʽʩʥʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʚʝʙʨʝʩʫʨʩʽʚ. ʈʦʟʨʦʙʣʝʥʠʡ ʢʫʨʩ ʧʦʢʣʠʢʘʥʠʡ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ, ʥʘʜʘʶʯʠ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʚʣʘʩʥʠʡ ʧʨʦʻʢʪ ʧʦʚʥʽʩʪʶ ð ʚʽʜ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ 

ʩʪʦʨʽʥʢʠ ʜʦ ʾʾ ʧʫʙʣʽʢʘʮʽʾ. 

ʇʨʦʛʨʘʤʘ ʢʫʨʩʫ ʧʝʨʝʜʙʘʯʘʻ 10 ʪʝʤʘʪʠʯʥʠʭ ʟʘʥʷʪʴ, ʫ ʤʝʞʘʭ ʷʢʠʭ ʫʯʥʽ ʢʨʦʢ ʟʘ 

ʢʨʦʢʦʤ ʦʟʥʘʡʦʤʣʶʶʪʴʩʷ ʟ ʧʣʘʪʬʦʨʤʦʶ Webflow: ʽʥʪʝʨʬʝʡʩʦʤ, ʙʘʟʦʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʠ ʩʪʦʨʽʥʢʠ, ʩʪʠʣʽʟʘʮʽʻʶ, ʨʦʙʦʪʦʶ ʟ ʢʦʥʪʝʥʪʦʤ, 

ʘʥʽʤʘʮʽʷʤʠ ʪʘ ʘʜʘʧʪʠʚʥʦʶ ʚʝʨʩʪʢʦʶ. ʇʽʜ ʢʽʥʝʮʴ ʢʫʨʩʫ ʫʯʥʽ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʨʦʟʨʦʙʣʝʥʠʡ ʥʠʤʠ ʧʨʦʻʢʪ.  
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ʊʘʙʣ. 2. ʇʣʘʥ ʫʨʦʢʽʚ ʢʫʨʩʫ çʆʩʥʦʚʠ ʚʝʙʨʦʟʨʦʙʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Webflowè 

ˉ ʊʝʤʘ ʟʘʥʷʪʪʷ ɿʤʽʩʪ 

1 ɺʩʪʫʧ ʜʦ ʚʝʙʨʦʟʨʦʙʢʠ. 

ʆʟʥʘʡʦʤʣʝʥʥʷ ʟ Webflow 

ʑʦ ʪʘʢʝ ʚʝʙʩʪʦʨʽʥʢʘ, ʾʾ ʩʪʨʫʢʪʫʨʘ. 

ɯʥʪʝʨʬʝʡʩ, ʦʩʥʦʚʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣ Webflow. 

2  ʉʪʨʫʢʪʫʨʘ ʚʝʙʟʘʩʪʦʩʫʥʢʫ ʉʪʚʦʨʝʥʥʷ ʣʦʛʽʯʥʦʛʦ ʪʘ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʢʦʥʪʝʥʪʫ. ʈʦʙʦʪʘ 

ʟ ʢʦʥʪʝʡʥʝʨʘʤʠ ʪʘ ʙʣʦʢʘʤʠ. 

3 ɼʦʜʘʚʘʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ 

ʢʦʥʪʝʥʪʫ 

ʊʝʢʩʪʦʚʽ ʙʣʦʢʠ, ʟʦʙʨʘʞʝʥʥʷ, 

ʢʥʦʧʢʠ, ʽʢʦʥʢʠ. 

4 ʉʪʠʣʽʟʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʈʦʙʦʪʘ ʟ ʰʨʠʬʪʘʤʠ, ʢʦʣʴʦʨʘʤʠ, 

ʪʽʥʷʤʠ ʪʘ ʚʽʜʩʪʫʧʘʤʠ. 

5 ɸʥʽʤʘʮʽʾ ɼʦʜʘʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʝʬʝʢʪʽʚ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ. 

6 ɸʜʘʧʪʠʚʥʠʡ ʜʠʟʘʡʥ ʆʧʪʠʤʽʟʘʮʽʷ ʩʘʡʪʫ ʜʣʷ ʨʽʟʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. 

7 ʅʘʚʽʛʘʮʽʷ ʉʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʥʘʚʽʛʘʮʽʾ, 

ʪʘʢʠʭ ʷʢ ʤʝʥʶ ʪʘ ʽʥʰʠʭ. 
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8 ʆʩʥʦʚʠ ʦʧʪʠʤʽʟʘʮʽʾ ɹʘʟʦʚʽ ʪʘ ʢʣʶʯʦʚʽ ʧʨʘʚʠʣʘ 

ʦʧʪʠʤʽʟʘʮʽʾ. 

9 ʇʫʙʣʽʢʘʮʽʷ ʩʘʡʪʫ ʅʘʣʘʰʪʫʚʘʥʥʷ ʜʦʤʝʥʫ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʚʝʨ. 

10 ʇʨʝʟʝʥʪʘʮʽʷ ʚʣʘʩʥʦʛʦ 

ʧʨʦʻʢʪʫ 

ɿʘʭʠʩʪ ʧʨʦʻʢʪʫ. 

 

ʂʦʞʥʝ ʟʘʥʷʪʪʷ ʧʦʻʜʥʫʻ ʪʝʦʨʝʪʠʯʥʫ ʯʘʩʪʠʥʫ ʟ ʜʝʤʦʥʩʪʨʘʮʽʻʶ ʧʨʠʢʣʘʜʽʚ ʽ 

ʧʨʘʢʪʠʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʫʯʥʽʚ, ʷʢʘ ʟʘʚʝʨʰʫʻʪʴʩʷ ʩʘʤʦʩʪʽʡʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ ʧʨʝʟʝʥʪʘʮʽʷ ʦʩʦʙʠʩʪʦʛʦ ʧʨʦʻʢʪʫ ð ʫʯʝʥʴ ʩʪʚʦʨʶʻ 

ʚʝʙʟʘʩʪʦʩʫʥʦʢ ʟʘ ʚʣʘʩʥʠʤ ʟʘʜʫʤʦʤ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʚʩʽ ʥʘʙʫʪʽ ʟʥʘʥʥʷ. 

ʌʘʢʫʣʴʪʘʪʠʚʥʠʡ ʢʫʨʩ "ʆʩʥʦʚʠ ʚʝʙʨʦʟʨʦʙʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Webflow" ʤʘʻ 

ʧʨʘʢʪʠʯʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʣʘʥʩ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʽ ʩʘʤʦʩʪʽʡʥʦʶ ʨʦʙʦʪʦʶ ʫʯʥʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ɼʝʨʞʘʚʥʦʛʦ 

ʩʪʘʥʜʘʨʪʫ ʙʘʟʦʚʦʾ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ [4]. 

ʇʨʦʚʝʜʝʥʘ ʨʦʙʦʪʘ ʧʦʢʘʟʘʣʘ, ʱʦ Webflow ʻ ʟʨʫʯʥʠʤ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʥʘʚʯʘʥʥʷ ʦʩʥʦʚʘʤ ʚʝʙʨʦʟʨʦʙʢʠ ʚ ʰʢʽʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʉʪʚʦʨʝʥʥʷ ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʛʦ ʧʨʦʻʢʪʫ ʜʘʣʦ ʟʤʦʛʫ ʧʝʨʝʚʽʨʠʪʠ ʧʣʘʪʬʦʨʤʫ ʥʘ 

ʧʨʘʢʪʠʮʽ, ʘ ʨʦʟʨʦʙʣʝʥʠʡ ʢʫʨʩ ð ʩʬʦʨʤʫʚʘʪʠ ʯʽʪʢʫ ʩʪʨʫʢʪʫʨʫ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ 

ʜʣʷ ʫʯʥʽʚ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʦʩʚʽʜʫ. ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʩʪʘʣʦ 

ʧʦʻʜʥʘʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʡʦʛʦ ʦʩʚʽʪʥʴʦʾ ʜʦʮʽʣʴʥʦʩʪʽ. 

ʊʘʢʠʡ ʬʦʨʤʘʪ ʜʦʟʚʦʣʷʻ ʥʝ ʧʨʦʩʪʦ ʚʠʢʣʘʜʘʪʠ ʚʝʙʨʦʟʨʦʙʢʫ, ʘ ʟʘʣʫʯʘʪʠ ʫʯʥʽʚ ʜʦ 

ʧʦʚʥʦʮʽʥʥʦʛʦ ʪʚʦʨʯʦʛʦ ʧʨʦʮʝʩʫ ʫ ʟʨʦʟʫʤʽʣʦʤʫ ʜʣʷ ʥʠʭ ʬʦʨʤʘʪʽ. 
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ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Webflow ï ʦʬʽʮʽʡʥʠʡ ʩʘʡʪ ʧʣʘʪʬʦʨʤʠ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://webflow.com/ 

2. ʇʦʨʽʚʥʷʥʥʷ ʧʣʘʪʬʦʨʤ Tilda, Webflow, Wix, WordPress / SourceForge. 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://sourceforge.net/software/compare/Tilda-vs-Webflow-vs-Wix-vs-WordPress/ 

3. ʑʦ ʪʘʢʝ ʣʝʥʜʽʥʛ / SendPulse. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://sendpulse.ua/support/glossary/landing-page 

4. ɼʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ ʙʘʟʦʚʦʾ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://zakon.rada.gov.ua/laws/show/651-14 

  

https://webflow.com/
https://sourceforge.net/software/compare/Tilda-vs-Webflow-vs-Wix-vs-WordPress/
https://sendpulse.ua/support/glossary/landing-page
https://zakon.rada.gov.ua/laws/show/651-14
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ʄɽʊʆɼ ʅɽʃɯʅɯʁʅʀʍ ɯʅʊɽɻʈɸʃʔʅʀʍ ʈɯɺʅʗʅʔ ɼʃʗ ʆɹɽʈʅɽʅʀʍ 

ɿɸɼɸʏ ʈɽʂʆʅʉʊʈʋʂʎɯɰ ʄɽɾɯ ʆɹʃɸʉʊɯ 

ʉʦʬʽʷ ʉʝʥʽʚ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

sofiia.seniv.pmp@lnu.edu.ua 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ 

ʅʝʭʘʡ Ὀ Ṓ ᴙ ï ʦʙʤʝʞʝʥʽ ʦʙʣʘʩʪʽ ʟ ʤʝʞʘʤʠ ɜȟὰ ρȟς ʪʘʢʽ, ʱʦ Ὀ Ṛ

Ὀ. ʇʦʟʥʘʯʠʤʦ ʦʙʣʘʩʪʴ Ὀ Ὀ Ὀ͵ ʟ ʤʝʞʝʶ ɜ ɜ᷾ɜ.  

 

ʇʨʷʤʘ ʟʘʜʘʯʘ ï ʟʘ ʚʽʜʦʤʠʤʠ ɜɴ ὅȟ Ὢᶰὅɜ  ʟʥʘʡʪʠ ʬʫʥʢʮʽʶ όᶰ

ὅ Ὀ ᷊ὅὈ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ  

ɝό π  ̃  $ 

ʪʘ ʢʨʘʡʦʚʽ ʫʤʦʚʠ ɼʽʨʽʭʣʝ  

ό π  ̎  ́ɜȟ ό Ὢ  ̎́ ɜȢ 

ʆʙʝʨʥʝʥʘ ʟʘʜʘʯʘ ï ʚʠʟʥʘʯʠʪʠ ʚʠʛʣʷʜ ʚʥʫʪʨʽʰʥʴʦʾ ʢʨʠʚʦʾ ɜ  ʟʘ 

ʟʘʜʘʥʠʤʠ ɜᶰὅȟὪᶰὅɜȟὪ π ʪʘ ʚʽʜʦʤʦʶ ʫʤʦʚʦʶ ʅʝʡʤʘʥʘ 

Ћό

Ћʉ
Ὣ  ̎́ ɜȟ 

ʜʝ Ὣᶰὅɜȟ ’ ï ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʤʝʞʽ ɜȢ 

 

ɿʚʝʜʝʥʥʷ ʜʦ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʧʦʜʘʤʦ ʬʫʥʢʮʽʶ ό, ʷʢ ʩʫʤʫ 

ʧʦʪʝʥʮʽʘʣʽʚ ʧʨʦʩʪʦʛʦ ʰʘʨʫ ʧʦ ʤʝʞʘʭ ɜ ʪʘ ɜ. ʊʦʜʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʧʦʪʝʥʮʽʘʣʫ ʽ ʥʘʷʚʥʦʩʪʽ ñʩʪʨʠʙʢʘò ʡʦʛʦ ʥʦʨʤʘʣʴʥʦʾ 

ʧʦʭʽʜʥʦʾ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʤʝʞʫ [1,2], ʘ ʪʘʢʦʞ ʢʨʘʡʦʚʠʭ ʫʤʦʚ, 

ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʛʨʘʥʠʯʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 
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Ὓ ʈ Ὓ ʈ π   ̎  ́ɜȟ
Ὓ ʈ Ὓ ʈ Ὢ  ̎  ́ɜȟ

 

ρ

ς
ʈ Ὀʈ Ὀʈ Ὣ ̎  ́ɜȢ 

ɯʥʪʝʛʨʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ Ὓ  ʪʘ Ὀ ʚʠʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

Ὓ‘ ὼ ‘ώ ɮὼȟώὨίώȟ ὼɴ ɜȟ 

Ὀ‘ ὼ ‘ώ 
Ћɮὼȟώ

Ћʉὼ
Ὠίώȟ ὼɴ ɜȢ 

ʊʫʪ ɮὼȟώ ÌÎ
ȿ ȿ

 ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 

ʃʘʧʣʘʩʘ. 

 

ʇʘʨʘʤʝʪʨʠʟʘʮʽʷ 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʤʝʞʽ ʦʙʣʘʩʪʽ ʤʘʶʪʴ ʧʘʨʘʤʝʪʨʠʯʥʝ ʧʦʜʘʥʥʷ. 

ɜ  ὼ ὸ ὶὸὧὸȟὸɴ πȟςʌȟȿὼ ὸ πȟ 

ɜ ὼ ὸ ὼ ὸȟὼ ὸȟ ὸɴ πȟςʌȟ ȿὼ ὸȿ πȟ 

ʜʝ ὧὸ ὧέίὸȟίὭὲὸ  ʽ ὼ ȟὼ ȟὶȡ2ᴼ πȟЊ ςʌ -ʧʝʨʽʦʜʠʯʥʽ 

ʬʫʥʢʮʽʾ.  

 

ʈʝʟʫʣʴʪʘʪʠ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʦʧʝʨʘʪʦʨʥʽʡ ʬʦʨʤʽ 

Ὓʒ ὸ
ρ

ςʌ
•ʐὑ ὸȟʐὨʐȟ Ὧȟὰ ρȟςȟ 

ὃʒ ὸ
ρ

ςʌ
ʒʐὒ ὸȟʐὨʐȟ 
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ὄʒ ὸ
ρ

ς

ʒὸ

ȿὼ ὸȿ

ρ

ςʌ
ʒʐὒὸȟʐὨʐȟ 

ʜʝ •ʐ ‘ὼʐ ȿὼʐȿȟ  Ὢὸ Ὢὼ ὸ ȟ Ὣ ὸ Ὣ ὼ ὸ , 

ὑ ȟὒȟὒ ï ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʷʜʨʘ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻʤʦ ʩʠʩʪʝʤʫ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

Ὓ ʒ Ὓ ʒ π ̎  ́ πȟςʌȟ

Ὓ ʒ Ὓ ʒ Ὢ   ̎  ́ πȟςʌȟ
 

(1) 

 

ὃʒ ὄʒ Ὣ ̎ ́ πȟςʌȢ (2) 

 

ɯʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʙʝʨʥʝʥʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʪʨʴʦʭ ʨʽʚʥʷʥʴ, ʜʝ 

ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʬʫʥʢʮʽʾ ὶὸ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʰʫʢʘʥʫ 

ʤʝʞʫ. ɼʣʷ ʾʾ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʻʤʦ ʽʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ. ʁʦʛʦ ʩʫʪʴ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʧʦʯʘʪʢʫ ʜʣʷ ʟʘʜʘʥʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʦ 

ʢʨʠʚʦʾ ɜ ʨʦʟʚôʷʟʫʻʤʦ ʩʠʩʪʝʤʫ (1) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʫʩʪʠʥ ʒ  ʽ ʒ . ʊʦʜʽ 

ʣʽʥʝʘʨʠʟʦʚʫʻʤʦ ʨʽʚʥʷʥʥʷ (2) ʽ ʨʦʟʚôʷʟʫʻʤʦ ʡʦʛʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ɜ. 

 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʛʫʩʪʠʥ ʒ  ʽ ʒ  ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʝʪʦʜ ʅʠʩʪʨʴʦʤʘ 

[3]. 
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ʊʦʜʽ ʜʣʷ ʟʘʜʘʥʠʭ ὶ ʪʘ ʒ  ʨʦʟʚôʷʟʫʻʤʦ ʣʽʥʝʘʨʠʟʦʚʘʥʝ ʨʽʚʥʷʥʥʷ 

ʚʽʜʥʦʩʥʦ ʬʫʥʢʮʽʾ ή 

ὃὶȟʒ ή Ὣ ὃʒ ὄʒȢ 

ɺʥʘʩʣʽʜʦʢ ʣʽʥʝʘʨʠʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʧʦʭʽʜʥʫ ʌʨʝʰʝ ὃὶȟʒ , ʷʢʫ 

ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʷʚʥʦ ʧʨʦʜʠʬʝʨʝʥʮʽʶʚʘʚʰʠ ʷʜʨʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ὃ [3]. 

 

ʅʝʚʽʜʦʤʫ ʧʦʧʨʘʚʢʫ ή ʚʠʟʥʘʯʘʻʤʦ ʤʝʪʦʜʦʤ ʢʦʣʦʢʘʮʽʾ, ʚʠʙʠʨʘʶʯʠ 

ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ὰ ʟ ʧʨʦʩʪʦʨʫ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʭ ʧʦʣʽʥʦʤʽʚ 

ή ὸ ή ὰὸȟ άᶰ ᴓȟ ὲ άȢ 

ɺʽʜʧʦʚʽʜʥʦ ʧʦʪʨʽʙʥʦ ʨʦʟʚôʷʟʘʪʠ ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ʚʽʜʥʦʩʥʦ ʢʦʝʬʽʮʽʻʥʪʽʚ ή : 

ή ὃ ὄȟ Ὥ πȟỄȟςὲ ρȟ 

ʜʝ 

ὃ
ρ

ςὲ
ὰὸὔ ὸȟὸʒȟ ὸȟ 

ὄ Ç ὸ
ʒȟ ὸ

ςȿὼ ὸȿ

ρ

ςὲ
ὒ ὸȟὸʒȟ ὸ ὒὸȟὸ ʒȟ ὸȢ 

 

ɿʘʜʘʯʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʝʞʽ ʦʙʣʘʩʪʽ ʻ ʥʝʩʪʽʡʢʦʶ. ʊʦʤʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʩʪʽʡʢʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʛʫʣʷʨʠʟʘʮʽʶ, ʥʘʧʨʠʢʣʘʜ, 

ʨʝʛʫʣʷʨʠʟʘʮʽʶ ʌʽʣʽʧʩʘ-ʊʽʭʦʥʦʚʘ ʽ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. 
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ʆʪʨʠʤʘʻʤʦ ʚʽʜʧʦʚʽʜʥʫ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ɻή ή ὥ ὦȟ Ὥ πȟỄȟςάȟ 

ʜʝ ɻ ï ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʽʾ, ὥ В ὃ ὃ  ʪʘ ὦ В ὃ ὄȢ 

 

ʊʦʜʽ ʬʦʨʤʫʣʘ ὶ ὸ ὶ ὸ ɼήὸȟ̅  ̆ɼ ̐́̑́̍̆̓̑ ̖̠̈́̓̔́̎̎ȟ 

ʚʠʟʥʘʯʘʻ ʦʥʦʚʣʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ὶ. 

