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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ, 

ʚʢʣʶʯʘʶʱʝʤ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ʪʘʢʪʠʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭʩʷ ʩ ʧʦʤʦʱʴʶ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʪʠʧʦʚ ʚʠʙʨʦʤʦʪʦʨʦʚ, ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʥʘʙʦʨʦʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʰʘʙʣʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Swift ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ iOS ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɹʳʣʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʜʚʝ ʛʠʧʦʪʝʟʳ, ʧʨʦʚʝʨʢʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ 

ʟʥʘʢʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʯʠʪʳʚʘʣʩʷ ʵʬʬʝʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʘ ʧʨʠ ʨʘʩʯʸʪʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʤʝʥʷʣʘʩʴ ʧʦʧʨʘʚʢʘ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʛʠʧʦʪʝʟ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʩʫʤʤʘʨʥʦ ʧʨʠʥʷʣʦ 

ʫʯʘʩʪʠʝ 44 ʨʝʩʧʦʥʜʝʥʪʘ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʢʘʢ ʜʣʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ, ʪʘʢ ʠ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʵʬʬʝʢʪʠʚʥʝʝ ʠʟʤʝʥʷʪʴ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʯʝʤ 

ʨʝʟʢʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʝʣʦʚʝʢʦ-ʢʦʤʧʴʶʪʝʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʪʘʢʪʠʣʴʥʳʡ ʦʪʢʣʠʢ, ʪʘʢʪʠʣʴʥʘʷ 

ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʚʠʙʨʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ, ʚʠʙʨʘʮʠʦʥʥʳʡ ʰʘʙʣʦʥ, ʚʠʙʨʘʮʠʷ, ʚʠʙʨʦʤʦʪʦʨ, 

ʦʩʷʟʘʥʠʝ, ʨʝʟʢʦʩʪʴ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ɺʚʝʜʝʥʠʝ 

ɹʦʣʴʰʠʥʩʪʚʦ ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʯʝʨʝʟ ʦʨʛʘʥʳ ʟʨʝʥʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ð ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʳ ʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ, ʥʘ ʜʠʩʧʣʝʡ ʩʤʘʨʪʬʦʥʘ ʠʣʠ ʯʘʩʦʚ. ʅʦ ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʝʭʥʠʢʦʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʚʦʩʧʨʠʷʪʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʦʩʷʟʘʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʚʦ ʤʥʦʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʝ 

ʤʦʜʫʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʪʠʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʩʬʝʨʘ ʪʘʢʪʠʣʴʥʳʭ ʦʱʫʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʙʳʩʪʨʦʨʘʩʪʫʱʠʭ, ʥʦ ʧʨʠ ʵʪʦʤ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʘʣʠʟʘʮʠʠ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʰʫ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʚʩʝ ʙʦʣʴʰʝ ʚʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 
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ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʦ, ʢʘʢʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʤʳ ʧʦʣʫʯʘʝʤ, ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ 

ʜʣʷ ʠʟʫʯʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ 

ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʯʝʣʦʚʝʢʦ-ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʳʷʚʣʝʥʠʝ 

ʪʝʭ ʠʟ ʥʠʭ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʨʘʩʧʦʟʥʘʸʪ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʨʝʟʢʦʩʪʴ, 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʳʡ 

ʚʠʙʨʘʮʠʦʥʥʳʡ ʰʘʙʣʦʥ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʣʶʜʝʡ ʩ ʆɺɿ 

(ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ) ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʧʦʣʴʟʫʝʪʩʷ ʩʤʘʨʪʬʦʥʘʤʠ ʠ 

ʜʨʫʛʠʤʠ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘ. ɺʠʙʨʦʪʘʢʪʠʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʣʶʜʝʡ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʩʣʫʭʘ, ʟʨʝʥʠʷ ʠ ʧʝʨʝʜʚʠʞʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʘʢʪʠʣʴʥʦʤʫ ʦʪʢʣʠʢʫ, ʚʠʙʨʘʮʠʦʥʥʳʤ ʩʠʛʥʘʣʘʤ ʠ 

ʚʣʠʷʥʠʶ ʠʭ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ [1ï5]. 

ʉʨʝʜʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʥʘʤʠ ʟʘʜʘʯ ʦʩʥʦʚʥʳʤʠ ʩʪʘʣʠ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚʠʙʨʦʤʦʪʦʨʦʚ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ iOS ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Swift, ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʥʘʙʦʨʦʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʨʷʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʚʳʙʦʨʢʝ ʨʝʩʧʦʥʜʝʥʪʦʚ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʛʠʧʦʪʝʟ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʦʚʝʨʢʘ ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʩʪʘ ʟʥʘʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʧʨʘʚʢʠ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʛʠʧʦʪʝʟ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʍʦʣʤʘ-ɹʦʥʬʝʨʨʦʥʠ. 

1. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʊʝʭʥʦʣʦʛʠʷ ʪʘʢʪʠʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ haptics) ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʘ ʤʥʦʞʝʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʡ. ʆʙʦʙʱʘʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟ ʥʠʭ, ʤʦʞʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ ʢʨʘʪʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ: ʪʘʢʪʠʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ð ʵʪʦ ʧʝʨʝʜʘʯʘ 

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʩ ʧʦʤʦʱʴʶ ʯʫʚʩʪʚ ʦʩʷʟʘʥʠʷ. ɺ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʝʪʩʷ ʧʝʨʝʜʘʯʘ ʪʘʢʪʠʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʬʦʨʤʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʦʪʢʣʠʢʘ, ʨʝʘʣʠʟʫʝʤʦʛʦ 

ʚ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʦʤʦʪʦʨʦʚ. 

1.1. ʊʠʧʳ ʚʠʙʨʦʤʦʪʦʨʦʚ 

ɺʠʙʨʦʤʦʪʦʨ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʷʚʣʷʝʪʩʷ ʪʝʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ 

ʚʠʙʨʘʮʠʦʥʥʳʡ ʦʪʢʣʠʢ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʚʠʙʨʦʤʦʪʦʨʦʚ ð 

ʚʨʘʱʘʶʱʠʡʩʷ ʩ ʵʢʩʮʝʥʪʨʠʢʦʤ (ERM) ʠ ʣʠʥʝʡʥʳʡ (LRA) [6]. 

ɺʠʙʨʦʤʦʪʦʨ ʩ ʵʢʩʮʝʥʪʨʠʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʚʘʣʘ ʠ ʥʘʩʘʞʝʥʥʦʛʦ ʥʘ ʥʝʛʦ 

ʵʢʩʮʝʥʪʨʠʢʘ ʩʦ ʩʤʝʱʝʥʥʦʡ ʤʘʩʩʦʡ (ʜʠʩʢʘ ʠʣʠ ʩʝʢʪʦʨʘ ʜʠʩʢʘ), ʣʠʙʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʥʫʪʨʠ 

ʢʨʫʛʣʦʛʦ ʢʦʨʧʫʩʘ ʵʢʩʮʝʥʪʨʠʢʘ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʚʠʙʨʦʤʦʪʦʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

ʈʠʩ. 1. ɺʠʙʨʦʤʦʪʦʨʳ ʩ ʵʢʩʮʝʥʪʨʠʢʦʤ 

ɺʠʙʨʘʮʠʷ ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʘʶʱʝʛʦ ʦʪ ʚʨʘʱʝʥʠʷ ʵʢʩʮʝʥʪʨʠʢʘ ʜʠʩʙʘʣʘʥʩʘ ʠ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʨʧʫʩ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥ ʢʦʤʧʦʥʝʥʪ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʦʛʦ 


