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ɸʅʆʊɸʎɯʗ 

 

 

ʄʘʢʦʚʝʡʯʫʢ ʆ. ʄ. ʄʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.06 "ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ" ï ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ, 2020. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʘ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʘ ʧʨʦʙʣʝʤʘ 

ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï ʧʨʦʚʝʩʪʠ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ, ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʚʠʥʫʪʠ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ; 

ï ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʥʝ ʫʷʚʣʝʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʠʪʠ ʾʾ ʤʦʜʝʣʴ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 
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ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʤʦʛʠ ʜʦ 

ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 

ʯʘʩʪʢʦʚʦʾ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʤʝʪʦʜʫ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʇʨʝʜʤʝʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʨʠʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ, 

ʤʦʜʝʣʝʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʝʨʽʚ ʚ 

ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʇʨʠ ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʧʦʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ 

ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. ʇʨʠ ʨʦʟʚʠʪʢʫ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮ̔ʡʥʠʭ 

ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
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ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʢʘʪʝʛʦʨʽʡ, ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʟʦʨʫ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ, ʤʝʪʦʜʫ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ, ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ, 

ʤʝʪʦʜʠ ʢʦʤʙʽʥʘʪʦʨʠʢʠ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ 

ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ, ʤʝʪʦʜʠ 

ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʨʠ 

ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʤʝʪʦʜʫ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʤʝʪʦʜʫ ʧʨʦʝʮʽʶʚʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʨʦʟʨʦʙʮʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʤʘʪʨʠʮʴ, ʤʝʪʦʜʠ ʘʥʘʣʽʪʠʯʥʦʾ 

ʛʝʦʤʝʪʨʽʾ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ, ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʝʪʦʜʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ, ʦʮʽʥʢʠ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʤʝʪʦʜʫ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʛʨʫʧ, ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ, ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʘʧʘʨʘʪ ʪʝʦʨʽʾ ʤʘʪʨʠʮʴ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ 

ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ, ʤʝʪʦʜʠ 

ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ: 

ï ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʤʝʪʦʜ ʾʭ ʬʦʨʤʫʚʘʥʥʷ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 
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ʧʨʦʮʝʜʫʨʘʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʝʪʦʜʦʤ 

ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʽʢʩʝʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʾ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʪʘ ʾʭ ʢʦʜʫʚʘʥʥʷ ʢʦʣʴʦʨʦʤ ʢʣʽʪʠʥʦʢ 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʨʢʝʨʘ, ʷʢʽ ʨʦʟʜʽʣʷʶʪʴʩʷ ʨʘʤʢʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʽʡʢʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʪʘ ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʙʽʥʘʨʠʟʘʮʽʾ ʣʦʢʘʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʜʝʪʝʢʪʫʻ ʦʙʣʘʩʪʴ ʤʘʨʢʝʨʘ ʥʘ ʚʠʭʽʜʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʘ ʟʥʘʭʦʜʠʪʴ 

ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ʰʣʷʭʦʤ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʬʽʣʴʪʨʘʮʽʾ ʤʘʩʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʘʭ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʢʦʨʝʢʪʥʦ ʜʝʢʦʜʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ; 

ï ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ 

ʟʥʘʭʦʜʞʝʥʥʷ ʯʦʪʠʨʴʦʭ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʽʪʝʨʘʪʠʚʥʦ ʤʘʢʩʠʤʽʟʫʶʯʠ ʩʫʤʫ 

ʜʠʩʧʝʨʩʽʡ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʦʙôʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʦ ʨʷʜʢʘʭ ʽ ʩʪʦʚʧʮʷʭ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʫʥʽʬʽʢʦʚʘʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʜʝʢʦʜʫʚʘʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʨʝʻʩʪʨʘʮʽʾ ʤʘʨʢʝʨʘ; 

ï ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨʠ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʤʘʨʢʝʨʘ, ʙʫʜʫʻ ʤʘʪʨʠʮʶ ʙʽʪʽʚ 

ʤʘʨʢʝʨʘ ʽʟ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ, ʚʠʟʥʘʯʘʻ ʟʩʫʚ ʫ 

ʧʦʚʥʽʡ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʪʘ ʨʝʘʣʽʟʫʻ ʬʽʣʴʪʨʘʮʽʶ ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʨʝʢʪʥʝ 

ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʦʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, 

ʷʢʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʦʜʝʣʷʭ 

ʪʘ ʤʝʪʦʜʘʭ ʩʠʩʪʝʤʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ 
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ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ ʩʪʽʡʢʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʧʦʙʫʜʦʚʘʥʘ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ, ʧʨʦʚʝʜʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʝ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʫʤʦʚʘʭ ʚʪʨʘʪʠ ʯʘʩʪʠʥʠ ʜʘʥʠʭ; 

ï ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʜʦʤʠʭ, ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʦ 

ʥʘʷʚʥʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ ʦʙôʻʢʪʠ ʪʘ ʨʝʥʜʝʨʽʥʛ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ 

ʤʘʨʢʝʨʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʫʥʽʬʽʢʘʮʽʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʬʽʟʠʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʦʙʽʚ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ; 

ï ʫʜʦʩʢʦʥʘʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʚ 

ʷʢʽʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ 

ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʤʦʛʠ ʜʦ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʚʽʟʫʘʣʴʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʚ ʧʨʦʝʢʪʘʭ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʫ ʥʘʫʢʦʚʦʾ ʽ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ ʚ ʨʘʤʢʘʭ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 

"ʄʝʪʦʜʠ, ʩʠʩʪʝʤʠ ʽ ʟʘʩʦʙʠ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʛʘʨʘʥʪʦʚʘʥʠʤ ʨʽʚʥʝʤ ʩʪʽʡʢʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʦʶ ʰʚʠʜʢʦʜʽʻʶ" 

(  ̄ɼʈ 0115U002431), ʛʦʩʧʦʜʘʨʩʴʢʦ-ʜʦʛʦʚʽʨʥʦʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 

 ̄17-13 "ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ, ʤʝʭʘʥʽʟʤʽʚ, ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʪʘ ˇʝʰʫʚʘʥʥʷ, ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʾʭ ʩʪʽʡʢʦʩʪʽ" ʰʠʬʨ 

"ʉʪʽʡʢʽʩʪʴ" (ˉ ɼʈ 0118U003807), ʧʣʘʥʫ ʥʘʫʢʦʚʦʾ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 
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ʜʽʷʣʴʥʦʩʪʽ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ 

ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ ʚ ʨʘʤʢʘʭ ʜʝʨʞʙʶʜʞʝʪʥʦ ʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 

"ʉʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʦʙʨʦʙʢʠ ʨʽʟʥʦʨʽʜʥʠʭ ʽ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ" ʰʠʬʨ "ʄʦʟʘʾʢʘ-ʇʉ" 

(  ̄ɼʈ 0101U002020). 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽ ʾ

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʧʦʙʫʜʦʚʠ ʚʽʟʫʘʣʴʥʠʭ ʦʙʻʢʪʽʚ ʚ ʽʩʥʫʶʯʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʪʘ ʨʝʘʣʽʟʦʚʘʥʽ: ʫ 

ʚʽʡʩʴʢʦʚʽʡ ʯʘʩʪʠʥʽ ɸ2667, ʤ. ʂʠʾʚ; ʚ ʧʨʠʚʘʪʥʦʤʫ ʘʢʮʽʦʥʝʨʥʦʤʫ ʪʦʚʘʨʠʩʪʚʽ 

"ɸʚʽʢʦʩ", ʤ. ʃʴʚʽʚ; ʚ ɼʝʨʞʘʚʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ "ʎʝʥʪʨ ʜʝʨʞʘʚʥʦʛʦ 

ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ" ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, 

ʤ. ʂʠʾʚ; ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʮʝʥʪʨʽ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʩʤʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ; ʚ ʦʩʚʽʪʥʴʦʤʫ 

ʧʨʦʮʝʩʽ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ 

ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ, ʤ. ʍʘʨʢʽʚ. ʆʪʨʠʤʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ: ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʱʦ ʻ ʟʘʤʦʚʥʠʢʘʤʠ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʧʨʠ 

ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ; ʚ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʩʠʩʪʝʤ ʽ ʢʦʤʧʣʝʢʩʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ 

ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ; ʫ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ 

ʧʽʜʛʦʪʦʚʢʦʶ ʬʘʭʽʚʮʽʚ ʟ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʟʘʾʯʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ ʤʘʨʢʝʨ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʤʘʻ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ: 

ï ʯʘʩ ʚʠʷʚʣʝʥʥʷ 
D

1/ 30t <  ʩʝʢ, ʱʦ ʚ 3 ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ ʯʘʩ ʚʠʷʚʣʝʥʥʷ 

QR-ʢʦʜʽʚ ʽ ʧʨʠʙʣʠʟʥʦ ʫ 5 ʨʘʟʽʚ ʤʝʥʰʝ ʥʽʞ ʜʣʷ ʤʘʨʢʝʨʽʚ-ʟʦʙʨʘʞʝʥʴ; 
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ï ʢʽʣʴʢʽʩʪʴ ʢʦʣʴʦʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʨʢʝʨʘ, 
c

n 3=  ï 

ʙʽʥʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʽ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʤʽʞʥʠʡ ʢʦʣʽʨ; 

ï ʩʝʨʝʜʥʷ ʝʥʪʨʦʧʽʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʱʦ ʟʘʢʦʜʦʚʘʥʘ ʚ ʥʴʦʤʫ, ʟʘ 

ʧʦʙʫʜʦʚʦʶ ʩʢʣʘʜʘʻ 
m

e 1/ 9=  ʙʽʪ/ʧʽʢʩʝʣ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʫ 4,5 ʨʘʟʽʚ ʤʝʥʰʝ ʟʘ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ QR-ʢʦʜʽʚ ʽ ʧʨʠʙʣʠʟʥʦ ʫ 50 ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʽʞ ʫ ʢʦʣʦʚʠʭ 

ʤʘʨʢʝʨʽʚ, ʫ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ï 0; 

ï ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʦ ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ 
e

n 1<  ʧʨʠ 

q 1/ 2¢ , ʜʣʷ QR-ʢʦʜʽʚ 
e

n 1>, ʜʣʷ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ ʨʦʙʘʩʪʥʽʩʪʴ ï 0; 

ï ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ ʧʦ ʟʦʙʨʘʞʝʥʥʶ 

ʤʘʨʢʝʨʘ; 

ï cʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʩʧʨʦʙ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 
2

p
n 63 !=  ʧʨʠ 

ʨʦʟʤʽʨʽ ʙʣʦʢʫ ʨʽʚʥʠʤ ʨʦʟʤʽʨʫ ʟʦʙʨʘʞʝʥʥʷ, ʜʣʷ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ 

ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ 0; 

ï ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

AR-ʤʘʨʢʝʨʘ ~1, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ QR-ʢʦʜʽʚ ~10, ʜʣʷ ʤʘʨʢʝʨʽʚ-ʟʦʙʨʘʞʝʥʴ 

~100. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ 

ʚ ʤʦʜʝʨʥʽʟʘʮʽʶ ʽʩʥʫʶʯʠʭ ʽ ʨʦʟʨʦʙʢʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣ,ɹ ʤʝʪʦʜ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʦʙʨʦʙʢʘ 

ʟʦʙʨʘʞʝʥʴ, ʚʽʟʫʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ, ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʩ̔ʪɹ, 
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ANNOTATION  

 

 

Makoveichuk O. M. Models, Methods and Information Technology of 

Designing and Use of Visual Information Structures of Augmented Reality. ï 

Qualifying scientific work on the rights of a manuscript. 

The thesis for the degree of Doctor of Engineering Sciences in specialty 

05.13.06 "Information technologies" (05 ï technical sciences). ï Kharkiv 

National University of Radio Electronics, Ministry of Education and Science of 

Ukraine, Kharkiv, 2020. 

The actual scientific problem of the development of a theoretical base for 

the creation of models, methods, and information technology of designing and 

use of visual information structures in augmented reality systems for application 

in various spheres of information processing that has essential value in technical 

sciences is solved in the thesis. 

The research objective is to ensure stable operation of augmented reality 

systems by building models, methods, and information technology of designing 

and use of visual information structures in augmented reality systems. 

To achieve the objective of the thesis the following tasks need to be 

solved: 

ï to conduct a critical analysis of existing methods, models, and 

information technologies of augmented reality systems; 

ï to build on the theoretical bases of designing and application of visual 

information structures in augmented reality for ensuring the stable operation of 

augmented reality systems under adverse external influences; 

ï to create a systematic representation of the visual information structures 

of augmented reality and develop their model; 

ï to develop a method of designing stable mosaic stochastic markers of 

augmented reality; 
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ï to develop a model and method for detecting mosaic stochastic markers 

of augmented reality; 

ï to develop a method for determining the parameters for the projective 

transformation of mosaic stochastic markers of augmented reality without 

considering additional a priori information; 

ï to develop a method for decoding mosaic stochastic markers of 

augmented reality; 

ï to develop a method for projecting virtual objects on the plane of the 

augmented reality marker; 

ï to develop the information technology for designing and use of 

augmented reality markers that adheres to the requirements to the visual 

information structures of augmented reality; 

ï to conduct a comparative assessment of the quality of use of existing 

and mosaic stochastic augmented reality markers in conditions of partial loss of 

information; 

ï to assess the cryptographic stability of the method of encoding 

information in mosaic stochastic markers of augmented reality. 

The research object is the process of designing and application of visual 

information structures in augmented reality systems. The research subject 

encompasses models, methods, and information technology of designing and 

application of visual information structures in augmented reality systems. 

The research is based on a critical analysis of known methods, models, 

and information technologies of designing and use of augmented reality 

markers. In the course of the analysis of existing methods, models, and 

information technologies of augmented reality systems, the mathematical 

methods of image comparison, digital image processing, and computer vision 

were applied. In the course of developing the theoretical foundations of building 

and application of visual information systems of augmented reality for ensuring 

the stable operation of the system under adverse external influences, the 

methods of category theory, digital image processing, and computer vision were 
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applied. In the course of developing the model of visual information structure, 

model of forming stable mosaic stochastic augmented reality markers, model 

and method of detecting mosaic stochastic augmented reality markers, the 

methods of probability theory, combinatorics, mathematical modeling, digital 

image processing, mathematical logic, information technology creation, 

optimization theory were applied. In the course of developing a method for 

determining the parameters for the projective transformation of mosaic 

stochastic augmented reality markers without considering additional a priori 

information, a method for decoding mosaic stochastic augmented reality 

markers, a method of projecting virtual objects on the plane of mosaic stochastic 

augmented reality markers, and the development of information technology for 

designing and use of augmented reality markers, the methods of matrix theory, 

analytical geometry, mathematical modeling, digital image processing, 

mathematical logic, information technologies creation, optimization theory were 

applied. To assess the quality of the methods for use of existing and mosaic 

stochastic augmented reality markers, the cryptographic stability of the method 

for encoding information in mosaic stochastic augmented reality markers, the 

methods of probability theory, group theory, mathematical statistics, data 

clustering, mathematical modeling, digital image processing, mathematical 

logic, information technologies creation, and mathematical apparatus of matrix 

theory were applied. 

In the thesis: 

ï for the first time, there has been developed a model of stable mosaic 

stochastic augmented reality markers and the method for their forming that is 

based on the procedures of scaling the image-message with the nearest-neighbor 

approach, mixing pixels using a known pseudo-random permutation and the 

pixels color coding based on the marker image cells color that are separated by a  

frame, which ensures stable data transmission and correct display of visual 

objects of augmented reality; 
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ï for the first time, there has been developed a method of detecting 

mosaic stochastic augmented reality markers that, based on local dispersion 

binarization, detects the marker area on the original image and finds bit 

container masks through segmentation and subsequent morphological filtering 

of the masked image area, which enables correct decoding of messages under 

adverse external conditions; 

ï for the first time, there has been developed a method of determining the 

parameters of the projective transformation of mosaic stochastic markers, that 

finds the four reference points, iteratively maximizing the sum of variances of 

the mean values of the union of the bit container masks that are calculated by 

rows and columns without considering additional a priori information that 

enables unified detection and decoding regardless of the conditions of marker 

registration; 

ï for the first time, there has been developed a method of decoding 

mosaic stochastic augmented reality markers that, based on the suggested 

system of indicators, determines the size of the marker bit matrix, builds the 

marker bit matrix from the transformed image of the bit container, determines 

the shift in the full bit matrix, and implements the filtering of the permuted 

image that ensures correct reproduction and visualization of the information 

under adverse external influences; 

ï the further development received theoretical bases of the designing and 

use of visual information structures of augmented that, unlike the known 

theories, are based on scientifically based models and methods of system design, 

transformation, and decoding of visual information that ensures stable operation 

of augmented reality systems under adverse external influences; 

ï the model of visual information structures of augmented reality has been 

improved that, unlike the known models, was built by introducing redundancy, 

stochastic rearrangement, and containerization of data that enables stable 

recovery of information in cases of partial data loss; 
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ï the further development received a method of projecting virtual objects 

on the plane of the augmented reality marker that, unlike the known methods, 

implements the proposed procedures for camera calibration on the existing 

image of the mosaic stochastic marker, which allows visualizing three-

dimensional objects and video stream rendering in the marker area and ensures 

the versatility and unification regardless of the physical and geometric properties 

of the image recording means; 

ï the augmented reality information technology was improved that, in 

contrast to the known technologies, uses models and methods of stable mosaic 

stochastic markers processing which allows meeting the requirements for visual 

information structures of augmented reality that allows to formalize and 

automate the process of building visual objects in the projects for creating new 

information systems of augmented reality. 

The thesis work was performed under the plan of scientific and technical 

activity of the Kharkiv National University of Radio Electronics within the 

framework of the state-funded Research Program "Methods, Systems and Means 

of Cryptographic Information Security with Guaranteed Level of Resistance and 

Improved Performance" (̄  DR 0115U002431), Economic Contract ˉ 17-13 

"Development of models, mechanisms, methods, and means of symmetric 

encryption and gestation, methods for evaluating their resilience", the code 

"Sustainability" (ˉ DR 0118U003807), the plan of scientific and technical 

activity of Ivan Kozhedub Kharkiv National University of Air Forces within the 

frameworks of state-funded Research Program "Designing a software module 

for the processing of heterogeneous and time-based data obtained from optical-

electronic means of unmanned aerial vehicles and satellite systems" the code 

"Mosaic-PS" (̄  DR 0101U002020). 

The practical significance of the obtained theoretical results of the 

dissertation is to develop information technology for the functioning of 

augmented reality systems, automation of the process of designing visual objects 

in existing and promising augmented reality information systems. 
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The results of the dissertation work are implemented and enacted: in the 

military unit A2667, Kyiv; in the private joint-stock company "Avikos", Lviv; in 

the State Enterprise "Center of State Land Cadastre" of the State Agency of 

Land Resources of Ukraine, Kyiv; at the National Space Control and Testing 

Center of the State Space Agency of Ukraine, Kyiv; in the educational process 

of Ivan Kozhedub Kharkiv National Air Force University, Kharkiv. 

The scientific results obtained in the dissertation can be used: in the 

organizations that are the end-users of scientific and technical products and in 

the research organizations in justifying the technical requirements for advanced 

image processing and computer vision systems; in research and production 

industrial organizations in the course of designing and developing of new 

systems and complexes of image processing and computer vision; at higher 

education institutions for image processing and computer vision professionals. 

It is established that the developed mosaic stochastic augmented reality 

marker has the following quality indicators: 

ï detection time  sec, which is 3 times less than the time of QR 

codes detection and about 5 times less than of image markers; 

ï the number of colors required to build the marker  ï binary image 

and additional intermediate color; 

ï the average entropy of the message encoded in it, 
m

e 1/ 9= , bit per 

pixel, which in 4,5 times less than the information capacity of QR-codes and is 

50 times more than the capacity of circle markers while the information capacity 

for other markers is 0; 

ï the number of erroneously decoded bits of the message   at 

 
, for QR-codes  , robustness for other markers is 0; 

ï the fundamental possibility of determining the position of the camera 

based on the image of the marker - exists; 

ï the average number of attempts required for the optimal decoding 
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algorithm in the absence of additional a priori information  is 

achieved when the block size is equal to the image size, crypto-stability for the 

remaining markers is 0; 

ï the number of additional parameters required to use an AR marker , 

while for QR codes , for image markers . 

The implementation of the models and methods developed in the 

dissertation in the modernization of existing and development of perspective 

augmented reality systems will ensure the stable functioning of information 

technologies and augmented reality systems through designing and using mosaic 

stochastic markers. 

Keywords: model, method, information technology, image processing, 

visual information structure, augmented reality, stable mosaic stochastic marker, 

projective transformation, decoding, projection, virtual object. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʀʄɺʆʃɯɺ, ʆɼʀʅʀʎʔ, 

ʉʂʆʈʆʏɽʅʔ ɯ ʊɽʈʄɯʅɯɺ 

 

 

2D   ï 2-ʚʠʤʽʨʥʠʡ; 

3D   ï 3-ʚʠʤʽʨʥʠʡ; 

ɸʂʌ   ï ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ; 

ɺɯʉ  ï ʚʽʟʫʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ; 

ɻɸ   ï ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ; 

ʅɼʈ   ï ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ; 

ʉʋɹɼ ï ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ; 

API   ï ʧʨʠʢʣʘʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ (ʘʥʛʣ. Application 

Program Interface); 

AR   ï ʜʦʧʦӢʚʥʝʥʘ ʨʝʘӢʣɹʥ̔ʩʪɹ (ʘʥʛʣ. augmented reality); 

CV  ï ʢʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ (ʘʥʛʣ. Computer Vision); 

GA  ï ʛʝʥʝʪʠӢʯʥʠʡ ʘʣʛʦʨʠӢʪʤ (ʘʥʛʣ. Genetic Algorithm); 

GPS   ï ʛʣʦʙʘʣʴʥʘ ʩʠʩʪʝʤʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ (ʘʥʛʣ. Global 

Positioning System); 

IDEF0  ï ʤʝʪʦʜʦʣʦʛʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʛʨʘʬʽʯʥʦʛʦ 

ʦʧʠʩʘʥʥʷ ʧʨʦʮʝʩʽʚ (ʘʥʛʣ. Integrated DEFinition ï ʽʥʪʝʛʨʦʚʘʥʽ ʚʠʟʥʘʯʝʥʥʷ); 

MATLAB   ï ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʘʥʛʣ. MATrix LABoratory ï 

ʤʘʪʨʠʯʥʘ ʣʘʙʦʨʘʪʦʨʽʷ); 

OpenCV ï ʙʽʙʣʽʦʪʝʢʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ (ʘʥʛʣ. 

Open Source Computer Vision Library); 

ORB   ï ʦʨʽʻʥʪʦʚʘʥʽ ʰʚʠʜʢʽ ʦʟʥʘʢʠ (ʘʥʛʣ. Oriented FAST and rotated 

BRIEF); 

QR-ʢʦʜ  ï ʢʦʜ ʰʚʠʜʢʦʛʦ ʚʽʜʛʫʢʫ (ʘʥʛʣ. Quick Response Code); 

RANSAC  ï ʫʟʛʦʜʞʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʠʙʽʨʦʢ (ʘʥʛʣ. RANdom SAmple 
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Consensus); 

SADT  ï ʤʝʪʦʜʦʣʦʛʽʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʘʥʛʣ. 

Structured Analysis and Design Technique); 

SDK   ï ʥʘʙʽʨ ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʢʠ (ʘʥʛʣ. Software Development Kit ); 

SIFT   ï ʤʘʩʰʪʘʙʥʦ-ʥʝʟʘʣʝʞʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʟʥʘʢ (ʘʥʛʣ. Scale-

Invariant Feature Transform); 

SURF  ï ʧʨʠʰʚʠʜʰʝʥʽ ʩʪʽʡʢʽ ʦʟʥʘʢʠ (ʘʥʛʣ. Speeded Up Robust 

Features); 

std   ï ʩʝʨʝʜʥʴʦ-ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (ʘʥʛʣ. standard 

deviation); 

SVD   ï ʩʠʥʛʫʣʷʨʥʠʡ ʨʦʟʢʣʘʜ ʤʘʪʨʠʮʽ (ʩʠʥʛʫʣʷʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʤʘʪʨʠʮʽ, ʘʥʛʣ. singular-value decomposition); 

SWOT  ï Strengths-Weaknesses-Opportunities-Threats; 

url   ï ʫʥ̔ʬ̔ʢʦӢʚʘʥʠʡ ʣʦʢʘӢʪʦʨ ʨʝʩʫӢʨʩ̔ʚ ʘʙʦ ʘʜʨʝӢʩʘ ʨʝʩʫӢʨʩʫ (ʘʥʛʣ. 

Uniform Resource Locator ï ʜ̒ʠʥʠʡ ʚʢʘʟʽʚʥʠʢ ʥʘ ʨʝʩʫʨʩ); 

VR   ï ʚʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ (ʘʥʛʣ. virtual reality). 
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɼʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ (augmented reality ʘʙʦ AR) ï 

ʮʝ ʜʦʧʦʚʥʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʩʚʽʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʝ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʙʽʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʯʠ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

(ʥʘʧʨʠʢʣʘʜ, ʦʢʫʣʷʨʘʤʠ AR) ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [1]. ʋ ʥʘʰ ʯʘʩ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ 

ʦʙʣʘʩʪʷʭ: ʤʝʜʠʮʠʥʘ, ʦʩʚʽʪʘ, ʚʽʡʩʴʢʦʚʘ ʩʬʝʨʘ, ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʪʨʘʥʩʧʦʨʪ, ʢʽʥʦ ʽ 

ʪʝʣʝʙʘʯʝʥʥʷ, ʦʥʣʘʡʥ-ʪʨʘʥʩʣʷʮʽʾ, ʧʽʜʛʦʪʦʚʢʘ ʪʘ ʥʘʚʯʘʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, 

ʤʘʨʢʝʪʠʥʛ ʽ ʨʝʢʣʘʤʘ, ʨʦʟʜʨʽʙ/ʦʥʣʘʡʥ-ʢʦʤʝʨʮʽʷ ʽ ʪʦʨʛʽʚʣʷ ʥʝʨʫʭʦʤʽʩʪʶ, ʽʛʨʦʚʘ 

ʽʥʜʫʩʪʨʽʷ ʪʦʱʦ [2] [17]. 

ɿʛʽʜʥʦ ʧʨʦʛʥʦʟʽʚ ʙʘʥʢʫ Goldman Sachs [18] ʪʘ ʽʥʰʠʭ [7], [17], [19]ï[20] 

ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʩʠʩʪʝʤ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʦ 

2025 ʨʦʢʫ, ʙʽʣʴʰʽʩʪʴ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ [17], [21]: 

 ʧʦʩʪʽʡʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʽ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

 ʟʙʽʣʴʰʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʩʦʢʦʶ ʨʦʟʨʽʟʥʝʥʽʩʪʶ; 

 ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʽ ʧʨʠʩʪʨʦʾʚ; 

 ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʫʙôʻʢʪʽʚ ʫ ʩʬʝʨʽ ʦʪʨʠʤʘʥʥʷ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, 

ʦʙʨʦʙʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ɿ ʘʥʘʣʽʟʫ [2] [21] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽ ʧʝʨʝʜʘʯʽ 

ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʯʘʩʪʠʥʥʠʤ ʚʠʧʘʜʢʦʤ ʷʢʠʭ ʻ ʤʘʨʢʝʨʥʽ ʩʠʩʪʝʤʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

(ɺɯʉ). ɼʣʷ ʤʘʨʢʝʨʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʫ ʷʢʦʩʪʽ ɺɯʉ ʚ ʜʘʥʠʡ ʯʘʩ 

ʚʠʩʪʫʧʘʶʪʴ ʣʠʰʝ ʚʽʟʫʘʣʴʥʽ ʤʘʨʢʝʨʠ. ʋ ʙʝʟʤʘʨʢʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʤʘʨʢʝʨʦʤ ʻ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʢʘʤʝʨʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 
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ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ (GPS ï Global Positioning System) [22]ï[24].  

ʄʘʨʢʝʨʥʽ ʽ ʙʝʟʤʘʨʢʝʨʥʽ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦ [25], ʧʨʠ ʮʴʦʤʫ ʙʝʟʤʘʨʢʝʨʥʽ ʩʠʩʪʝʤʠ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʽʛʨʦʚʠʭ ʪʘ ʪʫʨʠʩʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ [21], [25]ï[26]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʦʚʽʣʴʥʽ ʦʙôʻʢʪʠ ʫ 

ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʠʩʪʝʤʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ɺɯʉ [27]. ʆʩʥʦʚʥʽ ʪʠʧʠ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (AR-ʤʘʨʢʝʨʽʚ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʯʘʩʪʠʥʥʠʡ ʚʠʧʘʜʦʢ 

ɺɯʉ), ʷʢʽ ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ [28]: 

ï ʰʘʙʣʦʥʥʽ ʤʘʨʢʝʨʠ (template markers) ï ʯʦʨʥʦ-ʙʽʣʽ ʤʘʨʢʝʨʠ, ʷʢʽ ʤʘʶʪʴ 

ʧʨʦʩʪʝ ʟʦʙʨʘʞʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʯʦʨʥʦʾ ʨʘʤʢʠ; 

ï 2D ʰʪʨʠʭ-ʢʦʜʦʚʽ ʤʘʨʢʝʨʠ (barcode markers) ïʤʘʨʢʝʨʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʯʦʨʥʦ-ʙʽʣʠʭ ʢʣʽʪʠʥʦʢ, ʷʢʽ ʧʦ-ʙʽʪʦʚʦ ʢʦʜʫʶʪʴ ʜʘʥʽ, ʥʘʡʯʘʩʪʽʰʝ ʚ 

ʷʢʦʩʪʽ ʰʪʨʠʭ-ʢʦʜʦʚʠʭ AR-ʤʘʨʢʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ QR-ʢʦʜʠ [10], [29]; 

ï ʢʦʣʦʚʽ ʤʘʨʢʝʨʠ (circular markers) ï ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʰʪʨʠʭ-ʢʦʜʦʚʠʭʤ 

ʤʘʨʢʝʨʽʚ, ʪʽʣʴʢʠ ʙʽʪʠ ʢʦʜʫʶʪʴʩʷ ʥʝ ʧʨʷʤʦʢʫʪʥʠʤʠ ʢʣʽʪʠʥʢʘʤʠ, ʘ ʯʦʨʥʦ-

ʙʽʣʠʤʠ ʢʨʫʛʦʚʠʤʠ ʩʝʢʪʦʨʘʤʠ; 

ï ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ (image markers) ï ʚ ʷʢʦʩʪʽ ʤʘʨʢʝʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʚʠʯʘʡʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢ ʢʦʣʴʦʨʦʚʽ, ʪʘʢ ʽ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ. ɺʦʥʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʨʘʤʢʫ ʘʙʦ ʽʥʰʽ ʦʨʽʻʥʪʠʨʠ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʣʦʞʝʥʥʷ. ʊʘʢʽ ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ ʟʘʟʚʠʯʘʡ 

ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʰʫʢʫ ʧʦ ʰʘʙʣʦʥʫ ʘʙʦ ʧʦ ʦʩʦʙʣʠʚʦʩʪʷʭ 

ʟʦʙʨʘʞʝʥʥʷ. 

ɺʽʜʦʤʦ [27]ï[30], ʱʦ ʦʩʥʦʚʥʽ ʪʠʧʠ ɺɯʉ ʥʘ ʧʨʠʢʣʘʜʽ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ 

ʤʘʶʪʴ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ: 

1) ʚʩʽ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ: 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʢʫʪʽʚ ʟʦʙʨʘʞʝʥʥʷ (ʰʘʙʣʦʥʥʽ ʤʘʨʢʝʨʠ); 



48 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠʚ'ʷʟʢʠ (ʰʪʨʠʭ-ʢʦʜʦʚʽ ʽ ʢʦʣʦʚʽ 

ʤʘʨʢʝʨʠ); 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ ʟʦʙʨʘʞʝʥʥʷ ʽ ʾʭ ʜʝʩʢʨʠʧʪʦʨʽʚ (ʤʘʨʢʝʨʠ-

ʟʦʙʨʘʞʝʥʥʷ); 

2) ʯʘʩʪʠʥʘ ʟ ʥʠʭ (ʰʪʨʠʭ-ʢʦʜʦʚʽ ʽ ʢʦʣʦʚʽ ʤʘʨʢʝʨʠ) ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ (ʧʦʚʽʜʦʤʣʝʥʥʷ), ʥʘʧʨʠʢʣʘʜ, ʧʦʩʠʣʘʥʥʷ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ, 

ʱʦ ʻ ʦʜʥʦʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʨʢʝʨʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʜʦ ɺɯʉ, ʚʟʘʛʘʣʽ, ʪʘ ʜʦ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ, ʟʦʢʨʝʤʘ, ʚʠʩʫʚʘʶʪʴʩʷ 

ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʧʦ ʧʦʤʽʪʥʦʩʪʽ (ʣʝʛʢʝ ʪʘ ʰʚʠʜʢʝ ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʚʽʜʝʦ-ʧʦʪʦʮʽ), 

ʧʨʦʩʪʦʪʽ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʣʴʦʨʽʚ), ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

(ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ï ʧʦʚʽʜʦʤʣʝʥʥʷ), ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ 

(ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ), ʨʦʙʘʩʪʥʦʩʪʽ (ʟʙʝʨʝʞʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʨʠ ʚʪʨʘʪʽ ʜʦ 50% ʽʥʬʦʨʤʘʮʽʾ), ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ 

(ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʟʘʢʦʜʦʚʘʥʝ ʫ ɺɯʉ, ʧʦʚʠʥʥʦ ʙʫʪʠ ʩʪʽʡʢʠʤ ʜʦ ʢʨʠʧʪʦʘʪʘʢ) ʽ 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʷʤʠ ʦʙʨʦʙʢʠ ɺɯʉ ʤʽʥʽʤʫʤʫ ʘʧʨʽʦʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ). ɻʦʣʦʚʥʦʶ ʟ ʮʠʭ ʚʠʤʦʛ ʻ ʚʠʤʦʛʘ ʨʦʙʘʩʪʥʦʩʪʽ ï ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ 

ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʬʽʟʠʯʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʾ ʯʘʩʪʠʥʠ ɺɯʉ ʯʠ ʟʘʢʨʠʪʪʽ ʡʦʛʦ 

ʟʘʚʘʜʦʶ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʞʦʜʝʥ ʩʪʘʥʜʘʨʪʥʠʡ ʪʠʧ AR-ʤʘʨʢʝʨʘ ʥʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʢʘʟʘʥʠʤ ʚʠʤʦʛʘʤ ʫ ʧʦʚʥʽʡ ʤʽʨʽ, ʪʦʙʪʦ ʽʩʥʫʶʯʠʤ ɺɯʉ (AR-ʤʘʨʢʝʨʘʤ) 

ʧʨʠʪʘʤʘʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʾʭ ʩʪʽʡʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʥʘʷʚʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʤʦʟʽ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘʜʦʚʦʣʴʥʷʻ 

ʽʥʰʠʡ ʪʠʧ ɺɯʉ ï ʤʘʪʨʠʯʥʽ ʢʦʜʠ (ʧʨʠʢʣʘʜʦʤ ʷʢʠʭ ʻ QR-ʢʦʜʠ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʟʘʛʦʩʪʨʠʣʦʩʷ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 
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ʦʙʤʝʞʝʥʥʷʤʠ ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʱʦʜʦ 

ʾʭ ʩʪʽʡʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʥʘʷʚʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʉʬʦʨʤʫʣʴʦʚʘʥʝ 

ʧʨʦʪʠʨʽʯʯʷ ʦʙʫʤʦʚʣʝʥʝ ʚʽʜʩʫʪʥʽʩʪʶ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʫʢʘʟʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʨʽʰʝʥʥʷ 

ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ 

ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ, 

ʛʨʘʥʪʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʽʚ ʥʘʫʢʦʚʦʾ ʽ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ 

ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ. 

ɹʘʟʦʚʠʤʠ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʽ ʧʦʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʽ ʨʦʙʦʪʠ (ʅɼʈ): ʜʝʨʞʙʶʜʞʝʪʥʽ ʅɼʈ ï "ʄʝʪʦʜʠ, ʩʠʩʪʝʤʠ ʽ ʟʘʩʦʙʠ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʛʘʨʘʥʪʦʚʘʥʠʤ ʨʽʚʥʝʤ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʧʽʜʚʠʱʝʥʦʶ ʰʚʠʜʢʦʜʽʻʶ" (ˉ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ (ɼʈ) 0115U002431), 

"ʉʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʦʙʨʦʙʢʠ ʨʽʟʥʦʨʽʜʥʠʭ ʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʜʘʥʠʭ, 

ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ" ʰʠʬʨ "ʄʦʟʘʾʢʘ-ʇʉ" (ˉ ɼʈ 0101U002020); 

ʛʦʩʧʦʜʘʨʩʴʢʦ-ʜʦʛʦʚʽʨʥʘ ʅɼʈ ˉ 17-13 "ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ, ʤʝʭʘʥʽʟʤʽʚ, ʤʝʪʦʜʽʚ 

ʪʘ ʟʘʩʦʙʽʚ ʩʠʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ˇʝʰʫʚʘʥʥʷ, ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʾʭ 

ʩʪʽʡʢʦʩʪʽ" ʰʠʬʨ "ʉʪʽʡʢʽʩʪʴ" (ˉ ɼʈ 0118U003807), ʷʢʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʚ 

ʍʘʨʢʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʚ 

ʍʘʨʢʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʫ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ 

ʂʦʞʝʜʫʙʘ, ʚ ʷʢʠʭ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. 
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ɺ ʅɼʈ "ʄʝʪʦʜʠ, ʩʠʩʪʝʤʠ ʽ ʟʘʩʦʙʠ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʟ ʛʘʨʘʥʪʦʚʘʥʠʤ ʨʽʚʥʝʤ ʩʪʽʡʢʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʦʶ ʰʚʠʜʢʦʜʽʻʶ" ʟʜʦʙʫʚʘʯʝʤ 

ʨʦʟʨʦʙʣʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʩʪʽʡʢʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ 

ʪʘ ʤʝʪʦʜʠ ʩʪʽʡʢʦʛʦ ʬʦʨʤʫʚʘʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʜʘʥʠʭ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ. 

ɺ ʅɼʈ "ʉʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʦʙʨʦʙʢʠ ʨʽʟʥʦʨʽʜʥʠʭ ʽ 

ʨʽʟʥʦʯʘʩʦʚʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ ʙʝʟʧʽʣʦʪʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ" ʟʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʴ ʟ 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʩʫʤʽʩʥʦ ʩ 

ɺʣʘʜʠʩʣʘʚʦʤ ʍʫʜʦʚʠʤ ʨʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ 

ʦʙʨʦʙʢʠ ʨʽʟʥʦʨʽʜʥʠʭ ʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʜʘʥʠʭ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʨʦʙʦʪʽ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʦʙʢʘʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʾ ʪʘ ʚʠʩʦʪʥʦʾ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ. 

ɺ ʅɼʈ "ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ, ʤʝʭʘʥʽʟʤʽʚ, ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʪʘ ˇʝʰʫʚʘʥʥʷ, ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʾʭ ʩʪʽʡʢʦʩʪʽ" ʟʜʦʙʫʚʘʯʝʤ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʛʝʰʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, 

ʤʝʪʦʜʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ, ʨʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʫ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʧʨʠʚʘʪʥʦʤʫ ʘʢʮʽʦʥʝʨʥʦʤʫ ʪʦʚʘʨʠʩʪʚʽ "ɯʥʩʪʠʪʫʪ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ". 
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ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ, 

ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʇʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʟʘʢʦʜʦʚʘʥʦ ʫ ɺɯʉ, ʫ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʦʙʨʘʥʦ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʜʝʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʝʡ ʧʦʤʠʣʢʠ ʽ ʧʨʦʧʫʩʢʫ ʜʘʥʠʭ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

ï ʧʨʦʚʝʩʪʠ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ, ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʚʠʥʫʪʠ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ; 

ï ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʥʝ ʫʷʚʣʝʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʠʪʠ ʾʾ ʤʦʜʝʣʴ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 
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ï ʨʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʤʦʛʠ ʜʦ 

ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʯʘʩʪʢʦʚʦʾ 

ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʤʝʪʦʜʫ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʩʠʩʪʝʤʘʭ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʨʠʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ 

ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʇʨʠ 

ʚʠʢʦʥʘʥʥʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

ï ʧʨʠ ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ 

ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ 

ʧʦʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ; 

ï ʧʨʠ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ 

ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʢʘʪʝʛʦʨʽʡ, ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ;  

ï ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ ɺɯʉ, ʤʝʪʦʜʫ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ, ʤʝʪʦʜʠ ʢʦʤʙʽʥʘʪʦʨʠʢʠ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 
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ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʣʦʛʽʢʠ, ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʦʧʪʠʤʽʟʘʮʽʾ; 

ï ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʤʝʪʦʜʫ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʤʝʪʦʜʫ ʧʨʦʝʮʽʶʚʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʨʦʟʨʦʙʮʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʤʘʪʨʠʮʴ, ʤʝʪʦʜʠ ʘʥʘʣʽʪʠʯʥʦʾ 

ʛʝʦʤʝʪʨʽʾ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ, ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ; 

ï ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʦʮʽʥʢʠ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʤʝʪʦʜʫ 

ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʘʭ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʛʨʫʧ, 

ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ, ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʘʧʘʨʘʪ ʪʝʦʨʽʾ ʤʘʪʨʠʮʴ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ, ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʞ9ʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨ ʦʧʠʨʘʚʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ 

ʨʦʙʦʪʠ ʚ ʦʙʣʘʩʪʽ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʋ. ʇʨʝʪʪʘ [31], ɼ. ʂʘʥʥʽ [32], ʈ. ɹʝʡʪʩʘ ʪʘ 

ʄʘʢ-ɼʦʥʥʝʣʘ [33], ɺ. ɸ. ʉʦʡʬʝʨʘ [34], ʈ. ɻʦʥʩʘʣʝʩʘ ʪʘ ʈ. ɺʫʜʩʘ [35], 

ʃ. ʇ. ʗʨʦʩʣʘʚʩʴʢʦʛʦ [36], ɸ. ɸ. ʇʦʪʘʧʦʚʘ [37] ʪʘ ʽʥʰʠʭ, ʚ ʦʙʣʘʩʪʽ 

ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʟʦʨʫ ʃ. ʐʘʧʠʨʦ ʪʘ ɼʞ. ʉʪʦʢʤʘʥʘ [38], ɼ. ʌʦʨʩʘʡʪʘ ʪʘ 

ɾ. ʇʦʥʩʘ [39], ɸ. ɸ ʃʫʢʴʷʥʽʮʠ ʪʘ ɸ. ɻ. ʐʠʰʢʠʥʘ [40], ʉ. ʖ. ɾʝʣʪʦʚʘ [41] ʪʘ 

ʽʥʰʠʭ, ʚ ʦʙʣʘʩʪʽ ʛʝʦʤʝʪʨʽʾ ʫ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʟʦʨʽ ʈ. ʍʘʨʪʣʽ ʪʘ ɸ. ʎʽʩʝʨʤʘʥʘ 
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[42] ʪʘ ʽʥʰʠʭ, ʚ ʦʙʣʘʩʪʽ ʧʩʝʚʜʦʛʦʣʦʛʨʘʬʽʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ɸ. ʄ. ɹʨʫʢʰʪʝʡʥʘ 

[43]ï[44], ɸ. ɺ. ʄʘʨʢʦʚʩʴʢʦʛʦ [45]ï[46], ʆ. ʇ. ʂʫʟʥʻʮʦʚʘ [46], ʈ. ɼʦʚʛʘʨʜʘ 

[47], ɼ. ʋʨʠʚʩʴʢʦʾ [48], ʚ ʦʙʣʘʩʪʽ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʇ. ʄʽʣʛʨʝʤʘ ʪʘ 

ɸ. ʂʫʰʠʥʦ [49], ʈ. ɸʟʫʤʠ [50] ʪʘ ʽʥʰʠʭ, ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʢʘʪʝʛʦʨʽʡ ɹ. ʗʢʦʙʩʘ 

[51], ʉ. ʇ. ʂʦʚʘʣʸʚʘ [52] ʪʘ ʽʥʰʠʭ. 

ɼʦʩʷʛʥʝʥʥʶ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʧʨʠʷʣʘ ʦʧʦʨʘ ʥʘ ʧʨʠʢʣʘʜʥʽ 

ʨʦʙʦʪʠ ʉ. ʆ. ʉʫʙʦʪʽʥʘ [53] [54], ʊ. ɸ. ʄʘʭʥʦ [55], ɺ. ʄ. ʂʫʨʝʡʯʠʢʘ [56] [58], 

ɸ. ɺ. ʇʘʥʪʝʣʻʻʚʘ [59] [60], ɯ. ɺ. ʈʫʙʘʥʘ [61]ï[63], ʂ. ʉ. ʉʤʝʣʷʢʦʚʘ [64], 

ɺ. ʇ. ʄʘʰʪʘʣʽʨʘ [65] [66], ʉ. ɺ. ʄʘʰʪʘʣʽʨʘ [65] [67], ɭ. ʇ. ʇʫʪʷʪʽʥʘ [68], 

ɺ. ʆ. ɻʦʨʦʭʦʚʘʪʩʴʢʦʛʦ [69], ʉ. ɯ. ɹʦʛʫʯʘʨʩʢʦʛʦ [70],  ɺ. ʆ. ʌʽʣʘʪʦʚʘ [71], 

ʄ. ɺ. ʊʢʘʯʫʢʘ [72], ɺ. ɻ. ʍʫʜʦʚʘ [73] ʪʘ ʽʥʰʠʭ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. 

1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʤʝʪʦʜ ʾʭ ʬʦʨʤʫʚʘʥʥʷ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʜʫʨʘʭ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʽʢʩʝʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʪʘ ʾʭ ʢʦʜʫʚʘʥʥʷ ʢʦʣʴʦʨʦʤ ʢʣʽʪʠʥʦʢ ʟʦʙʨʘʞʝʥʥʷ ʤʘʨʢʝʨʘ, ʷʢʽ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʨʘʤʢʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʪʘ 

ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

2. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʙʽʥʘʨʠʟʘʮʽʾ ʣʦʢʘʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʜʝʪʝʢʪʫʻ ʦʙʣʘʩʪʴ ʤʘʨʢʝʨʘ ʥʘ ʚʠʭʽʜʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʘ ʟʥʘʭʦʜʠʪʴ 

ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ʰʣʷʭʦʤ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʬʽʣʴʪʨʘʮʽʾ ʤʘʩʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʘʭ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʢʦʨʝʢʪʥʦ ʜʝʢʦʜʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

3. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʟʥʘʭʦʜʞʝʥʥʷ 

ʯʦʪʠʨʴʦʭ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʽʪʝʨʘʪʠʚʥʦ ʤʘʢʩʠʤʽʟʫʶʯʠ ʩʫʤʫ ʜʠʩʧʝʨʩʽʡ ʩʝʨʝʜʥʽʭ 
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ʟʥʘʯʝʥʴ ʦʙôʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʦ ʨʷʜʢʘʭ ʽ ʩʪʦʚʧʮʷʭ 

ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʫʥʽʬʽʢʦʚʘʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʨʝʻʩʪʨʘʮʽʾ 

ʤʘʨʢʝʨʘ. 

4. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨʠ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʤʘʨʢʝʨʘ, ʙʫʜʫʻ ʤʘʪʨʠʮʶ ʙʽʪʽʚ 

ʤʘʨʢʝʨʘ ʽʟ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ, ʚʠʟʥʘʯʘʻ ʟʩʫʚ ʫ 

ʧʦʚʥʽʡ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʪʘ ʨʝʘʣʽʟʫʻ ʬʽʣʴʪʨʘʮʽʶ ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʨʝʢʪʥʝ 

ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ. 

5. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʽ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʦʜʝʣʷʭ ʪʘ 

ʤʝʪʦʜʘʭ ʩʠʩʪʝʤʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʩʪʽʡʢʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

6. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʧʦʙʫʜʦʚʘʥʘ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ, ʧʨʦʚʝʜʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʝ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʚʪʨʘʪʠ ʯʘʩʪʠʥʠ ʜʘʥʠʭ. 

7. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʜʦʤʠʭ, ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʦ ʥʘʷʚʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʶ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ 

ʪʨʠʚʠʤʽʨʥʽ ʦʙôʻʢʪʠ ʪʘ ʨʝʥʜʝʨʽʥʛ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʫʥʽʬʽʢʘʮʽʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʽʟʠʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʦʙʽʚ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ. 

8. ʋʜʦʩʢʦʥʘʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʚ ʷʢʽʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʜʦʚʽʣʴʥʠʪʠ ʟʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʧʨʦʝʢʪʘʭ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʦʙʫʜʦʚʠ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʽʩʥʫʶʯʠʭ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʪʘ ʨʝʘʣʽʟʦʚʘʥʽ:  

ï ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʤʫ ʢʦʤʧʣʝʢʩʽ (ʇɸʂ) ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʨʦʛʨʘʤ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʽʥʪʝʨʧʨʝʪʘʪʦʨʘ-

ʜʝʰʠʬʨʫʚʘʣʴʥʠʢʘ (ʘʢʪ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʚʽʡʩʴʢʦʚʦʾ ʯʘʩʪʠʥʠ ɸ2667, ʤ. ʂʠʾʚ ʚʽʜ 

28.02.2020). 

ï ʚ ʧʨʠʚʘʪʥʦʤʫ ʘʢʮʽʦʥʝʨʥʦʤʫ ʪʦʚʘʨʠʩʪʚʽ "ɸʚʽʢʦʩ" ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʤʦʜʫʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤʠʤʠ ʦʙôʻʢʪʘʤʠ ʚ ʢʦʤʧʣʝʢʩʘʭ "ʉʢʽʬ", "ʉʪʫʛʥʘ", ɹʄ 

"ʆʧʣʦʪ" (ʘʢʪ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʚʘʪʥʦʛʦ ʘʢʮʽʦʥʝʨʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ 

"ɸʚʽʢʦʩ", ʤ. ʃʴʚʽʚ ʚʽʜ 28.05.2020); 

ï ʚ ɼʝʨʞʘʚʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ "ʎʝʥʪʨ ʜʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ" 

ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ (ʘʢʪ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ "ʎʝʥʪʨ ʜʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ" 

ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ ʚʽʜ 29.05.2020); 

ï ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʮʝʥʪʨʽ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ (ʘʢʪ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 
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ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ ʚʽʜ 26.05.2020); 

ï ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ (ʘʢʪ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ, ʤ. ʍʘʨʢʽʚ 

ʚʽʜ 05.05.2020). 

ɸʢʪʠ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʥʘʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ ɹ. 

ʆʪʨʠʤʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ: 

ï ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʱʦ ʻ ʟʘʤʦʚʥʠʢʘʤʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ; 

ï ʚ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ 

ʩʠʩʪʝʤ ʽ ʢʦʤʧʣʝʢʩʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ; 

ï ʫ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʧʽʜʛʦʪʦʚʢʦʶ ʬʘʭʽʚʮʽʚ ʟ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʚ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʽʩʥʫʶʯʠʭ ʽ ʨʦʟʨʦʙʢʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ, ʘ ʩʘʤʝ: 

ï ʯʘʩ ʚʠʷʚʣʝʥʥʷ 
D

1/ 30t <  ʩʝʢ, ʱʦ ʚ 3 ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ ʯʘʩ ʚʠʷʚʣʝʥʥʷ 

QR-ʢʦʜʽʚ ʽ ʧʨʠʙʣʠʟʥʦ ʫ 5 ʨʘʟʽʚ ʤʝʥʰʝ ʥʽʞ ʜʣʷ ʤʘʨʢʝʨʽʚ-ʟʦʙʨʘʞʝʥʴ; 

ï ʢʽʣʴʢʽʩʪʴ ʢʦʣʴʦʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʨʢʝʨʘ, 
c

n 3=  ï 

ʙʽʥʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʽ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʤʽʞʥʠʡ ʢʦʣʽʨ; 

ï ʩʝʨʝʜʥʷ ʝʥʪʨʦʧʽʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʱʦ ʟʘʢʦʜʦʚʘʥʘ ʚ ʥʴʦʤʫ, ʟʘ ʧʦʙʫʜʦʚʦʶ 

ʩʢʣʘʜʘʻ 
m

e 1/ 9=  ʙʽʪ/ʧʽʢʩʝʣ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʫ 4,5 ʨʘʟʽʚ ʤʝʥʰʝ ʟʘ 
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ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ QR-ʢʦʜʽʚ ʽ ʧʨʠʙʣʠʟʥʦ ʫ 50 ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʽʞ ʫ ʢʦʣʦʚʠʭ 

ʤʘʨʢʝʨʽʚ, ʫ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ï 0; 

ï ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʦ ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ 
e

n 1<  ʧʨʠ 

q 1/ 2¢ , ʜʣʷ QR-ʢʦʜʽʚ 
e

n 1>, ʜʣʷ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ ʨʦʙʘʩʪʥʽʩʪʴ ï 0; 

ï ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ ʧʦ ʟʦʙʨʘʞʝʥʥʶ 

ʤʘʨʢʝʨʘ; 

ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʩʧʨʦʙ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 
2

p
n 63 !=  ʧʨʠ 

ʨʦʟʤʽʨʽ ʙʣʦʢʫ ʨʽʚʥʠʤ ʨʦʟʤʽʨʫ ʟʦʙʨʘʞʝʥʥʷ, ʜʣʷ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ 

ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ 0; 

ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ AR-

ʤʘʨʢʝʨʘ ~1, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ QR-ʢʦʜʽʚ ~10, ʜʣʷ ʤʘʨʢʝʨʽʚ-ʟʦʙʨʘʞʝʥʴ ~100. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʅʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʽ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʅʘʫʢʦʚʽ ʧʨʘʮʽ [74] [79] 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʙʝʟ ʩʧʽʚʘʚʪʦʨʽʚ. ʆʢʨʝʤʽ ʝʪʘʧʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʫ 

ʩʧʽʚʧʨʘʮʽ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʝʪʘʧʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, 

ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ï [80] [105]. ʉʪʫʧʽʥʴ ʦʩʦʙʠʩʪʦʛʦ ʚʥʝʩʢʫ 

ʘʚʪʦʨʘ ʚ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

ï ʚ [80] ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʽ ʤʝʪʦʜ 

ʜʝʢʦʜʫʚʘʥʥʷ ʜʘʥʠʭ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʞʝʨʝʣ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ 

ʟʥʽʤʢʘʤʠ; 

ï ʚ [81] ʘʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʽʤʦʚʽʨʥʦʩʪʝʡ ʧʦʤʠʣʢʠ ʽ ʧʨʦʧʫʩʢʫ 

ʜʘʥʠʭ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʧʨʠ ʚʧʣʠʚʽ ʧʨʦʪʷʞʥʠʭ ʤʘʩʢʫʶʯʠʭ ʧʝʨʝʰʢʦʜ; 

ï ʚ [82] ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʩʝʚʜʦʽʥʚʝʨʩʽʾ ʄʫʨʘ-

ʇʝʥʨʦʫʟʘ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟ ʛʨʘʜʽʻʥʪʽʚ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʜʠʥʘʤʽʯʥʠʭ 

ʯʘʩʪʢʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ; 
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ï ʚ [83] ʘʚʪʦʨʦʤ ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ, 

ʱʦ ʟʘʢʦʜʦʚʘʥʦ ʫ ʤʦʟʘʾʯʥʦʤʫ ʩʪʦʭʘʩʪʠʯʥʦʤʫ ʤʘʨʢʝʨʽ, ʚ ʫʤʦʚʘʭ 

ʨʦʟʬʦʢʫʩʫʚʘʥʥʷ ʪʘ ʟʤʘʟʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ; 

ï ʚ [84] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ  ʚ 

ʤʝʪʦʜʽ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ; 

ï ʚ [85] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʤʝʪʦʜʽ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʟʥʘʭʦʜʠʪʠ ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ʰʣʷʭʦʤ 

ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʤʘʩʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚʽʜʦʤʽ ʤʝʪʦʜʠ 

ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ; 

ï ʚ [86] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʤʝʪʦʜʽ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʣʷ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʤʘʩʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʆʪʩʫ; 

ï ʚ [87] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʤʝʪʦʜʽ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʣʷ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʤʘʩʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ; 

ï ʚ [88] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʤʝʪʦʜʽ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʤʘʩʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʩʪʘʥʴ ʂʫʣʴʙʘʢʘ-ʃʝʡʙʣʝʨʘ; 

ï ʚ [89] ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʦ ʝʚʦʣʶʮʽʡʥʠʡ ʤʝʪʦʜ ʩʝʛʤʝʥʪʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ; 

ï ʚ [90] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʤʘʨʢʝʨʘ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ; 

ï ʚ [91] ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʰʫʤʽʚ ʥʘ ʪʦʯʥʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ; 
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ï ʚ [92] ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜ ʰʪʫʯʥʦʾ ʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾ 

ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ; 

ï ʚ [93] ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ʟʝʤʝʣʴ ʟʘʧʘʩʫ ʪʘ ʨʝʟʝʨʚʥʦʛʦ ʬʦʥʜʫ; 

ï ʚ [93] ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʤʘʨʢʝʨʘ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʜʫʨʘʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ; 

ï ʚ [94] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʦʢʘʥʘʣʴʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ; 

ï ʚ [95] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʠ ʜʠʩʧʝʨʩʽʡ ʫ ʷʢʦʩʪʽ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʤʝʪʦʜʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ; 

ï ʚ [96] ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʬʘ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ; 

ï ʚ [97] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʤʝʪʦʜʽ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʚ ʩʠʩʪʝʤʘʭ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʤʘʩʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʡʦʚʽ ʤʝʪʦʜʠ; 

ï ʚ [98] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʰʪʫʯʥʦʾ ʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾ 

ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ; 

ï ʚ [99] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʜʫʨʘʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʟʘʜʘʥʝ 

ʯʠʩʣʦ ʨʘʟʽʚ; 

ï ʚ [100] ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʘ ʂʘʥʥʽ ʪʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʬʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ; 
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ï ʚ [101] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʚʝʨʩʥʠʭ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʙʣʦʯʥʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ; 

ï ʚ [102] ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʦ ʤʫʨʘʰʠʥʠʡ ʤʝʪʦʜ ʩʝʛʤʝʥʪʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʤʘʨʢʝʨʘ; 

ï ʚ [103] ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʦ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʤʫʨʘʰʠʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ; 

ï ʚ [104] ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʘ ʬʫʥʢʮʽʷ ʨʦʟʤʠʪʪʷ ʟʦʙʨʘʞʝʥʥʷ-

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʠ ʟʤʘʟʫʚʘʥʥʽ ʪʘ ʨʦʟʬʦʢʫʩʫʚʘʥʥʽ. 

2 ʣʠʧʥʷ 2019 ʨʦʢʫ ʥʘ ʟʘʩʽʜʘʥʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ ʨʘʜʠ ɼ 64.052.08 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ ʙʫʣʘ ʫʩʧʽʰʥʦ 

ʟʘʭʠʱʝʥʘ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ "ʢʘʥʜʠʜʘʪʘ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ" ʍʫʜʦʚʠʤ ɺʣʘʜʠʩʣʘʚʦʤ ʥʘ ʪʝʤʫ "ʄʝʪʦʜʠ ʪʝʤʘʪʠʯʥʦʛʦ 

ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟ ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʫʨʘʰʠʥʠʭ ʘʣʛʦʨʠʪʤʽʚ" [73]. ʋ ʩʫʤʽʩʥʠʭ ʩ ʍʫʜʦʚʠʤ 

ɺʣʘʜʠʩʣʘʚʦʤ ʨʦʙʦʪʘʭ [84]ï[85], [87]ï[91], [94], [98], [102], [103] ʨʽʟʥʠʡ 

ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ, ʘ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʦʩʦʙʠʩʪʦ 

ʍʫʜʦʚʠʤ ɺ., ʥʝ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʘʧʨʦʙʦʚʘʥʽ ʥʘ 29 ʥʘʫʢʦʚʠʭ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ, ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ: 9-ʡ, 11-ʡ, 14-ʡ ʪʘ 15-ʡ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ "ʅʦʚʽʪʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ï ʜʣʷ ʟʘʭʠʩʪʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ" (ʤ. ʍʘʨʢʽʚ, 2013, 2015, 2018, 

2019 ʨʨ.) [105] [109]; 13-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çExperience of Designing and Application of CAD Systems in Microelectronics 

(CADSM)è (ʤ. ʃʴʚʽʚ, 2015 ʨ.) [110]; IX ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ, ʢʦʤʧʣʝʢʩʽʚ, ʟʘʩʦʙʽʚ 

ʟʚôʷʟʢʫ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ ɸʊʆè (ʤ. ʂʠʾʚ, 2016 ʨ.) [111], 17-ʡ ʥʘʫʢʦʚʦ-
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ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʪʚʦʨʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʦʟʙʨʦʻʥʥʷ ʽ ʚʽʡʩʴʢʦʚʦʾ 

ʪʝʭʥʽʢʠ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭè (ʤ. ʏʝʨʥʽʛʽʚ, 2017 ʨ.) [112], 4-ʡ ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʧʽʣʴʥʽ ʜʽʾ ʚʽʡʩʴʢʦʚʠʭ ʬʦʨʤʫʚʘʥʴ ʪʘ 

ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʠ: ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠè (ʤ. ʆʜʝʩʘ, 

2017 ʨ.) [113], ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "Ukraine ï EU. Innovation in 

Education, Technology, Business and Law" (ʤ. ʏʝʨʥʽʛʽʚ, 2018 ʨ.) [114], XXII  

ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʊʝʦʨʽʷ ʪʘ ʧʨʘʢʪʠʢʘ 

ʩʪʚʦʨʝʥʥʷ, ʨʦʟʚʠʪʢʫ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʚʽʜʫ ʘʥʪʠʪʝʨʦʨʠʩʪʠʯʥʦʾ ʦʧʝʨʘʮʽʾè 

(ʤ. ɾʠʪʦʤʠʨ, 2018 ʨ.) [115], ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

çʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʉʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢè 

(ʤ. ʃʴʚʽʚ, 2018, 2019 ʨʨ.) [116]ï[117], 8-ʡ, 9-ʡ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ "ʉʫʯʘʩʥʽ ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ" (ʤ. ʇʦʣʪʘʚʘïɹʘʢʫïʍʘʨʢʽʚï

ɾʠʣʽʥʘ, 2018ï2019 ʨʨ.) [118]ï[119], 5-ʡ ʪʘ 6-ʡ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ "Problems of info-communications science and 

technology (PICT S&T 2017, PICT S&T 2018)" (ʤ. ʍʘʨʢʽʚ, 2017 ʨ., ʤ. ʂʠʾʚ, 

2018 ʨ.) [120][121]; I ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʅʘʫʢʦʚʽ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ, ʙʦʡʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ 

ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘʢʪʠʯʥʠʭ ʢʣʘʩʽʚè (ʤ. ɾʠʪʦʤʠʨ, 2018 ʨ.) 

[122], ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ɿʘʩʪʦʩʫʚʘʥʥʷ ʉʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ 

ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ ʫ ʢʦʥʬʣʽʢʪʘʭ ʩʫʯʘʩʥʦʩʪʽ" (ʤ. ʃʴʚʽʚ, 2018, 2019 ʨʨ.) 

[123]ï[124]; ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çProspects for the 

development of technical sciences in EU countries and Ukraineè (ʤ. ɺʣʦʮʣʘʚʝʢ, 

2018 ʨ.) [125], ʄʽʞʥʘʨʦʞʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çScience, 

Research, Development # 14. Technics and Technologyè (ʤ. ʃʦʥʜʦʥ, 2019 ʨ.) 

[126], 3-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʂʦʤʧôʶʪʝʨʥʽ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾè (ʤ. ʍʘʨʢʽʚ, 2019 ʨ.) [127], 3-ʡ ʄʽʞʥʘʨʦʜʥʽʡ 
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ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʘʫʢʦʻʤʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʷʭè 

(ʤ. ʂʘʤôʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʢʠʡ, 2019 ʨ.) [128], VII  ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʢʦʦʨʜʠʥʘʮʽʾ ʚʦʻʥʥʦ-ʪʝʭʥʽʯʥʦʾ ʪʘ ʦʙʦʨʦʥʥʦ-

ʧʨʦʤʠʩʣʦʚʦʾ ʧʦʣʽʪʠʢʠ ʚ ʋʢʨʘʾʥʽ. ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠè (ʤ. ʂʠʾʚ, 2019 ʨ.) [129], ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʆʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʩʝʢʪʦʨʫ 

ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠè (ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ, 2019 ʨ.) [130], ʍɯɯ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ, 

ʢʦʤʧʣʝʢʩʽʚ, ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ ʦʧʝʨʘʮʽʾ ʆʙôʻʜʥʘʥʠʭ ʩʠʣè 

(ʤ. ʂʠʾʚ, 2019 ʨ.) [131], XXV ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʉʫʯʘʩʥʽ 

ʧʨʦʙʣʝʤʠ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ APAMCS-2019" (ʤ. ʃʴʚʽʚ, 

2019 ʨ.) [132], 15 ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "Advanced Trends in 

Radioelectronics, Telecommunications and Engineering (TCSET)" (ʤ. ʉʣʘʚʩʴʢʝ, 

2020 ʨ.) [133]. 

ʇʫʙʣʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 

60 ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ, ʩʝʨʝʜ ʷʢʠʭ 31 ʥʘʫʢʦʚʘ ʩʪʘʪʪʷ [74] [104] (30 ʥʘʫʢʦʚʠʭ 

ʩʪʘʪʝʡ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʚʠʜʘʥʥʷʭ ʟ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʚʢʣʶʯʝʥʠʭ ʚ "ʇʝʨʝʣʽʢ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ" 

[74] [89], [91] [104], 1 ʩʪʘʪʪʷ ʦʧʫʙʣʽʢʦʚʘʥʘ ʫ ʟʘʨʫʙʽʞʥʦʤʫ ʥʘʫʢʦʚʦʤʫ 

ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ [90], 30 ʩʪʘʪʝʡ ï ʚ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ 

ʽʥʜʝʢʩʫʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʤʠ ʙʽʙʣʽʦʤʝʪʨʠʯʥʠʤʠ ʽ ʥʘʫʢʦʤʝʪʨʠʯʥʠʤʠ ʙʘʟʘʤʠ 

ʜʘʥʠʭ: Scopus, Cross Ref, EBSCO, Scientific Indexed Service, Index Copernicus, 

Academic Resource Index, Google Scholar, Open Academic Journals Index, 

General Impact Factor, Scholar Steer, Ulrichôs Periodicals Directory, Directory 

Indexing of International Research Journals, Bielefeld Academic Search Engine, 

WorldCat, DOAJ, ResearchBib, Polska Bibliografia Naukowa, ʟ ʥʠʭ 28 ï ʚ 
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ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ [74] [103], 1 ï ʚ ʟʙʽʨʥʠʢʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

[104], ʩʝʨʝʜ ʷʢʠʭ 6 ʩʪʘʪʝʡ ʥʘʧʠʩʘʥʽ ʙʝʟ ʩʧʽʚʘʚʪʦʨʽʚ [74] [79]), 29 ʪʝʟ 

ʜʦʧʦʚʽʜʝʡ ʫ ʤʘʪʝʨʽʘʣʘʭ ʥʘʫʢʦʚʠʭ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ, ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ [105] [133], ʚ ʪʦʤʫ ʯʠʩʣʽ 14 ʪʝʟ ï ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

[110], [114], [116] [121], [125] [128], [130], [133] (ʤʘʪʝʨʽʘʣʠ ʯʦʪʠʨʴʦʭ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʽʥʜʝʢʩʫʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʤʠ ʙʘʟʘʤʠ IEEE Xplore, Scopus ʪʘ Web of Science [110], 

[120] [121], [133]). ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʨʦʟʨʦʙʮʽ 4 ʟʚʽʪʽʚ ʧʨʦ ʅɼʈ [134] [137]. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʚʩʪʫʧ, ʧôʷʪʴ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʠ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽ ʜʦʜʘʪʢʠ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 394 ʩʪʦʨʽʥʢʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ 276 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 

11 ʩʪʦʨʽʥʦʢ ʟʘʡʤʘʶʪʴ ʪʠʪʫʣʴʥʠʡ ʘʨʢʫʰ, ʟʤʽʩʪ, ʧʝʨʝʣʽʢ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ, 

ʩʠʤʚʦʣʽʚ, ʦʜʠʥʠʮʴ, ʩʢʦʨʦʯʝʥʴ ʽ ʪʝʨʤʽʥʽʚ, 2 ʘʥʦʪʘʮʽʾ ʥʘ 34 ʩʪʦʨʽʥʢʘʭ, 

129 ʨʠʩʫʥʢʽʚ ʪʘ 16 ʪʘʙʣʠʮʴ, ʟ ʥʠʭ 16 ʨʠʩʫʥʢʽʚ ʪʘ 5 ʪʘʙʣʠʮʴ ʧʦʚʥʽʩʪʶ 

ʟʘʡʤʘʶʪʴ ʧʣʦʱʫ ʥʘ 18 ʩʪʦʨʽʥʢʘʭ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 

247 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 31 ʩʪʦʨʽʥʮʽ, 2 ʜʦʜʘʪʢʠ ʥʘ 24 ʩʪʦʨʽʥʢʘʭ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʚʩʪʫʧʽ ʥʘʚʝʜʝʥʦ ʫ ʧʦʚʥʦʤʫ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʧʽʜ ʥʦʤʝʨʘʤʠ [1]ï[137]. 
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1 ɸʅɸʃɯɿ ɺɯɼʆʄʀʍ ʄʆɼɽʃɽʁ, ʄɽʊʆɼɯɺ ʊɸ ɯʅʌʆʈʄɸʎɯʁʅʀʍ 

ʊɽʍʅʆʃʆɻɯʁ ɺ ʉʀʉʊɽʄɸʍ ɼʆʇʆɺʅɽʅʆɰ ʈɽɸʃʔʅʆʉʊɯ 

 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʪʠʧʠ ʽʩʥʫʶʯʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʪʠʧʦʚʽ ʤʝʪʦʜʠʢʠ ʨʦʙʦʪʠ ʟ ʥʠʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ 

ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʉʪʠʩʣʦ ʚʠʩʚʽʪʣʝʥʽ ʨʦʙʦʪʠ 

ʧʦʧʝʨʝʜʥʠʢʽʚ, ʱʦ ʧʨʠʩʚʷʯʝʥʽ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, 

ʦʢʨʝʩʣʝʥʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦʾ ʜʫʤʢʠ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʘʨʢʝʨʽʚ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʚʠʜʽʣʝʥʽ ʧʠʪʘʥʥʷ, ʱʦ 

ʟʘʣʠʰʠʣʠʩʷ ʥʝʚʠʨʽʰʝʥʠʤʠ. ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [74]ï[75], [77]ï[80], [84], [87], 

[89], [92], [97]ï [99], [101]ï[102], [104]. 

 

 

1.1 ɸʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

1.1.1 ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

 

 

ʊʝʨʤʽʥ çʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴè (ʚ ʧʝʨʝʢʣʘʜʽ ʟ ʘʥʛʣʽʡʩʴʢʦʾ augmented 

reality ʘʙʦ AR, ʥʘʜʘʣʽ ʙʫʜʝʤʦ ʚʞʠʚʘʪʠ ʡʦʛʦ ʙʝʟ ʣʘʧʦʢ) ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ, 

ʷʢ ʚʚʘʞʘʻʪʴʩʷ, ʊʦʤʦʤ ʂʦʜʝʣʦʤ (Tom Caudell) ʫ 1990 ʨʦʮʽ [138]ï[140].  

ʋ ʢʦʥʮʝʧʮʽʾ ʇʦʣʘ ʄʽʣʛʨʘʤʘ (Paul Milgram) ʪʘ ʌʫʤʽʦ ʂʽʩʽʥʦ (Fumio 

Kishino), ʱʦ ʦʧʠʩʘʥʘ ʫ 1994 ʨʦʮʽ, ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ ʻ ʯʘʩʪʠʥʦʶ 

ʟʤʽʰʘʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʫ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʛʽʙʨʠʜʥʦʶ ʨʝʘʣʴʥʽʩʪʶ (hybrid 

reality) [49]. ɸʚʪʦʨʠ ʦʧʠʩʘʣʠ ʪ. ʟʚ. ʂʦʥʪʠʥʫʫʤ ɺʽʨʪʫʘʣʴʥʽʩʪʴ-ʈʝʘʣʴʥʽʩʪʴ 

(Milgramôs Reality-Virtuality Continuum) ï ʧʨʦʩʪʽʨ ʤʽʞ ʨʝʘʣʴʥʽʩʪʶ ʽ 
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ʚʽʨʪʫʘʣʴʥʽʩʪʶ, ʤʽʞ ʷʢʠʤʠ ʨʦʟʪʘʰʦʚʘʥʘ ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ (ʙʣʠʞʯʝ ʜʦ 

ʨʝʘʣʴʥʦʩʪʽ) ʽ ʜʦʧʦʚʥʝʥʘ ʚʽʨʪʫʘʣʴʥʽʩʪʴ (ʙʣʠʞʯʝ ʜʦ ʚʽʨʪʫʘʣʴʥʦʩʪʽ). 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʩʘʤʝ ʧʦʥʷʪʪʷ ʢʦʥʪʠʥʫʫʤʫ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʛʨʘʥʠʮʽ ʤʽʞ ʮʠʤʠ 

ʧʨʦʩʪʦʨʘʤʠ ʻ ʨʦʟʤʠʪʠʤʠ ʽ ʤʦʞʣʠʚʠʡ ʥʝʧʝʨʝʨʚʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʜʦ 

ʽʥʰʦʛʦ. 

ʈʦʥʘʣʴʜ ɸʟʫʤʘ (Ronald Azuma) ʫ 1997 ʨʦʮʽ ʚʠʟʥʘʯʘʚ ʜʦʧʦʚʥʝʥʫ 

ʨʝʘʣʴʥʽʩʪʴ ʷʢ ʩʠʩʪʝʤʫ, ʱʦ ʤʘʻ ʪʘʢʽ ʦʟʥʘʢʠ [50]: 

ï ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʪʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʚʽʪʫ; 

ï ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʴ; 

ï ʪʨʠʚʠʤʽʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ. 

ɯʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʩʠʥʦʥʽʤʠ ʥʘʟʚʠ çʨʦʟʰʠʨʝʥʘ ʨʝʘʣʴʥʽʩʪʴè, 

çʧʦʣʽʧʰʝʥʘ ʨʝʘʣʴʥʽʩʪʴè, çʟʙʘʛʘʯʝʥʘ ʨʝʘʣʴʥʽʩʪʴè. ɼʦʧʦʚʥʝʥʫ ʨʝʘʣʴʥʽʩʪʴ 

(augmented reality, AR) ʪʨʝʙʘ ʚʽʜʨʽʟʥʷʪʠ ʚʽʜ ʚʽʨʪʫʘʣʴʥʦʾ (virtual reality, VR) ʽ 

ʟʤʽʰʘʥʦʾ (mixed reality, MR) [49]: 

ï ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ ï ʚʽʨʪʫʘʣʴʥʽ ʦʙ'ʻʢʪʠ ʧʨʦʝʢʪʫʶʪʴʩʷ ʥʘ ʨʝʘʣʴʥʝ 

ʦʪʦʯʝʥʥʷ; 

ï ʚʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ ï ʩʪʚʦʨʝʥʠʡ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʩʚʽʪ, ʷʢʠʡ 

ʧʝʨʝʜʘʻʪʴʩʷ ʣʶʜʠʥʽ ʯʝʨʝʟ ʦʨʛʘʥʠ ʯʫʪʪʷ (ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ); 

ï ʟʤʽʰʘʥʘ ʘʙʦ ʛʽʙʨʠʜʥʘ ʨʝʘʣʴʥʽʩʪʴ ʦʙ'ʻʜʥʫʻ ʦʙʠʜʚʘ ʧʽʜʭʦʜʠ. 

ʊʦʙʪʦ, ʚʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ ʩʪʚʦʨʶʻ ʩʚʽʡ ʩʚʽʪ, ʢʫʜʠ ʤʦʞʝ 

ʟʘʥʫʨʠʪʠʩʷ ʣʶʜʠʥʘ, ʘ ʜʦʧʦʚʥʝʥʘ ʜʦʜʘʻ ʚʽʨʪʫʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʚ ʩʚʽʪ 

ʨʝʘʣʴʥʠʡ. ʆʪʞʝ, ʚʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ ʚʟʘʻʤʦʜʽʻ ʣʠʰʝ ʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʘ 

ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ ï ʟ ʫʩʽʤ ʟʦʚʥʽʰʥʽʤ ʩʚʽʪʦʤ. 

ʅʘʜʘʣʽ ʚ ʨʦʙʦʪʽ ʧʽʜ ʜʦʧʦʚʥʝʥʦʶ ʨʝʘʣʴʥʽʩʪʶ (augmented reality ʘʙʦ 

AR) ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʜʦʧʦʚʥʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʩʚʽʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ 

ʜʘʥʠʭ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʙʽʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʯʠ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ (ʥʘʧʨʠʢʣʘʜ, ʦʢʫʣʷʨʘʤʠ AR) ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [1], [18]. 

ʊʝʭʥʦʣʦʛʽʯʥʦ, ʟʘ ʧʨʠʥʮʠʧʦʤ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 
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ɼʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʘʭ [18]. 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʘʤʝʨʫ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʧʘʩʠʚʥʽ ʚʽʟʫʘʣʴʥʽ ʤʘʨʢʝʨʠ, 

ʥʘʧʨʠʢʣʘʜ QR-ʢʦʜ (quick response code ï ʢʦʜ ʰʚʠʜʢʦʛʦ ʚʽʜʛʫʢʫ, [19]). ɺ 

ʷʢʦʩʪʽ ʤʘʨʢʝʨʽʚ ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʽʚ 

ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ. ɼʝʪʝʢʪʫʶʯʠ ʤʘʨʢʝʨʠ ʫ ʚʽʜʝʦ-ʧʦʪʦʮʽ, ʚʜʘʻʪʴʩʷ ʚʠʨʽʟʥʠʪʠ 

ʚʽʨʪʫʘʣʴʥʽ ʦʙ'ʻʢʪʠ ʟ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ. ʇʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʢʘʤʝʨʠ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʙʘʯʝʥʥʷ [1], [18]. 

ɹʝʟʤʘʨʢʝʨʥʘ ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ [18]. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʨʢʝʨʦʤ 

ʻ ʩʘʤʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʢʘʤʝʨʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ (GPS ï Global Positioning System); ʧʨʠ ʮʴʦʤʫ 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʢʘʤʝʨʠ ʟʘʜʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʨʦʩʢʦʧʫ, 

ʘʢʩʝʣʝʨʦʤʝʪʨʫ, ʮʠʬʨʦʚʦʛʦ ʢʦʤʧʘʩʫ ʪʘ ʽʥʰʠʭ ʩʝʥʩʦʨʽʚ, ʷʢʠʤʠ ʦʙʣʘʜʥʘʥʦ 

ʤʦʙʽʣʴʥʠʡ ʧʨʠʩʪʨʽʡ [1], [18], [20]. 

 

 

1.1.2 ʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʽ ʦʩʥʦʚʥʽ ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ɿʛʽʜʥʦ ʧʨʦʛʥʦʟʽʚ ʙʘʥʢʫ Goldman Sachs [21] (ʨʠʩ. 1.1) ʪʘ ʽʥʰʠʭ (ʜʠʚ., 

ʥʘʧʨʠʢʣʘʜ, [22]ï[23]) ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʩʠʩʪʝʤ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʦ 2025-ʛʦ ʨʦʢʫ, ʟʘ ʦʙʩʷʛʦʤ ʦʙʦʨʦʪʽʚ ʽ ʧʨʠʙʫʪʢʫ 

ʨʠʥʦʢ ʙʫʜʝ ʧʦʜʽʣʝʥʠʡ ʥʘ ʪʘʢʽ ʩʝʛʤʝʥʪʠ (ʚ ʧʦʨʷʜʢʫ ʩʧʘʜʘʥʥʷ): 

ï ʽʛʨʠ; 

ï ʤʝʜʠʮʠʥʘ; 

ï ʦʩʚʽʪʘ; 

ï ʚʽʡʩʴʢʦʚʘ ʩʬʝʨʘ; 

ï ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʪʨʘʥʩʧʦʨʪ; 

ï ʢʽʥʦ ʽ ʪʝʣʝʙʘʯʝʥʥʷ; 
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ï ʦʥʣʘʡʥ-ʪʨʘʥʩʣʷʮʽʾ; 

ï ʧʽʜʛʦʪʦʚʢʘ ʪʘ ʥʘʚʯʘʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ; 

ï ʤʘʨʢʝʪʠʥʛ ʽ ʨʝʢʣʘʤʘ; 

ï ʨʦʟʜʨʽʙ/ʦʥʣʘʡʥ-ʢʦʤʝʨʮʽʷ; 

ï ʪʦʨʛʽʚʣʷ ʥʝʨʫʭʦʤʽʩʪʶ. 

 

  

                                 ʘ)                                                          ʙ) 

ʈʠʩʫʥʦʢ 1.1 ï ʇʨʦʛʥʦʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ: 

ʘ) ʦʩʥʦʚʥʽ ʩʮʝʥʘʨʽʾ ʨʦʟʚʠʪʢʫ ʟʘʩʦʙʽʚ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ʙ) ʛʘʣʫʟʝʚʝ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʨʠʥʢʫ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.1 

[2]ï[3]. 

 

ʊʘʙʣʠʮʷ 1.1 ï ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ [2]ï[3] 

ʊʝʭʥʦʣʦʛʽʷ AR ɻʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʦʪʝʥʮʽʡʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʋʧʨʘʚʣʽʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʷ 

ɺʽʟʫʘʣʴʥʽ ʧʽʜʢʘʟʢʠ, ʱʦ 

ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʨʽʰʫʚʘʪʠ 

ʟʘʜʘʯ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʨʝʤʦʥʪʫ, ʤʦʥʪʘʞʫ 

ɸʝʨʦʢʦʩʤʽʯʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʚʽʡʩʴʢʦʚʦ-

ʧʨʦʤʠʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩ, 

ʙʫʜʽʚʥʠʮʪʚʦ, ʦʭʦʨʦʥʘ 

ʟʜʦʨʦʚôʷ, ʥʘʬʪʦʛʘʟʦʚʘ 

ʛʘʣʫʟʴ, ʝʥʝʨʛʝʪʠʢʘ ʪʘ 

ʢʦʤʫʥʘʣʴʥʽ ʧʦʩʣʫʛʠ, 

ʪʝʭʥʽʯʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ 

ʥʘʫʢʠ 

ʇʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʥʘʣʘʛʦʜʞʝʥʠʡ ʨʦʙʦʯʠʡ 

ʧʨʦʮʝʩ, ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ, 

ʚʽʜʜʘʣʝʥʘ ʚʟʘʻʤʦʜʽʷ 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 1.1 

ɯʤʝʨʩʠʚʥʝ ʥʘʚʯʘʥʥʷ 

ʉʪʚʦʨʝʥʥʷ ʨʝʘʣʽʩʪʠʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ 

ʪʨʝʥʫʚʘʥʥʷ, ʷʢʝ ʚ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʧʦʚôʷʟʘʥʝ ʟ 

ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ ʘʙʦ 

ʚʠʩʦʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʜʣʷ 

ʧʝʨʩʦʥʘʣʫ; ʩʪʚʦʨʝʥʥʷ 

ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚ ʪʘ ʷʚʠʱ 

ʜʣʷ ʮʽʣʝʡ ʧʩʠʭʦʣʦʛʽʯʥʦʾ 

ʨʝʘʙʽʣʽʪʘʮʽʾ  

ʉʧʦʞʠʚʯʠʡ ʩʝʛʤʝʥʪ, 

ʦʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ, ʚʠʱʘ 

ʦʩʚʽʪʘ, ʧʨʦʛʨʘʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ, 

ʧʨʦʤʠʩʣʦʚʽ ʧʨʦʜʫʢʪʠ 

ʉʢʦʨʦʯʝʥʥʷ ʨʠʟʠʢʽʚ, 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ, ʧʦʩʠʣʝʥʥʷ 

ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʝʬʝʢʪʫ, 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

ʇʦʢʨʘʱʝʥʥʷ ʢʣʽʻʥʪʩʴʢʦʛʦ ʜʦʩʚʽʜʫ 

ʇʦʢʨʘʱʝʥʥʷ ʢʣʽʻʥʪʩʴʢʦʛʦ 

ʜʦʩʚʽʜʫ ʰʣʷʭʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʥʘʩʪʨʦʶʚʘʥʠʭ ʪʘ 

ʫʥʽʢʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʤʧʘʥʽʻʶ, 

ʙʨʝʥʜʦʤ ʘʙʦ ʧʨʦʜʫʢʪʦʤ  

ɸʚʪʦʤʦʙʽʣʴʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʙʘʥʢʽʚʩʴʢʘ 

ʩʧʨʘʚʘ ʪʘ ʮʽʥʥʽ ʧʘʧʝʨʠ, 

ʩʧʦʞʠʚʘʮʴʢʽ ʧʨʦʜʫʢʪʠ, 

ʤʝʜʽʘ ʪʘ ʨʦʟʚʘʛʠ, ʪʫʨʠʟʤ, 

ʩʬʝʨʘ ʧʦʩʣʫʛ 

ɿʘʣʫʯʝʥʥʷ ʢʣʽʻʥʪʘ, 

ʧʽʜʚʠʱʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʟʨʦʩʪʘʥʥʷ 

ʧʨʦʜʘʞʽʚ, ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʥʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʙʨʝʥʜʘ 

ɼʠʟʘʡʥ ʪʘ ʘʥʘʣʽʟ 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʥʦʚʽ ʬʦʨʤʠ 

ʘʥʘʣʽʟʫ 

ɸʝʨʦʢʦʩʤʽʯʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʚʽʡʩʴʢʦʚʦ-

ʧʨʦʤʠʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩ, 

ʘʚʪʦʤʦʙʽʣʴʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, 

ʙʫʜʽʚʥʠʮʪʚʦ, ʚʠʱʘ ʦʩʚʽʪʘ, 

ʥʝʨʫʭʦʤʽʩʪʴ, ʪʝʭʥʽʯʥʽ ʪʘ 

ʧʨʠʢʣʘʜʥʽ ʥʘʫʢʠ 

ɽʢʦʥʦʤʽʷ ʚʠʪʨʘʪ, 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʚʠʷʚʣʝʥʥʷ ʥʝʜʦʣʽʢʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʘʥʥʽʭ 

ʝʪʘʧʘʭ, ʥʦʚʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ, ʩʢʣʘʜʘʥʥʷ ʟʚʽʪʥʦʩʪʽ 

ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

 

ɼʘʣʽ ʥʘʚʝʜʝʤʦ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʧʦ ʦʩʥʦʚʥʠʭ ʛʘʣʫʟʷʭ ï ʽʛʨʦʚʽʡ ʽʥʜʫʩʪʨʽʾ, ʤʝʜʠʮʠʥʽ ʪʘ ʚʽʡʩʴʢʦʚʽʡ 

ʪʝʭʥʽʮʽ. 

 

 

1.1.3 ɸʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʽʛʨʦʚʽʡ 

ʽʥʜʫʩʪʨʽʾ 

 

 

ʂʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʽʛʨʦʚʫ ʽʥʜʫʩʪʨʽʶ, ʪʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʤʘʻʪʴʩʷ ʥʘ 

ʫʚʘʟʽ ʨʠʥʦʢ ʽʛʨʦʚʠʭ ʤʦʙʽʣʴʥʠʭ ʘʧʣʽʢʘʮʽʡ. ʋ [25] ʥʘʚʝʜʝʥʦ ʩʧʠʩʦʢ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʭ (ʩʪʘʥʦʤ ʥʘ 2019 ʨʽʢ) ʽʛʨʦʚʠʭ ʜʦʜʘʪʢʽʚ ʥʘ ʧʣʘʪʬʦʨʤʽ Android: 
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1. Pok®mon GO (Niantic, Inc.) ï ʮʝ ʣʦʢʘʣʴʥʘ ʛʨʘ ʟ ʜʦʧʦʚʥʝʥʦʶ 

ʨʝʘʣʴʥʽʩʪʶ, ʜʝ ʢʦʨʠʩʪʫʚʘʯʽ ʜʦʩʣʽʜʞʫʶʪʴ ʣʦʢʘʮʽʾ, ʱʦʙ ʬʦʪʦʛʨʘʬʫʚʘʪʠ ʪʘ 

ʪʨʝʥʫʚʘʪʠ ʮʠʬʨʦʚʽ ʽʩʪʦʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʘʤʝʨʫ ʪʝʣʝʬʦʥʫ ʪʘ GPS ʚ 

ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ. ɼʦʜʘʪʦʢ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʥʘʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʚʠʟʥʘʯʥʽ ʧʘʤ'ʷʪʢʠ ʧʦʙʣʠʟʫ, ʧʝʨʝʛʣʷʜʘʪʠ ʨʽʟʥʽ ʦʛʦʣʦʰʝʥʥʷ ʪʘ ʪʨʝʡʣʝʨʠ 

ʬʽʣʴʤʽʚ, ʧʨʦʩʪʦ ʚʢʘʟʫʶʯʠ ʢʘʤʝʨʫ ʩʤʘʨʪʬʦʥʘ ʥʘ ʧʦʩʪʝʨ [142].  

2. Titans of Space ï ʧʨʦʛʨʘʤʘ ʧʨʦʧʦʥʫʻ ʚʽʟʫʘʣʽʟʘʮʽʶ ʉʦʥʷʯʥʦʾ 

ʩʠʩʪʝʤʠ ʨʘʟʦʤ ʟ ʦʧʠʩʦʤ ʥʝʙʝʩʥʠʭ ʪʽʣ [143]. 

3. Crayola Color Alive ï ʢʥʠʞʢʘ-ʨʦʟʤʘʣʴʦʚʢʘ, ʱʦ ʚʠʛʣʷʜʘʻ ʷʢ 

ʩʪʘʨʦʚʠʥʥʘ ʽʛʨʘʰʢʘ. ɼʦʜʘʪʦʢ Crayola Color Alive ʟʙʘʛʘʯʝʥʠʡ ʫʩʽʤʘ 

ʧʨʦʛʨʘʤʘʤʠ ʜʣʷ ʤʘʣʶʚʘʥʥʷ ʪʘ ʨʦʟʤʘʣʴʦʚʦʢ ʜʣʷ ʧʣʘʥʰʝʪʽʚ. ɼʦʜʘʪʦʢ 

ʧʨʘʮʶʻ ʟ ʢʥʠʞʢʘʤʠ-ʨʦʟʤʘʣʴʦʚʢʘʤʠ Crayola's Color Alive, ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʚʘʥʪʘʞʠʪʠ ʙʝʟʢʦʰʪʦʚʥʽ ʰʘʙʣʦʥʠ ʪʘ ʨʦʟʜʨʫʢʫʚʘʪʠ ʾʭ, ʱʦʙ ʜʽʪʠ ʤʘʣʶʚʘʣʠ 

ʥʘ ʩʪʦʨʽʥʮʽ [144]. 

4. Ingress ï ʢʦʤʘʥʜʥʘ ʛʨʘ, ʱʦ ʟʘʩʥʦʚʘʥʘ ʥʘ GPS-ʣʦʢʘʮʽʷʭ, ʚ ʷʢʽʡ 

ʧʦʪʨʽʙʥʦ ʟʥʘʭʦʜʠʪʠ ʽ ʩʪʚʦʨʶʚʘʪʠ ʧʦʨʪʘʣʠ, ʧʨʠ ʯʦʤʫ ʟʘʤʽʩʪʴ ʽʛʨʦʚʦʾ ʜʦʰʢʠ 

Ingress ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʘʨʪʫ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ [145].  