 

ʏʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʂʨʠʚʘ ɜ ʤʘʻ ʧʘʨʘʤʝʪʨʠʯʥʝ ʧʦʜʘʥʥʷ 

ɜ ςÃÏÓὸȟρȢυÓÉÎὸȟ ὸɴ πȟςʌ ȟ 

ʘ ʚʥʫʪʨʽʰʥʷ ʢʨʠʚʘ, ʷʢʫ ʤʠ ʭʦʯʝʤʦ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ  

ɜ ÃÏÓὸ πȢςυÓÉÎὸÃÏÓὸȟÓÉÎὸȟ ὸɴ πȟςʌ Ȣ 
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ɼʣʷ ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ ʚʠʙʨʘʥʦ ὲ ρφȟ ά τȟ Ὢ ρȟ ɻ ρὩ φȟ ɼ

πȢςȟ Ὣ  ï ʩʠʥʪʝʪʠʯʥʦ ʟʛʝʥʝʨʦʚʘʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʦʙʯʠʩʣʝʥʥʷʤ 

ʥʦʨʤʘʣʴʥʦʾ ʧʦʭʽʜʥʦʾ ʚʽʜ ʬʫʥʢʮʽʾ ό. ʊʘʢʦʞ ʜʦʜʘʥʦ υϷ ʚʠʧʘʜʢʦʚʦʛʦ 

ʰʫʤʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʭʠʙʢʠ, ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ ʨʝʘʣʴʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʞʽ ʜʣʷ ʪʦʯʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʞʽ ʧʨʠ 5% ʰʫʤʫ ʫ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ 
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ɺʠʩʥʦʚʢʠ 

ʆʪʞʝ, ʤʝʪʦʜ ʥʝʣʽʥʽʡʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʝʞʽ ʦʙʣʘʩʪʽ, ʷʢʠʡ 

ʜʝʤʦʥʩʪʨʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʦ ʰʫʤʫ ʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʬʦʨʤʠ ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʞʽ. 
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ʆʇʊʀʄɯɿɸʎɯʗ ɼɽʈɽɺɸ ʇʆʐʋʂʋ ʄʆʅʊɽ-ʂɸʈʃʆ ʋ ʐɸʍɸʍ ɿɸ 

ɼʆʇʆʄʆɻʆʖ POLICY-VALUE ʅɽʁʈʆʄɽʈɽɾɯ 

ʈʦʤʘʥ ʗʨʝʤʢʦ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

roman.yaremko.pmi@lnu.edu.ua 

 

ɺʩʪʫʧ 

ʐʘʭʠ ʟʘʚʞʜʠ ʚʚʘʞʘʣʠʩʷ ʩʢʣʘʜʥʦʶ ʛʨʦʶ. ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʛʦ 

ʭʦʜʫ ʟʘʚʞʜʠ ʟʚʦʜʠʣʠʩʷ ʜʦ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ʧʦʟʠʮʽʡ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʚʨʠʩʪʠʢ 

ʜʣʷ ʦʮʽʥʢʠ ʧʦʟʠʮʽʾ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʟʜʦʙʫʣʠ ʧʦʧʫʣʷʨʥʽʩʪʴ 

ʤʝʪʦʜʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʩʠʤʫʣʷʮʽʾ ʟ ʜʝʨʝʚʦʤ ʧʦʰʫʢʫ ð ʟʦʢʨʝʤʘ 

ʜʝʨʝʚʦ ʧʦʰʫʢʫ ʄʦʥʪʝ-ʂʘʨʣʦ ð ʪʘ ʜʦʧʦʚʥʶʶʪʴ ʾʭ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ, 

ʟʜʘʪʥʠʤʠ ʟʘʜʘʚʘʪʠ ʷʢ ʘʧʨʽʦʨʥʝ, ʪʘʢ ʽ ʘʧʦʩʪʝʨʽʦʨʥʝ ʦʮʽʥʶʚʘʥʥʷ ʭʦʜʽʚ.  

 

ɼʝʨʝʚʦ ʧʦʰʫʢʫ ʄʦʥʪʝ-ʂʘʨʣʦ 

ɼʝʨʝʚʦ ʧʦʰʫʢʫ ʄʦʥʪʝ-ʂʘʨʣʦ (MCTS) ð ʮʝ ʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʚ ʜʝʨʝʚʽ ʩʪʘʥʽʚ. [1] 

ʎʝʡ ʘʣʛʦʨʠʪʤ ʚʽʜʦʤʠʡ ʩʚʦʻʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚ ʩʪʨʘʪʝʛʽʯʥʠʭ ʽʛʨʘʭ ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʤʦʞʣʠʚʠʭ ʧʨʦʜʦʚʞʝʥʴ, ʚ ʷʢʠʭ ʪʨʘʜʠʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʝʝʬʝʢʪʠʚʥʽ. MCTS ʧʦʻʜʥʫʻ ʩʪʘʥʜʘʨʪʠ ʤʝʪʦʜʽʚ ʄʦʥʪʝ-ʂʘʨʣʦ, ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ 

ʥʘ ʚʠʧʘʜʢʦʚʫ ʚʠʙʽʨʢʫ ʪʘ ʩʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ, ʟ ʤʝʪʦʜʘʤʠ ʧʦʰʫʢʫ ʥʘ ʦʩʥʦʚʽ 

ʜʝʨʝʚ. [2] 

ɸʣʛʦʨʠʪʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʬʘʟ:  

1) ɺʠʙʽʨ (Selection) 

ɿ ʢʦʨʝʥʝʚʦʛʦ ʚʫʟʣʘ ʨʝʢʫʨʩʠʚʥʦ ʩʧʫʩʢʘʻʤʦʩʷ ʜʦ ʚʫʟʣʘ, ʚ ʷʢʦʛʦ ʥʝ ʚʩʽ ʤʦʞʣʠʚʽ 

ʭʦʜʠ ʻ ʩʝʨʝʜ ʜʦʯʽʨʥʽʭ ʝʣʝʤʝʥʪʽʚ, ʢʦʞʥʦʛʦ ʨʘʟʫ ʦʙʠʨʘʶʯʠ ʭʽʜ, ʱʦ ʤʘʢʩʠʤʽʟʫʻ 

UCT-ʢʨʠʪʝʨʽʡ [3]: 

ὟὅὝίȟὥ
ȟ

ȟ
ὅẗ

ȟ
 , ʜʝ 
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ύίȟὥ ð ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʤʦʛ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʚʫʟʣʽ ʜʝʨʝʚʘ 

ὲίȟὥ ð ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʽʜʫʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʫʟʣʘ ʜʝʨʝʚʘ 

ὔί  ὲίȟὦ ð ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʽʜʫʚʘʥʴ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʚʫʟʣʘ ʜʝʨʝʚʘ 

ὅ ð ʢʦʥʩʪʘʥʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʽʞ ʧʦʪʦʯʥʦʶ ʦʧʪʠʤʘʣʴʥʽʩʪʶ ʚʫʟʣʘ ʪʘ 

ʧʦʪʦʯʥʦʶ ʜʦʩʣʽʜʞʝʥʽʩʪʶ ʚʫʟʣʘ.  

ʂʨʠʪʝʨʽʡ UCT ʘʚʪʦʤʘʪʠʯʥʦ ʙʘʣʘʥʩʫʻ ʤʽʞ ʧʝʨʝʚʽʨʝʥʠʤʠ ʭʦʜʘʤʠ ʟ ʚʠʩʦʢʠʤ 

ʧʨʦʮʝʥʪʦʤ ʧʝʨʝʤʦʛ ʪʘ ʤʘʣʦ ʚʽʜʚʽʜʘʥʠʤʠ ʭʦʜʘʤʠ. ʏʠʤ ʙʽʣʴʰʘ ʢʦʥʩʪʘʥʪʘ C, ʪʠʤ 

ʙʽʣʴʰʝ ʘʣʛʦʨʠʪʤ ʥʘʜʘʚʘʪʠʤʝ ʧʝʨʝʚʘʛʫ ʤʝʥʰ ʜʦʩʣʽʜʞʝʥʠʤ ʚʫʟʣʘʤ. 

2) ʈʦʟʛʦʨʪʘʥʥʷ (Expansion)  

ʗʢʱʦ ʦʙʨʘʥʠʡ ʚʫʟʦʣ ʥʝ ʻ ʪʝʨʤʽʥʘʣʴʥʠʤ ʽ ʚ ʮʽʡ ʧʦʟʠʮʽʾ ʽʩʥʫʶʪʴ ʭʦʜʠ, 

ʷʢʠʭ ʥʝʤʘʻ ʚ ʜʝʨʝʚʽ, ʜʦʜʘʻʤʦ ʥʦʚʠʡ ʭʽʜ ʜʦ ʧʦʪʦʯʥʦʛʦ ʚʫʟʣʘ.  

3) ʉʠʤʫʣʷʮʽʷ (Simulation/Rollout)  

ɺʽʜ ʱʦʡʥʦ ʜʦʜʘʥʦʛʦ ʚʫʟʣʘ ʚʠʢʦʥʫʻʤʦ ʚʠʧʘʜʢʦʚʫ ʩʠʤʫʣʷʮʽʶ ʭʦʜʽʚ ʜʦ  

ʪʝʨʤʽʥʘʣʴʥʦʛʦ ʩʪʘʥʫ, ʚ ʷʢʦʤʫ ʦʪʨʠʤʫʻʤʦ ʨʝʟʫʣʴʪʘʪ (ʧʝʨʝʤʦʛʘ, ʧʦʨʘʟʢʘ ʘʙʦ 

ʥʽʯʠʷ).  

4) ɿʚʦʨʦʪʥʝ ʧʦʰʠʨʝʥʥʷ (Backpropagation)  

ʋ ʣʠʩʪʢʫ, ʚʽʜ ʷʢʦʛʦ ʨʦʟʧʦʯʠʥʘʣʠ ʩʠʤʫʣʷʮʽʶ, ʦʥʦʚʣʶʻʤʦ ʢʽʣʴʢʽʩʪʴ 

ʚʽʜʚʽʜʫʚʘʥʴ ʪʘ ʧʝʨʝʤʦʛ ʽ ʧʦʚʪʦʨʶʻʤʦ ʮʝʡ ʧʨʦʮʝʩ ʨʝʢʫʨʩʠʚʥʦ ʜʣʷ ʙʘʪʴʢʽʚʩʴʢʦʛʦ 

ʚʫʟʣʘ ʜʦʪʠ, ʜʦʢʠ ʥʝ ʜʽʡʜʝʤʦ ʜʦ ʢʦʨʝʥʷ ʜʝʨʝʚʘ. 

ɸʣʛʦʨʠʪʤ ʟʘʚʝʨʰʫʻ ʚʠʢʦʥʘʥʥʷ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʠʭ ʦʙʤʝʞʝʥʴ. 

ʇʝʨʝʚʘʞʥʦ ʜʣʷ ʰʘʭʦʚʠʭ ʜʚʠʛʫʥʽʚ ʩʪʘʚʣʷʪʴ ʦʙʤʝʞʝʥʥʷ ʧʦ ʯʘʩʫ, ʘʣʝ ʪʘʢʦʞ ʜʣʷ 

ʽʥʰʠʭ ʟʘʚʜʘʥʴ ʤʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ. 

ɺ ʪʘʢʦʤʫ ʙʘʟʦʚʦʤʫ ʬʦʨʤʫʚʘʥʥʽ MCTS ʻ ʥʝʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʛʦ 

ʭʦʜʫ ʚ ʰʘʭʦʚʽʡ ʧʘʨʪʽʾ, ʦʩʢʽʣʴʢʠ ʚ ʢʦʞʥʽʡ ʧʦʟʠʮʽʾ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ 

ʭʦʜʽʚ ʩʪʘʥʦʚʠʪʴ 35 [7]. ɺ ʜʝʨʝʚʽ ʧʦʰʫʢʫ ʬʦʨʩʦʚʘʥʦʛʦ ʤʘʪʫ ʚ ʪʨʠ ʭʦʜʠ (ʪʨʠ ʭʦʜʠ 

ʟʘ ʧʦʪʦʯʥʫ ʩʪʦʨʦʥʫ ʪʘ ʜʚʘ ʭʦʜʠ ʟʘ ʩʪʦʨʦʥʫ ʩʫʧʝʨʥʠʢʘ), ʙʫʜʝ ʙʣʠʟʴʢʦ συ 

ʨʽʟʥʠʭ ʧʦʟʠʮʽʡ, ʘ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 99% ʰʘʥʩ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʙʦʨʫ ʭʦʜʫ, ʪʨʝʙʘ 

ʤʘʪʠ ʚ ʩʝʨʝʜʥʴʦʤʫ 6 ʚʽʜʚʽʜʫʚʘʥʴ ʥʘ ʢʦʞʝʥ ʚʫʟʦʣ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ 

ʜʝʨʝʚʘ Ὤ υ, ʱʦ ʜʘʻ ʥʘʤ  συẗφ σρυẗρπ ʩʠʤʫʣʷʮʽʡ. 
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Policy-value ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʜʝʨʝʚʘ ʧʦʰʫʢʫ ʄʦʥʪʝ-ʂʘʨʣʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ policy-value 

ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ. ʎʷ ʤʝʨʝʞʘ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʻ 

ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʧʦʟʠʮʽʾ, ʘ ʧʦʚʝʨʪʘʻ ʘʧʨʽʦʨʥʠʡ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʭʦʜʽʚ ʪʘ 

ʦʯʽʢʫʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʚʝʨʰʝʥʥʷ ʧʘʨʪʽʾ ʟ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʪʦʯʥʦʛʦ ʛʨʘʚʮʷ 

(ʚʠʛʨʘʰ, ʥʽʯʠʷ ʘʙʦ ʧʨʦʛʨʘʰ). 

ɺʭʽʜʥʽ ʜʘʥʽ 

ɹʽʪʦʚʽ ʜʦʰʢʠ ð ʻ ʩʢʽʥʯʝʥʥʠʤʠ ʥʘʙʦʨʘʤʠ 64 ʝʣʝʤʝʥʪʽʚ ð ʚʩʽʭ ʢʣʽʪʠʥʦʢ 

ʰʘʭʦʚʦʾ ʜʦʰʢʠ, ʧʦ ʦʜʥʦʤʫ ʙʽʪʫ ʥʘ ʢʣʽʪʠʥʢʫ. [4] 

ʇʦʟʠʮʽʷ ʧʦʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʙʽʪʦʚʠʭ ʜʦʰʦʢ. ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʪʘʢʠʭ ʙʽʪʦʚʠʭ ʜʦʰʦʢ ʻ 19:  

¶ 12 ʙʽʪʦʚʠʭ ʜʦʰʦʢ ʦʧʠʩʫʶʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʽʛʫʨ 

¶ 4 ʙʽʪʦʚʽ ʜʦʰʢʠ ð ʤʦʞʣʠʚʽʩʪʴ ʨʦʢʽʨʫʚʘʥʥʷ ʜʣʷ ʜʚʦʭ ʢʦʨʦʣʽʚ ʫ ʜʚʽ 

ʩʪʦʨʦʥʠ  

¶ 1 ʙʽʪʦʚʘ ʜʦʰʢʘ ð ʩʪʦʨʦʥʫ, ʷʢʘ ʤʘʻ ʧʨʘʚʦ ʭʦʜʫ 

¶ 1 ʙʽʪʦʚʘ ʜʦʰʢʘ ð ʤʦʞʣʠʚʽʩʪʴ ʚʟʷʪʪʷ ʥʘ ʧʨʦʭʦʜʽ  

¶ 1 ʙʽʪʦʚʘ ʜʦʰʢʘ ð ʢʽʣʴʢʽʩʪʴ ʧʽʚʭʦʜʽʚ ʙʝʟ ʧʦʙʠʪʪʷ ʽʥʰʠʭ ʬʽʛʫʨ ʪʘ ʙʝʟ 

ʭʦʜʫ ʧʽʰʘʢʘ (ʜʣʷ ʧʨʘʚʠʣʘ 50 ʭʦʜʽʚ) 

ʇʨʦʪʝ ʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ, ʥʘʧʨʠʢʣʘʜ, ʥʘʡʩʠʣʴʥʽʰʠʡ ʰʘʭʦʚʠʡ 

ʜʚʠʛʫʥ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ MCTS ʪʘ policy-value ʥʝʡʨʦʤʝʨʝʞʫ, ð AlphaZero, 

ʤʘʻ 119 ʙʽʪʦʚʠʭ ʜʦʰʦʢ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ [6]. ʆʢʨʽʤ ʜʘʥʠʭ ʧʨʦ ʧʦʪʦʯʥʫ ʧʦʟʠʮʽʶ, 

AlphaZero ʪʘʢʦʞ ʧʝʨʝʜʘʻ ʯʘʩʪʢʦʚʦ ʜʘʥʽ ʧʨʦ ʧʦʧʝʨʝʜʥʽ 7 ʧʦʟʠʮʽʡ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

1) ɸʧʨʽʦʨʥʠʡ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʭʦʜʽʚ 

ʅʘ ʚʠʭʦʜʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʚʝʢʪʦʨ ʜʦʚʞʠʥʦʶ 4672, ʢʦʞʝʥ ʽʥʜʝʢʩ ʷʢʦʛʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʚʥʠʡ ʪʠʧ ʭʦʜʫ: 

¶ ʜʣʷ ʢʦʞʥʦʾ ʢʣʽʪʠʥʢʠ ʤʦʞʣʠʚʽ ʥʘʧʨʷʤʢʠ ʭʦʜʫ ʫ ʚʩʽ ʩʪʦʨʦʥʠ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʚʝʨʪʠʢʘʣʴʥʦ, ʜʽʘʛʦʥʘʣʴʥʦ) ʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ 1 ʜʦ 7 

ʢʣʽʪʠʥʦʢ, ʚʽʜʧʦʚʽʜʥʦ ʪʘʢʠʭ ʭʦʜʽʚ ʻ 64x8x7 (64 ʢʣʽʪʠʥʢʠ, 8 ʥʘʧʨʷʤʢʽʚ, 

ʟʩʫʚ ʜʦ 7 ʢʣʽʪʠʥʦʢ) 

¶ ʦʢʨʝʤʦ ʚʠʜʽʣʝʥʽ ʭʦʜʠ ʜʣʷ ʩʪʨʠʙʢʽʚ ʢʦʥʷ 64x8 (8 ʤʦʞʣʠʚʠʭ ʩʪʨʠʙʢʽʚ ʟ 

64 ʢʣʽʪʠʥʦʢ) 

¶ ʦʢʨʝʤʦ ʚʠʜʽʣʝʥʽ ʭʦʜʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʰʘʢʘ 64x9 (9 ʚʠʜʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʧʦʧʝʨʝʜʥʽʭ ʩʮʝʥʘʨʽʷʭ) [6] 

ʍʦʯ ʽ ʥʝ ʚʩʽ ʭʦʜʠ ʟ ʮʠʭ ʻ ʤʦʞʣʠʚʠʤʠ, ʘʣʝ ʪʘʢʠʡ ʩʧʦʩʽʙ ʢʦʜʫʚʘʥʥʷ ʭʦʜʽʚ ʻ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʽ ʣʝʛʢʠʡ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

2) ʆʯʽʢʫʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʚʝʨʰʝʥʥʷ ʧʘʨʪʽʾ 
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ʆʢʨʝʤʠʤ ʚʠʭʦʜʦʤ ʤʠ ʦʪʨʠʤʫʻʤʦ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟ ʜʘʥʦʾ ʧʦʟʠʮʽʾ 

ð +1, ʷʢʱʦ ʟ ʮʽʻʾ ʧʦʟʠʮʽʾ ʩʪʦʨʦʥʘ, ʷʢʘ ʭʦʜʠʪʴ, ʚʠʛʨʘʻ, 0, ʷʢʱʦ ʙʫʜʝ ʥʽʯʠʷ ʪʘ -1, 

ʷʢʱʦ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʻ ʧʦʨʘʟʢʦʶ.  

