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ʉʝʡʩʤʦʨʘʟʚʝʜʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʧʦʠʩʢʝ ʠ ʨʘʟʚʝʜʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʠʧʦʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɺʟʨʳʚʥʳʝ 

ʠʩʪʦʯʥʠʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʩʦʧʨʷʞʝʥʳ ʩ ʨʠʩʢʘʤʠ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʇʦʵʪʦʤʫ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ 

ʚʙʣʠʟʠ ʛʦʨʦʜʩʢʠʭ ʠ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʯʘʣʠʩʴ ʚ 1950-ʭ ʛʦʜʘʭ ʚ 

ʉʐɸ ʠ ʉʉʉʈ. ʀʜʝʷ ʙʳʣʘ ʟʘʠʤʩʪʚʦʚʘʥʘ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʵʭʦʣʦʢʘʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ 

ʠ ʛʠʜʨʦʣʦʢʘʮʠʠ, ʠ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʚ 1952 ʛʦʜʫ Bill Doty ʠ ʝʛʦ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ John 

Crawford ʠʟ ʢʦʤʧʘʥʠʠ Continental Oil (ʉʐɸ) (Crawford et al., 1960). ʇʦʩʣʝ ʚʦʩʴʤʠʣʝʪʥʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʢ ʢʦʥʮʫ 1960 ʛʦʜʘ 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʨʘʟʚʝʜʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɺ 

ʵʪʦ ʞʝ ʚʨʝʤʷ ʩʦʚʝʪʩʢʠʝ ʫʯʸʥʳʝ ʨʘʟʨʘʙʦʪʘʣʠ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩ ʵʢʩʮʝʥʪʨʠʢʦʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤ, ʘ ʢ ʢʦʥʮʫ 1970-ʭ ʛʦʜʦʚ ʥʘʣʘʜʠʣʠ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʐʥʝʝʨʩʦʥ ʠ ʜʨ., 1990). 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʚʟʨʳʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʚʢʣʶʯʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠʭ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʚ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʫ. ɺ 1975 ʛʦʜʫ 43% ʥʘʟʝʤʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʉʐɸ ʚʳʧʦʣʥʷʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ 2007 ʛʦʜʫ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʢʠʪʘʡʩʢʦʡ ʢʦʤʧʘʥʠʠ 

BGP (Bureau of Geophysical Prospecting) ʩʦʩʪʘʚʠʣ 70%, ʘ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 2009 ʛʦʜʘ 80% ʚʩʝʭ 

ʥʘʟʝʤʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʤʠʨʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʜʦʣʞʘʝʪ 

ʝʞʝʛʦʜʥʦ ʨʘʩʪʠ. ʆʜʥʘʢʦ ʠʭ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ, 

ʪʨʝʙʫʶʱʠʭ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʦʧʪʠʤʠʟʘʮʠʶ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʨʘʙʦʪ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺʦ-ʧʝʨʚʳʭ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʣʠʥʝʡʥʳʝ 

(ʃʏʄ) ʩʚʠʧ-ʩʠʛʥʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʫʨʦʚʥʶ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʠ ʩʥʠʞʝʥʠʶ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺʦ-ʚʪʦʨʳʭ, 

ʧʦʛʣʦʱʝʥʠʝ ʠ ʟʘʪʫʭʘʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʥʦʩʷʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʢʦʤʧʝʥʩʘʮʠʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʪʝʨʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʣʠʥʝʡʥʳʭ 
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ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ɺ-ʪʨʝʪʴʠʭ, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʩʣʘʙʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʣʷ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʦʜʘʚʣʝʥʠʷ ʚʟʘʠʤʥʳʭ ʰʫʤʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʱʠʤʠ ʚʠʙʨʦʠʩʪʦʯʥʠʢʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, 

ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ, ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʘ ʥʘ ʣʝʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʪʠʧʳ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʨʘʮʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʨʦʚʝʜʝʥʦ ʠʭ ʧʨʷʤʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʦ 

ʚʦʟʙʫʞʜʝʥʠʝ ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʦʤ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʝʘʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʛʣʘʚ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʯʠʥʘʷ ʩ ʠʩʪʦʨʠʠ ʠ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʆʧʠʩʳʚʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʣʘʛʘʶʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ, ʚʢʣʶʯʘʷ ʧʨʠʥʮʠʧʳ ʢʦʨʨʝʣʷʮʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤ ʧʦʜʭʦʜʦʤ 

ʢ ʢʦʤʧʨʝʩʩʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʟʘʧʠʩʝʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʟʨʳʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣ 

ʦʧʨʝʜʝʣʸʥ ʦʧʪʠʤʘʣʴʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 3D-ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʟʘʜʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ, ʠʭ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʘʣʝʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʦʚʳʝ ʪʠʧʳ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʜʣʷ ʨʘʟʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʣʠʥʝʡʥʳʤʠ ʩʚʠʧ-ʩʠʛʥʘʣʘʤʠ ʧʦʣʫʯʝʥʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʣʫʯʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʥʦʚʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ ʥʘ ʥʝʙʦʣʴʰʦʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʤ ʚʠʙʨʘʮʠʦʥʥʦʤ ʠʩʪʦʯʥʠʢʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ 
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ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʳ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ. ɺʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʚʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠ ʩʣʫʯʘʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ 

