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ʏʠʞʝʚʩʴʢʘ 

ɼʠʣʘʪʘʮʽʡʥʘ ʢʘʨʜʽʦʤʽʦʧʘʪʽʷ (ɼʂʄʇ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʜʠʣʘʪʘʮʽʾ 

ʣʽʚʦʛʦ ʰʣʫʥʦʯʢʘ (ʃʐ) ʘʙʦ ʦʙʦʭ ʰʣʫʥʦʯʢʽʚ ʪʘ ʩʠʩʪʦʣʽʯʥʦʶ ʜʠʩʬʫʥʢʮʽʻʶ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʽʰʝʤʽʯʥʦʾ ʭʚʦʨʦʙʠ ʩʝʨʮʷ 

(ɯʍʉ), ʜʦʩʪʘʪʥʽʭ, ʱʦʙ ʧʦʷʩʥʠʪʠ ʮʽ ʟʤʽʥʠ. ʎʝ ʛʝʪʝʨʦʛʝʥʥʘ ʛʨʫʧʘ ʟʘʭʚʦʨʶʚʘʥʴ, 

ʱʦ ʯʘʩʪʦ ʤʘʻ ʛʝʥʝʪʠʯʥʝ ʧʽʜˇʨʫʥʪʷ. ʉʝʨʮʝʚʦ-ʩʫʜʠʥʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʽʘʛʥʦʟʫ, ʦʮʽʥʢʠ ʧʨʦʛʥʦʟʫ ʪʘ 

ʣʽʢʫʚʘʥʥʷ. ʄʫʣʴʪʠʤʦʜʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ 

ʧʦʚʥʫ ʦʮʽʥʢʫ ʚʩʽʭ ʘʩʧʝʢʪʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʮʠʤ ʟʘʭʚʦʨʶʚʘʥʥʷʤ. ɼʘʥʠʡ 

ʜʦʢʫʤʝʥʪ ʤʘʻ ʮʽʣʴ ʟʘʙʝʟʧʝʯʠʪʠ ʜʝʪʘʣʴʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʢʣʽʥʽʯʥʠʭ ʚʠʤʦʛ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʩʚʽʪʦʚʠʭ ʜʦʢʘʟʦʚʠʭ ʜʘʥʠʭ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʟ ʘʜʘʧʪʘʮʽʻʶ ʜʦ 

ʽʩʥʫʶʯʠʭ ʧʨʘʢʪʠʢ ʚ ʋʢʨʘʾʥʽ. ɺʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʟʘʩʦʙʫ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʘʻ 

ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʢʣʽʥʽʯʥʠʭ ʫʤʦʚʘʭ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʽ.  

ʄʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ çʢʣʽʥʽʯʥʦ ʨʝʣʝʚʘʥʪʥʠʭè ʪʘ 

ʟʘʩʦʙʽʚ, ʱʦ çʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷè. ɼʦ ʩʴʦʛʦʜʥʽ ʣʠʰʘʶʪʴʩʷ ʧʝʚʥʽ 

ʧʨʦʙʽʣʠ ʚ ʜʦʢʘʟʦʚʽʡ ʙʘʟʽ ʱʦʜʦ ʚʧʣʠʚʫ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘ 

ʚʝʜʝʥʥʷ ʪʘ ʣʽʢʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʣʘʪʘʮʽʡʥʘ ʢʘʨʜʽʦʤʽʦʧʘʪʽʷ, ʧʨʦʛʥʦʟ, ʣʽʢʫʚʘʥʥʷ, 

ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʷ, ʤʘʛʥʽʪʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ, ʨʘʜʽʦʥʫʢʣʽʜʥʽ ʤʝʪʦʜʠ 

ʚʽʟʫʘʣʽʟʘʮʽʾ. 

ɺʠʟʥʘʯʝʥʥʷ ʜʠʣʘʪʘʮʽʡʥʦʾ ʢʘʨʜʽʦʤʽʦʧʘʪʽʾ 

ɼʠʣʘʪʘʮʽʡʥʘ ʢʘʨʜʽʦʤʽʦʧʘʪʽʷ (ɼʂʄʇ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʜʠʣʘʪʘʮʽʾ 

ʣʽʚʦʛʦ ʰʣʫʥʦʯʢʘ (ʃʐ) ʘʙʦ ʦʙʦʭ ʰʣʫʥʦʯʢʽʚ ʪʘ ʩʠʩʪʦʣʽʯʥʦʶ ʜʠʩʬʫʥʢʮʽʻʶ ʟʘ 



ʚʽʜʩʫʪʥʦʩʪʽ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʛʽʧʝʨʪʝʥʟʽʷ ʪʘ ʢʣʘʧʘʥʥʽ ʚʘʜʠ 

ʩʝʨʮʷ) ʘʙʦ ʽʰʝʤʽʯʥʦʾ ʭʚʦʨʦʙʠ ʩʝʨʮʷ (ɯʍʉ), ʜʦʩʪʘʪʥʽʭ, ʱʦʙ ʚʠʢʣʠʢʘʪʠ 

ʛʣʦʙʘʣʴʥʝ ʧʦʨʫʰʝʥʥʷ ʩʠʩʪʦʣʽʯʥʦʾ ʬʫʥʢʮʽʾ (ʈʠʩ. 1 ʪʘ ʊʘʙ. 1 ʪʘ 2) [1 ï 4]. 

ɼʂʄʇ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʧʦʧʫʣʷʮʽʾ ʟ ʯʘʩʪʦʪʦʶ ʧʨʠʙʣʠʟʥʦ 1:2500, ʪʘ ʻ 

ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʩʝʨʮʝʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ (ʉʅ) ʟʽ ʟʥʠʞʝʥʦʶ 

ʬʨʘʢʮʽʻʶ ʚʠʢʠʜʫ (ʌɺ) ʣʽʚʦʛʦ ʰʣʫʥʦʯʢʘ (ʃʐ), ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʦʤ ʜʣʷ 

ʢʘʨʜʽʦʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʚ ʩʚʽʪʽ [1 ï 4]. ʎʷ ʛʝʪʝʨʦʛʝʥʥʘ ʛʨʫʧʘ ʟʘʭʚʦʨʶʚʘʥʴ 

ʚʢʣʶʯʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʝʪʽʦʣʦʛʽʡ, ʚʢʣʶʯʘʶʯʠ ʛʝʥʝʪʠʯʥʽ ʪʘ ʥʘʙʫʪʽ ʫʨʘʞʝʥʥʷ 

(ʊʘʙ. 3), ʱʦ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʙʘʛʘʪʦ ʨʘʟʽʚ ʧʝʨʝʛʣʷʜʘʣʠʩʷ ʚʥʘʩʣʽʜʦʢ 

ʟʨʦʩʪʘʶʯʦʾ ʧʨʦʧʦʨʮʽʾ ʩʽʤʝʡʥʦʾ/ʛʝʥʝʪʠʯʥʦʾ ʝʪʽʦʣʦʛʽʾ (ʚʽʜ ʪʨʝʪʠʥʠ ʜʦ ʧʦʣʦʚʠʥʠ 

ʚʠʧʘʜʢʽʚ) ʪʘ ʜʝʜʘʣʽ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʢʘʨʜʽʦʤʽʦʧʘʪʽʡ (ʂʄʇ) ʟʘʧʘʣʴʥʦʛʦ 

ʛʝʥʝʟʫ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʠʤʠ ʟ ʧʨʠʭʦʚʘʥʠʤ ʤʽʦʢʘʨʜʠʪʦʤ ʘʙʦ 

ʥʝʨʦʟʧʽʟʥʘʥʦʶ ʘʫʪʦʽʤʫʥʥʦʶ ʧʘʪʦʣʦʛʽʻʶ [1 ï 3, 7].  

ɼʽʘʛʥʦʩʪʠʢʘ ʨʽʟʥʦʚʠʜʽʚ ɼʂʄʇ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ. ʇʦ-ʧʝʨʰʝ, ʧʨʘʚʠʣʴʥʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʝʪʽʦʣʦʛʽʯʥʦʾ ʧʨʠʯʠʥʠ ɼʂʄʇ ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʝʜʝ ʜʦ ʝʪʽʦʪʨʦʧʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʣʽʢʫʚʘʥʥʷ, ʱʦ 

ʙʫʣʦ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʪʘ ʜʝʪʘʣʽʟʦʚʘʥʦ ʚ ʥʝʱʦʜʘʚʥʦ ʦʧʫʙʣʽʢʦʚʘʥʦʤʫ 

ʂʦʥʩʝʥʩʫʩʽ ʨʦʙʦʯʦʾ ʛʨʫʧʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʢʘʨʜʽʦʣʦʛʽʚ (ESC) ʟ 

ʟʘʭʚʦʨʶʚʘʥʴ ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʨʠʢʘʨʜʫ [2]. ʇʦ-ʜʨʫʛʝ, ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 

ʜʝʩʷʪʠʣʽʪʴ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʣʠʣʠ ʥʦʚʝ ʩʚʽʪʣʦ ʥʘ ʧʨʠʨʦʜʥʫ ʽʩʪʦʨʽʶ 

ɼʂʄʇ, ʪʘ ʙʫʣʦ ʚʠʟʥʘʥʦ, ʱʦ ʙʘʛʘʪʦ ʧʘʮʽʻʥʪʽʚ ʤʘʶʪʴ ʜʦʩʠʪʴ ʜʦʚʛʫ ʜʦʢʣʽʥʽʯʥʫ 

ʬʘʟʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʘʙʦ ʜʫʞʝ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʩʠʤʧʪʦʤʽʚ 

ʪʘ ʧʝʚʥʠʤʠ ʤʘʣʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʚ ʩʝʨʮʽ, ʱʦ ʚʠʧʘʜʘʻ ʟ ʩʫʯʘʩʥʠʭ ʚʠʟʥʘʯʝʥʴ 

ɼʂʄʇ ʷʢ ʟʘʭʚʦʨʶʚʘʥʥʷ [2]. ʂʣʥ̔ʽʯʥʠʡ ʩʧʝʢʪʨ ʢʘʨʜʽʘʣʴʥʠʭ ʧʨʦʷʚʽʚ ʧʨʠ 

ɼʂʄʇ ʦʧʠʩʘʥʠʡ ʥʘ ʈʠʩ. 1. ʊʘʢʦʞ ʙʫʣʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʦʢʨʝʤʽ ʛʝʥʠ, ʱʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤʠ ʟʘ ʨʦʟʚʠʪʦʢ ɼʂʄʇ. ɸʣʝ ʪʘʢʦʞ ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʬʦʨʤ ɼʂʄʇ, ʱʦ ʚʠʟʥʘʶʪʴʩʷ ʽʟʦʣʴʦʚʘʥʠʤʠ (ʩʧʦʨʘʜʠʯʥʠʤʠ) ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

çʽʜʽʦʧʘʪʠʯʥʠʤʠè. ʋ ʜʝʷʢʠʭ ʨʦʜʠʯʽʚ ʭʚʦʨʠʭ ʥʘ ɼʂʄʇ ʚʠʷʚʣʷʶʪʴ ʜʦʢʣʽʥʽʯʥʫ 

ʬʘʟʫ ʙʝʟ ʢʘʨʜʽʘʣʴʥʠʭ ʧʨʦʷʚʽʚ, ʷʢʘ ʟʛʦʜʦʤ ʤʦʞʝ ʧʨʦʛʨʝʩʫʚʘʪʠ ʜʦ ʣʝʛʢʠʭ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʚ ʩʝʨʮʽ, ʪʘʢʠʭ ʷʢ ʽʟʦʣʴʦʚʘʥʘ ʜʠʣʘʪʘʮʽʷ ʃʐ (ʥʘʷʚʥʘ ʫ ~25% 



ʨʦʜʠʯʽʚ ʭʚʦʨʠʭ ʥʘ ʩʽʤʝʡʥʫ ɼʂʄʇ) ʘʙʦ ʘʨʠʪʤʦʛʝʥʥʽ ʧʨʦʷʚʠ (ʰʣʫʥʦʯʢʦʚʽ ʘʙʦ 

ʩʫʧʨʘʚʝʥʪʨʠʢʫʣʷʨʥʽ ʘʨʠʪʤʽʾ, ʘʙʦ ʧʦʨʫʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ), ʱʦ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʨʠ ʤʽʦʢʘʨʜʠʪʽ ʘʙʦ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʛʝʥʝʪʠʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, 

ʪʘʢʠʭ ʷʢ ɼʂʄʇ ʧʨʠ ʤʫʪʘʮʽʾ ʃʘʤʽʥʫ ɸ/ʉ ʪʘ ʥʝʡʨʦʤ'ʷʟʦʚʽ ʟʘʭʚʦʨʶʚʘʥʥʷ. 

ʄʘʥʽʬʝʩʪʥʘ ʬʘʟʘ ʩʠʩʪʦʣʽʯʥʦʾ ʜʠʩʬʫʥʢʮʽʾ ʟʚʠʯʘʡʥʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʜʠʣʘʪʘʮʽʻʶ 

ʃʐ, ʭʦʯʘ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʠʣʘʪʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʽʜʩʫʪʥʴʦʶ, ʱʦ ʚʝʜʝ ʜʦ 

ʪʨʫʜʥʦʱʽʚ ʚ ʜʽʘʛʥʦʩʪʠʮʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʥʝʱʦʜʘʚʥʦ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʜʽʣʷʪʠ ʥʦʚʫ ʢʘʪʝʛʦʨʽʶ ʛʽʧʦʢʽʥʝʪʠʯʥʦʾ ʥʝ-ɼʂʄʇ (ʊʘʙ. 2), ʘ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʥʫ ʰʢʘʣʫ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʽʥʽʯʥʦʛʦ ʩʪʘʪʫʩʫ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʟʘʭʚʦʨʶʚʘʥʥʷ [2].  

 

ʈʠʩ. 1. ʂʣʽʥʽʯʥʠʡ ʩʧʝʢʪʨ ɼʂʄʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʞʣʠʚʦʛʦ ʜʦʢʣʽʥʽʯʥʦʛʦ 

ʧʝʨʽʦʜʫ (ɿʘ Pinto ʪʘ ʩʧʽʚʘʚ. [2].). ʘ ɿʘ ʜʘʥʠʤʠ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʤʝʪʦʜʽʚ 

ʚʽʟʫʘʣʽʟʘʮʽʾ. ʙ ʅʦʩʽʡ ʤʫʪʘʮʽʾ ʛʝʥʫ ʘʙʦ ʥʽ; ʘʥʪʠʢʘʨʜʽʘʣʴʥʽ ʘʥʪʠʪʽʣʘ (ɸʅɸ) 

ʧʦʟʠʪʠʚʥʽ ʘʙʦ ʥʝʛʘʪʠʚʥʽ. ɸ ï ʘʨʠʪʤʽʷ; CD ï ʧʦʨʫʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ; D ï 

ʜʠʣʘʪʘʮʽʷ; ʅ ï ʛʽʧʦʢʽʥʝʟʽʷ; NH ï ʙʝʟ ʛʽʧʦʢʽʥʝʟʽʾ; ND ï ʙʝʟ ʜʠʣʘʪʘʮʽʾ. 

 



ʄʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ ʜʽʘʛʥʦʩʪʠʮʽ ɼʂʄʇ ʪʘ ʚʠʢʣʶʯʝʥʥʽ ʽʰʝʤʽʯʥʦʾ 

ʝʪʽʦʣʦʛʽʾ 

ʉʠʤʧʪʦʤʠ ʉʅ ʻ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤ ʢʣʽʥʽʯʥʠʤ ʧʨʦʷʚʦʤ ɼʂʄʇ. 

ʉʫʧʨʘʚʝʥʪʨʠʢʫʣʷʨʥʽ ʪʘ ʰʣʫʥʦʯʢʦʚʽ ʘʨʠʪʤʽʾ ʘʙʦ ʥʘʚʽʩʪʴ ʨʘʧʪʦʚʘ ʩʤʝʨʪʴ 

ʤʦʞʫʪʴ ʨʦʟʚʠʚʘʪʠʩʷ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʩʪʘʜʽʾ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʘʣʝ ʻ ʙʽʣʴʰ ʪʠʧʦʚʠʤʠ 

ʜʣʷ ʤʘʥʽʬʝʩʪʥʠʭ ʩʪʘʜʽʡ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʫ ʮʠʭ ʧʘʮʽʻʥʪʽʚ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ. 

ʄʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʘʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ɼʂʄʇ ʪʘ 

ʚʠʢʣʶʯʝʥʥʷ ʽʰʝʤʽʯʥʦʾ ʝʪʽʦʣʦʛʽʾ. 

ʆʙʦʚôʷʟʢʦʚʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʯʥʦʛʦ (ɽʭʦʂɻ) 

ʦʙʩʪʝʞʝʥʥʷ. çʌʦʢʫʩʥʝ ʫʣʴʪʨʘʟʚʫʢʦʚʝ (ʋɿ) ʦʙʩʪʝʞʝʥʥʷ ʩʝʨʮʷè (FoCUS) ʫ 

ʣʽʞʢʘ ʭʚʦʨʦʛʦ (ʟʚʠʯʘʡʥʦ ʥʘ ʧʝʨʝʥʦʩʥʦʤʫ ʋɿ-ʘʧʘʨʘʪʽ), ʱʦ ʻ ʧʨʦʪʦʢʦʣʦʤ, 

ʧʨʠʡʥʷʪʠʤ ʚ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ɭʚʨʦʩʦʶʟʫ, ʘ ʚ ʋʢʨʘʾʥʽ ʻ ʧʨʠʙʣʠʟʥʦ ʧʨʠʡʥʷʪʠʤ 

ʥʘ ʧʦʣʽʢʣʽʥʽʯʥʦʤʫ ʨʽʚʥʽ, ʻ ʥʝʜʦʩʪʘʪʥʽʤ, ʙʦ ʜʦʟʚʦʣʷʻ ʣʠʰʝ ʚʠʢʣʠʢʘʪʠ ʧʽʜʦʟʨʫ 

ʥʘ ɼʂʄʇ, ʪʦʤʫ ʧʦʚʠʥʥʝ ʜʦʧʦʚʥʶʚʘʪʠʩʷ ʧʦʚʥʠʤ ɽʭʦʂɻ, ʱʦ ʚʢʣʶʯʘʻ 

ʪʢʘʥʠʥʥʫ ʜʦʧʧʣʝʨʦʛʨʘʬʽʶ (ʊɼ) ʪʘ, ʟʘ ʤʦʞʣʠʚʦʩʪʽ, ʦʮʽʥʢʫ ʜʝʬʦʨʤʘʮʽʾ 

ʤʽʦʢʘʨʜʫ, ʪʦʙʪʦ ʩʧʝʢʣ-ʪʨʝʢʽʥʛ ɽʭʦʂɻ (ʉʊɽ). ɺ ʦʩʪʘʥʥʽ ʯʘʩʠ ʚ ʙʘʛʘʪʴʦʭ 

ʢʣʽʥʽʢʘʭ ʩʚʽʪʫ ʚʩʝ ʙʽʣʴʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʨʴʦʭʚʠʤʽʨʥʘ ɽʭʦʂɻ (3D-ɽʭʦʂɻ). 

ʊʽʣʴʢʠ ʧʦʚʥʦʮʽʥʥʘ ɽʭʦʂɻ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʩʽʭ ʥʘʷʚʥʠʭ ʩʴʦʛʦʜʥʽ ʪʝʭʥʦʣʦʛʽʡ 

ʥʘʜʘʻ ʚʩʶ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʝʤʦʜʠʥʘʤʽʢʫ, ʛʣʦʙʘʣʴʥʫ ʘʥʘʪʦʤʽʶ ʪʘ 

ʬʫʥʢʮʽʶ ʰʣʫʥʦʯʢʽʚ, ʨʝʛʽʦʥʘʣʴʥʫ ʤʽʦʢʘʨʜʽʘʣʴʥʫ ʬʫʥʢʮʽʶ, ʜʠʩʩʠʥʭʨʦʥʽʶ, 

ʬʫʥʢʮʽʶ ʪʘ ʩʪʘʥ ʢʣʘʧʘʥʥʦʛʦ ʘʧʘʨʘʪʫ, ʬʫʥʢʮʽʶ ʧʨʘʚʠʭ ʚʽʜʜʽʣʽʚ ʩʝʨʮʷ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʝʨʝʜʩʝʨʜʴ ʪʘ ʛʝʦʤʝʪʨʽʶ (ʨʝʤʦʜʝʣʶʚʘʥʥʷ) ʢʘʤʝʨ ʩʝʨʮʷ, ʱʦ 

ʤʘʶʪʴ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ [8 ï 10].  