5. SpecTrek ï ʛʨʘ ʥʘ ʧʦʣʶʚʘʥʥʷ ʥʘ ʧʨʠʚʠʜʽʚ, ʜʦʜʘʪʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻ 

GPS-ʤʽʩʮʝʨʦʟʪʘʰʫʚʘʥʥʷ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʧʦʣʶʚʘʥʥʷ ʥʘ ʧʘʨʘʥʦʨʤʘʣʴʥʠʭ 

ʽʩʪʦʪ [146]. 

ɸʥʘʣʦʛʽʯʥʠʡ ʦʛʣʷʜ ʜʣʷ ʧʣʘʪʬʦʨʤʠ iOS ʥʘʚʝʜʝʥʦ ʚ [147]. ɿ ʦʩʥʦʚʥʠʭ 

AR-ʜʦʜʘʪʢʽʚ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ: 

1. Google Maps ï ʥʦʚʘ ʬʫʥʢʮʽʷ Live View ʧʨʠʚʥʦʩʠʪʴ ʜʦʧʦʚʥʝʥʫ 

ʨʝʘʣʴʥʽʩʪʴ ʘʨʩʝʥʘʣʫ ʬʫʥʢʮʽʡ, ʜʦʩʪʫʧʥʠʭ ʥʘ ʢʘʨʪʘʭ Google. ʌʫʥʢʮʽʷ Live 

View ʜʦʧʦʤʘʛʘʻ ʦʨʽʻʥʪʫʚʘʪʠʩʷ, ʥʘʢʣʘʜʘʶʯʠ ʚʽʨʪʫʘʣʴʥʽ ʟʥʘʢʠ ʪʘ ʩʪʨʽʣʢʠ ʥʘ 

ʝʢʨʘʥ ʢʘʤʝʨʠ iPhone, ʱʦʙ ʚʢʘʟʘʪʠ ʰʣʷʭ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ [148]. 

2. Civilizations AR ï ʜʦʜʘʪʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʰʠʨʝʥʫ ʨʝʘʣʴʥʽʩʪʴ, 

ʱʦʙ ʧʝʨʝʪʚʦʨʠʪʠ iPhone ʥʘ ʤʦʙʽʣʴʥʠʡ ʤʫʟʝʡ ï ʧʝʨʝʛʣʷʜʘʪʠ ʢʦʞʝʥ ʘʨʪʝʬʘʢʪ 

ʫ ʨʝʘʣʽʟʦʚʘʥʠʭ 3D-ʨʝʥʜʝʨʽʥʛʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʚʽʡ ʪʝʣʝʬʦʥ ʷʢ 

ʚʠʜʦʰʫʢʘʯ AR [149]. 
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3. Big Bang AR ï ʨʦʟʰʠʨʝʥʘ ʤʝʜʽʘ-ʧʨʝʟʝʥʪʘʮʽʷ, ʷʢʘ ʜʝʤʦʥʩʪʨʫʻ 

ʝʚʦʣʶʮʽʶ ɺʩʝʩʚʽʪʫ ʚʽʜ ɺʝʣʠʢʦʛʦ ɺʠʙʫʭʫ ʜʦ ʟʘʚʝʨʰʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 

ʅʘʜʥʦʚʦʾ ʟʽʨʢʠ, ʥʘʨʦʜʞʝʥʥʷ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ɿʝʤʣʽ [150]. 

4. Mondly ï ʜʦʜʘʪʦʢ ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʦʚ, ʜʦʜʘʻ ʧʽʜʪʨʠʤʢʫ AR ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʽʥʦʟʝʤʥʠʭ ʤʦʚ: ʘʥʽʤʦʚʘʥʠʡ ʯʘʪ, ʘ ʪʘʢʦʞ ʚʽʟʫʘʣʽʟʘʮʽʶ ʦʙ'ʻʢʪʽʚ ʽ 

ʩʣʽʚ, ʱʦʙ ʟʨʦʙʠʪʠ ʥʘʚʯʘʥʥʷ ʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʤ [151]. 

5. Dance Reality ï ʜʦʜʘʪʦʢ ʥʘ ʙʘʟʽ ARKit, ʷʢʠʡ ʥʘʚʯʘʻ ʦʩʥʦʚʥʠʤ 

ʪʘʥʮʶʚʘʣʴʥʠʤ ʨʫʭʘʤ, ʚʽʜʦʙʨʘʞʘʶʯʠ ʨʦʙʦʪʫ ʥʽʛ ʥʘ ʝʢʨʘʥʽ ʩʤʘʨʪʬʦʥʘ [152]. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʜʦʜʘʪʢʽʚ ʜʦʩʪʫʧʥʽ ʥʘ ʦʙʦʭ ʧʣʘʪʬʦʨʤʘʭ ï 

Android ʪʘ iOS. ɯʥʰʽ ʤʦʙʽʣʴʥʽ ʧʣʘʬʦʨʤʠ, ʪʘʢʽ ʷʢ BlackBerry, Open webOS, 

Symbian OS, Bada ʚʽʜ Samsung, ʪʘ Windows Mobile ʫ ʜʘʥʦʤʫ ʦʛʣʷʜʽ ʥʝ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʫ ʟʚôʷʟʢʫ ʽʟ ʾʭ ʥʠʟʴʢʠʤ ʦʭʦʧʣʝʥʥʷʤ ʨʠʥʢʫ [21]ï[23], [153]ï

[154]. 

 

 

1.1.4 ɸʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʤʝʜʠʮʠʥʽ 

 

 

ʆʜʥʝ ʟ ʧʝʨʰʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʨʦʟʰʠʨʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʫʣʦ ʚ ʛʘʣʫʟʽ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʟʦʢʨʝʤʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʣʘʥʫʚʘʥʥʷ, ʧʨʘʢʪʠʢʠ ʪʘ 

ʧʽʜʛʦʪʦʚʢʠ ʭʽʨʫʨʛʽʯʥʠʭ ʧʨʦʮʝʜʫʨ [8], [155]. ʋ 2005 ʨʦʢʫ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʣʦʢʘʣʽʟʘʮʽʾ ʚʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠʣʘʜ, ʷʢʠʡ ʦʙʨʦʙʣʷʚ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʘ ʧʨʦʝʢʪʫʚʘʚ ʾʭ ʥʘ ʰʢʽʨʫ [156].  

ɿʘʩʦʙʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʥʘʜʘʶʪʴ ʭʽʨʫʨʛʘʤ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʦʙʨʘʞʘʪʠ ʜʘʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʮʽʻʥʪʽʚ, ʦʪʨʠʤʫʚʘʪʠ ʪʘ ʥʘʢʣʘʜʘʪʠ ʟʘʧʠʩʠ 

ʟʦʙʨʘʞʝʥʴ ʧʘʮʽʻʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʽʜʝʦʟʘʧʠʩʠ. ʅʘʧʨʠʢʣʘʜ, 

ʚʽʨʪʫʘʣʴʥʠʡ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʦʛʣʷʜ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦʾ ʪʦʤʦʛʨʘʬʽʾ ʘʙʦ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʪʘ ʢʦʥʬʦʢʘʣʴʥʠʭ 

ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʟʦʥʜʽʚ [157], ʱʦ ʚʽʟʫʘʣʽʟʫʻ ʧʦʣʦʞʝʥʥʷ ʧʫʭʣʠʥʠ ʥʘ ʚʽʜʝʦ 

ʝʥʜʦʩʢʦʧʘ [158] ʘʙʦ ʨʠʟʠʢʠ ʦʧʨʦʤʽʥʝʥʥʷ ʚʽʜ ʨʝʥʪʛʝʥʦʩʢʦʧʽʾ [159]. 
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ɼʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ ʚʽʟʫʘʣʽʟʫʻ ʧʦʣʦʞʝʥʥʷ ʧʣʦʜʫ ʚ ʫʪʨʦʙʽ ʤʘʪʝʨʽ [160]. 

ʂʦʤʧʘʥʽʾ Siemens, Karl Storz ʪʘ IRCAD ʨʦʟʨʦʙʠʣʠ ʩʠʩʪʝʤʫ 

ʣʘʧʘʨʦʩʢʦʧʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʥʘ ʧʝʯʽʥʮʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʘʩʦʙʠ AR ʜʣʷ 

ʦʛʣʷʜʫ ʧʫʭʣʠʥ ʪʘ ʩʫʜʠʥ ʥʘ ʧʽʜʧʦʚʝʨʭʥʽ [161]. 

ʇʘʮʽʻʥʪʘʤ, ʷʢʽ ʥʦʩʷʪʴ ʦʢʫʣʷʨʠ ʜʦʜʘʪʢʦʚʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʤʦʞʥʘ 

ʥʘʛʘʜʘʪʠ, ʢʦʣʠ ʚʦʥʠ ʧʦʚʠʥʥʽ ʧʨʠʡʤʘʪʠ ʣʽʢʠ [162]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʫ ʭʽʨʫʨʛʽʾ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʝʨʰ ʟʘ ʚʩʝ ʪʦʤʫ, ʱʦ ʚ ʞʦʜʥʽʡ ʽʥʰʽʡ ʩʬʝʨʽ ʤʝʜʠʮʠʥʠ 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʜʽʡ ʣʽʢʘʨʷ ʥʝ ʚʽʜʽʛʨʘʻ ʥʘʩʪʽʣʴʢʠ ʚʘʞʣʠʚʫ ʨʦʣʴ. ʋ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʭʽʨʫʨʛ ʚʦʣʦʜʽʻ ʪʨʠʚʠʤʽʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʧʘʮʽʻʥʪʘ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʡʦʤʫ ʩʪʚʦʨʶʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʤʦʜʝʣʽ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʫʪʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʩʣʽʜʢʠ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ [8]ï[10], 

[157]. 

ʈʦʟʰʠʨʝʥʘ ʨʝʘʣʴʥʽʩʪʴ ʪʘ ʧʦʜʽʙʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʤʝʜʠʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ [11]ï[13], [21], 

[157]. 

ʅʠʞʯʝ ʥʘʚʝʜʝʤʦ ʧʝʨʝʣʽʢ ʦʩʥʦʚʥʠʭ ʤʝʜʠʯʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʢʦʤʧʘʥʽʡ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʚʦʾʭ ʜʽʷʣʴʥʦʩʪʽ ʟʘʩʦʙʠ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ (ʟʘ ʜʘʥʠʤʠ ʟ [21]). 

1. HealthiAR ï ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʘʡʪ, ʱʦ ʦʭʦʧʣʶʻ ʦʩʥʦʚʥʽ ʧʠʪʘʥʥʷ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ VR/AR ʫ ʤʝʜʠʮʠʥʽ [14]. 

2. Invivo ï ʤʝʜʠʯʥʘ ʢʦʤʧʘʥʽʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʚ ʊʦʨʦʥʪʦ, Invivo 

ʜʦʧʦʤʘʛʘʻ ʬʘʨʤʘʮʝʚʪʠʯʥʠʤ ʢʦʤʧʘʥʽʷʤ, ʣʽʢʘʨʥʷʤ ʪʘ ʣʽʢʘʨʷʤ ʧʨʦʚʦʜʠʪʠ 

ʥʘʚʯʘʥʥʷ, ʚʠʢʨʠʩʪʦʚʫʶʯʠ ʟʘʩʦʙʠ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

[15]. 

3. Augmedix ï ʢʦʤʧʘʥʽʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ AR ʪʘ Google Glass ʜʣʷ 

ʥʘʜʘʥʥʷ ʣʽʢʘʨʷʤ ʨʝʞʠʤʫ ʚʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʟʘʧʠʩʫ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʚʽʜʢʣʠʢʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʮʽʻʥʪʽʚ; Augmedix ʚʠʨʽʰʫʻ ʨʷʜ ʧʨʦʙʣʝʤ, 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʧʘʮʽʻʥʪʘ ʚ ʛʘʣʫʟʽ ʤʝʜʠʮʠʥʠ [16]. 

4. Kapanu ï ʰʚʝʡʮʘʨʩʴʢʘ ʢʦʤʧʘʥʽʷ, ʚʠʢʦʨʠʩʪʦʚʫʻ AR, ʱʦʙ ʧʦʢʘʟʘʪʠ 
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ʧʘʮʽʻʥʪʘʤ, ʷʢ ʚʠʛʣʷʜʘʪʠʤʫʪʴ ʟʫʙʠ ʧʽʩʣʷ ʢʦʩʤʝʪʠʯʥʦʾ ʦʧʝʨʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʜʦʚʽ ʤʝʪʦʜʠʢʠ ʩʢʘʥʫʚʘʥʥʷ, ʚʦʥʠ ʟʜʘʪʥʽ ʚʽʜʪʚʦʨʠʪʠ 

ʥʦʚʽ ʟʫʙʠ ʟʘʤʽʩʪʴ ʩʪʘʨʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [15], [163]. 

 

 

1.1.5 ɸʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʫ ʚʽʡʩʴʢʦʚʽʡ 

ʪʝʭʥʽʮʽ 

 

 

ɼʘʥʠʡ ʦʛʣʷʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʙʦʪʘʭ ɺ. ʉʣʶʩʘʨʯʫʢʘ [17], [164]ï[167], 

ʜʠʚ. ʪʘʢʦʞ [168]. 

ʇʦʰʠʨʝʥʥʷ ʫ ʟʙʨʦʡʥʠʭ ʩʠʣʘʭ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʪʘʢʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (ʜʣʷ ʝʢʽʧʘʞʽʚ ʣʽʪʘʢʽʚ, ʚʝʨʪʦʣʴʦʪʽʚ, 

ʩʫʜʝʥ, ʙʦʡʦʚʠʭ ʤʘʰʠʥ, ʪʘʥʢʽʚ, ʚ ʝʢʽʧʽʨʦʚʮʽ ʩʦʣʜʘʪ [164] ʪʦʱʦ) ʨʦʙʠʪʴ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ 

ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʧʨʠ ʮʴʦʤʫ ʚʚʘʞʘʶʪʴʩʷ [165]: 

ʪʘʢʩʦʥʦʤʽʷ ʽ ʢʘʪʝʛʦʨʠʟʘʮʽʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ; ʦʧʝʨʘʮʽʡʥʽ ʩʮʝʥʘʨʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ AR ʨʽʟʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ; ʤʽʥʽʤʘʣʴʥʽ 

ʚʽʡʩʴʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ʩʧʨʦʤʦʞʥʦʩʪʝʡ AR ʟʘʩʦʙʽʚ, ʪʠʧʦʚʠʡ ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦʧʦʣʦʛʽʷ ʬʨʝʡʤʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ AR ʜʘʥʠʭ ʥʘ ʜʠʩʧʣʝʷʭ (ʬʨʝʡʤ 

ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʘ ʽʥʜʠʢʘʮʽʾ ʧʦʪʦʯʥʦʛʦ ʟ ʥʠʭ (ʥʘʣʘʛʦʜʞʝʥʥʷ, 

ʙʦʡʦʚʠʡ, ʪʨʝʥʫʚʘʣʴʥʠʡ ʪʦʱʦ); ʬʨʝʡʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʩʥʦʚʥʦʾ ʚʽʟʫʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʬʨʝʡʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ GPS ʽ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʟʦʢʨʝʤʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʯʠ ʢʽʣʴʢʦʭ 

ʥʘʚʽʛʘʮʽʡʥʠʭ ʢʽʣʝʮʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʩʠʩʪʝʤʽ ARC4 

(ʉʐɸ); ʪʠʧʦʚʽ AR ʩʠʤʚʦʣʠ ʜʣʷ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʢʘʪʝʛʦʨʽʡ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʩʧʝʮʠʬʽʢʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʥʦʪʘʮʽʡ, 

ʱʦ ʦʜʥʦʯʘʩʥʦ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʜʠʩʧʣʝʡ ʪʘ ʾʭʥʷ ʱʽʣʴʥʽʩʪʴ ʥʘ ʦʜʠʥʠʮʶ 

ʚʽʜʩʪʘʥʽ); ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ AR ʜʘʥʠʭ (ʩʪʨʫʢʪʫʨʘ ʪʘ ʨʦʟʤʽʨʠ ʪʠʧʦʚʦʛʦ 
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ʙʣʦʢʫ ʜʘʥʠʭ). 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʚʘʨʽʘʥʪʦʤ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʪʠʯʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʦʪʘʪʠʚʥʦʾ ʩʠʤʚʦʣʽʢʠ (Annotative 

Augmentation), ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʽʜʙʫʜʝʪʴʩʷ ʧʝʨʝʭʽʜ ʡ ʜʦ ʘʥʽʤʦʚʘʥʠʭ 

ʩʠʤʚʦʣʽʚ (Simulative Augmentation) [165] ʪʘ ʩʠʤʚʦʣʽʚ, ʱʦ ʩʠʥʪʝʟʫʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ [17]. 

ʉʪʦʩʦʚʥʦ ʚʽʟʫʘʣʴʥʠʭ ʘʥʦʪʘʪʠʚʥʠʭ ʩʠʤʚʦʣʽʚ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ 

ʧʽʜʣʷʛʘʶʪʴ ʨʦʟʤʽʨʠ ʽʢʦʥ (ʪʘʢʪʠʯʥʠʭ ʩʠʤʚʦʣʽʚ), ʾʭʥʽ ʢʦʣʽʨ ʪʘ ʡʦʛʦ ʚʘʨʽʘʮʽʾ ʫ 

ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ, 2D ʪʘ 3D ʬʦʨʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʪʝʢʩʪʦʚʠʡ ʢʦʥʪʝʥʪ, ʯʘʩ 

ʽʩʥʫʚʘʥʥʷ (ʧʦʥʦʚʣʝʥʥʷ), ʛʽʧʝʨʧʦʩʠʣʘʥʥʷ, ʟʤʽʩʪ ʽ ʦʙʩʷʛʠ ʨʝʛʽʦʥʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʊʠʧʦʚʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ ʘʥʦʪʘʪʠʚʥʠʭ ʪʘʢʪʠʯʥʠʭ ʩʠʤʦʚʣʽʚ ʻ [165]: 

ʧʦʣʦʞʝʥʥʷ ʜʨʫʞʥʽʭ ʧʽʜʨʦʟʜʽʣʽʚ, ʧʝʨʝʜʥʽʡ ʢʨʘʡ ʪʘ ʧʦʟʠʮʽʾ ʧʨʦʪʠʚʥʠʢʘ 

(ʽʩʪʦʨʠʯʥʽ, ʧʦʪʦʯʥʽ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʽ), ʤʽʩʮʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʘʤʦʨʦʙʥʠʭ 

ʚʠʙʫʭʦʚʠʭ ʧʨʠʩʪʨʦʾʚ (ʽʩʪʦʨʽʷ, ʚʠʷʚʣʝʥʽ, ʘʣʝ ʥʝ ʟʥʠʱʝʥʽ, ʡʤʦʚʽʨʥʽ ʘʙʦ 

ʧʽʜʦʟʨʽʣʽ), ʜʦʨʦʛʠ, ʤʦʩʪʠ, ʧʽʜʟʝʤʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʨʦʟʯʠʱʝʥʽ ʤʘʡʜʘʥʯʠʢʠ 

ʜʣʷ ʚʝʨʪʦʣʴʦʪʽʚ, ʣʦʢʘʣʴʥʽ ʢʫʣʴʪʫʨʥʽ ʧʘʤ'ʷʪʢʠ ʪʦʱʦ. 

ɺ ʷʢʦʩʪʽ ʚʘʞʣʠʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʩʧʨʦʤʦʞʥʦʩʪʝʡ 

ʪʘʢʪʠʯʥʠʭ ʩʠʩʪʝʤ AR ʩʣʽʜ ʚʢʘʟʘʪʠ ʜʽʘʧʘʟʦʥ ʜʘʣʴʥʦʩʪʝʡ 15ï30 ʢʤ, ʚ ʤʝʞʘʭ 

ʷʢʦʛʦ ʤʘʻ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʦʧʝʨʘʪʠʚʥʘ ʛʝʥʝʨʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʧʦʩʣʫʛ AR [165]. ʉʝʨʝʜʦʚʠʱʝʤ ʧʦʰʠʨʝʥʥʷ ʜʘʥʠʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʤʦʞʝ ʙʫʪʠ ʌʝʜʝʨʘʪʠʚʥʘ ʤʝʨʝʞʘ ʤʽʩʽʡ (FMN) [166]. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʜʦʩʷʛʪʠ ʚʟʘʻʤʦʩʫʤʽʩʥʦʩʪʽ ʤʽʞ ʬʦʨʤʘʪʦʤ (ʤʦʜʝʣʣʶ) ʜʘʥʠʭ, ʷʢʽ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʬʦʨʤʫʶʪʴʩʷ ʫ ʰʪʘʙʘʭ, ʽ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʧʨʠʩʪʨʦʾʚ ʚʽʜʪʚʦʨʝʥʥʷ AR ʩʠʤʚʦʣʽʚ, ʷʢʝ ʤʘʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʠʧ ʜʘʥʠʭ ʽ 

ʚʽʜʧʨʘʚʠʪʠ ʾʭ ʥʘ ʜʠʩʧʣʝʡ (ʚʽʟʫʘʣʴʥʽ ʜʘʥʽ), ʜʠʥʘʤʽʢʠ (ʘʢʫʩʪʠʯʥʽ ʩʠʤʚʦʣʠ) ʯʠ 

ʪʘʢʪʠʣʴʥʽ ʝʣʝʤʝʥʪʠ (ʨʫʢʘʚʠʯʢʠ, ʧʦʷʩʠ ʪʦʱʦ) [165]. 

ɺ ʧʝʨʩʧʝʢʪʠʚʽ, ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʮʶ ʧʨʦʙʣʝʤʫ 

ʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʯʝʨʝʟ ʥʘʜʘʥʥʷ ʢʦʞʥʦʤʫ ʟ ʚʽʜʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʫʥʽʢʘʣʴʥʦʾ IP-ʘʜʨʝʩʠ ʚ ʤʝʨʝʞʽ ʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʚʠʯʘʡʥʦʾ IP-ʘʜʨʝʩʘʮʽʾ ʜʣʷ 
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ʧʝʨʝʜʘʯʽ AR ʜʘʥʠʭ. ɼʦʢʠ ʮʴʦʛʦ ʥʝ ʚʽʜʙʫʣʦʩʷ, ʩʠʩʪʝʤʘ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʤʘʻ ʨʦʟʨʽʟʥʷʪʠ 

ʪʠʧʠ ʜʘʥʠʭ ʪʘ ʬʽʟʠʯʥʠʡ ʧʨʠʥʮʠʧ ʾʭ ʚʽʜʪʚʦʨʝʥʥʷ [166]. 

ʊʝʭʥʦʣʦʛʽʷ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ 3D-ʪʦʧʦʣʦʛʽʾ ʩʭʦʚʠʱ ʙʦʻʧʨʠʧʘʩʽʚ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʟ ʚʠʙʦʨʦʤ 

ʩʫʢʫʧʥʦʩʪʽ ʙʦʻʧʨʠʧʘʩʽʚ ʫ ʩʪʝʢʘʭ ʪʘ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʥʠʤʠ ʥʘ ʦʩʥʦʚʽ 

ʜʠʥʘʤʽʯʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʦʥ ʨʠʟʠʢʽʚ. ʇʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʘʢʽ ʟʦʥʠ 

ʜʦʟʚʦʣʠʪʴ ʦʙʠʨʘʪʠ ʙʝʟʧʝʯʥʽ ʤʽʩʮʷ ʜʠʩʣʦʢʘʮʽʾ ʪʘ ʥʘʡʤʝʥʰ ʨʠʟʠʢʦʚʽ 

ʤʘʨʰʨʫʪʠ ʧʝʨʝʩʫʚʘʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ [166]. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʦʢʫʣʷʨʘʭ AR ʘʙʦ ʞ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʠʩʧʣʝʷʭ ʤʦʞʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʩʪʘʥ ʪʘ ʽʩʪʦʨʽʶ 

ʙʦʻʧʨʠʧʘʩʽʚ [166]ï[168]. 

 

 

1.1.6 ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʋ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʻ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ [2], 

[5]: 

ï ʛʨʦʤʽʟʜʢʽ ʘʙʦ ʥʝʟʨʫʯʥʽ ʛʘʨʥʽʪʫʨʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʫ 

ʩʬʝʨʽ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʂʦʨʠʩʪʫʚʘʯʽ ʥʝ ʟʘʜʦʚʦʣʝʥʽ ʜʠʟʘʡʥʦʤ 

ʧʨʠʩʪʨʦʾʚ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʪʦʚʘʨʽʚ ʟ ʜʦʧʦʚʥʝʥʦʶ ʨʝʘʣʴʥʽʩʪʶ, ʪʦ ʙʘʛʘʪʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘʢʦʞ ʟʘʷʚʣʷʶʪʴ ʧʨʦ ʥʝʟʨʫʯʥʽʩʪʴ ʦʢʫʣʷʨʽʚ; 

ï ʥʝʜʦʣʽʢ ʷʢʽʩʥʦʛʦ ʢʦʥʪʝʥʪʫ. ʂʦʨʠʩʪʫʚʘʯʽ ʟʘʷʚʣʷʶʪʴ ʧʨʦ 

ʦʜʥʦʤʘʥʽʪʥʽʩʪʴ ʽʩʥʫʶʯʦʛʦ ʢʦʥʪʝʥʪʫ, ʡʦʛʦ ʥʠʟʴʢʫ ʷʢʽʩʪʴ, ʥʝʜʦʩʢʦʥʘʣʫ 

ʨʝʘʣʽʟʘʮʽʶ; 

ï ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʧʨʠʩʪʨʦʾʚ. ɹʽʣʴʰʽʩʪʴ ʢʦʤʧʘʥʽʡ ʟʘʮʽʢʘʚʣʝʥʘ ʚ 

ʧʨʠʜʙʘʥʥʽ ʧʦʚʥʦʮʽʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʥʘʜʷʛʘʶʪʴʩʷ ï ʰʦʣʦʤʽʚ ʪʘ ʦʢʫʣʷʨʽʚ, 

ʜʣ̫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʧʨʦʜʫʢʮʽʾ ʥʝ ʧʽʜʭʦʜʷʪʴ ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʶ ʽ 

ʤʘʣʦʧʦʪʫʞʥʽ ʚʘʨʽʘʥʪʠ ʰʦʣʦʤʽʚ ʡ ʦʢʫʣʷʨʽʚ; 

ï ʶʨʠʜʠʯʥʽ ʧʨʦʙʣʝʤʠ. ʂʦʤʧʘʥʽʾ ʚʠʩʣʦʚʣʶʶʪʴ ʩʚʦʾ ʩʫʤʥʽʚʠ ʟ ʧʨʠʚʦʜʫ 



76 

ʧʨʦʙʣʝʤ ʟ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʶ ʜʘʥʠʭ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʦʶ; 

ï ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʦʥʢʫʨʝʥʮʽʾ ʟ ʙʦʢʫ ʽʥʰʠʭ ʨʦʟʨʦʙʥʠʢʽʚ ʚ ʧʨʦʮʝʩʽ 

ʩʧʽʚʧʨʘʮʽ ʟ ʢʦʤʧʘʥʽʷʤʠ, ʷʢʽ ʰʫʢʘʶʪʴ ʧʨʦʝʢʪʠ ʚ ʩʬʝʨʽ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʘʙʦ ʷʢʽ ʛʦʪʦʚʽ ʽʥʚʝʩʪʫʚʘʪʠ ʚ ʪʘʢʽ ʧʨʦʝʢʪʠ. 

ʐʠʨʦʢʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʟʘʚʘʞʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʚʠʷʚʣʝʥʽ ʚ ʭʦʜʽ ʾʭ ʘʢʪʠʚʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ (ʪʘʙʣ.  1.2 [2]). 

 

ʊʘʙʣʠʮʷ 1.2 ï ʅʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

[2] 

ʂʘʪʝʛʦʨʽʷ ʅʝʜʦʣʽʢʠ 

ɸʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʤʘʣʠʡ ʢʫʪ ʦʛʣʷʜʫ; 

ï ʥʝʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʨʝʤʦʥʪʫ ʥʘ ʤʽʩʮʽ; 

ï ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʨʷʤʘ ʟʘʣʝʞʥʽʩʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʚʘʨʪʦʩʪʽ 

ʂʦʥʪʝʥʪ ï ʚʽʜʩʫʪʥʽʩʪʴ ʷʢʽʩʥʦʛʦ ʢʦʥʪʝʥʪʫ; 

ï ʧʦʤʠʣʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʽʟʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʧʨʠ ʧʝʨʝʥʦʩʽ 

ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʷʚʠʱ ʚ ʚʽʨʪʫʘʣʴʥʠʡ ʩʚʽʪ 

ɹʝʟʧʝʢʘ ï ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʟʘʭʠʩʪʫ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʥʘʷʚʥʽʩʪʴ ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ɺʧʣʠʚ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ ï ʨʦʟʩʽʷʥʘ ʫʚʘʛʘ, ʚʪʨʘʪʘ ʬʦʢʫʩʫʚʘʥʥʷ, ʚʪʦʤʣʝʥʽʩʪʴ 

 

 

ʉʝʨʝʜ ʟʘʛʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, 

ʷʢʽ ʥʘʜʷʛʘʶʪʴʩʷ (ʰʦʣʦʤʽʚ ʡ ʦʢʫʣʷʨʽʚ). ʗʢʱʦ ʰʦʣʦʤ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʩʦʙʽ ʜʘʣʝʢʦ ʥʝ ʢʦʞʝʥ ʧʝʨʝʩʽʯʥʠʡ ʢʦʨʠʩʪʫʚʘʯ, ʪʦ ʨʦʟʫʤʥʽ 

ʦʢʫʣʷʨʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʻ ʟʘʥʘʜʪʦ ʜʦʨʦʛʠʤʠ ʥʘʚʽʪʴ ʜʣʷ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʝʛʤʝʥʪʫ. 

ʋ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʛʦʣʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʨʠʩʪʨʦʾʚ ʧʦʚ'ʷʟʘʥʘ ʥʝ ʟ 

ʨʦʟʨʽʟʥʝʥʥʷʤ ʢʘʨʪʠʥʢʠ, ʘ ʟ ʢʫʪʦʤ ʦʛʣʷʜʫ. ɼʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʜʠʤʘ 

ʦʙʣʘʩʪʴ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʦʙʤʝʞʝʥʘ ʝʢʨʘʥʦʤ ʩʤʘʨʪʬʦʥʫ ʘʙʦ 

ʧʣʘʥʰʝʪʘ, ʘ ʥʘʡʙʽʣʴʰʠʡ ʢʫʪ ʦʛʣʷʜʫ ʩʪʘʥʦʚʠʪʴ 90Á [2]. 

ʅʝ ʚʠʨʽʰʝʥʽ ʧʦʚʥʽʩʪʶ ʽ ʧʠʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʉʘʤʽ ʧʦ ʩʦʙʽ 

ʧʨʠʩʪʨʦʾ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʥʝ ʚʦʣʦʜʽʶʪʴ ʤʝʭʘʥʽʟʤʦʤ ʟʘʭʠʩʪʫ 



77 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʽ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ, ʪʦʤʫ ʽʥʩʪʨʫʤʝʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʜʦʚʝʜʝʪʴʩʷ ʰʫʢʘʪʠ ʡ ʢʫʧʫʚʘʪʠ ʜʦʜʘʪʢʦʚʦ. 

ʅʝʜʦʩʪʘʪʥʷ ʘʜʘʧʪʦʚʘʥʽʩʪʴ ʢʦʥʪʝʥʪʫ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʧʣʘʪʬʦʨʤʫ ʘʙʦ 

ʧʨʠʩʪʨʽʡ ʪʘʢʦʞ ʘʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʊʝ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜ iOS, ʥʝ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʨʠʩʪʨʦʷʭ ʧʽʜ 

Android. ɹʽʣʴʰʽʩʪʴ ʧʨʦʛʨʘʤ ʥʝ ʻ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʠʤʠ, ʱʦ ʽʩʪʦʪʥʦ ʟʚʫʞʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʊʠʤ ʥʝ ʤʝʥʰ, ʝʢʩʧʝʨʪʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʽ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ, ʽ ʙʘʛʘʪʦ ʥʝʜʦʣʽʢʽʚ 

ʚʜʘʩʪʴʩʷ ʫʩʫʥʫʪʠ ʚ ʥʘʡʙʣʠʞʯʽ ʧ'ʷʪʴ ʨʦʢʽʚ. ʅʘ ʜʫʤʢʫ ɼʞ. ʈʽʯʽʪʝʣʣʦ, 

ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ʢʦʤʧʘʥʽʾ Unity, ʷʢʘ ʩʪʚʦʨʠʣʘ ʤʽʞʧʣʘʪʬʦʨʤʦʚʫ 

ʩʝʨʝʜʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʽʛʦʨ, ʥʘʣʝʞʠʪʴ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʽ 

ʟʙʽʣʴʰʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ [2], [6]. ʊʘʢʘ 

ʟʘʷʚʘ ʧʽʜʪʚʝʨʜʞʫʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʫʜʫʪʴ 

ʛʦʪʦʚʽ ʜʣʷ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʘʡʙʣʠʞʯʽ 2-5 ʨʦʢʽʚ. 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʢʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʨʠʥʦʢ ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʽ ʨʦʟʚʠʚʘʻʪʴʩʷ. ʋ 2020 ʨʦʮʽ ʦʯʽʢʫʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʨʠʥʢʫ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʤʘʡʞʝ ʥʘ 95% ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʢʘʟʥʠʢʘʤʠ 2019 ʨʦʢʫ, ʜʦ 2022 ʨʦʢʫ ʨʠʥʦʢ ʟʨʦʩʪʝ ʟʘ ʨʽʟʥʠʤʠ 

ʦʮʽʥʢʘʤʠ ʚʽʜ 3 ʜʦ 18 ʨʘʟʽʚ [1]ï[2], [7], [17]. 

ɹʽʣʴʰʽʩʪʴ ʘʥʘʣʽʪʠʢʽʚ ʧʨʦʛʥʦʟʫʶʪʴ ʟʨʦʩʪʘʥʥʷ ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʪʦʤʫ ʱʦ ʚʦʥʘ ʤʘʻ ʰʠʨʰʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʨʦʩʪʽʰʘ ʚ ʨʦʟʨʦʙʮʽ, ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʦʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʊʘʢ, ʥʘ ʜʫʤʢʫ ʝʢʩʧʝʨʪʽʚ, ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ ʨʠʥʢʫ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʠʡ 

ʩʘʤʝ ʟʘ ʨʘʭʫʥʦʢ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ [1]ï[2], 

[7], [17]. 

ʊʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʟʘʭʦʧʣʷʪʴ ʥʽʰʫ ʽʛʦʨ 

ʽ ʨʦʟʚʘʛ, ʟʥʘʡʜʫʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ B2B- ʪʘ B2ʉ-ʩʝʛʤʝʥʪʘʭ. 

ɼʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ, ʥʘʚʽʛʘʮʽʾ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʥʘʚʯʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ 
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ʢʣʽʻʥʪʩʴʢʦʛʦ ʜʦʩʚʽʜʫ ʽ ʢʦʤʫʥʽʢʘʮʽʡ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʽ ʜʣʷ 

ʢʦʤʧʘʥʽʡ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʝʢʩʧʝʨʪʠ ʚʠʜʽʣʷʶʪʴ ʦʭʦʨʦʥʫ 

ʟʜʦʨʦʚ'ʷ, ʦʩʚʽʪʫ, ʨʠʪʝʡʣ, ʥʝʨʫʭʦʤʽʩʪʴ ʽ ʙʫʜʽʚʥʠʮʪʚʦ. 

 

 

1.2 ʆʛʣʷʜ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ (ʩʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ 2019 ʨʦʢʫ) ʟʘʩʦʙʘʤʠ 

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʟʛʽʜʥʦ [169] ʻ ʪʘʢʽ: 

1. ARKit [170] ï ʚʽʜʥʦʩʥʦ ʥʦʚʠʡ (2017 ʨʽʢ) ʟʘʩʽʙ ʚʽʜ Apple. SDK Apple 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʧʘʨʘʪʥʫ ʧʨʦʛʨʘʤʫ iPhone/iPad, ʜʘʪʯʠʢʠ ʨʫʭʫ, ʢʘʤʝʨʫ ʜʣʷ 

ʘʢʪʠʚʘʮʽʾ ʟʘʩʦʙʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ʇʽʜʪʨʠʤʫʚʘʥʽ ʧʣʘʪʬʦʨʤʠ: iOS 11/12. 

ARKit ʧʽʜʪʨʠʤʫʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʪʨʠʛʝʨʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʟ ʧʣʘʢʘʪʘʤʠ, ʟʥʘʢʘʤʠ, ʟʦʙʨʘʞʝʥʥʷʤʠ) ʪʘ ʜʚʦʚʠʤʽʨʥʝ 

ʚʽʜʩʪʝʞʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʪʦʙʪʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʦʙôʻʢʪʠ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. SDK ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʨʦʟʧʽʟʥʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʽ ʪʘ 3D-ʦʙôʻʢʪʠ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʱʫʚʘʪʠ ʚʽʨʪʫʘʣʴʥʽ ʦʙôʻʢʪʠ ʫ 

ʨʝʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʇʦʪʦʯʥʘ ʚʝʨʩʽʷ ARKit 2 ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʣʷʪʠ 

ʮʝ ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʽ ʽʛʨʠ ʟ ʜʦʧʦʚʥʝʥʦʶ ʨʝʘʣʴʥʽʩʪʶ. ARKit ʚʽʣʴʥʦ 

ʧʦʰʠʨʶʻʪʴʩʷ ʜʣʷ ʥʝʢʦʤʝʨʮʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

2. ARCore [171] ï ʥʦʚʠʡ (ʙʝʨʝʟʝʥʴ 2018 ʨʦʢʫ) ʟʘʩʽʙ ʚʽʜ Google, 

ʩʚʦʻʨʽʜʥʘ ʚʽʜʧʦʚʽʜʴ ʥʘ ARKit. 

ʇʽʜʪʨʠʤʫʚʘʥʽ ʧʣʘʪʬʦʨʤʠ: Android 7.0 ʪʘ ʚʠʱʝ, iOS 11 ʪʘ ʚʠʱʝ. 

ARCore ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʟ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʤʦʞʣʠʚʦʩʪʽ ʦʙôʻʜʥʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʽ ʨʝʘʣʴʥʠʭ ʩʚʽʪʽʚ:  

ï ʚʽʜʩʪʝʞʝʥʥʷ ʨʫʭʫ ï ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʪʝʣʝʬʦʥʫ ʱʦʜʦ 

ʦʪʦʯʝʥʥʷ;  
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ï çʨʦʟʫʤʽʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʘʪʠ ʨʦʟʤʽʨ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ;  

ï ʦʮʽʥʢʘ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʨʝʘʣʴʥʽ ʫʤʦʚʠ 

ʦʩʚʽʪʣʝʥʥʷ.  

ARCore ʚʽʣʴʥʦ ʧʦʰʠʨʶʻʪʴʩʷ.  

3. Vuforia [172] ï ʦʜʥʘ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. SDK ʨʝʘʣʽʟʫʻ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ: 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ (ʢʦʨʦʙʢʘ, ʮʠʣʽʥʜʨ, 

ʧʣʦʱʠʥʘ), ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʽ ʦʪʦʯʝʥʥʷ, VuMark (ʢʦʤʙʽʥʘʮʽʷ 

ʟʦʙʨʘʞʝʥʥʷ ʽ QR-ʢʦʜʫ).  

ɿʘ ʜʦʧʦʤʦʛʦʶ Vuforia Object Scanner ʤʦʞʥʘ ʩʢʘʥʫʚʘʪʠ ʽ ʩʪʚʦʨʶʚʘʪʠ 

ʦʙôʻʢʪʠ-ʤʘʨʢʝʨʠ. ʇʨʦʮʝʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʟʠ ʜʘʥʠʭ (ʣʦʢʘʣʴʥʝ ʘʙʦ ʭʤʘʨʥʝ ʩʭʦʚʠʱʝ).  

ʄʦʞʣʠʚʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʘʤ 

ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʽ ʦʨʽʻʥʪʫʚʘʪʠ ʚʽʨʪʫʘʣʴʥʽ ʦʙ'ʻʢʪʠ, ʪʘʢʽ, ʷʢ 3D-ʤʦʜʝʣʽ ʽ 

ʤʝʜʽʘʢʦʥʪʝʥʪ, ʫ ʟʚôʷʟʮʽ ʟ 36 ʨʝʘʣʴʥʠʤʠ ʦʙʨʘʟʘʤʠ ʧʨʠ ʧʝʨʝʛʣʷʜʽ ʯʝʨʝʟ 

ʢʘʤʝʨʠ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʽʨʪʫʘʣʴʥʠʡ ʦʙôʻʢʪ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ 

ʨʝʘʣʴʥʦʤʫ ʦʙʨʘʟʽ ʪʘʢ, ʱʦʙ ʪʦʯʢʘ ʟʦʨʫ ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʧʽʚʚʽʜʥʦʩʠʣʘʩʴ ʜʦ ʥʠʭ 

ʦʜʥʘʢʦʚʠʤ ʯʠʥʦʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʝʬʝʢʪʫ ï ʚʽʜʯʫʪʪʷ, ʱʦ 

ʚʽʨʪʫʘʣʴʥʠʡ ʦʙôʻʢʪ ʻ ʯʘʩʪʠʥʦʶ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ.  

Vuforia ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ 2D- ʽ 3D-ʪʠʧʠ ʤʘʨʢʝʨʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʙʝʟʤʘʨʢʝʨʥʽ Image Target, ʪʨʠʚʠʤʽʨʥʽ ʤʽʰʝʥʽ Multi-Target, ʘ ʪʘʢʦʞ ʨʝʧʝʨʥʽ 

ʤʘʨʢʝʨʠ, ʷʢʽ ʚʠʜʽʣʷʶʪʴ ʚ ʩʮʝʥʽ ʦʙôʻʢʪʠ ʜʣʷ ʾʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ɼʦʜʘʪʢʦʚʽ 

ʬʫʥʢʮʽʾ ʚʢʣʶʯʘʶʪʴ ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʰʢʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢ ʟʚʘʥʠʭ 

çɺʽʨʪʫʘʣʴʥʠʭ ʢʥʦʧʦʢè (çVirtual Buttonsè), ʜʝʪʝʢʪʫʚʘʥʥʷ ʮʽʣʝʡ ʽ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʛʨʘʤʥʦ ʩʪʚʦʨʶʚʘʪʠ ʽ ʨʝʢʦʥʬʽʛʫʨʦʚʫʚʘʪʠ ʮʽʣʽ ʚ ʨʘʤʢʘʭ 

ʩʘʤʦʤʦʜʽʬʽʢʦʚʘʥʦʛʦ ʢʦʜʫ.  

ʇʽʜʪʨʠʤʫʚʘʥʽ ʧʣʘʪʬʦʨʤʠ: Android, iOS, UWP ʽ Unity Editor.  

Vuforia ʥʘʜʘʻ ʽʥʪʝʨʬʝʡʩʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʚʘʤʠ C++, Java, 

Objective-C ʽ .NET ʯʝʨʝʟ ʽʥʪʝʛʨʘʮʽʶ ʟ ʽʛʨʦʚʠʤ ʨʫʰʽʻʤ Unity. ʇʨʦʛʨʘʤʠ, 



80 

ʩʪʚʦʨʝʥʽ ʥʘ ʧʣʘʪʬʦʨʤʽ Vuforia, ʩʫʤʽʩʥʽ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʩʪʨʦʾʚ, 

ʚʢʣʶʯʘʶʯʠ iPhone, iPad, ʩʤʘʨʪʬʦʥʠ ʪʘ ʧʣʘʥʰʝʪʠ ʥʘ Android ʟ ʚʝʨʩʽʾ 2.2 ʽ 

ʧʨʦʮʝʩʦʨʦʤ, ʧʦʯʠʥʘʶʯʠ ʟ ʘʨʭʽʪʝʢʪʫʨ ARM v6.  

ɺʩʽ ʧʣʘʛʽʥʠ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʣʘʪʬʦʨʤʠ ʙʝʟʢʦʰʪʦʚʥʽ, ʘʣʝ 

ʚʢʣʶʯʘʶʪʴ ʚʦʜʷʥʽ ʟʥʘʢʠ Vuforia. ʆʙʤʝʞʝʥʥʷ ʩʪʦʩʫʶʪʴʩʷ ʪʽʣʴʢʠ ʢʽʣʴʢʦʩʪʽ 

ʦʙôʻʢʪʽʚ VuMark ʽ ʭʤʘʨʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʇʣʘʪʥʽ ʚʝʨʩʽʾ ʙʝʟ ʚʦʜʷʥʠʭ 

ʟʥʘʢʽʚ ʢʦʰʪʫʶʪʴ ʚʽʜ 99 ʜʦʣʘʨʽʚ ʥʘ ʤʽʩʷʮʴ.  

4. Wikitude SDK [173] ʻ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʦʜʥʦʡʤʝʥʥʦʾ ʢʦʤʧʘʥʽʾ ʟ 

2008 ʨʦʢʫ. SDK ʚʢʣʶʯʘʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, 

ʨʝʥʜʝʨʠʥʛ 3Dʤʦʜʝʣʝʡ, ʚʽʜʝʦ-ʥʘʢʣʘʜʘʥʥʷ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʩʣʫʛʠ. ʋ 2017 

ʨʦʮʽ Wikitude ʟʘʧʫʩʪʠʚ ʪʝʭʥʦʣʦʛʽʶ SLAM (Simultaneous Localization And 

Mapping ï ʦʜʥʦʯʘʩʥʘ ʣʦʢʘʣʽʟʘʮʽʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ), ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʽ ʚʽʜʩʪʝʞʫʚʘʪʠ ʦʙôʻʢʪʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʝʟ ʤʘʨʢʝʨʫ. ɼʣʷ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ 

ʝʢʨʘʥʽ ʤʦʙʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʦʧʦʟʠʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ (ʟʘ ʜʦʧʦʤʦʛʦʶ GPS ʘʙʦ Wi-Fi), ʥʘʧʨʷʤʢʫ, ʫ ʷʢʦʤʫ ʢʦʨʠʩʪʫʚʘʯ 

ʨʫʭʘʻʪʴʩʷ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʘʩʘ) ʪʘ ʰʚʠʜʢʦʩʪʽ (ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ). 

ʂʨʦʩ-ʧʣʘʪʬʦʨʤʝʥʥʘ SDK ʜʦʩʪʫʧʥʘ ʜʣʷ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ Android, 

iOS ʪʘ Windows, ʦʧʪʠʤʽʟʦʚʘʥʘ ʪʘʢʦʞ ʜʣʷ ʢʽʣʴʢʦʭ ʦʢʫʣʷʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ (Epson Moverio, Vuzix M100, ODG R-7).  

ʇʽʜʪʨʠʤʫʚʘʥʽ ʟʘʩʦʙʠ ʨʦʟʨʦʙʢʠ: Native API, JavaScript API, Unity3D, 

Xamarin, Titanium, Cordova.  

ɺʝʨʩʽʷ SDK ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʥʝʢʦʤʝʨʮʽʡʥʠʭ ʮʽʣʷʭ ʥʘʢʣʘʜʘʻ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷ ʚʦʜʷʥʠʡ ʟʥʘʢ ï ʚ ʫʩʴʦʤʫ ʽʥʰʦʤʫ ʚʦʥʘ ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʢʦʤʝʨʮʽʡʥʽʡ ʚʝʨʩʽʾ ʚʘʨʪʽʩʪʶ 1990 ʻʚʨʦ.  

5. Maxst [174] ʧʨʦʧʦʥʫʻ ʜʚʘ ʨʽʟʥʠʭ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʩʝʨʝʜʦʚʠʱ. ʉʪʚʦʨʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʥʣʘʡʥ ʯʝʨʝʟ 

ʜʠʩʧʝʪʯʝʨ ʚʽʜʩʪʝʞʝʥʥʷ (Tracking Manager). ɼʣʷ ʩʢʘʥʫʚʘʥʥʷ 3D-ʦʙôʻʢʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʛʨʘʤʠ ʜʣʷ Android ʽ iOS. ʋ ʨʝʜʘʢʪʦʨʽ Unity Maxst 
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ʧʨʘʮʶʻ ʣʠʰʝ ʟ 32- ʨʦʟʨʷʜʥʦʶ ʚʝʨʩʽʻʶ.  

Maxst ʚʽʣʴʥʦ ʧʦʰʠʨʶʻʪʴʩʷ ʜʣʷ ʥʝʢʦʤʝʨʮʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʽʣʴʥʘ ʚʝʨʩʽʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʣʘʪʥʦʾ ʪʽʣʴʢʠ ʚʦʜʷʥʠʤ ʟʥʘʢʦʤ.  

ʇʽʜʪʨʠʤʫʚʘʥʽ ʧʣʘʪʬʦʨʤʠ: Android, iOS, Windows, Mac OS.  

6. DeepAR [175] ʩʢʣʘʜʘʻʪʴʩʷ ʟ DeepAR SDK ʪʘ DeepAR Studio ʜʣʷ 37 

ʨʝʜʘʛʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ ʟ 4 ʪʠʧʘʤʠ ʝʬʝʢʪʽʚ: ʞʦʨʩʪʢʽ ʦʙôʻʢʪʠ, ʜʝʬʦʨʤʦʚʘʥʽ 

ʤʘʩʢʠ, ʤʘʩʢʠ ʤʦʨʬʠʥʛʘ ʽ ʝʬʝʢʪʠ ʧʦʩʪʦʙʨʦʙʢʠ. ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ SDK ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʣʠʮʴʦʚʠʭ ʣʽʥʟ, 

ʘʥʘʣʦʛʽʯʥʠʭ ʪʠʤ, ʷʢʽ ʥʘʜʘʶʪʴ Snapchat ʪʘ Facebook, ʘ ʪʘʢʦʞ ʜʣʷ ʨʽʟʥʠʭ 

ʤʘʩʦʢ ʽ ʝʬʝʢʪʽʚ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʎʝʡ SDK ʟʜʘʪʝʥ ʰʚʠʜʢʦ 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʦʙʣʠʯʯʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʜʘʥʠʭ ʽ 

ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʙʣʠʟʴʢʦ 70 ʣʠʮʴʦʚʠʭ ʪʦʯʦʢ ʥʘ ʰʚʠʜʢʦʩʪʽ 60 

ʢʘʜʨʽʚ ʚ ʩʝʢʫʥʜʫ).  

ʇʽʜʪʨʠʤʫʚʘʥʽ ʧʣʘʪʬʦʨʤʠ: ʇʂ, Android, iOS, Windows, WebGL.  

7. EasyAR [176], ʥʘʧʝʚʥʦ, ʧʦʩʽʜʘʻ ʜʨʫʛʝ ʤʽʩʮʝ ʧʽʩʣʷ Vuforia SDK ʟʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. EasyAR ʧʽʜʪʨʠʤʫʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 3D-ʦʙôʻʢʪʽʚ, ʩʧʨʠʡʥʷʪʪʷ ʩʝʨʝʜʦʚʠʱʘ, ʭʤʘʨʥʝ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ, çʨʦʟʫʤʥʽ ʦʢʫʣʷʨʠè, ʟʘʧʠʩʠ ʥʘ ʝʢʨʘʥʽ ʪʘ ʽʥ. ʆʩʢʽʣʴʢʠ 

ʙʽʙʣʽʦʪʝʢʘ ʧʦʰʠʨʶʻʪʴʩʷ ʘʙʩʦʣʶʪʥʦ ʚʽʣʴʥʦ, ʜʣʷ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʟ EasyAR, 

ʧʦʪʨʽʙʥʦ ʣʠʰʝ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʦʙʣʽʢʦʚʠʡ ʟʘʧʠʩ ʽ ʩʪʚʦʨʠʪʠ ʢʣʶʯ ʧʣʘʛʽʥʘ 

ʚʘʰʦʛʦ ʧʘʢʝʪʫ.  

ʇʽʜʪʨʠʤʫʚʘʥʽ ʧʣʘʪʬʦʨʤʠ: Android, iOS, UWP, Windows, Mac ʽ Unity 

Editor.  

ɿʘʩʦʙʠ ʨʦʟʨʦʙʢʠ: C API, C++11 API, ʪʨʘʜʠʮʽʡʥʠʡ C++ API, Java API 

ʜʣʷ Android, Swift API ʜʣʷ iOS, Objective-C API ʜʣʷ iOS.  

8. ARToolKit [177] ï ʥʘʡʩʪʘʨʽʰʠʡ (ʟ 1999 ʨʦʢʫ) SDK ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʟʘʩʦʙʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʱʦ ʨʝʘʣʽʟʫʻ ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʟʠʮʽʾ ʪʘ 

ʦʨʽʻʥʪʘʮʽʾ ʦʜʥʽʻʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʢʘʤʝʨ, ʚʽʜʩʪʝʞʝʥʥʷ ʧʨʦʩʪʠʭ ʯʦʨʥʠʭ 

ʢʚʘʜʨʘʪʥʠʭ ʤʘʨʢʝʨʽʚ, ʚʽʜʩʪʝʞʝʥʥʷ ʧʣʘʥʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʤʘʨʢʝʨʽʚ ʫ 

ʚʠʛʣʷʜʽ ʟʦʙʨʘʞʝʥʴ), ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ, ʦʧʪʠʯʥʝ ʩʪʝʨʝʦ ʢʘʣʽʙʨʫʚʘʥʥʷ, 
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ʛʝʥʝʨʘʮʽʶ ʤʘʨʢʝʨʽʚ, ʧʣʘʛʽʥʠ ʜʣʷ Unity ʽ OpenSceneGraph.  

ʇʽʜʪʨʠʤʫʚʘʥʽ ʧʣʘʪʬʦʨʤʠ: Android, iOS, Linux, Windows, Mac OS, 

çʨʦʟʫʤʥʽ ʦʢʫʣʷʨʠè.  

ARtoolKit ʧʦʰʠʨʶʻʪʴʩʷ ʚʽʣʴʥʦ.  

9. Xzimg [178] ʥʘʜʘʻ SDK, ʟʦʢʨʝʤʘ, ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙʣʠʯʴ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʯʝʨʝʟ ʧʣʘʛʽʥ Unity. Xzimg ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʨʠ ʦʩʥʦʚʥʠʭ 

SDK: ï Augmented Vision ï ʜʣʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ 38 

ʚʽʜʩʪʝʞʝʥʥʷ ʤʘʨʢʝʨʽʚ; ï Augmented Face ï ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʣʶʜʩʴʢʦʛʦ 

ʦʙʣʠʯʯʷ ʫ ʚʽʜʝʦ; ï Magic Face ï ʜʣʷ ʥʝʞʦʨʩʪʢʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ ʦʩʦʙʠ, 

ʨʝʬʘʢʪʦʨʽʥʛʘ ʚʽʜ Augmented Face ʽ ʧʦʣʽʧʰʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ 

ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ ʟʘʤʽʥʘ ʦʩʦʙʠ, ʚʠʷʚʣʝʥʥʷ/ʚʽʜʩʪʝʞʝʥʥʷ ʦʩʦʙʠ ʪʘ ʽʥ.  

ʇʽʜʪʨʠʤʫʚʘʥʽ ʧʣʘʪʬʦʨʤʠ: Android, iOS, Windows.  

ʋʩʽ SDK Xzimg ʙʝʟʢʦʰʪʦʚʥʽ ʜʣʷ ʥʝʢʦʤʝʨʮʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʉʝʨʝʜ ʽʥʰʠʭ ʚʽʣʴʥʦ ʧʦʰʠʨʶʚʘʥʠʭ ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʢʠ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ A-Frame, ApertusVR, ArUco, JavaCV, ATOMIC 

Authoring Tool, Goblin XNA, GRATF, mixare, PTAM, DroidAR, GeoAR, 

BeyondAR, Mangan, ARma, ʩʝʨʝʜ ʢʦʤʝʨʮʽʡʥʠʭ ï 8th Wall, Layar SDK, 

Catchoom CraftAR AR SDK, Scangine [179].  

ɺʝʣʠʢʠʡ ʚʠʙʽʨ ʟʘʩʦʙʽʚ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʣʴʥʦ ʢʦʤʙʽʥʫʚʘʪʠ ʾʭ, ʧʽʜʢʣʶʯʘʶʯʠ ʫ ʷʢʦʩʪʽ 

ʤʦʜʫʣʽʚ ʜʦ Unity ï ʙʘʛʘʪʦʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʚʦ- 

ʪʘ ʪʨʠʚʠʤʽʨʥʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ Windows, 

macOS X ʪʘ Linux [180]. ʉʪʚʦʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ Unity ʧʨʦʛʨʘʤʠ ʧʨʘʮʶʶʪʴ 

ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ Microsoft Windows, macOS, Linux, Xbox One, Wii, Wii U, 

PlayStation 3, PlayStation 4, PlayStation Vita, iOS, Android, WebGL, Tizen, 

Facebook, TvOS ʪʘ Nintendo Switch. 

ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.3 [2]. 
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ʊʘʙʣʠʮʷ 1.3 ï ʅʝʜʦʣʽʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ [2] 

ʂʘʪʝʛʦʨʽʷ ʅʝʜʦʣʽʢʠ 

ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ 

ï ʧʦʤʠʣʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ; 

ï ʥʝʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ; 

ï ʥʝʢʦʨʝʢʪʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʧʨʦʩʪʦʨʽ; 

ï ʥʝʩʫʤʽʩʥʽʩʪʴ ʟ ʨʽʟʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ 

ʟ ʽʥʰʠʤʠ ʧʨʦʛʨʘʤʘʤʠ; 

ï ʥʠʟʴʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; 

ï ʧʦʤʠʣʢʠ, ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʝʨʘʪʠʚʥʝ ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʦʢ 

 

 

1.3 ʆʩʥʦʚʥʽ ʨʠʟʠʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʇʨʠ ʤʘʩʦʚʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʨʠʩʫʪʥʽ ʪʘʢʽ ʦʩʥʦʚʥʽ ʨʠʟʠʢʠ (ʪʘʙʣ. 1.4) [2]. 

 

ʊʘʙʣʠʮʷ 1.4 ï ʈʠʟʠʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ [2] 

ʈʠʟʠʢ ʇʨʠʯʠʥʘ ʚʠʥʠʢʥʝʥʥʷ ʅʘʩʣʽʜʦʢ 

ʅʝʜʦʩʪʘʪʥʷ 

ʽʥʬʦʨʤʦʚʘʥʽʩʪʴ 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʚ ʽʥʰʠʭ ʢʦʤʧʘʥʽʷʭ 

ɿʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ 

ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ 

ʦʢʫʧʥʦʩʪʽ, ʚʪʨʘʪʘ 

ʽʥʚʝʩʪʠʮʽʡ 

ʊʝʭʥʦʣʦʛʽʯʥʽ 

ʨʠʟʠʢʠ 

ʇʦʰʢʦʜʞʝʥʥʷ (ʥʝʩʧʨʘʚʥʽʩʪʴ) 

ʧʨʠʩʪʨʦʾʚ ʽ ʢʦʤʧʣʝʢʪʫʶʯʠʭ, 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʧʨʠʩʪʨʦʾʚ (ʥʝʟʨʫʯʥʽʩʪʴ 

ʥʦʩʽʥʥʷ, ʤʘʣʠʡ ʢʫʪ ʦʛʣʷʜʫ), 

ʥʝʚʽʜʧʦʚʽʜʥʽ ʫʤʦʚʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ʥʘʧʨʠʢʣʘʜ, ʢʦʥʪʨʘʩʪʥʽʩʪʴ 

ʥʘʢʣʘʜʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚ çʨʦʟʫʤʥʠʭè 

ʦʢʫʣʷʨʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʚʽʪʣʝʥʦʩʪʽ 

ʧʨʠʤʽʱʝʥʥʷ), ʥʠʟʴʢʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʢʘʨʪʠʥʢʠ, ʧʨʦʙʣʝʤʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ, ʥʝʢʦʨʝʢʪʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ (ʧʨʦʝʢʪʫʚʘʥʥʷ) ʦʙ'ʻʢʪʽʚ 

ʇʨʠʟʫʧʠʥʝʥʥʷ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ (ʟʘʪʨʠʤʢʠ), 

ʚʪʨʘʪʘ ʤʦʞʣʠʚʦʾ ʚʠʛʦʜʠ, 

ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ / 

ʟʘʢʫʧʽʚʣʶ ʧʨʠʩʪʨʦʾʚ, 

ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʽ 

ʤʦʞʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 1.4 

ʅʝʧʨʠʡʥʷʪʪʷ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ 

ɺʽʜʩʫʪʥʽʩʪʴ ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ 

ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ, ʥʠʟʴʢʘ 

ʽʥʬʦʨʤʦʚʘʥʽʩʪʴ, ʙʦʷʟʥʴ ʚʪʨʘʪʠʪʠ 

ʨʦʙʦʪʫ 

ɿʨʦʩʪʘʥʥʷ ʛʨʦʰʦʚʠʭ ʽ 

ʯʘʩʦʚʠʭ ʚʠʪʨʘʪ ʥʘ 

ʥʘʚʯʘʥʥʷ ʪʘ 

ʽʥʬʦʨʤʫʚʘʥʥʷ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʧʝʨʝʛʣʷʜ 

ʧʦʣʽʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʩʠʩʪʝʤ ʤʦʪʠʚʘʮʽʾ ʪʘ 

ʟʘʣʫʯʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʤʦʞʣʠʚʽ ʩʢʦʨʦʯʝʥʥʷ 

ʰʪʘʪʫ (ʢʨʘʡʥʽʡ ʚʠʧʘʜʦʢ) 

ʅʝʜʦʩʢʦʥʘʣʽʩʪʴ 

(ʚʽʜʩʫʪʥʽʩʪʴ) 

ʢʦʥʪʝʥʪʫ 

ɺʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʧʨʦʛʨʘʤ ʘʙʦ ʾʭ 

ʩʚʦʻʯʘʩʥʦʛʦ ʦʥʦʚʣʝʥʥʷ, ʧʦʤʠʣʢʠ 

ʇʨʠʟʫʧʠʥʝʥʥʷ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ (ʟʘʪʨʠʤʢʠ), 

ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʙʝʟʧʝʢʘ 

ɺʠʪʽʢ ʽʥʬʦʨʤʘʮʽʾ, ʟʣʦʤ ʩʠʩʪʝʤʠ ɺʪʨʘʪʘ ʜʘʥʠʭ, ʫʧʫʱʝʥʽ 

ʚʠʛʦʜʠ, ʚʠʪʨʘʪʠ ʥʘ 

ʜʦʦʧʨʘʮʶʚʘʥʥʷ / 

ʧʦʢʫʧʢʫ ʨʽʰʝʥʴ ʚ ʩʬʝʨʽ 

ʙʝʟʧʝʢʠ 

ʊʨʘʚʤʠ ʽ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʥʘ ʟʜʦʨʦʚôʷ 

ɿʽʪʢʥʝʥʥʷ ʟ ʦʙôʻʢʪʘʤʠ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ, 

ʥʫʜʦʪʘ ʽ ʟʘʧʘʤʦʨʦʯʝʥʥʷ, ʥʘʧʨʫʛʘ ʦʯʝʡ, 

ʧʩʠʭʦʝʤʦʮʽʡʥʠʡ ʥʘʧʨʫʛʘ 

ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʚʠʤʦʛ ʧʨʦ ʢʦʤʧʝʥʩʘʮʽʡʥʽ 

ʚʠʧʣʘʪʠ, ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʩʪʨʦʾʚ 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʩʫʤʽʞʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʙʣʘʩʪʝʡ 

ʅʝʜʦʩʪʘʪʥʷ ʧʦʪʫʞʥʽʩʪʴ ʩʫʤʽʩʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

(ʢʦʤʧôʶʪʝʨʠ, ʢʦʥʩʦʣʽ, ʩʤʘʨʪʬʦʥʠ, 

ʜʠʩʧʣʝʾ) 

ɿʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ ʥʘ 

ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ 

 

ʆʪʞʝ, ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘʷʚʥʽʩʪʴ ʨʠʟʠʢʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ [2]: 

ï ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʽʰʝʥʴ ʚ ʩʬʝʨʽ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʗʢ ʚʞʝ ʛʦʚʦʨʠʣʦʩʷ ʨʘʥʽʰʝ, ʽʥʪʝʨʘʢʪʠʚʥʽ ʩʪʝʥʜʠ, 

ʚʽʨʪʫʘʣʴʥʽ ʢʽʤʥʘʪʠ ʧʨʠʩʪʨʦʾ, ʱʦ ʦʜʷʛʘʶʪʴʩʷ, ʢʦʰʪʫʶʪʴ ʜʦʩʠʪʴ ʜʦʨʦʛʦ, ʷʢ ʽ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʢʦʥʪʝʥʪ çʧʽʜ ʟʘʤʦʚʥʠʢʘè, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʫʩʽʤ ʚʠʤʦʛʘʤ ʢʦʤʧʘʥʽʾ. ɹʽʣʴʰ ʙʶʜʞʝʪʥʽ ʚʘʨʽʘʥʪʠ ï ʰʦʣʦʤʠ ʜʣʷ 

ʩʤʘʨʪʬʦʥʽʚ, ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʧʨʦʛʨʘʤʥʽ ʨʽʰʝʥʥʷ ï ʥʝ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʠʡ ʝʬʝʢʪ (ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʪʨʝʙʘʤ ʢʦʤʧʘʥʽʾ), ʫ 

ʟʚôʷʟʢʫ ʟ ʯʠʤ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝ ʤʘʻ ʩʝʥʩʫ. ɺʠʥʷʪʦʢ ʩʪʘʥʦʚʣʷʪʴ 

ʤʘʨʢʝʪʠʥʛ, ʧʨʦʜʘʞʽ, ʦʩʚʽʪʘ ʡ ʞʫʨʥʘʣʽʩʪʠʢʘ, ʪʦʙʪʦ ʛʘʣʫʟʽ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 
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ʩʧʦʞʠʚʘʯʘ (ʽʥʬʦʨʤʫʚʘʥʥʷ, wow-ʝʬʝʢʪ, ʚʽʟʫʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ). ʋ ʪʘʢʠʭ 

ʛʘʣʫʟʷʭ ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʰʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

ï ʥʝʜʦʣʽʢʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʢʦʥʪʝʥʪʫ ʡ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʧʨʠʩʪʨʦʾʚ. 

ɼʣʷ ʨʷʜʫ ʛʘʣʫʟʝʡ (ʤʝʜʠʮʠʥʘ, ʽʥʞʝʥʝʨʽʷ, ʬʽʟʠʢʘ, ʨʘʢʝʪʦ-, ʘʚʪʦʤʦʙʽʣʝ- ʽ 

ʘʚʽʘʙʫʜʫʚʘʥʥʷ) ʘʙʦ ʚʠʢʦʥʘʥʥʷ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʚʜʘʥʴ (ʨʝʤʦʥʪ 

ʦʙʣʘʜʥʘʥʥʷ, ʥʘʚʽʛʘʮʽʷ) ʥʝʦʙʭʽʜʥʠʡ ʢʦʥʪʝʥʪ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʮʽʣʦʤʫ ʥʘʙʦʨʫ 

ʚʠʤʦʛ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘʫʢʦʚʽʡ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʡ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʶ ʪʦʯʥʦʩʪʽ. 

ʁʦʛʦ ʤʦʞʫʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʜʘʣʝʢʦ ʥʝ ʚʩʽ ʨʦʟʨʦʙʥʠʢʠ. ʂʨʽʤ ʪʦʛʦ, ʻ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ (ʧʨʦʜʫʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʽ ʧʣʘʪʬʦʨʤ, 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʜʠʩʧʣʝʷ, ʢʫʪ ʦʙʟʦʨʫ, ʤʝʭʘʥʽʟʤʠ ʪʨʝʢʽʥʛʫ ʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ, ʧʨʦʙʣʝʤʠ ʤʦʙʽʣʴʥʦʩʪʽ ʡ ʟʽʪʢʥʝʥʥʷ ʟ ʦʙ'ʻʢʪʘʤʠ 

ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ ʽ ʪ.ʽ.), ʷʢʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʚʩʽ ʤʦʞʣʠʚʦʩʪʽ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʥʝʦʯʝʚʠʜʥʦʾ ʢʦʨʠʩʪʽ. ʋ ʙʘʛʘʪʴʦʭ ʢʝʨʽʚʥʠʢʽʚ ʽ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʜʦʩʚʽʜ 

ʚʟʘʻʤʦʜʽʾ ʟ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʽʩʪʶ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʚ 

ɯʥʩʪʘʛʨʘʤʽ, ʧʝʨʝʛʣʷʜʫ ʢʣʽʧʽʚ ʚ ʬʦʨʤʘʪʽ 360Á ʥʘ YouTube ʯʝʨʝʟ ʩʤʘʨʪʬʦʥ, 

ʟʛʘʜʢʠ ʧʨʦ ʦʢʫʣʷʨʠ ʚʽʜ Google, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʧʝʨʝʚʽʨʷʪʠ ʯʘʩ ʽ 

ʧʨʦʛʥʦʟ ʧʦʛʦʜʠ, ʥʝ ʜʽʩʪʘʶʯʠ ʪʝʣʝʬʦʥ. ʊʝʭʥʦʣʦʛʽʾ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʽʥʩʪʨʫʤʝʥʪ ʧʨʦʩʫʚʘʥʥʷ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʩʪʚʦʨʠʪʠ wow-ʝʬʝʢʪ. ɯʛʥʦʨʫʶʪʴʩʷ 

ʙʘʛʘʪʦʛʨʘʥʥʽ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʨʦʙʦʯʽ, ʦʩʚʽʪʥʽ ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʨʦʮʝʩʠ. ʋ ʟʘʩʦʙʘʭ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ ʽ ʨʘʥʽʰʝ, ʨʦʙʠʪʴʩʷ 

ʘʢʮʝʥʪ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʽʛʨʦʚʽʡ ʪʘ ʨʦʟʚʘʞʘʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʢʦʥʢʨʝʪʥʽ ʧʨʠʢʣʘʜʠ ʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʥʰʠʭ ʩʬʝʨʘʭ ʥʝ 

ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʬʦʢʫʩ ʫʚʘʛʠ. ʋ ʩʫʢʫʧʥʦʩʪʽ ʟ ʚʽʜʢʣʘʜʝʥʠʤ ʫ ʯʘʩʽ ʝʬʝʢʪʦʤ ʮʝ 

ʨʦʙʠʪʴ ʥʝʦʯʝʚʠʜʥʫ ʢʦʨʠʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ; 

ï ʦʧʦʨʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʪʝʭʥʦʣʦʛʽʡ ʟ ʙʦʢʫ ʢʝʨʽʚʥʠʮʪʚʘ ʘʙʦ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. ʅʝʧʨʠʡʥʷʪʪʷ ʟʤʽʥ ʢʝʨʽʚʥʠʮʪʚʦʤ ï ʢʘʤʽʥʴ ʩʧʦʪʠʢʘʥʥʷ, ʥʝ 

ʟʨʫʰʠʚʰʠ ʷʢʠʡ ʜʫʤʘʪʠ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʛʦʜʽ ʡ 

ʛʦʚʦʨʠʪʠ. ɿʽ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʩʧʨʘʚʘ ʡʜʝ ʧʨʦʩʪʽʰʝ, ʭʦʯʘ ʧʦʪʨʽʙʥʽ ʚʠʪʨʘʪʠ 
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ʥʘ ʥʘʚʯʘʥʥʷ, ʤʦʪʠʚʫʚʘʥʥʷ, ʟʘʣʫʯʝʥʥʷ ʽ ʧʝʚʥʠʡ ʯʘʩ. ɼʘʥʠʡ ʬʘʢʪʦʨ ʙʘʛʘʪʦ ʚ 

ʯʦʤʫ ʦʙʫʤʦʚʣʝʥʠʡ ʩʫʙôʻʢʪʠʚʥʦʶ ʜʫʤʢʦʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʩʫʢʫʧʥʦʩʪʽ ʚʩʽʭ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʽ ʚ ʤʽʨʫ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʨʦʙʣʝʤʘ ʥʝʧʨʠʡʥʷʪʪʷ ʚʠʨʽʰʠʪʴʩʷ ʩʘʤʘ ʩʦʙʦʶ; 

ï ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʽ ʢʽʙʝʨʙʝʟʧʝʮʽ. ʇʠʪʘʥʥʷ ʘʢʪʫʘʣʴʥʽ ʚ ʩʠʣʫ 

ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ. ʋ ʛʣʦʙʘʣʴʥʦʤʫ ʩʝʥʩʽ ʧʨʦʙʣʝʤʘ ʟʚʝʜʝʥʘ ʜʦ 

ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʆʪʞʝ, ʥʘʚʝʜʝʥʠʡ ʚʠʱʝ ʘʥʘʣʽʟ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʽʩʥʫʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʥʘʩʪʫʧʥʫ Strengths-

Weaknesses-Opportunities-Threats (SWOT)-ʤʘʪʨʠʮʶ (ʪʘʙʣ. 1.5) [2] 

 

ʊʘʙʣʠʮʷ 1.5 ï SWOT-ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ [2] 

ʉʠʣʴʥʽ ʩʪʦʨʦʥʠ: 

ï ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

ï ʥʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ; 

ï ʽʥʦʚʘʮʽʡʥʽʩʪʴ;  

ï ʧʦʪʫʞʥʠʡ 3D-ʽʥʩʪʨʫʤʝʥʪ; 

ï ʚʟʘʻʤʦʜʽʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʉʣʘʙʢʽ ʩʪʦʨʦʥʠ:  

ï ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʽ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

ï ʥʝʜʦʣʽʢ ʷʢʽʩʥʦʛʦ ʢʦʥʪʝʥʪʫ; 

ï ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ; 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ; 

ï ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ 

ʄʦʞʣʠʚʦʩʪʽ:  

ï ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʨʠʥʢʫ, ʥʘʷʚʥʽʩʪʴ 

ʚʽʣʴʥʠʭ ʥʽʰ; 

ï ʛʦʪʦʚʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ (ʢʦʤʧʘʥʽʡ) ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ; 

ï ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʽʥʚʝʩʪʦʨʽʚ; 

ʨʦʟʚʠʥʝʥʽʩʪʴ ʩʫʤʽʞʥʠʭ ʨʠʥʢʽʚ 

ɿʘʛʨʦʟʠ:  

ï ʢʦʥʢʫʨʝʥʪʥʽ ʪʝʭʥʦʣʦʛʽʾ (ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ, 

ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʨʦʙʦʪʦʪʝʭʥʽʢʘ);  

ï ʥʝʜʦʣʽʢ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʜʦʩʚʽʜʯʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

ï ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ;  

ï ʤʦʣʦʜʠʡ ʨʠʥʦʢ 

  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽ ʧʝʨʝʜʘʯʽ 

ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʯʘʩʪʠʥʥʠʤ ʚʠʧʘʜʢʦʤ ʷʢʠʭ ʻ ʤʘʨʢʝʨʥʽ ʩʠʩʪʝʤʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

(ɺɯʉ).  

ɼʣʷ ʤʘʨʢʝʨʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʫ ʷʢʦʩʪʽ ɺɯʉ ʚ ʜʘʥʠʡ 

ʯʘʩ ʚʠʩʪʫʧʘʶʪʴ ʣʠʰʝ ʚʽʟʫʘʣʴʥʽ ʤʘʨʢʝʨʠ. ʅʘ ʨʠʩ. 1.2 ʟʦʙʨʘʞʝʥʘ ʟʘʛʘʣʴʥʘ 

ʩʭʝʤʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺɯʉ. 
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ʈʠʩʫʥʦʢ 1.2 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʪʨʫʢʪʫʨ 

 

ʗʢ ʚʞʝ ʙʫʣʦ ʚʢʘʟʘʥʦ ʚʠʱʝ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. 

ʂʣʽʻʥʪʩʴʢʘ ʯʘʩʪʠʥʘ ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʥʘ ʧʣʘʪʬʦʨʤʘʭ Android/iOS ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ (ʥʘʧʨʠʢʣʘʜ, OpenCV) ʽ/ʘʙʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʩʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ (ʜʠʚ. ʧ.1.2). ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʥʘ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ PHP ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʝʡʥʝʨʫ web-ʟʘʩʪʦʩʫʚʘʥʴ Apache, 

ʚ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ (ʉʋɹɼ) ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʨʝʣʷʮʽʡʥʫ (No-SQL) ʉʋɹɼ MongoDB [140]. 

ʄʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʚʠʢʦʨʠʩʪʦʚʫʥʠʭ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ (ʪʘʙʣ. 1.6) [141]. 
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ʊʘʙʣʠʮʷ 1.6 ï ɺʠʤʦʛʠ ʜʦ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

PLATFORM OS Android 9 or higher iOS 13 or higher 

Chipset Exynos 9820 (8 nm) - 

EMEA/LATAM  

Qualcomm SM8150 

Snapdragon 855 (7 nm) - 

USA/China 

Apple A13 Bionic (7 

nm+) 

CPU Octa-core (2x2.73 GHz 

Mongoose M4 & 2x2.31 

GHz Cortex-A75 & 4x1.95 

GHz Cortex-A55) - 

EMEA/LATAM  

Octa-core (1x2.84 GHz 

Kryo 485 & 3x2.42 GHz 

Kryo 485 & 4x1.78 GHz 

Kryo 485) - USA/China 

Hexa-core (2x2.65 

GHz Lightning + 

4x1.8 GHz Thunder) 

GPU Mali-G76 MP12 - 

EMEA/LATAM  

Adreno 640 - USA/China 

Apple GPU (4-core 

graphics) 

DISPLAY Type Dynamic AMOLED 

capacitive touchscreen, 

16M colors 

Liquid Retina IPS 

LCD capacitive 

touchscreen, 16M 

colors 

Size 6.4 inches, 103.8 

cm
2
 (~88.9% screen-to-

body ratio) 

6.1 inches, 90.3 

cm
2
 (~79.0% screen-

to-body ratio) 

Resoluti

on 

1440 x 3040 pixels, 19:9 

ratio (~522 ppi density) 

828 x 1792 pixels, 

19.5:9 ratio (~326 ppi 

density) 

Protectio

n 

Corning Gorilla Glass 6 Scratch-resistant 

glass, oleophobic 

coating 

  HDR10+ 

Always-on display 

625 nits max 

brightness 

(advertised) 

True-tone 

Wide color gamut 

120Hz touch-sensing 

 

 

 

https://www.gsmarena.com/glossary.php3?term=os
https://www.gsmarena.com/glossary.php3?term=chipset
https://www.gsmarena.com/glossary.php3?term=cpu
https://www.gsmarena.com/glossary.php3?term=gpu
https://www.gsmarena.com/glossary.php3?term=display-type
https://www.gsmarena.com/compare.php3?idPhone1=9535&idPhone2=9848
https://www.gsmarena.com/glossary.php3?term=resolution
https://www.gsmarena.com/glossary.php3?term=resolution
https://www.gsmarena.com/glossary.php3?term=screen-protection
https://www.gsmarena.com/glossary.php3?term=screen-protection
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 1.6 

MEMORY Card slot microSDXC (uses shared 

SIM slot) - dual SIM model 

only 

No 

Internal  128GB 8GB RAM, 512GB 

8GB RAM, 1TB 12GB 

RAM 

64GB 4GB RAM, 

128GB 4GB RAM, 

256GB 4GB RAM 

  UFS 2.1 NVMe 

MAIN 

CAMERA 

Modules 12 MP, f/1.5-2.4, 26mm 

(wide), 1/2.55", 1.4Õm, 

Dual Pixel PDAF, OIS 

12 MP, f/2.4, 52mm 

(telephoto), 1/3.6", 1.0Õm, 

AF, OIS, 2x optical zoom 

16 MP, f/2.2, 12mm 

(ultrawide), 1/3.1", 1.0Õm, 

Super Steady video 

12 MP, f/1.8, 26mm 

(wide), 1/2.55", 

1.4Õm, dual pixel 

PDAF, OIS 

12 MP, f/2.4, 13mm 

(ultrawide), 1/3.6" 

Features LED flash, auto-HDR, 

panorama 

Quad-LED dual-tone 

flash, HDR 

(photo/panorama) 

Video 4K@60fps (no EIS), 

4K@30fps, 

1080p@30/60/240fps, 

720p@960fps, HDR10+, 

stereo sound rec., gyro-EIS 

& OIS 

4K@24/30/60fps, 

1080p@30/60/120/24

0fps, HDR, stereo 

sound rec. 

 

 

 

1.4 ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

1.4.1 ʊʠʧʠ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ɿ ʧʨʦʚʝʜʝʥʦʛʦ ʚʠʱʝ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚʠʪʽʢʘʻ, 

ʱʦ ʤʘʨʢʝʨʥʽ ʽ ʙʝʟʤʘʨʢʝʨʥʽ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦ, ʧʨʠ ʮʴʦʤʫ ʙʝʟʤʘʨʢʝʨʥʽ ʩʠʩʪʝʤʠ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʽʛʨʦʚʠʭ ʪʘ ʪʫʨʠʩʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. ɺ 

ʙʝʟʤʘʨʢʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʚ ʷʢʦʩʪʽ ʤʘʨʢʝʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

https://www.gsmarena.com/glossary.php3?term=memory-card-slot
https://www.gsmarena.com/glossary.php3?term=dynamic-memory
https://www.gsmarena.com/glossary.php3?term=camera
https://www.gsmarena.com/glossary.php3?term=camera
https://www.gsmarena.com/glossary.php3?term=camera
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ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ (ʡʦʛʦ ʛʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ), ʱʦ 

ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ GPS. ɼʦʜʘʪʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘʡʯʘʩʪʽʰʝ 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʽʟ ʚʽʜʜʘʣʝʥʦʛʦ ʩʝʨʚʝʨʘ, ʢʫʜʠ ʧʝʨʝʜʘʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʽ 

ʦʨʽʻʥʪʘʮʽʷ ʢʘʤʝʨʠ ʩʤʘʨʪʬʦʥʘ. ʎʝ ʧʨʠʨʦʜʥʽʤ ʯʠʥʦʤ ʧʨʠʚôʷʟʫʻ ʩʠʩʪʝʤʫ ʜʦ 

ʦʜʥʦʛʦ ʤʽʩʮʷ ʽ ʨʦʙʠʪʴ ʾʾ ʥʝʜʦʩʪʫʧʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦ ʨʫʭʦʤʠʭ 

ʦʙôʻʢʪʽʚ, ʱʦ ʟʚʫʞʫʻ ʛʘʣʫʟʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ [27]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʦʚʽʣʴʥʽ ʦʙôʻʢʪʠ ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʤʘʨʢʝʨʥʽ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʽ ʽ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ.  

ʆʩʥʦʚʥʽ ʪʠʧʠ ʚʽʟʫʘʣʴʥʠʭ ʤʘʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (AR-

ʤʘʨʢʝʨʽʚ) [27]: 

ï ʰʘʙʣʦʥʥʽ ʤʘʨʢʝʨʠ (template markers) ï ʯʦʨʥʦ-ʙʽʣʽ ʤʘʨʢʝʨʠ, ʷʢʽ 

ʤʘʶʪʴ ʧʨʦʩʪʝ ʟʦʙʨʘʞʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʯʦʨʥʦʾ ʨʘʤʢʠ (ʨʠʩ.1.3ʘ); 

ï 2D ʰʪʨʠʭ-ʢʦʜʦʚʽ ʤʘʨʢʝʨʠ (barcode markers) ïʤʘʨʢʝʨʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʯʦʨʥʦ-ʙʽʣʠʭ ʢʣʽʪʠʥʦʢ, ʷʢʽ ʧʦ-ʙʽʪʦʚʦ ʢʦʜʫʶʪʴ ʜʘʥʽ, ʽ, ʽʥʦʜʽ, 

ʨʘʤʢʠ ʘʙʦ ʦʙʣʘʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʅʘʡʯʘʩʪʽʰʝ ʚ ʷʢʦʩʪʽ ʰʪʨʠʭ-ʢʦʜʦʚʠʭ AR-

ʤʘʨʢʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ QR-ʢʦʜʠ (ʨʠʩ.1.3ʙ); 

ï ʢʦʣʦʚʽ ʤʘʨʢʝʨʠ (circular markers) ï ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʰʪʨʠʭ-ʢʦʜʦʚʠʭʤ 

ʤʘʨʢʝʨʽʚ, ʪʽʣʴʢʠ ʙʽʪʠ ʢʦʜʫʶʪʴʩʷ ʥʝ ʧʨʷʤʦʢʫʪʥʠʤʠ ʢʣʽʪʠʥʢʘʤʠ, ʘ ʯʦʨʥʦ-

ʙʽʣʠʤʠ ʢʨʫʛʦʚʠʤʠ ʩʝʢʪʦʨʘʤʠ (ʨʠʩ.1.3ʚ); 

ï ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ (image markers) ï ʚ ʷʢʦʩʪʽ ʤʘʨʢʝʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʚʠʯʘʡʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢ ʢʦʣʴʦʨʦʚʽ, ʪʘʢ ʽ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ (ʨʠʩ.1.3ʛ). ɺʦʥʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʨʘʤʢʫ ʘʙʦ ʽʥʰʽ ʦʨʽʻʥʪʠʨʠ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʣʦʞʝʥʥʷ. ʊʘʢʽ ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ 

ʟʘʟʚʠʯʘʡ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʰʫʢʫ ʧʦ ʰʘʙʣʦʥʫ ʘʙʦ ʧʦ 

ʦʩʦʙʣʠʚʦʩʪʷʭ ʟʦʙʨʘʞʝʥʥʷ.  
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                                     ʘ)                                                    ʙ) 

  

                             ʚ)                                                              ʛ) 

 

ʈʠʩʫʥʦʢ 1.3 ï ʆʩʥʦʚʥʽ ʪʠʧʠ AR-ʤʘʨʢʝʨʽʚ [27]: ʘ) ʰʘʙʣʦʥʥʽ ʤʘʨʢʝʨʠ; 

ʙ) ʰʪʨʠʭ-ʢʦʜʦʚʽ ʤʘʨʢʝʨʠ; ʚ) ʢʦʣʦʚʽ ʤʘʨʢʝʨʠ; ʛ) ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ 

 

 

ʐʘʙʣʦʥʥʽ, ʰʪʨʠʭ-ʢʦʜʦʚʽ ʽ ʢʦʣʦʚʽ ʤʘʨʢʝʨʠ ʥʘʡʯʘʩʪʽʰʝ ʻ ʙʽʥʘʨʥʠʤʠ 

ʟʦʙʨʘʞʝʥʥʷʤʠ (ʩʢʦʨʦʯʝʥʦ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʾʭ ʙʽʥʘʨʥʠʤʠ ʤʘʨʢʝʨʘʤʠ), 

ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ ï ʟʦʙʨʘʞʝʥʥʷʤʠ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ ʘʙʦ ʢʦʣʴʦʨʦʚʠʤʠ 

(ʩʢʦʨʦʯʝʥʦ ï ʢʦʣʴʦʨʦʚʽ ʤʘʨʢʝʨʠ). 

 

 



92 

1.4.2 ʊʠʧʦʚʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʰʘʙʣʦʥʥʠʤʠ ʤʘʨʢʝʨʘʤʠ  

 

 

ʊʝʦʨʝʪʠʯʥʦ AR-ʤʘʨʢʝʨʦʤ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʘ ʬʽʛʫʨʘ (ʦʙ'ʻʢʪ), ʘʣʝ ʥʘ 

ʧʨʘʢʪʠʮʽ ʤʠ ʦʙʤʝʞʝʥʽ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʢʘʤʝʨʠ, ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʫ, ʦʩʚʽʪʣʝʥʥʷ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʦʙʣʘʜʥʘʥʥʷ. 

ʊʦʤʫ ʜʣʷ ʨʦʙʦʪʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʚʠʙʠʨʘʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʯʦʨʥʦ-ʙʽʣʠʡ 

ʤʘʨʢʝʨ ʧʨʦʩʪʦʾ ʬʦʨʤʠ. ʗʢ ʧʨʘʚʠʣʦ ʮʝ ʧʨʷʤʦʢʫʪʥʠʢ ʘʙʦ ʢʚʘʜʨʘʪ ʟ ʚʧʠʩʘʥʠʤ 

ʚʩʝʨʝʜʠʥʫ ʦʙʨʘʟʦʤ-ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ. ʋ ʩʪʘʪʪʽ [28] ʦʧʠʩʘʥʽ ʦʩʥʦʚʥʽ ʪʠʧʠ 

ʰʘʙʣʦʥʥʠʭ ʤʘʨʢʝʨʽʚ ʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʨʽʟʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʤʘʨʢʝʨʽʚ (ʨʠʩ.1.4). 

ʊʠʧʦʚʘ ʤʝʪʦʜʠʢʘ ʦʙʨʦʙʢʠ ʰʘʙʣʦʥʥʦʛʦ ʤʘʨʢʝʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ 

ʢʨʦʢʽʚ (ʨʠʩ.1.5ï1.6) [28], [181]: 

ï ʧʝʨʝʭʽʜ ʚ ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʛʫ ʽ ʙʽʥʘʨʠʟʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ; 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʤʢʥʫʪʠʭ ʦʙʣʘʩʪʝʡ; 

ï ʚʠʜʽʣʝʥʥʷ ʢʦʥʪʫʨʽʚ; 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʢʫʪʽʚ ʤʘʨʢʝʨʘ; 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ. 

 

 

1.4.3 ʊʠʧʦʚʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʰʪʨʠʭ-ʢʦʜʦʚʠʤʠ ʤʘʨʢʝʨʘʤʠ  

 

 

ʅʠʞʯʝ, ʥʘ ʧʨʠʢʣʘʜʽ ʜʝʢʦʜʫʚʘʥʥʷ QR-ʢʦʜʫ ʧʦʢʘʞʝʤʦ ʪʠʧʦʚʫ 

ʤʝʪʦʜʠʢʫ ʨʦʙʦʪʠ ʟ ʰʪʨʠʭ-ʢʦʜʦʚʠʤʠ ʤʘʨʢʝʨʘʤʠ. QR-ʢʦʜ, ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ 

ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ, ʢʦʜʫʻʪʴʩʷ ʫ ʬʦʨʤʘʪʽ version2, ʱʦ ʤʘʻ 25x25 ʢʣʽʪʠʥʦʢ, ʘ 

ʨʽʚʝʥʴ ʢʦʨʝʢʮʽʾ ʧʦʤʠʣʦʢ ï "L" (ʨʠʩ. 1.7). ɺʠʢʣʘʜ ʤʘʪʝʨʽʘʣʫ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʨʦʙʦʪʠ [29]. 
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ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 1.4 ï ʆʩʥʦʚʥʽ ʪʠʧʠ ʰʘʙʣʦʥʥʠʭ ʤʘʨʢʝʨʽʚ [28]: ʘ) ArToolKit (ATK); 

ʙ) Institut Graphische Datenverarbeitung (IGD); ʚ) Siemens Corporate Research 

(SCR); ʛ) Hoǟman marker system (HOM) 
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                                       ʘ)                                                ʙ) 

  

                                       ʚ)                                                ʛ) 

  

                                       ʜ)                                                ʝ) 

 

ʈʠʩʫʥʦʢ 1.5 ï ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ ʰʘʙʣʦʥʥʦʛʦ ʤʘʨʢʝʨʘ [181]: ʘ) ʚʠʭʽʜʥʝ 

ʟʦʙʨʘʞʝʥʥʷ; ʙ) ʙʽʥʘʨʠʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ; ʚ) ʟʚôʷʟʥʽ ʦʙʣʘʩʪʽ; ʛ) ʢʦʥʪʫʨʠ; ʜ) 

ʢʦʥʪʫʨʠ ʽ ʟʥʘʡʜʝʥʽ ʢʫʪʠ; ʝ) 3-ʚʠʤʽʨʥʘ ʬʽʛʫʨʘ (ʢʫʙ), ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʤʘʨʢʝʨʽ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʝʢʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 
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ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʪʠʧʦʚʦʾ ʤʝʪʦʜʠʢʠ ʦʙʨʦʙʢʠ ʰʘʙʣʦʥʥʠʭ ʤʘʨʢʝʨʽʚ [181] 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʊʠʧʦʚʠʡ QR-ʢʦʜ, ʩʚʽʪʣʦ-ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ ʧʦʟʥʘʯʝʥʽ 

ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʽ ʤʘʨʢʝʨʠ 
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ʅʘ ʨʠʩ. 1.8 ʟʦʙʨʘʞʝʥʦ ʚʠʭʽʜʥʝ ʢʦʣʴʦʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ QR-ʢʦʜʫ, 

ʯʘʩʪʠʥʘ ʷʢʦʛʦ (ʙʣʠʟʴʢʦ 5-10%) ʟʘʢʨʠʪʘ ʟʘʚʘʜʦʶ, ʱʦ ʩʫʪʪʻʚʦ ï ʟʘʚʘʜʘ ʥʝ 

ʧʦʚʠʥʥʘ ʟʘʢʨʠʚʘʪʠ ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʽ ʤʘʨʢʝʨʠ (ʧʦʨ. ʨʠʩ. 1.7). 