(shuffle). 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʩ 

ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ. ɸʚʪʦʨ ʧʦʣʘʛʘʝʪ, 

ʯʪʦ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʤʦʛʫʪ 

ʟʘʥʷʪʴ ʚʘʞʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ɹʫʜʫʱʝʝ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʚʳʩʦʢʦʤʦʱʥʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʘʜʘʧʪʠʚʥʳʭ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʥʦʚʳʤʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ɻ ʪʠ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʟʨʳʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʩ ʚʠʙʨʘʮʠʦʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʉ 1975 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʢʦʣʦ 80% ʦʙʲʝʤʘ ʥʘʟʝʤʥʳʭ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʤʠʨʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʪʘʙʠʣʴʥʦ ʨʘʩʪʸʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʦʜʥʘʢʦ ʜʣʷ 

ʠʭ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʸʥʥʳʤʠ ʢʣʶʯʝʚʳʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʠ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʝʧʷʪʩʪʚʫʶʪ ʜʘʣʴʥʝʡʰʝʤʫ 

ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʠ ʪʨʝʙʫʶʪ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʚʥʠʤʘʥʠʷ ʩʦ 

ʩʪʦʨʦʥʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʧʣʦʱʘʜʝʡ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʜʘʚʥʦ, ʢʘʢ ʠ ʧʦʠʩʢ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʟʚʠʪʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʥʘʯʘʣʦʩʴ ʩ ʚʥʝʜʨʝʥʠʷ ʢʦʥʮʝʧʮʠʠ 

ʩʞʘʪʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʭʦʜʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ G. Guanella (1938) ʠ E. Hittman (1940). ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʘ ʨʘʟʚʠʪʘ 

ʚ ʨʘʙʦʪʘʭ ʫʯʝʥʳʭ ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (MIT), ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʝʡ ʤʦʱʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʝʤʣʝʥʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʠʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʢʦʨʦʪʢʠʝ ʠʤʧʫʣʴʩʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ 
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ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʈʝʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʨʳʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣ ʩʜʝʣʘʥ 

ʫʩʠʣʠʷʤʠ ʘʤʝʨʠʢʘʥʩʢʠʭ ʛʝʦʬʠʟʠʢʦʚ Bill Dot ʠ John Crawford (CONOCO). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʨʘʙʦʪʳ 

ʙʳʣ ʩʦʟʜʘʥ ʥʦʚʳʡ ʪʠʧ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ ʜʦʩʪʘʪʦʯʥʫʶ ʵʥʝʨʛʠʶ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʧʦ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ. ɺ 1960 ʛʦʜʫ ʠʩʪʦʯʥʠʢ ʙʳʣ ʫʩʧʝʰʥʦ ʚʥʝʜʨʝʥ ʚ ʥʝʬʪʷʥʫʶ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʫ, ʘ ʚ 1961 ʛʦʜʫ ʢʦʤʧʘʥʠʷ SSL ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʘ ʤʝʪʦʜʠʢʫ ʢʦʨʨʝʣʷʮʠʠ ʜʣʠʥʥʳʭ 

ʩʠʛʥʘʣʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʉʉʉʈ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩ ʵʢʩʮʝʥʪʨʠʢʦʚʳʤ 

ʧʨʠʚʦʜʦʤ, ʯʪʦ, ʢ ʢʦʥʮʫ 1970-ʭ ʛʦʜʦʚ, ʧʦʟʚʦʣʠʣʦ ʥʘʣʘʜʠʪʴ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʝ ʢʘʢ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʩʳʛʨʘʣʠ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʠʭ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʠ. ɼʦʣʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ 

ʫʚʝʣʠʯʠʣʘʩʴ ʩ 43% ʚ ʉʐɸ ʚ 1975 ʛʦʜʫ ʜʦ 80% ʚ ʤʠʨʝ ʢ ʥʘʯʘʣʫ 2009 ʛʦʜʘ. 

ʕʚʦʣʶʮʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʧʨʦʰʣʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ. ɺ 1950-ʭ ï ʢʦʥʮʝ 

1960-ʭ ʛʦʜʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʦʣʝʚʳʤ ʠʩʧʳʪʘʥʠʷʤ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ɺ 1970-ʭ ï 1980-ʭ ʛʦʜʘʭ, ʥʘ ʩʪʘʜʠʠ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʦʦʯʝʨʝʜʥʳʝ ʚʦʟʙʫʞʜʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʜʦʩʪʠʛʘʪʴ 300ï500 ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʜʝʥʴ. ʉ ʥʘʯʘʣʘ 1990-

ʭ ʛʦʜʦʚ, ʙʣʘʛʦʜʘʨʷ ʤʝʪʦʜʘʤ Flip-Flop sweep, Slip-Sweep, ISS ʠ HFVS, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʠ ʧʨʝʚʳʩʠʣʘ 20 000 ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʜʝʥʴ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʥʝʡʥʳʝ (ʃʏʄ) ʩʚʠʧ-

ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʩ 1950-ʭ ʛʦʜʦʚ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʣʠʥʝʡʥʳʝ 

ʩʚʠʧ-ʩʠʛʥʘʣʳ ï ʩʪʝʧʝʥʥʳʝ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ (Taozhifei, 2001). ʂʦʥʮʝʧʮʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʚ 1966 ʛʦʜʫ Crook ʠ Rieble, ʢʦʪʦʨʳʝ ʥʝʟʘʚʠʩʠʤʦ 

ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜʳ ʠʭ ʛʝʥʝʨʘʮʠʠ (Rieble, 1966; Crook et al., 1966). ʇʦʟʜʥʝʝ, ʚ 1970-ʭ ʛʦʜʘʭ, 

Cunningham (1979) ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʢʦʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ. ɺ 1976 ʛʦʜʫ Goupillaud ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ɺ 1990-ʭ ʛʦʜʘʭ Burger ʠ 

Baliguet (1992) ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʩʠʛʥʘʣʳ ʚ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʘʭ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚ 2000-ʭ ʛʦʜʘʭ, Iranpour 

et al. (2015) ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. Dean (2012) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʢʦʨʨʝʢʪʥʘʷ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ Nasreddin et al. (2012), 

Scholtz (2013), Dean (2014), Askeland et al. (2009), Sallas et al. (2011), Wong ʠ Langton (2014), 

Thomas et al. (2012), Zhukov et al. (2017), Korotkov et al. (2023), ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʪʘʢʠʝ ʩʠʛʥʘʣʳ, 
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ʙʣʘʛʦʜʘʨʷ ʫʟʢʦʤʫ ʛʣʘʚʥʦʤʫ ʣʝʧʝʩʪʢʫ ʠ ʫʤʝʥʴʰʝʥʥʳʤ ʙʦʢʦʚʳʤ ʣʝʧʝʩʪʢʘʤ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. ʕʪʠ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ISS, ʤʠʥʠʤʠʟʠʨʫʷ ʚʟʘʠʤʥʳʝ ʧʦʤʝʭʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʱʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʦʚʳʰʘʷ ʢʘʯʝʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʦʨʠʠ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʶ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ 

 ̧ ʆʙʨʘʙʦʪʘʪʴ ʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʠʛʥʘʣ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʦʝʢʪʘ. 

 ̧ ʈʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʧʨʦʚʝʩʪʠ ʠʭ ʦʜʥʦʤʝʨʥʦʝ ʠ ʜʚʫʤʝʨʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ.   

 ̧ ʈʝʘʣʠʟʦʚʘʪʴ ʚʦʟʙʫʞʜʝʥʠʝ ʥʦʚʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʥʘ ʥʝʙʦʣʴʰʦʤ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʤ ʚʠʙʨʘʮʠʦʥʥʦʤ ʠʩʪʦʯʥʠʢʝ. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʥʦʚʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʥʦ-ʚʦʣʥʦʚʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʲʝʤʢʠ. ʉʨʘʚʥʠʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ.    

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʠ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ ʥʘ ɸʩʪʨʘʭʘʥʩʢʦʤ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ɸɻʂʄ) ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʇʨʝʜʣʦʞʝʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʪʠʧʳ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣʦ ʠʭ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʣʠʥʝʡʥʳʤʠ ʩʚʠʧ-ʩʠʛʥʘʣʘʤʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

2. ɺʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʥʦʚʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʥʘ 
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ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʤ ʚʠʙʨʘʮʠʦʥʥʦʤ ʠʩʪʦʯʥʠʢʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʧʦʚʳʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʠ 

ʫʣʫʯʰʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʳʤʠ ʠ ʩʣʫʯʘʡʥʳʤʠ Shuffle ʩʚʠʧ-

ʩʠʛʥʘʣʘʤʠ.  

3. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʚʠʧ-ʩʠʛʥʘʣʘʤʠ, ʪʝʭʥʦʣʦʛʠʷ ʥʦʚʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʠʟʫʯʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʥʘ 

ʦʩʥʦʚʝ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʦʚʳʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʚʳʰʘʪʁ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʝʚʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ɸʩʪʨʘʭʘʥʩʢʦʤ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʩʝʭ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʘ 

ʢʦʤʧʣʝʢʩʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʜʠʥʳʤ 

ʛʨʘʬʠʢʦʤ ʦʙʨʘʙʦʪʢʠ. ɺrʧʦʣʥʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʪʠʧʳ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʨʦʚʝʜʝʥʦ ʠʭ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʦʚʘʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʥʘ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɻʝʥʝʨʘʮʠʷ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ VP ʠ Pulse_to_Sweep. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʜʦʚ, 

ʥʘʧʠʩʘʥʥʳʭ ʥʘ Matlab. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ 

TesseralPro. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ProMax ʠ Matlab. 

ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ProMax. 

ɿʘʱʠʱʘʝʤʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ʇʨʠʤʝʥʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʩʦʣʷʥʳʭ ʢʫʧʦʣʦʚ ʠ ʧʦʚʳʰʝʥʠ ʁʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘ ɸʩʪʨʘʭʘʥʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʟʨʳʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

2. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʦʚʳʝ ʪʠʧʳ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʦʙʣʘʜʘʶʪ ʣʫʯʠhʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʃʏʄ ʠ Shuffle ʩʚʠʧ-ʩʠʛʥʘʣʘʤʠ. 
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3. ʈʝʰʝʥʘ ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʦʚʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ ʥʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʤ ʚʠʙʨʘʪʦʨʝ. ʉʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ, ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʯʘʩʪʦʪʥʳʤ ʩʧʝʢʪʨʦʤ. 