ɽʭʦʂɻ-ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʧʨʠʩʪʽʥʢʦʚʠʭ 

ʪʨʦʤʙʽʚ ʘʙʦ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʙʦ ʚʠʢʣʶʯʝʥʥʷ ɼʂʄʇ ʟ 

ʥʝʢʦʤʧʘʢʪʥʠʤ ʤʽʦʢʘʨʜʦʤ.  

ʏʝʨʝʟʩʪʨʘʚʦʭʽʜʥʘ ɽʭʦʂɻ (ʏʉɽʭʦʂɻ) ʤʦʞʝ ʙʫʪʠ ʧʦʢʘʟʘʥʦʶ ʜʣʷ ʦʮʽʥʢʠ 

ʢʣʘʧʘʥʥʦʾ ʬʫʥʢʮʽʾ, ʜʽʘʛʥʦʩʪʠʢʠ ʚʥʫʪʨʽʰʥʴʦʧʝʨʝʜʩʝʨʜʥʠʭ ʪʨʦʤʙʽʚ ʘʙʦ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʧʽʜʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʪʨʘʥʢʘʪʝʪʝʨʥʠʭ ʧʨʦʮʝʜʫʨ ʫ ʧʘʮʽʻʥʪʽʚ ʽʟ 

ʩʫʧʫʪʥʴʦʶ ʢʣʘʧʘʥʥʦʶ ʧʘʪʦʣʦʛʽʻʶ (ʧʝʨʝʚʘʞʥʦ ʚʪʦʨʠʥʥʽ ʤʽʪʨʘʣʴʥʘ ʪʘ 



ʪʨʠʢʫʩʧʽʜʘʣʴʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ). ʉʪʨʝʩ-ɽʭʦʂɻ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʦʮʽʥʢʠ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʤʽʦʢʘʨʜʘ ʪʘ ʜʠʥʘʤʽʢʠ ʚʪʦʨʠʥʥʦʾ 

ʘʪʨʽʦʚʝʥʪʨʠʢʫʣʷʨʥʦʾ (ɸɺ) ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʾʾ ʚʘʞʣʠʚʦʾ ʨʦʣʽ ʱʦʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʽʰʝʤʽʯʥʦʾ ʝʪʽʦʣʦʛʽʾ ʬʝʥʦʪʠʧʫ ɼʂʄʇ. 

ɺʠʢʣʶʯʝʥʥʷ ʽʰʝʤʽʯʥʦʾ ʝʪʽʦʣʦʛʽʾ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ, ʘʣʝ ʽʥʰʽ ʧʦʪʝʥʮʽʡʥʽ 

ʝʪʽʦʣʦʛʽʯʥʽ ʧʨʠʯʠʥʠ ʪʘʢʦʞ ʤʘʶʪʴ ʙʫʪʠ ʧʝʨʝʣʽʯʝʥʽ:  

Å  çʘʨʠʪʤʦʛʝʥʥʘè ʂʄʇ ʚʥʘʩʣʽʜʦʢ ʪʨʠʚʘʣʦʾ ʪʘʭʽʘʨʠʪʤʽʾ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʜʽʘʛʥʦʩʪʦʚʘʥʘ ʰʣʷʭʦʤ ʧʦʚʥʦʮʽʥʥʦʾ ɽʭʦʂɻ ʚ ʜʠʥʘʤʽʮʽ ʧʽʩʣʷ ʫʩʫʥʝʥʥʷ 

ʪʘʭʽʘʨʠʪʤʽʾ. 

Å  ʋ ʚʘʛʽʪʥʠʭ ʞʽʥʦʢ ʩʣʽʜ ʧʽʜʦʟʨʶʚʘʪʠ ʧʝʨʠʧʘʨʪʘʣʴʥʫ ʂʄʇ ʪʘ ʧʨʦʚʦʜʠʪʠ 

ʩʢʨʽʥʽʥʛ ʥʘ ʂʄʇ ʧʨʠ ʘʥʘʤʥʝʟʽ ʢʘʨʜʽʘʣʴʥʦʾ ʜʠʩʬʫʥʢʮʽʾ ʧʽʜʯʘʩ ʧʦʧʝʨʝʜʥʴʦʾ 

ʚʘʛʽʪʥʦʩʪʽ. 

Å  ʋ ʧʘʮʽʻʥʪʽʚ ʟ ʦʥʢʦʣʦʛʽʯʥʦʶ ʧʘʪʦʣʦʛʽʻʶ ʚʽʜʧʦʚʽʜʥʝ ʣʽʢʫʚʘʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ɼʂʄʇ, ʦʩʦʙʣʠʚʦ ʫ ʧʘʮʽʻʥʪʽʚ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʨʠʟʠʢʦʤ (ʩʽʤʝʡʥʽ ʬʦʨʤʠ). 

Å  ʄʽʦʢʘʨʜʠʪ ʘʙʦ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʣʽʟʦʤ ʻ ʧʦʪʝʥʮʽʡʥʦ ʟʚʦʨʦʪʥʠʤʠ 

ʧʨʠʯʠʥʘʤʠ ɼʂʄʇ. 

Å  ʉʣʽʜ ʥʝ ʟʘʙʫʚʘʪʠ ʧʨʦ ʪʦʢʩʠʯʥʽ ʧʨʠʯʠʥʠ ɼʂʄʇ, ʟʦʢʨʝʤʘ, ʘʣʢʦʛʦʣʴ 

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ɯʍʉ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʦʜʥʠʤ ʟ ʪʨʴʦʭ ʥʠʞʯʝ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʤʝʪʦʜʽʚ: 

Å  ʄʫʣʴʪʠʩʧʽʨʘʣʴʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʄʉʂʊ) ʩʝʨʮʷ ʻ ʰʠʨʦʢʦ 

ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʟʥʘʯʫʱʦʛʦ ʝʧʽʢʘʨʜʽʘʣʴʥʦʛʦ ʫʨʘʞʝʥʥʷ ʢʦʨʦʥʘʨʥʠʭ 

ʘʨʪʝʨʽʡ. ʂʨʽʤ ʪʦʛʦ, ʚʠʩʦʢʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘ ʣʝʛʢʽʩʪʴ ʚ 

ʥʘʚʽʛʘʮʽʾ ʨʦʙʠʪʴ ʄʉʂʊ ʩʝʨʮʷ ʟʨʫʯʥʠʤ ʤʝʪʦʜʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʽʤʧʣʘʥʪʘʮʽʾ ʘʙʦ ʥʘʷʚʥʦʩʪʽ ʽʤʧʣʘʥʪʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʧʨʦʪʝʟʠ, ʤʝʭʘʥʽʯʥʽ 

ʜʦʧʦʤʽʞʥʽ ʧʨʠʩʪʨʦʾ, ʝʣʝʢʪʨʦʜʠ ʰʪʫʯʥʦʾ ʩʪʠʤʫʣʷʮʽʾ). ʋ ʧʘʮʽʻʥʪʽʚ ʟ 

ʬʽʙʨʠʣʷʮʽʻʶ ʧʝʨʝʜʩʝʨʜʴ (ʌʇ) ʄʉʂʊ ʤʘʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʨʠ ʚʠʢʣʶʯʝʥʥʽ 

ʪʨʦʤʙʽʚ ʚ ʣʽʚʦʤʫ ʧʝʨʝʜʩʝʨʜʽ (ʃʇ) ʪʘ ʧʨʠ ʢʦʥʪʨʦʣʽ ʧʨʦʮʝʜʫʨ ʘʙʣʷʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʘʥʘʪʦʤʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʃʇ. ʊʘʢʦʞ ʤʦʞʣʠʚʦ 

ʦʮʽʥʶʚʘʪʠ ʧʝʨʬʫʟʽʶ ʟ ʦʮʽʥʢʦʶ ʬʨʘʢʮʽʡʥʦʛʦ ʨʝʟʝʨʚʫ ʢʦʨʦʥʘʨʥʦʛʦ ʢʨʦʚʦʪʦʢʫ, 



ʧʨʠ ʯʦʤʫ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʄʉʂʊ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʛʝʤʦʜʠʥʘʤʽʯʥʦ ʟʥʘʯʫʱʦʛʦ ʫʨʘʞʝʥʥʷ ʢʦʨʦʥʘʨʥʠʭ 

ʘʨʪʝʨʽʡ [11]. 

Å  ʈʘʜʽʦʥʫʢʣʽʜʥʽ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʥʝʽʥʚʘʟʠʚʥʦ ʦʮʽʥʶʚʘʪʠ 

ʤʽʦʢʘʨʜʽʘʣʴʥʫ ʧʝʨʬʫʟʽʶ ʪʘ ʤʝʪʘʙʦʣʽʟʤ, ʪʘ ʥʘʚʽʪʴ ʽʥʥʝʨʚʘʮʽʶ ʩʝʨʮʷ ʰʣʷʭʦʤ 

ʽʥôʻʢʮʽʾ ʮʽʣʴʦʚʠʭ ʨʦʟʯʠʥʽʚ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʤʽʯʝʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ 

ʽʟʦʪʦʧʘʤʠ. ʊʝʭʥʦʣʦʛʽʾ ʦʮʽʥʢʠ ʧʝʨʬʫʟʽʾ ʤʽʦʢʘʨʜʫ ʻ ʢʣʽʥʽʯʥʦ ʨʝʣʝʚʘʥʪʥʠʤʠ 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ɼʂʄʇ ʪʘ ʽʰʝʤʽʯʥʦʾ ʂʄʇ. 

Å  ʄʘʛʥʽʪʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʄʈʊ) ʩʝʨʮʷ ʻ ʢʣʽʥʽʯʥʦ ʨʝʣʝʚʘʥʪʥʦʶ. 

ʄʈʊ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʽʰʝʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʜʠʩʬʫʥʢʮʽʾ ʃʐ [12]. ɰʾ ʛʦʣʦʚʥʘ ʮʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʨʽʟʥʽ ʩʪʘʥʠ ʪʢʘʥʠʥʠ ʤʽʦʢʘʨʜʫ. ʄʈʊ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ 

ʥʘʷʚʥʽʩʪʴ ʪʘ ʩʪʫʧʽʥʴ ʨʦʟʧʦʚʩʶʜʞʝʥʦʩʪʽ ʥʘʙʨʷʢʫ ʤʽʦʢʘʨʜʘ, ʥʘʷʚʥʽʩʪʴ ʨʫʙʮʽʚ, 

ʬʽʙʨʦʟʫ ʪʘ ʽʥʬʽʣʴʪʨʘʮʽʡ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʣʽʟʦʤ). ʎʷ 

ʜʦʜʘʪʢʦʚʘ ʫʥʽʢʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʜʫʞʝ ʜʦʧʦʤʘʛʘʪʠ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʝʪʽʦʣʦʛʽʯʥʦʾ ʧʨʠʯʠʥʠ ʜʠʩʬʫʥʢʮʽʾ ʤʽʦʢʘʨʜʘ, ʱʦ ʤʘʻ ʚʝʣʠʢʫ ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʧʨʦʛʥʦʩʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. 

 

ʉʧʝʮʠʬʽʯʥʽ ʘʩʧʝʢʪʠ ʪʘ ʢʣʽʥʽʯʥʽ ʩʮʝʥʘʨʽʾ 

ɼʽʘʛʥʦʩʪʠʢʘ ʥʝʨʦʟʧʽʟʥʘʥʦʾ ʰʣʫʥʦʯʢʦʚʦʾ ʜʠʩʬʫʥʢʮʽʾ / ʉʅ de novo 

ʈʘʥʥʽʡ ʜʽʘʛʥʦʟ ɼʂʄʇ ʤʦʞʣʠʚʠʡ ʥʘʚʽʪʴ ʫ ʧʦʚʥʽʩʪʶ ʙʝʟʩʠʤʧʪʦʤʥʠʭ 

ʧʘʮʽʻʥʪʽʚ. ɺʽʥ ʤʘʻ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʫʨʘʭʫʚʘʥʥʽ ʤʦʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ (ʌʈ) 

(ʚʘʞʣʠʚʽʩʪʴ ʩʽʤʝʡʥʦʛʦ ʘʥʘʤʥʝʟʫ, ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʬʘʢʪʦʨʠ ʩʝʨʮʝʚʦ-

ʩʫʜʠʥʥʦʛʦ ʨʠʟʠʢʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʜʽʘʙʝʪ). ɼʂʄʇ ʯʘʩʪʦ ʤʘʻ ʪʨʠʚʘʣʫ 

ʙʝʟʩʠʤʧʪʦʤʥʫ ʬʘʟʫ ʟ ʥʦʨʤʘʣʴʥʦʶ ʌɺ ʃʐ ʧʨʠ ʽʥʦʜʽ ʥʦʨʤʘʣʴʥʠʭ ʨʦʟʤʽʨʘʭ 

ʃʐ, ʘ ʽʥʦʜʽ ʟ ʣʝʛʢʦʶ ʜʠʣʘʪʘʮʽʻʶ ʃʐ [2]. ʉʫʙʢʣʽʥʽʯʥʘ ʬʘʟʘ ʨʘʥʥʴʦʾ 

ʜʠʩʬʫʥʢʮʽʾ ʤʽʦʢʘʨʜʘ, ʚʪʽʤ, ʤʦʞʝ ʚʠʷʚʣʷʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʚʽʟʫʘʣʽʟʘʮʽʾ [13]. ɺʘʞʣʠʚʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ ʩʫʙʢʣʽʥʽʯʥʦʾ ʬʘʟʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʽʾ ʪʘ ʘʥʘʪʦʤʽʾ ʃʐ, ʜʽʘʩʪʦʣʽʯʥʦʾ ʬʫʥʢʮʽʾ ʃʐ, 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʩʪʨʝʡʥʫ (GLS), ʪʦʱʦ, ʻ ʙʝʟʩʫʤʥʽʚʥʦʶ, ʘʜʞʝ ʚʦʥʘ 



ʜʦʟʚʦʣʷʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʘʥʥʽʭ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʪʘ ʣʽʢʫʚʘʣʴʥʠʭ ʟʘʭʦʜʽʚ, ʪʘʢʠʭ 

ʷʢ ʟʤʽʥʘ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʪʘ ʤʝʜʠʢʘʤʝʥʪʦʟʥʝ ʣʽʢʫʚʘʥʥʷ, ʪʘ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ 

ʧʦʜʘʣʴʰʠʡ ʧʣʠʥ ʟʘʭʚʦʨʶʚʘʥʥʷ ʪʘ ʧʦʢʨʘʱʠʪʠ ʧʨʦʛʥʦʟ [3, 13 ï 15] ʰʣʷʭʦʤ 

ʟʥʠʞʝʥʥʷ ʩʤʝʨʪʥʦʩʪʽ ʪʘ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ [8].  

ʈʘʥʥʽ ʬʝʥʦʪʠʧʠ 

ɿʥʠʞʝʥʥʷ ʌɺ ʃʐ ʻ ʧʽʟʥʴʦʶ ʪʘ ʥʝʯʫʪʣʠʚʦʶ ʟʥʘʭʽʜʢʦʶ ʚ ʧʨʠʨʦʜʥʽʡ 

ʽʩʪʦʨʽʾ ʨʦʟʚʠʪʢʫ ɼʂʄʇ, ʱʦ ʯʘʩʪʦ ʚʽʜʙʠʚʘʻ ʚʞʝ ʥʝʟʚʦʨʦʪʥʫ ʜʠʩʬʫʥʢʮʽʶ 

ʤʽʦʢʘʨʜʘ. ʇʽʜʯʘʩ ɽʭʦʂɻ ʟ ʊɼ ʚʠʟʥʘʯʝʥʥʷ ʧʦʟʠʪʠʚʥʦʾ ʧʽʢʦʚʦʾ ʩʠʩʪʦʣʽʯʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ (ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʴ ʟ ʩʝʧʪʘʣʴʥʦʛʦ 

ʪʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʽʚ; ʥʦʨʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 8,9Ñ1,6 ʩʤ/ʩ [16]) ʤʦʞʝ 

ʚʚʘʞʘʪʠʩʷ ʢʣʽʥʽʯʥʦ ʨʝʣʝʚʘʥʪʥʠʤ ʨʘʥʥʽʤ ʤʘʨʢʝʨʦʤ ʧʦʚʟʜʦʚʞʥʴʦʾ 

ʤʽʦʢʘʨʜʽʘʣʴʥʦʾ ʜʠʩʬʫʥʢʮʽʾ ʃʐ [13, 16, 17]. ʂʨʽʤ ʪʦʛʦ, GLS ʟʘ ʜʘʥʠʤʠ ʉʊɽ ʚ 

ɺ-ʨʝʞʠʤʽ ʩʴʦʛʦʜʥʽ ʻ ʥʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʜʦʢʣʽʥʽʯʥʦʾ ʤʽʦʢʘʨʜʽʘʣʴʥʦʾ ʜʠʩʬʫʥʢʮʽʾ, ʱʦ ʻ ʚʠʩʦʢʦ ʚʽʜʪʚʦʨʶʚʘʥʠʤ ʟʘ ʫʤʦʚ 

ʚʠʢʦʥʘʥʥʷ ʜʦʩʚʽʜʯʝʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ [9, 18 ï 20]. ʉʴʦʛʦʜʥʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʩʝʨʽʡʥʦʾ ʦʮʽʥʢʠ ʩʪʨʝʡʥʫ (ʜʝʬʦʨʤʘʮʽʾ 

ʤʽʦʢʘʨʜʘ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʩʘʤʦʛʦ 

ʚʠʨʦʙʥʠʢʘ, ʭʦʯʘ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʜʘʥʠʭ ʤʽʞ ʧʨʦʛʨʘʤʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ 

ʩʴʦʛʦʜʥʽ ʜʝʱʦ ʟʤʝʥʰʠʣʘʩʷ ʧʽʩʣʷ ʨʦʙʦʪʠ, ʱʦ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʈʦʙʦʯʦʶ ʛʨʫʧʦʶ 

ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ɭʚʨʦʧʝʡʩʴʢʦʾ ʘʩʦʮʽʘʮʽʾ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ 

(EACVI) ʪʘ ɸʤʝʨʠʢʘʥʩʴʢʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʝʭʦʢʘʨʜʽʦʛʨʘʬʽʾ (ASE) [1]. 

ʋ ʧʘʮʽʻʥʪʽʚ ʟ ʜʦʢʣʽʥʽʯʥʠʤʠ ʤʘʨʢʝʨʘʤʠ ɼʂʄʇ ʪʘʢʦʞ ʙʫʣʠ ʦʧʠʩʘʥʽ 

ʘʥʦʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʮʠʨʢʫʣʷʨʥʦʾ ʪʘ ʨʘʜʽʘʣʴʥʦʾ (ʧʦʧʝʨʝʯʥʦʾ) ʜʝʬʦʨʤʘʮʽʾ [1]. 

