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ɺʝʥʽʘʤʽʥ ɸʣʝʢʩʘʥʜʨʦʚ, ʄʫʩʣʽʤ ɹʘʡʨʘʤʦʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʆʛʽʨʢʦ ʄ.ʆ. 

 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʫ ʥʘ ʧʘʢʦʚʘʥʥʷʭ 

 
ʉʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʜʝʜʘʣʽ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʧʘʢʦʚʘʥʥʷ ʟ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ï ʝʢʦʣʦʛʽʯʥʦʤʫ, ʤʽʮʥʦʤʫ ʽ ʦʜʥʦʯʘʩʥʦ ʣʝʛʢʦʤʫ, ʟʨʫʯʥʦʤʫ 

ʜʦ ʦʟʜʦʙʣʝʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʟʜʘʪʥʦʤʫ ʜʦ ʨʝʮʠʢʣʽʥʛʫ 

ʤʘʪʝʨʽʘʣʫ, ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʙʽʣʴʰʝ 50% ʚʠʨʦʙʥʠʢʽʚ ʧʘʢʫʚʘʣʴʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ [1].  

ɼʣʷ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʨʫʢʫ: ʦʬʩʝʪʥʠʡ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ, ʮʠʬʨʦʚʠʡ. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ 

ʢʦʤʧʘʥʽʻʶ Smithers Pira, ʧʦʢʘʟʫʶʪʴ, ʱʦ  ʫ 2019ʨ. ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʧʘʢʫʚʘʣʴʥʽʡ ʛʘʣʫʟʽ ʩʢʣʘʜʘʣʠ 19 ʤʣʨʜ ʜʦʣʣ. ɿʘ ʜʘʥʠʤʠ ʢʦʤʧʘʥʽʾ 

ʚʠʜʘʚʥʠʯʦʾ MarketsandMarkets ʫ çɻʣʦʙʘʣʴʥʦʤʫ ʧʨʦʛʥʦʟʽ ʜʦ 2026 ʨʦʢʫ 

ʨʠʥʢʫ ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʧʘʢʦʚʘʥʴè ʟʘ ʜʝʩʷʪʴ ʨʦʢʽʚ ʦʯʽʢʫʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʨʠʥʢʫ ʟ 11,42 ʤʣʨʜ ʜʦ 42,11 ʤʣʨʜ ʜʦʣʣ., ʱʦ ʩʢʣʘʜʘʻ 13,9% ʚ 

ʨʽʢ [1].   

ʅʘʡʙʽʣʴʰʦʶ ʧʝʨʝʚʘʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ ʻ  ʚʠʩʦʢʘ 

ʷʢʽʩʪʴ ʚʽʜʙʠʪʢʽʚ, ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 100 

ʣʽʥʽʡ / ʩʤ [2].  ʇʨʠ ʙʽʣʴʰʠʭ ʥʘʢʣʘʜʘʭ ʦʬʩʝʪ ʧʦʨʽʚʥʷʥʦ ʜʝʰʝʚʠʡ ʪʘ 

ʝʬʝʢʪʠʚʥʠʡ. ɸʣʝ ʧʝʚʥʽ ʚʠʤʦʛʠ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʩʫʙʩʪʨʘʪʽʚ, ʱʦ 

ʟʘʜʨʫʢʦʚʫʶʪʴʩʷ ʩʧʦʩʦʙʦʤ ʦʬʩʝʪʥʦʛʦ ʜʨʫʢʫ. ʂʘʨʪʦʥʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʧʣʦʩʢʠʭ ʰʘʨʽʚ ʛʦʬʨʦʢʘʨʪʦʥʫ, ʧʦʚʠʥʥʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʚʠʩʦʢʦʶ 

ʩʪʽʡʢʽʩʪʶ ʧʦʚʝʨʭʥʽ ʜʦ ʩʪʠʨʘʥʥʷ, ʦʧʪʠʤʘʣʴʥʠʤ ʚʙʠʨʘʥʥʷʤ 

ʟʚʦʣʦʞʫʶʯʦʛʦ ʨʦʟʯʠʥʫ, ʩʪʘʙʽʣʴʥʽʩʪʶ ʨʦʟʤʽʨʽʚ, ʛʣʘʜʢʽʩʪʶ. 

ʊʝʭʥʦʣʦʛʽʷ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʝʣʴʻʬʥʦʶ 

ʜʨʫʢʘʨʩʴʢʦʶ ʬʦʨʤʦʶ, ʚ ʷʢʽʡ ʜʨʫʢʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ 

ʥʘʜ ʧʨʦʛʘʣʠʥʥʠʤʠ. ʌʘʨʙʘ ʧʦʪʨʘʧʣʷʻ ʪʽʣʴʢʠ ʥʘ ʜʨʫʢʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ 

ʧʨʠ ʢʦʥʪʘʢʪʽ ʩʫʙʩʪʨʘʪʫ ʟ ʥʠʤʠ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ. ɻʥʫʯʢʽ ʜʨʫʢʘʨʩʴʢʽ ʬʦʨʤʠ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʮʽʡ ʪʝʭʥʽʮʽ, ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʛʫʤʠ ʘʙʦ 

ʥʘʡʯʘʩʪʽʰʝ ʽʟ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʘ ʪʘʢʦʞ ʨʽʜʢʽ ʡ ʪʘʢʽ, 
ʱʦ ʰʚʠʜʢʦ ʚʠʩʠʭʘʶʪʴ ʬʘʨʙʠ  ʥʘ ʚʦʜʥʽʡ ʦʩʥʦʚʽ ʘʙʦ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʯʠʥʥʠʢʘ ʪʘ ʥʠʟʴʢʠʡ ʪʠʩʢ ʜʦʟʚʦʣʷʶʪʴ ʜʨʫʢʫʚʘʪʠ ʥʘ ʥʝʚʩʦʪʫʶʯʠʭ 

ʧʽʜʢʣʘʜʢʘʭ ʪʘ ʤʘʪʝʨʽʘʣʘʭ ʟ ʥʠʟʴʢʦʶ ʛʣʘʜʢʽʩʪʶ ʧʦʚʝʨʭʥʽ (ʰʦʨʩʪʢʠʤʠ) 

ʟʦʙʨʘʞʝʥʥʷ  ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 80 ʣʽʥʽʡ/ʩʤ. ʆʜʥʘʢ, ʮʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʠʧʫ ʧʽʜʢʣʘʜʢʠ, ʫ ʚʠʧʘʜʢʫ ʜʨʫʢʫ ʥʘ ʢʘʨʪʦʥʽ ʮʽ  ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ 
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ʚʽʜ 18 ʜʦ 54 ʣʽʥʽʡ/ʩʤ [2]. ʋ ʬʣʝʢʩʦʛʨʘʬʽʯʥʦʤʫ ʜʨʫʮʽ ʤʦʞʣʠʚʽ ʜʝʬʝʢʪʠ 

ʟʦʙʨʘʞʝʥʴ ʥʘ ʚʽʜʙʠʪʢʘʭ, ʦʜʥʘʢ ʮʷ ʪʝʭʥʦʣʦʛʽʷ  ʚ ʜʘʥʠʡ ʯʘʩ ʻ 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʪʝʭʥʽʢʦʶ ʜʨʫʢʫ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ.  

ʎʠʬʨʦʚʠʡ (ink jet) ʜʨʫʢ ʚ ʜʘʥʠʡ ʯʘʩ ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ, ʱʦ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʷʢʽʩʥʦʛʦ 

ʢʦʣʴʦʨʦʚʦʛʦ ʜʨʫʢʫ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʚ ʪ.ʯ. ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ 

ʧʘʢʦʚʘʥʴ. ɿʘʚʜʷʢʠ ʯʠʩʣʝʥʥʠʤ ʧʝʨʝʚʘʛʘʤ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʦʩʪʽ 

ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ, ʜʨʫʢʫ ʟʤʽʥʥʠʭ ʜʘʥʠʭ, ʜʨʫʢ ʦʜʥʦʛʦ ʧʨʠʤʽʨʥʠʢʘ ʥʘ ʚʠʤʦʛʫ 

(print on demand) ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʧʨʠ ʤʘʣʠʭ ʥʘʢʣʘʜʘʭ ʟʨʦʙʠʣʠ 

ʮʠʬʨʦʚʠʡ ʜʨʫʢ ʧʦʧʫʣʷʨʥʠʤ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʩʫʪʥʽʩʪʴ ʝʪʘʧʽʚ ʩʪʚʦʨʝʥʥʷ 
ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ, ʧʽʜʛʦʪʦʚʢʠ ʤʘʰʠʥʠ, ʧʽʜʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʣʴʦʨʽʚ, 

ʦʯʠʱʝʥʥʷ ʜʨʫʢʘʨʩʴʢʠʭ ʩʪʘʥʮʽʡ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ, ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ 

ʧʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ, ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʤʦʚʣʝʥʥʷ. ɼʣʷ 

ʮʠʬʨʦʚʦʛʦ ʜʨʫʢʫ ʭʘʨʘʢʪʝʨʥʝ ʟʙʝʨʝʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ (ʧʘʧʽʨ, ʬʘʨʙʠ, 

ʝʣʝʤʝʥʪʠ ʜʨʫʢʘʨʩʴʢʠʭ ʬʦʨʤ) ʧʦʚ'ʷʟʘʥʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ 

ʚʠʪʨʘʪ. ʇʦʚʥʽʩʪʶ ʮʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ ʜʦʟʚʦʣʷʻ ʧʦʚʥʦʮʽʥʥʦ 

ʢʝʨʫʚʘʪʠ ʢʦʣʴʦʨʘʤʠ ʪʘ ʟʤʽʥʶʚʘʪʠ ʜʠʟʘʡʥ ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ. ɯʩʥʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʪʘ ʣʝʛʢʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʪʦʨʥʦʛʦ ʜʨʫʢʫ, ʘʜʞʝ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʘʤʦʚʣʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʚ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ, ʪʦʤʫ 

ʘʨʭʽʚʫʚʘʥʥʷ ʾʾ ʥʝ ʻ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʜʨʫʮʽ [1,2].  

ʉʝʨʝʜ ʙʘʛʘʪʴʦʭ ʦʩʥʦʚʥʠʭ ʜʨʫʢʘʨʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ 

ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʽʣʶʩʪʨʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʤʘʨʢʫʚʘʥʥʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʛʦʬʨʦʢʘʨʪʦʥʽ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʫʚʘʛʫ ʦʬʩʝʪʥʠʡ, 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʪʘ ʮʠʬʨʦʚʠʡ (ink-jet) ʩʧʦʩʦʙʠ ʜʨʫʢʫ. ʇʨʠ ʜʨʫʢʫʚʘʥʥʽ 

ʚʝʣʠʢʠʭ ʥʘʢʣʘʜʽʚ ʧʝʨʝʚʘʛʠ ʥʘʜʘʶʪʴʩʷ ʪʨʘʜʠʮʽʡʦʤʫ ʦʬʩʝʪʥʦʤʫ ʽ 

ʬʣʝʢʩʦʜʨʫʢʫ [1]. ʄʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʥʪʘʙʝʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ 

ʜʨʫʢ ʤʘʣʠʤʠ ʪʘ ʩʝʨʝʜʥʽʤʠ ʥʘʢʣʘʜʘʤʠ ʟʘʙʝʟʧʝʯʫʻ ʮʠʬʨʦʚʠʡ ʜʨʫʢ, ʚʠʩʦʢʘ  

ʷʢʽʩʪʴ  ʷʢʦʛʦ ʜʦʟʚʦʣʷʻ ʡʦʤʫ ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʦʬʩʝʪʥʠʤ. ʂʨʽʤ ʪʦʛʦ ʻ 

ʤʦʞʣʠʚʽʩʪʴ  ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʧʘʢʦʚʘʥʴ. 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 
1. ɸʥʘʣʽʟ ʨʠʥʢʫ ʫʧʘʢʦʚʢʠ ʟ ʛʦʬʨʦʚʘʥʦʛʦ ʢʘʨʪʦʥʫ ʚ ʋʢʨʘʾʥʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʠʥʢʽʚ. ʂʠʾʚ : ʊʆɺ "ʂʦʤʧʘʥʽʷ "ʇʨʦ-ʂʦʥʩʘʣʪʽʥʛ". 2018.  

2. ɻʘʚʝʥʢʦ ʉ.ʌ., ʃʘʙʝʮʴʢʘ ʄ.ʊ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʽ 

ʧʘʢʫʚʘʣʴʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. ï ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ / ʃʴʚʽʚ : ʋɸɼ, 2021. ï 

216 ʩ.  
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ɯʛʦʨ ɸʣʪʫʭʦʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺʽʢʪʦʨʦʚʩʴʢʘ ʖ.ʖ. 

ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʩʠʩʪʝʤʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ɽɼʆ 
ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʣʝʩʢ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ 

ʢʦʤʧʘʥʽʡ ʜʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ (ɽɼʆ). ʋʤʽʥʥʷ ʛʥʫʯʢʦ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʩʪʽʡʥʽ ʟʤʽʥʠ, ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʥʘ ʛʦʣʦʚʥʦʤʫ, 

ʧʨʽʦʨʠʪʝʟʫʚʘʪʠ ʽ ʢʨʝʘʪʠʚʥʦ ʚʠʢʦʥʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʟʘʚʜʘʥʥʷ, 

ʚʠʭʦʜʷʪʴ ʜʣʷ ʤʝʥʝʜʞʝʨʽʚ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ [1]. 

ɿʘʚʜʘʥʥʷ çʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫè ʟʤʫʰʫʶʪʴ ʢʦʤʧʘʥʽʾ ʟʤʽʥʶʚʘʪʠ 

ʩʚʦʾ ʧʽʜʭʦʜʠ ʜʦ ʢʦʤʘʥʜʦʫʪʚʦʨʝʥʥʷ ʽ ʢʘʨʜʠʥʘʣʴʥʦ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠ 

ʧʦʪʦʯʥʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ. ɺ ʨʝʘʣʽʷʭ ʢʦʥʢʫʨʝʥʮʽʾ, ʱʦ ʧʦʩʪʽʡʥʦ 

ʟʨʦʩʪʘʻ ʙʘʛʘʪʦ ʧʽʜʧʨʠʻʤʩʪʚ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʤʦʪʠʚʫʚʘʪʠ 

ʩʚʦʾʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʢʦʤʧʘʥʽʾ. ɹʽʣʴʰʽʩʪʴ 

ʢʝʨʽʚʥʠʢʽʚ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʩʦʙʦʶ ʟʘʚʜʘʥʥʷ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ, 

ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʟʥʝʩʫ. ɽɼʆ ʻ ʦʜʥʠʤ ʟ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ 

ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʜʦʟʚʦʣʷʻ ʫʪʠʣʽʟʫʚʘʪʠ ʥʘʜʣʠʰʢʦʚʽ ʧʨʦʮʝʩʠ 

ʪʘ ʮʽʣʢʦʚʠʪʦ ʧʝʨʝʣʘʰʪʫʚʘʪʠ ʚʥʫʪʨʽʰʥʶ ʨʦʙʦʪʫ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ 

ʩʝʨʚʽʩʥʠʭ ʪʘ ʧʨʦʜʫʢʪʦʚʠʭ ʢʦʤʧʘʥʽʡ ɽɼʆ ð ʮʝ ʢʣʶʯ ʜʦ ʩʢʦʨʦʯʝʥʥʷ 

ʚʠʪʨʘʪ, ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʨʫʪʠʥʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. 

ʋ ʥʘʰʽʡ ʢʨʘʾʥʽ ʝʣʝʢʪʨʦʥʥʠʡ ʜʦʢʫʤʝʥʪʦʦʙʽʛ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ 

ʪʨʴʦʤʘ ʟʘʢʦʥʘʤʠ: çʇʨʦ ʝʣʝʢʪʨʦʥʥʽ ʜʦʚʽʨʯʽ ʧʦʩʣʫʛʠè, çʇʨʦ 

ʝʣʝʢʪʨʦʥʥʽ ʜʦʢʫʤʝʥʪʠ ʪʘ ʝʣʝʢʪʨʦʥʥʠʡ ʜʦʢʫʤʝʥʪʦʦʙʽʛè ʽ çɿʘʢʦʥ ʧʨʦ 

ʙʫʭʛʘʣʪʝʨʩʴʢʠʡ ʦʙʣʽʢ ʪʘ ʬʽʥʘʥʩʦʚʫ ʟʚʽʪʥʽʩʪʴè. ʆʩʪʘʥʥʽʡ ʩʪʦʩʫʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʚʠʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. ɿʛʽʜʥʦ ʟ ʮʠʤʠ ʟʘʢʦʥʘʤʠ 

ʝʣʝʢʪʨʦʥʥʽ ʜʦʢʫʤʝʥʪʠ ʤʘʶʪʴ ʪʘʢʫ ʞ ʩʘʤʫ ʶʨʠʜʠʯʥʫ ʩʠʣʫ, ʷʢ ʽ 

ʘʥʘʣʦʛʽʯʥʽ ʧʘʧʝʨʦʚʽ. 

ʅʘ ʩʴʦʛʦʜʥʽ, ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʚ ʝʢʦʥʦʤʽʮʽ ʻ ʩʧʽʚʧʨʘʮʷ 

ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽʟ ʟʘʢʦʨʜʦʥʥʠʤʠ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʨʦʟʤʠʪʥʝʥʥʷ ʩʠʨʦʚʠʥʠ. ɼʣʷ ʧʦʜʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʤʠʪʥʝʥʥʷ 

ʩʠʨʦʚʠʥʠ ʜʦʢʫʤʝʥʪʽʚ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ, ʫʢʨʘʾʥʩʴʢʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʛʨʘʤʥʽ ʨʽʰʝʥʥʷ ɽɼʆ, ʘ ʩʘʤʝ QD 

Professional ʘʙʦ MDoffice. ɺʦʜʥʦʯʘʩ, ʝʣʝʢʪʨʦʥʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʚʽʜ 

ʽʥʦʟʝʤʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʜʭʦʜʠʪʴ ʫ ʜʦʚʽʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, 

ʧʨʠʡʥʷʪʦʤʫ ʥʘ ʨʽʚʥʽ ʩʘʤʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʤ 

ʢʨʦʢʦʤ ʩʪʘʻ ʧʽʜʛʦʪʦʚʢʘ ʽ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʚʽʜ ʟʘʤʦʚʥʠʢʘ ʪʘ ʩʪʚʦʨʝʥʥʷ 
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ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʠʪʥʦʶ 

ʩʣʫʞʙʦʶ ʋʢʨʘʾʥʠ. 

ʄʠʪʥʠʤ ʢʦʜʝʢʩʦʤ ʋʢʨʘʾʥʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʫʙ'ʻʢʪʠ 

ʟʦʚʥʽʰʥʴʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʨʘʟʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʚʘʨʽʚ 

ʯʝʨʝʟ ʤʠʪʥʠʡ ʢʦʨʜʦʥ ʋʢʨʘʾʥʠ ʟʦʙʦʚ'ʷʟʘʥʽ ʚ ʥʘʣʝʞʥʠʭ ʚʠʧʘʜʢʘʭ 

ʥʘʜʘʚʘʪʠ ʤʠʪʥʠʮʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʤʠʪʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʦʢʫʤʝʥʪʠ, 

ʧʝʨʝʣʽʢ ʪʘ ʧʦʨʷʜʦʢ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ɼʄʉʋ (ʩʪ. 45 

ʄʂʋ). ʇʦʜʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʦʜʥʘ ʟ ʚʠʤʦʛ 

ʩʪ. 41 ʄʂʋ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʬʦʨʤʠ ʤʠʪʥʦʛʦ ʢʦʥʪʨʦʣʶ [2]. 

ʇʨʠ ʤʠʪʥʦʤʫ ʦʬʦʨʤʣʝʥʥʽ, ʢʨʽʤ ʚʘʥʪʘʞʥʦ-ʤʠʪʥʦʾ ʜʝʢʣʘʨʘʮʽʾ, 

ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʪʦʚʘʨʠ, ʮʽʣʦʾ ʥʠʟʢʠ ʜʦʟʚʽʣʴʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʜʦ ʤʠʪʥʦʛʦ ʦʨʛʘʥʫ, ʩʣʽʜ ʧʦʜʘʪʠ ʟʦʚʥʽʰʥʴʦʝʢʦʥʦʤʽʯʥʠʡ 

ʢʦʥʪʨʘʢʪ [3]. ʄʠʪʥʽ ʦʨʛʘʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʪʘʢʽ ʢʦʤʝʨʮʽʡʥʽ 

ʜʦʢʫʤʝʥʪʠ, ʷʢ ʨʘʭʫʥʦʢ-ʬʘʢʪʫʨʘ, ʨʘʭʫʥʦʢ-ʧʨʦʬʦʨʤʘ, ʩʧʝʮʠʬʽʢʘʮʽʷ, 

ʧʘʢʫʚʘʣʴʥʽ ʣʠʩʪʠ, ʨʽʟʥʽ ʩʝʨʪʠʬʽʢʘʪʠ ʪʘ ʽʥ. ɹʘʥʢʽʚʩʴʢʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ, ʷʢ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʤʠʪʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʚʽʜʢʠ ʙʘʥʢʽʚ ʧʨʦ ʥʘʜʭʦʜʞʝʥʥʷ ʘʙʦ ʥʝʥʘʜʭʦʜʞʝʥʥʷ ʢʦʰʪʽʚ, 

ʜʦʚʽʜʢʠ ʧʨʦ ʥʘʜʭʦʜʞʝʥʥʷ ʢʦʰʪʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʢʦʥʪʨʘʢʪʦʤ 

ʘʢʨʝʜʠʪʠʚʦʤ ʪʘ ʽʥ. ʉʪʨʘʭʦʚʠʤ ʜʦʢʫʤʝʥʪʦʤ ʤʦʞʝ ʙʫʪʠ ʩʪʨʘʭʦʚʠʡ 

ʧʦʣʽʩ ʥʘ ʧʘʨʪʽʶ ʚʘʥʪʘʞʫ ʘʙʦ ʜʦʢʫʤʝʥʪ, ʱʦ ʟʘʩʚʽʜʯʫʻ ʚʥʝʩʝʥʥʷ 

ʟʘʩʪʘʚʥʦʾ ʩʫʤʠ ʤʠʪʥʠʭ ʧʣʘʪʝʞʽʚ ʟʘ ʝʢʩʧʦʨʪʥʫ ʯʠ ʽʤʧʦʨʪʥʫ ʧʘʨʪʽʶ 

ʚʘʥʪʘʞʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ ʦʬʦʨʤʣʶʻʪʴʩʷ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʜʦʢʫʤʝʥʪ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʝʨʝʚʽʟʥʠʢʦʤ ʚʘʥʪʘʞ 

ʧʨʠʡʥʷʪʦ ʜʦ ʧʝʨʝʚʝʟʝʥʥʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʟʘʣʽʟʥʠʯʥʘ ʘʙʦ ʘʚʽʘʮʽʡʥʘ 

ʥʘʢʣʘʜʥʘ, ʥʘʢʣʘʜʥʘ ʘʚʪʦʜʦʨʦʞʥʴʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ ʯʠ ʜʦʢʫʤʝʥʪ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ɺ ʨʘʟʽ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʜʠʪʦʨʦʤ 

ʜʦʨʫʯʝʥʴ ʟ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʫʪʴ 

ʧʦʜʘʚʘʪʠʩʴ ʜʦʢʫʤʝʥʪʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʽʜʚʘʥʪʘʞʝʥʥʷ ʯʠ 

ʦʪʨʠʤʘʥʥʷ ʪʦʚʘʨʫ, ʩʢʣʘʜʩʴʢʽ ʢʚʠʪʘʥʮʽʾ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʄʘʪʚʽʻʥʢʦ ʆ., ʎʠʚʽʥ ʄ. ʆʩʥʦʚʠ ʦʨʛʘʥʽʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ.ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ.-ʂʠʾʚ: ʎʝʥʪʨ ʥʘʚʯʘʣʴʥʦʾ 

ʣʽʪʝʨʘʪʫʨʠ. ï 2018. ï 112 ʩ. 

2. ʄʠʪʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ. ɼʦʢʫʤʝʥʪ 4495-VI, ʯʠʥʥʠʡ. ʈʝʜʘʢʮʽʷ ʚʽʜ 
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ʇʘʚʣʦ ɸʥʜʨʝʮʫʣʷʢ, ʄʠʭʘʡʣʦ ʊʫʨʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʝʩʽʥʩʴʢʠʡ ɺ.ɺ. 
 

ɹʝʟʧʝʢʘ ʢʣʶʯʦʚʠʭ ʚʫʟʣʽʚ ʟʚôʷʟʢʫ ʟ ʽʥʪʝʨʥʝʪʦʤ IoT 

ʧʨʠʩʪʨʦʾʚ 
 

ʆʮʽʥʶʶʯʠ ʚʨʘʟʣʠʚʦʩʪʽ IoT-ʤʝʨʝʞ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, 

ʨʦʟʨʦʙʥʠʢʠ ʨʦʟʫʤʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʦʩʝʨʝʜʠʣʠ ʫʚʘʛʫ ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʝʣʝʤʝʥʪʘʭ ï ʢʣʶʯʦʚʠʭ ʚʫʟʣʘʭ. ʉʫʢʫʧʥʽʩʪʴ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʷʚʣʷʻ ʩʦʙʦʶ ʙʝʟʣʽʯ ʜʘʚʘʯʽʚ, ʱʦ ʥʘʧʦʚʥʶʶʪʴ IoT 

ʤʝʨʝʞʫ ʜʘʥʠʤʠ ʽ ʚʠʢʦʥʫʶʪʴ ʢʦʤʘʥʜʠ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʟ ʭʤʘʨʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʥʠʤʠ ʯʝʨʝʟ ʢʦʤʧ'ʶʪʝʨ, ʩʪʽʣʴʥʠʢʦʚʠʡ ʪʝʣʝʬʦʥ, ʘʚʪʦʤʦʙʽʣʴʥʫ 

ʩʠʩʪʝʤʫ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʯʠ ʽʥʰʫ ʧʣʘʪʬʦʨʤʫ. 

ʂʣʶʯʦʚʽ ʚʫʟʣʠ ï ʮʝ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢʽ ʥʝʜʦʨʦʛʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʫʞʝ ʦʙʤʝʞʝʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ. ʏʘʩʪʦ ʧʦʤʠʣʢʦʚʦ ʚʚʘʞʘʶʪʴ, ʱʦ ʚʦʥʠ ʻ ʤʘʣʦʫʨʘʟʣʠʚʠʤʠ 

ʜʣʷ ʘʪʘʢ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʷʢ ʩʝʨʚʝʨʠ, ʜʦ ʷʢʠʭ ʟʚʝʨʪʘʶʪʴʩʷ ʧʨʠʩʪʨʦʾ, ʽ 

ʤʝʨʝʞʽ, ʷʢʽ ʾʭ ʟ'ʻʜʥʫʶʪʴ, ʦʩʥʘʱʝʥʽ ʧʝʨʝʚʽʨʝʥʠʤʠ ʟʘʩʦʙʘʤʠ ʙʝʟʧʝʢʠ, 

ʢʣʶʯʦʚʽ ʚʫʟʣʠ ʟʘʟʚʠʯʘʡ ʥʝ ʟʘʭʠʱʝʥʽ ʧʨʠʥʘʡʤʥʽ ʧʦʢʠ ʱʦ. 

ʂʦʣʠ ʡʜʝ ʤʦʚʘ ʧʨʦ ʟʘʭʠʩʪ ʪʘʢʠʭ ʩʠʩʪʝʤ, "ʰʠʬʨʫʚʘʥʥʷ" ʯʘʩʪʦ 

ʦʪʦʪʦʞʥʶʻʪʴʩʷ ʟ ʪʝʨʤʽʥʦʤ "ʙʝʟʧʝʢʘ", ʭʦʯʘ ʮʝ ʣʠʰʝ ʦʜʠʥ ʽʟ 

ʝʣʝʤʝʥʪʽʚ ʙʝʟʧʝʢʠ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʥʘʩʘʤʧʝʨʝʜ ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʠʪʠ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʝʣʝʤʝʥʪʠ, ʷʢʽ 

ʧʽʜôʻʜʥʘʥʽ ʜʦ ɯʦʊ ʤʝʨʝʞʽ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ, ʧʝʨʰʦʯʝʨʛʦʚʦ 

ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʭʪʦ ʩʘʤʝ ʭʦʯʝ ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ ʤʝʨʝʞʽ, ʪʦʤʫ 

ʱʦ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪʫ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʪʦʢʦʣʠ SSL/TLS) ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘʭʠʩʪ ʪʠʭ, ʭʪʦ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʙʫʚʘʪʠ ʫ ʤʝʨʝʞʽ. 

ʇʨʦʙʣʝʤʘʪʠʢʫ ʙʝʟʧʝʢʠ ʚʫʟʣʘ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʧʦ ʘʥʘʣʦʛʽʾ 

ʧʨʦʮʝʩʫ ʚʭʦʜʫ ʜʦ ʧʨʠʢʣʘʜʫ ʚ ʦʥʣʘʡʥ-ʙʘʥʢ. ʉʧʦʯʘʪʢʫ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʙʝʟʧʝʯʥʝ (ʟʘʰʠʬʨʦʚʘʥʝ ʪʘ ʘʚʪʝʥʪʠʬʽʢʦʚʘʥʝ) 

ʟ'ʻʜʥʘʥʥʷ ( ʟʘ https-ʧʦʩʠʣʘʥʥʷʤ) ʤʽʞ ʢʦʤʧ'ʶʪʝʨʦʤ ʽ ʚʝʙ-ʩʘʡʪʦʤ 

ʙʘʥʢʫ. ʆʜʥʘʢ, ʮʝʡ ʟʘʭʠʱʝʥʠʡ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʥʝ ʽʜʝʥʪʠʬʽʢʫʻ 

ʢʦʨʠʩʪʫʚʘʯʘ (ʥʝ ʧʽʜʪʚʝʨʜʞʫʻ ʦʩʦʙʫ) ï ʚʽʥ ʽʜʝʥʪʠʬʽʢʫʻ ʢʦʤʧ'ʶʪʝʨ, 

ʩʪʚʦʨʶʶʯʠ ʰʠʬʨʦʚʘʥʠʡ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʤʧ'ʶʪʝʨʦʤ ʪʘ ʙʘʥʢʦʤ. 

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʙʘʥʢ ʥʝ ʚʽʜʨʽʟʥʷʻ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʟʣʦʚʤʠʩʥʠʢʘ. ʋ 

ʥʘʩʪʫʧʥʠʡ ʤʦʤʝʥʪ ʚʭʦʜʠʪʴ ʫ ʩʧʨʘʚʫ ʧʘʨʦʣʴ ï ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ 



8 

 

ʢʣʶʯ, ʷʢʠʡ ʪʝʦʨʝʪʠʯʥʦ ʚʽʜʦʤʠʡ ʣʠʰʝ ʢʦʨʠʩʪʫʚʘʯʫ ʪʘ ʙʘʥʢʫ. ʗʢ 

ʪʽʣʴʢʠ ʧʘʨʦʣʴ ʥʘʜʽʩʣʘʣʠ, ʙʘʥʢ ʧʦʨʽʚʥʶʻ ʡʦʛʦ ʟ ʧʘʨʦʣʝʤ, ʱʦ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʥʴʦʛʦ. ʗʢʱʦ ʚʦʥʠ ʟʙʽʛʘʶʪʴʩʷ, ʪʦ ʜʣʷ ʙʘʥʢʫ ʮʝ ʻ 

ʜʦʢʘʟʦʤ ʪʦʛʦ, ʱʦ ʩʘʤʝ ʢʦʨʠʩʪʫʚʘʯ ʟʘʡʰʦʚ ʚ ʩʠʩʪʝʤʫ. ɺ ʜʘʥʦʤʫ 

ʧʨʠʢʣʘʜʽ, ʙʝʟʧʝʢʘ ʦʥʣʘʡʥ-ʙʘʥʢʽʥʛʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘ ʜʚʦʭ ʨʽʚʥʷʭ: 

Å ʪʨʘʥʩʧʦʨʪʥʦʤʫ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʟʘʭʠʱʝʥʝ ʟôʻʜʥʘʥʥʷ; 

Å ʧʨʠʢʣʘʜʥʦʤʫ, ʷʢʠʡ ʧʽʜʪʚʝʨʜʞʫʻ (ʽʜʝʥʪʠʬʽʢʫʻ) ʦʩʦʙʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʨʦʣʷ. 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʙʝʟʧʝʢʘ IoTΆʚʫʟʣʘ ʤʘʻ ʙʫʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʦʶ ʧʨʠ 
ʧʦʙʫʜʦʚʽ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ɼʣʷ IoTΆʚʫʟʣʽʚ ʧʨʦʪʦʢʦʣ TLS 
ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʱʝʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʭʤʘʨʦʶ, ʘʣʝ ʱʦʙ ʙʫʪʠ ʧʦ-ʩʧʨʘʚʞʥʴʦʤʫ ʙʝʟʧʝʯʥʠʤ, 

IoT-ʚʫʟʦʣ ʧʦʚʠʥʝʥ ʦʪʨʠʤʘʪʠ ʟʘʭʠʩʪ ʥʘ ʨʽʚʥʽ ʜʦʜʘʪʢʽʚ. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʩʣʽʜ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʚʫʟʦʣ, ʘ ʥʝ ʪʽʣʴʢʠ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ. ʇʦʨʷʜ ʟ 

ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʢʘʥʘʣʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʰʠʬʨʫʚʘʥʥʷ ʽ 

ʮʽʣʽʩʥʽʩʪʴ ʜʘʥʠʭ ʥʘ ʨʽʚʥʽ ʜʦʜʘʪʢʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ. 

ʂʨʽʤ ʪʦʛʦ, IoT-ʧʨʠʩʪʨʦʾ ʧʨʠʚʥʦʩʷʪʴ ʥʦʚʫ ʧʘʨʘʜʠʛʤʫ ʚ 

ʤʝʨʝʞʝʚʫ ʚʟʘʻʤʦʜʽʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʜʫʞʝ ʢʦʤʧʘʢʪʥʽ ʽ ʧʨʦʩʪʽ ʪʘ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʣʶʜʠʥʦʶ. ʊʦʤʫ ʯʝʨʝʟ ʙʝʟʧʝʢʫ 

IoTΆ̔ ʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʠʥʠʢʘʻ ʯʠʤʘʣʦ ʟʘʧʠʪʘʥʴ ʯʠ IoTΆʧʨʠʩʪʨʽʡ, 
ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʝʨʝʞʽ, ʟʘʩʣʫʛʦʚʫʻ ʥʘ ʜʦʚʽʨʫ, ʯʠ ʮʝ IoTΆʧʨʠʩʪʨʽʡ, 
ʘ ʥʝ ʰʢʽʜʣʠʚʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʜʘʻ ʩʝʙʝ ʟʘ IoT-ʚʫʟʦʣ? ʋ ʪʦʡ ʞʝ 

ʯʘʩ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷʤʠ: çʋ ʯʦʤʫ ʧʨʦʙʣʝʤʘ, ʷʢʱʦ ʭʪʦʩʴ ʟʥʘʻ, ʥʘ 

ʷʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʣʘʰʪʦʚʘʥʠʡ ʪʝʨʤʦʩʪʘʪ, ʯʠ ʫʚʽʤʢʥʝʥʝ ʩʚʽʪʣʦ, ʯʠ 

ʩʢʽʣʴʢʠ ʢʨʦʢʽʚ ʟʘʨʝʻʩʪʨʫʚʘʚ ʢʨʦʢʦʤʽʨ?è. ʗʢʱʦ ʟʘʤʠʩʣʠʪʠʩʷ ʥʝ 

ʪʽʣʴʢʠ ʧʨʦ ʪʝ, ʷʢʽ ʜʘʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʨʠʩʪʨʦʾ, ʘʣʝ ʡ ʧʨʦ ʪʝ, ʜʦ ʯʦʛʦ 

ʮʝʡ ʧʨʠʩʪʨʽʡ ʤʘʻ ʜʦʩʪʫʧ ʫ ʤʝʨʝʞʽ, ʧʨʦʙʣʝʤʘ ʩʪʘʻ ʙʽʣʴʰ ʽʩʪʦʪʥʦʶ. 

ɺʽʜʦʤʘ ʥʠʟʢʘ ʛʫʯʥʠʭ ʘʪʘʢ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʤ 

ʜʦʩʪʫʧʦʤ ʜʦ ʜʘʥʠʭ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʥʝʟʘʭʠʱʝʥʠʭ 

ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʽʚ, ʢʦʣʠ ʟʣʦʚʤʠʩʥʠʢʘʤ ʚʜʘʣʦʩʷ ʧʨʦʥʠʢʥʫʪʠ ʚ 

ʤʝʨʝʞʫ ʢʦʤʧʘʥʽʾ, ʚʠʜʘʚʰʠ ʩʝʙʝ ʟʘ IoTΆʚʫʟʦʣ ʚ ʩʝʨʝʜʠʥʽ ʤʝʨʝʞʽ, ʜʝ 
ʟʘʭʠʩʪ ʥʘʙʘʛʘʪʦ ʩʣʘʙʰʠʡ. ɯ ʪʦʤʫ ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʷʢʨʘʟ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʢʣʶʯʦʚʠʭ ʚʫʟʣʽʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. The Search Engine for the Internet of Things // Shodan, 

2015, www.shodan.io. 
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ɼʤʠʪʨʦ ɸʥʜʨʽʡʯʫʢ, ɯʚʘʥ ɹʫʨʯʝʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʝʩʽʥʩʴʢʠʡ ɺ.ɺ. 
 

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʥʦʾ 

ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʪʠʧʦʚʦʛʦ ʦʙôʻʢʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ 
 

ʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʽ ʚ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ 

ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʧʦʙʫʜʦʚʘ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʪʠʧʦʚʦʛʦ 

ʦʙ'ʻʢʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʦʩʪʘʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ 

ʚʠʤʘʛʘʻ ʧʠʣʴʥʦʾ ʫʚʘʛʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʻ ʤʝʨʝʞʘ 

ʟʘʭʠʩʪʫ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʽʜʜʘʣʝʥʽ ʽʥʪʝʨʬʝʡʩʠ ʟ ʜʦʩʪʫʧʦʤ ʜʦ 

ʽʥʪʝʨʥʝʪʫ, ʚʥʫʪʨʽʰʥʽ ʤʝʨʝʞʽ ʽ ʟʦʚʥʽʰʥʽ ʤʝʨʝʞʽ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʧʨʦʛʨʘʤʥʽ ʪʘ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ, ʪʘʢʽ ʷʢ 

ʘʥʪʠʚʽʨʫʩʥʽ ʧʨʦʛʨʘʤʠ, ʤʽʞʤʝʨʝʞʝʚʽ ʝʢʨʘʥʠ, ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ, ʩʠʩʪʝʤʠ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʪʦʱʦ. ɺʘʞʣʠʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʻ ʧʨʘʚʠʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʩʝʨʚʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʠʩʪʫ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʪʫ. ʆʜʠʥ ʽʟ ʥʠʭ ï ʧʦʩʪʽʡʥʝ ʦʥʦʚʣʝʥʥʷ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʙʘʟ ʜʘʥʠʭ. ɺʘʞʣʠʚʦ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ 

ʨʝʛʫʣʷʨʥʝʽ ʘʫʜʠʪ ʽ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ, ʚʠʢʣʶʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʪʦʨʛʥʝʥʥʷ ʟ 

ʙʦʢʫ ʟʣʦʚʤʠʩʥʠʢʽʚ. 

ʆʜʥʽʻʶ ʟ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ 

ʟʘʭʠʩʪʫ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʣʶʜʩʴʢʠʤ ʬʘʢʪʦʨʦʤ, ʽ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʟʘʭʠʩʪ 

ʽʥʬʦʨʤʘʮʽʾ. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 
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ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʥʝʟʚʠʯʘʡʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʘ ʪʘʢʦʞ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʦ 

ʥʝʙʝʟʧʝʯʥʽ ʧʦʜʽʾ ʪʘ ʟʘʛʨʦʟʠ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʍʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʭʠʩʪʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɼʦʜʘʪʢʦʚʦ, ʜʦ ʩʢʣʘʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ 
ʤʦʞʥʘ ʚʢʣʶʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʪʘ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʟ 

ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ 

ʢʨʘʱʠʭ ʧʨʘʢʪʠʢ ʽ ʩʪʘʥʜʘʨʪʽʚ ʫ ʛʘʣʫʟʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʉʣʽʜ 

ʚʨʘʭʫʚʘʪʠ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʩʢʣʘʜʦʚʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʨʝʜʩʪʘʚʣʝʥʫ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʣʝʢʩʫ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʦʧʝʨʘʪʠʚʥʝ ʚʠʨʽʰʝʥʥʷ 

ʧʠʪʘʥʴ ʟʘʭʠʩʪʫ ʤʝʭʘʥʽʟʤʘʤʠ ʨʝʛʣʘʤʝʥʪʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ ʽ 

ʧʦʨʷʜʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. 
ʆʪʞʝ, ʧʦʙʫʜʦʚʘ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʻ 

ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ, ʧʦʩʪʽʡʥʝ ʦʥʦʚʣʝʥʥʷ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʙʘʟ ʜʘʥʠʭ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʪʘ 

ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʻ ʚʘʞʣʠʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʚʩʽʭ ʾʾ ʝʪʘʧʘʭ. ɼʦʪʨʠʤʘʥʥʷ ʢʨʘʱʠʭ ʧʨʘʢʪʠʢ 

ʪʘ ʩʪʘʥʜʘʨʪʽʚ ʫ ʛʘʣʫʟʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʜʦʧʦʤʘʛʘʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʆʣʝʢʩʘʥʜʨ ɸʥʜʨʦʥʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʨʦʡʪʦʨ ʆ.ʇ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʘ 

ʛʫʨʪʢʦʚʠʭ ʟʘʥʷʪʪʷʭ ʟ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ 
ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʪʚʦʨʯʝ ʤʠʩʣʝʥʥʷ 

ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʚʘʞʣʠʚʽʰʠʤʠ ʚʠʤʦʛʘʤʠ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ. 

ʊʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ ʦʩʦʙʠʩʪʦʩʪʽ ï ʮʝ ʩʠʥʪʝʟ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʨʠʩ 

ʭʘʨʘʢʪʝʨʫ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʫʧʽʥʴ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ 

ʧʝʚʥʦʛʦ ʚʠʜʫ ʥʘʚʯʘʣʴʥʦ-ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ 

ʨʽʚʝʥʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ʮʽʻʾ ʜʽʷʣʴʥʦʩʪʽ [1]. 

ɻʫʨʪʢʦʚʽ ʟʘʥʷʪʪʷ ʟ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʡ  ̒

ʚʜʘʣʦʶ ʤʦʞʣʠʚʽʩʪʶ ʨʦʟʚʠʚʘʪʠ ʪʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ ʫʯʥʽʚ. 

ʇʽʜ ʯʘʩ ʛʫʨʪʢʦʚʠʭ ʟʘʥʷʪʴ ʫʯʥʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʩʚʦʾ ʚʣʘʩʥʽ ʧʨʦʻʢʪʠ ʪʘ ʚʪʽʣʶʚʘʪʠ ʾʭ, ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʤʝʪʦʜʘʤʠ ʦʙʨʦʙʢʠ ʪʘ ʽʥ. 

ʈʝʘʣʽʟʘʮʽʷ ʚʣʘʩʥʦʛʦ ʧʨʦʢ̒ʪʫ ʧʝʨʝʜʙʘʯʘʻ ʚʠʙʽʨ ʚʠʨʦʙʫ, ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʦʙʨʘʥʥʷ ʯʠ ʨʦʟʨʦʙʢʘ ʜʠʟʘʡʥʫ 

ʚʠʨʦʙʫ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʷ ʨʦʙʦʪʘ ʟ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ. ʋʩʽ ʝʪʘʧʠ 

ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ ʨʦʟʚʠʚʘʶʪʴ ʪʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ, 

ʫʷʚʫ ʪʘ ʚʠʤʘʛʘʶʪʴ ʢʨʝʘʪʠʚʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʛʫʨʪʢʦʚʽ ʟʘʥʷʪʪʷ ʟ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʶʪʴ ʫʯʥʷʤ ʥʘʚʯʠʪʠʩʷ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʡ 

ʢʦʤʫʥʽʢʫʚʘʪʠ ʟʘ ʫʤʦʚ ʢʦʤʘʥʜʥʦʾ ʨʦʙʦʪʠ ʟʘʜʣʷ ʫʩʧʽʰʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʧʝʚʥʦ ʾ ʧʨʦʙʣʝʤʠ. ʈʦʟʚʠʪʦʢ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʥʘ 

ʛʫʨʪʢʦʚʠʭ ʟʘʥʷʪʪʷʭ ʟ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʫʯʥʷʤ ʚʠʟʥʘʯʠʪʠʩʴ ʽʟ ʥʘʧʨʷʤʦʤ ʤʘʡʙʫʪʥʴʦʾ ʧʨʦʬʝʩʽʾ, 

ʨʦʟʚʠʥʫʪʠ ʥʝʦʙʭʽʜʥʽ ʫʤʽʥʥʷ ʪʘ ʥʘʙʫʪʠ ʧʦʪʨʽʙʥʠʭ ʟʥʘʥʴ [2]. 

ʅʘ ʛʫʨʪʢʦʚʠʭ ʟʘʥʷʪʪʷʭ ʧʝʨʝʜʙʘʯʝʥʦ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʪʘʢʠʤʠ 

ʪʝʤʘʤʠ: 

¶ ʚʩʪʫʧʥʝ ʟʘʥʷʪʪʷ, ʽʥʩʪʨʫʢʪʘʞ ʟ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ; 

¶ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʜʝʨʝʚʦ, ʤʝʪʘʣ); 
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¶ ʭʫʜʦʞʥʻ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʷʢ ʩʢʣʘʜʦʚʘ ʧʨʦʮʝʩʫ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʬʘʥʪʘʟʫʚʘʥʥʷ ʪʘ 

ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʨʦʙʽʚ; 

¶ ʩʪʚʦʨʝʥʥʷ ʝʩʢʽʟʽʚ ʜʝʪʘʣʝʡ, ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʦʜʝʣʝʡ 

ʚʠʨʦʙʽʚ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʘʙʣʦʥʽʚ ʚʠʨʦʙʽʚ ʟʘ ʢʨʝʩʣʝʥʥʷʤʠ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʢʝʪʫ ʚʠʨʦʙʫ; 

¶ ʜʦʙʽʨ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙôʻʢʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ; 

¶ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʜʝʪʘʣʝʡ ʦʙʨʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ; 

¶ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙʨʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ, 

ʩʘʤʦʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʜʝʪʘʣʝʡ ʦʙʨʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ; 

¶ ʦʩʪʘʪʦʯʥʘ ʦʙʨʦʙʢʘ ʚʠʨʦʙʫ ʪʘ ʦʟʜʦʙʣʝʥʥʷ, ʢʦʥʪʨʦʣʴ 

ʷʢʦʩʪʽ ʚʠʨʦʙʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʛʫʨʪʢʦʚʽ ʟʘʥʷʪʪʷ ʟ 

ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʽʡʩʥʦ  ̒ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʪʚʦʨʯʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ 

ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʘ ʛʫʨʪʢʦʚʠʭ ʟʘʥʷʪʪʷʭ ʟ 

ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʚ ʫʯʥʽʚ 

ʢʦʤʧʣʝʢʩʫ ʥʘʚʠʯʦʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʾʭ ʫʩʧʽʰʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʚʠʤʦʛ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ. ʎʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʫʯʥʷʤ ʨʦʟʚʠʚʘʪʠ 

ʢʨʝʘʪʠʚʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʱʦ 

ʩʪʠʤʫʣʶʻ ʾʭ ʨʦʟʚʠʪʦʢ ʪʘ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʾʭ ʩʘʤʦʦʮʽʥʢʠ. ʋ 

ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʫʯʥʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʨʘʢʪʠʯʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʥʘʙʫʚʘʶʪʴ ʥʝʦʙʭʽʜʥʠʭ 

ʥʘʚʠʯʦʢ ʪʘ ʢʦʤʧʝʪʝʥʮʽʡ. 
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ʉʝʨʛʽʡ ɸʥʪʦʥʶʢ, ɺʽʢʪʦʨ ʂʘʣʠʥʝʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʘʫʜʽʦʚʽʟʫʘʣʴʥʦʛʦ 

ʢʦʥʪʝʥʪʫ  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʤʝʜʽʘ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʜʫʨʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʦʩʷʛʣʦ ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʜʽʘ (ʥʘʧʨʠʢʣʘʜ, ʜʨʫʢʦʚʘʥʠʤʠ ʛʘʟʝʪʘʤʠ) ʫ 

ʥʘʰʦʤʫ ʩʚʽʪʽ ʧʦʚʩʶʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʩʤʘʨʪʬʦʥʠ, 

ʧʣʘʥʰʝʪʠ ʪʦʱʦ). ʈʘʟʦʤ ʽʟ ʮʽʻʶ ʢʫʣʴʪʫʨʥʦʶ ʟʤʽʥʦʶ ʤʠ ʧʦʚʠʥʥʽ 

ʧʨʠʡʥʷʪʠ ʜʣʷ ʩʧʦʞʠʚʘʥʦʛʦ ʢʦʥʪʝʥʪʫ ʚʪʨʘʪʫ ʘʚʪʝʥʪʠʯʥʦʩʪʽ 

ʜʘʥʠʭ. ɺʽʜʩʫʪʥʽʩʪʴ ʥʘʣʝʞʥʦʾ ʧʝʨʝʚʽʨʢʠ ʬʘʢʪʽʚ ʽ ʩʪʦʨʦʥʥʽʭ 

ʬʽʣʴʪʨʽʚ ʥʘ ʮʠʭ ʧʣʘʪʬʦʨʤʘʭ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ɿʄɯ 

ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʰʠʨʝʥʦʩʪʽ ʜʝʟʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʝʟʽʥʬʦʨʤʘʮʽʾ ʚ ʮʠʭ 

ɿʄɯ [1]. ʇʦʰʠʨʝʥʥʷ ʬʝʡʢʦʚʦʛʦ ʢʦʥʪʝʥʪʫ ʤʦʞʝ ʤʘʪʠ ʪʨʠʚʘʣʠʡ 

ʚʧʣʠʚ ʥʘ ʜʫʤʢʫ ʣʶʜʝʡ ʥʘʚʽʪʴ ʧʽʩʣʷ ʧʦʜʘʥʥʷ ʬʘʢʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʆʜʥʠʤ ʽʟ ʦʩʦʙʣʠʚʠʭ ʚʠʧʘʜʢʽʚ ʬʝʡʢʦʚʦʛʦ ʚʤʽʩʪʫ ʻ ʚʠʧʘʜʢʠ, 

ʢʦʣʠ ʟʣʦʚʤʠʩʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, 

ʚʠʜʘʶʯʠ ʩʝʙʝ ʟʘ ʧʝʚʥʫ ʘʚʪʦʨʠʪʝʪʥʫ ʦʩʦʙʫ) ʜʣʷ ʧʦʰʠʨʝʥʥʷ 

ʥʝʧʨʘʚʜʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʜʦʚʽʨʦʶ ʜʦ ʮʽʻʾ ʣʶʜʠʥʠ. 

ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʦʩʧʨʠʷʣʠ ʩʪʚʦʨʝʥʥʶ ʪʘʢʦʛʦ 

ʢʦʥʪʝʥʪʫ ʚ ʘʫʜʽʦʚʽʟʫʘʣʴʥʽʡ ʬʦʨʤʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝʜʦʨʦʛʽ 

ʩʪʘʥʜʘʨʪʥʽ ʧʨʠʩʪʨʦʾ. ɼʦʩʪʫʧʥʠʡ ʪʘʢʦʞ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʽʚ 

ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʰʪʫʯʥʦʾ ʧʝʨʩʦʥʽʬʽʢʘʮʽʾ, ʘ ʧʨʠʢʣʘʜʠ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʙʘʛʘʪʴʦʭ ʨʝʘʣʴʥʠʭ ʧʨʦʛʨʘʤʘʭ [2]. 

ʂʨʽʤ ʪʦʛʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʚʠʷʚʣʝʥʥʽ 

ʬʘʣʴʰʠʚʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʢʦʥʪʝʥʪʫ, ʜʫʞʝ ʤʘʣʦ ʟʫʩʠʣʴ ʙʫʣʦ 

ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʟʘʭʠʩʪ ʩʧʦʞʠʚʘʯʽʚ ʚʽʜ ʬʘʣʴʰʠʚʦʛʦ 

ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ. 

ʉʘʤʝ ʪʦʤʫ ʥʝʦʙʭʽʜʥʝ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʱʝʥʦʾ ʤʝʨʝʞʽ 

ʧʝʨʝʜʘʚʘʥʥʷ ʘʫʜʽʦʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ (ɸɺʂ), ʷʢʠʡ ʙʫʜʝ ʤʘʪʠ 

ʟʘʭʠʩʪ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧʽʜʤʽʥʠ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ, ʘʣʝ ʡ ʚʽʜ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. 

ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʦʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʭʠʱʝʥʦʩʪʽ ʤʝʨʝʞ ʧʦʰʠʨʝʥʥʷ ɸɺʂ ʻ 
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ʟʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ, ʧʨʠ ʷʢʦʤʫ ʚʠʢʦʥʫʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʪʘʢʦʾ ʤʝʨʝʞʽ [3]. ʉʘʤʝ ʪʦʤʫ ʟʘʜʘʯʘ ʧʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʤʝʨʝʞ ʧʦʰʠʨʝʥʥʷ ɸɺʂ ʧʦʣʷʛʘʻ ʫ ʦʮʽʥʮʽ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ, ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʯʠ 

ʥʝʦʙʭʽʜʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ 

ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʟʘʭʠʱʝʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʚ ʮʽʣʦʤʫ.  

ɼʣʷ ʚʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʭʠʱʝʥʦʩʪʽ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʨʽʚʝʥʴ ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞ ʧʦʰʠʨʝʥʥʷ ɸɺʂ 

ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʣʠʯʠʥʠ ʤʦʞʣʠʚʠʭ ʟʙʠʪʢʽʚ 

(ʰʢʦʜʠ) ʧʦ ʢʦʞʥʦʤʫ ʟ ʢʣʘʩʽʚ ʧʦʨʫʰʝʥʴ, ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʛʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʅɼ ʊɿɯ 

1.4-001-2000 [4]. ɼʣʷ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʤʦʞʣʠʚʠʭ ʟʙʠʪʢʽʚ 

(ʰʢʦʜʠ) ʥʝʦʙʭʽʜʥʝ ʟʥʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʽ ʧʦʜʘʣʴʰʦʾ 

ʧʨʦʪʠʜʽʾ ʟʘʛʨʦʟʽ -̔ʛʦ ʪʠʧʫ ʨʚ̔, ʯʠ ʟʚʦʨʦʪʥʦʾ ʜʦ ʥʝʾ ʚʝʣʠʯʠʥʠ  

qi ï ʡʤʦʚʽʨʥʦʩʪʽ ʥʝʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟʠ ʮʴʦʛʦ ʞ ʪʠʧʫ. ʊʦʙʪʦ  

qi ( =̔1é3) ʻ, ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ, ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ.  

ʗʢ ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʚʠʢʦʨʠʩʪʘʻʤʦ [3, 4] 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʨʫʰʝʥʥʷ: ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ï q1; ʮʽʣʽʩʥʦʩʪʽ ï q2; 

ʜʦʩʪʫʧʥʦʩʪʽ ï qʟi. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʟʘʭʠʱʝʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ 

ʟʘʩʦʙʘʤʠ ʟʘʭʠʩʪʫ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʄʘʨôʷʥʘ ɸʥʪʦʥʷʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʪʨʠʥʘʜʢʦ ʄ.ʊ. 

ɼʠʩʪʘʥʮʽʡʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ. 

ʊʝʭʥʦʣʦʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʜʝʜʘʣʽ 

ʚʘʞʣʠʚʽʰʫ ʨʦʣʴ ʫ ʪʦʯʥʦʤʫ ʚʠʷʚʣʝʥʥʽ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʘʙʨʫʜʥʶʯʠʭ ʧʣʷʤ ʫ ʚʠʛʣʷʜʽ ʧʣʽʚʦʢ, ʜʦʧʦʤʘʛʘʶʯʠ ʚʯʝʥʠʤ ʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʾʭʥʴʦʾ ʪʨʘʻʢʪʦʨʽʾ ʧʦʰʠʨʝʥʥʷ, ʨʦʟʨʦʙʮʽ ʧʣʘʥʽʚ 

ʦʯʠʱʝʥʥʷ, ʚʞʠʚʘʥʥʷ ʩʚʦʻʯʘʩʥʠʭ ʪʘ ʪʝʨʤʽʥʦʚʠʭ ʟʘʭʦʜʽʚ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʩʪʨʠʤʫʚʘʥʥʷ 

ʪʘ ʧʦʤ'ʷʢʰʝʥʥʷ ʧʦʙʽʯʥʠʭ ʝʬʝʢʪʽʚ [1]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʧʣʽʚʢʠ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʦʧʨʦʤʽʥʝʥʥʽ ʯʘʩʪʦʪʥʦ-ʤʦʜʫʣʴʦʚʘʥʠʤ ʣʘʟʝʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʯʘʩʪʦʪʠ ʚʽʜ ʯʘʩʫ. ɿʘ 

ʩʧʝʢʪʨʦʤ ʪʠʤʯʘʩʦʚʦʾ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʪʦʛʦ ʧʦʚʝʨʭʥʝʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʩʝʨʝʜʥʶ ʪʦʚʱʠʥʫ ʟʘʙʨʫʜʥʶʯʦʾ  

ʧʣʽʚʢʠ, ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʩʫʯʘʩʥʠʤʠ ʧʨʠʣʘʜʘʤʠ 

ʯʘʩʪʦʪʠ ʙʠʪʪʷ ʚʽʜ ʯʘʩʪʦʢ ʛʝʨʮʘ ʜʦ ʤʝʛʘʛʝʨʮ, ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʪʦʚʱʠʥ ʧʣʽʚʦʢ ʚʽʜ ʩʦʪʝʥʴ ʘʥʛʩʪʨʝʤ ʜʦ ʜʝʩʷʪʢʽʚ 

ʤʝʪʨʽʚ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʜʦʜʘʪʢʦʚʦ ʚʠʟʥʘʯʘʪʠ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ 

ʪʦʚʱʠʥʠ. 

ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʷʩʥʶʻʪʴʩʷ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ɺʽʜʙʠʚʘʥʥʷ ʧʘʜʘʶʯʦʛʦ ʧʨʦʤʝʥʷ ʧʣʽʚʢʦʶ 
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ʋ ʪʦʯʮʽ ɸ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʤʧʣʽʪʫʜʥʠʡ ʧʦʜʽʣ ʧʨʦʤʝʥʷ ʥʘ ʜʚʘ 

ʧʨʦʤʝʥʽ. ʆʜʠʥ ʚʽʜʙʠʚʘʻʪʴʩʷ (ʧʨʦʤʽʥʴ 1), ʘ ʜʨʫʛʠʡ (ʧʨʦʤʽʥʴ 2) 

ʟʘʣʦʤʣʶʻʪʴʩʷ, ʜʘʣʽ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ ʥʠʞʥʴʦʾ ʛʨʘʥʽ ʧʣʽʚʢʠ, 

ʚʜʨʫʛʝ ʟʘʣʦʤʣʶʻʪʴʩʷ ʥʘ ʚʝʨʭʥʽʡ ʛʨʘʥʽ ʽ ʧʦʰʠʨʶʻʪʴʩʷ ʚ 

ʥʘʧʨʷʤʢʫ, ʧʘʨʘʣʝʣʴʥʦʤʫ ʧʨʦʤʝʥʶ 1. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʤʝʥʽ 

ʧʨʦʭʦʜʷʪʴ ʨʽʟʥʽ ʚʽʜʩʪʘʥʽ ʪʘ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ. ʇʨʦʤʽʥʴ 1 

ʧʦʰʠʨʶʻʪʴʩʷ ʩʝʨʝʜʦʚʠʱʝʤ ʟ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ n1 ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʭʦʜʠʪʴ ʚʽʜʩʪʘʥʴ AD, ʘ ʧʨʦʤʽʥʴ 2 ʧʦʰʠʨʶʻʪʴʩʷ 

ʩʝʨʝʜʦʚʠʱʝʤ ʟ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ n2 ʽ ʧʨʦʭʦʜʠʪʴ ʚʽʜʩʪʘʥʴ 

ɸɺ + Bʉ. ɿʘ ʨʘʭʫʥʦʢ ʯʘʩʦʚʦʾ ʟʘʪʨʠʤʢʠ ȹt ʤʽʞ ʧʝʨʰʠʤ ʪʘ ʜʨʫʛʠʤ 

ʧʨʦʤʝʥʷʤʠ ʚʠʥʠʢʘʻ ʯʘʩʪʦʪʥʠʡ ʟʩʫʚ, ʷʢʠʡ ʤʦʞʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʪʠ. ɺʝʣʠʯʠʥʘ ʯʘʩʪʦʪʥʦʛʦ ʟʩʫʚʫ 

ʚʟʘʻʤʦʟʚ'ʷʟʘʥʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʧʣʽʚʢʠ ï ʪʦʚʱʠʥʦʶ h ʽ ʧʦʢʘʟʥʠʢʦʤ 

ʟʘʣʦʤʣʝʥʥʷ n2. ʏʘʩʦʚʠʡ ʟʩʫʚ ʤʽʞ ʧʨʦʤʝʥʷʤʠ 1 ʽ 2 ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ 

Ўὸ ὲ ὃὄ ὄὅ ὲὃὈ  ὲ ὲίὭὲ‌  

ʜʝ n1 ʽ n2 ï ʧʦʢʘʟʥʠʢʠ ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʣʽʚʢʠ 

ʚʽʜʧʦʚʽʜʥʦ; Ŭ ï ʢʫʪ ʧʘʜʽʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʣʽʚʢʫ; ʩ ï 

ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ. 

ʊʦʚʱʠʥʘ ʧʣʽʚʢʠ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

Ὤ ‫
Ͻ

Ͻ
    

ɼʠʩʪʘʥʮʽʡʥʠʡ ʤʝʪʦʜ ʟʦʥʜʫʚʘʥʥʷ ʧʣʽʚʢʠ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʪʝʛʨʘʣʴʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʪʘ ʾʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʟʘ ʪʦʚʱʠʥʘʤʠ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. Morten Loell Vinther, Vemund Svanes Bertelsen, Aanund Storhaug, 

Dickon John Bonvik-Stone. Paper presented at the Offshore Technology 

Conference, Houston, Texas, USA, May 2020. 
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ʖʨʽʡ ɸʥʪʦʱʫʢ, ʆʣʝʛ ʂʨʦʪ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʝʩʽʥʩʴʢʠʡ ɺ.ɺ. 

 

ʇʨʦʙʣʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ  
 

ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʥʘʡʮʽʥʥʽʰʠʭ 

ʨʝʩʫʨʩʽʚ, ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ʢʦʤʧʘʥʽʡ, ʫʩʪʘʥʦʚ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɯʟʦʣʴʦʚʘʥʽ ʩʠʩʪʝʤʠ ï ʦʜʠʥ ʟʽ 

ʩʧʦʩʦʙʽʚ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʟʣʦʚʤʠʩʥʠʢʽʚ ʪʘ 

ʟʦʚʥʽʰʥʽʭ ʘʪʘʢ. ʆʜʥʘʢ ʥʘʚʽʪʴ ʽʟʦʣʴʦʚʘʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʤʽʰʝʥʥʶ ʜʣʷ ʭʘʢʝʨʽʚ ʪʘ ʟʣʦʚʤʠʩʥʠʢʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ 

ʥʝʧʨʦʥʠʢʥʽ. 

ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʟʦʣʴʦʚʘʥʠʭ 

ʩʠʩʪʝʤʘʭ ʻ ʥʝʜʦʩʪʘʪʥʷ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʙʝʟʧʝʢʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʟʘʭʠʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, 

ʪʘʢʠʭ ʷʢ ʙʨʘʥʜʤʘʫʝʨʠ, ʘʥʪʠʚʽʨʫʩʠ ʪʘ ʽʥʰʽ ʟʘʭʦʜʠ. 

ɺʥʫʪʨʽʰʥʽʡ ʟʣʦʯʠʥ ï ʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ, ʢʦʣʠ ʧʨʘʮʽʚʥʠʢʠ 

ʟʣʦʚʞʠʚʘʶʪʴ ʩʚʦʻʶ ʧʦʩʘʜʦʶ ʪʘ ʦʪʨʠʤʫʶʪʴ ʜʦʩʪʫʧ ʜʦ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʦ 

ʥʝʜʦʩʪʘʪʥʽʤ ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʥʝʜʦʩʪʘʪʥʽʤ 

ʥʘʚʯʘʥʥʷʤ ʟ ʧʠʪʘʥʴ ʢʽʙʝʨʙʝʟʧʝʢʠ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʮʴʦʛʦ ʪʠʧʫ 

ʧʨʦʙʣʝʤ ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʣʷʪʠ ʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʜʦʩʪʫʧʫ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʝʛʫʣʷʨʥʝ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʱʦʜʦ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ. 

ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʩʪʘʥʦʚʣʷʪʴ 

ʧʨʦʙʣʝʤʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ. ʎʝ ʤʦʞʝ 

ʩʪʘʪʠʩʷ ʯʝʨʝʟ ʪʝʭʥʽʯʥʽ ʚʨʘʟʣʠʚʦʩʪʽ, ʷʢʽ ʥʝ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʘʙʦ 

ʧʦʧʝʨʝʜʞʝʥʽ ʚʯʘʩʥʦ, ʘʙʦ ʯʝʨʝʟ ʟʣʦʚʤʠʩʥʽ ʜʽʾ ʟ ʙʦʢʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʩʠʩʪʝʤʠ. 

ʅʝʜʦʩʪʘʪʥʽʡ ʤʦʥʽʪʦʨʠʥʛ ʩʠʩʪʝʤʠ ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʥʝʾ ʪʘʢʦʞ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʙʣʝʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʟʦʣʴʦʚʘʥʠʭ 

ʩʠʩʪʝʤʘʭ. ʗʢʱʦ ʥʝʤʘʻ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʪʦ 

ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʙʝʟ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʟʣʦʚʞʠʚʘʪʠ ʜʦʩʪʫʧʦʤ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɯʟʦʣʷʮʽʷ ʩʠʩʪʝʤ ï ʮʝ ʢʣʶʯʦʚʠʡ ʘʩʧʝʢʪ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ. ʗʢʱʦ ʩʠʩʪʝʤʠ ʥʝ ʚʠʩʪʘʯʘʻ ʯʽʪʢʦʾ ʽʟʦʣʷʮʽʾ, 

ʪʦ ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʫ ʩʠʩʪʝʤʫ ʜʣʷ 
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ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʰʦʾ. ɺʘʞʣʠʚʦ ʩʪʚʦʨʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽ 

ʤʝʭʘʥʽʟʤʠ ʟʘʭʠʩʪʫ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʘ ʨʝʛʫʣʷʨʥʦ ʧʝʨʝʚʽʨʷʪʠ 

ʾʭ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚʨʘʟʣʠʚʦʩʪʝʡ. 

ɿʘʩʪʘʨʽʣʘ ʘʧʘʨʘʪʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʪʘ ʥʝʜʦʩʪʘʪʥʽʡ ʙʶʜʞʝʪ 

ʥʘ ʢʽʙʝʨʙʝʟʧʝʢʫ ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʨʦʙʣʝʤʦʶ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ. ʅʝʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʠʡ 

ʘʧʘʨʘʪʥʠʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʝ ʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʚʨʘʟʣʠʚʦʶ ʜʦ 

ʘʪʘʢ, ʘ ʪʘʢʦʞ ʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʦʾ ʰʚʠʜʢʦʜʽʾ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʟʘʭʠʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʣʷʪʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʝ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʪʘʪʥʽʡ ʙʶʜʞʝʪ ʥʘ ʢʽʙʝʨʙʝʟʧʝʢʫ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʩʪʘʻ ʜʝʜʘʣʽ ʚʘʞʣʠʚʽʰʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ 

ʪʝʤʦʶ ʚ ʩʚʽʪʽ ɯʊ-ʙʝʟʧʝʢʠ. ʅʘʚʽʪʴ ʽʟʦʣʴʦʚʘʥʽ ʩʠʩʪʝʤʠ ʥʝ ʻ 

ʥʝʧʨʦʥʠʢʥʠʤʠ ʜʣʷ ʟʣʦʚʤʠʩʥʠʢʽʚ. ʇʨʦʙʣʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʚ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʚʢʣʶʯʘʶʪʴ ʥʝʜʦʩʪʘʪʥʶ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ 

ʙʝʟʧʝʢʠ, ʥʝʜʦʩʪʘʪʥʶ ʦʥʦʚʣʶʚʘʥʽʩʪʴ, ʩʦʮʽʘʣʴʥʠʡ ʽʥʞʠʥʽʨʠʥʛ, 

ʚʥʫʪʨʽʰʥʽʡ ʟʣʦʯʠʥ, ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ, ʥʝʜʦʩʪʘʪʥʽʡ 

ʤʦʥʽʪʦʨʠʥʛ, ʥʝʜʦʩʪʘʪʥʶ ʽʟʦʣʷʮʽʶ ʩʠʩʪʝʤ, ʥʝʜʦʩʪʘʪʥʶ 

ʥʘʚʯʝʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʩʪʘʨʽʣʝ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 

ʥʝʜʦʩʪʘʪʥʽʡ ʙʶʜʞʝʪ ʥʘ ʢʽʙʝʨʙʝʟʧʝʢʫ. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʮʽ ʧʨʦʙʣʝʤʠ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʝʬʝʢʪʠʚʥʽ 

ʤʝʭʘʥʽʟʤʠ ʟʘʭʠʩʪʫ. ɼʣʷ ʮʴʦʛʦ ʚʘʞʣʠʚʦ ʩʪʚʦʨʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʨʦʚʦʜʠʪʠ 

ʨʝʛʫʣʷʨʥʝ ʥʘʚʯʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʧʠʪʘʥʴ ʢʽʙʝʨʙʝʟʧʝʢʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʝ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʪʘʪʥʽʡ ʙʶʜʞʝʪ ʥʘ ʢʽʙʝʨʙʝʟʧʝʢʫ. ʊʽʣʴʢʠ ʟʘ 

ʪʘʢʠʭ ʫʤʦʚ ʽʟʦʣʴʦʚʘʥʽ ʩʠʩʪʝʤʠ ʟʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʟʘʭʠʱʘʪʠ 

ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʟʣʦʚʤʠʩʥʠʢʽʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɺʽʪʘʣʽʡ ɸʨʽʡʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʊʘʥʘʩʶʢ ʖ. ɺ. 

MeshEditor: ʇʨʦʛʨʘʤʘ ʜʣʷ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ 

ʚʽʜʦʙʨʘʞʝʥʥʷ 3D-ʦʙô̒ ʢʪʽʚ 

3D-ʨʝʜʘʢʪʦʨʠ ï ʮʝ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ, 

ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ 

ʢʦʤʧ'ʶʪʝʨʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʮʽ ʨʝʜʘʢʪʦʨʠ 

ʜʘʶʪʴ ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ 3D-ʤʦʜʝʣʽ, 

ʨʝʜʘʛʫʚʘʪʠ ʾʭ, ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʜʝʪʘʣʽ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʽʥʰʽ ʦʧʝʨʘʮʽʾ ʟ 

ʪʨʠʚʠʤʽʨʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ. 3D-ʨʝʜʘʢʪʦʨʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʫ ʽʥʞʝʥʝʨʽʾ, ʘʨʭʽʪʝʢʪʫʨʽ, ʤʝʜʠʮʠʥʽ, ʨʝʢʣʘʤʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ 3D-ʤʦʜʝʣʝʡ. 

ʄʝʪʘ ʥʘʰʦʛʦ ʧʨʦʻʢʪʫ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʛʦ ʫ 

ʢʦʨʠʩʪʫʚʘʥʥʽ ʨʝʜʘʢʪʦʨʘ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʠʡ ʥʝ 

ʚʠʤʘʛʘʪʠʤʝ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʪʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʚʠʯʦʢ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɿʘʚʜʷʢʠ ʟʨʫʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯ ʟʤʦʞʝ 

ʣʝʛʢʦ ʥʘʣʘʰʪʫʚʘʪʠ ʩʮʝʥʫ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʎʝʡ 

ʧʨʦʻʢʪ ʦʨʽʻʥʪʦʚʘʥʦ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʦʩʦʙʠ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚʽʜ 

ʜʠʟʘʡʥʫ ʪʘ ʽʥʞʝʥʝʨʽʾ ʜʦ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʜʝ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʜʽʾ ʥʘʜ 3D-ʦʙôʻʢʪʘʤʠ. 

ʇʨʦʜʫʢʪ ʨʦʟʨʦʙʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ .Net ʧʣʘʪʬʦʨʤʠ [1] ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ OpenGL [2], ʱʦ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ. 

.Net ï ʮʝ ʧʣʘʪʬʦʨʤʘ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʘ 

ʥʘʮʽʣʝʥʘ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʙʘʛʘʪʦʧʣʘʪʬʦʨʤʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ. 

OpenGL ï ʮʝ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 2D- ʪʘ 3D-ʛʨʘʬʽʢʠ ʽ ʟʘʙʝʟʧʝʯʫʻ ʥʘʙʽʨ ʬʫʥʢʮʽʡ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʛʨʘʬʽʯʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢ-ʦʪ ʢʦʤʧôʶʪʝʨʥʽ ʽʛʨʠ ʪʘ 

CAD-ʩʠʩʪʝʤʠ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ OpenGL ʻ ʢʨʦʩ-

ʧʣʘʪʬʦʨʤʥʽʩʪʴ, ʟʘʚʜʷʢʠ ʷʢʽʡ ʢʦʜ ʥʝ ʧʦʪʨʽʙʥʦ ʧʝʨʝʥʦʩʠʪʠ ʪʘ 

ʤʦʜʠʬʽʢʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʦʢʨʝʤʦ. ʎʝ ʜʘʻ 

ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʢʦʜ ʧʨʦʛʨʘʤʠ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʥʘʰʦʾ ʨʦʟʨʦʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʙʽʙʣʽʦʪʝʢʘ ñopengl32.dllò. 
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ʈʦʟʨʦʙʣʝʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʧʽʜʪʨʠʤʫʻ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʩʚʽʪʣʝʥʥʷ ʩʮʝʥʠ ʪʘ ʤʘʪʝʨʽʘʣʫ ʦʙôʻʢʪʘ. ʄʦʜʝʣʴ 

ʦʩʚʽʪʣʝʥʥʷ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ñPhong Reflection Modelò [3]. 

ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʟʜʘʪʥʘ ʦʙʨʦʙʣʷʪʠ ʬʘʡʣʠ ʬʦʨʤʘʪʽʚ ASCII 

STL ʪʘ COLLADA, ʫ ʷʢʠʭ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʘʥʽ ʱʦʜʦ 3D-ʦʙôʻʢʪʘ. 

ɿʦʢʨʝʤʘ, ʬʦʨʤʘʪ COLLADA ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʽʛʘʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ 

ʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʚʽʜ ʽʥʰʠʭ. ɻʝʦʤʝʪʨʠʯʥʽ ʜʘʥʽ ʧʽʩʣʷ ʟʯʠʪʫʚʘʥʥʷ ʟ 

*.stl ʪʘ *.dae ʬʘʡʣʽʚ ʧʦʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʨʝʤʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʘʥʠʭ ñHalf-Edgeò, ʱʦ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʟʙʝʨʽʛʘʪʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʤʦʜʝʣʴ ʫ ʧʝʨʝʪʚʦʨʝʥʥʷʭ.The Half-

Edge [4] ï ʩʪʨʫʢʪʫʨʘ ʜʘʥʠʭ, ʷʢʘ ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ 

ʚʝʨʰʠʥ, ʪʨʠʢʫʪʥʠʢʽʚ ʪʘ ʾʭʥʽʭ ʟʚôʷʟʢʽʚ ʫ ʧʨʦʩʪʦʨʽ.  

ʇʨʦʝʢʪ ʩʪʚʦʨʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʪʝʨʥʫ MVVM, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʨʦʟʤʝʞʫʚʘʪʠ ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʪʘ ʾʾ ʚʥʫʪʨʽʰʥʶ ʣʦʛʽʢʫ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ ʣʝʛʢʦʤʫ ʨʦʟʰʠʨʝʥʥʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʋ ʧʨʦʛʨʘʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ 

ʰʠʨʦʢʦʚʽʜʦʤʽ ʛʝʦʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʷʢ ʧʦʰʫʢ ʧʝʨʝʪʠʥʫ ʤʽʞ 

ʧʨʦʤʝʥʝʤ ʪʘ ʪʨʠʢʫʪʥʠʢʦʤ, ʧʣʦʱʠʥʦʶ ʪʦʱʦ [5-7]. 

ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʥʘʰʦʾ ʨʦʟʨʦʙʢʠ ï ʮʝ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʘ  

ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʷʢʠʭ ʚʜʘʣʦʩʷ 

ʜʦʩʷʛʥʫʪʠ ʟʘ ʨʘʭʫʥʦʢ ʧʨʷʤʠʭ ʚʠʢʣʠʢʽʚ ʤʝʪʦʜʽʚ ʟ ʬʘʡʣʫ 

ñopengl32.dllò ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʨʝʤʠʭ ʙʽʙʣʽʦʪʝʢ. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ ʧʨʦʛʨʘʤʘ ʥʝ ʧʦʪʨʝʙʫʻ ʧʦʪʫʞʥʠʭ ʘʧʘʨʘʪʥʠʭ 

ʨʝʩʫʨʩʽʚ. 
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ɼʤʠʪʨʦ ɹʘʙʁʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ʇʘʨʩʝʨ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦʛʦʩʪʽ  ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ 

ESP8266 

 
ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ Wi-Fi ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʟʨʦʙʠʪʠ ʫ ʩʝʙʝ ʚʜʦʤʘ ʙʽʣʷ ʚʭʽʜʥʠʭ ʜʚʝʨʝʡ ʽʥʜʠʢʘʪʦʨ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʩʧʨʦʛʥʦʟʦʚʘʥʦʾ ʩʠʥʦʧʪʠʢʘʤʠ ʟ ʽʥʪʝʨʥʝʪʫ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʪʘ ʩʠʣʠ ʚʽʪʨʫ. ʅʘʡʩʢʣʘʜʥʽʰʝ ʽ 

ʥʘʡʮʽʢʘʚʽʰʝ ʮʝ ʟʚʠʯʘʡʥʦ ʟʨʦʙʠʪʠ ʧʘʨʩʝʨ ʧʦʛʦʜʠ ʟ ʽʥʪʝʨʥʝʪʫ. 

ʇʘʨʩʝʨ ï ʮʝ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʪʷʛʫʚʘʯ ʙʫʜʴ-ʷʢʠʭ ʧʝʚʥʠʭ ʜʘʥʠʭ, 

ʫʢʣʘʜʝʥʠʭ ʫ ʣʘʙʽʨʠʥʪʽ ʪʝʢʩʪʫ. ʅʘʧʨʠʢʣʘʜ, ʨʷʜʦʢ ʜʘʥʠʭ 

ʤʝʪʝʦʩʘʡʪʫ, ʟ ʷʢʦʛʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʪʨʦʣʝʨʘ, ʚʠʛʣʷʜʘʻ ʪʘʢ:  

{"coord":{"lon":30.52,"lat":50.43},"weather":[{"id":500,"main":"Ra

in","description":"light rain","icon":"10n"}],"base":"cmc 

stations","main":{"temp":274.971,"pressure":1010.17,"humidity":97,

"temp_min":274.971,"temp_max":274.971,"sea_level":1025.15,"grn

d_level":1010.17},"wind":{"speed":1.31,"deg":250},"rain":{"3h":1.8

5},"clouds":{"all":92},"dt":1456515713,"sys":{"message":0.007,"co

untry":"UA","sunrise":1456462063,"sunset":1456500878},"id":7034

48,"name":" Chernivtsi","cod":200}. 

ɿ ʮʽʻʾ ʪʦʚʱʽ ʪʝʢʩʪʫ ʢʦʥʪʨʦʣʝʨ ʧʦʚʠʥʝʥ ʟʥʘʡʪʠ ʩʣʦʚʦ temp ʽ 

ʚʠʯʣʝʥʫʚʘʪʠ ʧʽʩʣʷ ʥʴʦʛʦ 7 ʩʠʤʚʦʣʽʚ (ʪʝʤʧʝʨʘʪʫʨʘ ʪʫʪ ʧʦʢʘʟʘʥʘ ʚ 

ʢʝʣʴʚʽʥʘʭ). ʇʽʩʣʷ ʮʴʦʛʦ ʪʘʢʠʤ ʞʝ ʩʘʤʠʤ ʩʧʦʩʦʙʦʤ ʧʦʪʨʽʙʥʦ 

ʦʪʨʠʤʘʪʠ ʚʦʣʦʛʽʩʪʴ ï humidity. 

ʋ ʜʘʥʦʤʫ ʧʨʦʝʢʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʽʥʜʠʢʘʪʦʨ 

LCD 2004A ʟ I2C - ʽʥʪʝʨʬʝʡʩʦʤ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʝʨ ʟ WiFi ʽʥʪʝʨʬʝʡʩʦʤ NodeMcu ʥʘ ʙʘʟʽ 

ESP8266, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʽʥʪʝʨʥʝʪʫ ʧʨʷʤʦ ʯʝʨʝʟ 

WiFi-ʨʦʫʪʝʨ, ʧʘʨʩʫʚʘʪʠ ʤʝʪʝʦʜʘʥʽ ʚ ʪʝʢʩʪʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʥʘ 

ʽʥʜʠʢʘʪʦʨʽ. ɼʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʽʥʜʠʢʘʪʦʨʘ ʟ 

ʢʦʥʪʨʦʣʝʨʦʤ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠʩʷ ʪʘʢʦʶ ʪʘʙʣʠʮʝʶ: 
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NodeMcu ESP8266 LCD 2004A 

D1 SCL 

D2 SDA 

5V VCC 

GND GND 

 

 
ʈʠʩ.1. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʘʢʝʪʫ 

 

ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʝʨʫ ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ WiFi-ʤʝʨʝʞʽ 

ʽ ʢʦʞʥʽ 10 ʩʝʢʫʥʜ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʚʢʘʟʘʥʫ ʩʪʦʨʽʥʢʫ ʩʘʡʪʫ, 

ʚʠʪʷʛʫʚʘʪʠ ʟ ʥʝʾ ʧʦʪʨʽʙʥʽ ʜʘʥʽ ʡ ʚʽʜʦʙʨʘʞʘʪʠ ʾʭ ʥʘ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʤʫ ʽʥʜʠʢʘʪʦʨʽ. ʇʽʜôʻʜʥʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʨʦʟʰʠʨʶʻ 

ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʝʦʜʘʥʠʭ ʪʘ ʩʪʘʪʠʩʪʠʢʠ 

ʤʝʪʝʦʜʘʥʠʭ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. https://geekmatic.in.ua/nodemcu_wifi_esp8266 

2. https://geekmatic.in.ua/lcd_2004a 

  

https://geekmatic.in.ua/nodemcu_wifi_esp8266
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ɸʥʜʨʽʡ ɹʘʣʘʮʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʣʘʨ ʆ.ʗ. 
 

ʂʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ  

ʟʘ ʜʦʧʦʤʦʛʦʶ GPS-ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ 
 ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʞʦʜʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʘ ʢʦʤʧʘʥʽʷ ʥʝ 
ʫʷʚʣʷʻ ʩʚʦʻʾ ʨʦʙʦʪʠ ʙʝʟ GPS-ʤʦʥʽʪʦʨʠʥʛʫ, ʨʘʟʦʤ ʟ ʧʦʚʥʦʶ 

ʘʥʘʣʽʪʠʢʦʶ ʚʠʪʨʘʪ ʧʘʣʴʥʦʛʦ ʪʘ ʜʦʜʘʪʢʦʚʠʤ ʟʘʭʠʩʪʦʤ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʘʚʪʦʤʦʙʽʣʽ.  

GPS-ʤʦʥʽʪʦʨʠʥʛ ï ʮʝ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʠʩʪʨʦʾʚ, 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʪʘ ʧʽʜôʻʜʥʘʥʠʭ ʜʦ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʠʡ ʟôʻʜʥʫʻʪʴʩʷ ʽʟ 

ʩʫʧʫʪʥʠʢʘʤʠ ʪʘ ʟʜʽʡʩʥʶʻ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʧʨʦ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʩʝʨʚʝʨ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ 

ʽʥʪʝʨʥʝʪ. ɺʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢʠ, ʦʩʦʙʣʠʚʦ ʮʽʥʥʠʭ ʚʘʥʪʘʞʽʚ, 

ʤʘʶʪʴ ʧʦʪʨʝʙʫ ʩʪʝʞʠʪʠ ʟʘ ʧʝʨʝʩʫʚʘʥʥʷʤ ʚʘʥʪʘʞʫ ʥʝ ʪʽʣʴʢʠ 

ʯʝʨʝʟ GPS-ʤʦʥʽʪʦʨʠʥʛ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʦʥʣʘʡʥ-

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʦʥʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʄʦʥʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʝʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

 

ʑʦʙ ʧʦʩʪʽʡʥʦ ʟʙʝʨʽʛʘʪʠ ʚʽʜʝʦʤʘʪʝʨʽʘʣ, ʧʦʪʨʽʙʥʦ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʚʽʜʝʦʨʝʻʩʪʨʘʪʦʨ ʚ ʘʚʪʦʤʦʙʽʣʽ. ɼʣʷ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟʘʧʠʩʫ ʥʘ ʞʦʨʩʪʢʠʡ ʜʠʩʢ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʚʘʨʽʘʥʪ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʚʽʜʝʦʤʘʪʝʨʽʘʣʫ ʥʘ ʚʽʜʜʘʣʝʥʦʤʫ ʩʝʨʚʝʨʽ.  

ʆʜʠʥ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜôʻʜʥʘʥʥʷ ʩʠʩʪʝʤʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʘʚʪʦʤʦʙʽʣʽ ï ʧʦʙʫʜʦʚʘ ʩʠʩʪʝʤʠ ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ IP-ʪʝʭʥʦʣʦʛʽʡ. ʊʦʯʥʽʰʝ: ʩʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʟʚʠʯʘʡʥʦʾ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʮʝʥʪʨʘʣʴʥʦʛʦ Ethernet ʢʦʤʫʪʘʪʦʨʘ, ʷʢʠʡ ʦʪʨʠʤʫʻ ʽʥʪʝʨʥʝʪ-

ʟôʻʜʥʘʥʥʷ ʚʽʜ ʤʦʙʽʣʴʥʦʛʦ 4G-ʨʦʫʪʝʨʘ. ɺʝʣʠʢʦʶ ʧʝʨʝʚʘʛʦʶ ʻ 

ʧʦʙʫʜʦʚʘ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʚ ʘʚʪʦʤʦʙʽʣʽ, ʜʣʷ ʜʦʜʘʪʢʦʚʠʭ ʨʽʟʥʠʭ 

ʬʫʥʢʮʽʡ, ʷʢ-ʦʪ Wi-Fi-ʤʝʨʝʞʘ ʚ ʘʚʪʦʤʦʙʽʣʽ, ʧʽʜôʻʜʥʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʧʦʩʪʽʡʥʦʾ ʢʥʦʧʢʠ ʪʨʠʚʦʛʠ, ʟ'ʻʜʥʘʥʥʷ ʙʦʨʪʦʚʦʛʦ 

ʢʦʤʧ'ʶʪʝʨʘ ʘʚʪʦʤʦʙʽʣʷ ʟ̔ ʩʝʨʚʝʨʘʤʠ ʢʦʤʧʘʥʽʾ ʧʝʨʝʚʽʟʥʠʢʘ, ʘ 

ʪʘʢʦʞ ʟôʻʜʥʘʥʥʷ GPS-ʪʨʝʢʝʨʘ ʟ ʽʥʪʝʨʥʝʪʦʤ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʾʟʜʢʠ, ʧʘʨʢʦʚʢʠ ʪʘ ʚʽʜʧʦʯʠʥʢʫ 

ʚʦʜʽʷ. ʉʭʝʤʘ ʧʽʜôʻʜʥʘʥʥʷ GPS-ʪʨʝʢʝʨʫ ʜʦ ʙʦʨʪʦʚʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʦʙʽʣʷ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ GPS-ʪʨʝʢʝʨʫ ʜʦ ʙʦʨʪʦʚʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʦʙʽʣʷ 

 

ʇʦʙʫʜʦʚʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʧʦʪʨʝʙʫʻ ʜʫʞʝ ʩʪʽʡʢʦʛʦ 

ʟʘʭʠʩʪʫ, ʷʢ ʬʽʟʠʯʥʦʛʦ, ʪʘʢ ʽ ʧʨʦʛʨʘʤʥʦʛʦ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ 

ʤʽʥʽʤʘʣʴʥʝ ʚʪʨʫʯʘʥʥʷ ʚ ʩʠʩʪʝʤʫ ʤʦʞʝ ʧʝʨʝʰʢʦʜʞʘʪʠ ʩʪʘʙʽʣʴʥʽʡ 

ʪʘ ʜʦʩʪʦʚʽʨʥʽʡ ʨʦʙʦʪʽ ʫʩʽʻʾ ʩʠʩʪʝʤʠ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Teltonika FMB 920 General description ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://wiki .teltonika-

gps.com/view/FMB920_General_description 

2. GPS ʪʝʨʤʽʥʘʣ Queclink GV300/320 ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://waymaps.ua/montazh-queclink-gv300-320 

https://wiki.teltonika-gps.com/view/FMB920_General_description
https://wiki.teltonika-gps.com/view/FMB920_General_description
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ɯʚʘʥ ɹʘʨʘʥʝʮʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸʥʜʨʫʱʘʢ ɻ.ʆ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʢʚʘʨʪʘʣʫ ʚ ʤ.ʃʴʚʽʚ 

ʋ ʟʚôʷʟʢʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʪʝʤʧʽʚ ʙʫʜʽʚʥʠʮʪʚʘ 

ʞʠʪʣʘ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʚ ʤ. ʃʴʚʽʚ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ 

ʦʙʣʘʜʥʘʥʥʽ ʚʫʣʠʯʥʠʤ ʦʩʚʽʪʣʝʥʥʷʤ ʥʦʚʦʟʙʫʜʦʚʘʥʠʭ ʤʽʢʨʦʨʘʡʦʥʽʚ 

ʪʘ ʧʨʠʣʝʛʣʠʭ ʜʦ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʪʝʨʠʪʦʨʽʡ. 

ɼʣʷ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦ ʩʧʦʞʠʚʘʯʽʚ ʤʽʩʪʘ, ʟʘʣʝʞʥʦ 

ʚʽʜ ʡʦʛʦ ʨʦʟʤʽʨʽʚ, ʪʨʝʙʘ ʧʝʨʝʜʙʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʘ ʙʫʜʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʧʦʞʠʚʘʯʽʚ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʢʘʪʝʛʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ. 

ʉʴʦʛʦʯʘʩʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪ ʤʘʶʪʴ 

ʚʽʜʧʦʚʽʜʘʪʠ ʨʽʚʥʶ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ, ʦʙʩʷʛʫ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ,  ʚʽʜʧʦʚʽʜʥʫ ʜʦ ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʘ ʥʘʜʽʡʥʽʩʪʴ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʱʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ɿʛʦʜʦʤ ʜʘʥʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ, ʷʢ ʚ ʯʘʩʪʠʥʽ ʟʥʘʯʝʥʴ 

ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ,  ʪʘʢ ʽ 

ʟ ʙʦʢʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʆʪʞʝ, ʩʭʝʤʘ, ʷʢʫ ʪʨʝʙʘ ʨʦʟʨʦʙʠʪʠ, ʤʘʻ 

ʣʝʛʢʦ ʘʜʘʧʪʫʚʘʪʠʩʴ ʽ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠʩʴ ʜʦ ʜʝʷʢʠʭ ʚʘʨʽʘʮʽʡ 

ʚʠʭʽʜʥʠʭ ʫʤʦʚ, ʙʫʪʠ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʘ ʪʘʢʦʞ ʤʘʪʠ ʫʤʦʚʠ, ʱʦʙ  

ʨʦʟʚʠʚʘʪʠʩʷ ʫ ʧʦʜʘʣʴʰʦʤʫ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ ʨʦʟʨʦʙʢʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʤʽʢʨʦʨʘʡʦʥʫ çPlus 2è (ʨʠʩ. 1) 

ʤʽʩʪʘ ʃʴʚʽʚ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʚʫʣʠʯʥʠʤ ʦʩʚʽʪʣʝʥʥʷʤ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ: ʚʠʙʨʘʪʠ ʩʭʝʤʫ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʾʾ ʦʙˇʨʫʥʪʫʚʘʪʠ; ʚʠʟʥʘʯʠʪʠ ʝʣʝʢʪʨʠʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥ ʽʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ ʽʟ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ; ʚʠʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʽ ʧʦʪʫʞʥʽʩʪʴ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ; ʨʦʟʨʘʭʫʚʘʪʠ ʪʘ ʚʠʙʨʘʪʠ ʨʦʟʧʦʜʽʣʴʯʫ 

ʝʣʝʢʪʨʦʤʝʨʝʞʫ; ʨʦʟʨʘʭʫʚʘʪʠ ʩʪʨʫʤʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ; 

ʚʠʙʨʘʪʠ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʂʊʇ ʽ ʧʝʨʝʚʽʨʠʪʠ ʡʦʛʦ ʥʘ ʩʪʽʡʢʽʩʪʴ 

ʜʦ ʜʽʾ ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ; ʚʠʙʨʘʪʠ ʽ ʨʦʟʨʘʭʫʚʘʪʠ 
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ʨʝʣʝʡʥʠʡ ʟʘʭʠʩʪ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ; ʨʦʟʨʦʙʠʪʠ ʟʘʭʦʜʠ ʟ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ; ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʫʣʠʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. 

 
ʈʠʩ. 1. ʇʨʦʻʢʪ ʞʠʪʣʦʚʦʛʦ ʤʽʢʨʦʨʘʡʦʥʫ çPlus 2è  

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʭʦʜʠ ʜʦʟʚʦʣʷʪʴ ʧʽʜʚʠʱʠʪʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʦʛʦ 

ʤʘʩʠʚʫ, ʘ ʩʘʤʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʪʘʢʠʤ 

ʚʠʤʦʛʘʤ, ʷʢ: ʥʘʜʽʡʥʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʙʝʟʧʝʢʘ, ʟʨʫʯʥʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʧʽʜ ʯʘʩ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʋ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʽ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʨʦʟʚôʷʟʥʥʷ ʚʢʘʟʘʥʠʭ 

ʧʨʦʙʣʝʤ: ʚʨʘʭʫʚʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʩʠʩʪʝʤʠ; ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʨʦʟʤʽʱʝʥʥʷ 

ʟʘʩʦʙʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ; ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ. 

ʂʨʽʤ ʪʦʛʦ, ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪ ʰʣʷʭʦʤ ʢʦʤʧʝʥʩʘʮʽʾ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʇʦʜʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ ʤʽʩʪ. 

ʋ ʨʦʙʦʪʽ ʧʦʜʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ. ʇʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʟʜʽʡʩʥʝʥʦ ʚʠʙʽʨ ʢʽʣʴʢʦʩʪʽ ʽ ʧʦʪʫʞʥʦʩʪʽ 

ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʇʨʘʚʠʣʘ ʫʣʘʰʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ. ʂʠʾʚ, 2017.  617 ʩ. 

2. ɼʝʨʞʘʚʥ ̔ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ ɺ.2.5-23:2010. ʇʨʦʝʢʪʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʮʠʚʽʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʂʠʾʚ, 2010. 108 ʩ. 
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ɺʦʣʦʜʠʤʠʨ ɹʘʭʪʽʥ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʘ ʄ. ɻ. 

ʉʪʚʦʨʝʥʥʷ  ̔ʟʘʭʠʩʪ LAN  ʧʽʜʧʨʠʻʤʩʪʚʘ  

ʥʘ ʧʨʠʢʣʘʜʽ  ʇʇ çBakhtinè 
ɺ ʨʦʙʦʪʽ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʇʇ çBakhtinè) ʩʧʨʦʻʢʪʦʚʘʥʦ 

ʣʦʢʘʣʴʥʫ ʢʦʤʧ'ʶʪʝʨʥʫ ʤʝʨʝʞʫ (LAN), ʚʠʢʦʥʘʥʦ ʧʝʨʝʚʽʨʢʫ 

ʢʦʨʝʢʪʥʦʩʪʽ ʾʾ ʨʦʙʦʪʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʪʨʝʙʦʶ ʫ ʩʪʚʦʨʝʥʥʽ 

ʣʦʢʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʢʦʥʢʨʝʪʥʦʛʦ  ʧʽʜʧʨʠʻʤʩʪʚʘ ʯʠ ʦʨʛʘʥʽʟʘʮʽʾ, ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʩʫʧʨʦʚʦʜʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʬʽʨʤʠ. ʇʝʨʝʜ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʫ ʨʝʘʣʴʥʝ ʚʠʨʦʙʥʠʯʝ ʩʝʨʝʜʦʚʠʱʝ ʩʭʝʤʘ ʤʝʨʝʞʽ 

ʙʫʣʘ ʟʤʦʜʝʣʴʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʽ Cisco Packet Tracer. 

ɿʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ ʪʘ ʙʘʟʦʚʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ 

ʜʝʢʽʣʴʢʦʭ ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʠʣʦ ʛʥʫʯʢʽʩʪʴ ʤʝʨʝʞʽ, ʾʾ ʧʦʚʥʦʮʽʥʥʫ 

ʙʘʛʘʪʦʟʘʜʘʯʥʽʩʪʴ ʽ ʥʝʦʙʭʽʜʥʠʡ ʜʦʩʪʫʧ ʜʦ ʦʙʣʘʜʥʘʥʥʷ. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʫ IP-ʘʜʨʝʩ ʫ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʧʨʦʥʠʢʥʝʥʥʷ ʫ 

ʟʘʢʨʠʪʫ ʢʦʤʧôʶʪʝʨʥʫ ʤʝʨʝʞʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʟʘʭʦʜʠ ʧʨʦʪʠʜʽʾ 
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ʥʝʟʘʢʦʥʥʦʤʫ ʚʪʨʫʯʘʥʥʶ ʚ ʾʾ ʨʦʙʦʪʫ ʥʘ ʩʪʘʜʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʦʻʢʪʘ ʟ ʧʦʜʘʣʴʰʦʶ ʧʽʜʪʨʠʤʢʦʶ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ Kali Linux ʪʘ ʡʦʛʦ 

ʚʙʫʜʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ. ɼʝʷʢʽ ʪʝʩʪʠ ʚʠʢʦʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʨʠʧʪʽʚ PowerShell, ʩʧʝʮʽʘʣʴʥʦ ʥʘʧʠʩʘʥʠʭ ʜʣʷ ʮʽʻʾ ʟʘʜʘʯʽ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʘʢʽ ʪʝʩʪʠ: 

1) ʧʝʨʝʚʽʨʢʘ ʚʩʽʭ ʚʽʜʢʨʠʪʠʭ ʧʦʨʪʽʚ; 

2) ʩʢʘʥʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; 

3) ʧ̔ ʜʙʽʨ ʧʘʨʦʣʽʚ; 

4) ʘʪʘʢʘ ʟʩʝʨʝʜʠʥʠ ʤʝʨʝʞʽ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʦʧʦʣʦʛʽʷ ʧʦʢʘʟʘʣʘ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʧʨʠ 

ʧʨʦʥʠʢʥʝʥʥʷ ʟʟʦʚʥʽ. ʇʨʠ ʪʝʩʪʫʚʘʥʥʽ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʟʩʝʨʝʜʠʥʠ 

ʟʘʭʠʩʪ ʚʠʷʚʠʚʩʷ ʥʝʟʘʜʦʚʽʣʴʥʠʤ. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʮʴʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʜʦʜʘʪʢʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʣʷ ʟʘʭʠʩʪʫ ʘʙʦ ʧʝʨʝʥʘʣʘʰʪʫʚʘʪʠ ʧʦʣʽʪʠʢʠ 

ʙʝʟʧʝʢʠ; ʧʨʠ ʮʴʦʤʫ ʩʝʨʚʽʩʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʱʦ ʥʘʜʘʶʪʴʩʷ 

ʢʦʨʠʩʪʫʚʘʯʘʤ, ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʤʝʞʝʥʽ. 

ʆʪʞʝ, ʜʣʷ ʟʘʭʠʩʪʫ ʤʝʨʝʞʽ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʩʢʦʨʠʛʫʚʘʪʠ 

ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʜʣʷ ʨʽʟʥʠʭ ʛʨʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʤʽʥʠʪʠ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʝʨʚʝʨʘ. ɿʦʢʨʝʤʘ, ʚʠʢʦʥʘʥʦ ʟʘʢʨʠʪʪʷ ʚʩʽʭ 

ʚʽʜʢʨʠʪʠʭ ʧʦʨʪʽʚ ʩʝʨʚʝʨʘ, ʷʢʽ ʥʝ ʧʦʪʨʽʙʥʽ ʜʣʷ ʨʦʙʦʪʠ. ɼʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜʢʨʠʪʠʭ ʧʦʨʪʽʚ ʥʘʧʠʩʘʥʦ ʩʢʨʠʧʪ, ʱʦ ʜʦʟʚʦʣʷʻ  

ʦʙʤʝʞʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʚʽʜ 

ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʦʜʘʪʢʦʚʦ ʩʪʚʦʨʝʥʦ ʩʢʨʠʧʪ, ʷʢʠʡ 

ʧʨʠʤʫʩʦʚʦ ʚʠʤʠʢʘʻ ʧʨʦʛʨʘʤʠ, ʚʽʜʩʫʪʥʽ ʫ ʩʧʠʩʢʫ ʨʦʙʦʯʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʇʦʚʪʦʨʥʝ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʞʠʪʠʭ ʟʘʭʦʜʽʚ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɼʤʠʪʨʦ ɹʝʨʝʟʜʝʮʴʢʠʡ, ʈʦʩʪʠʩʣʘʚ ɿʚʝʨʽʥʩʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʇʦʣʽʪʘʥʩʴʢʠʡ ʈ.ʃ. 
 

ʂʦʥʮʝʧʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʙʘʥʢʽʚʩʴʢʦʾ ʫʩʪʘʥʦʚʠ 
 

ɿ ʯʘʩʫ ʧʦʷʚʠ ʙʘʥʢʠ ʥʝʟʤʽʥʥʦ ʚʠʢʣʠʢʘʣʠ ʟʣʦʯʠʥʥʠʡ ʽʥʪʝʨʝʩ. ɯ 

ʮʝʡ ʽʥʪʝʨʝʩ ʙʫʚ ʧʦʚ'ʷʟʘʥʠʡ ʥʝ ʪʽʣʴʢʠ ʟʽ ʟʙʝʨʽʛʘʥʥʷʤ ʫ ʢʨʝʜʠʪʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʷʭ ʢʦʰʪʽʚ, ʘ ʡ ʽʟ ʪʠʤ, ʱʦ ʚ ʙʘʥʢʘʭ ʟʦʩʝʨʝʜʞʫʚʘʣʘʩʷ 

ʚʘʞʣʠʚʘ ʪʘ ʥʘʡʯʘʩʪʽʰʝ ʢʦʥʬʽʜʝʥʮʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʬʽʥʘʥʩʦʚʫ 

ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʣʶʜʝʡ, ʢʦʤʧʘʥʽʡ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʡ. 

ʋ ʥʘʰʽ ʜʥʽ ʫ ʟʚ'ʷʟʢʫ ʽʟ ʟʘʛʘʣʴʥʦʶ ʽʥʬʦʨʤʘʪʠʟʘʮʽʻʶ ʪʘ 

ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʻʶ ʙʘʥʢʽʚʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʥʘʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʙʘʥʢʽʚ ʽʩʪʦʪʥʦ ʟʨʦʩʣʦ. ʑʝ 30 ʨʦʢʽʚ ʪʦʤʫ 

ʦʙ'ʻʢʪʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʪʘʢ ʙʫʣʠ ʜʘʥʽ ʧʨʦ ʢʣʽʻʥʪʽʚ ʙʘʥʢʽʚ ʘʙʦ 

ʜʽʷʣʴʥʽʩʪʴ ʩʘʤʦʛʦ ʙʘʥʢʫ. ʊʘʢʽ ʘʪʘʢʠ ʙʫʣʠ ʨʽʜʢʽʩʥʠʤʠ, ʢʦʣʦ ʾʭ 

ʟʘʤʦʚʥʠʢʽʚ ʙʫʣʦ ʜʫʞʝ ʚʫʟʴʢʠʤ, ʘ ʟʙʠʪʢʠ ʤʦʛʣʠ ʙʫʪʠ ʟʥʘʯʥʠʤʠ 

ʣʠʰʝ ʚ ʦʩʦʙʣʠʚʠʭ ʚʠʧʘʜʢʘʭ. ɺ ʜʘʥʠʡ ʯʘʩ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʣʘʪʝʞʽʚ, ʧʣʘʩʪʠʢʦʚʠʭ ʢʘʨʪʦʢ, 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ ʦʙ'ʻʢʪʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʪʘʢ ʩʪʘʣʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʰʪʠ ʷʢ ʙʘʥʢʽʚ, ʪʘʢ ʽ ʾʭ ʢʣʽʻʥʪʽʚ. ɿʜʽʡʩʥʠʪʠ 

ʩʧʨʦʙʫ ʨʦʟʢʨʘʜʘʥʥʷ ʤʦʞʝ ʙʫʜʴ-ʭʪʦ ð ʧʦʪʨʽʙʥʘ ʣʠʰʝ ʥʘʷʚʥʽʩʪʴ 

ʢʦʤʧ'ʶʪʝʨʘ, ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʻ ʬʫʥʜʘʤʝʥʪʦʤ ʩʪʽʡʢʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʥʢʫ, ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʛʨʦʟʘʤ ʡʦʛʦ ʙʝʟʧʝʮʽ, 

ʟʘʭʠʩʪʫ ʟʘʢʦʥʥʠʭ ʽʥʪʝʨʝʩʽʚ ʙʘʥʢʫ ʚʽʜ ʧʨʦʪʠʧʨʘʚʥʠʭ ʧʦʩʷʛʘʥʴ, 

ʥʝʜʦʧʫʱʝʥʥʷ ʨʦʟʢʨʘʜʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʢʦʰʪʽʚ, ʨʦʟʛʦʣʦʰʝʥʥʷ, 

ʚʪʨʘʪʠ, ʚʠʪʦʢʫ, ʩʧʦʪʚʦʨʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʧʽʜʨʦʟʜʽʣʽʚ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʪʘ ʛʘʨʘʥʪʽʡ 

ʙʝʟʧʝʢʠ ʤʘʡʥʦʚʠʭ ʧʨʘʚ ʪʘ ʽʥʪʝʨʝʩʽʚ ʢʣʽʻʥʪʽʚ. 

ʈʦʟʨʦʙʢʘ ʧʦʣʽʪʠʢʠ ʪʘ ʢʦʥʮʝʧʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ - 

ʧʝʨʰʦʨʷʜʥʠʡ ʢʨʦʢ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʷʢ ʦʩʥʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʇʦʣʽʪʠʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʦʢʫʤʝʥʪʦʤ 

ʜʣʷ ʢʝʨʽʚʥʠʢʽʚ ʫʩʽʭ ʨʽʚʥʽʚ, ʩʧʝʮʽʘʣʽʩʪʽʚ ʚʽʜʜʽʣʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 
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ʪʝʭʥʦʣʦʛʽʡ, ʩʣʫʞʙʠ ʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟʘ ʦʨʛʘʥʽʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʫ ʙʘʥʢʫ. 

ʊʘʢʠʤʠ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʻ ʚʩʽ ʦʩʦʙʠ, ʟʘʜʽʷʥʽ ʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʦʙʤʽʥʽ ʙʘʥʢʫ, ʦʩʢʽʣʴʢʠ ʧʦʨʫʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʤʦʞʝ 

ʚʽʜʙʫʪʠʩʷ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʨʽʚʥʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʧʦʣʽʪʠʢʠ ʪʘ 

ʢʦʥʮʝʧʮʽʾ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʦʟʨʦʙʢʘ ʧʨʦʙʣʝʤʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʦʣʽʪʠʢ ʙʝʟʧʝʢʠ ʚ ɯʊʉ ʙʘʥʢʫ. 

ʇʨʦʚʝʜʝʥʘ ʨʦʙʦʪʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦ ʟʘʭʠʩʪʫ ʚ ɯʊʉ ʙʘʥʢʫ, ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ɯɹ ʷʢ ʜʣʷ ʧʽʜʩʠʩʪʝʤ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, 

ʪʘʢ ʽ ʜʣʷ ʚʩʽʻʾ ɯʊʉ ʙʘʥʢʫ. ʇʨʦʚʝʜʝʥʘ ʘʥʘʣʽʪʠʯʥʘ ʨʦʙʦʪʘ ʪʘ 

ʨʦʟʨʦʙʣʝʥʽ ʜʦʢʫʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʧʦʣʽʪʠʢʠ ʪʘ ʢʦʥʮʝʧʮʽʾ ʙʘʥʢʫ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʦʙʢʠ ʂʉɿɯ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 
 

 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʇʨʦ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ. ʇʦʩʪʘʥʦʚʘ ɺʈ ˉ 81/94-ɺʈ ʚʽʜ 05.07.94 ʟʽ ʟʤʽʥʘʤʠ.  

2. ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʦʨʛʘʥʽʟʘʮʽʶ ʟʘʭʦʜʽʚ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚ ʙʘʥʢʽʚʩʴʢʽʡ ʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ 

ʇʦʩʪʘʥʦʚʘ ʧʨʘʚʣʽʥʥʷ ʅɹʋ ˉ95 ʚʽʜ 28.09.2017 
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ʆʣʝʢʩʘʥʜʨ ɹʝʨʥʠʢ, ʅʘʟʘʨ ɻʨʠʱʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʇʦʣʽʪʘʥʩʴʢʠʡ ʈ.ʃ. 

ʈʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʭʘʦʩʫ ʪʘ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 
ʈʦʟʚʠʪʦʢ ʩʠʩʪʝʤ ʽʟ ʭʘʦʪʠʯʥʦʶ ʜʠʥʘʤʽʢʦʶ ʪʘ ʾʭ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʨʴʦʤʘ ʚʘʞʣʠʚʠʤʠ ʝʪʘʧʘʤʠ [1], 

ʷʢʽ ʩʭʝʤʘʪʠʯʥʦ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ.1. 

 
ʈʠʩ.1. ɽʪʘʧʠ ʨʦʟʚʠʪʢʫ ʫʷʚʣʝʥʴ ʧʨʦ ʩʠʩʪʝʤʠ ʽʟ ʥʝʣʽʥʽʡʥʦʶ ʜʠʥʘʤʽʢʦʶ 

ʅʘ ʧʦʯʘʪʢʫ 1980-ʭ ʨʦʢʽʚ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʝʣʝʢʪʨʦʥʥʽ ʩʭʝʤʠ 

ʛʝʥʝʨʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʢʦʣʠʚʘʥʴ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʩʭʝʤʘʤʠ, ʜʝʷʢʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ ʚʦʣʦʜʽʶʪʴ ʥʝʣʽʥʽʡʥʠʤʠ 

ʚʦʣʴʪʘʤʧʝʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [2]. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʜʦʙʨʝ 

ʚʽʜʦʤʠʤ  ʽʟ ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚʠʛʣʷʜʦʤ ʟʘʛʘʣʴʥʠʭ 

ʨʦʟʚôʷʟʢʽʚ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

ʜʦʙʫʪʢʽʚ ʧʦʣʽʥʦʤʽʣʴʥʠʭ, ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʪʘ ʛʘʨʤʦʥʽʯʥʠʭ 

ʬʫʥʢʮʽʡ. ɺʚʝʜʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʜʦʜʘʥʢʽʚ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ 

ʩʠʩʪʝʤʫ ʨʦʟʚôʷʟʢʽʚ ʽ ʚʠʟʥʘʯʘʻ ʱʝ ʦʜʥʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ ʩʠʩʪʝʤ ʽʟ ʚʣʘʩʪʠʚʽʩʪʶ ʭʘʦʪʠʯʥʦʾ ʜʠʥʘʤʽʢʠ, ʘ ʩʘʤʝ 

ʽʩʥʫʚʘʥʥʷ ʘʪʨʘʢʪʦʨʘ [3]. ɸʪʨʘʢʪʦʨʦʤ ʥʘʟʠʚʘʶʪʴ ʪʘʢʫ ʤʥʦʞʠʥʫ 

ʪʦʯʦʢ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʠʩʪʝʤʠ, ʜʦ ʷʢʦʾ ʧʨʷʤʫʶʪʴ ʬʘʟʦʚʽ 

ʪʨʘʻʢʪʦʨʽʾ ʚʩʽʭ ʾʾ ʨʦʟʚôʷʟʢʽʚ, ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʷʢʠʭ ʟʘʜʘʥʽ 

ʧʨʠʥʘʣʝʞʥʽʩʪʶ ʜʦ ʤʥʦʞʠʥʠ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʙʘʩʝʡʥʦʤ ʪʷʞʽʥʥʷ 

ʜʦ ʘʪʨʘʢʪʦʨʘ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʘʢʠʭ ʘʪʨʘʢʪʦʨʽʚ ʚʦʣʦʜʽʻ 

ʬʨʘʢʪʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʥʘʧʨʠʢʣʘʜ, ʘʪʨʘʢʪʦʨʠ ʃʦʨʝʥʮʘ ʪʘ 

ʈʝʩʣʝʨʘ).  

˾ͦͪͦ͋͊͘͟ ͟ ͙ͦͣͨ͊ͭͤ͟ͻ ͔ ͔͙ͭͪͦͤͤ͟͡ͻ ͎ ͔͔͍ͤͪ͊ͭͦͪ͜ 
ͻ͙͊ͦͭ;͙ͤͻ ͟ ͙͍ͦ͊ͤ͡Έ ͜ ͘ ́ ͙͎͍͙ͪͦͦͫͣͯͦͣ͟ ͔ͫͨͭͪͦͣ͟Σ ΅  ͦ
͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͪͤ͘͜͜ ͭ ͔ͻ͎ͤͦͦ͜͡͝. 

ˤ͙͒ͪͭͭ͜͟Ύ ͜  ͒ͦ ͔ͫ͒͗ͤͤ͜͡Ύ Ύ͍͙΅͊ ͫ ͙ͤͻͪͦͤ͊͘͜ͼ͜͝. 

ˤ͙ͤ͊͘;͔ͤͤΎ ͭ ͪ͊Ί͚ͭͦͪ͟͜ ͻ͙͊ͦͭ;ͤͦ͝ ͫ ͙͔͙ͫͭͣ ͯ ͺ͍͊ͦͦͣͯ͘ 
ͨͪͦͫͭͦͪ͜ ͒͡Ύ  ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ;͙͍ͯͭͦͫͭ͜͡ ͒ ͦ ͨͦ ;͍͙͊ͭͦ͟ͻ 
͍ͯͣͦΦ 
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ɯʥʰʦʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʩʠʩʪʝʤ ʽʟ ʭʘʦʪʠʯʥʦʶ 

ʜʠʥʘʤʽʢʦʶ ʻ ʚʽʜʢʨʠʪʪʷ ʫ 1990 ʨʦʮʽ ʂʘʨʦʣʝʤ ʪʘ ʇʝʢʦʨʦʶ ʷʚʠʱʘ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʚʦʭ ʛʝʥʝʨʘʪʦʨʽʚ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʢʦʣʠʚʘʥʴ [4]. 

ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʬʘʢʪʠʯʥʦ ʦʟʥʘʯʘʻ ʟʙʽʛʘʥʥʷ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʽʟ 

ʧʣʠʥʦʤ ʯʘʩʫ, ʽ ʤʘʻ ʧʦʪʝʥʮʽʡʥʦ ʚʘʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ, 

ʷʢ ʚʘʞʣʠʚʠʡ ʘʥʘʣʦʛ ʽ ʟʘʤʽʥʥʠʢ ʬʘʟʦʚʦʛʦ ʫʟʛʦʜʞʝʥʥʷ 

ʧʨʠʡʤʘʣʴʥʦʾ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʩʠʩʪʝʤ, ʱʦ ʫʤʦʞʣʠʚʠʣʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʽʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ 

ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʚʽʜʢʨʠʪʪʷ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʢʦʣʠʚʘʥʴ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ 

ʧʨʷʤʦʭʘʦʪʠʯʥʽ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ. ɺʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʚʧʣʠʚʫ ʟʘʚʘʜ, ʦʩʦʙʣʠʚʦ 

ʟʘʚʘʜ, ʱʦ ʧʦʚô̫ ʟʘʥʽ ʟ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʤ ʧʦʰʠʨʝʥʥʷʤ ʩʠʛʥʘʣʽʚ. 

ʎʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʦʟʨʦʙʥʠʢʘʤʠ ʥʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʤʦʙʽʣʴʥʦʛʦ 

ʟʚô̫ ʟʢʫ, ʜʝ ʧʣʘʥʫʻʪʴʩʷ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ, ʟʘ ʨʘʭʫʥʦʢ 

ʮʴʦʛʦ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʚʧʣʠʚ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ ʧʦʰʠʨʝʥʥʷ [5]. 

ɯʥʰʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ, 

ʷʢʘ ʚʦʣʦʜʽʻ ʚʣʘʩʪʠʚʽʩʪʶ ʩʪʝʛʘʥʦʛʨʘʬʽʾ (ʢʦʣʠ ʩʘʤ ʧʨʦʮʝʩ 

ʧʝʨʝʜʘʚʘʥʥʷ ʩʪʘʻ ʥʝʧʦʤʽʪʥʠʤ). 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Gonzalez, J.A. Chaos-induced true randomness / J.A. Gonzalez, L.I. 

Reyes, J.J. Suarez, L.E. Guerrero, G. Gutierez // Physica A. ð 2002. 

ð V. 316. ð P. 259ð288. 
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ʉʝʨʛʽʡ ɹʦʛʫʩʝʚʠʯ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʦʙʨʦʚʦʣʴʩʴʢʠʡ ʖ.ɻ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʰʠʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʧʝʨʚʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

 
ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʰʠʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʧʝʨʚʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ. ʎʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ 

ʝʥʝʨʛʽʶ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʬʦʪʦʩʪʨʫʤ ʘʙʦ 

ʬʦʪʦʥʘʧʨʫʛʫ. ʆʜʥʽʻʶ ʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʜʽʦʜʫ ʻ 

ʡʦʛʦ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ, ʷʢʠʡ ʤʦʞʥʘ ʨʦʟʰʠʨʠʪʠ ʰʣʷʭʦʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ.  

ɿʘʚʜʘʥʥʷ ʟ ʨʦʟʰʠʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʬʦʪʦʜʽʦʜʘ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʪʘʢʦʞ ʤʝʪʦʜʘʤʠ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ 

ʩʪʫʧʝʥʷ ʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʽʦʜʫ ʪʘ ʚʚʝʜʝʥʥʷ ʧʦʪʨʽʙʥʠʭ ʧʦʧʨʘʚʦʢ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʬʦʪʦʜʽʦʜʘ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʤʫ 

ʧʨʠʩʪʨʦʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʫ ʚʽʣʴʥʦʤʫ ʦʧʪʠʯʥʦʤʫ 

ʧʨʦʩʪʦʨʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʢʨʠʪʝʨʽʡ 

ʥʝʣʽʥʽʡʥʦʩʪʽ, ʩʪʚʦʨʶʻʪʴʩʷ ʙʘʟʘ ʜʘʥʠʭ ʪʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ 

ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. 

ɿʛʽʜʥʦ ʟ ʨʦʟʨʦʙʣʝʥʠʤ ʘʣʛʦʨʠʪʦʤ (ʨʠʩ.1), ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ 

ʜʘʥʠʭ ʦʧʝʨʘʪʦʨ ʟʘʧʫʩʢʘʻ ʧʨʦʛʨʘʤʫ ʪʘ ʚʚʦʜʠʪʴ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʚ 

ʚʽʜʧʦʚʽʜʥʽ ʧʦʣʷ ʪʘʙʣʠʮʽ (ɯ1, ȹI, Ŭ), ʧʽʩʣʷ ʯʦʛʦ ʧʽʜʪʚʝʨʜʞʫʻ ʾʭ 

ʧʨʘʚʠʣʴʥʽʩʪʴ. ʉʠʩʪʝʤʘ ʘʥʘʣʽʟʫʻ ʚʚʝʜʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʟʘʧʫʩʢʘʻ 

ʘʣʛʦʨʠʪʤ ʨʦʟʰʠʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʷʢʱʦ ʮʝ 

ʥʝʦʙʭʽʜʥʦ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʬʘʡʣ 

ʟ ʧʨʦʪʦʢʦʣʦʤ ʦʙʤʽʥʫ .bin, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʇɿ, ʷʢ 

ʟʘʚʘʥʪʘʞʝʥʦ ʫ ʢʦʥʪʨʦʣʝʨ ʌʇʇ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʬʦʪʦʜʽʦʜʘ ʽ ʌʇʇ ʫ ʮʽʣʦʤʫ. 
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ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
 

1. J. R. Lakowicz, Principles of Fluorescence Spectroscopy, 3rd ed. New 

York: Springer, 2006. 

2. ʃʽʧʢʘ ɺ., ɼʦʙʨʦʚʦʣʴʩʴʢʠʡ ʖ., ɹʦʛʫʩʝʚʠʯ ʉ. ʈʦʟʰʠʨʝʥʥʷ 
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ʽʥʬʦʨʤʘʪʠʢʠ: ʤʘʪʝʨʽʘʣʠ ɺʩʝʫʢʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. ʤ. ɺʽʥʥʠʮʷ, 27 
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ʇʦʯʘʪʦʢ 

ʇʽʜʪʚʝʨʜʞʝʥʥʷ 

ʚʚʦʜʫ ʜʘʥʠʭ  

ɺʚʝʜʝʥʥʷ ʜʘʥʠʭ  

Ŭ > n 
ʊʘʢ  ʅʽ  

ɺʚʝʜʝʥʥʷ ʧʦʧʨʘʚʦʢ 

ʜʣʷ ʧ/ʧ ɹʽʙʣʽʦʪʝʢʘ 

ʧʦʧʨʘʚʦʢ  

ʆʙʯʠʩʣʝʥʥʷ 

ʚʠʤʽʨʷʥʦʾ 

ʚʝʣʠʯʠʥʠ 

ɺʠʙʽʨ ʢʨʠʪʝʨʽʶ      

ʣʽʥʽʡʥʦʩʪʽ (ʘ) 

ɻʝʥʝʨʫʚʘʥʥʷ 

ʚʭʽʜʥʦʛʦ ʬʘʡʣʫ  
ʇʨʠʻʜʥʘʥʥʷ 

ʚʭʽʜʥʦʛʦ ʬʘʡʣʫ ʜʦ 

ʢʦʥʪʨʦʣʝʨʘ 

ʈʠʩ.1. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ 
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ɼʤʠʪʨʦ ɹʦʞʠʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʌʝʣʴʜʝ ʍ.ɺ. 
 

ʊʝʭʥʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʠʜʘʥʥʷ 

ʭʫʜʦʞʥʴʦʾ ʣʽʪʝʨʘʪʫʨʠ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʚ ʝʣʝʢʪʨʦʥʥʽʡ 

ʙʽʙʣʽʦʪʝʮʽ  
 

ʋ ʮʠʬʨʦʚʫ ʝʧʦʭʫ ʙʽʙʣʽʦʪʝʢʠ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʦʮʠʬʨʫʚʘʥʥʷ ʪʘ 

ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʩʫʨʩʽʚ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʥʘʰʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʨʦʟʨʦʙʢʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʠʜʘʥʥʷ ʭʫʜʦʞʥʴʦʾ 

ʣʽʪʝʨʘʪʫʨʠ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦʾ ʙʽʙʣʽʦʪʝʢʠ. ʆʩʥʦʚʥʘ ʤʝʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ - ʩʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʟʨʫʯʥʝ ʪʘ 

ʣʝʛʢʦʜʦʩʪʫʧʥʝ ʝʣʝʢʪʨʦʥʥʝ ʚʠʜʘʥʥʷ ʭʫʜʦʞʥʴʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʷʢʝ 

ʤʦʞʥʘ ʙʫʜʝ ʨʦʟʤʽʩʪʠʪʠ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʙʽʙʣʽʦʪʝʮʽ. 

 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʘʥʦ ʧʽʜʭʽʜ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʪʘ ʦʯʽʢʫʚʘʥʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʽʙʣʽʦʪʝʢʠ. ʇʨʦʮʝʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʢʣʘʜʘʚʩʷ ʟ 

ʢʽʣʴʢʦʭ ʝʪʘʧʽʚ, ʚʢʣʶʯʘʶʯʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʘ ʽ ʪʝʩʪʫʚʘʥʥʷ. ɽʪʘʧ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʝʨʝʜʙʘʯʘʚ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʧʦʜʦʙʘʥʥʷ, 

ʧʦʪʨʝʙʠ ʪʘ ʦʯʽʢʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʱʦʜʦ ʝʣʝʢʪʨʦʥʥʠʭ 

ʨʝʩʫʨʩʽʚ. ɿʙʽʨ ʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʙʫʚʘʚʩʷ ʥʘ ʧʨʦʩʪʦʨʘʭ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ ʫ ʚʽʜʜʽʣʽ ʚʽʜʛʫʢʽʚ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ɹʫʢʥʝʪ, Yakaboo, 

ʄʦʷ ʙʽʙʣʽʦʪʝʢʘ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʦ ʧʨʦʪʦʪʠʧ.. 

 

ʆʩʪʘʪʦʯʥʠʡ ʜʠʟʘʡʥ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʠʜʘʥʥʷ ʭʫʜʦʞʥʴʦʾ 

ʣʽʪʝʨʘʪʫʨʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʫ ʧʨʦʛʨʘʤʽ Adobe InDesign ʪʘ 

ʚʢʣʶʯʘʻ ʪʘʢʽ ʬʫʥʢʮʽʾ, ʷʢ ʟʨʫʯʥʘ ʥʘʚʽʛʘʮʽʷ, ʨʦʟʰʠʨʝʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʧʦʰʫʢʫ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽ ʬʫʥʢʮʽʾ. ɽʣʝʢʪʨʦʥʥʝ 

ʚʠʜʘʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ 

ʷʢ ʘʫʜʽʦ- ʪʘ ʚʽʜʝʦʢʣʽʧʠ, ʽ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʦʜʘʚʘʪʠ 

ʘʥʦʪʘʮʽʾ ʪʘ ʧʨʠʤʽʪʢʠ.  
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ʆʩʪʘʪʦʯʥʠʡ ʜʠʟʘʡʥ ʧʨʦʪʝʩʪʦʚʘʥʠʡ ʛʨʫʧʦʶ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ 

ʥʘʜʘʣʠ ʮʽʥʥʽ ʚʽʜʛʫʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʜʦʦʧʨʘʮʶʚʘʥʥʽ ʪʘ 

ʧʦʣʽʧʰʝʥʥʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʠʜʘʥʥʷ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʷʢ ʨʦʟʨʦʙʢʘ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʠʜʘʥʥʷ ʭʫʜʦʞʥʴʦʾ ʣʽʪʝʨʘʪʫʨʠ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦʾ 

ʙʽʙʣʽʦʪʝʢʠ ʤʦʞʝ ʧʦʣʽʧʰʠʪʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ ʽ ʥʘʜʘʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʙʽʣʴʰ ʟʘʭʦʧʣʠʚʠʡ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʜʦʩʚʽʜ 

ʯʠʪʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ ʜʠʟʘʡʥʫ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʙʽʙʣʽʦʪʝʢ. 

 

ɿʘʛʘʣʦʤ, ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʜʠʟʘʡʥ ʽ 

ʨʦʟʨʦʙʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʙʽʙʣʽʦʪʝʢ ʽ ʤʦʞʝ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʙʽʙʣʽʦʪʝʯʥʠʭ ʬʘʭʽʚʮʽʚ ʽ ʨʦʟʨʦʙʥʠʢʽʚ, ʷʢʽ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʝʣʝʢʪʨʦʥʥʠʭ ʙʽʙʣʽʦʪʝʯʥʠʭ ʢʦʣʝʢʮʽʡ. 
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ɺʘʜʠʤ ɹʦʡʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʙʠʣʷʥʩʴʢʠʡʈ.ʈ. 

 

ɸʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʚʠʤʽʨʶʚʘʥʴ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʪʝʧʣʦʤʽʨʘ 
 

ʉʚʦʻʯʘʩʥʘ ʪʘ ʷʢʽʩʥʘ ʜʽʘʛʥʦʩʪʠʢʘ  ̒ ʟʘʧʦʨʫʢʦʶ ʫʩʧʽʰʥʦʛʦ 

ʣʽʢʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʣʶʜʠʥʠ. ɼʣʷ ʾʾ 

ʧʨʦʚʝʜʝʥʥʷ ʚʘʞʣʠʚʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʣʶʜʠʥʠ, 

ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʦ 

ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʚʠʨʘʟʥʦʩʪʽ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʦʨʛʘʥʽʟʤʫ 

ʣʶʜʠʥʠ. ʊʦʤʫ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʟʘʭʚʦʨʶʚʘʥʴ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʝʬʝʢʪʠʚʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʽʣʘ ʣʶʜʠʥʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʪʘʢʠʭ ʚʠʤʽʨʶʚʘʥʴ  ̒ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ 

ʪʝʧʣʦʤʽʨʠ[1-3], ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, ʪʦʯʥʽʩʪʴ, 

ʰʚʠʜʢʦʜʽʶ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ y ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ  ̔ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʩʫʯʘʩʥʦʶ ʨʝʻʩʪʨʫʶʯʦʶ 

ʘʧʘʨʘʪʫʨʦʶ. ʇʦʻʜʥʘʥʥʷ ʤ̔ ʥʽʘʪʶʨʥʦʩʪʽ ʪʘ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʪʝʧʣʦʤʽʨʽʚ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʫ ʣʦʢʘʣʴʥʽʩʪʴ  ̔ ʪʦʯʥʽʩʪʴ ʪʝʧʣʦʤʝʪʨʠʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɺʢʘʟʘʥʽ 

ʧʝʨʝʚʘʛʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥ ̔

ʪʝʧʣʦʤʽʨʠ ʜʣʷ ʣʦʢʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ, 

ʚʠʷʚʣʝʥʥʷ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʦʥʢʦʟʘʭʚʦʨʶʚʘʥʴ, ʘʥʦʤʘʣʽʡ ʢʨʦʚʦʦʙʽʛʫ ʪʘ ʘʥʘʣʽʟʫ ʩʪʘʥʫ 

ʦʨʛʘʥʽʟʤʫ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ[2, 3]. 

ɼʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʟʘʭʚʦʨʶʚʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʝʧʣʦʤʽʨʘ ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ ʨʦʟʫʤʽʪʠ 

ʟʽʙʨʘʥʽ ʧʨʠʣʘʜʦʤ ʜʘʥʽ ʚʨʘʭʦʚʫʶʯʠ ʨʷʜ ʧʦʙʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, ʪʘʢʽ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʪʘ ʽʥʰʽ. ʋ ʮʴʦʤʫ 

ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʢʦʤʧôʶʪʝʨʥʽ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ. ʂʨʽʤ ʪʦʛʦ, ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ 

ʚʠʷʚʠʪʠ ʘʥʦʤʘʣʴʥʽ ʜʘʥʽ ʪʘ ʚʠʧʨʘʚʠʪʠ ʾʭ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ  ̒ʪʝ, ʱʦ ʤʠ ʞʠʚʝʤʦ ʚ ʝʧʦʭʫ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ (BigData), ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ 
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ʤʠ ʤʘʻʤʦ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ 

ʧʦʪʨʽʙʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ. ʉʘʤʝ ʪʦʤʫ ʙʫʣʘ ʚʠʢʦʥʘʥʘ 

ʨʦʙʦʪʘ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʘʢʽ ʧʫʥʢʪʠ: 

1. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʤʽʨʶʚʘʥ ɹ

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʪʝʧʣʦʤʽʨʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʪʽʣʘ ʧʘʮʽʻʥʪʘ. 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʚʠʤʽʨʶʚʘʥʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʪʝʧʣʦʤʽʨʘ ʟ 

ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʜ̔ʚʠʱʝʥʠʤ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ. 

3. ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʪʝʧʣʦʤʽʨʘ. 

4. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʫ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʪʽʣʘ ʧʘʮʽʻʥʪʘ ʟ ʯʘʩʦʤ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʝ 

ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʟʜʦʨʦʚ'ʷ. 

5. ɺʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʤʽʨʷʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ 

ʤʝʜʠʯʥʠʤ ʪʝʧʣʦʤʽʨʦʤʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʽʜʚʠʱʝʥʠʤ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ. 

ɺʠʱʝʥʘʚʝʜʝʥʽ ʨʦʟʨʦʙʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʽ ʪʘ 

ʥʘʜʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʪʽʣʘ, ʱʦ ʤʘʻ ʚʘʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʝʜʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  
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39 

 

ɼʤʠʪʨʦ ɹʦʡʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʰʝʚʝʮʴʢʠʡ ʆ.ʉ.  

ʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʤʫ ʨʦʙʦʪʠ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʩʫʰʫʚʘʯʘ ʧʦʚʽʪʨʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʩʫʰʫʚʘʯʘ ʚ ʦʩʥʦʚʥʦʤʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʜʫʣʷ TEC. ʆʪʞʝ, ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ 

ʨʽʚʥʷʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʩʫʰʫʚʘʯʘ, ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʽ ʟ TEC [1,2]. ʇʦʪʫʞʥʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ὗc ʜʣʷ ʊɽʉ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ: 

ὗc = ‌ὍὝc ˈ  Ὅ2 Ὑ ˈ ὑt (Ὕh ˈ Ὕc ),   (1) 

ʜʝ Tc ʽ Th ï ʪʝʤʧʝʨʘʪʫʨʠ ʭʦʣʦʜʥʦʾ ʪʘ ʛʘʨʷʯʦʾ ʩʪʦʨʽʥ ʊɽʉ;  Kt ï 

ʟʘʛʘʣʴʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʊɽʉ; ɯ ï ʚʭʽʜʥʠʡ ʩʪʨʫʤ, ʱʦ ʧʦʜʘʻʪʴʩʷ 

ʥʘ ʊɽʄ, Ŭ (ʢʦʝʬʽʮʽʻʥʪ ɿʝʻʙʝʢʘ), R (ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ). ʈʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟ ʛʘʨʷʯʦʾ ʩʪʦʨʦʥʠ ʪʘʢʝ:  

Qh = ‌ὍὝh +   Ὅ2 Ὑ ˈ Kt (Ὕh ˈ Ὕc ),   (2) 

ʜʝ Qh ï ʪʝʧʣʦ, ʚʽʜʚʝʜʝʥʝ ʟ ʛʘʨʷʯʦʾ ʩʪʦʨʦʥʠ ʊɽʄ.  ʉʧʦʞʠʚʘʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʩʫʰʫʚʘʯʘ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʝʣʝʢʪʨʠʯʥʘ 

ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʧʦʩʪʘʯʘʻʪʴʩʷ ʜʦ ʊɽʄ ʽ ʚʝʥʪʠʣʷʪʦʨʽʚ ʨʘʜʽʘʪʦʨʽʚ 

(ʷʢʱʦ ʪʘʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ)  

ὖTE = ‌Ὅ(Ὕh ˈ Ὕc )+I
2
 R     (3) 

ὖF = ὠF ὍF ,      (4) 
ʜʝ PTE ʽ PF ï ʚʭʽʜʥʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʦ  ʊɽʄ ʽ 

ʚʝʥʪʠʣʷʪʦʨʽʚ ʨʘʜʽʘʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʊʫʪ ʫ  ʨʽʚʥʷʥʥʽ (4) IF ï 

ʚʭʽʜʥʠʡ ʩʪʨʫʤ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʜʦ ʚʝʥʪʠʣʷʪʦʨʽʚ ʨʘʜʽʘʪʦʨʽʚ. ʂʨʽʤ 

ʪʦʛʦ, VF ï ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚʝʥʪʠʣʷʪʦʨʘ ʨʘʜʽʘʪʦʨʘ. Ŭ (ʢʦʝʬʽʮʽʻʥʪ 

ɿʝʻʙʝʢʘ), R (ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ) ʽ Kt (ʟʘʛʘʣʴʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ) 

ʷʢʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʚʽʜʦʤʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

‌       (5) 

Ὑ
Ў

     (6) 

ὑ
Ў

Ў
    (7) 
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ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (COP) ʜʣʷ ʊɽC ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʷʢ 

#/0       (8) 

ʂʨʽʤ ʪʦʛʦ, ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʟ 

ʊɽʉ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʫ, ʰʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʪʘ ʬʘʢʪʠʯʥʫ 

ʦʭʦʣʦʜʞʫʶʯʫ ʟʜʘʪʥʽʩʪʴ. ʂʽʣʴʢʽʩʪʴ ʚʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʫ (mcw) 

ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

mcw = ά Ͻύ ά Ͻύ Ͻὸ   (9) 

ʜʝ, ά  ʽ ά  ï ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ (ʢʛ/ʩ) ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʥʘ 

ʚʭʦʜʽ ʪʘ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ, ʚʽʜʧʦʚʽʜʥʦ. ʂʨʽʤ ʪʦʛʦ,  w0ï 

ʢʦʝʬʽʮʽʻʥʪ ʘʙʩʦʣʶʪʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʢʛ(ʚʦʜʘ)/ʢʛ(ʧʦʚʽʪʨʷ), 

ʪʦʜʽ ʷʢ tï ʧʝʨʽʦʜ ʯʘʩʫ, ʟʘ ʷʢʠʡ ʟʙʠʨʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʦʥʜʝʥʩʘʪʫ. 

ʊʦʤʫ ʰʚʠʜʢʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ, ʷʢ 

ʚʠʟʥʘʯʝʥʦ ʚ ʨʽʚʥʷʥʥʽ: 

ά  = ά Ͻύ ά Ͻύ     (10) 

ʂʨʽʤ ʪʦʛʦ, ʬʘʢʪʠʯʥʫ ʦʭʦʣʦʜʞʫʶʯʫ ʧʦʪʫʞʥʽʩʪʴ (Qc(act)) ʪʘʢʦʞ 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʚʽʪʨʷ ʥʘ ʨʽʟʥʽ ʩʪʘʥʠ ʩʠʩʪʝʤʠ. 

ʊʝʧʣʦʦʙʤʽʥ ʤʽʞ ʭʦʣʦʜʥʦʶ ʩʪʦʨʦʥʦʶ ʊɽʄ ʽ ʧʦʚʽʪʨʷʤ ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʟʘ ʟʤʽʥʦʶ ʝʥʪʘʣʴʧʽʾ ʜʣʷ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʫ ʚ 

ʊɽɻ: 

Qc(act) = [ά ϽὬ ά ϽὬ]    (11) 

ὗ ά ϽὅϽὝ ά ϽὅϽὝ  (12) 

ʆʪʞʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʥʦʰʝʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʚʠʱʝ ʜʣʷ ʊɽC, 

ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʦʮʽʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. M.M. Rafique, P. Gandhidasan, H.M.S. Bahaidarah, 

Liquid desiccant materials and dehumidifiersïA review, Renew. 

Sustain. Energy Rev. 56 (2016) 179ï195. 

2. W. Huajun, Q. Chengying, Experimental study of 

operation performance of a low power thermoelectric cooling 

dehumidifier, Int. J. Energy Environ. 1 (2010) 459ï466.   
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ɹʦʛʜʘʥ ɹʦʥʪʫʰ 

ɸʩʠʩʪʝʥʪ ɻʘʣʫʰʢʦ ʖ. ʂ. 

 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ PON 

SUPER-PON ʪʘ TWDM ʻ ʥʦʚʠʤʠ ʨʽʟʥʠʤʠ ʛʽʣʢʘʤʠ ʝʚʦʣʶʮʽʾ 

PON (Passive Optical Network). ɺ PON, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʠʥ 

ʦʧʪʠʯʥʠʡ ʢʘʙʝʣʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ WDM ʫʪʚʦʨʶʻʪʴʩʷ ʜʦ 64 

ʢʘʥʘʣʽʚ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʩʠʚʥʠʭ ʦʧʪʠʯʥʠʭ 

ʨʦʟʛʘʣʫʞʫʚʘʯʽʚ. ʗʢ ʥʘʩʣʽʜʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʣʘʜʥʘʥʥʷ ʱʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʉentral ʆffice (CO), ʢʽʣʴʢʽʩʪʴ 

ʧʽʜʢʣʶʯʝʥʠʭ ʘʙʦʥʝʥʪʽʚ ʩʷʛʘʻ ʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ 20-25 ʢʤ. 

Super-PON ð ʮʝ ʦʧʪʠʯʥʠʡ ʰʘʨ PON, ʟʜʘʪʥʠʡ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʟʙʽʣʴʰʝʥʫ ʜʘʣʴʥʽʩʪʴ ʜʦ 50 ʢʤ ʽ ʨʦʟʰʠʨʝʥʝ ʧʦʢʨʠʪʪʷ ʢʣʽʻʥʪʽʚ ʜʦ 

1024 ʥʘ ʚʦʣʦʢʥʦ ʯʝʨʝʟ ʧʘʩʠʚʥʠʡ ODN, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

ʊʦʙʪʦ Super-PON ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʤʘʩʰʪʘʙʫʚʘʥʥʽ 

ʧʨʦʩʪʦʨʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ PON, ʘ ʥʝ ʰʚʠʜʢʦʩʪʽ. ʂʦʞʝʥ CO 

ʦʙʩʣʫʛʦʚʫʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ ʨʝʛʽʦʥ ʽ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʢʣʽʻʥʪʽʚ, 

ʱʦ ʩʧʨʦʱʫʻ ʬʽʟʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

Super-PON ʚʠʢʦʨʠʩʪʦʚʫʻ: 

- ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟʘ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ (WDM), 

- ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʟʘ ɚ, 

- ʤʧʪʠʯʥʝ ʧʽʜʩʠʣʝʥʥʷ. 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʘʙʦʥʝʥʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ: 

Å ʇʨʠʚ'ʷʟʫʚʘʥʥʷ ʢʽʣʴʢʦʭ 

ʢʘʥʘʣʽʚ ʜʦ ʨʽʟʥʠʭ ɚ (2n); 

Å 

ʄʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ/ʜʝʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʧʦ ɚ ʫ 

ʚʦʣʦʢʥʽ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ CO;  

Å ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʧʦ ɚ ʯʝʨʝʟ ʧʘʩʠʚʥʠʡ ʦʧʪʠʯʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʚ ODN.  

ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʢʨʠʪʪʷ 

Super-PON 
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ʆʪʞʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 16 ʨʽʟʥʠʭ ʧʘʨ ɚ, ʤʦʞʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ 16 ʝʢʟʝʤʧʣʷʨʽʚ PON, ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʽʜʪʨʠʤʫʻ 64 

ʢʣʽʻʥʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 16*64=1024 ʘʙʦʥʝʥʪʽʚ ʥʘ ʚʦʣʦʢʥʦ. 

TWDM (Time and Wavelength Division Multiplexing) PON - 

ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʩʠʛʥʘʣʽʚ ʜʘʥʠʭ ʜʣʷ 

ʧʽʜʢʣʶʯʝʥʠʭ ʢʣʽʻʥʪʽʚ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ GPON ʽ EPON, TWDM 

PON ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʙʽʣʴʰʝ ʜʘʥʠʭ ʚ ʦʜʥʦʤʫ ʚʦʣʦʢʥʽ 

(ʨʠʩ.2), ʱʦ ʟʙʽʣʴʰʫʻ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ [2]. 

ɼʣʷ ʮʴʦʛʦ TWDM PON ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʜʫʚʘʥʥʷ ʟ 

ʜʦʧʦʚʥʝʥʥʷʤ ʧʦ ɚ (Wavelength Band Segmented Transmission), 

ʷʢʝ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʩʠʛʥʘʣʠ ʜʘʥʠʭ ʥʘ ʽʩʥʫʶʯʠʭ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʷʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʟʥʽ ɚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʜʦ ʨʽʟʥʠʭ ʢʣʽʻʥʪʽʚ. 

 
ʈʠʩ. 2. ɽʚʦʣʶʮʽʷ TWDM PON. 

ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʥʥʷ ʪʝʭʥʦʣʦʛʽʡ PON. 

ʇʘʨʘʤʝʪʨ PON TWDM  SUPER-PON 

ʈʘʜʽʫʩ 20 ʢʤ 25 ʢʤ 50 ʢʤ 

ʂ-ʩʪʴ ʢʣʽʻʥʪʽʚ 64 64 1024 

ʐʚʠʜʢʽʩʪʴ, ɻʙ 1 2.5 10 

ɿʘʪʫʭʘʥʥʷ 15 ʜɹ 1.3 ʜɹ 12 ʜɹ 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʉʝʨʛʽʡ ɹʦʨʪʘ, ɺʦʣʦʜʠʤʠʨ ɹʫʛʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʣʴʦʪʦʚ ʆ.ʄ. 

 

ʌʦʪʦʯʫʪʣʠʚʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ Au-CdTe:Li  

ɺʘʞʣʠʚʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ 

ʝʣʝʢʪʨʠʯʥʫ ï ʪʝʣʫʨʠʜ ʢʘʜʤʽʶ [1]. ʎʝ ʩʧʨʠʯʠʥʝʥʦ ʥʠʟʢʦʶ ʡʦʛʦ 
ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʫ 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʧʨʠʣʘʜʽʚ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʨʦʤʽʥʝʥʥʷ, ʨʘʜʽʘʮʽʾ. ʊʦʤʫ 

ʚʘʞʣʠʚʠʤ ʧʦʩʪʘʻ ʦʪʨʠʤʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʙʘʨôʻʨʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʗʢ ʙʘʟʦʚʽ ʧʽʜʢʣʘʜʠʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʨʠʩʪʘʣʠ ʪʝʣʫʨʠʜʫ 

ʢʘʜʤʽʶ, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ɹʨʽʜʞʤʝʥʘ. ɿ ʥʠʭ ʚʠʨʽʟʘʣʠʩʷ 

ʧʣʘʩʪʠʥʠ ʪʠʧʦʨʦʟʤʽʨʦʤ 4Ĭ4Ĭ1 ʤʤ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʚʦʜʠʣʘʩʷ 

ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ (ʰʣʽʬʫʚʘʥʥʷ ʘʣʤʘʟʥʦʶ ʧʘʩʪʦʶ ɸʉʄ 20 ʪʘ 

ʧʦʣʽʨʦʚʢʘ ɸʉʄ 3/1). ʗʢ ʚʽʜʦʤʦ, ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʜʽʦʜʥʠʭ ʩʪʨʫʢʪʫʨ ʚʧʣʠʚʘʻ ʧʦʚʝʨʭʥʝʚʠʡ ʧʦʨʫʰʝʥʠʡ ʰʘʨ 

ʪʦʚʱʠʥʦʶ ʙʽʣʷ 10-30 ʤʢʤ. ʊʦʤʫ ʜʣʷ ʡʦʛʦ ʚʠʣʫʯʝʥʥʷ 

ʧʨʦʚʦʜʠʣʘʩʷ ʭʽʤʽʯʥʘ ʦʙʨʦʙʢʘ ʫ ʨʦʟʯʠʥʽ K2Cr2O7 : H2O : HNO3 

ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ 

ʯʘʩʫ ʪʨʘʚʣʝʥʥʷ 5-20 ʩ ʧʨʠ 300 ʂ. ʗʢ ʥʘʩʣʽʜʦʢ ʦʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʧʣʘʚʣʝʥʥʷ ʽʥʜʽʻʚʠʭ ʦʤʽʯʥʠʭ 

ʢʦʥʪʘʢʪʽʚ, ʩʪʘʥʦʚʠʣʘ ɟ å 10 ʆʤĿʩʤ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʚʦʜʠʣʘʩʴ 

ʤʦʜʠʬʽʢʘʮʽʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʟ ʦʤʽʯʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʩʫʩʧʝʥʟʽʾ ʩʦʣʽ LiCO3. ɿʘʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʙʘʨôʻʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʩʠʣʘʩʷ ʥʘ ʧʨʦʪʠʣʝʞʥʫ ʜʦ 

ʦʤʽʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʩʪʦʨʦʥʫ ʥʘʧʽʚʧʨʦʟʦʨʘ ʧʣʽʚʢʘ ʟʦʣʦʪʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʽʡ 

ʦʧʪʠʯʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʷʢʘ ʜʦʟʚʦʣʷʣʘ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʟʘ 

ʢʣʘʩʠʯʥʦʶ ʤʝʪʦʜʠʢʦʶ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷʮʽʡʥʠʭ 

ʤʝʪʦʜʠʢ. ɰʾ ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʻ ʜʠʬʨʘʢʮʽʡʥʠʡ 

ʤʦʥʦʭʨʦʤʘʪʦʨ ʄɼʈ-23, ʬʦʪʦʧʦʤʥʦʞʫʚʘʯ ʌɽʇ-79 ʪʘ ʛʘʣʦʛʝʥʥʘ 

ʣʘʤʧʠ ELC/C ʽʟ ʤʦʥʦʪʦʥʥʠʤ ʛʣʘʜʢʠʤ ʩʧʝʢʪʨʦʤ. ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʪʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʟʘ ʢʣʘʩʠʯʥʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ. 
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ɼʣʷ ʦʪʨʠʤʘʥʠʭ ʩʪʨʫʢʪʫʨ Au-CdTe:Li  ʚʠʟʥʘʯʘʣʘʩʴ ʚʠʩʦʪʘ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʫ ʪʘ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʘʤʝ 

ʤʦʜʠʬʽʢʘʮʽʷ ʧʦʚʝʨʭʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʟʘʟʥʘʯʝʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɯʟ ʜʦʩʣʽʜʞʝʥʴ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ű0 å 1,2 ʝɺ. ʆʪʨʠʤʘʥʘ 

ʚʝʣʠʯʠʥʘ ʙʽʣʴʰʘ ʟʘ ʘʥʘʣʦʛʽʯʥʫ ʫ ʚʠʧʘʜʢʫ ʟʚʠʯʘʡʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʇʨʦʚʝʜʝʥʘ ʤʦʜʠʬʽʢʘʮʽʡ ʧʦʚʝʨʭʥʽ ʪʘʢʦʞ ʚʠʟʥʘʯʘʣʘ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨʠ Au-CdTe:Li. ʉʧʝʢʪʨ 

ʬʦʪʦʯʫʪʣʠʚʦʩʪʽ Sɤ ʧʨʠ 300 ʂ ʦʭʦʧʣʶʻ ʜʽʘʧʘʟʦʥ ʝʥʝʨʛʽʡ ʬʦʪʦʥʽʚ 

˂ɤ = 1,50 ï 5,0 ʝɺ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʫʤ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠʧʘʜʘʻ ʥʘ 

ʝʥʝʨʛʽʶ ˂ɤ m = 1,9 ʝɺ. ʅʠʞʥʷ ʛʨʘʥʠʮʷ ʩʧʝʢʪʨʘ ʟʫʤʦʚʣʝʥʘ ʨʽʟʢʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ ʝʥʝʨʛʽʷʭ, ʤʝʥʰʠʭ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Eg. ɺ ʦʙʣʘʩʪʽ ʚʝʣʠʢʠʭ ʝʥʝʨʛʽʡ ˂ɤ ʟʨʦʩʪʘʻ 

ʚʥʝʩʦʢ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʚʽʪʣʦʚʠʭ ɺɸʍ 

ʚʠʷʚʠʣʠ ʾʭ ʧʨʷʤʦʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʫ ʢʦʦʨʜʠʥʘʪʘʭ lnISC (ʩʪʨʫʤʫ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ) ʚʽʜ VOC (ʥʘʧʨʫʛʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʤʥʦʚʠʡ ʩʪʨʫʤ ʙʘʨôʻʨʥʠʭ ʩʪʨʫʢʪʫʨ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʦʩʽʾʚ ʚ ʦʙʣʘʩʪʽ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʟʘ ʫʯʘʩʪʶ ʦʜʠʥʠʯʥʠʭ ʮʝʥʪʨʽʚ ʧʨʠ ʤʘʣʠʭ 

ʧʨʷʤʠʭ ʟʤʽʱʝʥʥʷʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʚʽʪʣʦʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʷʢ ʤʝʭʘʥʽʟʤʠ ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ, ʪʘʢ ʽ ʩʧʽʣʴʥʽ ʪʘ ʚʽʜʤʽʥʥʽ ʦʟʥʘʢʠ ʤʽʞ ʝʣʝʢʪʨʠʯʥʠʤʠ ʽ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢ ʚʠʷʚʣʝʥʦ ʣʽʥʽʡʥʠʡ 

ʭʘʨʘʢʪʝʨ ʛʝʥʝʨʘʮʽʾ ʬʦʪʦʥʦʩʽʾʚ ISC = ɓĿL, ʜʝ ɓ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʚʽʪʣʝʥʦʩʪʽ L. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʘʚʦʤʽʨʥʘ ʧʨʠ 

ʚʘʨʽʘʮʽʾ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʊ = 300 ʂ ʚ ʫʤʦʚʘʭ ʩʦʥʷʯʥʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ ɸʄ2 ʪʠʧʦʚʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ VOC ʽ ISC ʩʢʣʘʜʘʶʪʴ 0,7 

ɺ ʽ 10 ʤɸ/ʩʤ
2
. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʦʪʨʠʤʫʻ 

ʟʥʘʯʝʥʥʷ ʜʦ 10%. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ʂʦʨʙʫʪʷʢ ɼ.ɺ., ʄʝʣʴʥʠʯʫʢ ʉ.ɺ., ʂʦʨʙʫʪ ɭ.ɺ., ɹʦʨʠʩʶʢ ʄ.ʄ. 

ʊʝʣʫʨʠʜ ʢʘʜʤʽʶ. ï ɯʚʘʥ ʌʝʜʦʨʽʚ, ʂʠʾʚ, 2000. ï 198 ʩ. 
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ɸʥʜʨʽʡ ɹʨʘʪʽʚʥʠʢ  

ʆʣʝʢʩʘʥʜʨ ɿʘʥʴʢʦʚʩʴʢʠʡ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʫʰʥʽʨ ʄ.ʗ. 
 

ʈʦʟʨʦʙʢʘ ʜʦʜʘʪʢʘ ʚʽʜʜʘʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ  

ʥʘ ʢʨʠʩʪʘʣʽ Cyclone 5 
 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʚʝʙ ï ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟ 

ʥʝʡʤʦʚʽʨʥʦʶ ʰʚʠʜʢʽʩʪʶ. ɹʽʣʴʰʽʩʪʴ ʚʝʙ ï ʜʦʜʘʪʢʽʚ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʘʨʭʽʪʝʢʪʫʨʽ ʢʣʽʻʥʪ ï ʩʝʨʚʝʨ, ʜʝ ʢʣʽʻʥʪ ʚʚʦʜʠʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʘ 

ʩʝʨʚʝʨ ʟʙʝʨʽʛʘʻ, ʦʙʨʦʙʣʶʻ ʪʘ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ. ɼʦʩʪʫʧʥʽʩʪʴ 

ʚʝʙ ï ʨʝʩʫʨʩʽʚ ʽ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʣʘʪʬʦʨʤʠ ʨʦʙʣʷʪʴ ʾʭ 

ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ. ʉʴʦʛʦʜʥʽ ʨʦʟʚʠʪʦʢ ʚʝʙ ï 

ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʥʝ ʣʠʰʝ ʚʝʙ-ʜʦʜʘʪʢʠ ʫ 

ʟʚʠʯʘʡʥʦʤʫ ʩʝʥʩʽ ʮʴʦʛʦ ʩʣʦʚʘ, ʢʦʣʠ ʨʝʩʫʨʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʩʪʦʨʽʥʦʢ, ʘ ʪʘʢʦʞ ʽʥʪʝʨʘʢʪʠʚʥʽ ʨʝʩʫʨʩʠ ï ʚʝʙ ï ʩʝʨʚʽʩʠ, ʷʢʽ 

ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʧʦʚʥʦʮʽʥʥʠʤʠ ʜʦʜʘʪʢʘʤʠ.  

ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʥʘʜʟʚʠʯʘʡʥʦ ʰʠʨʦʢʦʛʦ ʨʦʟʚʠʪʢʫ 

ʥʘʙʫʣʠ ʩʠʩʪʝʤʠ ʥʘ ʢʨʠʩʪʘʣʽ (ʉʥʂ) ʪʠʧʫ Cyclone 5. ʊʘʢʽ ʩʠʩʪʝʤʠ 

ʚʤʽʱʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʦʛʨʘʤʦʚʘʥʫ ʣʦʛʽʢʦʚʫ ʽʥʪʝʛʨʘʣʴʥʫ ʩʭʝʤʫ 

(ʇʃɯʉ), ʘʣʝ ʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ 

ʚʽʜʜʘʣʝʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʝ ʫ ʚʠʛʣʷʜʽ ʚʝʙ 

ï ʜʦʜʘʪʢʘ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ 

ʽʥʪʝʨʘʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʟʙʦʨʫ, ʢʝʨʫʚʘʥʥʷ, ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽ ʪ.ʜ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ ʥʘʙʫʣʦ ʟʥʘʯʥʠʭ ʤʘʩʰʪʘʙʽʚ 

ʚ ʛʘʣʫʟʽ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʢʨʦʢʦʤʧ'ʶʪʝʨʠ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ, ʇʃɯʉ, 

SoC FPGA ʪʘ ʽʥʰʽ. 

Embedded System (ɺʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ) ï ʮʝ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʽ ʘʙʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ʩʠʩʪʝʤʘ ʘʧʘʨʘʪʥʦʛʦ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʚ ʨʘʤʢʘʭ ʙʽʣʴʰʦʾ ʤʝʭʘʥʽʯʥʦʾ ʘʙʦ 

ʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ [1]. 

DE10-Nano Board ï ʥʘʜʽʡʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʘʧʘʨʘʪʥʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʥʘ ʤʦʜʫʣʽ Intel SoC 

FPGA, ʷʢʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʜʚʘ ʚʙʫʜʦʚʘʥʽ ʷʜʨʘ Cortex-A9 ʟ 
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ʧʨʦʚʽʜʥʦʶ ʚ ʛʘʣʫʟʽ ʧʨʦʛʨʘʤʦʚʘʥʦʶ ʣʦʛʽʢʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʢʩʠʤʘʣʴʥʫ ʛʥʫʯʢʽʩʪʴ ʜʠʟʘʡʥʫ. 

ʉʠʩʪʝʤʘ ʥʘ ʢʨʠʩʪʘʣʽ, ʘʙʦ ʩʠʩʪʝʤʘ ʥʘ ʯʽʧʽ (ʚʽʜ ʘʥʛʣ. System-on-

a-chip, ʘʙʦ SoC ʘʙʦ SOC) ï ʝʣʝʢʪʨʦʥʥʘ ʩʭʝʤʘ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʮʽʣʦʛʦ ʧʨʠʩʪʨʦʶ (ʥʘʧʨʠʢʣʘʜ, 

ʢʦʤʧ'ʶʪʝʨʘ) ʥʘ ʦʜʥʦʤʫ ʯʽʧʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ SoC ʤʦʞʝ 

ʧʨʘʮʶʚʘʪʠ ʷʢ ʽʟ ʮʠʬʨʦʚʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʪʘʢ ʽ ʟ ʘʥʘʣʦʛʦʚʠʤʠ, 

ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʤʠ, ʘ ʪʘʢʦʞ ʨʘʜʽʦʯʘʩʪʦʪʘʤʠ. ʊʠʧʦʚʠʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʘʢʠʭ ʩʭʝʤ ʻ ʰʠʨʦʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʙʫʜʦʚʘʥʠʭ 

ʩʠʩʪʝʤ [2]. 

ʊʠʧʦʚʠʡ SoC FPGA ʤʽʩʪʠʪʴ: 

- ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʤʽʢʨʦʧʨʦʮʝʩʦʨ ʘʙʦ ʮʠʬʨʦʚʠʡ 

ʩʠʛʥʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ. ɼʝʷʢʽ ʩʭʝʤʠ ʦʩʥʘʱʝʥʽ ʙʽʣʴʰ ʥʽʞ ʦʜʥʠʤ 

ʧʨʦʮʝʩʦʨʦʤ, ʪʦʜʽ ʾʭ ʱʝ ʥʘʟʠʚʘʶʪʴ MPSoC (Multiprocessor 

System-on-Chip); 

- ʙʣʦʢ ʧʘʤ'ʷʪʽ, ʷʢʠʡ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʪʘʢʠʤʠ ʪʠʧʘʤʠ 

ʧʘʤ'ʷʪʽ: ROM, RAM, EEPROM ʽ flash; 

- ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʯʘʩʪʦʪʠ, ʪʘʢʝ ʷʢ ʢʚʘʨʮʦʚʽ ʛʝʥʝʨʘʪʦʨʠ ʪʘ 

ʢʦʥʪʫʨʠ ʬʘʟʦʚʦʾ ʘʚʪʦʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʮʠʬʨʦʚʘ ʩʠʩʪʝʤʘ ʬʘʟʦʚʦʾ 

ʘʚʪʦʩʠʥʭʨʦʥʽʟʘʮʽʾ); 

- ʪʘʡʤʝʨʠ, ʣʽʯʠʣʴʥʠʢʠ ʪʘ ʜʽʘʛʨʘʤʠ ʟʘʪʨʠʤʢʠ ʧʽʩʣʷ 

ʚʢʣʶʯʝʥʥʷ; 

- ʩʪʘʥʜʘʨʪʥʽ ʽʥʪʝʨʬʝʡʩʠ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ: USB, 

FireWire, Ethernet, UART, SPI; 

- ʚʭʦʜʠ ʪʘ ʚʠʭʦʜʠ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ; 

- ʨʝʛʫʣʷʪʦʨʠ ʥʘʧʨʫʛʠ ʪʘ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʧʦʪʫʞʥʦʩʪʽ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɼʫʜʘ, ʃʶʙʦʤʠʨ ʊʘʨʘʩʦʚʠʯ. ɼʆʉʃɯɼɾɽʅʅʗ 
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State Technological University. 
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ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʘ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. 
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ʆʣʝʢʩʘʥʜʨ ɹʨʘʪʢʦ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʫʨʢʦʚʝʮʴ ɼ.ʄ. 

 

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ 

 
ʂʦʨʧʦʨʘʪʠʚʥʘ ʤʝʨʝʞʘ ð ʮʝ ʤʝʨʝʞʘ, ʷʢʘ ʩʪʚʦʨʝʥʘ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʚôʷʟʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɼʦ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʚʽʜʥʦʩʷʪʴ ʨʦʙʽʪʥʠʢʽʚ ʮʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʈʦʟʨʽʟʥʷʶʪʴ ʤʝʨʝʞʽ 

ʚʽʜʜʽʣʫ, ʤʝʨʝʞʽ ʢʘʤʧʫʩʽʚ ʽ ʤʝʨʝʞʽ ʨʦʙʦʯʠʭ ʛʨʫʧ, ʚʦʥʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʤʝʨʝʞʽ, ʩʢʣʘʜʥʽʩʪʶ ʧʦʙʫʜʦʚʠ ʪʘ 

ʢʽʣʴʢʽʩʪʶ ʧʨʘʮʽʚʥʠʢʽʚ [1]. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ï ʧʨʦʛʨʘʤʘ ʘʙʦ ʥʘʙʽʨ ʜʦʜʘʪʢʽʚ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʝʨʝʞʝʚʠʤ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ ʢʝʨʫʚʘʪʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʨʝʞʽ. ɿʘʚʜʘʥʥʷʤ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ 

ʻ ʽʜʝʥʪʠʬʽʢʘʮʽʷ, ʢʦʥʬʽʛʫʨʘʮʽʷ, ʚʽʜʩʪʝʞʝʥʥʷ, ʦʥʦʚʣʝʥʥʷ ʪʘ 

ʫʩʫʥʝʥʥʷ ʥʝʧʦʣʘʜʦʢ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. ʇʨʦʛʨʘʤʘ ʢʝʨʫʚʘʥʥʷ 

ʧʽʟʥʽʰʝ ʚʽʜʦʙʨʘʞʘʻ ʜʘʥʽ ʧʨʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʟʽʙʨʘʥʽ ʟ ʢʦʞʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʤʝʨʝʞʽ, ʜʦʟʚʦʣʷʶʯʠ ʟʤʽʥʶʚʘʪʠ ʾʭ ʤʝʨʝʞʝʚʠʤ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ [2]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʥʫʶʪʴ ʪʘʢʽ ʬʫʥʢʮʽʾ: 

ʤʦʥʽʪʦʨʠʥʛ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʚʠʷʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ, ʘʥʘʣʽʟ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʫʚʽʤʢʥʝʥʥʷ ʩʧʦʚʽʱʝʥʴ. 

FCAPS ï ʤʦʜʝʣʴ ʤʽʞʥʘʨʦʜʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ (ISO), ʚ ʷʢʽʡ ʚʽʜʦʙʨʘʞʝʥʽ ʢʣʶʯʦʚʽ ʬʫʥʢʮʽʾ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ  

 (F) Fault Management / ʋʧʨʘʚʣʽʥʥʷ ʚʽʜʤʦʚʘʤʠ  

 (C) Configuration Management / ʋʧʨʘʚʣʽʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ 

 (A) Accounting Management / ɿʚʽʪ 

 (P) Performance Management / ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ  

 (S) Security Management / ʋʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ [3] 

ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʪʦʢʦʣ SNMP. 

Simple Network Management Protocol (SNMP) ð ʮʝ ʧʨʦʪʦʢʦʣ 

ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʘʪ ʧʦʚʽʜʦʤʣʝʥʴ ʜʣʷ 

ʩʧʽʣʢʫʚʘʥʥʷ ʤʽʞ ʤʝʥʝʜʞʝʨʘʤʠ SNMP ʪʘ ʘʛʝʥʪʘʤʠ. SNMP 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʡ ʩʧʽʣʴʥʫ ʤʦʚʫ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʷʤʠ ʚ 



48 

 

ʤʝʨʝʞʽ. ʉʪʨʫʢʪʫʨʘ SNMP ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

SNMP ʤʝʥʝʜʞʝʨ, SNMP ʘʛʝʥʪ, SNMP MIB. ʄʝʥʝʜʞʝʨ SNMP ð 

ʮʝ ʩʠʩʪʝʤʘ, ʷʢʘ ʢʦʥʪʨʦʣʶʻ ʪʘ ʚʽʜʩʪʝʞʫʻ ʜʽʷʣʴʥʽʩʪʴ ʤʝʨʝʞʝʚʠʭ 

ʭʦʩʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ SNMP. ɸʛʝʥʪ SNMP ð ʮʝ ʧʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʚ ʢʝʨʦʚʘʥʦʤʫ ʧʨʠʩʪʨʦʾ. MIB (Management Information 

Base) - ʚʽʨʪʫʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʦʙ'ʻʢʪʘʤʠ ʚ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ [4]. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʽ ʩʪʚʦʨʝʥʦ 

ʤʦʜʝʣʴ ʤʝʨʝʞʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Packet Tracer. 

ʄʦʜʝʣʶʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʤʝʨʝʞʽ, ʧʦʢʘʟʘʪʠ 

ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʧʨʦʪʦʢʦʣʽʚ, ʧʨʘʚʠʣʴʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʨʧʦʨʘʪʠʚʥʘ ʤʝʨʝʞʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʯʘʩʪʠʥ: ʛʦʣʦʚʥʠʡ ʦʬʽʩ, ʬʽʣʽʷ ʪʘ ʤʝʨʝʞʽ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. 

ʆʪʞʝ, ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʢʦʨʧʦʨʘʪʠʚʥʦʶ ʤʝʨʝʞʝʶ ʩʣʽʜ 

ʨʦʟʨʦʙʣʷʪʠ, ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ, ʢʽʣʴʢʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ ʚ ʜʘʥʽʡ 

ʤʝʨʝʞʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜ ʮʴʦʛʦ ʟʘʣʝʞʘʪʠʤʝ ʙʝʟʧʝʢʘ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ. 
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ʆʣʝʢʩʽʡ ɹʨʦʚʯʫʢ, ʆʣʝʢʩʘʥʜʨ ʍʦʧʪʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʦʣʪʠʩ ɯ.ɺ. 
 

ʈʦʣʴ UX/UI ʜʠʟʘʡʥʫ ʚ ʨʦʟʨʦʙʮʽ ʧʨʦʜʫʢʪʽʚ ʪʘ ʥʘʚʠʯʢʠ 

ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ Figma ʪʘ 

Photoshop 
ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʧʦʧʫʣʷʨʥʽʩʪʴ UX/UI ʜʠʟʘʡʥʫ ʷʢ 

ʚʘʞʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ ʨʦʟʨʦʙʢʠ ʧʨʦʜʫʢʪʽʚ. UX/UI ʜʠʟʘʡʥ ʜʘ ̒

ʩʪʚʦʨʶʚʘʪʠ ʟʨʫʯʥʠʡ ʪʘ ʧʨʠʚʘʙʣʠʚʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʤʬʦʨʪʥʫ ʚʟʘʻʤʦʜʽʶ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʧʨʦʜʫʢʪʦʤ. ʋ ʩʫʯʘʩʥʦʤʫ 

ʩʚʽʪʽ, ʜʝ ʢʦʨʠʩʪʫʚʘʯʽ ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʚʠʙʦʨʫ 

ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʪʴ ʾʭ ʧʦʪʨʝʙʠ, UX/UI ʜʠʟʘʡʥ ʩʪʘʻ 

ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʫʩʧʽʰʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʥʘ 

ʨʠʥʢʫ. ɿ'ʷʚʠʣʘʩʴ ʧʦʪʨʝʙʘ ʚ ʟʥʘʥʥʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʜʠʟʘʡʥʫ, ʪʘʢʠʭ ʷʢ Figma ʪʘ Photoshop. 

UX/UI ʜʠʟʘʡʥ - ʚʘʞʣʠʚʠʡ ʝʣʝʤʝʥʪ ʨʦʟʨʦʙʢʠ ʧʨʦʜʫʢʪʽʚ, 

ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʫʩʧʽʰʥʽʩʪʴ ʥʘ ʨʠʥʢʫ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋ ʥʘʰ ʯʘʩ, ʢʦʣʠ ʪʝʭʥʦʣʦʛʽʾ ʰʚʠʜʢʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ, UX/UI ʜʠʟʘʡʥ ʻ ʥʝʦʙʭʽʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʫ 

ʩʪʚʦʨʝʥʥʽ ʷʢʽʩʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʟ ʧʦʰʠʨʝʥʥʷʤ ʨʦʟʫʤʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʪʘ ʨʦʟʚʠʪʢʦʤ ʽʥʪʝʨʥʝʪʫ, ʢʦʨʠʩʪʫʚʘʯʽ ʩʪʘʶʪʴ ʜʝʜʘʣ ̔

ʚʠʤʦʛʣʠʚʽʰʠʤʠ ʜʦ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʪʘ ʾʭ ʜʠʟʘʡʥʫ. ʊʦʤʫ ʟʥʘʥʥʷ 

UX/UI ʜʠʟʘʡʥʫ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʻ 

ʯʠʤʨʘʟ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ ʜʠʟʘʡʥʝʨʽʚ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ UX/UI ʜʠʟʘʡʥʫ ʚʠʢʦʨʠʩʪʘʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ Figma ʪʘ Photoshop. Figma ʜʘ̒ ʟʤʦʛʫ ʰʚʠʜʢʦ 

ʩʪʚʦʨʶʚʘʪʠ ʜʠʟʘʡʥ, ʨʝʜʘʛʫʚʘʪʠ ʡʦʛʦ ʪʘ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʟ ʽʥʰʠʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. Photoshop ʥʘʜʘʻ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʟʦʙʨʘʞʝʥʴ. Figma ʻ ʚʝʙ-ʧʨʦʛʨʘʤʦʶ ʟ ʤʦʞʣʠʚʽʩʪʶ ʩʧʽʚʧʨʘʮʽ 

ʨʽʟʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɺʦʥʘ ʧʽʜʭʦʜʠʪʴ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʷʢ ʤʘʣʝʥʴʢʠʭ ʧʨʦʢ̒ʪʽʚ, ʪʘʢ ʽ ʚʝʣʠʢʠʭ. Figma ʤʘʻ 

ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 

ʥʘʚʯʠʪʠʩʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʫ. Photoshop - ʧʨʦʛʨʘʤʘ ʜʣʷ 

ʨʦʙʦʪʠ ʟ ʛʨʘʬʽʢʦʶ, ʱʦ ʥʘʜʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. ɺʦʥʘ ʜʘʻ ʟʤʦʛʫ 
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ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ ʛʨʘʬʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʽʢʦʥʢʠ, ʣʦʛʦʪʠʧʠ 

ʪʘ ʽʥʰʽ. 

ʈʦʟʫʤʽʥʥʷ ʨʦʣʽ UX/UI ʜʠʟʘʡʥʫ ʚ ʨʦʟʨʦʙʮʽ ʧʨʦʜʫʢʪʽʚ ʪʘ 

ʥʘʚʠʯʢʠ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ Figma ʪʘ 

Photoshop. ɿʜʘʪʥʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʟʨʫʯʥʠʡ ʪʘ ʧʨʠʚʘʙʣʠʚʠʡ 

ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʅʘʚʠʯʢʠ ʩʧʽʚʧʨʘʮʽ ʟ ʽʥʰʠʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɼʣʷ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʜʠʟʘʡʥʫ ʚʘʨʪʦ ʦʧʝʨʫʚʘʪʠ 

ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ Figma ʪʘ 

Photoshop. ʅʘʚʠʯʢʠ ʨʦʙʦʪʠ ʟ ʮʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʜʦʟʚʦʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʤʘʢʝʪʘʤʠ, ʟʦʙʨʘʞʝʥʥʷʤʠ ʪʘ ʽʥʰʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʜʠʟʘʡʥʫ. UX/UI ʜʠʟʘʡʥ ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʘʛʘʪʦ ʝʪʘʧʽʚ ʪʘ ʜʝʪʘʣʝʡ. ʉʧʽʚʧʨʘʮʷ ʟ ʽʥʰʠʤʠ 

ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʠ, ʪʘʢʠʤʠ ʷʢ ʨʦʟʨʦʙʥʠʢʠ ʪʘ ʤʝʥʝʜʞʝʨʠ ʧʨʦʢ̒ʪʽʚ, 

ʧʦʩʪʘʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʜʠʟʘʡʥʫ. 

ʂʦʤʫʥʽʢʘʮʽʷ ʪʘ ʚʟʘʻʤʦʜʽʷ ʟ ʽʥʰʠʤʠ ʯʣʝʥʘʤʠ ʢʦʤʘʥʜʠ ʜʦʧʦʤʘʛʘʻ 

ʜʦʩʷʛʥʫʪʠ ʩʧʽʣʴʥʠʭ ʮʽʣʝʡ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʪʫ. 

     UX/UI ʜʠʟʘʡʥ - ʜʠʥʘʤʽʯʥʘ ʛʘʣʫʟʴ, ʱʦ ʥʘʙʫʚʘʻ ʧʦʧʫʣʷʨʥʽʩʪʽ ʚ 

ʨʦʟʨʦʙʮʽ ʧʨʦʜʫʢʪʽʚ. ɿ ʧʦʰʠʨʝʥʥʷʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʨʦʜʫʢʪʠ, UX/UI ʜʠʟʘʡʥ ʩʪʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʪʘ ʚʠʤʦʛʣʠʚʠʤ. 

ʊʦʤʫ ʤʘʡʙʫʪʥʽʤ ʜʠʟʘʡʥʝʨʘʤ ʚʘʞʣʠʚʦ ʤʘʪʠ ʥʘʚʠʯʢʠ ʨʦʙʦʪʠ ʟ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʘ ʪʘʢʦʞ ʚʤʽʪʠ ʘʜʘʧʪʫʚʘʪʠʩ ̫ ʜʦ 

ʰʚʠʜʢʦ ʟʤʽʥʥʠʭ ʚʠʤʦʛ ʨʠʥʢʫ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ɺʘʩʠʣʴ ɹʫʞʦʨʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʧʨʦʬ. ʐʘʡʢʦ-ʐʘʡʢʦʚʩʴʢʠʡ ʆ.ɻ. 

ʇʨʦʻʢʪʫʚʘʥʥʷ, ʨʦʟʨʦʙʢʘ, ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʟʘʪʦʯʢʠ ʨʽʞʫʯʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ 

    ʄʘʛʽʩʪʝʨʩʴʢʘ ʨʦʙʦʪʘ ï ʧʽʜʩʫʤʦʢ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʘ ʫ ʚʠʱʦʤʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʟʘʢʣʘʜʽ. ɰʾ ʟʤʽʩʪ ʦʨʛʘʥʽʯʥʦ ʦʙ'ʻʜʥʫʻ ʚ ʩʦʙʽ ʚʩʽ 

ʟʥʘʥʥʷ ʪʘ ʚʤʽʥʥʷ, ʥʘʙʫʪʽ ʧʽʜ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ  ʫ ʥʘʚʯʘʣʴʥʦʤʫ 

ʟʘʢʣʘʜʽ. ʊʦʤʫ ʚʠʢʦʥʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ 

ʩʧʦʣʫʯʘʻ ʚ ʩʦʙʽ ʟʥʘʥʥʷ, ʥʘʙʫʪʽ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʷʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ, ʟʘʛʘʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ 

ʜʠʩʮʠʧʣʽʥ. ʇʨʦʮʝʩ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʷʢʠʡ ʧʨʠ ʮʴʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ, 

ʧʦʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ˇʨʫʥʪʦʚʥʦ ʪʘ ʷʢʽʩʥʦ ʟʘʩʚʦʻʥʦ ʤʘʪʝʨʽʘʣ ʚʩʽʭ 

ʪʠʭ ʪʝʤ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ.  

