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ɸʅʆʊɸʎɯʗ 

ɹɭʃɯʂʆɺ ʆ. ɭ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʽ ʣʽʢʫʚʘʥʥʷ ʟʘʩʦʙʘʤʠ ʬʦʪʦʪʝʨʘʧʽʾ ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.05 ï ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠ. ï 

ʏʦʨʥʦʤʦʨʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʇʝʪʨʘ ʄʦʛʠʣʠ. ï ʄʠʢʦʣʘʾʚ, 

2021. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʜʦʩʣʽʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʨʦʟʨʦʙʣʝʥʥʷ 

ʪʘ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ, ʱʦ ʟʘʙʝʟʧʝʯʫ ʪʁʴ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʧʨʦʬʽʣʘʢʪʠʢʠ ʽ ʣʽʢʫʚʘʥʥʷ ʟʘʩʦʙʘʤʠ ʬʦʪʦʪʝʨʘʧʽʾ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʤʝʪʦʜʠ, ʤʦʜʝʣʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʧʦʚʠʥʥʽ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʤʽʢʨʦʢʨʦʚʦʪʦʢʫ. ɺʩʪʘʥʦʚʣʶʶʪʴʩʷ ʾʭ ʥʝʜʦʣʽʢʠ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʤʦʜʝʣʝʡ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʾʭ ʧʨʷʤʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʩʪʘʜʽʷʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ (ɸʉʂ) ʽ ʥʝʜʦʩʪʘʪʥʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ 

ʤʝʨʝʞ ʧʨʦʬʽʣʘʢʪʠʢʠ, ʣʽʢʫʚʘʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʩʦʙʘʤʠ ʬʦʪʦʪʝʨʘʧʽʾ.  

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʢʫ ʪʝʦʨʝʪʠʯʥʠʭ 

ʦʩʥʦʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʬʽʟʽʦʪʝʨʘʧʝʚʪʠʯʥʦʛʦ 

ʚʧʣʠʚʫ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʨʽʰʝʥʴ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʬʦʪʦʪʝʨʘʧʽʾ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʽ ʧʨʠʣʘʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʙʽʛ ʧʨʦʮʝʜʫʨ ʟʘ ʧʨʠʧʠʩʦʤ 

ʣʽʢʘʨʷ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʨʦʟʚʠʪʢʫ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʨʝʘʣʽʟʘʮʽʡ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʷʢ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ. ɿʘʛʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ 
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ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ï ʚʠʨ̔h ʝʥʥʷ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʟʘʜʘʯʽ 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ 

ʧʘʨʘʤʝʪʨʽʚ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ 

ʡʦʛʦ ʧʦʚʽʨʢʠ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʾ ʽ ʾʾ ʟʚôʷʟʦʢ 

ʽʟ ʜʝʨʞʘʚʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ  ̔ʪʝʤʘʤʠ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʡ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ, ʪʝʦʨʝʪʠʯʥʦʛʦ ʽ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʮʝʜʫʨ ʬʦʪʦʪʝʨʘʧʽʾ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʦʩʪʘʥʥʽʭ ʨʦʙʽʪ ʚʯʝʥʠʭ ʉʐɸ, 

ɺʝʣʠʢʦʾ ɹʨʠʪʘʥʽʾ, ɯʪʘʣʽʾ, ʅʽʤʝʯʯʠʥʠ, ʇʦʣʴʱʽ ʪʘ ʋʢʨʘʾʥʠ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ 

ʥʝʨʦʟʚôʷʟʘʥʽ ʧʨʦʙʣʝʤʠ ʽ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ, ʦʟʥʘʯʝʥʦ ʪʝʥʜʝʥʮʽʾ 

ʢʦʥʩʦʣʽʜʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʽ ʧʦʪʨʝʙ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʮʝʜʫʨ ʬʦʪʦʪʝʨʘʧʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʦʣʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʩʫʯʘʩʥʠʭ 

ʩʠʩʪʝʤ ʬʦʪʦʪʝʨʘʧʽʾ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ NASA ʘʙʦ ʫ ʰʧʠʪʘʣʷʭ 

ʉʐɸ, ɺʝʣʠʢʦʾ ɹʨʠʪʘʥʽʾ, ʘʙʦ ʫ ʬʽʨʤʽ Celluma, ʪʘ ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʨʦʟʢʨʠʪʪʷ 

ʧʝʨʝʚʘʛ ʬʦʪʦʪʝʨʘʧʽʾ, ʻ ʥʝʟʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʬʦʨʤʫʚʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʧʦʪʦʢʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʜʦʟʦʶ, ʩʧʝʢʪʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ ʪʘ 

ʯʘʩʦʚʠʤ ʧʝʨʝʙʽʛʦʤ ʧʨʦʮʝʩʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʥʝ ʟʜʘʪʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʫ ʩʠʩʪʝʤʽ ʟʘ ʩʪʘʥʦʤ ʧʘʮʽʻʥʪʘ ʪʘ ʙʽʦʪʢʘʥʠʥʠ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʠ ʦʟʥʘʯʝʥʽ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʩʫʯʘʩʥʦʛʦ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʝʣʝʤʝʥʪʽʚ. ɺʠʟʥʘʯʝʥʦ ʷʢ ʦʩʥʦʚʫ 

ʙʫʜʦʚʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʦʨʪʘʪʠʚʥʠʭ ʪʘ ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ 

ʧʨʠʣʘʜʽʚ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʝʘʣʽʟʘʮʽʶ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʬʦʪʦʪʝʨʘʧʽʾ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʪʘ ʣʽʢʫʚʘʥʥʷ ʚ ʦʩʥʦʚʫ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ 

ʧʨʠʣʘʜʽʚ ʧʦʢʣʘʜʝʥʦ ʢʽʣʴʢʘ ʽʜʝʡ. ʇʝʨʰʘ ʟ ʥʠʭ ï ʮʝ ʽʜʝʷ ʦʧʨʦʤʽʥʶʚʘʪʠ 
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ʙʽʦʪʢʘʥʠʥʫ ʩʠʩʪʝʤʦʶ ʜʠʩʢʨʝʪʥʠʭ ʥʘʜôʷʩʢʨʘʚʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʘʙʦ ʣʘʟʝʨʥʠʭ 

ʜʽʦʜʽʚ ʷʢ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʱʦ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʘ ʨʦʟʚʠʚʘʣʘʩʴ ʧʨʦʪʷʛʦʤ 

ʜʚʦʭ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʨʽʯ ʧʨʦʬʝʩʦʨʦʤ ɸ. ʄ. ʂʦʨʦʙʦʚʠʤ ʪʘ ʡʦʛʦ 

ʧʦʩʣʽʜʦʚʥʠʢʘʤʠ. ɼʨʫʛʘ ʽʜʝʷ ï ʩʧʝʮʽʘʣʴʥʽ ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʱʦʙ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʽ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʯʝʨʚʦʥʦʾ ʪʘ 

ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʯʘʩʪʠʥ ʩʧʝʢʪʨʘ ʟʘ ʨʘʭʫʥʦʢ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʩʧʝʮʽʘʣʴʥʦ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʘ ʽʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʱʦ ʥʘʣʝʞʠʪʴ 

ʧʨʦʬʝʩʦʨʫ ʆ. ʄ. ʊʨʫʥʦʚʫ). ʋ ʾʾ ʦʩʥʦʚʫ ʧʦʢʣʘʜʝʥʦ ʚʠʩʥʦʚʢʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʜʝʣʽ 

ʚʟʘʻʤʦʜʽʾ ʬʦʪʦʥʽʚ ʟ ʨʘʜʠʢʘʣʘʤʠ ʬʦʪʦʘʢʮʝʧʪʦʨʽʚ ʢʣʽʪʠʥ ʙʽʦʪʢʘʥʠʥʠ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʝʨʝʙʽʛ ʧʨʦʮʝʜʫʨ ʬʦʪʦʪʝʨʘʧʽʾ ʚ 

ʩʠʩʪʝʤʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʘʪʠ ʢʦʨʝʢʮʽʶ ʚʧʣʠʚʫ ʚ ʯʘʩʽ, ʫ ʧʨʦʩʪʦʨʽ ʥʘ ʦʩʥʦʚʽ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʧʘʪʦʣʦʛʽʯʥʠʭ ʜʽʣʷʥʦʢ, ʧʦʣʝʤ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʧʫʣʴʩʦʚʠʤʠ ʭʚʠʣʷʤʠ, ʨʽʚʥʝʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʫ ʢʨʦʚʽ 

(ʦʢʩʠʛʝʥʘʮʽʻʶ) ʪʘ ʟʘ ʩʪʘʥʦʤ ʧʘʮʽʻʥʪʘ. 

ʆʪʞʝ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ 

ʤʝʪʦʜʘʤʠ ʬʦʪʦʪʝʨʘʧʽʾ ʪʘ ʪʝʥʜʝʥʮʽʡ ʢʦʥʩʦʣʽʜʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʦʾ ʧʨʦʮʝʜʫʨʠ ʟʘ ʜʽʘʛʥʦʩʪʠʯʥʠʤ 

ʧʨʠʧʠʩʦʤ ʣʽʢʘʨʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʷʢ̔ ʧʨʠʜʘʪʥʽ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ. ʊʘʢʦʞ ʚʠʤʦʛʦʶ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʠʜʘʪʥ ̔ ʜʦ ʧʝʨʝʜʧʨʦʮʝʜʫʨʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʽ ʧʨʦʪʦʢʦʣʶʚʘʥʥʶ ʧʘʨʘʤʝʪʨʽʚ ʫ ʭʦʜʽ ʧʨʦʮʝʜʫʨʠ, ʢʦʨʝʢʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʜʫʨʠ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʧʘʮʽʻʥʪʘ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʝʘʣʽʟʘʮʽʡ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʷʢ ʝʣʝʤʝʥʪʘ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, 

ʱʦ ʫ ʩʫʢʫʧʥʦʩʪʽ ʨʝʘʣʽʟʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʚʥʘʩʣʽʜʦʢ ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʘʧʘʨʘʪʫʨʠ ʬʦʪʦʪʝʨʘʧʽʾ ʪʘ 

ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʜʘʯʫ ʦʧʨʦʤʽʥʝʥʥʷ ʤʦʞʥʘ 

ʨʦʟʚôʷʟʘʪʠ ʜʚʦʤʘ ʰʣʷʭʘʤʠ. ʇʝʨʰʠʡ ï ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʠʭ, ʥʝʨʫʭʦʤʠʭ 
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ʜʞʝʨʝʣ ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ ʫʧʦʨʷʜʢʦʚʘʥʦ ʫ ʤʘʪʨʠʮʶ. ɼʨʫʛʠʡ ï ʬʦʨʤʫʚʘʥʥʷʤ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʜʞʝʨʝʣ ʚʠʟʥʘʯʝʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʚʠʧʨʦʤʽʥʶʶʪʴ 

ʧʦʪʦʢʠ ʧʨʦʤʝʥʽʚ ʥʘ ʩʠʩʪʝʤʫ ʨʫʭʦʤʠʭ ʫ ʚʟʘʻʤʥʦ-ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ 

ʜʟʝʨʢʘʣ.  

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʦʛʨʝʩʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧôʁ ʪʝʨʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʟʫʤʦʚʣʝʥʘ ʚʚʝʜʝʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʢʪʨʘ ʦʧʨʦʤʽʥʝʥʥʷ, ʢʦʥʪʨʦʣʴ ʚʝʣʠʯʠʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʦʧʨʦʤʽʥʝʥʥʷ ʩʘʤʝ ʥʘ ʧʦʚʝʨʭʥʽ ʙʽʦʪʢʘʥʠʥʠ ʪʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʜʦ ʜʘʪʯʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʨʦʤʽʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʧʫʣʴʩʦʚʦʾ ʭʚʠʣʽ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʫ ʢʨʦʚʽ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʘʟʦʤ ʽʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʜʘʪʢʦʚʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ 

ʙʝʟʜʨʦʪʦʚʠʤ ʟʚôʷʟʢʦʤ ʟʤʽʥʶʻ ʧʨʠʥʮʠʧʦʚʦ ʬʫʥʢʮʽʾ ʽ ʪʝʨʘʧʝʚʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʠʣʘʜʽʚ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʦʢʘʟʘʥʦ, ʱʦ ʪʘʢʝ ʨʽʰʝʥʥʷ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʧʨʦʤʽʥʝʥʥʷ ʧʘʮʽʻʥʪʘ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʧʦʩʪʽʡʥʦʾ ʽ ʟʤʽʥʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ, ʱʦ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ. ʇʨʠʯʦʤʫ ʪʘʢʠʡ 

ʚʧʣʠʚ, ʷʢ ʢʝʨʦʚʘʥʠʡ ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʚ ʯʘʩʽ ʪʘ ʧʨʦʩʪʦʨʽ, ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʪʘʢʦʞ ʽ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ɸ 

ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʧʨʠʣʘʜʦʤ ʪʘ ʣʽʢʘʨʝʤ ï ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʝʟʜʨʦʪʦʚʠʭ ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʤʦʙʽʣʴʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ.  

ɼʦʩʣʽʜʞʝʥʦ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʟ ʚʠʩʦʢʦʶ 

ʧʦʪʫʞʥʽʩʪʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʢʝʨʫʚʘʥʥʷ ʤʘʪʨʠʮʝʶ ʪʘʢʠʭ 

ʩʚʽʪʣʦʜʽʦʜʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʭʝʤ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

ɼʦʩʣʽʜʞʝʥʦ ʢʝʨʫʚʘʥʥʷ ʯʝʨʝʟ ʘʥʘʣʦʛʦʚʽ ʪʘ ʮʠʬʨʦʚʽ ʚʠʭʦʜʠ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ  

ʩʬʦʨʤʫʚʘʪʠ ʧʝʨʽʦʜʠʯʥʠʡ ʩʠʛʥʘʣ ʟʘʜʘʥʦʛʦ ʟʘʢʦʥʫ, ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʰʠʨʦʪʥʦʽʤʧʫʣʴʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʟʦʤ ʟʽ ʩʭʝʤʘʤʠ ʧʘʩʠʚʥʦʾ 

ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ RC ʣʘʥʦʢ. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ ʦʧʦʨʽʚ ʪʘ ʻʤʥʦʩʪʝʡ 

RC-ʣʘʥʦʢ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ ʪʘ çFast PWMè, ʨʝʞʠʤ 

ʬʦʨʤʫʚʘʥʥʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʐɯʄ) ʩʠʛʥʘʣʫ ʘʧʘʨʘʪʥʠʤʠ 
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ʟʘʩʦʙʘʤʠ SPI ʪʘ UART-ʽʥʪʝʨʬʝʡʩʽʚ ʘʙʦ ʜʨʘʡʚʝʨʘʤʠ ʩʚʽʪʣʦʜʽʦʜʽʚ WS2811 ʪʘ 

WS2812. 

ʆʪʞʝ, ʧʝʨʰʦʯʝʨʛʦʚʦ ʚʠʟʥʘʯʝʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʫʪʦʯʥʶʁ ʪʴʩʷ ʷʢ 

ʦʜʥʦʢʨʠʩʪʘʣʴʥʽ 8-ʙʽʪʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʘʙʦ 32-ʙʽʪʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʪʘ 

ʧʣʘʪʬʦʨʤʠ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ 

ʭʚʠʣʴ ʚʧʣʠʚʫ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʨʽʰʝʥʥʷ, ʱʦ ʟ ʤʝʪʦʶ ʝʢʦʥʦʤʽʾ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ 

ʢʝʨʫʚʘʥʥʷ ʤʘʪʨʠʯʥʠʤʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ, ʤʦʜʝʣʶʻ ʧʨʦʮʝʩʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʽʢʨʦʩʭʝʤ-ʜʨʘʡʚʝʨʽʚ ʘʜʨʝʩʥʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʘʙʦ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ.  

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʜʽʣʷʥʦʢ ʽʩʥʫʶʯʽ ʟʘʩʦʙʠ ʦʪʨʠʤʘʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʯʽ 

ʟʦʙʨʘʞʝʥʴ ʫ ʚʠʜʠʤʽʡ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʯʘʩʪʠʥʘʭ ʩʧʝʢʪʨʘ ʧʦʪʨʝʙʫʶʪʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʦʙʨʘʥʠʡ ʣʘʟʝʨʥʠʡ ʜʘʣʝʢʦʤʽʨ ʪʘ 

ʟʘʩʦʙʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʜʝʪʝʢʪʦʨʽʚ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʦʙʽʟʥʘʥʦʩʪʽ ʧʨʦ ʩʪʘʥ ʙʽʦʪʢʘʥʠʥʠ ʽ ʧʦʪʨʝʙʫʶʪʴ ʚʢʣʶʯʝʥʥʷ ʜʦ ʧʝʨʝʣʽʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʘʢʪʠʚʘʮʽʾ ʢʣʽʪʠʥ ʬʦʪʦʥʘʤʠ ʧʽʜ ʯʘʩ 

ʬʦʪʦʪʝʨʘʧʽʾ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʪʘ ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʧʨʦ ʩʪʨʫʤ, ʱʦ ʪʝʯʝ ʫ ʢʦʣʽ ʟ 

ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʤʠ ʩʪʨʫʤʦʟʘʣʝʞʥʠʤʠ ʽʥʜʫʢʪʠʚʥʽʩʪʶ ʽ ʻʤʥʽʩʪʶ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʧʦʩʪʘʚʣʝʥʘ ʪʘ ʨʦʟʚôʷʟʘʥʘ ʤʝʪʦʜʦʤ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ ʟʘʜʘʯʘ 

ʧʨʦ ʦʧʪʠʤʘʣʴʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʩʷʤʠ ʩʚʽʪʣʦʜʽʦʜʽʚ ʫ ʚʠʧʨʦʤʽʥʶʚʘʯʽ, ʱʦ 

ʧʦʙʫʜʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʴ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʨʦʟʚʠʪʦʢ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʝʘʣʽʟʘʮʽʡ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʠʣʘʜʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʦʚʽʨʢʠ 

ʪʦʯʢʦʚʠʭ, ʤʘʪʨʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʩʠʩʪʝʤ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ. ʊʘʢʽ ʩʠʩʪʝʤʠ 

ʜʦʩʣʽʜʞʝʥʦ ʷʢ ʝʣʝʤʝʥʪ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʫ ʩʫʢʫʧʥʦʩʪʽ 

ʨʝʘʣʽʟʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

3D-ʤʦʜʝʣʶʚʘʥʥʷ ʾʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʨʦʙʣʝʥʦ ʩʪʝʥʜʠ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 
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ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʢʘʟʘʥʦ ʥʘ ʧʨʠʢʣʘʜʘʭ ʨʦʟʙʽʞʥʦʩʪʽ ʬʘʢʪʠʯʥʠʭ ʽ ʧʘʩʧʦʨʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʦʜʠʥʠʯʥʠʭ ʚʠʧʨʷʤʣʷʯʽʚ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʧʦʚʽʨʢʠ ʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʚʠʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʮʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʰʣʷʭʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʥʦʚʽʪʥʽʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʟʘʩʦʙʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʡ ʩʪʝʥʜ ʜʣʷ ʧʦʚʽʨʢʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʦʯʢʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʦʩʴʤʠ ʦʙʨʘʥʠʭ ʪʠʧʽʚ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʯʝʨʚʦʥʦʾ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʯʘʩʪʠʥ 

ʩʧʝʢʪʨʘ, ʷʢʽ ʙʫʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ʪʘ ʧʨʦʩʪʦʨʦʚʫ ʤʦʜʝʣʴ ʫ 

ʣʽʮʝʥʟʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Onshape ʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʫ ʯʘʩʪʠʥʫ ʩʪʝʥʜʘ ʜʣʷ 

ʧʦʚʽʨʢʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ʅʘ 

ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʧʨʦʩʪʦʨʦʚʽ ʜʽʘʛʨʘʤʠ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʧʣʦʱʽ 

ʤʘʪʨʠʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʦʤʦʛʦ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʠʬʨʘʢʮʽʡʥʫ ʨʝʰʽʪʢʫ ʟ ʬʽʢʩʘʮʽʻʶ ʟʘʩʦʙʘʤʠ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ (ʥʘʧʨʠʢʣʘʜ, 

Photoshop demo), ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥ ʭʚʠʣʴ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʜʣʷ ʟʘʜʘʯ ʬʦʪʦʪʝʨʘʧʽʾ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʨʠʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ Maple 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʜʽʘʧʘʟʦʥ ʚʝʣʠʯʠʥ ʚʽʜʩʪʘʥʝʡ ʜʦ ʙʽʦʪʢʘʥʠʥʠ ʜʣʷ 

ʨʦʟʪʘʰʦʚʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʘʙʦ ʾʭ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʧʦ ʧʦʚʝʨʭʥʽ ʱʦ ʧʽʜʪʚʝʨʜʠʣʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ 

ʧʨʘʢʪʠʯʥʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʧʦʚʽʨʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʬʦʪʦʪʝʨʘʧʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ ʩʪʝʥʜʠ ʜʣʷ ʧʦʚʽʨʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʪʠʤʫʣʶʚʘʣʠ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʩʠʩʪʝʤʫ ʧʝʨʝʜʧʨʦʮʝʜʫʨʥʦʾ ʝʢʩʧʨʝʩ-ʧʦʚʽʨʢʠ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ. 
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ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʩʪʚʦʨʝʥʥʶ ʤʘʢʝʪʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʬʦʪʦʪʝʨʘʧʽʾ, ʚ ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʽ ʦʪʨʠʤʘʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, 

ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʙʽʣʴʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʫ 

ʬʦʪʦʜʝʨʤʘʪʦʣʦʛʽʶ. ɼʦʩʣʽʜʞʝʥʦ ʽ ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʩʪʴ ʧʘʜʘʶʯʠʭ ʧʨʦʤʝʥʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ʰʢʽʨʠ ʦʙʣʠʯʯʷ ʣʶʜʠʥʠ.  

ʈʝʘʣʽʟʘʮʽʷ ʫʤʦʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʧʘʜʘʶʯʠʭ ʧʨʦʤʝʥʽʚ ʜʦʟʚʦʣʠʣʘ 

ʨʦʟʨʦʙʠʪʠ ʧʨʦʩʪʦʨʦʚʫ ʤʦʜʝʣʴ ʤʘʩʢʠ, ʚʠʢʦʥʘʪʠ ʨʦʟʛʦʨʪʢʫ ̫ ʢ ʦʩʥʦʚʫ ʜʣʷ ʛʥʫʯʢʠʭ 

ʧʣʘʪ ʟ ʚʤʦʥʪʦʚʘʥʠʤʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ, ʨʦʟʨʦʙʠʪʠ ʪʘ ʚʠʛʦʪʦʚʠʪʠ ʷʢ 

ʝʣʝʢʪʨʠʯʥʽ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʩʠʣʦʚʠʭ ʯʘʩʪʠʥ, ʪʘʢ ʽ ʝʣʝʤʝʥʪʠ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʭ ʙʣʦʢʽʚ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʤʦʛ ʜʦ ʨʝʘʙʽʣʽʪʘʮʽʾ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʜʣʷ ʣʽʢʫʚʘʥʥʷ 

ʥʝʦʥʘʪʘʣʴʥʦʾ ʛʽʧʝʨʙʽʣʽʨʫʙʽʥʝʤʽʾ ʚʠʟʥʘʯʝʥʦ ʟʤʽʥʠ ʜʦ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʫ ʨʦʟʜʽʣʽ 2, ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʬʦʪʦʪʝʨʘʧʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ SMD-

ʩʚʽʪʣʦʜʽʦʜʽʚ ʟʘʩʪʦʩʫʚʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʧʽʜʣʦʞʢʫ, ʟ ʬʽʢʩʘʮʽʻʶ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʪʘ ʧʨʠʜʘʪʥʫ ʜʦ ʜʝʟʽʥʬʝʢʮʽʾ ʽ ʟʥʝʟʘʨʘʞʝʥʥʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʤʽʥ ʪʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʜʦʟʚʦʣʠʣʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʛʥʫʯʢʽ ʽʥʢʘʧʩʫʣʴʦʚʘʥʽ ʤʘʪʨʠʯʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ ʽ ʢʦʥʪʘʢʪʥʝ 

ʦʧʨʦʤʽʥʶʚʘʥʥʷ, ʫʙʝʟʧʝʯʠʪʠ ʦʯʽ ʜʠʪʠʥʠ ʚʽʜ ʰʢʽʜʣʠʚʦʛʦ ʷʩʢʨʘʚʦʛʦ ʩʚʽʪʣʘ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʨʘʧʽʾ ʤʽʥʽʤʫʤ ʥʘ 15%. ɯʥʪʝʛʨʘʮʽʷ ʜʘʪʯʠʢʽʚ ʜʦ 

ʽʥʢʘʧʩʫʣʴʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʪʘ ʥʘʷʚʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ 

ʟʘʩʪʦʩʫʥʦʢ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʪʝʨʘʧʽʾ ʚʽʜʜʘʣʝʥʦ ʪʘ ʥʘʚʽʪʴ ʫ 

ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʮʴʦʛʦ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʣʠ ʪʘʢʦʞ ʽʤʧʣʝʤʝʥʪʦʚʘʥʽ ʚ ʧʨʠʣʘʜʘʭ ʬʦʪʦʪʝʨʘʧʽʾ ʜʣʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ 

ʤʝʜʠʮʠʥʠ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʽ ʧʨʠʣʘʜʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 
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ʜʽʣʷʥʦʢ ʭʨʝʙʪʘ ʣʶʜʠʥʠ, ʧʦʨʪʘʪʠʚʥʽ ʧʨʠʣʘʜʠ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʤʽʢʨʦʢʨʦʚʦʪʦʢʫ ʪʘ ʧʨʠʣʘʜ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʃʆʈ-ʟʘʭʚʦʨʶʚʘʥʴ ʣʶʜʠʥʠ. 

ʈʦʟʨʦʙʣʝʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ 

IoT çUltimate maskè ʪʘ çMedLEDè ʚ ʦʜʥʦʡʤʝʥʥʠʭ ʩʪʘʨʪʘʧʘʭ 

(www.facebook.com/ UltimateLEDMask) (www.facebook.com/ledsforkids). 

ʋ ʚʠʩʥʦʚʢʘʭ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʋ ʜʦʜʘʪʢʘʭ ʥʘʚʝʜʝʥʦ ʘʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ, ʩʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʣʽʩʪʠʥʛʠ ʧʨʦʛʨʘʤ ʜʣʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʦʪʦʪʝʨʘʧʽʷ, ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʟʚʦʨʦʪʥʠʡ 

ʟʚôʷʟʦʢ ʟ ʧʘʮʽʻʥʪʦʤ, ʩʚʽʪʣʦʜʽʦʜ, ʨʝʟʦʥʘʥʩʥʦ-ʢʦʥʬʦʨʤʘʮʽʡʥʠʡ ʚʧʣʠʚ. 