ɺʪʽʤ, ʜʣʷ ʾʭ ʦʮʽʥʢʠ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝʤʘʻ ʜʦʩʪʦʚʽʨʥʠʭ ʥʘʜʽʡʥʠʭ ʨʝʬʝʨʝʥʪʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʘ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʢʘʟʦʚʠʭ ʜʘʥʠʭ ʟʘ ʜʘʥʠʤʠ 

ʚʝʣʠʢʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʗʢʱʦ ʚʩʽ ʚʠʱʝʟʛʘʜʘʥʽ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʻ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ 

ʜʦʢʣʽʥʽʯʥʦʛʦ ʩʢʨʠʥʽʥʛʫ [4, 7], ɽʭʦʂɻ ʟʜʝʙʽʣʴʰʝ ʻ ʣʽʤʽʪʦʚʘʥʦʶ ʚʠʟʥʘʯʝʥʥʷʤ 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʘʥʘʪʦʤʽʾ ʃʐ ʪʘ ʚʠʟʥʘʯʝʥʥʷʤ ʌɺ ʃʐ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʥʷ ʘʧʽʢʘʣʴʥʠʭ ʟʨʽʟʽʚ ʪʘ ʟʘʧʦʙʽʛʘʪʠ ʰʪʫʯʥʦʛʦ 



ʫʢʦʨʦʯʝʥʥʷ ʟʨʽʟʽʚ ʢʘʤʝʨʠ ʃʐ. ɿʚʘʞʘʶʯʠ ʥʘ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʽʚ ʃʐ ʰʣʷʭʦʤ ʤʘʥʫʘʣʴʥʦʛʦ ʦʙʚʝʜʝʥʥʷ ʝʥʜʦʢʘʨʜʽʘʣʴʥʠʭ 

ʢʦʥʪʫʨʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʌɺ ʃʐ ʚ ɺ-ʨʝʞʠʤʽ (ʙʽʧʣʘʥʦʚʠʡ ʤʝʪʦʜ ʉʽʤʧʩʦʥʘ), 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʦʯʘʩʥʝ ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ 

ʧʦʨʦʞʥʠʥʠ ʃʐ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʌɺ ʃʐ ʚ ɺ-

ʨʝʞʠʤʽ ʘʙʦ ʧʽʜʯʘʩ 3D-ɽʭʦʂɻ ʜʣʷ ʙʽʣʴʰ ʥʘʜʽʡʥʦʾ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʦʾ ʦʮʽʥʢʠ 

ʦʙôʻʤʽʚ ʪʘ ʬʫʥʢʮʽʾ ʃʐ [9]. ʆʩʪʘʥʥʽ ʜʘʥʽ ʻ ʦʙʥʘʜʽʡʣʠʚʠʤʠ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʥʩʪʦʨʘʢʘʣʴʥʦʾ (ʊʊɽʭʦʂɻ) 3D-ɽʭʦʂɻ ʜʣʷ ʦʮʽʥʢʠ ʬʫʥʢʮʽʾ ʪʘ ʦʙôʻʤʽʚ 

ʧʨʘʚʦʛʦ ʰʣʫʥʦʯʢʘ (ʇʐ) [1].  

Å ʄʈʊ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʜʦʢʣʽʥʽʯʥʠʡ ʜʽʘʛʥʦʟ, ʦʩʢʽʣʴʢʠ ʻ çʟʦʣʦʪʠʤ 

ʩʪʘʥʜʘʨʪʦʤè ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʃʐ ʪʘ ʇʐ. ʄʈʊ ʤʦʞʝ ʙʫʪʠ ʧʦʢʘʟʘʥʦʶ ʫ 

ʚʠʧʘʜʢʫ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ, ʛʨʘʥʠʯʥʠʭ ʘʙʦ ʩʫʤʥʽʚʥʠʭ ʜʘʥʠʭ ɽʭʦʂɻ, ʘ ʪʘʢʦʞ 

ʩʝʨʝʜ ʨʦʜʠʯʽʚ ʚ ʨʦʜʠʥʘʭ ʟ ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ, ʢʦʣʠ ʜʽʘʛʥʦʟ ɼʂʄʇ ʚʩʝ ʞ 

ʣʠʰʘʻʪʴʩʷ ʧʽʜ ʩʫʤʥʽʚʦʤ, ʱʦ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʚʝʜʝʥʥʷ ʪʘʢʠʭ ʧʘʮʽʻʥʪʽʚ [1]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʾʾ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʄʈʊ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʮʽʥʢʠ ʤʽʦʢʘʨʜʽʘʣʴʥʦʾ ʧʦʚʟʜʦʚʞʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ 

(ʩʪʨʝʡʥʫ), ʱʦ ʤʦʞʝ ʜʦʧʦʤʘʛʘʪʠ ʚ ʨʘʥʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ʩʧʝʮʠʬʽʯʥʠʭ ʝʪʽʦʣʦʛʽʡ 

ʬʝʥʦʪʠʧʽʚ ɼʂʄʇ, ʪʘʢʠʭ ʷʢ ʩʘʨʢʦʾʜʦʟ ʘʙʦ ʧʦʩʪʤʽʦʢʘʨʜʠʪʠʯʥʘ ɼʂʄʇ [1]. 

ʄʦʞʣʠʚʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʩʪʘʥ ʪʢʘʥʠʥʠ ʤʽʦʢʘʨʜʘ (ʨʘʥʥʻ ʧʽʜʩʠʣʝʥʥʷ 

ʛʘʜʦʣʽʥʽʻʤ, ʊ2- ʪʘ ʊ1-ʟʚʘʞʝʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʘʙʦ ʢʘʨʪʫʚʘʥʥʷ ʪʘ ʧʽʟʥʻ 

ʧʽʜʩʠʣʝʥʥʷ ʛʘʜʦʣʽʥʽʻʤ ï LGE) ʻ ʢʣʶʯʦʚʠʤʠ ʢʣʽʥʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʄʈʊ 

ʩʝʨʮʷ [1]. ʂʣʽʥʽʯʥʘ ʮʽʥʥʽʩʪʴ ʄʈʊ ʩʝʨʮʷ ʚ ʨʘʥʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ʟʘʭʚʦʨʶʚʘʥʥʷ 

ʤʘʻ ʙʫʪʠ ʜʦʩʣʽʜʞʝʥʘ ʧʦʜʨʽʙʥʽʰʝ ʚ ʚʝʣʠʢʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

Å ʄʉʂʊ ʩʝʨʮʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʾʾ ʥʝʧʝʨʝʚʝʨʰʝʥʫ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ, ʨʦʣʴ ʄʉʂʊ ʩʝʨʮʷ ʚ ʨʘʥʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ɼʂʄʇ ʻ ʦʙʤʝʞʝʥʦʶ 

ʚʥʘʩʣʽʜʦʢ ʥʠʟʴʢʦʾ ʯʘʩʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʝʢʩʧʦʟʠʮʽʾ ʜʦ ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ 

ʧʦʪʨʝʙʠ ʚ ʡʦʜʦʚʘʥʠʭ ʢʦʥʪʨʘʩʪʘʭ. ʄʉʂʊ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ, ʷʢʱʦ ʜʘʥʽ 

ɽʭʦʂɻ-ʚʽʟʫʘʣʽʟʘʮʽʾ ʻ ʩʫʙʦʧʪʠʤʘʣʴʥʠʤʠ, ʘ ʄʈʊ ʩʝʨʮʷ ʻ ʧʨʦʪʠʧʦʢʘʟʘʥʦʶ, ʜʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ɯʍʉ ʘʙʦ ʧʘʪʦʣʦʛʽʾ ʧʝʨʠʢʘʨʜʫ [1, 14]. ʄʉʂʊ ʩʝʨʮʷ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʚ ʜʽʘʛʥʦʩʪʠʮʽ ʰʣʷʭʦʤ ʜʝʤʦʥʩʪʨʘʮʽʾ ʜʠʣʘʪʘʮʽʾ ʣʽʚʦʛʦ ʪʘ ʧʨʘʚʦʛʦ 



ʰʣʫʥʦʯʢʽʚ, ʦʟʥʘʢ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ, ʜʠʣʘʪʘʮʽʾ ʣʝʛʝʥʝʚʠʭ ʘʨʪʝʨʽʡ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʫʨʘʞʝʥʥʷ ʢʦʨʦʥʘʨʥʦʛʦ ʨʫʩʣʘ. 

Å ʉʠʥʭʨʦʥʽʟʦʚʘʥʽ ʨʘʜʽʦʥʫʢʣʽʜʥʽ ʟʘʩʦʙʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʢʫ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ɽʭʦʂɻ ʘʙʦ ʄʈʊ ʩʝʨʮʷ ʚ ʦʮʽʥʮʽ ʩʠʩʪʦʣʽʯʥʦʾ ʬʫʥʢʮʽʾ ʪʘ 

ʨʝʛʽʦʥʘʣʴʥʦʾ ʩʢʦʨʦʪʣʠʚʦʩʪʽ ʃʐ. ʈʘʜʽʦʥʫʢʣʽʜʥʘ ʚʝʥʪʨʠʢʫʣʦʛʨʘʬʽʷ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʮʽʥʢʠ ʩʠʩʪʦʣʽʯʥʦʾ (ʪʘ ʜʽʘʩʪʦʣʽʯʥʦʾ) ʬʫʥʢʮʽʾ ʃʐ ʙʝʟ 

ʙʫʜʴ-ʷʢʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʨʠʧʫʱʝʥʴ ʧʨʦ ʤʦʜʝʣʴ ʃʐ. ɺʥʘʩʣʽʜʦʢ ʾʾ ʥʠʟʴʢʦʾ 

ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʧʨʠ ʧʦʚʪʦʨʥʠʭ ʦʙʩʪʝʞʝʥʥʷʭ ʦʜʥʠʤ ʦʧʝʨʘʪʦʨʦʤ ʮʷ ʤʝʪʦʜʠʢʘ 

ʨʘʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ, ʘʣʝ ʩʴʦʛʦʜʥʽ ʙʽʣʴʰʝ ʥʝ ʻ ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ ʜʣʷ 

ʨʫʪʠʥʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [1]. 

Å ʉʠʩʪʦʣʽʯʥʘ ʬʫʥʢʮʽʷ ʇʐ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʘʜʽʦʥʫʢʣʽʜʥʦʾ ʚʝʥʪʨʠʢʫʣʦʛʨʘʬʽʾ (ʦʩʦʙʣʠʚʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʰʦʛʦ 

ʧʨʦʭʦʜʞʝʥʥʷ ʘʙʦ ʪʝʭʥʦʣʦʛʽʡ ʩʠʥʭʨʦʥʽʟʦʚʘʥʦʾ ʨʽʚʥʦʚʘʛʠ ʦʙôʻʤʫ ʢʨʦʚʽ), ʱʦ 

ʚʠʤʘʛʘʻ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʜʦʩʚʽʜʯʝʥʦʩʪʽ.  

ɼʽʘʛʥʦʩʪʠʯʥʽ ʢʨʠʪʝʨʽʾ ʜʣʷ ʨʦʜʠʯʽʚ ʧʨʠ ʩʽʤʝʡʥʠʭ ʬʦʨʤʘʭ ɼʂʄʇ 

ɼʂʄʇ ʻ ʽʜʽʦʧʘʪʠʯʥʦʶ ʚ ʧʨʠʙʣʠʟʥʦ 50% ʚʠʧʘʜʢʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʙʣʠʟʴʢʦ 

ʪʨʝʪʠʥʠ ʚʠʧʘʜʢʽʚ ʻ ʩʧʘʜʢʦʚʠʤʠ. ʉʴʦʛʦʜʥʽ ʚʞʝ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʙʽʣʴʰʝ 50 

ʛʝʥʽʚ, ʘʩʦʮʽʡʦʚʘʥʠʭ ʟ ʨʠʟʠʢʦʤ ʨʦʟʚʠʪʢʫ ɼʂʄʇ, ʙʘʛʘʪʦ ʟ ʷʢʠʭ ʧʦʚôʷʟʘʥʽ ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʤʽʦʢʘʨʜʽʘʣʴʥʦʛʦ ʮʠʪʦʩʢʝʣʝʪʫ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʠʤʠ ʻ ʪʽʪʽʥ, ʣʘʤʽʥ 

ʪʘ ʜʝʩʤʽʥ. ʈʦʙʦʯʘ ʛʨʫʧʘ ESC ʟ ʟʘʭʚʦʨʶʚʘʥʴ ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʨʠʢʘʨʜʘ ʥʝʱʦʜʘʚʥʦ 

ʟʘʧʨʦʧʦʥʫʚʘʣʘ ʜʽʘʛʥʦʩʪʠʯʥʽ ʢʨʠʪʝʨʽʾ ʜʣʷ ʨʦʜʠʯʽʚ ʧʘʮʽʻʥʪʽʚ ʟ ʩʽʤʝʡʥʠʤʠ 

ʬʦʨʤʘʤʠ ɼʂʄʇ [1, 2], ʱʦ ʧʦʻʜʥʫʶʪʴ ʜʘʥʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ɽʂɻ (ʊʘʙ. 4). 

ɿʛʽʜʥʦ ʜʦ ʮʠʭ ʢʨʠʪʝʨʽʾʚ, ʚʦʥʠ ʧʦʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʚʝʣʠʢʽ (ʌɺ ʃʐ ʪʘ 

ʜʠʣʘʪʘʮʽʷ ʃʐ) ʪʘ ʤʘʣʽ (ʧʦʨʫʰʝʥʥʷ ʨʝʛʽʦʥʘʣʴʥʦʾ ʩʢʦʨʦʪʣʠʚʦʩʪʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʦʨʫʰʝʥʴ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʥʝʽʰʝʤʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ LGE ʧʽʜʯʘʩ ʄʈʊ). 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʪʘʢʦʞ ʚʠʟʥʘʯʘʪʠ GLS ʃʐ ʟʘ ʜʘʥʠʤʠ ʉʊɽ. 

ʏʘʩ ʩʢʨʠʥʽʥʛʫ 

ʈʘʥʽʰʝ ʩʧʝʮʠʬʽʯʥʦʛʦ ʯʘʩʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ɽʭʦʂɻ ʫ ʨʦʜʠʯʽʚ ʧʘʮʽʻʥʪʽʚ ʟ 

ɼʂʄʇ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʛʝʥʝʪʠʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʝ ʙʫʣʦ [1]. ʅʝʱʦʜʘʚʥʦ ʙʫʣʠ ʚʠʜʘʥʽ 



ʩʧʝʮʠʬʽʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʦʜʠʯʽʚ ʧʘʮʽʻʥʪʽʚ ʟ ʩʽʤʝʡʥʠʤʠ ʬʦʨʤʘʤʠ 

ɼʂʄʇ, ʚ ʷʢʠʭ ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ɽʭʦʂɻ ʪʘ ɽʂɻ ʤʘʶʪʴ ʙʫʪʠ ʧʨʦʚʝʜʝʥʽ ʚʩʽʤ 

ʨʦʜʠʯʘʤ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʧʦʯʠʥʘʶʯʠ ʟ ʜʠʪʠʥʩʪʚʘ (ʟ ~10 

ʨʦʢʽʚ), ʪʘ ʧʦʚʪʦʨʥʦ ʧʨʦʚʦʜʠʪʠʩʷ ʢʦʞʥʽ 2 ï 3 ʨʦʢʠ, ʷʢʱʦ ʨʝʟʫʣʴʪʘʪʠ 

ʥʦʨʤʘʣʴʥʽ, ʪʘ ʱʦʨʽʯʥʦ, ʷʢʱʦ ʚʠʷʚʣʷʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ ʤʘʣʽ ʘʥʦʤʘʣʽʾ [2]. ʂʦʣʠ 

ʩʢʨʽʥʽʥʛ ʤʦʞʝ ʙʫʪʠ ʧʨʠʧʠʥʝʥʠʡ, ʣʠʰʘʻʪʴʩʷ ʥʝʷʩʥʠʤ, ʘʜʞʝ ʮʝ ʜʫʞʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʽʤʝʡʥʦʛʦ ʘʥʘʤʥʝʟʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʤ ʣʽʤʽʪʥʠʤ ʚʽʢʦʤ ʻ 60 ï 65 ʨʦʢʽʚ [1]. 

ɯʥʪʝʨʚʘʣ ʜʠʩʧʘʥʩʝʨʥʦʛʦ ʩʢʨʠʥʽʥʛʫ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʮʠʬʽʯʥʦʛʦ ʪʠʧʫ 

ɼʂʄʇ. ʅʘʧʨʠʢʣʘʜ, ʚ ʢʘʨʜʽʦʦʥʢʦʣʦʛʽʾ ʮʽ ʧʝʨʽʦʜʠ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʦʢʨʝʤʠʤʠ 

ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [1]. 

 

ʇʨʦʛʥʦʟ ʪʘ ʩʪʨʘʪʠʬʽʢʘʮʽʷ ʨʠʟʠʢʫ: ʥʦʚʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʪʘ ʧʨʘʛʤʘʪʠʯʥʠʡ ʧʽʜʭʽʜ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʫʩʧʽʭʠ ʚ ʣʽʢʫʚʘʥʥʽ ɼʂʄʇ, 10-ʨʽʯʥʘ ʚʠʞʠʚʘʥʽʩʪʴ ʪʘʢʠʭ 

ʭʚʦʨʠʭ ʣʠʰʘʻʪʴʩʷ <60%, ʘ ʩʤʝʨʪʥʦʩʪʽ ʧʝʨʝʜʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʦʷʚʠ 

ʧʨʦʛʨʝʩʫʚʘʥʥʷ ʉʅ, ʱʦ ʚʽʜʙʠʚʘʻ ʩʢʣʘʜʥʦʱʽ ʚ ʦʮʽʥʮʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʠʟʠʢʽʚ.  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʢʣʽʥʽʯʥʠʡ ʧʣʠʥ ɼʂʄʇ ʻ ʰʠʨʦʢʦ ʚʘʨʽʘʙʝʣʴʥʠʤ ï ʚʽʜ 

ʰʚʠʜʢʦ ʧʨʦʛʨʝʩʫʶʯʦʾ ʉʅ ʘʙʦ ʨʘʧʪʦʚʦʾ ʩʝʨʮʝʚʦʾ ʩʤʝʨʪʽ (ʈʉʉ) ʜʦ ʟʚʦʨʦʪʥʦʛʦ 

ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʃʐ ʟʽ ʟʥʘʯʥʠʤ ʟʥʠʞʝʥʥʷʤ ʦʙôʻʤʽʚ ʃʐ ʽʟ ʩʪʽʡʢʠʤ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʌɺ ʃʐ. ɹʣʠʟʴʢʦ 40% ʧʘʮʽʻʥʪʽʚ ʽʟ ʚʧʝʨʰʝ ʜʽʘʛʥʦʩʪʦʚʘʥʦʶ 

ɼʂʄʇ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʚʦʨʦʪʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʃʐ ʧʽʜ ʚʧʣʠʚʦʤ ʦʧʪʠʤʘʣʴʥʦʾ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʾ ʪʝʨʘʧʽʾ (ʆʄʊ) ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʨʦʪʷʛʦʤ 2 ʨʦʢʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʩʧʨʠʷʪʣʠʚʠʡ ʚʽʜʜʘʣʝʥʠʡ ʧʨʦʛʥʦʟ [1]. ʎʽ 

ʜʘʥʥʽ ʩʪʘʚʣʷʪʴ ʧʽʜ ʧʠʪʘʥʥʷ ʜʦʮʽʣʴʥʽʩʪʴ ʱʦʥʘʡʤʝʥʰʝ 3-ʤʽʩʷʯʥʦʾ ʆʄʊ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ ʚʧʝʨʰʝ ʜʽʘʛʥʦʩʪʦʚʘʥʦʶ ɼʂʄʇ ʧʝʨʝʜ ʽʤʧʣʘʥʪʘʮʽʻʶ ʜʦʧʦʤʽʞʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʷʢ ʮʝ ʚʢʘʟʘʥʦ ʚ ʩʫʯʘʩʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʷʭ [1]. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʦʞ 

ʧʨʝʜʤʝʪʦʤ ʩʫʧʝʨʝʯʦʢ ʻ ʥʠʞʥʷ ʤʝʞʘ ʌɺ ʃʐ Ò35% ʫ ʩʠʤʧʪʦʤʥʠʭ (ʂʣʘʩ ɯɯ ʪʘ 

ɯɯɯ ʟʘ NYHA) ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʜʣʷ ʧʝʨʚʠʥʥʦʾ ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ 

ʢʘʨʜʽʦʚʝʨʪʝʨʘ-ʜʝʬʽʙʨʠʣʷʪʦʨʘ (ɯʂɼ) (ʂʣʘʩ ɯ, ʈʽʚʝʥʴ ʜʦʢʘʟʽʚ ɺ) [36, 37], 

ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʌɺ ʃʐ ʤʘʻ ʥʠʟʴʢʫ ʯʫʪʣʠʚʽʩʪʴ ʪʘ ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʚ 



ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʮʽʻʥʪʽʚ ʚʠʩʦʢʦʛʦ ʨʠʟʠʢʫ ʧʨʠ ʥʠʟʴʢʽʡ ʝʢʦʥʦʤʽʯʥʽʡ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʂɼ. 