  ʇʦʩʪʫʧʦʚʝ ʪʘ ʧʦʩʣʽʜʦʚʥʝ ʟʜʽʡʩʥʝʥʥʷ ʚʩʽʭ ʝʪʘʧʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ ʟʫʤʦʚʣʝʥʘ ʟʘʚʜʘʥʥʷʤ ʥʘ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʚʠʤʘʛʘʻ ʚʽʜ ʩʪʫʜʝʥʪʘ ʟʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʚʦʣʦʜʽʥʥʷ ʧʨʘʢʪʠʯʥʠʤʠ ʥʘʚʠʯʢʘʤʠ ʨʦʙʦʪʠ ʟ ʦʙʨʦʙʢʦʶ ʤʝʪʘʣʽʚ 

ʨʽʟʘʥʥʷʤ, ʟʚʘʨʶʚʘʥʥʷʤ, ʥʘʣʘʛʦʜʞʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʨʘʚʠʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʩʽʭ ʾʾ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ. 

ʆʢʨʝʤʦ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʜʦʨʦʙʢʫ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʨʦʙʦʪʠ ʚʩʽʭ ʾʾ ʚʫʟʣʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ. 

    ʇʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʾʾ 

ʧʦʯʘʪʢʦʚʦʾ ʩʭʝʤʘʪʠʟʘʮʽʾ, ʢʦʤʧʦʥʦʚʢʠ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʪʘ 

ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʧʦʯʘʪʢʦʚʽ ʧʨʦʻʢʪʫʚʘʣʴʥʽ 

ʝʩʢʽʟʠ: ʚʦʥʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫʷʚʠʪʠ ʚʟʘʻʤʦʜʽʶ ʚʩʽʭ ʚʫʟʣʽʚ 

ʤʘʡʙʫʪʥʴʦʾ ʫʩʪʘʥʦʚʢʠ. ɺʠʙʽʨ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʞʥʦʛʦ ʚʫʟʣʘ, 

ʾʭ ʧʘʨʘʤʝʪʨʽʚ (ʨʦʟʤʽʨʽʚ, ʢʦʥʬʽʛʫʨʘʮʽʾ, ʤʘʪʝʨʽʘʣʫ ʪʦʱʦ) ʻ 

ʟʘʧʦʨʫʢʦʶ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ, ʾʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʨʦʙʦʯʠʭ ʢʨʝʩʣʝʥʴ ï ʚʘʞʣʠʚʠʡ 

ʪʘ ʥʝʦʙʭʽʜʥʠʡ ʝʪʘʧ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʜʝ ʧʨʦʷʚʣʷʶʪʴʩʷ ʟʥʘʥʥʷ 

ʤʘʡʙʫʪʥʴʦʛʦ ʽʥʞʝʥʝʨʘ. ʎʽ ʢʨʝʩʣʝʥʥʷ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʫʩʧʽʰʥʦʛʦ 

ʧʦʻʜʥʘʥʥʷ ʚʫʟʣʽʚ ʪʘ ʯʘʩʪʠʥ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʨʦʝʢʪʫʻʪʴʩʷ, ʾʭ 
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ʧʨʘʚʠʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʅʝʦʙʭʽʜʥʽ ʧʦʧʝʨʝʜʥʽ ʧʨʦʻʢʪʥʽ ʨʦʟʨʘʭʫʥʢʠ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʘʚʠʣʴʥʽʩʪʴ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ [1]. 

    ɿʜʽʡʩʥʝʥʥʷ ʝʪʘʧʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʯʘʩʪʠʥ ʪʘ ʚʫʟʣʽʚ ʫʩʪʘʥʦʚʢʠ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʟʥʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ, ʚʦʣʦʜʽʥʥʷʤ ʾʾ ʚʘʞʣʠʚʠʤʠ 

ʘʩʧʝʢʪʘʤʠ. ʇʨʦʪʝ ʧʽʩʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʝʪʘʧʫ ʧʦʯʠʥʘʻʪʴʩʷ  

ʥʘʡʚʘʞʣʠʚʽʰʠʡ ï ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʪʘ ʯʘʩʪʠʥ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʾʾ ʟʙʠʨʘʥʥʷ, ʧʝʨʝʚʽʨʢʘ ʚʟʘʻʤʦʜʽʾ ʚʩʽʭ ʯʘʩʪʠʥ 

ʫʩʪʘʥʦʚʢʠ. ʇʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʟʙʠʨʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʚʫʟʣʽʚ ʪʘ ʚʩʽʻʾ ʫʩʪʘʥʦʚʢʠ ʚ ʮʽʣʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦʶ, ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʩʧʨʦʻʢʪʦʚʘʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʘʙʦ ʫʩʪʘʥʦʚʢʠ. ɺʠʢʦʥʘʥʥʷ ʚʩʽʭ ʮʠʭ ʝʪʘʧʽʚ ʨʦʙʦʪʠ, 

ʟʜʽʡʩʥʝʥʥʷ ʦʙʦʚ'ʷʟʢʦʚʠʭ  ʚʠʤʦʛ ï ʧʦʢʘʟʫʶʪʴ, ʥʘʩʢʽʣʴʢʠ 

ʤʘʡʙʫʪʥʽʡ ʩʧʝʮʽʘʣʽʩʪ ʛʦʪʦʚʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʽʥʞʝʥʝʨʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ  ʪʘ ʧʦʜʘʣʴʰʦʾ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ. 

  ʆʟʜʦʙʣʝʥʥʷ ʟʙʫʜʦʚʘʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʧʝʨʝʚʽʨʢʘ ʾʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʪʘ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʻ ʟʘʚʝʨʰʘʣʴʥʠʤʠ ʝʪʘʧʘʤʠ ʨʦʙʦʪʠ ʥʘʜ 

ʤʘʛʽʩʪʝʨʩʴʢʦʶ ʨʦʙʦʪʦʶ ʚ ʮʽʣʦʤʫ. ʇʨʦʪʝ ʥʘʣʘʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ 

ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʫʩʪʘʥʦʚʢʠ ʪʘ ʚʟʘʻʤʦʜʽʾ ʾʭ ʚ ʮʽʣʦʤʫ ï ʜʫʞʝ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʪʘ ʚʘʞʣʠʚʠʡ ʝʪʘʧ ʨʦʙʦʪʠ, ʜʝ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʘʥʽʰʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʾʭ 

ʤʦʞʣʠʚʽʩʪʴ ʙʫʪʠ ʚʪʽʣʝʥʠʤʠ ʥʘ ʧʨʘʢʪʠʮʽ. 

     ʅʘ̫ʚʥʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ  ʟʘ ʪʝʤʦʶ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠ, ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ, ʧʨʦ ʪʝ, 

ʥʘʩʢʽʣʴʢʠ ʩʝʨʡʦʟʥʦ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦ  ʧʦʩʪʘʚʠʚʩʷ ʩʪʫʜʝʥʪ ï 

ʤʘʛʽʩʪʨ ʜʦ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʧʝʨʝʜ ʥʠʤ ʟʘʚʜʘʥʥʷ. 

    ʇʽʜʛʦʪʦʚʢʘ ʜʦ ʧʨʦʮʝʜʫʨʠ ʟʘʭʠʩʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʽʣʶʩʪʨʘʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʦʞ ʩʢʣʘʜʘʶʪʴ 

ʥʘʧʦʚʥʝʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʟʘʭʠʩʪʫ ʪʘ ʫʩʧʽʰʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʮʽʻʾ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʟʘʢʣʶʯʥʦʾ ʧʨʦʮʝʜʫʨʠ, ʩʚʦʾʭ ʦʨʘʪʦʨʩʴʢʠʭ ʫʤʽʥʴ 

ʟʘʭʠʱʘʪʠ ʩʚʦʶ ʨʦʟʨʦʙʢʫ. 

ʉʧʠʩʦʢ  ʣʽʪʝʨʘʪʫʨʠ 

1.ʇʠʩʘʨʝʥʢʦ ɻ.ʉ. ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ: ʧʽʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ/ɻ.ʉ.ʇʠʩʘʨʝʥʢʦ, ʆ.ʃ. ʂʚʽʪʢʘ,ɭ.ʉ. ʋʤʘʥʩʴʢʠʡ: ʟʘ 

ʨʝʜ.. ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ, -2-ʛʝ ʚʠʜ. ï ʂ.: ɺʠʱʘ ʰʢʦʣʘ. 2004. ï 654 ʩ.  
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ɺʘʢʘʨ ɺʘʣʝʨʽʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʉʦʣʪʠʩ ɯ.ɺ. 

ɸʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ  

ʚ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʠʜʘʥʥʷʭ 
ʄʦʷ ʨʦʙʦʪʘ ʧʦʣʷʛʘʻ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʚ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʠʜʘʥʥʷʭ, ʪʘʢʠʭ ʷʢ ʝʣʝʢʪʨʦʥʥʽ ʢʥʠʛʠ, 

ʚʝʙʩʘʡʪʠ, ʽʛʨʠ ʪʘ ʽʥʰʽ ʽʥʪʝʨʘʢʪʠʚʥʽ ʜʦʜʘʪʢʠ. ʎʽ ʚʠʜʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʣʽʧʰʠʪʠ 

ʷʢʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʢʦʥʪʝʥʪʦʤ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʤʦʻʾ ʨʦʙʦʪʠ ð ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʠʜʘʥʥʷʭ ʪʘ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ 

ʚʧʣʠʚ ʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʷ ʚʠʢʦʨʠʩʪʦʚʫʶ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ, ʽʥʪʝʨʚ'ʶ ʟ 

ʬʘʭʽʚʮʷʤʠ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ. 

ʆʜʠʥ ʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʨʦʙʦʪʠ ð ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʚʠʜʘʥʥʷʭ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ, 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʦʙʨʦʙʢʫ ʧʨʠʨʦʜʥʠʭ ʤʦʚ, ʢʦʤʧ'ʶʪʝʨʥʝ ʟʦʨʦʚʝ 

ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʽʥʰʽ. ɹʫʣʦ ʚʠʚʯʝʥʦ, ʷʢʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʨʽʟʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢ ʚʦʥʠ ʜʦʧʦʤʘʛʘʶʪʴ ʧʦʣʽʧʰʫʚʘʪʠ ʚʟʘʻʤʦʜʽʶ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʢʦʥʪʝʥʪʦʤ ʪʘ ʷʢʽ ʾʭʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ [1, 2]. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ  ʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʠʜʘʥʴ. 

ɼʦʩʣʽʜʞʝʥʦ, ʷʢʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʧʝʨʝʚʘʛʠ ʥʘʜʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ 

ʢʦʥʪʝʥʪʦʤ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʢʦʥʪʝʥʪʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʪʨʝʙ ʪʘ ʚʧʦʜʦʙʘʥʴ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʧʦʢʨʘʱʝʥʥʷ ʧʦʰʫʢʫ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʘʚʪʦʤʘʪʠʯʥʝ ʘʜʘʧʪʫʚʘʥʥʷ ʜʦ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʠʩʪʨʦʾʚ ʪʘ ʝʢʨʘʥʽʚ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʪʘʢʽ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʙʣʝʤʠ ʟ ʧʨʠʚʘʪʥʽʩʪʶ ʪʘ ʙʝʟʧʝʢʦʶ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʪʘ ʥʝʨʽʚʥʦʩʪʽ ʯʝʨʝʟ 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ [3]. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʚʠʟʥʘʯʝʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ 
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ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʠʜʘʥʥʷʭ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘʱʦʾ ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʢʦʥʪʝʥʪʦʤ ʪʘ ʟʤʝʥʰʝʥʥʷ ʤʦʞʣʠʚʠʭ ʥʝʛʘʪʠʚʥʠʭ 

ʥʘʩʣʽʜʢʽʚ. ʈʝʢʦʤʝʥʜʘʮʽʾ ʙʫʜʫʪʴ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʜʘʚʥʠʯʽ ʢʦʤʧʘʥʽʾ, 

ʨʦʟʨʦʙʥʠʢʽʚ ʪʘ ʜʠʟʘʡʥʝʨʽʚ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʠʜʘʥʴ, ʘ ʪʘʢʦʞ ʥʘ 

ʘʢʪʠʚʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʮʠʭ ʚʠʜʘʥʴ. 

ʋ ʧʽʜʩʫʤʢʫ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʧʦʤʦʞʫʪʴ ʛʣʠʙʰʝ 

ʟʨʦʟʫʤʽʪʠ ʚʧʣʠʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʚʠʜʘʥʥʷ, 

ʚʠʢʦʨʠʩʪʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʡʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʮʽʣʷʭ ʧʦʣʽʧʰʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʢʦʥʪʝʥʪʦʤ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʤʦʞʣʠʚʠʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ.  

ɿʜʽʡʩʥʝʥʠʡ ʘʥʘʣʽʟ ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʽʡ ʛʘʣʫʟʽ ʪʘ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ 

ʜʦʟʚʦʣʷʪʴ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʠʜʘʥʴ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʾʭʥʶ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʗʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʧʨʘʚʠʣʴʥʦ, ʮʝ ʤʦʞʝ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨ ʪʘ ʚʧʣʠʚ ʚʠʜʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʙʽʣʴʰ ʟʨʫʯʥʠʡ ʪʘ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʡ ʜʦʩʚʽʜ. 
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ɺʦʣʦʜʠʤʠʨ ɺʘʩʴʢʦʚʩʴʢʠʡ 
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ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʻʜʥʘʥʥʷ ʭʫʜʦʞʥʴʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʽ 

ʪʝʭʥʦʣʦʛʽʡ 

 
ʇʦʰʫʢ ʤʝʪʦʜʽʚ ʨʦʟʚʠʪʢʫ ʧʦʻʜʥʘʥʥʷ ʭʫʜʦʞʥʴʦʛʦ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʫʯʥʷʤ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ ʧʨʦ 

ʩʧʦʩʦʙʠ ʪʚʦʨʯʦʾ ʩʘʤʦʨʝʘʣʽʟʘʮʽʾ ʡ ʝʬʝʢʪʠʚʥʦʾ ʚʽʟʫʘʣʴʥʦʾ 

ʜʝʤʦʥʩʪʨʘʮʽʾ ʨʝʟʫʣʴʪʘʪʫ ʧʨʘʮʽ. ʆʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʽ ʥʘʚʠʯʢʠ ʟ 

ʭʫʜʦʞʥʴʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ, ʧʦʻʜʥʘʚʰʠ ʾʭ, 

ʥʘʜʘʪʠ ʧʨʦʜʫʢʪʫ ʝʩʪʝʪʠʯʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï 

ʚʘʞʣʠʚʝ ʟʘʚʜʘʥʥʷ ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʠ [1]. 

ʈʦʟʚʠʪʦʢ ʫ ʜʽʪʝʡ ʪʚʦʨʯʠʭ ʪʘ ʭʫʜʦʞʥʽʭ ʥʘʚʠʯʦʢ, ʢʨʝʘʪʠʚʥʦʛʦ 

ʤʠʩʣʝʥʥʷ, ʭʫʜʦʞʥʴʦʛʦ ʩʤʘʢʫ, ʧʨʦʩʪʦʨʦʚʦʾ ʫʷʚʠ, ʢʫʣʴʪʫʨʥʦʾ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʟʥʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʡʦʤʽʚ, 

ʢʦʣʴʦʨʦʟʥʘʚʩʪʚʘ, ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʦʧʦʤʘʛʘʻ ʫʯʥʷʤ ʧʽʜ ʯʘʩ 

ʭʫʜʦʞʥʴʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʨʦʟʢʨʠʪʠ ʪʘʣʘʥʪʠ ʽ 

ʚʽʜʦʙʨʘʟʠʪʠ ʾʭ ʫ ʪʚʦʨʯʠʭ ʨʦʙʦʪʘʭ. ʂʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʥʘʚʠʯʢʠ, 

ʪʝʭʥʽʯʥʘ ʛʨʘʤʦʪʥʽʩʪʴ, ʚʠʚʯʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʦʾ, ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʘ 

ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʟʥʘʥʥʷ ʧʨʘʚʠʣ ʝʨʛʦʥʦʤʽʢʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʪʝʭʥʽʯʥʦʤʫ ʢʦʥʩʪʨʫʶʚʘʥʥʽ. ɺʦʥʠ ʚʘʞʣʠʚʽ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʘʚʠʣʴʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʚʠʨʦʙʽʚ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʭʫʜʦʞʥʴʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʮʴʦʛʦ ʟʥʘʥʴ ʽ ʥʘʚʠʯʦʢ, ʷʢʽ ʟʜʦʙʫʚʘʶʪʴʩʷ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʫʯʝʥʴ ʚʯʠʪʴʩʷ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʟʘʜʫʤ, 

ʜʦʩʷʛʘʪʠ ʛʘʨʤʦʥʽʾ ʫ ʢʦʣʴʦʨʘʭ ʪʘ ʬʦʨʤʘʭ ʚʠʨʦʙʫ, ʨʦʟʚʠʚʘʻ 

ʭʫʜʦʞʥʽʡ ʩʤʘʢ, ʥʘʙʫʚʘʻ ʥʝ ʣʠʰʝ ʥʘʚʠʯʦʢ ʪʝʭʥʽʯʥʦʾ ʨʦʙʦʪʠ ʥʘʜ 

ʚʠʨʦʙʘʤʠ, ʘ ʡ ʨʦʟʢʨʠʚʘʻ ʪʘ ʨʝʘʣʽʟʦʚʫʻ ʪʚʦʨʯʠʡ ʧʦʪʝʥʮʽʘʣ. 

ʊʝʭʥʽʯʥʝ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʘʚʠʣʴʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʢʨʝʩʣʝʥʴ, ʨʦʙʦʪʠ ʟ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, 

ʟʥʘʥʥʷ ʝʨʛʦʥʦʤʽʢʠ, ʚʠʚʯʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʚʘʨʪʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʗʢ ʧʨʘʚʠʣʦ, ʦʙôʻʢʪ ʤʘʻ ʧʨʦʪʦʪʠʧʠ, ʪʦʤʫ ʾʭ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʧʨʦʻʢʪʫʚʘʥʥʷ. ʅʝ ʤʝʥʰ ʮʽʢʘʚʝ 
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ʪʘ ʜʦʨʝʯʥʝ ʚʠʚʯʝʥʥʷ ʪʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ, ʱʦ ʚʠʷʚʣʷʶʪʴʩʷ 

ʚ ʧʨʦʮʝʩʽ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʘʞʣʠʚʠʡ ʽ 

ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʤʽʮʥʦʩʪʽ ʤʘʡʙʫʪʥʽʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ 

ʪʘʢʦʞ ʜʝʪʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʪʘʧʽʚ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ.  
ʇʦʻʜʥʘʥʥʷ ʭʫʜʦʞʥʴʦʛʦ ʡ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʘ 

ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʜʦ ʭʫʜʦʞʥʴʦʛʦ ʟʘʜʫʤʫ ʚʠʨʦʙʫ, 

ʜʦʩʣʽʜʞʝʥʥʶ ʧʠʪʘʥʴ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʚʪʽʣʝʥʥʷ ʮʴʦʛʦ 

ʟʘʜʫʤʫ, ʡʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʟʥʘʥʴ ʥʘ 

ʧʨʘʢʪʠʮʽ, ʫʤʽʥʥʷ ʪʘ ʟʜʘʪʥʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ ʪʚʦʨʯʦ ʚʠʢʦʥʫʚʘʪʠ 

ʥʝʩʪʘʥʜʘʨʪʥʽ ʟʘʚʜʘʥʥʷ ʚ ʞʠʪʪʽ ʪʘ ʧʦʻʜʥʘʥʥʷ ʭʫʜʦʞʥʴʦʛʦ ʽ 

ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʦ ʚʪʽʣʠʪʠ ʟʘʜʫʤ ʟ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʚʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʥʴʦʤʫ ʷʢ 

ʝʩʪʝʪʠʯʥʽ (ʭʫʜʦʞʥʽ, ʢʫʣʴʪʫʨʥʽ), ʪʘʢ ʪʝʭʥʽʯʥʽ (ʧʨʘʢʪʠʯʥʽ, 

ʝʢʦʥʦʤʽʯʥʽ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦʙʪʦ ʜʦʩʷʛʪʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʷʢʦʩʪʽ 

ʚʠʨʦʙʫ.  

ɽʬʝʢʪʠʚʥʠʡ  ʩʧʦʩʽʙ ʟʘʣʫʯʝʥʥʷ ʫʯʥʽʚ ʜʦ ʭʫʜʦʞʥʴʦʛʦ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʫʨʘʭʦʚʫʶʯʠ ʥʘʮʽʦʥʘʣʴʥʽ ʪʘ 

ʨʝʛʽʦʥʘʣʴʥʽ ʪʨʘʜʠʮʽʾ ï ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʢʝʪʽʚ ʟ ʜʝʨʝʚʘ. ʋ ʧʨʦʮʝʩʽ 

ʧʦʰʫʢʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʰʣʷʭʽʚ ʟʨʦʙʠʪʠ ʧʨʦʜʫʢʪ ʧʨʠʚʘʙʣʠʚʠʤ 

ʝʩʪʝʪʠʯʥʦ, ʧʨʘʢʪʠʯʥʠʤ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʚʦʨʯʝ ʪʘ ʢʨʠʪʠʯʥʝ ʤʠʩʣʝʥʥʷ, ʟôʷʚʣʷʻʪʴʩʷ ʽʥʪʝʨʝʩ 

ʜʦ ʧʨʦʬʝʩʽʡ ʭʫʜʦʞʥʠʢʘ, ʜʠʟʘʡʥʝʨʘ, ʢʦʥʩʪʨʫʢʪʦʨʘ, ʬʦʨʤʫʶʪʴʩʷ 

ʧʨʠʥʮʠʧʠ ʭʫʜʦʞʥʴʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʚʤʽʥʥʷ ʚʠʢʦʥʫʚʘʪʠ 

ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ [2]. 
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ʈʦʤʘʥ ɺʘʪʘʤʘʥʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ. 

 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʽʢʨʦʭʦʣʦʜʠʣʴʥʠʢʠ ʜʣʷ ʘʙʣʷʮʽʾ ʪʘ 

ʤʽʥʽʽʥʚʘʟʠʚʥʦʾ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʭʽʨʫʨʛʽʾ 
ɿʘʛʘʣʴʥʦʚʽʜʦʤʘ ʫ ʤʝʜʠʯʥʽʡ ʧʨʘʢʪʠʮʽ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ 

ʢʨʽʦʜʝʩʪʨʫʢʮʽʷ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʣʽʢʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ʆʜʥʘʢ ʧʨʠʩʪʨʦʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʮʽʻʾ ʤʝʪʠ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʛʨʦʤʽʟʜʢʽ, 

ʙʝʟ ʥʘʣʝʞʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʽʜʪʚʦʨʝʥʥʷ ʪʝʨʤʽʯʥʠʭ ʨʝʞʠʤʽʚ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʥʠʞʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʟ ʨʽʜʢʠʤ ʘʟʦʪʦʤ, ʱʦ 

ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʣʽʢʫʚʘʣʴʥʠʭ 

ʟʘʢʣʘʜʘʭ, ʜʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʜʢʠʤ ʘʟʦʪʦʤ ʧʨʦʙʣʝʤʘʪʠʯʥʝ. ʆʢʨʽʤ 

ʮʴʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʢʦʛʦ ʘʟʦʪʫ ʘʙʦ ʝʬʝʢʪʫ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ 

ʧʨʠ ʨʦʟʰʠʨʝʥʥʽ ʛʘʟʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʪʦʯʥʦ ʥʝʦʙʭʽʜʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ, ʱʦ ʟʥʠʞʫʻ ʚ ʮʽʣʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʦʣʦʜʫ ʧʨʠ ʣʽʢʫʚʘʥʥʽ[1-4]. 

ʈʦʟʚôʷʟʘʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʽ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ 

ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʘʢʠʭ ʜʽʡ, ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʽ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʭ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ ʫʩʧʽʰʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ ʤʝʜʠʮʠʥʠ, ʷʢ ʢʨʽʦʪʝʨʘʧʽʷ, 

ʢʨʽʦʭʽʨʫʨʛʽʷ, ʦʬʪʘʣʴʤʦʣʦʛʽʷ, ʪʨʘʚʤʘʪʦʣʦʛʽʷ, ʥʝʡʨʦʭʽʨʫʨʛʽʷ, 

ʧʣʘʩʪʠʯʥʘ ʭʽʨʫʨʛʽʷ, ʫʨʦʣʦʛʽʷ, ʦʥʢʦʣʦʛʽʷ, ʜʝʨʤʘʪʦʣʦʛʽʷ, 

ʢʦʩʤʝʪʦʣʦʛʽʷ ʪʦʱʦ[1-4]. 

ʆʜʥʘʢ ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʤʝʜʠʯʥʦʾ 

ʘʧʘʨʘʪʫʨʠ ʚʠʷʚʠʚ ʽ ʨʷʜ ʾʭ ʥʝʜʦʣʽʢʽʚ. ʉʝʨʝʜ ʥʠʭ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ 

ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽ ʧʽʜʪʨʠʤʘʥʥʷ ʪʦʯʥʦ 

ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʝʥʥʷ. ʆʩʪʘʥʥʻ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ ʫ ʤʽʥʽʽʥʚʘʟʠʚʥʽʡ ʭʽʨʫʨʛʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʝʤʧʠ ʦʭʦʣʦʜʞʝʥʥʷ (ʾʭ 

ʜʠʥʘʤʽʢʘ) ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʧʨʠ ʣʽʢʫʚʘʥʥʽ. ʊʘʢ, ʜʫʞʝ 

ʰʚʠʜʢʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚʟʘʛʘʣʽ ʥʝ ʧʨʠʚʦʜʷʪʴ ʜʦ ʜʝʩʪʨʫʢʮʽʾ 

ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ. ʅʘʚʧʘʢʠ, ʧʦʤʽʨʥʽ, ʘʣʝ ʮʠʢʣʽʯʥʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʨʠʷʶʪʴ ʝʥʝʨʛʽʡʥʽʡ ʜʝʩʪʨʫʢʮʽʾ ʙʽʦʣʦʛʽʯʥʦʾ 
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ʪʢʘʥʠʥʠ. ʏʘʩʦʚʽ ʬʫʥʢʮʽʾ ʦʭʦʣʦʜʞʝʥʥʷ ʚʘʞʣʠʚʽ ʽ ʧʨʠ ʣʽʢʫʚʘʥʥʽ 

ʽʥʰʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 

ʆʪʞʝ, ʟʘʛʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʦʙʠʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽʤʽʢʨʦʭʦʣʦʜʠʣʴʥʠʢʠ ʜʣʷ ʘʙʣʷʮʽʾ ʪʘ 

ʤʽʥʽʽʥʚʘʟʠʚʥʦʾ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʭʽʨʫʨʛʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ. ʎʠʤ ʟʫʤʦʚʣʶʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʨʦʙʦʪʠ. 

ɿʥʘʯʠʤʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʦʯʝʚʠʜʥʘ, ʦʩʢʽʣʴʢʠ ʙʝʟ 

ʾʾ ʨʦʟʚôʷʟʘʥʥʷ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ 

ʧʨʠʣʘʜʠ ʜʣʷ ʤʽʥʽʽʥʚʘʟʠʚʥʦʾ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʭʽʨʫʨʛʽʾ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ ʪʦʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʽ ʧʽʜʪʨʠʤʘʥʥʷ 

ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʈʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʚʘʞʣʠʚʦʾ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʷʢ ʜʣʷ ʧʦʪʨʝʙ 

ʋʢʨʘʾʥʠ, ʪʘʢ ʽ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʽʚʥʽ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ 

ʣʶʜʝʡ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ ʫ 

ʩʠʩʪʝʤʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ. ɹʫʜʝ ʩʪʚʦʨʝʥʦʫʥʽʢʘʣʴʥʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʽʢʨʦʭʦʣʦʜʠʣʴʥʠʢʠ, ʱʦ ʟʘ ʩʚʦʾʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʚʠʱʫʚʘʪʠʤʫʪʴ ʚʽʪʯʠʟʥʷʥʠʡ ʪʘ 

ʟʘʨʫʙʽʞʥʠʡ ʨʽʚʝʥʴ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʣʽʧʰʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʚʽʪʯʠʟʥʷʥʦʾ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ 

ʤʝʜʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʠʥʢʫ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɸʥʪʦʥʽʥʘ ɺʘʪʘʤʘʥʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʦʣʪʠʩ ɯ.ɺ. 
 

ɺʧʣʠʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʚʝʨʩʪʘʥʥʷ ʥʘ ʩʧʨʠʡʥʷʪʪʷ 

ʽʥʬʦʨʤʘʮʽʾ ʯʠʪʘʯʝʤ. ʇʩʠʭʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ 
ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʢʩʪʫ 

 

ʄʠ ʧʦʩʪʽʡʥʦ ʦʪʦʯʝʥʽ ʽʥʬʦʨʤʘʮʽʻʶ: ʢʦʣʠ ʯʠʪʘʻʤʦ ʢʥʠʞʢʠ, 

ʩʣʫʭʘʻʤʦ ʨʘʜʽʦ, ʜʠʚʠʤʦʩʴ ʪʝʣʝʚʽʟʦʨ, ʩʧʽʣʢʫʻʤʦʩʴ ʤʽʞ ʩʦʙʦʶ. ʉʚʽʪ, ʚ 

ʷʢʦʤʫ ʤʠ ʞʠʚʝʤʦ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʦʛʦ, ʱʦ ʙʫʚ 15-20 ʨʦʢʽʚ 

ʪʦʤʫ ð ʚʽʥ ʟʤʽʥʶʻʪʴʩʷ ʚʯʝʪʚʝʨʦ ʰʚʠʜʰʝ. ʉʴʦʛʦʜʥʽ ʜʽʪʠ 

ʥʘʨʦʜʞʫʶʪʴʩʷ ʽ ʞʠʚʫʪʴ ʚ ʫʤʦʚʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ, 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʡ ʽʥʰʦʛʦ ʜʦʩʚʽʜʫ ʚ ʥʠʭ ʚʞʝ ʥʝʤʘʻ. 

ɻʦʣʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽʥʬʦʨʤʘʮʽʾ ʚ XXI ʩʪʦʣʽʪʪʽ ʻ ʢʥʠʛʘ ʽ ʢʦʤʧôʶʪʝʨ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʮʠʚʽʣʽʟʘʮʽʾ, ʚ ʝʧʦʭʫ ʛʣʦʙʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʙʫʨʭʣʠʚʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʢʦʤʧ'ʶʪʝʨʥʘ ʪʝʭʥʽʢʘ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ. ʅʘ ʨʦʟʚʠʪʦʢ ʫʢʨʘʾʥʩʴʢʦʾ ʢʥʠʞʢʦʚʦʾ ʢʫʣʴʪʫʨʠ ʚʧʣʠʚʘʶʪʴ 

ʛʣʦʙʘʣʴʥʽ ʪʨʝʥʜʠ, ʟʫʤʦʚʣʝʥʽ ʧʝʨʝʜʫʩʽʤ ʨʦʟʚʠʪʢʦʤ ʥʦʚʽʪʥʽʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʦʥʠ ʚʽʜʚʦʣʽʢʘʶʪʴ ʯʠʪʘʯʘ 

ʚʽʜ ʢʥʠʞʢʠ, ʧʨʦʧʦʥʫʶʯʠ ʥʦʚʽ ʬʦʨʤʘʪʠ ʜʦʟʚʽʣʣʷ ʪʘ ʦʩʚʽʪʠ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ ï ʥʘʜʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʢʫʧʫʚʘʪʠ ʢʥʠʞʢʠ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ 

ʘʙʦ ʦʙʤʽʥʶʚʘʪʠʩʴ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʥʦʚʠʥʢʠ ʢʥʠʞʢʦʚʦʾ ʩʬʝʨʠ. 

ɺʽʟʴʤʝʤʦ ʜʣʷ ʧʨʠʢʣʘʜʫ ʝʣʝʢʪʨʦʥʥʽ ʢʥʠʛʠ ð ʚʝʨʩʽʾ ʢʥʠʛ ʚ 

ʝʣʝʢʪʨʦʥʥʦʤʫ (ʮʠʬʨʦʚʦʤʫ) ʚʠʛʣʷʜʽ. ʊʘʢʽ ʢʥʠʞʢʠ ʤʦʞʥʘ ʯʠʪʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʽʚ, ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ ʯʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʅʘʚʽʪʴ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʘ ʛʨʘʤʦʪʥʝ 

ʧʨʦʬʝʩʽʡʥʝ ʚʝʨʩʪʘʥʥʷ ʻ ʦʩʥʦʚʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʯʠʪʘʯʘ. 

ʄʘʶʯʠ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ, ʚʠ ʧʽʜʢʣʶʯʘʻʪʝʩʷ ʜʦ ʽʥʪʝʨʥʝʪʫ, 

ʤʦʞʝʪʝ ʛʫʣʷʪʠ ʧʦ ʚʽʨʪʫʘʣʴʥʦʤʫ ʤʘʛʘʟʠʥʫ, ʚʠʙʠʨʘʪʠ ʽ ʟʘʤʦʚʣʷʪʠ 

ʢʥʠʛʠ. ɼʦʩʠʪʴ ʧʨʦʚʝʩʪʠ ʧʦ ʝʢʨʘʥʫ ʧʘʣʴʮʝʤ, ʱʦʙ ʧʽʜʽʙʨʘʪʠ ʢʥʠʛʫ ʯʠ 

ʛʘʟʝʪʫ, ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨ ʙʫʢʚ, ʟʥʘʡʪʠ ʟʥʘʯʝʥʥʷ ʥʝʟʨʦʟʫʤʽʣʦʛʦ ʩʣʦʚʘ ʫ 

ʩʣʦʚʥʠʢʫ. [1] 

ʗʢ ʚʽʜʦʤʦ [2], ʥʘʡʚʘʞʣʠʚʽʰʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʨʠʡʥʷʪʪʷ ʪʘʢʽ: 

ʧʨʝʜʤʝʪʥʽʩʪʴ, ʮʽʣʽʩʥʽʩʪʴ, ʩʪʨʫʢʪʫʨʥʽʩʪʴ, ʢʦʥʩʪʘʥʪʥʽʩʪʴ, ʘʧʧʝʨʮʝʧʮʽʷ, 

ʦʩʤʠʩʣʝʥʽʩʪʴ, ʚʠʙʽʨʢʦʚʽʩʪʴ, ʽʣʶʟʽʷ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʬʽʟʽʦʣʦʛʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʨʠʡʤʘʥʥʷ ʪʝʢʩʪʫ ʟ ʝʢʨʘʥʘ ʤʦʥʽʪʦʨʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 
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ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʧʨʠʡʤʘʥʥʷ ʪʝʢʩʪʫ. ʆʩʢʽʣʴʢʠ ʚʠʧʨʦʤʽʥʶʚʘʥʝ ʩʚʽʪʣʦ ʪʘ 

ʥʝʜʦʩʪʘʪʥʷ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʝʢʨʘʥʘ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʽʨ. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʦʩʣʽʜʥʠʢʠ [3], ʧʦʨʽʚʥʶʶʯʠ 

ʩʧʨʠʡʤʘʥʥʷ ʪʝʢʩʪʫ ʟ ʝʢʨʘʥʘ ʪʘ ʧʘʧʝʨʦʚʦʛʦ ʥʦʩʽʷ, ʟʘʟʥʘʯʘʶʪʴ, ʱʦ 

ʧʘʧʽʨ ʥʝ ʽʥʪʝʨʧʨʝʪʫʻ ʪʝʢʩʪ, ʘ ʤʦʞʝ ʣʠʰʝ ʥʘʜʘʪʠ ʡʦʤʫ ʜʦʜʘʪʢʦʚʫ 

ʚʠʨʘʟʥʽʩʪʴ, ʪʦʜʽ ʷʢ ʪʝʢʩʪ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ï ʟʘʚʞʜʠ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʢʨʘʥʘ, ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʩʪʘʚʣʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʥʘʣʘʰʪʫʚʘʥʴ ʽ ʙʘʛʘʪʴʦʭ 

ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɹʝʟʩʫʤʥʽʚʥʦ, ʽʥʪʝʨʘʢʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʷʢ ʥʦʩʽʡ 

ʽʥʬʦʨʤʘʮʽʾ ʤʘʻ ʥʠʟʢʫ ʚʘʛʦʤʠʭ ʧʝʨʝʚʘʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ 

ʜʨʫʢʦʚʘʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʩʧʨʠʡʥʷʪʪʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ (ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʴ, ʢʥʠʛ) ʩʫʪʪʻʚʦ ʧʨʦʛʨʘʻ ʜʨʫʢʦʚʘʥʠʤ 

ʚʠʜʘʥʥʷʤ ʱʦʜʦ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʢʦʤʬʦʨʪʫ ʽ ʟʨʫʯʥʦʩʪʽ ʥʘ ʨʽʚʥʽ 

ʧʨʦʩʪʦʛʦ ʤʘʥʽʧʫʣʶʚʘʥʥʷ. 

ʇʝʨʝʚʘʛʠ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʢʩʪʫ ʦʙʝʨʪʘʶʪʴʩʷ ʡʦʛʦ ʞ ʥʝʜʦʣʽʢʘʤʠ, 

ʪʦʤʫ ʚ ʜʘʥʠʡ ʯʘʩ ʩʪʦʾʪʴ ʧʨʦʙʣʝʤʘ ʧʨʠʚʥʝʩʝʥʥʷ ʧʝʨʝʚʘʛ ʜʨʫʢʦʚʘʥʠʭ 

ʚʠʜʘʥʴ ʚ ʽʥʪʝʨʘʢʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ [3]. ʆʜʥʘ ʟʽ ʩʧʨʦʙ ï ʥʦʚʘ 

ʪʝʭʥʦʣʦʛʽʷ ʧʘʧʝʨʦʧʦʜʽʙʥʠʭ ʝʢʨʘʥʽʚ (e-ink ï ʝʣʝʢʪʨʦʥʥʝ ʯʦʨʥʠʣʦ), ʷʢʘ 

ʟ'ʷʚʠʣʘʩʷ ʤʝʥʰʝ ʜʝʩʷʪʠ ʨʦʢʽʚ ʪʦʤʫ ʡ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʥʘʙʫʣʘ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʆʪʞʝ, ʚʝʨʩʪʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʚ ʞʠʪʪʽ ʩʫʯʘʩʥʦʾ ʣʶʜʠʥʠ. ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʠʪʘʥʥʷʤʠ 

ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʤʽʯʘʻʤʦ ʪʘʢʽ: ʧʦʨʽʚʥʷʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʧʨʠʡʤʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʾ ʟ ʝʢʨʘʥʫ ʪʘ ʚ ʨʝʘʣʴʥʦʩʪʽ, ʚʽʢʦʚʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʨʠʡʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʧʨʠʡʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʨʘʥʽʚ ʟ ʨʽʟʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʨʦʟʤʽʨ ʝʢʨʘʥʘ, ʪʝʭʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʶ, 

ʥʘʷʚʥʽʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʚʽʜʛʫʢʫ ʪʦʱʦ).   
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ɼʘʥʠʾʣ ɺʘʪʨʠʯ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ.ɺ. 

 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ ʽʥʚʝʨʪʦʨ 
 

ɹʘʛʘʪʦ ʣʶʜʝʡ ʧʦʤʠʣʷʶʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʦʩʠʪʴ ʪʽʣʴʢʠ ʟʤʦʥʪʫʚʘʪʠ 

ʚʽʪʨʦʛʝʥʝʨʘʪʦʨ ʘʙʦ ʩʦʥʷʯʥʫ ʧʘʥʝʣʴ ʽ ʚʞʝ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ 

ʙʝʟʢʦʰʪʦʚʥʦʶ ʝʥʝʨʛʽʻʶ. ɸʣʝ ʮʝ ʥʝ ʪʘʢ. ʋ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ 

ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ. ʎʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚ ʩʠʩʪʝʤʽ 

ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ (ɸʂɹ). ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ɸʂɹ ʥʘʧʨʫʛʦʶ 12 ɺ, 24 ɺ, 36 ɺ, 48 ɺ,... 

360ɺ ʚ ʧʝʨʝʤʽʥʥʠʡ 220 ɺ (ʘʙʦ 380 ɺ) ʟ ʯʘʩʪʦʪʦʶ 50 ɻʮ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʠ (ʽʥʚʝʨʪʦʨ). ɯʥʚʝʨʪʦʨʦʤ 

ʥʘʟʠʚʘʶʪʴ ʧʨʠʩʪʨʽʡ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʥʘʧʨʫʛʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʚ ʥʘʧʨʫʛʫ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ [1].  

ɯʥʚʝʨʪʦʨ ï ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʙʫʜʴ ʷʢʦʾ ʩʦʥʷʯʥʦʾ ʯʠ ʚʽʪʨʦʚʦʾ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ʊʝʨʤʽʥ çʽʥʚʝʨʪʦʨè ʧʦʭʦʜʠʪʴ ʚʽʜ 

ʣʘʪʠʥʩʴʢʦʛʦ ʩʣʦʚʘ inverto ʱʦ ʦʟʥʘʯʘʻ ʧʨʦʮʝʩ ʧʦʚʝʨʪʘʥʥʷ ʘʙʦ 

ʧʝʨʝʚʝʨʪʘʥʥʷ.  ʇʦʩʪʽʡʥʠʡ ʩʪʨʫʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʢʫʤʫʣʷʪʦʨʦʤ, 

ʱʦ ʟʘʨʷʜʠʚʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ. ʊʝʦʨʝʪʠʯʥʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʡ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʚ ʟʤʽʥʥʫ ʤʦʞʥʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʜʨʘʟʫ. ʆʩʢʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʱʦ ʧʘʜʘʻ ʥʘ ʧʦʚʝʨʭʥʶ  ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʟʤʽʥʶʻʪʴʩʷ ʚ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ, ʧʨʘʢʪʠʯʥʦ ʚʽʜ ʥʫʣʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ, ʪʦ 

ʚʽʜʧʦʚʽʜʥʦ ʟʤʽʥʶʻʪʴʩʷ ʽ ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ ʥʘ ʝʣʝʢʪʨʦʜʘʭ 

ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʽʥʚʝʨʪʦʨ ʧʨʘʮʶʚʘʪʠʤʝ ʥʝ 

ʩʪʘʙʽʣʴʥʦ, ʘ ʚ ʥʽʯʥʠʡ ʯʘʩ ʚʟʘʛʘʣʽ ʧʨʘʮʶʚʘʪʠ ʥʝ ʙʫʜʝ. ʊʦʤʫ 

ʘʢʫʤʫʣʷʪʦʨ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʷʢ ʝʣʝʤʝʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ [1]. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʽʥʚʝʨʪʦʨʘ ʟ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʟ ʥʘʧʨʫʛʦʶ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʧʦʣʷʛʘʻ ʚ ʫʟʛʦʜʞʝʥʦʩʪʽ ʯʘʩʪʦʪʠ ʪʘ ʬʘʟʠ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʽʥʚʝʨʪʦʨʘ ʟ ʯʘʩʪʦʪʦʶ ʪʘ ʬʘʟʦʶ ʥʘʧʨʫʛʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛ 

ʽʥʚʝʨʪʦʨʘ ʪʘ ʤʝʨʝʞʽ ʩʪʨʦʛʦ ʦʜʥʘʢʦʚʽ. ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʚʢʘʟʘʥʠʭ 
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ʥʘʧʨʫʛ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʬʘʟʠ ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚ ʽʥʚʝʨʪʦʨʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʛʝʥʝʨʦʚʘʥʠʭ ʽʥʚʝʨʪʦʨʦʤ ʢʦʣʠʚʘʥʴ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʬʘʟʠ. ʎʝ ʪʘʢ 

ʟʚʘʥʘ ʩʠʩʪʝʤʠ ʌɸʇʏ [2]. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʽʥʚʝʨʪʦʨʘ 

 

ʋ ʮʽʡ ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ:  

1 ī ʛʝʥʝʨʘʪʦʨ, 2 ī ʘʢʫʤʫʣʷʪʦʨ, 3 ī ʧʽʜʩʠʣʶʚʘʯ ʽʤʧʫʣʴʩʽʚ, 4  ī 

ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ, 5 ī ʢʣʶʯʦʚʠʡ ʧʽʜʩʠʣʶʚʘʯ, 6 ī   

ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ʎʝʡ ʧʨʠʩʪʨʽʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ, ʥʘʢʦʧʠʯʝʥʦʾ ʚ ʘʢʫʤʫʣʷʪʦʨʘʭ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʟʤʽʥʥʫ ʥʘʧʨʫʛʫ. ʊʘʢʽ ʧʨʠʩʪʨʦʾ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. ɺʦʥʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʷʢ ʦʩʥʦʚʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʝʣʝʤʝʥʪ. 

ʅʘʧʨʠʢʣʘʜ ʥʘ ʜʘʯʽ, ʚ ʛʘʨʘʞʽ, ʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʦʜʦʨʦʞʘʭ ʪʦʱʦ. 

ʅʝʤʘʻ ʩʝʥʩʫ ʩʪʚʦʨʶʚʘʪʠ ʩʠʩʪʝʤʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚ 

ʤʘʣʦʧʦʪʫʞʥʠʭ ʽʥʚʝʨʪʦʨʘʭ. ʉʠʩʪʝʤʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʦʮʽʣʴʥʘ ʫ 

ʨʘʟʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽʥʚʝʨʪʦʨʽʚ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʫʤʦʚʠ 

ʥʘʷʚʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. ɯʥʚʝʨʪʦʨʠ ʽʟ ʩʠʩʪʝʤʦʶ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʜʘʚʘʪʠ ʚ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ 

ʥʘʜʣʠʰʦʢ  ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [2]. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʄʦʩʢʘʪʦʚ ɽ.ɸ. ʀʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ / ʄʦʩʢʘʪʦʚ ɽ.ɸ. ï ʂʠʝʚ, ñʄʂ-ʧʨʝʩʩò 

2012. ï 208ʩ. 

2.  http://surl.li/ffvou - ʄʝʨʝʞʝʚʠʡ ʽʥʚʝʨʪʦʨ - ɦ ʦ ʮʝ ʪʘ ʷʢ ʧʨʘʮʶʻ. 
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ʖʨʽʡ ɺʝʛʝʨʘ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ.ɺ. 

 

ʊʨʘʥʩʠʚʝʨ LORA Ra-02 ʥʘ ʧʣʘʪʬʦʨʤʽ Arduino UNO 

 
ʇʦʷʚʘ ʪʝʭʥʦʣʦʛʽʾ LoRaWAN ʚʠʢʣʠʢʘʣʦ ʚʝʣʠʢʠʡ ʨʝʟʦʥʘʥʩ ʥʘ 

ʨʠʥʢʫ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʠʡʥʷʪʠ ʻʜʠʥʠʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ ʽʟ ʥʠʟʴʢʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ - LPWAN (Low Power Wide Area Network). 

ɸʙʨʝʚʽʘʪʫʨʘ LoRa ʦʙ'ʻʜʥʫʻ ʚ ʩʦʙʽ ʤʝʪʦʜ ʤʦʜʫʣʷʮʽʾ LoRa ʫ 

ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ LPWAN, ʨʦʟʨʦʙʣʝʥʠʡ Semtech ʪʘ 

ʚʽʜʢʨʠʪʠʡ ʧʨʦʪʦʢʦʣ LoRaWAN  [1]. 

ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʚʠʩʦʢʽʡ ʯʫʪʣʠʚʦʩʪʽ (-148dBm) LoRa ʽʜʝʘʣʴʥʦ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʟ ʚʠʤʦʛʘʤʠ ʥʠʟʴʢʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʚʠʩʦʢʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʘʚʘʜ ʽ ʟʘʙʝʟʧʝʯʫʻ ʟʚ'ʷʟʦʢ 

ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ [2]. 

LoRa (Long Range) ī ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʽ ʦʜʥʦʡʤʝʥʥʠʡ ʤʝʪʦʜ 

ʤʦʜʫʣʷʮʽʾ. ʄʝʪʦʜ ʤʦʜʫʣʷʮʽʾ LoRa, ʟʘʧʘʪʝʥʪʦʚʘʥʠʡ ʢʦʤʧʘʥʽʻʶ 

Semtech, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ (spread 

spectrum modulation) ʽ ʚʘʨʽʘʮʽʾ ʣʽʥʽʡʥʦʾ ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ 

(chirp spread spectrum, CSS). LoRa ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʷʤʫ ʢʦʨʝʢʮʽʶ 

ʧʦʤʠʣʦʢ (forward error correction, FEC) [3]. 

LoRa ʜʦʟʚʦʣʷʻ ʜʝʤʦʜʫʣʶʚʘʪʠ ʩʠʛʥʘʣʠ ʥʘ ʨʽʚʥʽ 20 ʜɹ ʥʠʞʯʝ 

ʨʽʚʥʷ ʰʫʤʽʚ, ʪʦʜʽ ʷʢ ʙʽʣʴʰʽʩʪʴ ʩʠʩʪʝʤ ʟ ʯʘʩʪʦʪʥʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ 

(frequency shift keying, FSK) ʤʦʞʫʪʴ ʢʦʨʝʢʪʥʦ ʧʨʘʮʶʚʘʪʠ ʟ 

ʩʠʛʥʘʣʘʤʠ ʥʘ ʨʽʚʥʽ ʥʝ ʥʠʞʯʝ 8-10 ʜɹ ʥʘʜ ʨʽʚʥʝʤ ʰʫʤʽʚ. 

ʄʦʜʫʣʷʮʽʷ LoRa ʚʠʟʥʘʯʘʻ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ, ʷʢʠʡ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʤʝʨʝʞʘʭ ʟ ʨʽʟʥʠʤʠ ʘʨʭʽʪʝʢʪʫʨʘʤʠ: mesh-

ʤʝʨʝʞʽ, ʟʽʨʢʘ, ʪʦʯʢʘ-ʪʦʯʢʘ ʪʘ ʽʥʰʽ [4]. 

ɺ ʪʨʘʥʩʠʚʝʨʘ ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ Atmega328P-AU 

"Microchip Technology" ʷʢʠʡ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʪʨʠ ʤʘʛʽʩʪʨʘʣʽ: 

ʘʜʨʝʩ, ʜʘʥʠʭ ʽ ʢʝʨʫʚʘʥʥʷ. ʄʘʛʽʩʪʨʘʣʴ ʘʜʨʝʩ ʩʣʫʞʠʪʴ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʢʦʜʫ ʘʜʨʝʩʠ, ʧʦ ʷʢʦʤʫ ʧʨʦʚʦʜʠʪʴʩʷ ʟʚʝʨʪʘʥʥʷ ʜʦ 

ʧʨʠʩʪʨʦʾʚ ʧʘʤ'ʷʪʽ, ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ ʡ ʽʥʰʠʭ ʟʦʚʥʽʰʥʽʭ 

ʧʨʠʩʪʨʦʾʚ. ʆʙʨʦʙʣʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ 

ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʤʘʛʽʩʪʨʘʣʽ ʜʘʥʠʭ. ʄʘʛʽʩʪʨʘʣʴ ʢʝʨʫʚʘʥʥʷ  ʧʝʨʝʜʘʻ 

ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ ʥʘ ʚʩʽ ʙʣʦʢʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʥʘʣʘʰʪʦʚʫʶʯʠ 
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ʥʘ ʧʦʪʨʽʙʥʠʡ ʨʝʞʠʤ ʧʨʠʩʪʨʦʾ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʫʚʘʥʽʡ 

ʢʦʤʘʥʜʽ.  

ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʪʨʘʥʩʠʚʝʨʘ LORA 

Ra-02 ʥʘ ʧʣʘʪʬʦʨʤʽ Arduino UNO. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʪʨʘʥʩʠʚʝʨʘ LORA Ra-02 ʥʘ 

ʧʣʘʪʬʦʨʤʽ Arduino UNO 

ʇʨʠʩʪʨʽʡ ʪʨʘʥʩʠʚʝʨʘ LORA Ra-02 ʥʘ ʧʣʘʪʬʦʨʤʽ Arduino 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʝʨʫʶʯʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ (1), ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʽʥʪʝʨʬʝʡʩʫ (2), ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʥʘʧʨʫʛʠ (3, 6), ʪʘʢʪʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ (5), ʬʽʣʴʪʨʽʚ (7, 9), ʝʣʝʢʪʨʦʥʘ ʢʣʶʯʘ (8). ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʥʪʝʨʬʝʡʩʫ USB ʚ UART ʤʦʞʥʘ 

ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ. ɿ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʥʘʜʭʦʜʠʪʴ 

ʢʝʨʫʶʯʘ ʧʨʦʛʨʘʤʘ ʥʘ ʤʽʢʨʦʩʭʝʤʫ ʪʨʘʥʩʠʚʝʨʘ. ʊʨʘʥʩʠʚʝʨ 

ʧʨʠʡʤʘʻ ʘʙʦ ʧʝʨʝʜʘʻ ʜʘʥʽ ʟ ʘʥʪʝʥʠ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʪʘʥʜʘʨʪ NB-IoT Low-Power and Wide-Area, LPWAN  URL: 

https://cutt.ly/ie46gbB 

2. LPWAN ʠ ʜʨʫʛʠʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ URL: 

https://controlengrussia.com/internet-veshhej/lpwan_iot/ 

3. SIGFOX BASED INTERNET OF THINGS: TECHNOLOGY, 

MEASUREMENTS AND DEVELOPMENT URL: 

https://trepo.tuni.fi/bitstream/handle/123456789/27666/Hemjal.pdf?seque

nce=4&isAllowed=y 

4. ɹʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ URL: 

http://www.russianelectronics.ru/leader-r/review/2187/doc/58627/ 
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ɺʝʥʟʦʚʩʴʢʘ ɽʚʝʣʽʥʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʜʦʮʝʥʪ ʌʝʣʴʜʝ ʍ.ɺ. 

 

ʉʪʚʦʨʝʥʥʷ ʩʘʡʪʫ-ʚʽʟʠʪʢʠ, ʨʦʟʨʦʙʢʘ ʣʦʛʦʪʠʧʫ ʪʘ 

ʜʠʟʘʡʥʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʤʧʘʥʽʾ 

 
ʇʦʩʣʫʛʠ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʤʧʘʥʽʡ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʧʠʪʦʤ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʯʘʩʫ. ʎʝ ʩʘʤʝ ʪʦʡ ʙʽʟʥʝʩ, ʷʢʠʡ ʟʘʚʞʜʠ ʙʫʜʝ 

ʤʘʪʠ ʨʦʙʦʪʫ, ʘʣʝ ʨʘʟʦʤ ʟ ʪʠʤ ʥʘ ʨʠʥʢʫ ʻ ʚʝʣʠʢʘ ʢʦʥʢʫʨʝʥʮʽʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʣʶʜʷʤ ʧʦʪʨʽʙʥʦ ʱʦʩʴ, ʟʘ ʱʦ ʚʦʥʠ ʤʦʛʣʠ ʙ 

ʟʘʯʝʧʠʪʠʩʷ ʧʨʠ ʚʠʙʦʨʽ ʢʦʤʧʘʥʽʾ, ʜʦ ʷʢʦʾ ʟʚʝʨʥʫʪʠʩʷ, ʥʝʦʙʭʽʜʥʘ 

ʚʧʝʚʥʝʥʽʩʪʴ ʚ ʪʦʤʫ, ʱʦ ʨʦʙʦʪʘ ʙʫʜʝ ʚʠʢʦʥʘʥʘ ʷʢʽʩʥʦ ʪʘ ʰʚʠʜʢʦ, 

ʘ ʾʭʥʽ ʧʦʙʘʞʘʥʥʷ ʚʨʘʭʦʚʘʥʽ ʷʢ ʩʣʽʜ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, 

ʟ'ʷʚʣʷʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚ ʽʥʩʪʨʫʤʝʥʪʽ, ʱʦ ʨʦʟʚ'ʷʟʫʚʘʚ ʙʠ ʮʽ ʟʘʜʘʯʽ ʪʘ 

ʧʨʘʮʶʚʘʚ ʙʠ ʟ ʢʣʽʻʥʪʦʤ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʨʝʩʫʨʩʫ ʥʘ 

ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ:"ʩʪʘʜʽʾ ʟʥʘʡʦʤʩʪʚʘ".  

ɸʥʘʣʽʟ ʘʢʪʫʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ 

ʧʦʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʩʘʡʪ-ʚʽʟʠʪʢʘ ʟ ʨʝʪʝʣʴʥʦ 

ʧʨʦʜʫʤʘʥʠʤ ʜʠʟʘʡʥʦʤ ʻ ʽʜʝʘʣʴʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʫʪʠʥʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʨʦʙʦʪʠ ʟ ʟʘʮʽʢʘʚʣʝʥʦʶ 

ʘʫʜʠʪʦʨʽʻʶ. ʉʘʡʪ-ʚʽʟʠʪʢʘ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʣʝʛʰʠʪʠ ʞʠʪʪʷ 

ʥʝ ʣʠʰʝ ʧʨʘʮʽʚʥʠʢʘʤ, ʘ ʡ ʚʣʘʩʥʝ ʢʣʽʻʥʪʘʤ, ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʤʫ 

ʟʨʫʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʧʦʩʣʫʛ, ʷʢʘ ʥʘʜʘʻ ʢʦʤʧʘʥʽʷ, 

ʘ ʪʘʢʦʞ ʧʨʠʢʣʘʜʽʚ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ. 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʩʘʡʪʫ-ʚʽʟʠʪʢʠ - ʟʘʢʣʘʜʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ʧʦʩʣʫʛ, 

ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʽʟʥʝʩʫ, ʛʣʦʙʘʣʴʥʠʡ ʜʦʩʪʫʧ 

ʪʘ ʧʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʜʦʩʪʫʧʥʽʩʪʴ ʟ 

ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ, ʜʝ ʥʘʷʚʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʽʥʪʝʨʥʝʪʫ. ʎʝ 

ʦʟʥʘʯʘʻ, ʷʢʠʡ ʢʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ, ʱʦ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʽʥʪʝʨʥʝʪʫ, 

ʤʦʞʝ ʧʝʨʝʛʣʷʥʫʪʠ ʩʘʡʪ ʪʘ ʧʨʦʷʚʠʪʠ ʩʚʦʶ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚ 

ʧʦʩʣʫʛʘʭ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʥʘ ʤʘʡʙʫʪʥʻ, ʜʘʻ ʧʝʨʩʧʝʢʪʠʚʠ 

ʤʘʰʪʘʙʫʚʘʪʠ ʙʽʟʥʝʩ ʪʘ ʤʘʪʠ ʬʽʣʽʘʣ ʥʝ ʣʠʰʝ ʚ ʦʜʥʽʡ ʢʨʘʾʥʽ.  

ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʤʦʞʣʠʚʠʭ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʻ 

ʢʦʤʧʘʥʽʷ, ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ ʪʘ ʢʦʥʪʘʢʪ ʟ ʧʨʘʮʽʚʥʠʢʘʤʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʩʧʽʚʧʨʘʮʽ. 
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ɼʣʷ ʨʦʟʨʦʙʢʠ ʩʘʡʪʫ-ʚʽʟʠʪʢʠ ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʤʧʘʥʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ HTML, CSS, ʘ ʩʪʚʦʨʝʥʥʷ 

ʣʦʛʦʪʠʧʫ ʜʣʷ ʢʦʤʧʘʥʽʾ Adobe Illustrator, ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ 

ʜʠʟʘʡʥʫ ʩʘʡʪʫ Figma. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʽʥʮʝʚʘ ʨʦʙʦʪʘ ʤʘʣʘ ʙʘʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʜʠʟʘʡʥ ʩʘʡʪʫ, ʱʦ ʙʫʜʝ ʟʨʦʟʫʤʽʣʠʡ ʪʘ 

ʧʨʠʻʤʥʠʡ ʢʦʨʠʩʪʫʚʘʯʫ, ʥʝ ʙʫʜʝ ʧʝʨʝʚʘʥʪʘʞʫʚʘʪʠ ʡʦʛʦ ʦʢʦ ʪʘ 

ʽʥʪʫʾʪʠʚʥʦ ʚʠʢʣʠʢʘʪʠʤʝ ʙʘʞʘʥʥʷ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʦʩʣʫʛʘʤʠ ʩʘʤʝ 

ʮʽʻʾ ʢʦʤʧʘʥʽʾ. ɺʘʞʣʠʚʠʡ ʤʦʤʝʥʪ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ - ʤʦʞʣʠʚʽʩʪʴ 

ʰʚʠʜʢʦ ʪʘ ʣʝʛʢʦ ʟʢʦʥʪʘʢʪʫʚʘʪʠ ʟ ʧʨʘʮʽʚʥʠʢʘʤʠ ʪʘ ʜʦʤʦʚʠʪʠʩʴ 

ʧʨʦ ʧʦʜʘʣʴʰʫ ʩʧʽʚʧʨʘʮʶ ʚ ʟʨʫʯʥʦʤʫ ʜʣʷ ʥʠʭ ʬʦʨʤʘʪʽ. 

ʈʦʟʨʦʙʢʘ ʜʠʟʘʡʥʫ ʜʣʷ ʩʘʡʪʫ-ʚʽʟʠʪʢʠ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ 

ʧʨʦʜʘʞʝʤ ʧʦʩʣʫʛ, ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ 

ʫʚʘʛʠ ʜʦ ʜʝʪʘʣʝʡ. ʇʨʦʪʝ ʟ ʧʨʘʚʠʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʪʘ ʨʦʟʛʣʷʜʦʤ ʥʝ 

ʣʠʰʝ ʬʫʥʢʮʽʦʥʘʣʫ, ʘʣʝ ʡ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʩʪʦʨʦʥʠ, ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʜʫʢʪʫ, ʱʦ ʙʫʜʝ ʜʘʚʘʪʠ ʥʘʣʝʞʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʤʦʞʣʠʚʝ. ɺʘʨʪʦ 

ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʠʟʘʡʥ ʪʘ ʨʦʟʨʦʙʢʘ ʩʘʡʪʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʧʦʩʪʽʡʥʦʤʫ ʨʦʟʚʠʪʢʫ, ʩʘʤʝ ʪʦʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʢʪʫʘʣʴʥʦʛʦ 

ʷʢʽʩʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʨʦʟʨʦʙʥʠʢʫ ʥʝʦʙʭʽʜʥʦ ʩʪʝʞʠʪʠ ʟʘ ʪʨʝʥʜʘʤʠ 

ʪʘ ʨʦʟʚʠʚʘʪʠʩʷ ʩʘʤʦʤʫ ʟ ʪʽʻʶ ʞ ʩʘʤʦʶ ʰʚʠʜʢʽʩʪʶ, ʱʦ ʡ ʜʘʥʘ 

ʛʘʣʫʟʴ.  
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ɺʠʛʥʘʥ ʉʪʘʥʽʩʣʘʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ð ʘʩʠʩʪ. ʆʣʘʨ ʆ.ɺ. 

ʇʝʨʝʚʘʛʠ Web3 ʪʘ Near  Protocol ʫ ʨʦʟʨʦʙʮʽ ʩʫʯʘʩʥʠʭ 

ʚʝʙʜʦʜʘʪʢʽʚ 
ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʯʠʤ ʨʘʟ ʙʽʣʴʰʝ ʣʶʜʝʡ ʪʘ ʢʦʤʧʘʥʽʡ 

ʧʝʨʝʭʦʜʷʪʴ ʥʘ Web3 ʪʝʭʥʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʨʷʜ 

ʧʝʨʝʚʘʛ. 

ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ: Web3 ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʾ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʝʻʩʪʨʫ (ʥʘʧʨʠʢʣʘʜ, ʙʣʦʢʯʝʡʥ), ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʜʦʜʘʪʢʠ ʪʘ ʧʦʩʣʫʛʠ ʥʝ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʠʭ ʨʫʢʘʭ, ʘ ʨʦʟʧʦʜʽʣʝʥʽ 

ʤʽʞ ʙʘʛʘʪʴʤʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʙʽʣʴʰ ʩʪʽʡʢʠʤʠ ʪʘ ʙʝʟʧʝʯʥʠʤʠ. 

ʂʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ: Web3 ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʟʙʝʨʽʛʘʪʠ ʪʘ ʢʝʨʫʚʘʪʠ ʩʚʦʾʤʠ ʦʩʦʙʠʩʪʠʤʠ ʜʘʥʠʤʠ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʚʽʨʷʪʠ ʾʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʩʣʫʞʙʘʤ. ʂʨʽʤ ʪʦʛʦ, 

ʜʝʷʢʽ ʙʣʦʢʯʝʡʥ-ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʧʨʠʚʘʪʥʽ 

ʪʨʘʥʟʘʢʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʢʦʥʬʽʜʝʥʮʽʡʥʦ. 

ɹʝʟʧʝʢʘ: Web3 ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ 

ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʪʘ 

ʨʦʟʧʦʜʽʣʝʥʽʡ ʧʨʠʨʦʜʽ ʤʝʨʝʞʽ. ʎʝ ʟʥʠʞʫʻ ʨʠʟʠʢ ʟʣʘʤʫ ʪʘ 

ʢʨʘʜʽʞʢʠ ʜʘʥʠʭ. 

ʇʨʦʟʦʨʽʩʪʴ: Web3 ʟʘʙʝʟʧʝʯʫʻ ʜʫʞʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʧʨʦʟʦʨʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʜʘʥʽ ʪʘ ʪʨʘʥʟʘʢʮʽʾ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ 

ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʨʝʻʩʪʨʽ, ʷʢʠʡ ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʚʩʽʤ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʝʨʝʞʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ 

ʚʽʜʢʨʠʪʽʩʪʴ ʪʘ ʜʦʚʽʨʫ ʚ ʧʨʦʮʝʩʘʭ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʝʨʝʞʽ. 

 Near Protocol ð ʮʝ ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤʘ, ʷʢʘ ʧʨʦʧʦʥʫʻ 

ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤʘʤʠ:  

- ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʟʘʢʮʽʡ: Near Protocol ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʚhʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʪʨʘʥʟʘʢʮʽʡ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʨʦʟʧʦʜʽʣʫ ʦʙʨʦʙʢʠ ʪʨʘʥʟʘʢʮʽʡ ʤʽʞ ʙʘʛʘʪʴʤʘ ʚʫʟʣʘʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʣʘʪʬʦʨʤʽ ʦʙʨʦʙʣʷʪʠ ʜʦ 100 ʪʠʩʷʯ ʪʨʘʥʟʘʢʮʽʡ ʟʘ 

ʩʝʢʫʥʜʫ;  

- ʚʘʨʪʽʩʪʴ ʪʨʘʥʟʘʢʮʽʡ: ʚʘʨʪʽʩʪʴ ʪʨʘʥʟʘʢʮʽʡ ʥʘ Near 

Protocol ʜʦʩʠʪʴ ʥʠʟʴʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʤʽʢʨʦ ʧʣʘʪʝʞʘʤʠ; 
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- ʚʠʩʦʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ʧʣʘʪʬʦʨʤʘ Near Protocol 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʰʘʨʫ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʶʚʘʪʠ ʦʙʩʷʛʠ ʜʘʥʠʭ 

ʙʝʟ ʟʤʽʥʠ ʧʨʦʪʦʢʦʣʫ; 

- ʚ̔ ʜʢʨʠʪʽʩʪʴ: Near Protocol ʻ ʚʽʜʢʨʠʪʦʶ ʧʣʘʪʬʦʨʤʦʶ ʟ 

ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʦʨʦʥʥʽʤ ʨʦʟʨʦʙʥʠʢʘʤ 

ʨʦʟʰʠʨʶʚʘʪʠ ʧʣʘʪʬʦʨʤʫ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʠ ʥʘ ʦʩʥʦʚʽ Near 

Protocol. 

ɿʘ ʨʘʭʫʥʦʢ ʜʘʥʠʭ ʧʝʨʝʚʘʛ, Web3 ʪʘ Near Protocol 

ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʨʦʟʨʦʙʢʫ ʚʝʙʩʘʡʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ HTML, CSS ʪʘ ʙʽʙʣʽʦʪʝʢʘ 

JavaScript React. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʩʘʡʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ: Git ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ 

ʢʦʜʫ, Visual Studio Code, ʪʦʙʪʦ ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʨʦʟʨʦʙʢʠ ʪʘ Adobe Photoshop ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ ʜʠʟʘʡʥʫ ʩʘʡʪʫ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʪʘʢʘ ʧʨʦʜʫʢʮʽʷ ʩʪʘʣʘ ʫʩʧʽʰʥʦʶ ʪʘ ʙʫʣʘ 

ʧʨʠʡʥʷʪʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʨʫʯʥʠʡ ʪʘ 

ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʫ 

ʜʦʜʘʪʢʘʭ ʪʘʢʦʛʦ ʪʠʧʫ. 

ʈʦʟʨʦʙʢʘ ʚʝʙʩʘʡʪʫ, ʱʦ ʥʘʧʨʷʤʫ ʧʦʚ'ʷʟʘʥʠʡ ʟ Web3 

ʘʨʭʽʪʝʢʪʫʨʦʶ, ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʫʚʘʛʠ 

ʜʦ ʜʝʪʘʣʝʡ ʪʘ ʚʠʩʦʢʦʾ ʪʝʭʥʽʯʥʦʾ ʢʦʤʧʝʪʝʥʮʽʾ. ʆʜʥʘʢ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʘʚʠʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʦʣʦʛʽʡ ʨʦʟʨʦʙʢʠ, 

ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʫʩʧʽʰʥʠʡ ʧʨʦʻʢʪ, ʷʢʠʡ ʤʦʞʝ ʟʥʘʡʪʠ ʩʚʦʾʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. "When Digital Economy Meets Web3.0: Applications and 

Challenges" by Chuan Chen. 

2. "Blockchain Basics: A Non-Technical Introduction in 25 

Steps" by Daniel Drescher. 

3. Web 3.0. https://ethereum.org/en/web3/ 

4. Web 3.0. Foundation. https://web3.foundation/about/ 

5. React. https://reactjs.org/. 

6. Near Protocol. https://near.org/. 
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ɸʥʜʨʽʡ ɺʠʛʦʚʩʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʣʘʨ ʆ.ʗ. 

 

ʇʨʦʻʢʪʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʣʠʯʯʷ ʥʘ ʙʘʟʽ Face Recognition  
 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ ï ʚʘʞʣʠʚʠʡ ʝʣʝʤʝʥʪ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɯʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ ʥʘʙʫʚʘʶʪʴ ʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ʉʴʦʛʦʜʥʽ ʥʘ ʨʠʥʢʫ ʥʘʷʚʥʦ ʙʘʛʘʪʦ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʣʠʯʯʷ, ʚʽʜ ʧʨʦʩʪʠʭ ʜʦʜʘʪʢʽʚ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ ʜʦ 

ʚʝʣʠʢʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʚ ʘʝʨʦʧʦʨʪʘʭ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʤʽʩʮʷʭ. 

ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʟ ʥʠʭ ʩʠʩʪʝʤʠ Apple Face ID, Amazon 

Rekognition, Google Vision API ʪʘ OpenCV. ʂʦʞʥʘ ʟ ʮʠʭ ʩʠʩʪʝʤ 

ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʬʫʥʢʮʽʾ 

ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ. 

ʇʨʦʻʢʪʫʚʘʥʥʷ ʜʦʜʘʪʢʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ ʧʝʨʝʜʙʘʯʘʻ 

ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ, ʟʦʢʨʝʤʘ, ʚʠʙʽʨ ʢʘʤʝʨʠ, ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʦʩʚʽʪʣʝʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʦʙʣʠʯʯʷ, ʚʠʜʽʣʝʥʥʷ ʢʣʶʯʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʠʯʯʷ. ʇʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʢʘʤʝʨʘ 

ʩʤʘʨʪʬʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʜʘʪʥʦʶ ʟʘʭʦʧʣʶʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʽʜʙʣʠʩʢʠ ʡ ʰʫʤ. 

ʇʘʨʘʤʝʪʨʠ ʦʩʚʽʪʣʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʪʘʢ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʫ ʦʩʚʽʪʣʝʥʽʩʪʴ ʦʙʣʠʯʯʷ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʧʝʨʝʥʘʩʠʯʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ. ɺʠʷʚʣʝʥʥʷ ʦʙʣʠʯʯʷ ʤʘʻ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʰʚʠʜʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ, ʥʘʚʽʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, 

ʚʨʘʭʦʚʫʶʯʠ ʧʦʛʘʥʝ ʦʩʚʽʪʣʝʥʥʷ ʘʙʦ ʨʫʭ [1]. 

ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʜʦʜʘʪʢʘ ʚʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʪʠ 

ʘʣʛʦʨʠʪʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ. ɭ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ [2]:  

ï ʤʝʪʦʜ ʢʘʩʢʘʜʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ;  

ï ʤʝʪʦʜ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʛʦʨʪʢʦʚʠʭ 
ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ(CNN); 

ï ʤʝʪʦʜ ʚʠʙʽʨʢʦʚʦʛʦ ʧʦʰʫʢʫ (Selection Search).  
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ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʘʣʛʦʨʠʪʤʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʻ ʤʝʪʦʜ 

ʢʘʩʢʘʜʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ. ʎʝʡ ʤʝʪʦʜ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʽʩʥʠʡ ʽ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʂʨʽʤ 

ʪʦʛʦ, ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʜʦʩʠʪʴ ʩʪʽʡʢʽ ʜʦ ʟʤʽʥ ʫʩʽʭ ʘʩʧʝʢʪʽʚ 

ʟʦʙʨʘʞʝʥʥʷ, ʷʢ-ʦʪ ʦʩʚʽʪʣʝʥʥʷ, ʧʦʚʦʨʦʪ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ.  

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ CNN, ʤʝʪʦʜ ʢʘʩʢʘʜʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʤʘʻ 

ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʟʦʢʨʝʤʘ ï ʮʝ ʟʤʽʥʘ ʧʦʟʠʮʽʾ ʦʙôʻʢʪʘ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ. ʆʜʥʘʢ ʘʣʛʦʨʠʪʤ ʢʘʩʢʘʜʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʧʦʪʨʝʙʫʻ 

ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʱʦ ʻ ʚʘʛʦʤʠʤ 

ʘʨʛʫʤʝʥʪʦʤ ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʤʘʣʦʧʦʪʫʞʥʠʭ 

ʩʤʘʨʪʬʦʥʘʭ. 

ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ ï 

ʟʘʭʠʩʪ ʧʨʠʚʘʪʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʟʣʦʚʞʠʚʘʥʥʷʤ. 

ʑʦʙ ʟʘʭʠʩʪʠʪʠ ʧʝʨʩʦʥʘʣʴʥʽ ʬʦʪʦ ʦʙʣʠʯʯʷ, ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʭʠʩʪ ʜʘʥʠʭ ʪʘ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ. ʅʝ 

ʤʝʥʰ ʚʘʞʣʠʚʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʥʝ 

ʟʙʝʨʽʛʘʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʽʜʢʨʠʪʦʤʫ ʚʠʛʣʷʜʽ, ʘ ʣʠʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʥʰʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ. ɼʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʟʣʦʚʞʠʚʘʥʥʷʤ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʘʩʦʙʠ ʚʠʷʚʣʝʥʥʷ ʧʽʜʨʦʙʦʢ ʪʘ ʟʣʦʚʞʠʚʘʥʴ ʽ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʪʘ ʧʨʠʚʘʪʥʦʩʪʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʘ ʪʝʭʥʦʣʦʛʽʷ Face 

Recognition ï ʪʘʤ, ʜʝ ʙʝʟʧʝʢʘ ʥʝ ʻ ʦʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ.  

ʆʪʞʝ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʨʦʟʨʦʙʣʝʥʥʽ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʪʘ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠʤʝ ʥʘ ʩʤʘʨʪʬʦʥʘʭ ʟ ʦʙʤʝʞʝʥʠʤʠ, 

ʥʠʟʴʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʦʟʨʦʙʢʘ ʜʦʜʘʪʢʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʘʣʛʦʨʠʪʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʣʠʯ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʧʦʤʠʣʢʦʚʽʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʣʶʜʝʡ ʪʘ 

ʩʧʦʪʚʦʨʝʥʥʶ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Jain, A. K., Ross, A., & Nandakumar, K. (2016). Introduction to 

biometrics. Springer. 

2. Gao, Y., Zhang, Z., & Ji, Q. (2019). Deep learning for face 

recognition: A comprehensive review. 
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ɸʥʜʨʽʡ ɺʠʥʦʛʨʘʜʥʠʢ, ʉʝʨʛʽʡ ɻʣʦʙʘʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸʥʜʨʫʱʘʢ ɻ.ʆ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʧʪʘʭʦʬʘʙʨʠʢʠ 

ʇʨʦʙʣʝʤʘ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʽʜʩʪʘʥʮʽʡ, ʧʦʚʽʪʨʷʥʠʭ ʪʘ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʪʘ ʩʠʩʪʝʤ ï ʦʜʥʘ ʽʟ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʧʨʦʙʣʝʤ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ. ɺ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʢʽʣʴʢʽʩʪʴ ʘʚʘʨʽʡ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʨʦʢʫ ʤʦʞʝ ʩʷʛʘʪʠ ʢʽʣʴʢʦʭ 

ʜʝʩʷʪʢʽʚ, ʘ ʨʽʯʥʝ ʥʝʜʦʚʽʜʧʫʱʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʥʘʩʣʽʜʦʢ 

ʪʘʢʠʭ ʘʚʘʨʽʡ ï ʢʽʣʴʢʦʭ ʤʽʣʴʷʨʜʽʚ ʢʽʣʦʚʘʪ-ʛʦʜʠʥ. ʄʦʞʣʠʚʽ 

ʥʘʩʣʽʜʢʠ ʚʽʜ ʥʝʥʘʜʽʡʥʦʩʪʽ ʩʪʘʶʪʴ ʪʘʢʠʤʠ ʩʫʪʪʻʚʠʤʠ, ʱʦ 

ʧʦʪʨʽʙʥʦ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʦʟʚʠʪʢʫ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʘ, ʤʦʥʪʘʞʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʦʚʥʽʰʝ ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʥʦ ʚʠʪʨʘʯʘʪʠ ʚʠʜʽʣʝʥʽ ʥʘ 

ʥʘʜʽʡʥʽʩʪʴ ʢʦʰʪʠ [1]. 

ʆʩʪʘʥʥʽ ʧʦʜʽʾ ʚ ʋʢʨʘʾʥʽ, ʘ ʩʘʤʝ ʥʘʧʘʜ ʨʦʩʽʾ, ʟʘʚʜʘʚ ʚʝʣʠʢʠʭ 

ʚʪʨʘʪ ʽ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʫ, ʟʘʙʣʦʢʦʚʘʥʦ ʨʦʙʦʪʘ ʙʘʛʘʪʴʦʭ 

ʧʪʘʭʦʬʘʙʨʠʢ ʥʘ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʚʠʚʝʜʝʥʘ ʟ ʣʘʜʫ ʽ 

ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʘ ʥʘʡʙʽʣʴʰʘ ʧʪʘʭʦʬʘʙʨʠʢʘ ʚ ʍʝʨʩʦʥʩʴʢʽʡ 

ʦʙʣʘʩʪʽ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ 

ʥʘ ʧʪʘʭʦʬʘʙʨʠʢʠ ʽʥʰʠʭ ʨʝʛʽʦʥʽʚ. ɿʦʢʨʝʤʘ, ʚʞʝ ʧʨʦʚʦʜʠʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʧʦʪʫʞʥʦʩʪʝʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʪʘʭʦʬʘʙʨʠʢʠ ʇɸʊ "ʇʪʘʭʦʬʘʙʨʠʢʘ ʉʥʷʪʠʥʩʴʢʘ ʅʦʚʘ". ʊʦʤʫ 

ʟʘʜʘʯʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʧʪʘʭʦʬʘʙʨʠʢʠ ʘʢʪʫʘʣʴʥʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɼɹʅ [2], ʮʷ ʧʪʘʭʦʬʘʙʨʠʢʘ ʥʘʣʝʞʘʪʴ ʜʦ 

ʧʝʨʰʦʾ ʢʘʪʝʛʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ. ɼʘʥʽ ʩʧʦʞʠʚʘʯʽ ʙʫʜʫʪʴ ʞʠʚʠʪʠʩʴ 

ʚʽʜ ʜʚʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʾ ʧʽʜʩʪʘʥʮʽʾ ʜʚʦʤʘ ʦʢʨʝʤʠʤʠ ʣʽʥʽʷʤʠ. 

ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʘʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʝ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, 

ʱʦ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠ:  

 - ʚʝʥʪʠʣʷʮʽʶ ʧʨʠʤʽʱʝʥʴ; 

 - ʦʩʚʽʪʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ; 
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 - ʘʚʪʦʤʘʪʠʯʥʠʡ ʟʙʽʨ ʪʘ ʚʽʜʚʽʜ ʚʽʜʭʦʜʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ; 

 - ʘʚʪʦʤʘʪʠʯʥʫ ʧʦʜʘʯʫ ʚʦʜʠ ʪʘ ʾʞʽ; 

 - ʧʦʞʝʞʥʫ ʙʝʟʧʝʢʫ [1, 2]. 

ʋ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʨʦʟʨʦʙʢʫ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʇɸʊ çʉʥʷʪʠʥʩʴʢʘ ʧʪʘʭʦʬʘʙʨʠʢʘ ʅʦʚʘè ʟ ʘʥʘʣʽʟʦʤ 

ʪʘ ʚʠʙʦʨʦʤ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɺʟʷʪʦ ʜʦ 

ʫʚʘʛʠ, ʱʦ ʮʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʥʘʣʝʞʠʪʴ ʜʦ ɯ ʢʘʪʝʛʦʨʽʾ ʧʦ ʥʘʜʽʡʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʚʠʙʽʨ ʨʦʟʧʦʜʽʣʴʯʦʾ 

ʤʝʨʝʞʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʇɸʊ çʉʥʷʪʠʥʩʴʢʘ ʧʪʘʭʦʬʘʙʨʠʢʘ ʅʦʚʘè, 

ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʘʚʘʥʪʘʞʝʥʴ ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 1730ʢɺɸ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʽʻʾ ʜʚʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʾ 

ʧʽʜʩʪʘʥʮʽʾ ʧʦʪʫʞʥʽʩʪʶ 2ʭ1600 ʢɺɸ. ʇʨʦʚʝʜʝʥʘ ʨʦʟʨʦʙʢʘ ʩʭʝʤʠ 

ʢʦʤʧʣʝʢʪʥʦʾ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʾ ʧʽʜʩʪʘʥʮʽʾ ʂʊʇ-2ʭ1600.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɯʚʘʥ-ʄʠʨʦʩʣʘʚ ɺʽʢʩʽʯ, ʇʘʚʣʦ ʄʘʢʦʚʝʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 

 

ʇʨʦʙʣʝʤʠ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ  
  

ʉʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʾ 

ʟʥʘʯʝʥʥʷ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʦʷʚʠ ʥʦʚʠʭ ʨʠʟʠʢʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ (ɯɹ): ʚʠʪʽʢ, ʢʨʘʜʽʞʢʠ, ʚʪʨʘʪʘ, 

ʩʧʦʪʚʦʨʝʥʥʷ, ʧʽʜʨʦʙʣʝʥʥʷ, ʟʥʠʱʝʥʥʷ, ʢʦʧʽʶʚʘʥʥʷ ʪʘ ʙʣʦʢʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʘʧʦʜʽʷʥʥʷ ʰʢʦʜʠ ʦʨʛʘʥʽʟʘʮʽʾ. ʊʦʤʫ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʠʟʠʢʠ ʟʘʡʤʘʶʪʴ ʦʜʥʝ ʟ ʮʝʥʪʨʘʣʴʥʠʭ ʤʽʩʮʴ ʚ ʪʝʦʨʽʾ 

ʨʠʟʠʢʫ, ʘ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʨʠʟʠʢʘʤʠ ʥʘʨʘʟʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʥʘ ʤʝʪʦʜʦʣʦʛʽʷ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɿʘʛʘʣʦʤ, ʨʠʟʠʢ ï ʮʝ ʚʧʣʠʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘ ʮʽʣʽ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ (ʋʈ) ʷʢ ʩʢʦʦʨʜʠʥʦʚʘʥʘ ʜʽʷʣʴʥʽʩʪʴ ʜʣʷ 

ʩʧʨʷʤʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʦʨʛʘʥʽʟʘʮʽʾ ʱʦʜʦ ʨʠʟʠʢʫ [1]. ʇʨʦʮʝʩ 

ʋʈ ï ʮʝ ʩʠʩʪʝʤʘʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʦʣʽʪʠʢ, 

ʧʨʦʮʝʜʫʨ ʽ ʧʨʘʢʪʠʢ ʱʦʜʦ ʜʽʷʣʴʥʦʩʪʽ ʟ ʢʦʤʫʥʽʢʘʮʽʾ, 

ʢʦʥʩʫʣʴʪʫʚʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʪʝʢʩʪʫ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, 

ʘʥʘʣʽʟʫ, ʦʮʽʥʢʠ, ʦʙʨʦʙʢʠ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʝʨʝʛʣʷʜʫ ʨʠʟʠʢʫ. 

ʆʮʽʥʢʘ ʨʠʟʠʢʫ ï ʮʝ ʟʘʛʘʣʴʥʠʡ ʧʨʦʮʝʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʠʟʠʢʫ, ʡʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ. ʊʦʞ ʋʈ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ, ʧʨʠ ʮʴʦʤʫ ʟʚʦʜʷʯʠ ʜʦ ʤʽʥʽʤʫʤʫ 

ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʩʧʦʜʽʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [1]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘ/ʘʙʦ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʙʣʝʤ ʟ ɯɹ ʦʨʛʘʥʽʟʘʮʽʷ 

ʧʦʚʠʥʥʘ ʨʦʟʨʦʙʠʪʠ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʩʠʩʪʝʤʫ ʤʝʥʝʜʞʤʝʥʪʫ ʷʢʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ISO 9000. ʆʩʪʘʥʥʽ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴ: ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ, ʢʝʨʽʚʥʠʮʪʚʘ ʪʘ ʚʢʘʟʽʚʢʠ ʜʦ 

ʩʠʩʪʝʤʠ ʤʝʥʝʜʞʤʝʥʪʫ ʷʢʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʫʩʽ 

ʧʨʦʮʝʩʠ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʾʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ. ɿʦʢʨʝʤʘ, ʚ ISO 

9001:2015 [2] ʚʠʟʥʘʯʝʥʝ ʧʦʥʷʪʪʷ ñʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʝ ʤʠʩʣʝʥʥʷò 

(ñrisk-based thinkingò), ʷʢʝ ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʣʽʟʘʮʽʶ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ 

ʟʘʭʦʜʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ, 

ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʽʩʥʫʶʯʠʭ ʨʠʟʠʢʽʚ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʽ ʚ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʻʶ ʾʾ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ.  
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ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʘʢʦʨʜʦʥʥʦʛʦ ʜʦʩʚʽʜʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʚʠʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʮʝʧʮʽʡ ʪʘ ʤʝʪʦʜʦʣʦʛʽʡ 

ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ʊʘʢ, ʢʝʨʽʚʥʠʮʪʚʦʤ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʮʽʥʝʥʽ ʪʘʢʽ ʪʠʧʠ ʨʠʟʠʢʽʚ: ʩʪʨʘʪʝʛʽʯʥʽ; 

ʬʽʥʘʥʩʦʚʽ; ʪʘʢʽ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ; ʥʝʙʝʟʧʝʢ ʪʘ ʟʘʛʨʦʟ; ʦʧʝʨʘʮʽʡʥʽ 

ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ, ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ 

ɯɹ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʮʝʩ, ʚʽʜʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1 [3]. 

 
 

ʈʠʩ. 1. ʊʠʧʦʚʠʡ ʧʨʦʮʝʩ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ɯɹ 
 

ʆʩʢʽʣʴʢʠ ʥʘʚʝʜʝʥʽ ʝʪʘʧʠ ʨʦʟʚôʷʟʫʶʪʴ ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ ʪʘ 

ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ, ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ɯɹ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʤʝʭʘʥʽʟʤʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. 
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ɺʦʣʦʜʠʤʠʨ ɺʦʣʦʚʠʯ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʦʣʦʚʘʮʴʢʠʡ ɺ.ɸ. 

ɺʧʣʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʩʧʝʢʪʨ ʽ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ 

ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʜʽʨʦʢ ʚ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʢʚʘʥʪʦʚʠʭ 

ʪʦʯʢʘʭ ʪʠʧʫ II  

ɺʞʝ ʜʦʚʛʠʡ ʯʘʩ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʥʘʫʢʦʚʮʽʚʚʠʢʣʠʢʘʶʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ ï ʥʘʥʦʯʘʩʪʠʥʢʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ 

ʫʥʽʢʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʚʽʜʢʨʠʚʘʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʣʘʜʽʚʽ. ʂʣʶʯʦʚʫ ʨʦʣʴ ʚ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʽʜʽʛʨʘʶʪʴ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ, ʚʥʘʩʣʽʜʦʢ 

ʷʢʠʭ ʝʥʝʨʛʽʷ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ 

ʨʦʟʤʽʨʽʚ. ɸʣʝ, ʢʨʽʤ ʨʦʟʤʽʨʽʚ, ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʻ ʾʭ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ, ʷʢʘ 

ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʩʪʨʫʢʪʫʨʫ 

ʪʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʽʚ 

ʚʠʨʦʱʫʚʘʥʥʷ, ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ ʤʦʞʫʪʴ 

ʥʘʙʫʚʘʪʠ ʨʽʟʥʠʭ ʬʦʨʤ, ʥʘʧʨʠʢʣʘʜ, ʩʬʝʨʠʯʥʽ, 

ʝʣʽʧʩʦʾʜʥʽ, ʮʠʣʽʥʜʨʠʯʥʽ, ʧʽʨʘʤʽʜʘʣʴʥʽ, 

ʢʫʙʽʯʥʽ ʪʦʱʦ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʪʘʢʦʞ ʦʪʨʠʤʫʚʘʪʠ ʣʽʥʟʦʧʦʜʽʙʥʽ ʪʘ 

ʥʘʧʽʚʩʬʝʨʠʯʥʽ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ. ʂʨʽʤ 

ʟʦʚʥʽʰʥʴʦʾ ʬʦʨʤʠ, ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ ʤʦʞʫʪʴ 

ʤʘʪʠ ʩʢʣʘʜʥʫ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʩʧʝʢʪʨ ʪʘ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʢʚʘʟʽʯʘʩʪʠʥʦʢ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ, ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʪʘ 

ʩʠʣʠ ʦʩʮʠʣʷʪʦʨʽʚ ʤʽʞʟʦʥʥʠʭ ʢʚʘʥʪʦʚʠʭ 

ʧʝʨʝʭʦʜʽʚ ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ 

(ʅʉʂʊ), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʷʜʨʘ (CdSe) ʪʘ 

ʦʙʦʣʦʥʢʠ (ZnTe), ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʧʣʦʩʢʽʡ 

ʥʝʧʨʦʥʠʢʥʽʡ ʜʣʷ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʧʽʜʢʣʘʜʮʽ ʧʽʜ 

ʚʧʣʠʚʦʤ.  
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ʇʦʙʫʜʦʚʘʥʦ ʪʦʯʥʽ ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ 

ʝʣʝʢʪʨʦʥʘ, ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʚ ʷʜʨʽ CdSe, ʪʘ ʜʽʨʢʠ, ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʚ 

ʰʘʨʽ ZnTe. ʍʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʚ ʅʉʂʊ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʩʬʝʨʠʯʥʽʡ ʪʘ ʧʣʦʩʢʽʡ ʤʝʞʽ 

ʧʦʜʽʣʫ. ɺʧʣʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʪʘ 

ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʫ ʥʘʧʽʚʩʬʝʨʠʯʥʽʡ ʢʚʘʥʪʦʚʽʡ 

ʪʦʯʮʽ ʜʦʩʣʽʜʞʝʥʦ ʥʘ ʦʩʥʦʚʽʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ, 

ʦʪʨʠʤʘʥʠʭ ʤʘʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʙʘʟʠʩʽ ʪʦʯʥʠʭ ʭʚʠʣʴʦʚʠʭ 

ʬʫʥʢʮʽʡ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʫ ʅʉʂʊ. 

ʇʦʢʘʟʘʥʦ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʬʝʨʠʯʥʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʫ 

ʅʉʂʊ, ʚʧʣʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʝʥʝʨʛʽʾ ʪʘ ʩʠʣʠ ʦʩʮʠʣʷʪʦʨʽʚ 

ʤʽʞʟʦʥʥʠʭ ʢʚʘʥʪʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʡʦʛʦ ʥʘʧʨʷʤʢʫ. ʋ 

ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʽ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʥʘʧʨʷʤʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ 

ʜʦ ʧʣʦʱʠʥʠ ʧʽʜʢʣʘʜʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ʇʦʙʫʜʦʚʘʥʦ ʝʚʦʣʶʮʽʶ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ 

ʝʣʝʢʪʨʦʥʘ ʪʘ ʜʽʨʢʠ ʚ ʅʉʂʊ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʨʽʟʥʦʾ 

ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʢʫ.  

 
ʅʘ ʦʩʥʦʚʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʡ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ 

ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʨʦʟʨʘʭʦʚʘʥʦ ʝʥʝʨʛʽʾ ʪʘ ʩʠʣʠ ʦʩʮʠʣʷʪʦʨʽʚ 

ʤʽʞʟʦʥʥʠʭ ʢʚʘʥʪʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʛʣʠʥʘʥʥʶ 

ʙʣʠʞʥʽʭ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʢʦʨʠʩʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʘʥʜʝʤʥʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ 

ʪʝʨʤʦʬʦʪʦʝʣʝʢʪʨʠʢʠ, ʱʦ ʝʬʝʢʪʠʚʥʦ ʧʦʛʣʠʥʘʪʠʤʫʪʴ ʥʝ ʪʽʣʴʢʠ 

ʚʠʜʠʤʠʡ ʘʣʝ ʡʯʘʩʪʠʥʫ ʙʣʠʞʥʴʦʾ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. A.H. Rodr²guez, C.Trallero-Gineret al, Physical Review B, 63(12), 

1253191ï1253199 (2001).  
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ʆʣʝʢʩʘʥʜʨ ɺʦʣʦʚʽʜʥʠʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʫʨʢʦʚʝʮʴ ɼ.ʄ. 

 

ʈʦʟʨʦʙʢʘ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʧʨʦʻʢʪʘʭ 

çʨʦʟʫʤʥʠʡ ʜʽʤè 

 
çʈʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢè ï ʙʫʜʠʥʦʢ ʩʫʯʘʩʥʦʛʦ ʪʠʧʫ, ʩʪʚʦʨʝʥʠʡ 

ʜʣ̫ ʧʨʦʞʠʚʘʥʥʷ ʣʶʜʝʡ ʤʝʪʦʜʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʇʽʜ ʪʝʨʤʽʥʦʤ çʨʦʟʫʤʥʠʡè 

ʙʫʜʠʥʦʢ ʨʦʟʫʤʽʶʪʴ ʩʠʩʪʝʤʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʬʦʨʪ, ʙʝʟʧʝʢʫ ʽ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʜʣʷ ʚʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ [1]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ çʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫè ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʫ ʪʘ ʙʝʟʧʝʯʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʟʘʧʦʙʽʛʪʠ 

ʨʠʟʠʢʫ ʟʘʚʜʘʥʥʷ ʰʢʦʜʠ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʽʜʤʦʚʠ ʯʠ ʘʚʘʨʽʾ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʚʝʥʪʠʣʷʮʽʾ, ʦʧʘʣʝʥʥʷ, 

ʩʠʩʪʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʦʭʦʨʦʥʠ, 

ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ, ʭʦʣʦʜʥʦʛʦ ʽ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʩʠʩʪʝʤ 

ʟʚôʷʟʢʫ ʪʘ ʽʥʰʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ [2]. 

ɯʩʥʫʶʪʴ ʜʚʘ ʩʧʦʩʦʙʠ ʘʙʦ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤ çʨʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢè: ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʪʘ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʩʧʦʩʦʙʠ. ɻʦʣʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʽʜ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʥʘʷʚʥʽʩʪʴ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ, ʘʙʦ ʰʣʶʟʘ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʢʦʥʪʨʦʣʴ 

ʥʘʜ ʩʠʩʪʝʤʦʶ ʚ ʮʽʣʦʤʫ ʽ ʥʘʜ ʦʢʨʝʤʠʤ ʝʣʝʤʝʥʪʦʤ. ɺ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʨʦʟʛʦʨʪʘʥʥʷ 

ʩʠʩʪʝʤʠ, ʱʦ ʤʘʻ ʨʦʟʧʦʜʽʣʝʥʫ ʣʦʛʽʢʫ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ [3]. 

ɼʦ ʦʩʥʦʚʥʠʭ ʧʽʜʩʠʩʪʝʤ çʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫè ʚʽʜʥʦʩʷʪʴ 

ʩʠʩʪʝʤʠ ʢʣʽʤʘʪ-ʢʦʥʪʨʦʣʶ, ʙʝʟʧʝʢʠ, ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʤʝʨʝʞ, ʤʫʣʴʪʠʤʝʜʽʷ ʽ ʦʩʚʽʪʣʝʥʥʷ. 

ɼʦ ʙʝʟʧʨʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ, ʥʘʣʝʞʘʪʴ ʪʝʭʥʦʣʦʛʽʾ: 

Wi-Fi, Z-Wave, ZigBee, Bluetooth Low Energy. ʊʝʭʥʦʣʦʛʽʶ Wi-Fi 

ʥʝ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʩʠʩʪʝʤʘʭ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ ʜʣʷ 

ʟʚôʷʟʢʫ ʤʽʞ ʜʘʪʯʠʢʘʤʠ ʽ ʰʣʶʟʦʤ. ʅʝʜʦʣʽʢʘʤʠ ʪʝʭʥʦʣʦʛʽʡ 

ZigBee, Bluetooth Low Energy ʻ ʨʦʙʦʪʘ ʚ ʜʽʘʧʘʟʦʥʽ 2,4 ɻɻʮ, ʪʦʜʽ 

ʷʢ ʪʝʭʥʦʣʦʛʽʷ Z-Wave ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʽ ʜʽʘʧʘʟʦʥʠ ʯʘʩʪʦʪ ʚ 
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ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ, ʤʝʥʰ ʟʘʰʫʤʣʝʥʠʡ ʜʽʘʧʘʟʦʥ 869 

ʄɻʮ, ʭʦʯʘ ʚʽʥ ʙʽʣʴʰ ʜʦʨʦʛʦ ʚʘʨʪʽʩʥʠʡ [4]. 

ʉʠʩʪʝʤʘ ʙʝʟʧʝʢʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʘ ʯʝʨʝʟ ʜʨʦʪʦʚʝ 

ʟôʻʜʥʘʥʥʷ ʘʙʦ ʤʘʪʠ ʜʫʙʣʶʶʯʫ ʜʨʦʪʦʚʫ ʤʝʨʝʞʫ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. 

ʆʨʛʘʥʽʟʘʮʽʷ ʤʝʨʝʞʽ ʚ ʨʦʟʫʤʥʦʤʫ ʙʫʜʠʥʢʫ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʟʘ ʨʽʟʥʠʤʠ ʪʦʧʦʣʦʛʽʷʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʤʦʛ 

ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʤʘʩʰʪʘʙʽʚ ʤʝʨʝʞʽ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ɯʩʥʫʻ 

ʜʝʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʪʦʧʦʣʦʛʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʤʝʨʝʞʽ ʚ ʨʦʟʫʤʥʦʤʫ ʙʫʜʠʥʢʫ: ʟʽʨʢʦʧʦʜʽʙʥʘ, 

ʣʽʥʽʡʥʘ, ʢʽʣʴʮʝʚʘ ʪʘ mesh ʪʦʧʦʣʦʛʽʾ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʘ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʟʤʽʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ ʻ ʟʽʨʢʦʧʦʜʽʙʥʘ 

ʪʦʧʦʣʦʛʽʷ.  

ʆʪʞʝ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʤʝʪʦʜ ʦʨʛʘʥʽʟʘʮʽʾ çʨʦʟʫʤʥʦʛʦ 

ʙʫʜʠʥʢʫè ʟʨʫʯʥʽʰʠʡ ʽ ʣʝʛʰʠʡ ʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʭʦʯ ʽ ʤʝʥʰ 

ʥʘʜʽʡʥʠʡ. ɸ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʨʝʞʝʚʠʡ ʧʨʦʪʦʢʦʣ 

ZigBee, ʦʧʪʠʤʘʣʴʥʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʮʽʥʘ ʪʘ ʷʢʽʩʪʴ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ. 
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ʈʦʤʘʥ ɺʦʨʦʙʝʣʴ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. 

 

ʍʦʣʦʜʠʣʴʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 
 

ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʻ 

ʚʠʥʘʡʜʝʥʥʷ ʥʦʚʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʣʽʧʰʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʚʞʝ ʽʩʥʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʽʜʦʤʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʨʤʦʤʘʛʥʽʪʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʱʝ ʟ 1960 ï 1980-ʭ ʨʦʢʽʚ ʙʫʣʦ 

ʟʦʩʝʨʝʜʞʝʥʦ ʥʘʚʢʦʣʦ ʤʘʪʝʨʽʘʣʫ Bi ʘʙʦ ʩʧʣʘʚʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, 

ʪʘʢʠʭ ʷʢ ʩʧʣʘʚʠ BiSb [1, 2]. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʪʦʡ ʯʘʩ ʩʠʣʴʥʠʭ 

ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʦʙʤʝʞʫʚʘʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʝʬʝʢʪʫ 

ɽʪʽʥʛʩʛʘʫʟʝʥʘ ʯʝʨʝʟ ʚʝʣʠʢʽ ʟʘ ʨʦʟʤʽʨʘʤʠ ʤʘʛʥʽʪʠ. ɸʣʝ ʪʝʧʝʨ ʮʷ 

ʧʨʦʙʣʝʤʘ ʨʦʟʚôʷʟʘʥʘ. ɿ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [1-3] ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, 

ʱʦ ʚ ʩʧʣʘʚʘʭ BiSb ʥʘʡʣʽʧʰʽ ʟʥʘʯʝʥʥʷ ʙʝʟʨʦʟʤʽʨʥʦʾ ʜʦʙʨʦʪʥʦʩʪʽ ZHT 

ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʦʢʦʣʽ ʊ = 140 ʂ ʟʘ ʪʘʢʦʾ ʦʨʽʻʥʪʘʮʽʾ ʢʨʠʩʪʘʣʘ, ʱʦ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʧʘʨʘʣʝʣʴʥʠʡ ʪʨʠʛʦʥʘʣʴʥʽʡ ʦʩʽ, ʤʘʛʥʽʪʥʝ ʧʦʣʝ, 

ʚʝʢʪʦʨ ʽʥʜʫʢʮʽʷ ʷʢʦʛʦ ɺ ʩʧʨʷʤʦʚʘʥʠʡ ʚʟʜʦʚʞ ʙʽʥʘʨʥʦʾ ʦʩʽ ʪʘ 

ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʧʨʷʤʣʝʥʦʛʦ ʟʘ ʙʽʩʝʢʪʦʨʥʦʶ ʚʽʩʩʶ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ ʚ [1, 2], 

ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʜʦʙʨʦʪʥʦʩʪʽ Z ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʊ ʜʣʷ BiSb 

ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʪʝʨʤʦʤʘʛʥʽʪʥʦʾ ʜʦʙʨʦʪʥʦʩʪʽ  

 ʤʘʪʝʨʽʘʣʫ Z ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʊ Bi1-XSbX [1-3]  
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(1 ï X=0.09, 2 ï X=0.08, 3 ï X=0.10, 4 ï X=0.12, 5 ï X=0.06, 6 ï X=0.15)  

ʇʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʛʘʨʷʯʽʡ ʩʪʦʨʦʥʽ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ 

ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ ʟ ʤʘʪʝʨʽʘʣʫ BiSb ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ 

ʧʦʣʽ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ æʊmax ʜʣʷ ʭʦʣʦʜʠʣʴʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ 

 ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ X Bi1-XSbX  

(1 ï X=0.09, 2 ï X=0.08, 3 ï X=0.10, 4 ï X=0.12, 5 ï X=0.06, 6 ï X=0.15 

ɿ ʨʠʩ. 2 ʚʠʜʥo, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʪʨʠʤʘʥʦ ʜʣʷ ʤʘʪʝʨʽʘʣʫ BiSb ʽʟ ʚʤʽʩʪʦʤ ʩʫʨʴʤʠ 9% ʚ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ 100-200 ʂ ʧʨʠ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ɺ = 1 ʊʣ. 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʨʦʙʢʘ ʪʘʢʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʨʽʦʛʝʥʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʦʭʦʣʦʜʞʫʚʘʯʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ 100 ʂ. ʎʝ 

ʧʦʚʚ'ʷʟʘʥʦ ʟ ʧʦʪʨʝʙʘʤʠ ʚ ʦʩʥʦʚʥʦʤʫ ʘʝʨʦʢʦʩʤʽʯʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʪʘ ʽʥʰʦʾ 

ʢʦʩʤʽʯʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʜʝʪʝʢʪʦʨʽʚ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. ɸʥʘʪʠʯʫʢ ʃ.ɯ. ʊʝʨʤʦʝʣʝʤʝʥʪʠ ʪʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ: ʜʦʚʽʜʥʠʢ. 
ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1979. 766 ʩ. 

2. ɸʣʽʻʚ ʉ.ɸ., ɿʫʣʴʬʽʛʘʨʦʚ ʕ.ʀ. ʊʝʨʤʦʤʘʛʥʽʪʥʽ ʪʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʷʚʠʱʘ 
ʚ ʥʘʫʮʽ ʪʘ ʪʝʭʥʽʮʽ. ɹʘʢʫ: ɽʃʄ, 2009. 325 ʩ. 

3. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. ʇʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʚ 

ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ// ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ˉ 3. 2016. ʉ. 49-54. 
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ʉʝʤʽ ɻʘʚʨʠʣʦʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʐʘʡʢʦ-ʐʘʡʢʦʚʩʴʢʠʡ ʆ.ɻ. 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʝʥʥʷ ʚʝʣʠʯʠʥ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ ʧʦʨʽʜ ʜʝʨʝʚʠʥʠ 

     ɼʝʨʝʚʠʥʘ ï ʦʜʠʥ ʟ ʜʫʞʝ ʧʦʰʠʨʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʡ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ  ʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʦʙʫʪʽ, ʫ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʝʢʦʨʘʪʠʚʥʠʭ ʪʘ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʯʠʩʣʝʥʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ: ʣʝʛʢʽʩʪʴ, ʜʝʰʝʚʠʥʘ, ʭʦʨʦʰʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʦʙʨʦʙʢʠ, 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɹʫʢʦʚʠʥʘ ï ʦʜʠʥ ʟ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʙʘʛʘʪʠʭ ʥʘ ʣʽʩʠ ʷʢ ʭʚʦʡʥʠʭ, 

ʪʘʢ ʽ ʣʠʩʪʚʷʥʠʭ ʧʦʨʽʜ ʜʝʨʝʚ. ʊʦʤʫ ʩʘʤʝ ʮʠʤ ʽ ʟʫʤʦʚʣʝʥʦ 

ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ  ʜʝʨʞʘʚʥʠʭ ʪʘ ʧʨʠʚʘʪʥʠʭ ʤʘʣʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʦʙʨʦʙʢʦʶ ʜʝʨʝʚʠʥʠ, 

ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʩʢʣʘʜʥʠʭ, ʘ ʯʘʩʦʤ ï ʽ ʫʥʽʢʘʣʴʥʠʭ ʚʠʨʦʙʽʚ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʩʫʯʘʩʥʠʭ ʚʝʨʩʪʘʪʘʭ ʽʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʫʧʨʘʚʣʽʥʥʷʤ. 

     ʗʢʽʩʪʴ ʚʠʨʦʙʽʚ, ʷʢʽ  ʧʨʠ ʮʴʦʤʫ ʦʪʨʠʤʫʶʪʴʩʷ, ʟʘʣʝʞʠʪʴ, 

ʥʘʩʘʤʧʝʨʝʜ, ʚʽʜ ʩʦʨʪʫ ʜʝʨʝʚʠʥʠ, ʾʾ ʩʪʘʥʫ ʪʘ ʷʢʦʩʪʽ. ʆʜʥʠʤ ʟ 

ʥʝʜʦʣʽʢʽʚ ʚʩʽʭ ʧʦʨʽʜ ʜʝʨʝʚʠʥʠ ʻ ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ 

ʧʦʛʣʠʥʘʪʠ ʚʦʣʦʛʫ ʟ ʦʪʦʯʫʶʯʦʛʦ ʧʦʚʽʪʨʷ. ʎʝ ʧʝʚʥʦʶ ʤʽʨʦʶ  

ʚʧʣʠʚʘʻ ʽ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʾ ʜʝʨʝʚʠʥʠ. ʊʦʤʫ 

ʟʥʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʚʦʣʦʛʦʩʪʽ ï 

ʚʘʞʣʠʚʘ ʫʤʦʚʘ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʜ ʚʠʙʦʨʦʤ 

ʧʝʚʥʦʛʦ ʩʦʨʪʫ ʜʝʨʝʚʠʥʠ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʞʠʤʽʚ 

ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ. ɺ ʜʦʚʽʜʥʠʢʘʭ ʥʘʷʚʥʝ ʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʩʦʨʪʽʚ ʜʝʨʝʚʠʥʠ, ʧʨʦʪʝ ʚ 

ʥʘʰ ʯʘʩ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʝʥʥʷ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʩʠʨʦʚʠʥʠ. ɿʘʜʘʯʘ ʩʪʘʻ ʱʝ 

ʘʢʪʫʘʣʴʥʽʰ, ʦʩʢʽʣʴʢʠ ʚ ʜʦʚʽʜʥʠʢʘʭ ʤʽʩʪʠʪʴʩʷ ʦʙʤʝʞʝʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʩʪʦʩʦʚʥʦ ʪʽʣʴʢʠ ʜʝʷʢʠʭ ʩʦʨʪʽʚ ʜʝʨʝʚʠʥʠ, ʧʨʠʯʦʤʫ ï ʚ 

ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʚʦʣʦʛʦʩʪʽ. ʉʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʜʦʚʽʜʥʠʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʜʦʩʠʪʴ ʟʘʩʪʘʨʽʣʘ, ʘ ʚ ʥʘʰ ʯʘʩ ʩʫʪʪʻʚʘ 

ʟʤʽʥʘ ʝʢʦʣʦʛʽʾ, ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʪʘ ʧʨʠʨʦʜʥʽ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ 
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ʪʘʢʦʞ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʢʘʟʥʠʢʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʨʝʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. 

     ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʝʥʥʷ 

ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʧʦʨʽʜ 

ʜʝʨʝʚʠʥʠ, ʷʢ ʜʫʙ, ʷʩʝʥʴ, ʛʦʨʽʭ, ʩʦʩʥʘ, ʢʣʝʥ. ʇʨʠʯʦʤʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʙʠʣʠʩʷ ʜʣʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʦʨʽʜ ʧʨʠ ʨʽʟʥʠʭ 

ʨʽʚʥʷʭ ʚʦʣʦʛʦʩʪʽ ʢʦʞʥʦʛʦ ʚʠʜʫ ʩʠʨʦʚʠʥʠ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʈ-0,5, ʷʢʘ 

ʨʦʟʚʠʚʘʻ ʟʫʩʠʣʣʷ ʚʽʜ 0 ʜʦ 500 ʢʛ. ʈʦʙʦʯʽ ʜʽʘʧʘʟʦʥʠ ʚʠʤʽʨʶʚʘʥʴ: 

0-100 ʢʛ, 0-250 ʢʛ, 0 -500 ʢʛ. ʆʩʢʽʣʴʢʠ ʜʝʨʝʚʠʥʘ ï ʘʥʽʟʦʪʨʦʧʥʠʡ 

ʤʘʪʝʨʽʘʣ, ʚʠʤʽʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʩʪʠʩʢʘʥʥʷ ʜʣʷ ʟʨʘʟʢʽʚ ʚʟʜʦʚʞ ʪʘ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ. ʂʦʞʥʘ ʧʘʨʪʽʷ 

ʟʨʘʟʢʽʚ ʪʨʠʚʘʣʠʡ ʯʘʩ (ʙʽʣʷ ʜʚʦʭ ʤʽʩʷʮʽʚ) ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ 

ʚʦʣʦʛʦʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʣʘʩʷ ʩʪʘʥʜʘʨʪʥʠʤ ʧʩʠʭʨʦʤʝʪʨʦʤ. 

     ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʟʨʘʟʢʠ ʨʦʟʙʠʚʘʣʠʩʷ ʥʘ ʛʨʫʧʠ ʧʦ 60 ʟʨʘʟʢʽʚ ʚ ʢʦʞʥʽʡ ʜʣʷ ʢʦʞʥʦʛʦ 

ʧʦʨʦʜʠ ʜʝʨʝʚʠʥʠ ʪʘ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ. ʆʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʜʘʥʽ ʫ ʧʦʜʘʣʴʰʦʤʫ ʩʪʘʪʠʩʪʠʯʥʦ 

ʦʙʨʦʙʣʷʣʠʩʷ, ʜʣʷ ʯʦʛʦ ʙʫʜʫʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʽ ʛʽʩʪʦʛʨʘʤʠ, 

ʚʠʟʥʘʯʘʚʩʷ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʪʘ ʚʠʟʥʘʯʘʣʦʩʷ ʤʘʪʝʤʘʪʠʯʥʝ 

ʩʧʦʜʽʚʘʥʥʷ, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ  ʙʫʜʫʚʘʣʠʩʷ ʛʨʘʬʽʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʣʠ ʧʦʨʽʚʥʷʪʠ 

ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʝʥʥʷ ʟʥʘʯʝʥʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʞʥʦʛʦ ʩʦʨʪʫ ʜʝʨʝʚʠʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ 

ʚʦʣʦʛʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʪʠ ʚʽʜʧʦʚʽʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʜʝʨʝʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʪʨʠʤʘʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ 

ʚʠʢʣʘʜʘʥʥʽ ʤʘʪʝʨʽʘʣʫ ʢʫʨʩʫ çʆʙʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚè ʪʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʽʚ, ʧʝʨʝʜʘʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʜʝʨʝʚʦʦʙʨʦʙʥʝ 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.ʇʠʩʘʨʝʥʢʦ ɻ.ʉ. ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ: ʧʽʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ/ɻ.ʉ.ʇʠʩʘʨʝʥʢʦ, ʆ.ʃ. ʂʚʽʪʢʘ,ɭ.ʉ. ʋʤʘʥʩʴʢʠʡ: ʟʘ 

ʨʝʜ.. ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ, -2-ʛʝ ʚʠʜ. ï ʂ.: ɺʠʱʘ ʰʢʦʣʘ. 2004. ï 654 ʩ.  
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ʈʦʤʘʥ ɻʝʨʘʩʠʤʝʥʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʆʣʘʨ ʆ.ɺ. 

 

ɽʪʠʢʘ ʚʝʙʪʨʝʢʽʥʛʫ: ʙʘʣʘʥʩ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʙʽʟʥʝʩ-ʧʦʪʨʝʙ 

 
ɺʝʙʪʨʝʢʽʥʛ ʩʪʘʚ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʢʦʤʧʘʥʽʡ, ʱʦʙ 

ʟʙʠʨʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʚʦʾʭ ʢʣʽʻʥʪʽʚ, ʚʦʜʥʦʯʘʩ ʚʠʥʠʢʘʶʪʴ 

ʝʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʱʦʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ.  

ɺʝʙʪʨʝʢʽʥʛ ï ʮʝ ʧʨʘʢʪʠʢʘ ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ ʧʦʚʝʜʽʥʢʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʚʝʙʩʘʡʪʘʭ ʽ ʚ ʜʦʜʘʪʢʘʭ. ʎʽ ʜʘʥʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʮʽʣʝʡ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ 

ʧʦʣʚʧʰʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʚʤʽʩʪʫ ʪʘ 

ʮʽʣʴʦʚʦʾ ʨʝʢʣʘʤʠ. ʆʜʥʘʢ ʚʝʙʪʨʝʢʽʥʛ ʪʘʢʦʞ ʚʠʢʣʠʢʘʻ ʝʪʠʯʥʽ 

ʧʨʦʙʣʝʤʠ ʱʦʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʥʝ ʟʥʘʪʠ, ʱʦ ʟʘ ʥʠʤʠ ʩʪʝʞʘʪʴ, ʘʙʦ ʥʝ 

ʨʦʟʫʤʽʪʠ ʦʙʩʷʛ ʜʘʥʠʭ, ʷʢʽ ʟʙʠʨʘʶʪʴʩʷ. ʈʦʟʛʣʷʥʝʤʦ ʝʪʠʯʥʽ 

ʤʽʨʢʫʚʘʥʥʷ ʚʝʙʪʨʝʢʽʥʛʫ ʪʘ ʙʘʣʘʥʩ ʤʽʞ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʶ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʙʽʟʥʝʩ-ʧʦʪʨʝʙʘʤʠ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʪʠʧʽʚ ʪʝʭʥʦʣʦʛʽʡ ʚʝʙʪʨʝʢʽʥʛʫ, ʟʦʢʨʝʤʘ ʬʘʡʣʠ 

cookie, ʚʝʙʤʘʷʢʠ ʪʘ ʮʠʬʨʦʚʠʡ ʚʽʜʙʠʪʦʢ ʧʨʠʩʪʨʦʶ. ʌʘʡʣʠ cookie 

ð ʮʝ ʥʝʚʝʣʠʢʽ ʬʘʡʣʠ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʡʦʛʦ ʽʩʪʦʨʽʶ ʚʝʙ-

ʧʝʨʝʛʣʷʜʫ, ʩʪʘʪʠʩʪʠʢʫ ʪʦʱʦ. ɺʝʙʤʘʷʢʠ ï ʮʝ ʥʝʚʠʜʠʤʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʚʙʫʜʦʚʘʥʽ ʫ ʚʝʙ-ʩʪʦʨʽʥʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ, 

ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʚʽʜʢʨʠʚʘʻ ʩʪʦʨʽʥʢʫ. ʎʠʬʨʦʚʠʡ ʚʽʜʙʠʪʦʢ 

ʧʨʠʩʪʨʦʶ ï ʮʝ ʪʝʭʥʽʢʘ, ʷʢʘ ʟʙʠʨʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʠʩʪʨʽʡ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʥʘʧʨʠʢʣʘʜ ʨʦʟʤʽʨ ʝʢʨʘʥʘ ʪʘ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʫʥʽʢʘʣʴʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ 

ʟʙʦʨʫ ʪʘʢʠʭ ʜʘʥʠʭ ʷʢ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʽʩʪʦʨʽʷ ʚʝʙʧʝʨʝʛʣʷʜʫ ʪʘ 

ʧʦʰʫʢʦʚʽ ʟʘʧʠʪʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʝʙʪʨʝʢʽʥʛʫ ʚʠʢʣʠʢʘʻ ʟʘʥʝʧʦʢʦʻʥʥʷ 

ʱʦʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʟʽʙʨʘʥʽ ʜʘʥʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʮʽʣʝʡ, ʜʝʷʢʽ ʟ ʷʢʠʭ ʤʦʞʫʪʴ 

ʙʫʪʠ ʥʝ ʚ ʽʥʪʝʨʝʩʘʭ ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘʧʨʠʢʣʘʜ, ʮʽ ʜʘʥʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʦʜʘʥʽ ʩʪʦʨʦʥʥʽʤ ʨʝʢʣʘʤʦʜʘʚʮʷʤ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 
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ʩʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʶ ʽʥʪʝʨʝʩʽʚ ʽ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʚʚʘʞʘʪʠ, ʱʦ ʾʭʥʶ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʙʫʣʦ 

ʧʦʨʫʰʝʥʦ, ʷʢʱʦ ʚʦʥʠ ʥʝ ʟʥʘʶʪʴ ʧʨʦ ʦʙʩʷʛ ʜʘʥʠʭ, ʱʦ 

ʟʙʠʨʘʶʪʴʩʷ, ʘʙʦ ʷʢʱʦ ʚʦʥʠ ʥʝ ʢʦʥʪʨʦʣʶʶʪʴ, ʷʢ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʾʭʥʽ ʜʘʥʽ. 

ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʝ ʧʦʣʝ ʥʘʚʢʦʣʦ ʚʝʙʪʨʝʢʽʥʛʫ ʩʢʣʘʜʥʝ ʽ 

ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ. GDPR, ʷʢʠʡ ʥʘʙʫʚ ʯʠʥʥʦʩʪʽ ʚ ʪʨʘʚʥʽ 2018 

ʨʦʢʫ, ʚʠʤʘʛʘʻ ʚʽʜ ʢʦʤʧʘʥʽʡ ʦʪʨʠʤʘʪʠ ʯʽʪʢʫ ʟʛʦʜʫ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʧʝʨʝʜ ʟʙʦʨʦʤ ʾʭʥʽʭ ʜʘʥʠʭ. CCPA, ʷʢʠʡ ʥʘʙʫʚ ʯʠʥʥʦʩʪʽ ʚ ʩʽʯʥʽ 

2020 ʨʦʢʫ, ʜʘʻ ʞʠʪʝʣʷʤ ʂʘʣʽʬʦʨʥʽʾ ʧʨʘʚʦ ʟʥʘʪʠ, ʷʢʽ ʜʘʥʽ ʧʨʦ ʥʠʭ 

ʟʙʠʨʘʶʪʴʩʷ, ʽ ʧʨʘʚʦ ʚʠʤʘʛʘʪʠ ʾʭ ʚʠʜʘʣʝʥʥʷ. ɯʥʰʽ ʟʘʢʦʥʠ, ʪʘʢʽ ʷʢ 

ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʝʣʝʢʪʨʦʥʥʫ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ɸʢʪ ʧʨʦ ʟʘʭʠʩʪ ʜʘʥʠʭ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ, ʪʘʢʦʞ ʟʘʧʨʦʚʘʜʞʫʶʪʴʩʷ 

ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʚʝʙʪʨʝʢʽʥʛʫ. 

ɺʝʙʨʝʢʽʥʛ ï ʮʝ ʩʢʣʘʜʥʘ ʧʨʦʙʣʝʤʘ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʙʘʣʘʥʩʫ ʤʽʞ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʶ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʙʽʟʥʝʩ-ʧʦʪʨʝʙʘʤʠ. ʂʦʤʧʘʥʽʾ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʦʟʦʨʠʤʠ ʱʦʜʦ ʩʚʦʾʭ ʤʝʪʦʜʽʚ ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ 

ʥʘʜʘʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʚʦʾʤʠ ʜʘʥʠʤʠ. ɺʦʥʠ 

ʪʘʢʦʞ ʧʦʚʠʥʥʽ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʦʥʠ ʜʦʪʨʠʤʫʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʢʦʥʽʚ ʽ ʧʨʘʚʠʣ ʱʦʜʦ ʚʝʙʪʨʝʢʽʥʛʫ. ɼʦʩʣʽʜʞʫʶʯʠ 

ʝʪʠʯʥʽ ʤʽʨʢʫʚʘʥʥʷ ʚʝʙʪʨʝʢʽʥʛʫ, ʘ ʪʘʢʦʞ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʝ 

ʧʦʣʝ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ 

ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʮʽʡ ʩʢʣʘʜʥʽʡ ʧʨʦʙʣʝʤʽ ʪʘ ʟʘʭʠʩʪʠʪʠ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʦʜʥʦʯʘʩ ʟʘʜʦʚʦʣʴʥʷʶʯʠ ʩʚʦʾ 

ʙʽʟʥʝʩ-ʧʦʪʨʝʙʠ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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online. https://www.consumer.ftc.gov/articles/0020-how-protect-

your-privacy-online 
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ʆʣʝʢʩʘʥʜʨ ɻʝʨʤʘʥ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʪʨʠʥʘʜʢʦ ʄ.ʊ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʄ2ʄ 

ɿ ʤʦʤʝʥʪʫ ʧʝʨʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʽʥʘ çʽʥʪʝʨʥʝʪ ʨʝʯʝʡè 

IoT ʫ 1999 ʨʦʮʽ, ʪʝʨʤʽʥ IoT ʩʪʘʚ ʧʦʧʫʣʷʨʥʠʤ ʪʝʨʤʽʥʦʤ ʜʣʷ ʦʧʠʩʫ 

ʩʮʝʥʘʨʽʾʚ, ʫ ʷʢʠʭ ʽʥʪʝʨʥʝʪïʟ'ʻʜʥʘʥʥʷ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ ʙʝʟʣʽʯ ʦʙ'ʻʢʪʽʚ, ʧʨʠʩʪʨʦʾʚ. ʉʴʦʛʦʜʥʽ ʟ 

ʪʝʭʥʦʣʦʛʽʾ ɯʦʊ ʨʦʟʚʠʥʫʚʩʷ ʦʢʨʝʤʠʡ ʥʘʧʨʷʤʦʢ, ʱʦ ʩʪʨʽʤʢʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ, ʘ ʩʘʤʝ ʪʝʭʥʦʣʦʛʽʷ ʄ2ʄ.  

M2M, ʘʙʦ Machine-to-machine, ï ʮʝ ʩʫʯʘʩʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʧʨʠʥʮʠʧʠ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ 

ʦʙ'ʻʜʥʘʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʤʽʞʤʘʰʠʥʥʘ ʚʟʘʻʤʦʜʽʷ. ʇʨʠʯʦʤʫ 

ʢʦʤʫʥʽʢʘʮʽʷ ʤʦʞʝ ʙʫʜʫʚʘʪʠʩʷ ʥʘ ʜʨʦʪʦʚʦʤʫ ʘʙʦ ʙʝʟʜʨʦʪʦʚʦʤʫ 

ʟʚ'ʷʟʢʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʙʤʽʥʶʚʘʪʠʩʴ ʜʘʥʠʤʠ ʚ ʦʜʥʦ- ʘʙʦ 

ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ ʪʘʢʦʞ ʚʽʜʩʪʝʞʫʚʘʪʠ ʥʦʚʽ ʚʽʜʦʤʦʩʪʽ 

ʯʝʨʝʟ ʻʜʠʥʫ ʩʠʩʪʝʤʫ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʤʽʞ 

ʪʝʨʤʽʥʘʣʦʤ ʦʧʣʘʪʠ ʢʘʨʪʢʦʶ ʽ ʙʘʥʢʦʤ. M2M ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʨʽʟʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ, ʚʠʨʦʙʥʠʯʠʭ ʽ ʥʘʚʽʪʴ 

ʤʝʜʠʯʥʠʭ ʛʘʣʫʟʷʭ. ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ M2M ʯʘʩʪʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʥʝʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʙʝʟʣʽʯ ʧʨʦʮʝʩʽʚ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʦʧʣʘʪʠ ʧʦʢʫʧʢʠ ʪʘ ʟʘʢʽʥʯʫʶʯʠ ʚʠʢʦʥʘʥʥʷʤ 

ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʦʧʝʨʘʮʽʡ. 

ʅʘʡʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʤʽʞʤʘʰʠʥʥʘ 

ʚʟʘʻʤʦʜʽʷ ʜʦʩʷʛʣʘ ʫ ʪʘʢʠʭ ʩʬʝʨʘʭ [1]: 

Å ɸʚʪʦʤʦʙʽʣʴʥʘ ʪʝʣʝʤʝʪʨʽʷ. ʉʘʤʝ ʟ ʮʴʦʛʦ ʧʦʯʘʚʩʷ ʘʢʪʠʚʥʠʡ 

ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. ʉʴʦʛʦʜʥʽ ʘʚʪʦʚʠʨʦʙʥʠʢʠ 

ʧʨʦʧʦʥʫʶʪʴ ʧʦʢʫʧʮʷʤ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʜʩʠʣʘʪʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʩʪʘʥ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʽ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʦʤʠʣʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

ʚʠʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʤʘʡʙʫʪʥʽ ʤʦʜʝʣʽ ʘʙʦ 

ʜʦʦʧʨʘʮʴʦʚʫʚʘʪʠ ʘʚʪʦ, ʱʦ ʚʞʝ ʚʠʧʫʩʢʘʶʪʴʩʷ. ɿʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʙʝʟʧʝʢʘ ʚʦʜʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʜʘʻʪʴʩʷ ʟʘʧʦʙʽʛʪʠ 

ʘʚʘʨʽʷʤ, ʧʦʚ'ʷʟʘʥʠʤ ʽʟ ʨʘʧʪʦʚʠʤʠ ʧʦʣʦʤʢʘʤʠ. 

Å ʆʙʣʽʢ ʤʘʪʝʨʽʘʣʴʥʠʭ ʘʢʪʠʚʽʚ. ɹʘʛʘʪʦ ʢʦʤʧʘʥʽʡ ʚʞʝ 

ʟʘʧʨʦʚʘʜʞʫʶʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʢʦʰʪʠ, ʷʢʽ ʚʽʜʩʪʝʞʫʶʪʴ ʘʢʪʠʚʠ. 
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ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʛʘʣʫʟʽ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ 

ʯʠ ʦʨʛʘʥʽʟʘʮʽʡ ʽʟ ʚʝʣʠʢʠʤ ʘʚʪʦʧʘʨʢʦʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ 

M2M ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʜʦʨʦʛʠʭ GPS-ʪʨʝʢʝʨʽʚ. 

ɺʽʜʦʤʦʩʪʽ ʥʘʜʭʦʜʷʪʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʤʦʞʥʘ 

ʚʽʜʩʪʝʞʠʪʠ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʘʚʪʦ, ʘʣʝ ʡ ʟʽʙʨʘʪʠ ʢʦʨʠʩʥʽ 

ʜʘʥʽ ʧʨʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʰʣʷʭʫ, ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʪʦʱʦ. 

Å ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʦʩʪʘʯʘʥʥʷʤ. ʃʘʥʮʶʞʢʠ ʧʦʩʪʘʚʦʢ 

ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʩʢʣʘʜʥʠʤʠ ʽ ʚʢʣʶʯʘʪʠ ʙʘʛʘʪʦ ʨʽʚʥʽʚ 

ʚʟʘʻʤʦʜʽʾ, ʪʦʤʫ ʜʣʷ ʾʭ ʩʢʣʘʜʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ M-to-M 

ʨʽʰʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʩʢʘʥʝʨʠ ʰʪʨʠʭ-ʢʦʜʽʚ, ʘʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ, GPS-ʪʨʝʢʽʥʛʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. ɿʘ ʨʘʭʫʥʦʢ 

ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʴʦʛʦʜʥʽ ʧʨʘʮʶʶʪʴ ʚʝʣʠʢʽ ʤʘʨʢʝʪʧʣʝʡʩʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʧʨʘʚʢʫ ʪʦʚʘʨʽʚ ʜʦ ʧʫʥʢʪʽʚ ʚʠʜʘʯʽ ʜʦ ʨʽʟʥʠʭ ʤʽʩʪ 

ʪʘ ʨʝʛʽʦʥʽʚ. ʊʘʢʽ ʨʽʰʝʥʥʷ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʡ ʥʘ ʨʽʟʥʠʭ ʪʦʨʛʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʠʨʦʚʠʥʫ ʯʠ ʪʦʚʘʨʠ, 

ʧʝʨʝʚʽʨʷʪʠ ʟʘʧʘʩʠ ʪʘ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ ʫ ʤʽʨʫ ʧʨʦʭʦʜʞʝʥʥʷ 

ʯʝʨʝʟ ʨʽʟʥʽ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʨʦʜʘʞʫ. 

Å ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʣʽʯʠʣʴʥʠʢʠ. ʋ ʮʶ ʢʘʪʝʛʦʨʽʶ ʤʦʞʥʘ 

ʚʢʣʶʯʠʪʠ ʨʽʟʥʽ ʧʨʠʩʪʨʦʾ ʦʙʣʽʢʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʘʙʦ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʪʘʢʽ ʧʨʠʣʘʜʠ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘʚʽʪʴ ʫ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʘʭ ï ʙʘʛʘʪʦ 

ʣʽʯʠʣʴʥʠʢʽʚ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʜʘʶʪʴ ʜʘʥʽ ʚ ʢʝʨʫʶʯʫ ʢʦʤʧʘʥʽʶ ʫ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʽʦʜ. 

Å ʇʝʨʝʥʦʩʥʽ ʪʝʭʥʦʣʦʛʽʾ. M2M ʧʨʠʩʪʨʦʾ ʩʪʘʣʠ ʧʦʰʠʨʝʥʽ ʷʢ 

ʥʽʢʦʣʠ. ɼʦ ʥʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʤʘʨʪʬʦʥʠ, ʬʽʪʥʝʩ-ʙʨʘʩʣʝʪʠ ʪʘ 

ʽʥʰʽ ʜʝʚʘʡʩʠ, ʷʢʽ ʥʘʜʩʠʣʘʶʪʴ ʜʘʥʽ ʧʨʦ ʬʽʟʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʘʙʦ 

ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʨʽʤ ʮʴʦʛʦ, ʜʦ ʤʽʞʤʘʰʠʥʥʦʾ 

ʢʦʤʫʥʽʢʘʮʽʾ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ push-ʩʧʦʚʽʱʝʥʥʷ ʪʘ ʽʥʰʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʽ ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʥʘ ʩʚʽʡ ʪʝʣʝʬʦʥ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɾʫʨʘʢʦʚʩʴʢʠʡ, ɯ.ʆ., ɿʝʥʽʚ ɹ. ʖ. ʊʝʭʥʦʣʦʛʽʾ ʽʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ: ʥʘʚʯ. ʧʦʩʽʙ. ï ʂʠʾʚ. ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2021. 271ʩ. 
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ʆʣʝʢʩʘʥʜʨ ɻʣʫʰʘʥʠʮʷ, ɯʚʘʥ ɺʘʩʠʣʠʰʠʥ,  

ɺʽʪʘʣʽʡ ɹʣʠʟʥʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʪʨʝʙʝʞʝʚ ɺ.ʄ. 

 

ʉʪʨʫʢʪʫʨʘ ʧʣʽʚʦʢ Pb(Zr xTi1īx)O3 ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 
ʝʣʝʤʝʥʪʠ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ ï Si ʥʘ ʾʭ ʦʩʥʦʚʽ 

 
ʉʝʛʥʝʪʦʝʣʝʢʪʨʠʯʽ ʧʨʠʩʪʨʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʧʘʤôʷʪʽ  ʤʘʶʪʴ 

ʪʘʢʽ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ, ʷʢ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʽʩʪʴ, ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ, 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʧʝʨʝʢʣʶʯʝʥʥʷ ʪʘ ʧʝʨʝʟʘʧʠʩʫ. ɸʣʝ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʻ ʪʨʫʜʥʦʱʽ ʩʫʤʽʱʝʥʥʷ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ ʧʣʽʚʢʠ ʪʘ ʟʘʛʘʣʴʥʦʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ 

ʦʩʥʦʚʠ, ʱʦ ʧʦʨʦʜʞʫʻ ʚʘʞʢʽʩʪʴ ʨʦʟʨʦʙʢʠ ʡ ʬʦʨʤʫʚʘʥʥʷ 

ʩʝʨʝʜʦʚʠʱ ʝʣʝʤʝʥʪʽʚ ʧʘʤôʷʪʽ. ʇʝʨʩʧʝʢʪʠʚʥʽ ʩʪʨʫʢʪʫʨʠ 

ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʪʠʧʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʥʘʜʪʦʥʢʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ 

ʧʣʽʚʢʠ ʪʘ ʦʢʩʠʜʥʽ ʝʣʝʢʪʨʦʜʥʽ ʰʘʨʠ [1,2], ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʥʘ 

ʩʪʚʦʨʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʝʣʝʢʪʨʦʥʥʫ ʧʘʤôʷʪʴ ʚʝʣʠʢʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ 

ʻʤʥʦʩʪʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʜʠʥʘʤʽʯʥʦʶ ʧʘʤôʷʪʪʶ (DRAM) ʽ ʬʣʝʰ-

ʧʘʤôʷʪʪʶ (Flash). ʅʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʰʪʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʣʘʪʠʥʦʚʦʾ ʛʨʫʧʠ ʚ ʝʣʝʢʪʨʦʜʥʠʭ ʧʣʽʚʢʘʭ ʩʢʣʘʜʫ IrO2 ʘʙʦ SrRuO3.  
ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʦʤ ɺʏ-ʢʘʪʦʜʥʦʛʦ 

ʨʦʟʧʠʣʝʥʥʷ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʽ ʧʣʽʚʢʠ  

ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪʫ ʩʚʠʥʮʶ (ʎʊʉ) ʟ ʫʟʛʦʜʞʫʶʯʠʤʠ 

ʝʣʝʢʪʨʦʜʥʠʤʠ  ʰʘʨʘʤʠ ʥʘ ʦʩʥʦʚʽ Co0,7Ni0,3O. ʗʢ ʦʩʥʦʚʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʣʘʩʪʠʥʘ ʟ  Si, ʥʘ ʧʣʽʚʢʫ Co0,7Ni0,3O 

ʥʠʞʥʴʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʰʘʨʫ ʥʘʥʦʩʠʚʩʷ ʰʘʨ ʎʊʉ 

(Pb(ZrxTi1īx)O3) ʟʘʚʪʦʚʰʢʠ 60-120 ʥʤ [2], ʢʦʥʜʝʥʩʘʪʦʨʥʽ  

ʩʪʨʫʢʪʫʨʠ  ʚʽʜʧʘʣʶʚʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 530 - 550
0
ʉ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʎʊʉ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʽʰʝʥʽ ʽʟ 

ʩʫʤʽʰʽ ʧʦʨʦʰʢʽʚ ʦʢʩʠʜʽʚ ʩʚʠʥʮʶ, ʪʠʪʘʥʫ ʽ ʮʠʨʢʦʥʽʶ. ʗʢ ʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʠ ʪʝʨʤʽʯʥʠʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʯʝʨʝʟ ʤʘʩʢʫ ʦʩʘʜʞʫʚʘʣʘʩʷ 

ʧʣʽʚʢʘ ʟʦʣʦʪʘ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʢʨʫʛʣʠʭ ʧʽʢʩʝʣʽʚ (ʨʠʩ.1, ʘ).  

ʋ ʩʢʘʥʫʶʯʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʈɽʄ-100ʋ ʚ 

ʨʝʞʠʤʽ ʧʨʠʩʢʦʨʶʶʯʦʾ ʥʘʧʨʫʛʠ U=30 ʢɺ ʪʘ ʩʪʨʫʤʽ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʟʦʥʜʘ Iʝʣ=2.10
-10
õ3.10

-11
ɸ ʚʠʚʯʘʣʘʩʷ ʩʪʨʫʢʪʫʨʘ ʡ ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʧʣʽʚʦʢ ʎʊʉ (ʨʠʩ.1, ʙ).  ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʙʨʘ ʫʟʛʦʜʞʝʥʽʩʪʴ 
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ʧʦʩʪʽʡʥʠʭ ʨʝʰʽʪʢʠ ʝʣʝʢʪʨʦʜʫ ʟ Co0,7Ni0,3O ʪʘ ʧʣʽʚʢʠ ʎʊʉ ʚʝʜʝ ʜʦ 

ʤʽʥʽʤʽʟʘʮʽʾ ʛʫʩʪʠʥʠ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ, ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʽ 

ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ ʫ ʧʣʽʚʮʽ. ʆʨʽʻʥʪʦʚʘʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʩʪʦʚʙʯʘʩʪʠʭ ʢʨʠʩʪʘʣʽʪʽʚ ʫ ʧʣʽʚʢʘʭ ʎʊʉ ʚʠʷʚʣʝʥʦ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʠʩʦʪʘ ʢʨʠʩʪʘʣʽʪʽʚ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 20-35 ʥʤ, ʣʘʪʝʨʘʣʴʥʽ ʾʭ ʨʦʟʤʽʨʠ ʚ ʧʣʦʱʠʥʽ 

ʧʣʽʚʢʠ 115-210ʥʤ.  

ʘ  ʙ   ʚ  
 

ʈʠʩ.1. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʘ ï ʟʨʘʟʢʠ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟ ʝʣʝʢʪʨʦʜʥʠʤʠ ʧʽʢʩʝʣʷʤʠ, ʙ ï ʩʪʨʫʢʪʫʨʘ ʧʣʽʚʦʢ ʎʊʉ 

ʪʦʚʱʠʥʦʶ h=70 ʥʤ ʟ ʝʣʝʢʪʨʦʜʥʠʤ ʧʽʜʰʘʨʦʤ Co0,7Ni0,3O, ʚ ï ʚʠʛʣʷʜ 
ʜʠʥʘʤʽʯʥʠʭ ʧʝʪʝʣʴ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ (ʧʨʠ f=50ɻʮ) 

ʂʨʠʩʪʘʣʽʪʠ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚʟʜʦʚʞ  

ʧʘʨʘʣʝʣʴʥʠʭ ʣʽʥʽʡ, ʟʘʜʘʥʠʭ ʩʪʨʫʢʪʫʨʦʶ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʽʜʰʘʨʫ, 

ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ ʪʘ ʤʽʢʨʦʪʨʽʱʠʥʠ ʥʝ ʚʠʷʚʣʝʥʽ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʜʠʥʘʤʽʢʠ ʧʦʣʷʨʠʟʘʮʽʾ, ʧʨʦʚʝʜʝʥʝ ʧʨʠ ʧʦʚʽʣʴʥʽʡ ʧʝʨʽʦʜʠʯʥʽʡ 

ʟʤʽʥʽ ʧʦʣʷ, ʧʦʢʘʟʘʣʦ ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʢʚʘʟʽʩʪʘʪʠʯʥʠʭ ʧʝʪʝʣʴ 

ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ (ʨʠʩ.1, ʚ). ʇʨʠ ʥʘʧʨʫʟʽ ʧʝʨʝʤʠʢʘʥʥʷ 

1,5ɺ  ʟʘʨʷʜ ʟʘʣʠʰʢʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʜʦʨʽʚʥʶʻ (7 ï 15) Ŀ 10
-6 
ʂ/ʩʤ

2
, 

ʱʦ  ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Wang Fan, Leppavuori Seppo Properties of epitaxial ferroelectric 

Pb(Zr0,56Ti0,44)O3 / Heterostructures with Sr0,5CoO3 metallic oxide electrodes 

// J. Appl. Phys. ï 1997. ï V 82, ̄ 3. ï P. 1293 ï 1298. 

2. ʇʘʪ. US 6555864 B1, ʄʇʂ H01L21/8246; Ferroilectric capacitor having 

a PZT layer with an axcess of Pb / Jeffrey Scott Cross /ʗʧʦʥʽʷ/.ï  

ˉ09/515.524; ɿʘʷʚʣ. 29.02. 2002; ʦʧʫʙʣ. 29.04.2003. 
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ɼʝʥʠʩ ɻʦʥʯʘʨʝʥʢʦ, ʉʝʨʛʽʡ ɿʘʚʝʜʽʷ, ʅʠʢʠʪʘ 

ʊʠʤʦʬʽʡʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ -ʜʦʮ. ʅʽʯʠʡ ʉ.ɺ. 

 

ʄʆɼɽʃʖɺɸʅʅʗ ɸɺʊʆʅʆʄʅʆɰ ʉʆʅʗʏʅʆɰ 

ɽʃɽʂʊʈʆʉʊɸʅʎɯɰ 
 

ʉʦʥʮʝ ʟʜʘʪʥʝ ʧʝʨʝʜʘʚʘʪʠ ʥʘ ɿʝʤʣʶ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʽʾ ʫ ʚʠʛʣʷʜʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʝ ʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ 

ʢʨʝʤʥʽʻʚʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʥʝʣʽ, ʟʜʘʪʥʽ ʛʝʥʝʨʫʚʘʪʠ ʧʦʩʪʽʡʥʠʡ 

ʩʪʨʫʤ. ʅʘʙʽʨ ʝʥʝʨʛʽʾ ʧʘʥʝʣʝʡ, ʦʙôʻʜʥʘʥʠʭ ʫ ʩʠʩʪʝʤʫ, ʥʘʟʠʚʘʶʪʴ 

ʩʦʥʷʯʥʦʶ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ. ʉʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʻ ʜʦʩʠʪʴ 

ʫʥʽʢʘʣʴʥʠʤ ʪʠʧʦʤ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʷʢʠʡ ʤʦʞʝ ʧʨʠʥʦʩʠʪʠ 

ʝʥʝʨʛʽʶ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʪʨʘʯʘʶʯʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʘʣʠʚʘ, ʪʘʢʦʛʦ 

ʷʢ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʧʨʠʪʦʢʠ ʚʦʜʠ, ʝʥʝʨʛʽʷ ʭʚʠʣʴ, 

ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʽʷ [1,2]. ʌʦʪʦʝʣʝʢʪʨʠʯʥʘ ʩʪʘʥʮʽʷ ð ʮʝ 

ʫʥʽʚʝʨʩʘʣʴʥʝ ʜʞʝʨʝʣʦ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʦʤʫ ʩʪʘʻ ʥʝʦʙʭʽʜʥʠʤ ʘʥʘʣʽʟ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʾʾ ʩʢʣʘʜʦʚʠʭ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʯʦʾ ʩʭʝʤʠ ʘʚʪʦʥʦʤʥʦʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʨʫʤ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ [3,4]. ʄʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʘ ʚ ʧʘʢʝʪʽ 

MATLAB Simulink, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʣʦʢʽʚ ʩʠʩʪʝʤʠ, 

ʦʙʦʚôʷʟʢʦʚʠʭ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʉɽʉ. 

ɿʘ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʥʘ ʨʠʩ. 1 ʩʭʝʤʦʶ ʨʦʟʨʦʙʣʝʥʘ ʽʤʽʪʘʮʽʡʥʘ 

ʤʦʜʝʣʴ ʘʚʪʦʥʦʤʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʩʪʘʥʮʽʾ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB 

Simulink ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ Simscape Electrical 

Specialized Power Systems. ɼʣʷ ʤʦʜʝʣʽ ʨʦʟʨʦʙʣʝʥʽ: ʙʣʦʢ 

ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʢʦʥʪʨʦʣʝʨ, ʙʣʦʢ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ, 

ʽʥʚʝʨʪʦʨ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʛʦʨʠʪʤ ʜʣʷ MPPT ʢʦʥʪʨʦʣʝʨʘ ʪʘ 

ʘʣʛʦʨʠʪʤ ʢʦʥʪʨʦʣʝʨʘ ʨʦʟʨʷʜʫ-ʟʘʨʷʜʫ ʙʘʪʘʨʝʡ. ʄʦʜʝʣʴ ʉɽʉ 

ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʩʧʨʦʱʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʬʫʥʢʮʽʡ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢʘ ʩʫʙʩʠʩʪʝʤʠ [5]. 
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ʈʠʩ. 1. ʉʭʝʤʘ  ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʽ ʘʚʪʦʥʦʤʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʩʪʘʥʮʽʾ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʘ 

ʫʩʪʘʥʦʚʢʘ ʧʨʠ ʨʽʟʥʠʭ ʥʘʧʨʫʛʘʭ ʽ ʩʪʨʫʤʘʭ. ʆʪʨʠʤʘʥʦ ʾʭ ʛʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʦʪʨʠʤʘʥʦ 

ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʽ ʩʦʥʷʯʥʠʭ 

ʙʘʪʘʨʝʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʚʪʦʥʦʤʥʦʾ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1.  Waffenschmidt ɽ. Direct Current (DC) Supply Grids for LED 

Lighting // LED Professional. 2015. No. 48. P. 12. 

2.  Aldo V. Da Rosa. Fundamentals of Renewable Energy Processes. 

London: Elsevier Inc, 2009. 818 p. 

3.  Tiwari G.N., Dubey S. Fundamentals of Photovoltaic Modules and 

Their Applications. The Royal Society of Chemistry, Cambridge, 2009. P. 

121. 

4. Barton J.P. Energy storage and its use with intermittent renewable 

energy / J.P. Barton, D.G. Infield // Transactions on energy conversion. ï 

2004. ï  ̄19. ï ʉ. 441ï448.   

5. Gan L.K. Hybrid windïphotovoltaicïdieselï battery system sizing 

tool development using empirical approach, life-cycle cost and performance 

analysis: A case study in Scotland [Text] / L.K. Gan, J.K.H. Shek, M.A. 

Mueller // Energy Conversion and Management. ï 2015. ï ˉ 106. ï ʉ. 

479ï494.   
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ʉʝʨʛʽʡ ɻʦʥʯʘʨʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʦʣʦʚʘʮʴʢʠʡ ɺ.ɸ. 

ɺʧʣʠʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʨʦʟʧʦʜʽʣ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ 

ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ ʜʨʫʛʦʛʦ ʪʠʧʫ 

ʂʦʣʦʾʜʥʽ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ ʷʜʨʦ-ʦʙʦʣʦʥʢʘ (core-shell QD) ʚ 

ʜʘʥʠʡ ʯʘʩ ʻ ʧʨʝʜʤʝʪʦʤ ʽʥʪʝʥʩʠʚʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʦʥʠ ʚʠʨʦʱʫʶʪʴʩʷ ʜʝʰʝʚʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʚʽʪʯʠʟʥʷʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ. ɸʪʦʤʦʧʦʜʽʙʥʠʡ ʩʧʝʢʪʨ ʪʘʢʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʷʜʨʘ ʪʘ ʪʦʚʱʠʥʠ 

ʦʙʦʣʦʥʢʠ. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʜʦʚʞʠʥʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʭʚʠʣʽ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʯʠ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʨʠ ʤʽʞʟʦʥʥʠʭ 

ʢʚʘʥʪʦʚʠʭ ʧʝʨʝʭʦʜʘʭ. ɯʩʥʫʻ ʥʝ ʪʘʢ ʙʘʛʘʪʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʨʦʙʦʪʠ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ (ɯʏ) ʦʙʣʘʩʪʽ. ɼʣʷ 

ʟʤʽʱʝʥʥʷ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʝʥʥʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʰʠʭ ʝʥʝʨʛʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʤʽʰʢʠ. ɯʥʰʠʡ ʩʧʦʩʽʙ ʜʦʩʷʛʥʫʪʠ ɯʏ-ʦʙʣʘʩʪʽ ï 

ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʷʜʨʦ-ʦʙʦʣʦʥʢʘ ʜʨʫʛʦʛʦ ʪʠʧʫ, ʫ 

ʷʢʠʭ ʝʣʝʢʪʨʦʥ ʽ ʜʽʨʢʘ ʣʦʢʘʣʽʟʦʚʘʥʽ ʫ ʨʽʟʥʠʭ ʰʘʨʘʭ ʥʘʥʦʩʠʩʪʝʤʠ 

(ʨʠʩ.1). ʋ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʨʝʢʦʤʙʽʥʘʮʽʾ ʧʨʦʩʪʦʨʦʚʦ 

ʨʦʟʜʽʣʝʥʠʭ ʝʣʝʢʪʨʦʥʘ ʪʘ ʜʽʨʢʠ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ 

ʭʚʠʣʷ ʙʽʣʴʰʦʾ ʜʦʚʞʠʥʠ, ʥʽʞ ʮʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚ ʦʢʨʝʤʦ ʚʟʷʪʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ, ʟ ʷʢʠʭ ʚʠʨʦʱʝʥʘ ʂʊ [1].  

ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ ʷʜʨʦ-ʦʙʦʣʦʥʢʘ ʜʨʫʛʦʛʦ ʪʠʧʫ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ [2-3] ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʜʣʷ ʷʢʠʭ ʚʥʘʩʣʽʜʦʢ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʝʨʝʢʨʠʪʪʷ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʝʣʝʢʪʨʦʥʘ 

ʪʘ ʜʽʨʢʠ, ʘ ʦʪʞʝ, ʟʤʝʥʰʫʶʪʴʩʷ ʨʝʢʦʤʙʽʥʘʮʽʡʥʽ ʚʪʨʘʪʠ. ɿʦʚʥʽʰʥʽ 

ʧʦʣʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. ʋ ʨʦʙʦʪʽ [4] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʤʝʥʰʫʻʪʴʩʷ ʧʝʨʝʢʨʠʪʪʷ 

ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʪʘ ʝʥʝʨʛʽʷ ʢʚʘʥʪʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʤʽʞ 

ʦʩʥʦʚʥʠʤʠ ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʥʘ ʪʘ ʜʽʨʢʠ. ɺʧʣʠʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʥʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʂʊ ʷʜʨʦ-ʦʙʦʣʦʥʢʘ ʜʨʫʛʦʛʦ ʪʠʧʫ ʥʝ 

ʜʦʩʣʽʜʞʫʚʘʚʩʷ.  
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ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʟʘʣʝʞʥʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʪʘ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʝʣʝʢʪʨʦʥʽʚ ʪʘ 

ʜʽʨʦʢ ʫ ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ 

ʜʨʫʛʦʛʦ ʪʠʧʫ CdSe/ZnTe ʪʘ 

ZnTe/CdSe ʚʽʜ ʽʥʜʫʢʮʽʾ 

ʦʜʥʦʨʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ɻʝʦʤʝʪʨʠʯʥʘ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʘ 

ʩʭʝʤʘ ʂʊ ʜʨʫʛʦʛʦ ʪʠʧʫ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.  

 
ʈʠʩ.1. ʇʦʪʝʥʮʽʘʣʴʥʘ ʩʭʝʤʘ ʂʊ ʪʠʧʫ 

II: ʘ) CdSe/ZnTe ; ʙ) ZnTe/CdSe. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʚ ʨʘʤʢʘʭ ʥʘʙʣʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʤʘʩʠ ʤʘʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʦʚʦʾ 

ʚʟʘʻʤʦʜʽʾ.  

ɽʚʦʣʶʮʽʶ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʚ ʥʘʥʦʩʠʩʪʝʤʽ 

ZnTe/CdSe ʧʨʠ B=10, 20, 30, 40 ʊʣ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2. 

 
ʈʠʩ.2. ʈʦʟʧʦʜʽʣ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʚ ʂʊ ZnTe/CdSe. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʠʣʘ ʦʩʮʠʣʷʪʦʨʘ 

ʤʽʞʟʦʥʥʠʭ ʢʚʘʥʪʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʥʘ ʪʘ ʜʽʨʢʠ ʧʽʜ ʜʽʻʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʦʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʩʧʘʜʘʻ, ʘ ʝʥʝʨʛʽʷ ʢʚʘʥʪʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʟʨʦʩʪʘʻ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. S. Kim, B. Fisher et al, J.Am.Chem.Soc. 125, 11466ï11467 

(2003). 

2. T. Long, J. Cao et al J. Phys. Chem. Chem. Phys. 21, 5824ï5833 (2019).  

3. A. Chafai, F. Dujardin et al, Superlattices Microstruct. 101, 40ï48 (2017).   
4. V.A. Holovatsky, M.V Chubrei, C.A. Duque, Thin Solid Films, 139142, (2022). 
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ʉʪʘʥ̔ʩʣʘʚ ɻʦʨʦʜʝʥʩʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʐʫʤʠʣʷʢ ʃ.ʄ. 

 

ʇʨʦ ʨʦʟʨʦʙʢʫ ʚʽʟʫʘʣʴʥʠʭ ʥʦʚʝʣ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʨʘʬʽʯʥʠʭ ʨʝʜʘʢʪʦʨʽʚ 

 
ʈʦʟʨʦʙʢʘ ʚʽʟʫʘʣʴʥʠʭ ʥʦʚʝʣ ï ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʚʠʤʘʛʘʻ 

ʚʽʜ ʘʚʪʦʨʘ ʥʝ ʪʽʣʴʢʠ ʚʤʽʥʥʷ ʧʠʩʘʪʠ ʮʽʢʘʚʫ ʽʩʪʦʨʽʶ, ʘ ʡ ʫʤʽʥʥʷ 

ʧʨʘʮʶʚʘʪʠ ʟ ʛʨʘʬʽʢʦʶ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ. ɼʣʷ ʥʝʜʦʩʚʽʜʯʝʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʮʝ ʤʦʞʝ ʩʪʘʪʠ ʩʧʨʘʚʞʥʴʦʶ ʧʨʦʙʣʝʤʦʶ. ʋ ʮʽʡ ʪʝʟʽ 

ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʩʢʣʘʜʥʦʱʽ, ʟ ʷʢʠʤʠ ʤʦʞʫʪʴ ʟʽʪʢʥʫʪʠʩʷ 

ʧʦʯʘʪʢʽʚʮʽ, ʷʢʽ ʥʘʤʘʛʘʶʪʴʩʷ ʥʘʧʠʩʘʪʠ ʚʣʘʩʥʫ ʚʽʟʫʘʣʴʥʫ ʥʦʚʝʣʫ, ʘ 

ʪʘʢʦʞ ʨʦʟʛʣʷʥʝʤʦ ʪʝ, ʷʢ ʛʨʘʬʽʯʥʠʡ ʨʝʜʘʢʪʦʨ ʤʦʞʝ ʧʦʣʝʛʰʠʪʠ 

ʧʨʦʮʝʩ ʥʘʧʠʩʘʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʥʘʧʠʩʘʥʥʽ ʚʽʟʫʘʣʴʥʠʭ ʥʦʚʝʣ 

ï ʚʤʽʥʥʷ ʩʪʚʦʨʶʚʘʪʠ ʛʨʘʬʽʢʫ. ɹʽʣʴʰʽʩʪʴ ʥʦʚʝʣ ʧʦʪʨʝʙʫʶʪʴ 

ʢʨʘʩʠʚʦʛʦ ʜʠʟʘʡʥʫ ʧʝʨʩʦʥʘʞʽʚ, ʬʦʥʽʚ ʪʘ ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʤʦʞʝ 

ʚʠʷʚʠʪʠʩʷ ʩʢʣʘʜʥʠʤ ʜʣʷ ʥʝʜʦʩʚʽʜʯʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʟʥʘʥʥʷ HTML 

ʪʘ CSS [1], ʘ ʩʪʚʦʨʝʥʥʷ ʬʦʥʽʚ ʪʘ ʧʝʨʩʦʥʘʞʽʚ ʤʦʞʝ ʧʦʪʨʝʙʫʚʘʪʠ 

ʟʥʘʥʥʷ ʨʝʜʘʢʪʦʨʽʚ ʛʨʘʬʽʢʠ, ʪʘʢʠʭ ʷʢ Photoshop ʯʠ GIMP. 

ʂʨʽʤ ʪʦʛʦ, ʥʘʧʠʩʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʥʦʚʝʣʠ ʯʘʩʪʦ ʧʦʪʨʝʙʫʻ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɹʽʣʴʰʽʩʪʴ ʨʝʜʘʢʪʦʨʽʚ ʚʽʟʫʘʣʴʥʠʭ ʥʦʚʝʣ ʤʘʶʪʴ 

ʚʙʫʜʦʚʘʥʽ ʩʢʨʠʧʪʦʚʽ ʤʦʚʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʨʘʤ ʜʦʜʘʚʘʪʠ 

ʚʣʘʩʥʽ ʬʫʥʢʮʽʾ ʪʘ ʧʦʜʽʾ. ʇʨʦʪʝ ʜʣʷ ʥʝʜʦʩʚʽʜʯʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʚʠʚʯʝʥʥʷ ʩʢʨʠʧʪʽʚ ʤʦʞʝ ʙʫʪʠ ʚʘʞʢʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʑʦʙ ʧʦʣʝʛʰʠʪʠ ʥʘʧʠʩʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʥʦʚʝʣ ʜʣʷ 

ʥʝʜʦʩʚʽʜʯʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʛʨʘʬʽʯʥʠʤ 

ʨʝʜʘʢʪʦʨʦʤ, ʱʦ ʤʘʻ ʚʙʫʜʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʚʽʟʫʘʣʴʥʠʭ ʥʦʚʝʣ. ʅʘʧʨʠʢʣʘʜ, ʨʝʜʘʢʪʦʨ Ren'Py [2] ʜʦʟʚʦʣʷʻ 

ʘʚʪʦʨʘʤ ʣʝʛʢʦ ʩʪʚʦʨʶʚʘʪʠ ʧʝʨʩʦʥʘʞʽʚ, ʬʦʥʠ ʪʘ ʽʥʪʝʨʬʝʡʩ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʥʘʥʥʷ HTML ʯʠ CSS. ʂʨʽʤ ʪʦʛʦ, Ren'Py ʤʘʻ 

ʚʙʫʜʦʚʘʥʫ ʩʢʨʠʧʪʦʚʫ ʤʦʚʫ Python, ʷʢʘ ʻ ʜʦʩʠʪʴ ʧʨʦʩʪʦʶ ʜʣʷ 

ʚʠʚʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝʜʦʩʚʽʜʯʝʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʦʜʘʚʘʪʠ 

ʚʣʘʩʥʽ ʬʫʥʢʮʽʾ ʪʘ ʧʦʜʽʾ. 

ɯʥʰʠʤ ʨʝʜʘʢʪʦʨʦʤ, ʷʢʠʡ ʤʦʞʝ ʧʦʣʝʛʰʠʪʠ ʥʘʧʠʩʘʥʥʷ 

ʚʽʟʫʘʣʴʥʠʭ ʥʦʚʝʣ, ʻ TyranoBuilder [3]. ɺʽʥ ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ 
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ʛʨʘʬʽʯʥʠʡ ʨʝʜʘʢʪʦʨ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʣʝʛʢʦ 

ʩʪʚʦʨʶʚʘʪʠ ʬʦʥʠ ʪʘ ʧʝʨʩʦʥʘʞʽʚ, ʘ ʪʘʢʦʞ ʚʙʫʜʦʚʘʥʠʡ ʨʝʜʘʢʪʦʨ 

ʩʢʨʠʧʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʜʘʚʘʪʠ ʚʣʘʩʥʽ ʬʫʥʢʮʽʾ ʪʘ ʧʦʜʽʾ. 

ʅʘʚʽʪʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʨʝʜʘʢʪʦʨʽʚ, ʥʘʧʠʩʘʥʥʷ 

ʚʽʟʫʘʣʴʥʦʾ ʥʦʚʝʣʠ ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʚʠʤʘʛʘʻ 

ʯʘʩʫ ʪʘ ʟʥʘʥʴ. ʅʝʜʦʩʚʽʜʯʝʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʷ 

ʜʦʜʘʪʢʦʚʽ ʨʝʩʫʨʩʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʛʨʘʬʽʯʥʠʭ ʨʝʜʘʢʪʦʨʽʚ ʪʘ 

ʩʢʨʠʧʪʽʚ. 

ʆʪʞʝ ʥʘʧʠʩʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʥʦʚʝʣ ʚʠʤʘʛʘʻ ʚʽʜ ʘʚʪʦʨʘ ʥʝ 

ʪʽʣʴʢʠ ʚʤʽʥʥʷ ʧʠʩʘʪʠ ʮʽʢʘʚʫ ʽʩʪʦʨʽʶ, ʘ ʡ ʧʨʘʮʶʚʘʪʠ ʟ ʛʨʘʬʽʢʦʶ 

ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ. ɼʣʷ ʥʝʜʦʩʚʽʜʯʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʮʝ ʤʦʞʝ 

ʩʪʘʪʠ ʩʧʨʘʚʞʥʴʦʶ ʧʨʦʙʣʝʤʦʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʯʥʠʭ 

ʨʝʜʘʢʪʦʨʽʚ ʟ ʚʙʫʜʦʚʘʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʚʽʟʫʘʣʴʥʠʭ ʥʦʚʝʣ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʪʠ ʧʨʦʮʝʩ ʥʘʧʠʩʘʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʥʘʧʠʩʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʥʦʚʝʣ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʅʘ ʧʨʠʢʣʘʜ ʨʝʜʘʢʪʦʨ QSP https://qsp.su/ 

2. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ RenPy https://www.renpy.org/ 

3. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ TyranoBuilder https://tyranobuilder.com/ 
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ɻʦʩʪʶʢ ɸʨʪʫʨ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʋʛʨʠʥ ɼ. ɯ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ 

ʊʝʤʘ ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʫʤʽʥʥʷ ʤʽʛʨʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʘ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʦʩʢʽʣʴʢʠ ʛʣʦʙʘʣʴʥʘ ʤʽʛʨʘʮʽʷ ʟʨʦʩʪʘʻ ʚ 

ʦʩʪʘʥʥʽ ʨʦʢʠ ʯʝʨʝʟ ʨʷʜ ʬʘʢʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʝʢʦʥʦʤʽʯʥʽ, 

ʧʦʣʽʪʠʯʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʽʛʨʘʮʽʾ 

ʥʘʩʝʣʝʥʥʷ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʤʽʛʨʘʮʽʶ [1]. ʎʝ, ʟʦʢʨʝʤʘ, ʝʢʦʥʦʤʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʧʦʣʽʪʠʯʥʘ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʩʪʠʭʽʡʥʽ ʣʠʭʘ ʪʘ ʩʦʮʽʘʣʴʥʽ ʬʘʢʪʦʨʠ. ɼʘʥʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʟ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ ʪʘ ʟʽʙʨʘʥʽ ʚʣʘʩʥʽ ʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʠʪʫʚʘʥʴ, ʽʥʪʝʨʚôʶ 

ʪʘ ʘʥʘʣʽʪʠʢʠ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ [2]. 

ɼʘʥʽ ʤʽʛʨʘʮʽʡ ʧʽʜʛʦʪʦʚʣʝʥʽ ʡ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʢʘʨʪʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʝʦʢʦʜʫʚʘʥʥʠʷ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʰʠʨʦʪʫ ʪʘ ʜʦʚʛʦʪʫ 

ʜʣʷ ʢʦʞʥʦʛʦ ʤʽʩʮʷ, ʘʛʨʝʛʫʚʘʥʥʷ ʜʘʥʠʭ ʟʘ ʨʝʛʽʦʥʘʤʠ ʪʘ ʢʨʘʾʥʘʤʠ. 

ɼʠʟʘʡʥ ʚʢʣʶʯʘʻ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʢʘʨʪ Leaflet ʟ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʪʘ ʬʫʥʢʮʽʡ ʢʘʨʪʠ. ɼʘʥʽ ʽʥʪʝʛʨʦʚʘʥʽ ʟ 

ʢʘʨʪʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢ JavaScript ʪʘ ʟʘʧʠʪʽʚ ʜʦ ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ API. 

ʇʨʦʚʝʜʝʥʦ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʷʢʠʡ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʤʽʛʨʘʮʽʻʶ ʪʘ 

ʨʽʟʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʜʝʤʦʛʨʘʬʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ 

ʝʢʦʣʦʛʽʯʥʽ ʟʤʽʥʥʽ. ɸʥʘʣʽʟʫʶʯʠ ʟʚôʷʟʦʢ ʤʽʞ ʮʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘ 

ʤʽʛʨʘʮʽʻʶ, ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʟʜʘʪʥʠʡ ʚʠʟʥʘʯʠʪʠ ʢʣʶʯʦʚʽ 

ʯʠʥʥʠʢʠ ʤʽʛʨʘʮʽʾ ʪʘ ʧʝʨʝʜʙʘʯʠʪʠ ʤʘʡʙʫʪʥʽ ʤʦʜʝʣʽ ʤʽʛʨʘʮʽʾ. 

ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʟʘʚôʷʟʢʽʚ ʤʽʞ ʟʤʽʥʥʠʤʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʽʛʨʘʮʽʾ. 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʽ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʪʘ 

ʩʢʣʘʜʥʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ ʪʘ ʟʜʘʪʥʽ ʥʘʚʯʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, 

ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʟ ʯʘʩʦʤ. 
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ʉʠʩʪʝʤʘ ʤʦʞʝ ʜʘʪʠ ʨʦʟʫʤʽʥʥʷ ʧʨʠʯʠʥ ʽ ʥʘʩʣʽʜʢʽʚ ʤʽʛʨʘʮʽʾ 

ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʤʽʛʨʘʮʽʾ ʥʘ ʩʫʩʧʽʣʴʩʪʚʦ, 

ʝʢʦʥʦʤʽʢʫ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʉʠʩʪʝʤʫ ʤʦʞʥʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʟ ʽʥʰʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʛʝʦʛʨʘʬʽʯʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɻɯʉ), ʱʦʙ ʩʢʣʘʩʪʠ 

ʢʦʤʧʣʝʢʩʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʦʜʝʣʽ ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ ʤʽʛʨʘʮʽʾ (ʨʠʩ.1), 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʚʝʙ ʜʦʜʘʪʢʘ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʚʝʙ ʬʨʝʡʤʚʦʨʢ GeoDjango, ʷʢʠʡ ʥʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʠ 

ʜʣʷ ʨʦʙʦʪʠ ʟ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʜʘʥʠʤʠ, ʚʢʣʶʯʘʶʯʠ ʧʽʜʪʨʠʤʢʫ 

ʧʦʰʠʨʝʥʠʭ ʬʦʨʤʘʪʽʚ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ GeoJSON 

ʪʘ Shapefile. ɼʘʥʠʡ ʬʨʝʡʤʚʦʨʢ ʪʘʢʦʞ ʥʘʜʘʻ ʜʦʩʪʫʧ ʜʦ 

ʧʨʦʩʪʦʨʦʚʠʭ ʟʘʧʠʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʬʽʣʴʪʨʫʚʘʪʠ ʡ ʘʥʘʣʽʟʫʚʘʪʠ 

ʜʘʥʽ ʥʘ ʦʩʥʦʚʽ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʙʝʨʽʛʘʪʠ ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ 

ʫ ʧʨʦʩʪʦʨʦʚʽ ʙʘʟʠ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ PostGIS, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʦ ʟʙʝʨʽʛʘʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʛʝʦʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ. 

 
ʈʠʩ. 1. ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ 

ɿʘʛʘʣʦʤ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʥʘʜʘʥʥʷ ʮʽʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʣʽʪʠʢʠ, 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʙʽʟʥʝʩʫ, ʧʨʦʩʫʚʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʥʘʜʘʥʥʷ ʛʫʤʘʥʽʪʘʨʥʦʾ ʜʦʧʦʤʦʛʠ ʪʠʤ, ʭʪʦ ʾʾ 

ʧʦʪʨʝʙʫʻ. 

 ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Quantifying global international migration flows [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ] / Abel G. // Science ï  2014. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://science.sciencemag.org/content/343/6178/1520. 

2. International migration and data [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / Bell M. 

// Polish Academy of Sciences ï 2015.  ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://onlinelibrary.wiley.com/doi/10.1002/psp.1848.  

https://science.sciencemag.org/content/343/6178/1520
https://onlinelibrary.wiley.com/doi/10.1002/psp.1848
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ɹʦʛʜʘʥ ɻʨʘʙ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʐʘʡʢʦ-ʐʘʡʢʦʚʩʴʢʠʡ ʆ.ɻ. 

ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʽʶʯʦʾ ʫʩʪʘʥʦʚʢʠ 

ʩʪʨʽʯʢʦʚʦʾ ʧʠʣʠ ʜʣʷ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʜʝʨʝʚʥʠʭ ʪʘ 

ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

   ʇʽʜʛʦʪʦʚʢʘ ʪʘ ʚʠʢʦʥʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ï 

ʚʘʞʣʠʚʠʡ ʝʪʘʧ ʫ ʟʘʚʝʨʰʝʥʥʽ ʧʨʦʮʝʩʫ  ʥʘʚʯʘʥʥʷ ʫ ʚʠʱʦʤʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʟʘʢʣʘʜʽ. ɿʜʽʡʩʥʝʥʥʷ ʮʴʦʛʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʦʤʧʣʝʢʩʥʝ ʧʦʻʜʥʘʥʥʷ ʙʘʛʘʪʴʦʭ 

ʜʠʩʮʠʧʣʽʥ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ, ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ, ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ, ʩʧʝʮʽʘʣʴʥʠʭ. ɿʘʭʠʩʪ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠ ï ʦʩʪʘʥʥʽʡ 

ʝʪʘʧ ʥʘʚʯʘʥʥʷ, ʷʢʠʡ ʧʽʜʪʚʝʨʜʞʫʻ ʛʦʪʦʚʥʽʩʪʴ ʤʘʡʙʫʪʥʴʦʛʦ 

ʩʧʝʮʽʘʣʽʩʪʘ ʜʦ ʪʨʫʜʦʚʦʾ ʽʥʞʝʥʝʨʥʦʾ ʘʙʦ ʚʠʢʣʘʜʘʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʩʽ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ, ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʪʘ ʚʤʽʥʥʷ, ʥʘʙʫʪʽ 

ʩʪʫʜʝʥʪʦʤ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ, ʚʪʽʣʶʶʪʴʩʷ ʫ ʪʽʡ, ʯʠ ʽʥʰʽʡ ʬʦʨʤʽ ʫ 

ʤʘʪʝʨʽʘʣ ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʻʢʪʫ ʘʙʦ ʨʦʙʦʪʠ. 

     ɺʠʢʦʥʘʥʥʷ ʪʘʢʦʾ ʩʢʣʘʜʥʦʾ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʨʦʙʦʪʠ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ, ʷʢʽ ʦʨʛʘʥʽʯʥʦ ʪʘ ʧʦʩʣʽʜʦʚʥʦ 

ʚʪʽʣʶʶʪʴ ʫ ʧʨʘʢʪʠʯʥʫ ʧʣʦʱʠʥʫ ʽʜʝʶ ʪʘ ʪʝʤʫ ʨʦʙʦʪʠ. 

ʂʦʤʧʦʥʦʚʢʘ ʩʢʣʘʜʦʚʠʭ ʚʫʟʣʽʚ ʪʘ ʘʛʨʝʛʘʪʽʚ ʤʘʡʙʫʪʥʴʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʧʽʜʛʦʪʦʚʢʘ ʝʩʢʽʟʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʪʘ 

ʜʝʪʘʣʝʡ ï ʚʘʞʣʠʚʠʡ ʧʦʯʘʪʢʦʚʠʡ ʝʪʘʧ, ʷʢʠʡ ʤʦʞʝ ʙʘʛʘʪʦ ʨʘʟʽʚ 

ʧʝʨʝʛʣʷʜʘʪʠʩʷ, ʫʪʦʯʥʶʚʘʪʠʩʷ, ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʷ. ʇʽʩʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʡʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʦʯʠʥʘʻʪʴʩʷ 

ʧʨʦʨʘʭʫʥʦʢ, ʫʪʦʯʥʝʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʘ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʢʨʝʤʠʭ 

ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ, ʩʪʠʢʫʚʘʥʥʷ ʦʜʥʦʛʦ ʟ ʽʥʰʠʤ. 

     ɺʘʞʣʠʚʦʶ ʚʠʤʦʛʦʶ ʫ ʮʴʦʤʫ ʧʠʪʘʥʥʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʤʦʥʪʥʦ ʧʨʠʜʘʪʥʽʩʪʴ  ʫʩʪʘʥʦʚʢʠ, 

ʣʝʛʢʠʡ ʪʘ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʾʾ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʪʘ ʚʫʟʣʽʚ, ʷʢʽ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʨʝʛʫʣʶʚʘʥʥʷ, ʥʘʣʘʛʦʜʞʝʥʥʷ, 

ʟʘʤʽʥʠ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʘ ʫʤʦʚʘ 

ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʤʦʜʫʣʴʥʦʶ ʧʦʙʫʜʦʚʦʶ ʚʩʽʻʾ ʫʩʪʘʥʦʚʢʠ ʘʙʦ 

ʧʨʠʩʪʨʦʶ. ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʚ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʠʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʫʩʪʘʥʦʚʢʠ ʩʪʘʥʜʘʨʪʥʠʭ ʚʫʟʣʽʚ, ʜʝʪʘʣʝʡ, 

ʢʦʤʧʣʝʢʪʫʶʯʠʭ  ʩʢʣʘʜʦʚʠʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʪʘ ʨʦʙʠʪʴ ʡʦʛʦ ʟʥʘʯʥʦ 
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ʜʝʰʝʚʰʝ, ʱʦ ʪʘʢʦʞ ʜʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʧʦʪʨʽʙʥʦʛʦ ʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʦʙʣʘʜʥʘʥʥʷ [1].  

    ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ ʟ ʢʨʝʩʣʝʥʥʷ, ʤʝʭʘʥʽʢʠ, ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ, 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʪʝʭʥʦʣʦʛʽʡ 

ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʟʚʘʨʶʚʘʥʥʷ ʪʦʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʩʧʽʰʥʦ 

ʧʨʘʢʪʠʯʥʦ ʟʜʽʡʩʥʠʪʠ ʤʘʛʽʩʪʝʨʩʴʢʫ ʨʦʙʦʪʫ, ʚʠʛʦʪʦʚʠʪʠ ʜʽʶʯʠʡ ʾʾ 

ʘʥʘʣʦʛ ʘʙʦ ʚʩʶ ʮʽʣʢʦʤ ʽ ʧʝʨʝʚʽʨʠʪʠ ʾʾ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, 

ʚʠʨʦʙʥʠʯʥʽʩʪʴ, ʟʨʫʯʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʄʝʭʘʥʽʟʤ ʘʙʦ 

ʫʩʪʘʥʦʚʢʘ ʤʦʞʫʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʷʢ ʚ ʫʤʦʚʘʭ ʜʨʽʙʥʠʭ 

ʛʦʩʧʦʜʘʨʩʪʚ, ʥʝʚʝʣʠʯʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʪʘʢʦʞ ʽ ʚ ʜʦʤʘʰʥʽʭ 

ʫʤʦʚʘʭ. ʅʝʚʽʜ'ʻʤʥʦʶ ʚʠʤʦʛʦʶ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʜʽʡʥʦ 

ʟʘʙʝʟʧʝʯʝʥʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʻʢʪʫ ʪʘ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʪʽʣʝʥʥʷ 

- ʻ ʙʝʟʧʝʢʘ ʨʦʙʦʪʠ ʟʽ ʩʪʚʦʨʝʥʠʤ ʤʝʭʘʥʽʟʤʦʤ. ʂʦʥʩʪʨʫʢʪʦʨ 

(ʤʘʛʽʩʪʨ)  ʧʦʚʠʥʝʥ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʨʝʛʫʣʶʚʘʥʥʷ 

ʤʝʭʘʥʽʟʤʫ ʥʘʷʚʥʽʩʪʴ ʚʫʟʣʽʚ, ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʩʚʦʻʯʘʩʥʦ ʪʘ ʙʝʟʚʽʜʤʦʚʥʦ ʟʫʧʠʥʷʣʠ ʙʠ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ, 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʡʦʛʦ ʙʝʟʘʚʘʨʽʡʥʫ ʪʘ ʙʝʟʧʝʯʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

     ʆʟʜʦʙʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ, ʥʘʜʘʥʥʷ ʡʦʤʫ ʚʠʩʦʢʦʛʦ ʝʩʪʝʪʠʯʥʦʛʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ï ʪʘʢʦʞ ʙʘʞʘʥʘ ʩʢʣʘʜʦʚʘ ʨʦʙʦʪʠ 

ʧʨʦʻʢʪʘʥʪʘ. ʅʘʨʝʰʪʽ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʦʻʾ ʨʦʟʨʦʙʢʠ, 

ʦʧʠʩ ʾʾ ʚʘʞʣʠʚʠʭ ʩʪʦʨʽʥ ʪʘ ʧʝʨʝʚʘʛ, ʚʠʩʚʽʪʣʝʥʥʷ ʮʠʭ ʘʩʧʝʢʪʽʚ ʧʽʜ 

ʯʘʩ ʧʨʝʟʝʥʪʘʮʽʾ ʨʦʙʦʪʠ ʧʨʠ ʟʘʭʠʩʪʽ  ʟʘʚʝʨʰʫʶʪʴ ʧʨʦʮʝʩ 

ʥʘʚʯʘʥʥʷ, ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʛʨʦʤʘʜʩʴʢʦʛʦ ʟʘʭʠʩʪʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʦʻʢʪʫʚʘʥʥʷ. 

     ʇʦʻʜʥʘʥʥʷ ʚʩʽʭ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʚʤʽʥʴ ʪʘ ʥʘʚʠʯʦʢ, 

ʚʦʣʦʜʽʥʥʷ ʤʝʪʦʜʠʢʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʠ, 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘ ʚʩʽʻʾ ʝʣʝʢʪʨʠʯʥʦʾ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʦʶ 

ʫʩʪʘʥʦʚʢʠ, ʟʥʘʥʥʷ ʧʝʜʘʛʦʛʽʢʠ, ʨʠʪʦʨʠʢʠ, ʚʤʽʥʥʷ ʚʠʩʪʫʧʘʪʠ ʧʝʨʝʜ 

ʘʫʜʠʪʦʨʽʻʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʩʧʽʰʥʝ ʟʘʚʝʨʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ 

ʧʝʨʝʜ ʩʪʫʜʝʥʪʦʤ-ʤʘʛʽʩʪʨʦʤ ʟʘʚʜʘʥʥʷ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʛʦʪʦʚʥʽʩʪʴ 

ʤʦʣʦʜʦʛʦ ʩʧʝʮʽʘʣʽʩʪʘ ʜʦ ʫʩʧʽʰʥʦʾ ʪʨʫʜʦʚʦʾ ʚʠʨʦʙʥʠʯʦʾ ʪʘ 

ʚʠʢʣʘʜʘʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ  ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʘʾʥʠ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.ʇʠʩʘʨʝʥʢʦ ɻ.ʉ. ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ: ʧʽʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ/ɻ.ʉ.ʇʠʩʘʨʝʥʢʦ, ʆ.ʃ. ʂʚʽʪʢʘ,ɭ.ʉ. ʋʤʘʥʩʴʢʠʡ: ʟʘ 

ʨʝʜ.. ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ, -2-ʛʝ ʚʠʜ. ï ʂ.: ɺʠʱʘ ʰʢʦʣʘ. 2004. ï 654 ʩ. 
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ɼʘʨôʷ ɻʫʜʟʷʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʪʨʠʥʘʜʢʦ ʄ.ʊ. 

ʄʝʪʦʜ ʚʽʜʜʘʣʝʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʦʙô̒ ʢʪʘ 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʝʪʦʜ ʩʦʦʩʥʦʾ ʢʫʪʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ 

ʦʙ'ʻʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʨʽʟʥʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʻ ʦʜʥʠʤ ʽʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʨʘʜʽʦʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɿʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʘʢʪʫʘʣʴʥʘ ʡ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʙʘʛʘʪʴʦʭ ʮʽʣʝʡ. 

ɯʩʥʫʶʪʴ ʦʙ'ʻʢʪʠ, ʜʣʷ ʷʢʠʭ ʟʥʘʥʥʷ ʢʫʪʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ʻ 

ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʥʘʧʨʠʢʣʘʜ, ʩʫʧʫʪʥʠʢʠ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʦʨʽʻʥʪʫʶʪʴ ʧʨʠʡʤʘʣʴʥʽ ʘʥʪʝʥʠ ʥʘ ɿʝʤʣʶ, ʧʨʠ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʟʡʦʤʢʘʭ ʦʨʽʻʥʪʘʮʽʷ ʦʩʽ ʬʦʪʦʢʘʤʝʨʠ, ʜʣʷ 

ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʚʘʞʣʠʚʝ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʽʥʰʽ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʨʽʻʥʪʘʮʽʶ ʦʙ'ʻʢʪʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʝʷʢʠʭ 

ʦʙ'ʻʢʪʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʨʷʜʫ ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʽʜʦʤʽ ʜʚʘ ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʨʽʻʥʪʘʮʽʾ: ʘʤʧʣʽʪʫʜʥʠʡ ʪʘ ʬʘʟʦʚʠʡ (ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʡ). 

ɸʤʧʣʽʪʫʜʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʪʝʥʠ ʟ ʜʫʞʝ 

ʚʫʟʴʢʦʶ, ʜʽʘʛʨʘʤʦʶ ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʝʞʝʥʥʷ ʫ 

ʥʘʧʨʷʤʢʫ ʟʘ ʜʞʝʨʝʣʦʤ ʨʘʜʽʦʩʠʛʥʘʣʫ, ʨʦʟʤʽʱʝʥʠʤ ʥʘ ʦʙ'ʻʢʪʽ, ʪʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʽʚ ʤʽʞ ʦʩʷʤʠ ʘʥʪʝʥʠ ʪʘ ʦʩʷʤʠ ʦʙ'ʻʢʪʘ. 

ɺʘʨʪʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʠʩʦʢʘ ʽ ʻ ʩʝʨʡʦʟʥʽ ʧʨʦʙʣʝʤʠ ʟ ʾʭ 

ʨʦʟʤʽʱʝʥʥʷʤ ʥʘ ʨʫʭʦʤʠʭ ʦʙ'ʻʢʪʘʭ. 

ɯʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʽʚ ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦ ʢʽʣʴʢʘ ʨʦʟʥʝʩʝʥʠʭ ʫ ʧʨʦʩʪʦʨʽ ʘʥʪʝʥ ʧʨʠʡʤʘʶʪʴ ʩʠʛʥʘʣ 

ʚʽʜ ʜʞʝʨʝʣʘ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʘʥʪʝʥʘʤʠ (ʙʘʟʘ) ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʨʦʟʤʽʨʫ 

ʘʧʝʨʪʫʨʠ ʘʥʪʝʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʫ ʞ ʪʦʯʥʽʩʪʴ ʧʨʠ ʘʤʧʣʽʪʫʜʥʦʤʫ 

ʤʝʪʦʜʽ. ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʦʮʽʥʶʻ ʨʽʟʥʠʮʶ ʭʦʜʫ ʩʠʛʥʘʣʫ 

ʜʦ ʘʥʪʝʥ. ɽʢʚʽʚʘʣʝʥʪʦʤ ʨʽʟʥʠʮʽ ʭʦʜʫ ʻ ʨʽʟʥʠʮʷ ʬʘʟ ʧʨʠʡʥʷʪʠʭ 

ʩʠʛʥʘʣʽʚ. 
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ɿ ʚʠʤʽʨʽʚ ʬʘʟʦʚʠʭ ʟʩʫʚʽʚ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ, ʨʦʟʥʝʩʝʥʠʤʠ 

ʘʥʪʝʥʘʤʠ, ʚʠʟʥʘʯʘʶʪʴ ʦʨʽʻʥʪʘʮʽʶ ʙʘʟʦʚʦʾ ʣʽʥʽʾ, ʱʦ ʟ'ʻʜʥʫʻ 

ʧʨʠʡʤʘʣʴʥʽ ʘʥʪʝʥʠ, ʘ ʧʦ ʥʽʡ ï ʦʨʽʻʥʪʘʮʽʶ. 

ɯʩʥʫʶʪʴ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʘʪʯʠʢʽʚ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ, 

ʥʘʧʨʠʢʣʘʜ ʽʥʝʨʮʽʡʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʽʟ 

ʜʘʪʯʠʢʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʨʫʙʦʾ ʦʮʽʥʢʠ ʦʨʽʻʥʪʘʮʽʾ ʦʙ'ʻʢʪʘ. 

ʆʜʥʘʢ ʽʥʝʨʮʽʡʥʽ ʜʘʪʯʠʢʠ ʦʨʽʻʥʪʘʮʽʾ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, 

ʟʥʘʯʥʫ ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʛʘʙʘʨʠʪʠ. 

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʦʩʥʦʚʥʦʤʫ ʘʧʘʨʘʪʫʨʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʚʠʤʽʨʽʚ [1]. 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʟʘʻʤʥʦʾ ʩʦʦʩʥʦʾ ʢʫʪʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ʚʽʜʜʘʣʝʥʦʛʦ ʦʙ'ʻʢʪʘ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ. 

ʄʝʪʦʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ 

ʚʽʜʙʠʚʘʯʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʭ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʦʧʪʠʯʥʦʾ ʪʦʚʱʠʥʠ. 

ʂʦʞʥʘ ʛʨʘʥʴ (ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʘ ʧʣʘʩʪʠʥʘ) ʚʽʜʙʠʚʘʯʘ ʬʦʨʤʫʻ 

ʫʥʽʢʘʣʴʥʠʡ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ. 

ʐʫʢʘʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ, 

ʽ ʢʨʠʪʝʨʽʶ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʜʽʙʥʦʩʪʽ ʩʧʝʢʪʨʘ ʧʝʚʥʦʾ ʦʨʽʻʥʪʘʮʽʾ 

ʛʨʘʥʝʡ ʚʽʜʙʠʚʘʯʽʚ. 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʧʘʜʽʥʥʽ ʟʦʥʜʫʶʯʦʛʦ ʧʫʯʢʘ ʥʘ 

ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʫ ʧʣʘʩʪʠʥʫ ʚʽʜʙʠʚʘʯʘ, ʚ ʩʧʝʢʪʨʽ ʩʠʛʥʘʣʫ, ʱʦ 

ʨʝʻʩʪʨʫʻʪʴʩʷ, ʥʘʷʚʥʘ ʪʽʣʴʢʠ ʦʜʥʘ ʯʘʩʪʦʪʘ. 

ʇʦʷʚʘ ʪʽʣʴʢʠ ʦʜʥʽʻʾ ʯʘʩʪʦʪʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠʯʥʦʶ 

ʪʦʚʱʠʥʦʶ ʚʽʜʙʠʚʘʶʯʦʾ ʧʣʘʩʪʠʥʠ, ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʽʻʤ 

ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʚʽʜʙʠʚʘʯʘ ʽ ʚʽʜʜʘʣʝʥʦʛʦ ʦʙ'ʻʢʪʘ 

ʚʽʜʧʦʚʽʜʥʦ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. Van Graas, F. GPS Interferometric Attitude and Heading 

Determination: Initial Flight Test Results / F. Van Graas, M. Braasch. // 

Navigation: Journal of the Institute of Navigation. - Vol. 38. - ˉ 4. - Winter 

1991-1992. - P.297-316.  



101 

 

ʄʠʭʘʡʣʦ ɻʫʩʘʨ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ.ɺ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʽʚ LoRa ʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʘʭ 
ʅʘ ʩʴʦʛʦʜʥʽ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ) ʟʥʘʭʦʜʷʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ʐʠʨʦʢʠʡ 

ʚʠʙʽʨ ʟʘʚʦʜʩʴʢʠʭ ʜʨʦʥʽʚ ʪʘ ʢʦʤʧʦʥʝʥʪʥʦʾ ʙʘʟʠ ʜʣʷ ʥʠʭ, ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʟ ʨʽʟʥʦʶ ʤʝʪʦʶ. 

ʆʩʢʽʣʴʢʠ ʪʝʧʝʨ ɹʇʃɸ ʜʦʚʦʣʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʘʝʨʦʨʦʟʚʽʜʮʽ ʘʙʦ ʪʦʜʽ, ʢʦʣʠ ʦʩʦʙʠʩʪʝ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʠʥʠ ʚ 

ʤʽʩʮʽ ʨʦʙʦʪʠ ɹʇʃɸ ʥʝʤʦʞʣʠʚʝ ʘʙʦ ʥʝʙʝʟʧʝʯʥʝ, ʚʠʥʠʢʘʻ 

ʧʨʦʙʣʝʤʘ ʟ ʢʝʨʫʚʘʥʥʷʤ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ, ʟʘ ʫʤʦʚʠ 

ʦʙʤʝʞʝʥʦʛʦ ʝʥʝʨʛʦʨʝʩʫʨʩʫ (ʻʤʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʘ). ɼʣʷ 

ʨʦʟʚô̫ ʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʘʜʽʦʤʦʜʫʣʽ LoRa. 

LoRa ï ʮʝ ʙʝʟʜʨʦʪʦʚʘ ʧʣʘʪʬʦʨʤʘ ʚʝʣʠʢʦʛʦ ʨʘʜʽʫʩʘ ʜʽʾ ʪʘ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ [1]. LoRa ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʥʘ 

ʟʥʘʯʥʠʭ ʚʽʜʩʪʘʥʷʭ, ʚʦʥʘ ʤʘʻ ʥʠʟʴʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ ʜʨʦʥʘ ʪʘ ʜʝʱʦ 

ʟʙʽʣʴʰʠʪʠ ʯʘʩ ʧʦʣʴʦʪʫ. ɼʦ ʧʝʨʝʚʘʛ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʥʠʟʴʢʦ 

ʚʠʨʘʞʝʥʫ ʧʦʣʷʨʠʟʘʮʽʶ ʩʠʛʥʘʣʫ, ʱʦ ʟʘʪʨʫʜʥʷʻ ʧʝʣʝʥʛʫʚʘʥʥʷ 

ʜʨʦʥʘ ʧʽʜ ʯʘʩ ʢʝʨʫʚʘʥʥʷ ʥʠʤ. ʅʝʜʦʣʽʢʘʤʠ ʻ ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʤʫʰʫʻ ʡʪʠ ʥʘ ʧʝʚʥʽ ʢʦʤʧʨʦʤʽʩʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʣʝʤʝʪʨʽʾ. 

FrSky R9M ï ʩʠʩʪʝʤʘ ʨʘʜʽʦʢʦʥʪʨʦʣʶ ʜʘʣʴʥʴʦʾ ʜʽʾ ʚʽʜ ʢʦʤʧʘʥʽʾ 

FrSky, ʧʨʘʮʶʻ ʥʘ ʯʘʩʪʦʪʘʭ  868 ʪʘ 900  Mɻʮ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʜʘʣʴʥʽʩʪʴ ʙʽʣʴʰʝ 10ʢʤ ʥʘ ʧʦʪʫʞʥʦʩʪʽ ʚ 1 ʚʘʪ [2]. 

TBS Crossfire ï ʩʠʩʪʝʤʘ ʨʘʜʽʦʟʚôʷʟʢʫ ʜʣʷ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ ʚʽʜ 

ʢʦʤʧʘʥʽʾ Team Black Sheep ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʯʘʩʪʦʪʘʭ 868 ʪʘ 915  

Mɻʮ ʽ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʥʘ ʚʽʜʩʪʘʥʷʭ ʜʦ 30-40 ʢʤ, ʘʣʝ 

ʚʽʜʯʫʪʥʠʤ ʤʽʥʫʩʦʤ ʻ ʡʦʛʦ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʤʦʜʫʣʷʤʠ [5]. 

QCZEK LRS ï ʥʝʢʦʤʝʨʮʽʡʥʠʡ ʧʨʦʻʢʪ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʦʜʫʣʽ 

LORA SX1278 [3]. ɸʚʪʦʨ ʟʘʟʥʘʯʘʻ, ʱʦ LoRa ʤʦʜʫʣʽ ʟ 

ʧʨʦʰʠʚʢʦʶ QCZEK, ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ 200 ʤɺʪ ʪʘ ʯʘʩʪʦʪʦʶ 

433ʄɻʮ ʟʘ ʫʤʦʚʠ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʘʣʴʥʽʩʪʴ ʜʦ 

40 ʢʤ, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʪʫʞʥʦʩʪʽ 1 ɺʪ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ 
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ʜʘʣʴʥʦʩʪʽ ʧʝʨʝʜʘʯʽ 80 ʢʤ. ʊʝʣʝʤʝʪʨʽʷ ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʧʨʦʪʦʢʦʣʦʤ  

MavLink [4]. 

ExpressLRS  ï ʩʠʩʪʝʤʘ ʨʘʜʽʦʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʷʢ 

Opensource ʧʨʦʻʢʪ. ɺʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʦʥʦʚʣʝʥʥʷ 

ʧʘʢʝʪʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʥʘʯʥʫ ʜʘʣʴʥʽʩʪʴ ʨʘʜʽʦʟʚ'ʷʟʢʫ. ɯʩʥʫʻ ʫ 

ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, 2.4 ɻɻʮ ʪʘ 900 ʄɻʮ [5]. 

ExpressLRS  ʙʘʟʫʻʪʴʩʷ ʥʘ SX1276. ɺʠʧʨʦʙʫʚʘʥʥʷ ʚʽʜ Oscar Liang 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ 100 ʤɺʪ ʟ ʩʪʘʥʜʘʨʪʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʥʘ ʯʘʩʪʦʪʽ 2,4 ɻɻʮ ʜʘʣʴʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʩʢʣʘʜʘʻ 33 

ʢʤ. [6, 7]. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ LoRa ʧʽʜʭʦʜʠʪʴ ʫ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʢʝʨʫʚʘʥʥʷ ʜʨʦʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ. 

ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ LoRa  ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʟʘʜʘʯʘʭ, ʷʢʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʰʚʠʜʢʦʾ ʨʝʘʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʚ 

ʧʣʘʥʝʨʘʭ. ɿʘʚʜʷʢʠ ʟʘʭʠʱʝʥʦʩʪʽ ʢʘʥʘʣʫ ʨʘʜʽʦʧʝʨʝʜʘʯʽ ʪʘ ʥʠʟʴʢʦ 

ʚʠʨʘʞʝʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʩʠʛʥʘʣʫ, ɹʇʃɸ ʧʽʜ ʢʝʨʫʚʘʥʥʷ LoRa 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʽʡʩʴʢʦʚʠʭ ʮʽʣʝʡ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. LoRa PHY | Semtech [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ : 

https://www.semtech.com/lora/what-is-lora ï (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 28.01.2023). 

2. R9M 2019 - FrSky - Lets you set the limits [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ : https://www.frsky-rc.com/product/r9m-2019/ ï (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 14.02. 

3. 2023QCZEK LRS ï technical specification ï Qczek RC Blog [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ : https://qczek.beyondrc.com/qczek-

lrs-433mhz-1w-lora-rc-link/qczek-lrs-technical-specyfication/  ï (ʜʘʪʘ 
ʟʚʝʨʥʝʥʥʷ: 28.01.2023).  

4. High-performance Open Source Radio Control Link - ExpressLRS 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ : https://www.expresslrs.org  

ï (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 14.02.2023). 

5. How to Setup ExpressLRS 2.4GHz - Oscar Liang [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ : https://oscarliang.com/setup-expresslrs-2-

4ghz/#download-elrs-lua-script ï (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 14.02.2023). 

6. MAVLink  Developer Guide MavLink [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ : https://mavlink.io/en/  ï (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 28.01.2023). 

7 TBS CROSSFIRE TX - LONG RANGE R/C TRANSMITTER [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ : 

https://www.teamblacksheep.com/products/prod:crossfire_tx ï (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

28.01.2023). 

https://www.semtech.com/lora/what-is-lora
https://www.frsky-rc.com/product/r9m-2019/
https://qczek.beyondrc.com/qczek-lrs-433mhz-1w-lora-rc-link/qczek-lrs-technical-specyfication/
https://qczek.beyondrc.com/qczek-lrs-433mhz-1w-lora-rc-link/qczek-lrs-technical-specyfication/
https://www.expresslrs.org/
https://oscarliang.com/setup-expresslrs-2-4ghz/#download-elrs-lua-script
https://oscarliang.com/setup-expresslrs-2-4ghz/#download-elrs-lua-script
https://mavlink.io/en/
https://www.teamblacksheep.com/products/prod:crossfire_tx
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ɺʣʘʜʠʩʣʘʚ ɼʝʤʠʜ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʣʘʨ ʆ.ʗ. 

 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

Deep Learning 
 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʨʦʙʦʪʠ ʟ 

ʥʘʜʨʫʢʦʚʘʥʠʤʠ ʧʘʧʝʨʘʤʠ ʪʘ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʽʥʜʝʢʩʫʚʘʥʥʽ ʪʘ ʦʙʨʦʙʮʽ 

ʜʦʢʫʤʝʥʪʽʚ, ʨʦʙʦʪʽ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ʢʥʠʛʘʤʠ ʪʘ ʙʽʙʣʽʦʪʝʢʘʤʠ, ʘ 

ʪʘʢʦʞ ʚ ʩʬʝʨʘʭ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʰʚʠʜʢʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ-ʦʪ ʬʽʥʘʥʩʠ, ʤʝʜʠʮʠʥʘ, ʥʘʫʢʘ 

ʪʦʱʦ. 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʘʙʦ ʥʘʧʠʩʘʥʦʛʦ ʪʝʢʩʪʫ ʚ ʝʣʝʢʪʨʦʥʥʠʡ ʬʦʨʤʘʪ, 

ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʙʝʨʝʞʝʥʠʡ, ʨʝʜʘʛʦʚʘʥʠʡ ʪʘ ʦʙʨʦʙʣʝʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʘ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʠʤʚʦʣʫ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ [1].  

ʉʴʦʛʦʜʥʽ ʥʘʷʚʥʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ, 

ʧʨʦʪʝ ʥʝ ʚʩʽ ʚʦʥʠ ʦʜʥʘʢʦʚʦ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʪʦʯʥʠʤʠ. ɼʝʷʢʽ 

ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʥʘ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʧʝʚʥʠʭ 

ʪʠʧʽʚ ʪʝʢʩʪʫ, ʪʘʢʠʭ ʷʢ ʨʫʢʦʧʠʩʥʠʡ ʘʙʦ ʜʨʫʢʘʨʩʴʢʠʡ ʪʝʢʩʪ, ʪʦʜʽ 

ʷʢ ʽʥʰʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʘʮʶʚʘʪʠ ʟ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʪʝʢʩʪʫ. ɼʦ ʧʨʠʢʣʘʜʽʚ ʩʠʩʪʝʤ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʬʫʥʢʮʽʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ, ʥʘʣʝʞʘʪʴ: ABBYY FineReader, 

Tesseract, Omnipage, Adobe Acrobat. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʝʪʦʜʦʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʻ ʦʧʪʠʯʥʝ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ (OCR).  

OCR ï ʮʝ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʪʝʢʩʪʫ ʚ 

ʝʣʝʢʪʨʦʥʥʠʡ ʬʦʨʤʘʪ, ʷʢʠʡ ʥʘʜʘʣʽ ʤʦʞʝ ʦʙʨʦʙʣʷʪʠʩʷ 

ʢʦʤʧôʶʪʝʨʦʤ ʷʢ ʪʝʢʩʪ. ɺʠʙʽʨ ʦʙʨʦʙʢʠ ʪʝʢʩʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

OCR ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʩʦʢʽʡ ʪʦʯʥʦʩʪʽ, ʘʚʪʦʤʘʪʠʯʥʽʡ ʦʙʨʦʙʮʽ, 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʽʡ ʘʜʘʧʪʘʮʽʾ ʮʠʭ ʩʠʩʪʝʤ.  

ɼʣʷ OCR ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ: 

1. ʇʨʝʧʨʦʮʝʩʠʥʛ ʟʦʙʨʘʞʝʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ 

ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʪʘʢʽ ʝʪʘʧʠ, ʷʢ 
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ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ, ʚʠʜʘʣʝʥʥʷ ʨʦʟʤʠʪʦʩʪʽ, ʥʦʨʤʘʣʽʟʘʮʽʷ 

ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʯʦʨʥʦ-ʙʽʣʝ ʘʙʦ ʩʽʨʦ-

ʙʽʣʝ. 

2. ʉʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʤʽʞ 

ʩʠʤʚʦʣʘʤʠ ʪʘ ʩʣʦʚʘʤʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʚʠʜʽʣʠʪʠ 

ʦʢʨʝʤʽ ʩʠʤʚʦʣʠ ʪʘ ʩʣʦʚʘ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. 

3. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ï ʮʝ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʩʠʤʚʦʣʽʚ 

ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʪʘ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʪʝʢʩʪʦʚʠʡ ʬʦʨʤʘʪ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (CNN). 

4. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʝʢʩʪʫ ï ʮʝ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʤʦʚʠ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʠʤʚʦʣʽʚ, ʰʨʠʬʪʽʚ ʪʘ ʾʭ ʨʦʟʤʽʨʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʷʢʽʩʪʴ ʚʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ, ʪʠʧ ʰʨʠʬʪʫ ʪʘ ʡʦʛʦ ʨʦʟʤʽʨ, ʤʦʚʘ ʪʘ ʛʨʘʤʘʪʠʢʘ 

ʪʝʢʩʪʫ, ʥʘʷʚʥʽʩʪʴ ʰʫʤʫ ʪʘ ʽʥʰʽ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʘʭʠʩʪ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʤʦʞʝ ʤʽʩʪʠʪʠʩʷ ʚ ʪʝʢʩʪʽ, 

ʪʦʤʫ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʝʟʧʝʯʥʦʶ ʪʘ ʟʘʭʠʱʝʥʦʶ ʚʽʜ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. 

ʆʪʞʝ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʪʘ 

ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʪʦʩʫʥʦʢ, ʷʢʠʡ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʬʦʪʦʛʨʘʬʽʾ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʜʝʣʽ CNN. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʩʠʩʪʝʤʘ ʙʫʜʝ ʧʦʢʘʟʫʚʘʪʠ 

ʦʮʠʬʨʦʚʘʥʠʡ ʪʝʢʩʪ ʥʘ ʝʢʨʘʥʽ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯ ʤʽʛ ʧʨʦʜʦʚʞʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʪʝʢʩʪ ʫ ʩʚʦʾʭ ʮʽʣʷʭ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɯʚʘʥ ɼʝʤôʷʥʯʫʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʊʠʤʦʬʽʻʚʘ ɭ. ʄ. 

 
˜̤̑̏̋̓ &ÌÏÒÅÓÔÁ 

˔̨̆̌̆̎ ʥʘʩʘʜʞʝʥʥʷ ʚ ʤʽʩʪʘʭ ʻ ʩʢʣʘʜʦʚʦʶ ʟʜʦʨʦʚʦʛʦ ʪʘ 

ʧʨʠʻʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʤʝʰʢʘʥʮʽʚ. ʆʜʥʘʢ, ʟ ʯʘʩʦʤ, 

ʚʥʘʩʣʽʜʦʢ ʟʘʙʫʜʦʚʠ ʪʘ ʽʥʰʠʭ ʣʶʜʩʴʢʠʭ ʚʪʨʫʯʘʥʴ, ʟʝʣʝʥʠʭ ʟʦʥ 

ʩʪʘʣʦ ʟʥʘʯʥʦ ʤʝʥʰʝ. ɺʽʜʥʦʚʣʝʥʥʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ï 

ʥʝʦʜʤʽʥʥʘ ʫʤʦʚʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ. 

ɿʘʩʪʦʩʫʥʢʠ ʜʣʷ ʟʘʤʦʚʣʝʥʥʷ ʧʦʩʘʜʢʠ ʜʝʨʝʚ ï ʮʝ ʥʦʚʠʡ 

ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʟʝʣʝʥʝʥʥʷ ʤʽʩʪ. ɿʘʚʜʷʢʠ ʪʘʢʠʤ 

ʟʘʩʪʦʩʫʥʢʘʤ ʛʨʦʤʘʜʷʥʠ ʤʦʞʫʪʴ ʟʘʤʦʚʣʷʪʠ ʧʦʩʘʜʢʫ ʜʝʨʝʚ ʫ 

ʚʠʙʨʘʥʦʤʫ ʤʽʩʮʽ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʦʩʘʜʢʫ ʜʝʨʝʚ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʽʩʮʷʭ ʪʘ ʫʥʠʢʥʫʪʠ ʾʭ ʚʠʧʘʜʢʦʚʦʾ 

ʧʦʩʘʜʢʠ ʘʙʦ ʚʠʜʘʣʝʥʥʷ. 

ɿʘʩʪʦʩʫʥʢʠ ʜʣʷ ʟʘʤʦʚʣʝʥʥʷ ʧʦʩʘʜʢʠ ʜʝʨʝʚ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʦʩʘʜʢʠ ʜʝʨʝʚ ʜʣʷ ʛʨʦʤʘʜʷʥ. 

ɿʘʚʜʷʢʠ ʮʠʤ ʟʘʩʪʦʩʫʥʢʘʤ ʤʝʰʢʘʥʮʽ ʤʦʞʫʪʴ ʦʙʨʘʪʠ, ʷʢʝ ʜʝʨʝʚʦ 

ʚʦʥʠ ʙʘʞʘʶʪʴ, ʚ ʷʢʦʤʫ ʤʽʩʮʽ ʚʦʥʠ ʙʘʞʘʶʪʴ ʡʦʛʦ ʧʦʩʘʜʠʪʠ ʪʘ 

ʢʦʣʠ. ʊʘʢ ʤʝʰʢʘʥʮʽ ʤʦʞʫʪʴ ʙʫʪʠ ʘʢʪʠʚʥʽʰʝ ʟʘʜʽʷʥʽ ʚ 

ʦʟʝʣʝʥʝʥʥʽ ʩʚʦʛʦ ʤʽʩʪʘ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ ʡʦʛʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ. 

ʆʢʨʽʤ ʪʦʛʦ, ʚʝʙ-ʟʘʩʪʦʩʫʥʢʠ ʜʣʷ ʟʘʤʦʚʣʝʥʥʷ ʧʦʩʘʜʢʠ ʜʝʨʝʚ 

ʩʣʫʛʫʶʪʴ ʟʘʧʦʨʫʢʦʶ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʟʜʦʨʦʚ'ʷ ʤʝʰʢʘʥʮʽʚ. ɼʝʨʝʚʘ 

ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʨʦʜʥʫ ʬʽʣʴʪʨʘʮʽʶ ʧʦʚʽʪʨʷ ʪʘ 

ʟʤʝʥʰʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʽ. ʂʨʽʤ ʪʦʛʦ, 

ʜʝʨʝʚʘ ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʽʩʪʽ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʚʣʽʪʢʫ. 

ʄʝʪʦʶ ʧʨʦʻʢʪʫ ʻ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʘ ʙʣʘʛʦʜʽʡʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʘ ʟʘʡʤʘʻʪʴʩʷ ̖̈́̉̒̓̏̍ ̓́ ̨̠̃̅̎̏̃̌̆̎̎̍ 
̈̆̌̆̎̏̄̏ ̘̠̏̓̏̆̎̎ ̃ ̨̖̍̒̓́Ȣ 
ʇʨʦʮʝʩ ʟʘʤʦʚʣʝʥʥʷ ʧʦʩʘʜʢʠ ʜʝʨʝʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-

ʟʘʩʪʦʩʫʥʢʫ ʤʘʻ ʙʫʪʠ ʧʨʦʩʪʠʤ ʪʘ ʟʨʦʟʫʤʽʣʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʆʜʠʥ ʟʽ ʩʧʦʩʦʙʽʚ ʟʘʤʦʚʣʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʚʠʙʦʨʽ ʤʽʩʮʷ ʜʣʷ 

ʧʦʩʘʜʢʠ ʜʝʨʝʚʘ ʥʘ ʢʘʨʪʽ. ʇʝʨʰ ʟʘ ʚʩʝ, ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʟʘʡʪʠ 

ʥʘ ʚʝʙ-ʩʘʡʪ, ʱʦ ʧʨʦʧʦʥʫʻ ʪʘʢʠʡ ʩʝʨʚʽʩ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʥ ʤʦʞʝ 
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ʦʙʨʘʪʠ ʟʨʫʯʥʠʡ ʡʦʤʫ ʩʧʦʩʽʙ ʚʠʙʦʨʫ ʤʽʩʮʷ ʜʣʷ ʧʦʩʘʜʢʠ ʜʝʨʝʚʘ. 

ʆʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʙʦʨʫ ʤʽʩʮʷ ʜʣʷ 

ʧʦʩʘʜʢʠ ʜʝʨʝʚʘ ï ʮʝ ʚʠʙʽʨ ʪʦʯʢʠ ʥʘ ʢʘʨʪʽ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʚʽʜʢʨʠʪʠ ʽʥʪʝʨʘʢʪʠʚʥʫ ʢʘʨʪʫ ʤʽʩʪʘ, ʥʘ ʷʢʽʡ ʧʦʢʘʟʘʥʽ ʚʩʽ ʜʦʩʪʫʧʥʽ 

ʜʣʷ ʧʦʩʘʜʢʠ ʤʽʩʮʷ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʧʦ ʢʘʨʪʽ, ʪʘʢʽ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʤʘʩʰʪʘʙʫ, ʧʝʨʝʩʫʚʘʥʥʷ ʢʘʨʪʠ ʪʘ ʽʥ. 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʢʦʨʠʩʪʫʚʘʯ ʦʙʨʘʚ ʤʽʩʮʝ ʜʣʷ ʧʦʩʘʜʢʠ ʜʝʨʝʚʘ ʥʘ 

ʢʘʨʪʽ, ʚʽʥ ʤʦʞʝ ʚʠʙʨʘʪʠ ʪʠʧ ʜʝʨʝʚʘ, ʷʢʠʡ ʙʘʞʘʻ ʧʦʩʘʜʠʪʠ. 

ɿʘʟʚʠʯʘʡ ʥʘ ʚʝʙ-ʩʘʡʪʘʭ, ʱʦ ʧʨʦʧʦʥʫʶʪʴ ʪʘʢʠʡ ʩʝʨʚʽʩ, ʻ ʢʘʪʘʣʦʛ 

ʜʝʨʝʚ, ʜʝ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʦʙʨʘʪʠ ʪʦʡ, ʷʢʠʡ ʡʦʤʫ ʥʘʡʙʽʣʴʰʝ 

ʧʽʜʭʦʜʠʪʴ. ʊʘʢʦʞ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʢʘʟʘʪʠ ʙʘʞʘʥʠʡ ʯʘʩ 

ʧʦʩʘʜʢʠ ʜʝʨʝʚʘ. 

ʇʽʩʣʷ ʚʠʙʦʨʫ ʪʦʯʢʠ ʥʘ ʢʘʨʪʽ ʪʘ ʜʝʨʝʚʘ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ 

ʟʘʧʦʚʥʠʪʠ ʬʦʨʤʫ ʟ ʢʦʥʪʘʢʪʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʽʥʰʦʶ ʥʝʦʙʭʽʜʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʟʘʤʦʚʣʝʥʥʷ ʙʫʜʝ ʦʧʨʘʮʴʦʚʘʥʝ, 

ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʘʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʟʘʤʦʚʣʝʥʥʷ ʪʘ ʜʘʪʫ 

ʧʦʩʘʜʢʠ ʜʝʨʝʚʘ. ɿʘʟʚʠʯʘʡ ʟʘʤʦʚʣʝʥʥʷ ʜʝʨʝʚʘ ʤʦʞʝ ʙʫʪʠ 

ʙʝʟʢʦʰʪʦʚʥʠʤ ʘʙʦ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʩʧʣʘʪʠʪʠ ʟʘ ʜʝʨʝʚʦ ʟʘ 

ʚʣʘʩʥʠʤ ʙʘʞʘʥʥʷʤ. 

ɺʠʙʽʨ ʤʽʩʮʷ ʜʣʷ ʧʦʩʘʜʢʠ ʜʝʨʝʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʙʦʨʫ ʪʦʯʢʠ 

ʥʘ ʢʘʨʪʽ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʧʦʩʘʜʢʠ ʜʝʨʝʚ ʜʣʷ ʛʨʦʤʘʜʠ. 

ɺʝʙ-ʟʘʩʪʦʩʫʥʦʢ ʙʫʜʝ ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʙʘʟʽ Angular [1] ʪʘ 

Node.js [2]. Angular ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʙʘʛʘʪʦʧʦʪʦʯʥʽ ʪʘ 

ʝʬʝʢʪʠʚʥʽ ʚʝʙ-ʜʦʜʘʪʢʠ, ʱʦ  ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ. ɸ ʚʠʢʦʨʠʩʪʘʥʥʷ 

Node.js ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ ʩʪʚʦʨʶʚʘʪʠ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʝʙ-ʟʘʩʪʦʩʫʥʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʙʘʟʘʤʠ ʜʘʥʠʭ ʪʘ 

ʽʥʰʠʤʠ ʜʦʜʘʪʢʘʤʠ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ Angular ʪʘ 

Node.js ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʫ ʪʘ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʚʝʙ-

ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʟʘʤʦʚʣʝʥʥʷ ʧʦʩʘʜʢʠ ʜʝʨʝʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. The web development framework for building the future. 
URL: https://angular.io/. 

2. Node.js is an open-source, cross-platform JavaScript runtime 

environment . URL: https://nodejs.org/. 

  

file:///C:/Users/Betsy/Downloads/%20https:/angular.io/
file:///C:/Users/Betsy/Downloads/%20https:/angular.io/
https://nodejs.org/
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ɯʚʘʥ ɼʝʨʜʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɼʚʦʨʞʘʢ ɺ.ɺ. 

ɼʦʜʘʪʦʢ ʜʣʷ ʘʚʪʦʚʠʟʥʘʯʝʥʥʷ ʩʪʨʘʚ, ʛʝʥʝʨʘʮʽʾ ʨʝʮʝʧʪʘ 

ʪʘ ʩʧʠʩʢʫ ʧʦʢʫʧʦʢ 
ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ, 

ʧʦʪʨʽʙʥʦ ʜʦʙʨʝ ʭʘʨʯʫʚʘʪʠʩʴ, ʘ ʱʝ ʢʨʘʱʝ, ʢʦʣʠ ʮʷ ʾʞʘ 

ʧʨʠʛʦʪʦʚʘʥʘ ʩʚʦʾʤʠ ʨʫʢʘʤʠ ʟ ʧʝʨʝʚʽʨʝʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʊʠʤ ʧʘʯʝ ʚ 

ʚʝʣʠʢʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʷʢʝ ʦʧʫʙʣʽʢʦʚʘʥʝ ʚ The New England 

Journal of Medicine [1] ʫ 2011 ʨʦʮʽ, ʧʦʢʘʟʘʥʦ, ʱʦ ʷʢʽʩʪʴ ʾʞʽ ʻ 

ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ. ɸʣʝ ʽʥʦʜʽ ʙʫʚʘʻ ʜʫʞʝ 

ʚʘʞʢʦ ʟʥʘʡʪʠ ʨʝʮʝʧʪ ʷʢʦʾʩʴ ʩʪʨʘʚʠ, ʷʢʘ ʩʧʦʜʦʙʘʣʘʩʴ ʚ ʨʝʩʪʦʨʘʥʽ 

ʯʠ ʚ ʛʦʩʪʷʭ, ʦʩʦʙʣʠʚʦ ʥʝ ʟʥʘʶʯʠ ʾʾ ʥʘʟʚʫ. ʄʦʞʝ ʙʫʪʠ ʡ ʩʠʪʫʘʮʽʷ, 

ʢʦʣʠ ʙʣʫʢʘʶʯʠ ʩʦʮʤʝʨʝʞʘʤʠ, ʚʘʤ ʩʧʦʜʦʙʘʣʘʩʴ ʷʢʘʩʴ ʩʪʨʘʚʘ, ʘʣʝ 

ʚʽʜʩʫʪʥʷ ʽʥʬʦʨʤʘʮʽʷ, ʷʢ ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ, ʱʦ ʨʦʙʠʪʴ ʱʝ ʚʘʞʯʠʤ 

ʧʦʰʫʢ ʨʝʮʝʧʪʘ. ɸʥʘʣʽʟ ʨʠʥʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʢʘʟʘʚ, ʱʦ ʟʘʛʘʣʦʤ ʧʦʰʠʨʝʥʽ ʜʦʜʘʪʢʠ, ʷʢʽ ʧʽʜʨʘʭʦʚʫʶʪʴ 

ʢʽʣʴʢʽʩʪʴ ʢʘʣʦʨʽʡ ʚ ʩʪʨʘʚʽ, ʘʣʝ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʨʝʮʝʧʪʘ ʧʦ ʬʦʪʦ, ʤʘʡʞʝ ʥʝʤʘʻ ʫ 

ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ. ʋ ʟʚôʷʟʢʫ ʟ ʚʝʣʠʢʦʶ ʧʦʰʠʨʝʥʽʩʪʶ 

ʩʤʘʨʪʬʦʥʽʚ ʩʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʨʦʟʨʦʙʠʪʠ 

ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʠʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ, ʷʢʠʡ ʙʠ ʜʦʧʦʤʘʛʘʚ 

ʚʠʟʥʘʯʠʪʠ ʥʘʟʚʫ ʩʪʨʘʚʠ ʟʘ ʬʦʪʦ ʪʘ ʧʽʜʽʙʨʘʪʠ ʾʾ ʨʝʮʝʧʪ, ʘ ʢʨʽʤ 

ʪʦʛʦ, ʚʽʜʨʘʟʫ ʩʢʣʘʩʪʠ ʩʧʠʩʦʢ ʧʦʢʫʧʦʢ, ʱʦ ʟʥʘʯʥʦ ʙʫʜʝ 

ʝʢʦʥʦʤʠʪʠ ʯʘʩ ʢʦʨʠʩʪʫʚʘʯʘ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʜʣʷ 

ʘʚʪʦʚʠʟʥʘʯʝʥʥʷ ʩʪʨʘʚ, ʛʝʥʝʨʘʮʽʾ ʨʝʮʝʧʪʘ ʪʘ ʩʧʠʩʢʫ ʧʦʢʫʧʦʢ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ 

ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʢʦʨʠʩʪʫʚʘʯʫ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʜʣʷ ʧʦʰʫʢʫ 

ʩʪʨʘʚ ʟʘ ʬʦʪʦ, ʧʽʜʙʦʨʫ ʨʝʮʝʧʪʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʝʣʝʡ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ 

ʥʘ ʥʦʚʠʭ ʢʣʘʩʘʭ ʩʪʨʘʚ. 

ʎʝʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʣʦʛʽʯʥʦ ʜʽʣʠʪʴʩʷ ʥʘ 2 ʩʢʣʘʜʦʚʽ: 

ʩʝʨʚʝʨ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʨʘʚ ʪʘ ʢʣʽʻʥʪʩʴʢʫ ʯʘʩʪʠʥʫ ʫ ʚʠʛʣʷʜʽ 
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ʤʦʙʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ. ʉʝʨʚʝʨ ʤʽʩʪʠʪʴ ʬʘʡʣ ʟ ʤʦʜʝʣʣʶ, ʷʢʘ 

ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ ʘʨʭʽʪʝʢʪʫʨʠ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

MobileNetV2 [2] ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʘʚʠ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʦʙʨʘʥʦ ʤʦʚʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ TypeScript ʪʘ ʧʣʘʪʬʦʨʤʫ React-Native. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʙʽʙʣʽʦʪʝʢ ʪʘ ʧʨʦʩʪʦʪʠ ʚ ʟʙʽʨʮʽ ʧʘʢʝʪʽʚ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ Android ʪʘ iOS ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʭʤʘʨʥʘ 

ʧʣʘʪʬʦʨʤʘ Expo. ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʛʣʦʙʘʣʴʥʠʤ ʩʭʦʚʠʱʝʤ ʜʦʜʘʪʢʘ 

ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʙʽʙʣʽʦʪʝʢʘ effector. ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ 

ʟʘʩʪʦʩʫʥʢʫ ʤʦʞʥʘ ʧʝʨʝʛʣʷʥʫʪʠ ʥʘ ʨʠʩ.1. 

 
ʈʠʩ.1. ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʟʘʩʪʦʩʫʥʢʫ 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʜʦʜʘʪʦʢ ʤʘʻ ʧʨʦʩʪʠʡ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ 

ʽʥʪʝʨʬʝʡʩ ʪʘ ʜʦʜʘʪʢʦʚʠʡ ʜʦʧʦʤʽʞʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʜʦʩʚʽʜʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Changes in Diet and Lifestyle and Long-Term Weight Gain in Women 

and Men // The New England Journal of Medicine ï 2011. 

URL:https://www.nejm.org/doi/full/10.1056/NEJMoa1014296 

2. Mark Sandler et al. MobileNetV2: Inverted Residuals and Linear 

Bottlenecks // The IEEE Conference on Computer Vision and Pattern 

Recognition (CVPR), 2018, pp. 4510-4520. 

URL:https://doi.org/10.48550/arXiv.1801.04381 

  

https://www.nejm.org/doi/full/10.1056/NEJMoa1014296
https://arxiv.org/search/cs?searchtype=author&query=Sandler%2C+M
https://doi.org/10.48550/arXiv.1801.04381
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ɭʛʦʨ ɼʝʨʝʚôʷʥʢʦ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʪʨʠʥʘʜʢʦ ʄ.ʊ. 

ʂʫʪʥʠʢʦʚʠʡ ʪʨʠʛʨʘʥʥʠʡ ʽʥʪʝʨʬʝʨʦʤʝʪʨ 

ʇʦʰʠʨʝʥʠʤ ʬʽʟʠʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʪʦʯʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʟʩʫʚʽʚ, ʚʽʜʩʪʘʥʝʡ ʪʘ ʰʚʠʜʢʦʩʪʝʡ, ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʦʧʪʠʯʥʠʭ ʜʝʪʘʣʝʡ ʻ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʠ. ɺ ʣʽʪʝʨʘʪʫʨʽ [1-4] ʦʧʠʩʘʥʽ ʨʽʟʥʽ ʩʭʝʤʠ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʚ, ʾʭ ʙʫʜʦʚʘ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʨʦʟʛʣʷʥʫʪʘ ʦʨʠʛʽʥʘʣʴʥʘ ʩʭʝʤʘ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʙʽʣʴʰ ʧʨʦʩʪʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʨʽʟʥʠʤʠ ʤʦʜʠʬʽʢʘʮʽʷʤʠ.  ʉʭʝʤʘ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʤʽʩʪʠʪʴ ʣʠʰʝ ʜʚʘ ʦʧʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ð 

ʪʨʠʛʨʘʥʥʫ ʧʨʠʟʤʫ ʪʘ ʢʫʪʦʚʠʡ ʚʽʜʙʠʚʘʯ. ʇʨʠʟʤʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʧʦʜʽʣʫ ʪʘ ʧʦʻʜʥʘʥʥʷ ʧʫʯʢʽʚ, ʚʠʢʣʶʯʘʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʘʪʠ 

ʦʧʦʨʥʠʡ ʚʽʜʙʠʚʘʯ ʫ ʩʭʝʤʽ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʉʭʝʤʘ ʢʫʪʦʚʦʛʦ 

ʪʨʠʛʨʘʥʥʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʢʫʪʦʚʦʛʦ ʪʨʠʛʨʘʥʥʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ 

 

 ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ, ʱʦ ʧʘʜʘʻ ʥʘ ʮʝʥʪʨ ʛʨʘʥʽ 1 ʧʨʠʟʤʠ, 

ʯʘʩʪʢʦʚʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʜʦ ʧʨʠʡʤʘʯʘ, ʫʪʚʦʨʶʶʯʠ ʦʧʦʨʥʠʡ ʧʫʯʦʢ, 

ʘ ʯʘʩʪʢʦʚʦ ʧʨʦʭʦʜʠʪʴ ʫ ʧʨʠʟʤʫ. ʇʨʦʤʽʥʴ, ʱʦ ʧʨʦʡʰʦʚ ʫ ʧʨʠʟʤʫ, 

ʟʘʣʦʤʣʶʻʪʴʩʷ, ʚʠʭʦʜʠʪʴ ʟ ʛʨʘʥʽ 2 ʽ ʧʨʷʤʫʻ ʜʦ ʚʽʜʜʘʣʝʥʦʛʦ 

ʢʫʪʦʚʦʛʦ ʚʽʜʙʠʚʘʯʘ 3. ɺʽʜʙʠʪʠʡ ʧʫʯʦʢ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʨʠʟʤʫ 

ʧʘʨʘʣʝʣʴʥʦ ʧʨʷʤʦʤʫ ʧʫʯʢʫ; ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʶʩʪʫʚʘʥʥʽ ʚʦʥʠ 

ʩʠʤʝʪʨʠʯʥʽ ʱʦʜʦ ʦʩʽ ʆʆô, ʪʘʢ ʱʦ ʟʚʦʨʦʪʥʠʡ ʧʫʯʦʢ ʧʦʪʨʘʧʣʷʻ ʥʘ 
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ʛʨʘʥʴ 4 ʧʨʠʟʤʠ ʚ ʪʦʯʢʫ, ʩʠʤʝʪʨʠʯʥʫ ʪʦʯʮʽ 2, ʟʘʣʦʤʣʶʻʪʴʩʷ ʽ 

ʚʠʭʦʜʠʪʴ ʟ ʧʝʨʝʜʥʴʦʾ ʛʨʘʥʽ ʧʨʠʟʤʠ ʚ ʪʦʤʫ ʞ ʥʘʧʨʷʤʢʫ, ʱʦ 

ʦʧʦʨʥʠʡ ʧʫʯʦʢ. ʆʧʦʨʥʠʡ ʪʘ ʜʠʩʪʘʥʮʽʡʥʠʡ ʧʫʯʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʚʝʜʝʥʽ ʘʙʦ ʟʚʝʜʝʥʽ ʥʝʚʝʣʠʢʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʪʦʯʢʠ ʧʘʜʽʥʥʷ 

ʚʭʽʜʥʦʛʦ ʧʨʦʤʝʥʶ ʣʘʟʝʨʘ ʥʘ ʧʨʠʟʤʫ. ɯʥʪʝʨʬʝʨʝʥʮʽʡʥʘ ʢʘʨʪʠʥʘ 

ʫʪʚʦʨʶʻʪʴʩʷ, ʷʢ ʟʘʚʞʜʠ, ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʧʫʯʢʽʚ ʪʘ ʨʝʻʩʪʨʫʻʪʴʩʷ 

ʬʦʪʦʧʨʠʡʤʘʯʝʤ. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʜʠʤʦʩʪʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʩʣʽʜ 

ʚʠʨʽʚʥʷʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʦʨʥʦʛʦ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʧʫʯʢʽʚ. 

ʆʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʘ ʚʽʜ ʦʧʪʠʯʥʦʛʦ ʩʢʣʘ 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 4%, ʜʠʩʪʘʥʮʽʡʥʠʡ ʧʫʯʦʢ ʤʘʻ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʥʽʞ ʦʧʦʨʥʠʡ, ʘʣʝ ʚʚʝʜʝʥʥʷʤ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʩʚʽʪʣʦʬʽʣʴʪʨʘ ʟʤʽʥʥʦʾ ʱʽʣʴʥʦʩʪʽ ʤʦʞʥʘ ʟʨʽʚʥʷʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʦʙʦʭ ʧʫʯʢʽʚ. 

ʉʣʽʜ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʧʨʦʤʝʥʷ ʧʘʨʘʣʝʣʴʥʦ ʦʩʽ ʆʆô ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ 

ʢʫʪ ʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʧʨʠʟʤʠ, ʷʢʠʡ ʜʣʷ 60
0
 ʧʨʠʟʤʠ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʟ ʬʦʨʤʫʣʠ   

ÓÉÎὭ ὲϽÓÉÎφπ ὥὶὧίὭὲ
Ѝ

. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʙʫʣʦ 

ʟʽʙʨʘʥʦ ʤʘʢʝʪ ʢʫʪʦʚʦʛʦ ʪʨʠʛʨʘʥʥʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ. ɼʞʝʨʝʣʦʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʣʫʞʠʚ ʛʝʣʽʡ-ʥʝʦʥʦʚʠʡ ʣʘʟʝʨ, ʘ ʜʣʷ ʧʦʜʽʣʫ ʪʘ 

ʧʦʻʜʥʘʥʥʷ ʧʫʯʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 60
0
 ʧʨʠʟʤʘ ʟ ʢʨʦʥʘ ʂ8. 

ɯʥʪʝʨʬʝʨʝʥʮʽʡʥʘ ʢʘʨʪʠʥʘ ʧʨʦʻʢʪʫʚʘʣʘʩʴ ʦʙôʻʢʪʠʚʦʤ ʥʘ ʝʢʨʘʥ.  

ʇʨʠ ʨʦʙʦʪʽ ʟ ʢʫʪʦʚʠʤ ʪʨʠʛʨʘʥʥʠʤ ʽʥʪʝʨʬʝʨʦʤʝʪʨʦʤ 

ʚʠʷʚʠʣʘʩʴ ʡʦʛʦ ʧʨʦʩʪʦʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʧʦʨʽʚʥʷʥʦ, ʥʘʧʨʠʢʣʘʜ, ʟ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʄʘʡʢʝʣʴʩʦʥʘ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɺʣʘʜʠʩʣʘʚ ɼʞʫʤʘʨʘ, ʖʨʽʡ ɻʨʦʤʦʩʷʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʆʛʽʨʢʦ ʄ.ʆ. 
 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ 
 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʩʫʯʘʩʥʝ 

ʧʘʢʦʚʘʥʥʷ ʧʦʚʠʥʥʦ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʨʠʚʘʣʝ ʟʙʝʨʽʛʘʥʥʷ 

ʪʦʚʘʨʫ, ʘʣʝ ʡ ʥʘʜʽʡʥʦ ʟʘʭʠʱʘʪʠ ʪʦʚʘʨ ʚʽʜ ʧʽʜʨʦʙʢʠ, ʤʝʭʘʥʽʯʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ ʽ ʟʘʙʨʫʜʥʝʥʴ, ʙʫʪʠ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʩʧʦʞʠʚʘʯʘ, 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʽ ʩʧʝʮʠʬʽʯʥʠʤ ʫʧʦʜʦʙʘʥʥʷʤ ʧʦʢʫʧʮʽʚ.  ʊʦʤʫ 

ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʻ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʝʪʘʧʦʤ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘ ʷʢʠʡ ʚʧʣʠʚʘʻ ʨʷʜ ʬʘʢʪʦʨʽʚ, 

ʟʦʢʨʝʤʘ  ʚʠʜ ʧʘʢʦʚʘʥʥʷ, ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʾʭ ʙʘʨôʻʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɰʩʥʫʻ ʙʝʟʣʽʯ ʩʧʦʩʦʙʽʚ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʤʘʪʝʨʽʘʣʫ ʧʘʢʫʚʘʥʥʷ, ʡʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʨʦʙʥʠʢʘ [1]. ɼʦ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ ʥʘʣʝʞʘʪʴ: ʜʨʫʢ ʥʘ 

ʧʘʢʦʚʘʥʥʽ (ʦʬʩʝʪʥʠʡ, ʪʨʘʬʘʨʝʪʥʠʡ, ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʡ, ʮʠʬʨʦʚʠʡ), 

ʣʘʤʽʥʫʚʘʥʥʷ, ʣʘʢʫʚʘʥʥʷ, ʪʠʩʥʝʥʥʷ, ʛʦʬʨʫʚʘʥʥʷ, ʤʝʪʘʣʽʟʘʮʽʷ ʪʘ ʽʥ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ 

ʦʟʜʦʙʣʝʥʥʷ ʧʘʢʦʚʘʥʴ  ʻ ʣʘʢʫʚʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʘʛʘʪʦ 

ʚʽʟʫʘʣʴʥʠʭ ʝʬʝʢʪʽʚ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ, ʥʘʜʘʻ ʾʡ ʙʘʞʘʥʠʭ ʝʩʪʝʪʠʯʥʠʭ 

ʬʫʥʢʮʽʡ, ʙʫʜʫʯʠ ʧʨʠ ʮʴʦʤʫ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ ʜʣʷ ʩʫʙʩʪʨʘʪʫ ʘʙʦ 

ʚʽʜʙʠʪʢʫ ʥʘ ʥʴʦʤʫ. ʐʘʨ ʣʘʢʫ ʤʦʞʝ ʧʦʢʨʠʚʘʪʠ ʷʢ ʚʩʶ ʧʦʚʝʨʭʥʶ 

ʚʽʜʙʠʪʢʘ, ʪʘʢ ʽ ʡʦʛʦ ʚʠʜʽʣʝʥʽ ʬʨʘʛʤʝʥʪʠ, ʩʪʚʦʨʶʶʯʠ ʚʨʘʞʝʥʥʷ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʣʘʢ ʤʦʞʝ 

ʧʽʜʢʨʝʩʣʠʪʠ ʭʘʨʘʢʪʝʨ ʥʘʜʨʫʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʬʝʢʪʫ 

ʙʣʠʩʢʫ, ʤʘʪʫʚʘʥʥʷ ʘʙʦ ʤʽʩʪʠʪʠ ʩʧʝʮʽʘʣʴʥʽ ʜʦʙʘʚʢʠ ʚ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ 

(ʥʘʧʨʠʢʣʘʜ, ʨʽʟʥʽ ʚʠʜʠ ʧʽʛʤʝʥʪʽʚ). ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʦʛʦ ʟʘʭʠʩʪʫ 

ʤʦʞʫʪʴ ʙʫʪʠ ʝʪʠʢʝʪʢʠ ʽ ʧʘʢʦʚʘʥʥʷ, ʤʘʨʢʫʚʘʥʥʷ ʥʘ ʷʢʠʭ, ʥʘʜʨʫʢʦʚʘʥʽ 

ʪʝʨʤʦ- ʽ ʬʦʪʦʭʨʦʤʥʠʤʠ, ʘʨʦʤʦʬʘʨʙʘʤʠ, ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ, 

ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʬʘʨʙʘʤʠ, ʋʌ-ʬʘʨʙʘʤʠ ʪʦʱʦ [1].  

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʣʘʤʽʥʫʚʘʥʥʷ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʪʘ 

ʙʘʨôʻʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʭʠʩʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʛʣʘʜʢʦʩʪʽ, 

ʥʘʜʘʥʥʷ ʛʣʷʥʮʶ ʘʙʦ ʤʘʪʦʚʦʩʪʽ. ʃʘʤʽʥʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʧʘʧʽʨ, ʢʘʨʪʦʥ, 
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ʬʦʣʴʛʘ ʪʘ ʽʥʰʽ. ʃʘʤʽʥʫʚʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʽʡʥʦ ʟʘʭʠʱʘʪʠ 

ʧʘʢʦʚʘʥʥʷ ʟ ʢʘʨʪʦʥʫ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʫ 

ʪʘʢʠʡ ʩʧʦʩʽʙ ʟʙʽʣʴʰʫʶʯʠ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʜʨʫʢʫ. 

ʇʘʢʦʚʘʥʥʷ ʟ ʣʘʤʽʥʦʚʘʥʦʛʦ ʢʘʨʪʦʥʫ ʩʪʽʡʢʝ ʜʦ ʟʦʚʥʽʰʥʽʭ ʤʝʭʘʥʽʯʥʠʭ 

ʚʧʣʠʚʽʚ, ʦʩʦʙʣʠʚʦ ʥʘ ʤʽʩʮʷʭ ʟʨʽʟʽʚ ʪʘ ʙʽʛʫʚʘʥʥʷ [2].  

ʆʜʥʽʻʶ ʟ ʪʝʭʥʦʣʦʛʽʡ ʦʟʜʦʙʣʝʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʝʩʪʝʪʠʯʥʽ ʪʘ ʟʘʭʠʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʙʠʪʢʽʚ, ʻ ʪʠʩʥʝʥʥʷ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʪʠʩʥʝʥʥʷ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʪʘʢʽ: ʟʘʭʠʩʪ ʚʠʨʦʙʽʚ 

ʚʽʜ ʧʽʜʨʦʙʢʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʢʫʤʝʥʪʽʚ ʩʫʚʦʨʦʛʦ ʦʙʣʽʢʫ, 

ʧʘʢʦʚʘʥʥʷ ʪʦʚʘʨʽʚ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ, ʝʪʠʢʝʪʢʠ ʜʣʷ ʣʽʢʝʨʦ-ʛʦʨʽʣʯʘʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʪʦʱʦ; ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʚʽʜʙʠʪʢʘʭ ʛʦʣʦʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

ʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʚʠʨʦʙʽʚ, ʟʦʢʨʝʤʘ ʧʣʘʩʪʠʢʦʚʠʭ ʢʘʨʪʦʢ, ʪʘʣʦʥʽʚ, 

ʣʦʪʝʨʝʡʥʠʭ ʙʽʣʝʪʽʚ; ʦʟʜʦʙʣʝʥʥʷ, ʪʦʙʪʦ ʧʨʠʚʝʨʪʘʥʥʷ ʫʚʘʛʠ ʩʧʦʞʠʚʘʯʽʚ 

ʜʦ ʫʧʘʢʦʚʢʠ ʪʘ ʩʧʦʥʫʢʘʥʥʷ ʾʭ ʢʫʧʠʪʠ ʧʝʚʥʫ ʧʨʦʜʫʢʮʽʶ. ɼʣʷ 

ʫʚʠʨʘʟʥʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʪʘ ʾʾ ʟʘʭʠʩʪʫ ʚʽʜ ʧʽʜʨʦʙʢʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʠʜʠ ʬʦʣʴʛʠ ʜʣʷ ʪʠʩʥʝʥʥʷ: 

ʤʝʪʘʣʽʟʦʚʘʥʘ, ʢʦʣʴʦʨʦʚʘ, ʤʘʪʦʚʘ, ʛʣʷʥʮʝʚʘ, ʛʦʣʦʛʨʘʬʽʯʥʘ, 

ʜʠʬʨʘʢʮʽʡʥʘ, ʤʘʛʥʽʪʥʘ, ʬʦʣʴʛʘ ʜʣʷ ʧʽʜʧʠʩʫ, ʬʦʣʴʛʘ, ʱʦ ʩʪʠʨʘʻʪʴʩʷ,  

ʧʨʠʜʘʪʥʽ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʥʦʚ ʜʣʷ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʪʘ ʨʝʞʠʤʽʚ 

ʥʘʥʝʩʝʥʥʷ [2].  

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʛʘʣʫʟʽ ʧʦʚʥʽʩʪʶ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʤʦʛ ʽ ʩʧʝʮʠʬʽʯʥʠʭ ʚʧʦʜʦʙʘʥʴ ʧʦʢʫʧʮʽʚ. ʇʘʢʦʚʘʥʥʷ 

ʧʦʚʠʥʥʦ ʥʝ ʪʽʣʴʢʠ ʥʘʜʽʡʥʦ ʟʘʭʠʱʘʪʠ ʪʦʚʘʨ ʚʽʜ ʧʠʣʫ ʪʘ ʟʘʙʨʫʜʥʝʥʴ, ʘ 

ʡ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʨʠʚʘʣʝ ʟʙʝʨʽʛʘʥʥʷ ʪʦʚʘʨʫ, ʟʘʭʠʩʪ ʚʽʜ ʚʦʣʦʛʠ ʪʘ 

ʫʣʴʪʨʘʬʽʦʣʝʪʫ, ʙʫʪʠ ʤʽʮʥʠʤ ʪʘ ʝʩʪʝʪʠʯʥʦ ʧʨʠʚʘʙʣʠʚʠʤ.   
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ɸʥʜʨʽʡ ɼʦʙʨʷʥʩʴʢʠʡ, ɼʤʠʪʨʦ ʅʦʨʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ɺ. ɼʫʙʦʣʘʟʦʚ 

 

ʆʛʣʷʜ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʮʠʬʨʫʚʘʥʥʷ ʩʪʘʨʦʜʨʫʢʽʚ 

 
ʆʮʠʬʨʫʚʘʥʥʷ ʩʪʘʨʦʜʨʫʢʽʚ - ʮʝ ʧʨʦʮʝʩ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʢʩʪʽʚ ʽ 

ʟʦʙʨʘʞʝʥʴ ʟʽ ʩʪʘʨʠʭ ʧʘʧʝʨʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʦ ʮʠʬʨʦʚʦʛʦ 

ʬʦʨʤʘʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʮʽ ʨʽʜʢʽʩʥʽ ʽʩʪʦʨʠʯʥʽ ʜʦʢʫʤʝʥʪʠ 

ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʬʦʨʤʽ ʪʘ ʟʨʦʙʠʪʠ ʾʭ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʆʩʴ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʦʮʠʬʨʫʚʘʥʥʷ 

ʩʪʘʨʦʜʨʫʢʽʚ [1]: 

1. ʉʢʘʥʫʚʘʥʥʷ - ʮʝ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʤʝʪʦʜ ʦʮʠʬʨʫʚʘʥʥʷ 

ʩʪʘʨʦʜʨʫʢʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ 

ʩʢʘʥʝʨ, ʷʢʠʡ ʟʥʽʤʘʻ ʟʦʙʨʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ ʟ ʜʦʢʫʤʝʥʪʽʚ ʪʘ 

ʧʝʨʝʪʚʦʨʶʻ ʾʭ ʫ ʮʠʬʨʦʚʠʡ ʬʦʨʤʘʪ. 

2. ʌʦʪʦʛʨʘʬʫʚʘʥʥʷ - ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ 

ʩʢʘʥʫʚʘʥʥʷ ʥʝʤʦʞʣʠʚʦ ʘʙʦ ʥʝʝʬʝʢʪʠʚʥʝ. ɿʘʤʽʩʪʴ ʩʢʘʥʝʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʠʬʨʦʚʠʡ ʬʦʪʦʘʧʘʨʘʪ, ʷʢʠʡ ʬʦʪʦʛʨʘʬʫʻ 

ʩʪʦʨʽʥʢʠ ʜʦʢʫʤʝʥʪʽʚ. 

3. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ (OCR) - ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʝʢʩʪʫ ʥʘ ʨʝʜʘʛʦʚʘʥʠʡ ʪʝʢʩʪ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ 

ʨʦʟʧʽʟʥʘʻ ʩʠʤʚʦʣʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʪʘ ʧʝʨʝʪʚʦʨʶʻ ʾʭ ʫ 

ʪʝʢʩʪʦʚʠʡ ʬʦʨʤʘʪ. 

4. ʈʫʯʥʝ ʚʚʝʜʝʥʥʷ ʪʝʢʩʪʫ - ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʢʦʣʠ 

ʩʪʦʨʽʥʢʠ ʤʽʩʪʷʪʴ ʨʫʢʦʧʠʩʥʠʡ ʪʝʢʩʪ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ 

ʨʦʟʧʽʟʥʘʪʠ ʧʨʦʛʨʘʤʘʤʠ OCR. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʣʶʜʠʥʘ 

ʚʨʫʯʥʫ ʧʝʨʝʧʠʩʫʻ ʪʝʢʩʪ ʟʽ ʩʪʘʨʦʜʨʫʢʽʚ ʜʦ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʫ. 

ʉʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʩʪʘʨʦʜʨʫʢʽʚ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʢʦʨʠʩʥʠʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʝʢʩʪʫ ʫ ʨʝʜʘʢʪʦʚʘʥʠʡ ʪʝʢʩʪʦʚʠʡ 

ʬʦʨʤʘʪ. ʆʩʴ ʜʝʷʢʽ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʨʦʜʨʫʢʽʚ [2]: 

1. ABBYY FineReader - ʮʝ ʧʨʦʛʨʘʤʘ, ʷʢʘ ʤʦʞʝ ʨʦʟʧʽʟʥʘʚʘʪʠ 

ʪʝʢʩʪ ʟʽ ʩʪʦʨʽʥʦʢ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʡʦʛʦ ʫ 
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ʨʝʜʘʢʪʦʚʘʥʠʡ ʬʦʨʤʘʪ. ɺʦʥʘ ʧʽʜʪʨʠʤʫʻ ʙʽʣʴʰʝ 200 ʤʦʚ ʪʘ ʤʘʻ 

ʬʫʥʢʮʽʾ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʪʝʢʩʪʫ. 

2. Adobe Acrobat Pro DC - ʮʷ ʧʨʦʛʨʘʤʘ ʤʘʻ ʬʫʥʢʮʽʶ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʶʚʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ ʜʦʢʫʤʝʥʪʽʚ ʫ ʨʝʜʘʢʪʦʚʘʥʠʡ ʬʦʨʤʘʪ. 

ɺʦʥʘ ʪʘʢʦʞ ʤʘʻ ʬʫʥʢʮʽʾ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʜʦʢʫʤʝʥʪʽʚ. 

3. Tesseract OCR - ʮʝ ʚʽʜʢʨʠʪʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ 

ʤʦʞʝ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʝʢʩʪ ʟʽ ʩʪʦʨʽʥʦʢ ʜʦʢʫʤʝʥʪʽʚ ʪʘ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʡʦʛʦ ʫ ʨʝʜʘʢʪʦʚʘʥʠʡ ʬʦʨʤʘʪ. ʎʷ ʧʨʦʛʨʘʤʘ 

ʧʽʜʪʨʠʤʫʻ ʙʘʛʘʪʦ ʤʦʚ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘ ʨʽʟʥʠʭ 

ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

4. Readiris - ʮʝ ʧʨʦʛʨʘʤʘ, ʷʢʘ ʤʦʞʝ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʝʢʩʪ ʟʽ 

ʩʪʦʨʽʥʦʢ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʡʦʛʦ ʫ ʨʝʜʘʢʪʦʚʘʥʠʡ 

ʬʦʨʤʘʪ. ɺʦʥʘ ʧʽʜʪʨʠʤʫʻ ʙʽʣʴʰʝ 130 ʤʦʚ ʪʘ ʤʘʻ ʬʫʥʢʮʽʾ 

ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ. 

5. Omnipage - ʮʷ ʧʨʦʛʨʘʤʘ ʤʘʻ ʬʫʥʢʮʽʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ, 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ ʜʦʢʫʤʝʥʪʽʚ 

ʫ ʨʝʜʘʢʪʦʚʘʥʠʡ ʬʦʨʤʘʪ. ɺʦʥʘ ʧʽʜʪʨʠʤʫʻ ʙʽʣʴʰʝ 120 ʤʦʚ ʪʘ 

ʤʘʻ ʬʫʥʢʮʽʾ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʪʝʢʩʪʫ. 

ʇʝʨʝʜ ʪʠʤ ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʨʦʜʨʫʢʽʚ, ʤʦʞʥʘ ʩʧʨʦʙʫʚʘʪʠ ʚʠʢʦʥʘʪʠ ʨʫʯʥʠʡ 

ʧʨʦʮʝʩ ʪʨʘʥʩʢʨʠʧʮʽʾ ʘʙʦ ʩʢʘʥʫʚʘʥʥʷ ʪʝʢʩʪʫ. ʈʫʯʥʠʡ ʧʨʦʮʝʩ 

ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʧʨʘʮʝʟʜʘʪʥʠʤ, ʘʣʝ ʚʽʥ ʤʦʞʝ ʜʘʪʠ ʙʽʣʴʰ ʪʦʯʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʚ ʨʘʟʽ ʧʦʰʢʦʜʞʝʥʦʛʦ ʪʝʢʩʪʫ. 

ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʫ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʡʦʛʦ ʥʘ ʝʢʨʘʥʽ ʢʦʤʧ'ʶʪʝʨʘ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʤʦʞʥʘ ʚʨʫʯʥʫ ʧʝʨʝʧʠʩʘʪʠ ʪʝʢʩʪ ʟ ʟʦʙʨʘʞʝʥʥʷ ʚ ʪʝʢʩʪʦʚʠʡ 

ʜʦʢʫʤʝʥʪ. ʎʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ, ʘʣʝ ʚʽʥ ʤʦʞʝ ʜʘʪʠ 

ʙʽʣʴʰ ʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʥʽʞ ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Michael G. Chenoweth and Mark Olsen. "Handwritten Text 

Recognition for Historical Scripts". Annual Review of Linguistics, 

2018. 

2. David A. Smith. "A Survey of Document Image Word Recognition and 

Its Impact on Information Retrieval". ACM Transactions on Information 

Systems (TOIS), 2011. 
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ɽʜʫʘʨʜ ɼʦʚʛʘʥ, ɸʥʜʨʽʡ ɹʝʟʤʝʥʦʚ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ɹʝʟʧʨʦʚʽʜʥʘ ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ 

 
ʉʠʩʪʝʤʠ ʙʝʟʧʨʦʚʽʜʥʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ (ʨʠʩ. 1), ʧʦʻʜʥʫʶʪʴ ʫ 

ʻʜʠʥʫ ʢʦʛʝʨʝʥʪʥʫ ʩʠʩʪʝʤʫ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʧʝʨʝʜʘʚʘʣʴʥʠʭ 

ʤʦʜʫʣʽʚ (ʇʄ) ʽʟ ʨʦʟʥʝʩʝʥʠʤʠ ʚ ʧʨʦʩʪʦʨʽ ʾʭ ʚʠʧʨʦʤʽʥʶʶʯʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʡ ʟʘʛʘʣʴʥʠʤ ʮʝʥʪʨʦʤ ʢʝʨʫʚʘʥʥʷ (ʎʂ).  

ʎʂ

ʇʄ

ʇʄ

ʇʄ

ʇʄ

ʂʈ ʅʘʚʘʥʪʘ-

ʞʝʥʥʷ

ʇʇʄ

ʇʽʣʦʪ-ʩʠʛʥʘʣ (ɯʥʬʦʨʤʘʮʽʷ ʦ ʪʦʯʥʦʩʪʽ ʥʘʚʝʜʝʥʥʷ ʧʨʦʤʝʥʷ)

1

2

i

N

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʙʝʟʧʨʦʚʽʜʥʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ, ʧʦʙʫʜʦʚʘʥʦʾ 

ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ 

 

ʇʝʨʝʜʘʚʘʣʴʥʽ ʤʦʜʫʣʽ (ʇʄ) ʩʠʩʪʝʤʠ ɹʇɽ ʦʙ'ʻʜʥʘʥʽ ʚ ʻʜʠʥʫ 

ʤʝʨʝʞʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ 

(ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʣʷ ʥʘ ʘʧʝʨʪʫʨʽ ʨʝʢʪʝʥʠ, 

ʥʘʚʝʜʝʥʥʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʧʨʦʤʝʥʷ ʥʘ ʘʧʝʨʪʫʨʫ ʨʝʢʪʝʥʠ ʧʦ 

ʧʽʣʦʪ-ʩʠʛʥʘʣʫ, ʬʦʨʤʦʚʘʥʦʛʦ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʤ 

ʤʦʜʫʣʝʤ (ʇʇʄ), ʬʦʢʫʩʫʚʘʥʥʷ ʡ ʨʦʟʬʫʢʫʩʫʚʘʥʥʷ ɽʄɺ ʫ 

ʚʠʧʘʜʢʫ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʢʦʥʪʨʦʣʴ ʪʦʯʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ 

ʘʤʧʣʽʪʫʜʠ ʡ ʬʘʟʠ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʠʩʪʝʤʘʭ ʽ 

ʪ.ʜ.) ʤʽʞ ʧʨʦʚʽʜʥʠʤ ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʤʦʜʫʣʝʤ ʽ ʧʽʜʣʝʛʣʠʤʠ 

ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʤʦʜʫʣʷʤʠ. ʆʙ'ʻʜʥʘʥʥʷ ʇʄ ʫ ʤʝʨʝʞʫ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʾʭ ʧʨʦʩʪʦʨʦʚʦ-ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʠʩʪʝʤ ʷʢ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ, ʟ ʻʜʠʥʠʤ ʮʝʥʪʨʦʤ 

ʢʝʨʫʚʘʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʠʭ ʫ ʮʝʡ ʤʦʤʝʥʪ ʯʘʩʫ 
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ʧʨʦʩʪʦʨʦʚʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽʄɺ ʥʘ 

ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʽʡ ʨʝʢʪʝʥʽ (ʂʈ) ʜʣʷ ʢʦʞʥʦʾ ʚʠʧʨʦʤʽʥʶʶʯʦʾ 

ʧʦʟʠʮʽʾ ʟʘʜʘʶʪʴʩʷ ʧʝʚʥʽ ʢʦʦʨʜʠʥʘʪʠ ʡ ʥʘ ʥʠʭ ʫʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʽ ʨʦʟʧʦʜʽʣʠ (ɸʌʈ). 

ʇʨʦʚʽʜʥʠʡ ʤʦʜʫʣʴ, ʚʠʩʪʫʧʘʶʯʠ, ʷʢ ʽ ʧʽʜʣʝʛʣʽ ʤʦʜʫʣʽ, 

ʝʣʝʤʝʥʪʘʨʥʠʤ ʧʝʨʝʜʘʚʘʯʝʤ, ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʫʩʽʤ ʥʘʙʦʨʦʤ 

ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ: ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ, ʘʤʧʣʽʪʫʜʘ, ʚʠʜ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʯʘʩ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʽʥ. 

ʇʨʦʚʽʜʥʽ ʬʫʥʢʮʽʾ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʧʦ ʨʽʟʥʠʭ ʩʭʝʤʘʭ, ʥʘʧʨʠʢʣʘʜ, 

ʧʦ ʪʠʧʫ çʟʽʨʢʘè ʘʙʦ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ï çʢʦʞʥʠʡ ʟ ʢʦʞʥʠʤè, 

ʧʨʠʯʦʤʫ ʟ çʧʣʘʚʘʶʯʦʶè ʨʦʣʣʶ ʧʨʦʚʽʜʥʦʛʦ ʤʦʜʫʣʷ. 

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʣʷ ʚ ʧʣʦʱʠʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʝʢʪʝʥʠ ʥʘ ʯʘʩʪʦʪʽ 10 ɻɻʮ ʜʣʷ 

ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʝʡ ʬʦʢʫʩʫʚʘʥʥʷ. ʌɸʈ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ 

ʤʦʜʫʣʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʷʚʣʷʻ ʩʦʙʦʶ ʢʚʘʜʨʘʪʥʽ ʨʝʰʽʪʢʠ ʟ 

ʨʦʟʤʽʨʘʤʠ 85Ĭ85 ʩʤ2 ʽ ʯʠʩʣʦʤ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ 144. 

 
ʈʠʩ. 2. ʈʦʟʧʦʜʽʣ ʥʦʨʤʦʚʘʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Nikoletseas S., Yang Y., Georgiadis A. Wireless Power 

Transfer Algorithms, Technologies and Applications in Ad Hoc 

Communication Networks // Springer International Publishing, 2016. 745 p.  
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ɼʤʠʪʨʦ ɼʦʚʛʘʥʶʢ, ɺʽʪʘʣʽʡ ɼʘʥʠʰʝʥʢʦ,  

ʊʝʪʷʥʘ ʂʦʙʠʚʥʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʖʨʽʡʯʫʢ ɯ.ʄ. 

 

ʈʦʟʨʘʭʫʥʦʢ ʨʦʟʨʠʚʫ ʟʦʥ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʤʝʪʦʜʦʤ ʬʫʥʢʮʽʦʥʘʣʫ ʛʫʩʪʠʥʠ 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʽʥʪʝʩʠʚʥʦ ʜʦʩʣʽʜ-

ʞʫʶʪʴʩʷ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭ ʯʠʩʣʝʥʥʽ ʚʘʞʣʠʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʽ ʬʦʪʦʥʽʮʽ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʩʚʽʪʣʦʜʽʦʜʽʚ ʪʘ 

ʣʘʟʝʨʽʚ. ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ, ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʜʠʬʫʟʽʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʝʨʝʟ ʤʝʞʫ ʨʦʟʜʽʣʫ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠʣʘʜʽʚ, ʻ ʨʦʟʨʠʚ ʜʦʟʚʦʣʝʥʠʭ ʟʦʥ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʱʦʜʦ ʨʦʟʨʠʚʫ ʟʦʥ ʯʘʩʪʦ ʩʫʧʝʨʝʯʣʠʚʽ, 

ʪʦʤʫ ʚʘʞʣʠʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ. ʈʦʟʨʘʭʫʥʢʠ ʟ ʧʝʨʰʠʭ ʧʨʠʥʮʠʧʽʚ ʥʘ ʦʩʥʦʚʽ 

ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʫ ʛʫʩʪʠʥʠ (DFT) ʟ ʫʩʧʽʭʦʤ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʽ, 

ʟʦʢʨʝʤʘ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ [1]. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ DFT ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʜʫʣʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʠʚʫ ʟʦʥ ʪʘ ʧʦʙʫʜʦʚʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʜʽʘʛʨʘʤʠ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʜʣʷ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ 

AlP/GaPʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ Quantum 

ESPRESSO [2]. 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʠ AlPʪʘ GaP ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʪʠʧʫ 

ʩʬʘʣʝʨʠʪʫ ʟ ʙʣʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʪʘʣʦʾ ʛʨʘʪʢʠ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʬʦʨʤʫʶʪʴ ʧʩʝʚʜʦʤʦʨʬʥʫ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʫ. ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʨʦʟʨʠʚʫ ʟʦʥ ʛʝʪʝʦʧʝʨʝʭʦʜʫ ʤʝʪʦʜʦʤ DFT ʻ 

ʨʦʟʨʘʭʫʥʦʢ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʙôʻʤʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʜʣʷ 

ʨʽʚʥʦʚʘʞʥʦʾ ʩʪʘʣʦʾ ʛʨʘʪʢʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʘ ʨʝʣʘʢʩʘʮʽʷ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʪʘ ʚʠʟʥʘʯʝʥʘ ʩʪʘʣʘ 

ʛʨʘʪʢʠ ʜʘʥʠʭ ʢʨʠʩʪʘʣʽʚ ʘ = 5,47 ¡ ʜʣʷ AlP ʪʘ ʘ = 5,45 ¡ ʜʣʷ GaP. 

ʈʦʟʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʙʨʠʜʥʦʛʦ ʦʙʤʽʥʥʦ-ʢʦʨʝʣʷʮʽʡʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ HSE06, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʙʣʠʟʴʢʽ ʜʦ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ Eg(AlP)= 2,50 ʝɺ ʪʘ  Eg(GaP)= 2,32ʝɺ. 

ɺʽʜʦʤʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʥʘʢʣʘʜʘʥʥʷ ʧʝʨʽʦʜʠʯʥʠʭ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʚ ʤʝʪʦʜʽ DFT,ʚʽʜʣʽʢ ʝʥʝʨʛʽʾ ʥʝʚʠʟʥʘʯʝʥʠʡ. ʊʦʤʫ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦʟʚʦʣʝʥʠʭ ʟʦʥ 

ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʽ ʨʦʟʨʘʭʫʥʢʠ. ʉʧʦʯʘʪʢʫ 

ʚʠʟʥʘʯʘʣʦʩʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʢʩʠʤʫʤʫ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ EVBM ʽ 

ʤʽʥʽʤʫʤʫ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ECBM ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ V ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʟʩʫʚʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ DV ʥʘ ʤʝʞʽ 

ʨʦʟʜʽʣʫ ʜʚʦʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʧʨʦʚʦʜʠʚʩʷ ʨʦʟʨʘʭʫʥʦʢ 

ʩʝʨʝʜʥʴʦʛʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʥʘʜˇʨʘʪʢʠ, 

ʫʪʚʦʨʝʥʦʾ ʜʚʦʤʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ. ʈʽʟʥʠʮʷ ʟʥʘʯʝʥʴ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʢʦʞʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʚ 

ʦʙʣʘʩʪʷʭ ʜʦʩʠʪʴʜʘʣʝʢʠʭ ʚʽʜ ʤʝʞʽ ʨʦʟʜʽʣʫ ʷʚʣʷʻ ʩʦʙʦʶ ʟʩʫʚ 

ʧʦʪʝʥʮʽʘʣʫDV . ʊʦʜʽ ʨʦʟʨʠʚ ʚʘʣʝʥʪʥʠʭ ʟʦʥ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

AlPVBMGaPVBMVBO VEVEVE )()( ---+D=D . (1) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʨʦʟʨʠʚʫ ʚʘʣʝʥʪʥʠʭ ʟʦʥ 

ʪʘ ʚʝʣʠʯʠʥʫ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʦʟʨʠʚʫ 

ʟʦʥ ʧʨʦʚʽʜʥʦʩʪʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ.ÑBOED ʈʦʟʨʘʭʦʚʘʥʘ ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʦʜʝʣʽ ʚʝʣʠʯʠʥʘ ʨʦʟʨʠʚʫ ʚʘʣʝʥʪʥʠʭ ʟʦʥ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ AlP/GaP ʩʢʣʘʜʘʻ VBOED =0,63 ʝɺ, ʘ ʜʣʷ ʨʦʟʨʠʚʫ 

ʟʦʥ ʧʨʦʚʽʜʥʦʩʪʽ ʦʪʨʠʤʫʻʤʦ ÑBOED =0,13 ʝɺ. ɿʘʫʚʘʞʠʤʦ, ʱʦ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʨʠʚʫ ʚʘʣʝʥʪʥʠʭ ʟʦʥ ʥʝʧʦʛʘʥʦ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʦʤʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 0,57 ʝɺ.  
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ʆʣʝʢʩʘʥʜʨ ɼʦʣʽʰʥʷʢ, ʈʦʩʪʠʩʣʘʚ ʂʦʨʞʘʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʝʩʽʥʩʴʢʠʡ ɺ.ɺ. 

 

ɸʫʜʠʪ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ 
 

Wi-Fi ï ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʙʝʟʜʨʦʪʦʚʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʪʘʢʠʤ 

ʧʨʠʩʪʨʦʷʤ ʷʢ ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ, ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʪʘ 

ʽʥʰʝ ʢʦʤʫʥʽʢʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ɯʥʪʝʨʥʝʪʦʤ. 

ʇʽʜôʻʜʥʘʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʙʝʟʜʨʦʪʦʚʠʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʋʩʴʦʛʦ ʽʩʥʫʶʪʴ ʯʦʪʠʨʠ ʪʠʧʠ ʟʘʭʠʩʪʫ 

ʙʝʟʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞ: WEP, WPA, WPA2, WPA3. 

ʊʠʧʠ ʘʪʘʢ ʥʘ ʙʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʽ ʚʠʥʠʢʘʶʪʴ ʥʘ ʦʩʥʦʚʽ ʪʠʧʽʚ 

ʟʘʭʠʩʪʫ ʮʠʭ ʤʝʨʝʞ. ɼʦ ʦʩʥʦʚʥʠʭ ʘʪʘʢ ʚʽʜʥʦʩʷʪʴ: 

1) ʧʽʜʙʽʨ ʧʘʨʦʣʽʚ WPS/WPA/WPA2/WPA3; 

2) ʟʘʤʽʥʫ ʨʝʘʣʴʥʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʥʘ ʬʘʣʴʰʠʚʫ (ʬʽʰʠʥʛ); 

3) ʘʪʘʢʫ ʥʘ Wi-Fi ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʟ ʛʣʦʙʘʣʴʥʦʾ ʪʘ ʣʦʢʘʣʴʥʦʾ 

ʤʝʨʝʞʽ; 

4) ʘʪʘʢʠ ʚʠʜʫ çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè (DoS Wi-Fi) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʣʫʰʠʣʦʢ; 

5) ʘʪʘʢʠ ʥʘ ʩʧʝʮʠʬʽʯʥʽ ʩʝʨʚʽʩʠ ʪʘ ʬʫʥʢʮʽʾ ʨʦʫʪʝʨʽʚ. 

ʇʽʜʙʽʨ ʧʘʨʦʣʽʚ WPS/WPA/WPA2/WPA3. ʎʝ ʫʥʽʚʝʨʩʘʣʴʥʘ 
ʘʪʘʢʘ ʥʘ ʙʝʟʧʨʦʚʽʜʥʽ ʤʝʨʝʞʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʪʠʧʫ ʘʪʘʢ 

ʥʝʦʙʭʽʜʥʽ ʫʯʘʩʥʠʢʠ ʤʝʨʝʞʽ, ʷʢʽ ʧʽʜôʻʜʥʘʥʽ ʜʦ ʥʝʾ, ʧʝʨʝʭʦʧʣʝʥʥʷ 

4-ʢʨʘʪʥʦʛʦ ʨʫʢʦʩʪʠʩʢʘʥʥʷ ʽ ʙʨʫʪʬʦʨʩ ʧʘʨʦʣʶ (ʤʝʪʦʜ ʧʝʨʝʙʦʨʫ 

ʧʘʨʦʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʣʦʚʥʠʢʘ). 

ʇʽʜ ʯʘʩ ʟʘʤʽʥʠ ʨʝʘʣʴʥʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʥʘ ʬʘʣʴʰʠʚʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʙʝʟʧʝʨʝʨʚʥʦʾ ʚʽʜʧʨʘʚʢʠ ʧʘʢʝʪʽʚ 

ʜʝʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʟʣʦʯʠʥʝʮʴ çʧʽʜʽʡʤʘʻè ʩʚʦʶ ʪʦʯʢʫ 

ʜʦʩʪʫʧʫ ʟʽ ʩʭʦʞʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʦʯʽʢʫʻ, ʜʦʢʠ 

ʢʦʨʠʩʪʫʚʘʯʽ ʧʽʜʢʣʶʯʘʪʴʩʷ ʜʦ ʥʝʾ, ʧʽʩʣʷ ʯʦʛʦ ʧʽʜ ʨʽʟʥʠʤʠ 

ʧʨʦʧʦʟʠʮʽʷʤʠ ʚʠʤʘʥʶʶʪʴʩʷ ʧʘʨʦʣʽ WPA/WPA2. ɺʽʨʦʛʽʜʥʽʩʪʴ 

ʫʩʧʽʰʥʦʩʪʽ ʘʪʘʢʠ ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʨʽʚʥʷ 

ʥʝʦʙʽʟʥʘʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɸʪʘʢʘ ʥʘ Wi-Fi ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʟ ʛʣʦʙʘʣʴʥʦʾ ʪʘ ʣʦʢʘʣʴʥʦʾ 

ʤʝʨʝʞʽ ʪʘʢʦʞ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʥʝʦʙʽʟʥʘʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʦʩʠʪʴ 

ʯʘʩʪʦ ʚʣʘʩʥʠʢʠ ʥʝ ʟʤʽʥʶʶʪʴ ʣʦʛʽʥ ʪʘ ʧʘʨʦʣʴ ʜʦ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʩʴʢʦʾ ʢʦʥʩʦʣʽ ʨʦʫʪʝʨʘ, ʟʘʣʠʰʘʶʪʴ ʾʭ 
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ʩʪʘʥʜʘʨʪʥʠʤʠ, ʪʠʧʫ çadmin:adminè. ʗʢ ʥʘʩʣʽʜʦʢ, ʟʣʦʯʠʥʝʮʴ, 

ʟʘʚʦʣʦʜʽʚʰʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʩʴʢʦʶ ʧʘʥʝʣʣʶ ʜʦʩʪʫʧʫ ʤʦʞʝ 

ʨʦʙʠʪʠ, ʱʦ ʟʘʚʛʦʜʥʦ: ʚʽʜôʻʜʥʫʚʘʪʠ ʘʙʦ ʜʦʜʘʚʘʪʠ ʧʨʠʩʪʨʦʾ ʟʘ 

DHCP-ʧʨʦʪʦʢʦʣʦʤ, ʟʤʽʥʶʚʘʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʦʫʪʝʨʘ ʘʙʦ ʫ 

ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʧʦʰʠʨʠʪʠ ʚʽʨʫʩ ʪʠʧʫ man-in-the-middle ʽ, ʚ 

ʪʘʢʠʡ ʩʧʦʩʽʙ ʟʘʚʦʣʦʜʽʪʠ ʪʨʘʬʽʢʦʤ ʞʝʨʪʚʠ.  

ɸʪʘʢʠ ʚʠʜʫ çʚʽʜʢʘʟ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè (DoS Wi-Fi) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʛʥʽʯʫʚʘʯʽʚ ʩʠʛʥʘʣʫ. 

ʉʫʯʘʩʥʽ ʤʦʜʝʣʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʤʘʶʪʴ USB-ʧʦʨʪʠ, ʜʦ ʷʢʠʭ 

ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʧʘʤôʷʪʽ: ʬʣʝʰʢʫ, 

ʞʦʨʩʪʢʽ ʜʠʩʢʠ, 3G-ʤʦʜʝʤʠ ʪʘ ʽʥʰʫ ʧʝʨʠʬʝʨʽʶ. ʆʯʝʚʠʜʥʦ, ʱʦ ʟʘ 

ʾʭ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʭʦʧʠʪʠ ʜʦʩʪʫʧ ʜʦ ʨʦʫʪʝʨʘ ʥʝ ʙʫʜʝ ʩʢʣʘʜʥʦʶ 

ʟʘʜʘʯʝʶ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʘʫʜʠʪʫ ʤʝʨʝʞ ʥʝʦʙʭʽʜʥʘ ʦʧʝʨʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ, ʷʢʘ ʧʽʜʣʷʛʘʻ ʮʽʣʦʤʫ ʩʧʝʢʪʨʫ ʢʨʠʪʝʨʽʾʚ: ʤʦʞʣʠʚʽʩʪʴ 

ʟʜʽʡʩʥʝʥʥʷ ʧʘʢʝʪʥʠʭ ʽʥôʻʢʮʽʡ; ʥʘʷʚʥʽʩʪʴ ʘʢʪʫʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʦʩʦʙʣʠʚʦ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ 

ʢʦʜʦʤ, ʦʩʢʽʣʴʢʠ ʜʦʚʦʣʽ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ ʥʘʣʘʰʪʦʚʫʚʘʪʠ 

ʽʥʩʪʨʫʤʝʥʪʠ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ); ʚʽʜʢʨʠʪʘ ʘʨʭʽʪʝʢʪʫʨʘ. ʆʪʞʝ 

ʦʧʪʠʤʘʣʴʥʦʶ ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʻ ʛʦʪʦʚʝ ʨʽʰʝʥʥʷ, 

ʥʘʧʠʩʘʥʝ ʩʫʩʧʽʣʴʩʪʚʦʤ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʚʽʣʴʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ ï ʜʠʩʪʨʠʙʫʪʠʚʠ 

GNU/Linux. ʆʜʥʘ ʽ ʥʘʡʧʦʧʫʣʷʨʥʽʰʘ ʻ Kali Linux (ʨʘʥʽʰʝ 

ʚʽʜʦʤʠʡ ʷʢ BackTrack Linux) ï ʜʠʩʪʨʠʙʫʪʠʚ Linux ʽʟ ʚʽʜʢʨʠʪʠʤ 

ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʥʘ ʦʩʥʦʚʽ Debian, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʟʰʠʨʝʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʪʘ ʘʫʜʠʪʫ ʙʝʟʧʝʢʠ, ʱʦ ʤʽʩʪʠʪʴ 

ʛʘʣʫʟʝʚʽ ʤʦʜʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʘ ʩʦʪʝʥʴ ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʚʜʘʥʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʪʘʢʠʭ ʷʢ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʧʝʢʠ, ʢʦʤʧôʶʪʝʨʥʘ ʝʢʩʧʝʨʪʠʟʘ, ʟʚʦʨʦʪʥʝ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʢʝʨʫʚʘʥʥʷ ʚʨʘʟʣʠʚʽʩʪʶ ʪʘ ʪʝʩʪʫʚʘʥʥʷ Red Team. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Cisco. What Is Wi-Fi? ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.cisco.com 

/c/en/us/products/wireless/what-is-wifi .html. 

2. What is Kali Linux? ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.kali.org/docs/ 

introduction/what-is-kali-linux/  
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ʄʠʢʦʣʘ ɼʦʨʦʰ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɻʦʨʦʜʠʥʩʴʢʘ ʅ.ɺ. 

ɺʠʟʥʘʯʝʥʥʷ ʥʫʣʽʚ ʘʤʧʣʽʪʫʜʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʧʦʣʽʭʨʦʤʘʪʠʯʥʦʛʦ ʧʦʣʷ ʤʝʪʦʜʦʤ ʽʥʚʝʨʩʥʦʛʦ ʭʨʦʤʦʩʢʦʧʘ 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʝʬʝʢʪʽʚ ʫ ʧʦʣʽʭʨʦʤʘʪʠʯʥʠʭ 

ʧʦʣʷʭ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʧʨʠʣʘʜʠ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʥʘ ʨʽʚʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ, ʫ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ, ʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʛʘʣʫʟʷʭ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʦʧʪʠʢʦʶ [1]. ʅʝʦʜʤʽʥʥʦʶ ʫʤʦʚʦʶ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ ʚʠʷʚʣʝʥʥʷ ʥʫʣʽʚ 

ʘʤʧʣʽʪʫʜ ʫ ʩʢʣʘʜʥʠʭ ʧʦʣʷʭ [2].  

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ ʽʟʦʣʴʦʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʩʧʝʢʣ-ʧʦʣʷ ʟ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʨʠʩ. 1). 

 
ʈʠʩ.1. ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʣʷ ʽʟʦʣʴʦʚʘʥʦʛʦ 

ʬʨʘʛʤʝʥʪʫ ʩʧʝʢʣ-ʧʦʣʷ, ʫʪʚʦʨʝʥʦʛʦ ʪʨʴʦʤʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʬʘʟ ʢʦʞʥʦʾ ʽʟ ʪʨʴʦʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʜʝʤʦʥʩʪʨʫʻ ʥʘʷʚʥʽʩʪʴ ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ ʘʤʧʣʽʪʫʜʠ 

(ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʇʨʦʩʪʦʨʦʚʠʡ ʬʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ ʽʟʦʣʴʦʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʧʝʢʣ-

ʧʦʣʷ, ʩʪʚʦʨʝʥʦʛʦ ʯʝʨʚʦʥʦʶ (ʘ); ʟʝʣʝʥʦʶ (ʙ); ʩʠʥʴʦʶ (ʚ) ʽ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ (ʛ). 

ʅʫʣʽ ʘʤʧʣʽʪʫʜʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʷʢ ʪʦʯʢʠ ʨʦʟʨʠʚʫ ʣʽʥʽʡ 

ʦʜʥʘʢʦʚʦʾ ʬʘʟʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʤʠʪʪʷʤ. 
ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʦʢ ʥʫʣʽʚ ʘʤʧʣʽʪʫʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʝʪʘʧʽʚ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʦʣʽʭʨʦʤʘʪʠʯʥʝ ʧʦʣʝ ʦʙʨʦʙʣʷʻʪʴʩʷ 

ʭʨʦʤʦʩʢʦʧʦʤ [3]. ɿʦʢʨʝʤʘ, ʥʦʨʤʫʶʪʴʩʷ ʢʦʣʴʦʨʠ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ 
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ʧʦʣʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʣʴʦʨʫ ʚ ʰʢʘʣʽ 

RGB (ʨʠʩ.3,ʘ). 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ çʽʥʚʝʨʩʥʦʛʦè ʭʨʦʤʦʩʢʦʧʘ, 

ʱʦ ʧʦʣʷʛʘʻ ʫ ʚʽʜʥʽʤʘʥʥʽ ʚʽʜ ʦʜʠʥʠʮʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ 

ʦʪʨʠʤʘʥʦʾ ʭʨʦʤʦʩʢʦʧʽ (ʨʠʩ. 3,ʙ). 

                                                      
ʈʠʩ. 3. ʈʦʟʧʦʜʽʣ ʢʦʣʴʦʨʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʽʟʦʣʴʦʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʩʧʝʢʣ-ʧʦʣʷ ʭʨʦʤʦʩʢʦʧʦʤ (ʘ) ʪʘ ʽʥʚʝʨʩʥʠʤ ʭʨʦʤʦʩʢʦʧʦʤ (ʙ) 

ʇʨʠʥʮʠʧ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ: ʢʦʞʥʘ ʪʦʯʢʘ ʧʦʣʷ, 

ʦʙʨʦʙʣʝʥʦʛʦ ʭʨʦʤʦʩʢʦʧʦʤ, ʤʽʩʪʠʪʴ ʪʨʠ ʥʦʨʤʦʚʘʥʽ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ. ɺʩʽ ʪʨʠ ʢʦʤʧʦʥʝʥʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʢʦʞʥʽʡ ʧʦʟʠʮʽʾ ʧʦʣʷ ʪʘ ʟʤʽʥʶʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʜʦ 0. 

ʁʤʦʚʽʨʥʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʥʫʣʴʦʚʦʾ ʘʤʧʣʽʪʫʜʠ ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʣʘ. 

ʆʪʨʠʤʘʥʥʷ ʽʥʚʝʨʪʦʚʘʥʦʛʦ ʚʽʟʝʨʫʥʢʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʽʜʥʽʤʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʢʦʞʥʦʾ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʚʽʜ 1 ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʦʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʥʘʡʜʝʥʠʡ ʨʦʟʧʦʜʽʣ 

ʢʦʣʴʦʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʟʤʽʥʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʨʠʩ. 3,ʙ). 

ɿ ʨʠʩ. 3,ʙ ʚʠʜʥʦ, ʱʦ ʦʙʣʘʩʪʽ ʦʯʽʢʫʚʘʥʠʭ ʧʦʣʦʞʝʥʴ ʥʫʣʽʚ 

ʘʤʧʣʽʪʫʜ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʷʤ ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʎʝʡ 

ʝʬʝʢʪ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʝʣʽʥʽʡʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʭʨʦʤʦʩʢʦʧʫ. ʇʦʩʣʽʜʦʚʥʦ ʚʠʢʣʶʯʘʶʯʠ ʷʢ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢ ʽ ʽʥʚʝʨʩʥʽ ʢʦʣʴʦʨʠ ʟ ʨʦʟʧʦʜʽʣʫ 

ʢʦʣʴʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʽʥʚʝʨʪʦʚʘʥʠʤ ʭʨʦʤʦʩʢʦʧʦʤ, 

ʦʪʨʠʤʫʶʪʴ ʢʘʨʪʠʥʫ, ʷʢʘ ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʻ ʪʦʯʢʠ ʥʫʣʴʦʚʠʭ 

ʘʤʧʣʽʪʫʜ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. H. He, N.R. Heckenberg, and H. Rubinsztein-Dunlop, ñOptical particle 

trapping with higher-order doughnut beams produced using high efficiency 

computer generated holograms,ò J. Mod. Opt. 42, 217ï223 (1995) 

2. M. Mujat and A. Dogariu, ñPolarimetric and spectral changes in random 

electromagnetic fields,ò Opt. Lett. 28, 2153ï2155 (2003) 

3. M.V. Berry ñExploring the colours of dark light,ò New J. Phys. 4, 74.1ï

74.14 (2002). 
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                                                                        ʉʝʨʛʽʡ ɼʫʪʯʘʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʥʠʢ ʆ.ʄ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʥʠʟʴʢʦʩʠʤʝʪʨʠʯʥʠʭ 

ʢʨʠʩʪʘʣʘʭ Cd-Sb-Bi 
 

ɸʥʪʠʤʦʥʽʜ ʢʘʜʤʽʶ ʻ ʦʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʡ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʙʘʛʘʪʦʨʽʯʥʝ ʚʠʚʯʝʥʥʷ ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʚʽʜʢʨʠʪʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷ ʧʨʦʙʣʝʤ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʘʥʪʠʤʦʥʽʜʽʚ ʟ ʧʨʦʛʨʘʤʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʠ 

ʮʴʦʤʫ ʧʦʰʫʢ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ  ʩʠʩʪʝʤ. ʇʨʠʯʠʥʦʶ 

ʻ ʪʝ, ʱʦ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʫʪʚʦʨʶʻʪʴʩʷ ʪʚʝʨʜʽ ʬʘʟʠ ʟʤʽʥʥʦʛʦ 

ʩʢʣʘʜʫ, ʚ ʤʝʞʘʭ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʷʢ ʧʦ ʭʽʤʽʯʥʦʤʫ 

ʩʢʣʘʜʫ, ʪʘʢ ʽ ʩʪʨʫʢʪʫʨʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʤʽʥʘʤʠ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ ʢʣʘʩʠʯʥʘ ʩʭʝʤʘ ʫʞʝ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ, ʦʩʢʽʣʴʢʠ 

ʪʘʢʽ ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʽ, ʘ ʧʦʩʣʽʜʦʚʥʦʾ ʪʝʦʨʽʾ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʟ ʧʦʟʠʮʽʡ ʭʽʤʽʯʥʦʛʦ    ʟʚ'ʷʟʢʫ ʱʝ ʥʝʤʘʻ. 
ɺʽʜʧʦʚʽʜʴ ʥʘ ʮʝ ʟʘʧʠʪʘʥʥʷ ʧʦʚôʷʟʘʥʘ ʟ ʙʘʛʘʪʦʰʘʨʦʚʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʱʦ ʤʘʶʪʴ 

ʩʧʨʘʚʫ ʟ ʥʝʣʽʥʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʙʫʣʦ 

ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ: ʦʩʚʦʾʪʠ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʢʚʘʥʪʦʚʦ-

ʭʽʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ 

ʝʬʝʢʪʠʚʥʠʭ ʟʘʨʷʜʽʚ,ʨʘʜʽʫʩʽʚ,ʝʥʝʨʛʽʾ ʜʠʩʦʮʽʘʮʽʾ ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ (ʅɻʆ) Bi-Cd-Sb. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ 

ʨʦʙʦʪʽ [2] ʧʽʜʭʦʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ  ʧʝʨʝʨʦʟʧʦʜʽʣʫ  

ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ æq ʝʬʝʢʪʠʚʥʠʭ ʨʘʜʽʫʩʽʚ Ru ʪʘ ʝʥʝʨʛʽʾ 

ʜʠʩʦʮʽʘʮʽʾ Di ʥʘ ʨʽʟʥʠʭ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʜʘʣʷʭ Di ʩʪʨʫʢʪʫʨʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʡ Bʽ-Sb. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʷ 1 

ʇʘʨʘʤʝʪʨʠ ◖1 ◖2 ◖3 ◖4 ◖5 ◖6 

di (¡) 2,8 2,9 3,0 3,1 3,2 3,3 

Rbi
ui 

 (¡) 1,49 1,54 1,6 1,64 1,69 1,74 

Rui
sb

 (¡) 1,31 1,36 1,4 1,46 1,51 1,56 

æqi 0,57 0,35 0,2 -0,05 -0,25 -0,45 

Di(◖) 2,57 2,48 2,4 2,32 2,25 2,18 

 

ɿ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʟ ʨʦʩʪʦʤ ʤʽʞʘʪʦʤʥʠʭ 

ʚʽʜʩʪʘʥʝʡ ʝʥʝʨʛʽʾ ʜʠʩʦʮʽʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ 

ʟʤʝʥʰʫʶʪʴʩʷ; ʧʝʨʝʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚ 

ʽʥʪʝʨʚʘʣʽ  σ ὨὭσȟσ ʟʤʽʥʶʻ ʟʥʘʢ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 
ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʜʦʥʦʨʘʤʠ, ʪʘʢ ʽ 

ʘʢʮʝʧʪʦʨʘʤʠ  ʽ ʧʽʜʪʚʝʨʜʞʫʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʬʘʢʪ, ʱʦ ʚ ʩʧʦʣʫʢʘʭ ʚʽʩʤʫʪ ʤʘʻ ʨʽʟʥʽ ʩʪʝʧʝʥʽ ʦʢʠʩʣʝʥʥʷ ʽ ʤʦʞʝ 

ʧʨʦʷʚʣʷʪʠ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʨʦʟʧʣʘʚʘʭ ʷʢ ʤʝʪʘʣʽʟʫʶʯʽ ʨʽʜʠʥʠ, ʥʘʧʽʚʤʝʪʘʣʽʯʥʽ ʨʽʜʠʥʠ ʪʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʟ ʦʜʥʦ- ʪʘ ʜʚʦʙʽʯʥʠʤ ʨʦʟʰʘʨʫʚʘʥʥʷʤ [3].                                                                                                                                                             

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ                                                                                              

1. ɸʥʘʪʠʯʫʢ ʃ.ɯ. ʊʝʨʤʦʝʣʝʤʝʥʪʠ ʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʣʘʜʠ: ʜʦʚʽʜʥʠʢ 
// ʅʘʫʢʦʚʘ ʜʫʤʢʘ. ï 1979. ï 786 ʩ. 
2.ʄʘʥʠʢ ʆ.ʄ, ʄʘʥʠʢ ʊ.ʆ, ɹʽʣʠʥʩʴʢʠʡ-ʉʣʦʪʠʣʦ ɺ.ʈ. ʂʨʠʩʪʘʣʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʪʘ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʦʢ Cd-Cb-ɺi // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ï 2017. ï 

ʉ.16-18.                                                      

3. ɹʽʣʦʮʴʢʠʡ ɼ.ʇ ʄʘʥʠʢ ʆ.ʄ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʦʥʥʠʭ ʨʦʟʧʣʘʚʽʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ï 2004. ï ʉ.33-48.               
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ɺʘʩʠʣʴ ɼʫʰʠʥʩʴʢʠʡ, ɺʽʪʘʣʽʡ ʉʚʽʪʘʡʣʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʝʩʽʥʩʴʢʠʡ ɺ.ɺ. 

ɿʘʭʠʩʪ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ  

ʜʦ ʥʘʣʘʰʪʫʚʘʥʴ RouterOS 

ɿʘʭʠʩʪ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ RouterOS ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʜʦʩʪʫʧʫ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʇʝʨʰʦʯʝʨʛʦʚʦ ʚʽʥ ʜʦʩʷʛʘʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʙʝʟʧʝʢʠ ʜʦʩʪʫʧʫ ʜʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʧʦʚʥʦʮʽʥʥʠʡ ʙʘʨ'ʻʨ 

ʜʣʷ ʨʽʟʥʦʨʽʚʥʝʚʠʭ ʘʪʘʢ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʮʽʣʝʥʽ ʥʘ ʤʝʨʝʞʫ. 

ʊʝʭʥʦʣʦʛʽʡ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʜʦʩʠʪʴ ʙʘʛʘʪʦ, ʽ ʾʭ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ 

ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʣʦʛʽʯʥʽ ʨʽʚʥʽ ʧʦʚôʷʟʘʥʽ ʟ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷʤ ʤʝʨʝʞ. 

ʇʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʢʽʣʴʢʽʩʪʴ ʩʪʚʦʨʝʥʠʭ 

ʦʙʣʽʢʦʚʠʭ ʟʘʧʠʩʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʾʭ ʧʦʣʽʪʠʮʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʢʦʤʧʘʥʽʾ. ɿʘʡʚʽ ʦʙʣʽʢʦʚʽ ʟʘʧʠʩʠ 

ʧʽʜʣʷʛʘʶʪʴ ʚʠʜʘʣʝʥʥʶ. 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʧʨʠʩʪʨʦʶ (ʤʘʨʰʨʫʪʠʟʘʪʦʨ (ʨʦʫʪʝʨ), ʢʦʤʫʪʘʪʦʨ (ʩʚʽʪʯ) ʘʙʦ ʪʦʯʢʘ 

ʜʦʩʪʫʧʫ WiFi), ʻ ʦʙʦʚôʷʟʢʦʚʝ ʦʥʦʚʣʝʥʥʷ ʧʨʦʰʠʚʢʠ (ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ), ʷʢʝ ʥʦʩʠʪʴ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʫ ʟʚôʷʟʢʫ ʽʟ 

ʥʝʜʘʚʥʽʤʠ ʽʥʮʠʜʝʥʪʘʤʠ ʟ çback doorè ʫ ʢʘʪʝʛʦʨʽʾ long-term, ʱʦ 

ʤʘʣʠ ʢʨʠʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ ʪʘ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʻ ʜʝ ʘʢʪʠʚʘʮʽʷ ʩʣʫʞʙ, ʱʦ ʥʝ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ: telnet, www, ftp, ssh. 

ʊʘʢʦʞ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʤʝʨʝʞʽ, 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʤʢʥʫʪʠ ʩʣʫʞʙʠ ʘʚʪʦʚʠʷʚʣʝʥʥʷ (Discovery) 

Neighbors. ʗʢʱʦ ʥʝ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʮʶ ʦʧʮʽʶ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

(ʨʦʫʪʝʨ) ʥʘ ʙʘʟʽ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ RouterOS ʙʫʜʝ 

ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʷʢ Neighbor ʥʘ ʧʦʨʪʫ ʧʨʦʚʘʡʜʝʨʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʙʽʨ ʫʪʠʣʽʪ, ʟʣʦʚʤʠʩʥʠʢ ʟʤʦʞʝ ʚʠʷʚʠʪʠ 

ʧʨʠʩʪʨʦʾ ʥʘ RouterOS ʽ ʧʽʜʜʘʪʠ ʾʭ ʟʣʦʤʫ ʘʙʦ ʘʪʘʮʽ. 

ʗʢ ʚʽʜʦʤʦ, ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ RouterOS ʤʦʞʥʘ ʥʝ ʣʠʰʝ ʟʘ IP-

ʘʜʨʝʩʦʶ, ʘ ʡ ʟʘ MAC. ʊʘʢʦʞ ʚ ʩʠʩʪʝʤʽ ʧʨʘʮʶʻ ping ʟʘ MAC-

ʘʜʨʝʩʦʶ. ɿʘ ʨʦʙʦʪʫ ʮʠʭ ʩʣʫʞʙ ʚʽʜʧʦʚʽʜʘʻ Tools Ÿ MAC Server. 

ɺʽʥ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʩʧʠʩʢʠ ʽʥʪʝʨʬʝʡʩʽʚ. 

ɺʘʨʪʦ ʜʣʷ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʚʠʜʽʣʠʪʠ ʦʢʨʝʤʫ ʛʨʫʧʫ ʽʥʪʝʨʬʝʡʩʽʚ. 
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ʇʽʜʩʠʣʠʪʠ ʙʝʟʧʝʢʫ ʤʦʞʣʠʚʦ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʢʥʝʥʥʷ ʬʫʥʢʮʽʡ 

MAC Server, ʪʘʢʠʭ ʷʢ MAC Telnet Server, MAC WinBox Server ʪʘ 

MAC Ping Server. 

ɿʘʭʠʩʪ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʘʣʘʰʪʫʚʘʥʴ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʚʽʨʪʫʘʣʴʥʠʭ ʩʝʨʚʝʨʽʚ ʪʘ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʦʩʥʦʚʥʽ ʧʨʘʚʠʣʘ ʜʣʷ firewall. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʥʘʣʘʰʪʫʚʘʥʥʷ ʬʘʻʨʚʦʣʘ ʚ RouterOS 

ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʛʦʣʦʚʥʦʛʦ ʧʨʘʚʠʣʘ ï ʧʦʨʷʜʦʢ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʘʚʠʣ ʬʘʻʨʚʦʣʘ ʚʽʜʽʛʨʘʻ ʽʩʪʦʪʥʫ ʨʦʣʴ. ʇʨʘʚʠʣʘ 

ʬʘʻʨʚʦʣʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʦ ʧʦʨʷʜʢʫ, ʟʚʝʨʭʫ ʜʦʥʠʟʫ. ʋ ʟʚ'ʷʟʢʫ ʟ 

ʮʠʤ ʧʝʨʰʝ ʧʨʘʚʠʣʦ ʤʘʻ ʦʭʦʧʣʶʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙʩʷʛ 

ʪʨʘʬʽʢʫ ʽ ʚʞʝ ʜʘʣʽ ʥʝʦʙʭʽʜʥʦ ʦʙʨʦʙʣʷʪʠ ʪʘ ʬʽʣʴʪʨʫʚʘʪʠ ʪʨʘʬʽʢ 

ʧʦʩʣʽʜʦʚʥʦ, ʪʦʙʪʦ ʧʝʨʰʝ ʧʨʘʚʠʣʦ ʧʦʚʠʥʥʦ ʜʦʟʚʦʣʷʪʠ ʚʝʩʴ 

ʚʭʽʜʥʠʡ ʪʨʘʬʽʢ ʽ ʜʘʣʽ ʚʞʝ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʪʠ ʥʝʙʘʞʘʥʽ 

ʧʽʜʢʣʶʯʝʥʥʷ. 
ʅʘʙʽʨ ʧʨʘʚʠʣ ʜʦʟʚʦʣʠʪʴ ʫʙʝʟʧʝʯʠʪʠʩʴ ʚʽʜ ʧʽʜʙʦʨʫ ʧʘʨʦʣʽʚ ʪʘ 

ʩʢʘʥʫʚʘʥʥʷ ʧʦʨʪʽʚ. ʂʦʞʥʝ ʧʨʘʚʠʣʦ ʙʘʞʘʥʦ ʦʧʠʩʫʚʘʪʠ ʜʦʢʣʘʜʥʠʤ 

ʢʦʤʝʥʪʘʨʝʤ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ ʚʽʜʨʝʜʘʛʫʚʘʪʠ 

ʢʦʥʢʨʝʪʥʝ ʧʨʘʚʠʣʦ ʧʽʜ ʥʝʩʪʘʥʜʘʨʪʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ. 

ʇʝʨʝʜ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʧʨʘʚʠʣ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʠʪʠ ʩʪʘʥʜʘʨʪʥʽ 

ʧʦʨʪʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ RouterOS ʧʦ ssh, winbox ʪʘ web-

ʽʥʪʝʨʬʝʡʩʫ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʨʦʙʦʪʽʚ ʪʘ ʾʭ ʙʣʦʢʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

Honeypot ï ʧʨʘʚʠʣʘ ʬʽʣʴʪʨʘʮʽʾ ʚ ʷʢʦʤʫ ʚʢʘʟʘʥʽ ʥʘʡʧʦʰʠʨʝʥʽʰʽ 

ʧʦʨʪʠ (22,3389,8291), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʦʪʘʤʠ ʜʣʷ 

ʩʢʘʥʫʚʘʥʥʷ. ɼʦ ʩʧʠʩʢʫ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʧʦʨʪʠ. 

ɼʦʜʘʪʢʦʚʠʤ ʟʘʭʠʩʪʦʤ ʨʦʫʪʝʨʽʚ ʥʘ RouterOS ʚʽʜ ʟʣʦʚʤʠʩʥʠʢʽʚ ʻ 

ʟʘʭʠʩʪ ʚʽʜ ʩʢʘʥʫʚʘʥʥʷ ʧʦʨʪʽʚ. ɼʣʷ ʡʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʜʦʜʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʧʝʨʝʣʽʢ ʧʨʘʚʠʣ, ʪʘ ʟʤʽʥʠʪʠ ʟʥʘʯʝʥʥʷ wan ʚ in-

interface (ʽʥʪʝʨʬʝʡʩʫ ʧʽʜʢʣʶʯʝʥʥʷ ʽʥʪʝʨʥʝʪʫ) ʥʘ ʥʘʟʚʫ ʚʽʜʤʽʥʥʫ ʚʽʜ 

ʥʘʟʚʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. RouterOS. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.mikrotik-routeros.net/ 

routeros.aspx. 
2. ɿʘʭʠʩʪ ʨʦʫʪʝʨʘ MikroTik, ʙʘʟʦʚʽ ʧʨʘʚʠʣʘ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷ Firewall. 
ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://ʥʘʩʪʨʦʡʢʘ-ʤʠʢʨʦʪʠʢ.ʫʢʨ/ 

zashhita-routera-mikrotik-bazovye-pravila-po-nastrojke-firewall/ 
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ɹʦʛʜʘʥ ɼʫʱʘʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʗʥʫʰʝʚʩʴʢʠʡ ʉ. ɺ. 

 

ʈʝʘʣʽʟʘʮʽʷ 3-D ʽʛʨʠ ʫ ʞʘʥʨʽ ʐʫʪʝʨ 

 
ʈʦʟʨʦʙʣʝʥʘ ʚʽʜʝʦʛʨʘ ï ʢʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ, ʷʢʘ ʩʣʫʞʠʪʴ 

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʽʛʨʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟʚôʷʟʢʫ ʟ ʧʘʨʪʥʝʨʘʤʠ ʧʦ ʛʨʽ ʘʙʦ 

ʩʘʤʘ ʚʠʩʪʫʧʘʻ ʷʢ ʧʘʨʪʥʝʨ.  

ɺ ʜʘʥʦʤʫ ʧʨʦʝʢʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʛʨʦʚʘ ʤʝʭʘʥʽʢʘ ï 

ʧʨʘʚʠʣʦ ʘʙʦ ʦʙʤʝʞʝʥʥʷ, ʷʢʠʤ ʢʝʨʫʻʪʴʩʷ ʛʨʘʚʝʮʴ, ʘ ʪʘʢʦʞ 

ʨʝʘʢʮʽʷ ʩʘʤʦʾ ʛʨʠ ʥʘ ʜʽʾ ʛʨʘʚʮʷ. ʉʫʢʫʧʥʽʩʪʴ ʚʩʽʭ ʽʛʨʦʚʠʭ ʤʝʭʘʥʽʢ 

ʦʜʥʽʻʾ ʛʨʠ ʬʦʨʤʫʶʪʴ ʧʝʚʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʾʾ ʽʛʨʦʚʦʛʦ ʧʨʦʮʝʩʫ.  

 
ʈʠʩ. 1. ʇʨʠʢʣʘʜ 3D-ʤʦʜʝʣʽ 

ʋ ʧʨʦʝʢʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 3D-ʛʨʘʬʽʢʫ ï ʩʫʢʫʧʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʧʨʠʡʦʤʽʚ, ʨʦʟʨʘʭʦʚʘʥʫ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ 

ʦʙôʻʤʥʠʭ ʦʙôʻʢʪʽʚ. ʆʙ'ʻʢʪʠ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʛʨʘʬʽʮʽ 

ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʪʨʠʚʠʤʽʨʥʠʤʠ ʤʦʜʝʣʷʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʟʫʘʣʽʟʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʜʘʥʽ ʤʦʜʝʣʽ ʤʽʩʪʷʪʴʩʷ ʫ ʬʘʡʣʽ 

ʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ.  

ɺ ʨʦʟʨʦʙʮʽ ʟʘʩʪʦʩʦʚʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʤʦʜʝʣʴ 

ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʬʦʨʤʠ ʦʙ'ʻʢʪʘ. ɼʚʦʤʘ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʜʞʝʨʝʣʘʤʠ 3D-ʤʦʜʝʣʝʡ ʻ ʧʦʣʽʛʦʥʘʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʪʯʽʚ ʽ ʤʦʜʝʣʶʚʘʥʥʷ NURBS ʻ 

ʧʦʧʫʣʷʨʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 3D 

ʤʦʜʝʣʶʚʘʥʥʽ. ʇʦ ʩʫʪʽ, 3D-ʤʦʜʝʣʴ ʬʦʨʤʫʻʪʴʩʷ ʟ ʪʦʯʦʢ, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʚʝʨʰʠʥʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʫ ʪʘ ʫʪʚʦʨʶʶʪʴ 

ʙʘʛʘʪʦʢʫʪʥʠʢʠ. 

ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʤʦʜʝʣʝʡ ʫ ʛʨʽ, ʙʫʣʦ ʟʘʜʽʷʥʦ ʨʝʥʜʝʨʠʥʛ ï  

ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʬʦʪʦʨʝʘʣʽʩʪʠʯʥʦʛʦ ʘʙʦ ʥʝʬʦʪʦʨʝʘʣʽʩʪʠʯʥʦʛʦ 
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ʟʦʙʨʘʞʝʥʥʷ ʟ 2D-, ʘʙʦ 3D-ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʧʨʦʛʨʘʤʠ. ɼʝʢʽʣʴʢʘ ʤʦʜʝʣʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʫ ʬʘʡʣʽ 

ʩʮʝʥʠ, ʱʦ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʝʦʤʝʪʨʽʶ, ʪʦʯʢʫ ʦʛʣʷʜʫ, 

ʪʝʢʩʪʫʨʫ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʟʘʪʽʥʝʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʚʽʨʪʫʘʣʴʥʫ ʩʮʝʥʫ. 

ɼʘʥʽ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʬʘʡʣʽ ʩʮʝʥʠ, ʧʝʨʝʜʘʶʪʴʩʷ ʧʨʦʛʨʘʤʽ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʚʠʚʝʜʝʥʥʷ ʫ ʬʘʡʣ ʮʠʬʨʦʚʦʛʦ ʘʙʦ 

ʨʘʩʪʨʦʚʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

Unreal engine 4 ï ʽʛʨʦʚʠʡ ʨʫʰʽʡ, ʷʢʠʡ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ 

ʨʦʟʨʦʙʢʫ ʩʚʦʾʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʪʘʢʠʭ ʷʢ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, 

ʬʦʪʦʨʝʘʣʽʟʤ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʡ ʨʦʙʦʯʠʡ 

ʧʨʦʮʝʩ PBR ʜʣʷ ʩʚʦʾʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʆʢʨʽʤ ʮʴʦʛʦ 

ʜʘʥʠʡ ʨʫʰʽʡ, ʤʘʻ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ, ʜʝ ʟʥʘʜʠʪʴʩʷ 

ʢʦʥʩʪʨʫʢʪʦʨ ʨʽʚʥʷ, ʷʢʠʡ ʥʘʜʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ, ʷʢ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʝʬʬʝʢʪʽʚ, ʪʘʢ ʽ ʧʨʦʧʠʩʫʚʘʥʥʷ ʬʫʥʢʽʦʥʘʣʫ 

ʦʙ'ʻʢʪʽʚ ʪʘ ʟʘʜʘʚʘʥʥʷ ʾʤ ʧʦʪʨʽʙʥʦʾ ʧʦʚʝʜʽʥʢʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʜʘʥʦʤʫ ʨʫʰʽʾ ʪʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ. ʊʝʭʥʦʣʦʛʽʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʩʚʽʪʣʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʑʦʜʦ ʩʧʝʢʪʨʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ ʽ ʚʽʟʫʘʣʴʥʦʾ 

ʪʦʯʥʦʩʪʽ, ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ, ʪʘʢʽ 

ʷʢ ʢʘʩʪʠʥʛ ʧʨʦʤʝʥʽʚ, ʨʝʢʫʨʩʠʚʥʝ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ, 

ʨʦʟʧʦʜʽʣʴʯʝ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ, ʬʦʪʦʥʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ 

ʪʨʘʩʫʚʘʥʥʷ ʰʣʷʭʫ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʧʦʚʽʣʴʥʽʰʽ ʪʘ ʪʦʯʥʽʰʽ, ʥʽʞ 

ʤʝʪʦʜʠ ʩʢʘʥʫʚʘʥʥʷ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ʂʦʤʧ'ʶʪʝʨʥʘ ʛʨʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://thewrap.com/what-is-a-video-game-a-short-explainer/ 

2. Gordon McComb, ñThe gamer's guide to coding design code build 

playò. 2017  Union Square & Co 

3. 3D-ʛʨʘʬʽʢʘ ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://selfcad.com/blog/3d-graphics-what-it-is-and-how-you-can-learn-it 

4. ɯʛʨʦʚʠʡ ʨʫʰʽʡ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://docs.unrealengine.com/4.26/en-US/ 
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ʉʚʷʪʦʩʣʘʚ ɿʘʧʘʨʘʥʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺʝʨʠʛʘ ɸ.ɼ. 

 

ɹʣʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʣʴʥʴʦʛʦ ʩʚʽʪʣʘ ʬʘʨ ʷʢ 

ʜʝʥʥʠʭ ʭʦʜʦʚʠʭ ʚʦʛʥʽʚ 
ɼʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ɼʊʇ ʥʘ ʟʘʤʽʩʴʢʠʭ 

ʜʦʨʦʛʘʭ ʫ ʧʨʘʚʠʣʘʭ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʽʩʥʫʻ ʚʠʤʦʛʘ ï ʚ ʧʝʨʽʦʜ ʟ 

1 ʞʦʚʪʥʷ ʧʦ 1 ʪʨʘʚʥʷ ʤʝʭʘʥʽʯʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʟʦʙʦʚ'ʷʟʘʥʽ 

ʨʫʭʘʪʠʩʷ ʟʘ ʤʝʞʘʤʠ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ʚ ʩʚʽʪʣʠʡ ʯʘʩ ʜʦʙʠ ʟ 

ʫʚʽʤʢʥʝʥʠʤʠ ʜʝʥʥʠʤʠ ʭʦʜʦʚʠʤʠ ʚʦʛʥʷʤʠ ʘʙʦ ʙʣʠʞʥʽʤ ʩʚʽʪʣʦʤ 

ʬʘʨ [1]. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦ ʥʝ ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ ʜʝʥʥʠʤʠ 

ʭʦʜʦʚʠʤʠ ʚʦʛʥʷʤʠ (ɼʍʆ), ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʠʞʥʴʦʛʦ ʩʚʽʪʣʘ ʬʘʨ 

ʟʤʝʥʰʫʻ ʨʝʩʫʨʩ ʛʘʣʦʛʝʥʥʠʭ ʣʘʤʧ, ʥʘʚʘʥʪʘʞʫʻ ʛʝʥʝʨʘʪʦʨ ʪʘ ʧʨʠ 

ʮʴʦʤʫ ʟʙʽʣʴʰʫʻ ʨʦʟʭʽʜ ʧʘʣʠʚʘ. ʊʦʤʫ ʽʜʝʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʣʴʥʴʦʛʦ ʩʚʽʪʣʘ ʥʘ 30 % ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʷʢ ɼʍʆ  

ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦ. 

ɼʘʥʠʡ ʙʣʦʢ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʚ ʘʚʪʦʤʦʙʽʣʽ ʟ 

ʥʘʧʨʫʛʦʶ ʙʦʨʪʦʚʦʾ ʤʝʨʝʞʽ 12 ʚʦʣʴʪ. ʈʝʛʫʣʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ. 

ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʧʨʠʣʘʜʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1.  ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʙʣʦʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʘʣʴʥʴʦʛʦ ʩʚʽʪʣʘ ʬʘʨ ʷʢ ʜʝʥʥʠʭ ʭʦʜʦʚʠʭ ʚʦʛʥʽʚ 
 

ʇʽʩʣʷ ʚʚʽʤʢʥʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʧʘʣʶʚʘʥʥʷ, ʞʠʚʣʝʥʥʷ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʭʝʤʫ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ 

ʦʯʽʢʫʚʘʥʥʷ ʜʦʪʠ, ʜʦʢʠ ʚʽʜʩʫʪʥʽʡ ʪʠʩʢ ʦʣʠʚʠ (ʱʦ ʻ ʦʟʥʘʢʦʶ 
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ʚʠʤʢʥʝʥʦʛʦ ʜʚʠʛʫʥʘ) ʪʘ ʟʘʪʷʛʥʫʪʝ ʨʫʯʥʝ ʛʘʣʴʤʦ. ʗʢ ʪʽʣʴʢʠ 

ʽʥʜʠʢʘʪʦʨ ʪʠʩʢʫ ʦʣʠʚʠ ʧʦʛʘʩʥʝ ʪʘ ʘʚʪʦʤʦʙʽʣʴ ʙʫʜʝ ʟʥʷʪʠʡ ʟ 

ʨʫʯʥʦʛʦ ʛʘʣʴʤʘ, ʙʣʦʢ ʫʚʽʤʢʥʝʪʴʩʷ ʟ ʯʘʩʦʚʦʶ ʟʘʪʨʠʤʢʦʶ ʪʘ 

ʧʣʘʚʥʠʤ ʨʦʟʞʘʨʶʚʘʥʥʷʤ ʣʘʤʧʠ. ʈʝʛʫʣʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ 

ʩʚʽʯʝʥʥʷ ʣʘʤʧ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʐɯʄ). 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʯʝʥʥʷ ʣʘʤʧʠ ʜʘʣʴʥʴʦʛʦ 

ʩʚʽʪʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ 30 % ʚʽʜ ʟʘʷʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɼʣʷ ʟʤʽʥʠ 

ʷʩʢʨʘʚʦʩʪʽ ɼʍʆ ʚ ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʪʦʚʘ ʢʥʦʧʢʘ SB1. 

ɿʘ ʾʾ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʮʶ ʷʩʢʨʘʚʽʩʪʴ ʟ ʢʨʦʢʦʤ 5 %, 

ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 5 % õ 95 %. 

ʗʢʱʦ ʚʚʽʤʢʥʫʪʠ ʛʘʙʘʨʠʪʥʽ ʚʦʛʥʽ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʧʨʠʧʠʥʠʪʴ ʛʝʥʝʨʘʮʽʶ ʐɯʄ ʪʘ ʧʝʨʝʡʜʝ ʚ ʨʝʞʠʤ ʦʯʽʢʫʚʘʥʥʷ, 

ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʚʽʨʷʶʯʠ ʩʪʘʥ ʚʭʦʜʽʚ. 

ʆʩʥʦʚʥʠʤ ʚʫʟʣʦʤ ʩʭʝʤʠ ʻ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ATtiny13 [2], 

ʷʢʠʡ ʛʝʥʝʨʫʻ ʐɯʄ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʛʦ ʚʦʩʴʤʠʙʽʪʥʦʛʦ 

ʣʽʯʠʣʴʥʠʢʘ/ʪʘʡʤʝʨʘ, ʪʘʡʤʝʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʧʦʨʥʠʡ 

ʩʠʛʥʘʣ. 

ɼʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʩʣʫʛʫʻ 

ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʥʘʧʨʫʛʠ. ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʧʝʨʝʧʦʣʶʩʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʜʽʦʜ ʐʦʪʢʠ (VD2). 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʧʦʨʪʽʚ ʤʽʢʨʦʩʭʝʤʠ 

ʜʦʙʘʚʣʝʥʦ ʨʝʟʠʩʪʦʨʠ (R1,R3), ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʩʪʨʫʤ.  

ʉʠʣʦʚʦʶ ʯʘʩʪʠʥʦʶ ʩʭʝʤʠ ʻ P-ʢʘʥʘʣʴʥʽ ʧʦʣʴʦʚʽ 

ʪʨʘʥʟʠʩʪʦʨʠ (VT4,VT5,VT6), ʘʜʞʝ ʢʦʤʫʪʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʦʟʠʪʠʚʥʠʤ ʧʦʣʶʩʦʤ. 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʧʦʣʴʦʚʠʤʠ ʪʨʘʥʟʠʩʪʦʨʘʤʠ (VT4,VT5,VT6) 

ʟʘʩʪʦʩʦʚʘʥʦ ʜʨʘʡʚʝʨ ʥʘ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ 

(VT1,VT2,VT3), ʪʘʢʠʡ ʜʨʘʡʚʝʨ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʚʽʜʢʨʠʚʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʥʠʟʠʪʴ ʥʘʛʨʽʚʘʥʥʷ 

ʩʠʣʦʚʠʭ ʢʣʶʯʽʚ ʽ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʦʪʫ ʐɯʄ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɹʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʜʝʥʥʠʤʠ ʭʦʜʦʚʠʤʠ ʚʦʛʥʷʤʠ MagnumBCL ï 

URL: https://130.com.ua/uk/product/lights-control-unit-magnum-bcl/ 

2.ATtiny13 ï ʨʝʘʣʽʟʘʮʽʷ ʐɯʄ ï URL: http://osboy.ru/blog/microco 

ntrolle rs/attiny13-pwm.html 
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ʆʣʝʢʩʽʡ ɿʘʮʝʨʢʦʚʥʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʆʣʘʨ ʆ.ɺ. 

 

ʉʪʨʘʪʝʛʽʷ ʚʝʙʢʦʥʪʝʥʪʫ: ʤʝʪʦʜʠ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʝʙʢʦʥʪʝʥʪʫ 

 
ʋʩʧʽʭ ʚʝʙʩʘʡʪʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʡʦʛʦ 

ʢʦʥʪʝʥʪʫ. ʋ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʝ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʧʝʨʝʥʘʩʠʯʫʶʪʴ ʽʥʬʦʨʤʘʮʽʻʶ ʟʚʽʜʫʩʽʣʴ, ʜʫʞʝ ʚʘʞʣʠʚʦ ʤʘʪʠ 

ʩʠʣʴʥʫ ʩʪʨʘʪʝʛʽʶ ʚʝʙʢʦʥʪʝʥʪʫ. 

ɽʬʝʢʪʠʚʥʠʡ ʚʝʙʢʦʥʪʝʥʪ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʫʩʧʽʭʫ 

ʚʝʙʩʘʡʪʫ. ʅʝʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʦ ʤʘʪʠ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʠʡ ʩʘʡʪ; 

ʚʤʽʩʪ ʤʘʻ ʟʘʣʫʯʘʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʮʽʥʥʽʩʪʴ ʽ 

ʩʪʠʤʫʣʶʚʘʪʠ ʢʦʥʚʝʨʩʽʾ. ʑʦʙ ʮʴʦʛʦ ʜʦʩʷʛʪʠ, ʚʘʞʣʠʚʘ ʩʠʣʴʥʘ 

ʩʪʨʘʪʝʛʽʷ ʚʝʙʢʦʥʪʝʥʪʫ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʢʨʘʱʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʝʙʢʦʥʪʝʥʪʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʝʙʘʤ ʷʢ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʘʢ ʽ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɸʫʜʠʪ ʚʤʽʩʪʫ ʻ ʚʘʞʣʠʚʠʤ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʫ ʨʦʟʨʦʙʮʽ 

ʩʪʨʘʪʝʛʽʾ ʚʝʙʢʦʥʪʝʥʪʫ. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʥʘʷʚʥʦʛʦ ʢʦʥʪʝʥʪʫ, 

ʦʮʽʥʢʫ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʨʦʛʘʣʠʥ ʽ ʤʦʞʣʠʚʦʩʪʝʡ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ. ʇʨʦʚʦʜʷʯʠ ʘʫʜʠʪ ʚʤʽʩʪʫ, ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ 

ʦʪʨʠʤʘʪʠ ʯʽʪʢʝ ʨʦʟʫʤʽʥʥʷ ʩʚʦʛʦ ʧʦʪʦʯʥʦʛʦ ʪʘ ʩʪʚʦʨʠʪʠ ʧʣʘʥ 

ʤʘʡʙʫʪʥʴʦʛʦ ʢʦʥʪʝʥʪʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ï ʽʩʪʦʪʥʠʡ ʢʦʤʧʦʥʝʥʪ ʩʪʨʘʪʝʛʽʾ 

ʚʝʙʢʦʥʪʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʜʘʻ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʪʨʝʙʠ 

ʪʘ ʚʧʦʜʦʙʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʚʢʣʶʯʘʶʪʴ ʦʧʠʪʫʚʘʥʥʷ, ʽʥʪʝʨʚôʶ ʪʘ ʧʝʨʝʚʽʨʢʫ ʟʨʫʯʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʈʦʟʫʤʽʶʯʠ ʧʦʪʨʝʙʠ ʪʘ ʚʧʦʜʦʙʘʥʥʷ ʩʚʦʻʾ ʮʽʣʴʦʚʦʾ 

ʘʫʜʠʪʦʨʽʾ, ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʢʦʥʪʝʥʪ, ʷʢʠʡ ʨʝʟʦʥʫʻ ʟ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʩʪʠʤʫʣʶʻ ʟʘʣʫʯʝʥʥʷ. 

ɺʽʜʦʙʨʘʞʝʥʥʷ ʚʤʽʩʪʫ ʧʝʨʝʜʙʘʯʘʻ ʦʨʛʘʥʽʟʘʮʽʶ ʚʤʽʩʪʫ 

ʣʦʛʽʯʥʠʤ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ ʩʧʦʩʦʙʦʤ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯʽ 

ʤʦʛʣʠ ʣʝʛʢʦ ʟʥʘʡʪʠ ʪʝ, ʱʦ ʚʦʥʠ ʰʫʢʘʶʪʴ. ʄʝʪʦʜʠ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʚʤʽʩʪʫ ʚʢʣʶʯʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʩʘʡʪʫ, ʨʦʟʨʦʙʢʫ ʽʻʨʘʨʭʽʾ 

ʚʤʽʩʪʫ ʪʘ ʨʦʟʨʦʙʢʫ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʦʾ ʥʘʚʽʛʘʮʽʾ. ʉʪʚʦʨʶʶʯʠ 

ʯʽʪʢʫ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʫ ʩʪʨʫʢʪʫʨʫ ʚʤʽʩʪʫ, ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ 
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ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʽ ʟʤʦʞʫʪʴ ʣʝʛʢʦ ʟʥʘʡʪʠ ʧʦʪʨʽʙʥʫ 

ʽʥʬʦʨʤʘʮʽʶ. 

ʊʦʥ ʽ ʛʦʣʦʩ - ʚʘʞʣʠʚʽ ʝʣʝʤʝʥʪʠ ʚʝʙʢʦʥʪʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʜʦʧʦʤʘʛʘʶʪʴ ʩʪʚʦʨʠʪʠ ʧʦʩʣʽʜʦʚʥʫ ʪʘ ʧʨʠʚʘʙʣʠʚʫ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʙʨʝʥʜʫ. ʄʝʪʦʜʠ ʨʦʟʚʠʪʢʫ ʪʦʥʫ ʪʘ ʛʦʣʦʩʫ 

ʚʢʣʶʯʘʶʪʴ ʨʦʟʚʠʪʦʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ ʙʨʝʥʜʫ, ʩʪʚʦʨʝʥʥʷ 

ʧʦʩʽʙʥʠʢʘ ʟʽ ʩʪʠʣʶ ʪʘ ʧʦʩʣʽʜʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʥʫ ʪʘ ʛʦʣʦʩʫ ʚ 

ʫʩʴʦʤʫ ʚʤʽʩʪʽ. 

ɼʦʩʪʫʧʥʽʩʪʴ ʽ ʧʦʰʫʢʦʚʘ ʦʧʪʠʤʽʟʘʮʽʷ ʻ ʩʫʪʪʻʚʠʤʠ ʘʩʧʝʢʪʘʤʠ 

ʩʪʨʘʪʝʛʽʾ ʚʝʙʢʦʥʪʝʥʪʫ. ʈʦʟʨʦʙʣʷʶʯʠ ʢʦʥʪʝʥʪ, ʜʦʩʪʫʧʥʠʡ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ 

ʩʪʚʦʨʠʪʠ ʽʥʢʣʶʟʠʚʥʠʡ ʜʦʩʚʽʜ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʄʝʪʦʜʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʛʽʚ alt ʜʣʷ 

ʟʦʙʨʘʞʝʥʴ, ʥʘʜʘʥʥʷ ʩʪʝʥʦʛʨʘʤ ʜʣʷ ʚʽʜʝʦ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʯʠʪʘʙʝʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʰʨʠʬʪʫ. ʄʝʪʦʜʠ SEO ʚʢʣʶʯʘʶʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʤʝʪʘ-ʪʝʛʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʚʤʽʩʪʫ 

ʜʣʷ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ. 

ɽʬʝʢʪʠʚʥʠʡ ʚʝʙʢʦʥʪʝʥʪ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʫʩʧʽʭʫ 

ʚʝʙʩʘʡʪʫ, ʘ ʩʠʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʚʘʞʣʠʚʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʝʥʪʫ, 

ʷʢʠʡ ʟʘʣʫʯʘʻ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʩʪʠʤʫʣʶʻ ʢʦʥʚʝʨʩʽʾ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ ʘʫʜʠʪ ʚʤʽʩʪʫ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʤʽʩʪʫ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ 

ʩʪʚʦʨʠʪʠ ʯʽʪʢʠʡ ʧʣʘʥ ʝʬʝʢʪʠʚʥʦʛʦ ʚʝʙʢʦʥʪʝʥʪʫ. ʂʨʽʤ ʪʦʛʦ, 

ʚʨʘʭʫʚʘʥʥʷ ʪʦʥʫ ʪʘ ʛʦʣʦʩʫ, ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʧʦʰʫʢʦʚʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʩʪʚʦʨʠʪʠ ʧʦʩʣʽʜʦʚʥʫ ʪʘ ʽʥʢʣʶʟʠʚʥʫ 

ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʷʢʘ ʧʨʠʥʝʩʝ ʨʝʟʫʣʴʪʘʪʠ. 
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ʈʦʤʘʥ ɿʘʷʮ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ɺ. ɼʫʙʦʣʘʟʦʚ 

 

ʉʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʧʦʩʽʙʥʠʢʽʚ ʷʢ ʨʽʟʥʦʚʠʜʫ 

ʝʣʝʢʪʨʦʥʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʠʜʘʥʴ  

 
ɯʥʪʝʨʘʢʪʠʚʥʽ ʧʦʩʽʙʥʠʢʠ ʻ ʢʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʥʘʚʠʯʦʢ ʫʯʥʽʚ ʘʙʦ ʧʨʘʮʽʚʥʠʢʽʚ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʚʽʜʝʦ, 

ʟʦʙʨʘʞʝʥʥʷ, ʘʥʽʤʘʮʽʾ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽ ʚʧʨʘʚʠ, ʱʦ ʜʦʧʦʤʘʛʘʶʪʴ 

ʫʯʥʷʤ ʢʨʘʱʝ ʟʘʩʚʦʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʨʦʟʚʠʚʘʪʠ ʥʘʚʠʯʢʠ. 

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʫ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʤʝʪʠ. ʇʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ, ʜʣʷ ʯʦʛʦ ʩʘʤʝ 

ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʩʽʙʥʠʢ: ʜʣʷ ʥʘʚʯʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʥʘʚʠʯʦʢ, 

ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʝʚʥʠʡ ʧʨʦʜʫʢʪ ʘʙʦ ʧʦʩʣʫʛʫ ʘʙʦ 

ʜʦʧʦʤʦʛʠ ʫ ʨʦʟʚ'ʷʟʘʥʥʽ ʧʠʪʘʥʴ ʪʝʭʥʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ [1]. 

ɼʨʫʛʠʤ ʢʨʦʢʦʤ ʻ ʚʠʙʽʨ ʬʦʨʤʘʪʫ ʧʦʩʽʙʥʠʢʘ. ɭ ʙʘʛʘʪʦ ʨʽʟʥʠʭ 

ʬʦʨʤʘʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʚʽʜ ʚʽʜʝʦ ʪʘ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʧʨʝʟʝʥʪʘʮʽʡ ʜʦ ʚʝʙ-ʩʘʡʪʽʚ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʢʥʠʛ. 

ʆʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʻ ʨʦʟʨʦʙʢʘ ʢʦʥʪʝʥʪʫ ʜʣʷ ʧʦʩʽʙʥʠʢʘ. ʎʝ ʤʦʞʝ 

ʚʢʣʶʯʘʪʠ ʥʘʧʠʩʘʥʥʷ ʪʝʢʩʪʽʚ, ʩʪʚʦʨʝʥʥʷ ʚʽʜʝʦ, ʘʥʽʤʘʮʽʡ, ʘ ʪʘʢʦʞ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʚʧʨʘʚ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʫʯʥʷʤ ʢʨʘʱʝ ʟʘʩʚʦʶʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʨʦʟʚʠʚʘʪʠ ʥʘʚʠʯʢʠ. 

ɯʥʪʝʨʘʢʪʠʚʥʽ ʧʦʩʽʙʥʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʽ ʜʣʷ ʨʽʟʥʠʭ 

ʛʘʣʫʟʝʡ ʪʘ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʥʦʚʠʤ ʧʨʘʮʽʚʥʠʢʘʤ, ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʜʫʢʪʠ 

ʪʘ ʧʦʩʣʫʛʠ, ʥʘʜʘʥʥʷ ʪʝʭʥʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 

ʮʽʣʝʡ [2]. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʧʨʦʛʨʘʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʧʦʩʽʙʥʠʢʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʨʝʟʝʥʪʘʮʽʾ, ʢʫʨʩʠ, 

ʚʽʜʝʦʫʨʦʢʠ ʪʘ ʽʥʰʽ ʬʦʨʤʘʪʠ. ɼʘʚʘʡʪʝ ʨʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʟ ʥʠʭ 

[1,2]: 

1. Articulate Storyline - ʮʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʧʦʩʽʙʥʠʢʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʟʦʙʨʘʞʝʥʥʷ, ʚʽʜʝʦ, ʘʫʜʽʦ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ 

ʢʥʦʧʢʠ ʪʘ ʧʦʣʷ ʜʣʷ ʚʚʝʜʝʥʥʷ ʪʝʢʩʪʫ. Articulate Storyline ʪʘʢʦʞ 
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ʜʦʟʚʦʣʷʻ ʝʢʩʧʦʨʪʫʚʘʪʠ ʩʪʚʦʨʝʥʽ ʧʦʩʽʙʥʠʢʠ ʚ ʨʽʟʥʽ ʬʦʨʤʘʪʠ, 

ʚʢʣʶʯʘʶʯʠ HTML5, Flash ʪʘ ʚʽʜʝʦ. 

2. Adobe Captivate - ʮʝ ʽʥʰʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʧʦʩʽʙʥʠʢʽʚ. ʎʷ 

ʧʨʦʛʨʘʤʘ ʤʘʻ ʙʘʛʘʪʦ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ ʩʪʚʦʨʝʥʥʷ ʩʠʤʫʣʷʮʽʡ, 

ʩʧʝʮʽʘʣʴʥʠʭ ʝʬʝʢʪʽʚ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʝʩʪʽʚ. Adobe Captivate 

ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʝʢʩʧʦʨʪʫʚʘʪʠ ʩʪʚʦʨʝʥʽ ʧʦʩʽʙʥʠʢʠ ʚ ʨʽʟʥʽ 

ʬʦʨʤʘʪʠ, ʚʢʣʶʯʘʶʯʠ HTML5, Flash ʪʘ SCORM. 

3. Lectora Inspire - ʮʝ ʽʥʰʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʧʦʩʽʙʥʠʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʚ ʩʦʙʽ 

ʚʽʜʝʦ, ʟʦʙʨʘʞʝʥʥʷ, ʟʚʫʢʦʚʽ ʝʬʝʢʪʠ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ. Lectora 

Inspire ʪʘʢʦʞ ʜʦʟʚʦʣʷ ʻ ʝʢʩʧʦʨʪʫʚʘʪʠ ʩʪʚʦʨʝʥʽ ʧʦʩʽʙʥʠʢʠ ʚ ʨʽʟʥʽ 
ʬʦʨʤʘʪʠ, ʚʢʣʶʯʘʶʯʠ HTML5, SCORM ʪʘ xAPI. 

4. iSpring Suite - ʮʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʧʦʩʽʙʥʠʢʠ, ʚʢʣʶʯʘʶʯʠ ʧʨʝʟʝʥʪʘʮʽʾ, 

ʢʫʨʩʠ, ʪʝʩʪʠ ʪʘ ʽʥʰʽ ʬʦʨʤʘʪʠ. iSpring Suite ʤʘʻ ʙʘʛʘʪʦ ʬʫʥʢʮʽʡ, 

ʪʘʢʠʭ ʷʢ ʩʪʚʦʨʝʥʥʷ ʘʥʽʤʘʮʽʡ, ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʩʧʝʮʽʘʣʴʥʠʭ ʝʬʝʢʪʽʚ. iSpring Suite ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʝʢʩʧʦʨʪʫʚʘʪʠ 

ʩʪʚʦʨʝʥʽ ʧʦʩʽʙʥʠʢʠ ʚ ʨʽʟʥʽ ʬʦʨʤʘʪʠ, ʚʢʣʶʯʘʶʯʠ HTML5, 

SCORM ʪʘ xAPI. 

ʎʽ ʧʨʦʛʨʘʤʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʷʢʽʩʥʠʡ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʡ 

ʢʦʥʪʝʥʪ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, 

ʚʢʣʶʯʘʶʯʠ ʥʘʚʯʘʥʥʷ, ʤʘʨʢʝʪʠʥʛ ʪʘ ʽʥʰʽ. ʆʙʠʨʘʶʯʠ ʧʨʦʛʨʘʤʫ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʧʦʩʽʙʥʠʢʽʚ, ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʦʪʨʝʙʠ ʪʘ ʙʶʜʞʝʪ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣ ʧʨʦʛʨʘʤʠ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Michael G. Chenoweth and Mark Olsen. "Handwritten Text 

Recognition for Historical Scripts". Annual Review of Linguistics, 2018. 

2. David A. Smith. "A Survey of Document Image Word Recognition 

and Its Impact on Information Retrieval". ACM Transactions on 

Information Systems (TOIS), 2011. 
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ʈʦʤʘʥ ɯʚʦʥʷʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. 

 

ɻʽʨʦʪʨʦʧʥʽ ʛʝʥʝʨʘʪʦʨʥʽ ʝʣʝʤʝʥʪʠ 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʣʘʜʠ ʪʘ ʩʠʩʪʝʤʠ 

ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ, ʷʢ 

ʤʝʜʠʯʥʘ, ʢʦʩʤʽʯʥʘ, ʚʽʡʩʴʢʦʚʘ,  ʚ ʝʥʝʨʛʝʪʠʮʽ, ʭʦʣʦʜʠʣʴʥʽʡ ʪʘ 

ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ ʪʦʱʦ [1, 2]. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʚʘʞʣʠʚʽ ʧʦʰʫʢ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʪʠʧʽʚ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʛʝʥʝʨʘʪʦʨʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ɺʽʜʦʤʦ, ʱʦ ʛʝʥʝʨʘʪʦʨʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʚʦʣʦʜʽʶʪʴ ʪʘʢʠʤʠ ʧʝʨʝʚʘʛʘʤʠ, ʘ ʩʘʤʝ ʤʦʞʣʠʚʽʩʪʴ 

ʙʝʟʩʧʘʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʥʘʨʦʱʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ 

ʥʘʧʨʫʛ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʥʘʜʽʡʥʽʩʪʴ ʡ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜ ʚʧʣʠʚʦʤ ʤʘʛʥʽʪʥʦʛʦ ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʽʚ, ʦʩʦʙʣʠʚʦ ʜʽʻʚʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʦ ʤʦʜʝʣʴ ʛʽʨʦʪʨʦʧʥʦʛʦ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʦʣʦʜʽʻ 

ʥʘʡʢʨʘʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ 3D-ʤʦʜʝʣʽ ʩʽʪʢʠ 

ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (a) ʪʘ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ (ʙ) ʚ 

ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʪʝʨʤʦʝʣʝʤʝʥʪʽ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ. 
 

  
a                                                        ʙ 

ʈʠʩ. 1. ʊʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʩʽʪʢʠ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (a) 

 ʪʘ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ (ʙ) ʚ ʛʽʨʦʪʨʦʧʥʠʭ  

ʪʝʨʤʦʝʣʝʤʝʥʪʘʭ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ (InSb) 

ɼʘʣʽ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʂʂɼ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʩʪʦʨʦʥʠ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʧʨʠ ʩʪʘʣʽʡ 
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ʪʝʤʧʝʨʘʪʫʨʽ ʭʦʣʦʜʥʦʾ ʩʪʦʨʦʥʠ ʜʣʷ InSb ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʽʥʜʫʢʮʽʾ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɺ (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʂʂɼ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʽʨʦʪʨʦʧʥʦʛʦ  

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ  

(ʚʝʨʭʥʷ ʥʠʟʢʘ ʢʨʠʚʠʭ ï InSb, ʥʠʞʥʷ ʥʠʟʢʘ ʢʨʠʚʠʭ ï InAs) 

ɿ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʛʘʨʷʯʦʶ ʽ 

ʭʦʣʦʜʥʦʶ ʩʪʦʨʦʥʘʤʠ ʫ 470 ʂ ʪʘ ʧʨʠ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʟ ʽʥʜʫʢʮʽʻʶ 

ɺ = 1.2 ʊʣ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʂʂɼ ʜʣʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʽʨʦʪʨʦʧʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ ʜʦʨʽʚʥʶʻ 

ʧʨʠʙʣʠʟʥʦ 3.2%, ʱʦ ʤʝʥʰʝ ʥʽʞ ʫ ʪʝʨʤʦʧʘʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ PbTe ʪʘ 

Bi2Te3, ʘʣʝ ʮʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʙʽʣʴʰʫ ʥʘʜʽʡʥʽʩʪʴ ʟʘʚʜʷʢʠ 
ʙʝʟʩʧʘʡʥʦʤʫ ʟôʻʜʥʘʥʥʶ ʫ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ. ʊʦʤʫ ʪʘʢʽ 

ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʰʦʾ 

ʛʝʥʝʨʘʪʦʨʥʦʾ ʪʝʭʥʽʢʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. ɸʥʘʪʠʯʫʢ ʃ.ɯ. ʊʝʨʤʦʝʣʝʤʝʥʪʠ ʪʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ: 

ʜʦʚʽʜʥʠʢ. ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1979. 766 ʩ. 

2. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ., ʈʝʥʜʠʛʝʚʠʯ ʆ.ɺ. ʇʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʫ ʨʝʞʠʤʽ ʛʝʥʝʨʘʮʽʾ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. 

2016. ˉ1. ʉ. 66ï71. 
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ʗʥ ɯʟʚʘʢ 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ɸʥʘʪʠʯʫʢ ʃ.ɯ., ɸʱʝʫʣʦʚɸ.ɸ. 
 

ʄʝʪʦʜ ʝʢʩʧʨʝʩ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʥʽʧʦʣʷʨʥʠʭ 

ʘʥʽʟʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 
 

ɺʽʜʦʤʘ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʥʽʟʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʰʠʨʦʢʦ ʚʞʠʚʘʶʪʴʩʷ ʫ ʣʘʙʦʨʘʪʦʨʥʽʡ ʽ ʚʠʨʦʙʥʠʯʽʡ 

ʧʨʘʢʪʠʮʽ. ɸʣʝ ʾʭʥʽʤ ʥʝʜʦʣʽʢʦʤ ʻ ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʽʚ. 

ʊʦʤʫ ʨʝʘʣʽʟʘʮʽʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ɼʽʶʯʠʡ 

ʤʝʪʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʮʽ ʫʩʢʣʘʜʥʝʥʥʷ, - ʤʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʥʽʧʦʣʷʨʥʠʭ ʘʥʽʟʦʪʨʦʧʥʠʭ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʜʦʙʨʦʪʥʽʩʪʴ, ʪʘʢ ʽ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʘʥʽʟʦʪʨʦʧʥʠʭ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʠʙʨʘʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʥʘʧʨʷʤʢʘʭ. ʉʘʤ ʤʝʪʦʜ ʜʽʻ ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ: 

1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʪʘ ʧʦʧʝʨʝʯʥʦʾ 
ʩʢʣʘʜʦʚʦʾ ʢʦʤʧʦʥʝʥʪ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. 

2. ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ. 

3. ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʘʜʽʘʙʘʪʠʯʥʠʭ ʫʤʦʚʘʭ. 

4. ʈʦʟʨʘʭʫʥʦʢ ʧʦʧʝʨʝʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦʙʨʦʪʥʦʩʪʽ ʫʥʽʧʦʣʷʨʥʠʭ 
ʘʥʽʟʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

5. ʈʦʟʨʘʭʫʥʦʢ ʧʦʟʜʦʚʞʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦʙʨʦʪʥʦʩʪʽ ʫʥʽʧʦʣʷʨʥʠʭ 

ʘʥʽʟʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

6. ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʦʚʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʜʦʙʨʦʪʥʦʩʪʽ Z11, Z22. 

7. ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʦʚʠʭ ʪʝʥʟʦʨʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɢ11, ɢ22. 

8. ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʦʚʠʭ ʪʝʥʟʦʨʘ ʪʝʨʤʦɽʈʉ Ŭ11, Ŭ22. 

ɺ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʣʝʞʘʪʴ ʬʽʟʠʯʥʽ ʝʬʝʢʪʠ ʚʟʘʻʤʦʜʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʶ ʨʝʯʦʚʠʥʦʶ. ʎʝʡ ʤʝʪʦʜ 

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʭʨʦʚʠʭ ʩʪʨʫʤʽʚ ʌʫʢʦ, ʷʢʽ ʟʘʜʘʶʪʴʩʷ ʚ 

ʦʙ'ʻʤʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʠʬʝʨʝʥʮʽʘʣ ʮʴʦʛʦ 

ʧʨʠʩʪʨʦʶ ʷʚʣʷʻ ʩʦʙʦʶ ʧʘʨʫ ʢʦʣʠʚʥʠʭ ʢʦʥʪʫʨʽʚ, ʟʘ ʦʩʥʦʚʫ ʷʢʠʭ 

ʙʫʣʦ ʚʟʷʪʦ ʩʝʨʮʝʚʠʥʫ ʫ ʬʦʨʤʽ ʢʽʣʴʮʷ, ʷʢʘ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʟ 

ʬʝʨʠʪʫ ʽ ʤʘʻ ʧʨʦʨʽʟʠ. ɺʦʥʠ ʧʦʪʨʽʙʥʽ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʚ 
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ʩʝʨʮʝʚʠʥʽ ʜʦʜʘʪʢʦʚʦʾ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʘ ʚʠʧʨʦʤʽʥʶʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʅʝʜʦʣʽʢʦʤ ʧʝʨʰʦʛʦ ʜʘʪʯʠʢʘ ʙʫʣʦ ʧʽʜʤʘʛʥʽʯʫʶʯʠ ʧʦʣʝ, ʷʢʝ ʬʦʨʤʫʻ 

ʧʦʪʨʽʙʥʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʦʙ'ʻʤʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɸʣʝ ʮʝ 

ʧʦʣʝ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʘ, ʟ ʷʢʦʛʦ ʟʨʦʙʣʝʥʘ ʩʝʨʮʝʚʠʥʘ 

ʧʨʠʣʘʜʫ. ʊʦʤʫ ʧʝʨʝʜ ʽʥʞʝʥʝʨʘʤʠ ɯʊɽ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʟʘʚʦʜʫ ʂʚʘʨʮ 

ʧʦʩʪʘʣʘ ʟʘʜʘʯʘ ʢʦʥʩʪʨʫʢʮʽʡʥʦ ʫʜʦʩʢʦʥʘʣʠʪʠ ʜʘʪʯʠʢ, ʟ ʯʠʤ ʚʦʥʠ 

ʫʩʧʽʰʥʦ ʩʧʨʘʚʠʣʠʩʷ. 

ʂʦʥʩʪʨʫʢʮʽʡʥʦ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʜʘʪʯʠʢ ʤʘʻ ʚʠʛʣʷʜ ʜʚʦʭ ʽʜʝʥʪʠʯʥʠʭ 

ʬʝʨʠʪʦʚʠʭ ʢʽʣʝʮʴ ʽʟ ʢʦʪʫʰʢʦʶ ʧʽʜʛʥʽʯʫʚʘʥʥʷ, ʚʢʣʶʯʝʥʦʶ ʝʣʝʢʪʨʠʯʥʦ 

ʧʦʩʣʽʜʦʚʥʦ-ʟʫʩʪʨʽʯʥʦ, ʡ ʨʦʙʦʯʦʶ ʢʦʪʫʰʢʦʶ, ʥʘʤʦʪʘʥʦʶ ʦʜʥʦʯʘʩʥʦ ʥʘ 

ʦʙʠʜʚʘ ʢʽʣʴʮʷ. ʋʜʦʩʢʦʥʘʣʝʥʠʡ ʜʘʪʯʠʢ ʜʦʟʚʦʣʠʚ ʫʩʫʥʫʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʡʦʛʦ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʩʪʨʫʤʫ ʧʽʜʤʘʛʥʽʯʫʚʘʥʥʷ. ʆʪʞʝ, ʜʘʥʠʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʙʝʟʢʦʥʪʘʢʪʥʦ ʚʠʟʥʘʯʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʜʦʙʨʦʪʥʽʩʪʴ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʪʝʨʤʦɽʈʉ ʫ ʚʠʙʨʘʥʠʭ ʛʦʣʦʚʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʫ ʟʥʘʯʥʦ ʤʝʥʰʘ, ʥʽʞ ʫ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ, ʽ ʟʘ 

ʧʦʧʝʨʝʜʥʴʦʶ ʦʮʽʥʢʦʶ ʜʘʥʘ ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 2 %. ʅʘʨʷʜʫ ʟ 

ʮʠʤ, ʮʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʷʢ ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ, ʪʘʢ ʽ 

ʧʨʦʮʝʩ ʨʦʟʙʨʘʢʦʚʢʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʽʣʦʢ ʪʝʨʤʦʝʣʝʤʝʥʪʘ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

3. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ // 
ʉʧʨʘʚʦʯʥʠʢ. ʂʠʝʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1979. 798ʩ. 

4. ɺʘʡʥʝʨ ɸ.ʃ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʠʭ ʠʟʤʝʨʝʥʠʝ // ʆʜʝʩʩʘ: 

ʉʪʫʜʠʷ ñʅʝʛʦʮʠʘʥʪò, 1998. 68ʩ. 

5. ɸʱʝʫʣʦʚ ɸ.ɸ., ɹʝʩʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ // ʊʂʕɸ. 2009, ˉ2 (80), ʉ. 43-45. 

6. ʇʘʪ. 29213 ʋʢʨʘʾʥʠ. ʇʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʜʦʙʨʦʪʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 
ʤʘʪʝʨʽʘʣʽʚ / ɸʱʝʫʣʦʚ ɸ.ɸ., ɹʫʯʢʦʚʩʴʢʠʡ ɯ.ɸ., ɺʝʣʠʯʫʢ ɼ.ɼ., - 2008. - ɹʶʣ. ˉ1. 

7. ʇʘʪ. 32279 ʋʢʨʘʾʥʠ. ɼʘʪʯʠʢ ʜʣʷ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʚʠʤʽʨʶʚʘʯʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ / ɸʱʝʫʣʦʚ ɸ.ɸ., 

ɹʫʯʢʦʚʩʴʢʠʡ ɯ.ɸ., - 2008. - ɹʶʣ. ˉ9. 
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ɺʣʘʜʠʩʣʘʚʘ ɯʩʘʥʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. 

 

ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʪʝʨʤʦʤʘʛʥʽʪʥʠʭ ʧʨʠʡʤʘʯʽʚ  

ʪʘ ʧʨʠʣʘʜʠ ʥʘ ʾʭ ʦʩʥʦʚʽ 
ɺʽʜʦʤʦ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʚ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʬʝʢʪ ɿʝʻʙʝʢʘ, ʪʝʨʤʦʤʘʛʥʽʪʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʙʽʣʴʰ ʥʘʜʽʡʥʽ ʪʘ ʯʫʪʣʠʚʽ, ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʫʪʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʘʢ ʽ ʚ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʟʦʥʽ. 

ʆʜʠʥ ʟ ʪʘʢʠʭ ʪʝʨʤʦʤʘʛʥʽʪʥʠʭ ʧʨʠʡʤʘʯʽʚ ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1 [1-3]. ɺʽʥ ʤʘʻ ʪʘʢʠʡ ʧʨʠʥʮʠʧ ʜʽʾ: ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ 

ʪʝʧʣʘ ʚ ʥʘʧʨʷʤʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ ʝʣʝʤʝʥʪʽ 

ʚʠʥʠʢʘʻ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ ȹʊ. ʇʨʠ ʜʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʜʦ ȹʊ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʅ ʥʘ ʛʨʘʥʷʭ ʟʨʘʟʢʘ ʚʠʥʠʢʘʻ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʟʘ 

ʟʥʘʯʝʥʥʷʤ ʷʢʦʛʦ ʩʫʜʷʪʴ ʧʨʦ ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʫ ʘʙʦ ʧʨʦ ʤʽʩʮʝ 

ʟʥʘʭʦʜʞʝʥʥʷ ʜʞʝʨʝʣʘ ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

 

ʈʠʩ. 1. Cʭʝʤʘ ʧʨʠʡʤʘʯʘ  

ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʝʬʝʢʪʽ  

ʅʝʨʥʩʪʘ-ɽʪʪʽʥʛʩʛʘʫʟʝʥʘ.  

1. ʊʝʧʣʦʚʽʜʚʽʜʥʠʡ ʢʦʨʧʫʩ.  

2. ʏʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ.  

3. ʄʝʪʘʣʝʚʽ ʢʦʥʪʘʢʪʠ.  

4. ɽʢʨʘʥ.  

5. ʉʢʣʷʥʝ ʚʽʢʦʥʮʝ [2, 3] 

ɯʥʝʨʮʽʡʥʽʩʪʴ ʪʘʢʠʭ ʧʨʠʡʤʘʯʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʪʦʚʱʠʥʦʶ ʝʣʝʤʝʥʪʘ, ʪʦʙʪʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʘʣʦʽʥʝʨʮʽʡʥʠʭ ʧʨʠʡʤʘʯʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʣʷʪʠ ʝʣʝʤʝʥʪ ʟ ʚʠʩʦʢʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʽ ʤʽʥʽʤʘʣʴʥʦʶ ʪʦʚʱʠʥʦʶ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʥʝʦʙʭʽʜʥʘ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʪʝʨʤʦʤʘʛʥʽʪʥʦʛʦ ʝʣʝʤʝʥʪʘ.  

ʊʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʝʨʤʦʤʘʛʥʽʪʥʠʭ 

ʧʨʠʡʤʘʯʽʚ ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ 
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ʜʣʷ ʪʝʨʤʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘ ʚʠʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʜʽʘʧʘʟʦʥʠ ʾʭ  ʚʠʢʦʨʠʩʪʘʥʥʷ. ʉʣʽʜ ʪʘʢʦʞ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ 

ʟʤʽʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʪʝʧʣʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ Ag2ʊʝ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʰʠʨʦʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʘ ʾʭ ʦʩʥʦʚʽ ʪʘʢʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ.  

ɼʘʣʽ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʪʝʨʤʦʤʘʛʥʽʪʥʦʾ ʜʦʙʨʦʪʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ Z 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʊ ʜʣʷ ʤʘʪʝʨʽʘʣʫ Ag2Te  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʽʥʜʫʢʮʽʾ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 2). 

 
ʈʠʩ 2. ɿʘʣʝʞʥʽʩʪʴ ʪʝʨʤʦʤʘʛʥʽʪʥʦʾ ʜʦʙʨʦʪʥʦʩʪʽ  

ʤʘʪʝʨʽʘʣʫ Z ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʊ (Ag2Te) 

ɿ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ ʥʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʜʦʙʨʦʪʥʦʩʪʽ Z ʜʣʷ ʤʘʪʝʨʽʘʣʫ 

Ag2Te ʦʪʨʠʤʘʥʽ ʧʨʠ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 1.2 ʊʣ. ʊʦʙʪʦ ʮʝʡ 

ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʯʫʪʣʠʚʠʭ 

ʪʝʨʤʦʤʘʛʥʽʪʥʠʭ ʧʨʠʡʤʘʯʽʚ ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʚʠʱʝʚʢʘʟʘʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ: 
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ʍʘʨʠʪʦʥ ʂʘʚʯʫʢ  

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ.ɺ., 

ʤʘʛʽʩʪʨ ʉʠʯʦʚ ɼ.ʆ. 

ʌʦʨʤʫʚʘʥʥʷ ʯʘʩʪʦʪʥʦ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ 

ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʽʚ ʤʝʪʦʜʦʤ ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʏʄ) 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʂʦʨʥʝʣʠʫʩʦʤ ɼ. ɭʨʝʪʦʤ (ʉʐɸ) ʚ 1902 ʨʦʮʽ. ʆʜʥʘʢ, ʚ 

ʩʠʣʫ ʪʝʭʥʽʯʥʠʭ ʧʨʠʯʠʥ, ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʥʘ ʧʨʘʢʪʠʮʽ ʤʘʡʞʝ 30 

ʨʦʢʽʚ. ɺ 1933 ʨʦʮʽ ʨʘʜʽʦʽʥʞʝʥʝʨ ɭʜʚʠʥ ɸʨʤʩʪʨʦʥʛ (ʉʐɸ) ʟʘʩʪʦʩʫʚʘʚ 

ʏʄ ʫ ʨʘʜʽʦʤʦʚʣʝʥʥʽ [1].  

ʏʘʩʪʦʪʥʘ ʤʦʜʫʣʷʮʽʷ, ʘʙʦ ʾʾ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ Frequency Modulation 

(FM), ʻ ʧʦʰʠʨʝʥʠʤ ʪʝʨʤʽʥʦʤ, ʷʢʠʡ ʤʠ ʯʫʻʤʦ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. 

ʏʘʩʪʦʪʥʘ ʤʦʜʫʣʷʮʽʷ ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʘʜʽʦʤʦʚʣʝʥʥʽ ʪʘ 

ʨʘʜʽʦʟʚʷʟʢʫ [1]. 

ʏʘʩʪʦʪʥʘ ʤʦʜʫʣʷʮʽʷ ð ʮʝ ʤʝʪʦʜ ʧʝʨʝʜʘʯʽ  ʽʥʬʦʨʤʘʮʽʾ ʰʣʷʭʦʤ ʟʤʽʥʠ  

ʯʘʩʪʦʪʠ ʥʦʩʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʧʽʜ ʜʽʻʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʫʣʶʶʯʦʛʦ 

ʩʠʛʥʘʣʫ. ʇʨʠʨʦʜʥʴʦ, ʱʦ ʯʘʩʪʦʪʘ ʥʦʩʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʟʥʘʯʥʦ ʚʠʱʦʶ ʚʽʜ ʯʘʩʪʦʪʠ ʤʦʜʫʣʶʶʯʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ  [2]. 

ʇʨʠ ʯʘʩʪʦʪʥʽʡ ʤʦʜʫʣʷʮʽʾ ʘʤʧʣʽʪʫʜʘ ʪʘ ʬʘʟʘ ʥʦʩʽʡʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʦʚʠʥʥʽ ʟʘʣʠʰʘʪʠʩʴ ʧʦʩʪʽʡʥʠʤʠ. ɿʤʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ 

ʚʽʜʥʦʩʥʦ ʜʝʷʢʦʛʦ ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʮʝʥʪʨʘʣʴʥʦʶ. ɺʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʥʦʩʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʾ 

ʥʘʟʠʚʘʻʪʴʩʷ ʜʝʚʽʘʮʽʻʶ ʯʘʩʪʦʪʠ. ʉʘʤʝ ʟʘʚʜʷʢʠ ʜʝʚʽʘʮʽʾ ʯʘʩʪʦʪʠ ʥʦʩʽʡʥʠʭ 

ʢʦʣʠʚʘʥʴ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʏʄ ʨʘʜʽʦʩʠʛʥʘʣʫ ʩʪʘʥʦʚʠʪʴ  200õ250ʢɻʮ, ʱʦ 

ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʰʠʨʠʥʠ ʩʧʝʢʪʨʫ, ʥʘʧʨʠʢʣʘʜ, ʘʤʧʣʽʪʫʜʥʦ ʤʦʜʫʣʴʦʚʘʥʦʛʦ  

ʩʠʛʥʘʣʫ ʷʢʘ ʩʪʘʥʦʚʠʪʴ 10ʢɻʮ  [3]. 

ʏʘʩʪʦʪʥʦ ʤʦʜʫʣʴʦʚʘʥʽ ʨʘʜʽʦʩʠʛʥʘʣʠ, ʚʥʘʩʣʽʜʦʢ ʰʠʨʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʽ ʩʢʣʘʜʦʚʽ, ʥʝ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʦʙʣʘʩʪʽ ʩʝʨʝʜʥʽʭ, ʘ ʪʠʤ ʧʘʯʝ ʜʦʚʛʠʭ ʭʚʠʣʴ. 

ʈʘʜʽʦʩʠʛʥʘʣʠ ʟ ʪʘʢʠʤ ʚʠʜʦʤ ʤʦʜʫʣʷʮʽʾ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʦʙʣʘʩʪʽ 

ʢʦʨʦʪʢʠʭ, ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʭʚʠʣʴ. ʏʘʩʪʦʪʥʦ ʤʦʜʫʣʴʦʚʘʥʽ ʩʠʛʥʘʣʠ ʤʝʥʰ 

ʯʫʪʣʠʚʽ ʜʦ ʫʤʦʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʪʦʤʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ 

ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʨʘʜʽʟʚô̫ ʟʢʫ [1]. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʏʄ ʨʘʜʽʦʩʠʛʥʘʣʫ ʚʘʞʣʠʚʦʶ ʻ ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ 

ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʥʦʩʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ ʪʘ ʚʝʣʠʯʠʥʠ 
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ʥʘʧʨʫʛʠ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ. ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʝʣʝʢʪʨʠʯʥʫ 

ʧʨʠʥʮʠʧʦʚʫ ʬʦʨʤʫʚʘʯʘ ʯʘʩʪʦʪʥʦ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʨʘʜʽʦʩʠʛʥʘʣʫ. 

 
ʈʠʩ.1. ʉʭʝʤa ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʬʦʨʤʫʚʘʯʘ ʏʄ ʩʠʛʥʘʣʫ  

ɺ ʥʘʚʝʜʝʥʽʡ ʩʭʝʤʽ ʪʨʘʥʟʠʩʪʦʨ VT ʫʚʽʤʢʥʝʥʠʡ ʟʘ 

ʩʭʝʤʦʶ  ʽʟ ʟʘʛʘʣʴʥʦʶ ʙʘʟʦʶ. ʏʘʩʪʦʪʘ ʛʝʥʝʨʦʚʘʥʠʭ ʢʦʣʠʚʘʥ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʽʚ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʫʪʚʦʨʝʥʦʛʦ 

ʟʫʩʪʨʽʯʥʦ ʚʚʽʤʢʥʫʪʠʤʠ ʚʘʨʠʢʘʧʘʤʠ VD1, VD2  ʪʘ ʢʦʪʫʰʢʠ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ L3. ɿʫʩʪʨʽʯʥʝ ʚʚʽʤʢʥʝʥʥʷ ʚʘʨʠʢʘʧʽʚ ʟʘʙʝʟʧʝʯʫʻ ʤʘʣʫ 

ʟʤʽʥʫ ʾʭ ʨʝʟʫʣʴʪʫʶʯʦʾ ʻʤʥʦʩʪʽ ʧʽʜ ʜʽʻʶ ʛʝʥʝʨʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ɺ ʪʦʡ ʞʝ 

ʯʘʩ ʚʝʣʠʯʠʥʘ ʻʤʥʦʩʪʽ ʚʘʨʠʢʘʧʽʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʧʨʠ ʟʤʽʥʽ ʚʝʣʠʯʠʥʠ 

ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ɽʟʤ ʪʘ ʥʘʧʨʫʛʠ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ Uʤ. 