4. ʊʝʭʥʦʣʦʛʠʷ ʥʦʚʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ 

ʛʣʫʙʠʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʤʥʦʛʦʚʦʣʥʦʚʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʝʚʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʘʚʪʦʨʦʤ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʅʘʜʸʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʦʙʦʩʥʦʚʘʥʘ ʪʝʩʪʦʚʳʤʠ ʨʘʩʯʸʪʘʤʠ ʥʘ 

ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʦʣʝʚʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʠʙʨʘʪʦʨʘ.  

ʇʫʙʣʠʢʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʚ ʭʦʜʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʝʤʠʥʘʨʦʚ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚ -2021è (ʄʦʩʢʚʘ, 

2021), V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɻʝʦɽʚʨʘʟʠʷ-2022. 

ɻʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ - ʥʘʫʢʘ ʠ ʙʠʟʥʝʩè (ʄʦʩʢʚʘ,2022), ʉʘʪʧʘʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2022. 

ʪʨʝʥʜʳ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 2022), 85th EAGE Annual 

Conference & Exhibition (including the Workshop Programme) (ʆʩʣʦ, ʅʦʨʚʝʛʠʷ, 2024). 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 5 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ 4 ʩʪʘʪʴʠ ʚ ʠʟʜʘʥʠʷʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ ʄɻʋ, ʘ ʪʘʢʞʝ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʈʀʅʎ. ɺ ʨʘʙʦʪʘʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ ʚʢʣʘʜ 

ʧʨʠʥʘʜʣʝʞʠʪ ʩʦʠʩʢʘʪʝʣʶ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʧʨʦʝʢʪʝ çʈʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʩʨʝʜè, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʠʩʩʣʝʜʦʚʘʣ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʠ ʧʨʦʚʦʜʠʣ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʪʝʦʨʠʷ ʤ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ 

ʥʦʚʳʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʤ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʕʪʠ ʩʠʛʥʘʣʳ 

ʚʧʝʨʚʳʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʤ ʚʠʙʨʘʪʦʨʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʢʘʟʘʪʴ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʇʦʜʛʦʪʦʚʢʘ 
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ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʧʨʠʯʸʤ ʚʢʣʘʜ 

ʩʦʠʩʢʘʪʝʣʷ ʙʳʣ ʦʧʨʝʜʝʣʷʶʱʠʤ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʨʘʙʦʪʘ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʚʢʣʶʯʘʷ ʬʦʨʤʫʣʠʨʦʚʢʫ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ ʠ ʧʦʣʦʞʝʥʠʡ, ʚʳʥʦʩʠʤʳʭ ʥʘ 

ʟʘʱʠʪʫ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʩʦʨʫ ɾʫʢʦʚʫ ɸʣʝʢʩʘʥʜʨʫ ʇʝʪʨʦʚʠʯʫ ʟʘ ʝʛʦ ʙʝʩʮʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʪʝʨʧʝʥʠʝ ʠ ʮʝʥʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʦʢʘʟʘʥʥʳʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ. 

ʆʪʜʝʣʴʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʭʦʯʫ ʚʳʨʘʟʠʪʴ ʟʘʚʝʜʫʶʱʝʤʫ ʢʘʬʝʜʨʦʡ ʩʝʡʩʤʦʤʝʪʨʠʠ ʠ 

ʛʝʦʘʢʫʩʪʠʢʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ɺʣʘʜʦʚʫ ʄʠʭʘʠʣʫ ʃʴʚʦʚʠʯʫ, ʘ 

ʪʘʢʞʝ ʚʩʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʢʘʬʝʜʨʳ ʟʘ ʧʝʨʝʜʘʥʥʳʝ ʟʥʘʥʠʷ, ʧʦʜʜʝʨʞʢʫ ʠ ʧʦʣʝʟʥʳʝ 

ʩʦʚʝʪʳ. 

ʆʩʦʙʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʚʝʜʫʱʝʤʫ ʠʥʞʝʥʝʨʫ, ʢ.ʪ.ʥ., ʂʦʨʦʪʢʦʚʫ ʀʣʴʝ 

ʇʝʪʨʦʚʠʯʫ ʟʘ ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ ʠ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʩʚʦʠʭ ʢʦʣʣʝʛ ʠʟ ʢʦʤʧʘʥʠʠ çʉʧʝʮʛʝʦʬʠʟʠʢʘè ʟʘ ʠʭ ʩʦʜʝʡʩʪʚʠʝ 

ʠ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʪʘʢʞʝ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ 

ʈʦʩʩʠʡʩʢʦʤʫ ʫʥʠʚʝʨʩʠʪʝʪʫ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ, ʦʢʘʟʘʥʥʫʶ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʘʢʦʥʝʮ, ʦʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʭʦʯʫ ʚʳʨʘʟʠʪʴ ʩʚʦʠʤ ʨʦʜʠʪʝʣʷʤ ʠ ʙʣʠʟʢʠʤ ʟʘ ʠʭ 

ʙʝʟʫʩʣʦʚʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʧʦʥʠʤʘʥʠʝ ʠ ʪʝʨʧʝʥʠʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʦʙʫʯʝʥʠʷ. ɹʝʟ ʠʭ 

ʚʝʨʳ ʚ ʤʝʥʷ ʵʪʦʪ ʧʫʪʴ ʙʳʣ ʙʳ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ. 