 

ɯʥʪʝʛʨʘʮʽʷ policy-value ʥʝʡʨʦʤʝʨʝʞʽ ʚ MCTS 

ʇʽʩʣʷ ʽʥʪʝʛʨʘʮʽʾ ʥʝʡʨʦʤʝʨʝʞʽ ʟʤʽʥʶʻʪʴʩʷ ʤʝʪʦʜ ʚʠʙʦʨʫ ʭʦʜʫ, ʪʝʧʝʨ ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ PUCT (Predictor + UCT) [5]: 

ὖὟὅὝίȟὥ
ȟ

ȟ
ὅẗὖίȟὥ

ȟ
 , ʜʝ 

ύίȟὥ ð ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʤʦʛ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʚʫʟʣʽ ʜʝʨʝʚʘ 

ὲίȟὥ ð ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʽʜʫʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʫʟʣʘ ʜʝʨʝʚʘ 

ὔί  ὲίȟὦ ð ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʽʜʫʚʘʥʴ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʚʫʟʣʘ ʜʝʨʝʚʘ 

ὅ ð ʢʦʥʩʪʘʥʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʽʞ ʧʦʪʦʯʥʦʶ ʦʧʪʠʤʘʣʴʥʽʩʪʶ ʚʫʟʣʘ ʪʘ 

ʧʦʪʦʯʥʦʶ ʜʦʩʣʽʜʞʝʥʽʩʪʶ ʚʫʟʣʘ, 

ὖίȟὥ ð ʘʧʨʽʦʨʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʭʦʜʫ.  

ʉʘʤʝ ʮʷ ʘʧʨʽʦʨʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʭʦʜʫ ὖίȟὥ  ʜʦʧʦʚʥʶʻ ʢʦʥʩʪʘʥʪʫ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʽ ʜʘʻ ʧʝʨʝʚʘʛʫ ʢʨʘʱʠʤ ʭʦʜʘʤ ʥʘʜ ʽʥʰʠʤʠ ʭʦʜʘʤʠ. 

ʊʘʢʦʞ ʟʘʤʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʩʠʤʫʣʷʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʨʫʛʠʡ ʚʠʭʽʜ 

ʥʝʡʨʦʤʝʨʝʞʽ ð ʦʯʽʢʫʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʘʨʪʽʾ. ʎʝ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʶʻ ʘʣʛʦʨʠʪʤ, 

ʦʩʢʽʣʴʢʠ ʥʝ ʪʨʝʙʘ ʚʠʢʦʥʫʚʘʪʠ ʜʦʚʛʽ ʩʠʤʫʣʷʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʭʦʜʽʚ. 

 

ɺʠʩʥʦʚʦʢ: 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʙʘʟʦʚʠʡ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʫ ʧʦʰʫʢʫ ʄʦʥʪʝ-

ʂʘʨʣʦ ʥʘ ʧʨʠʢʣʘʜʽ ʛʨʠ ʰʘʭʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ UCT, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ 

ʧʦʢʨʘʱʝʥʥʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ policy-value ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ.  
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ʆʇʊʀʏʅʀʁ ʇʆʊɯʂ ʗʂ ɸʃʔʊɽʈʅɸʊʀɺɸ ɿɯʉʊɸɺʃɽʅʅʖ 

ʍɸʈɸʂʊɽʈʅʀʍ ʊʆʏʆʂ ɼʃʗ ʉʀʉʊɽʄ ɸɺʊʆʅʆʄʅʆɰ ʅɸɺɯɻɸʎɯɰ 

ʆʨʝʩʪ-ʊʝʦʜʦʨ ʂʠʷʢ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

orest-teodor.kyiak@lnu.edu.ua 

ɺʩʪʫʧ 

ʇʨʦʙʣʝʤʘ ʘʚʪʦʥʦʤʥʦʾ ʥʘʚʽʛʘʮʽʾ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʧʃɸ) ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ GPS-ʩʠʛʥʘʣʫ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʩʴʦʛʦʜʥʽ. ʍʦʯʘ ʽʩʥʫʻ 

ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʥʷ ʨʫʭʫ ʪʨʘʻʢʪʦʨʽʾ ɹʧʃɸ, ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʻ ʧʽʜʭʽʜ ʚʽʟʫʘʣʴʥʦʾ ʦʜʦʤʝʪʨʽʾ (visual odometry, [1]). ɺʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʟʘʙʝʟʧʝʯʫʻ ʤʝʪʦʜ SURF (Speeded Up Robust Features, [2]), 

ʷʢʠʡ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʷʢʽʩʥʠʭ ʚʽʜʥʦʩʥʦ ʚʠʷʚʣʝʥʥʷ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ. ʎʝ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʫ [3], [4]. 

ʆʜʥʘʢ ʢʦʣʠ ʧʦʣʽʪ ɹʧʃɸ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʥʘʜ 

ʤʽʩʮʝʚʽʩʪʶ, ʷʢʘ ʥʝ ʻ ʩʧʨʠʷʪʣʠʚʦʶ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ 

ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ, ʪʦʯʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻʪʴʩʷ. ʋ [5] ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʦʜʘʪʢʦʚʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʥʝ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʫʧʥʽ. ʊʦʤʫ ʨʦʟʛʣʷʥʴʤʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʩʧʦʩʽʙ ʤʦʜʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ɺʆ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʦʙʯʠʩʣʝʥʥʷ ʨʫʭʫ ʪʨʘʻʢʪʦʨʽʾ ɹʧʃɸ, ʟʦʢʨʝʤʘ ʫ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ. 

ʆʧʪʠʯʥʠʡ ʧʦʪʽʢ ʟʘʤʽʩʪʴ ʟʽʩʪʘʚʣʝʥʥʷ ʪʦʯʦʢ ʽʥʪʝʨʝʩʫ 

ʆʧʪʠʯʥʠʡ ʧʦʪʽʢ (optical flow, [6]) ð ʮʝ ʚʝʢʪʦʨʥʝ ʧʦʣʝ, ʷʢʝ ʦʧʠʩʫʻ ʫʷʚʥʠʡ ʨʫʭ 

ʧʽʢʩʝʣʽʚ ʤʽʞ ʜʚʦʤʘ ʧʦʩʣʽʜʦʚʥʠʤʠ ʢʘʜʨʘʤʠ ʚʽʜʝʦ. ɯʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʦʮʽʥʠʪʠ, ʷʢ ʟʤʽʱʫʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʯʘʩʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʨʫʭ ʢʘʤʝʨʠ ʚʽʜʥʦʩʥʦ ʩʮʝʥʠ. 

ʎʝʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʩʝʣʷ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ ʧʨʠ ʡʦʛʦ 

ʨʫʩʽ ʤʽʞ ʜʚʦʤʘ ʢʘʜʨʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʙʫʜʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ 

ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ, ʷʢʝ ʧʦʚ'ʷʟʫʻ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʟʤʽʥʠ ʷʩʢʨʘʚʦʩʪʽ: 

ὍϽό ὍϽὺ Ὅ πȟ (1) 
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ʜʝ ὍȟὍ ð ʯʘʩʪʢʦʚʽ ʧʦʭʽʜʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

(ʛʨʘʜʽʻʥʪʠ), Ὅ ð ʯʘʩʪʢʦʚʘ ʧʦʭʽʜʥʘ ʟʘ ʯʘʩʦʤ, όȟὺ ð ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ 

ʟʤʽʱʝʥʴ ʨʫʭʫ ʧʽʢʩʝʣʷ ʤʽʞ ʜʚʦʤʘ ʟʦʙʨʘʞʝʥʥʷʤʠ ʚʟʜʦʚʞ ʦʩʝʡ ὼȟώ. 

ʆʩʢʽʣʴʢʠ ʤʘʻʤʦ ʦʜʥʝ ʨʽʚʥʷʥʥʷ ʟ ʜʚʦʤʘ ʥʝʚʽʜʦʤʠʤʠ, ʟʘʜʘʯʘ ʥʝʜʦʚʠʟʥʘʯʝʥʘ ð 

ʪʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʦʜʘʪʢʦʚʽ ʧʨʠʧʫʱʝʥʥʷ ʘʙʦ ʤʝʪʦʜʠ ʨʝʛʫʣʷʨʠʟʘʮʽʾ. ʋ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜ ʃʫʢʘʩʘ-ʂʘʥʘʜʝ (Lucas-

Kanade, [7]), ̫ ʢʠʡ ʧʨʠʧʫʩʢʘʻ ʧʦʩʪʽʡʥʽʩʪʴ ʨʫʭʫ ʧʽʢʩʝʣʽʚ ʫ ʧʝʚʥʦʤʫ ʦʢʦʣʽ. 

ʈʝʟʫʣʴʪʘʪʠ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʝʪʘʧʽ ʟʽʩʪʘʚʣʝʥʥʷ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʜʫʞʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʝʪʦʜʫ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ (brute-force) ʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʪʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʧʦʣʴʦʪʫ ɹʧʃɸ. 

ʗʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1, ʟ ʦʧʪʠʯʥʠʤ ʧʦʪʦʢʦʤ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʽʥʪʝʨʝʩʫ ʥʘ ʝʪʘʧʽ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʘʬʽʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʚ 5-6 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ brute-force ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʜʥʘʢʦʚʦʾ ʤʥʦʞʠʥʠ 

ʚʠʷʚʣʝʥʠʭ ʪʦʯʦʢ. ʈʠʩ.2 ʧʽʜʪʚʝʨʜʞʫʻ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʟʫʘʣʴʥʦ, ʙʦ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʘʬʽʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʩʣʷ ʤʝʪʦʜʫ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ʟʘʣʠʰʘʻʪʴʩʷ ʣʠʰʝ 5 

ʟʽʩʪʘʚʣʝʥʠʭ ʧʘʨ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ, ʘʣʝ ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ 

ʭʾ ʻ 65. 

 
ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʽʥʪʝʨʝʩʫ, ʦʙʯʠʩʣʝʥʠʭ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʘʣʛʦʨʠʪʤʫ ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʫ ʩʧʽʚʩʪʘʚʣʝʥʥʷ. 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʯʠʩʣʝʥʘ ʪʨʘʻʢʪʦʨʽʷ ʥʘ ʦʩʥʦʚʽ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʟʽʩʪʘʚʣʝʥʥʽ 

ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʥʘʛʘʜʫʻ ʩʧʨʘʚʞʥʽʡ GPS-ʤʘʨʰʨʫʪ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʣʘʙʢʝ 

ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʥʝʩʧʨʠʷʪʣʠʚʫ ʤʽʩʮʝʚʽʩʪʴ (ʨʠʩ. 3). ʇʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʤʠʥʫʣʦʤʫ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 

2 ʫ [5]). ʅʘʩʧʨʘʚʜʽ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʤʝʪʦʜʽʚ ʤʘʡʞʝ ʽʜʝʥʪʠʯʥʽ ʟʘ ʪʦʯʥʽʩʪʶ ð 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ GPS-ʤʘʨʰʨʫʪʫ ʧʨʦʪʷʞʥʽʩʪʶ 4152 ʤ. ʚ ʢʽʥʮʽ ʧʦʣʴʦʪʫ ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 80 ʤ. (2%) ʫ ʜʚʦʭ ʚʠʧʘʜʢʘʭ (ʨʠʩ. 4). 

 

 

 
ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʧʽʚʩʪʘʚʣʝʥʠʭ ʪʦʯʦʢ ʽʥʪʝʨʝʩʫ ʤʽʞ ʜʚʦʤʘ 

ʩʫʩʽʜʥʽʤʠ ʢʘʜʨʘʤʠ ʚʽʜʝʦ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʪʦʜʫ. 
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ʈʠʩ. 3. ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʦʙʯʠʩʣʝʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʪʘ ʩʧʨʘʚʞʥʴʦʛʦ GPS-ʤʘʨʰʨʫʪʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʫ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʪʦʯʦʢ ʽʥʪʝʨʝʩʫ. 

 

 
ʈʠʩ. 4. ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʚʽʜʭʠʣʝʥʴ ʦʙʯʠʩʣʝʥʠʭ ʪʨʘʻʢʪʦʨʽʡ ʚʽʜ GPS-ʤʘʨʰʨʫʪʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʪʷʛʦʤ ʜʠʩʪʘʥʮʽʾ ʧʦʣʴʦʪʫ. 

 

ʆʜʥʘʢ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ ʻ ʥʘʙʘʛʘʪʦ ʤʝʥʰ ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʚʠʪʨʘʪʥʠʤ. ʗʢ ʟʦʙʨʘʞʝʥʦ 

ʥʘ ʨʠʩ. 5 ʽ ʚ ʪʘʙʣ. 1, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʡ ʯʘʩ ʧʨʠ ʚʠʷʚʣʝʥʥʽ 

ʪʦʯʦʢ ʽʥʪʝʨʝʩʫ ʪʘ ʧʦʙʫʜʦʚʽ ʘʬʽʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʝʪʘʧ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʪʦʯʦʢ 
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ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 16 ʨʘʟʽʚ ʰʚʠʜʰʝ ʟ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʤʝʪʦʜʦʤ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. 

 

 
ʈʠʩ. 5. ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʦʙʯʠʩʣʝʥʥʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʘʣʛʦʨʠʪʤʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʪʦʜʫ. 

 

ʊʘʙʣ. 1. ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʙʯʠʩʣʝʥʥʷ ʝʪʘʧʽʚ ʘʣʛʦʨʠʪʤʫ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʪʦʜʫ 

 ɺʠʷʚʣʝʥʥʷ ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʆʙʯʠʩʣʝʥʥʷ ʤʘʪʨʠʮʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ 

ʷʢʦʩʪʽ 

0.1 ʩ. 0.25 ʩ. 0.005 ʩ. 

Optical flow 0.07 ʩ. 0.015 ʩ. 0.008 ʩ. 

 

ɺʠʩʥʦʚʢʠ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʝʪʘʧʽ ʟʽʩʪʘʚʣʝʥʥʽ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ ʫ 

ʩʫʩʽʜʥʽʭ ʚʽʜʝʦʢʘʜʨʘʭ ʻ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ 
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ʦʙʯʠʩʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʧʦʣʴʦʪʫ ɹʧʃɸ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʟʦʢʨʝʤʘ ʚʽʟʫʘʣʴʥʦʾ 

ʦʜʦʤʝʪʨʽʾ. ʇʦʜʘʥʠʡ ʧʽʜʭʽʜ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ð ʚʽʜʭʠʣʝʥʥʷ ʥʘ 

2% ʚʽʜ GPS-ʤʘʨʰʨʫʪʫ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 4 ʢʽʣʦʤʝʪʨʠ ð ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʣʘʙʢʝ 

ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʥʝʚʠʨʘʟʥʫ ʤʽʩʮʝʚʽʩʪʴ. 
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ʈɯɿʅʀʎɽɺʀʁ ʄɽʊʆɼ ɼʃʗ ʈʆɿɺôʗɿʋɺɸʅʅʗ ʅɽʉʊɸʎɯʆʅɸʈʅʆɰ 

ɿɸɼɸʏɯ ʊɽʇʃʆʇʈʆɺɯɼʅʆʉʊɯ 

ɻʦʨʠʥ ʖʣʽʷ ʇʝʪʨʽʚʥʘ, ʋʢʨʘʾʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

yuliia.horyn@lnu.edu.ua 

ʈʦʟʛʣʷʜʘʻʤʦ ʥʝʣʽʥʽʡʥʫ ʟʘʜʘʯʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʢʦʣʠ ʛʫʩʪʠʥʘ ʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.   

ɺ ʦʜʥʦʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙʤʝʞʝʥʦʤʫ ʩʪʝʨʞʥʽ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ   

”όὧό ‗ό Ὢόȟװװπὼ ὰȟװπὸ Ὕȟ   (1) 

ʜʝ  ό όὼȟὸ ð ʪʝʤʧʝʨʘʪʫʨʘ, ‗ό ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ”ό  

ð ʛʫʩʪʠʥʘ,  ὧόð ʪʝʧʣʦʻʤʥʽʩʪʴ. 

ɼʣʷ ʧʦʚʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʨʽʚʥʷʥʥʷ (1) ʟʘʜʘʻʤʦ ʧʦʯʘʪʢʦʚʽ 

ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

όὼȟπ ό ὼȟװװπὼ ὰȟ(2)     װ 

όπȟὸ ‘ ὸȟװװόὰȟὸ ‘ ὸȟװװװπὸ ὝȢ(3)           װ 

ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʟʘʩʪʦʩʦʚʫʻʤʦ ʩʽʪʢʦʚʽ ʤʝʪʦʜʠ. ɺʚʝʜʝʤʦ 

ʨʽʚʥʦʤʽʨʥʠʡ ʧʦʜʽʣ ʚʽʜʨʽʟʢʘ 

ὼ ὭὬȟװὬ ȟװὭ πȟρȟȣȟὲȠװὸ Ὦ†ȟװ† ȟװὮ πȟρȟȣȟάȢʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʟ 

ʧʦʨʷʜʢʦʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ὕ† Ὤ . ɺʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪʠ ὥ  ʪʘʢʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: 

ὥώ ȟ                   (4) 

ὥώ ‗ Ȣ                     (5) 

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ 
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‗ ‗ώȟװὧ ὧώȟװ” ”ώȟװװὪ Ὢώȟװװώ ώ ȟװώ ώȢ ʊʦʜʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (4), ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ  

”ὧ
ώ ώ

†

ρ

ςὬ
‗ ‗ώ ‗ ς‗ ‗ ώ Ễ  

ȣ ‗ ‗ ώ Ὢ  . 

 ʆʪʞʝ, ʜʦʣʫʯʠʚʰʠ ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʽ ʧʦʟʥʘʯʠʚʰʠ ‘ ‘ ὸ , ‘ ‘ ὸ , 

ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ. ɸʥʘʣʦʛʽʯʥʦ,  ʟʘʜʘʚʰʠ ὥώ  ʫ 

ʚʠʛʣʷʜʽ (5) ʦʪʨʠʤʘʻʤʦ ʪʘʢʫ ʩʠʩʪʝʤʫ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

Ὂ ”ὧώ ώ
†

ςὬ
‗ ώ ‗ ‗ ώ ‗ ώ †Ὢ πȟ 

 Ὥ ρȟȣȟὲ ρȟװװώ ‘ȟװװװώ ‘.  