ʇʨʠ ʥʫʣʴʦʚʽʡ ʥʘʧʨʫʟʽ ʩʠʛʥʘʣʫ ʤʦʜʫʣʷʮʽʾ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ 

ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʛʝʥʝʨʦʚʘʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ 

ʟʤʽʱʝʥʥʷ. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʏʄ ʩʠʛʥʘʣʫ ʦʧʪʠʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʟʤʽʰʝʥʥʷ 

ʚʽʜʧʦʚʽʜʻ ʩʝʨʝʜʠʥʽ ʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ  ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʛʘ ð ʯʘʩʪʦʪʘ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. https://byjus.com/jee/frequency-modulation/ 

2. https://www.heavy.ai/technical-glossary/frequency-modulation 

3. https://www.electronics-notes.com/articles/radio/modulation/frequency-

modulation-fm.php 
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ʆʣʝʛ ʂʘʣʽʥʩʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʂʨʘʤʘʨ ɺ.ʄ. 

ɻʫʨʪʦʢ ʟ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʷʢ ʟʘʩʽʙ ʧʨʦʬʝʩʽʡʥʦʾ  ʦʨʽʻʥʪʘʮʽʾ 

ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ 

ʄʝʪʘ ʧʦʟʘʰʢʽʣʴʥʦʾ ʦʩʚʽʪʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʫʤʦʚ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʟʜʽʙʥʦʩʪʝʡ ʜʠʪʠʥʠ, 

ʨʦʟʚʠʪʢʫ ʾʾ ʢʨʝʘʪʠʚʥʦʩʪʽ, ʪʚʦʨʯʦʩʪʽ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ, ʝʩʪʝ-ʪʠʯʥʦʾ 

ʪʘ ʬʽʟʠʯʥʦʾ ʢʫʣʴʪʫʨʠ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʙʽʨ ʩʬʝʨʠ 

ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʾʾ ʧʦʜʘʣʴʰʦʤʫ ʞʠʪʪʽ  [1].  

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʻ 

ʟʘʣʫʯʝʥʥʷ ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ ʜʦ ʟʘʥʷʪʴ ʫ ʛʫʨʪʢʘʭ ʨʦʙʦʪʦ-ʪʝʭʥʽʢʠ. 

ʋʯʘʩʪʴ ʫ ʪʘʢʠʭ ʛʫʨʪʢʘʭ ʜʘʻ ʟʤʦʛʫ ʫʯʥʷʤ ʦʪʨʠʤʘʪʠ ʟʥʘʥʥʷ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʚ ʛʘʣʫʟʽ ʩʫʯʘʩʥʠʭ  ʪʝʭʥʦʣʦʛ-ʛʽʡ, ʱʦ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʾʭ ʧʽʟʥʘ-ʚʘʣʴʥʠʭ ʽʥʪʝʨʝʩʽʚ ʪʘ 

ʫʩʚʽʜʦʤʣʝʥʠʡ ʚʠʙʽʨ ʩʬʝʨʠ ʧʨʦʬʝʩʽʡ-ʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ. ʗʢ ʩʚʽʜʯʠʪʴ ʜʦʩʚʽʜ, ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʟ 

ʨʦʙʦʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʘʻ ʟʤʦʛʫ ʜʠʪʠʥʽ ʟʨʦʟʫʤʽʪʠ, ʷʢʽ 

ʛʘʣʫʟʽ ʥʘʫʢʠ ʯʠ ʪʝʭʥʽʢʠ ʾʾ ʥʘ-ʩʧʨʘʚʜʽ ʮʽʢʘʚʣʷʪʴ, ʪʘ ʟʥʘʡʪʠ ʩʚʦʻ 

ʧʦʢʣʠʢʘʥʥʷ. 

ɿʘʣʫʯʝʥʥʷ ʫʯʥʽʚ ʜʦ ʛʫʨʪʢʽʚ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʤʦʞʝ ʟʙʽʣʴ-ʰʠʪʠ ʾʭ 

ʽʥʪʝʨʝʩ ʜʦ ʧʨʦʬʝʩʽʡ ʪʝʭʥʽʯʥʦʛʦ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʬʽʣʶ, ʱʦ 

ʩʧʨʠʯʠʥʠʪʴ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʥʘʚʯʘʥʥʷ ʟ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ 

ʜʠʩʮʠʧʣʽʥ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʦʛʨʘʤʘʤʠ ʟʘʢʣʘʜʽʚ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ, 

ʪʘ ʟʨʦʙʠʪʴ ʧʨʦʮʝʩ ʾʭ ʥʘʚʯʘʥʥʷ ʙʽʣʴʰ ʮʽʢʘʚʠʤ. 

ɿʘʥʷʪʪʷ ʨʦʙʦʪʦʪʝʭʥʽʢʦʶ ʟʜʘʪʥʝ ʜʦʧʦʤʦʛʪʠ ʫʯʥʷʤ ʟʨʦʟʫ-ʤʽʪʠ, 

ʷʢʽ ʤʦʞʣʠʚʦʩʪʽ ʥʘʜʘʻ ʥʘʫʢʘ ʪʘ ʪʝʭʥʽʢʘ, ʫʩʚʽʜʦʤʠʪʠ ʷʢʽ ʧʨʦʬʝʩʽʾ 

ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤʠ ʛʘʣʫʟʷʤʠ. ʋʯʘʩʪʴ ʫ ʛʫʨʪʢʘʭ ʨʦʙʦ-ʪʦʪʝʭʥʽʢʠ 

ʤʦʞʝ ʟʨʦʙʠʪʠ ʥʘʚʯʘʥʥʷ ʜʠʪʠʥʠ ʙʽʣʴʰ ʮʽʢʘʚʠʤ, ʱʦ ʩʫʪʪʻʚʦ 

ʚʧʣʠʥʝ ʥʘ ʚʠʙʽʨ ʤʘʡʙʫʪʥʴʦʾ ʧʨʦʬʝʩʽʾ [2]. 

ɺʽʜʚʽʜʫʶʯʠ ʛʫʨʪʦʢ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʫʯʥʽ ʤʘʶʪʴ ʟʤʦʛʫ ʥʘ-ʙʫʪʠ 

ʪʘ ʨʦʟʚʠʪʠ ʚʘʞʣʠʚʽ ʷʢʦʩʪʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ, ʷʢ- ʦʪ: ʪʚʦʨʯʝ, 

ʣʦʛʽʯʥʝ ʤʠʩʣʝʥʥʷ, ʧʦʰʫʢ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘ-ʮʽʾ, ʢʦʤʫʥʽʢʘʮʽʷ ʪʘ 
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ʩʧʽʚʧʨʘʮʷ. ʋʩʝ ʮʝ ʬʦʨʤʫʻ ʚʘʞʣʠʚʽ ʢʦʤ-ʧʝʪʝʥʪʥʦʩʪʽ ʜʣʷ ʫʩʧʽʰʥʦʾ 

ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʊʦʤʫ ʫʯʘʩʪʴ ʫ ʛʫʨʪʢʘʭ ʪʝʭʥʽʯʥʦʾ 

ʪʚʦʨʯʦʩʪʽ, ʟʦʢʨʝʤʘ ʽ ʟ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʢʦʨʠʩʥʠʤ 

ʜʣʷ ʫʯʥʽʚ, ʷʢʽ ʤʘʶʪʴ ʩʭʠʣʴʥʽʩʪʴ ʪʘ ʙʘʞʘʥʥʷ ʨʦʟʚʠʚʘʪʠʩʷ ʫ ʩʬʝ-

ʨʘʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʩʧʨʠʷʻ 

ʚʠʨʦʙʣʝʥʥʶ ʥʘʚʠʯʦʢ ʜʦ ʨʦʙʦʪʠ ʚ ʢʦʤʘʥʜʽ, ʩʧʽʣʢʫʚʘʥʥʷ ʪʘ 

ʩʧʽʚʧʨʘʮʽ, ʱʦ ʻ ʚʘʞʣʠʚʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʷʢʦʩʪʝʡ 

ʣʶʜʠʥʠ. 

ɿʘʥʷʪʪʷ ʨʦʙʦʪʦʪʝʭʥʽʢʦʶ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʦʚʽ ʫʯʥʽʚ ʟ   ʨʽʟ-ʥʠʤʠ 

ʪʠʧʘʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʟʜʽʙʥʦʩʪʝʡ ʪʘ ʥʘʚʯʘʣʴʥʠʤʠ ʩʪʠʣʷʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʜʽʪʠ ʟ ʚʽʟʫʘʣʴʥʦ-ʧʨʦʩʪʦʨʦʚʠʤ ʪʠʧʦʤ ʤʠʩʣʝʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʦʙʣʠʚʦ ʟʘʮʽʢʘʚʣʝʥʽ ʫ ʧʦʙʫʜʦʚʽ ʨʦ-ʙʦʪʽʚ ʪʘ ʾʭ 

ʧʨʦʛʨʘʤʫʚʘʥʥʽ, ʪʦʜʽ ʷʢ ʫʯʥʽ ʟ ʣʽʥʛʚʽʩʪʠʯʥʠʤ ʪʠ-ʧʦʤ ʤʠʩʣʝʥʥʷ 

ʤʦʞʫʪʴ ʙʽʣʴʰʝ ʟʘʮʽʢʘʚʣʝʥʽ ʫ ʩʪʚʦʨʝʥʥʽ ʦʧʠ-ʩʽʚ ʪʘ ʽʥʩʪʨʫʢʮʽʡ ʜʣʷ 

ʨʦʙʦʪʽʚ. 

ʆʪʞʝ, ʨʦʙʦʪʦʪʝʭʥʽʢʘ ï ʮʝ ʚʘʞʣʠʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʧʦʟʘ-

ʰʢʽʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʚ ʫʯʥʽʚ ʚʘʞʣʠʚʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʪʘ ʟʜʘʪʥʠʡ ʚʧʣʠʥʫʪʠ ʥʘ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʥʠʤʠ ʤʘʡʙʫʪʥʴʦʾ ʧʨʦʬʝʩʽʾ. 
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ɯʛʦʨ ʂʘʨʘʚʘʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʘ ʄ. ɻ. 

  
ʂʽʙʝʨʙʝʟʧʝʢʘ ʷʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʧʨʦʙʣʝʤʘ  

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 
 

ɸʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʧʦʩʪʽʡʥʦ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʝʚʦʣʶʮʽʾ. ʇʨʦʜʦʚʞʫʶʪʴ ʟôʷʚʣʷʪʠʩʷ ʥʦʚʽ ʩʢʣʘʜʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʚʠʨʦʙʥʠʢʠ ʢʦʤʧʣʝʢʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʧʨʦʚʘʜʞʫʶʪʴ ʽʟ 

ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʨʦʟʚʘʞʘʣʴʥʽ 

ʩʠʩʪʝʤʠ, ʧʝʨʝʜʦʚʽ ʩʠʩʪʝʤʠ ʜʦʧʦʤʦʛʠ ʚʦʜʽʻʚʽ (ADAS) ʪʘ ʽʥʰʽ 

ʢʦʤʧʦʥʝʥʪʠ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɰʭ ʦʙôʻʜʥʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʘʚʘʯʽ, ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ, ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʪʘ 

ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʨʝʘʣʽʟʫʶʪʴ ʩʚʦʾ ʬʫʥʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ. ɼʘʥʽ ʦʮʠʬʨʦʚʫʶʪʴʩʷ, ʦʙʨʦʙʣʷʶʪʴʩʷ, ʘʥʘʣʽʟʫʶʪʴʩʷ ʪʘ 

ʧʝʨʝʜʘʶʪʴʩʷ ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʚôʷʟʢʫ 

ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ ʧʨʠʜʦʨʦʞʥʽʤʠ ʝʣʝʤʝʥʪʘʤʠ; ʩʚʦʻʯʘʩʥʦ 

ʦʮʽʥʶʚʘʪʠ ʚʩʽ ʩʪʘʥʠ ʘʚʪʦʤʦʙʽʣʷ, ʫʤʦʞʣʠʚʣʶʶʯʠ ʫʟʛʦʜʞʝʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʨʫʧʠ ʷʢ ʻʜʠʥʦʛʦ ʮʽʣʦʛʦ. 
ɺʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ ʨʘʟʦʤ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʱʦʜʦ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʚʦʥʠ 

ʩʘʤʽ ʪʘʢʦʞ ʥʝʩʫʪʴ ʨʠʟʠʢ ʜʣʷ ʙʝʟʧʝʢʠ. ʗʢʱʦ ʜʘʥʽ ʯʠ ʢʦʜ ʟʤʽʥʝʥʦ ʘʙʦ 

ʧʦʰʢʦʜʞʝʥʦ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʦʶ ʤʽʨʦʶ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʣʦʚʤʠʩʥʠʢʦʤ), 

ʝʢʦʩʠʩʪʝʤʘ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʥʝʧʨʘʚʠʣʴʥʦ ʘʙʦ ʚʟʘʛʘʣʽ ʚʪʨʘʪʠʪʴ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ.  

ʆʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ï ʚʠʤʦʛʘ, ʱʦʙ 

ʫʩʷ ʮʠʬʨʦʚʘ ʝʢʦʩʠʩʪʝʤʘ ʙʫʣʘ ʪʦʯʥʦʶ, ʧʦʚʥʦʶ ʪʘ ʙʝʟʧʝʯʥʦʶ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʦʬʽʮʽʡʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ɰʾ ʥʝʦʙʭʽʜʥʦ ʨʝʪʝʣʴʥʦ ʧʝʨʝʚʽʨʠʪʠ ʥʘ 

ʥʘʜʽʡʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʽʪʢʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʧʨʦʮʝʜʫʨ.  
ʋ ʩʬʝʨʽ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʅʘʮʽʦʥʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (NHTSA) ʜʘʻ ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ 

ʢʽʙʝʨʙʝʟʧʝʢʠ:  
çʂʽʙʝʨʙʝʟʧʝʢʘ ʚ ʢʦʥʪʝʢʩʪʽ ʜʦʨʦʞʥʽʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ï ʮʝ 

ʟʘʭʠʩʪ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ, ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, 

ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ 
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ʙʘʟʦʚʠʭ ʜʘʥʠʭ ʚʽʜ ʟʣʦʚʤʠʩʥʠʭ ʘʪʘʢ, ʧʦʰʢʦʜʞʝʥʴ, ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʜʦʩʪʫʧʫ ʘʙʦ ʤʘʥʽʧʫʣʷʮʽʡè [1]. 
ɽʬʝʢʪʠʚʥʝ ʩʪʨʠʤʫʚʘʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʦʤʫ ʚʧʣʠʚʫ 

ʚʨʘʟʣʠʚʦʩʪʝʡ, ʚʠʷʚʣʝʥʠʭ ʫ ʮʠʬʨʦʚʽʡ ʝʢʦʩʠʩʪʝʤʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʧʝʨʝʚʽʨʢʠ ʥʘʜʽʡʥʦʩʪʽ ʾʭ ʩʠʩʪʝʤ ʢʽʙʝʨʙʝʟʧʝʢʠ, 

ʤʘʶʪʴ ʚʢʣʶʯʘʪʠ ʧʦʚʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʫ ISO/SAE 21434:2021 

çɼʦʨʦʞʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ï ʨʦʟʨʦʙʢʘ ʢʽʙʝʨʙʝʟʧʝʢʠè, ʩʧʽʣʴʥʦ 

ʨʦʟʨʦʙʣʝʥʦʤʫ ʄʽʞʥʘʨʦʜʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ (ISO) ʪʘ 

ʊʦʚʘʨʠʩʪʚʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʽʥʞʝʥʝʨʽʚ (SAE) [2]. ʎʝʡ ʩʪʘʥʜʘʨʪ 

ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʨʠʟʠʢʘʭ ʢʽʙʝʨʙʝʟʧʝʢʠ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʪʘ ʨʦʟʨʦʙʮʽ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʚʙʫʜʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ. 

ʉʪʘʥʜʘʨʪ ʦʭʦʧʣʶʻ ʚʩʽ ʘʩʧʝʢʪʠ ʢʽʙʝʨʙʝʟʧʝʢʠ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʜʦ ʚʠʚʝʜʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʢʽʥʮʽ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ, ʚʢʣʶʯʘʶʯʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʫ ʢʽʙʝʨʙʝʟʧʝʢʠ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ ʧʽʩʣʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʃʘʥʮʶʛ ʧʦʩʪʘʯʘʥʥʷ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʮʴʦʤʫ ʩʪʘʥʜʘʨʪʽ, ʪʘʢʠʤ 

ʯʠʥʦʤ ʦʭʦʧʣʶʶʯʠ ʢʦʞʝʥ ʢʨʦʢ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʧʽʜʪʨʠʤʮʽ ʘʚʪʦʤʦʙʽʣʽʚ.  
ɺʨʘʭʫʚʘʥʥʷ ʮʠʭ ʚʠʤʦʛ, ʘ ʪʘʢʦʞ ʪʦʛʦ ʬʘʢʪʫ, ʱʦ ʛʣʦʙʘʣʴʥʠʡ ʨʠʥʦʢ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʷʢ ʦʯʽʢʫʻʪʴʩʷ, ʜʦ 2025 ʨʦʢʫ ʜʦʩʷʛʥʝ 6 

ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʉʐɸ [3], ʩʧʦʥʫʢʘʻ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʦʤʧʘʥʽʡ 

ʫʩʚʽʜʦʤʠʪʠ ʚʘʞʣʠʚʽʩʪʴ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʢʽʙʝʨʙʝʟʧʝʢʠ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ 

ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʾ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʽʩʣʷʧʨʦʜʘʞʥʦʾ 

ʧʽʜʪʨʠʤʢʠ.  
ʉʫʯʘʩʥʽ ʪʘ ʤʘʡʙʫʪʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʤʘʶʪʴ ʙʫʪʠ ʥʘʜʽʡʥʠʤʠ ʪʘ 

ʙʝʟʧʝʯʥʠʤʠ. ʎʽ ʤʽʨʢʫʚʘʥʥʷ ʨʦʙʣʷʪʴ ʘʚʪʦʤʦʙʽʣʴʥʫ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʱʦ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ, ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʽ ʩʢʣʘʜʥʠʭ 

ʧʨʦʙʣʝʤ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʨʦʟʨʦʙʥʠʢʘʤ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. USA Department of Transportation. URL: https://www.nhtsa.gov/crash-

avoidance/automotive-cybersecurity  
2. ISO/SAE 21434:2021. Road vehicles ï Cybersecurity engineering. URL: 

https://www.iso.org/standard/70918.html     

3. Global Automotive Cybersecurity Market. URL: https://bit.ly/3K8POTb    

ɸʨʪʝʤ ʂʘʩʴʷʥʯʫʢ, ʆʣʝʢʩʘʥʜʨ ʂʨʫʰʝʣʴʥʠʮʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 

https://www.nhtsa.gov/crash-avoidance/automotive-cybersecurity
https://www.nhtsa.gov/crash-avoidance/automotive-cybersecurity
https://www.iso.org/standard/70918.html
https://www.iso.org/standard/70918.html
https://bit.ly/3K8POTb


147 

 

 

ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʽʥʪʝʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ 

 

ʊʝʭʥʦʣʦʛʽʾ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʘ 

ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ ʥʘʰʝ ʩʫʯʘʩʥʝ ʞʠʪʪʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʧʃɸ) ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ 

(ʧʦʯʠʥʘʶʯʠ ʟ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʽ ʟʘʢʽʥʯʫʶʯʠ ʚʽʡʩʴʢʦʚʦʶ) ʚʞʝ ʥʝ 

ʚʠʢʣʠʢʘʶʪʴ ʞʦʜʥʠʭ ʟʜʠʚʫʚʘʥʴ, ʘ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʾʭ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ. ʆʜʥʠʤ ʽʟ ʥʦʚʽʪʥʽʭ 

ʝʪʘʧʽʚ ʧʦʢʨʘʱʝʥʥʷ ɹʧʃɸ ʻ ʽʥʪʝʛʨʘʮʽʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʽʟ ʰʪʫʯʥʠʤ 

ʽʥʪʝʣʝʢʪʦʤ (ʐɯ) [1], ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʥʝ ʻ ʥʦʚʠʥʢʦʶ, ʧʨʦʪʝ ʟʘʙʝʟʧʝʯʫʻ 

ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʧʦʜʘʣʴʰʠʡ ʨʽʚʝʥʴ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʐɯ ʫ ʩʠʩʪʝʤʠ 

ɹʧʃɸ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ 

ʚʠʢʦʥʫʚʘʥʠʭ ʥʠʤʠ ʟʘʚʜʘʥʴ [2], ʘ ʩʘʤʝ: 

ï ʘʚʪʦʥʦʤʥʠʡ ʧʦʣʽʪ: ʟʘʚʜʷʢʠ ʘʣʛʦʨʠʪʤʘʤ ʐɯ ʪʘ ʤʝʪʦʜʘʤ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ɹʧʃɸ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʘʚʪʦʥʦʤʥʦ, ʩʘʤʦʩʪʽʡʥʦ 

ʧʨʠʡʤʘʶʯʠ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʚʽʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʘʪʯʠʢʽʚ (ʩʬʝʨʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ: ʚʽʜ ʧʦʰʫʢʦʚʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʤʽʩʽʡ ʜʦ ñʪʦʯʥʦʛʦò 

ʟʝʤʣʝʨʦʙʩʪʚʘ); 

ï ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ: ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤʠ 
ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ɹʧʃɸ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʽ ʨʦʟʧʽʟʥʘʚʘʪʠ ʦʙôʻʢʪʠ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʘ ʪʘʢʦʞ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʽʥʩʧʝʢʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ); 

ï ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʐɯ ʦʧʪʠʤʽʟʫʻ ʢʦʨʠʩʥʝ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ɹʧʃɸ, ʜʦʟʚʦʣʷʶʯʠ ʾʤ ʧʝʨʝʥʦʩʠʪʠ ʙʽʣʴʰʫ ʚʘʛʫ ʽ 

ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽʰʽ ʟʘʚʜʘʥʥʷ (ʮʝ ʤʘʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʘʢʠʭ ʛʘʣʫʟʝʡ, ʷʢ 

ʣʦʛʽʩʪʠʢʘ ʽ ʜʦʩʪʘʚʢʘ, ʜʝ ʜʨʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʦʚʘʨʽʚ ʘʙʦ ʽʥʰʠʭ ʧʨʝʜʤʝʪʽʚ); 

ï ʧʨʦʛʥʦʟʦʚʘʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ʐɯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʤʧʦʥʝʥʪʽʚ ɹʧʃɸ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʨʝʙʠ ʚ ʪʝʭʥʽʯʥʦʤʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʘʙʦ ʨʝʤʦʥʪʽ, ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ ʧʨʦʩʪʦʶ ʽ ʧʽʜʚʠʱʫʶʯʠ 

ʥʘʜʽʡʥʽʩʪʴ; 

ï ñʨʦʡʦʚʠʡò ʽʥʪʝʣʝʢʪ: ʐɯ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ 
ʧʦʚʝʜʽʥʢʠ ʢʽʣʴʢʦʭ ɹʧʃɸ, ʩʪʚʦʨʶʶʯʠ ñʨʦʾò ʜʨʦʥʽʚ, ʷʢʽ ʤʦʞʫʪʴ 
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ʧʨʘʮʶʚʘʪʠ ʨʘʟʦʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʱʦ ʙʫʣʠ ʙ ʩʢʣʘʜʥʠʤʠ ʘʙʦ 

ʥʝʤʦʞʣʠʚʠʤʠ ʜʣʷ ʦʜʥʦʛʦ ɹʧʃɸ. 

ɼʦʩʠʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʣʠ ʤʦʜʝʣʽ ʐɯ ʫ ɹʧʃɸ ʽʟ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷʤ ʟʦʙʨʘʞʝʥʴ, ʚʽʜʦʤʽ ʷʢ ñʢʦʤʧôʶʪʝʨʥʠʡ ʟʽʨò, ʷʢʽ ʥʘʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʤʘʰʠʥʘʤ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʪʘ ʨʦʟʫʤʽʪʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʽʜʝʦ 

[3]. ʇʨʦʮʝʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʜʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1. 

 
 

 ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʫ ɹʧʃɸ ʟ ʐɯ 

 

ʊʦʯʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʐɯ ʟʘʣʝʞʘʪʴ ʚʽʜ ʷʢʦʩʪʽ ʜʘʥʠʭ, 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʨʠʜʘʪʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʛʨʘʮʽʾ ʮʽʻʾ ʤʦʜʝʣʽ ʽʟ 

ʩʠʩʪʝʤʦʶ ɹʧʃɸ (ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ, ʢʘʤʝʨ ʪʘ 

ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʠʣʘʜʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʙʘʟʽ ʜʨʦʥʘ). 

ɿʘʛʘʣʦʤ, ʘʣʛʦʨʠʪʤʠ ʐɯ ʚ ɹʧʃɸ ʜʦʟʚʦʣʷʶʪʴ ʮʠʤ ʧʨʠʩʪʨʦʷʤ 

ʧʨʘʮʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ, ʚʠʢʦʥʫʶʯʠ ʟʘʚʜʘʥʥʷ ʽ ʧʨʠʡʤʘʶʯʠ ʨʽʰʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʥʘʜʟʚʠʯʘʡʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʆʣʝʢʩʽʡ ʂʘʩôʷʥʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʄʘʭʘʥʝʮʴ ʆ.ʄ. 

 

ɺʧʣʠʚ ʮʝʥʪʨʘʣʴʥʦʾ ʜʦʥʦʨʥʦʾ ʜʦʤʽʰʢʠ  

ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʘ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽʡ 

ʥʘʥʦʩʪʨʫʢʪʫʨʽ ʢʚʘʥʪʦʚʘ ʪʦʯʢʘ ï ʢʚʘʥʪʦʚʝ ʢʽʣʴʮʝ 

 
ɹʘʛʘʪʦʰʘʨʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʚʠʚʯʘʶʪʴʩʷ ʷʢ 

ʪʝʦʨʝʪʠʯʥʦ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʞʝ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ. 

ʋʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʷʢ ʙʘʟʦʚʽ ʝʣʝʤʝʥʪʠ ʫ ʧʨʠʣʘʜʘʭ ʩʫʯʘʩʥʦʾ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ: ʪʫʥʝʣʴʥʽ ʥʘʥʦʜʽʦʜʠ, ʥʘʥʦʣʘʟʝʨʠ, ʥʘʥʦʜʝʪʝʢʪʦʨʠ [1-2]. 

ʆʢʨʝʤʝ ʤʽʩʮʝ ʩʝʨʝʜ ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʘʥʦʩʠʩʪʝʤ ʟʘʡʤʘʶʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʢʚʘʥʪʦʚʽ ʢʽʣʴʮʷ. ʗʢ ʧʨʘʚʠʣʦ, ʚʦʥʠ ʤʘʶʪʴ 

ʮʠʣʽʥʜʨʠʯʥʫ ʩʠʤʝʪʨʽʶ, ʷʢ ʽ ʢʚʘʥʪʦʚʽ ʜʨʦʪʠ, ʦʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ, 

ʚʠʩʦʪʘ ʾʭ ʩʢʽʥʯʝʥʥʘ ʽ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ ʢʽʣʴʢʘ ʥʘʥʦʤʝʪʨʽʚ. ʆʪʞʝ ʨʫʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʪʘʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʦʙʤʝʞʝʥʠʡ ʫ ʚʩʽʭ ʪʨʴʦʭ ʚʠʤʽʨʘʭ. 

ʊʦʤʫ ʚ ʮʴʦʤʫ ʘʩʧʝʢʪʽ ʚʦʥʠ ʧʦʜʽʙʥʽ ʜʦ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ. 

ʉʫʯʘʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʫʚʘʪʠ 

ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʢʚʘʥʪʦʚʠʤʠ ʥʘʥʦʢʽʣʴʮʷʤʠ ʪʘ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʧʝʢʪʨʠ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʫ ʥʠʭ. 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʚʠʩʦʪʦʶ L, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 
ʽʟ ʮʠʣʽʥʜʨʠʯʥʦʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ (ʢʚʘʥʪʦʚʘ ʷʤʘ, 

ʩʝʨʝʜʦʚʠʱʝ GaAs), ʷʢʘ ʯʝʨʝʟ ʩʢʽʥʯʝʥʥʠʡ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʻʨ 

(ʩʝʨʝʜʦʚʠʱʝ AlxGa1-xAs) ʪʫʥʝʣʴʥʦ-ʟʚôʷʟʘʥʘ ʽʟ ʢʦʘʢʩʽʘʣʴʥʠʤ 

ʮʠʣʽʥʜʨʠʯʥʠʤ ʥʘʥʦʢʽʣʴʮʝʤ (ʢʚʘʥʪʦʚʘ ʷʤʘ, ʩʝʨʝʜʦʚʠʱʝ GaAs). ɼʦʥʦʨʥʘ 

ʜʦʤʽʰʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʘʢʩʽʘʣʴʥʽʡ ʦʩʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʫ ʧʦʯʘʪʢʫ 

ʢʦʦʨʜʠʥʘʪ. 

ʋʩʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʤʦʜʝʣʽ ʝʬʝʢʪʠʚʥʠʭ ʤʘʩ 

ʪʘ ʧʨʷʤʦʢʫʪʥʠʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʝʥʝʨʛʽʡ. 

ʉʪʘʮʽʦʥʘʨʥʝ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ ʝʣʝʢʪʨʦʥʘ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ 

ʜʦʤʽʰʢʦʶ, ʘʥʘʣʽʪʠʯʥʦ ʪʦʯʥʦ ʥʝ ʨʦʟʚôʷʟʫʻʪʴʩʷ. ɼʣʷ ʡʦʛʦ ʥʘʙʣʠʞʝʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʥʝʚʽʜʦʤʽ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʰʫʢʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʫ ʟʘ 

ʧʦʚʥʠʤ ʥʘʙʦʨʦʤ ʮʠʣʽʥʜʨʠʯʥʦ - ʩʠʤʝʪʨʠʯʥʠʭ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʫ 
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ʥʘʥʦʩʪʨʫʢʪʫʨʽ ʙʝʟ ʜʦʤʽʰʢʠ, ʘ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʽʟ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʝʢʫʣʷʨʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʋ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ, ʝʥʝʨʛʽʾ 

ʟʚôʷʟʢʫ ʝʣʝʢʪʨʦʥʘ ʟ ʜʦʤʽʰʢʦʶ ʪʘ ʩʠʣ ʦʩʮʠʣʷʪʦʨʽʚ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʭ 

ʢʚʘʥʪʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʘ ʥʝʤʦʥʦʪʦʥʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʘʜʽʫʩʘ 

ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ. ʎʷ ʥʝʤʦʥʦʪʦʥʥʽʩʪʴ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʯʝʨʛʫʚʘʥʥʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʘ ʩʧʘʜʥʠʭ ʜʽʣʷʥʦʢ, ʪʦʙʪʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ 

ʘʥʪʠʢʨʦʩʽʥʛ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʦʜʥʘʢʦʚʦʾ ʩʠʤʝʪʨʽʾ.  

ʅʘʷʚʥʽʩʪʴ ʜʦʥʦʨʥʦʾ ʜʦʤʽʰʢʠ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʷʢʽʩʥʠʭ ʟʤʽʥ 

ʫ ʧʦʚʝʜʽʥʮʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. ʆʜʥʘʢ ʧʨʠʪʷʛʘʣʴʥʠʡ ʜʦʤʽʰʢʦʚʠʡ 

ʢʫʣʦʥʽʚʩʴʢʠʡ ʧʦʪʝʥʮʽʘʣ ʟʤʝʥʰʫʻ ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʫ, ʱʦ 

ʚʽʜʜʽʣʷʻ ʢʚʘʥʪʦʚʫ ʪʦʯʢʫ ʽ ʥʘʥʦʢʽʣʴʮʝ, ʘ ʪʘʢʦʞ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ 

ʛʣʠʙʠʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. ʊʦʤʫ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʘ ʫ ʚʩʽʭ 

ʩʪʘʥʘʭ ʫ ʥʘʥʦʩʪʨʫʢʪʫʨʽ ʟ ʜʦʤʽʰʢʦʶ ʟʩʫʚʘʶʪʴʩʷ ʚ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʫ 

ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ, ʘ ʘʥʪʠʢʨʦʩʽʥʛʠ ï ʚ ʦʙʣʘʩʪʴ ʤʝʥʰʠʭ ʨʘʜʽʫʩʽʚ ʢʚʘʥʪʦʚʦʾ 

ʪʦʯʢʠ.  

ɽʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʝʣʝʢʪʨʦʥʘ ʟ ʜʦʤʽʰʢʦʶ ʥʝʤʦʥʦʪʦʥʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʘʜʽʫʩʘ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ ʽ ʜʦʩʷʛʘʻ ʧʝʚʥʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʽ ʤʽʥʽʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ. ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʚʝʜʽʥʢʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʦʥʘ ʧʦʚʥʽʩʪʶ ʟʫʤʦʚʣʝʥʘ ʩʢʣʘʜʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ 

ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ 

ʜʦʤʽʰʢʦʶ, ʫ ʧʨʦʩʪʦʨʽ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʠ. 

ʆʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʥ, ʧʝʨʝʙʫʚʘʶʯʠ ʚ ʨʽʟʥʠʭ ʩʪʘʥʘʭ, ʤʦʞʝ 

ʣʦʢʘʣʽʟʦʚʫʚʘʪʠʩʴ ʘʙʦ ʞ ʚ ʦʙʣʘʩʪʽ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ, ʘʙʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʥʘʥʦʢʽʣʴʮʷ ʪʦ ʟʘʣʝʞʥʦʩʪʽ ʩʠʣ ʦʩʮʠʣʷʪʦʨʽʚ ʚʽʜ ʨʘʜʽʫʩʘ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ 

ʪʘʢʦʞ ʩʢʣʘʜʥʽ ʽ ʥʝʤʦʥʦʪʦʥʥʽ. ʆʢʨʽʤ ʪʦʛʦ, ʥʘʷʚʥʽʩʪʴ ʜʦʤʽʰʢʠ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʟʩʫʚʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʦʩʮʠʣʷʪʦʨʘ ʚ ʦʙʣʘʩʪʴ ʤʝʥʰʠʭ 

ʨʘʜʽʫʩʽʚ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ, ʘ ʩʘʤʘ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʱʝ ʟʤʝʥʰʫʻʪʴʩʷ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. F. Qian, Y. Li, S. Gradeak et al Multi -quantum-well nanowire heterostructures 

for wavelength-controlled lasers  // Nature Materials. ï 2008. ï 7.ï P. 701 ï 706. 

2. M. Zervos Electronic properties of core-shell nanowire resonant tunneling diodes 

// Nanoscale Research Letters. ï 2014. ï 9. ï P. 509. 
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ɺʣʘʜʠʩʣʘʚ ʂʘʪʝʨʠʥʢʦ  

ʖʨʽʡ ʃʠʟʫʥ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʫʰʥʽʨ ʄ.ʗ. 

ʊʝʩʪ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʚʝʙ-ʩʘʡʪʫ: ʤʝʪʦʜʦʣʦʛʽʷ ʪʘ ʧʨʘʢʪʠʯʥʘ 

ʨʝʘʣʽʟʘʮʽʷ  ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ 

 

ʇʝʥʪʝʩʪ, ʘʙʦ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ, ʮʝ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʩʣʘʙʢʠʭ ʤʽʩʮʴ ʫ ʩʠʩʪʝʤʘʭ ʙʝʟʧʝʢʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʾʭ ʥʘ 

ʚʨʘʟʣʠʚʽʩʪʴ ʰʣʷʭʦʤ ʩʧʨʦʙ ʧʨʦʥʠʢʥʝʥʥʷ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ 

ʚʥʫʪʨʽʰʥʴʦʾ ʤʝʨʝʞʽ [1]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʝʥʪʝʩʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʽʙʝʨʘʪʘʢ 

ʪʘ ʢʽʙʝʨʟʣʦʯʠʥʥʦʩʪʽ ʚ ʮʽʣʦʤʫ. ɿʘ ʜʘʥʠʤʠ ʟʚʽʪʫ Cybersecurity Ventures, 

ʜʦ 2025 ʨʦʢʫ ʟʘʛʘʣʴʥʠʡ ʟʙʠʪʦʢ ʚʽʜ ʢʽʙʝʨʘʪʘʢ ʜʦʩʷʛʥʝ ʧʦʥʘʜ 10,5 ʪʨʣʥ 

ʜʦʣʘʨʽʚ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʤʧʘʥʽʾ ʙʫʜʫʪʴ ʧʨʦʜʦʚʞʫʚʘʪʠ ʽʥʚʝʩʪʫʚʘʪʠ ʚ 

ʟʘʭʠʩʪ ʩʚʦʾʭ ʤʝʨʝʞ ʪʘ ʜʘʥʠʭ. 

ʇʝʥʪʝʩʪ ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʷʤ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʚʦʾʭ ʟʘʭʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʚʠʷʚʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʚʨʘʟʣʠʚʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʣʦʚʤʠʩʥʠʢʘʤʠ. ʎʝ ʩʧʦʥʫʢʘʻ  ʢʦʤʧʘʥʽʾ ʚʞʠʚʘʪʠ 

ʟʘʭʦʜʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʢʽʙʝʨʘʪʘʢʘʤ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʧʝʥʪʝʩʪ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʨʝʛʫʣʷʪʠʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʚ ʛʘʣʫʟʽ ʙʝʟʧʝʢʠ, ʪʘʢʠʤʠ ʷʢ PCI DSS, HIPAA, 

GDPR ʪʘ ʽʥʰʠʤʠ. ʆʨʛʘʥʽʟʘʮʽʾ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴ ʯʫʪʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʧʦʚʠʥʥʽ ʜʦʚʝʩʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʮʠʤ ʚʠʤʦʛʘʤ, ʘ ʧʝʥʪʝʩʪʫʚʘʥʥʷ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʚ ʮʴʦʤʫ. 

ɿʨʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʝʙ-ʨʝʩʫʨʩʽʚ 

ʩʪʚʦʨʶʻ ʥʦʚʽ ʚʠʢʣʠʢʠ ʜʣʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʪʘ ʤʝʨʝʞ. ʇʝʥʪʝʩʪ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʙʝʟʧʝʢʫ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʥʘʡʪʠ ʧʦʪʝʥʮʽʡʥʽ ʚʨʘʟʣʠʚʦʩʪʽ. 

ʆʪʞʝ, ʧʝʥʪʝʩʪ ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʜʘʥʠʭ ʪʘ ʤʝʨʝʞ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʛʦ ʦʙʩʷʛʫ ʢʽʙʝʨʟʣʦʯʠʥʥʦʩʪʽ [2]. 

ɼʣʷ ʧʝʥʪʝʩʪʫ ʚʝʙ ʩʘʡʪʫ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ 

ʧʨʦʛʨʘʤʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʘʯʠʪʠ ʦʩʥʦʚʥʽ ʚʨʘʟʣʠʚʦʩʪʽ 

ʚ ʙʝʟʧʝʟʽ ʨʝʩʫʨʩʫ, ʪʘʢʽ ʷʢ ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʽʥ`ʻʢʮʽʡ, ʤʽʞʩʘʡʪʦʚʦʛʦ 

ʩʢʨʠʧʪʠʥʛʫ, ʥʝʧʨʘʚʠʣʴʥʦʾ ʘʚʪʦʨʠʟʘʮʽʾ ʘʙʦ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. 

ʆʪʨʠʤʘʥʘ ʧʽʜ ʯʘʩ ʧʝʥʪʝʩʪʫ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʜʣʷ 

ʟʘʤʦʚʥʠʢʽʚ, ʷʢʽ ʭʦʯʫʪʴ ʜʦʩʣʽʜʠʪʠ ʨʝʩʫʨʩ ʘʙʦ ʚʥʝʩʪʠ ʟʤʽʥʠ ʜʦ ʥʴʦʛʦ, 
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ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʟʣʦʚʤʠʩʥʠʢʘʤʠ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʽ ʟʣʦʤʫ ʨʝʩʫʨʩʫ [3]. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʞʦʜʝʥ ʚʝʙ ʩʘʡʪ ʥʝ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʟʘʭʠʱʝʥʠʤ,  

ʧʦʢʠ ʥʝ ʧʨʦʡʜʝ ʧʝʨʝʚʽʨʢʫ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ʅʘʡʩʫʯʘʩʥʽʰʠʤ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ NIST ʪʘ OSSTMM. 

ʄʽʞʥʘʨʦʜʥʠʡ ʩʪʘʥʜʘʨʪ NIST ʧʝʨʝʜʙʘʯʫʻ ʚ ʩʦʙʽ 4 ʬʘʟʠ, ʘ ʩʘʤʝ: 

- ʧʣʘʥʫʚʘʥʥʷ (ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʘ ʜʦʢʫʤʝʥʪʫʶʪʴʩʷ ʧʨʘʚʠʣʘ, ʦʙ'ʻʢʪʠ ʪʘ 
ʮʽʣʽ ʧʝʨʝʚʽʨʢʠ); 

- ʜʦʩʣʽʜʞʝʥʥʷ (ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʘʥʘʣʽʟ ʫʨʘʟʣʠʚʦʩʪʝʡ ); 

- ʘʪʘʢʘ (ʧʝʨʝʚʽʨʢʘ ʟʽʙʨʘʥʠʭ ʫʨʘʟʣʠʚʦʩʪʝʡ ʧʨʦʥʠʢʥʝʥʥʷ); 

- ʟʚʽʪ (ʦʧʠʩ ʫʨʘʟʣʠʚʦʩʪʝʡ, ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ, ʟʘʭʦʜʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 
ʟʘʭʠʱʝʥʦʩʪʽ ʩʠʩʪʝʤʠ) [4]. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʦʪʠ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ ʨʝʩʫʨʩʫ 

ʥʘ ʥʘʷʚʥʩʪʴ  ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ ʪʘ ʥʘʜʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʾʭ ʫʩʫʥʝʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʱʦʜʦ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ ʨʝʩʫʨʩʽʚ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʜʣʷ ʥʠʭ, ʥʘ ʨʽʚʥʽ ʤʽʞʥʘʨʦʜʥʦ ʚʠʟʥʘʥʠʭ 

ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ñPenetration Testingò (ʘʥʛʣ). URL: https://www.imperva.com/learn/application-

security/penetration-testing/ 

2. [100+ essential penetration testing statistics [2023 edition]ò (ʘʥʛʣ). URL: 

https://pentest-tools.com/blog/penetration-testing-statistics 

3. ñWhat is penetratontesting?ò (ʘʥʛʣ). URL: 

https://www.cloudflare.com/learning/security/glossary/what-is-penetration-testing/. 

4. ñTop 5 Penetration Testing Methodologies and Standardsò (ʘʥʛʣ). URL:  

https://www.vumetric.com/blog/top-penetration-testing-methodologies/ 
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ɯʚʘʥ ʂʘʪʝʨʠʥʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʧ. ʑʫʢʽʥ ʉ.ʇ. 

ʆʨʛʘʥʽʟʘʮʽʷ ʙʝʟʰʦʚʥʦʛʦ WiFi ʨʦʫʤʽʥʛʘ                              ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ. 

ɿʚ'ʷʟʦʢ ʽ ʜʦʩʪʫʧ ʜʦ ʽʥʪʝʨʥʝʪʫ ʻ ʢʣʶʯʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʙʽʟʥʝʩʫ ʚ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. ʂʦʨʧʦʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ WiFi-ʤʝʨʝʞʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʽʥʪʝʨʥʝʪʫ ʚ ʙʫʜʴ-ʷʢʦʤʫ 

ʤʽʩʮʽ ʦʬʽʩʫ. ʆʜʥʘʢ ʽʟ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʙʽʟʥʝʩʫ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ 

ʧʨʦʙʣʝʤʠ ʟʽ ʟ'ʻʜʥʘʥʥʷʤ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʙʫʜʽʚʣʽ. ʈʽʰʝʥʥʷʤ ʜʣʷ ʮʴʦʛʦ 

ʤʦʞʝ ʩʪʘʪʠ ʦʨʛʘʥʽʟʘʮʽʷ ʙʝʟʰʦʚʥʦʛʦ WiFi-ʨʦʫʤʽʥʛʫ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʤʝʨʝʞʘʭ. 
WiFi ʨʦʫʤʽʥʛ ʧʨʘʮʶʻ ʧʦʜʽʙʥʦ ʜʦ ʨʦʫʤʽʥʛʫ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ. 

ʇʦʪʨʽʙʥʦ ʤʘʪʠ ʢʽʣʴʢʘ ʪʦʯʦʢ ʜʦʩʪʫʧʫ ʧʦ ʚʩʽʡ ʙʫʜʽʚʣʽ: ʙʫʜʴ ʪʦ ʣʽʢʘʨʥʷ, 

ʰʢʦʣʘ, ʨʦʙʦʯʝ ʤʽʩʮʝ ʪʦʱʦ; ʱʦʙ, ʷʢ ʪʽʣʴʢʠ ʚʠ ʟʥʘʭʦʜʠʪʝʩʴ ʙʽʣʷ ʤʝʞʽ ʜʽʾ 

ʦʜʥʽʻʾ ʟ ʪʦʯʦʢ ʜʦʩʪʫʧʫ, ʚʘʰ ʧʨʠʩʪʨʽʡ ʚʞʝ ʧʝʨʝʙʫʚʘʚ ʚ ʜʽʘʧʘʟʦʥʽ ʜʽʾ 

ʽʥʰʦʾ. ʑʦʙ ʧʨʘʮʶʚʘʪʠ ʙʝʟʧʝʨʝʙʽʡʥʦ, ʚʩʽ ʪʦʯʢʠ ʜʦʩʪʫʧʫ WiFi ʚ ʤʝʨʝʞʽ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʤʝʨʝʞʽ (SSID) ʪʘ ʦʜʥʠʭ ʽ ʪʠʭ ʩʘʤʠʭ ʦʙʣʽʢʦʚʠʭ ʜʘʥʠʭ 

ʜʣʷ ʚʭʦʜʫ. 
ʆʜʥʘʢ ʨʦʫʤʽʥʛ WiFi ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʣʽʻʥʪʩʴʢʠʤ ʧʨʠʩʪʨʦʻʤ, ʪʘʢʠʤ ʷʢ 

ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʘʙʦ ʥʦʫʪʙʫʢ. ʆʨʛʘʥʽʟʘʮʽʾ ʩʪʘʥʜʘʨʪʽʚ WiFi 

(ʥʘʧʨʠʢʣʘʜ, IEEE802.11 ʪʘ WiFi Alliance) ʥʝ ʚʠʟʥʘʯʘʶʪʴ, ʢʦʣʠ ʯʠ ʷʢ 

ʢʣʽʻʥʪʩʴʢʠʡ ʧʨʠʩʪʨʽʡ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʫʤʽʥʛ. ɹʝʟʜʨʦʪʦʚʠʡ 

ʢʣʽʻʥʪʩʴʢʠʡ ʧʨʠʩʪʨʽʡ ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʚʠʨʽʰʝʥʥʷ ʪʦʛʦ, ʯʠ ʧʦʪʨʽʙʝʥ 

ʡʦʤʫ ʨʦʫʤʽʥʛ, ʘ ʧʽʩʣʷ ʮʴʦʛʦ ʚʠʷʚʣʝʥʥʷ, ʦʮʽʥʢʫ ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʽʥʰʦʾ 

ʪʦʯʢʠ ʜʦʩʪʫʧʫ. ʎʝʡ ʧʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʪʘʧʽʚ: 
ʉʢʘʥʫʚʘʥʥʷ: ʂʦʣʠ ʚʠ ʚʽʜʜʘʣʷʻʪʝʩʴ ʚʽʜ ʪʦʯʢʠ ʜʦʩʪʫʧʫ, ʩʠʛʥʘʣ ʩʪʘʻ 

ʩʣʘʙʰʠʤ ʽ ʧʨʠʩʪʨʽʡ ʢʣʽʻʥʪʘ ʚʽʜʧʨʘʚʣʷʻ ʟʘʧʠʪʠ-ʧʨʦʙʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʤʦʞʣʠʚʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʦʯʦʢ ʜʦʩʪʫʧʫ. ʇʨʠʩʪʨʽʡ ʧʦʪʽʤ ʚʠʙʠʨʘʻ 

ʩʚʦʶ ʥʘʩʪʫʧʥʫ ʪʦʯʢʫ ʜʦʩʪʫʧʫ ʥʘ ʦʩʥʦʚʽ ʩʧʝʮʠʬʽʢʘʮʽʡ ʩʘʤʦʛʦ 

ʧʨʠʩʪʨʦʶ. 
ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ: ʇʨʠʩʪʨʽʡ ʢʣʽʻʥʪʘ ʚʽʜʧʨʘʚʣʷʻ ʟʘʧʠʪ ʜʦ ʦʙʨʘʥʦʾ 

ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʜʣʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʦʯʽʢʫʻ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʥʦʚʦʾ ʪʦʯʢʠ 

ʜʦʩʪʫʧʫ, ʷʢʘ ʤʦʞʝ ʧʨʠʡʥʷʪʠ ʘʙʦ ʚʽʜʭʠʣʠʪʠ ʟʘʧʠʪ. 
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ʇʝʨʝʧʽʜʢʣʶʯʝʥʥʷ: ʗʢʱʦ ʪʦʯʢʘ ʜʦʩʪʫʧʫ ʧʨʠʡʤʘʻ ʟʘʧʠʪ ʧʨʠʩʪʨʦʶ 

ʢʣʽʻʥʪʘ, ʧʨʠʩʪʨʽʡ ʢʣʽʻʥʪʘ ʚʽʜʧʨʘʚʣʷʻ ʱʝ ʦʜʠʥ ʟʘʧʠʪ - ʟʘʧʠʪ ʥʘ 

ʧʝʨʝʧʽʜʢʣʶʯʝʥʥʷ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʧʽʜʢʣʶʯʝʥʥʷ ʥʦʚʘ ʪʦʯʢʘ 

ʜʦʩʪʫʧʫ ʚʽʜʧʨʘʚʣʷʻ ʧʘʢʝʪ ʨʦʟ'ʻʜʥʘʥʥʷ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ. 

ʉʪʘʨʘ ʪʦʯʢʘ ʜʦʩʪʫʧʫ ʚʽʜʢʣʶʯʘʻʪʴʩʷ, ʽ ʦʥʦʚʣʶʶʪʴʩʷ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 
ʆʨʛʘʥʽʟʘʮʽʷ ʙʝʟʰʦʚʥʦʛʦ WiFi ʨʦʫʤʽʥʛʫ ʚ ʢʦʨʧʦʨʘʪʠʚʥʽʡ ʤʝʨʝʞʽ 

ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʨʦʙʦʪʠ ʚ ʨʽʟʥʠʭ 

ʟʦʥʘʭ ʦʬʽʩʫ. ʎʝ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʠʭ ʟʘʚʜʘʥʴ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʠʪʠ ʢʦʤʬʦʨʪ ʽ ʟʘʜʦʚʦʣʝʥʥʷ 

ʚʽʜ ʨʦʙʦʪʠ. 
 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
 

1.https://www.mercku.com/2021/07/28/what-is-wi-fi -roaming-and-how-it-

works/ 
  2. Roaming in Wireless Networks (McGraw-Hill Communications Engineering) 

1st Edition, Kindle Edition 
      3. Secure Roaming in 802.11 Networks (Communications Engineering) 1st 

Edition  
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ɸʥʜʨʽʡ ʂʠʨʩʪʷ, ɯʚʘʥ ɻʘʣʽʮʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʫʰʥʽʨ ʄ. ʗ. 

 

ʍʘʦʪʠʯʥʝ ʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ 
 

ʐʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʜʦʧʦʤʦʛʦʶ ʜʝʷʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʨʦʟʨʦʙʢʦʶ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʧʝʨʝʜʘʯʘ ʽ ʦʪʨʠʤʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʩʪʘʶʪʴ ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʠʤʠ. ʇʨʦʪʝ ʧʝʨʝʜʘʯʘ ʟʦʙʨʘʞʝʥʴ 

ʯʝʨʝʟ ʚʽʜʢʨʠʪʽ ʧʣʘʪʬʦʨʤʠ, ʪʘʢʽ ʷʢ ʽʥʪʝʨʥʝʪ, ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʙʫʪʠ 

ʙʝʟʧʝʯʥʦʶ. ʊʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʦʙʭʽʜʥʠʡ ʤʝʪʦʜ ʦʙʤʽʥʫ ʟʦʙʨʘʞʝʥʥʷʤʠ, 

ʷʢʠʡ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʫ ʧʝʨʝʜʘʯʫ. ʂʨʠʧʪʦʛʨʘʬʽʷ ʛʨʘʻ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʚ ʜʦʩʷʛʥʝʥʥʽ ʙʝʟʧʝʯʥʦʛʦ ʤʝʪʦʜʫ ʦʙʤʽʥʫ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʯʥʫ ʧʝʨʝʜʘʯʫ ʟʦʙʨʘʞʝʥʴ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ 

ʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʨʦʩʪʘʶʯʦʾ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʧʝʨʝʜʘʯʽ. ʆʩʢʽʣʴʢʠ ʟʦʙʨʘʞʝʥʥʷ 

ʧʦʚʥʽʩʪʶ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʢʩʪʫ ʯʝʨʝʟ ʩʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʽ ʷʢ 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ, ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ, ʪʦʱʦ. ʊʦʤʫ ʜʦʙʨʝ ʚʽʜʦʤʽ 

ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ AES ʘʙʦ IDEA, ʥʝʝʬʝʢʪʠʚʥʽ [1].  
ʐʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʟʘʰʠʬʨʦʚʘʥʝ. ɺʦʥʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ 

ʧʝʨʝʜʘʚʘʥʥʽ ʢʘʥʘʣʘʤʠ ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʩʝʢʨʝʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘʚʞʜʠ ʥʝʦʙʭʽʜʥʦ ʟʘʭʠʱʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, 

ʧʦʚôʷʟʘʥʫ ʟ ʥʠʤ, ʪʦʜʽ ʥʽʭʪʦ ʥʝ ʟʤʦʞʝ ʣʝʛʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʡʦʛʦ, ʢʨʽʤ 

ʩʧʨʘʚʞʥʴʦʛʦ ʦʪʨʠʤʫʚʘʯʘ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʰʠʬʨʫʚʘʥʥʷ. ʊʫʪ 

ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʩʪʘʥʦʚʢʠ, 

ʤʦʜʫʣʷʮʽʾ ʪʘ ʜʠʬʫʟʽʾ (ʇʄɼ). ʇʽʩʣʷ ʮʴʦʛʦ ʟʘʰʠʬʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʫʧʦʚʥʦʚʘʞʝʥʽʡ ʦʩʦʙʽ ʧʦ ʥʝʟʘʭʠʱʝʥʦʤʫ ʢʘʥʘʣʫ. 

ʈʦʟʰʠʬʨʫʚʘʥʥʷ ʻ ʦʙʦʨʦʪʥʦʶ ʧʨʦʮʝʜʫʨʦʶ ʰʠʬʨʫʚʘʥʥʷ, ʧʨʠ ʷʢʽʡ 

ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʟʘʰʠʬʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘʟʘʜ ʥʘ ʡʦʛʦ ʚʠʭʽʜʥʫ 

ʬʦʨʤʫ. ʋ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʫʧʦʚʥʦʚʘʞʝʥʘ ʦʩʦʙʘ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʚʠʭʽʜʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʢʨʝʪʥʠʭ ʢʣʶʯʽʚ ʪʘ ʘʣʛʦʨʠʪʤʫ 

ʨʦʟʰʠʬʨʫʚʘʥʥʷ. 
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ʈʠʩ. 1. ʐʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ: ʘ ï ʦʨʠʛʽʥʘʣ ʟʦʙʨʘʞʝʥʥʷ; ʙ ï  ʟʘʰʠʬʨʦʚʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

 

 ʂʦʣʠ ʦʜʝʨʞʫʚʘʯ ʦʪʨʠʤʫʻ ʟʘʰʠʬʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʚʽʥ 

ʨʦʟʰʠʬʨʦʚʫʻ ʡʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʚʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʆʩʢʽʣʴʢʠ 

ʭʘʦʪʠʯʥʠʡ ʢʣʶʯ ʚʽʜʦʤʠʡ ʣʠʰʝ ʚʽʜʧʨʘʚʥʠʢʫ, ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʥʘʥʝ ʣʠʰʝ ʫʧʦʚʥʦʚʘʞʝʥʦʶ ʦʩʦʙʦʶ, ʷʢʘ ʤʘʻ ʜʦʩʪʫʧ ʜʦ 

ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ. ʆʜʝʨʞʫʚʘʯ ʟʘʩʪʦʩʦʚʫʻ ʟʚʦʨʦʪʥʠʡ ʇʄɼ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʅʘʧʨʠʢʽʥʮʽ ʦʜʝʨʞʫʚʘʯ ʦʪʨʠʤʫʻ 

ʦʨʠʛʽʥʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʨʦʟʰʠʬʨʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ. 

 ɺ ʩʚʦʾʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʨʦʙʦʪʽ ʷ ʧʣʘʥʫʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ 

ʤʝʪʦʜʠ, ʷʢ: ʪʝʦʨʽʷ ʭʘʦʩʫ, ʝʬʝʢʪ ʤʝʪʝʣʠʢʘ, ʝʢʩʧʦʥʝʥʪʘ ʃʷʧʫʥʦʚʘ [2], 

ʭʘʦʪʠʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʙʽʬʫʨʢʘʮʽʡʥʘ ʜʽʘʛʨʘʤʘ, ʣʦʛʽʩʪʠʯʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ [3], ʭʘʦʪʠʯʥʝ ʩʠʥʫʩʦʾʜʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʟʤʽʰʫʚʘʥʥʷ 

ʪʘ ʜʠʬʫʟʽʷ ʚ ʭʘʦʩʽ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʝʥʪʨʦʧʽʷ. 
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ɼʝʥʠʩ ʂʠʬʷʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʨʣʝʮʴʢʠʡ ɯ.ɻ. 

 

ɽʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ  

ZnO:Al/ZnSe/p-CdTe  
 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ZnO:Al/ZnSe/p-CdTe 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʢʦʣʦʪʽ ʽʟ ʢʨʠʩʪʘʣʽʯʥʠʭ ʯʘʩʪʠʥ ʟʣʠʪʢʘ CdTe ʧʣʦʩʢʦ 

ʧʘʨʘʣʝʣʴʥʽ ʧʣʘʩʪʠʥʢʠ ʽʟ ʧʠʪʦʤʦʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ů = 3Ā10
-3 
ʆʤ

-

1
Āʩʤ

-1
. ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ZnO:Al/ZnSe/p-CdTe ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʤʝʪʦʜʦʤ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʤʽʰʝʥʝʡ ʩʝʣʝʥʽʜʫ ʮʠʥʢʫ 

ʪʘ ʣʝʛʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʻʤ ʦʢʩʠʜʫ ʮʠʥʢʫ.  

ɺʠʛʦʪʦʚʣʝʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʚʦʣʦʜʽʣʠ ʜʽʦʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

(ʨʠʩ.1) ʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʚʠʩʦʪʦʶ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʘ qjk, = 1,2 

ʝɺ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʧʨʷʤʣʝʥʥʷ ʩʪʨʫʤʫ ʧʨʠ ʥʘʧʨʫʟʽ |V| =1,5 ɺ ʽ 

ʪʝʤʧʝʨʘʪʫʨʽ ʊ=294ʂ ʩʪʘʥʦʚʠʚ å10
2
.  

 
ʈʠʩ.1. ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ZnO:Al /ZnSe/p-CdTe 

ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʊ = 294-337 ʂ. 

 ʅʘ ʚʩʪʘʚʢʘʭ ï ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʩʦʪʠ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʘ qjk 

(ʘ) ʪʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʧʦʨʫ ʩʪʨʫʢʪʫʨʠ RS (b) 
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ɺʠʟʥʘʯʝʥʠʡ ʽʟ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ qjk = f(T) (ʨʠʩ.1, ʚʩʪʘʚʢʘ a) 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʚʠʩʦʪʠ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʘ 

ʜʦʨʽʚʥʶʚʘʚ d(qűk)/dT = 1,64Ŀ10
-3
 ʝɺ/K, ʱʦ ʥʘ ʧʦʨʷʜʦʢ ʧʝʨʝʚʝʨʰʫʻ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ CdTe. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ ʝʬʝʢʪʠʚʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ ʫ c- ʪʘ v-

ʟʦʥʘʭ ʙʘʟʦʚʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ 

ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ [1]. ɯʟ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʧʦʨʫ ʩʪʨʫʢʪʫʨʠ RS (RS = 

2,1Ŀ10
2 
ʆʤ ʧʨʠ ʊ = 294 ʂ) ʫ ʢʦʦʨʜʠʥʘʪʘʭ lnRS = f(10

3
/T) (ʨʠʩ.1, ʚʩʪʘʚʢʘ 

b), ʚʠʟʥʘʯʝʥʘ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ Dɽ = 0,06 ʝɺ, ʷʢʘ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʝʥʝʨʛʽʻʶ ʽʦʥʽʟʘʮʽʾ ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʦʯʢʦʚʦʛʦ ʜʝʬʝʢʪʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ 

ʨʽʚʥʦʚʘʞʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʫ ʥʝʣʝʛʦʚʘʥʦʤʫ CdTe ʽ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʢʨʘʪʥʦ 

ʟʘʨʷʜʞʝʥʽʡ ʚʘʢʘʥʩʽʾ ʢʘʜʤʽʶ ʘʙʦ ʢʦʤʧʣʝʢʩʫ ʟʘ  ʾʾ ʫʯʘʩʪʶ [2]. ʆʪʞʝ, 

ʧʦʩʣʽʜʦʚʥʠʡ ʦʧʽʨ ʩʪʨʫʢʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʦʨʦʤ ʙʘʟʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ 

CdTe. 

ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ZnO:Al/ZnSe/p-CdTe 

ʧʨʠ ʥʝʚʝʣʠʢʠʭ, ʷʢ ʧʨʷʤʠʭ (3kT/q < V < 0,45 ɺ), ʪʘʢ ʽ ʟʚʦʨʦʪʥʠʭ 

ʥʘʧʨʫʛʘʭ (- 0.6 ɺ < V < - 3kT/q) ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʪʝʦʨʽʻʶ ʩʪʨʫʤʽʚ, 

ʦʙʤʝʞʝʥʠʭ ʧʨʦʩʪʦʨʦʚʠʤ ʟʘʨʷʜʦʤ, ʚʠʥʠʢʥʝʥʥʷ ʷʢʠʭ ʟʫʤʦʚʣʝʥʦ 

ʥʘʷʚʥʽʩʪʶ ʽʥʚʝʨʩʽʡʥʦʛʦ ʰʘʨʫ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʦʙʣʘʩʪʽ p-CdTe. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ (V < - 0.6 ɺ) ʧʝʨʝʚʘʞʘʻ ʪʫʥʝʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʽʟ ʟʘʧʦʚʥʝʥʠʭ ʝʣʝʢʪʨʦʥʘʤʠ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʪʝʣʫʨʠʜʫ ʢʘʜʤʽʶ, ʚ ʦʙʣʘʩʪʽ ʽʥʚʝʨʩʽʡʥʦʛʦ ʰʘʨʫ.  

ɺʦʣʴʪ-ʬʘʨʘʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʪʝʨʦʩʪʫʢʪʫʨ ZnO:Al /ZnSe/p-CdTe ʚ 

ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (f = 600 ï 1000 kHz) ʧʨʠ ʟʚʦʨʦʪʥʠʭ ʟʤʽʱʝʥʥʷʭ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʢʠʤ ʧʦʚʝʨʭʥʝʚʦ-ʙʘʨôʻʨʥʠʤ ʩʪʨʫʢʪʫʨʘʤ.  
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ʊʝʪʷʥʘ ʂʽʨʽʷʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʰʝʚʝʮʴʢʠʡ ʆ.ʉ. 

 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʩʫʰʘʨʢʠ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʇʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʫ ʨʽʟʥʦʛʦ 

ʨʦʜʫ ʧʨʠʩʪʨʦʷʭ ʻ ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʛʘʣʫʟʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʥʘ ʙʘʟʽ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʤʘʻ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ, ʱʦ ʥʘʜʘʻ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʧʦʜʘʣʴʰʦʤʫ ʩʪʚʦʨʝʥʥʶ ʧʨʠʩʪʨʦʾʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ. 

ʆʜʠʥ ʽʟ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ï ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʩʫʰʘʨʢʘ ʧʦʙʫʪʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɰʾ ʧʝʨʝʚʘʛʘʤʠ ʻ ʧʦʨʽʚʥʷʥʦ ʝʢʦʥʦʤʥʝ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʧʝʨʝʜʥʽʤʠ ʘʥʘʣʦʛʘʤʠ ʪʘ ʧʨʦʪʦʪʠʧʘʤʠ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʝ ʩʪʚʦʨʝʥʥʷ 

ʩʫʰʘʨʢʠ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʦʜʫʣʽʚ ʇʝʣʴʪʴʻ. 

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʢʣʘʩʠʯʥʦʶ ʢʦʥʜʝʥʩʘʮʽʡʥʦʶ ʩʫʰʘʨʢʦʶ ʙʝʟ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʘ ʩʫʰʘʨʢʦʶ ʟ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ, ʟʦʢʨʝʤʘ, ʟ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ, ʧʦʣʷʛʘʻ ʫ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʋ ʢʣʘʩʠʯʥʽʡ ʢʦʥʜʝʥʩʘʮʽʡʥʽʡ ʩʫʰʘʨʮʽ ʙʝʟ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʝʧʣʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʦʚʽʪʨʷ ʧʦʚʥʽʩʪʶ ʚʠʜʽʣʷʻʪʴʩʷ ʫ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʫ ʧʨʦʮʝʩʽ ʚʠʣʫʯʝʥʥʷ ʚʦʜʠ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʦʚʽʪʨʷ. 

ʅʦʚʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʩʫʰʠʣʴʥʘ ʤʘʰʠʥʘ (ʨʠʩ. 1) ï ʮʝ ʢʦʤʙʽʥʘʮʽʷ 

ʢʣʘʩʠʯʥʦʾ ʢʦʥʜʝʥʩʘʮʽʡʥʦʾ ʩʫʰʘʨʢʠ (ʙʝʟ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ) ʪʘ ʩʫʰʘʨʢʠ ʟ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ. ʋ ʮʽʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽʡ ʩʫʰʘʨʮʽ 

ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʘʯ ʢʣʘʩʠʯʥʦʾ ʢʦʥʜʝʥʩʘʮʽʡʥʦʾ ʩʫʰʘʨʢʠ ʟʘʤʽʥʶʻʪʴʩʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ. ʇʽʩʣʷ ʧʝʨʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 

ʧʦʚʽʪʨʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʠ ʪʝʭʥʦʣʦʛʽʯʥʝ ʧʦʚʽʪʨʷ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ, ʷʢʠʡ ʜʘʣʽ 

ʧʦʛʣʠʥʘʻ ʪʝʧʣʦ, ʚʦʣʦʛʝ ʧʦʚʽʪʨʷ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʘʣʽ, ʽ ʙʽʣʴʰʝ ʚʦʜʠ 

ʢʦʥʜʝʥʩʫʻʪʴʩʷ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʝ ʧʦʣʽʧʰʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʠ. 
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ʈʠʩ.1.  ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʩʫʰʘʨʢʘ ʜʣʷ ʙʽʣʠʟʥʠ 

 
ʇʦʪʽʤ ʪʝʭʥʦʣʦʛʽʯʥʝ ʧʦʚʽʪʨʷ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʟ ʭʦʣʦʜʥʦʾ ʩʪʦʨʦʥʠ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʥʘ ʡʦʛʦ ʪʝʧʣʫ ʩʪʦʨʦʥʫ, ʜʝ ʪʝʧʣʦ 

ʚʽʜ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʝ ʧʦʚʽʪʨʷ. 

ʆʪʞʝ, ʪʝʧʣʘ ʩʪʦʨʦʥʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʟʘʤʽʥʶʻ 

ʬʫʥʢʮʽʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʛʨʽʚʘʯʘ ʚ ʢʣʘʩʠʯʥʽʡ ʢʦʥʜʝʥʩʘʮʽʡʥʽʡ ʩʫʰʘʨʮʽ. 

ɿʘʚʜʷʢʠ ʧʦʚʽʪʨʦʦʭʦʣʦʜʞʫʚʘʯʫ ʤʦʞʥʘ ʟʘʧʦʙʽʛʪʠ ʤʦʞʣʠʚʦʤʫ ʧʝʨʝʛʨʽʚʫ 

ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʪʦʢʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʚʠʭʦʜʠʪʴ ʯʝʨʝʟ 

ʧʦʚʽʪʨʷʥʠʡ ʦʭʦʣʦʜʞʫʚʘʯ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. J. Zhao, Q. Jian, N. Zhang, L. Luo, B. Huang, S. Cao, The improvement on 

drying performance and energy efficiency of a tumbler clothes dryer with a novel 

electric heating element, Appl. Therm. Eng. 128 (2018) 531ï538. 
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ɺʣʘʜʠʩʣʘʚ ʂʽʱʫʢ, ɺʘʩʠʣʴ ʃʠʧʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɻʨʝʩʴ ʆ.ɺ. 

 

ɸʥʘʣʽʟ ʨʠʟʠʢʽʚ ʙʝʟʧʝʢʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ 

ʤʝʨʝʞ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʘʫʜʽʦʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ 

 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ ï ʧʦʢʘʟʥʠʢʠ ʜʦʩʷʛʥʫʪʦʛʦ ʨʽʚʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʘ ʩʘʤʝ ï 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʭʠʱʝʥʦʩʪʽ. ʊʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʻ: 

ʮʽʣʽʩʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ, ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ. ʂʦʞʝʥ ʟ ʧʦʢʘʟʥʠʢʽʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʭʠʱʝʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ 

ʧʦʜʽʣʷʻʪʴʩʷ ʟʘ ʩʧʦʩʦʙʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʩʪʫʧʝʥʝʤ ʾʭ ʜʦʩʷʛʥʝʥʥʷ. 

ɺʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʤʝʨʝʞ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʘʫʜʽʦʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ (ʄʈ ɸɺʂ) ʻ ʦʮʽʥʢʘ 

ʨʠʟʠʢʽʚ ʙʝʟʧʝʢʠ ʢʦʥʪʝʥʪʫ, ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚ ʤʝʨʝʞʽ. ʎʝ 

ʩʪʦʩʫʻʪʴʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʩʢʣʘʜʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʯʠ ʥʝʦʙʭʽʜʥʠʭ ʢʽʣʴʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʝʦʙʭʽʜʥʫ ʟʘʭʠʱʝʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʘʙʦ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʚ 

ʮʽʣʦʤʫ [1]. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʙʫʜʦʚʘ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʽ ʚʠʷʚʣʷʶʪʴ 

ʘʪʘʢʠ ʟʣʦʚʤʠʩʥʠʢʽʚ, ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʽʻʾ ʟ 

ʜʚʦʭ ʟʘʟʥʘʯʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [1]:  

ï ʚʠʷʚʣʝʥʥʷ ʟʣʦʚʞʠʚʘʥʴ (Misuse Detection ï MD); 

ï ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ (Anomaly Detection ï AD). 

ʊʝʭʥʦʣʦʛʽʷ ʤʦʥʽʪʦʨʠʥʛʫ (MD) ʧʦʨʽʚʥʶʻʪʴʩʷ ʽʟ ʘʥʪʠʚʽʨʫʩʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ. MD ʤʽʩʪʠʪʴ ʥʘʙʽʨ 

ʩʠʛʥʘʪʫʨ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʠʧʠ ʟôʻʜʥʘʥʴ ʽ ʪʨʘʬʽʢʽʚ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʥʢʨʝʪʥʘ ʘʪʘʢʘ ʥʘ ʢʦʤʧ'ʶʪʝʨʥʫ ʩʠʩʪʝʤʫ. 

ɯʥʰʘ ʞ, ʪʝʭʥʦʣʦʛʽʷ ʤʦʥʽʪʦʨʠʥʛʫ (ɸD), ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʙʦʨʠ 

ʤʦʜʝʣʝʡ "ʥʦʨʤʘʣʴʥʦʛʦ" ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʘ, ʷʢʽ ʦʥʦʚʣʶʶʪʴʩʷ ʟ ʯʘʩʦʤ. 

ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ "ʝʪʘʣʦʥʥʠʭ ʤʦʜʝʣʝʡ" ʤʘʨʢʫʶʪʴʩʷ ʷʢ ʘʥʦʤʘʣʴʥʽ ʡ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʟʘʩʦʙʘʤʠ ʩʣʫʞʙʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ.  

ʅʘʨʘʟʽ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ ʪʘ ʮʽʣʘ ʥʠʟʢʘ 

ʤʝʭʘʥʽʟʤʽʚ ʽ ʟʘʩʦʙʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʝʢʠ ʚ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʠ ʜʝʢʣʘʨʫʶʪʴ 

ʥʘʷʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʟ ʨʦʟʰʠʨʝʥʠʤʠ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. ʅʘʚʽʪʴ ʷʢʱʦ ʨʝʘʣʽʟʘʮʽʷ ʮʠʭ ʟʘʩʦʙʽʚ 

ʜʦʩʪʘʪʥʷ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʠʡʥʷʪʦʾ ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ, ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʱʝ ʜʚʽ ʤʥʦʞʠʥʠ ʨʠʟʠʢʽʚ: ʨʠʟʠʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʥʝʧʨʘʚʠʣʴʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʩʠʩʪʝʤʠ, ʽ ʨʠʟʠʢʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 

ʫʥʘʩʣʽʜʦʢ ʧʦʤʠʣʦʢ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ [1, 2].  

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʩʘʤʝ ʤʝʨʝʞʝʚʽ ʩʝʨʚʽʩʠ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʩʣʫʛʫʶʪʴ ʦʙôʻʢʪʦʤ ʘʪʘʢ ʥʘ ʨʦʟʧʦʜʽʣʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʽʩʥʫʻ 

ʟʘʚʜʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʝʨʝʚʽʨʢʠ ʤʝʨʝʞʝʚʠʭ ʩʠʩʪʝʤ ʥʘ ʚʨʘʟʣʠʚʽʩʪʴ 

ʟʽ ʩʪʦʨʦʥʠ ʚʽʜʦʤʠʭ ʘʪʘʢ. ʋʮʽʣʦʤʫ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʝʢʠ ʚ 

ʽʩʥʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʘʢʪʠʚʽʟʘʮʽʾ ʟʘʩʦʙʽʚ 

ʚʝʨʠʬʽʢʘʮʽʾ ʟʘʭʠʩʪʫ ʚ ʪʠʭ ʯʘʩʪʠʥʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʟ ʷʢʠʤʠ 

ʧʦʚ'ʷʟʘʥʽ ʥʘʡʙʽʣʴʰʽ ʨʠʟʠʢʠ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ.  

ʇʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟʧʝʢʠ ɸɺʂ ʩʣʽʜ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʚʠʜʠ ʟʘʛʨʦʟ ʜʣʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚ ʤʝʨʝʞʘʭ: ʟʘʛʨʦʟʠ ʧʦʨʫʰʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ; 

ʮʽʣʽʩʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ; ʪʘ ʟʘʛʨʦʟʠ ʧʦʨʫʰʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʟʘʛʘʣʦʤ. ɺʘʞʣʠʚʝ ʡ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʽ 

ʟʘʭʠʱʝʥʦʩʪʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʦʥʪʝʥʪʫ. ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʤʝʪʦʜʠʢ 

ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʽ ʟʘʭʠʱʝʥʦʩʪʽ ʩʠʩʪʝʤ ʻ ʩʫʙ'ʻʢʪʠʚʥʽʩʪʴ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ 

ʚʠʥʠʢʥʝʥʥʷ ʟʘʛʨʦʟ ʨʽʟʥʦʛʦ ʨʦʜʫ [2, 3]. 

ʆʪʞʝ, ʘʥʘʣʽʟ ʜʞʝʨʝʣ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʄʈ 

ɸɺʂ ʦʧʪʠʤʘʣʴʥʡ ʚʠʙʽʨ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʠʣʠ ʥʘʡʤʝʥʰʠʡ ʨʠʟʠʢ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ 

ʫ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ. 
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ʙʝʟʧʝʢʠ. ʂʠʾʚ: ɼʋɯʂʊ, 2006. 414 ʩ. 

3. ʉʽʨʯʝʥʢʦ ɻ.ɸ. ɿʘʜʘʯʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ 
ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ. ɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ, 

ˉ2, 2010. ʉ. 49 ï 54.  
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ɯʛʦʨ ʂʣʘʧʘʱʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʇɽʄɺ ʥʘʢʦʧʠʯʫʚʘʯʘ 

HDD ʟ̔ SATA-ʽʥʪʝʨʬʝʡʩʦʤ  
ʉʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʻ 

ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ 

[1, 2]. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʧʽʜ ʯʘʩ 

ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʪʘ ʦʮʽʥʢʠ ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʢʘʥʘʣʽʚ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ [1]. 

ʂʘʥʘʣ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʧʦʙʽʯʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʇɽʄɺ) ʻ ʦʜʥʠʤ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʪʝʭʥʽʯʥʠʭ 

ʢʘʥʘʣʽʚ ʚʠʪʦʢʫ [2]. ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʇɽʄɺ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʽʟ SATA-

ʽʥʪʝʨʬʝʡʩʦʤ. ʗʢ ʦʩʥʦʚʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ USB-SA44B ʘ ʪʘʢʦʞ ʩʝʣʝʢʪʠʚʥʠʡ ʚʦʣʴʪʤʝʪʨ SMV-8 

ʟ ʘʥʪʝʥʦʶ DP3 

USB-SA44B

ʈʠʩ. 1. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ 

 

ʉʠʛʥʘʣʠ SATA-ʽʥʪʝʨʬʝʡʩʘ ʚʠʷʚʣʷʶʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ, ʯʘʩʪʦ ʾʭ ʟʘ 

ʤʝʞʘʤʠ ʩʠʩʪʝʤʥʦʛʦ ʙʣʦʢʫ ʚʠʷʚʠʪʠ ʧʨʦʩʪʦ ʥʝ ʚʜʘʻʪʴʩʷ. ɼʣʷ ʮʽʣʝʡ ʩʘʤʝ 

ʚʠʷʚʣʝʥʥʷ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʇɽʄɺ ʽʩʥʫʻ ʽ ʩʘʤʝ ʥʘ ʦʯʽʢʫʚʘʥʠʭ 

ʯʘʩʪʦʪʘʭ, ʢʦʨʠʩʥʦ ʨʦʟʢʨʠʪʠ ʩʠʩʪʝʤʥʠʡ ʙʣʦʢ ʽ ʚʠʡʥʷʪʠ HDD ʽʟ 

çʢʦʰʠʢʘè, ʚʽʜʥʝʩʪʠ ʡʦʛʦ ʫ ʙʽʢ, ʥʘʩʢʽʣʴʢʠ ʜʦʟʚʦʣʠʪʴ SATA-ʢʘʙʝʣʴ. 

ʐʫʢʘʪʠ ʇɽʄɺ ʩʘʤʝ ʧʦʙʣʠʟʫ ʢʘʙʝʣʶ. ʇʨʘʢʪʠʯʥʦ ʩʫʮʽʣʴʥʠʡ ʩʧʝʢʪʨ 

ʩʠʛʥʘʣʫ ʇɽʄɺ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.2.  
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ʈʠʩ. 2. ʆʩʮʠʣʦʛʨʘʤʘ ʇɽʄɺ 

 

ʉʠʛʥʘʣʠ ʇɽʄɺ ʚʧʝʚʥʝʥʦ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʜʦ ʚʽʜʩʪʘʥʝʡ ʙʣʠʟʴʢʦ 15õ20 

ʩʤ., ʧʽʩʣʷ ʯʦʛʦ ʾʭʥʽʡ ʨʽʚʝʥʴ ʟʥʠʞʫʚʘʚʩʷ ʥʠʞʯʝ ʨʽʚʥʷ ʰʫʤʫ. ɿ ʙʽʣʴʰ 

ʷʢʽʩʥʦʶ ʘʥʪʝʥʦʶ (ʘʙʦ ʟʘ ʤʝʥʰʦʛʦ ʨʽʚʥʷ ʟʦʚʥʽʰʥʽʭ ʧʝʨʝʰʢʦʜ) ʮʽ 

ʚʽʜʩʪʘʥʽ ʙʫʜʫʪʴ, ʙʝʟʧʝʨʝʯʥʦ, ʙʽʣʴʰʠʤʠ. ɿʨʦʟʫʤʽʣʦ, ʧʨʠ ʩʪʨʦʛʦʤʫ 

ʧʽʜʭʦʜʽ ʥʘʟʠʚʘʪʠ ʩʘʤʝ ʮʽ ʩʠʛʥʘʣʠ çʇɽʄɺè ʥʝ ʤʦʞʥʘ. ʅʘ ʪʘʢʠʭ ʤʘʣʠʭ 

ʚʽʜʩʪʘʥʷʭ ʮʝ ʥʘʚʽʪʴ ʥʝ ʙʣʠʞʥʷ ʟʦʥʘ, ʮʝ ʧʨʷʤʠʡ ʻʤʥʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʦʜʥʠʤ ʽʟ ʜʠʧʦʣʽʚ ʘʥʪʝʥʠ ʪʘ ʜʞʝʨʝʣʦʤ. ɸʣʝ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʮʝ 

ʨʦʣʽ ʥʝ ʚʽʜʽʛʨʘʻ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʇɽʄɺ ʘʫʜʽʦʚʽʟʫʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʦʧʝʨʘʮʽʾ ʟʘʧʠʩʫ/ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ 

ʥʘʢʦʧʠʯʫʚʘʯʘ HDD ʽʟ ʯʘʩʪʦʪʦʶ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʚʫʢʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʽʚʝʥʴ ʇɽʄɺ ʜʦʩʠʪʴ ʥʠʟʴʢʠʡ (ʥʝ ʙʽʣʴʰʝ ʥʽʞ 15 

ʜɹ ʚʠʱʝ ʟʘ ʨʽʚʝʥʴ ʰʫʤʫ) ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 

(ʜʦ 3ɻɻʮ ʽ ʚʠʱʝ). 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɸʨʪʝʤôʻʚʘ ɸ. ɺ. ɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʠʪʦʢʫ ʧʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʢʘʥʘʣʘʤ. ʉʝʥʝʨʛʽʷ ʥʘʫʢ. 2019. ˉ 33. ʉ. 1006ï1012. 

2. ʗʨʫʪʠʯ ɸ. ʆ. ɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʠʪʦʢʫ ʪʝʭʥʽʯʥʠʤʠ ʢʘʥʘʣʘʤʠ. 
ʅʘʫʢʘ ʆʥʣʘʡʥ. 2019. ˉ 1. 
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ʄʘʢʩʠʤ ʂʣʝʡʤʘʥ  

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʋʛʨʠʥ ɼ. ɯ. 
 

ɽʣʝʢʪʨʦʥʥʠʡ ʩʝʨʚʽʩ "ʊʫʨʠʩʪʠʯʥʠʡ ʘʛʨʝʛʘʪʦʨ"  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

 
 

ʃʶʜʠʥʘ ʟʘʚʞʜʠ ʧʨʘʛʥʝ ʧʽʟʥʘʚʘʪʠ ʱʦʩʴ ʥʦʚʝ, ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ 

ʚʠʥʘʭʦʜʠ, ʜʽʟʥʘʚʘʪʠʩʴ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʦʩʷʛʘʪʠ ʥʦʚʽ ʜʣʷ ʩʝʙʝ 

ʢʫʣʴʪʫʨʫ, ʪʨʘʜʠʮʽʾ ʨʽʟʥʠʭ ʥʘʨʦʜʽʚ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ 

ʙʘʞʘʥʥʷ ʧʽʟʥʘʥʥʷ ʻ ʪʫʨʠʟʤ. ɿʜʘʚʘʣʦʩʷ ʙ, ʚ ʝʧʦʭʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʥʘ ʥʘʚʽʪʴ ʥʝ ʚʠʭʦʜʠʪʠ ʟ ʜʦʤʫ. ʇʨʦʪʝ ʪʽʣʴʢʠ ʧʨʦ ʪʫ 

ʣʶʜʠʥʫ, ʷʢʘ ʧʦʜʦʨʦʞʫʻ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʚʦʥʘ ʧʦ-ʩʧʨʘʚʞʥʴʦʤʫ 

ʙʘʛʘʪʘ. ɸʜʞʝ ʚʦʥʘ ʥʝ ʧʨʦʩʪʦ ʚʽʜʚʽʜʫʻ ʨʽʟʥʽ ʢʨʘʾʥʠ ʽ ʢʫʣʴʪʫʨʠ, ʘ ʡ 

ʟʤʽʥʶʻ ʩʝʙʝ, ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ, ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʥʦʚʦʤʫ ʽ ʧʽʟʥʘʻ ʩʚʽʪ [1]. 

ʑʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʣʶʜʝʡ ʫ ʢʦʤʬʦʨʪʥʦʤʫ ʟʜʽʡʩʥʝʥʥʽ 

ʧʦʜʦʨʦʞʝʡ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʩʪʚʦʨʠʪʠ ʪʫʨʠʩʪʠʯʥʠʡ ʘʛʨʝʛʘʪʦʨ ʫ ʚʠʛʣʷʜʽ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʝʨʚʽʩʫ. 

ʗʢ ʘʥʘʣʦʛʠ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʚʝʙ-ʩʘʡʪ TripAdvisor ʪʘ ʯʘʪ-ʙʦʪ ʫ 

ʤʝʩʝʥʜʞʝʨʽ Telegram TravelHelper. 

ɺʝʙ-ʩʘʡʪ TripAdvisor ʜʦʩʠʪʴ ʧʦʧʫʣʷʨʥʠʡ ʫ ʪʫʨʠʩʪʠʯʥʠʭ ʢʦʣʘʭ. ɺʽʥ 

ʥʘʜʘʻ ʙʘʛʘʪʦ ʮʽʢʘʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʪʫʨʠʩʪʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ 

ʩʘʡʪʫ ʚʠ ʤʦʞʝʪʝ ʟʥʘʡʪʠ ʛʦʪʝʣʽ, ʨʦʟʚʘʛʠ, ʨʝʩʪʦʨʘʥʠ, ʚʠʭʦʜʷʯʠ ʽʟ 

ʟʘʜʘʥʦʛʦ ʤʽʩʮʷ ʜʣʷ ʧʦʜʦʨʦʞʽ, ʘ ʪʘʢʦʞ ʩʘʡʪ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʧʦʧʫʣʷʨʥʽ ʪʘ ʮʽʢʘʚʽ ʤʽʩʮʷ ʜʣʷ ʧʦʜʦʨʦʞʝʡ ʽ ʨʘʜʠʪʴ ʚʩʽʤ ʾʭ ʚʽʜʚʽʜʘʪʠ.  

ʊʝʣʝʛʨʘʤ ʙʦʪ çTravelHelperè ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ 

ʧʣʘʥʫʶʪʴ ʜʽʟʥʘʪʠʩʷ ʮʽʢʘʚʽ ʤʽʩʮʷ ʥʝʜʘʣʝʢʦ ʚʽʜ ʥʠʭ [2]. ʂʦʨʠʩʪʫʚʘʯ 

ʥʘʜʩʠʣʘʻ ʙʦʪʫ ʩʚʦʻ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʚʽʜʩʪʘʥʴ ʜʦ ʤʽʩʮʴ, ʷʢʽ 

ʟʤʦʞʫʪʴ ʡʦʛʦ ʟʘʮʽʢʘʚʠʪʠ. ɿʛʽʜʥʦ ʟ ʮʠʤ ʙʦʪ ʧʨʦʧʦʥʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʟʘʢʣʘʜʠ, ʧʘʤôʷʪʢʠ, ʤʽʩʮʷ ʜʣʷ ʟʘʥʷʪʴ ʩʧʦʨʪʫ, ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜʨʘʭʦʚʫʶʯʠ 

ʾʭ ʢʽʣʴʢʽʩʪʴ. ʅʘʪʠʩʥʫʚʰʠ ʥʘ ʦʜʠʥ ʽʟ ʧʫʥʢʪʽʚ, ʤʠ ʘʙʦ ʦʙʠʨʘʻʤʦ ʱʝ ʦʜʥʫ 

ʧʽʜ ʢʘʪʝʛʦʨʽʶ, ʘʙʦ ʧʦʪʨʘʧʣʷʻʤʦ ʫ ʤʝʥʶ ʮʠʭ ʪʫʨʠʩʪʠʯʥʠʭ ʤʽʩʮʴ, ʜʝ 
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ʤʘʻʤʦ ʟʤʦʛʫ ʧʦʯʠʪʘʪʠ ʧʨʦ ʥʠʭ ʜʝʪʘʣʴʥʽʰʝ ʘʙʦ ʞ ʜʽʟʥʘʪʠʩʴ ʾʭʥʶ 

ʣʦʢʘʮʽʶ. 

 ʅʝʜʦʣʽʢʘʤʠ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʘʥʘʣʦʛʽʚ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ʉʠʩʪʝʤʘ ʥʝ ʚʨʘʭʦʚʫʻ ʚʧʦʜʦʙʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ,  ʥʝ ʤʦʞʝ ʧʽʜʽʙʨʘʪʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʤʽʩʮʷ 

ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ, ʷʢʽ ʮʽʢʘʚʣʷʪʴ ʡʦʛʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʚʪʨʘʪʠ ʯʘʩʫ ʪʘ ʤʦʞʣʠʚʦʾ ʚʪʨʘʪʠ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʧʦʜʦʨʦʞʫʶʯʦʛʦ ʜʦ 

ʤʘʡʙʫʪʥʴʦʾ ʧʦʜʦʨʦʞʽ. 

ɽʣʝʢʪʨʦʥʥʠʡ ʩʝʨʚʽʩ ʤʘʻ ʥʘ ʤʝʪʽ ʜʦʧʦʤʦʛʪʠ ʟʚʠʯʘʡʥʦʤʫ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʦʙʠʨʘʪʠ ʤʽʩʮʷ ʜʣʷ ʧʦʜʦʨʦʞʝʡ, ʚʠʭʦʜʷʯʠ ʟ ʡʦʛʦ 

ʚʧʦʜʦʙʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʪʫʨʠʩʪ ʭʦʯʝ ʧʽʜʢʦʨʶʚʘʪʠ ʚʝʨʰʠʥʠ ʛʽʨ, ʣʶʙʠʪʴ 

ʘʢʪʠʚʥʠʡ ʚʽʜʧʦʯʠʥʦʢ ʪʘ ʥʦʯʽʚʣʽ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ. ɺʠʭʦʜʷʯʠ ʽʟ 

ʮʴʦʛʦ, ʩʠʩʪʝʤʘ ʧʽʜʙʝʨʝ ʜʣʷ ʥʴʦʛʦ ʤʽʩʮʷ, ʷʢʽ ʩʭʦʞʽ ʥʘ ʪʝ, ʱʦ ʚʽʥ ʰʫʢʘʻ. 

ʆʙʨʘʚʰʠ ʤʽʩʮʝ ʜʣʷ ʧʦʜʦʨʦʞʽ, ʢʦʨʠʩʪʫʚʘʯʫ ʥʘʜʘʻʪʴʩʷ ʩʧʠʩʦʢ ʮʽʢʘʚʠʭ 

ʤʽʩʮʴ ʪʘ ʟʘʢʣʘʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʡʦʤʫ ʩʧʦʜʦʙʘʪʠʩʴ, ʱʦ ʜʦʩʠʪʴ ʟʨʫʯʥʦ, 

ʦʩʢʽʣʴʢʠ ʪʫʨʠʩʪʫ ʥʝ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʚʠʪʨʘʯʘʪʠ ʯʘʩ ʥʘ ʧʦʰʫʢ, 

ʧʨʠʧʫʩʪʠʤʦ, ʟʘʢʣʘʜʫ, ʜʝ ʚʽʥ ʟʘʭʦʯʝ ʧʦʾʩʪʠ. ɼʦ ʧʝʨʝʚʘʛ ʜʘʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʝʨʚʽʩʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʫ ʧʽʜʙʦʨʽ ʤʽʩʮʴ ʜʣʷ ʧʦʜʦʨʦʞʝʡ. ʂʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʟʘʡʪʠ ʫ 

ʚʣʘʩʥʠʡ ʧʨʦʬʽʣʴ ʪʘ ʟʘʧʦʚʥʠʪʠ ʘʥʢʝʪʫ, ʚ ʷʢʽʡ ʟʘʟʥʘʯʝʥʦ ʡʦʛʦ 

ʚʧʦʜʦʙʘʥʥʷ ʱʦʜʦ ʚʠʜʫ ʧʦʜʦʨʦʞʝʡ, ʱʦʙ ʝʣʝʢʪʨʦʥʥʠʡ ʩʝʨʚʽʩ ʧʽʜʽʙʨʘʚ 

ʤʽʩʮʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʙʘʞʘʥʴ ʪʫʨʠʩʪʘ.  

ʊʫʨʠʩʪʠʯʥʠʡ ʘʛʨʝʛʘʪʦʨ ʻ ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʮʽʢʘʚʠʤ ʧʨʦʻʢʪʦʤ ʟ ʜʦʚʦʣʽ 

ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ ʬʫʥʢʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʧʨʦʙʣʝʤ ʧʦʜʦʨʦʞʫʶʯʠʭ, ʨʦʟʚʠʥʝʥʥʷ ʪʫʨʠʩʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, 

ʦʩʦʙʣʠʚʦ, ʫʢʨʘʾʥʩʴʢʦʛʦ ʪʫʨʠʟʤʫ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ï ʥʝ ʥʝʜʦʩʪʘʯʘ 

ʮʽʢʘʚʠʭ ʤʽʩʮʴ, ʘ ʥʝʜʦʩʪʘʪʥʷ ʾʭ ʧʦʧʫʣʷʨʠʟʘʮʽʷ, ʷʢʫ ʜʦʧʦʤʦʞʝ ʚʠʨʽʰʠʪʠ 

ʩʘʤʝ ʮʝʡ ʩʝʨʚʽʩ.  
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ɺʽʢʪʦʨ ʂʥʷʛʥʽʮʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʠʨʠʯʝʥʢʦ ʆ.ʆ. 

 

ʇʦʙʫʜʦʚʘ ʚʝʙʩʝʨʚʽʩʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʠʪʫʘʮʽʷ ʥʘ ʟʘʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʤʫ ʨʠʥʢʫ 

ʥʝʨʫʭʦʤʦʩʪʽ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʠʣʘʩʴ. ɺʘʨʪʽʩʪʴ ʞʠʪʣʘ ʟʨʦʩʣʘ ʽ ʩʪʘʣʘ ʥʝ 

ʟʦʚʩʽʤ ʧʽʜʡʦʤʥʦʶ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʣʶʜʝʡ, ʪʦʤʫ ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʽʥʰʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʜʙʘʪʠ ʞʠʪʣʦ ʷʢ ʪʽʣʴʢʠ ʟʘʚʜʷʢʠ ʽʧʦʪʝʯʥʠʤ ʢʨʝʜʠʪʘʤ. 

ʇʝʨʝʜ ʢʦʤʧʘʥʽʷʤʠ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʚʠʜʘʯʦʶ ʪʘʢʠʭ ʢʨʝʜʠʪʽʚ, ʧʦʩʪʘʶʪʴ 

ʟʘʧʠʪʘʥʥʷ: çʇʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʝʨʽʦʜʫ ʣʶʜʠʥʘ ʙʫʜʝʪʝ ʩʧʨʦʤʦʞʥʘ 

ʚʠʧʣʘʯʫʚʘʪʠ ʢʨʝʜʠʪ?è ʪʘ çʗʢʘ ʩʫʤʘ ʽʧʦʪʝʢʠ ʙʫʜʝ ʧʦʩʠʣʴʥʦʶ ʜʣʷ ʮʽʻʾ 

ʣʶʜʠʥʠ ʫ ʜʘʥʽʡ ʩʠʪʫʘʮʽʾ?è [1]. ʗʢʽʩʪʴ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʢʦʤʧʘʥʽʾ 

ʜʫʞʝ ʚʘʞʣʠʚʘ, ʘʜʞʝ ʧʦʤʠʣʢʘ ʙʫʜʝ ʢʦʰʪʫʚʘʪʠ ʜʦʨʦʛʦ. ɺʠʙʽʨ 

ʫʩʢʣʘʜʥʷʻʪʴʩʷ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʚʝʣʠʢʽ ʩʫʤʠ ʪʘ 

ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ. ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʪʘʢʠʭ ʨʽʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʝʭʥʽʯʥʽ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʠʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ ʧʦʟʠʢ ʽ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʮʠʤ ʨʠʟʠʢʽʚ. ʎʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʤʘʶʪʴ ʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʫ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ, ʦʩʢʽʣʴʢʠ 

ʜʦʟʚʦʣʷʶʪʴ ʤʘʡʞʝ ʤʠʪʪʻʚʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʜʣʷ ʟʥʘʯʥʦʛʦ 

ʨʷʜʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʆʪʞʝ, ʢʦʤʧʘʥʽʷ, ʱʦ ʥʘʜʘʻ ʧʦʩʣʫʛʫ, ʤʦʞʝ, ʟʥʘʯʥʦ 

ʟʥʠʟʠʚʰʠ ʨʠʟʠʢ, ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʢʣʽʻʥʪʫ ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ 

ʢʨʝʜʠʪʫʚʘʥʥʷ. 

ʇʦʜʽʙʥʘ ʟʘʜʘʯʘ ʻ ʩʪʘʥʜʘʨʪʥʦʶ ʟʘʜʘʯʝʶ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʂʣʘʩʠʬʽʢʘʮʽʷ 

ð ʮʝ ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʟʘʜʘʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʥʘ ʢʣʘʩʠ. ʁʦʛʦ ʤʦʞʥʘ 

ʚʠʢʦʥʫʚʘʪʠ ʷʢ ʜʣʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ. 

ʇʨʦʮʝʩ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʣʘʩʫ ʟʘʜʘʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʂʣʘʩʠ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʤʽʪʢʘʤʠ ʘʙʦ ʢʘʪʝʛʦʨʽʷʤʠ. ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷʤ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ï ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ, ʜʦ ʷʢʦʛʦ ʥʘʣʝʞʘʪʠʤʫʪʴ ʥʦʚʽ ʜʘʥʽ [2]. 

ɺ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ ʟʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ Decision Tree, Random Forest, Gradient Boosting, 

XGBoost ʪʦʱʦ [3]. 

ʅʘʰʝ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʣʦ ʫ ʧʦʙʫʜʦʚʽ ʚʝʙʩʝʨʚʽʩʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʥʘʜʘʥʥʷ ʜʦʩʪʫʧʫ ʩʪʦʨʦʥʥʽʭ ʩʠʩʪʝʤ ʜʦ 
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ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. ʄʦʜʝʣʴ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʙʫʜʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ Decision Tree ʪʘ Random Forest. 

ɺʝʙʩʝʨʚʽʩ ʨʝʘʣʽʟʦʚʘʥʠʡ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ɺʠʙʽʨ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʫʤʦʚʣʝʥʠʡ ʧʝʨʝʚʘʛʘʤʠ, ʪʘʢʠʤʠ ʷʢ: ʙʽʙʣʽʦʪʝʯʥʘ 

ʝʢʦʩʠʩʪʝʤʘ, ʧʨʠʡʥʷʪʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʥʠʟʴʢʠʡ ʙʘʨôʻʨ ʚʭʦʜʫ, 

ʧʽʜʪʨʠʤʢʘ ʩʧʽʣʴʥʦʪʠ, ʛʥʫʯʢʽʩʪʴ, ʯʠʪʘʙʝʣʴʥʽʩʪʴ ʽ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʧʣʘʪʬʦʨʤʠ [4]. ɺʟʘʻʤʦʜʽʷ ʩʪʦʨʦʥʥʽʭ ʩʠʩʪʝʤ ʟ ʤʦʜʝʣʣʶ ʢʣʘʩʠʬʽʢʘʪʦʨʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʥʘʜʘʥʥʷ ʚʝʙ-ʩʝʨʚʽʩʦʤ REST API [5]. ɺ ʭʦʜʽ 

ʚʟʘʻʤʦʜʽʾ ʩʪʦʨʦʥʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʜʘʥʽ, 

ʽʥʽʮʽʶʚʘʪʠ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʜʣʷ ʦʙʨʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ (Decision Tree, Random Forest), ʥʘʜʩʠʣʘʪʠ ʟʘʧʠʪʠ ʜʦ ʤʦʜʝʣʽ. 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʝʩʪʦʚʽ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 114 000 ʧʦʟʠʢ ʽʟ 81 ʟʤʽʥʥʦʶ ʜʣʷ ʢʦʞʥʦʾ 

ʧʦʟʠʢʠ, ʚʢʣʶʯʘʶʯʠ ʩʫʤʫ ʧʦʟʠʢʠ, ʩʪʘʚʢʫ ʧʦʟʠʯʘʣʴʥʠʢʘ (ʘʙʦ ʧʨʦʮʝʥʪʥʫ 

ʩʪʘʚʢʫ), ʧʦʪʦʯʥʠʡ ʩʪʘʪʫʩ ʧʦʟʠʢʠ, ʜʦʭʦʜ ʧʦʟʠʯʘʣʴʥʠʢʘ, ʩʪʘʪʫʩ 

ʟʘʡʥʷʪʦʩʪʽ ʧʦʟʠʯʘʣʴʥʠʢʘ, ʢʨʝʜʠʪʥʫ ʽʩʪʦʨʽʶ ʧʦʟʠʯʘʣʴʥʠʢʘ ʪʘ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʩʪʘʥʥʽ ʧʣʘʪʝʞʽ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʻ ʧʦʙʫʜʦʚʘʥʠʡ ʚʝʙ-ʩʝʨʚʽʩ, ʛʦʪʦʚʠʡ ʜʦ ʽʥʪʝʛʨʘʮʽʾ 

ʟʽ ʩʪʦʨʦʥʥʽʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʯʘʩʫ 

ʦʪʨʠʤʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʤʦʞʣʠʚʦʛʦ ʥʘʜʘʥʥʷ ʽʧʦʪʝʯʥʦʛʦ ʢʨʝʜʠʪʫ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. How to predict Loan Eligibility using Machine Learning Models: ʚʝʙʩʘʡʪ 

URL: https://towardsdatascience.com/predict-loan-eligibility -using-machine-

learning-models-7a14ef904057 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 10.02.2023) 

2. How To Implement Classification In Machine Learning?: ʚʝʙʩʘʡʪ URL: 

https://www.edureka.co/blog/classification-in-machine-learning/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 

10.02.2023) 
3. Loanification - Loan Approval Classification using Machine Learning 

Algorithms: ʚʝʙʩʘʡʪ URL: https://papers.ssrn.com/sol3/ 

papers.cfm?abstract_id=3833303 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 15.02.2023) 

4. 8 Reasons Why Python is Good for AI and ML: ʚʝʙʩʘʡʪ URL: 

https://djangostars.com/blog/why-python-is-good-for-artificial-intelligence-and-

machine-learning/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 15.02.2023) 

5. REST APIs: ɺʝʙʩʘʡʪ URL: https://www.ibm.com/topics/rest-apis (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ - 16.02.2023) 

 

https://towardsdatascience.com/predict-loan-eligibility-using-machine-learning-models-7a14ef904057
https://towardsdatascience.com/predict-loan-eligibility-using-machine-learning-models-7a14ef904057
https://www.edureka.co/blog/classification-in-machine-learning/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3833303
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3833303
https://djangostars.com/blog/why-python-is-good-for-artificial-intelligence-and-machine-learning/
https://djangostars.com/blog/why-python-is-good-for-artificial-intelligence-and-machine-learning/
https://www.ibm.com/topics/rest-apis
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ʆʣʝʢʩʘʥʜʨ ʂʦʙʣʷ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʦʚʯʫʢ ʆ.ɺ. 

 

ʇʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʪʦʢʦʣʫ UART 

 
UART, ʘʙʦ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʘʩʠʥʭʨʦʥʥʠʡ ʧʨʠʡʤʘʯ-ʧʝʨʝʜʘʚʘʯ, ʻ 

ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʟʚôʷʟʢʫ ʤʽʞ 

ʧʨʠʩʪʨʦʷʤʠ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʽ UART ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ 

ʙʘʛʘʪʴʤʘ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʦʩʣʽʜʦʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʧʝʨʝʜʘʯʫ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʦʩʣʽʜʦʚʥʠʭ ʜʘʥʠʭ. ʇʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟʚôʷʟʢʫ 

ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦʙʽʪʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʽʻʾ ʣʽʥʽʾ ʘʙʦ ʜʨʦʪʫ. ʋ 

ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʟʚôʷʟʢʫ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʚʘ ʜʨʦʪʠ ʜʣʷ ʫʩʧʽʰʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɿʘʣʝʞʥʦ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʩʠʩʪʝʤʥʠʭ 

ʚʠʤʦʛ, ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʚôʷʟʢʫ ʧʦʪʨʽʙʥʦ ʤʝʥʰʝ ʩʭʝʤ ʽ ʜʨʦʪʽʚ, ʱʦ 

ʟʥʠʞʫʻ ʚʘʨʪʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ [1]. 

ʇʨʦʪʦʢʦʣ ʟʚ'ʷʟʢʫ ʚʽʜʽʛʨʘʻ ʚʝʣʠʢʫ ʨʦʣʴ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚ'ʷʟʢʫ ʤʽʞ 

ʧʨʠʩʪʨʦʷʤʠ. ɺʽʥ ʨʦʟʨʦʙʣʝʥʠʡ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʠʭ 

ʚʠʤʦʛ, ʽ ʮʽ ʧʨʦʪʦʢʦʣʠ ʤʘʶʪʴ ʢʦʥʢʨʝʪʥʝ ʧʨʘʚʠʣʦ, ʫʟʛʦʜʞʝʥʝ ʤʽʞ 

ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʫʩʧʽʰʥʦʛʦ ʟʚôʷʟʢʫ. ɺʙʫʜʦʚʘʥʽ ʩʠʩʪʝʤʠ, 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʪʘ ʢʦʤʧôʶʪʝʨʠ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ UART 

ʷʢ ʬʦʨʤʫ ʘʧʘʨʘʪʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʟʚôʷʟʢʫ ʤʽʞ ʧʨʠʩʪʨʦʻʤ. ʉʝʨʝʜ 

ʜʦʩʪʫʧʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʟʚ'ʷʟʢʫ UART ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʠʰʝ ʜʚʘ ʜʨʦʪʠ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʻ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʤʝʪʦʜʦʤ ʘʧʘʨʘʪʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʟʚôʷʟʢʫ, ʚʽʥ ʥʝ ʚʝʩʴ 

ʯʘʩ ʧʦʚʥʽʩʪʶ ʦʧʪʠʤʽʟʦʚʘʥʠʡ. ʇʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʷ UART 

ʚʩʝʨʝʜʠʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢ ʧʨʘʚʠʣʦ, ʽʛʥʦʨʫʻʪʴʩʷ ʥʘʣʝʞʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʢʘʜʨʦʚʦʛʦ ʧʨʦʪʦʢʦʣʫ. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ, UART ï ʮʝ ʘʧʘʨʘʪʥʠʡ ʧʨʦʪʦʢʦʣ 

ʟʚôʷʟʢʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʩʠʥʭʨʦʥʥʠʡ ʧʦʩʣʽʜʦʚʥʠʡ ʟʚôʷʟʦʢ ʽʟ 

ʥʘʩʪʨʦʶʚʘʥʦʶ ʰʚʠʜʢʽʩʪʶ. ɸʩʠʥʭʨʦʥʥʠʡ ʦʟʥʘʯʘʻ, ʱʦ ʥʝʤʘʻ ʪʘʢʪʦʚʦʛʦ 

ʩʠʛʥʘʣʫ ʜʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʠʭʽʜʥʠʭ ʙʽʪʽʚ ʚʽʜ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, 

ʱʦ ʡʜʝ ʜʦ ʧʨʠʡʤʘʣʴʥʦʛʦ ʢʽʥʮʷ. 

ɼʚʘ ʩʠʛʥʘʣʠ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ UART ʥʘʟʠʚʘʶʪʴʩʷ: 

¶ ʇʝʨʝʜʘʚʘʯ (Tx) 

¶ ʇʨʠʡʤʘʯ (Rx) 
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ʈʠʩ. 1. ɼʚʘ UART ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʧʽʣʢʫʶʪʴʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ [1] 

ʋ UART ʨʝʞʠʤ ʧʝʨʝʜʘʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʘ. ʏʘʩʪʠʥʘ, 

ʷʢʘ ʟ'ʻʜʥʫʻ ʧʝʨʝʜʘʚʘʯ ʽ ʧʨʠʡʤʘʯ, ʚʢʣʶʯʘʻ ʩʪʚʦʨʝʥʥʷ ʧʦʩʣʽʜʦʚʥʠʭ 

ʧʘʢʝʪʽʚ ʽ ʢʝʨʫʻ ʮʠʤʠ ʬʽʟʠʯʥʠʤʠ ʘʧʘʨʘʪʥʠʤʠ ʣʽʥʽʷʤʠ. ʇʘʢʝʪ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʙʽʪʘ, ʢʘʜʨʫ ʜʘʥʠʭ, ʙʽʪʘ ʧʘʨʥʦʩʪʽ ʪʘ ʩʪʦʧʦʚʠʭ ʙʽʪʽʚ [1]. 

  

ʈʠʩ. 2. ʇʘʢʝʪ UART [1] 

ʉʭʝʤʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʪʦʢʦʣʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʥʪʨʦʣʝʨʘ Arduino 

Uno Rev3 (ATmega16U2), 16-ʢʥʦʧʢʦʚʦʾ ʤʝʤʙʨʘʥʥʦʾ ʢʣʘʚʽʘʪʫʨʠ ʪʘ 

ʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ. 

 

 

 
ʈʠʩ. 3. ɸʥʘʣʽʟ ʩʠʛʥʘʣʫ 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʠʛʥʘʣ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʪʦʢʦʣʫ UART, ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʩʪʘʨʪʦʚʠʡ ʙʽʪ, 8 ʙʽʪʽʚ ʜʘʥʠʭ ʪʘ ʢʽʥʮʝʚʠʡ ʙʽʪ. ʊʨʠʚʘʣʽʩʪʴ 

ʦʜʥʦʛʦ ʙʽʪʘ ʩʢʣʘʜʘʻ 104,042 Õʩ ʧʨʠ 9600, ʟʤʽʥʘ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʧʨʠʟʚʝʜʝ 

ʜʦ ʧʦʤʠʣʦʢ ʚ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ ʜʘʥʠʭ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. UART: A Hardware Communication Protocol Understanding Universal 

Asynchronous Receiver/Transmitter. URL: 

https://www.analog.com/en/analog-dialogue/articles/uart-a-hardware-

communication-protocol.html 
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ʉʝʨʛʽʡ ʂʦʚʘʣʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪʝʥʪ ʈʷʙʠʡ ʇ.ɸ. 

 ɸʥʘʣʽʟ ʨʠʥʢʫ ʧʨʦʢʩʽ 4G/LTE ʚ ʋʢʨʘʾʥʽ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ 
Proxy - ʢʦʤʧôʶʪʝʨ ʘʙʦ ʇɿ, ʱʦ ʚʠʢʦʥʫʻ ʨʦʣʴ ʧʦʩʝʨʝʜʥʠʢʘ ʤʽʞ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʽ ʢʽʥʮʝʚʠʤ ʩʝʨʚʽʩʦʤ. ʊʦʙʪʦ ʩʧʦʯʘʪʢʫ ʢʣʽʻʥʪ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ 

ʧʨʦʢʩʽ-ʩʝʨʚʝʨʦʤ ʽ ʟʘʧʠʪʫʻ ʷʢʠʡ-ʥʝʙʫʜʴ ʨʝʩʫʨʩ (ʥʘʧʨʠʢʣʘʜ, e-mail), 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʽʥʰʦʤʫ ʩʝʨʚʝʨʽ. ʇʦʪʽʤ ʧʨʦʢʩʽ-ʩʝʨʚʝʨ ʘʙʦ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʚʢʘʟʘʥʦʛʦ ʩʝʨʚʝʨʘ ʪʘ ʦʪʨʠʤʫʻ ʨʝʩʫʨʩ ʫ ʥʴʦʛʦ, ʘʙʦ 

ʧʦʚʝʨʪʘʻ ʨʝʩʫʨʩ ʟ ʚʣʘʩʥʦʛʦ ʢʝʰʫ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʧʠʪ ʢʣʽʻʥʪʘ ʘʙʦ 

ʚʽʜʧʦʚʽʜʴ ʩʝʨʚʝʨʘ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʘ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʦʤ ʟ ʧʝʚʥʦʶ ʤʝʪʦʶ. 

ʇʨʦʢʩʽ-ʩʝʨʚʝʨ ʜʦʟʚʦʣʷʻ ʟʘʭʠʱʘʪʠ ʢʣʽʻʥʪʩʴʢʠʡ ʢʦʤʧ'ʶʪʝʨ ʚʽʜ ʜʝʷʢʠʭ 

ʤʝʨʝʞʝʚʠʭ ʘʪʘʢ ʽ ʜʦʧʦʤʘʛʘʻ ʟʙʝʨʽʛʘʪʠ ʘʥʦʥʽʤʥʽʩʪʴ ʢʣʽʻʥʪʘ [1]. 

ɿʛʽʜʥʦ ʟʽ ʟʚʽʪʦʤ Zion Market Research [2], ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ ʧʨʦʢʩʽ-

ʩʝʨʚʝʨʽʚ ʫ 2020 ʨʦʮʽ ʦʮʽʥʶʚʘʚʩʷ ʚ 2,64 ʤʣʨʜ ʜʦʣʘʨʽʚ ʉʐɸ ʽ, ʷʢ 

ʦʯʽʢʫʻʪʴʩʷ, ʜʦʩʷʛʥʝ 5,57 ʤʣʨʜ ʜʦʣʘʨʽʚ ʉʐɸ ʜʦ 2028 ʨʦʢʫ, ʟʨʦʩʪʘʶʯʠ 

ʩʝʨʝʜʥʴʦʨʽʯʥʠʤ ʪʝʤʧʦʤ ʧʨʠʨʦʩʪʫ (CAGR) ʥʘ 9,8% ʟ 2021 ʧʦ 2028 ʨʽʢ. 

ʋ ʟʚʽʪʽ ʪʘʢʦʞ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʟʨʦʩʪʘʶʯʠʡ ʧʦʧʠʪ ʥʘ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʠ 

4G/LTE ʻ ʟʥʘʯʥʠʤ ʜʨʘʡʚʝʨʦʤ ʟʨʦʩʪʘʥʥʷ ʨʠʥʢʫ [1]. 

ɯʥʰʽ ʟʚʽʪʠ, ʪʘʢʽ ʷʢ Global Proxies Market Report ʚʽʜ Technavio, 

ʥʘʜʘʶʪʴ ʦʮʽʥʢʠ ʨʦʟʤʽʨʫ ʨʠʥʢʫ ʽ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ 

ʩʝʛʤʝʥʪʽʚ ʨʠʥʢʫ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʠ ʜʣʷ ʮʝʥʪʨʽʚ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʜʦʤʘʰʥʽ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʠ ʽ ʤʦʙʽʣʴʥʽ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʠ [4]. 

ʗʢʱʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʧʽʢʦʚʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʧʨʦʢʩʽ ʚ ʋʢʨʘʾʥʽ, ʪʦ ʟʘ 

ʩʪʘʪʠʩʪʠʢʦʶ Google Trends, ʚ ʙʝʨʝʟʥʽ ʮʴʦʛʦ ʨʦʢʫ ʧʨʦʢʩʽ ʽ ʚʩʽ ʩʫʤʽʞʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘʙʫʣʠ ʧʽʢʦʚʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʟʘ ʧʦʰʫʢʦʚʠʤʠ ʟʘʧʠʪʘʤʠ. 

ʉʝʨʝʜʥʷ ʚʽʜʤʽʪʢʘ ʪʨʠʤʘʻʪʴʩʷ ʥʘ 64 ʟʽ 100, ʚ ʙʝʨʝʟʥʽ 2022 ʨʦʢʫ ʚʦʥʘ 

ʩʷʛʘʣʘ 100 [3]. 

ʅʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʧʨʦʢʩʽ: 

¶ ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) ʽ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ (ʄʅ): ʋ ʤʽʨʫ ʪʦʛʦ, 
ʷʢ ʪʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʨʦʜʦʚʞʫʶʪʴ 

ʨʦʟʚʠʚʘʪʠʩʷ, ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʨʦʟʚʠʪʦʢ ʙʽʣʴʰ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʢʩʽ-ʩʝʨʚʽʩʽʚ. ʎʽ ʩʝʨʚʽʩʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʣʛʦʨʠʪʤʠ ʐɯ ʽ ML ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʢʩʽ, ʚʠʷʚʣʝʥʥʷ ʽ 
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ʙʣʦʢʫʚʘʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʪʨʘʬʽʢʫ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʦʢʩʽ-ʩʝʨʚʝʨʽʚ. 

¶ ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ: ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʭ ʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʧʨʦʢʩʽ-ʤʝʨʝʞ. ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʠ ʙʫʜʫʪʴ ʤʝʥʰ 

ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʘʪʘʢ ʽ ʟʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʫ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʽ 

ʙʝʟʧʝʢʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

¶ ʊʝʭʥʦʣʦʛʽʷ 5G: ʈʦʟʛʦʨʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 5G ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʠʧʽʚ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰ 

ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʽ ʤʝʥʰʫ ʟʘʪʨʠʤʢʫ ʚ ʤʝʨʝʞʘʭ 5G. ʇʨʦʢʩʽ-ʩʝʨʚʝʨʠ 5G 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʪʘʢʠʭ ʜʦʜʘʪʢʽʚ, ʷʢ ʚʽʨʪʫʘʣʴʥʘ ʽ 

ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ, ʽʛʨʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ ʧʦʪʦʢʦʚʝ ʚʽʜʝʦ ʚʠʩʦʢʦʾ 

ʯʽʪʢʦʩʪʽ. 

¶ ʍʤʘʨʥʽ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʠ: ʍʤʘʨʥʽ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʠ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʙʽʣʴʰʫ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʛʥʫʯʢʽʩʪʴ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ ʧʨʦʢʩʽ-ʩʝʨʚʽʩʠ. ʍʤʘʨʥʽ 

ʧʨʦʢʩʽ-ʩʝʨʚʝʨʠ ʤʦʞʥʘ ʰʚʠʜʢʦ ʨʦʟʛʦʨʪʘʪʠ ʽ ʤʘʩʰʪʘʙʫʚʘʪʠ ʟʘ ʧʦʪʨʝʙʦʶ, 

ʱʦ ʨʦʙʠʪʴ ʾʭ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʧʨʦʢʩʽ-ʩʝʨʚʽʩʽʚ. 

ɿʘʛʘʣʦʤ, ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʨʠʥʦʢ ʧʨʦʜʦʚʞʠʪʴ ʟʨʦʩʪʘʪʠ, ʦʩʢʽʣʴʢʠ ʚʩʝ 

ʙʽʣʴʰʝ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʧʨʦʢʩʽ-ʩʝʨʚʝʨʽʚ, ʱʦʙ ʟʘʭʠʩʪʠʪʠ 

ʩʚʦʶ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʚ ɯʥʪʝʨʥʝʪʽ, ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʦʥʪʝʥʪʫ ʟ 

ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ ʽ ʧʽʜʚʠʱʠʪʠ ʩʚʦʶ ʙʝʟʧʝʢʫ ʚ ʤʝʨʝʞʽ. 
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ʖʨʽʡ ʂʦʚʘʣʴ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʪʨʫʢ ʗ.ʄ. 

 

ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʧʨʦʙʣʝʤʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʨʠ ʚʠʚʯʝʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥʠ ʚ ʰʢʽʣʴʥʦʤʫ ʢʫʨʩʽ ʬʽʟʠʢʠ 

 
ɺʠʭʦʜʷʯʠ ʽʟ ʛʦʣʦʚʥʦʾ ʤʝʪʠ ʥʘʚʯʘʥʥʷ ʬʽʟʠʢʠ ʚ ʰʢʦʣʽ, ʘ  ʩʘʤʝ 

çʨʦʟʠʪʦʢ ʦʩʦʙʠʩʪʦʩʪʽ ʫʯʥʽʚ ʟʘʩʦʙʘʤʠ ʬʽʟʠʢʠ ʷʢ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ, 

ʟʦʢʨʝʤʘ ʟʘʚʜʷʢʠ ʬʦʨʤʫʚʘʥʥʶ ʚ ʥʠʭ ʬʽʟʠʯʥʠʭ ʟʥʘʥʴ, ʥʘʫʢʦʚʦʛʦ 

ʩʚʽʪʦʛʣʷʜʫ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʠʣʶ ʤʠʩʣʝʥʥʷ, ʝʢʦʣʦʛʽʯʥʦʾ ʢʫʣʴʪʫʨʠ, 

ʨʦʟʚʠʪʢʫ ʚ ʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʽʥʴ ʽ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʥʘʚʠʢʽʚ, 

ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʽ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʢʨʝʘʪʠʚʥʦʛʦ ʤʠʩʣʝʥʥʷè [1], ʟʤʽʩʪ 

ʬʽʟʠʯʥʦʾ ʦʩʚʽʪʠ ʽʟ ʦʢʨʝʤʠʭ ʨʦʟʜʽʣʽʚ ʬʽʟʠʢʠ ʩʪʘʚʠʪʴ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ ʪʘ ʤʝʪʦʜʠʢ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʚʠʟʥʘʯʘʣʴʥʠʤ ʜʣʷ ʷʢʽʩʥʠʭ 

ʧʽʜʩʫʤʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ. 

ɺʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥ ʚ ʰʢʽʣʴʥʦʤʫ ʢʫʨʩʽ ʬʽʟʠʢʠ ʧʝʨʝʜʙʘʯʘʻ 

ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ ʪʘ ʟʥʘʥʥʻʚʦʾ ʽ ʮʽʥʥʽʩʥʦʾ 

ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʤʝʪʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ: ʧʦʷʩʥʝʥʥʷ ʷʚʠʱ ʟʤʦʯʫʚʘʥʥʷ ʪʘ 

ʥʝʟʤʦʯʫʚʘʥʥʷ, ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥ, ʢʘʧʽʣʷʨʥʠʭ ʷʚʠʱ; ʘ ʪʘʢʦʞ 

ʨʦʟʫʤʽʥʥʷ ʟʥʘʯʝʥʥʷ ʮʠʭ ʷʚʠʱ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʠʥʥʠʢʽʚ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʣʶʜʠʥʫ ʪʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [2]. 

ʈʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʧʨʦʪʽʢʘʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʷʚʠʱ ʪʘ ʟʘʩʚʦʻʥʥʷ 

ʦʩʥʦʚʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʣʷ ʩʠʣʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ (ʚʝʣʠʯʠʥʠ ʪʘ 

ʥʘʧʨʷʤʫ), ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ, ʚʠʩʦʪʠ ʧʽʜʥʷʪʪʷ ʨʽʜʠʥʠ  ʚ 

ʢʘʧʽʣʷʨʽ, ʪʠʩʢʫ ʧʽʜ ʚʠʢʨʠʚʣʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʨʽʜʠʥʠ ʬʦʨʤʫʻʪʴʩʷ ʚ ʫʯʥʽʚ 

ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʪʽʢʘʥʥʷ ʪʘʢʠʭ ʷʚʠʱ, ʘ ʪʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 

ʤʝʪʦʜ (ʧʝʨʝʚʘʞʥʦ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ) ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʥʘʚʯʘʥʥʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥ ʚ 

ʰʢʽʣʴʥʦʤʫ ʢʫʨʩʽ ʬʽʟʠʢʠ. 

ʅʘʚʯʘʣʴʥʠʡ ʬʽʟʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʚʠʢʦʥʫʶʯʠ ʬʫʥʢʮʽʶ ʤʝʪʦʜʫ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʽʟʥʘʥʥʷ, ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʷʛʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʜʠʜʘʢʪʠʯʥʦʾ ʤʝʪʠ ʥʘ ʫʨʦʮʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʽʥ ʤʝʪʦʜʠʯʥʦ ʧʨʘʚʠʣʴʥʦ 
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ʩʧʣʘʥʦʚʘʥʠʡ, ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʽ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʝʪʘʧʽ 

ʫʨʦʢʫ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʫʨʦʮʽ ʤʝʪʦʜʫ 

ʧʨʦʙʣʝʤʥʦʛʦ ʥʘʚʯʘʥʥʷ: ʜʝʤʦʥʩʪʨʘʮʽʷ çʧʦʚʝʜʽʥʢʘ ʢʘʧʣʽ ʨʽʜʠʥʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘè ʨʝʘʣʽʟʦʚʘʥʘ ʜʣʷ ʢʽʣʴʢʦʭ ʧʦʻʜʥʘʥʴ çʨʽʜʠʥʘ - 

ʪʚʝʨʜʝ ʪʽʣʦè ʩʧʨʠʷʻ ʚʠʩʣʦʚʣʝʥʥʶ ʛʽʧʦʪʝʟ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʽ 

ʥʘʩʪʫʧʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʉʝʨʽʷ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ 

ʧʦʚʝʜʽʥʢʦʶ ʤʠʣʴʥʦʾ ʧʣʽʚʢʠ ʥʘ ʢʦʥʪʫʨʘʭ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʨʽʟʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʘ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ, ʚʝʣʠʯʠʥʠ ʪʘ 

ʥʘʧʨʷʤʢʫ ʜʽʾ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʾʭ ʜʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʙʣʝʤʠ ʥʘ ʫʨʦʮʽ. 

ʈʝʘʣʽʟʘʮʽʷ ʩʝʨʽʾ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʪʦʥʢʠʤʠ 

ʢʘʧʽʣʷʨʘʤʠ, ʜʣʷ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʚʠʩʦʪʘ ʢʘʧʽʣʷʨʫ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʚʦʜʠ, 

ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʛʣʠʙʦʢʦʛʦ 

ʨʦʟʫʤʽʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʪʠʩʢʫ ʧʽʜ ʚʠʢʨʠʚʣʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʨʽʜʠʥʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʤʠʣʴʥʠʤʠ ʧʣʽʚʢʘʤʠ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʯʠʥʽʚ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʽʟʥʠʭ ʤʠʶʯʠʭ 

ʨʝʯʦʚʠʥ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ (ʚʽʜ 5ʉ̄ ʜʦ 50ʉ̄) ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʢʦʥʣʠʚʦ ʩʬʦʨʤʫʚʘʪʠ ʚ ʫʯʥʽʚ ʨʦʟʫʤʽʥʥʷ ʭʘʨʘʢʪʝʨʫ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʦʩʪʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʤʠʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʌʽʟʠʢʘ. ɸʩʪʨʦʥʦʤʽʷ. 7-12 ʢʣʘʩʠ: ʥʘʚʯʘʣʴʥʘ ʧʨʦʛʨʘʤʘ. ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʪʘ 

ʥʘʫʢʠ ʋʢʨʘʾʥʠ. 

https://mon.gov.ua/ua/osvita/zagalna-serednya-osvita/navchalni-programi  

2. ʌʽʟʠʢʘ ʽ ʘʩʪʨʦʥʦʤʽʷ. 7-11 ʢʣʘʩʠ: ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ, ʤʝʪʦʜʠʯʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʨʦ ʚʠʢʣʘʜʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʧʨʝʜʤʝʪʽʚ ʫ ʟʘʢʣʘʜʘʭ ʟʘʛʘʣʴʥʦʾ 

ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ ʫ 2019/2020 ʥʘʚʯ. ʨʦʮʽ... / ʋʢʣʘʜʘʯ ʉ.ʉ. ʌʽʮʘʡʣʦ ï ʍʘʨʢʽʚ: 

ʚʠʜ-ʚʦ çʈʘʥʦʢè, 2019. ï 272 ʩ. 

  

https://mon.gov.ua/ua/osvita/zagalna-serednya-osvita/navchalni-programi


175 

 

 

ʄʘʡʷ ʂʦʚʘʣʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʟʷʨʩʴʢʠʡ ɯ.ʇ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʘʨʪʦʩʪʽ ʪʘ ʧʝʨʽʦʜʫ ʦʢʫʧʥʦʩʪʽ ʤʝʨʝʞʝʚʦʾ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʤ.ʏʝʨʥʽʚʮʽ 

ʋ ʟʚôʷʟʢʫ ʟ ʪʝʥʝʜʝʥʮʽʻʶ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ  ʧʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʶ, 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʟ ʮʽʣʦʜʦʙʦʚʠʤ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ ʜʦʮʽʣʴʥʦ 

ʨʦʟʛʣʷʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ  ʚʪʘʥʦʚʣʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ.  

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʟʛʽʜʥʦ ʟ ʜʽʶʯʠʤʠ ʚʠʤʦʛʘʤʠ 

ɼɹʅ [1], ʚʠʨʦʙʥʠʯʽ ʪʘ ʩʢʣʘʜʩʢʽ ʧʣʦʱʽ ʦʩʥʘʱʝʥʽ ʟʘʛʘʣʴʥʠʤ ʰʪʫʯʥʠʤ 

ʦʩʚʽʪʣʝʥʥʷʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʝ ʟ ʜʽʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪ ʚ ʤ. ʏʝʨʥʽʚʮʽ, ʩʫʤʘʨʥʘ P(ʘʢʪʠʚʥʘ) 

ʩʠʩʪʝʤʠ ʟʘʛʘʣʴʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʷʢʦʛʦ ʩʢʣʘʜʘʻ 24,93 ʢɺʪĿʛʦʜ, P(ʨʝʘʢʪʠʚʥʘ) 

ʩʪʘʥʦʚʠʪʴ 3,56 ʢɺʘʨĿʛʦʜ, ʨʽʚʝʥʴ ʦʩʚʽʪʣʝʥʦʩʪʽ ʚ ʩʝʨʝʜʥʴʦʤʫ 300 ʃʢ ʥʘ 1 

ʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʽʜʣʦʛʠ. ʈʝʞʠʤ ʨʦʙʦʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʩʚʽʪʣʠʡ ʯʘʩ  ʜʦʙʠ 

8,5 ʛʦʜʠʥ. ʉʧʦʞʠʚʘʥʥʷ P(ʘʢʪʠʚʥʘ) ʩʠʩʪʝʤʦʶ ʦʩʚʪʣʝʥʥʷ ʟʘ 1 ʤʽʩ = 4238,1 

ʢɺʪĿʛʦʜ (ʚʘʨʪʽʩʪʴ 22 885,74 ʛʨʥ/ʤʽʩ ʙʝʟ ʇɼɺ) P(ʨʝʘʢʪʠʚʥʘ) = 30,26 ʢɺʘʨĿʛʦʜ 

(ʚʘʨʪʽʩʪʴ 32 ʛʨʥ/ʤʽʩ ʙʝʟ ʇɼɺ). 

ʇʦʢʨʽʚʣʷ ʙʫʜʽʚʣʽ ʚʠʢʦʥʘʥʘ ʙʝʪʦʥʥʠʤʠ ʧʣʠʪʘʤʠ ʧʣʦʩʢʘ ʟ ʥʝʚʝʣʠʢʠʤ 

ʥʘʭʠʣʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʦʢʫ ʚʦʜʠ. ʇʣʦʱʘ ʧʦʢʨʽʚʣʽ 3332 ʤ
2
. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʦʝʥʝʨʛʽʻʶ ʩʠʩʪʝʤʠ ʟʘʛʘʣʴʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʚʧʨʦʜʦʚʞ 

ʨʦʢʫ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʉɽ ʟ ʧʽʢʦʚʦʶ ʧʦʪʫʞʥʽʩʪʴ 75 ʢɺʪĿʛʦʜ (ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʦʙʨʘʥʘ ʩʦʥʷʯʥʘ ʧʘʥʝʣʴ Ja Solar JAM72S30-540/MR 

(ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ 2279x1134x35) ʚʘʨʪʽʩʪʴ 1 ʰʪ. ʩʪʘʥʦʤ ʥʘ 01.03.2023 

ʩʢʣʘʜʘʻ 8800 ʛʨʥ) (ʨʠʩ. 1) [2].  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ 139 ʤʦʜʫʣʽʚ, 

ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʷʢʠʭ ʩʪʘʥʦʚʠʪʠʤʝ 352 ʤ
2
 (ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʤʦʜʫʣʽʚ 

1 223 200 ʛʨʥ). ɺʘʨʪʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ: ʢʘʨʢʘʩʥʘ ʩʠʩʪʝʤʘ 295 

260 ʛʨʥ, ʽʥʚʝʨʪʦʨ Agilo 380/220 75-100ʢɺʪ ï 137 450 ʛʨʥ, ʢʘʙʝʣʴʥʦ-

ʧʨʦʚʽʜʥʠʢʦʚʘ ʧʨʦʜʫʢʮʽʷ ï 89400 ʛʨʥ., ʢʦʤʫʪʘʮʽʡʥʘ ʰʘʬʘ ï 95 000 ʛʨʥ., 

ʤʦʥʪʘʞʥʽ ʨʦʙʦʪʠ ï 174 531ʛʨʥ. 
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ʈʠʩ. 1. ʑʦʤʽʩʷʯʥʘ (ʚ ʧʨʦʜʦʚʞ ʨʦʢʫ) ʛʝʥʝʨʘʮʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ 

ʩʪʘʮʽʦʥʘʨʥʦʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ пуϲмрϥлнΦфϦb 
нрϲртϥнлΦрϦ9 ͤ͊ ͍͙ͫͦͭ͜ нрпͣ ͤ͊͒ ͍͔ͪͤͣ͜ ͣͦͪΎ 

 

ɺ ʨʦʟʨʽʟʽ ʨʦʢʫ ʉɽʉ ʛʝʥʝʨʫʚʘʪʠʤʝ 74 386 ʢɺʪĿʛʦʜ, ʽʟ ʥʠʭ ʚʧʨʦʜʦʚʞ 8-

ʤʠ ʤʽʩʷʮʽʚ ʙʫʜʝ ʥʘʷʚʥʠʡ ʥʘʜʣʠʰʦʢ ʫ ʨʦʟʤʽʨʽ 28 772 ʢɺʪĿʛʦʜ ʪʘ 

ʧʨʦʪʷʛʦʤ 4 ʤʽʩʷʮʽʚ ʙʫʜʝ ʥʘʷʚʥʘ ʥʝʜʦʩʪʘʯʘ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 5 

243 ʢɺʪ. ɿʘʛʘʣʦʤ ʩʠʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ ʩʧʦʞʠʚʘʻ 52 857,2 ʢɺʪĿʛʦʜ ʚ ʨʽʢ ï 

274 628 ʛʨʥ. (ʙʝʟ ʇɼɺ). 

ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʉɽʉ ʙʫʜʝ ʩʢʣʘʜʘʪʠ ʧʨʠʙʣʠʟʥʦ 2 014 841 ʛʨʥ. 

ʇʝʨʽʦʜ ʦʢʫʧʥʦʩʪʽ (ʙʝʟ ʛʝʥʝʨʘʮʽʾ ʚ ʤʝʨʝʞʫ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ) 

ʩʪʘʥʦʚʠʪʠʤʝ 8,2 ʨʦʢʠ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ɼɹʅ ɺ.2.5-28:2018 ʇʨʠʨʦʜʥʝ ʽ ʰʪʫʯʥʝ ʦʩʚʪʣʝʥʥʷ / 2019.-133ʩ 

2. ʌʦʪʦʝʣʝʢʪʨʠʯʥʘ ʛʝʦʛʨʘʬʽʯʥʘ  ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ/ 
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#api_5.1 
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ʖʨʽʡ ʂʦʚʘʣʴʩʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʏʫʧʠʨʘ ʉ.ʄ. 

ʇʨʦʻʢʪʫʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʦʪʫʞʥʽʩʪʶ 30 

ʢɺʪ ʜʣʷ ʧʨʠʚʘʪʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ "ʍʣʽʙʦʧʝʢʘʨʥʷ" ʤ. 

ʉʥʷʪʠʥ 

 

ʋʢʨʘʾʥʘ ʤʘʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʷʢʠʡ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ, ʱʦʙ ʧʦʣʽʧʰʠʪʠ ʪʦʨʛʦʚʠʡ ʙʘʣʘʥʩ, ʩʪʚʦʨʠʪʠ 

ʨʦʙʦʯʽ ʤʽʩʮʷ ʪʘ ʩʪʠʤʫʣʶʚʘʪʠ ʝʢʦʥʦʤʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʟʘ ʯʘʩʽʚ, ʢʦʣʠ 

ʢʨʘʾʥʘ ʤʘʻ ʧʦʜʦʣʘʪʠ ʚʘʞʣʠʚʽ ʝʢʦʥʦʤʽʯʥʽ ʚʠʢʣʠʢʠ, ʪʘʢʽ ʷʢ ʟʙʽʣʴʰʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʧʦʨʪʫ ʝʥʝʨʛʦʥʦʩʽʾʚ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʝʨʤʽʥʦʚʦ ʦʥʦʚʠʪʠ 

ʟʘʩʪʘʨʽʣʽ ʦʩʥʦʚʥʽ ʚʠʨʦʙʥʠʯʽ ʬʦʥʜʠ ʚ ʝʥʝʨʛʝʪʠʮʽ.  

ʋ ʮʽʣʷʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʤʽʩʪʽ ʉʥʷʪʠʥ ʟʘ ʘʜʨʝʩʦʶʚʫʣʠʮʷ ɹʦʛʜʘʥʘ 

ʍʤʝʣʴʥʠʮʴʢʦʛʦ 23, ʨʦʟʨʘʭʦʚʘʥʦ ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʉɽʉ ʧʦʪʫʞʥʽʩʪʶ 30 

ʢɺʪ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʮʽʻʾ ʭʣʽʙʦʧʝʢʘʨʥʽ 

ʩʢʣʘʜʘʻ 2 500 ʢɺʪ/ʛʦʜ ʫ ʤʽʩʷʮʴ, ʱʦ ʜʦʩʠʪʴ ʚʝʣʠʢʝ ʪʘ ʚʠʪʨʘʪʥʝ ʱʦʜʦ 

ʬʽʥʘʥʩʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʪʘʨʠʬʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʧʨʠʚʘʪʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʉɽʉ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʭʣʽʙʦʧʝʢʘʨʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʫ 

PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʟʦʚʘʥʫ 

ʛʝʥʝʨʘʮʽʶ ʉɽʉ, ʟʘʜʘʚʰʠ ʧʘʨʘʤʝʪʨʠ ʾʾ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʧʦʪʫʞʥʽʩʪʴ 

ʪʘ ʪʠʧ ʢʦʥʩʪʨʫʢʮʽʾ. ɺ ʧʨʦʛʨʘʤʽ ʤʠ ʪʘʢʦʞ ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʚʞʝ 

ʛʦʪʦʚʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʢʫʪ ʥʘʭʠʣʫ ʩʦʥʷʯʥʠʭ ʤʦʜʫʣʽʚ  ʜʣʷ ʟʘʜʘʥʦʾ 

ʤʽʩʮʝʚʦʩʪʽ.ʆʧʪʠʤʘʣʴʥʘ ʚʠʙʨʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 30 ʢɺʪ, ʱʦ 

ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʦʶ ʤʽʨʦʶ ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʨʝʙʠ ʤʘʣʦ ʙʽʟʥʝʩʫ ʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.    
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ʈʠʩ.1. ʈʽʯʥʘ ʧʨʦʛʥʦʟʦʚʘʥʘ  ʛʝʥʝʨʘʮʽʷ ʉɽʉ ʧʦʪʫʞʥʽʩʪʶ 30ʢɺʪ 

 

ɼʣʷ ʦʙôʻʢʪʽʚ ʜʘʥʦʛʦ ʪʠʧʫ ʛʝʥʝʨʘʮʽʷ ʚ ʤʝʨʝʞʫ ʟʘʙʦʨʦʥʝʥʘ, ʪʦʤʫ 

ʩʪʘʣʦ ʧʨʦʙʣʝʤʦʶ ʧʽʜʢʣʶʯʝʥʥʷ ʉɽʉ ʜʦ ʝʣʝʢʪʨʦʤʝʨʝʞʽ, ʦʩʢʽʣʴʢʠ 

ʜʦʛʦʚʽʨ ʧʨʦ ʟʝʣʝʥʠʡ ʪʘʨʠʬ ʥʝ ʙʫʣʦʟʘʢʣʶʯʝʥʦ. ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʦʙʨʘʥʦ ʣʽʯʠʣʴʥʠʢ DTSU666-H. ʄʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʨʦʟʫʤʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʙʘʣʘʥʩʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʜʚʦʭ ʜʞʝʨʝʣ, ʘ ʩʘʤʝ ʝʣʝʢʪʨʦʤʝʨʝʞʘ, ʟ ʷʢʦʾ ʙʫʜʝ 

ʩʧʦʞʠʚʘʪʠʩʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʫ ʚʠʧʘʜʢʫ ʥʝʜʦʩʪʘʪʥʴʦʾ ʛʝʥʝʨʘʮʽʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɽʉ ʪʘ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʷʢʘ ʤʘʻ 

ʧʝʨʰʠʡ ʧʨʽʦʨʠʪʝʪ ʚ ʧʨʦʛʨʘʤʽ ʨʦʟʫʤʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ. ʋ ʨʘʟʽ 

ʥʘʜʣʠʰʢʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʨʦʟʫʤʥʠʡ ʣʽʯʠʣʴʥʠʢ ʥʝ ʥʘʜʘʻ ʟʤʦʛʫ ʛʝʥʝʨʫʚʘʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚ ʤʝʨʝʞʫ, ʱʦ ʻ ʦʙʦʚô̫ ʟʢʦʚʠʤ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʽʜʢʣʶʯʝʥʦʛʦ ʟʝʣʝʥʦʛʦ ʪʘʨʠʬʫ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʁ. ʉ. ʄʠʩʘʢ, ʆ. ʊ. ɺʦʟʥʷʢ, ʆ. ʉ. ɼʘʮʴʢʦ, ʉ. ʇ. ʐʘʧʦʚʘʣ. ʃʴʚʽʚ: 

ɺʠʜʘʚʥʠʮʪʚʦ ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ, 2014. 340 ʩ. 

2. ɸʣʬʝʨʦʚ ɾʦʨʝʩ ʀʚʘʥʦʚʠʯ, ɸʥʜʨʝʝʚ ɺ.ʄ., ʈʫʤʷʥʮʝʚ ɺ.ɼ. ʊʝʥʜʝʥʮʠʠ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʵʥʝʨʛʝʪʠʢʠ. - ɾʫʨʥʘʣ "ʌʠʟʠʢʘ 

ʠ ʊʝʭʥʠʢʘ ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚ", 2004, ʪʦʤ 38, ʚʳʧʫʩʢ 8, ʩʪʨ. 937. 
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ʆʣʝʢʩʘʥʜʨ ʂʦʜʨʷʥʫ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʋʛʨʠʥ ɼ. ɯ. 
 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʧʦʨʪʘʣ ʘʥʘʣʽʟʫ ʢʫʨʩʫ  ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ  

ʪʦʚʘʨʥʠʭ ʛʨʦʰʝʡ 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʫʞʝ ʰʚʠʜʢʦ ʽ, ʷʢ 

ʥʝ ʜʠʚʥʦ, ʫ ʝʢʦʥʦʤʽʯʥʽʡ ʩʬʝʨʽ ʟʘʡʤʘʻ ʜʦʩʠʪʴ ʧʦʯʝʩʥʝ ʤʽʩʮʝ. ʂʣʶʯʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ï ʚʤʽʥʥʷ ʧʦʩʪʽʡʥʦ ʥʘʚʯʘʪʠʩʷ, 

ʥʘʢʦʧʠʯʫʚʘʪʠ ʟʥʘʥʥʷ ʽ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ, ʪʦʙʪʦ ʮʝ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʪʠʭ ʜʽʡ, ʷʢʽ ʚʠʢʦʥʫʻ ʣʶʜʩʴʢʠʡ ʤʦʟʦʢ.  ʇʦʪʝʥʮʽʘʣ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʫʞʝ ʰʠʨʦʢʠʡ, ʫʞʝ ʥʠʥʽ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ: ʤʝʜʠʮʠʥʽ, ʬʽʥʘʥʩʘʭ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʦʨʛʽʚʣʽ ʽ, 

ʟʚʠʯʘʡʥʦ, ʧʦʙʫʪʽ ʣʶʜʠʥʠ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʠʱʝʥʥʽ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʟʘʜʘʯʘʭ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʧʦʧʠʪʫ ʪʘ ʚ ʘʥʘʣʽʪʠʮʽ ʬʽʥʘʥʩʦʚʠʭ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ, 

ʽʤʦʚʽʨʥʽʩʥʠʭ ʽ ʤʘʰʠʥʥʦ-ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʽʪʠʯʥʠʭ ʦʟʥʘʢ ʢʦʥʩʦʣʽʜʦʚʘʥʠʭ ʜʘʥʠʭ ʟʘʜʘʥʦʾ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʝʨʝʚʘʛʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʻ ʪʦʯʥʽʩʪʴ ʚ ʦʙʨʦʙʮʽ ʜʘʥʠʭ, ʚʽʥ ʥʝ 

ʚʪʦʤʣʶʻʪʴʩʷ ʽ ʤʝʥʰʝ ʧʦʤʠʣʷʻʪʴʩʷ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʦʙʨʦʙʠʪʠ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ, ʟʜʽʡʩʥʶʚʘʪʠ ʙʫʭʛʘʣʪʝʨʩʴʢʽ ʨʦʟʨʘʭʫʥʢʠ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʚ ʥʘʡʙʣʠʞʯʽ ʢʽʣʴʢʘ ʨʦʢʽʚ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʙʫʜʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʩʬʝʨʽ ʬʽʥʘʥʩʽʚ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʯʘʩʪʽʰʝ ʽʩʥʫʶʯʦʾ ʥʠʥʽ 

ʧʨʘʢʪʠʢʠ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟ ʣʝʛʢʽʩʪʶ ʜʦʧʦʤʦʞʫʪʴ ʨʦʟʨʦʙʠʪʠ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʟʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ ʨʠʥʦʢ ʪʦʚʘʨʥʠʭ 

ʛʨʦʰʝʡ. 

ʅʠʥʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʙʽʨʞʦʚʠʭ ʮʽʥ ʥʘ ʪʦʚʘʨʠ, ʚʘʣʶʪʠ, ʮʽʥʥʽ 

ʧʘʧʝʨʠ ʻ ʯʠ ʥʝ ʥʘʡʩʢʣʘʜʥʽʰʠʤ ʪʘ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ. ɼʣʷ ʦʨʛʘʥʽʟʘʪʦʨʽʚ ʪʦʨʛʽʚ ʪʘʢʽ ʧʨʦʛʥʦʟʠ ʜʘʶʪʴ ʟʤʦʛʫ 

ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʧʨʘʚʠʣʘ ʪʦʨʛʽʚʣʽ, ʚʩʪʘʥʦʚʠʚʰʠ ʮʽʥʦʚʽ ʢʦʨʠʜʦʨʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʥʦʚʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ [1]. 

ʆʙʨʘʥʦ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʫ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ɺʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ ʽʥʬʦʨʤʘʮʽʷ ʚ ʪʘʢʠʭ 
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ʩʬʝʨʘʭ, ʷʢ ʛʝʥʝʪʠʢʘ ʯʠ ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ, ʯʝʨʝʟ ʪʝ, ʱʦ ʤʘʻ ʧʦʨʽʚʥʷʥʦ 

ʣʝʛʢʠʡ ʩʠʥʪʘʢʩʠʩ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʰʚʠʜʢʦ ʧʠʩʘʪʠ ʧʨʦʛʨʘʤʠ, ʘ ʪʘʢʦʞ 

ʙʘʛʘʪʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʢ, ʥʘʧʨʠʢʣʘʜ Matplotlib ʘʙʦ Plotly [2]. 

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʤʦʜʝʣʴ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ. ɿʘʚʜʷʢʠ ʮʽʡ ʤʦʜʝʣʽ ʤʦʞʥʘ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʨʦʙʦʪʫ ʧʨʦʛʨʘʤʠ 

ʪʘ ʾʾ ʟʘʚʜʘʥʥʷ. 

 
ʈʠʩ. 1.  ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ 

ʋ ʮʽʣʦʤʫ ʧʦʨʪʘʣ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ 

ʨʠʥʦʢ ʪʘ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʦʧʠʪʫ ʪʦʚʘʨʥʠʭ ʛʨʦʰʝʡ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽ 

ʥʘʚʽʪʴ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʋʞʛʦʨʦʜʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

URL: 

http://www.visnyk-econom.uzhnu.uz.ua/archive/19_1_2018ua/33.pdf. 

2.  ʇʽʜʛʦʪʦʚʢʘ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ ʟʘʩʦʙʘʤʠ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. URL: 

http://dspace.onua.edu.ua/bitstream/handle/ɼʨʠʛʘ%20ɸ.pdf?sequence=1&isAllowe

d=y. 

 

  

http://www.visnyk-econom.uzhnu.uz.ua/archive/19_1_2018ua/33.pdf
http://dspace.onua.edu.ua/bitstream/handle/Дрига%20А.pdf?sequence=1&isAllowed=y
http://dspace.onua.edu.ua/bitstream/handle/Дрига%20А.pdf?sequence=1&isAllowed=y
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ɸʨʪʫʨ ʂʦʟʣʦʚʩʴʢʠʡ, ɺʽʢʪʦʨ ʃʶʪʠʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʙʣʦʢʦʚʠʭ ʩʠʤʝʪʨʠʯʥʠʭ ʰʠʬʨʽʚ ʟ 

ʢʝʨʦʚʘʥʠʤʠ ʧʽʜʩʪʘʥʦʚʢʘʤʠ 

 
ɹʣʦʢʦʚʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʰʠʬʨ ʽʟ ʢʝʨʦʚʘʥʠʤʠ ʧʽʜʩʪʘʥʦʚʢʘʤʠ ʷʚʣʷʻ 

ʩʦʙʦʶ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʽʪʝʨʘʪʠʚʥʠʡ ʰʠʬʨ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʜʦʚʞʠʥʫ 

ʙʣʦʢʫ ʪʝʢʩʪʫ 256 ʪʘ 512 ʙʽʪʽʚ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʘʥʘʣʦʛʽʯʥʽ ʢʣʶʯʽ ʰʠʬʨʫʚʘʥʥʷ ʜʦʚʞʠʥʦʶ 256 ʪʘ 512 ʙʽʪʽʚ. ʇʨʠ ʨʦʟʨʦʙʮʽ 

ʰʠʬʨʫ ʙʫʚ ʟʘʢʣʘʜʝʥʠʡ ʦʩʥʦʚʥʠʡ ʢʨʠʪʝʨʽʡ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ 

ʮʠʢʣʽʚ, ʟʘ ʷʢʝ ʰʠʬʨ ʧʨʠʭʦʜʠʪʴ ʜʦ ʚʠʧʘʜʢʦʚʦʾ ʧʽʜʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʦʞ 

ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʜʦʩʷʛʪʠ ʩʪʘʥʫ ʚʠʧʘʜʢʦʚʦʾ ʧʽʜʩʪʘʥʦʚʢʠ ʟʘ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘ ʜʚʘ ʮʠʢʣʠ [1]. 

ɺʭʽʜʥʠʡ ʙʣʦʢ ʜʘʥʠʭ ʦʙʨʦʙʣʷʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʥʘʜʙʫʜʦʚʠ, ʧʽʩʣʷ ʯʦʛʦ 

ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʮʠʢʣʦʚʦʾ ʬʫʥʢʮʽʾ. ʇʝʨʝʜ ʢʦʞʥʠʤ ʨʘʫʥʜʦʤ ʮʠʢʣʦʚʦʾ 

ʬʫʥʢʮʽʾ ʜʦ ʙʣʦʢʫ ʪʝʢʩʪʫ ʜʦʜʘʻʪʴʩʷ ʟʘ ʤʦʜʫʣʝʤ 2 ʯʝʨʛʦʚʠʡ ʧʽʜʢʣʶʯ. 

ʋʩʴʦʛʦ ʪʝʢʩʪ ʧʨʦʭʦʜʠʪʴ 8 ʨʘʫʥʜʽʚ ʰʠʬʨʫʚʘʥʥʷ. ɺ ʢʽʥʮʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʘʥʜʦʤʽʟʘʮʽʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ XOR ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʢʣʶʯʘ. ʆʪʨʠʤʘʥʠʡ 

ʫ ʨʝʟʫʣʴʪʘʪʽ ʙʣʦʢ ʜʘʥʠʭ ʻ ʰʠʬʨʦʪʝʢʩʪʦʤ. ʅʘ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʡ 

ʪʝʢʩʪ ʪʘ ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ. ɼʣʷ ʢʦʞʥʦʛʦ ʨʘʫʥʜʫ ʰʠʬʨʫʚʘʥʥʷ ʧʦʪʨʽʙʝʥ 

ʦʜʠʥ 256-ʙʽʪʦʚʠʡ (ʘʙʦ 512-ʙʽʪʦʚʠʡ) ʧʽʜʢʣʶʯ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ. ʌʫʥʢʮʽʷ ʥʘʜʙʫʜʦʚʠ ʜʦʟʚʦʣʷʻ 

ʧʦʣʽʧʰʠʪʠ ʫʤʦʚʠ ʜʦʩʷʛʥʝʥʥʷ çʣʘʚʠʥʥʦʛʦ ʝʬʝʢʪʫè ʟʘ ʟʤʝʥʰʝʥʫ 

ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʰʠʬʨʫʚʘʥʥʷ. ɼʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʦʟʥʘʯʘʻ, ʱʦ 

ʟʤʽʥʘ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʙʽʪʽʚ (ʥʘʚʽʪʴ ʦʜʥʦʛʦ ʙʽʪʫ) ʫ ʢʣʶʯʽ ʘʙʦ ʫ  ʚʭʽʜʥʦʤʫ 

ʪʝʢʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʧʦʣʦʚʠʥʠ ʚʠʭʽʜʥʠʭ ʙʽʪʽʚ ʰʠʬʨʦʪʝʢʩʪʫ. 

ʆʪʞʝ, ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ, ʨʝʟʫʣʴʪʫʶʯʠʡ ʧʝʨʰʠʡ 32-

ʙʽʪʦʚʠʡ ʙʣʦʢ, ʟʘʚʞʜʠ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʠ ʟʤʽʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʙʽʪʫ 

ʚʭʽʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʯʝʨʝʟ ʮʝ ʟʤʽʥʷʪʴʩʷ ʽʥʰʽ 32-ʙʽʪʦʚʽ ʙʣʦʢʠ ʧʽʜ ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ʮʠʢʣʦʚʦʾ ʬʫʥʢʮʽʾ. 

ʅʘ ʚʭʽʜ ʮʠʢʣʦʚʦʾ ʬʫʥʢʮʽʾ ʧʦʜʘʻʪʴʩʷ ʙʣʦʢ ʜʘʥʠʭ x, ʷʢʠʡ ʟʙʽʛʘʻʪʴʩʷ ʟʘ 

ʨʦʟʤʽʨʦʤ ʟ ʙʣʦʢʦʤ ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʫ (256 ʙʽʪ ʘʙʦ 512 ʙʽʪ) ʪʘ ʧʽʜʢʣʶʯʽ 

ʪʦʛʦ ʞ ʨʦʟʤʽʨʫ, ʱʦ ʡ ʙʣʦʢ ʜʘʥʠʭ. 
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ʈʠʩ. 1.  ʌʫʥʢʮʽʷ ʥʘʜʙʫʜʦʚʠ 

 

ɺʭʽʜʥʠʡ ʙʣʦʢ ʪʘ ʧʽʜʢʣʶʯ ʨʦʟʙʠʚʘʶʪʴʩʷ ʢʦʞʝʥ ʥʘ ʚʽʩʽʤ ʨʽʚʥʠʭ ʧʦ 

ʪʨʠʚʘʣʦʩʪʽ ʧʽʜʙʣʦʢʠ ʧʦ 32 ʙʽʪʠ. ʅʘ ʧʦʯʘʪʢʫ ʨʘʫʥʜʫ, ʚʭʽʜʥʽ ʧʽʜʙʣʦʢʠ 

ʪʝʢʩʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ XOR ʜʦʜʘʶʪʴʩʷ ʜʦ ʙʣʦʢʽʚ ʧʽʜʢʣʶʯʘ, ʘ ʜʘʣʽ 

ʧʝʨʰʠʡ ʧʽʜʙʣʦʢ ʜʘʥʠʭ ʧʨʦʭʦʜʠʪʴ SL-ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʜʦʜʘʻʪʴʩʷ ʟʘ 

ʤʦʜʫʣʝʤ 2 ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʧʽʜʙʣʦʢʘ, ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʪʝʞ ʧʨʦʭʦʜʠʪʴ 

SL-ʧʝʨʝʪʚʦʨʝʥʥʷ. ʅʘ ʦʩʪʘʥʥʴʦʤʫ ʢʨʦʮʽ, ʚʦʩʴʤʠʡ ʧʽʜʙʣʦʢ ʜʦʜʘʻʪʴʩʷ ʟʘ 

ʤʦʜʫʣʝʤ 2 ʜʦ ʧʝʨʰʦʛʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʝʥ ʧʦʧʝʨʝʜʥʽʡ ʙʣʦʢ ʘʢʪʠʚʫʻ 

ʥʘʩʪʫʧʥʠʡ ʽ ʨʘʟʦʤ ʟ ʬʫʥʢʮʽʻʶ ʥʘʜʙʫʜʦʚʠ ʧʨʠʚʦʜʠʪʴ ʜʦ çʣʘʚʠʥʥʦʛʦ 

ʝʬʝʢʪʫè. ɸʣʛʦʨʠʪʤ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʧʨʦʪʠʧʦʣʦʞʥʽʩʪʴ ʜʦ ʘʣʛʦʨʠʪʤʫ 

ʟʘʰʠʬʨʫʚʘʥʥʷ, ʘʣʝ ʟ ʽʥʚʝʨʩʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʪʘ ʪʘʙʣʠʮʷʤʠ ʧʽʜʩʪʘʥʦʚʦʢ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Oliynykov R.V. A new encryption standard of Ukraine: The Kalyna block 

cipher. / R.V. Oliynykov, I.D. Gorbenko, O.V. Kazymyrov et. al. // 

Cryptology ePrint Archive. http://eprint.iacr.org/2015/650. 
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ʗʥ ʂʦʣʝʩʥʠʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʪʨʠʥʘʜʢʦ ʄ.ʊ. 

ʂʫʪʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʘʥʪʝʥʠ ʚʽʜʜʘʣʝʥʦʛʦ 

ʦʙôʻʢʪʘ 

ʂʫʪʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʦʙ'ʻʢʪʘ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʩʝʨʝʜ ʷʢʠʭ ʢʫʪʠ ɽʡʣʝʨʘ, ʥʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ, ʚʝʢʪʦʨʠ ɻʽʙʩʘ ʽ ʪ. ʜ. ʋ 

ʚʠʧʘʜʢʫ ʦʧʠʩʫ ʢʫʪʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʧʨʷʤʥʠʭ 

ʢʦʩʠʥʫʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʧʘʨʘʤʝʪʨʠ (ʨʠʩ. 1). 

 
ʈʠʩ.1. ɺʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʥʠʭ ʢʦʩʠʥʫʩʽʚ. 

 

ʅʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʚʝʢʪʦʨʘ ʫ ʧʨʦʩʪʦʨʽ. 

ɺʦʥʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ ʪʘ ʡʦʛʦ ʜʦʚʞʠʥʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ:  

ÃÏÓ‍      ÃÏÓ‍      ÃÏÓ‍  

ʜʝ cosbxyz ï ʥʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ ʚʝʢʪʦʨʘ; xa,ya,za ï ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʫ 

ʚʝʢʪʦʨʘ; xb,yb,zb ï ʢʦʦʨʜʠʥʘʪʠ ʢʽʥʮʷ ʚʝʢʪʦʨʘ; R ï  ʜʦʚʞʠʥʘ ʚʝʢʪʦʨʘ. 

Ὑ ὼ ὼ ώ ώ ᾀ ᾀ   . 
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ʊʦʧʦʮʝʥʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʊʎʉʂ) ʻ ʧʨʷʤʦʢʫʪʥʦʶ 

ʩʠʩʪʝʤʦʶ, ʚ ʷʢʽʡ ʚʽʩʴ ʍ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʚʥʽʯ (ʟʘ ʽʩʪʠʥʥʠʤ 

ʤʝʨʠʜʽʘʥʦʤ), ʚʽʩʴ Y ʩʧʨʷʤʦʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʛʦʨʫ, ʚʽʩʴ Z ʩʧʨʷʤʦʚʘʥʘ 

ʚʧʨʘʚʦ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ (ʥʘ ʩʭʽʜ). ʎʝʥʪʨ ʊʎʉʂ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʪʦʯʮʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʘ (ʫ ʨʘʟʽ ʮʝ ʬʘʟʦʚʠʡ ʮʝʥʪʨ ʘʥʪʝʥʠ ɸ). 

ɯʥʦh  ʁ ʩʠʩʪʝʤʦʶ ʻ ʛʝʦʮʝʥʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. ɺʦʥʘ ʤʦʞʝ 

ʙʫʪʠ ʧʨʷʤʦʢʫʪʥʦʶ ʪʘ ʩʬʝʨʠʯʥʦʶ.  

ʋ ʧʨʷʤʦʢʫʪʥʽʡ ɻʎʉʂ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʝʥʪʨʽ 

ɿʝʤʣʽ, ʚʽʩʴ Z ʩʧʨʷʤʦʚʘʥʘ ʟ ʮʝʥʪʨʫ ɿʝʤʣʽ ʥʘ ʇʽʚʥʽʯʥʠʡ ʧʦʣʶʩ, ʚʽʩʴ ʍ 

ʣʝʞʠʪʴ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʽ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ɻʨʽʥʚʽʯʩʴʢʠʡ 

ʤʝʨʠʜʽʘʥ, ʚʽʩʴ Y ʜʦʧʦʚʥʶʻ ʮʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʜʦ ʧʨʘʚʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ. 

ʉʬʝʨʠʯʥʘ (ʛʝʦʛʨʘʬʽʯʥʘ) ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʧʨʷʤʦʢʫʪʥʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʨʽʚʥʷʥʴ: 

ὼ ”ϽÃÏÓ• ϽÃÏÓl, 

ώ ”ϽÃÏÓ• ϽÓÉÎl, 

ᾀ ”ϽÓÉÎ• , 

ʜʝ r ï ʨʘʜʽʫʩ ɿʝʤʣʽ; r ï ʰʠʨʦʪʘ; l ï ʜʦʚʛʦʪʘ. 

 

ɺʠʨʘʟʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʧʨʦʮʝʩʽ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ʂʦʥʠʥ ɺ. ɺ. ʉʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ. ʂʠʾʚ: ʍʆʃʊɽʍ, 

2010. ï 520 ʩ. 

2. Karttunen, H.; Krºger, P.; Oja, H.; Poutanen, M.; Donner, H. J. Fundamental 

Astronomy. ð 2006. ð ISBN 978-3-540-34143-7 

3. Robert Burtch, A Comparison of Methods Used in Rectangular to Geodetic 

Coordinate Transformations, 2006. 

4. Moreau M. Ch. GPS receiver architecture for autonomous navigation in high 

earth orbits/thesis// Department of Aerospace Engineering Sciences, University of 

Colorado, 2001. ï 222 p. 
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ʂʦʩʪʷʥʪʠʥ ʂʦʣʦʪʠʣʦ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʘʣʦʚʩʷʢ ʉ. ɺ. 

 

ɸʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʨʠʚʠʤʽʨʥʠʭ 

ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʤʝʪʦʜʦʤ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ  
 

ʊʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʦʙôʻʢʪʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʟʦʢʨʝʤʘ ʫ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

(Augmented Reality, AR) ʪʘ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (Virtual reality, VR). 

3D ʤʦʜʝʣʽ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʤʝʪʦʜʦʤ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ (ʥʘ 

ʦʩʥʦʚʽ ʩʝʨʽʾ ʬʦʪʦʛʨʘʬʽʡ) ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʣʝʢʦʤʽʨʽʚ, ʥʘʧʨʠʢʣʘʜ 

ʣʘʟʝʨʥʠʭ ʩʢʘʥʝʨʽʚ LIDAR (Light Identification, Detection and Ranging ï 

ʘʢʪʠʚʥʠʡ ʜʘʣʝʢʦʤʽʨ, ʱʦ ʟʘʩʪʦʩʦʚʫʻ ʦʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʜʦ ʦʙôʻʢʪʽʚ). ʃʘʟʝʨʥʽ ʩʢʘʥʝʨʠ 

ʙʫʜʫʶʪʴ ʪʦʯʥʽ ʤʦʜʝʣʽ, ʘʣʝ ʚʘʨʪʽʩʪʴ ʪʘʢʠʭ ʩʢʘʥʝʨʽʚ ʟʥʘʯʥʘ. ʊʦʤʫ ʚ 

ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʦʮʽʣʴʥʦ ʙʫʜʫʚʘʪʠ 3D-ʤʦʜʝʣʽ ʤʝʪʦʜʦʤ 

ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ. ʇʨʠ ʧʦʙʫʜʦʚʽ 3D-ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʽʟ ʛʘʙʘʨʠʪʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʤʝʥʰʝ 20 ʩʤ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʩʝʨʽʶ ʟʦʙʨʘʞʝʥʴ ʫ ʨʫʯʥʦʤʫ 

ʨʝʞʠʤʽ ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʠʢʫ. ʇʨʦʪʝ ʨʫʯʥʠʡ 

ʨʝʞʠʤ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʡ, ʪʦʤʫ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʚʦʨʦʪʥʠʡ 

ʩʪʦʣʠʢ, ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘ Raspberry Pi 3.   

 ʇʦʚʦʨʦʪʥʠʡ ʩʪʦʣʠʢ [1] ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʠ, ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ, 

ʧʦʚʦʨʦʪʥʦʾ ʧʣʘʪʬʦʨʤʠ (ʞʦʚʪʠʡ ʜʠʩʢ) ʽ ʜʦʧʦʤʽʞʥʠʭ ʜʝʪʘʣʝʡ (ʨʠʩ. 1). 

ʇʦʚʦʨʦʪ ʧʣʘʪʬʦʨʤʠ ʚʠʢʦʥʫʻʪʴʩʷ ʢʨʦʢʦʚʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʜʚʠʛʫʥʦʤ 

28BYJ-48 ʽʟ ʟʘʜʘʥʠʤ ʢʨʦʢʦʤ (ʥʘʧʨʠʢʣʘʜ, 9Ü). ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʧʦʚʦʨʦʪʫ 

ʦʪʨʠʤʫʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʝʦʢʘʤʝʨʠ 

(ʧʨʠʻʜʥʘʥʦʾ ʜʦ Raspberry Pi 3) ʘʙʦ ʚʽʜʝʦʢʘʤʝʨʠ ʩʤʘʨʪʬʦʥʘ. ʂʝʨʫʚʘʥʥʷ 

ʧʦʚʦʨʦʪʦʤ ʦʙôʻʢʪʘ ʪʘ ʟʯʠʪʫʚʘʥʥʷʤ ʟʦʙʨʘʞʝʥʴ ʟ ʚʽʜʝʦʢʘʤʝʨʠ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʛʨʘʤʦʶ ʥʘ ʤʦʚʽ Python. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʩʝʨʽʾ 

ʟʦʙʨʘʞʝʥʴ ʙʫʜʫʶʪʴʩʷ 3D-ʤʦʜʝʣʽ ʦʙôʻʢʪʽʚ ʤʝʪʦʜʦʤ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ 3DF Zephyr [2], ʘ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ 

ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ:  

1. ʈʦʟʨʽʜʞʝʥʦʾ ʭʤʘʨʠ ʪʦʯʦʢ (Sparse Point Cloud) (ʨʠʩ. 2). 

2. ʑʽʣʴʥʦʾ ʭʤʘʨʠ ʪʦʯʦʢ (Dense Point Cloud). 

3. ʉʽʪʢʠ ʧʦʣʽʛʦʥʽʚ (Meshes). 

4. ʊʝʢʩʪʫʨʥʦʾ ʩʽʪʢʠ (Textured Meshes). 
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ʈʠʩ. 1. ɹʫʜʦʚʘ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʠʢʘ [1] 

 

 
ʈʠʩ. 2. ʇʨʠʢʣʘʜ 3D ʤʦʜʝʣʽ ʧʨʠʩʪʨʦʶ Arduino ʚ ʧʨʦʛʨʘʤʽ 3DF Zephyr 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʘ ʩʘʤʝ ʧʦʚʦʨʦʪʥʠʡ ʩʪʦʣʠʢ, 

ʤʽʢʨʦʢʦʤʧôʶʪʝʨ Raspberry Pi 3, ʚʽʜʝʦʢʘʤʝʨʘ, ʨʦʟʨʦʙʣʝʥʘ ʢʝʨʫʶʯʘ 

ʧʨʦʛʨʘʤʘ ʥʘ ʤʦʚʽ Python ʽ ʧʨʦʛʨʘʤʘ 3DF Zephyr, ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʦʙʫʜʦʚʫ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʽʟ ʜʦʧʫʩʪʠʤʦʶ ʪʦʯʥʽʩʪʶ ʪʘ 

ʰʚʠʜʢʦʜʽʻʶ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Rotating Display table. URL: https://www.thingiverse.com/thing:4817279 

2. 3DF Zephyr. The Complete Photogrammetry Solution. URL: 

https://www.3dflow.net. 
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ʈʦʤʘʥ ʂʦʣʴʛʦʬʝʨ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯʚʘʥʫʱʘʢ ʅ.ʄ. 

 

ʉʪʝʛʘʥʦʛʨʘʬʽʯʥʠʡ ʧʨʠʭʦʚʘʥʠʡ ʢʘʥʘʣ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 
ɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʻ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʚ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ 

ʩʚʽʪʽ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʟʦʢʨʝʤʘ ʩʪʝʛʘʥʦʛʨʘʬʽʷ, 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʠʭʦʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʝ 

ʟʤʽʥʶʶʯʠ ʾʾ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ, ʪʘ ʢʨʠʧʪʦʛʨʘʬʽʷ, ʷʢʘ ʰʠʬʨʫʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦʙ ʟʨʦʙʠʪʠ ʡʦʛʦ ʥʝʟʨʦʟʫʤʽʣʠʤ ʜʣʷ ʢʦʛʦʩʴ. ɺ ʦʙʦʭ 

ʤʝʪʦʜʘʭ ʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʊʦʤʫ, ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʚʦʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ JavaScript, ʷʢʠʡ ʧʦʻʜʥʫʻ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ ʚʠʱʝʚʢʘʟʘʥʠʭ 

ʤʝʪʦʜʽʚ. ɯʥʬʦʨʤʘʮʽʷ ʙʫʜʝ ʟʘʰʠʬʨʦʚʘʥʘ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʩʢʣʘʜʥʽʩʪʴ 

ʜʦʩʪʫʧʫ ʜʦ ʥʝʾ ʙʝʟ ʢʣʶʯʘ, ʥʘʚʽʪʴ ʷʢʱʦ ʢʦʤʫʩʴ ʚʜʘʩʪʴʩʷ ʚʠʢʨʠʪʠ ʪʘʻʤʥʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʠʤʫʣʶʻ 

ʽʥʪʝʨʝʩ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʜʦ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʠʭʦʚʘʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʢʨʠʧʪʦʛʨʘʬʽʾ ʪʘ 

ʩʪʝʛʘʥʦʛʨʘʬʽʾ. ɽʬʝʢʪʠʚʥʘ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʘ ʩʠʩʪʝʤʘ ʥʘ ʩʴʦʛʦʜʥʽ ʻ 

ʦʙʦʚôʷʟʢʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʙʫʜʴ-ʷʢʦʾ ʫʩʪʘʥʦʚʠ ʯʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʄʝʪʦʜʠ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʥʝ ʪʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʭʦʚʘʥʦ ʟʙʝʨʽʛʘʪʠ ʽ 

ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʘʣʝ ʽ ʜʦʩʠʪʴ ʫʩʧʽʰʥʦ ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʭʠʩʪʠʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ, ʚʽʜʩʪʝʞʫʚʘʥʥʷ, 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʤʝʨʝʞʽ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʧʦʰʫʢʫ ʚ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ, ʪʦʱʦ. 

ʇʨʠʭʦʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʚʦʣʽʚ  ʥʫʣʴʦʚʦʾ 

ʰʠʨʠʥʠ, ʷʢʽ ʥʝ ʤʦʞʥʘ ʥʘʜʨʫʢʫʚʘʪʠ ʪʘ ʷʢʽ ʻ ʯʘʩʪʠʥʦʶ ʪʘʙʣʠʮʽ Unicode. 

ɰʭ ʥʘʟʚʘ ʧʦʭʦʜʠʪʴ ʚʽʜ ʪʦʛʦ, ʱʦ ʚʦʥʠ ʥʘʚʽʪʴ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʪʝʢʩʪʽ ʽ 

ʥʝ ʟʘʡʤʘʶʪʴ ʧʨʦʩʪʽʨ. ʎʽ ʩʠʤʚʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ 

ʟʘʚʜʘʥʴ, ʪʘʢʠʭ ʷʢ ʧʝʨʝʥʝʩʝʥʥʷ ʩʣʽʚ ʫ ʜʦʚʛʠʭ ʨʷʜʢʘʭ, ʟ'ʻʜʥʘʥʥʷ Emoji, 

ʦʙ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʩʠʤʚʦʣʽʚ ʫ ʣʽʛʘʪʫʨʫ, ʟʘʧʦʙʽʛʘʥʥʷ ʟ'ʻʜʥʘʥʥʶ ʩʠʤʚʦʣʽʚ 

ʪʦʱʦ. 

ʇʝʨʰ ʥʽʞ ʷʢ ʧʨʠʭʦʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʾʾ ʧʦʪʨʽʙʥʦ ʟʘʰʠʬʨʫʚʘʪʠ. 

ʉʧʦʯʘʪʢʫ ʧʨʦʛʨʘʤʘ ʩʪʠʩʢʘʻ ʚʭʽʜʥʽ ʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ LZW 

(LempelïZivïWelch), ʷʢʠʡ ʟʥʘʭʦʜʠʪʴ ʧʦʚʪʦʨʶʚʘʥʽ ʬʨʘʛʤʝʥʪʠ ʽ ʟʘʤʽʥʶʻ 
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ʾʭ ʚʭʽʜʥʠʤʠ ʢʦʜʘʤʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ. ʎʝ ʢʦʨʠʩʥʦ ʟʘʚʜʷʢʠ ʪʦʤʫ, 

ʱʦ ʥʝʚʠʜʠʤʽ ʩʠʤʚʦʣʠ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʟʘʡʤʘʶʪʴ ʟʘʡʚʫ ʢʽʣʴʢʽʩʪʴ ʙʘʡʪʽʚ. ʈʝʟʫʣʴʪʘʪ 

ʩʪʠʩʪʝʥʥʷ ʰʠʬʨʫʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʥʘ ʦʩʥʦʚʽ AES 256 

(Advanced Encryption Standard). ʂʣʶʯ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʚʚʝʜʝʥʦʛʦ ʧʘʨʦʣʷ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʽ ʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʘʡʪʽʚ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. ɺʠʧʘʜʢʦʚʽʩʪʴ ʢʣʶʯʘ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʪʠʤ ʚʠʜʘʤ ʘʪʘʢ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟʽ 

ʜʝʢʽʣʴʢʦʭ ʟʘʰʠʬʨʦʚʘʥʠʭ ʪʝʢʩʪʽʚ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʡ 

ʪʦʛʦ ʩʘʤʦʛʦ ʢʣʶʯʘ.   

ɿʘʰʠʬʨʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʙʽʪʽʚ ʽ 

ʢʦʥʚʝʨʪʫʻʪʴʩʷ ʫ ʧʦʪʽʢ ʥʝʚʠʜʠʤʠʭ ʩʠʤʚʦʣʽʚ. 

 
ʊʘʙʣʠʮʷ 1  

ʂʦʜʫʚʘʥʥʷ ʩʠʤʚʦʣʽʚ 

ʄʦʞʣʠʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʚʦʭ ʙʽʪʽʚ ʅʝʚʠʜʠʤʠʡ ʩʠʤʚʦʣ Unicode 

00 U+200C 

01 U+200D 

10 U+2060 

11 U+2064 

 
ʆʪʞʝ, ʤʦʞʥʘ ʚʩʪʘʚʠʪʠ ʥʝʚʠʜʠʤʽ ʩʠʤʚʦʣʠ ʫ ʧʝʨʰʠʡ ʧʨʦʙʽʣ ʪʝʢʩʪʫ, 

ʷʢʠʡ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʷʢ ʟʚʠʯʘʡʥʠʡ. 

ʄʦʞʥʘ ʪʘʢʦʞ ʟʘʰʠʬʨʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʚʰʠ ʜʘʥʽ ʧʨʦ 

ʧʽʢʩʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ Canvas ʚ JavaScript ʽ ʪʘʢʠʤ ʩʘʤʠʤ ʩʧʦʩʦʙʦʤ 

ʟʘʭʦʚʘʪʠ ʫ ʪʝʢʩʪ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Naor, M. Visual cryptography, Advances in cryptology / M. Naor,  A. Shamir 

// Eurocrypt ô94 Proceeding LNCS, 1995. ï Vol. 950. ï P. 1ï12. 