 

 

ʈʠʩʫʥʦʢ 1.8 ïɺʠʭʽʜʥʝ ʢʦʣʴʦʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ QR-ʢʦʜʫ [29] 

 

ʅʘ ʨʠʩ. 1.9 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪ ʙʽʥʘʨʠʟʘʮʽʾ, ʜʣʷ ʯʦʛʦ ʚʠʭʽʜʥʝ 

ʢʦʣʴʦʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʪʚʦʨʶʶʻʪʴʩʷ ʚ ʟʦʙʨʘʞʝʥʥʷ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ 

(ʫ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʡ ʘʣʛʦʨʠʪʤ [182]) ʽ 

ʙʽʥʘʨʠʟʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʆʪʩʫ [183]ï[184]. 

ʈʝʟʫʣʴʪʘʪ ʚʠʛʣʷʜʘʻ ʧʨʠʡʥʷʪʥʠʤ, ʦʩʢʽʣʴʢʠ ʬʦʥ ʻ ʜʫʞʝ ʧʨʦʩʪʠʤ, ʪʠʤ 

ʥʝ ʤʝʥʰ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʟʦʙʨʘʞʝʥʥʷ ʙʘʯʠʤʦ ʘʨʪʝʬʘʢʪ ʙʽʥʘʨʠʟʘʮʽʾ ï 

ʣʽʥʽʶ. 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ɹʽʥʘʨʠʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ QR-ʢʦʜʫ [29] 
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ʅʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ (ʨʠʩ. 1.10) ʧʦʢʘʟʫʻ ʨʝʟʫʣʴʪʘʪ ʟʥʘʭʦʜʞʝʥʥʷ 

ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʠʭ ʤʘʨʢʝʨʽʚ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʧʨʽʦʨʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʾʭ ʦʯʽʢʫʚʘʥʠʡ ʨʦʟʤʽʨ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʪʦʧʦʣʦʛʽʯʥʘ 

ʦʟʥʘʢʘ ï ʯʠʩʣʦ ɽʡʣʝʨʘ ʧʦʚʠʥʥʦ ʙʫʪʠ ʨʽʚʥʦ 0. ʏʠʩʣʦ ɽʡʣʝʨʘ ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ (ʜʣʷ ʙʽʥʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ) ʨʘʭʫʻʪʴʩʷ ʷʢ ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʫ ʨʝʛʽʦʥʽ 

ʤʽʥʫʩ ʢʽʣʴʢʽʩʪʴ ʦʪʚʦʨʽʚ ʫ ʮʠʭ ʦʙ'ʻʢʪʘʭ [184]. 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ɿʥʘʭʦʜʞʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʠʭ ʤʘʨʢʝʨʽʚ QR-ʢʦʜʫ [29] 

 

ɼʘʣʽ (ʨʠʩ. 1.11) ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʤʽʪʢʘ ʟʥʘʡʜʝʥʠʭ ʤʘʨʢʝʨʽʚ ï ʟʘ 

ʧʦʯʘʪʦʢ ʦʙʭʦʜʫ ʙʝʨʝʪʴʩʷ ʥʘʡʤʝʥʰʠʡ ʤʘʨʢʝʨ (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʧʨʽʦʨʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʡʦʛʦ ʨʦʟʤʽʨ), ʟʥʘʭʦʜʷʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʾʭ ʮʝʥʪʨʽʚ. 

 

 

ʈʠʩʫʥʦʢ 1.11 ï ʈʦʟʤʽʪʢʘ ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʠʭ ʤʘʨʢʝʨʽʚ QR-ʢʦʜʫ [29] 
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ɼʘʥʽ ʢʦʦʨʜʠʥʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ [42] ʽ ʧʨʦʚʦʜʠʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ 

(ʨʠʩ. 1.12). 

ʗʢʱʦ ʥʝʦʙʭʽʜʥʘ ʪʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʤʝʨʠ, ʪʦ, ʚ 

ʧʨʠʥʮʠʧʽ, ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʠ ʤʦʞʝʤʦ ʟʫʧʠʥʠʪʠʩʷ ʽ ʥʝ ʜʝʢʦʜʫʚʘʪʠ QR-ʢʦʜ. 

 

 

ʈʠʩʫʥʦʢ 1.12 ï ʈʝʟʫʣʴʪʘʪ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ [29] 

 

ɼʣʷ ʜʝʢʦʜʫʚʘʥʥʷ QR-ʢʦʜʫ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʝ: 

1. ʆʪʨʠʤʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʯʠʱʘʻʪʴʩʷ ʚʽʜ ʰʫʤʽʚ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʨʬʦʣʦʛʽʾ [185]ï[186] ʽ ʚʠʨʽʟʘʻʪʴʩʷ ʚʠʨʽʚʥʷʥʝ ʟʦʙʨʘʞʝʥʥʷ 

QR-ʢʦʜʫ (ʨʠʩ. 1.13). 

 

ʈʠʩʫʥʦʢ 1.13 ï ɺʠʨʽʚʥʷʥʝ ʽ ʦʯʠʱʝʥʝ ʟʦʙʨʘʞʝʥʥʷ QR-ʢʦʜʫ [29] 

 

2. ɺ ʦʪʨʠʤʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 1.14), 
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ʟʥʘʭʦʜʠʪʴʩʷ ʦʙʣʘʩʪʴ ʜʘʥʠʭ ʽ ʧʨʦʚʦʜʠʪʴʩʷ ʾʭ ʜʝʢʦʜʫʚʘʥʥʷ (ʨʠʩ. 1.15). 

 

 

ʈʠʩʫʥʦʢ 1.14 ï ʈʦʟʤʽʯʝʥʘ ʩʪʨʫʢʪʫʨʘ QR-ʢʦʜʫ [29] 

 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1.15 ï ʈʝʟʫʣʴʪʘʪ ʜʝʢʦʜʫʚʘʥʥʷ QR-ʢʦʜʫ [29]:ʘ) ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ; ʙ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ 
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ʗʢ ʚʠʜʥʦ (ʨʠʩ. 1.15ʘ), ʥʘʷʚʥʽʩʪʴ ʟʘʚʘʜʠ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʚʠʣʴʥʦ 

ʜʝʢʦʜʫʚʘʪʠ QR-ʢʦʜ, ʷʢʱʦ ʪʽʣʴʢʠ ʤʠ ʥʝ ʟʘʩʪʦʩʫʻʤʦ ʢʦʜ ʢʦʨʝʢʮʽʾ ʧʦʤʠʣʦʢ (ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʮʝ ʢʦʜʠ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ [187], ʨʠʩ. 1.15ʙ). 

 

 

1.4.4 ʊʠʧʦʚʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʤʘʨʢʝʨʘʤʠ-ʟʦʙʨʘʞʝʥʥʷʤʠ 

 

 

ʗʢ ʙʫʣʦ ʚʢʘʟʘʥʦ ʚʠʱʝ (ʜʠʚ. ʧʧ. 1.3.2ï1.3.3), ʩʧʝʮʽʘʣʴʥʦ 

ʩʢʦʥʩʪʨʫʡʦʚʘʥʽ ʤʘʨʢʝʨʠ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʚ ʷʢʠʭ ʽʥʢʦʨʧʦʨʫʻʪʴʩʷ ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʾʭ ʨʦʙʦʪʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ. 

ʄʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ ʫ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʟʘʡʤʘʶʪʴ ʚʠʜʽʣʝʥʫ 

ʧʦʟʠʮʽʶ ï ʦʩʢʽʣʴʢʠ ʙʫʜʴ- ʢ̫ʝ ʟʦʙʨʘʞʝʥʥʷ ʤʠ ʤʦʞʝʤʦ ʦʙʨʘʪʠ ʤʘʨʢʝʨʦʤ 

(ʥʘʩʧʨʘʚʜʽ, ʷʢ ʤʠ ʧʦʙʘʯʠʤʦ ʜʘʣʽ, ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ, ʟʚʠʯʘʡʥʦ ʽʩʥʫʶʪʴ), ʪʦ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʘʣʛʦʨʠʪʤ ʙʫʜʝ ʫʥʽʬʽʢʦʚʘʥʠʤ. 

ʆʯʝʚʠʜʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʪʠʧʫ ʤʘʨʢʝʨʽʚ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʟʘʢʦʜʫʚʘʪʠ ʚ ʥʴʦʤʫ ʜʦʜʘʪʢʦʚʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʦʙʤʝʞʫʻ ʛʘʣʫʟʴ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʘʢʦʞ, ʷʢ ʧʦʙʘʯʠʤʦ ʜʘʣʽ, ʤʝʪʦʜʠ ʾʭ ʦʙʨʦʙʢʠ ʤʘʶʪʴ ʚʠʱʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ. 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʥʘʭʦʜʞʝʥʥʽ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ 

ʟʦʙʨʘʞʝʥʥʷ, ʧʦʙʫʜʦʚʠ ʾʭ ʜʝʩʢʨʠʧʪʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, SIFT [187], SURF [188], 

ORB [189]) ʽ ʟʥʘʭʦʜʞʝʥʥʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʜʝʩʢʨʠʧʪʦʨʘʤʠ ʟʦʙʨʘʞʝʥʥʷ-

ʤʘʨʢʝʨʘ ʪʘ ʡʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘʤʠ ʟʦʙʨʘʞʝʥʥʷ ʩʮʝʥʠ, ʜʝ ʚʽʥ ʰʫʢʘʻʪʴʩʷ [30]. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʥʘʭʦʜʷʪʴʩʷ ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ, ʜʣʷ ʢʦʞʥʦʾ ʟ ʥʠʭ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʝʩʢʨʠʧʪʦʨ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʝʢʪʦʨ ʯʠʩʝʣ (ʨʠʩ.1.16ï

1.17). ɹʽʣʴʰʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʟʥʘʭʦʜʞʝʥʥʷ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ (SIFT, SURF, 

ʪʦʱʦ) ʙʫʜʫʶʪʴ ʜʝʩʢʨʠʧʪʦʨʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʽʡʩʥʠʭ ʯʠʩʝʣ, ʯʘʩʪʠʥʘ 

(ʥʘʧʨʠʢʣʘʜ, ORB) ï ʙʽʥʘʨʥʽ ʜʝʩʢʨʠʧʪʦʨʠ.  
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ʈʠʩʫʥʦʢ 1.16 ï ɿʦʙʨʘʞʝʥʥʷ ʢʦʨʦʙʢʠ, ʱʦ ʚʟʷʪʦ ʚ ʷʢʦʩʪʽ ʤʘʨʢʝʨʘ, 

ʚʽʟʫʘʣʽʟʦʚʘʥʦ 100 ʥʘʡʢʨʘʱʠʭ ʪʦʯʦʢ ʟ ʾʭ SIFT-ʜʝʩʢʨʠʧʪʦʨʘʤʠ [30] 

 

ʄʽʞ ʟʥʘʡʜʝʥʠʤʠ ʜʝʩʢʨʠʧʪʦʨʘʤʠ ʰʫʢʘʻʪʴʩʷ ʥʘʡʢʨʘʱʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ (ʨʠʩ.1.18ʘ). ɼʣʷ ʜʽʡʩʥʠʭ 

ʜʝʩʢʨʠʧʪʦʨʽʚ ʚʽʜʩʪʘʥʽ ʰʫʢʘʶʪʴʩʷ ʚ  ʘʙʦ -ʤʝʪʨʠʮʽ [190], ʜʣʷ ʙʽʥʘʨʥʠʭ 

ʜʝʩʢʨʠʧʪʦʨʽʚ ï ʚ ʤʝʪʨʠʮʽ ʍʝʤʽʥʛʘ [191]. 

 

 

ʈʠʩʫʥʦʢ 1.17 ï ɿʦʙʨʘʞʝʥʥʷ ʩʮʝʥʠ, ʜʝ ʰʫʢʘʻʪʴʩʷ ʤʘʨʢʝʨ, ʚʽʟʫʘʣʽʟʦʚʘʥʦ 

300 ʥʘʡʢʨʘʱʠʭ ʪʦʯʦʢ ʟ ʾʭ SIFT-ʜʝʩʢʨʠʧʪʦʨʘʤʠ [30] 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1.18 ï ɿʥʘʭʦʜʞʝʥʥʷ ʽ ʚʽʟʫʘʣʽʟʘʮʽʷ ʥʘʡʢʨʘʱʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ 

ʜʝʩʢʨʽʧʪʦʨʘʤʠ [30]: ʘ) ʤʽʥʽʤʽʟʘʮʽʷ ʝʚʢʣʽʜʦʚʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʝʩʢʨʠʧʪʦʨʘʤʠ; 

ʙ) ʚʨʘʭʫʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʥʽ ʪʦʯʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʚôʷʟʘʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʛʦʤʦʛʨʘʬʽʾ 

 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʦʯʥʽʰʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʪʦʯʢʘʤʠ ʤʘʨʢʝʨʘ ʽ 

ʩʮʝʥʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ RANSAC, ʷʢʠʡ ʚʨʘʭʦʚʫʻ, ʱʦ ʟʥʘʡʜʝʥʽ 

ʪʦʯʢʠ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʤʦʜʝʣʽ ʧʨʦʝʢʮʽʡʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʨʠʩ.1.18ʙ) 

[38]ï[40], [42]. 

ʈʝʟʫʣʴʪʘʪ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʨʢʝʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.19, ʜʝ ʟʦʙʨʘʞʝʥʘ 

ʛʝʦʤʝʪʨʠʯʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʟ ʩʪʦʨʦʥʘʤʠ, ʱʦ ʨʽʚʥʽ ʜʦʚʞʠʥʽ ʽ 

ʰʠʨʠʥʽ ʟʦʙʨʘʞʝʥʥʷ-ʤʘʨʢʝʨʘ. 
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ʈʠʩʫʥʦʢ 1.19 ï ɿʦʙʨʘʞʝʥʥʷ ʩʮʝʥʠ, ʜʝ ʚʽʟʫʘʣʽʟʦʚʘʥʦ ʪʨʘʥʩʬʦʨʤʦʚʘʥʫ 

ʦʙʣʘʩʪʴ ʟʥʘʡʜʝʥʦʛʦ ʤʘʨʢʝʨʘ [30] 

 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʘʥʠʡ ʧʽʜʭʽʜ ʙʫʜʝ ʜʦʙʨʝ ʧʨʘʮʶʚʘʪʠ, ʷʢʱʦ ʙʫʜʝ 

ʟʥʘʡʜʝʥʦ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ ʽ ʮʽ ʪʦʯʢʠ ʤʦʞʥʘ ʙʫʜʝ 

ʦʜʥʦʟʥʘʯʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʫ ʧʨʦʩʪʦʨʽ ʦʙʨʘʥʠʭ ʜʝʩʢʨʠʧʪʦʨʽʚ. ʎʝ ʤʦʞʣʠʚʦ 

ʪʦʜʽ, ʢʦʣʠ ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʧʘʜʽʚ, ʟ ʜʦʩʪʘʪʥʴʦ 

ʨʽʟʥʠʤʠ ʦʢʦʣʘʤʠ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ. ʊʦʙʪʦ, ʪʘʢʠʡ ʤʝʪʦʜ ʥʘʡʢʨʘʱʝ 

ʧʨʘʮʶʚʘʪʠʤʝ ʜʣʷ ʢʦʣʴʦʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʟʦʙʨʘʞʝʥʴ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ 

[80], [104]. 

ʉʣʽʜ ʪʘʢʦʞ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʽʚʝʥʴ ʰʫʤʽʚ ʧʦʚʠʥʝʥ ʥʝ ʙʫʪʠ ʟʘʥʘʜʪʦ 

ʚʠʩʦʢʠʤ, ʦʩʢʽʣʴʢʠ ʮʝ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʚʠʱʦʶ ʥʽʞ ʜʣʷ ʧʦʧʝʨʝʜʥʽʭ. 

 

 

1.4.5 ʇʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ɸʥʘʣʽʟʫʶʯʠ ʚʽʜʦʤʽ ʪʠʧʠ AR-ʤʘʨʢʝʨʽʚ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʢʦʞʝʥ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ: 
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1) ʚʩʽ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ: 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʢʫʪʽʚ ʟʦʙʨʘʞʝʥʥʷ (ʰʘʙʣʦʥʥʽ ʤʘʨʢʝʨʠ); 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠʚ'ʷʟʢʠ (ʰʪʨʠʭ-ʢʦʜʦʚʽ ʽ 

ʢʦʣʦʚʽ ʤʘʨʢʝʨʠ); 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ ʟʦʙʨʘʞʝʥʥʷ ʽ ʾʭ ʜʝʩʢʨʠʧʪʦʨʽʚ 

(ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ); 

2) ʯʘʩʪʠʥʘ ʟ ʥʠʭ (ʰʪʨʠʭ-ʢʦʜʦʚʽ ʽ ʢʦʣʦʚʽ ʤʘʨʢʝʨʠ) ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ (ʧʦʚʽʜʦʤʣʝʥʥʷ), ʥʘʧʨʠʢʣʘʜ, ʧʦʩʠʣʘʥʥʷ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʨʝʩʫʨʩʠ, ʱʦ ʻ ʦʜʥʦʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ 

ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɿʥʘʭʦʜʞʝʥʥʷ ʢʫʪʽʚ ʯʠ ʩʧʝʮʽʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠʚ'ʷʟʢʠ ï ʰʚʠʜʢʠʡ 

ʤʝʪʦʜ, ʘʣʝ ʚʠʤʘʛʘʻ ʦʜʥʦʟʥʘʯʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʚʩʽʭ 4 ʪʦʯʦʢ, ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ ʟʦʙʨʘʞʝʥʥʷ ʽ ʧʦʙʫʜʦʚʘ ʾʭ ʜʝʩʢʨʠʧʪʦʨʽʚ ʚʠʤʘʛʘʻ ʙʽʣʴʰʝ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘʣʝ ʻ ʥʘʙʘʛʘʪʦ ʩʪʽʡʢʽʰʠʤ, ʯʘʩʪʠʥʘ ʟʦʙʨʘʞʝʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʟʘʢʨʠʪʘ ʟʘʚʘʜʦʶ, ʪʠʤ ʥʝ ʤʝʥʰ ʮʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʧʨʘʚʠʣʴʥʦ 

ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ. 

 

 

1.5 ʆʛʣʷʜ ʛʦʣʦʛʨʘʬʽʯʥʦʛʦ ʧʨʠʥʮʠʧʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ 

 

 

ʗʢ ʙʫʣʦ ʚʢʘʟʘʥʦ ʚʠʱʝ, ʚʘʞʣʠʚʦʶ ʚʠʤʦʛʦʶ ʜʦ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʻ ʚʠʤʦʛʘ ʨʦʙʘʩʪʥʦʩʪʽ ï ʧʨʠ ʚʪʨʘʪʽ ʚʝʣʠʢʦʾ ʯʘʩʪʠʥʠ (ʜʦ 50%) 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʘʨʢʝʨ ʤʠ, ʪʠʤ ʥʝ ʤʝʥʰ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʤʦʛʫ ʘ) ʪʦʯʥʦ 

ʜʝʢʦʜʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʤʘʨʢʝʨʽ; ʙ) ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʜʘʩʪʴ ʥʘʤ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʡʪʠ ʦʨʽʻʥʪʘʮʽʶ 

ʢʘʤʝʨʠ. ʗʢ ʙʫʣʦ ʚʢʘʟʘʥʦ ʪʘʤ ʞʝ, ʞʦʜʝʥ ʽʩʥʫʶʯʠʡ ʪʠʧ AR-ʤʘʨʢʝʨʘ ʮʽʡ 

ʚʠʤʦʟʽ ʥʝ ʟʘʜʦʚʽʣʴʥʷʻ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʤʠ ʥʝ ʥʘʢʣʘʜʘʻʤʦ ʥʽʷʢʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ 
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ʟʘʢʨʠʪʠʭ ʜʽʣʷʥʦʢ ʤʘʨʢʝʨʘ ʦʢʨʽʤ ʪʦʛʦ, ʱʦ ʚʠʜʠʤʘ ʯʘʩʪʠʥʘ ʤʘʨʢʝʨʘ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʦʜʥʦʟʚôʷʟʥʦʶ ʦʙʣʘʩʪʶ, ʤʽʞ ʙʫʜʴ-ʷʢʠʤʠ ʜʚʦʤʘ ʪʦʯʢʘʤʠ ʟʦʙʨʘʞʝʥʥʷ 

ʤʘʨʢʝʨʘ ʧʦʚʠʥʝʥ ʽʩʥʫʚʘʪʠ ʰʣʷʭ, ʱʦ ʧʦʚʥʽʩʪʶ ʣʝʞʠʪʴ ʚ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʜʠʤʦʾ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ (ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʥʘ ʦʜʠʥ ʧʽʢʩʝʣʴ ʫ 

1L -ʤʝʪʨʠʮʽ).  

ʅʘʧʨʷʤʦʢ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʘʻ ʪ. ʟʚ. ʛʦʣʦʛʨʘʬʽʯʥʘ ʤʝʪʘʬʦʨʘ 

ï ʨʦʟʧʦʜʽʣʝʥʘ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʷʢʘ ʻ ʩʪʽʡʢʦʶ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʘʚʘʜ [43]ï[48]. 

ʗʢ ʚʢʘʟʫʚʘʚ ɸ. ɺ. ʄʘʨʢʦʚʩʴʢʠʡ (ɸ. ɺ. ʄʘʨʢʦʚʩʢʠʡ), ʫ ʥʘʩʣʽʜʫʚʘʥʥʷ 

ʛʦʣʦʛʨʘʬʽʯʥʦʛʦ ʧʨʠʥʮʠʧʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʢʦʜʫʚʘʥʥʷ 

ʮʠʬʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʠʡ ʥʘʚʽʪʴ ʧʨʠ ʚʪʨʘʪʽ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ ʡʦʛʦ 

ʧʦʚʝʨʭʥʽ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʡʦʛʦ ʧʽʩʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʪʘʢʝ ʢʦʜʫʚʘʥʥʷ ʣʠʰʝ ʥʘʩʣʽʜʫʻ ʚʣʘʩʪʠʚʦʩʪʷʤ ʛʦʣʦʛʨʘʬʽʾ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʟʠʚʘʪʠ ʡʦʛʦ ʢʚʘʟʽʛʦʣʦʛʨʘʬʽʯʥʠʤ (ʧʩʝʚʜʦʣʦʛʨʘʬʽʯʥʠʤ) ʘʙʦ, 

ʜʣʷ ʩʪʠʩʣʦʩʪʽ ʚʠʢʣʘʜʫ, ʧʨʦʩʪʦ ʛʦʣʦʛʨʘʬʽʯʥʠʤ [45]. 

ɼ. ɸ. ʋʨʠʚʩʴʢʘ (ɼ. ɸ. ʋʨʳʚʩʢʘʷ) ʫ ʩʚʦʾʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ [48], 

ʱʦ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʽ ʟʘʩʪʦʩʫʚʘʥʥʶ ʧʩʝʚʜʦʛʦʣʦʛʨʘʬʽʯʝʩʢʽʭ ʨʦʟʛʦʨʪʦʢ 

ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʥʘʚʦʜʠʪʴ ʦʛʣʷʜ ʽ ʢʣʘʩʠʬʽʢʘʮʽʶ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ. 

ɯʜʝʷ ʨʝʛʫʣʷʨʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʚʦʚʠʤʽʨʥʠʡ ʤʘʩʠʚ 

ʚʽʜʣʽʢʽʚ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʚ ʦʜʥʦʚʠʤʽʨʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘ ʧʝʚʥʠʤ 

ʧʨʘʚʠʣʦʤ.  

ɿʦʢʨʝʤʘ, A. M. ɹʨʫʢʰʪʝʡʥʦʤ (Bruckstein, A. M) [43]ï[44] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪ. ʟʚ. çʛʦʣʦʛʨʘʬʽʯʥʝè ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ 

ʩʧʝʮʠʬʽʯʥʠʡ ʤʝʪʦʜ ʦʜʥʦʚʠʤʽʨʥʦʾ ʥʫʤʝʨʘʮʽʾ ʚʽʜʣʽʢʽʚ ʟʦʙʨʘʞʝʥʥʷ. ɯʜʝʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʩʠʪʴ ʧʨʦʟʦʨʘ: ʮʠʬʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʚ ʦʜʥʦʚʠʤʽʨʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʘʢ, ʱʦʙ çʜʘʣʝʢʽè ʪʦʯʢʠ 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʣʠ çʙʣʠʟʴʢʽè ʥʦʤʝʨʘ ʚ ʦʜʥʦʚʠʤʽʨʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ.  

ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (m,n) ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʝʷʢʝ ʯʠʩʣʦ , ʷʢʝ ʽ ʚʠʟʥʘʯʘʻ ʥʦʤʝʨ ʜʘʥʦʾ ʪʦʯʢʠ ʫ 

ʧʩʝʚʜʦʛʦʣʦʛʨʘʬʽʯʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʇʨʠ ʧʦʨʷʜʢʦʚʦʤʫ ʩʢʘʥʫʚʘʥʥʽ ʽ ʟʘʧʠʩʫ 
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ʦʪʨʠʤʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʬʦʨʤʫʻʪʴʩʷ "ʧʩʝʚʜʦʛʦʣʦʛʨʘʤʤʘ". 

ʊʘʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʘ ʜʦʚʽʣʴʥʠʤ ʟʚ'ʷʟʥʦʛʦ ʬʨʘʛʤʝʥʪʫ 

ʦʪʨʠʤʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʟʤʝʥʰʝʥʫ ʢʦʧʽʶ ʚʠʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ (ʘʙʦ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʽʥʪʝʨʧʦʣʷʮʽʡʥʽ ʤʝʪʦʜʠ, ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ). ʊʦʙʪʦ ʬʨʘʛʤʝʥʪ 

ʦʜʥʦʚʠʤʽʨʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʜʽʙʥʦ ʘʥʘʣʦʛʦʚʦʾ ʛʦʣʦʛʨʘʤʽ, ʤʽʩʪʠʪʴ 

ʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʩʝ ʟʦʙʨʘʞʝʥʥʽ ʚ ʮʽʣʦʤʫ.  

ʇʦʜʽʙʥʝ "ʛʦʣʦʛʨʘʬʽʯʥʝ" ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʻ ʩʪʽʡʢʠʤ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʰʢʦʜʞʝʥʴ ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʧʨʠ ʚʪʨʘʪʽ ʯʘʩʪʠʥʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ ʚʽʜʥʦʚʠʪʠ ʟ ʧʝʚʥʦʶ ʪʦʯʥʽʩʪʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʨʦʟʤʽʨʫ ʚʪʨʘʪ [48]. 

ʋ 1998 ʨ. A. ɹʨʫʢʰʪʝʡʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʡ ʤʝʪʦʜ, ʷʢʠʡ 

ʻ ʤʦʜʠʬʽʢʘʮʽʶ "ʨʝʛʫʣʷʨʥʦʛʦ" ʤʝʪʦʜʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʩʘʤʦʩʪʽʡʥʫ 

ʥʫʤʝʨʘʮʽʶ ʚʽʜʣʽʢʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʨʽʚʥʷ [44]. 

ʆ. ʇ. ʂʫʟʥʝʮʦʚ, A. B. ʄʘʨʢʦʚʩʴʢʠʡ, ʫ 2002 ʨʦʮʽ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʜʣʷ 

ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʚʽʜʣʽʢʽʚ ʪ. ʟʚ. çʨʦʟʩʽʶʶʯʠʡè ʤʝʪʦʜ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ 

ʽʥʚʝʨʪʫʚʘʥʥʽ ʧʦʨʷʜʢʫ ʨʦʟʨʷʜʽʚ ʥʦʤʝʨʘ ʪʦʯʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʨʦʟʛʦʨʥʫʪʦ ʚ 

ʦʜʥʦʚʠʤʽʨʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦ ʨʷʜʢʘʭ/ʩʪʦʚʧʮʷʭ, ʟʘ ʧʝʚʥʠʤ ʧʨʘʚʠʣʦʤ. 

ɸʚʪʦʨʠ ʤʝʪʦʜʫ ʦʙʤʝʞʠʣʠʩʷ ʨʦʟʛʣʷʜʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʽʜʣʽʢʽʚ ʫ 

ʜʚʽʡʢʦʚʽʡ ʩʠʩʪʝʤʽ ʯʠʩʣʝʥʥʷ [46]. 

ʈ. ɼʦʚʛʘʨʜ (R. Dovgard) ʫ 2004 ʨʦʮʽ ʦʧʠʩʘʚ ʤʝʪʦʜ ʧʦʙʽʪʦʚʦʾ ʽʥʚʝʨʩʽʾ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʚʝʨʪʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʜʚʽʡʢʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ [47]. 

ɺ. ɺ. ʂʦʣʝʩʦʚ, ʄ. ʄ. ɿʘʣʦʛʽʥ  ʪʘ ɻ. ʄ. ɺʦʨʦʥʮʦʚ  ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʫ 

2002 ʨʦʮʽ ʪ. ʟʚ. "ʩʪʦʭʘʩʪʠʯʥʠʡ" ʤʝʪʦʜ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʜʣʽʢʠ 

ʨʘʩʪʨʦʚʦʾ ʤʘʪʨʠʮʽ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʚʧʦʨʷʜʢʦʚʫʶʪʴ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʭʦʜʠʪʴ ʰʫʤʦʧʦʜʽʙʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʜʚʦʚʠʤʽʨʥʠʡ ʛʝʥʝʨʘʪʦʨ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

ʩʧʦʯʘʪʢʫ ʬʦʨʤʫʻʪʴʩʷ ʜʝʷʢʘ ʢʦʜʫʶʯʘ ʤʘʪʨʠʮʷ , ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦ ʧʝʨʝʩʪʘʚʣʷʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʨʷʜʢʘ 
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ʟʦʙʨʘʞʝʥʥʷ, ʧʦʪʽʤ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ 90Á ʽ ʧʦʚʪʦʨʥʦ ʧʨʦʚʦʜʠʪʴʩʷ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʘ ʧʝʨʝʩʪʘʥʦʚʢʘ ʚʽʜʣʽʢʽʚ ʫʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʨʷʜʢʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʾ ʢʦʜʫʶʯʦʾ ʤʘʪʨʠʮʽ  [192]. 

ɸ. ɺ. ʄʘʨʢʦʚʩʴʢʠʡ ʫ ʨʦʙʦʪʽ [45] ʥʘʚʦʜʠʪʴ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʦʣʦʛʨʘʬʽʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ: 

1. ʇʨʠ ʢʦʜʫʚʘʥʥʽ ʟʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʡʦʛʦ ʚʽʜʣʽʢʠ ʜʝʷʢʠʤ 

ʯʠʥʦʤ ʨʦʟʩʽʶʻʪʴʩʷ ʧʦ ʚʩʽʡ ʧʣʦʱʽ ʛʦʣʦʛʨʘʤʠ ʪʘʢ, ʱʦ ʚ ʦʢʦʣʽ ʢʦʞʥʦʾ ʪʦʯʢʠ 

ʛʦʣʦʛʨʘʤʠ ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʩʝ ʟʦʙʨʘʞʝʥʥʽ ʚ ʮʽʣʦʤʫ. 

2. ʊʘʢʝ ʢʦʜʫʚʘʥʥʷ ʚʦʣʦʜʽʻ ʪʘʢʦʞ ʚʣʘʩʪʠʚʽʩʪʶ "ʛʣʦʙʘʣʴʥʦʩʪʽ", ʧʨʠ 

ʷʢʦʤʫ ʟʤʽʥʘ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʣʠʢʘʻ ʧʝʨʝʙʫʜʦʚʫ 

ʚʩʽʻʾ ʛʦʣʦʛʨʘʤʠ ʘʙʦ ʙʽʣʴʰʦʾ ʾʾ ʯʘʩʪʠʥʠ. ʎʽ ʜʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʧʨʘʚʜʦʚʫʶʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʪʝʨʤʽʥʘ "ʛʦʣʦʛʨʘʬʽʷ", ʱʦ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ 

"ʟʘʧʠʩ ʚ ʮʽʣʦʤʫ". 

3. ɻʦʣʦʛʨʘʤʘ ʤʦʞʝ ʙʫʪʠ ʟʜʘʪʥʘ ʜʦ "ʧʦʰʢʦʜʞʝʥʥʷ", ʱʦ ʧʦʣʷʛʘʻ ʚ 

ʚʠʨʽʟʘʥʥʷ ʟ ʥʝʾ ʜʝʷʢʦʾ ʩʫʮʽʣʴʥʦʾ ʦʙʣʘʩʪʽ. 

4. ʇʨʠ ʜʝʢʦʜʫʚʘʥʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʟ ʛʦʣʦʛʨʘʤʠ. ʇʨʠ 

ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʷ, ʨʦʟʩʽʷʥʘ ʧʦ ʪʦʯʢʘʤ, ʱʦ ʟʙʝʨʝʛʣʠʩʷ ʧʽʩʣʷ ʫʨʽʟʘʥʥʷ 

ʛʦʣʦʛʨʘʤʠ, ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʫ ʩʚʦʾʭ ʧʦʯʘʪʢʦʚʠʭ ʤʽʩʮʷʭ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʙʽʣʴʰ-ʤʝʥʰ ʫʧʽʟʥʘʚʘʥʠʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʽ 

ʥʝʫʰʢʦʜʞʝʥʦʾ ʯʘʩʪʠʥʠ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʰʢʦʜʞʝʥʥʷ ʛʦʣʦʛʨʘʤʠ 

ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʧʦʚʥʽʩʪʶ [45]. 

ʊʘʢʦʞ ʚʽʥ ʚʢʘʟʫʚʘʚ, ʱʦ ʚʘʞʣʠʚʝ ʧʠʪʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʧʣʦʱ ʟʦʙʨʘʞʝʥʥʷ ʽ ʡʦʛʦ ʛʦʣʦʛʨʘʤʠ. ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ [45]. 

ʆʩʥʦʚʥʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʛʣʷʜʫ ʻ ʚʣʘʩʪʠʚʽʩʪʴ 1, ʟ ʷʢʦʾ 

ʚʠʧʣʠʚʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 3ï4, ʘ ʚʣʘʩʪʠʚʽʩʪʴ 2 ʫ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʻ 

ʥʝʚʘʞʣʠʚʦʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʘʩʪʥʦʩʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʫ ʧʝʨʝʩʪʘʥʦʚʢʫ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ, ʘ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʜʫʙʣʶʚʘʪʠ ʧʽʢʩʝʣʠ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 
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ʋ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ ʮʽ ʧʠʪʘʥʥʷ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʜʦʢʣʘʜʥʽʰʝ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʝʨʝʩʪʘʥʦʚʦʢ ʜʣʷ ʥʘʩ ʥʝʚʘʞʣʠʚʠʡ ʽ ʥʘʜʘʣʽ 

ʧʨʦʩʪʦ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʘʢʘ ʧʝʨʝʩʪʘʥʦʚʢʘ ʽʩʥʫʻ ʽ, ʱʦ ʩʫʪʪʻʚʦ, ʨʦʙʠʪʴ 

ʩʫʩʽʜʥʽ ʧʽʢʩʝʣʽ ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʝʢʦʨʝʣʴʦʚʘʥʠʤʠ. ʗʢ ʩʚʽʜʯʘʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʝʢʩʧʝʨʝʤʝʥʪʽʚ (ʜʠʚ. ʥʘʩʪʫʧʥʽ ʨʦʟʜʽʣʠ), ʮʝ 

ʪʚʝʨʜʞʝʥʥʷ ʧʦʚʥʽʩʪʶ ʩʪʚʝʨʜʞʫʻʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʪʦʨʽʚ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʱʦ 

ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʩʫʯʘʩʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

MATLAB.  

 

 

1.6 ʆʛʣʷʜ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ 

1.6.1 ɿʘʛʘʣʴʥʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ 

 

 

ʗʢ ʙʫʣʦ ʚʢʘʟʘʥʦ ʫ ʨʦʙʦʪʽ [73], ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ, 

ʱʦ ʚʥʠʢʘʶʪʴ ʧʨʠ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʴ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ NP-ʩʢʣʘʜʥʠʭ. 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʪʘʢʠʭ ʟʘʜʘʯ ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʧʝʨʝʚʘʛʘʤʠ ʷʢʠʭ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʙʝʟ 

ʫʪʦʯʥʝʥʥʷ ʧʦʰʫʢʦʚʦʾ ʦʙʣʘʩʪʽ [193]ï[194].  

ʄʝʪʘʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʟʘ ʧʦʙʫʜʦʚʦʶ ʨʝʘʣʽʟʫʶʪʴ ʧʨʷʤʠʡ 

ʩʪʦʭʘʩʪʠʯʥʠʡ ʧʦʰʫʢ ʜʦʧʫʩʪʠʤʠʭ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯʽ, ʧʨʠ 

ʮʴʦʤʫ ʘʣʛʦʨʠʪʤ ʚʠʢʦʥʫʻʪʴʩʷ, ʜʦʢʠ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʘ ʫʤʦʚʘ ʟʫʧʠʥʢʠ 

(ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʘ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʩʪʘʻ ʤʝʥʰʦʶ ʟʘ ʟʘʜʘʥʠʡ ʧʦʨʽʛ ʘʙʦ 

ʜʦʩʷʛʥʫʪʘ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ). ʗʢ ʚʢʘʟʘʥʦ ʫ [194], ʧʨʦʮʝʜʫʨʘ, ʱʦ 

ʟʥʘʭʦʜʠʪʴ ʜʦʧʫʩʪʠʤʝ ʨʽʰʝʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʝʚʨʠʩʪʠʢʦʶ.  

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ [73]ï[75], 

[87], [89], [194]: 

ï ʝʬʝʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ; 

ï ʝʬʝʢʪʠʚʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʰʫʢʦʚʦʾ ʦʙʣʘʩʪʽ (ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 
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ʦʧʪʠʤʘʣʴʥʠʭ ʯʠ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ); 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʠʭ ʧʨʦʮʝʜʫʨ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ; 

ï ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʽʩʪʴ ʤʝʪʦʜʽʚ; 

ï ʫʥʠʢʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʚ ʦʙʤʝʞʝʥʦʤʽʡ ʧʦʰʫʢʦʚʽʡ ʦʙʣʘʩʪʽ; 

ï ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʤʝʪʦʜʽʚ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ, ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʨʦʢʽʚ [194]ï[196]. 

1. ʇʦʯʘʪʢʦʚʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ (0x x= ). 

2. ɺʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ ʨʽʰʝʥʥʷ (ʢʦʞʥʦʤʫ ʨʽʰʝʥʥʶ x XÍ  

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʥʦʞʠʥʘ ʦʢʦʣʽʚ ʪʘ ʧʝʨʝʭʦʜʠ N(x)={N1,N2,éNq}) . 

3. ʋ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦʟʚô̫ʟʥʦʩʪʽ (ʪʦʙʪʦ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʙʽʣʴʰʝ, ʥʽʞ 

ʦʜʥʦʛʦ ʦʢʦʣʫ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʚʠʙʦʨʫ. 

4. ɺʠʟʥʘʯʝʥʥʷ ʽ ʚʽʜʙʽʨ ʢʘʥʜʠʜʘʪʽʚ ʥʘ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʩʧʠʩʦʢ ʢʘʥʜʠʜʘʪʽʚ C(x) N(x)Ì  ʤʦʞʝ ʙʫʜʫʚʘʪʠʩʷ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʘʙʦ 

ʧʦʥʦʚʣʶʚʘʪʠʩʷ ʚʽʜ ʽʪʝʨʘʮʽʾ ʜʦ ʽʪʝʨʘʮʽʾ. ʂʨʠʪʝʨʽʡ ʚʽʜʙʦʨʫ ʚʠʟʥʘʯʘʻ, ʷʢ ʩʘʤʝ 

ʦʙʨʘʥʽ ʨʽʰʝʥʥʷ ʚʢʣʶʯʘʶʪʴʩʷ ʫ ʩʧʠʩʦʢ ʢʘʥʜʠʜʘʪʽʚ. 

5. ʂʨʠʪʝʨʽʡ ʧʨʠʡʥʷʪʪʷ. ʄʦʞʣʠʚʽ ʧʝʨʝʭʦʜʠ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʝʷʢʦʾ ʬʫʥʢʮʽʾ g(x,y), ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʘʜʘʯʽ, ʰʪʨʘʬʥʦʾ 

ʬʫʥʢʮʽʾ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ ʪʘ ʽʥʰʝ.  

6. ʂʨʠʪʝʨʽʾ ʟʫʧʠʥʢʠ: ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ, ʟʘʛʘʣʴʥʠʡ 

ʯʘʩ ʨʦʙʦʪʠ, ʚʝʣʠʯʠʥʘ ʟʤʽʥʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. 

ɼʦ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʚʽʜʥʦʩʷʪʴ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ 

ʢʣʘʩʠ: ʝʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ; ʨʦʡʦʚʽ ʤʝʪʦʜʠ; ʩʠʤʫʣʷʮʽʡʥʽ ʤʝʪʦʜʠ; 

ʤʫʣʴʪʠʩʪʘʨʪʦʚʽ ʤʝʪʦʜʠ [197]. ʆʩʥʦʚʥʠʤʠ ʟ ʥʠʭ ʻ ʝʚʦʣʶʮʽʥʽ ʪʘ ʨʦʡʦʚʽ 

ʤʝʪʦʜʠ. 

ʇʨ ʮʴʦʤʫ ʜʦ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʚʽʜʥʦʩʷʪʴ: ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ; ʤʝʪʦʜʠ, ʱʦ ʽʤʽʪʫʶʪʴ ʽʤʫʥʥʠʡ ʚʽʜʛʫʢ 

ʦʨʛʘʥʽʟʤʽʚ; ʤʝʪʦʜʠ ʨʦʟʩʽʶʚʘʥʥʷ; ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʠʭ ʩʽʪʦʢ; ʤʝʪʦʜʠ 
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ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʝʚʦʣʶʮʽʾ ʪʘ ʽʥʰʽ [84], [87], [89], [197]. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʜʦ 

ʨʦʡʦʚʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʚʽʜʥʦʩʷʪʴ: ʤʝʪʦʜ ʨʦʶ ʯʘʩʪʠʥʦʢ; ʤʫʨʘʰʠʥʽ 

ʘʣʛʦʨʠʪʤʠ; ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʾ ʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾ; ʘʣʛʦʨʠʪʤʠ ʽʤʽʪʘʮʽʾ 

ʧʦʚʝʜʽʥʢʠ ʫ ʟʛʨʘʾ ʨʠʙ ʯʠ ʧʪʘʭʽʚ ʪʘ ʽʥʰʽ [197]. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ 

ʩʝʨʝʜ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ [53], [197]ï

[198]. 

 

 

1.6.2 ʈʦʡʦʚʽ ʘʣʛʦʨʠʪʤʠ 

 

 

ʈʦʡʦʚʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʣʝʢʪʠʚʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʘʛʝʥʪʽʚ ʦʜʥʽʻʾ ʧʦʧʫʣʷʮʽʾ, ʙʝʟ ʧʨʦʮʝʜʫʨ ʚʽʜʙʦʨʫ, 

ʟʥʠʱʝʥʥʷ ʩʪʘʨʠʭ ʪʘ ʧʦʨʦʜʞʝʥʥʷ ʥʦʚʠʭ ʘʛʝʥʪʽʚ [199]. ʋ ʨʦʙʦʪʽ [198] 

ʟʘʧʨʦʧʥʦʚʘʥʦ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʜʦ 

ʨʦʡʦʚʠʭ ʤʝʪʦʜʽʚ, ʜʝ ʚʢʘʟʘʥʦ, ʱʦ ʫ ʚʠʨʘʟʘʭ, ʷʢʽ ʟʘʜʘʶʪʴ ʧʦʚʝʜʽʥʢʫ ʘʛʝʥʪʽʚ 

ʨʦʶ, ʧʦʚʠʥʥʦ ʙʫʪʠ ʚʨʘʭʦʚʘʥʦ ʥʝʧʨʷʤʠʡ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʘʛʝʥʪʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʝ ʧʽʜʭʦʜʷʱʝ ʨʽʰʝʥʥʷ ʜʣʷ ʤʝʪʦʜʫ ʨʦʶ 

ʯʘʩʪʠʥʦʢ ʯʠ ʦʧʪʠʤʘʣʴʥʠʡ ʰʣʷʭ ʥʘ ʟʚʘʞʝʥʦʤʫ ʛʨʘʬʽ ʜʣʷ ʤʫʨʘʰʠʥʦʛʦ 

ʤʝʪʦʜʫ [199]ï[201]. 

ʄʝʪʦʜ ʨʦʶ ʯʘʩʪʠʥʦʢ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʷʢ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ 

ʧʦʚʝʜʽʥʢʠ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ (ʥʘʧʨʠʢʣʘʜ, ʟʛʨʘʾ ʧʪʘʭʽʚ ʯʠ ʨʠʙ) [53], [56]ï

[58]. ɯʜʝʷ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʞʥʘ ʯʘʩʪʠʥʢʘ ʨʦʶ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ 

ʯʘʩʫ ʟʘʜʘʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʧʨʦʩʪʦʨʽ ʨʽʰʝʥʴ, ʚʝʢʪʦʨʦʤ ʰʚʠʜʢʦʩʪʝʡ ʧʦ 

ʢʦʞʥʽʡ ʢʦʦʨʜʠʥʘʪʥʽʡ ʦʩʽ, ʦʢʨʝʤʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʯʘʩʪʠʥʢʠ, 

ʚ ʷʢʽʡ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʻ ʥʘʡʢʨʘʱʠʤʠ, ʜʦʜʘʪʢʦʚʦ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʪʘʢʦʞ ʥʘʡʢʨʘʱʝ ʨʽʰʝʥʥʷ ʩʝʨʝʜ ʚʩʽʭ ʯʘʩʪʠʥʦʢ ʨʦʶ. ʂʦʞʥʘ ʯʘʩʪʠʥʢʘ 

ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʥʘʢʨʘʱʦʛʦ ʨʽʰʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʢʘ ʤʘʻ ʤʘʩʫ ʽ 

ʨʫʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʝʨʮʽʡʥʦ, ʘ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʝʡ ʟʘʜʘʻʪʴʩʷ ʟ ʧʝʚʥʠʤ ʨʽʚʥʝʤ 

ʚʠʧʘʜʢʦʚʦʩʪʽ. ʈʫʭ ʯʘʩʪʠʥʦʢ ʜʦ ʪʦʯʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ ʩʠʥʭʨʦʥʽʟʫʻ 
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ʨʽʡ, ʽʥʝʨʮʽʷ ʪʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʥʘʡʜʝʥʽ ʣʦʢʘʣʴʥʽ ʦʧʪʠʤʫʤʠ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʘʪʠ ʣʦʢʘʣʴʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ.  

ʆʩʥʦʚʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʶ ʯʘʩʪʠʥʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ [53], 

[56]ï[58], [92], [97]ï[99], [102], [104], [202]ï[203]: 

1. ʇʦʯʘʪʢʦʚʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʧʦʣʦʞʝʥʴ ʪʘ ʰʚʠʜʢʦʩʪʝʡ ʯʘʩʪʠʥʦʢ, ʟʘ 

ʨʽʚʥʦʤʽʨʥʠʤ ʚʠʧʘʜʢʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ. 

2. ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʠʥʢʠ. 

3. ʉʪʦʭʘʩʪʠʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ. 

4. ʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ ʟʫʧʠʥʢʠ (ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʪʝʨʘʮʽʡ, ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. 

 

 

1.6.3 ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ 

 

 

ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʩʢʣʘʜʘʶʪʴ ʦʢʨʝʤʠʡ ʢʣʘʩ ʝʚʦʣʶʮʽʡʥʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ 

ʙʽʦʣʦʛʽʯʥʦʾ ʝʚʦʣʶʮʽʾ [53], [59]ï[60]. ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʢʦʤʙʽʥʘʪʦʨʠʢʠ, 

ʪʝʦʨʽʾ ʽʛʦʨ, ʦʙʨʦʙʢʠ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ [53], [60], [84], [101]. 

ʇʦʰʫʢ ʨʽʰʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʭʦʜʠʪʴ 

ʥʘ ʧʽʜʤʥʦʞʠʥʽ ʪʦʯʦʢ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ, ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷʤ ʚʝʢʪʦʨʘ 

ʧʦʪʝʥʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʷʢʠʡ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʧʫʣʷʮʽʻʶ. 

ʇʦʧʫʣʷʮʽʷ ʧʦʢʨʘʱʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢ ʟʚʘʥʠʭ ʛʝʥʝʪʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, 

ʱʦ ʤʦʜʝʣʶʶʪʴ ʤʫʪʘʮʽʾ, ʥʘʩʣʽʜʫʚʘʥʥʷ ʪʘ ʧʨʠʨʦʜʥʠʡ ʚʽʜʙʽʨ. ʅʘʩʣʽʜʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʥʦʚʽ ʪʦʯʢʠ ʨʽʰʝʥʥʷ (ʭʨʦʤʦʩʦʤʠ) 

ʙʫʜʫʶʪʴʩʷ ʟ ʭʨʦʤʦʩʦʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʢʦʣʽʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʶʪʴ 

ʩʧʽʣʴʥʽ ʟ ʥʠʤʠ ʯʘʩʪʠʥʠ (ʛʝʥʠ, ʜʠʚ. ʨʠʩ. 1.20). ɼʣʷ ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ 
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ʧʦʢʦʣʽʥʥʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʧʦʧʫʣʷʮʽʾ ʪʘ ʥʘʡʢʨʘʱʝ 

ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʤʽʱʫʶʪʴʩʷ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ [59]ï[60], 

[204].  

 

 

ʈʠʩʫʥʦʢ 1.20 ï ɯʣʶʩʪʨʘʮʽʷ ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ: ʛʝʥ, 

ʭʨʦʤʦʩʦʤʘ, ʧʦʧʫʣʷʮʽʷ [204] 

 

ʆʩʥʦʚʥʽ ʢʨʦʢʠ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢʠʤ 

ʯʠʥʦʤ [77]ï[80], [93], [193], [204]ï[205]: 

1. ʇʦʯʘʪʢʦʚʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ (ʧʦʯʘʪʢʦʚʘ ʧʦʧʫʣʷʮʽʷ), ʽʥʽʮʽʘʣʽʟʫʻʪʴʩʷ 

ʣʽʯʠʣʴʥʠʢ ʧʦʢʦʣʽʥʴ. 

2. ɿʙʽʣʴʰʫʻʪʴʩʷ ʣʽʯʠʣʴʥʠʢ ʧʦʢʦʣʽʥʴ, ʬʦʨʤʫʻʪʴʩʷ ʧʨʦʤʽʞʥʝ 

ʙʘʪʴʢʽʚʩʴʢʝ ʧʦʢʦʣʽʥʥʷ. 

3. ʌʦʨʤʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ ʧʦʢʦʣʽʥʥʷ. ɺʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟ ʙʘʪʴʢʽʚʩʴʢʦʾ 

ʧʦʧʫʣʷʮʽʾ ʦʙʠʨʘʻʪʴʩʷ ʧʘʨʘ, ʜʣʷ ʷʢʦʾ ʽʟ ʟʘʜʘʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʧʨʦʚʦʜʠʪʴʩʷ 

ʦʧʝʨʘʮʽʷ ʧʝʨʝʭʨʝʩʥʦʛʦ ʩʭʨʝʱʫʚʘʥʥʷ (ʨʠʩ. 1.21) ʪʘ ʦʙʠʨʘʻʪʴʩʷ ʦʜʠʥ ʟ 

ʧʦʪʦʤʢʽʚ, ʜʦ ʷʢʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʧʝʨʘʪʦʨ ʤʫʪʘʮʽʾ (ʨʠʩ. 1.22). ʆʪʨʠʤʘʥʠʡ 

ʛʝʥʦʪʠʧ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʥʦʚʽʡ ʧʦʧʫʣʷʮʽʾ.  

4. ɼʦ ʚʠʯʝʨʧʘʥʥʷ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ 

ʧʫʥʢʪʫ 3, ʽʥʘʢʰʝ ï ʧʫʥʢʪ 5. 

5. ʗʢʱʦ ʣʽʯʠʣʴʥʠʢ ʧʦʢʦʣʽʥʴ ʜʦʩʷʛ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦ 

ʧʝʨʝʭʽʜ ʜʦ ʧʫʥʢʪʫ 6; ʽʥʘʢʰʝ ï ʜʦ ʧʫʥʢʪʫ 2. 
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6. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ʂʽʥʝʮʴ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. 

 

 

ʈʠʩʫʥʦʢ 1.21 ï ʆʧʝʨʘʪʦʨ ʢʨʦʩʠʥʛʦʚʝʨʫ [204] 

 

 

ʈʠʩʫʥʦʢ 1.22 ï ʆʧʝʨʘʪʦʨ ʤʫʪʘʮʽʾ [204] 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʠʤʠ ʛʝʥʝʪʠʯʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʻ ʨʝʧʨʦʜʫʢʮʽʷ, 

ʤʫʪʘʮʽʷ ʪʘ ʧʝʨʝʭʨʝʩʥʝ ʩʭʨʝʱʫʚʘʥʥʷ (ʢʨʦʩʠʥʛʦʚʝʨ) [204]. ʈʝʧʨʦʜʫʢʮʽʷ 

ʬʦʨʤʫʻ ʧʨʦʤʽʞʥʝʧʦʢʦʣʽʥʥʷ. ʉʝʥʩ ʢʨʦʩʠʥʛʦʚʝʨʫ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʜʘʯʽ ʛʝʥʽʚ 

ʚʽʜ ʙʘʪʴʢʽʚ ʜʦ ʥʘʱʘʜʢʽʚ [204]ï[205].  

ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʧʨʠ ʧʦʰʫʢʫ ʤʽʥʽʤʫʤʫ ʤʦʜʝʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʚ ʷʢʦʩʪʽ ʷʢʦʾ ʚʽʟʴʤʝʤʦ ʚʽʜʦʤʫ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʫ ʬʫʥʢʮʽʶ ʈʘʩʪʨʠʛʽʥʘ (1.1) [206]ï [207]: 

 

 

( )
n

2

1 2 n i i
i 1

i

f (x ,x , ,x ) 10n x 10cos(2 x ) ,

5,12 x 5,12,

min imum at f (0,0, ,0) 0.

=

= + - p

- ¢ ¢

=

ä

 (1.1) 
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ɻʨʘʬʽʢ ʬʫʥʢʮʽʾ ʈʘʩʪʨʠʛʽʥʘ ʜʣʷ 2-x ʟʤʽʥʥʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.23, 

ʛʣʦʙʘʣʴʥʠʡ ʤʽʥʽʤʫʤ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ . 

 

 

ʈʠʩʫʥʦʢ 1.23 ï ʄʦʜʝʣʴʥʘ ʬʫʥʢʮʽʷ (ʬʫʥʢʮʽʷ ʈʘʩʪʨʠʛʽʥʘ), ʤʽʥʽʤʫʤ ʷʢʦʾ 

ʰʫʢʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

 

ʌʫʥʢʮʽʷ ʈʘʩʪʨʠʛʠʥʘ ʙʫʣʘ ʚʠʙʨʘʥʘ, ʦʩʢʽʣʴʢʠ ʾʾ ʧʦʚʝʜʽʥʢʘ ʧʦʜʽʙʥʘ ʜʦ 

ʧʦʚʝʜʽʥʢʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʙʫʜʝ ʚʚʝʜʝʥʦ ʜʘʣʽ, ʜʣʷ ʘʥʘʣʽʟʫ ʫʤʦʚʠ 

ʨʦʙʘʩʪʥʦʩʪʽ. 

ʅʘ ʨʠʩ. 1.24 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʢʦʣʽʥʴ, ʛʣʦʙʘʣʴʥʠʡ ʤʽʥʽʤʫʤ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 100 ʧʦʢʦʣʽʥʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʛʘʪʦʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʘʜʘʯ, ʜʦ ʢʣʘʩʫ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʟʘʜʘʯʘ 

ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʚʝʨʩʥʦʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʝʡ ʬʘʢʪ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ ʘʥʘʣʽʟʽ ʨʦʙʘʩʪʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ. 
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ʈʠʩʫʥʦʢ 1.24 ï ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ [208] 

 

 

1.7 ʌʦʨʤʫʣʶʚʘʥʥʷ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʪʘ ʟʘʚʜʘʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ 

 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʫ ʩʠʩʪʝʤʘʭ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʟʘʛʦʩʪʨʠʣʦʩʷ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʚʠʤʦʛʘʤʠ ʜʦ ɺɯʉ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʚʽʜʦʤʠʭ ʪʠʧʽʚ 

ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʱʦʜʦ ʾʭ ʩʪʽʡʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘ ʥʘʷʚʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʫʢʘʟʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ 

ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 
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ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʘʭ ʪʘ ʤʦʜʝʣʷʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

ï ʧʨʦʚʝʩʪʠ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ, ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʚʠʥʫʪʠ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ; 

ï ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʥʝ ʫʷʚʣʝʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʠʪʠ ʾʾ ʤʦʜʝʣʴ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʨʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʤʦʛʠ ʜʦ 

ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 
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ʯʘʩʪʢʦʚʦʾ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʤʝʪʦʜʫ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʘʥʜʘʨʪʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʤʘʨʢʝʨʽʚ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

2. ɺʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʦʙʨʦʙʢʠ, ʘ ʩʘʤʝ: 

ï ʧʦʤʠʣʢʘʤʠ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʤʘʨʢʝʨʽʚ; 

ï ʥʝʢʦʨʝʢʪʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʜʘʥʠʭ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ; 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʦʩʪʽ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ; 

ï ʥʠʟʴʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. 

3. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʪʠʧʦʤ ɺɯʉ ʻ ʚʽʟʫʘʣʴʥʽ ʤʘʨʢʝʨʠ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ (AR-ʤʘʨʢʝʨʠ), ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʧʦ ʨʽʟʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ: 

ï ʰʘʙʣʦʥʥʽ ʤʘʨʢʝʨʠ (template markers) ï ʯʦʨʥʦ-ʙʽʣʽ ʤʘʨʢʝʨʠ, ʷʢʽ 

ʤʘʶʪʴ ʧʨʦʩʪʝ ʟʦʙʨʘʞʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʯʦʨʥʦʾ ʨʘʤʢʠ; 

ï 2D ʰʪʨʠʭ-ʢʦʜʦʚʽ ʤʘʨʢʝʨʠ (barcode markers) ï ʤʘʨʢʝʨʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʯʦʨʥʦ-ʙʽʣʠʭ ʢʣʽʪʠʥʦʢ, ʷʢʽ ʧʦ-ʙʽʪʦʚʦ ʢʦʜʫʶʪʴ ʜʘʥʽ, ʽ, ʽʥʦʜʽ, 

ʨʘʤʢʠ ʘʙʦ ʦʙʣʘʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʅʘʡʯʘʩʪʽʰʝ ʚ ʷʢʦʩʪʽ ʰʪʨʠʭ-ʢʦʜʦʚʠʭ AR-

ʤʘʨʢʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ QR-ʢʦʜʠ; 
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ï ʢʦʣʦʚʽ ʤʘʨʢʝʨʠ (circular markers) ï ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʰʪʨʠʭ-ʢʦʜʦʚʠʭʤ 

ʤʘʨʢʝʨʽʚ, ʪʽʣʴʢʠ ʙʽʪʠ ʢʦʜʫʶʪʴʩʷ ʥʝ ʧʨʷʤʦʢʫʪʥʠʤʠ ʢʣʽʪʠʥʢʘʤʠ, ʘ ʯʦʨʥʦ-

ʙʽʣʠʤʠ ʢʨʫʛʦʚʠʤʠ ʩʝʢʪʦʨʘʤʠ; 

ï ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ (image markers) ï ʚ ʷʢʦʩʪʽ ʤʘʨʢʝʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʚʠʯʘʡʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢ ʢʦʣʴʦʨʦʚʽ, ʪʘʢ ʽ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ. ɺʦʥʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʨʘʤʢʫ ʘʙʦ ʽʥʰʽ ʦʨʽʻʥʪʠʨʠ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʣʦʞʝʥʥʷ. ʊʘʢʽ ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ ʟʘʟʚʠʯʘʡ 

ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʰʫʢʫ ʧʦ ʰʘʙʣʦʥʫ ʘʙʦ ʧʦ ʦʩʦʙʣʠʚʦʩʪʷʭ 

ʟʦʙʨʘʞʝʥʥʷ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʽ ʩʪʨʫʢʪʫʨʠ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʩʪʽʡʢʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. 

4. ɺ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʘ ʩʘʤʝ: 

1) ʚʩʽ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ: 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʢʫʪʽʚ ʟʦʙʨʘʞʝʥʥʷ (ʰʘʙʣʦʥʥʽ ʤʘʨʢʝʨʠ); 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠʚ'ʷʟʢʠ (ʰʪʨʠʭ-ʢʦʜʦʚʽ ʽ 

ʢʦʣʦʚʽ ʤʘʨʢʝʨʠ); 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ ʟʦʙʨʘʞʝʥʥʷ ʽ ʾʭ ʜʝʩʢʨʠʧʪʦʨʽʚ 

(ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ); 

2) ʯʘʩʪʠʥʘ ʟ ʥʠʭ (ʰʪʨʠʭ-ʢʦʜʦʚʽ ʽ ʢʦʣʦʚʽ ʤʘʨʢʝʨʠ) ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ (ʧʦʚʽʜʦʤʣʝʥʥʷ), ʥʘʧʨʠʢʣʘʜ, ʧʦʩʠʣʘʥʥʷ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʨʝʩʫʨʩʠ, ʱʦ ʻ ʦʜʥʦʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ 

ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

6. ɺ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʟʫʘʣʴʥʠʭ 

ʤʘʨʢʝʨʽʚ ʫ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʟʘʛʦʩʪʨʠʣʦʩʷ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ 

ʚʠʤʦʛʘʤʠ ʜʦ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ 

ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʱʦʜʦ ʾʭ ʩʪʽʡʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʥʘʷʚʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʫʢʘʟʘʥʦʛʦ 
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ʧʨʦʪʠʨʽʯʯʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ʊʘʢʦʞ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʚôʷʟʘʥʥʷ 

ʫʢʘʟʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʟʘʚʜʘʥʴ ʜʦʟʚʦʣʠʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʠʩʪʝʤ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʫ ʧʦʚʥʦʤʫ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʧʽʜ ʥʦʤʝʨʘʤʠ [1]ï[3], [5]ï[23], [25], [27]ï[30], [38]ï

[40], [42]ï[50], [53], [56]ï[60], [73]ï[75], [77]ï[80], [84], [87], [89], [92], 

[97]ï [99], [101]ï[102], [104], [138]ï[208]. 

 



120 

2 ʊɽʆʈɽʊʀʏʅɯ ʆʉʅʆɺʀ ʇʆɹʋɼʆɺʀ ʊɸ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ɺɯɿʋɸʃʔʅʀʍ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʊʈʋʂʊʋʈ ɼʆʇʆɺʅɽʅʆɰ 

ʈɽɸʃʔʅʆʉʊɯ 

 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʚʠʥʝʥʘ ʪʝʦʨʽʷ ʢʘʪʝʛʦʨʽʡ ʰʣʷʭʦʤ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʦʧʠʩʫ ɺɯʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʤʥʦʞʠʥ ʽ ʚʽʜʦʙʨʘʞʝʥʴ, ʥʘʚʝʜʝʥʦ 

ʦʧʠʩ ɺɯʉ, ʤʝʪʦʜʽʚ ʾʭ ʦʙʨʦʙʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʤʦʚʽ ʪʝʦʨʽʾ ʢʘʪʝʛʦʨʽʡ, 

ʫʜʦʩʢʦʥʘʣʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʦʧʠʩʫ ʦʧʝʨʘʮʽʡ ʥʘʜ ɺɯʉ, ʥʘʚʝʜʝʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʜʦʚʝʜʝʥʦ ʨʷʜ ʪʝʦʨʝʤ. ʋʜʦʩʢʦʥʘʣʝʥʦ ʪʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʽ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʦʜʝʣʷʭ ʪʘ 

ʤʝʪʦʜʘʭ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ 

ʩʪʽʡʢʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, 

ʫʜʦʩʢʦʥʘʣʝʥʦ ʾʭ ʤʦʜʝʣʴ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʾʭ ʧʦʙʫʜʦʚʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ; ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ɺɯʉ ʽ ʢʨʠʪʝʨʽʾ ʾʭ ʦʮʽʥʢʠ. 

ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [74]ï[79], [81], [83], [90], 

[93]ï[94], [99], [103]. 

 

 

2.1 ʌʦʨʤʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʪʨʫʢʪʫʨ 

2.1.1 ʌʦʨʤʘʣʴʥʘ ʤʦʜʝʣʴ ʚʽʟʫʘʣʴʥʠʭ ̔ʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ 

 

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʜʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ ʚ ʻʜʠʥʽʡ ʬʦʨʤʽ, ʟʨʫʯʥʽʡ ʜʣʷ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʪʘ 

ʢʦʦʨʜʠʥʘʮʽʾ ʚ ʨʘʤʢʘʭ ʟʘʛʘʣʴʥʦʛʦ ʮʠʢʣʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 
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ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʘʥʽʰʝ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʢʘʪʝʛʦʨʽʡ, ʧʦʙʫʜʦʚʘʥʦ ʫʥʽʚʝʨʩʘʣʴʥʽ 

ʪʝʦʨʝʪʠʢʦ-ʢʘʪʝʛʦʨʽʡʥʽ ʩʝʤʘʥʪʠʯʥʽ ʤʦʜʝʣʽ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ [209]. 

ɺʽʜʦʤʦ [210]ï[215], ʱʦ ʢʘʪʝʛʦʨʽʻʶ ʥʘʟʠʚʘʻʪʴʩʷ ʧʘʨʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʢʣʘʩʫ ʦʙ'ʻʢʪʽʚ A,B,C...̔  ʢʣʘʩʫ ʤʦʨʬʽʟʤʽʚ (ʩʪʨʽʣʦʢ) f :A B­ , g :B C...­ , 

ʱʦ ʟʚ'ʷʟʫʶʪʴ ʜʝʷʢʽ ʧʘʨʠ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɼʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʘʨʠ ʤʦʨʬʽʟʤʽʚ ʚʠʜʫ f :A B­ , g :B C­  ʚʠʟʥʘʯʝʥʦ 

ʜʦʙʫʪʦʢ (ʢʦʤʧʦʟʠʮʽʶ ʤʦʨʬʽʟʤʽʚ) g f, ʱʦ ʻ ʤʦʨʬʽʟʤʦʤ g f :A C­ . ʇʨʠ 

ʮʴʦʤʫ:  

ï ʜʦʙʫʪʦʢ ʻ ʘʩʦʮʽʘʪʠʚʥʦʶ ʦʧʝʨʘʮʽʻʶ ï ʜʣʷ ʙʫʜʴ ʷʢʠʭ ʤʦʨʬʽʟʤʽʚ 

f :A B­ , g :B C­ , h :C D­  ʩʧʨʘʚʝʜʣʠʚʦ, ʱʦ h (g f ) (h g) f )= ;  

ï ʜʣʷ ʢʦʞʥʦʛʦ ʦʙ'ʻʢʪʫ A  ʽʩʥʫʻ ʦʜʠʥʠʮʷ ï ʪʨʠʚʽʘʣʴʥʠʡ ʤʦʨʬʽʟʤ 
A

id , 

ʪʘʢʠʡ, ʱʦ 
A B

f id id f f= = ʜʣʷ f :A B­ . 

ʅʘʧʨʠʢʣʘʜ, ʢʣʘʩ ʤʥʦʞʠʥ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʦʙ'ʻʢʪʽʚ, ʽ ʢʣʘʩ 

ʚʽʜʦʙʨʘʞʝʥʴ ʷʢ ʤʦʨʬʽʟʤʽʚ ʫʪʚʦʨʶʶʪʴ ʢʘʪʝʛʦʨʽʶ ʤʥʦʞʠʥ Set, ʷʢʱʦ ʧʽʜ 

ʜʦʙʫʪʢʦʤ ʨʦʟʫʤʽʪʠ ʦʧʝʨʘʮʽʶ ʩʫʧʝʨʧʦʟʠʮʽʶ ʬʫʥʢʮʽʡ. 

ʇʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʘʙʩʪʨʘʢʪʥʦʾ ɺɯʉ (ʷʢʘ ʧʦ ʩʫʪʽ ʻ ʜʝʢʣʘʨʘʪʠʚʥʦʶ) ʜʦ 

ʢʦʥʢʨʝʪʥʦʾ ɺɯʉ (ʥʘʧʨʠʢʣʘʜ, AR-ʤʘʨʢʝʨʘ), ʥʝʦʙʭʽʜʥʦ ʽʤʧʣʝʤʝʥʪʫʚʘʪʠ ʾʾ 

ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʪʘ ʤʝʪʦʜʠ (ʘʣʛʦʨʠʪʤʠ) ʨʦʙʦʪʠ ʟ ʥʠʤʠ. 

ɿʤʽʥʠ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ɺɯʉ ʧʨʠ ʾʭ ʢʦʥʢʨʝʪʠʟʘʮʽʾ, ʙʫʜʝʤʦ 

ʥʘʟʠʚʘʪʠ, ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʪʝʨʤʽʥʦʣʦʛʽʻʶ, ʷʢʘ ʫ ʜʝʱʦ ʽʥʰʦʤʫ ʩʝʥʩʽ ʙʫʣʘ 

ʚʚʝʜʝʥʘ ʫ [214], ʽʤʧʣʝʤʝʥʪʘʪʦʨʘʤʠ. ɿ ʢʦʞʥʠʤ ʟʨʘʟʢʦʤ ɺɯʉ ʧʦʚôʷʟʘʥʘ 

ʤʥʦʞʠʥʘ ʜʦʧʫʩʪʠʤʠʭ ʽʤʧʣʝʤʝʥʪʘʪʦʨʽʚ. ʅʝʭʘʡ ʟʘʜʘʥʦ ʤʥʦʞʠʥʫ ʤʝʪʦʜʽʚ 

ʦʙʨʦʙʢʠ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʜʘʣʽ ï ʧʨʦʩʪʦ ʤʝʪʦʜʽʚ) S ʽ ʧʝʚʥʫ ɺɯʉ, ʷʢʘ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʤʝʪʦʜʘʤʠ ʟ ʤʥʦʞʠʥʠ S. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ 

Xʤʥʦʞʠʥʫ ʜʦʧʫʩʪʠʤʠʭ ʽʤʧʣʝʤʝʥʪʘʪʦʨʽʚ ʮʴʦʛʦ ʟʨʘʟʢʘ ɺɯʉ. 

ʂʦʞʝʥ ʽʤʧʣʝʤʝʥʪʘʪʦʨ ʟ ʤʥʦʞʠʥʠ X  ʧʝʨʝʪʚʦʨʶʻ ʘʙʩʪʨʘʢʪʥʫ ɺɯʉ ʚ 

ʢʦʥʢʨʝʪʥʫ ʚʽʟʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʝʪʦʜʽʚ ʟ ʤʥʦʞʠʥʠ S. ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʘʣʴʥʫ ɺɯʉ ʚʠʟʥʘʯʘʻ 
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ʚʽʜʦʙʨʘʞʝʥʥʷ :X Sj ­ . ʎʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʨʦʙʦʪʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ S-

ʩʪʨʫʢʪʫʨʦʶ ʟ ʦʙʣʘʩʪʶ ʽʤʧʣʝʤʝʥʪʘʪʦʨʽʚ X. ʗʢʱʦ s SÍ  ï ʜʝʷʢʠʡ ʤʝʪʦʜ, ʪʦ 

ʚʽʥ ʙʫʜʝ ʩʫʤʽʩʥʠʤ ʧʦ ʽʥʪʝʨʬʝʡʩʫ ʟ ʩʪʨʫʢʪʫʨʦʶ j ʷʢʱʦ s )Im(Í j, ʪʦʙʪʦ 

ʷʢʱʦ ʜʣʷ ʜʝʷʢʦʛʦ x XÍ  ʤʘʻʤʦ, ʱʦ s(x)j =. ʅʝʭʘʡ S ʽ T  ï ʜʚ̔ ʤʥʦʞʠʥʠ 

ʤʝʪʦʜʽʚ, ʪʦʜʽ ʬʦʨʤʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ (ʫ ʚʫʟʴʢʦʤʫ ʩʝʥʩʽ, ʜʘʣʽ ï ʧʨʦʩʪʦ 

ʪʝʭʥʦʣʦʛʽʻʶ) ʟ S ʫ T  ʥʘʟʠʚʘʻʪʴʩʷ ʧʘʨʘ ɺɯʉ :X Sj ­  ʽ :X Ty ­  ʽʟ 

ʩʧʽʣʴʥʦʶ ʦʙʣʘʩʪʶ ʽʤʧʣʝʤʝʥʪʘʪʦʨʽʚ. ʊʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ 

ʤʝʪʦʜʫ s SÍ , ʷʢʱʦ ʮʝʡ ʤʝʪʦʜ ʩʫʤʽʩʥʠʡ ʧʦ ʽʥʪʝʨʬʝʡʩʫ ʟ ʡʦʛʦ ʣʽʚʦʶ 

ʯʘʩʪʠʥʦʶ ï ɺɯʉ :X Sj ­ , ʪʦʙʪʦ, ʷʢʱʦ ʜʣʷ x XÍ  ʤʘʻʤʦ, ʱʦ s(x)j =. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʻ ʤʝʪʦʜ ()x Ty Í , 

ʪʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ (ʚʠʟʥʘʯʝʥʘ ʚʠʱʝ) ʧʝʨʝʚʦʜʠʪʴ ʤʝʪʦʜʠ ʟ 

ʤʥʦʞʠʥʠ S ʫ ʤʝʪʦʜʠ ʟ ʤʥʦʞʠʥʠ T . ɺʜ̔ʟʥʘʯʠʤʦ, ʱʦ ʝʣʝʤʝʥʪ x XÍ  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ s(x)j = ʥʝʦʜʥʦʟʥʘʯʥʦ, ʘ ʦʪʞʝ, ʥʝʦʜʥʦʟʥʘʯʥʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽ ( )xy , ʪʦʙʪʦ ʨʝʟʫʣʴʪʘʪ ʜʽʾ ʪʝʭʥʦʣʦʛʽʾ. ʊʝʭʥʦʣʦʛʽʷ ʧʦʢʘʟʫʻ 

ʣʠʰʝ ʤʦʞʣʠʚʽ ʧʝʨʝʭʦʜʠ ʚʽʜ ʤʝʪʦʜʫ ʜʦ ʤʝʪʦʜʫ, ʽ ʟ ʪʝʭʥʦʣʦʛʽʻʶ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚ'ʷʟʘʥʦ ʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ ʤʝʪʦʜʽʚ [214]. 

 

 

2.1.2 ʌʦʨʤʘʣʽʟʘʮʽʷ ʦʧʝʨʘʮʽʡ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘʜ ʚʽʟʫʘʣʴʥʠʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

 

 

ʄʥʦʞʠʥʘ ʽʤʧʣʝʤʝʥʪʘʪʦʨʽʚ ʦʜʥʦʾ ɺɯʉ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ 

ʤʥʦʞʠʥʠ ʤʝʪʦʜʽʚ ʜʣʷ ʽʥʰʦʾ. ɹʫʜʝʤʦ ʛʦʚʦʨʠʪʠ, ʱʦ ʟʘʜʘʥʘ ʩʠʩʪʝʤʘ ɺɯʉ, 

ʷʢʱʦ ʚʠʟʥʘʯʝʥʦ, ʷʢʽ ʤʥʦʞʠʥʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ ʤʥʦʞʠʥʠ ʤʝʪʦʜʽʚ 

ʽ ʤʥʦʞʠʥʠ ʽʤʧʣʝʤʝʥʪʘʪʦʨʽʚ, ʽ ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʦʧʫʩʢʘʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ɺɯʉ. 

ɹʫʜʝʤʦ ʚʠʤʘʛʘʪʠ, ʱʦʙ ʢʣʘʩ ʚʩʽʭ ʪʘʢʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʙʫʚ ʙʠ ʟʘʤʢʥʫʪʠʡ ʱʦʜʦ 

ʢʦʤʧʦʟʠʮʽʾ ʪʘ ʚʢʣʶʯʘʚ ʚ ʩʝʙʝ ʪʦʪʦʞʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʦʟʥʘʯʘʻ, ʱʦ ʟʘʜʘʪʠ ʩʠʩʪʝʤʫ ɺɯʉ ï ʦʟʥʘʯʘʻ ʟʘʜʘʪʠ ʢʦʥʢʨʝʪʥʫ ʢʘʪʝʛʦʨʽʶ C , 
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ʥʘʧʨʠʢʣʘʜ, ʧʽʜʢʘʪʝʛʦʨʽʶ ʢʘʪʝʛʦʨʽʾ ʤʥʦʞʠʥ ʽ ʚʽʜʦʙʨʘʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʚ 

ʷʢʦʩʪʽ ɺɯʉ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʤʦʨʬʽʟʤ ,Y( )XjÍC  ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʚʠʤʦʛʠ, ʱʦʙ ʢʘʪʝʛʦʨʽʷ C  

ʦʙʦʚôʷʟʢʦʚʦ ʙʫʣʘ ʙ ʧʽʜʢʘʪʝʛʦʨʽʻʶ ʢʘʪʝʛʦʨʽʾ ʤʥʦʞʠʥ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʝʪʨʠʚʽʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʚʦʥʘ ʥʘʣʝʞʘʣʘ ʜʦ ʜʝʢʘʨʪʦʚʦ 

ʟʘʤʢʥʫʪʠʭ ʢʘʪʝʛʦʨʽʡ ï ʪʠʧʫ ʢʘʪʝʛʦʨʽʡ, ʫ ʷʢʠʭ ʢʦʞʝʥ ʤʦʨʬʽʟʤ, ʱʦ ʟʘʜʘʥʦ ʥʘ 

ʜʦʙʫʪʢʫ ʜʚʦʭ ʦʙ'ʻʢʪʽʚ ʤʦʞʥʘ ʧʨʠʨʦʜʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʽʟ ʤʦʨʬʽʟʤʦʤ ʥʘ 

ʦʜʥʦʤʫ ʽʟ ʤʥʦʞʥʠʢʽʚ [51], [210], [214]ï[215]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʝʢʘʨʪʦʚʦ ʟʘʤʢʥʫʪʽ ʢʘʪʝʛʦʨʽʾ ʨʝʘʣʽʟʫʶʪʴ 

ʽʥʢʘʧʩʫʣʷʮʽʾ ʘʨʛʫʤʝʥʪʽʚ ʬʫʥʢʮʽʡ, ʪʦʙʪʦ ʢʦʞʝʥ ʘʨʛʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʦʙ'ʻʢʪʦʤ ʢʘʪʝʛʦʨʽʾ (ʥʘʛʘʜʘʻʤʦ, ʱʦ ʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʦʙ'ʻʢʪʠ ï ʮʝ ʪʠʧʠ ʜʘʥʠʭ) 

ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʢʨʝʤʘ ʩʫʪʥʽʩʪʴ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʠʨʘʟʥʦʩʪʽ ʜʝʢʘʨʪʦʚʦ 

ʟʘʤʢʥʫʪʠʭ ʢʘʪʝʛʦʨʽʡ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʦʧʝʨʫʚʘʪʠ ʟ ʬʫʥʢʮʽʷʤʠ 

ʩʧʦʩʦʙʦʤ, ʧʨʠʡʥʷʪʠʤ ʚ ɚ-ʯʠʩʣʝʥʥʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʨʦʜʥʠʤʠ 

ʢʘʪʝʛʦʨʽʡʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʠʧʽʟʦʚʘʥʦʛʦ ɚ-ʯʠʩʣʝʥʥʷ. ʊʦʤʫ ʜʝʢʘʨʪʦʚʦ 

ʟʘʤʢʥʫʪʽ ʢʘʪʝʛʦʨʽʾ ʦʩʦʙʣʠʚʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ 

ʣʦʛʽʮʽ ʽ ʧʨʦʛʨʘʤʫʚʘʥʥʽ [210], [215]. 

ɺʠʟʥʘʯʝʥʥʷ. ʂʘʪʝʛʦʨʽʷ C  ʥʘʟʠʚʘʻʪʴʩʷ ʜʝʢʘʨʪʦʚʦ ʟʘʤʢʥʫʪʦʶ, ʷʢʱʦ 

ʚʦʥʘ ʟʘʜʦʚʦʣʴʥʷʻ ʪʨʴʦʤ ʫʤʦʚʘʤ: 

1) ʫ C  ʻ ʪʝʨʤʽʥʘʣʴʥʠʡ ʦʙ'ʻʢʪ; 

2) ʙʫʜʴ-ʷʢʽ ʜʚʘ ʦʙ'ʻʢʪʠ X , Y  ʫ C  ʤʘʶʪʴ ʜʦʙʫʪʦʢ X Y³ ; 

ɼʣʷ ʙʫʜʴ-ʷʢʠʭ ʜʚʦʭ ʦʙ'ʻʢʪʽʚ Y  ʽ Z  ʫ C  ʽʩʥʫʻ ʝʢʩʧʦʥʝʥʮʽʘʣ 

(ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʦʙ'ʻʢʪ) YZ . 

ʂʘʪʝʛʦʨʽʷ, ʪʘʢʘ, ʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʾʾ ʦʙ'ʻʢʪʘ, ʢʘʪʝʛʦʨʽʷ ʦʙ'ʻʢʪʽʚ ʥʘʜ 

ʥʠʤ ʻ ʜʝʢʘʨʪʦʚʦ ʟʘʤʢʥʫʪʦʶ, ʥʘʟʠʚʘʻʪʴʩʷ ʣʦʢʘʣʴʥʦ ʜʝʢʘʨʪʦʚʦ ʟʘʤʢʥʫʪʦʶ 

[210]. 

ʇʨʠʢʣʘʜʠ ʜʝʢʘʨʪʦʚʦ ʟʘʤʢʥʫʪʠʭ ʢʘʪʝʛʦʨʽʡ: 

ï ʢʘʪʝʛʦʨʽʷ ʤʥʦʞʠʥ Set ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ʻ ʜʝʢʘʨʪʦʚʦ ʟʘʤʢʥʫʪʦʶ 

ʢʘʪʝʛʦʨʽʻʶ, ʦʩʢʽʣʴʢʠ ʬʫʥʢʮʽʾ ʟ ʦʜʥʽʻʾ ʤʥʦʞʠʥʠ ʚ ʽʥʰʫ ʫʪʚʦʨʶʶʪʴ ʤʥʦʞʠʥʫ 

ʽ, ʦʪʞʝ, ʻ ʦʙ'ʻʢʪʦʤ. ʊʘʢʦʞ ʚ ʥʽʡ ʽʩʥʫʶʪʴ ʜʝʢʘʨʪʦʚʽ ʜʦʙʫʪʢʠ ʽ ʪʝʨʤʽʥʘʣʴʥʠʡ 
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ʦʙ'ʻʢʪ ï ʩʠʥʛʣʝʪʦʥ; 

ï ʷʢʱʦ G ʻ ʛʨʫʧʦʶ, ʪʦ ʢʘʪʝʛʦʨʽʷ ʚʩʽʭ G-ʤʥʦʞʠʥ ʻ ʜʝʢʘʨʪʦʚʦ 

ʟʘʤʢʥʫʪʦʶ; 

ï ʢʘʪʝʛʦʨʽʷ ʚʩʽʭ ʩʢʽʥʯʝʥʥʠʭ G-ʤʥʦʞʠʥ ʪʘʢʦʞ ʻ ʜʝʢʘʨʪʦʚʦ ʟʘʤʢʥʫʪʦʶ; 

ï ʢʘʪʝʛʦʨʽʷ Cat ʚʩʽʭ ʤʘʣʠʭ ʢʘʪʝʛʦʨʽʡ (ʽ ʬʫʥʢʪʦʨʽʚ, ʷʢ ʤʦʨʬʽʟʤʽʚ) ʻ 

ʜʝʢʘʨʪʦʚʦ ʟʘʤʢʥʫʪʦʶ;  

ï ʝʣʝʤʝʥʪʘʨʥʠʡ ʪʦʧʦʩ ʻ ʜʝʢʘʨʪʦʚʦ ʟʘʤʢʥʫʪʦʶ ʢʘʪʝʛʦʨʽʻʶ ʟʘ 

ʦʟʥʘʯʝʥʥʷʤ [51], [210]. 

ɺʠʟʥʘʯʝʥʥʷ. ʉʠʩʪʝʤʦʶ ʬʦʨʤʘʣʴʥʠʭ ɺɯʉ ʥʘʟʠʚʘʻʪʴʩʷ ʜʝʢʘʨʪʦʚʦ 

ʟʘʤʢʥʫʪʘ ʢʘʪʝʛʦʨʽʷ C, ʚ ʷʢʽʡ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ ʦʙ'ʻʢʪʽʚ X  ʽ Y  ʚʠʟʥʘʯʝʥʘ 

ʜʝʷʢʘ ʤʥʦʞʠʥʘ ( ) ( )s
X,Y X,YËC C  ʤʦʨʬʽʟʤʽʚ, ʧʨʠʯʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢʘ 

ʫʤʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʟʘʤʢʥʫʪʦʩʪʽ: ʷʢʱʦ ʟʘʜʘʥʽ ʤʦʨʬʽʟʤʠ :X Sj ­ , 

:Y Sy ­  ʽ :X Ys ­ ʪʘʢʽ, ʱʦj=y s, ʪʦ ( )s
X,SjÍC  ʪʦʜʽ ʽ ʪʽʣʴʢʠ  ʪʦʜʽ, 

ʢʦʣʠ ( )s
Y,SyÍC . S-ʩʪʨʫʢʪʫʨʦʶ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʤʦʨʬʽʟʤʠ :X Sj ­ , ʜʝ 

X  ï ʜʦʚʽʣʴʥʠʡ ʦʙ'ʻʢʪ ʢʘʪʝʛʦʨʽʾ, S-ʤʝʪʦʜʦʤ ï ʤʦʨʬʽʟʤ :X Sa ­ , 

( )s
X,SaÍC . ʆʙôʻʢʪ X  ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʦʙʣʘʩʪʶ ʽʤʧʣʝʤʝʥʪʘʪʦʨʽʚ S-

ʩʪʨʫʢʪʫʨʠ j. ʄʝʪʦʜ :A Sa ­  ʚʚʘʞʘʻʪʴʩʷ ʩʫʤʽʩʥʠʤ ʧʦ ʽʥʪʝʨʬʝʡʩʫ ʟ ɺɯʉ 

:X Sj ­ , ʷʢʱʦ ʜʣʷ ʜʝʷʢʦʛʦ ʤʦʨʬʽʟʤʘ :A Xb ­ ʤʘʻʤʦ, ʱʦ a=j b. 

ɺʠʟʥʘʯʝʥʥʷ. ʌʦʨʤʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟ S ʚ T  ʥʘʟʠʚʘʻʪʴʩʷ ʧʘʨʘ 

ɺɯʉ ï S-ʩʪʨʫʢʪʫʨʘ ʽ T -ʩʪʨʫʢʪʫʨʘ ï ʽʟ ʟʘʛʘʣʴʥʦʶ ʦʙʣʘʩʪʶ ʽʤʧʣʝʤʝʥʪʘʪʦʨʽʚ, 

ʪʦʙʪʦ ʧʘʨʘ ʤʦʨʬʽʟʤʽʚ :X Sj ­  ʽ :X Ty ­ . ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʜʽʻ ʥʘ S-

ʤʝʪʦʜʠ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʭ ʫ T -ʤʝʪʦʜʠ.  

ʊʝʭʥʦʣʦʛʽʷ ( ),jy ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʡʥʷʪʥʦʶ ʜʣʷ ʤʝʪʦʜʘ :A Sa ­ , 

ʷʢʱʦ ʮʝʡ ʤʝʪʦʜ ʩʫʤʽʩʥʠʡ ʧʦ ʽʥʪʝʨʬʝʡʩʫ ʟʽ ʩʪʨʫʢʪʫʨʦʶ j, ʪʦʙʪʦ a=j b 

ʜʣʷ ʜʝʷʢʦʛʦ :A Xb ­ . 

ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʜʦ ʤʝʪʦʜʘ a ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʚʘʞʘʻʪʴʩʷ ʤʝʪʦʜ :A Ty b ­  (ʮʝʡ ʤʦʨʬʽʟʤ ʻ ʤʝʪʦʜʦʤ ʚ ʩʠʣʫ ʫʤʦʚʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʟʘʤʢʥʫʪʦʩʪʽ) [214]. 
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ɺʠʱʝ ʚʞʝ ʚʽʜʟʥʘʯʘʣʦʩʷ, ʱʦ ʢʘʪʝʛʦʨʽʡʥʦʶ ʤʦʚʦʶ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʧʠʩʘʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ɺɯʉ ʽ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʱʦ ʻ ʢʦʨʠʩʥʠʤ ʚ ʜʝʷʢʠʭ ʟʘʜʘʯʘʭ. 