ʊʫʪ ‗ ‗ , ʚʩʽ ʽʥʰʽ ʧʦʟʥʘʯʝʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. 

ʎʽ ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʥʘ ʢʦʞʥʦʤʫ ʯʘʩʦʚʦʤʫ ʰʘʨʽ. ɿʘ ʧʦʯʘʪʢʦʚʝ 

ʥʘʙʣʠʞʝʥʥʷ ʥʘ Ὦ ρ -ʤʫ ʯʘʩʦʚʦʤʫ ʰʘʨʽ ʙʝʨʝʤʦ ʨʦʟʚôʷʟʦʢ, ʦʪʨʠʤʘʥʠʡ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ Ὦ -ʤʫ ʰʘʨʽ. 

  ʉʭʝʤʘ ʧʦʨʷʜʢʫ ὕ† Ὤ  ʜʣʷ ʨʽʚʥʷʥʥʷ (1) ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

” ὧ ὥώώ ὥώώ Ὢ ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ   

‗ ‗ώȟװὧ ὧ ȟװ” ” ȟװὪ Ὢ Ȣʇʨʠ ʚʠʙʦʨʽ ὥώ  ʫ 

ʚʠʛʣʷʜʽ (5) ʩʠʩʪʝʤʘ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

Ὂ ”ὧώ ώ
†

τὬ
‗ ώ ‗ ‗ ώ ‗ ώ Ễ  

ȣ ‗ ώ ‗ ‗ ώ ‗ ώ †Ὢ π, 

Ὥ ρȟȣȟὲ ρȟװװώ ‘ȟװװװώ ‘Ȣ 
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ʊʫʪ  ‗ ‗  .   

  ʈʦʟʛʣʷʥʝʤʦ ʪʘʢʦʞ ʥʦʚʫ ʥʝʷʚʥʫ ʨʽʟʥʠʮʝʚʫ ʩʭʝʤʫ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟʘ 

ʧʨʦʩʪʦʨʦʤ ʽ (ʧʦʯʠʥʘʶʯʠ ʟ ʜʨʫʛʦʛʦ ʰʘʨʫ) ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟʘ ʯʘʩʦʤ, ʪʦʙʪʦ 

ὕ† Ὤ . ʎʝ ʻ ʤʦʜʠʬʽʢʘʮʽʷ ʩʭʝʤʠ, ʦʧʠʩʘʥʦʾ ʚ σ. 

ʅʘ ʧʝʨʰʦʤʫ ʯʘʩʦʚʦʤʫ ʰʘʨʽ Ὦ ρװʤʘʻʤʦ ʪʘʢʫ ʩʠʩʪʝʤʫ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

Ὂ ”ώὧώ ώ ώ ‗ώώ ‗ώώ †Ὢ πȟװװὭ ρȟȣȟὲ ρȟʜʝ  

ώ ȟװώ ώ ςώ ώ ȟװװώ ώ ȟװώ ώ . 
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ʅʘ ʥʘʩʪʫʧʥʠʭ ʯʘʩʦʚʠʭ ʰʘʨʘʭ Ὦ ςȟȣȟὲ ρװʤʘʪʠʤʝʤʦ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

Ὂ ”ώὧώώ ‗ώώ ‗ώώ †Ὢ πȟװװὭ ρȟȣȟὲ ρȟώ

ȟװώ ώ ςώ ώ ȟװװώ ώ ȟװώ ώ Ȣώ

‘ ὸ ȟװώ ‘ ὸ . 

  ʆʩʢʽʣʴʢʠ ʦʪʨʠʤʘʥʽ ʨʽʟʥʠʮʝʚʽ ʩʭʝʤʠ ʻ ʩʠʩʪʝʤʘʤʠ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʪʦ 

ʜʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ. ʎʽ ʩʠʩʪʝʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʥʝʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ Ὂώ π, ʜʝ ώ

ώȟώȟȣȟώ  - ʚʝʢʪʦʨ ʥʝʚʽʜʦʤʠʭ ʚʫʟʣʦʚʠʭ ʟʥʘʯʝʥʴ, ʘ Ὂ  - ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ, 

ʱʦ ʦʧʠʩʫʻ ʨʽʟʥʠʮʝʚʽ ʩʭʝʤʠ.  

      ʄʝʪʦʜ ʅʴʶʪʦʥʘ ς ʤʘʻ ʚʠʛʣʷʜ Ὂώ ὐώ ώ ώ π, 

ʜʝ ὐ   ʷʢʦʙʽʘʥ Ὂ , ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʛʦ ʻ ὐ ώ ώȟװὭȟὮ ρȟȣȟά. 

ʋ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʤʝʪʦʜ ʅʴʶʪʦʥʘ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ ώ ώ

ὐώ Ὂώ ȟװὯ πȟρȟȣ 

ʈʠʩ.1 ɻʨʘʬʽʢ ʨʦʟʚôʷʟʢʫ ʧʦʙʫʜʦʚʘʥʠʡ ʩʭʝʤʦʶ ʧʦʨʷʜʢʫ ὕ† Ὤ  
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ʈʠʩ.2 ɻʨʘʬʽʢ ʨʦʟʚôʷʟʢʫ ʧʦʙʫʜʦʚʘʥʠʡ ʩʭʝʤʦʶ ʧʦʨʷʜʢʫ ὕ† Ὤ  

 

ʈʠʩ.3 ɻʨʘʬʽʢ ʨʦʟʚôʷʟʢʫ ʧʦʙʫʜʦʚʘʥʠʡ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʩʭʝʤʦʶ ʧʦʨʷʜʢʫ ὕ† Ὤ  
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ʏʀʉʃʆɺɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʆʐʀʈɽʅʅʗ ɯʅʌɽʂʎɯʁʅʆɻʆ 

ɿɸʍɺʆʈʖɺɸʅʅʗ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄʉɽ 

ʈʘʢ ɸʥʘʩʪʘʩʽʷ-ʄʘʨʽʷ, ʏʠʧ ʗʥʘ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

anastasiiamariia.rak@lnu.edu.ua 

ʋ ʩʫʯʘʩʥʠʭ ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʘʢʪʫʘʣʴʥʠʤ ʻ ʯʠʩʝʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʰʠʨʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʷʚʥʽʩʪʴ ʬʽʟʠʯʥʠʭ ʙʘʨôʻʨʽʚ, 

ʣʦʢʘʣʽʟʦʚʘʥʽ ʜʞʝʨʝʣʘ ʽʥʬʝʢʮʽʾ ʪʘ ʚʘʨʽʘʮʽʾ ʛʫʩʪʦʪʠ ʥʘʩʝʣʝʥʥʷ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʷʢʠʡ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ ʦʙʨʦʙʢʠ ʩʢʣʘʜʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʣʘʩʪʝʡ ʽ ʧʨʦʩʪʦʨʦʚʦ ʟʤʽʥʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ: 

ʇʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ ʭʚʦʨʦʙʠ ʚ ʤʽʩʪʽ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ɼʽʨʽʭʣʝ ʪʘ ʅʝʡʤʘʥʘ: 

​ẗὯὼȟώ​όὼȟώ Ὢὼȟώȟὼȟώᶰ  

ɯʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ:  

ɼʽʨʽʭʣʝ:                                          όὼȟώ Ὣ

ὼȟώȟ        ὼȟώᶰῲ 

ʅʝʡʤʘʥʘ:                                        Ὣ

ὼȟώȟ           ὼȟώᶰῲ 

ɼʝ: 

¶ όὼȟώ  ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʭʚʦʨʶʚʘʥʴ ʧʦ ʦʙʣʘʩʪʽ ɱṒᴙ  

¶ Ὢὼȟώ  ʬʫʥʢʮʽʷ ʜʞʝʨʝʣʘ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣʘ 

ʽʥʬʝʢʮʽʾ) 

¶ Ὧὼȟώ  ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʧʦ ʦʙʣʘʩʪʽ (ʱʽʣʴʥʽʩʪʴ 

ʥʘʩʝʣʝʥʥʷ) 

¶ Ὣ ὼȟώ  ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʭʚʦʨʶʚʘʥʴ ʥʘ ʤʝʞʘʭ ɼʽʨʽʭʣʝ 

¶ Ὣ ὼȟώ  ʧʦʪʽʢ ʟʘʭʚʦʨʶʚʘʥʥʷ ʥʘ ʤʝʞʘʭ ʅʝʡʤʘʥʘ 

¶    ʯʦʪʠʨʠʢʫʪʥʘ ʦʙʣʘʩʪʴ (ʧʨʝʜʩʪʘʚʣʷʻ ʛʝʦʛʨʘʬʽʯʥʫ ʦʙʣʘʩʪʴ) 

¶ ɜ ᷾ ɜ Ћɱ  ʤʝʞʘ ʦʙʣʘʩʪʽ, ʨʦʟʜʽʣʝʥʘ ʥʘ ʯʘʩʪʠʥʠ ɼʽʨʽʭʣʝ ʪʘ 

ʅʝʡʤʘʥʘ 

ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʢʨʦʢʽʚ: 

mailto:anastasiiamariia.rak@lnu.edu.ua
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1. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʽʟʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʯʦʪʠʨʠʢʫʪʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʫ ʷʢʠʭ ʢʦʦʨʜʠʥʘʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʣʦʢʘʣʴʥʽʡ ʦʧʦʨʥʽʡ 

‚ȟ–ᶰ ρȟρ ȟ ʪʦʙʪʦ ʢʦʞʝʥ ʬʽʟʠʯʥʠʡ ʝʣʝʤʝʥʪ ʧʨʦʻʢʪʫʻʪʴʩʷ ʥʘ 

ʩʪʘʥʜʘʨʪʥʠʡ ʢʚʘʜʨʘʪ. ɼʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʦʟʚôʷʟʢʫ ʚʠʢʦʨʠʩʪʘʥʦ ʙʘʟʠʩʥʽ 

ʬʫʥʢʮʽʾ 1-ʛʦ, 2-ʛʦ ʪʘ 3-ʛʦ ʧʦʨʷʜʢʽʚ. 

2. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢʦʙʽʘʥ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ 

ʧʝʨʝʭʽʜ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʾ (ʦʧʦʨʥʦʾ) ʦʙʣʘʩʪʽ ʜʦ ʬʽʟʠʯʥʦʾ ʙʝʟ ʚʪʨʘʪʠ 

ʪʦʯʥʦʩʪʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʧʣʦʱʽ. ʗʢʦʙʽʘʥ ʤʘʻ ʚʠʛʣʷʜ: 

ὐ

ụ
Ụ
Ụ
Ụ
ợ
‬ὼ

‬‚

‬ώ

‬‚
‬ὼ

‬–

‬ώ

‬–Ứ
ủ
ủ
ủ
Ủ

 

ɼʝ: 

‬ὼ

‬‚

‬ὔ

‬‚
ὼ                                 

‬ὼ

‬–

‬ὔ

‬–
ὼ   

‬ώ

‬‚

‬ὔ

‬‚
ώ                                  

‬ώ

‬–

‬ὔ

‬–
ώ 

3. ʂʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ ɻʘʫʩʩʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʯʠʩʝʣʴʥʦ 

ʣʦʢʘʣʴʥʠʭ ʤʘʪʨʠʮʴ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʝʢʪʦʨʽʚ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ὯρὼȟώȟὯςὼȟώȟὪὼȟώ. 

ɺʝʢʪʦʨ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʦʙʯʠʩʣʶʶ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ὢ  Ὢὼȟώ ὔ ὼȟώὨὃ       

Ὢ Ὢὼ‚ȟ–ȟώ‚ȟ–  ὔ ‚ȟ– ȿὐ‚ȟ–ȿ Ὠ‚Ὠ–

ύύὪὼ‚ȟ–ȟώ‚ȟ– ὔ ‚ȟ– ȿὐ‚ȟ–ȿ

 

 

ɼʝ: 

¶ Ὢ Ὥ ʪʠʡ ʛʣʦʙʘʣʴʥʠʡ ʚʫʟʦʣ ʚʝʢʪʦʨʘ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ, ʦʪʨʠʤʘʥʠʡ ʟ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʝʣʝʤʝʥʪʫ Ὡ 

¶ ᷿   ʦʙʣʘʩʪʴ ʬʽʟʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ὃ 

¶ Ὢὼȟώ ʬʫʥʢʮʽʷ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

¶ ὔ ὼȟώ  ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʟ Ὥ ʪʠʤ ʛʣʦʙʘʣʴʥʠʤ ʚʫʟʣʦʤ 
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¶ Ὠὃ ʝʣʝʤʝʥʪ ʧʣʦʱʽ ʫ ʬʽʟʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

¶ ύȟύ  ʚʘʛʠ ɻʘʫʩʩʘ 

¶ ὼ‚ȟ–ȟώ‚ȟ–  ʬʽʟʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʟ ʪʦʯʦʢ ɻʘʫʩʩʘ ‚ȟ–  ʟ 

ʽʟʦʧʘʨʘʤʝʪʨʠʯʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʄʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὑ ὔɳ ὼȟώὧὼȟώ ὔɳ ὼȟώὨὃ 

ὑ Ὧρὼ‚ȟ–ȟώ‚ȟ–
‬ὔ

‬ὼ

‬ὔ

‬ὼ

 Ὧςὼ‚ȟ–ȟώ‚ȟ–
‬ὔ

‬ώ

‬ὔ

‬ώ
  ȿὐ‚ȟ–ȿὨ‚Ὠ– 

ὑ ύύ Ὧρὼ‚ȟ–ȟώ‚ȟ–
‬ὔ

‬ὼ ȟ

‬ὔ

‬ὼ ȟ

Ὧςὼ‚ȟ–ȟώ‚ȟ–
‬ὔ

‬ώ
ȟ

‬ὔ

‬ώ
ȟ

  ȿὐ‚ȟ–ȿ 

ɼʝ: 

¶ ὧὼȟώ ʪʝʥʟʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ (ʚ ʤʦʻʤʫ ʚʠʧʘʜʢʫ ʮʝ k1, k2) 

¶ ὑ  ʝʣʝʤʝʥʪ ʣʦʢʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ (ʤʽʞ ʣʦʢʘʣʴʥʠʤʠ 

ʚʫʟʣʘʤʠ ὭȟὮ) 

¶ ᷿   ʦʙʣʘʩʪʴ ʬʽʟʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ὃ 

¶ ύȟύ  ʚʘʛʠ ɻʘʫʩʩʘ 

¶ ὼ‚ȟ–ȟώ‚ȟ–  ʬʽʟʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʟ ʪʦʯʦʢ ɻʘʫʩʩʘ ‚ȟ–  ʟ 

ʽʟʦʧʘʨʘʤʝʪʨʠʯʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

 

4. ʆʙô̒ ʜʥʶʻʤʦ ʥʘʰʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʛʣʦʙʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʪʘʤ ʟʘʩʪʦʩʦʚʫʻʤʦ 

ʥʘʰʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. 

5. ʈʦʟʚô̫ ʟʫʻʤʦ ʦʪʨʠʤʘʥʫ ʣʽʥʽʡʥʫ ʩʠʩʪʝʤʫ ʚʠʛʣʷʜʫ ὑὟ Ὂ ɼʝ: ὑ  

ʛʣʦʙʘʣʴʥʘ ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ, Ὂ ʚʝʢʪʦʨ ʥʘʚʘʥʪʘʞʝʥʥʷ, Ὗ  

ʚʝʢʪʦʨ ʰʫʢʘʥʠʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ. 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ: 

¶ ɿʘʜʘʯʘ 1: Ὢ ὃὩ   , ʤʦʜʝʣʶʻ ʧʣʘʚʥʝ ʧʦʰʠʨʝʥʥʷ 

ʽʥʬʝʢʮʽʾ ʽʟ ʮʝʥʪʨʘ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ 

ʰʠʨʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʽʚ ὃȟὧέὲίὸ  
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¶ ɿʘʜʘʯʘ 2: ʃʦʢʘʣʽʟʦʚʘʥʝ ʜʞʝʨʝʣʦ ʫ ʚʠʛʣʷʜʽ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ, ʷʢʘ ʤʦʜʝʣʶʻ 

ʨʘʧʪʦʚʠʡ ʩʧʘʣʘʭ ʽʥʬʝʢʮʽʾ ʚ ʦʜʥʦʤʫ ʘʙʦ ʢʽʣʴʢʦʭ ʚʫʟʣʘʭ. 