ʇʨʦʛʥʦʩʪʠʯʥʽ ʤʘʨʢʝʨʠ 

ɼʠʣʘʪʘʮʽʷ ʃʐ ʪʘ ʧʦʨʫʰʝʥʥʷ ʩʢʦʨʦʪʣʠʚʦʩʪʽ ʻ ʛʦʣʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ 

ʧʨʦʛʥʦʟʫ ʱʦʜʦ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʤʝʨʪʥʦʩʪʽ ʪʘ ʛʦʩʧʽʪʘʣʽʟʘʮʽʡ ʧʨʠ ɼʂʄʇ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʟʘʩʦʙʫ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʗʢʱʦ ʜʠʣʘʪʘʮʽʷ ʃʐ 

ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʧʨʦʛʥʦʟʦʤ, ʪʦ ʟʚʦʨʦʪʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʥʦʨʤʘʣʽʟʘʮʽʷ ʨʦʟʤʽʨʽʚ ʃʐ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʧʦʢʨʘʱʝʥʥʷʤ ʚʠʞʠʚʘʥʥʷ [1]. 

ɿʚʦʨʦʪʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʻ ʪʝʨʘʧʝʚʪʠʯʥʦʶ ʤʝʪʦʶ, ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʾ ʤʦʞʝ 

ʟʘʡʤʘʪʠ ʤʽʩʷʮʽ ʘʙʦ ʨʦʢʠ, ʘ ʤʦʥʽʪʦʨʫʚʘʥʥʷ ʧʦʚʠʥʥʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʰʣʷʭʦʤ 

ʜʠʩʧʘʥʩʝʨʥʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʦʙʩʪʝʞʝʥʴ. ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ 

ʧʽʜʯʘʩ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʘʩʦʮʽʡʦʚʘʥʽ ʟ ʨʠʟʠʢʦʤ ʩʤʝʨʪʥʦʩʪʽ ʪʘ ʛʦʩʧʽʪʘʣʽʟʘʮʽʡ 

ʚʥʘʩʣʽʜʦʢ ʉʅ, ʚʢʣʶʯʘʶʪʴ ʜʠʣʘʪʘʮʽʶ ʃʇ, ʜʠʣʘʪʘʮʽʶ ʇʐ ʪʘ ʩʢʦʨʦʪʣʠʚʫ 

ʜʠʩʬʫʥʢʮʽʶ ʇʐ [1]. ʆʩʪʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʠʢʘʥʽ ʚʣʘʩʥʦ ʟʘʭʚʦʨʶʚʘʥʥʷʤ 

ʘʙʦ ʙʫʪʠ ʚʪʦʨʠʥʥʠʤʠ ʜʦ ʣʽʚʦʰʣʫʥʦʯʢʦʚʦʾ ʉʅ. ʉʪʨʝʡʥ ʃʐ ʥʝʦʜʥʦʨʘʟʦʚʦ ʙʫʚ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʷʢ ʢʣʶʯʦʚʠʡ ʪʘ ʥʝʟʘʣʝʞʥʠʡ ʧʨʦʛʥʦʩʪʠʯʥʠʡ ʤʘʨʢʝʨ ʧʨʠ 

ɼʂʄʇ [1]. 

ʅʝʱʦʜʘʚʥʦ ʩʪʨʝʡʥ ʇʐ ʪʘʢʦʞ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʷʢ ʽʥʩʪʨʫʤʝʥʪ 

ʧʝʨʰʦʛʦ ʚʠʙʦʨʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʩʤʝʨʪʥʦʩʪʽ ʪʘ ʛʦʩʧʽʪʘʣʽʟʘʮʽʡ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ [44]. ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʬʫʥʢʮʽʾ ʪʘ ʨʦʟʤʽʨʽʚ ʇʐ ʚʟʘʛʘʣʽ 

ʧʦʚʠʥʥʽ ʩʠʩʪʝʤʥʦ ʩʝʨʽʡʥʦ ʦʮʽʥʶʚʘʪʠʩʷ ʫ ʚʩʽʭ ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ [1, 10].  

ʊʠʩʢ ʥʘʧʦʚʥʝʥʥʷ ʪʘ ʜʽʘʩʪʦʣʽʯʥʘ ʬʫʥʢʮʽʷ ʃʐ ʪʘʢʦʞ ʤʘʻ ʦʮʽʥʶʚʘʪʠʩʷ ʪʘ 

ʚʠʥʦʩʠʪʠʩʷ ʚ ʟʘʢʣʶʯʝʥʥʷ. ʅʝʦʙʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʦʮʽʥʢʠ ʫ ʧʘʮʽʻʥʪʽʚ ʟ 

ɼʂʄʇ ʧʽʜʯʘʩ ʜʠʥʘʤʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠ ɽʭʦʂɻ ʻ ʱʦʥʘʡʤʝʥʰʝ: 

Å ʦʙ'ʻʤ ʃʇ; 

Å ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɽ/ɸ; 

Å ʯʘʩ ʩʧʦʚʽʣʴʥʝʥʥʷ ʭʚʠʣʽ ɽ (DT); 

Å ʜʽʘʩʪʦʣʽʯʥʽ ʰʚʠʜʢʦʩʪʽ ʩʝʧʪʘʣʴʥʦʛʦ ʪʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʤʽʪʨʘʣʴʥʦʛʦ ʢʽʣʴʮʷ 

eô ʪʘ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ E/eô ʟʘ ʜʘʥʠʤʠ ʰʚʠʜʢʦʩʪʝʡ ʮʠʭ 

ʩʝʛʤʝʥʪʽʚ; 



Å ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʨʠʢʫʩʧʽʜʘʣʴʥʦʾ ʨʝʛʫʨʛʽʪʘʮʽʾ (ʊʈ) [46].  

ʆʮʽʥʢʘ ʩʪʨʝʡʥʫ ʃʇ ʻ ʥʦʚʠʤ ʙʘʛʘʪʦʦʙʽʮʷʶʯʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʦʮʽʥʢʠ 

ʬʫʥʢʮʽʾ ʃʇ ʪʘ ʩʪʫʧʝʥʷ ʡʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʙôʻʤʦʤ, ʘʣʝ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʱʝ 

ʧʝʨʝʙʫʚʘʻ ʥʘ ʩʪʘʜʽʾ ʜʦʩʣʽʜʞʝʥʴ [1].   

ɺʪʦʨʠʥʥʘ (ʬʫʥʢʮʽʦʥʘʣʴʥʘ, ʚʽʜʥʦʩʥʘ) ʤʽʪʨʘʣʴʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ (ʄʈ) (ʪʠʧʠ ɯ 

ʪʘ ɯɯɯb ʟʘ Carpentier) ʻ ʧʦʪʝʥʮʽʡʥʦ ʟʚʦʨʦʪʥʠʤ ʬʝʥʦʤʝʥʦʤ, ʱʦ ʧʦʪʝʥʮʽʶʻ 

ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʃʐ ʪʘ ʧʦʪʫʞʥʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʧʨʦʛʥʦʟʦʤ [1]. 

ɺ ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʚʘʞʢʦʩʪʽ ʚʽʜʥʦʩʥʦʾ ʄʈ ʪʘ 

ʾʾ ʜʠʥʘʤʽʢʠ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʣʽʢʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʊʊɽʭʦʂɻ [1].   

ʇʘʨʘʤʝʪʨʠ ʩʪʨʝʩ-ɽʭʦʂɻ ʪʘ ʜʘʥʽ ʨʘʜʽʦʥʫʢʣʽʜʥʠʭ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʪʘʢʽ 

ʷʢ ʩʢʦʨʦʪʣʠʚʠʡ ʨʝʟʝʨʚ ʪʘ ʢʦʨʦʥʘʨʥʠʡ ʨʝʟʝʨʚ, ʟʜʘʪʥʽ ʙʫʪʠ ʧʨʝʜʠʢʪʦʨʘʤʠ 

ʟʚʦʨʦʪʥʦʛʦ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʫ ʧʘʮʽʻʥʪʽʚ ʟ 

ɼʂʄʇ [1]. ʆʮʽʥʢʘ ʢʦʨʦʥʘʨʥʦʛʦ ʨʝʟʝʨʚʫ ʪʘʢʦʞ ʤʦʞʝ ʦʮʽʥʶʚʘʪʠʩʷ ʧʽʜʯʘʩ 

ɽʭʦʂɻ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʪʘ ʙʣʦʢʘʜʦʶ ʣʽʚʦʾ ʥʽʞʢʠ ʧʫʯʢʘ ɻʽʩʘ (ɹʃʅʇɻ) [1]. 

ʊʘʢʦʞ ʚʽʜʦʤʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʤʽʢʨʦʚʘʩʢʫʣʷʨʥʦʾ ʜʠʩʬʫʥʢʮʽʾ ʟʘ ʜʘʥʠʤʠ 

ʧʦʟʠʪʨʦʥ-ʝʤʽʩʽʡʥʦʾ ʪʦʤʦʛʨʘʬʽʾ (ʇɽʊ) ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʛʽʨʰʠʤ ʧʨʦʛʥʦʟʦʤ ʪʘ 

ʚʠʱʠʤ ʨʠʟʠʢʦʤ ʧʨʦʛʨʝʩʫʚʘʥʥʷ ʤʘʥʽʬʝʩʪʥʦʾ ʉʅ ʪʘ ʩʤʝʨʪʥʦʩʪʽ [1]. 

ʉʧʝʮʠʬʽʯʥʽ ʧʨʝʜʠʢʪʦʨʠ ʰʣʫʥʦʯʢʦʚʠʭ ʘʨʠʪʤʽʡ 

ʐʣʫʥʦʯʢʦʚʽ ʘʨʠʪʤʽʾ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʟʘʛʨʦʟʣʠʚʠʭ ʫʩʢʣʘʜʥʝʥʴ 

ɼʂʄʇ. ʇʦʨʽʚʥʷʥʦ ʟ ʧʘʮʽʻʥʪʘʤʠ ʟ ʽʰʝʤʽʯʥʦʶ ʂʄʇ ʯʘʩʪʦʪʘ ʰʣʫʥʦʯʢʦʚʠʭ 

ʘʨʠʪʤʽʡ ʧʨʠ ɼʂʄʇ ʻ ʥʠʞʯʦʶ. ɯʤʧʣʘʥʪʘʮʽʷ ɯʂɼ ʻ ʩʪʘʥʜʘʨʪʦʤ ʚʝʜʝʥʥʷ ʭʚʦʨʠʭ 

ʚʠʩʦʢʦʛʦ ʨʠʟʠʢʫ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʈʉʉ [1]. ɸʣʝ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʘʮʽʻʥʪʽʚ 

ʚʠʩʦʢʦʛʦ ʨʠʟʠʢʫ ʻ ʩʢʣʘʜʥʦʶ. ʉʫʯʘʩʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘʛʦʣʦʰʫʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʤʧʣʘʥʪʘʮʽʾ ɯʂɼ ʜʣʷ ʧʝʨʚʠʥʥʦʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʫ ʧʘʮʽʻʥʪʽʚ ʟ 

ʥʝʽʰʝʤʽʯʥʦʶ ɼʂʄʇ ʪʘ ʌɺ ʃʐ Ò35% ʥʘ ʆʄʊ ʪʘ ʙʽʣʴʰ ʥʽʞ 1 ʨʽʢ ʦʯʽʢʫʚʘʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ (ʂʣʘʩ ɯɺ) [1]. ɺʪʽʤ, ʜʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʚʠʢʣʠʢʘʻ ʧʦʩʪʽʡʥʽ ʧʠʪʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʙʫʣʠ 

ʧʝʨʝʢʦʥʣʠʚʠʤʠ ʱʦʜʦ ʩʧʨʠʷʪʣʠʚʦʛʦ ʝʬʝʢʪʫ ɯʂɼ ʚ ʧʝʨʚʠʥʥʽʡ ʧʨʦʬʽʣʘʢʪʠʮʽ ʫ 

ʥʝʽʰʝʤʽʯʥʠʭ ʧʘʮʽʻʥʪʽʚ [1]. ʇʝʨʚʠʥʥʘ ʧʨʦʬʽʣʘʢʪʠʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʂɼ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ ʥʝʽʰʝʤʽʯʥʦʶ ɼʂʄʇ ʙʫʣʘ ʤʝʥʰ ʝʬʝʢʪʠʚʥʦʶ ʱʦʜʦ ʧʨʦʬʽʣʘʢʪʠʢʠ 



ʟʘʛʘʣʴʥʦʾ ʩʤʝʨʪʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʮʽʻʥʪʘʤʠ ʟ ɯʍʉ [1]. ʇʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʥʘ 

ʟʘʛʘʣʴʥʫ ʩʤʝʨʪʥʽʩʪʴ ʙʫʚ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʣʠʰʝ ʚ ʦʜʥʦʤʫ ʨʘʥʜʦʤʽʟʦʚʘʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʥʝʽʰʝʤʽʯʥʦʶ ʂʄʇ (SCD-HeFT), ʘʣʝ ʘʥʘʣʽʟ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʦʾ ʧʽʜʛʨʫʧʠ SCD-HeFT ʧʦʢʘʟʘʚ, ʱʦ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ 

ʙʫʚ ʜʦʩʪʦʚʽʨʥʠʡ ʣʠʰʝ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʟ ʩʘʤʝ ʽʰʝʤʽʯʥʦʶ ʂʄʇ [1]. ʆʩʪʘʥʥʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʮʽʻʾ ʪʝʤʘʪʠʢʠ DANISH ʪʘʢʦʞ ʧʦʢʘʟʘʣʦ ʦʙʤʝʞʝʥʠʡ ʝʬʝʢʪ ɯʂɼ ʚ 

ʧʝʨʚʠʥʥʽʡ ʧʨʦʬʽʣʘʢʪʠʮʽ ʩʤʝʨʪʥʦʩʪʽ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʥʝʽʰʝʤʽʯʥʠʤʠ ɼʂʄʇ [1], 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʽʩʥʫʶʯʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʝʨʚʠʥʥʦʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʤʧʣʘʥʪʘʮʽʾ ɯʂɼ ʤʘʶʪʴ ʙʫʪʠ ʧʝʨʝʛʣʷʥʫʪʠʤʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʽʜʦʤʽ ʦʙʤʝʞʝʥʥʷ, ʌɺ ʃʐ ʜʦʩʽ ʣʠʰʘʻʪʴʩʷ ʻʜʠʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʽʤʧʣʘʥʪʘʮʽʾ ɯʂɼ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʥʝʽʰʝʤʽʯʥʦʶ 

ɼʂʄʇ. 

Å  ɹʫʣʠ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʜʦʜʘʪʢʦʚʽ ɽʭʦʂɻ-ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʤʘʨʢʝʨʘʤʠ ʨʠʟʠʢʫ ʰʣʫʥʦʯʢʦʚʠʭ ʪʘʭʽʢʘʨʜʽʡ (ʐʊ) ʪʘ ʬʽʙʨʠʣʷʮʽʾ 

ʰʣʫʥʦʯʢʽʚ (ʌʐ) ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʌɺ ʃʐ. ɺʪʽʤ, ʞʦʜʝʥ ʟ ʮʠʭ ʤʘʨʢʝʨʽʚ 

ʜʦʩʪʦʚʽʨʥʦ ʥʝ ʟʤʽʛ ʚʧʣʠʥʫʪʠ ʥʘ ʪʘʢʪʠʢʫ ʚʝʜʝʥʥʷ ʧʘʮʽʻʥʪʽʚ. ʅʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤʠ ʥʦʚʽʪʥʽʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɽʭʦʂɻ, ʱʦ ʚʪʽʣʶʶʪʴʩʷ ʩʴʦʛʦʜʥʽ ʚ 

ʧʨʘʢʪʠʢʫ ʚʢʣʶʯʘʶʪʴ GLS [1] ʪʘ ʤʝʭʘʥʽʯʥʫ ʜʠʩʧʝʨʩʽʶ [1]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

GLS ʻ ʥʘʡʢʨʘʱʠʤ ʤʘʨʢʝʨʦʤ ʨʠʟʠʢʫ ʰʣʫʥʦʯʢʦʚʠʭ ʘʨʠʪʤʽʡ ʫ ʧʘʮʽʻʥʪʽʚ ʟ 

ɼʂʄʇ ʪʘ ʣʠʰʘʻʪʴʩʷ ʜʦʙʨʠʤ ʧʨʝʜʠʢʪʦʨʦʤ ʥʘʚʽʪʴ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʚʽʜʥʦʩʥʦ 

ʟʙʝʨʝʞʝʥʦʶ ʌɺ ʃʐ [1]. ɿʙʝʨʝʞʝʥʘ ʘʧʽʢʘʣʴʥʘ ʨʦʪʘʮʽʷ ʪʘ ʚʪʨʘʪʘ  ʢʨʫʯʝʥʥʷ 

ʃʐ ʪʘʢʦʞ ʘʩʦʮʽʶʶʪʴʩʷ ʽʟ ʟʥʘʯʫʱʠʤ ʨʝʤʦʜʝʣʶʚʘʥʥʷʤ ʃʐ ʪʘ ʛʽʨʰʦʶ 

ʬʫʥʢʮʽʻʶ ʃʐ, ʚʢʘʟʫʶʯʠ ʥʘ ʙʽʣʴʰ ʚʘʞʢʫ ʩʪʘʜʽʶ ʟʘʭʚʦʨʶʚʘʥʥʷ [1]. ʄʝʭʘʥʽʯʥʘ 

ʜʠʩʧʝʨʩʽʷ ʤʽʦʢʘʨʜʘ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʷʢ ʤʘʨʢʝʨ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʧʨʦʛʥʦʟʫ 

ʚʥʘʩʣʽʜʦʢ ʘʨʠʪʤʽʡ (ʈʠʩ. 2 ʪʘ 3). ʄʝʭʘʥʽʯʥʘ ʜʠʩʧʝʨʩʽʷ ʚʠʤʽʨʶʻʪʴʩʷ ʷʢ 

ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩ ʚʽʜ ʢʦʤʧʣʝʢʩʫ QRS ʥʘ ɽʂɻ ʜʦ ʧʽʢʦʚʦʛʦ 

ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʩʪʨʝʡʥʫ ʚ 16-ʩʝʛʤʝʥʪʘʨʥʽʡ ʤʦʜʝʣʽ ʃʐ. ʄʝʭʘʥʽʯʥʘ ʜʠʩʧʝʨʩʽʷ 

ʚʽʜʙʠʚʘʻ ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʤʽʦʢʘʨʜʘ ʪʘ ʤʦʞʝ ʘʩʦʮʽʶʚʘʪʠʩʷ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʠʤ ʤʽʦʢʘʨʜʽʘʣʴʥʠʤ ʬʽʙʨʦʟʦʤ [1]. 



 

ʈʠʩ. 2. ʇʨʠʢʣʘʜ ɼʂʄʇ ʟ ʪʠʧʦʚʠʤ ʧʘʪʝʨʥʦʤ ʤʝʭʘʥʽʯʥʦʾ ʜʠʩʩʠʥʭʨʦʥʽʾ: 

ʟʘʥʘʜʪʦ ʨʘʥʥʻ ʩʢʦʨʦʯʝʥʥʷ ʄʐʇ ʜʦ ʚʽʜʢʨʠʪʪʷ ɸʂ ʪʘ ʧʦʜʦʚʞʝʥʥʷ ʧʝʨʝʜʥʴʦ-

ʙʦʢʦʚʦʾ (ʇ/ɹ) ʩʪʽʥʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʪʝʨʤʽʥʦʚʘʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʮʽʻʾ 

ʩʪʽʥʢʠ (ʚʽʟʫʘʣʽʟʘʮʽʷ ʧʦʚʟʜʦʚʞʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ ï ʟʚʝʨʥʽʩʪʴ ʫʚʘʛʫ ʥʘ ʯʘʩ ʪʘ 

ʢʦʣʽʨ ʟʘʙʘʨʚʣʝʥʥʷ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʢʦʞʥʦʾ ʟ ʜʦʩʣʽʜʞʝʥʠʭ ʩʪʽʥʦʢ ʃʐ). 