ʇʦʯʥʝʤʦ ʟ ʪʦʛʦ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ɺɯʉ, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʜʽʣʝʥʽ ʥʘ ʜʚʽ ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʝʩʝʤʦ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʘʩʥʦʚʘʥʽ 

ʥʘ ʪʦʤʫ, ʷʢ ʚʣʘʰʪʦʚʘʥʽ ʮʽ ʩʪʨʫʢʪʫʨʠ ʽ ʪʝʭʥʦʣʦʛʽʾ. ɼʦ ʜʨʫʛʦʾ ï ʚʣʘʩʪʠʚʦʩʪʽ, 

ʱʦ ʦʧʠʩʫʶʪʴ, ʷʢʠʤʠ ʤʝʪʦʜʘʤʠ ʮʽ ɺɯʉ ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ ʽ ʷʢ ʮʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʽʶʪʴ ʥʘ ʤʝʪʦʜʠ. ɺʣʘʩʪʠʚʦʩʪʽ ʧʝʨʰʦʛʦ ʚʠʜʫ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ 

ʽʥʪʝʥʩʽʦʥʘʣʴʥʠʤʠ, ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʫʛʦʛʦ ʚʠʜʫ ï ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʠʤʠ [214], 

[216]. 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ɺɯʉ ʚʚʝʜʝʥʦ ʷʢ ʩʧʦʩʽʙ ʦʧʠʩʫ ʜʣʷ ʜʝʷʢʦʾ ʤʥʦʞʠʥʠ 

ʤʝʪʦʜʽʚ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʨʝʘʣʴʥʽ ɺɯʉ ʤʦʞʫʪʴ ʙʫʪʠ ʟʛʝʥʝʨʦʚʘʥʦ ʥʘʙʦʨʦʤ 

ʧʨʦʮʝʜʫʨ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʚʥʽ ʩʠʥʪʘʢʩʠʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɺɯʉ, ʷʢ 

ʦʧʠʩ ʤʥʦʞʠʥʠ ʤʝʪʦʜʽʚ ʡʦʛʦ ʦʙʨʦʙʢʠ, ʽ ɺɯʉ, ʷʢ ʩʠʥʪʘʢʩʠʯʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ï 

ʮʝ ʦʙ'ʻʢʪʠ, ʱʦ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʘʣʝ ʥʝ ʪʦʪʦʞʥʽ. ʅʘʧʨʠʢʣʘʜ, 

ʨʽʟʥʽ ʟʘ ʙʫʜʦʚʦʶ ɺɯʉ ʤʦʞʫʪʴ ʟʘʜʘʚʘʪʠ ʪʫ ʞ ʩʘʤʫ ʤʥʦʞʠʥʫ ʤʝʪʦʜʽʚ. 

ɸʥʘʣʦʛʽʯʥʦ, ʪʝʭʥʦʣʦʛʽʷ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ɺɯʉ, ʷʚʣʷʻ ʩʦʙʦʶ ʜʝʷʢʫ ʩʠʥʪʘʢʩʠʯʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ï ʥʘʙʽʨ ʽʥʩʪʨʫʢʮʽʡ (ʧʨʦʛʨʘʤʫ), ʱʦ ʨʝʘʣʽʟʫʻ ʧʝʚʥʠʡ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ. ɿʘʟʚʠʯʘʡ, ʽʥʪʝʥʩʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɺɯʉ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʝ, ʥʽʞ ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʚʽʨʢʘ ʧʝʨʰʠʭ ʚʠʤʘʛʘʻ ʨʦʟʛʣʷʜʫ ʩʘʤʦʾ ɺɯʉ, ʘ 

ʧʝʨʝʚʽʨʢʘ ʜʨʫʛʠʭ ï ʨʦʟʛʣʷʜʫ ʤʥʦʞʠʥʠ (ʤʦʞʣʠʚʦ, ʥʝʩʢʽʥʯʝʥʥʦʾ) ʩʫʤʽʩʥʠʭ 

ʧʦ ʽʥʪʝʨʬʝʡʩʫ ʟ ʥʝʶ ʤʝʪʦʜʽʚ. ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ɺɯʉ ʩʣʫʞʠʪʴ ʜʣʷ ʦʧʠʩʫ 

ʤʥʦʞʠʥʠ ʤʝʪʦʜʽʚ, ʘ ʪʝʭʥʦʣʦʛʽʷ ï ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ, ʪʦ 

ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʜʝʷʢʦʤʫ ʩʝʥʩʽ ʻ ʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ. ʊʦʤʫ 

ʚʘʞʣʠʚʠʤ ʻ ʟʘʚʜʘʥʥʷ ʚʩʪʘʥʦʚʠʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʽʥʪʝʥʩʽʦʥʘʣʴʥʠʤʠ ʪʘ 

ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɹʘʛʘʪʦ ʦʧʝʨʘʮʽʡ ʧʨʦʩʪʠʤ ʯʠʥʦʤ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʦ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʘʥʘʣʦʛʽʯʥʝ ʽʥʪʝʥʩʽʦʥʘʣʴʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʙʫʚʘʻ ʤʝʥʰ ʦʯʝʚʠʜʥʠʤ. ʎʝ ʜʦʙʨʝ ʚʠʜʥʦ ʥʘ ʨʦʟʛʣʷʥʫʪʦʤʫ 

ʥʠʞʯʝ ʧʨʠʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʾ ʪʝʭʥʦʣʦʛʽʡ. ʊʝʦʨʝʪʠʢʦ-ʢʘʪʝʛʦʨʽʡʥʘ ʤʦʚʘ ʯʘʩʪʦ 

ʜʦʟʚʦʣʷʻ ʜʦʚʝʩʪʠ, ʱʦ ʪʽ ʯʠ ʽʥʰʽ ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʽ ʦʧʝʨʘʮʽʾ ʟʚʦʜʷʪʴʩʷ ʜʦ 
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ʽʥʪʝʥʩʽʦʥʘʣʴʥʠʭ, ʦʩʪʘʥʥʽ ʞ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʥʜʘʨʪʥʠʭ ʦʧʝʨʘʮʽʡ ʪʝʦʨʽʾ ʢʘʪʝʛʦʨʽʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʠʩʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʦʧʝʨʘʮʽʾ ʚ ʪʝʨʤʽʥʘʭ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʽ ʚʢʣʶʯʘʪʠ ʾʭ ʚ ʧʨʦʛʨʘʤʠ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʟʽ ʟʥʘʥʥʷʤʠ, ʜʣʷ ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʘ ʚʽʜʧʦʚʽʜʥʘ ʢʘʪʝʛʦʨʽʷ. 

ʅʘʧʨʠʢʣʘʜ, ɺɯʉ ʙʫʣʠ ʚʚʝʜʝʥ ̔ʷʢ ʩʧʦʩʽʙ ʦʧʠʩʫ ʜʝʷʢʦʾ ʤʥʦʞʠʥʠ ʙʣʠʟʴʢʠʭ 

ʤʝʪʦʜʽʚ, ʦʪʞʝ, ʤʦʞʥʘ ʧʦʨʽʚʥʶʚʘʪʠ ɺɯʉ, ʧʦʨʽʚʥʶʶʯʠ ʪʽ ʤʥʦʞʠʥʠ, ʷʢʽ ʚʦʥʠ 

ʦʧʠʩʫʶʪʴ [210], [214]. 

ʅʝʭʘʡ :X Sj ­  ï ʜʝʷʢʘ ɺɯʉ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ Sj ʤʥʦʞʠʥʫ S-

ʤʝʪʦʜʽʚ, ʩʫʤʽʩʥʠʭ ʽʟ ʩʪʨʫʢʪʫʨʦʶ j. 

ɺʠʟʥʘʯʝʥʥʷ. ɺɯʉ j ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʩʪʨʫʢʪʫʨʠ y, ʷʢʱʦ 

S SjË y. 

ʎʝ ʚʠʟʥʘʯʝʥʥʷ ʻ ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʠʤ, ʜʘʤʦ ʪʝʧʝʨ ʡʦʛʦ ʽʥʪʝʥʩʽʦʥʘʣʴʥʠʡ 

ʘʥʘʣʦʛ. 

ɺʠʟʥʘʯʝʥʥʷ. ʅʝʭʘʡ :X Sj ­  ʽ :Y Sy ­  ï ʜʚʽ ɺɯʉ. ɹʫʜʝʤʦ 

ʛʦʚʦʨʠʪʠ, ʱʦ ʧʝʨʰʫ ʟ ʥʠʭ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʜʨʫʛʦʶ, ʷʢʱʦ ʽʩʥʫʻ ʤʦʨʬʽʟʤ 

:X Yc ­  ʪʘʢʠʡ, ʱʦ j=y c. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝʤʦ ʪʘʢʦʞ ʥʘʟʠʚʘʪʠ 

ʩʪʨʫʢʪʫʨʫ j ʧʽʜʩʪʨʫʢʪʫʨʦʶ ɺɯʉ y. 

ʆʩʪʘʥʥʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʽʩʪʶ ʧʦʚʪʦʨʶʻ ʜʘʥʝ ʨʘʥʽʰʝ ʚʠʟʥʘʯʝʥʥʷ 

ʩʫʤʽʩʥʦʩʪʽ ʧʦ ʽʥʪʝʨʬʝʡʩʫ ʤʝʪʦʜʘ ʟʽ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʝ ʪʝʧʝʨ ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʩʫʤʽʩʥʦʩʪʽ ʜʚʦʭ ɺɯʉ [214]. 

ʊʝʦʨʝʤʘ. ʗʢʱʦ ɺɯʉ :X Sj ­  ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ 

:Y Sy ­ , ʪʦ ʙʫʜʴ-ʷʢʠʡ ʤʝʪʦʜ, ʱʦ ʩʫʤʽʩʥʠʡ ʧʦ ʽʥʪʝʨʬʝʡʩʫ ʟ ̔ʩʪʨʫʢʪʫʨʦʶ 

:X Sj ­ , ʻ ʩʫʤʽʩʥʠʤ ʽ ʟ ɺɯʉ :Y Sy ­ , ʪʦʙʪʦ ʷʢʱʦ ʦʜʥʘ ɺɯʉ ʻ 

ʧʽʜʩʪʨʫʢʪʫʨʦʶ ʽʥʰʦʾ, ʪʦ ʚʦʥʘ ʻ ʪʘʢʦʞ ʾʾ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ. 

ɼʦʚʝʜʝʥʥʷ. ʅʝʭʘʡ ʩʪʨʫʢʪʫʨʠ :X Sj ­ , :Y Sy ­  ʽ ʤʦʨʬʽʟʤ 

:X Yc ­  ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤʠ ʚʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʤʝʪʦʜ :A Sa ­  

ʪʘʢʠʡ, ʱʦ SaÍ j, ʪʦʙʪʦ ʜʣʷ ʜʝʷʢʦʛʦ ʤʦʨʬʽʟʤʘ :A Xb ­  ʤʘʻʤʦ a=j b, 

ʪʦ ʤʦʨʬʽʟʤ :A Yc b ­ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʦʩʪʽ a=y c b, ʟʚʽʜʢʠ SaÍ y.  

ʆʙʝʨʥʝʥʝ ʪʚʝʨʜʞʝʥʥʷ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʥʝ ʻ ʚʽʨʥʠʤ, ʦʜʥʘʢ ʚʦʥʦ ʚʽʨʥʦ 
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ʚ ʙʘʛʘʪʴʦʭ ʚʘʞʣʠʚʠʭ ʯʘʩʪʠʥʥʠʭ ʚʠʧʘʜʢʘʭ. 

ʗʢʱʦ ʧʝʨʝʡʪʠ ʜʦ ʨʦʟʛʣʷʜʫ ʪʝʭʥʦʣʦʛʽʾ, ʪʦ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʦʧʝʨʘʮʽʶ ʢʦʤʧʦʟʠʮʽʾ ʪʝʭʥʦʣʦʛʽʡ, ʚ ʢ̫ʦʩʪʽ ʧʨʠʢʣʘʜʫ ʪʦʛʦ, ʷʢ 

ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʽ ʦʧʝʨʘʮʽʾ, ʚʠʟʥʘʯʝʥʽ ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ, ʟʚʦʜʷʪʴʩʷ ʜʦ 

ʽʥʪʝʥʩʽʦʥʘʣʴʥʠʭ [214]. 

ɺʠʟʥʘʯʝʥʥʷ. ʂʦʤʧʦʟʠʮʽʷ ʜʚʦʭ ʪʝʭʥʦʣʦʛʽʡ ï ʮʝ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ 

ʧʝʨʝʪʚʦʨʶʻ ʤʝʪʦʜ a ʫ ʤʝʪʦʜ b ʚ ʪʦʤʫ ʽ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʽʩʥʫʻ 

ʪʘʢʠʡ ʤʝʪʦʜ ɔ, ʱʦ ʧʝʨʰʘ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʪʚʦʨʶʻ Ŭ ʚ g, ʘ ʜʨʫʛʘ ï g ʚ b. 

ɼʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʻ ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʠʤ. ɼʘʤʦ ʡʦʛʦ ʽʥʪʝʥʩʽʦʥʘʣʴʥʠʡ 

ʘʥʘʣʦʛ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʮʝ ʙʫʣʦ ʤʦʞʣʠʚʦ, ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʚ ʟʘʜʘʥʽʡ 

ʢʘʪʝʛʦʨʽʾ ʽʩʥʫʶʪʴ ʜʝʢʘʨʪʦʚʽ ʢʚʘʜʨʘʪʠ. ɺ ʨʦʙʦʪʽ [214] ʜʦʚʝʜʝʥʘ ʪʝʦʨʝʤʘ, ʱʦ 

ʫ ʟʘʜʘʥʽʡ ʦʥʪʦʣʦʛʽʾ ʟʚʫʯʠʪʴ ʪʘʢʠʤ ʯʠʥʦʤ. 

ʊʝʦʨʝʤʘ. ʅʝʭʘʡ S X Sf s«½½ ½½­  ʪʘ S Y Sj t«½½ ½½­  ï ʪʝʭʥʦʣʦʛʽʾ, ʘ 

ʚʠʨʘʟ (2.1): 

 

 

Z Y

X S

m

j

l

s

½½­

½½­

® ® (2.1) 

 

ï ʜʝʢʘʨʪʦʚʠʡ ʢʚʘʜʨʘʪ. ʊʦʜʽ ʪʝʭʥʦʣʦʛʽʷ S Z Sf l s m«½½ ½½­  ʻ ʢʦʤʧʦʟʠʮʽʻʶ 

ʪʝʭʥʦʣʦʛʽʡ S X Sf s«½½ ½½­  ʪʘ S Y Sj t«½½ ½½­ . 

 

 

2.1.3 ʋʟʘʛʘʣʴʥʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ 

 

 

ʊʝʦʨʝʪʠʢʦ-ʢʘʪʝʛʦʨʽʡʥʦʶ ʤʦʚʦʶ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʥʝ ʪʽʣʴʢʠ 

ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʟʥʘʥʴ, ʘʣʝ ʡ ʤʝʪʦʜʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʟʥʘʥʴ. ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʦʩʥʦʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʪʘʢʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʻ ʦʧʝʨʘʮʽʷ ʫʟʘʛʘʣʴʥʝʥʥʷ. 
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ʋʟʘʛʘʣʴʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ï ʟʘʚʜʘʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʝ, ʽ ʜʘʣʝʢʦ ʱʝ ʥʝ 

ʚʠʨʽʰʝʥʝ,ʟʘʩʪʦʩʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʚʠʟʥʘʯʝʥʥʷ ʽ ʪʝʦʨʝʤʠ ʜʦ ʥʘʡʙʽʣʴʰ 

ʟʘʛʘʣʴʥʠʭ ʚʠʧʘʜʢʽʚ, ʤʠ ʨʠʟʠʢʫʻʤʦ ʦʪʨʠʤʘʪʠ ʪʽʣʴʢʠ ʪʨʠʚʽʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ.  

ʇʨʦʩʪʽʰʠʤ (ʘʣʝ ʟʥʘʯʠʤʠʤ) ʻ ʟʘʚʜʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ɺɯʉ, ʷʢʝ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦʙ ʧʦ ʧʘʨʽ ɺɯʉ ʧʦʙʫʜʫʚʘʪʠ ʪʘʢʫ ʪʨʝʪʶ ɺɯʉ, ʱʦʙ, ʢʦʞʥʘ ʟ ʜʚʦʭ 

ʚʠʭʽʜʥʠʭ ʙʫʣʘ ʙʠ ʾʾ ʯʘʩʪʠʥʥʠʤ ʚʠʧʘʜʢʦʤ. ʉʬʦʨʤʫʣʶʻʤʦ ʚʩʝ ʮʝ ʙʽʣʴʰ 

ʩʪʨʦʛʦ. 

ɺʠʟʥʘʯʝʥʥʷ. ʅʝʭʘʡ ʟʘʜʘʥʘ ʤʘʣʘ ʢʘʪʝʛʦʨʽʷ C, ʽ ʥʝʭʘʡ S ï ʦʙôʻʢʪ ʮʽʻʾ 

ʢʘʪʝʛʦʨʽʾ. ʇʦʟʥʘʯʠʤʦ ʩʠʤʚʦʣʦʤ / SC  ʤʥʦʞʠʥʫ ʤʦʨʬʽʟʤʽʚ ʚʠʜʫX S­ , ʜʝ 

Xï ʜʦʚʽʣʴʥʠʡ ʦʙ'ʻʢʪ ʢʘʪʝʛʦʨʽʾ C. ʗʢʱʦ :X Sj ­ , :Y Sy ­  ï ʜʚʽ ɺɯʉ, 

ʪʦʙʪʦ ,  / Sj yÍC , ʪʦ ʧʦʢʣʘʜʝʤʦ j¢y, ʷʢʱʦ ʽʩʥʫʻ ʤʦʨʬʽʟʤ 

:X Yc ­ ʪʘʢʠʡ, ʱʦ j=y c. 

ʎʝ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦ ʧʦʚʪʦʨʶʻ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ɺɯʉ, ʱʦ 

ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʚʠʱʝ. 

ʊʝʦʨʝʤʘ. ɺʽʜʥʦʰʝʥʥʷ Ò ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʧʝʨʝʜʧʦʨʷʜʢʫ ʥʘ ʤʥʦʞʠʥʽ 

/ SC . 

ɼʦʚʝʜʝʥʥʷ. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʜʧʦʨʷʜʢʫ ï ʮʝ ʙʽʥʘʨʥʝ 

ʚʽʜʥʦʰʝʥʥʷ ʚ ʪʝʦʨʽʾ ʧʦʨʷʜʢʫ, ʱʦ ʻ ʨʝʬʣʝʢʩʠʚʥʠʤ ʪʘ ʪʨʘʥʟʠʪʠʚʥʠʤ. 

ʈʝʬʣʝʢʩʠʚʥʽʩʪʴ ʚʠʧʣʠʚʘʻ ʟ ʪʦʛʦ, ʱʦ ʜʣʷ ʦʜʠʥʠʯʥʦʛʦ ʤʦʨʬʽʟʤʘ 

X
id :X X­ ʤʘʻʤʦ 

X
idj= j. ʅʝʭʘʡ ʪʝʧʝʨ ʜʣʷ ʪʨʴʦʭ ɺɯʉ :X Sj ­ , 

:Y Sy ­  ʽ : Z Sc ­  ʤʘʻʤʦ, ʱʦj¢y¢c. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʜʝʷʢʠʭ 

:X Ys ­ ʽ :Y Zt ­ ʚʠʢʦʥʫʶʪʴʩʷ ʨʽʚʥʦʩʪʽ j=y s̔ y=c t. ɸʣʝ ʪʦʜʽ 

j=y t s, ʪʦʙʪʦ j¢c, ʯʠʤ ʽ ʜʦʚʝʜʝʥʘ ʪʨʘʥʟʠʪʠʚʥʽʩʪʴ.  

ɺʽʜʦʤʦ [51], [211], [214]ï[215], ʱʦ ʷʢʱʦ ʥʘ ʜʝʷʢʽʡ ʤʥʦʞʠʥʽ P ʟʘʜʘʥʦ 

ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʜʧʦʨʷʜʢʫ ¢, ʪʦ ʚʽʜʥʦʰʝʥʥʷ ~, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʦʶ 

x ~ y z y & y xÚ ¢ ¢, ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʽ ʚʽʜʥʦʰʝʥʥʷ ¢ 

ʽʥʜʫʢʫʻ ʯʘʩʪʢʦʚʠʡ ʧʦʨʷʜʦʢ ʥʘ ʬʘʢʪʦʨ-ʤʥʦʞʠʥʽ ʤʥʦʞʠʥʠ P ʧʦ ʮʴʦʤʫ 

ʚʽʜʥʦʰʝʥʥʶ (ʷʢʫ ʜʘʣʽ ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ ʩʠʤʚʦʣʦʤ P). ʇʝʨʝʭʽʜ ʚʽʜ 

ʤʥʦʞʠʥʠ / SC  ʜʦ ʤʥʦʞʠʥʠ / SC  ʻ ʚʠʧʨʘʚʜʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʷʢʱʦ j, y ï ʮʝ 
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S-ʩʪʨʫʢʪʫʨʠ, ʪʦ ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ~j y, ʪʦʙʪʦ ,  j¢y y¢j ʦʟʥʘʯʘʻ, ʚ ʩʚʽʪʣʽ 

ʪʝʦʨʝʤʠ, ʜʦʚʝʜʝʥʦʾ ʥʘ ʧʦʯʘʪʢʫ ʮʴʦʛʦ ʨʦʟʜʽʣʫ, ʱʦ S Sj= y, ʪʦʙʪʦ 

ʝʢʚʽʚʘʣʝʥʪʥʽ ʦʙôʻʢʪʠ, ʨʦʟʨʽʟʥʷʶʯʠʩʴ ʫ ʽʥʪʝʥʩʽʦʥʘʣʴʥʦʤʫ ʩʝʥʩʽ, ʟʙʽʛʘʶʪʴʩʷ ʚ 

ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʦʤʫ, ʙʦ ʦʧʠʩʫʶʪʴ ʪʫ ʞ ʩʘʤʫ ʤʥʦʞʠʥʫ ɺɯʉ. 

ʊʝʧʝʨ ʜʘʤʦ ʦʩʥʦʚʥʝ ʚʠʟʥʘʯʝʥʥʷ, ʧʦʚôʷʟʘʥʝ ʟ ʪʝʦʨʽʻʶ ʫʟʘʛʘʣʴʥʝʥʴ 

ɺɯʉ. 

ɺʠʟʥʘʯʝʥʥʷ. ɿʨʘʟʦʢ : Z Ss ­  ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ 

ʫʟʘʛʘʣʴʥʝʥʥʷʤ ɺɯʉ :X Sj ­  ʽ :Y Sy ­ , ʷʢʱʦ: 

1) ʽʩʥʫʶʪʴ ʤʦʨʬʽʟʤʠ l ʽ m ʪʘʢʽ, ʱʦ ʜʽʘʛʨʘʤʘ (2.2):  

 

 

S S S

X Z Y

f s j

l m

= =

½½­ «½½

¬ ¬ ¬ (2.2) 

 

ʻ ʢʦʤʤʫʪʘʪʠʚʥʦʶ; 

2) ʷʢʱʦ Z¡ ï ʦʙ'ʻʢʪ, ʘ ¡s, ¡l, ¡mï ʤʦʨʬʽʟʤʠ, ʜʣʷ ʷʢʠʭ ʜʽʘʛʨʘʤʘ (2.3): 

 

 

S S S

X Z Y

¡f s j

¡ ¡l m

= =

¡½½­ «½½

¬ ¬ ¬ (2.3) 

 

ʢʦʤʤʫʪʘʪʠʚʥʘ, ʪʦ ʽʩʥʫʻ ʤʦʨʬʽʟʤ, ʱʦ ʨʦʙʠʪʴ ʢʦʤʫʪʘʪʠʚʥʦ  ʁʜʽʘʛʨʘʤʫ (2.4): 

 

 

S S

Z Z

¡s s

t

=

¡½½­

¬ ¬. (2.4) 

 

ʌʦʨʤʘʣʽʟʤ ʪʝʦʨʽʾ ʢʘʪʝʛʦʨʽʡ ʜʦʟʚʦʣʷʻ ʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ɺɯʉ ʫ ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʚʽʥ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ 

ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʦ ʧʨʦʩʪʽʰʠʭ ʦʧʝʨʘʮʽʡ ʪʝʦʨʽʾ 
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ʢʘʪʝʛʦʨʽʡ. ʆʜʥʠʤ ʽʟ ʧʨʠʢʣʘʜʽʚ ʪʦʛʦ, ʷʢ ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ, ʩʣʫʞʠʪʴ 

ʥʘʩʪʫʧʥʘ ʪʝʦʨʝʤʘ, ʘʥʘʣʦʛ ʷʢʦʾ ʜʘʥʦʚ [214]. 

ʊʝʦʨʝʤʘ. ʅʝʭʘʡ ʟʘʜʘʥʽ ɺɯʉ :X Sj ­ , :Y Sy ­ , ʽ ʥʝʭʘʡ ʦʙ'ʻʢʪ 

Zʨʘʟʦʤ ʟ ʤʦʨʬʽʟʤʘʤʠ :X Zs ­  ʽ :Y Zt ­  ï ʧʨʷʤʘ ʩʫʤʘ ʦʙ'ʻʢʪʽʚ X  Y̔ . 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʨʬʽʟʤ : Z Sc ­ , ʱʦ ʨʦʙʠʪʴ ʢʦʤʫʪʘʪʠʚʥʦʶ ʜʽʘʛʨʘʤʫ (2.5): 

 

 

S S S

X Z Y

f c j

l m

= =

½½­ «½½

¬ ¬ ¬ (2.5) 

 

(ʽʩʥʫʚʘʥʥʷ ʽ ʻʜʠʥʽʩʪʴ ʪʘʢʦʛʦ ʤʦʨʬʽʟʤʘ ʚʠʧʣʠʚʘʻ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʨʷʤʦʾ ʩʫʤʠ). 

ʊʦʜʽ ʟʨʘʟʦʢ : Z Sc ­ ʻ ʤ̔ʥʽʤʘʣʴʥʠʤ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʜʣʷ ɺɯʉ :X Sj ­  

ʽ :Y Sy ­ . 

ɼʦʚʝʜʝʥʥʷ. ʇʝʨʰʘ ʜʽʘʛʨʘʤʘ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʻ 

ʧʦʚʪʦʨʝʥʥʷ ʜʽʘʛʨʘʤʠ ʟ ʫʤʦʚʠ ʪʝʦʨʝʤʠ. ʅʝʭʘʡ ʪʝʧʝʨ ʻ ʢʦʤʫʪʘʪʠʚʥʦʶ 

ʜʽʘʛʨʘʤʘ (2.6): 

 

 

S S S

X Z Y

¡f c j

¡ ¡l m

= =

¡½½­ «½½

¬ ¬ ¬. (2.6) 

 

ʄʦʨʬʽʟʤʠ :X Z¡ ¡l ­ ʽ :Y Z¡ ¡m ­  ʚʠʟʥʘʯʘʶʪʴ ʤʦʨʬʽʟʤ : Z Z¡ ¡x ­ , 

ʜʣʷ ʷʢʦʛʦ ¡l =x l̔ ¡m =x m, ʪʦʜʽ (2.7), (2.8): 

 

 ¡ ¡ ¡c x l=c l =f=c l, (2.7) 

 

 ¡ ¡ ¡c x m=c m =j=c m, (2.8) 

 

ʟʚʽʜʢʠ ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ (2.9): 
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 ¡c x=c, (2.9) 

 

ʱʦ ʟʘʚʝʨʰʫʻ ʜʦʚʝʜʝʥʥʷ.  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫʤʦʚʘ ʪʝʦʨʝʤʠ ʥʝ ʻ ʥʝʦʙʭʽʜʥʦʶ. ʄʽʥʽʤʘʣʴʥʝ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ɺɯʉ :X Sj ­  ʽ :Y Sy ­  ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʽ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʥʝ ʽʩʥʫʻ ʧʨʷʤʦʾ ʩʫʤʠ ʦʙ'ʻʢʪʽʚ X  ʽ Y. ʆʩʢʽʣʴʢʠ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʝʤʘʻ ʥʽʷʢʠʭ ʚʠʤʦʛ ʻʜʠʥʦʩʪʽ, ʪʦ ʥʝʤʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʽʥʽʤʘʣʴʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʜʥʦʟʥʘʯʥʦ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʽʟʦʤʦʨʬʽʟʤʫ. ʆʢʨʽʤ ʪʦʛʦ, ʤʽʥʽʤʘʣʴʥʝ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʥʝ ʜʣʷ ʧʘʨʠ ʦʙôʻʢʪʽʚ, ʘ ʜʣʷ ʧʘʨʠ ʩʪʨʫʢʪʫʨ, ʪʦʙʪʦ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʦʙ'ʻʢʪʽʚ X  ʽ Y, ʘʣʝ ʽ ʚʽʜ 

ʤʦʨʬʽʟʤʽʚ j ʽ y, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʧʨʷʤʘ ʩʫʤʘ ʙʫʜʫʻʪʴʩʷ ʧʦ ʧʘʨʽ ʦʙ'ʻʢʪʽʚ [211], 

[214]. 

 

 

2.1.4 ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ  

 

 

ʇʝʨʝʡʜʝʤʦ ʪʝʧʝʨ ʚʽʜ ʬʦʨʤʘʣʴʥʠʭ ɺɯʉ ʜʦ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʯʝʨʝʟ 

ʬʫʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ. ʅʝʭʘʡ ʟʘʜʘʥʦ ʩʧʠʩʦʢ ʚʠʤʦʛ 
k

R  (ʜʘʣʽ ʚʦʥʠ ʙʫʜʫʪʴ 

ʢʦʥʢʨʝʪʠʟʦʚʘʥʽ) ʽ ʩʧʠʩʦʢ ʚʽʜʧʦʚʽʜʥʠʭ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ 
k
(f )Q , ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʧʨʠʡʤʘʻ ʽʩʪʠʥʝ ʟʥʘʯʝʥʥʷ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʷʢʱʦ ʜʣʷ ʤʘʪʨʠʯʥʦʛʦ ʢʦʜʫ 

f  ʟʘʜʦʚʽʣʴʥʷʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʚʠʤʦʛʘ 
k

R . 

ɺʠʟʥʘʯʝʥʥʷ. ɺʟ̔ʫʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ ï ʮʝ ʤʘʪʨʠʯʥʠʡ ʢʦʜ 

f , ʜʣʷ ʷʢʦʛʦ ʽʩʪʠʥʥʘ ʢʦʥôʁ ʥʢʮʽʷ 
k

k

(f )Q . 

ɺʚʦʜʷʯʠ ʥʘʙʽʨ ʦʧʝʨʘʪʦʨʽʚ kF , ʢʦʞʝʥ ʟ ʷʢʠʭ ʪʨʘʥʩʬʦʨʤʫʻ ʤʘʪʨʠʯʥʠʡ 

ʢʦʜ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʨʝʟʫʣʴʪʘʪ ʟʘʜʦʚʽʣʴʥʷʚ ʚʠʤʦʛʫ 
k

R  ʽ ʥʝ ʚʧʣʠʚʘʚ 

ʩʪʦʩʦʚʥʦ ʽʥʰʠʭ ʚʠʤʦʛ, ʯʠʩʪʦ ʬʦʨʤʘʣʴʥʦ, ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ, ʱʦ 
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 k k k 1

k

if F f
f

else nothing

-
ë Qî
=ì
îí

, (2.10) 

 

ʜʝ 
0

f  ï ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ; k  ï ʷʢ ʽ ʨʘʥʽʰʝ, ʥʫʤʝʨʫʻ ʚʠʤʦʛʠ; 

nothing ʦʟʥʘʯʘʻ ʟʫʧʠʥʢʫ ʧʨʦʮʝʩʫ, ʷʢʱʦ ʚʠʤʦʛʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. ɿʘ 

ʦʟʥʘʯʝʥʥʷʤ, ɺɯʉ ï ʮʝ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʟʘʜʦʚʽʣʴʥʷʻ ʚʩʽʤ ʚʠʤʦʛʘʤ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʛʣʷʜ ʟʨʫʯʥʦ ʧʨʦʚʦʜʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʥʷʪʪʷ 

ʤʦʥʘʜʠ ï ʦʩʦʙʣʠʚʦʛʦ ʪʠʧʫ ʜʘʥʠʭ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʜʣʷ ʷʢʦʛʦ ʤʦʞʥʘ ʟʘʜʘʪʠ ʽʤʧʝʨʘʪʠʚʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʜʝʷʢʠʭ 

ʦʧʝʨʘʮʽʡ ʥʘʜ ʟʙʝʨʝʞʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ [217]. ʄʦʥʘʜʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʜʘʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ, ʧʨʦʚʦʜʠʪʠ ʦʧʝʨʘʮʽʾ ʟ ʧʦʙʽʯʥʠʤʠ 

ʝʬʝʢʪʘʤʠ ʽ ʽʥʰʽ ʜʽʾ, ʷʢʽ ʩʢʣʘʜʥʦ ʘʙʦ ʟʦʚʩʽʤ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʧʘʨʘʜʠʛʤʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʂʦʥʮʝʧʮʽʷ ʤʦʥʘʜʠ ʽ ʪʝʨʤʽʥ ʩʧʦʯʘʪʢʫ ʧʦʭʦʜʷʪʴ ʟ ʪʝʦʨʽʾ ʢʘʪʝʛʦʨʽʡ, ʜʝ 

ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʬʫʥʢʪʦʨ ʟ ʜʦʜʘʪʢʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʄʦʥʘʜʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʪʠʧʫ M ʨʘʟʦʤ ʟ ʜʚʦʤʘ ʦʧʝʨʘʮʽʷʤʠ: 

return :: a - > M a  (ʽʥʘʢʰʝ ʥʘʟʠʚʘʶʪʴ ʦʜʠʥʠʮʝʶ), ʱʦ 

ʧʝʨʝʪʚʦʨʶʻ ʜʦʚʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʠʧʫ a ʫ ʤʦʥʘʜʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʠʧʫ M a , 

join :: M (M a) - > M a  (ʽʥʘʢʰʝ ʥʘʟʠʚʘʶʪʴ ʢʦʤʧʦʟʠʮʽʻʶ), ʱʦ 

ʨʦʟʛʦʨʪʘʻ ʜʦʚʽʣʴʥʝ ʦʙʛʦʨʥʫʪʝ ʤʦʥʘʜʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʠʧʫ M (M a)  ʫ ʧʨʦʩʪʝ 

ʤʦʥʘʜʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʠʧʫ M a . 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʢʦʥʩʪʨʫʢʪʦʨ ʪʠʧʫ M ʻ ʬʫʥʢʪʦʨʦʤ, 

ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʫʻ fmap :: (a  - > b) - > M a - > M b . ʆʙʠʜʚʽ 

ʦʧʝʨʘʮʽʾ return , ʘ ʪʘʢʦʞ join  ʧʦʚʠʥʥʽ ʟʘʜʦʚʽʣʴʥʷʪʠ ʚʽʜʥʦʰʝʥʥʷʤ 

ʩʫʤʽʩʥʦʩʪʽ, ʱʦ ʚʢʘʟʘʥʽ ʥʠʞʯʝ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʤʦʥʘʜʠ ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʩʚʽʡ ʦʧʝʨʘʪʦʨ bind, 

ʱʦ ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʽʥʬʽʢʩʥʽʡ ʥʦʪʘʮʽʾ >>= : 

bind :: M a - > (a - > M b) - > M b , ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ 
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ʤʦʥʘʜʠʯʥʠʡ ʪʠʧ M a  ʫ ʤʦʥʘʜʠʯʥʠʡ ʪʠʧ, M b, ʱʦ ʟʘʜʘʻʪʴʩʷ ʤʦʥʘʜʠʯʥʦʶ 

ʬʫʥʢʮʽʻʶ ʪʠʧʫ a - > M b . 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ bind  ʽ join  ʜʣʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʦʥʘʜʠ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ: 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ a - > M b  ʚʽʜʦʙʨʘʞʘʶʯʠ M a - > M (M b)  ʽ 

ʧʨʠʻʜʥʫʶʯʠ M (M b)  ʢ M b, ʟʚô̫ ʟʫʚʘʥʥʷ ma >>= f  ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʯʝʨʝʟ 

join (fmap f ma) . 

ʚʟʘʻʤʥʦ, ʜʦʟʚʦʣʷʶʯʠ a = M b , ʪʦʪʦʞʥʴʦ ʚʽʜʦʙʨʘʞʘʻ a = M b  ʫ M 

b, ʪʘʢʠʤ ʯʠʥʦʤ join mmb  ʚʽʜʥʦʚʣʶʻʪʴʩʷ, ʷʢ mmb >>= id , ʜʝ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʻ ʪʦʪʦʞʥʽʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ɺɯʉ ʟʨʫʯʥʦ ʧʨʝʜʩʪʘʚʠʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʥʘʜʫ Maybe, ʱʦ ʟʘʜʘʻʪʴʩʷ ʪʘʢ: 

instance Monad Maybe where  

return x  =  Just x  

Nothing >>= f  =  Nothing  

Just x  >>= f  =  f x  

ʌʫʥʢʮʽʷ bind  ʤʽʩʪʠʪʴ ʢʦʜ ʟʚó̫ ʟʫʚʘʥʥʷ, ʚ ʪʦʡ ʯʘʩ, ʷʢ unit  ʟʜʽʡʩʥʶʻ 

ʽʥʽʮʽʘʣʽʟʘʮʽʶ ʽ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʤʦʥʘʜʠʯʥʦʛʦ ʪʠʧʫ ʟʤʽʥʥʦʾ f 0, ʷʢʘ ʟʘʜʘʻ 

ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʨʽʰʝʥʥʷ ʜʦ ʦʜʥʦʛʦ 

ʨʷʜʢʘ: 

bind(bind( ...bind(bind(unit( f 0), F[ 1] ), F[ 2] ) ... 

F[ k- 1] ), F[ k] )  

ɺʠʢʣʠʢ unit( f 0)  ʛʝʥʝʨʫʻ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ f 1. ʇʦʪʽʤ 

bind( f 1, F1)  ʛʝʥʝʨʫʻ ʥʦʚʝ ʧʨʦʤʽʞʥʝ ʟʥʘʯʝʥʥʷ f 2, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʢʣʠʢʫ bind( f 2, F2) . ʎʝʡ ʧʨʦʮʝʩ 

ʪʨʠʚʘʻ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʧʽʜʩʫʤʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ. 
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2.2 ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

 

 

ʇʨʦʚʝʜʝʥʠʡ ʚ ʨʦʟʜʽʣʽ 1 ʩʪʠʩʣʠʡ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʻ ʩʠʩʪʝʤʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ɺɯʉ. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘʩʦʙʘʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʦʩʥʦʚʥʠʭ 

ʙʘʟʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʨʠʩ. 2.1) [218]: 

ï ʩʠʩʪʝʤʘ ʪʨʝʢʽʥʛʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʫ ʽʥʪʝʛʨʘʮʽʶ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʦʙôʻʢʪʘ ʚ ʨʝʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ; 

ï ʙʘʟʘ ʜʘʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪʠ; 

ï ʩʠʩʪʝʤʘ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʘʩʦʙʘʤʠ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ; 

ï ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘʩʦʙʘʤʠ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ 

ʉʠʩʪʝʤʘ ʪʨʝʢʽʥʛʫ ɹʘʟʘ ʜʘʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʽʥʰʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪʠ 

ʉʠʩʪʝʤʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ 

ɻʨʘʬʽʯʥʠʡ 

ʽʥʪʝʨʬʝʡʩ 

 

ʨʘʢʫʨʩ ʦʙôʻʢʪ 

ʢʦʨʠʩʪʫʚʘʯ 
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ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ɺɯʉ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ɺɯʉ 

 

ʇʨʠ ʦʧʪʠʯʥʦʤʫ ʪʨʝʢʽʥʛʫ ʚʽʜʝʦʧʦʪʦʢ ʟ ʢʘʤʝʨʠ ʧʦʩʪʫʧʘʻ ʜʦ ʩʠʩʪʝʤʠ 

ʪʨʝʢʽʥʛʫ, ʧʨʦʚʦʜʠʪʴʩʷ ʦʙʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʢʦʞʥʦʛʦ ʢʘʜʨʫ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʦʾ ɺɯʉ. ʇʨʠ ʫʩʧʽʰʥʦʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ɺɯʉ ʧʨʦʚʦʜʠʪʴʩʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʫ ʫ ʧʨʦʩʪʦʨʽ. ʇʨʠ ʮʴʦʤʫ ʧʦʣʦʞʝʥʥʷ 

ʚʽʨʪʫʘʣʴʥʦʾ ʢʘʤʝʨʠ ʚʽʜʥʦʩʥʦ ʦʙôʻʢʪʘ ʪʘ ʨʝʘʣʴʥʦʾ ʢʘʤʝʨʠ ʚʽʜʥʦʩʥʦ ɺɯʉ 

ʩʠʥʭʨʦʥʽʟʫʶʪʴʩʷ. ʊʨʠʚʠʤʽʨʥʠʡ ʦʙôʻʢʪ ʚʠʪʷʛʫʻʪʴʩʷ ʟ ʙʘʟʠ ʜʘʥʠʭ 

ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ, ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʪʘ ʤʘʩʰʪʘʙ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ 

ʟʘʜʘʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦ ɺɯʉ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʟʫʘʣʽʟʘʮʽʷ, ʱʦ 

ɿʘʩʽʙ ʚʽʟʫʘʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

ɺɯʉ 

ʂʘʤʝʨʘ 

 

ɹʣʦʢ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʥʷ: 
ï ʚʠʷʚʣʝʥʥʷ ɺɯʉ; 

ï ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ; 

ï ʜʝʢʦʜʫʚʘʥʥʷ 

ɺɯʉ; 

ï ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ ʥʘ 

ʧʣʦʱʠʥʫ ɺɯʉ; 

ïʨʝʥʜʝʨʽʥʛ 

ʚʽʜʝʦʧʦʪʦʢʫ ʚ 

ʦʙʣʘʩʪʽ ɺɯʉ 

ɹʣʦʢ ʚʽʟʫʘʣʽʟʘʮʽʾ: 

ï ʚʽʟʫʘʣʽʟʘʮʽʷ ʦʙôʻʢʪʫ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʨʘʢʫʨʩʫ; 

ï ʩʫʤʽʱʝʥʥʷ ʦʙôʻʢʪʫ ʟ 

ʟʦʙʨʘʞʝʥʥʷʤ 

ʨʝʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

 

ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ: 

ï ʚʠʙʽʨ ʦʙôʻʢʪʽʚ; 

ï ʟʤʽʥʘ ʤʘʪʝʨʽʘʣʫ; 

ï ʤʘʥʽʧʫʣʷʮʽʷ 

ʦʙôʻʢʪʘʤʠ ʫ ʧʨʦʩʪʦʨʽ 

ɹʣʦʢ 

ʟʙʝʨʽʛʘʥʥʷ 

ʦʙôʻʢʪʽʚ 

 

ɺʚʽʜ ʰʣʷʭʦʤ 

ʩʝʥʩʦʨʥʦʛʦ ʝʢʨʘʥʫ 

ɺʠʚʽʜ ʥʘ ʜʠʩʧʣʝʡ 

ʂʝʨʫʚʘʥʥʷ ʨʘʢʫʨʩʦʤ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʟʘʩʦʙʫ 

ʆʙôʻʢʪʠ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʈʘʢʫʨʩ 

ʢʘʤʝʨʠ 
ɺʠʙʽʨ 

ʦʙôʻʢʪʽʚ 

ʈʝʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʢʦʨʠʩʪʫʚʘʯ 
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ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʘʩʦʙʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʰʣʷʭʦʤ 

ʥʘʢʣʘʜʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʙôʻʢʪʫ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʦʪʦʯʝʥʥʷ ʟ 

ʚʽʜʝʦʧʦʪʦʢʫ. ʇʦʪʽʤ ʧʨʦʚʦʜʠʪʴʩʷ ʨʝʥʜʝʨʽʥʛ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

 

 

2.3 ɿʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʧʽʜʭʦʜʠ ʱʦʜʦ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʦʙʫʜʦʚʠ 

ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ, ʧʨʦʚʝʜʝʥʠʡ ʫ ʨʦʟʜʽʣʽ 1, ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʨʦʟʨʦʙʣʝʥʽ 

ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʥʝ ʚʠʢʣʘʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ɺɯʉ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ (Augmented Reality Visual Information Structures, ARVIS) ʙʫʜʝʤʦ 

ʨʦʟʛʣʷʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ɺɯʉ ʪʘ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ɺɯʉ, ʷʢʽ ʧʝʚʥʠʤ 

ʯʠʥʦʤ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʨʝʘʣʽʟʫʶʪʴ ʧʨʠʡʦʤʠ, ʩʧʦʩʦʙʠ ʽ ʤʝʪʦʜʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʙʫʜʦʚʫ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

(ʨʠʩ. 2.3). ʄʝʪʦʶ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɺɯʉ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ. 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ARVIS 

ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʤʥʦʞʠʥ: 

ï ʤʥʦʞʠʥʠ ARVIST  ï ʚʠʨʘʟ (2.11): 

 

 { }{ }ARVIS ARVIS ARVIS

l
T In , D= , (2.11) 

 

ï ʤʥʦʞʠʥʠ { }ARVIS

l
D  ï ʚʠʨʘʟ (2.12): 
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 { } {}{ }{ }ARVIS l l

l i j
D F , L= , (2.12) 

 

ï ʤʥʦʞʠʥʠ { }l jL  ï ʚʠʨʘʟ (2.13): 

 

 { }{ }{}{ }{ }{ }l l l l l l

j j s m n r
L V , C , I , O , M= , (2.13) 

 

ʜʝ ARVISIn  ï ʩʫʢʫʧʥʽʩʪʴ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʙʫʜʦʚʫ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

     { }ARVIS

l
D  ï ʤʥʦʞʠʥʘ ʨʽʚʥʽʚ ʜʝʪʘʣʽʟʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ARVIS; 

      {}liF  ï ʤʥʦʞʠʥʘ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ { }ARVIS

l
D  ʨʽʚʥʽ ʜʝʪʘʣʽʟʘʮʽʾ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ARVIS; 

      { }l jL  ï ʤʥʦʞʠʥʘ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʛʨʘʥʠʯʥʠʭ ʚʟʘʻʤʦʜʽʡ ʝʣʝʤʝʥʪʽʚ ARVIS; 

      { } { }l l

j j
V LÌ  ï ʤʥʦʞʠʥʘ ʚʥʫʪʨʽʰʥʽʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ARVIS ʟ 

ʤʥʦʞʠʥʠ {}liF ; 

       { } { }l l

j j
ʉ LÌ  ï ʤʥʦʞʠʥʘ ʢʝʨʫʶʯʠʭ ʚʟʘʻʤʦʜʽʡ ʧʨʦʛʨʘʤʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ARVIS; 

       {} { }l l

j j
I LÌ  ï ʤʥʦʞʠʥʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ARVIS; 

       { } { }l l

j j
O LÌ  ï ʤʥʦʞʠʥʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ARVIS; 

       { } { }l l

j j
M LÌ  ï ʤʥʦʞʠʥʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ARVIS. 

ʅʘ ʨʠʩ. 2.4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʚôʷʟʦʢ ʤʥʦʞʠʥ, ʱʦ ʦʧʠʩʫʻ ʦʙʣʘʩʪʴ ʪʘ 

ʛʨʘʥʠʮʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ARVIS ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʨʘʟʦʤ (2.14): 

 

 { }{ }{ }ARVIS 0 0 0 0 0 0 0

0 1 1 1 2 1 2 1
D F , C ,I ,I ,O ,O ,M= . (2.14) 

 

ʅʘ ʨʠʩ. 2.5 ʥʘʚʝʜʝʥʦ ʟʚôʷʟʦʢ ʤʥʦʞʠʥ, ʱʦ ʦʧʠʩʫʻ ʝʣʝʤʝʥʪʠ ARVIS ʫ 
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ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʨʘʟʫ (2.15): 

 

 {} { }{ }{ }ARVIS 1 0 0 0 0 0 0 1

1 i 1 1 2 1 2 1 t
D F , C ,I ,I ,O ,O ,M , V= , (2.15) 

 

ʜʝ t=1,2,é11 ï ʢʽʣʴʢʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʚʟʘʻʤʦʜʽʡ ʫ ʚʝʨʭʥʽʡ ʜʦʯʽʨʥʽʡ ʜʽʘʛʨʘʤʽ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ɿʚôʷʟʦʢ ʤʥʦʞʠʥ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ, ʱʦ ʦʧʠʩʫʻ ʦʙʣʘʩʪʴ ʪʘ 

ʛʨʘʥʠʮʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ARVIS 

 

 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽʰʝ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʦʙʫʜʦʚʠ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

 

 

2.4 ɺʠʤʦʛʠ ʜʦ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʟʥʘʯʝʥʠʭ ʥʝʜʦʣʽʢʽʚ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 1, ʚʠʟʥʘʯʠʤʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʚʚʝʜʝʥʦʾ ʤʦʜʝʣʽ ɺɯʉ 

 

ʈʝʟʫʣʴʪʘʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ARVIS 

(ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʥʷ ɺɯʉ) 

 

ɯʥʬʦʨʤʘʮʽʷ ʱʦʜʦ 

ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ɺɯʉ, 

ʽʥʬʦʨʤʘʮʽʷ ʟ ʙʘʟʠ 

ʜʘʥʠʭ ʦʙôʻʢʪʽʚ 

ʚʽʟʫʘʣʽʟʘʮʽʾ 

  

 

0

1I  

 

0

2I  

 

0

1O  

 

0

2O  

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ 

ARVIS 
 

ʈʝʟʫʣʴʪʘʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ARVIS 

(ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʥʷ ɺɯʉ) 

 

ɺʭʽʜʥʽ ʜʘʥʽ ʱʦʜʦ 

ɺɯʉ 

ʇʨʦʛʨʘʤʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴ ARVIS 

 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ARVIS 

 

0

1M  

 

0

1C  
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ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʙʫʜʫʪʴ ʨʦʟʨʦʙʣʷʪʠʩʷ ʩʪʽʡʢʽ ʚʽʟʫʘʣʴʥʽ 

AR-ʤʘʨʢʝʨʠ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ɿʚôʷʟʦʢ ʤʥʦʞʠʥ, ʱʦ ʦʧʠʩʫʻ ʝʣʝʤʝʥʪʠ ARVIS 

 

1) ʧʦʤʽʪʥʽʩʪʴ: ɺɯʉ ʧʦʚʠʥʥʽ ʣʝʛʢʦ ʽ ʰʚʠʜʢʦ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʚʽʜʝʦ-

ʧʦʪʦʮʽ; ʜʘʥʘ ʚʠʤʦʛʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʘʩʠʥʭʨʦʥʥʫ ʙʘʛʘʪʦʟʘʜʘʯʥʽʩʪʴ ï 

ʚʣʘʩʪʠʚʽʩʪʴ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʩʪʨʦʶ, ʥʘ ʷʢʦʤʫ ʽʥʩʪʘʣʴʦʚʘʥʦ ʜʦʜʘʪʦʢ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʘʨʘʣʝʣʴʥʦʾ (ʘʙʦ 

ʧʩʝʚʜʦʧʘʨʘʣʝʣʴʥʦʶ) ʦʙʨʦʙʢʠ ʜʝʢʽʣʴʢʦʭ ʧʨʦʮʝʩʽʚ; ʧʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ 

ʚʠʷʚʣʝʥʥʷ ʢʘʥʜʠʜʘʪʽʚ ɺɯʉ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦ, ʦʪʞʝ ʚʽʥ ʧʦʚʠʥʝʥ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ ʯʘʩʪʦʪʦʶ, ʱʦ ʩʧʽʚʤʽʨʥʘ ʯʘʩʪʦʪʽ ʦʪʨʠʤʘʥʥʷ ʢʘʜʨʽʚ ʚʽʜʝʦ-

ʧʦʪʦʢʫ (ʘ ʚ ʽʜʝʘʣʽ ʜʦʨʽʚʥʶʻ ʾʡ); ʚʠʤʦʛʘ ʧʦʤʽʪʥʦʩʪʽ ʤʽʥʽʤʽʟʫʻ ʢʽʣʴʢʽʩʪʴ 

ʧʦʤʠʣʦʢ ɯɯ ʨʦʜʫ ï ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʧʫʩʢ ʢʘʜʨʘ, ʥʘ ʷʢʦʤʫ ʧʨʠʩʫʪʥʽ ɺɯʉ; 

2) ʧʨʦʩʪʦʪʘ: ɺɯʉ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʽʥʽʤʘʣʴʥʦ ʾʢʽʣʴʢʦʩʪ̔ ʢʦʣʴʦʨʽʚ (ʘʙʦ ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ); ʜʘʥʘ ʚʠʤʦʛʘ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʘ ʟ ʚʠʤʦʛʘʤʠ ʧʦʤʽʪʥʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ (ʜʠʚ. ʥʠʞʯʝ), ʦʩʢʽʣʴʢʠ 

ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʣʴʦʨʽʚ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʽ ʫʥʽʬʽʢʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ 

 

ɺʠʤʦʛʠ ʜʦ 

ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɺɯʉ 
F1

1 

A1 

 

ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʧʦʙʫʜʦʚʠ 

ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɺɯʉ 

F1
2 

A2 

 

ʄʦʜʝʣʽ ɺɯʉ 

ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ 
 

F1
3 

ɸ3 

 

ʄʝʪʦʜʠ 

ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɺɯʉ 
F1

4 

A4  

ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ 

ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɺɯʉ 
F1

5 

ɸ5 

C
0
1 

ʇʨʦʛʨʘʤʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ARVIS 

O
0
1 

O
0
2 

 
0

1M  

 I
0
2 

ɺʭʽʜʥʽ ʜʘʥʽ ʱʦʜʦ 

ɺɯʉ 

I
0
1 

ɯʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʫʤʦʚ 

ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ɺɯʉ, ʽʥʬʦʨʤʘʮʽʷ ʟ ʙʘʟʠ 

ʜʘʥʠʭ ʦʙôʻʢʪʽʚ 

ʚʽʟʫʘʣʽʟʘʮʽʾ 
ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʬʦʨʤʘʣʽʟʘʮʽʾ ARVIS 
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ʚʠʷʚʣʝʥʥʷ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʠʤʦʛʠ ʧʨʦʩʪʦʪʠ ɺɯʉ ʙʫʜʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʚʽʜ ʬʦʥʫ; ʦʢʨʽʤ ʪʦʛʦ, ʧʨʠ ʩʪʚʦʨʝʥʥʽ ɺɯʉ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʶʪʴʩʷ ʚʠʤʦʛʠ ʧʦ 

ʪʦʯʥʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʢʦʣʴʦʨʽʚ, ʱʦ ʟʜʝʰʝʚʣʶʻ ʧʨʦʮʝʩ; 

3) ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ: ɺɯʉ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ 

(ʧʦʚʽʜʦʤʣʝʥʥʷ); ʜʘʥʘ ʚʠʤʦʛʘ ï ʦʩʥʦʚʥʘ, ʷʢʘ ʚʽʜʨʽʟʥʷʻ ɺɯʉ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʪʠʧʽʚ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʨʦʟʰʠʨʠʪʠ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺɯʉ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʚʜʷʢʠ ʨʦʟʰʠʨʝʥʥʶ ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ ʽ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʴ; ɺɯʉ, ʙʫʜʫʯʠ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʽ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ, ʽ 

ʤʘʪʨʠʯʥʠʭ ʢʦʜʽʚ, ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ, ʷʢ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ, ʪʘʢ ʽ ʚ ʩʠʩʪʝʤʘʭ, ʜʝ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʪʨʠʯʥ ̔

ʢʦʜʠ (ʜʚʦʚʠʤʽʨʥ ̔ ʰʪʨʠʭ-ʢʦʜʠ ʘʙʦ QR-ʢʦʜʠ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

4) ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ: ɺɯʉ ʧʦʚʠʥʥʽ ʜʦʟʚʦʣʷʪʠ ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ 

ʢʘʤʝʨʠ ʚ ʤʦʤʝʥʪ ʦʪʨʠʤʘʥʥʷ ʢʦʞʥʦʛʦ ʢʘʜʨʫ, ʜʝ ʚʠʷʚʣʝʥʦ ɺɯʉ; ʜʘʥʘ ʚʠʤʦʛʘ 

ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙô̒ ʢʪʽʚ ʚ ʧʨʦʮʝʩʽ 

ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʪʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʱʦ ʻ ʢʣʶʯʦʚʠʤʠ ʦʟʥʘʢʘʤʠ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛʠ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ (ʜʠʚ. ʥʠʞʯʝ) 

ʧʦʥʷʪʪʷ ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʨʦʟʰʠʨʝʥʥʦ ï ɺɯʉ ʧʦʚʠʥʥʽ ʜʦʟʚʦʣʷʪʠ 

ʧʨʦʚʦʜʠʪʠ ʚʥʫʪʨʽʰʥʻ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʦ ʩʘʤʦʤʫ ʟʦʙʨʘʞʝʥʥʷ ɺɯʉ; 

ʪʘʢʠʤ ʯʠʥʦʤ, ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ ʦʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ, ʷʢ ʟʦʚʥʽʰʥʽʭ, 

ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʣʽʙʨʫʚʘʥʥʷ; ʜʘʥʘ ʚʠʤʦʛʘ ʜʦʟʚʦʣʷʻ ʨʦʰʠʨʠʪʠ 

ʤʦʞʣʠʚʫ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺɯʉ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʢʘʣʽʙʨʘʮʽʡʥʠʭ 

ʤʘʨʢʝʨʽʚ; ʟʘʫʚʘʞʠʤʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʚʽʟʫʘʣʴʥʽ ʤʘʨʢʝʨʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʘʪʠ ʪʽʣʴʢʠ ʤʘʪʨʠʮʶ ʟʦʚʥʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ (ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʘʤʝʨʠ ʫ ʧʨʦʩʪʦʨʽ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʦʱʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙô̒ ʢʪʽʚ ʽ ʮʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʝ ʻ ʬʽʟʠʯʥʦ 

ʪʦʯʥʠʤ; 

5) ʨʦʙʘʩʪʥʽʩʪʴ: ɺɯʉ ʧʦʚʠʥʥʽ ʟʘʜʦʚʽʣʴʥʷʪʠ ʚʠʤʦʛʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʪʘ ʨʦʙʘʩʪʥʦʩʪʽ ʧʨʠ ʚʪʨʘʪʽ ʜʦ 50% ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ɺɯʉ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 
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ʟʘʢʨʠʪʪʽ ʟʦʙʨʘʞʝʥʥʷ ɺɯʉ ʟʘʚʘʜʦʶ ʯʠ ʬʽʟʠʯʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʾ 

ʯʘʩʪʠʥʠ ɺɯʉ); ʜʘʥʘ ʚʠʤʦʛʘ ʜʦʟʚʦʣʷʻ ʤʘʩʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ ɺɯʉ ʥʘ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʱʦ 

ʚʠʡʰʣʠ ʥʘ ʨʠʥʦʢ ʟʘ ʦʩʪʘʥʥʽ 2-3 ʨʦʢʠ; ʜʘʥʘ ʚʠʤʦʛʘ ʜʦʟʚʦʣʷʻ ʟ ʤʝʥʰʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʟʘʜʦʚʽʣʴʥʠʪʠ ʚʠʤʦʛʫ ʧʦʤʽʪʥʦʩʪʽ ʽ ʧʨʦʚʦʜʠʪʠ ʦʙʨʦʙʢʫ ɺɯʉ, 

ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʪʨʘʪʠ 

ʯʘʩʪʠʥʠ ʽʥʬʦʨʤʘʮʽʾ; 

6) ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ: ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʟʘʢʦʜʦʚʘʥʝ ʫ ɺɯʉ ʧʦʚʠʥʥʦ 

ʙʫʪʠ ʩʪʽʡʢʠʤ ʜʦ ʢʨʠʧʪʦʘʪʘʢ; ʜʘʥʘ ʚʠʤʦʛʘ ʜʦʟʚʦʣʷʻ ʰʠʨʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɺɯʉ ʫ ʚʽʡʩʴʢʦʚʽʡ, ʤʝʜʠʯʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ, ʜʝ 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʜʘʥʠʭ; ʟʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ 

ʤʘʪʨʠʯʥʠʭ ʢʦʜ̔ʚ (ʜʚʦʚʠʤʽʨʥʠʭ ʰʪʨʠʭ-ʢʦʜ̔ʚ ʘʙʦ QR-ʢʦʜʽʚ) ʜʘʥʘ ʚʠʤʦʛʘ ʥʝ 

ʚʠʩʫʚʘʻʪʴʩʷ; 

7) ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ: ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ɺɯʉ ʧʦʚʠʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʥʽʤʫʤ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʜʘʥʘ ʚʠʤʦʛʘ ʨʦʟʫʤʽʻʪʴʩʷ 

ʧʝʨʰ ʟʘ ʚʩʝ, ʷʢ ʥʝʟʘʣʝʞʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʚʽʜ ʜʘʥʠʭ ï ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ 

ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ɺɯʉ (ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ ʩʪʽʡʢʦʛʦ 

ʤʦʟʘʾʯʥʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ), ʨʝʘʣʽʟʘʮʽʷ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ 

ɺɯʉ, ʜʝʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʪʘ 

ʽʥʰʠʭ ʧʦʚʠʥʥʘ ʟʘʣʠʰʘʪʠʩʷ ʙʝʟ ʟʤʽʥ (ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʟʘʤʽʥʠ ʥʘʙʦʨʫ 

ʢʦʥʩʪʘʥʪ). 

ʆʯʝʚʠʜʥʦ, ʱʦ ʞʦʜʝʥ ʩʪʘʥʜʘʨʪʥʠʡ ʪʠʧ AR-ʤʘʨʢʝʨʘ ʥʝ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ 1)ï7) ʚ ʧʦʚʥʽʡ ʤʽʨʽ. ʅʘʡʙʣʠʞʯʠʤ ʚʽʜʧʦʚʽʜʥʠʢʦʤ ʻ 2D 

ʰʪʨʠʭ-ʢʦʜʦʚʽ ʤʘʨʢʝʨʠ (barcode markers), ʘʣʝ ʚʦʥʠ ʥʝ ʟʘʜʦʚʽʣʴʥʷʶʪʴ ʚʠʤʦʟʽ 

ʨʦʙʘʩʪʥʦʩʪʽ ʽ ʪʽʣʴʢʠ ʯʘʩʪʢʦʚʦ ʚʠʤʦʛʘʤ ʦʨʽʻʥʪʦʚʥʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ï 

ʜʣʷ ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʦʛʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙô̒ ʢʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʧʦʧʝʨʝʜʥʻ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʥʘ ʷʢʦʤʫ 

ʩʪʦʾʪʴ ʜʦʜʘʪʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ɺʠʤʦʛʘʤ ʨʦʙʘʩʪʥʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʨʢʝʨʠ-ʟʦʙʨʘʞʝʥʥʷ, ʘʣʝ ʚʦʥʠ ʥʝ ʟʘʜʦʚʽʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ 
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ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʧʦʤʽʪʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦ ʩʫʪʽ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ɺɯʉ, ʷʢ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʻ 

ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʽ ʤʘʪʨʠʯʥʠʭ 

ʢʦʜʽʚ, ʽ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʫ 

ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ [74]ï[77], [77], [81], [83], [99], [103]. 

 

 

2.5 ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʽ ʢʨʠʪʝʨʽʾ ʾʭ ʦʮʽʥʢʠ 

 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʷʢʦʩʪʽ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʽʟ ʽʥʰʠʤʠ ʪʠʧʘʤʠ 

ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ 

ʥʘʩʢʽʣʴʢʠ ʢʦʞʝʥ ʪʠʧ ʤʘʨʢʝʨʽʚ ʟʘʜʦʚʦʣʴʥʷʻ ʚʚʝʜʝʥʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʚʠʤʦʛʘʤ.  

ʋ ʪʘʙʣ. 2.1 ʥʘʚʝʜʝʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʢʽʣʴʢʽʩʥʽ ʢʨʠʪʝʨʽʾ ʜʣʷ ʢʦʞʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. 

 

ʊʘʙʣʠʮʷ 2.1 ï ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ɺɯʉ 

ʇʦʢʘʟʥʠʢ ʂʨʠʪʝʨʽʡ ʦʮʽʥʢʠ 

ʇʦʤʽʪʥʽʩʪʴ ʉʝʨʝʜʥʽʡ ʯʘʩ ʜʝʪʝʢʪʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ɺɯʉ ʚ ʦʜʥʘʢʦʚʠʭ 

ʫʤʦʚʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 
D
t, ʩʝʢ 

ʇʨʦʩʪʦʪʘ ʂʽʣʴʢʽʩʪʴ ʢʦʣʴʦʨʽʚ (ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ), 
c

n , ʯʠʩʣʦ 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʉʝʨʝʜʥʷ ʝʥʪʨʦʧʽʷ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʟʘʢʦʜʦʚʘʥʦ ʫ ɺɯʉ, 

m
e , ʙʽʪ/ʧʽʢʩʝʣʴ 

ʆʨʽʻʥʪʦʚʘʥʽʩʪʴ ʄʦʞʣʠʚʽʩʪʴ
e

n  ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʢʘʤʝʨʠ, ʪʘʢ/ʥʽ 

ʈʦʙʘʩʪʥʽʩʪʴ ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʜʝʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ 

(ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʽ ʨʽʚʥʷ ʧʦʤʠʣʦʢ), , ʯʠʩʣʦ 

ʂʨʠʧʪʦʩʪʽʡʢʽʩʪʴ ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʩʧʨʦʙ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 
p

n , ʯʠʩʣʦ 

ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʂʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ, 
u

n , ʯʠʩʣʦ 
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ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ, ʘ ʪʘʢʦʞ ʢʦʥʢʨʝʪʥʽ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʦʮʽʥʶʚʘʥʥʷ ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʦʟʜʽʣʘʭ ʥʠʞʯʝ. 

 

 

2.6 ʄʦʜʝʣʴ ʪʘ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

2.6.1 ʄʦʜʝʣʴ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʶʯʠ ʢʦʥʢʨʝʪʠʟʦʚʘʥʽ ʚʠʤʦʛʠ ʜʦ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʽ ʢʽʣʴʢʽʩʥʽ ʢʨʠʪʝʨʽʾ 

ʧʦʢʘʟʥʠʢʠ ʾʭ ʦʮʽʥʢʠ, ʤʦʞʝʤʦ ʢʦʥʢʨʝʪʠʟʫʚʘʪʠ ʚʠʜ ʦʧʝʨʘʪʦʨʽʚ ʧʦʙʫʜʦʚʠ ɺɯʉ 

ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ [75], [77]ï[79]. 

1) ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʻ ʚʠʤʦʛʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʢʦʜʫ ʦʙʠʨʘʪʠ ʤʘʪʨʠʯʥʽ ʢʦʜʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. 

2) ɺʠʤʦʛʘ ʧʨʦʩʪʦʪʠ ʙʫʜʝ ʚʨʘʭʦʚʫʚʘʪʠʩʷ, ʷʢʱʦ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʚ ʦʙʨʘʥʦʤʫ ʤʘʪʨʠʯʥʦʤʫ ʢʦʜʽ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʣʴʦʨʫ ʽ 

ʪʘʢʠʭ ʢʦʣʴʦʨʽʚ ʙʫʜʝ ʥʘʡʤʝʥʰʘ ʤʦʞʣʠʚʘ ʢʽʣʴʢʽʩʪʴ ï ʜʚʘ. ʇʨʠ ʮʦʤʫ ʙʽʪ 0 

ʙʫʜʝ ʢʦʜʫʚʘʪʠʩʷ ʢʦʣʴʦʨʦʤ ʟ ʥʘʡʤʝʥʰʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, 1 ï ʚʽʜʧʦʚʽʜʥʦ, ʟ 

ʥʘʡʙʽʣʴʰʦʶ. 

3) ɺʠʤʦʛʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʙʫʜʝ ʚʨʘʭʦʚʘʥʘ, ʷʢʱʦ ʚ ʢʽʮʝʚʦʤʫ 

ʨʝʟʫʣʴʪʘʪʽ ʥʝ ʙʫʜʝ ʚʠʜʽʣʝʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ.  

4) ɺʠʤʦʛʘ ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʚʨʘʭʦʚʘʥʘ, ʷʢʱʦ 

ʩʪʚʦʨʠʪʠ ʦʢʨʝʤʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦ ʙʫʜʴ-ʷʢʽʡ ʟʚô̫ ʟʥʽʡ ʦʙʣʘʩʪʽ ɺɯʉ. 

5) ʑʦʙ ʟʘʜʦʚʽʣʴʥʠʪʠ ʚʠʤʦʛʫ ʨʦʙʘʩʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ 
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ʜʦʩʪʘʪʥʶ ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʽ ʩʪʚʦʨʠʪʠ ʦʢʨʝʤʠʡ ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦ ʙʫʜʴ-ʷʢʽʡ ʟʚô̫ ʟʥʽʡ ʦʙʣʘʩʪʽ ɺɯʉ. 

6) ɺʠʤʦʛʘ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪ ̔ ʙʫʜʝ ʚʨʘʭʦʚʘʥʘ, ʷʢʱʦ ʽʥʬʦʨʤʘʮʽʷ 

ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʜʝ ʦʙʛʦʨʥʫʪʘ ʘʣʛʦʨʠʪʤʦʤ ʢʨʠʧʪʦʩʪʽʢʦʛʦ 

ʢʦʜʫʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʤʠ ʨʦʟʛʣʷʜʘʻʤʦ ʽʥʬʦʨʤʘʮʽʶ ʫ ʙʽʪʦʚʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽ, ʽ, ʥʘʢʣʘʜʘʶʯʠ ʜʦʜʘʪʢʦʚʫ ʫʤʦʚʫ, ʱʦ ʚʠʭʽʜʥʝ ʽ ʟʘʢʦʜʦʚʘʥʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ, ʜʘʥʠʡ ʚʠʜ ʢʦʜʫʚʘʥʥʷ ʙʫʜʝ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʟʤʽʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʽʪʽʚ. 

7) ɺʠʤʦʛʘ ʧʦʤʽʪʥʦʩʪʽ ʙʫʜʝ ʚʨʘʭʦʚʘʥʘ, ʷʢʱʦ ʧʦʤʽʩʪʠʪʠ ʩʪʨʫʢʪʫʨʥʽ 

ʝʣʝʤʝʥʪʠ ʚ ʦʢʨʝʤʽ ʢʦʥʪʝʡʥʝʨʠ ʽ ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ, ʱʦ ʜʝʪʝʢʪʫʻ ʾʭ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʭʦʜʷʱʠʡ ʤʘʪʨʠʯʥʠʡ ʢʦʜ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧ. 1, 

ʜʦʩʪʘʪʥʴʦ ʚʩʴʦʛʦ ʪʨʴʦʭ ʦʧʝʨʘʪʦʨʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʩʽ ʨʝʰʪʘ (ʟʘʫʚʘʞʠʤʦ, 

ʱʦ ʨʝʟʫʣʴʪʘʪ ʾʭ ʜʽʾ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʷʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ):  

1) ʦʧʝʨʘʪʦʨ ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ï ʟʘʙʝʟʧʝʯʫʻ ʧ. 5; 

2) ʦʧʝʨʘʪʦʨ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ï ʟʘʙʝʟʧʝʯʫʻ ʧʧ. 4-6; 

3) ʦʧʝʨʘʪʦʨ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ï ʟʘʙʝʟʧʝʯʫʻ ʧʧ. 2, 7. 

ɺʨʘʭʦʚʫʶʯʠ ʚʩʝ ʚʠʱʝʩʢʘʟʘʥʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ, ʱʦ ʟʘʜʦʚʽʣʴʥʷʻ ʚʩʽʤ ʚʚʝʜʝʥʠʤ ʚʠʤʦʛʘʤ ʽ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʢʦʜʫ, ʷʢʠʡ ʢʦʜʫʻ ʧʦʚʽʜʦʤʣʝʥʥʷ (ʜʘʣʽ ï 

ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ) ʰʣʷʭʦʤ [77]: 

1)  ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ (ʚʠʨʘʟ (2.16)): 

 

 
0

f Sf= , (2.16) 

 

ʜʝ 
0

f  ï ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ; 

     f  ï ʟʦʙʨʘʞʝʥʥʷ ʽʟ ʥʘʜʣʠʰʢʦʚʽʩʪʶ; 

     S ï ʦʧʝʨʘʪʦʨ ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ; 

2) ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʜʘʥʠʭ (ʚʠʨʘʟ (2.17)): 
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 g Pf= , (2.17) 

 

ʜʝ g  ï ʧʝʨʝʚʧʦʨʷʜʢʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

     P ï ʦʧʝʨʘʪʦʨ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ; 

3) ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ (ʜʦʜʘʚʘʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ) (ʚʠʨʘʟ (2.18)): 

 

 Bgg= , (2.18) 

 

ʜʝ g ï ʟʦʙʨʘʞʝʥʥʷ ɺɯʉ; 

     B  ï ʦʧʝʨʘʪʦʨ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʜʘʥʠʭ. 

ʆʪʞʝ, ʚ ʦʧʝʨʘʪʦʨʥʽʡ ʬʦʨʤʽ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʠʨʘʟʦʤ (2.19): 

 

 
0

BPSfg= , (2.19) 

 

ʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʟʥʘʯʝʥʥʷ, ʱʦ ʚʚʝʜʝʥʽ ʚʠʱʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʧʦʙʫʜʦʚʘʥʘ 

ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ, ʧʨʦʚʝʜʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʚʪʨʘʪʠ ʯʘʩʪʠʥʠ ʜʘʥʠʭ. 

 

 

2.6.2 ʄʝʪʦʜ ʧʦʙʫʜʦʚʠ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʄʝʪʦʜ ʧʦʙʫʜʦʚʠ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ɺɯʉ, 

ʷʢʘ ʙʫʣʘ ʚʚʝʜʝʥʘ ʚʠʱʝ, ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʜʫʨ ʤʦʜʝʣʽ: 
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ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ, ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʜʘʥʠʭ ʽ ʾʭ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ï ʜʦʜʘʚʘʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ (ʨʠʩ. 2.6) [77]ï[79]. 

 

 

ɺʚʽʜ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: 

0
f  ï ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʇʦʯʘʪʦʢ 

ɺɯʉ g 

ʂʽʥʝʮʴ 

ɺʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʟʘ ʚʠʨʘʟʦʤ (2.11): 

0
f úSf=  

 

ʉʪʦʭʘʩʪʠʯʥʝ ʚʧʨʦʨʷʜʢʫʚʘʥʥʷ ʜʘʥʠʭ ʟʘ ʚʠʨʘʟʦʤ (2.12): 

g fúP=  

 

ʂʦʥʪʝʡʥʝʨʽʟʘʮʽʷ ʜʘʥʠʭ ʟʘ ʚʠʨʘʟʦʤ (2.13): 

Bgúg=  

 

ʈʠʩʫʥʦʢ 2.6 ï ʄʝʪʦʜ ʧʦʙʫʜʦʚʠ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ, ʟʘʣʠʰʘʶʯʠʩʴ ʫ ʨʘʤʢʘʭ ʘʙʩʪʨʘʢʪʥʦʾ 

ʤʦʜʝʣʽ, ʤʠ ʥʝ ʢʦʥʢʨʝʪʠʟʫʻʤʦ ʽʤʧʣʝʤʝʥʪʘʮʽʶ ʢʦʞʥʦʾ ʧʨʦʮʝʜʫʨʠ ï ʜʣʷ 

ʧʨʠʢʣʘʜʫ ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ, ʷʢ ʧʨʦʩʪʠʤ 

ʜʫʙʣʶʚʘʥʥʷʤ ʜʘʥʠʭ, ʪʘʢ ʽ ʚʚʝʜʝʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʜʽʚ, ʱʦ ʚʠʧʨʘʚʣʷʶʪʴ 

ʧʦʤʠʣʢʠ (ʥʘʧʨʠʢʣʘʜ, ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ). ɸʥʘʣʦʛʽʯʥʦ, ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 
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ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʜʘʥʠʭ. 

ʊʠʤ ʥʝ ʤʝʥʰ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʚ ʷʢʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʟʘʙʝʟʧʝʯʫʚʘʚ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ (ʟʦʚʥʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ). ʗʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ, 

ʚʠʙʽʨ ʧʽʜʭʦʜʷʱʦʾ ʧʨʦʮʝʜʫʨʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʝ ʪʽʣʴʢʠ 

ʟʦʚʥʽʰʥʻ, ʘʣʝ ʡ ʚʥʫʪʨʽʰʥʻ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ï ʚʠʟʥʘʯʝʥʥʷ ʬʦʢʫʩʥʦʾ 

ʚʽʜʩʪʘʥʽ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʢʮʽʾ ʨʘʜʽʘʣʴʥʠʭ ʜʠʩʪʦʨʩʽʡ ʪʘ ʽʥʰʝ. 

 

 

2.6.3 ʄʝʪʦʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʄʝʪʦʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ɺɯʉ ï ʚ ʷʢʦʩʪʽ ʩʪʽʡʢʦʛʦ ʤʘʪʨʠʯʥʦʛʦ 

ʢʦʜʫ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʪʠʧʫ QR-ʢʦʜʽʚ ʯʠ ʚ ʷʢʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ [90], [93]ï[94]. 

ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʚ ʷʢʦʩʪʽ ʩʪʽʡʢʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʢʦʜʫ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.7. ɿ ʘʥʘʣʽʟʫ, ʧʨʦʚʝʜʝʥʦʛʦ ʚ 

ʨʦʟʜʽʣʽ 1, ʚʠʪʽʢʘʻ, ʱʦ ʤʝʪʦʜ (ʨʠʩ. 2.7) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʠʭ ʩʘʤʠʭ ʦʩʥʦʚʥʠʭ 

ʙʣʦʢʽʚ, ʱʦ ʽ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʪʠʧʽʚ ʤʘʪʨʠʯʥʠʭ ʢʦʜʽʚ. ʊʘʢ, ʥʘ 

ʨʠʩ. 2.8 ʧʦʢʘʟʘʥʦ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ QR-ʢʦʜʫ 

[219]. 

ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʚ ʷʢʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.9. 

ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʚ ʷʢʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʚ ʦʩʥʦʚʥʦʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ, ʱʦ ʡ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (ʨʠʩ. 2.10 

[220]ï[221]). 
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ɺʚʽʜ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: 

ɔ ï ʟʦʙʨʘʞʝʥʥʷ ɺɯʉ 

ʇʦʯʘʪʦʢ 

ʇʦʚʽʜʦʤʣʝʥʥʷ 

ʂʽʥʝʮʴ 

ɺʠʷʚʣʝʥʥʷ: 

ʤʘʩʢʘ ɺɯʉ 

 

ɿʥʘʭʦʜʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ: 

ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ g=P^f 

 

ɼʝʢʦʜʫʚʘʥʥʷ: 

ʧʦʚʽʜʦʤʣʝʥʥʷ 

 

ʈʠʩʫʥʦʢ 2.7 ï ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʚ ʷʢʦʩʪʽ ʩʪʽʡʢʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʢʦʜʫ 

 

ʈʠʩʫʥʦʢ 2.8 ï ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ QR-ʢʦʜʫ [219] 
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ɺʚʽʜ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: 

g ï ʟʦʙʨʘʞʝʥʥʷ ɺɯʉ 

ʇʦʯʘʪʦʢ 

3d ʦʙôʻʢʪ, ʚʽʜʝʦ ʚ ʧʣʦʱʠʥʽ ʤʘʨʢʝʨʘ 

ʂʽʥʝʮʴ 

ɺʠʷʚʣʝʥʥʷ: 

ʤʘʩʢʘ ɺɯʉ 

 

ɿʥʘʭʦʜʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ: 

ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚg fúP=  

 

ɼʝʢʦʜʫʚʘʥʥʷ: 

ʧʦʚʽʜʦʤʣʝʥʥʷ 

 

ɺʥʫʪʨʽʰʥʻ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ: 

ʧʘʨʘʤʝʪʨʠ ʢʘʤʝʨʠ 

 

ɿʦʚʥʽʰʥʻ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ: 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʤʝʨʠ 

 

ɿʘʚʘʥʪʘʞʝʥʥʷ AR ʦʙôʻʢʪʫ: 

3d ʦʙôʻʢʪ, ʚʽʜʝʦʧʦʪʽʢ 

ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʢʦʦʨʜʠʥʘʪ: 

3d ʦʙôʻʢʪ, ʚʽʜʝʦʧʦʪʽʢ 

 

ʈʠʩʫʥʦʢ 2.9 ï ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʚ ʷʢʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; ʙʣʦʢʠ, ʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʪʘʥʜʘʨʪʥʠʭ 

ʤʝʪʦʜʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ (ʚʥʫʪʨʽʰʥʻ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʢʘʤʝʨʠ, ʜʝʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ) ʚʠʜʽʣʝʥʽ ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 2.10 ï ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʨʦʙʦʪʠ ʟ AR-ʤʘʨʢʝʨʦʤ: ʘ) ʟʛʽʜʥʦ ʨʦʙʦʪʠ 

[220]; ʙ) ʟʛʽʜʥʦ ʨʦʙʦʪʠ [221] 

 

ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʩʥʫʶʯʠʤʠ ʻ ʪʘʢʽ: 

1) ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʜʽʣʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ɺɯʉ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ, ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʦʚʥʽʰʥʴʦʛʦ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʦ ʙʫʜʴ-ʷʢʽʡ ʟʚôʷʟʥʽʡ ʦʙʣʘʩʪʽ ɺɯʉ (ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʠʡ ʦʧʠʩʘʥʦ ʥʠʞʯʝ); 
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2) ɺɯʉ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ, ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʬʽʟʠʯʥʦ 

ʘʜʝʢʚʘʪʥʫ ʚʽʟʫʘʣʽʟʘʮʽʶ; 

3) ɺɯʉ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ, ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʢʦʜʫʚʘʪʠ ʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʧʦʩʠʣʘʥʥʷ ʥʘ 3d ʦʙô̒ ʢʪ ʽ/ʘʙʦ ʚʽʜʝʦ-ʬʘʡʣ, ʷʢʽ 

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

ʊʘʢ ʩʘʤʦ, ʥʝ ʢʦʥʢʨʝʪʠʟʫʶʯʠ ʽʤʧʣʝʤʝʥʪʘʮʽʶ ʧʨʦʮʝʜʫʨ ʚʠʷʚʣʝʥʥʷ ʯʠ 

ʜʝʢʦʜʫʚʘʥʥʷ, ʷʢʽ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʟʘʣʝʞʘʪʴ ʚʽʜ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʦʙʨʘʥʦʛʦ 

ʤʝʪʦʜʫ ʧʦʙʫʜʦʚʠ ɺɯʉ, ʟʘʫʚʘʞʠʤʦ, ʱʦ ʟʘʚʜʷʢʠ ʚʚʝʜʝʥʽʡ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʽ 

ʩʪʦʭʘʩʪʠʯʥʦʤʫ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʶ ʜʘʥʠʭ, ɺɯʉ ʷʢ ʤʘʪʨʠʯʥʠʡ ʢʦʜ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʽʡʢʦʛʦ ʽ ʢʨʠʧʪʦʟʘʭʠʱʝʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʚʪʨʘʪ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

 

1. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʘʣʽʟʘʮʽʾ ʦʧʠʩʫ ɺɯʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʪʝʦʨʽʾ ʤʥʦʞʠʥ ʽ ʚʽʜʦʙʨʘʞʝʥʴ, ʟʘʛʘʣʴʥʦʛʦ ʦʧʠʩʫ ɺɯʉ ʤʝʪʦʜʽʚ ʾʭ ʦʙʨʦʙʢʠ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʤʦʚʽ ʪʝʦʨʽʾ ʢʘʪʝʛʦʨʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ 

ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʽ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʤʦʜʝʣʝʡ, 

ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ɺɯʉ ʪʘ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ɺɯʉ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʨʝʘʣʽʟʫʶʪʴ ʧʨʠʡʦʤʠ, ʩʧʦʩʦʙʠ ʽ 

ʤʝʪʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʙʫʜʦʚʫ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. 

2. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʦʜʝʣʷʭ ʪʘ ʤʝʪʦʜʘʭ ʩʠʩʪʝʤʥʦʛʦ 
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ʬʦʨʤʫʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʩʪʽʡʢʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʚʽʜʦʤʠʭ, ʧʦʙʫʜʦʚʘʥʘ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʜʘʥʠʭ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʝ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʚʪʨʘʪʠ ʯʘʩʪʠʥʠ ʜʘʥʠʭ. 

4. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ɺɯʉ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʘ 

ʩʘʤʝ: 

ï ʧʦʤʽʪʥʽʩʪʴ: ɺɯʉ ʧʦʚʠʥʥʽ ʣʝʛʢʦ ʽ ʰʚʠʜʢʦ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʚʽʜʝʦ-

ʧʦʪʦʮʽ; 

ï ʧʨʦʩʪʦʪʘ: ɺɯʉ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʣʴʦʨʽʚ (ʘʙʦ ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ);  

ï ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ: ɺɯʉ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ 

(ʧʦʚʽʜʦʤʣʝʥʥʷ); ʜʘʥʘ ʚʠʤʦʛʘ ï ʦʩʥʦʚʥʘ, ʷʢʘ ʚʽʜʨʽʟʥʷʻ ɺɯʉ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʪʠʧʽʚ ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʨʦʟʰʠʨʠʪʠ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺɯʉ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʚʜʷʢʠ ʨʦʟʰʠʨʝʥʥʶ ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ ʽ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʴ;  

ï ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ: ɺɯʉ ʧʦʚʠʥʥʽ ʜʦʟʚʦʣʷʪʠ ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ 

ʢʘʤʝʨʠ ʚ ʤʦʤʝʥʪ ʦʪʨʠʤʘʥʥʷ ʢʦʞʥʦʛʦ ʢʘʜʨʫ, ʜʝ ʚʠʷʚʣʝʥʦ ɺɯʉ;  

ï ʨʦʙʘʩʪʥʽʩʪʴ: ɺɯʉ ʧʦʚʠʥʥʽ ʟʘʜʦʚʽʣʴʥʷʪʠ ʚʠʤʦʛʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ 

ʨʦʙʘʩʪʥʦʩʪʽ ʧʨʠ ʚʪʨʘʪʽ ʜʦ 50% ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ɺɯʉ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʟʘʢʨʠʪʪʽ ʟʦʙʨʘʞʝʥʥʷ ɺɯʉ ʟʘʚʘʜʦʶ ʯʠ ʬʽʟʠʯʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʾ 

ʯʘʩʪʠʥʠ ɺɯʉ); 

ï ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ: ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʟʘʢʦʜʦʚʘʥʝ ʫ ɺɯʉ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʩʪʽʡʢʠʤ ʜʦ ʢʨʠʧʪʦʘʪʘʢ;  

ï ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ: ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ɺɯʉ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʽʥʽʤʫʤ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

5. ɺʠʟʥʘʯʝʥʦ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ɺɯʉ ʪʘ ʢʨʠʪʝʨʽʾ ʾʭ ʦʮʽʥʢʠ. 
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʫ ʧʦʚʥʦʤʫ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʧʽʜ ʥʦʤʝʨʘʤʠ [51], [74]ï[79], [81], [83], [90], [93]ï

[94], [99], [103], [209]ï[221]. 
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3 ʄʆɼɽʃʔ ʊɸ ʄɽʊʆɼʀ ɺʀʗɺʃɽʅʅʗ ɯ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ʄʆɿɸɰʏʅʀʍ ʉʊʆʍɸʉʊʀʏʅʀʍ ʄɸʈʂɽʈɯɺ ɼʆʇʆɺʅɽʅʆɰ 

ʈɽɸʃʔʅʆʉʊɯ 

 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʴ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʤʝʪʦʜ 

ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ.  

ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [75]ï[79], [80], [83]ï[84], [85]ï

[90], [92], [93], [95]ï[ 98], [100]ï[102], [104]. 

 

 

3.1 ʄʦʜʝʣʴ ʩʪʽʡʢʦʛʦ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʇʦʢʘʞʝʤʦ ʪʝʧʝʨ, ʷʢ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʦʾ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ 

ʘʙʩʪʨʘʢʪʥʦʾ ʤʦʜʝʣʽ ɺɯʉ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʦʟʠʮʽʾ ʜʝʷʢʠʭ 

ʦʧʝʨʘʪʦʨʽʚ, ʦʪʨʠʤʘʪʠ ʢʦʥʢʨʝʪʥʫ ʤʦʜʝʣʴ ʩʪʽʡʢʦʛʦ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʚʽʟʫʘʣʴʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ [75]ï[79]. 

ɼʣʷ ʦʧʠʩʫ ʤʦʜʝʣʽ ʩʪʽʡʢʦʛʦ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ AR-

ʤʘʨʢʝʨʘ ʚʠʢʦʨʠʩʪʘʻʤʦ QR-ʢʦʜ ʫ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ (ʨʠʩ. 3.1) ʽ 

ʧʨʝʜʩʪʘʚʠʤʦ ʢʦʥʢʨʝʪʥʽ ʨʝʘʣʽʟʘʮʽʾ ʦʧʝʨʘʪʦʨʽʚ (2.1)ï(2.3), ʱʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʦʧʠʩʫ ʤʦʜʝʣʽ ɺɯʉ: 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ɿʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ (QR-ʢʦʜ ʨʦʟʤʽʨʦʤ N 21= , ʚ ʷʢʦʤʫ 

ʟʘʢʦʜʦʚʘʥʦ ʧʦʚʽʜʦʤʣʝʥʥʷ çHello, world!è) 

 

1. ʆʧʝʨʘʪʦʨ ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ úS ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʝʘʣʽʟʫʚʘʪʠ ʫ 

ʚʠʛʣʷʜʽ ʧʨʦʮʝʜʫʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʙʽʥʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ 

ʟʘʜʘʥʝ ʯʠʩʣʦ ʨʘʟʽʚ k  ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, ʱʦ ʤʦʞʥʘ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʫ 

ʚʠʛʣʷʜʽ: 

 

 
( )( ) ( )m,n

0
f i, j f m,n= , (3.1) 

 

ʜʝ, ʷʢ ʽ ʨʘʥʽʰʝ, 
0

f  ï ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ; f  ï ʙʣʦʯʥʦ-ʟʙʽʣʴʰʝʥʝ 

ʟʦʙʨʘʞʝʥʥʷ; ( )m,n  ï ʢʦʦʨʜʠʥʘʪʠ ʧʽʢʩʝʣʽʚ ʫ ʟʦʙʨʘʞʝʥʥʽ-ʧʦʚʽʜʦʤʣʝʥʥʽ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʙʣʦʢʽʚ ʫ ʟʙʽʣʴʰʝʥʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ; ( )i, j 0..k 1= - ï ʢʦʦʨʜʠʥʘʪʠ 

ʧʽʢʩʝʣʽʚ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʙʣʦʢʫ. ʊʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʜʦʧʫʩʪʠʤʦʛʦ ʨʦʟʤʽʨʫ 

ʙʣʦʢʫ k  ʧʨʦʚʦʜʠʪʴʩʷ ʥʠʞʯʝ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʘ ʫʤʦʚʠ ʨʦʙʘʩʪʥʦʩʪʽ. 