  



10 

 

ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ ɿɼʆɹʋɺɸʏɸ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

1. ʊʨʫʥʦʚ ʆ. ʄ., ɹʻʣʽʢʦʚ ʆ. ɭ., ʇʨʠʩʪʘʚʢʦ ʃ. ʆ., ʉʘʯʝʥʢʦ ʇ. ʇ. ɸʧʘʨʘʪʥʽ 

ʟʘʩʦʙʠ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʫʰʢʦʜʞʝʥʴ ʭʨʝʙʪʘ: ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ. ʅʘʫʢʦʚʽ 

ʧʨʘʮʽ. ʉʝʨʽʷ : ɽʢʦʣʦʛʽʷ : ʥʘʫʢ.-ʤʝʪʦʜ. ʞʫʨʥʘʣ. ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ ʽʤ. 

ʇʝʪʨʘ ʄʦʛʠʣʠ, 2008. ʊ. 74. ɺʠʧ. 87. ʉ. 57ï59; ʚʥʝʩʦʢ ʘʚʪʦʨʘ: ʪʝʭʥʽʯʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʜʦʩʣʽʜʥʦʛʦ ʩʪʝʥʜʘ ʪʘ ʦʧʠʩ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʙʘʟʘ (ʠ): Google 

Scholar 

2. ʊʨʫʥʦʚ ʆ. ʄ., ɯʭʩʘʥʦʚ ɹ. ʐ., ɹʻʣʽʢʦʚ ʆ. ɭ., ʄʘʪʘʰʥʽʢʦʚ ʉ. ɺ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʘʧʘʨʘʪʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʄʇʉ 

ʬʽʟʠʯʥʦʾ ʨʝʘʙʽʣʽʪʘʮʽʾ ʭʨʝʙʪʘ ʡ ʪʘʟʦʩʪʝʛʥʦʚʠʭ ʩʫʛʣʦʙʽʚ. ʅʘʫʢʦʚʽ ʧʨʘʮʽ. ʉʝʨʽʷ : 

ɽʢʦʣʦʛʽʷ : ʥʘʫʢ.-ʤʝʪʦʜ. ʞʫʨʥʘʣ. ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ ʽʤ. ʇʝʪʨʘ ʄʦʛʠʣʠ, 

2008. ʊ. 74. ɺʠʧ. 87. ʉ. 63ï65; ʚʥʝʩʦʢ ʘʚʪʦʨʘ: ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʪʝʥʜʘ ʟʘʩʦʙʘʤʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʾʭ 

ʧʝʨʚʠʥʥʘ ʦʙʨʦʙʢʘ; ʙʘʟʘ (ʠ): Google Scholar 

3. ʊʨʫʥʦʚ ʆ. ʄ., ɹʻʣʽʢʦʚ ʆ. ɭ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ɽʄɺ ʟ 

ʙʽʦʣʦʛʽʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʧʽʜ ʯʘʩ ʩʚʽʪʣʦʣʽʢʫʚʘʥʥʷ. ʅʘʫʢʦʚʽ ʧʨʘʮʽ. ʉʝʨʽʷ : 

ɽʢʦʣʦʛʽʷ : ʥʘʫʢ.-ʤʝʪʦʜ. ʞʫʨʥʘʣ. ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ ʽʤ. ʇʝʪʨʘ ʄʦʛʠʣʠ, 

2009. ʊ. 107. ɺʠʧ. 94. ʉ. 23ï27; ʚʥʝʩʦʢ ʘʚʪʦʨʘ: ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ 

ʪʝʦʨʽʡ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ; ʙʘʟʘ (ʠ): Google Scholar 

4. ɹʻʣʽʢʦʚ ʆ. ɭ., ʏʠʤʙʽʨ ʆ. ʄ., ʑʝʩʶʢ ʆ. ɺ. ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʢʶʚʝʟʽ. ʅʘʫʢʦʚʽ ʧʨʘʮʽ. ʉʝʨʽʷ : ʊʝʭʥʦʛʝʥʥʘ ʙʝʟʧʝʢʘ : ʥʘʫʢ.-ʤʝʪʦʜ. 

ʞʫʨʥʘʣ. ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ ʽʤ. ʇʝʪʨʘ ʄʦʛʠʣʠ, 2014. ʊ. 233. ɺʠʧ. 221. ʉ. 

134ï138; ʚʥʝʩʦʢ ʘʚʪʦʨʘ: ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʠʭ ʨʝʘʣʽʟʘʮʽʡ, ʧʨʦʧʦʟʠʮʽʷ ʦʩʥʦʚʥʦʾ 

ʽʜʝʾ, ʩʪʨʫʢʪʫʨʘ ʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ; ʙʘʟʘ (ʠ): Google Scholar, Index Copernicus 

5. ɹʻʣʽʢʦʚ ʆ. ɭ. ʂʠʩʣʠʯʝʥʢʦ ɭ. ʆ. ʐʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ ʨʦʩʣʠʥ 

ʟʘʭʠʱʝʥʦʛʦ ˇʨʫʥʪʫ. ʅʘʫʢʦʚʽ ʧʨʘʮʽ. ʉʝʨʽʷ : ɽʢʦʣʦʛʽʷ : ʥʘʫʢ.-ʤʝʪʦʜ. ʞʫʨʥʘʣ. 

ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ ʽʤ. ʇʝʪʨʘ ʄʦʛʠʣʠ, 2014. ʊ. 232. ɺʠʧ. 220. ʉ. 20ï23; 
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ʚʥʝʩʦʢ ʘʚʪʦʨʘ: ʧʨʦʧʦʟʠʮʽʷ ʦʩʥʦʚʥʦʾ ʽʜʝʾ, ʩʢʣʘʜ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, 

ʪʝʭʥʽʯʥʽ ʪʘ ʤʝʨʝʞʝʚʽ ʟʘʩʦʙʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʜʝʾ, ʘʥʘʣʽʟ ʟʘʩʦʙʽʚ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ; ʙʘʟʘ (ʠ): Google 

Scholar, Index Copernicus 

6. ɹʻʣʽʢʦʚ ʆ. ɭ., ʇʣʦʭʝʥʢʦ ʄ. ɺ., ʑʝʩʶʢ ʆ. ɺ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʘʧʘʨʘʪʫ ʜʣʷ ʬʦʪʦʜʠʥʘʤʽʯʥʦʾ ʪʝʨʘʧʽʾ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʟʘʭʚʦʨʶʚʘʥʴ ʰʢʽʨʠ ʅʘʫʢʦʚʽ 

ʧʨʘʮʽ. ʉʝʨʽʷ : ʊʝʭʥʦʛʝʥʥʘ ʙʝʟʧʝʢʘ. ʈʘʜʽʦʙʽʦʣʦʛʽʷ : ʥʘʫʢ.-ʤʝʪʦʜ. ʞʫʨʥʘʣ. 

ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ  

ʽʤ. ʇʝʪʨʘ ʄʦʛʠʣʠ, 2014. ʊ. 261. ɺʠʧ. 249. ʉ. 74ï78; ʚʥʝʩʦʢ ʘʚʪʦʨʘ: ʧʨʦʧʦʟʠʮʽʾ 

ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʜʝʾ, ʩʪʨʫʢʪʫʨʘ ʧʨʦʧʦʥʦʚʘʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʜʝʾ; ʙʘʟʘ (ʠ): Google Scholar, Index Copernicus 

7. ʂʫʙʦʚ ɺ. ɯ., ɹʻʣʽʢʦʚ ʆ. ɭ., ʌʘʙʨʠʢʦʚʘ ɺ. ʉ. ɸʚʪʦʥʦʤʥʠʡ ʣʽʯʠʣʴʥʠʢ 
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ʛʣʦʙʘʣʴʥʠʡ, ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʡ ʘʩʧʝʢʪʠ : ʥʘʫʢ.-ʤʝʪʦʜ. ʢʦʥʬ., ʤ. 

ʄʠʢʦʣʘʾʚ, 31ï04 ʣʠʩʪʦʧ. 2011 ʨ. ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ ʽʤ. ʇʝʪʨʘ ʄʦʛʠʣʠ, 2011; 

ʚʥʝʩʦʢ ʘʚʪʦʨʘ: ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʠʤ 

ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

21. ɹʻʣʽʢʦʚ ʆ. ɭ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʄʂ ʧʨʠʣʘʜʽʚ 

ʩʚʽʪʣʦʣʽʢʫʚʘʥʥʷ. ʄʦʛʠʣʷʥʩʴʢʽ ʯʠʪʘʥʥʷ ï 2011: ɼʦʩʚʽʜ ʪʘ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʋʢʨʘʾʥʽ: ʛʣʦʙʘʣʴʥʠʡ, ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʡ ʘʩʧʝʢʪʠ : ʥʘʫʢ.-

ʤʝʪʦʜ. ʢʦʥʬ., ʤ. ʄʠʢʦʣʘʾʚ, 31ï04 ʣʠʩʪʦʧ. 2011 ʨ. ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ ʽʤ. 

ʇʝʪʨʘ ʄʦʛʠʣʠ, 2011.  

22. ʊʨʫʥʦʚ ʆ. ʄ., ɹʻʣʽʢʦʚ ʆ. ɭ. ʇʨʦʬʠʣʘʢʪʠʢʘ ʠ ʨʝʘʙʠʣʠʪʘʮʠʷ ʟʘʩʪʦʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ʇʦʣʽʪ ʖ. ɸ. ɻʘʛʘʨʽʥʘ ʽ ʨʦʟʚʠʪʦʢ ʘʚʽʘʮʽʾ ʽ 

ʢʦʩʤʦʥʘʚʪʠʢʠ ʫ ʍʍɯ ʩʪ. : ʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ., ʤ. ʄʠʢʦʣʘʾʚ, 2011 ʨ. 

ʄʠʢʦʣʘʾʚ : ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ. ʆ. ʉʫʭʦʤʣʠʥʩʴʢʦʛʦ, 

2011; ʚʥʝʩʦʢ ʘʚʪʦʨʘ: ʦʛʣʷʜ ʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʬʦʪʦʥʥʦʾ ʪʝʨʘʧʽʾ ʚ 

ʫʤʦʚʘʭ ʚʽʜʢʨʠʪʦʛʦ ʢʦʩʤʦʩʫ ʪʘ ʧʦʣʴʦʚʠʭ ʰʧʠʪʘʣʽʚ.  

23. ɹʻʣʽʢʦʚ ʆ. ɭ. ɯʥʬʫʟʽʡʥʘ ʪʝʨʘʧʽʷ ʟ ʚʥʫʪʨʽʰʥʴʦʚʝʥʥʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ 

ʢʨʦʚʽ. ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʦʚ ʚ ʤʝʜʠʮʠʥʝ ʠ ʙʠʦʣʦʛʠʠ : XXXV ʤʽʞʥ. ʥʘʫʢ-ʧʨʘʢʪ. 

ʢʦʥʬ., ʤ. ʍʘʨʢʽʚ, 25ï28 ʪʨʘʚʥ. 2011 ʨ. ʍʘʨʢʽʚ : ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ. ʅ. ʂʘʨʘʟʽʥʘ, 2011.  

24. ɹʻʣʽʢʦʚ ʆ. ɭ. ʄʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʤʝʪʨʦʣʦʛʽʾ ʧʨʠʣʘʜʽʚ 

ʩʚʽʪʣʦʣʽʢʫʚʘʥʥʷ. ʄʦʛʠʣʷʥʩʴʢʽ ʯʠʪʘʥʥʷ ï 2012: ɼʦʩʚʽʜ ʪʘ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʋʢʨʘʾʥʽ: ʛʣʦʙʘʣʴʥʠʡ, ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʡ ʘʩʧʝʢʪʠ : ʥʘʫʢ.-



15 

 

ʤʝʪʦʜ. ʢʦʥʬ., ʤ. ʄʠʢʦʣʘʾʚ, 29ï02 ʣʠʩʪʦʧ. 2012 ʨ. ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ ʽʤ. 

ʇʝʪʨʘ ʄʦʛʠʣʠ, 2012.  

25. ɹʻʣʽʢʦʚ ʆ. ɭ., ʄʘʣʴʯʝʥʶʢ ʆ. ɺ. ʈʝʻʩʪʨʘʮʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʧʦʙʫʜʦʚʠ ʟʦʙʨʘʞʝʥʴ ʫ ʜʘʣʴʥʽʡ ɯʏ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʫ. ʄʦʛʠʣʷʥʩʴʢʽ ʯʠʪʘʥʥʷ ï 2013: 

ɼʦʩʚʽʜ ʪʘ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʋʢʨʘʾʥʽ: ʛʣʦʙʘʣʴʥʠʡ, ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʘ 

ʨʝʛʽʦʥʘʣʴʥʠʡ ʘʩʧʝʢʪʠ : ʥʘʫʢ.-ʤʝʪʦʜ. ʢʦʥʬ., ʤ. ʄʠʢʦʣʘʾʚ, 11ï17 ʣʠʩʪʦʧ. 2013 ʨ. 

ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ ʽʤ. ʇʝʪʨʘ ʄʦʛʠʣʠ, 2013; ʚʥʝʩʦʢ ʘʚʪʦʨʘ: ʪʝʭʥʽʯʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʨʘʜʽʘʮʽʡʥʦʛʦ 

(ʪʝʧʣʦʚʦʛʦ) ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

26. ʑʝʩʶʢ ʆ. ɺ., ɹʻʣʽʢʦʚ ʆ. ɭ., ʏʠʤʙʽʨ ʆ. ʄ. ʉʠʩʪʝʤʘ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ 

ʜʣʷ ʢʫʚʝʟʘ. ʄʦʛʠʣʷʥʩʴʢʽ ʯʠʪʘʥʥʷ ï 2013: ɼʦʩʚʽʜ ʪʘ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʋʢʨʘʾʥʽ: ʛʣʦʙʘʣʴʥʠʡ, ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʡ ʘʩʧʝʢʪʠ : ʥʘʫʢ.-

ʤʝʪʦʜ. ʢʦʥʬ., ʤ. ʄʠʢʦʣʘʾʚ, 11ï17 ʣʠʩʪʦʧ. 2013 ʨ. ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏɼʋ ʽʤ. 

ʇʝʪʨʘ ʄʦʛʠʣʠ, 2013; ʚʥʝʩʦʢ ʘʚʪʦʨʘ: ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʜʝʾ, 

ʩʪʨʫʢʪʫʨʘ ʧʨʦʧʦʥʦʚʘʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʽʜʝʾ.  

27. ɹʻʣʽʢʦʚ ʆ. ɭ., ʈʻʢʘ ʇ. ɺ. ɼʦʩʚʽʜ ʽʥʢʘʧʩʫʣʷʮʽʾ ʩʦʥʷʯʥʠʭ ʬʦʪʦʚʦʣʴʪʘʯʾʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʆʣʴʚʽʡʩʴʢʠʡ ʬʦʨʫʤ ï 2016: ʩʪʨʘʪʝʛʽʾ ʢʨʘʾʥ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʛʦ 

ʨʝʛʽʦʥʫ ʚ ʛʝʦʧʦʣʽʪʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ : ʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ., ʤ. ʄʠʢʦʣʘʾʚ, 9ï

12 ʯʝʨʚ. 2016 ʨ. ʄʠʢʦʣʘʾʚ : ɺʠʜ-ʚʦ ʏʅʋ ʽʤ. ʇʝʪʨʘ ʄʦʛʠʣʠ, 2016; ʚʥʝʩʦʢ ʘʚʪʦʨʘ: 

ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʩʪʨʫʢʪʫʨʥʦʾ ʙʫʜʦʚʠ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ, 

ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʘʪʝʥʪʠ 

28. ʉʧʦʩʽʙ ʩʚʽʪʣʦʣʽʢʫʚʘʥʥʷ: ʧʘʪ. 28313 ʋʢʨʘʾʥʘ: ʄʇʂ A61N 5/06. 

 ̄200706073; ʟʘʷʚʣ. 01.06.2007; ʦʧʫʙʣ. 10.12.2007, ɹʶʣ. ˉ 20. 4 ʩ. 

29. ɸʧʘʨʘʪ ʩʚʽʪʣʦʣʽʢʫʚʘʥʥʷ: ʧʘʪ. 55251 ʋʢʨʘʾʥʘ: ʄʇʂ A61N 5/06. 

 ̄201006373; ʟʘʷʚʣ. 25.05.2010; ʦʧʫʙʣ. 10.12.2010, ɹʶʣ. ˉ 23. 5 ʩ. 

30. ɸʧʘʨʘʪ ʰʪʫʯʥʦʛʦ ʢʨʦʚʦʦʙʽʛʫ: ʧʘʪ. 63837 ʋʢʨʘʾʥʘ: ʄʇʂ A61M 1/00, A61M 

5/00, A61M 39/00. ˉ 201102684; ʟʘʷʚʣ. 09.03.2011; ʦʧʫʙʣ. 25.10.2011, ɹʶʣ. ˉ 

20. 6 ʩ. 
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31. ɸʧʘʨʘʪ ʽʥʬʫʟʽʡʥʦʾ ʪʝʨʘʧʽʾ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʽʟ ʚʥʫʪʨʽʰʥʴʦʚʝʥʥʠʤ 

ʦʧʨʦʤʽʥʝʥʥʷʤ ʢʨʦʚʽ: ʧʘʪ. 70364 ʋʢʨʘʾʥʘ: ʄʇʂ A61M 5/142, A61N 5/067. 

 ̄201113251; ʟʘʷʚʣ. 10.11.2011; ʦʧʫʙʣ. 11.06.2012, ɹʶʣ. ˉ 11. 7 ʩ. 

32. ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʟʚʦʣʦʞʫʚʘʯ ʜʣʷ ʢʫʚʝʟʘ: ʧʘʪ. 85905 ʋʢʨʘʾʥʘ: ʄʇʂ 

A61M 11/00. ˉ 201305140; ʟʘʷʚʣ. 22.04.2013; ʦʧʫʙʣ. 11.12.2013, ɹʶʣ. ˉ 23. 9 

ʩ. 

33. ʉʧʦʩʽʙ ʣʽʢʫʚʘʥʥʷ ʭʚʦʨʦʙ ʭʨʝʙʪʘ ʪʘ ʘʧʘʨʘʪ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ: ʧʘʪ. 

96333 ʋʢʨʘʾʥʘ: ʄʇʂ A61H 23/02, A61H 1/02, A61F 5/04, A61F 5/37, A61F 7/00, 

A61N 5/06, A61N 1/00, A61N 2/00. ˉ 200913033; ʟʘʷʚʣ. 14.12.2009; ʦʧʫʙʣ. 

25.10.2011, ɹʶʣ. ˉ 20. 7 ʩ. 

34. ʆʩʚʽʪʣʶʚʘʯ ʜʣʷ ʪʝʧʣʠʮʴ: ʧʘʪ. 102166 ʋʢʨʘʾʥʘ: ʄʇʂ A01G 9/20. 

 ̄201501548; ʟʘʷʚʣ. 23.02.2015; ʦʧʫʙʣ. 26.10.2015, ɹʶʣ. ˉ 20. 6 ʩ. 

35. ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʛʽʩʪʝʨʦʩʢʦʧʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʪʝʨʘʧʝʚʪʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ: ʧʘʪ. 107081 ʋʢʨʘʾʥʘ: ʄʇʂ A61B 1/00, A61B 1/303, 

A61N 5/06. ˉ 201509957; ʟʘʷʚʣ. 12.10.2015; ʦʧʫʙʣ. 25.05.2016, ɹʶʣ. ˉ 10. 7 ʩ. 

36. ʇʨʠʩʪʨʽʡ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʽ ʣʽʢʫʚʘʥʥʷ ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ 

ʙʽʣʽʨʫʙʽʥʝʤʽʾ ʫ ʜʽʪʝʡ ʜʦ 2-ʭ ʨʦʢʽʚ: ʧʘʪ. 108116 ʋʢʨʘʾʥʘ: ʄʇʂ A61N 5/06. 

 ̄201509405; ʟʘʷʚʣ. 30.09.2015; ʦʧʫʙʣ. 11.07.2016, ɹʶʣ. ˉ 13. 5 ʩ. 

37. ʇʦʨʪʘʪʠʚʥʠʡ ʩʦʥʷʯʥʠʡ ʟʘʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ: ʧʘʪ. 123067 ʋʢʨʘʾʥʘ: ʄʇʂ 

H02J 7/35. ˉ 201707949; ʟʘʷʚʣ. 31.07.2017; ʦʧʫʙʣ. 12.02.2018, ɹʶʣ. ˉ 3. 6 ʩ. 

38. ɸʚʪʦʥʦʤʥʠʡ ʪʝʧʣʦʚʽʟʦʨ: ʧʘʪ. 124369 ʋʢʨʘʾʥʘ: ʄʇʂ G02B 23/00. 

 ̄201709362; ʟʘʷʚʣ. 25.09.2017; ʦʧʫʙʣ. 10.04.2018, ɹʶʣ. ˉ 7. 8 ʩ. 

39. ɸʚʪʦʥʦʤʥʠʡ ʣʽʯʠʣʴʥʠʢ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ: ʧʘʪ. 124371 ʋʢʨʘʾʥʘ: ʄʇʂ 

G01F 1/06. ˉ 201709368; ʟʘʷʚʣ. 25.09.2017; ʦʧʫʙʣ. 10.04.2018, ɹʶʣ. ˉ 7. 11 ʩ. 

40. ɼʦʩʣʽʜʥʠʮʴʢʠʡ ʩʪʝʥʜ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ: ʧʘʪ. 137616 ʋʢʨʘʾʥʘ: ʄʇʂ G09B 23/08. ˉ 201904586; ʟʘʷʚʣ. 

26.04.19; ʦʧʫʙʣ. 25.10.19, ɹʶʣ. ˉ 20. 8 ʩ. 

41. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʣʘʟʝʨʥʦʾ ʨʽʟʢʠ ʽ ʛʨʘʚʽʨʫʚʘʥʥʷ ʽʟ ʩʠʩʪʝʤʦʶ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʢʫʩʫʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 
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ʤʘʪʝʨʽʘʣʫ: ʧʘʪ. 138634 ʋʢʨʘʾʥʘ: ʄʇʂ B23K 26/046. ˉ 201904584; ʟʘʷʚʣ. 
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ABSTRACT 

BELIKOV O.E. Improving the effectiveness of computer systems and 

networks for the prevention and treatment of phototherapy - Manuscript. 

The thesis for a scientific degree of the technical sciences candidate on a 

specialty 05.13.05 - computer systems and components. - Petro Mohyla Black Sea 

National University. - Mykolaiv, 2021. 

The aim of the dissertation research is to develop theoretical foundations to 

increase the formation and physiotherapeutic elementsô influence effectiveness with 

the specified parameters through the implementation of architectural solutions for 

computer systems of phototherapy and improvement of their structural elements 

through their innovative development. 

The thesis examines theoretical and practical aspects of elaboration and 

development of scientific bases, methods, and technical means of computer systems 

and networks improving. It will provide effective functioning of prevention and 

treatment systems through phototherapy. The author analyzed methods, models, and 

technological solutions capable of intensifying microcirculation processes. The 

author establishes their shortcomings, the main of them are nonlinearity of computer 

systems and networks models and their direct application at stages of automated 

control systems (ACS) and low efficiency design and functioning tool elements 

complexity in prevention, treatment, recovery through phototherapy due to their 

innovative development.  
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The study objects are computerized systems and phototherapy devices that 

provide the procedure prescribed by a doctor.  

The research subject is methods and means of developing architectural 

realizations of phototherapy devicesô computerized systems elements that 

implement prevention and treatment technologies. The general scientific result of 

the work is the solution to the actual scientific and practical problem of the creating 

computer-integrated systems, models, and methods for phototherapeutic equipment 

procedures and modes and its verification control parameters. 

The introduction  substantiates the relevance of the chosen topic with the 

dissertation and its connection with state research programs and topics. The purpose 

and tasks of research, characteristics and the received results with scientific novelty, 

theoretical and practical value are formulated. 

The first section reviews the literature analyzes modern methods and tools 

for the implementation of phototherapy procedures. The analysis of recent works of 

scientists from the USA, Great Britain, Italy, Germany, Poland, and Ukraine allowed 

identifying the main unresolved problems and shortcomings of existing systems, to 

identify trends in consolidated development of computer-integrated technologies 

and computer systems following the requirements and needs of effective conducting 

phototherapy procedures. The main disadvantages of modern phototherapy systems 

currently used at NASA or in US hospitals, Celluma Canada or London, and which 

limit the disclosure of the benefits of phototherapy, are the inability of such systems 

to generate and control radiation fluxes by intensity, dose, spectral composition and 

time course of the irradiation process. Besides, they cannot provide feedback in the 

system on the patient's condition and the biological tissue. The author has defined 

the perspective directions of development of architectural realizations of 

computerized systems consider their current development level of elements based 

on the comparative analysis. The author defined the architectural solutions that can 

ensure the implementation of advanced phototherapy technologies as the basis for 

constructing advanced portable and stationary computerized devices. There are 

several ideas behind computerized devices' development to increase the 



19 

 

effectiveness of phototherapy and treatment devices. The first is the idea of 

irradiating biological tissue with a system of discrete super-bright LEDs or laser 

diodes as irradiators, which has been proposed and developed over the last two 

decades by Professor A.M. Korobov and his followers. The second idea is a unique 

architectural implementation of computerized systems to expand the capabilities and 

increase the efficiency of electromagnetic radiation of the red and infrared parts of 

the spectrum due to the external influence of specially oriented static and pulsed 

magnetic fields (belongs to Professor O.M. Trunov). It is based on the findings of 

studies of photons' model of interaction with radicals of photo acceptors of 

biological tissue cells. Also, the author determined that to adequately respond to the 

course of phototherapy procedures in the system, it is necessary to time correction, 

space, based on feedback on the location of pathological areas, temperature field, 

pulse waves, blood oxygen concentration (oxygenation) and according to the 

condition of the patient.  

Thus, following modern requirements for prevention and treatment by 

phototherapy and established trends of consolidated development, for the 

implementation of phototherapy procedures according to the doctor's prescription, 

computerized systems are considered suitable for the formation of radiation fluxes 

according to parameters and spectral composition. Also, the requirement of their 

effective functioning assumes that they must be suitable for pre-procedural control, 

control, and recording of parameters during the procedure, correction of procedure 

parameters with differential consideration of the patient's condition parameters. The 

latter is the solution to the first problem. 

The second section considers the innovative phototherapy devices 

architectural implementationsô development of as an element of computerized 

systems that together implement prevention and treatment technologies. The 

structural composition of the equipment for prevention and treatment using 

phototherapy to a greater extent determines their ability to implement functional 

tasks. The author established the analysis of phototherapy equipment and element 

base computerized systems tendencies development that specialists can solve 
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irradiation in two ways. The first is the use of distributed, stationary radiation 

sources arranged in a matrix. The second is the formation of stationary sources of a 

specific spectral composition that emit ray fluxes to a system of mirrors moving in 

mutually orthogonal planes, which rotate programmatically and provide bands of 

formed varying radiation intensity on the surface of the biological tissue. 

The formulation and solution of problems of optimal design of such systems 

are required to implement therapeutic efficacy and consumer accessibility. 

The author established that the proposed computerized system's 

progressiveness is due to introducing functional elements that will ensure the 

irradiation spectrum's formation, control of the irradiation parameters on the 

biological tissue surface, and the distance from the surface to the irradiation intensity 

sensor. The introduction of additional control of pulse wave parameters, blood 

oxygen concentration, temperature, and the additional magnetic field parameters and 

wireless communication fundamentally changes the functions and therapeutic 

capabilities of the devices. 

However, the author showed that such a solution could increase the patient's 

irradiation efficiency by forming constant and variable components of the magnetic 

field with the magnitude of the stress vector calculated by a computerized system. 

Furthermore, specialists realize such influence as managed and controlled in time 

and space by a computerized system based on feedback data. Matrix radiation 

control specialists can implement using microcontroller tools. Moreover, the 

exchange of information between the device and the doctor - to be carried out using 

wireless data protocols and mobile devices. 