 

 

 

 

 

 

 

 

 

 

 

 



12 

 

ɻʃɸɺɸ 1. ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʊɽʍʅʆʃʆɻʀʁ ɺʀɹʈɸʎʀʆʅʅʆʁ 

ʉɽʁʉʄʆʈɸɿɺɽɼʂʀ 

 

 

ʉʝʡʩʤʦʨʘʟʚʝʜʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʪʦʜʦʚ ʥʝʬʪʷʥʦʡ ʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʬʠʟʠʢʠ. ʉ ʤʦʤʝʥʪʘ ʝʸ ʧʦʷʚʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʧʨʦʰʣʠ ʵʚʦʣʶʮʠʶ ʦʪ ʚʟʨʳʚʥʳʭ ʢ 

ʥʝʚʟʨʳʚʥʳʤ, ʚʢʣʶʯʘʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʝ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʫʜʘʨʥʳʝ ʠ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʈʘʟʚʠʪʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʪʦʨʘʤʠ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʤʥʦʞʝʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ʉ ʢʦʥʮʘ XX ʚʝʢʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ. 

ʅʘʩʪʦʷʱʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʥʘʟʝʤʥʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ, ʝʸ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʩʥʦʚʘʤ 

ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʠʤʝʥʝʥʠʷ. 

 

1.1. ʆʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ   

ʉʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʢʘʢ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ, ʠʩʧʦʣʴʟʫʝʪ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ɿʝʤʣʠ ʠ ʧʦʠʩʢʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ, 

ʚʳʟʳʚʘʶʱʝʛʦ ʝʸ ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʟʝʤʥʦʡ 

ʢʦʨʝ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʨʘʞʸʥʥʳʝ, ʧʨʝʣʦʤʣʸʥʥʳʝ ʠ ʜʨʫʛʠʝ ʪʠʧʳ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʩʝʡʩʤʦʧʨʠʸʤʥʠʢʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʸʚ (ɾʫʢʦʚ 

ʠ ʜʨ., 2011). 

ʉʝʡʩʤʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, 

ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʷ ʚʟʨʳʚʥʳʝ ʠ ʥʝʚʟʨʳʚʥʳʝ. 

ʂ ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ, ʫʜʘʨʥʳʝ, ʚʦʟʜʫʰʥʳʝ ʧʫʰʢʠ, ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʝ ʠ 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ. 

ɺʟʨʳʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ ʚ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ, ʦʜʥʘʢʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʩʣʦʞʥʦʩʪʝʡ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ, ʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʜʟʝʤʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʠ ʜʦʨʦʛ, ʘ ʪʘʢʞʝ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʚʙʣʠʟʠ ʛʦʨʦʜʦʚ 

ʠ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ (Lin, 2004). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 1950-ʭ ʛʦʜʘʭ ʚ ʉʉʉʈ ʠ ʉʐɸ ʥʘʯʘʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʧʨʦʜʦʣʞʘʝʪʩʷ ʫʞʝ ʙʦʣʝʝ 70 ʣʝʪ. 

ʉʦʚʝʪʩʢʠʡ ʉʦʶʟ ʧʝʨʚʳʤ ʨʘʟʨʘʙʦʪʘʣ ʚʠʙʨʘʪʦʨʳ ʩ ʵʢʩʮʝʥʪʨʠʢʦʚʳʤ ʢʦʣʝʩʦʤ ʠ ʧʨʦʚʸʣ ʧʦʣʝʚʳʝ 
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ʠʩʧʳʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʣ ʨʝʛʠʩʪʨʠʨʫʶʱʫʶ ʘʧʧʘʨʘʪʫʨʫ, ʤʝʪʦʜʠʢʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʥʘ ʦʩʥʦʚʝ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʢʦʜʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʂ ʢʦʥʮʫ 1970-ʭ ʛʦʜʦʚ ʚ ʉʉʉʈ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʝʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʚʠʙʨʘʪʦʨʦʚ. ɺ ʉʐɸ ʘʤʝʨʠʢʘʥʩʢʘʷ ʥʝʬʪʷʥʘʷ ʢʦʤʧʘʥʠʷ CONOCO ʚ 1952 ʛʦʜʫ ʥʘʯʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʤʝʪʦʜʦʤ ʥʝʧʨʝʨʳʚʥʳʭ ʚʠʙʨʘʮʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʩʩʠʚʥʘʷ ʚʠʙʨʘʮʠʦʥʥʘʷ ʤʘʩʩʘ, 

ʞʸʩʪʢʦ ʩʦʧʨʷʞʸʥʥʘʷ ʩ ʟʝʤʣʸʡ ʯʝʨʝʟ ʧʣʠʪʫ, ʛʝʥʝʨʠʨʦʚʘʣʘ ʩʝʨʠʶ ʫʧʨʫʛʠʭ ʚʦʣʥ. ʆʙʨʘʙʦʪʢʘ ʵʪʠʭ 

ʚʦʣʥ, ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ, ʧʦʟʚʦʣʷʣʘ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʧʦʨʦʜ, 

ʣʠʪʦʣʦʛʠʠ ʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ. ʋʩʪʨʦʡʩʪʚʦ, ʩʦʟʜʘʶʱʝʝ ʥʝʧʨʝʨʳʚʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ, 

ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ. ɺ 1956 ʛʦʜʫ ʚ ʉʐɸ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʧʝʨʚʳʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʡ ʦʪʨʷʜ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʡ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʉʉʉʈ, ʠʭ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʯʘʣʦʩʴ ʪʦʣʴʢʦ ʢ ʢʦʥʮʫ 1970-ʭ ʛʦʜʦʚ (Ni, 2012; 

Ni, 2014). 

ʊʝʭʥʦʣʦʛʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʧʨʦʰʣʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ.  