2. ʆʧʝʨʘʪʦʨ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʜʘʥʠʭ úP ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʽʢʩʝʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʦʤʦʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ p, ʱʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

 
( ) ( )[]m',n ' m',n '

g f p=  (3.2) 
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ʜʝ g  ï ʙʣʦʯʥʦ-ʧʝʨʤʫʪʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ; ʽʥʜʝʢʩʠ ( )m',n ' , ʥʫʤʝʨʫʶʪʴ ʙʣʦʢʠ 

(ʨʠʩ. 3.2). 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʨʦʟʤʽʨ ʙʣʦʢʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ b  ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ 

ʩʧʽʚʧʘʜʘʻ ʟ k. ʊʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʜʦʧʫʩʪʠʤʦʛʦ ʨʦʟʤʽʨʫ ʙʣʦʢʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

b  ʧʨʦʚʦʜʠʪʴʩʷ ʥʠʞʯʝ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʘ ʫʤʦʚʠ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ. 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʇʝʨʤʫʪʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ 

 

3. ʆʧʝʨʘʪʦʨ ʜʦʜʘʚʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ úB  ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʧʨʦʮʝʜʫʨʠ ʢʦʜʫʚʘʥʥʷ ʢʦʣʴʦʨʦʤ ʢʣʽʪʠʥʦʢ ʤʘʨʢʝʨʘ, ʷʢʽ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʨʘʤʢʦʶ ʟ ʧʨʦʤʽʞʥʠʤ ʢʦʣʴʦʨʦʤ. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʟʦʙʨʘʞʝʥʥʷ g  ʻ 

ʙʽʥʘʨʥʠʤ, ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʡʦʛʦ ʧʽʢʩʝʣʴ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 0 ʽ 1, ʷʢʽ ʢʦʜʫʪʁʴʩʷ 

ʢʦʣʴʦʨʘʤʠ ʢʣʽʪʠʥʦʢ ʤʘʨʢʝʨʘ 
0

c  ʽ 
1

c  ʚʽʜʧʦʚʽʜʥʦ; ʢʣʽʪʠʥʢʠ ʨʦʟʜʽʣʷʶʪʴʩʷ 

ʨʘʤʢʦʶ ʟ ʧʨʦʤʽʞʥʠʤ ʢʦʣʴʦʨʦʤ 
2

c , ʱʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 
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 ( )( )
( ) ( )( ) ( )

( ) ( )
m ,n 1 0 1 0 1

2 1 0 1

c g m ,n'' c 1 g m ,n'' , a i, j a a
i, j

c , i, j a , i, j a a

¡¡ ¡¡
ë û+ - < < -î î

g =ì ü
¢ ² -î î

¡¡ ¡¡

í ý
 (3.3) 

 

ʜʝ ( )m'',n ''  ï ʢʦʦʨʜʠʥʘʪʠ ʧʽʢʩʝʣʽʚ ʫ ʧʝʨʤʫʪʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ g  ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʙʣʦʢʽʚ ʫ ʟʦʙʨʘʞʝʥʥʽ ʤʘʨʢʝʨʘ g; ( ) 0
i, j 0..a 1= - ï ʢʦʦʨʜʠʥʘʪʠ 

ʧʽʢʩʝʣʽʚ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʙʣʦʢʫ; 
0

a  ï ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ; 
1

a  ï ʨʦʟʤʽʨ ʨʘʤʢʠ 

(ʨʠʩ. 3.3). ʊʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʟʥʘʯʝʥʴ ʢʦʣʴʦʨʽʚ c  ʧʨʦʚʦʜʠʪʴʩʷ ʥʠʞʯʝ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʘ ʫʤʦʚʠ ʧʨʦʩʪʦʪʠ. 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ɿʦʙʨʘʞʝʥʥʷ AR-ʤʘʨʢʝʨʘ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʤʝʪʦʜ ʾʭ ʬʦʨʤʫʚʘʥʥʷ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʜʫʨʘʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʝʪʦʜʦʤ 
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ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʽʢʩʝʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʾ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʪʘ ʾʭ ʢʦʜʫʚʘʥʥʷ ʢʦʣʴʦʨʦʤ ʢʣʽʪʠʥʦʢ 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʨʢʝʨʘ, ʷʢʽ ʨʦʟʜʽʣʷʶʪʴʩʷ ʨʘʤʢʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʽʡʢʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʪʘ ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

 

 

3.2 ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ 

 

 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ, ʤʦʜʝʣʴ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʫ ʧ. 3.1 (ʜʠʚ. ʨʠʩ. 3.3), ʚ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.4 [78].  

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 
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3.2.1 ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

 

 

ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʝʨʝʭʽʜ ʚʽʜ 

ʢʦʣʴʦʨʦʚʦʛʦ ʜʦ ʟʦʙʨʘʞʝʥʥʷ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ. 

ʌʦʨʤʘʣʴʥʦ ʮʝ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 

 ( )
1

g 0,2989 R 0,5870 G 0,1140 B
255

     = Ö + Ö + Ö, (3.4) 

 

ʜʝ R , G , Bï ʚʽʜʧʦʚʽʜʥʽ ʢʦʣʴʦʨʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫ RGB-

ʧʨʝʜʩʪʘʚʣʝʥʥʽ; gï ʟʦʙʨʘʞʝʥʥʷ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ; ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʘʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʚʽʜ RGB ʜʦ NTSC-ʧʨʝʜʩʪʘʚʣʝʥʥʷ; ʢʦʝʬʽʮʽʻʥʪ 
1

255
 ʚʚʦʜʠʪʴʩʷ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ï 

ʜʣʷ ʥʦʨʤʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʷʩʢʨʘʚʦʩʪʽ ʚʽʜ 0..255 ʜʦ 0..1. 

 

 

3.2.2 ɿʥʘʭʦʜʞʝʥʥʷ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ 

 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ AR-ʤʘʨʢʝʨ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ 3 ʟʥʘʯʝʥʥʷ ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ 

{0, 1/2, 1}, ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʡʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

fʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʝʨʘʮʽʶ ʟʥʘʭʦʜʞʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʧʦ ʢʚʘʜʨʘʪʥʽʡ ʦʙʣʘʩʪʽ. ʅʘ ʛʨʘʥʠʮʽ ʤʽʞ ʢʣʽʪʠʥʢʘʤʠ AR-ʤʘʨʢʝʨʘ 

ʣʦʢʘʣʴʥʝ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ ʤʘʣʠʤ ʜʣʷ ʛʣʘʜʢʠʭ 

ʦʙʣʘʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʚʩʽ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʟʘʜʘʶʪʴʩʷ 

ʮʽʣʠʤʠ ʯʠʩʣʘʤʠ, ʪʦ ʨʦʟʤʽʨ ʦʙʣʘʩʪʽ ʟʨʫʯʥʦ (ʜʣʷ ʩʠʤʝʪʨʽʾ) ʚʠʙʠʨʘʪʠ ʥʝʧʘʨʥʠʤ 

ʯʠʩʣʦʤ. 
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ɼʣʷ ʢʚʘʜʨʘʪʥʦʾ ʦʙʣʘʩʪʽ ʨʦʟʤʽʨʦʤ ( ) ( )2a 1 2a 1+ +³ ʟ ʮʝʥʪʨʦʤ ʫ ʪʦʯʮʽ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (x,y) ʤʘʻʤʦ, ʱʦ 

 

 ( )
( )

( ) ( )( )
a

a a
2

2
m n a

1
x,y f x m,y n x,y

2a 1
 

=- =-

s = + + -m
+
ää , (3.5) 

 

ʜʝ ( )x,ym  ï ʣʦʢʘʣʴʥʝ ʩʝʨʝʜʥʻ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ 

 

 ( )
( )

( )
a

a

2
m n a

a1
x,y f x m,y n

2a 1
 

=- =-

m = + +
+
ää  (3.6) 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʥʝʦʭʽʜʥʦ ʙʽʥʘʨʠʟʫʚʘʪʠ ʮʝ ʟʦʙʨʘʞʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʛʽʩʪʦʛʨʘʤʘ ʟʦʙʨʘʞʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʻ 

ʫʥʽʤʦʜʘʣʴʥʦʶ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 3.5), ʪʦ ʩʪʘʥʜʘʨʪʥʘ ʙʽʥʘʨʠʟʘʮʽʷ ʧʦ 

ʆʪʩʫ, ʱʦ ʜʦʙʨʝ ʧʨʘʮʶʻ ʜʣʷ ʙʽʤʦʜʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 

ʜʘʚʘʪʠ ʟʘʚʠʱʝʥʠʡ ʧʦʨʽʛ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʚʪʨʘʪʠ ʯʘʩʪʠʥʠ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

[229]. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʙʽʥʘʨʠʟʘʮʽʶ ʧʨʦʚʦʜʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʝʛʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ K-ʩʝʨʝʜʥʽʭ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʩʧʦʩʦʙʦʤ ʻ ʩʝʛʤʝʥʪʘʮʽʷ ʥʘ 

K 2= ʢʣʘʩʠ (ʬʦʥ, ʦʙôʻʢʪ), ʘʣʝ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʜʘʩʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʙʣʠʟʴʢʽ 

ʜʦ ʙʽʥʘʨʠʟʘʮʽʾ ʧʦ ʆʪʩʫ. ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ K 3=  ʢʣʘʩʠ ï 

ʬʦʥ, ʧʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ, ʦʙôʻʢʪ.  

ʊʦʜʽ ʙʽʥʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʷʢ ʦʙôʻʜʥʘʥʥʷ ʤʘʩʦʢ ʢʣʘʩʽʚ, ʱʦ 

ʥʝ ʥʘʣʝʞʘʪʴ ʬʦʥʫ. ʌʦʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʣʘʩ ʷʢʠʡ ʤʘʻ ʥʘʡʤʝʥʰʝ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʬʦʥ ʟʘʡʤʘʻ ʥʘʡʙʽʣʴʰʫ ʧʣʦʱʫ, ʪʦ ʚʽʥ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʡʢʨʘʱʝ.  
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ʈ

ʠʩʫʥʦʢ 3.5 ï ɻʽʩʪʦʛʨʘʤʘ ʟʦʙʨʘʞʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

 

ɿʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʢʣʘʩʽʚ K 3>  ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʶʻ ʨʝʟʫʣʴʪʘʪʠ ʽ ʻ 

ʥʝʜʦʮʽʣʴʥʠʤ. 

ʆʪʨʠʤʘʥʝ ʙʽʥʘʨʠʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙʨʦʙʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʝʨʘʮʽʡ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʨʬʦʣʦʛʽʾ. ɼʣʷ ʟʘʧʦʚʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʦʙʣʘʩʪʝʡ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʝʨʘʮʽʶ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʟʘʤʠʢʘʥʥʷ ʟ 

ʢʚʘʜʨʘʪʥʠʤ ʚʽʢʥʦʤ, ʧʨʠ ʮʴʦʤʫ ʨʦʟʤʽʨ ʚʽʢʥʘ ʟʘʜʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ 

ʧʦʨʦʞʥʠʥ, ʷʢʽ ʙʫʜʫʪʴ ʟʘʧʦʚʥʝʥʽ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʢʥʦ ʨʦʟʤʽʨʦʤ 63 63³ .  

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʡʙʽʣʴʰʘ ʧʦ ʧʣʦʱʽ 4-ʟʚ'ʷʟʥʘ ʦʙʣʘʩʪʴ. 

ʅʘʜʘʣʽ ʻ ʩʝʥʩ ʚʽʜʢʠʥʫʪʠ ʥʝʽʥʬʦʨʤʘʪʠʚʥʽ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʽ ʚ ʷʢʦʩʪʽ ʦʙʣʘʩʪʽ 

AR-ʤʘʨʢʝʨʘ ʙʨʘʪʠ ʧʨʷʤʦʢʫʪʥʠʡ ʬʨʘʛʤʝʥʪ, ʚ ʷʢʠʡ ʚʧʠʩʘʥʘ ʡʦʛʦ ʤʘʩʢʘ. ɺʩʽ 

ʧʦʜʘʣʴʰʽ ʦʧʝʨʘʮʽʾ ʙʫʜʫʪʴ ʧʨʦʚʦʜʠʪʠʩʷ ʪʽʣʴʢʠ ʜʣʷ ʯʘʩʪʠʥʠ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʮʽʻʶ ʤʘʩʢʦʶ. 
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3.2.3 ɿʥʘʭʦʜʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ  

 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ï ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ-ʢʣʽʪʠʥʦʢ, 

ʢʦʣʽʨ ʷʢʠʭ ʢʦʜʫʻ ʽʥʬʦʨʤʘʮʽʡʥʽ ʙʽʪʠ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʛʤʝʥʪʘʮʽʶ ʟʦʙʨʘʞʝʥʥʷ AR-ʤʘʨʢʝʨʘ ʥʘ 

K 3=  ʢʣʘʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ K-ʩʝʨʝʜʥʽʭ (k-means), ʷʢʠʡ ʜʘʻ 

ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ [80], [82], [84]ï[90], [93], [95]ï[98], [100]ï[102], [104].  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʘʣʛʦʨʠʪʤ K-ʩʝʨʝʜʥʽʭ ʧʨʠʟʥʘʯʘʻ ʽʥʜʝʢʩʠ ʢʣʘʩʽʚ 

ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʘʨʪʠʥʢʠ, ʱʦ ʚʠʛʣʷʜʘʻ ʙʽʣʴʰ ʧʦʜʽʙʥʦ ʜʦ 

ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʽʥʜʝʢʩʠ ʩʣʽʜ ʚʧʦʨʷʜʢʫʚʘʪʠ ʧʦ ʟʨʦʩʪʘʥʥʶ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʢʦʞʥʦʛʦ ʢʣʘʩʫ.  

ʄʘʯʁʠ ʧʨʘʚʠʣʴʥʦ ʚʧʦʨʷʜʢʦʚʘʥʽ ʽʥʜʝʢʩʠ ʢʣʘʩʽʚ, ʤʦʞʝʤʦ ʚʠʜʽʣʠʪʠ ʤʘʩʢʠ 

ʢʣʽʪʠʥʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʞʥʦʤʫ ʙʽʪʫ. ɹʽʪ 0 ʢʦʜʫʻʪʴʩʷ ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ, 

ʡʦʤʫ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʢʣʘʩ ʟ ʥʘʡʤʝʥʰʠʤ ʽʥʜʝʢʩʦʤ, ʱʦ ʨʽʚʥʠʡ 1. ɹʽʪ 1 

ʢʦʜʫʻʪʴʩʷ ʙʽʣʠʤ ʢʦʣʴʦʨʦʤ, ʡʦʤʫ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʢʣʘʩ ʟ ʥʘʡʙʽʣʴʰʠʤ 

ʽʥʜʝʢʩʦʤ, ʱʦ ʨʽʚʥʠʡ 3. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʬʽʣʴʪʨʘʮʽʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʱʦ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʨʦʟʤʠʢʘʥʥʷ ʧʦ 

ʢʚʘʜʨʘʪʥʦʤʫ ʚʽʢʥʫ. ʇʝʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʚʠʙʽʨ ʨʦʟʤʽʨʫ ʚʽʢʥʘ, ʪʘʢʦʛʦ, ʱʦʙ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠʩʴ ʘʨʪʝʬʘʢʪʠ ʽ ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʠʜʘʣʷʣʠʩʴ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʝʣʝʤʝʥʪʠ. 

ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʚʽʢʥʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ. 

ʇʦʨʘʭʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ()N a  ʚʩʽʭ 4-ʟʚôʷʟʥʠʭ ʦʙʣʘʩʪʝʡ ʥʘ ʙʽʥʘʨʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, 

ʱʦ ʟʘʣʠʰʠʣʠʩʷ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʨʦʟʤʠʢʘʥʥʷ, ʷʢ ʬʫʥʢʮʽʶ 

ʨʦʟʤʽʨʫ ʚʽʢʥʘ ʬʽʣʴʪʨʘʮʽʾ a (ʨʠʩ. 3.6). 

ʌʫʥʢʮʽʷ ()N a  ʩʧʦʯʘʪʢʫ ʩʧʘʜʘʻ, ʦʩʢʽʣʴʢʠ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʫ ʚʽʢʥʘ 

ʚʽʜʬʽʣʴʪʨʦʚʫʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʦʙʣʘʩʪʝʡ, ʜʘʣʽ ʜʣʷ ʧʝʚʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʦʟʤʽʨʽʚ 
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ʚʠʭʦʜʠʤʦ ʥʘ ʧʣʘʪʦ ï ʢʽʣʴʢʽʩʪʴ ʦʙʣʘʩʪʝʡ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ, ʦʩʢʽʣʴʢʠ 

ʨʦʟʤʽʨ ʚʽʢʥʘ ʻ ʤʝʥʰʠʤ ʟʘ ʪʠʧʦʚʠʡ ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ ʨʦʟʤʽʨʫ ʚʽʢʥʘ ʬʫʥʢʮʽʷ ()N a  ʟʥʦʚʫ ʙʫʜʝ ʩʧʘʜʘʪʠ, ʪʦʤʫ ʱʦ ʧʦʯʥʫʪʴ 

ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʪʠʩʷ ʢʣʽʪʠʥʢʠ.  

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʌʫʥʢʮʽʷ ()N a , ʧʦʨʘʭʦʚʘʥʘ ʜʣʷ ʢʦʞʥʦʾ ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʚʽʢʥʘ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʦʯʢʫ, 

ʧʨʠ ʷʢʽʡ ʬʫʥʢʮʽʷ ()N a  ʚʠʭʦʜʠʪʴ ʥʘ ʧʣʘʪʦ. ʎʝ ʙʫʜʝ ʦʟʥʘʯʘʪʠ, ʱʦ ʰʫʤ ʚʞʝ 

ʚʽʜʬʽʣʴʪʨʫʚʘʚʩʷ, ʘ ʢʣʽʪʠʥʢʠ ʱʝ ʥʽ. ʆʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ ()N a  ʻ ʥʝʟʨʦʩʪʘʶʯʦʶ 

(ʟʘ ʧʦʙʫʜʦʚʦʶ!), ʪʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʮʽʻʾ ʪʦʯʢʠ ʜʦʩʪʘʪʥʴʦ ʟʥʘʭʦʜʠʪʠ ʧʝʨʰʠʡ 

ʤʘʢʩʠʤʫʤ ʧʦʭʽʜʥʦʾ 
dN

da
 (ʨʠʩ. 3.7). 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 3.7 ï ɻʨʘʬʽʢʠ ʧʦʭʽʜʥʦʾ 
dN

da
 ʜʣʷ ʢʦʞʥʦʶ ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ, 

ʢʨʫʞʝʯʢʦʤ ʧʦʟʥʘʯʝʥʘ ʪʦʯʢʘ ʧʝʨʰʦʛʦ ʤʘʢʩʠʤʫʤʫ: ʘ) ʜʣʷ 0; ʙ) ʜʣʷ 1 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʟʦʙʨʘʞʝʥʥʷ ʦʧʠʩʘʥʘ 

ʧʦʚʝʜʽʥʢʘ ʬʫʥʢʮʽʾ ()N a  ʨʦʙʠʪʴʩʷ ʤʝʥʰ ʚʠʟʥʘʯʝʥʦʶ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʠʥʘ 

ʢʣʽʪʠʥʦʢ ʥʘ ʜʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ ʥʽʞ ʰʫʤ ʥʘ 

ʙʣʠʞʥʽʡ ʯʘʩʪʠʥʽ, ʦʜʥʘʢ, ʷʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʚʽʢʥʘ ʬʽʣʴʪʨʘʮʽʾ ʜʘʻ 

ʥʝʧʦʛʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ï ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ  ʜʘʣʽ ʜʣʷ  ʧʨʦʧʦʥʦʚʘʥʠʭ  ʘʣʛʦʨʠʪʤʽʚ ʻ 

ʤʝʥʰ ʢʨʠʪʠʯʥʠʤ ʚʪʨʘʪʘ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʣʽʪʠʥʦʢ, ʥʽʞ 

ʥʘʷʚʥʽʩʪʴ ʰʫʤʦʚʠʭ ʦʙʣʘʩʪʝʡ. 

ʄʦʨʬʦʣʦʛʽʯʥʘ ʬʽʣʴʪʨʘʮʽʷ ʝʬʝʢʪʠʚʥʦ ʫʩʫʚʘʻ ʪʽʣʴʢʠ ʪʽ ʦʙʣʘʩʪʽ, ʱʦ ʻ 

ʤʝʥʰʠʤʠ ʟʘ ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ, ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʦʙʣʘʩʪʝʡ, ʱʦ ʻ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ 

ʟʘ ʮʝʡ ʨʦʟʤʽʨ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʰʠʡ ʤʝʪʦʜ.  

ʗʢʱʦ ʜʨʽʙʥʽ ʘʨʪʝʬʘʢʪʠ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʜʝʬʝʢʪʠ ʙʽʥʘʨʠʟʘʮʽʾ, ʪʦ 

ʧʨʠʨʦʜʘ ʮʴʦʛʦ ʰʫʤʫ ʽʥʰʘ ï ʮʝ ʘʙʦ ʟʘʚʘʜʠ, ʱʦ ʟʘʢʨʠʚʘʶʪʴ ʯʘʩʪʠʥʫ ʦʙʣʘʩʪʽ 

ʢʦʥʪʝʡʥʝʨʘ, ʥʘʧʨʠʢʣʘʜ, ʨʫʢʘ ʘʙʦ ʽʥʰʠʡ ʧʨʝʜʤʝʪ, ʘʙʦ ʯʘʩʪʠʥʘ ʢʣʽʪʠʥʦʢ, ʱʦ 

çʩʢʣʝʾʣʠʩʷè ʨʘʟʦʤ ʚʥʘʩʣʽʜʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʩʚʽʪʣʝʥʥʷ.  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʪʘʢʦʛʦ ʰʫʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʫ 

ʬʽʣʴʪʨʘʮʽʶ ʧʦ ʨʦʟʤʽʨʫ ʟʚ'ʷʟʥʠʭ ʦʙʣʘʩʪʝʡ ï ʚʽʜʬʽʣʴʪʨʦʚʫʶʪʴʩʷ ʚʩʽ ʦʙʣʘʩʪʽ, 

ʧʣʦʱʘ ʷʢʠʭ ʙʽʣʴʰʘ ʟʘ 3 ʩʪʘʥʜʘʨʪʥʠʭ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. ɼʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʘʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʪʝʨʘʪʠʚʥʦ. ʋ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ï 3. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʙʽʥʘʨʠʟʘʮʽʾ 

ʣʦʢʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʜʝʪʝʢʪʫʻ ʦʙʣʘʩʪʴ ʤʘʨʢʝʨʘ ʥʘ ʚʠʭʽʜʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʘ 

ʟʥʘʭʦʜʠʪʴ ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ʰʣʷʭʦʤ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʤʘʩʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ 

ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʢʦʨʝʢʪʥʦ ʜʝʢʦʜʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 
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3.3 ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

 

 

ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʠʚ'ʷʟʘʪʠ 

ʢʦʞʥʫ ʢʣʽʪʠʥʢʫ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ ʜʦ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʽʪʢʠ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʩʽʪʢʘ ʪʘʢʦʞ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʘ ʚʽʜʧʦʚʽʜʥʠʤ 

ʯʠʥʦʤ. 

ɺ ʧʨʠʥʮʠʧʽ ʽʩʥʫʻ ʜʚʘ ʩʧʦʩʦʙʠ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ [76]:  

ï ʧʨʷʤʠʡ ʧʦʰʫʢ ʩʠʩʪʝʤʠ ʣʽʥʽʡ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʢʦʞʥʫ ʢʣʽʪʠʥʢʫ; 

ï ʧʦʰʫʢ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʨʷʤʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ ʢʣʽʪʠʥʦʢ, ʟʘʜʘʯʘ ʧʨʠʚ'ʷʟʢʠ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʣʽʥʽʡ, ʷʢʽ ʧʘʨʘʣʝʣʴʥʽ ʜʦ 

ʩʪʦʨʽʥ ʟʦʙʨʘʞʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʞʝʥ ʽʟ ʮʠʭ ʩʧʦʩʦʙʽʚ ʦʢʨʝʤʦ. 

 

 

3.3.1 ʇʨʷʤʠʡ ʧʦʰʫʢ ʩʠʩʪʝʤʠ ʣʽʥʽʡ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʢʦʞʥʫ ʢʣʽʪʠʥʢʫ 

 

 

ɼʣʷ ʧʨʷʤʦʛʦ ʧʦʰʫʢʫ ʩʠʩʪʝʤʠ ʣʽʥʽʡ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʢʦʞʥʫ ʢʣʽʪʠʥʢʫ 

ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ ʩʧʦʩʦʙʦʤ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʬʘ. ɸʣʝ, ʷʢ ʩʚʽʜʯʘʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʩʪʘʚʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʬʘ ʥʝ ʚʠʨʽʰʫʻ 

ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ (ʨʠʩ. 3.8) [92], [100]ï[102].  

ʇʨʦʙʣʝʤʘ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʨʝʛʫʣʷʨʥʦʾ ʩʠʩʪʝʤʠ ʪʦʯʦʢ, ʘ ʪʦʯʥʽʰʝ ʟʚôʷʟʥʠʭ 

ʥʝʪʦʯʢʦʚʠʭ ʦʙʣʘʩʪʝʡ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʬʘ ʟʥʘʭʦʜʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

"ʰʫʤʦʚʠʭ" ʧʽʢʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ, ʜʣʷ ʧʨʠʢʣʘʜʫ, ʜʽʘʛʦʥʘʣʴʥʠʤ ʣʽʥʽʷʤ.  
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ɯʥʰʘ ʧʨʦʙʣʝʤʘ ï ʚʠʙʽʨ ʧʨʘʚʠʣʴʥʦʛʦ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦ ʨʘʜʽʫʩʫ ʽ ʧʦ 

ʢʫʪʫ, ʱʦ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʥʝʪʨʠʚʽʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʽ ʚʠʤʘʛʘʻ ʧʝʚʥʦʾ 

ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ï ʥʘʧʨʠʢʣʘʜ, ʨʦʟʤʽʨʫ ʢʣʽʪʠʥʢʠ, ï ʱʦ ʟʤʝʥʰʫʻ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʬʘ ʜʣʷ ʧʨʷʤʦʛʦ ʧʦʰʫʢʫ 

ʩʠʩʪʝʤʠ ʣʽʥʽʡ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʢʦʞʥʫ ʢʣʽʪʠʥʢʫ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. 

 

      

                            ʘ)                                                               ʙ) 

ʈʠʩʫʥʦʢ 3.8 ï ʇʝʨʝʪʚʦʨʝʥʥʷ ʍʘʬʘ: ʘ) ʤʘʪʨʠʮʷ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʢʨʦʢ ʧʦ ʨʘʜʽʫʩʫ 

ï 3 ʧʽʢʩʝʣʘ, ʧʦ ʢʫʪʫ ï 0,1̄ ; ʙ) ʨʝʟʫʣʴʪʘʪ ʟʥʘʭʦʜʞʝʥʥʷ ʣʽʥʽʡ  

 

 

3.3.2 ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

 

 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʫ ʤʝʪʦʜʽʚ ʚʽʜʩʪʝʞʝʥʥʷ ʪʦʯʢʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ 

ʤʦʜʝʣʴ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʝʮʽʶʚʘʥʥʷ ʽ ʦʧʠʩʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
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ʮʴʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʨʠʩ. 3.9). ʊʦʯʢʠ ʜʝʢʽʣʴʢʦʭ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʧʨʦʝʢʮʽʾ, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʩʦʙʣʠʚʠʭ ʚʽʜʥʦʰʝʥʥʷʭ 

ʦʜʥʘ ʟ ʦʜʥʦʶ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʝʧʽʧʦʣʷʨʥʦʶ ʛʝʦʤʝʪʨʽʻʶ. ʄʦʜʝʣʽ ʮʠʭ 

ʚʽʜʥʦʰʝʥʴ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ, ʪʦʤʫ ʱʦ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʤʝʪʦʜʠ 

ʪʨʠʚʠʤʽʨʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʠʤʘʛʘʶʪʴ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʜʝʣʝʡ ʽ 

ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ [42]. 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʇʝʨʩʧʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʣʦʱʠʥʠ ï ʧʨʦʝʢʪʠʚʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ (ʛʦʤʦʛʨʘʬʽʷ) 

 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʚʠʧʘʜʦʢ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʣʦʱʠʥʠ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʝʢʪʠʚʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʣʦʱʠʥʫ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ Z 0= , ʦʜʥʦʨʽʜʥʽ 

ʪʨʠʚʠʤʽʨʥʽ ʢʦʦʨʜʠʥʘʪʠ ʙʫʜʴ-ʷʢʦʾ ʾʾ ʪʦʯʢʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʜʽ 

( )M X,Y,0,1= . ɼʣʷ ʙʫʜʴ-ʷʢʦʾ ʢʘʤʝʨʠ ʟ ʤʘʪʨʠʮʝʶ ʧʨʦʝʮʽʶʚʘʥʥʷ ʢʘʤʝʨʠ P, 

ʧʝʨʩʧʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʣʦʱʠʥʠ ʦʧʠʩʫʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʨʦʟʤʽʨʥʦʩʪʽ 3 3³ : 

 

 

11 12 13 14 11 12 14

21 22 23 24 21 22 24

31 32 33 31 31 32 34

X
x p p p p p p p X

Y
y p p p p p p p Y

0
1 p p p p p p p 1

1

å õ
å õ å õ å õå õæ ö
æ ö æ ö æ öæ öæ ö= =
æ ö æ ö æ öæ öæ öæ ö æ ö æ öæ ö

æ öç ÷ ç ÷ ç ÷ç ÷
ç ÷

. (3.7) 
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ʆʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʫ ʧʣʦʱʠʥʫ ʚ 3-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʦʞʥʘ ʧʝʨʝʚʝʩʪʠ ʚ 

ʧʣʦʱʠʥʫ Z 0=  ʝʚʢʣʽʜʦʚʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʦʚʦʨʦʪʫ ʽ ʧʝʨʝʥʝʩʝʥʥʷ, ʱʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦ ʜʦʤʥʦʞʝʥʥʶ ʤʘʪʨʠʮʽ ʧʨʦʝʮʽʶʚʘʥʥʷ ʢʘʤʝʨʠ P ʥʘ ʜʝʷʢʫ 

ʤʘʪʨʠʮʶ ʧʝʨʝʪʚʦʨʝʥʥʷ E, ʪʦ ʧʝʨʩʧʝʢʪʠʚʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʦʚʽʣʴʥʦʾ ʧʣʦʱʠʥʠ 

ʚ ʧʨʦʩʪʦʨʽ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʟ ʤʘʪʨʠʮʝʶ ʨʦʟʤʽʨʥʦʩʪʽ 3 3³ . 

ʇʨʦʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʛʦʤʦʛʨʘʬʽʝʡ. ʋ 

ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʧʨʦʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʛʦʤʦʛʨʘʬʽʷ) ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ: 

 

 

x X

y H Y

1 1

å õ å õ
æ ö æ ö
=

æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

, (3.8) 

 

ʜʝ ʚʚʝʜʝʥʦ ʤʘʪʨʠʮʶ 

 

 

00 01 02 11 12 14

10 11 12 21 22 24

20 21 22 31 32 34

h h h p p p

H h h h p p p

h h h p p p

å õ å õ
æ ö æ ö
= =
æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

. (3.9) 

 

ʗʢʱʦ ʚʩʷ ʩʮʝʥʘ ʘʙʦ ʾʾ ʯʘʩʪʠʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʣʦʱʠʥʫ, ʪʦ ʾʾ ʟʦʙʨʘʞʝʥʥʷ, 

ʱʦ ʩʪʚʦʨʝʥʽ ʢʘʤʝʨʘʤʠ ʟ ʥʝʟʙʽʞʥʠʤʠ ʮʝʥʪʨʘʤʠ, ʤʦʞʥʘ ʧʝʨʝʚʝʩʪʠ ʦʜʥʝ ʚ ʦʜʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʛʦʤʦʛʨʘʬʽʽ: 

 

 

i 00 01 02 i

i 10 11 12 i

20 21 22

x ' h h h x

y' h h h y

1 h h h 1

å õ å õå õ
æ ö æ öæ ö

=
æ ö æ öæ ö
æ ö æ öæ ö
ç ÷ ç ÷ç ÷

 (3.10) 

 

ʜʝ ( )i i
x ,y  ʽ ( )i i

x ,y'¡  ï ʥʘʙʦʨʠ ʪʦʯʦʢ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ; ʽʥʜʝʢʩ i 1..n=  ʥʫʤʝʨʫʻ 

ʚʽʜʧʦʚʽʜʥʽ ʪʦʯʢʠ; n  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ. 
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ʇʝʨʝʭʦʜʷʯʠ ʚʽʜ ʦʜʥʦʨʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ ʜʦ ʟʚʠʯʘʡʥʠʭ, ʦʪʨʠʤʫʻʤʦ 

ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 

 

 00 i 01 i 02

i

20 i 21 i 22

h x h y h
x '

h x h y h

+ +
=

+ +
, (3.11) 

 

 10 i 11 i 12

i

20 i 21 i 22

h x h y h
y'

h x h y h

+ +
=

+ +
, (3.12) 

 

ʘʙʦ 

 

 ( )i 20 i 21 i 22 00 i 01 i 02
x' h x h y h h x h y h+ + = + +, (3.13) 

 

 ( )i 20 i 21 i 22 10 i 11 i 12
y' h x h y h h x h y h+ + = + +, (3.14) 

 

ʱʦ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʚʝʢʪʦʨʘ ʥʝʚʽʜʦʤʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ h : 
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. (3.15) 

 



172 

ʑʦʙ ʟʥʘʡʪʠ ʤʘʪʨʠʮ ʁʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ 

ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 
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 (3.16) 

ʘʙʦ 

 

 A =h 0, (3.17) 

 

ʜʝ ʚʚʝʜʝʥʦ ʤʘʪʨʠʮʶ 

 

 

1 1 1 1 1 1 1

1 1 1
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1
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1
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, (3.18) 

 

ʚʝʢʪʦʨ ʟʤʽʥʥʠʭ 
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h  (3.19) 

 

ʪʘ 0-ʚʝʢʪʦʨ 

 

 

0

0

0

0

å õ
æ ö
æ ö
æ ö=
æ ö
æ ö
æ ö
ç ÷

0  (3.20) 

 

ʉʠʩʪʝʤʘ (3.17) ʻ ʧʝʨʝʚʠʟʥʘʯʝʥʦʶ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʩʢʽʣʴʢʠ ʨʦʟʤʽʨ 

ʤʘʪʨʠʮʽ A  ʻ 2n 9³, ʚʝʢʪʦʨʘ h : 9 1³ , ʘ ʚʝʢʪʦʨʘ 0: 2n 1³. ʊʦʤʫ ʨʦʟʚôʷʟʦʢ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ: 

 

 
2

min A -h 0 . (3.21) 

 

ʆʩʢʽʣʴʢʠ h  ʚʠʟʥʘʯʝʥʦ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʤʘʩʰʪʘʙʫ, ʪʦ ʨʦʟʚôʷʟʦʢ ʰʫʢʘʻʤʦ 

ʜʣʷ ʦʜʠʥʠʯʥʦʛʦ ʧʦ ʤʦʜʫʣʶ ʚʝʢʪʦʨʘ h, ʧʨʠ ʮʴʦʤʫ ʨʦʟʚôʷʟʦʢ h  ʻ ʚʣʘʩʥʠʤ 

ʚʝʢʪʦʨʦʤ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ TA A  ʜʣʷ ʥʘʡʤʝʥʰʦʛʦ ʚʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʜʦʙʫʪʢʫ (ʧʩʝʚʜʦʦʙʝʨʥʝʥʥʷ ʄʫʨʘ-ʇʝʥʨʦʫʟʘ, [82], [222]ï [227]). 

ʆʪʞʝ, ʧʨʦʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʜʘʻʪʴʩʷ 8 ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʜʣʷ ʾʭ 
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ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʟʥʘʡʪʠ 4 ʦʧʦʨʥʽ ʪʦʯʢʠ, ʷʢʽ ʻ ʚʝʨʰʠʥʘʤʠ ʧʨʷʤʦʢʫʪʥʠʢʘ 

ʫ ʥʝʩʧʦʪʚʦʨʝʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ (ʨʠʩ. 3.10). 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ʇʨʦʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 4 ʪʦʯʦʢ 

 

 

3.3.3 ʇʦʰʫʢ ʦʧʦʨʥʠʭ ʪʦʯʦʢ 

 

 

ɼʣʷ ʧʦʰʫʢʫ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʽʜʝʷʭ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴ ʡʦʛʦ ʚʽʜ ʽʩʥʫʶʯʠʭ [76], [95]: 

ï ʧʝʨʝʭʽʜ ʟʘʤʽʩʪʴ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʽʥʜʝʢʩʥʠʡ, ʪʦʙʪʦ ʟʘʤʽʩʪʴ 

ʧʨʷʤʦʛʦ ʟʘʜʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʟʘʜʘʶʪʴʩʷ ʽʥʜʝʢʩʠ ʢʣʽʪʠʥʦʢ (ʧʨʠ 

ʯʦʤʫ ʧʦʨʷʜʦʢ ʽʥʜʝʢʩʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʠʤ), ʘ ʢʦʦʨʜʠʥʘʪʠ ʟʥʘʭʦʜʷʪʴʩʷ 

ʷʢ ʬʫʥʢʮʽʷ ʤʥʦʞʠʥʠ ʪʦʯʦʢ ʢʣʽʪʠʥʢʠ, ʥʘʧʨʠʢʣʘʜ ʾʭ ʮʝʥʪʨʦʾʜ (ʮʝʥʪʨ ʤʘʩ); 

ï ʚʠʙʽʨ ʧʽʜʭʦʜʷʱʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʷʢʘ ʧʨʠʡʤʘʻ ʛʦʩʪʨʠʡ ʝʢʩʪʨʝʤʫʤ 

ʜʣʷ ʧʨʷʤʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ ʪʦʯʦʢ. 

ʑʦʜʦ ʚʠʙʦʨʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʪʦ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʚʝʢʪʦʨʠ ʫʩʝʨʝʜʥʝʥʥʷ 

ʧʦ ʨʷʜʢʘʭ (ʩʪʦʚʧʮʷʭ) ʜʣʷ ʧʨʦʝʢʪʠʚʥʦ ʩʧʦʪʚʦʨʝʥʦʛʦ ʙʽʥʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-
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ʢʦʥʪʝʡʥʝʨʘ b  ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝʨʝʛʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 3.11), ʚ ʪʦʡ 

ʯʘʩ ʘʥʘʣʦʛʽʯʥʽ ʚʝʢʪʦʨʠ, ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʧʨʷʤʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ ʪʦʯʦʢ ʻ ʙʽʣʴʰ 

ʨʝʛʫʣʷʨʥʠʤʠ (ʨʠʩ. 3.12).  

 

 

                                     ʘ)                                                            ʙ) 

ʈʠʩʫʥʦʢ 3.11 ï ɻʨʘʬʽʢʠ ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ ʧʨʦʝʢʪʠʚʥʦ-ʩʧʦʪʚʦʨʝʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ b: ʘ) ʧʦ ʩʪʦʚʧʮʷʭ; ʙ) ʧʦ ʨʷʜʢʘʭ  

 

                                     ʘ)                                                          ʙ) 

ʈʠʩʫʥʦʢ 3.12 ï ɻʨʘʬʽʢʠ ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ ʚʠʨʽʚʥʷʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ b': ʘ) ʧʦ 

ʩʪʦʚʧʮʷʭ; ʙ) ʧʦ ʨʷʜʢʘʭ  

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʜʠʩʧʝʨʩʽʷ D  ʪʘʢʦʛʦ ʚʝʢʪʦʨʘ ʙʫʜʝ 

ʙʽʣʴʰʝ. ʇʦʢʘʞʝʤʦ, ʱʦ ʮʝ ʩʧʨʘʚʜʽ ʪʘʢ [97]. ɺʠʟʥʘʯʠʤʦ ʜʣʷ ʧʦʯʘʪʢʫ ʬʫʥʢʮʽʾ: 
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 ()1 x,y
y

1
s x b

h
= ä , (3.22) 

 

 ()2 x,y
x

1
s y b

w
= ä , (3.23) 

 

ʜʝ w,h ï ʜʦʚʞʠʥʘ ʽ ʰʠʨʠʥʘ ʟʦʙʨʘʞʝʥʥʷ b  ʚʽʜʧʦʚʽʜʥʦ. 

ʆʙʣʘʩʪʴ ʟʥʘʯʝʥʥʷ ʮʠʭ ʬʫʥʢʮʽʡ ï ʽʥʪʝʨʚʘʣ 0..1. ɼʣʷ ʨʝʛʫʣʷʨʥʠʭ ʚʝʢʪʦʨʽʚ 

ʚ ʷʢʦʩʪʽ ʧʨʦʩʪʦʾ ʤʦʜʝʣʽ ʨʦʟʛʣʷʥʝʤʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

 

 { }{ }1,2
s 1,0,1,0, a,b,a,b,= » = », (3.24) 

 

ʜʝ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ a 1= , b 0=  ï ʣʦʢʘʣʴʥʽ ʤʘʢʩʠʤʫʤʠ/ʤʽʥʽʤʫʤʠ 

ʚʽʜʧʦʚʽʜʥʦ.  

ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ:  

 

 
1,2

a b
s

2

+
= , (3.25) 

 

ʘ ʜʠʩʧʝʨʩʽʷ (ʥʝʟʤʽʱʝʥʘ)  

 

 ( )
2 2

1,2

N a b
D s

N 1 4

-
=
-

, (3.26) 

 

ʜʝ N  ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʫ ʚʝʢʪʦʨʽ, ʜʣʷ ()1
s x  ʤʘʻʤʦ, ʱʦ N w= ; ʜʣʷ 

()2
s y  ʙʫʜʝ N h= . ɼʣʷ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ N 1 ʤʘʻʤʦ, ʱʦ 

N
1

N 1
º

-
, ʦʪʞʝ 

ʥʝʟʤʽʱʝʥʘ ʜʠʩʧʝʨʩʽʷ ʙʫʜʝ ʨʽʚʥʘ 
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 ( )
2 2

1,2

a b
D s

4

-
º  (3.27) 

 

ʆʩʢʽʣʴʢʠ a 1¢ , b 0² , ʪʦ ʤʘʢʩʠʤʫʤ ʨʽʟʥʠʮʽ 2 2a b-  ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ a 1= , 

b 0= , ʪʦʙʪʦ  

 

 ( )1,2
D s

4

1
¢ . (3.28) 

 

ʅʝʨʝʛʫʣʷʨʥʽ ʚʝʢʪʦʨʠ ʤʠ ʙʫʜʝʤʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʭ (ʱʦʙ ʩʧʨʘʚʜʞʫʚʘʣʦʩʷ ʩʧʽʚʚʜʥʦʰʝʥʥʷ i

i

N
1

N 1
º

-
) ʨʝʛʫʣʷʨʥʠʭ 

ʯʘʩʪʠʥ 

 

 { }1,2 1 1 1 1 2 2 2 2
s a ,b ,a ,b , , a ,b ,a ,b ,= » ». (3.29) 

 

ʊʦʜʽ 

 

 ( )
2 2 2 2

i i i i i

1,2
i

a b N a b 1
D s

4 N 4 4

- -
º = ¢ä . (3.30) 

 

ʈʽʚʥʽʩʪʴ ʙʫʜʝ ʜʦʩʷʛʘʪʠʩʷ ʪʽʣʴʢʠ, ʷʢʱʦ ʚʩʽ 
i

a 1= , 
i

b 0= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʜʣʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʚʠʟʥʘʯʘʪʠ ʷʢ: 

 

 () x,y x,y
y y

1 1
s b D b D b

h w

å õ å õ
= +æ ö æ ö
ç ÷ ç ÷
ä ä . (3.31) 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʦʢ, ʧʦ ʷʢʠʭ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ, ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʘʢʠʭ ʢʨʦʢʽʚ: 

1. ɺʩʪʘʥʦʚʣʶʻʤʦ ʣʽʯʠʣʴʥʠʢ ʽʪʝʨʘʮʽʡ ʚ 0 (ʽʥʜʝʢʩʘʮʽʷ ʜʣʷ ʥʝʥʫʣʴʦʚʦʾ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʧʨʦʚʦʜʠʪʴʩʷ, ʷʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʟ 1; ʜʣʷ ʧʦʨʦʞʥʽʭ 

ʤʥʦʞʠʥ ʽ ʧʦʯʘʪʢʦʚʠʭ ʽʥʽʮʽʘʣʽʟʘʮʽʡ ʽʥʜʝʢʩ ʟʨʫʯʥʦ ʟʘʜʘʚʘʪʠ 0): 

 

 t 0= . (3.32) 

 

2. ʈʦʟʨʘʭʫʻʤʦ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʜʣʷ ʙʽʥʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-

ʢʦʥʪʝʡʥʝʨʘ b : 

 

 ()0
s s b= . (3.33) 

 

3. ɺʠʙʠʨʘʻʤʦ 4 ʬʽʢʩʦʚʘʥʽ ʪʦʯʢʠ 0P , ʱʦ ʟʘʜʘʶʪʴ ʧʨʷʤʦʢʫʪʥʠʢ ʫ 

ʥʝʩʧʦʪʚʦʨʝʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, ʾʭ ʟʨʫʯʥʦ ʚʠʙʠʨʘʪʠ ʷʢ 

 

 ( )0

1
P 1,1= , ( )0

1
P 1,1= , ( )0

2
P w,1= , ( )0

3
P w,h= . (3.34) 

 

4. ɺʠʙʠʨʘʻʤʦ 4 ʦʧʦʨʥʽ ʪʦʯʢʠ.  

ɼʣʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʨʘʱʝ ʾʭ ʚʠʙʠʨʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʅʝʭʘʡ { }x,y  ï 

ʚʝʢʪʦʨ ʮʝʥʪʨʦʾʜʽʚ, ʟʥʘʡʜʝʤʦ ʪʦʜʽ ʽʥʜʝʢʩʠ 
1 4

ind ..ind  ʰʫʢʘʥʠʭ ʪʦʯʦʢ ʷʢ 

 

 ( )1 i i
i

ind argmin x y= + + , (3.35) 

 

 ( )2 i i
i

ind argmin x y= - + , (3.36)
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 ( )3 i i
i

ind argmin x y= - - , (3.37) 

 

 ( )4 i i
i

ind argmin x y= + -. (3.38) 

 

5. ɯʥʢʨʝʤʝʥʪʫʻʤʦ ʣʽʯʠʣʴʥʠʢ ʽʪʝʨʘʮʽʡ: 

 

 t t 1= +. (3.39) 

 

6. ɺ ʦʢʦʣʽ ʢʦʞʥʦʾ ʽʟ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʟʥʘʭʦʜʠʤʦ ʧʦ k 5=  (ʮʝʥʪʨʘʣʴʥʘ 

ʪʦʯʢʘ ʽ 4 ʩʫʩʽʜʽʚ ʚ 
1

L -ʤʝʪʨʠʮʽ) ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʚ 
1

L -ʤʝʪʨʠʮʽ. 

7. ɼʣʷ ʢʦʞʥʦʾ ʽʟ 
4j 1..k=  ʢʦʤʙʽʥʘʮʽʡ ʧʦ 4 ʪʦʯʢʠ: 

ï ʚʠʙʠʨʘʻʤʦ ʧʦʪʦʯʥʫ ʢʦʤʙʽʥʘʮʽʶ ʪʦʯʦʢ jP  (ʨʫʭʦʤʽ ʪʦʯʢʠ); 

ï ʨʘʭʫʻʤʦ ʤʘʪʨʠʮʶ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ( )j 0H H P ,P= ; 

ï ʧʨʦʚʦʜʠʤʦ ʛʝʦʤʝʪʨʠʯʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʙʽʥʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ b  ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʥʘʡʜʝʥʦʾ ʤʘʪʨʠʮʽ H : 

 

 ( )b ,HúT b¡= ; (3.40) 

 

ï ʨʘʭʫʻʤʦ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ: 

 

 ()'

j
s s b= ¡. (3.41) 

 

8. ɿʥʘʭʦʜʠʤʦ ʤʽʥʽʤʫʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʧʦ ʚʩʽʭ ʢʦʤʙʽʥʘʮʽʷʭ ʨʫʭʦʤʠʭ 

ʪʦʯʦʢ: 

 

 
t

s mins= ¡ (3.42) 
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ʽ ʟʘʧʘʤôʷʪʦʚʫʻʤʦ ʢʦʤʙʽʥʘʮʽʶ ʪʦʯʦʢ P', ʱʦ ʡʦʤʫ ʚʽʜʧʦʚʽʜʘʻ. 

9. ʇʦʨʽʚʥʶʻʤʦ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʽʟ ʟʥʘʯʝʥʥʷʤ ʥʘ 

ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ: ʷʢʱʦ 
t t 1

s s
-

< , ʪʦʜʽ ʚʠʚʝʩʪʠ ʟʙʝʨʝʞʝʥʫ ʢʦʤʙʽʥʘʮʽʶ P', 

ʚʠʭʽʜ; ʽʥʘʢʰʝ ï ʚʠʙʨʘʪʠ ʚ ʷʢʦʩʪʽ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʟʙʝʨʝʞʝʥʫ ʢʦʤʙʽʥʘʮʽʶ P', 

ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 5.  

ʅʘ ʚʠʭʦʜʽ ʦʧʠʩʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʪʨʠʤʫʻʤʦ ʟʙʝʨʝʞʝʥʫ ʢʦʤʙʽʥʘʮʽʶ 

ʪʦʯʦʢ P', ʟ ʷʢʦʾ ʨʘʭʫʻʤʦ ʤʘʪʨʠʮʶ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ( )0H H P ,P= ¡  ʽ 

ʧʨʦʚʦʜʠʤʦ ʛʝʦʤʝʪʨʠʯʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʙʽʥʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-

ʢʦʥʪʝʡʥʝʨʘ. ʊʨʘʥʩʬʦʨʤʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʫ 

ʩʠʩʪʝʤʫ ʪʦʯʦʢ. 

ʅʘ ʨʠʩ. 3.13 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ, ʥʘ ʨʠʩ. 3.14 ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. 

 

 

ʈʠʩʫʥʦʢ 3.13 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 
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ʈʠʩʫʥʦʢ 3.14 ï ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʪʦʯʦʢ 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʚʠʙʨʘʥʘ ʚʜʘʣʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʚʞʝ ʥʘ 4 ʽʪʝʨʘʮʽʾ ʧʦ ʩʫʪʽ ʜʦʟʚʦʣʷʻ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʰʫʢʘʥʫ 

ʤʘʪʨʠʮʶ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʠʤ ʥʝ ʤʝʥʰ ʘʣʛʦʨʠʪʤ ʟʙʽʛʘʻʪʴʩʷ ʜʦ ʜʝʱʦ ʤʝʥʰʦʛʦ 4-

ʢʫʪʥʠʢʘ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʦʩʢʽʣʴʢʠ ʥʘ ʢʨʘʷʭ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʩʫʪʥʽ ʥʝʚʝʣʠʢʽ 

ʥʝʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ:  

ʘ) ʥʝʣʽʥʽʡʥʽʩʪʶ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʩʤʘʨʪʬʦʥʘ;  

ʙ) ʩʢʨʫʯʫʚʘʥʥʷʤ ʧʦ ʢʨʘʷʭ ʣʠʩʪʢʘ ʧʘʧʝʨʫ ʧʽʩʣʷ ʜʨʫʢʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʫ ʤʘʪʨʠʮʶ H , ʧʨʦʚʦʜʠʤʦ ʪʨʘʥʩʬʦʨʤʘʮʽʶ 

ʟʦʙʨʘʞʝʥʴ AR-ʢʦʜʘ ʽ ʡʦʛʦ ʤʘʩʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ 

ʟʥʘʭʦʜʞʝʥʥʷ ʯʦʪʠʨʴʦʭ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʽʪʝʨʘʪʠʚʥʦ ʤʘʢʩʠʤʽʟʫʶʯʠ ʩʫʤʫ 

ʜʠʩʧʝʨʩʽʡ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʦʙôʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʧʦ ʨʷʜʢʘʭ ʽ ʩʪʦʚʧʮʷʭ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʫʥʽʬʽʢʦʚʘʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʫʤʦʚ ʨʝʻʩʪʨʘʮʽʾ ʤʘʨʢʝʨʘ. 
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3.4 ʄʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ 

3.4.1 ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ 

 

 

ɼʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʤʘʨʢʝʨʘ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ ʫ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ, ʱʦ ʟʨʫʯʥʦ ʟʨʦʙʠʪʠ ʧʦ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʤʘʩʢʠ AR-ʢʦʜʘ [79]. 

ɼʣʷ ʮʴʦʛʦ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʚʚʝʜʝʥʠʤʠ ʚʠʱʝ ʬʫʥʢʮʽʷʤʠ ()1
s x  ʽ ()2

s y .  

ʊʘʢ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʪʦʚʧʮʽʚ W, ʥʝʦʙʭʽʜʥʦ ʧʦʨʘʭʫʚʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʪʠʥʽʚ ʟʥʠʟʫ ʚʛʦʨʫ ʬʫʥʢʮʽʻʶ ()1
s x  ʣʽʥʽʾ ʧʦʨʦʛʘ ()1

xq ; 

ʘʥʘʣʦʛʽʯʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ H  ʧʦʨʘʭʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʪʠʥʽʚ 

ʟʥʠʟʫ ʚʛʦʨʫ ʬʫʥʢʮʽʻʶ ()2
s y  ʣʽʥʽʾ ʧʦʨʦʛʘ ()2

yq  (ʨʠʩ. 3.14): 

 

 () ()( )1 1
x

d
W sign s x x

dx
= -qä  (3.43) 

 

 

 () ()( )2 2
y

d
H sign s y y

dy
= -qä  (3.44) 

 

ʜʝ sign(x)ï ʬʫʥʢʮʽʷ, ʱʦ ʧʦʚʝʨʪʘʻ ʟʥʘʢ ʯʠʩʣʘ x . 

ɻʨʘʬʽʢʠ ʬʫʥʢʮʽʡ ()1
s x  ʽ ()2

s y  (
1,2

s ) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.15. 
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ʈʠʩʫʥʦʢ 3.15 ï ɻʨʘʬʽʢʠ ʬʫʥʢʮʽʡ ()1
s x  ʽ ()2

s y (
1,2

s ) ʟ ʦʛʠʥʘʶʯʠʤʠ ʽ ʧʦʨʦʛʘʤʠ 

 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʬʫʥʢʮʽʾ ʧʦʨʦʛʽʚ 
1,2
q  ʚʠʟʥʘʯʘʪʠ ʷʢ ʩʝʨʝʜʥʻ ʤʽʞ ʚʝʨʭʥʴʦʶ ʽ 

ʥʠʞʥʴʦʶ ʦʛʠʥʘʶʯʠʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʬʫʥʢʮʽʡ 
1,2

s : 

 

 ( )1,2 1,2 1,2

1
s s

2

+ -q = +  (3.45) 

 

ʜʝ ʚʝʨʭʥʽ ʦʛʠʥʘʶʯʽ 
1,2

s+  ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʧʦ ʚʽʜʨʽʟʢʫ []a  (ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʣʦʢʘʣʴʥʦʤʫ ʤʘʢʩʠʤʫʤʫ ʧʦ 

ʮɹ ʦʤʫ ʚʽʜʨʽʟʢʫ) 

 

 
[]1,2 1,2
a

s maxs+ = . (3.46) 

 

ɸʥʘʣʦʛʽʯʥʦ, ʥʠʞʥʽ ʦʛʠʥʘʶʯʽ 
1,2

s-  ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʟʚʫʞʝʥʥʷ ʧʦ ʚʽʜʨʽʟʢʫ ʜʦʚʞʠʥʦʶ []a  (ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ 

ʣʦʢʘʣʴʥʦʤʫ ʤʽʥʽʤʫʤʫ ʧʦ ʮʴʦʤʫ ʚʽʜʨʽʟʢʫ) 

 

 
[]1,2 1,2
a

s mins- = . (3.47) 
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ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʠʡʥʷʪʦ a 63= . 

 

 

3.4.2 ɿʘʧʦʚʥʝʥʥʷ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 

 

 

ɿʨʦʙʠʚʰʠ ʛʝʦʤʝʪʨʠʯʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ ʽ ʚʠʟʥʘʯʠʚʰʠ 

H, W, ʤʦʞʝʤʦ ʟʘʧʦʚʥʠʪʠ ʤʘʪʨʠʮʶ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 
m,n
g  ʟʥʘʯʝʥʥʷʤʠ ʙʽʪʽʚ [90]: 

 

 
()() ( )m y ,n x

g' y,xg = , (3.48) 

 

ʜʝ ( )g' y,x  ï ʪʨʘʥʩʬʦʨʤʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ, ʘ ʽʥʜʝʢʩʠ m,n ʻ 

ʬʫʥʢʮʽʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ x,y  ʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʷʢ 

 

 () ( )
y min y

m y   H 1 1
max y min y

é ù-
= - +é ù

-ê ú
, (3.49) 

 

 () ( )
x min x

n x   W 1 1
max x min x

-é ù
= - +é ù-ê ú

, (3.50) 

 

ʜʝ xé ùê ú ï ʬʫʥʢʮʽʷ ʦʢʨʫʛʣʝʥʥʷ ʟʥʠʟʫ. 

 

 

3.4.3 ɺʠʟʥʘʯʝʥʥʷ ʟʩʫʚʫ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 

 

 

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʤʠ ʤʘʻʤʦ ʚʞʝ ʟʘʧʦʚʥʝʥʫ ʤʘʪʨʠʮʶ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ g, 
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ʘʣʝ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʦʙʨʦʙʢʠ ʤʽʛ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʽʣʴʢʠ ʬʨʘʛʤʝʥʪ 

ʟʦʙʨʘʞʝʥʥʷ, ʤʘʪʨʠʮʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠʩʷ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ ʽ ʤʠ 

ʧʦʚʠʥʥʽ ʚʠʟʥʘʯʠʪʠ ʧʦʣʦʞʝʥʥʷ ʟʘʧʦʚʥʝʥʦʾ ʤʘʪʨʠʮʽ ʫ ʤʘʪʨʠʮʽ ʧʦʚʥʦʛʦ ʨʦʟʤʽʨʫ 

ũ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʾʾ ʨʦʟʤʽʨ 63 63³ ). ʅʝʜʦʩʪʘʶʯʽ ʟʥʘʯʝʥʥʷ, ʷʢ ʽ ʨʘʥʽʰʝ, 

ʟʘʧʦʚʥʠʤʦ 0. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʦʩʥʦʚʥʘ ʽʜʝʷ ʻ ʪʘʢʘ: ʧʝʨʝʙʝʨʝʤʦ ʧʦʩʣʽʜʦʚʥʦ 

ʚʩʽ ʤʦʞʣʠʚʽ ʩʧʦʩʦʙʠ ʚʧʠʩʘʪʠ ʽʩʥʫʶʯʠʡ ʬʨʘʛʤʝʥʪ ʫ ʤʘʪʨʠʮʶ ʧʦʚʥʦʛʦ ʨʦʟʤʽʨʫ, 

ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʚʝʜʝʤʦ ʜʝʢʦʜʫʚʘʥʥʷ (ʽʥʚʝʨʩʥʫ ʧʝʨʝʩʪʘʥʦʚʢʫ) ʽ ʜʣʷ ʜʝʢʦʜʦʚʘʥʦʾ 

ʤʘʪʨʠʮʽ ʧʦʨʘʭʫʻʤʦ ʜʝʷʢʫ ʬʫʥʢʮʽʶ, ʱʦ ʤʘʻ ʨʽʟʢʠʡ ʝʢʩʪʨʝʤʫʤ ʜʣʷ ʧʨʘʚʠʣʴʥʦ 

ʜʝʰʠʬʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʜʽʣʫ). ʆʩʢʽʣʴʢʠ ʫ 

ʧʨʘʚʠʣʴʥʦ ʜʝʢʦʜʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʡʦʛʦ ʧʽʢʩʝʣʽ ʙʫʜʫʪʴ ʩʫʪʪʻʚʦ 

ʢʦʨʝʣʴʦʚʘʥʠʤʠ, ʪʦ ʥʘʰʘ ʬʫʥʢʮʽʷ ʧʦʚʠʥʥʘ ʧʨʠʡʤʘʪʠ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ.  

ʇʦʣʦʞʝʥʥʷ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ ʟʥʘʭʦʜʠʪʩɹʷ ʟ ʫʤʦʚʠ ʤʽʥʽʤʫʤʫ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ: 

 

 { } 1

0 0
m,n

m ,n argmins(úP ũ)-= . (3.51) 

 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ [103], ʚ ʷʢʦʩʪʽ ʪʘʢʦʾ ʬʫʥʢʮʽʾ ʤʦʞʝʤʦ ʚʟʷʪʠ  

 

 ( ) ( )
2

1 11
s

4
ú úP ũ P ũ- -= Ð  (3.52) 

 

ʜʝ 1úP-  ʦʟʥʘʯʘʻ ʽʥʚʝʨʩʥʫ ʧʝʨʝʩʪʘʥʦʚʢʫ, ʪʨʠʢʫʪʥʽ ʜʫʞʢʠ »  ʧʦʟʥʘʯʘʶʪʴ 

ʦʧʝʨʘʮʽʶ ʫʩʝʨʝʜʥʝʥʥʷ, ʘ ʢʦʝʬʽʮʽʻʥʪ 1/4 ʚʚʝʜʝʥʦ ʟ ʤʽʨʢʫʚʘʥʴ ʟʨʫʯʥʦʩʪʽ 

(ʨʠʩ. 3.16). 
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ʈʠʩʫʥʦʢ 3.16 ï ɻʨʘʬʽʢ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʧʦʣʦʞʝʥʴ 

 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʽʥʽʤʫʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ (7, 6), ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʽʥʜʝʢʩʘʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʣʽʚʦʛʦ ʤʘʪʨʠʮʽ ʢʫʪʘ ʙʽʪ-ʢʦʥʪʝʥʝʨʘ ʫ ʧʦʚʥʽʡ 

ʤʘʪʨʠʮʽ. ʊʦʜʽ ʧʦʚʥʘ ʤʘʪʨʠʮʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ ʟʘʧʦʚʥʶʻʪʴʩʷ ʷʢ 

 

 
0 0m m 1,n n 1 m,n

ũ
+ - + -

=g. (3.53) 

 

 

3.4.4 ɼʝʢʦʜʫʚʘʥʥʷ ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 

 

 

ɼʝʢʦʜʫʚʘʥʥʷ ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ ũ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʽʥʚʝʨʩʥʦʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ 1úP-  (ʚʚʘʞʘʻʤʦ, ʱʦ ʚʦʥʘ 

ʥʘʤ ʚʽʜʦʤʘ): 

 

 ()1G ũúP-= . (3.54) 

 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘʧʦʚʥʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʠʭ ʧʽʢʩʝʣʽʚ. ʎʷ 

ʦʧʝʨʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʨʦʟʤʽʨʦʤ 3 3³  ʧʽʢʩʝʣʽ, ʟʥʘʯʝʥʥʷ 

ʙʣʦʢʫ ʧʨʠʩʚʦʶʻʪʴʩʷ ʪʦʤʫ ʙʽʪʫ, ʱʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ (0 ʝʣʝʤʝʥʪʠ ʜʦ 

ʨʦʟʛʣʷʜʫ ʥʝ ʙʝʨʫʪʴʩʷ). ʎʝ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ l-ʬʫʥʢʮʽʾ (ʫ MATLAB-

ʥʦʪʘʮʽʾ): 

 

 () ( )( )fun  @ x  mode x x 0= > , (3.55) 

 

ʜʝ ()mode x  ï ʬʫʥʢʮʽʷ, ʱʦ ʧʦʚʝʨʪʘʻ ʤʦʜʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ x  (ʝʣʝʤʝʥʪ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʽʜʩʪʘʚʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨʠ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʤʘʨʢʝʨʘ, 

ʙʫʜʫʻ ʤʘʪʨʠʮʶ ʙʽʪʽʚ ʤʘʨʢʝʨʘ ʽʟ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-

ʢʦʥʪʝʡʥʝʨʘ, ʚʠʟʥʘʯʘʻ ʟʩʫʚ ʫ ʧʦʚʥʽʡ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʪʘ ʨʝʘʣʽʟʫʻ ʬʽʣʴʪʨʘʮʽʶ 

ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʨʝʢʪʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ. 
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3.5 ʄʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

3.5.1 ʇʝʨʩʧʝʢʪʠʚʥʘ ʧʨʦʝʢʮʽʷ 

 

 

ʄʦʜʝʣʴ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʧʨʦʝʢʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʽʜʝʘʣʴʥʽʡ ʢʘʤʝʨʽ-ʦʙʩʢʫʨʘ 

[42], [233]. ʎʷ ʤʦʜʝʣʴ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ ʧʦʙʫʜʦʚʠ ʟʦʙʨʘʞʝʥʥʷ 

ʚ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʬʦʪʦ- ʽ ʚʽʜʝʦʢʘʤʝʨ. ʆʜʥʘʢ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʩʫʯʘʩʥʦʾ 

ʦʧʪʠʢʠ ʨʝʘʣʴʥʠʡ ʧʨʦʮʝʩ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʦʜʝʣʽ ʢʘʤʝʨʠ-ʦʙʩʢʫʨʠ. 

ɺʽʜʤʽʥʥʦʩʪʽ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜ ʤʦʜʝʣʽ ʥʘʟʠʚʘʶʪʴʩʷ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʽ 

ʤʦʜʝʣʶʶʪʴʩʷ ʦʢʨʝʤʦ. 

ʄʦʜʝʣʴ ʥʘʡʧʨʦʩʪʽʰʦʾ ʢʘʤʝʨʠ-ʦʙʩʢʫʨʠ ʟʨʫʯʥʘ ʪʠʤ, ʱʦ ʚʦʥʘ ʧʦʚʥʽʩʪʶ 

ʦʧʠʩʫʻʪʴʩʷ ʮʝʥʪʨʦʤ ʧʨʦʝʢʮʽʾ ʽ ʧʦʣʦʞʝʥʥʷʤ ʧʣʦʱʠʥʽ ʟʦʙʨʘʞʝʥʥʷ. ʊʦʤʫ 

ʧʨʦʝʢʮʽʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʮʝʥʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʷʢ ʧʝʨʝʪʠʥ 

ʧʨʦʤʝʥʷ, ʱʦ ʩʧʦʣʫʯʘʻ ʮʝʥʪʨ ʧʨʦʝʢʮʽʾ ʽ ʪʦʯʢʫ ʩʮʝʥʠ, ʟ ʧʣʦʱʠʥʦʶ ʟʦʙʨʘʞʝʥʥʷ 

(ʨʠʩ. 3.17). 

 

 

ʈʠʩʫʥʦʢ 3.17 ï ʄʦʜʝʣʴ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʧʨʦʝʢʮʽʾ [42] 
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3.5.2 ʅʘʡʧʨʦʩʪʽʰʘ ʤʦʜʝʣʴ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʧʨʦʝʢʮʽʾ 

 

 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʧʨʦʩʪʽʰʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʮʝʥʪʨ ʧʨʦʝʢʮʽʾ ʢʘʤʝʨʠ (ʬʦʢʫʩ) 

ʧʦʤʽʱʝʥʠʡ ʚ ʧʦʯʘʪʦʢ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʧʣʦʱʠʥʘ ʟʦʙʨʘʞʝʥʥʷ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʧʣʦʱʠʥʦʶ Z 1= .  

ʅʝʭʘʡ ( )X, Y, Z=X  ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʚ 3-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ 

( )x, y=x  ï ʧʨʦʝʢʮʽʷ ʮʽʻʾ ʪʦʯʢʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ I. ʇʝʨʩʧʝʢʪʠʚʥʘ ʧʨʦʝʢʮʽʷ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

 

 
X

x
Z
= , (3.56) 

 

 
Y

y
Z
= . (3.57) 

ʋ ʤʘʪʨʠʯʥʦʾ ʬʦʨʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʨʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ ʮʽ ʨʽʚʥʷʥʥʷ 

ʧʝʨʝʧʠʩʫʶʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

 

X
x 1 0 0 0

Y
y 0 1 0 0

Z
1 0 0 1 0

1

å õ
å õ å õæ ö
æ ö æ öæ ö=
æ ö æ öæ öæ ö æ ö

æ öç ÷ ç ÷
ç ÷

. (3.58) 

 

ʇʣʦʱʠʥʘ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʚʽʜʩʪʘʥʽ 1 ʚʽʜ ʮʝʥʪʨʫ ʧʨʦʝʢʮʽʾ ʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʦʧʪʠʯʥʦʾ ʦʩʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʽʜʝʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ 

ʟʦʙʨʘʞʝʥʥʷ. ʆʧʪʠʯʥʘ ʚʽʩʴ ʧʝʨʝʪʠʥʘʻ ʽʜʝʘʣʴʥʫ ʧʣʦʱʠʥʫ ʟʦʙʨʘʞʝʥʥʷ ʚ ʪʦʯʮʽ c , 

ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʛʦʣʦʚʥʦʶ ʪʦʯʢʦʶ. 
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3.5.3 ɺʥʫʪʨʽʰʥʻ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ 

 

 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʚʠʧʘʜʦʢ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʧʨʦʝʢʮʽʾ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʽʡ ʢʘʤʝʨʽ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʧʨʦʝʢʮʽʾ ʜʦ ʧʣʦʱʠʥʠ 

ʟʦʙʨʘʞʝʥʥʷ, ʪʦʙʪʦ ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ f, ʟʘʟʚʠʯʘʡ ʥʝ 

ʜʦʨʽʚʥʶʻ 1. ʊʘʢʦʞ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʚ ʧʣʦʱʠʥʽ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʫʪʴ ʥʝ 

ʟʙʽʛʘʪʠʩʷ ʟ ʘʙʩʦʣʶʪʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʬʨʦʚʦʾ ʢʘʤʝʨʠ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ ʚ ʟʦʙʨʘʞʝʥʥʽ ʽ ʘʙʩʦʣʶʪʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ ʥʘ ʽʜʝʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʦʶ ʽ ʨʦʟʤʽʨʘʤʠ 

ʧʽʢʩʝʣʽʚ ʤʘʪʨʠʮʽ. 

ʇʦʟʥʘʯʠʤʦ ʨʦʟʤʽʨʠ ʧʽʢʩʝʣʷ ʤʘʪʨʠʮʽ ʮʠʬʨʦʚʦʾ ʢʘʤʝʨʠ 
x y

p ,p , ʢʫʪ ʥʘʭʠʣʫ 

ʧʽʢʩʝʣʷ a, ʘ ʛʦʣʦʚʥʫ ʪʦʯʢʫ ʯʝʨʝʟ ( )x y
c ,c ,1, ʨʠʩ. 3.18. ʊʦʜʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ 

( )x, y  ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ ( )R R
x , y  ʥʘ ʽʜʝʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʦʤ: 

 

 

x

x

R

y R

y

f
tan c

p
x x

f
y 0 c y

p
1 1

0 0 1

å õ
aæ ö

æ öå õ å õ
æ öæ ö æ ö
=æ öæ ö æ ö

æ ö æ öæ öç ÷ ç ÷
æ ö
æ ö
ç ÷

. (3.59) 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ: 

 

 
x

x

f
f

p
= , (3.60) 
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ʈʠʩʫʥʦʢ 3.18 ï ʇʝʨʝʪʚʦʨʝʥʥʷ ʟ ʢʦʦʨʜʠʥʘʪ ʽʜʝʘʣʴʥʦʾ ʧʣʦʱʠʥʽ ʚ ʢʦʦʨʜʠʥʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ [42] 

 

 
y

y

f
f

p
= , (3.61) 

 

ʘ ʪʘʢʦʞ ʧʦʟʥʘʯʠʪʠ 

 

 s tan= a, (3.62) 

 

ʪʦ ʬʦʨʤʫʣʘ (3.59) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ: 

 

 

x x R R

y y R R

x f s c x x

y 0 f c y K y

1 0 0 1 1 1

å õ å õå õ å õ
æ ö æ öæ ö æ ö
= =

æ ö æ öæ ö æ ö
æ ö æ öæ ö æ ö
ç ÷ ç ÷ç ÷ ç ÷

. (3.63) 

 

ʄʘʪʨʠʮʷ K  ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʫ ʨʝʘʣʴʥʠʭ ʮʠʬʨʦʚʠʭ ʢʘʤʝʨ ʢʫʪ ʥʘʭʠʣʫ ʧʽʢʩʝʣʽʚ 

ʙʣʠʟʴʢʠʡ ʜʦ ʧʨʷʤʦʛʦ, ʪʦʙʪʦ ʧʘʨʘʤʝʪʨ s 0= , ʘ ʰʠʨʠʥʘ ʽ ʚʠʩʦʪʘ ʧʽʢʩʝʣʷ ʨʽʚʥʽ. 

ɻʦʣʦʚʥʘ ʪʦʯʢʘ ʟʘʟʚʠʯʘʡ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʮʝʥʪʨʽ ʟʦʙʨʘʞʝʥʥʷ. ʊʦʤʫ ʤʘʪʨʠʮʷ 
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K  ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ: 

 

 

x

y

f ' 0 c

K 0 f ' c

0 0 1

å õ
æ ö
=
æ ö
æ ö
ç ÷

, (3.64) 

 

ʜʝ ʧʦʟʥʘʯʝʥʦ 

 

 
x y

f f f¡= =. (3.65) 

 

ʎʝ ʧʨʠʧʫʱʝʥʥʷ (3.64) ʧʨʦ ʚʠʜ ʤʘʪʨʠʮʽ K  ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʠʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ, ʘ 

ʪʘʢʦʞ ʧʨʠ ʩʠʥʪʝʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʟʦʙʨʘʞʝʥʴ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʪʨʠʚʠʤʽʨʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. 

 

 

3.5.4 ɿʦʚʥʽʰʥʻ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ 

 

 

ʅʝʭʘʡ m  ï ʪʦʯʢʘ ʩʮʝʥʠ ʚ 3-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɹʫʜʴ-ʷʢʠʡ ʨʫʭ ʻ 

ʝʚʢʣʽʜʦʚʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʨʦʩʪʦʨʫ, ʪʦʤʫ ʚ ʦʜʥʦʨʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʠʡ ʤʠ ʧʦʟʥʘʯʠʤʦ 'm , ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʷʢ: 

 

 
T

R
'

1

å õ
=æ ö
ç ÷

m
0

t
m , (3.66) 

 

ʜʝ R  ï ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ, t  ï ʚʝʢʪʦʨ ʧʝʨʝʥʦʩʫ (ʨʠʩ. 3.19). 
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ʈʠʩʫʥʦʢ 3.19 ï ɽʚʢʣʠʜʦʚʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʫ ʟ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʩʮʝʥʠ 

ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʧʦʚ'ʷʟʘʥʫ ʟ ʢʘʤʝʨʦʶ [42] 

 

ʈʫʭ ʢʘʤʝʨʠ ʚʽʜʥʦʩʥʦ ʩʮʝʥʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʟʚʦʨʦʪʥʴʦʤʫ ʨʫʭʫ ʪʦʯʦʢ 

ʩʮʝʥʠ ʚʽʜʥʦʩʥʦ ʢʘʤʝʨʠ, ʪʦʤʫ ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ, ʱʦ: 

 

 
T T

T

R R
' C '

1

-å õ
= =æ ö
ç ÷

m m
t

m
0

. (3.67) 

 

ʄʘʪʨʠʮʷ  

 

 
T T

T

R R
C

1

-å õ
=æ ö
ç ÷

t

0
 (3.68) 

 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʟʦʚʥʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ. ʄʘʪʨʠʮʷ 1C-  

ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʨʫʭʫ ʢʘʤʝʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʨʠʮʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʝʨʝʚʦʜʠʪʴ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʩʮʝʥʠ ʟ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʩʮʝʥʠ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʢʘʤʝʨʠ. 
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3.5.5 ʇʦʚʥʘ ʤʦʜʝʣʴ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʧʨʦʝʢʮʽʾ 

 

 

ɿ ʚʠʨʘʟʽʚ (3.63), (3.64), (3.68) ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʟʘʛʘʣʴʥʠʡ ʚʠʨʘʟ 

ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʧʨʦʝʢʮʽʾ ʙʫʜʴ-ʷʢʦʾ ʢʘʤʝʨʠ ʟ ʜʦʚʽʣʴʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʽ 

ʧʦʣʦʞʝʥʥʷʤ ʫ ʧʨʦʩʪʦʨʽ: 

 

 

x x T T

y y T

X
x f s c 1 0 0 0

YR R
y 0 f c 0 1 0 0

Z1
1 0 0 1 0 0 1 0

1

å õ
å õ å õå õ æ ö

-å õæ ö æ öæ ö æ ö= æ öæ ö æ öæ ö æ öç ÷æ ö æ öæ ö
æ öç ÷ ç ÷ç ÷
ç ÷

t

0
. (3.69) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʽʭ ʧʦʟʥʘʯʝʥʴ, ʮʷ ʬʦʨʤʫʣʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ 

ʷʢ: 

 

 

X
x

Y
y P

Z
1

1

å õ
å õ æ ö
æ ö æ ö=
æ ö æ öæ ö

æ öç ÷
ç ÷

. (3.70) 

 

ʄʘʪʨʠʮʷ 

 

 

1 0 0 0

P K 0 1 0 0 C

0 0 1 0

å õ
æ ö

=
æ ö
æ ö
ç ÷

 (3.71) 

 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʧʨʦʝʢʮʽʾ ʢʘʤʝʨʠ (ʘʙʦ ʧʨʦʝʢʪʦʨʦʤ), ʽʥʦʜʽ ʚʠʨʘʟ (3.71) 

ʩʢʦʨʦʯʝʥʦ ʟʘʧʠʩʫʶʪʴ ʷʢ 
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[ ]P K R |= t .       

 

 

3.5.6 ɿʘʜʘʯʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ 

 

 

ɿʘʜʘʯʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʟ n  

ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ  

 

 
i i
   ªx X , (3.72) 

 

ʜʝ 
i

X  ï ʪʦʯʢʠ 3-ʚʠʤʽʨʥʦʾ ʩʮʝʥʠ, ʘ 
i

x  ï ʚʽʜʧʦʚʽʜʥʽ ʪʦʯʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʧʦʪʨʽʙʥʦ 

ʟʥʘʡʪʠ ʤʘʪʨʠʮʶ [ ]P K R |= t , ʪʘʢʫ, ʱʦ ʟʘʜʦʚʽʣʴʥʷʶʪʴʩʷ ʫʤʦʚʽ 

 

i i
P=x X .        

 

ʅʘ ʨʠʩ. 3.20 ʧʦʢʘʟʘʥʦ ʥʘʙʦʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ. 

 

 

ʈʠʩʫʥʦʢ 3.20 ï ɿʘʜʘʯʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ 
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ɿʘʜʘʯʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 2 ʝʪʘʧʽʚ: 

1) ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ P ʧʦ ʥʘʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (3.71) ʤʽʞ ʪʦʯʢʘʤʠ 

ʩʮʝʥʠ ʽ ʟʦʙʨʘʞʝʥʥʷ; 

2) ʜʝʢʦʤʧʦʟʠʮʽʷ ʤʘʪʨʠʮʽ P ʥʘ ʤʘʪʨʠʮʶ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ K , 

ʤʘʪʨʠʮʶ ʧʦʚʦʨʦʪʘ ʢʘʤʝʨʠ R  ʽ ʚʝʢʪʦʨ ʟʤʽʱʝʥʥʷ t  ʟʘ ʜʦʧʦʤʦʛʦʶ QR-ʨʦʟʢʣʘʜʫ 

[42]. 

ʇʝʨʰʠʡ ʝʪʘʧ ʟʚʦʜʠʪʴʩʷ, ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ  

 

 ( )
2

i i
P

i

min P-ä Xx . (3.73) 

 

ɺʚʦʜʷʯʠ 12-ʚʝʢʪʦʨ p , ̫ ʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ P: 
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p
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æ ö
æ ö
=
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æ ö
æ ö
æ ö
æ ö
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p , (3.74) 

 

ʤʦʞʝʤʦ ʩʬʦʨʤʫʣʶʚʘʪʠ (3.73) ʫ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ 
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 A =p 0, (3.75) 

 

ʜʝ ʚʚʝʜʝʥʦ ʤʘʪʨʠʮʶ  

 

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

n n n n n n n n n n

n n n n n n n n n n

X Y Z 1 0 0 0 0 x X x Y x Z x

0 0 0 0 X Y Z 1 y X y Y y Z y

A

X Y Z 1 0 0 0 0 x X x Y x Z x

0 0 0 0 X Y Z 1 y X y Y y Z y

- - - -å õ
æ ö

- - - -
æ ö
æ ö=
æ ö

- - - -æ ö
æ ö- - - -ç ÷

,

 (3.76) 

 

0 ï ʥʫʣʴʦʚʠʡ 12-ʚʝʢʪʦʨ. 

ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ (3.75) ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ (ʟ 

ʥʘʡʤʝʥʰʠʤ ʚʣʘʩʥʠʤ ʟʥʘʯʝʥʥʷʤ) ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ TA A  [42]. 

ɼʨʫʛʠʡ ʝʪʘʧ ʨʦʙʠʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

ï ʙʝʨʝʤʦ M  ï ʚʝʨʭʥʶ 3 3³  ʧʽʜʤʘʪʨʠʮʶ ʤʘʪʨʠʮʽ P ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ QR-

ʨʦʟʢʣʘʜʫ ʨʦʟʢʣʘʜʘʻʤʦ ʾʾ ʥʘ ʜʦʙʫʪʦʢ ʤʘʪʨʠʮ ̔ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ K  ʪʘ 

ʤʘʪʨʠʮ ̔ʧʦʚʦʨʦʪʘ ʢʘʤʝʨʠ R : 

 

M KR= ;        

 

ï ʟʥʘʭʦʜʠʤʦ ʚʝʢʪʦʨ ʟʤʽʱʝʥʥʷ t : 

 

14

1

24

34

p

K p

p

-

å õ
æ ö

=
æ ö
æ ö
ç ÷

t ,       

 

ʱʦ ʡ ʜʘʻ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʢʘʣʽʙʨʫʚʘʥʥʷ. 
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3.5.7 ʄʦʜʝʣʴ ʨʘʜʽʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʟʦʙʨʘʞʝʥʥʷ 

 

 

ʆʢʨʝʤʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʢʦʨʝʢʮʽʾ ʨʘʜʽʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ 

ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 3.21). 

 

ʈʠʩʫʥʦʢ 3.21 ï ʇʨʠʢʣʘʜʠ ʨʘʜʽʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ (ʟʣʽʚʘ ʥʘʧʨʘʚʦ):  

ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ, çʧʦʜʫʰʢʘè, çʙʦʯʢʘè 

 

ʄʦʜʝʣʴ ʨʘʜʽʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ [228]: 

1) ʥʦʨʤʘʣʽʟʘʮʽʷ ʢʦʦʨʜʠʥʘʪ: 

 

 n i

i

i

x
x

z
= , (3.77) 

 

 n i

i

i

y
y

z
= , (3.78) 

 

ʜʝ 
i

x , 
i

y , 
i

z  ï ʟʚʠʯʘʡʥʽ, ʘ 
n

i
x , 

n

i
y  ï ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʢʦʦʨʜʠʥʘʪʠ ʩʮʝʥʠ; 

2) ʨʦʟʨʘʭʫʥʦʢ ʩʧʦʪʚʦʨʝʥʴ: 

 

 ( )d n 2 4

i i 1 i 2 i
x x 1 k r k r= + + , (3.79) 
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 ( )d n 2 2

i i 1 i 2 i
y y 1 k r k r= + + , (3.80) 

 

ʜʝ  

 

 ( ) ( )
2 2

2 d d

i i i
r x y= +  (3.81) 

 

ʽ ʚʚʝʜʝʥʦ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʘʣʴʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ( )1 2
k k ,k= ; 

3) ʧʝʨʝʭʽʜ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʢʘʤʝʨʠ: 

 

 
d

i i c
x ' fx x= + , (3.82) 

 

 
d

i i c
y' fy y= + , (3.83) 

 

ʜʝ ( )c c
x ,y  ï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʢʘʤʝʨʠ; f  ï ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ. 

 

 

3.5.8 ʂʘʣʽʙʨʘʮʽʡʥʽ ʤʘʨʢʝʨʠ 

 

 

ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʚ ʩʠʩʪʝʤʽ MATLAB  

[230] ʘʙʦ ʫ ʧʦʧʫʣʷʨʥʽʡ ʙʽʙʣʽʦʪʝʮʽ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ OpenCV [231]) ʜʣʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʢʘʣʽʙʨʘʮʽʡʥʽ ʤʘʨʢʝʨʠ, ʚ ʷʢʦʩʪʽ 

ʷʢʦʛʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʰʘʭʦʚʦʾ ʜʦʰʢʠ. ʇʨʠ ʮʴʦʤʫ ʪʦʯʢʠ 

i
x  ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʰʫʢʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʪʝʢʪʦʨʘ ʢʫʪʽʚ ʍʘʨʨʽʩʘ [232] 

(ʨʠʩ. 3.22), ʘ ʪʦʯʢʠ ʩʮʝʥʠ 
i

X  ï ʛʝʥʝʨʫʶʪʴʩʷ. 
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ʗʢ ʚʠʜʥʦ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ, ʧʨʠ ʚʠʙʦʨʽ ʚ ʷʢʦʩʪʽ ʢʘʣʽʙʨʘʮʽʡʥʦʛʦ ʤʘʨʢʝʨʘ ʰʘʭʦʚʦʾ ʜʦʰʢʠ ï 

ʙʣʠʟʴʢʦ 30. 

 

 

ʈʠʩʫʥʦʢ 3.22 ï ɿʥʘʭʦʜʞʝʥʥʷ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʰʘʭʦʚʦʾ ʜʦʰʢʠ 

 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʢʘʣʽʙʨʘʮʽʡʥʦʛʦ 

ʤʘʨʢʝʨʘ ʩʘʤ ʤʦʟʘʾʯʥʠʡ AR-ʤʘʨʢʝʨ (ʨʠʩ. 3.23), ʧʨʠ ʮʴʦʤʫ ʪʦʯʢʠ ix  ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ï ʮʝ ʮʝʥʪʨʦʾʜʠ ʢʣʽʪʠʥʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʘ ʪʦʯʢʠ iX  ï ʮʝʥʪʨʦʾʜʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʽʪʠʥʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ʫ AR-ʤʘʨʢʝʨʽ, ʷʢʠʡ ʟʛʝʥʝʨʦʚʘʥʦ ʟ 

ʜʝʢʦʜʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ. ɭʜʠʥʠʤ ʜʦʜʘʪʢʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ 

ʬʽʟʠʯʥʠʡ ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ AR-ʤʘʨʢʝʨʘ (ʫ ʤʽʣʽʤʝʪʨʘʭ), ʘʣʝ ʡʦʛʦ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʩʪʘʥʜʘʨʪʥʠʤ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ï ʙʣʠʟʴʢʦ 2000 (ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥʦʢ 263 3969= , ʟ ʫʤʦʚʠ 
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ʨʦʙʘʩʪʥʦʩʪʽ 50% ʤʦʞʝ ʙʫʪʠ ʚʽʜʩʫʪʥʽʤʠ). 

 

 

                                     ʘ)                                                          ʙ) 

ʈʠʩʫʥʦʢ 3.23 ï ɺʠʢʦʨʠʩʪʘʥʥʷ AR-ʤʘʨʢʝʨʘ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ:  

ʘ) ʪʦʯʢʠ ix  ʥʘ ʟʦʙʨʘʞʝʥʥʽ; ʙ) ʪʦʯʢʠ iX  ʥʘ AR-ʤʘʨʢʝʨʽ, ʷʢʠʡ ʟʛʝʥʝʨʦʚʘʥʦ ʟ 

ʜʝʢʦʜʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ 

 

 

3.5.9 ʇʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʅʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʟʘʩʦʙʫ ʚʽʟʫʘʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʽ ʦʪʨʠʤʫʻʪʴʩʷ 

ʤʘʪʨʠʮʷ K. ʎʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʦʜʠʪʴʩʷ ʦʜʠʥ ʨʘʟ (ʘʙʦ ʟʘ ʚʠʤʦʛʦʶ 

ʢʦʨʠʩʪʫʚʘʯʘ), ʦʩʢʽʣʴʢʠ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʢʘʤʝʨʠ ʥʝ ʙʫʜʫʪʴ ʤʽʥʷʪʠʩʷ 

ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʘʣʽ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʜʨʫ, ʥʘ ʷʢʦʤʫ ʚʠʷʚʣʝʥʦ ʤʘʨʢʝʨ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ R  ʽ ʚʝʢʪʦʨ ʟʤʽʱʝʥʥʷ 

t  ʽ ʟʘ ʬʦʨʤʫʣʦʶ (3.68) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʘʪʨʠʮʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ C . 
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ʇʽʩʣʷ ʪʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʥʘʙʦʨʫ ʢʦʦʨʜʠʥʘʪ 3d ʦʙôʻʢʪʫ 

X

Y

Z

1

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

X  ʫ ʢʦʦʨʜʠʥʘʪʠ ʢʘʜʨʫ 

x

y

1

å õ
æ ö
=
æ ö
æ ö
ç ÷

x : 

 

 

1 0 0 0

K 0 1 0 0 C

0 0 1 0

å õ
æ ö

=
æ ö
æ ö
ç ÷

x X . (3.84) 

 

ʆʩʢʽʣʴʢʠ ʨʝʟʫʣʴʪʫʶʯʽ ʢʦʦʨʜʠʥʘʪʠ ʢʘʜʨʫ ʦʪʨʠʤʫʶʪʴʩʷ ʚ ʦʜʥʦʨʽʜʥʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʾʭ ʥʦʨʤʫʚʘʥʥʷ: 

 

 
1

23

x 1

y

å õå õ
= æ öæ ö

ç ÷ ç ÷

x

xx
. (3.85) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʙʽʨ ʢʦʦʨʜʠʥʘʪ (3.85), ʟʦʙʨʘʞʝʥʥʷ 3d ʦʙôʻʢʪʫ 

ʧʦʪʦʯʢʦʚʦ ʚʠʚʦʜʠʪʴʩʷ ʧʦʚʝʨʭ ʟʦʙʨʘʞʝʥʥʷ ʢʘʜʨʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ 

ʧʦ ʥʘʷʚʥʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ ʦʙôʻʢʪʠ ʪʘ ʨʝʥʜʝʨʽʥʛ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ 

ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʫʥʽʬʽʢʘʮʽʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʽʟʠʯʥʠʭ ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʦʙʽʚ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ. 
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3.6 ʄʝʪʦʜ ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ 

3.6.1 ɼʝʢʦʤʧʦʟʠʮʽʷ ʤʘʪʨʠʮʽ ʛʦʤʦʛʨʘʬʽʾ 

 

 

ɺʠʱʝ (ʜʠʚ. ʧ. 3.3) ʙʫʣʦ ʦʧʠʩʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʛʦ ʙʫʣʘ ʤʘʪʨʠʮʷ ʛʦʤʦʛʨʘʬʽʾ H . 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʧʠʩʘʥʠʡ ʤʝʪʦʜ ʟʥʘʭʦʜʠʪʴ H  ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʤʘʩʰʪʘʙʫ ʽ ʟʩʫʚʫ, 

ʦʩʢʽʣʴʢʠ ʚʚʝʜʝʥʘ ʫ ʧ. 3.3.3 ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ (3.31) ʽʥʚʘʨʽʘʥʪʥʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʟʤʽʥʠ ʤʘʩʰʪʘʙʽʚ ʽ ʟʩʫʚʽʚ. ʇʦʢʘʞʝʤʦ ʟʘʨʘʟ, ʷʢ ʤʦʞʥʘ ʚʠʧʨʘʚʠʪʠ ʜʘʥʠʡ 

ʥʝʜʦʣʽʢ ʽ ʦʪʨʠʤʘʪʠ ʢʦʨʝʢʪʥʫ ʤʘʪʨʠʮʶ ʛʦʤʦʛʨʘʬʽʾ. 