The author studied the applicability of semiconductor LEDs with high 

radiation power. Also, he solved the problem of controlling the matrix of such LEDs 

by a microcontroller using amplifier circuits. The control through analog and digital 

outputs of the formation of a given law's periodic signal, close to the harmonic pulse-

width modeling and the passive filtering schemes, is investigated. 

The author investigated the problem of modeling the irradiation waves of the 

set of LEDs of the three PWM modes matrix. The author showed that the PWM 
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signal requires smoothing for all three possible modes of formation to smoothly 

increase and gradually decrease signals, which will coincide with biological signals, 

such as a pulse wave. 

RC units with a minimum resistance value should be used to smooth the signal 

ripple. Also, a good rating of electrolytic capacitors. 

To reduce the values of RC-links resistances and capacitances, you should use 

the maximum frequency. Also, it would help if you used the "Fast PWM", the mode 

of PWM signal generation by hardware SPI and UART-interfaces or LED drivers 

WS2811 and WS2812. 

Thus, the proposed architecture's priority components based on modeling and 

comparative analysis are specified as single-chip 8-bit microcontrollers. Or it could 

be 32-bit microcontrollers and platforms based on them. The latter is the solution to 

determining the structure - the second problem of the study. The solution of the 

problem of forming waves of influence as an alternative solution. This solution to 

save the number of control channels of matrix emitters simulates the application of 

chip drivers of address LEDs or stepper motors. It was found that the WS2812 chips 

have a higher speed compared to WS2811. But are not suitable for powering matrix 

emitters. 

It is demonstrated that to determine the spatial location of pathological areas, 

the existing means of obtaining. Processing and transmitting images in the visible 

and infrared parts of the spectrum need to be improved. It has been shown that the 

additionally selected laser rangefinder and the means of moving in space infrared 

temperature detectors and emitters provide an increase in information about the state 

of the tissue. And also need to be included in the list of feedback parameters. A 

problem was posed to increase the probability density of cell activation by photons 

during phototherapy. The problem of current flow in a circuit with inductance and 

capacitance dependent on current was solved. 

Based on the simulation resultsô analysis, it is established that the application 

of analytical and numerical methods of description and modeling of transients in the 

pulse current circuit allows modifying modern drivers. And also expand their 
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application, including for powering phototherapy emitters. 

Based on the assumption of continuous intensity distribution laws existence, 

there is the problem of optimal distances between the axes of LEDs in the emitter. 

It is constructed in the form of matrices, with a setting and solving by the method of 

Lagrange factors. 

The third section considers the development of innovative devicesô 

architectural implementations. It uses network technology to calibrate point, array, 

and other emitter systems. Such systems have been studied as an element of 

computerized systems. It implements prevention and treatment technologies. The 

results of 3D modeling of their characteristics are presented. Stands for experimental 

research are developed. It is shown on examples of discrepancies of actual and 

passport parameters of single rectifiers' spatial distribution. It is impossible to 

provide an adequate prescription of the therapeutic effect without carrying out 

verification and calibration. The main methods of calibration and calibration of 

semiconductor emitters have been studied. The shortcomings of these methods have 

been identified. Ways of improvement at the expense of the latest computer 

components and tools have been proposed. A microcontroller stand has been 

developed to verify the energy power of a point emitter. 

Studies of eight selected types of emitters of the red and infrared parts of the 

spectrum were recommended for further use. 

The functional scheme and spatial model in the licensed Onshape environment 

and the microcontroller part for the radiator's energy power spatial distribution 

verification are developed and researched. 

On the basis of the conducted researches, the spatial diagrams of radiators 

were formed. It allowed increasing the accuracy of formation of the area of matrix 

radiators. 

The use of a well-known method of determining the wavelength of light 

passing through a diffraction grating with means of fixing computer components and 

image processing software (for example, Photoshop demo) allowed us to obtain 

numerical values of emitter wavelengths for phototherapy. 
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There are studies of matrix emitters using imaging and modeling tools in the 

Maple system experimentally established a range of distances to the biotissue for the 

emitter's location or system. This made it possible to ensure the optimal density of 

energy distribution on the surface. The effectiveness and practical necessity of the 

developed methodology for the verification of phototherapy equipment were 

confirmed. 

The proposed computerizing stands for the verification of emitter 

characteristics. And also, research results stimulated to offer a system of 

phototherapy devices pre-procedure rapid verification. 

Thus, creating a model of emitter elements, the development of the 

architectural implementation of microcontroller and software parts of the stand for 

verification of the spatial distribution of energy power of point, unit and emitter 

system allows based on experimental studies to form spatial diagrams of emitters. 

And also determine their suitability for procedures. 

The fourth section is devoted to the creation of models and the design of 

computerized phototherapy systems. They implement the obtained theoretical 

provisions of the research results. It is shown that the results of improving the 

proposed architectures of computer systems with the help of mobile applications are 

implemented in photo dermatology (fig. 16). The conditions that will ensure the 

perpendicularity of the incident rays on the human face's surface have been studied 

and determined. 

The implementation of the conditions of perpendicularity of incident rays 

allowed to development a spatial model of the mask. Also, to perform scanning as a 

basis for flexible boards with built-in emitters. Besides, to develop, manufacture 

both electrical schematics of power parts and microcontroller units. 

Based on neonatal rehabilitation requirements for the treatment of neonatal 

hyperbilirubinemia, changes in the architectural solutions of the functional scheme 

were determined. The project was proposed in section 2 of the computerized 

phototherapy system. 

Based on the analysis of SMD-LEDs properties, it is proposed to use a 
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specialized substrate with fixing of the emitters. It is suitable for disinfection and 

disinfection, due to which the spectral composition of the radiation changes. The 

introduction of the proposed changes and highly effective emitters allowed to 

implementation of flexible encapsulated matrix emitters. Contact radiation protects 

the child's eyes from harmful bright light. And also increase the effectiveness of 

therapy by at least 15%. The integration of sensors into the encapsulated emitter and 

the availability of control via a mobile application allow you to monitor the therapy 

process remotely and even at home. 

The proposed technical solutions of this dissertation research have been 

implemented in phototherapy devices for therapeutic medicine. 

Microcontroller devices for the restoration of the human spine were 

demonstrated. In the same way, portable devices for local microflow restoration and 

an instrument for the treatment of human ENT diseases have been demonstrated. 

The developed design solutions were implemented during the development of 

IoT "Ultimate mask" and "MedLED". It was in the eponymous startups 

(www.facebook.com/ UltimateLEDMask) (www.facebook.com/ledsforkids). 

The main scientific and practical results of the dissertation are formulated in 

the conclusions. 

The appendices contain the acts of implementation of the results of the 

dissertation. Besides, a list of publications on the topic of the dissertation and listings 

of programs for microcontrollers. 

Key words: phototherapy, computerized system, patient feedback, LED, 

resonance-conformational influence. 
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IDE  ï Integrated Development Environment (ʫʢʨ. ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ 
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ʇɿɿ  ï ʧʨʠʣʘʜ ʽʟ ʟʘʨʷʜʦʚʠʤ ʟʚôʷʟʢʦʤ 

IR  ï Infrared (ʫʢʨ. ʽʥʬʨʘʯʝʨʚʦʥʠʡ) 

WALT  ï World Association for Laser Therapy (ʫʢʨ. ʚʩʝʩʚʽʪʥʷ ʘʩʦʮʽʘʮʽʷ 

ʣʘʟʝʨʥʦʾ ʪʝʨʘʧʽʾ) 

IESNA  ï Illuminating Engineering Society of North America (ʫʢʨ. 
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ɺʉʊʋʇ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʫʯʘʩʥʘ ʽʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʪʘ ʬʽʟʽʦʪʝʨʘʧʽʾ 

ʩʚʽʜʯʠʪʴ [1-13], ʱʦ ʨʦʟʚʠʪʦʢ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ 

ʢʦʤʧʦʥʝʥʪʽʚ [14-16] ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʻ ʧʦʛʣʷʜʠ ʥʘ ʤʝʪʦʜʠ ʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʣʽʢʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʘ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ [17-22]. ʇʦʪʨʝʙʘ 

ʫ ʨʦʟʧʦʜʽʣʝʥʽʡ ʩʠʩʪʝʤʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʥʪʝʛʨʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

[23-26] ʷʢ ʦʜʥʦʛʦ ʽʟ ʰʣʷʭʽʚ ʨʦʟʚʠʪʢʫ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. 

ʆʩʪʘʥʥʻ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʙʝʟʧʨʦʚʽʜʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʭʤʘʨʥʠʭ 

ʩʝʨʚʽʩʽʚ [27-30]. ʋ ʟʚôʷʟʢʫ ʟ ʦʟʥʘʯʝʥʠʤ ʧʦʪʨʝʙʫʶʪʴ ʩʚʦʛʦ ʧʦʜʘʣʴʰʦʾ ʨʦʟʚʠʪʢʫ 

ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

[31], ʟʦʢʨʝʤʘ, ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ ʽ ʟʘʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʧʨʠʩʪʨʦʾʚ ʬʦʪʦʪʝʨʘʧʽʾ [32]. 

ʇʨʘʢʪʠʯʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʩʥʘʱʝʥʥʷ ʣʽʢʘʨʝʥʴ, ʬʽʟʽʦʪʝʨʘʧʝʚʪʠʯʥʠʭ 

ʢʘʙʽʥʝʪʽʚ, ʤʝʜʠʯʥʠʭ ʮʝʥʪʨʽʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ 

ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʧʘʨʘʤʝʪʨʠ ʥʠʟʴʢʦʽʥʪʝʥʩʠʚʥʦʾ 

ʬʦʪʦʪʝʨʘʧʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʣʘʟʝʨʥʦʾ, ʫ ʭʦʜʽ ʷʢʦʾ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 

ʧʨʠʧʠʩʽʚ ʧʨʦʚʦʜʷʪʴʩʷ, ʧʨʦʬʽʣʘʢʪʠʢʘ, ʣʽʢʫʚʘʥʥʷ ʪʘ ʧʦʩʪʪʨʘʚʤʘʪʠʯʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ ʜʦʢʘʟʦʚʦʾ ʤʝʜʠʮʠʥʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʦʪʨʝʙʦʶ 

ʩʴʦʛʦʜʝʥʥʷ. ʈʦʟʚʠʪʦʢ ʧʨʠʣʘʜʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʪʝʨʘʧʽʾ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ 

ʧʦhʠʨʝʥʥʷ ʪʝʞ ʻ ʚʠʤʦʛʦʶ, ʱʦ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʥʘʙʫʚʘʻ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 

ʧʘʥʜʝʤʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʨʘʭʦʚʦʾ ʤʝʜʠʮʠʥʠ. 

ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ 4-ʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʰʠʨʝʥʥʷʤ ʙʘʛʘʪʴʦʭ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ (ɯʦʊ). ʋ 

ʟʚô̫ʟʢʫ ʟ ʮʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʟʚôʷʟʦʢ ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʜʘʪʯʠʢʽʚ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʜʘʯʫ ʽ ʦʙʤʽʥ 

ʜʘʥʠʤʠ ʤʽʞ ʩʫʙôʻʢʪʘʤʠ ʚʟʘʻʤʦʜʽʾ ʽ ʢʦʤʧôʶʪʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʟʚ'ʷʟʢʫ ʧʦʪʨʝʙʫʻ ʧʝʨʝʛʣʷʜʫ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 
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ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ [33, 34] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ 

ʜʦʢʘʟʦʚʦʾ ʤʝʜʠʮʠʥʠ [35-38]. ʆʜʥʠʤ ʟ ʭʘʨʘʢʪʝʨʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʙʦʪʠ ɯʦʊ 

ʧʨʠʩʪʨʦʾʚ ʻ ʞʠʚʣʝʥʥʷ ʚʽʜ ʚʪʦʨʠʥʥʠʭ ʜʞʝʨʝʣ ʯʝʨʝʟ ʪʘʢʠʡ ʪʠʧ ʧʨʠʩʪʨʦʾʚ ʷʢ 

ʜʨʘʡʚʝʨʠ. ɰʭ ʨʦʙʦʪʘ ʽ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʦʚʽ ʪʠʧʠ ʜʨʘʡʚʝʨʽʚ ʨʦʙʦʪʘ ʷʢʠʭ ˇʨʫʥʪʫʻʪʴʩʷ ʷʢ ʥʘ 

ʨʽʟʥʠʭ ʪʠʧʘʭ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ, ʪʘʢ ʽ ʥʘ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʪʘ ʟʘʩʦʙʘʭ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ . 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʚʧʠʥʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʥʦʚʽʪʥʽʭ ʜʞʝʨʝʣ, ʥʘʧʨʠʢʣʘʜ,  

ʞʠʚʣʝʥʥʷ ʚʽʜ ʝʥʝʨʛʽʾ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ (RFID) [37], ʞʠʚʣʝʥʥʷ ʚʽʜ ʨʘʜʽʦʩʠʛʥʘʣʫ 

(ʙʝʟʜʨʦʪʦʚʘ ʟʘʨʷʜʢʘ) ʪʘ ʽʥʰʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʠʨʦʙʥʠʢʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ, ʧʦʩʪʽʡʥʦ 

ʚʜʦʩʢʦʥʘʣʶʶʪʴ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʨʦʙʢʘ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʘʚʪʦʥʦʤʥʽʩʪʶ ʪʘ ʟʥʠʞʝʥʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʟʘʡʤʘʻ 

ʣʽʜʠʨʫʶʯʫ ʧʦʟʠʮʽʶ ʫ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ. 

ʈʦʟʨʦʙʢʦʶ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ ʧʦʜʽʙʥʠʭ ʟʘ ʩʢʣʘʜʥʽʩʪʶ ʟʘʜʘʯ, 

ʱʦ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʽ ʧʦʪʨʝʙʫʶʪʴ ʢʦʥʩʦʣʽʜʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʟʘʡʤʘʣʠʩʷ ʪʘʢʽ 

ʚʯʝʥʽ, ʷʢ: ɸʣʛʫʣʽʻʚ ʈ. ʄ., ɸʣʝʢʧʝʨʦʚ ʈ. ʂ., ɻʝʨʛʝʣʴ ɺ. ʇ., ɻʠʙʙʦʥʩ ʈ., ɻʦʨʜʻʻʚ 

ɹ. ʄ., ɻʫʤʝʥʶʢ ɺ. ɸ., ɼʦʫʥʝʡ ɸ., ɼʨʦʟʜ ʆ. ɺ., ɾʫʢʦʚ ɯ. ɸ., ʂʝʩʩʝʣʴʤʘʥ ʂ., 

ʂʦʚʘʣʝʥʢʦ ɺ. ʄ., ʂʦʚʘʣʝʥʢʢʦ ɯ. ɯ., ʂʦʥʜʨʘʪʝʥʢʦ ʖ. ʇ., ʂʦʨʷʛʽʥʘ ɼ. ɸ., ʂʫʧʽʥ 

ɸ. ɯ., ʇʝʪʨʝʥʢʦ ɸ. ɺ., ʂʦʨʦʙʦʚ ɸ. ʄ., ʂʨʝʤʝʥʝʮʴʢʠʡ ɻ. ʄ., ʃʶʙʠʤʩʴʢʠʡ ɽ. ɿ., 

ʄʝʜʽʢʦʚʩʴʢʠʡ ʄ. ʆ., ʄʫʩʽʻʥʢʦ ʄ. ʇ., ʇʘʚʣʦʚ ɻ. ʄ., ʇʦʩʦʭʦʚ ʅ. ʌ., ʉʘʯʝʥʢʦ 

ɸ. ʆ., ʉʠʪʥʽʢʦʚ ɺ. ʉ., ʊʠʤʯʠʢ ɻ. ʉ., ʊʦʧʦʨʢʦʚ ɺ. ɺ., ʊʷʛʫʥʦʚʘ ʄ. ʖ., ʍʘʨʯʝʥʢʦ 

ɺ. ʉ., ʂʽʧʝʥʩʴʢʠʡ ɸ. ɺ. ʪʘ ʽʥ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʥʝ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʙʽʦʪʢʘʥʠʥʫ ʻ ʤʘʣʦʽʥʪʝʥʩʠʚʥʽ ʣʘʟʝʨʠ ʪʘ ʥʘʜôʷʩʢʨʘʚʽ ʩʚʽʪʣʦʜʽʦʜʠ  ʪʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ [39-44]. ɺʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʧʦʜʘʥʦʾ ʥʘʧʨʫʛʠ ʷʢ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʪʘ ʰʚʠʜʢʦʜʽʶ, ʤʘʣʽ ʛʘʙʘʨʠʪʠ ʽ ʤʘʩʫ. 

ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʫ ʦʩʪʘʥʥʽʭ ʨʦʙʦʪʘʭ ʟ ʬʦʪʦʪʝʨʘʧʽʾ ʚʯʝʥʠʭ ʂʨʫʪʤʘʥʘ ɾ., 
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ɻʨʦʩʚʘʡʥʝʨʘ ʃ., ʂʣʠʤʝʥʢʘ ʄ. ʆ., ʂʦʨʦʙʦʚʘ ɸ. ʄ., ʇʦʩʦʭʦʚʘ ʅ. ʌ., ʪʘ ʾʭ ʢʦʣʝʛ 

ʽ ʧʦʩʣʽʜʦʚʥʠʢʽʚ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʟʽʦʪʝʨʘʧʝʚʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ ʧʘʨʘʤʝʪʨʠʯʥʘ ʢʦʥʪʨʦʣʴʦʚʘʥʽʩʪʴ. ʏʘʩʦʚʘ ʜʦʟʦʚʘʥʽʩʪʴ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʨʠʧʠʩʫ ʪʘ ʩʪʘʥʫ ʧʘʮʽʻʥʪʘ, ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʜʦ 

ʬʘʟʠ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʽʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʪʘ ʧʫʣʴʩʦʚʦʾ ʭʚʠʣʽ ʦʩʴ ʜʘʣʝʢʦ ʥʝ ʚʩʽ 

ʧʘʨʘʤʝʪʨʠ ʢʝʨʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ [44-56]. ɿʘ ʮʠʭ ʫʤʦʚ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ, ʤʘʣʠʡ ʨʽʚʝʥʴ ʚʣʘʩʥʠʭ ʰʫʤʽʚ, ʧʽʜʚʠʱʝʥʫ 

ʨʘʜʽʘʮʽʡʥʫ ʩʪʽʡʢʽʩʪʴ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ, ʱʦ ʻ ʙʝʟʫʤʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʣʷ ʾʭ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ. ʇʨʦʪʝ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʽ ʟʘʩʦʙʽʚ, ʱʦ ʟʜʘʪʥʽ ʢʦʤʧʣʝʢʩʥʦ ʚʠʟʥʘʯʘʪʠ ʝʢʩʧʨʝʩ ʧʘʨʘʤʝʪʨʠ 

ʙʽʦʪʢʘʥʠʥʠ, ʪʘʢʽ ʷʢ ʩʘʪʫʨʘʮʽʷ ʢʠʩʥʝʤ, ʢʨʦʚʦʥʘʧʦʚʥʝʥʽʩʪʴ ʩʪʨʠʤʫʚʘʣʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʪʝʨʘʧʽʾ ʚ ʷʢʦʩʪʽ ʥʝ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʣʽʢʫʚʘʥʥʷ. 

ɼʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʙʘʟʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʦʙʤʝʞʫʚʘʣʘʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʣʠʰʝ ʟʤʽʥʦʶ ʬʦʨʤʠ, 

ʨʦʟʤʽʨʽʚ ʽ ʤʘʪʝʨʽʘʣʫ ʢʨʽʧʣʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʚʠʜʫ ʢʦʣʠʚʘʥʴ 

ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ ʜʦʙʨʝ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʘ ʜʞʝʨʝʣʘʤʠ [39-43].  

ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʠʩʪʨʦʾʚ ʬʦʪʦʪʝʨʘʧʽʾ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ ʜʦʩʷʛʥʝʥʴ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʪʘ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʨʝʘʣʽʟʘʮʽʶ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʜʦʟʦʚʘʥʦʩʪʽ ʚʧʣʠʚʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʨʠʧʠʩʫ ʪʘ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʦ ʬʘʟʠ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʽʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʽ ʧʫʣʴʩʦʚʦʾ ʭʚʠʣʽ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʨʝʛʣʘʤʝʥʪʘʮʽʾ, ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ [57-60]. ʊʘʢʠʡ, ʜʘʣʝʢʦ ʥʝ 

ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʟʘʜʘʯ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʽ ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ 

ʽ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ, ʦʙˇʨʫʥʪʦʚʫʶʪʴ, ʱʦ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʬʦʪʦʪʝʨʘʧʽʾ ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʘʢʪʫʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ ʨʦʟʚôʷʟʦʢ ʷʢʦʾ ʫʞʝ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣʘʤʠ [57]. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʚʜʘʥʴ ʜʚʦʭ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ: 8. ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ, ʧʨʠʢʣʘʜʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʦʙʣʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, 
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ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʩʽʭ ʢʣʘʩʽʚ ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʤʝʜʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʽ 

ʩʠʩʪʝʤ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʴ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ: çʈʦʟʨʦʙʣʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʪʘ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʙʝʟʜʨʦʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʧʨʦʬʽʣʘʢʪʠʢʠ, ʣʽʢʫʚʘʥʥʷ ʪʘ 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʥʠʭ ʚʽʜʥʦʚʣʝʥʴ ʚʽʡʩʴʢʦʚʦ-ʮʠʚʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷè, ʥʦʤʝʨ 

ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ï 0119U100422; çʈʦʟʨʦʙʢʘ ʤʦʜʫʣʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʙʝʟʜʨʦʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʩʪ-ʽʥʬʘʨʢʪʥʠʭ, ʧʦʩʪ-ʽʥʩʫʣʴʪʥʠʭ 

ʧʘʮʽʻʥʪʽʚ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʾ ʨʝʘʙʽʣʽʪʘʮʽʾè, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ ï 0121U109898, ʫ ʷʢʠʭ ʘʚʪʦʨ ʙʫʚ ʚʠʢʦʥʘʚʮʝʤ. ʊʘʢʦʞ ʧʨʦʪʷʛʦʤ 

2017ï2020 ʨʦʢʽʚ ʘʚʪʦʨ ʷʢ ʚʠʢʦʥʘʚʝʮʴ ʪʘ ʢʝʨʽʚʥʠʢ ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʨʷʜʽ ʥʘʫʢʦʚʠʭ 

ʧʨʦʻʢʪʽʚ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʣʽʢʫʚʘʥʥʷ ʟʘʩʦʙʘʤʠ ʬʦʪʦʪʝʨʘʧʽʾ ʚ ʨʘʤʢʘʭ ʩʪʘʨʪʘʧʽʚ. 

 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʨʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘ ʢʦʥʪʨʦʣʶ ʬʽʟʽʦʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʨʽʰʝʥʴ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ʬʦʪʦʪʝʨʘʧʽʾ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʋ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʽ ʪʘ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʜʘʯʽ:  

ï ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʪʘʥʫ ʪʘ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʬʦʪʦʪʝʨʘʧʽʾ ʽ 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ ʾʭ ʨʝʘʣʽʟʫʻ;  

ï ʚʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʟʙʦʨʫ ʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʫ ʭʦʜʽ ʧʨʦʮʝʜʫʨ ʬʦʪʦʪʝʨʘʧʽʾ, ʧʨʦʚʝʩʪʠ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʣʝʤʝʥʪʥʠʭ ʙʘʟ ʾʾ ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʫ;  

ï ʜʦʩʣʽʜʠʪʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʢʦʣʽ ʽʟ ʩʪʨʫʤʦʟʘʣʝʞʥʠʤʠ 

ʽʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʦʧʠʩʫ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ 

ʦʩʝʨʝʜʜʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʧʠʩʫʚʘʪʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʢʦʣʘʭ ʽʤʧʫʣʴʩʥʦʾ ʜʽʾ;  
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ï ʨʦʟʨʦʙʠʪʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʩʠʩʪʝʤʫ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʜʫʨʠ ʪʘ ʩʫʧʨʦʚʦʜʞʫʶʯʠʭ ʜʽʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ ʾʾ 

ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʜʠʥʘʤʽʢʫ ʩʪʘʥʫ ʧʘʮʽʻʥʪʘ;  

ï ʜʦʩʣʽʜʠʪʠ ʟʘʩʦʙʠ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʜʦ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, 

ʧʽʜʩʠʩʪʝʤʠ ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʥʦʾ ʧʦʚʽʨʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ, ʰʣʷʭʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʶ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʫʤʦʚʘʤʠ ʾʭ 

ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʽʜʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚʽʜʩʪʘʥʽ ʜʦ ʜʽʣʷʥʢʠ, ʱʦ 

ʦʧʨʦʤʽʥʶʻʪʴʩʷ ʪʘ ʟʘʩʦʙʽʚ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʽ ʤʝʨʝʞʝʚʠʭ ʨʝʘʣʽʟʘʮʽʡ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ, ʷʢ ʝʣʝʤʝʥʪʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ 

ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ.  

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʢʦʤʧ'ʶʪʝʨʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʪʘ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʽ 

ʧʨʠʣʘʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʨʘʧʝʚʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʨʦʟʚʠʪʢʫ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʨʝʘʣʽʟʘʮʽʡ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ, ʷʢ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʜʠʩʝʨʪʘʮʽʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ: ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, 

ʪʝʦʨʽʾ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʪʝʦʨʽʾ 

ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ ï ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʤʝʪʦʜʠ ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʯʠʩʝʣʴʥʽ 

ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ; ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ LTSpice, Maple ï ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʘʥʘʣʦʛʦʚʠʭ ʚʠʭʽʜʥʠʭ ʢʘʥʘʣʽʚ; ʬʽʟʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʤʘʢʝʪʘʭ ʽ ʜʦʩʣʽʜʥʠʭ 

ʟʨʘʟʢʘʭ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʤʦʜʝʣʝʡ ʪʘ 

ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʜʫʨ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ  ʽ ʡʦʛʦ 

ʧʦʚʽʨʢʠ. 
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ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ:  

ï ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʨʝʘʣʽʟʫʻ ʩʧʦʩʽʙ ʨʝʟʦʥʘʥʩʥʦ- 

ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʨʘʧʽʾ ʫ ʩʝʨʝʜʦʚʠʱʽ Arduino ʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʟʘ ʨʘʭʫʥʦʢ 

ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʦʚʘʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚ ʫʤʦʚʘʭ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʘ ʽʤʧʫʣʴʩʥʦʛʦ 

ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʫ ʜʦʟʫ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʨʦʤʽʥʝʥʥʷ ʟʘ 

ʧʨʠʧʠʩʦʤ ʣʽʢʘʨʷ; 

ï ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʜʨʘʡʚʝʨʫ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʧʦʚʠʥʥʽ 

ʤʽʩʪʠʪʠ ʟʘʩʦʙʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʦʨʝʢʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʟʘʜʘʥʦʛʦ ʚʠʜʫ 

ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʨʫʤʦʟʘʣʝʞʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʪʘ ʟʘʜʘʯʽ, ʱʦ ʨʦʟʚôʷʟʫʻʪʴʩʷ; 

ï ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʥʦʾ ʧʦʚʽʨʢʠ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʬʦʪʦʪʝʨʘʧʽʾ. 

ʅʘʙʫʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ:  

ï ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʦʣʽ ʽʟ ʩʪʨʫʤʦ-ʟʘʣʝʞʥʠʤʠ 

ʽʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʦʧʠʩʫ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ 

ʦʩʝʨʝʜʜʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʠʩʫʚʘʪʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʣʘʭ 

ʽʤʧʫʣʴʩʥʦʾ ʜʽʾ;  

ï ʤʝʪʦʜ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʜʫʨʠ ʪʘ 

ʩʫʧʨʦʚʦʜʞʫʶʯʠʭ ʜʽʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ ʾʾ ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʜʠʥʘʤʽʢʠ ʩʪʘʥʫ 

ʧʘʮʽʻʥʪʘ.  

ɺ ʨʦʙʦʪʽ ʫʜʦʩʢʦʥʘʣʝʥʦ:  

ï ɿʘʩʦʙʠ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʧʽʜʩʠʩʪʝʤʠ 

ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʥʦʾ ʧʦʚʽʨʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ, ʰʣʷʭʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʶ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʫʤʦʚʘʤʠ ʾʭ 

ʧʝʨʝʙʽʛʫ;  

ï ɿʘʩʦʙʠ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ, 

ʧʽʜʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚʽʜʩʪʘʥʽ ʜʦ ʜʽʣʷʥʢʠ, ʱʦ ʦʧʨʦʤʽʥʶʻʪʴʩʷ ʪʘ ʟʘʩʦʙʽʚ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ.  
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʋ ʜʠʩʝʨʪʘʮʽʾ, ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʨʽʰʝʥʦ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʟʘʜʘʯʫ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʪʝʨʘʧʝʚʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ ʟʘʩʦʙʘʤʠ ʬʦʪʦʪʝʨʘʧʽʾ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʨʷʜ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʘʥʘʣʽʟ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ 

ʨʦʙʦʪʽ ʟʘʜʘʯʽ ʤʦʞʫʪʴ ʚʚʘʞʘʪʠʩʷ ʚʠʢʦʥʘʥʠʤʠ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʦʪʠ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʨʝʢʪʥʽ ʽ ʜʦʩʪʦʚʽʨʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʩʣʽʜʦʢ ʯʦʛʦ: 

1. ʇʨʘʢʪʠʯʥʝ ʮʽʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʰʠʨʝʥʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʙʘʟʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘ ʙʘʟʽ ʦʜʥʦʧʣʘʪʥʠʭ 

ʢʦʤʧôʶʪʝʨʽʚ, ʣʘʟʝʨʥʠʭ ʜʘʣʝʢʦʤʽʨʽʚ, ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʥʦʾ ʧʦʚʽʨʢʠ.  

2. ʆʪʨʠʤʘʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʧʘʨʘʤʝʪʨʽʚ ʜʨʘʡʚʝʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥ 

ʟʘʨʷʜʫ ʪʘ ʩʠʣʠ ʩʪʨʫʤʫ ʫ ʢʦʣʽ ʽʟ ʟʤʽʥʥʠʤʠ ʽʥʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʻʤʥʽʩʪʶ, ʜʦʟʚʦʣʠʣʘ 

ʩʠʥʪʝʟʫʚʘʪʠ ʜʚʦʭ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʠʣʠ 

ʩʪʨʫʤʫ ʟʘ ʟʘʜʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʟ ʥʝʦʙʭʽʜʥʦʶ ʯʘʩʪʦʪʦʶ ʩʣʽʜʫʚʘʥʥʷ.  

3. ʆʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ: ʝʬʝʢʪ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʰʣʷʭʦʤ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʫ, ʘʧʘʨʘʪʥʠʤʠ 

ʟʘʩʦʙʘʤʠ SPI ʪʘ UART-ʽʥʪʝʨʬʝʡʩʽʚ ʘʙʦ ʜʨʘʡʚʝʨʘʤʠ ʩʚʽʪʣʦʜʽʦʜʽʚ WS2811 ʪʘ 

WS2812.  

4. ʈʦʟʨʦʙʣʝʥʽ ʚʘʨʽʘʥʪʠ ʘʨʭʽʪʝʢʪʫʨʠ ʜʣʷ ʚʽʜʣʘʛʦʜʞʝʥʥ̫  ʧʨʦʮʝʜʫʨʠ 

ʬʦʪʦʪʝʨʘʧʽʾ ʥʘ ʙʘʟʽ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʣʝʢʦʤʽʨʽʚ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʤʘʪʨʠʮʽ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʷʢ ʤʝʪʦʜ ʨʝʟʦʥʘʥʩʥʦ-ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʨʘʧʽʾ, ʪʘʢ ʽ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʜʫʨ.  

5. ʏʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʦʧʠʩʫ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʦʣʽ 

ʽʤʧʫʣʴʩʥʦʛʦ ʩʪʨʫʤʫ ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʠʬʽʢʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʽ ʥʘʣʘʰʪʦʚʫʚʘʪʠ 
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ʩʫʯʘʩʥʽ ʜʨʘʡʚʝʨʠ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ TMC2100 ʜʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ 

ʬʦʪʦʪʝʨʘʧʽʾ.  

6. ʈʦʟʨʦʙʣʝʥʽ ʚʘʨʽʘʥʪʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʽʨʢʠ ʻ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʦʚʽʨʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢ ʦʜʠʥʠʯʥʠʭ, ʪʘʢ ʽ ʛʨʫʧ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʥʘ ʙʘʟʽ 

ʦʮʽʥʢʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʪʘ ʽʥʜʠʢʘʪʨʠʩ.  

7. ʈʦʟʨʦʙʣʝʥʽ ʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʠ ʽ ʧʨʦʛʨʘʤʠ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Arduino ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʥʘʙʦʨ ʬʫʥʢʮʽʾ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʧʦʚʽʨʢʠ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʠʭ 

ʧʨʠʣʘʜʽʚ.  

8. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʠʩʪʨʦʾ ʧʝʨʝʜʧʨʦʮʝʜʫʨʥʦʾ ʧʦʚʽʨʢʠ ʜʦʟʚʦʣʷʻ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʧʨʦʪʦʢʦʣʴʥʦʾ 

ʤʝʜʠʮʠʥʠ.  

9. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʠʩʪʝʤ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʜʝʨʤʘʪʦʣʦʛʽʾ, ʚ ʥʝʦʥʘʪʦʣʦʛʽʾ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ 

ʤʝʜʠʮʠʥʽ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʬʦʪʦʪʝʨʘʧʽʾ, ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʤʘʶʪʴ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʠʭ 

ʧʨʦʮʝʜʫʨ ʟʘ ʧʨʠʧʠʩʘʤʠ ʣʽʢʘʨʷ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 8 ʨʦʙʽʪ, ʱʦ ʥʘʜʨʫʢʦʚʘʥʦ ʫ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ [13, 16, 17, 30-32, 44, 67], 4 ï ʫ ʧʨʘʮʷʭ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ, ʷʢʽ ʽʥʜʝʢʩʦʚʘʥʦ ʫ ʥʘʫʢʦʚʦ-ʤʝʪʨʠʯʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ Scopus [49, 

110-112], ʦʜʥʦʤʫ ʧʘʪʝʥʪʽ ʥʘ ʚʠʥʘʭʽʜ ʋʢʨʘʾʥʠ ʪʘ 15 ʧʘʪʝʥʪʘʭ ʥʘ ʢʦʨʠʩʥʫ 

ʤʦʜʝʣʴ. ʋ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʜʠʩʝʨʪʘʥʪʫ ʥʘʣʝʞʘʪʴ: 

ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʪʝʥʜʘ ʟʘʩʦʙʘʤʠ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʾʭ ʧʝʨʚʠʥʥʘ ʦʙʨʦʙʢʘ [13]; ʧʦʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʠʭ 

ʢʦʥʢʫʨʝʥʪʥʠʭ ʽʜʝʡ, ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʘʥʘʣʽʟ ʪʘ ʚʠʙʽʨ ʟʘʩʦʙʽʚ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ [17]; ʧʨʦʧʦʟʠʮʽʷ ʦʩʥʦʚʥʦʾ ʽʜʝʾ, ʩʢʣʘʜ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, 



37 

 

ʪʝʭʥʽʯʥʽ ʪʘ ʤʝʨʝʞʝʚʽ ʟʘʩʦʙʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʜʝʾ, ʘʥʘʣʽʟ ʟʘʩʦʙʽʚ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ [30]; ʘʥʘʣʽʟ 

ʪʝʭʥʽʯʥʠʭ ʨʝʘʣʽʟʘʮʽʡ, ʧʨʦʧʦʟʠʮʽʷ ʦʩʥʦʚʥʦʾ ʽʜʝʾ, ʩʪʨʫʢʪʫʨʘ ʧʨʦʧʦʥʦʚʘʥʦʾ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ [31]; ʧʨʦʧʦʟʠʮʽʾ 

ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʜʝʾ, ʩʪʨʫʢʪʫʨʘ ʧʨʦʧʦʥʦʚʘʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʜʝʾ [32]; ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʜʦʩʣʽʜʥʦʛʦ ʩʪʝʥʜʘ 

ʪʘ ʦʧʠʩ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ [44]; ʩʭʝʤʦ-ʪʝʭʥʽʯʥʽ ʧʨʦʧʦʟʠʮʽʾ ʪʘ ʨʝʘʣʽʟʘʮʽʾ [49]; 

ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʝʦʨʽʡ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ (in vivo ʪʘ in vitro) [67]; ʧʨʦʧʦʟʠʮʽʾ 

ʱʦʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʠʭ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, 

ʪʝʭʥʽʯʥʽ ʨʝʘʣʽʟʘʮʽʾ [110]; ʧʨʦʧʦʟʠʮʽʾ ʱʦ ʜʦ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʧʦʙʫʜʦʚʘ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ [111]; ʪʝʭʥʽʯʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʪʨʠʤʘʥʥʷ ʪʝʧʣʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʾʭ 

ʢʦʤʧôʶʪʝʨʥʠʡ ʘʥʘʣʽʟ [112]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ 19 ʢʦʥʬʝʨʝʥʮʽʷʭ: Intelligent Data 

Acquisition and Advanced Computing Systems: Technology and Applications 

(IDAACS) (2015ʨ.,  Warsaw, Poland); 38th International Conference on Electronics 

and Nanotechnology (ELNANO) (2018 ʨ., ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ); 10th IEEE Intelligent 

Data Acquisition and Advanced Computing Systems: Technology and Applications 

(IDAACS) (2019p., Metz, France); 15th International Scientific and Technical 

Conference on Computer Sciences and Information Technologies, (CSIT) (2020ʨ., 

Zbarazh Castle, Ukraine); çʄʦʛʠʣʷʥʩʴʢʽ ʯʠʪʘʥʥʷè (2007ï2020 ʨʨ., ʤ. ʄʠʢʦʣʘʾʚ, 

ʋʢʨʘʾʥʘ); çʆʣʴʚʽʡʩʴʢʠʡ ʬʦʨʫʤè (2008ï2019 ʨʨ., ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ); 

çʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʦʚ ʚ ʤʝʜʠʮʠʥʝ ʠ ʙʠʦʣʦʛʠʠè (2008, 2011 ʨ., ʤ. ʍʘʨʢʽʚ, 

ʋʢʨʘʾʥʘ); çʇʦʣʽʪ ʖ.ɸ.ɻʘʛʘʨʽʥʘ ʽ ʨʦʟʚʠʪʦʢ ʘʚʽʘʮʽʾ ʽ ʢʦʩʤʦʥʘʚʪʠʢʠ ʫ 21 ʩʪè (2011 

ʨ., ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʥʘʜ ʜʠʩʝʨʪʘʮʽʡʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʙʫʣʦ ʧʦʜʘʥʦ ʪʘ 

ʦʪʨʠʤʘʥʦ 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ ʪʘ 15 ʧʘʪʝʥʪʽʚ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ 

ʤʦʜʝʣʴ. 
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ʇʫʙʣʽʢʘʮʽʾ 

ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ 43 ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʠ, ʟ ʥʠʭ: 8 ï ʫ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ; 4 ʧʫʙʣʽʢʘʮʽʾ, ʱʦ ʨʝʬʝʨʫʶʪʴʩʷ ʫ Scopus; 15 ï ʫ ʟʙʽʨʥʠʢʘʭ 

ʤʘʪʝʨʽʘʣʽʚ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ; 16 

ï ʧʘʪʝʥʪʽʚ ʋʢʨʘʾʥʠ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ 

ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 162 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ ʯʦʪʠʨʴʦʭ ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ 

ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ï 243 ʩʪʦʨʽʥʦʢ, ʟ ʥʠʭ 4 ʜʦʜʘʪʢʠ ʥʘ 20 ʩʪʦʨʽʥʢʘʭ, 19 ʪʘʙʣʠʮʴ, 

113 ʨʠʩʫʥʢʽʚ.  
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ʈʆɿɼɯʃ 1 

ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʈʆɿɺʀʊʂʋ ʄɽʊʆɼɯɺ ɯ ɯʅʉʊʈʋʄɽʅʊɸʃʔʅʆɻʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ɼʃʗ 

ʈɽɸʃɯɿɸʎɯɰ ʌʆʊʆʊɽʈɸʇɯɰ.  

1.1. ʇʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʬʦʪʦ ʪʝʨʘʧʽʾ ï ʥʘʫʢʦʚʘ ʩʫʪʥʽʩʪʴ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʨʦʟʚʠʪʢʫ  

ʇʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʪʦʪʝʨʘʧʽʾ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʨʽʯ 

ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʩʚʽʪʣʦʤ ʫ ʜʘʣʴʥʴʦʤʫ 

ʯʝʨʚʦʥʦʤʫ ʜʦ ʤʘʡʞʝ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʧʝʢʪʨʫ (630-1000 ʥʤ) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʟʝʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʘʙʦ ʩʚʽʪʣʦʜʽʦʜʥʠʭ 

ʤʘʩʠʚʽʚ ʽʥʽʮʽʶʻ ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ in vitro ʪʘ in vivo [1-5]. ʂʣʽʥʽʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʪʦʪʝʨʘʧʽʾ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʪʨʘʚʤ ʤôʷʢʠʭ ʪʢʘʥʠʥ ʪʘ ʜʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʛʦʻʥʥʷ ʨʘʥ ʧʽʜʪʚʝʨʜʞʫʻ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʣʴʰʝ 30 ʨʦʢʽʚ [1,2, 5-

7, 58]. ʌʦʪʦʪʝʨʘʧʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʠʟʴʢʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʯʝʨʚʦʥʠʭ ʣʘʟʝʨʥʠʭ 

ʧʨʦʤʝʥʽʚ ʪʘ ʯʝʨʚʦʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʤʘʩʠʚʽʚ (640ï690 ʥʤ; ʧʽʢ 670 ʥʤ) 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʢʣʽʥʽʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚʘʭ ʜʣʷ ʩʧʨʠʷʥʥʷ 

ʟʘʛʦʻʥʥʶ ʨʘʥ ʪʘ ʨʝʛʝʥʝʨʘʮʽʾ ʪʢʘʥʠʥ [3,8,9]. ʅʘ ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ 

ʬʦʪʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʥʠʟʴʢʠʭ ʚʧʣʠʚʘʭ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʥʘʯʥʽ ʙʽʦʣʦʛʽʯʥʽ 

ʝʬʝʢʪʠ, ʚʢʣʶʯʘʶʯʠ ʢʣʽʪʠʥʥʫ ʧʨʦʣʽʬʝʨʘʮʽʶ ʪʘ ʚʠʚʽʣʴʥʝʥʥʷ ʬʘʢʪʦʨʽʚ ʨʦʩʪʫ 

ʢʣʽʪʠʥ [10-12]. ɺʠʷʚʣʝʥʦ, ʱʦ ʦʧʨʦʤʽʥʝʥʥʷ ʻ ʧʨʠʯʠʥʦʶ ʚʠʨʦʙʣʝʥʥʷ ʢʦʣʘʛʝʥʫ 

ʪʘ ʬʽʙʨʦʙʣʘʩʪʫ. ʌʦʪʦʙʽʦʤʦʜʫʣʷʮʽʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤʠ (LED) ʤʘʩʠʚʘʤʠ ʪʘʢʦʞ 

ʟʙʽʣʴʰʫʻ ʘʢʪʠʚʥʽʩʪʴ ʮʠʪʦʭʨʦʤʦʢʩʠʜʘʟʠ ʩʽʪʢʽʚʢʠ ʫ ʱʫʨʽʚ ʪʘ ʢʣʽʪʠʥʥʫ 

ʧʨʦʣʽʬʝʨʘʮʽʶ ʜʽʘʙʝʪʠʯʥʠʭ ʤʠʰʝʡ [8,13]. 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʬʦʪʦʪʝʨʘʧʽʾ, ʬʦʪʦʜʠʥʘʤʽʯʥʦʾ ʪʝʨʘʧʽʾ [61-67] 

ʨʝʘʣʽʟʫʶʪʴ ʫ ʷʢʦʩʪʽ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʠʜʠʤʦʛʦ, ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʯʘʩʪʠʥ ʩʧʝʢʪʨʫ ʥʘ ʧʘʪʦʣʦʛʽʯʥʽ 

ʜʽʣʷʥʢʠ ʪʽʣʘ ʣʶʜʠʥʠ ʟ ʤʝʪʦʶ ʣʽʢʫʚʘʥʥʷ ʨʽʟʥʠʭ ʭʚʦʨʦʙ. ɺ ʦʩʪʘʥʥʽʭ ʨʦʙʦʪʘʭ [58, 

66, 68] ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʧʦʨʫʰʝʥʥʷ ʤʽʢʨʦ- ʽ ʤʘʢʨʦʮʠʨʢʫʣʷʮʽʡ 
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ʢʨʦʚʦʪʦʢʫ ʪʘ ʣʽʤʬʦʪʦʢʫ, ʘ ʪʘʢʦʞ ʛʘʣʴʤʫʚʘʥʥʷ ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʢʣʽʪʠʥʘʭ ʻ ʧʨʠʯʠʥʘʤʠ ʝʪ̔ʦʣʦʛʽʾ ʙʽʣʴʰʦʩʪʽ ʭʚʦʨʦʙ, ʦʩʪʝʦʭʦʥʜʨʦʟʽʚ, 

ʨʘʥ, ʤôʷʟʦʚʦ ʾʙʦʣ̔ ʪʘ ʽʥʰʠʭ. ʈʘʟʦʤ ʟ ʪʠʤ, ʪʘʤ ʞʝ ʜʦʚʝʜʝʥʦ [66-71], ʱʦ ʘʢʪʠʚʽʟʘʮʽʷ 

ʬʦʪʦʘʢʮʝʧʪʦʨʽʚ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʧʣʠʚʽ ʩʧʝʮʽʘʣʴʥʦ 

ʩʬʦʨʤʦʚʘʥʠʤ ʧʦʣʷʨʠʟʦʚʘʥʠʤ ʩʚʽʪʣʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʧʨʠʟʥʘʯʝʥʦ ʫ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʷʢʝ ʩʧʝʮʽʘʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʦ [68-71]. 

ʋ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ ʽ ʧʨʠʣʘʜʽʚ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʦ ʚ ʢʦʣʝʢʪʠʚʽ ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬʝʩʦʨʘ ɸ.ʄ. ʂʦʨʦʙʦʚʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʧʨʦʤʽʥʝʥʥʷ ʩʠʩʪʝʤʦʶ 

ʦʢʨʝʤʠʭ ʜʠʩʢʨʝʪʥʠʭ ʜʞʝʨʝʣ ʯʝʨʚʦʥʦʛʦ ʩʚʽʪʣʘ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ [72, 73]. 

ʇʝʨʝʢʦʥʣʠʚʠʤ ʜʦʢʘʟʦʤ ʪʘʢʦʛʦ ʪʚʝʨʜʞʝʥʥʷ ʻ ʪʘʢʦʞ ʩʫʢʫʧʥʽʩʪʴ ʨʦʙʽʪ, ʫ ʷʢʠʭ 

ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʦʧʨʦʤʽʥʝʥʥʷ ʩʚʽʪʣʦʚʠʤʠ ʭʚʠʣʷʤʠ ʜʽʘʧʘʟʦʥʫ 630-

680 ʥʤ, ʷʢʝ ʛʝʥʝʨʫʶʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ ʟ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʽ, ʱʦ ʙʣʠʟʴʢʘ ʜʦ ʦʜʥʦʛʦ ʟ ʤʘʢʩʠʤʫʤʽʚ ʩʧʝʢʪʨʫ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʚʧʣʠʚʫ 

[74]. ʋ ʨʷʜʽ ʟʨʘʟʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʜʽʘʧʘʟʦʥ 890 ʥʤ, 

ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʽʥʰʦʶ ʩʤʫʛʦʶ ʙʽʦʜʽʾ [75]. ɼʫʞʝ ʚʘʞʣʠʚʦ, ʱʦ ʮʝʡ ʜʽʘʧʘʟʦʥ 

ʟʙʽʛʘʻʪʴʩʷ ʟ "ʚʽʢʥʦʤ ʧʨʦʟʦʨʦʩʪʽ" ʙʽʣʴʰʦʩʪʽ ʙʽʦʪʢʘʥʠʥ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ 

ʛʣʠʙʦʢʝ ʧʨʦʥʠʢʥʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʷʢʦʛʦ ʦʩʣʘʙʣʝʥʥʷ ï ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ʯʝʨʚʦʥʦʾ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʦʙʣʘʩʪʽ [76]. ʆʩʪʘʥʥʻ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʫ ʜʦʟʫ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʦʨʛʘʥʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʛʣʠʙʠʥʽ 

ʦʨʛʘʥʽʟʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʨʦʟʩʽʶʚʘʥʥʷ [45, 48, 

51, 54, 77]. ʋ ʟʚ'ʷʟʢʫ ʽʟ ʩʧʝʢʪʨʘʣʴʥʦʶ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʙʽʣʴʰʦʩʪʽ 

ʬʦʪʦʙʽʦʣʦʛʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʠʤʠ ʩʧʝʢʪʨʘʤʠ ʙʽʦʜʽʾ ʙʘʛʘʪʴʦʭ 

ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʤʦʥʦʭʨʦʤʘʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʣʽʢʫʚʘʥʥʽ ʙʝʟʣʽʯʽ ʟʘʭʚʦʨʶʚʘʥʴ [78]. ʉʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʙʘʛʘʪʴʦʭ ʢʣʽʪʠʥʥʠʭ 

ʭʨʦʤʦʬʦʨʽʚ ʻ ʚʽʜʥʦʩʥʦ ʰʠʨʦʢʠʤʠ (20-30 ʥʤ), ʱʦ ʡ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʘʪʨʠʮʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʞʝʨʝʣ ʽʟ ʩʧʝʢʪʨʘʣʴʥʦʶ ʰʠʨʠʥʦʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʥʘʧʽʚʚʠʩʦʪʽ ʧʦʨʷʜʢʫ 10-20 ʥʤ. ʇʨʠ ʮʴʦʤʫ ʜʦʚʞʠʥʫ ʭʚʠʣʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʽʜʙʠʨʘʻʪʴʩʷ ʪʘʢʦʶ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʤʘʢʩʠʤʫʤʦʤ 

ʩʧʝʢʪʨʘ ʙʽʦʜʽʾ [52, 79]. ʈʘʥʽʰʝ ʜʦ ʨʦʙʽʪ ʧʨʦʬʝʩʦʨʘ ɸ.ʄ. ʂʦʨʦʙʦʚʘ ʪʘ ʡʦʛʦ ʢʦʣʝʛ 
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ʚʚʘʞʘʣʦʩʷ, ʱʦ, ʢʨʽʤ ʟʘʟʥʘʯʝʥʠʭ ʦʟʥʘʢ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʦʞ ʧʦʚʠʥʥʝ ʤʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʡ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ, ʷʢʽ ʟʜʘʪʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʣʘʟʝʨ 

[75, 76, 80, 81]. ʍʘʨʘʢʪʝʨʥʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʣʘʟʝʨʥʠʭ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ 

ʩʣʽʜ ʚʚʘʞʘʪʠ Omnilux, Revitalight, i ClearXL [82]. ʆʜʥʘʢ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʯʠʩʣʝʥʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʜʽʙʥʽʩʪʴ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʙʪʦ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʡ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ, ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚʽʜ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʡ 

ʥʝʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ [79, 83]. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʛʣʠʙʠʥʽ ʧʦʥʘʜ 200 ʤʢʤ 

ʟʘʟʥʘʯʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʥʘʯʥʦ ʩʣʘʙʰʘʶʪʴ, ʽ ʧʨʠ ʙʽʣʴʰʽʡ ʛʣʠʙʠʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʜʽʙʥʽʩʪʴ ʚʧʣʠʚʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʘʜôʷʩʢʨʘʚʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʽ ʣʘʟʝʨʘ [84]. ʆʪʞʝ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʶʪʴ 

ʜʘʥʽ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʡ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʝ 

ʛʨʘʶʪʴ ʽʩʪʦʪʥʦʾ ʨʦʣʽ ʚ ʜʦʩʷʛʥʝʥʥʽ ʝʬʝʢʪʫ ʬʦʪʦʙʽʦʩʪʠʤʫʣʷʮʽʾ, ʭʦʯʘ ʮʝ ʧʠʪʘʥʥʷ 

ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ [85]. ʆʯʝʚʠʜʥʦ, ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʘʣʽ ʧʦʯʠʥʘʻ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ ʧʝʨʝʚʘʞʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʨʠʮʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʞʝʨʝʣ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʦʧʨʦʤʽʥʶʚʘʪʠ ʚʝʣʠʢʽ ʧʘʪʦʣʦʛʽʯʥʽ ʜʽʣʷʥʢʠ, ʘʞ ʜʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʚʩʽʻʾ ʣʶʜʠʥʠ [86]. ʇʨʠ ʮʴʦʤʫ ʬʦʨʤʘ ʧʽʜʢʣʘʜʢʠ, ʥʘ ʷʢʽʡ 

ʨʦʟʤʽʱʫʁ ʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ, ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ 

ʛʥʫʯʢʽʩʪʴ, ʪʦʙʪʦ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʧʦʚʪʦʨʶʻ ʧʨʦʩʪʦʨʦʚʫ ʬʦʨʤʫ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʘ. ʅʘ ʨʠʩ. 1.1. ʟʘ ʜʘʥʠʤʠ ʨʦʙʽʪ [79, 86-87] ʧʦʜʘʥʦ 

ʫʟʘʛʘʣʴʥʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʽ 

ʦʧʨʦʤʽʥʝʥʥʷ ʜʣʷ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʱʦ ʥʘʙʫʣʠ ʰʠʨʦʢʝ 

ʧʦʰʠʨʝʥʥʷ ʫ ʬʦʪʦʪʝʨʘʧʽʾ.  