2. Gnanaguruparan, M. Recursive hiding of secrets in visual cryptography / 

M.Gnanaguruparan, S.Kak // Cryptologia, ῐ 2002. ï Vol. 26. ï ʈ. 68-76. 
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ʂʩʝʥʽʷ ʂʦʥʩʪʘʥʪʠʥʦʚʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʌʝʣɹʜʝ ʍ.ɺ. 
  

ɺʧʣʠʚ ʥʘʩʪʽʣʴʥʠʭ ʽʛʦʨ ʥʘ ʣʶʜʠʥʠ ʚ ʮʠʬʨʦʚʫ ʝʧʦʭʫ 
 

ɻʨʘ - ʚʨʦʜʞʝʥʘ ʯʘʩʪʠʥʘ ʣʶʜʩʴʢʦʛʦ ʜʦʩʚʽʜʫ. ʅʘʩʧʨʘʚʜʽ, ʛʨʘ ʻ ʥʝʚʽʜ'ʻʤʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʜʠʪʷʯʦʛʦ ʨʦʟʚʠʪʢʫ. ʋ ʮʠʬʨʦʚʫ ʝʧʦʭʫ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʛʨʠ 

ʨʦʟʰʠʨʠʣʠʩʷ ʟʘʚʜʷʢʠ ʧʦʰʠʨʝʥʥʶ ʚʽʜʝʦʽʛʦʨ. ɿʘ ʦʮʽʥʢʘʤʠ, ʛʣʦʙʘʣʴʥʘ ʨʠʥʢʦʚʘ 

ʚʘʨʪʽʩʪʴ ʽʛʦʨ ʧʝʨʝʚʠʱʫʻ 135 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ, ʚʦʥʠ ʩʪʘʣʠ ʧʦʚʩʶʜʥʠʤʠ ʽ 

ʟʘʪʨʝʙʫʚʘʥʠʤʠ, ʷʢ ʥʽʢʦʣʠ ʨʘʥʽʰʝ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʥʘʩʪʽʣʴʥʠʭ ʽʛʦʨ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʩʦʮʽʘʣʴʥʦʾ 

ʚʟʘʻʤʦʜʽʾ, ʢʦʛʥʽʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʨʦʟʚʘʛ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʘ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʰʠʨʝʥʽʩʪʴ ʮʠʬʨʦʚʠʭ ʤʝʜʽʘ, ʥʘʩʪʽʣʴʥʽ ʽʛʨʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʫʥʽʢʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʠʭ ʥʘʚʠʯʦʢ, ʨʦʟʚᾷʷʟʘʥʥʷ 

ʧʨʦʙʣʝʤ ʽ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʧʦʤ'ʷʢʰʠʪʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘʜʤʽʨʥʦʛʦ ʯʘʩʫ, ʧʨʦʚʝʜʝʥʦʛʦ ʧʝʨʝʜ ʝʢʨʘʥʦʤ, ʥʘ ʬʽʟʠʯʥʝ 

ʟʜʦʨʦʚ'ʷ, ʟʦʢʨʝʤʘ ʥʘ ʧʩʠʭʽʢʫ ʣʶʜʠʥʠ. ʅʘ ʦʩʥʦʚʽ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʘ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʽʚ, ʮʷ ʨʦʙʦʪʘ ʤʘʻ ʥʘ ʤʝʪʽ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʥʘʩʪʽʣʴʥʠʭ 

ʽʛʦʨ ʥʘ ʣʶʜʠʥʫ ʚ ʮʠʬʨʦʚʫ ʝʧʦʭʫ ʪʘ ʚʠʩʚʽʪʣʠʪʠ ʾʭʥʽʡ ʧʦʪʝʥʮʽʘʣ ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʫ ʥʘʚʯʘʥʥʷ, ʩʦʮʽʘʣʽʟʘʮʽʾ ʪʘ ʧʦʟʠʪʠʚʥʦʛʦ ʧʩʠʭʦʝʤʦʮʽʡʥʦʛʦ 

ʨʦʟʚʠʪʢʫ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʘʩʧʝʢʪʽʚ, ʢʦʣʠ ʥʘʩʪʽʣʴʥʽ ʽʛʨʠ ʟʜʽʡʩʥʶʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ 

ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. 

ʉʦʮʽʘʣʴʥʠʡ ʘʩʧʝʢʪ: ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʩʪʽʣʴʥʦʾ ʛʨʠ ʥʝʦʙʭʽʜʥʦ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʛʨʫʧʦʶ ʣʶʜʝʡ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʟʤʽʮʥʠʪʠ ʩʦʮʽʘʣʴʥʽ 

ʟʚ'ʷʟʢʠ ʪʘ ʟʙʽʣʴʰʠʪʠ ʚʟʘʻʤʦʨʦʟʫʤʽʥʥʷ ʤʽʞ ʛʨʘʚʮʷʤʠ. ʋ ʦʥʣʘʡʥ ʽʛʨʘʭ ʣʶʜʠ 

ʟʘʟʚʠʯʘʡ ʛʨʘʶʪʴ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʚʽʪʽ ʪʘ ʚʟʘʻʤʦʜʽʶʪʴ ʯʝʨʝʟ ʝʢʨʘʥʠ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʫʻ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ 

ʚʽʜʯʫʪʪʷ ʩʘʤʦʪʥʦʩʪʽ [1]. 

ʈʦʟʚʠʪʦʢ ʢʦʛʥʽʪʠʚʥʠʭ ʥʘʚʠʯʦʢ: ʚ ʧʨʦʮʝʩʽ ʛʨʠ ʚ ʥʘʩʪʽʣʴʥʽ ʽʛʨʠ ʚʦʜʥʦʯʘʩ 

ʟʘʜʽʷʥʘ ʥʠʟʢʘ ʢʘʥʘʣʽʚ ʩʧʨʠʡʥʷʪʪʷ (ʩʣʫʭ, ʚʽʟʫʘʣʴʥʠʡ ʢʘʥʘʣ, ʪʘʢʪʠʣʴʥʽ ʚʽʜʯʫʪʪʷ 

ʪʦʱʦ). ʗʢ ʥʘʩʣʽʜʦʢ, ʫ ʣʶʜʠʥʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʥʘʚʠʯʢʠ, 

ʥʘʧʨʠʢʣʘʜ, ʢʦʤʫʥʽʢʘʮʽʡʥʽ, ʥʘʚʠʯʢʠ ʩʧʽʚʧʨʘʮʽ, ʢʨʝʘʪʠʚʥʽʩʪʴ ʪʘ ʢʨʠʪʠʯʥʝ 

ʤʠʩʣʝʥʥʷ. ʇʨʠʢʣʘʜʥʽ (ʥʘʩʪʽʣʴʥʽ) ʽʛʨʠ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʧʦʣʽʧʰʝʥʥʶ 

ʘʢʘʜʝʤʽʯʥʦʾ ʫʩʧʽʰʥʦʩʪʽ ʪʘ ʚʠʨʦʙʣʝʥʥʶ ʥʘʚʠʯʦʢ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 
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ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ [2]. ʎʝ ʧʝʨʝʚʘʛʘ, ʷʢʦʾ ʧʦʟʙʘʚʣʝʥʽ ʦʥʣʘʡʥ-̔ ʛʨʠ, ʢʦʣʠ 

ʟʙʫʜʞʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʝʢʽʣʴʢʘ ʢʘʥʘʣʽʚ ʩʧʨʠʡʥʷʪʪʷ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʽʛʨʦʚʦʛʦ 

ʧʨʦʮʝʩʫ ʦʥʣʘʡʥ-̔ ʛʦʨ ʟʤʝʥʰʫʻ ʟʜʘʪʥʽʩʪʴ ʤʦʟʢʫ ʛʝʥʝʨʫʚʘʪʠ ʚʣʘʩʥʽ ʽʜʝʾ, 

ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʛʨʠ ʚʞʝ ʽʩʥʫʻ ʙʘʛʘʪʦ ʛʦʪʦʚʠʭ ʨʽʰʝʥʴ.  

ɽʤʦʮʽʡʥʠʡ ʘʩʧʝʢʪ: ʥʘʩʪʽʣʴʥʽ ʽʛʨʠ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʝʤʦʮʽʡʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ (EQ), ʪʦʤʫ ʱʦ ʧʨʦʮʝʩ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʟʘʻʤʦʜʽʶ ʛʨʘʚʮʽʚ ʦʜʠʥ ʟ 

ʦʜʥʠʤ, ʱʦ ʨʦʟʚʠʚʘʻ ʝʤʦʮʽʡʥʽ ʨʝʘʢʮʽʾ ʫʯʘʩʥʠʢʽʚ. ʋ ʮʠʬʨʦʚʠʭ ʽʛʨʘʭ, ʝʤʦʮʽʡʥʝ 

ʟʘʭʦʧʣʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʪʽʣʴʢʠ ʥʘ ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʜʘʻ ʤʝʥʰʝ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʨʦʟʚʠʪʢʫ EQ. ʅʘʩʪʽʣʴʥʽ ʽʛʨʠ ʜʘʶʪʴ ʟʤʦʛʫ ʚʽʜʚʦʣʽʢʪʠʩʷ ʚʽʜ 

ʩʪʨʝʩʦʚʠʭ ʧʦʜʽʡ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ, ʪʘ ʜʦʧʦʤʦʛʪʠ 

ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʩʪʨʝʩʫ ʚ ʟʘʛʘʣʴʥʦʤʫ. ʇʨʦʮʝʩ ʛʨʠ ʧʨʦʚʦʢʫʻ ʚʠʜʽʣʝʥʥʶ 

ʝʥʜʦʨʬʽʥʫ, ʜʦʧʘʤʽʥʫ ʪʘ ʦʢʩʠʪʦʮʠʥʫ, ʘ ʮʝ, ʩʚʦʶ ʯʝʨʛʫ, ʜʦʧʦʤʘʛʘʻ ʦʨʛʘʥʽʟʤʫ 

ʨʦʟʩʣʘʙʠʪʠʩʷ ʪʘ ʚʽʜʧʦʯʠʪʠ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʩʠʭʦʝʤʦʮʽʡʥʠʡ ʩʪʘʥ 

ʛʨʘʚʮʽʚ [3]. 

ʊʨʘʜʠʮʽʡʥʠʡ ʘʩʧʝʢʪ: ʥʠʟʢʘ ʥʘʩʪʽʣʴʥʠʭ ʽʛʦʨ ʻ ʯʘʩʪʠʥʦʶ ʢʫʣʴʪʫʨʥʦʛʦ 

ʜʦʨʦʙʢʫ ʪʘ ʪʨʘʜʠʮʽʡ. ɹʘʛʘʪʦ ʟ ʽʛʦʨ ʧʦʚôʷʟʘʥʽ ʟ ʽʩʪʦʨʽʶ ʧʝʚʥʦʾ ʢʨʘʾʥʠ, 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʝʘʣʴʥʠʭ ʽʩʪʦʨʠʯʥʠʭ ʪʘ ʧʦʣʽʪʠʯʥʠʭ ʧʦʜʽʷʭ, ʣʽʪʝʨʘʪʫʨʥʠʭ ʪʚʦʨʘʭ 

ʯʠ ʬʦʣʴʢʣʦʨʽ. ɺʽʟʫʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ï ʜʠʟʘʡʥ ï ʯʘʩʪʦ ʧʝʨʝʛʫʢʫʻʪʴʩʷ ʟ 

ʥʘʮʽʦʥʘʣʴʥʦʶ ʝʩʪʝʪʠʢʦʶ. ɻʨʘ ʚ ʪʘʢʽ ʽʛʨʠ ʤʦʞʝ ʙʫʪʠ ʩʧʦʩʦʙʦʤ ʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʧʨʦʜʦʚʞʝʥʥʷ ʮʽʻʾ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ. ʇʦʜʽʙʥʽ ʽʛʨʠ ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʚʠʢʣʠʢʘʪʠ ʧʦʯʫʪʪʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʪʘ ʽʜʝʥʪʠʯʥʦʩʪʽ, ʱʦ ʩʧʨʠʷʻ 

ʧʘʪʨʽʦʪʠʯʥʦʤʫ ʨʦʟʚʠʪʢʫ..                

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʟʘʟʥʘʯʘʶ, ʱʦ ʥʘʩʪʽʣʴʥʽ ʽʛʨʠ ʤʘʶʪʴ ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʥʘ 

ʣʶʜʠʥʫ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. ɺʦʥʠ ʩʪʠʤʫʣʶʶʪʴ ʨʦʟʚʠʪʦʢ, ʧʽʜʚʠʱʫʶʪʴ ʨʽʚʝʥʴ 

ʩʦʮʽʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʨʽʚʥʷ ʩʪʨʝʩʫ. ɼʦʜʘʪʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ ʤʦʞʫʪʴ ʨʦʟʰʠʨʠʪʠ ʟʥʘʥʥʷ ʧʨʦ ʚʧʣʠʚ ʽʛʦʨ ʪʘ ʩʪʘʪʠ 

ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʜʠʯʥʠʭ, ʦʩʚʽʪʥʽʭ ʪʘ ʧʩʠʭʦʣʦʛʽʯʥʠʭ 

ʧʨʘʢʪʠʢʘʭ. 
 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 
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ʐʫʤʦʚʘ, ʉ. ʈʘʢʦʚ, ɺ. ɻʦʨʦʭ ʪʘ ʽʥ. ; ʋʢʨʘʾʥʩʴʢʠʡ ʮʝʥʪʨ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʦʩʚʽʪʠ. ʂʠʾʚ : 

ʋʎʆʗʆ, 2019. 439 ʩ. 
 

ʄʘʢʩʠʤ ʂʦʨʘʙʯʽʚʩʴʢʠʡ, ʇʘʚʣʦ ʃʫʢʽʚʩʴʢʠʡ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʄʦʭʫʥʴ ɯ.ɯ. 

 
ʉʠʥʛʫʣʷʨʥʝ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʫ FSO-ʩʠʩʪʝʤʽ 

ʗʢ ʚʽʜʦʤʦ, ʦʜʠʥ ʟʽ ʰʣʷʭʽʚ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ʫ ʩʫʯʘʩʥʦʤʫ ʧʨʠʩʪʨʦʶ ʟʚôʷʟʢʫ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʥʷ ʢʘʥʘʣʽʚ 

ʚ ʩʠʩʪʝʤʽ. ʊʘʢʝ ʪʚʝʨʜʞʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʝ ʽ ʜʣʷ ʩʠʩʪʝʤʠ ʟ ʚʽʜʢʨʠʪʠʤʠ, 

ʘʪʤʦʩʬʝʨʥʠʤʠ ʢʘʥʘʣʘʤʠ ʧʝʨʝʜʘʚʘʥʥʷ (FSO-ʩʠʩʪʝʤʠ). 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ 

ʩʠʥʛʫʣʷʨʥʦʾ ʦʧʪʠʢʠ. ʎʝ, ʥʘʩʘʤʧʝʨʝʜ, ʧʦʚôʷʟʘʥʦ ʽʟ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ: 

1. ʉʠʥʛʫʣʷʨʥʽ ʧʫʯʢʠ, ʟʦʢʨʝʤʘ ʚʠʭʨʦʚʽ, ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ, ʥʽʞ ʾʭ ʛʣʘʜʢʽ 

ʘʥʘʣʦʛʠ ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʩʠʛʥʘʣʫ ʚ ʘʪʤʦʩʬʝʨʽ ʟʽ ʟʙʫʨʝʥʥʷʤʠ, 

ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ [1]. 

2. ʉʠʥʛʫʣʷʨʥʠʡ ʧʫʯʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʠʤʠ ʪʦʧʦʣʦʛʽʯʥʠʤʠ, 

ʪʘʢʠʤʠ ʷʢ ʪʦʧʦʣʦʛʽʯʥʠʡ ʟʘʨʷʜ, ʽʥʜʝʢʩ ʇʫʘʥʢʘʨʝ, ʷʢʽ ʜʦʢʦʨʽʥʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʘʥʘʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʣʘʜʢʠʭ ʧʫʯʢʽʚ. ʆʢʨʽʤ 

ʪʦʛʦ, ʥʘʷʚʥʽʩʪʴ ʥʝʥʫʣʴʦʚʦʛʦ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʟʘʨʷʜʫ ʫ ʚʠʭʨʦʚʦʤʫ ʧʫʯʢʫ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʦʢʨʝʤʠʪʠ ʡʦʛʦ ʚʽʜ ʩʫʧʝʨʧʦʟʠʮʽʾ ʧʫʯʢʽʚ, ʷʢʽ 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʉʘʤʝ ʜʨʫʛʘ ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʥʛʫʣʷʨʥʠʭ ʧʫʯʢʽʚ ʙʫʣʘ ʧʦʢʣʘʜʝʥʘ ʚ 

ʦʩʥʦʚʫ ʥʦʚʦʛʦ ʪʠʧʫ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʫ FSO-ʩʠʩʪʝʤʽ. 

ʅʘ ʚʠʭʦʜʽ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʬʦʨʤʫʻʪʴʩʷ ʛʨʫʧʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʻ 

ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʚʠʭʨʦʚʠʭ ʧʫʯʢʽʚ ʟ ʨʽʟʥʠʤʠ ʪʦʧʦʣʦʛʽʯʥʠʤʠ ʟʘʨʷʜʘʤʠ. 

ʂʦʞʥʠʡ ʪʘʢʠʡ ʧʫʯʦʢ ʬʦʨʤʫʻ ʚʽʜʧʦʚʽʜʥʠʡ ʢʘʥʘʣ ʧʝʨʝʜʘʚʘʥʥʷ. 

ʇʫʯʢʠ ʟ ʨʽʟʥʠʤʠ ʪʦʧʦʣʦʛʽʯʥʠʤʠ ʟʘʨʷʜʘʤʠ ʬʦʨʤʫʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ ʚʠʢʦʥʘʥʠʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʚʠʭʨʦʚʠʭ ʛʦʣʦʛʨʘʤ [2], 

ʩʪʨʫʢʪʫʨʘ ʷʢʠʭ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ʇʽʩʣʷ ʮʴʦʛʦ ʩʬʦʨʤʦʚʘʥʽ ʚʠʭʨʦʚʽ ʧʫʯʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʩʚʽʪʣʦʧʦʜʽʣʶʚʘʯʽʚ ʫʪʚʦʨʶʶʪʴ ʛʨʫʧʦʚʠʡ ʧʦʪʽʢ, ʚ ʷʢʦʤʫ ʚʩʽ ʧʫʯʢʠ 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ ʮʝʥʪʨʠ ʚʠʭʦʨʽʚ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚ ʦʜʥʽʡ ʪʦʯʮʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ. ʇʨʠ ʮʴʦʤʫ, ʥʝʚʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʚʩʽ ʧʫʯʢʠ ʬʦʨʤʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʜʞʝʨʝʣʘ 
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ʚʠʭʽʜʥʽ ʧʫʯʢʠ ʥʝʢʦʛʝʨʝʥʪʥʽ ʤʽʞ ʩʦʙʦʶ. ʗʢ ʥʘʩʣʽʜʦʢ ʧʫʯʦʢ ʥʘ ʚʠʭʦʜʽ 

ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʻ ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʧʫʯʢʽʚ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʦʚʘʥʠʭ ʛʦʣʦʛʨʘʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʨʦʚʠʭ ʧʫʯʢʽʚ 

ʽʟ ʨʽʟʥʠʤʠ ʟʘ ʤʦʜʫʣʝʤ ʪʘ ʟʥʘʢʦʤ ʪʦʧʦʣʦʛʽʯʥʠʭ ʟʘʨʷʜʽʚ 

ʘ ï ʛʦʣʦʛʨʘʤʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʨʦʚʦʛʦ ʧʫʯʢʘ ʟ ʦʜʠʥʠʯʥʠʤ ʪʦʧʦʣʦʛʽʯʥʠʤ 

ʟʘʨʷʜʦʤ; ʙ ï ʛʦʣʦʛʨʘʤʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʫʯʢʘ ʟ ʤʦʜʫʣʝʤ ʟʘʨʷʜʫ, ʱʦ ʜʦʨʽʚʥʶʻ 3 

ʊʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʪʘʢʦʤʫ ʬʦʨʤʫʚʘʥʥʷ ʛʨʫʧʦʚʦʛʦ ʧʦʪʦʢʫ 

ʢʽʣʴʢʽʩʪʴ ʤʫʣʴʪʠʧʣʝʢʩʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-

ʷʢʦʶ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ʫ FSO-ʩʠʩʪʝʤʽ ʦʙʤʝʞʫʻʪʴʩʷ 

ʣʠʰʝ ʾʾ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʅʘ ʧʨʠʡʤʘʣʴʥʦʤʫ ʢʽʥʮʽ FSO-ʧʨʠʩʪʨʦʶ ʨʦʟʪʘʰʦʚʘʥʠʡ ʦʧʪʠʯʥʠʡ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨ, ʧʦʜʽʙʥʠʡ ʜʦ ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ. 2. ɼʣʷ ʧʨʦʩʪʦʪʠ ʥʘ 

ʩʭʝʤʽ ʥʘʚʝʜʝʥʽ ʣʠʰʝ ʜʚʘ ʧʨʠʡʤʘʣʴʥʠʭ ʢʘʥʘʣʠ. ʈʝʘʣʴʥʦ ʢʽʣʴʢʽʩʪʴ 

ʧʨʠʡʤʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʚʠʭʨʦʚʠʭ ʧʫʯʢʽʚ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʛʨʫʧʦʚʠʡ ʧʦʪʽʢ. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʜʚʦʭ ʢʘʥʘʣʽʚ ʧʨʠʡʤʘʣʴʥʦʾ ʯʘʩʪʠʥʠ FSO-ʧʨʠʩʪʨʦʶ 

1 ï ʚʠʭʨʦʚʘ ʛʦʣʦʛʨʘʤʘ; 2,6 ï ʢʘʥʘʣʴʥʽ ʧʨʠʡʤʘʣʴʥʽ ʦʙôʻʢʪʠʚʠ, 

3,7 ï ʧʽʥʭʦʣʠ; 4,8 ï ʢʦʥʜʝʥʩʦʨʠ; 5,9 ï ʢʘʥʘʣʴʥʽ ʬʦʪʦʜʝʪʝʢʪʦʨʠ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1 Gibson G. Free-space information transfer using light beams carrying orbital 

angular momentum / Gibson G., Courtial J,. Padgett M., 

Vasnetsov ʄ., Pasôko V., Barnett S., Franke-Arnold S. / Optics Express M., 12, 

5448-5456, 2004. 

2. Basistiy I.V. Optics of light beams with screw dislocations / 

Basistiy I.V., Bazhenov V.Yu., Soskin M.S., Vasnetsov M.V. / Optics 

Communications 103, 422-428, 1993. 
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ʆʣʝʢʩʘʥʜʨ ʂʦʨʞʦʩ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʝʨʝʚʷʥʯʫʢ ʆ.ɺ. 

 
ʌʦʨʤʫʚʘʥʥʷ ʫʤʽʥʴ ʧʨʦʬʝʩʽʡʥʦʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚ ʤʘʡʙʫʪʥʽʭ 

ʫʯʠʪʝʣʽʚ ʪʝʭʥʦʣʦʛʽʡ 

 

ɺ ʫʤʦʚʘʭ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʧʝʨʝʜ ʩʠʩʪʝʤʦʶ 

ʧʝʜʘʛʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʫ ʬʦʨʤʫʚʘʥʥʽ ʦʩʦʙʠʩʪʦʩʪʽ, ʷʢʘ 

ʟʜʘʪʥʘ ʪʚʦʨʯʦ ʤʠʩʣʠʪʠ ʪʘ ʩʘʤʦʦʨʛʘʥʽʟʦʚʫʚʘʪʠʩʷ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ.  

ʉʫʯʘʩʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʩʚʽʪʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʨʦʟʚʠʪʦʢ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʫʯʘʩʥʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ 

ʩʪʦʩʫʥʢʽʚ, ʜʦ ʷʢʠʭ ʚʢʣʶʯʘʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʘ ʽʥʰʽ 

ʧʨʦʛʨʝʩʠʚʥʽ ʟʘʩʦʙʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʘʢʝ ʤʘʡʙʫʪʥʻ ʜʣʷ ʦʩʚʽʪʠ 

ʥʝʚʠʟʥʘʯʝʥʝ, ʦʩʢʽʣʴʢʠ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʩʚʽʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʧʝʨʝʜʞʘʻ ʟʤʽʩʪ ʰʢʽʣʴʥʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʠʭ ʟʤʽʥ. 

ɺʦʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʫʯʥʽ ʟʘʚʝʨʰʫʶʪʴ ʰʢʽʣʴʥʝ ʥʘʚʯʘʥʥʷ 

[1].  

ʎʝ ʚʠʤʘʛʘʻ ʚʽʜ ʚʯʠʪʝʣʷ ʪʝʭʥʦʣʦʛʽʡ ʧʦʩʪʽʡʥʦʛʦ 

ʩʘʤʦʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʘʢʪʠʚʥʦʩʪʽ ʫ ʩʘʤʦʧʽʟʥʘʥʥʽ ʚʣʘʩʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, 

ʚʠʟʥʘʯʝʥʥʽ ʦʩʥʦʚʥʠʭ ʰʣʷʭʽʚ ʪʘ ʤʝʪʦʜʽʚ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, 

ʨʦʟʚʠʪʢʫ ʚʣʘʩʥʦʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

ɿ ʧʦʟʠʮʽʡ ʧʝʜʘʛʦʛʽʯʥʦʾ ʥʘʫʢʠ, ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ï ʮʝ ʜʽʷʣʴʥʽʩʪʴ, 

ʧʦʚ'ʷʟʘʥʘ ʟ ʫʤʽʥʥʷʤ ʦʨʛʘʥʽʟʫʚʘʪʠ ʩʝʙʝ, ʷʢʘ ʚʠʷʚʣʷʻʪʴʩʷ ʚ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʘʢʪʠʚʥʦʩʪʽ, ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ, ʤʦʪʠʚʘʮʽʾ, ʧʣʘʥʫʚʘʥʥʷ 

ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ, ʰʚʠʜʢʦʤʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʥʠʭ 

[2, ʩ. 138]. 

ʋʩʚʽʜʦʤʠʪʠ ʟʥʘʯʫʱʽʩʪʴ ʧʨʦʬʝʩʽʡʥʦʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʜʣʷ 

ʤʘʡʙʫʪʥʽʭ ʚʯʠʪʝʣʽʚ ʪʝʭʥʦʣʦʛʽʡ. ʆʟʥʘʯʘʻ ʫʩʚʽʜʦʤʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʜʽʡʩʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʧʨʦʮʝʩʫ ʦʩʦʙʠʩʪʦ ʱʦʜʦ ʩʝʙʝ ʽ ʩʪʦʩʦʚʥʦ 

ʤʘʡʙʫʪʥʴʦʾ ʧʝʜʘʛʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʠʦʢʨʝʤʣʶʶʪʴ ʪʘʢʽ ʧʝʜʘʛʦʛʽʯʥʽ ʫʤʦʚʠ ʧʨʦʬʝʩʽʡʥʦʾ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʘʡʙʫʪʥʽʭ ʧʝʜʘʛʦʛʽʚ: ʫʩʚʽʜʦʤʣʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ 

ʧʨʦʬʝʩʽʡʥʦʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ; ʟʘʥʫʨʝʥʥʷ ʤʘʡʙʫʪʥʽʭ ʫʯʠʪʝʣʽʚ ʫ 

ʩʠʥʝʨʛʝʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʛʦ ʧʨʦʮʝʩʫ; 
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ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦ ʟʥʘʯʫʱʠʭ ʷʢʦʩʪʝʡ ʤʘʡʙʫʪʥʽʭ ʫʯʠʪʝʣʽʚ ʫ 

ʢʦʥʪʝʢʩʪʽ ʧʨʦʬʝʩʽʡʥʦʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ [3, ʩ. 86]. 

ɽʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʬʦʨʤʫʚʘʥʥʷ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʩʪʫʜʝʥʪʽʚ ʻ 

ʟʘʣʫʯʝʥʥʷ ʾʭ ʜʦ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʟ ʝʣʝʤʝʥʪʘʤʠ ʩʘʤʦʦʩʚʽʪʠ, ʧʨʦʙʣʝʤʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. ʉʘʤʦʩʪʽʡʥʽʩʪʴ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʩʘʤʦʧʣʘʥʫʚʘʥʥʷ, 

ʩʘʤʦʘʥʘʣʽʟʫ ʪʘ ʩʘʤʦʦʮʽʥʢʠ ʚʣʘʩʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺ ʘʩʧʝʢʪʽ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʯʝʨʝʟ: ʩʘʤʦʩʪʽʡʥʝ ʧʣʘʥʫʚʘʥʥʷ ʽ 

ʦʮʽʥʢʫ ʩʚʦʾʭ ʜʽʡ, ʟʽʩʪʘʚʣʝʥʥʷ ʾʭ ʟ ʤʝʪʦʶ, ʚʥʝʩʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʢʦʨʝʢʪʠʚ. 

ʄʘʡʙʫʪʥʽʡ ʫʯʠʪʝʣʴ ʚ ʭʦʜʽ ʥʘʚʯʘʥʥʷ ʧʦʚʠʥʝʥ ʚʽʜʯʫʪʠ 

ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʬʝʩʽʡʥʦʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʩʢʽʣʴʢʠ ʮʝ 

ʚʽʜʦʙʨʘʞʘʻ ʦʩʦʙʠʩʪʽʩʥʠʡ ʩʝʥʩ. ʋʩʚʽʜʦʤʣʝʥʥʷ ʪʦʛʦ, ʱʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ 

ʻ ʧʨʦʜʫʢʪʠʚʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝʜʘʨʝʤʥʦ, ʘ ʢʦʥʢʨʝʪʥʦ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʫʩʧʽʭʽʚ ʫ ʤʘʡʙʫʪʥʽʡ ʧʝʜʘʛʦʛʽʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, 

ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʽʰʝʥʥʷ ʧʦʪʦʯʥʠʭ ʟʘʚʜʘʥʴ ʦʩʦʙʠʩʪʽʩʥʦʛʦ ʪʘ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ.  

ɺʠʱʝ ʩʢʘʟʘʥʝ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʫʯʠʪʝʣʽʚ ʪʝʭʥʦʣʦʛʽʡ ʪʘʢ, ʱʦʙ ʩʪʫʜʝʥʪ 

ʙʫʚ ʥʝ ʧʘʩʠʚʥʠʤ ʩʣʫʭʘʯʝʤ, ʩʣʫʭʥʷʥʠʤ ʚʠʢʦʥʘʚʮʝʤ, ʘ ʘʢʪʠʚʥʠʤ 

ʫʯʘʩʥʠʢʦʤ ʽ ʦʨʛʘʥʽʟʘʪʦʨʦʤ ʚʣʘʩʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 
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ʉʪʝʧʘʥ ʂʦʩʪʘʱʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʘʣʦʚʩʷʢ ʉ. ɺ. 

 

ʄʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʩʝʨʚʽʩʫ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ 
 

ʉʫʯʘʩʥʽ ʩʝʨʚʽʩʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʧʦʪʨʝʙʫʶʪʴ 

ʢʦʤʧôʶʪʝʨʠʟʘʮʽʾ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.  

ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ (ʜʦʜʘʪʢʽʚ), ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʜʽʷʣʴʥʦʩʪʽ ʪʘʢʠʭ ʩʝʨʚʽʩʽʚ. ʇʨʦʪʝ ʽʩʥʫʶʯʽ 

ʧʨʦʛʨʘʤʠ ʤʘʶʪʴ ʨʷʜ ʦʙʤʝʞʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʜʦʜʘʪʢʠ çExpressSoft. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʘʚʪʦʩʝʨʚʽʩʫ ʪʘ ʉʊʆè [1] ʪʘ çʄʽʥʽʉʦʬʪ ʂʦʤʝʨʮʽʷ ɸʚʪʦè 

[2] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʩʪʽʣʴʥʠʭ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʽ ʥʝ 

ʤʘʶʪʴ ʤʦʙʽʣʴʥʦʾ ʚʝʨʩʽʾ, ʫ ʥʠʭ ʚʽʜʩʫʪʥʽ ʜʝʷʢʽ ʬʫʥʢʮʽʾ ʘʥʘʣʽʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʚʽʜʩʫʪʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʪʘʪʫʩ ʚʠʢʦʥʫʚʘʥʠʭ 

ʨʦʙʽʪ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʩʫʯʘʩʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʜʽʷʣʴʥʦʩʪʽ ʩʝʨʚʽʩʫ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʽ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʘʢʪʠʢʠ ʟʘʚʜʘʥʥʷʤ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʜʦʜʘʪʦʢ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʤʝʥʝʜʞʝʨʘʤʠ ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ ʟʘʤʦʚʣʝʥʴ ʪʘ ʧʝʨʝʛʣʷʜʫ ʟʚʽʪʥʦʩʪʽ, ʪʘʢ ʽ 

ʧʨʘʮʽʚʥʠʢʘʤʠ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʤʦʚʣʝʥʥʷ. ɼʦʜʘʪʦʢ 

ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ TypeScript (ʧʣʘʪʬʦʨʤʠ Android ʪʘ 

IOS), ʘ ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʻʜʠʥʽʡ ʜʦʢʫʤʝʥʪʦ-ʦʨʽʻʥʪʦʚʘʥʽʡ 

ʙʘʟʽ ʜʘʥʠʭ MongoDB (ʨʠʩ. 1). ɹʘʟʘ ʜʘʥʠʭ ʤʽʩʪʠʪʴ 8 ʢʦʣʝʢʮʽʡ, ʚ ʷʢʠʭ 

ʟʘʧʠʩʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʣʽʻʥʪʽʚ, ʧʨʘʮʽʚʥʠʢʽʚ, ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʘʚʪʦʤʦʙʽʣʽ, ʟʘʤʦʚʣʝʥʥʷ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʜʦʩʪʫʧʥʽ ʧʦʩʣʫʛʠ ʪʘ ʟʚʽʪʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʘʙʣʠʮʴ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʫ ʢʦʣʝʢʮʽʷʭ MongoDB [3] 

ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʜʦʢʫʤʝʥʪʠ ʟ ʨʽʟʥʠʤʠ ʧʦʣʷʤʠ ʪʘ ʩʪʨʫʢʪʫʨʘʤʠ. 

ɼʦʢʫʤʝʥʪʠ ʢʦʣʝʢʮʽʡ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʚʢʣʘʜʝʥʽ ʦʙ'ʻʢʪʠ ʪʘ ʤʘʩʠʚʠ. 

MongoDB ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʧʨʘʮʶʚʘʪʠ ʟ ʜʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ ʬʦʨʤʘʪʠ ʜʘʥʠʭ, ʪʘʢʽ ʷʢ JSON, BSON, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʧʠʪʠ ʪʘ ʬʫʥʢʮʽʾ ʘʛʨʝʛʘʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʜʘʥʠʭ. ɼʦʜʘʪʦʢ ʧʽʜʪʨʠʤʫʻ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʟʘʤʦʚʣʝʥʴ ʟ 

ʦʙʨʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʧʦʩʣʫʛ ʪʘ ʜʝʪʘʣʴʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʢʣʽʻʥʪʘ ʪʘ 

ʡʦʛʦ ʘʚʪʦʤʦʙʽʣʴ. 



196 

 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʙʘʟʠ ʜʘʥʠʭ 

 

ʋ ʜʦʜʘʪʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʛʣʷʜ ʩʧʠʩʢʫ ʚʩʽʭ ʟʘʤʦʚʣʝʥʴ, ʾʭ ʩʪʘʪʫʩʫ 

ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʣʽʻʥʪʽʚ; ʧʝʨʝʛʣʷʜ ʟʚʽʪʽʚ ʟʘ ʦʙʨʘʥʠʡ ʧʝʨʽʦʜ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʣʝʥʴ, ʧʨʠʙʫʪʦʢ ʪʘ ʽʥʰʽ 

ʧʦʢʘʟʥʠʢʠ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʽʜʪʨʠʤʢʫ 

ʧʨʘʮʽʚʥʠʢʘʤ ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ 

ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʤʦʚʣʝʥʥʷ ʚ ʻʜʠʥʽʡ ʙʘʟʽ ʜʘʥʠʭ MongoDB. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʦʬʦʨʤʣʝʥʥʷ ʟʘʤʦʚʣʝʥʴ,  ʟʘʙʝʟʧʝʯʫʻ  ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʘʢʪʫʘʣʴʥʠʭ 

ʜʘʥʠʭ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ExpressSoft. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʘʚʪʦʩʝʨʚʽʩʫ ʪʘ ʉʊʆ. URL: 

https://expresssoft.com.ua/uk/programa-dlja-avtoservisu-sto 

2. ʄʽʥʽʉʦʬʪ ʂʦʤʝʨʮʽʷ ɸʚʪʦ. URL: https://minisoft.ua/po/minisoft-komerciya-

avto 

3. MongoDB: The Developer Data Platform. URL: https://www.mongodb.com 
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ʉʦʬʽʷ ʂʦʩʪʘʱʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʐʫʤʠʣʷʢ ʃ.ɯ. 
 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʧʦʣʽʧʰʝʥʥʷ ʤʝʥʝʜʞʤʝʥʪʫ ʨʦʙʦʪʠ ʜʣʷ 

ʣʽʢʘʨʽʚ 
ʃʽʢʘʨʩʴʢʘ ʩʧʨʘʚʘ ï ʚʘʞʢʘ ʽ ʥʘʧʨʫʞʝʥʘ ʨʦʙʦʪʘ, ʷʢʘ ʜʦʥʝʜʘʚʥʘ 

ʧʝʨʝʜʙʘʯʘʣʘ ʚʝʜʝʥʥʷ ʧʘʧʝʨʦʚʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʊʠʤ ʙʽʣʴʰʝ ʪʝʧʝʨ ʮʷ 

ʛʘʣʫʟʴ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʪʘ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʟʘʩʦʙʠ ʜʽʘʛʥʦʩʪʠʢʠ ʡ ʣʽʢʫʚʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ 

ʨʦʙʦʪʠ, ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʣʽʢʘʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ. 

    ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʧʦʣʽʧʰʝʥʥʷ ʤʝʥʝʜʞʤʝʥʪʫ ʨʦʙʦʪʠ ʜʣʷ 

ʣʽʢʘʨʽʚ ʻ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʚ ʤʝʜʠʯʥʽʡ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʝ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʜʝʷʢʽ ʧʨʦʮʝʩʠ ʚ 

ʨʦʙʦʪʽ ʣʽʢʘʨʽʚ.  

ɼʣʷ ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʛʣʷʜʘʚʩʷ ʰʠʨʦʢʠʡ 

ʬʫʥʢʮʽʦʥʘʣ: ʚʝʜʝʥʥʷ ʽʩʪʦʨʽʾ ʭʚʦʨʦʙʠ, ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʧʘʮʽʻʥʪʽʚ, 

ʟʙʝʨʝʞʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʧʘʮʽʻʥʪʘ, ʩʪʚʦʨʝʥʥʷ ʥʘʧʨʘʚʣʝʥʴ ʜʦ ʽʥʰʠʭ 

ʣʽʢʘʨʽʚ, ʧʝʨʝʚʝʜʝʥʥʷ ʧʘʮʽʻʥʪʘ ʚ ʽʥʰʝ ʚʽʜʜʽʣʝʥʥʷ, ʚʝʜʝʥʥʷ ʧʨʠʡʦʤʫ 

ʧʘʮʽʻʥʪʽʚ, ʛʦʣʦʚʥʝ ï ʤʘʡʞʝ ʚʩʷ ʨʦʙʦʪʘ ʣʽʢʘʨʷ ʧʝʨʝʙʫʚʘʻ ʚ ʥʴʦʛʦ ʥʘ 

ʝʢʨʘʥʽ, ʚʽʥ ʟʨʘʟʫ ʟʤʦʞʝ ʧʦʙʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ 

ʥʘ ʣʽʢʫʚʘʥʥʽ, ʢʽʣʴʢʽʩʪʴ ʚʠʧʠʩʦʢ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʚʠʜʘʪʠ, ʘ ʮʝ ʧʦʣʽʧʰʠʪʴ 

ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʧʦʣʝʛʰʠʪʴ ʨʦʙʦʪʫ. 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʥʝ ʦʩʥʦʚʥʠʡ ʤʦʤʝʥʪ ʨʦʙʦʪʠ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʷʢʽʩʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚʠʚʯʠʣʠ ʧʦʪʨʝʙʠ ʣʽʢʘʨʽʚ-ʧʝʜʽʘʪʨʽʚ, 

ʷʢʽ ʧʨʘʮʶʶʪʴ  ʚ ʂʦʣʦʤʠʡʩʴʢʽʡ ʜʠʪʷʯʽʡ ʣʽʢʘʨʥʽ. ʆʩʥʦʚʥʦʶ ʩʢʘʨʛʦʶ 

ʙʫʣʦ ʪʝ, ʱʦ ʽʩʥʫʶʯʽ ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ʜʫʞʝ ʩʢʣʘʜʥʽ ʜʣʷ 

ʦʟʥʘʡʦʤʣʝʥʥʷ ʪʘ ʰʚʠʜʢʦʾ ʨʦʙʦʪʠ ʟ ʥʠʤʠ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʣʽʢʘʨʽʚ ʥʝ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʢʦʤʧôʶʪʝʨʘʤʠ ʚ ʱʦʜʝʥʥʦʤʫ ʞʠʪʪʽ, ʽʥʪʝʨʬʝʡʩ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʽʥʪʫʾʪʠʚʥʠʡ 

ʪʘ  ʧʨʦʩʪʠʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʝʷʢʠʭ ʧʨʦʮʝʩʽʚ. ʇʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʩʧʝʢʪʠʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʷʜ 

ʬʫʥʢʮʽʡ, ʷʢʽ ʚʽʥ ʤʦʞʝ ʧʝʨʝʙʨʘʪʠ ʥʘ ʩʝʙʝ. ʎʽ ʬʫʥʢʮʽʾ ʚʢʣʶʯʘʶʪʴ: 
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ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʧʘʮʽʻʥʪʽʚ, ʨʦʟʨʦʙʢʘ ʘʥʘʣʽʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ 

ʜʦʧʦʤʦʞʫʪʴ ʰʚʠʜʰʝ ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ (ʘʥʘʣʽʟʫʶʯʠ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʴ ʪʘ ʚʠʟʥʘʯʘʶʯʠ ʧʦʜʘʣʴʰʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ 

ʣʽʢʫʚʘʥʥʷ).  

ʆʩʢʽʣʴʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʣʶʜʝʡ ʧʦʪʨʽʙʥʦ 

ʧʨʦʚʝʩʪʠ ʙʘʛʘʪʦ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʮʷ ʽʜʝʷ ʧʦʢʠ ʥʝ 

ʨʦʟʨʦʙʣʝʥʘ. 

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ ʟʨʫʯʥʠʡ ʪʘ ʢʦʨʠʩʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʣʽʢʘʨʽʚ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘ ʨʦʙʦʪʫ ʤʝʜʠʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʆʪʞʝ, ʜʘʥʠʡ ʧʨʦʻʢʪ ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʧʦʣʽʧʰʝʥʥʽ ʨʦʙʦʪʠ 

ʣʽʢʘʨʽʚ ʪʘ ʷʢʦʩʪʽ ʤʝʜʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ɺʦʣʦʜʠʤʠʨ ʂʨʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸʨʭʝʣʶʢ  ʆ.ɼ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʬʦʪʦʯʫʪʣʠʚʠʡ ʙʽʦʧʦʣʽʤʝʨ ʤʝʪʦʜʦʤ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ 

ʄʶʣʣʝʨʘ 
ʄʝʪʦʜʠ ʦʧʪʠʢʠ ʩʚʽʪʣʦʨʦʟʩʽʶʚʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʬʦʨʤʠ, 

ʦʨʽʻʥʪʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʦʣʽʜʠʩʧʝʨʩʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʮʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʡʦʛʦ ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʠʪʠ 

ʬʽʟʽʦʣʦʛʽʯʥʽ ʡ ʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʢʣʽʪʠʥ, ʚʠʢʣʠʢʘʥʽ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ 

ʪʘ ʭʽʤʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʩʪʠ ʰʚʠʜʢʠʡ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʤʘʪʨʠʮʷ ʩʚʽʪʣʦʨʦʟʩʽʶʚʘʥʥʷ ʤʽʩʪʠʪʴ ʚʩʶ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʠʩʧʝʨʩʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʜʦʩʪʫʧʥʫ ʦʧʪʠʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʨʠʯʥʠʡ ʤʝʪʦʜ [1]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ (ʋʌ) ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʘʤʬʽʬʽʣʴʥʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʚʽʪʣʦʯʫʪʣʠʚʦʾ ʧʫʨʧʫʨʦʚʦʾ 

ʤʝʤʙʨʘʥʠ. ɺʠʤʽʨʶʶʪʴʩʷ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʪʦʥʢʽ 

ʧʣʽʚʢʠ ʤʘʪʨʠʮʽ ʄʶʣʣʝʨʘ, ʱʦ ʤʽʩʪʷʪʴ ʪʘʢʽ ʬʦʪʦʘʢʪʠʚʥʽ ʙʽʦʧʦʣʽʤʝʨʠ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʉʪʦʢʩ-ʛʦʥʽʦʤʝʪʨʽ ʚ ʧʦʣʽ ʨʦʟʩʽʶʚʘʥʥʷ 

ʨʠʙʘʣʦʢ Ŭ = 0 õ 170Á. ɿʦʥʜʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚ = 

632,8 ʥʤ. 

ʆʙ'ʻʢʪ ʨʦʟʪʘʰʦʚʫʚʘʚʩʷ ʚ ʥʘʧʨʷʤʢʫ ʥʦʨʤʘʣʴʥʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʦʛʦ 

ʧʨʦʤʝʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʣʽʚʢʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ 

ʤʦʣʝʢʫʣ ʫ ʰʘʨʽ. ʉʪʫʧʽʥʴ ʧʦʣʷʨʠʟʘʮʽʾ ʚʠʟʥʘʯʘʣʠ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ: 

   ̔  , 

 ʜʝ I0,0, I0,90, I90,0,  90,90 - ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʣʷʨʠʟʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟ 

ʘʟʠʤʫʪʘʤʠ ʜʣʷ ʧʦʣʷʨʠʟʘʪʦʨʘ ʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʚʽʜʥʦʩʥʦ ʦʧʦʨʥʦʾ ʧʣʦʱʠʥʠ 

90,00,0

90,00,0

II

II
P
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-
=

0,9090,90

0,9090,90
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ʚʜ̔ʧʦʚʽʜʥʦ ʜʦ ʥʠʟʴʢʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɺʠʤʽʨʶʚʘʥʥʷ P ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʜʚʦʭ 

ʦʨʽʻʥʪʘʮʽʡ ʦʙ'ʻʢʪʘ ɗ = 0Á, 90Á ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʧʦʨʥʦʾ ʧʣʦʱʠʥʠ.  

ʇʦʷʚʘ ʦʨʽʻʥʪʘʮʽʡʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʚ ʙʽʦʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʢʘʭ ʟʫʤʦʚʣʝʥʘ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʩʝʣʝʢʪʠʚʥʠʤ ʧʦʛʣʠʥʘʥʥʷʤ ʋʌ-ʘʤʬʽʬʽʣʴʥʠʤʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʚ ʧʨʦʮʝʩʽ ʦʧʨʦʤʽʥʝʥʥʷ. ʗʢʱʦ 

ʩʧʦʯʘʪʢʫ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʙʫʣʠ ʭʘʦʪʠʯʥʠʤʠ, ʪʦ ʟʘʚʜʷʢʠ ʩʚʦʻʤʫ 

ʨʦʟʪʘʰʫʚʘʥʥʶ ʜʦ ʘʟʠʤʫʪʘ ʧʦʣʷʨʠʟʘʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʦʛʦ ʩʚʽʪʣʘ ʚʦʥʠ 

ʥʘʙʫʚʘʶʪʴ ʧʨʠʥʮʠʧʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ. ʇʘʨʘʤʝʪʨ ʥʝʩʬʝʨʠʯʥʦʩʪʽ ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʩʪʘʥʦʚʠʪʴ æ = 0,18, ʪʦʙʪʦ ʬʦʨʤʘ ʘʤʬʽʬʽʣʴʥʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʬʝʨʠʯʥʦʾ. 

ɽʬʝʢʪʠʚʥʠʡ ʨʦʟʤʽʨ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚʠʟʥʘʯʘʣʠ ʟʘ ʢʫʪʦʤ ʨʦʟʩʽʶʚʘʥʥʷ 

Ŭ, ʜʝ ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ (ʄʈʉ) ä33 = 0. ʋ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ Ŭ = 98Á, ʱʦ ʚʢʘʟʫʻ ʥʘ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʤʽʨ 

ʤʘʢʨʦʤʦʣʝʢʫʣʠ 1õ2 ʤʢʤ. 

ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʫʪʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʝʥʫʣʴʦʚʦʾ 

ʢʦʤʧʦʥʝʥʪʠ äik ʄʈʉ ʧʣʽʚʦʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʘʤʬʽʬʽʣʴʥʽ ʤʦʣʝʢʫʣʠ, ʚʠʷʚʠʣʠ, 

ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʣʷʨʠʟʦʚʘʥʠʤ ʋʌ-ʩʚʽʪʣʦʤ 

ʩʧʨʠʯʠʥʷʻ: 

1. ʇʽʜʚʠʱʫʻʪʴʩʷ ʩʪʫʧʽʥʴ ʛʦʣʦʚʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʩʠʩʪʝʤʠ ʦʧʪʠʯʥʠʭ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ, ʪʦʙʪʦ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʟʙʽʣʴʰʝʥʥʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ä13 ʤʘʣʠʭ ʽ ʚʝʣʠʢʠʭ ʢʫʪʽʚ ʨʦʟʩʽʶʚʘʥʥʷ. 

2. ɿʙʽʣʴʰʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʤʽʨ ʚʢʘʟʘʥʠʭ ʮʝʥʪʨʽʚ ʨʦʟʩʽʶʚʘʥʥʷ 

ʩʚʽʪʣʘ. ʆʮʽʥʢʫ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʟʥʘʯʝʥʥʷ ä22 ʚ ʾʾ ʤʽʥʽʤʫʤʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ Ŭ, ʱʦ ʜʦʨʽʚʥʶʻ 

ä33=0. 

3. ɿʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʥʝʩʬʝʨʠʯʥʦʩʪʽ ʮʝʥʪʨʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ ʟʨʘʟʢʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ |ä33 ï 

ä44| ʚ Ŭ Ó 150Á. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Arkhelyuk A., Pidkamin L., Khudyi O. a, Marchenko M., Khuda L., Ushenko A., 

Dubolazov A., Motrich A. Features of the scattering of polarized light by biological 

materials of fish. Proc. SPIE. 2021. 12126. 
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ɺʣʘʜʠʩʣʘʚ ʂʫʟʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɻʦʨʩʴʢʠʡ ʄ. ʇ. 
 

ʉʠʩʪʝʤʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʷʚʠʱ 

ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ 
 

ɺ ʥʘʰ ʯʘʩ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ɯʊ-ʪʝʭʥʦʣʦʛʽʾ,  ʤʦʞʥʘ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʥʠʟʢʫ ʚʘʞʢʠʭ ʟʘʜʘʯ ʪʘ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʥʘ ʰʣʷʭʫ 

ʝʚʦʣʶʮʽʾ ʣʶʜʠʥʠ. ʅʘʞʘʣʴ, ʫʧʨʦʜʦʚʞ ʫʩʽʻʾ ʽʩʪʦʨʽʾ ʣʶʜʩʪʚʘ, ʥʘ ʰʣʷʭʫ 

ʧʨʦʛʨʝʩʫ ʩʪʦʾʪʴ ʥʠʟʢʘ ʧʝʨʝʰʢʦʜ: ʮʠʢʣʦʥʠ, ʧʦʚʝʥʽ, ʚʠʚʝʨʞʝʥʥʷ 

ʚʫʣʢʘʥʽʚ, ʮʫʥʘʤʽ, ʫʨʘʛʘʥʠ, ʙʫʨʝʚʽʾ ʪʘ ʟʝʤʣʝʪʨʫʩʠ. ʉʴʦʛʦʜʥʽ ʜʦʩʪʦʚʽʨʥʦ 

ʥʝʚʽʜʦʤʘ ʧʨʠʯʠʥʘ ʚʠʥʠʢʥʝʥʥʷ ʮʠʭ ʷʚʠʱ, ʥʝ ʚʠʚʯʝʥʘ ʧʨʠʨʦʜʘ ʾʭʥʴʦʛʦ 

ʚʠʥʠʢʥʝʥʥʷ, ʘʣʝ ʜʝʷʢʽ ʟ ʥʠʭ ʻ ʧʨʦʛʥʦʟʦʚʘʥʽ ʪʘ ʮʠʢʣʽʯʥʽ. ɯ ʥʘ ʦʩʥʦʚʽ 

ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʘ ʩʘʤʝ ʧʨʘʮʶʶʯʠ 

ʟʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ), ʤʦʞʥʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʥʘʰʝ 

ʞʠʪʪʷ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʜʣʷ ʥʘʰʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. 

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʜʦʜʘʪʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʘʣʛʦʨʠʪʤ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʥʝʚʽʜʦʤʠʡ ʥʘʧʝʨʝʜ. 

ɯ ʪʦʤʫ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ʪʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ML[1] (ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ) ʙʫʜʫʻʪʴʩʷ ʥʘ ʪʘʢʠʭ ʪʨʴʦʭ ʢʠʪʘʭ: 

1. ɼʘʥʽ ï ʙʘʟʦʚʘ ʽʥʬʦʨʤʘʮʽʷ. ʉʶʜʠ ʚʭʦʜʷʪʴ ʙʫʜʴ-ʷʢʽ ʚʠʙʽʨʢʠ ʜʘʥʠʭ, 

ʨʦʙʦʪʽ ʟ ʷʢʠʤʠ ʧʦʪʨʽʙʥʦ ʥʘʚʯʠʪʠ ʩʠʩʪʝʤʫ. 

2. ʆʟʥʘʢʠ ï ʄʠ ʜʝʪʝʨʤʽʥʫʻʤʦ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʽ ʬʘʢʪʦʨʠ ʽ 

ʚʠʨʽʰʫʻʤʦ, ʷʢʽ ʩʘʤʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʠʥʥʘ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʠʩʪʝʤʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʚʯʘʥʥʷ. 

3. ɸʣʛʦʨʠʪʤ ï ʚʠʙʽʨ ʤʝʪʦʜʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ʂʦʣʠ ʤʠ ʦʪʨʠʤʘʣʠ ʷʢʽʩʥʦ ʦʧʠʩʘʥʽ ʧʝʨʝʣʽʯʝʥʽ ʚʠʱʝ ʧʫʥʢʪʠ, ʤʦʞʥʘ 

ʧʨʠʩʪʫʧʘʪʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʦʙʨʘʥʦʾ ʧʨʦʙʣʝʤʘʪʠʢʠ. 

ʇʨʠ ʨʦʙʦʪʽ ʟ ʜʘʥʠʤʠ ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʜʘʥʠʭ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʪʝʤʧ ʨʦʟʨʦʙʢʠ ʪʘ ʨʽʚʝʥʴ ʧʝʨʪʨʫʙʘʮʽʾ 

ʽʤʦʚʽʨʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ. ɺ ʧʘʨʘʤʝʪʨ ʷʢʦʩʪʽ ʜʘʥʠʭ 

ʚʭʦʜʷʪʴ: ʪʦʯʥʽʩʪʴ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʜʘʥʽ ʟ ʥʠʟʢʦʶ ʜʦʜʘʪʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

ʗʢʱʦ ʡʜʝ ʤʦʚʘ ʧʨʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʟʝʤʣʝʪʨʫʩʽʚ, ʪʦ ʚʠʟʥʘʯʥʠʤ ʢʨʠʪʝʨʽʻʤ 

ʚʠʩʪʫʧʘʪʠʤʝ ʤʘʛʥʽʪʫʜʘ (ʣʝʛʢʽ ʢʦʣʠʚʘʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʧʣʠʪ). ʗʢʱʦ 
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ʤʘʛʥʽʪʫʜʘ ʜʦʩʷʛʘʻ ʧʝʚʥʦʛʦ ʨʽʚʥʷ, ʜʣʷ ʪʦʯʥʦʩʪʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʤʦʞʥʘ 

ʚʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ (ʥʘʧʨʠʢʣʘʜ, ʟʘʧʘʭ ʛʘʟʫ, ʜʝ ʨʘʥʽʰʝ ʮʴʦʛʦ ʥʝ 

ʚʽʜʟʥʘʯʘʣʦʩʴ, ʪʨʠʚʦʛʘ ʧʪʘʭʽʚ ʪʘ ʜʦʤʘʰʥʽʭ ʪʚʘʨʠʥ, ʽʩʢʨʠ ʤʽʞ ʙʣʠʟʴʢʦ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʜʨʦʪʘʤʠ). ʆʢʨʽʤ ʚʠʙʦʨʫ ʢʦʨʝʢʪʥʠʭ 

ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʾʭʥʶ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʪʘʢʠʤʠ ʙʽʙʣʽʦʪʝʢʘʤʠ: Datetime (ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʽ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʚʝʨʪʘʮʽʾ ʜʘʥʠʭ) Pandas (ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

ʜʘʥʠʤʠ ʪʘ ʾʭʥʴʦʛʦ ʘʥʘʣʽʟʫ) ʪʘ Numpy. ɼʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʨʦʟʫʤʽʥʥʷ ʡ 

ʩʧʨʦʱʝʥʥʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ ʚʘʨʪʦ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʤʘʩʰʪʘʙ ʨʦʙʦʪʠ, 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢ Basemap ʽ Matplotlib.   

 
ʈʠʩ. 1. ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ ʥʘ ʢʘʨʪʽ ʩʚʽʪʫ 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʪʠ ʘʣʛʦʨʠʪʤ. 

ʉʴʦʛʦʜʥʽ ʙʽʙʣʽʦʪʝʢʘ TensorFlow[2] ʻ ʦʜʥʠʤ ʟ ʥʘʡʢʨʘʱʠʭ ʨʽʰʝʥʴ ʚ 

ʛʘʣʫʟʽ ML. TensorFlow ð ʮʝ ʧʦʪʫʞʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʤʘ 

ʘʩʧʝʢʪʘʤʠ ʩʠʩʪʝʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʎʷ ʙʽʣʽʦʪʝʢʘ  ʧʨʝʜʩʪʘʚʣʷʻ 

ʚʠʩʦʢʦʨʽʚʥʝʚʠʡ API ʟ ʽʤʝʥʝʤ tf.keras ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʂʨʽʤ ʮʴʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʧʨʘʘʠʣʴʥʦ 

ʥʘʣʘʰʪʫʚʘʪʠ ʥʘʚʯʝʥʫ ʥʝʡʨʦʥʫ ʤʦʜʝʣʴ (ʧʽʜʽʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʛʽʧʝʨʧʘʨʘʤʝʪʨʠ). ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ, ʜʣʷ ʧʨʠʢʣʘʜʫ GridSearchCV ʽ randomizedsearchcv. 
 ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ï [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://evergreens.com.ua/ua/articles/machine-learning-overview.html 

2. Learn TensorFlow Fundamentals ï [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://blog.bitsrc.io/learn-tensorflow-fundamentals-in-20-minutes-

cdef2dec331a 
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ʆʣʝʢʩʘʥʜʨ ʂʫʣʝʰ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʂʘʪʝʨʠʥʯʫʢ ɺ.ʄ. 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ  

ʫ ʙʜʞʽʣʴʥʠʮʪʚʽ 

 
ʑʦʨʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʙʜʞʦʣʷʨʽʚ ʻ ʚʝʣʠʢʠʡ ʚʽʜʭʽʜ ʙʜʞʦʣʠʥʠʭ ʩʽʤʝʡ 

ʧʽʩʣʷ ʟʠʤʽʚʣʽ ʥʘ ʚʦʣʽ. ʇʨʠʯʠʥ ʾʭ ʟʘʛʠʙʝʣʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʙʘʛʘʪʦ, ʘʣʝ 

ʙʜʞʦʣʷʨʽ ʰʫʢʘʶʪʴ ʽ ʧʨʘʢʪʠʢʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʟʙʝʨʝʞʝʥʥʷ ʙʜʞʽʣ. 

ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʧʦʣʽʧʰʝʥʥʷ ʟʠʤʽʚʣʽ, ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʦʟʚʠʪʢʫ ʙʜʞʽʣ 

ʚʝʩʥʦʶ ʩʪʘʣʦ ʝʣʝʢʪʨʦʦʙʽʛʨʽʚʘʥʥʷ ʩʽʤʝʡ [1, 2]. ʇʝʨʰʽ ʩʧʨʦʙʠ ʱʦʜʦ 

ʦʙʽʛʨʽʚʘʥʥʷ ʩʽʤʝʡ ʫ ʚʫʣʠʢʘʭ ʜʘʣʠ ʦʙʥʘʜʽʡʣʠʚʽʨʝʟʫʣʴʪʘʪʠ. 

ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝ ʦʙʽʛʨʽʪʠʤʠ ʩʽʤôʷʤʠ ʨʦʟʚʠʪʦʢ 

ʦʙʽʛʨʽʪʠʭ ʩʽʤʝʡ ʚʝʩʥʦʶ ʚʠʧʝʨʝʜʞʘʻ ʧʝʨʰʠʭ ʥʘ 2-3 ʪʠʞʥʽ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʷʢ ʪʝʧʣʦʚʝ ʜʞʝʨʝʣʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʙʜʞʽʣ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʦʜʫʣʽ (ʊɽʄ)[3]. ʊɽʄ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʽ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʠ ʟ ʢʝʨʘʤʽʯʥʠʤʠ ʛʨʘʥʷʤʠʨʦʟʤʽʨʘʤʠ 40Ĭ40Ĭ4 ʤʤ
3
 ʽ ʤʘʶʪʴ 

ʜʚʘ ʝʣʝʢʪʨʠʯʥʽ ʚʠʚʦʜʠ. ʇʨʠ ʧʨʦʪʽʢʘʥʥʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʝʚʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ ʦʜʥʘ ʛʨʘʥʴ ʊɽʄ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʘ ʽʥʰʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ. ɿʽ 

ʟʤʽʥʦʶ ʧʦʣʷʨʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʟʤʽʥʶʻʪʴʩʷ ʽ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ 

ʛʨʘʥʝʡ ʥʘ ʧʨʦʪʠʣʝʞʥʝ. ʆʪʞʝ, ʊɽʄ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʨʝʞʠʤ ʫ ʚʫʣʠʢʫ, ʥʘʛʨʽʚʘʶʯʠ ʯʠ ʦʭʦʣʦʜʞʫʶʯʠ ʧʦʚʽʪʨʷ ʚ ʥʴʦʤʫʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʫʪʨʠʤʘʥʥʷ ʙʜʞʦʣʠʥʠʭ ʩʽʤʝʡ ʫ ʚʫʣʠʢʘʭ. 

      ʈʦʟʨʘʭʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʨʝʟʝʨʚʫʘʨʠʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʦʢʫ ʘʙʦ 

ʧʨʠʪʦʢʫ ʪʝʧʣʘ ʥʘ ʛʨʘʥʷʭ ʊɽʄ ʚ ʨʝʞʠʤʽ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʘ/ʭʦʣʦʜʫ. 

ʊʝʧʣʦʚʠʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ ʩʣʫʛʫʶʪʴ ʘʣʶʤʽʥʽʻʚʽ ʧʣʘʩʪʠʥʠ. ɿʘʚʜʷʢʠ 

ʤʘʣʠʤ ʨʦʟʤʽʨʘʤ, ʊɽʄ ʟ ʧʣʘʩʪʠʥʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʚ ʨʽʟʥʠʭ 

ʯʘʩʪʠʥʘʭ ʚʫʣʠʢʘ, ʘ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʝ ï ʟʥʠʟʫ ʨʘʤʦʢ ʛʥʽʟʜʘ ʘʙʦ ʟʚʝʨʭʫ 

ʨʘʤʦʢ. 

ɼʣʷ ʮʽʣʝʡ ʦʙʽʛʨʽʚʘʥʥʷ ʫʢʨʘʾʥʩʴʢʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʧʦʯʘʣʘ ʚʠʧʫʩʢʘʪʠ 

ʦʙʽʛʨʽʚʘʯʽ ʨʽʟʥʠʭ ʪʠʧʽʚ: ʧʣʠʪʢʦʚʽʢʝʨʘʤʽʯʥʽ, ʧʣʘʩʪʠʥʯʘʩʪʽ ʧʦʣʽʝʪʠʣʝʥʦʚʽ, 

ʛʦʣʦʚʥʠʤ ʚʥʫʪʨʽʰʥʽʤ ʝʣʝʤʝʥʪʦʤ ʷʢʠʭ ʻ ʥʘʛʨʽʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʽʟ ʜʨʦʪʫ. 

ʊʘʢʽ ʥʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʞʠʚʣʷʪʴʩʷ ʥʘʧʨʫʛʦʶ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 12 ɺ ʽ 

ʩʧʦʞʠʚʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ 10-15 ɺʪ. ʆʢʨʝʤʽ ʥʘʛʨʽʚʥʠʢʠ ʤʦʞʫʪʴ 
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ʧʦʻʜʥʫʚʘʪʠʩʴ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘʤʠ ʥʘ ʧʝʚʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ. 

ʇʝʨʝʚʘʛʦʶ ʊɽʄ ʥʘʜ ʨʝʟʠʩʪʠʚʥʠʤʠ ʥʘʛʨʽʚʘʯʘʤʠ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʫ ʚʫʣʠʢʫ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʧʦʚʝʨʪʘʪʠ ʙʜʞʦʣʠʥʽ 

ʩʽʤôʾ  ʫ ʨʦʙʦʯʠʡ ʩʪʘʥ ʚ ʧʝʨʽʦʜʠ ʘʥʦʤʘʣʴʥʦʾ ʩʧʝʢʠ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʾʭ 

ʨʦʟʚʠʪʦʢ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʥʦʤʥʦʛʦ ʞʠʚʣʝʥʥʷ ʊɽʄ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʉɽ) ʪʘ ʘʢʫʤʫʣʷʪʦʨʘ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʞʠʚʣʝʥʥʷ ʊɽʄ ʨʝʛʫʣʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ 

ʜʘʪʯʠʢʘʤʠ, ʟʘʢʨʽʧʣʝʥʠʤʠ ʥʘ ʚʥʫʪʨʽʰʥʴʦ-ʛʥʽʟʜʦʚʽʡ ʽ ʟʦʚʥʽʰʥʽʭ 

ʯʘʩʪʠʥʘʭ ʚʫʣʠʢʘ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʾ ʪʝʨʤʦʨʝʛʫʣʷʮʽʾ ʫ ʚʫʣʠʢʘʭ 

ʧʦʚôʷʟʘʥʘ ʪʘʢʦʞ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ, ʥʝʜʦʩʪʘʪʥʽʩʪʶ ʢʦʨʤʦʚʦʾ ʙʘʟʠ ʜʣʷ 

ʙʜʞʽʣ, ʦʪʨʫʡʥʦʶ ʜʽʻʶ ʭʽʤʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʥʘ ʙʜʞʽʣ ʧʨʠ ʦʙʨʦʙʢʘʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʦʙʽʛʨʽʚʘʥʥʷ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʩʠʣʴʥʠʭ ʩʽʤʝʡ ʽ ʦʪʨʠʤʘʥʥʷ ʪʦʚʘʨʥʦʛʦ 

ʤʝʜʫ ʚʞʝ ʥʘ ʧʦʯʘʪʢʫ ʣʽʪʘ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʧʦʜʘʣʴʰʽ ʤʝʜʦʟʙʦʨʠ ʚʽʜʩʫʪʥʽ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʂʦʤʠʩʩʘʨ ɸ.ɼ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʠʤʦʚʢʘ ʤʝʜʦʥʦʩʥʳʭ ʧʯʝʣ. ïʂʠʝʚ, 

1994. ï 166 ʩ. 

2. ɽʩʴʢʦʚ ɽ.ʂ. ʄʠʢʨʦʢʣʠʤʘʪ ʧʯʝʣʠʥʦʛʦ ʞʠʣʠʱʘ // ʈʦʩʩʝʣʴʭʦʟʠʟʜʘʪ. ï ʄʦʩʢʚʘ, 

1983. ï 192 ʩ. 

3. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ: 

ʩʧʨʘʚʦʯʥʠʢ. ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1979. ï 766 ʩ. 
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ʆʣʝʢʩʽʡ ʂʫʯʝʨʷʚʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʫʨʢʦʚʝʮʴ ɼ.ʄ. 

 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

QoS ʤʝʨʝʞʽ. 

 
ʏʝʨʝʟ ʜʝʜʘʣʽ ʟʨʦʩʪʘʶʯʝ ʪʘ ʛʣʦʙʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʥʪʝʨʥʝʪʫ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʘʙʦʥʝʥʪʘʤʠ, ʥʘʧʨʠʢʣʘʜ, Voice-

over-IP (VoIP), ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʩʝʨʡʦʟʥʠʤʠ ʧʠʪʘʥʥʷ ʱʦʜʦ ʷʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʣʦʩʦʚʦʛʦ ʪʘ ʚʽʜʝʦ- ʟʚôʷʟʢʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʦʪʦʢʦʣʽʚ ʽ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ (WiFi, 

WiMAX, 3G, 4G, LTE, CDMA, GSM, EDGE ʪʦʱʦ) ʚ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ ʽʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʟʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʪʨʘʬʽʢʫ ʚ ɯʈ-

ʤʝʨʝʞʘʭ. ʊʨʘʬʽʢ VoIP ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʘʢʽ ʨʽʟʥʦʨʽʜʥʽ ʤʝʨʝʞʽ, ʧʨʠ 

ʮʴʦʤʫ ʷʢʽʩʪʴ ʧʦʩʣʫʛ (QoS) ʟʘʟʥʘʻ ʧʦʤʽʪʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ. [1] 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʦʚʠʭ ʜʘʥʠʭ 

ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ʧʦʪʨʽʙʝʥ ʢʦʤʧʣʝʢʩ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʘʥʘʣʽʟʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʛʨʘʤ, ʨʦʟʛʦʨʥʫʪʠʭ ʚ ʢʦʥʢʨʝʪʥʠʭ ʤʝʨʝʞʘʭ. 

ɯʩʥʫʻ ʪʨʠ ʤʝʪʦʜʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤ ʚ ʢʦʥʢʨʝʪʥʠʭ ʤʝʨʝʞʝʚʠʭ ʫʤʦʚʘʭ: ʤʝʨʝʞʘ ʪʝʩʪʫʚʘʥʥʷ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʤʝʪʦʜ ʽʤʽʪʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʪʘ ʤʝʪʦʜ ʝʤʫʣʷʮʽʾ ʤʝʨʝʞʽ. 

ʂʦʞʝʥ ʤʝʪʦʜ ʤʘʻ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ, ʷʢʽ ʜʦʧʦʚʥʶʶʪʴ ʦʜʠʥ 

ʦʜʥʦʛʦ. ʈʝʘʣʽʟʘʮʽʷ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʩʫʨʩʽʚ, 

ʜʦʧʦʤʽʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʚʠʤʦʛ. [2] 

ʗʢʽʩʪʴ ʛʦʣʦʩʫ VoIP ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ ʰʣʷʭʦʤ ʧʨʠʡʥʷʪʪʷ ʧʝʚʥʠʭ 

ʟʘʭʦʜʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʪʨʘʬʽʢʫ, ʪʘʢʠʭ ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ, 

ʤʘʨʢʫʚʘʥʥʷ, ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʧʨʽʦʨʠʪʝʟʘʮʽʷ ʪʦʱʦ. ʈʽʟʥʽ ʤʝʪʨʠʢʠ QoS, 

ʪʘʢʽ ʷʢ ʟʘʪʨʠʤʢʘ, ʚʪʨʘʪʘ ʧʘʢʝʪʽʚ ʽ ʪʨʝʤʪʽʥʥʷ, ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ 

ʛʦʣʦʩʫ VoIP. ʑʦʙ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ, ʦʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʻ 

ʨʝʘʣʽʟʘʮʽʷ ʧʝʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ QoS ʟ ʜʝʷʢʠʤ ʥʘʙʦʨʦʤ ʢʦʥʬʽʛʫʨʘʮʽʡ. ɿ 

ʮʽʻʶ ʤʝʪʦʶ IP-ʪʝʣʝʬʦʥʠ Cisco ʙʫʣʠ ʥʘʣʘʰʪʦʚʘʥʽ ʚ ʥʘʰʽʡ ʪʦʧʦʣʦʛʽʾ ʟ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, ʢʦʤʫʪʘʪʦʨʘʤʠ, ʛʝʥʝʨʘʪʦʨʘʤʠ ʪʨʘʬʽʢʫ, ʢʽʥʮʝʚʠʤʠ 

ʩʪʘʥʮʽʷʤʠ ʪʘ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ NIST Net ʚ ʷʢʦʩʪʽ ʝʤʫʣʷʪʦʨʘ 

ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ ʽʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʇɿ NIST Net. [3]  

 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ, 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʮʝʥʘʨʽʾ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʱʦʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʣʽʪʠʢ QoS ʚ ʤʝʨʝʞʝʚʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʟ ʢʦʥʪʨʦʣʝʤ ʷʢʦʩʪʽ.  

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. Ralf Ebbinahaus, ˈVoIP lessons: Look who's calling,ớ IET 

Communications Engineer, vol. 1, no. 5, pp. 28 - 31, October-

November 2013. [Online]. 

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=1244763 

2. Burbank, ˈModeling and Simulation: A Practical Guide for 

Network Designers and Developers, IEEE Communications 

Magazine, vol. 47, no. 3, p. 118, March 2009. 

3. NIST Net web site. http://www.antd.nist.gov/nistnet. 
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ɺʘʣʝʨʽʷ ʂʫʰʥʽʨ, ʉʪʘʥʽʩʣʘʚ ɹʣʘʛʦʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ɺ. ɼʫʙʦʣʘʟʦʚ 

 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʠʜʘʥʴ 

 
ʇʨʦʝʢʪʫʚʘʥʥʷ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʠʜʘʥʴ ʻ 

ʧʨʦʮʝʩʦʤ ʩʪʚʦʨʝʥʥʷ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʘ ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʪʘʢʠʭ ʷʢ ʢʦʤʧ'ʶʪʝʨʠ, ʤʦʙʽʣʴʥʽ 

ʪʝʣʝʬʦʥʠ ʪʘ ʧʣʘʥʰʝʪʠ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʪʘʢʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʜʦʩʚʽʜʫ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ 

ʙʫʜʴ-ʷʢʦʤʫ ʧʨʠʩʪʨʦʾ [1]. 

ʆʩʥʦʚʥʽ ʢʨʦʢʠ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʚʠʜʘʥʴ ʚʢʣʶʯʘʶʪʴ: 

 ɺʠʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ ʪʘ ʾʾ ʧʦʪʨʝʙ. 

 ɺʠʟʥʘʯʝʥʥʷ ʧʣʘʪʬʦʨʤ, ʥʘ ʷʢʠʭ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʢʦʥʪʝʥʪ. 

 ʈʦʟʨʦʙʢʘ ʢʦʥʮʝʧʪʫ ʪʘ ʩʪʨʫʢʪʫʨʠ ʢʦʥʪʝʥʪʫ. 

 ʈʦʟʨʦʙʢʘ ʜʠʟʘʡʥʫ ʪʘ ʽʥʪʝʨʬʝʡʩʫ. 

 ʈʦʟʨʦʙʢʘ ʪʘ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ. 

 ʊʝʩʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʪʝʥʪʫ ʜʣʷ ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤ. 

 ɺʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʢʦʥʪʝʥʪʫ ʥʘ ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤʘʭ. 

 ʈʝʣʽʟ ʪʘ ʧʽʜʪʨʠʤʢʘ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ. 

ɼʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʜʘʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ HTML5, CSS, 

JavaScript, Adobe Flash, Unity, Unreal Engine ʪʘ ʽʥʰʽ. ɺʘʞʣʠʚʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʩʧʝʮʠʬʽʢʫ ʢʦʞʥʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʫʤʽʩʥʽʩʪʴ 

ʢʦʥʪʝʥʪʫ ʟ ʥʝʶ [2]. 

ʋ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʜʘʥʴ ʪʘʢʦʞ 

ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʪʘ ʰʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʢʦʥʪʝʥʪʫ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʛʣʠ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʦʩʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʘʢʦʞ ʩʣʽʜ ʧʘʤ'ʷʪʘʪʠ ʧʨʦ ʙʝʟʧʝʢʫ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ 

ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʦʢʨʝʤʘ, ʧʨʦ ʟʘʭʠʩʪ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʝʥʪʫ. 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʜʘʥʴ 

ʪʘʢʦʞ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʟʤʽʨ ʝʢʨʘʥʽʚ ʥʘ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ ʪʘ 

ʘʜʘʧʪʫʚʘʪʠ ʢʦʥʪʝʥʪ ʜʦ ʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʘʭ 
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ʜʠʟʘʡʥ ʪʘ ʽʥʪʝʨʬʝʡʩ ʧʦʚʠʥʥʽ ʙʫʪʠ ʙʽʣʴʰ ʧʨʦʩʪʠʤʠ ʪʘ ʟʨʫʯʥʠʤʠ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʣʝʬʦʥ ʦʜʥʽʻʶ ʨʫʢʦʶ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʜʘʥʴ 

ʧʦʚʠʥʥʦ ʚʢʣʶʯʘʪʠ ʩʪʨʘʪʝʛʽʾ ʤʘʨʢʝʪʠʥʛʫ ʪʘ ʨʝʢʣʘʤʠ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ 

ʟʘʣʫʯʠʪʠ ʙʽʣʴʰʝ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʙʽʣʴʰʠʪʠ ʧʦʧʫʣʷʨʥʽʩʪʴ ʢʦʥʪʝʥʪʫ. ʎʝ 

ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʧʦʰʫʢʦʚʫ ʦʧʪʠʤʽʟʘʮʽʶ (SEO), ʩʦʮʽʘʣʴʥʠʡ ʤʘʨʢʝʪʠʥʛ ʪʘ 

ʨʝʢʣʘʤʫ ʚ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ. 

ʋ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʚʜʘʥʴ ʚʘʞʣʠʚʦ 

ʪʘʢʦʞ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ, ʷʢʽ ʨʝʛʫʣʶʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ. ʅʘʧʨʠʢʣʘʜ, ʢʦʥʪʝʥʪ ʧʦʚʠʥʝʥ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʱʦʜʦ ʟʘʭʠʩʪʫ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ, ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ 

ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʽʥʰʠʭ ʝʪʠʯʥʠʭ ʪʘ ʧʨʘʚʦʚʠʭ ʧʠʪʘʥʴ [1,2]. 

ʋ ʧʽʜʩʫʤʢʫ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʚʜʘʥʴ ʻ ʩʢʣʘʜʥʠʤ ʪʘ ʙʘʛʘʪʦʘʩʧʝʢʪʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʚʠʤʘʛʘʻ ʟʥʘʥʴ ʪʘ 

ʜʦʩʚʽʜʫ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʜʠʟʘʡʥ, ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʘʨʢʝʪʠʥʛ ʪʘ ʧʨʘʚʦʚʽ ʧʠʪʘʥʥʷ. ʆʜʥʘʢ, ʟ ʧʨʘʚʠʣʴʥʠʤ 

ʧʽʜʭʦʜʦʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, 

ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʷʢʽʩʥʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʡ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʢʦʥʪʝʥʪ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. "Cross-Platform Development with Qt" by Michael Smith - 

https://www.amazon.com/Cross-Platform-Development-Qt-Michael-

Smith/dp/0133814866. 

2. "Mobile Design and Development" by Brian Fling - 

https://www.amazon.com/Mobile-Design-Development-practical-

making/dp/0596155441 

 

  

https://www.amazon.com/Cross-Platform-Development-Qt-Michael-Smith/dp/0133814866
https://www.amazon.com/Cross-Platform-Development-Qt-Michael-Smith/dp/0133814866
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ʄʠʭʘʡʣʦ ʃʠʪʚʠʥʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄʠʢʠʪʶʢ  ʇ.ɼ. 

ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊɽɼɾ  

ʟ̔ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʽ ʤʝʪʘʣʝʚʠʤʠ ʪʝʨʤʦʧʘʨʘʤʠ 
 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ (ʊɽɼɾ) ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʆʩʦʙʣʠʚʦ 

ʝʬʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊɽɼɾ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʷʜʫ ʩʧʝʮʽʘʣʴʥʠʭ 

ʟʘʜʘʯ. ɿʦʢʨʝʤʘ, ʘʢʪʫʘʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊɽɼɾ ʫ ʚʽʡʩʴʢʦʚʽʡ ʪʝʭʥʽʮʽ, ʜʝ 

ʜʦ ʥʠʭ ʚʠʩʫʚʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦ ʞʦʨʩʪʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʤʦʛʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʽ ʢʣʽʤʘʪʠʯʥʠʤʠ ʚʧʣʠʚʘʤʠ 

ʧʨʠ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʘʭ ʥʘʜʽʡʥʦʩʪʽ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʦ ʚʠʱʫ Z ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʊɽʄ), ʚʦʥʠ ʥʝ 

ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʱʝʟʛʘʜʘʥʠʤ ʚʠʤʦʛʘʤ, ʦʩʦʙʣʠʚʦ ʱʦʜʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʝ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊɽɼɾ ʽʟ 

ʪʝʨʤʦʧʘʨʘʤʠ ʽʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʊɽʄ ʽ ʤʝʪʘʣʝʚʠʤʠ ʪʝʨʤʦʧʘʨʘʤʠ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟʘ ʦʩʥʦʚʫ ʚʠʙʨʘʥʦ ʩʪʚʦʨʝʥʫ ʚ ɯʥʩʪʠʪʫʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʢʽʣʴʮʝʚʫ ʪʝʨʤʦʙʘʪʘʨʝʶ ʽʟ ʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʍʦʯ ʤʝʪʘʣʝʚʽ ʪʝʨʤʦʧʘʨʠ  ʤʘʶʪʴ ʟʥʘʯʥʦ ʥʠʞʯʫ Z,  ʘʣʝ ʤʘʶʪʴ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ: ʧʨʦʩʪʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʜʝʰʝʚʰʽ, ʤʘʶʪʴ ʤʝʥʰʽ ʨʦʟʤʽʨʠ,  

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʙʦʯʽ ʧʝʨʝʧʘʜʠ ʪʝʤʧʝʨʘʪʫʨ ʫ 2-3 ʨʘʟʠ ʚʠʱʽ, 

ʥʽʞ ʊɽʄ ʪʘ ʽʥ. ʋ ʪʘʙʣ. 1 ʧʦʢʘʟʘʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʯʠʭ 

ʪʝʨʤʦʧʘʨ. 
 ʊʘʙʣʠʮʷ 1 

ʄʘʢʩʠʤʘʣʴʥʽ ʨʦʙʦʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʧʘʨ 

ʊʠʧ ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʙʦʯʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 

Bi2Te3 500Áʉ 

ʍʨʦʤʝʣʴ-ʂʦʥʩʪʘʥʪʘʥ(E) 870Áʉ 

ʍʨʦʤʝʣʴ-ɸʣʶʤʝʣʴ (K) 1260Áʉ  

ɿʘʣʽʟʦ-ʂʦʥʩʪʘʥʪʘʥ (J) 750Áʉ 
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ʇʣʘʪʠʥʦʨʦʜʽʡ-ʇʣʘʪʠʥʦʚʽ (R) 1480Áʉ 

ʇʣʘʪʠʥʦʨʦʜʽʡ-ʇʣʘʪʠʥʦʨʦʜʽʻʚʽ 

(B) 

1700Áʉ 

 

ɿʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʪʝʨʤʦʧʘʨʠ ʭʨʦʤʝʣʴ-

ʢʦʥʩʪʘʥʪʘʥ ʪʘ ʪʝʨʤʦʧʘʨʠ ʥʘ ʦʩʥʦʚʽ Bi2Te3 ʧʦʜʘʥʽ ʚ ʪʘʙʣ. 2 ʽ ʟʦʙʨʘʞʝʥʽ 

ʥʘ ʨʠʩ 1. 
ʊʘʙʣʠʮʷ 2 

ʊ, (Áʉ) 0 50 100 150 200 250 300 350 400 

ʆʧʽʨ ʪʝʨʤʦʧʘʨʠ 

ʍ-ʂ (R, ʆʤ) 1
,0

1
8 

1
,3

1
8 

1
,7

2
3 

2
,2

3
3 

2
,8

4
6 

3
,5

5
8 

4
,3

6
8 

5
,2

7
3 

6
,2

6
6 

ʆʧʽʨ Bi2Te3    (R, 

ʆʤ) 0
,0

0
5 

0
,0

0
3 

0
,0

0
2 

0
,0

0
1
5 

0
,0

0
1 

0
,0

0
0
7

5 

0
,0

0
0
5 

0
,0

0
0
4 

0
,0

0
0
3 

 

ʈʠʩ. 1 
ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʶʪʴ ʦʙʥʘʜʽʡʣʠʚʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʊɽɼɾ ʤʝʪʘʣʝʚʠʭ ʪʝʨʤʦʧʘʨ. 

ɺʠʙʽʨ ʪʠʧʫ ʪʘʢʠʭ ʪʝʨʤʦʧʘʨ ʪʘ ʦʮʽʥʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʧʨʝʜʤʝʪʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1 ɸʥʘʪʠʯʫʢ ʃ.ɯ., ʄʠʢʠʪʶʢ ʇ.ɼ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʟ ʢʽʣʴʮʝʚʦʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʶ 

ʙʘʪʘʨʝʻʶ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. 2019 ˉ 4, ʉ. 58-64. 

2 ASTM E230/E320M-12 ñStandard Specification and Temperature-

Electromotive Force (emf) Tables for Standardized Thermocouplesò. 
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ʃʶʙʦʤʠʨ ʃʠʪʚʠʥʶʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʇʦʣʽʪʘʥʩʴʢʠʡ ʈ.ʃ. 
 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ 

ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚôʷʟʘʥ ʟ ʪʠʤ, ʱʦ ʫ ʩʬʝʨʽ ɯʊ-ʪʝʭʥʦʣʦʛʽʡ 

ʥʘʙʫʚʘʻ ʜʝʜʘʣʽ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʢʦʥʮʝʧʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʜʘʣʝʥʠʭ (ʭʤʘʨʥʠʭ) ʨʝʩʫʨʩʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʤʦʚʣʷʪʠ ʡ ʦʪʨʠʤʫʚʘʪʠ 

ʢʦʨʠʩʪʫʚʘʯʽ ʥʘ ʚʠʤʦʛʫ (ʟʘ ʧʝʨʝʜʧʣʘʪʦʶ). ʈʦʟʨʦʙʣʶʚʘʥʽ ʨʽʰʝʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʝʢʦʥʦʤʠʪʠ ʢʦʰʪʠ, ʦʩʢʽʣʴʢʠ ʨʝʩʫʨʩʠ ʦʧʣʘʯʫʶʪʴʩʷ ʧʦ ʬʘʢʪʫ 

ʾʭ ʬʘʢʪʠʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ. ʋ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯ ʭʤʘʨʥʠʭ 

ʩʝʨʚʽʩʽʚ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʽ ʨʝʩʫʨʩʠ, ʟʘʧʫʩʢʘʶʯʠ ʚʽʨʪʫʘʣʴʥʽ 

ʤʘʰʠʥʠ ʽ / ʘʙʦ ʜʦʜʘʪʢʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʭʤʘʨʽ ʘʙʦ, ʥʘʚʧʘʢʠ, ʚʽʜʤʦʚʠʪʠʩʷ 

ʚʽʜ ʯʘʩʪʠʥʠ ʯʠ ʚʽʜ ʫʩʽʭ ʨʝʩʫʨʩʽʚ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʥʠʢʣʘ. ɼʣʷ ʨʦʙʦʪʠ ʟ ʭʤʘʨʦʶ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʝ ʧʦʪʨʽʙʥʝ ʜʦʨʦʛʝ 

ʦʙʣʘʜʥʘʥʥʷ, ʙʦ ʢʦʤʧ'ʶʪʝʨ ʢʦʨʠʩʪʫʚʘʯʘ ʬʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʪʝʨʤʽʥʘʣ, ʘ ʚʩʽ ʨʝʩʫʨʩʦʤʽʩʪʢʽ ʦʙʯʠʩʣʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʢʦʤʧ'ʶʪʝʨʘʭ, 

ʱʦ ʚʭʦʜʷʪʴ ʚ ʭʤʘʨʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ.  

ɿʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ, ʾʭ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʥʘʜʘʥʥʷ 

ʮʽʣʦʜʦʙʦʚʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ ʘʢʪʫʘʣʴʥʽ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ 

[1]. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʠʩʦʢʽ ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʧʦʩʪʽʡʥʝ 

ʨʦʟʰʠʨʝʥʥʷ ʨʠʥʢʫ ʧʦʩʣʫʛ ʪʘ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʦʛʦ ʧʦʧʠʪʫ ʥʘ ʥʠʭ, 

ʧʦʪʨʝʙʘ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʩʝʙʽʯʥʦʾ ʟʘʭʠʱʝʥʦʩʪʽ ʮʴʦʛʦ ʩʝʛʤʝʥʪʘ ɯʊ-

ʪʝʭʥʦʣʦʛʽʡ ʥʝ ʚʪʨʘʯʘʪʠʤʝ ʩʚʦʻʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʱʝ ʜʦʚʛʠʡ ʯʘʩ. 

ɼʣʷ ʨʦʙʦʪʠ ʟ ʭʤʘʨʦʶ ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʝ ʧʦʪʨʽʙʥʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ 

ʢʦʤʧ'ʶʪʝʨʠ, ʦʜʥʘʢ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʪʝʭʥʦʣʦʛʽʡ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʭʤʘʨʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽ ʥʘʟʘʜ. ʗʢʽʩʪʴ ʟʚ'ʷʟʢʫ ʤʘʻ ʙʫʪʠ ʧʦʩʪʽʡʥʦʶ ʽ ʥʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ 

ʯʘʩʽ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ ʚʝʣʠʯʠʥʫ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʽ 

ʧʨʦʧʠʩʘʥʘ ʚ ʜʦʛʦʚʦʨʽ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʙʝʟʧʝʯʥʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʱʦ 

ʧʨʦʧʦʥʫʶʪʴ ʙʽʣʴʰ ʚʠʛʽʜʥʽ ʫʤʦʚʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʽ ʽ ʾʭ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʻ 

ʟʘʚʜʘʥʥʷʤ ʨʦʟʨʦʙʥʠʢʽʚ, ʱʦ ʤʘʶʪʴ ʩʧʨʘʚʫ ʫ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʩʬʝʨʘʭ 

ʨʠʥʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ [2, 3], ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ 

ʘʥʘʣʽʟ  ʥʘʷʚʥʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ ʪʘ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʘʭʠʩʪʫ ʩʫʯʘʩʥʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ.  

ʄʝʪʘ ʨʦʙʦʪʠ - ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʽ, ʚʠʙʽʨ ʣʽʪʝʨʘʪʫʨʠ [4, 5], ʚʠʚʯʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʟʘʛʨʦʟ, ʰʣʷʭʽʚ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʪʘ 

ʩʧʦʩʦʙʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʽʤʦʚʽʨʥʠʭ ʘʪʘʢ, ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʝʨʚʽʩʫ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʙʫʜʝ ʥʘʜʘʥʦ ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʩʫʯʘʩʥʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʽʟ ʚʢʘʟʘʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʭʠʩʪʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʠʭ, ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʟʚʘʞʘʶʯʠ ʥʘ ʡʦʛʦ ʧʦʪʦʯʥʽ ʧʦʪʨʝʙʠ. 

ɹʫʜʫʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ ʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʭʠʩʪʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ, ʪʝʣʝʙʘʯʝʥʥʽ ʪʘ ʮʠʬʨʦʚʦʤʫ 

ʢʽʥʝʤʘʪʦʛʨʘʬʽ: ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ. ï 2018. ï ʉʝʢʮʽʷ ɸ. ï ʉ. 39 

3.     ʉʠʨʦʪʠʥʩʴʢʘ ɸ. ʇ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 
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ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʋʢʨʘʾʥʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
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5.     ɿʘʛʨʦʟʠ ʭʤʘʨʥʠʭ ʚʠʩʦʪ ʽ ʤʝʪʦʜʠ ʾʭ ʟʘʭʠʩʪʫ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] 

Habrahabr ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.lektorium.tv//ʣʝʢʮʽʷ/13538 
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ʄʘʢʩʠʤ ʃʫʢôʷʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʘʩʠʩʪ. ʆʣʘʨ ʆ.ɺ. 

 

ʈʦʟʨʦʙʢʘ ʚʝʙʩʘʡʪʫ ʥʘʧʨʷʤʫ ʩʦʮʽʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ 

ʢʦʨʠʩʪʫʚʘʯʽ ʧʦʰʠʨʶʶʪʴ ʦʩʦʙʠʩʪʝ ʟʽʙʨʘʥʥʷ ʬʽʣʴʤʽʚ 

 
ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʣʶʜʝʡ ʧʝʨʝʛʣʷʜʘʶʪʴ ʬʽʣʴʤʠ ʚ 

ʽʥʪʝʨʥʝʪʽ. ʆʜʥʦʯʘʩʥʦ ʢʽʣʴʢʽʩʪʴ ʬʽʣʴʤʽʚ, ʱʦ ʚʠʭʦʜʷʪʴ ʥʘ ʨʽʟʥʠʭ ʤʦʚʘʭ 

ʪʘ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ, ʟʨʦʩʪʘʻ ʥʝʚʧʠʥʥʦ ʢʦʞʝʥ ʜʝʥʴ. ɺ ʪʘʢʦʤʫ ʢʦʥʪʝʢʩʪʽ, 

ʟ'ʷʚʣʷʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚ ʟʨʫʯʥʦʤʫ ʩʧʦʩʦʙʽ ʟʙʝʨʽʛʘʥʥʷ, ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ 

ʦʙʤʽʥʫ ʬʽʣʴʤʘʤʠ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ-ʣʶʙʠʪʝʣʷʤʠ ʢʽʥʦ. 

ɸʥʘʣʽʟʫʶʯʠ ʘʢʪʫʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʩʝʨʚʽʩʠ ʪʘ ʚʣʘʩʥʽ 

ʤʦʞʣʠʚʦʩʪʽ, ʤʠ ʧʨʠʡʰʣʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʝʙʩʘʡʪ - ʽʜʝʘʣʴʥʘ 

ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʨʚʽʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʩʦʮʽʘʣʴʥʫ 

ʤʝʨʝʞʫ ʜʣʷ ʦʙʤʽʥʫ ʬʽʣʴʤʘʤʠ. ɺʝʙʩʘʡʪ ʜʦʟʚʦʣʠʪʴ ʥʘʤ ʨʦʟʚ'ʷʟʘʪʠ ʮʽ 

ʧʨʦʙʣʝʤʠ ʪʘ ʥʘʜʘʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʨʫʯʥʠʡ ʪʘ ʧʨʦʩʪʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ 

ʧʦʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʬʽʣʴʤʘʤʠ. 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʚʝʙʩʘʡʪʫ - ʛʣʦʙʘʣʴʥʠʡ ʜʦʩʪʫʧ, ʧʨʦʩʪʦʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʨʦʟʰʠʨʶʚʘʥʽʩʪʴ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʨʝʢʣʘʤʠ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʧʝʨʝʚʘʛʘ -  ʜʦʩʪʫʧʥʽʩʪʴ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ 

ʩʚʽʪʫ, ʜʝ ʤʦʞʣʠʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʽʥʪʝʨʥʝʪʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʢʦʨʠʩʪʫʚʘʯʽ ʟ ʨʽʟʥʠʭ ʢʨʘʾʥ ʤʦʞʫʪʴ ʙʫʪʠ ʯʘʩʪʠʥʦʶ ʩʧʽʣʴʥʦʪʠ ʪʘ 

ʜʽʣʠʪʠʩʷ ʩʚʦʾʤʠ ʬʽʣʴʤʘʤʠ. 

ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚʢʣʶʯʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʚʘʪʠ, ʨʝʜʘʛʫʚʘʪʠ ʪʘ ʚʠʜʘʣʷʪʠ ʬʽʣʴʤʠ ʟʽ ʩʚʦʛʦ ʟʽʙʨʘʥʥʷ, 

ʩʪʚʦʨʶʚʘʪʠ ʩʧʠʩʦʢ ʬʽʣʴʤʽʚ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʢʦʤʝʥʪʫʚʘʪʠ 

ʬʽʣʴʤʠ ʪʘ ʜʽʣʠʪʠʩʷ ʩʚʦʾʤ ʟʽʙʨʘʥʥʷʤ ʟ ʽʥʰʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʂʨʽʤ 

ʪʦʛʦ, ʩʘʡʪ ʧʽʜʪʨʠʤʫʻ ʩʠʩʪʝʤʫ ʨʝʡʪʠʥʛʫ ʬʽʣʴʤʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʥʘʡʪʠ ʥʘʡʧʦʧʫʣʷʨʥʽʰʽ ʬʽʣʴʤʠ ʩʝʨʝʜ ʽʥʰʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙʩʘʡʪʫ ʩʦʮʽʘʣʴʥʦʾ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ HTML, CSS ʪʘ ʙʽʙʣʽʦʪʝʢʘ JavaScript 

React[1]. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʩʘʡʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ: Git ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ ʢʦʜʫ, JetBrains WebStorm ð 

ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ʪʘ Adobe Photoshop ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ 
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ʜʠʟʘʡʥʫ ʩʘʡʪʫ. ʍʦʩʪ ʪʘ ʜʘʥʽ ʙʫʜʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

Firebase[2], ʘ ʙʘʟʘ ʜʘʥʠʭ ʜʣʷ ʧʦʰʫʢʫ ʬʽʣʴʤʽʚ OMDb API[3]. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʮʷ ʧʨʦʜʫʢʮʽʷ ʩʪʘʣʘ ʫʩʧʽʰʥʦʶ ʪʘ ʙʫʣʘ ʧʨʠʡʥʷʪʘ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʫʞʝ ʟʨʫʯʥʠʡ ʪʘ ʽʥʪʫʾʪʠʚʥʦ 

ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʟʥʘʡʪʠ ʪʘ ʜʦʜʘʪʠ ʬʽʣʴʤʠ 

ʜʦ ʩʚʦʛʦ ʦʩʦʙʠʩʪʦʛʦ ʟʽʙʨʘʥʥʷ, ʨʦʟʩʪʘʚʠʪʠ ʪʝʛʠ, ʧʨʽʦʨʠʪʝʪ ʪʘ ʨʝʡʪʠʥʛ 

ʬʽʣʴʤʫ[4]. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʜʽʣʠʪʠʩʷ ʩʚʦʾʤ ʦʩʦʙʠʩʪʠʤ ʟʽʙʨʘʥʥʷʤ ʬʽʣʴʤʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʩʠʣʘʥʥʷ. 

ʈʦʟʨʦʙʢʘ ʚʝʙʩʘʡʪʫ, ʱʦ ʥʘʧʨʷʤʫ ʧʦʚ'ʷʟʘʥʦ ʟ ʩʦʮʽʘʣʴʥʦʶ 

ʤʝʨʝʞʝʶ, ʩʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʫʚʘʛʠ ʜʦ ʜʝʪʘʣʝʡ ʪʘ 

ʚʠʩʦʢʦʾ ʪʝʭʥʽʯʥʦʾ ʢʦʤʧʝʪʝʥʮʽʾ. ʆʜʥʘʢ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʘʚʠʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʦʣʦʛʽʡ ʨʦʟʨʦʙʢʠ, ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʫʩʧʽʰʥʠʡ ʧʨʦʻʢʪ, 

ʷʢʠʡ ʤʦʞʝ ʟʥʘʡʪʠ ʩʚʦʾʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ, 

ʱʦ ʨʦʟʨʦʙʢʘ ʚʝʙʩʘʡʪʽʚ ʮʝ ʛʘʣʫʟʴ, ʱʦ ʥʝʚʧʠʥʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʪʦʤʫ 

ʨʦʟʨʦʙʥʠʢʠ ʤʘʶʪʴ ʧʦʩʪʽʡʥʦ ʚʯʠʪʠʩʷ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʚʦʾ ʟʥʘʥʥʷ ʚ 

ʘʢʪʫʘʣʴʥʦʤʫ ʩʪʘʥʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʫʩʧʽʭ ʧʨʦʻʢʪʫ ʪʘ ʟʘʜʦʚʽʣʴʥʠʪʠ 

ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ[5]. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  ɹʽʙʣʽʦʪʝʢʘ React. URL: https://reactjs.org/. 

2. ʇʣʘʪʬʦʨʤʘ Firebase. URL:  https://firebase.google.com/. 

3. ɹʘʟʘ ʜʘʥʠʭ OMDb API. URL:  https://www.omdbapi.com/. 

4. ɽʨʽʥ ʄʝʣʦʫʥ, ʂʨʽʩʪʽʘʥ ʂʨʘʤʣʽʰ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʦʮʽʘʣʴʥʠʭ 
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ʆʩʪʘʧ ʃʫʯʠʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯʚʘʥʫʱʘʢ ʅ.ʄ. 

 

ʅʘʚʯʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ çɯʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʜʝʤʦʥʩʪʨʘʮʽʡʥʽ 

ʟʘʩʦʙʠ ʢʨʠʧʪʦʘʥʘʣʽʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚè  
ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʻ ʟʘʚʜʘʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʟʘʭʠʩʪʫ ʜʘʥʠʭ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ 

ʚʠʨʽʰʝʥʥʽ ʧʠʪʘʥʴ ʟ ʙʝʟʧʝʢʦʶ ʜʘʥʠʭ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʟʘʩʦʙʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ɰʭ ʥʘʜʽʡʥʽʩʪʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʭʠʩʪ ʚʽʜ 

ʙʽʣʴʰʦʩʪʽ ʢʨʠʧʪʦʘʥʘʣʽʪʠʯʥʠʭ ʘʪʘʢ. ʆʜʥʘʢ, ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʧʦʷʚʘ ʥʦʚʠʭ ʚʠʜʽʚ ʘʪʘʢ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʾʭ ʥʘʜʽʡʥʦʩʪʽ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʟʘʜʘʯʽ ʱʦʜʦ ʨʦʟʨʦʙʢʠ, 

ʩʪʚʦʨʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʝʩʠʚʥʠʭ 

ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʻ ʦʜʥʠʤ ʟ ʘʢʪʫʘʣʴʥʠʭ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʩʦʢʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʡ ʟʘʜʘʯʘ ʦʙʽʟʥʘʥʦʩʪʽ ʩʧʝʮʽʘʣʽʩʪʽʚ ʫ ʩʬʝʨʽ 

ʢʨʠʧʪʦʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. 
 

 
ʈʠʩ.1. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʠʱʝʥʦʛʦ  

ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 
 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʩʪʚʦʨʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʽ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʜʘʥʠʭ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʨʝʤʠʭ ʝʬʝʢʪʠʚʥʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʜʝʱʦ ʫʪʨʫʜʥʝʥʝ ʯʝʨʝʟ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ. ʉʘʤʝ ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʚʠʧʨʦʙʦʚʫʚʘʪʠ 
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ʩʪʽʡʢʽʩʪʴ ʦʙʨʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʾʭ ʫ ʧʨʦʪʦʢʦʣʘʭ 

ʟʘʭʠʩʪʫ.  

ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʟ ʙʦʢʫ ʪʨʝʪʽʭ ʦʩʽʙ ʽ 

ʦʙʤʝʞʝʥʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʜʘʯʽ ʱʦʜʦ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʤʝʪʦʜʽʚ 

ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʽ ʾʭ ʧʨʘʢʪʠʯʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʽ ʜʣʷ ʛʘʣʫʟʝʡ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʟʘʜʘʯ ʨʦʟʨʦʙʣʝʥʦ ʥʘʫʢʦʚʦ-

ʥʘʚʯʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ çɯʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʜʝʤʦʥʩʪʨʘʮʽʡʥʽ ʟʘʩʦʙʠ 

ʢʨʠʧʪʦʘʥʘʣʽʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚè, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʜʝʤʦʥʩʪʨʘʮʽʡʥʫ ʧʣʘʪʫ ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ ʪʘʢʠʭ ʬʫʥʢʮʽʡ: 

¶ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʰʠʬʨʫʚʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ; 

¶ ʥʘʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʯʘʩʪʦʪʫ ʧʨʦʮʝʩʦʨʘ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʽʡ ʫ ʘʣʛʦʨʠʪʤʘʭ ʪʘ ʨʝʣʝʚʘʥʪʥʦʩʪʽ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

¶ ʥʘʜʘʻ ʟʤʦʛʫ ʚʠʧʨʦʙʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, 

ʰʣʷʭʦʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʧʨʠʩʪʨʦʶ ʟʣʦʚʤʠʩʥʠʢʘ ʘʙʦ ʤʦʞʣʠʚʦʛʦ 

ʜʦʩʪʫʧʫ ʟ ʽʥʰʠʭ ʰʣʷʭʽʚ; 

¶ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʘʪʠ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ 

ʟʣʦʚʤʠʩʥʠʢʘ. 

ʄʦʞʣʠʚʝ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʜʘʥʦʛʦ 

ʧʨʦʝʢʪʫ ʯʠ ʦʥʣʘʡʥ-ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟʘʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʧʝʨʝʜʘʯʽ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʥʝʟʘʭʠʱʝʥʽʡ ʦʬʽʩʥʽʡ ʤʝʨʝʞʽ ʩʫʯʘʩʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʩʠʤʝʪʨʠʯʥʠʭ ʢʨʠʧʪʦʩʠʩʪʝʤ ʫ ʭʦʜʽ ʰʠʬʨʫʚʘʥʥʷ 

(ʨʦʟʰʠʬʨʫʚʘʥʥʷ) ʨʽʟʥʠʭ ʦʙôʻʤʽʚ ʽʥʬʦʨʤʘʮʽʾ ʽ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ ʢʨʠʧʪʦʩʠʩʪʝʤ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. IBM Cryptography Documentation. ï URL: 

https://www.ibm.com/docs/en/i/7.3?topic=cryptography-concepts. 

2. PCB Design and Circuit Simulatoor Software ï Proteus ï URL: 
https://www.labcenter.com/  

  

https://www.ibm.com/docs/en/i/7.3?topic=cryptography-concepts
https://www.labcenter.com/
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ʆʣʝʢʩʘʥʜʨʘ ʃʶʙʽʤʮʝʚʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʄʦʭʫʥʴ ɯ.ɯ. 

 
ʌʦʨʤʫʚʘʥʥʷ ʧʦʣʽʭʨʦʤʘʪʠʯʥʦʾ ʢʨʘʡʦʚʦʾ ʜʠʩʣʦʢʘʮʽʾ ʷʢ ʩʢʣʘʜʦʚʦʾ 

ʧʦʣʽʭʨʦʤʘʪʠʯʥʦʛʦ ʘʟʠʤʫʪʘʣʴʥʦ (ʨʘʜʽʘʣʴʥʦ) ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ 

ʧʦʣʽʭʨʦʤʘʪʠʯʥʦʛʦ ʧʫʯʢʘ 

ʗʢ ʚʽʜʦʤʦ, ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʩʠʛʥʘʣʫ ʚ ʘʪʤʦʩʬʝʨʽ ʟʽ ʟʙʫʨʝʥʥʷʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʩʠʥʛʫʣʷʨʥʽ ʧʫʯʢʠ, ʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʽ, ʥʽʞ ʾʭ ʛʣʘʜʢʽ ʘʥʘʣʦʛʠ [1]. 

ʉʘʤʝ ʪʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʛʫʣʷʨʥʠʭ ʧʫʯʢʽʚ, ʟʦʢʨʝʤʘ ʘʟʠʤʫʪʘʣʴʥʦ 

(ʨʘʜʽʘʣʴʥʦ) ʧʦʣʷʨʠʟʦʚʘʥʠʭ (ɸ(ʈ)ʇ) ʷʢ ʬʽʟʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ 

ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚ FSO-ʩʠʩʪʝʤʽ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʨʦʟʚʠʪʢʫ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʙʽʣʴʰʽʩʪʴ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ 

ʛʣʘʜʢʠʡ ï ɸ(ʈ) ʧʫʯʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʛʝʨʝʥʪʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ. ʇʨʠ 

ʥʘʷʚʥʦʩʪʽ ʧʦʟʠʪʠʚʥʠʭ ʷʢʦʩʪʝʡ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ï ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʫʯʢʽʚ, ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʦʱʦ, 

ʢʦʛʝʨʝʥʪʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʘʷʚʥʦʩʪʽ ʚ ʢʽʥʮʝʚʦʤʫ ʧʫʯʢʫ 

ʧʽʜʚʠʱʝʥʦʛʦ ʨʽʚʥʷ ʰʫʤʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʜʠʬʨʘʢʮʽʻʶ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʫʯʢʘ ʷʢ ʥʘ ʩʪʘʜʽʾ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ, ʪʘʢ ʽ ʥʘ ʩʪʘʜʽʾ ʡʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. 

ʆʯʝʚʠʜʥʦ, ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ʤʦʞʥʘ ʧʦʟʙʫʪʠʩʷ, ʷʢʱʦ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ɸ(ʈ) ʧʫʯʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʣʽʭʨʦʤʘʪʠʯʥʝ, ʥʝʢʦʛʝʨʝʥʪʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʗʢ ʚʽʜʦʤʦ, ɸ(ʈ)ʇ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʷ ʜʚʦʭ 

ʦʨʪʦʛʦʥʘʣʴʥʦ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʧʫʯʢʽʚ ʽʟ ʢʨʘʡʦʚʠʤʠ 

ʜʠʩʣʦʢʘʮʽʷʤʠ, ʣʽʥʽʾ ʥʫʣʽʚ ʷʢʠʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ [2]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʣʽʭʨʦʤʘʪʠʯʥʦʛʦ 

ɸ(ʈ)ʇ ʻ ʦʪʨʠʤʘʥʥʷ ʢʨʘʡʦʚʠʭ ʧʦʣʽʭʨʦʤʘʪʠʯʥʠʭ ʜʠʩʣʦʢʘʮʽʡ. 

ʊʘʢʫ ʜʠʩʣʦʢʘʮʽʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʬʨʘʢʮʽʾ ʛʣʘʜʢʦʛʦ 

(ʥʘʧʨʠʢʣʘʜ, ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ) ʥʘ ʩʠʥʪʝʟʦʚʘʥʽʡ ʛʦʣʦʛʨʘʤʽ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ʇʨʠ ʜʠʬʨʘʢʮʽʾ ʥʘ ʪʘʢʽʡ ʛʦʣʦʛʨʘʤʽ ʢʨʘʡʦʚʘ 

ʜʠʩʣʦʢʘʮʽʷ ʫʪʚʦʨʶʻʪʴʩʷ ʚʟʜʦʚʞ ʣʽʥʽʾ, ʷʢʘ ʨʦʟʜʽʣʷʻ ʨʝʰʽʪʢʠ, ʟʩʫʥʫʪʽ 

ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ ʥʘ ʧʦʣʦʚʠʥʫ ʧʝʨʽʦʜʫ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʦʚʘʥʦʾ ʛʦʣʦʛʨʘʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʫʯʢʘ ʟ 

ʢʨʘʡʦʚʦʶ ʜʠʩʣʦʢʘʮʽʻʶ 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʦʜʽʙʥʠʡ ʝʬʝʢʪ ʙʫʜʝ ʚʠʥʠʢʘʪʠ ʧʨʠ ʜʠʬʨʘʢʮʽʾ ʙʫʜʴ-

ʷʢʦʛʦ ʛʣʘʜʢʦʛʦ ʧʫʯʢʘ ʟ ʙʫʜʴ-ʷʢʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʢʨʘʡʦʚʘ ʜʠʩʣʦʢʘʮʽʾ ʬʦʨʤʫʻʪʴʩʷ ʚ ʦʜʥʦʤʫ 

ʡ ʪʦʤʫ ʩʘʤʦʤʫ ʤʽʩʮʽ. ʊʦʜʽ ʥʘʚʽʪʴ ʧʨʠ ʜʠʬʨʘʢʮʽʾ ʧʦʣʽʭʨʦʤʘʪʠʯʥʦʛʦ 

ʧʫʯʢʘ ʥʘ ʚʠʭʦʜʽ ʛʦʣʦʛʨʘʤʠ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʢʨʘʡʦʚʘ ʜʠʩʣʦʢʘʮʽʷ. 

ʎʝ ʧʝʨʝʜʙʘʯʝʥʥʷ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʅʘ ʨʠʩ. 2 

ʥʘʚʝʜʝʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʠʬʨʘʢʮʽʾ ʧʦʣʽʭʨʦʤʘʪʠʯʥʦʛʦ ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ, 

ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʜʞʝʨʝʣʘ ʪʠʧʫ ʣʘʤʧʘ ʨʦʟʞʘʨʝʥʥʷ. 

 
ʈʠʩ. 2. ʇʦʣʽʭʨʦʤʘʪʠʯʥʘ ʢʨʘʡʦʚʘ ʜʠʩʣʦʢʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʬʨʘʢʮʽʾ 

ʛʣʘʜʢʦʛʦ ʧʫʯʢʘ ʥʘ ʩʠʥʪʝʟʦʚʘʥʽʡ ʛʦʣʦʛʨʘʤʽ 

ʆʪʞʝ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʟʘʜʘʯʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʭʨʦʤʘʪʠʯʥʠʭ 

ɸ(ʈ) ʧʫʯʢʽʚ ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʚʠʨʽʰʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʛʦʣʦʛʨʘʤ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1 Gibson G. Free-space information transfer using light beams carrying orbital 

angular momentum / Gibson G., Courtial J,. Padgett M., 

Vasnetsov ʄ., Pasôko V., Barnett S., Franke-Arnold S. / Optics Express M., 12, 

5448-5456, 2004. 

2. Mokhun I.I. Introduction to linear singular optics. Chapter 1. Optical 

correlation techniques and applications / ed. by O.V.Angelsky. SPIE press, 

Bellingham, Washington, USA, 2007, P. 1-132. 
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ʖʣʽʷʥʘ ʄʘʟʘʨ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʰʝʚʝʮʴʢʠʡ ʆ.ʉ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʢʦʥʚʝʢʮʽʡʥʦʛʦ ʩʫʰʽʥʥʷ 

ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 
ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʨʦʙʣʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʻ 

ʢʦʥʚʝʢʮʽʡʥʝ ʩʫʰʽʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʟ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. ʆʜʥʘʢ ʮʝʡ ʤʝʪʦʜ ʤʘʻ 

ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʘ ʥʠʟʴʢʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ 

ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ [1]. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ ï ʤʦʞʣʠʚʝ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ 

ʢʦʥʚʝʢʮʽʡʥʦʛʦ ʩʫʰʽʥʥʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. ʎʽ ʧʨʠʩʪʨʦʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪ ʇʝʣʴʪʴʻ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʶʚʘʪʠ 

ʝʣʝʢʪʨʠʯʥʫʝʥʝʨʛʽʶ ʚ ʧʦʪʽʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʝʬʝʢʪʫ, 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʤʽʩʮʝʚʽ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʛʨʘʜʽʻʥʪʠ, ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʧʘʨʦʚʫʚʘʥʥʶ ʚʦʣʦʛʠ ʟ 

ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ï ʾʭʥʽʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʘʩʧʝʢʪ. ʎʽ ʧʨʠʩʪʨʦʾ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʘʣʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʥʘ 

ʝʥʝʨʛʽʶ ʪʘ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ ʥʠʟʴʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ ʪʘ ʚʽʪʘʤʽʥʠ ʚ 

ʧʨʦʜʫʢʪʽ [2]. 

ʆʜʥʘʢ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ 

ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʪʘ ʥʠʟʴʢʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʝ ʜʦʩʷʛʣʠ 

ʙʘʞʘʥʦʾ ʚʠʩʦʢʦʾ ʨʦʟʚʠʥʝʥʦʩʪʽ, ʱʦ ʦʙʤʝʞʫʻ ʾʭʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʽʡ ʩʬʝʨʽ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʟôʷʩʫʻʤʦ ʤʦʞʣʠʚʠʡ ʰʣʷʭ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ï ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʤʦʞʣʠʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘ ʧʝʨʝʨʦʙʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 
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ʧʨʠʩʪʨʦʾʚ [3]. ɺ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣʘʭ, ʥʘʧʨʠʢʣʘʜ ʚ [4; 5], ʦʧʠʩʘʥʽ 

ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʾ ʯʠ 

ʽʥʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʩʫʰʘʨʦʢ. 

ɿ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʢʦʥʚʝʢʮʽʡʥʦʛʦ ʩʫʰʽʥʥʷ 

ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʩʫʰʽʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʩʪʘʪʠ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʽʶ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ. 

ʆʢʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʘʪʠʤʝ 

ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʟʤʝʥʰʫʶʯʠ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʧʫʱʝʥʽ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʜʠʮʽʡʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʢʦʥʚʝʢʮʽʡʥʦʛʦ 

ʩʫʰʽʥʥʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ 

ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʽʶ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʮʽʡ ʛʘʣʫʟʽ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʫʜʦʩʢʦʥʘʣʠʪʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʾʭ 

ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. 
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ɺʘʩʠʣʴ ʄʘʟʫʨʢʝʚʠʯ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʦʨʩʴʢʠʡ ʇ.ɺ. 

ʂʦʥʪʘʢʪʥʽ ʦʧʦʨʠ ʜʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ Bi-Te 
ʂʦʥʪʘʢʪʥʠʡ ʦʧʽʨ çʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ï ʤʝʪʘʣè ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʽ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʛʝʥʝʨʘʪʦʨʥʠʭ ʪʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ.  

ɽʣʝʢʪʨʠʯʥʽ ʪʘ ʪʝʧʣʦʚʽ ʢʦʥʪʘʢʪʥʽ ʦʧʦʨʠ çʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ 

ï ʤʝʪʘʣè ʽ ʤʽʮʥʽʩʪʴ ʢʦʥʪʘʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ, ʟ 

ʷʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʘ ʷʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʢʦʥʪʘʢʪʥʘ 

ʩʪʨʫʢʪʫʨʘ. ʎʶ ʨʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʟʘ 

ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʭʽʜʥʠʭ ʢʦʥʪʘʢʪʥʠʭ 

ʰʘʨʽʚ çʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ï ʤʝʪʘʣè. 

ʗʢʽʩʥʘ ʟ çʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾè ʪʦʯʢʠ ʟʦʨʫ ʢʦʥʪʘʢʪʥʘ ʩʪʨʫʢʪʫʨʘ 

ʧʦʚʠʥʥʘ ʤʘʪʠ ʜʚʽ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʷʢʦʤʦʛʘ ʤʝʥʰʠʡ ʝʣʝʢʪʨʠʯʥʠʡ 

ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʽ ʷʢʦʤʦʛʘ ʙʽʣʴʰʫ ʘʜʛʝʟʽʶ ʜʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʦʪʞʝ, ʜʦʩʪʘʪʥʶ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʩʣʘʙʢʦ 

ʧʽʜʜʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚʧʣʠʚʫ ʮʠʢʣʽʯʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʽ ʚʠʤʦʛʠ 

ʥʝ ʟʘʚʞʜʠ ʩʫʤʽʩʥʽ ʤʽʞ ʩʦʙʦʶ, ʽ ʜʦʚʦʣʽ ʯʘʩʪʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʚʦʜʠʪʴʩʷ ʰʫʢʘʪʠ ʧʝʚʥʽ 

ʢʦʤʧʨʦʤʽʩʥʽ ʚʘʨʽʘʥʪʠ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ. 

ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʚʠʜʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʩʪʨʫʢʪʫʨ: ʟ 

ʘʥʪʠʜʠʬʫʟʽʡʥʠʤʠ ʰʘʨʘʤʠ ʽ ʙʝʟ ʥʠʭ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʽʞ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ ʽ ʧʨʠʧʦʻʤ, ʷʢʠʤ ʜʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʛʽʣʦʢ 

ʧʨʠʻʜʥʫʻʪʴʩʷ ʤʽʜʥʘ ʢʦʤʫʪʘʮʽʷ, ʩʪʚʦʨʶʻʪʴʩʷ ʘʥʪʠʜʠʬʫʟʽʡʥʠʡ ʰʘʨ. ʗʢ 

ʧʨʘʚʠʣʦ, ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʥʴʦʛʦ ʩʣʫʛʫʻ ʷʢʠʡ-ʥʝʙʫʜʴ ʟ ʧʝʨʝʭʽʜʥʠʭ 

ʤʝʪʘʣʽʚ, ʥʘʡʯʘʩʪʽʰʝ ï ʥʽʢʝʣʴ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʢʦʙʘʣʴʪ, ʤʦʣʽʙʜʝʥ, ʥʘʚʽʪʴ 

ʟʘʣʽʟʦ ʯʠ ʩʧʝʮʽʘʣʴʥʘ ʥʝʽʨʞʘʚʽʶʯʘ ʩʪʘʣʴ. ɹʽʣʴʰʝ ʪʦʛʦ, ʥʘʧʨʠʢʣʘʜ ʪʦʥʢʠʡ 

ʰʘʨ ʤʦʣʽʙʜʝʥʫ ʥʘʧʠʣʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʟ ʤʝʪʦʶ 

ʧʦʣʽʧʰʝʥʥʷ ʘʜʛʝʟʽʾ ʢʦʥʪʘʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʮʽʣʦʤʫ ʜʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, 

ʘ ʦʪʞʝ, ʽ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʦʥʪʘʢʪʥʠʭ ʚʫʟʣʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʦ 

ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʧʨʠʧʘʶʻʪʴʩʷ ʤʽʜʥʘ ʢʦʤʫʪʘʮʽʷ.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʢʦʥʪʘʢʪʥʠʭ ʚʫʟʣʽʚ ʪʘ 

ʦʜʥʦʯʘʩʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ  ʧʦʚʝʨʭʥʶ 
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ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʦʧʝʨʝʜʥʴʦ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ ʚʢʨʠʚʘʶʪʴ 

ʪʦʥʢʠʤ ʰʘʨʦʤ ʩʨʽʙʣʘ ʘʙʦ ʥʘʚʽʪʴ ʟʦʣʦʪʘ. 

ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʽ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʪʘʢʪʥʠʭ 

ʚʫʟʣʽʚ ʩʧʨʘʚʣʷʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʘʥʝʩʝʥʥʷ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ 

ʰʘʨʫ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʯʠ ʤʝʪʘʣʝʚʠʡ ʧʽʜʰʘʨ (ʤʦʣʽʙʜʝʥ, ʩʨʽʙʣʦ ʘʙʦ 

ʟʦʣʦʪʦ). ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʥʘʥʦʩʠʪʴʩʷ ʥʽʢʝʣʴ, ʪʦ ʥʘʡʯʘʩʪʽʰʝ ʮʝ ʨʦʙʠʪʴʩʷ ʰʣʷʭʦʤ ʛʘʣʴʚʘʥʽʯʥʦʛʦ 

ʘʙʦ ʡ ʙʝʟʩʪʨʫʤʦʚʦʛʦ ʦʩʘʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʽʩʪʦʪʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʩʢʣʘʜ 

ʝʣʝʢʪʨʦʣʽʪʫ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʥʘʚʽʪʴ ʚʽʜ ʪʦʛʦ, ʥʘ ʷʢʽ ʢʦʥʪʘʢʪʥʽ ʧʦʚʝʨʭʥʽ, 

ʧʦ çʛʘʨʷʯʽʡè ʯʠ ʧʦ çʭʦʣʦʜʥʽʡè ʩʪʦʨʦʥʽ ʥʘʥʦʩʠʪʴʩʷ ʘʥʪʠʜʠʬʫʟʽʡʥʠʡ 

ʰʘʨ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʽ ʧʦʧʝʨʝʜʥʷ ʧʽʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʽ, ʘ ʩʘʤʝ 

ʷʢʽʩʪʴ ʾʾ ʰʣʽʬʫʚʘʥʥʷ ʽ ʧʦʣʽʨʫʚʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʚ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ, 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ. ɯʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʽ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜ 

ʦʢʠʩʥʠʭ ʧʣʽʚʦʢ, ʷʢʝ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʙʦʤʙʘʨʜʫʚʘʥʥʷʤ 

ʧʦʚʝʨʭʥʽ ʘʨʛʦʥʦʤ. 

ɸʣʝ ʥʘ ʷʢʽʩʪʴ ʢʦʥʪʘʢʪʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʽ ʚʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ 

ʧʨʠʢʦʥʪʘʢʪʥʦʛʦ ʰʘʨʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ  

ʟʘʨʷʜʫ ʚ ʥʴʦʤʫ. ɿʥʠʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʧʨʠʢʦʥʪʘʢʪʥʦʾ ʦʙʣʘʩʪʽ 

ʜʦʤʘʛʘʶʪʴʩʷ ʾʾ ʧʽʜʣʝʛʫʚʘʥʥʷʤ ʘʙʦ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʫ ʮʽʡ ʦʙʣʘʩʪʽ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʽʟ ʟʦʥʥʠʤ ʩʧʝʢʪʨʦʤ, ʦʧʠʩʫʚʘʥʠʤ ʤʦʜʝʣʣʶ ʌʽʚʘʟʘ. 

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʩʪʚʦʨʶʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʧʣʦʱʠʥʠ ʾʾ ʰʘʨʽʚ ʙʫʣʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʧʣʦʱʠʥ ʢʦʥʪʘʢʪʽʚ. ʄʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ Bi-Te ʘʙʦ 

ʩʠʩʪʝʤʠ Bi(Sb) ï Te(Se) ʦʩʦʙʣʠʚʦ ʟʨʫʯʥʽ ʜʣʷ ʮʴʦʛʦ ʚʥʘʩʣʽʜʦʢ ʩʚʦʻʾ 

ʰʘʨʫʚʘʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʰʘʨʽʚ.  

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʥʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʴ ʥʝ 

ʣʠʰʝ ʰʣʷʭʦʤ ʧʘʷʥʥʷ, ʷʢʠʡ ʻ ʪʨʘʜʠʮʽʡʥʠʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʽ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʘʣʝ ʡ 

ʰʣʷʭʦʤ ʥʘʧʠʣʝʥʥʷ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʤʽʥʽʘʪʶʨʥʠʭ ʤʦʜʫʣʽʚ ʫ 

çʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʤʫè ʚʠʢʦʥʘʥʥʽ. ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ 

ʜʦʚʦʣʽ ʩʧʝʮʠʬʽʯʥʘ, ʘʣʝ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʜʘʻʪʴʩʷ ʜʦʤʦʛʪʠʩʴ 

ʦʩʦʙʣʠʚʦ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʴ ʧʠʪʦʤʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʦʧʦʨʽʚ ʥʘ 
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ɻʨʠʛʦʨʽʡ ʄʘʢʦʚʽʡʯʫʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯʚʘʥʫʱʘʢ ʅ.ʄ. 

 

ʈʦʟʧʦʜʽʣʝʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʥʘ ʙʘʟʽ ʙʣʦʢʯʝʡʥʫ  

ʚ ʤʝʜʠʯʥʽʡ ʛʘʣʫʟʽ  
 

ɹʣʦʢʯʝʡʥ (Blockchain ʘʙʦ Block Chain) ð ʚʠʙʫʜʫʚʘʥʠʡ ʟʘ ʧʝʚʥʠʤʠ 

ʧʨʘʚʠʣʘʤʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʦʩʣʽʜʦʚʥʠʡ ʣʘʥʮʶʞʦʢ ʙʣʦʢʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʽʥʬʦʨʤʘʮʽʶ. ʅʘʡʯʘʩʪʽʰʝ ʢʦʧʽʾ ʣʘʥʮʶʞʢʽʚ ʙʣʦʢʽʚ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ 

ʙʝʟʣʽʯʽ ʨʽʟʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɺʧʝʨʰʝ ʪʝʨʤʽʥ 

ʟ'ʷʚʠʚʩʷ ʷʢ ʥʘʟʚʘ ʧʦʚʥʽʩʪʶ ʨʝʧʣʽʢʦʚʘʥʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʙʘʟʠ ʜʘʥʠʭ, 

ʨʝʘʣʽʟʦʚʘʥʦʾ ʚ ʩʠʩʪʝʤʽ çʙʽʪʢʦʾʥʽʚè, ʯʝʨʝʟ ʱʦ ʙʣʦʢʯʝʡʥ ʯʘʩʪʦ ʚʽʜʥʦʩʷʪʴ 

ʜʦ ʪʨʘʥʟʘʢʮʽʡ ʚ ʨʽʟʥʠʭ ʢʨʠʧʪʦ ʚʘʣʶʪʘʭ. ʇʨʦʪʝ ʪʝʭʥʦʣʦʛʽʷ ʣʘʥʮʶʞʢʽʚ 

ʙʣʦʢʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʰʠʨʝʥʘ ʥʘ ʙʫʜʴ-ʷʢʽ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʙʣʦʢʠ. 

ɹʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʤʘʪʠ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʫ ʤʝʜʠʯʥʽʡ 

ʛʘʣʫʟʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʤʝʜʠʯʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ. ʅʘʨʘʟʽ ʚ ʤʝʜʠʯʥʽʡ ʛʘʣʫʟʽ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʟ 

ʙʝʟʧʝʢʦʶ ʪʘ ʮʽʣʽʩʥʽʩʪʶ ʜʘʥʠʭ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʙʦ ʣʽʢʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ. ɹʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʨʝʻʩʪʨʽ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʟʤʽʥʠʪʠ ʙʝʟ 

ʟʛʦʜʠ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʝʜʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʟʙʝʨʝʞʝʥʘ ʚ ʙʝʟʧʝʯʥʦʤʫ ʪʘ ʟʘʭʠʱʝʥʦʤʫ ʚʽʜ ʟʤʽʥ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ ʤʦʞʣʠʚʦʤʫ ʟʣʦʚʞʠʚʘʥʥʶ ʘʙʦ ʧʽʜʨʦʙʮʽ ʜʘʥʠʭ. 

ɹʣʦʢʯʝʡʥ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʽʰʝ ʫʧʨʘʚʣʽʥʥʷ 

ʤʝʜʠʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʨʽʟʥʠʤʠ ʣʽʢʘʨʥʷʤʠ ʪʘ ʤʝʜʠʯʥʠʤʠ 

ʟʘʢʣʘʜʘʤʠ. ʄʦʞʥʘ ʧʨʦʚʝʩʪʠ ʜʠʩʪʘʥʮʽʡʥʝ ʣʽʢʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʣʦʢʯʝʡʥ, ʦʩʢʽʣʴʢʠ ʣʽʢʘʨ ʟʤʦʞʝ ʚʽʜʜʘʣʝʥʦ ʩʪʝʞʠʪʠ ʟʘ ʩʪʘʥʦʤ ʧʘʮʽʻʥʪʘ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ ʜʦʩʪʫʧ ʜʦ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʘʮʽʻʥʪʘ 

ʤʦʞʝ ʙʫʪʠ ʥʘʜʘʥʠʡ ʪʽʣʴʢʠ ʧʽʩʣʷ ʡʦʛʦ ʟʛʦʜʠ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʤʘʨʪ-

ʢʦʥʪʨʘʢʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʪʦʯʥʠʡ ʽ ʙʝʟʧʝʯʥʠʡ ʦʙʤʽʥ 

ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʣʽʢʘʨʷʤʠ. ʏʝʨʝʟ ʩʪʘʨʪ-ʢʦʥʪʨʘʢʪʠ ʤʦʞʥʘ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʩʪʨʘʭʫʚʘʥʥʷ, ʮʝ ʜʦʧʦʤʦʞʝ ʟʝʢʦʥʦʤʠʪʠ ʛʨʦʰʽ ʥʘ ʧʦʩʝʨʝʜʥʠʢʘʭ, ʷʢʽ ʾʭ 

ʦʬʦʨʤʣʶʶʪʴ. 

ɹʣʦʢʯʝʡʥ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʤʝʜʠʯʥʠʭ 

ʢʘʨʪʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʚʩʶ ʥʝʦʙʭʽʜʥʫ ʤʝʜʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ 
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ʧʘʮʽʻʥʪʘ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʦʙʨʦʙʢʫ ʜʘʥʠʭ.  

ʉʝʨʝʜ ʤʽʥʫʩʽʚ:  

Á ɺʘʞʢʦ ʚʚʝʩʪʠ ʽʥʥʦʚʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʪʨʝʙʘ ʙʫʜʝ ʚʠʜʽʣʠʪʠ ʯʘʩ ʪʘ 

ʛʨʦʰʽ ʥʘ ʦʧʘʥʫʚʘʥʥʷ ʥʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. 

Á ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ï ʤʝʜʫʩʪʘʥʦʚʠ ʩʪʫʨʙʦʚʘʥʽ ʪʠʤ, ʱʦ ʩʠʩʪʝʤʠ 

ʙʣʦʢʯʝʡʥʫ ʥʝ ʟʤʦʞʫʪʴ ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭʥʽʭ 

ʧʦʪʨʝʙ. 

Á ɹʝʟʧʝʢʘ. ʍʦʯ ʙʣʦʢʯʝʡʥ ʽ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʘʣʝ ʧʨʦʙʣʝʤʘ ʙʝʟʧʝʢʠ 
ʯʝʨʝʟ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʦʶ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʽ 

ʩʪʘʨʪ-ʢʦʥʪʨʘʢʪʽʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʾʭ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʚ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ. ɸʨʭʽʪʝʢʪʫʨʘ 

ʜʦʜʘʪʢʘ ʜʘʻ ʟʤʦʛʫ ʟʙʝʨʽʛʘʪʠ ʚʝʣʠʢʽ ʦʙôʻʤʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʙʝʟ 

ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ, ʙʝʟ ʧʨʠʚôʷʟʢʠ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʩʭʦʚʠʱʘ 

ʜʘʥʠʭ. 

ɺ ʩʚʦʾʡ ʨʦʙʦʪʽ ʷ ʩʪʚʦʨʶʶ ʘʨʭʽʪʝʢʪʫʨʫ ʙʣʦʢʯʝʡʥʫ, ʪʦʙʪʦ ʩʘʤ ʙʣʦʢ, 

ʡʦʛʦ ʚʠʛʣʷʜ, ʤʝʪʦʜ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʘʣʛʦʨʠʪʤ ʧʝʨʝʚʽʨʢʠ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ï proof of work. 
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ɸʥʜʨʽʡ ʄʘʢʦʚʽʡʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʊʦʤʢʘ ʖ.ʗ. 

ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʠʥʪʝʟʫ ʤʦʚʣʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ɺ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʦʩʪʽʡʥʦ 

ʚʠʥʠʢʘʶʪʴ ʥʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʤʝʪʦʜʠ ʾʭ 

ʧʦʜʦʣʘʥʥʷ. ɿʘʚʜʘʥʥʷ ʩʠʥʪʝʟʫ ʤʦʚʣʝʥʥʷ ʟʘ ʜʝʩʷʪʠʣʽʪʪʷ ʧʝʨʝʪʚʦʨʠʣʦʩʷ ʟ 

ʧʨʠʤʽʪʠʚʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʟʚʫʯʝʥʥʷ ʪʝʢʩʪʫ ʥʘ ʧʦʚʥʫ ʽʤʽʪʘʮʽʶ 

ʣʶʜʩʴʢʦʛʦ ʛʦʣʦʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʥʝʨʠ, ʽʥʪʦʥʘʮʽʾ ʪʘ ʪʝʤʧʫ ʤʦʚʮʷ. ʎʷ 

ʪʝʭʥʦʣʦʛʽʷ ʪʘʢʦʞ ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʜʣʷ ʩʠʩʪʝʤ 

ʩʧʦʚʽʱʝʥʥʷ, ʛʦʣʦʩʦʚʠʭ ʘʩʠʩʪʝʥʪʽʚ, ʩʪʚʦʨʝʥʥʷ ʘʫʜʽʦʢʥʠʛ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʣʶʜʝʡ ʽʟ ʚʘʜʘʤʠ ʟʦʨʫ. 

ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ TTS (text-to-speech, ʪʝʢʩʪ-ʫ-ʤʦʚʣʝʥʥʷ) 

ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʪʚʦʨʝʥʥʽ ʪʝʢʩʪʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʥʘ 

ʛʦʣʦʩʦʚʝ. ʊʨʘʜʠʮʽʡʥʦ ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʠ ï 

ʩʠʥʪʝʟ ʰʣʷʭʦʤ ʢʦʥʢʘʪʝʥʘʮʽʾ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ [1]. ʆʜʥʘʢ 

ʥʘʚʝʜʝʥʽ ʤʝʪʦʜʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʜʘʶʪʴ ʚʠʟʥʘʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʧʣʘʥʽ 

ʷʢʦʩʪʽ ʛʦʣʦʩʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʩʪʘʥʥʽʭ ʨʦʟʨʦʙʦʢ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʣʠʙʦʢʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (deep learning). 

ʇʦʯʠʥʘʶʯʠ ʟ 2016 ʨʦʢʫ, ʢʦʣʠ ʤʦʜʝʣʴ WaveNet [2] ʫʩʧʽʰʥʦ 

ʟʛʝʥʝʨʫʚʘʣʘ ʧʦʚʥʦʮʽʥʥʠʡ ʘʫʜʽʦʩʠʛʥʘʣ ʟʘʤʽʩʪʴ ʥʘʙʦʨʫ ʘʢʫʩʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʦʯʘʣʠ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʩʠʥʪʝʟʫ ʤʦʚʣʝʥʥʷ. WaveNet ʻ ʘʚʪʦʨʝʛʨʝʩʠʚʥʦʶ ʤʦʜʝʣʣʶ ʥʘ ʦʩʥʦʚʽ 

ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʫ ʷʢʽʡ ʧʽʜʭʦʜʠ ʜʦ ʨʦʙʦʪʠ ʽʟ 

ʟʦʙʨʘʞʝʥʥʷʤʠ ʟʘʩʪʦʩʫʚʘʣʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ. ʎʷ ʨʦʙʦʪʘ 

ʣʷʛʣʘ ʚ ʦʩʥʦʚʫ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ 

ʟʘʚʜʘʥʴ TTS, ʘ ʩʘʤʘ ʤʦʜʝʣʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʘ ʟʥʘʯʥʦ ʚʜʦʩʢʦʥʘʣʝʥʘ ʪʘ 

ʦʧʪʠʤʽʟʦʚʘʥʘ.  

ɺʥʘʩʣʽʜʦʢ ʧʨʦʨʠʚʫ WaveNet, ʬʘʭʽʚʮʷʤʠ ʟ ʧʨʦʚʽʜʥʠʭ ʢʦʤʧʘʥʽʡ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʨʽʟʥʠʭ ʘʨʭʽʪʝʢʪʫʨ, ʩʝʨʝʜ ʷʢʠʭ 

Deep Voice, Tacotron, FastSpeech, WaveGlow. ʉʬʦʨʤʫʚʘʣʠʩʷ ʥʦʚʽ 

ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ: ʛʣʦʙʘʣʴʥʽ ʩʪʠʣʴʦʚʽ ʪʦʢʝʥʠ (GST), ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘ 
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(transformer-based), ʧʦʪʦʢʦʚʘ (flow-based). ʉʝʨʝʜ ʥʝʱʦʜʘʚʥʽʭ ʚʽʜʢʨʠʪʪʽʚ 

ʪʘʢʦʞ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʥʝʨʘʪʠʚʥʠʭ ʟʤʘʛʘʣʴʥʠʭ ʤʝʨʝʞ 

(GAN), ʱʦ ʥʘʙʠʨʘʶʪʴ ʧʦʧʫʣʷʨʥʽʩʪʴ ʫ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʫ ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ ʤʦʚʣʝʥʥʷ. 

ʄʦʜʝʣʴ EATS [3] ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ 

ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ GAN. ʉʪʨʫʢʪʫʨʥʦ ʚʦʥʘ 

ʧʦʜʽʣʝʥʘ ʥʘ ʜʚʘ ʢʦʤʧʦʥʝʥʪʠ ï ʚʠʨʽʚʥʶʚʘʯ 

ʪʘ ʜʝʢʦʜʝʨ (ʨʠʩ. 1). ɺʠʨʽʚʥʶʚʘʯ ʧʨʠʚʦʜʠʪʴ 

ʚʭʽʜʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʝʢʩʪʫ ʘʙʦ ʬʦʥʝʤ ʜʦ 

ʥʝʦʙʭʽʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʘʨʠ ʟʛʦʨʪʢʠ. ɼʝʢʦʜʝʨ 

ʪʨʘʥʩʬʦʨʤʫʻ ʦʪʨʠʤʘʥʠʡ ʥʘʙʽʨ ʦʟʥʘʢ ʜʦ 

ʢʽʥʮʝʚʦʛʦ ʘʫʜʽʦʩʠʛʥʘʣʫ. 

ɿʥʘʯʥʠʤ ʚʠʢʣʠʢʦʤ ʜʣʷ ʩʠʩʪʝʤ TTS 

ʟʘʣʠʰʘʻʪʴʩʷ ʙʘʛʘʪʦʤʦʚʥʘ ʣʦʢʘʣʽʟʘʮʽʷ. 

ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʨʽʰʝʥʴ ʙʝʨʫʪʴ 

ʜʦ ʫʚʘʛʠ ʤʦʚʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʚʞʠʪʢʫ, ʪʦʜʽ ʷʢ ʟʘʣʠʰʘʻʪʴʩʷ ʚʝʣʠʢʠʡ ʧʦʧʠʪ ʩʝʨʝʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 

ʥʘʮʽʦʥʘʣʴʥʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʫʢʨʘʾʥʩʴʢʦʾ. ʎʝ ʻ ʦʜʥʽʻʶ ʟ ʚʘʛʦʤʠʭ ʧʨʠʯʠʥ 

ʜʣʷ ʥʘʰʠʭ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʩʬʝʨʠ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Speech synthesis: A review of the best text to speech architectures with Deep 

Learning | AI Summer [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 2021. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://theaisummer.com/text-to-speech. 

2. WaveNet: A Generative Model for Raw Audio [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. / 

A.V.D. Oord et al. // arXiv. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://arxiv.org/pdf/1609.03499.pdf. 

3. End-to-End Adversarial Text-to-Speech [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

/ J. Donahue et al. // arXiv. ï 2021. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://arxiv.org/pdf/2006.03575.pdf. 

  

ʈʠʩ. 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ 

EATS 

https://theaisummer.com/text-to-speech
https://arxiv.org/pdf/1609.03499.pdf
https://arxiv.org/pdf/2006.03575.pdf
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ʄʠʢʦʣʘ ʄʘʢʩʠʤʦʚʠʯ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɼʚʦʨʞʘʢ ɺ.ɺ. 
 

ɺʠʷʚʣʝʥʥʷ ʤʦʜʝʣʝʡ ʧʝʨʩʦʥʘʞʽʚ ʛʨʠ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ 

YOLO  v7 
 

ʆʜʥʽʻʶ ʟ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʘ ʚʽʜʝʦ ʽʛʦʨ [1]. 

ʄʘʰʠʥʠ ʩʪʘʣʠ ʩʠʣʴʥʽʰʠʤʠ ʟʘ ʣʶʜʝʡ ʫ ʰʘʰʢʘʭ ʧʽʩʣʷ 1994 ʨʦʢʫ, 

ʫ ʰʘʭʘʭ - ʟ 1997-ʛʦ, ʘ ʛʦ ʦʩʪʘʪʦʯʥʦ ʧʽʜʢʦʨʠʣʠ ʫ 2017-ʤʫ. ʋ ʮʽ ʞ ʨʦʢʠ 

ʨʦʟʨʦʙʥʠʢʠ ʩʪʘʣʠ ʥʘʤʘʛʘʪʠʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʥʝʡʨʦʤʝʨʝʞʽ ʜʣʷ ʚʽʜʝʦʽʛʦʨ: 

ʪʚʦʨʮʽ AlphaGo ʟʘʡʤʘʣʠʩʷ ʨʦʟʨʦʙʢʦʶ "ʙʽʪʦʚʦʛʦ ʛʨʘʚʮʷ" ʚ Starcraft 2, ʘ 

OpenAI ʚʟʷʣʠʩʷ ʟʘ Dota.  ɸʣʛʦʨʠʪʤ ʥʘʚʯʘʚʩʷ 2 ʨʦʢʠ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʨʝʛʫʣʷʨʥʠʭ ʧʨʦʛʨʘʰʽʚ ʧʦʯʘʪʢʽʚʮʷʤ, ʘ ʯʝʨʝʟ ʧʽʚʨʦʢʫ ʟʘʢʽʥʯʠʚ ʪʠʤ, ʱʦ 

ʧʝʨʝʤʘʛʘʚ ʥʘʡʢʨʘʱʠʭ ʛʨʘʚʮʽʚ. 13 ʢʚʽʪʥʷ 2019 ʢʦʤʘʥʜʘ OG, ʬʦʨʤʘʣʴʥʦ 

ʥʘʡʩʠʣʴʥʽʰʘ ʚ ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʽʡ ʦʥʣʘʡʥ-ʛʨʽ Dota 2, ʧʨʦʚʝʣʘ 

ʧʦʢʘʟʦʚʠʡ ʤʘʪʯ ʧʨʦʪʠ "ʙʽʪʦʚʦʛʦ" ʧʨʦʪʠʚʥʠʢʘ - ʘʣʛʦʨʠʪʤʫ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ Open AI. ʈʦʙʦʪʠ ʧʝʨʝʤʦʛʣʠ ʟ ʨʘʭʫʥʢʦʤ 2:0.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʝʡʨʦʤʝʨʝʞʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʦʟʠʮʽʾ ʤʦʜʝʣʝʡ 

ʧʝʨʩʦʥʘʞʽʚ ʚ ʛʨʽ CSGO. 

ʆʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʜʦʜʘʪʢʘ ʻ: ʚʠʷʚʣʝʥʥʷ ʤʦʜʝʣʝʡ ʛʨʘʚʮʽʚ ʥʘ 

ʝʢʨʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ; ʢʣʘʩʠʬʽʢʘʮʽʷ çʩʚʽʡ ʯʫʞʠʡè 

ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʩʪʨʽʣʴʙʽ ʧʦ ʩʚʦʾʤ. ɼʦ ʧʨʠʥʮʠʧʦʚʠʭ ʟʘʜʘʯ ʨʦʙʦʪʠ 

ʚʽʜʥʦʩʷʪʴ: ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ, ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ; ʟʙʽʣʴʰʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ 

ʢʘʜʨʫ. 

ɽʪʘʧʠ ʨʦʟʨʦʙʢʠ ʧʨʦʜʫʢʪʫ ʪʘʢʽ: ʧʽʜʛʦʪʦʚʢʘ ʥʘʙʦʨʫ ʜʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ; ʩʪʚʦʨʝʥʥʷ ʤʽʪʦʢ ʢʣʘʩʽʚ ʜʣʷ ʟʦʙʨʘʞʝʥʴ; ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ Yolov7; ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʤʦʜʝʣʽ; ʧʦʣʽʧʰʝʥʥʷ ʤʦʜʝʣʽ; 

ʨʦʟʨʦʙʢʘ ʛʦʣʦʚʥʦʛʦ ʩʢʨʽʧʪʫ; ʪʝʩʪʫʚʘʥʥʷ. 

ɿʦʙʨʘʞʝʥʥʷ ʩʧʦʯʘʪʢʫ ʟʙʠʨʘʣʠʩʷ ʟ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. ʇʽʟʥʽʰʝ 

ʩʪʚʦʨʝʥʦ ʩʢʨʠʧʪ ʜʣʷ ʩʢʨʽʥʰʦʪʫ ʛʨʠ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʣʘʚʽʰʫ. ʇʽʩʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʜʘʪʘ ʩʝʪʫ, ʡʦʛʦ ʙʫʣʦ ʧʦʢʨʠʪʦ ʤʽʪʢʘʤʠ ʢʣʘʩʽʚ. ɹʫʣʦ 
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ʚʠʢʦʨʠʩʪʘʥʦ 4 ʢʣʘʩʠ: CT  - ʪʽʣʦ ʩʧʝʮʥʘʟʫ, CT_H - ʛʦʣʦʚʘ ʩʧʝʮʥʘʟʫ, T  - 

ʪʽʣʦ ʪʝʨʦʨʠʩʪʘ, T_H  - ʛʦʣʦʚʘ ʪʝʨʦʨʠʩʪʘ (ʨʠʩ. 1). ɺʩʴʦʛʦ ʚ ʜʘʪʘʩʝʪʽ ʙʫʣʦ 

164 ʟʦʙʨʘʞʝʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʠʚ ʚʪʨʠʯʽ ʙʽʣʴʰʝ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʟʘʧʫʱʝʥʦ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʪʘ ʧʝʨʝʚʽʨʢʘ ʷʢʦʩʪʽ ʥʘʚʯʘʥʥʷ ʥʘ 

ʦʮʽʥʦʯʥʽʡ ʪʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʨʦʟʨʦʙʣʝʥʦ ʩʢʨʽʧʪ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʷʢʠʡ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʧʠʩʫʚʘʚ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʽ, ʧʝʨʝʜʘʚʘʚ ʡʦʛʦ ʥʘ ʦʙʨʦʙʢʫ ʥʝʡʨʦʤʝʨʝʞʽ, ʧʽʩʣʷ 

ʯʦʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʦʙʨʦʙʢʘ ʪʘ ʚʠʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʦʢʨʝʤʝ ʚʽʢʥʦ. 
 

 
ʈʠʩ. 1. ʄʽʪʢʠ ʢʣʘʩʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʩʦʥʘʞʽʚ ʛʨʠ 
 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ 

ʦʙʨʘʥʦ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ 

Visual Studio Code. Yolov7 - 

ʮʝ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ 

ʦʙ'ʻʢʪʽʚ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

PyTorch ʷʢ ʦʩʥʦʚʫ ʜʣʷ 

ʢʦʜʫʚʘʥʥʷ [2]. ɺʽʥ ʚʽʜʦʤʠʡ 

ʪʠʤ, ʱʦ ʚʠʷʚʣʷʻ ʦʙ'ʻʢʪʠ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

OpenCV - ʙʽʙʣʽʦʪʝʢʘ ʬʫʥʢʮʽʡ 

ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ 

ʟʦʨʫ, ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʽ 

ʯʠʩʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʢʨʠʧʪ ʜʣʷ ʘʚʪʦʥʘʚʝʜʝʥʥʷ ʚ 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʛʨʽ CSGO ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. 
 

 ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Joonatan Mªnttªri, Jonas Larsson MªlardalenApplications of Artificial Neural 

Networks in Games ; An Overview - Coputer Science, 2011. 

2. ʂʝʨʽʚʥʠʮʪʚʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ Yolov7 ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʚʣʘʩʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ 

ʜʣʷ ʥʴʦʛʦ. URL: https://blog.roboflow.com/yolov7-custom-dataset-training-

tutorial/ 

3.  

https://www.semanticscholar.org/author/Joonatan-M%C3%A4ntt%C3%A4ri/152509251
https://www.semanticscholar.org/author/Jonas-Larsson-M%C3%A4lardalen/2086659401
https://blog.roboflow.com/yolov7-custom-dataset-training-tutorial/
https://blog.roboflow.com/yolov7-custom-dataset-training-tutorial/
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ɼʝʥʠʩ ʄʘʥʽʣʽʯ ʆʣʝʛ ʉʝʤʝʥʶʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʩʦʚʘʥ ɻ.ɺ. 

ʄʝʪʦʜ ʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʭʘʦʩʫ ʪʘ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ 
ʐʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʟʘʭʠʱʝʥʦʩʪʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʽʥʞʝʥʝʨʽʾ, ʽʥʜʫʩʪʨʽʾ ʪʘ ʤʝʜʠʯʥʽʡ 

ʛʘʣʫʟʷʭ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʷʜ ʧʝʨʝʚʘʛ, ʘ ʩʘʤʝ ʚʝʣʠʢʫ ʥʘʜʤʽʨʥʽʩʪʴ, ʚʝʣʠʢʫ 

ʻʤʥʦʩʪʽ ʜʘʥʠʭ, ʥʠʟʴʢʫ ʝʥʪʨʦʧʽʶ ʪʘ ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʧʽʢʩʝʣʷʤʠ ʫ 

ʬʘʡʣʘʭ ʟʦʙʨʘʞʝʥʴ [1,2]. 

ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʥʘʤʠ ʤʝʪʦʜʽ ʚʩʽ ʧʽʢʩʝʣʽ ʧʝʨʝʩʪʘʚʣʷʶʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʚʦʚʠʤʽʨʥʝ ʭʘʦʪʠʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ɽʥʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʘʚʠʣʘ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ɼʘʣʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʧʨʦʮʝʩʫ ʰʠʬʨʫʚʘʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʪʨʠʚʠʤʽʨʥʫ ʭʘʦʪʠʯʥʫ ʩʠʩʪʝʤʫ ʃʦʨʝʥʮʘ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʟʘʰʠʬʨʦʚʘʥʠʤ ʪʘ ʦʨʠʛʽʥʘʣʴʥʠʤ 

ʟʦʙʨʘʞʝʥʥʷʤʠ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 256-ʙʽʪʥʠʡ ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ, ʱʦ ʛʝʥʝʨʫʻ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ ʜʣʷ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʝʙʨʘʾʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʢʣʶʯʘ [3].  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʴ ʟ ʜʚʦʭ 

ʝʪʘʧʽʚ, ʘ ʩʘʤʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʪʘ ʜʠʬʫʟʽʾ. ɼʣʷ ʦʙʦʭ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʬʦʨʤʫʶʪʴʩʷ ʟ 256-ʙʽʪʥʦʛʦ ʢʣʶʯʘ. ɺ ʟʘʛʘʣʴʥʦʤʫ 256-

ʙʽʪʥʠʡ ʢʣʶʯ ʂ ʟʘʜʘʻʪʴʩʷ ʪʘʢ: 1 2 32, ,...K k k k= . ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ  

ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ ()1key , ()2key , ()3key , ()4key ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ()
32

1 8

1

1
1 mod ... 32

256
i

k

key k k k
=

å õå õ
= Ä Ä +æ öæ ö

ç ÷ç ÷
ä , ʘ ()5key  

ʚʽʜʧʦʚʽʜʥʦ () ( )( )
32

2

1 32

1

5 ... 256 32i

k

key k k k
=

= Ä Ä ³ä . 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʚʩʽ ʧʽʢʩʝʣʽ ʟʦʙʨʘʞʝʥʥʷ ʟʘʧʠʩʫʶʪʴʩʷ ʚ 

ʦʜʥʦʚʠʤʽʨʥʠʡ ʤʘʩʠʚ, ʱʦ ʜʘʣʽ ʜʽʣʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʧʨʦʤʽʞʢʠ 

1 2 3 4 5 6 7W W W W W W W= = = = = =. ʇʽʩʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʩʪʘʥʦʚʢʠ. ʇʨʘʚʠʣʘ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ 

ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʩʪʘʥʦʚʢʠ ʧʦ ʰʠʨʠʥʽ W: ʷʢʱʦ ʚʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʚ 
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ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1, ʪʦʜʽ ʚʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʙʫʜʝ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 1W , 

ʚʽʜ ʧʝʨʰʦʛʦ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʚʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʽʜ 6.1 ʜʦ 

7, ʪʦʜʽ ʚʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 6W  ʜʦ W  [4]. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʘ 

ʩʠʩʪʝʤʘ ʃʦʨʝʥʮʘ, ʧʨʠ ʮʴʦʤʫ ʢʦʞʥʘ ʩʢʣʘʜʦʚʘ ʧʽʢʩʝʣʷ ʰʠʬʨʫʚʘʪʠʤʝʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʨʝʤʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʩʪʝʤʠ ʃʦʨʝʥʮʘ. ʅʘʧʨʠʢʣʘʜ, ʯʝʨʚʦʥʘ 

ʩʢʣʘʜʦʚʘ ʰʠʬʨʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʥʦʾ x, ʟʝʣʝʥʘ ï y  ʪʘ 

ʩʠʥʷ ï z .  

ɼʣʷ ʰʠʬʨʫʚʘʥʥʷ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʩʪʝʤʘ ʃʦʨʝʥʮʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ 

ʩʧʦʯʘʪʢʫ 1000 ʨʘʟʽʚ, ʧʽʩʣʷ ʷʢʦʛʦ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʨʦʮʝʩ ʰʠʬʨʫʚʘʥʥʷ. 

ɼʘʣʽ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʩʠʩʪʝʤʘ ʃʦʨʝʥʮʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ 

10 ʨʘʟʽʚ ʽ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʽʢʩʝʣʽʚ, ʪʦʙʪʦ 256-ʨʽʚʥʝʚʘ ʛʨʘʜʘʮʽʷ 

ʢʦʣʴʦʨʫ ʩʢʣʘʜʦʚʦʾ ʧʽʢʩʝʣʷ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʘ ʚ ʜʝʩʷʪʢʦʚʝ ʟʥʘʯʝʥʥʷ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʙʫʚ ʨʝʘʣʽʟʦʚʘʥʠʡ ʽ ʦʮʽʥʝʥʘ ʡʦʛʦ ʟʘʭʠʱʝʥʽʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʤʘʣʘ ʟʤʽʥʘ ʦʨʠʛʽʥʘʣʴʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʢʣʶʯʘ ʰʠʬʨʫʚʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ 

ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ɿʣʦʚʤʠʩʥʠʢ ʥʝ ʟʤʦʞʝ ʦʪʨʠʤʘʪʠ ʞʦʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʩʧʨʦʙʽ ʧʽʜʽʙʨʘʪʠ ʧʨʠʙʣʠʟʥʠʡ ʢʣʶʯ ʪʘ ʦʪʨʠʤʘʪʠ 

ʦʨʠʛʽʥʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ. 
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ʆʣʝʢʩʘʥʜʨ ʄʘʨʢʽʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʉʝʪʽ ʖ.ʆ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ 

ʫ ʜʚʦʢʘʩʢʘʜʥʽʡ ʚʽʜʢʨʠʪʽʡ ʥʘʥʦʩʪʨʫʢʪʫʨʽ  

ʫ ʧʽʜʭʦʜʽ S-ʤʘʪʨʠʮʽ 

ʋ ʨʦʙʦʪʽ ʚ ʥʘʙʣʠʞʝʥʥʽ ʝʬʝʢʪʠʚʥʠʭ ʤʘʩ ʪʘ ʧʨʷʤʦʢʫʪʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʫ ʧʽʜʭʦʜʽ S-ʤʘʪʨʠʮʽ ʨʦʟʩʽʷʥʥʷ ʜʦʩʣʽʜʞʝʥʦ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʨʝʟʦʥʘʥʩʥʽ ʝʥʝʨʛʽʾ ʪʘ ʨʝʟʦʥʘʥʩʥʽ ʰʠʨʠʥʠ) ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ 

ʝʣʝʢʪʨʦʥʘ ʜʚʦʢʘʩʢʘʜʥʦʾ ʚʽʜʢʨʠʪʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʟ ʽʥʚʝʨʩʦʚʘʥʠʤʠ 

ʘʢʪʠʚʥʠʤʠ ʷʤʘʤʠ (ʨʠʩ. 1). ɺʠʚʯʝʥʦ ʝʚʦʣʶʮʽʾ ʨʝʟʦʥʘʥʩʥʠʭ ʝʥʝʨʛʽʡ ʽ 

ʨʝʟʦʥʘʥʩʥʠʭ ʰʠʨʠʥ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʤʽʱʝʥʥʷ U0 ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠ. ɿʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ, ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʫ ʧʽʜʭʦʜʽ S-ʤʘʪʨʠʮʽ, ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ 

ʡʤʦʚʽʨʥʦʩʪʽ. 

 
ʈʠʩ. 1. ʇʦʪʝʥʮʽʘʣʴʥʠʡ ʨʝʣʴʻʬ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʜʚʦʢʘʩʢʘʜʥʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʟ 

ʽʥʚʝʨʩʦʚʘʥʠʤʠ ʘʢʪʠʚʥʠʤʠ ʟʦʥʘʤʠ 

ɯʟ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʚʽʜʦʤʦ, ʱʦ ʧʨʦʮʝʩ ʢʚʘʥʪʦʚʦʛʦ ʧʝʨʝʥʦʩʫ ʤʦʞʝ 

ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ S-ʤʘʪʨʠʮʽ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ ʟʚôʷʟʦʢ ʤʽʞ 

ʭʚʠʣʴʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʭʚʠʣʴ ʫ 

ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ ʚʟʜʦʚʞ ʩʠʩʪʝʤʠ (Ɋin) ʪʘ ʭʚʠʣʴʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ (Ɋout): 

Ɋout=SɊin. 
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ɽʣʝʤʝʥʪʠ S-ʤʘʪʨʠʮʽ ʻ ʢʦʤʧʣʝʢʩʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ὛὯ, ʜʝ Ὧ ï 
ʭʚʠʣʴʦʚʠʡ ʚʝʢʪʦʨ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʥʘʣʽʪʠʯʥʦ ʧʨʦʜʦʚʞʝʥʽ ʚ ʦʙʣʘʩʪʴ 

ʢʦʤʧʣʝʢʩʥʠʭ ʟʥʘʯʝʥʴ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ Ὧ Ὧ ὭὯ. 

ʊʘʢʘ S-ʤʘʪʨʠʮʷ ʻ ʫʥʽʪʘʨʥʦʶ ʤʘʪʨʠʮʝʶ ὛὛ ὛὛ ρ. ɺʦʥʘ 

ʚʦʣʦʜʽʻ ʚʣʘʩʪʠʚʽʩʪʶ Ὓ Ὧ ὛᶻὯᶻ, ʟʚ̔ ʜʢʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʷʢʱʦ Ὓ ʤʘʻ 
ʥʫʣʴ ʚ ʜʝʷʢʽʡ ʪʦʯʮʽ Ὧ, ʪʦ ʚʦʥʘ ʦʙʦʚô̫ ʟʢʦʚʦ ʧʦʚʠʥʥʘ ʤʘʪʠ ʧʦʣʶʩ ʫ 

ʪʦʯʮʽ Ὧ Ὧᶻ. 
ɼʽʡʩʥʽ ʯʘʩʪʠʥʠ ʧʦʣʶʩʽʚ S-ʤʘʪʨʠʮʽ ʚʠʟʥʘʯʘʶʪʴ ʨʝʟʦʥʘʥʩʥʽ ʝʥʝʨʛʽʾ Ὁ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ, ʘ ʫʷʚʥʽ ʯʘʩʪʠʥʠ ï ʨʝʟʦʥʘʥʩʥʽ 

ʧʽʚʰʠʨʠʥʠ ːȾς ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ S-ʤʘʪʨʠʮʽ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʧʽʜʭʽʜ ʪʨʘʥʩʬʝʨ-ʤʘʪʨʠʮʽ 

T, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ ʟʚôʷʟʦʢ ʤʽʞ ʧʘʜʘʶʯʦʶ ʟʣʽʚʘ ʥʘ ʩʠʩʪʝʤʫ ʭʚʠʣʴʦʚʦʶ 

ʬʫʥʢʮʽʻʶ  ȟ ʪʘ ʭʚʠʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ  , ʷʢʘ ʚʠʭʦʜʠʪʴ ʽʟ ʩʠʩʪʝʤʠ ʪʘ 
ʥʝʦʙʤʝʞʝʥʦ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ z: 

  Ὕ  . 

ɼʣʷ ʝʣʝʢʪʨʦʥʘ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʥʘʥʦʩʪʨʫʢʪʫʨʽ ʩʧʨʘʚʝʜʣʠʚʝ 

ʩʪʘʮʽʦʥʘʨʥʝ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ, ʷʢʝ, ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʫ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʟʘʧʠʩʘʥʠʭ ʚ ʢʦʞʥʽʡ ʦʙʣʘʩʪʽ ʩʪʨʫʢʪʫʨʠ. ɿ 

ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʚʽʜʦʤʦ, ʱʦ ʨʦʟʚôʷʟʢʠ ʮʠʭ ʨʽʚʥʷʥʴ ʧʦʚʠʥʥʽ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʽʜʦʤʽ ʫʤʦʚʠ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʪʘ 

ʧʦʪʦʢʽʚ ʾʭ ʛʫʩʪʠʥ ʡʤʦʚʽʨʥʦʩʪʝʡ ʥʘ ʚʩʽʭ ʤʝʞʘʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʬʝʨ 

ʤʘʪʨʠʮʽ T, ʘ ʦʪʞʝ, ʡ S-ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ, ʧʦʣʶʩʠ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴ 

ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ. 

ɺ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʽʜʭʦʜʽʚ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʬʫʥʢʮʽʾ ʡʤʦʚʽʨʥʦʩʪʽ, ʤʝʪʦʜ S-ʤʘʪʨʠʮʽ ʢʦʨʝʢʪʥʦ ʚʠʟʥʘʯʘʻ 

ʨʝʟʦʥʘʥʩʥʽ ʝʥʝʨʛʽʾ ʪʘ ʨʝʟʦʥʘʥʩʥʽ ʰʠʨʠʥʠ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ 

ʝʣʝʢʪʨʦʥʘ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʚʦʢʘʩʢʘʜʥʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʊʢʘʯ ʄ.ɺ., ʉʝʪʽ ʖ.ʆ., ɺʦʡʮʝʭʽʚʩʴʢʘ ʆ.ʄ. ʂʚʘʟʽʯʘʩʪʠʥʢʠ ʫ ʥʘʥʦʩʠʩʪʝʤʘʭ. 

ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ, ʜʨʦʪʠ ʽ ʧʣʽʚʢʠ. ʏʝʨʥʽʚʮʽ: çʂʥʠʛʠ ïʍʍɯè. ï 2015. ï 386 c. 
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ɸʨʪʝʤ ʄʘʨʪʝʥʯʫʢ, ʆʣʝʢʩʘʥʜʨ ɾʠʥʞʝʨ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʄʘʡʩʪʨʫʢ ɽ.ɺ. 

ɻʝʥʝʨʘʪʦʨ ʥʘ ʘʩʠʥʭʨʦʥʥʦʤʫ ʜʚʠʛʫʥʽ  

ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʠʤ ʨʦʪʦʨʦʤ 

ɸʩʠʥʭʨʦʥʥʽ ʤʘʰʠʥʠ ʻ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʤʘʰʠʥʘʤʠ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʏʘʩʪʽʰʝ ʘʩʠʥʭʨʦʥʥʽ ʤʘʰʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʜʚʠʛʫʥʠ. ɸʣʝ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦʰʠʨʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʩʠʥʭʨʦʥʥʠʭ 

ʤʘʰʠʥ ʷʢ ʘʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ [1].  

ʑʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʩʠʥʭʨʦʥʥʠʡ 3-ʬʘʟʥʠʡ ʜʚʠʛʫʥ ʽʟ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʠʤ ʨʦʪʦʨʦʤ ʷʢ ʛʝʥʝʨʘʪʦʨ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʙʫʜʞʝʥʥʷ ʩʪʘʪʦʨʥʠʭ ʦʙʤʦʪʦʢ ʟʘʣʠʰʢʦʚʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʝ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʦʪʦʨʽ. 

ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʦ ʢʦʣʘ ʩʪʘʪʦʨʘ 

ʜʦʜʘʪʢʦʚʦ ʚʤʠʢʘʶʪʴ ʢʦʥʜʝʥʩʘʪʦʨʠ. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʞʝʨʝʣʦ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʙʘʪʘʨʝʷ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʘʙʦ ʩʠʥʭʨʦʥʥʠʡ ʢʦʤʧʝʥʩʘʪʦʨ) ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʨʝʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʷʢ ʘʩʠʥʭʨʦʥʥʦʤʫ ʛʝʥʝʨʘʪʦʨʫ, ʪʘʢ ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʶ. ʇʨʠʯʦʤʫ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʪʘ ʯʘʩʪʦʪʠ ʩʪʨʫʤʫ 

ʧʨʦʧʦʨʮʽʡʥʽ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʽ, ʢʨʽʤ ʪʦʛʦ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʭʝʤʠ 

ʟôʻʜʥʘʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʽʚ.  

ʉʫʯʘʩʥʽ ʨʦʙʦʪʠ ʧʦ ʩʘʤʦʟʙʫʜʞʝʥʥʶ ʘʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʙʫʜʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ.  
ʇʝʨʰʠʡ ʝʪʘʧ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʟʘʣʠʰʢʦʚʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʤʘʛʥʽʪʥʦʛʦ ʢʦʣʘ ʤʘʰʠʥʠ, ʧʦʯʘʪʢʦʚʘ ɽʈʉ ʚʽʜ ʷʢʦʾ ʧʦʪʽʤ ʧʦʩʠʣʶʻʪʴʩʷ 

ʻʤʥʽʩʥʠʤ ʩʪʨʫʤʦʤ [2]. ʇʨʦʮʝʩ ʩʘʤʦʟʙʫʜʞʝʥʥʷ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʧʨʦʭʦʜʠʪʴ ʷʢ ʫ ʛʝʥʝʨʘʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʱʦ ʻ 

ʟʘʣʠʰʢʦʚʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ. ɿʘʣʠʰʢʦʚʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʧʨʠ 

ʦʙʝʨʪʘʥʥʽ ʨʦʪʦʨʘ ʥʘʚʦʜʠʪʴ ʚ ʦʙʤʦʪʮʽ ʩʪʘʪʦʨʘ ɽʈʉ, ʷʢʘ ʚʠʢʣʠʢʘʻ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʩʪʨʫʤ. ɺʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʦʾ ɽʈʉ ʩʪʘʥʦʚʠʪʴ 2 - 3 % ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ. ʂʦʥʜʝʥʩʘʪʦʨʥʠʡ ʩʪʨʫʤ ʻʤʥʽʩʥʠʡ, ʧʨʦʪʽʢʘʻ ʧʦ 

ʦʙʤʦʪʮʽ ʩʪʘʪʦʨʘ, ʧʽʜʤʘʛʥʽʯʫʻ ʘʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ ʽ ʧʦʩʠʣʶʻ 

ʟʘʣʠʰʢʦʚʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʟʘʣʠʰʢʦʚʦʾ 

ɽʈʉ, ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʪʨʫʤʫ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ [3]. 



234 

 

 

ɼʨʫʛʠʡ ʝʪʘʧ ʧʦʣʷʛʘʻ ʫ ʟʙʽʣʴʰʝʥʥʽ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʩʪʨʫʤʫ 

ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʘ.  
ɼʦʚʛʠʡ ʯʘʩ ʻʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʜʣʷ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ 

ʩʘʤʦʟʙʫʜʞʝʥʥʷ ʚʠʟʥʘʯʘʣʘʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ. ʎʝ 

ʟʫʤʦʚʠʣʦ ʧʦʷʚʫ ʜʦʚʽʜʥʠʢʦʚʠʭ ʪʘʙʣʠʮʴ ʻʤʥʦʩʪʝʡ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʪʠʧʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘ ʧʨʦʩʪʦʨʘʭ ʽʥʪʝʨʥʝʪʫ 

ʧʦʰʠʨʶʻʪʴʩʷ ʦʜʥʘ ʡ ʪʘ ʩʘʤʘ ʪʘʙʣʠʮʷ, ʷʢʫ ʚʩʽ ʧʦʰʠʨʶʶʪʴ ʪʘ 

ʢʨʠʪʠʢʫʶʪʴ ʟʘ ʪʝ, ʱʦ ʟʥʘʯʝʥʥʷ ʚ ʪʘʙʣʠʮʽ ʥʝ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ.  

ʈʠʩ.1 ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ɸɼ ʽʟ ʢʦʥʜʝʥʩʘʪʦʨʥʠʤ ʟʙʫʜʞʝʥʥʷʤ. 
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ɯʚʘʥ ʄʘʨʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 

ʈʦʟʨʦʙʢʘ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʝʨʝʞʽ  

ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʽ ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʫ ʜʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ ʻ ʚʘʞʣʠʚʽ ʜʣʷ ʙʽʟʥʝʩʫ, 

ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʽʟ ʜʘʥʠʤʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, 

ʧʨʠ ʮʴʦʤʫ ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʟʚôʷʟʦʢ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ ʚ 

ʧʨʦʮʝʩʽ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. ʆʜʥʘʢ ʢʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ ʪʘʢʦʞ ʤʘʶʪʴ 

ʨʠʟʠʢʠ, ʪʘʢʽ ʷʢ ʤʦʞʣʠʚʽʩʪʴ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ, 

ʚʠʪʦʢʫ ʜʘʥʠʭ ʪʦʱʦ. ʈʦʟʨʦʙʢʘ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʝʨʝʞʽ 

(ʂɯʄ) ʽʟ ʤʦʞʣʠʚʽʩʪʶ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʩʫʨʩʽʚ ʻ 

ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʙʫʜʴ-

ʷʢʦʾ ʢʦʤʧʘʥʽʾ [1]. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʂɯʄ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʡ 

ʫʧʨʘʚʣʽʥʥʷ [2]. ʎʷ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʽ ʤʦʞʣʠʚʦʩʪʽ: ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ 

ʪʘ ʨʦʟʰʠʨʝʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʂɯʄ; ʥʝʧʝʨʝʨʚʥʠʡ ʢʦʥʪʨʦʣʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʝʨʝʞʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʨʠʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʽ 

ʤʝʨʝʞʥʠʭ ʩʝʨʚʽʩʽʚ; ʟʙʽʨ ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʢʣʶʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ ʦʧʝʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʠʟʠʢʽʚ ʥʘ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʽ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʟʘ 

ʩʪʦʩʫʥʢʠ; ʦʧʪʠʤʽʟʘʮʽʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʡ 

ʩʝʨʚʝʨʠ; ʬʽʢʩʘʮʽʷ ʽʥʮʠʜʝʥʪʽʚ ʙʝʟʧʝʢʠ; ʣʦʢʘʣʽʟʘʮʽʷ ʧʨʠʯʠʥ ʽʥʮʠʜʝʥʪʫ ʪʘ 

ʡʦʛʦ ʘʚʪʦʤʘʪʠʯʥʝ ʫʩʫʥʝʥʥʷ, ʘʙʦ ʞ ʩʧʦʚʽʱʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʦʩʽʙ. 

ʆʨʛʘʥʽʟʘʮʽʷ/ʢʦʤʧʘʥʽʷ ʚʧʨʦʚʘʜʞʫʶʯʠ ʪʘʢʽ ʩʠʩʪʝʤʠ ʚ ʂɯʄ, ʤʦʞʫʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʘʢʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʦʩʪʫʧʥʦʩʪʽ, ʩʪʘʥʫ ʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘʥʘʣʽʟʫʚʘʪʠ ʡ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʭʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ. 

ɿʘʛʘʣʦʤ, ʘʫʜʠʪ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ï ʮʝ 

ʧʝʨʝʚʽʨʢʘ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʦʨʛʘʥʽʟʘʮʽʾ, ʟʦʢʨʝʤʘ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ, ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ ʥʘ ʾʭ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʪʘ ʩʪʘʥʜʘʨʪʘʤ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʘʫʜʠʪʫ ʻ: ʦʮʽʥʢʘ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ; ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʣʽʢʚʽʜʘʮʽʷ ʚʨʘʟʣʠʚʦʩʪʝʡ; 
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ʤʽʥʽʤʽʟʘʮʽʷ ʟʙʠʪʢʽʚ ʚʽʜ ʧʦʪʝʥʮʽʡʥʦ ʨʝʘʣʽʟʦʚʘʥʠʭ ʟʘʛʨʦʟ; ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʜʝʨʞʘʚʥʠʤ, ʥʘʮʽʦʥʘʣʴʥʠʤ ʪʘ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ [3].  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʂɯʄ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʚʝʣʠʢʫ ʫʚʘʛʫ ʩʘʤʝ ʾʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʚʠʙʦʨʽ ʤʝʨʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʛʦ 

ʟʘʭʠʩʪʫ. ʆʙʦʚôʷʟʢʦʚʠʡ ʚ ʪʘʢʠʭ ʤʝʨʝʞʘʭ ʙʨʘʥʜʤʘʫʝʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʟʘʭʠʩʪ ʩʘʤʦʾ ʂɯʄ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ ʚʽʜ ʘʪʘʢ ʨʽʟʥʦʛʦ ʨʦʜʫ. ɺʽʥ 

ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʨʘʚʠʣʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʘʚʪʦʨʠʟʦʚʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟ 

ʨʽʟʥʠʤʠ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʫ ʜʦ ʨʽʟʥʠʭ ʨʝʩʫʨʩʽʚ ʂɯʄ. 

ʇʨʦʮʝʩʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ; ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʚʽʨʠʪʠ ʦʩʦʙʫ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʥʘʜʘʪʠ ʡʦʤʫ ʥʝʦʙʭʽʜʥʽ ʜʦʟʚʦʣʠ. ʇʨʘʚʘ ʜʦʩʪʫʧʫ ʜʦ 

ʬʘʡʣʽʚ, ʙʘʟ ʜʘʥʠʭ, ʤʝʨʝʞʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʨʦʣʽ ʚ ʦʨʛʘʥʽʟʘʮʽʾ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ 

ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʠʪʴ ʟʘʭʠʩʪ ʧʨʠʢʣʘʜʥʠʭ ʪʘ ʩʠʩʪʝʤʥʠʭ ʜʘʥʠʭ, 

ʟʙʝʨʝʞʝʥʠʭ ʥʘ ʩʝʨʚʝʨʘʭ ʪʘ ʽʥʰʠʭ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʷʭ ʂɯʄ [2]. 

ʆʪʞʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ 

ʧʦʜʽʙʥʠʭ ʨʽʰʝʥʴ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʧʘʨʘʪʥʦʛʦ ʡ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʢʨʠʪʠʯʥʠʭ ʟʙʦʾʚ ʪʘ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʜʽʡ, ʚ ʨʦʟʨʦʙʣʝʥʫ ʂɯʄ ʩʣʽʜ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʫ. ʆʩʪʘʥʥʻ 

ʟʘʙʝʟʧʝʯʠʪʴ ʥʝʧʝʨʝʨʚʥʠʡ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʪʘ 

ʛʘʨʘʥʪʦʚʘʥʽʩʪʴ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ. 
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ɼʘʥʠʾʣ ʄʝʣʝʥʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ʉʧʦʚʽʱʫʚʘʯ çʇʦʚʽʪʨʷʥʘ ʪʨʠʚʦʛʘè  

ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ESP8266 

 
ʄʘʩʦʚʘ ʢʦʤʫʥʽʢʘʮʽʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʦʧʦʩʝʨʝʜʢʦʚʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʫʯʘʩʥʦʾ ʩʠʤʚʦʣʽʯʥʦʾ ʢʫʣʴʪʫʨʠ, ʧʝʚʥʠʤ ʯʠʥʦʤ ʾʾ ʜʠʬʝʨʝʥʮʽʶʶʯʠ, 

ʧʦʚʽʜʦʤʣʷʶʯʠ ʾʡ ʦʩʦʙʣʠʚʽ ʧʨʠʥʮʠʧʠ ʪʘ ʟʨʘʟʢʠ ʚʟʘʻʤʦʜʽʾ ʟʥʘʯʝʥʴ ʪʘ 

ʟʥʘʢʽʚ, ʮʽʥʥʦʩʪʝʡ ʪʘ ʩʠʤʚʦʣʽʚ, ʧʨʠʧʫʩʢʘʶʯʠ ʽʩʥʫʚʘʥʥʷ ʜʦʩʠʪʴ ʨʽʟʥʠʭ ʟʘ 

ʩʢʣʘʜʦʤ ʪʝʢʩʪʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʚ ʜʦʩʠʪʴ ʟʘʧʣʫʪʘʥʠʭ 

ʚʽʜʥʦʰʝʥʥʷʭ ʧʘʨʘʣʝʣʴʥʦʛʦ ʽʩʥʫʚʘʥʥʷ. ɸʣʝ ʚʩʝ- ʪʘʢʠʞ mass-media ʻ 

ʥʝʚʽʜôʻʤʥʠʤ ʯʠʥʥʠʢʦʤ ʩʫʯʘʩʥʦʛʦ ʣʶʜʩʴʢʦʛʦ ʽʩʥʫʚʘʥʥʷ ʚʟʘʛʘʣʽ ʪʘ 

ʢʫʣʴʪʫʨʠ ʟʦʢʨʝʤʘ. ʄʘʩʦʚʘ ʢʦʤʫʥʽʢʘʮʽʷ ʥʝ ʪʽʣʴʢʠ ʫʚʽʡʰʣʘ ʚ ʣʶʜʩʴʢʝ 

ʩʫʩʧʽʣʴʩʪʚʦ, ʟʘʡʥʷʚʰʠ ʜʦʩʠʪʴ ʟʥʘʯʥʝ ʤʽʩʮʝ ʚ ʩʪʨʫʢʪʫʨʽ ʢʫʣʴʪʫʨʠ, ʘʣʝ ʡ 

ʧʨʠʟʚʝʣʘ ʜʦ ʪʦʛʦ ʰʣʷʭʫ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ, ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ 

ʩʴʦʛʦʜʥʽ. 

ʋ ʨʽʟʥʠʭ ʩʫʩʧʽʣʴʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʠʡ ʽ ʥʘʙʽʨ ʟʘʩʦʙʽʚ, ʢʘʥʘʣʽʚ ʽ ʤʝʪʦʜʽʚ 

ʜʫʭʦʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʚʽʜʦʤʽʩʪʴ ʦʩʦʙʠ. ɹʫʜʴ-ʷʢʝ ʩʫʩʧʽʣʴʩʪʚʦ ʩʪʚʦʨʶʻ 

ʚʽʜʧʦʚʽʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʩʣʫʞʙʠ ʽ ʮʝʥʪʨʠ. ɿ'ʷʚʣʷʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʢʘʥʘʣʠ, 

ʧʦ ʷʢʠʭ ʮʽʥʥʽʩʥʽ ʫʩʪʘʥʦʚʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʥʝʩʝʥʽ ʜʦ ʰʠʨʦʢʦʛʦ ʢʦʣʘ 

ʨʝʮʝʧʽʻʥʪʽʚ. ɺʠʙʽʨ ʾʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʠ, ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʪʘ ʩʫʪʽ 

ʩʫʩʧʽʣʴʥʦʛʦ ʚʠʭʦʚʘʥʥʷ. ɸʣʝ, ʙʝʟʩʫʤʥʽʚʥʦ, ʥʘʡʙʽʣʴʰ ʦʧʝʨʘʪʠʚʥʠʤ, 

ʜʦʭʽʜʣʠʚʠʤ ʽ ʜʽʡʦʚʠʤ ʢʘʥʘʣʦʤ ʬʦʨʤʫʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʾ ʜʫʤʢʠ (ʷʢ 

ʬʫʥʜʘʤʝʥʪʫ ʜʫʭʦʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʚʽʜʦʤʽʩʪʴ ʤʘʩ) ʻ ʩʠʩʪʝʤʘ ʟʘʩʦʙʽʚ 

ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ - ʧʨʝʩʘ, ʪʝʣʝʙʘʯʝʥʥʷ, ʨʘʜʽʦ, ʥʦʚʽ ʚʠʜʠ 

ʘʫʜʽʦʚʽʟʫʘʣʴʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʪʦʱʦ. 

ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʧʦʚʽʱʫʚʘʯʘ çʇʦʚʽʪʨʷʥʘ ʪʨʠʚʦʛʘè ʥʘ 

ʙʘʟʽ ESP8266. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 

ʉʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʤʦʜʫʣʽʚ: ʄ1 ï ʤʦʜʫʣʴ ESP8266; ʄ2 ï 

ʤʦʜʫʣʴ ʞʠʚʣʝʥʥʷ; ʄ3 ï ʤʦʜʫʣʴ ʨʝʣʝ. ʄʦʜʫʣʴ ʄ3 ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʢʦʤʫʪʘʮʽʾ ʧʨʠʩʪʨʦʾʚ ʩʧʦʚʽʱʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʩʠʨʝʥʠ, ʜʟʚʽʥʢʽʚ ʫ 

ʥʘʚʯʘʣʴʥʠʭ ʢʦʨʧʫʩʘʭ ʪʦʱʦ. ʆʩʢʽʣʴʢʠ ʧʨʠʩʪʨʽʡ ʤʘʻ ʟôʻʜʥʘʥʥʷ ʟ 

ʤʝʨʝʞʝʶ WiFi, ʪʦ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʟ ʩʘʡʪʦʤ çʂʘʨʪʘ ʧʦʚʽʪʨʷʥʠʭ ʪʨʠʚʦʛè 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. 
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ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʧʦʚʽʱʫʚʘʯʘ 

ʅʘʡʩʢʣʘʜʥʽʰʝ, ʟʚʠʯʘʡʥʦ, ʟʨʦʙʠʪʠ ʧʘʨʩʝʨ ʧʦʚʽʪʨʷʥʠʭ ʪʨʠʚʦʛ ʟ 

ʽʥʪʝʨʥʝʪʫ. ʇʘʨʩʝʨ ï ʮʝ ʘʚʪʦʤʘʪʠʯʥʠʡ ʟʯʠʪʫʚʘʯ ʙʫʜʴ-ʷʢʠʭ ʧʝʚʥʠʭ 

ʜʘʥʠʭ, ʫʢʣʘʜʝʥʠʭ ʫ ʣʘʙʽʨʠʥʪʽ ʪʝʢʩʪʫ. ʈʷʜʢʠ ʜʘʥʠʭ ʩʘʡʪʫ, ʟ ʷʢʦʛʦ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʝʨʘ, ʚʠʛʣʷʜʘʶʪʴ ʪʘʢ: 

<path d="m837 2076.6éééé..2.6462.387-2.8716.2743" data-

oblast="ʏʝʨʥʽʚʝʮʴʢʘ ʦʙʣʘʩʪʴ" class="map-district" data-alert-

type=""></path>; 

<path d="m837 2076.6éééé..2.6462.387-2.8716.2743" data-

oblast="ʏʝʨʥʽʚʝʮʴʢʘ ʦʙʣʘʩʪʴ" class="map-district"class="map-district 

hour-0 active  air-raid " data-alert-type="air-raid" data-alert-id="34241" 

data-hour="hour-0"></path>. 

ɿ ʮʴʦʛʦ ʪʝʢʩʪʫ ʢʦʥʪʨʦʣʝʨ ʧʦʚʠʥʝʥ ʟʥʘʡʪʠ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ 

çʏʝʨʥʽʚʝʮʴʢʘ ʦʙʣʘʩʪʴè ʽ ʚʠʜʽʣʠʪʠ ʧʽʩʣʷ ʥʴʦʛʦ 47 (133) ʩʠʤʚʦʣʽʚ. 

ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʝʨʫ ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ WiFi-ʤʝʨʝʞʽ, ʽ 

ʢʦʞʥʽ 10 ʩʝʢʫʥʜ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʚʢʘʟʘʥʫ ʩʪʦʨʽʥʢʫ ʩʘʡʪʫ, ʟʯʠʪʫʚʘʪʠ ʟ ʥʝʾ 

ʧʦʪʨʽʙʥʽ ʜʘʥʽ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. https://geekmatic.in.ua/nodemcu_wifi_esp8266. 
  

https://geekmatic.in.ua/nodemcu_wifi_esp8266
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ɯʚʘʥ ʄʝʣʴʥʠʮʴʢʠʡ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʊʦʤʘʰ ɺ.ɺ.  

ʅʘʮʽʦʥʘʣʴʥʦ-ʧʘʪʨʽʦʪʠʯʥʝ ʚʠʭʦʚʘʥʥʷ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʋʨʘʭʦʚʫʶʯʠ ʥʦʚʽ ʨʝʘʣʽʾ ʩʴʦʛʦʜʝʥʥʷ, ʦʙʩʪʘʚʠʥʠ, ʧʦʚôʷʟʘʥʽ ʟ 

ʨʦʩʽʡʩʴʢʦʶ ʘʛʨʝʩʽʻʶ, ʯʠʤʨʘʟ ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʚʠʭʦʚʘʥʥʷ ʚ 

ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ ʧʦʯʫʪʪʷ ʧʘʪʨʽʦʪʠʟʤʫ, ʘʢʪʠʚʥʦʾ ʛʨʦʤʘʜʷʥʩʴʢʦʾ 

ʧʦʟʠʮʽʾ, ʚʽʜʜʘʥʦʩʪʽ ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʽʡ ʩʧʨʘʚʽ ʟʽ ʟʤʽʮʥʝʥʥʷ 

ʩʫʚʝʨʝʥʥʦʾ ʜʝʨʞʘʚʠ ʷʢ ʥʝʚʽʜ'ʻʤʥʦʾ ʩʢʣʘʜʦʚʦʾ ʻʚʨʦʧʝʡʩʴʢʦʾ ʪʘ ʩʚʽʪʦʚʦʾ 

ʩʧʽʣʴʥʦʪʠ. 

ɺ ʦʩʥʦʚʫ ʩʠʩʪʝʤʠ ʥʘʮʽʦʥʘʣʴʥʦ-ʧʘʪʨʽʦʪʠʯʥʦʛʦ ʚʠʭʦʚʘʥʥʷ ʧʦʢʣʘʜʝʥʦ 

ʽʜʝʶ ʨʦʟʚʠʪʢʫ ʫʢʨʘʾʥʩʴʢʦʾ ʜʝʨʞʘʚʥʦʩʪʽ ʷʢ ʢʦʥʩʦʣʽʜʫʶʯʦʛʦ ʯʠʥʥʠʢʘ 

ʨʦʟʚʠʪʢʫ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʫʢʨʘʾʥʩʴʢʦʾ ʧʦʣʽʪʠʯʥʦʾ ʥʘʮʽʾ [1]. 

ʐʢʽʣʴʥʠʡ ʧʨʝʜʤʝʪ ʪʨʫʜʦʚʝ ʥʘʚʯʘʥʥʷ ʤʘʻ ʟʥʘʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫ 

ʚʠʭʦʚʘʥʥʽ ʚ ʫʯʥʽʚ ʥʘʮʽʦʥʘʣʴʥʦ-ʧʘʪʨʽʦʪʠʯʥʠʭ ʧʦʯʫʪʪʽʚ. ɼʽʻʚʠʤ 

ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʪʘʢʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʚ ʫʯʥʽʚ 

ʟʘʛʘʣʴʥʦʢʫʣʴʪʫʨʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʪʘ  ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʟ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʝʜʤʝʪʽʚ ʽ ʨʝʯʝʡ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʥʘʨʦʜʥʦʶ ʢʫʣʴʪʫʨʦʶ 

ʫʢʨʘʾʥʮʽʚ, ʘ ʩʘʤʝ ʟ ʜʝʢʦʨʘʪʠʚʥʦ-ʫʞʠʪʢʦʚʠʤ ʤʠʩʪʝʮʪʚʦʤ ʪʘ 

ʨʝʤʽʩʥʠʯʠʤʠ ʚʠʨʦʙʘʤʠ, ʱʦ ʙʫʣʠ ʟʚʠʯʥʠʤʠ ʚ ʧʦʙʫʪʽ ʢʦʣʠʩʴ ʽ ʩʪʘʶʪʴ 

ʧʦʧʫʣʷʨʥʠʤʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ [2]. 

ʅʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʚʯʠʪʝʣʴ ʯʝʨʝʟ ʥʘʨʦʜʥʫ 

ʧʦʝʟʽʶ, ʪʨʘʜʠʮʽʾ ʽ ʟʚʠʯʘʾ ʬʦʨʤʫʻ ʚ ʫʯʥʽʚ ʛʨʦʤʘʜʷʥʩʴʢʽ ʪʘ ʩʦʮʽʘʣʴʥʽ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʚʯʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ  

ʚʠʨʦʙʽʚ ʟ ʜʝʨʝʚʠʥʠ, ʚʠʰʠʪʠʭ ʚʠʨʦʙʽʚ, ʙʽʩʝʨʦʧʣʝʪʽʥʥʷ, ʧʠʩʘʥʢʘʨʩʪʚʘ, 

ʨʦʟʧʠʩʫ ʢʝʨʘʤʽʢʠ, ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʩʪʨʘʚ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʨʦʜʥʦʾ ʣʷʣʴʢʠ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʝʚʥʦʛʦ 

ʚʠʨʦʙʫ ʫʯʥʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʡʦʛʦ ʽʩʪʦʨʽʶ ʪʘ ʩʪʘʨʦʜʘʚʥʶ 

ʪʝʭʥʽʢʫ ʚʠʢʦʥʘʥʥʷ, ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʚ ʧʝʚʥʦʤʫ ʨʝʛʽʦʥʽ, 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʦʨʥʘʤʝʥʪʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʛʣʠʙʰʝ ʧʽʟʥʘʥʥʷ ʚʣʘʩʥʦʛʦ 

ʥʘʨʦʜʫ ʪʘ ʽʩʪʦʨʽʶ ʨʽʜʥʦʛʦ ʢʨʘʶ. 

ɺ ʫʤʦʚʘʭ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʯʘʩʫ ʫʢʨʘʾʥʩʴʢʝ ʩʫʩʧʽʣʴʩʪʚʦ ʥʘʙʫʣʦ 

ʥʦʚʦʛʦ ʝʪʘʧʫ ʨʦʟʚʠʪʢʫ, ʷʢʠʡ ʧʨʦʩʷʢʥʫʪʠʡ ʩʫʢʫʧʥʽʩʪʶ ʜʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ 

ʥʘ ʟʤʽʮʥʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʾ ʥʘʮʽʦʥʘʣʴʥʦ-ʧʦʣʽʪʠʯʥʦʾ ʧʝʨʝʚʘʛʠ, ʧʨʦʚʝʜʝʥʥʷ 
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ʜʝʨʫʩʠʬʽʢʘʮʽʾ ʪʘ ʜʝʨʘʜʷʥʽʟʘʮʽʾ, ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʩʚʦʾʭ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʚʠʪʦʢʽʚ: ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ, ʢʫʣʴʪʫʨʫ, ʪʨʘʜʠʮʽʡ ʪʘ ʟʚʠʯʘʾʚ. ʉʪʘʻ ʜʝʜʘʣʽ 

ʧʦʧʫʣʷʨʥʽʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʯʝʡ: ʚʠʰʠʚʘʥʢʠ, ʧʠʩʘʥʢʠ, 

ʨʦʟʧʠʩʘʥʦʾ ʥʘʪʫʨʘʣʴʥʦʾ ʢʝʨʘʤʽʢʠ, ʘʚʪʦʭʪʦʥʥʠʭ ʞʽʥʦʯʠʭ ʧʨʠʢʨʘʩ, 

ʜʝʨʝʚôʷʥʠʭ ʨʽʟʴʙʣʝʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʽʥ. ɺʩʽ ʮʽ ʨʝʯʽ ʫʯʥʽ ʤʦʞʫʪʴ 

ʚʠʛʦʪʦʚʣʷʪʠ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ, ʮʠʤ ʩʘʤʠʤ ʚʽʜʥʦʚʣʶʶʯʠ 

ʥʘʨʦʜʥʽ ʨʝʤʝʩʣʘ ʪʘ ʧʨʦʤʠʩʣʠ. 

ʉʘʤʝ ʪʘʢʘ ʜʽʷʣʴʥʽʩʪʴ ʻ ʪʠʤ ʜʫʭʦʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʫ ʷʢʦʤʫ 

ʬʦʨʤʫʶʪʴʩʷ ʩʚʽʪʦʛʣʷʜ, ʝʩʪʝʪʠʯʥʽ ʽʜʝʘʣʠ, ʤʦʨʘʣʴʥʽ ʡ ʪʨʫʜʦʚʽ ʮʽʥʥʦʩʪʽ ʪʘ 

ʥʘʮʽʦʥʘʣʴʥʽ ʧʦʯʫʪʪʷ ʦʩʦʙʠʩʪʦʩʪʽ, ʥʘʮʽʦʥʘʣʴʥʦ-ʧʘʪʨʽʦʪʠʯʥʘ 

ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ [2]. 

ʇʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʯʥʷʤʠ ʚʠʨʦʙʽʚ ʚʘʞʣʠʚʝ ʤʽʩʮʝ, ʢʨʽʤ ʩʫʪʦ 

ʪʝʭʥʽʯʥʦʾ ʩʪʦʨʦʥʠ, ʤʘʻ ʡ ʤʠʩʪʝʮʴʢʘ ʩʪʦʨʦʥʘ ʮʽʻʾ ʩʧʨʘʚʠ, ʷʢʘ ʧʦʣʷʛʘʻ, 

ʥʘʩʘʤʧʝʨʝʜ, ʫ ʚʠʟʥʘʯʝʥʥʽ ʭʫʜʦʞʥʴʦʾ ʽʜʝʾ ʪʚʦʨʫ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ 

ʧʦʢʣʘʜʝʥʦ ʪʦʡ ʦʙʨʘʟ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʚ ʫʷʚʽ ʜʠʪʠʥʠ. ʋʯʥʽ ʥʝ ʪʽʣʴʢʠ 

ʧʝʨʝʜʘʶʪʴ ʪʝ, ʱʦ ʟʘʩʚʦʾʣʠ ʥʘ ʫʨʦʮʽ, ʘ ʡ ʧʦʢʘʟʫʶʪʴ ʩʚʦʶ ʽʜʝʶ ʫ 

ʩʪʚʦʨʝʥʥʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʠʨʦʙʫ.  

ʆʪʦʞ, ʟʘʩʚʦʻʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʜʽʪʴʤʠ ʪʨʘʜʠʮʽʡ ʽ ʟʚʠʯʘʾʚ 

ʫʢʨʘʾʥʮʽʚ ʻ ʚʘʞʣʠʚʠʤʠ ʧʽʜʚʘʣʠʥʘʤʠ ʾʭ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʭʦʚʘʥʥʷ, 

ʟʘʩʦʙʦʤ ʟʤʽʮʥʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʚʽʜʦʤʦʩʪʽ, ʟʛʫʨʪʫʚʘʥʥʷ ʽ ʻʜʥʦʩʪʽ ʚʩʽʻʾ 

ʥʘʰʦʾ ʥʘʮʽʾ. ɸ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʴʦʛʦ ï ʦʩʪʘʥʥʽ ʧʦʜʽʾ, ʷʢʽ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʛʨʦʤʘʜʷʥ ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ ʡ ʫʯʥʽʚʩʴʢʘ ʤʦʣʦʜʴ, 

ʚʠʷʚʠʣʠ ʚʠʩʦʢʫ ʧʘʪʨʽʦʪʠʯʥʫ ʩʚʽʜʦʤʽʩʪʴ ʪʘ ʤʽʮʥʫ ʛʨʦʤʘʜʷʥʩʴʢʫ 

ʧʦʟʠʮʽʶ. ʎʝ ʩʚʽʜʯʝʥʥʷ ʩʠʩʪʝʤʥʦʾ ʚʠʭʦʚʥʦʾ ʨʦʙʦʪʠ ʚʩʽʭ ʧʝʜʘʛʦʛʽʚ  

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɺʝʨʙʠʮʴʢʘ ʇ. ɺ. ɺʠʭʦʚʘʥʥʷ ʛʨʦʤʘʜʷʥʠʥʘ ʽ ʧʘʪʨʽʦʪʘ ʋʢʨʘʾʥʠ ʷʢ ʩʫʩʧʽʣʴʥʦ-

ʧʦʣʽʪʠʯʥʠʡ ʚʠʢʣʠʢ. ʇʝʜʘʛʦʛʽʢʘ ʽ ʧʩʠʭʦʣʦʛʽʷ, 2015. ï ˉ 3. ï ʉ. 58-63. 

2. ʅʘʮʽʦʥʘʣʴʥʦ-ʧʘʪʨʽʦʪʠʯʥʝ ʚʠʭʦʚʘʥʥʷ. URL: 
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ʉʝʨʛʽʡ ʄʠʥʜʨʝʩʢʫ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ς ʧʨʦʬ. ʏʝʨʢʝʟ ʈ.ɻ. 

 

ʊʝʨʤʦʝʣʝʤʝʥʪ ʟ ʨʦʟʚʠʥʝʥʠʤ ʙʽʯʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ 

 
ʊʝʨʤʦʝʣʝʤʝʥʪʠ, ʚ ʷʢʠʭ ʧʝʨʝʪʚʦʨʶʶʪʴ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʥʘ 

ʝʣʝʢʪʨʠʯʥʫ, ʟʥʘʭʦʜʷʪʴ ʜʝʜʘʣʽ ʰʠʨʰʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ [1] ʫ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʪʝʭʥʽʮʽ, ʨʘʜʽʦʪʝʭʥʽʮʽ, ʭʦʣʦʜʠʣʴʥʽʡ ʪʝʭʥʽʮʽ ʪʘ ʽʥʰʽ.  ʋ 

ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ ʪʘʢʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʥʘʟʠʚʘʶʪʴ ʪʝʨʤʦʧʘʨʦʶ. 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ, ʷʢʽ ʪʘʢʦʞ ʜʽʶʪʴ ʥʘ ʦʩʥʦʚʽ ʷʚʠʱʘ 

ɿʝʻʙʝʢʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʪʝʨʤʦʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘʭ. ʊʝʨʤʦʝʣʝʤʝʥʪʠ, 

ʷʢʽ ʜʽʶʪʴ ʥʘ ʦʩʥʦʚʽ ʷʚʠʱʘ ʇʝʣʴʪʴʻ, ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʧʝʨʝʪʚʦʨʶʶʪʴ 

ʥʘ ʪʝʧʣʦʚʫ: ʧʨʠ ʧʨʦʧʫʩʢʘʥʥʽ ʩʪʨʫʤʫ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ ʪʝʧʣʦ 

ʧʦʛʣʠʥʘʻʪʴʩʷ, ʘ ʚ ʽʥʰʦʤʫ ς ʚʠʜ̔ʣʷʻʪʴʩʷ. 

 ʊʝʨʤʦʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʧʨʠʚʘʙʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʧʦʩʦʙʫ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ ï 

ʚʽʜʩʫʪʥʽʩʪʴ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʽ ʤʦʞʣʠʚʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʛʝʥʝʨʘʪʦʨʘʤ 

ʚʝʣʠʢʫ ʩʪʽʡʢʽʩʪʴ. 
ɿ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʥʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ 

ʛʝʥʝʨʘʪʦʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʧʣʦ ʚʽʜ ʟʛʦʨʷʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʧʘʣʠʚ,  

ʚʠʢʦʥʘʥʽ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʨʤʦʝʣʝʤʝʥʪʘ. ʅʘ ʞʘʣʴ, ʪʘʢʘ 

ʩʭʝʤʘ ʤʘʻ ʥʝʜʦʩʪʘʪʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ. ʎʝ 

ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʟ ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʽʚ ʚʠʚʦʜʷʪʴʩʷ ʛʘʟʠ, ʷʢʽ ʤʘʶʪʴ 

ʚʝʣʠʢʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʦʤʫ ʤʘʡʞʝ ʧʦʣʦʚʠʥʘ ʝʥʝʨʛʽʾ ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʆʪʞʝ, ʛʝʥʝʨʘʪʦʨʠ ʤʘʶʪʴ ʜʦʩʠʪʴ ʥʠʟʴʢʠʡ ʂʂɼ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʚʽʪʦʢ ʜʣʷ ʚʽʜʙʦʨʫ ʥʠʟʴʢʦ ʧʦʪʝʥʮʽʡʥʦʾ  ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ 

ʪʝʧʣʦʥʦʩʽʷ [2]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʫ ʚʠʧʘʜʢʫ 

ʥʘʷʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʪʝʧʣʦʥʦʩʽʷ ʟ ʭʦʣʦʜʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʚʽʪʦʢ ʙʽʣʴʰʝ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜʜʘʪʠ ʤʘʪʝʨʽʘʣʫ ʽ ʧʝʨʝʪʚʦʨʠʪʠ ʾʾ ʚ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ (ʨʠʩ.1).  
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ʈʠʩ. 1. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʪʝʨʤʦʝʣʝʤʝʥʪʘ, ʚ ʷʢʦʤʫ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ 

ʬʦʨʤʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʪʝʧʣʦʥʦʩʽʻʤ: 1ï ʘʜʽʘʙʘʪʠʯʥʘ ʽʟʦʣʷʮʽʷ, 

2 ï ʚʽʪʢʘ n-ʪʠʧʫ, 3 ï ʢʘʥʘʣ, 4 ï ʢʦʤʫʪʘʮʽʡʥʘ ʧʣʘʩʪʠʥʘ, 5 ï 6  ï ʢʘʥʘʣ, 7 ï 

ʪʝʧʣʦʥʦʩʽʡ, 8 ï ʘʜʽʘʙʘʪʠʯʥʘ ʽʟʦʣʷʮʽʷ, 9 ï ʢʘʥʘʣ, 10 ï ʚʽʪʢʘ p- ʪʠʧʫ, 11 ï 12 ï 

ʢʦʤʫʪʘʮʽʡʥʽ ʧʣʘʩʪʠʥʠ, 13 ï ʝʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʠ. ɺʽʪʢʠ 2, 10 ʦʭʦʧʣʝʥʽ 

ʘʜʽʘʙʘʪʠʯʥʦʶ ʽʟʦʣʷʮʽʻʶ 1, 8 ʽ ʨʘʟʦʤ ʫʪʚʦʨʶʶʪʴ ʢʘʥʘʣʠ 5, 6, 9. ʏʝʨʝʟ ʢʘʥʘʣ 6 

ʚʥʦʩʠʪʴʩʷ ʪʝʧʣʦʥʦʩʽʡ 7 ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊH, ʷʢʠʡ ʧʝʨʝʪʽʢʘʻ ʨʽʚʥʠʤʠ ʜʦʣʷʤʠ 

ʯʝʨʝʟ ʢʘʥʘʣʠ 3, 5 ʪʘ 5, 9. 

ʗʢ ʧʦʢʘʟʘʣʠ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [3], ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʟ ʨʦʟʚʠʥʝʥʠʤ ʙʽʯʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ ʤʦʞʝ ʙʫʪʠ 

ʚʠʱʦʶ ʚ 1.2-1.5 ʨʘʟʽʚ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  
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ɯʛʦʨ ʄʠʨʦʥʶʢ, ɭʚʛʝʥ ʋʨʩʫ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʘ ʄ. ɻ. 

 

ɸʥʘʣʽʟ ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ ʜʘʥʠʭ ʫ ʤʝʨʝʞʘʭ LoRaWAN 

 
ʊʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ çʨʦʟʫʤʥʠʭ ʤʽʩʪè ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʟ 

ʙʦʢʫ ʢʦʤʝʨʮʽʡʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʥʘʫʢʦʚʮʽʚ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʻ ʩʠʩʪʝʤʠ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT). ʇʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʜʦ 2027 ʨʦʢʫ ʢʽʣʴʢʽʩʪʴ 

ʧʽʜʢʣʶʯʝʥʴ IoT ʟʨʦʩʪʝ ʜʦ 30,2 ʤʽʣʴʷʨʜʘ [1]. ɯʩʥʫʻ ʮʽʣʘ ʥʠʟʢʘ 

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʚ ʨʘʤʢʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚʽʜ ʚʽʜʜʘʣʝʥʠʭ ʦʙôʻʢʪʽʚ (ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ) ʜʦ 

ʮʝʥʪʨʽʚ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ (ʩʝʨʚʝʨʽʚ, ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ 

ʘʥʘʣʽʪʠʢʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ): ʙʝʟʜʨʦʪʦʚʠʡ ʟʚôʷʟʦʢ 4G/5G/6G, LoRaWAN, 

Bluetooth, RFID, ZigBee, WʽFʽ, NB-IoT, SigFox ʪʘ ʽʥʰʽ. ʂʦʞʥʘ ʟ ʮʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʘʙʦ ʧʨʦʪʦʢʦʣʽʚ ʟʚôʷʟʢʫ ʤʘʻ ʫʥʽʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʱʦʜʦ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʫ, ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʰʚʠʜʢʦʩʪʽ ʟôʻʜʥʘʥʥʷ, ʪʠʧʫ 

ʟôʻʜʥʘʥʥʷ, ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʾ ʯʠ ʧʨʠʚʘʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʙʝʟʧʝʢʠ 

ʪʦʱʦ. ɿʦʢʨʝʤʘ, LoRaWAN ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʠʤ ʨʘʜʽʫʩʦʤ ʜʽʾ ʪʘ 

ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʫ ʧʨʠʩʪʨʦʷʭ/ʦʙôʻʢʪʘʭ IoT ʟ ʦʙʤʝʞʝʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ.  

ʇʨʦʪʦʢʦʣ LoRaWAN ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ LoRa Alliance, 

ʷʢʠʡ ʦʙôʻʜʥʫʻ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʢʦʤʧʘʥʽʾ, ʚʠʨʦʙʥʠʢʽʚ ʦʙʣʘʜʥʘʥʥʷ, 

ʩʠʩʪʝʤʥʠʭ ʽʥʪʝʛʨʘʪʦʨʽʚ, ʚʠʨʦʙʥʠʢʽʚ ʜʘʚʘʯʽʚ ʪʦʱʦ. ɿ 2015 ʨʦʢʫ LoRa 

Alliance ʦʧʨʠʣʶʜʥʠʚ ʢʽʣʴʢʘ ʩʧʝʮʠʬʽʢʘʮʽʡ ʜʣʷ ʧʨʦʪʦʢʦʣʫ LoRaWAN, 

ʥʘʧʨʠʢʣʘʜ v1.0, v1.0.1, v1.0.2, v1.1. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʦʥʦʚʣʝʥʠʭ ʚʝʨʩʽʷʭ 

ʚʨʘʭʦʚʘʥʦ ʚʠʷʚʣʝʥʽ ʜʦʩʣʽʜʥʠʢʘʤʠ ʟ ʢʽʙʝʨʙʝʟʧʝʢʠ ʥʝʜʦʣʽʢʠ ʩʪʘʥʜʘʨʪʫ, 

ʷʢʽ ʧʦʪʝʥʮʽʡʥʦ ʤʦʛʣʠ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʩʧʽʰʥʠʭ ʘʪʘʢ ʥʘ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ, 

ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ LoRaWAN [2]. ʇʨʦʪʝ ʚʫʟʴʢʽ 

ʤʽʩʮʷ ʟʘʣʠʰʘʶʪʴʩʷ ʡ ʫ ʥʦʚʠʭ ʚʝʨʩʽʷʭ ʩʪʘʥʜʘʨʪʫ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʚʨʘʟʣʠʚʦʩʪʽ ʤʝʨʝʞ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ 

ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʫ LoRaWAN, ʪʘ ʟʘʭʦʜʽʚ ʜʣʷ ʾʭ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ. 

ʈʦʟʧʦʚʩʶʜʞʝʥʽ ʟʘʛʨʦʟʠ ʫ ʨʦʟʛʣʷʥʫʪʠʭ ʩʠʩʪʝʤʘʭ [3]:  ʧʝʨʝʭʦʧʣʝʥʥʷ 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʜʘʥʠʭ; ʧʦʚʪʦʨʥʝ ʚʽʜʧʨʘʚʣʝʥʥʷ ʜʘʥʠʭ; 
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ʧʽʜʨʦʙʢʘ ʣʽʯʠʣʴʥʠʢʘ; ʚʽʜʩʪʝʞʝʥʥʷ ʥʝʟʤʽʥʥʠʭ ʜʘʥʠʭ; ʧʝʨʝʭʦʧʣʝʥʥʷ 

ʟʛʝʥʝʨʦʚʘʥʠʭ ʢʣʶʯʽʚ ʪʦʱʦ. 

  ʋʟʘʛʘʣʴʥʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘʛʨʦʟ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣʠʮʽ:   

ˉ ʊʠʧ ʟʘʛʨʦʟʠ ʆʧʠʩ 

1 ʈʘʜʽʦʯʘʩʪʦʪʥʽ 

ʟʘʚʘʜʠ (RF jamming)  

ʈʘʜʽʦʢʘʥʘʣ ʩʢʣʘʜʥʦ ʟʘʭʠʩʪʠʪʠ ʚʽʜ ʜʽʾ 

ʟʘʚʘʜ, ʱʦ ʩʧʨʠʯʠʥʶʻ ʚʽʜʤʦʚʫ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ (Denial-of-Service, DoS) 

2 ʇʦʚʪʦʨʥʝ ʚʽʜʧʨʘ-

ʚʣʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ 

(Message Replay, 

MR) ʪʘ DoS 

ʇʦʻʜʥʘʥʥʷ ʧʦʚʪʦʨʥʦʛʦ ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ (MR) ʽ ʨʘʜʽʦʟʘʚʘʜ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ DoS, ʱʦ ʚʘʞʢʦ 

ʚʠʷʚʣʷʻʪʴʩʷ 

3 ɸʪʘʢʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

(ʜʣʷ ʢʽʥʮʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʢʣʘʩʫ ɺ) 

ʇʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʧʫʩʢʘʥʥʷ ʚʫʟʣʘʤʠ 

ʚʽʢʦʥ ʧʨʠʡʤʘʥʥʷ (downlink) ʪʘ 

ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʧʝʨʝʜʘʚʘʥʥʷ 

4 ɸʥʘʣʽʟ ʤʝʨʝʞʥʦʛʦ 

ʪʨʘʬʽʢʫ (traffic 

analysis, TA) 

ʅʘʚʽʪʴ ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʜʘʥʠʭ, ʘʥʘʣʽʟ ʪʨʘʬʽʢʫ ʊɸ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ 

5 ɸʪʘʢʘ çʣʶʜʠʥʘ 

ʧʦʩʝʨʝʜʠʥʽè (Man-

In-The-Middle, 

MITM)  

ʋ ʨʘʟʽ ʥʝʟʘʭʠʱʝʥʦʛʦ ʟʚôʷʟʢʫ ʨʦʟʢʨʠʪʪʷ 

ʩʝʢʨʝʪʥʠʭ ʢʣʶʯʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʢʘʥʘʣʫ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

ʤʽʞ ʩʝʨʚʝʨʘʤʠ 

ʆʪʞʝ, ʘʥʘʣʽʟ ʚʨʘʟʣʠʚʦʩʪʝʡ ʤʝʨʝʞ LoRaWAN ʜʦʟʚʦʣʷʻ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʘʪʘʢʠ, ʘ ʡʤʦʚʽʨʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʝʨʩʽʡ ʩʪʘʥʜʘʨʪʫ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʚʩʴʦʛʦ ʩʧʝʢʪʨʘ ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ ʜʘʥʠʭ ʫ ʮʠʭ ʩʠʩʪʝʤʘʭ. 
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ʉʝʨʛʽʡ ʄʽʨʢʘ, ɸʥʜʨʽʡ ʉʠʥʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʟʷʨʩʴʢʠʡ ɯ.ʇ. 

ʄʝʭʘʥʽʟʤʠ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʽ  

p-Cu2O/CdS/n-Si 

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ p-Cu2O/CdS/n-Si ʦʪʨʠʤʘʥʘ ʧʦʩʣʽʜʦʚʥʠʤ 

ʥʘʥʝʩʝʥʥʷʤ ʧʣʽʚʦʢ CdS ʪʘ Cu2O ʥʘ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʫ ʧʣʘʩʪʠʥʢʫ n-Si 

ʤʝʪʦʜʦʤ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ. 

ɺɸʍ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ p-Cu2O/CdS/n-Si ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʥʘ ʙʘʟʽ ʧʣʘʪʬʦʨʤʠ 

Arduino, ʮʠʬʨʦʚʦʛʦ ʤʫʣʴʪʠʤʝʪʨʘ Agilent 34410A ʪʘ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ Siglent SPD3303X, ʷʢʽ ʢʝʨʫʚʘʣʠʩʴ ʧʝʨʩʦʥʘʣʴʥʠʤ 

ʢʦʤʧôʶʪʝʨʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʪʚʦʨʝʥʦʛʦ ʫ 

ʩʝʨʝʜʦʚʠʱʽ LabView. 

ɺɸʍ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ p-Cu2O/CdS/n-Si ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

(ʨʠʩ. 1) ʧʨʠ ʧʨʷʤʠʭ ʪʘ ʟʚʦʨʦʪʥʠʭ ʟʤʽʱʝʥʥʷʭ ʚʢʘʟʫʶʪʴ ʥʘ ʾʭ 

ʚʠʧʨʷʤʣʷʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʧʨʷʤʣʝʥʥʷ ʩʪʨʫʤʫ RR ~ 3Ŀ10
2 

ʧʨʠ ʊ = 298 ʂ ʽ ʥʘʧʨʫʛʘʭ  

|V| = 2 ɺ.  

ɺʠʩʦʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨ'ʻʨʫ qűk, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʩʪʨʽʤʢʦʤʫ 

ʟʙʽʣʴʰʝʥʥʶ ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ, ʦʮʽʥʶʚʘʣʘʩʷ ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ ʣʽʥʽʡʥʦʾ 

ʜʽʣʷʥʢʠ ɺɸʍ ʚ ʦʙʣʘʩʪʽ ʧʨʷʤʠʭ ʟʤʽʱʝʥʴ ʜʦ ʦʩʽ ʥʘʧʨʫʛ. ʇʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ qűk = 1,44 ʝɺ.  

 
ʈʠʩ. 1. ɺɸʍ ʘʥʽʟʦʪʠʧʥʦʾ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ p-Cu2O/CdS/n-Si 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʤʽʥʫʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʢʨʽʟʴ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʫ p-Cu2O/CdS/n-Si ʧʨʠ ʧʨʷʤʦʤʫ ʟʤʽʱʝʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ɺɸʍ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʚ ʢʦʦʨʜʠʥʘʪʘʭ  

lnI = f(V). ʇʨʠ ʤʘʣʠʭ ʧʨʷʤʠʭ ʟʤʽʱʝʥʥʷʭ 3kT/q < V < 0.1 ɺ ʥʘʭʠʣ ʜʦ ʦʩʽ 

ʥʘʧʨʫʛ ʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ lnI = f(V) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʽʜʝʘʣʴʥʦʩʪʽ n å 1, ʧʨʠ 0.1 ɺ < V < 0.9 ɺ ʢʦʝʬʽʮʽʻʥʪ n å 5, 

ʧʨʠ 0.9 ɺ < V < 1.5 ɺ ʢʦʝʬʽʮʽʻʥʪ n å 9. ʇʨʠ ʤʘʣʠʭ ʧʨʷʤʠʭ ʟʤʽʱʝʥʥʷʭ 

(3kT/q < V < 0.1 ɺ) ʧʝʨʝʚʘʞʘʻ ʜʠʬʫʟʽʡʥʠʡ (n å 1) ʤʝʭʘʥʽʟʤ 

ʩʪʨʫʤʦʧʝʨʝʥʦʩʫ [1, 2]. ɼʣʷ ʥʘʜʙʘʨôʻʨʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʫʯʘʩʪʽ ʫ ʩʪʨʫʤʽ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʘʥʽʚ ʭʘʨʘʢʪʝʨʥʽ ʙʣʠʟʴʢʽ ʜʦ ʦʜʠʥʠʮʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʽʜʝʘʣʴʥʦʩʪʽ. ɺ ʜʽʘʧʘʟʦʥʽ ʧʨʷʤʠʭ ʥʘʧʨʫʛ  

0.1 ɺ < V < 1.5 ɺ ʧʝʨʝʚʘʞʘʻ ʪʫʥʝʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʩʪʨʫʤʦʧʝʨʝʥʦʩʫ. 

ʋ ʚʠʧʘʜʢʫ ʽʩʥʫʚʘʥʥʷ ʫ ʩʪʨʫʢʪʫʨʽ ʚʠʩʦʢʦʦʤʥʦʛʦ ʰʘʨʫ (CdS), ʽʟ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʣʠʟʴʢʠʤʠ ʜʦ ʜʽʝʣʝʢʪʨʠʢʘ (ɟ =10
8
 ʆʤĿʩʤ), ʤʦʞʣʠʚʝ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʥʘʯʝʥʴ n > 1 ʯʝʨʝʟ ʫʯʘʩʪʴ ʫ ʩʪʨʫʤʦʧʝʨʝʥʦʩʽ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʥʘ ʤʝʞʽ ʚʠʩʦʢʦʦʤʥʦʛʦ ʰʘʨʫ, 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ ʨʽʚʥʦʚʘʟʽ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ. ʇʨʠ 

ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ ʚʠʩʦʢʦʦʤʥʦʤʫ ʰʘʨʽ. 

ɿʚʦʨʦʪʥʽ ʛʽʣʢʠ ɺɸʍ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ p-Cu2O/CdS/n-Si ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨ ̔ʊ = 298 ʂ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʧʨʫʛ ʚʽʜ -2 ɺ < V < -3kT/q 

ʦʧʠʩʫʶʪʴʩʷ ʚʠʨʘʟʦʤ ʜʣʷ ʪʫʥʝʣʴʥʦʛʦ ʩʪʨʫʤʫ ʟʘ ʫʯʘʩʪʶ ʧʦʚʝʨʭʥʝʚʠʭ 
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ʇʘʚʣʦ ʄʦʚʯʝʥʶʢ, ʆʣʝʢʩʽʡ ʄʘʢʩʠʤʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʏʫʧʠʨʘ ʉ. ʄ. 

 

ʄʦʜʫʣʴ ʥʘ ʦʩʥʦʚʽ ATmega328 ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʘʢʘʤʫʣʷʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʦʧʘʣʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ 
 

ʗʢ ʚʽʜʦʤʦ, ʥʘʷʚʥʽʩʪʴ ʪʝʧʣʦʘʢʘʤʫʣʷʪʦʨʘ ʚ ʦʧʘʣʶʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ 

ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʦʣʽʧʰʠʪʠ ʝʥʝʨʛʦʝʬʝʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʦʧʘʣʶʚʘʥʥʷ ʚ ʮʽʣʦʤʫ. ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʥʘʢʦʧʠʯʝʥʘ ʚ 

ʪʝʧʣʦʘʢʘʤʫʣʷʪʦʨʽ, ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫ-ʚʘʪʠ ʟʘʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʙʫʜʠʥʢʫ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʥʘʚʽʪʴ ʧʨʠ ʚʠʤʢʥʝʥʦʤʫ ʢʦʪʣʽ, ʷʢʠʡ 

ʥʘʛʨʽʚʘʻ ʚʦʜʫ ʯʠ ʽʥʰʫ ʨʽʜʠʥʫ, ʱʦ ʮʠʨʢʫʣʶʻ ʚ ʩʠʩʪʝʤʽ ʦʧʘʣʶʚʘʥʥʷ. 

ʇʨʦʪʝ, ʢʨʽʤ ʟʘʭʠʩʥʦʾ ʘʚʪʦʤʘʪʠʢʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʫʥʠʢʘʪʠ ʘʚʘʨʽʡʥʠʭ 

ʚʠʧʘʜʢʽʚ ʟ ʥʘʜʤʽʨʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʯʠ ʪʠʩʢʦʤ ʫ ʩʠʩʪʝʤʽ, ʪʘʢʘ 

ʤʦʜʝʨʥʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʦʧʘʣʶʚʘʥʥʷ ʜʦʩʠʪʴ ʯʘʩʪʦ ʦʙʣʘʜʥʫʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʢʦʥʪʨʦʣʶ ʪʘ ʢʝʨʫʚʘʥʥʷ.  

ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʤʽʢʨʦ-

ʝʣʝʢʪʨʦʥʽʢʠ ʧʨʠʟʚʽʚ ʜʦ ʧʦʷʚʠ ʥʘ ʨʠʥʢʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʜʦʨʦʛʠʭ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʥʢʫ-ʨʫʶʯʠʭ ʬʽʨʤ, ʟʦʢʨʝʤʘ 

ʷʢ ʧʨʦʩʪʠʭ 8-ʙʽʪʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʪʘʢ ʽ ʙʽʣʴʰ ʧʦʪʫʞʥʠʭ 

ʜʚʦʷʜʝʨʥʠʭ 32-ʙʽʪʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ. ʅʘ ʨʠʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʪʘʣʠ ʜʦʩʪʫʧʥʠʤʠ ʧʦ ʮʽʥʽ ʤʦʣʫʣʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʫʥʽʢʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟ 

ʽʥʰʠʤʠ ʛʘʜʞʝʪʘʤʠ ʧʦ ʪʘʢʠʤ ʙʝʟʜʨʦʪʦʚʠʤ ʪʝʭʥʦʣʦʛʽʷʤ, ʷʢ Bluetooth ʪʘ 

Wi-Fi. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʶʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʶʯʦʾ ʘʚʪʦʤʘʪʠʢʠ, 

ʥʘʜʘʶʯʠ ʢʦʨʠʩʪʫʚʘʯʫ ʢʝʨʫʚʘʪʠ ʝʣʝʢʪʨʦʥʥʠʤ ʧʨʠʩʪʨʦʻʤ ʜʠʩʪʘʥʮʽʡʥʦ ʚ 

ʤʝʞʘʭ ʜʦʩʷʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʦʙʨʘʥʦʾ ʙʝʟʜʨʦ-ʪʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʫʥʽʢʘʮʽʾ.  

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʚ ʪʝʧʣʦʘʢʘʤʫʣʷʪʦʨʽ ʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʶʚʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ, 

ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʦʛʦ 8-ʙʽʪʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

Atmega328, ʘ ʪʘʢʦʞ ʦʩʥʘʱʝʥʦʛʦ Bluetooth-ʤʦʜʫʣʝʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʠʤ. 



248 

 

 

 
ʈʠʩ. 1.  ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ  ʤʦʜʫʣʴ ʥʘ ʦʩʥʦʚʽ ATmega328 ʜʣʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʘʢʘʤʫʣʷʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʦʧʘʣʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 

ʇʨʠʩʪʨʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega 328, ʙʣʦʢʫ ʮʠʬʨʦʚʠʭ 

ʪʝʨʤʦʜʘʪʯʠʢʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʥʘʛʨʽʚʫ ʪʝʧʣʦʥʦ-ʩʽʷ ʫ ʚʥʫʪʨʽʰʴʦʤʫ ʪʘ 

ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʣʣʘʭ ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʘ,  ʨʝʣʝ ʢʝʨʫʚʘʥʥʷ 

ʫʚʽʤʢʥʝʥʥʷʤ/ʚʠʤʢʥʝʥʥʷʤ ʝʣʝʢʪʨʦʢʦʪʣʘ, ʘ ʪʘʢʦʞ ʜʨʘʡʚʝʨʘ ʪʘʢʦʛʦ ʨʝʣʝ, 

LCD-ʽʥʜʠʢʘʪʦʨʘ, ʟʜʘʪʥʦʛʦ ʚʽʜʦʙʨʘʞʘʪʠ  ʜʚʘ ʨʷʜʢʠ ʧʦ 16 ʩʠʤʚʦʣʽʚ, 

Bluetooth-ʤʦʜʫʣʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʪʘ ʢʝʨʫʚʘʥʥʷʤ 

ʧʨʠʩʪʨʦʶ ʽʟ ʛʘʜʞʝʪʘ, ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ 5 ɺ ʪʘ ʙʣʦʢʫ ʢʥʦʧʦʢ ʢʝʨʫʚʘʥʥʷ.  

ʇʨʦʛʨʘʤʘ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʘʣʛʦʨʠʪʤʽʯʥʽʡ ʤʦʚʽ 

C++ ʚ Atmel Studio. ɺʽʜʣʘʜʢʘ ʧʨʠʩʪʨʦʶ ʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʄʂ 

ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʚ ʉɸʇʈ Proteus.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

¶ Datasheet Atmega328 //ʉʘʡʪ Microchip Technology Inc. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://ww1.microchip.com/ 

downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcont 

rollers-ATmega328P_Datasheet.pdf 

¶ ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʉ++ ʚ ʧʨʠʢʣʘʜʘʭ ʽ ʟʘʜʘʯʘʭ : ʅʘʚʯ. ʇʦʩʽʙ. / ʆ. 

ɺʘʩʠʣʴʻʚ. ï ʂʠʾʚ : ʃʽʨʘ-ʂ, 2020. ï 382 ʩ. 
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ɭʚʛʝʥʽʡ ʄʦʪʦʚʝʣʝʮʴ, ɼʘʥʠʣʦ ɼʴʦʤʽʥ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʨʣʝʮʴʢʠʡ ɯ.ɻ. 

 

ɺʧʣʠʚ ʙʫʬʝʨʥʦʛʦ ʰʘʨʫ ZnS ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽʟʦʪʦʧʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ZnO:Al/ZnS/n-CdTe  
 

ʅʘʡʝʬʝʢʪʠʚʥʽʰʽ ʩʦʥʷʯʥʽ ʝʣʝʤʝʥʪʠ ʥʘ ʦʩʥʦʚʽ CdTe ʤʘʶʪʴ 

ʢʦʥʩʪʨʫʢʮʽʶ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ TCO/n-CdS/p-CdTe [1], ʚ ʷʢʠʭ ʩʫʣʴʬʽʜ 

ʢʘʜʤʽʶ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʙʫʬʝʨʥʦʛʦ ʰʘʨʫ. ʆʩʢʽʣʴʢʠ ʩʫʣʴʬʽʜ ʮʠʥʢʫ ZnS, 

ʧʦʜʽʙʥʦ ʜʦ ʪʝʣʫʨʠʜʫ ʢʘʜʤʽʶ, ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ ʢʫʙʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʩʬʘʣʝʨʠʪʫ ʪʘ ʻ ʰʠʨʦʢʦʟʦʥʥʠʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ (Eg = 3,54 eɺ), ʪʦ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʙʫʬʝʨʥʦʛʦ ʰʘʨʫ ʟʘʤʽʩʪʴ ʩʫʣʴʬʽʜʫ ʢʘʜʤʽʶ ʫ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʽ CdTe ʤʦʞʝ ʩʧʨʠʷʪʠ ʟʨʦʩʪʘʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ.  

ɺʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʦʤ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʠʣʝʥʥʷ 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ ZnO:Al  ʪʘ ZnS ʥʘ ʧʦʚʝʨʭʥʶ ʧʽʜʢʣʘʜʦʢ ʢʨʠʩʪʘʣʽʯʥʦʛʦ n-

CdTe ʽʟʦʪʠʧʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ZnO:Al/ZnS/n-CdTe ʚʦʣʦʜʽʶʪʴ 

ʜʽʦʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʨʠʩ.1). 

 
ʈʠʩ.1. ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ZnO:Al/ZnS/n-

CdTe ʚ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʊ = 296 ï 338 ʂ 

 

ʍʘʨʘʢʪʝʨ ʧʨʷʤʠʭ ʛʽʣʦʢ ɺɸʍ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚ ʥʠʭ ʟʥʘʯʥʦʛʦ 

ʧʦʩʣʽʜʦʚʥʦ ʚʢʣʶʯʝʥʦʛʦ ʦʧʦʨʫ RS. ɿʥʘʡʜʝʥʘ ʽʟ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ 
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ɺɸʍ ʚ ʦʙʣʘʩʪʽ ʧʨʷʤʠʭ ʟʤʽʱʝʥʴ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʩʪʘʥʦʚʠʣʘ RS = 1.8Ö10
3 
ɋ. 

ʍʘʨʘʢʪʝʨʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ RS. ʈʦʟʨʘʭʫʥʦʢ 

ʦʧʦʨʫ ʧʽʜʢʣʘʜʠʥʢʠ CdTe, ʟʘ ʾʾ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʧʠʪʦʤʦʶ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʟʨʘʟʢʽʚ (ů = 5,3
 
ɋ

-1
Ācm

-1
), ʚʢʘʟʘʚ ʟʥʘʯʝʥʥʷ 

R å 0.24 ɋ, ʱʦ ʟʥʘʯʥʦ ʤʝʥʰʝ (ʥʘ ʯʦʪʠʨʠ ʧʦʨʷʜʢʠ) ʚʽʜ ʚʠʟʥʘʯʝʥʦʛʦ RS 

ʩʪʨʫʢʪʫʨʠ. ɺʠʩʦʢʠʡ ʧʦʩʣʽʜʦʚʥʠʡ ʦʧʽʨ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʩʦʢʦʦʤʥʦʶ 

ʦʙʣʘʩʪʶ ʚ ʩʪʨʫʢʪʫʨʽ ZnO:Al/ZnS/n-CdTe, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʾʾ 

ʚʠʛʦʪʦʚʣʝʥʥʽ. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ ʫ ʩʪʨʫʢʪʫʨʽ ZnO:Al/ZnS/n-CdTe ʬʦʨʤʫʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʩʪʘʥʽʚ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ZnS/n-CdTe 

(ʨʠʩ.2). ʊʘʢʘ ʫʯʘʩʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ ʚ ʫʪʚʦʨʝʥʥʽ ʙʘʨôʻʨʘ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʽʟʦʪʠʧʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ [2]. 

 
ʈʠʩ.2. ɽʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʩʪʨʫʢʪʫʨʠ ZnO:Al/ZnS/n-CdTe (d ï ʪʦʚʱʠʥʘ 

ʟʙʽʜʥʝʥʦʾ ʥʘ ʝʣʝʢʪʨʦʥʠ ʦʙʣʘʩʪʽ n-CdTe, h ï ʪʦʚʱʠʥʘ ʚʠʩʦʢʦʦʤʥʦʛʦ ʰʘʨʫ) 

 

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ZnO:Al /ZnS/n-CdTe ʬʦʪʦʯʫʪʣʠʚʽ ʚ ʫʤʦʚʘʭ 

ʦʩʚʽʪʣʝʥʥʷ ɸʄ1.5 ʧʨʠ ʟʚʦʨʦʪʥʠʭ ʟʤʽʱʝʥʥʷʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʬʦʪʦʜʽʦʜʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʨʠ 

1. I. Dharmadasa, A. Alam, How to Achieve Efficiencies beyond 22.1% for 

CdTe-Based Thin-Film Solar Cells, Energies. 15 (2022) 9510.  

2.  B.L. Sharma, R.K. Purohit. Semiconductor heterojunctions (Pergamon Press, 

1974). 
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ʖʨʽʡ ʄʦʪʦʚʠʣʝʮʴ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʘʣʦʚʩʷʢ ʉ. ɺ. 

 

ʇʦʙʫʜʦʚʘ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʜʣʷ ʩʠʩʪʝʤʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ  
 

ɼʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ (Augmented Reality ï AR) ʤʘʻ ʨʷʜ ʩʬʝʨ 

ʟʘʩʪʦʩʫʚʘʥʥʷ: ʤʝʜʠʮʠʥʘ, ʦʩʚʽʪʘ, ʚʽʡʩʴʢʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʨʝʤʦʥʪʥʽ ʩʣʫʞʙʠ, 

ʘʚʽʘʮʽʷ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʘʚʪʦʤʦʙʽʣʷ, ʩʣʫʞʙʠ ʙʝʟʧʝʢʠ, ʙʫʜʽʚʥʠʮʪʚʦ, 

ʧʦʣʽʛʨʘʬʽʷ, ʢʦʤʧôʶʪʝʨʥʽ ʽʛʨʠ ʪʘ ʽʥ. ʇʨʠʟʥʘʯʝʥʥʷʤ AR ʻ ʜʦʧʦʚʥʝʥʥʷ 

ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʽʨʪʫʘʣʴʥʠʤʠ 3D-ʦʙôʻʢʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʴʥʠʭ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. ɼʦʧʦʚʥʠʪʠ ʨʝʘʣʴʥʽʩʪʴ 

ʚʽʨʪʫʘʣʴʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʪʘʢʠʭ ʷʢ ʩʤʘʨʪʬʦʥʠ, ʧʣʘʥʰʝʪʠ, ʦʢʫʣʷʨʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʧʨʦʛʨʘʤ, ʷʢʽ ʨʦʟʧʽʟʥʘʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ ʪʘ 

ʥʘʢʣʘʜʘʶʪʴ ʥʘ ʥʴʦʛʦ ʚʽʨʪʫʘʣʴʥʠʡ ʢʦʥʪʝʥʪ. ɿʘʚʜʷʢʠ ʪʘʢʠʤ ʚʽʨʪʫʘʣʴʥʠʤ 

3D-ʦʙôʻʢʪʘʤ ʩʧʨʦʱʫʻʪʴʩʷ ʚʠʚʯʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʽʥ. ɯʩʥʫʶʯʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, Assemblr [1]) ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʦʪʦʚʽ 3D-ʤʦʜʝʣʽ ʘʙʦ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʝʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʘʙʣʦʥʽʚ. ʇʨʦʪʝ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʨʦʟʤʽʰʫʚʘʪʠ ʫ 

ʜʦʧʦʚʥʝʥʽʡ ʨʝʘʣʴʥʦʩʪʽ ʚʣʘʩʥʽ 3D-ʤʦʜʝʣʽ, ʩʪʚʦʨʝʥʽ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʶʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ 

ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʾʭ ʟʦʙʨʘʞʝʥʴ ʤʝʪʦʜʦʤ  ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʠ 3DF Zephyr [2]. ʇʽʩʣʷ ʮʴʦʛʦ ʪʘʢʽ ʤʦʜʝʣʽ (ʥʘʧʨʠʢʣʘʜ, ʫ 

ʬʦʨʤʘʪʘʭ Ply, Obj) ʤʦʞʫʪʴ ʧʝʨʝʥʦʩʠʪʠʩʷ ʫ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ 3D-ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʦʶ 3DF Zephyr ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ 

ʩʝʨʽʶ ʧʦʯʘʪʢʦʚʠʭ ʬʦʪʦʛʨʘʬʽʡ ʦʙôʻʢʪʘ (ʥʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʠʭ ʫ 

ʟʤʝʥʰʝʥʦʤʫ ʤʘʩʰʪʘʙʽ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʠʩ. 1). ɺʩʽ ʬʦʪʦʛʨʘʬʽʾ 

ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʫʚʘʪʠ ʦʜʥʽʻʶ ʬʦʪʦʢʘʤʝʨʦʶ ʘʙʦ ʨʽʟʥʠʤʠ ʬʦʪʦʢʘʤʝʨʘʤʠ 

ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ 3D-ʤʦʜʝʣʽ ʦʙôʻʢʪʘ 

ʤʽʩʪʠʪʴ 4 ʝʪʘʧʠ (ʨʠʩ. 1): 

1. ɺʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʢʘʤʝʨ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʛʨʘʤʘ 

ʚʠʟʥʘʯʘʻ ʩʧʽʣʴʥʽ ʢʣʶʯʦʚʽ ʪʦʯʢʠ ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʴ ʰʣʷʭʦʤ ʩʫʤʽʱʝʥʥʷ. 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʨʦʟʨʽʜʞʝʥʘ ʭʤʘʨʘ ʪʦʯʦʢ (Sparse Point 

Cloud), ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʬʦʪʦʢʘʤʝʨ. 

 
ʈʠʩ. 1. ʇʨʠʢʣʘʜ 3D-ʤʦʜʝʣʽ ʷʙʣʫʢʘ ʚ ʧʨʦʛʨʘʤʽ 3DF Zephyr 

 

2. ʇʦʙʫʜʦʚʘ ʱʽʣʴʥʦʾ ʭʤʘʨʠ ʪʦʯʦʢ (Dense Point Cloud) ʥʘ ʦʩʥʦʚʽ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʤʝʨ ʪʘ ʧʦʯʘʪʢʦʚʠʭ ʬʦʪʦʛʨʘʬʽʡ. 

3. ʇʦʙʫʜʦʚʘ ʪʨʠʚʠʤʽʨʥʦʾ ʧʦʚʝʨʭʥʽ ʘʙʦ ʩʽʪʢʠ ʧʦʣʽʛʦʥʽʚ (Meshes) ʥʘ 

ʦʩʥʦʚʽ ʱʽʣʴʥʦʾ ʭʤʘʨʠ ʪʦʯʦʢ (Dense Point Cloud) ʰʣʷʭʦʤ ʪʨʠʘʥʛʫʣʷʮʽʾ.   

4. ʇʦʙʫʜʦʚʘ ʪʝʢʩʪʫʨʠ /ʪʝʢʩʪʫʨʥʦʾ ʩʽʪʢʠ/ (Textured Meshes) ʜʣʷ  

ʧʦʣʽʛʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ. 

ʆʪʞʝ, ʫ ʜʦʧʦʚʥʝʥʫ ʨʝʘʣʴʥʽʩʪʴ ʤʦʞʥʘ ʜʦʜʘʪʠ 3D-ʤʦʜʝʣʴ ʜʦʚʽʣʴʥʦʛʦ 

ʦʙôʻʢʪʘ, ʥʘʧʨʠʢʣʘʜ ʫ ʩʝʨʝʜʦʚʠʱʽ Unity [3]. ʊʝʭʥʦʣʦʛʽʷ AR ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ, ʜʦʧʦʤʘʛʘʶʯʠ ʟʜʦʙʫʚʘʯʘʤ 

ʦʩʚʽʪʠ ʟʨʦʟʫʤʽʪʠ ʩʢʣʘʜʥʽ ʧʨʦʮʝʩʠ ʰʣʷʭʦʤ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʜʝʤʦʥʩʪʨʘʮʽʡ 

ʪʘ ʩʠʤʫʣʷʮʽʡ, ʜʣʷ ʥʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʨʦʙʦʪʽ ʟ ʥʦʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Assemblr Studio. URL: https://studio.assemblrworld.com.  

2. 3DF Zephyr. The Complete Photogrammetry Solution. URL: 

https://www.3dflow.net. 

3. Unity. Real-Time 3D Tools and more. URL: https://unity.com. 
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ʄʘʡʷ ʅʝʙʦʨʘʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʫʜʠʤʘ ʖ. ɺ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʝʜʘʢʪʦʨʽʚ  

ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʟʘʩʦʙʦʤ ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ ʧʦʢʦʣʽʥʴ ʜʦ 

ʞʠʪʪʷ ʚ  ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ. ʊʨʘʜʠʮʽʡʥʘ ʬʫʥʢʮʽʷ ʦʩʚʽʪʠ ʚ ʮʽʣʦʤʫ 

ʧʦʣʷʛʘʻ ʚ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʟʜʽʙʥʦʩʪʝʡ ʣʶʜʠʥʠ, ʧʦʣʽʧʰʝʥʥʽ ʾʾ 

ʜʦʙʨʦʙʫʪʫ, ʩʧʨʠʷʻ ʨʦʟʫʤʽʥʥʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʠʥʫʣʦʛʦ 

ʪʘ ʩʫʯʘʩʥʦʛʦ, ʛʦʪʫʻ ʜʦ ʫʩʧʽʰʥʦʾ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʉʝʨʝʜʥʷ ʦʩʚʽʪʘ ʥʘʜʘʻ ʙʘʟʦʚʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʟʨʦʙʣʷʪʴ 

ʩʫʯʘʩʥʫ ʣʶʜʠʥʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʶ çʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽè. ɸʜʞʝ 

ʩʫʯʘʩʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ ʩʪʘʚʠʪʴ ʜʝʜʘʣʽ ʚʠʱʽ ʚʠʤʦʛʠ ʜʦ ʧʨʝʪʝʥʜʝʥʪʽʚ, ʘ ʮʝ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʢʦʥʢʫʨʝʥʮʽʶ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʦʥʘʪʠ ʦʙʽʮʷʥʢʫ 

ʥʘʜʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʘʨôʻʨʠ, ʧʝʜʘʛʦʛ-ʩʧʝʮʽʘʣʽʩʪ 

ʧʦʚʠʥʝʥ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʪʠʩʷ, ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʪʘ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʜʦ ʥʦʚʠʭ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʤʽʥ ʫ ʩʚʦʾʡ ʥʘʚʯʘʣʴʥʽʡ ʧʨʘʢʪʠʮʽ. ɸ ʜʣʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʦʩʪʽʡʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʢʚʘʣʽʬʽʢʘʮʽʶ, ʜʦʜʘʪʢʦʚʦ 

ʥʘʚʯʘʪʠʩʷ, ʚʽʜʚʽʜʫʚʘʪʠ ʦʙʦʚôʷʟʢʦʚʽ ʢʫʨʩʠ ʪʘ ʟʘʡʤʘʪʠʩʷ ʩʘʤʦʥʘʚʯʘʥʥʷʤ. 

ʎʝ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʜʘʻ ʟʥʘʥʥʷ, ʚʦʥʦ ʨʦʙʠʪʴ ʣʶʜʠʥʫ ʙʽʣʴʰ ʢʦʤʧʝʪʝʥʪʥʦʶ 

ʪʘ ʢʚʘʣʽʬʽʢʦʚʘʥʦʶ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʫʪʠʭ ʟʥʘʥʴ ʫ 

ʧʝʚʥʽʡ ʛʘʣʫʟʽ [1]. 

ʉʧʝʮʽʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʦʙʠ ʥʘʚʯʘʥʥʷ (ʉʊɿʅ) ʻ ʥʝʦʙʭʽʜʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʧʝʨʝʜʘʚʘʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʴ. ʈʝʪʝʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʫʜʽʦʚʽʟʫʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʫʨʦʢʘʭ, ʧʦʚʠʥʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʛʦʪʦʚʥʽʩʪʴ 

ʫʯʥʽʚ ʩʧʨʠʡʤʘʪʠ ʡ ʟʘʩʚʦʶʚʘʪʠ ʟʤʽʩʪ ʥʘʚʯʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ, ʥʝ ʣʠʰʝ 

ʧʦʩʽʙʥʠʢʽʚ ʪʘ ʨʦʟʧʦʚʽʜʽ ʚʯʠʪʝʣʷ, ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʰʠʤʠ ʙʽʣʴʰ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ  [2]. 

ɺʠʙʽʨ ʪʝʤʠ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ çɺʠʢʦʨʠʩʪʘʥʥʷ 

ʨʘʩʪʨʦʚʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʝʜʘʢʪʦʨʽʚ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡè ʟʫʤʦʚʠʣʠ ʪʘʢʽ ʧʨʠʯʠʥʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʽ ʧʨʘʢʪʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ: 

1. ʄʦʞʣʠʚʽʩʪʴ ʟʘʫʯʫʚʘʥʥʷ ʫʯʥʷʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ 

ʙʘʟʠ ʙʝʟ ʦʯʥʦʛʦ ʨʦʟʜʘʪʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ; 

2. ʇʦʜʦʣʘʥʥʷ ʥʝʜʦʣʽʢʽʚ ʚ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʤʦʪʦʨʠʢʠ ʫʯʥʽʚ;  
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3. ʅʝʜʦʩʪʘʪʥʽʡ ʨʦʟʚʠʪʦʢ ʧʽʟʥʘʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʚʽʪʥʽʭ ʟʘʩʦʙʽʚ ʥʘʚʯʘʥʥʷ. 

ʅʘʡʚʘʞʣʠʚʽʰʠʡ ʟʘʩʽʙ ʜʣʷ ʪʚʦʨʯʦʾ ʧʨʘʮʽ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʥʘʚʯʘʥʥʷ, ï 

ʮʝ ʤʦʪʠʚʘʮʽʷ. ɿʥʘʥʥʷ ʟʤʽʩʪʫ ʥʘʚʯʘʥʥʷ ʫʯʥʷʤʠ ʧʦʚʠʥʥʦ ʜʦʩʷʛʘʪʠʩʷ ʥʝ 

ʩʪʽʣʴʢʠ ʦʧʨʘʮʶʚʘʥʥʷʤ ʛʦʪʦʚʠʭ ʰʘʙʣʦʥʽʚ, ʩʢʽʣʴʢʠ ʩʘʤʦʩʪʽʡʥʦʶ 

ʨʦʙʦʪʦʶ ʫʯʥʽʚ ʥʘʜ ʩʘʤʦʩʪʽʡʥʠʤ ʧʨʦʻʢʪʦʤ. ʅʘʚʽʪʴ ʷʢʱʦ ʜʽʪʠ ʙʫʜʫʪʴ 

ʥʘʚʯʘʪʠʩʷ ʟʘ ʷʢʽʩʥʠʤʠ ʧʽʜʨʫʯʥʠʢʘʤʠ ʪʘ ʢʦʨʠʩʪʫʚʘʪʠʤʫʪʴʩʷ ʩʫʯʘʩʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʘʚʯʘʥʥʷ, ʮʝ ʥʝ ʜʘʩʪʴ ʦʯʽʢʫʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʦʩʪʘʪʥʴʦʾ ʤʦʪʠʚʘʮʽʾ ʜʦ ʥʘʚʯʘʥʥʷ [3]. 

ʇʦʪʨʽʙʥʦ ʙʽʣʴʰ ʥʘʧʦʣʝʛʣʠʚʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʤʝʪʦʜʠ 

ʥʘʚʯʘʥʥʷ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʟʘʢʣʘʜʘʭ ʟʘʛʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ 

ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʪʘʢʠʤ ʧʦʥʷʪʪʷʤ, 

ʷʢ çʦʨʥʘʤʝʥʪè ʟʘ ʜʦʧʦʤʦʛʦʶ  ʧʝʨʩʦʥʘʣʴʥʠʭ ʘʙʦ ʤʦʙʽʣʴʥʠʭ ʉʊɿʅ. 

ʉʣʦʚʦ çʦʨʥʘʤʝʥʪè ʧʦʭʦʜʠʪʴ ʟ ʣʘʪʠʥʩʴʢʦʾ ʤʦʚʠ, ʚʽʜ ʩʣʦʚʘ 

çornamentumè ï ʧʨʠʢʨʘʩʘ. ʊʘʢʠʤ ʯʠʥʦʤ, çʦʨʥʘʤʝʥʪè ï ʩʧʦʥʫʢʘʻ ʫʯʥʽʚ 

ʜʦ ʩʪʚʦʨʝʥʥʷ ʯʦʛʦʩʴ ʧʨʝʢʨʘʩʥʦʛʦ. ʉʪʚʦʨʝʥʥʷ ʫʯʥʝʤ ʚʣʘʩʥʦʛʦ 

ʦʨʥʘʤʝʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʩʪʨʦʚʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʝʜʘʢʪʦʨʽʚ, ʘ ʧʦʪʽʤ 

ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʘʙʦ ʪʝʭʥʦʣʦʛʽʡ, ʜʦʟʚʦʣʷʻ 

ʨʦʟʚʠʥʫʪʠ ʥʝ ʪʽʣʴʢʠ ʨʦʟʫʤʦʚʽ, ʘ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʽ ʟʜʽʙʥʦʩʪʽ ʪʘʣʘʥʦʚʠʪʦʾ 

ʦʩʦʙʠʩʪʦʩʪʽ, ʦʪʨʠʤʘʪʠ ʟʘʜʦʚʦʣʝʥʥʷ ʚʽʜ ʪʚʦʨʯʦʾ ʧʨʘʮʽ [4]. 
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ɸʥʥʘ ʅʠʢʠʬʦʨʶʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʣʘʨ ʆ.ʗ. 

 

ʇʣʘʛʽʥ ʜʣʷ ʟʘʭʠʩʪʫ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʜʘʥʠʭ  

ʫ ʚʝʙʙʨʘʫʟʝʨʘʭ 

 
ʋ ʢʦʞʥʦʤʫ ʚʝʙ-ʙʨʘʫʟʝʨʽ ʻ ʙʘʟʦʚʠʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ 

ʚʝʙʩʪʦʨʽʥʢʘʤʠ. 

ʇʣʘʛʽʥ ʜʣʷ ʚʝʙ-ʙʨʘʫʟʝʨʘ ï ʮʝ ʥʝʚʝʣʠʢʠʡ ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ, ʷʢʠʡ 

ʜʦʧʦʚʥʶʻ ʤʦʞʣʠʚʦʩʪʽ ʘʙʦ ʬʫʥʢʮʽʾ ʚʝʙ-ʙʨʘʫʟʝʨʘ. ʇʣʘʛʽʥ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʚʝʙʩʪʦʨʽʥʮʽ ʪʽ ʩʘʤʽ ʽʥʪʝʨʬʝʡʩʠ ʧʨʠʢʣʘʜʥʠʭ 

ʧʨʦʛʨʘʤ, ʱʦ ʡ JavaScript. ʇʨʦʪʝ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʝ ʤʽʩʪʠʪʠ ʙʽʣʴʰʠʡ 

ʧʝʨʝʣʽʢ ʬʫʥʢʮʽʡ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʚʣʘʩʥʦʛʦ ʥʘʙʦʨʫ API [1]. 

ɿʘʟʚʠʯʘʡ ʧʣʘʛʽʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ ʽ ʧʦʣʽʧʰʝʥʥʷ ʥʘʷʚʥʦʛʦ ʫ ʚʝʙʩʘʡʪʘʭ. ɰʭ ʪʘʢʦʞ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʥʝʙʘʞʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʝʙʩʘʡʪʫ, ʷʢ-ʦʪ 

ʨʝʢʣʘʤʥʽ ʙʘʥʝʨʠ, ʜʨʘʟʣʠʚʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʥʝʙʘʞʘʥʠʡ ʢʦʥʪʝʥʪ ʪʦʱʦ. 

ʇʣʘʛʽʥʠ ʜʣʷ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʫ ʚʝʙ-ʙʨʘʫʟʝʨʘʭ ï ʮʝ ʜʦʜʘʪʢʦʚʽ ʧʨʦʛʨʘʤʠ, 

ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʙʝʨʝʛʪʠ ʩʚʦʶ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʽ 

ʟʘʭʠʩʪʠʪʠ ʩʚʦʾ ʦʩʦʙʠʩʪʽ ʜʘʥʽ ʚʽʜ ʟʣʦʚʤʠʩʥʠʢʽʚ ʚ ʽʥʪʝʨʥʝʪʽ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʣʘʛʽʥʽʚ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʟʥʽ ʚʠʜʠ ʟʘʭʠʩʪʫ ʜʘʥʠʭ, 

ʚʢʣʶʯʘʶʯʠ ʙʣʦʢʫʚʘʥʥʷ ʨʝʢʣʘʤʠ, ʟʘʭʠʩʪ ʚʽʜ ʚʽʜʩʪʝʞʝʥʥʷ, ʰʠʬʨʫʚʘʥʥʷ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʽ ʙʘʛʘʪʦ ʽʥʰʦʛʦ [2]. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʚʠʜʽʚ ʧʣʘʛʽʥʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʫ 

ʚʝʙ-ʙʨʘʫʟʝʨʘʭ ʻ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʙʣʦʢʫʚʘʥʥʷ ʨʝʢʣʘʤʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʽʣʴʪʨʠ ʟ ʤʝʪʦʶ ʙʣʦʢʫʚʘʥʥʷ ʥʝʙʘʞʘʥʦʾ ʨʝʢʣʘʤʠ. ʎʽ 

ʧʣʘʛʽʥʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʘʙʣʦʢʫʚʘʪʠ ʙʘʥʝʨʠ, ʧʦʧʘʧʠ, 

ʚʽʜʝʦʨʝʢʣʘʤʫ ʪʘ ʽʥʰʽ ʪʠʧʠ ʨʝʢʣʘʤʠ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʧʦʣʽʧʰʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʙʨʘʫʟʝʨʘ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʢʦʤʬʦʨʪʥʝ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ɯʥʪʝʨʥʝʪʦʤ. 

ɯʥʰʠʡ ʪʠʧ ʧʣʘʛʽʥʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʫ ʚʝʙ-ʙʨʘʫʟʝʨʘʭ ï ʮʝ ʪʽ, ʱʦ 

ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʙʣʦʢʫʚʘʪʠ ʚʽʜʩʪʝʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʨʦʥʥʽʭ ʩʘʡʪʽʚ ʽ ʢʦʤʧʘʥʽʡ. ʎʽ ʧʣʘʛʽʥʠ 

ʚʢʣʶʯʘʶʪʴ ʬʫʥʢʮʽʾ, ʷʢʽ ʙʣʦʢʫʶʪʴ ʢʫʢʽ, ʚʽʜʩʪʝʞʫʶʯʽ ʧʽʢʩʝʣʽ ʪʘ ʽʥʰʽ 

ʤʝʪʦʜʠ ʚʽʜʩʪʝʞʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʢʣʘʤʦʜʘʚʮʷʤʠ ʪʘ ʨʽʟʥʠʤʠ 

ʢʦʤʧʘʥʽʷʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ɼʝʷʢʽ ʧʣʘʛʽʥʠ ʜʣʷ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʫ ʚʝʙʙʨʘʫʟʝʨʘʭ ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʜʦʧʦʤʦʛʪʠ ʟʘʭʠʩʪʠʪʠ ʦʩʦʙʠʩʪʽ ʜʘʥʽ, ʰʣʷʭʦʤ ʰʠʬʨʫʚʘʥʥʷ ʧʝʨʝʜʘʚʘʥʥʷ 

ʜʘʥʠʭ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ ʚʝʙʩʘʡʪʘʤʠ.  

ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʝ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ, ʮʽ ʧʣʘʛʽʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʠʬʨʫʚʘʥʥʷ SSL/TLS. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʝʙʩʘʡʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢ-ʦʪ 

ʙʘʥʢʽʚʩʴʢʽ ʜʘʥʽ, ʧʘʨʦʣʽ ʘʙʦ ʦʩʦʙʠʩʪʽ ʜʘʥʽ [3]. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʣʘʛʽʥʘ ʜʦʧʦʤʘʛʘʻ ʟʘʭʠʩʪʠʪʠ ʧʨʠʚʘʪʥʽʩʪʴ, 

ʙʣʦʢʫʶʯʠ ʚʽʜʩʪʝʞʝʥʥʷ ʚ ʽʥʪʝʨʥʝʪʽ. ʂʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʚʽʜʚʽʜʫʻ ʚʝʙʩʘʡʪʠ, 

ʚʦʥʠ ʤʦʞʫʪʴ ʟʙʠʨʘʪʠ ʨʽʟʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʴʦʛʦ, ʟʦʢʨʝʤʘ, ʧʝʨʝʛʣʷʜʠ 

ʩʪʦʨʽʥʦʢ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʠʩʪʨʽʡ, ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʦʱʦ. ɺʽʥ 

ʪʘʢʦʞ ʧʦʧʝʨʝʜʞʘʻ ʚʝʙʩʘʡʪʠ ʧʨʦ ʪʝ, ʱʦ ʚʠ ʥʝ ʟʛʦʜʥʽ ʥʘ ʚʽʜʩʪʝʞʝʥʥʷ, 

ʪʦʤʫ ʱʦ ʚʽʥ ʙʣʦʢʫʻ ʨʽʟʥʽ ʚʠʜʠ ʚʽʜʩʪʝʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʢʫʢʽ-ʬʘʡʣʠ, ʧʽʢʩʝʣʽ 

ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʽʥʰʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʛʽʥʫ ʜʦʧʦʤʘʛʘʻ ʟʙʝʨʝʛʪʠ ʚʘʰʫ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʟʽʙʨʘʥʠʭ ʧʨʦ ʚʘʩ. 

ʎʝʡ ʧʣʘʛʽʥ ʤʦʞʝ ʪʘʢʦʞ ʜʦʧʦʤʦʛʪʠ ʫʥʠʢʥʫʪʠ ʥʝʙʘʞʘʥʦʛʦ ʚʧʣʠʚʫ 

ʨʝʢʣʘʤʠ ʡ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʨʝʢʣʘʤʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʟ'ʷʚʣʷʪʠʩʷ ʥʘ ʩʪʦʨʽʥʢʘʭ, ʷʢʽ ʚʠ ʚʽʜʚʽʜʫʻʪʝ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʪʘʢʦʞ 

ʜʦʧʦʤʘʛʘʻ ʚʘʤ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ, ʦʩʢʽʣʴʢʠ 

ʤʝʥʰʝ ʜʘʥʠʭ ʙʫʜʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʤʽʞ ʚʘʤʠ ʪʘ ʚʝʙʩʘʡʪʦʤ. 

ʆʪʞʝ, ʚ ʮʽʣʦʤʫ ʨʦʟʨʦʙʣʝʥʠʡ ʧʣʘʛʽʥ ʜʦʧʦʤʘʛʘʻ ʟʙʝʨʝʛʪʠ ʧʨʠʚʘʪʥʽʩʪʴ, 

ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʥʝʙʘʞʘʥʠʭ ʨʝʢʣʘʤʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ɻʨʠʛʦʨʽʡ ʆʙʞʝʣʷʥʩʴʢʠʡ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʘ ʄ. ɻ. 

  

ʈʝʚʝʨʩ-ʽʥʞʠʥʽʨʠʥʛ ʽ ʟʘʭʠʩʪ ʚʽʜ ʥʴʦʛʦ  

(ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʙʽʣʴʥʠʭ Android-ʜʦʜʘʪʢʽʚ) 

 
ɸʢʪʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʨʦʙʠʣʦ ʤʦʙʽʣʴʥʽ 

ʜʦʜʘʪʢʠ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʥʘʰʦʛʦ ʞʠʪʪʷ. ʎʝ ʇɿ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ: ʚʽʜ ʫʨʷʜʦʚʠʭ ʧʦʨʪʘʣʽʚ, ʙʘʥʢʽʚʩʴʢʠʭ 

ʧʨʦʛʨʘʤ, ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ, ʤʝʜʠʯʥʠʭ ʧʣʘʪʬʦʨʤ ʜʦ ʚʽʨʪʫʘʣʴʥʠʭ 

ʢʣʘʩʽʚ. ʅʘ ʞʘʣʴ, ʤʘʡʞʝ ʫ 40% ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʚʠʷʚʣʝʥʦ 

ʫʨʘʟʣʠʚʦʩʪʽ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʨʠʟʠʢʫ (38 % ʚʨʘʟʣʠʚʦʩʪʝʡ ʧʦʚôʷʟʘʥʽ ʟ 

ʧʨʦʛʨʘʤʘʤʠ ʜʣʷ iOS, ʘ 43 % ï ʜʣʷ Android). ɸʢʪʫʘʣʴʥʽʩʪʴ ʟʘʭʠʩʪʫ ʮʠʭ 

ʧʨʦʛʨʘʤ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ, ʦʩʢʽʣʴʢʠ ʱʦʜʥʷ ʚʠʷʚʣʷʶʪʴʩʷ ʥʦʚʽ 

ʚʨʘʟʣʠʚʦʩʪʽ. ʆʙʽʟʥʘʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ ʤʦʙʽʣʴʥʠʭ 

ʜʦʜʘʪʢʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʘ, ʱʦ ʨʦʙʠʪʴ ʟʘʭʠʩʪ ʜʘʥʠʭ ʫ 

ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʘʭ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ. ʊʝʩʪʫʚʘʥʥʷ ʥʘ 

ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʜʦʧʦʤʘʛʘʻ ʩʪʚʦʨʠʪʠ ʙʝʟʧʝʯʥʽ 

ʧʨʦʛʨʘʤʠ ʪʘ ʧʦʤôʷʢʰʫʻ ʨʠʟʠʢʠ ʰʘʭʨʘʡʩʴʢʠʭ ʘʪʘʢ, ʟʘʨʘʞʝʥʥʷ ʚʽʨʫʩʘʤʠ 

ʘʙʦ ʰʢʽʜʣʠʚʠʤ ʇɿ, ʚʠʪʦʢʫ ʜʘʥʠʭ ʪʘ ʽʥʰʠʭ ʧʦʨʫʰʝʥʴ ʙʝʟʧʝʢʠ [1]. 

ʈʝʚʝʨʩ-ʽʥʞʠʥʽʨʠʥʛ apk-ʬʘʡʣʽʚ ï ʮʝ ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ 

Android-ʜʦʜʘʪʢʘ, ʷʢʠʡ ʙʫʣʦ ʟʽʙʨʘʥʦ ʫ ʚʠʛʣʷʜʽ apk-ʬʘʡʣʫ. ɿʘʟʚʠʯʘʡ ʮʝʡ 

ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʜʦʜʘʪʢʘ ʘʙʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʫ ʥʴʦʤʫ [2]. 

ɼʣʷ ʨʝʚʝʨʩ-ʽʥʞʠʥʽʨʠʥʛʫ apk-ʬʘʡʣʫ ʨʦʟʨʦʙʣʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʧʨʦʛʨʘʤʠ 

ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʙʠʨʘʪʠ ʬʘʡʣ ʥʘ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ, 

ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʜʦʜʘʪʢʘ, ʷʢ-ʦʪ 

ʟʦʙʨʘʞʝʥʥʷ, ʟʚʫʢʠ, ʰʨʠʬʪʠ ʪʦʱʦ [3]. 

ʆʪʨʠʤʘʥʘ ʧʽʜ ʯʘʩ ʨʝʚʝʨʩ-ʽʥʞʠʥʽʨʠʥʛʫ ʽʥʬʦʨʤʘʮʽʷ ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʠʪʠ ʜʦʜʘʪʦʢ ʘʙʦ ʚʥʝʩʪʠ ʟʤʽʥʠ ʜʦ ʥʴʦʛʦ, ʚʦʜʥʦʯʘʩ ʮʷ ʽʥʬʦʨʤʘʮʽʷ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʟʣʦʚʤʠʩʥʠʢʘʤʠ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʽ ʟʣʦʤʫ ʮʴʦʛʦ ʜʦʜʘʪʢʘ [4].  

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ ʧʝʨʝʚʽʨʢʫ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. ʅʘʡʩʫʯʘʩʥʽʰʠʤ ʫ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ OWASP Mobile Application Security 
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Verification Standard (ʘʙʦ ʉʪʘʥʜʘʨʪ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ 

OWASP) ï ʮʝ ʤʽʞʥʘʨʦʜʥʦ ʚʠʟʥʘʥʠʡ ʩʪʘʥʜʘʨʪ ʙʝʟʧʝʢʠ ʜʣʷ ʤʦʙʽʣʴʥʠʭ 

ʜʦʜʘʪʢʽʚ. ʄʝʪʘ MASVS ï ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ 

ʙʝʟʧʝʢʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, ʧʦʩʠʣʠʪʠ ʟʘʭʦʜʠ ʟʘʭʠʩʪʫ ʪʘ ʧʨʦʪʠʜʽʾ 

ʟʘʛʨʦʟʘʤ ʥʘ ʩʪʦʨʦʥʽ ʢʣʽʻʥʪʘ. MASVS ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʪʘʢʠʭ ʮʽʣʝʡ: 

Å ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʤʦʛʠ ʜʣʷ ʘʨʭʽʪʝʢʪʦʨʽʚ ʪʘ ʨʦʟʨʦʙʥʠʢʽʚ ʇɿ, ʷʢʽ 

ʧʨʘʛʥʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʙʝʟʧʝʯʥʽ ʤʦʙʽʣʴʥʽ ʧʨʦʛʨʘʤʠ; 

Å ʚʠʟʥʘʯʠʪʠ ʨʦʣʴ ʤʝʭʘʥʽʟʤʽʚ ʟʘʭʠʩʪʫ ʇɿ ʫ ʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ 

ʥʘʜʘʪʠ ʚʠʤʦʛʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

Å ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʙʝʟʧʝʢʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʘʨʽʘʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ [5]. 

ʋ ʨʦʙʦʪʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʚʝʨʩ-ʽʥʞʠʥʽʨʠʥʛʫ 

ʤʦʙʽʣʴʥʦʛʦ apk-ʜʦʜʘʪʢʘ ʥʘ ʆʉ Android. ɹʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʣʽʢ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʥʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʦʙʨʘʥʦʤʫ apk-

ʬʘʡʣʽ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʢʣʘʜʝʥʠʡ ʟʚʽʪ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʱʦʜʦ 

ʧʨʦʚʝʜʝʥʦʛʦ ʨʝʚʝʨʩ-ʽʥʞʠʥʽʨʠʥʛʫ ʪʘ ʟʘʭʦʜʘʤʠ ʧʨʦʪʠʜʽʾ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʣʦʚʤʠʩʥʠʢʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʟʚʽʪʫ ʜʦʜʘʪʦʢ ʜʦʮʽʣʴʥʦ 

ʤʦʜʠʬʽʢʫʚʘʪʠ ʟʛʽʜʥʦ ʟ ʤʽʞʥʘʨʦʜʥʦ ʚʠʟʥʘʥʠʤ ʩʪʘʥʜʘʨʪʦʤ MASVS. 

ʇʦʚʪʦʨʥʝ ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʜʦʜʘʪʢʘ ʟ ʽʤʧʣʝʤʝʥʪʦʚʘʥʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʟʘʭʠʩʪʫ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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5. ñMobile Application Verification Standardò (ʘʥʛʣ).  URL: 
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ɼʽʘʥʘ ʆʣʘʨ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʋʰʝʥʢʦ ʖ.ʆ. 

 

ʊʝʥʜʝʥʮʽʾ ʚʝʙʨʦʟʨʦʙʢʠ ʪʘ ʤʘʡʙʫʪʥʽ ʥʘʧʨʷʤʢʠ: ʚʠʚʯʝʥʥʷ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʥʘʡʢʨʘʱʠʭ ʧʨʘʢʪʠʢ 

 
ɺʝʙʨʦʟʨʦʙʢʘ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʨʝʛʫʣʷʨʥʦ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʝʨʝʜʦʚʠʡ ʜʦʩʚʽʜ. ʄʠ ʨʦʟʛʣʷʥʫʣʠ ʦʩʪʘʥʥʽ ʪʝʥʜʝʥʮʽʾ 

ʚʝʙʨʦʟʨʦʙʢʠ ʪʘ ʤʘʡʙʫʪʥʽ ʥʘʧʨʷʤʢʠ, ʚʢʣʶʯʥʦ ʟ ʥʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ 

ʧʨʘʢʪʠʢʘʤʠ, ʷʢʽ, ʡʤʦʚʽʨʥʦ, ʬʦʨʤʫʚʘʪʠʤʫʪʴ ʩʬʝʨʫ ʚ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʮʽʢʘʚʽʰʠʭ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʝʙʨʦʟʨʦʙʢʠ ʻ ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ (ʐɯ). ʊʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʝʙʩʘʡʪʽʚ ʽ ʧʨʦʛʨʘʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʡ ʜʦʩʚʽʜ 

ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʧʦʢʨʘʱʫʶʯʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʄʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ, ʦʙʨʦʙʢʘ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʪʘ ʯʘʪ-ʙʦʪʠ ï ʣʠʰʝ ʜʝʷʢʽ ʧʨʠʢʣʘʜʠ 

ʪʦʛʦ, ʷʢ ʐɯ ʽʥʪʝʛʨʫʻʪʴʩʷ ʫ ʚʝʙʨʦʟʨʦʙʢʫ. 

ʑʝ ʦʜʥʘ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ð ʙʣʦʢʯʝʡʥ. ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʚʝʙʜʦʜʘʪʢʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʯʥʽ ʪʘ ʧʨʦʟʦʨʽ ʪʨʘʥʟʘʢʮʽʾ ʙʝʟ ʧʦʩʝʨʝʜʥʠʢʽʚ. ɯʥʰʽ 

ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʢʣʶʯʘʶʪʴ ʙʝʟʩʝʨʚʝʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʧʨʦʛʨʝʩʠʚʥʽ 

ʚʝʙʜʦʜʘʪʢʠ (PWA) ʽ ʛʦʣʦʩʦʚʽ ʽʥʪʝʨʬʝʡʩʠ. 

ʆʢʨʽʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʽʩʥʫʶʪʴ ʪʘʢʦʞ ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ, ʷʢʽ 

ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʚʘʞʣʠʚʽʰʠʤʠ ʫ ʚʝʙʨʦʟʨʦʙʮʽ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʧʨʘʢʪʠʢ ʻ 

ʜʦʩʪʫʧʥʽʩʪʴ. ɿʚʝʨʪʘʶʯʠ ʫʚʘʛʫ ʥʘ ʽʥʢʣʶʟʠʚʥʽʩʪʴ, ʨʦʟʨʦʙʥʠʢʠ ʧʦʚʠʥʥʽ 

ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʾʭʥʽ ʚʝʙʩʘʡʪʠ ʪʘ ʧʨʦʛʨʘʤʠ ʙʫʜʫʪʴ ʜʦʩʪʫʧʥʽ ʜʣʷ ʚʩʽʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʙʫʜʴ-ʷʢʠʭ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʚʦʥʠ ʤʦʞʫʪʴ 

ʤʘʪʠ. 

ʑʝ ʦʜʥʘ ʥʘʡʢʨʘʱʘ ʧʨʘʢʪʠʢʘ ð ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʜʠʟʘʡʥʫ. 

ʆʩʢʽʣʴʢʠ ʚʩʝ ʙʽʣʴʰʝ ʢʦʨʠʩʪʫʚʘʯʽʚ ʦʪʨʠʤʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʚʝʙʩʘʡʪʽʚ ʽ 

ʧʨʦʛʨʘʤ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʘʜʘʧʪʠʚʥʠʡ ʜʠʟʘʡʥ ʩʪʘʻ ʥʝʦʙʭʽʜʥʠʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʝʙʩʘʡʪʽʚ ʽ ʧʨʦʛʨʘʤ ʜʣʷ ʚʩʽʭ ʨʦʟʤʽʨʽʚ 

ʝʢʨʘʥʘ. ɯʥʰʽ ʧʨʘʢʪʠʢʠ ʚʝʙʨʦʟʨʦʙʢʠ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʽʢʨʦʩʝʨʚʽʩʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʥʫʯʢʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʡ 

ʨʦʟʛʦʨʪʘʥʥʷ. 
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ɼʠʚʣʷʯʠʩʴ ʫ ʤʘʡʙʫʪʥʻ, ʽʩʥʫʻ ʢʽʣʴʢʘ ʪʝʥʜʝʥʮʽʡ ʽ ʥʘʧʨʷʤʢʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʰʘʥʩ ʩʪʘʪʠ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʚʝʙʨʦʟʨʦʙʢʠ. 

ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʪʝʥʜʝʥʮʽʡ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʧʦʚʥʝʥʦʾ ʪʘ ʚʽʨʪʫʘʣʴʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. ʊʝʭʥʦʣʦʛʽʾ AR ʽ VR ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʝʙʨʦʟʨʦʙʮʽ, 

ʘʣʝ ʚ ʤʽʨʫ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʩʪʘʥʫʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʽ ʜʦʩʪʫʧʥʠʤʠ, ʚʦʥʠ, 

ʡʤʦʚʽʨʥʦ, ʦʪʨʠʤʘʶʪʴ ʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ. 

ɯʥʰʠʤ ʥʘʧʨʷʤʢʦʤ ʤʘʡʙʫʪʥʴʦʛʦ ʻ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ (IoT). ʆʩʢʽʣʴʢʠ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʧʨʠʩʪʨʦʾʚ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ 

ʽʥʪʝʨʥʝʪʫ, ʚʝʙʨʦʟʨʦʙʥʠʢʘʤ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʛʨʘʤʠ ʪʘ 

ʚʝʙʩʘʡʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʮʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɯʥʰʽ ʤʘʡʙʫʪʥʽ 

ʥʘʧʨʷʤʢʠ ʚʝʙʨʦʟʨʦʙʢʠ ʚʢʣʶʯʘʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʨʬʝʡʩʽʚ ʽʟ ʛʦʣʦʩʦʚʦʶ ʘʢʪʠʚʘʮʽʻʶ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʙʣʦʢʯʝʡʥ, ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʛʦ ʜʦʩʚʽʜʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʚʝʙʨʦʟʨʦʙʢʘ ð ʮʝ ʩʬʝʨʘ, ʷʢʘ 

ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʝʨʝʜʦʚʠʡ ʜʦʩʚʽʜ ʧʦʩʪʽʡʥʦ 

ʬʦʨʤʫʶʪʴ ʧʽʜʭʽʜ ʨʦʟʨʦʙʥʠʢʽʚ ʜʦ ʨʦʟʨʦʙʢʠ ʚʝʙʩʘʡʪʽʚ ʽ ʧʨʦʛʨʘʤ. 

ʉʪʝʞʘʯʠ ʟʘ ʦʩʪʘʥʥʽʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʪʘ ʥʘʡʢʨʘʱʠʤʠ ʧʨʘʢʪʠʢʘʤʠ, 

ʨʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ 

ʚʝʙʩʘʡʪʠ ʪʘ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʝʙʘʤ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ 

ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ. ʆʩʢʽʣʴʢʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʜʦʚʞʫʶʪʴ 

ʨʦʟʚʠʚʘʪʠʩʷ ʪʘ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʧʨʘʢʪʠʢʠ, ʙʫʜʝ ʮʽʢʘʚʦ ʩʧʦʩʪʝʨʽʛʘʪʠ, ʷʢ 

ʨʦʟʚʠʚʘʪʠʤʝʪʴʩʷ ʩʬʝʨʘ ʚʝʙʨʦʟʨʦʙʢʠ ʚ ʥʘʩʪʫʧʥʽ ʨʦʢʠ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Wang, Hongbing, et al. "Web services: problems and future 

directions." Journal of Web Semantics 1.3 (2004): 309-320 

2. Mariani, Marcello. "Web 2.0 and destination marketing: current trends and 

future directions." Sustainability 12.9 (2020): 3771. 

3. Patel, Rohan, et al. "Why software is not accessible: Technology 

professionals' perspectives and challenges." Extended abstracts of the 2020 

CHI conference on human factors in computing systems. 2020. 

4. https://www.startdesigns.com/blog/top-10-technologies-future-of-web-

development-2021/ 
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ɯʛʦʨ ʆʣʝʢʩʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ʄʝʪʦʜʠ ʟʘʭʠʩʪʫ ʧʨʠ ʚʽʜʜʘʣʝʥʦʤʫ ʜʦʩʪʫʧʽ  

ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʤʫ ʩʝʛʤʝʥʪʽ 

 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʽ ʚʠʤʦʛ ʦʢʨʝʤʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ "ʇʨʦ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ" ʪʘ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ "ʇʨʦ 

ʟʘʭʠʩʪ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ", ʦʙʦʚ'ʷʟʢʦʚʦʤʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʧʽʜʣʷʛʘʻ: ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʻ ʚʣʘʩʥʽʩʪʶ ʜʝʨʞʘʚʠ, ʘʙʦ ʽʥʬʦʨʤʘʮʽʷ ʟ 

ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ, ʚʠʤʦʛʠ ʧʦ ʟʘʭʠʩʪʫ ʷʢʦʾ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤ, ʚ 

ʪ.ʯ. ʧʝʨʩʦʥʘʣʴʥʽ ʜʘʥʽ ʛʨʦʤʘʜʷʥ. ɺ ʜʘʥʠʡ ʯʘʩ, ʚ ʋʢʨʘʾʥʽ, ʰʚʠʜʢʠʤʠ 

ʪʝʤʧʘʤʠ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʦʚʽʪʥʽ ʜʦʩʷʛʥʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʉʠʩʪʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʘʢʪʠʚʥʦ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʫ ʬʽʥʘʥʩʦʚʽ, ʧʨʦʤʠʩʣʦʚʽ, ʪʦʨʛʦʚʽ ʽ ʩʦʮʽʘʣʴʥʽ ʩʬʝʨʠ. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʨʽʟʢʦ ʟʨʽʩ ʽʥʪʝʨʝʩ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʧʨʦʙʣʝʤ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ɺʠʜʽʣʷʶʪʴ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ (ɿɯ) [1]: ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʡ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ, ʘʧʘʨʘʪʥʦ-

ʪʝʭʥʽʯʥʠʡ, ʧʨʦʛʨʘʤʥʠʡ. 

ʗʢʱʦ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʚʩʽ ʽʩʥʫʶʯʽ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ, ʪʦ ʙʫʜʴ-ʷʢʘ 

ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʩʚʦʾʭ ʚʥʫʪʨʽʰʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽ ʟʘʭʠʩʪʠʪʠ ʜʘʥʽ ʚ ʧʨʦʮʝʩʽ ʾʭ ʧʝʨʝʜʘʯʽ ʚ ʽʥʪʝʨʥʝʪʽ. ʅʘʩʘʤʧʝʨʝʜ 

ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧ ʜʦ ʜʦʢʫʤʝʥʪʽʚ, ʧʦʰʪʠ ʪʘ ʚʽʜʜʘʣʝʥʦʛʦ 

ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ ʯʝʨʝʟ VPN-ʟ'ʻʜʥʘʥʥʷ, ʪʦʙʪʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʧʦ 

ʟʘʭʠʱʝʥʦʤʫ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ. VPN-ʟ'ʻʜʥʘʥʥʷ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʯʝʨʝʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʘʙʦ ʘʧʘʨʘʪʥʽ ʨʽʰʝʥʥʷ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʦʜʠʬʽʢʘʮʽʡ, ʘʣʝ ʛʦʣʦʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʚ ʪʦʤʫ, ʱʦ ʮʝ 

ʛʦʪʦʚʝ ʥʘʣʘʰʪʦʚʘʥʝ ʪʘ ʚʩʪʘʥʦʚʣʝʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʽ ʚʩʝ, ʱʦ ʟ ʥʠʤ 

ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ, ï ʮʝ ʧʨʦʚʝʩʪʠ ʽʥʪʝʛʨʘʮʽʶ ʚ ʽʩʥʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ [1]. 

ɿʘʟʚʠʯʘʡ ʚʽʜʜʘʣʝʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ  ʜʦʩʪʫʧ ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʽʟ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʥʦʫʪʙʫʢʘ, ʢʦʣʠ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʚʽʜʨʷʜʞʝʥʥʽ, ʘʙʦ ʟʽ ʩʚʦʛʦ ʜʦʤʘʰʥʴʦʛʦ ʢʦʤʧôʶʪʝʨʘ. ʄʝʭʘʥʽʟʤ ʪʘʢʠʡ, 

ʱʦ ʚ ʨʝʞʠʤʽ ʨʦʙʦʪʠ VPN-ʟ'ʻʜʥʘʥʥʷ ʬʘʢʪʠʯʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙ'ʻʜʥʘʥʥʷ 

ʜʚʦʭ ʤʝʨʝʞ: ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʢʦʨʧʦʨʘʪʠʚʥʦʾ. ɺ ʨʘʤʢʘʭ ʬʦʨʤʫʚʘʥʥʷ ʮʴʦʛʦ 

VPN-ʟ'ʻʜʥʘʥʥʷ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʧʝʚʥʫ ʦʙʤʝʞʝʥʥʷ ʥʘ ʥʘʜʘʥʥʷ 
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ʜʦʩʪʫʧʫ ʜʦ ʪʠʭ ʯʠ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʟʘʚʞʜʠ ʻ ʚʧʝʚʥʝʥʽʩʪʴ, 

ʱʦ ʨʦʙʦʯʝ ʤʽʩʮʝ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘʭʠʱʝʥʝ, ʯʠ ʻ ʪʘʤ ʘʥʪʠʚʽʨʫʩʠ, 

ʣʦʢʘʣʴʥʠʡ ʬʘʡʨʚʦʣ ʪʦʱʦ. ɼʦʮʽʣʴʥʦ ʧʨʘʮʶʚʘʪʠ ʥʝ ʧʨʦʩʪʦ ʚ ʨʝʞʠʤʽ 

VPN-ʟ'ʻʜʥʘʥʥʷ, ʘ ʡ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʨʘʬʽʢ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʫ ʤʝʨʝʞʫ, ʥʘ ʧʨʝʜʤʝʪ ʯʠʩʪʦʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʩʪʨʽʡ, 

ʷʢʠʡ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʻ VPN-ʰʣʶʟʦʤ, ʚʠʢʦʥʫʻ ʢʦʤʧʣʝʢʩʥʽ ʬʫʥʢʮʽʾ: 

ʤʽʞʤʝʨʝʞʝʚʝ ʝʢʨʘʥʫʚʘʥʥʷ, ʘʥʪʠʚʽʨʫʩ ʪʦʱʦ. 

 
ʈʠʩ. 1. ʈʦʙʦʪʘ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʟ ʚʽʜʜʘʣʝʥʠʤ ʜʦʩʪʫʧʦʤ 

 

ʅʘ ʚʠʭʦʜʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʢʦʤʧʣʝʢʩʥʝ ʘʧʘʨʘʪʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʤʦʞʝ 

ʟʜʽʡʩʥʠʪʠ ʽ ʟʘʭʠʱʝʥʠʡ ʚʽʜʜʘʣʝʥʠʡ ʜʦʩʪʫʧ ʥʘ ʙʘʟʽ VPN, ʽ ʚʠʢʦʥʘʪʠ 

ʬʫʥʢʮʽʾ ʰʣʶʟʦʚʦʛʦ ʘʥʪʠʚʽʨʫʩʘ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʷʢ ʚʭʽʜʥʦʛʦ ʽʥʪʝʨʥʝʪ-

ʪʨʘʬʽʢʫ, ʪʘʢ ʽ ʚʩʽʻʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʮʠʨʢʫʣʶʻ ʤʽʞ ʚʥʫʪʨʽʰʥʴʦʶ 

ʤʝʨʝʞʝʶ ʽ ʚʽʜʜʘʣʝʥʠʤʠ ʇʂ ʢʦʨʠʩʪʫʚʘʯʽʚ [1]. 

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʩʦʙʠ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʧʨʦʮʝʩʽ ʚʩʪʘʥʦʚʣʝʥʥʷ VPN-ʟ'ʻʜʥʘʥʥʷ. ʈʦʟʛʣʷʜʘʶʯʠ 

ʙʫʜʴ-ʷʢʝ ʟʘʚʜʘʥʥʷ ʟ ʨʦʟʜʽʣʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʤʠ ʟʘʚʞʜʠ ʙʫʜʝʤʦ 

ʩʪʠʢʘʪʠʩʷ ʟ ʧʠʪʘʥʥʷʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʘʫʪʝʥʪʠʬʽʢʘʮʽʻʶ ʦʩʦʙʠʩʪʦʩʪʽ. 
 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɭʚʜʦʢʠʤʝʥʢʦ ʄ. ʆ. ʄʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʘʪʘʢ ʥʘ 

ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʫ ʤʝʨʝʞʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ ʚʨʘʟʣʠʚʦʩʪʝʡ / ʄ. 

ʆ. ɭʚʜʦʢʠʤʝʥʢʦ, ɸ. ʉ. ʐʘʧʦʚʘʣʦʚʘ // ɺʯʝʥʽ ʟʘʧʠʩʢʠ ʊʘʚʨʽʡʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺ. ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ. ʉʝʨʽʷ : ʊʝʭʥʽʯʥʽ 

ʥʘʫʢʠ. - 2018. - ʊ. 29(68), ˉ 4(1). - ʉ. 67-72. 

 

 



263 

 

 

ʉʪʝʧʘʥ ʆʣʽʡʥʠʢ 

                            ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʫʟʴ ʈ.ɺ. 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ 

 ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʮʽ 

ʇʦʣʽʧʰʝʥʥʷ ʂʂɼ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

(ʊɽɻ) [1] ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʜʦʙʨʦʪʥʦʩʪʽ [2] 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʛʝʥʝʨʘʪʦʨʽʚ 

ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʷʢʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ. 

ʅʝ ʤʝʥʰʦʶ ʤʽʨʦʶ ʤʽʨʽ ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʽ ʚʽʜ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ 

ʩʠʩʪʝʤ, ʷʢʠʤʠ ʧʽʜʚʦʜʷʪʴʩʷ ʽ ʚʽʜʚʦʜʷʪʴʩʷ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʜʦ ʪʘ ʚʽʜ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ. ʇʨʠ ʮʴʦʤʫ ʧʦʣʽʧʰʝʥʥʶ 

ʷʢʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʣʘʜʽʚ ʽ ʩʠʩʪʝʤ ʜʦʩʽ ʥʝ ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʘʣʝʞʥʦʾ 

ʫʚʘʛʠ. ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʟʥʘʯʥʦ ʥʠʞʯʽ ʚʽʜ ʦʯʽʢʫʚʘʥʠʭ 

ʥʘʚʽʪʴ ʟʘ ʜʦʩʷʛʥʫʪʠʭ ʟʥʘʯʝʥʥʷʭ ʜʦʙʨʦʪʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ 

ʪʠʤ, ʱʦ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ 

ʧʝʨʝʚʘʞʥʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʧʨʦʱʝʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʱʦ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʷʢʦʩʪʽ ʩʠʩʪʝʤ ʪʝʧʣʦʦʙʤʽʥʫ, ʪʝʧʣʦʚʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʚʪʨʘʪʠ. ʎʝ 

ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʛʽʨʰʠʪʠ ʾʭ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʋ ʧʨʘʮʽ [3] ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʂʂɼ ʊɽɻ ʜʣʷ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʝʥʝʨʛʽʾ. ʄʝʪʘ ʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʘʮʽ ï ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʂʂɼ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɼʣʷ ʮʴʦʛʦ 

ʟʨʦʙʣʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʂʂɼ ʊɽɻ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʟʥʘʯʝʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʪʝʧʣʦʦʙʤʽʥʫ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʚʠʱʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʊɽɻ. ʈʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʩʠʩʪʝʤʠ ʪʝʧʣʦʦʙʤʽʥʫ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ.1. 



264 

 

 

 
ʈʠʩ.1. ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʊɽɻ ʚʽʜ  

ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʦʙʤʽʥʫ 

 

ʈʦʟʨʘʭʦʚʘʥʦ ʂʂɼ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʩʠʩʪʝʤʠ ʪʝʧʣʦʦʙʤʽʥʫ, ʱʦ ʩʪʘʥʦʚʠʪʴ 2.7% ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʽʟ 

ʢʦʤʙʽʥʦʚʘʥʦʶ ʚʦʜʦʧʦʚʽʪʨʷʥʦʶ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʦʙʤʽʥʫ ʽ 1.9% ʽʟ 

ʧʦʚʽʪʨʷʥʦʶ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʦʙʤʽʥʫ. 

ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʪʝʧʣʦʦʙʤʽʥʫ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʚʠʭʽʜʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʊɽɻ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʪʝʧʣʦʦʙʤʽʥʫ 

ʩʫʤʘʨʥʦʶ ʧʦʪʫʞʥʽʩʪʶ Qel  = 25 ɺʪ. 
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ʄʘʢʩʠʤ ʆʣʴʰʝʚʩʴʢʠʡ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯʚʘʥʫʱʘʢ ʅ.ʄ. 

 

ʉʪʚʦʨʝʥʥʷ ʚʝʙʜʦʜʘʪʢʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʫ Laravel 

ʧʦ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʧʨʠʩʪʨʦʶ ʤʝʪʦʜʦʤ BigData  
 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʙʽʥʘʮʽʶ ʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʦʙ'ʻʜʥʘʥʠʭ ʤʝʨʝʞʘʤʠ ʟʚ'ʷʟʢʫ, ʽ ʣʶʜʝʡ. ʉʧʽʣʴʥʦ ʚʦʥʠ ʤʦʞʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʦʙʦʪʠ ʚ 

ʩʝʨʝʜʦʚʠʱʘʭ, ʥʝʟʨʫʯʥʠʭ ʘʙʦ ʥʝʜʦʩʪʫʧʥʠʭ ʜʣʷ ʣʶʜʠʥʠ (ʚ ʢʦʩʤʦʩʽ, ʥʘ 

ʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ, ʥʘ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʽ ʪ. ʜ.). ʇʨʠ ʾʭ 

ʚʟʘʻʤʦʜʽʾ ʛʝʥʝʨʫʶʪʴʩʷ ʚʝʣʠʯʝʟʥʽ ʦʙôʻʤʠ ʽʥʬʦʨʤʘʮʽʾ, ʟ ʷʢʠʤʠ ʜʦʚʦʜʠʪʴʩʷ 

ʧʨʘʮʶʚʘʪʠ ʡ ʦʪʨʠʤʫʚʘʪʠ ʟ ʥʠʭ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʎʝ ʟʘʚʜʘʥʥʷ, ʱʦ 

ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʧʦʜʽʡ ʪʘ ʘʥʘʣʽʪʠʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ BigData. 

ʇʨʠʢʣʘʜʠ ʜʞʝʨʝʣ ʚʠʥʠʢʥʝʥʥʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ï ʜʘʥʽ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ 

ʥʘʜʭʦʜʷʪʴ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʦʜʽʾ ʚʽʜ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ, ʧʦʪʦʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʽʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ, ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʧʦʪʦʢʠ ʜʘʥʠʭ 

ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʘʙʦʥʝʥʪʽʚ ʤʝʨʝʞ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʧʨʠʩʪʨʦʾʚ 

ʘʫʜʽʦ- ʪʘ ʚʽʜʝʦʨʝʻʩʪʨʘʮʽʾ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʨʦʟʚʠʪʦʢ ʽ ʧʦʯʘʪʦʢ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʞʝʨʝʣ ʽʥʽʮʽʶʻ ʧʨʦʥʠʢʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʝʣʠʢʠʭ 

ʜʘʥʠʭ ʷʢ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʪʘʢ ʽ ʚ ʢʦʤʝʨʮʽʡʥʠʡ ʩʝʢʪʦʨ ʽ 

ʩʬʝʨʫ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʋ ʨʦʙʦʪʽ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʧʨʠʩʪʨʦʾʚ ʽʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ ʪʘ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʝʙʜʦʜʘʪʢʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʫ Laravel. 

ʇʝʨʰ ʟʘ ʚʩʝ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʽʟ ʚʝʙʪʝʭʥʦʣʦʛʽʷʤʠ ʩʣʽʜ ʦʧʠʩʘʪʠ ʛʦʣʦʚʥʠʡ 

ʧʨʠʥʮʠʧ ï ʮʝ ʚʟʘʻʤʦʜʽʷ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ ʧʨʦʛʨʘʤʠ ʽʟ ʩʝʨʚʝʨʥʦʶ ʾʾ 

ʯʘʩʪʠʥʦʶ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʮʝ ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʪʝ, ʱʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʩʝʨʚʝʨ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʟʘʧʠʪʠ http-ʧʨʦʪʦʢʦʣʦʤ, ʘ ʩʝʨʚʝʨ, 

ʦʙʨʦʙʣʷʶʯʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ, ʚʽʜʧʦʚʽʜʘʻ HTML-ʟʘʧʠʩʦʤ, ʱʦ 

ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʢʣʽʻʥʪʩʴʢʦʶ ʯʘʩʪʠʥʦʶ ʚ ʥʝʩʫʯʫ ʢʦʨʠʩʥʫ (ʟʥʘʯʫʱʫ) 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (ʨʠʩ. 1). 



266 

 

 

 
ʈʠʩ. 1. ʂʣʽʻʥʪ-ʩʝʨʚʝʨʥʘ ʚʟʘʻʤʦʜʽʷ 

 

ʇʦʜʽʙʥʘ ʩʪʨʫʢʪʫʨʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʚʠʛʽʜʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʟʘ ʩʪʦʩʫʥʢʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘʧʨʷʤʫ ʚ ʩʠʩʪʝʤʽ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʧʝʨʰ ʟʘ ʚʩʝ ʝʢʦʥʦʤʽʻʶ ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʢʽʥʮʝʚʦʛʦ 

ʩʧʦʞʠʚʘʯʘ, ʚʠʦʢʨʝʤʣʝʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ, ʜʦʩʪʫʧʥʽʩʪʶ, ʤʦʞʣʠʚʽʩʪʶ ʜʦ 

ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʨʥʝʪ-ʟʘʣʝʞʥʠʭ ʦʙôʻʢʪʽʚ, ʧʦʪʝʥʮʽʡʥʦʶ 

ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʦʶ ʩʭʠʣʴʥʽʩʪʶ, ʙʝʟʧʝʯʥʽʩʪʶ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʘ ʢʣʽʻʥʪʘ ʫ ʚʠʧʘʜʢʫ ʢʨʠʪʠʯʥʠʭ ʧʦʤʠʣʦʢ. 

ɿʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʩʠʩʪʝʤʦʶ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʯʝʨʝʟ ʧʝʚʥʠʡ ʥʘʙʽʨ ʧʨʠʩʪʨʦʾʚ ʽʟ ʜʘʪʯʠʢʽʚ/ʩʝʥʩʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʩʝʥʩʦʨʽʚ 

ʨʫʭʫ). ɺʦʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʚôʷʟʫʶʪʴʩʷ ʽʟ 

ʩʝʨʚʝʨʦʤ, ʱʦ ʢʝʨʫʻ ʙʘʟʦʶ ʜʘʥʠʭ. ʋʤʦʚʥʦ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʦʪʽʢ ʽʥʬʦʨʤʘʮʽʾ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ ʫ ʬʦʨʤʘʪʽ, ʧʽʜʛʦʪʦʚʣʝʥʦʤʫ ʜʦ ʧʦʜʘʣʴʰʦʾ 

ʦʙʨʦʙʢʠ. ʇʝʨʝʜ ʧʦʜʘʯʝʶ ʢʦʨʠʩʪʫʚʘʯʫ ʢʽʥʮʝʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ ʟʘʩʪʦʩʫʻ ʘʣʛʦʨʠʪʤ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʝʪʦʜʠʢʫ ʦʙʨʦʙʢʠ 

ʪʝʭʥʦʣʦʛʽʡ BigData, ʘ ʩʘʤʝ: ʤʝʪʦʜʠ ʢʣʘʩʫ Data Mining, ʟʤʽʰʫʚʘʥʥʷ ʪʘ 

ʽʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ, ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ, 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʚʽʟʫʘʣʽʟʘʮʽʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʘʥʠʭ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. BigData. URL: 

https://uk.wikipedia.org/wiki/%D0%92%D0%B5%D0%BB%D0%B8%D0%B

A%D1%96_%D0%B4%D0%B0%D0%BD%D1%96 

2. ɽʨʣ ʊ. ʆʩʥʦʚʠ Big Data: ʢʦʥʮʝʧʮʽʾ, ʘʣʛʦʨʠʪʤʠ  ̔ʪʝʭʥʦʣʦʛʽʾ. ï ʂ: ɹʘʣʘʥʩ 

ʙʠʟʥʝʩ ʙʫʢʩ, 2018. ï 320 ʩ. 
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ʆʣʝʥʘ ʆʧʨʽʰ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʊʦʤʘʰ ɺ.ɺ.  

ʌʦʨʤʫʚʘʥʥʷ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ  

ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ 

ʄʠ ʞʠʚʝʤʦ ʚ ʯʘʩ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʘʢʪʠʚʥʠʭ ʟʤʽʥ 

ʩʫʩʧʽʣʴʥʠʭ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ. ɺʩʝ ʮʝ ʧʨʠʚʝʣʦ ʜʦ ʩʫʩʧʽʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʨʝʬʦʨʤ, ʷʢʽ ʥʝ ʦʤʠʥʫʣʠ ʽ ʦʩʚʽʪʫ. ɿʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʥʦʚʠʭ 

ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʚʯʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʤʧʝʪʝʥʪʥʽʩʥʠʡ ʧʽʜʭʽʜ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʥʫ ʧʽʜʛʦʪʦʚʢʫ ʫʯʥʽʚ ʜʦ 

ʤʘʡʙʫʪʥʴʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ.  

çʄʝʪʦʶ ʧʦʚʥʦʾ ʟʘʛʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ ʻ ʨʽʟʥʦʙʽʯʥʠʡ ʨʦʟʚʠʪʦʢ, 

ʚʠʭʦʚʘʥʥʷ ʽ ʩʦʮʽʘʣʽʟʘʮʽʷ ʦʩʦʙʠʩʪʦʩʪʽ, ʷʢʘ ʫʩʚʽʜʦʤʣʶʻ ʩʝʙʝ 

ʛʨʦʤʘʜʷʥʠʥʦʤ ʋʢʨʘʾʥʠ, ʟʜʘʪʥʘ ʜʦ ʞʠʪʪʷ ʚ ʩʫʩʧʽʣʴʩʪʚʽ ʪʘ ʮʠʚʽʣʽʟʦʚʘʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʟ ʧʨʠʨʦʜʦʶ, ʤʘʻ ʧʨʘʛʥʝʥʥʷ ʜʦ ʩʘʤʦʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʥʘʚʯʘʥʥʷ 

ʚʧʨʦʜʦʚʞ ʞʠʪʪʷ, ʛʦʪʦʚʘ ʜʦ ʩʚʽʜʦʤʦʛʦ ʞʠʪʪʻʚʦʛʦ ʚʠʙʦʨʫ ʪʘ 

ʩʘʤʦʨʝʘʣʽʟʘʮʽʾ, ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʛʨʦʤʘʜʷʥʩʴʢʦʾ ʘʢʪʠʚʥʦʩʪʽè [1]. 

ɿʘʟʥʘʯʝʥʘ ʤʝʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʫʯʥʽʚ ʥʘ ʫʨʦʢʘʭ 

ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦ ʧʨʦʻʢʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʷʢ ʧʨʦʚʽʜʥʦʛʦ ʟʘʩʦʙʫ 

ʨʦʟʚʠʪʢʫ ʽ ʥʘʚʯʘʥʥʷ ʫʯʥʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʫ ʥʠʭ ʟʜʘʪʥʦʩʪʽ ʜʦ 

ʩʘʤʦʩʪʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʦʚʦʣʦʜʽʥʥʷ ʟʘʩʦʙʘʤʠ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʫʤʽʥʴ ʢʦʥʩʪʨʫʶʚʘʪʠ ʚʣʘʩʥʠʡ ʧʨʦʮʝʩ ʧʽʟʥʘʥʥʷ ʽ ʥʘ ʧʨʘʢʪʠʮʽ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʟʘʧʣʘʥʦʚʘʥʝ [2]. 

ʊʨʫʜʦʚʝ ʥʘʚʯʘʥʥʷ, ʢʨʽʤ ʢʣʶʯʦʚʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʡ ʥʘʩʢʨʽʟʥʠʭ 

ʚʤʽʥʴ, ʟʘʟʥʘʯʝʥʠʭ ʚ ʂʦʥʮʝʧʮʽʾ ʅʦʚʦʾ ʫʢʨʘʾʥʩʴʢʦʾ ʰʢʦʣʠ, ʨʝʘʣʽʟʫʻ 

ʚʥʫʪʨʽʰʥʴʦʧʨʝʜʤʝʪʥʽ ʟʘʚʜʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʚ ʫʯʥʽʚ 

ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ.  

ʇʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʫʯʥʷ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ, ʫʤʽʥʥʷ, ʥʘʚʠʯʢʠ ʚ ʧʨʦʮʝʩʽ ʧʨʦʻʢʪʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ (ʘʙʦ ʥʘʜʘʥʥʷ 

ʧʦʩʣʫʛʠ) ʚʽʜ ʪʚʦʨʯʦʛʦ ʟʘʜʫʤʫ ʜʦ ʡʦʛʦ ʚʪʽʣʝʥʥʷ ʚ ʛʦʪʦʚʠʡ ʧʨʦʜʫʢʪ 

(ʧʦʩʣʫʛʫ) ʟʘ ʦʙʨʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʅʋʐ ʛʦʣʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʩʪʘʻ 

ʥʝ ʦʧʘʥʫʚʘʥʥʷ ʫʯʥʷʤʠ ʧʝʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ, ʘ 
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ʨʦʟʚʠʪʦʢ ʦʩʦʙʠʩʪʦʩʪʽ ʫʯʥʷ, ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ ʜʦ ʘʥʘʣʽʟʫ, ʧʦʰʫʢʫ ʽʜʝʡ 

ʱʦʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ, ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʫʤʽʥʥʷ 

ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʽ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ. 

ɺʠʢʦʥʘʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʧʦʩʪʫʧʦʚʦʤʫ ʥʘʢʦʧʠʯʝʥʥʶ ʫʯʥʷʤʠ ʜʦʩʚʽʜʫ ʧʨʦʻʢʪʥʦ-

ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʨʦʟʚʠʚʘʻ ʪʚʦʨʯʫ ʽ ʧʽʜʧʨʠʻʤʣʠʚʫ 

ʦʩʦʙʠʩʪʽʩʪʴ. 

ʇʽʜ ʯʘʩ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʽ ʩʪʘʶʪʴ ʩʫʙôʻʢʪʘʤʠ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ɺʦʥʠ ʚʠʚʯʘʶʪʴ ʟʘʚʜʘʥʥʷ ʪʘ ʧʦʪʨʝʙʠ, ʮʽʢʘʚʣʷʪʴʩʷ 

ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ, ʚʠʟʥʘʯʘʶʪʴ ʮʽʣʽ ʪʘ ʟʘʜʘʯʽ 

ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʨʦʚʦʜʷʪʴ ʜʦʩʣʽʜʥʦ-ʧʦʰʫʢʦʚʫ ʨʦʙʦʪʫ, ʧʦʝʪʘʧʥʦ 

ʦʚʦʣʦʜʽʚʘʶʪʴ ʪʝʭʥʦʣʦʛʽʻʶ ʽ ʚʦʜʥʦʯʘʩ ʨʝʘʣʽʟʫʶʪʴ ʚʣʘʩʥʽ ʧʨʦʻʢʪʠ, 

ʟʘʩʚʦʶʶʪʴ ʩʦʮʽʘʣʴʥʠʡ ʜʦʩʚʽʜ, ʬʦʨʤʫʶʪʴ ʢʣʶʯʦʚʽ ʽ ʧʨʝʜʤʝʪʥʽ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ. 

ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʥʘʜ ʧʨʦʻʢʪʦʤ ʚ ʫʯʥʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʚʣʘʩʥʠʡ 

ʧʨʦʜʫʢʪ ʧʽʟʥʘʥʥʷ ï ʟʘʩʚʦʻʥʽ ʥʠʤ ʩʧʦʩʦʙʠ ʜʽʷʣʴʥʦʩʪʽ, ʨʦʟʫʤʽʥʥʷ ʤʝʪʠ ʽ 

ʩʝʥʩʫ ʜʦʩʣʽʜʥʦ-ʧʦʰʫʢʦʚʦʾ, ʚʠʥʘʭʽʜʥʠʮʴʢʦʾ, ʧʨʦʻʢʪʥʦʾ, 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ, ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ. 

ʌʦʨʤʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʥʘʥʥʷ ʽ ʚʤʽʥʥʷ, ʘ ʡ ʦʩʦʙʠʩʪʽʩʥʝ ʩʪʘʚʣʝʥʥʷ ʫʯʥʽʚ 

ʜʦ ʟʜʦʙʫʪʦʾ ʥʠʤʠ ʽʥʬʦʨʤʘʮʽʾ, ʤʦʪʠʚʠ, ʫʩʚʽʜʦʤʣʝʥʽ ʮʽʥʥʦʩʪʽ ʪʘ 

ʩʬʦʨʤʦʚʘʥʽ ʩʧʦʩʦʙʠ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʗʢ ʟʘʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʫʯʥʽʚ 

ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʧʨʦʻʢʪʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʥʘʚʯʠʪʠ 

ʫʯʥʽʚ ʚʠʦʢʨʝʤʣʶʚʘʪʠ ʦʩʥʦʚʥʫ ʟʘʜʘʯʫ (ʧʨʦʙʣʝʤʫ), ʛʝʥʝʨʫʚʘʪʠ ʽʜʝʾ ʽ 

ʟʥʘʭʦʜʠʪʠ ʩʧʦʩʦʙʠ ʾʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ 

ʪʘ ʨʝʘʣʴʥʽʡ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. 
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https://w1.c1.rada.gov.ua/pls/zweb2/webproc4_1?pf3511=58639 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

15.02.2023) 

2. ʅʘʚʯʘʣʴʥʘ ʧʨʦʛʨʘʤʘ ʟ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ ʥʘʚʯʘʣʴʥʠʭ 
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ɺʽʢʪʦʨ ʆʩʽʧʦʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʨʦʡʪʦʨ ʆ.ʇ. 

 

ʇʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʜʽʷʣʴʥʦʩʪʴ ʫʯʥʽʚ ʥʘ ʫʨʦʢʘʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʛʫʨʪʢʘ "3D- 

ʤʦʜʝʣʶʚʘʥʥʷ" 

ɿʽ ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ ʫʯʥʽʚ ʜʦ ʚʠʚʯʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ 

ʚʽʜʧʦʚʽʜʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ 

ʪʘ ʫʩʧʽʰʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʥʘʚʯʘʥʥʷ ʻ ʧʨʦʮʝʩ ʧʽʟʥʘʥʥʷ. ɿʦʢʨʝʤʘ, 

ʟʘʢʨʽʧʣʝʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʷʢʦʩʪʝʡ ʫ ʩʫʙôʻʢʪʘ ʧʽʟʥʘʥʥʷ, ʪʦʙʪʦ ʧʽʜʚʠʱʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʠʯʦʢ ʫʯʥʽʚ ʟ ʪʝʭʥʽʯʥʦʾ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʩʪʽʡʢʠʡ ʽʥʪʝʨʝʩ ʜʦ 

ʚʠʚʯʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ ʪʘ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠʩʷ ʟ 

ʤʘʡʙʫʪʥʽʤʠ ʧʨʦʬʝʩʽʡʥʠʤʠ ʧʨʽʦʨʠʪʝʪʘʤʠ. ɺʠʟʥʘʯʠʪʠ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ 

ʙʫʜʝ ʟʜʦʙʫʚʘʪʠʩʷ ʧʦʪʨʽʙʥʠʡ ʝʬʝʢʪ, ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ, ʦʩʢʽʣʴʢʠ ʩʪʽʡʢʠʡ 

ʧʽʟʥʘʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʮʝ ʻ ʚʥʫʪʨʽʰʥʽʤ ʩʪʘʥʦʤ 

ʦʩʦʙʠʩʪʦʩʪʽ, ʷʢʠʡ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʶ. ɺʠʷʚʠʪʠ ʮʝʡ ʩʪʘʥ 

ʤʦʞʥʘ ʣʠʰʝ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʟʘ ʜʝʷʢʠʤʠ ʧʨʦʷʚʘʤʠ, ʩʧʦʛʣʷʜʘʶʯʠ ʚʞʝ ʚ 

ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ [1]. ʆʪʞʝ, ʧʦʪʨʽʙʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʢʨʠʪʝʨʽʾ ʪʘ 

ʧʦʢʘʟʥʠʢʠ ʟʤʽʥ ʩʫʙôʻʢʪʘ ʧʽʜ ʚʧʣʠʚʦʤ ʧʝʚʥʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʂʝʨʫʶʯʠʩʴ ʪʘʢʠʤ ʢʦʥʮʝʧʪʫʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʝʜʘʛʦʛʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ 

ʧʽʟʥʘʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ: 

ʽʛʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʧʨʘʮʷʭ ɼ. ɽʣʴʢʦʥʽʥʘ, ʄ. ʉʪʨʦʥʽʥʘ; ɺ. ʂʦʚʘʣʝʥʢʦ, 

ʽʥʪʝʨʘʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʧʨʘʮʷʭ ʆ. ʇʦʤʝʪʫʥ,         ʃ. ʇʠʨʦʞʝʥʢʦ; 

ʪʝʭʥʦʣʦʛʽʶ ʢʦʣʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʥʘʚʯʘʥʥʷ ʫ ʨʦʙʦʪʘʭ ɸ. ʈʽʚʽʥʘ ʪʘ 

ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʻʢʪʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʧʨʘʮʷʭ ʂ. ɺʘʭʘʥʦʚʘ, ɯ. 

ɭʨʤʘʢʦʚʘ, ʆ. ʇʝʭʦʪʠ, ɯ. ʏʝʯʝʣʴ [2]. ʋ ʮʠʭ ʧʨʘʮʷʭ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʧʽʟʥʘʚʘʣʴʥʠʡ ʽʥʪʝʨʝʩ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʨʫʰʽʡʥʠʭ ʩʠʣ 

ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʩʫʪʥʦʩʪʽ ʧʽʟʥʘʚʘʣʴʥʦʛʦ ʽʥʪʝʨʝʩʫ ʦʩʦʙʠʩʪʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ 

ʧʝʜʘʛʦʛʽʯʥʽ ʫʤʦʚʠ ʡʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʧʨʦʮʝʩʽ ʚʠʚʯʝʥʥʷ  
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ʧʨʝʜʤʝʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ, ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʨʦʙʢʠ ʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʨʦʢʽʚ ʪʝʭʥʦʣʦʛʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʛʫʨʪʢʘ 

"3D-ʤʦʜʝʣʶʚʘʥʥʷ" ʪʘ ʟʜʽʡʩʥʶʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʽʟʥʘʚʘʣʴʥʦʛʦ ʽʥʪʝʨʝʩʫ ʰʢʦʣʷʨʽʚ ʜʦ 

ʮʽʻʾ ʜʠʩʮʠʧʣʽʥʠ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ʧʽʟʥʘʚʘʣʴʥʦʛʦ ʽʥʪʝʨʝʩʫ ʻ 

ʫʩʚʽʜʦʤʣʝʥʥʷ ʫʯʥʷʤʠ ʧʨʘʢʪʠʯʥʦʾ ʟʥʘʯʠʤʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʜʘʥʠʭ ʟʥʘʥʴ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʥʷʪʪʷ 

çʊʝʭʥʦʣʦʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 3D-ʤʦʜʝʣʶʚʘʥʥʷè, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʨʦʟʰʠʨʠʪʠ ʟʥʘʥʥʷ ʫʯʥʽʚ ʧʦ ʧʨʦʻʢʪʫʚʘʥʥʶ ʪʘ ʩʪʚʦʨʝʥʥʶ 3D-ʤʦʜʝʣʝʡ, ʘ 

ʪʘʢʦʞ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʯʥʷʤʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 3D-ʤʦʜʝʣʝʡ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʪʘʢ ʽ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʝʡ. ɿʘʥʷʪʪʷ ʧʦʪʨʝʙʫʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ ʟ ʽʥʬʦʨʤʘʪʠʢʠ, ʧʦʯʘʪʢʦʚʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʩʥʦʚ 

ʜʠʟʘʡʥʫ, ʦʙʨʘʟʦʪʚʦʨʯʦʛʦ ʤʠʩʪʝʮʪʚʘ, ʬʽʟʠʢʠ, ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ, ʛʝʦʤʝʪʨʽʾ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠʢʫ ʛʫʨʪʢʘ ʜʣʷ ʥʘʚʯʘʥʥʷ, 

ʫʯʥʽ ʙʫʜʫʪʴ ʥʝ ʪʽʣʴʢʠ ʟʜʦʙʫʚʘʪʠ ʟʥʘʥʥʷ ʟ ʜʘʥʦʛʦ ʧʨʝʜʤʝʪʘ ʫ ʬʦʨʤʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ, ʘ ʪʘʢʦʞ ʧʦʛʣʠʙʣʶʚʘʪʠ ʟʥʘʥʥʷ ʟ 

ʽʥʰʠʭ ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ ʽ ʜʽʟʥʘʚʘʪʠʩʴ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ 

ʩʘʤʦʩʪʽʡʥʦ, ʱʦ ʙʫʜʝ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʥʝ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʫʨʦʢʽʚ, ʘʣʝ ʡ 

ʧʽʜ ʯʘʩ ʧʦʟʘʢʣʘʩʥʦʾ ʨʦʙʦʪʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʥʷʪʪʷ ʷʢ ʽʥʥʦʚʘʮʽʡʥʝ 

ʜʠʜʘʢʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʧʣʠʚ ʥʘ ʢʽʣʴʢʽʩʥʦ-ʷʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʩʪʘʚʣʝʥʴ ʫʯʥʽʚ ʜʦ ʚʠʚʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ʩʬʦʨʤʦʚʘʥʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʚʤʽʥʴ ʫʯʥʽʚ ʟ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ, 

ʟʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʨʦʙʦʪʠ ʟ ʥʠʤʠ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʟʥʘʯʫʱʦʩʪʽ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʱʦ, ʽʥʪʝʛʨʫʶʯʠʩʴ, ʬʦʨʤʫʶʪʴ 

ʧʽʟʥʘʚʘʣʴʥʠʡ ʽʥʪʝʨʝʩ ʷʢ ʩʪʽʡʢʠʡ ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥ ʦʩʦʙʠʩʪʦʩʪʽ. 
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ʉʝʨʛʽʡ ʇʘʚʯʫʢ 
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ʟʘʩʦʙʽʚ 
ʅʘʷʚʥʽʩʪʴ ʣʽʢʽʚ ʫ ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʘʭ ʪʘ ʘʧʪʝʢʘʭ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʛʦ ʦʭʦʧʣʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʤʝʜʠʯʥʠʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ. ʋ ʟʚôʷʟʢʫ ʟ ʯʘʩʪʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʣʘʥʮʶʛʦʤ ʧʦʩʪʘʯʘʥʥʷ, ʜʦʩʪʫʧ ʜʦ ʷʢʽʩʥʠʭ ʣʽʢʽʚ ʯʘʩʪʦ ʦʙʤʝʞʝʥʠʡ, ʱʦ 

ʩʧʨʠʷʻ ʥʝʨʽʚʥʦʩʪʽ ʪʘ ʜʝʬʽʮʠʪʫ ʜʦʩʪʫʧʫ ʜʦ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ ʽ, ʟʨʝʰʪʦʶ, 

ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʟʜʦʨʦʚôʷ [1]. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʟ 2019 ʨʦʢʫ 

ʅʘʮʽʦʥʘʣʴʥʘ ʩʣʫʞʙʘ ʟʜʦʨʦʚ'ʷ ʋʢʨʘʾʥʠ ʘʜʤʽʥʽʩʪʨʫʻ ʧʨʦʛʨʘʤʫ ñɼʦʩʪʫʧʥʽ 

ʣʽʢʠò, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʘʧʪʝʢʘʤ ʚʘʨʪʦʩʪʽ ʚʽʜʧʫʱʝʥʠʭ 

ʧʘʮʽʻʥʪʘʤ ʣʽʢʽʚ ʟʘ ʨʝʮʝʧʪʦʤ ʪʘ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʬʽʥʘʥʩʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʘʮʽʻʥʪʽʚ ʪʘ ʟʙʽʣʴʰʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ ʣʽʢʽʚ. ɺʘʞʣʠʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʚ ʜʘʥʦʤʫ ʘʩʧʝʢʪʽ ʻ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʣʽʢʽʚ ʚ ʢʦʥʢʨʝʪʥʽʡ 

ʘʧʪʝʮʽ, ʦʩʦʙʣʠʚʦ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʝʨʝʣʽʢ ʘʧʪʝʢ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ 

ʜʘʥʦʾ ʧʨʦʛʨʘʤʠ ʦʙʤʝʞʝʥʠʡ.  

ʆʪʞʝ, ʤʝʪʦʶ ʻ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʘ, ʷʢʠʡ ʙʫʜʝ ʨʝʘʣʽʟʫʚʘʪʠ ʪʘʢʽ 

ʬʫʥʢʮʽʾ: 

ǒ ʧʽʜʙʽʨ ʣʽʢʘʨʩʴʢʦʛʦ ʧʨʝʧʘʨʘʪʫ ʟ ʧʝʨʝʣʽʢʫ ʚʠʟʥʘʯʝʥʦʛʦ ʄʆɿ [2] 

ʟʛʽʜʥʦ ʽʟ ʩʠʤʧʪʦʤʘʪʠʢʦ  ʁʧʘʮʽʻʥʪʘ; 

ǒ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʧʦʪʦʯʥʦʛʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ 
ʢʦʨʠʩʪʫʚʘʯʘ; 

ǒ ʧʦʰʫʢ ʚ ʙʘʟʽ ʜʘʥʠʭ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʥʘʡʙʣʠʞʯʠʭ ʘʧʪʝʢ, ʜʝ ʥʘʷʚʥʠʡ 
ʥʝʦʙʭʽʜʥʠʡ ʣʽʢʘʨʩʴʢʠʡ ʧʨʝʧʘʨʘʪ; 

ǒ ʧʦʙʫʜʦʚʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ ʜʦ ʘʧʪʝʢ(ʠ), ʱʦ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ 

ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ. 

ǒ ̔ ʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʧʦ ʚʠʙʨʘʥʠʭ ʦʙ'ʻʢʪʘʭ; 

ɿʨʘʟʦʢ ʩʪʨʫʢʪʫʨʠ ʧʨʦʻʢʪʫ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʥʘ ʨʠʩ. 1. 

ʇʨʠ ʩʪʚʦʨʝʥʽ ʯʘʪ-ʙʦʪʫ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʨʦʙʢʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʬʘʡʣʫ 

intents.json, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ 

(ʪʦʢʝʥʽʟʘʮʽʷ, ʣʝʤʘʪʠʟʘʮʽʷ, ʤʽʰʢʠ ʩʣʽʚ ʪʘ ʽʥ.).  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʢʨʠʪʠʡ 

ʨʝʩʫʨʩ OpenStreetMap. ɿʦʢʨʝʤʘ, ʪʦʯʢʦʚʠʡ ʰʘʨ ʽʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʘʧʪʝʢ 

ʽ ʧʦʣʽʣʽʥʽʡʥʠʡ ʰʘʨ ʚʫʣʠʮʴ) [3]. 
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ʈʠʩ. 1.  ɿʨʘʟʦʢ ʩʪʨʫʢʪʫʨʠ ʧʨʦʻʢʪʫ  

 

ʇʝʨʚʠʥʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʨʝʘʣʽʟʦʚʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ GeoPandas [4]. ʇʣʘʥʫʻʪʴʩʷ ʦʪʨʠʤʫʚʘʪʠ 

ʜʦʩʪʫʧ ʜʦ ʣʦʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʽʙʣʽʦʪʝʢʫ 
OSMnx, ʙʫʜʫʚʘʪʠ ʥʘʡʢʦʨʦʪʰʠʡ ʤʘʨʰʨʫʪʫ ʜʦ ʪʽʻʾ ʘʧʪʝʢʠ, ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ ʥʘʷʚʥʦʩʪʽ ʪʘʤ ʥʝʦʙʭʽʜʥʠʭ ʣʽʢʽʚ. 

ɺʝʙʜʦʜʘʪʦʢ, ʷʢʠʡ ʜʦʟʚʦʣʷʪʠʤʝ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʝʨʝʛʣʷʜ ʧʝʨʝʣʽʢʫ 

ʥʝʦʙʭʽʜʥʠʭ ʘʧʪʝʢ(ʠ) ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʤʘʨʰʨʫʪʫ ʜʦ ʥʠʭ, ʘ ʜʣʷ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʨʝʜʘʛʫʚʘʥʥʷ ʧʝʨʝʣʽʢʫ ʘʧʪʝʢ ʪʘ ʣʽʢʽʚ ʨʦʟʨʦʙʣʝʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʫ GeoDjango, ʧʝʨʝʚʘʛʘ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ 

ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʶʚʘʪʠ ʚʝʙ-ʦʨʽʻʥʪʦʚʘʥʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. The effects of medicines availability and stock-outs on householdôs 

utilization of healthcare services in Dodoma region, Tanzania [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152726/ 

2. ʗʢ ʧʨʘʮʶʻ ʧʨʦʛʨʘʤʘ ʨʝʽʤʙʫʨʩʘʮʽʾ çɼʦʩʪʫʧʥʽ ʣʽʢʠè ʟ ʦʥʦʚʣʝʥʠʤ 
ʨʝʻʩʪʨʦʤ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://medplatforma.com.ua/article/1975-yak-pratsyu-programa-

rembursats-dostupn-lki -z-1-jovtnya 
3. OpenStreetMap [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://uk.wikipedia.org/wiki/OpenStreetMap 

4. GeoPandas [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://geopandas.org/en/stable/ 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152726/
https://medplatforma.com.ua/article/1975-yak-pratsyu-programa-rembursats-dostupn-lki-z-1-jovtnya
https://medplatforma.com.ua/article/1975-yak-pratsyu-programa-rembursats-dostupn-lki-z-1-jovtnya
https://uk.wikipedia.org/wiki/OpenStreetMap
https://geopandas.org/en/stable/
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ɼʤʠʪʨʦ ʇʘʣʘʛʥʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʦʚʯʫʢ ʆ.ɺ. 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʜʣʷ ʚʠʚʯʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ 

ɯ
2
ʉ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʥʘʙʫʣʠ ʚʝʣʠʢʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʝ 

ʪʽʣʴʢʠ ʷʢ ʯʘʩʪʠʥʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʘ ʽ ʷʢ ʢʦʤʧʣʝʢʩʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʩʚʦʾʤʠ ʨʫʢʘʤʠ, ʚʽʜ ʤʘʣʝʥʴʢʦʛʦ 

ʨʦʙʦʪʘ ʜʦ ʩʠʩʪʝʤʠ ñʈʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢò, ʚʽʜ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʧʦʞʝʞʫ ʜʦ ʩʘʤʦʨʦʙʥʠʭ ñʨʘʜʽʦʥʷʥʴò[1]. ʎʠʬʨʦʚʘ 
ʝʣʝʢʪʨʦʥʽʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ 

ʨʦʙʦʪʠ ʧʨʠʣʘʜʫ ʤʘʶʪʴ ʦʙʤʽʥʶʚʘʪʠʩʴ ʜʘʥʠʤʠ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʈʦʙʣʷʪʴ 

ʚʦʥʠ ʮʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʛʽʯʥʠʭ ʥʫʣʽʚ ʽ ʦʜʠʥʠʮʴ. ɯ ʥʝ ʧʨʦʩʪʦ ʪʘʢ, ʘ ʟʘ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʘʚʠʣʘ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ. 
ɼʣʷ ʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ ʚʠʜʠ ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ: 

ʧʘʨʘʣʝʣʴʥʽ ʪʘ ʧʦʩʣʽʜʦʚʥʽ [2]. ʇʘʨʘʣʝʣʴʥʽ ʜʘʥʽ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ ʧʦ ʜʝʢʽʣʴʢʦʭ ʣʽʥʽʷʭ (ʦʩʥʦʚʥʦʤʫ ʧʦ 1-ʙʘʡʪʥʽʡ ʰʠʥʽ), ʷʢ-ʦʪ 

ʧʨʠʢʣʘʜ LPT ʧʦʨʪ ʜʣʷ ʧʨʠʥʪʝʨʘ. ʇʦʩʣʽʜʦʚʥʽ ʜʘʥʽ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦ ʙʽʪ ʟʘ ʙʽʪʦʤ ʧʦ ʦʜʥʦʤʫ ʢʘʥʘʣʫ. ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʧʦ 

ʧʘʨʘʣʝʣʴʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ ʧʨʦʚʦʜʠʪʴʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ, 

ʘʣʝ ʚʦʥʘ ʦʙʤʝʞʝʥʘ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ, ʷʢʘ ʜʦʨʽʚʥʶʻ 1 

ʄʙʘʡʪ/ʩ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ 15 ʤʝʪʨʽʚ. 

ɯʩʥʫʶʪʴ ʪʘʢʽ ʧʦʩʣʽʜʦʚʥʽ ʽʥʪʝʨʬʝʡʩʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ: ɯ2ʉ, SPI ʪʘ 

UART. ʈʦʟʛʣʷʥʝʤʦ ʩʘʤʝ ʽʥʪʝʨʬʝʡʩ I2C. IIC (I2C),  ʨʦʟʨʦʙʣʝʥʠʡ ʬʽʨʤʦʶ 

Philips ʽʥʪʝʨʬʝʡʩ I2C (ñinter integrated circuitò), ʮʝ ʜʚʦʥʘʧʨʘʚʣʝʥʘ ʰʠʥʘ 

ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʬʦʨʤʘʪʦʤ ʜʘʥʠʭ ʽ ʤʦʞʣʠʚʽʩʪʶ ʘʜʨʝʩʘʮʽʾ ʪʘ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʰʠʥʠ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 128 ʧʨʠʩʪʨʦʾʚ. 

ɯʥʪʝʨʬʝʡʩ I2C ʷʚʣʷʻ ʩʦʙʦʶ ʜʚʽ ʩʠʛʥʘʣʴʥʽ ʣʽʥʽʾ, ʦʜʥʘ ʟ ʷʢʠʭ (SCL ï 

Serial Clock) ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʜʘʯʽ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʜʨʫʛʘ (SDA ï 

Serial Data) ï ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 
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ʈʠʩ.1. ʇʘʨʘʣʝʣʴʥʝ ʧʽʜôʻʜʥʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʫ ʰʠʥʽ 

ʉʭʝʤʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʪʦʢʦʣʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʥʪʨʦʣʝʨʘ Arduino 

Uno Rev3 (ATmega16U2), ʜʘʪʯʠʢʘ ʚʦʣʦʛʦʩʪʽ ʽ ʪʝʤʧʝʨʘ-ʪʫʨʠ DHT 11, 

LCD-ʜʠʩʧʣʝʷ 1602 I2C ʪʘ ʤʘʢʝʪʥʦʾ ʧʣʘʪʠ MB-102.  

 
 

ʈʠʩ.2. ʏʘʩ ʧʝʨʝʜʘʯʽ ʦʜʥʦʛʦ ʙʽʪʘ 

ɿʘ ʘʥʘʣʽʟʦʤ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʜʘʯʽ ʦʜʥʦʛʦ ʙʽʪʘ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 100 ʢʙʽʪ/ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʢʦʨʝʢʪʥʽʡ ʨʦʙʦʪʽ ʽʥʪʝʨʬʝʡʩʫ ɯ2ʉ ʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʝʞʠʤʽ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ Arduino. URL: https://bitkit.com.ua/shho-take-arduino 

2.  ɯʥʪʝʨʬʝʡʩʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʇʦʣʽʱʫʢ ʖ.ʂ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ:  https://conf.ztu.edu.ua/wpcontent 

/uploads/2018/05/219.pdf 
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ɭʚʛʝʥ ʇʘʨʭʦʤʝʥʢʦ, ʆʣʝʢʩʽʡ ʇʫʣʙʝʨʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 
 

ʇʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʡ  
 

ʍʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʩʧʦʞʠʚʘʯʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʦʛʨʘʤʠ ʙʝʟ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʦʩʦʙʠʩʪʠʭ ʬʘʡʣʽʚ ʟ ʙʫʜʴ-

ʷʢʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ ʟ ʜʦʩʪʫʧʦʤ ʜʦ ʽʥʪʝʨʥʝʪʫ. ʍʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʮʝ ʪʘʢʽ 

ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʫ ʷʢʠʭ ʢʦʤʧ'ʶʪʝʨʥʽ ʨʝʩʫʨʩʠ ʥʘʜʘʶʪʴʩʷ 

ʽʥʪʝʨʥʝʪ-ʢʦʨʠʩʪʫʚʘʯʫ ʷʢ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʠ. ɼʝʜʘʣʽ ʙʽʣʴʰʝ ʣʶʜʝʡ 

ʧʦʯʠʥʘʶʪʴ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ, 

ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ. ɸʜʞʝ ʮʝ ʜʫʞʝ 

ʟʨʫʯʥʦ, ʥʝ ʥʘʜʪʦ ʜʦʨʦʛʦ ʽ ʥʝ ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʾ ʨʝʩʫʨʩʦʻʤʥʦʩʪʽ. ʂʨʽʤ 

ʮʴʦʛʦ, ʟ ʨʦʟʚʠʪʢʦʤ ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ ʤʘʡʞʝ ʚʩʽ ʢʦʤʧʘʥʽʾ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʪʘʢʠʤʠ ʩʝʨʚʽʩʘʤʠ, ʜʝʷʢʽ ʧʣʘʪʷʪʴ ʟʘ ʧʦʩʣʫʛʠ ʩʝʨʚʽʩʽʚ, ʘ ʽʥʰʽ 

ʨʦʟʨʦʙʣʷʶʪʴ ʩʚʦʾ ʚʣʘʩʥʽ. ʅʘ ʪʘʢʠʭ ʩʝʨʚʝʨʘʭ ʯʘʩʦʤ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʫʞʝ 

ʚʘʞʣʠʚʽ ʜʘʥʽ, ʚʪʨʘʪʘ ʷʢʠʭ ʧʨʠʟʚʝʣʘ ʙ ʜʦ ʢʘʪʘʩʪʨʦʬʠ ʪʘ ʚʝʣʠʯʝʟʥʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ ʢʦʤʧʘʥʽʡ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʥʝ ʟʘʙʫʚʘʪʠ ʧʨʦ ʙʝʟʧʝʢʫ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʭʠʱʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʷʢʽʩʥʦ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʝʣʠʢʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʭʤʘʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʠʩʷʯ 

ʩʝʨʚʝʨʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʫ ʮʝʥʪʨʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʝʩʫʨʩʘʤʠ ʜʝʩʷʪʢʠ ʪʠʩʷʯ ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʽʣʴʡʦʥʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʍʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʠʤ ʟʘʥʘʜʪʦ ʜʦʨʦʛʦ ʫʪʨʠʤʫʚʘʪʠ ʚʣʘʩʥʽ ERP, CRM ʘʙʦ 

ʽʥʰʽ ʩʝʨʚʝʨʠ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʧʨʠʜʙʘʥʥʷ ʽ ʥʘʩʪʨʦʡʢʠ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ʉʝʨʝʜ ʧʨʠʚʘʪʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ 

ʧʦʩʪʫʧʦʚʦ ʦʪʨʠʤʫʶʪʴ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʟʨʫʯʥʦʩʪʽ ʪʘʢʽ ʭʤʘʨʥʽ ʧʦʩʣʫʛʠ, ʷʢ, 

ʥʘʧʨʠʢʣʘʜ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʢʦʤʧʘʥʽʻʶ Cisco (Cloud WLAN ʚʽʜ Cisco 

Meraki) [1]. 

ɿ ʤʝʪʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʚʽʩ 

Cisco Meraki, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʦʙʽ ʙʝʟʜʨʦʪʦʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʜʨʦʪʦʚʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʝʣʝʤʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [2]. 

ɼʦ ʦʩʥʦʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ Cisco Meraki ʩʣʽʜ ʚʽʜʥʝʩʪʠ: 
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- ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, 

ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ ʪʘ ʦʧʦʚʽʱʝʥʥʷ ʧʨʦ ʧʦʜʽʾ ʪʘ 

ʧʦʤʠʣʢʠ; 

- ʰʚʠʜʢʝ ʨʦʟʛʦʨʪʘʥʥʷ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ; 

- ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʨʘʜʽʦʢʘʥʘʣʽʚ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʪʫʞʥʦʩʪʽ 

ʪʦʯʦʢ ʜʦʩʪʫʧʫ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʩʠʩʪʝʤʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ; 

- ʽʥʪʝʛʨʘʮʽʷ ʟ ʩʦʮʽʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ. 

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʝʨʝʞʽ ʟ ʭʤʘʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ ʤʝʨʝʞʽ, ʱʦ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʭʤʘʨʠ, ʘ 

ʪʘʢʦʞ ʥʘʜʘʻ ʜʦʩʪʫʧʫ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʭʤʘʨʥʦʾ ʧʣʘʪʬʦʨʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʘʻ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʚʝʙʽʥʪʝʨʬʝʡʩ ʜʣʷ ʧʨʦʩʪʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʩʪʨʦʾʚ. 

 
ʈʠʩ. 1. ʄʝʨʝʞʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʟ ʭʤʘʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ 

 

ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ Cisco Meraki ʟʘ ʨʘʭʫʥʦʢ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʭʤʘʨʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ 

ʢʣʽʻʥʪʘʤ ʟʝʢʦʥʦʤʠʪʠ ʯʘʩ, ʩʢʦʨʦʪʠʪʠ ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʚʠʢʦʥʫʚʘʪʠ 

ʥʦʚʽ ʙʽʟʥʝʩ-ʟʘʚʜʘʥʥʷ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Avinash Shukla, Jalpa Patel, Komal Panzade, Himanshu Sardana. 

Cisco Cloud Infrastructure. ï Cisco Press, 2023, 448p. 

2. Meraki Network [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï  ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://meraki.cisco.com/products/platform/ 

https://meraki.cisco.com/products/platform/
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ʆʣʝʢʩʽʡ ʇʝʨʝʛʽʥʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʐʘʡʢʦ-ʐʘʡʢʦʚʩʴʢʠʡ ʆ.ɻ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʚʠʯʦʢ ʫ ʨʦʟʰʠʨʝʥʥʽ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʙʘʟʠ ʢʘʬʝʜʨʠ 

ʆʥʦʚʣʝʥʥʷ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʙʘʟʠ ʢʘʬʝʜʨʠ 

ʪʘ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ï ʚʘʞʣʠʚʘ ʪʘ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ, ʷʢʘ ʚʠʤʘʛʘʻ 

ʩʚʦʛʦ ʥʝʚʽʜʢʣʘʜʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ. ʅʘʫʢʦʚʠʡ ʧʨʦʛʨʝʩ, ʚʠʤʦʛʠ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ 

ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʧʠʪʘʥʴ. ʉʧʨʘʚʘ ʫʩʢʣʘʜʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʽʩʥʫʶʯʝ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʴʦʛʦʜʝʥʥʷ. ʂʨʽʤ 

ʪʦʛʦ, ʮʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʬʽʟʠʯʥʦ ʪʘ ʤʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʦ, ʘ 

ʙʘʛʘʪʦ ʫʩʪʘʥʦʚʦʢ ʪʘ ʧʨʠʩʪʨʦʾʚ  ʚʟʘʛʘʣʽ ʚʪʨʘʪʠʣʠ ʩʚʦʶ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 

ʇʠʪʘʥʥʷ ʩʪʘʻ ʱʝ ʙʽʣʴʰ ʛʦʩʪʨʠʤ, ʦʩʢʽʣʴʢʠ ʚ ʥʘʰ ʯʘʩ ʜʦʩʠʪʴ 

ʦʙʤʝʞʝʥʝ ʬʽʥʘʥʩʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʨʠʜʙʘʥʥʷ ʥʦʚʦʛʦ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʨʽʟʢʦ ʟʤʝʥʰʠʣʘʩʷ ʢʽʣʴʢʽʩʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʫʩʪʘʥʦʚ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʪʘʢʫ ʧʨʦʜʫʢʮʽʶ. ʊʦʤʫ 

ʤʦʞʣʠʚʠʤ ʚʠʭʦʜʦʤ ʟ ʮʴʦʛʦ ʩʪʘʥʦʚʠʱʘ ʤʦʞʝ ʙʫʪʠ ʩʘʤʦʩʪʽʡʥʝ 

ʦʙˇʨʫʥʪʦʚʘʥʝ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʜʦʨʦʙʢʘ ʯʠ ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʫʩʪʘʥʦʚʦʢ,  ʷʢʽ ʟ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʧʨʠʯʠʥ ʚʪʨʘʪʠʣʠ ʩʚʦʶ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʥʘʚʯʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ, ʜʝ ʰʠʨʦʢʦ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚ ʫʤʦʚʘʭ ʧʨʦʩʪʠʭ ʪʘ 

ʩʢʣʘʜʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʻ ʣʘʙʦʨʘʪʦʨʽʷ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ. ʎʝʡ ʤʘʪʝʨʽʘʣ 

ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

çʇʨʦʬʝʩʽʡʥʘ ʦʩʚʽʪʘè (ʩʧʝʮʽʘʣʽʟʘʮʽʷ çʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷè). 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ  

ʜʦʩʠʪʴ ʚʘʞʣʠʚʘ ʪʘ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʥʝ ʪʽʣʴʢʠ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ ʧʣʘʥʽ, ʘ 

ʪʘʢʦʞ ʽ ʚ ʧʨʘʢʪʠʯʥʦʤʫ, ʘʜʞʝ ʙʽʣʴʰʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ, ʩʧʦʨʫʜ, 

ʤʝʭʘʥʽʟʤʽʚ, ʤʘʰʠʥ ʧʨʘʮʶʶʪʴ ʩʘʤʝ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʾ ʜʽʾ ʟʦʚʥʽʰʥʽʭ 

ʥʘʚʘʥʪʘʞʝʥʴ.  

ʄʘʷʪʥʠʢʦʚʠʡ ʢʦʧʝʨ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʫʤʦʚʘʭ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 
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ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʨʘʟʢʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠ ʫʜʘʨʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ  ʪʘʢʦʾ ʫʩʪʘʥʦʚʢʠ ʧʦʪʨʝʙʫʻ 

ʜʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʯʥʽ ʫʤʦʚʠ 

ʨʦʙʦʪʠ ʥʘ ʪʘʢʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʆʩʦʙʣʠʚʦ ʮʝ ʚʘʞʣʠʚʦ ʚ ʫʤʦʚʘʭ 

ʥʘʚʯʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ, ʜʝ ʚʩʽ ʩʪʫʜʝʥʪʠ ʧʨʦʭʦʜʷʪʴ ʦʙʦʚ'ʷʟʢʦʚʠʡ 

ʽʥʩʪʨʫʢʪʘʞ ʟ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ, ʧʨʦ ʱʦ ʨʦʟʧʠʩʫʶʪʴʩʷ ʫ ʢʘʬʝʜʨʘʣʴʥʦʤʫ 

ʞʫʨʥʘʣʽ.  

ɽʥʝʨʛʽʷ ʫʜʘʨʫ ʟʫʤʦʚʣʝʥʘ ʚʘʛʦʶ ʧʘʜʘʶʯʠʭ ʯʘʩʪʠʥ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʩʘʤ 

ʤʘʷʪʥʠʢ ʧʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ ʫʜʘʨʫ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ 

ʧʨʦʜʦʚʞʫʻ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʣʠʚʘʥʥʷ ʙʽʣʷ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. ʎʝʡ 

ʧʨʦʮʝʩ ʪʨʠʚʘʻ ʜʦʩʠʪʴ ʜʦʚʛʦ, ʱʦ ʟʤʫʰʫʻ ʩʪʫʜʝʥʪʽʚ ʪʘ ʚʠʢʣʘʜʘʯʽʚ, ʷʢʽ 

ʢʝʨʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷʤ ʜʦʩʣʽʜʽʚ, ʟʘʣʠʰʘʪʠʩʴ ʦʩʪʦʨʦʥʴ ʚʽʜ ʫʩʪʘʥʦʚʢʠ, 

ʦʩʢʽʣʴʢʠ ʜʦ ʧʦʚʥʦʾ ʟʫʧʠʥʢʠ ʤʘʷʪʥʠʢʘ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʟʦʥʽ ʫʩʪʘʥʦʚʢʠ 

ʥʝʙʝʟʧʝʯʥʝ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʛʦ ʪʘ ʰʚʠʜʢʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʢʦʣʠʚʘʥʴ 

ʤʘʷʪʥʠʢʘ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ, ʚʠʛʦʪʦʚʣʝʥʦ ʛʘʣʴʤʘ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ 

ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʝʥʦ ʦʙʨʘʪʠ ʬʨʠʢʮʽʡʥʽ ʛʘʣʴʤʘ: ʢʦʥʩʪʨʫʢʮʽʷ ʾʭ 

ʜʦʩʠʪʴ ʧʨʦʩʪʘ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʜʝʰʝʚʝ, ʝʢʩʧʣʫʘʪʘʮʽʷ ï 

ʥʝʩʢʣʘʜʥʘ, ʘ ʨʦʙʦʪʘ ï ʝʬʝʢʪʠʚʥʘ. ʈʝʛʫʣʶʚʘʥʥʷ, ʨʝʤʦʥʪ ʪʘ ʥʘʣʘʜʢʘ 

ʪʘʢʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʩʘʤʦʩʪʽʡʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʨʦʙʦʯʠʭ ʝʩʢʽʟʽʚ, ʢʨʝʩʣʝʥʴ, ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʪʘ ʚʫʟʣʽʚ ʤʝʭʘʥʽʟʤʫ ʛʘʣʴʤ, ʚʠʙʽʨ 

ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʢʦʞʥʦʾ ʜʝʪʘʣʽ ʧʨʦʚʝʜʝʥʽ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʥʷ ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʨʦʙʦʪʫ. ɿʜʽʡʩʥʝʥʦ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʠʢʠ 

ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ, ʧʽʜʛʦʪʦʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠʯʥʽ 

ʚʢʘʟʽʚʢʠ ʪʘ ʽʥʩʪʨʫʢʮʽʾ ʜʣʷ ʮʽʻʾ ʤʝʪʠ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ. 

1.ʇʠʩʘʨʝʥʢʦ ɻ.ʉ. ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ: ʧʽʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ/ɻ.ʉ.ʇʠʩʘʨʝʥʢʦ, ʆ.ʃ. ʂʚʽʪʢʘ,ɭ.ʉ. ʋʤʘʥʩʴʢʠʡ: ʟʘ 

ʨʝʜ.. ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ, -2-ʛʝ ʚʠʜ. ï ʂ.: ɺʠʱʘ ʰʢʦʣʘ. 2004. ï 654 ʩ. 
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ʄʘʢʩʠʤ ʇʝʪʨʝʰʝʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺʽʢʪʦʨʦʚʩʴʢʘ ʖ.ʖ. 

ɸʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʧʦʩʣʫʛ 

ʜʣʷ ɺɸʊ çʋʢʨʪʝʣʝʢʦʤè 
ʇɸʊ çʋʢʨʪʝʣʝʢʦʤè ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʥʫ ʟ ʥʘʡʙʽʣʴʰʠʭ ʢʦʤʧʘʥʽʡ 

ʋʢʨʘʾʥʠ, ʷʢʘ ʥʘʜʘʻ ʧʦʚʥʠʡ ʩʧʝʢʪʨ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʚ ʫʩʽʭ 

ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ. ʂʦʤʧʘʥʽʷ ʥʘʜʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʠʜʠ ʩʫʯʘʩʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʚ ʜʚʦʭ ʩʝʛʤʝʥʪʘʭ ï ʜʣʷ ʜʦʤʘʰʥʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʪʘ ʜʣʷ ʙʽʟʥʝʩ-ʢʣʽʻʥʪʽʚ. ʅʘʡʙʽʣʴʰ ʩʠʣʴʥʽ ʧʦʟʠʮʽʾ ʪʦʚʘʨʠʩʪʚʦ ʤʘʻ ʥʘ 

ʨʠʥʢʫ ʧʦʩʣʫʛ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʪʘ ʬʽʢʩʦʚʘʥʦʾ ʪʝʣʝʬʦʥʽʾ. ʇɸʊ 

çʋʢʨʪʝʣʝʢʦʤè ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʠʥʢʫ ʰʚʠʜʢʽʩʥʦʛʦ 

ʬʽʢʩʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʪʘ ʟʘʡʤʘʻ ʜʦʤʽʥʫʶʯʝ 

ʩʪʘʥʦʚʠʱʝ ʥʘ ʨʠʥʢʫ ʬʽʢʩʦʚʘʥʦʾ ʪʝʣʝʬʦʥʽʾ. 

ɯʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ çʋʢʨʪʝʣʝʢʦʤè ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʚʠʟʥʘʯʘʻ ʽʥʪʝʣʝʢʪ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʤʽʩʪʠʪʴ ʚʩʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʦʧʝʨʫʻ ʥʝʶ ʽ ʟʜʽʡʩʥʶʻ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʦʙʤʽʥ ʚʩʝʨʝʜʠʥʽ ʽ 

ʟʦʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɼʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʚʠʩʫʚʘʶʪʴʩʷ ʩʝʨʡʦʟʥʽ ʚʠʤʦʛʠ. ɯʥʬʦʨʤʘʮʽʷ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʦʚʽʨʥʦʶ, ʩʚʦʻʯʘʩʥʦʶ, ʧʦʩʪʽʡʥʦ ʦʙʥʦʚʣʶʚʘʥʦʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʚ ʟʨʫʯʥʽʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʬʦʨʤʽ, ʜʦʩʪʫʧʥʦʶ 

ʢʦʨʠʩʪʫʚʘʯʫ ʽ ʧʦʚʥʦʶ [1]. 

ɯʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ çʋʢʨʪʝʣʝʢʦʤè ʤʽʩʪʠʪʴ ʥʝ ʪʽʣʴʢʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʘʥʽ, ʘʣʝ ʽ ʩʠʩʪʝʤʫ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ. ɺ ʮʴʦʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʽʩʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʥʘʜʘʻ ʮʽ ʟʘʩʦʙʠ. 

 
ʈʠʩ. 1. ʄʦʜʝʨʥʽʟʘʮʽʷ ʧʨʦʜʫʢʪʦʚʦʛʦ ʧʦʨʪʬʝʣʶ  

ʇɸʊ çʋʢʨʪʝʣʝʢʦʤè 
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ɺʽʜ ʧʦʯʘʪʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇɸʊ çʋʢʨʪʝʣʝʢʦʤè ʟʜʽʡʩʥʠʤ ʟʥʘʯʥʫ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʩʚʦʾʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1 [2] 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʟʚʽʪʽ [2], ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʦʩʥʦʚʥʫ ʯʘʩʪʢʫ ʘʩʦʨʪʠʤʝʥʪʫ ʇɸʊ çʋʢʨʪʝʣʝʢʦʤ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʣʝʬʦʥʽʷ ʪʘ ʽʥʪʝʨʥʝʪ. ʎʽ ʚʠʜʠ ʪʦʚʘʨʽʚ ʚʽʜʥʦʩʷʪʴ ʜʦ 

ʛʨʫʧʠ ɸ. ɼʦ ʛʨʫʧʠ ɺ ʥʘʣʝʞʘʪʴ ɯʥʪʝʨʘʢʪʠʚʥʝ TV ʪʘ ɼʘʪʘ-ʮʝʥʪʨ. ɼʦ 

ʛʨʫʧʠ ʉ - ʆʨʛʘʥʽʟʘʮʽʾ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʚʘʪʥʠʭ ʤʝʨʝʞ (VPN), ʥʦʤʝʨʠ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ çʛʘʨʷʯʠʭè ʣʽʥʽʡ, ʟʘʨʫʙʽʞʥʽ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ.  

ʆʪʞʝ, ʫʚʘʛʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʘʢʝʪʠ 

ʧʦʩʣʫʛ ʟ ʧʽʜʛʨʫʧ, ʩʢʣʘʜʦʚʠʭ ʛʨʫʧʠ ɸ ʽ ɺ. ɿʘ ʮʠʤʠ ʛʨʫʧʘʤʠ ʨʘʮʽʦʥʘʣʴʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʠʥʘʤʽʢʠ ʨʝʘʣʽʟʘʮʽʾ, ʢʦʣʠʚʘʥʴ 

ʧʦʧʠʪʫ, ʰʠʨʦʪʠ ʽ ʛʣʠʙʠʥʠ ʘʩʦʨʪʠʤʝʥʪʥʠʭ ʛʨʫʧ, ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʚʥʠʭ 

ʚʠʜʽʚ ʪʦʚʘʨʽʚ ʽ ʟ ʛʨʫʧʠ ʚ ʛʨʫʧʫ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʧʨʦʚʝʜʝʥʦʛʦ ʫ [3] SWOT-ʘʥʘʣʽʟʫ, ʇɸʊ çʋʢʨʪʝʣʝʢʦʤè 

ʻ ʣʽʜʝʨʦʤ ʛʘʣʫʟʽ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʬʦʥʜʽʚ, ʘ ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʻ ʟʥʘʯʥʠʡ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʥʘ ʨʠʥʢʫ ʪʘ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʡ ʧʝʨʩʦʥʘʣ. ʉʣʘʙʢʽ ʩʪʦʨʦʥʠ ï ʚʽʜʩʫʪʥʽʩʪʴ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʚʥʠʟ, ʥʝʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʝ ʦʭʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʾ ʩʠʩʪʝʤʦʶ ʜʠʩʪʨʠʙʫʮʽʾ, ʥʠʟʴʢʘ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʚ ʥʠʟʴʢʦʤʫ 

ʮʽʥʦʚʦʤʫ ʩʝʛʤʝʥʪʽ. ʉʝʨʝʜ ʟʘʛʨʦʟ ʜʽʷʣʴʥʦʩʪʽ ʢʦʤʧʘʥʽʾ ʜʦʤʽʥʫʶʪʴ, 

ʙʝʟʧʝʨʝʯʥʦ, ʥʝʛʘʪʠʚʥʽ ʬʦʨʩ-ʤʘʞʦʨʥʽ ʷʚʠʱʘ ʚ ʢʨʘʾʥʽ, ʚʽʡʩʴʢʦʚʽ ʜʽʾ ʪʘ 

ʟʥʠʱʝʥʥʷ ʮʠʚʽʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɼʦ ʤʦʞʣʠʚʦʩʪʝʡ ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʨʦʟʰʠʨʝʥʥʷ ʟʙʫʪʦʚʦʾ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʜʽʣʝʥʴ ʧʦ ʨʦʙʦʪʽ ʟ 

ʢʦʨʧʦʨʘʪʠʚʥʠʤʠ ʢʣʽʻʥʪʘʤʠ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʨʠʥʢʫ ʰʣʷʭʦʤ 

ʧʦʩʣʘʙʣʝʥʥʷ ʢʦʥʢʫʨʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʜʝ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʙʦʡʦʚʽ ʜʽʾ. 
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ɼʽʘʥʘ ʇʝʪʨʫʰʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʂʨʘʤʘʨ ɺ.ʄ. 

ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʤʝʪʦʜʠ ʚʠʢʣʘʜʘʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʥʘ 

ʫʨʦʢʘʭ ʪʝʭʥʦʣʦʛʽʡ 

ʄʝʪʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʛʘʣʫʟʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʙʘʟʠʩʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ 

ʧʣʘʥʫ ʟʘʢʣʘʜʽʚ ʟʘʛʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ, ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚʠʪʢʫ 

ʪʚʦʨʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫʯʥʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʫ ʥʠʭ ʟʜʘʪʥʦʩʪʝʡ ʜʦ 

ʪʝʭʥʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʘʢʪʠʚʥʦʾ ʧʨʝʜʤʝʪʥʦ-ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʟʘʩʦʙʘʤʠ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʜʠʟʘʡʥʫ, ʫʩʚʽʜʦʤʣʝʥʦʛʦ ʾʭ 

ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʫ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ [1].  

ɼʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʦʣʦʜʽʥʥʷ ʚʯʠʪʝʣʝʤ ʪʝʭʥʦʣʦʛʽʡ 

ʬʘʭʦʚʠʤʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʷʤʠ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʩʚʽʪʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ 

ʥʘʚʯʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʚ ʫʯʥʽʚ ʪʚʦʨʯʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʤʠʩʣʝʥʥʷ ʪʘ ʫʩʚʽʜʦʤʣʝʥʥʷ ʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠʥʠ 

ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ. 

ʅʘʡʚʘʞʣʠʚʽʰʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʚʽʜʽʛʨʘʻ 

ʧʽʜʛʦʪʦʚʢʘ ʤʘʡʙʫʪʥʴʦʛʦ ʚʯʠʪʝʣʷ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʢ̒ʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʟʤʽʩʪ ʽ ʟʥʘʯʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʫʩʽʭ 

ʝʪʘʧʘʭ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʣʘʥʮʶʞʢʘ ï ʚʽʜ  ʬʦʨʤʫʣʶʚʘʥʥʷ ʽʜʝʾ 

ʧʨʦʻʢʪʫ ʜʦ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦʩʷʛʥʝʥʥʷ ʚʢʘʟʘʥʦʾ ʤʝʪʠ ʻ ʦʧʘʥʫʚʘʥʥʷ ʥʠʤ ʟʤʽʩʪʫ ʪʘ 

ʤʝʪʦʜʠʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʝʣʝʤʝʥʪʽʚ STEM-ʦʩʚʽʪʠ, 

ʟʦ ʢʨʝʤʘ ʨʦʙʦʪʦʪʝʭʥʽʢʠ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʝʦʙʭʽʜʥʦ ʟ'ʷʩʫʚʘʪʠ 

ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʤʝʪʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʝ 

ʟʘʩʚʦʻʥʥʷ ʟʥʘʥʴ ʽ ʥʘʚʠʯʦʢ ʰʢʦʣʷʨʘʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʚʠʢʣʘʜʘʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʫ ʟʘʢʣʘʜʘʭ 

ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ ʻ [2]: 

ǒ ʘʢʪʠʚʥʘ ʧʦʟʠʮʽʷ ʫʯʥʽʚ, ʚʢʣʶʯʝʥʽʩʪʴ ʾʭ ʫ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ; 

ǒ ʧʨʘʢʪʠʯʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʥʘʚʯʘʥʥʷ; 

ǒ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʛʨʦʚʠʭ ʬʦʨʤ ʥʘʚʯʘʥʥʷ; 
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ǒ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʷ ʪʘ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʥʘʚʯʘʥʥʷ; 

ǒ ʨʦʟʚʠʪʦʢ ʢʨʝʘʪʠʚʥʦʩʪʽ ʪʘ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ; 

ǒ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʯʘʥʥʷ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʧʨʠʥʮʠʧʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʤʝʪʦʜʠ 

[2]: 

ǒ ʽʥʪʝʨʘʢʪʠʚʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʨʦʙʦʪʘ ʚ ʧʘʨʘʭ, ʛʨʫʧʦʚʽ ʟʘʚʜʘʥʥʷ, 

ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʧʨʝʟʝʥʪʘʮʽʾ; 

ǒ ʧʨʦ̒ʢʪʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʚʜʘʥʴ, ʚʽʜʪʚʦʨʝʥʥʷ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤ; 

ǒ ʽʛʨʦʚʽ ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʥʘʚʯʘʥʥʷ ʮʽʢʘʚʠʤ ʽ 

ʝʬʝʢʪʠʚʥʠʤ; 

ǒ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʫʯʥʷʤ ʩʪʚʦʨʶʚʘʪʠ ʽ ʧʨʦʛʨʘʤʫʚʘʪʠ ʨʦʙʦʪʽʚ, ʦʪʨʠʤʫʚʘʪʠ ʥʘʚʠʯʢʠ 

ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ; 

ǒ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʫʤʽʥʴ ʽ ʥʘʚʠʯʦʢ. 