¶ ɿʘʜʘʯʘ 3: ʙʘʨ'ʻʨ ʫ ʢʦʝʬʽʮʽʻʥʪʽ ʜʠʬʫʟʽʾ Ὧρὼȟώȟ   Ὧςὼȟώȟ  ɦʦ ʤʦʜʝʣʶʻ 

ʯʘʩʪʠʥʠ ʟ ʫʩʢʣʘʜʥʝʥʠʤ ʧʦʰʠʨʝʥʥʷʤ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʗ. ɻ. ʉʘʚʫʣʘ: ʏʀʉʃʆɺʀʁ ɸʅɸʃɯɿ ɿɸɼɸʏ ʄɸʊɽʄɸʊʀʏʅʆɰ ʌɯɿʀʂʀ 

ɺɸʈɯɸʎɯʁʅʀʄʀ ʄɽʊʆɼɸʄʀ - https://ami.lnu.edu.ua/wp-

content/uploads/2013/10/Savula_Chyslovyy-analiz-zadach-matematychnoji-

fizyky.pdf 

2. ɺ.ɯ.ʂʫʟʴʤʝʥʢʦ, ʅ.ʃ.ʂʦʟʘʢʦʚʘ: ʂʆʅʉʇɽʂʊ ʃɽʂʎɯʁ ɯɿ ʂʋʈʉʋ 

"ʏʀʉʃʆɺɯ ʄɽʊʆɼʀ ʄɸʊɽʄɸʊʀʏʅʆɰ ʌɯɿʀʂʀ" -

http://repository.dnu.dp.ua:1100/upload/4975f9fe589d8c07a06f073949eb5a2

fKonspektChisMetodMF.pdf 

3. O.C. Zienkiewicz, R.L. Taylor, J.Z. Zhu: The Finite Element Method: Its Basis 

and Fundamentals - https://bayanbox.ir/view/1372657958469422768/O.-C.-

Zienkiewicz-R.-L.-Taylor-J.Z.-Zhu-The-Finite-Element-methods.pdf  

  

https://ami.lnu.edu.ua/wp-content/uploads/2013/10/Savula_Chyslovyy-analiz-zadach-matematychnoji-fizyky.pdf
https://ami.lnu.edu.ua/wp-content/uploads/2013/10/Savula_Chyslovyy-analiz-zadach-matematychnoji-fizyky.pdf
https://ami.lnu.edu.ua/wp-content/uploads/2013/10/Savula_Chyslovyy-analiz-zadach-matematychnoji-fizyky.pdf
http://repository.dnu.dp.ua:1100/upload/4975f9fe589d8c07a06f073949eb5a2fKonspektChisMetodMF.pdf
http://repository.dnu.dp.ua:1100/upload/4975f9fe589d8c07a06f073949eb5a2fKonspektChisMetodMF.pdf
https://bayanbox.ir/view/1372657958469422768/O.-C.-Zienkiewicz-R.-L.-Taylor-J.Z.-Zhu-The-Finite-Element-methods.pdf
https://bayanbox.ir/view/1372657958469422768/O.-C.-Zienkiewicz-R.-L.-Taylor-J.Z.-Zhu-The-Finite-Element-methods.pdf
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ʄɽʊʆɼ ʌʋʅʂʎɯʁ ɻʈɯʅɸ ɼʃʗ ʅɸɹʃʀɾɽʅʆɻʆ ʈʆɿɺôʗɿʋɺɸʅʅʗ 

ʂʈɸʁʆɺʀʍ ɿɸɼɸʏ ʋ ʂɸʅʆʅɯʏʅʀʍ ʆɹʃɸʉʊʗʍ ɿ 

ɺʂʃʖʏɽʅʅʗʄʀ 

ɺʣʘʜʠʩʣʘʚ ʂʫʮʠʢ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

vladyslav.kutsyk@lnu.edu.ua 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ɻʨʽʥʘ ʜʣʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʢʨʘʡʦʚʠʭ 

ʟʘʜʘʯ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʚ ʥʘʫʮʽ ʪʘ ʪʝʭʥʽʮʽ, ʜʦʟʚʦʣʷʶʯʠ ʝʬʝʢʪʠʚʥʦ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʽʥʞʝʥʝʨʥʽ ʟʘʚʜʘʥʥʷ. ʆʩʥʦʚʥʘ ʮʽʥʥʽʩʪʴ ʬʫʥʢʮʽʾ ɻʨʽʥʘ 

ʧʦʣʷʛʘʻ ʚ ʾʾ ʟʜʘʪʥʦʩʪʽ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʬʫʥʢʮʽʾ ʥʘ ʤʝʞʽ 

ʦʙʣʘʩʪʽ ʪʘ ʾʾ ʟʥʘʯʝʥʥʷʤ ʫ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʢʘʭ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʚʥʷʥʥʷ 

ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʦʙʣʘʩʪʽ [1]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʅʝʭʘʡ ʟʘʜʘʥʘ ʯʘʩʪʢʦʚʦ-ʥʝʦʙʤʝʞʝʥʘ ʦʙʣʘʩʪʴ ὈṒᴙ  ʟ ʤʝʞʘʤʠ ɜ ʪʘ 

ɜ, ʜʝ ɜ ï ʤʝʞʘ ʢʘʥʦʥʽʯʥʦʾ ʦʙʣʘʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʧʽʚʧʣʦʱʠʥʠ, ʢʚʘʜʨʘʥʪʘ, ʩʤʫʛʠ 

ʘʙʦ ʧʽʚʩʤʫʛʠ, ʘ ɜ ï ʤʝʞʘ ʚʢʣʶʯʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʜʘʥʦʾ ʦʙʣʘʩʪʽ. ʇʦʪʨʽʙʥʦ 

ʟʥʘʡʪʠ ʬʫʥʢʮʽʶ όḊὈ O ᴙ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ɼʽʨʽʭʣʝ ʜʣʷ 

ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ: 

 

 Ўό π     ̃ Ὀȟ
ό  Ὢ     ̎  ́ɜȟ
ό  Ὢ     ̎  ́ɜȟ

ό  /ρȟ

     ρ 

ʜʝ Ў - ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, Ὢᶰᶫɜ  ʽ Ὢᶰᶫɜ  ï ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ. 

ʄʝʪʦʜ ʬʫʥʢʮʽʡ ɻʨʽʥʘ 

ʌʫʥʢʮʽʷ ɻʨʽʥʘ ʟʘʜʘʯʽ ɼʽʨʽʭʣʝ ʜʣʷ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ ʫ ʯʘʩʪʢʦʚʦ-

ʥʝʦʙʤʝʞʝʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ: 

Ὃὼȟώ ὰὲȿὼ ώȿ Ὣὼȟώȟς 

ʜʝ Ὣ ï ʛʘʨʤʦʥʽʯʥʘ ʬʫʥʢʮʽʷ ʚ ʦʙʣʘʩʪʽ ʪʘʢʘ, ʱʦ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ʟʘʜʦʚʦʣʴʥʷʻ 

ʫʤʦʚʠ: 

ЎὋὼȟώ π      ̃ Ὀȟ

Ὃὼȟώ π      ̎  ́ɜȢ
  

ɼʣʷ ʯʘʩʪʢʦʚʦ-ʥʝʦʙʤʝʞʝʥʠʭ ʢʘʥʦʥʽʯʥʠʭ ʦʙʣʘʩʪʝʡ, ʱʦ ʙʫʣʠ ʧʝʨʝʣʽʯʝʥʽ ʫ 

ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ, ʬʫʥʢʮʽʷ Ὣ ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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Ὣ ὼȟώ ὰὲ
ὧὬ“ὼ ώ ὥϳ ὧέί“ὼ ώ ὥϳ ȿὼ ώȿ

ὧὬ“ὼ ώ ὥϳ ὧέί“ὼ ώ ὥϳ
ȟὼ ώȟ 

Ὣ ὼȟώ Ὣ ὼȟώ ὰὲ
ὧὬ“ὼ ώ ὥϳ ὧέί“ὼ ώ ὥϳ

ὧὬ“ὼ ώ ὥϳ ὧέί“ὼ ώ ὥϳ
ȟὼ ώȟ 

Ὣ ὼȟώ ὰὲὼ ώ ὼ ώ ȟ 

Ὣ ὼȟώ ὰὲ
ὼ ώ ὼ ώ ὼ ώ ὼ ώ

ὼ ώ ὼ ώ
ȟ 

ʜʝ Ὣ ï ʬʫʥʢʮʽʷ ʜʣʷ ʩʤʫʛʠ, ὥ ï ʰʠʨʠʥʘ ʩʤʫʛʠ, Ὣ  ï ʬʫʥʢʮʽʷ ʜʣʷ ʧʽʚʩʤʫʛʠ, 

Ὣ  ï ʬʫʥʢʮʽʷ ʜʣʷ ʧʽʚʧʣʦʱʠʥʠ, Ὣ ï ʬʫʥʢʮʽʷ ʜʣʷ ʢʚʘʜʨʘʥʪʘ [2]. 

ɼʣʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ (1) ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʤʝʪʦʜʦʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʾ ɻʨʽʥʘ (2). ʅʘʙʣʠʞʝʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʧʦʜʘʤʦ ʫ ʚʠʛʣʷʜʽ:  

όὼ όὼ  ‌Ὃὼȟώ  Ὢώ
‬

ώ‮‬
ὋὼȟώὨίώ

 

ȟ  

ʜʝ ‌ᶰᴙ - ʥʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ, ώ ɵ Ὀ ï ʪʦʯʢʠ ʜʞʝʨʝʣʘ, ʱʦ ʦʙʠʨʘʶʪʴʩʷ 

ʧʦʟʘ ʦʙʣʘʩʪʶ Ὀ [3], .ɜ ʦʜ ʽʣʘʤʨʦʥ ʾʦʴʥʰʽʥʚʦʟ ʨʦʪʢʝʚ ʡʠʥʯʠʥʠʜʦ ï ‮ 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ‌ ʚʠʢʦʨʠʩʪʘʻʤʦ ʢʨʘʡʦʚʫ ʫʤʦʚʫ ʥʘ ʤʝʞʽ ɜ ʚ ʟʘʜʘʯʽ 

(1). ɺʠʙʝʨʝʤʦ ά ʪʦʯʦʢ ʢʦʣʦʢʘʮʽʾ ὼ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ ɜ, ά ὲ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ: 

‌Ὃὼȟώ   Ὢὼ Ὢώ
‬

ώ‮‬
ὋὼȟώὨίώȿ ȟὯ ρȟȣȟάȢ

 

  

ʇʨʠ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʟʘʜʘʥʥʽ ʤʝʞʽ ɜ ʯʝʨʝʟ ὼὸȟὸɴ ὧȟὨ  ʽʥʪʝʛʨʘʣ 

ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʤʦʞʥʘ ʧʘʨʘʤʝʪʨʠʟʫʚʘʪʠ: 

Ὢώ
‬

ώ‮‬
ὋὼȟώὨίώ

 

 ὪὸὑὼȟὸὨὸ ȟσ 

ʜʝ ὑὼȟὸ ï ʷʜʨʦ, ʦʪʨʠʤʘʥʝ ʧʨʠ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʥʦʨʤʘʣʴʥʦʾ ʧʦʭʽʜʥʦʾ ʚʽʜ 

ʬʫʥʢʮʽʾ ɻʨʽʥʘ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʤʫʛʠ ʟ ʰʠʨʠʥʦʶ ὥ ʜʘʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʪʠʤʝ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ:  

Ὢώ
‬

ώ‮‬
ὋὼȟώὨίώ

 

 Ὢ ὸὑ ὼȟὸὨὸ Ὢ ὸὑ ὼȟὸὨὸ ȟ 

ʜʝ 
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ὑ ὼȟὸ
ς“ὥϳ  ÓÉÎ “ὼ ὥϳ

ὧὬ“ὼ ὸ ὥϳ ÃÏÓ “ὼ ὥϳ
 ȟ 

ὑ ὼȟὸ
ς“ὥϳ  ÓÉÎ “ὼ ὥϳ

ὧὬ“ὼ ὸ ὥϳ ÃÏÓ “ὼ ὥϳ
 Ȣ 

ɼʣʷ ʧʨʠʚʝʜʝʥʥʷ ʤʝʞ ʽʥʪʝʛʨʘʣʽʚ ʟ (3) ʜʦ ЊȟЊ  ʟʘʩʪʦʩʫʻʤʦ ʥʘʩʪʫʧʥʽ 

ʟʘʤʽʥʠ:  

Ὢ†Ὠ† ὪὩ ὩὨὸ ȟ 

Ὢ†Ὠ†  ὥ Ὢ
ὥ

Ὡ ρ

Ὡ

Ὡ ρ
Ὠὸ Ȣ 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʧʦ ʜʽʡʩʥʽʡ ʦʩʽ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʽʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ sinc-ʢʚʘʜʨʘʪʫʨʫ: 

ὪὸὨὸ Ὤ ὪὭὬ ȟ   

ʜʝ 

Ὤ
“

Ѝὓ
 Ȣ 

ʏʠʩʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʧʽʚʩʤʫʛʫ ʽʟ ʰʠʨʠʥʦʶ ὥ σ ʪʘ ʚʢʣʶʯʝʥʥʷʤ ʫ ʬʦʨʤʽ ʢʨʫʛʘ: 

ừ
ỬỬ
Ừ

ỬỬ
ứ
ɜȡὼ  ÃÏÓὸ ςȟὼ  ÓÉÎὸ ρȢυȠὸ ɴ πȟς“ ȟ

ɜ ȡὼ ὸȟὼ  πȠὸ ɴ πȟЊ ȟ

ɜ ȡὼ ὸȟὼ  ὥȠὸ ɴ πȟЊ ȟ

ɜ ȡὼ πȟὼ  ὸȠὸ ɴ πȟὥ ȟ

Ὢὼ ρȟὼɴ  ɜȟ

Ὢὼ πȟὼɴ ɜȢ

  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʦʙʯʠʩʣʝʥʴ ʦʙʠʨʘʻʤʦ ά ὲ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ ʤʝʞʽ ɜ ʪʦʯʦʢ ʢʦʣʦʢʘʮʽʾ ὼ , ʪʘ n ʪʦʯʦʢ ʜʞʝʨʝʣʘ ώ ɵ Ὀ 

(ʜʠʚ. ʈʠʩ.1). 
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ʈʠʩ.1 ʈʦʟʧʦʜʽʣ ʪʦʯʦʢ ʢʦʣʦʢʘʮʽʾ ʪʘ ʜʞʝʨʝʣʘ 

 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʧʦʰʫʢʫ ʥʝʚʽʜʦʤʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ‌, ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʙʽʞʥʦʩʪʽ ʤʝʪʦʜʫ ʟʜʽʡʩʥʶʻʤʦ ʦʙʯʠʩʣʝʥʥʷ 

ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʫ ʜʝʷʢʠʭ ʪʦʯʢʘʭ ʟ ʦʙʣʘʩʪʽ Ὀ. ʈʝʟʫʣʴʪʘʪʠ 

ʥʘʚʝʜʝʥʦ ʫ ʊʘʙʣ.1 ʧʨʠ M=500. 

ʊʘʙʣ.1 ɿʥʘʯʝʥʥʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ  

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʢʦʣʦʢʘʮʽʾ 

 

n x = (3.5, 0.5) x = (5.5, 2.25) 

16 2.9503e-01 5.1601e-02 

32 2.9396e-01 5.1432e-02 

64 2.9374e-01 5.1421e-02 

128 2.9360e-01 5.1407e-02 

256 2.9390e-01 5.1433e-02 

512 2.9391e-01 5.1434e-02 
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ɺʠʩʥʦʚʢʠ 

ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ɼʽʨʽʭʣʝ ʜʣʷ 

ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ ʫ ʢʘʥʦʥʽʯʥʠʭ ʦʙʣʘʩʪʷʭ ʟ ʚʢʣʶʯʝʥʥʷʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʝʪʦʜ ʬʫʥʢʮʽʡ ɻʨʽʥʘ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʙʽʞʥʽʩʪʴ ʤʝʪʦʜʫ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ 

ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʘ ʦʪʞʝ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Chapko R., Johansson B.T. An alternating boundary integral based method for a Cauchy 

problem for Laplace equation in semi-infinite domains. Inverse Problems and Imaging, 

2008, 3, 317ï333.  

2. Chapko R., Vintonyak N. A Hybrid Method for Inverse Boundary Value Problems for an 

Inclusion in Semi-infinite Two-dimensional Domains. Journal of Integral Equations and 

Applications, 2007, 19(3), 309-331  

3. Chen B., Sun Y., Zhuang Z. Method of fundamental solutions for a Cauchy problem of the 

Laplace equation in a half-plane. Boundary Value Problems, 2019, 34, 1-14. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɼʃʗ 

ʈʆɿʇɯɿʅɸɺɸʅʅʗ ɸɺʊʆʄʆɹɯʃʔʅʀʍ ʅʆʄɽʈʅʀʍ ɿʅɸʂɯɺ 

ʉʪʘʥʦʚʠʯ ʄʘʨʽʷ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

mariia.stanovych@lnu.edu.com 

ɸʢʪʫʘʣʴʥʽʩʪʴ 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʥʦʤʝʨʥʠʭ ʟʥʘʢʽʚ (ANPR, ʘʙʦ Automatic Number 

Plate Recognition) ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, 

ʟʦʢʨʝʤʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʥʘ ʜʦʨʦʛʘʭ, ʤʦʥʽʪʦʨʠʥʛʫ ʨʫʭʫ ʪʘ 

ʢʦʥʪʨʦʣʶ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ. 

ʋ ʩʚʽʪʣʽ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʯʠʩʣʝʥʥʽ ʧʨʠʢʣʘʜʠ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ANPR ʩʠʩʪʝʤ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʝʨʝʚʘʛʠ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ. 

ɿʦʢʨʝʤʘ, ʘʥʘʣʽʟʫʻʪʴʩʷ ʜʦʩʚʽʜ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʚʽʜ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʜʦ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʪʘ ʧʨʘʚʦʧʦʨʷʜʢʫ.  

ʑʦʜʦ ʬʽʥʘʥʩʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʪʦ ʧʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʨʦʟʤʽʨ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ 

ʩʠʩʪʝʤ ANPR ʜʦʩʷʛʥʝ 4,8 ʤʣʨʜ ʜʦʣʘʨʽʚ ʉʐɸ ʜʦ 2027 ʨʦʢʫ ʟ 3,1 ʤʣʨʜ ʜʦʣʘʨʽʚ 

ʉʐɸ ʫ 2022 ʨʦʮʽ; ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʪʝʤʧ ʧʨʠʨʦʩʪʫ ʩʪʘʥʦʚʠʪʠʤʝ 

9,2% ʫ ʧʝʨʽʦʜ ʟ 2022 ʧʦ 2027 ʨʽʢ. 

ʂʣʶʯʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʩʪʠʤʫʣʶʶʪʴ ʟʨʦʩʪʘʥʥʷ ʨʠʥʢʫ ANPR, ʻ ʜʝʜʘʣʽ 

ʰʠʨʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ANPR ʫ ʩʠʩʪʝʤʘʭ ʙʝʟʧʝʢʠ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ. ɿʙʽʣʴʰʝʥʥʷ ʜʝʨʞʘʚʥʠʭ ʚʠʪʨʘʪ ʥʘ ʨʦʟʚʠʪʦʢ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ɯʊʉ ʫ ʢʨʘʾʥʘʭ ʟ ʝʢʦʥʦʤʽʢʦʶ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʘ ʪʘʢʦʞ 

ʜʝʜʘʣʽ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʝʦʘʥʘʣʽʪʠʢʠ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʻ ʽʥʰʠʤʠ ʩʪʠʤʫʣʘʤʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ANPR ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʶ ʦʧʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ (OCR) ʽ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʥʦʤʝʨʥʠʭ ʟʥʘʢʽʚ ʘʚʪʦʤʦʙʽʣʽʚ. 

ɺʦʥʘ ʚʠʢʦʥʫʻ ʮʶ ʮʽʣʴ ʚ ʜʝʢʽʣʴʢʘ ʢʨʦʢʽʚ: 
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1. ɿʘʭʦʧʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ; 

2. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ; 

3. ʉʝʛʤʝʥʪʘʮʽʷ; 

4. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ; 

5. ʇʝʨʝʚʽʨʢʘ ʩʠʤʚʦʣʽʚ; 

6. ɯʥʪʝʛʨʘʮʽʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 

ɺʠʢʦʨʠʩʪʘʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʋ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʦʙʨʘʥʦ 

ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʟʘʚʜʷʢʠ ʾʾ ʙʘʛʘʪʦʤʫ ʥʘʙʦʨʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʋ ʨʦʙʦʪʽ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʙʽʙʣʽʦʪʝʢʠ:  

1. PyTorch ï ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʡ ʪʨʝʥʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʛʥʫʯʢʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʚʜʷʢʠ ʧʽʜʪʨʠʤʮʽ 

ʦʙʯʠʩʣʝʥʴ ʥʘ GPU ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ CUDA; 

2. PyTorchViz ï ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, 

ʩʪʚʦʨʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ PyTorch; 

3. Matplotlib - ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʽʢʽʚ ʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ; 

4. Psycogs - ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʙʘʟʦʶ ʜʘʥʠʭ PostgreSQL. 

ɺ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʣʷʮʽʡʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ ʙʫʣʦ ʦʙʨʘʥʦ Postgres 

ʚʝʨʩʽʾ 17. 

ɺ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ ʙʫʣʦ ʦʙʨʘʥʦ Git. 

ʊʨʝʥʫʚʘʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʟʘ ʦʩʥʦʚʫ ʙʫʣʦ ʚʟʷʪʦ ʥʘʙʽʨ ʜʘʥʠʭ license-plate-

object-detection, ʱʦ ʤʽʩʪʠʚ 8823 ʬʦʪʦʛʨʘʬʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ ʨʽʟʥʠʭ 

ʢʨʘʾʥ, ʟʥʷʪʠʭ ʚ ʨʽʟʥʠʭ ʜʦʨʦʞʥʽʭ, ʧʦʛʦʜʥʠʭ ʪʘ ʽʥʰʠʭ ʫʤʦʚʘʭ. 
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ʅʘʙʽʨ ʧʦʜʽʣʝʥʠʡ ʥʘ ʪʨʠ ʯʘʩʪʠʥʠ:  

1. ʊʨʝʥʫʚʘʣʴʥʘ/Train (6.18k ʟʦʙʨʘʞʝʥʴ); 

2. ɺʘʣʽʜʘʮʽʡʥʘ/Valid (1.77k ʟʦʙʨʘʞʝʥʴ); 

3. ʊʝʩʪʦʚʘ/Test (882 ʟʦʙʨʘʞʝʥʥʷ). 

ʐʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ɸʨʭʽʪʝʢʪʫʨʘ ʐʅʄ, ʱʦ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ, 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 
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ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʩʢʣʘʚ 40 ʝʧʦʭ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ Adam ʚ ʷʢʦʩʪʽ ʦʧʪʠʤʽʟʘʪʦʨʘ 

ʟ ʢʨʦʢʦʤ ʥʘʚʯʘʥʥʷ lr=0.001 ʪʘ ʧʣʘʥʫʚʘʣʴʥʠʢ, ʱʦ ʚʜʚʽʯʽ ʟʤʝʥʰʫʚʘʚ ʢʨʦʢ 

ʥʘʚʯʘʥʥʷ ʢʦʞʥʽ 2 ʝʧʦʭʠ, ʚ ʷʢʠʭ ʚʪʨʘʪʠ ʥʝ ʟʤʝʥʰʫʚʘʣʠʩʷ ʧʨʠʥʘʡʤʥʽ ʥʘ 0,001 

ʦʜʠʥʠʮʶ. 

ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʜʦʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʥʘ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʝʧʦʭ 

ʰʣʷʭʦʤ ʟʙʝʨʽʛʘʥʥʷ ʤʦʜʝʣʽ ʪʘ ʧʝʨʝʜʘʯʽ ʬʘʡʣʫ ʟ ʚʘʛʘʤʠ ʷʢ ʘʨʛʫʤʝʥʪ ʧʽʜ ʯʘʩ 

ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʠ.  

ʎʝ ʜʦʟʚʦʣʷʻ ʪʨʠʤʘʪʠ ʤʦʜʝʣʴ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟ ʯʘʩʦʤ 

ʦʥʦʚʣʶʚʘʪʠ ʪʨʝʥʫʚʘʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, ʟʙʽʣʴʰʫʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʫʤʦʚ 

ʟʡʦʤʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʪʠʤ ʩʘʤʠʤ ʟʙʽʣʴʰʫʶʯʠ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʟ ʯʘʩʦʤ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ 

ʅʘ ʨʠʩʫʥʢʫ ʥʠʞʯʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʽʩʪʦʨʽʶ ʚʪʨʘʪ ʪʘ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʚ ʭʦʜʽ 

ʧʝʨʰʠʭ ʩʦʨʦʢʘ ʝʧʦʭ ʥʘʚʯʘʥʥʷ: 

 

ʈʠʩ. 2. ɯʩʪʦʨʽʷ ʚʪʨʘʪ ʪʘ ʪʦʯʥʦʩʪʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʧʝʨʝʜʙʘʯʝʥʽ ʤʘʰʠʥʦʶ ʪʘ ʨʝʘʣʴʥʽ 

ʤʝʞʽ ʨʦʟʤʽʱʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʫ ʥʘ ʰʝʩʪʠ ʚʠʧʘʜʢʦʚʦ 

ʦʙʨʘʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʚʟʷʪʠʭ ʽʟ ʚʘʣʽʜʘʮʽʡʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ: 
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ʈʠʩ. 3. ɯʩʪʦʨʽʷ ʚʪʨʘʪ ʪʘ ʪʦʯʥʦʩʪʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ɺʠʩʥʦʚʢʠ 

ɺ ʭʦʜʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʘʟʦʚʫ ʤʦʜʝʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʥʦʤʝʨʥʠʭ ʟʥʘʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʚ ʩʚʦʾʡ 

ʦʩʥʦʚʽ. ɸʨʭʽʪʝʢʪʫʨʠ ʧʨʦʛʨʘʤʠ ʩʢʣʘʜʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʫʚʘʪʠ ʾʾ ʟ ʯʘʩʦʤ ʪʘ ʨʦʟʰʠʨʶʚʘʪʠ ʾʾ ʤʦʞʣʠʚʦʩʪʽ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Macgence. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://uk.macgence.com/blog/introduction-to-automatic-number-plate-recognition/ 

2. Globe Newswire [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.globenewswire.com/news-release/2022/04/18/2423484/0/en/The-global-

ANPR-system-market-is-projected-to-reach-USD-4-8-billion-by-2027-from-USD-3-1-

billion-in-2022-it-is-expected-to-register-a-CAGR-of-9-2-from-2022-to-2027.html 

3. Huggingface [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://huggingface.co/datasets/keremberke/license-plate-object-detection 

  

https://uk.macgence.com/blog/introduction-to-automatic-number-plate-recognition/
https://www.globenewswire.com/news-release/2022/04/18/2423484/0/en/The-global-ANPR-system-market-is-projected-to-reach-USD-4-8-billion-by-2027-from-USD-3-1-billion-in-2022-it-is-expected-to-register-a-CAGR-of-9-2-from-2022-to-2027.html
https://www.globenewswire.com/news-release/2022/04/18/2423484/0/en/The-global-ANPR-system-market-is-projected-to-reach-USD-4-8-billion-by-2027-from-USD-3-1-billion-in-2022-it-is-expected-to-register-a-CAGR-of-9-2-from-2022-to-2027.html
https://www.globenewswire.com/news-release/2022/04/18/2423484/0/en/The-global-ANPR-system-market-is-projected-to-reach-USD-4-8-billion-by-2027-from-USD-3-1-billion-in-2022-it-is-expected-to-register-a-CAGR-of-9-2-from-2022-to-2027.html
https://huggingface.co/datasets/keremberke/license-plate-object-detection
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ʈʆɿʈʆɹʂɸ ɼɽʎɽʅʊʈɸʃɯɿʆɺɸʅʆɰ ɹɯʈɾʀ ʅɸ ɹɸɿɯ ɹʃʆʂʏɽʁʅɸ 

ETHEREUM  

ʍʘʨʘ ʉʝʨʛʽʡ ɼʝʥʠʩʦʚʠʯ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʌʘʢʫʣʴʪʝʪ 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʽ ʽʥʬʦʨʤʘʪʠʢʠ 

sergey.hara1@gmail.com 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ DEX ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ  

 ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʬʽʥʘʥʩʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʙʽʨʞʽ (DEX) 

ʥʘʙʫʚʘʶʪʴ ʚʝʣʠʢʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʙʤʽʥʶʚʘʪʠ ʮʠʬʨʦʚʽ 

ʚʘʣʶʪʠ (ʪʦʢʝʥʠ) ʙʝʟ ʧʦʩʝʨʝʜʥʠʢʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ, ʧʨʠʚʘʪʥʽʩʪʴ ʪʘ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʦʰʪʘʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʬʽʥʘʥʩʦʚʫ 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʽ ʧʨʦʟʦʨʽʩʪʴ, ʘ ʪʘʢʦʞ ʨʝʛʫʣʷʪʦʨʥʽ ʦʙʤʝʞʝʥʥʷ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ, 

ʚʘʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ DEX (ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʙʽʨʞ) ʩʪʘʻ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʦʶ. 

 

Ethereum ʷʢ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʨʦʟʨʦʙʢʠ DEX 

 Ethereum ð ʦʜʥʘ ʟ ʥʘʡʧʦʪʫʞʥʽʰʠʭ ʙʣʦʢʯʝʡʥʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʟʦʢʨʝʤʘ ʙʽʨʞ (DEX). ɿʘʚʜʷʢʠ ʩʤʘʨʪ 

ʢʦʥʪʨʘʢʪʘʤ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʩʢʣʘʜʥʫ ʣʦʛʽʢʫ ʧʨʦʜʘʞʠ, ʧʦʢʫʧʢʠ ʪʦʢʝʥʽʚ ʙʝʟ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʧʦʩʝʨʝʜʥʠʢʽʚ. ʈʦʟʚʠʥʝʥʘ ʝʢʦʩʠʩʪʝʤʘ ʨʦʟʨʦʙʥʠʢʽʚ ʽ ʘʢʪʠʚʥʘ 

ʩʧʽʣʴʥʦʪʘ ʨʦʙʣʷʪʴ Ethereum ʥʘʜʽʡʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʽʥʥʦʚʘʮʽʡ. ʇʦʧʨʠ ʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʦʙʤʝʞʝʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, Ethereum ʟʘʣʠʰʘʻʪʴʩʷ 

ʣʽʜʝʨʦʤ ʫ ʩʬʝʨʽ DEX. 

 

ʅʝʜʦʣʽʢʠ ʎʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʙʽʨʞ (CEX) 

 ʎʝʥʪʨʘʣʽʟʦʚʘʥʽ ʙʽʨʞʽ (CEX) ʤʘʶʪʴ ʢʽʣʴʢʘ ʩʝʨʡʦʟʥʠʭ ʥʝʜʦʣʽʢʽʚ. ɺʦʥʠ ʻ 

ʤʽʰʝʥʷʤʠ ʜʣʷ ʭʘʢʝʨʩʴʢʠʭ ʘʪʘʢ, ʦʩʢʽʣʴʢʠ ʟʙʝʨʽʛʘʶʪʴ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʘʢʪʠʚʽʚ ʥʘ 

ʩʚʦʾʭ ʩʝʨʚʝʨʘʭ. ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʝʛʫʣʷʪʦʨʽʚ ʚʦʥʠ ʤʦʞʫʪʴ 

ʦʙʤʝʞʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʧʦʩʣʫʛ ʘʙʦ ʧʽʜʜʘʚʘʪʠʩʷ ʮʝʥʟʫʨʽ. ʅʘʡʛʦʣʦʚʥʽʰʝ ð 

ʢʦʨʠʩʪʫʚʘʯʽ ʟʤʫʰʝʥʽ ʜʦʚʽʨʷʪʠ ʙʽʨʞʽ ʫʧʨʘʚʣʽʥʥʷ ʩʚʦʾʤʠ ʢʦʰʪʘʤʠ, ʱʦ 

ʩʫʧʝʨʝʯʠʪʴ ʽʜʝʾ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʪʘ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʨʠʟʠʢʠ ʚʪʨʘʪʠ ʘʢʪʠʚʽʚ. 

mailto:sergey.hara1@gmail.com
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DEX ʷʢ ʨʽʰʝʥʥʷ: ʧʨʦʟʦʨʽʩʪʴ, ʙʝʟʧʝʢʘ, ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʷ 

 ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʙʽʨʞʽ (DEX) ʚʠʨʽʰʫʶʪʴ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʤʘʨʪ ʢʦʥʪʨʘʢʪʽʚ ʫʩʽ 

ʦʧʝʨʘʮʽʾ ʩʪʘʶʪʴ ʧʨʦʟʦʨʠʤʠ ʽ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ. ʂʦʰʪʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʪʘ ʟʤʝʥʰʫʻ ʨʠʟʠʢ 

ʚʪʨʘʪʠ ʘʢʪʠʚʽʚ. ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʤʽʥʽʤʽʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʝʛʫʣʷʪʦʨʽʚ ʽ ʟʥʠʞʫʻ 

ʨʠʟʠʢ ʮʝʥʟʫʨʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʽʣʴʥʠʡ ʽ ʛʣʦʙʘʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʬʽʥʘʥʩʦʚʠʭ 

ʧʦʩʣʫʛ. 

 

AMM (Automated Market Makers): ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ 

AMM, ʘʙʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʤʘʨʢʝʪʤʝʡʢʝʨʠ, ð ʮʝ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʦʢʫʧʘʪʠ ʪʘ ʧʨʦʜʘʚʘʪʠ ʪʦʢʝʥʠ ʥʘ DEX ʙʝʟ ʫʯʘʩʪʽ ʢʣʘʩʠʯʥʦʾ 

ʩʠʩʪʝʤʠ (order book) ʦʨʜʝʨ ʙʫʢʽʚ. ɿʘʤʽʩʪʴ ʪʦʨʛʽʚʣʽ ʤʽʞ ʧʦʢʫʧʮʷʤʠ ʡ 

ʧʨʦʜʘʚʮʷʤʠ, ʦʙʤʽʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʣʽʢʚʽʜʥʽ ʧʫʣʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʘʨ 

ʪʦʢʝʥʽʚ. ʎʽ ʧʫʣʠ ʬʦʨʤʫʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʷʢʽ ʥʘʜʘʶʪʴ ʩʚʦʾ ʘʢʪʠʚʠ ʡ 

ʦʪʨʠʤʫʶʪʴ ʚʠʥʘʛʦʨʦʜʫ ʟ ʢʦʤʽʩʽʡ ʟʘ ʦʙʤʽʥʠ. ʎʽʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʤʦʜʝʣʣʶ ʧʦʩʪʽʡʥʦʛʦ ʜʦʙʫʪʢʫ ( 

constant product automated  market maker)   

ὼ z ώ  Ὧ 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʠʡ ʙʘʣʘʥʩ ʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Ethereum Development Documentation - https://ethereum.org/en/developers/docs/ 

2. The Uniswap Protocol - https://docs.uniswap.org/concepts/uniswap-protocol 

3. How Uniswap Works - https://docs.uniswap.org/contracts/v2/concepts/protocol-

overview/how-uniswap-works 

4. What is Uniswap? - https://www.coinbase.com/learn/crypto-basics/what-is-uniswap 

5. What is a Decentralized Exchange ? - https://blog.uniswap.org/what-is-a-decentralized-

exchange 

  

https://ethereum.org/en/developers/docs/
https://docs.uniswap.org/concepts/uniswap-protocol
https://docs.uniswap.org/contracts/v2/concepts/protocol-overview/how-uniswap-works
https://docs.uniswap.org/contracts/v2/concepts/protocol-overview/how-uniswap-works
https://www.coinbase.com/learn/crypto-basics/what-is-uniswap
https://blog.uniswap.org/what-is-a-decentralized-exchange
https://blog.uniswap.org/what-is-a-decentralized-exchange
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ɼʆʉʃɯɼɾɽʅʅʗ ʐɺʀɼʂʆɼɯɰ ɺʀʂʆʅɸʅʅʗ  

ɹɸɿʆɺʀʍ ʆʇɽʈɸʎɯʁ ʅɸ ASSEMBLER 

ʈʦʤʘʥ ʐʤʠʛʝʣʴʩʴʢʠʡ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

 ʌʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ 

roman.shmyhelskyi.pmo@lnu.edu.ua 

ʐʚʠʜʢʦʜʽʷ ʦʧʝʨʘʪʦʨʘ ʮʠʢʣʫ loop ʪʘ ʧʘʨʠ ʽʥʩʪʨʫʢʮʽʡ dec ecx ̔  jnz ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʙʘʛʘʪʦʨʘʟʦʚʝ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘʢʪʽʚ 

ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʠʢʣʽʚ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʚʠʱʝʟʛʘʜʘʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɯʟ 

ʧʨʦʚʝʜʝʥʠʭ ʟʘʤʽʨʽʚ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʚʠʙʽʨʢʫ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʩʝʨʝʜʥʴʦʾ 

ʢʽʣʴʢʦʩʪʽ ʪʘʢʪʽʚ. 

ʂʦʞʥʘ ʚʠʙʽʨʢʘ ʤʘʻ ʦʙʩʷʛ 1 ʪʠʩ. ɼʣʷ ʦʙʦʭ ʚʠʙʽʨʦʢ ʙʫʣʘ ʧʝʨʝʚʽʨʝʥʘ ʛʽʧʦʪʝʟʘ ʧʨʦ 

ʥʦʨʤʘʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʢʦʞʥʦʾ ʽʟ ʥʠʭ. ɻʽʧʦʪʝʟʘ ʙʫʣʘ ʚʽʜʢʠʥʫʪʘ, ʦʩʢʽʣʴʢʠ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʞʦʜʥʘ ʚʠʙʽʨʢʘ ʥʝ ʻ ʥʦʨʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʦʶ.  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʚʠʙʽʨʦʢ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʪʠʩʪʠʢʫ ʄʘʥʥʘ-ɺʽʪʥʽ. 

ɿʘ ʢʨʠʪʝʨʽʻʤ ʄʘʥʥʘ-ɺʽʪʥʽ, ʻ ʩʪʘʪʠʩʪʠʯʥʘ ʨʽʟʥʠʮʷ ʤʽʞ ʩʝʨʝʜʥʽʤʠ ʦʙʦʭ ʚʠʙʽʨʦʢ. 

ʆʢʨʽʤ ʦʮʽʥʢʠ ʟʘ ʟʛʘʜʘʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʙʫʣʠ ʦʙʯʠʩʣʝʥʽ ʡ ʽʥʰʽ ʯʠʩʣʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʽʨʦʢ(ʧʦʜʘʥʦ ʫ ʪʘʙʣʠʮʽ 1). 

ʊʘʙʣ. 1. ɿʥʘʯʝʥʥʷ ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʜʚʦʭ ʚʠʙʽʨʦʢ 

ɯʥʩʪʨʫʢʮʽʷ ʜʣʷ ʮʠʢʣʫ 

ʪʘ ʯʠʩʣʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

loop dec ecx ʽʟ jnz  

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 981,614 3876,683 

ʄʦʜʘ 976 3873 

ʄʝʜʽʘʥʘ 978 3874 
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ɼʝʚʽʘʮʽʷ 924405,004 47780,511 

ɺʘʨʽʘʥʩʘ 925,3303343343343 47,82833933933934 

ʉʪʘʥʜʘʨʪ 30,41924282973418 6,915803593172621 

ɼʠʩʧʝʨʩʽʷ 924,405004 0,0017839486987129515 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ 

30,404029404011567 6,91234482648077 

ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 0,03098900670705 0,0017839486987129515 

  

ʋ ʪʘʙʣ. 1 ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ ʚʠʜʽʣʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʻ ʚʽʜʥʦʩʥʦ ʢʨʘʱʠʤʠ. 

ɯʟ ʧʦʜʘʥʠʭ ʫ ʪʘʙʣ. 1 ʜʘʥʠʭ, ʤʦʞʥʘ ʜʽʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʽʥʩʪʨʫʢʮʽʾ ʜʦʚʦʣʽ 

ʩʪʘʙʽʣʴʥʽ, ʦʩʢʽʣʴʢʠ ʤʝʜʽʘʥʠ ʪʘ ʤʦʜʠ ʙʣʠʟʴʢʽ ʜʦ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. ɯʥʩʪʨʫʢʮʽʷ 

loop ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʥʦ ʚʠʱʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʨʠ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽʡ 

ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ, ʪʦʜʽ ʷʢ ʧʘʨʘ dec  ̔ jnz ʤʘʻ ʟʥʘʯʥʦ ʚʠʱʫ ʜʠʩʧʝʨʩʽʶ, 

ʘʩʠʤʝʪʨʽʶ, ʝʢʩʮʝʩ. ʆʜʥʘʢ, ʧʦʧʨʠ ʩʚʦʶ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʧʘʨʘ dec ̔ jnz ʻ ʥʘʙʘʛʘʪʦ 

ʰʚʠʜʰʦʶ ï ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʤʘʡʞʝ ʫ 4 ʨʘʟʠ ʰʚʠʜʰʘ.  

ʅʘʩʪʫʧʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʻ ʚʧʣʠʚ ʨʦʟʨʷʜʥʦʩʪʽ ʨʝʛʽʩʪʨʘ ʥʘ ʰʚʠʜʢʦʜʽʶ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʟʘʥʫʣʝʥʥʷ ʪʘ ʧʝʨʝʩʪʘʥʦʚʦʢ ʟʥʘʯʝʥʴ ʜʚʦʭ ʨʝʛʽʩʪʨʽʚ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʪʨʝʙʦʶ ʟʥʘʭʦʜʞʝʥʥʷ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. 

ʈʦʟʨʷʜʥʽʩʪʴ ʨʝʛʽʩʪʨʘ ʤʘʻ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʦʜʽʶ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʫ 

ʧʝʚʥʠʭ ʚʠʧʘʜʢʘʭ. ʎʝ ʚʠʜʥʦ ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʢʽʣʴʢʦʭ ʜʦʩʣʽʜʞʝʥʴ. ɹʫʣʦ 

ʩʬʦʨʤʦʚʘʥʦ ʚʠʙʽʨʢʠ ʦʙʩʷʛʦʤ 1000 ʟʥʘʯʝʥʴ, ʱʦ ʻ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʽʣʴʢʦʩʪʽ ʪʘʢʪʽʚ ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ ʧʦ 1 ʤʣʥ. ʨʘʟʽʚ.  
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ʇʨʦʚʝʣʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʠʙʽʨʦʢ, ʧʝʨʝʚʽʨʠʣʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʥʦʨʤʘʣʴʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʢʦʞʥʦʾ ʚʠʙʽʨʢʠ. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʤʘʻʤʦ 

ʧʽʜʩʪʘʚʠ ʚʽʜʭʠʣʠʪʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʥʦʨʤʘʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʦʪʨʠʤʘʥʠʭ ʚʠʙʽʨʦʢ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʽʟʥʽ ʽʥʩʪʨʫʢʮʽʾ ʚ Assembler. ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʨʦʟʨʷʜʥʦʩʪʽ ʨʝʛʽʩʪʨʽʚ ʥʘ ʰʚʠʜʢʦʜʽʶ ʚʠʢʦʥʘʥʥʷ ʽʥʩʪʨʫʢʮʽʾ mov. 

 

ʈʠʩ. 1. ɺʧʣʠʚ ʨʦʟʨʷʜʥʦʩʪʽ ʨʝʛʽʩʪʨʘ ʥʘ ʰʚʠʜʢʦʜʽʶ ʟʘʥʫʣʝʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ mov 

ʅʘ ʨʠʩʫʥʢʫ ʚʢʘʟʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʷʢʠʭ ʬʘʡʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʇʝʨʰʽ ʥʘʟʚʠ 

ʧʦʟʥʘʯʘʶʪʴ ʽʥʩʪʨʫʢʮʽʶ, ʥʘʩʪʫʧʥʽ zero ï ʧʦʟʥʘʯʘʶʪʴ ʦʧʝʨʘʮʽʶ, ʷʢʫ ʚʠʢʦʥʫʻ 

ʧʨʦʛʨʘʤʘ, ʪʦʙʪʦ, ʟʘʥʫʣʝʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʢʮʽʾ mov, ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ. 

ʆʩʪʘʥʥʽ ʞ ʣʽʪʝʨʠ ʧʦʟʥʘʯʘʶʪʴ ʨʝʛʽʩʪʨ, ʽ ʪʘʢʦʞ ʨʦʟʨʷʜʥʽʩʪʴ ʨʝʛʽʩʪʨʘ: al ʚʢʽʥʮʽ ï 

ʦʜʥʦʡʤʝʥʥʠʡ ʨʝʛʽʩʪʨ al, ʫ ʷʢʦʛʦ ʨʦʟʨʷʜʥʽʩʪʴ 8 ʙʽʪʽʚ, ʘʙʦ ʞ 1 ʙʘʡʪ. subzeroal, 

subzeroah, subzeroax, subzeroeax ï ʚʽʜʧʦʚʽʜʥʦ ʧʦʟʥʘʯʘʶʪʴ ʧʨʦʛʨʘʤʠ, ʱʦ 

ʚʠʢʦʥʫʶʪʴ ʟʘʥʫʣʝʥʥʷ ʨʝʛʽʩʪʨʽʚ ʨʽʟʥʦʾ ʨʦʟʨʷʜʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ 

ʚʽʜʥʽʤʘʥʥʷ.  

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 1 ʙʘʯʠʤʦ, ʱʦ ʨʦʟʨʷʜʥʽʩʪʴ ʨʝʛʽʩʪʨʫ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ mov. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʨʦʟʨʷʜʥʦʩʪʽ ʨʝʛʽʩʪʨʘ ʥʘ ʰʚʠʜʢʦʜʽʶ ʚʠʢʦʥʘʥʥʷ ʟʘʥʫʣʝʥʥʷ ʰʣʷʭʦʤ ʚʽʜʥʽʤʘʥʥʷ 

ʨʝʛʽʩʪʨʘ ʩʘʤʦʛʦ ʚʽʜ ʩʝʙʝ ʧʦʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 
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ʈʠʩ. 2. ɺʧʣʠʚ ʨʦʟʨʷʜʥʦʩʪʽ ʨʝʛʽʩʪʨʘ ʥʘ ʰʚʠʜʢʦʜʽʶ ʟʘʥʫʣʝʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ sub 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʧʝʨʘʮʽʾ mov, ʰʚʠʜʢʦʜʽʷ ʦʧʝʨʘʮʽʾ sub ʯʘʩʪʢʦʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʦʟʨʷʜʥʦʩʪʽ ʨʝʛʽʩʪʨʘ(ʨʽʟʥʠʮʷ ʽʩʪʦʪʥʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʛʽʩʪʨʫ ax). 

ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʡ ʥʘ ʽʥʰʽ ʽʥʩʪʨʫʢʮʽʾ: mul ʪʘ imul. 

ɼʣʷ ʮʠʭ ʽʥʩʪʨʫʢʮʽʡ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʨʦʟʤʽʨʥʦʩʪʝʡ: ʙʘʡʪ, ʜʚʘ 

ʙʘʡʪʠ, 4 ʙʘʡʪʠ. ʊʫʪ ʤʠ ʥʝ ʤʦʞʝʤʦ ʚʞʝ ʦʙʨʘʪʠ ʢʦʥʢʨʝʪʥʠʡ ʨʝʛʽʩʪʨ, ʦʩʢʽʣʴʢʠ 

ʯʘʩʪʠʥʘ ʨʝʛʽʩʪʨʫ ʦʙʠʨʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ: ʚʠʢʦʥʫʻʤʦ ʤʥʦʞʝʥʥʷ ʨʦʟʤʽʨʫ byte 

ï ʦʪʨʠʤʫʻʤʦ ʤʥʦʞʝʥʥʷ ʟʥʘʯʝʥʴ ʨʦʟʤʽʨʫ byte, ʘ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝ ʨʦʟʨʷʜʥʦʩʪʽ 

word, ʪʦʙʪʦ ʜʚʘ ʙʘʡʪʠ. ʆʪʞʝ, ʫʯʘʩʪʴ ʙʝʨʝ ʨʝʛʽʩʪʨ ʨʦʟʤʽʨʫ ʟʘʜʘʥʦʛʦ ʧʽʩʣʷ 

ʽʥʩʪʨʫʢʮʽʾ, ʘ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝ ʚʜʚʽʯʽ ʙʽʣʴʰʦʾ ʨʦʟʨʷʜʥʦʩʪʽ. ʊʘʢʦʞ, ʧʨʠ ʤʥʦʞʝʥʥʽ 

ʨʦʟʨʷʜʥʦʩʪʽ byte ʫʯʘʩʪʴ ʙʨʘʪʠʤʝ ʟʘʚʞʜʠ al. ɿʚʽʜʩʠ, ʤʠ ʥʝ ʟʤʦʞʝʤʦ ʧʝʨʝʚʽʨʠʪʠ 

ʤʥʦʞʝʥʥʷ ʟ ʨʝʛʽʩʪʨʦʤ ah. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝʡ ʬʘʢʪ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʤʥʦʞʝʥʥʷ 

ʨʦʟʤʽʨʫ byte(8 ʙʽʪʽʚ), word(16 ʙʽʪʽʚ), dword(32 ʙʽʪʠ). ʈʝʟʫʣʴʪʘʪʠ ʧʦʜʘʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 3. 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʽʟ ʧʦʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʟʤʽʨʥʽʩʪʴ ʨʝʛʽʩʪʨʫ 

ʤʘʻ ʚʧʣʠʚ ʥʘ ʜʝʷʢʽ ʽʟ ʽʥʩʪʨʫʢʮʽʡ. ʇʨʠʯʦʤʫ, ʚʧʣʠʚ ʙʫʚʘʻ ʜʦʚʦʣʽ ʨʽʟʥʠʤ: ʜʝʩʴ 

ʚʧʣʠʚʫ ʚʟʘʛʘʣʽ ʥʝ ʤʘʻ, ʜʝʩʴ ʚʽʥ ʤʘʻ ʟʥʘʯʝʥʥʷ ʣʠʰʝ ʫ ʧʝʚʥʠʭ ʨʦʟʤʽʨʥʦʩʪʷʭ, ʘ 

ʜʝʩʴ ʚʧʣʠʚ ʙʫʚ ʧʦʤʽʯʝʥʠʡ ʚ ʫʩʽʭ ʨʦʟʤʽʨʥʦʩʪʷʭ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʜʦʩʣʽʜʠʣʠ ʽ ʧʦʢʘʟʘʣʠ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʰʚʠʜʢʦʜʽʾ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦ ʥʘʧʠʩʘʥʥʷ ʮʠʢʣʽʚ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʷʢʠʡ ʚʧʣʠʚ ʤʘʻ ʨʦʟʨʷʜʥʽʩʪʴ ʨʝʛʽʩʪʨʽʚ 

ʥʘ ʰʚʠʜʢʦʜʽʶ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʫ Assembler. 
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ʈʠʩ. 3. ɺʧʣʠʚ ʨʦʟʨʷʜʥʦʩʪʽ ʨʝʛʽʩʪʨʘ ʥʘ ʰʚʠʜʢʦʜʽʶ ʟʘʥʫʣʝʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ mul, imul 

ʐʚʠʜʢʦʜʽʷ ʦʧʝʨʘʮʽʡ mul ʪʘ imul ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʨʷʜʥʦʩʪʽ ʨʝʛʽʩʪʨʘ: ʯʠʤ ʤʝʥʰʘ 

ʨʦʟʨʷʜʥʽʩʪʴ, ʪʠʤ ʰʚʠʜʰʝ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʥʫʣʝʥʥʷ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʦʧʝʨʘʮʽʡ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʨʦʟʤʽʨʥʽʩʪʴ ʦʧʝʨʘʥʜʽʚ ʪʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʛʽʩʪʨʠ ʙʽʣʴʰʦʾ ʨʦʟʨʷʜʥʦʩʪʽ, 

ʥʽʞ ʥʝʦʙʭʽʜʥʦ.  
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ʏʀʉʃʆɺʀʁ ɸʅɸʃɯɿ ʈɽɸʂʎɯɰ ʇʃɸʉʊʀʅʂʀ ʊʀʄʆʐɽʅʂɸ ʅɸ 

ʉʊɸʊʀʏʅɽ ʅɸɺɸʅʊɸɾɽʅʅʗ 

ʆʣʝʥʘ ʄʽʭʘʡʣʦʚʘ, ɻʝʦʨʛʽʡ ʐʠʥʢʘʨʝʥʢʦ 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʤ. ʃʴʚʽʚ, 

ʬʘʢʫʣʴʪʝʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ  

olena.mikhailova@lnu.edu.ua 

 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʧʽʜʜʘʥʦ ʪʝʦʨʝʪʠʯʥʦʤʫ ʪʘ ʯʠʩʣʦʚʦʤʫ ʘʥʘʣʽʟʫ ʟʘʜʘʯʽ ʩʪʘʪʠʢʠ 

ʽ ʜʠʥʘʤʽʢʠ ʜʣʷ ʧʨʫʞʥʠʭ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʟʩʫʚʥʽ ʝʬʝʢʪʠ ʟʛʽʜʥʦ 

ʛʽʧʦʪʝʟ ʉ.ʇ. ʊʠʤʦʰʝʥʢʘ, ʘ ʩʘʤʝ: (ʽ) ʜʣʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʝʣʘʩʪʦʩʪʘʪʠʢʠ 

ʚʩʪʘʥʦʚʣʝʥʦ  ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʢʦʨʝʢʪʥʦʩʪʽ ʾʾ ʚʘʨʽʘʮʽʡʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʘ  

ʢʨʠʪʝʨʽʡ ʾʾ ʩʠʥʛʫʣʷʨʥʦʾ ʟʙʫʨʝʥʦʩʪʽ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʥʘ ʾʾ ʯʠʩʣʦʚʝ ʨʦʟʚôʷʟʘʥʥʷ 

ʤʝʪʦʜʦʤ ʈʽʪʮʘ-ɻʘʣʴʦʨʢʽʥʘ (ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ  (ʄʉɽ)), 

ʟʦʢʨʝʤʘ; (ʽʽ) ʜʘʣʽ ʮʷ ʤʝʪʦʜʠʢʘ ʧʦʰʠʨʝʥʘ ʥʘ ʢʨʘʡʦʚʽ ʟʘʜʘʯʽ ʧʨʦ ʚʠʤʫʰʝʥʽ 

ʛʘʨʤʦʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ (ʩʪʘʮʽʦʥʘʨʥʽ ʭʚʠʣʽ) ʧʣʘʩʪʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ 

ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ. 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʫʞʥʫ ʥʝʦʙʤʝʞʝʥʫ ʦʜʥʦʨʽʜʥʫ ʧʣʘʩʪʠʥʫ-ʧʦʣʦʩʫ ʩʪʘʣʦʾ 

ʰʠʨʠʥʠ ὒ ʽ ʪʦʚʱʠʥʠ Ὤ, ʚʠʛʦʪʦʚʣʝʥʫ ʟ ʤʘʪʝʨʽʘʣʫ ʟ ʤʦʜʫʣʝʤ ʖʥʛʘ Ὁ  ʽ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ  ʉȟπ ʉ πȢυ. ɺʽʜʥʝʩʝʤʦ ʾʾ ʜʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

ʪʘʢ, ʱʦ ʚʽʩʴ π‌ ʩʧʽʚʧʘʜʘʻ ʟ ʩʝʨʝʜʠʥʥʦʶ ʣʽʥʽʻʶ ʾʾ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʪʠʥʽʚ, 

ʫʪʚʦʨʶʶʯʠ ʚʽʜʨʽʟʦʢ ɱ πȟὒ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘ ʧʣʘʩʪʠʥʢʫ ʜʽʻ ʚʝʨʪʠʢʘʣʴʥʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʠʣʘ) ʽʥʪʝʥʩʠʚʥʦʩʪʽ Ὢ Ὢ ‌, ʣʽʚʠʡ ʢʨʘʡ ʧʣʘʩʪʠʥʢʠ ɻ π 

ʞʦʨʩʪʢʦ ʟʘʱʝʤʣʝʥʠʡ, ʘ ʥʘ ʧʨʘʚʠʡ ʢʨʘʡ ‌ ὒ  ʜʽʻ ʧʝʨʝʨʽʟʫʶʯʘ ʩʠʣʘ ὔ ʽ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ὓ. ɿʘ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʟʤʽʱʝʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ ʙʘʣʢʠ ʤʘʣʽ, 

ʛʽʧʦʪʝʟʠ ʊʠʤʦʰʝʥʢʘ [3, 5] ʧʨʠʚʦʜʷʪʴ ʜʦ ʪʘʢʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ: ʟʥʘʡʪʠ ʚʝʢʪʦʨʠ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʟʤʽʱʝʥʴ ‪‌ ύ‌ȟ‎‌ , ʟʫʩʠʣʴ ʽ ʤʦʤʝʥʪʽʚ „‌

  ὔϛϝ‌ȟὓϛ‌   ʪʘ ʜʝʬʦʨʤʘʮʽʡ ‐‌ ‐ϛϝ‌ȟ‖‌  ʪʘʢʽ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ: 

(i)  ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ             ὔϛϝὪ , ὓ ὔ π   ʚ  ɋ,  

(ii )  ʟʘʢʦʥ ɻʫʢʘ                         ὔϛϝὄ ‐ϛϝ‪  , ὓϛ Ὀ ‖ϛ‪    ʚ  

ɋ, 

(iii )  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʦʰʽ    ‐ϛϝ‪ ύ‌ ‎‌ , ‖ϛ‪ ‎‌   ʚ  

ɋ, 

mailto:olena.mikhailova@lnu.edu.ua


246 

 

(iv) ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʞʦʨʩʪʢʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ  ‪π π  ʪʘ ʩʠʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ὔ ȿ ὔ ,    ὓȿ ὓ. 

ʊʫʪ ὄ Ὧ   - ʢʦʝʬʽʮʽʻʥʪ ʟʩʫʚʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, Ὀ    -  

ʢʦʝʬʽʮʽʻʥʪ ʟʛʠʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʣʘʩʪʠʥʢʠ, Ëᴂ υȾφ.  

  ɺʘʨʽʘʮʽʡʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʧʣʘʩʪʠʥʢʫ-ʧʦʣʦʩʫ ʊʠʤʦʰʝʥʢʘ (ʽ)-

(v̔) ʚ ʘʙʩʪʨʘʢʪʥʦʤʫ ʟʘʧʠʩʽ ʤʘʻ ʚʠʛʣʷʜ: 

 

̈́̅́̎̏   Ὢᶰὒ Џ ̓  ́ὄȟὈȟὔȟὓᶰὙȠ 

̈̎́̊̓̉ ̃̆̋̓̏̑  ‪ ύȟ‎ᶰ  l̓́̋̉̊ȟ̚  ̏

 ‪ȟ•  ὰȟ•  ᶅ•ᶰ ‪ȟ• Ȣ

                       

(1) 

ʊʫʪ ʧʨʦʩʪʽʨ ʜʦʧʫʩʪʠʤʠʭ ʬʫʥʢʮʽʡ ɮ, ʙʽʣʽʥʽʡʥʘ ʬʦʨʤʘ    Ȣ  ȟ   Ȣ  ȡl ˡᴼὙ  

ʪʘ ʣʽʥʽʡʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ὰȡl ᴼὙ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

ˡḧ • ώȟ‒ᶰὌ Џ ȡ   •π π 

 ‪ȟ•ȡ ὄ ύ ‎ ώ ‒ Ὀύᴂ‒Ὠ‌   ᶅ‪ȟ•ᶰ ȟl
Џ

 

ὰȟ• ḧ ÆώὨ‌ ὔώ ὓ‒      ᶅ•ᶰ Ȣl   
Џ

 

ʑʦʡʥʦ ʩʬʦʨʤʫʣʴʦʚʘʥʫ ʟʘʜʘʯʫ (1) ʤʠ ʜʘʣʽ ʨʦʟʚôʷʟʫʻʤʦ ʤʝʪʦʜʦʤ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [2, 

4] :  

ʊʝʦʨʝʤʘ 1 ʧʨʦ ʟʙʽʞʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʡ ʄʉɽ 

 ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʯʠʩʣʝʥʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʄʉɽ ‪  ʚʦʣʦʜʽʻ ʪʘʢʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

(ʽ)   ᴁ‪ᴁ̃ ᴁ‪ᴁ̃ ᴁ‪ᴁ̃             ᶅl Ṓ l Ƞ 

(ii )    ᴁ‪ ‪ᴁ̃  ὰȟ‪ ὰȟ‪              ᶅ l Ṓ l Ṓ Ƞl              

(iii )        ὰὭά
ᴼ
 ‪ ‪ ȟ̓ ̨̘̙̏̎̆ȟ   ὰὭά

ᴼ
 ᴁ‪ ‪ᴁ̃ π Ȣ  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟʘʜʘʯʽ ʟʛʠʥʫ ʧʣʘʩʪʠʥʢʠ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ ʧʣʘʩʪʠʥʢʠ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʘʣʶʤʽʥʽʶ. ʎʝʡ ʤʘʪʝʨʽʘʣ ʙʫʣʦ 

ʦʙʨʘʥʦ ʟʘʚʜʷʢʠ ʡʦʛʦ ʚʠʥʷʪʢʦʚʠʤ ʤʝʭʘʥʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʩʦʢʘ 

ʤʽʮʥʽʩʪʴ, ʥʠʟʴʢʘ ʛʫʩʪʠʥʘ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ ʪʘ ʛʘʨʥʘ ʦʙʨʦʙʣʶʚʘʥʽʩʪʴ.  

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʶʤʽʥʽʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʨʦʟʨʘʭʫʥʢʘʭ, ʚʢʣʶʯʘʶʪʴ ʤʦʜʫʣʴ ʖʥʛʘ Ὁ ρπ˜,́ ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʞʦʨʩʪʢʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ, ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ’ πȢσ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʧʝʨʝʯʥʫ 

ʜʝʬʦʨʤʘʮʽʶ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʣʘʩʪʠʥʢʠ ʚʠʟʥʘʯʝʥʦ 
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ʪʘʢ: ʜʦʚʞʠʥʘ ὒ ρ  ̍ʪʘ ʪʦʚʱʠʥʘ Ὤ πȢπυ ̍ . ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʩʫʚʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪ ʊʠʤʦʰʝʥʢʘ Ὧ  . ɺʠʭʦʜʷʯʠ ʟ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʜʚʽ ʚʘʞʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʟʩʫʚʥʫ ʞʦʨʩʪʢʽʩʪʴ 

ὄ Ὧ ρȢφπςυφϽρπ
˚

̍
   ʪʘ ʟʛʠʥʥʫ ʞʦʨʩʪʢʽʩʪʴ  Ὀ

ρρττφω ̊Ͻ̍ . ʅʦʨʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʣʘʩʪʠʥʢʫ ʟʘʜʘʥʦ ʷʢ Ὢ‌

 ρππππ 
˚

̍
,  ʱʦ ʤʦʜʝʣʶʻ ʨʽʚʥʦʤʽʨʥʠʡ ʪʠʩʢ ʥʘ ʾʾ ʧʦʚʝʨʭʥʶ.  

ʈʦʟʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʴ, ʜʝʬʦʨʤʘʮʽʡ ʽ ʥʘʧʨʫʞʝʥʴ ʧʣʘʩʪʠʥʢʠ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʫ ʩʝʨʝʜʦʚʠʱʽ 

Wolfram Mathematica. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʣʠ ʟʤʦʛʫ ʧʦʙʫʜʫʚʘʪʠ ʢʣʶʯʦʚʽ 

ʛʨʘʬʽʢʠ (ʨʠʩ. 1). ʇʝʨʰʠʡ ʛʨʘʬʽʢ ʽʣʶʩʪʨʫʻ ʧʨʦʛʠʥ ʧʣʘʩʪʠʥʢʠ ύ‌ ʫʟʜʦʚʞ ʾʾ 

ʰʠʨʠʥʠ. ɺʽʥ ʧʦʢʘʟʫʻ, ʷʢ ʧʣʘʩʪʠʥʢʘ ʧʨʦʛʠʥʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʟʘʜʘʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʤʥʦʞʥʠʢʦʤ ρπʜʦʟʚʦʣʷʻ ʢʨʘʱʝ 

ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʧʨʦʛʠʥʫ. ɼʨʫʛʠʡ ʛʨʘʬʽʢ ʜʝʤʦʥʩʪʨʫʻ ʢʫʪʦʚʽ ʜʝʬʦʨʤʘʮʽʾ 

‎‌, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʪʘ ʟʤʽʥ ʢʫʪʘ ʥʘʭʠʣʫ ʚ ʨʽʟʥʠʭ 

ʪʦʯʢʘʭ ʧʣʘʩʪʠʥʢʠ. 

ʎʽ ʛʨʘʬʽʢʠ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʘʧʨʦʢʩʠʤʘʮʽʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʯʝʨʝʟ ʩʧʨʦʱʝʥʽ ʤʦʜʝʣʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʦʥʠ ʩʣʫʛʫʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʦʙʨʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʧʣʘʩʪʠʥʢʠ. 

 
ʈʠʩ. 1. ɻʨʘʬʽʢʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʦʛʠʥʫ ʪʘ ʢʫʪʘ ʧʦʚʦʨʦʪʫ, ʦʙʯʠʩʣʝʥʽ ʥʘ ʩʽʪʮʽ ʽʟ 

N=6 ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʧʝʨʝʚʽʨʠʪʠ ʚʧʣʠʚ ʛʫʩʪʠʥʠ ʩʽʪʢʠ ʪʘ ʧʦʨʷʜʢʫ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ. ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʨʽʚʥʦʤʽʨʥʘ ʩʽʪʢʘ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʧʦʩʣʽʜʦʚʥʠʤ 

ʟʘʛʫʱʝʥʥʷʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ  ʧʦʢʨʘʱʝʥʦʛʦ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ.  ʇʦʭʠʙʢʘ 

(ʧʦʨʷʜʦʢ ʘʧʨʦʢʩʠʤʘʮʽʡ) ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʥʘ ʪʨʴʦʭ ʧʦʩʣʽʜʦʚʥʦ ʟʛʫʱʫʚʘʥʠʭ  
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ʩʽʪʢʘʭ ʟʘ ʬʦʨʤʫʣʦʶ ὴ  ÌÏÇ
Ⱦ ˜

Ⱦ Ⱦ ˜

. ɼʣʷ ʥʘʦʯʥʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ ʙʫʣʦ 

ʦʙʯʠʩʣʝʥʦ ʥʦʨʤʫ ʟʤʽʱʝʥʥʷ ᴁ‪ᴁ, ʝʥʝʨʛʝʪʠʯʥʫ ʥʦʨʤʫ ᴁ‪ᴁ̃, ʘʙʩʦʣʶʪʥʫ 

ʧʦʭʠʙʢʫ ᴁ‪ ‪ᴁ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ρππϷϽ
ᴁ ᴁ

ᴁ ᴁ
. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʘʩʪʠʥʢʠ ʪʘ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʙʫʣʦ ʦʙʨʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʢʫʨʩʫ [1]. 

ʉʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʪʘ ʚʽʜʥʦʩʥʦʾ 

ʧʦʭʠʙʢʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʝʪʘʣʽʟʘʮʽʾ ʩʽʪʢʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʞʥʽʩʪʴ ʤʝʪʦʜʫ. 

ʇʦʨʷʜʦʢ ʟʙʽʞʥʦʩʪʽ ʙʫʚ ʩʪʘʙʽʣʴʥʠʤ ʪʘ ʚʽʜʧʦʚʽʜʘʚ ʪʝʦʨʝʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ. ʅʘ 

ʧʦʯʘʪʢʦʚʠʭ ʽʪʝʨʘʮʽʷʭ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʧʦʭʠʙʢʠ ʙʫʣʠ 

ʟʥʘʯʥʠʤʠ, ʘʣʝ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʚʘʣʠʩʷ ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʛʫʱʝʥʥʷʤ ʩʽʪʢʠ. 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʥʦʨʤ ᴁ‪ᴁ  ʪʘ ᴁ‪ᴁ̃ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʟʚ'ʷʟʢʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʬʽʟʠʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ 

ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ.  

ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ (ʤʝʥʰʝ ʥʽʞ 1% ʧʦʭʠʙʢʠ) ʧʦʪʨʽʙʥʘ ʚʽʜʧʦʚʽʜʥʘ ʜʝʪʘʣʽʟʘʮʽʷ ʩʽʪʢʠ, ʷʢʘ 

ʜʦʩʷʛʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦ ʙʝʟ ʥʘʜʤʽʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʊʘʙʣ. 1.  ɿʙʽʞʥʽʩʪʴ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʥʘ ʨʽʚʥʦʤʽʨʥʠʭ 

ʩʽʪʢʘʭ  

 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʨʦʟʧʦʜʽʣʫ ʧʝʨʝʨʽʟʫʶʯʦʾ ʩʠʣʠ, ʟʛʠʥʥʦʛʦ ʤʦʤʝʥʪʫ ʪʘ 

ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ (ʨʠʩ. 2) ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʷʢ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 
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ʢʨʦʢʫ ȹ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʟʛʣʘʜʞʫʚʘʥʥʷ ʟʦʥ ʟ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʜʝʬʦʨʤʘʮʽʾ. ʅʘ ʧʦʯʘʪʢʦʚʠʭ ʽʪʝʨʘʮʽʷʭ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʘ 

ʦʩʮʠʣʷʮʽʾ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ Ů (Ŭ), ʱʦ ʚʢʘʟʫʚʘʣʦ ʥʘ ʥʝʜʦʩʪʘʪʥʶ 

ʜʝʪʘʣʽʟʘʮʽʶ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʟʨʦʙʠʣʦ ʛʨʘʬʽʢʠ ʧʣʘʚʥʽʰʠʤʠ, 

ʧʽʜʪʚʝʨʜʞʫʶʯʠ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʝ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʨʽʟʢʠʭ ʟʤʽʥ ʚʝʣʠʯʠʥ. 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʽʢʠ ʫʪʦʯʥʝʥʥʷ ʧʝʨʝʨʽʟʫʶʯʦʾ ʩʠʣʠ ὔ ‌, ʟʛʠʥʥʦʛʦ ʤʦʤʝʥʪʫ 

ὓ ‌ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ‐‌  ʥʘ ʨʽʟʥʠʭ ʽʪʝʨʘʮʽʷʭ ʟʘʛʫʱʝʥʥʷ ʩʽʪʢʠ 
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ʎʷ ʤʝʪʦʜʠʢʘ ʙʫʣʘ ʧʦʰʠʨʝʥʘ ʥʘ ʟʘʜʘʯʽ ʧʨʦ ʫʩʪʘʣʝʥʽ ʚʠʤʫʰʝʥʽ 

ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʪʘʢʦʶ ʚʘʨʽʘʮʽʡʥʦʶ ʟʘʜʘʯʝʶ: 

ừ
Ử
Ừ

Ử
ứ

̈́̅́̎̏ ̋̑̔̄̏̃̔ ̘́̒̓̏̓̔ ‫ ὧέὲίὸπ ̓́

  ὰὸ ὰÃÏÓ‫ὸ ὰÓÉÎ‫ὸȟ ὰᶰˡȠ

̈̎́̊̓̉ ‪ὸ ‪ÃÏÓ‫ὸ ‪ ÓÉÎ‫ὸȟ ‪ ᶰ ȟl ̓́̋̉̊ȟ̚  ̏

‫Ƞ‪ȟ•ד  ὰȟ•       ᶅ•ᶰ ȟlὭ ρȟςȢ
 

 

ʊʫʪ ‫ π  ʟʘʜʘʥʘ ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ὰᶰɮᴂ ï ʘʤʧʣʽʪʫʜʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ‪ ᶰɮ - ʰʫʢʘʥʽ ʘʤʧʣʽʪʫʜʠ ʛʘʨʤʦʥʽʡʥʦʾ ʭʚʠʣʽ, ʘ ʩʠʤʝʪʨʠʯʥʘ 

ʙʽʣʽʥʽʡʥʘ ʬʦʨʤʘ ʤʘʻ ʚʠʛʣʷʜ: 

‫Ƞ‪ȟ• ȡד ˜‪ȟ• ‪ȟ•     ᶅ‪ȟ•ᶰɮ,‘‫ 

‘‪ȟ•ȡ ”Ὤύώ
”Ὤ

ρς
‎‚Ὠ‌   ᶅ‪ ύȟ‎ȟ• ώȟ‚ᶰɮȢ  

ɺʽʜʰʫʢʘʶʯʠ ʚʣʘʩʥʽ ʯʠʩʣʘ ʪʘ ʚʣʘʩʥʽ ʬʫʥʢʮʽʾ ʮʽʻʾ ʟʘʜʘʯʽ, ʤʠ ʦʪʨʠʤʘʣʠ 7 

ʚʣʘʩʥʠʭ ʯʠʩʝʣ, ʷʢʽ ʚʠʷʚʠʣʠʩʴ ʢʦʤʣʝʢʩʥʠʤʠ ʚʠʛʣʷʜʫ:  

‗ ρȢφψχφτϽρπ πȢτυςψφὭȟ  

‗ ψȢρχφυϽρπ ρȢπψςσσὭȟ  ‗ ψȢρχφυϽρπ ρȢπψςσσὭȟ  

 ‗ ρȢσψρτϽρπ ρȢψυρχρὭȟ ‗ ρȢσψρτϽρπ ρȢψυρχρὭȟ 

 ‗ ρȢωςπχσϽρπ ςȢφωττυὭȟ ‗ ρȢωςπχσϽρπ ςȢφωττυὭ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʦʜʝʨʞʘʥʠʭ ʚʣʘʩʥʠʭ ʯʠʩʝʣ ʻ ʪʝ, ʱʦ ʚʩʽ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ 

ʩʧʨʷʞʝʥʽ ʧʘʨʠ. ʅʘʧʨʠʢʣʘʜ, ʚʣʘʩʥʝ ʯʠʩʣʦ ‗ ʟʽ ʟʥʘʯʝʥʥʷʤ ψȢρχφυϽρπ
ρȢπψςσσὭ ʤʘʻ ʧʘʨʫ  ‗ ʟʽ ʟʥʘʯʝʥʥʷʤ ψȢρχφυϽρπ ρȢπψςσσὭ. ʊʘʢʘ 

ʩʪʨʫʢʪʫʨʘ ʻ ʪʠʧʦʚʦʶ ʜʣʷ ʩʠʩʪʝʤ ʽʟ ʛʘʨʤʦʥʽʡʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ, ʦʩʢʽʣʴʢʠ 

ʩʧʨʷʞʝʥʽ ʢʦʤʧʣʝʢʩʥʽ ʚʣʘʩʥʽ ʯʠʩʣʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʯʘʩʪʦʪʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʝ ʚʘʞʢʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʩʽ ʚʣʘʩʥʽ ʯʠʩʣʘ ʤʘʶʪʴ ʜʽʡʩʥʽ 

ʯʘʩʪʠʥʠ ʧʦʨʷʜʢʫ ρπ ρπ , ʪʦʙʪʦ ʮʝ ʻ ʥʘʙʣʠʞʝʥʽ ʟʥʘʯʝʥʥʷ ʥʫʣʷ 

ʦʙʯʠʩʣʝʥʽ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʧʘʢʝʪʫ Wolfram Mathematica. 



251 

 

 

ʈʠʩ. 3. ɻʨʘʬʽʢʠ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʟʥʘʡʜʝʥʠʭ ʚʣʘʩʥʠʭ 

ʟʥʘʯʝʥʴ 

ɻʨʘʬʽʢʠ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ (ʨʠʩ. 3) ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭʥʴʦʾ 

ʙʫʜʦʚʠ. ʅʘ ʥʠʭ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʧʦʟʥʘʯʝʥʦ ʜʽʡʩʥʫ, ʘ ʩʠʥʽʤ ï ʫʷʚʥʫ ʯʘʩʪʠʥʫ 

ʚʣʘʩʥʦʾ ʬʫʥʢʮʽʾ. ʋʷʚʥʘ ʯʘʩʪʠʥʘ ʻ ʜʦʤʽʥʫʶʯʦʶ ʫ ʙʽʣʴʰʦʩʪʽ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʠʩʪʝʤʽ. ɺʣʘʩʥʽ 

ʬʫʥʢʮʽʾ ʤʘʶʪʴ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, ʽ ʾʭ ʘʤʧʣʽʪʫʜʘ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʨʷʜʢʫ ʚʣʘʩʥʦʛʦ ʯʠʩʣʘ. ʆʢʨʽʤ ʮʴʦʛʦ, ʥʘʷʚʥʽʩʪʴ ʫʷʚʥʦʾ ʯʘʩʪʠʥʠ 
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ʚʣʘʩʥʦʛʦ ʯʠʩʣʘ ʚʠʟʥʘʯʘʻ ʬʘʟʫ ʢʦʣʠʚʘʥʴ ʚʣʘʩʥʦʾ ʬʫʥʢʮʽʾ. ʗʢʱʦ ʫʷʚʥʘ ʯʘʩʪʠʥʘ 

ʜʦʜʘʪʥʘ, ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ ʤʘʻ ʦʜʥʫ ʦʨʽʻʥʪʘʮʽʶ, ʪʦʜʽ ʷʢ ʜʣʷ ʚʽʜôʻʤʥʦʾ ʫʷʚʥʦʾ 

ʯʘʩʪʠʥʠ ʛʨʘʬʽʢ ʩʪʘʻ ʜʟʝʨʢʘʣʴʥʦʶ ʢʦʧʽʻʶ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʽ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʬʘʟʦʚʠʤ ʟʩʫʚʦʤ, ʱʦ ʟʤʽʥʶʻ ʟʥʘʢ ʫʷʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽ ʚʧʣʠʚʘʻ ʥʘ 

ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʬʫʥʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʛʨʘʬʽʢ ʜʣʷ  ‗ ρȢσψρτϽρπ

ρȢψυρχρὭ ʻ ʽʥʚʝʨʩʽʻʶ ʛʨʘʬʽʢʘ ʜʣʷ  ‗ ρȢσψρτϽρπ ρȢψυρχρὭ. 

ʆʪʞʝ, ʘʥʘʣʽʟ ʚʣʘʩʥʠʭ ʯʠʩʝʣ ʽ ʬʫʥʢʮʽʡ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʦʯʥʦ ʦʧʠʩʫʶʪʴ ʛʘʨʤʦʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʩʠʩʪʝʤʠ. ɺʣʘʩʥʽ 

ʬʫʥʢʮʽʾ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʢʽʣʴʢʠ ʾʭ ʬʦʨʤʘ ʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʽ ʟ ʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʚʣʘʩʥʽ ʯʠʩʣʘ ʦʧʠʩʫʶʪʴ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʣʘʩʪʠʥʢʠ (ʨʠʩ. 4). 

 

ʈʠʩ. 4. ɻʨʘʬʽʢʠ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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