ʗʢ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʛʨʘʬʽʢʽʚ ʤʘʪʨʠʮʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʠʪʦʤʫ ʧʦʪʫʞʥʽʩʪʴ ʧʦʨʷʜʢʫ 100 ʤɺʪ/ʩʤ2 ʧʨʘʢʪʠʯʥʦ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʧʣʦʱʽ 

ʙʽʦʦʙôʻʢʪʫ. ʃʘʟʝʨʥʽ ʜʞʝʨʝʣʘ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʦʜʥʘʢ ʪʽʣʴʢʠ ʥʘ ʤʘʣʽʡ ʧʣʦʱʽ. ɰʭ ʧʝʨʝʚʘʛʠ ʫ ʜʦʩʷʛʥʝʥʥʽ ʚʝʣʠʯʠʥʠ 

ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʰʚʠʜʢʦ ʩʪʘʶʪʴ ʥʝʜʦʣʽʢʘʤʠ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʧʣʦʱʽ 

ʙʽʦʦʙôʻʢʪʘ, ʦʩʢʽʣʴʢʠ ʧʣʷʤʘ ʦʧʨʦʤʽʥʝʥʥʷ ʣʦʢʘʣʽʟʦʚʘʥʘ ʽ ʤʘʻ ʤʘʣʫ ʧʣʦʱʫ. 
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ʈʠʩʫʥʦʢ 1.1 ï ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɯ) ʥʘ 

ʧʦʚʝʨʭʥʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʫ ʚʽʜ ʡʦʛʦ ʧʣʦʱʠʥʠ (S) ʜʣʷ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʭ 

ʦʧʪʠʯʥʠʭ ʜʞʝʨʝʣ 

 

ʆʪʞʝ, ʦʧʨʦʤʽʥʝʥʥʷ ʩʠʩʪʝʤʦʶ ʜʞʝʨʝʣ ʤʘʻ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ ʧʦʯʠʥʘʶʯʠ ʚʞʝ ʽʟ ʧʣʦʱʽ 25 ʩʤ2. ʆʪʞʝ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʨʦʚʦʜʠʪʠ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʧʣʦʱ ʥʘʙʫʚʘʶʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʣʘʜʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʥʮʠʧ ʤʘʪʨʠʯʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʦʤʽ ʨʽʟʥʽ ʚʠʜʠ ʤʘʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ 

ʷʢʽ ʚʠʨʦʙʣʷʶʪʴʩʷ ʪʘ ʧʨʦʜʘʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʣʽʢʫʚʘʣʴʥʠʭ ʮʽʣʝʡ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʠʣʘʜ ʩʚʽʪʣʦʜʽʦʜʥʦʾ ʬʦʪʦʪʝʨʘʧʽʾ (ʨʠʩ. 1.2) ʚʠʧʨʦʤʽʥʶʻ ʯʝʨʚʦʥʝ ʩʚʽʪʣʦ, ʷʢʝ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʪʢʘʥʠʥʦʶ ʧʘʮʽʻʥʪʘ ʯʝʨʝʟ ʰʢʽʨʫ [8-10, 88]. ʎʝ ʟʘʧʫʩʢʘʻ ʢʘʩʢʘʜ 

ʨʝʘʢʮʽʡ, ʷʢʽ ʧʦʩʪʫʧʦʚʦ ʟʚʽʣʴʥʷʶʪʴ ʝʥʝʨʛʽʶ ʪʘ ʩʪʠʤʫʣʶʶʪʴ ʟʘʛʦʻʥʥʷ. 
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ʈʠʩʫʥʦʢ 1.2 ï ʉʚʽʪʣʦʜʽʦʜʥʠʡ ʧʨʠʩʪʨʽʡ, ʨʦʟʨʦʙʣʝʥʠʡ NASA [9] 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʌʦʪʦʥʥʘ ʤʘʪʨʠʮʷ ʂʦʨʦʙʦʚʘ  

 

ʏʝʨʚʦʥʝ ʩʚʽʪʣʦ ʚʽʜ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʤʘʩʠʚʫ (ʨʠʩ. 1.3), ʜʦʧʦʤʘʛʘʻ ʣʽʢʫʚʘʪʠ 

ʨʘʥʠ, ʦʧʽʢʠ, ʚʠʨʘʟʢʠ ʰʢʽʨʠ ʧʨʠ ʜʽʘʙʝʪʽ ʪʘ ʤʫʢʦʟʠʪ ʨʦʪʦʚʦʾ ʧʦʨʦʞʥʠʥʠ ï 

ʧʦʰʠʨʝʥʠʡ ʽ ʥʘʜʟʚʠʯʘʡʥʦ ʙʦʣʽʩʥʠʡ ʧʦʙʽʯʥʠʡ ʝʬʝʢʪ ʧʨʦʤʝʥʝʚʦʾ ʪʝʨʘʧʽʾ.  
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ʅʘ ʨʠʩ. 1.4 ʧʦʢʘʟʘʥʠʡ ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʙʦʣʶ ʚ ʨʽʟʥʠʭ 

ʯʘʩʪʠʥʘʭ ʪʽʣʘ [73]. 

 

ʈʠʩʫʥʦʢ 1.4 ï ɻʥʫʯʢʠʡ ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʧʨʠʩʪʨʽʡ [89] 

 

ɼʘʥʠʡ ʧʨʠʩʪʨʽʡ ʤʘʻ ʛʥʫʯʢʫ ʦʩʥʦʚʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʦʚʪʦʨʶʚʘʪʠ ʧʦʚʝʨʭʥʶ 

ʪʽʣʘ. ʄʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʩʚʽʪʣʦʜʽʦʜʽʚ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʥʘ 41 Á C ʘʙʦ 

ʥʠʞʯʝ, ʦʙʤʝʞʠʚʰʠ ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʩʪʨʫʤ ʘʙʦ ʤʦʜʫʣʷʮʽʶ ʰʠʨʠʥʠ ʽʤʧʫʣʴʩʫ, 

ʱʦʙ ʥʝ ʧʦʰʢʦʜʠʪʠ ʰʢʽʨʫ ʪʝʧʣʦʤ, ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ ʩʚʽʪʣʦʜʽʦʜʘʤʠ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ. ɼʣʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʩʚʽʪʣʦʜʽʦʜʥʦʾ ʬʦʪʦʪʝʨʘʧʽʾ ʧʦʪʨʽʙʥʽ ʨʽʟʥʽ 

ʩʪʨʫʢʪʫʨʠ ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʦʪʦʪʝʨʘʧʽʾ 

ʥʝʦʙʭʽʜʥʦ ʟʛʝʥʝʨʫʚʘʪʠ ʩʚʽʪʣʦʜʽʦʜʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʤʠ 

ʙʽʦʪʨʦʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [90, 91]. ʆʪʞʝ, ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʘʧʘʨʘʪʫʨʠ ʜʣʷ ʩʚʽʪʣʦʪʝʨʘʧʽʾ ʻ ʧʦʰʫʢ ʥʦʚʦʛʦ ʚʠʜʫ ʤʦʜʫʣʷʮʽʾ 

ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟ ʧʘʮʽʻʥʪʦʤ, 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʠʙʽʨ ʪʦʯʦʢ ʽ ʟʦʥ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʥʷʭ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ʣʽʪʝʨʘʪʫʨʽ ʚʩʝ ʯʘʩʪʽʰʝ ʦʙʛʦʚʦʨʶʻʪʴʩʷ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ [14, 16, 17, 18, 25, 27, 28, 29, 30]. ʆʩʦʙʣʠʚʦ ʨʦʟʛʣʷʜ 
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ʧʦʙʫʜʦʚʠ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʷʢ ʝʣʝʤʝʥʪʫ ʩʠʩʪʝʤʠ ɯʦʊ ʩʪʠʤʫʣʶʻ ʫʩʧʽʭʠ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʚ ʨʦʙʦʪʘʭ [23, 35-38]. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.5. 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʚʽʜʦʤʦʾ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʦʾ ʩʠʩʪʝʤʠ  

 

ʊʘʢʘ ʩʠʩʪʝʤʘ, ʦʢʨʽʤ ʪʝʨʘʧʽʾ, ʚʠʢʦʥʫʻ ʟʘʤʽʨʠ (ʟʦʢʨʝʤʘ ʪʝʤʧʝʨʘʪʫʨʠ) ʪʘ 

ʧʝʨʝʜʘʻ ʜʘʥʽ ʜʦ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʯʠ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʯʝʨʝʟ 

ʙʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʽ ʪʘ/ʘʙʦ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʧʨʦʛʨʘʤʫ 

ʦʧʨʦʤʽʥʝʥʥʷ ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʫ ʚʙʫʜʦʚʘʥʽʡ ʧʘʤôʷʪʽ ʯʠ ʟʘ ʢʦʤʘʥʜʦʶ ʚʽʜ 

ʚʽʜʜʘʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʽʥʩʪʨʫʤʝʥʪʽʚ ʬʦʪʦʪʝʨʘʧʽʾ, ʱʦ ʫʩʫʚʘʻ ʦʟʥʘʯʝʥʽ 

ʥʝʜʦʣʽʢʠ, ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʧʨʠ ʘʧʘʨʘʪʥʽʡ ʨʝʘʣʽʟʘʮʽʷ ʚʽʜʦʤʦʛʦ ʩʧʦʩʦʙʫ 

ʩʚʽʪʣʦʣʽʢʫʚʘʥʥʷ [92]. ʉʫʪʥʽʩʪʴ ʦʧʠʩʘʥʦʛʦ ʩʧʦʩʦʙʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʞʝʨʝʣ ʯʝʨʚʦʥʦʛʦ (620-660 ʥʤ) ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ (820-950 ʥʤ) ʩʚʽʪʣʘ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʠʭ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʧʦʚʝʨʭʥʽ ʪʘ ʤʦʜʫʣʶʻʪʴʩʷ ʫ ʯʘʩʽ, ʘ ʩʤʫʛʠ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ ʚ ʥʘʧʨʷʤʢʫ ʦʩʥʦʚʥʦʛʦ 

ʨʫʭʫ ʢʨʦʚʽ. ɿʘʟʥʘʯʝʥʘ ʤʦʜʫʣʷʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʫ ʧʨʦʩʪʦʨʽ, ʪʘʢ ʽ ʫ ʯʘʩʽ. ɸʧʘʨʘʪ 

ʚʠʢʦʥʘʥʦ ʫ ʚʠʛʣʷʜʽ ʤʦʥʦʙʣʦʢʫ ʟ ʤʘʪʨʠʮʝʶ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ. 
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ʈʠʩʫʥʦʢ 1.6 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʙʣʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʘʧʘʨʘʪʫ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʬʦʪʦʪʝʨʘʧʽʾ ʩʚʽʪʣʦʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʧʝʢʪʨʫ 

 

ʄʦʞʣʠʚʝ ʘʚʪʦʥʦʤʥʝ ʞʠʚʣʝʥʥʷ ʘʧʘʨʘʪʫ ʪʘ ʞʠʚʣʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ. ɸʚʪʦʥʦʤʥʝ ʞʠʚʣʝʥʥʷ ʘʧʘʨʘʪʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʝʣʝʤʝʥʪʘʤʠ ʞʠʚʣʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʪʠʧʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʧʘʨʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʩʧʦʩʦʙʫ ʦʨʛʘʥʽʟʦʚʘʥʦ ʧʦʚʝʨʥʝʥʥʷ 

ʚʪʨʘʯʝʥʦʾ ʡʦʛʦ ʯʘʩʪʢʠ ʦʧʨʦʤʽʥʝʥʥʷ ʰʣʷʭʦʤ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚʽʜ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʚʽʜʙʠʚʘʯʘ [93]. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʙʣʦʢʫ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʘʧʘʨʘʪʫ, ʱʦ ʨʝʘʣʽʟʫʻ ʬʦʪʦʪʝʨʘʧʽʾ ʩʚʽʪʣʦʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʩʧʝʢʪʨʫ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1.6. ɹʣʦʢ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 

ʟʘʭʠʩʥʘ ʧʣʽʚʢʘ (1), ʜʠʩʢʨʝʪʥʽ ʜʞʝʨʝʣʘ (2), ʚʽʜʙʠʚʘʯʽ (3), ʞʦʨʩʪʢʘ ʦʩʥʦʚʘ (4), 

ʩʪʨʫʤʦʚʝʜʫʯʽ ʧʨʦʚʽʜʥʠʢʠ (5, 6). 

ʆʪʞʝ, ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʟʘʜʘʯʝʶ ʨʦʟʨʦʙʢʠ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʬʦʪʦʪʝʨʘʧʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʦʯʘʩʥʠʡ ʢʦʥʪʨʦʣʴ 

ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʫ ʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʧʘʮʽʻʥʪʘ ʪʘ ʧʦʜʘʣʴʰʽ ʫʩʧʽʭʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʬʦʪʦʪʝʨʘʧʽʾ. 
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1.2 ɸʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʩʫʯʘʩʥʠʭ ʧʦʛʣʷʜʽʚ ʥʘ ʧʨʦʮʝʩʠ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʫ 

ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ 

ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʫ ʬʦʪʦʪʝʨʘʧʽʾ 

1.2.1. ʄʝʪʦʜ ʨʝʟʦʥʘʥʩʥʦ-ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʨʘʧʽʾ ʪʘ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ ʟʘʩʦʙʠ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ 

ʊʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ, ʫ ʷʢʦʤʫ ʨʝʘʣʽʟʦʚʘʥʦ ʩʧʦʩʽʙ ʤʦʜʫʣʴʦʚʘʥʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʠʣʦ ʥʦʚʫ ʪʝʥʜʝʥʮʽʶ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʧʘʪʝʥʪʽ [94]. ʇʽʜ 

ʯʘʩ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ ʫ ʧʦʩʪʽʡʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ 

ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʙʽʦʪʢʘʥʠʥʠ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʣʷʨʠʟʦʚʘʥʠʤ ʩʚʽʪʣʦʤ, ʷʢʝ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʣʘʟʝʨʦʤ, ʘ ʪʘʢʦʞ ʥʝ ʧʦʣʷʨʠʟʦʚʘʥʠʤ - ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ 

ʩʚʽʪʣʦʜʽʦʜʘʤʠ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʚʝʜʝʥʥʷ ʥʦʚʠʭ ʚʧʣʠʚʽʚ ʮʝ ʨʽʰʝʥʥʷ ʥʝ ʜʦʩʷʛʣʦ 

ʩʚʦʻʾ ʤʝʪʠ, ʦʩʢʽʣʴʢʠ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʜʣʷ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʧʦʯʘʪʢʦʚʦ 

ʥʘʧʨʘʚʣʝʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʦʚʝʨʭʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʪʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʤʘʛʥʽʪʽʚ ʦʙʤʝʞʠʣʦ ʨʦʙʦʯʫ ʟʦʥʫ ʤʽʞ ʨʽʟʥʦʡʤʝʥʥʠʤʠ ʧʦʣʶʩʘʤʠ ʧʦʚʝʨʭʥʽ ʙʽʦ-

ʪʢʘʥʠʥ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʦ ʥʝ ʜʦʟʚʦʣʷʣʦ ʟʙʽʣʴʰʠʪʠ ʛʣʠʙʠʥʫ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʫ ʷʢʽʡ 

ʧʘʪʦʣʦʛʽʾ ʧʽʜʣʷʛʘʶʪʴ ʣʽʢʫʚʘʥʥʶ, ʦʩʢʽʣʴʢʠ ʥʝ ʟʤʝʥʰʫʚʘʣʦ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ 

ʨʘʜʠʢʘʣʽʚ. ɿʘʚʜʷʢʠ ʨʦʙʦʪʽ ʟ ʬʦʪʦʥʥʦʾ ʪʝʨʘʧʽʾ [55, 56] ʪʘ ʨʦʙʽʪ ʘʢʘʜʝʤʽʢʘ ʊʠʡʥʠ 

ʁʦʭʘʥʥʝʩʦʚʥʠ ʂʘʨʫ [61, 63] ʩʪʘʣʦ ʚʽʜʦʤʦ, ʱʦ ʬʦʪʦʥʠ ʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʘ,  ʘ 

ʩʘʤʝ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 632-642 ʥʤ ʘʢʪʠʚʽʟʫʶʪʴ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʫ ʨʘʜʠʢʘʣʽʚ ʉ-ʦʢʩʠʜʘʟʠ ʤʽʪʦʭʦʥʜʨʽʾ ʽ ʫʪʚʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʥʘ [70], ʷʢʠʡ ʟʘʭʦʧʣʶʻʪʴʩʷ ʛʝʤʦʤ ʽ ʪ.ʜ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʰʢʦʜʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʪʦʪʝʨʘʧʽʾ ʛʣʠʙʠʥʥʠʭ ʰʘʨʽʚ ʙʽʦ-ʪʢʘʥʠʥʠ, ʻ ʪʝ, ʱʦ ʩʚʽʪʣʦ 

ʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʘ ʟ ʪʘʢʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʧʦʛʣʠʥʘʻʪʴʩʷ 

ʚʞʝ ʥʘ ʛʣʠʙʠʥʽ 15-20 ʤʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʪʦʣʦʛʽʡ, ʱʦ ʧʦʚ'ʷʟʘʥʽ 

ʟ ʧʦʨʫʰʝʥʥʷʤ ʢʨʦʚʦʦʙʽʛʫ, ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ 60-70 ʤʤ ʚ ʪʽʣʽ ʧʘʮʽʻʥʪʘ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʬʦʪʦʪʝʨʘʧʽʾ 

ʛʣʠʙʠʥʥʠʭ ʰʘʨʽʚ ʙʽʦʪʢʘʥʠʥʠ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʫ ʚʠʥʘʭʦʜʽ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʷʢ 

ñʉʧʦʩʽʙ ʨʝʟʦʥʘʥʩʥʦ-ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʬʦʪʦʥʥʦʾ ʪʝʨʘʧʽʾ ʪʘ ʧʨʠʩʪʨʽʡ, ʱʦ ʡʦʛʦ 

ʨʝʘʣʽʟʫʻò [95]. ʑʦ ʪʘʢʦʞ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʥʘʭʦʜʽ çɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ 
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ʜʣʷ ʛʽʩʪʝʨʦʩʢʦʧʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʪʝʨʘʧʝʚʪʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠè [96]. ʄʝʪʦʶ 

ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʪʘ ʪʝʥʜʝʥʮʽʻʶ, ʱʦ ʚʽʥ ʟʘʧʦʯʘʪʢʦʚʫʻ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ 

ʧʨʦʥʠʢʥʝʥʥʷ. ʆʩʪʘʥʥʻ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ, 

ʨʦʟʨʠʚʫ ʟʚôʷʟʢʽʚ ʪʘ ʧʝʨʝʙʫʜʦʚʽ ʨʘʜʠʢʘʣʽʚ ʜʦʚʛʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʦʣʝʢʫʣ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʫ ʨʦʙʦʪʘʭ [1, 2, 4, 63], ʧʨʠʢʣʘʜ ʦʜʥʽʻʾ ʟ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʢʣʽʪʠʥʘʭ ʙʽʦʪʢʘʥʠʥʠ, ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʫ ʥʘʩʪʫʧʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʌʦʪʦʥ ʧʘʜʘʻ ʥʘ ʮʠʪʦʭʨʦʤ ʉ-ʦʢʩʠʜʘʟʠ ʪʝʨʤʽʥʘʣʴʥʦʛʦ ʬʝʨʤʝʥʪʫ 

ʜʠʭʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ ʫ ʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʟʚʽʣʴʥʶʻ ʝʣʝʢʪʨʦʥ, ʱʦ ʟʘʭʦʧʣʶʻʪʴʩʷ 

ʛʝʤʦʤ. ʆʩʪʘʥʥʻ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʤʝʪʘʙʦʣʽʟʤʫ ʥʘ ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʧʦʪʦʢʫ ʬʦʪʦʥʽʚ, ʷʢ ʤʝʪʘ, ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʚʝʜʝʥʥʷʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʤʝʥʰʝʥʦʾ ʯʘʩʪʦʪʠ  ʜʦ ʩʢʣʘʜʫ ʦʙʨʘʥʦʛʦ ʩʧʝʢʪʨʫ. 

ʇʨʦʧʦʟʠʮʽʷ ʚʠʙʦʨʫ ʥʘʧʨʷʤʫ ʦʨʽʻʥʪʘʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʪʝʦʨʝʪʠʯʥʦʤʫ ʚʠʩʥʦʚʢʫ, ʧʨʦ ʡʦʛʦ ʚʧʣʠʚ ʧʨʠ ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʝʨʝʤʽʱʝʥʥʷ 

ʩʤʫʛ ʩʚʽʪʣʘ, ʪʘ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʘʜʘʶʯʠʭ ʭʚʠʣʴ ʥʘ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ 

ʨʘʜʠʢʘʣʽʚ.  

ʅʝʨʦʟʚôʷʟʘʥʦʶ ʣʠʰʘʻʪʴʩʷ ʟʘʜʘʯʘ ʨʝʘʣʽʟʫʚʘʪʠ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ, ʱʦ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʘ ʫ ʯʘʩʽ ʽ ʫʟʛʦʜʞʝʥʘ ʫ ʧʨʦʩʪʦʨʽ ʧʨʠ ʚʟʘʻʤʥʽʡ ʦʨʽʻʥʪʘʮʽʾ ʚʝʢʪʦʨʽʚ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʭʚʠʣʴ ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽ ʜʦʚʝʜʝʥʥʷ ʚʧʣʠʚʫ ʧʦʩʪʽʡʥʦʛʦ ʩʧʝʮʽʘʣʴʥʦ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʜʦʜʘʪʢʦʚʦʶ ʟʤʽʥʥʦʶ ʡʦʛʦ ʩʢʣʘʜʦʚʦʾ, 

ʨʦʟʛʣʷʥʫʪʦ ʨʘʜʠʢʘʣ, ʱʦ ʻ ʛʦʣʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʽʚ ʫ ʙʽʦʪʢʘʥʠʥʽ 

[95]. ʈʘʜʠʢʘʣ, ʱʦ ʧʨʠʻʜʥʘʥʦ ʜʦ ʤʦʣʝʢʫʣʠ ʧʨʝʜʩʪʘʚʠʤʦ ʷʢ ʜʠʧʦʣʴ. ʇʦʯʘʪʦʢ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʟʚôʷʞʝʤʦ ʟ ʡʦʛʦ ʧʦʟʠʪʠʚʥʠʤ ʟʘʨʷʜʦʤ. ɿʘ ʫʤʦʚ 

ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ, ʜʽʶʯʽ ʩʠʣʠ ʥʘ ʝʣʝʢʪʨʦʥ, ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ 

ʨʽʚʥʦʚʘʛʠ. ɿʘʜʘʻʤʦ ʫ ʮʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʧʦʣʦʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʨʘʜʽʫʩ 

ʚʝʢʪʦʨʦʤ r ʪʘ ʟʘʧʠʰʝʤʦʩʴ ʫʤʦʚʫ ʨʽʚʥʦʚʘʛʠ ʧʽʜ ʩʠʣ ʧʨʫʞʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʟ 

ʧʦʟʠʪʠʚʥʠʤ ʟʘʨʷʜʦʤ ʜʠʧʦʣʷ, ʩʠʣ ʪʝʨʪʷ ʪʘ ʃʦʨʝʥʮʘ:   
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ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʢʦʣʠ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʦʜʥʦʨʽʜʥʝ ʪʘ ʟʘʜʘʥʦ ʚʝʢʪʦʨʦʤ, ʱʦ 

ʤʘʻ ʢʦʤʧʦʥʝʥʪʠ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʜʠʧʦʣʷ , ,
T

H O O H= , ʪʦʜʽ ʚʝʢʪʦʨʥʝ 

ʨʽʚʥʷʥʥʷ (1.1) ʧʝʨʝʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʪʨʴʦʭ ʨʽʚʥʷʥʴ, ʷʢʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʨʦʟʧʘʜʝʪʴʩʷ ʥʘ ʜʚʘ ʥʝʦʜʥʦʨʽʜʥʠʭ ʽ ʦʜʥʝ ʦʜʥʦʨʽʜʥʝ:  
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       (1.2) 

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ (1.2):  

0
e H

m

mm
W= - ʯʘʩʪʦʪʘ  ʧʨʝʮʝʩʽʾ ʨʘʜʠʢʘʣʘ;  

b ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ;  

0
w ï ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ.  

ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ (1.2) ʰʫʢʘʻʤʦ ʤʝʪʦʜʦʤ ʧʽʜʩʪʘʥʦʚʢʠ ɽʡʣʝʨʘ ʪʘ ʫ 

ʚʠʛʣʷʜʽ ʩʫʤʠ ʚʝʢʪʦʨʽʚ: 

2i ti t

a o

r b e o e

o c

ww

è ø è ø
é ù é ù= +
é ù é ù
é ù é ùê ú ê ú

,        (1.3) 

ʜʝ ʘʤʧʣʽʪʫʜʠ a, b, c ï ̒  ʢʦʤʧʣʝʢʩʥʽ ʚʝʣʠʯʠʥʠ. ʇʽʜʩʪʘʚʠʚʰʠ (1.3) ʚ ʩʠʩʪʝʤʫ 

(1.2), ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ: 

2 2

0

2 2

0

2 2

0

( 2 ) 2 0

( 2 ) 2 0

( 2 ) 0

a i ib

b i ia

c i

w bw w w

w bw w w

w bw w

+ - + W =ë
î

+ - - W =ì
î

+ - =í

,      (1.4) 

ʘʙʦ  

2 2

0

2 2

0

2 2

0 2 2

2 ,2
0

2 , 2

2 0

i i a

bi i

i

w bw w w

w w bw w

w bw w

ëè ø+ - W è ø
=îé ùé ù

- W + -é ùì ê úê ú
î
+ - =í

.      (1.5) 

ʆʩʢʽʣʴʢʠ 0a¸  ʽ 0b¸  ʦʜʥʦʯʘʩʥʦ, ʪʦ ʦʩʪʘʥʥʽ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ 

ʩʧʨʘʚʜʞʫʶʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚ:  
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Det 

2 2

0

2 2

0

2 ,2
0

2 , 2

i i

i i

w bw w w

w w bw w

è ø+ - W
=é ù

- W + -é ùê ú

,      (1.6) 

ʘʙʦ:  

2 2

0 2 2iw bw w w+ - =° W. 

ɺʟʷʚʰʠ ʜʦ ʫʚʘʛʠ ʪʽʣʴʢʠ ʜʦʜʘʪʥʽ ʢʦʨʝʥʽ, ʟʥʘʡʜʝʤʦ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ:  

2 2 2

1,2 0 2i iw b w b b= -W° +W - - W 

2 2 2

3,4 0 2i iw b w b b=W+ ° +W - + W 

ʉʪʘʥ ʧʦʣʷʨʠʟʘʮʽʾ ʟʩʫʥʫʪʠʭ ʢʦʤʧʦʥʝʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʩʠʩʪʝʤʠ (1.4): 

2 2

0

2

2

a
i

b

w

w bw w

W
=-

+ -
, 

ʘʣʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʜʘʪʥʦʛʦ ʢʦʨʝʥʷ (6), ʪʦʙʪʦ  

2 2

0 2 2iw bw w w+ - = W, 
2ia ib be p-=- = , 

ʮʝ ʩʚʽʜʯʠʪʴ, ʱʦ ʢʦʣʠʚʘʥʥʷ ʽʟ ʟʤʝʥʰʝʥʦʶ ʯʘʩʪʦʪʦʶ, ʪʦʙʪʦ ʟʤʽʱʝʥʽ ʫ 

ʯʝʨʚʦʥʠʡ ʙʽʢ ʩʧʝʢʪʨʫ ʧʦ ʚʽʩʽ ʍ, ʚʽʜʩʪʘʶʪʴ ʟʘ ʬʘʟʦʶ ʥʘ ʢʫʪ 90Á ʚʽʜ ʢʦʣʠʚʘʥʴ ʧʦ 

ʚʽʩʽ Y. ʆʙʠʜʚʘ ʢʦʣʠʚʘʥʥʷ ʜʘʶʪʴ ʢʦʣʦʚʝ ʦʙʝʨʪʘʥʥʷ ï ʫʪʚʦʨʶʶʪʴ ʧʨʘʚʦʛʚʠʥʪʦʚʫ 

ʧʦʣʷʨʠʟʘʮʽʶ. ɼʣʷ ʬʽʦʣʝʪʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʟ 

(1.6)  

2 2

0 2 2iw bw w w+ - =- W ʥʘʧʠʰʝʤʦ 
2ia bi ep= = . 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʮʷ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷʨʠʟʦʚʘʥʘ ʟʘ ʣʽʚʠʤ ʢʦʣʦʤ ʽ 

ʢʦʣʠʚʘʥʥʷ ʧʦ ʚʽʩʽ ʍ ʚʠʧʝʨʝʜʞʘʶʪʴ ʢʦʣʠʚʘʥʥʷ ʧʦ ʚʽʩʽ Y ʥʘ ʢʫʪ 90Á. 