 

ʈʠʩ. 3. ʄʝʭʘʥʽʯʥʘ ʜʠʩʧʝʨʩʽʷ: ʧʦʚʟʜʦʚʞʥʽ ʧʽʢʠ ʧʦʚʟʜʦʚʞʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʜʦʩʷʛʘʶʪʴ ʧʽʢʦʚʠʭ ʥʦʨʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚ ʨʽʟʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʫ ʧʘʮʽʻʥʪʽʚ ʟ 

ɼʂʄʇ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ ʰʣʫʥʦʯʢʦʚʠʭ ʘʨʠʪʤʽʡ. 



Å  ʄʈʊ ʩʝʨʮʷ ʚ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʻ ʙʘʛʘʪʦʦʙʽʮʷʶʯʠʤ ʤʝʪʦʜʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʪʦʤʫ ʩʝʥʩʽ, ʱʦ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʚʧʝʨʰʝ ʜʽʘʛʥʦʩʪʦʚʘʥʦʶ ɼʂʄʇ 

ʙʝʟ ʬʝʥʦʤʝʥʫ LGE ʩʝʨʝʜʠʥʠ ʩʪʽʥʢʠ ʃʐ ʚʠʱʽ ʰʘʥʩʠ ʥʘ ʟʚʦʨʦʪʥʝ 

ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʃʐ ʧʦʨʽʚʥʷʥʦ ʟ LGE ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʚʘʞʢʦʩʪʽ 

ʦʙôʻʢʪʠʚʥʦʛʦ ʢʣʽʥʽʯʥʦʛʦ ʩʪʘʪʫʩʫ ʪʘ ʩʪʫʧʝʥʷ ʜʠʣʘʪʘʮʽʾ ʪʘ ʜʠʩʬʫʥʢʮʽʾ ʃʐ ʧʨʠ 

ʧʦʯʘʪʢʦʚʦʤʫ ʦʙʩʪʝʞʝʥʥʽ [1]. ʂʨʽʤ ʪʦʛʦ, ʄʈʊ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʚʘʞʣʠʚʽ 

ʤʘʨʢʝʨʠ ʨʠʟʠʢʫ ʥʘ ʙʘʛʘʪʴʦʭ ʨʽʚʥʷʭ ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʃʐ. ʅʘʧʨʠʢʣʘʜ, ʩʠʩʪʦʣʽʯʥʘ ʜʠʩʬʫʥʢʮʽʷ ʇʐ (ʌɺ ʇʐ Ò45%) ʟʘ ʜʘʥʠʤʠ ʄʈʊ 

ʻ ʧʦʪʫʞʥʠʤ ʪʘ ʥʝʟʘʣʝʞʥʠʤ ʧʨʝʜʠʢʪʦʨʦʤ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʧʨʦʛʥʦʟʫ ʪʘ ʽʥʰʠʭ 

ʚʠʭʦʜʽʚ ʚʥʘʩʣʽʜʦʢ ʉʅ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʙʝʟ ʢʘʨʜʽʦʪʨʘʥʩʧʣʘʥʪʘʮʽʾ [1]. ʋ 

ʙʣʠʟʴʢʦ ʪʨʝʪʠʥʠ ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʬʝʥʦʤʝʥ LGE ʩʝʨʝʜʥʴʦʛʦ 

ʰʘʨʫ ʩʪʽʥʢʠ ʃʐ, ʚʽʜʙʠʚʘʶʯʠ ʟʘʤʽʩʥʠʡ ʤʽʦʢʘʨʜʽʦʬʽʙʨʦʟ, ʱʦ ʻ ʧʦʪʫʞʥʠʤ ʪʘ 

ʥʝʟʘʣʝʞʥʠʤ ʢʨʘʱʠʤ ʟʘ ʌɺ ʃʐ [1] ʧʨʝʜʠʢʪʦʨʦʤ ʟʘʛʘʣʴʥʦʾ ʩʤʝʨʪʥʦʩʪʽ, 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʤʝʨʪʥʦʩʪʽ, ʧʦʢʘʟʘʥʴ ʜʦ ʢʘʨʜʽʦʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʪʘ ʈʉʉ [1]. ʋ 

ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʟ ʬʝʥʦʤʝʥʦʤ LGE ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʩʪʽʥʢʠ ʃʐ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 4 ʨʘʟʠ ʚʠʱʠʡ ʨʠʟʠʢ ʈʉʉ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʝʘʥʽʤʦʚʘʥʦʾ, ʟ 

ʢʦʨʝʢʮʽʻʶ ʚʩʽʭ ʽʥʰʠʭ ʧʦʪʝʥʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ, ʱʦ ʩʫʪʪʻʚʦ ʧʦʣʝʛʰʫʻ ʦʮʽʥʢʫ 

ʘʨʠʪʤʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʟ ʤʦʞʣʠʚʠʤʠ ʚʘʞʣʠʚʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʱʦʜʦ 

ʩʦʮʽʘʣʴʥʦʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʪʘ ʚʠʜʽʣʝʥʥʷ ʢʦʰʪʽʚ ʥʘ ʧʝʚʥʽ ʥʘʧʨʷʤʢʠ 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ (ʈʠʩ. 4) [1, 8]. ʄʽʦʢʘʨʜʽʦʬʽʙʨʦʟ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ 

ʩʪʽʥʢʠ ʃʐ ʧʦʢʘʟʘʚ ʩʝʙʝ ʷʢ ʧʦʪʫʞʥʠʡ ʧʨʝʜʠʢʪʦʨ ʩʝʨʝʜ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ 

ʩʪʫʧʝʥʽʚ ʚʘʞʢʦʩʪʽ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʧʘʮʽʻʥʪʽʚ ʟ ʘʥʘʤʥʝʟʦʤ ɼʂʄʇ 

ʙʝʟ ʉʅ (ʂʣʘʩ ɺ ʉʅ) ʪʘ ʧʘʮʽʻʥʪʽʚ-ʢʘʥʜʠʜʘʪʽʚ ʥʘ ʽʤʧʣʘʥʪʘʮʽʶ ʜʦʧʦʤʽʞʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ [1]. ʋ ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʪʘ ʬʽʙʨʦʟʦʤ ʩʝʨʝʜʥʴʦʛʦ 

ʤʽʦʢʘʨʜʽʘʣʴʥʦʛʦ ʰʘʨʫ ʧʽʩʣʷ ʽʤʧʣʘʥʪʘʮʽʾ ʨʝʩʠʥʭʨʦʥʽʟʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ (CRT) 

ʙʫʣʘ ʥʠʞʯʘ ʯʘʩʪʦʪʘ ʨʦʟʚʠʪʢʫ ʟʚʦʨʦʪʥʦʛʦ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʛʽʨʰʠʡ ʧʨʦʛʥʦʟ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʘʮʽʻʥʪʘʤʠ ʙʝʟ ʬʝʥʦʤʝʥʫ LGE ʟʘ ʜʘʥʠʤʠ ʄʈʊ ʩʝʨʮʷ ʟ ʚʠʭʦʜʘʤʠ, 

ʧʦʜʽʙʥʠʤʠ ʜʦ ʧʘʮʽʻʥʪʽʚ ʟ ʽʰʝʤʽʯʥʦʶ ɼʂʄʇ [1]. ʎʽ ʜʘʥʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʜʘʥʠʤʠ 

ʤʝʪʘ-ʘʥʘʣʽʟʫ ʜʝʚôʷʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʢʣʶʯʘʣʠ ʙʣʠʟʴʢʦ 1500 ʧʘʮʽʻʥʪʽʚ ʟ 

ɼʂʄʇ, ʚ ʷʢʠʭ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ LGE ʤʘʻ ʚʠʩʦʢʫ ʧʨʦʛʥʦʩʪʠʯʥʫ ʮʽʥʥʽʩʪʴ 



ʱʦʜʦ ʟʘʛʘʣʴʥʦʾ ʩʤʝʨʪʥʦʩʪʽ, ʨʠʟʠʢʫ ʛʦʩʧʽʪʘʣʽʟʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʉʅ ʪʘ ʈʉʉ [1]. 

ʇʝʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʧʦʥʫʚʘʣʠ ʧʝʚʥʽ ʨʝʬʝʨʝʥʪʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʫʧʝʥʷ 

ʬʽʙʨʦʟʫ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʢʣʽʥʽʯʥʠʭ ʚʠʭʦʜʽʚ, ʘʣʝ ʥʘ ʩʴʦʛʦʜʥʽ ʜʦʩʽ ʥʝ ʽʩʥʫʻ 

ʢʦʥʩʝʥʩʫʩʫ ʱʦʜʦ ʥʠʞʥʴʦʾ ʤʝʞʽ ʜʣʷ ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʪʘʢʠʭ ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ 

[1]. ɺʪʽʤ, ʬʽʙʨʦʟ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʤʽʦʢʘʨʜʫ ʟʘ ʜʘʥʠʤʠ ʄʈʊ ʟʙʝʨʽʛʘʻ ʩʚʦʻ 

ʷʢʽʩʥʝ ʧʨʦʛʥʦʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʪʘʢʠʭ ʭʚʦʨʠʭ, 

ʧʽʜʪʨʠʤʫʶʯʠ ʢʦʥʮʝʧʮʽʶ, ʱʦ ʩʪʫʧʽʥʴ ʨʦʟʧʦʚʩʶʜʞʝʥʦʩʪʽ ʪʘ ʣʦʢʘʣʽʟʘʮʽʷ 

ʬʽʙʨʦʟʫ ʪʘʢʦʞ ʤʦʞʝ ʤʘʪʠ ʧʨʦʛʥʦʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ [1]. 

ʇʦʩʣʽʜʦʚʥʦʩʪʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʚ ʛʨʫʧʘʭ 

ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ ʝʢʩʪʨʘʮʝʣʶʣʷʨʥʦʾ 

ʦʙôʻʤʥʦʾ ʬʨʘʢʮʽʾ (ECV) ʚ ʥʘʪʠʚʥʠʭ ʊ1- ʪʘ ʊ2-ʟʚʘʞʝʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʷʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʊ1-ʟʚʘʞʝʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʨʠ ʨʽʟʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ʙʫʣʠ ʢʦʥʢʦʨʜʘʥʪʥʠʤʠ ʱʦʜʦ 

ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʙʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʥʘʪʠʚʥʠʭ ʊ1-ʟʚʘʞʝʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʫ 

ʨʝʣʘʢʩʘʮʽʾ ʪʘ ECV ʫ ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʧʦʨʽʚʥʷʥʦ ʟ ʛʨʫʧʦʶ ʢʦʥʪʨʦʣʶ [1].  ʋ 

ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʤʽʦʢʘʨʜʽʘʣʴʥʘ ECV ʚʽʜʙʠʚʘʻ ʚʤʽʩʪ ʢʦʣʘʛʝʥʫ, ʱʦ ʙʫʣʦ 

ʚʝʨʽʬʽʢʦʚʘʥʦ ʛʽʩʪʦʣʦʛʽʯʥʦ, ʪʘ ʤʦʞʝ ʩʣʫʞʠʪʠ ʷʢ ʧʦʪʝʥʮʽʡʥʠʡ ʥʝʽʥʚʘʟʠʚʥʠʡ 

ʤʘʨʢʝʨ ʜʠʬʫʟʥʦʛʦ ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʦʛʦ ʬʽʙʨʦʟʫ ʪʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʧʦʚʽʜʽ ʥʘ 

ʣʽʢʫʚʘʥʥʷ, ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʟʚʦʨʦʪʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ [1]. ʅʝʱʦʜʘʚʥʦ ʙʫʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʙʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʥʘʪʠʚʥʠʭ ʊ1-ʟʚʘʞʝʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʻ ʥʝʟʘʣʝʞʥʠʤ ʧʨʝʜʠʢʪʦʨʦʤ ʟʘʛʘʣʴʥʦʾ ʩʤʝʨʪʥʦʩʪʽ ʪʘ ʧʦʜʽʡ, 

ʘʩʦʮʽʡʦʚʘʥʠʭ ʟ ʉʅ ʚ ʢʦʛʦʨʪʽ ʟ 637 ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ [1].  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʠʡʥʷʪʪʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʷʢ 

ʙʘʛʘʪʦʦʙʽʮʷʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʦʮʽʥʢʠ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʪʘ ʾʾ 

ʧʦʪʝʥʮʽʡʥʦ ʥʘʜʽʡʥʫ ʧʨʦʛʥʦʩʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʥʘ ʜʦʜʘʪʦʢ ʜʦ LGE, ʧʦʪʨʽʙʥʽ 

ʙʽʣʴʰ ʤʘʩʰʪʘʙʥʽ ʙʘʛʘʪʦʮʝʥʪʨʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʚʝʣʠʢʠʭ ʢʦʛʦʨʪʘʭ ʟʜʦʨʦʚʠʭ ʪʘ 

ʭʚʦʨʠʭ ʥʘ ɼʂʄʇ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. 



 

ʈʠʩ. 4. ʇʨʠʙʣʠʟʥʦ ʫ ʪʨʝʪʠʥʠ ʭʚʦʨʠʭ ʥʘ ɼʂʄʇ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʟʥʻ 

ʧʽʜʩʠʣʝʥʥʷ ʛʘʜʦʣʽʥʽʻʤ (LGE, ʩʪʨʽʣʢʠ) ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʤʽʦʢʘʨʜʽʘʣʴʥʦʾ ʩʪʽʥʢʠ 

ʃʐ, ʱʦ ʻ ʧʦʪʫʞʥʠʤ ʪʘ ʥʝʟʘʣʝʞʥʠʤ ʧʨʝʜʠʢʪʦʨʦʤ ʟʘʛʘʣʴʥʦʾ ʩʤʝʨʪʥʦʩʪʽ, 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʤʝʨʪʥʦʩʪʽ ʪʘ ʢʘʨʜʽʦʪʨʘʥʩʧʣʘʥʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʈʉʉ (ʜʠʚ. 

ʪʝʢʩʪ). ɸ ʪʘ ɹ ï ʢʽʥʦʨʝʞʠʤ ʄʈʊ. ɺ ï ʧʦʩʣʽʜʦʚʥʦʩʪʽ LGE. *ʇʝʨʠʢʘʨʜ [1]. 

 

ʈʘʜʽʦʥʫʢʣʽʜʥʽ ʤʝʪʦʜʠ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʆʜʥʦʬʦʪʦʥʥʘ ʝʤʽʩʽʡʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ (SPECT): ɼʂʄʇ ʻ 

ʩʝʨʝʜ ʥʘʡʙʽʣʴʰʠʭ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ ʰʣʫʥʦʯʢʦʚʠʭ ʘʨʠʪʤʽʡ, ʧʦʭʦʜʞʝʥʥʷ ʷʢʠʭ 

ʽʜʝ ʚʽʜ ʢʦʤʙʽʥʘʮʽʾ ʪʨʠʛʝʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʧʫʩʢʫ ʘʨʠʪʤʽʾ ʪʘ ʘʥʘʪʦʤʽʯʥʦʛʦ 

ʩʫʙʩʪʨʘʪʫ ʧʽʜʪʨʠʤʢʠ ʧʝʨʩʠʩʪʫʶʯʦʾ ʘʨʠʪʤʽʾ ʧʽʩʣʷ ʾʾ ʟʘʧʫʩʢʫ (çʦʩʪʨʽʚʢʠè 

ʨʫʙʮʝʚʦʾ ʪʢʘʥʠʥʠ ʧʽʩʣʷ ʧʝʨʝʥʝʩʝʥʦʛʦ ʤʽʦʢʘʨʜʠʪʫ). ʆʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʯʘʩʪʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʤʦʞʝ ʟʘʧʫʩʢʘʪʠ ʰʣʫʥʦʯʢʦʚʽ ʘʨʠʪʤʽʾ ʧʦʣʷʛʘʻ ʚ ʘʥʦʤʘʣʴʥʦʤʫ 

ʩʠʤʧʘʪʠʯʥʦʤʫ ʪʦʥʫʩʽ ʩʝʨʮʷ. ɼʝʷʢʽ ʜʘʥʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʨʫʰʝʥʥʷ ʩʝʨʮʝʚʦʾ 

ʘʜʨʝʥʝʨʛʽʯʥʦʾ ʽʥʥʝʨʚʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʦʚʽʨʥʠʤ ʤʘʨʢʝʨʦʤ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ 

ʧʨʦʛʥʦʟʫ, ʟʦʢʨʝʤʘ, ʩʪʦʩʦʚʥʦ ʨʠʟʠʢʫ ʨʦʟʚʠʪʢʫ ʟʣʦʷʢʽʩʥʠʭ ʰʣʫʥʦʯʢʦʚʠʭ 



ʘʨʠʪʤʽʡ [1]. ʈʘʜʽʦʽʟʦʪʦʧʥʽ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʦʞʫʪʴ ʧʨʦʣʠʚʘʪʠ ʩʚʽʪʣʦ ʥʘ 

ʩʝʨʮʝʚʠʡ ʩʠʤʧʘʪʠʯʥʠʡ ʪʦʥʫʩ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʥʝʨʚʦʚʠʭ 

ʨʘʜʽʦʪʨʝʢʝʨʽʚ, ʘ ʩʘʤʝ 123I-ʤʝʪʘʡʦʜʙʝʥʟʠʣ-ʛʫʘʥʠʜʠʥʫ (123I-MIBG) (ʈʠʩ. 5). 

ʅʘ ʧʣʘʥʘʨʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʟʘʭʦʧʣʝʥʥʷ 123I-MIBG ʤʦʞʝ ʙʫʪʠ ʥʘʧʽʚʢʽʣʴʢʽʩʥʦ 

ʦʮʽʥʝʥʠʤ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʩʝʨʮʽ ʜʦ 

ʩʝʨʝʜʦʩʪʽʥʥʷ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ H/M) ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʠʤʠʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʛʣʦʙʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʢʘʨʜʽʘʣʴʥʠʭ ʘʜʨʝʥʝʨʛʽʯʥʠʭ ʨʝʮʝʧʪʦʨʽʚ, ʱʦ 

ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʧʨʦʛʥʦʟʦʤ [1]. ɺʪʽʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʯʫʜʦʚʫ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʪʘʢʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʪʘʢʽ ʧʣʘʥʘʨʥʽ ʩʮʠʥʪʠʛʨʘʬʽʯʥʽ ʚʠʤʽʨʠ ʥʝ 

ʟʜʘʪʥʽ ʨʦʟʢʨʠʪʠ ʨʝʛʽʦʥʘʣʴʥʽ ʧʦʨʫʰʝʥʥʷ ʢʘʨʜʽʘʣʴʥʦʛʦ ʘʜʨʝʥʝʨʛʽʯʥʦʛʦ ʪʦʥʫʩʫ, 

ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʩʝʨʮʝʚʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ ʪʘ ʻ 

ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ ʧʨʦʛʥʦʟʫ ʫ ʧʘʮʽʻʥʪʽʚ. ɼʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʦʟʚʦʣʠʣʠ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʝʛʽʦʥʘʣʴʥʘ ʰʢʘʣʘ ʜʝʬʝʢʪʫ ʟʘʭʦʧʣʝʥʥʷ 123I-

MIBG ʟʘ ʜʘʥʠʤʠ ʟʦʙʨʘʞʝʥʴ SPECT ʤʦʞʝ ʙʫʪʠ ʢʨʘʱʦʶ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

H/M ʫ ʷʢʦʩʪʽ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʧʨʦʛʥʦʟʫ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʥʝʟʘʣʝʞʥʠʡ 

ʰʢʽʜʣʠʚʠʡ ʝʬʝʢʪ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʨʝʛʽʦʥʘʣʴʥʦʾ ʘʜʨʝʥʝʨʛʽʯʥʦʾ ʽʥʥʝʨʚʘʮʽʾ [1]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʥʦʚʽʪʥʽʭ ʩʦʣʽʜʥʠʭ ʢʘʨʜʽʘʣʴʥʠʭ ʢʘʤʝʨ ʟ ʢʘʜʤʽʡ-

ʮʠʥʢ-ʪʝʣʫʨʽʜʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʟ ʚʠʱʦʶ ʬʦʪʦʥʥʦʶ ʯʫʪʣʠʚʽʩʪʶ ʪʘ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʢʘʤʝʨʘʤʠ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ 

ʧʦʚʥʫ ʦʮʽʥʢʫ ʽʥʥʝʨʚʘʮʽʾ ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʨʬʫʟʽʾ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʩʝʩʽʾ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʟ ʤʝʥʰʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʦʧʨʦʤʽʥʝʥʥʷʤ [1]. ɺʪʽʤ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ123I-MIBG ʚ ʨʫʪʠʥʥʫ ʢʣʽʥʽʯʥʫ ʧʨʘʢʪʠʢʫ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʝ 

ʜʦʢʘʟʦʚʠʭ ʜʘʥʠʭ. 