ʇʝʨʚʳʡ ʵʪʘʧ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ (1950-ʝ ï ʢʦʥʝʮ 1960-ʭ ʛʦʜʦʚ). 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʧʨʦʚʝʜʝʥʠʶ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʦʪʨʘʙʘʪʳʚʘʣʠʩʴ ʧʨʠʥʮʠʧʳ ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ.  

ɺʪʦʨʦʡ ʵʪʘʧ ï ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ (ʥʘʯʘʣʦ 1970-ʭ ï ʢʦʥʝʮ 1980-ʭ ʛʦʜʦʚ). ʕʪʦʪ ʧʝʨʠʦʜ 

ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʵʪʘʧʦʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺʠʙʨʘʮʠʦʥʥʳʝ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʨʠʤʝʥʷʪʴ ʤʥʦʛʦʢʨʘʪʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʩʪʘʣʘ 

ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʷ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʩʪʘʚʘʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ï ʧʦʨʷʜʢʘ 300ï500 ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʜʝʥʴ.  

ʊʨʝʪʠʡ ʵʪʘʧ ï ʚʥʝʜʨʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ (ʩ ʥʘʯʘʣʘ 

1990-ʭ ʛʦʜʦʚ ï ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ). ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʪʘʢʠʝ ʢʘʢ Flip-

Flop Sweep, Slip-Sweep, Independent Simultaneous Sweeping (ISS) ʠ High Fidelity Vibratory Seismic 

(HFVS). ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ, 

ʜʦʩʪʠʛʘʷ ʙʦʣʝʝ 20 000 ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʜʝʥʴ (Stewart et al., 1959). 

ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʂʦʥʮʝʧʮʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʩʭʦʜʠʪ ʢ ʪʝʭʥʦʣʦʛʠʠ ʵʭʦʣʦʢʘʮʠʠ ʚ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʨʘʙʦʪʘʭ ʰʚʝʡʮʘʨʩʢʦʛʦ ʠʥʞʝʥʝʨʘ G. Guanella (1938) ʠ ʥʝʤʝʮʢʦʛʦ 
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ʠʩʩʣʝʜʦʚʘʪʝʣʷ E. Hittman (1940) ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ 

ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ (MIT) ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʚʝʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ, ʠ ʚ 1959 ʛʦʜʫ J.L. Stewart ʠ E.C. Westerfield ʦʧʫʙʣʠʢʦʚʘʣʠ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʪʘʪʴʶ çʊʝʦʨʠʷ 

ʘʢʪʠʚʥʦʛʦ ʩʦʥʘʨʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷè (Theory of Active Sonar Detection), ʘ ʚ 1960 ʛʦʜʫ J.R. Klauder, 

A.C. Price, S. Darlington ʠ W.J. Albersheim ʧʨʝʜʩʪʘʚʠʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʘʙʦʪʫ çʊʝʦʨʠʷ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʣʠʥʝʡʥʳʭ ʯʘʩʪʦʪʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʨʘʜʘʨʦʚè (Theory and Design of Chirp 

Radars) (Klauder et al., 1960). ʀʥʪʝʨʝʩ ʠʥʞʝʥʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʠ ʢ ʩʠʩʪʝʤʘʤ 

ʠʤʧʫʣʴʩʥʦʛʦ ʩʞʘʪʠʷ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʩʪʨʝʤʣʝʥʠʝʤ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ 

ʜʝʡʩʪʚʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤ ʢʦʨʦʪʢʠʡ ʠʤʧʫʣʴʩ, ʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ï ʚʳʩʦʢʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ ʵʪʦ ʩʦʟʜʘʚʘʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʤʝʪʦʜʝ, ʧʦʟʚʦʣʷʶʱʝʤ ʫʚʝʣʠʯʠʪʴ 

ʵʥʝʨʛʠʶ ʩʠʛʥʘʣʘ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ. ʆʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʩʪʘʣʘ ʤʝʪʦʜʠʢʘ 

ʩʞʘʪʠʷ ʜʣʠʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʢʦʨʦʪʢʠʡ ʠʤʧʫʣʴʩ. 

ʊʘʢʘʷ ʞʝ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʣʘ ʠ ʫ ʥʘʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʜʦʨʦʞʥʦʤ 

ʧʦʢʨʳʪʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʚʘʪʴ ʙʦʣʴʰʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠʟ ʛʣʫʙʠʥ ɿʝʤʣʠ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʨʝʜʝʣ, ʯʪʦʙʳ ʥʝ ʧʦʚʨʝʜʠʪʴ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʨʦʛʠ. ʕʪʫ ʧʨʦʙʣʝʤʫ ʨʝʰʠʣʠ ʛʝʦʬʠʟʠʢʠ ʠʟ ʢʦʤʧʘʥʠʠ CONOCO (ʉʐɸ) Bill Doty ʠ 

John Crawford, ʧʨʠʤʝʥʠʚ ʪʝʭʥʦʣʦʛʠʶ ʩʞʘʪʠʷ ʠʤʧʫʣʴʩʦʚ ʨʘʜʘʨʦʚ ʠ ʩʦʥʘʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ 

ʪʠʧʘ ʠʩʪʦʯʥʠʢʘï ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʕʪʦ ʨʝʰʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʫʩʧʝʰʥʦ ʩʧʨʘʚʠʣʦʩʴ ʩ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ, ʥʦ ʠ ʧʨʠʥʝʩʣʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʢʦʤʧʘʥʠʷ CONOCO ʧʦʪʨʘʪʠʣʘ ʚʦʩʝʤʴ ʣʝʪ ʠ 8 ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʃʠʰʴ ʚ ʢʦʥʮʝ 1960 ʛʦʜʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʥʘʯʘʣʘ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʥʝʬʪʷʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. ɺ 1961 ʛʦʜʫ ʢʦʤʧʘʥʠʠ SSL 