ʂʦʣʠʚʘʥʥʷ ʧʦ ʚʽʩʽ Z ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʶ  

2

02 0z z zb w+ + = 

ʽ ʻ ʥʝʟʤʽʥʥʠʤ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʣʷ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ ʜʠʧʦʣʷ, ʚʽʜʙʫʣʘʩʷ ʚʟʘʻʤʦʜʽʷ 

ʧʝʨʰʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɽʄɺ). 

ʏʘʩʪʦʪʘ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ, ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʛʽʣʢʠ ʧʘʨʘʙʦʣʠ (ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ 

ʩʠʩʪʝʤʠ), ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʝʥʝʨʛʽʶ ʦʩʮʠʣʷʪʦʨʘ ʨʦʟʽʡʰʣʠʩʷ. ɿʥʠʟʠʣʘʩʷ 

ʦʨʜʠʥʘʪʘ ʧʘʨʘʙʦʣʠ (ʚʠʟʥʘʯʘʻ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ), ʟʥʠʟʠʣʘʩʷ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ 
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ʧʘʨʘʙʦʣʠ ʪʘ ʝʥʝʨʛʽʾ ʧʝʨʰʦʛʦ ʜʠʧʦʣʷ ʽʟ ʛʽʣʢʦʶ ʧʘʨʘʙʦʣʠ ʜʨʫʛʦʛʦ ʜʠʧʦʣʷ. 

ʇʨʦʬʽʣʴ ʚʽʣʴʥʦʾ ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʻ ʣʠʰʝ ʜʦʧʦʚʥʝʥʥʷʤ ʜʦ ʝʣʝʢʪʨʦʥʥʦʾ 

ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʘʣʝ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʚʧʣʠʚ ʥʘ ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʘʮʽʡʥʠʭ 

ʙʘʨôʻʨʽʚ ʚʟʜʦʚʞ ʨʝʘʢʮʽʡʥʦʾ ʢʦʦʨʜʠʥʘʪʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʬʦʨʤʠ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʡʦʛʦ ʦʨʽʻʥʪʘʮʽʾ ʩʣʽʜ ʜʦʧʦʚʥʠʪʠ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʝʣʝʢʪʨʦʥʘ 

ʪʨʴʦʤʘ ʜʦʜʘʪʢʦʚʠʤʠ ʩʠʣʘʤʠ: 

ï ʧʦ-ʧʝʨʰʝ, ʚʠʧʘʜʢʦʚʘ ʩʠʣʘ( )F t  ʟʫʤʦʚʣʝʥʘ ʚʠʧʘʜʢʦʚʠʤʠ ʬʣʫʢʪʫʘʮʽʷʤʠ 

ʫ ʩʪʨʫʢʪʫʨʽ ʩʫʩʽʜʥʽʭ ʤʦʣʝʢʫʣ; 

ï ʩʠʣʘ ( )eE t  ʟʫʤʦʚʣʝʥʘ ʝʣʝʢʪʨʠʯʥʦʶ ʰʚʠʜʢʦʟʤʽʥʥʦʶ ʩʢʣʘʜʦʚʦʶ ʧʦʣʷ 

ɽɺʄ; 

ï ʩʠʣʘ ʃʦʨʝʥʮʘ [ ]0 ( )ve r tHmm³  ʟʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʘ 

ʩʘʤʝ ʰʚʠʜʢʦʟʤʽʥʥʦʶ ʩʢʣʘʜʦʚʦʛʦ ʧʦʣʷ ɽʄɺ ( )v tH . 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦʛʦ, ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʝʣʝʢʪʨʦʥʘ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ  

[ ]{ }2 1

0 02 ( ) ( ) ( )v cr r r F t eE t e r t mH Hb w mm -+ + = - - ³ + . 

ʆʩʢʽʣʴʢʠ ʢʦʥʬʦʨʤʘʮʽʡʥʠʡ ʨʫʭ, ʟʫʤʦʚʣʝʥʠʡ ʟʦʚʥʽʰʥʽʤ ʚʧʣʠʚʦʤ, 

ʧʦʨʦʜʞʫʻ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ, ʪʦ ʚʠʥʠʢʘʻ ʦʙʤʝʞʝʥʘ ʜʠʬʫʟʽʷ ʫ ʟʤʽʥʝʥʽʡ 

ʧʦʪʝʥʮʽʘʣʴʥʽʡ ʷʤʽ ʟʤʝʥʰʝʥʦʾ ʛʣʠʙʠʥʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦ ʨʽʚʥʷʥʥʷʤ 

ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ ʫ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ [97]: 

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

P x t P x t u x
D x P x t

t x x kT x

µ µ µ µè ø
= +é ùµ µ µ µê ú

, 

ʜʝ ( , )P x t  ï ʛʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʘʡʪʠ ʩʠʩʪʝʤʫ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t  ʪʘ ʽʟ 

ʟʥʘʯʝʥʥʷʤ ʢʦʦʨʜʠʥʘʪʠ ʍ D(x) ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʜʠʬʫʟʽʾ, u(x) ï 

ʢʦʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ 

( )

( )
( )

x

kT
kT

D x e
b x

e
-

= . 

ɿʤʝʥʰʫʶʯʠ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʻʨ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟʙʽʣʴʰʫʻ ʢʦʥʬʦʨʤʘʮʽʡʥʫ ʜʠʬʫʟʽʶ ʪʘ ʛʫʩʪʠʥʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʢʨʽʟʴ 
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ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʻʨ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʫ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʙʽʣʴʰʫʻ ʢʦʥʬʦʨʤʘʮʽʡʥʫ ʜʠʬʫʟʽʶ. ʊʘʢʦʞ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʛʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʢʨʽʟʴ ʙʘʨôʻʨ, ʮʝ ʩʪʘʻ 

ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʠʭ ʢʦʥʬʦʨʤʘʮʽʡʥʠʭ ʨʫʭʽʚ, ʢʦʪʨʽ ʚʠʥʠʢʘʶʪʴ ʫ 

ʦʙôʻʤʽ ʛʣʦʙʫʣʠ. ʎʝ ʧʦʷʩʥʶʻ ʧʨʦʭʦʜʞʝʥʥʷ ʽʦʥʽʚ ʢʨʽʟʴ ʢʘʥʘʣʠ ʙʽʦʣʦʛʽʯʥʠʭ 

ʤʝʤʙʨʘʥ, ʘ ʪʘʢʦʞ ʘʢʪʠʚʽʟʘʮʽʶ ʧʨʦʥʠʢʥʝʥʥʷ ʩʫʙʩʪʨʘʪʫ, ʧʽʜ ʚʧʣʠʚʦʤ ɽʄɺ, ʜʦ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ ʬʝʨʤʝʥʪʫ. ɿʤʽʥʘ ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʛʫʩʪʠʥʠ ʚʠʥʠʢʘʻ ʯʝʨʝʟ 

ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʛʘʥʜʽʚ ʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʙʫʜʦʚʠ ʢʦʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʪʘ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʣʽʢʫʚʘʥʥʷ ʥʘ ʤʽʢʨʦʨʽʚʥʽ. 

ʇʽʜ ʯʘʩ ʣʽʢʫʚʘʥʥʷ ʩʧʦʩʦʙʦʤ ʨʝʟʦʥʘʥʩʥʦʾ ʢʦʥʬʦʨʤʘʮʽʡʥʦ-ʬʦʪʦʥʥʦʾ 

ʪʝʨʘʧʽʾ ʜʣʷ ʥʘ ʛʣʠʙʠʥʠ ʜʦ 60-70 ʤʤ, ʩʣʽʜ  ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ 

ʜʽʡ: 

ï ʩʪʚʦʨʝʥʥʷ ʫ ʟʦʥʽ ʣʽʢʫʚʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, 

ʚʝʣʠʯʠʥʘ ʤʦʜʫʣʷ ʚʝʢʪʦʨʫ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʷʢʦʛʦ ʩʷʛʘʻ ʜʝʩʷʪʢʽʚ ʊʝʩʣ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʫ, ʘ ʥʘʧʨʷʤ ʷʢʦʛʦ ʟʦʨʽʻʥʪʦʚʘʥʦ ʧʦ 

ʧʦʚʝʨʭʥʽ ʙʽʦʪʢʘʥʠʥʠ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʫ ʛʦʣʦʚʥʦʛʦ ʢʨʦʚʦʪʦʢʫ; 

ï ʩʪʚʦʨʝʥʥʷ ʫ ʟʦʥʽ ʣʽʢʫʚʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʦʣʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʦʧʨʦʤʽʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʦʧʨʦʤʽʥʝʥʥʷ ʰʘʨʽʚ ʙʽʦʪʢʘʥʠʥʠ ʩʚʽʪʣʦʤ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʜʠʩʢʨʝʪʥʠʭ ʜʞʝʨʝʣ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʧʝʢʪʨʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʪʘ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʽʘʛʥʦʟʦʤ ʽ ʧʨʠʟʥʘʯʝʥʥʷʤ ʣʽʢʘʨʷ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʧʣʦʱʠʥʠ ʢʦʣʠʚʘʥʴ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʶ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ 

ʩʧʽʚʥʘʧʨʷʤʣʝʥʦ ʽʟ ʥʘʧʨʷʤʦʤ ʛʦʣʦʚʥʦʛʦ ʢʨʦʚʦʪʦʢʫ ʫ ʜʽʣʷʥʢʘʭ ʙʽʦʪʢʘʥʠʥʠ, ʱʦ 

ʣʽʢʫʻʪʴʩʷ, ʟ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʦʣʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʦʧʨʦʤʽʥʝʥʥʷ ʟʘ ʥʘʧʨʷʤʦʤ ʛʦʣʦʚʥʦʛʦ ʢʨʦʚʦʪʦʢʫ ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʧʦʚʪʦʨʝʥʥʷʤ 

ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ ʟʤʽʥʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʯʘʩʪʦʪʘ 

ʷʢʦʛʦ ʩʧʽʚʚʠʤʽʨʶʚʘʥʘ ʽʟ ʯʘʩʪʦʪʦʶ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʨʦʤʽʥʝʥʥʷ ʩʚʽʪʣʘ, 

ʪʦʙʪʦ ʙʽʣʴʰʘ ʟʘ ʥʝʾ, ʘʣʝ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ ʧʦʨʷʜʦʢ, ʚʝʢʪʦʨ ʥʘʧʨʫʞʝʥʦʩʪʽ ʷʢʦʛʦ 
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ʟʦʨʽʻʥʪʦʚʘʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʦʣʦʚʥʦʤʫ ʢʨʦʚʦʪʦʢʫ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʫ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʊʝʦʨʝʪʠʯʥʠʤ ʧʽʜˇʨʫʥʪʷʤ, 

ʧʦʷʩʥʶʶʯʠʤ ʽʥʥʦʚʘʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʫ ʜʘʥʦʤʫ ʩʧʦʩʦʙʽ ʜʽʾ ʻ 

ʚʧʣʠʚ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʨʘʜʠʢʘʣʽʚ [67, 68]. ʇʽʜ 

ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʣʷ ʥʘ ʨʘʜʠʢʘʣʠ ʤʦʣʝʢʫʣ ʜʦʚʛʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʣʘʥʮʶʛʽʚ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʝʬʝʢʪ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʟʤʝʥʰʝʥʥʽ ʝʥʝʨʛʽʾ 

ʘʢʪʠʚʘʮʽʾ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʬʦʪʦʥʠ ʤʝʥʰʦʾ ʝʥʝʨʛʽʾ, ʪʦʙʪʦ ʙʽʣʴʰʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, 

ʘ ʩʘʤʝ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʟʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʦʟʨʠʚ ʟʚôʷʟʢʽʚ. ʂʨʽʤ 

ʮʴʦʛʦ ʟʤʽʥʥʘ ʩʢʣʘʜʦʚʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʦʜʫʢʫʻ ʾʭ ʢʦʣʦʚʽ ʢʦʥʬʦʨʤʘʮʽʡʥʽ ʨʫʭʠ 

ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʣʝʢʫʣ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʜʠʬʫʟʽʾ, ʛʫʩʪʠʥʘ 

ʡʤʦʚʽʨʥʦʩʪʽ ʷʢʦʾ ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ ʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʽʜʙʦʨʦʤ ʯʘʩʪʦʪʠ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  

ʆʪʞʝ, ʜʦʜʘʪʢʦʚʠʡ ʚʧʣʠʚ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʩʪʽʡʥʫ ʪʘ 

ʟʤʽʥʥʫ ʩʢʣʘʜʦʚʫ ʟʤʝʥʰʫʻ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʻʨ, ʟʙʽʣʴʰʫʻ ʢʦʥʬʦʨʤʘʮʽʡʥʫ 

ʜʠʬʫʟʽʶ ʪʘ ʛʫʩʪʠʥʫ ʡʤʦʚʽʨʥʦʩʪʽ ʾʾ ʫʪʚʦʨʝʥʥʷ. ʆʩʪʘʥʥʻ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ 

ʢʦʥʬʦʨʤʘʮʽʡʥʽ ʨʫʭʠ ʷʢ ʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ɽʄɺ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʦʙôʻʤʽ ʛʣʦʙʫʣʠ, 

ʷʢʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʠʥʘʤʽʢʠ ʻ ʩʢʣʘʜʥʦʶ ʩʪʨʫʢʪʫʨʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʽʟ ʮʽʣʠʤ 

ʥʘʙʦʨʦʤ ʢʦʥʬʦʨʤʘʮʽʡʥʠʭ ʨʫʭʽʚ ʽʟ ʨʽʟʥʠʤ ʯʘʩʦʤ ʽʩʥʫʚʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʧʦʷʩʥʶʻ ʘʢʪʠʚʽʟʘʮʽʶ ʧʽʜ ʚʧʣʠʚʦʤ ɽʄɺ ʧʨʦʥʠʢʥʝʥʥʷ ʩʫʙʩʪʨʘʪʫ ʜʦ ʘʢʪʠʚʥʦʛʦ 

ʮʝʥʪʨʫ ʬʝʨʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʧʨʦʭʦʜʞʝʥʥʷ ʽʦʥʽʚ ʢʨʽʟʴ ʢʘʥʘʣʠ ʙʽʦʣʦʛʽʯʥʠʭ 

ʤʝʤʙʨʘʥ. ʇʝʨʝʤʽʱʝʥʥʷ ʣʽʛʘʥʜʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ ʝʣʝʢʪʨʦʥʽʚ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ 

ʧʽʜ ʚʧʣʠʚʦʤ ɽʄɺ, ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʧʝʨʝʙʫʜʦʚʫ ʢʦʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʽʢʫʚʘʣʴʥʦʛʦ 

ʝʬʝʢʪʫ ʥʘ ʤʽʢʨʦʨʽʚʥʽ. ʅʘ ʨʠʩ. 1.7 ï 1.10 ʧʦʜʘʥʽ ʩʭʝʤʘʪʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʧʨʠʣʘʜʫ, ʱʦ ʨʝʘʣʽʟʫʻ ʩʧʦʩʽʙ  [95]. ʇʨʠʣʘʜ ʧʨʘʮʶʻ ʚ ʥʘʩʪʫʧʥʠʡ ʩʧʦʩʽʙ. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ 12 ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʘʛʥʦʟʫ ʣʽʢʘʨʷ ʚʠʟʥʘʯʘʻ 

ʧʘʨʘʤʝʪʨʠ ʥʘʧʨʫʛʠ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʪʘ ʧʦʜʘʻʪʴʩʷ ʧʽʩʣʷ ʧʽʜʩʠʣʝʥʥʷ 

ʧʽʜʩʠʣʶʚʘʯʝʤ 13 ʥʘ ʨʽʟʥʽ ʢʣʝʤʠ ʧʦʩʪʽʡʥʠʭ 6 ʪʘ ʟʤʽʥʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ 7, ʷʢʽ 

ʟʽʙʨʘʥʦ ʫ ʤʘʪʨʠʮʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ 14, ʪʘ ʤʘʪʨʠʮʶ ʩʚʽʪʣʦʜʽʦʜʽʚ 11. 

ʌʦʨʤʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 12 ʫʟʛʦʜʞʝʥʠʭ ʤʽʞ ʩʦʙʦʶ ʟʘ 
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ʘʤʧʣʽʪʫʜʦʶ ʪʘ ʬʘʟʦʶ ʥʘʧʨʫʛ ʧʦʜʘʥʠʭ ʧʽʩʣʷ ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʤʘʪʨʠʮʶ 

ʩʚʽʪʣʦʜʽʦʜʽʚ ʩʪʚʦʨʶʻ ʚ ʙʽʦʪʢʘʥʠʥʽ ʤʘʢʩʠʤʫʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ. ʆʩʪʘʥʥʽ ʨʫʭʘʶʪʴʩʷ ʫ ʥʽʡ, ʧʨʠ ʮʴʦʤʫ ʩʘʤʘ 

ʙʽʦʪʢʘʥʠʥʘ ʤʘʻ ʟʤʽʥʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜ ʚʧʣʠʚʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʘ ʩʘʤʝ ʡʦʛʦ 

ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ. ɿʤʽʥʥʘ ʩʢʣʘʜʦʚʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʽʦʜʠʯʥʽ 

ʢʦʥʬʦʨʤʘʮʽʡʥʽ ʨʫʭʠ. ɺʩʝ ʮʝ ʨʘʟʦʤ ʚʟʷʪʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʫ, ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʢʦʥʬʦʨʤʘʮʽʡʥʦʾ ʜʠʬʫʟʽʾ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʩʪʨʫʢʪʫʨʥʦʾ ʧʝʨʝʙʫʜʦʚʠ 

ʣʘʥʮʶʛʽʚ ʜʦʚʛʠʭ ʤʦʣʝʢʫʣ. 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʤʘʪʨʠʮʽ ʩʚʽʪʣʦʜʽʦʜʽʚ ʪʘ ʾʾ ʦʨʽʻʥʪʘʮʽʷ ʫ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ (ʚʠʜ ʟ ʙʦʢʫ) 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʤʘʪʨʠʮʽ ʩʚʽʪʣʦʜʽʦʜʽʚ ʪʘ ʾʾ ʦʨʽʻʥʪʘʮʽʷ ʫ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ (ʚʠʜ ʽʟ ʩʪʦʨʦʥʠ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ) 
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ʈʠʩʫʥʦʢ 1.9 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʤʘʪʨʠʮʽ ʩʚʽʪʣʦʜʽʦʜʽʚ ʪʘ ʾʾ ʦʨʽʻʥʪʘʮʽʷ ʫ 

ʩʝʨʝʜ ʧʦʣʶʩʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʝʣʝʤʝʥʪʫ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʷʢ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

 

ʆʪʞʝ, ʨʝʘʣʽʟʘʮʽʷ ʧʨʠʣʘʜʫ ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʪʦʩʪʽ ʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʷʤʠ ʨʦʙʦʪʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ, ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘ ʤʘʪʨʠʮʴ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʽ ʤʘʛʥʽʪʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦ  ʚʠʩʦʢʠʭ 
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ʥʘʧʨʫʞʝʥʦʩʪʝʡ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʽʤʧʫʣʴʩʽ ʽʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʩʢʚʘʧʥʽʩʪʶ. 

ʈʝʘʣʽʟʘʮʽʷ ʦʟʥʘʯʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʦʪʦʪʝʨʘʧʽʾ, ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ. ʆʩʪʘʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʦʨʪʽʚ, 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʙʽʨ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʧʝʨʝʤʠʢʘʥʥʷ ʪʘ ʯʘʩʦʚʦʾ ʧʨʦʪʷʞʥʦʩʪʽ, 

ʷʢʠʡ ʢʝʨʫʻ ʚʠʧʨʦʤʽʥʝʥʥʷʤ ʩʚʽʪʣʦʜʽʦʜʫ, ʨʦʙʦʪʫ ʟ ʤʘʩʠʚʘʤʠ ʽ ʟʜʘʪʥʽʩʪʴ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʚʠʜʽʚ ʨʦʙʦʯʠʭ ʧʨʦʛʨʘʤ ʪʘ ʰʚʠʜʢʠʡ 

ʧʝʨʝʟʘʧʫʩʢ.  

ʆʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʠhʭ ʧʨʦʩʪʠʭ ʚ ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦ 

ʧʨʠʚʘʙʣʠʚʠʤ, ʷʢʠʡ ʧʦʟʠʪʠʚʥʦ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʨʠʣʘʜʽʚ 

ʩʚʽʪʣʦʣʽʢʫʚʘʥʥʷ [92], ʻ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ATtiny2313. ʁʦʛʦ ʘʨʭʽʪʝʢʪʫʨʘ ʤʽʩʪʠʪʴ 

ʜʚʘ ʧʦʨʪʠ (PortB ï 8 ʢʘʥʘʣʽʚ, PortD ï 7 ʢʘʥʘʣʽʚ), ʱʦ ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʻ ʨʦʙʦʪʫ ʟ 

ʥʠʤʠ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʪʨʴʦʭ ʨʝʛʽʩʪʨʽʚ (ʨʠʩ. 1.11): PortX, PinX, DDRX (ʜʝ X ï 

ʙʫʢʚʘ ʧʦʨʪʫ). 

 

ʈʠʩʫʥʦʢ 1.11 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʢʘʥʘʣʽʚ ʧʦʨʪʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʝʣʝʢʪʠʚʥʝ ʧʨʦʛʨʘʤʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʘʙʦ ʽʥʰʠʭ 

ʩʧʦʞʠʚʘʯʽʚ 
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ʋ PinX ʟʘʧʠʩʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʚʚʦʜʠʪʴʩʷ, PortX ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ 

ʷʢʘ ʙʫʜʝ ʚʠʚʦʜʠʪʠʩʴ, DDRX ʤʩ̔ʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʷʢʠʡ ʟ ʢʘʥʘʣʽʚ ʧʨʘʮʶʻ 

ʥʘ ʚʚʝʜʝʥʥʷ ʘ ʷʢʠʡ ʥʘ ʚʠʚʝʜʝʥʥʷ (ç0è ï ʚʚʝʜʝʥʥʷ, ç1è ï ʚʠʚʝʜʝʥʥʷ). ʊʦʙʪʦ, 

ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ ʱʦʙ ʈʍ1 ʦʪʨʠʤʫʚʘʚ ʽʥʬʦʨʤʘʮʽʶ, ʪʦ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʙʽʪʽ DDRX 

ʧʦʚʠʥʥʦ ʩʪʦʷʪʠ ʟʥʘʯʝʥʥʷ ç0è, ʽ ʥʘʚʧʘʢʠ, ʱʦʙ ʈʍ5 ʚʠʚʦʜʠʚ ʽʥʬʦʨʤʘʮʽʶ - ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʙʽʪʽ DDRX ʧʦʚʠʥʥʦ ʩʪʦʷʪʠ ʟʥʘʯʝʥʥʷ ç1è. 

ɸʧʨʽʦʨʽ ʚʩʽ ʢʘʥʘʣʠ ʧʦʨʪʫ ʥʘʣʘʛʦʜʞʝʥʽ ʥʘ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʝʩʴ ʧʦʨʪ ɺ ʣʠʰʝ ʚʠʚʦʜʠʚ ʽʥʬʦʨʤʘʮʽʶ. ʊʦʙʪʦ, ʫʩʽ ʙʽʪʠ DDRB 

ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʦʜʠʥʠʮʶ (ʚ DDRB ʥʝʦʙʭʽʜʥʦ ʟʘʧʠʩʘʪʠ ç11111111è). ɸ 

ʦʩʢʽʣʴʢʠ DDRB ʥʝ ʻ ʨʝʛʽʩʪʨʦʤ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʈɿʇ), ʪʦ ʥʝ ʤʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʥʘʧʨʷʤʫ ʟʘʧʠʩʘʪʠ ʢʦʥʩʪʘʥʪʫ ʜʦ ʥʴʦʛʦ, ʘʣʝ ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʚ ʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʟ ʈɿʇ. 

ʆʪʞʝ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʦʨʪʫ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʜʚʘ ʢʨʦʢʠ: 1 ï ʧʨʠʩʚʦʻʥʥʷ ʈɿʇ 

ʢʦʥʩʪʘʥʪʠ, 2 ï ʚʠʚʝʜʝʥʥʷ ʈɿʇ ʫ DDRB. 

ldi Temp, 0b11111111  ;ʧʨʠʩʚʦʻʥʥʷ 

out DDRB,Temp           ;ʚʠʚʝʜʝʥʥʷ 

ɼʨʫʛʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʧʨʦʩʪʦʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʟʥʘʯʝʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʤʫʛʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʠʢʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʻ ʰʚʠʜʢʽʩʪʴ ʢʨʦʚʦʪʦʢʫ ʚ ʪʽʡ 

ʯʠ ʽʥʰʽʡ ʯʘʩʪʠʥʽ ʪʽʣʘ. ɼʣʷ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʣʽʢʘʨ ʚʨʘʭʦʚʫʻ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ 

ʜʽʘʤʝʪʨ ʪʘ ʚʠʜ (ʚʝʥʦʟʥʽ ʯʠ ʘʨʪʝʨʽʘʣʴʥʽ) ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ, ʨʦʟʛʘʣʫʞʝʥʽʩʪʴ 

ʢʨʦʚʦʥʦʩʥʦʾ ʩʠʩʪʝʤʠ, ʚʠʜ ʧʘʪʦʣʦʛʽʾ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʜʽʣʷʥʮʽ ʪʽʣʘ. ɺʠʙʽʨ 

ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʩʚʽʪʣʦʣʽʢʫʚʘʥʥʷ [75, 59, 

46, 86, 91]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʟʥʘʯʝʥʦʾ ʥʝʦʙʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʪʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʚʽʪʣʦʜʽʦʜʘʤʠ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘʪʨʠʤʢʘ ʯʘʩʫ. ʆʩʪʘʥʥʽʤ ʝʪʘʧʦʤ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʛʨʘʤʥʦʾ ʟʘʪʨʠʤʢʠ ʻ ʟʘʧʠʩ ʦʪʨʠʤʘʥʦʛʦ ʯʠʩʣʘ ʪʘʢʪʫ ʜʦ OCR1A. ɼʘʥʠʡ ʨʝʛʽʩʪʨ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 8-ʤʠ ʙʽʪʥʠʭ ʨʝʛʽʩʪʨʽʚ, ʦʪʞʝ ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ 

ʧʝʨʝʪʚʦʨʠʪʠ ʯʠʩʣʦ ʪʘʢʪʽʚ ʟʘʪʨʠʤʢʠ (18750) ʫ ʰʽʩʪʥʘʜʮʷʪʢʦʚʫ ʩʠʩʪʝʤʫ ʪʘ 
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ʟʘʚʘʥʪʘʞʠʪʠ ʩʪʘʨʰʽ ʪʘ ʤʦʣʦʜʰʽ ʨʦʟʨʷʜʠ ʫ ʚʽʜʧʦʚʽʜʥʽ ʨʝʛʽʩʪʨʠ OCR1AH ʽ 

OCR1AL. 