ʇʦʟʠʪʨʦʥʥʦ-ʝʤʽʩʽʡʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʇɽʊ) ʣʠʰʘʻʪʴʩʷ ʨʝʬʝʨʝʥʪʥʠʤ 

ʩʪʘʥʜʘʨʪʦʤ ʥʝʽʥʚʘʟʠʚʥʦʾ ʦʮʽʥʢʠ ʘʜʨʝʥʝʨʛʽʯʥʦʛʦ ʪʦʥʫʩʫ ʤʽʦʢʘʨʜʘ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʘʙʩʦʣʶʪʥʫ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʥʝʨʚʦʚʦʾ ʩʠʤʧʘʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [88]. 

ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʨʘʜʽʦʪʨʝʢʝʨʽʚ ʇɽʊ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʷʢ ʧʨʝʩʠʥʘʧʪʠʯʥʠʭ, ʪʘʢ ʽ ʧʦʩʪʩʠʥʘʧʪʠʯʥʠʭ 

ʨʝʮʝʧʪʦʨʽʚ. ɺʽʜʧʦʚʽʜʥʦ, ʧʦʟʠʪʨʦʥʥʽ ʪʨʝʢʝʨʠ [11C]-ʛʽʜʨʦʢʩʠʝʬʝʜʨʠʥ ʪʘ [11C]-

ʘʜʨʝʥʘʣʽʥ ʜʦʟʚʦʣʷʶʪʴ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʱʽʣʴʥʽʩʪʴ ʨʝʮʝʧʪʦʨʽʚ ʩʠʤʧʘʪʠʯʥʠʭ 



ʥʝʨʚʽʚ [1], ʘ ʱʽʣʴʥʽʩʪʴ ʧʦʩʪʩʠʥʘʧʪʠʯʥʠʭ ʨʝʮʝʧʪʦʨʽʚ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ [11C]-CGP12177, ɦ ʦ ʻ ʥʝʟʘʣʝʞʥʠʤ ʧʨʝʜʠʢʪʦʨʦʤ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ 

ʧʨʦʛʥʦʟʫ ʫ ʧʘʮʽʻʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʱʦʜʦ ʯʘʩʪʦʪʠ ʨʦʟʚʠʪʢʫ ʩʠʤʧʪʦʤʥʦʾ ʉʅ.  

 

ʈʠʩ. 5. ʇʘʮʽʻʥʪʢʘ ï 62-ʨʽʯʥʘ ʞʽʥʢʘ ʟ ʽʜʽʦʧʘʪʠʯʥʦʶ ɼʂʄʇ ʪʘ ʘʥʘʤʥʝʟʦʤ 

ʰʣʫʥʦʯʢʦʚʠʭ ʘʨʠʪʤʽʡ ʟ ʧʦʚʪʦʨʥʠʤʠ ʝʧʽʟʦʜʘʤʠ ʐʊ. ɸ. ɿʦʙʨʘʞʝʥʥʷ ʧʝʨʬʫʟʽʾ 

ʤʽʦʢʘʨʜʘ ʟʘ ʜʘʥʠʤʠ ʩʮʠʥʪʠʛʨʘʬʽʾ ʜʝʤʦʥʩʪʨʫʶʪʴ ʛʦʤʦʛʝʥʥʫ ʧʝʨʬʫʟʽʶ ʚʩʴʦʛʦ 

ʃʐ ʟʘ ʚʠʥʷʪʢʦʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʧʝʨʬʫʟʽʾ ʚ ʧʨʦʢʩʠʤʘʣʴʥʽʡ ʜʽʣʷʥʮʽ 

ʥʠʞʥʴʦʾ ʩʪʽʥʢʠ (SRS 1, ʥʝʜʦʩʪʦʚʽʨʥʝ). ɿʦʙʨʘʞʝʥʥʷ ʽʥʥʝʨʚʘʮʽʾ (ʥʠʞʥʽ ʨʷʜʢʠ) 

ʚʠʷʚʣʷʶʪʴ ʝʢʩʪʝʥʩʠʚʥʫ ʦʙʣʘʩʪʴ ʜʝʥʝʨʚʘʮʽʾ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʙʦʢʦʚʦʾ ʪʘ ʥʠʞʥʴʦʾ 

ʩʪʽʥʦʢ (SS-MIBG 17) ʟ ʯʽʪʢʦʶ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʽʥʥʝʨʚʘʮʽʾ ʜʦ ʧʝʨʬʫʟʽʾ. ɹ. 

ɽʣʝʢʪʨʦʬʽʟʽʦʣʦʛʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʦ ʣʦʢʫʩʠ ʧʦʭʦʜʞʝʥʥʷ ʘʨʠʪʤʽʾ ʥʘ 

ʨʽʚʥʽ ʥʠʞʥʴʦʾ ʪʘ ʟʘʜʥʴʦ-ʙʦʢʦʚʦʾ ʩʪʽʥʦʢ ʃʐ. 

 

ʉʧʝʮʠʬʽʯʥʽʩʪʴ ʩʽʤʝʡʥʠʭ ʬʦʨʤ ɼʂʄʇ 

ʇʝʚʥʘ ʧʽʜʛʨʫʧʘ ʧʘʮʽʻʥʪʽʚ ʟ ʩʽʤʝʡʥʦʶ ʥʝʽʰʝʤʽʯʥʦʶ ɼʂʄʇ ʤʘʻ ʛʝʥʝʪʠʯʥʦ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʫ ʝʪʽʦʣʦʛʽʶ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʘʮʽʻʥʪʠ ʟ ʤʫʪʘʮʽʷʤʠ ʛʝʥʫ 

ʃʘʤʽʥ ɸ/ʉ (LMNA ). ʋ ʪʘʢʠʭ ʧʘʮʽʻʥʪʽʚ ʟ ʤʫʪʘʮʽʷʤʠ LMNA  ʪʠʧʦʚʦ 



ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʘʥʥʽʡ ʨʦʟʚʠʪʦʢ ɸɺ-ʙʣʦʢʘʜ, ʩʫʧʨʘʚʝʥʪʨʠʢʫʣʷʨʥʠʭ ʪʘ 

ʰʣʫʥʦʯʢʦʚʠʭ ʘʨʠʪʤʽʡ ʪʘ ʰʚʠʜʢʝ ʧʨʦʛʨʝʩʫʚʘʥʥʷ ɼʂʄʇ. ʈʉʉ ʘʨʠʪʤʽʯʥʦʛʦ 

ʛʝʥʝʟʫ ʻ ʜʦʩʠʪʴ ʯʘʩʪʦʶ, ʪʘ ʯʘʩʪʦ ʪʨʘʧʣʷʻʪʴʩʷ ʥʘʚʽʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʤʘʥʽʬʝʩʪʥʦʾ 

ʢʘʨʪʠʥʠ ɼʂʄʇ [89 ï 91]. ʇʦʨʽʚʥʷʥʦ ʟ ʧʘʮʽʻʥʪʘʤʠ ʟ ɼʂʄʇ ʽʥʰʦʾ ʝʪʽʦʣʦʛʽʾ 

ʩʪʨʘʪʠʬʽʢʘʮʽʷ ʨʠʟʠʢʫ ʰʣʫʥʦʯʢʦʚʠʭ ʘʨʠʪʤʽʡ ʫ ʮʠʭ ʧʘʮʽʻʥʪʽʚ ʧʦʪʨʝʙʫʻ ʽʥʰʠʭ 

ʧʽʜʭʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʫ ʮʠʭ ʧʘʮʽʻʥʪʽʚ ʽʩʥʫʻ ʟʥʘʯʥʦ ʚʠʱʠʡ ʨʠʟʠʢ ʈʉʉ. ɿʥʠʞʝʥʥʷ 

ʌɺ ʃʐ ʻ ʜʫʞʝ ʧʽʟʥʽʤ ʩʠʤʧʪʦʤʦʤ ʪʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʷʢ ʤʘʨʢʝʨ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʽʤʧʣʘʥʪʘʮʽʾ ɯʂɼ. ʋ ʷʢʦʩʪʽ ʤʘʨʢʝʨʽʚ ʨʠʟʠʢʫ ʈʉʉ 

ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʦʨʫʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ, ʯʦʣʦʚʽʯʘ ʩʪʘʪʴ, ʩʝʧʪʘʣʴʥʠʡ 

ʬʝʥʦʤʝʥ LGE, ʥʝʧʝʨʩʠʩʪʫʶʯʽ ʐʊ, ʟʥʠʞʝʥʥʷ ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʜʦ ʬʽʟʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʠʡ ʛʝʥʦʪʠʧ ʪʘ ʧʨʦʬʝʩʽʡʥʠʡ ʩʧʦʨʪ ʚ ʘʥʘʤʥʝʟʽ. ʊʦʙʪʦ, 

ʨʽʰʝʥʥʷ ʧʨʦ ʧʝʨʚʠʥʥʫ ʧʨʦʬʽʣʘʢʪʠʢʫ ʈʉʉ ʰʣʷʭʦʤ ʽʤʧʣʘʥʪʘʮʽʾ ɯʂɼ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ LMNA  ʤʘʻ ʧʨʠʡʤʘʪʠʩʷ ʜʦʩʪʘʪʥʴʦ ʨʘʥʦ [89, 91, 92]. ɼʦʜʘʪʢʦʚʽ 

ʚʽʟʫʘʣʽʟʘʮʽʡʥʽ ʤʘʨʢʝʨʠ ʟʘ ʜʘʥʠʤʠ ɽʭʦʂɻ ʫ ʮʽʡ ʛʨʫʧʽ ʧʘʮʽʻʥʪʽʚ ʚʢʣʶʯʘʶʪʴ 

ʩʝʧʪʘʣʴʥʫ ʜʝʬʦʨʤʘʮʽʶ (ʩʪʨʝʡʥ) ʪʘ ʦʮʽʥʢʫ ʤʝʭʘʥʽʯʥʦʾ ʜʠʩʧʝʨʩʽʾ [93]. 

 

ʈʦʣʴ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ ʧʨʦ 

ʽʥʪʝʨʚʝʥʮʽʾ ʟ ʧʨʠʚʦʜʫ ʉʅ 

CRT / ɼʦʧʦʤʽʞʥʽ ʤʝʭʘʥʽʯʥʽ ʧʨʠʩʪʨʦʾ (ʤʝʭʘʥʽʯʥʠʡ ʃʐ) 

ʈʝʩʠʥʭʨʦʥʽʟʘʮʽʡʥʘ ʪʝʨʘʧʽʷ 

ʆʮʽʥʢʘ ʛʣʦʙʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʃʐ. ɿʛʽʜʥʦ ʩʫʯʘʩʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʌɺ 

ʃʐ ʥʠʞʯʝ 35% ̒  ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʦʤ ʜʣʷ CRT [26]. ʍʦʯʘ ʩʴʦʛʦʜʥʽ ʚʞʝ 

ʜʦʚʝʜʝʥʦ, ʱʦ GLS ʻ ʯʫʪʣʠʚʠʤ ʪʘ ʧʦʪʫʞʥʠʤ ʧʨʝʜʠʢʪʦʨʦʤ ʛʣʦʙʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʃʐ, ʧʦʢʠ ʱʦ ʥʝ ʽʩʥʫʻ ʜʦʩʪʘʪʥʴʦ ʜʦʢʘʟʦʚʠʭ ʜʘʥʠʭ, ʱʦʙ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʧʝʚʥʫ 

ʥʠʞʥʶ ʤʝʞʫ ʥʦʨʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʚʽʜʙʦʨʫ ʧʘʮʽʻʥʪʽʚ 

ʥʘ CRT. ɼʦʩʽ ʥʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʞʦʜʥʦʛʦ ʨʘʥʜʦʤʽʟʦʚʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ, ʷʢʝ ʙ ʜʝʤʦʥʩʪʨʫʚʘʣʦ, ʱʦ ʽʤʧʣʘʥʪʘʮʽʷ CRT ʥʘ ʦʩʥʦʚʽ 

ʚʠʟʥʘʯʝʥʥʷ GLS ʧʨʠʚʦʜʠʣʦ ʜʦ ʟʤʽʥʠ ʧʨʦʛʥʦʟʫ ʫ ʪʘʢʠʭ ʧʘʮʽʻʥʪʽʚ. 

ʆʮʽʥʢʘ ʨʝʛʽʦʥʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʃʐ. CRT ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʩʢʦʨʦʯʝʥʥʷ ʩʪʽʥʦʢ ʩʝʨʮʷ, ʱʦ ʧʦʢʨʘʱʫʻ ʤʽʦʢʘʨʜʽʘʣʴʥʫ ʬʫʥʢʮʽʶ ʪʘ ʩʧʨʠʷʻ 



ʟʚʦʨʦʪʥʦʤʫ ʨʝʤʦʜʝʣʶʚʘʥʥʶ [94]. ɺʽʜʧʦʚʽʜʥʦ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ 

ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʦʾ ʜʠʩʩʠʥʭʨʦʥʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʚʽʜʙʦʨʫ ʢʘʥʜʠʜʘʪʽʚ 

ʥʘ CRT. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʩʧʝʮʠʬʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʥʽʷʢʦʾ ʜʦʜʘʪʢʦʚʦʾ ʧʨʝʜʠʢʪʠʚʥʦʾ ʮʽʥʥʦʩʪʽ ʥʘ ʜʦʜʘʪʦʢ ʜʦ ɽʂɻ-ʢʨʠʪʝʨʽʾʚ [95, 96], 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʽʜʙʠʚʘʶʪʴ ʪʠʧʦʚʽ ʧʘʪʝʨʥʠ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʧʦʢʨʘʱʫʶʪʴʩʷ ʧʽʩʣʷ 

ʽʤʧʣʘʥʪʘʮʽʾ, ʤʦʞʫʪʴ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʠʭ 

çʨʝʩʧʦʥʜʝʨʽʚè CRT [97 ï 99]. ɿʦʢʨʝʤʘ, ʨʘʥʥʻ ʩʠʩʪʦʣʽʯʥʝ ʩʝʧʪʘʣʴʥʝ 

ʫʢʦʨʦʯʝʥʥʷ ʟ ʚʥʫʪʨʽʰʥʽʤ ʨʫʭʦʤ (çʩʝʧʪʘʣʴʥʝ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷè ʪʘ çʩʝʧʪʘʣʴʥʝ 

ʩʧʘʣʘʭʫʚʘʥʥʷè) [100, 101], ʨʘʥʥʻ ʩʠʩʪʦʣʽʯʥʝ ʫʢʦʨʦʯʝʥʥʷ ʪʘ ʨʫʭ ʚʝʨʭʽʚʢʠ ʚ 

ʥʘʧʨʷʤʢʫ ʧʽʟʥʴʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʙʦʢʦʚʦʾ ʩʪʽʥʢʠ (çʘʧʽʢʘʣʴʥʝ ʛʦʡʜʘʥʥʷè) [97, 102 

ï 104] ʻ ʧʦʪʫʞʥʠʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ ʫʩʧʽʰʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ CRT. ʎʽ ʧʘʪʝʨʥʠ 

ʣʝʛʢʦ ʚʽʟʫʘʣʴʥʦ ʨʦʟʧʽʟʥʘʶʪʴʩʷ [97, 101 ï 103]. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʝʥʰ 

ʜʦʩʚʽʜʯʝʥʽ ʦʧʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʫʜʘʚʘʪʠʩʷ ʜʦ ʢʽʣʴʢʽʩʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʢʨʝʤʠʭ 

ʧʘʨʘʤʝʪʨʽʚ [105]. ʅʠʟʴʢʽ ʜʦʟʠ ʜʦʙʫʪʘʤʽʥʫ ʤʦʞʫʪʴ ʜʝʤʘʩʢʫʚʘʪʠ çʘʧʽʢʘʣʴʥʝ 

ʛʦʡʜʘʥʥʷè ʪʘ çʩʝʧʪʘʣʴʥʝ ʩʧʘʣʘʭʫʚʘʥʥʷè ʫ ʤʝʥʰʠʥʠ ʧʘʮʽʻʥʪʽʚ, ʫ ʷʢʠʭ ʪʠʧʦʚʫ 

ʜʠʩʩʠʥʭʨʦʥʽʶ ʚʘʞʢʦ ʨʦʟʧʽʟʥʘʪʠ [103, 106]. ʄʝʪʦʜʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʙʦʨʫ ʜʣʷ 

ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʦʾ ʜʠʩʩʠʥʭʨʦʥʽʾ ʻ ɽʭʦʂɻ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʧʦʻʜʥʫʻ ʥʘʡʢʨʘʱʫ 

ʯʘʩʦʚʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʊɼ 

ʘʙʦ ʉʊɽ [9]. ʄʈʊ ʪʘ ʨʘʜʽʦʥʫʢʣʽʜʥʽ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʮʠʭ ʮʽʣʝʡ [107]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ɽʭʦʂɻ ʚʽʟʫʘʣʽʟʘʮʽʷ ʤʽʦʢʘʨʜʽʘʣʴʥʦʾ ʧʝʨʬʫʟʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

SPECT ʟʘʙʝʟʧʝʯʫʻ  ʣʠʰʝ ʦʜʠʥ ʻʜʠʥʠʡ ʧʘʨʘʤʝʪʨ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʜʠʩʩʠʥʭʨʦʥʽʾ (ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ), ʱʦ ʻ 

ʚʽʜʪʚʦʨʶʚʘʥʠʤ ʟʘ ʜʘʥʠʤʠ ʩʝʨʽʡʥʠʭ ʦʙʩʪʝʞʝʥʴ ʪʘ ʣʝʛʢʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽ 

ʨʦʟʨʘʭʫʥʢʫ [108].  

ʈʝʛʽʦʥʘʣʴʥʘ ʬʫʥʢʮʽʷ ʤʽʦʢʘʨʜʘ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʜʘʥʠʤʠ ʢʨʠʚʠʭ ʧʝʪʣʽ 

çʪʠʩʢʫ-ʩʪʨʝʡʥʫè ʟʘ ʜʘʥʠʤʠ ʉʊɽ [109, 110], ʱʦ, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʟʘ ʜʘʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʴ, ʻ ʧʦʚʷʟʘʥʠʤʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʨʝʤʦʜʝʣʶʚʘʥʥʷʤ ʧʽʩʣʷ CRT [111, 

112]. ɼʦ ʷʢʦʛʦ ʩʪʫʧʝʥʷ ʮʷ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʟʜʘʪʥʘ ʧʝʨʝʜʙʘʯʘʪʠ ʫʩʧʽʭ ʚʽʜ 

ʽʤʧʣʘʥʪʘʮʽʾ CRT, ʱʝ ʤʘʻ ʙʫʪʠ ʚʠʟʥʘʯʝʥʝ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʫ 



ʪʘ ʥʝ ʫ ʧʘʮʽʻʥʪʽʚ, ʷʢʠʤ CRT ʽʤʧʣʘʥʪʫʚʘʣʘʩʷ ʟʛʽʜʥʦ ʩʫʯʘʩʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 

(ʈʠʩ. 2 ʪʘ 6) [112, 113]. 