ʆʪʞʝ, ʚʠʢʣʘʜʘʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʥʘ ʫʨʦʢʘʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʚʠʥʥʦ 

ʙʘʟʫʚʘʪʠʩ ̫ ʥʘ ʧʨʠʥʮʠʧʘʭ ʘʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʨʘʢʪʠʯʥʦʾ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʛʨʦʚʠʭ ʬʦʨʤ ʥʘʚʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʘ 

ʤʝʪʦʜʘʭ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ ʘʢʪʠʚʽʟʫʚʘʪʠ 

ʧʽʟʥʘʚʘʣʴʥʫ ʜʽʷʣʴʥʽʩʪʴ ʫʯʥʽʚ, ʨʦʟʚʠʥʫʪʠ ʾʭ ʪʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ, ʟʜʘʪʥʽʩʪʴ 

ʜʦ ʘʥʘʣʽʟʫ ʪʘ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤ. 

ɿʘʩʚʦʻʥʥʷ ʮʠʭ ʧʨʠʥʮʠʧʽʚ ʽ ʤʝʪʦʜʽʚ ʤʘʡʙʫʪʥʽʤ ʚʯʠʪʝʣʝʤ ʪʝʭʥʦʣʦʛʽʡ 

ʧʽʜʚʠʱʠʪʴ ʩʪʫʧʽʥʴ ʡʦʛʦ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʤʘʡʙʫʪʥʴʦʾ ʧʝʜʘʛʦʛʽʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʦʟʤʽʥʥʦʾ ʜʽʡʩʥʦʩʪʽ ʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ. 
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ʆʣʝʢʩʘʥʜʨ ʇʽʜʜʫʙʥʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʪʨʫʢ ʗ.ʄ. 

 
ʆʩʦʙʣʠʚʦʩʪʽ ʽ ʟʥʘʯʝʥʥʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʦʟʛʣʷʜ 

ʬʽʟʠʯʥʠʭ ʷʚʠʱ ʯʠ ʧʨʦʮʝʩʽʚ ʫ ʰʢʽʣʴʥʦʤʫ ʢʫʨʩʽ ʬʽʟʠʢʠ 

 
ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʝʬʦʨʤʫʚʘʥʥʷ ʰʢʽʣʴʥʦʾ ʦʩʚʽʪʠ ʜʦʩʠʪʴ ʯʽʪʢʦ 

ʧʨʦʛʣʷʜʘʻʪʴʩʷ  ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʬʘʢʪʠʯʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʫʯʥʷʤʠ ʦʩʥʦʚ ʩʫʯʘʩʥʦʾ ʬʽʟʠʢʠ ʪʘ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ, ʽ ʟʤʝʥʰʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘ ʫʨʦʢʘʭ ʜʣʷ ʡʦʛʦ 

ʟʘʩʚʦʻʥʥʷ. ʆʜʥʽʻʶ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ ʚ ʩʠʩʪʝʤʽ ʥʘʚʯʘʥʥʷ 

ʬʽʟʠʢʠ ʚ ʰʢʦʣʽ ʻ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ. ʊʦʤʫ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʡ ʥʘ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʤʝʪʦʜʠʯʥʦ ʧʨʘʚʠʣʴʥʠʡ ʜʦʙʽʨ ʬʽʟʠʯʥʠʭ ʟʘʜʘʯ, ʷʢʽ ʙ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʨʘʭʦʚʫʚʘʣʠ ʧʽʟʥʘʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʡ ʥʘʭʠʣʠ ʫʯʥʽʚ, 

ʨʽʚʝʥʴ ʾʭʥʴʦʾ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʨʦʟʚʠʚʘʣʠ ʙ ʾʭʥʽ ʟʜʽʙʥʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʚʽʪʥʽʭ ʧʦʪʨʝʙ, ʽ ʚʦʜʥʦʯʘʩ, ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʟʘʩʚʦʻʥʥʷ ʽ 

ʨʦʟʫʤʽʥʥʷ ʦʩʥʦʚ ʰʢʽʣʴʥʦʾ ʬʽʟʠʢʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʩʥʦʚʥʦʾ ʤʝʪʠ 

ʚʠʚʯʝʥʥʷ ʬʽʟʠʢʠ ʚ ʰʢʦʣʽ.  

ɺ ʫʤʦʚʘʭ ʦʩʦʙʠʩʪʽʩʥʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʝʬʝʢʪʠʚʥʠʡ, ʥʘ ʥʘʰʫ 

ʜʫʤʢʫ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʚʽʜʙʦʨʫ ʟʘʜʘʯ ʜʣʷ ʾʭ ʨʦʟʚôʷʟʢʫ ʫʯʥʷʤʠ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʚ ʙʠ ʧʨʦʚʦʜʠʪʠ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʡ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʬʽʟʠʯʥʦʾ 

ʟʘʜʘʯʽ ʽʟ ʧʨʦʧʦʥʦʚʘʥʠʤ ʧʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʚôʷʟʢʫ 

ʜʣʷ ʨʽʟʥʠʭ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʟʘʜʘʯʽ ʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ.  

ɯʟ ʘʥʘʣʽʟʫ ʪʠʧʦʚʠʭ ʟʘʚʜʘʥʴ ʟʦʚʥʽʰʥʴʦʛʦ ʥʝʟʘʣʝʞʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʟ 

ʬʽʟʠʢʠ  [1] ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʪʝʩʪʦʚʠʭ  ʟʘʚʜʘʥʴ ʟ 

ʚʠʙʦʨʦʤ ʦʜʥʽʻʾ ʧʨʘʚʠʣʴʥʦʾ ʚʽʜʧʦʚʽʜʽ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʟʘʚʜʘʥʴ 

ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʧʝʨʝʜʙʘʯʘʶʪʴ ʢʦʥʪʨʦʣʴ ʟʘʩʚʦʻʥʥʷ 

ʫʯʥʷʤʠ ʦʟʥʘʯʝʥʴ ʪʘ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, 

ʨʦʟʫʤʽʥʥʷ ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʽʚ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʨʦʟʛʣʷʜʫʚʘʥʽ ʚ ʰʢʽʣʴʥʽʡ ʧʨʦʛʨʘʤʽ ʬʽʟʠʯʥʽ ʷʚʠʱʘ ʪʘ ʧʨʦʮʝʩʠ. ʏʘʩʪʠʥʘ 

ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʙʽʣʴʰʽʩʪʴ 

ʟʘʚʜʘʥʴ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʟ ʢʦʨʦʪʢʦʶ ʚʽʜʧʦʚʽʜʜʶ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ 

ʟʘʚʜʘʥʴ ʧʽʜʚʠʱʝʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ, ʘ ʦʢʨʝʤʽ - ʜʦ ʦʣʽʤʧʽʘʜʥʠʭ 

ʟʘʚʜʘʥʴ. ʊʦʤʫ ʾʭ ʨʦʟʚôʷʟʦʢ ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʟʜʽʡʩʥʝʥʠʡ ʪʽʣʴʢʠ 

ʥʝʚʝʣʠʢʦʶ ʯʘʩʪʠʥʦʶ ʫʯʥʽʚ, ʷʢʽ ʩʘʤʦʩʪʽʡʥʦ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ 
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ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ ʚʞʝ ʥʘʙʫʣʠ ʜʦʩʚʽʜʫ ʨʦʟʚôʷʟʢʫ ʪʘʢʠʭ ʟʘʜʘʯ, ʘʙʦ ʪʠʭ, 

ʷʢʽ ʛʦʪʫʚʘʣʠʩʴ ʽ ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʦʣʽʤʧʽʘʜʠ 

ʰʢʦʣʷʨʽʚ ʟ ʬʽʟʠʢʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʧʨʘʮʶʚʘʥʥʷ ʟʙʽʨʥʠʢʽʚ ʟʘʜʘʯ  (ʚ ʦʩʥʦʚʥʦʤʫ [2, 3])  

ʚʽʜʽʙʨʘʥʦ ʪʘ ʧʝʨʝʨʦʙʣʝʥʦ  ʬʽʟʠʯʥʽ ʟʘʜʘʯʽ ʽʟ ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ ʬʽʟʠʢʠ, ʚ 

ʷʢʠʭ ʟʘ ʚʠʤʦʛʘʤʠ ʢʦʤʧʝʪʝʥʪʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʟʘʜʘʯʽ ʤʘʶʪʴ ʟʤʽʩʪ, 

ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʽ ʷʢʽ ʤʽʩʪʷʪʴ 

ʨʽʟʥʦʨʽʚʥʝʚʽ ʟʘʚʜʘʥʥʷ, ʦʩʪʘʥʥʽ ʟ ʷʢʠʭ ʩʧʦʥʫʢʘʶʪʴ ʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʚʠʩʥʦʚʢʽʚ ʜʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ. 

ʇʨʠʢʣʘʜ: (ʟʘʜʘʯʘ 6.19  [2])  

ʉʪʘʣʴʥʠʡ ʢʫʙʠʢ ʟ ʨʝʙʨʦʤ ʟʘʚʜʦʚʞʢʠ ʘ = 10 ʩʤ  ʧʣʘʚʘʻ ʫ ʨʪʫʪʽ. 

ɿʚʝʨʭʫ ʥʘ ʨʪʫʪʴ ʥʘʣʠʚʘʶʪʴ ʚʦʜʫ ʪʦʚʱʠʥʦʶ b = 2 ʩʤ. ɺʠʟʥʘʯʠʪʠ: 

1) ʥʘ ʷʢʫ ʛʠʙʠʥʫ ʙʫʜʝ ʟʘʥʫʨʝʥʠʡ ʢʫʙʠʢ ʫ ʨʪʫʪʴ ʜʦ ʧʦʯʘʪʢʫ 
ʥʘʣʠʚʘʥʥʷ ʚʦʜʠ ? 

2) ʗʢʘ ʚʠʩʦʪʘ ʪʽʻʾ ʯʘʩʪʠʥʠ ʢʫʙʠʢʘ, ʷʢʘ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚʠʱʝ 
ʧʦʚʝʨʭʥʽ ʚʦʜʠ, ʢʦʣʠ ʪʦʚʱʠʥʘ ʰʘʨʫ ʚʦʜʠ ʥʘʜ ʨʪʫʪʪʶ b = 2 ʩʤ ? 

3) ʗʢ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʥʘʣʠʚʘʥʥʷ ʚʦʜʠ ʛʣʠʙʠʥʘ 

ʟʘʥʫʨʝʥʥʷ ʢʫʙʠʢʘ ʫ ʨʪʫʪʴ ? 

ɿʥʘʡʪʠ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ ʢʫʙʠʢʘ ʫ 

ʨʪʫʪʴ, ʷʢʱʦ ʪʦʚʱʠʥʘ ʰʘʨʫ ʚʦʜʠ ʥʘʜ ʨʪʫʪʪʶ ʙʫʜʝ ʜʦʚʽʣʴʥʦʶ. 
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ɺʘʜʠʤ ʇʽʪʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʌʝʩʽʚ ɯ. ɺ. 

ʂʚʘʥʪʦʚʠʡ ʦʧʪʠʯʥʠʡ ʟʚôʷʟʦʢ 

ʂʚʘʥʪʦʚʠʡ ʦʧʪʠʯʥʠʡ ʟʚôʷʟʦʢ ï ʮʝ ʧʝʨʝʜʦʚʘ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʥʮʠʧʠ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʧʝʨʝʜʘʯʽ ʥʘ 

ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʟʚôʷʟʢʫ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʝʨʝʜʘʯʽ ʢʣʘʩʠʯʥʠʭ ʙʽʪʽʚ, ʢʚʘʥʪʦʚʠʡ ʟʚôʷʟʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʚʘʥʪʦʚʽ 

ʙʽʪʠ ʘʙʦ ʢʫʙʽʪʠ. ʎʽ ʢʫʙʽʪʠ ʟʘʢʦʜʦʚʘʥʽ ʚ ʧʦʣʷʨʠʟʘʮʽʾ ʯʠ ʬʘʟʽ ʦʢʨʝʤʠʭ 

ʬʦʪʦʥʽʚ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʩʚʽʪʣʘ. 

ʈʝʘʣʽʟʘʮʽʷ ʢʚʘʥʪʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʇʝʨʰʠʡ ï ʮʝ ʜʞʝʨʝʣʦ ʦʜʠʥʦʯʥʠʭ ʬʦʪʦʥʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʩʧʦʥʪʘʥʥʝ ʧʘʨʘʤʝʪʨʠʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ (SPDC) ʽ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ. ʎʽ ʦʜʠʥʠʯʥʽ ʬʦʪʦʥʠ ʧʦʪʽʤ 

ʤʦʜʫʣʶʶʪʴʩʷ ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʾʭʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʘʙʦ ʬʘʟʽ. 

ʇʦʪʽʤ ʟʘʢʦʜʦʚʘʥʽ ʬʦʪʦʥʠ ʧʝʨʝʜʘʶʪʴʩʷ ʢʘʥʘʣʦʤ ʟʚôʷʟʢʫ, ʷʢʠʡ ʤʦʞʝ 

ʷʚʣʷʪʠ ʩʦʙʦʶ ʦʧʪʦʚʦʣʦʢʦʥʥʠʡ ʢʘʙʝʣʴ ʘʙʦ ʚʽʣʴʥʠʡ ʧʨʦʩʪʽʨ. 

ʅʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʟʘʢʦʜʦʚʘʥʽ ʬʦʪʦʥʠ ʨʦʟʧʽʟʥʘʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʜʝʪʝʢʪʦʨʽʚ. ɺʠʷʚʣʝʥʽ ʬʦʪʦʥʠ ʧʦʪʽʤ 

ʚʠʤʽʨʶʶʪʴʩʷ ʜʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʢʚʘʥʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ 

ʥʠʭ. ʎʝʡ ʧʨʦʮʝʩ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʝʪʝʢʪʦʨʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ. ɹʫʜʴ-ʷʢʽ ʧʝʨʝʰʢʦʜʠ 

ʘʙʦ ʧʦʨʫʰʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʤʠʣʦʢ ʫ 

ʧʝʨʝʜʘʥʽʡ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʢʚʘʥʪʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ ʻ ʾʾ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. ʂʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʢʨʝʤʠʭ ʬʦʪʦʥʘʭ 

ʦʟʥʘʯʘʻ, ʱʦ ʙʫʜʴ-ʷʢʽ ʩʧʨʦʙʠ ʧʝʨʝʭʦʧʠʪʠ ʘʙʦ ʧʽʜʩʣʫʭʘʪʠ ʢʦʤʫʥʽʢʘʮʽʶ 

ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʧʦʤʠʣʦʢ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʟʚôʷʟʢʫ 

ʚʽʜʦʤʘ ʷʢ ʢʚʘʥʪʦʚʠʡ ʨʦʟʧʦʜʽʣ ʢʣʶʯʽʚ (QKD), ʽ ʚʽʥ ʟʜʘʪʥʠʡ ʥʘʙʘʛʘʪʦ 

ʧʦʣʽʧʰʠʪʠ ʙʝʟʧʝʢʫ ʟʚôʷʟʢʫ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʬʽʥʘʥʩʠ, ʦʙʦʨʦʥʘ ʪʘ 

ʫʨʷʜ. 

ʑʝ ʦʜʥʘ ʩʬʝʨʘ, ʚ ʷʢʽʡ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʢʚʘʥʪʦʚʠʡ ʦʧʪʠʯʥʠʡ ʟʚôʷʟʦʢ, 

ï ʮʝ ʨʦʟʨʦʙʢʘ ʢʚʘʥʪʦʚʠʭ ʤʝʨʝʞ. ʂʚʘʥʪʦʚʘ ʤʝʨʝʞʘ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ʢʫʙʽʪʠ ʘʙʦ ʢʚʘʥʪʦʚʘ 

ʧʘʤôʷʪʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʠʭ 
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ʢʚʘʥʪʦʚʠʭ ʦʧʝʨʘʮʽʡ. ʂʚʘʥʪʦʚʽ ʤʝʨʝʞʽ ʟʜʘʪʥʽ ʟʨʦʙʠʪʠ ʨʝʚʦʣʶʮʽʶ ʚ 

ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʷʢ ʢʚʘʥʪʦʚʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʢʚʘʥʪʦʚʝ ʟʦʥʜʫʚʘʥʥʷ. 

ʆʜʥʽʻʶ ʽʟ ʧʨʦʙʣʝʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʢʚʘʥʪʦʚʦʾ ʤʝʨʝʞʽ ʻ ʧʽʜʪʨʠʤʢʘ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ. ʉʘʤʝ ʪʫʪ 

ʢʚʘʥʪʦʚʠʡ ʦʧʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʦʞʝ ʚʽʜʽʛʨʘʪʠ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʪʦʥʠ ʜʣʷ ʧʝʨʝʜʘʯʽ ʢʚʘʥʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʚʝʣʠʢʽ 

ʚʽʜʩʪʘʥʽ, ʤʦʞʥʘ ʟôʻʜʥʘʪʠ ʚʽʜʜʘʣʝʥʽ ʢʚʘʥʪʦʚʽ ʩʠʩʪʝʤʠ ʪʘ ʧʦʙʫʜʫʚʘʪʠ 

ʢʚʘʥʪʦʚʫ ʤʝʨʝʞʫ. 

ʂʚʘʥʪʦʚʠʡ ʦʧʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʚʩʝ ʱʝ ʚʽʜʥʦʩʥʦ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ, ʽ 

ʪʝʧʝʨ ʚʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ 

ʨʦʟʰʠʨʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʆʜʥʘ ʟ ʦʙʣʘʩʪʝʡ ʧʦʪʦʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ï ʨʦʟʨʦʙʢʘ ʢʚʘʥʪʦʚʠʭ ʧʦʚʪʦʨʶʚʘʯʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʜʘʯʫ ʢʚʘʥʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʚʽʜʩʪʘʥʽ, 

ʥʽʞ ʮʝ ʤʦʞʣʠʚʦ ʥʠʥʽ. ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʥʠʢʠ ʚʠʚʯʘʶʪʴ ʥʦʚʽ ʩʧʦʩʦʙʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʬʦʪʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʷʢʽ ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʫʜʴ-ʷʢʦʾ ʢʚʘʥʪʦʚʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ. 

ʅʘ ʟʘʢʽʥʯʝʥʥʷ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʚʘʥʪʦʚʠʡ ʦʧʪʠʯʥʠʡ ʟʚôʷʟʦʢ ï ʮʝ 

ʧʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʟʜʘʪʥʘ ʟʨʦʙʠʪʠ ʨʝʚʦʣʶʮʽʶ ʫ ʩʬʝʨʽ 

ʙʝʟʧʝʢʠ ʟʚôʷʟʢʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʡ ʟʚôʷʟʦʢ ʥʘ ʚʝʣʠʢʠʭ 

ʚʽʜʩʪʘʥʷʭ. ʍʦʯʘ ʪʝʭʥʦʣʦʛʽʷ ʚʩʝ ʱʝ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ 

ʨʦʟʚʠʪʢʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ, ʱʦ ʧʨʦʜʦʚʞʫʶʪʴʩʷ, ʡʤʦʚʽʨʥʦ, 

ʧʨʠʚʝʜʫʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʦʣʽʧʰʝʥʴ ʽ ʥʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʚ ʥʘʡʙʣʠʞʯʽ 

ʨʦʢʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɺʣʘʜʠʩʣʘʚ ʇʣʽʭʪʷʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʟʷʨʩʴʢʠʡ ɼ.ʇ. 

 

ɺʧʣʠʚ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʛʨʘʬʽʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʪʠʧʫ ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʛʨʘʬʽʪ/n-Si 
 

ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʟʘʜʘʯʝʶ. ʆʜʥʠʥ ʽʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʩʝʩʚʽʪʽ ʧʦ ʤʘʩʽ ʧʽʩʣʷ ʚʦʜʥʶ, ʛʝʣʽʶ ʽ 

ʢʠʩʥʶ ï ʚʫʛʣʝʮʴ. ʅʘ ʩʴʦʛʦʜʥʽ ʢʨʝʤʥʽʡ ʚʚʘʞʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʩʫʯʘʩʥʦʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʪʦʤʫ 

ʘʢʪʫʘʣʴʥʦ ʩʪʚʦʨʠʪʠ ʜʽʦʜʠ ʐʦʪʪʢʽ ʛʨʘʬʽʪ/n-Si [1,2]. 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʛʨʘʬʽʪ/n-Si ʧʨʦʚʦʜʠʣʦʩʷ ʤʝʪʦʜʦʤ 

ʦʩʘʜʞʝʥʥʷ ʪʦʥʢʠʭ ʛʨʘʬʽʪʦʚʠʭ ʧʣʽʚʦʢ ʥʘ ʧʽʜʢʣʘʜʢʫ Si(100) ʨʦʟʤʽʨʦʤ 

5ʭ5ʭ0,33 ʤʤ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʚʘʢʫʫʤʥʦʾ ʫʩʪʘʥʦʚʢʠ 

Leybold-Heraeus L560. ʇʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʜʣʷ ʧʝʨʰʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʽʜʙʫʚʘʚʩʷ 1,5 ʭʚ. ʧʨʠ ʩʝʨʝʜʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ 0,27 ʥʤ/ʩ 

(ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ d ʜʦʨʽʚʥʶʻ ʙʣʠʟʴʢʦ 25 ʥʤ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʽʜʢʣʘʜʢʠ 450 Áʉ, ʘ ʜʣʷ ʩʪʨʫʢʪʫʨʠ ˉ2 ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʪʨʠʚʘʚ 2,5 ʭʚ 

(ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ d ʨʽʚʥʘ 40 ʥʤ) ʧʨʠ ʪʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɯʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʧʨʷʤʘ ʛʽʣʢʘ 

ɺɸʍ ʜʽʦʜʘ ʐʦʪʪʢʽ ʛʨʘʬʽʪ/n-Si ʩʪʘʻ ʤʘʡʞʝ ʧʘʨʘʣʝʣʴʥʦʶ ʦʩʽ ʩʪʨʫʤʽʚ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʜʦʙʨʦʾ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʧʦʩʣʽʜʦʚʥʠʤ ʦʧʦʨʦʤ. 

 
ʈʠʩ. 1. ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʛʨʘʬʽʪ/n-Si, ʚʠʤʽʨʷʥʽ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟ ʨʽʟʥʦʶ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ ʛʨʘʬʽʪʫ 
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ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʦ ʪʝʤʥʦʚʽ ɺɸʍ ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʛʨʘʬʽʪ/n-Si ʽʟ 

ʨʽʟʥʦʶ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ ʛʨʘʬʽʪʫ: ʘ) d = 25 ʥʤ, ʙ) d = 40 ʥʤ. ɯʟ 

ʨʠʩʫʥʢʘ ʚʠʟʥʘʯʠʣʠ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʷʤʣʝʥʥʷ ʜʣʷ ʦʙʦʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ 

ʩʪʨʫʢʪʫʨʠ ʟ ʪʦʥʰʦʶ ʧʣʽʚʢʦʶ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʷʤʣʝʥʥʷ ʜʦʨʽʚʥʶʻ RR å 

5 Ŀ10
2
, ʘ ʜʣʷ ʩʪʨʫʢʪʫʨʠ ʟ ʪʦʚʩʪʽʰʦʶ ʧʣʽʚʢʦʶ RR å 10

2 
. 

 
ʈʠʩ. 2. ɺɸʍ ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʛʨʘʬʽʪ/n-Si ʟ ʨʽʟʥʦʶ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ ʛʨʘʬʽʪʫ: 

ʘ) d = 25 ʥʤ; ʙ) d = 40 ʥʤ. ʅʘ ʚʩʪʘʚʮʽ ï ʧʨʷʤʽ ʛʽʣʢʠ ɺɸʍ ʜʽʦʜʽʚ ʐʦʪʪʢʽ 

ʛʨʘʬʽʪ/n-Si ʫ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ 

ʐʣʷʭʦʤ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ɺɸʍ ʜʦ ʧʝʨʝʪʠʥʫ ʟ 

ʚʽʩʩʶ ʥʘʧʨʫʛ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨ'ʻʨʫ ʜʣʷ ʜʚʦʭ 

ʩʪʨʫʢʪʫʨ: ʩʪʨʫʢʪʫʨʘ ˉ1 ʧʨʠ d = 25 ʥʤ 

ű0 = 0,46 ʝɺ (ʜʝ ű0 = eVbi, ʘ Vbi - ʢʦʥʪʘʢʪʥʘ ʨʽʟʥʠʮʷ 

ʧʦʪʝʥʮʽʘʣʽʚ),ʩʪʨʫʢʪʫʨʘ ˉ2 ʧʨʠ d = 40 ʥʤű0 = 0,56 ʝɺ. ʊʝʤʧʝʨʘʪʫʨʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ɺɸʍ ʥʝ ʥʘʚʦʜʠʣʠʩʴ ʫ ʨʦʙʦʪʽ, ʪʦʤʫ ʱʦ ʫ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 294 ʂ ʜʦ 328 ʂ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʤʘʣʘ ʟʤʽʥʘ ʟʥʘʯʝʥʥʷ 

ʚʠʩʦʪʠ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʫ ʜʣʷ ʦʙʦʭ ʩʪʨʫʢʪʫʨ. 

ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʙʨʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʛʨʘʬʽʪ/n-Si, ʷʢʽ ʤʠ ʚʠʛʦʪʦʚʠʣʠ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʆʣʝʢʩʘʥʜʨ ʇʦʨʫʙʘʥʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ς ʧʨʦʬ. ʏʝʨʢʝʟ ʈ.ɻ. 

 

ʇʨʦʥʠʢʥʠʡ ʛʝʥʝʨʘʪʦʨʥʠʡ ʪʝʨʤʦʝʣʝʤʝʥʪ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

 
ɯʩʥʫʶʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʝʣʝʤʝʥʪʠ, ʜʝ ʪʝʧʣʦʦʙʤʽʥ ʟ ʜʞʝʨʝʣʦʤ 

ʪʝʧʣʘ ʽ ʨʘʢʦʚʠʥʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʥʘ ʪʝʨʤʦʝʣʝʤʝʥʪʥʠʭ 

ʟ'ʻʜʥʘʥʥʷʭ, ʘʣʝ ʽ ʚ ʦʩʥʦʚʥʽʡ ʯʘʩʪʠʥʽ ʤʘʪʝʨʽʘʣʫ ʚʽʪʦʢ [1,2]. ɺʘʨʽʘʥʪʠ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʚʢʣʶʯʘʶʪʴ ʧʨʦʥʠʢʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ, ʚ ʷʢʠʭ 

ʤʘʪʝʨʽʘʣʠ ʚʽʪʦʢ ʫʟʜʦʚʞ ʧʦʪʦʢʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʘʥʘʣʠ (ʧʦʨʠ) ʜʣʷ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʻʤ ï ʘʚʪʦʤʦʙʽʣʴʥʠʤ 

ʚʠʭʣʦʧʥʠʤʠ ʛʘʟʘʤʠ. ɰʭ ʤʦʞʥʘ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʫ 

ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʪʝʧʣʦʥʦʩʽʷ ʟ ʭʦʣʦʜʥʠʤʠ ʯʘʩʪʠʥʘʤʠ 

ʚʽʪʦʢ ʙʽʣʴʰʝ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜʜʘʪʠ ʤʘʪʝʨʽʘʣʫ ʽ ʧʝʨʝʪʚʦʨʠʪʠ ʾʾ ʚ 

ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ (ʨʠʩ.1.).  

 

 
ʈʠʩ. 1 ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʪʝʨʤʦʝʣʝʤʝʥʪʘ, ʚ ʷʢʦʤʫ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ 

ʬʦʨʤʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʪʝʧʣʦʥʦʩʽʻʤ: 1ï ʘʜʽʘʙʘʪʠʯʥʘ ʽʟʦʣʷʮʽʷ; 

2 ï ʚʽʪʢʘ n-ʪʠʧʫ; 3 ï ʢʘʥʘʣ; 4 ï ʢʦʤʫʪʘʮʽʡʥʘ ʧʣʘʩʪʠʥʘ; 5 ï 6  ï ʢʘʥʘʣ; 7 ï 

ʪʝʧʣʦʥʦʩʽʡ; 8 ï ʘʜʽʘʙʘʪʠʯʥʘ ʽʟʦʣʷʮʽʷ; 9 ï ʢʘʥʘʣ; 10 ï ʚʽʪʢʘ p-ʪʠʧʫ; 11 ï 12 ï 

ʢʦʤʫʪʘʮʽʡʥʽ ʧʣʘʩʪʠʥʠ; 13 ï ʝʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʠ. ɺʽʪʢʠ 2, 10 ʦʭʦʧʣʝʥʽ 
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ʘʜʽʘʙʘʪʠʯʥʦʶ ʽʟʦʣʷʮʽʻʶ 1, 8 ʽ ʨʘʟʦʤ ʫʪʚʦʨʶʶʪʴ ʢʘʥʘʣʠ 5, 6, 9. ʏʝʨʝʟ ʢʘʥʘʣ 6 

ʚʥʦʩʠʪʴʩʷ ʪʝʧʣʦʥʦʩʽʡ 7 ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊH, ʷʢʠʡ ʧʝʨʝʪʽʢʘʻ ʨʽʚʥʠʤʠ ʜʦʣʷʤʠ 

ʯʝʨʝʟ ʢʘʥʘʣʠ 3, 5 ʪʘ 5, 9 

ɼʣʷ ʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʘʣʠʩʴ ʩʝʨʝʜʥʴʦʽʥʪʝʛʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʝʣʝʤʝʥʪʘ: ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘ - tʚʠʭ; ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʪʝʨʤʦʝʣʝʤʝʥʪʘ - ɽʈʉ;  

ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ I, ɸ; ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ - G; ʝʣʝʢʪʨʠʯʥʘ 

ʧʦʪʫʞʥʽʩʪʴ W; ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ . ɿʘʣʝʞʥʦʩʪʽ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ 

ʚʠʩʦʪʠ ʚʽʪʢʠ /, ʜʣʷ ʚʠʧʘʜʢʫ ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ 

ʪʝʨʤʦʝʣʝʤʝʥʪ ʩʢʣʘʜʘʣʘ 600ʂ.  

ʗʢ ʧʦʢʘʟʘʣʠ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [3], ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ ʪʘʢʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʣʽʧʰʝʥʘ ʚ ʦʧʪʠʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʨʦʙʦʪʠ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ / 

ʃ.ʀ. ɸʥʘʪʳʯʫʢ ʂ.: ʅʘʫʢ. ʜʫʤʢʘ, 1979. ï 768 ʩ 

2. ʏʝʨʢʝʟ ʈ.ɻ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠ ʙʦʢʦʚʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ / ʈ.ɻ. 
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ʧʨʦʥʠʢʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ /ʃ.ʀ. ɸʥʘʪʠʯʫʢ, ʈ.ɻ. ʏʝʨʢʝʟ, ɼ.ɺ. 
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ɸʥʜʨʽʡ ʇʨʦʢʦʧôʁ ʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʦʨʩʴʢʠʡ ʇ.ɺ. 

 

ʉʪʨʦʛʘ ʜʠʬʫʟʽʡʥʘ ʪʝʦʨʽʷ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ 

 
ʂʦʥʪʘʢʪʥʠʡ ʦʧʽʨ çʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ï ʤʝʪʘʣè ï 

ʚʘʞʣʠʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʝʥʝʨʛʽʾ. ʎʝʡ ʦʧʽʨ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ   ʂʂɼ ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʥʘ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʘ ʜʦʩʷʞʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʝʨʝʧʘʜ 

ʦʭʦʣʦʜʞʫʚʘʯʽʚ [1]. 

ʂʦʥʪʘʢʪʥʽ ʦʧʦʨʠ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʜʦʪʠʢʫ ʜʚʦʭ ʨʽʟʥʦʨʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽ ʤʝʪʘʣʫ. ɯʩʥʫʶʪʴ ʪʝʧʣʦʚʠʡ ʪʘ 

ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪʥʽ ʦʧʦʨʠ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ 

ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ.   

ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ ʻ 

ʜʠʬʫʟʽʡʥʘ ʩʢʣʘʜʦʚʘ, ʙʘʨôʻʨʥʘ ʩʢʣʘʜʦʚʘ ʪʘ ʩʢʣʘʜʦʚʘ, ʟʫʤʦʚʣʝʥʘ 

ʚʽʜʭʠʣʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʚʽʜ ʽʜʝʘʣʴʥʦʾ ʧʣʦʱʠʥʠ. 

ɼʠʬʫʟʽʡʥʘ ʩʢʣʘʜʦʚʘ ʟʫʤʦʚʣʝʥʘ ʜʠʬʫʟʽʻʶ ʧʨʠʧʦʶ, ʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʘʣʫ 

ʘʙʦ ʤʘʪʝʨʽʘʣʫ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʘ ʪʘʢʦʞ 

ʟʫʩʪʨʽʯʥʦʶ ʜʠʬʫʟʽʻʶ ʢʦʤʧʦʥʝʥʪ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʫ ʢʦʥʪʘʢʪʥʠʡ 

ʤʘʪʝʨʽʘʣ ʘʙʦ ʤʘʪʝʨʽʘʣ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ. ɿʘʫʚʘʞʠʤʦ, ʱʦ 

ʘʥʪʠʜʠʬʫʟʽʡʥʠʡ ʰʘʨ ʨʦʙʠʪʴʩʷ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʪʠ ʥʝʙʘʞʘʥʽʡ ʟʤʽʥʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʥʠʢʥʝʥʥʷ ʫ ʥʴʦʛʦ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠʧʦʶ ʘʙʦ ʢʦʥʪʘʢʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ Bi(Sb) ï Te(Se) 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʽʢʝʣʴ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ 

ʜʠʬʫʥʜʫʻ ʫ ʮʽ ʤʘʪʝʨʽʘʣʠ ʽ ʫʪʚʦʨʶʻ ʪʦʥʢʽ ʧʝʨʝʭʽʜʥʽ ʢʦʥʪʘʢʪʥʽ ʰʘʨʠ. 

ɼʠʬʫʟʽʷ ʢʦʤʧʦʥʝʥʪ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢʠʭ ʷʢ ʪʝʣʫʨ ʘʙʦ 

ʩʝʣʝʥ, ʫ ʥʽʢʝʣʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ ʽ ʚʝʜʝ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ï ʪʝʣʫʨʠʜʽʚ ʘʙʦ ʩʝʣʝʥʽʜʽʚ ʥʽʢʝʣʶ, ʷʢʽ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ 

ʧʽʜʚʠʱʠʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʽ ʥʘʚʽʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʫ ʥʽʡ ʧʦʨʦʞʥʠʥ 

ʽ ʪʨʽʱʠʥ. ɺʥʝʩʦʢ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʽʩʪʦʪʥʦ ʤʝʥʰʠʡ ʽ 

ʪʦʤʫ ʤʠ ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʣʠʰʝ ʜʠʬʫʟʽʡʥʫ ʩʢʣʘʜʦʚʫ.           
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ʉʪʨʦʛʫ ʜʠʬʫʟʽʡʥʫ ʪʝʦʨʽʶ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ ʙʫʜʫʚʘʪʠʤʝʤʦ, 

ʨʦʟʛʣʷʜʘʶʯʠ ʧʝʨʝʭʽʜʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʰʘʨ ʷʢ ʜʚʦʬʘʟʥʠʡ ʢʦʤʧʦʟʠʪ, ʷʢʠʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽ ʤʝʪʘʣʫ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ. ʇʨʠ 

ʮʴʦʤʫ ʟ çʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾè ʪʦʯʢʠ ʟʦʨʫ ʢʦʤʧʦʟʠʪʦʤ ʤʠ ʚʚʘʞʘʻʤʦ 

ʪʘʢʠʡ ʤʘʪʝʨʽʘʣ, ʢʦʞʥʘ ʢʦʤʧʦʥʝʥʪʘ (ʬʘʟʘ) ʷʢʦʛʦ, ʫʚʽʡʰʦʚʰʠ ʜʦ ʩʢʣʘʜʫ 

ʢʦʤʧʦʟʠʪʫ, ʟʙʝʨʽʛʘʻ ʩʚʦʾ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʢʣʶʯʥʦ ʟ ʾʭ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʨʦʟʨʘʭʫʥʦʢ ʢʽʥʝʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʤʧʦʟʠʪʫ ʤʠ ʚʠʢʦʥʫʻʤʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʽʶ ʧʨʦʪʽʢʘʥʥʷ ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʩʝʨʝʜʥʴʦʛʦ ʧʦʣʷ, ʷʢʝ, ʦʜʥʘʢ, ʟʨʦʟʫʤʽʣʠʤ ʯʠʥʦʤ ʚʨʘʭʦʚʫʻ ʨʦʟʤʽʨʥʽʩʪʴ 

ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʥʝ ʤʽʩʪʠʪʴ çʧʨʠʭʦʚʘʥʠʭè ʧʘʨʘʤʝʪʨʽʚ ʽ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ ʤʘʪʝʨʽʘʣʽ ʤʝʪʘʣʝʚʠʭ 

ʢʣʘʩʪʝʨʽʚ. 

ʆʜʥʘʢ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʨʦʟʧʦʜʽʣ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʧʦ ʛʣʠʙʠʥʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ. ʉʘʤʝ ʟ ʤʝʪʦʶ ʡʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽ ʨʦʟʨʦʙʣʝʥʦ 

ʩʪʨʦʛʫ ʜʠʬʫʟʽʡʥʫ ʪʝʦʨʽʶ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ. ɼʣʷ  ʮʴʦʛʦ ʫ 

ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʨʦʟʚôʷʟʘʥʦ ʨʽʚʥʷʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ 

ʜʠʬʫʟʽʾ ʤʝʪʘʣʫ ʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʤʘʪʝʨʽʘʣ. 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʻ ʫʤʦʚʘ 

ʙʘʣʘʥʩʫ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ,ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʪʦʯʥʠʡ ʟʘʢʦʥ 

ʨʦʩʪʫ ʪʦʚʱʠʥʠ ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ ʟ ʯʘʩʦʤ ʽ ʪʦʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʢʝʣʶ ʚ ʥʴʦʤʫ. ɸ ʟʥʘʶʯʠ ʪʝ ʽ ʽʥʰʝ, ʚʞʝ ʥʝʚʘʞʢʦ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʧʨʦʪʽʢʘʥʥʷ ʨʦʟʨʘʭʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪʥʠʡ 

ʦʧʽʨ ʷʢ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʦʥʥʠʤ 

ʩʧʝʢʪʨʦʤ, ʪʘʢ ʽ ʜʣʷ ʥʘʜʧʨʦʚʽʜʥʠʢʘ ʟ ʥʘʜʛʨʘʪʢʦʶ, ʦʧʠʩʫʚʘʥʦʛʦ ʤʦʜʝʣʣʶ 

ʌʽʚʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʦʥʥʠʤ ʩʧʝʢʪʨʦʤ ʧʠʪʦʤʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʤʦʞʝ ʩʷʛʘʪʠ ʥʘʚʽʪʴ ʙʣʠʟʴʢʦ     4Ŀ10
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ɺʦʣʦʜʠʤʠʨ ʇʫʢʘʣʴʩʴʢʠʡ, ɺʘʩʠʣʴ ɯʚʘʩʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

ʜʦʮ. ʃʝʩʽʥʩʴʢʠʡ ɺ.ɺ. 

 

ɸʢʫʩʪʠʯʥʘ ʩʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ 

 
ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʯʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʧʨʠ 

ʤʦʥʦʩʪʘʪʠʯʥʦʤʫ ʤʝʪʦʜʽ ʟʦʥʜʫʚʘʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. 

ɸʢʫʩʪʠʯʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ 

ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ (ʨʠʩ. 1) ʤʽʩʪʠʪʴ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʧʝʨʝʜʘʚʘʯ (ʇʨʜ), 

ʢʦʤʫʪʘʪʦʨ ʧʨʠʡʦʤʫ-ʧʝʨʝʜʘʯʽ (ʂ), ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʫ ʘʥʪʝʥʫ 

(ɸ), ʧʨʠʡʤʘʯ (ʇʨʤ), ʙʣʦʢ ʚʠʜʽʣʝʥʥʷ ʩʠʛʥʘʣʫ ʟ ʦʙʨʘʥʦʾ ʚʠʩʦʪʠ 

ʟʦʥʜʫʚʘʥʥʷ (ɹɺʉ), ʜʦ ʚʠʭʦʜʫ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʽ ʜʚʘ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʽ 

ʧʦ ʯʘʩʪʦʪʽ ʚʫʟʴʢʦʩʤʫʛʦʚʽ ʬʽʣʴʪʨʠ (ɺʉʌ1 ʽ ɺʉʌ2), ʜʨʫʛʽ ʚʭʦʜʠ ʷʢʠʭ 

ʟ'ʻʜʥʘʥʽ ʟ ʚʠʭʦʜʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ (ʆɹ), ʧʝʨʰʠʡ ʚʠʭʽʜ ʷʢʦʛʦ 

ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʜʨʫʛʦʛʦ ʚʭʦʜʫ ʢʦʤʫʪʘʪʦʨʘ ʧʨʠʡʦʤʫ-ʧʝʨʝʜʘʯʽ (ʂ) ʽ ʜʦ 

ʪʨʝʪʴʦʛʦ ʚʭʦʜʫ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʧʝʨʝʜʘʚʘʯʘ (ʇʨʜ), ʜʨʫʛʠʡ ʚʠʭʽʜ 

ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʚʭʦʜʫ ʙʣʦʢʫ ʚʠʜʽʣʝʥʥʷ ʩʠʛʥʘʣʫ ʟ ʦʙʨʘʥʦʾ ʚʠʩʦʪʠ 

ʟʦʥʜʫʚʘʥʥʷ (ɹɺʉ), ʘ ʪʨʝʪʽʡ ʽ ʯʝʪʚʝʨʪʠʡ ʚʠʭʦʜʠ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʚʭʦʜʽʚ 

ʧʝʨʝʩʪʨʦʶʚʘʥʠʭ ʧʦ ʯʘʩʪʦʪʽ ʛʝʥʝʨʘʪʦʨʽʚ ʩʠʛʥʘʣʽʚ (ɻ1 ʽ ɻ2), ʚʠʭʦʜʠ ʷʢʠʭ 

ʟ'ʻʜʥʘʥʽ ʟ ʧʝʨʰʠʤ ʽ ʜʨʫʛʠʤ ʚʭʦʜʘʤʠ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʧʝʨʝʜʘʚʘʯʘ 

(ʇʨʜ), ʽ ʜʦ ʜʨʫʛʠʭ ʚʭʦʜʽʚ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʧʦ ʯʘʩʪʦʪʽ 

ʚʫʟʴʢʦʩʤʫʛʦʚʠʭ ʬʽʣʴʪʨʽʚ (ɺʉʌ1 ʽ ɺʉʌ2), ʨʝʻʩʪʨʘʪʦʨ (ʈ) ʧʽʜʢʣʶʯʝʥʠʡ 

ʜʦ ʧ'ʷʪʦʛʦ ʚʠʭʦʜʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ (ʆɹ). ɼʦ ʰʦʩʪʦʛʦ ʚʭʦʜʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ (ʆɹ) ʧʽʜʢʣʶʯʝʥʠʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʷ 

ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ (ɼʊ). ʉʪʨʦʙʦʚʘʥʠʡ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʥʘ ʜʚʘ 

ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʣʴʥʽ ʟʘ ʯʘʩʪʦʪʦʶ ʚʫʟʴʢʦʩʤʫʛʦʚʽ ʬʽʣʴʪʨʠ (ɺʉʌ1 ʽ 

ɺʉʌ2), ʯʘʩʪʦʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ 

ʙʣʦʮʽ (ʆɹ) ʟʛʽʜʥʦ ʟ ʨʦʟʨʦʙʣʝʥʦʶ ʧʨʦʛʨʘʤʦʶ ʚʠʤʽʨʶʚʘʥʴ. ʂʦʤʘʥʜʘ ʥʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʮʠʭ ʞʝ ʯʘʩʪʦʪʘʭ ʧʦʜʘʻʪʴʩʷ ʽ ʚ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʣʴʥʽ ʧʦ 

ʯʘʩʪʦʪʽ ʛʝʥʝʨʘʪʦʨʠ ʩʠʛʥʘʣʽʚ (ɻ1 ʽ ɻ2). ɿ ʚʠʭʦʜʽʚ ʬʽʣʴʪʨʽʚ (ɺʉʌ1 ʽ 

ɺʉʌ2) ʩʠʛʥʘʣʠ ʧʦʜʘʶʪʴʩʷ ʥʘ ʢʚʘʜʨʘʪʠʯʥʽ ʜʝʪʝʢʪʦʨʠ (ʂʚɼ1 ʽ ʂʚɼ2) ʽ 

ʧʦʩʣʽʜʦʚʥʦ ʚʢʣʶʯʝʥʽ ʟ ʥʠʤʠ ʙʣʦʢʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʽ ʫʩʝʨʝʜʥʝʥʥʷ (ɹɯʋ1 ʽ 

ɹɯʋ2), ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛ ʥʘ ʚʠʭʦʜʽ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷʤ 

ʘʢʫʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʘʪʤʦʩʬʝʨʽ. 
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ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʯʘ ʚʦʣʦʛʦʩʪʽ ʧʨʠ ʤʦʥʦʩʪʘʪʠʯʥʦʤʫ ʤʝʪʦʜʽ 

ʟʦʥʜʫʚʘʥʥʷ 

 

ɺ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʙʣʦʮʽ (ʆɹ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʨʘʤʠ ʦʙʯʠʩʣʝʥʴ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛ ʥʘ ʦʙʨʘʥʠʭ ʜʚʦʭ ʯʘʩʪʦʪʘʭ ʧʦʨʽʚʥʶʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʎʝ ʟʥʘʯʝʥʥʷ ʨʝʻʩʪʨʫʻʪʴʩʷ ʚ 

ʨʝʻʩʪʨʘʪʦʨʽ (ʈ) ʽ ʚʠʩʚʽʯʫʻʪʴʩʷ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʪʘʙʣʦ, ʷʢʝ ʚʭʦʜʠʪʴ ʜʦ 

ʩʢʣʘʜʫ ʨʝʻʩʪʨʘʪʦʨʘ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Antoniou I., Jurgensen H.E., Hunerbein S., et al. Inter-comparison of 

commercially avaliable SODARs for wind energy application. In: Proc. of 

12-th Intern. Symp. on Acoustic Remote Sensing. Cambridge, UK, 2004, 

pp.136-139. 
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ʆʣʝʢʩʘʥʜʨ ʈʘʜʫʣʷʢ, ʆʣʝʛ ʈʘʜʫʣʷʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ɺ. ɼʫʙʦʣʘʟʦʚ 

 

ʈʦʟʨʦʙʢʘ ʦʨʠʛʽʥʘʣʫ ʤʘʢʝʪʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʪʽʚʥʠʢʘ 

 
ɽʣʝʢʪʨʦʥʥʽ ʧʫʪʽʚʥʠʢʠ ʻ ʥʝʟʘʤʽʥʥʠʤʠ ʧʦʤʽʯʥʠʢʘʤʠ ʜʣʷ ʪʫʨʠʩʪʽʚ, ʷʢʽ 

ʭʦʯʫʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʟʨʫʯʥʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʧʣʘʥʫʚʘʪʠ ʩʚʦʾ ʧʦʜʦʨʦʞʽ. 

ʈʦʟʨʦʙʢʘ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʪʽʚʥʠʢʘ ʻ ʚʘʞʣʠʚʠʤ 

ʝʪʘʧʦʤ ʫ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʨʬʝʡʩʫ ʜʦʜʘʪʢʫ ʘʙʦ ʩʘʡʪʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ 

ʷʢʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʇʝʨʰ ʥʽʞ ʨʦʟʧʦʯʠʥʘʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʘʢʝʪʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʪʘ ʚʠʤʦʛʠ ʜʦ ʧʫʪʽʚʥʠʢʘ. ɺʽʥ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ 

ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʫʨʠʩʪʠʯʥʽ ʦʙ'ʻʢʪʠ, ʜʦʧʦʤʘʛʘʪʠ ʚʠʟʥʘʯʠʪʠ 

ʤʘʨʰʨʫʪ ʪʘ ʚʽʜʦʙʨʘʞʘʪʠ ʜʝʪʘʣʴʥʫ ʢʘʨʪʫ ʧʦʜʦʨʦʞʽ. ʊʘʢʦʞ, ʤʘʢʝʪ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ ʪʘ ʟʨʫʯʥʠʤ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ. 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʤʘʢʝʪʫ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʨʝʙʠ ʪʘ 

ʧʦʙʘʞʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʨʫʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʪʽʚʥʠʢʘ. ʎʝ ʟʘʙʝʟʧʝʯʠʪʴ ʧʦʧʫʣʷʨʥʽʩʪʴ ʪʘ 

ʫʩʧʽʰʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʥʘ ʨʠʥʢʫ ʪʫʨʠʟʤʫ [1]. 

ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʪʽʚʥʠʢʘ - 

ʚʘʞʣʠʚʠʡ ʝʪʘʧ ʫ ʩʪʚʦʨʝʥʥʽ ʟʨʫʯʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʪʫʨʠʩʪʠʯʥʦʛʦ 

ʧʨʦʜʫʢʪʫ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʫ ʪʘ 

ʟʨʫʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʥʥʷ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫʩʧʽʭʫ ʪʘʢʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʝʣʝʢʪʨʦʥʥʽ ʧʫʪʽʚʥʠʢʠ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 

ʆʜʠʥ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʧʨʦʜʫʢʪʽʚ - Google My Maps, ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʜʽʣʠʪʠʩʷ ʢʘʨʪʘʤʠ, ʚ ʷʢʽ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʤʽʪʢʠ ʪʘ ʦʙ'ʻʢʪʠ. ɺʽʥ ʙʝʟʢʦʰʪʦʚʥʠʡ ʪʘ ʤʘʻ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ 

ʨʦʙʠʪʴ ʡʦʛʦ ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʙʫʜʴ-ʷʢʠʤ ʨʽʚʥʝʤ ʥʘʚʠʯʦʢ 

[2]. 

ɯʥʰʠʤ ʧʦʧʫʣʷʨʥʠʤ ʧʨʦʜʫʢʪʦʤ ʻ TripHobo, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʧʣʘʥʠ ʧʦʜʦʨʦʞʝʡ ʟ ʜʝʪʘʣʴʥʠʤʠ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʪʫʨʠʩʪʠʯʥʽ ʦʙ'ʻʢʪʠ ʪʘ 

ʤʘʨʰʨʫʪʠ. TripHobo ʪʘʢʦʞ ʤʘʻ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʪʘ ʚʠʩʦʢʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʧʨʦʪʝ ʚʽʥ ʧʣʘʪʥʠʡ. 
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ʈʠʩ.1. ʇʨʠʢʣʘʜ ʩʪʚʦʨʝʥʥʷ ʤʘʨʰʨʫʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ TripHobo 

 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʽʥʰʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, ʪʘʢʽ ʷʢ Wanderlog, Mapify, 

Tourwriter ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. 

ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʡʦʛʦ 

ʙʶʜʞʝʪʫ. 
ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʪʽʚʥʠʢʘ. ʂʦʞʝʥ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʘʣʝ ʚʠʙʽʨ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʡʦʛʦ ʙʶʜʞʝʪʫ. 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʽ ʧʨʦʜʫʢʪʠ - Google My Maps ʪʘ TripHobo, ʷʢʽ ʤʘʶʪʴ ʟʨʫʯʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʪʘ ʚʠʩʦʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ʆʜʥʘʢ, ʽʩʥʫʶʪʴ ʽʥʰʽ ʧʨʦʛʨʘʤʥʽ 

ʧʨʦʜʫʢʪʠ, ʷʢʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʫʪʽʚʥʠʢʘ. 

 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Luppichini, Marco & Noti, Valerio & Pavone, Danilo & Bonato, Marzia & 
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ʄʘʢʩʠʤ ʈʦʛʦʚʩʴʢʠʡ, ɯʣʣʷ ʉʝʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʆʛʽʨʢʦ ʄ.ʆ. 
 

ʊʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʦʟʫʤʥʠʭ ʧʘʢʦʚʘʥʴ  

çsmart packagingè 
ʋ ʩʚʽʪʽ ʩʴʦʛʦʜʥʽ ʯʠʤʨʘʟ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʚʠʪʢʫ ʨʦʟʫʤʥʠʭ 

ʧʘʢʦʚʘʥʴ (çsmart packagingè). ʎʝ ʧʘʢʦʚʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʪʽʚ, ʘ ʪʘʢʦʞ 

ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. ʈʦʟʫʤʥʝ  ʧʘʢʦʚʘʥʥʷ  ʧʝʨʝʜʘʻ ʩʧʦʞʠʚʘʯʝʚʽ 

ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ ʚʽʜʯʫʚʘʪʠ, ʚʠʷʚʣʷʪʠ ʘʙʦ 

ʬʽʢʩʫʚʘʪʠ ʟʦʚʥʽʰʥʽ ʯʠ ʚʥʫʪʨʽʰʥʽ ʟʤʽʥʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʪʦʚʘʨʫ [1]. 

ʆʩʥʦʚʥʽ  ʪʠʧʠ  ʩʠʩʪʝʤ,  ʷʢʽ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  ʫ  ʨʦʟʫʤʥʦʤʫ ʧʘʢʦʚʘʥʥʽ, 

ʚʢʣʶʯʘʶʪʴ: ʜʘʪʯʠʢʠ, ʽʥʜʠʢʘʪʦʨʠ ʪʘ ʰʪʨʠʭ - ʢʦʜʠ ʪʘ ʧʨʠʩʪʨʦʾ ʜʣʷ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ (RFID). ɼʣʷ  ʟʘʙʝʟʧʝʯʝʥʥʷ  ʷʢʦʩʪʽ ʪʘ  ʙʝʟʧʝʢʠ  

ʭʘʨʯʦʚʠʭ  ʧʨʦʜʫʢʪʽʚ  ʚʘʞʣʠʚʘ ʨʦʟʨʦʙʢʘ ʨʦʟʫʤʥʠʭ ʩʠʩʪʝʤ ʫʧʘʢʦʚʢʠ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʨʪʘʪʠʚʥʽ  ʭʽʤʽʯʥʽ  ʜʘʪʯʠʢʠ ʜʣʷ  ʢʦʥʪʨʦʣʶ  

ʥʘʷʚʥʦʩʪʽ  ʧʝʚʥʠʭ  ʭʽʤʽʯʥʠʭ  ʩʧʦʣʫʢ, ʟʦʢʨʝʤʘ, H2, O2, NO2ʪʘ CO2, ʚ 

ʫʧʘʢʦʚʢʘʭ ʽʟ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʘʪʤʦʩʬʝʨʦʶ [2]. ɯʥʜʠʢʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʣʷ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʙʫʜʴ-ʷʢʠʭ ʟʤʽʥ, ʱʦ  ʚʽʜʙʫʚʘʶʪʴʩʷ  ʚ  

ʭʘʨʯʦʚʦʤʫ  ʧʨʦʜʫʢʪʽ  ʘʙʦ ʩʝʨʝʜʦʚʠʱʽ ʥʘʚʢʦʣʦ  ʥʴʦʛʦ (ʥʘʧʨʠʢʣʘʜ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʨʅ ʪʦʱʦ), ʩʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ ʚʽʟʫʘʣʴʥʠʤʠ ʟʤʽʥʘʤʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʫ ʢʦʣʴʦʨʽ.  

ʈʦʟʫʤʥʽ ʧʘʢʦʚʘʥʥʷ  ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʢʨʠʪʝʨʽʷʤʠ:      ʘ) 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ: ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ, ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ, 

ʩʠʛʥʘʣʽʟʘʮʽʷ(ʧʘʢʫʚʘʥʥʷ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʟʘʩʦʙʘʤʠ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʪʘʢʠʤʠ ʷʢ 

ʽʥʜʠʢʘʪʦʨʠ ʩʚʽʞʦʩʪʽ ʘʙʦ ʧʘʢʫʚʘʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ RFID-ʪʝʭʥʦʣʦʛʽʡ); ʙ) 

ʤʘʪʝʨʽʘʣʦʤ: ʙʽʦʨʦʟʢʣʘʜʘʶʯʽ, ʚʪʦʨʠʥʥʽ ʤʘʪʝʨʽʘʣʠ (ʧʘʧʽʨ, ʢʘʨʪʦʥ) ʪʘ 

ʢʦʤʙʽʥʦʚʘʥʽ; ʚ) ʟʘʩʪʦʩʫʚʘʥʥʷʤ: ʧʦʢʦʚʘʥʥʷ ʜʣʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, 

ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʢʦʩʤʝʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ). 

ʋ ʩʫʯʘʩʥʽʡ ʧʘʢʫʚʘʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚʥʝ  ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʘʨʙʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʷʢʽ ʬʦʨʤʫʶʪʴ çʘʢʪʠʚʥʽè ʪʘ çʽʥʪʝʣʝʢʪʫʘʣʴʥʽè 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʫʤʥʠʭ ʧʘʢʦʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʪʝʨʤʦʭʨʦʤʥʽ ʬʘʨʙʠ, ʱʦ 

ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʟʘ ʧʝʚʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʩʧʦʚʽʱʘʶʪʴ ʧʨʦ ʟʤʽʥʠ 

ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʪʫ ʚʩʝʨʝʜʠʥʽ ʧʘʢʦʚʘʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ, 
ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʬʝʨʤʝʥʪʘʪʠʚʥʽʡ ʨʝʘʢʮʽʾ, ʜʠʬʫʟʽʾ, ʟʤʽʥʘ ʢʦʣʴʦʨʫ ʧʘʢʦʚʘʥʥʷ 
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ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʩʫʚʘʥʥʷ. ʆʙʠʨʘʶʯʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʧʦʩʽʙ ʜʨʫʢʫʚʘʥʥʷ, ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʪʘ ʨʝʮʝʧʪʫʨʫ ʬʘʨʙʦʚʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʨʝʯʦʚʠʥ, ʱʦ ʬʦʨʤʫʶʪʴ çʘʢʪʠʚʥʽè ʪʘ 

çʽʥʪʝʣʝʢʪʫʘʣʴʥʽè ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʢʦʚʘʥʴ [1,2].  

ʊʨʘʬʘʨʝʪʥʠʡ ʜʨʫʢ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ ʪʦʚʩʪʠʡ ʬʘʨʙʦʚʠʡ ʰʘʨ ʥʘ 

ʚʽʜʙʠʪʢʫ, ʧʨʦʪʝ ʥʝ ʜʘʻ ʟʤʦʛʠ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʚʽʜʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʅʝʜʦʣʽʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʬʩʝʪʥʦʛʦ ʩʧʦʩʦʙʫ 

ʜʨʫʢʫʚʘʥʥʷ ʻ ʥʘʷʚʥʽʩʪʴ ʚʦʜʠ ʫ ʟʚʦʣʦʞʫʚʘʣʴʥʦʤʫ ʨʦʟʯʠʥʽ, ʱʦ ʟʥʠʞʫʻ 

ʧʨʦʚʽʜʥʠʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʘʨʙʦʚʦʛʦ ʰʘʨʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʣʠʙʦʢʦʛʦ ʩʧʦʩʦʙʫ 

ʦʙʤʝʞʝʥʝ ʥʘ ʛʥʫʯʢʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʌʣʝʢʩʦʛʨʘʬʽʯʥʠʡ ʩʧʦʩʽʙ 

ʜʨʫʢʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʬʝʢʪʦʤ ʨʦʟʪʠʩʢʫʚʘʥʥʷ ʪʘ ʥʝʪʦʯʥʽʩʪʶ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʅʘʡʦʧʪʠʤʘʣʴʥʽʰʠʡ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ 

çʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭè ʟʦʙʨʘʞʝʥʴ - ʩʪʨʫʤʝʥʝʚʠʡ ʜʨʫʢ. ʇʨʦʪʝ ʫ ʥʴʦʤʫ ʚʠʥʠʢʘʻ 

ʧʨʦʙʣʝʤʘ ʜʨʫʢʫʚʘʥʥʷ çʧʘʨʘʟʠʪʥʠʭè ʢʨʘʧʝʣʴ, ʪʦʙʪʦ ʟʘʜʨʫʢʦʚʫʚʘʥʥʷ ʫ 

ʥʝʚʽʜʧʦʚʽʜʥʠʭ ʜʽʣʷʥʢʘʭ [2]. 

 ɼʦ ʧʝʨʝʚʘʛ ʨʦʟʫʤʥʦʛʦ ʧʘʢʫʚʘʥʥʷ (çsmart packagingè) ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

ʙʝʟʧʝʢʘ, ̫ ʢʽʩʪʴ ʪʦʚʘʨʫ, ʷʢʽʩʪʴ ʩʝʨʚʽʩʫ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʧʨʦʩʪʝʞʫʚʘʥʽʩʪʴ. 

ʆʪʞʝ, ʨʦʟʫʤʥʽ ʧʘʢʫʚʘʥʥʷ ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʪʘ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʫʚʘʞʥʦʛʦ ʨʦʟʛʣʷʜʫ ʚʩʽʭ 

ʬʘʢʪʦʨʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʫʤʥʦʛʦ ʧʘʢʦʚʘʥʥʷ (çsmart packagingè) ʟʤʦʞʝ 

ʨʦʟʚôʷʟʘʪʠ ʥʠʟʢʫ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʟʘʭʠʩʪʦʤ ʚʽʜ ʧʽʜʨʦʙʦʢ, 

ʢʦʥʪʨʦʣʶʚʘʥʥʷʤ ʪʝʨʤʽʥʽʚ ʧʨʠʜʘʪʥʦʩʪʽ ʪʘ ʩʚʽʞʦʩʪʽ ʟʘʧʘʢʦʚʘʥʦʛʦ ʪʦʚʘʨʫ [1]. ɿ 

ʨʦʟʫʤʥʠʤʠ ʧʘʢʦʚʘʥʥʷʤʠ ʧʦʚ'ʷʟʘʥʦ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ, 

ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 
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ʆʣʝʛ ʈʦʤʘʥʽʢʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʘ ʄ. ɻ. 

  

ɼʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ  

ʚʝʙ-ʨʝʩʫʨʩʽʚ ʷʢ ʝʣʝʤʝʥʪ ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʟ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʫ ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ ʦʩʚʽʪʠ 
 

ʋ ʯʘʩ, ʢʦʣʠ ʜʠʩʪʘʥʮʽʡʥʘ ʦʩʚʽʪʘ ʧʝʨʝʩʪʘʣʘ ʙʫʪʠ ʯʠʤʦʩʴ ʥʝʟʚʠʯʥʠʤ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʝʜʝʥʥʷ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʫʥʢʮʽʡ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ 

ʦʩʚʽʪʠ (ɿɺʆ) ʫ online ʬʦʨʤʫ. ʅʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʘ  ʜʽʷʣʴʥʽʩʪʴ 

ʧʨʘʮʽʚʥʠʢʽʚ ɿɺʆ ʥʝ ʚʠʥʷʪʦʢ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʝʙ-ʨʝʩʫʨʩʽʚ 

ʦʨʛʘʥʽʟʦʚʫʻʪʴʩʷ ʜʠʩʪʘʥʮʽʡʥʝ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʡ, ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʨʦʙʦʪʘ ʥʘʫʢʦʚʠʭ ʰʢʽʣ, ʩʪʫʜʝʥʪʩʴʢʠʭ ʛʫʨʪʢʽʚ ʪʦʱʦ [1]. 

ʄʝʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ï ʥʘʜʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʥʘʚʯʘʥʥʽ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟʘ ʧʝʚʥʠʤʠ ʦʩʚʽʪʥʽʤʠ ʨʽʚʥʷʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʨʞʘʚʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʦʩʚʽʪʠ, ʟʘ ʧʨʦʛʨʘʤʘʤʠ ʧʽʜʛʦʪʦʚʢʠ ʛʨʦʤʘʜʷʥ ʜʦ ʚʩʪʫʧʫ ʚ 

ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʨʘʮʽʚʥʠʢʽʚ. ɼʦ ʦʩʚʽʪʠ ʫ 

ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘʢʦʞ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʟʘʟʥʘʯʝʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. 

ʇʝʨʝʚʘʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʚʝʨʩʽʡ ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ ʪʘ 

ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ online-ʬʦʨʤʘʪʽ ʻ ʥʘʷʚʥʽʩʪʴ 

ʟʛʨʫʧʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʦʥʩʧʝʢʪʠ ʣʝʢʮʽʡ ʽ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ, ʪʝʤʠ ʜʦʧʦʚʽʜʝʡ, ʧʨʦʛʨʘʤʠ ʽʩʧʠʪʽʚ ʽ ʟʘʣʽʢʽʚ, ʘ ʪʘʢʦʞ 

ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʦʩʚʦʻʥʥʷ ʧʝʚʥʦʾ ʜʠʩʮʠʧʣʽʥʠ.  

ɼʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ï ʧʝʨʩʧʝʢʪʠʚʥʘ ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ ʚ ʩʫʯʘʩʥʽʡ 

ʦʩʚʽʪʽ. ɺʦʜʥʦʯʘʩ ʬʘʭʽʚʮʽ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ 

ʧʝʨʝʰʢʦʜ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ [2]: 

- ʚʽʜʩʫʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʴʥʦʾ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʚʠʢʣʘʜʘʯʽʚ; 

- ʙʨʘʢ ʥʝʦʙʭʽʜʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʚʠʯʦʢ; 

- ʫʧʝʨʝʜʞʝʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ, ʘ ʪʘʢʦʞ ʧʦʪʨʝʙ ʽʥʪʝʛʨʘʮʽʾ ʫ ʩʚʽʪʦʚʠʡ ʦʩʚʽʪʥʽʡ ʧʨʦʩʪʽʨ 

ʟʫʤʦʚʣʶʻ ʧʦʜʘʣʴʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʦʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ 

ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ ʻ ʪʽʩʥʘ ʩʧʽʚʧʨʘʮʷ ʨʦʟʨʦʙʥʠʢʽʚ 
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ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʤʝʪʦʜʠʩʪʽʚ 

ʜʠʩʪʘʥʮʽʡʥʦʾ ʦʩʚʽʪʠ ʪʘ ʚʠʢʣʘʜʘʯʽʚ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟ ʤʝʪʦʶ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʩʪʨʘʪʝʛʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  

ʫ ʮʽʡ ʜʽʷʣʴʥʦʩʪʽ [2]. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʪʫʪ ʚʽʜʽʛʨʘʶʪʴ ʫʞʝ ʥʘʷʚʥʽ ʚʝʙ-ʨʝʩʫʨʩʠ, ʩʪʚʦʨʝʥʽ 

ʩʪʦʨʦʥʥʽʤʠ ʨʦʟʨʦʙʥʠʢʘʤʠ, ʷʢʽ ʟʜʘʪʥʽ ʫʨʽʟʥʦʤʘʥʽʪʥʠʪʠ ʥʘʚʯʘʣʴʥʠʡ 

ʤʘʪʝʨʽʘʣ ʪʘ ʟʘʮʽʢʘʚʠʪʠ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʟ ʰʠʨʦʢʠʤ ʢʦʣʦʤ ʧʦʪʨʝʙ ʽ, ʱʦ 

ʩʫʪʪʻʚʦ, ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʧʽʜʛʦʪʦʚʢʠ. ʇʠʪʘʥʥʷʤ, ʧʦʚôʷʟʘʥʠʤ ʟ 

ʢʽʙʝʨʙʝʟʧʝʢʦʶ, ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ: ʮʝ ʽ 

ʩʘʡʪʠ ʜʝʨʞʘʚʥʠʭ ʩʣʫʞʙ, ʷʢʽ ʢʦʦʨʜʠʥʫʶʪʴ ʪʘ ʢʦʥʪʨʦʣʶʶʪʴ ʜʽʷʣʴʥʽʩʪʴ 

ʨʽʟʥʠʭ ʩʫʙôʻʢʪʽʚ ʫ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʽ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʢʦʤʝʨʮʽʡʥʠʭ 

ʢʦʤʧʘʥʽʡ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʥʘʜʘʥʥʽ ʧʦʩʣʫʛ ʽʟ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ.  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʜʦʩʪʫʧʥʽ ʱʦʥʘʡʤʝʥʰʝ 5 online-

ʧʣʘʪʬʦʨʤ, ʜʝ ʨʦʟʤʽʱʝʥʽ ʤʘʪʝʨʽʘʣʠ ʙʣʠʟʴʢʦ 10 ʥʘʚʯʘʣʴʥʠʭ ʢʫʨʩʽʚ ʟ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ. ʆʢʨʝʤʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ ʄʝʨʝʞʥʫ 

ɸʢʘʜʝʤʽʶ Cisco, ʨʝʩʫʨʩʠ ʷʢʦʾ ʤʽʩʪʷʪʴ ʥʠʟʢʫ ʢʫʨʩʽʚ ʨʽʟʥʦʛʦ ʨʽʚʥʷ 

ʩʢʣʘʜʥʦʩʪʽ ʟ ʮʽʻʾ ʪʝʤʘʪʠʢʠ. ɹʽʣʴʰʽʩʪʴ ʟ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʣʫʭʘʯʽ ʤʦʞʫʪʴ 

ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʙʝʟʢʦʰʪʦʚʥʦ, ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ, ʘ ʟʘ ʧʽʜʩʫʤʢʘʤʠ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʪʘ ʪʝʩʪʽʚ ʫʩʧʽʰʥʠʤ ʫʯʥʷʤ ʚʠʜʘʶʪʴʩʷ ʩʝʨʪʠʬʽʢʘʪʠ.  

ɺ ʫʤʦʚʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʜʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ 

ʨʦʟʚʠʚʘʪʠʤʝʪʴʩʷ ʡ ʥʘʜʘʣʽ; ʟʘʚʜʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʢʣʘʜʘʯʽʚ ï ʩʧʨʠʷʪʠ 

ʮʴʦʤʫ ʨʦʟʚʠʪʢʫ ʽ ʫʩʧʽʰʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ, ʘ ʩʪʫʜʝʥʪʽʚ ï 

ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʷʢ ʚʧʨʦʜʦʚʞ 

ʪʝʨʤʽʥʫ ʥʘʚʯʘʥʥʷ, ʪʘʢ ʽ ʚ ʧʦʜʘʣʴʰʽʡ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. 
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ɹʦʛʜʘʥ ʈʦʤʘʥʶʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʃʽʩʦʚʝʥʢʦ ɯ.ɼ. 
 

ʉʠʤʫʣʷʮʽʷ ʨʫʭʫ ʨʽʜʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ SPH-ʘʣʛʦʨʠʪʤʫ ʥʘ GPU 

ʉʴʦʛʦʜʥʽ, ʟʘʚʜʷʢʠ ʰʠʨʦʢʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʧʦʪʫʞʥʠʭ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ, ʾʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʟʘʜʘʯʘʭ, ʱʦ ʣʝʛʢʦ 

ʨʦʟʧʘʨʘʣʝʣʶʶʪʴʩʷ: ʟʘʜʘʯʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ, ʘʥʘʣʽʟ ʪʘ ʦʙʨʦʙʢʘ 

ʜʘʥʠʭ, ʨʝʥʜʝʨ, ʦʙʨʦʙʢʘ ʬʦʪʦ ʽ ʚʽʜʝʦ, ʘ ʪʘʢʦʞ ʩʠʤʫʣʷʮʽʷ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʠʤʫʣʶʶʪʴʩʷ ʥʘ 

ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʘʭ, ʻ ʨʫʭ ʨʽʜʠʥ ʚ ʧʨʦʩʪʦʨʽ. 

ʄʝʪʘ ʧʨʦʻʢʪʫ ï ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ SPH ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʽʜʠʥ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʽʯʥʦʛʦ. ɼʦʜʘʪʦʢ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʠ, ʨʫʭ ʷʢʦʾ ʩʠʤʫʣʶʻʪʴʩʷ, ʚʟʘʻʤʦʜʽʷʪʠ 

ʟ ʨʽʜʠʥʦʶ ʟʘʚʜʷʢʠ ʢʫʨʩʦʨʫ ʪʘ ʢʦʨʠʩʪʫʚʘʮʴʢʠʤ ʤʦʜʝʣʷʤ. 

ɻʽʜʨʦʜʠʥʘʤʽʢʘ ʟʛʣʘʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ (ʘʥʛʣ. Smoothed Particle 

Hydrodynamics, SPH) ï ʮʝ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʜʠʥ 

ʪʘ ʛʘʟʽʚ [1]. ɼʣʷ ʩʠʤʫʣʷʮʽʾ ʧʦʚʝʜʽʥʢʠ ʨʽʜʠʥʠ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʦʜʽʣ ʨʽʜʠʥʠ ʥʘ ʜʠʩʢʨʝʪʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʯʘʩʪʠʥʢʘʤʠ. 

ʂʦʞʥʘ ʯʘʩʪʠʥʢʘ ʤʦʞʝ ʤʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ, 

ʰʚʠʜʢʽʩʪʴ, ʱʽʣʴʥʽʩʪʴ, ʪʠʩʢ. ʎʽ ʯʘʩʪʠʥʢʠ ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʚʽʜʩʪʘʥʴ, 

ʷʢʫ ʥʘ ʨʽʚʥʷʥʥʷʭ ʧʦʟʥʘʯʘʶʪʴ ʙʫʢʚʦʶ h, ʥʘ ʷʢʽʡ ʾʭʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

çʟʛʣʘʜʞʫʶʪʴʩʷè ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʻʶ ʷʜʨʘ, ʱʦ ʦʙʯʠʩʣʶʻ ʢʦʞʥʫ ʟ 

ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʢʠ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ 

ʚʝʣʠʯʠʥ ʫʩʽʭ ʯʘʩʪʠʥʦʢ, ʢʦʪʨʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʤʝʞʘʭ ʜʚʦʭ ʟʛʣʘʜʞʝʥʠʭ 

ʜʦʚʞʠʥ (ʨʠʩ. 1). ʏʘʩʪʦ, ʷʢ ʬʫʥʢʮʽʶ ʷʜʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʫʥʢʮʽʶ 

ɻʘʫʩʩʘ ʘʙʦ ʢʫʙʽʯʥʠʡ ʩʧʣʘʡʥ ʪʘ ʧʦʟʥʘʯʘʶʪʴ ʙʫʢʚʦʶ W. ɼʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ A ʚ ʪʦʯʮʽ r ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʬʦʨʤʫʣʫ 

ὃὶ Вά ὡ ὶ ὶȟὬ, 

ʜʝ mj ï ʮʝ ʤʘʩʘ ʯʘʩʪʠʥʢʠ j; Aj  ï ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ A ʜʣʷ ʯʘʩʪʠʥʢʠ 

j; pj ï ʛʫʩʪʠʥʘ, ʧʦʚᾷʷʟʘʥʘ ʟ ʯʘʩʪʠʥʢʦʶ j; W ï ʬʫʥʢʮʽʷ ʷʜʨʘ. ʇʝʨʝʚʘʛʦʶ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʩʢʣʘʜʥʽ ʚʠʧʘʜʢʠ ʧʦʚʝʜʽʥʢʠ 

ʨʽʜʠʥʠ, ʪʘʢʽ ʷʢ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ, ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʪʘ ʙʨʠʟʢʠ. ʇʨʦʪʝ 

ʮʝʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ ʪʘ ʜʦʨʦʛʠʤ ʚ ʨʦʟʨʘʭʫʥʢʘʭ, ʪʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʡ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ 
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ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʣʝʣʽʟʤʫ ʽʟ ʟʘʜʽʷʥʥʷʤ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ (ɻʇ).  
 

 
ʈʠʩ 1. ɻʨʘʬ-ʩʭʝʤʘ SPH-ʘʣʛʦʨʠʪʤʫ 

 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ɻʇ ʧʦʪʨʽʙʥʘ ʙʽʙʣʽʦʪʝʢʘ, ʷʢʘ ʙ 

ʟʚʝʨʪʘʣʘʩʴ ʜʦ ʥʴʦʛʦ. ʇʦʧʫʣʷʨʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʮʴʦʛʦ ʻ ʙʽʙʣʽʦʪʝʢʘ 

Babylon.js[2,3] ï ʧʦʪʫʞʥʘ JavaScript ʙʽʙʣʽʦʪʝʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽ ʪʨʠʚʠʤʽʨʥʽ ʩʮʝʥʠ ʫ ʚʽʢʥʽ ʙʨʘʫʟʝʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʦʪʫʞʥʦʩʪʽ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʦʨʘ. ɹʽʙʣʽʦʪʝʢʘ ʚʢʣʶʯʘʻ ʙʘʛʘʪʦ ʢʦʨʠʩʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘʢʠʭ ʷʢ ʦʙʨʦʙʢʘ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʧʦʜʽʡ, ʽʥʩʧʝʢʪʦʨ, 

ʨʝʜʘʢʪʦʨ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʽʩʦʯʥʠʮʽ.  

ʎʷ ʨʦʟʨʦʙʢʘ ʜʦʧʦʤʘʛʘʻ ʟʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʪʘ ʧʨʦʪʝʩʪʫʚʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʨʫʭʫ ʚʦʜʠ. ɼʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʮʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʩʠʤʫʣʶʚʘʪʠ ʨʫʭ ʨʽʜʠʥ ʟ ʨʽʟʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Bridson R. Fluid Simulation for Computer Graphics. 2nd Edition, 2016. 245 p  

2. Green S. Screen Space Fluid Rendering for Games, Mar. 2010: ʚʝʙ-ʩʘʡʪ. URL: 

https://developer.download.nvidia.com/presentations/ 

2010/gdc/Direct3D_Effects.pdf (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 03.03.2023) 

3. ɼʦʢʫʤʝʥʪʘʮʽʷ ʧʦ Babylon.js. URL: https://doc.babylonjs.com (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 

03.03.2023). 

 

https://developer.download.nvidia.com/presentations/2010/gdc/Direct3D_Effects.pdf
https://developer.download.nvidia.com/presentations/2010/gdc/Direct3D_Effects.pdf
https://doc.babylonjs.com/
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ʆʢʩʘʥʘ ʈʦʩʦʭʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺʦʡʮʝʭʽʚʩʴʢʘ ʆ.ʄ. 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʩʧʝʢʪʨʘ ʬʦʥʦʥʥʠʭ ʤʦʜ ʫ ʪʨʠʰʘʨʦʚʽʡ 

ʢʦʤʙʽʥʦʚʘʥʽʡ ʥʘʥʦʩʪʨʫʢʪʫʨʽ GaN/AlN/Al xGa1-xN 

 
ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ, ʟʦʢʨʝʤʘ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʠʭ ʪʘ ʣʘʟʝʨʥʠʭ 

ʜʽʦʜʽʚ [1] ʪʘ ʢʚʘʥʪʦʚʠʭ ʢʘʩʢʘʜʥʠʭ ʜʝʪʝʢʪʦʨʽʚ (ʣʘʟʝʨʽʚ) ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ [2], ʻ ʢʦʤʧʦʟʠʮʽʾ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʧʦʣʫʢ GaN, AlN, InN ʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʮʠʭ 

ʥʽʪʨʠʜʽʚ ɯɯɯ ʛʨʫʧʠ ʭʘʨʘʢʪʝʨʥʠʡ ʩʠʣʴʥʠʡ ʤʽʞʘʪʦʤʥʠʡ ʟʚôʷʟʦʢ, ʚʝʣʠʢʘ 

ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʘ 

ʦʧʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʊʘʢʽ ʧʨʠʣʘʜʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ (ʚʽʜ ʢʨʽʦʛʝʥʥʠʭ ʜʦ ʢʽʤʥʘʪʥʠʭ), ʪʦʤʫ ʬʦʥʦʥʥʘ 

ʧʽʜʩʠʩʪʝʤʠ ʟʜʘʪʥʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʝʢʪʨʽʚ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʫ ʥʠʭ. 

ʊʝʦʨʽʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʫʩʽʭ ʪʠʧʽʚ ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʽʚ 

(ʦʙʤʝʞʝʥʠʭ, ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ, ʽʥʪʝʨʬʝʡʩʥʠʭ ʽ ʪʠʭ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ) ʫ 

ʘʥʽʟʦʪʨʦʧʥʠʭ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʚʶʨʮʠʪʥʦʛʦ ʪʠʧʫ 

ʟʘʟʚʠʯʘʡ ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ ʤʦʜʝʣʽ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʦʥʪʠʥʫʫʤʫ ʃʦʫʜʦʥʘ. ɼʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʻ 

ʪʝʥʟʦʨʦʤ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʝʥʝʨʛʽʾ ɋ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʃʽʜʜʝʥʘðʉʘʢʩʘðʊʝʣʣʝʨʘ 
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ʊʫʪ ʽʥʜʝʢʩʠ  ̂ ʽ || ʚʢʘʟʫʶʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʪʘ ʧʘʨʘʣʝʣʴʥʠʡ 

ʥʘʧʨʷʤʢʠ ʜʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʦʩʽ; ɋL ,̂ ɋL||, ɋT ,̂ ɋT|| ð ʝʥʝʨʛʽʾ 

ʦʧʪʠʯʥʠʭ ʤʦʜ ʫ ʤʘʩʠʚʥʠʭ ʚʶʨʮʠʪʥʠʭ ʩʧʦʣʫʢʘʭ ; 
¤
ê , 

¤

||e  ð 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʧʨʦʥʠʢʥʦʩʪʽ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʥʘʥʦ ʯʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʽ 

ʜʦʩʣʽʜʞʝʥʦ ʬʦʥʦʥʥʽ ʩʧʝʢʪʨʠ ʪʨʴʦʭ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨ: (ʘ) ʧʨʦʩʪʦʾ 
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ʦʜʥʦʰʘʨʦʚʦʾ ʙʽʥʘʨʥʦʾ (GaN), (b) ʧʨʦʩʪʦʾ ʦʜʥʦʰʘʨʦʚʦʾ ʧʦʪʨʽʡʥʦʾ 

(Al xGa1-xN) ʪʘ (c) ʪʨʠʰʘʨʦʚʦʾ ʢʦʤʙʽʥʦʚʘʥʦʾ (GaN/AlN/AlxGa1-xN) 

ʩʪʨʫʢʪʫʨ, ʫʤʽʱʝʥʠʭ ʫ ʙʽʥʘʨʥʝ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ AlN. ʌʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢ ʚʽʜʦʤʽ, ʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʚʠʙʠʨʘʣʠʩʴ ʪʘʢʠʤʠ ʞ, ʷʢ ʨʦʟʤʽʨʠ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ  ʢʚʘʥʪʦʚʦʛʦ 

ʢʘʩʢʘʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ [3]: (ʘ) Ð/2.08/Ð, (b) Ð/15/Ð, (c) Ð/2.08/1/15/Ð (ʫ 

ʥʘʥʦʤʝʪʨʘʭ). 

ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ ʬʦʥʦʥʽʚ ʫ 

ʥʘʥʦʩʪʨʫʢʪʫʨʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʾ ʩʢʣʘʜʦʚʠʭ 

ʰʘʨʽʚ, ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʪʝʥʟʦʨʽʚ (Ů/̂Ů||) ʘʥʽʟʦʪʨʦʧʥʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʥʠʢʥʦʩʪʝʡ ʫ ʚʩʽʭ 

ʰʘʨʘʭ. ɿʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʡ ʨʽʟʥʠʭ ʪʠʧʽʚ ʬʦʥʦʥʽʚ ʚʽʜ ʢʚʘʟʽʽʤʧʫʣʴʩʘ 

ʟʫʤʦʚʣʝʥʽ ʨʦʟʤʽʨʘʤʠ ʩʢʣʘʜʦʚʠʭ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ 

ʝʥʝʨʛʽʡ (
)( j

L^W , 
)(

||

j

LW , 
)( j

T^W , 
)(

||

j

TW ) ʦʧʪʠʯʥʠʭ ʬʦʥʦʥʽʚ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʘʩʠʚʥʠʭ ʘʥʘʣʦʛʘʭ ʰʘʨʽʚ. 

ɺʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʩʢʣʘʜʥʠʡ ʬʦʥʦʥʥʠʡ ʩʧʝʢʪʨ ʪʨʠʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʟ ʜʚʦʤʘ ʰʘʨʘʤʠ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ ʽ ʦʜʥʠʤ ʧʦʪʨʽʡʥʦʾ ʩʧʦʣʫʢʠ ʻ 

ʩʚʦʻʨʽʜʥʦʶ ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʩʧʝʢʪʨʽʚ ʮʠʭ ʧʽʜʩʠʩʪʝʤ. ʇʝʪʣʝʧʦʜʽʙʥʽ 

ʜʠʩʧʝʨʩʽʡʥʽ ʢʨʠʚʽ ʥʘʧʽʚʦʙʤʝʞʝʥʠʭ ʬʦʥʦʥʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ʟ ʧʦʪʨʽʡʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ ð ʨʝʟʫʣʴʪʘʪ ʧʦʧʘʨʥʦʛʦ ʟʣʠʪʪʷ ʛʽʣʦʢ ʽʟ ʜʦʜʘʪʥʦʶ ʪʘ 

ʚʽʜôʻʤʥʦʶ ʜʠʩʧʝʨʩʽʷʤʠ. 

ɺʠʷʚʣʝʥʦ ʝʥʝʨʛʝʪʠʯʥʽ ʩʤʫʛʠ ʽʩʥʫʚʘʥʥʷ ʚʩʽʭ ʤʦʜ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʘ 

ʫ ʪʨʠʰʘʨʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʚʶʨʮʠʪʥʦʛʦ ʪʠʧʫ GaN/AlN/AlxGa1-xN ʪʘ 

ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ Al (ʭ). ʇʦʢʘʟʘʥʦ, ʱʦ ʚ 

ʦʜʥʦʰʘʨʦʚʽʡ ʘʥʽʟʦʪʨʦʧʥʽʡ ʪʨʠʢʦʤʧʦʥʝʥʪʥʽʡ ʩʪʨʫʢʪʫʨʽ ʧʨʠ ʧʝʚʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ Al ʽʥʪʝʨʬʝʡʩʥʽ ʬʦʥʦʥʠ ʥʝ ʽʩʥʫʶʪʴ, ʘ ʫ ʪʨʠʰʘʨʦʚʽʡ 

ʢʦʤʙʽʥʦʚʘʥʽʡ ʩʪʨʫʢʪʫʨʽ ʫ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 0Ò ʭ < 1 

ʚʽʜʩʫʪʥʽ ʬʦʥʦʥʠ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. S. Nakamura, S. Pearton, G. Fasol, The Blue Laser Diode: The Complete 

Story, Springer-Verlag, Berlin, 2000. 

2. R. Loudon, Adv. Phys. 13, 423, 1964. 

3. S. Sakr, E. Giraud, M. Tchernycheva, N. Isac, P. Quach, E. Warde, N. 

Grandjean, F. Julien, Appl. Phys. Lett. 101, 251101, 2012. 
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ʄʠʢʦʣʘ ʈʦʩʪʦʮʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʃʽʩʦʚʝʥʢʦ ɯ.ɼ. 

ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ  

ʥʘ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʘʭ 
ɿʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ (Graphics Processing Unit, GPU) ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʣʠʩʷ ʽ ʩʪʘʣʠ 
ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʟ'ʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʘʨʘʣʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʇʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʦʙʯʠʩʣʝʥʴ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʨʽʜʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʨʽʟʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʜʣʷ 

ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ[1]. ɻʦʣʦʚʥʘ ʽʜʝʷ ʪʘʢʠʭ ʦʙʯʠʩʣʝʥʴ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʞʝʥ ʪʠʧ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʠʭ ʟʘʜʘʯ, ʜʣʷ ʷʢʠʭ ʚʽʥ ʥʘʡʙʽʣʴʰʝ 

ʝʬʝʢʪʠʚʥʠʡ ʪʘ ʧʽʜʭʦʜʠʪʴ ʟʘ ʚʠʤʦʛʘʤʠ. 

ɯʩʥʫʻ ʯʠʤʘʣʦ ʧʣʘʪʬʦʨʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ 

GPU, ʪʘʢʠʭ ʷʢ CUDA, OpenCL, SYCL, OPENACC, OpenMP ʪʘ Kokkos. 

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʨʦʟʨʦʙʢʠ ʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ, ʘʣʝ ʚʠʤʘʛʘʻ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʞʥʦʾ ʧʣʘʪʬʦʨʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʟ 

ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ GPU: CUDA (Compute 

Unified Device Architecture) ʚʽʜ Nvidia ʪʘ OpenCL ʚʽʜ Khronos Group. 

ɯ CUDA ʽ OpenCL ï ʮʝ ʜʝʷʢʽ ʨʦʟʰʠʨʝʥʥʷ ʤʦʚʠ ʉ, ʟ ʧʦʜʽʙʥʠʤ 

ʩʠʥʪʘʢʩʠʩʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʘʢʦʚʫ ʧʨʦʛʨʘʤʥʫ ʤʦʜʝʣʴ SIMD 

ʷʢ ʙʘʟʠʩ. SIMD-ʤʦʜʝʣʴ (Single Instruction Multiple Data) ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʥʘʥʥʷ ʦʜʥʦʛʦ ʧʦʪʦʢʫ ʢʦʤʘʥʜ ʥʘʜ ʤʥʦʞʠʥʦʶ ʧʦʪʦʢʽʚ ʜʘʥʠʭ, ʱʦ 

ʽʜʝʘʣʴʥʦ ʣʷʛʘʻ ʥʘ ʘʨʭʽʪʝʢʪʫʨʫ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʜʠʥ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ. 

CUDA ï ʮʝ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʘʨʘʣʝʣʴʥʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ 

ʬʽʨʤʠ Nvidia [1,2]. CUDA ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ Linux ʽ Windows, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ 

ʢʨʦʩʧʣʘʪʬʦʨʤʥʽ ʟʘʩʪʦʩʫʥʢʠ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ CUDA ʻ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ ʮʷ ʧʣʘʪʬʦʨʤʘ ʤʘʻ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʙʽʙʣʽʦʪʝʢ, ʱʦ ʧʦʣʝʛʰʫʻ ʨʦʟʨʦʙʢʫ ʜʦʜʘʪʢʽʚ. 
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ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ CUDA ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʙʽʣʴʰʫ ʦʙʤʝʞʝʥʽʩʪʴ 

ʝʢʦʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʧʦʪʨʽʙʥʘ ʛʨʘʬʽʯʥʘ 

ʢʘʨʪʘ ʬʽʨʤʠ Nvidia. ʂʘʨʪʠ Nvidia ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʙʽʣʴʰʫ ʚʘʨʪʽʩʪʴ, ʱʦ 

ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʩʪʘʨʪʘʧʽʚ ʪʘ ʧʨʦʻʢʪʽʚ ʟ ʦʙʤʝʞʝʥʠʤ 

ʙʶʜʞʝʪʦʤ. CUDA ï ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʽʟ ʟʘʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ. 

ɯʥʰʠʤ ʰʠʨʦʢʦʚʞʠʚʘʥʠʤ ʨʽʰʝʥʥʷʤ ʻ OpenCL ï ʚʽʜʢʨʠʪʠʡ ʩʪʘʥʜʘʨʪ 

ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʘʭ [3]. OpenCL ʥʘʜʘʻ 

ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ, ʷʢʠʡ ʪʝʞ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʡ. 

OpenCL ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʨʦʟʨʦʙʢʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʧʨʦʛʨʘʤ, ʚʽʜ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʽʛʦʨ ʪʘ ʤʫʣʴʪʠʤʝʜʽʘ. 

OpenCL ʤʘʻ ʩʚʦʾ ʥʝʜʦʣʽʢʠ. ʇʦ-ʧʝʨʰʝ, OpenCL ʚʦʣʦʜʽʻ ʩʢʣʘʜʥʽʰʦʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ CUDA, ʱʦ ʚʠʤʘʛʘʻ ʙʽʣʴʰ 

ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʨʦʟʨʦʙʥʠʢʽʚ. ɯʥʰʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʪʫʧʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʦʨʽʚʥʷʥʦ ʟ CUDA. ʆʩʥʦʚʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʨʝʘʣʽʟʘʮʽʾ OpenCL ʻ ʾʾ ʥʠʟʴʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ 

CUDA. 

ʆʙʠʜʚʽ ʚʠʱʝʦʧʠʩʘʥʽ ʧʣʘʪʬʦʨʤʠ ʻ ʧʦʧʫʣʷʨʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʫ ʩʬʝʨʽ  

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. CUDA ʤʘʻ ʧʝʨʝʚʘʛʫ ʚ ʰʚʠʜʢʦʜʽʾ ʪʘ 

ʚʽʜʤʽʥʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʧʨʦʪʝ ʻ ʦʙʤʝʞʝʥʥʷʤ ʫ ʧʽʜʪʨʠʤʮʽ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʽʣʴʢʠ ʚʽʜ Nvidia. ɺ ʩʚʦʶ ʯʝʨʛʫ, OpenCL ï ʧʣʘʪʬʦʨʤʘ, ʱʦ 

ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʥʘ GPU ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʘʣʝ ʾʾ ʰʚʠʜʢʦʜʽʷ 

ʦʙʤʝʞʝʥʘ. ɺʠʙʽʨ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ GPU ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ ʪʘ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ 

ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʽ ʬʘʢʪʦʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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cuda/index.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 04.03.2023) 

2. CUDA Programming: A Developer's Guide to Parallel Computing with GPUs 

by Shane Cook. Elsevier Science, 2012. 312 p  

3. ɼʦʢʫʤʝʥʪʘʮʽʷ ʧʦ OpenCL: ʚʝʙ-ʩʘʡʪ. URL: https://www.khronos.org/ 

opencl/(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 04.03.2023) 

  

https://docs.nvidia.com/cuda/index.html
https://docs.nvidia.com/cuda/index.html
https://www.khronos.org/opencl/
https://www.khronos.org/opencl/
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ɺʽʪʘʣʽʡ ʈʦʱʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ʇʝʣʝʥʛʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ 

 
ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʘʜʽʦʧʝʣʝʥʛʘʪʦʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʥʽʡ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʽ 

ʧʨʠʩʪʨʦʾʚ. ɺʘʞʣʠʚʦʶ ʚʠʤʦʛʦʶ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʘʧʘʨʘʪʫʨʠ 

ʨʘʜʽʦʧʝʣʝʥʛʘʮʽʾ ʽ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ, ʻ ʥʘʜʽʡʥʝ ʽ ʪʦʯʥʝ ʨʦʟʨʽʟʥʝʥʥʷ 

ʜʞʝʨʝʣ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʰʠʨʦʢʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ. ʇʨʦʪʝ ʥʝ ʤʝʥʰ 

ʚʘʞʣʠʚʦʶ ʚʠʤʦʛʦʶ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʚʠʩʦʢʦʾ ʞʠʚʫʯʦʩʪʽ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚ'ʷʟʘʥʦʾ ʟʽ ʩʪʫʧʝʥʝʤ ʾʾ ʧʦʤʽʪʥʦʩʪʽ, ʷʢʘ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʘʙʘʨʠʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ 

ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ, ʨʦʟʨʦʙʠʪʠ ʛʝʦʤʝʪʨʽʶ ʚʠʧʨʦʤʽʥʶʚʘʯʘ, 

ʩʧʨʦʻʢʪʫʚʘʪʠ ʪʘ ʧʨʦʤʦʜʝʣʶʚʘʪʠ ʘʥʪʝʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʫʟʛʦʜʞʝʥʥʷ ʟ ʣʽʥʽʻʶ ʧʝʨʝʜʘʯʽ, 

ʭʚʠʣʴʦʚʠʡ ʦʧʽʨ ʷʢʦʾ 50 ʆʤ. ɸʥʪʝʥʥʠʡ ʝʣʝʤʝʥʪ ʧʦʚʠʥʝʥ ʜʦʟʚʦʣʷʪʠ 

ʧʨʠʡʤʘʪʠ ʩʠʛʥʘʣ, ʱʦ ʥʘʚʦʜʠʪʴʩʷ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʯ, ʧʽʜʩʠʣʠʪʠ ʡʦʛʦ, ʘ 

ʧʦʪʽʤ ʧʦʜʘʪʠ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʚʭʽʜ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʧʨʠʡʤʘʯʘ 

ʨʘʜʽʦʧʝʣʝʥʛʘʪʦʨʘ. ɿʛʽʜʥʦ ʟ ʟ ʚʠʤʦʛʘʤʠ ʜʦ ʢʽʣʴʮʝʚʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ 

ʨʘʜʽʦʧʝʣʝʥʛʘʪʦʨʽʚ ʾʭ ʜʽʘʛʨʘʤʘ ʥʘʧʨʷʤʣʝʥʦʩʪʽ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʩʠʤʝʪʨʠʯʥʦʶ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ x0y, ʚ ʷʢʽʡ ʨʦʟʤʽʱʝʥʽ ʘʥʪʝʥʥʽ 

ʝʣʝʤʝʥʪʠ (ʨʠʩ.1).  

 
ʈʠʩ.1. ɻʝʦʤʝʪʨʽʷ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʪʘ ʚʠʙʨʘʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 
 

ɼʣʷ ʧʣʘʩʢʠʭ ʢʽʣʴʮʝʚʠʭ ʨʝʰʽʪʦʢ ʮʷ ʚʠʤʦʛʘ ʦʟʥʘʯʘʻ, ʱʦ ʘʥʪʝʥʥʠʡ 

ʝʣʝʤʝʥʪ ʨʝʰʽʪʢʠ ʧʦʚʠʥʝʥ ʪʘʢʦʞ ʤʘʪʠ ʛʝʦʤʝʪʨʠʯʥʫ ʪʘ ʝʣʝʢʪʨʠʯʥʫ 

ʩʠʤʝʪʨʽʶ ʚʽʜʥʦʩʥʦ ʮʽʻʾ ʞ ʧʣʦʱʠʥʠ, ʪʦʙʪʦ ʘʢʪʠʚʥʠʡ ʘʥʪʝʥʥʠʡ ʝʣʝʤʝʥʪ 
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ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠʩʷ ʟ ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ, ʩʠʤʝʪʨʫʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʫʟʛʦʜʞʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ ʤʘʣʦʰʫʤʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

(ʘʥʪʝʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ). ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. ɽʩʢʽʟ ʚʠʢʦʨʠʩʪʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ.2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ: 1 ï ʚʠʧʨʦʤʽʥʶʚʘʯ; 2 ï 

ʩʠʤʝʪʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ; 3 ï ʫʟʛʦʜʞʫʶʯʠʡ ʧʨʠʩʪʨʽʡ; 4 ï ʣʽʥʽʷ ʧʝʨʝʜʘʯʽ; 5 ï 

ʧʽʜʩʠʣʶʚʘʯ; 6 ï ʚʠʭʽʜʥʠʡ ʨʦʟ'ʻʤ 

 
ʈʠʩ. 3. ɽʩʢʽʟ ʚʫʟʣʘ ʞʠʚʣʝʥʥʷ ʨʘʟʦʤ ʽʟ ʩʠʤʝʪʨʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ 

 

ɸʥʪʝʥʥʽ ʨʝʰʽʪʢʠ ʨʘʜʽʦʧʝʣʝʥʛʘʪʦʨʽʚ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʽ 

ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ, ʢʨʽʤ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʚʭʦʜʷʪʴ 

ʧʨʠʩʪʨʦʾ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʧʨʠʩʪʨʦʾ ʫʟʛʦʜʞʝʥʥʷ, ʝʣʝʤʝʥʪʠ ʟʘʭʠʩʪʫ 

ʚʽʜ ʧʦʪʫʞʥʠʭ ʟʦʚʥʽʰʥʽʭ ʧʝʨʝʰʢʦʜ ʪʘ ʙʣʠʩʢʘʚʦʢ. ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ 

ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ. 

ɺʦʜʥʦʯʘʩ ʟʘʣʠʰʘʻʪʴʩʷ ʥʠʟʢʘ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʦʟʨʦʙʢʦʶ 

ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʪʘ ʾʭ ʝʣʝʤʝʥʪʽʚ, ʥʘ ʛʘʙʘʨʠʪʥʽ 

ʨʦʟʤʽʨʠ ʷʢʠʭ ʥʘʢʣʘʜʘʶʪʴʩʷ ʞʦʨʩʪʢʽ ʦʙʤʝʞʝʥʥʷ ʽ ʷʢʽ ʤʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ʊʉɯ Model 641 VHF/UHF DF and Monitor Antenna Array. URL: 

http://www.ic72.com/pdf_file/6/513835.pdf. 
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ʈʦʤʘʥ ʈʫʩʥʘʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 

 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ ñʨʦʟʫʤʥʦʾò ʢʘʚʦʚʘʨʢʠ 

  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ 

ʜʦʤʘʰʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʦʪʨʠʤʘʣʘ ʟʥʘʯʥʫ ʧʦʧʫʣʷʨʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ 

ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʥʘʰʝ ʱʦʜʝʥʥʝ ʞʠʪʪʷ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʻ ʥʝʚʽʜôʻʤʥʦʶ 

ʚʽʜ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ï ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʫʚʘʪʠ ʧʨʠʩʪʨʦʾ ʪʘ 

ʢʝʨʫʚʘʪʠ ʥʠʤʠ ʯʝʨʝʟ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ. ʉʴʦʛʦʜʥʽ ʜʦ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ 

ʧʽʜôʻʜʥʘʥʦ ʤʽʣʴʷʨʜʠ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʩʧʨʦʱʫʶʪʴ ʞʠʪʪʷ ʣʶʜʷʤ ʫ ʨʽʟʥʠʭ 

ʢʫʪʦʯʢʘʭ ʧʣʘʥʝʪʠ, ʘ ʝʢʩʧʝʨʪʠ ʦʯʽʢʫʶʪʴ, ʱʦ ʜʦ 2030 ʨʦʢʫ ʮʷ ʢʽʣʴʢʽʩʪʴ 

ʟʙʽʣʴʰʠʪʴʩʷ ʜʦ 100 ʤʽʣʴʷʨʜʽʚ [1]. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʦʙʫʪʦʚʽ ʝʣʝʢʪʨʦʤʘʰʠʥʠ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, 

ʘʜʞʝ ʝʢʦʥʦʤʣʷʪʴ ʯʘʩ ʥʘ ʚʠʢʦʥʘʥʥʷ ʪʨʫʜʦʤʽʩʪʢʠʭ ʜʽʡ, ʟʥʠʞʫʶʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʢʨʘʱʫʶʪʴ ʛʽʛʽʻʥʫ ʧʨʘʮʽ 

ʪʦʱʦ. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [2] ʧʦʢʘʟʘʚ ʤʘʩʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʝʣʝʢʪʨʦʧʦʙʫʪʦʚʠʭ ʤʘʰʠʥ, ʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʚʩʽʤ 

ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʩʧʦʞʠʚʘʯʽʚ, ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʉʝʛʤʝʥʪ 

ʢʘʚʦʚʘʨʦʢ ʪʘ ʢʘʚʦʚʠʭ ʤʘʰʠʥ ʻ ʦʜʥʠʤ ʽʟ ʣʽʜʝʨʽʚ ʥʘ ʫʢʨʘʾʥʩʴʢʦʤʫ ʨʠʥʢʫ 

ʜʨʽʙʥʦʾ ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ ʟʘ ʪʝʤʧʘʤʠ ʩʚʦʛʦ ʟʨʦʩʪʘʥʥʷ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘ ʫʢʨʘʾʥʩʴʢʦʤʫ ʨʠʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʽʣʴʰʝ 60-ʪʠ 

ʚʠʨʦʙʥʠʢʽʚ ʢʘʚʦʚʘʨʦʢ ʽ ʢʘʚʦʤʘʰʠʥ. ɹʽʣʴʰʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʘʚʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʻʚʨʦʧʝʡʩʴʢʽ ʚʠʨʦʙʥʠʢʠ: ɯʪʘʣʽʷ, 

ʅʽʤʝʯʯʠʥʘ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ, ʐʚʝʮʽʷ, ʐʚʝʡʮʘʨʽʷ, ʌʨʘʥʮʽʷ. ʉʣʽʜ ʪʘʢʦʞ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘʜʟʚʠʯʘʡʥʠʡ ʧʦʧʠʪ ʫ ʩʧʦʞʠʚʘʯʽʚ ʟʥʘʭʦʜʷʪʴ ʤʘʶʪʴ 

ñʨʦʟʫʤʥʽò ʢʘʚʦʚʘʨʢʠ, ʘ ʪʘʢʦʞ ʧʨʦʬʝʩʽʡʥʽ ʢʘʚʦʤʘʰʠʥʠ.  

ʅʘʡʢʨʘʱʽ ñʨʦʟʫʤʥʽò ʢʘʚʦʚʘʨʢʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʫ ʧʦʧʝʨʝʜʥʴʦ 

ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʧʨʠʩʪʨʽʡ ʥʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʦʯʥʦʾ ʢʽʣʴʢʦʩʪʽ (ʽ ʪʠʧʫ) 

ʢʘʚʠ ʩʘʤʝ ʚ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʮʴʦʛʦ ʯʘʩ. ʋʩʝ ʮʝ ʨʦʙʠʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʠʣʘʜ 

ʢʦʨʠʩʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘʣʝ ʡ ʝʢʦʥʦʤʥʠʤ ʱʦʜʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʘʚʠ ʪʘ ʚʦʜʠ.  

ʅʝʦʙʭʽʜʥʠʤ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʢʦʥʪʨʦʣʝʨʠ, ʷʢʽ ʪʘʢʦʞ ʥʘʜʟʚʠʯʘʡʥʦ 

ʢʦʨʠʩʥʽ ʜʣʷ ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʉʪʨʫʢʪʫʨʥʘ 

https://www.statista.com/statistics/1183457/iot-connected-devices-worldwide/
https://www.statista.com/statistics/1183457/iot-connected-devices-worldwide/
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ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʜʣʷ ʧʨʦʬʝʩʽʡʥʦʾ ʢʘʚʦʤʘʰʠʥʠ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ  

 

ɺ ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ ʪʠʧʠ ʜʘʪʯʠʢʽʚ, ʜʘʥʽ ʟ ʷʢʠʭ ʥʘʜʩʠʣʘʶʪʴʩʷ 

ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʪʠʧʫ Atmega323. ɿʜʽʡʩʥʶʻʪʴʩʷ 

ʢʦʥʪʨʦʣʴ ʨʽʚʥʷ ʪʘ ʨʦʟʭʦʜʫ ʚʦʜʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ. ɿʦʢʨʝʤʘ, ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʨʝʞʠʤʥʽ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ. ɼʣʷ ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʩʝʨʚʽʩʥʦʾ 

ʧʘʥʝʣʽ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ OLED-ʜʠʩʧʣʝʷ ʪʘ ʝʥʢʦʜʝʨʘ. ɺʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʯʘʩʫ ʨʦʙʦʪʠ ʢʥʦʧʦʢ 

ʧʨʦʣʠʚʫ, ʯʘʩʫ ʟʘʢʘʯʫʚʘʥʥʷ ʙʦʡʣʝʨʘ, ʯʘʩʫ ʨʦʙʦʪʠ ʧʘʨʦʚʠʭ ʢʣʘʧʘʥʽʚ ʪʘ 

ʢʣʘʧʘʥʽʚ ʥʘ ʛʘʨʷʯʫ ʚʦʜʫ, ʘ ʪʘʢʦʞ ʟʤʽʰʫʚʘʥʥʷ ʛʘʨʷʯʦʾ ʪʘ ʭʦʣʦʜʥʦʾ ʚʦʜʠ. 

ʇʽʜ ʯʘʩ ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʥʝʩʧʨʘʚʥʦʛʦ 

ʚʫʟʣʘ, ʢʨʽʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʘʥʝ ʟʚʫʢʦʚʝ 

ʩʧʦʚʽʱʝʥʥʷ, ʱʦ ʧʨʠʰʚʠʜʰʫʻ ʧʦʰʫʢ ʪʘ ʧʨʦʮʝʩ ʨʝʤʦʥʪʫ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  https://www.statista.com/statistics/1183457/iot-connected-devices-

worldwide/. 

2. ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʢʘʚʦʚʠʭ ʤʘʰʠʥ / ɯ. ɺ. ʐʫʣʴʛʘ, ʃ. ɻ. 

ʅʽʢʦʣʘʡʯʫʢ // ɺʽʩʥʠʢ ʃʴʚʽʚʩʴʢʦʛʦ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. ï 2018. ɺʠʧ. 21. ʉ. 16-20.  

3. https://dtindustry.com/en/applications/#COFFEEMACHINE 
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ʉʝʨʛʽʡ ʈʷʙʦʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 

 

ʄʝʪʘʣʦʜʝʪʝʢʪʦʨ ʽʟ ʜʠʩʢʨʠʤʽʥʘʮʽʻʶ ʤʝʪʘʣʽʚ 

 

ʅʘʨʘʟʽ ʤʝʪʘʣʦʜʝʪʝʢʪʦʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ñʥʘʩʣʽʜʢʽʚò ʚʽʡʥʠ, ʪʘʢʠʭ ʷʢ ʥʘʟʝʤʥʽ ʤʽʥʠ ʪʘ ʨʽʟʥʦʛʦ 

ʨʦʜʫ ʙʦʻʧʨʠʧʘʩʠ, ʟʦʢʨʝʤʘ ʡ ʪʽ, ʱʦ ʥʝ ʟʜʝʪʦʥʫʚʘʣʠ. ʄʘʡʞʝ ʚʩʽ 

ʧʨʦʬʝʩʽʡʥʽ ʜʝʪʝʢʪʦʨʠ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʽ ʚʠʭʨʦʚʠʭ ʩʪʨʫʤʽʚ, 

ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʶʚʘʥʴ. ʊʦʤʫ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ 

ʟʚʝʜʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ ʤʦʞʣʠʚʠʭ ʧʦʭʠʙʦʢ ʪʘ ʨʽʚʥʷ ʰʫʤʫ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ, ʷʢʽ ʩʧʦʪʚʦʨʶʶʪʴ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʜʝʪʝʢʪʫʚʘʥʥʷ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʽʜ ʯʘʩ ʜʝʪʝʢʪʫʚʘʥʥʷ ʜʦʚʦʜʠʪʴʩʷ ʤʘʪʠ ʩʧʨʘʚʫ ʽʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ ʤʝʪʘʣʽʚ ʪʘ ʾʭ ʩʧʣʘʚʘʤʠ, ʘ ʦʪʞʝ, 

ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ï ʚʠʨʽʟʥʝʥʥʷ ʦʜʥʦʛʦ ʪʠʧʫ ʜʝʪʝʢʪʦʚʘʥʦʛʦ ʤʝʪʘʣʫ ʩʝʨʝʜ 

ʽʥʰʠʭ. ʎʷ ʬʫʥʢʮʽʷ ʤʝʪʘʣʦʜʝʪʝʢʪʦʨʽʚ ʤʘʻ ʥʘʟʚʫ ñʜʠʩʢʨʠʤʽʥʘʮʽʷò (ʚʽʜ 

ʘʥʛʣ. metal detector discrimination) ï ʟʜʘʪʥʽʩʪʴ ʧʨʠʩʪʨʦʶ ʽʛʥʦʨʫʚʘʪʠ 

ʧʝʚʥʽ ʤʝʪʘʣʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ˇʨʫʥʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʣʘʜ ʤʦʞʝ 

ʚʠʷʚʣʷʪʠ ʣʠʰʝ ʚʠʟʥʘʯʝʥʫ ʦʧʝʨʘʪʦʨʦʤ ñʮʽʣʴò ʥʝʟʘʣʝʞʥʦʽ ʚʽʜ ʟʘʚʘʜ, 

ʟʫʤʦʚʣʝʥʠʭ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ [1, 2].  

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʝʪʘʣʦʜʝʪʦʨʠ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ, ʪʦʙʪʦ ʛʝʥʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ 

ʥʘʩʪʫʧʥʠʤ ʘʥʘʣʽʟʦʤ ʟʚʦʨʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʤʝʪʘʣʝʚʦʛʦ ʦʙôʻʢʪʘ ʪʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [3].  

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʘʣʦʜʝʪʝʢʪʦʨʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 

1. ʇʨʠʩʪʨʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʘʚʘʯʘ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ 

ʧʝʨʝʜʘʚʘʯʘ/ʧʨʠʡʤʘʯʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʣʠʚʘʥʴ (ʢʦʥʮʝʥʪʨʠʯʥʘ 

ʢʦʪʫʰʢʘ ʪʠʧʫ Mono Loop), ʧʽʜʩʠʣʶʚʘʯʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʘʥʘʣʦʛʦʚʦ-

ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ɸʎʇ), ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʘ ʧʨʠʩʪʨʦʾʚ 

ʟʚʫʢʦʚʦʾ ʪʘ ʚʽʟʫʘʣʴʥʦʾ ʽʥʜʠʢʘʮʽʾ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʪʘʢʠʡ: 

ʟʛʝʥʝʨʦʚʘʥʠʡ ʩʠʛʥʘʣ ʥʘʜʩʠʣʘʻʪʴʩʷ ʥʘ ʢʦʪʫʰʢʫ ʧʝʨʝʜʘʯʽ, ʚ ʷʢʽʡ 

ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ; ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʚ ʢʦʪʫʰʮʽ 

ʧʝʨʝʜʘʯʽ ʚʠʢʣʠʢʘʻ ʤʘʛʥʽʪʥʝ ʧʦʣʝ; ʧʨʠʡʤʘʣʴʥʘ ʢʦʪʫʰʢʘ ʚʠʷʚʣʷʻ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʚʠʭʨʦʚʠʤʠ ʩʪʨʫʤʘʤʠ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʚ ʥʽʡ ʚʠʥʠʢʘʻ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ; ʩʠʛʥʘʣ ʚʽʜ ʧʨʠʡʤʘʣʴʥʦʾ ʢʦʪʫʰʢʠ 

ʧʽʜʩʠʣʶʻʪʴʩʷ, ʬʽʣʴʪʨʫʻʪʴʩʷ ʪʘ ʦʙʨʦʙʣʷʻʪʴʩʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʘʣʦʜʝʪʝʢʪʦʨʘ  

 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʎʇ, ʘ ʟ ʤʝʪʦʶ 

ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʦʙʨʘʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʩʝʨʽʾ 

ATmega8, ʷʢʠʡ ʚʦʣʦʜʽʻ ʚʝʣʠʢʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘ 

ʟʨʫʯʥʽʩʪʶ ʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ.  

ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʟʜʘʪʥʠʡ ʜʝʪʝʢʪʫʚʘʪʠ ʡ ʨʦʟʨʽʟʥʷʪʠ 

ʤʝʪʘʣʠ ʜʦ 1,5 ʤ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʦʙôʻʢʪʘ, ʧʨʦʩʪʠʡ ʚ ʨʝʘʣʽʟʘʮʽʾ, 

ʥʘʣʘʰʪʫʚʘʥʥʽ ʡ ʚʠʢʦʨʠʩʪʘʥʥʽ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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https://md911.blogspot.com/2013/03/diskriminatsiyametalloiskatelya.html. 

[Accessed: 10-Apr-2019]. 
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ɭʚʛʝʥʽʡ ʉʘʚʽʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ.ɺ. 

 

ʎʠʬʨʦʚʽ ʜʘʚʘʯʽ ʚʦʣʦʛʦʩʪʽ. ɻʽʛʨʦʤʝʪʨʠ ʪʦʯʢʠ ʨʦʩʠ  

 
ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʜʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʯʠʥʥʠʢʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʜʥʠʤ ʽʟ ʥʠʭ ʻ ʚʦʣʦʛʽʩʪʴ ï 

ʥʘʩʠʯʝʥʽʩʪʴ ʛʘʟʫ, ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ï ʧʦʚʽʪʨʷ, ʚʦʜʷʥʦʶ ʧʘʨʦʶ. 

ɺʠʩʦʢʘ ʚʦʣʦʛʽʩʪʴ ʤʦʞʝ ʧʨʠʰʚʠʜʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʩʫʚʘʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʛʥʠʪʪʷ ʪʝʢʩʪʠʣʶ ʯʠ ʜʝʨʝʚʠʥʠ, ʢʦʨʦʟʽʶ ʤʝʪʘʣʽʚ, 

ʧʦʛʽʨʰʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʣʘʩʪʠʢʫ. ʅʝʜʦʩʪʘʪʥʷ ʘʙʦ 

ʥʘʜʣʠʰʢʦʚʘ ʚʦʣʦʛʽʩʪʴ ʦʜʥʦʟʥʘʯʥʦ ʰʢʦʜʠʪʴ ʞʠʚʠʤ ʦʨʛʘʥʽʟʤʘʤ ʪʘ 

ʨʦʩʣʠʥʘʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʚʦʣʦʛʦʩʪʽ, ʘʙʩʦʣʶʪʥʦʾ ʯʠ ʚʽʜʥʦʩʥʦʾ, 

ʣʶʜʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʽʛʨʦʤʝʪʨʠ ï ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʤʽʨʶʶʪʴ 

ʚʦʣʦʛʽʩʪʴ [1]. ʅʘʡʙʽʣʴʰ ʪʦʯʥʠʤʠ ʪʘ ʚʦʜʥʦʯʘʩ ʧʨʘʢʪʠʯʥʠʤʠ ʻ 

ʛʽʛʨʦʤʝʪʨʠ ʪʦʯʢʠ ʨʦʩʠ, ʱʦ ʚʠʤʽʨʶʶʪʴ ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ. 

ʊʦʯʢʘ ʨʦʩʠ ï ʮʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ, ʟʘ ʩʪʘʣʦʛʦ ʪʠʩʢʫ, ʜʦʩʷʛʘʻʪʴʩʷ 

ʩʪʦʚʽʜʩʦʪʢʦʚʝ ʥʘʩʠʯʝʥʥʷ ʧʦʚʽʪʨʷ ʚʦʣʦʛʦʶ. 

ɻʽʛʨʦʤʝʪʨ ʪʦʯʢʠ ʨʦʩʠ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʦʭʦʣʦʜʞʫʚʘʥʦʛʦ ʜʟʝʨʢʘʣʴʮʷ, 

ʝʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ, ʜʚʦʭ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʬʦʪʦʜʽʦʜʽʚ ʪʘ ʪʝʨʤʦʨʝʟʠʩʪʦʨʘ, ʱʦ 

ʚʠʤʽʨʶʻ ʪʝʤʧʝʨʘʪʫʨʫ ʜʟʝʨʢʘʣʴʮʷ. 

ʅʘ ʭʦʣʦʜʥʦʤʫ ʜʟʝʨʢʘʣʴʮʽ ʟ ʦʭʦʣʦʜʞʝʥʦʛʦ ʧʦʚʽʪʨʷ ʢʦʥʜʝʥʩʫʻʪʴʩʷ 

ʥʘʜʣʠʰʢʦʚʘ ʚʦʣʦʛʘ ʟ ʧʦʚʽʪʨʷ, ʱʦ ʟʥʠʞʫʻ ʟʜʘʪʥʽʩʪʴ ʚʽʜʜʟʝʨʢʘʣʶʚʘʪʠ 

ʩʚʽʪʣʦ, ʚʠʧʨʦʤʽʥʝʥʝ ʩʚʽʪʣʦʜʽʦʜʦʤ. 

ʌʦʪʦʜʽʦʜ ʬʽʢʩʫʻ ʮʝ ʩʚʽʪʣʦ, ʘ ʜʨʫʛʘ ʧʘʨʘ ʩʚʽʪʣʦʜʽʦʜʘ ʟ ʬʦʪʦʜʽʦʜʦʤ 

ʚʠʩʪʫʧʘʻ ʢʦʥʪʨʦʣʴʥʦʶ. ʈʽʟʥʠʮʷ ʫ ʚʝʣʠʯʠʥʘʭ ʩʠʛʥʘʣʽʚ ʬʦʪʦʜʽʦʜʽʚ ʟʘʜʘʻ 

ʩʪʨʫʤ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʝ ʝʣʝʤʝʥʪ ʇʝʣʴʪʴʝ.  

ɽʣʝʤʝʥʪ ʇʝʣʴʪʴʝ [2,3] ï ʧʘʨʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʩʢʦʤʧʦʥʦʚʘʥʽ ʪʘʢʠʤ 

ʩʧʦʩʦʙʦʤ, ʱʦ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʩʪʨʫʤʫ ʦʜʠʥ ʟ ʢʦʥʪʘʢʪʽʚ, ʱʦ ʟôʻʜʥʫʻ ʾʭ, 

ʥʘʛʨʽʚʘʻʪʴʩʷ, ʘ ʽʥʰʠʡ ï ʦʭʦʣʦʜʞʫʻʪʴʩʷ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʤʽʥʶʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʟʝʨʢʘʣʴʮʷ, ʢ̫ʘ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʨʤʦʨʝʟʠʩʪʦʨʘ.  

ʇʝʨʝʚʘʛʘʤʠ ʛʽʛʨʦʤʝʪʨʽʚ ʪʦʯʢʠ ʨʦʩʠ ʻ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʤʽʨʶʚʘʪʠ ʚʦʣʦʛʽʩʪʴ ʥʝ ʣʠʰʝ ʧʦʚʽʪʨʷ, ʘʣʝ ʽ ʚ ʽʥʰʠʭ ʛʘʟʘʭ. ʅʝʜʦʣʽʢ 
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ʪʘʢʠʭ ʛʽʛʨʦʤʝʪʨʽʚ ī ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʫʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ. ʆʢʨʽʤ ʮʴʦʛʦ, 

ʜʟʝʨʢʘʣʴʮʝ ʯʫʪʣʠʚʝ ʜʦ ʧʠʣʦʚʠʭ ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʝʥʴ. 

ɺ ʮʠʬʨʦʚʠʭ ʜʘʚʘʯʘʭ ʚʦʣʦʛʦʩʪʽ ʦʙʦʚôʷʟʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʥʘʣʦʛʦʚʠʡ ʜʘʚʘʯ ʷʢʠʡ ʬʦʨʤʫʻ ʩʠʛʥʘʣ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ 

ʚʦʣʦʛʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʜʘʚʘʯʘʭ, 

ʥʘʧʨʠʢʣʘʜ DHT22 [4], ʪʘʢʠʤ ʜʘʚʘʯʝʤ ʻ ʢʦʥʜʝʥʩʘʪʦʨ. ɺʝʣʠʯʠʥʘ ʻʤʥʦʩʪʽ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʚʦʣʦʛʦʩʪʽ. ɿʤʽʥʘ ʻʤʥʦʩʪʽ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʮʠʬʨʦʚʠʡ ʢʦʜ. 

ʎʽ ʜʘʚʘʯʽ ʧʨʘʮʶʶʪʴ ʧʦ ʽʥʪʝʨʬʝʡʩʫ ONE-WIRE. ʎʝ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʡ 

ʦʜʥʦʧʨʦʚʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʚʽʥ ʜʦʟʚʦʣʷʻ ʧʽʜʢʣʶʯʠʪʠ 

ʙʽʣʴʰʝ ʩʦʪʥʽ ʜʘʚʘʯʽʚ. ɼʘʥʽ ʟ ʜʘʚʘʯʘ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʪʽʚ, ʪʦʙʪʦ ʚ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʽ. ɿʘʛʘʣʦʤ ʜʘʥʽ ʤʘʶʪʴ ʪʘʢʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ: ʘʜʨʝʩʘ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʘʚʘʯʘ ʥʘ ʣʽʥʽʾ, ʙʘʡʪ ʟ ʮʽʣʠʤ 

ʟʥʘʯʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ, ʙʘʡʪ ʟ ʜʝʩʷʪʠʤʠ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʪʘ ʙʘʡʪ 

ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʠ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  
ɼʘʚʘʯ ʚʦʣʦʛʦʩʪʽ DHT22 ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʪʠ 

ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʚʽʜ 0 ʜʦ 100% ʟ ʧʦʭʠʙʢʦʶ 0.1%  ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 0-50ÜC. ɺʦʜʥʦʯʘʩ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʪʠ 

ʮʠʤ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʧʦʭʠʙʢʦʶ 

Ñ0,1ÜC. 
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ɺʣʘʜʠʩʣʘʚ ʉʘʚʯʠʥʩʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʘ ʄ. ɻ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ SDR-ʪʝʭʥʦʣʦʛʽʾ  

ʫ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʭʠʩʪʫ ʦʙôʻʢʪʽʚ 
 

ɺʠʷʚʣʝʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʨʘʜʽʦʟʘʩʦʙʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʾʭ 

ʘʢʪʠʚʥʦʩʪʽ ʧʦʙʣʠʟʫ ʦʙ'ʻʢʪʘ ʟʘʭʠʩʪʫ ʚʠʤʘʛʘʻ ʚʽʜ ʩʣʫʞʙʠ ʙʝʟʧʝʢʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʪʠʜʽʾ ʟʘʩʦʙʘʤ ʨʘʜʽʦʪʝʭʥʽʯʥʦʾ ʨʦʟʚʽʜʢʠ. ʆʜʥʠʤ ʽʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʜʽʙʥʠʭ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʜʽʡ ʟʣʦʚʤʠʩʥʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ SDR-ʧʨʠʡʤʘʯʽ. 

SDR-ʪʝʭʥʦʣʦʛʽʷ (Software-Defined Radio, SDR) [1] ʚʞʝ ʜʦʩʠʪʴ ʜʘʚʥʦ 

ʮʽʢʘʚʠʪʴ ʦʧʝʨʘʪʦʨʽʚ ʩʠʩʪʝʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʚʽʡʩʴʢʦʚʠʭ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʥʘ ʦʜʥʽʡ ʘʧʘʨʘʪʥʽʡ ʧʣʘʪʬʦʨʤʽ ʧʨʦʛʨʘʤʥʦ 

ʩʠʥʪʝʟʫʚʘʪʠ ʨʽʟʥʽ ʟʘ ʬʦʨʤʦʶ ʩʠʛʥʘʣʠ. ʎʽ ʩʠʩʪʝʤʠ ʻ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʙʘʛʘʪʴʦʭ ʪʨʘʜʠʮʽʡʥʠʭ 

ʘʧʘʨʘʪʥʠʭ ʩʢʣʘʜʦʚʠʭ  (ʬʽʣʴʪʨʽʚ, ʟʤʽʰʫʚʘʯʽʚ, ʧʽʜʩʠʣʶʚʘʯʽʚ, ʜʝʪʝʢʪʦʨʽʚ, 

ʤʦʜʫʣʷʪʦʨʽʚ ʪʘ ʜʝʤʦʜʫʣʷʪʦʨʽʚ), ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʨʦʙʠʪʴ ʾʾ ʜʦʩʠʪʴ 

ʝʬʝʢʪʠʚʥʦʶ.  

ʇʨʠʩʪʨʦʾ ʥʘ ʦʩʥʦʚʽ SDR ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ ʥʘʜʽʡʥʫ ʩʠʩʪʝʤʫ 

ʙʝʟʧʝʢʠ ʦʙôʻʢʪʽʚ. ɰʾ ʧʝʨʝʚʘʛʠ: ʣʝʛʢʝ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʱʦ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ, ʨʦʙʦʪʫ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ, ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ 

ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʇʂ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʧʨʦʩʪʦʪʫ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʫ ʮʠʭ ʩʠʩʪʝʤʘʭ ʨʝʘʣʽʟʫʶʪʴʩʷ ʩʢʣʘʜʥʽ 

ʘʣʛʦʨʠʪʤʠ ʮʠʬʨʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʠʛʥʘʣʽʚ. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ SDR-ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʚʠʷʚʣʝʥʥʽ ʨʘʜʽʦʟʘʩʦʙʽʚ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʜʽʦʝʬʽʨʫ. 

ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ SDR, ʟʦʢʨʝʤʘ, ʾʾ ʥʘʡʩʫʯʘʩʥʽʰʦʛʦ ʚʘʨʽʘʥʪʫ DDC 

(direct down conversion): ʧʘʥʦʨʘʤʥʠʡ ʦʛʣʷʜ ʝʬʽʨʫ, ʨʝʛʫʣʴʦʚʘʥʽ ʮʠʬʨʦʚʽ 

ʬʽʣʴʪʨʠ ʪʘ ʟʚʫʢʦʚʽ ʝʬʝʢʪʠ, ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ, 

ʦʙʨʦʙʣʝʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʛʥʘʣʽʚ; ʧʨʠʡʤʘʥʥʷ ʽ ʧʝʨʝʜʘʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ. 

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ SDR-ʧʨʠʡʤʘʯʘ, ʘ ʥʘ ʨʠʩ. 

2 ï ʩʧʨʦʱʝʥʘ ʤʦʜʝʣʴ ʧʨʠʡʤʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʨʦʙʦʪʽ. 
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ʈʠʩ. 1.  ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ SDR ʧʨʠʩʪʨʦʶ: ɸʉ ï ʘʥʪʝʥʥʘ ʩʠʩʪʝʤʘ;  

ʄʐʇ ï ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʧʽʜʩʠʣʶʚʘʯ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʰʫʤʫ;  

ɼ ï ʜʝʪʝʢʪʦʨ (ʢʚʘʜʨʘʪʫʨʥʠʡ);  ʇɺɯ ï ʧʨʠʩʪʨʽʡ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; ʽʥʰʽ 

ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ  

 
ʈʠʩ. 2. ʇʨʦʻʢʪʫʚʘʥʥʷ SDR-ʧʨʠʡʤʘʯʘ ʚ ʩʝʨʝʜʦʚʠʱʽ GNURadio [2] 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ GNURadio [2] ï ʝʬʝʢʪʠʚʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʇɿ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʩʠʛʥʘʣʠ ʜʝʢʽʣʴʢʦʭ 

ʢʘʥʘʣʽʚ ʦʜʥʦʯʘʩʥʦ. ʊʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʨʦʙʦʯʦʾ SDR-

ʩʠʩʪʝʤʠ ʥʝ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʛʦʪʦʚʠʭ ʨʽʰʝʥʴ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Software Defined Radio. Edited by Walter Tuttlebee. / W. Tuttlebee // 

John Wiley & Sons, Ltd ï 2002. ï 402 p.  

2. GNURadio. The free software radio ecosystem. URL: 

https://www.gnuradio.org/ 
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ɸʥʜʨʽʡ ʉʝʚʝʨʛʽʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʆʣʘʨ ʆ.ɺ. 

 

ɺʝʙʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʚʟʘʻʤʦʜʽʷ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ: ʙʘʣʘʥʩ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ 

 
ʋ ʩʫʯʘʩʥʫ ʝʧʦʭʫ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽʥʪʝʨʥʝʪʫ 

ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʂʦʨʠʩʪʫʚʘʯʽ 

ʦʯʽʢʫʶʪʴ, ʱʦ ʚʝʙʩʘʡʪʠ ʟʘʚʘʥʪʘʞʫʚʘʪʠʤʫʪʴʩʷ ʰʚʠʜʢʦ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʙʝʟʧʝʨʝʙʽʡʥʠʡ ʧʝʨʝʛʣʷʜ. ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ 

ʚʽʟʫʘʣʴʥʠʡ ʜʠʟʘʡʥ ʩʪʘʻ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʠʤ, ʟʙʘʣʘʥʩʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʽ 

ʚʽʟʫʘʣʴʥʠʡ ʜʠʟʘʡʥ ʤʦʞʝ ʙʫʪʠ ʧʨʦʙʣʝʤʦʶ.  

ɺʝʙʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. ɺʝʙʩʘʡʪʠ, ʱʦ ʧʦʚʽʣʴʥʦ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ, ʤʦʞʫʪʴ 

ʨʦʟʯʘʨʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʟʤʫʩʠʪʠ ʾʭ ʧʦʢʠʥʫʪʠ ʩʘʡʪ. ʈʦʟʛʣʷʥʝʤʦ 

ʤʝʪʦʜʠ ʪʘ ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ ʜʣʷ ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʚʽʟʫʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʟʦʙʨʘʞʝʥʴ: ʟʦʙʨʘʞʝʥʥʷ ʻ ʩʫʪʪʻʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʯʘʩʽ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʝʙʩʘʡʪʫ, ʘʣʝ ʚʦʥʠ ʚʘʞʣʠʚʽ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ. 

ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʚʢʣʶʯʘʶʪʴ ʩʪʠʩʥʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʦʨʤʘʪʫ ʪʘ ʚʽʜʢʣʘʜʝʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʬʘʡʣʽʚ. ʆʧʪʠʤʽʟʫʶʯʠ ʟʦʙʨʘʞʝʥʥʷ, ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʰʚʠʜʢʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ. 

ʄʝʨʝʞʽ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ (CDN) ʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʚʝʙʩʘʡʪʫ, ʜʦʩʪʘʚʣʷʶʯʠ ʚʤʽʩʪ ʽʟ ʩʝʨʚʝʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʙʣʠʞʯʝ ʜʦ 

ʢʦʨʠʩʪʫʚʘʯʘ. CDN ʟʙʝʨʽʛʘʶʪʴ ʢʦʧʽʾ ʚʤʽʩʪʫ ʩʘʡʪʽʚ ʫ ʙʘʛʘʪʴʦʭ ʤʽʩʮʷʭ ʧʦ 

ʚʩʴʦʤʫ ʩʚʽʪʫ, ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʤʽʩʪʫ. 

CDN ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʽ ʜʣʷ ʩʘʡʪʽʚ ʽʟ ʛʣʦʙʘʣʴʥʦʶ ʘʫʜʠʪʦʨʽʻʶ. 

ʂʝʰʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʪʠʤʯʘʩʦʚʝ ʟʙʝʨʽʛʘʥʥʷ ʚʤʽʩʪʫ ʩʘʡʪʫ ʥʘ 

ʧʨʠʩʪʨʦʾ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʚ ʙʨʘʫʟʝʨʽ, ʱʦ ʩʢʦʨʦʯʫʻ ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʚʽʜʚʽʜʫʚʘʥʴ. ʄʝʪʦʜʠ ʢʝʰʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʢʝʰʫʚʘʥʥʷ 

ʙʨʘʫʟʝʨʘ, ʢʝʰʫʚʘʥʥʷ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ ʪʘ ʢʝʰʫʚʘʥʥʷ CDN. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʢʝʰʫʚʘʥʥʷ, ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʰʚʠʜʰʠʡ ʧʝʨʝʛʣʷʜ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʧʦʚʝʨʪʘʶʪʴʩʷ ʥʘ ʩʘʡʪ. 

ɺʽʟʫʘʣʴʥʠʡ ʜʠʟʘʡʥ: ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʜʠʟʘʡʥ ʟʘʣʠʰʘʻʪʴʩʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 
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ʄʝʪʦʜʠ ʟʙʝʨʝʞʝʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʽʥʽʤʘʣʽʩʪʠʯʥʦʛʦ ʜʠʟʘʡʥʫ, ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʜʫ ʪʘ ʩʮʝʥʘʨʽʾʚ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʰʨʠʬʪʫ. ʄʽʥʽʤʽʟʫʶʯʠ ʢʽʣʴʢʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʢʦʜʫ ʪʘ ʩʮʝʥʘʨʽʾʚ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʽʟʫʘʣʴʥʦ ʧʨʠʚʘʙʣʠʚʠʡ ʩʘʡʪ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʯʫʚʘʪʠ ʯʘʩ 

ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʙʘʣʘʥʩʫʚʘʥʥʷ ʚʝʙʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. ʆʧʪʠʤʽʟʫʶʯʠ ʟʦʙʨʘʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʨʝʞʽ 

ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ ʪʘ ʢʝʰʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʙʝʨʽʛʘʶʯʠ ʤʽʥʽʤʘʣʽʩʪʠʯʥʠʡ 

ʜʠʟʘʡʥ, ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʰʢʦʜʠ 

ʜʣʷ ʚʽʟʫʘʣʴʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʚʝʙʩʘʡʪʠ ʩʪʘʶʪʴ ʜʝʜʘʣʽ 

ʩʢʣʘʜʥʽʰʠʤʠ, ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ 

ʚʝʙʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʱʦʙ ʚʽʜʧʦʚʽʜʘʪʠ ʦʯʽʢʫʚʘʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Souders, S. (2008). High Performance Web Sites: Essential Knowledge for 

Front-End Engineers. Sebastopol, CA: O'Reilly Media. 

2. Grigorik, I. (2013). High Performance Browser Networking. Sebastopol, 

CA: O'Reilly Media. 

3. Nielsen, J. (1995). Multimedia and Hypertext: The Internet and Beyond. 
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ɺʘʩʠʣʴ ʉʝʤʝʥʶʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʜʦʮ. ʊʦʤʢʘ ʖ. ʗ. 

 

ʄʝʪʦʜʠ ʬʘʢʪʦʨʠʟʘʮʽʾ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʤʘʪʨʠʮʴ  

ʫ ʟʘʜʘʯʘʭ ʢʦʣʘʙʦʨʘʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ 
 

ɿʘʚʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ï ʧʨʦʽʥʬʦʨʤʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ 

ʧʨʦ ʪʦʚʘʨ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʮʽʢʘʚʠʡ ʡʦʤʫ ʫ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʋ 

ʮʝʥʪʨʽ ʙʫʜʴ-ʷʢʦʾ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʪʘʢ ʟʚʘʥʘ 

ʤʘʪʨʠʮʷ ʫʧʦʜʦʙʘʥʴ, ʥʘ ʦʜʥʽʡ ʟ ʦʩʝʡ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʣʽʻʥʪʠ ʩʝʨʚʽʩʫ 

(users), ʥʘ ʽʥʰʽʡ ï ʦʙ'ʻʢʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ (items). ʅʘ ʧʝʨʝʪʠʥʽ ʧʘʨ (user, 

item) ʤʘʪʨʠʮʷ ʟʘʧʦʚʥʶʻʪʴʩʷ ʦʮʽʥʢʘʤʠ ï ʧʦʢʘʟʥʠʢʦʤ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʮʴʦʤʫ ʪʦʚʘʨʽ. 

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʚʠʜʽʚ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʴʦʛʦʜʥʽ 

ʚʠʜʽʣʷʶʪʴ: 

¶ ʅʘ ʦʩʥʦʚʽ ʚʤʽʩʪʫ (Content-based recommendations). 

¶ ʂʦʣʘʙʦʨʘʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʷ (Collaborative filtering). 

 

 
ʈʠʩ. 1. ɻʽʣʢʠ ʚʠʜʽʚ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

 

ɼʣʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʢʦʣʘʙʦʨʘʪʠʚʥʽʡ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʩʪʦʨʽʶ ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʦʙ'ʻʢʪʘʤʠ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʦʙ'ʻʢʪʽʚ, 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʧʘʨʘʪ ʤʘʪʨʠʮʽ ʬʘʢʪʦʨʠʟʘʮʽʾ [1].  

ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ, ʧʠʪʘʥʥʷ 

ʚʠʙʦʨʫ ʘʣʛʦʨʠʪʤʫ ʬʘʢʪʦʨʠʟʘʮʽʾ ʤʘʪʨʠʮʽ ʧʝʨʝʚʘʛ ʤʘʻ ʫʣʴʪʠʤʘʪʠʚʥʦ 

ʚʘʞʣʠʚʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢ, ʥʘʡʧʦʧʫʣʷʨʥʽʰʽ ʘʣʛʦʨʠʪʤʠ ʥʘ ʩʴʦʛʦʜʥʽ (ʨʠʩ. 



320 

 

 

1): SVD (Singular Value Decomposition), ALS (Alternating Least Squares), 

SGD (Stochastic Gradient Descent), ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ 

ʬʘʢʪʦʨʠʟʘʮʽʾ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ. ʊʘʢ, ʟʦʢʨʝʤʘ: 

1. ʆʮʽʥʽʪʴ ʨʦʟʤʽʨʠ ʪʘ ʱʽʣʴʥʽʩʪʴ ʚʘʰʦʾ ʤʘʪʨʠʮʽ: ʷʢʱʦ ʫ ʚʘʩ ʻ 

ʚʝʣʠʢʘ ʪʘ ʨʦʟʨʽʜʞʝʥʘ ʤʘʪʨʠʮʷ, ʪʦ ALS ʘʙʦ implicit-ALS ʤʦʞʫʪʴ ʙʫʪʠ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ. ʆʜʥʘʢ, ʷʢʱʦ ʫ ʚʘʩ ʤʘʣʝʥʴʢʘ ʤʘʪʨʠʮʷ, ʪʦ SVD 

ʤʦʞʝ ʙʫʪʠ ʪʦʯʥʽʰʠʤ ʽ ʰʚʠʜʰʠʤ. 

2. ɺʠʟʥʘʯʪʝ ʪʠʧ ʜʘʥʠʭ: ʷʢʱʦ ʫ ʚʘʩ ʻ ʥʝʷʚʥʽ ʜʘʥʽ, ʪʘʢʽ ʷʢ ʢʣʽʢʠ ʘʙʦ 

ʧʝʨʝʛʣʷʜʠ, ʪʦ implicit-ALS ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ. ʗʢʱʦ ʚʠ 

ʤʘʻʪʝ ʷʚʥʽ ʦʮʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʦ SVD ʘʙʦ ALS ï ʙʽʣʴʰ ʪʦʯʥʽ. 

3. ɺʠʟʥʘʯʪʝ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ: ʷʢʱʦ ʚʠ ʰʫʢʘʻʪʝ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʨʝʢʦʤʝʥʜʘʮʽʡ, ʪʦ SGD ʘʙʦ deep learning ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʽʰʠʤʠ, ʥʽʞ ALS ʘʙʦ SVD. ʆʜʥʘʢ, ʷʢʱʦ ʚʘʤ ʧʦʪʨʽʙʥʦ ʰʚʠʜʢʦ 

ʚʠʜʘʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽ ʪʦʯʥʽʩʪʴ ʥʝ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ, ʪʦ - ALS 

ʘʙʦ SVD. 

4. ʆʮʽʥʽʪʴ ʜʦʩʪʫʧʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ: ʷʢʱʦ ʫ ʚʘʩ ʻ ʥʝʦʙʭʽʜʥʽ 

ʨʝʩʫʨʩʽʚ, ʪʦ deep learning ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ, 

ʥʽʞ ALS ʘʙʦ SVD. ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ -  ALS ʘʙʦ SVD. 

5. ʇʨʦʚʝʜʽʪʴ ʝʢʩʧʝʨʠʤʝʥʪʠ: ʝʤʧʽʨʠʯʥʦ ʘʧʨʦʙʫʡʪʝ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ 

ʬʘʢʪʦʨʠʟʘʮʽʾ ʤʘʪʨʠʮʴ ʥʘ ʩʚʦʾʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʪʘ ʦʮʽʥʽʪʴ ʾʭ ʪʦʯʥʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʆʪʞʝ, ʧʦʨʷʜ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙ ʪʘ ʦʙʤʝʞʝʥʴ, ʪʘʢʠʭ ʷʢ ʯʘʩʦʚʽ 

ʦʙʤʝʞʝʥʥʷ, ʨʦʟʤʽʨ ʜʘʥʠʭ ʪʘ ʪʦʯʥʽʩʪʴ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʨʽʟʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ 

ʚʨʘʭʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʧʽʜʪʨʠʤʢʘ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʫ 

ʧʝʚʥʽʡ ʙʽʙʣʽʦʪʝʮʽ, ʥʘʷʚʥʽʩʪʴ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʧʨʠʢʣʘʜʽʚ ʢʦʜʫ, ʰʚʠʜʢʦʜʽʷ 

ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. How Does Collaborative Filtering Work in Recommender Systems? 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://www.turing.com/kb/collaborative-filtering-in-recommender-system. 

  

https://www.turing.com/kb/collaborative-filtering-in-recommender-system
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ɺʘʣʝʥʪʠʥ ʉʝʨʜʫʣʝʮʴ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɭʨʤʦʣʝʥʢʦ ʉ.ɹ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʭʠʙʢʠ ʧʨʦʤʠʩʣʦʚʠʭ ʣʽʯʠʣʴʥʠʢʽʚ  

ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

 
ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʛʘʟʦʚʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ ʫ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʧʨʠ ʧʦʚʽʨʮʽ ʪʘ ʢʘʣʽʙʨʫʚʘʥʥʽ 

ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ (ɿɺʊ), ʧʦʨʽʚʥʷʥʥʷ ʧʦʭʠʙʦʢ ʣʽʯʠʣʴʥʠʢʽʚ 

ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʚʢʽʣʣʷ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ, ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ ʤʝʪʦʜʠ 

ʧʦʚʽʨʢʠ ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʟʦʚʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ 

(ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʪʘ ʪʫʨʙʽʥʥʠʭ).  

ʈʦʟʛʣʷʥʫʪʦ ɿɺʊ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ ʪʘ ʷʢʽ ʤʘʶʪʴ ʥʦʨʤʦʚʘʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʨʝʛʫʣʶʻ ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʤʝʪʨʦʣʦʛʽʶ ʪʘ 

ʤʝʪʨʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè [1-2].  

ʈʦʟʛʣʷʥʫʪʦ ʪʘ ʦʧʨʘʮʴʦʚʘʥʦ ʩʠʩʪʝʤʫ ʧʦʚʽʨʢʠ ʣʽʯʠʣʴʥʠʢʽʚ ʛʘʟʫ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭʥʴʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʚʽʜʦʙʨʘʞʘʪʠ ʦʙʩʷʛʠ ʦʙʣʽʢʦʚʘʥʦʛʦ 

ʥʠʤʠ ʩʧʦʞʠʪʦʛʦ ʛʘʟʫ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ - 

ʰʠʨʦʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. ɺʽʥ ʚʝʜʝʪʴʩʷ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʪʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʚʠʪʨʘʪʦʤʽʨʽʚ, ʱʦ ʨʽʟʥʷʪʴʩʷ ʩʚʦʻʶ ʙʫʜʦʚʦʶ ʪʘ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʻ ʚʠʪʨʘʪʘ, ʪʦʙʪʦ ʮʝ 

ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʣʽʯʠʣʴʥʠʢ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʩʪʝʥʜʽ ʰʣʷʭʦʤ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʦʧʫʩʢʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ï ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʫ ʟ ʧʝʚʥʠʤ ʟʥʘʯʝʥʥʷʤ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ (0,3 ʄʇʘ) ʯʝʨʝʟ 

ʣʽʯʠʣʴʥʠʢ, ʱʦ ʚʠʧʨʦʙʫʻʪʴʩʷ, ʪʘ ʝʪʘʣʦʥ. ʇʽʜ ʯʘʩ ʧʨʦʪʽʢʘʥʥʷ ʛʘʟʫ ʧʦ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʫ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʤʽʩʮʷʭ ʚʠʤʽʨʶʶʪʴ 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʙʩʦʣʶʪʥʦʛʦ ʪʠʩʢʫ ʛʘʟʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʨʝʢʪʦʨʘ ʦʙôʻʤʫ ʛʘʟʫ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʦʙôʻʤʫ 
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ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʣʽʯʠʣʴʥʠʢ ʟʘ 

ʧʝʨʽʦʜ ʧʨʦʚʝʜʝʥʥʷ ʢʦʞʥʦʛʦ ʪʝʩʪʫ. 

ʗʢ ʢʦʥʪʨʦʣʴʥʝ ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ, ʚʠʤʽʨʷʥʝ ʜʝʢʽʣʴʢʦʤʘ 

ʢʦʥʪʨʦʣʴʥʠʤʠ ʣʽʯʠʣʴʥʠʢʘʤʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ 

ʩʪʝʥʜʽ. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʟʤʦʥʪʦʚʘʥʠʡ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ 

ʜʽʣʷʥʮʽ ʪʨʫʙʦʧʨʦʚʦʜʫ ʣʽʯʠʣʴʥʠʢ ʧʦʚʠʥʝʥ ʧʨʦʧʨʘʮʶʚʘʪʠ ʥʝ ʤʝʥʰʝ 50 

ʛʦʜʠʥ ʟ ʚʠʪʨʘʪʦʶ ʧʨʠʥʘʡʤʥʽ 0,5qmax. 

ʇʨʦʛʨʘʤʘ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʝʩʪʠ ʪʝʩʪʽʚ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʢʦʞʥʦʛʦ ʪʝʩʪʫ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʨʽʟʥʽ ʟʨʘʟʢʠ ʣʽʯʠʣʴʥʠʢʽʚ. 

ʄʦʥʪʘʞ ʣʽʯʠʣʴʥʠʢʽʚ ʚʠʢʦʥʫʶʪʴ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʜʽʣʷʥʮʽ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʛʽʜʥʦ ʟ ʬʽʨʤʦʶ ʚʠʨʦʙʥʠʢʦʤ ʣʽʯʠʣʴʥʠʢʘ. ʇʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʥʝ ʧʦʚʠʥʥʦ ʚʽʜʨʽʟʥʷʪʠʩʴ ʚʽʜ 

ʩʝʨʝʜʥʴʦʛʦ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 4 %, ʘ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ï ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 5 

%. 

ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʧʣʠʚʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʚʢʽʣʣʷ ʥʘ ʧʦʢʘʟʘʥʥʷ ʣʽʯʠʣʴʥʠʢʽʚ ʪʘ ʾʭ ʧʦʭʠʙʢʠ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʙʩʷʛ ʛʘʟʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ ʟʘ 6 ʤʽʩʷʮʽʚ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ 2021-2022 ʨʨ., ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 11 999 ʤį ʚ 

ʨʦʙʦʯʠʭ ʫʤʦʚʘʭ ʪʘ ʧʨʠʚʝʜʝʥʥʷ ʡʦʛʦ ʜʦ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʟʘ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1.ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʤʝʪʨʦʣʦʛʽʶ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè [ʚʽʜ 

05.06.2014ʨ., ˉ 1314-VII: ʫ ʨʝʜʘʢʮʽʾ ʚʽʜ 01.05.2019 ʨ.]. 

2.ɼʉʊʋ 1359:2006. (EN 1359:1998, IDT). ʃʽʯʠʣʴʥʠʢʠ ʛʘʟʫ ʤʝʤʙʨʘʥʥʽ. ɿʘʛʘʣʴʥʽ 

ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ. [ʏʠʥʥʠʡ ʚʽʜ 2007-01-01]. ɺʠʜ. ʦʬʽʮ. ʂʠʾʚ: 

ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2007. IV, 45 ʩ. (ʅʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ 

ʋʢʨʘʾʥʠ). 
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ɺʘʜʠʤ ʉʝʨʤʘʥ 

 ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸʨʭʝʣʶʢ ʆ.ɼ. 
 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʮʠʬʨʦʚʦʾ ʬʦʪʦʢʘʤʝʨʠ 
   ʂʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʟʘʚʞʜʠ ʙʫʣʦ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʘ ʩʘʤʦʢʘʣʽʙʨʫʚʘʥʥʷ [1] ʚ ʥʘʰ ʯʘʩ ʻ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʦʧʝʨʘʮʽʻʶ ʚ ʨʘʤʢʘʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʦʾ ʪʨʽʘʥʛʫʣʷʮʽʾ, 

ʦʩʦʙʣʠʚʦ ʥʘ ʙʣʠʟʴʢʽʡ ʚʽʜʩʪʘʥʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʆʜʥʘʢ, ʟ ʜʫʞʝ ʰʚʠʜʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʪʦʚʠʭ ʮʠʬʨʦʚʠʭ 

ʢʘʤʝʨ ʜʣʷ ʙʝʟʣʽʯʽ ʥʦʚʠʭ 3D-ʚʠʤʽʨʽʚ, ʽʩʥʫʻ ʙʘʛʘʪʦ ʩʠʪʫʘʮʽʡ, ʢʦʣʠ 

ʛʝʦʤʝʪʨʽʷ ʤʝʨʝʞʽ ʟʦʙʨʘʞʝʥʴ ʥʝ ʧʽʜʪʨʠʤʫʻ ʥʘʜʽʡʥʝ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʢʘʤʝʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʣʽʙʨʫʚʘʥʥʷ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ɿ 

ʮʽʻʾ ʧʨʠʯʠʥʠ ʘʚʪʦʥʦʤʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʟʥʦʚʫ ʩʪʘʣʦ ʚʘʞʣʠʚʠʤ 

ʧʠʪʘʥʥʷʤ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ ʙʣʠʟʴʢʦʾ ʚʽʜʩʪʘʥʽ, ʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʝʜʤʝʪʦʤ 

ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʽʥʪʝʨʝʩʫ ʚ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʟʦʨʽ [2, 3, 4]. 

ɿ ʽʜʝʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʣʽʥʟ ʩʚʽʪʣʦʚʽ ʧʨʦʤʝʥʽ ʧʝʨʝʭʦʜʠʣʠ ʙ ʽʟ 

ʧʨʦʩʪʦʨʫ ʦʙôʻʢʪʘ ʚ ʧʨʦʩʪʽʨ ʟʦʙʨʘʞʝʥʥʷ ʽ ʬʦʨʤʫʚʘʣʠ ʙ ʯʽʪʢʝ ʟʦʙʨʘʞʝʥʥʷ 

ʥʘ ʧʣʦʱʠʥʽ ʬʦʢʫʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ 

ʟʘʢʦʥʽʚ ʚ ʦʧʪʠʮʽ. ʇʨʠ ʮʴʦʤʫ ʥʝʤʘʻ ʩʧʦʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʘ ʷʢʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʽʛʥʦʨʫʻʪʴʩʷ. ʈʝʘʣʴʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʣʽʥʟ ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʨʦʤʽʩʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʘʙʝʨʘʮʽʡ ʽ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ 

ʧʦʙʫʜʦʚʠ, ʮʝ ʟʥʘʯʠʪʴ, ʱʦ ʝʣʝʤʝʥʪʘʨʥʽ ʬʦʨʤʫʣʠ ʭʦʨʦʰʽ ʣʠʰʝ ʷʢ 

ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦ ʪʦʯʥʠʭ ʤʦʜʝʣʝʡ 

ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʤʘʪʝʤʘʪʠʯʥʦ ʤʦʜʝʣʶʚʘʪʠ.  

ʄʝʪʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨ ʙʣʠʞʥʴʦʛʦ 

ʨʘʜʽʫʩʫ ʜʽʾ, ʝʚʦʣʶʮʽʦʥʫʚʘʣʠ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʥʘ ʢʽʣʴʢʘ 

ʜʝʩʷʪʠʣʽʪʴ ʚʽʜ ʪʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʘʝʨʦʬʦʪʦʢʘʤʝʨ [5]. 

ʇʨʦʮʝʜʫʨʘ ʪʦʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʢʘʤʝʨʠ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʪʦʯʥʦʛʦ ʽ ʥʘʜʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ 

ʤʝʪʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʟʦʙʨʘʞʝʥʴ. ʂʘʤʝʨʘ ʚʚʘʞʘʻʪʴʩʷ 

ʚʽʜʢʘʣʽʙʨʦʚʘʥʦʶ, ʷʢʱʦ ʛʦʣʦʚʥʘ ʚʽʜʩʪʘʥʴ, ʟʤʽʱʝʥʥʷ ʛʦʣʦʚʥʦʾ ʪʦʯʢʠ ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʩʧʦʪʚʦʨʝʥʥʷ ʣʽʥʟʠ ʚʽʜʦʤʽ.  

ɸʣʛʦʨʠʪʤʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʟʘʟʚʠʯʘʡ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʙʦ ʧʨʦʝʢʮʽʡʥʠʭ ʤʦʜʝʣʷʭ ʢʘʤʝʨ, ʧʨʠʯʦʤʫ 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʧʽʜʭʦʜʦʤ ʻ ʜʦʙʨʝ ʚʽʜʦʤʝ ʩʘʤʦʢʘʣʽʙʨʫʚʘʣʴʥʝ 

ʢʦʨʠʛʫʚʘʥʥʷ ʧʫʯʢʘ, ʷʢʝ ʙʫʣʦ ʚʧʝʨʰʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʙʣʠʞʥʽʡ 
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ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ ʥʘ ʧʦʯʘʪʢʫ 1970-ʭ ʨʦʢʽʚ [6]. ɸʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʙʫʚ ʦʩʥʦʚʥʦʶ ʪʝʤʦʶ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʽʥʪʝʨʝʩʫ 

ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ, ʭʦʯʘ ʡ ʫ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʪʝʨʤʽʥʘʭ ʩʴʦʛʦʜʥʽ ʧʨʠʚʝʨʪʘʻ ʤʝʥʰʝ ʫʚʘʛʠ [7]. 

ʉʘʤʦʢʘʣʽʙʨʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʣʦ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʽʥʪʝʨʝʩ ʥʘ ʧʦʯʘʪʢʫ 

ʽʩʥʫʚʘʥʥʷ ʮʠʬʨʦʚʦʾ ʢʘʤʝʨʠ, ʘʣʝ ʟʨʽʣʽʩʪʴ ʚʦʥʘ ʜʦʩʷʛʣʘ ʚ ʩʝʨʝʜʠʥʽ 1990-ʭ 

ʨʦʢʽʚ ʟ ʨʦʟʚʠʪʢʦʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʦʨʫ [8]. 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʨʦʜʦʚʞʫʻ ʙʫʪʠ ʦʙʣʘʩʪʶ ʘʢʪʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʫ ʩʧʽʣʴʥʦʪʽ CV. 
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ʈʦʤʘʥ ʉʠʩʶʢ 
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ʈʦʟʚʠʪʦʢ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ ʩʝʨʝʜʥʽʭ ʢʣʘʩʽʚ ʟʘʩʦʙʘʤʠ 

ʽʛʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 
ʈʦʟʚʠʪʦʢ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ 

ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʠ. ɽʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ  ʤʝʪʠ ï 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʛʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. 

ɻʨʘ ʥʝ ʣʠʰʝ ʜʦʟʚʦʣʷʻ ʥʘʩʦʣʦʜʞʫʚʘʪʠʩʷ ʧʨʦʮʝʩʦʤ, ʘʣʝ ʡ ʻ 

ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʪʘ ʚʽʜʢʨʠʪʪʷ 

ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʫ ʥʘʚʯʘʥʥʽ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʫʯʥʷʤ ʨʦʟʚʠʚʘʪʠ ʩʚʦʶ 

ʫʷʚʫ, ʚʠʥʘʭʽʜʣʠʚʽʩʪʴ ʪʘ ʢʨʠʪʠʯʥʝ ʤʠʩʣʝʥʥʷ. ɺ ʽʛʨʦʚʽʡ ʬʦʨʤʽ ʤʦʞʥʘ 

ʚʯʠʪʠ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʜʘʯʽ, ʧʨʠʜʫʤʫʚʘʪʠ ʥʝʩʪʘʥʜʘʨʪʥʽ ʨʽʰʝʥʥʷ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ [1]. 

ɯʛʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ 

ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʥʘʚʯʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʦʣʦʜʰʠʭ 

ʰʢʦʣʷʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʽʛʨʠ ʥʘ ʨʦʟʚʠʪʦʢ ʣʦʛʽʢʠ ʪʘ ʫʷʚʠ, ʘ 

ʪʘʢʦʞ ʪʚʦʨʯʽ ʽʛʨʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ ʥʘʚʠʯʦʢ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ 

ʩʧʽʚʧʨʘʮʽ. ʉʪʘʨʰʽ ʰʢʦʣʷʨʽ ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʨʦʣʴʦʚʠʭ ʽʛʨʘʭ, ʜʝ 

ʚʦʥʠ ʚʽʜʯʫʚʘʶʪʴ ʩʝʙʝ ʜʦʩʣʽʜʥʠʢʘʤʠ, ʚʠʥʘʭʽʜʥʠʢʘʤʠ, ʘ ʪʘʢʦʞ ʚ ʽʛʨʘʭ, 

ʱʦ ʩʪʠʤʫʣʶʶʪʴ ʪʚʦʨʯʝ ʩʘʤʦʚʠʨʘʞʝʥʥʷ [2]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʛʦʨ ʫ ʥʘʚʯʘʥʥʽ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ. ʇʦ-ʧʝʨʰʝ, ʮʝ 

ʟʙʽʣʴʰʫʻ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʫʯʥʽʚ ʜʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʧʦʢʨʘʱʫʻ 

ʾʭʥʽʡ ʥʘʩʪʨʽʡ. ʇʦ-ʜʨʫʛʝ, ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʢʨʝʘʪʠʚʥʦʩʪʽ, ʚʠʥʘʭʽʜʣʠʚʦʩʪʽ ʪʘ ʽʥʰʠʭ ʪʚʦʨʯʠʭ ʥʘʚʠʯʦʢ. ʇʦ-ʪʨʝʪʻ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʛʦʨ ʫ ʥʘʚʯʘʥʥʽ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʠʤ. 

ɯʛʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʥʘ ʫʨʦʢʘʭ, ʪʘʢ ʽ ʚ 

ʧʦʟʘʫʨʦʯʥʠʡ ʯʘʩ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʫʯʥʷʤ ʨʦʟʚʠʚʘʪʠ ʾʭ ʪʚʦʨʯʽ 

ʟʜʽʙʥʦʩʪʽ. 

ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʚʠʢʣʘʜʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ 

ʫʯʥʽʚ ʩʝʨʝʜʥʽʭ ʢʣʘʩʽʚ ʟʘʩʦʙʘʤʠ ʽʛʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʢʣʶʯʘʶʪʴ: 
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 ʉʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʦʾ ʘʪʤʦʩʬʝʨʠ ʚ ʢʣʘʩʽ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 

ʪʚʦʨʯʦʛʦ ʤʠʩʣʝʥʥʷ ʫʯʥʽʚ. ɺʘʞʣʠʚʦ ʩʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʫʯʥʷʤ ʚʽʣʴʥʦ ʚʠʩʣʦʚʣʶʚʘʪʠ ʩʚʦʾ ʜʫʤʢʠ ʪʘ ʽʜʝʾ, 

  

ʜʦʧʦʤʘʛʘʶʯʠ ʾʤ ʚʽʜʯʫʚʘʪʠ ʩʝʙʝ ʢʦʤʬʦʨʪʥʦ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʤʦʪʠʚʘʮʽʶ ʜʦ ʥʘʚʯʘʥʥʷ. 

 ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʛʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʪʘ 

ʨʦʟʚʠʚʘʶʪʴ ʪʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ ʫʯʥʽʚ. ɯʛʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʨʦʟʚʠʪʦʢ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʪʚʦʨʯʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʫʷʚʘ, ʩʧʦʩʪʝʨʝʞʣʠʚʽʩʪʴ, 

ʽʥʪʫʾʮʽʷ, ʘʙʩʪʨʘʢʪʥʝ ʤʠʩʣʝʥʥʷ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʠʢʦʥʘʥʥʷ ʨʽʰʝʥʥʷ 

ʥʝʪʠʧʦʚʠʭ ʟʘʚʜʘʥʴ ʪʦʱʦ. 

 ʇʽʜʪʨʠʤʢʘ ʩʘʤʦʩʪʽʡʥʦʩʪʽ ʪʘ ʽʥʽʮʽʘʪʠʚʠ ʫʯʥʽʚ. ɺʘʞʣʠʚʦ ʜʘʪʠ 

ʫʯʥʷʤ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ ʚʠʙʠʨʘʪʠ ʽʛʨʠ ʪʘ ʽʛʨʦʚʽ ʟʘʚʜʘʥʥʷ, ʱʦ ʾʭ 

ʮʽʢʘʚʣʷʪʴ, ʜʦʟʚʦʣʷʶʯʠ ʾʤ ʩʘʤʦʩʪʽʡʥʦ ʛʝʥʝʨʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʪʘ ʨʦʟʚʠʚʘʪʠ 

ʩʚʦʾ ʪʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ [3]. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʽʛʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʨʦʟʚʠʚʘʪʠ 

ʪʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ ʫʯʥʽʚ ʩʝʨʝʜʥʽʭ ʢʣʘʩʽʚ, ʟʦʢʨʝʤʘ ʜʝʷʢʽ ʤʦʜʝʣʽ ʥʘʚʯʘʣʴʥʦʾ 

ʛʨʠ (ʽʤʽʪʘʮʽʡʥʘ, ʦʧʝʨʘʮʽʡʥʘ, ʨʦʣʴʦʚʘ, ʟʤʘʛʘʥʥʷ). ʂʨʽʤ ʪʦʛʦ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʠʭ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, Scratch, Kodu Game Lab, Lego Mindstorms, Gamestar, 

Mechanic, ʜʦʟʚʦʣʷʻ ʫʯʥʷʤ ʧʨʦʛʨʘʤʫʚʘʪʠ, ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʽʛʨʠ, 

ʨʦʙʦʪʠ, ʘʥʽʤʘʮʽʾ, ʪʦʱʦ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʦʧʦʤʘʛʘʻ ʩʧʽʚʧʨʘʮʽ 

ʟ ʽʥʰʠʤʠ ʫʯʥʷʤʠ, ʨʦʟʚʠʚʘʶʯʠ ʢʦʤʫʥʽʢʘʪʠʚʥʽ ʪʘ ʩʦʮʽʘʣʴʥʽ ʥʘʚʠʯʢʠ. 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʚʯʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʨʦʟʚʠʪʢʫ 

ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʟʠʪʠʚʥʫ ʤʦʪʠʚʘʮʽʶ ʜʦ 

ʟʜʦʙʫʪʪʷ ʟʥʘʥʴ, ʘʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽ ʚʦʣʴʦʚʠʭ 

ʩʬʝʨ, ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʦʾ ʦʩʦʙʠʩʪʦʩʪʽ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɼʘʥʠʣʦ ʉʠʯʦʚ, ɺʣʘʜʠʩʣʘʚ ɻʨʠʛʦʨʷʢ  

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ.ɺ. 

 

 

RC- ʛʝʥʝʨʘʪʦʨ ʟ ʬʘʟʦʟʩʫʚʥʦʶ ʣʘʥʢʦʶ 

ɻʝʥʝʨʘʪʦʨ ð ʮʝ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʘʙʦ ʙʣʠʟʴʢʠʭ ʜʦ ʩʠʥʫʩʦʾʜʠ ʢʦʣʠʚʘʥʴ  

ʧʦʪʨʽʙʥʦʾ ʯʘʩʪʦʪʠ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʪʠʧʽʚ ʛʝʥʝʨʘʪʦʨʽʚ ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ RC-

ʛʝʥʝʨʘʪʦʨ (ʨʠʩ.1). RC-ʛʝʥʝʨʘʪʦʨ ʥʘʣʝʞʠʪʴ ʜʦ ʘʚʪʦʛʝʥʝʨʘʪʦʨʽʚ. ɺʽʥ 

ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʛʝʥʝʨʘʪʦʨ ʟ ʬʘʟʦʟʩʫʚʘʶʯʦʶ ʣʘʥʢʦʶ. ɻʝʥʝʨʘʪʦʨ 

ʪʘʢʦʛʦ ʚʠʜʫ ʬʦʨʤʫʻ ʥʘ ʩʚʦʻʤʫ ʚʠʭʦʜʽ ʩʠʛʥʘʣ ʧʨʘʢʪʠʯʥʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ 

ʬʦʨʤʠ. ɺ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʧʦʢʣʘʜʝʥʦ ʧʽʜʩʠʣʶʚʘʯ ʦʭʦʧʣʝʥʠʡ 

ʯʘʩʪʦʪʥʦ ʟʘʣʝʞʥʠʤ ʜʦʜʘʪʥʠʤ ʦʙʝʨʥʝʥʠʤ ʟʚʷʟʢʦʤ [1,2]. 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʟ RC-ʬʘʟʦʟʩʫʚʥʦʶ ʣʘʥʢʦʶ 

 

ɺ ʩʭʝʤʽ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 1) ʘʚʪʦʢʦʣʠʚʘʥʥʷ ʚʠʥʘʢʘʶʪʴ ʷʢʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʜʚʽ ʫʤʦʚʠ, ʘ ʩʘʤʝ ʫʤʦʚʘ ʙʫʣʘʥʩʫ ʬʘʟ ʪʘ ʫʤʦʚʘ ʙʫʣʘʥʩʫ 

ʘʤʧʣʽʪʫ  

,...1,0,360 =Ö=D nnTj      .1=Ö= ʂʊ b  

ɻʝʥʝʨʘʪʦʨ ʤʽʩʪʠʪʴ ʦʜʥʦʢʘʩʢʘʜʥʠʡ ʨʝʟʠʩʪʠʚʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘ 

ʙʽʧʦʣʷʨʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ NPN BC547E ʚʚʽʤʢʥʝʥʦʤʫ ʟʘ ʩʭʝʤʦʶ ʽʟ 

ʟʘʛʘʣʴʥʠʤ ʝʤʽʪʝʨʦʤ. ɺʽʜʦʤʦ, ʱʦ ʪʘʢʠʡ ʧʽʜʩʠʣʶʚʘʯ ʬʘʟʦʽʥʚʝʨʩʥʠʡ, 

ʪʦʙʪʦ ʨʽʟʥʠʮʷ ʬʘʟʠ ʢʦʣʠʚʘʥʴ ʥʘʧʨʫʛʠ ʚ ʢʦʣʝʢʪʦʨʥʦʤʫ ʢʦʣʽ ʧʨʦʪʠʣʝʞʥʘ 

ʬʘʟʽ ʢʦʣʠʚʘʥʴ ʚ ʙʘʟʦʚʦʤʫ ʢʦʣʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʜʘʥʦʛʦ ʦʙʝʨʥʝʥʦʛʦ 
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ʟʚô̫ ʟʢʫ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʣʘʥʢʘ ʦʙʝʨʥʝʥʦʛʦ ʟʚô̫ ʟʢʫ ʭʘʨʘʢʪʝʨʠʟʘʚʘʣʘʩʷ 

ʟʤʽʱʝʥʥʷʤ ʬʘʟʠ ʢʦʣʠʚʘʥʴ ʥʘ 180
ʦ
. 

RC-ʣʘʥʢʘ ʚʥʦʩʠʪʴ ʟʤʽʥʫ ʬʘʟʠ ʥʝ ʙʽʣʴʰʝ 90
ʦ
. ɿʤʽʱʝʥʥʷ ʬʘʟʠ 

ʢʦʣʠʚʘʥʴ ʥʘ ʚʝʣʠʯʠʥʫ 180
ʦ
 ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʪʨʠ  RC-

ʣʘʥʢʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʝʣʠʯʠʥʫ ʢʦʻʬʽʮʽʻʥʪʘ ʦʙʝʨʥʝʥʦʛʦ ʟʚʷʟʢʫ ɓ 

[3,4]. 
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ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ ʬʦʨʤʫʣʫ ʟʥʘʭʦʜʞʝʥʥʷ ʯʘʩʪʦʪʠ 

ʨʝʟʦʥʘʥʩʫ     

.
RC6

1
0 =w  

ʅʘ ʮʽʡ ʯʘʩʪʦʪʽ ʢʦʝʬʽʮʽʻʥʪ ʦʙʝʨʥʝʥʦʛʦ ʟʚô̫ ʟʢʫ  .
29

1
-=b  

ʆʪʞʝ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʙʘʣʘʥʩʫ ʘʤʧʣʽʪʫʜ ʥʝʦʙʭʽʜʥʦ ʱʦʙ 

ʧʽʜʩʠʣʶʚʘʯ ʟʘʙʝʟʧʝʯʫʚʘʚ ʧʘʜʩʠʣʝʥʥʷ ʥʝ ʤʝʥʰʝ 29. 

ʆʪʨʠʤʘʪʠ ʥʝʦʙʽʜʥʫ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʤʦʞʥʘ  

ʦʙʨʘʚʰʠ ʪʨʘʥʟʠʩʪʦʨ ʟ ʚʝʣʠʢʠʤ ʩʪʘʪʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʪʘ 

ʧʽʜʫʙʨʘʚʰʠ ʚʝʣʠʯʠʥʫ ʦʧʦʨʫ ʨʝʟʠʩʪʦʨʘ R5 [5].  
ʆʧʠʩʘʥʠʡ RC-ʛʝʥʝʨʘʪʦʨ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ: 

¶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʢʽʣʴʢʦʭ ɻʮ ʜʦ 200 

ɻʮ. 

¶ ʚ ʩʠʩʪʝʤʘʭ GPS. 

¶ ʜʣʷ ʩʠʥʪʝʟʫ ʟʚʫʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʤʫʟʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. https://electrician.pto.org.ua/index.php/item/112-rc-henerator 

2. https://uk.m.wikipedia.org/wiki/RC-

%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%B

E%D1%80 

3. https://hardwarebee.com/rc-phase-shift-oscillator/ 

4. https://www.electronics-tutorials.ws/oscillator/rc_oscillator.html 

5. https://www.techtarget.com/whatis/definition/oscillator?amp=1 

https://electrician.pto.org.ua/index.php/item/112-rc-henerator
https://uk.m.wikipedia.org/wiki/RC-%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://uk.m.wikipedia.org/wiki/RC-%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://uk.m.wikipedia.org/wiki/RC-%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://hardwarebee.com/rc-phase-shift-oscillator/
https://www.electronics-tutorials.ws/oscillator/rc_oscillator.html
https://www.techtarget.com/whatis/definition/oscillator?amp=1
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ɸʜʨʽʘʥ ʉʢʨʠʧʥʠʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʣʴʦʪʦʚ ʆ.ʄ. 

 

ʌʦʪʦʧʨʠʡʤʘʯʽ ʥʘ ʩʪʨʫʢʪʫʨʘʭ Ni ï Ŭ-ZnS 

ɺʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ ʻ ʩʪʚʦʨʝʥʥʷ 

ʬʦʪʦʯʫʪʣʠʚʠʭ ʧʨʠʣʘʜʽʚ ʽʟ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʫ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ 

ʦʙʣʘʩʪʽ. ɿʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʚʢʘʟʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʘʡʙʽʣʴʰʝ ʧʨʠʜʘʪʥʽ II-VI ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʩʧʦʣʫʢʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʤʦʥʦʧʦʣʷʨʥʦʾ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʪʦʤʫ ʜʦʙʽʨ ʤʝʪʦʜʽʚ ʟʤʽʥʠ ʾʾ ʪʠʧʫ ʽ ʚʝʣʠʯʠʥʠ ʻ 

ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʦʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

(ʝʧʽʪʘʢʩʽʾ, ʽʦʥʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ, ʜʠʬʫʟʽʾ ʪʠʧʦʚʠʭ ʝʣʝʤʝʥʪʽʚ) ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʚʣʘʩʥʠʭ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʫ ʟʤʽʥʫ ʙʘʟʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʡ ʧʦʰʫʢ ʤʝʪʦʜʫ ʽ ʨʦʟʨʦʙʢʘ ʨʝʞʠʤʽʚ ʦʪʨʠʤʘʥʥʷ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʧʘʣ ʚ ʧʘʨʘʭ ʽʟʦʚʘʣʝʥʪʥʠʭ ʝʣʝʤʝʥʪʽʚ II-VI  

ʩʧʦʣʫʢ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʟʽ ʩʪʘʙʽʣʴʥʠʤʠ ʫ ʯʘʩʽ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʨʽʟʥʠʤʠ ʤʦʜʠʬʽʢʘʮʽʷʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ [1]. 

ɯʟʦʪʝʨʤʽʯʥʠʡ ʚʽʜʧʘʣ ʙʘʟʦʚʠʭ ʧʽʜʢʣʘʜʦʢ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ (Ŭ) ʢʨʠʩʪʘʣʽʚ Ŭ-

CdS ʫ ʧʘʨʽ ʜʦʤʽʰʢʠ Zn ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʞʠʤʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʛʝʪʝʨʦʰʘʨʠ Ŭ-ZnS. ɺʦʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʨʝʘʢʮʽʻʶ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʟʘʤʽʱʝʥʥʷ. 

 

 ɻʊʚɻʊʚ CdZnSZnCdS +-+-
­

«
aa   (1) 

 

ɺʢʘʟʘʥʽ ʽʥʜʝʢʩʠ "ʊʚ" ʽ "ɻ" ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʚʝʨʜʦʤʫ ʽ ʛʘʟʦʧʦʜʽʙʥʦʤʫ 

ʩʪʘʥʘʤ ʨʝʯʦʚʠʥʠ. 

ʆʪʨʠʤʘʥʽ ʰʘʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ ʫ ʯʘʩʽ  

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʩʘʤʝ ʚʽʜʙʠʚʘʥʥʷ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʩʧʝʢʪʨʘʤʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʙʘʟʦʚʽ ʧʘʨʘʤʝʪʨʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʥʝʪʠʧʦʚʦʾ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 
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ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ Ŭ-ZnS, ʘ ʩʘʤʝ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

Eg = 3,89 ʝɺ, ʘ ʪʘʢʦʞ ʚʝʣʠʯʠʥ ʩʧʽʥ-ʦʨʙʽʪʘʣʴʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ 

DSO = 0,092 ʝɺ ʽ ʚʟʘʻʤʦʜʽʾ ʟ ʢʨʠʩʪʘʣʽʯʥʠʤ ʧʦʣʝʤ ï DCR = 0,055 ʝɺ. 

ʆʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʜʘʣʴʰʠʭ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘ ʪʘʢʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ Ŭ-ZnS/Ŭ-CdS ʫ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʙʘʨôʻʨʥʽ ʩʪʨʫʢʪʫʨʠ Ni-Ŭ-ZnS. ʆʤʽʯʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ʩʣʫʛʫʚʘʚ 

ʽʥʜʽʡ. ʇʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʞʠʤʘʭ ʾʭ ʬʦʨʤʫʚʘʥʥʷ (ʊ ~ 320 ʉ, P ~ 10
 -

4
 ʊʦʨʨ.) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʙʨʘ ʘʜʛʝʟʽʷ ʜʦ ʧʽʜʢʣʘʜʦʢ Ŭ-ZnS. ɺʦʣʴʪ-

ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɺɸʍ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʣʽʥʽʡʥʽʩʪʶ ʽ 

ʩʠʤʝʪʨʠʯʥʽʩʪʶ ʧʨʷʤʦʾ ʪʘ ʦʙʝʨʥʝʥʦʾ ʛʽʣʦʢ. ɺʠʧʨʦʩʪʦʚʫʶʯʠʡ ʙʘʨôʻʨ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʧʨʷʤʣʝʥʥʷ 10
 4
 ʧʨʠ U = 1,50 ɺ. 