ɿʘʧʠʰʝʤʦ ʜʣʷ ʮʴʦʛʦ ʤʘʪʨʠʮʶ H  ʫ ʚʠʛʣʷʜʽ [42]: 

 

 
T

A
H

v

å õ
=æ ö
ç ÷

t

v
, (3.86) 

 

ʜʝ t  ï ʚʝʢʪʦʨ ʟʩʫʚʫ, ʷʢʠʡ ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʢʦʨʝʢʮʽʾ; T
v  ï ʜʝʷʢʠʡ ʚʝʢʪʦʨ; 

ʚʚʝʜʝʥʦ ʤʘʪʨʠʮʶ A  ʨʦʟʤʽʨʦʤ 2 2³ : 

 

 
11 12

21 22

a a
A

a a

å õ
=æ ö
ç ÷

. (3.87) 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʫ [42], ʤʠ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʬʘʢʪʦʨʠʟʘʮʽʶ ʤʘʪʨʠʮʽ A  ʽ 

ʧʨʝʜʩʪʘʚʠʪʠ ʾʾ ʫ ʚʠʛʣʷʜʽ ʜʦʙʫʪʢʫ 3 ʤʘʪʨʠʮʴ: 

 

 A SQR= , (3.88) 
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ʜʝ S ï ʤʘʩʰʪʘʙʥʘ ʤʘʪʨʠʮʷ (
x

s ,
y

s  ï ʤʘʩʰʪʘʙʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦ ʚʽʜʧʦʚʽʜʥʠʭ 

ʦʩʷʭ): 

 

 
x

y

s 0
S

0 s

å õ
=æ ö
ç ÷

; (3.89) 

 

Q  ï ʤʘʪʨʠʮʷ ʪʘʥʛʝʥʮʽʘʣʴʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ (q  ï ʢʦʝʬʽʮʽʻʥʪ ʪʘʥʛʝʥʮʽʘʣʴʥʦʛʦ 

ʩʧʦʪʚʦʨʝʥʥʷ ʘʙʦ ʩʢʦʩʫ): 

 

 
1 0

Q
q 1

å õ
=æ ö
ç ÷

; (3.90) 

 

R  ï ʤʘʪʨʠʮʷ 2d-ʧʦʚʦʨʦʪʫ (q ï ʢʫʪ ʧʦʚʦʨʦʪʫ): 

 

 
cos sin

R
sin cos

q qå õ
=æ ö
- q qç ÷

. (3.91) 

 

ɼʘʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ A  

ʪʘʢʠʤ ʯʠʥʦʤ [42]: 

 

 
2 2

x 11 12
s a a= + , (3.92) 

 

 11 22 12 21

y 2 2

x 11 12

det A a a a a
s

s a a

-
= =

+
, (3.93) 

 

 11 21 12 22 11 21 12 22

11 22 12 21

a a a a a a a a
q

det A a a a a

+ +
= =

-
, (3.94) 
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 12

11

a
atan

a
q= . (3.95) 

 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ q  ʽ q ʻ ʢʦʨʝʢʪʥʠʤʠ, ʤʘʩʰʪʘʙʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʧʦʪʨʽʙʥʦ ʧʝʨʝʨʘʭʫʚʘʪʠ, ʜʣʷ ʮʴʦʛʦ (ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʜʽʣʫ) ʧʦ 

ʜʝʢʦʜʦʚʘʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʶ ʙʫʜʫʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ AR-ʤʘʨʢʝʨʘ, ʟʚʽʜʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʪʦʯʥʝʥʽ ʟʥʘʯʝʥʥʷ ʤʘʩʰʪʘʙʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 
x

s' , 
y

s ' ; 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʧ. 3.4.3 ʙʫʜʫʻʪʴʩʷ ʫʪʦʯʥʝʥʝ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ 

ʟʩʫʚʫ 't . 

ʄʘʶʯʠ ʫʪʦʯʥʝʥʽ ʟʥʘʯʝʥʥʷ 
x

s' , 
y

s ' , ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʫʪʦʯʥʝʥʝ ʟʥʘʯʝʥʥʷ 

ʤʘʪʨʠʮʽ A' : 

 

 
x

y

s' 0 1 0 cos sin
A'

0 s' q 1 sin cos

q qå õå õå õ
=æ öæ öæ ö

- q qç ÷ç ÷ç ÷
, (3.96) 

 

ʧʽʩʣʷ ʯʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʪʦʯʥʝʥʝ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʟʩʫʚʫ 't , ʙʫʜʫʻʤʦ 

ʫʪʦʯʥʝʥʫ ʤʘʪʨʠʮʶ ʛʦʤʦʛʨʘʬʽʾ H': 

 

 
T

A'
H'

v

å õ
=æ ö
ç ÷

t

v
. (3.97) 

 

ʋʪʦʯʥʝʥʘ ʤʘʪʨʠʮʷ ʛʦʤʦʛʨʘʬʽʾ H' ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʢʦʦʨʜʠʥʘʪ. 
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3.6.2 ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʢʦʦʨʜʠʥʘʪ 

 

 

ɺʚʘʞʘʶʯʠ, ʱʦ ʘʜʨʝʩʘ ʚʽʜʝʦ ʟʘʢʦʜʦʚʘʥʘ ʫ ʧʦʚʽʜʦʤʣʝʥʽ AR-ʤʘʨʢʝʨʘ, ʤʠ 

ʤʦʞʝʤʦ ʨʝʥʜʝʨʠʪʠ ʚʽʜʝʦ-ʧʦʪʽʢ ʚ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ, ʨʦʟʨʘʭʦʚʫʶʯʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʘʜʨʫ, ʱʦ ʚʠʚʦʜʠʪʴʩʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t , ʩʚʦʶ ʫʪʦʯʥʝʥʫ ʤʘʪʨʠʮʶ ʛʦʤʦʛʨʘʬʽʾ 

()H' t  ʽ ʧʨʦʚʦʜʷʯʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʦʦʨʜʠʥʘʪ ʢʘʜʨʫ ʧʦ ʬʦʨʤʫʣʽ: 

 

 

()

() ()

x ' t x

y' t H' t y

1 1

å õ å õ
æ ö æ ö

=æ ö æ ö
æ öæ ö
ç ÷ç ÷

, (3.98) 

 

ʜʝ 
F

x 0..W 1= -, 
F

y 0..H 1= - ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʢʘʜʨʫ, ʨʦʟʤʽʨ ʷʢʦʛʦ 
F F

W H³ ; 

()H' t  ï ʫʪʦʯʥʝʥʘ ʤʘʪʨʠʮʷ ʛʦʤʦʛʨʘʬʽʾ; ()x ' t , ()y' t  ï ʪʨʘʥʩʬʦʨʤʦʚʘʥʽ 

ʢʦʦʨʜʠʥʘʪʠ ʢʘʜʨʫ, ʱʦ ʧʦʨʘʭʦʚʘʥʽ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ t . 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʠʩʘʥʠʡ ʚʠʱʝ ʧʽʜʭʽʜ, ʤʦʞʥʘ ʪʘʢʦʞ ʟʨʦʙʠʪʠ 

ʩʧʨʦʱʝʥʫ ʚʝʨʩʽʶ ʧʨʦʝʮʽʶʚʘʥʥʷ 3d-ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ AR-ʤʘʨʢʝʨʘ, ʧʨʠ 

ʮʴʦʤʫ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʢʦʦʨʜʠʥʘʪ x , y  ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (3.95), ʘ ʜʣʷ 

ʢʦʦʨʜʠʥʘʪʠ z ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʩʪʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ:  

 

 () ()z
z t s t z¡ = . (3.99) 

 

ʄʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ()z
s t  ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ 

ʤʘʪʨʠʮʽ A : 

 

 
z x y 11 22 12 21

s s s detA a a a a= = = - . (3.100) 
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ʆʙʠʜʚʘ ʤʝʪʦʜʠ ʧʨʦʝʮʽʶʚʘʥʥʷ ʜʘʶʪʴ ʧʨʠʡʥʷʪʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʙʣʠʟʴʢʽ 

ʜʣʷ ʟʦʙʨʘʞʝʥʴ, ʢʦʣʠ ʧʣʦʱʠʥʘ ʢʘʤʝʨʠ ʤʘʡʞʝ ʧʘʨʘʣʝʣʴʥʘ ʜʦ ʧʣʦʱʠʥʠ AR-

ʤʘʨʢʝʨʘ. ʇʝʨʝʚʘʛʘʤʠ ʩʧʨʦʱʝʥʦʛʦ ʤʝʪʦʜʫ ʻ ʡʦʛʦ ʥʠʞʯʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʚʘʨʪʽʩʪʴ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʢʘʣʽʙʨʫʚʘʥʥʷ, ʪʦʤʫ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ ʨʝʘʣʽʟʘʮʽʡ ʩʠʩʪʝʤ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʜʝ ʥʝʤʘʞ ʥʝʦʙʭʽʜʥʦʩʪʽ ʬʽʟʠʯʥʦ ʪʦʯʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

 

1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʤʝʪʦʜ ʾʭ ʬʦʨʤʫʚʘʥʥʷ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʜʫʨʘʭ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʽʢʩʝʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʪʘ ʾʭ ʢʦʜʫʚʘʥʥʷ ʢʦʣʴʦʨʦʤ ʢʣʽʪʠʥʦʢ ʟʦʙʨʘʞʝʥʥʷ ʤʘʨʢʝʨʘ, ʷʢʽ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʨʘʤʢʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʪʘ 

ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

2. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʙʽʥʘʨʠʟʘʮʽʾ ʣʦʢʘʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʜʝʪʝʢʪʫʻ ʦʙʣʘʩʪʴ ʤʘʨʢʝʨʘ ʥʘ ʚʠʭʽʜʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʘ ʟʥʘʭʦʜʠʪʴ 

ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ʰʣʷʭʦʤ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʬʽʣʴʪʨʘʮʽʾ ʤʘʩʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʘʭ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʢʦʨʝʢʪʥʦ ʜʝʢʦʜʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

3. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʟʥʘʭʦʜʞʝʥʥʷ 

ʯʦʪʠʨʴʦʭ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʽʪʝʨʘʪʠʚʥʦ ʤʘʢʩʠʤʽʟʫʶʯʠ ʩʫʤʫ ʜʠʩʧʝʨʩʽʡ ʩʝʨʝʜʥʽʭ 
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ʟʥʘʯʝʥʴ ʦʙôʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʦ ʨʷʜʢʘʭ ʽ ʩʪʦʚʧʮʷʭ 

ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʫʥʽʬʽʢʦʚʘʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʨʝʻʩʪʨʘʮʽʾ 

ʤʘʨʢʝʨʘ. 

4. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨʠ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʤʘʨʢʝʨʘ, ʙʫʜʫʻ ʤʘʪʨʠʮʶ ʙʽʪʽʚ 

ʤʘʨʢʝʨʘ ʽʟ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ, ʚʠʟʥʘʯʘʻ ʟʩʫʚ ʫ 

ʧʦʚʥʽʡ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʪʘ ʨʝʘʣʽʟʫʻ ʬʽʣʴʪʨʘʮʽʶ ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʨʝʢʪʥʝ 

ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ. 

5. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʜʦʤʠʭ, ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʦ ʥʘʷʚʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʶ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ 

ʪʨʠʚʠʤʽʨʥʽ ʦʙôʻʢʪʠ ʪʘ ʨʝʥʜʝʨʽʥʛ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʫʥʽʬʽʢʘʮʽʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʽʟʠʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʦʙʽʚ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʫ ʧʦʚʥʦʤʫ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʧʽʜ ʥʦʤʝʨʘʤʠ [42], [75]ï[79], [80], [83]ï[84], [85]ï[90], 

[92], [93], [95]ï[98], [100]ï[102], [104], [214]ï[233]. 
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4 ʇʆɹʋɼʆɺɸ ʊɸ ɺʀʗɺʃɽʅʅʗ ʄʆɿɸɰʏʅʀʍ ʉʊʆʍɸʉʊʀʏʅʀʍ 

ʄɸʈʂɽʈɯɺ ɼʆʇʆɺʅɽʅʆɰ ʈɽɸʃʔʅʆʉʊɯ 

 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʘʣʽʟʘʮʽʶ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, 

ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ 

ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʤʝʪʦʜʫ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʤʝʪʦʜʽʚ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʤʝʪʦʜʫ ʨʝʥʜʝʨʠʥʛʫ 

ʚʽʜʝʦʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ ʚʩʽʭ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʫ ʩʠʩʪʝʤʽ MATLAB . 

ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [75]ï[79], [82], [85]ï[86], 

[90]ï[91], [93]ï[94], [101]. 

 

 

4.1 ʇʦʙʫʜʦʚʘ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʙʫʜʝ ʦʧʠʩʘʥʦ ʟʘʛʘʣʴʥʫ ʨʝʘʣʽʟʘʮʽʶ ʤʝʪʦʜʫ 

ʧʦʙʫʜʦʚʠ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʥʘ 

ʨʠʩ. 4.1 ʥʘʚʝʜʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ, ʱʦ ʡʦʛʦ ʨʝʘʣʽʟʫʻ [75], [77]. 
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ʈʠʩʫʥʦʢ 4.1 ï ɹʣʦʢ-ʩʭʝʤʘ ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʙʫʜʦʚʠ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʫ ʻ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ. ʋ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʙʨʘʪʠ ʟʦʙʨʘʞʝʥʥʷ QR-ʢʦʜʫ (ʨʠʩ. 4.2), ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʛʝʥʝʨʘʪʦʨʘʤʠ QR-ʢʦʜʫ (ʜʠʚ. ʥʘʧʨʠʢʣʘʜ, [235]). 

 

     

                                                         ʘ)                  ʙ) 

ʈʠʩʫʥʦʢ 4.2 ï ʇʨʠʢʣʘʜʠ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ï QR-ʢʦʜ, ʚ ʷʢʦʤʫ 

ʟʘʢʦʜʦʚʘʥʦ: ʘ) çHello, world!è; ʙ) url-ʘʜʨʝʩʘ ʚʽʜʝʦ ʟ YouTube [236] 

 

ʅʘʜʘʣʽ, ʷʢʱʦ ʮʝ ʥʝ ʙʫʜʝ ʩʧʝʮʽʘʣʴʥʦ ʦʛʦʚʦʨʝʥʦ, ʚʩʽ ʧʨʠʢʣʘʜʠ ʙʫʜʫʪʴ 
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ʥʘʚʦʜʠʪʠʩʷ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʨʠʩ. 4.2ʘ.  

ʈʦʟʤʽʨ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ N 21=  (21 21³  ʧʽʢʩʝʣʽʚ). 

 

 

4.1.1 ɼʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ 

 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨʠ ʜʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ ʙʽʥʘʨʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʟʘʜʘʥʦ ʟʤʽʥʥʦʶ qr , ʫ ʟʘʜʘʥʝ ʯʠʩʣʦ (ʟʤʽʥʥʘ 

k) ʨʘʟʽʚ (ʨʠʩ. 4.3) [93]: 

g = imresize(qr, k, 'nearest' );  

 

 

ʈʠʩʫʥʦʢ 4.3 ï ɿʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ, ʟʙʽʣʴʰʝʥʝ ʫ k 3=  ʨʘʟʽʚ 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʫ k  ʨʘʟʽʚ ʜʫʙʣʶʻ ʜʘʥʽ 

(ʧʽʢʩʝʣʽ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ) ʫ 2k  ʨʘʟʽʚ. 

 

 

4.1.2 ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʜʘʥʠʭ 

 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʘʥʠʭ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʩʝʚʜʦʛʦʣʦʛʨʘʬʽʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʧʨʦʧʦʥʫʻʪʴʩʷ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʫ ʧʝʨʝʩʪʘʥʦʚʢʫ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ 

ʩʪʘʥʜʘʨʪʥʦʶ ʬʫʥʢʮʽʻʶ randperm  ʟ ʬʽʢʩʦʚʘʥʠʤ ʧʦʯʘʪʢʦʚʠʤ ʩʪʘʥʦʤ 

ʛʝʥʝʨʘʪʦʨʘ state  (ʨʠʩ. 4.4) [75], [237]. ʆʩʪʘʥʥʻ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʧʝʨʝʩʪʘʥʦʚʢʠ. 

 

rand ( ' state ' , state );  

ind  = randperm ( size );  

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʇʝʨʤʫʪʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ï ʨʝʟʫʣʴʪʘʪ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʽʢʩʝʣʽʚ 

 

ɿʥʘʯʝʥʥʷ state  ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʠʤ, ʛʦʣʦʚʥʝ, ʱʦʙ ʚʦʥʦ ʙʫʣʦ 

ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʠʡʥʷʪʦ 

state =0. ɿʤʽʥʥʘ size  ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʫ 

ʟʙʽʣʴʰʝʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, ʱʦ ʨʽʚʥʦ ( )
2

N kÖ , ʪʦʙʪʦ size = 3969 . 

 

 

4.1.3 ʉʪʚʦʨʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʫ 

 

 

ʇʦʧʝʨʝʜʥʻ ʟʦʙʨʘʞʝʥʥʷ (ʜʠʚ. ʨʠʩ. 4.4) ʢʦʜʫʻ ʢʦʞʝʥ ʙʽʪ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʢʦʣʴʦʨʦʤ ʢʣʽʪʠʥʢʠ, ʧʨʠ ʮʴʦʤʫ ʙʽʪ 0 ʢʦʜʫʻʪʴʩʷ ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ, ʙʽʪ 1 ï 
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ʙʽʣʠʤ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʨʦʙʘʩʪʥʦʩʪʽ, 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʪʘ ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ, ʱʦ ʜʘʻ ʧʦʢʨʘʱʝʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ 

ʢʘʤʝʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʩʪʚʦʨʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨʠ ʩʪʚʦʨʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ, ʢʣʽʪʠʥʢʠ 

ʨʦʟʜʽʣʶʚʘʣʠʩʴ ʨʘʤʢʦʶ ʪʦʚʱʠʥʦʶ 
1

a 1=  ʟ ʧʨʦʤʽʞʥʠʤ ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʻ ʟʦʙʨʘʞʝʥʥʷ ʩʬʦʨʤʦʚʘʥʦʛʦ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (ʨʠʩ. 4.5). 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ɿʦʙʨʘʞʝʥʥʷ AR-ʤʘʨʢʝʨʘ ï ʨʝʟʫʣʴʪʘʪ ʜʦʜʘʚʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʙʽʪ-ʢʦʥʪʝʡʥʝʨʫ 

 

 

4.2 ɺʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʉʪʨʫʢʪʫʨʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.6 [76]ï

[78]. 
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ʈʠʩʫʥʦʢ 4.6 ï ɹʣʦʢ-ʩʭʝʤʘ ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʷʚʣʝʥʥʷ AR-ʤʘʨʢʝʨʘ 

 

 

4.2.1 ɺʚʽʜ ʟʦʙʨʘʞʝʥʥʷ 

 

 

ʅʘ ʚʭʽʜ ʘʣʛʦʨʠʪʤʫ ʧʦʜʘʻʪʴʩʷ ʢʦʣʴʦʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 4.7), ʱʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ (ʨʠʩ. 4.8). 
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ʈʠʩʫʥʦʢ 4.7 ï ɺʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ 

 

ɼʣʷ ʢʦʥʚʝʨʪʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʘ ʬʫʥʢʮʽʷ 

 

f  = rgb 2gray ( im );  

 

 

ʈʠʩʫʥʦʢ 4.8 ï ɿʦʙʨʘʞʝʥʥʷ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ 

 

ɿʤʽʥʥʘ im  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʣʴʦʨʦʚʦʛʦ RGB ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʧʨʠʚʝʜʝʥʦ ʜʦ ʪʠʧʫ single  ʽ ʥʦʨʤʘʣʽʟʦʚʘʥʦ ʜʦ ʜʽʘʧʘʟʦʥʫ 0..1, im  ï 

ʟʦʙʨʘʞʝʥʥʷ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ. 
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4.2.2 ɿʘʩʪʦʩʫʚʘʥʥʷ std-ʬʽʣʴʪʨʘ 

 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ std-ʬʽʣʴʪʨʘ (ʧʨʦʮʝʜʫʨʠ, ʱʦ ʨʦʟʨʘʭʦʚʫʻ ʧʦ ʟʦʙʨʘʞʝʥʥʶ 

ʣʦʢʘʣʴʥʝ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʢʦʚʟʘʶʯʠʤ ʚʽʢʥʦʤ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʟʤʽʨʦʤ 3 3³ ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ  

 

s = stdfilt ( f , ones (3));  

 

ɿʤʽʥʥʘ s  ïʟʦʙʨʘʞʝʥʥʷ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ, ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʷʢʦʛʦ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ std-ʬʽʣʴʪʨʘʮʽʾ (ʨʠʩ. 4.9). 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ʈʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

ʧʦ ʦʙʣʘʩʪʽ ʨʦʟʤʽʨʦʤ 3 3³  

 

 

4.2.3 ɹʽʥʘʨʠʟʘʮʽʷ 

 

 

ʗʢ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ ʨʦʟʜʽʣʽ 3, ʜʣʷ ʙʽʥʘʨʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʝ ʩʪʘʥʜʘʨʪʥʠʡ ʤʝʪʦʜ ʙʽʥʘʨʠʟʘʮʽʾ ʧʦ ʆʪʩʫ, ʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʝʛʤʝʥʪʘʮʽʷ 

ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʦʤ K-ʩʝʨʝʜʥʽʭ ʥʘ K 3=  ʢʣʘʩʠ.  
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ʉʝʛʤʝʥʪʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ  

 

[ idx , cnt ] = imsegkmeans ( s, 3, ' NumAttempts ' ,3);  

 

ʇʘʨʘʤʝʪʨ ' NumAttempts ' , ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʠʡ 3, ʟʘʜʘʻ 

ʢʽʣʴʢʽʩʪʴ ʟʘʧʫʩʢʽʚ ʬʫʥʢʮʽʾ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʩʪʽʡʢʽʰʠʡ ʨʝʟʫʣʴʪʘʪ; ʟʤʽʥʥʘ idx  

ʢʦʜʫʻ ʽʥʜʝʢʩʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʚ ʷʢʦʤʫ ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʚʽʜʧʦʚʽʜʘʻ ʽʥʜʝʢʩʫ 

ʢʣʘʩʫ, cnt  ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ (ʨʠʩ. 4.10) 

[79], [82]. 

 

 

ʈʠʩʫʥʦʢ 4.10 ï ɯʥʜʝʢʩʥʝ ʟʦʙʨʘʞʝʥʥʷ ï ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ ʥʘ K 3=  ʢʣʘʩʠ 

 

ɹʽʥʘʨʠʟʘʮʽʷ ï ʮʝ ʨʝʟʫʣʴʪʘʪ ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʢʣʘʩʫ, ʢʦʣʽʨ ʷʢʦʛʦ ʥʝ ʻ 

ʤʽʥʽʤʘʣʴʥʠʤ: 

 

[~, i] = min(cnt);  

bw = idx ~= i;  

 

ɿʤʽʥʥʘ bw ï ʙʽʥʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʜʝ ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʧʨʠʡʤʘʻ 

ʟʥʘʯʝʥʥʷ 1 ʯʠ 0 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʯʠ ʚʠʢʦʥʫʻʪʴʩʷ ʚʢʘʟʘʥʘ ʫʤʦʚʘ. 

ʈʝʟʫʣʴʪʘʪ ʙʽʥʘʨʠʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 4.11.  
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ʈʠʩʫʥʦʢ 4.11 ï ʈʝʟʫʣʴʪʘʪ ʙʽʥʘʨʠʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʨʠʩ. 4.12 ʧʦʢʘʟʘʥʽ ʬʨʘʛʤʝʥʪʠ ʙʽʥʘʨʥʠʭ 

ʤʘʩʦʢ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʆʪʩʫ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ.  

 

ʘ)  ʙ)  

ʈʠʩʫʥʦʢ 4.12 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʙʽʥʘʨʠʟʘʮʽʾ: ʘ) ʤʝʪʦʜʦʤ ʆʪʩʫ; 

ʙ) ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ 

ɿ ʘʥʘʣʽʟʫ ʨʠʩ. 4.12 ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʚʽʟʫʘʣʴʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʝʪʦʜ ʜʘʻ ʩʫʪʪʻʚʦ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ï ʚʩʽ ʢʦʥʪʫʨʠ ʢʣʽʪʠʥʦʢ ʜʦʙʨʝ 

ʚʠʜʽʣʷʶʪʴʩʷ. 

 

 

4.2.4 ʄʦʨʬʦʣʦʛʽʯʥʝ ʦʯʠʱʝʥʥʷ 

 

 

ʆʪʨʠʤʘʥʝ ʙʽʥʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʯʠʱʘʻʪʴʩʷ ʚʽʜ ʰʫʤʫ (ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʾ bwareaopen ( bw, 200)  ʚʽʜʢʠʜʘʶʪʴʩʷ ʚʩʽ ʟʚôʷʟʥʽ ʦʙʣʘʩʪʽ ʟ 
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ʧʣʦʱʝʶ ʤʝʥʰʝ 200 ʧʽʢʩʝʣʽʚ) ʽ ʜʦ ʥʴʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʧʝʨʘʮʽʷ 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʟʘʤʠʢʘʥʥʷ imclose  ʟ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ ʢʚʘʜʨʘʪʥʠʤ 

ʷʜʨʦʤ ʨʦʟʤʽʨʦʤ 63³63, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʧʦʚʥʠʪʠ ʚʥʫʪʨʽʰʥʽ ʦʙʣʘʩʪʽ ʢʦʥʪʫʨʽʚ 

ʽ ʦʪʨʠʤʘʪʠ ʤʘʩʢʫ AR-ʤʘʨʢʝʨʘ: 

 

bw = bwareaopen(bw, 200);  

bw = imclose(bw, ones(63));  

 

ʈʝʟʫʣʴʪʘʪ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.13. 

 

 

ʈʠʩʫʥʦʢ 4.13 ï ʈʝʟʫʣʴʪʘʪ ʟʘʧʦʚʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʦʙʣʘʩʪʝʡ 

 

 

4.2.5 ɺʠʙʽʨ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦ ʧʣʦʱʽ ʦʙôʻʢʪʘ 

 

 

ɼʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʢʠ AR-ʤʘʨʢʝʨʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ 

ʦʪʨʠʤʘʥʦʤʫ ʙʽʥʘʨʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ (ʜʠʚ. ʨʠʩ. 4.13) ʟʥʘʡʪʠ ʥʘʡʙʽʣʴʰʫ ʧʦ 

ʧʣʦʱʽ ʟʚôʷʟʥʫ ʦʙʣʘʩʪʴ (ʨʠʩ. 4.14ʘ): 

 

props = regionprops(bw, 'area' );  

[~,k] = max([props.Area]);  

bw = ismember(bwlabel(bw),k);  

 



220 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʻ ʩʝʥʩ ʚʽʜʢʠʥʫʪʠ ʥʝʽʥʬʦʨʤʘʪʠʚʥʽ ʧʦʨʦʞʥʽ ʦʙʣʘʩʪʽ ʽ ʚ 

ʷʢʦʩʪʽ ʤʘʩʢʠ AR-ʤʘʨʢʝʨʘ ʙʨʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʧʠʩʘʥʦʤʫ 

ʧʨʷʤʦʢʫʪʥʠʢʫ: 

 

[y,x] = find(bw);  

bw = bw(min(y):max(y),min(x):max(x));  

 

ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.14ʙ. 

 

     

                                                      ʘ)                                               ʙ) 

ʈʠʩʫʥʦʢ 4.14 ï ɺʠʙʽʨ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙ'ʻʢʪʫ: ʘ) ʥʘʡʙʽʣʴʰʘ ʟʚôʷʟʥʘ ʦʙʣʘʩʪʴ; 

ʙ) ʤʘʩʢʘ AR-ʤʘʨʢʝʨʘ 

 

 

4.2.6 ɿʥʘʭʦʜʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ 

 

 

ʉʪʨʫʢʪʫʨʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.15. 
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ʈʠʩʫʥʦʢ 4.15 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ 

 

ʅʘ ʚʭʽʜ ʘʣʛʦʨʠʪʤʫ ʧʦʜʘʶʪʴʩʷ ʟʥʘʡʜʝʥʘ ʤʘʩʢʘ AR-ʤʘʨʢʝʨʘ (ʜʠʚ. 

ʨʠʩ. 4.14ʙ) ʽ ʚʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ (ʜʠʚ. ʨʠʩ. 4.8), ʟ ʷʢʦʛʦ 

ʧʦ ʤʘʩʮʽ ʚʠʜʽʣʷʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ (ʨʠʩ. 4.16ʘ). 

ʆʪʨʠʤʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʝʛʤʝʥʪʫʻʪʴʩʷ ʥʘ K=3 ʢʣʘʩʠ (ʨʠʩ. 4.16ʙ) ʫ ʷʢʦʤʫ 

ʢʣʘʩʠ ʚʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʧʦ ʟʨʦʩʪʘʥʥʶ ʷʩʢʨʘʚʦʩʪʽ (ʨʠʩ. 4.16ʚ). 
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                         ʘ)                                        ʙ)                                      ʚ) 

ʈʠʩʫʥʦʢ 4.16 ï ɿʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ: ʘ) ʚʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ; ʙ) 

ʨʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ; ʚ) ʨʝʟʫʣʴʪʘʪ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʽʥʜʝʢʩʽʚ ʢʣʘʩʽʚ 

 

ʄʘʩʢʠ ʙʽʪ ʢʦʥʪʝʡʥʝʨʽʚ (ʟʤʽʥʥʽ bw1, bw2) ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ (ʨʠʩ. 4.17): 

 

[idx1, cnt] = imsegkmeans(f1(bw,:), K, 

'NumAttempts' ,3);  

idx = zeros(h*w,1);  

idx(bw) = idx1;  

  

label = reshape(idx,h,w);  

fileName(label/K, 'lab' )  

 

[~,ind] = sort(cnt);  

ii(ind) = 1:K;  

ii = [1 ii+1];  

idx = ii(idx+1) - 1;  

  

lab el = reshape(idx,h,w);  

 

bw1 = label==1;  

bw2 = label==K;  
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                                                ʘ)                                     ʙ) 

ʈʠʩʫʥʦʢ 4.17 ï ʄʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ: ʘ) 0-ʙʽʪ-ʢʦʥʪʝʡʥʝʨ; ʘ) 1-ʙʽʪ-

ʢʦʥʪʝʡʥʝʨ 

 

ʆʪʨʠʤʘʥʽ ʤʘʩʢʠ ʤʽʩʪʷʪʴ ʜʦʚʦʣʽ ʙʘʛʘʪʦ ʰʫʤʫ, ʪʦʤʫ ʾʭ ʪʨʝʙʘ 

ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ [85]ï[86].  

ʉʧʦʯʘʪʢʫ ʟʥʘʭʦʜʷʪʴʩʷ ʨʦʟʤʽʨʠ ʷʜʨʘ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ (ʟʤʽʥʥʽ 

a1, a2), ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʤʘʩʢʠ ʢʦʞʥʦʛʦ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ (ʨʠʩ. 4.18): 

 

bw1 = imopen(bw1, ones(2*a1 - 1));  

bw2 = imopen(bw 2, ones(2* a2- 1));  

 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʘ ʬʽʣʴʪʨʘʮʽʷ ʤʘʩʦʢ, ʾʾ ʨʦʣʴ 

ʚʽʜʢʠʥʫʪʠ ʚʩʽ ʥʝʩʪʘʥʜʘʨʪʥʽ ʧʦ ʨʦʟʤʽʨʫ ʢʣʽʪʠʥʢʠ (ʨʠʩ. 4.19ʘʙ): 

 

k = 3;  

for  i=1:3  

    props = regionprops(bw1, 'Area' );  

    area = [props.Area];  

    cond = abs(area - mean(area)) < k*s td(area);  

    bw1 = ismember(bwlabel(bw1), find(cond));  

end  
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                                                 ʘ)                                    ʙ) 

ʈʠʩʫʥʦʢ 4.18 ï ʈʝʟʫʣʴʪʘʪ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ: ʘ) 0-ʙʽʪ-ʢʦʥʪʝʡʥʝʨ; ʘ) 

1-ʙʽʪ-ʢʦʥʪʝʡʥʝʨ 

 

ʄʘʶʯʠ ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ ʤʘʩʢʠ ʜʣʷ ʦʙʦʭ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ (ʟʤʽʥʥʽ bw1, 

bw2), ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ OR ʟʥʘʭʦʜʠʪʴʩʷ ʦʙôʻʜʥʘʥʥʷ ʤʘʩʦʢ 

ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ (ʟʤʽʥʥʘ bw) (ʨʠʩ. 4.19ʚ): 

bw = bw1| bw2;  

 

     

                           ʘ)                                      ʙ)                                      ʚ) 

ʈʠʩʫʥʦʢ 4.19 ï ʈʝʟʫʣʴʪʘʪ ʩʪʘʪʠʩʪʠʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ: ʘ) 0-ʙʽʪ-ʢʦʥʪʝʡʥʝʨ; ʘ) 1-

ʙʽʪ-ʢʦʥʪʝʡʥʝʨ; ʚ) ʦʙ'ʻʜʥʘʥʥʷ ʤʘʩʦʢ 
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4.3 ɿʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʮʽʶʚʘʥʥʷ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʘʧʨʽʦʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ 

 

 

ʉʪʨʫʢʪʫʨʥʫ ʙʣʦʢ-ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʝʮʽʶʚʘʥʥʷ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʙʫʣʦ ʦʧʠʩʘʥʦ ʫ 

ʈʦʟʜʽʣʽ 3 (ʜʠʚ. ʧ. 3.3.3), ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.20 [76]. 

 

 

ʈʠʩʫʥʦʢ 4.20 ï ɹʣʦʢ-ʩʭʝʤʘ ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʝʮʽʶʚʘʥʥʷ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 
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ʅʘ ʚʭʽʜ ʘʣʛʦʨʠʪʤʫ ʧʦʜʘʻʪʴʩʷ ʦʙô̒ ʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ (ʜʠʚ. 

ʨʠʩ. 4.19ʚ), ʥʘ ʚʠʭʦʜʽ ʦʪʨʠʤʫʻʤʦ ʪʨʘʥʩʬʦʨʤʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʤʘʩʢʠ ʙʽʪ 

ʢʦʥʪʝʡʥʝʨʽʚ. ʗʜʨʦʤ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʘʣʛʦʨʠʪʤ ʟʥʘʭʦʜʞʝʥʥʷ 4 ʦʧʦʨʥʠʭ 

ʪʦʯʦʢ, ʷʢʠʡ ʙʫʜʝ ʦʧʠʩʘʥʦ ʥʠʞʯʝ. 

 

 

4.3.1 ɯʪʝʨʘʪʠʚʥʝ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʥʠʭ ʪʦʯʦʢ 

 

 

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ (ʙʣʦʢ-ʩʭʝʤʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.21) ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʟʘʾʯʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ AR-

ʤʘʨʢʝʨʘ ï ʥʘ ʡʦʛʦ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʦʙôʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʦʢʨʝʤʠʭ ʤʘʩʦʢ ʜʣʷ ʢʦʞʥʦʾ ʢʣʽʪʠʥʢʠ. 

ɸʣʛʦʨʠʪʤ ʰʫʢʘʻ 4 ʦʧʦʨʥʽ ʪʦʯʢʠ, ʽʪʝʨʘʪʠʚʥʦ ʤʘʢʩʠʤʽʟʫʶʯʠ ʮʽʣʴʦʚʫ 

ʬʫʥʢʮʽʶ (3.31), ʱʦ ʚʚʝʜʝʥʦ ʫ ʧ. 3.3.3. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʦʢ, ʧʦ ʷʢʠʭ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ, ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʘʢʠʭ ʢʨʦʢʽʚ: 

1. ʇʦʯʘʪʢʦʚʽ ʽʥʽʮʽʘʣʽʟʘʮʽʾ: 

props = regionprops(bw, 'Centroid' );  

centroid = reshape(round([props.Centroid]), [2 

length(props)])';  

x = centroid(:,1);  

y = centroid(:,2);  

  

x1 = min(x);  

x2 = max(x);  

y1 = min(y);  

y2 = max(y);  

  

w = round(x2 - x1);  

h = round(y2 - y1);  

  

fixedPoints(1,:) = [1 1];  

fixedPoints(2,:) = [w 1];  

fixedPoints(3,:) = [w h];  

fixedPoints(4,:) = [1 h];  
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[~, id(1)] = min(+x+y);  

[~, id(2)] = min( - x+y);  

[~, id(3)] = min( - x- y);  

[~, id(4)] = min(+x - y);  

 

for  j=1:4  

    movingPoints(j,: ) = [x(id(j)) y(id(j))];  

end  

 

ʈʠʩʫʥʦʢ 4.21 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, 

ʘʨʢʫʰ 1 



228 

 

ʈʠʩʫʥʦʢ 4.21, ʘʨʢʫʰ 2 

 

2. ɯʪʝʨʘʪʠʚʥʘ ʤʽʥʽʤʽʟʘʮʽʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ: 

 

k=5;  

prev = 0;  
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it = 1;  

mask = bw;  

v = var(mean(mask,1))  + var(mean(mask,2));  

s(it) = v;  

while  1 

    idx = zeros(4,k);  

    for  j=1:4  

        d = sum(abs([x - x(id(j)) y - y(id(j))]),2);  

        [~, ids] = sort(d);  

        idx(j,:) = [ids(1:k)];  

    end  

    q = zeros(k,k,k,k);  

    for  j1=1:k  

        i1 = idx(1,j1);  

        movingPoints(1,:) = [x(i1) y(i1)];  

        for  j2=1:k  

            i2 = idx(2,j2);  

            movingPoints(2,:) = [x(i2) y(i2)];  

            for  j3=1:k  

                i3 = idx(3,j3);  

                movingPoints(3,:) = [x(i3) y(i3)];  

                for  j4=1:k  

                    i4 = idx(4,j4);  

                    movingPoints(4,:) = [x(i4) 

y(i4)];  

                     

                    T = fitgeotrans(movingPoints,  

fixedPoints, 'projective' );  

                    mask = imwarp(bw, T);  

                    v = var(mean(mask, 1))  + 

var(mean(mask,2));  

                    q(j1,j2,j3,j4) = v;  

                end  

            end  

        end  

    end  

     

    curr = max(q(:))  

    if  curr <= prev  

        break ;  

    end  

    prev = curr;  

    ind0 = find(q==curr);  

    [j1, j2, j3, j4] =  ind2sub(size(q), ind0(1));  

     



230 

    id(1) = idx(1,j1);  

    id(2) = idx(2,j2);  

    id(3) = idx(3,j3);  

    id(4) = idx(4,j4);  

    for  j=1:4  

        movingPoints(j,:) = [x(id(j)) y(id(j))];  

    end  

     

    it = it+1  

     

    s(it) = curr;  

end  

 

ʅʘ ʨʠʩ. 4.22 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ, ʥʘ ʨʠʩ. 4.23 ï ʨʝʟʫʣʴʪʘʪ ʢʽʥʮʝʚʦʾ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ. 

 

ʈʠʩʫʥʦʢ 4.22 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

 

3. ɿʥʘʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʾ ʤʘʪʨʠʮʽ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

 

for  j=1:4  

    movingPoints(j,:) = [x(id(j)) y(id(j))];  

end  

T = fitgeotrans(movingPoints, fixedPoints, 

'projective' );  
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ʈʠʩʫʥʦʢ 4.23 ï ʈʝʟʫʣʴʪʘʪ ʢʽʥʮʝʚʦʾ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ 

 

 

4.3.2 ɿʘʫʚʘʞʝʥʥʷ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ 

 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʜʦʩʠʪʴ ʚʠʙʨʘʥʘ ʚʜʘʣʦ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʞʝ ʥʘ 4 ʽʪʝʨʘʮʽʾ ʧʦ ʩʫʪʽ ʜʦʟʚʦʣʷʻ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʠʪʠ 

ʰʫʢʘʥʫ ʤʘʪʨʠʮʶ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʠʤ ʥʝ ʤʝʥʰ ʘʣʛʦʨʠʪʤ ʟʙʽʛʘʻʪʴʩʷ ʜʦ ʜʝʱʦ 

ʤʝʥʰʦʛʦ 4-ʢʫʪʥʠʢʘ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʦʩʢʽʣʴʢʠ ʥʘ ʢʨʘʷʭ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʩʫʪʥʽ 

ʥʝʚʝʣʠʢʽ ʥʝʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ:  

ʘ) ʥʝʣʽʥʽʡʥʽʩʪʶ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʩʤʘʨʪʬʦʥʘ;  

ʙ) ʩʢʨʫʯʫʚʘʥʥʷʤ ʧʦ ʢʨʘʷʭ ʣʠʩʪʢʘ ʧʘʧʝʨʫ ʧʽʩʣʷ ʜʨʫʢʫ. 

ʊʨʘʥʩʬʦʨʤʦʚʘʥʘ ʤʘʩʢʘ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.24ʘ ʽ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʫ ʩʠʩʪʝʤʫ ʢʣʽʪʠʥʦʢ, ʷʢ ʽ ʧʦʚʠʥʥʦ ʙʫʪʠ. ʅʘ 

ʨʠʩ. 4.24ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʘʥʩʬʦʨʤʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ. 
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                                     ʘ)                                                           ʙ) 

ʈʠʩʫʥʦʢ 4.24 ï ʈʝʟʫʣʴʪʘʪʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ: ʘ) ʤʘʩʢʘ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ; ʙ) 

ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 

 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʰʫʢʘʶʪʴʩʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʤʘʩʰʪʘʙʽʚ ʧʦ ʦʩʷʭ, ʦʩʢʽʣʴʢʠ ʬʽʢʩʦʚʘʥʽ ʪʦʯʢʠ 

ʚʠʙʠʨʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʦʚʽʣʴʥʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʜʦʚʞʠʥʘ ʽ ʰʠʨʠʥʘ ʮʴʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ ʚʠʙʠʨʘʻʪʴʩʷ ʷʢ ʜʦʚʞʠʥʘ ʽ ʰʠʨʠʥʘ 

ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ). 

 

 

4.4 ɼʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ 

 

 

ɿʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʥʫ ʙʣʦʢ-ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 4.25 [79]. 
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ʈʠʩʫʥʦʢ 4.25 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ 

 

 

4.4.1 ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ 

 

 

ʉʪʨʫʢʪʫʨʥʫ ʙʣʦʢ-ʩʭʝʤʫ ʤʝʪʦʜʫ ʟʥʘʭʦʜʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ ʽ 

ʩʪʦʚʧʮʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.26. 
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ʈʠʩʫʥʦʢ 4.26 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʨʷʜʢʽʚ/ʩʪʦʚʧʮʽʚ 

 

ʅʘ ʚʭʽʜ ʘʣʛʦʨʠʪʤʫ ʧʦʜʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʦʚʘʥʘ ʤʘʩʢʘ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 

(ʟʤʽʥʥʘ bw), ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʙôʻʜʥʘʥʥʷ ʤʘʩʦʢ ʜʣʷ ʦʢʨʝʤʠʭ ʙʽʪ-

ʢʦʥʪʝʡʥʝʨʽʚ (ʨʠʩ. 4.24ʘ), ʧʽʩʣʷ ʯʦʛʦ ʟʥʘʭʦʜʷʪʴʩʷ ʩʫʤʠ ʧʦ ʨʷʜʢʘʭ (ʟʤʽʥʥʘ 

s1) ʽ ʩʪʦʚʧʮʷʭ (ʟʤʽʥʥʘ s2) : 

s1 = sum(bw,1);  

s2 = sum(bw,2);  

 

ɼʘʣʽ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʨʬʦʣʦʛʽʾ ʨʘʭʫʶʪʴʩʷ ʥʠʞʥʽ (ʟʤʽʥʥʽ 

m1, m2) ʽ ʚʝʨʭʥʽ (d1, d2) ʦʛʠʥʘʶʯʽ; ʧʦʪʽʤ, ʷʢ ʩʝʨʝʜʥʻ ʤʽʞ ʚʝʨʭʥʽʤʠ ʽ 

ʥʠʞʥʽʤʠ ʦʛʠʥʘʶʯʠʤʠ, ʧʦʨʦʛʠ (t1 , t 2): 
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m1 = imerode(s1, ones(1,63));  

m2 = imerode(s2, ones(63,1));  

d1 = imdilate(s1, ones(1,63));  

d2 = imdilate(s2, ones(63,1));  

t 1 = 0.5*( m1+d1);  

t 2 =  0.5*( m2+d2);  

 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.27. 

 

 

                                     ʘ)                                                         ʙ) 

ʈʠʩʫʥʦʢ 4.27 ï ɻʨʘʬʽʢʠ ʩʝʨʝʜʥʽʭ, ʦʛʠʥʘʶʯʠʭ ʽ ʧʦʨʦʛʽʚ: ʘ) ʨʷʜʢʠ; ʙ) ʩʪʦʚʧʮʽ 

 

ʇʽʩʣʷ ʯʦʛʦ ʨʘʭʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʩʪʦʚʧʮʽʚ/ʨʷʜʢʽʚ ʷʢ ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʚʠʱʝʥʴ ʧʦʨʦʛʫ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ (ʧʦ ʨʷʜʢʘʭ/ʩʪʦʚʧʮʷʭ) ʩʫʤ: 

 

s1 = diff([0; s1(:)>t1(:)]);  

s2 = diff([0; s2(:)>t2(:)]);  

w = sum(s1>0);  

h = sum(s2>0);  

 

 

4.4.2 ɿʘʧʦʚʥʝʥʥʷ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 

 

 

ʄʘʶʯʠ ʧʨʘʚʠʣʴʥʽ ʨʦʟʤʽʨʠ (ʟʤʽʥʥʽ h, w), ʟ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ f  ʟʘʧʦʚʥʶʻʤʦ ʧʦ ʢʦʦʨʜʠʥʘʪʘʭ ʮʝʥʪʨʦʾʜʽʚ (x,y) ʤʘʪʨʠʮʶ ʙʽʪʽʚ 
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g: 

 

dy = (max(y) - min(y))/(h - 1);  

dx = (max(x) - min(y))/(w - 1);  

 

r = round( (y) - min(y))/dy+1 );  

c = round( (x - min(x))/dx+1 );  

 

g(r,c) = f(round(y),round(x));  

 

ɿʘʧʦʚʥʝʥʘ ʤʘʪʨʠʮʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.28, ʧʨʠ ʮʴʦʤʫ 

ʟʥʘʯʝʥʥʷ ʙʽʪʽʚ 1 ʢʦʜʫʻʪʴʩʷ ʙʽʣʠʤ ʢʦʣʴʦʨʦʤ, ʙʽʪʽʚ 0 ï ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ, ʘ 

ʥʝʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ (ʚʽʜʩʫʪʥʽ ʢʣʽʪʠʥʢʠ) ï ʯʦʨʥʠʤ. 

 

 

4.4.3 ɺʠʟʥʘʯʝʥʥʷ ʟʩʫʚʫ ʫ ʧʦʚʥʽʡ ʤʘʪʨʠʮʽ ʙʽʪʽʚ 

 

 

ʆʪʨʠʤʘʥʘ ʤʘʪʨʠʮʷ ʙʽʪʽʚ ʤʘʻ ʨʦʟʤʽʨ, ʱʦ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʨʦʟʤʽʨʦʤ 

ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ ʙʽʪʽʚ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 63 63³ ). ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ 

ʜʝʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʟʩʫʚ ʫ ʧʦʚʥʽʡ ʤʘʨʠʮʽ ʙʽʪʽʚ, ʢʫʜʠ 

ʚʩʪʘʚʣʷʻʪʴʩʷ ʟʘʧʦʚʥʝʥʘ ʤʘʪʨʠʮʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ, ʨʝʰʪʘ ʤʘʪʨʠʮʽ 

ʟʘʧʦʚʥʷʻʪʴʩʷ ʥʝʚʠʟʥʘʯʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ï 1/2. 

 

 

ʈʠʩʫʥʦʢ 4.28 ï ɿʘʧʦʚʥʝʥʘ ʤʘʪʨʠʮʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 
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ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʟʩʫʚʫ ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʙʠʨʘʶʪʴʩʷ ʚʩʽ ʤʦʞʣʠʚʽ 

ʧʦʣʦʞʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʫ ʧʦʚʥʽʡ ʤʘʪʨʠʮʽ ʙʽʪʽʚ, ʧʽʩʣʷ ʯʦʛʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽʥʚʝʨʩʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘ ʽ ʚʽʜ ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ (3.52), ʱʦ ʙʫʣʘ ʚʚʝʜʝʥʘ ʫ ʧ. 3.4.3. ɻʨʘʬʽʢ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʩʫʚʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.29. 

 

ʈʠʩʫʥʦʢ 4.29 ï ɻʨʘʬʽʢ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʩʫʚʽʚ 

 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʽʥʽʤʫʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ (1, 32), ʱʦ ʚʽʜʧʦʜʘʻ 

ʽʥʜʝʢʩʘʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʣʽʚʦʛʦ ʟʘʧʦʚʥʝʥʦʾ ʤʘʪʨʠʮʽ ʢʫʪʘ ʙʽʪ-

ʢʦʥʪʝʥʝʨʘ ʫ ʧʦʚʥʽʡ ʤʘʪʨʠʮʽ. ʇʦʚʥʘ ʤʘʪʨʠʮʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ, ʢʫʜʠ ʽʟ 

ʧʨʘʚʠʣʴʥʠʤ ʟʩʫʚʦʤ ʚʩʪʘʚʣʝʥʘ ʦʪʨʠʤʘʥʘ ʤʘʪʨʠʮʷ ʙʽʪʽʚ, ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 4.30. 

 

ʈʠʩʫʥʦʢ 4.30 ï ʇʦʚʥʘ ʤʘʪʨʠʮʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 
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4.4.4 ɼʝʢʦʜʫʚʘʥʥʷ ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 

 

 

ɼʝʢʦʜʫʚʘʥʥʷ ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ ʧʨʦʚʦʜʠʪʴʩʷ ʰʣʷʭʦʤ 

ʽʥʚʝʨʩʥʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ [90]ï[91].  

ʆʩʢʽʣʴʢʠ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʧʨʦʧʫʱʝʥʘ, ʪʦ ʜʦ ʦʪʨʠʤʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʬʽʣʴʪʨʘʮʽʾ, ʢʦʣʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʣʽʪʠʥʢʠ ʨʦʟʤʽʨʦʤ [k k]  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ mode ï ʟʥʘʯʝʥʥʷ, ʱʦ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʥʝʚʠʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ (ʥʘʛʘʜʘʻʤʦ, 

ʱʦ ʾʭ ʢʦʣʽʨ 1/2): 

 

proc = @(x) mode(x(x~=1/2));  

fun = @(block_str uct) proc(block_struct.data(:)) * 

ones(size(block_struct.data));  

res = blockproc(res, [k k], fun);  

res ( isnan ( res ))=0;  

 

 

ʈʠʩʫʥʦʢ 4.31 ï ʈʝʟʫʣʴʪʘʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʚʝʨʩʥʦʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʜʦ ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ 

 

ʂʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʜʝʢʦʜʫʚʘʥʥʷ ʤʘʨʢʝʨʘ (ʟʤʽʥʥʘ res ) ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩ. 4.32, ʚʩʽ ʙʽʪʠ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʧʨʦʧʫʩʢʽʚ 

(ʜʠʚ. ʨʠʩ. 4.30), ʚʽʜʥʦʚʣʝʥʦ ʧʨʘʚʠʣʴʥʦ.  
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ʈʠʩʫʥʦʢ 4.32 ï ʂʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʜʝʢʦʜʫʚʘʥʥʷ ʤʘʨʢʝʨʘ 

 

ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʥʘ ʨʠʩ. 4.33 ʧʦʢʘʞʝʤʦ ʧʦʨʫʯ ʟʦʙʨʘʞʝʥʥʷ-

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʘʥʦʛʦ AR-ʤʘʨʢʝʨʘ 

(ʜʠʚ. ʨʠʩ. 4.2), ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʦʪʨʠʤʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʝʢʦʜʫʚʘʥʥʷ AR-ʤʘʨʢʝʨʘ ʽ ʾʭ ʧʦ-ʙʽʪʦʚʫ ʨʽʟʥʠʮʶ (ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʦ-ʙʽʪʦʚʦʾ 

ʦʧʝʨʘʮʽʾ XOR). ʗʢ ʙʘʯʠʤʦ, ʧʦʤʠʣʢʠ ʚʽʜʩʫʪʥʽ. 

 

   

                     ʘ)                                          ʙ)                                        ʚ) 

ʈʠʩʫʥʦʢ 4.33 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ: ʘ) ʚʭʽʜʥʠʡ QR-ʢʦʜ; ʙ) ʜʝʢʦʜʦʚʘʥʠʡ 

QR-ʢʦʜ; ʚ) ʾʭ ʨʽʟʥʠʮʷ 
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4.5 ɿʘʛʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ɿʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.34. 

 

 

ʈʠʩʫʥʦʢ 4.34 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 
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4.5.1 ʇʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ 

 

 

ɺ ʷʢʦʩʪʽ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʤʦʞʣʠʚʦʩʪʝʡ ʤʝʪʦʜʘ, ʦʙʨʘʥʦ ʩʪʘʥʜʘʨʪʥʠʡ 3d-ʦʙôʻʢʪ ʩʠʩʪʝʤʠ MATLAB  

çʯʘʡʥʠʢè, ʱʦ ʟʘʜʘʻʪʴʩʷ ʥʘʙʦʨʦʤ ʩʚʦʾʭ 3d-ʢʦʦʨʜʠʥʘʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

teapotGeometry  [233] ʪʘ 3d-ʦʙôʻʢʪ çʢʫʙè, ʷʢʠʡ ʟʘʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʾ: 

 

function  [vertices, faces] = cube  

vertices = [  

    0 0 0  

    1 0 0  

    1 1 0  

    0 1 0  

    0 0 1  

    1 0 1  

    1 1 1  

    0 1 1] -  ...  

    1/2*[1 1 0];  

  

faces = [  

    1 2 6 5  

    2 3 7 6  

    3 4 8 7  

    4 1 5 8  

    1 2 3 4  

    5 6 7 8];  

 

ʈʝʟʫʣʴʪʘʪʠ ʟʙʝʨʝʞʝʥʦ ʫ ʟʤʽʥʥʠʭ: 

 

[vertices2, faces2, cindex] = teapotGeometry;  

[vertices1, faces1] = cube;  

 

ʇʨʦʮʝʜʫʨʘ ʢʦʨʝʢʮʽʾ ʨʘʜʽʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʟʦʙʨʘʞʝʥʥʷ im  

ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʡʜʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʤʝʨʠ 

cameraParams  ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʾ ʬʫʥʢʮʽʾ MATLAB : 
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im = undistortImage(im, cameraParams);  

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʤʝʨʠ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ 

ʚʽʜʧʦʚʽʜʥʽ ʪʦʯʢʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʤʘʨʢʝʨʘ imagePoints  ʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

ʩʮʝʥʠ worldPoints , ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʥʘʡʜʝʥʘ ʨʘʥʽʰʝ ʽ 

ʫʪʦʯʥʝʥʘ ʤʘʪʨʠʮʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ T ( ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʘʥʦ ʤʘʩʰʪʘʙ 

ʧʝʨʝʭʦʜʫ ʜʦ ʢʦʦʨʜʠʥʘʪ ʩʮʝʥʠ scale = 8*8/600*25.4 ): 

 

boxPolygon = [0 0; 63 0; 63 63; 0  63];  
newBoxPolygon = transform PointsForward(T, 

8*boxPolygon);  
 

scale = 8*8/600*25.4;  
imagePoints = double(newBoxPolygon);  
worldPoints = scale*double(boxPolygon);  

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʟʥʘʭʦʜʷʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʢʘʣʽʙʨʫʚʘʥʥʷ [R, t] : 

 

[R, t] = extrinsics(imagePoints, worldPoints, 

cameraParams);  
 

ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ çʯʘʡʥʠʢè 

(ʟʤʽʥʥʘ vertices1 , ʤʘʩʰʪʘʙ L1) ʪʘ çʢʫʙè (ʟʤʽʥʥʘ vertices2 , ʤʘʩʰʪʘʙ 

L2) ʪʘ ʨʘʤʢʠ ʤʘʨʢʝʨʘ (ʟʤʽʥʥʘ worldPoints ) ʥʘ ʧʣʦʱʠʥʫ AR-ʤʘʨʢʝʨʘ 

(ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙʦʭ ʦʙôʻʢʪʽʚ ʫ ʮʝʥʪʨʽ ʤʘʨʢʝʨʘ ï ʪʦʯʮʽ [63/2 63/2 0] ): 

 

L1 = 63;  

L2 = 8;  

projectedV ertices1 = worldToImage(cameraParams, R, t, 

scale * (L1*vertices1+[63/2 63/2 0]));  

 

projectedV ertices 2 = worldToImage(cameraParams, R, t, 

scale * (L2*vertices2+[63/2 63/2 0]));  
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projectedW orldPoints = worldToIma ge(cameraParams, R, 

t, [worldPoints zeros(size(worldPoints,1),1)]);  

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (ʟ ʧʦʧʝʨʝʜʥʽʤ ʢʘʣʽʙʨʫʚʘʥʥʷʤ ʢʘʤʝʨʠ ʧʦ ʤʘʨʢʝʨʫ ʽ 

ʢʦʨʝʢʮʽʻʶ ʨʘʜʽʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.35ï4.36. 

 

ʈʠʩʫʥʦʢ 4.35 ï ʇʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʥʘ ʧʣʦʱʠʥʫ AR-

ʤʘʨʢʝʨʘ 

 

ʉʧʨʦʱʝʥʠʡ ʧʽʜʭʽʜ ʥʝ ʚʠʤʘʛʘʻ ʧʦʚʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʽ 

ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢ: 

 

vertices1 = scale*vertices1;  

projectedV ertices1 = [transformPointsForward(T, L1* 

vertices1(:,1:2)  + scale*[1 1]*63/2) 

sqrt(det(T.T(1:2,1:2)))*L1*vertices1 (:,3)];  

 

vertices2 = scale*vertices2;  
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projectedV ertices 2 = [transformPointsForward(T, L2* 

vertices2(:,1:2)  + scale*[1 1]*63/2) 

sqrt(det(T.T(1:2,1:2)))*L2* vertices2(:,3)];  

 

ʈʠʩʫʥʦʢ 4.36 ï ɿʦʙʨʘʞʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʢʘʤʝʨʠ, ʧʦʢʘʟʘʥʦ ʚʽʨʪʫʘʣʴʥʠʡ ʢʫʙ, ʱʦ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʢʫʪʘʭ ʤʘʨʢʝʨʘ; 

ʚʢʘʟʘʥʦ ʨʝʘʣʴʥʠʡ ʤʘʩʰʪʘʙ 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʩʪʘʥʜʘʨʪʥʦ: 

 

patch( 'Faces' , faces1, 'Vertices' ,  

projectedV ertices1, 'facecolor' , 'b' , 'faceAlpha' , 

0.125);  

p=patch( 'Faces' , faces2, 'Vertices' , 

projectedV ertices2, 'FaceVertexCData' , cindex, 

'FaceColor' , 'none' , 'faceAlpha' ,0.5);  

p.FaceAlpha = 1;  % remove the transparency  

axis equal  off     % make the axes equal and invisible  

view(2)  

 

ʅʘ ʨʠʩ. 4.37ï4.38 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʥʘ ʨʠʩ. 4.39 ʧʦʢʘʟʘʥʦ ʨʝʥʜʝʨʠʥʛ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʙôʻʢʪʫ ï ʚʠʚʽʜ ʡʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʚʽʪʣʝʥʥʷ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥʰʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʬʦʪʦʨʝʘʣʽʩʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 
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ʚ̔ ʨʪʫʘʣʴʥʦʛʦ ʦʙôʻʢʪʫ, ʱʦ ʥʘʢʣʘʜʝʥʦ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʦʾ ʩʮʝʥʠ. 

 

 

ʈʠʩʫʥʦʢ 4.37 ï ʈʝʟʫʣʴʪʘʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ 

ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʥʘ ʧʣʦʱʠʥʫ AR-ʤʘʨʢʝʨʘ (ʧʦʨ. ʟ 

ʨʠʩ. 4.35) 

 

 

ʈʠʩʫʥʦʢ 4.38 ï ɿʦʙʨʘʞʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʢʘʤʝʨʠ, ʜʣʷ ʽʣʶʩʪʨʘʮʽʾ ʧʦʢʘʟʘʥʦ ʚʽʨʪʫʘʣʴʥʠʡ ʢʫʙ, ʱʦ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʢʫʪʘʭ 

ʤʘʨʢʝʨʘ 
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ʈʠʩʫʥʦʢ 4.39 ï ʈʝʥʜʝʨʠʥʛ ʚʽʨʪʫʘʣʴʥʦʛʦ ʦʙôʻʢʪʫ 

 

 

4.5.2 ʈʝʥʜʝʨʠʥʛ ʚʽʜʝʦʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ 

 

 

ʈʝʥʜʝʨʠʥʛ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. ʉʧʦʯʘʪʢʫ ʟ 

ʜʝʢʦʜʦʚʘʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʜʫʻʪʴʩʷ url ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʚʽʜʝʦ, ʰʣʷʭʦʤ 

ʜʦʜʘʚʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʝʬʽʢʩʫ:  

 

url = [ 'https://www.youtube.com/watch?v='  

decodedMessage];  

 

ʅʘ ʨʠʩ. 4.40 ʧʦʢʘʟʘʥʦ ʩʢʨʽʥʰʦʪ ʚʽʜʢʨʠʚʘʥʥʷ ʚʽʜʝʦʨʦʣʠʢʘ ʫ YouTube, 

ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʚʢʘʟʘʥʦʶ ʘʜʨʝʩʦʶ [236]. 

ɼʦʩʪʫʧ ʜʦ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʦʪʨʠʤʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʤʽʨʥʠʢʘ ʢʣʘʩʫ 

VideoReader : 

 

reader = VideoReader( url );  

 

ʽ ʫ ʮʠʢʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʯʠʪʢʘ ʽ ʛʝʦʤʝʪʨʠʯʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʢʦʞʥʦʛʦ ʢʘʜʨʫ 
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frame  ʫ ʦʙʣʘʩʪʴ ʤʘʨʢʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʪʦʯʥʝʥʦʾ ʤʘʪʨʠʮʽ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ T: 

 

 

ʈʠʩʫʥʦʢ 4.40 ï ʉʢʨʽʥʰʦʪ ʚʽʜʝʦ-ʨʦʣʠʢʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ YouTube ʟʘ 

ʘʜʨʝʩʦʶ, ʜʝʢʦʜʦʚʘʥʦʶ ʟ AR-ʤʘʨʢʝʨʘ 

 

    while  hasFrame(reader)  

        frame = readFrame(reader);  

  

        contentImage = double(frame)/255;  

        contentImage = im resize(contentImage, 

size(boxImage));  

         

        mask = imwarp(ones(size(boxImage)), T, 

'OutputView' , imref2d(size(sceneImage)));  

        contentImage = imwarp(contentImage, T, 

'OutputView' , imref2d(size(sceneImage)));  

         

        res = 

im.*~mas k+0.2*im.*mask+0.8*contentImage;  

        res = insertShape(res, 'Polygon' , 

reshape(newBoxPolygon', [1 8]), 'Color' , 'y' , 

'linewidth' , 4);  

         

    end  
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ʅʘ ʨʠʩ. 4.41 ʧʦʢʘʟʘʥʦ ʦʢʨʝʤʠʡ ʢʘʜʨ ʟ ʜʘʥʦʛʦ ʚʽʜʽʝʦ, ʥʘ ʨʠʩ. 4.42 ï 

ʨʝʟʫʣʴʪʘʪ ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ.  

 

 

ʈʠʩʫʥʦʢ 4.41 ï ʇʝʨʰʠʡ ʢʘʜʨ ʚʽʜʝʦ 

 

  

ʈʠʩʫʥʦʢ 4.42 ï ʈʝʟʫʣʴʪʘʪ ʨʝʥʜʝʨʠʥʛʫ ʧʦʩʣʽʜʦʚʥʠʭ ʢʘʜʨʽʚ ʚ AR-ʤʘʨʢʝʨʽ 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʩʢʽʣʴʢʠ ʦʙʣʘʩʪʴ ʤʘʨʢʝʨʘ ʤʘʻ ʢʚʘʜʨʘʪʥʫ ʬʦʨʤʫ, ʘ 

ʢʘʜʨʠ ʚʽʜʝʦ ʧʨʷʤʦʢʫʪʥʫ, ʪʦ ʥʘʷʚʥʝ ʩʧʦʪʚʦʨʝʥʥʷ ʤʘʩʰʪʘʙʫ ʧʦ ʦʩʷʭ, ʱʦ ʫ 

ʜʘʥʦʤʫ ʨʦʟʛʣʷʜʽ ʥʝ ʻ ʩʫʪʪʻʚʠʤ. 

 

 

4.6 ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

4.6.1 ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʧʦʤʽʪʥʦʩʪʽ ʤʘʨʢʝʨʽʚ 

 

 

ʗʢ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʷʢ ʧʦʤʽʪʥʽʩʪʴ, 
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ʟʘʧʨʦʧʦʥʦʚʘʥʦ (ʜʠʚ. ʧ. 2.4) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʫ ʩʝʢʫʥʜʘʭ 
D
t 

ʚʠʷʚʣʝʥʥʷ ʪʝʩʪʦʚʦʛʦ AR-ʤʘʨʢʝʨʘ (ʨʠʩ. 4.5). ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, 

ʱʦ ʦʩʥʦʚʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʻ 

ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ (ʜʠʚ. ʪʘʢʦʞ ʧʧ. 1.1ï1.2), ʩʘʤʽ AR-ʩʠʩʪʝʤʠ ʚ ʦʩʥʦʚʥʦʤʫ 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫ ʚʽʜʝʦ-ʨʝʞʠʤʽ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʙʫʚ ʤʝʥʰʝ ʯʘʩʦʚʦʛʦ 

ʧʨʦʤʽʞʢʫ ʤʽʞ ʢʘʜʨʘʤʠ, ʪʦʙʪʦ ʱʦʙ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʝʨʽʚʥʽʩʪʴ 

 

 
D

1
t ¢
n

 (4.1) 

 

ʜʝ n ï ʯʘʩʪʦʪʘ ʢʘʜʨʽʚ. 

ɼʣʷ ʩʫʯʘʩʥʠʭ ʩʤʘʨʪʬʦʥʽʚ ʪʠʧʦʚʝ ʟʥʘʯʝʥʥʷ 30n=  ʢʘʜʨʽʚ/ʩʝʢ [221], 

[246], ʘ ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ (ʜʠʚ. ʧ. 4.2), ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʽ ʽʤʧʣʝʤʝʥʪʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ (ʷʢʠʡ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʟʘʾʯʥʦʩʪʽ), ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʯʘʩ 
D

0,03t ¢  ʩʝʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʫ ʩʝʢʫʥʜʘʭ ʚʠʷʚʣʝʥʥʷ 

ʪʝʩʪʦʚʦʛʦ AR-ʤʘʨʢʝʨʘ 
D

0,03t ¢  ʩʝʢ. 

 

 

4.6.2 ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʧʨʦʩʪʦʪʠ ʤʘʨʢʝʨʽʚ 

 

 

ʗʢ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʷʢ ʧʨʦʩʪʦʪʘ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ (ʜʠʚ. ʧ. 1.7) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʣʴʦʨʽʚ 
c

n  

(ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ), ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʨʢʝʨʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ 3 ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ ï ʯʦʨʥʠʡ ʪʘ ʙʽʣʠʡ ʜʣʷ ʢʦʜʫʚʘʥʥʷ 
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ʙʽʪʽʚ 0 ʪʘ 1 ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʤʽʞʥʠʡ (ʩʽʨʠʡ) ʢʦʣʽʨ, ʷʢʠʡ ʤʠ ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ 

b
c , ï ʜʣʷ ʨʘʤʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ.  

ɼʘʥʘ ʢʽʣʴʢʽʩʪʴ ʻ ʤʽʥʽʤʘʣʴʥʦʶ ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʩʠʛʥʘʣʘ ʟ ʽʥʜʠʢʘʮʽʻʶ 

ʥʝʚʠʟʥʘʯʝʥʦʛʦ ʩʪʘʥʫ [222].  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʦʜʽʙʥʠʡ ʧʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʮʠʬʨʦʚʽʡ 

ʩʭʝʤʦʪʝʭʥʽʮʽ, ʜʝ ʪʘʢʦʞ ʦʢʨʽʤ ʣʦʛʽʯʥʦʛʦ 0 ʽ ʣʦʛʽʯʥʦʾ 1 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪ. ʟʚ. çʪʨʝʪʽʡ ʩʪʘʥè (ʘʙʦ Z-ʩʪʘʥ). ʗʢ ʚʢʘʟʘʥʦ ʚ [223], ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʟʘʛʘʣʴʥʠʡ ʚʠʭʽʜ, ʷʢʠʡ ʥʘʡʙʽʣʴʰ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʾʭ ʚʠʭʽʜʥʠʭ 

ʣʘʥʮʶʛʘʭ ʝʣʝʢʪʨʦʥʥʠʭ ʙʫʬʝʨʥʠʭ ʩʭʝʤ, ʟʜʘʪʥʠʭ ʧʽʜ ʜʽʻʶ ʢʝʨʫʶʯʠʭ 

ʩʠʛʥʘʣʽʚ ʘʙʦ ʧʽʜʢʣʶʯʘʪʠ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʭʽʜʥʠʡ ʣʦʛʽʯʥʠʡ ʩʠʛʥʘʣ, 

ʧʨʠʡʤʘʶʯʠʡ ʟʥʘʯʝʥʥʷ (ʩʪʘʥʫ) 0 ʯʠ 1, ʘʙʦ ʚʽʜʢʣʶʯʘʪʠ ʚʠʭʽʜ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʧʝʨʝʚʦʜʠʪʠ ʡʦʛʦ ʚ ʪʘʢ ʟʚʘʥʠʡ ʪʨʝʪʽʡ ʩʪʘʥ (Z-ʩʪʘʥ). 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʜʝʪʝʢʮʽʾ ʛʨʘʥʠʮʴ ʙʽʪ-

ʢʦʥʪʝʡʥʝʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʧʦ 

ʢʦʚʟʘʶʯʦʤʫ ʢʚʘʜʨʘʪʥʦʤʫ ʚʽʢʥʽ, ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʽʜʛʫʢʫ ʜʝʪʝʢʪʦʨʘ, 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʙʫʣʠ ʟʘʙʝʟʧʝʯʝʥʽ ʤʘʢʩʠʤʘʣʴʥʽ ʧʝʨʝʧʘʜʠ ʤʽʞ ʨʘʤʢʦʶ ʽ 

ʢʦʣʴʦʨʦʤ ʙʽʪ-ʜʝʪʝʢʪʦʨʘ. ʇʦʢʘʞʝʤʦ, ʱʦ ʮʷ ʫʤʦʚʘ ʟʘʜʦʚʽʣʴʥʷʻʪʴʩʷ ʧʨʠ 

ʚʠʙʦʨʽ ʜʣʷ ʨʘʤʢʠ ʧʨʦʤʽʞʥʦʛʦ ʢʦʣʴʦʨʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʩʝʨʝʜʠʥʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʽ ʨʽʚʥʠʡ 
b

1
c

2
= . 

ʅʝ ʚʪʨʘʯʘʶʯʠ ʟʘʛʘʣʴʥʦʩʪʽ, ʤʦʞʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʤʽʥʽʤʘʣʴʥʘ ʪʦʚʱʠʥʘ 

ʣʽʥʽʡ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʧʽʜ ʯʘʩ ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʘʻ 1 ʧʽʢʩʝʣʴ. ʋ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʦʚʟʘʶʯʦʛʦ ʚʽʢʥʘ ʻ 3 3³. ʈʦʟʨʘʭʫʻʤʦ ʪʝʧʝʨ 

ʜʠʩʧʝʨʩʽʾ ʜʣʷ ʦʩʥʦʚʥʠʭ ʧʘʪʝʨʥʽʚ ʫ ʚʽʢʥʽ ʨʦʟʤʽʨʦʤ 3 3³, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʷʜʢʫ ʝʣʝʤʝʥʪʽʚ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʽ, 

ʱʦ ʟ ʤʽʨʢʫʚʘʥʴ ʩʠʤʝʪʨʽʾ, ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʥʝ ʟʤʽʥʠʪʴʩʷ, ʷʢʱʦ ʚʩʽ 0 

ʟʘʤʽʥʠʪʠ ʥʘ 1 ʽ ʥʘʚʧʘʢʠ: 
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, (4.2) 

 

 

b 2

b b
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b
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Var c c c Var 0 c 1
4

1 1 1 0 c 1

å õ å õ
- +æ ö æ ö

= =
æ ö æ ö
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, (4.3) 

 

 

b 2

b

b b b b

b

1 1 1 1 c 1
(1 c )

Var c c c Var 1 c 1
4

1 1 1 1 c 1

å õ å õ
-æ ö æ ö

= =
æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

, (4.4) 

 

 

b b b b b b 2

b

b b

b b

c c c c c c
5c

Var c 0 0 Var c 1 1
18

c 0 0 c 1 1

å õ å õ
æ ö æ ö

= =
æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

. (4.5) 

 

ʇʨʠ ʮʴʦʤʫ, ʦʯʝʚʠʜʥʦ, ʱʦ  

 

 

0 0 0 1 1 1

Var 0 0 0 Var 1 1 1 0

0 0 0 1 1 1

å õ å õ
æ ö æ ö

= =
æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

. (4.6) 

 

ɸʥʘʣʽʟʫʶʯʠ ʚʠʨʘʟʠ (4.2)ï(4.5), ʣʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ ʚʩʽ ʚʦʥʠ ʧʨʠʡʤʘʶʪʴ 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ 
b

1
c

2
= , ʧʨʠ ʮʴʦʤʫ ʤʽʥʽʤʫʤ ʜʦʩʷʛʘʻʪʴʩʷ ʜʣʷ ʚʠʨʘʟʫ  

(4.2), ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʜʝʪʝʪʝʢʮʽʾ ʧʨʷʤʠʭ ʣʽʥʽʡ, ʽ ʨʽʚʥʠʡ 
1

16
 (ʜʠʚ. ʨʠʩ. 4.43).  
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ʈʠʩʫʥʦʢ 4.43 ï ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʜʠʩʧʝʨʩʽʾ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ 

ʢʦʣʴʦʨʫ 
b

c  ʜʣʷ ʦʩʥʦʚʥʠʭ ʧʘʪʝʨʥʽʚ ʫ ʢʚʘʜʨʘʪʥʦʤʫ ʚʽʢʥʽ ʨʦʟʤʽʨʦʤ 3 3³  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʛʫʢ ʬʽʣʴʪʨʘ ʙʫʜʝ ʥʝ ʤʝʥʰʝ 
1

16
 ʜʣʷ ʛʨʘʥʠʮʴ, ʽ 0 ʜʣʷ 

ʦʙʣʘʩʪʽ ʢʣʽʪʠʥʢʠ, ʦʪʞʝ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ ʜʦʩʪʘʪʥʴʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʨʦʛʦʚʫ ʙʽʥʘʨʠʟʘʮʽʶ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʣʦʢʘʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʧʦ ʢʦʚʟʘʶʯʦʤʫ ʢʚʘʜʨʘʪʥʦʤʫ ʚʽʢʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʢʽʣʴʢʦʩʪʽ ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʨʢʝʨʘ, 
c

n 3= . 

 

 

4.6.3 ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʘʨʢʝʨʽʚ 

 

 

ʗʢ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʷʢ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ (ʜʠʚ. ʧ. 2.4) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʝʜʥʶ ʝʥʪʨʦʧʽʶ 
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ʧʦʚʽʜʦʤʣʝʥʥʷ 
m

e  ʫ ʙʽʪʘʭ/ʧʽʢʩʝʣ, ʱʦ ʟʘʢʦʜʦʚʘʥʦ ʫ ʤʘʨʢʝʨʽ. 

ɺ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ QR-ʢʦʜʽʚ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟ ʤʽʨʢʫʚʘʥʴ 

ʨʦʙʘʩʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʜʫʙʣʶʚʘʪʠ ʧʽʢʩʝʣʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʫʙʣʶʚʘʥʥʷ k, ʪʦ ʟʘ ʧʦʙʫʜʦʚʦʶ, ʤʘʻʤʦ, ʱʦ 

 

 
2m

e
1

k
= . (4.7) 

 

ʗʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ (ʜʠʚ. ʧ. 4.6.5), ʜʦʩʪʘʪʥʽʤ ʻ ʟʥʘʯʝʥʥʷ k 3= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʾ ʝʥʪʨʦʧʽʾ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʤʘʨʢʝʨʽ 

m
e

1

9
=  ʙʽʪ/ʧʽʢʩʝʣʴ. 

 

 

4.6.4 ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ ʤʘʨʢʝʨʽʚ 

 

 

ʗʢ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʷʢ ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ (ʜʠʚ. ʧ. 2.4) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ ʧʦ ʥʘʷʚʥʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʤʘʨʢʝʨʘ. 

ʗʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʜʘʣʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʟʚʦʣʷʻ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ 

ʧʦ ʟʦʙʨʘʞʝʥʥʶ ʤʘʨʢʝʨʘ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ ʧʦ 

ʥʘʷʚʥʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʤʘʨʢʝʨʘ ï ʪʘʢ. 
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4.6.5 ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʨʦʙʘʩʪʥʦʩʪʽ ʤʘʨʢʝʨʽʚ 

 

 

ʗʢ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʷʢ ʨʦʙʘʩʪʥʽʩʪʴ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ (ʜʠʚ. ʧ. 2.4) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʦ 

ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ 
e

n  (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʽ ʨʽʚʥʷ ʧʦʤʠʣʦʢ) 

[81], [83]. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʠʧʽʚ ʧʦʤʠʣʦʢ, ʱʦ ʤʠ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ, ʥʘʚʝʜʝʥʦ 

ʥʠʞʯʝ ʥʘ ʨʠʩ. 4.44. 

 

 

ʈʠʩʫʥʦʢ 4.44 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʠʧʽʚ ʧʦʤʠʣʦʢ 

 

ʈʦʟʨʘʭʫʻʤʦ ʩʧʦʯʘʪʢʫ ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʾ ʚʽʜʥʦʚʣʶʚʘʥʦʩʪʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʽ (ʽʥʚʝʨʩʽʾ) ʯʘʩʪʠʥʠ ʙʽʪʽʚ. 

ʅʝʭʘʡ ʽʤʦʚʽʨʥʽʩʪʴ ʽʥʚʝʨʩʽʾ ʙʽʪʽʚ ʻ q . ʗʢ ʙʫʣʦ ʚʢʘʟʘʥʦ ʚʠʱʝ, ʢʦʞʝʥ ʙʽʪ 

ʜʫʙʣʶʻʪʴʩʷ 2k  ʨʘʟʽʚ (ʤʘʪʨʠʮʝʶ k k³ ). ʂʣʽʪʠʥʢʘ ʚʽʜʥʦʚʠʪʴʩʷ ʧʨʘʚʠʣʴʥʦ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʦ ʨʦʟʧʽʟʥʘʥʠʭ ʙʽʪʽʚ ʻ ʙʽʣʴʰʦʶ ʟʘ ʢʽʣʴʢʽʩʪʴ 

ʽʥʚʝʨʪʦʚʘʥʠʭ. ɯʤʦʚʽʨʥʽʩʪʴ ʪʘʢʦʾ ʧʦʜʽʾ ()1
p q  ʟʘʜʘʻʪʴʩʷ ʢʫʤʫʣʷʪʠʚʥʠʤ 

ʙʽʥʦʤʽʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ: 

 

ͨͪͦͭΎ͗ͤ͊ ͍͊͊͒͊͘ 

͍͔ͤͪͫ͜͜Ύ ͒ ͙͊ͤͻ ͍͒ͫͯͭͤͫͭ͜͜Έ  ͒ ͙͊ͤͻ 

ͣͨͯ͜͡Έ͙͚ͫͤ ́ ͯ ͣ
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 () ( )
2

2
2

k
k ii

2
1 i 0

k
p q 1 q 1 q

i

-

=

å õ
= - -æ ö

ç ÷
ä . (4.8) 

 

ɻʨʘʬʽʢ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ ʽʥʚʝʨʩʽʾ ʙʽʪʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.45. 

 

 

ʈʠʩʫʥʦʢ 4.45 ï ɻʨʘʬʽʢ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦʾ ʟʘ ʚʠʨʘʟʦʤ (4.8) 

ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ ʽʥʚʝʨʩʽʾ ʙʽʪʽʚ 

 

ɿʥʘʡʜʝʤʦ ʪʝʧʝʨ ʫʤʦʚʫ ʧʨʘʚʠʣʴʥʦʾ ʚʽʜʥʦʚʣʶʚʘʥʦʩʪʽ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʧʨʠ ʚʪʨʘʪʽ ʯʘʩʪʠʥʠ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʨʦʟʧʽʟʥʘʥʽ 

ʙʽʪʠ ʙʫʣʠ ʨʦʟʧʽʟʥʘʥʽ ʧʨʘʚʠʣʴʥʦ, ʪʦʙʪʦ ʧʦʭʠʙʢʘ ʚʠʥʠʢʘʻ ʪʽʣʴʢʠ ʚʥʘʩʣʽʜʦʢ 

ʚʪʨʘʪʠ ʯʘʩʪʠʥʠ ʙʽʪʽʚ. ʅʝʭʘʡ ʽʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪʠ ʙʽʪʘ ʻ q, ʧʨʠ ʮʴʦʤʫ, ʷʢ ʙʫʣʦ 

ʚʢʘʟʘʥʦ ʚʠʱʝ, ʢʦʞʝʥ ʧʽʢʩʝʣ ʤʠ ʜʫʙʣʶʚʘʣʠ 2k  ʨʘʟʽʚ. ʂʣʽʪʠʥʢʘ ʚʽʜʥʦʚʠʪʴʩʷ 

ʧʨʘʚʠʣʴʥʦ ʟʘ ʫʤʦʚʠ, ʱʦ ʚ ʾʾ ʤʝʞʘʭ ʟʥʘʡʜʝʪʴʩʷ ʭʦʯʘ ʙ ʦʜʠʥ ʧʨʘʚʠʣʴʥʦ 

ʟʥʘʡʜʝʥʠʡ ʙʽʪ, ʽʤʦʚʽʨʥʽʩʪʴ ʪʘʢʦʾ ʧʦʜʽʾ ()2
p q  ʣʝʛʢʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ: 
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 ()
2k

2
p q 1 q= - . (4.9) 

 

ɻʨʘʬʽʢ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʦʧʫʩʢʫ ʙʽʪʽʚ ʧʦʢʘʟʘʥʦ ʨʠʩ. 4.46. 

 

 

ʈʠʩʫʥʦʢ 4.46 ï ɻʨʘʬʽʢ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦʾ ʟʘ ʚʠʨʘʟʦʤ (4.9) 

ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʦʧʫʩʢʫ ʜʘʥʠʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ ʽʥʚʝʨʩʽʾ ʙʽʪʽʚ 

 

ʆʩʢʽʣʴʢʠ ʦʙʠʜʚʽ ʧʦʜʽʾ (ʽʥʚʝʨʩʽʷ ʙʽʪʘ ʯʠ ʡʦʛʦ ʚʪʨʘʪʘ) ʻ ʥʝʟʘʣʝʞʥʠʤʠ, 

ʪʦ ʟʘʛʘʣʴʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ p  ʙʫʜʝ ʜʘʚʘʪʠʩʷ 

ʜʦʙʫʪʢʦʤ: 

 

 ( ) () ( )1 2 1 1 2 2
p q ,q p q p q= Ö . (4.10) 

 

ʗʢʱʦ QR-ʢʦʜ ʤʘʻ ʨʦʟʤʽʨ N N³  ʢʣʽʪʠʥʦʢ, ʪʦ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ 

e
n  ʢʽʣʴʢʦʩʪʽ ʥʝʚʽʜʥʦʚʣʝʥʠʭ ʢʣʽʪʠʥʦʢ ʻ 
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 ( ) 2

e
n 1 p N= - . (4.11) 

 

ʋʤʦʚʘ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ QR-ʢʦʜʫ: 

 

 
e

n 1¢ . (4.12) 

 

(ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʧʝʚʥʦʾ ʥʘʜʣʠʰʢʦʚʦʩʪʽ QR-ʢʦʜʫ, ʜʦʧʫʩʢʘʻʪʴʩʷ 

1 ʥʝʨʦʟʧʽʟʥʘʥʘ ʢʣʽʪʠʥʢʘ, ʥʘ ʧʨʘʢʪʠʮʽ ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ [18] ʽ ʚʽʥ ʨʦʟʧʽʟʥʘʻʪʴʩʷ ʧʨʘʚʠʣʴʥʦ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʙʽʣʴʰʝ ʥʽʞ 1 ʢʣʽʪʠʥʢʠ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʫʻʤʦ ʫʤʦʚʫ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ: 

 

 
2

1
p 1

N
> - . (4.13) 

 

ʅʘ ʨʠʩ. 4.47 ʟʦʙʨʘʞʝʥʦ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʽʤʦʚʽʨʥʦʩʪʝʡ 
1

q  

ʽ 
2

q  ʧʨʠ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (4.13). 

ʗʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʧʦʤʠʣʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʚʪʨʘʪʠ 

ʙʽʪʽʚ, ʪʦ ʥʝʨʽʚʥʽʩʪʴ (4.13), ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 

 

 ( )
2k 21 q N 1- ¢, (4.14) 

 

ʟʚʽʜʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫʤʦʚʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ k : 

 

 
( )

2ln N
k

ln 1 q
> -

-
 (4.15) 

 

(ʟʘʫʚʘʞʠʤʦ, ʱʦ ʧʽʜʢʦʨʝʥʝʚʠʡ ʚʠʨʘʟ ʙʫʜʝ ʜʦʜʘʪʥʽʤ, ʦʩʢʽʣʴʢʠ ʟʘ 
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ʚʠʟʥʘʯʝʥʥʷʤ q 1<, ʦʪʞʝ ʽ ( )log 1 q 0- <). 

 

ʈʠʩʫʥʦʢ 4.47 ï ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʽʤʦʚʽʨʥʦʩʪʝʡ 
1

q  ʽ 
2

q  

 

ɼʣʷ QR-ʢʦʜʫ, ʷʢ ʚʞʝ ʙʫʣʦ ʚʢʘʟʘʥʦ, ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ 

N 21=  [18], ʧʨʠ q 1/ 2=  (ʚʠʤʦʛʘ ʨʦʙʘʩʪʥʦʩʪʽ), ʦʪʨʠʤʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 

(4.15), ʱʦ k 2.96> , ʦʪʞʝ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ k 3= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʢʦʚʦ ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ 

ʧʦʚʽʜʦʤʣʝʥʥʷ 
e

n 1<  ʧʨʠ ʽʤʦʚʽʨʥʦʩʪʽ ʚʪʨʘʪʠ ʙʽʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ q 1/ 2¢  

(ʟʥʘʯʝʥʥ ̫ʢʦʝʬʽʮʽʻʥʪʘ ʜʫʙʣʶʚʘʥʥʷ 
2k 9= ). 
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4.6.6 ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʤʘʨʢʝʨʽʚ 

 

 

ʗʢ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʷʢ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ (ʜʠʚ. ʧ. 2.4) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʝʜʥʶ ʢʽʣʴʢʽʩʪʴ ʩʧʨʦʙ, ʱʦ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʠʞʯʝ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʷʱʦʾ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʤʠ 

ʚʠʚʝʜʝʤʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʦʟʤʽʨ ʙʣʦʢʫ ï ʧʦʢʘʞʝʤʦ, ʱʦ ʷʢʱʦ ʨʦʟʤʽʨ ʙʣʦʢʫ b  

ʧʝʨʝʚʠʱʫʻ ʧʝʚʥʝ ʟʥʘʯʝʥʥʷ, ʪʦ ʥʝ ʽʩʥʫʻ ʞʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʟʥʘʡʪʠ ʧʨʘʚʠʣʴʥʫ 

ʧʝʨʝʩʪʘʥʦʚʢʫ, ʦʪʞʝ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʘ (ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ 

ʩʧʨʦʙ ʙʫʜʝ ʧʦʨʷʜʢʫ 
2(b )!) [85], [94], [101]. 

ɼʣʷ ʨʦʟʤʽʨʫ ʙʣʦʢʫ b, ʱʦ ʤʝʥʰʝ ʟʘ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʽʩʥʫʻ 

ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ çʩʣʽʧʦʛʦè (ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ) ʚʽʜʥʦʚʣʝʥʥʷ ʙʣʦʯʥʦ-ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ (ɻɸ). ɺʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʣʛʦʨʠʪʤʫ ʻ ʪʽʣʴʢʠ 

ʨʦʟʤʽʨ ʙʣʦʢʫ ʽ ʩʘʤʝ ʧʝʨʤʫʪʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʄʠ ʧʦʚʝʨʥʝʤʦʩʷ ʜʦ ʮʴʦʛʦ ʫ 

ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. 

ʆʩʢʽʣʴʢʠ ʫ ʜʘʥʽʡ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ɻɸ ʰʫʢʘʥʽ ʧʝʨʝʩʪʘʥʦʚʢʠ ʢʦʜʫʶʪʴʩʷ 

ʽʥʜʝʢʩʘʤʠ ʚʽʜʩʦʨʪʦʚʘʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʢʪʦʨʽʚ x, ʪʦ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʍʝʤʤʽʥʛʘ (ʩʫʤʠ ʥʝʩʧʽʚʧʘʜʘʶʯʠʭ ʙʽʪʽʚ) ʜʣʷ x  ʙʫʜʫʪʴ ʜʘʚʘʪʠ 

ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ()s x , ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʦʟʥʘʯʘʻ, ʱʦ 

ɻɸ ʦʧʪʠʤʽʟʫʻ ʧʦ-ʙʽʪʥʦ ʽ ʟʥʘʭʦʜʠʪʴ ʧʨʘʚʠʣʴʥʫ ʧʝʨʝʩʪʘʥʦʚʢʫ ʟʘ 
2~ logb ! 

ʩʧʨʦʙ. 

ɿʥʘʡʜʝʤʦ ʪʝʧʝʨ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʤʽʨʫ ʙʣʦʢʫ.  

ʅʝʭʘʡ f  ï ʚʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʟ ʷʢʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʯʥʦʾ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʧʽʢʩʝʣʽʚ (ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ, ʘʣʝ ʦʜʥʘʢʦʚʦʾ ʜʣʷ ʢʦʞʥʦʛʦ 

ʙʣʦʢʫ) ʦʪʨʠʤʫʻʪʴʩʷ ʧʝʨʤʫʪʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ g. ʊʦʙʪʦ ʚʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ 
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f  ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʢʚʘʜʨʘʪʥʽ ʙʣʦʢʠ ʨʦʟʤʽʨʦʤ b b³ , ʫ ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ 

ʧʽʢʩʝʣʠ ʧʝʨʝʩʪʘʚʣʷʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤ ʯʠʥʦʤ. ʉʭʝʤʘʪʠʯʥʦ ʮʝ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

 
() ()()n n

g f p= , (4.16) 

 

ʜʝ n  ʥʫʤʝʨʫʻ ʙʣʦʢ, p  ï ʟʘʜʘʥʘ ʙʣʦʯʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘ (ʚʝʢʪʦʨ ʽʥʜʝʢʩʽʚ 

ʜʦʚʞʠʥʦʶ 
2b  ʝʣʝʤʝʥʪʽʚ). 

ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʝʨʝʩʪʘʥʦʚʢʫ p  ʽ ʚʽʜʥʦʚʠʪʠ ʚʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ f , 

ʟʥʘʶʯʠ ʪʽʣʴʢʠ ʧʝʨʤʫʪʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ g  ʽ ʨʦʟʤʽʨ ʙʣʦʢʫ b . 