18750 (10) = 493E (16) 

OCR1AH = 0x49 

OCR1AL = 0x3E 

ʊʨʝʪʴʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʪʘʢʦʞ ʧʨʦʩʪʦʪʘ ʨʦʙʦʪʠ ʟ ʤʘʩʠʚʘʤʠ. ʗʢ ʚʽʜʦʤʦ, 

ʽʩʥʫʶʯʽ ʟʨʘʟʢʠ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʠʭ ʘʧʘʨʘʪʽʚ ʧʨʦʝʢʪʫʶʪʴʩʷ ʪʘ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʧʽʜ ʤʝʪʦʜʠʢʠ ʣʽʢʫʚʘʥʥʷ. ʈʦʟʤʘʾʪʪʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ ʣʽʢʫʚʘʥʥʷ (ʽ ʘʧʘʨʘʪʽʚ) 

ʧʦʷʩʥʶʻʪʴʩʷ ʨʦʟʤʘʾʪʪʷʤ ʭʚʦʨʦʙ ʟʘ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʷʢʠʭ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ 

ʤʝʪʦʜʠʢʠ. ʇʨʦʛʨʝʩʠʚʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʪʨʘʪ ʩʧʦʞʠʚʘʯʘ ʻ ʪʝʥʜʝʥʮʽʷ 

ʧʽʜʚʠʱʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ. ʆʜʥʘʢ, ʚʠʤʦʛʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ 

ʽ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʠʣʘʜʫ ʟʘ ʩʠʩʪʝʤʦʶ ʚʘʨʪʽʩʥʠʭ ʽ  ʣʽʢʫʚʘʣʴʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʽʜʚʠʱʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʪʢʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʙʝʟ ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ ʥʝ ʥʝʩʝ ʥʘ ʩʦʙʽ ʩʫʪʪʻʚʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʠʣʘʜʫ ʫ ʮʽʣʦʤʫ. 

ʆʪʞʝ, ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʫ ʥʘ ʦʙʤʝʞʝʥʫ  ʢʽʣʴʢʽʩʪʴ ʧʨʦʛʨʘʤ  

(ʍʚʠʣʷ-ʄ ʾʭ ʩʽʤ), ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʤʝʪʦʜʠʢʘʤ 

ʬʦʪʦʪʝʨʘʧʽʾ. ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʚʠʨʽʰʝʥʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʩʠʚʠ ʜʘʥʠʭ, ʚ 

ʢʦʞʥʠʡ ʟ ʤʘʩʠʚʽʚ ʟʘʧʠʩʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʤʠʢʘʥʥʷ ʢʘʥʘʣʽʚ ʪʘ ʧʝʨʝʤʠʢʘʥʥʷ 

ʤʽʞ ʥʠʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʩʠʚʽʚ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʪʘ 

ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʟʤʽʥʫ ʨʝʞʠʤʽʚ), ʘ ʪʘʢʦʞ, ʟʨʫʯʥʽʰʝ ʚʽʟʫʘʣʴʥʦ 

ʦʨʽʻʥʪʫʚʘʪʠʩʴ ʷʢʘ ʯʘʩʪʠʥʘ ʧʨʦʛʨʘʤʠ ʨʝʘʣʽʟʫʻ ʪʦʡ ʯʠ ʽʥʰʠʡ ʨʝʞʠʤ. 

ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʨʫʯʥʦ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʤʘʩʠʚʽʚ ʢʨʘʪʥʝ ʯʠʩʣʫ 2 (2, 4, 

8,é). ʅʝʭʘʡ ʚʦʥʠ ʙʫʜʫʪʴ ʥʘʟʠʚʘʪʠʩʴ Array0, Array1, Array2, éʽ ʪ. ʧ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʘ ʧʝʨʝʤʽʱʝʥʥʷ ʭʚʠʣʽ ʚ ʧʨʦʩʪʦʨʽ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

Array0: 

.db  0b10000000,0b01000000 

.db  0b00100000,0b00010000 

.db  0b00001000,0b00000100 
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.db  0b00000010,0b00000001 

.db  0,0 

ʆʩʪʘʥʥʷ ʩʪʨʦʯʢʘ ʤʘʩʠʚʫ (.db  0,0) ʮʝ ʤʽʪʢʘ ʟʘʢʽʥʯʝʥʥʷ ʤʘʩʠʚʫ, ʢʦʣʠ 

ʧʨʦʛʨʘʤʘ ʜʦʭʦʜʠʪʴ ʜʦ ʥʝʾ, ʪʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʧʦʯʘʪʦʢ ʤʘʩʠʚʫ. ʏʘʩʪʠʥʘ 

ʧʨʦʛʨʘʤʠ ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʯʠʪʘʥʥʷ ʤʘʩʠʚʫ ʚʠʢʦʥʫʻ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ. ʋ 

ʚʠʧʘʜʢʫ ʢʽʣʴʢʦʩʪʽ ʤʘʩʠʚʽʚ ʨʽʚʥʠʭ 8 ʥʝʦʙʭʽʜʥʽ ʣʠʰʝ 3 ʜʚʽʡʢʦʚʠʭ ʨʦʟʨʷʜʠ (32 = 

8), ʪʦʤʫ ʫʩʽ ʨʦʟʨʷʜʠ ʩʪʘʨʰʽ ʪʨʝʪʴʦʛʦ ʚʽʜʩʽʢʘʶʪʴʩʷ ʢʦʤʘʥʜʦʶ  

andi ResCnt,0b00000011. 

ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʩʢʠʜʘʥʥʷ (ResCnt) ʟ ʯʠʩʣʘʤʠ ʚʽʜ 

0 ʜʦ 7. ɺʽʜ ʪʦʛʦ ʷʢʦʤʫ ʯʠʩʣʫ ʜʦʨʽʚʥʶʻ ʣʽʯʠʣʴʥʠʢ ʟʘʣʝʞʠʪʴ ʧʦʯʘʪʢʦʚʘ ʘʜʨʝʩʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʩʠʚʫ ʷʢʠʡ ʽ ʚʠʚʦʜʠʪʴʩʷ ʚ ʧʦʨʪ. 

ɼʣʷ ʧʨʦʩʪʦʪʠ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʚʚʝʜʝʥʦ ʩʧʝʮʽʘʣʴʥʫ ʢʥʦʧʢʫ. ɿʨʦʟʫʤʽʣʦ, ʱʦ 

ʜʣʷ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʘʧʘʨʘʪʘ ʥʝʦʙʭʽʜʥʽ ʦʨʛʘʥʠ ʢʝʨʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ 

ʢʥʦʧʢʠ). ʅʘʡʧʨʦʩʪʽʰʠʤ ʰʣʷʭʦʤ ʨʝʘʣʽʟʘʮʽʾ ʻ ʦʜʥʦʢʥʦʧʢʦʚʠʡ ʤʝʪʦʜ, ʟʘ ʷʢʠʤ ʫʩʽ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʨʝʞʠʤʠ ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʧʦʯʝʨʛʦʚʦ ʟ ʥʘʪʠʩʢʘʥʥʷʤ ʦʜʥʽʻʾ 

ʢʥʦʧʢʠ. ɰʾ ʤʦʞʥʘ ʧʨʠʻʜʥʘʪʠ ʜʦ ʥʝʟʘʜʽʷʥʠʭ ʧʦʨʪʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʘ 

ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʽʾ ʧʨʠ ʾʾ ʥʘʪʠʩʢʘʥʥʽ. ʆʜʥʘʢ ʜʣʷ ʜʘʥʠʭ ʮʽʣʝʡ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʟʦʚʥʽʰʥʽʡ ʚʠʚʽʜ ʤʽʢʨʦʩʭʝʤʠ "Reset". ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʚʠʚʦʜʫ 

ʦʙʫʤʦʚʣʝʥʝ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʧʨʠ ʩʢʠʜʘʥʥʽ (ʦʙʨʦʙʮʽ ʧʝʨʝʨʠʚʘʥʥʷ Reset) ʚʤʽʩʪ 

ʨʝʛʽʩʪʨʽʚ ʥʝ ʩʪʠʨʘʻʪʴʩʷ, ʢʨʽʤ ʪʦʛʦ ʚʠʚʦʜʠ ʧʦʨʪʫ D ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʣʴʥʠʤʠ (ʜʣʷ 

ʤʘʡʙʫʪʥʽʭ ʤʦʜʝʨʥʽʟʘʮʽʡ). ʉʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ ʢʥʦʧʢʠ ʥʘ ʚʠʚʽʜ "Reset" ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 1.12. 

 

ʈʠʩʫʥʦʢ 1.12 ï ʉʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ ʢʥʦʧʢʠ ʥʘ ʚʠʚʽʜ "Reset" 
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ ʧʝʨʝʤʠʢʘʣʦ ʧʨʦʛʨʘʤʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʜʽʣʠʪʠ ʧʝʚʥʠʡ ʨʝʛʽʩʪʨ ʜʣʷ ʣʽʯʠʣʴʥʠʢʘ ʩʢʠʜʘʥʥʷ, ʪʦʙʪʦ ʧʨʠ ʢʦʞʥʦʤʫ 

ʥʘʪʠʩʢʘʥʥʽ ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʧʦʚʠʥʥʦ ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʥʘ 1. ʆʪʞʝ, ʥʝʭʘʡ 

ʣʽʯʠʣʴʥʠʢ ʥʘʟʠʚʘʻʪʴʩʷ ResCnt, ʪʦʜʽ: 

.def     ResCnt=R21. 

ʉʪʘʚʠʪʠ ʽʥʢʨʝʤʝʥʪ ʜʘʥʦʛʦ ʨʝʛʽʩʪʨʫ ʥʘʧʨʷʤʫ ʥʘ ʤʽʪʢʫ "Reset" ʥʝ ʤʦʞʥʘ, 

ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʟ ʢʥʦʧʦʢ ʤʘʻ ʙʨʷʟʢʽʪ. ɿʘʚʜʷʢʠ ʙʨʷʟʢʦʪʫ, ʧʨʠ ʦʜʠʥʠʯʥʦʤʫ 

ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ, ʩʢʠʜʘʥʥʷ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ, ʘ ʣʽʯʠʣʴʥʠʢ 

ʧʽʜʨʘʭʦʚʫʻ ʢʦʞʝʥ ʟ ʮʠʭ ʨʘʟʽʚ. ʆʪʞʝ, ʢʦʤʘʥʜʫ ʽʥʢʨʝʤʝʥʪʫ ʥʝʦʙʭʽʜʥʦ ʩʪʘʚʠʪʠ 

ʯʝʨʝʟ ʟʘʪʨʠʤʢʫ, ʟʘ ʮʠʭ ʫʤʦʚ ʧʦʤʠʣʢʦʚʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ, ʯʘʩ ʤʽʞ ʷʢʠʤʠ ʤʝʥʰʝ 

ʯʘʩʫ ʟʘʪʨʠʤʢʠ, ʥʝ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʽʥʢʨʝʤʝʥʪʫ ʣʽʯʠʣʴʥʠʢʘ. 

ʇʝʨʰʦʯʝʨʛʦʚʦʶ ʟʘʜʘʯʝʶ ʜʝʪʘʣʽʟʘʮʽʾ ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʫʯʘʩʥʠʭ 

ʟʨʘʟʢʽʚ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʪʨʘʜʠʮʽʡʥʦ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽ ʚʠʙʽʨ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʫ. ɼʦʩʚʽʜ ʽʩʥʫʶʯʠʭ ʧʨʦʝʢʪʽʚ ʪʘ ʥʘʙʽʨ ʤʦʞʣʠʚʦʩʪʝʡ ʩʚʽʜʯʠʪʴ, 

ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʟʘ ʧʨʠʥʮʠʧʦʤ IoT ʨʽʰʝʥʥʷ [32-34] 

ʽʩʥʫʶʪʴ ʜʝʢʽʣʴʢʘ ʧʦʧʫʣʷʨʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʣʘʪʬʦʨʤ: Arduino ʘʙʦ ESP ʘʙʦ 

Raspberry Pi. 

ʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʴʦʛʦʜʝʥʥʷ ʪʘ ʰʠʨʦʢʝ ʨʽʟʥʦʤʘʥʽʪʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

Arduino ʧʣʘʪ ʧʦʚôʷʟʘʥʦ ʽʟ ʦʩʥʘʱʝʥʥʷʤ ʥʘʙʦʨʘʤʠ ʮʠʬʨʦʚʠʭ ʪʘ ʘʥʘʣʦʛʦʚʠʭ 

ʰʪʠʬʪʽʚ ʚʚʦʜʫ/ʚʠʚʦʜʫ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʻʜʥʫʚʘʪʠʩʷ ʟ ʨʽʟʥʠʤʠ ʧʣʘʪʘʤʠ 

ʨʦʟʰʠʨʝʥʥʷ (shields) ʘʙʦ ʧʣʘʪʘʤʠ ʜʣʷ ʤʘʢʝʪʫʚʘʥʥʷ ʪʘ ʜʦʧʦʚʥʝʥʥʷ ʽʥʰʠʤʠ 

ʩʭʝʤʘʤʠ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴʩʷ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʅʘʷʚʥʽʩʪʴ ʜʣʷ ʜʝʷʢʠʭ ʧʣʘʪ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʟʚ'ʷʟʢʫ, ʫʥʽʚʝʨʩʘʣʴʥʘ ʧʦʩʣʽʜʦʚʥʘ ʰʠʥʘ (USB), ʷʢʘ 

ʪʘʢʦʞ ʧʨʠʜʘʪʥʘ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤ ʟ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ 

ʨʦʙʣʷʪʴ Arduino ʧʨʠʚʘʙʣʠʚʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ, ʧʨʦʩʪʠʭ ʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ. ʂʨʽʤ ʪʦʛʦ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C ʽ C ++.  ʊʘʢʦʞ ʩʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʝʢʪ Arduino ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ 

(IDE), ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʨʦʝʢʪʽ Processing [98]. ʐʽʩʪʴ ʡʦʛʦ ʬʫʥʢʮʽʡ ʟʘʙʝʟʧʝʯʫʶʪʴ 
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ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ)  ʧʨʦʝʢʪʽʚ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, 

ʱʦ ʻ ʪʝʞ ʦʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ ʩʽʤʝʡʩʪʚʘ Arduino.  

ʇʝʨʝʚʘʛʦʶ ʽ ʦʜʥʦʯʘʩʥʦ ʥʝʜʦʣʽʢʦʤ, ʷʢʠʡ ʫʩʢʣʘʜʥʶʻ ʚʠʙʽʨ, ʻ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʥʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʧʣʘʪ ʧʦʭʽʜʥʠʭ ʚʽʜ Arduino. ɼʝʷʢʽ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ Arduino ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚʟʘʻʤʦʟʘʤʽʥʦ. ɹʽʣʴʰʽʩʪʴ 

ʧʣʘʪ Arduino ʩʢʣʘʜʘʶʪʴʩʷ ʟ 8-ʙʽʪʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ AVR Atmel (ATmega8, 

ATmega168, ATmega328, ATmega1280, ATmega2560) ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʬʣʝʰ-ʧʘʤôʷʪʽ, ʰʪʠʬʪʘʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ. 32-ʨʦʟʨʷʜʥʠʡ Arduino Due ʥʘ ʙʘʟʽ 

Atmel SAM3X8E ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ 2012 ʨʦʮʽ. ɹʝʟʫʤʦʚʥʦ, ʱʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʦʛʦ ʥʘʙʦʨʫ ʩʧʨʦʩʪʠʣʘ ʙʠ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ 

ʧʨʠʣʘʜʽʚ ʫ ʪʦʤʫ ʯʠʩʣʽ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ. 

ɼʨʫʛʠʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ, ʱʦ ʻ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʠʣʘʜʽʚ 

ʬʦʪʦ ʪʝʨʘʧʽʾ ʻ AVR. ɹʽʣʴʰʽʩʪʴ ʧʣʘʪ Arduino, ʚʢʣʶʯʘʶʯʠ Arduino Uno, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ AVR ATMega. ʋ Arduino Uno 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ATMega 328p. Due ʻ ʚʠʥʷʪʢʦʤ; ʪʫʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ARM Cortex. ʎʝʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʙʝʨʽʛʘʥʥʷ 

ʚʩʴʦʛʦ ʚʘʰʦʛʦ ʩʢʣʘʜʝʥʦʛʦ ʢʦʜʫ ʪʘ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ, ʷʢʽ ʚʠ ʚʢʘʟʫʻʪʝ. ʄʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Arduino ʥʘʜʘʻ ʚʘʤ ʜʦʩʪʫʧ ʜʦ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ɸʎʇ), ʰʪʠʬʪʠ 

ʚʚʦʜʫ/ʚʠʚʦʜʫ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ), ʰʠʥʠ ʟʚ'ʷʟʢʫ 

(ʚʢʣʶʯʘʶʯʠ I2C ʪʘ SPI) ʪʘ ʧʦʩʣʽʜʦʚʥʽ ʽʥʪʝʨʬʝʡʩʠ. ʂʝʨʘʤʽʯʥʠʡ ʨʝʟʦʥʘʪʦʨ ʟ 

ʯʘʩʪʦʪʦʶ 16 ʄɻʮ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʪʘʢʪʦʚʠʭ ʰʪʠʬʪʽʚ ATMega, ʩʠʥʭʨʦʥʽʟʫʻ ʚʩʽ 

ʧʨʦʛʨʘʤʥʽ ʢʦʤʘʥʜʠ. ɺ ʥʴʦʤʫ ʧʝʨʝʜʙʘʯʝʥʦ ʢʥʦʧʢʫ ʉʢʠʜʘʥʥʷ, ʜʣʷ ʧʝʨʝʟʘʧʫʩʢʫ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ. ɹʽʣʴʰʽʩʪʴ ʧʣʘʪ Arduino ʦʩʥʘʱʝʥʽ ʩʚʽʪʣʦʜʽʦʜʥʠʤ 

ʥʘʣʘʛʦʜʞʝʥʥʷʤ, ʚʞʝ ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ ʢʦʥʪʘʢʪʫ 13, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʧʫʩʢʘʪʠ 

ʧʝʨʰʫ ʧʨʦʛʨʘʤʫ (ʤʠʛʦʪʠʪʴ ʩʚʽʪʣʦʜʽʦʜ) ʙʝʟ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʩʭʝʤ [99]. 
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ʊʘʙʣʠʮʷ 1.1 ï ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʦʣʽʥʴ Raspberry Pi 

 

ʇʣʘʪʬʦʨʤʘ Raspberry Pi ʦʪʨʠʤʘʣʘ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽ ʟʘʨʘʟ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʤʝʜʽʘʮʝʥʪʨ, ʚʝʙ-ʩʝʨʚʝʨ, ʢʦʥʪʨʦʣʝʨ ʨʦʙʦʪʽʚ ʪʘ ʤʦʜʝʣʝʡ, 

ʩʭʦʚʠʱʝ ʜʘʥʠʭ, ʤʝʨʝʞʝʚʠʡ ʤʦʥʽʪʦʨ, ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ, ʽʛʨʦʚʠʡ ʩʝʨʚʝʨ, 

ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. 

ʊʘʢʘ ʰʠʨʦʢʘ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʜʦʩʪʫʧʥʽʩʪʶ, 

ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʧʦʪʫʞʥʠʤ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʚʦʩʴʤʠ ʨʦʢʽʚ ʙʫʣʦ ʚʠʧʫʱʝʥʦ ʧʦʥʘʜ 10 ʚʝʨʩʽʡ ʜʘʥʦʾ 

ʧʣʘʪʬʦʨʤʠ ʟ ʨʽʟʥʠʤʠ ʬʦʨʤ ʬʘʢʪʦʨʘʤʠ ʪʘ ʪʝʭʥʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. ʆʩʪʘʥʥʽ 

ʤʦʜʝʣʽ ʧʣʘʪʬʦʨʤʠ Raspberry Pi ʦʙʣʘʜʥʘʥʽ ʩʫʯʘʩʥʠʤ ʙʘʛʘʪʦʷʜʝʨʥʠʤ ARM 

ʧʨʦʮʝʩʦʨʦʤ, ʚʙʫʜʦʚʘʥʠʤ ʛʨʘʬʽʯʥʠʤ ʧʨʦʮʝʩʦʨʦʤ, ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʪʘ ʧʽʜʪʨʠʤʢʦʶ ʧʽʜʢʣʶʯʝʥʥʷ ʬʣʝʰ ʢʘʨʪʦʢ ʫ ʷʢʦʩʪʽ ʟʘʤʽʥʠ 

ʞʦʨʩʪʢʦʛʦ ʜʠʩʢʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʛʨʘʤ. ɼʦ ʩʢʣʘʜʫ 

ʧʣʘʪʬʦʨʤʠ Raspberry Pi ʪʘʢʦʞ ʚʭʦʜʷʪʴ ʧʦʨʪʠ, ʘ ʩʘʤʝ 5 USB-ʧʦʨʪʽʚ ʪʘ ʧʦʨʪ 

HDMI ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʚʽʜʝʦʩʠʛʥʘʣʫ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʦʛʣʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʦʣʽʥʴ Raspberry Pi ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 1.1. Raspberry Pi 4 Model B ʚʠʡʰʦʚ ʫ ʯʝʨʚʥʽ 2019 ʨʦʢʫ ʟ 64-ʨʦʟʨʷʜʥʠʤ ʟ 
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ʯʦʪʠʨʴʦʭ ʷʜʝʨʥʠʤ ʧʨʦʮʝʩʦʨʦʤ ARM Cortex-A72 1,5 ɻɻʮ, ʙʦʨʪʦʚʠʤ 802.11ac 

Wi-Fi, Bluetooth 5, ʧʦʚʥʠʤ ʛʽʛʘʙʽʪʥʠʤ Ethernet (ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʥʝ 

ʦʙʤʝʞʝʥʘ), ʜʚʦʤʘ USB 2.0 ʧʦʨʪʠ, ʜʚʘ ʧʦʨʪʠ USB 3.0 ʪʘ ʧʽʜʪʨʠʤʢʘ ʧʦʜʚʽʡʥʦʛʦ 

ʤʦʥʽʪʦʨʘ ʯʝʨʝʟ ʧʘʨʫ ʧʦʨʪʽʚ HDMI (ʪʠʧ HDMI D) ʜʣʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ 

4K. Pi 4 ʪʘʢʦʞ ʞʠʚʠʪʴʩʷ ʯʝʨʝʟ ʧʦʨʪ USB-C, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʫ 

ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʠʬʝʨʽʡʥʠʤ ʧʨʠʩʪʨʦʷʤ ʥʠʞʯʝ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʙʣʦʢʦʤ ʞʠʚʣʝʥʥʷ. ʆʪʞʝ, ʩʚʦʻʶ ʨʦʟʨʷʜʥʽʩʪʶ, ʟʘʩʦʙʘʤʠ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ, ʪʠʧʦʤ ʪʘ ʢʽʣʴʢʽʩʪʶ ʧʦʨʪʽʚ ʤʘʻ ʙʝʟʫʤʦʚʥʫ ʧʝʨʝʚʘʛʫ [100]. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʠʣʘʜʘʭ ʬʦʪʦʪʝʨʘʧʽʾ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʮʝʩʦʨʽʚ ARM. ɰʭ ʷʜʨʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʨʭʽʪʝʢʪʫʨʽ RISC 

(Reduced Instruction Set Computing, ʘ ʘʨʭʽʪʝʢʪʫʨʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʩʢʦʨʦʯʝʥʦʛʦ ʥʘʙʦʨʫ ʢʦʤʘʥʜ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʠʭ ʽ ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʢʮʽʡ 

ʧʨʦʮʝʩʦʨʘ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘ ʦʜʠʥ ʮʠʢʣ ʻ ʦʩʥʦʚʥʦʶ ʾʭ ʚʽʜʤʽʥʥʽʩʪʶ. 

ʇʝʨʝʥʦʩ ʚ ʙʫʜʴ ʷʢʦʤʫ ʧʨʦʝʢʪʽ ʜʦʜʘʪʢʽʚ ʟʫʩʠʣʴ ʥʘ ʨʦʟʨʦʙʢʫ ʇɿ ʻ ʛʦʣʦʚʥʦʶ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʶ ʽʜʝʻʶ ʽ ʤʦʞʣʠʚʽʩʪʶ RISC ʨʦʟʨʦʙʦʢ, ʱʦ ʙʝʟʫʤʦʚʥʦ ʻ ʾʭ 

ʧʝʨʝʚʘʛʦʶ . ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ RISC-ʧʨʦʮʝʩʦʨʽʚ ʚʠʩʫʚʘʻ ʙʽʣʴʰ 

ʩʫʪʪʻʚʽ ʚʠʤʦʛʠ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʽʣʷʪʦʨʽʚ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ 

CISC (Complete Instruction Set Computing, ʘʨʭʽʪʝʢʪʫʨʘ ʧʨʦʮʝʩʦʨʽʚ ʟ ʰʠʨʦʢʠʤ 

ʥʘʙʦʨʦʤ ʨʽʟʥʠʭ ʤʘʰʠʥʥʠʭ ʢʦʤʘʥʜ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ ʽ ʨʽʟʥʠʤ ʯʘʩʦʤ ʾʭ 

ʚʠʢʦʥʘʥʥʷ), ʱʦ ʻ ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ARM. ʄʽʢʨʦʧʨʦʮʝʩʦʨʠ ʟ CISC 

ʘʨʭʽʪʝʢʪʫʨʦʶ (ʥʘʧʨʠʢʣʘʜ, Intel x86) ʥʝ ʥʘʩʪʽʣʴʢʠ ʚʠʤʦʛʣʠʚʽ ʜʦ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʢʠ - ʪʫʪ ʦʩʥʦʚʥʠʡ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʧʘʨʘʪʥʦʾ 

ʯʘʩʪʠʥʠ [101].  

ʅʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʻ 

ʢʦʥʪʨʦʣʝʨʠ ʟ ʘʨʭʽʪʝʢʪʫʨʦʶ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ. ʇʣʘʪʠ ʧʽʜ ʥʘʟʚʦʶ Arduino, ʱʦ 

ʤʽʩʪʷʪʴ ʮʽ ʤʽʢʨʦʩʭʝʤʠ Atmel ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʫʤʦʚʘʤʠ ʧʽʜʢʣʶʯʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʙʝʟʢʦʰʪʦʚʥʠʤ ʥʘʙʦʨʦʤ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʟʥʠʟʠʣʠ ʚʭʽʜʥʫ ʪʦʯʢʫ ʮʽʥ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʇʂ, ʮʽ ʧʨʦʮʝʩʦʨʠ ʻ ʤʝʥʰ ʧʦʪʫʞʥʽ ʟ ʥʠʟʴʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʟʙʝʨʽʛʘʥʥʷ. ɺʦʥʠ ʥʝ ʟʘʤʽʥʷʪʴ ʨʦʙʦʯʠʡ 

ʩʪʽʣ ʘʙʦ ʥʦʫʪʙʫʢ. ɼʣʷ ʪʠʭ, ʭʪʦ ʭʦʯʝ ʙʽʣʴʰʝ ʧʦʪʫʞʥʦʩʪʽ ʫ ʩʚʦʾʭ ʧʨʠʩʪʨʦʷʭ, 
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Raspberry PI ʨʦʟʨʦʙʠʣʠ ʜʫʞʝ ʜʝʰʝʚʫ (~ 45 ʜʦʣʘʨʽʚ) ʧʣʘʪʫ, ʟʘʩʥʦʚʘʥʫ ʥʘ 

ʧʨʦʮʝʩʦʨʘʭ ARM, ʷʢʽ ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʧʘʤ'ʷʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ micro SD 

ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ʎʽ ʧʨʠʩʪʨʦʾ ʟʘʧʫʩʢʘʶʪʴ ʚʘʨʽʘʥʪ ʦʧʝʨʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ Linux. 