ʆʪʨʠʤʘʥʠʤ ʩʪʨʫʢʪʫʨʘʤ Ni-Ŭ-ZnS ʚʣʘʩʪʠʚʘ ʚʠʩʦʢʘ ʬʦʪʦʯʫʪʣʠʚʽʩʪʴ ʧʨʠ 

ʦʙʝʨʥʝʥʦʤʫ ʚʢʣʶʯʝʥʥʽ. ʉʧʝʢʪʨʘʣʴʥʘ ʦʙʣʘʩʪʴ ʬʦʪʦʯʫʪʣʠʚʦʩʪʽ 

ʩʪʘʥʦʚʠʪʴ ȹ˂ɤ = 3,80 -4,75 ʝɺ. ʄʘʢʩʠʤʫʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʝʥʝʨʛʽʾ 

ʬʦʪʦʥʽʚ ˂ɤ m ~ 3,87 ʝɺ. ʆʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ ʚʢʘʟʫʶʪʴ ʥʘ ʤʘʣʫ 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʽʩʪʦʪʥʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʘʥʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ "ʦʯʠʱʝʥʥʷ" Ŭ-ZnS ʚʽʜ ʩʪʦʨʦʥʥʽʭ ʜʝʬʝʢʪʽʚ 

ʫʥʘʩʣʽʜʦʢ ʧʨʦʮʝʩʽʚ ʽʟʦʚʘʣʝʥʪʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ 

ʛʝʪʝʨʦʰʘʨʽʚ Ŭ-ZnS ʥʘ ʚʠʭʽʜʥʠʭ ʧʽʜʢʣʘʜʢʘʭ Ŭ-CdS ʤʝʪʦʜʦʤ ʚʽʜʧʘʣʫ ʚ 

ʽʟʦʚʘʣʝʥʪʥʽʡ ʜʦʤʽʰʮʽ Zn. ɻʝʢʩʘʛʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʟʫʤʦʚʣʶʻ ʚʘʞʣʠʚʫ 

ʚʣʘʩʪʠʚʽʩʪʴ ï ʟʘʣʝʞʥʽʩʪʴ ʬʦʪʦʩʪʨʫʤʫ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ. ɺʠʟʥʘʯʝʥʦ 

ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʣʷʨʠʟʘʮʽʾ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ ʈ ~ 72 %. ɸʥʽʟʦʪʨʦʧʽʷ 

ʬʦʪʦʯʫʪʣʠʚʦʩʪʽ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʦʧʪʠʯʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʟʘ ʫʯʘʩʪʶ 

ʛʦʣʦʚʥʠʭ ʧʽʜʟʦʥ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. Makhniy V.P., Baranjuk V.Ye., Demich M.V., Melnik V.V., Malimon I.V., 

Slyotov M.M., Sobistchanskiy B.M., Stets E.V. Isovalent substitution ï a 

perspective methods of producing heterojunction optoelectronical devices. // SPIE. 

2000. 4425. P. 272-276. 
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ʄʠʢʦʣʘ ʉʣʝʧʝʥʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺʝʨʠʛʘ ɸ.ɼ. 

 

ʂʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʤʽʢʨʦʢʣʽʤʘʪʫ ʪʝʧʣʠʮʽ 

ʈʦʟʨʦʙʣʶʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʪʝʧʣʠʮʽ, ʘ ʩʘʤʝ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, 

ʦʩʚʽʪʣʝʥʥʷ, ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʢʽʣʴʢʽʩʪʴ ʉʆ2. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʪʨʦʣʶ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʜʘʪʯʠʢʠ. 

ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʚʽʜ ʤʝʨʝʞʽ ~220ɺ / 50ɻʮ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʚʪʦʥʦʤʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʫ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʞʠʚʣʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʞʝʨʝʣʦ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ. 

ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʥʘ ʧʨʠʩʪʨʦʶ ʥʘʚʝʜʝʥʘ ʥʘ ʈʠʩ. 1. 

 
ʈʠʩ. 1.  ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʥʘ ʢʦʤʧʣʝʢʩʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ  ʤʽʢʨʦʢʣʽʤʘʪʫ ʪʝʧʣʠʮʽ 

ʆʩʥʦʚʥʠʤ ʚʫʟʣʦʤ ʩʭʝʤʠ ʻ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ Arduino Mega [1], ʷʢʠʡ 

ʧʨʦʚʦʜʠʪʴ ʟʯʠʪʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʽʟ ʜʘʪʯʠʢʽʚ ʚʦʣʦʛʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ DHT2 [2], ʦʩʚʽʪʣʝʥʥʷ BH1750 [3], ʢʽʣʴʢʦʩʪʽ ʉʆ2 MQ135 [4], ʘ 
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ʪʘʢʦʞ ʟʜʽʡʩʥʶʻ ʦʙʨʦʙʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 

AS6408 [5]. ʆʩʥʦʚʥʠʡ ʚʫʟʦʣ ʩʭʝʤʠ ʢʦʥʪʨʦʣʶʻ ʚʝʥʪʠʣʷʮʽʡʥʫ ʩʠʩʪʝʤʫ, 

ʩʠʩʪʝʤʫ ʰʪʫʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʩʠʩʪʝʤʫ ʦʩʫʰʝʥʥʷ, ʩʠʩʪʝʤʫ ʟʚʦʣʦʞʝʥʥʷ 

ʧʦʚʽʪʨʷ, ʪʝʨʤʦʩʪʘʪ ʥʘʛʨʽʚʫ ˇʨʫʥʪʫ ʪʘ ʩʠʩʪʝʤʫ ʟʤʽʰʘʥʥʷ ʜʦʙʨʠʚ ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʢʨʘʥʦʤ ʢʦʥʪʨʦʣʶ ʧʦʣʠʚʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʡ 

ʢʦʤʧʣʝʢʩʫ, ʷʢʽ ʤʘʶʪʴ ʧʨʠʚôʷʟʢʫ ʜʦ ʯʘʩʫ, ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʫʧʫ 

ʜʦ ʽʥʪʝʨʥʝʪʫ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʜʫʣʴ ʛʦʜʠʥʥʠʢʘ DS1307 [6]. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟôʻʜʥʘʥʥʷ ʟʽ ʚʩʝʩʚʽʪʥʴʦʶ ʤʝʨʝʞʝʶ ɯʥʪʝʨʥʝʪ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽʥʪʝʨʥʝʪ-ʤʦʜʫʣʴ ENC28J60 [7]. 

ɿʘʜʘʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʝʨʝʚʽʨʢʘ ʢʦʨʠʩʪʫʚʘʯʝʤ 

ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʣʝʢʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʩʘʡʪ ʚ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ. 

ɺ ʢʦʤʧʣʝʢʩʽ ʟʘʩʪʦʩʦʚʘʥʽ ʙʣʦʢʠ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʛʨʽʚʫ ˇʨʫʥʪʫ, ʟʤʽʰʘʥʥʷ ʜʦʙʨʠʚʘ ʽ ʚʤʠʢʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʢʨʘʥʘ ʢʦʥʪʨʦʣʶ ʧʦʣʠʚʫ, ʟʚʦʣʦʞʝʥʥʷ ʡ ʦʩʫʰʝʥʥʷ 

ʧʦʚʽʪʨʷ, ʰʪʫʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʾ. ʎʽ ʙʣʦʢʠ ʢʝʨʫʶʪʴʩʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʯʝʨʝʟ ʜʨʘʡʚʝʨʠ (ʰʣʷʭʦʤ ʾʭ ʚʚʽʤʢʥʝʥʥʷ / ʚʠʤʢʥʝʥʥʷ) 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʢʘʟʽʚ ʜʘʪʯʠʢʽʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Arduino Mega 2560 Rev3 URL: https://docs.arduino.cc/hardware/ mega-

2560 

2. Digital-output relative humidity & temperature sensor/module DHT22 

(DHT22 also named as AM2302) URL: https://www.sparkfun.ʩom/ 

datasheets/Sensors/ Temperature/DHT22.pdf. 

3. Digital 16bit Serial Output Type Ambient Light Sensor IC URL: 

https://www.mouser.com/datasheet/2/348/bh1750fvi-e-186247.pdf. 

4. MQ135 Datasheet, Equivalent, Gas Sensor URL: 

https://datasheetspdf.com/pdf/ 605077/Hanwei/MQ135/1 

5. AS-6408 64 to 8 / 64 to 1 Analog Multiplexer URL: 

https://cdn.hackaday.io/files/1665787126873152/DOC-AS-6408-V0120160406.pdf 

6. DS1307 64 x 8 Serial Real-Time Clock URL: 

https://www.sparkfun.com/datasheets/ Components/DS1307.pdf. 

7. ENC28J60 Stand-Alone Ethernet Controller with SPI Interface 

URL:https://pdf1.alldatasheet.com/datasheetpdf/view/515823/MICROCHIP/ENC2

8J60.html. 
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ɺʽʪʘʣʽʡ ʉʣʽʧʢʦʚʩʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʌʝʜʦʨʫʢ ɺ. ɯ. 

 

ʉʠʩʪʝʤʘ ʦʭʦʨʦʥʠ ʥʘ ʙʘʛʘʪʦʨʽʚʥʝʚʦʤʫ ʦʙôʻʢʪʽ 

 
ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʣʦʯʠʥʥʦʩʪʽ ʪʘ ʥʝʙʝʟʧʝʢʠ ʩʪʘʶʪʴ 

ʜʝʜʘʣʽ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʻʪʴʩʷ ʣʶʜʩʪʚʦ. 

ʅʘʩʠʣʴʩʪʚʦ, ʢʨʘʜʽʞʢʠ ʪʘ ʽʥʰʽ ʟʣʦʯʠʥʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ 

ʪʘ ʜʦʙʨʦʙʫʪ ʛʨʦʤʘʜʷʥ, ʱʦ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʚʣʘʩʥʠʢʘʤʠ ʦʙ'ʻʢʪʽʚ ʟʘʚʜʘʥʥʷ 

ʾʭ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʟʘʢʦʥʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ, 

ʨʦʟʨʦʙʢʘ ʦʭʦʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʟʘʭʠʩʪʫ ʦʙ'ʻʢʪʘ. 

ʉʠʩʪʝʤʘ ʦʭʦʨʦʥʠ ï ʮʝ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ  

ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ, ʜʘʪʯʠʢʠ ʨʫʭʫ, ʩʠʛʥʘʣʽʟʘʮʽʶ ʪʘ ʽʥʰʽ ʟʘʩʦʙʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʟʘʭʠʩʪ ʦʙ'ʻʢʪʘ ʚʽʜ ʧʦʪʝʥʮʽʡʥʠʭ 

ʟʘʛʨʦʟ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʩʪʘʣʠ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʟʘʭʠʩʪʫ ʤʘʡʥʘ ʪʘ ʞʠʪʪʷ 

ʣʶʜʝʡ.  

ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʭʦʨʦʥʥʠʭ ʩʠʩʪʝʤ. ɺʠʚʯʝʥʽ 

ʥʘʡʩʫʯʘʩʥʽʰʽ ʧʨʠʩʪʨʦʾ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʟʘʭʠʩʪ ʦʙ'ʻʢʪʘ. ʅʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʟʥʘʥʴ ʽ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʚʣʘʩʥʝ ʧʨʦʛʨʘʤʥʝ ʪʘ 

ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʈʦʟʨʦʙʢʘ ʦʭʦʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ï ʮʝ ʛʦʣʦʚʥʘ 

ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʠʩʪʝʤʘ ʦʭʦʨʦʥʠ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʴ ʟ ʨʽʟʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʜʘʪʯʠʢʠ ʨʫʭʫ, ʜʘʪʯʠʢʠ ʚʽʜʢʨʠʚʘʥʥʷ ʜʚʝʨʝʡ ʪʘ 

ʚʽʢʦʥ, ʩʠʨʝʥʠ ʩʧʦʚʽʱʝʥʥʷ ʪʘ ʽʥ. ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʮʴʦʛʦ ʧʨʦʻʢʪʫ ï 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʙʫʜʠʥʢʫ ʘʙʦ ʽʥʰʦʛʦ ʧʨʠʤʽʱʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʦʭʦʨʦʥʠ ʙʫʜʝ ʟʜʘʪʥʘ ʚʠʷʚʣʷʪʠ ʥʝʟʚʠʯʘʡʥʽ ʨʫʭʠ ʚ 

ʙʫʜʠʥʢʫ ʪʘ ʥʘʜʩʠʣʘʪʠ ʩʠʛʥʘʣʠ ʪʨʠʚʦʛʠ ʯʝʨʝʟ ʜʘʪʯʠʢʠ ʨʫʭʫ. ʂʨʽʤ ʪʦʛʦ, 

ʩʠʩʪʝʤʘ ʙʫʜʝ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʩʠʣʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘ ʩʧʦʚʽʱʝʥʥʷ 

ʧʨʦ ʧʽʜʦʟʨʽʣʽ ʜʽʾ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʦʭʦʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʪʯʠʢʠ ʨʫʭʫ, ʷʢʽ 

ʙʫʜʫʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʙʫʜʠʥʢʫ. ʎʽ ʜʘʪʯʠʢʠ 

ʚʠʷʚʣʷʪʠʤʫʪʴ ʙʫʜʴ-ʷʢʽ ʨʫʭʠ ʚ ʤʝʞʘʭ ʾʭʥʴʦʾ ʟʦʥʠ ʜʽʾ ʪʘ ʧʝʨʝʜʘʚʘʪʠʤʫʪʴ 

ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʩʠʛʥʘʣʫ ʚʽʜ 
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ʜʘʪʯʠʢʘ ʨʫʭʫ, ʩʠʩʪʝʤʘ ʘʢʪʠʚʫʻ ʩʠʨʝʥʫ ʪʘ ʚʽʜʧʨʘʚʣʷʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘ 

ʚʢʘʟʘʥʽ ʥʦʤʝʨʠ ʪʝʣʝʬʦʥʽʚ ʘʙʦ ʝʣʝʢʪʨʦʥʥʽ ʘʜʨʝʩʠ. ʂʨʽʤ ʪʦʛʦ, ʜʦ ʩʢʣʘʜʫ 

ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʚʭʦʜʷʪʴ ʜʘʪʯʠʢʠ ʚʽʜʢʨʠʚʘʥʥʷ ʜʚʝʨʝʡ ʪʘ ʚʽʢʦʥ. ʎʽ 

ʜʘʪʯʠʢʠ ʙʫʜʫʪʴ ʟʜʘʪʥʽ ʚʠʷʚʣʷʪʠ ʙʫʜʴ-ʷʢʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʩʧʨʦʙʠ 

ʚʪʦʨʛʥʝʥʥʷ. ʇʨʠ ʟʣʘʤʽ ʘʙʦ ʚʽʜʢʨʠʪʪʽ ʜʚʝʨʝʡ ʘʙʦ ʚʽʢʦʥ, ʩʠʩʪʝʤʘ ʟʥʦʚʫ ʞ 

ʘʢʪʠʚʫʻ ʩʠʨʝʥʫ ʪʘ ʚʽʜʧʨʘʚʣʷʻ ʧʦʚʽʜʦʤʣʝʥʥʷ.  

ʉʘʤʘ ʩʠʩʪʝʤʘ ʙʫʜʝ ʢʝʨʫʚʘʪʠʩʷ ʟ ʛʦʣʦʚʥʦʛʦ ʧʫʣʴʪʘ (ʨʠʩ.1), ʱʦ 

ʤʽʩʪʠʪʠʤʝ ʢʣʘʚʽʘʪʫʨʠ ʪʘ ʽʥʜʠʢʘʪʦʨʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. 

 
ʈʠʩ.1. ɻʦʣʦʚʥʠʡ ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ ʦʭʦʨʦʥʥʦʾ ʩʠʩʪʝʤʠ 

 

ʆʪʞʝ, ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʦʭʦʨʦʥʠ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʤʫ ʦʙôʻʢʪʽ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʪʘ ʟʘʭʠʩʪʫ ʦʙ'ʻʢʪʽʚ ʚʽʜ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ. ʈʦʟʨʦʙʢʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ 

ʘʢʪʫʘʣʴʥʘ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʘ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚ 

ʧʨʠʚʘʪʥʦʾ ʚʣʘʩʥʦʩʪʽ ʦʙ'ʻʢʪʘ ʧʽʜ ʦʭʦʨʦʥʦʶ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʻʢʪʫ ʻ ʛʦʪʦʚʘ ʦʭʦʨʦʥʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʚʠʤʦʛʘʤ, 

ʧʦʪʨʝʙʘʤ ʢʣʽʻʥʪʘ, ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʽ ʟʘʭʠʩʪ ʦʙ'ʻʢʪʘ 

ʚʽʜ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʆʭʦʨʦʥʥʘ ʩʠʩʪʝʤʘ. Wikipedia. URL: 

https://uk.wikipedia.org/wiki/ʆʭʦʨʦʥʥʘ_ʩʠʩʪʝʤʘ 

2. ʆʭʦʨʦʥʥʽ ʩʠʩʪʝʤʠ ʽ ʩʠʛʥʘʣʽʟʘʮʽʾ. URL: https://360view.com.ua/ohoronni-

systemy-sygnalizatsiyi/ 

  

https://uk.wikipedia.org/wiki/Охоронна_система
https://360view.com.ua/ohoronni-systemy-sygnalizatsiyi/
https://360view.com.ua/ohoronni-systemy-sygnalizatsiyi/
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ʆʣʝʢʩʘʥʜʨ ʉʣʦʙʦʜʷʥ, ɼʝʥʠʩ ʉʢʽʙʽʥʩʴʢʠʡ 
ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʘʩʠʩʪ. ɼʚʦʨʞʘʢ ɺ.ɺ., ʜʦʮ. ʂʦʚʘʣʴʯʫʢ ʄ.ʃ. 

ʉʦʮʽʘʣʴʥʘ ʤʝʨʝʞʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʦʰʫʢʫ ʚʠʟʥʘʯʥʠʭ 

ʤʽʩʮʴ ʽ ʩʪʚʦʨʝʥʥʷ ʧʦʜʽʡ 

ʋ ʢʦʞʥʦʤʫ ʤʽʩʪʽ ʻ ʩʚʦʾ çʚʠʟʥʘʯʥʽ ʤʽʩʮʷè. ʎʝ ʪʘʢ ʟʚʘʥʽ çʝʢʩʢʫʨʩʽʡʥʽ 

ʤʘʨʰʨʫʪʠè, ʧʨʦ ʷʢʽ ʷʢʱʦ ʥʝ ʙʘʯʠʣʠ, ʪʦ ʚʩʽ ʯʫʣʠ ʟ ʦʛʦʣʦʰʝʥʴ ʯʠ 

ʨʦʟʧʦʚʽʜʝʡ ʟʥʘʡʦʤʠʭ. ʃʶʜʠʥʘ, ʷʢʘ ʧʣʘʥʫʻ ʧʦʾʟʜʢʫ ʚ ʽʥʰʝ ʤʽʩʪʦ ʘʙʦ 

ʢʨʘʾʥʫ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʧʦʯʥʝ ʰʫʢʘʪʠ ʚ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ ʛʦʪʦʚʽ 

ʚʘʨʽʘʥʪʠ ʧʦʜʦʨʦʞʝʡ. ʅʘʡʽʤʦʚʽʨʥʽʰʝ, ʚʦʥʠ ʥʘʪʨʘʧʣʷʪʴ ʥʘ ʦʜʥʫ ʟ 

ʽʩʥʫʶʯʠʭ ʧʣʘʪʬʦʨʤ, ʧʦʢʣʠʢʘʥʠʭ ʧʦʣʝʛʰʠʪʠ ʾʡ ʞʠʪʪʷ ʧʨʠ ʚʠʙʦʨʽ 

ʧʦʜʦʨʦʞʽ. ʅʝ ʜʠʚʥʦ, ʱʦ ʧʦʧʠʪ ʥʘ ʪʘʢʽ ʧʨʦʛʨʘʤʠ ʟʨʦʩʪʘʻ ʟ ʢʦʞʥʠʤ 

ʜʥʝʤ. 

ʗʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʙʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʧʨʦʜʫʢʪʽʚ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʧʦʧʫʣʷʨʥʽ ʤʽʩʮʷ ʪʘ ʤʘʨʰʨʫʪʠ, ʷʢʽ ʜʘʚʥʦ ʩʪʘʣʠ ʪʫʨʠʩʪʠʯʥʠʤʠ. ɿʘʟʚʠʯʘʡ 

ʫ ʮʠʭ ʧʨʦʜʫʢʪʘʭ ʥʝ ʧʨʠʜʽʣʷʶʪʴ ʫʚʘʛʠ ʤʘʣʦʚʽʜʦʤʠʤ, ʘʣʝ, ʥʘʧʝʚʥʦ, 

ʮʽʢʘʚʠʤ ʣʦʢʘʮʽʷʤ. ʇʨʦ ʥʠʭ ʤʦʞʫʪʴ ʟʥʘʪʠ ʪʽʣʴʢʠ ʤʽʩʮʝʚʽ ʞʠʪʝʣʽ ʯʠ ʽʥʰʽ 

ʤʘʥʜʨʽʚʥʠʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʚʠʭʦʜʷʯʠ ʟ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ, ʙʫʣʦ 

ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʩʪʚʦʨʠʪʠ ʚʣʘʩʥʠʡ ʜʦʜʘʪʦʢ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʽʥʜʫʩʪʨʽʷ ʪʫʨʠʟʤʫ 

ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʨʦʟʚʠʚʘʻʪʴʩʷ. ʅʘʷʚʥʽʩʪʴ ʟʨʫʯʥʦʛʦ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ 

ʜʦʜʘʪʢʘ ʧʦʣʝʛʰʠʪʴ ʧʨʦʮʝʩ ʧʦʜʦʨʦʞʝʡ ʢʨʘʾʥʦʶ ʜʣʷ ʽʥʦʟʝʤʥʠʭ ʪʫʨʠʩʪʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʜʦʜʘʪʦʢ ʩʪʘʥʝ ʚ ʧʨʠʛʦʜʽ ʛʨʦʤʘʜʷʥʘʤ ʢʨʘʾʥʠ, ʷʢʽ ʭʦʯʫʪʴ 

ʙʣʠʞʯʝ ʧʽʟʥʘʪʠ ʨʽʜʥʠʡ ʢʨʘʡ ʽ ʚʽʜʢʨʠʪʠ ʜʣʷ ʩʝʙʝ ʡʦʛʦ ʥʝʟʚʽʜʘʥʽ ʢʫʪʦʯʢʠ. 

ʄʝʪʦʶ ʧʦʪʦʯʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʧʦʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʥʠʭ ʤʽʩʮʴ ʪʘ ʩʪʚʦʨʝʥʥʷ ʪʫʨʠʩʪʠʯʥʠʭ 

ʤʘʨʰʨʫʪʽʚ. ʅʘ ʾʭ ʦʩʥʦʚʽ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʥʘ ʥʘʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʧʦʜʽʾ ʟ ʜʦʜʘʚʘʥʥʷʤ ʫʯʘʩʥʠʢʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʩʦʮʽʘʣʴʥʘ ʤʝʨʝʞʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʦʰʫʢʫ 

ʪʫʨʠʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ, ʚʠʟʥʘʯʥʠʭ ʤʽʩʮʴ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʦʜʽʚ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʙʽʟʥʝʩ ʘʥʘʣʽʟ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʪʘ 

ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʫʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʦʰʫʢʫ ʪʫʨʠʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʪʘ 

ʚʠʟʥʘʯʥʠʭ ʤʽʩʮʴ ʜʣʷ ʧʨʦʛʨʘʤʠ ʩʦʮʽʘʣʴʥʦʾ ʤʝʨʝʞʽ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʶʪʴʩʷ 

ʥʘ ʤʝʪʦʜʘʭ ʙʽʟʥʝʩ-ʘʥʘʣʽʟʫ [1], ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʦʙʢʠ ʚʝʙʜʦʜʘʪʢʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ASP.NET ʪʘ Angular. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʠʡ 

ʚʝʙʜʦʜʘʪʦʢ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʠʡ ʥʘʙʽʨ 

ʧʘʤôʷʪʦʢ ʽ ʤʘʨʰʨʫʪʽʚ, ʘ ʪʘʢʦʞ ʧʨʠʩʢʦʨʶʚʘʪʠ ʪʘ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ 

ʦʨʛʘʥʽʟʘʮʽʶ ʧʦʜʦʨʦʞʝʡ. 

ɯʥʥʦʚʘʮʽʻʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʩʦʮʽʘʣʴʥʘ ʤʝʨʝʞʘ ʟ ʫʥʽʢʘʣʴʥʠʤ 

ʬʫʥʢʮʽʦʥʘʣʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚʣʘʩʥʠʭ ʚʠʟʥʘʯʥʠʭ ʤʽʩʮʴ ʽ 

ʪʫʨʠʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʥʘ ʢʘʨʪʽ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʠʭ ʤʽʩʮʴ 

ʽ ʤʘʨʰʨʫʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʧʦʜʽʾ ʟ ʫʯʘʩʥʠʢʘʤʠ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʝʥʦ ʟʘʩʪʦʩʫʥʦʢ, ʯʘʩʪʠʥʫ ʬʫʥʢʮʽʦʥʘʣʫ ʷʢʦʛʦ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ. 1. 

 

 

 

ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ web-ʟʘʩʪʦʩʫʥʢʘ 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʃʠʩʘʢ, ɺʦʣʦʜʠʤʠʨ, ʅʦʟʜʨʽʥʘ, ʃʘʨʠʩʘ. (2020). ʄʝʪʦʜʠ ʽ ʤʦʜʝʣʽ ʙʽʟʥʝʩ-

ʘʥʘʣʽʟʫ ʚ ɯʊ-ʛʘʣʫʟʽ. ɺʽʩʥʠʢ ʋʥʽʚʝʨʩʠʪʝʪʫ ʙʘʥʢʽʚʩʴʢʦʾ ʩʧʨʘʚʠ. DOI: 

https://doi.org/10.18371/2221-755X3(39)2020225592. 

https://doi.org/10.18371/2221-755X3(39)2020225592
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ɺʣʘʜʠʩʣʘʚ ʉʦʢʫʣʴʩʴʢʠʡ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɻʘʚʨʠʣʷʢ ʄ.ʉ. 

ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (Artificial  intelligence) ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʛʘʣʫʟʝʡ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʥʘʫʢ, ʱʦ ʚʞʝ ʜʘʚʥʦ ʧʝʨʝʨʦʩʣʘ ʚʽʜ 

ʢʦʥʮʝʧʪʫ ʜʦ ʨʝʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʊʫʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷ 

ʽʥʬʦʨʤʘʪʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʰʠʭ ʩʢʣʘʜʥʠʭ ʥʘʫʢ. ʂʦʤʧʣʝʢʩʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʮʠʤ ʤʘʰʠʥʘʤ ʚʽʜʪʚʦʨʶʚʘʪʠ ʧʽʟʥʘʚʘʣʴʥʽ 

ʟʜʽʙʥʦʩʪʽ ʣʶʜʠʥʠ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʦʧʦʤʘʛʘʻ ʥʘʤ ʟʤʝʥʰʠʪʠ 

ʚʽʜʩʦʪʦʢ ʧʦʤʠʣʢʠ ʪʘ ʜʘʻ ʰʘʥʩ ʜʦʩʷʛʪʠ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʟ ʙʽʣʴʰʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ. 

ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʙʝʟʣʽʯ ʟʘʩʪʦʩʫʚʘʥʴ ʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦʩʣʽʜʞʝʥʥʷʭ, ʥʘʫʮʽ, 

ʤʝʜʠʮʠʥʽ ʪʘ ʽʥʰʠʭ ʩʬʝʨʘʭ. 

 
ʈʠʩ. 1. ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʻ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʨʦʙʦʪʠʟʘʮʽʷ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʚʠʨʦʙʥʠʮʪʚʘ - ʢʣʶʯʦʚʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ ʧʨʦʮʝʩʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ, ʩʪʚʦʨʠʪʠ "ʨʦʟʫʤʥʽ" ʤʘʰʠʥʠ, ʷʢʽ 
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ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʦ ʪʘ ʝʬʝʢʪʠʚʥʦ. ɺʽʥ ʪʘʢʦʞ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʫ ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʢʦʥʪʨʦʣʶ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ, ʫ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʟʙʦʾʚ [1]. 

ɼʨʫʛʠʤ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʻ 

ʤʝʜʠʮʠʥʘ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʣʽʢʘʨʷʤ ʚ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ 

ʣʽʢʫʚʘʥʥʽ ʧʘʮʽʻʥʪʽʚ. ɿʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ "ʨʦʟʫʤʥʽ" 

ʤʝʜʠʯʥʽ ʧʨʠʣʘʜʠ, ʷʢʽ ʤʦʞʫʪʴ ʤʦʥʽʪʦʨʠʪʠ ʩʪʘʥ ʧʘʮʽʻʥʪʽʚ ʪʘ ʥʘʜʘʚʘʪʠ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʣʽʢʘʨʷʤ ʚ ʧʣʘʥʫʚʘʥʥʽ ʣʽʢʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʨʠʟʠʢʽʚ [2].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʩʬʝʨʽ ʬʽʥʘʥʩʽʚ ʽ ʙʘʥʢʽʚʩʴʢʦʾ 

ʩʧʨʘʚʠ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʪʘ ʪʦʯʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ, 

ʱʦ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫ ʚʠʷʚʣʝʥʥʽ ʟʤʽʥ ʬʽʥʘʥʩʦʚʦʛʦ ʩʪʘʥʫ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʚʽʜʩʪʝʞʫʚʘʥʥʽ ʬʽʥʘʥʩʦʚʠʭ ʪʝʥʜʝʥʮʽʡ, ʘʥʘʣʽʟʫʚʘʪʠ ʙʫʭʛʘʣʪʝʨʩʴʢʽ ʟʚʽʪʠ 

ʪʘ ʽʥʰʽ ʜʦʢʫʤʝʥʪʠ, ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʜʣʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʬʽʥʘʥʩʦʚʠʭ ʢʨʠʟ. ɼʦ ʪʦʛʦ ʞ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠ ʘʥʘʣʽʟ ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʚʠʷʚʣʷʪʠ ʥʝʟʚʠʯʘʡʥʽ ʘʙʦ ʧʽʜʦʟʨʽʣʽ 

ʦʧʝʨʘʮʽʾ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʰʘʭʨʘʡʩʪʚʘ [3]. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʛʘʣʫʟʽ ʪʨʘʥʩʧʦʨʪʫ ʪʘ 

ʣʦʛʽʩʪʠʢʠ, ʪʘ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʤʘʨʰʨʫʪʽʚ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʫʧʨʘʚʣʽʥʥʽ 

ʪʨʘʬʽʢʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʧʦʣʽʧʰʠʪʴ ʙʝʟʧʝʢʫ ʥʘ ʜʦʨʦʛʘʭ, ʟʥʠʟʠʪʴ 

ʚʠʪʨʘʪʠ ʥʘ ʧʘʣʠʚʦ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʽʰʫ ʦʨʛʘʥʽʟʘʮʽʶ 

ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɺʣʘʜʠʩʣʘʚ ʉʪʘʣʘʱʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺʝʨʠʛʘ ɸ.ɼ. 

 

ɹʽʦʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ ʥʘ Arduino  
ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʷʢ ʟʘʤʦʢ ʜʣʷ ʜʚʝʨʝʡ, 

ʩʝʡʬʫ, ʰʫʭʣʷʜʠ ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ, ʱʦʙ ʟʘʭʠʩʪʠʪʠ ʚʘʞʣʠʚʽ ʚʘʤ ʨʝʯʽ. 

ʇʨʠʩʪʨʽʡ ʩʪʘʮʽʦʥʘʨʥʠʡ ʽ ʧʨʘʮʶʻ ʚʽʜ ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ ʥʘʧʨʫʛʦʶ 5 ɺ. 

ʇʨʠʣʘʜ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʭʠʩʪʫ ʤʘʡʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʦʤʝʪʨʠʯʥʠʭ 

ʜʘʥʠʭ ʚʽʜʙʠʪʢʘ ʧʘʣʴʮʷ ʚʣʘʩʥʠʢʘ ʯʝʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʤ 

ʩʚʦʛʦ ʙʽʦʤʝʪʨʠʯʥʦʛʦ ʦʙʨʘʟʫ ʪʘ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʴʦʛʦ ʦʙʨʘʟʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ [1]. 

ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʧʨʠʩʪʨʦʶ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʙʽʦʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʥʘ 

Arduino 
ɺʝʩʴ ʧʨʦʮʝʩ ʢʝʨʫʻʪʴʩʷ ʧʣʘʪʦʶ Arduino Uno (DD1), ʘ ʩʘʤʝ: 

ʟʯʠʪʫʚʘʥʥʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʦʢ ʢʝʨʫʚʘʥʥʷ (SB1éSB4), ʟʯʠʪʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʙʠʪʢʘ ʧʘʣʴʮʷ, ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʡʦʛʦ ʚ ʰʘʙʣʦʥʠ, 

ʟʙʝʨʽʛʘʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʧʦʢʘʟ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʈʂ-ʜʠʩʧʣʝʾ (HG1), 

ʢʝʨʫʚʘʥʥʷ ʩʝʨʚʦʜʚʠʛʫʥʦʤ (XS1) [2]. 

ʄʦʜʫʣʴ ʜʘʚʘʯʘ ʚʽʜʙʠʪʢʽʚ ʧʘʣʴʮʽʚ ʘʙʦ ʩʢʘʥʝʨ ʚʽʜʙʠʪʢʽʚ ʧʘʣʴʮʽʚ  

FPM10A (XS2) ʟʘʭʦʧʣʶʻ ʜʨʫʢʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʘʣʴʮʷ, ʧʝʨʝʪʚʦʨʶʻ 

ʡʦʛʦ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʰʘʙʣʦʥ ʽ ʟʙʝʨʽʛʘʻ ʾʭ ʫ ʩʚʦʾʡ ʧʘʤ'ʷʪʽ ʥʘ 
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ʚʠʙʨʘʥʦʤʫ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽ (ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ) ʟʘ ʜʦʧʦʤʦʛʦʶ 

Arduino. ɼʘʚʘʯ ʟʜʘʪʥʠʡ ʩʪʚʦʨʶʚʘʪʠ ʙʘʟʫ ʜʘʥʠʭ ʚʽʜʙʠʪʢʽʚ ʧʘʣʴʮʽʚ 

ʟʘʚʜʷʢʠ ʚʥʫʪʨʽʰʥʽʡ ʧʘʤ'ʷʪʽ, ʪʘʢʦʞ ʤʦʞʥʘ ʨʦʙʠʪʠ ʟʽʩʪʘʚʣʝʥʥʷ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ ʥʘʜʘʥʠʭ ʜʘʥʠʭ [3]. 

ɼʠʩʧʣʝʡ ʨʽʜʠʥʥʦ-ʢʨʠʩʪʘʣʽʯʥʠʡ LCD1602A (HG1) ʚʽʜʦʙʨʘʞʘʻ 

ʪʝʢʩʪʦʚʫ ʪʘ ʛʨʘʬʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʊʘʢʦʞ ʚʽʟʫʘʣʴʥʦ ʙʘʯʠʪʠ ʽʥʬʦʨʤʘʮʽʶ 

ʪʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʽʜ ʩʝʙʝ, ʷʢʽ ʤʠ ʤʦʞʝʤʦ ʟʤʽʥʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʦʢ, ʥʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʝʥʥʷ ʰʘʙʣʦʥʫ ʧʘʣʴʮʷ ʘʙʦ 

ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚʽʜʢʨʠʪʪʷ ʩʝʨʚʦʜʚʠʛʫʥʘ. ɼʘʥʠʡ LCD ʜʠʩʧʣʝʡ ʚʽʜʦʙʨʘʞʘʻ 

2 ʨʷʜʢʠ ʧʦ 16 ʩʠʤʚʦʣʽʚ [4]. 

ʈʦʙʦʪʘ ʜʚʝʨʥʦʛʦ ʟʘʤʢʘ ʥʘ ʦʩʥʦʚʽ ʜʘʚʘʯʘ ʚʽʜʙʠʪʢʘ ʧʘʣʴʮʽʚ ʜʦʩʠʪʴ 

ʧʨʦʩʪʘ. ʇʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʝʦʙʭʽʜʥʦ ʟʘʨʝʻʩʪʨʫʚʘʪʠ 

ʧʘʣʝʮʴ ʫ ʩʠʩʪʝʤʽ. ɼʣʷ ʮʴʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʝʦʙʭʽʜʥʦ ʥʘʪʠʩʥʫʪʠ 

ʢʣʘʚʽʰʫ ʈɽɭʉʊʈɸʎɯʗ, ʧʨʠʩʪʨʽʡ ʟʘʧʨʦʩʠʪʴ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ/ID 

(ʽʜʝʥʪʠʬʽʢʘʪʦʨ), ʜʝ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʚʽʜʙʠʪʦʢ ʧʘʣʴʮʷ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨ/(ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʣʘʚʽʰ ɺɺɽʈʍ/ɺʅʀɿ, ʜʝ ʙʫʜʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʴ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʘʤʝ 

ʮʝʡ ʚʽʜʙʠʪʦʢ ʧʘʣʴʮʷ. ʇʽʩʣʷ ʚʠʙʦʨʫ ʈʦʟʪʘʰʫʚʘʥʥʷ/ID ʢʦʨʠʩʪʫʚʘʯʫ 

ʥʝʦʙʭʽʜʥʦ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ OK. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʦʧʨʦʩʠʪʴ 

ʨʦʟʤʽʩʪʠʪʠ ʧʘʣʝʮʴ ʥʘʜ ʤʦʜʫʣʝʤ ʚʽʜʙʠʪʢʽʚ ʧʘʣʴʮʽʚ. ʊʝʧʝʨ ʢʦʨʠʩʪʫʚʘʯ 

ʤʦʞʝ ʚʽʜʢʨʠʪʠ ʟʘʤʦʢ, ʧʦʤʽʩʪʠʚʰʠ ʪʦʡ ʩʘʤʠʡ ʧʘʣʝʮʴ, ʷʢʠʡ ʚʽʥ ʜʦʜʘʚ 

(ʟʘʨʝʻʩʪʨʫʚʘʚ ʫ ʩʠʩʪʝʤʽ). ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʜʦʜʘʪʠ ʽʥʰʽ ʚʽʜʙʠʪʢʠ 

ʧʘʣʴʮʽʚ ʫ ʩʠʩʪʝʤʫ. 

ʂʦʣʠ ʧʨʠʩʪʨʽʡ ʧʽʜʪʚʝʨʜʠʪʴ ʚʽʜʙʠʪʦʢ ʧʘʣʴʮʷ, ʟʝʣʝʥʠʡ ʩʚʽʪʣʦʜʽʦʜ 

(HL2) ʙʫʜʝ ʩʚʽʪʠʪʠʩʷ ʧʨʦʪʷʛʦʤ ʧ'ʷʪʠ ʩʝʢʫʥʜ ʽ ʟʘʤʦʢ ʚʽʜʢʨʠʪ̒ʴʩʷ ʥʘ ʮʝʡ 

ʞʝ ʯʘʩ. ʏʝʨʝʟ 5 ʩʝʢʫʥʜ ʚʦʨʦʪʘ ʟʘʯʠʥʷʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʪʘ ʟʘʛʦʨʘʻʪʴʩʷ 

ʯʝʨʚʦʥʠʡ ʩʚʽʪʣʦʜʽʦʜ (HL1). ʇʘʨʘʤʝʪʨʠ ʽʥʪʝʨʚʘʣʫ ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘʢʨʠʪʪʷ 

ʟʘʤʢʘ ʤʦʞʥʘ ʣʝʛʢʦ ʟʤʽʥʠʪʠ ʚ ʧʨʦʛʨʘʤʽ ʟʘ ʩʚʦʾʤ ʙʘʞʘʥʥʷʤ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ñɹʽʦʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Arduino ʽ ʜʘʚʘʯʘ 

ʚʽʜʙʠʪʢʽʚ ʧʘʣʴʮʽʚò, URL: https://microkontroller.ru/arduino-

projects/biometricheskaya-sistema-bezopasnosti-c-ispolzovaniem-arduino/. 

2. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ʢʦʤʧʘʥʽʾ Arduino, URL: 

http://arduino.ru/Hardware/ArduinoBoardUno. 

3. URL: Fingerprint scanner FPM10A ï https://exe.ua/en/product/p351043/ 

4. URL: https://blackchip.com.ua/ru/optoelektronika-i/zhk-displej-lcd1602a/ 
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ɹʦʛʜʘʥ ʉʪʘʨʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʦʙʨʦʚʦʣʴʩʴʢʠʡ ʖ. ɻ. 

 

ʉʝʨʚʽʩ ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʢʽʣʴʢʦʩʪʽ ʦʧʨʦʤʽʥʝʥʥʷ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤʠ ʙʘʢʪʝʨʠʮʠʜʥʠʤʠ ʦʧʨʦʤʽʥʶʚʘʯʘʤʠ 

 
ʋʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʙʘʢʪʝʨʠʮʠʜʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ ï ʧʨʠʣʘʜʠ, ʷʢʽ 

ʦʙʣʘʜʥʘʥʽ ʙʘʢʪʝʨʠʮʠʜʥʠʤʠ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤʠ ʣʘʤʧʘʤʠ. 

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʣʘʤʧʠ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʜʣʷ ʟʥʝʨʘʞʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ 

ʧʦʚʝʨʭʦʥʴ ʚʽʜʢʨʠʪʠʭ ʦʙôʻʢʪʽʚ, ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʨʠʩʫʪʥʦʩʪʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʰʠʨʝʥʥʶ ʟʙʫʜʥʠʢʽʚ ʽʥʬʝʢʮʽʡʥʠʭ 

ʭʚʦʨʦʙ. 

ʋʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʙʘʢʪʝʨʠʮʠʜʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʤʽʱʝʥʥʷ ʻ ʩʘʥʽʪʘʨʥʦ-ʧʨʦʪʠʝʧʽʜʝʤʽʯʥʠʤ ʟʘʭʦʜʦʤ, 

ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʧʨʦʬʽʣʘʢʪʠʢʫ 

ʽʥʬʝʢʮʽʡʥʠʭ ʭʚʦʨʦʙ. ɺʦʥʠ ʤʘʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʟ 

ʚʠʩʦʢʠʤ ʪʘ ʩʝʨʝʜʥʽʤ ʨʠʟʠʢʦʤ ʢʦʥʪʘʤʽʥʘʮʽʾ ʤʽʢʦʙʘʢʪʝʨʽʷʤʠ 

ʪʫʙʝʨʢʫʣʴʦʟʫ,  ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ ʧʦʰʠʨʝʥʥʷ ʟʙʫʜʥʠʢʽʚ ʽʥʰʠʭ 

ʽʥʬʝʢʮʽʡ, ʘ ʪʘʢʦʞ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʟ ʚʝʣʠʢʠʤ ʩʢʫʧʯʝʥʥʷʤ ʣʶʜʝʡ.  

ʋʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ ʨʘʜʽʦʤʝʪʨ ï ʧʨʠʣʘʜ, ʱʦ ʚʠʤʽʨʶʻ ʱʽʣʴʥʽʩʪʴ 

ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʧʦʪʦʢʫ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʨʦʤʽʥʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʤʽʱʝʥʥʷ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʨʘʜʽʦʤʝʪʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ. ʊʦʯʢʠ ʚʠʤʽʨʶʚʘʥʴ ï ʮʝ 

ʪʦʯʢʠ ʨʦʟʤʽʱʝʥʴ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʨʘʜʽʦʤʝʪʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ. ɯʩʥʫʻ 

ʜʚʘ ʪʠʧʘ ʨʦʟʤʽʱʝʥʥʷ: ʚʝʨʪʠʢʘʣʴʥʘ ʧʣʦʱʠʥʘ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ 

ʧʣʦʱʠʥʘ. ʋ ʮʠʭ ʪʠʧʽʚ ʨʦʟʤʽʱʝʥʥʷ ʽʩʥʫʶʪʴ ʩʚʦʾ ʢʨʠʪʝʨʽʾ: ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʨʘʜʽʦʤʝʪʨ ʨʦʟʤʽʱʫʻʪʴʩʷ ʧʦ ʮʝʥʪʨʫ 

ʦʧʨʦʤʽʥʶʚʘʯʘ, ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ï ʥʘ 1,7 ʤ ʚʽʜ ʧʽʜʣʦʛʠ. ʋ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʻ ʜʚʽ ʪʦʯʢʠ ʨʦʟʤʽʱʝʥʥʷ ʨʘʜʽʦʤʝʪʨʘ: A ʪʦʯʢʘ ï 1 

ʤ ʚʽʜ ʦʧʨʦʤʽʥʶʚʘʯʘ, B ʪʦʯʢʘ ï 3 ʤ ʚʽʜ ʦʧʨʦʤʽʥʶʚʘʯʘ. ʋ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʻ 9 ʪʦʯʦʢ ʨʦʟʤʽʱʝʥʥʷ ʨʘʜʽʦʤʝʪʨʘ: 3 (1b, 2b, 3b) ʮʝʥʪʨʘʣʴʥʽ 

ʪʦʯʢʠ ï 1, 2, 3 ʤ ʚʽʜ ʦʧʨʦʤʽʥʶʚʘʯʘ, 3 (1c, 2c, 3c) ʣʽʚʽ ʪʦʯʢʠ ï 1 ʤ 

ʣʽʚʦʨʫʯ ʚʽʜ ʮʝʥʪʨʘʣʴʥʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ, 3 (1a, 2a, 3a) ʧʨʘʚʽ ʪʦʯʢʠ ï 

1 ʤ ʧʨʘʚʦʨʫʯ ʚʽʜ ʮʝʥʪʨʘʣʴʥʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ. ʂʦʨʠʩʪʫʚʘʯ ʤʘʪʠʤʝ ʤʦʞʣʠʚʽʩʪʴ 

ʚʚʦʜʠʪʠ ʚʭʽʜʥʽ ʜʘʥʽ ʚʽʜ ʨʘʜʽʦʤʝʪʨʘ, ʜʘʣʽ ʩʝʨʚʽʩ ʙʫʜʝ ʧʝʚʥʠʤ ʯʠʥʦʤ 
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ʦʙʨʦʙʣʷʪʠ ʾʭ ʪʘ ʚʠʚʦʜʠ ʨʝʟʫʣʴʪʘʪ, ʜʘʣʽ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʙʝʨʝʛʪʠ ʨʝʟʫʣʴʪʘʪ ʣʦʢʘʣʴʥʦ ʘʙʦ ʥʘ ʩʝʨʚʽʩʽ, ʟʘ ʫʤʦʚʠ, ʷʢʱʦ ʚʽʥ 

ʘʚʪʦʨʠʟʦʚʘʥʠʡ. 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʨʦʙʦʪʠ ʩʝʨʚʽʩʫ 
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ɼʤʠʪʨʦ ʉʪʝʧʘʥʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʥʠʢ ʆ.ʄ. 

ʊʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʚ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤʘʭ 

Cd-Sb-Zn 

ʂʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤ Cd-Sb-Zn  ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. ʆʜʥʘʢ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʝʦʙʭʽʜʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʜʦʟʚʦʣʷʪʴ ʢʝʨʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʝʞʠʤʘʤʠ. ɯʥʬʦʨʤʘʮʽʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʤʘʻ ʚ 

ʦʩʥʦʚʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ [2].  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦ ʦʧʠʩʘʪʠ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʧʦʟʠʮʽʡ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ. 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ [3] ʧʽʜʭʦʜʽ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ 

ʝʬʝʢʪʠʚʥʠʭ ʟʘʨʷʜʽʚ, ʝʬʝʢʪʠʚʥʠʭ ʨʘʜʽʫʩʽʚ, ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʾ 

ʛʫʩʪʠʥʠ, ʝʥʝʨʛʽʾ ʜʠʩʦʮʽʘʮʽʾ ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʭ ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ 

(ʅɻʆ), ʱʦ ʚʽʜʧʦʚʽʶʪʴ ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʤ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʷʤ ʫ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩʠʩʪʝʤʠ Cd-Sb-Zn. 
ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʽʚ ʦʢʨʝʤʠʭ ʅɻʆ ʜʣʷ ʩʧʦʣʫʢʠ 

Cd0,5 Zn0,5  Sb ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1,2. 
ʊʘʙʣʠʮʷ 1 

 ű1(Cd-

Sb) 

ű2(Cd-

Sb) 

ű3(Cd-

Sb) 

ű4
Cd-Sb

(Sb-

Sb) 

ű5
Cd-Sb

(Cd-

Cd) 

űi(A) 2,72 2,73 2,835 2,805 2,905 

Ri
Cd

(A) 1,127 1,13 1,17 - 1,4525 

Ri
Zn

(A) - - - - - 

Ri
Sb

(A) 1,593 1,6 1,665 1,4025 - 

ȹqi % 8 8 3,2 18,5 3 

Di(ev) 2,04 2,031 1,953 2,328 1,768 

 

ʋ ʪʘʙʣʠʮʷʭ ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʨʘʜʽʫʩʽʚ RűCd, 

RűSb,  RűZn ,   ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʠʭ ʛʫʩʪʠʥ ȹqi (1 Ò ʽ Ò 11) ʽ 

ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʝʡ űi , ʜʣʷ ʷʢʠʭ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ Di. 

 

ʊʘʙʣʠʮʷ 2 
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 ű6(Zn-

Sb) 

ű7(Zn-

Sb) 

ű8(Zn-

Sb) 

ű
Zn-Sb

9(Sb-

Sb) 

ű
Zn-

Sb
10(Zn-

Zn) 

ű
Zn-

Sb
11(Cd-

Zn) 

űi(A) 2,725 2,727 2,83 2,805 2,905 2,9 

Ri
Cd

(A) - - - - - 1,515 

Ri
Zn

(A) 1,015 1,012 1,05 - 1,4525 1,39 

Ri
Sb

(A) 1,71 1,715 1,785 1,402 - - 

ȹqi % 3,2 2 2 3,3 18,8 4,7 

Di(ev) 1,51 1,506 1,44 2,33 1,165 1,42 
 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 

ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʽʾ 

ʟʚôʷʟʢʽʚ ʦʢʨʝʤʠʭ ʅɻʆ ʚ ʢʨʠʩʪʘʣʘʭ Znx , Cd1-x  , Sb, ʘʣʝ ʡ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʜʝʨʞʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ 

ʥʘʙʦʨʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʩʪʘʙʽʣʴʥʠʭ ʽ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʨʽʚʥʦʚʘʛ, ʫʪʦʯʥʶʶʪʴ ʧʨʦʮʝʩʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʽ 

ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʥʦʚʠʭ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʽʯʥʦʛʦ 

ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʨʦʟʧʣʘʚʘʭ, ʜʦʟʚʦʣʷʶʪʴ ʫʩʪʘʥʦʚʠʪʠ ʧʦʪʝʥʮʽʡʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʨʦʟʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Cd-Sb-Zn [4]. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1.ɸʥʘʪʠʯʫʢ ʃ.ɯ. ʊʝʨʤʦʝʣʝʤʝʥʪʠ ʪʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ: ʜʦʚʽʜʥʠʢ. ʂ.: 

ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1979. 766 ʩ. 

2. ɼʨʝʤʣʶʞʝʥʢʦ ʉ.ɻ. ʉʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ Cd Cb: ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ, ʦʪʨʠʤʘʥʥʷ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ // ɼʦʚʽʜʥʠʢ. - ʏʝʨʥʽʚʮʽ: ʈʫʪʘ, 2002.- 127 ʩ. 

3. ʄʘʥʠʢ ʆ.ʄ. ʄʘʥʠʢ ʊ.ʆ., ɹʽʣʠʥʩʴʢʠʡ-ʉʣʦʪʠʣʦ ɺ.ʈ. ʊʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʩʧʣʘʚʽʚ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʍʽʤʽʯʥʠʡ ʟʚôʷʟʦʢ ʪʘ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ Zn-Cd-Sb // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ï 2021. - ˉ2. 

ï ʉ.32-42. 

4. ɹʽʣʦʮʴʢʠʡ ɼ.ʇ., ʄʘʥʠʢ ʆ.ʄ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʦʥʥʠʭ ʨʦʟʧʣʘʚʽʚ // 

ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ï 2004. - ˉ1. ï ʉ.33-48. 
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ɺʣʘʜʠʩʣʘʚ ʉʪʝʬôʶʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʏʝʨʢʝʟ ʈ.ɻ.  

 

ʇʨʦʥʠʢʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʦʭʦʣʦʜʞʝʥʥʷ  

ʽʟ ʩʝʛʤʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  
ʇʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʽʪʢʘʭ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ 

ʤʘʪʝʨʽʘʣʽʚ ï ʩʝʛʤʝʥʪʽʚ [1].  

ɯʥʰʠʡ ʥʘʧʨʷʤʦʢ ʧʦʣʽʧʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ï 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʥʠʢʥʠʭ ʜʣʷ ʧʦʪʦʢʽʚ ʪʝʧʣʦʥʦʩʽʷ (ʨʽʜʠʥʠ ʘʙʦ ʛʘʟʫ) 

ʚʽʪʦʢ  [2]. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ 

ʪʝʧʣʦʥʦʩʽʷ ʟ çʭʦʣʦʜʥʠʤʠè ʯʘʩʪʠʥʘʤʠ ʚʽʪʦʢ ʙʽʣʴʰʝ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʚʽʜʜʘʪʠ ʤʘʪʝʨʽʘʣʫ ʽ ʧʝʨʝʪʚʦʨʠʪʠ ʾʾ ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. 

ʌʽʟʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʥʠʢʥʦʛʦ ʩʝʛʤʝʥʪʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ  ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. ʊʝʨʤʦʝʣʝʤʝʥʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʪʦʢ n- 

ʪʘ p-ʪʠʧʽʚ ʧʨʦʚʽʜʥʦʩʪʽ, ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʇʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʧʫʩʢʘʥʥʷ 

ʪʝʧʣʦʥʦʩʽʷ ʚʟʜʦʚʞ ʚʽʪʢʠ ʯʝʨʝʟ ʢʘʥʘʣʠ (ʧʦʨʠ). ʂʦʞʥʘ ʚʽʪʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

Nn ʽ Np ï ʩʝʛʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʟôʻʜʥʘʥʥʷ r0. ɹʽʯʥʽ 

ʧʦʚʝʨʭʥʽ ʚʽʪʦʢ ʘʜʽʘʙʘʪʥʦ ʽʟʦʣʴʦʚʘʥʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ 

ʪʝʨʤʦʝʣʝʤʝʥʪ Tm. ʊʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʠʭ ʩʧʘʾʚ Tc. 
 

 ʈʠʩ. 1. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ 
ʧʨʦʥʠʢʥʦʛʦ ʩʝʛʤʝʥʪʥʦʛʦ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘ. 

1, 8, 9 ï ʢʦʤʫʪʘʮʽʡʥʽ ʧʣʘʩʪʠʥʠ; 

2, 10 ï ʢʦʤʫʪʘʮʽʡʥʽ ʰʘʨʠ;  

 3, 5, 6, 7 ï ʩʝʛʤʝʥʪʠ (ʩʝʢʮʽʾ) 

ʚʽʪʢʠ n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ; 

 4,14 ï  ʪʝʧʣʦʥʦʩʽʡ;  

11, 12, 13 ï ʩʝʛʤʝʥʪʠ (ʩʝʢʮʽʾ) 

ʚʽʪʢʠ p-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ  

 

ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʷʢʘ ʦʧʠʩʫʻ 

ʨʦʟʧʦʜʽʣʠ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ 
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ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʽʡ ʯʘʩʪʠʥʽ dx ʢʦʞʥʦʾ k-ʦʾ 

ʩʝʢʮʽʾ ʚʽʪʦʢ n- ʽ p-ʪʠʧʽʚ ʧʨʦʚʽʜʥʦʩʪʽ, ʚ ʙʝʟʨʦʟʤʽʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ:  
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           (1)       

ʜʝ 1ʂʇ  ï ʧʝʨʠʤʝʪʨ ʢʘʥʘʣʘ; NK ï  ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ; SK ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ 

ʚʩʽʭ ʢʘʥʘʣʽʚ; S ï ʧʝʨʝʨʽʟ ʚʽʪʢʠ ʨʘʟʦʤ ʽʟ ʢʘʥʘʣʘʤʠ; G ï ʚʠʪʨʘʪʘ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʢʘʥʘʣʘʭ;Pc ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ; t ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʪʦʯʮʽ x; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʪʢʠ ʚ ʪʦʯʮʽ x; a
T 
ï 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ; a, k, r ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʤʦɽʈʉ,  

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʚʽʪʢʠ.  

ʅʘ ʦʩʥʦʚʽ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ [3], ʧʨʦʚʝʜʝʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ  

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʽʡ 

ʛʫʩʪʠʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʨʦʢʘʯʢʠ ʪʝʧʣʦʥʦʩʽʷ 

ʧʨʦʥʠʢʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʟ ʤʘʪʝʨʽʘʣʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʘ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʢʘʟʫʶʪʴ ʥʘ ʾʭ 

ʧʦʣʽʧʰʝʥʥʷ  ʚ 1.2-1.5 ʨʘʟʽʚ.   

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɼʝʥʠʩ ʉʪʨʫʪʠʥʩʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʫʟʴ ʈ.ɺ. 
 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʽʚ 

ʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʝʥʝʨʛʽʾ 
ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʝʥʝʨʛʽʾ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ [1 - 4]. 

ʅʝʚʧʠʥʥʠʡ ʨʦʟʚʠʪʦʢ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ [5].  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʩʪʘʻ ʧʨʦʩʪʽʰʝ ʪʘ ʟʨʫʯʥʽʰʝ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʝʭʥʽʢʫ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʝʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʫʩʢʣʘʜʥʝʥʽ ʘʙʦ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʛʝʥʝʨʘʪʦʨʥʽ ʤʦʜʫʣʽ, ʤʦʜʫʣʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʩʝʥʩʦʨʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʾʭ 

ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʨʽʤ ʪʦʛʦ, ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʚʠʱʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʝʥʝʨʛʽʾ. 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʽʚ ʫ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʤʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʪʨʠʤʘʥʦ ʽʟ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ 

ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ 

 
div 0

div j 0

w=ëî
ì

=îí
, (1)  

ʜʝ ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ q jw U= + Ö, (2)  

ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʪʝʧʣʘ + jq T T=-kÐ a Ö, (3) 

ʘ ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ  j U T=-sÐ -saÐ, (4) 

a, s, k ï ʚʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʦɽʈʉ, ʧʠʪʦʤʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʪʝʨʤʦʝʣʝʤʝʥʪʘ, T  ï 

ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, U  ï ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ. 

ʗʢʱʦ ʚʠʨʘʟʠ (2) ï (4) ʚʨʘʭʫʚʘʪʠ ʚ (1), ʪʦ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ 

ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ 
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ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʜʣʷ 

ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ U  ̔   T : 

 
( ) ( )

( ) ( )

2 0

0

T U T T U U

T U

ë è ø-Ð k+a s +a s Ð -Ðè as + s Ð ø=î ê úê ú
ì

-Ð saÐ -Ð sÐ =îí

. (5) 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʷʢʽ ʥʘʢʣʘʜʘʪʠʤʫʪʴʩʷ ʥʘ ʩʠʩʪʝʤʫ 

(5), ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʤʦʜʫʣʷ, ʤʦʜʫʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʯʠ ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ.  

ɼʣʷ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ (5) ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ Comsol Multiphysics [5]. ʇʨʠʢʣʘʜʠ ʨʦʟʨʘʭʦʚʘʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʫ ʤʦʜʫʣʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 1.  

  
 ʘ ʙ 

ʈʠʩ. 1. ʈʦʟʧʦʜʽʣ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʘ) ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ (ʙ) ʚ ʤʦʜʫʣʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʚ ʨʝʞʠʤʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ɸʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʤʦʜʫʣʷ ʪʘ 

ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. 
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ʉʝʨʛʽʡ ʉʫʰʠʥʩʴʢʠʡ, ɹʦʛʜʘʥ ʂʘʯʫʨʦʚʩʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʝʩʽʥʩʴʢʠʡ ɺ.ɺ. 
 

ɸʥʘʣʽʟ ʤʝʭʘʥʽʟʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʥʘ 

ʙʘʟʽ Linux 
 

ʇʦʩʪʽʡʥʝ ʦʥʦʚʣʝʥʥʷ ʨʦʫʪʝʨʘ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʙʝʟʧʝʢʠ, 

ʦʩʢʽʣʴʢʠ ʥʝʟʘʭʠʱʝʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʞʝ ʙʫʪʠ ʟʣʘʤʘʥʠʡ ʽ 

ʧʝʨʝʪʚʦʨʝʥʠʡ ʥʘ ʙʦʪʥʝʪ. ʗʢ ʚʽʜʦʤʦ, ʙʝʟʧʝʢʘ ʜʦʤʘʰʥʴʦʛʦ ʨʦʫʪʝʨʘ 

ʟʘʣʠʰʘʻ ʙʘʞʘʪʠ ʢʨʘʱʦʛʦ. 

ʅʘ ʨʠʥʢʫ ʽʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʙʘʟʽ 

Linux, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʨʘʟʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʤʘʨʰʨʫʪʟʘʪʦʨʘ ʙʫʜʝ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʙʝʟʧʝʢʠ ʷʜʨʘ Linux ʘʙʦ ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʥʠʤ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʦʙʣʝʤʠ ʚ ʨʦʙʦʪʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʥʝʚʜʘʣʦ ʩʢʦʤʧʽʣʴʦʚʘʥʽ ʧʨʦʰʠʚʢʠ, ʪʘ ʥʘʷʚʥʽʩʪʴ ʚ ʥʠʭ 

ʥʘʧʨʠʢʣʘʜ, ʙʝʢʜʦʨʽʚ, ʚʠʷʚʣʝʥʠʭ ʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʚʠʨʦʙʥʠʢʽʚ 

Linksys, Netgear ʪʘ ʽʥʰʠʭ ʚʽʜʦʤʠʭ ʚʠʨʦʙʥʠʢʽʚ. 

ʇʨʦʰʠʚʢʠ ʨʦʫʪʝʨʽʚ ʩʪʦʨʦʥʥʽʭ ʚʠʨʦʙʥʠʢʽʚ, ʪʘʢʽ ʷʢ DD-WRT ʘʙʦ 

OpenWrt ï ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʧʨʦʰʠʚʮʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʥʘʜʘʥʦʾ 

ʚʠʨʦʙʥʠʢʦʤ ʦʙʣʘʜʥʘʥʥʷ. ʇʦ ʩʫʪʽ ʮʝ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, 

ʩʪʚʦʨʝʥʘ ʩʧʽʣʴʥʦʪʦʶ, ʷʢʘ ʧʨʘʮʶʻ ʥʘ ʙʘʟʽ ʷʜʨʘ Linux.  

ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʧ'ʷʪʴ ʧʨʦʜʫʢʪʽʚ ʽʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ 

ʢʦʜʦʤ ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʙʘʟʽ Linux: ClearOS, DD-WRT, pfSense, Untangle 

ʪʘ ZeroShell. 

ClearOS ï ʮʝ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʰʣʶʟ ʙʝʟʧʝʢʠ, ʷʢʠʡ ʧʨʦʧʦʥʫʻ ʙʽʣʴʰʝ 

120 ʬʫʥʢʮʽʡ, ʷʢʽ ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʫ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʠʩʪʝʤʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ 

ʥʘ ʩʝʨʚʝʨʽ ʢʽʣʴʢʦʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʽʥʰʠʭ Linux-ʜʠʩʪʨʠʙʫʪʠʚʽʚ, ʘ 

ʪʘʢʦʞ ʚʝʨʩʽʡ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Windows.  

DD-WRT ʚʽʜʦʤʘ ʷʢ ʙʝʟʢʦʰʪʦʚʥʠʡ ʚʘʨʽʘʥʪ ʧʨʦʰʠʚʢʠ ʟ ʚʽʜʢʨʠʪʠʤ 

ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʙʝʟʜʨʦʪʦʚʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ. 

ʉʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʬʫʥʢʮʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʽ, ʷʢʽ, ʷʢ ʧʨʘʚʠʣʦ, ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʪʽʣʴʢʠ ʚ ʧʨʦʜʫʢʮʽʾ ʙʽʟʥʝʩ-ʢʣʘʩʫ (multi SSID, VLAN, VPN 

ʩʝʨʚʝʨ/ʢʣʽʻʥʪ). ʂʨʽʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʚʦʥʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʽʟ ʚʙʫʜʦʚʘʥʠʤʠ ʘʧʘʨʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ ʧʣʘʪʬʦʨʤʘʤʠ 

x86. 



350 

 

 

pfSense ʩʭʦʞʘ ʥʘ Untangle, ʘʣʝ ʚ ʥʽʡ ʥʝ ʚʠʩʪʘʯʘʻ ʜʝʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʪʘʢʠʭ ʷʢ ʚʝʙ-ʬʽʣʴʪʨ ʽ ʘʥʪʠʚʽʨʫʩ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʥʘʙʦʨʫ ʙʘʟʦʚʠʭ ʬʫʥʢʮʽʡ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʽ 

ʙʨʘʥʜʤʘʫʝʨʘ. ʇʨʦʪʝ ʽʩʥʫʻ ʙʽʣʴʰʝ ʪʨʴʦʭ ʜʝʩʷʪʢʽʚ ʩʪʦʨʦʥʥʽʭ ʜʦʧʦʚʥʝʥʴ, 

ʷʢʽ ʣʝʛʢʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʥʝʜʞʝʨʘ ʧʘʢʝʪʽʚ. 

ʆʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ PfSense ʙʘʟʫʻʪʴʩʷ ʥʘ FreeBSD. ɰʾ ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʯʠ ʚʽʨʪʫʘʣʴʥʽʡ ʤʘʰʠʥʽ. 

Untangle ʥʘʡʙʽʣʴʰʝ ʩʭʦʞʘ ʥʘ ClearOS. ʎʝ Linux ʜʠʩʪʨʠʙʫʪʠʚ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ Debian 8.4. ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʝʨʝʞʽ 

ʥʘʜʘʶʪʴʩʷ ʙʝʟʢʦʰʪʦʚʥʦ. ʂʨʽʤ ʪʦʛʦ, ʻ ʧʣʘʪʥʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ 

ʜʦʧʦʤʘʛʘʶʪʴ ʨʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ. ʂʝʨʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʚʝʙ-ʽʥʪʝʨʬʝʡʩ. 

ZeroShell ï Linux ʜʠʩʪʨʠʙʫʪʠʚ ʜʣʷ ʩʝʨʚʝʨʽʚ ʽ ʧʨʠʩʪʨʦʾʚ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʤʝʨʝʞʝʚʠʭ ʩʣʫʞʙ. ʆʩʥʦʚʥʽ 

ʬʫʥʢʮʽʾ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ ʚ ʜʠʩʪʨʠʙʫʪʠʚʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʽʣʴʢʘ ʜʦʜʘʪʢʦʚʠʭ ʧʘʢʝʪʽʚ (Samba File Sharing Service ʪʘ 

Asterisk VoIP PBX) ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʅʘʣʘʰʪʦʚʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʷ ʧʣʘʪʬʦʨʤʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʚʝʙ-

ʽʥʪʝʨʬʝʡʩ. ɯʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ZeroShell ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʘʩʦʙʽʚ ʙʝʟʧʝʢʠ. 

ʅʦʚʽ ʘʩʧʝʢʪʠ ʙʝʟʧʝʢʠ ʚʠʥʠʢʘʶʪʴ ʫ ʤʦʤʝʥʪ ʟ'ʻʜʥʘʥʥʷ ʩʠʩʪʝʤʠ Linux 

ʽʟ ʣʦʢʘʣʴʥʦʶ ʤʝʨʝʞʝʶ. ʗʢʱʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ ʜʣʷ 

ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ, ʜʣʷ ʟʣʦʚʤʠʩʥʠʢʘ ʟʘʣʠʰʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ Linux ʟʘʚʜʷʢʠ ʩʣʘʙʢʦʩʪʽ 

ʤʝʨʝʞʝʚʦʛʦ ʟʘʭʠʩʪʫ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. Linux security HOWTO. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://sunsite.unc.edu/ 

mdw/linux.html; 

2. ʄʘʨʰʨʫʪʠʟʘʪʦʨʠ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ ʽ 

ʛʥʫʯʢʽʩʪʴ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://tsarev.biz/offtop/ 

marshrutizatory-s-otkrytym-isxodnym-kodom-garantiruyut-nizkuyu-

stoimost-i-svobodu-dejstvij/ 
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ɺʽʪʘʣʽʡ ʊʘʥʘʩʽʡʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ.ɺ. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ ʫ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ 

ʩʚʽʪʽ 
ʇʨʦʮʝʩʦʨ ī ʦʩʥʦʚʘ ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʮʽ 

ʢʨʠʭʽʪʥʽ ʤʽʢʨʦʩʭʝʤʠ ʻ ʤʦʟʢʦʤ ʤʘʡʞʝ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʤʠ 

ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ. ɺʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ, 

ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʨʽʟʥʦʛʦ ʨʦʜʫ ʢʦʤʧôʶʪʝʨʽʚ. ɹʝʟ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ ʙʘʛʘʪʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʩʷʛʥʝʥʴ, ʷʢʽ ʟʤʽʥʠʣʠ ʥʘʰ ʩʚʽʪ 

ʟʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ, ʙʫʣʠ ʙ ʥʝʤʦʞʣʠʚʠʤʠ [1]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʪʝʭʥʦʣʦʛʽʡ ʚʘʞʢʦ 

ʧʝʨʝʦʮʽʥʠʪʠ ʥʘʚʝʜʝʤʦ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʯʦʤʫ.  

ʐʚʠʜʢʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ: ʦʩʢʽʣʴʢʠ ʟ ʯʘʩʦʤ ʧʨʦʮʝʩʦʨʠ ʩʪʘʣʠ 

ʰʚʠʜʰʠʤʠ ʪʘ ʧʦʪʫʞʥʽʰʠʤʠ, ʚʦʥʠ ʜʦʟʚʦʣʠʣʠ ʢʦʤʧôʶʪʝʨʘʤ ʚʠʢʦʥʫʚʘʪʠ 

ʙʽʣʴʰʽ ʪʘ ʩʢʣʘʜʥʽʰʽ ʟʘʚʜʘʥʥʷ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʥʝʟʤʽʥʥʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ 

ʻ ʾʭ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ. ɰʭ ʤʦʞʥʘ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʬʫʥʢʮʽʡ, ʚʽʜ ʙʘʟʦʚʠʭ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʦ 

ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʘʥʘʣʽʟʫ.  

ʑʝ ʦʜʥʘ ʩʬʝʨʘ, ʜʝ ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʚʘʞʣʠʚʠʤʠ ī 

ʩʬʝʨʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʯʝʟʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʱʦʙ ʘʥʘʣʽʟʫʚʘʪʠ 

ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʽ ʨʦʙʠʪʠ ʪʦʯʥʽ ʧʨʦʛʥʦʟʠ. ʄʽʢʨʦʧʨʦʮʝʩʦʨʠ 

ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʮʠʭ ʟʘʚʜʘʥʴ, ʦʩʢʽʣʴʢʠ ʾʭ ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʣʷ 

ʧʝʚʥʠʭ ʪʠʧʽʚ ʦʙʯʠʩʣʝʥʴ ʽ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ.  

ʋ ʩʬʝʨʽ ʧʦʙʫʪʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ ʻ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ 

ʙʘʛʘʪʴʦʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʠʤʠ ʤʠ ʢʦʨʠʩʪʫʻʤʦʩʷ ʱʦʜʥʷ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ 

ʩʤʘʨʪʬʦʥʘʤ ʟʘʧʫʩʢʘʪʠ ʢʽʣʴʢʘ ʧʨʦʛʨʘʤ ʦʜʥʦʯʘʩʥʦ, ʨʦʟʫʤʥʠʤ 

ʤʽʢʨʦʬʦʥʘʤ ī  ʨʦʟʧʽʟʥʘʚʘʪʠ ʛʦʣʦʩʦʚʽ ʢʦʤʘʥʜʠ. 

ʋ ʩʚʽʪʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʪʘʢʠʭ ʷʢ ʢʘʨʜʽʦʩʪʠʤʫʣʷʪʦʨʠ, ʽʥʩʫʣʽʥʦʚʽ ʧʦʤʧʠ ʪʘ 

ʤʦʥʽʪʦʨʠ ʨʽʚʥʷ ʛʣʶʢʦʟʠ ʚ ʢʨʦʚʽ. ʎʽ ʧʨʠʩʪʨʦʾ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ 
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ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ, 

ʢʦʨʠʛʫʚʘʥʥʷ  ʜʦʟʠ ʣʽʢʽʚ.   

ʌʽʥʘʥʩʦʚʽ ʧʦʩʣʫʛʠ: ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʙʘʥʢʦʤʘʪʘʭ, ʪʦʨʛʦʚʠʭ ʪʝʨʤʽʥʘʣʘʭ ʽ ʩʠʩʪʝʤʘʭ ʦʙʨʦʙʢʠ ʢʨʝʜʠʪʥʠʭ 

ʢʘʨʪʦʢ, ʧʨʦʪʦʢʦʣʘʭ ʙʝʟʧʝʢʠ ʪʘ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ. 

ʄʽʢʨʦʧʨʦʮʝʩʦʨʠ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝ ʚʦʥʠ ʞʠʚʣʷʪʴ ʫʩʝ: ʚʽʜ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʜʦ ʨʦʟʰʠʨʝʥʠʭ ʬʫʥʢʮʽʡ ʜʦʧʦʤʦʛʠ ʚʦʜʽʻʚʽ, ʪʘʢʠʭ 

ʷʢ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʚʠʾʟʜ ʟʽ ʩʤʫʛʠ ʨʫʭʫ, ʘʜʘʧʪʠʚʥʠʡ ʢʨʫʾʟ-ʢʦʥʪʨʦʣʴ 

ʪʘ ʘʚʪʦʧʽʣʦʪ. 

ɸʝʨʦʢʦʩʤʽʯʥʘ ʪʘ ʦʙʦʨʦʥʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ: ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʴʦʪʦʤ, ʩʠʩʪʝʤʘʭ ʥʘʚʽʛʘʮʽʾ 

ʚ ʣʽʪʘʢʘʭ ʪʘ ʢʦʩʤʽʯʥʠʭ ʢʦʨʘʙʣʷʭ, ʘ ʪʘʢʦʞ ʫ ʚʽʡʩʴʢʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, 

ʪʘʢʦʤʫ ʷʢ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʢʝʨʦʚʘʥʽ ʨʘʢʝʪʠ. 

ɯʥʪʝʨʥʝʪ - ʤʝʨʝʞʘ: ʧʦʰʠʨʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ 

ʽʥʪʝʨʥʝʪʫ ʧʦʨʦʜʠʣʦ ʧʦʧʠʪ ʥʘ ʧʨʦʮʝʩʦʨʠ ʟ ʥʠʟʴʢʠʤ ʩʧʦʞʠʚʘʥʥʷʤ 

ʝʥʝʨʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚʽʜ ʥʝʚʝʣʠʢʠʭ ʙʘʪʘʨʝʡ ʽ ʧʽʜôʻʜʥʫʚʘʪʠʩʷ 

ʜʦ ʽʥʪʝʨʥʝʪʫ ʙʝʟ ʧʨʦʚʽʜʥʠʢʽʚ. ʎʽ ʧʨʦʮʝʩʦʨʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʨʦʟʫʤʥʠʭ ʙʫʜʠʥʢʽʚ, ʧʝʨʝʥʦʩʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʟ 

ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ʽʥʪʝʨʥʝʪʫ [2]. 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʦʢ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ 

ʫ ʩʚʽʪʽ ʪʝʭʥʦʣʦʛʽʡ ʥʝʟʘʧʝʨʝʯʥʘ. ʎʽ ʤʽʢʨʦʩʭʝʤʠ ʻ ʚʘʞʣʠʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʤʘʡʞʝ ʚ ʢʦʞʥʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʧʨʠʩʪʨʦʾ ʪʘ ʩʠʩʪʝʤʽ, ʷʢʠʤʠ ʤʠ 

ʢʦʨʠʩʪʫʻʤʦʩʴ ʩʴʦʛʦʜʥʽ, ʘ ʾʭʥʷ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ ʧʦʪʫʞʥʽʩʪʴ ʫʤʦʞʣʠʚʠʣʠ 

ʥʝʟʣʽʯʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʛʨʝʩ. ʆʩʢʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʜʦʚʞʫʶʪʴ 

ʨʦʟʚʠʚʘʪʠʩʷ, ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ ʟʘʣʠʰʘʪʠʤʫʪʴʩʷ ʚʘʞʣʠʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʜʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡ ʽ ʧʨʦʛʨʝʩʫ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɽʣʝʢʪʨʦʪʝʭʥʽʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʪʝʭʥʽʢʘ/ ɺ. ʄʽʣʠʭ, ʆ. 
ʐʘʚʴʦʣʢʽʥ.ī ʂʠʾʚ, 2012 ī 662ʩ. 

2. Internet / chat.openai.com 
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ɺʘʜʠʤ ʊʘʨʘʥʝʥʢʦ  
              ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ.ɺ 

 

ʉʪʽʣʴʥʠʢʦʚʠʡ ʟʚôʷʟʦʢ 

 
ʆʜʠʥ ʽʟ ʥʝʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʽʚ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʟʫʧʠʥʠʪʠ ʘʙʦ 

ʥʘʧʨʘʚʠʪʠ ʚ ʟʚʦʨʦʪʥʠʡ ʥʘʧʨʷʤʦʢ, ï ʮʝ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɸ ʦʩʦʙʣʠʚʦ ʜʦʙʨʝ ʧʦʤʽʪʥʠʡ ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʤʠ ʤʘʻʤʦ ʩʴʦʛʦʜʥʽ ʤʦʞʣʠʚʽʩʪʴ ʦʙʣʘʰʪʫʚʘʪʠ ʩʝʙʝ ʪʘʢ, ʷʢ ʥʘʤ ʟʨʫʯʥʦ. 

ɿôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʦʙʫʪʦʚʽ ʧʨʠʣʘʜʠ, ʘʚʪʦʤʦʙʽʣʽ, ʤʝʜʠʯʥʽ 

ʧʨʠʣʘʜʠ, ʤʦʙʽʣʴʥʽ ʪʝʣʝʬʦʥʠ, ʚʩʽ ʟ ʨʽʟʥʠʤʠ ʢʦʤʧʣʝʢʪʫʶʯʠʤʠ, ʘ 

ʛʦʣʦʚʥʝ ï ʫʩʽ ʚʦʥʠ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʽʡ. ʅʝ ʦʙʽʡʰʦʚ 

ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʽ ʩʪʽʣʴʥʠʢʦʚʠʡ ʟʚôʷʟʦʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʠ 

ʩʴʦʛʦʜʥʽ ʤʦʞʝʤʦ ʟʚôʷʟʘʪʠʩʷ ʟ ʢʠʤ ʟʘʚʛʦʜʥʦ ʤʘʡʞʝ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ 

ʩʚʽʪʫ. ɯ, ʟʚʽʩʥʦ, ʟ ʯʘʩʦʤ ʙʫʜʝ ʩʪʘʚʘʪʠ ʚʩʝ ʢʨʘʱʝ ʽ ʢʨʘʱʝ. 

ʉʪʽʣʴʥʠʢʦʚʠʡ ʟʚôʷʟʦʢ ð ʦʜʠʥ ʽʟ ʚʠʜʽʚ ʤʦʙʽʣʴʥʦʛʦ ʨʘʜʽʦʟʚôʷʟʢʫ, 

ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʩʪʽʣʴʥʠʢʦʚʘ ʤʝʨʝʞʘ [1,2]. ʆʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ 

ʩʪʽʣʴʥʠʢʦʚʦʾ ʤʝʨʝʞʽ ð ʮʝ ʩʪʽʣʴʥʠʢʦʚʽ ʪʝʣʝʬʦʥʠ ʽ ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ. ɹʘʟʦʚʽ 

ʩʪʘʥʮʽʾ ʟʚʠʯʘʡʥʦ ʨʦʟʪʘʰʦʚʫʶʪʴ ʥʘ ʜʘʭʘʭ ʙʫʜʠʥʢʽʚ ʽ ʦʢʨʝʤʠʭ ʚʝʞʘʭ. 

ʉʪʽʣʴʥʠʢʦʚʘ ʤʝʨʝʞʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʤʦʙʽʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢʘ ʤʝʨʝʞʘ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʻʪʴʩʷ LMN ð ʛʨʦʤʘʜʩʴʢʘ 

ʥʘʟʝʤʥʘ ʤʦʙʽʣʴʥʘ ʤʝʨʝʞʘ. ʄʝʨʝʞʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ: 

× ʨʫʭʦʤʘ ʩʪʘʥʮʽʷ (MS) ð ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʟʚôʷʟʢʫ ʯʝʨʝʟ ʩʪʽʣʴʥʠʢʦʚʫ ʤʝʨʝʞʫ; 

× ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ (BST) ð ʧʨʠʡʦʤʦ-ʧʝʨʝʜʘʚʘʯ, ʷʢʠʡ ʧʝʨʝʜʘʻ ʪʘ 

ʦʪʨʠʤʫʻ ʩʠʛʥʘʣʠ ʧʦ ʽʥʪʝʨʬʝʡʩʫ ʨʘʜʽʦʤʝʨʝʞʽ; 

× ʢʦʥʪʨʦʣʝʨ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ (BSC) ð ʢʝʨʫʻ ʟʚôʷʟʢʦʤ ʤʽʞ 

ʛʨʫʧʦʶ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʽ ʦʢʨʝʤʠʤ ʮʝʥʪʨʦʤ ʢʦʤʫʪʘʮʽʾ; 

× ʮʝʥʪʨ ʢʦʤʫʪʘʮʽʾ ʨʫʭʦʤʦʛʦ ʟʚôʷʟʢʫ (MSC) ð ʩʝʨʮʝ ʤʝʨʝʞʽ, ʱʦ 

ʥʘʜʩʠʣʘʻ ʡ ʦʙʩʣʫʛʦʚʫʻ ʟʘʧʠʪʠ, ʟʨʦʙʣʝʥʽ ʚ ʤʝʨʝʞʽ; 

× ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (OMC) ð ʥʘʟʝʤʥʘ 

ʩʝʢʮʽʷ ʤʝʨʝʞʽ. 

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʨʝʘʣʽʟʘʮʽʾ ʩʪʽʣʴʥʠʢʦʚʦʛʦ 

ʟʚôʷʟʢʫ. ɿ ʨʠʩʫʥʢʘ ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʮʽʻʾ ʩʠʩʪʝʤʠ 

ʟʚôʷʟʢʫ. 

https://www.wiki.uk-ua.nina.az/%D0%9C%D0%BE%D0%B1%D1%96%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%B7%D0%B2%27%D1%8F%D0%B7%D0%BE%D0%BA.html
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ 

 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʘʜʽʦʩʧʝʢʪʨ ʝʬʝʢʪʠʚʥʦ, ʪʽ ʩʘʤʽ 

ʯʘʩʪʦʪʠ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʝʩʫʤʽʩʥʠʭ ʯʘʨʫʥʢʘʭ. 

ɻʝʦʛʨʘʬʽʯʥʘ ʦʙʣʘʩʪʴ ʨʦʟʜʽʣʝʥʘ ʥʘ ʯʘʨʫʥʢʠ, ʘʙʦ ʩʪʽʣʴʥʠʢʠ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʟʦʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʥʘ ʩʪʽʣʴʥʠʢʠ ʾʭʥʷ ʢʦʥʬʽʛʫʨʘʮʽʷ ʤʦʞʝ ʤʘʪʠ ʚʠʛʣʷʜ ʦʜʥʽʻʾ ʟ ʪʨʴʦʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ [3,4]: ʪʨʠʢʫʪʥʠʢ, ʢʚʘʜʨʘʪ, ʰʝʩʪʠʢʫʪʥʠʢ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʇ.ɺ ʉʣʦʙʦʜʷʥʶʢ, ɺ.ɻ ɹʣʘʛʦʜʘʨʥʠʡ, ɺ.ʉ ʉʪʫʧʘʢ - ɼʦʚʽʜʥʠʢ ʟ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ʇʽʜ ʟʘʛ.ʨʝʜ. ʇ.ɺ. ʉʣʦʙʦʜʷʥʶʢʘ. ʂʠʾʚ: ɸʩʧʝʢʪ-ʇʦʣʽʛʨʘʬ, 

2008, ī 280 ʩ.  
2. ʉʪʫʧʘʢ ɺ.ʉ., ɼʦʣʤʘʪʦʚ ʉ.ʆ. ʆʩʥʦʚʠ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʢʦʥʪʨʦʣʶ: 

ʇʨʘʢʪʠʯʥʠʡ ʧʦʩʽʙʥʠʢ / ʟʘ ʨʝʜʘʢʮʽʻʶ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʆʣʽʡʥʠʢʘ ɺ.ʌ. 

ʂʠʾʚ, 2004. ï 231ʩ. 

3. ɾʝʨʝʙʠʣʦ ɺ. ɼ.,  ʂʫʚʰʠʥʦʚ ʆ. ɺ.,  ʊʝʨʝʱʝʥʢʦ ʆ. ʄ. ʇʝʨʝʚʽʨʢʘ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ : ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. 

ʂʠʾʚ: ɺɯʊɯ ʅʊʋʋ ñʂʇɯò, 2004. - 64 ʩ. 

4. ɻʝʧʢʦ ʀ.ɸ., ʆʣʝʡʥʠʢ ɺ.ʌ., ʏʘʡʢʘ ʖ.ɼ., ɹʦʥʜʘʨʝʥʢʦ ɸ.ɺ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ: ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʝʩʧʝʢʪʠʚʳ. ī ʂʠʝʚ: ɽʂʄʆ, 2009 ʛ.  ï 672 

ʩ.  
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ɼʤʠʪʨʦ ʊʘʨʥʘʚʩʴʢʠʡ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸʨʭʝʣʶʢ ʆ.ɼ. 

 

ʈʦʟʨʘʭʫʥʦʢ ʎʈʈʃ ʥʘ ʜʽʣʷʥʮʽ ʤ. ʏʝʨʥʽʚʮʽ ï ʩ. ʂʘʤôʷʥʘ ʥʘ 

ɹʫʢʦʚʠʥʽ  
ɺ ʨʦʙʦʪʽ ʦʧʠʩʘʥʽ ʩʫʯʘʩʥʽ ʎʈʃʃ, ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʨʘʜʽʦʨʝʣʝʡʥʠʭ ʣʽʥʽʡ, ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʨʘʜʽʦʨʝʣʝʡʥʠʭ ʣʽʥʽʡ. ɿʜʽʡʩʥʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʩʫʯʘʩʥʦʾ 

ʨʘʜʽʦʨʝʣʝʡʥʦʽ ʣʘʥʢʠ ʥʘ ʜʽʣʷʥʮʽ ʤ. ʏʝʨʥʽʚʮʽ ï ʂʘʤôʷʥʘ ʥʘ ɹʫʢʦʚʠʥʽ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ 

ʨʘʜʽʦʨʝʣʝʡʥʠʭ ʪʨʘʩ. ɺʠʙʽʨ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʤʝʪʦʜʠʢʠ ʟʘʣʝʞʠʪʴ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʽʜ ʪʘʢʠʭ ʜʚʦʭ ʬʘʢʪʦʨʽʚ: ʜʦʩʪʫʧʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ 

ʤʝʪʦʜʠʢʠ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ ʥʘ ʨʦʟʨʘʭʫʥʦʢ ʨʘʜʽʦʨʝʣʝʡʥʦʾ ʣʽʥʽʾ [1]. 

 

 
ʈʠʩ.1. ʈʘʜʽʦʣʘʥʢʘ ʥʘ ʤʽʩʮʝʚʦʩʪʽ (ʩʫʧʫʪʥʠʢʦʚʘ ʢʘʨʪʘ) 

 



356 

 

 

ʗʢ ʦʩʥʦʚʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʤʠ ʙʫʣʘ ʦʙʨʘʥʘ ʤʝʪʦʜʠʢʘ ʬʽʨʤʠ 

RACOM (https://www.racom.eu/), ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʘ ʽ 

ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʪʝʨʽʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ. ʗʢ ʜʦʜʘʪʢʦʚʫ 

ʜʦʚʽʜʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ çɼʦʚʽʜʥʠʢ ʧʦ 

ʮʠʬʨʦʚʠʤ ʨʘʜʽʦʨʝʣʝʡʥʠʭ ʩʠʩʪʝʤ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʦʶʟʫ ʝʣʝʢʪʨʦʟʚ'ʷʟʢʫè. 

 
ʈʠʩ.2. ʇʨʦʬʽʣʴ ʨʘʜʽʦʨʝʣʝʡʥʦʾ ʪʨʘʩʠ 

 

ʇʘʨʘʤʝʪʨʠ ʟʚ'ʷʟʢʫ 

ʄʦʜʫʣ. QAM 
ʇʨʦʧ. ʟʜʘʪʥ. 

[ʄʙʽʪ/ʩ] 

ʇʦʨʦʛ. ʟʥʘʯ. RX 

[ʜɹʤ] 

ɿʘʧʘʩ. ʟʛʘʩ. 

[ʜɹ] 

ɼʦʩʪʫʧʥʽʩʪʴ ʧʦʩʠʣʘʥʴ % 

ʆʧʘʜʠ ɹʘʛʘʪʦʧʨʦʭ. ɺʩʴʦʛʦ 

128 636.6 -60,5 15.6 99,988 >99,999 99,988 
 

ʇʨʠ ʟʘʜʘʥʠʭ ʯʘʩʪʦʪʘʭ ʈʈʉ 17.2 ɻɻʮ, ʬʽʢʩʦʚʘʥʽʡ ʤʦʜʫʣʷʮʽʾ 128 

QAM, ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 636.6 ʄʙʽʪ/ʩ ʜʣʷ ʘʩʠʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʢʘʥʘʣʫ. ʇʨʠ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʯʽ 10 ʜɹʤ, ʚʪʨʘʪʠ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʩʢʣʘʜʘʶʪʴ  133 ʜɹ. ʈʘʜʽʫʩ 1 - ʾ ʟʦʥʠ ʌʨʝʥʝʣʷ 5.3 ʤ, ʧʨʠ ʜʦʚʞʠʥʽ 

ʧʨʦʣʴʦʪʫ 6.5 ʢʤ, ʯʘʩʪʦʪʽ 17.2 ɻɻʮ.  ɺʠʩʦʪʠ ʧʽʜʚʽʩʫ ʘʥʪʝʥ 32 ʤ, ʱʦ 

ʪʝʭʥʽʯʥʦ ʜʦʩʪʫʧʥʦ. ʇʽʜʩʠʣʝʥʥʷ ʘʥʪʝʥʠ ʚ ʧʫʥʢʪʽ ɸ ï 44 ʜɹʽ, ʚ ʧʫʥʢʪʽ ɺ ï 

34,6 ʜɹʽ, ʯʫʪʣʠʚʽʩʪʴ ʥʘ ʧʨʠʡʦʤʽ  -44,9 ʜɹʤ, ʟʘʧʘʩ ʥʘ ʟʛʘʩʘʥʥʷ 19.6 ʜɹ. 

ɿʘʛʘʣʴʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʧʦʩʠʣʘʥʴ 99,994% (34,1 ʭʚ. ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʨʽʢ). 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1.  ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʨʘʜʠʦʨʝʣʝʡʥʳʤ ʩʠʩʪʝʤʘʤ; ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʶʟ 

ʵʣʝʢʪʨʦʩʚʷʟʠ, ï ɾʝʥʝʚʘ: ɹʶʨʦ ʨʘʜʠʦʩʚʷʟʠ, 1996, ï 354 ʩ. 
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ʊʘʨʘʩ ʊʠʚʦʜʘʨ  

ɸʥʘʪʦʣʽʡ ʌʝʩʶʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʩʦʚʘʥ ɻ.ɺ. 

 

ʈʦʟʨʦʙʢʘ ʛʝʥʝʨʘʪʦʨʘ ʇɺʇ ʙʽʪʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ ʪʘ ʢʦʤʙʽʥʘʮʽʾ ʟ ʜʚʦʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʭʘʦʪʠʯʥʠʭ 

ʚʽʜʦʙʨʘʞʝʥʴ 

 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʘʮʽʡ ʟ ʜʚʦʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʭʘʦʪʠʯʥʠʭ 

ʚʽʜʦʙʨʘʞʝʥʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʇɺʇ ʙʽʪʽʚ ï ʮʝ ʦʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ 

ʧʦʣʽʧʰʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʪʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, 

ʛʝʥʝʨʦʚʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ [1-3]. ʇʨʦʪʝ ʪʘʢʠʡ ʢʨʦʢ 

ʪʝʞ ʧʦʪʨʝʙʫʻ ʧʝʨʝʚʽʨʢʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʨʠʪʝʨʽʾʚ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʝʩʪʽʚ 

NIST [4].  

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʣʦʛʽʩʪʠʯʥʝ (1) ʪʘ ʢʫʙʽʯʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ (2) ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʝʥʝʨʘʪʦʨʘ ʇɺʇ ʙʽʪʽʚ ʽʟ ʧʦʣʽʧʰʝʥʠʤʠ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʛʝʥʝʨʘʪʦʨʽ ʢʦʞʥʘ ʽʟ 

ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ ʦʢʨʝʤʦ ʛʝʥʝʨʫʻ ʙʽʪʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ʇʦʪʽʤ ʦʙʠʜʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʧʦʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ XOR 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʩʪʘʪʦʯʥʦʾ ʚʠʭʽʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʪʽʚ [1-3]. 

( )1 1n n nx rx x+= -  (1), += - +n n nz a bz z31 .  (2) 

ʉʧʦʯʘʪʢʫ ʚʠʙʠʨʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ ʪʘ ʧʘʨʘʤʝʪʨʠ ʢʝʨʫʚʘʥʥʷ. 

ɼʘʣʽ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʘʚʠʣʦ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʯʽʪʢʦ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ, 

ʥʝʦʙʭʽʜʥʦ ʩʧʝʨʰʫ ʚʠʟʥʘʯʠʪʠ ʜʽʘʧʘʟʦʥ ʚʠʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʢʦʞʥʦʛʦ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ: 

1. ɼʣʷ ʮʴʦʛʦ ʚʠʭʦʜʠʤ ʥʘ ʭʘʦʪʠʯʥʠʡ ʨʝʞʠʤ ʰʣʷʭʦʤ ʟʜʽʡʩʥʝʥʥʷ 

100 ʽʪʝʨʘʮʽʡ ʢʦʞʥʦʶ ʽʟ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ.  

2. ʇʦʪʽʤ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʝ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʞʥʦʾ ʽʟ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ.  

3. ʆʪʨʠʤʘʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʜʽʣʠʤʦ ʟʘ ʧʨʘʚʠʣʦʤ: 

ʷʢʱʦ ʚʭʽʜ = 0-0,1, ʪʦ ʚʠʭʽʜ = 0-25, ʽʥʰʽ ʜʽʘʧʘʟʦʥʠ ʟʘ ʘʥʘʣʦʛʽʻʶ, ʘ 

ʦʩʪʘʥʥʽʡ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ: ʷʢʱʦ ʚʭʽʜ = 0,91-1, ʪʦ ʚʠʭʽʜ = 226-255. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʇɺʇ ʙʽʪʽʚ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʨʠʪʝʨʽʾʚ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʝʩʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʷ 1  

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ  
ʊʠʧ ʪʝʩʪʫ ʆʪʨʠʤʘʥʝ 

ʟʥʘʯʝʥʥʷ valueP  

ʇʨʦʧʦʨʮʽʷ 

(Proportion) 

ʏʘʩʪʦʪʥʠʡ (ʤʦʥʦʙʽʪʥʠʡ ʪʝʩʪ) 0.851383 0.980 

ʏʘʩʪʦʪʥʠʡ ʪʝʩʪ ʧʦ ʙʣʦʢʘʭ 0.383827 0.980 

ʊʝʩʪ ʩʝʨʽʡ 0.816537 0.980 

ʊʝʩʪ ʥʘʡʜʦʚʰʦʾ ʩʝʨʽʾ ʟ ʦʜʠʥʠʮʴ 0.0 0.080 

ʊʝʩʪ ʨʘʥʛʫ ʙʽʥʘʨʥʠʭ ʤʘʪʨʠʮʴ 0.455937 0.970 

ʊʝʩʪ ʥʘ ʦʩʥʦʚʽ  ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ 0.191687 0.980 

ʊʝʩʪ ʥʘ ʟʙʽʛ ʟ ʰʘʙʣʦʥʦʤ ʙʝʟ 

ʧʝʨʝʢʨʠʪʪʷ 

0.719747 0.980 

ʊʝʩʪ ʰʘʙʣʦʥʘ ʟ ʧʝʨʝʢʨʠʪʪʷʤ 0.419021 0.970 

ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʪʝʩʪ ʄʘʫʝʨʘ 0.000123 0.970 

ʊʝʩʪ ʣʽʥʽʡʥʦʾ ʩʢʣʘʜʥʦʩʪʽ 0.090936 1.000 

ʊʝʩʪ ʩʝʨʽʡ 0.000000 0.000 

ʊʝʩʪ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʝʥʪʨʦʧʽʾ 0.366918 0.949 

ʊʝʩʪ ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ ʩʫʤ 0.825537 0.980 

ʊʝʩʪ ʚʠʧʘʜʢʦʚʠʭ ʙʣʫʢʘʥʴ 0.595549 0.983 

ʊʝʩʪ ʚʘʨʽʘʥʪʽʚ ʚʠʧʘʜʢʦʚʠʭ ʙʣʫʢʘʥʴ 0.334538 0.983 

ʆʪʞʝ ʦʪʨʠʤʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʦʡʰʣʘ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʥʘʙʽʨ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʪʝʩʪʽʚ. ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʢʦʞʥʦʛʦ ʪʝʩʪʫ 0.949, ʘ ʟʥʘʯʝʥʥʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʩʪʽʚ ʚʘʨʽʘʥʪʽʚ ʚʠʧʘʜʢʦʚʠʭ ʙʣʫʢʘʥʴ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 0.960. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Kocarev L. Chaos-based cryptography: A brief overview / Kocarev L. // 

IEEE Circuits and Systems Maganize. ï 2001. ï ˉ1. ï P. 6ï21.  

2. Rhouma R. Cryptanalysis of a spatiotemporal chaotic image/video 

cryptosystem / Rhouma R., Belghith S. // Phys Lett A 372. ï 2008. 5790ï5794. 

3. Alvarez, G. Some basic cryptographic requirements for chaos-based 

cryptosystems / G. Alvarez, S. Li // Int. J. Bifurc. Chaos. ï 2006. ï No. 16. ï P. 

2129-2151. 

4. Rukhin, A. A Statistical Test Suite for the Validation of Random 

Number Generators and Pseudo Random Number Generators for Cryptographic 

Applications / Rukhin, A. and all // Version STS-2.1, NIST Special Publication 

800-22rev1a (April 2010), 
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ɺʣʘʜʠʩʣʘʚ ʊʠʤʯʫʢ, ɽʣʽʥʘ ɻʣʽʛʦʨ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʦʣʪʠʩ ɯ.ɺ. 
 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ  

ʫ ʩʪʚʦʨʝʥʥʽ ʜʠʟʘʡʥʫ 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚ ʜʠʟʘʡʥʽ ʻ ʦʜʥʽʻʶ 

ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʪʝʤ ʚ ʛʘʣʫʟʽ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʅʝʡʨʦʤʝʨʝʞʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʜʠʟʘʡʥ-ʧʨʦʮʝʩʫ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ ʟʘʢʽʥʯʫʶʯʠ ʩʪʚʦʨʝʥʥʷʤ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʫ ʜʠʟʘʡʥʽ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʘ ʛʘʣʫʟʴ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʙʝʟʣʽʯ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʧʨʦʻʢʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ 

ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʜʠʟʘʡʥʫ, ʘ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʰʚʠʜʢʫ ʪʘ ʝʬʝʢʪʠʚʥʫ 

ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʻʢʪʽʚ. 

 
ʈʠʩ. 1. ʉʪʚʦʨʝʥʦ ʫ DALL-E 2 ʪʘ Midjourney 

ʂʦʪʠ ʚ ʢʦʩʤʦʩʽ; ʧʦʨʪʨʝʪ ʈʝʡʛʘʥʘ ʚ ʩʪʠʣʽ ɹʝʡʢʦʥʘ; ʄʽʢʽ ʄʘʫʩ ʚ ʦʙʨʘʟʽ 

ʩʧʨʘʚʞʥʴʦʾ ʤʠʰʽ: ʫ ʪʝʭʥʦʪʨʝʥʜʘʭ 2022-23 ʥʦʚʝ ʧʦʪʫʞʥʝ ʷʚʠʱʝ ð 

ʤʠʩʪʝʮʪʚʦ, ʟʛʝʥʝʨʦʚʘʥʝ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ. ʅʘʡʙʽʣʴʰʠʡ ʨʦʟʛʦʣʦʩ 

ʦʪʨʠʤʘʣʠ ʥʝʡʨʦʥʢʠ Midjourney ʪʘ DALL-E 2, ʩʪʚʦʨʝʥʽ ʟʘʚʜʷʢʠ ʥʠʤ 

ʟʦʙʨʘʞʝʥʥʷ ʧʦʪʨʘʧʠʣʠ ʥʘ ʦʙʢʣʘʜʠʥʢʠ ʧʦʧʫʣʷʨʥʠʭ ʞʫʨʥʘʣʽʚ The Economist 

ʪʘ Cosmopolitan [1]. 

ʋ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʩʪʚʦʨʝʥʥʷ ʚʝʙʩʘʡʪʫ ʟ ʛʣʠʙʦʢʠʤ ʥʘʚʯʘʥʥʷʤ ʩʪʘʥʝ 
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ʩʪʘʥʜʘʨʪʥʠʤ ʧʨʦʮʝʩʦʤ. ʉʢʣʘʜʥʽ ʪʘ ʧʨʦʩʫʥʫʪʽ ʧʨʦʛʨʘʤʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʩʠʩʪʝʤ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʽʥʪʝʨʬʝʡʩ ʚʝʙʩʘʡʪʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʫʩʠʣʣʷʤʠ, ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ  ʜʘʶʯʠ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʥʠʢʘʤ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʽʥʰʠʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ 

ʚʝʙʩʘʡʪʽʚ. 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʥʜʝʥʮʽʡ ʚ ʜʠʟʘʡʥʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʜʠʟʘʡʥʝʨʘʤ 

ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʨʠʥʢʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʜʠʟʘʡʥʫ ʟʘ 

ʨʘʭʫʥʦʢ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʽʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʠʟʘʡʥʝʨʩʴʢʦʾ ʨʦʙʦʪʠ. 

ʂʨ̔ʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ ʫ ʜʠʟʘʡʥʽ ʜʘʻ ʟʤʦʛʫ ʧʨʠʩʢʦʨʠʪʠ 

ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʜʠʟʘʡʥʫ ʪʘ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʻʢʪʫ. ʂʨʽʤ 

ʪʦʛʦ, ʚʦʥʠ ʜʦʧʦʤʘʛʘʶʪʴ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ, ʷʢʽ 

ʟʘʟʚʠʯʘʡ ʩʪʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʧʨʦʻʢʪʽʚ, ʱʦ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʪʠ. 

ʆʜʥʘʢ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʜʠʟʘʡʥʽ ʪʘʢʦʞ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ ʪʘ 

ʚʠʢʣʠʢʠ. ʅʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʝʥʥʷ ʩʘʤʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʠʤʘʛʘʻ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʪʘ ʯʘʩʫ ʥʘ ʾʾ ʥʘʚʯʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʝʡʨʦʤʝʨʝʞʽ 

ʥʝ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʛʘʨʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʥʝʩʪʘʥʜʘʨʪʥʠʤʠ ʜʠʟʘʡʥʘʤʠ ʘʙʦ 

ʜʠʟʘʡʥʘʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʙʘʛʘʪʦ ʩʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ. 

ʆʢʨʽʤ ʪʦʛʦ, ʥʝʡʨʦʤʝʨʝʞʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʟʣʦʚʞʠʚʘʥʥʷ 

ʪʘ ʚʥʝʩʝʥʥʷ ʥʝʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʭ ʟʘʭʠʩʪ 

ʚʽʜ ʤʦʞʣʠʚʠʭ ʘʪʘʢ. 

ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʫ ʜʠʟʘʡʥʽ ʤʘʻ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ, 

ʘʣʝ ʚʠʤʘʛʘʻ ʦʙʝʨʝʞʥʦʛʦ ʪʘ ʨʝʪʝʣʴʥʦʛʦ ʧʽʜʭʦʜʫ. ɺʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ, ʱʦ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʥʝ ʟʘʤʽʥʷʪʴ ʜʠʟʘʡʥʝʨʽʚ, ʘ ʣʠʰʝ ʜʦʧʦʤʦʞʫʪʴ ʾʤ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʨʦʙʦʪʠ. 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 
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ɽʜʫʘʨʜ ʊʽʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʃʠʩʴʢʦ ɺ.ɺ. 

 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʜʣʷ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʥʘʛʨʽʚʥʠʢʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ 
ɽʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʨʦʟʨʷʜʢʠ 

ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʧʝʨʝʜʧʫʩʢʦʚʠʭ ʥʘʛʨʽʚʥʠʢʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʚʽʜ ʪʝʧʣʘ ʥʘʛʨʽʚʥʠʢʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʥʦʤʥʝ 

ʞʠʚʣʝʥʥʷ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪ [1, 2]. 

 
ʈʠʩ. 1.  ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: 

1 ï ʜʞʝʨʝʣʦ ʪʝʧʣʘ; 2 ï ʛʘʨʷʯʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 3 ï ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ 

ʙʘʪʘʨʝʷ; 4 ð ʭʦʣʦʜʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 5 ï ʪʝʧʣʦʽʟʦʣʷʮʽʷ 

ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n ʩʝʢʮʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʤʽʩʪʠʪʴ ʛʘʨʷʯʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʦʜʫʣʽ ʪʘ ʭʦʣʦʜʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ. ʊʝʧʣʦ ʚʽʜ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʜʦ ʛʘʨʷʯʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘʜʭʦʜʠʪʴ ʰʣʷʭʦʤ ʧʨʠʤʫʩʦʚʦ ʾʢʦʥʚʝʢʮʽʾ ʛʘʨʷʯʠʭ ʧʨʦʜʫʢʪʽʚ 

ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʘ ʚ̔ʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ï 

ʨʽʜʢʠʤ ʪʝʧʣʦʥʦʩʽʻʤ. ʂʦʥʩʪʨʫʢʮʽʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʢʦʞʥʦʾ ʩʝʢʮʽʾ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʚʩʽʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ. ʉʠʩʪʝʤʫ ʨʽʚʥʷʥ ɹ ʪʝʧʣʦʚʦʛʦ 
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ʙʘʣʘʥʩʫ ʜʣʷ ʜʘʥʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 
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ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1) ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʛʝʥʝʨʘʪʦʨʘ. ɺʽʥ 

ʨʝʘʣʽʟʦʚʫʚʘʚʩʷ ʫ ʧʘʢʝʪʽ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ Comsol Myltiphʫsycs 

ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 2). 

 
ʈʠʩ. 2.  ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʛʘʨʷʯʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʫ ʧʘʢʝʪʽ ʧʨʠʢʣʘʜʥʠʭ 

ʧʨʦʛʨʘʤ Comsol Myltiphʫsycs 

ʂʦʤʧôʶʪʝʨʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʩʠʩʪʝʤ ʧʽʜʚʝʜʝʥʥʷ ʪʘ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʦʜʫʣʽʚ. 
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ɸʥʜʨ̔ʡ ʊʦʤʢʘ, ɼʤʠʪʨʦ ʊʢʘʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʟʷʨʩʴʢʠʡ ɼ.ʇ. 

 

ɺʧʣʠʚ ʨʝʞʠʤʫ ʥʘʧʠʣʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʛʨʘʬʝʥ/n-Si 
 

ɻʨʘʬʝʥ ʷʚʣʷʻ ʩʦʙʦʶ ʜʚʦʚʠʤʽʨʥʫ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ 

ʪʦʚʱʠʥʦʶ ʚ 1 ʘʪʦʤ, ʪʦʙʪʦ ʮʝ ʰʘʨ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʫ ʩʪʨʫʢʪʫʨʽ ʛʨʘʬʽʪʫ. 

ɻʨʘʬʝʥ ʩʭʦʞʠʡ ʟʘ ʩʚʦʻʶ ʙʫʜʦʚʦʶ ʥʘ ʦʢʨʝʤʠʡ ʘʪʦʤʥʠʡ ʰʘʨ ʫ ʩʪʨʫʢʪʫʨʽ 

ʛʨʘʬʽʪʫ ð ʘʪʦʤʠ ʚʫʛʣʝʮʶ ʫʪʚʦʨʶʶʪʴ ʩʪʽʣʴʥʠʢʦʚʫ ʩʪʨʫʢʪʫʨʫ ʟ 

ʤʽʞʘʪʦʤʥʦʶ ʚʽʜʩʪʘʥʥʶ 0,142 ʥʤ. ɹʝʟ ʦʧʦʨʠ ʛʨʘʬʝʥ ʤʘʻ ʪʝʥʜʝʥʮʽʶ 

ʟʛʦʨʪʘʪʠʩʷ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʩʪʽʡʢʠʤ ʥʘ ʧʽʜʢʣʘʜʮʽ. ɹʽʣʴʰʝ ʪʦʛʦ, ʛʨʘʬʝʥ 

ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʪʘʢʦʞ ʙʝʟ ʧʽʜʢʣʘʜʢʠ ʫ ʚʽʣʴʥʦʤʫ ʧʽʜʚʽʰʝʥʦʤʫ ʩʪʘʥʽ, 

ʨʦʟʪʷʛʥʫʪʠʡ ʥʘ ʦʧʦʨʘʭ. ʏʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʛʨʘʬʝʥ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ, 

ʧʨʦʷʚʣʷʻ ʩʧʝʮʠʬʽʯʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [1-2]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ ʛʨʘʬʝʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠʢʫ 

ʤʝʭʘʥʽʯʥʦʛʦ ʚʽʜʣʫʱʫʚʘʥʥʷ ʛʨʘʬʽʪʫ ʚ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʫʭʦʥʥʦʛʦ ʙʣʝʥʜʝʨʘ. ɺʠʭʽʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʩʣʫʛʫʚʘʚ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʛʨʘʬʽʪ (ʘʥʘʣʦʛ ɻʃ-1, ɻʆʉʊ 17022-81), 

ʷʢʠʡ, ʚ ʦʩʥʦʚʥʦʤʫ (80 %), ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʪʠʥʦʢ developedform 

ʨʦʟʤʽʨʦʤ 20-60 ʤʢʤ. ʂʨʠʩʪʘʣʠ ʛʨʘʬʽʪʫ ʜʠʩʧʝʨʛʫʚʘʣʠ ʫ ʚʦʜʥʦʤʫ 

ʨʦʟʯʠʥʽ ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ (PVP), (C6H9NO)n ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 3 ʤʛ/ʤʣ 

ʟ ʫʪʚʦʨʝʥʥʷʤ 500 ʤʣ ʜʠʩʧʝʨʩʽʾ ʛʨʘʬʽʪʫ (15 ʤʛ/ʤʣ). ʇʨʦʮʝʩ 

ʚʽʜʣʫʱʫʚʘʥʥʷ ʛʨʘʬʽʪʫ ʜʦ ʛʨʘʬʝʥʫ ʚʽʜʙʫʚʘʚʩʷ ʚʥʘʩʣʽʜʦʢ  ʜʠʥʘʤʽʢʠ 

ʩʫʤʽʰʽ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ ʛʨʘʬʽʪʫ ʧʨʠ ʜʽʾ ʤʝʭʘʥʽʯʥʦʛʦ ʙʣʝʥʜʝʨʘ, 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʽʚ ʷʢʦʛʦ ʩʪʘʥʦʚʠʣʘ 8500-9000 ʦʙ/ʭʚ. ʇʦʜʘʣʴʰʝ 

ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʨʘʢʮʽʡ ʩʫʤʽʰʽ, ʷʢʝ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʥʝ ʨʦʟʰʘʨʦʚʘʥʠʭ ʛʨʘʬʽʪʦʚʠʭ ʧʣʘʩʪʽʚʮʽʚ, ʚʽʜʙʫʚʘʣʦʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʝʥʪʨʠʬʫʛʠ ʧʨʦʪʷʛʦʤ 5 ʭʚ ʧʨʠ 5000 ʦʙ/ʭʚ. 

ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʨʦʟʙʘʚʣʷʣʠ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ  ̔ ʥʘʥʦʩʠʣʠ ʥʘ 

ʧʽʜʢʣʘʜʢʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ n-Si ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʧʫʣʴʚʝʨʠʟʘʪʦʨʘ. ʇʦʚʥʝ ʚʠʜʘʣʝʥʥʷ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʯʠʥʫ ʟ 

ʥʘʥʝʩʝʥʠʭ ʧʣʽʚʦʢ ʚʽʜʙʫʚʘʣʦʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʜʢʣʘʜʠʥʦʢ ʥʝ ʚʠʱʽʡ 

TS = 250 
o
C. ɼʣ ̫ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨ ʛʨʘʬʝʥ/n-Si ʧʨʦʮʝʩ ʨʦʟʧʦʨʦʰʫʚʘʥʥʷ 

ʩʫʤʽʰʽ ʪʨʠʚʘʚ t1 = 5 ʭʚ, t2 = 10 ʭʚ ʽ t3 = 15 ʭʚ. 
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ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʦʜʽʚ ʐʦʪʪʢʽ 

ʛʨʘʬʝʥ/n-Si ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʥʘ ʙʘʟʽ ʧʣʘʪʬʦʨʤʠ Arduino, ʮʠʬʨʦʚʦʛʦ 

ʤʫʣʴʪʠʤʝʪʨʘ Agilent 34410A ʪʘ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

Siglent SPD3303X, ʷʢʽ ʢʝʨʫʚʘʣʠʩʴ ʧʝʨʩʦʥʘʣʴʥʠʤ ʢʦʤʧôʶʪʝʨʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʪʚʦʨʝʥʦʛʦ ʘʚʪʦʨʘʤʠ ʫ 

ʩʝʨʝʜʦʚʠʱʽ LabView ɺɸʍ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʛʨʘʬʝʥ/n-Si, ʷʢʽ 

ʚʠʤʽʨʶʚʘʣʠʩʷ ʧʨʠ ʧʨʷʤʠʭ ʪʘ ʟʚʦʨʦʪʥʠʭ ʥʘʧʨʫʛʘʭ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʰʘʨʽʚ ʛʨʘʬʝʥʫ ʥʘ 

ʧʽʜʢʣʘʜʠʥʢʠ ʢʨʝʤʥʽʶ t1 = 5 ʭʚ, t2 = 10 ʭʚ ʽ t3 = 15 ʭʚ, ʚʦʣʦʜʽʣʠ ʩʣʘʙʢʠʤʠ 

ʚʠʧʨʷʤʣʷʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʨʠʩ.3), ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʷʤʣʝʥʥʷ RR 

ʜʣʷ ʜʘʥʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ |V| = 2 ɺ ʨʽʚʥʠʡ 1.2, 1.9 ʪʘ 2.2, ʚʽʜʧʦʚʽʜʥʦ. 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʩʪʨʫʤʫ ʟ ʥʘʧʨʫʛʦʶ I = f(V) ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 

ʧʨʦʮʝʩʫ ʧʫʣʴʚʝʨʠʟʘʮʽʾ ʨʦʟʯʠʥʫ ʛʨʘʬʝʥʫ ʥʘ ʧʽʜʽʛʨʽʪʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

TS = 250 
o
C ʧʽʜʢʣʘʜʠʥʢʠ.  

ɺʠʟʥʘʯʝʥʘ ʟʘ ʘʥʘʣʽʟʦʤ ʙʘʨôʻʨʥʦʾ ʻʤʥʦʩʪʽ ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʛʨʘʬʝʥ/n-Si 

ʚʝʣʠʯʠʥʘ ʚʙʫʜʦʚʘʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ jk ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʩʪʘʥʦʚʠʣʘ 1.35, 1.32 ʪʘ 1.27 ɺ ʜʣʷ ʩʪʨʫʢʪʫʨ ʟ ʪʨʠʚʘʣʽʩʪʶ ʥʘʥʝʩʝʥʥʷ 

ʰʘʨʽʚ ʛʨʘʬʝʥʫ t1 = 5 ʭʚ, t2 = 10 ʭʚ ʽ t3 = 15 ʭʚ ʚʽʜʧʦʚʽʜʥʦ. 

ɸʥʘʣʽʟ ʧʨʷʤʠʭ ʛʽʣʦʢ ɺɸʍ ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʛʨʘʬʝʥ/n-Si, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʨʠʚʘʣʽʩʪʶ ʥʘʥʝʩʝʥʥʷ ʰʘʨʽʚ ʛʨʘʬʝʥʫ, ʧʦʢʘʟʘʚ ʽʩʪʦʪʥʫ 

ʨʽʟʥʠʮʶ ʟʥʘʯʝʥʴ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʧʦʨʫ RS. ʇʨʠ ʪʨʠʚʘʣʦʩʪʽ ʧʫʣʴʚʝʨʠʟʘʮʽʾ 

t1 = 5 ʭʚ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʧʦʨʫ ʦʪʨʠʤʘʥʦʾ ʩʪʨʫʢʪʫʨʠ 

RS1 å 3.4Ö10
6 
ʆʤ, ʘ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʧʫʣʴʚʝʨʠʟʘʮʽʾ t2 = 10 ʭʚ ʪʘ t3 = 15 ʭʚ, 

RS2 å 3.4Ö10
3 
ʆʤ ʪʘ RS2 å 3.7Ö10

3
 ʆʤ, ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʬʦʨʤʫʚʘʥʥʽ ʷʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʽ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʽʚ ʧʝʨʝʚʘʞʘʻ 

ʪʫʥʝʣʶʚʘʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʢʨʽʟʴ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʻʨ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1) Katsnelson M. I. Graphene: carbon in two dimensions. Materials Today, 2007, 

vol. 10, pp. 20-27.  

2) Geim A. K., Novoselov K. S. The rise of grapheme. Nature Materials, 2007, 

vol. 6, pp. 183ï191.  
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ʗʨʦʩʣʘʚ ʊʨʠʩʠʨʫʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʊʢʘʯ ʄ.ɺ. 

ʉʧʝʢʪʨʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʦʩʥʦʚʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʥʘʥʦʬʦʪʦʜʝʪʝʢʪʦʨʘ ʜʘʣʝʢʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ 

ʗʢ ʚʽʜʦʤʦ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʪʚʦʨʝʥʽ ʢʚʘʥʪʦʚʽ 

ʢʘʩʢʘʜʥʽ ʜʝʪʝʢʪʦʨʠ (ʂʂɼ), ʷʢʽ ʫʩʧʽʰʥʦ ʧʨʘʮʶʶʪʴ ʷʢ ʬʦʪʦʜʝʪʝʢʪʦʨʠ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤʫ ñʚʽʢʥʽò ʜʘʣʝʢʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʆʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʜʦ ʪʘʢʠʭ ʥʘʥʦʧʨʠʣʘʜʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʰʠʨʦʢʦʾ ʩʤʫʛʠ 

ʯʘʩʪʦʪ (ʝʥʝʨʛʽʡ), ʷʢʽ ʜʦʙʨʝ ʬʽʢʩʫʶʪʴʩʷ. ʊʘʢʝ ʟʘʚʜʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʥʘʥʝ ʨʽʟʥʠʤ ʜʠʟʘʡʥʦʤ ʢʘʩʢʘʜʽʚ ʥʘʥʦʛʝʪʝʨʦʩʠʩʪʝʤ ʷʢ ʦʩʥʦʚʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʂʂɼ. ʋ ʧʨʦʧʦʥʦʚʘʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʚʠʚʯʘʶʪʴʩʷ 

ʩʧʝʢʪʨʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʥʘʥʦʬʦʪʦʜʝʪʝʢʪʦʨʘ ʟ ʨʽʟʥʠʤʠ ʛʣʠʙʠʥʘʤʠ ʘʢʪʠʚʥʠʭ ʷʤ, ʱʦ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʨʝʣʴʻʬʫ 

ʇʘʨʘʤʝʪʨʠ ʚʚʘʞʘʶʪʴʩʷ ʟʘʜʘʥʠʤʠ: mw ʽ mb ï ʝʬʝʢʪʠʚʥʽ ʤʘʩʠ 

ʝʣʝʢʪʨʦʥʘ ʫ ʷʤʘʭ ʪʘ ʙʘʨôʻʨʘʭ, U, V ï ʧʦʪʝʥʮʽʘʣʠ; a ï ʰʠʨʠʥʘ ʘʢʪʠʚʥʦʾ 
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ʷʤʠ; a1, a2 ï ʰʠʨʠʥʠ ʧʝʨʰʦʾ ʡ ʜʨʫʛʦʾ ʝʢʩʪʨʘʢʪʦʨʥʠʭ ʷʤ; d ʪʘ b ï 

ʰʠʨʠʥʠ ʝʢʩʪʨʘʢʪʦʨʥʠʭ ʪʘ ʤʽʞʢʘʩʢʘʜʥʦʛʦ ʙʘʨôʻʨʽʚ. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ 
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ʟ ʧʨʦʩʪʦʨʦʚʦʟʘʣʝʞʥʦʶ ʝʬʝʢʪʠʚʥʦʶ ʤʘʩʦʶ (m(z)) ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʠʤ 

ʨʝʣʴʻʬʦʤ (U(z)). ʉʧʝʢʪʨ ʦʜʥʦʟʥʘʯʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʫʤʦʚ 

ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʪʘ ʛʫʩʪʠʥʠ ʾʭ ʧʦʪʦʢʽʚ ʥʘ ʚʩʽʭ ʤʝʞʘʭ 

ʥʘʥʦʩʠʩʪʝʤʠ ʪʘ ʟ ʫʤʦʚʠ ʥʦʨʤʫʚʘʥʥʷ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʣʦʩʷ, ʷʢ ʟʤʽʥʶʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

(æU2, æU1, Ejp, ɋjp), ʩʠʣʠ ʦʩʮʠʣʷʪʦʨʽʚ ʢʚʘʥʪʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʪʘ 

ʩʧʝʢʪʨʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ (ɚj, ɚ, æɚ, ɖ) ʚ ʽʥʪʝʨʚʘʣʘʭ  141 ʤʝɺ Ò U Ò 145 

ʤʝɺ ʪʘ d=3 ʥʤ; 4 ʥʤ; 5 ʥʤ, ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʧʨʠ ʪʦʚʱʠʥʽ 

ʤʽʞʢʘʩʢʘʜʥʦʛʦ ʙʘʨôʻʨʘ 6 ʥʤ ʦʧʪʠʤʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʩʥʦʚʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʥʘʥʦʬʦʪʦʜʝʪʝʢʪʦʨʘ ʻ U=145ʤʝɺ, V=15 ʤʝɺ, a=8 ʥʤ, a1=2,6 

ʥʤ, a2=3,8 ʥʤ, d=3 ʥʤ, b=6ʥʤ. ʉʧʝʢʪʨʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʮʴʦʛʦ 

ʥʘʥʦʧʨʠʣʘʜʫ ʪʘʢʽ: ɚ=11,92ʤʢʤ, æɚ=1,79 ʤʢʤ, ɖ=15%. ʊʘʢʦʞ 

ʧʨʦʚʦʜʠʚʩʷ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʥʘʥʦʬʦʪʦʜʝʢʪʦʨʘ ʚ 2 ʝʪʘʧʠ. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʧʨʠ b=4 ʥʤ 

ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʤʠ ʻ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʘ: U=140 

ʤʝɺ, V=15 ʤʝɺ, a=8 ʥʤ, a1=2,6 ʥʤ, a2=3,8 ʥʤ, d=3,3 ʥʤ, b=4 ʥʤ, ʷʢʽ 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʬʦʪʦʜʝʪʝʢʪʦ-ʨʘ; ɚ=12,26 ʤʢʤ, æɚ=2,19 ʤʢʤ, ɖ=17,9% ʧʨʠ æU2=9,79 

ʤʝɺ. ʊʘʢʠʡ ʧʨʠʣʘʜ ʧʨʘʮʶʚʘʪʠʤʝ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚ=12,26 ʤʢʤ, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʷ ʚʝʨʭʥʴʦʾ ʤʝʞʽ (ɚ=14 ʤʢʤ) ʜʘʣʝʢʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ ʚ ʪʘʢ 

ʟʚʘʥʦʤʫ ʜʨʫʛʦʤʫ ñʚʽʢʥʽò ʘʪʤʦʩʬʝʨʥʦʾ ʧʨʦʟʦʨʦʩʪʽ.  

ɻʦʣʦʚʥʠʡ ʚʠʩʥʦʚʦʢ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʪʠʧʦʚʠʭ ʬʽʟʠʯ-ʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʥʘʥʦʩʠʩʪʝʤ ʰʠʨʠʥʠ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʩʪʘʥʦʚ-ʣʷʪʴ ʙʽʣʴʰʝ 

15% ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʾ ʝʥʝʨʛʽʾ (˂ɤ), ʷʢʘ ʟʥʘʭʦʜʠʪʴ-ʩʷ ʚ ʽʥʪʝʨʚʘʣʘʭ 

(100ï200 meV), ʱʦ ʻ ʜʦʩʠʪʴ ʥʝʧʦʛʘʥʠʤʠ ʨʦʙʦʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʂʂɼ 

ʜʘʣʝʢʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ ʽ ʪʘʢʠʡ ʧʨʠʣʘʜ ʧʨʘʮʶʚʘʪʠʤʝ ʚ ʜʨʫʛʦʤʫ ñʚʽʢʥʽò 

ʘʪʤʦʩʬʝʨʥʦʾ ʧʨʦʟʦʨʦʩʪʽ. 
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ɹʦʛʜʘʥʘ ʊʨʫʬʠʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʃʠʩʴʢʦ ɺ.ɺ. 

 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʽʾ 

 
ʄʘʡʞʝ ʚʩʽ ʧʨʠʨʦʜʥʽ ʧʨʦʮʝʩʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʝʥʝʨʛʽʾ ï 

ʚʠʜʽʣʝʥʥʷʤ ʯʠ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʘ. ɿʥʘʥʥʷ ʫ ʮʽʡ ʛʘʣʫʟʽ ʜʦʟʚʦʣʷʶʪʴ 

ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʙʫʜʦʚʫ ʤʦʣʝʢʫʣ, ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʘʙʦ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʙʘʛʘʪʦ ʙʽʦʣʦʛʽʯʥʠʭ ʷʚʠʱ, ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʪʘ, ʚʨʘʭʦʚʫʶʯʠ ʝʥʪʨʦʧʽʶ, ʚʠʷʚʠʪʠ ʫʤʦʚʠ ʭʽʤʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʪʘ ʭʘʨʘʢʪʝʨ ʾʭ 

ʧʨʦʪʽʢʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʷʢ ʫ ʧʨʘʢʪʠʮʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʪʘʢ ʽ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʘʙʦ ʢʦʥʪʨʦʣʽ ʯʠʩʣʝʥʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʨʽʟʥʠʭ 

ʬʽʟʠʯʥʠʭ ʘʙʦ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʣʦʨʠʤʝʪʨʽʻʶ, ʘ 

ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʣʘʜʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ ʚʠʤʽʨʽʚ ï ʢʘʣʦʨʠʤʝʪʨʘʤʠ.  

ɯʩʪʦʨʽʷ ʢʘʣʦʨʠʤʝʪʨʽʾ ʥʘʣʽʯʫʻ ʚʞʝ ʧʦʥʘʜ ʜʚʘ ʩʪʦʣʽʪʪʷ, ʦʜʥʘʢ ʮʝʡ 

ʥʘʧʨʷʤ ʧʨʦʜʦʚʞʫʻ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʪʠʩʷ. ʉʪʚʦʨʝʥʦ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʜʘʚʘʯʽʚ, ʩʧʦʩʦʙʠ ʟʤʝʥʰʝʥʥʷ ʟʦʚʥʽʰʥʽʭ 

ʪʝʧʣʦʚʠʭ ʟʙʫʨʝʥʴ, ʨʦʟʨʦʙʣʝʥʽ ʧʨʠʣʘʜʠ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ ʜʘʚʘʯʽʚ, ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʽʚ, ʧʨʦʚʝʜʝʥʽ ʯʠʩʣʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʮʠʭ ʧʨʠʣʘʜʘʭ, ʱʦ ʧʽʜʪʚʝʨʜʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʫ ʧʨʘʢʪʠʮʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʫ ʧʨʦʤʠʩʣʦʚʠʭ 

ʫʤʦʚʘʭ. 

ʋ ʜʘʥʠʡ ʤʦʤʝʥʪ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʽʷ ʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʪʘ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʷʚʠʱ. ɰʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʧʨʘʢʪʠʮʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨ ʪʘ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʨʽʟʥʠʭ ʨʽʚʥʽʚ ï ʚʜ̔ ʘʪʦʤʘ ʜʦ ʚʠʩʦʢʦʦʨʛʘʥʽʟʦʚʘʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʉʝʨʝʜ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʬʨʘʥʮʫʟʴʢʫ ʢʦʤʧʘʥʽʶ Setaram, ʥʠʟʢʫ ʢʦʤʧʘʥʽʡ ʟ ʉʐɸ (TA 

Instruments, Mettler Toledo, Parr Instrument Company), ʅʽʤʝʯʯʠʥʠ 

(NETZSCH, Linseis, IKA), ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ (Malvern Panalytical, Syrris), 

ʗʧʦʥʽʾ (Hitachi High-Technologies), ʋʢʨʘʥʠ (ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ 

ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ɯʥʩʪʠʪʫʪ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʅɸʅ ʪʘ ʄʆʅ 
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ʋʢʨʘʾʥʠ). 

ʉʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʩʥʦʚʦʶ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ ʟʜʦʙʫʪʪʷ ʥʦʚʠʭ ʟʥʘʥʴ. ɿʘʟʚʠʯʘʡ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʨʠʚʫ ʚ 

ʪʽʡ ʯʠ ʽʥʰʽʡ ʛʘʣʫʟʽ ʥʘʫʢʠ ʧʝʨʝʜʫʻ ʨʦʟʨʦʙʢʘ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʘʙʦ ʧʽʜʭʦʜʫ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʙʫʣʘ 

ʨʘʥʽʰʝ ʥʝʜʦʩʪʫʧʥʘ ʘʙʦ ʚʘʞʢʦ ʜʦʩʪʫʧʥʘ. 

ʇʦʨʽʚʥʷʥʥʷ ʜʦʩʷʛʥʫʪʦʛʦ ʨʽʚʥʷ ʽ ʛʨʘʥʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʽ ʨʝʟʝʨʚʠ ʾʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ [3, 

4]. ʊʘʢ, ʤʽʥʽʤʘʣʴʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʽʚ ʤʦʞʝ 

ʙʫʪʠ ʧʦʣʽʧʰʝʥʘ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ, ʘ ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ï ʦʨʽʻʥʪʦʚʥʦ ʫ 

20 ʨʘʟʽʚ. 
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ʉʪʘʥʽʩʣʘʚ ʋʣʘʩʽʡʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʥʠʢ ʆ.ʄ. 

  

ʊʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ Pb-Bi-Te 

 
ʊʝʣʫʨʠʜ ʚʽʩʤʫʪʫ ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʤ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ [1]. 

ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʙʘʛʘʪʦʨʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʙʘʛʘʪʦ ʚʘʞʣʠʚʠʭ 

ʧʠʪʘʥʴ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟôʷʩʦʚʘʥʠʤʠ. ɺʽʜʢʨʠʪʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ 

ʧʨʦ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ, ʩʠʥʪʝʟ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʽʚ ʟ 

ʧʨʦʛʨʘʤʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʦʰʫʢ ʥʦʚʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ. ʇʨʠʯʠʥʦʶ ʻ 

ʪʝ, ʱʦ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʫʪʚʦʨʶʶʪʴʩʷ ʪʚʝʨʜʽ ʬʘʟʠ ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ, ʚ 

ʤʝʞʘʭ ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʷʢ ʧʦ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʫ, ʪʘʢ ʽ 

ʩʪʨʫʢʪʫʨʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʤʽʥʘʤʠ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [2]. 

ɯʥʬʦʨʤʘʮʽʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʤʘʻ ʚ ʦʩʥʦʚʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦ ʦʧʠʩʘʪʠ ʥʝʚʠʨʽʰʝʥʽ ʧʠʪʘʥʥʷ ʟ ʧʦʟʠʮʽʡ ʭʽʤʽʯʥʦʛʦ 

ʟʚôʷʟʢʫ, ʚʧʦʨʷʜʢʦʚʫʚʘʥʠʭ ʩʧʣʘʚʽʚ Bi-Pb-Te. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦ ʦʧʠʩʘʪʠ ʥʝʨʦʟʚôʷʟʘʥʽ ʧʠʪʘʥʥʷ ʟ ʧʦʟʠʮʽʡ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ, ʚʧʦʨʷʜʢʦʚʫʚʘʥʠʭ ʩʧʣʘʚʽʚ Bi-Pb-Te. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ: ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ [3] 

ʧʽʜʭʦʜʫ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ȹq, 

ʝʬʝʢʪʠʚʥʠʭ ʨʘʜʽʫʩʽʚ Ru ʪʘ ʝʥʝʨʛʽʾ ʜʠʩʦʮʽʘʮʽʾ ɼ ʜʣʷ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ 

ʥʘ ʨʽʟʥʠʭ ʚʽʜʜʘʣʷʭ di ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʨʦʟʧʣʘʚʽʚ Bi-Te 

ʪʘ Pb-Te. ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ ʚʢʘʟʘʥʽ ʚʠʱʝ ʧʘʨʘʤʝʪʨʠ ʭʽʤʽʯʥʦʛʦ 

ʟʚôʷʟʢʫ ʜʣʷ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʨʽʟʥʦʚʠʜʽʚ Bi-Te. 
 

ʊʘʙʣʠʮʷ 1 

ʇʘʨʘʤʝʪʨʠ •  •  •  • •  •  •  •  

di (A) 2.8 2.9 3.0 3.1 3.3 3.5 3.7 4.7 

Ὑό 
Bi

 (A) 1.438 1.488 1.536 1.584 1.681 1.775 1.871 2.347 

Ὑό 
Te

 (A) 1.365 1.418 1.468 1.522 1.622 1.727 1.831 2.36 

ȹή  % 11.5 8.4 5.5 2.7 -2.9 -7.9 -12.6 -33.6 

ɼ̔ (ʝv) 2.64 2.57 2.47 3.39 2.24 2.12 2.0 1.58 
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ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʧʨʦʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟ ʨʦʩʪʦʤ ʤʽʞʘʪʦʤʥʠʭ 

ʚʽʜʩʪʘʥʝʡ ʝʥʝʨʛʽʷ ʜʠʩʦʮʽʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ (ʧʨʠʚʝʜʝʥʠʡ ʫ 

ʚʽʜʩʦʪʢʘʭ) ʚ ʽʥʪʝʨʚʘʣʽ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʝʡ 3.1 Ò di Ò 3.3 ʟʤʽʥʶʻ ʟʥʘʢ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʤʦʞʫʪʴ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʙʫʪʠ ʷʢ 

ʜʦʥʦʨʘʤʠ, ʪʘʢ ʽ ʘʢʮʝʧʪʦʨʘʤʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʮʝ ʧʽʜʪʚʝʨʜʞʫʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʬʘʢʪ, ʱʦ ʚ ʩʧʦʣʫʢʘʭ ʚʽʩʤʫʪ                                                                                                                                                                                      

ʤʘʻ ʨʽʟʥʽ ʩʪʫʧʝʥʽ ʦʢʠʩʣʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ ʟʥʘʯʝʥʥʷ  ʚʽʜ -3  ʜʦ 

+5 ʽ ʚʠʷʚʣʷʪʠ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʨʦʟʧʣʘʚʘʭ 

ʷʢ ʤʝʪʘʣʽʟʫʶʯʽ ʨʽʜʠʥʠ, ʥʘʧʽʚʤʝʪʘʣʽʯʥʽ ʨʽʜʠʥʠ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʟ  

ʦʜʥʦ- ʪʘ ʧʦʜʚʽʡʥʠʤ ʨʦʟʰʘʨʫʚʘʥʥʷʤ [2]. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʽʯʥʦʛʦ 

ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʘʪʦʤʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʙʣʠʞʥʴʦʛʦ ʧʦʨʷʜʢʫ ʭʽʤʽʯʥʦʛʦ 

ʟʚôʷʟʢʫ Bi-Te, Pb-Te, ʱʦ ʨʦʟʰʠʨʶʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʧʣʠʚʫ 

ʩʢʣʘʜʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʥʦʚʦʾ ʬʘʟʠ. 
 ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʘʪʦʤʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʙʣʠʞʥʴʦʛʦ ʧʦʨʷʜʢʫ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ Bi-Te, Pb-Te, ʱʦ ʨʦʟʰʠʨʶʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʥʦʚʦʾ ʬʘʟʠ 
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ʄʘʨʽʷ ʌʝʜʠʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ïʜʦʮ. ʌʨʘʪʘʚʯʘʥ ɺ.ɻ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʘʬʝʜʨʘʣʴʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ 
ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʦʙʣʽʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʫʩʢʣʘʜʥʠʣʦ ʧʨʦʮʝʩ çʨʫʯʥʦʛʦè ʚʝʜʝʥʥʷ ʪʘ ʦʥʦʚʣʝʥʥʷ 

ʜʦʢʫʤʝʥʪʽʚ. ʎʝ ʩʧʨʠʯʠʥʠʣʦ ʪʘʢʽ ʧʨʦʙʣʝʤʠ, ʷʢ ʚʪʨʘʪʘ, ʥʝʧʦʩʣʽʜʦʚʥʠʡ 

ʦʙʣʽʢ ʜʘʥʠʭ ʪʘ ʥʝʷʢʽʩʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʮʽʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ 

ʫʥʠʢʥʝʥʥʷ ʪʘʢʠʭ ʷʚʠʱ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ. ʎʝ ʥʦʚʦʚʚʝʜʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʟʨʦʙʠʪʠ ʟʘʧʠʩʠ 

ʘʢʫʨʘʪʥʠʤʠ ʪʘ ʦʨʛʘʥʽʟʦʚʘʥʠʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʠʰʝ ʦʙʤʝʞʝʥʫ 

ʢʽʣʴʢʽʩʪʴ ʨʫʯʥʦʛʦ ʚʚʝʜʝʥʥʷ ï ʜʣʷ ʟʘʧʦʚʥʝʥʥʷ ʚʽʜʩʫʪʥʽʭ ʜʘʥʠʭ, ʷʢʽ 

ʬʽʢʩʫʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ ʜʣʷ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʟʨʦʙʢʠ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʝʜʝʥʥʷ ʦʙʣʽʢʫ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʉʧʝʮʽʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ ʙʫʜʝ 

ʟʙʝʨʽʛʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʟʚʽʪʽʚ ʽ ʜʦʢʫʤʝʥʪʽʚ ʧʨʦ ʚʠʢʣʘʜʘʯʽʚ 

ʽ ʩʪʫʜʝʥʪʽʚ. ɺʧʨʦʚʘʜʞʝʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟʤʦʞʝ ʟʜʽʡʩʥʠʪʠ 

ʚʽʜʙʽʨ ʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʽ ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʽ ʟʘʧʦʚʥʶʚʘʪʠ ʧʦʪʨʽʙʥʽ 

ʧʦʣʷ ʚ ʰʘʙʣʦʥʘʭ ʬʦʨʤʘʣʴʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. ʉʬʦʨʤʦʚʘʥʠʡ ʜʦʢʫʤʝʥʪ 

ʩʪʘʥʝ ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʝʢʩʧʦʨʪʫʚʘʥʥʷ ʫ ʬʦʨʤʘʪʠ PDF ʪʘ/ʘʙʦ DOC. 

ɺʘʞʣʠʚʘ ʦʩʦʙʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ï ʝʨʛʦʥʦʤʽʯʥʠʡ ʪʘ ʜʨʫʞʥʽʡ ʢʨʦʩ-

ʧʣʘʪʬʦʨʤʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʟʦʢʨʝʤʘ ʥʘ ʤʦʙʽʣʴʥʽʡ ʧʣʘʪʬʦʨʤʽ. ʎʝ ʜʘʩʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʨʠʟʦʚʘʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʟ ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡ ʪʘ ʾʾ ʨʝʜʘʛʫʚʘʥʥʷ ʚ 

ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ, ʩʠʥʭʨʦʥʥʦ ʜʦ ʧʦʜʽʡ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʦʙʣʽʢʫ.  

ʎʝʡ ʧʨʦʮʝʩ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʴ ʯʘʩ, ʷʢʠʡ ʚʠʪʨʘʯʘʻʪʴʩʷ ʘʜʤʽʥʽʩʪʨʘʮʽʻʶ 

ʪʘ ʩʘʤʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʥʘ ʚʝʜʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ, ʟʤʝʥʰʠʪʴ ʤʦʞʣʠʚʽ 

ʧʦʤʠʣʢʠ ʫ ʟʚʽʪʘʭ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʤʘʢʩʠʤʘʣʴʥʫ 

ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʦʥʦʚʣʝʥʥʷ ʦʙʣʽʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʎʷ ʢʦʥʮʝʧʮʽʷ ʙʫʣʘ ʯʘʩʪʢʦʚʦ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʙʘʢʘʣʘʚʨʩʴʢʽʡ ʨʦʙʦʪʽ, 

ʚʠʷʚʠʣʘʩʷ ʢʦʨʠʩʥʦʶ ʷʢ ʜʣʷ ʜʽʷʣʴʥʦʩʪʽ ʢʘʬʝʜʨʠ, ʪʘʢ ʽ ʜʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʤʘʡʩʪʝʨʥʦʩʪʽ ʨʦʟʨʦʙʥʠʢʘ. ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ 

ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʫ ʟʙʽʣʴʰʝʥʥʷ ʾʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 
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ʅʦʚʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʽ ʟʨʫʯʥʽʰʘ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʽʥʪʝʨʬʝʡʩʫ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ: 

ǒ ʙʫʜʫʪʴ ʟʘʧʨʦʚʘʜʞʝʥʽ ʬʫʥʢʮʽʾ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʪʦʢ ʚʠʢʣʘʜʘʯʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʩʘʤʦʩʪʽʡʥʦ ʝʢʩʧʦʨʪʫʚʘʪʠ ʪʘ ʽʤʧʦʨʪʫʚʘʪʠ ʮʽ ʜʦʢʫʤʝʥʪʠ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʦʧʝʨʘʪʠʚʥʦ ʬʦʨʤʫʚʘʪʠ ʟʚʽʪʥʽ ʜʦʢʫʤʝʥʪʠ ʧʨʦ ʜʽʷʣʴʥʽʩʪʴ 

ʧʽʜʨʦʟʜʽʣʫ; 

ǒ ʩʠʩʪʝʤʘ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ ʚʜʦʩʢʦʥʘʣʝʥʦʶ ʙʘʛʘʪʦʨʽʚʥʝʚʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʘʚʪʦʨʠʟʘʮʽʾ ʜʣʷ ʥʘʜʘʥʥʷ ʨʽʟʥʠʤ ʪʠʧʘʤ ʘʚʪʦʨʠʟʦʚʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʽʡ; 

ǒ ʚʢʣʶʯʝʥʦ ʤʽʥʽʤʽʟʘʮʽʶ ʝʢʩʧʦʨʪʦʚʘʥʠʭ ʪʘ ʽʤʧʦʨʪʦʚʘʥʠʭ ʬʘʡʣʽʚ, ʱʦ 

ʜʣʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ; 

ǒ ʥʦʚʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ï ʥʘ ʦʩʥʦʚʽ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʜʠʟʘʡʥʫ ʚʩʽ ʽʥʪʝʨʬʝʡʩʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ 

ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ; 

ǒ ʨʽʟʥʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ. 

ʐʚʠʜʢʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤʠ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʮʽʻʾ ʧʨʦʛʨʘʤʠ. ʊʘʢʽ 

ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢ React.js ʘʙʦ Vue.js, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. System interface audit, 

https://assets.kpmg.com/content/dam/kpmg/pdf/2016/06/hu-system-

interface-audit.pdf 

2. Accessibility in UX: The case for radical empathy, 

https://uxmag.com/articles/accessibility-in-ux-the-case-for-radical-

empathy 

3. Automated System Operations, 

https://www.techopedia.com/definition/31065/automated-system-

operations-aso 

  

https://assets.kpmg.com/content/dam/kpmg/pdf/2016/06/hu-system-interface-audit.pdf
https://assets.kpmg.com/content/dam/kpmg/pdf/2016/06/hu-system-interface-audit.pdf
https://uxmag.com/articles/accessibility-in-ux-the-case-for-radical-empathy
https://uxmag.com/articles/accessibility-in-ux-the-case-for-radical-empathy
https://www.techopedia.com/definition/31065/automated-system-operations-aso
https://www.techopedia.com/definition/31065/automated-system-operations-aso
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ɺʘʩʠʣʴ ʌʝʜʽʚ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸʨʭʝʣʶʢ ʆ.ɼ. 

 

ʂʦʥʬʽʛʫʨʘʮʽʷ ʤʦʩʪʫ Wi-Fi 
ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʤʫ, ʱʦʙ ʚʽʥ 

ʩʪʘʚ ʨʦʟʰʠʨʶʚʘʯʝʤ/ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ/ʤʦʩʪʦʤ Wi-Fi. 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʨʘʡʚʝʨʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ OpenWrt, ʥʝ ʧʽʜʪʨʠʤʫʶʪʴ ʟôʻʜʥʘʥʥʷ çLayer 2è ʫ 

ʨʝʞʠʤʽ ʢʣʽʻʥʪʘ ʟ ʧʝʚʥʦʶ çʚʠʭʽʜʥʦʶè ʙʝʟʜʨʦʪʦʚʦʶ ʩʠʩʪʝʤʦʶ. ʂʦʣʠ ʮʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʦʜʥʠʤ ʽʟ ʧʽʜʭʦʜʽʚ ʻ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʪʨʘʬʽʢʫ 

ʤʽʞ ʣʦʢʘʣʴʥʦʶ ʤʝʨʝʞʝʶ ʪʘ ʚʠʭʽʜʥʦʶ ʙʝʟʜʨʦʪʦʚʦʶ 

ʩʠʩʪʝʤʦʶ. ʐʠʨʦʢʦʤʦʚʥʠʡ ʪʨʘʬʽʢ, ʪʘʢʠʡ ʷʢ DHCP ʽ ʣʦʢʘʣʴʥʝ 

ʚʠʷʚʣʝʥʥʷ ʟʘ ʧʦʩʠʣʘʥʥʷʤ, ʷʢ mDNS, ʟʘʟʚʠʯʘʡ ʥʝ ʤʘʨʰʨʫʪʠʟʫʻʪʴʩʷ [1]. 

ʗʢʱʦ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʥʝ ʧʨʘʮʶʶʪʴ, ʧʘʢʝʪ relayd ʨʝʘʣʽʟʫʻ ʧʦʚʝʜʽʥʢʫ, 

ʧʦʜʽʙʥʫ ʜʦ ʤʦʩʪʫ, ʜʣʷ IPv4 (ʪʽʣʴʢʠ), ʨʘʟʦʤ ʽʟ DHCP ʽ ʰʠʨʦʢʦʤʦʚʥʦʶ 

ʨʝʪʨʘʥʩʣʷʮʽʻʶ. ʎʶ ʢʦʥʬʽʛʫʨʘʮʽʶ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ 

ʯʝʨʝʟ SSH (ʚʽʜʜʘʣʝʥʠʡ ʪʝʨʤʽʥʘʣ) ʘʙʦ ʯʝʨʝʟ Luci GUI. 

 
ʅʘ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ ʥʘʣʘʰʪʫʚʘʥʥʷ. ɯʥʪʝʨʬʝʡʩ ʣʦʢʘʣʴʥʦʾ 

ʤʝʨʝʞʽ ʨʝʣʝʡʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʽʥʰʽʡ ʧʽʜʤʝʨʝʞʽ, ʱʦʙ 

ʨʝʣʝʡʥʠʡ ʧʨʠʩʪʨʽʡ ʧʨʘʮʶʚʘʚ (ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʘʨʰʨʫʪʠʟʫʻ ʪʨʘʬʽʢ, ʚʽʥ 

ʦʯʽʢʫʻ 2 ʨʽʟʥʠʭ ʧʽʜʤʝʨʝʞ)̔. 

ʆʩʢʽʣʴʢʠ ʦʙʠʜʚʘ ʧʦʨʪʠ Ethernet ʽ ʤʝʨʝʞʘ ʪʦʯʢʠ ʜʦʩʪʫʧʫ Wi-Fi 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ LAN, ʫʩʽ ʢʣʽʻʥʪʠ, ʷʢʽ ʧʽʜʢʣʶʯʘʶʪʴʩʷ 

ʜʦ ʧʦʨʪʽʚ Ethernet ʽ ʜʦ ʤʝʨʝʞʽ Wi-Fi ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʧʨʠʩʪʨʦʶ Wi-Fi-
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ʨʦʟʰʠʨʶʚʘʯʘ, ʙʫʜʫʪʴ ʤʘʨʰʨʫʪʠʟʫʚʘʪʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʪʨʘʥʩʣʷʪʦʨʘ ʪʘ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʚʘʰʦʾ ʦʩʥʦʚʥʦʾ ʤʝʨʝʞʽ. 

ʇʽʜʤʝʨʝʞʘ ʽʥʪʝʨʬʝʡʩʫ LAN ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʣʠʰʝ ʷʢ 

ʽʥʪʝʨʬʝʡʩ çʢʝʨʫʚʘʥʥʷè, ʦʩʢʽʣʴʢʠ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ 

ʨʝʪʨʘʥʩʣʷʪʦʨʘ Wi-Fi, ʙʫʜʫʪʴ ʥʘʪʦʤʽʩʪʴ ʫ ʧʽʜʤʝʨʝʞʽ ʦʩʥʦʚʥʦʾ 

ʤʝʨʝʞʽ. ʗʢʱʦ ʨʝʣʝʡʥʠʡ ʧʨʠʩʪʨʽʡ ʩʪʘʻ ʥʝʜʦʩʪʫʧʥʠʤ, ʚʘʤ ʜʦʚʝʜʝʪʴʩʷ 

ʥʘʣʘʰʪʫʚʘʪʠ ʇʂ ʟʽ ʩʪʘʪʠʯʥʦʶ ʘʜʨʝʩʦʶ ʚ ʪʽʡ ʩʘʤʽʡ ʧʽʜʤʝʨʝʞʽ, ʱʦ ʡ 

ʽʥʪʝʨʬʝʡʩ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ (ʥʘʧʨʠʢʣʘʜ, 192.168.2.10 ʜʣʷ ʥʘʰʦʛʦ 

ʧʨʠʢʣʘʜʫ), ʱʦʙ ʧʽʜʢʣʶʯʠʪʠʩʷ ʪʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

LuCI GUI ʘʙʦ SSH. 

ʇʘʢʝʪ relayd, ʟʚʠʯʘʡʥʦ, ʧʦʪʨʽʙʝʥ, ʘ luci-proto-relay ʥʝʦʙʦʚôʷʟʢʦʚʠʡ 

ʜʣʷ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʫ LuCI. 

ɺʽʜôʻʜʥʘʡʪʝ ʮʝʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚʽʜ ʦʩʥʦʚʥʦʾ ʤʝʨʝʞʽ ʧʽʩʣʷ 

ʫʩʧʽʰʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʘʢʝʪʽʚ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʫ LuCI. 

ʆʥʦʚʣʝʥʦ ʥʦʚʠʤʠ ʟʥʽʤʢʘʤʠ ʝʢʨʘʥʘ ʟ OpenWrt 21.02. 

ʑʦʙ ʩʪʚʦʨʠʪʠ ʧʨʦʩʪʠʡ ʧʦʚʪʦʨʶʚʘʯ Wi-Fi (ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʨʦʟʰʠʨʶʻ 

ʟʦʥʫ ʧʦʢʨʠʪʪʷ ʪʽʻʾ ʩʘʤʦʾ ʤʝʨʝʞʽ Wi-Fi), ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝ 

ʩʘʤʝ ʽʤôʷ ʤʝʨʝʞʽ Wi-Fi (SSID), ʱʦ ʡ ʫ ʚʘʰʦʛʦ ʦʩʥʦʚʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʰʠʬʨʫʚʘʥʥʷ, ʧʘʨʦʣʴ, ʽ ʪʘʢ ʜʘʣʽ. ʎʝ ʛʘʨʘʥʪʫʻ, 

ʱʦ ʙʝʟʜʨʦʪʦʚʽ ʧʨʠʩʪʨʦʾ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʚʘʰʦʾ (ʰʠʨʰʦʾ) ʤʝʨʝʞʽ, 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʣʠʰʘʪʠʤʫʪʴʩʷ ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʥʘʡʢʨʘʱʦʾ ʤʝʨʝʞʽ Wi-

Fi. 

ʅʘʣʘʰʪʦʚʫʚʘʪʠ ʤʝʨʝʞʫ Wi-Fi ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʥʝ ʧʦʪʨʽʙʥʦ, ʷʢʱʦ ʚʘʤ 

ʧʦʪʨʽʙʝʥ ʣʠʰʝ çʤʽʩʪ Wi-Fiè, ʪʦʙʪʦ ʧʨʠʩʪʨʽʡ ʧʨʠʟʥʘʯʝʥʠʡ ʪʽʣʴʢʠ ʜʣʷ 

ʧʜ̔ʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʾʚ Ethernet ʜʦ ʽʩʥʫʶʯʦʾ ʤʝʨʝʞʽ Wi-Fi. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1.  IEEE 802.11-2016: Wireless LAN Medium Access Control (MAC) and Physical 

Layer (PHY) specifications. IEEE. 14 December 2016. 

doi:10.1109/IEEESTD.2016.7786995. ISBN 978-1-5044-3645-8. 
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ɺôʷʯʝʩʣʘʚ ʌʝʩʽʚ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʪʨʠʥʘʜʢʦ ʄ.ʊ. 

ʂʫʪʥʠʢʦʚʠʡ ʨʝʬʨʘʢʪʦʤʝʪʨ 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ ʛʘʟʽʚ ʽ ʨʽʜʠʥ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ ʚ ʧʦʚʽʪʨʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽ ʨʝʬʨʘʢʪʦʤʝʪʨʠ.  

ɯʥʪʝʨʬʝʨʝʥʮʽʡʥʠʡ ʨʝʬʨʘʢʪʦʤʝʪʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ 

ʪʦʚʩʪʠʭ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʭ ʧʣʘʩʪʠʥʦʢ ʟʽ ʩʢʣʘ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʤʘʡʞʝ 

ʧʘʨʘʣʝʣʴʥʦ ʦʜʥʘ ʦʜʥʽʡ. ʇʫʯʦʢ ʩʚʽʪʣʘ ʧʘʜʘʻ ʥʘ ʧʝʨʰʫ ʧʣʘʩʪʠʥʢʫ ʧʽʜ 

ʢʫʪʦʤ, ʙʣʠʟʴʢʠʤ ʜʦ 45Á. ʂʦʞʥʠʡ ʧʨʦʤʽʥʴ ʧʫʯʢʘ ʧʽʩʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʧʣʘʩʪʠʥʢʠ ʜʽʣʠʪʴʩʷ ʥʘ 2 ʢʦʛʝʨʝʥʪʥʠʭ ʧʨʦʤʝʥʽ, ʱʦ 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʦʢ. ɼʘʣʽ ʥʘ ʜʨʫʛʽʡ ʧʣʘʩʪʠʥʮʽ ʢʦʞʥʠʡ ʟ ʮʠʭ ʧʨʦʤʝʥʽʚ 

ʘʥʘʣʦʛʽʯʥʦ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʧʨʦʤʝʥʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʽʩʣʷ ʜʨʫʛʦʾ 

ʧʣʘʩʪʠʥʢʠ ʡʜʫʪʴ 4 ʧʘʨʘʣʝʣʴʥʠʭ ʢʦʛʝʨʝʥʪʥʠʭ ʧʨʦʤʝʥʽ, ʷʢʽ ʽʥʪʝʨʬʝʨʫʶʪʴ 

ʫ ʬʦʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʦʙ'ʻʢʪʠʚʘ.  

ʂʫʪʥʠʢʦʚʠʡ ʨʝʬʨʘʢʪʦʤʝʪʨ (ʨʠʩ. 1) ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʡ ʨʝʬʨʘʢʪʦʤʝʪʨ, ʚ ʷʢʦʤʫ ʟʤʽʥʝʥʦ 

ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʭ ʧʣʘʩʪʠʥ.  

 

 
 

ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʫʪʥʠʢʦʚʦʛʦ ʨʝʬʨʘʢʪʦʤʝʪʨʘ 
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ɺ ʢʫʪʥʠʢʦʚʦʤʫ ʨʝʬʨʘʢʪʦʤʝʪʨʽ ʧʣʘʩʪʠʥʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʧʽʜ ʢʫʪʦʤ 

90
0
. ʆʜʥʘ  ʽʟ ʧʦʚʝʨʭʦʥʴ ʧʣʘʩʪʠʥʠ ʥʘʧʽʚʧʨʦʟʦʨʘ, ʘ ʽʥʰʘ ʜʟʝʨʢʘʣʴʥʘ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʣʘʩʪʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤʠ 

ʘʙʦ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʪʘ ʨʽʟʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ. 

ʇʦʜʽʙʥʦ ʜʦ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʛʦ ʨʝʬʨʘʢʪʦʤʝʪʨʘ ʫ ʢʫʪʥʠʢʦʚʦʤʫ 

ʨʝʬʨʘʢʪʦʤʝʪʨʽ, ʧʽʩʣʷ ʚʽʜʙʠʚʘʥʥʷ ʧʨʦʤʝʥʽʚ, ʪʘʢʦʞ ʬʦʨʤʫʻʪʴʩʷ 4 

ʧʘʨʘʣʝʣʴʥʠʭ ʢʦʛʝʨʝʥʪʥʠʭ ʧʨʦʤʝʥʽ, ʱʦ ʽʥʪʝʨʬʝʨʫʶʪʴ ʫ ʬʦʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʦʙ'ʻʢʪʠʚʘ.  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ ʢʽʣʴʢʘ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʢʫʪʥʠʢʦʚʦʛʦ 

ʨʝʬʨʘʢʪʦʤʝʪʨʘ: 

¶ ʋ ʢʫʪʥʠʢʦʚʦʤʫ ʨʝʬʨʘʢʪʦʤʝʪʨʽ ʚʽʜʙʠʪʠʡ ʧʨʦʤʽʥʴ ʟʘʚʞʜʠ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʧʘʜʘʶʯʦʛʦ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʧʨʦʤʽʥʶʚʘʪʠ ʡʦʛʦ ʥʝ ʣʠʰʝ ʩʪʨʦʛʦ ʧʽʜ ʢʫʪʦʤ 45
0
, ʘ ʚ ʜʽʘʧʘʟʦʥʽ 

ʪʽʣʝʩʥʦʛʦ ʢʫʪʘ 90
0
. 

¶ ʂʫʪʥʠʢʦʚʠʡ ʨʝʬʨʘʢʪʦʤʝʪʨ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʥʘ 

ʟʥʘʯʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʜʞʝʨʝʣʘ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʻʩʪʨʫʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʚʽʜʜʘʣʝʥʦ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʫ ʢʘʨʪʠʥʫ.  

¶ ʗʢʱʦ ʜʣʷ ʚʩʽʭ ʧʨʦʤʝʥʽʚ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʛʦ ʨʝʬʨʘʢʪʦʤʝʪʨʘ,  ʱʦ 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʦʧʪʠʯʥʘ 

ʨʽʟʥʠʮʷ ʭʦʜʫ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ, ʪʦ ʜʣʷ ʢʫʪʥʠʢʦʚʦʛʦ 

ʨʝʬʨʘʢʪʦʤʝʪʨʘ ʭʘʨʘʢʪʝʨʥʝ ʬʦʨʤʫʚʘʥʥʷ ʧʝʚʥʦʛʦ ʥʘʙʦʨʫ ʦʧʪʠʯʥʠʭ 

ʨʽʟʥʠʮʴ ʭʦʜʫ ʧʨʦʤʝʥʽʚ ʚʽʜʙʠʪʦʛʦ ʧʫʯʢʘ. 

 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʄʘʢʩʠʤ ʌʣʦʨʝʩʢʫʣ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪʝʥʪ ʂʠʨʠʯʝʥʢʦ ʆ.ʃ. 

SEO ʦʧʪʠʤʽʟʘʮʽʷ ʚʝʙʩʘʡʪʫ ʢʘʬʝʜʨʠ 
ʂʦʣʠ ʧʦʪʝʥʮʽʡʥʽ ʩʪʫʜʝʥʪʠ ʪʘ ʘʢʘʜʝʤʽʯʥʽ ʧʨʘʮʽʚʥʠʢʠ ʰʫʢʘʶʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʘʬʝʜʨʫ, ʚʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʧʦʰʫʢʦʚʠʭ 

ʩʠʩʪʝʤ. ʊʦʤʫ ʚʘʞʣʠʚʦ, ʱʦʙ ʚʝʙʩʘʡʪ ʢʘʬʝʜʨʠ ʟ'ʷʚʣʷʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ 

ʧʦʰʫʢʫ ʥʘ ʧʝʨʰʽʡ ʩʪʦʨʽʥʮʽ, ʱʦʙ ʟʘʣʫʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʮʽʣɹʦʚʠʭ ʚʽʜʚʽʜʫʚʘʯʽʚ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʥʘʡʧʦʧʫʣʷʨʥʽʰʽ ʟ ʷʢʠʭ: 

1. ʆʧʪʠʤʽʟʘʮʽʷ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ï ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʣʶʯʦʚʽ ʩʣʦʚʘ ʫ ʚʝʙʩʪʦʨʽʥʢʘʭ ʪʘ ʤʝʪʘʪʝʛʘʭ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʧʦʟʠʮʽʶ 

ʚ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ. ʎʝʡ ʤʝʪʦʜ ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ [1]. 

2. ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʪʝʥʪʫ ï ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ʷʢʽʩʪʴ ʢʦʥʪʝʥʪʫ ʥʘ ʚʝʙʩʘʡʪʽ, ʱʦ ʜʦʧʦʤʦʞʝ ʧʨʠʚʝʨʥʫʪʠ ʙʽʣʴʰʝ ʪʨʘʬʽʢʫ 

ʪʘ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʽʥʬʦʨʤʘʮʽʾ. 

3. ʆʧʪʠʤʽʟʘʮʽʷ ʤʝʪʘʪʝʛʽʚ ï ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʝʪʘʪʝʛʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʦʧʠʩʫ ʚʤʽʩʪʫ ʥʘ 

ʚʝʙʩʪʦʨʽʥʢʘʭ. ʄʝʪʦʜ ʜʦʧʦʤʘʛʘʻ ʧʦʰʫʢʦʚʠʤ ʩʠʩʪʝʤʘʤ ʟʨʦʟʫʤʽʪʠ, ʧʨʦ 

ʱʦ ʡʜʝ ʤʦʚʘ ʥʘ ʚʝʙʩʪʦʨʽʥʮʽ ʪʘ ʷʢ ʾʾ ʢʨʘʱʝ ʽʥʜʝʢʩʫʚʘʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʶʯʦʚʠʭ ʚʠʨʘʟʽʚ ʜʦʟʚʦʣʠʪʴ ʦʭʦʧʠʪʠ ʥʘʡʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʽ ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʥʘ ʨʽʟʥʠʭ ʩʪʦʨʽʥʢʘʭ ʩʘʡʪʫ. 

4. ʆʧʪʠʤʽʟʘʮʽʷ ʰʚʠʜʢʦʜʽʾ ʚʝʙʩʘʡʪʫ ï ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʝʙʩʪʦʨʽʥʦʢ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʦʟʠʮʽʾ ʚ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ. 

5. ʆʧʪʠʤʽʟʘʮʽʷ ʤʦʙʽʣʴʥʦʾ ʚʝʨʩʽʾ ʚʝʙʩʘʡʪʫ ï ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʝʙʩʘʡʪʫ ʥʘ ʨʽʟʥʠʭ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ʄʝʪʦʜ  ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʡ, ʦʩʢʽʣʴʢʠ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʣʶʜʝʡ 

ʢʦʨʠʩʪʫʻʪʴʩʷ ʤʦʙʽʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʪʝʨʥʝʪʫ [2]. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʚʝʙ-ʩʘʡʪʫ ʟ  ʚʠʢʦʨʠʩʪʘʥʥʷʤ Google 

Search Console,  ʚʠʷʚʣʝʥʦ ʧʨʦʙʣʝʤʥʽ ʩʪʦʨʽʥʢʠ, ʷʢʽ ʧʦʛʘʥʦ 

ʚʽʜʦʙʨʘʞʘʣʠʩʷ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ (ʥʘ 5 ʩʪʦʨʽʥʢʘʭ ʙʫʣʠ ʧʨʦʙʣʝʤʠ 

ʽʟ ʨʦʟʤʽʨʦʤ ʟʦʙʨʘʞʝʥʴ, ʥʘ 7 ʩʪʦʨʽʥʢʘʭ ʽʥʪʝʨʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʙʫʣʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʜʪʦ ʙʣʠʟʴʢʦ) ʘʙʦ ʤʘʣʠ ʪʝʭʥʽʯʥʽ ʧʦʤʠʣʢʠ (ʥʘ ʙʽʣʴʰʦʩʪʽ 

ʩʪʦʨʽʥʦʢ ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʤʘʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʢʩʪʫ, ʥʘ ʩʪʦʨʽʥʮʽ 

çʅʦʚʠʥʠè ʥʝʢʦʨʝʢʪʥʦ ʧʨʘʮʶʚʘʣʦ ʩʦʨʪʫʚʘʥʥʷ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ)[3]. 

ʇʽʜʽʙʨʘʥʦ ʢʣʶʯʦʚʽ ʩʣʦʚʘ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʤʘʪʠʮʽ 
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ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʚʝʙʩʘʡʪʽ ʢʘʬʝʜʨʠ ʪʘ ʧʦʧʫʣʷʨʥʠʤ ʧʦʰʫʢʦʚʠʤ ʟʘʧʠʪʘʤ. 

ʆʧʪʠʤʽʟʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ ʤʝʥʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʟ ʣʝʛʢʽʩʪʶ 

ʟʥʘʡʪʠ ʧʦʪʨʽʙʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʰʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʝʙʩʘʡʪʫ. ʊʦʤʫ 

ʧʨʦʚʝʜʝʥʦ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʟʤʽʨʫ ʩʢʨʠʧʪʽʚ ʪʘ ʤʝʜʽʘʬʘʡʣʽʚ, ʷʢʽ 

ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʙʨʘʫʟʝʨʦʤ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʦ Service Worker ʜʣʷ 

ʢʝʰʫʚʘʥʥʷ ʜʘʥʠʭ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʚʪʦʨʥʠʭ ʟʘʚʘʥʪʘʞʝʥʴ ʩʪʘʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ.  

ʊʝʢʩʪʦʚʠʡ ʚʤʽʩʪ ʩʪʦʨʽʥʦʢ ʦʧʪʠʤʽʟʦʚʘʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʣʶʯʦʚʽ 

ʩʣʦʚʘ, ʪʘ ʚʠʜʘʣʝʥʦ ʪʝʢʩʪ, ʷʢʠʡ ʯʘʩʪʢʦʚʦ ʜʫʙʣʶʻʪʴʩʷ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ 

ʚʽʜʩʦʪʦʢ ʡʦʛʦ ʫʥʽʢʘʣʴʥʦʩʪʽ. 

ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʚʝʙʩʘʡʪʦʤ ʜʦʜʘʥʦ 

ʚʥʫʪʨʽʰʥʽ ʧʦʩʠʣʘʥʥʷ ʤʽʞ ʧʦʚôʷʟʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʥʘ ʩʘʡʪʽ. ɼʣʷ 

ʧʽʜʥʷʪʪʷ ʘʚʪʦʨʠʪʝʪʫ ʚʝʙʩʘʡʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʨʝʡʪʠʥʛʫ ʚ 

ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ ʜʦʜʘʥʦ ʟʦʚʥʽʰʥʽ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʝʙʩʘʡʪʽ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʘ ʥʘ ʩʦʮʽʘʣʴʥʠʭ ʩʪʦʨʽʥʢʘʭ ʢʘʬʝʜʨʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʚʝʜʝʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʝʚʽʨʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

Google Analytics. ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʪʠʞʜʝʥʴ ʟʨʦʩʣʘ ʚ 

ʧʦʥʘʜ 4 ʨʘʟʠ: ʟ 46 ʜʦ 207, ʩʝʨʝʜʥʽʡ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʚʠʨʽʩ ʽʟ 40 ʩʝʢʫʥʜ ʜʦ 1 

ʭʚʠʣʠʥʠ 30 ʩʝʢʫʥʜ, ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʭʦʜʽʚ ʥʘ ʚʝʙʩʘʡʪ ʽʟ ʧʦʰʫʢʫ ʚʠʨʦʩʣʘ ʟ 

20 ʜʦ 70.  

ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʤʝʪʦʜ Sɽʆ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʻ ʩʚʦʾ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ 

ʩʪʦʨʦʥʠ, ʚʘʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʧʦʻʜʥʘʥʥʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʝʬʝʢʪ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Search Engine Optimization (SEO) Starter Guide. Google : ʚʝʙʩʘʡʪ. URL: 

https://developers.google.com/search/docs/fundamentals/seo-starter-guide (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 14.02.2023) 

2. What Is SEO ï Search Engine Optimization?. Search Engine Land : ʚʝʙʩʘʡʪ. 

URL: https://searchengineland.com/guide/what-is-seo/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 

14.02.2023). 

3. A Complete Google Search Console Guide For SEO Pros. Search Engine 

Journal : ʚʝʙʩʘʡʪ. URL: https://www.searchenginejournal.com/ google-search-

console-guide/209318 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 15.02.2023). 
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ʄʘʨʠʥʘ ʍʘʞʽʫ 
ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ɸʥʘʪʠʯʫʢ ʃ.ɯ., 

 ʘʩʠʩʪ. ʈʦʟʚʝʨ ʖ.ʖ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ  ʩʧʝʮʦʜʷʛʫ 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʢʦʥʜʠʮʽʦʥʝʨʠ ʜʣʷ ʦʜʷʛʫ ʣʽʢʘʨʽʚ ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʨʫʯʥʽʩʪʴ ʪʘ ʪʝʧʣʦʚʠʡ  ʽ ʚʦʣʦʛʦʦʙʤʽʥʥʠʡ ʢʦʤʬʦʨʪ  

ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʧʝʨʘʮʽʡ ʪʘ ʧʨʦʮʝʜʫʨ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʛʨʝʩʠʚʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ [1,2]. ɺʘʞʣʠʚʦ ʪʘʢʦʞ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʢʦʥʜʠʮʽʦʥʝʨʘ ʟ ʤʝʪʦʶ ʣʝʛʢʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʽʩʥʫʶʯʦʛʦ ʩʧʝʮʽʘʣʴʥʦʛʦ ʟʘʭʠʩʥʦʛʦ ʦʜʷʛʫ. 

ʇʨʠ ʥʘʙʣʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʣʶʜʠʥʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʾʾ ʧʨʘʮʽ ʨʽʟʢʦ ʩʧʘʜʘʻ 

ʜʦ 40 %. ʂʨʽʤ ʮʽʻʾ ʦʙʩʪʘʚʠʥʠ, ʧʝʨʝʛʨʽʚ ʪʽʣʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʧʦʛʽʨʰʝʥʥʷ ʩʘʤʦʧʦʯʫʪʪʷ ʘʞ ʜʦ ʚʪʨʘʪʠ ʩʚʽʜʦʤʦʩʪʽ.   

ʈʘʜʽʘʮʽʡʥʦ-ʟʘʭʠʩʥʠʡ ʦʜʷʛ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʩʚʠʥʮʴʦʚʘʥʦʾ ʛʫʤʠ (ʨʠʩ. 1, 2). ʇʝʨʝʙʫʚʘʪʠ ʚ ʪʘʢʦʤʫ 

ʪʝʧʣʦʽʟʦʣʶʶʯʦʤʫ ʪʘ ʚʦʣʦʛʦʥʝʧʨʦʥʠʢʥʦʤʫ ʦʜʷʟʽ ʪʨʠʚʘʣʠʡ ʯʘʩ ʚ 

ʩʧʝʢʦʪʥʫ ʧʦʨʫ ï ʥʝʣʝʛʢʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘʚʽʪʴ ʜʣʷ ʬʽʟʠʯʥʦ ʟʜʦʨʦʚʠʭ 

ʣʶʜʝʡ. 

 
ʈʠʩ.1. ɾʠʣʝʪ ʨʝʥʪʛʝʥʦʟʘʭʠʩʥʠʡ 

ʋ ʬʽʟʠʯʥʽʡ ʤʦʜʝʣʽ ʢʦʥʜʠʮʽʦʥʝʨʘ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ. 2, qʣʶʜï 

ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʟ ʪʽʣʘ ʣʶʜʠʥʠ; qʟʦʚʥ. ï ʧʦʪʫʞʥʽʩʪʴ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʽʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; qʭ ï ʪʝʧʣʦʚʘ 

ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʥʘ ʭʦʣʦʜʥʽʡ ʩʪʦʨʦʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ; Wʪ/ʝ ï ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʦʜʫʣʴ. ʉʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʤʽʩʪʠʪʴ ʜʝʢʽʣʴʢʘ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʚ ʥʝʦʙʭʽʜʥʽʡ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟʦʥʽ. ɼʘʣʽ ʚʦʥʠ ʝʣʝʢʪʨʠʯʥʦ ʟôʻʜʥʘʥʽ ʽʟ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ 

ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ. 
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ʈʠʩ.2. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʢʦʥʜʠʮʽʦʥʝʨʘ ʜʣʷ ʦʜʷʛʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʧʦ ʧʣʦʱʽ ʢʦʥʜʠʮʽʦʥʦʚʘʥʦʛʦ ʦʜʷʛʫ 

(ʨʝʞʠʤ ʦʭʦʣʦʜʞʝʥʥʷ): 1 ï ʢʦʥʜʠʮʽʦʥʦʚʘʥʠʡ ʦʜʷʛ; 2 ï ʝʣʝʢʪʨʠʯʥʽ ʟôʻʜʥʘʥʥʷ; 3 

ï ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ; 4 ï ʝʣʝʤʝʥʪ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ; 5 ï 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʦʜʫʣʴ; 6 ï ʧʦʚʽʪʨʷʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 
 

ʍʦʣʦʜʥʦʶ ʩʪʦʨʦʥʦʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʦʜʫʣʴ ʟôʻʜʥʘʥʠʡ ʽʟ 

ʝʣʝʤʝʥʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ, ʘ ʛʘʨʷʯʦʶ ï ʽʟ 

ʧʦʚʽʪʨʷʥʠʤ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ ʽʟ ʤʝʪʦʶ ʨʦʟʩʽʶʚʘʥʥʷ ʥʝʧʦʪʨʽʙʥʦʛʦ 

ʪʝʧʣʘ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʅʝʜʦʣʽʢ ʪʘʢʦʛʦ ʚʘʨʽʘʥʪʘ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ, ʧʦʚôʷʟʘʥʠʡ ʽʟ ʚʽʜʚʦʜʦʤ ʟʘʡʚʦʛʦ ʪʝʧʣʘ, 

ʦʩʢʽʣʴʢʠ ʜʣʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʧʽʜ ʨʘʜʽʘʮʽʡʥʦ-

ʟʘʭʠʩʥʠʤ ʦʜʷʛʦʤ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝʧʦʪʨʽʙʥʝ ʪʝʧʣʦ ʽʟ ʛʘʨʷʯʦʾ 

ʧʦʚʝʨʭʥʽ ʤʦʜʫʣʷ ʥʝ ʙʫʜʝ ʨʦʟʩʽʶʚʘʪʠʩʷ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʝ ʥʘ ʟʘʛʘʣʴʥʠʡ ʝʬʝʢʪ ʦʭʦʣʦʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʧʦʚʝʨʭ ʨʘʜʽʘʮʽʡʥʦ-

ʟʘʭʠʩʥʦʛʦ ʦʜʷʛʫ ʪʘʢʦʞ ʚʪʨʘʪʠʪʴ ʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʅʝʜʦʮʽʣʴʥʦ ʟʤʽʥʶʚʘʪʠ ʽ ʢʦʥʩʪʨʫʢʮʽʶ ʩʘʤʦʛʦ ʨʘʜʽʘʮʽʡʥʦ-ʟʘʭʠʩʥʦʛʦ 

ʦʜʷʛʫ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʟʨʦʙʠʪʠ ʟʘʡʚʽ ʦʪʚʦʨʠ ʫ ʪʘʢʦʤʫ ʦʜʷʟʽ, ʪʦ ʤʦʞʥʘ 

ʨʦʟʚôʷʟʘʪʠ ʧʨʦʙʣʝʤʫ ʽʟ ʚʽʜʚʦʜʦʤ ʟʘʡʚʦʛʦ ʪʝʧʣʘ. ɸʣʝ ʮʠʤ ʧʦʥʠʟʠʪʴʩʷ 

ʟʜʘʪʥʽʩʪʴ ʪʘʢʦʛʦ ʦʜʷʛʫ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ, ʘ ʩʘʤʝ ʟʘʭʠʩʪ 

ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʚʽʜ ʨʘʜʽʘʮʽʾ.  
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