ɼʣʷ ʚʠʙʦʨʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʪʠʤ, ʱʦ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʨʦʙʣʷʪʴ ʩʫʩʽʜʥʽ ʧʽʢʩʝʣʠ ʟʦʙʨʘʞʝʥʥʷ ʥʝʢʦʨʝʣʴʦʚʘʥʠʤʠ, ʦʪʞʝ 

ʩʝʨʝʜʥʷ ʨʽʟʥʠʮʷ ʷʩʢʨʘʚʦʩʪʽ ʜʣʷ ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʨʦʩʪʝ. ʊʦʤʫ 

ʧʽʜʭʦʜʷʱʦʶ ʙʫʜʝ ʙʫʜʴ-ʷʢʘ ʥʝʩʧʘʜʘʶʯʘ ʬʫʥʢʮʽʷ ʚʽʜ ʤʦʜʫʣʷ ʛʨʘʜʽʻʥʪʘ 

ʟʦʙʨʘʞʝʥʥʷ gÐ , ʥʘʧʨʠʢʣʘʜ: 

 

 
21

s g
4
= Ð , (4.17) 

 

ʜʝ ʪʨʠʢʫʪʥʽ ʜʫʞʢʠ <»>  ʧʦʟʥʘʯʘʶʪʴ ʦʧʝʨʘʮʽʶ ʫʩʝʨʝʜʥʝʥʥʷ, ʘ ʢʦʝʬʽʮʽʻʥʪ 

1/4 ʚʚʝʜʝʥʦ ʟ ʤʽʨʢʫʚʘʥʴ ʟʨʫʯʥʦʩʪʽ. 

ʇʨʝʜʩʪʘʚʠʤʦ ʬʫʥʢʮʽʶ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (4.16) ʫ ʷʚʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

 

 ( ) ( )( )
2 2

x 1,y x,y x,y 1 x,y
x y

1
s g g g g

4wh
+ +

= - + -ää  (4.18) 

 

ʜʝ w , h  ï ʜʦʚʞʠʥʘ ʽ ʰʠʨʠʥʘ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ, ʘ ʩʫʤʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʚʩʽʭ ʢʦʦʨʜʠʥʘʪʘʭ x  ʪʘ y . 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

 

 
22 2

x y
g g gÐ = Ð + Ð, (4.19) 

 

ʘ ʪʘʢʦʞ, ʱʦ ʟ ʤʽʨʢʫʚʘʥʴ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʜʽʣʝʥʦʛʦ ʥʘʧʨʷʤʢʫ ʫ ʧʝʨʤʫʪʦʚʘʥʦʤʫ 

ʟʦʙʨʘʞʝʥʽ ʦʯʝʚʠʜʥʦ, ʱʦ 

 

 
22

x y
g gÐ = Ð , (4.20) 

 

ʪʦ ʜʦʩʪʘʪʥʴʦ ʨʦʟʛʣʷʥʫʪʠ ʪʽʣʴʢʠ 

 

 ( )
22

x x 1,y x,y
x y

1
g g g

wh
+

Ð = -ää . (4.21) 

 

ʈʦʟʧʠʰʝʤʦ ʪʝʧʝʨ (4.21): 

 

 ( )
2 2 2

x x 1,y x 1,y x,y x,y
x y

1
g g 2g g g

wh
+ +

Ð = - +ää , (4.22) 

 

ʫʩʝʨʝʜʥʶʶʯʠ ʚʠʨʘʟ ʚ ʜʫʞʢʘʭ, ʚʨʘʭʫʻʤʦ ʱʦ ʜʣʷ ʥʝʢʦʨʝʣʴʦʚʘʥʠʭ ʧʽʢʩʝʣʽʚ 

ʩʝʨʝʜʥʽ ʢʚʘʜʨʘʪʽʚ ʩʧʽʚʧʘʜʘʶʪʴ: 

 

 2 2 2

x 1,y x,y
x y x y

1 1
g g g

wh wh
+
= =ää ää , (4.23) 

 

ʘ ʩʝʨʝʜʥʽ ʜʦʙʫʪʢʽʚ ï ʮʝ ʻ ʧʨʦʩʪʦ ʜʦʙʫʪʢʠ ʩʝʨʝʜʥʽʭ: 

 

 
2

x 1,y x,y
x y

1
g g g

wh
+

=ää . (4.24) 
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ʊʘʢʠʤ ʯʠʥʦʤ, 

 

 ()
22 22

x y
g g 2 g 2 g 2D gÐ = Ð = - = , (4.25) 

 

ʜʝ ()D g  ï ʜʠʩʧʝʨʩʽʷ ʟʦʙʨʘʞʝʥʥʷ g, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤ ʯʠʥʦʤ. 

ʆʪʞʝ, ʤʘʻʤʦ 

 

 ()
22 2

x y

1 1 1
g g g D g

4 4 4
Ð = Ð + Ð = , (4.26) 

 

ʘ ʦʩʢʽʣʴʢʠ ʜʠʩʧʝʨʩʽʷ (ʷʢ ʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ) ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʨʷʜʢʫ 

ʚʽʜʣʽʢʽʚ, ʪʦ 

 

 () () 0
D g D f D= = . (4.27) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t 0=  ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ ʜʦʨʽʚʥʶʻ ʜʠʩʧʝʨʩʽʾ ʟʦʙʨʘʞʝʥʥʷ: 

 

 ( ) 0
s t 0 D= = . (4.28) 

 

ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ï ʥʘʩʢʽʣʴʢʠ ʟʤʽʥʠʪʴʩʷ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʫ 

ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ? ɿʨʦʟʫʤʽʣʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʟʙʽʞʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ, ʫ 

ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 
c

t  ʙʫʜʝʤʦ ʤʘʪʠ 

 

 ( )
2

c

1
s t t f

4
= = Ð , (4.29) 

 

ʪʦʤʫ ʜʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʦʩʪʘʚʣʝʥʝ ʧʠʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʠ 

() ()D g D f=  ʽ  ʟʥʘʯʝʥʥʷ 
2

fÐ . 
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ɼʣʷ ʦʮʽʥʢʠ 
2

fÐ  ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʚʠʭʽʜʥʝ (ʥʝʧʝʨʤʫʪʦʚʘʥʝ) 

ʟʦʙʨʘʞʝʥʥʷ f  ʻ ʨʝʘʣʽʟʘʮʽʻʶ ʜʚʦʚʠʤʽʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ [117] ʽ, ʷʢ 

ʙʫʜʝ  ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ, ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʙʫʪʠ 

ʜʦʚʽʣʴʥʦʶ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʟʦʙʨʘʞʝʥʥʷ f  ʬʦʨʤʫʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʟʛʦʨʪʢʠ ʟʦʙʨʘʞʝʥʥʷ r, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ ʽʥʪʝʨʚʘʣʽ [0..1] ʚʠʧʘʜʢʦʚʠʭ ʧʽʢʩʝʣʽʚ, ʟ ʣʽʥʽʡʥʠʤ 

ʫʩʝʨʝʜʥʶʶʯʠʤ ʬʽʣʴʪʨʦʤ u  ʟ ʢʚʘʜʨʘʪʥʦʶ ʘʧʝʨʪʫʨʦʶ ʨʦʟʤʽʨʘ a a³ : 

 

 f r u= * (4.30) 

 

ʘʙʦ  

 

 
x,y x i,y j2

i 1 j 1

a a

a

1
f r

+ +
= =

= ää  (4.31) 

 

ʈʦʟʨʘʭʫʻʤʦ ʩʧʦʯʘʪʢʫ 
2

x
fÐ . ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʬʦʨʤʫʣʠ (4.31): 

 

 ( )
22

x x 1,y x,y
x y

1
f f f

wh
+

Ð = -ää . (4.32) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (4.31) ʤʘʻʤʦ, ʱʦ 

 

 

2
a a a a

2

x x 1 i,y j x i,y j2 2
x y i 1 j 1 i 1 j 1

1 1 1
f r r

wh a a
+ + + + +

= = = =

å õ
Ð = -æ ö

ç ÷
ää ää ää , (4.33) 

 

ʘʙʦ 

 

 ( )
2

a a
2

x x 1 i,y j x i,y j2
x y i 1 j 1

1 1
f r r

wh a
+ + + + +

= =

å õ
Ð = -æ ö

ç ÷
ää ää . (4.34) 
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ʈ̔ ʟʥʠʮʷ ʫ ʜʫʞʢʘʭ ʣʝʛʢʦ ʨʦʟʧʠʩʫʻʪʴʩʷ ʷʢ 

 

 ( ) ( )
a a a

x 1 i,y j x i,y j x a 1,y j x 1,y j
i 1 j 1 j 1

r r r r
+ + + + + + + + + +

= = =

- = -ää ä . (4.35) 

 

ʂʚʘʜʨʘʪ ʮʽʻʾ ʩʫʤʠ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ 

 

 

( )

( ) ( )( )

2
a

x a 1,y j x 1,y j
j 1

a a2

x a 1,y j x 1,y j x a 1,y j x 1,y j x a 1,y j' x 1,y j'
j 1 j j'

r r

r r r r r r

+ + + + +
=

+ + + + + + + + + + + + + + +
= ¸

å õ
- =æ ö

ç ÷

= - + - -

ä

ä ä

. (4.36) 

  

 

ʋʩʝʨʝʜʥʶʶʯʠ, ʤʘʻʤʦ: 

 

 ( ) ( ) ()
a 2 22

x a 1,y j x 1,y j
j 1

r r 2a r r 2aD r
+ + + + +

=

- = - =ä , (4.37) 

 

( )( ) ( )( )
a

2 22 2

x a 1,y j x 1,y j x a 1,y j x 1,y j
j j

r r r r a a 1 r r r r 0
+ + + + + + ¡ ¡

¡
+ + + +

¸

- - = - - - + =ä .(4.38) 

 

ʆʪʞʝ 

 

 ()
()22

x y 4 3

2D r1
f f 2aD r

a a
Ð = Ð = =  (4.39) 

 

ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

 

 ()
22 2

x y 3

1 1 1 1
f f f D r

4 4 4 a
Ð = Ð + Ð = . (4.40) 
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ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ a 1=  ʚʠʨʘʟ (4.40) ʧʝʨʝʭʦʜʠʪʴ ʫ ʚʠʨʘʟ (4.26), ʷʢ ʽ 

ʧʦʚʠʥʥʦ ʙʫʪʠ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

 

 ()
22D f f f= - . (4.41) 

 

ʆʩʢʽʣʴʢʠ (ʟʘ ʧʦʙʫʜʦʚʦʶ) 

 

 u 1= , (4.42) 

 

ʪʦ 

 

 f r u r= * =. (4.43) 

 

ʈʦʟʨʘʭʫʻʤʦ ʪʝʧʝʨ 

 

 

2
a a

2

x 1 i,y j2
x y i 1 j 1

1 1
f r

wh a
+ + +

= =

å õ
= æ ö

ç ÷
ää ää , (4.44) 

 

ʱʦ ʜʘʻ 

 

 

2
22 2 2

4

a1
f a r 2 r

a 2

å õå õ
= +æ öæ ö

ç ÷ç ÷
, (4.45) 

 

ʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʥʦʤʽʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

 

 
( )

2 2

2

a a !

a 2 !2!2

å õ
=æ ö

-ç ÷
. (4.46) 
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ʆʪʞʝ, 

 

 ( )( )22 2 2 2 2

4

1
f a r a a 1 r

a
= + - , (4.47) 

 

ʟʙʠʨʘʶʯʠ ʧʦʜʽʙʥʽ ʯʣʝʥʠ, ʤʘʻʤʦ 

 

 ( )( ) ( )2 2 22 2 2 4 2 2

4 2

1 1
f a r a a r r r r

a a
= + - = - +. (4.48) 

 

ʆʪʞʝ 

 

 () ( ) ()
22

2 2

1 1
D f r r D r

a a
= - = . (4.49) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʻʤʦ, ʱʦ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʥʘ ʥʫʣʴʦʚʽʡ ʽʪʝʨʘʮʽʾ 

ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ: 

 

 ( ) () ()
2

1
s t 0 D f D r

a
= = = , (4.50) 

 

ʘ ʥʘ ʽʪʝʨʘʮʽʾ, ʢʦʣʠ ʘʣʛʦʨʠʪʤ ʟʥʘʡʰʦʚ ʧʨʘʚʠʣʴʥʫ ʧʝʨʝʩʪʘʥʦʚʢʫ: 

 

 ( ) ()
2

c 3

1 1
s t t f D r

4 a
= = Ð = , (4.51) 

 

ʾʭ ʚʽʜʥʦʰʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʻ 

 

 
( )
( )

c
s t t 1

s t 0 a

=
=

=
. (4.52) 
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ʊʦʙʪʦ, ʫ ʜʘʥʽʡ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥʠ r, ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʫ ʧʨʦʮʝʩʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʫ a ʨʘʟʽʚ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʘʨʘʤʝʪʨ a ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʨʘʜʽʫʩʫ ʢʦʨʝʣʷʮʽʾ [118].  

ɺʚʝʜʝʤʦ ʟʘ ʘʥʘʣʦʛʽʻʶ ʧʦʥʷʪʪʷ ʧʝʨʤʫʪʘʮʽʡʥʦʛʦ ʨʘʜʽʫʩʫ 
p

r , ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

 

 
()

p
2

D f
r

1
f

4

=

Ð

, (4.53) 

 

ʽ ʩʬʦʨʤʫʣʶʻʤʦ ʥʝʦʙʭʽʜʥʫ ʫʤʦʚʫ ʚʽʜʥʦʚʣʝʥʥʷ: ʙʫʜʴ-ʷʢʠʡ ʘʣʛʦʨʠʪʤ ʟʤʦʞʝ 

ʚʽʜʥʦʚʠʪʠ ʙʣʦʯʥʦ-ʧʝʨʤʫʪʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʪʽʣʴʢʠ ʷʢʱʦ ʨʦʟʤʽʨ ʙʣʦʢʫ 

ʧʝʨʤʫʪʘʮʽʾ b  ʤʝʥʰʝ ʧʝʨʤʫʪʘʮʽʡʥʦʛʦ ʨʘʜʽʫʩʫ: 

 

 
p

b r< . (4.54) 

 

ɿʚʦʨʦʪʥʻ ʪʚʝʨʜʞʝʥʥʷ ʪʘʢʦʞ ʩʧʨʘʚʝʜʣʠʚʝ ï ʷʢʱʦ ʫʤʦʚʘ (4.54) ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦʙʪʦ 
p

b r> , ʪʦ ʟʘʚʞʜʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘʢʽ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʷʢʽ 

ʧʝʨʝʚʝʜʫʪʴ ʜʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʫ ʙʫʜʴ-ʷʢʝ ʽʥʰʝ ʦʧʪʠʤʘʣʴʥʠʤ ʫ ʩʝʥʩʽ ʟʘʜʘʥʦʾ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʯʠʥʦʤ. ʎʝ ʪʚʝʨʜʞʝʥʥʷ ʜʦʩʠʪʴ ʦʯʝʚʠʜʥʦ, ʷʢʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʛʣʦʙʘʣʴʥʽ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʪʦʙʪʦ ʚ ʷʢʦʩʪʽ ʙʣʦʢʫ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʙʝʨʝʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʮʽʣʦʤʫ, ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʦʧʝʨʘʮʽʾ ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ, ʪʨʘʥʩʧʦʥʫʚʘʥʥʷ ʯʠ ʧʦʚʦʨʦʪʠ ʥʘ ʢʫʪʠ, ʢʨʘʪʥʽ / 2p , 

ʚʦʯʝʚʠʜʴ ʥʝ ʟʤʽʥʶʶʪʴ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (4.17).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʨʦʙ 
p

n , ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ 
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ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 
2

p
n b != , ʷʢʱʦ ʨʦʟʤʽʨ ʙʣʦʢʫ ʧʝʨʝʩʪʘʥʦʚʢʠ ʙʽʣʴʰʠʡ ʟʘ 

ʧʝʨʤʫʪʘʮʽʡʥʠʡ ʨʘʜʽʫʩ 
()

p
2

D f
b r

1
f

4

> =

Ð

. ʗʢʱʦ ʞ ʮʷ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, 

ʪʦ 
2 2

p
n ~ logb !~ b logb. 

 

 

4.6.7 ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʤʘʨʢʝʨʽʚ 

 

 

ʗʢ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ (ʜʠʚ. ʧ. 2.4) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ AR-ʤʘʨʢʝʨʘ. ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ 

(ʜʠʚ. ʧʧ. 4.1ï4.5), ʞʦʜʝʥ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ AR-ʤʘʨʢʝʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

u
n 0= . 

 

 

4.7 ʆʮʽʥʢʠ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʧʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʪʘ ʩʢʣʘʜʥʦʩʪʽ  

4.7.1 ʆʮʽʥʢʠ ʜʣʷ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

 

 

ʋʩʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ 

ʧʦʙʫʜʦʚʠ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ AR-ʤʘʨʢʝʨʽʚ ʤʘʶʪʴ ʧʦʣʽʥʦʤʽʘʣʴʥʫ (ʥʝ 

ʛʽʨʰʝ ʥʽʞ ʢʚʘʜʨʘʪʠʯʥʫ) ʩʢʣʘʜʥʽʩʪʴ ( )2~ O N , ʦʢʨʽʤ ʘʣʛʦʨʠʪʤʫ ʧʦʙʫʜʦʚʠ 

ʧʝʨʝʩʪʘʥʦʚʢʠ, ʩʢʣʘʜʥʽʩʪʴ ʷʢʦʛʦ ʻ ( )~ O NlogN , ʦʩʢʽʣʴʢʠ ʚʽʥ ʩʫʪʪʻʚʠʤ 

ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʦʨʪʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ [75]. 



269 

4.7.2 ʆʮʽʥʢʠ ʜʣʷ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ 

 

 

ʋʩʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ 

ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ AR-ʤʘʨʢʝʨʽʚ ʤʘʶʪʴ ʧʦʣʽʥʦʤʽʘʣʴʥʫ (ʥʝ 

ʛʽʨʰʝ ʥʽʞ ʢʚʘʜʨʘʪʠʯʥʫ) ʩʢʣʘʜʥʽʩʪʴ ( )2~ O N  [78]. 

 

 

4.7.3 ʆʮʽʥʢʠ ʜʣʷ ʤʝʪʦʜʫ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʮʽʶʚʘʥʥʷ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

 

 

ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʝʮʽʶʚʘʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʘʶʪʴ 

ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ( )4~ O N , ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʷʤʠʡ ʧʝʨʝʙʽʨ 

ʧʦ ʩʫʩʽʜʘʭ 4 ʪʦʯʦʢ [76]. 

 

 

4.7.4 ʆʮʽʥʢʠ ʜʣʷ ʤʝʪʦʜʽʚ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ 

 

 

ʋʩʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ 

ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ AR-ʤʘʨʢʝʨʽʚ ʤʘʶʪʴ ʧʦʣʽʥʦʤʽʘʣʴʥʫ 

(ʥʝ ʛʽʨʰʝ ʥʽʞ ʢʚʘʜʨʘʪʠʯʥʫ) ʩʢʣʘʜʥʽʩʪʴ ( )2~ O N , ʦʢʨʽʤ ʘʣʛʦʨʠʪʤʫ 

ʧʦʙʫʜʦʚʠ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʩʢʣʘʜʥʽʩʪʴ ʷʢʦʛʦ ʻ ( )~ O NlogN , ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʦʨʪʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ [79]. 
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4.7.5 ʆʮʽʥʢʠ ʜʣʷ ʤʝʪʦʜʽʚ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ 

ʧʣʦʱʠʥʫ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

 

 

ʋʩʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ 

ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

AR-ʤʘʨʢʝʨʽʚ ʤʘʶʪʴ ʧʦʣʽʥʦʤʽʘʣʴʥʫ (ʥʝ ʛʽʨʰʝ ʥʽʞ ʢʚʘʜʨʘʪʠʯʥʫ) ʩʢʣʘʜʥʽʩʪʴ 

( )2~ O N , ʦʢʨʽʤ ʘʣʛʦʨʠʪʤʽʚ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʩʢʣʘʜʥʽʩʪʴ ʷʢʦʛʦ ʻ ( )3~ O N , 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤ SVD (Singular Value 

Decomposition) ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʩʝʚʜʦʦʙʝʨʪʘʥʥʷ ʤʘʪʨʠʮʽ ʤʝʪʦʜʦʤ ʄʫʨʘ-

ʇʝʥʨʦʫʟʘ [82]. 

 

 

4.7.6 ʆʮʽʥʢʠ ʜʣʷ ʤʝʪʦʜʽʚ ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ 

ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

 

 

ʋʩʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ 

ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ AR-ʤʘʨʢʝʨʽʚ 

ʤʘʶʪʴ ʧʦʣʽʥʦʤʽʘʣʴʥʫ (ʥʝ ʛʽʨʰʝ ʥʽʞ ʢʚʘʜʨʘʪʠʯʥʫ) ʩʢʣʘʜʥʽʩʪʴ ( )2~ O N , 

ʦʢʨʽʤ ʘʣʛʦʨʠʪʤʽʚ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʩʢʣʘʜʥʽʩʪʴ ʷʢʦʛʦ ʻ ( )3~ O N , ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤ SVD ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʩʝʚʜʦʦʙʝʨʪʘʥʥʷ ʤʘʪʨʠʮʽ ʤʝʪʦʜʦʤ ʄʫʨʘ-ʇʝʥʨʦʫʟʘ [82]. 
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4.7.7 ʆʮʽʥʢʠ ʜʣʷ ʤʝʪʦʜʫ ʧʦʰʫʢʫ ʽʥʚʝʨʩʥʠʭ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ 

ʙʣʦʯʥʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ 

 

 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʫ ʧ. 4.6.6, ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʧʦʰʫʢʫ ʽʥʚʝʨʩʥʠʭ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʙʣʦʯʥʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ 

ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʘʶʪʴ ʩʢʣʘʜʥʽʩʪʴ ( )2~ O N ! , ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʦʟʤʽʨ 

ʙʣʦʢʫ ʧʝʨʝʩʪʘʥʦʚʢʠ ʙʽʣʴʰʠʡ ʟʘ ʧʝʨʤʫʪʘʮʽʡʥʠʡ ʨʘʜʽʫʩ 
()

p
2

D f
b r

1
f

4

> =

Ð

; 

ʷʢʱʦ ʞ ʮʷ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʩʢʣʘʜʥʽʩʪʴ 

( )( ) ( )2 2~ O log N ! ~ O N logN  [103]. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

 

1. ʈʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ-

ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʨʘʪʠ ʟʦʙʨʘʞʝʥʥʷ QR-ʢʦʜʫ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʛʝʥʝʨʘʪʦʨʘʤʠ QR-ʢʦʜʫ; ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʘʥʠʭ, 

ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʩʝʚʜʦʛʦʣʦʛʨʘʬʽʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʫ ʧʝʨʝʩʪʘʥʦʚʢʫ; ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʮʝʜʫʨʠ ʩʪʚʦʨʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʜʽʣʶʚʘʪʠ ʢʣʽʪʠʥʢʠ 

ʨʘʤʢʦʶ ʟ ʧʨʦʤʽʞʥʠʤ ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ. 

2. ʈʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʙʣʘʩʪʽ 

ʤʘʨʢʝʨʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʧʦ ʟʦʙʨʘʞʝʥʥʶ ʣʦʢʘʣʴʥʝ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʢʦʚʟʘʶʯʠʤ ʚʽʢʥʦʤ; ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʙʽʥʘʨʠʟʘʮʽʾ ʦʪʨʠʤʘʥʦʛʦ 
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ʟʦʙʨʘʞʝʥʥʷ ʡʦʛʦ ʩʝʛʤʝʥʪʘʮʽʶ ʤʝʪʦʜʦʤ K -ʩʝʨʝʜʥʽʭ ʥʘ K 3=  ʢʣʘʩʠ; 

ʦʪʨʠʤʘʥʝ ʙʽʥʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʯʠʱʘʪʠ ʚʽʜ ʰʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɼʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʢʠ AR-ʤʘʨʢʝʨʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʦʪʨʠʤʘʥʦʤʫ ʙʽʥʘʨʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʚʠʙʠʨʘʪʠ ʥʘʡʙʽʣʴʰʫ 

ʧʦ ʧʣʦʱʽ 4-ʟʚôʷʟʥʫ ʦʙʣʘʩʪʴ. ʄʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʥʘʭʦʜʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʝʛʤʝʥʪʘʮʽʶ ʟʦʙʨʘʞʝʥʥʷ ʧʦ ʤʘʩʮʽ, ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʜʦ ʦʪʨʠʤʘʥʦʛʦ ʙʽʥʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʧʝʨʘʮʽʡ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ. 

3. ʈʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʮʽʶʚʘʥʥʷ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʟʘʾʯʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ AR-ʤʘʨʢʝʨʘ ï ʥʘ ʡʦʛʦ 

ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʦʙôʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʦʢʨʝʤʠʭ 

ʤʘʩʦʢ ʜʣʷ ʢʦʞʥʦʾ ʢʣʽʪʠʥʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʥʘʭʦʜʠʪʠ ʯʦʪʠʨʠ ʦʧʦʨʥʽ 

ʪʦʯʢʠ, ʽʪʝʨʘʪʠʚʥʦ ʤʘʢʩʠʤʽʟʫʶʯʠ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ (3.31), ʱʦ ʚʚʝʜʝʥʦ ʫ 

ʧ. 3.3.3. 

4. ʈʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʾ ʤʘʩʢʠ ʙʽʪ-

ʢʦʥʪʝʡʥʝʨʘ ʩʫʤʠ ʧʦ ʩʪʦʚʧʮʷ/ʨʷʜʢʘʭ ʚʽʜʧʦʚʽʜʥʦ, ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʨʬʦʣʦʛʽʾ ʨʘʭʫʚʘʪʠ ʦʛʠʥʘʶʯʽ ʮʠʭ ʩʫʤ, ʚʠʟʥʘʯʘʪʠ ʧʦʨʦʛʠ ʷʢ ʩʝʨʝʜʥʽ ʤʽʞ 

ʦʛʠʥʘʶʯʠʤʠ, ʪʦʜʽ ʚʠʟʥʘʯʘʪʠ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ/ʩʪʦʚʧʮʽʚ ʷʢ ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʪʠʥʽʚ ʚʽʧʦʚʽʜʥʠʭ ʧʦʨʦʛʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʧʦʚʥʶʚʘʪʠ ʤʘʪʨʠʮʶ ʙʽʪ-

ʢʦʥʪʝʡʥʝʨʘ, ʧʽʩʣʷ ʟʥʘʭʦʜʠʪʠ ʟʩʫʚ ʫ ʧʦʚʥʽʡ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ, 

ʟʥʘʭʦʜʷʯʠ ʤʽʥʽʤʫʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʷ (3.52), ʱʦ ʙʫʣʘ ʚʚʝʜʝʥʘ ʫ ʧ. 3.4.3, ʷʢʘ 

ʨʘʭʫʻʪʴʩʷ ʜʣʷ ʽʥʚʝʨʩʥʦ-ʧʝʨʤʫʪʦʚʘʥʦʾ ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ. ɼʦ 

ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʦ 

ʢʦʞʥʽʡ ʢʣʽʪʠʥʮʽ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʢʦʣʴʦʨʫ ʢʣʽʪʠʥʢʠ ʡʦʛʦ 

ʤʦʜʦʶ ï ʟʥʘʯʝʥʥʷʤ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ. 

5. ʈʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ 
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ʧʨʦʚʦʜʠʪʠ ʧʦ ʩʘʤʦʤʫ ʟʦʙʨʘʞʝʥʥʶ AR-ʤʘʨʢʝʨʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʡʜʝʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʨʝʢʮʽʾ ʨʘʜʽʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʟʦʙʨʘʞʝʥʥʷ ʢʦʨʝʢʮʽʶ 

ʨʘʜʽʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʟʚʥʽʰʥʴʦʛʦ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʤʝʨʠ ʽ ʧʨʦʚʦʜʠʪʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʽʨʪʫʘʣʴʥʠʭ 3d-ʦʙô̒ ʢʪʽʚ ʜʣʷ ʾʭ ʢʦʨʝʢʪʥʦʛʦ 

ʧʨʦʝʮʽʶʚʘʥʥʷ ʥʘ ʧʣʦʱʠʥʫ AR-ʤʘʨʢʝʨʘ. ʊʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʨʦʱʝʥʠʡ 

ʤʝʪʦʜ, ʷʢʠʡ ʥʝ ʧʦʪʨʝʙʫʻ ʟʦʚʥʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʦ ʡʦʛʦ ʜʣʷ 

ʩʧʨʦʱʝʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 3d-ʦʙô̒ ʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ 

AR-ʤʘʨʢʝʨʘ, ʘ ʪʘʢʦʞ ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʴ AR-ʤʘʨʢʝʨʘ, ʧʨʠ 

ʮʴʦʤʫ url-ʘʜʨʝʩʘ ʚʽʜʝʦ ʙʝʨʝʪʴʩʷ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʟʘʢʦʜʦʚʘʥʦ ʚ AR-

ʤʘʨʢʝʨʽ. 

4. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʩʪʽʡʢʦʛʦ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʘ ʩʘʤʝ: 

ï ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʫ ʩʝʢʫʥʜʘʭ ʚʠʷʚʣʝʥʥʷ ʪʝʩʪʦʚʦʛʦ 

AR-ʤʘʨʢʝʨʘ 
D

0,03t ¢  ʩʝʢ; 

ï ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʢʽʣʴʢʦʩʪʽ ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʨʢʝʨʘ, 
c

n 3= ; 

ï ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʾ ʝʥʪʨʦʧʽʾ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʙʽʪʘʭ/ʧʽʢʩʝʣʴ, 

ʱʦ ʟʘʢʦʜʦʚʘʥʦ ʫ ʤʘʨʢʝʨʽ 
m 2

e
1

k
=  ʙʽʪ/ʧʽʢʩʝʣʴ, ʧʨʠ ʟʥʘʯʝʥʥ ̫ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʫʙʣʶʚʘʥʥʷ 
2k 9= , ʦʪʨʠʤʫʻʤʦ, ʱʦ 

m
e 1/ 9= ; 

ï ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ ʧʦ 

ʥʘʷʚʥʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʤʘʨʢʝʨʘ ï ʪʘʢ; 

ï ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʢʦʚʦ ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ 

ʧʦʚʽʜʦʤʣʝʥʥʷ 
e

n 1<  ʧʨʠ ʽʤʦʚʽʨʥʦʩʪʽ ʚʪʨʘʪʠ ʙʽʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ q 1/ 2¢  

(ʟʥʘʯʝʥʥ ̫ʢʦʝʬʽʮʽʻʥʪʘ ʜʫʙʣʶʚʘʥʥʷ 
2k 9= ); 

ï ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʨʦʙ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ 
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ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ 
2

p
n b != , ʷʢʱʦ ʨʦʟʤʽʨ ʙʣʦʢʫ ʧʝʨʝʩʪʘʥʦʚʢʠ ʙʽʣʴʰʠʡ 

ʟʘ ʧʝʨʤʫʪʘʮʽʡʥʠʡ ʨʘʜʽʫʩ 
()

p
2

D f
b r

1
f

4

> =

Ð

; ʷʢʱʦ ʞ ʮʷ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, 

ʪʦ 
2 2

p
n ~ logb !~ b logb; 

ï ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

u
n 0= . 

6. ʆʪʨʠʤʘʥʦ ʦʮʽʥʢʠ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʦ ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ ʪʘ ʩʢʣʘʜʥʦʩʪʽ, ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚʩʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ, ʚʠʷʚʣʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ AR-ʤʘʨʢʝʨʽʚ ʤʘʶʪʴ ʧʦʣʽʥʦʤʽʘʣʴʥʫ (ʥʝ ʛʽʨʰʝ ʥʽʞ 

ʢʚʘʜʨʘʪʠʯʥʫ) ʩʢʣʘʜʥʽʩʪʴ ( )2~ O N , ʦʢʨʽʤ ʘʣʛʦʨʠʪʤʫ ʧʦʙʫʜʦʚʠ 

ʧʝʨʝʩʪʘʥʦʚʢʠ, ʩʢʣʘʜʥʽʩʪʴ ʷʢʦʛʦ ʻ ( )~ O NlogN , ʘʣʛʦʨʠʪʤʽʚ ʢʘʣʽʙʨʫʚʘʥʥʷ, 

ʩʢʣʘʜʥʽʩʪʴ ʷʢʠʭ ʻ ( )3~ O N , ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʘʣʛʦʨʠʪʤ SVD ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʩʝʚʜʦʦʙʝʨʪʘʥʥʷ ʤʘʪʨʠʮʽ ʤʝʪʦʜʦʤ ʄʫʨʘ-

ʇʝʥʨʦʫʟʘ; ʘʣʛʦʨʠʪʤʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʝʮʽʶʚʘʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʤʘʻ 

ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ( )4~ O N , ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʷʤʠʡ ʧʝʨʝʙʽʨ 

ʧʦ ʩʫʩʽʜʘʭ 4 ʪʦʯʦʢ. ɿʘʫʚʘʞʝʥʦ, ʱʦ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʰʫʢʫ ʽʥʚʝʨʩʥʠʭ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʙʣʦʯʥʠʭ 

ʧʝʨʝʩʪʘʥʦʚʦʢ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʤʘʶʪʴ 

ʩʢʣʘʜʥʽʩʪʴ ( )2~ O N ! , ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʦʟʤʽʨ ʙʣʦʢʫ ʧʝʨʝʩʪʘʥʦʚʢʠ ʙʽʣʴʰʠʡ 

ʟʘ ʧʝʨʤʫʪʘʮʽʡʥʠʡ ʨʘʜʽʫʩ 
()

p
2

D f
b r

1
f

4

> =

Ð

; ʷʢʱʦ ʞ ʮʷ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, 

ʪʦ ʩʢʣʘʜʥʽʩʪʴ ( )( ) ( )2 2~ O log N ! ~ O N logN . 
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʫ ʧʦʚʥʦʤʫ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʧʽʜ ʥʦʤʝʨʘʤʠ [18], [75]ï[79], [82], [85]ï[86], [90]ï

[91], [93]ï[94], [101], [117], [118], [222], [233]ï[237]. 
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5 ɯʅʌʆʈʄɸʎɯʁʅɸ ʊɽʍʅʆʃʆɻɯʗ ʇʆɹʋɼʆɺʀ ɯ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɸʈʂɽʈɯɺ ɼʆʇʆɺʅɽʅʆɰ ʈɽɸʃʔʅʆʉʊɯ 

 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʫʜʦʩʢʦʥʘʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʚ ʷʢʽʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʜʦʤʠʭ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʜʦʚʽʣʴʥʠʪʠ ʟʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ 

ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʬʦʨʤʘʣʽʟʫʚʘʪʠ 

ʪʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʧʨʦʝʢʪʘʭ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʅʘʚʝʜʝʥʦ 

ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʰʫʤʫ ʥʘ 

ʪʦʯʥʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ ʤʦʞʣʠʚʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʙʣʦʯʥʠʭ ʽʥʚʝʨʩʥʠʭ 

ʧʝʨʝʩʪʘʥʦʚʦʢ, ʧʨʠ ʨʦʟʤʽʨʽ ʙʣʦʢʫ, ʱʦ ʤʝʥʰʠʡ ʟʘ ʧʝʨʤʫʪʘʮʽʡʥʠʡ ʨʘʜʽʫʩ; 

ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʨʢʝʨʽʚ.  

ʄʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [74]ï[79], [82]ï[86], [90]ï[91], 

[101]. 

 

 

5.1 ʉʪʨʫʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʦʙʫʜʦʚʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʡʢʠʭ 

ʚʽʟʫʘʣʴʥʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ ʙʫʣʘ 
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ʦʧʠʩʘʥʘ ʫ ʨʦʟʜʽʣʽ 2, ʰʣʷʭʦʤ ʢʦʥʢʨʝʪʥʦʾ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʽʚ 

ʩʪʽʡʢʠʭ ʚʽʟʫʘʣʴʥʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ AR-ʤʘʨʢʝʨʽʚ. 

 

 

5.1.1 ʆʩʥʦʚʥʠʡ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ɺ IDEF0-ʥʦʪʘʮʽʾ ʦʩʥʦʚʥʠʡ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʤʘʻ ʪʝʢʩʪʦʚʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ (ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ url-ʧʦʩʠʣʘʥʥʷ ʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʨʝʩʫʨʩ); ʫʧʨʘʚʣʽʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, 

ʧʨʦʩʪʦʪʠ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ, ʨʦʙʘʩʪʥʦʩʪʽ, ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʭʘʥʽʟʤʘʤʠ ʻ ʩʘʤ ʢʦʨʠʩʪʫʚʘʯ, ʛʝʥʝʨʘʪʦʨ QR-ʢʦʜʽʚ (ʘʙʦ 

ʽʥʰʠʡ ʢʦʜʝʨ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʟʦʙʨʘʞʝʥʥʷ), ʩʠʩʪʝʤʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ MATLAB, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ 

ʬʫʥʢʮʽʡ ʽ ʧʨʦʮʝʜʫʨ ʤʝʪʦʜʫ, ʘ ʪʘʢʦʞ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʦʜʫʣʽ MATLAB, ʪʘʢʽ 

ʷʢ Statistics and Machine Learning Toolbox, Image Processing Toolbox, 

Computer Vision Toolbox; ʥʘ ʚʠʭʦʜʽ ʤʘʻʤʦ ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ [74]ï[76]. 

ʆʩʥʦʚʥʠʡ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.1, ʜʝʢʦʤʧʦʟʠʮʽʷ ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ï ʥʘ ʨʠʩ. 5.2. 

ɼʝʢʦʤʧʦʟʠʮʽʷ ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 4 ʧʽʜʧʨʦʮʝʩʠ: 

1) ʟʘʢʦʜʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ QR-ʢʦʜ: 

ï ʚʭʽʜ ï ʧʦʚʽʜʦʤʣʝʥʥʷ;  

ï ʚʠʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ (QR-ʢʦʜ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ); 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʨʦʙʘʩʪʥʦʩʪʽ;  

ï ʤʝʭʘʥʽʟʤʠ ï ʢʦʨʠʩʪʫʚʘʯ ʽ ʛʝʥʝʨʘʪʦʨ QR-ʢʦʜʽʚ; 

2) ʟʙʽʣʴʰʠʪʠ ʟʦʙʨʘʞʝʥʥʷ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ;  
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ï ʚʠʭʽʜ ï ʟʙʽʣʴʰʝʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʘ ʨʦʙʘʩʪʥʦʩʪʽ;  

ï ʤʝʭʘʥʽʟʤʠ ï ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ MATLAB, ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ 

ʤʦʜʫʣʴ Image Processing Toolbox; 

 

 

ʈʠʩʫʥʦʢ 5.1 ï ʆʩʥʦʚʥʠʡ ʧʨʦʮʝʩ ʤʝʪʦʜʫ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʢʝʨʘ 

 

3) ʩʪʦʭʘʩʪʠʯʥʦ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ: 

ï ʚʭʽʜ ï ʟʙʽʣʴʰʝʥʝ ʟʦʙʨʘʞʝʥʥʷ;  

ï ʚʠʭʽʜ ï ʧʝʨʝʚʧʦʨʷʜʢʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʨʦʙʘʩʪʥʦʩʪʽ ʪʘ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ;  

ï ʤʝʭʘʥʽʟʤʠ ï ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ MATLAB, ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ 

ʤʦʜʫʣʴ Statistics and Machine Learning Toolbox; 

4) ʜʦʜʘʪʠ ʤʦʟʘʾʯʥʠʡ ʙʽʪ-ʢʦʥʪʝʡʥʝʨ: 

ï ʚʭʽʜ ï ʧʝʨʝʚʧʦʨʷʜʢʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ;  

ï ʚʠʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ; 
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ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ, 

ʨʦʙʘʩʪʥʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; 

ï ʤʝʭʘʥʽʟʤʠ ï ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ MATLAB, ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʤʦʜʫʣʽ Image Processing Toolbox ʪʘ Computer Vision Toolbox. 

 

 

ʈʠʩʫʥʦʢ 5.2 ï ɼʝʢʦʤʧʦʟʠʮʽʷ ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ʤʝʪʦʜʫ ʬʦʨʤʫʚʘʥʥʷ 

ʤʘʨʢʝʨʘ 

 

 

5.1.2 ʆʩʥʦʚʥʠʡ ʧʨʦʮʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʈʦʟʛʣʷʥʝʤʦ ʚ IDEF0-ʥʦʪʘʮʽʾ ʦʩʥʦʚʥʠʡ ʧʨʦʮʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (ʨʠʩ. 5.3) [74]ï

[77].  
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ʈʠʩʫʥʦʢ 5.3 ï ʆʩʥʦʚʥʠʡ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ  

 

ɺʭʽʜ ʧʨʦʮʝʩʫ ï ʩʮʝʥʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʦʙʣʘʩʪʴ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯ. ʉʮʝʥʘ ʤʽʩʪʠʪʴ ʚ 

ʦʙʣʘʩʪʽ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʤʦʟʘʾʯʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ ʤʘʨʢʝʨ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ. 

ʋʧʨʘʚʣʽʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʚʠʤʦʛ ʜʦ ʚʽʟʫʘʣʴʥʠʭ AR-

ʤʘʨʢʝʨʽʚ (ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ, 

ʨʦʙʘʩʪʥʦʩʪʽ, ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ); ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʤʘʨʪʬʦʥʘ; 

ʤʘʪʝʤʘʪʠʯʥʽ ʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ (ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʪʦʜʠ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʜʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ, ʘʥʘʣʽʪʠʯʥʘ ʛʝʦʤʝʪʨʽʷ, ʣʽʥʽʡʥʘ 

ʘʣʛʝʙʨʘ, ʛʦʤʦʛʨʘʬʽʷ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʨʬʦʣʦʛʽʷ, ʤʝʪʦʜʠ ʙʽʥʘʨʠʟʘʮʽʾ, ʤʝʪʦʜʠ 
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ʩʝʛʤʝʥʪʘʮʽʾ). 

ʄʝʭʘʥʽʟʤʘʤʠ ʻ ʩʘʤ ʢʦʨʠʩʪʫʚʘʯ, ʩʤʘʨʪʬʦʥ, ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

MATLAB , ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʦʜʫʣʽ MATLAB, ʪʘʢʽ ʷʢ Statistics and Machine Learning 

Toolbox, Image Processing Toolbox, Computer Vision Toolbox, Optimization 

Toolbox. 

ʅʘ ʚʠʭʦʜʽ ʤʘʻʤʦ ʜʝʢʦʜʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʽʨʪʫʘʣʴʥʠʡ 3d ʦʙôʻʢʪ, ʱʦ 

ʧʨʦʝʮʶʻʪʴʩʷ ʥʘ ʧʣʦʱʠʥʫ AR-ʤʘʨʢʝʨʘ, ʧʨʦʮʝʩ ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ 

ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ. 

ɼʝʢʦʤʧʦʟʠʮʽʷ ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 2 ʧʽʜʧʨʦʮʝʩʠ 1 

ʨʽʚʥʷ (ʨʠʩ. 5.4): 

1) ʩʬʦʪʦʛʨʘʬʫʚʘʪʠ AR-ʤʘʨʢʝʨ: 

ï ʚʭʽʜ ï AR-ʩʮʝʥʘ; 

ï ʚʠʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʥʘʙʽʨ ʚʠʤʦʛ ʜʦ ʚʽʟʫʘʣʴʥʠʭ AR-ʤʘʨʢʝʨʽʚ (ʚʠʤʦʛʠ 

ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ, ʨʦʙʘʩʪʥʦʩʪʽ, 

ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ); ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʤʘʨʪʬʦʥʘ; 

ï ʤʝʭʘʥʽʟʤʠ ï ʢʦʨʠʩʪʫʚʘʯ, ʩʤʘʨʪʬʦʥ; 

2) ʚʠʢʦʨʠʩʪʘʪʠ AR-ʤʘʨʢʝʨ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ; 

ï ʚʠʭʽʜ ï ʜʝʢʦʜʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʽʨʪʫʘʣʴʥʠʡ 3d ʦʙôʻʢʪ, ʱʦ 

ʧʨʦʝʮʶʻʪʴʩʷ ʥʘ ʧʣʦʱʠʥʫ AR-ʤʘʨʢʝʨʘ, ʧʨʦʮʝʩ ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ 

ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʥʘʙʽʨ ʚʠʤʦʛ ʜʦ ʚʽʟʫʘʣʴʥʠʭ AR-ʤʘʨʢʝʨʽʚ (ʚʠʤʦʛʠ 

ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ, ʨʦʙʘʩʪʥʦʩʪʽ, 

ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ); ʩʧʝʮʠʬʽʢʘʮʽʾ ʩʤʘʨʪʬʦʥʘ; ʤʘʪʝʤʘʪʠʯʥʽ 

ʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ (ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, 

ʜʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ, ʘʥʘʣʽʪʠʯʥʘ ʛʝʦʤʝʪʨʽʷ, ʣʽʥʽʡʥʘ ʘʣʛʝʙʨʘ, 

ʛʦʤʦʛʨʘʬʽʷ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʨʬʦʣʦʛʽʷ, ʤʝʪʦʜʠ ʙʽʥʘʨʠʟʘʮʽʾ, ʤʝʪʦʜʠ 

ʩʝʛʤʝʥʪʘʮʽʾ);  
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ï ʤʝʭʘʥʽʟʤʠ ï ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ MATLAB, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʦʜʫʣʽ MATLAB  

(Statistics and Machine Learning Toolbox, Image Processing Toolbox, 

Computer Vision Toolbox, Optimization Toolbox). 

 

 

ʈʠʩʫʥʦʢ 5.4 ï ɼʝʢʦʤʧʦʟʠʮʽʷ ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

5.1.3 ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 3 ʧʽʜʧʨʦʮʝʩʠ 2 ʨʽʚʥʷ 

(ʨʠʩ. 5.5): 
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1) ʜʝʢʦʜʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ; 

ï ʚʠʭʽʜ ï ʧʦʚʽʜʦʤʣʝʥʥʷ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, 

ʨʦʙʘʩʪʥʦʩʪʽ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ ʙʽʥʘʨʠʟʘʮʽʾ, ʤʝʪʦʜʠ ʩʝʛʤʝʥʪʘʮʽʾ, 

ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʜʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʢʘ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʨʬʦʣʦʛʽʷ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Statistics and Machine Learning Toolbox, 

Image Processing Toolbox, Computer Vision Toolbox; 

2) ʧʦʙʫʜʫʚʘʪʠ ʚʽʨʪʫʘʣʴʥʠʡ 3d ʦʙôʻʢʪ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ; 

ï ʚʠʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ 3d ʦʙôʻʢʪʘ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, 

ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ, ʨʦʙʘʩʪʥʦʩʪʽ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ, ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʜʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ, ʘʥʘʣʽʪʠʯʥʘ 

ʛʝʦʤʝʪʨʽʷ, ʣʽʥʽʡʥʘ ʘʣʛʝʙʨʘ, ʛʦʤʦʛʨʘʬʽʷ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʨʬʦʣʦʛʽʷ, ʤʝʪʦʜʠ 

ʙʽʥʘʨʠʟʘʮʽʾ, ʤʝʪʦʜʠ ʩʝʛʤʝʥʪʘʮʽʾ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Image Processing Toolbox, Computer Vision 

Toolbox; 

3) ʚʠʚʝʩʪʠ ʚʽʜʝʦ-ʧʦʪʽʢ ʚ ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ; 

ï ʚʠʭʽʜ ï ʧʨʦʮʝʩ ʨʝʥʜʝʨʠʥʛʫ ʚʞ2ʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, 

ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ, ʨʦʙʘʩʪʥʦʩʪʽ, ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ 

ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʘʥʘʣʽʪʠʯʥʘ ʛʝʦʤʝʪʨʽʷ, ʣʽʥʽʡʥʘ ʘʣʛʝʙʨʘ, ʛʦʤʦʛʨʘʬʽʷ, 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʨʬʦʣʦʛʽʷ, ʤʝʪʦʜʠ ʙʽʥʘʨʠʟʘʮʽʾ, ʤʝʪʦʜʠ ʩʝʛʤʝʥʪʘʮʽʾ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Image Processing Toolbox, Computer Vision 

Toolbox. 
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ʈʠʩʫʥʦʢ 5.5 ï ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ  

 

ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʫ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 3 ʧʽʜʧʨʦʮʝʩʠ 3 ʨʽʚʥʷ 

(ʨʠʩ. 5.6): 

 



285 

 

ʈʠʩʫʥʦʢ 5.6 ï ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʫ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

1) ʜʝʪʝʢʪʫʚʘʪʠ AR-ʤʘʨʢʝʨ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ; 

ï ʚʠʭʽʜ ï ʤʘʩʢʘ AR-ʤʘʨʢʝʨʘ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʨʦʙʘʩʪʥʦʩʪʽ, 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʜʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ, 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʨʬʦʣʦʛʽʷ, ʤʝʪʦʜʠ ʙʽʥʘʨʠʟʘʮʽʾ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Statistics and Machine Learning Toolbox, 

Image Processing Toolbox; 

2) ʟʥʘʡʪʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʠ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ; 
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ï ʚʠʭʽʜ ï ʦʙ'ʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʨʦʙʘʩʪʥʦʩʪʽ, 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʨʬʦʣʦʛʽʷ, 

ʤʝʪʦʜʠ ʩʝʛʤʝʥʪʘʮʽʾ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Image Processing Toolbox; 

3) ʜʝʢʦʜʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ, ʤʘʩʢʠ 

ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʦʙ'ʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ; 

ï ʚʠʭʽʜ ï ʧʦʚʽʜʦʤʣʝʥʥʷ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʨʦʙʘʩʪʥʦʩʪʽ, 

ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʪʦʜʠ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʜʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ, ʘʥʘʣʽʪʠʯʥʘ ʛʝʦʤʝʪʨʽʷ, ʣʽʥʽʡʥʘ 

ʘʣʛʝʙʨʘ, ʛʦʤʦʛʨʘʬʽʷ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Optimization Toolbox, Statistics and Machine 

Learning Toolbox, Image Processing Toolbox, Computer Vision Toolbox. 

ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʫ ʜʝʪʝʢʪʫʚʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 3 ʧʽʜʧʨʦʮʝʩʠ 4 ʨʽʚʥʷ 

(ʨʠʩ. 5.7): 

1) ʟʘʩʪʦʩʫʚʘʪʠ std-ʬʽʣʴʪʨ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ; 

ï ʚʠʭʽʜ ï ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ 

ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʜʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ, ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʨʬʦʣʦʛʽʷ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Statistics and Machine Learning Toolbox, 

Image Processing Toolbox; 
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ʈʠʩʫʥʦʢ 5.7 ï ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʫ ʜʝʪʝʢʪʫʚʘʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

2) ʙʽʥʘʨʠʟʫʚʘʪʠ ʧʦ ʆʪʩʫ: 

ï ʚʭʽʜ ï ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

ï ʚʠʭʽʜ ï ʙʽʥʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ 

ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʪʦʜʠ ʙʽʥʘʨʠʟʘʮʽʾ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Image Processing Toolbox; 

3) ʦʯʠʩʪʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜ ʰʫʤʫ: 

ï ʚʭʽʜ ï ʙʽʥʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

ï ʚʠʭʽʜ ï ʤʘʩʢʘ AR-ʤʘʨʢʝʨʘ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ 

ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʨʬʦʣʦʛʽʾ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Image Processing Toolbox. 
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ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 2 ʧʽʜʧʨʦʮʝʩʠ 

4 ʨʽʚʥʷ (ʨʠʩ. 5.8) [82]ï[86] : 

 

 

ʈʠʩʫʥʦʢ 5.8 ï ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ 

ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

1) ʩʝʛʤʝʥʪʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ, ʤʘʩʢʘ 

AR-ʤʘʨʢʝʨʘ; 

ï ʚʠʭʽʜ ï ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ 

ʤʝʪʦʜʠ ʩʝʛʤʝʥʪʘʮʽʾ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Statistics and Machine Learning Toolbox, 
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Image Processing Toolbox; 

2) ʦʙ'ʻʜʥʘʪʠ ʤʘʩʢʠ: 

ï ʚʭʽʜ ï ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ; 

ï ʚʠʭʽʜ ï ʦʙ'ʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʧʦʤʽʪʥʦʩʪʽ, ʧʨʦʩʪʦʪʠ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ 

ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʨʬʦʣʦʛʽʾ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Image Processing Toolbox. 

ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʫ ʜʝʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ 9 

ʧʽʜʧʨʦʮʝʩʽʚ 4 ʨʽʚʥʷ (ʨʠʩ. 5.9): 

1) ʟʥʘʡʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

ï ʚʭʽʜ ï ʦʙ'ʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ; 

ï ʚʠʭʽʜ ï ʤʘʪʨʠʮʷ ʛʦʤʦʛʨʘʬʽʾ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʨʦʙʘʩʪʥʦʩʪʽ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ 

ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʘʥʘʣʽʪʠʯʥʘ ʛʝʦʤʝʪʨʽʷ, ʣʽʥʽʡʥʘ 

ʘʣʛʝʙʨʘ, ʛʦʤʦʛʨʘʬʽʷ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʨʬʦʣʦʛʽʷ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Image Processing Toolbox, Computer Vision 

Toolbox; 

2) ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʦʝʢʪʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

ï ʚʭʽʜ ï ʟʦʙʨʘʞʝʥʥʷ AR-ʤʘʨʢʝʨʘ, ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʦʙ'ʻʜʥʘʥʥʷ 

ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʤʘʪʨʠʮʷ ʛʦʤʦʛʨʘʬʽʾ; 

ï ʚʠʭʽʜ ï ʧʝʨʝʪʚʦʨʝʥʝ ʟʦʙʨʘʞʝʥʥʷ AR-ʤʘʨʢʝʨʘ; ʧʝʨʝʪʚʦʨʝʥʽ ʤʘʩʢʠ 

ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, ʧʝʨʝʪʚʦʨʝʥʝ ʦʙ'ʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʠ ʨʦʙʘʩʪʥʦʩʪʽ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ 

ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʘʥʘʣʽʪʠʯʥʘ ʛʝʦʤʝʪʨʽʷ, ʣʽʥʽʡʥʘ 

ʘʣʛʝʙʨʘ, ʛʦʤʦʛʨʘʬʽʷ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Image Processing Toolbox, Computer Vision 

Toolbox; 
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ʈʠʩʫʥʦʢ 5.9 ï ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʧʨʦʮʝʩʫ ʜʝʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

3) ʧʦʨʘʭʫʚʘʪʠ ʩʝʨʝʜʥʽ: 

ï ʚʭʽʜ ï ʧʝʨʝʪʚʦʨʝʥʝ ʦʙ'ʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ; 

ï ʚʠʭʽʜ ï ʩʝʨʝʜʥʽ ʧʦ ʨʷʜʢʘʭ/ʩʪʦʚʧʮʷʭ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ;  

4) ʧʦʨʘʭʫʚʘʪʠ ʧʦʨʦʛʠ: 
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ï ʚʭʽʜ ï ʧʝʨʝʪʚʦʨʝʥʝ ʦʙ'ʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ; 

ï ʚʠʭʽʜ ï ʧʦʨʦʛʠ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ; ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʨʬʦʣʦʛʽʾ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Image Processing Toolbox; 

5) ʧʦʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʪʠʥʽʚ: 

ï ʚʭʽʜ ï ʩʝʨʝʜʥʽ ʧʦ ʨʷʜʢʘʭ/ʩʪʦʚʧʮʷʭ, ʧʦʨʦʛʠ; 

ï ʚʠʭʽʜ ï ʢ̔ ʣʴʢʽʩʪʴ ʩʪʦʚʧʮʽʚ/ʨʷʜʢʽʚ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ, ʨʦʙʘʩʪʥʦʩʪʽ; ʤʝʪʦʜʠ 

ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ;  

6) ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʨʠʮʶ ʙʽʪʽʚ: 

ï ʚʭʽʜ ï ʧʝʨʝʪʚʦʨʝʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʽ ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, 

ʢ̔ ʣʴʢʽʩʪʴ ʩʪʦʚʧʮʽʚ/ʨʷʜʢʽʚ; 

ï ʚʠʭʽʜ ï ʤʘʪʨʠʮʷ ʙʽʪʽʚ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ, ʨʦʙʘʩʪʥʦʩʪʽ; ʤʝʪʦʜʠ 

ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ;  

7) ʟʥʘʡʪʠ ʟʩʫʚ: 

ï ʚʭʽʜ ï ʤʘʪʨʠʮʷ ʙʽʪʽʚ; 

ï ʚʠʭʽʜ ï ʧʦʚʥʘ ʤʘʪʨʠʮʷ ʙʽʪʽʚ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ, 

ʨʦʙʘʩʪʥʦʩʪʽ, ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ; ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʪʦʜʠ 

ʦʧʪʠʤʽʟʘʮʽʾ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Optimization Toolbox; 

8) ʟʘʩʪʦʩʫʚʘʪʠ ʽʥʚʝʨʩʥʫ ʧʝʨʝʩʪʘʥʦʚʢʫ: 

ï ʚʭʽʜ ï ʧʦʚʥʘ ʤʘʪʨʠʮʷ ʙʽʪʽʚ; 

ï ʚʠʭʽʜ ï ʟʘʰʫʤʣʝʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ, 

ʨʦʙʘʩʪʥʦʩʪʽ, ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ; ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ; 
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ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ;  

9) ʟʥʘʡʪʠ ʤʦʜʫ: 

ï ʚʭʽʜ ï ʟʘʰʫʤʣʝʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ; 

ï ʚʠʭʽʜ ï ʧʦʚʽʜʦʤʣʝʥʥʷ; 

ï ʫʧʨʘʚʣʽʥʥʷ ï ʚʠʤʦʛʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ, 

ʨʦʙʘʩʪʥʦʩʪʽ, ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ; ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʜʝʢʨʠʧʪʠʚʥʘ 

ʩʪʘʪʠʩʪʠʢʘ; 

ï ʤʝʭʘʥʽʟʤʠ ï MATLAB ; Statistics and Machine Learning Toolbox. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʜʦʩʢʦʥʘʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʚ ʷʢʽʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʜʦʤʠʭ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʜʦʚʽʣʴʥʠʪʠ ʟʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ 

ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʬʦʨʤʘʣʽʟʫʚʘʪʠ 

ʪʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʧʨʦʝʢʪʘʭ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

 

 

5.2 ʆʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʨʦʙʦʪʽ 

5.2.1 ʆʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ ʪʘ ʦʙʤʝʞʝʥʥʷ 

 

 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʽ 

ʧʨʠʧʫʱʝʥʥʷ ʽ ʦʙʤʝʞʝʥʥʷ [78]ï[79]: 

1) ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʽ ʟʦʙʨʘʞʝʥʥʷ; 

2) ʬʽʟʠʯʥʠʡ ʨʦʟʤʽʨ ʤʘʨʢʝʨʘ: 

ï ʤʽʥʽʤʘʣʴʥʠʡ ʬʽʟʠʯʥʠʡ ʨʦʟʤʽʨ AR-ʤʘʨʢʝʨʘ 21 21³  ʤʤ (AR-ʤʘʨʢʝʨ 

ʨʦʟʤʽʨʦʤ 63 63³  ʢʣʽʪʠʥʢʠ, ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ 8 8³, ʚʽʜʜʨʫʢʦʚʘʥʦ ʥʘ ʧʨʠʥʪʝʨʽ 

ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 600 dpi); 

3) ʫʤʦʚʠ ʟʡʦʤʢʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʨʢʝʨʘ: 

ï ʧʨʠ ʟʡʦʤʮʽ AR-ʤʘʨʢʝʨ ʟʘʡʤʘʻ ʧʨʠʙʣʠʟʥʦ 1/9 ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ 
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ʟʦʙʨʘʞʝʥʥ ̫ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʡʦʛʦ ʮʝʥʪʨʽ; 

ï ʤʽʥʽʤʘʣʴʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʤʝʨʠ 8ʄʇ (ʧʨʠ ʮʴʦʤʫ 1 ʧʽʢʩʝʣʶ 

ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ( )61/ 9 8 10 / 63 8 ~ 2Ö Ö Ö  

ʧʽʢʩʝʣʷ ʩʬʦʪʦʛʨʘʬʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʛʘʨʘʥʪʫʻ ʨʦʟʜʽʣʶʚʘʥʽʩʪʴ 

ʢʣʽʪʠʥʦʢ); 

ï ʢʫʪ ʧʦʚʦʨʦʪʫ AR-ʤʘʨʢʝʨʘ ʚʽʜʥʦʩʥʦ ʢʘʤʝʨʠ ʥʝ ʙʽʣʴʰʝ 45°  ̄(ʽʥʘʢʰʝ 

ʙʫʜʝ ʧʦʨʫʰʝʥʦ ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ ʤʘʨʢʝʨʘ ï ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ 

ʜʝʢʦʜʫʚʘʥʥʷ ʙʫʜʝ ʪʨʘʥʩʧʦʥʦʚʘʥʘ ʙʽʪʦʚʘ ʤʘʪʨʠʮʷ, ʱʦ ʥʝ ʜʘʩʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʘʚʠʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʽʥʚʝʨʩʥʫ ʧʝʨʝʩʪʘʥʦʚʢʫ; ʚ ʧʨʠʥʮʠʧʽ ʮʶ ʧʨʦʙʣʝʤʫ 

ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʧʦʩʣʽʜʦʚʥʠʤ ʧʝʨʝʙʦʨʦʤ ʚʩʽʭ ʦʨʽʻʥʪʘʮʽʡ ʤʘʪʨʠʮʽ 

0 , 90 ,1  80 , 270¯ ¯ ¯ ¯ ʟ ʚʠʙʦʨʦʤ ʧʨʘʚʠʣʴʥʦʾ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾʾ ʚʽʜ ʽʥʚʝʨʩʥʦ-ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʘʣʝ ʚ ʨʘʤʢʘʭ ʮʽʻʾ ʨʦʙʦʪʠ 

ʙʫʣʦ ʧʨʠʡʥʷʪʦ, ʱʦ ʤʘʨʢʝʨ ʻ ʧʨʘʚʠʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʤ); 

ï ʟʡʦʤʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ ʦʩʚʽʪʣʝʥʥʷ (ʷʢ ʜʝʥʥʦʛʦ, 

ʪʘʢ ʽ ʰʪʫʯʥʦʛʦ); 

ï ʟʦʙʨʘʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʦʢʫʩʽ ʽ ʨʫʭ ʢʘʤʝʨʠ ʥʝʟʥʘʯʥʠʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʘʟ; 

ï ʢʫʪ ʤʽʞ ʧʣʦʱʠʥʘʤʠ ʤʘʨʢʝʨʘ ʽ ʢʘʤʝʨʠ ʥʝ ʙʽʣʴʰʝ 30° ;̄ 

4) ʭʘʨʘʢʪʝʨ ʟʘʚʘʜ: 

ï ʟʘʚʘʜʘʤʠ ʟʘʢʨʠʪʦ ʥʝ ʙʽʣʴʰʝ 1/2 ʧʣʦʱʽ ʤʘʨʢʝʨʘ; 

ï ʟʘʚʘʜʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʪʘʢʦʶ, ʱʦʙ ʤʘʩʢʘ ʤʘʨʢʝʨʘ ʙʫʣʘ ʦʜʥʦʟʚô̫ ʟʥʦʶ 

(ʷʢʱʦ ʤʘʩʢʘ ʤʘʨʢʝʨʘ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʥʝʟʚô̫ ʟʥʠʭ ʦʙʣʘʩʪʝʡ, ʪʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ/ʩʪʦʚʧʮʽʚ ʙʫʜʫʪʴ 

ʧʦʚʝʨʪʘʪʠ ʥʝʢʦʨʝʢʪʥʝ ʟʥʘʯʝʥʥʷ). 

 

 

5.2.2 ʉʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ 

 

 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʝʢʽʣʴʢʘ AR-ʤʘʨʢʝʨʽʚ. ɼʣʷ 
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ʦʧʠʩʫ ʘʣʛʦʨʠʪʤʽʚ ʟ ʽʣʶʩʪʨʘʪʠʚʥʦʶ ʤʝʪʦʶ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʦ QR-ʢʦʜ, ʚ ʷʢʦʤʫ ʟʘʢʦʜʦʚʘʥʦ ʪʝʢʩʪʦʚʠʡ ʨʷʜʦʢ óHello, world!ô 

ʜʦʚʞʠʥʦʶ 13 ʩʠʤʚʦʣʽʚ (ʨʠʩ. 5.10ʘ). ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ AR-ʤʘʨʢʝʨʽʚ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʟʷʪʦ QR-ʢʦʜ, ʜʝ 

ʟʘʢʦʜʦʚʘʥʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʚʽʜʝʦ ʥʘ YouTube óFpyrF_Ci2TQô ʜʦʚʞʠʥʦʶ 11 

ʩʠʤʚʦʣʽʚ, ʟ ʷʢʦʛʦ ʦʜʥʦʟʥʘʯʥʦ ʦʪʨʠʤʫʻʪʴʩʷ ʧʦʚʥʝ ʧʦʩʠʣʘʥʥʷ ʥʘ ʜʘʥʝ ʚʽʜʝʦ 

[236] (ʨʠʩ. 5.10ʙ) [75], [77].  

 

  

                                        ʘ)                                                ʙ) 

ʈʠʩʫʥʦʢ 5.10 ï ɿʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ (QR-ʢʦʜ): ʘ) óHello, world!ô, ʙ) 

óFpyrF_Ci2TQô 

 

ʈʦʟʤʽʨ ʤʘʪʨʠʮʽ ʢʦʞʥʦʛʦ ʟʛʝʥʝʨʦʚʘʥʦʛʦ QR-ʢʦʜʘ ʻ 21 21³  ʝʣʝʤʝʥʪʽʚ, 

ʤʘʩʰʪʘʙʥʠʡ ʬʘʢʪʦʨ k 3= , ʪʘʢʠʤ ʯʠʥʦʤ ʨʦʟʤʽʨ ʟʦʙʨʘʞʝʥʥʷ ʻ 63 63³  

ʧʽʢʩʝʣʘ. QR-ʢʦʜʠ ʛʝʥʝʨʫʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ online-ʩʝʨʚʽʩʫ ñQR Code 

Generator from the ZXing Projectò [238], ʧʘʨʘʤʝʪʨʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.1. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ, ʦʧʠʩʘʥʠʭ ʫ ʧʧ. 4.1, ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʟʦʙʨʘʞʝʥʥʷ-ʢʦʥʪʝʡʥʝʨʠ, ʷʢʽ ʤʽʩʪʠʪʴ ʜʘʥʽ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ 

(ʨʠʩ. 5.11). ʇʘʨʘʤʝʪʨʠ ʟʦʙʨʘʞʝʥʥʷ-ʢʦʥʪʝʡʥʝʨʘ: 

ï ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ: 8 ʧʽʢʩʝʣʽʚ; 

ï ʪʦʚʱʠʥʘ ʩʽʪʢʠ: 1 ʧʽʢʩʝʣʴ; 
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ï ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʣʴʦʨʠ: ʯʦʨʥʠʡ (0), ʙʽʣʠʡ (1) ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʙʽʪʽʚ, 

ʩʽʨʠʡ (0.5) ʜʣʷ ʩʽʪʢʠ. 

 

ʊʘʙʣʠʮʷ 5.1 ï ʇʘʨʘʤʝʪʨʠ ʛʝʥʝʨʘʮʽʾ QR-ʢʦʜʽʚ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

Contents Text 

Text content óHello, world!ô óFpyrF_Ci2TQô 

Barcode size Large 

Error correction L 

Character encoding UTF-8 

 

  

                                   ʘ)                                                             ʙ) 

ʈʠʩʫʥʦʢ 5.11 ï ɿʦʙʨʘʞʝʥʥʷ AR-ʤʘʨʢʝʨʘ: ʘ) óHello, world!ô; ʙ) 

óFpyrF_Ci2TQô 

 

ɿʛʝʥʝʨʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʦ ʟʙʝʨʝʞʝʥʦ ʫ TIFF ʬʦʨʤʘʪʽ ʟ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 600 dpi ʽ ʨʦʟʜʨʫʢʦʚʘʥʦ ʥʘ ʯʦʨʥʦ-ʙʽʣʦʤʫ ʣʘʟʝʨʥʦʤʫ 

ʧʨʠʥʪʝʨʽ (HP LaserJet Pro MFP M225dn, ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 600 dpi).  
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5.2.3 ʆʧʠʩ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

 

 

ʆʧʠʩ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʷ, ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.2. 

 

ʊʘʙʣʠʮʷ 5.2 ï ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʇʦʚʽʜʦʤ

-ʣʝʥʥʷ 

ʌʦʥ, 

ʦʩʚʽʪʣʝʥʥʷ 

ʈʘʢʫʨʩ  

ʟʡʦʤʢʠ 

ʈʦʟʤʽʨ 

ʤʘʨʢʝʨʘ 

ɿʘʚʘʜʠ ʈʠʩ. 

óHello, 

world!ô 

ʦʜʥʦʨʽʜʥʠʡ 

ʬʦʥ, ʧʨʠʨʦʜʥʻ 

ʦʩʚʽʪʣʝʥʥʷ 

ʥʝʟʥʘʯʥʽ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʜʘʣʝʢʫ, ʙʝʟ 

ʧʦʚʦʨʦʪʫ 

ʧʦʚʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʙʝʟ ʟʘʚʘʜ 5.12ʘ 

óHello, 

world!ô 

ʦʜʥʦʨʽʜʥʠʡ 

ʬʦʥ, ʧʨʠʨʦʜʥʻ 

ʦʩʚʽʪʣʝʥʥʷ 

ʥʝʟʥʘʯʥʽ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʙʣʠʟʴʢʘ, ʙʝʟ 

ʧʦʚʦʨʦʪʫ 

ʧʦʚʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʙʝʟ ʟʘʚʘʜ 5.12ʙ 

óHello, 

world!ô 

ʦʜʥʦʨʽʜʥʠʡ 

ʬʦʥ, ʧʨʠʨʦʜʥʻ 

ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʙʣʠʟʴʢʘ, ʙʝʟ 

ʧʦʚʦʨʦʪʫ 

ʧʦʚʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʟʘʚʘʜʘ ʫ 

ʮʝʥʪʨʽ 

(ʧʨʠʙʣʠʟʥ

ʦ 1/4 

ʧʣʦʱʽ 

ʟʦʙʨʘʞʝʥʥ

ʷ) 

5.12ʚ 

óHello, 

world!ô 

ʦʜʥʦʨʽʜʥʠʡ 

ʬʦʥ, ʧʨʠʨʦʜʥʻ 

ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʜʘʣʝʢʫ, ʙʝʟ 

ʧʦʚʦʨʦʪʫ 

ʧʦʚʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʟʘʚʘʜʘ ʫ 

ʮʝʥʪʨʽ 

(ʧʨʠʙʣʠʟʥ

ʦ 1/4 

ʧʣʦʱʽ 

ʟʦʙʨʘʞʝʥʥ

ʷ) 

5.12ʛ 

óHello, 

world!ô 

ʦʜʥʦʨʽʜʥʠʡ 

ʬʦʥ, ʧʨʠʨʦʜʥʻ 

ʦʩʚʽʪʣʝʥʥʷ 

ʥʝʟʥʘʯʥʽ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʙʣʠʟʴʢʘ, ʙʝʟ 

ʧʦʚʦʨʦʪʫ 

ʣʽʚʘ ʯʘʩʪʠʥʘ 

ʟʦʙʨʘʞʝʥʥʷ 

(ʧʨʠʙʣʠʟʥʦ 1/2 

ʧʣʦʱʽ) 

ʙʝʟ ʟʘʚʘʜ 5.12ʜ 

óHello, 

world!ô 

ʦʜʥʦʨʽʜʥʠʡ 

ʬʦʥ, ʧʨʠʨʦʜʥʻ 

ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʜʘʣʝʢʫ, ʙʝʟ 

ʧʦʚʦʨʦʪʫ 

ʧʨʘʚʘ ʯʘʩʪʠʥʘ 

ʟʦʙʨʘʞʝʥʥʷ 

(ʧʨʠʙʣʠʟʥʦ 1/2 

ʧʣʦʱʽ) 

ʙʝʟ ʟʘʚʘʜ 5.12ʝ 

óHello, 

world!ô 

ʩʢʣʘʜʥʠʡ ʬʦʥ, 

ʰʪʫʯʥʝ 

ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʜʘʣʝʢʫ, ʙʝʟ 

ʧʦʚʦʨʦʪʫ 

ʮʝʥʪʨʘʣʴʥʘ 

ʯʘʩʪʠʥʘ 

ʟʦʙʨʘʞʝʥʥʷ 

(ʧʨʠʙʣʠʟʥʦ 2/3 

ʧʣʦʱʽ) 

ʙʝʟ ʟʘʚʘʜ 5.12ʞ 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 5.2 

óHello, 

world!ô 

ʩʢʣʘʜʥʠʡ ʬʦʥ, 

ʰʪʫʯʥʝ 

ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʙʣʠʟʴʢʘ, ʙʝʟ 

ʧʦʚʦʨʦʪʫ 

ʮʝʥʪʨʘʣʴʥʘ 

ʯʘʩʪʠʥʘ 

ʟʦʙʨʘʞʝʥʥʷ 

(ʧʨʠʙʣʠʟʥʦ 2/3 

ʧʣʦʱʽ) 

ʙʝʟ ʟʘʚʘʜ 5.12ʟ 

óFpyrF_C

i2TQô 

ʩʢʣʘʜʥʠʡ ʬʦʥ, 

ʰʪʫʯʥʝ 

ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʜʘʣʝʢʫ, ʧʦʚʦʨʦʪʫ 

ʧʨʠʙʣʠʟʥʦ 45 ̄

ʧʦʚʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʙʝʟ ʟʘʚʘʜ 5.12ʽ 

óFpyrF_C

i2TQô 

ʩʢʣʘʜʥʠʡ ʬʦʥ, 

ʰʪʫʯʥʝ 

ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʙʣʠʟʴʢʘ, ʢʫʪ 

ʧʦʚʦʨʦʪʫ 

ʧʨʠʙʣʠʟʥʦ 45 ̄

ʧʦʚʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʙʝʟ ʟʘʚʘʜ 5.12ʡ 

óFpyrF_C

i2TQô 

ʩʢʣʘʜʥʠʡ ʬʦʥ, 

ʰʪʫʯʥʝ 

ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʜʘʣʝʢʫ, ʢʫʪ 

ʧʦʚʦʨʦʪʫ 

ʧʨʠʙʣʠʟʥʦ 30 ̄

ʧʦʚʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʙʝʟ ʟʘʚʘʜ 5.12ʢ 

óFpyrF_C

i2TQô 

ʩʢʣʘʜʥʠʡ ʬʦʥ, 

ʰʪʫʯʥʝ 

ʦʩʚʽʪʣʝʥʥʷ 

ʧʨʦʝʢʪʠʚʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, 

ʟʜʘʣʝʢʫ, ʢʫʪ 

ʧʦʚʦʨʦʪʫ 

ʧʨʠʙʣʠʟʥʦ 30 ̄

ʧʦʚʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 

ʟʘʚʘʜʘ 

ʟʥʠʟʫ 

(ʙʽʣʴʰʝ 1/2 

ʧʣʦʱʽ 

ʟʦʙʨʘʞʝʥʥ

ʷ) 

5.12ʣ 

 

 

5.2.4 ɺʭʽʜʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

 

 

ʆʪʨʠʤʘʥʽ ʨʦʟʜʨʫʢʠ ʩʬʦʪʦʛʨʘʬʦʚʘʥʽ ʩʤʘʨʪʬʦʥʦʤ Nokia 6.1 Plus, 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʤʝʨʠ 12 MP, ʟʙʝʨʝʞʝʥʦ ʫ JPEG ʬʦʨʤʘʪʽ, ʚʠʭʽʜʥʽ 

ʢʦʣʴʦʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.12ʘïʟ (ʧʦʚʽʜʦʤʣʝʥʥʷ óHello, 

world!ô); ʨʠʩ. 5.12̔ïʣ (ʧʦʚʽʜʦʤʣʝʥʥʷ óFpyrF_Ci2TQô). 
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                                   ʘ)                                                          ʙ) 

  
                                       ʚ)                                                         ʛ) 

  
                                    ʜ)                                                           ʝ) 

  
                                     ʞ)                                                           ʟ) 

ʈʠʩʫʥʦʢ 5.12 ï ɺʠʭʽʜʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʘʨʢʫʰ 1 
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                                       ̔)                                                           ʡ) 

  
                                  ʢ)                                                           ʣ)  

ʈʠʩʫʥʦʢ 5.12, ʘʨʢʫʰ 2 

 

 

5.3 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

5.3.1 ʈʝʟʫʣʴʪʘʪʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʟʫʘʣʽʟʦʚʘʥʦ ʥʘ ʨʠʩ. 5.13 (ʟ ʤʝʪʦʶ ʝʢʦʥʦʤʽʾ 

ʤʽʩʮʷ ʧʦʢʘʟʘʥʽ ʪʽʣʴʢʠ ʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʥʝ ʧʦʚʪʦʨʶʶʪʴʩʷ) [79], [90]ï[91], 

[101]. 

ɺʩʽ 8 ʟʦʙʨʘʞʝʥʴ AR-ʤʘʨʢʝʨʘ (ʜʠʚ. ʨʠʩ. 5.12ʘï5.12ʟ), ʷʢʽ ʙʫʣʦ 

ʩʪʚʦʨʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ QR-ʢʦʜʫ, ʚ ʷʢʦʤʫ ʟʘʢʦʜʦʚʘʥʦ ʧʦʚʽʜʦʤʣʝʥʥʷ 

óHello, world!ô, ʜʝʢʦʜʦʚʘʥʦ ʘʙʩʣʶʪʥʦ ʧʨʘʚʠʣʴʥʦ, ʨʽʚʝʥʴ ʧʦʤʠʣʦʢ ï 0.  

ɺʩʽ 4 ʟʦʙʨʘʞʝʥʥʷ AR-ʤʘʨʢʝʨʘ (ʨʠʩ. 5.12̔ï5.12ʣ), ʷʢʽ ʙʫʣʦ ʩʪʚʦʨʝʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ QR-ʢʦʜʫ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ óFpyrF_Ci2TQô, ʚ ʦʩʥʦʚʥʦʤʫ 
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ʜʝʢʦʜʦʚʘʥʦ ʧʨʘʚʠʣʴʥʦ: 2 ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 5.12̔ï5.12ʡ) ʤʘʶʪʴ ʨʚ̔ʝʥʴ 

ʧʦʤʠʣʦʢ ï 0; 1 ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 5.12ʢ) ï 1 ʧʦʤʠʣʢʘ; 1 ʟʦʙʨʘʞʝʥʥʷ 

(ʨʠʩ. 5.12ʣ) ï 6 ʧʦʤʠʣʦʢ.  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʧʣʦʱʘ ʟʘʚʘʜʠ ʙʽʣʴʰʘ ʟʘ 50% 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʨʢʝʨʘ, ʪʠʤ ʥʝ ʤʝʥʰ QR-ʢʦʜ ʜʝʢʦʜʫʻʪʴʩʷ ʧʨʘʚʠʣʴʥʦ, 

ʦʩʢʽʣʴʢʠ ʤʘʻ ʚʣʘʩʥʫ ʥʘʜʣʠʰʢʦʚʽʩʪʴ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʜʠ ʈʽʜʘ-

ʉʦʣʦʤʦʥʘ), ʜʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʝ, ʱʦ 3 ʧʦʤʠʣʢʠ ʧʦʧʘʣʠ ʚ ʦʙʣʘʩʪʴ 

ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʠʭ ʤʘʨʢʝʨʽʚ, ʱʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ.  

 

     

                                   ʘ)-ʟ)                                            ̔ )-ʡ) 

     

                                    ʢ)                                                      ʣ) 

ʈʠʩʫʥʦʢ 5.13 ï ɼʝʢʦʜʦʚʘʥʝ ʟ AR-ʤʘʨʢʝʨʘ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ (ʟʣʽʚʘ) 

ʽ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ (ʩʧʨʘʚʘ): ʘïʟ) óHello, world!ô ʧʦʤʠʣʦʢ ï 0; ʽïʡ) 

óFpyrF_Ci2TQô, ʧʦʤʠʣʦʢ ï 0; ʢ) óFpyrF_Ci2TQô, ʧʦʤʠʣʦʢ ï 1 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʩʽ 12 QR-ʢʦʜʽʚ ʜʝʢʦʜʦʚʘʥʦ ʘʙʩʦʣʶʪʥʦ ʧʨʘʚʠʣʴʥʦ. 
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5.3.2 ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ 3d-ʦʙô̒ ʢʪʘ ʥʘ ʧʣʦʱʠʥʫ 

ʤʘʨʢʝʨʘ  

 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʝʮʽʶʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ 3d-ʦʙôʻʢʪʘ (çʯʘʡʥʠʢè) ʥʘ 

ʧʣʦʱʠʥʫ AR-ʤʘʨʢʝʨʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ ʨʦʙʦʪʽ ʪʦʯʥʠʭ 

ʤʝʪʦʜʽʚ ʢʘʣʽʙʨʫʚʘʥʥʷ ʽ ʧʨʦʝʮʽʶʚʘʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.14ʘïʟ (óHello, 

world!ô) ʪʘ ʨʠʩ. 5.14̔ïʣ (óFpyrF_Ci2TQô). ɼʣʷ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʧʨʦʚʝʜʝʥʦ ʘʚʪʦʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʦ ʩʘʤʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʤʘʨʢʝʨʘ ʽ 

ʢʦʨʝʢʮʽʶ ʨʘʜʽʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ; ʯʝʨʚʦʥʦʶ ʣʽʥʽʻʶ ʚʽʟʫʘʣʽʟʦʚʘʥʦ ʛʨʘʥʠʮʶ 

ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ (ʷʢʫ ʚʽʥ ʙʠ ʟʘʡʤʘʚ, ʷʢʙʠ ʥʝ ʙʫʣʦ ʟʘʚʘʜ); ʧʦʢʘʟʘʥʦ ʪʝʩʪʦʚʠʡ 

3d-ʦʙôʻʢʪ. 

 

 

                                  ʘ)                                                            ʙ) 

 

                                  ʚ)                                                            ʛ) 

ʈʠʩʫʥʦʢ 5.14 ï ʈʝʟʫʣʴʪʘʪʠ ʪʦʯʥʦʛʦ ʧʨʦʝʮʽʶʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ 3d-ʦʙôʻʢʪʘ, 

ʘʨʢʫʰ 1 
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                                  ʜ)                                                            ʝ) 

 

                                  ʞ)                                                            ʟ) 

 

                                  ̔)                                                            ʡ) 

 

                                  ʢ)                                                            ʣ) 

ʈʠʩʫʥʦʢ 5.14, ʘʨʢʫʰ 2 
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ʂʦʦʨʜʠʥʘʪʠ 3d-ʦʙô̒ ʢʪʘ ʧʝʨʝʪʚʦʨʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʦʙʨʘʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʣʦ ʟʦʙʨʘʞʝʥʥʶ ʨʝʘʣʴʥʦʛʦ ʦʙô̒ ʢʪʘ ʟ ʮʝʥʪʨʫ ʢʘʤʝʨʠ, ʤʘʩʰʪʘʙ 

ʦʙô̒ ʢʪʘ ʚʠʙʨʘʥʦ ʪʘʢ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ (ʚʽʜ ʨʫʯʢʠ ʜʦ ʥʦʩʠʢʘ 

ʯʘʡʥʠʢʘ) ʩʧʽʚʧʘʜʘʻ ʟ ʬʽʟʠʯʥʠʤ ʨʦʟʤʽʨʦʤ AR-ʤʘʨʢʝʨʘ, ʦʨʽʻʥʪʘʮʽʷ ï ʥʦʩʠʢ 

ʯʘʡʥʠʢʘ ʧʦʚʝʨʥʫʪʦ ʚʧʨʘʚʦ (ʥʘ 3 ʛʦʜʠʥʠ). ʗʢ ʚʠʜʥʦ (ʨʠʩ. 5.14), ʚʩʽ 12 AR-

ʤʘʨʢʝʨʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʟʘʚʘʜ ʽ ʫʤʦʚ ʟʡʦʤʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʚʠʣʴʥʦ 

ʩʧʨʦʝʮʽʶʚʘʪʠ ʪʝʩʪʦʚʠʡ 3d-ʦʙô̒ ʢʪ (çʯʘʡʥʠʢè) ʥʘ ʧʣʦʱʠʥʫ AR-ʤʘʨʢʝʨʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʝʮʽʶʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ 3d-ʦʙô̒ ʢʪʘ (çʯʘʡʥʠʢè) ʥʘ ʧʣʦʱʠʥʫ AR-

ʤʘʨʢʝʨʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʠʩʘʥʠʭ ʫ ʨʦʙʦʪʽ ʩʧʨʦʱʝʥʠʭ ʤʝʪʦʜʽʚ 

ʧʨʦʝʮʽʶʚʘʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.15ʘïʟ (óHello, world!ô) ʪʘ ʨʠʩ. 5.15̔ïʣ 

(óFpyrF_Ci2TQô).  

 

                                  ʘ)                                                            ʙ) 

 

                                  ʚ)                                                            ʛ) 

ʈʠʩʫʥʦʢ 5.15 ï ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʝʮʽʶʚʘʥʥʷ, 

ʘʨʢʫʰ 1 
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                                  ʜ)                                                            ʝ) 

 

                                  ʞ)                                                            ʟ) 

 

                                  ̔)                                                            ʡ) 

 

                                  ʢ)                                                            ʣ) 

ʈʠʩʫʥʦʢ 5.15, ʘʨʢʫʰ 2 
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ɼʣʷ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʘʚʪʦʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʦ 

ʩʘʤʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʤʘʨʢʝʨʘ ʽ ʢʦʨʝʢʮʽʶ ʨʘʜʽʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʘʯʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʧʨʦʱʫʻʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠ ʢʦʨʝʢʮʽʾ ʨʘʜʽʘʣʴʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ 

ʋ ʚʠʛʣʷʜʽ ʥʘʧʽʚʧʨʦʟʦʨʦʛʦ ʢʫʙʘ ʚʽʟʫʘʣʽʟʦʚʘʥʦ ʛʨʘʥʠʮʶ ʦʙʣʘʩʪʽ 

ʤʘʨʢʝʨʘ, ʜʦʚʞʠʥʘ ʨʝʙʨʘ ʢʫʙʘ ʩʧʽʚʧʘʜʘʻ ʟ ʨʦʟʤʽʨʦʤ AR-ʤʘʨʢʝʨʘ. 

ʂʦʦʨʜʠʥʘʪʠ 3d-ʦʙô̒ ʢʪʘ ʧʝʨʝʪʚʦʨʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʦʙʨʘʞʝʥʥʷ 

ʧʨʦʝʮʽʶʚʘʣʦʩʷ ʥʘ ʮʝʥʪʨ ʤʘʨʢʝʨʘ, ʤʘʩʰʪʘʙ ʦʙô̒ ʢʪʘ ʚʠʙʨʘʥʦ ʪʘʢ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ (ʚʽʜ ʨʫʯʢʠ ʜʦ ʥʦʩʠʢʘ ʯʘʡʥʠʢʘ) ʩʧʽʚʧʘʜʘʻ ʟ ʬʽʟʠʯʥʠʤ 

ʨʦʟʤʽʨʦʤ AR-ʤʘʨʢʝʨʘ, ʦʨʽʻʥʪʘʮʽʷ ï ʥʦʩʠʢ ʯʘʡʥʠʢʘ ʧʦʚʝʨʥʫʪʦ ʚʧʨʘʚʦ (ʥʘ 

3 ʛʦʜʠʥʠ). 

ʆʩʢʽʣʴʢʠ ʩʧʨʦʱʝʥʠʡ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ ʙʫʜʝ ʧʦʢʘʟʫʚʘʪʠ 3d-ʦʙô̒ ʢʪ 

ʟ ʥʘʧʨʷʤʢʫ, ʱʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʧʣʦʱʠʥʠ ʤʘʨʢʝʨʘ, ʪʦ ʟ ʤʝʪʦʶ 

ʧʦʢʨʘʱʝʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʧʣʦʱʠʥʘ AR-ʤʘʨʢʝʨʘ ʽʟ ʚʽʨʪʫʘʣʴʥʠʤ 3d-ʦʙô̒ ʢʪʦʤ ʽ 

ʢʫʙʦʤ ʧʦʚʝʨʥʫʪʘ ʥʘ ʜʝʷʢʠʡ ʢʫʪ. 

ʗʢ ʚʠʜʥʦ (ʜʠʚ. ʨʠʩ. 5.15), ʚʩʽ 12 AR-ʤʘʨʢʝʨʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ 

ʟʘʚʘʜ ʽ ʫʤʦʚ ʟʡʦʤʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʚʠʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʨʦʱʝʥʠʡ 

ʤʝʪʦʜ ʧʨʦʢʪʫʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ 3d-ʦʙô̒ ʢʪʘ (çʯʘʡʥʠʢè) ʥʘ ʧʣʦʱʠʥʫ AR-

ʤʘʨʢʝʨʘ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ 

ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ) ʫʤʦʚʠ ʟʡʦʤʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʨʦʱʝʥʦʛʦ ʤʝʪʦʜʫ ï ʢʫʪ ʤʽʞ ʧʣʦʱʠʥʦʶ ʢʘʤʝʨʠ ʽ ʧʣʦʱʠʥʦʶ AR-ʤʘʨʢʝʨʘ ʻ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʤ. 

 

 

5.3.3 ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ  

 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ ʧʦʢʘʟʘʥʽ 

ʥʘ ʨʠʩ. 5.16ʘïʛ (ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʽʣʴʢʠ AR-ʤʘʨʢʝʨʠ, ʚ ʷʢʠʭ ʟʘʢʦʜʦʚʘʥʦ 
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ʧʦʩʠʣʘʥʥʷ ʥʘ ʨʝʣʴʥʝ ʚʽʜʝʦ ʫ YouTube ï óFpyrF_Ci2TQô).  

 

   

                                  ʘ)                                                            ʙ) 

   

                                  ʚ)                                                            ʛ) 

ʈʠʩʫʥʦʢ 5.16 ï ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦ-ʧʦʪʦʢʫ 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʞʦʚʪʦʶ ʣʽʥʽʻʶ ʚʽʟʫʘʣʽʟʦʚʘʥʦ ʛʨʘʥʠʮʶ 

ʦʙʣʘʩʪʽ ʤʘʨʢʝʨʘ (ʷʢʫ ʚʽʥ ʙʠ ʟʘʡʤʘʚ, ʷʢʙʠ ʥʝ ʙʫʣʦ ʟʘʚʘʜ); ʧʦʢʘʟʘʥʦ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʡ ʧʝʨʰʠʡ ʢʘʜʨ ʚʽʜʝʦ.  