Arduino ʤʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʽʟʠʯʥʽ ʨʦʟʤʽʨʠ ʫ ʚʽʜʢʨʠʪʠʭ ʘʧʘʨʘʪʥʠʭ 

ʚʠʢʦʥʘʥʥʷʭ. ʆʩʥʦʚʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʱʦ ʚʟʷʪʦ ʟʘ ʦʩʥʦʚʫ ʻ ATmega328. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʝʢʟʝʤʧʣʷʨʠ ʮʠʭ ʥʝʦʙʨʦʙʣʝʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʥʘ eBay ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʟʘ ʮʽʥʦʶ ʤʝʥʰʝ $2 ʟ ʧʦʚʥʽʩʪʶ ʧʦʙʫʜʦʚʘʥʠʤʠ ʟ ʢʦʥʬʽʛʫʨʦʚʘʥʠʤʠ 

ʧʣʘʪʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʾʭ ʦʙʚôʷʟʢʫ ʥʘ ʩʫʤʫ ʤʝʥʰʝ 3 ʜʦʣʘʨʽʚ. ʎʝ ʚ 10-20 ʨʘʟʽʚ 

ʜʝʰʝʚʰʝ, ʥʽʞ Raspberry Pi.  

 

1.2.2 ʌʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʝʨʝʞʽ ʽ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ   

ʈʦʟʚʠʪʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʧʨʠʚʘʙʣʶʻ ʩʚʦʾʤʠ 

ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ [102] ʜʣʷ ʙʫʜʦʚʠ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʟ 

ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʜʥʘʢ ʥʝ ʚʘʨʪʦ ʟʘʙʫʚʘʪʠ ʽ ʧʨʦ ʙʝʟʧʝʢʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [103]. ʄʦʜʫʣʽ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʥʪʨʦʣʝʨʦʤ ʧʨʦʧʦʥʦʚʘʥʦʾ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʝʶ (Wi Fi) ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʴʦʛʦʜʥʽ ʜʚʦʤʘ 

ʪʠʧʘʤʠ ʘʧʘʨʘʪʥʠʭ ʨʽʰʝʥʴ, ʘ ʩʘʤʝ ESP8266 ʪʘ ESP32 [104]. ʂʦʥʪʨʦʣʝʨʠ ESP.., 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʩʪ ʤʽʞ Wi Fi ʪʦʯʢʦʶ ʪʘ ʽʩʥʫʶʯʠʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ, ʘ 

ʪʘʢʦʞ ʟʜʘʪʥ ̔ ʟʘʧʫʩʢʘʪʠ ʘʚʪʦʥʦʤʥʽ ʧʨʦʛʨʘʤʠ. ʎ ̔ ʢʦʥʪʨʦʣʝʨʠ ʻ ʰʠʨʦʢʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ, ʩʘʤʝ ʚʦʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ʧʣʘʪʘʭ ʟʚôʷʟʢʫ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʨʽʟʥʦʚʠʜʽʚ ʮʠʭ ʧʣʘʪ ʧʦʣʷʛʘʻ ʫ ʢʽʣʴʢʽʩʪʽ ʚʽʜʢʨʠʪʠʭ ʰʪʠʬʪʽʚ 

GPIO, ʢʽʣʴʢʽʩʪʴ ʥʘʜʘʥʦʾ ʬʣʝʰ-ʧʘʤôʷʪʽ, ʩʪʠʣʴ ʰʪʠʬʪʽʚ, ʨʦʟôʻʤʽʚ ʪʘ ʨʽʟʥʽ ʽʥʰʽ 

ʪʝʭʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʧʦʚôʷʟʘʥʽ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ (ʪʘʙʣ. 1.2 ʪʘ 1.3). ɿ ʪʦʯʢʠ ʟʦʨʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚʦʥʠ ʚʩʽ ʦʜʥʘʢʦʚʽ. 

 

  



65 

 

ʊʘʙʣʠʮʷ 1.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʫ ESP8266 

 

 

ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ʘʧʘʨʘʪʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟʚôʷʟʢʫ ï ESP32 (ʪʘʙʣ. 1.3) 

ʚʢʣʶʯʘʻ ʧʽʜʪʨʠʤʢʫ Bluetooth ʟ ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ (BLE) ʩʧʦʞʠʚʘʥʥʷ [104]. ɺʽʥ 

ʪʘʢʦʞ ʤʘʻ 8 ʢʘʥʘʣʽʚ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʦʥʠ 

ʚʠʤʽʨʶʚʘʪʠʤʫʪʴ 0 ï 4 ɺ ʽʟ 12 ʙʽʪ (0-4095). ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʭʚʠʣʶʶʯʠʭ 

ʘʩʧʝʢʪʽʚ ESP32 ʻ ʪʝ, ʱʦ ʚʽʥ ʨʦʟʚʠʥʫʚʩʷ ʟ ʦʜʥʦʛʦ ʷʜʨʘ 80 ʄɻʮ (ESP8266) ʜʦ 

ʧʦʜʚʽʡʥʠʭ ʷʜʝʨ 160 ʄɻʮ. 

ʊʘʙʣʠʮʷ 1.3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʫ ESP32 

 

 

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʧʦʧʫʣʷʨʥʠʭ ʤʦʜʝʣʝʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʥʘ ʦʩʥʦʚʽ ESP [104]  

ʪʘʢʽ ʷʢ: Wemos D1 ʪʘ NodeMCU. 
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ʊʘʙʣʠʮʷ 1.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʪ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʇʣʘʪʘ ʅʘʷʚʥʽʩʪʴ WiFi ʎʽʥʘ ʂʽʣʴʢʽʩʪʴ ʧʦʨʪʽʚ 

Raspberry Pi Zero - 32 $ 40 

Raspberry Pi Zero 

WH 

+ 36 $ 40 

Raspberry Pi 3 + 47 $ 40 

Raspberry Pi 4 + 62 $ 40 

Node MCU + 6 $ 11 

Wemos D1 + 6 $ 16 

Wemos D1 mini + 7 $ 13 

 

ʅʘʷʚʥʽʩʪʴ ʥʘʡʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʨʪʽʚ ʚʚʦʜʫ/ʚʠʚʦʜʫ ʨʦʙʠʪʴ Wemos D1 

ʥʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʧʨʦʝʢʪʽʚ ʟ ʢʝʨʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʽʟ 

ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ (ʪʘʙʣ. 1.4).  

 

1.2.3 ɯʥʪʝʨʬʝʡʩʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʆʩʢʽʣʴʢʠ ʥʘʤ ʧʦʪʨʽʙʥʘ ʨʦʙʦʪʘ ʟ ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ ʪʦ ʥʘʤ ʧʦʪʨʽʙʥʦ 

ʚʠʙʨʘʪʠ ʧʨʘʚʠʣʴʥʠʡ ʙʝʟʜʨʦʪʦʚʠʡ ʽʥʪʝʨʬʝʡʩ. ʋ ʪʘʙʣ. 1.5 ʦʧʠʩʘʥʽ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʫʣʷʨʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʝʥʜʫ [102]. 

ʊʘʙʣʠʮʷ 1.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʇʨʦʪʦʢʦʣ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

HTTP 

ʅʝʤʘʻ ʦʙʤʝʞʝʥʴ ʥʘ ʨʘʜʽʫʩ 

ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʫ. ʄʦʞʥʘ 

ʢʝʨʫʚʘʪʠ ʧʨʠʩʪʨʦʻʤ ʫ ʙʫʜʴ-

ʷʢʦʤʫ ʤʽʩʮʽ. ɺʝʣʠʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʢʘʩʪʦʤʽʟʘʮʽʾ 

ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʰʝʥʥʷ 

ʇʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ 

MQTT ʃʝʛʢʠʡ ʚ ʨʦʙʦʪʽ 

ʗʢ ʧʨʘʚʠʣʦ ʧʨʘʮʶʻ ʟ 

ʛʦʪʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʠʤ ʩʘʤʠʤ 

ʦʙʤʝʞʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ 

ʢʘʩʪʦʤʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ 

ʨʽʰʝʥʥʷ 
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LoRa 
ɺʝʣʠʢʠʡ ʨʘʜʽʫʩ ʧʨʠʡʤʘʥʥʷ 

ʩʠʛʥʘʣʫ (~10 ʢʤ) 

ʇʦʙʫʜʦʚʘʥʠʡ ʥʘ ʩʭʝʤʽ 

ʧʨʠʡʤʘʯ-ʧʝʨʝʜʘʚʘʯ 

ʇʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ 

ʤʦʜʫʣʷ ʟʚôʷʟʢʫ 

 

ɼʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʧʦʪʨʽʙʥʦ ʟôʻʜʥʘʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ ʯʝʨʝʟ 

WiFi ʤʝʨʝʞʫ. ʗʢ ʧʨʘʚʠʣʦ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ Wi Fi ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʨʦʫʪʝʨ. ʅʘ ʨʠʩ. 1.13 ʪʘ 1.14 ʧʦʢʘʟʘʥʽ ʙʣʦʢ-ʩʭʝʤʠ ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. 

ʈʦʫʪʝʨ ʧʽʜôʻʜʥʫʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʥʘʧʨʷʤʫ ʯʝʨʝʟ ʢʘʙʝʣʴ ʘʙʦ ʯʝʨʝʟ 

ʤʦʜʝʤ. ɺʽʥ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ɯʥʪʝʨʥʝʪʫ ʜʦ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ. ʈʦʟʧʦʜʽʣ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ɯʥʪʝʨʥʝʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʩʪʘʥʜʘʨʪʦʤ IEEE 802.11. 

             

ʈʠʩʫʥʦʢ 1.13 ï ɹʣʦʢ ʩʭʝʤʘ ʨʦʙʦʪʠ 

ʧʨʠʩʪʨʦʶ ʯʝʨʝʟ ʣʦʢʘʣʴʥʫ ʤʝʨʝʞʫ 

ʈʠʩʫʥʦʢ 1.14 ï ɹʣʦʢ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʧʨʠʩʪʨʦʻʤ ʯʝʨʝʟ ʤʦʙ. ʟʘʩʪʦʩʫʥʦʢ 

 

ʂʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʻʤ ʯʝʨʝʟ ʣʦʢʘʣʴʥʫ ʤʝʨʝʞʫ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʘ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʠʭ ʦʙʤʝʞʝʥʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ ʯʝʨʝʟ 

ʩʝʨʚʝʨ. ʅʘ ʩʭʝʤʽ ʨʠʩ. 1.15 ʧʦʜʘʥʦ ʦʜʠʥ ʟ ʧʨʠʢʣʘʜʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʻʤ ʯʝʨʝʟ 

ʩʝʨʚʝʨ. ʅʘʡʙʽʣʴʰ ʚʜʘʣʠʤ ʩʝʨʝʜ ʧʝʨʝʣʽʯʝʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʨʦʪʦʢʦʣʽʚ ʻ ʨʽʰʝʥʥʷ 

HTTP. 
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ʈʠʩʫʥʦʢ 1.15 ï ʉʭʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʧʨʠʩʪʨʦʻʤ ʯʝʨʝʟ ʩʝʨʚʝʨ 

ʈʠʩʫʥʦʢ 1.16 ï ʉʭʝʤʘ ʨʦʙʦʪʠ ʪʦʯʢʠ 

ʜʦʩʪʫʧʫ 

 

ʎʝʡ ʧʨʦʪʦʢʦʣ ʥʘʜʘʻ ʟʤʦʛʫ ʢʝʨʫʚʘʪʠ ʧʨʠʩʪʨʦʻʤ ʥʝ ʣʠʰʝ ʯʝʨʝʟ ʣʦʢʘʣʴʥʫ 

ʤʝʨʝʞʫ, ʘ ʯʝʨʝʟ ʩʝʨʚʝʨ. ʊʠʤ ʩʘʤʠʤ ʧʦʰʠʨʶʶʯʠ ʨʘʜʽʫʩ, ʟ ʷʢʦʛʦ ʤʦʞʥʘ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʠʩʪʨʽʡ (ʢʦʨʠʩʪʫʚʘʯ ʪʘ ʧʨʠʣʘʜ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʨʽʟʥʠʭ 

ʢʽʤʥʘʪʘʭ ʘʙʦ ʥʘʚʽʪʴ ʙʫʜʽʚʣʷʭ). ʅʘ ʩʭʝʤʽ ʨʠʩ. 1.16 ʧʦʜʘʥʦ ʚ ʷʢʦʩʪʽ ʪʦʯʢʠ ʜʦʩʪʫʧʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʫʪʝʨ, ʩʪʘʥʮʽʷ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʱʦ ʤʽʩʪʠʪʴ WiFi ʤʦʜʫʣʴ. ʅʘʡʚʘʞʣʠʚʽʰʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʦʫʪʝʨ - ʧʽʜʪʨʠʤʢʘ ʩʪʘʥʜʘʨʪʫ IEEE 802.11 ʪʘ ʨʦʙʦʪʫ ʥʘ ʯʘʩʪʦʪʽ 

2.4 ɻɻʮ. ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʦʝʢʪʽʚ ʦʙʠʨʘʻʪʴʩʷ ʤʦʜʝʣʴ ʨʦʫʪʝʨʘ ʚʽʜ ʬʽʨʤʠ TP-Link 

TL-WR841ND [105] (ʨʠʩ. 1.17). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʥʦʛʦ ʨʦʫʪʝʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1.6. 

 

ʊʘʙʣʠʮʷ 1.6 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ TP-Link TL-WR841ND 

ʉʪʘʥʜʘʨʪ 802.11b, 802.11g, 802.11n 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 300 ʄʙʽʪ/ʩ 

ʏʘʩʪʦʪʘ WiFi 2,4 ɻɻʮ 

ɯʥʪʝʨʬʝʡʩ ʧʽʜʢʣʶʯʝʥʥʷ Fast Ethernet 
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ʈʠʩʫʥʦʢ 1.17 ï ʄʘʨʰʨʫʪʠʟʘʪʦʨ  TP-Link TL-WR841ND [105] 

 

ɼʣʷ ʚʩʽʭ ʧʨʦʝʢʪʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ IoT-ʨʽʰʝʥʥʷ, ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ 

ʙʝʟʧʝʢʘ ʜʘʥʠʭ [103]. ʇʦʰʠʨʝʥʠʤʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʪʘʢʽ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ, 

ʱʦ ʚʧʨʦʚʘʜʞʫʚʘʣʠʩʴ ʫ ʨʽʟʥʠʭ ʧʨʦʝʢʪʘʭ ʪʘ ʜʦʙʨʝ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ: 

- ʠhʬʨʫʚʘʥʥʷ ʨʦʫʪʝʨʘ ʨʽʚʥʷ WPA2 (ʥʘʡʙʽʣʴʰ ʙʝʟʧʝʯʥʠʡ ʨʽʚʝʥʴ); 

- ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʯʝʨʝʟ HTTPS (ʙʝʟʧʝʯʥʘ ʚʝʨʩʽʷ HTTP); 

- ʚʧʨʦʚʘʜʞʝʥʥʷ SSL ʩʝʨʪʠʬʽʢʘʪʫ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʥʪʨʦʣʝʨʘ ʜʦ ʤʝʨʝʞʽ. 

ɼʦʜʘʪʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʪʘʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʻ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʤʝʨʝʞʽ ʷʢʫ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ 

ʚʧʣʠʚʘʻ ʥʘ ʟʘʪʨʠʤʢʫ ʤʽʞ ʟʚʝʨʥʝʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʜʽʷʤʠ ʧʨʠʣʘʜʫ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʧʨʠʣʘʜʽʚ ʣʘʟʝʨʥʦʾ ʭʽʨʫʨʛʽʾ ʪʘ ʚʣʘʩʪʠʚʽʩʪʴ ʦʯʝʚʠʜʥʦ ʙʫʜʝ 

ʛʦʣʦʚʥʦʶ ʧʝʨʝʰʢʦʜʦʶ, ʘʣʝ ʜʣʷ ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʽʟ ʩʚʽʪʣʦʜʽʦʜʥʠʤʠ 

ʚʠʧʨʦʤʽʥʶʶʯʠʤʠ ʤʘʪʨʠʮʷʤʠ ʚʦʥʘ ʥʝ ʙʫʜʝ ʪʘʢʦʶ ʛʦʩʪʨʦʶ.  

 

1.3 ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʮʝʩʽʚ ʷʢ ʽʥʩʪʨʫʤʝʥʪ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʚʠʙʦʨʫ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʩʢʦʨʠʩʪʫʻʤʦʩɹ ʫʥʽʬʽʢʦʚʘʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [106] ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʦ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [107, 

108]. 
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ʋ ʷʢʦʩʪʽ ʬʘʢʪʦʨʫ, ʱʦ ʚʠʟʥʘʯʘ ̒ʨʝʟʫʣʴʪʘʪ ʬʦʪʦʪʝʨʘʧʽʾ ʧʨʠʡʤʝʤʦ ʢʽʣʴʢʽʩʪʴ 

ʢʣʽʪʠʥ, ʬʦʪʦʘʢʮʝʧʪʦʨʠ ʷʢʠʭ ʙʫʣʦ ʘʢʪʠʚʦʚʘʥʦ. ʇʦʟʥʘʯʠʤʦ ʾʭ ʚʝʣʠʯʠʥʫ ʣʽʪʝʨʦʶ 

aN . ʁʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʘʢʪʫ ʘʢʪʠʚʘʮʽʾ ʧʦʟʥʘʯʠʤʦ aP . ʉʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʢʫʨʩ ʧʨʦʮʝʜʫʨ ʬʦʪʦ ʪʝʨʘʧʽʾ ʧʦʟʥʘʯʠʤʦ aC , ʘ aT  ʧʦʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ ʯʘʩʫ. ɿʘ 

ʮʠʭ ʧʦʟʥʘʯʝʥʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʮʽʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

aa

aa

N P
E

C T
=   

 

ʂʽʣʴʢʽʩʪʴ ʘʢʪʠʚʦʚʘʥʠʭ ʢʣʽʪʠʥ ʫ ʦʙôʻʤʽ dV  ʧʦʜʘʻʤʦ ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫ ʧʨʦʩʪʦʨʽ ( ), , ,I x y z t  ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʥʘʧʨʷʤʫ ʦʧʨʦʤʽʥʝʥʥʷ. ʍʘʨʘʢʪʝʨ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʦʟʩʽʷʥʥʷ 

ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ɹʫʛʝʨʘ - ʃʘʤʙʝʨʪʘ ï ɹʝʨʘ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʝʣʠʯʠʥʘʤʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʛʣʠʥʘʥʥʷ Þ ʪʘ ʝʢʩʪʠʥʢʮʽʾ ÞË ʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ()jl : 
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ʁʤʦʚʽʨʥʽʩʪʴ ʘʢʪʠʚʘʮʽʾ:  
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ɺʠʪʨʘʪʠ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨ ʨʦʟʨʘʭʦʚʫʁʪʴʩʷ ʷʢ: 

1 1

q n
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TT CvC V k
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= + +ä ä , 

ʜʝ wV  - ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʛʦʜʠʥʠ ʧʝʨʩʦʥʘʣʫ, iv  - ʚʘʨʪʽʩʪʴ j- ʪʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʚʠʪʨʘʪʠ, jT - ʾʾ ʯʘʩ, ik - ʢʦʝʬʽʮʽʻʥʪ ʘʤʦʨʪʠʟʘʮʽʾ  ̔ïʪʦʛʦ ʪʠʧʫ 

ʦʙʣʘʜʥʘʥʥʷ, iC  - ʡʦʛʦ ʚʘʨʪʽʩʪʴ.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

1. ɻʦʣʦʚʥʦʶ ʥʝ ʨʦʟʚ'ʷʟʘʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʩʪʨʫʢʪʫʨʽ 

ʧʨʠʣʘʜʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʘʙʦ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʟʜʘʪʥʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʢʦʦʨʜʠʥʦʚʘʥʠʡ ʚʧʣʠʚ.  

2. ʅʘʷʚʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʜʥʦʯʘʩʥʽʩʪʴ ʥʘʫʢʦʚʦ-

ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʜʽʾ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʪʘ ʬʽʟʠʢʦ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, 

ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʻ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʘ 

ʧʝʨʝʙʽʛʦʤ ʫ ʯʘʩʽ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʜʫʨ 

ʬʦʪʦʪʝʨʘʧʽʾ.  
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ʈʆɿɼɯʃ 2 

ʈʆɿɺʀʊʆʂ ɸʈʍɯʊɽʂʊʋʈʅʀʍ ʈɽɸʃɯɿɸʎɯʁ ʇʈʀʃɸɼɯɺ 

ʌʆʊʆʊɽʈɸʇɯɰ, ʗʂ ɽʃɽʄɽʅʊʋ ʂʆʄʇôʖʊɽʈʀɿʆɺɸʅʀʍ ʉʀʉʊɽʄ, 

ʑʆ ʈɽɸʃɯɿʋʖʊʔ ʊɽʍʅʆʃʆɻɯɰ ʇʈʆʌɯʃɸʂʊʀʂʀ ʊɸ ʃɯʂʋɺɸʅʅʗ  

ʌʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʠʤʦʛ ʜʦ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʨʦʤʽʥʝʥʥʷ ʙʽʦʪʢʘʥʠʥʠ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ. ʉʢʣʘʜ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʧʨʦʬʽʣʘʢʪʠʢʠ ʽ ʣʽʢʫʚʘʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʬʦʪʦʪʝʨʘʧʽʾ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ 

ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʜʘʯ. ʗʢ ʚʩʪʘʥʦʚʣʝʥʦ ʚ 

ʥʘʩʣʽʜʦʢ ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʘʧʘʨʘʪʫʨʠ ʬʦʪʦʪʝʨʘʧʽʾ ʪʘ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʦʜʘʥʦ ʫ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ, ʟʘʜʘʯʫ ʦʧʨʦʤʽʥʝʥʥʷ 

ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʜʚʦʤʘ ʰʣʷʭʘʤʠ [92-96]. ʇʝʨʰʠʡ ʰʣʷʭ ʧʦʣʷʛʘʻ ʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟʧʦʜʽʣʝʥʠʭ, ʥʝʨʫʭʦʤʠʭ ʜʞʝʨʝʣ ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ ʫʧʦʨʷʜʢʦʚʘʥʦ 

ʫ ʤʘʪʨʠʮʶ, ʘ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʪʦʢʫ ʧʨʦʤʝʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʫʧʦʨʷʜʢʦʚʘʥʦʛʦ, ʥʘʧʨʠʢʣʘʜ, ʧʦʯʝʨʛʦʚʦʛʦ ʚʤʠʢʘʥʥʷ/ʚʠʤʠʢʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ 

[13]. ɼʨʫʛʠʡ ʰʣʷʭ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʜʞʝʨʝʣ ʩʬʦʨʤʦʚʘʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʚʠʧʨʦʤʽʥʶʶʪʴ ʧʦʪʦʢʠ ʧʨʦʤʝʥʽʚ ʥʘ ʩʠʩʪʝʤʫ 

ʨʫʭʦʤʠʭ ʫ ʚʟʘʻʤʥʦ-ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʜʟʝʨʢʘʣ, ʷʢʽ ʧʨʦʛʨʘʤʦʚʘʥʦ 

ʦʙʝʨʪʘʶʪʴʩʷ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʩʤʫʛ ʩʬʦʨʤʦʚʘʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦ ʧʦʚʝʨʭʥʽ ʙʽʦʪʢʘʥʠʥʠ [92]. 

2.1 ʈʦʟʚʠʪʦʢ ʩʪʨʫʢʪʫʨʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʝʨʫʭʦʤʠʭ ʜʠʩʢʨʝʪʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʩʬʦʨʤʦʚʘʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ. 

ɹʽʣʴʰʽʩʪʴ ʘʧʘʨʘʪʽʚ ʬʦʪʦʪʝʨʘʧʽʾ ʚʠʧʨʦʤʽʥʶʶʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʧʦʪʦʢʠ 

ʧʨʦʤʝʥʽʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ, ʚʠʜʠʤʦʛʦ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʯʘʩʪʠʥ ʩʧʝʢʪʨʫ, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʜ ôʷʩʢʨʘʚʠʤʠ ʩʚʽʪʣʦʜʽʦʜʘʤʠ. ʇʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘʰʪʦʚʭʫʻʪʴʩʷ ʥʘ ʚʠʤʦʛʫ ʨʝʘʣʽʟʘʮʽʾ, 

ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʧʦʞʠʚʘʮʴʢʦʾ ʜʦʩʪʫʧʥʦʩʪʽ. ɿʘ ʮʠʭ ʦʟʥʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʧʨʠʣʘʜʠ, ʨʽʟʥʦʚʠʜʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʠʭ ʤʦʞʫʪʴ 

ʙʫʪʠ ʫʟʘʛʘʣʴʥʝʥ ̔ ʢʦʥʮʝʧʪʫʘʣʴʥʦʶ ʤʦʜʝʣʣʶ (ʨʠʩ. 2.1). ɰʾ ʧʨʦʛʨʝʩʠʚʥʽʩʪʴ 

ʟʫʤʦʚʣʝʥʘ ʚʚʝʜʝʥʥʷʤ ʪʘʢʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ 
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ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʢʪʨʫ ʦʧʨʦʤʽʥʝʥʥʷ, ʢʦʥʪʨʦʣʴ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʦʧʨʦʤʽʥʝʥʥʷ, ʩʘʤʝ ʥʘ ʧʦʚʝʨʭʥʽ ʙʽʦʪʢʘʥʠʥʠ, ʪʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʦ ʜʘʪʯʠʢʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʨʦʤʽʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ 

ʧʘʨʘʤʝʪʨʽʚ ʧʫʣʴʩʦʚʦʾ ʭʚʠʣʽ ʪʘʢʠʭ ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʫ ʢʨʦʚʽ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʘʟʦʤ ʽʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʜʘʪʢʦʚʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ 

ʙʝʟʜʨʦʪʦʚʠʤ ʟʚôʷʟʢʦʤ ʟʤʽʥʶʻ ʧʨʠʥʮʠʧʦʚʦ ʬʫʥʢʮʽʾ ʽ ʪʝʨʘʧʝʚʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʠʣʘʜʽʚ [71, 95, 96, 109-112]. ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʧʨʠʣʘʜʫ, 

ʱʦ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʦʙôʻʜʥʘʥʦʾ ʤʝʨʝʞʽ ʩʠʩʪʝʤʠ ʬʽʟʽʦʪʝʨʘʧʝʚʪʠʯʥʠʭ ʢʘʙʽʥʝʪʽʚ, 

ʣʽʢʘʨʥʽ, ʰʧʠʪʘʣʶ, ʩʝʨʚʝʨʽʚ, ʚʫʟʣʽʚ, ʙʘʟ ʜʘʥʠʭ ʪʘ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʧʦʜʘʥʦ ʥʘ 

ʨʠʩ. 2.2. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʪʨʫʢʪʫʨʘ ʬʦʪʦʪʝʨʘʧʝʚʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʝʨʫʭʦʤʠʭ ʜʠʩʢʨʝʪʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʥʘ ʙʘʟʽ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʦʜʥʦʧʣʘʪʥʠʭ 

ʢʦʤʧôʶʪʝʨʽʚ 