ʅʘʷʚʥʽʩʪʴ ʨʫʙʮʝʚʦʾ ʪʢʘʥʠʥʠ ʚ ʤʽʦʢʘʨʜʽ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

CRT, ʱʦ ʤʘʻ ʙʫʪʠ ʦʮʽʥʝʥʝ ʜʦ ʽʤʧʣʘʥʪʘʮʽʾ. ʎʝ ʥʘʙʘʛʘʪʦ ʤʝʥʰ ʚʘʞʣʠʚʦ ʧʨʠ 

ɼʂʄʇ (ʘ ʪʘʢʦʞ ʥʘʙʘʛʘʪʦ ʚʘʞʯʝ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ), ʥʽʞ ʧʨʠ ɯʍʉ. ɺʪʽʤ, 

ʄʈʊ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʻ ʤʝʪʦʜʦʤ ʚʠʙʦʨʫ, ʦʩʢʽʣʴʢʠ ʟʜʘʪʝʥ ʚʠʷʚʣʷʪʠ 

ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʠʡ ʬʽʙʨʦʟ (ʢʘʨʪʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʊ1) ʪʘ ʥʘʷʚʥʽʩʪʴ ʨʫʙʮʝʚʦʾ 

ʪʢʘʥʠʥʠ ʧʨʠ ʧʦʩʪʤʽʦʢʘʨʜʠʪʠʯʥʠʭ ɼʂʄʇ [114, 115]. ɸʣʝ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝʩʪʘʯʘ 

ʜʦʢʘʟʦʚʠʭ ʜʘʥʠʭ ʟʤʫʰʫʶʪʴ ʧʦʢʠ ʱʦ ʫʪʨʠʤʫʚʘʪʠʩʷ ʚʽʜ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʊ1-ʢʘʨʪʫʚʘʥʥʷ ʚ ʨʫʪʠʥʥʽʡ ʧʦʚʩʷʢʜʝʥʥʽʡ ʧʨʘʢʪʠʮʽ. ɿʘ 

ʜʦʩʪʫʧʥʦʩʪʽ SPECT ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʘ ʇɽʊ-ʄʉʂʊ ʟ 18-ʬʣʶʦʨʦ-2-ʜʝʟʦʢʩʽ-D-

ʛʣʶʢʦʟʦʶ ʪʘ ʩʝʯʦʚʠʥʦʶ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʮʽʥʢʠ 

ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʤʽʦʢʘʨʜʘ ʧʝʨʝʜ ʽʤʧʣʘʥʪʘʮʽʻʶ CRT.  

ʇʣʘʥʫʚʘʥʥʷ ʧʨʦʮʝʜʫʨʠ 

ʄʉʂʊ ʩʝʨʮʷ ʤʦʞʝ ʥʝʽʥʚʘʟʠʚʥʦ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʢʦʨʦʥʘʨʥʽ ʚʝʥʠ ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʃʐ ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʦʶ 

[116]. ɻʽʙʨʠʜʥʽ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʘʥʘʪʦʤʽʾ ʢʦʨʦʥʘʨʥʦʛʦ ʚʝʥʦʟʥʦʛʦ ʨʫʩʣʘ ʟ ʞʠʪʪʻʟʜʘʪʥʽʩʪʶ 

ʤʽʦʢʘʨʜʘ ʟʘ ʜʘʥʠʤʠ ʇɽʊ ʪʘ ʜʣʷ ʢʘʨʜʽʘʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʜʘʥʠʤʠ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʦʾ SPECT ʜʣʷ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽʤʧʣʘʥʪʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ 

ʃʐ.  

ɺʽʜʧʦʚʽʜʴ ʥʘ ʪʝʨʘʧʽʶ ʪʘ ʟʚʦʨʦʪʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ ʟʘʜʦʚʽʣʴʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ CRT ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʩʧʨʦʙʠ ʘʪʨʽʦʚʝʥʪʨʠʢʫʣʷʨʥʦʾ (AV) ʪʘ ʰʣʫʥʦʯʢʦʚʦ-ʰʣʫʥʦʯʢʦʚʦʾ 

(VV) ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ CRT. AV-ʦʧʪʠʤʽʟʘʮʽʷ 

ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʧʽʜʯʘʩ ʚʽʟʫʘʣʽʟʘʮʽʾ ʰʣʷʭʦʤ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʯʘʩʫ ʪʨʘʥʩʤʽʪʨʘʣʴʥʦʛʦ ʜʽʘʩʪʦʣʽʯʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʘʙʦ ʧʦʜʦʚʞʝʥʥʷ ʯʘʩʫ 

ʚʠʢʠʜʫ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʫʜʘʨʥʦʛʦ ʦʙôʻʤʫ (ʋʆ) [117, 118]. VV-ʦʧʪʠʤʽʟʘʮʽʷ 

ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʨʝʛʽʦʥʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ɺʪʽʤ, ʽʩʥʫʻ 

ʦʙʤʝʞʝʥʘ ʜʦʢʘʟʦʚʘ ʙʘʟʘ ʱʦʜʦ ʾʭ ʝʬʝʢʪʽʚ ʥʘ ʧʨʦʛʥʦʟ ʫ ʪʘʢʠʭ ʧʘʮʽʻʥʪʽʚ [118]. 



ʇʨʠʧʠʥʝʥʥʷ çʘʧʽʢʘʣʴʥʦʛʦ ʛʦʡʜʘʥʥʷè ʪʘ çʩʝʧʪʘʣʴʥʦʛʦ ʩʧʘʣʘʭʫè ʻ ʥʝʛʘʡʥʠʤʠ 

ʤʘʨʢʝʨʘʤʠ ʫʩʧʽʰʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ CRT ʪʘ ʧʨʝʜʠʢʪʦʨʘʤʠ ʟʚʦʨʦʪʥʦʛʦ 

ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʚʠʞʠʚʘʥʥʷ [97]. ɽʭʦʂɻ ʻ ʤʝʪʦʜʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʚʠʙʦʨʫ ʚʩʽʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʽʩʣʷ ʽʤʧʣʘʥʪʘʮʽʾ CRT. 

ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʢʣʽʥʽʯʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʞʠʚʘʥʥʷ 

ʜʦʚʛʦʪʨʠʚʘʣʠʤʠ ʦʟʥʘʢʘʤʠ ʜʦʙʨʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʽʤʧʣʘʥʪʘʮʽʶ CRT ʻ ʟʨʦʩʪʘʥʥʷ 

ʬʫʥʢʮʽʾ ʃʐ ʪʘ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʦʙôʻʤʽʚ. ʆʩʪʘʥʥʽ ʯʘʩʪʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʥʦʨʤʘʣʽʟʘʮʽʻʶ ʪʦʚʱʠʥʠ ʩʪʽʥʦʢ, ʘ ʩʘʤʝ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʄʐʇ ʪʘ 

ʟʤʝʥʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʙʦʢʦʚʦʾ ʩʪʽʥʢʠ ʃʐ. ɽʭʦʂɻ ʻ ʤʝʪʦʜʦʤ çʧʝʨʰʦʾ ʣʽʥʽʾè 

ʜʣʷ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘʢʦʛʦ ʪʘʢ ʟʚʘʥʦʛʦ çʟʚʦʨʦʪʥʦʛʦ ʨʝʤʦʜʝʣʶʚʘʥʥʷè. ʍʦʯʘ ʄʈʊ 

ʤʦʞʝ ʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʘʣʝ ʨʫʪʠʥʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʈʊ ʩʝʨʮʷ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ ʽʤʧʣʘʥʪʦʚʘʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ 

ʧʽʜʭʦʜʦʤ ʚ ʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʤʦʞʝ ʧʦʨʫʰʫʚʘʪʠʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʘʨʪʝʬʘʢʪʽʚ ʚʽʜ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥ ʧʨʠʩʪʨʦʶ [119]. ɺʪʽʤ ʚʟʘʛʘʣʽ ʄʈʊ ʫ 

ʧʘʮʽʻʥʪʽʚ ʽʟ ʰʪʫʯʥʠʤʠ ʚʦʜʽʷʤʠ ʨʠʪʤʫ (ʐɺʈ) ʪʘ ɯʂɼ ʻ ʤʦʞʣʠʚʠʤ ʻ ʙʝʟʧʝʯʥʦʶ 

ʟʘ ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ ʚ ʝʢʩʧʝʨʪʥʠʭ ʮʝʥʪʨʘʭ [120]. ɺʟʘʛʘʣʽ ʟʘʜʦʚʽʣʴʥʠʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʫʩʧʽʰʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ CRT ʚʚʘʞʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʽʥʮʝʚʦ-ʜʽʘʩʪʦʣʽʯʥʦʛʦ 

ʦʙôʻʤʫ ʃʐ >15% ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʨʦʢʫ ʧʽʩʣʷ ʽʤʧʣʘʥʪʘʮʽʾ. ʆʜʥʘʢ, ʩʣʽʜ 

ʧʘʤôʷʪʘʪʠ, ʱʦ ʥʘʚʽʪʴ ʤʝʥʰʠʡ ʩʪʫʧʽʥʴ ʟʚʦʨʦʪʥʦʛʦ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʫ ʜʝʷʢʠʭ 

ʧʘʮʽʻʥʪʽʚ ʤʦʞʝ ʘʩʦʮʽʶʚʘʪʠʩʷ ʟ ʧʦʢʨʘʱʝʥʥʷʤ ʧʨʦʛʥʦʟʫ, ʘ ʫ ʜʝʷʢʠʭ ʧʘʮʽʻʥʪʽʚ 

ʯʠʩʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʨʦʟʤʽʨʫ ʃʐ, ʪʦʙʪʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ 

ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʚʞʝ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʪʝʨʘʧʝʚʪʠʯʥʠʤ ʫʩʧʽʭʦʤ [120].  

 



 

ʈʠʩ. 6. ʅʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʩʪʨʝʡʥʫ 

(ʛʣʦʙʘʣʴʥʦʛʦ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʛʦ). ʂʨʠʚʽ ʩʪʨʝʡʥʫ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʪʠʩʢʫ ʚ ʃʐ (ʧʝʪʣʷ çʪʠʩʢ-ʩʪʨʝʡʥè). 

ɹʘʛʘʪʦʦʙʽʮʷʶʯʠʡ ʧʽʜʭʽʜ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʦʙʦʪʠ ʤʽʦʢʘʨʜʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʛʥʦʟʫ ʚʽʜʧʦʚʽʜʽ ʥʘ ʽʤʧʣʘʥʪʘʮʽʶ CRT.  

 

ɼʦʧʦʤʽʞʥʽ ʧʨʠʩʪʨʦʾ ʃʐ  

ʆʮʽʥʢʘ ʧʘʮʽʻʥʪʘ. ɺʽʜʩʫʪʥʽʩʪʴ ʚʘʞʢʦʾ ʜʠʩʬʫʥʢʮʽʾ ʇʐ ʪʘ 

ʪʨʠʢʫʩʧʽʜʘʣʴʥʦʛʦ ʢʣʘʧʘʥʫ (ʊʂ) ʻ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, 

ʯʠ ʧʽʜʭʦʜʠʪʴ ʧʘʮʽʻʥʪ ʜʣʷ ʽʤʧʣʘʥʪʘʮʽʾ ʜʦʧʦʤʽʞʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʃʐ (LVAD ) [26, 122]. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʧʦʚʟʜʦʚʞʥʽʡ ʩʪʨʝʡʥ ʇʐ ʻ 

ʢʦʨʠʩʥʠʤ ʪʘ ʻ ʥʝʟʘʣʝʞʥʠʤ ʧʨʝʜʠʢʪʦʨʦʤ ʇʐ-ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʧʽʩʣʷ ʽʤʧʣʘʥʪʘʮʽʾ 

LVAD  [123, 124]. ɽʭʦʂɻ ʻ ʤʝʪʦʜʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʙʦʨʫ ʜʣʷ ʧʦʯʘʪʢʦʚʦʾ ʦʮʽʥʢʠ 

ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʬʫʥʢʮʽʾ ʩʝʨʮʷ ʫ ʢʘʥʜʠʜʘʪʽʚ ʥʘ LVAD  (ʊʘʙ. 1 ʪʘ 4) [24, 122]. 



ʈʦʟʤʽʨʠ ʇʐ ʧʦʚʠʥʥʽ ʨʫʪʠʥʥʦ ʦʮʽʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʜʠʮʽʡʥʦʾ ɽʭʦʂɻ 

ʚ ɺ-ʨʝʞʠʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʘʢʫʩʪʠʯʥʠʭ ʚʽʢʦʥ, ʘ ʟʘʢʣʶʯʝʥʥʷ 

ʧʦʚʠʥʥʝ ʚʽʜʙʠʚʘʪʠ ʷʢ ʷʢʽʩʥʽ, ʪʘʢ ʽ ʢʽʣʴʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ [125]. 3D-ɽʭʦʂɻ ʤʦʞʝ 

ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʜʦʩʚʽʜʦʤ ʪʘ ʥʝʦʙʭʽʜʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ [9, 26]. 

ɽʢʩʪʨʘʢʘʨʜʽʘʣʴʥʽ ʘʥʘʪʦʤʽʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ ʤʘʛʽʩʪʨʘʣʴʥʽ ʩʫʜʠʥʠ, 

ʤʦʞʫʪʴ ʚʽʟʫʘʣʽʟʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʈʊ ʩʝʨʮʷ ʘʙʦ ʄʉʂʊ (ʷʢʱʦ ʫ ʧʘʮʽʻʥʪʘ 

ʻ ʽʤʧʣʘʥʪʦʚʘʥʽ ʧʨʠʩʪʨʦʾ [116].  

ɼʠʥʘʤʽʯʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʘʮʽʻʥʪʽʚ 

ʆʢʨʽʤ ʦʮʽʥʢʠ ʤʦʨʬʦʣʦʛʽʾ ʣʽʚʠʭ ʪʘ ʧʨʘʚʠʭ ʚʽʜʜʽʣʽʚ ʩʝʨʮʷ ʫ ʧʘʮʽʻʥʪʽʚ ʟ 

ʽʤʧʣʘʥʪʦʚʘʥʠʤ LVAD  ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʦʮʽʥʢʘ ʚ ɺ-ʨʝʞʠʤʽ ʪʘ 

ʜʦʧʧʣʝʨʦʛʨʘʬʽʷ ʢʘʥʶʣʽ LVAD  ʚ ʃʐ ʟ ʤʝʪʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʮʽʥʢʠ ʨʦʙʦʪʠ 

ʧʨʠʩʪʨʦʶ (ʊʘʙ. 5 ʪʘ 6) [126 ï 128]. 

 

ɺʪʦʨʠʥʥʘ (ʚʽʜʥʦʩʥʘ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ) ʤʽʪʨʘʣʴʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ 

ɺʪʦʨʠʥʥʘ ʤʽʪʨʘʣʴʥʘ ʨʝʛʫʨʛʽʪʘʮʽʷ (ʄʈ) ʻ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʫ 

ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ, ʜʦʚʝʜʝʥʘ ʾʾ ʯʽʪʢʘ ʧʨʦʛʥʦʩʪʠʯʥʘ ʨʦʣʴ. 

ʄʈ ʧʨʠ ɼʂʄʇ ʚʠʢʣʠʢʘʥʘ ʥʝ ʧʘʪʦʣʦʛʽʻʶ ʩʪʫʣʦʢ ʤʽʪʨʘʣʴʥʦʛʦ ʢʣʘʧʘʥʫ 

(ʄʂ), ʘʣʝ ʩʠʤʝʪʨʠʯʥʦʶ ʘʙʦ ʘʩʠʤʝʪʨʠʯʥʦʶ ʜʠʣʘʪʘʮʽʻʶ ʃʐ. ɼʽʘʛʥʦʩʪʠʢʘ ʄʈ 

ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝʛʘʡʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʜʠʩʬʫʥʢʮʽʷ ʃʐ ʩʪʘʥʝ ʟʘʥʘʜʪʦ ʚʘʞʢʦʶ. 

ʗʢʱʦ ʃʐ ʩʪʘʻ ʥʘʜʤʽʨʥʦ ʜʠʣʘʪʦʚʘʥʠʤ ʽʟ ʚʘʞʢʠʤ ʟʥʠʞʝʥʥʷʤ ʡʦʛʦ ʬʫʥʢʮʽʾ, 

ʄʈ ʚʪʨʘʯʘʻ ʩʚʦʶ ʧʨʦʛʥʦʩʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ [129]. 

ɺʽʜʥʦʩʥʘ ʄʈ ʚʠʤʘʛʘʻ ʜʝʪʘʣʴʥʦʾ ʦʮʽʥʢʠ (ʈʠʩ. 7 ʪʘ 8) [51]. ɺʽʜʦʤʦ, ʱʦ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʘ ʪʝʨʘʧʽʷ ʪʘ CRT ʟʜʘʪʥʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʫʧʽʥʴ ʚʘʞʢʦʩʪʽ 

ʄʈ. 

ʗʢʱʦ ʄʈ ʣʠʰʘʻʪʴʩʷ ʚʘʞʢʦʶ ʪʘ ʩʠʤʧʪʦʤʥʦʶ ʧʽʩʣʷ ʚʩʽʭ ʽʥʪʝʨʚʝʥʮʽʡ, ʩʣʽʜ 

ʨʦʟʛʣʷʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʭʽʨʫʨʛʽʯʥʦʾ ʘʙʦ ʧʝʨʢʫʪʘʥʥʦʾ ʢʦʨʝʢʮʽʾ. ʈʝʢʦʤʝʥʜʘʮʽʾ 

ESC ʟ ʚʝʜʝʥʥʷ ʢʣʘʧʘʥʥʦʾ ʧʘʪʦʣʦʛʽʾ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʢʘʟʘʥʥʷ ʂʣʘʩʫ ɯɯbC ʱʦʜʦ 

ʧʝʨʢʫʪʘʥʥʦʾ ʧʨʦʮʝʜʫʨʠ çʢʨʘʡ-ʜʦ-ʢʨʘʶè ʘʙʦ ʭʽʨʫʨʛʽʯʥʦʾ ʢʣʘʧʘʥʥʦʾ ʧʣʘʩʪʠʢʠ 

ʧʽʩʣʷ ʨʝʪʝʣʴʥʦʾ ʦʮʽʥʢʠ ʱʦʜʦ ʧʦʢʘʟʽʚ ʜʦ LVAD  ʘʙʦ ʢʘʨʜʽʦʪʨʘʥʩʧʣʘʥʪʘʮʽʾ, 



ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʮʽʻʥʪʽʚ ʟ ʚʘʞʢʦʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʄʈ ʪʘ ʌɺ ʃʐ <30%, ʱʦ ʣʠʰʘʶʪʴʩʷ ʩʠʤʧʪʦʤʥʠʤʠ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʣʽʢʫʚʘʥʥʷ 

(ʢʦʣʝʛʽʘʣʴʥʝ ʢʦʤʘʥʜʥʝ ʨʽʰʝʥʥʷ). 

ɯʩʥʫʶʪʴ ʧʝʚʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʻʚʨʦʧʝʡʩʴʢʠʤ ʪʘ ʘʤʝʨʠʢʘʥʩʴʢʠʤ 

ʧʽʜʭʦʜʘʤʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʘʞʢʦʾ ʚʪʦʨʠʥʥʦʾ ʄʈ [51, 130], ʱʦ ʚʠʢʣʠʢʘʥʦ 

ʥʝʜʦʩʪʘʪʥʽʩʪʶ ʜʦʢʘʟʦʚʠʭ ʜʘʥʠʭ. ʅʝʜʘʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ Mitra-FR ʪʘ COAPT 

ʜʦʟʚʦʣʷʶʪʴ ʚʚʘʞʘʪʠ, ʱʦ ʦʙ'ʻʤ ʨʝʛʫʨʛʽʪʘʮʽʾ (ʆʈ) >45 ʤʣ ʪʘ/ʘʙʦ ʧʣʦʱʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʨʝʛʫʨʛʽʪʫʶʯʦʛʦ ʦʪʚʦʨʫ (ɽʈʆ) >30 ʤʤ2 ʻ ʧʦʢʘʟʘʥʥʷʤ ʜʣʷ 

ʧʝʨʢʫʪʘʥʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ ʢʣʽʧʩʠ ʤʽʪʨʘʣʴʥʠʭ ʩʪʫʣʦʢ ʫ ʩʠʤʧʪʦʤʥʠʭ ʧʘʮʽʻʥʪʽʚ ʟ 

ʌɺ ʃɾ >20%, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʩʪʫʧʽʥʴ ʄʈ ʻ ʙʽʣʴʰʦʶ, ʥʽʞ ʦʯʽʢʫʚʘʣʦʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʫʧʝʥʷ ʜʠʣʘʪʘʮʽʾ ʃʐ [131 ï 135]. 