ʗʢ ʚʠʜʥʦ (ʜʠʚ. ʨʠʩ. 5.16), ʚʩʽ 4 AR-ʤʘʨʢʝʨʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ 

ʟʘʚʘʜ ʽ ʫʤʦʚ ʟʡʦʤʢʠ ʜʦʟʚʦʣʷʶʪʴ: 

ï ʧʨʘʚʠʣʴʥʦ ʜʝʢʦʜʫʚʘʪʠ url-ʘʜʨʝʩʫ ʽ ʚʽʜʢʨʠʪʠ ʚʽʜʝʦ-ʬʘʡʣ; 

ï ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ 

ʚʠʚʝʩʪʠ ʢʦʞʝʥ ʢʘʜʨ ʚ ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ. 
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5.4 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʦʮʽʥʢʠ 

5.4.1 ɺʧʣʠʚ ʰʫʤʫ ʨʽʟʥʦʛʦ ʪʠʧʫ ʥʘ ʪʦʯʥʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʤʘʨʢʝʨʽʚ 

 

 

ʊʠʧʠ ʤʘʨʢʝʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

(ʪʘʙʣ. 5.3ï5.5): 

ï ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʟʘʾʯʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ AR-ʤʘʨʢʝʨ (ʩʪʦʚʧʝʮʴ AR-

ʤʘʨʢʝʨ); 

ï ʤʦʜʝʣʴʥʽ ʰʪʨʠʭ-ʢʦʜʦʚʽ AR-ʤʘʨʢʝʨʠ, ʚ ʷʢʦʩʪʽ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʩʷ 

QR-ʢʦʜ (ʪʘʢʠʡ ʩʘʤʠʡ, ʷʢ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ) ʜʦ ʷʢʦʛʦ ʟ ʤʝʪʦʶ 

ʢʦʨʝʢʪʥʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʧʨʦʮʝʜʫʨʠ ʜʦʜʘʚʘʥʥʷ 

ʪʘʢʦʛʦ ʩʘʤʦʛʦ ʨʽʚʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ: 

ʘ) ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʫ 3 ʨʘʟʠ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʩʧʦʩʦʙʦʤ ʜʦʜʘʚʘʥʥʷ 

ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ 

(ʩʪʦʚʧʝʮʴ QR-ʢʦʜ (1ʭ9)); 

ʙ) ʜʫʙʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ QR-ʢʦʜʫ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ 3 3³  (ʩʪʦʚʧʝʮʴ 

QR-ʢʦʜ (3ʭ3)). 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʰʫʤ 2 ʪʠʧʽʚ: 

1) ʽʥʚʝʨʩʽʷ ʙʽʪʫ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ 0,15; 

ʚʽʟʫʘʣʽʟʦʚʘʥʦ  ʷʢ 4 ʨʷʜʦʢ ʩʪʦʚʧʮʷ ʐʫʤ ʫ ʪʘʙʣ. 5.3ï5.5, ʰʫʤʦʚʠʡ ʧʘʪʝʨʥ 

ʦʜʥʘʢʦʚʠʡ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; 

2) ʚʪʨʘʪʘ ʙʽʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ 0,40; ʚʽʟʫʘʣʽʟʦʚʘʥʦ  

ʷʢ 5 ʨʷʜʦʢ ʩʪʦʚʧʮʷ ʐʫʤ ʫ ʪʘʙʣ. 5.3ï5.5, ʚʠʢʦʨʠʩʪʘʥʦ 3 ʪʠʧʠ ʟʘʚʘʜʠ: 

ï ʪʦʯʢʦʚʽ ʟʘʚʘʜʠ ʫ ʚʠʛʣʷʜʽ ʽʤʧʫʣʴʩʥʦʛʦ ʰʫʤʫ (ʪʘʙʣ. 5.3); 

ï ʧʨʦʪʷʞʥʘ ʟʘʚʘʜʘ, ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʘ ʚ ʮʝʥʪʨʽ ʟʦʙʨʘʞʝʥʥʷ (ʪʘʙʣ. 5.4); 

ï ʧʨʦʪʷʞʥʘ ʟʘʚʘʜʘ, ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʘ ʚʥʠʟʫ ʟʦʙʨʘʞʝʥʥʷ (ʪʘʙʣ. 5.5). 

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.3ï5.5, ʢʦʞʥʦʤʫ ʝʪʘʧʫ 

ʚʽʜʧʦʚʽʜʘʻ ʨʷʜʦʢ ʟ ʪʠʤ ʩʘʤʠʤ ʥʦʤʝʨʦʤ ʫ ʪʘʙʣʠʮʷʭ [81], [83], [92]: 
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ʊʘʙʣʠʮʷ 5.3 ï ɺʧʣʠʚ ʪʦʯʢʦʚʠʭ ʟʘʚʘʜ ʥʘ ʪʦʯʥʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ AR-

ʤʘʨʢʝʨʽʚ 

 ʐʫʤ AR-ʤʘʨʢʝʨ QR-ʢʦʜ (1ʭ9) QR-ʢʦʜ (3ʭ3) 

1  

   
2  

   
3  

 

  

4 

    
5 

    
6  

 

 

 
7  
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 5.3 

8  

   

 

1) ʚʚʽʜ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ; 

2) ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ; 

3) ʧʨʦʚʝʜʝʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʘʥʠʭ 

(ʚʠʢʦʥʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ); 

4) ʜʦʜʘʚʘʥʥʷ ʰʫʤʫ ʽʥʚʝʨʩʽʾ ʙʽʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʽʥʚʝʨʩʫʶʪʴʩʷ ʙʽʪʠ ʫ 

ʟʦʙʨʘʞʝʥʥʷʭ AR-ʤʘʨʢʝʨʽʚ ʫ ʧʦʟʠʮʽʷʭ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʰʫʤʦʚʦʤʫ ʧʘʪʝʨʥʽ; 

5) ʜʦʜʘʚʘʥʥʷ ʧʨʦʧʘʜʘʥʥʷ ʙʽʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʙʽʪʠ ʫ ʟʦʙʨʘʞʝʥʥʷʭ AR-

ʤʘʨʢʝʨʽʚ ʫ ʧʦʟʠʮʽʷʭ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʰʫʤʦʚʦʤʫ ʧʘʪʝʨʥʽ, 

ʟʘʤʽʥʷʶʪʴʩʷ ʥʝʚʠʟʥʘʯʝʥʠʤ ʟʥʘʯʝʥʥʷʤ 1/2; 

6) ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʚʦʨʦʪʥʴʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʜʣʷ ʤʦʟʘʾʯʥʦʛʦ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ AR-ʤʘʨʢʝʨʘ; ʧʨʠ ʮʴʦʤʫ ʟ ʘʢʘʜʝʤʽʯʥʦʶ ʤʝʪʦʶ (ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʜʣʷ ʨʝʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʙʫʜʝ ʫʪʨʫʜʥʝʥʦ ʫ ʟʚôʷʟʢʫ ʽʟ 

ʤʝʪʦʜʦʤ ʩʠʥʭʨʦʥʽʟʘʮʽʾ QR-ʢʦʜʽʚ ʧʦ ʚʣʘʩʥʠʭ ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʠʭ ʤʘʨʢʝʨʘʭ) 

ʟʨʦʙʣʝʥʦ ʧʝʨʝʚʧʨʷʜʢʫʚʘʥʥʷ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʚʠʜʫ, ʢʦʣʠ ʤʦʞʥʘ ʙʫʜʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʬʽʣʴʪʨʘʮʽʾ ʰʫʤʫ; 

7) ʬʽʣʴʪʨʘʮʽʷ ʰʫʤʫ ʤʝʪʦʜʦʤ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ ʨʦʙʦʪʽ; 

8) ʚʽʟʫʘʣʽʟʘʮʽʷ ʧʦʤʠʣʢʦʚʦ ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 5.3, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʧʣʠʚʫ ʪʦʯʢʦʚʠʭ ʟʘʚʘʜ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʟʘʾʯʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ AR-ʤʘʨʢʝʨ ʜʘʻ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ 

ï 0; ʤʦʜʝʣʴʥʠʡ AR-ʤʘʨʢʝʨ QR-ʢʦʜ (1ʭ9) ï 2 ʧʦʤʠʣʢʠ; ʤʦʜʝʣʴʥʠʡ AR-

ʤʘʨʢʝʨ QR-ʢʦʜ (3ʭ3) ï 1 ʧʦʤʠʣʢʫ. 
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ʊʘʙʣʠʮʷ 5.4 ï ɺʧʣʠʚ ʧʨʦʪʷʞʥʦ ʾʟʘʚʘʜʠ, ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʘ ʚ ʮʝʥʪʨʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʪʦʯʥʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ AR-ʤʘʨʢʝʨʽʚ 

 ʐʫʤ AR-ʤʘʨʢʝʨ QR-ʢʦʜ (1ʭ9) QR-ʢʦʜ (3ʭ3) 

1  

   
2  

   
3  

 

  

4 

    
5 

    
6  

 

 

 
7  
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 5.4 

8  

   

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 5.4, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʧʣʠʚʫ ʟʘʚʘʜʠ, ʱʦ 

ʣʦʢʘʣʽʟʦʚʘʥʘ ʚ ʮʝʥʪʨʽ ʟʦʙʨʘʞʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʟʘʾʯʥʠʡ 

ʩʪʦʭʘʩʪʠʯʥʠʡ AR-ʤʘʨʢʝʨ ʜʘʻ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ï 0; ʤʦʜʝʣʴʥʠʡ AR-ʤʘʨʢʝʨ 

QR-ʢʦʜ (1ʭ9) ï ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʩʧʽʚʧʘʜʘʻ ʟ ʨʦʟʤʽʨʦʤ ʟʘʚʘʜʠ; ʤʦʜʝʣʴʥʠʡ 

AR-ʤʘʨʢʝʨ QR-ʢʦʜ (3ʭ3) ï 0 ʧʦʤʠʣʦʢ. 

 

ʊʘʙʣʠʮʷ 5.5 ï ɺʧʣʠʚ ʧʨʦʪʷʞʥʦ ʾ ʟʘʚʘʜʠ, ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʘ ʚʥʠʟʫ 

ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʪʦʯʥʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ AR-ʤʘʨʢʝʨʽʚ 

  AR-ʤʘʨʢʝʨ QR-ʢʦʜ (1ʭ9) QR-ʢʦʜ (3ʭ3) 

1  

   
2  

   
3  

 

  

4 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 5.5 

5 

    
6  

 

 

 
7  

   
8  

   
 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 5.5, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʧʣʠʚʫ ʟʘʚʘʜʠ, ʱʦ 

ʣʦʢʘʣʽʟʦʚʘʥʘ ʚʥʠʟʫ ʟʦʙʨʘʞʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʟʘʾʯʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ 

AR-ʤʘʨʢʝʨ ʜʘʻ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ï 0; ʤʦʜʝʣʴʥʠʡ AR-ʤʘʨʢʝʨ QR-ʢʦʜ (1ʭ9) 

ï ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʩʧʽʚʧʘʜʘʻ ʟ ʨʦʟʤʽʨʦʤ ʟʘʚʘʜʠ; ʤʦʜʝʣʴʥʠʡ AR-ʤʘʨʢʝʨ 

QR-ʢʦʜ (3ʭ3) ï 1 ʧʦʤʠʣʦʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʟʘʾʯʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ AR-ʤʘʨʢʝʨ 

ʟʘʚʞʜʠ ʜʘʻ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ; ʤʦʜʝʣʴʥʠʡ AR-ʤʘʨʢʝʨ QR-ʢʦʜ (1ʭ9) ʜʣʷ 

ʧʨʦʪʷʞʥʠʭ ʟʘʚʘʜ ʜʘʻ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʨʦʟʤʽʨʦʤ ʟʘʚʘʜʠ; 

ʤʦʜʝʣʴʥʠʡ AR-ʤʘʨʢʝʨ QR-ʢʦʜ (3ʭ3) ʟʘ ʫʤʦʚʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʪʠʧʫ ʦʙʨʦʙʢʠ 

(ʱʦ ʤʘʻ ʣʠʰʝ ʘʢʘʜʝʤʽʯʥʠʡ ʽʥʪʝʨʝʩ ʫ ʟʚô̫ ʟʢʫ ʽʟ ʩʢʣʘʜʥʽʩʪʶ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ) 

ʜʘ 1-2 ʧʦʤʠʣʢʠ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʟʘʚʘʜ. 

ʆʪʞʝ ʚʣʘʩʪʠʚʽʩʪʴ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʻ ʩʫʪʪʻʚʦʶ ʜʣʷ ʨʦʙʘʩʪʥʦʩʪʽ AR-
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ʤʘʨʢʝʨʽʚ, ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʠʡ ʪʠʧ ʟʘʚʘʜ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʚʘʜ ʪʠʧʫ 

ʽʤʧʫʣʴʩʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʽ ʫʥʽʬʽʢʦʚʘʥʦ ʜʝʢʦʜʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ. 

ʄʦʜʝʣʴʥʠʡ AR-ʤʘʨʢʝʨ QR-ʢʦʜ (3ʭ3) ʧʦʢʘʟʫʻ ʧʦʨʽʚʥʷʥʦ ʥʝʧʦʛʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʽʣʴʢʠ ʪʦʤʫ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʦʙʨʦʙʢʠ ʥʘʙʣʠʞʘʻ ʡʦʛʦ 

ʜʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʜʘʥʠʭ. 

 

 

5.4.2 ʇʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʦʟʧʦʜʽʣʽʚ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʽ ʧʨʦʧʫʩʢʫ ʜʘʥʠʭ 

 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʽʤʦʚʽʨʥʦʩʪʽ 

ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʽ ʧʨʦʧʫʩʢʫ 

ʜʘʥʠʭ ʙʫʣʦ ʟʛʥʝʨʦʚʘʥʦ ʘʥʩʘʤʙʣʴ AR-ʤʘʨʢʝʨʽʚ, ʧʽʩʣʷ ʯʦʛʦ ʜʦ ʢʦʞʥʦʛʦ ʟ ʥʠʭ 

ʟʘʩʪʦʩʦʚʘʥʦ ʦʧʝʨʘʮʽʾ ʜʦʜʘʚʘʥʥʷ ʧʦʤʠʣʦʢ (ʽʥʚʝʨʩʽʾ ʙʽʪʽʚ) ʽ ʧʨʦʧʫʩʢʫ ʜʘʥʠʭ 

(ʟʘʧʦʚʥʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʠʤ ʟʥʘʯʝʥʥʷʤ 1/2). ɯʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ 

ʜʝʢʦʜʫʚʘʥʥʷ ʦʮʽʥʶʚʘʣʘʩʴ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʨʘʚʠʣʴʥʦ ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʧʦʚʽʜʦʤʣʝʥʥʷ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʣʦʱʽ ʟʦʙʨʘʞʝʥʥʷ-

ʧʦʚʽʜʦʤʣʝʥʥʷ). 

ʈʝʟʫʣʴʪʘʪʠ ʟʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.6, ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ 

ʧʦʟʥʘʯʝʥʥʷ: q  ï ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ; 
exp

1
p  ï ʜʣʷ ʝʤʧʽʨʠʯʥʦ ʦʮʽʥʝʥʦʾ 

ʽʤʦʚʽʨʥʦʩʪʽ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʽʥʚʝʨʩʽʾ ʙʽʪʽʚ, 
exp

2
p  ï ʜʣʷ ʦʮʽʥʝʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ 

ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʧʨʦʧʫʩʢʫ ʙʽʪʽʚ; ʪʝʦʨʝʪʠʯʥʽ ʽʤʦʚʽʨʥʦʩʪʽ theor

1,2
p  

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟʘ ʚʠʨʘʟʘʤʠ (4.8)ï(4.9) ʚʽʜʧʦʚʽʜʥʦ; theor exp

1,2 1,2 1,2
p p pD = -  ï 

ʨʽʟʥʠʮʽ. 
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ʊʘʙʣʠʮʷ 5.6 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʝʤʧʽʨʠʯʥʦ ʦʮʽʥʝʥʠʭ 

ʽʤʦʚʽʨʥʦʩʪʝʡ ʜʝʢʦʜʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʽ ʧʨʦʧʫʩʢʫ 

ʜʘʥʠʭ 

q  theor

1
p  

exp

1
p  1

pD  theor

2
p  

exp

2
p  2

pD  

0,0098 1,0000 1,0000 0,0000 1,0000 1,0000 0,0000 

0,0197 1,0000 1,0000 0,0000 1,0000 1,0000 0,0000 

0,0295 1,0000 1,0000 0,0000 1,0000 1,0000 0,0000 

0,0393 1,0000 1,0000 0,0000 1,0000 1,0000 0,0000 

0,0491 1,0000 1,0000 0,0000 1,0000 1,0000 0,0000 

0,0590 0,9999 1,0000 -0,0001 1,0000 1,0000 0,0000 

0,0688 0,9998 1,0000 -0,0002 1,0000 1,0000 0,0000 

0,0786 0,9997 1,0000 -0,0003 1,0000 1,0000 0,0000 

0,0884 0,9995 1,0000 -0,0005 1,0000 1,0000 0,0000 

0,0983 0,9992 1,0000 -0,0008 1,0000 1,0000 0,0000 

0,1081 0,9987 1,0000 -0,0013 1,0000 1,0000 0,0000 

0,1179 0,9981 1,0000 -0,0019 1,0000 1,0000 0,0000 

0,1277 0,9973 0,9932 0,0041 1,0000 1,0000 0,0000 

0,1376 0,9962 0,9977 -0,0016 1,0000 1,0000 0,0000 

0,1474 0,9948 0,9841 0,0107 1,0000 1,0000 0,0000 

0,1572 0,9931 0,9955 -0,0024 1,0000 1,0000 0,0000 

0,1670 0,9910 0,9977 -0,0068 1,0000 1,0000 0,0000 

0,1769 0,9884 0,9864 0,0020 1,0000 1,0000 0,0000 

0,1867 0,9854 0,9887 -0,0033 1,0000 1,0000 0,0000 

0,1965 0,9818 0,9841 -0,0023 1,0000 1,0000 0,0000 

0,2063 0,9777 0,9819 -0,0042 1,0000 1,0000 0,0000 

0,2162 0,9729 0,9546 0,0182 1,0000 1,0000 0,0000 

0,2260 0,9674 0,9796 -0,0121 1,0000 1,0000 0,0000 

0,2358 0,9613 0,9637 -0,0024 1,0000 1,0000 0,0000 

0,2457 0,9544 0,9478 0,0065 1,0000 1,0000 0,0000 

0,2555 0,9467 0,9524 -0,0057 1,0000 1,0000 0,0000 

0,2653 0,9382 0,9592 -0,0210 1,0000 1,0000 0,0000 

0,2751 0,9288 0,9274 0,0014 1,0000 1,0000 0,0000 

0,2850 0,9186 0,9274 -0,0089 1,0000 1,0000 0,0000 

0,2948 0,9075 0,9161 -0,0086 1,0000 1,0000 0,0000 

0,3046 0,8954 0,8912 0,0043 1,0000 1,0000 0,0000 

0,3144 0,8825 0,8821 0,0004 1,0000 1,0000 0,0000 

0,3243 0,8687 0,8662 0,0025 1,0000 1,0000 0,0000 

0,3341 0,8540 0,8662 -0,0122 0,9999 1,0000 -0,0001 

0,3439 0,8384 0,8209 0,0175 0,9999 1,0000 -0,0001 

0,3537 0,8219 0,8322 -0,0103 0,9999 1,0000 -0,0001 

0,3636 0,8046 0,7982 0,0064 0,9999 1,0000 -0,0001 

0,3734 0,7864 0,7823 0,0041 0,9999 0,9977 0,0021 

0,3832 0,7675 0,7664 0,0010 0,9998 1,0000 -0,0002 

0,3930 0,7478 0,7596 -0,0118 0,9998 1,0000 -0,0002 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 5.6 

0,4029 0,7274 0,7347 -0,0073 0,9997 1,0000 -0,0003 

0,4127 0,7063 0,6939 0,0125 0,9997 0,9955 0,0042 

0,4225 0,6847 0,6803 0,0044 0,9996 0,9955 0,0041 

0,4324 0,6625 0,6735 -0,0110 0,9995 1,0000 -0,0005 

0,4422 0,6398 0,6463 -0,0065 0,9994 1,0000 -0,0006 

0,4520 0,6167 0,6168 -0,0001 0,9992 1,0000 -0,0008 

0,4618 0,5932 0,5850 0,0082 0,9990 0,9977 0,0013 

0,4717 0,5695 0,5488 0,0207 0,9988 0,9955 0,0034 

0,4815 0,5455 0,5510 -0,0055 0,9986 1,0000 -0,0014 

0,4913 0,5214 0,5193 0,0021 0,9983 0,9977 0,0006 

0,5011 0,4972 0,4830 0,0142 0,9980 0,9977 0,0003 

0,5110 0,4730 0,4762 -0,0031 0,9976 1,0000 -0,0024 

0,5208 0,4490 0,4853 -0,0363 0,9972 0,9955 0,0017 

0,5306 0,4250 0,4150 0,0101 0,9967 0,9977 -0,0011 

0,5404 0,4013 0,4059 -0,0045 0,9961 0,9909 0,0051 

0,5503 0,3780 0,3741 0,0038 0,9954 0,9932 0,0022 

0,5601 0,3549 0,3878 -0,0328 0,9946 0,9909 0,0036 

0,5699 0,3323 0,3424 -0,0101 0,9937 0,9932 0,0005 

0,5797 0,3103 0,3220 -0,0117 0,9926 0,9932 -0,0006 

0,5896 0,2887 0,3016 -0,0128 0,9914 0,9909 0,0005 

0,5994 0,2678 0,2426 0,0252 0,9900 0,9796 0,0104 

0,6092 0,2476 0,2585 -0,0109 0,9884 0,9887 -0,0002 

0,6190 0,2281 0,2313 -0,0032 0,9866 0,9796 0,0071 

0,6289 0,2093 0,2222 -0,0129 0,9846 0,9773 0,0073 

0,6387 0,1914 0,1905 0,0009 0,9823 0,9660 0,0163 

0,6485 0,1742 0,1655 0,0087 0,9797 0,9728 0,0069 

0,6584 0,1579 0,1587 -0,0008 0,9768 0,9683 0,0085 

0,6682 0,1425 0,1451 -0,0026 0,9735 0,9841 -0,0107 

0,6780 0,1280 0,1406 -0,0126 0,9697 0,9728 -0,0031 

0,6878 0,1144 0,1111 0,0033 0,9655 0,9705 -0,0050 

0,6977 0,1017 0,1179 -0,0162 0,9608 0,9637 -0,0029 

0,7075 0,0899 0,0998 -0,0099 0,9556 0,9592 -0,0036 

0,7173 0,0790 0,0975 -0,0185 0,9497 0,9342 0,0155 

0,7271 0,0690 0,0703 -0,0013 0,9432 0,9184 0,0248 

0,7370 0,0598 0,0612 -0,0014 0,9359 0,9342 0,0016 

0,7468 0,0515 0,0567 -0,0052 0,9278 0,9342 -0,0065 

0,7566 0,0440 0,0567 -0,0127 0,9187 0,9116 0,0072 

0,7664 0,0372 0,0385 -0,0013 0,9087 0,8889 0,0198 

0,7763 0,0312 0,0159 0,0154 0,8976 0,8753 0,0224 

0,7861 0,0259 0,0340 -0,0081 0,8854 0,8662 0,0192 

0,7959 0,0213 0,0204 0,0009 0,8718 0,8707 0,0011 

0,8057 0,0173 0,0045 0,0128 0,8569 0,8776 -0,0207 

0,8156 0,0139 0,0091 0,0048 0,8404 0,8299 0,0104 

0,8254 0,0110 0,0136 -0,0026 0,8222 0,8458 -0,0236 

0,8352 0,0085 0,0091 -0,0006 0,8022 0,7846 0,0176 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 5.6 

0,8450 0,0065 0,0091 -0,0026 0,7802 0,7551 0,0251 

0,8549 0,0049 0,0023 0,0026 0,7561 0,7415 0,0147 

0,8647 0,0036 0,0045 -0,0010 0,7297 0,7460 -0,0163 

0,8745 0,0025 0,0000 0,0025 0,7008 0,6893 0,0115 

0,8844 0,0017 0,0023 -0,0005 0,6691 0,6485 0,0206 

0,8942 0,0012 0,0045 -0,0034 0,6346 0,6667 -0,0321 

0,9040 0,0007 0,0000 0,0007 0,5968 0,5873 0,0095 

0,9138 0,0004 0,0000 0,0004 0,5556 0,5397 0,0159 

0,9237 0,0003 0,0000 0,0003 0,5107 0,5193 -0,0086 

0,9335 0,0001 0,0000 0,0001 0,4618 0,4512 0,0105 

0,9433 0,0001 0,0000 0,0001 0,4086 0,4014 0,0072 

0,9531 0,0000 0,0000 0,0000 0,3508 0,3583 -0,0075 

0,9630 0,0000 0,0000 0,0000 0,2880 0,2880 0,0000 

0,9728 0,0000 0,0000 0,0000 0,2199 0,2245 -0,0046 

0,9826 0,0000 0,0000 0,0000 0,1460 0,1474 -0,0014 

0,9924 0,0000 0,0000 0,0000 0,0660 0,0680 -0,0020 

 

ʅʘ ʨʠʩ. 5.17 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʘ ʝʤʧʽʨʠʯʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ (ʽʥʚʝʨʩʽʾ ʜʘʥʠʭ), ʥʘ ʨʠʩ. 5.18 ï ʛʨʘʬʽʢʠ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʪʘ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʦʧʫʩʢʫ ʜʘʥʠʭ, ʘ ʥʘ ʨʠʩ. 5.19 ïʧʦʨʽʚʥʷʥʥʷ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʘ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ 

ʜʝʢʦʜʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʝʡ ʦʜʥʦʯʘʩʥʦʾ ʧʦʤʠʣʢʠ (ʽʥʚʝʨʩʽʾ 

ʜʘʥʠʭ) ʽ ʧʨʦʧʫʩʢʫ ʜʘʥʠʭ  

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʤʧʽʨʠʯʥʠʭ 

ʨʦʟʧʦʜʽʣʽʚ, ʧʝʨʝʢʦʥʘʻʤʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʘ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ 

[239], ʱʦ ʛʝʥʝʨʘʣʴʥʽ ʩʫʢʫʧʥʦʩʪʽ ʨʽʟʥʠʮʴ theor exp

1,2 1,2 1,2
p p pD = -  ʤʽʞ 

ʧʦʨʘʭʦʚʘʥʠʤʠ ʪʝʦʨʝʪʠʯʥʦ ʽʤʦʚʽʨʥʦʩʪʷʤʠ theor

1,2
p  ʪʘ ʦʮʽʥʢʘʤʠ ʽʤʦʚʽʨʥʦʩʪʝʡ 

exp

1,2
p , ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʤʫʣʷʮʽʾ, ʧʽʜʢʦʨʷʶʪʴʩʷ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʽ ʨʦʟʨʘʭʫʻʤʦ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʛʝʥʝʨʘʣʴʥʠʭ ʩʝʨʝʜʥʽʭ 

(ʧʨʠ ʥʝʚʽʜʦʤʠʭ ʛʝʥʝʨʘʣʴʥʠʭ ʜʠʩʧʝʨʩʽʷʭ).  
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ʈʠʩʫʥʦʢ 5.17 ï ʇʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʘ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ 

(ʽʥʚʝʨʩʽʾ ʜʘʥʠʭ) 

 

 

ʈʠʩʫʥʦʢ 5.18 ï ʇʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʘ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ 

ʧʨʦʧʫʩʢʫ ʜʘʥʠʭ 
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ʈʠʩʫʥʦʢ 5.19 ï ʇʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʘ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʝʡ 

ʧʦʤʠʣʢʠ (ʽʥʚʝʨʩʽʾ ʜʘʥʠʭ) ʽ ʧʨʦʧʫʩʢʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʩʪʘ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ (ʜʣʷ ʯʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʬʫʥʢʮʽʷ MATLAB kstest ) ʜʦʟʚʦʣʷʶʪʴ ʜʣʷ ʦʙʦʭ 

ʩʫʢʫʧʥʦʩʪʝʡ 
1,2

pD  ʧʨʠʡʥʷʪʠ 0-ʛʽʧʦʪʝʟʫ, ʱʦ ʚʦʥʠ ʧʽʜʢʦʨʷʶʪʴʩʷ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ (ʜʠʚ. ʨʠʩ. 5.20). ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʢʽʣʴʢʠ 

1,2
pD  ï ʛʝʥʝʨʘʣʴʥʽ ʩʫʢʫʧʥʦʩʪʽ, ʱʦ ʧʽʜʢʦʨʷʶʪʴʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ, ʛʝʥʝʨʘʣʴʥʽ ʜʠʩʧʝʨʩʽʾ ʷʢʠʭ 2

1,2
s  ʥʝʚʽʜʦʤʽ; ʦʙôʻʤʠ ʚʠʙʦʨʢʠ ʚ 

ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʦʜʥʘʢʦʚʽ ï n ; 
1,2

pD  ī ʚʠʙʽʨʢʦʚʽ ʩʝʨʝʜʥʽ; 
1,2

S  ï ʚʠʙʽʨʢʦʚʽ 

ʩʝʨʝʜʥʽ ʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ, ʪʦ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʛʝʥʝʨʘʣʴʥʠʭ 

ʩʝʨʝʜʥʽʭ 
1,2

pd  ʽʟ ʟʘʜʘʥʠʤ ʨʽʚʥʝʤ ʥʘʜʽʡʥʦʩʪʽ g ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

[239]: 

 

 1,2 1,2

1,2 1,21 1,2 1
,n 1 ,n 1

2 2

S S
p t p t

n 1 n 1
p

-g -g
- -

D - <
-

d <D +
-

, (5.1) 
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ʜʝ ʟʥʘʯʝʥʥʷ 
1

,n 1
2

t
-g

-
 ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʨʦʟʧʦʜʽʣʫ ʉʪʴʶʜʝʥʪʘ. ɺʝʣʠʯʠʥʠ 

1,2

1
,n 1

2

S
t

n 1
-g

- -
 ʻ ʰʠʨʠʥʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

 

ʘ) 

 

ʙ) 

 

ʈʠʩʫʥʦʢ 5.20 ï ɻʽʩʪʦʛʨʘʤʠ ʨʽʟʥʠʮʴ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʤʧʽʨʠʯʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ 

ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ: ʘ) ʜʣʷ ʧʦʤʠʣʢʠ (ʽʥʚʝʨʩʽʾ ʜʘʥʠʭ); ʙ) ʜʣʷ ʧʨʦʧʫʩʢʫ 

ʜʘʥʠʭ  
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ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʦʙôʻʤʠ ʚʠʙʦʨʦʢ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ n 101= ; ʜʣʷ 

ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ 0.95g=  ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʉʪʴʶʜʝʥʪʘ 

1 0.95
,101 1

2

t 1.9840
-

-

= ; ʚʠʙʽʨʢʦʚʽ ʩʝʨʝʜʥʽ 
1

p 0.00014D =  ʽ 
2

p -0.00002D = ; 

ʚʽʜʧʦʚʽʜʥʽ ʚʠʙʽʨʢʦʚʽ ʩʝʨʝʜʥʽ ʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ 
1

0.0093S =  ʽ 

2
S 0.0062= ; ʪʦʤʫ ʰʫʢʘʥʽ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ 

 

 
1

1p0.0018 0.002- +d< < , (5.2) 

 

 
2

3p0.0012 0.001- +d< < . (5.3) 

 

ʆʩʢʽʣʴʢʠ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ (5.2)ï(5.3) ʜʣʷ ʩʝʨʝʜʥʽʭ ʚʽʜʭʽʣʝʥʥʴ ʤʽʞ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʤʧʽʨʠʯʥʠʤʠ ʽʤʦʚʽʨʥʦʩʪʷʤʠ ʩʠʤʤʝʪʨʠʯʥʽ ʚʽʜʥʦʩʥʦ 

ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ ʱʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. 

 

 

5.4.3 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʚʝʜʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ 

ʽʥʚʝʨʩʥʠʭ ʙʣʦʯʥʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ 

 

 

ʇʦʢʘʞʝʤʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʦʟʤʽʨ ʙʣʦʢʫ ʧʝʨʝʩʪʘʥʦʚʢʠ ʤʝʥʰʠʡ ʟʘ 

ʧʝʨʤʫʪʘʮʽʡʥʠʡ ʨʘʜʽʫʩ (4.53), ʱʦ ʙʫʣʦ ʚʚʝʜʝʥʦ ʫ ʧ. 4.6.6, ʪʦ ʽʩʥʫʻ 

ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʚʝʨʩʥʠʭ ʙʣʦʯʥʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ [85], [103]. 

ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ MATLAB 9.4.0.813654 (R2018a) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ Global Optimization Toolbox Version 3.4.4 [240]. 

ʇʘʨʘʤʝʪʨʠ ɻɸ (ʷʢʱʦ ʾʭ ʟʥʘʯʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʴ ʧʦ 

ʟʘʤʦʚʯʫʚʘʥʥʶ), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʚʝʜʝʥʦ ʫ 
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ʪʘʙʣ. 5.7. ɺʩʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʦʜʥʘʢʦʚʠʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ.  

 

ʊʘʙʣʠʮʷ 5.7 ï ʇʘʨʘʤʝʪʨʠ ɻɸ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʇʘʨʘʤʝʪʨ ɻɸ ɿʥʘʯʝʥʥʷ ʇʨʠʤʽʪʢʘ 

'PopulationSize' 10000 ʈʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ 

'EliteCount' 5000 ɼʦʜʘʪʥʻ ʮʽʣʝ ʯʠʩʣʦ, ʷʢʝ ʚʠʟʥʘʯʘʻ, 

ʩʢʽʣʴʢʠ ʽʥʜʠʚʽʜʫʤʽʚ ʫ ʧʦʪʦʯʥʦʤʫ 

ʧʦʢʦʣʽʥʥʽ ʛʘʨʘʥʪʦʚʘʥʦ ʚʠʞʠʚʝ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ 

'Generations' 50000 ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ 

ʧʝʨʝʜ ʪʠʤ, ʷʢ ʘʣʛʦʨʠʪʤ 

ʟʫʧʠʥʠʪʴʩʷ 

'StallGenLimit' 1000 ɸʣʛʦʨʠʪʤ ʟʫʧʠʥʷʻʪʴʩʷ, ʷʢʱʦ 

ʩʪʽʣʴʢʠ ʽʪʝʨʘʮʽʡ ʩʝʨʝʜʥʷ ʚʽʜʥʦʩʥʘ 

ʟʤʽʥʘ ʥʘʡʢʨʘʱʦʛʦ ʟʥʘʯʝʥʥʷ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʤʝʥʰʝ ʘʙʦ 

ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ 

FunctionTolerance 

'StallTimeLimit' 50000 ɸʣʛʦʨʠʪʤ ʟʫʧʠʥʷʻʪʴʩʷ, ʷʢʱʦ 

ʥʝʤʘʻ ʧʦʢʨʘʱʝʥʥʷ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ ʧʨʦʪʷʛʦʤ MaxStallTime 

ʩʝʢʫʥʜ 

'TolFun' 0 ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ ʥʘʡʢʨʘʱʦʛʦ 

ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

'CreationFcn' @gacreationuniform ʌʫʥʢʮʽʷ, ʱʦ ʩʪʚʦʨʶʻ ʧʦʯʘʪʢʦʚʫ 

ʧʦʧʫʣʷʮʽʶ 

'CrossoverFcn' @crossoverscattered ʌʫʥʢʮʽʷ, ʱʦ ʘʣʛʦʨʠʪʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʢʨʦʩʦʚʝʨʽʚ ʥʘʱʘʜʢʽʚ 

'CrossoverFraction' 0.8 ʏʘʩʪʢʘ ʧʦʧʫʣʷʮʽʾ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʧʦʢʦʣʽʥʥʽ, ʥʝ ʨʘʭʫʶʯʠ ʝʣʽʪʥʠʭ 

ʥʘʱʘʜʢʽʚ, ʱʦ ʩʪʚʦʨʶʻ ʬʫʥʢʮʽʷ 

ʢʨʦʩʦʚʝʨʘ 

'MutationFcn' {@mutationuniform, 

0.8} 

ʌʫʥʢʮʽʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʤʫʪʘʮʽʾ ʥʘʱʘʜʢʽʚ 

'FitnessLimit' 0 ʗʢʱʦ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʜʦʩʷʛʘʻ 

ʮɹ ʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦ ʘʣʛʦʨʠʪʤ 

ʟʫʧʠʥʷʻʪʴʩʷ 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʥʦ ʟʫʧʠʥʷʚʩʷ, ʢʦʣʠ ʟʥʘʡʜʝʥʘ 

ʧʨʘʚʠʣʴʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘ, ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʟʦʙʨʘʞʝʥʴ (ʱʦ 
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ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (4.53), ʙʫʣʘ ʟʤʝʥʰʝʥʘ ʥʘ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ ʾʾ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʙʫʜʝ 0, ʱʦ ʽ 

ʻ ʫʤʦʚʦʶ ʟʫʧʠʥʢʠ ʘʣʛʦʨʠʪʤʫ (ʟʘʜʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ 'FitnessLimit' 

ʨʽʚʥʠʤ 0, ʜʠʚ. ʪʘʙʣ. 5.7).  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʽʜ ʮʽʻʾ ʫʤʦʚʠ ʤʦʞʥʘ ʚʽʜʤʦʚʠʪʠʩʷ (ʚ ʜʫʩʽ ʯʠʩʪʦ 

çʩʣʽʧʦʛʦè ʧʽʜʭʦʜʫ), ʟʘʤʽʥʠʚʰʠ ʾʾ ʙʽʣʴʰ ʞʦʨʩʪʢʦʶ ʫʤʦʚʦʶ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ, ʧʨʠ ʷʢʠʭ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʥʝ ʤʽʥʷʻʪʴʩʷ (ʧʘʨʘʤʝʪʨ 'StallGenLimit'). 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʤʦʜʝʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ 

(ʨʠʩ. 5.21): 

ï óCameramanô [241]; 

ï óʊʝʢʩʪô (ʩʢʨʽʥʰʦʪ ʟ ʧʨʦʛʨʘʤʠ Adobe Acrobat Reader DC [242] ʧʽʜ 

ʯʘʩ ʧʝʨʝʛʣʷʜʫ ʘʥʛʣʦʤʦʚʥʦʾ ʩʪʘʪʪʽ). 

 

ʘ)  ʙ)  

ʈʠʩʫʥʦʢ 5.21 ï ʄʦʜʝʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ: ʘ) óCameramanô; ʙ) óʊʝʢʩʪô. 

 

ɺʩʽ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʠ ʧʝʨʝʤʘʩʰʪʘʙʦʚʘʥʽ ʜʦ ʨʦʟʤʽʨʫ (120ʭ120), 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ ʽ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʷʩʢʨʘʚʦʩʪʽ 

ʥʦʨʤʦʚʘʥʦ ʥʘ 1. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ óCameramanô. ɽʢʩʧʝʨʠʤʝʥʪʠ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʨʦʟʤʽʨʫ ʙʣʦʢʫ b=2, 3, 4, 5, 6, 7, 8. ʇʨʠ ʚʩʽʭ 

ʮʠʭ ʟʥʘʯʝʥʥʷʭ ɻɸ ʟʥʘʭʦʜʠʚ ʧʨʘʚʠʣʴʥʫ ʧʝʨʝʩʪʘʥʦʚʢʫ (ʨʠʩ. 5.22).  
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t=0 t=1 t=2 t=4 t=5 

     
t=7 t=10 t=11 t=12 t=13 

     
t=14 t=15 t=17 t=18 t=19 

     
t=20 t=21 t=26 t=27 t=28 

     
t=29 t=32 t=33 t=34 t=35 

     
t=36 t=38 t=40 t=42 t=43 

ʈʠʩʫʥʦʢ 5.22ï ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ óCameramanô, ʨʦʟʤʽʨ ʙʣʦʢʫ 

b=8, ʧʦʢʘʟʘʥʦ ʪʽʣʴʢʠ ʪʽ ʨʝʟʫʣʴʪʘʪʠ ʽʪʝʨʘʮʽʡ, ʧʨʠ ʷʢʠʭ ʤʽʥʷʣʦʩʷ ʟʥʘʯʝʥʥʷ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʘʨʢʫʰ 1 
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t=46 t=47 t=49 t=50 t=52 

     
t=54 t=55 t=56 t=57 t=58 

     
t=59 t=60 t=61 t=62 t=63 

     
t=64 t=65 t=66 t=67 t=68 

     
t=69 t=70 t=71 t=94 t=97 

     
t=102 t=108 t=223 t=228 t=229 

ʈʠʩʫʥʦʢ 5.22, ʘʨʢʫʰ 2 
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t=231 t=235 t=239 t=271 t=281 

     
t=284 t=285 t=286 t=376 t=381 

   

  

t=448 t=449 t=452   

ʈʠʩʫʥʦʢ 5.22, ʘʨʢʫʰ 3 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ óʊʝʢʩʪô. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʨʦʟʤʽʨʫ ʙʣʦʢʫ b=2, 3, 4, 5, 6 (ʨʠʩ. 5.23). 

ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.24. 

 

     
t=0 t=1 t=2 t=10 t=11 

   

  

t=12 t=22 t=24   

ʈʠʩʫʥʦʢ 5.23 ï ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ óTextô, ʨʦʟʤʽʨ ʙʣʦʢʫ b=4, 

ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʽʪʝʨʘʮʽʡ, ʧʨʠ ʷʢʠʭ ʤʽʥʷʣʦʩʷ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 5.24 ï ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (ʥʘʡʢʨʘʱʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦ ʧʦʧʫʣʷʮʽʾ): ʘ) óCameramanô (ʨʦʟʤʽʨ ʙʣʦʢʫ b=8), ɻɸ ʟʙʽʛʘʻʪʴʩʷ 

ʟʘ 452 ʽʪʝʨʘʮʽʾ; b) óʊʝʢʩʪô (ʨʦʟʤʽʨ ʙʣʦʢʫ b 4= ), ɻɸ ʟʙʽʛʘʻʪʴʩʷ ʟʘ 24 ʽʪʝʨʘʮʽʾ 
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ɿʥʘʯʝʥʥʷ ʧʝʨʤʫʪʘʮʽʡʥʦʛʦ ʨʘʜʽʫʩʫ ʪʘ ʨʘʜʽʫʩʫ ʢʦʨʝʣʷʮʽʾ, ʱʦ 

ʧʦʨʘʭʦʚʘʥʽ ʜʣʷ ʚʠʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.8. 

 

ʊʘʙʣʠʮʷ 5.8 ʇʦʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʤʫʪʘʮʽʡʥʦʛʦ ʨʘʜʽʫʩʫ ʪʘ ʨʘʜʽʫʩʫ 

ʢʦʨʝʣʷʮʽʾ 

ɿʦʙʨʘʞʝʥʥʷ ʇʝʨʤʫʪʘʮʽʡʥʠʡ 

ʨʘʜʽʫʩ, ʟʘ 

ʚʠʨʘʟʦʤ (4.53) 

ʈʘʜʽʫʩ ʢʦʨʝʣʷʮʽʾ, 

ʟʘ ʚʠʨʘʟʦʤ [243, 

5.47] 

ʄʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ 

ʨʦʟʤʽʨʫ ʙʣʦʢʫ 

óCameramanô 24.0368 47.1123 b 8=  

óʊʝʢʩʪô 4.1073 43.6819 b 4=  

 

ʅʘ ʨʠʩ. 5.25 ʟʦʙʨʘʞʝʥʦ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ (ɸʂʌ) ʜʣʷ ʚʠʭʽʜʥʠʭ 

ʽ ʧʝʨʤʫʪʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʟʘʫʚʘʞʠʤʦ, ʱʦ ʮʽ ɸʂʌ ʻ ʩʫʪʪʻʚʦ 

ʘʥʽʟʦʪʨʦʧʥʠʤʠ. 

 

    

ʘ) 

    

ʙ) 

ʈʠʩʫʥʦʢ 5.25 ï ɿʦʙʨʘʞʝʥʥʷ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʚʠʭʽʜʥʠʭ (ʟʣʽʚʘ)  

ʽ ʧʝʨʤʫʪʦʚʘʥʠʭ (ʩʧʨʘʚʘ) ʟʦʙʨʘʞʝʥʴ: ʘ) óCameramanô, ʨʦʟʤʽʨ ʙʣʦʢʫ b=8; ʙ) 

óʊʝʢʩʪô ʨʦʟʤʽʨ ʙʣʦʢʫ b=4 
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5.4.4 ʇʦʨʽʚʥʷʣʴʥʽ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʣʷ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ 

ʚʽʟʫʘʣʴʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

 

ʇʦʨʽʚʥʷʣʴʥʽ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʣʷ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʚʽʟʫʘʣʴʥʠʭ 

AR-ʤʘʨʢʝʨʽʚ ï ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʰʘʙʣʦʥʥʦʛʦ, ʢʦʣʦʚʦʛʦ, ʰʪʨʠʭ-ʢʦʜʦʚʦʛʦ 

(QR-ʢʦʜ) ʤʘʨʢʝʨʽʚ ʽ ʤʘʨʢʝʨʘ-ʟʦʙʨʘʞʝʥʥʷ [244]ï[247], ʟʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.9. 

 

ʊʘʙʣʠʮʷ 5.9 ï ʇʦʨʽʚʥʷʣʴʥʽ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʇʦʢʘʟʥʠʢ ʊʝʦʨʝ-

ʪʠʯʥʘ 

ʦʮ̔ʥʢʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʦʮʽʥʢʘ 

ʤʦʟʘʾʯʥʠʡ 

ʩʪʦʭʘʩ-

ʪʠʯʥʠʡ 

AR-

ʤʘʨʢʝʨ 

ʰʘʙʣʦʥ-

ʥʠʡ AR-

ʤʘʨʢʝʨ 

ʢʦʣʦʚʠʡ 

AR-

ʤʘʨʢʝʨ 

QR-ʢʦʜ AR-

ʤʘʨʢʝʨ

-ʟʦʙʨʘ-

ʞʝʥʥʷ 

ʇʦʤʽʪʥʽʩʪʴ (ʯʘʩ ʫ 

ʩʝʢʫʥʜʘʭ 
D
t 

ʚʠʷʚʣʝʥʥʷ ʪʝʩʪʦʚʦʛʦ 

AR-ʤʘʨʢʝʨʘ) 

<1/30 <1/30 <1/30 <1/30 <3/30 <5/30 

ʇʨʦʩʪʦʪʘ (ʢʽʣʴʢʽʩʪʴ 

ʢʦʣʴʦʨʽʚ 
c

n , ʱʦ 
ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʨʢʝʨʘ) 

3 

(ʙʽʥʘʨʥʝ 

ʟʦʙʨʘ-

ʞʝʥʥʷ ʟ 

ʧʨʦʤʽʞ-

ʥʠʤ 

ʢʦʣʴʦʨʦʤ) 

3 

(ʙʽʥʘʨʥʝ 

ʟʦʙʨʘ-

ʞʝʥʥʷ ʟ 

ʧʨʦʤʽʞ-

ʥʠʤ 

ʢʦʣʴʦʨʦʤ) 

2 

(ʙʽʥʘʨʥʝ 

ʟʦʙʨʘ-

ʞʝʥʥʷ) 

2 

(ʙʽʥʘʨʥʝ 

ʟʦʙʨʘ-

ʞʝʥʥʷ) 

2 

(ʙʽʥʘʨʥ

ʝ 

ʟʦʙʨʘ-

ʞʝʥʥʷ) 

3ʭ256 

(ʢʦʣʴʦ-

ʨʦʚʝ 

ʟʦʙʨʘ-

ʞʝʥʥʷ) 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ 

(ʩʝʨʝʜʥʷ ʝʥʪʨʦʧʽʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ 
m

e  ʫ 

ʙʽʪʘʭ/ʧʽʢʩʝʣ) 

21/ k  1/9 0 ~0 ~1/2 0 

ʆʨʽʻʥʪʦʚʘʥʽʩʪʴ 

(ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ ʧʦ 

ʟʦʙʨʘʞʝʥʥʶ ʤʘʨʢʝʨʘ) 

+ + + + + + 

ʈʦʙʘʩʪʥʽʩʪʴ (ʢʽʣʴʢʽʩʪʴ 

ʧʦʤʠʣʢʦʚʦ 

ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ 

ʧʦʚʽʜʦʤʣʝʥʥʷ 
e

n  ʧʨʠ 

q 1/ 2¢ ) 

e
n 1<  ~0 - - ~2-3 - 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 5.9 

ʂʨʠʧʪʦʩʪʽʡʢʽʩʪʴ 

(cʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ 

ʩʧʨʦʙ, ʱʦ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ 

ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ) 

2

p
n (b !)=

 

p
n ~64!  - - - - 

ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ 

(ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ AR-

ʤʘʨʢʝʨʘ) 

~1 ~1 ~1 ~1 ~10 ~100 

 

ʇʨʠʤʽʪʢʘ 1. ʆʮʽʥʢʘ ʧʦʤʽʪʥʦʩʪʽ (ʷʢ ʩʝʨʝʜʥʽʡ ʯʘʩ ʜʝʪʝʢʪʫʚʘʥʥʷ 

ʪʝʩʪʦʚʠʭ AR-ʤʘʨʢʝʨʽʚ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʩʝʢ) 

ʟʥʘʭʦʜʠʣʘʩʷ ʜʣʷ ʩʤʘʨʪʬʦʥʘ Nokia 6 Plus (ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ Android 9), 

ʧʨʠ ʩʪʚʦʨʝʥʽ ʪʝʩʪʦʚʦʾ ʘʧʣʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʙʽʙʣʽʦʪʝʢʘ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ OpenCV 4.1.1 [247]; ʯʘʩ ʚʠʤʽʨʶʚʘʚʩʷ ʫ ʢʘʜʨʘʭ ʧʨʠ ʟʘʜʘʥʽ 

ʯʘʩʪʦʪʽ ʢʘʜʨʽʚ 30 ɻʮ. 

ʇʨʠʤʽʪʢʘ 2. ʆʮʽʥʢʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ QR-ʢʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʨʽʚʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʡʦʛʦ ʩʪʚʦʨʝʥʥʽ ʽ ʧʣʦʱʽ 

ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʠʭ ʦʙʣʘʩʪʝʡ, ʷʢʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʢʦʜʫʚʘʥʥʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʇʨʠʤʽʪʢʘ 3. ɺʩʽ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʽ ʨʦʙʘʩʪʥʦʩʪʽ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʜʣʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ k 3=, ʧʨʠ 

ʷʢʦʤʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʫ ʧ. 4.6.5, ʜʣʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ AR-ʤʘʨʢʝʨʽʚ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʧʨʠ ʚʪʨʘʪʽ ʜʦ 1/2 ʧʣʦʱʽ ʤʘʨʢʝʨʘ. 

ʇʨʠʤʽʪʢʘ 4. ʆʮʽʥʢʘ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʜʣʷ ʨʦʟʤʽʨʫ ʙʣʦʢʫ ʧʝʨʤʫʪʘʮʽʾ b  

ʙʫʜʝ 
2

p
n (b !)= , ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (4.49). ʗʢʱʦ ʫʤʦʚʘ (4.49) ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ 
2

p
n ~ log(b !). ɼʣʷ ʪʠʧʦʚʠʭ ʙʽʥʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟʥʘʯʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʧʝʨʤʫʪʘʮʽʡʥʦʛʦ ʨʘʜʽʫʩʫ 
p
r 1, ʘ ʧʨʦʮʝʜʫʨʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 



330 

ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ ʟʙʽʣʴʰʫʻ ʧʝʨʤʫʪʘʮʽʡʥʠʡ ʨʘʜʽʫʩ ʫ k  ʨʘʟʽʚ 

(ʜʠʚ. [103]), ʦʪʞʝ 
p
r k. ɼʣʷ ʟʥʘʯʝʥʥʷ k 3=  ʽ ʪʠʧʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ 

ʙʣʦʢʫ ʧʝʨʤʫʪʘʮʽʾ b 8=  ʫʤʦʚʘ (4.49) ʦʯʝʚʠʜʥʦ ʚʠʢʦʥʫʻʪʴʩʷ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 

 

 

1. ʋʜʦʩʢʦʥʘʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʚ ʷʢʽʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʜʦʚʽʣʴʥʠʪʠ ʟʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʧʨʦʝʢʪʘʭ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

2. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʽ 

ʧʨʠʧʫʱʝʥʥʷ ʽ ʦʙʤʝʞʝʥʥʷ: 

1) ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʽ ʟʦʙʨʘʞʝʥʥʷ; 

2) ʬʽʟʠʯʥʠʡ ʨʦʟʤʽʨ ʤʘʨʢʝʨʘ: 

ï ʤʽʥʽʤʘʣʴʥʠʡ ʬʽʟʠʯʥʠʡ ʨʦʟʤʽʨ AR-ʤʘʨʢʝʨʘ 21 21³  ʤʤ (AR-ʤʘʨʢʝʨ 

ʨʦʟʤʽʨʦʤ 63 63³  ʢʣʽʪʠʥʢʠ, ʨʦʟʤʽʨ ʢʣʽʪʠʥʢʠ 8 8³, ʚʽʜʜʨʫʢʦʚʘʥʦ ʥʘ ʧʨʠʥʪʝʨʽ 

ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 600 dpi); 

3) ʫʤʦʚʠ ʟʡʦʤʢʠ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʨʢʝʨʘ: 

ï ʧʨʠ ʟʡʦʤʮʽ AR-ʤʘʨʢʝʨ ʟʘʡʤʘʻ ʧʨʠʙʣʠʟʥʦ 1/9 ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ 

ʟʦʙʨʘʞʝʥʥʽ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʡʦʛʦ ʮʝʥʪʨʽ; 

ï ʤʽʥʽʤʘʣʴʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʤʝʨʠ 8ʄʇ (ʧʨʠ ʮʴʦʤʫ 1 ʧʽʢʩʝʣʶ 

ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ( )61/ 9 8 10 / 63 8 ~ 2Ö Ö Ö  

ʧʽʢʩʝʣʷ ʩʬʦʪʦʛʨʘʬʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʛʘʨʘʥʪʫʻ ʨʦʟʜʽʣʶʚʘʥʽʩʪʴ 

ʢʣʽʪʠʥʦʢ); 
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ï ʢʫʪ ʧʦʚʦʨʦʪʫ AR-ʤʘʨʢʝʨʘ ʚʽʜʥʦʩʥʦ ʢʘʤʝʨʠ ʥʝ ʙʽʣʴʰʝ 45°  ̄(ʽʥʘʢʰʝ 

ʙʫʜʝ ʧʦʨʫʰʝʥʦ ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ ʤʘʨʢʝʨʘ ï ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ 

ʜʝʢʦʜʫʚʘʥʥʷ ʙʫʜʝ ʪʨʘʥʩʧʦʥʦʚʘʥʘ ʙʽʪʦʚʘ ʤʘʪʨʠʮʷ, ʱʦ ʥʝ ʜʘʩʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʘʚʠʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʽʥʚʝʨʩʥʫ ʧʝʨʝʩʪʘʥʦʚʢʫ; ʚ ʧʨʠʥʮʠʧʽ ʮʶ ʧʨʦʙʣʝʤʫ 

ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʧʦʩʣʽʜʦʚʥʠʤ ʧʝʨʝʙʦʨʦʤ ʚʩʽʭ ʦʨʽʻʥʪʘʮʽʡ ʤʘʪʨʠʮʽ 

0 , 90 , 180 , 270¯ ¯ ¯ ¯ ʟ ʚʠʙʦʨʦʤ ʧʨʘʚʠʣʴʥʦʾ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾʾ ʚʽʜ ʽʥʚʝʨʩʥʦ-ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʘʣʝ ʚ ʨʘʤʢʘʭ ʮʽʻʾ ʨʦʙʦʪʠ 

ʙʫʣʦ ʧʨʠʡʥʷʪʦ, ʱʦ ʤʘʨʢʝʨ ʻ ʧʨʘʚʠʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʤ); 

ï ʟʡʦʤʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ ʦʩʚʽʪʣʝʥʥʷ (ʷʢ ʜʝʥʥʦʛʦ, 

ʪʘʢ ʽ ʰʪʫʯʥʦʛʦ); 

ï ʟʦʙʨʘʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʬʦʢʫʩʽ ʽ ʨʫʭ ʢʘʤʝʨʠ ʥʝʟʥʘʯʥʠʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʘʟ; 

ï ʢʫʪ ʤʽʞ ʧʣʦʱʠʥʘʤʠ ʤʘʨʢʝʨʘ ʽ ʢʘʤʝʨʠ ʥʝ ʙʽʣʴʰʝ 30° ;̄ 

4) ʭʘʨʘʢʪʝʨ ʟʘʚʘʜ: 

ï ʟʘʚʘʜʘʤʠ ʟʘʢʨʠʪʦ ʥʝ ʙʽʣʴʰʝ 1/2 ʧʣʦʱʽ ʤʘʨʢʝʨʘ; 

ï ʟʘʚʘʜʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʪʘʢʦʶ, ʱʦʙ ʤʘʩʢʘ ʤʘʨʢʝʨʘ ʙʫʣʘ ʦʜʥʦʟʚô̫ ʟʥʦʶ 

(ʷʢʱʦ ʤʘʩʢʘ ʤʘʨʢʝʨʘ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʥʝʟʚô̫ ʟʥʠʭ ʦʙʣʘʩʪʝʡ, ʪʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ/ʩʪʦʚʧʮʽʚ ʙʫʜʫʪʴ 

ʧʦʚʝʨʪʘʪʠ ʥʝʢʦʨʝʢʪʥʝ ʟʥʘʯʝʥʥʷ). 

3. ʅʘʚʝʜʝʥʦ ʫʤʦʚʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʦʧʠʩ ʫʤʦʚ ʦʩʥʦʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ, ʧʦʢʘʟʘʥʦ ʥʘʙʽʨ 12 ʚʠʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

4. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʧʦʢʘʟʘʥʦ, ʱʦ ʚʩʽ 

8 ʟʦʙʨʘʞʝʥʴ AR-ʤʘʨʢʝʨʘ, ʜʝ ʟʘʢʦʜʦʚʘʥʦ ʧʦʚʽʜʦʤʣʝʥʥʷ óHello, world!ô, 

ʜʝʢʦʜʦʚʘʥʦ ʘʙʩʣʶʪʥʦ ʧʨʘʚʠʣʴʥʦ, ʨʽʚʝʥʴ ʧʦʤʠʣʦʢ ï 0.  

ɺʢʘʟʘʥʦ, ʱʦ ʚʩʽ 4 ʟʦʙʨʘʞʝʥʥʷ AR-ʤʘʨʢʝʨʘ ʜʝ ʟʘʢʦʜʦʚʘʥʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ óFpyrF_Ci2TQô, ʚ ʦʩʥʦʚʥʦʤʫ ʜʝʢʦʜʦʚʘʥʦ ʧʨʘʚʠʣʴʥʦ: 2 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʨʚ̔ʝʥʴ ʧʦʤʠʣʦʢ ï 0; 1 ʟʦʙʨʘʞʝʥʥʷ ï 1 ʧʦʤʠʣʢʘ; 1 

ʟʦʙʨʘʞʝʥʥʷ  ï 6 ʧʦʤʠʣʦʢ.  
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ɿʘʫʚʘʞʝʥʦ, ʱʦ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʧʣʦʱʘ ʟʘʚʘʜʠ ʙʽʣʴʰʘ ʟʘ 50% 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʨʢʝʨʘ, ʪʠʤ ʥʝ ʤʝʥʰ QR-ʢʦʜ ʜʝʢʦʜʫʻʪʴʩʷ ʧʨʘʚʠʣʴʥʦ, 

ʦʩʢʽʣʴʢʠ ʤʘʻ ʚʣʘʩʥʫ ʥʘʜʣʠʰʢʦʚʽʩʪʴ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʜʠ ʈʽʜʘ-

ʉʦʣʦʤʦʥʘ), ʜʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʝ, ʱʦ 3 ʧʦʤʠʣʢʠ ʧʦʧʘʣʠ ʚ ʦʙʣʘʩʪʴ 

ʩʠʥʭʨʦʥʽʟʘʮʽʡʥʠʭ ʤʘʨʢʝʨʽʚ, ʱʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ.  

ʂʦʥʩʪʘʥʪʦʚʘʥʦ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʩʽ 12 QR-ʢʦʜʽʚ ʜʝʢʦʜʦʚʘʥʦ 

ʘʙʩʦʣʶʪʥʦ ʧʨʘʚʠʣʴʥʦ. 

5. ʈʦʟʨʘʭʦʚʘʥʦ ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ 0.95g=  ʜʦʚʽʨʯʽ 

ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʩʝʨʝʜʥʽʭ ʨʽʟʥʠʮʴ ʤʽʞ ʧʦʨʘʭʦʚʘʥʠʤʠ ʪʝʦʨʝʪʠʯʥʦ 

ʽʤʦʚʽʨʥʦʩʪʷʤʠ ʪʘ ʦʮʽʥʢʘʤʠ ʽʤʦʚʽʨʥʦʩʪʝʡ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʩʠʤʫʣʷʮʽʾ. ɺʢʘʟʘʥʦ, ʱʦ ʦʩʢʽʣʴʢʠ ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ (5.2)ï(5.3) ʜʣʷ ʩʝʨʝʜʥʽʭ 

ʚʽʜʭʽʣʝʥʥʴ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʤʧʽʨʠʯʥʠʤʠ ʽʤʦʚʽʨʥʦʩʪʷʤʠ ʩʠʤʤʝʪʨʠʯʥʽ 

ʚʽʜʥʦʩʥʦ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ ʱʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʤʧʽʨʠʯʥʽ 

ʜʘʥʽ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ.. 

6. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʝʮʽʶʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ 3d-ʦʙô̒ ʢʪʘ 

("ʯʘʡʥʠʢ") ʥʘ ʧʣʦʱʠʥʫ AR-ʤʘʨʢʝʨʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ 

ʨʦʙʦʪʽ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʢʘʣʽʙʨʫʚʘʥʥʷ ʽ ʧʨʦʝʮʽʶʚʘʥʥʷ; ʚʢʘʟʘʥʦ, ʱʦ ʚʩʽ 12 

AR-ʤʘʨʢʝʨʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʟʘʚʘʜ ʽ ʫʤʦʚ ʟʡʦʤʢʠ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʘʚʠʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʨʦʱʝʥʠʡ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ 3d-

ʦʙô̒ ʢʪʘ ("ʯʘʡʥʠʢ") ʥʘ ʧʣʦʱʠʥʫ AR-ʤʘʨʢʝʨʘ.  

ɿʘʫʚʘʞʝʥʦ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʫʤʦʚʠ ʟʡʦʤʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʫʤʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʤʝʪʦʜʫ ï ʢʫʪ ʤʽʞ ʧʣʦʱʠʥʦʶ ʢʘʤʝʨʠ ʽ 

ʧʣʦʱʠʥʦʶ AR-ʤʘʨʢʝʨʘ ʻ ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʤ. 

6. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʝʥʜʝʨʠʥʛʫ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ AR-

ʤʘʨʢʝʨʘ; ʚʢʘʟʘʥʦ, ʱʦ 4 ʚʩʽ AR-ʤʘʨʢʝʨʠ (ʚ ʷʢʠʭ ʟʘʢʦʜʦʚʘʥʦ ʘʜʨʝʩʫ ʚʽʜʝʦ) 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʟʘʚʘʜ ʽ ʫʤʦʚ ʟʡʦʤʢʠ ʜʦʟʚʦʣʷʶʪʴ: 

ï ʧʨʘʚʠʣʴʥʦ ʜʝʢʦʜʫʚʘʪʠ url-ʘʜʨʝʩʫ ʽ ʚʽʜʢʨʠʪʠ ʚʽʜʝʦ-ʬʘʡʣ; 

ï ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ 

ʚʠʚʝʩʪʠ ʢʦʞʝʥ ʢʘʜʨ ʚ ʦʙʣʘʩʪʽ AR-ʤʘʨʢʝʨʘ. 

7. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʰʫʤʫ ʨʽʟʥʦʛʦ ʪʠʧʫ ʥʘ ʪʦʯʥʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ 
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ʧʦʚʽʜʦʤʣʝʥʥʷ, ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʦʟʘʾʯʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ AR-

ʤʘʨʢʝʨ ʟʘʚʞʜʠ ʜʘʻ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ; ʤʦʜʝʣʴʥʠʡ AR-ʤʘʨʢʝʨ QR-ʢʦʜ 

(1ʭ9) ʜʣʷ ʧʨʦʪʷʞʥʠʭ ʟʘʚʘʜ ʜʘʻ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʨʦʟʤʽʨʦʤ 

ʟʘʚʘʜʠ; ʤʦʜʝʣʴʥʠʡ AR-ʤʘʨʢʝʨ QR-ʢʦʜ (3ʭ3) ʟʘ ʫʤʦʚʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʪʠʧʫ 

ʦʙʨʦʙʢʠ (ʱʦ ʤʘʻ ʣʠʰʝ ʘʢʘʜʝʤʽʯʥʠʡ ʽʥʪʝʨʝʩ ʫ ʟʚô̫ ʟʢʫ ʽʟ ʩʢʣʘʜʥʽʩʪʶ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʾ) ʜʘʻ 1-2 ʧʦʤʠʣʢʠ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʟʘʚʘʜ. 

ʇʽʜʢʨʝʩʣʝʥʦ, ʱʦ ʚʣʘʩʪʠʚʽʩʪʴ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʻ ʩʫʪʪʻʚʦʶ ʜʣʷ 

ʨʦʙʘʩʪʥʦʩʪʽ AR-ʤʘʨʢʝʨʽʚ, ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʠʡ ʪʠʧ ʟʘʚʘʜ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʚʘʜ 

ʪʠʧʫ ʽʤʧʫʣʴʩʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʽ ʫʥʽʬʽʢʦʚʘʥʦ ʜʝʢʦʜʫʚʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ. 

8. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʽʚ ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ 

ʜʝʢʦʜʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʽ ʧʨʦʧʫʩʢʫ ʜʘʥʠʭ; 

ʧʦʢʘʟʘʥʦ ʜʦʙʨʝ ʩʧʽʚʧʘʜʽʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

(ʜʦʚʽʨʯʘ ʽʤʦʚʽʨʥʽʩʪʴ ʩʢʣʘʜʘʻ 0,98º ). 

9. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ ʜʣʷ ʜʚʦʭ ʤʦʜʝʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʦʟʤʽʨ ʙʣʦʢʫ ʧʝʨʝʩʪʘʥʦʚʢʠ ʤʝʥʰʠʡ ʟʘ ʧʝʨʤʫʪʘʮʽʡʥʠʡ 

ʨʘʜʽʫʩ, ʪʦ ʽʩʥʫʻ ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʚʝʨʩʥʠʭ ʙʣʦʯʥʠʭ 

ʧʝʨʝʩʪʘʥʦʚʦʢ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

10. ʅʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʣʷ ʦʩʥʦʚʥʠʭ 

ʪʠʧʽʚ ʚʽʟʫʘʣʴʥʠʭ AR-ʤʘʨʢʝʨʽʚ ï ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʰʘʙʣʦʥʥʦʛʦ, ʢʦʣʦʚʦʛʦ, ʰʪʨʠʭ-

ʢʦʜʦʚʦʛʦ ʤʘʨʢʝʨʽʚ ʽ ʤʘʨʢʝʨʘ-ʟʦʙʨʘʞʝʥʥʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʟʘʾʯʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ ʤʘʨʢʝʨ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʤʘʻ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ: 

ï ʯʘʩ ʚʠʷʚʣʝʥʥʷ 
D

1/ 30t <  ʩʝʢ, ʱʦ ʚ 3 ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ ʯʘʩ ʚʠʷʚʣʝʥʥʷ 

QR-ʢʦʜʽʚ ʽ ʧʨʠʙʣʠʟʥʦ ʫ 5 ʨʘʟʽʚ ʤʝʥʰʝ ʥʽʞ ʜʣʷ ʤʘʨʢʝʨʽʚ-ʟʦʙʨʘʞʝʥʴ; 

ï ʢʽʣʴʢʽʩʪʴ ʢʦʣʴʦʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʨʢʝʨʘ, 
c

n 3=  ï 

ʙʽʥʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʽ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʤʽʞʥʠʡ ʢʦʣʽʨ; 



334 

ï ʩʝʨʝʜʥʷ ʝʥʪʨʦʧʽʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʱʦ ʟʘʢʦʜʦʚʘʥʘ ʚ ʥʴʦʤʫ, ʟʘ 

ʧʦʙʫʜʦʚʦʶ ʩʢʣʘʜʘʻ 
m

e 1/ 9=  ʙʽʪ/ʧʽʢʩʝʣ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʫ 4,5 ʨʘʟʽʚ ʤʝʥʰʝ ʟʘ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ QR-ʢʦʜʽʚ ʽ ʧʨʠʙʣʠʟʥʦ ʫ 50 ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʽʞ ʫ ʢʦʣʦʚʠʭ 

ʤʘʨʢʝʨʽʚ, ʫ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ï 0; 

ï ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʦ ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ 
e

n 1<  ʧʨʠ 

q 1/ 2¢ , ʜʣʷ QR-ʢʦʜʽʚ 
e

n 1>, ʜʣʷ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ ʨʦʙʘʩʪʥʽʩʪʴ ï 0; 

ï ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ ʧʦ ʟʦʙʨʘʞʝʥʥʶ 

ʤʘʨʢʝʨʘ; 

ï cʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʩʧʨʦʙ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 
2

p
n 63 !=  ʧʨʠ 

ʨʦʟʤʽʨʽ ʙʣʦʢʫ ʨʽʚʥʠʤ ʨʦʟʤʽʨʫ ʟʦʙʨʘʞʝʥʥʷ, ʜʣʷ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ 

ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ 0; 

ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ AR-

ʤʘʨʢʝʨʘ ~1, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ QR-ʢʦʜʽʚ ~10, ʜʣʷ ʤʘʨʢʝʨʽʚ-ʟʦʙʨʘʞʝʥʴ 

~100. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʫ ʧʦʚʥʦʤʫ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʧʽʜ ʥʦʤʝʨʘʤʠ ʨʦʙʦʪʘʭ [74]ï[79], [82]ï[86], [90]ï[91], 

[101], [236], [238]ï[247]. 
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ɺʀʉʅʆɺʂʀ 

 

 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʤʘʻ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʘ ʤʽʩʪʠʪʴ ʥʦʚʽ 

ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʨʦʟʚôʷʟʫʶʪʴ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʫ 

ʧʨʦʙʣʝʤʫ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʘʻ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ 

ʚ ʛʘʣʫʟʽ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʥʘʫʢʦʚʽ ʽ 

ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

1. ʇʨʦʚʝʜʝʥʦ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʛʘʣʫʟʽ 

ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ; ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʤʘʨʢʝʨʥʽ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ 

ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

2. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, 

ʷʢʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʦʜʝʣʷʭ 

ʪʘ ʤʝʪʦʜʘʭ ʩʠʩʪʝʤʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ 

ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ ʩʪʽʡʢʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʚʽʟʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʧʦʙʫʜʦʚʘʥʘ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʩʪʽ, ʧʨʦʚʝʜʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʝʨʝʚʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʝ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʫʤʦʚʘʭ ʚʪʨʘʪʠ ʯʘʩʪʠʥʠ ʜʘʥʠʭ. 

4. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 
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ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʪʘ ʤʝʪʦʜ ʾʭ ʬʦʨʤʫʚʘʥʥʷ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʨʦʮʝʜʫʨʘʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ-ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʝʪʦʜʦʤ 

ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʽʢʩʝʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʾ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʪʘ ʾʭ ʢʦʜʫʚʘʥʥʷ ʢʦʣʴʦʨʦʤ ʢʣʽʪʠʥʦʢ 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʨʢʝʨʘ, ʷʢʽ ʨʦʟʜʽʣʷʶʪʴʩʷ ʨʘʤʢʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʽʡʢʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʪʘ ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

5. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʙʽʥʘʨʠʟʘʮʽʾ ʣʦʢʘʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʜʝʪʝʢʪʫʻ ʦʙʣʘʩʪʴ ʤʘʨʢʝʨʘ ʥʘ ʚʠʭʽʜʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʘ ʟʥʘʭʦʜʠʪʴ 

ʤʘʩʢʠ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ ʰʣʷʭʦʤ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʬʽʣʴʪʨʘʮʽʾ ʤʘʩʢʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʘʭ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʢʦʨʝʢʪʥʦ ʜʝʢʦʜʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

6. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ 

ʟʥʘʭʦʜʞʝʥʥʷ ʯʦʪʠʨʴʦʭ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʽʪʝʨʘʪʠʚʥʦ ʤʘʢʩʠʤʽʟʫʶʯʠ ʩʫʤʫ 

ʜʠʩʧʝʨʩʽʡ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʦʙôʻʜʥʘʥʥʷ ʤʘʩʦʢ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʽʚ, 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʦ ʨʷʜʢʘʭ ʽ ʩʪʦʚʧʮʷʭ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʫʥʽʬʽʢʦʚʘʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʜʝʢʦʜʫʚʘʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʨʝʻʩʪʨʘʮʽʾ ʤʘʨʢʝʨʘ. 

7. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨʠ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʤʘʨʢʝʨʘ, ʙʫʜʫʻ ʤʘʪʨʠʮʶ ʙʽʪʽʚ 

ʤʘʨʢʝʨʘ ʽʟ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʽʪ-ʢʦʥʪʝʡʥʝʨʘ, ʚʠʟʥʘʯʘʻ ʟʩʫʚ ʫ 

ʧʦʚʥʽʡ ʤʘʪʨʠʮʽ ʙʽʪʽʚ ʪʘ ʨʝʘʣʽʟʫʻ ʬʽʣʴʪʨʘʮʽʶ ʧʝʨʤʫʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʘʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʨʝʢʪʥʝ 

ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ. 

8. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʫ ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʽʜʦʤʠʭ, ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʧʦ 
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ʥʘʷʚʥʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʤʘʨʢʝʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ ʦʙôʻʢʪʠ ʪʘ ʨʝʥʜʝʨʽʥʛ ʚʽʜʝʦ-ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ 

ʤʘʨʢʝʨʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʫʥʽʬʽʢʘʮʽʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʬʽʟʠʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʦʙʽʚ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ. 

9. ʋʜʦʩʢʦʥʘʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʚ ʷʢʽʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʩʪʽʡʢʠʭ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʤʘʨʢʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʜʦʚʽʣʴʥʠʪʠ ʟʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ ʚʽʟʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʪʘ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʧʨʦʝʢʪʘʭ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

10. ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʤʦʜʝʣʝʡ ʽ 

ʤʝʪʦʜʽʚ ʚ ʤʦʜʝʨʥʽʟʘʮʽʶ ʽʩʥʫʶʯʠʭ ʽ ʨʦʟʨʦʙʢʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʰʣʷʭʦʤ 

ʧʦʙʫʜʦʚʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ. 

11. ʅʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʣʷ ʦʩʥʦʚʥʠʭ 

ʪʠʧʽʚ ʚʽʟʫʘʣʴʥʠʭ AR-ʤʘʨʢʝʨʽʚ ï ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʦʟʘʾʯʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʤʘʨʢʝʨʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʰʘʙʣʦʥʥʦʛʦ, ʢʦʣʦʚʦʛʦ, ʰʪʨʠʭ-

ʢʦʜʦʚʦʛʦ ʤʘʨʢʝʨʽʚ ʽ ʤʘʨʢʝʨʘ-ʟʦʙʨʘʞʝʥʥʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʟʘʾʯʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ ʤʘʨʢʝʨ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʤʘʻ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ: 

ï ʯʘʩ ʚʠʷʚʣʝʥʥʷ 
D

1/ 30t <  ʩʝʢ, ʱʦ ʚ 3 ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ ʯʘʩ ʚʠʷʚʣʝʥʥʷ 

QR-ʢʦʜʽʚ ʽ ʧʨʠʙʣʠʟʥʦ ʫ 5 ʨʘʟʽʚ ʤʝʥʰʝ ʥʽʞ ʜʣʷ ʤʘʨʢʝʨʽʚ-ʟʦʙʨʘʞʝʥʴ; 

ï ʢʽʣʴʢʽʩʪʴ ʢʦʣʴʦʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʨʢʝʨʘ, 
c

n 3=  ï 

ʙʽʥʘʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʽ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʤʽʞʥʠʡ ʢʦʣʽʨ; 

ï ʩʝʨʝʜʥʷ ʝʥʪʨʦʧʽʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʱʦ ʟʘʢʦʜʦʚʘʥʘ ʚ ʥʴʦʤʫ, ʟʘ 

ʧʦʙʫʜʦʚʦʶ ʩʢʣʘʜʘʻ 
m

e 1/ 9=  ʙʽʪ/ʧʽʢʩʝʣ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʫ 4,5 ʨʘʟʽʚ ʤʝʥʰʝ ʟʘ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ QR-ʢʦʜʽʚ ʽ ʧʨʠʙʣʠʟʥʦ ʫ 50 ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʽʞ ʫ ʢʦʣʦʚʠʭ 

ʤʘʨʢʝʨʽʚ, ʫ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ï 0; 
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ï ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʦ ʜʝʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ 
e

n 1<  ʧʨʠ 

q 1/ 2¢ , ʜʣʷ QR-ʢʦʜʽʚ 
e

n 1>, ʜʣʷ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ ʨʦʙʘʩʪʥʽʩʪʴ ï 0; 

ï ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ ʧʦ ʟʦʙʨʘʞʝʥʥʶ 

ʤʘʨʢʝʨʘ; 

ï cʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʩʧʨʦʙ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 
2

p
n 63 !=  ʧʨʠ 

ʨʦʟʤʽʨʽ ʙʣʦʢʫ ʨʽʚʥʠʤ ʨʦʟʤʽʨʫ ʟʦʙʨʘʞʝʥʥʷ, ʜʣʷ ʨʝʰʪʘ ʤʘʨʢʝʨʽʚ 

ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʴ 0; 

ï ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

AR-ʤʘʨʢʝʨʘ ~1, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ QR-ʢʦʜʽʚ ~10, ʜʣʷ ʤʘʨʢʝʨʽʚ-ʟʦʙʨʘʞʝʥʴ 

~100. 

12. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʙʫʜʦʚʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʧʦʙʫʜʦʚʠ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʽʩʥʫʶʯʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʇʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ 

ʦʪʨʠʤʘʥʦ, ʧʽʜʪʚʝʨʜʞʝʥʽ ʘʢʪʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʜʦʚʦʜʷʪʴ 

ʢʦʨʝʢʪʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʚʠʩʦʢʫ ʷʢʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʚʧʨʦʚʘʜʞʝʥʽ ʪʘ ʨʝʘʣʽʟʦʚʘʥʽ:  

ï ʫ ʚʽʡʩʴʢʦʚʽʡ ʯʘʩʪʠʥʽ ɸ2667, ʤ. ʂʠʾʚ; 

ï ʚ ʧʨʠʚʘʪʥʦʤʫ ʘʢʮʽʦʥʝʨʥʦʤʫ ʪʦʚʘʨʠʩʪʚʽ "ɸʚʽʢʦʩ", ʤ. ʃʴʚʽʚ; 

ï ʚ ɼʝʨʞʘʚʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ "ʎʝʥʪʨ ʜʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ 

ʢʘʜʘʩʪʨʫ" ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ; 

ï ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʮʝʥʪʨʽ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʩʤʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ; 

ï ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ, ʤ. ʍʘʨʢʽʚ. 

13. ʅʘ ʢʦʨʠʩʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʜʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʥʘʫʢʦʚʠʭ 
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ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʚʽʜʯʘʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ: 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʦʙʦʪʽ ʪʝʦʨʝʪʠʯʥʦ-ʦʙʛʨʫʥʪʦʚʘʥʠʭ ʪʘ ʘʧʨʦʙʦʚʘʥʠʭ 

ʥʘ ʧʨʘʢʪʠʮʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʦʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʽʚ 

ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ 

ʢʘʪʝʛʦʨʽʡ, ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ, ʢʦʤʙʽʥʘʪʦʨʠʢʠ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ, ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʤʘʪʨʠʮʴ, ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ, 

ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʛʨʫʧ, ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ; 

ï ʜʦʙʨʝ ʩʧʽʚʧʘʜʽʥʥʷ (ʜʦʚʽʨʯʘ ʽʤʦʚʽʨʥʽʩʪʴ 0,95) ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʟʘʾʯʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ; 

ï ʟʘʣʫʯʝʥʥʷ ʰʠʨʦʢʦʾ ʥʘʫʢʦʚʦʾ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʜʦ ʘʧʨʦʙʘʮʽʾ ʥʘʫʢʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʧʨʝʜʩʪʘʚʥʠʮʴʢʠʭ ʥʘʫʢʦʚʠʭ ʬʦʨʫʤʘʭ, ʾʭ ʧʫʙʣʽʢʘʮʽʷ ʫ 

ʚʠʟʥʘʥʠʭ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ. 

14. ʅʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ 

ʦʙʨʦʙʢʠ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʫ ʥʘʧʨʷʤʢʫ 
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ɸ.2 ɺ̔ ʜʦʤʦʩʪʽ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

 

 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ: 

ï 8 ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʜʣʷ ʟʘʭʠʩʪʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ" 18-19 ʢʚʽʪʥʷ 2012 ʨʦʢʫ ʚ ʍʘʨʢʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ, ʤ. ʍʘʨʢʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 9 ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʜʣʷ ʟʘʭʠʩʪʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ" 17-18 ʢʚʽʪʥʷ 2013 ʨʦʢʫ ʚ ʍʘʨʢʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ, ʤ. ʍʘʨʢʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 11 ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʜʣʷ ʟʘʭʠʩʪʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ" 8-9 ʢʚʽʪʥʷ 2015 ʨʦʢʫ ʚ ʍʘʨʢʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ, ʤ. ʍʘʨʢʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 14 ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʜʣʷ ʟʘʭʠʩʪʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ" 8-9 ʢʚʽʪʥʷ 2015 ʨʦʢʫ ʚ ʍʘʨʢʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ, ʤ. ʍʘʨʢʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 15 ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʜʣʷ ʟʘʭʠʩʪʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ" 10-11 ʢʚʽʪʥʷ 2019 ʨʦʢʫ ʚ ʍʘʨʢʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ, ʤ. ʍʘʨʢʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

https://doi.org/10.3390/aerospace6050051
https://doi.org/10.3390/aerospace6050051
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ï 13 ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "Experience of 

Designing and Application of CAD Systems in Microelectronics (CADSM)" 10-

11 ʞʦʚʪʥʷ 2015 ʨʦʢʫ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, 

ʤ. ʃʴʚʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï IX ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʨʽʦʨʠʪʝʪʥʽ 

ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ, ʢʦʤʧʣʝʢʩʽʚ, ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ ɸʊʆ " 25 ʣʠʩʪʦʧʘʜʘ 2016 ʨʦʢʫ ʚ ɺʽʡʩʴʢʦʚʦʤʫ ʽʥʩʪʠʪʫʪʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ, ʤ. ʂʠʾʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 17 ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʉʪʚʦʨʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʦʟʙʨʦʻʥʥʷ ʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ" 7-8 ʚʝʨʝʩʥʷ 2017 ʨʦʢʫ ʚ 

ɼʝʨʞʘʚʥʦʤʫ ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʮʝʥʪʨʽ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ, 

ʤ. ʏʝʨʥʽʛʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 4 ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʉʧʽʣʴʥʽ ʜʽʾ 

ʚʽʡʩʴʢʦʚʠʭ ʬʦʨʤʫʚʘʥʴ ʪʘ ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʠ: ʧʨʦʙʣʝʤʠ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ" 7-8 ʚʝʨʝʩʥʷ 2017 ʨʦʢʫ ʚ ɺʽʡʩʴʢʦʚʽʡ ʘʢʘʜʝʤʽʾ, ʤ. ʆʜʝʩʘ, 

ʜʦʧʦʚʽʜʴ ʪʘ ʾʾ ʪʝʟʠ ʧʦʜʘʥʦ ʜʠʩʪʘʥʮʽʡʥʦ; 

ï ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "Ukraine ï EU. Innovation in 

Education, Technology, Business and Law" 24-28 ʢʚʽʪʥʷ 2018 ʨʦʢʫ ʚ 

ʏʝʨʥʽʛʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ, ʤ. ʏʝʨʥʽʛʽʚ, ʫʯʘʩʪʴ 

ʟ ʜʦʧʦʚʽʜʜʶ;  

ï XXII  ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʊʝʦʨʽʷ ʪʘ 

ʧʨʘʢʪʠʢʘ ʩʪʚʦʨʝʥʥʷ, ʨʦʟʚʠʪʢʫ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʚʽʜʫ ʘʥʪʠʪʝʨʦʨʠʩʪʠʯʥʦʾ 

ʦʧʝʨʘʮʽʾ" 26-27 ʢʚʽʪʥʷ 2018 ʨʦʢʫ ʚ ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʚʽʡʩʴʢʦʚʦʤʫ ʽʥʩʪʠʪʫʪʽ 

ʽʤʝʥʽ ʉ.ʇ.ʂʦʨʦʣʴʦʚʘ, ʤ. ɾʠʪʦʤʠʨ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ ʦʟʙʨʦʻʥʥʷ ʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʉʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ" 17-18 ʪʨʘʚʥʷ 

2018 ʨʦʢʫ ʚ ʅʘʮʽʦʥʘʣʴʥʽʡ ʘʢʘʜʝʤʽʾ ʉʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ ʽʤʝʥʽ ʛʝʪʴʤʘʥʘ ʇʝʪʨʘ 

ʉʘʛʘʡʜʘʯʥʦʛʦ, ʤ. ʃʴʚʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 
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ï ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ ʦʟʙʨʦʻʥʥʷ ʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʉʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ" 16-17 ʪʨʘʚʥʷ 

2019 ʨʦʢʫ ʚ ʅʘʮʽʦʥʘʣʴʥʽʡ ʘʢʘʜʝʤʽʾ ʉʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ ʽʤʝʥʽ ʛʝʪʴʤʘʥʘ ʇʝʪʨʘ 

ʉʘʛʘʡʜʘʯʥʦʛʦ, ʤ. ʃʴʚʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 8 ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʉʫʯʘʩʥʽ ʥʘʧʨʷʤʠ 

ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ" 

26-27 ʢʚʽʪʥʷ 2018 ʨʦʢʫ ʚ ʇʦʣʪʘʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, ʤ. ʇʦʣʪʘʚʘ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 9 ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʉʫʯʘʩʥʽ ʥʘʧʨʷʤʠ 

ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ" 

11-12 ʢʚʽʪʥʷ 2019 ʨʦʢʫ ʚ ʇʦʣʪʘʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, ʤ. ʇʦʣʪʘʚʘ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 5 ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "Problems of 

infocommunications science and technology" 9-12 ʞʦʚʪʥʷ 2018 ʨʦʢʫ ʚ 

ʍʘʨʢʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʤ. ʍʘʨʢʽʚ, 

ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 6 ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "Problems of 

infocommunications science and technology" 11-14 ʞʦʚʪʥʷ 2019 ʨʦʢʫ ʚ 

ʂʠʾʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɹʦʨʠʩʘ ɻʨʠʥʯʝʥʢʘ, ʤ. ʂʠʾʚ, ʫʯʘʩʪʴ ʟ 

ʜʦʧʦʚʽʜʜʶ; 

ï ɯ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʅʘʫʢʦʚʽ 

ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ, ʙʦʡʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ 

ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʽʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘʢʪʠʯʥʠʭ ʢʣʘʩʽʚ" 1-2 ʣʠʩʪʦʧʘʜʘ 

2018 ʨʦʢʫ ʚ ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʚʽʡʩʴʢʦʚʦʤʫ ʽʥʩʪʠʪʫʪʽ ʽʤʝʥʽ ʉ.ʇ.ʂʦʨʦʣʴʦʚʘ, 

ʤ. ɾʠʪʦʤʠʨ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ɿʘʩʪʦʩʫʚʘʥʥʷ ʉʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ 

ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ ʫ ʢʦʥʬʣʽʢʪʘʭ" 15 ʣʠʩʪʦʧʘʜʘ 2018 ʨʦʢʫ ʚ 

ʅʘʮʽʦʥʘʣʴʥʽʡ ʘʢʘʜʝʤʽʾ ʉʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ ʽʤʝʥʽ ʛʝʪʴʤʘʥʘ ʇʝʪʨʘ 

ʉʘʛʘʡʜʘʯʥʦʛʦ, ʤ. ʃʴʚʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ɿʘʩʪʦʩʫʚʘʥʥʷ ʉʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ 
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ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ ʫ ʢʦʥʬʣʽʢʪʘʭ" 14-15 ʣʠʩʪʦʧʘʜʘ 2019 ʨʦʢʫ ʚ 

ʅʘʮʽʦʥʘʣʴʥʽʡ ʘʢʘʜʝʤʽʾ ʉʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ ʽʤʝʥʽ ʛʝʪʴʤʘʥʘ ʇʝʪʨʘ 

ʉʘʛʘʡʜʘʯʥʦʛʦ, ʤ. ʃʴʚʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "Prospects for the 

development of technical sciences in EU countries and Ukraine" 21-22 ʛʨʫʜʥʷ 

2018 ʨʦʢʫ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ ʤʽʩʪʘ ɺʨʦʮʣʘʚʝʢ, ʤ. ɺʨʦʮʣʘʚʝʢ, ʜʦʧʦʚʽʜʴ ʪʘ ʾʾ 

ʪʝʟʠ ʧʦʜʘʥʦ ʜʠʩʪʘʥʮʽʡʥʦ; 

ï ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "Science, Research, 

Development # 14. Technics and Technology" 27-28 ʣʶʪʦʛʦ 2019 ʨʦʢʫ ʚ 

ʃʦʥʜʦʥʩʴʢʦʤʫ ʋʥʽʚʝʨʩʠʪʝʪʽ, ʤ. ʃʦʥʜʦʥ, ʜʦʧʦʚʽʜʴ ʪʘ ʾʾ ʪʝʟʠ ʧʦʜʘʥʦ 

ʜʠʩʪʘʥʮʽʡʥʦ; 

ï 3 ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʂʦʤʧôʶʪʝʨʥʽ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ" 23-24 ʢʚʽʪʥʷ 2019 ʨʦʢʫ ʚ ʍʘʨʢʽʚʩʴʢʦʤʫ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʤ. ʍʘʨʢʽʚ, ʫʯʘʩʪʴ ʟ 

ʜʦʧʦʚʽʜʜʶ; 

ï 3 ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʢʦʥʬʝʨʝʥʮʽʾ "ʅʘʫʢʦʻʤʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʷʭ" 23-25 ʪʨʘʚʥʷ 2019 ʨʦʢʫ ʚ ʂʘʤôʷʥʝʮʴ-

ʇʦʜʽʣʴʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɯʚʘʥʘ ʆʛʽʻʥʢʘ, 

ʤ. ʂʘʤôʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʢʠʡ, ʜʦʧʦʚʽʜʴ ʪʘ ʾʾ ʪʝʟʠ ʧʦʜʘʥʦ ʜʠʩʪʘʥʮʽʡʥʦ; 

ï VII  ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʨʦʙʣʝʤʠ 

ʢʦʦʨʜʠʥʘʮʽʾ ʚʦʻʥʥʦ-ʪʝʭʥʽʯʥʦʾ ʪʘ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ ʧʦʣʽʪʠʢʠ ʚ ʋʢʨʘʾʥʽ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ" 9-10 ʞʦʚʪʥʷ 

2019 ʨʦʢʫ ʚ ʎʝʥʪʨʘʣʴʥʦʤʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ʦʟʙʨʦʻʥʥʷ ʽ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, ʜʦʧʦʚʽʜʴ ʪʘ ʾʾ ʪʝʟʠ 

ʧʦʜʘʥʦ ʜʠʩʪʘʥʮʽʡʥʦ; 

ï ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʆʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʩʝʢʪʦʨʫ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ" 

22 ʣʠʩʪʦʧʘʜʘ 2019 ʨʦʢʫ ʚ ʅʘʮʽʦʥʘʣʴʥʽʡ ʘʢʘʜʝʤʽʾ ʜʝʨʞʘʚʥʦʾ ʧʨʠʢʦʨʜʦʥʥʦʾ 

ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ, ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʨʽʦʨʠʪʝʪʥʽ 
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ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ, ʢʦʤʧʣʝʢʩʽʚ, ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ ʆʆʉ " 14 ʣʠʩʪʦʧʘʜʘ 2019 ʨʦʢʫ ʚ ɺʽʡʩʴʢʦʚʦʤʫ ʽʥʩʪʠʪʫʪʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ, ʤ. ʂʠʾʚ, ʜʦʧʦʚʽʜʴ ʪʘ ʾʾ ʪʝʟʠ ʧʦʜʘʥʦ 

ʜʠʩʪʘʥʮʽʡʥʦ; 

ï XXVɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ APAMCS-2019" 24-27 ʚʝʨʝʩʥʷ 

2019 ʨʦʢʫ ʚ ʃʴʚʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, 

ʤ. ʃʴʚʽʚ, ʫʯʘʩʪʴ ʟ ʜʦʧʦʚʽʜʜʶ; 

ï 15 ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "Advanced Trends in Radioelectronics, 

Telecommunications and Engineering (TCSET)" 25-29 ʣʶʪʦʛʦ 2020 ʨʦʢʫ ʚ 

ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ "ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ", ʤ. ʉʣʘʚʩʴʢʝ, ʫʯʘʩʪʴ ʟ 

ʜʦʧʦʚʽʜʜʶ. 
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