 

ʈʠʩ. 7. ʄʈʊ ʩʝʨʮʷ ʚ ʘʧʽʢʘʣʴʥʽʡ 4-ʢʘʤʝʨʥʽʡ ʧʦʟʠʮʽʾ ʚ ʢʽʥʦ-ʨʝʞʠʤʽ ʫ 

ʧʘʮʽʻʥʪʘ ʟ ɼʂʄʇ ʪʘ ʚʘʞʢʦʶ ʩʠʩʪʦʣʽʯʥʫʶ ʜʠʩʬʫʥʢʮʽʻʶ ʪʘ ʧʦʚʥʦʶ ɹʃʅʇɻ ʚ 



ʜʽʘʩʪʦʣʫ (ɸ) ʪʘ ʩʠʩʪʦʣʫ (ɹ). ɺ ï ʟʨʽʟ ʧʦ ʢʦʨʦʪʢʽʡ ʦʩʽ ʃʐ ʚ ʩʝʨʝʜʠʥʥʦʤʫ 

ʚʽʜʜʽʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʫ ʪʢʘʥʠʥʥʦʛʦ ʪʨʝʢʽʥʛʫ. ɻ ï ʢʨʠʚʽ ʨʘʜʽʘʣʴʥʦʛʦ 

(ʧʦʧʝʨʝʯʥʦʛʦ) ʩʪʨʝʡʥʫ (%), ʱʦ ʚʽʜʦʙʨʘʞʫʶʪʴ ʩʪʫʧʽʥʴ ʜʠʩʩʠʥʭʨʦʥʽʾ: ʩʠʥʽ 

ʩʪʨʽʣʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʜʠʩʩʠʥʭʨʦʥʽʶ ʤʽʞ ʄʐʇ ʪʘ ʙʦʢʦʚʦʶ ʩʪʽʥʢʦʶ ʃʐ. 

 

ʈʠʩ. 8. ɾʽʥʢʘ 75 ʨʦʢʽʚ ʟ ʽʜʽʦʧʘʪʠʯʥʦʶ ɼʂʄʇ ʟ ʧʦʢʘʟʘʥʥʷʤʠ ʜʦ CRT ʪʘ 

ɯʂɼ. ʏʝʨʝʟ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʆʄʊ ʚʦʥʘ ʜʦʩʽ ʤʘʻ ʉʅ ɯɯ ʬ.ʢ. ʟʘ 

NYHA ʪʘ ʙʽʣʴʰʝ, ʪʘ ʥʝʱʦʜʘʚʥʦ ʙʫʣʘ ʛʦʩʧʽʪʘʣʽʟʦʚʘʥʘ ʟ ʧʨʠʚʦʜʫ ʛʦʩʪʨʦʾ ʉʅ. 

ʊʊɽʭʦʂɻ ʙʫʣʘ ʜʦʧʦʚʥʝʥʘ ʏʉɽʭʦʂɻ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʦʧʠʩʘʪʠ ʩʬʝʨʠʟʘʮʽʶ ʃʐ 

(ʌɺ ʃʐ 35% ʪʘ ʂɼʈ ʃʐ 6,4 ʩʤ). ʉʬʝʨʠʯʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʃʐ ʧʨʠʟʚʝʣʦ ʜʦ 

ʧʽʜʪʷʛʫʚʘʥʥʷ ʪʘ ʪʝʥʪʽʥʛʫ ʦʙʦʭ ʩʪʫʣʦʢ ʄʂ. ʉʪʫʣʢʠ ʄʂ ʻ ʽʥʪʘʢʪʥʠʤʠ ʙʝʟ 

ʞʦʜʥʠʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʦʨʫʰʝʥʴ, ʘʣʝ ʧʦʪʽʢ ʨʝʛʫʨʛʽʪʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʆʈ 45 ʤʣ 

ʟ ɽʈʆ ʙʽʣʴʰʝ 20 ʤʤ2, ʽʟ ʣʦʢʘʣʽʟʘʮʽʻʶ ʦʪʚʦʨʫ ʨʝʛʫʨʛʽʪʘʮʽʾ ʟʜʝʙʽʣʴʰʝ ʚ ʦʙʣʘʩʪʽ 

ʩʝʛʤʝʥʪʽʚ ɸ2 ʪʘ ʈ2. 

 



ɸʜʝʢʚʘʪʥʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʦ ʚʠʤʦʛ ʦʮʽʥʢʠ 

ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ 

ɭʚʨʦʧʝʡʩʴʢʽ ʢʨʠʪʝʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ (ʉʉɺ) 

ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʫʞʝ ʜʝʪʘʣʴʥʦ [136]. ɼʘʥʠʡ ʜʦʢʫʤʝʥʪ ʟʘʙʝʟʧʝʯʫʻ ʣʠʰʝ ʧʝʚʥʽ 

ʨʘʤʢʠ ʱʦʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʉʅ, ʷʢʽ ʱʦʜʝʥʥʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʨʫʪʠʥʥʽʡ ʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ. 

ʆʜʥʘʢ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʽʟʥʠʭ ʥʝʽʥʚʘʟʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʠ ɼʂʄʇ 

ʜʫʞʝ ʜʝʪʘʣʴʥʦ ʨʘʥʽʰʝ ʥʝ ʚʠʚʯʘʣʘʩʷ. ʗʢ ʽ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʝʪʽʦʣʦʛʽʾ ʉʅ ʉʉɺ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ɼʂʄʇ ʧʽʜʯʘʩ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʣʽʥʽʯʥʠʭ 

ʩʮʝʥʘʨʽʾʚ ʪʘ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ: ʘ) ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ɼʂʄʇ; ʙ) ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ 

ʣʽʢʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʘʥʴ ʜʦ ʽʤʧʣʘʥʪʘʮʽʾ ʧʨʠʩʪʨʦʾʚ (CRT/ LVAD ); ʚ) 

ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʽʢʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ ʟ 

ɼʂʄʇ (ʈʠʩ. 9). ɸʜʝʢʚʘʪʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʫʨʛʝʥʪʥʦʩʪʽ ʧʦʢʘʟʽʚ ʜʦ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʩʪʘʜʽʾ ɼʂʄʇ 

(ʜʦʢʣʽʥʽʯʥʘ ʘʙʦ ʤʘʥʽʬʝʩʪʥʘ), ʚʠʨʘʞʝʥʦʩʪʽ ʩʠʤʧʪʦʤʘʪʠʢʠ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʩʢʨʠʥʽʥʛʫ.  

ɯʩʥʫʻ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙ ʪʝʩʪʫʚʘʣʠ ʧʽʜʭʦʜʠ ʜʦ ʣʽʢʫʚʘʥʥʷ 

ɼʂʄʇ ʥʘ ʦʩʥʦʚʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʙʽʣʴʰ ʝʤʧʽʨʠʯʥʠʤʠ ʧʽʜʭʦʜʘʤʠ. 

ʃʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʦʩʦʙʣʠʚʦ 

ɽʭʦʂɻ, ʥʘʩʧʨʘʚʜʽ ʥʝ ʟʜʘʪʥʽ ʧʦʢʨʘʱʠʪʠ ʚʽʜʙʽʨ ʧʘʮʽʻʥʪʽʚ ʥʘ CRT. ɺʪʽʤ, ʤʝʪʦʜʠ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʩʪʘʶʪʴ ʪʦʯʥʽʰʠʤʠ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʢʣʽʥʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʮʽʥʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʅʘʫʢʦʚʽ ʘʩʦʮʽʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ 

EACVI ʩʪʘʚʣʷʪʴ ʤʝʪʫ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʽ ʪʘ ʘʜʝʢʚʘʪʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʭʚʦʨʠʭ ʟ ɼʂʄʇ ʥʘ ʦʩʥʦʚʽ 

ʚʽʟʫʘʣʽʟʘʮʽʾ [137]. ʇʦʩʪʽʡʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʢʨʠʪʝʨʽʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʣʷ 

ʦʢʨʝʤʠʭ ʤʝʪʦʜʠʢ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ, ʭʦʯʘ ʢʣʽʥʽʮʠʩʪʠ 

ʤʘʶʪʴ ʚʝʣʠʢʫ ʧʦʪʨʝʙʫ ʚ ʚʝʣʠʢʠʭ ʨʘʥʜʦʤʽʟʦʚʘʥʠʭ ʧʨʦʩʧʝʢʪʠʚʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʪʘ ʩʪʨʘʪʝʛʽʡ ʚʽʟʫʘʣʽʟʘʮʽʾ. ɺ ʝʨʫ 

ʪʦʯʥʦʾ ʤʝʜʠʮʠʥʠ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʧʨʠʡʥʷʪʪʽ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʚʝʜʝʥʥʽ 

ʧʘʮʽʻʥʪʽʚ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʬʝʥʦʪʠʧʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʽʟʫʘʣʽʟʘʮʽʾ. 



 

ʈʠʩ. 9. ʅʘʪʠʚʥʝ T1-ʢʘʨʪʫʚʘʥʥʷ (MOLLI) ʙʘʟʘʣʴʥʦʛʦ ʚʽʜʜʽʣʫ ʃʐ ʧʦ 

ʢʦʨʦʪʢʽʡ ʦʩʽ ʟʽ ʟʙʽʣʴʰʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʦʚʱʠʥʠ ʄʐʇ. ʆʙʣʘʩʪʴ ʽʥʪʝʨʝʩʫ 

ʜʣʷ ʊ1-ʢʘʨʪʫʚʘʥʥʷ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʜʦʣʽʥʽʶ ï 1136 ʤʩ (ɸ). ʊ1-ʢʘʨʪʫʚʘʥʥʷ 

ʧʽʩʣʷ ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ. ʆʙʣʘʩʪʴ ʽʥʪʝʨʝʩʫ 456 ʤʩ (ɹ). ɺ ï ʢʦʨʦʪʢʘ ʚʽʩʴ 

ʙʘʟʘʣʴʥʦʛʦ ʚʽʜʜʽʣʫ ʃʐ ʧʽʩʣʷ ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ ʟ ʧʽʟʥʽʤ ʧʽʜʩʠʣʝʥʥʷʤ 

ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʤʽʦʢʘʨʜʘ (ʞʦʚʪʽ ʩʪʨʽʣʢʠ). ɻ ï ʢʽʥʦ-ʨʝʞʠʤ ʙʘʟʘʣʴʥʦʛʦ ʚʽʜʜʽʣʫ 

ʃʐ ʧʦ ʢʦʨʦʪʢʽʡ ʦʩʽ. 

 

ʇʝʨʩʧʝʢʪʠʚʠ ʪʘ ʚʠʩʥʦʚʢʠ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʚʥʽ ʧʦʢʨʘʱʝʥʥʷ ʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʛʝʥʝʪʠʯʥʽʡ 

ʜʽʘʛʥʦʩʪʠʮʽ, ʽʩʥʫʶʪʴ ʨʷʜ ʩʢʣʘʜʥʦʱʽʚ ʚʽʜʥʦʩʥʦ ʜʽʘʛʥʦʩʪʠʢʠ, ʛʝʥʝʪʠʯʥʦʾ ʪʘ 

ʽʥʰʦʾ ʝʪʽʦʣʦʛʽʾ, ʪʘ ʥʘʚʽʪʴ ʚʠʟʥʘʯʝʥʥʷ ɼʂʄʇ. ʍʦʯʘ ʥʝʜʘʚʥʦ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʥʦʚʝ ʧʝʨʝʛʣʷʥʫʪʝ ʚʠʟʥʘʯʝʥʥʷ ɼʂʄʇ [2], ʱʦ ʚʢʣʶʯʘʻ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʢʘʪʝʛʦʨʽʾ ʛʽʧʦʢʽʥʝʪʠʯʥʠʭ ʥʝʜʠʣʘʪʘʮʽʡʥʠʭ ʂʄʇ, ʧʝʚʥʽ 

ʘʩʧʝʢʪʠ ʜʦʩʽ ʣʠʰʘʶʪʴʩʷ ʥʝʟôʷʩʦʚʘʥʠʤʠ. ʄʫʣʴʪʠʤʦʜʘʣʴʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʚ 



ʢʦʤʙʽʥʘʮʽʾ ʟ ʛʝʥʝʪʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ 

ʦʮʽʥʮʽ ɼʂʄʇ (ʊʘʙ. 1 ʪʘ ʈʠʩ. 10).  

ɼʘʥʠʡ ʜʦʢʫʤʝʥʪ ʥʝ ʩʪʘʚʠʚ ʥʘ ʤʝʪʫ ʜʝʪʘʣʴʥʠʡ ʨʦʟʙʽʨ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ 

ʜʽʘʛʥʦʟʫ ɼʂʄʇ, ʟʘ ʚʠʥʷʪʢʦʤ ʽʰʝʤʽʯʥʦʾ ʝʪʽʦʣʦʛʽʾ ʂʄʇ. ʆʜʥʠʤ ʟ 

ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʤʦʤʝʥʪʽʚ ʜʦʩʽ ʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ɼʂʄʇ, ʱʦ 

ʤʘʻ ʧʨʠʚʝʩʪʠ ʜʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʪʘ ʣʽʢʫʚʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʡ ʽʟ 

ʟʘʧʦʙʽʛʘʥʥʷʤ ʭʠʙʥʠʭ ʜʽʘʛʥʦʟʽʚ ʪʘ ʭʠʙʥʠʭ ʽʥʪʝʨʧʨʝʪʘʮʽʡ ʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʟʘʭʚʦʨʶʚʘʥʥʷ. ɼʚʦʤʘ ʧʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʤʦʞʣʠʚʠʭ ʽʥʪʝʨʧʨʝʪʘʮʽʡ ʻ 

ʤʦʜʠʬʽʢʘʮʽʷ ʛʝʦʤʝʪʨʽʾ ʃʐ ʚ çʩʽʨʽʡ ʟʦʥʽè, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʩʧʦʨʪʩʤʝʥʽʚ 

[138], ʪʘ ʯʘʩʪʦ ʩʢʣʘʜʥʠʡ ʜʽʘʛʥʦʟ ʥʝʢʦʤʧʘʢʪʥʦʛʦ ʃʐ ʟ ʚʽʜʦʤʠʤ ʨʠʟʠʢʦʤ ʛʽʧʝʨ- 

ʪʘ ʛʽʧʦʜʽʘʛʥʦʩʪʠʢʠ. ʋʥʽʬʽʢʦʚʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʥʝʢʦʤʧʘʢʪʥʦʛʦ ʃʐ ʣʠʰʝ ʦʯʽʢʫʻʪʴʩʷ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʜʦʩʽ 

ʪʨʠʚʘʶʪʴ [139, 140]. 

ɺ ʫʩʽʭ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʩʠʪʫʘʮʽʷʭ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ 

ʤʝʥʰ, ʥʽʞ ʜʚʦʭ ʨʽʟʥʠʭ ʟʘʩʦʙʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʧʝʨʝʚʘʞʥʦ ɽʭʦʂɻ ʪʘ ʄʈʊ. ʎʽ 

ʤʝʪʦʜʠ ʥʘʜʘʶʪʴ ʚʘʞʣʠʚʫ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʤʘʶʪʴ 

ʨʝʛʫʣʷʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʢʦʤʙʽʥʘʮʽʾ ʫ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʧʘʮʽʻʥʪʘ 

ʟ ʤʝʪʦʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ.  

ɼʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʜʦʧʦʤʦʛʪʠ ʦʙʠʨʘʪʠ ʥʘʡʙʽʣʴʰ ʨʝʣʝʚʘʥʪʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʠ ʚʝʜʝʥʥʽ ʧʘʮʽʻʥʪʘ ʟ ʧʽʜʦʟʨʦʶ 

ʥʘ ɼʂʄʇ ʘʙʦ ʟ ʚʞʝ ʧʽʜʪʚʝʨʜʞʝʥʠʤ ʜʽʘʛʥʦʟʦʤ [1, 2, 141]. ʅʘʨʝʰʪʽ, ʯʘʩʪʦ 

ʥʝʦʙʭʽʜʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʦʙʭʽʜʥʠʤʠ ʩʢʨʠʥʽʥʛ ʩʝʨʝʜ ʯʣʝʥʽʚ ʨʦʜʠʥʠ ʪʘ 

ʛʝʥʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʇʘʮʽʻʥʪʠ ʟ ʧʽʜʦʟʨʦʶ ʥʘ ɼʂʄʇ ʤʘʶʪʴ ʩʢʝʨʦʚʫʚʘʪʠʩʷ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʮʝʥʪʨʠ, ʱʦ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʘʥʥʴʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʟʘʧʦʙʽʛʘʥʥʷ ʛʽʧʝʨʜʽʘʛʥʦʩʪʠʢʠ, ʘʜʝʢʚʘʪʥʝ ʩʽʤʝʡʥʝ 

ʢʦʥʩʫʣʴʪʫʚʘʥʥʷ, ʩʪʨʘʪʠʬʽʢʘʮʽʶ ʧʨʦʛʥʦʟʫ ʪʘ, ʥʘʨʝʰʪʽ, ʦʧʪʠʤʘʣʴʥʝ ʣʽʢʫʚʘʥʥʷ 

ʧʘʮʽʻʥʪʘ. 

 



 

ʈʠʩ. 10. ʈʝʢʦʤʝʥʜʦʚʘʥʘ çʰʣʷʭʦʚʘ ʢʘʨʪʘè ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʦʮʽʥʮʽ ɼʂʄʇ. 

 

ʊʘʙ. 1. ʂʣʶʯʦʚʽ ʤʦʤʝʥʪʠ ʜʦʢʫʤʝʥʪʫ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʦʢʘʟʦʚʠʭ ʜʘʥʠʭ 

ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʢʦʥʩʝʥʩʫʩʘʭ. 

ʂʣʶʯʦʚʽ ʤʦʤʝʥʪʠ 

1 ɼʠʣʘʪʘʮʽʡʥʘ ʢʘʨʜʽʦʤʽʦʧʘʪʽʷ (ɼʂʄʇ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʜʠʣʘʪʘʮʽʾ ʣʽʚʦʛʦ ʰʣʫʥʦʯʢʘ (ʃʐ) ʘʙʦ ʦʙʦʭ ʰʣʫʥʦʯʢʽʚ ʪʘ 

ʩʠʩʪʦʣʽʯʥʦʶ ʜʠʩʬʫʥʢʮʽʻʶ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʘʥʦʤʘʣʴʥʠʭ ʫʤʦʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʛʽʧʝʨʪʝʥʟʽʷ ʘʙʦ ʢʣʘʧʘʥʥʘ ʧʘʪʦʣʦʛʽʷ) ʘʙʦ ʽʰʝʤʽʯʥʦʾ 

ʭʚʦʨʦʙʠ ʩʝʨʮʷ, ʜʦʩʪʘʪʥʽʭ, ʱʦʙ ʚʠʢʣʠʢʘʪʠ ʛʣʦʙʘʣʴʥʝ ʧʘʜʽʥʥʷ 

ʩʠʩʪʦʣʽʯʥʦʾ ʬʫʥʢʮʽʾ. 

2 ɺʩʽ ʙʝʟ ʚʠʥʷʪʢʫ ʟʘʩʦʙʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʝ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʫ ʦʜʥʦʛʦ 

ʡ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʧʘʮʽʻʥʪʘ ʟ ɼʂʄʇ. ʂʦʞʝʥ ʟʘʩʽʙ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʘʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʩʧʝʮʠʬʽʯʥʽ ʢʣʽʥʽʯʥʽ ʟʘʧʠʪʘʥʥʷ. 