(Seismograph Service Limited) ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʨʨʝʣʷʪʦʨ ʜʣʷ ʩʞʘʪʠʷ ʜʣʠʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʥʘ ʢʦʨʦʪʢʠʝ. ɹʣʘʛʦʜʘʨʷ ʫʜʦʙʩʪʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʜʦʨʦʛʘʭ, 

ʠʥʪʝʨʝʩ ʢ ʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʦʩʪʦʷʥʥʦ ʨʦʩ. ʂ 1970-ʤ ʛʦʜʘʤ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʣʘ 

ʫʨʦʚʥʷ, ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʩ ʚʟʨʳʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʘ ʩʘʤʘ ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʥʘʜʸʞʥʦʡ. ʂ ʥʘʯʘʣʫ 1980-ʭ ʛʦʜʦʚ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʥʘʟʝʤʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʙʨʠʛʘʜ ʚ ʤʠʨʝ 

ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ. 

ʀʟ ʪʘʙʣʠʮʳ 1.1 ʚʠʜʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʝʣʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʰʘʛʠ ʧʨʠʤʝʨʥʦ ʢʘʞʜʳʝ 10 ʣʝʪ. ɼʦ 1970-ʭ ʛʦʜʦʚ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʩʦʚʝʪʩʢʠʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʪʠʧʘ ʉɺ, ʠʤʝʣʠ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʚʩʝʛʦ 10 000 ʬʫʥʪʦʚ ʠ ʤʦʛʣʠ 

ʫʧʨʘʚʣʷʪʴ ʬʘʟʦʡ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10Á. ʉʧʫʩʪʷ 40 ʣʝʪ ʤʦʱʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʥʘʧʨʠʤʝʨ ʤʦʜʝʣʠ Nomad 90T ʬʨʘʥʮʫʟʩʢʦʡ ʢʦʤʧʘʥʠʠ Sercel, ʜʦʩʪʠʛʣʘ 90 000 ʬʫʥʪʦʚ, ʘ ʪʦʯʥʦʩʪʴ 

ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʫʣʫʯʰʠʣʘʩʴ ʜʦ 3Á. ɺʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 
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60 000 ʬʫʥʪʦʚ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʢ ʚʳʩʦʢʦʤʦʱʥʳʤ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʬʨʘʥʮʫʟʩʢʘʷ ʢʦʤʧʘʥʠʷ Sercel, 

ʘʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ IVI, ʨʦʩʩʠʡʩʢʘʷ ʢʦʤʧʘʥʠʷ Geosvip, ʘʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ Seismic 

Source, ʢʠʪʘʡʩʢʘʷ ʢʦʤʧʘʥʠʷ BASV, ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʥʦʝ ʢʠʪʘʡʩʢʦ-ʘʤʝʨʠʢʘʥʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

Inova. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʚʝʜʫʱʠʭ ʤʦʜʝʣʝʡ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 60 000 ʬʫʥʪʦʚ, ʘ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 6 ʜʦ 250 ɻʮ.  

ɺʨʝʤʷ 1960-ʝ ʛʦʜʳ 1970-ʝ ʛʦʜʳ 1980-ʝ ʛʦʜʳ 1990-ʝ ʛʦʜʳ 21-ʡ ʚʝʢ 

ʇʠʢʦʚʘʷ 

ʤʦʱʥʦʩʪʴ 

(ʬʫʥʪʳ) 

10000 30000 50000 60000 90000 

ʂʦʥʪʨʦʣʴ 

ʬʘʟʳ (Á) 

10 10 10 3 3 

ʊʘʙʣʠʮʘ 1.1. ʇʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʠ ʧʨʦʛʨʝʩʩ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʘʟʥʳʝ ʛʦʜʳ. 

 

ʅʘ ʨʠʩ. 1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʨʘʟʥʦʡ ʧʠʢʦʚʦʡ 

ʤʦʱʥʦʩʪʴʶ. ʂ ʦʩʥʦʚʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʪʥʦʩʷʪʩʷ: ʧʠʢʦʚʘʷ 

ʚʳʭʦʜʥʘʷ ʩʠʣʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʤʠʥʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ, ʚʝʩ 

ʨʝʘʢʪʠʚʥʦʡ ʤʘʩʩʳ, ʤʘʩʩʘ ʦʧʦʨʥʦʡ ʧʣʠʪʳ, ʘ ʪʘʢʞʝ ʪʠʧ ʠ ʤʦʱʥʦʩʪʴ ʭʦʜʦʚʦʛʦ ʰʘʩʩʠ, ʧʦʣʥʘʷ ʤʘʩʩʘ 

ʘʚʪʦʤʦʙʠʣʷ, ʛʘʙʘʨʠʪʳ, ʧʨʦʭʦʜʠʤʦʩʪʴ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɹʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ 

ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʠʷʤʠ VIB PRO (INOVA), VE (Sercel) ʠ GDS (ʈʦʩʩʠʷ) 

ʀʟ-ʟʘ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ ʠ ʛʨʦʤʦʟʜʢʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʷʶʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʥʘ 

ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʠ ʩʪʘʪʠʯʝʩʢʦʡ 

ʢʦʨʨʝʢʮʠʠ ʜʣʷ ʥʝʛʣʫʙʦʢʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ 1989 ʛʦʜʫ ʚ ʅʠʜʝʨʣʘʥʜʘʭ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʪʨʝʭʪʘ (Utrecht) ʨʘʟʨʘʙʦʪʘʣ ʣʝʛʢʠʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʚʠʙʨʘʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʩ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ ʦʪ 1 ʜʦ 1000 ɻʮ, ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ 500 ʥʴʶʪʦʥʦʚ, ʚʝʩʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 80 ʢʛ ʠ ʚʝʩʦʤ 

ʚʠʙʨʘʪʦʨʘ 100 ʢʛ. ɺ ʩʝʨʝʜʠʥʝ 1990-ʭ ʛʦʜʦʚ ʷʧʦʥʩʢʘʷ ʢʦʤʧʘʥʠʷ OYO ʪʘʢʞʝ ʚʳʧʫʩʪʠʣʘ ʣʝʛʢʠʡ 

ʚʠʙʨʘʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʨʠʚʦʜʦʤ. ɺ ʥʘʯʘʣʝ 21 ʚʝʢʘ ʂʠʪʘʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʎʟʠʣʠʥʷ (Jilin university) ʨʘʟʨʘʙʦʪʘʣ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʝʨʠʠ PHVS ʩ 

ʧʠʢʦʚʳʤ ʫʩʠʣʠʝʤ 500 ʥʴʶʪʦʥʦʚ ʠ 1000 ʥʴʶʪʦʥʦʚ, ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ ʦʪ 5 ʜʦ 1400 ɻʮ ʠ ʪʦʯʥʦʩʪʴʶ 

ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʦʣʷ 3Á ʠ ʧʨʦʚʝʣ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩ ʫʜʘʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚ ʇʝʢʠʥʝ, 

ʊʷʥʴʮʟʠʥʝ ʠ ʏʘʥʯʯʫʥʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʨʠʷ PHVS ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 
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ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ (Yang Zhichao, 2015). 

 

ʘ                         ʙ 

 

ʚ                          ʛ 

ʈʠʩʫʥʦʢ 1.1. ʏʝʪʳʨʝ ʪʠʧʠʯʥʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘ. (ʘ) ʩʦʚʝʪʩʢʠʡ ʚʠʙʨʘʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ 

CB5 ï 150M2 1970-ʭ ʛʦʜʦʚ (ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ 26 000 ʬʫʥʪʦʚ) 

(http://www.testmachines.ru/evolution/sv-5-150m2.html), (ʙ) ʨʦʩʩʠʡʩʢʠʡ ʚʠʙʨʘʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ 

CB-30M-3 (ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ 67 500 ʬʫʥʪʦʚ) (https://www.bpu-cn.com/newsinfo/642880.html), (ʚ) 

ʢʠʪʘʡʩʢʠʡ ʚʠʙʨʘʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ KZ-28 (ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ 61 800 ʬʫʥʪʦʚ), (ʛ) ʬʨʘʥʮʫʟʩʢʠʡ 

ʚʠʙʨʘʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ Normad-90 (ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ 90 000 ʬʫʥʪʦʚ) (Yang Z., 2015). 

 

ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ 

ɺʦʟʙʫʞʜʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ï ʧʝʨʚʳʡ ʵʪʘʧ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʠ ʢʘʯʝʩʪʚʦ 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʠ ʨʘʟʨʝʰʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʨʳʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʨʝʰʝʥʠʝ ʜʘʥʥʳʭ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʝʡʚʣʝʪʘ. ɺ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ 

ʨʘʟʨʝʰʝʥʠʝ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʨʝʰʝʥʠʝʤ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʷʚʣʷʝʪʩʷ ʩʚʸʨʪʢʦʡ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩ ʬʠʣʴʪʨʦʤ ʟʝʤʥʦʡ ʢʦʨʳ. ʌʦʨʤʘ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ï ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʟʨʝʰʝʥʠʷ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ. 

ʀʟʥʘʯʘʣʴʥʦ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʃʏʄ ʩʚʠʧ-ʩʠʛʥʘʣ. 

ʋʩʠʣʝʥʥʳʡ ʩʠʛʥʘʣ ʚʦʟʙʫʞʜʘʣ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʚʠʙʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʧʣʦʪʥʦ ʩʦʧʨʷʞʸʥʥʫʶ ʩ 

ʟʝʤʣʝʡ ʧʣʠʪʫ ʧʝʨʝʜʘʚʘʣ ʚʠʙʨʘʮʠʠ ʚ ʛʨʫʥʪ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʜʟʝʤʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ 

ʩʠʛʥʘʣʳ ʦʪʨʘʞʘʣʠʩʴ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʛʝʦʬʦʥʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʟʘʠʤʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʩʚʠʧ-ʩʠʛʥʘʣʦʤ ʠ ʟʘʧʠʩʘʥʥʳʤ ʩʠʛʥʘʣʦʤ ʦʪ ʛʝʦʬʦʥʦʚ ʧʦʟʚʦʣʷʝʪ 
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ʧʦʣʫʯʠʪʴ ʢʦʨʨʝʣʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ (Ristow et al., 1975; 

Sallas et al., 1998; Allen et al., 1998). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ, ʥʘʯʠʥʘʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ (ʃʏʄ) ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠ ʜʦ ʤʥʦʞʝʩʪʚʘ 

ʜʨʫʛʠʭ ʪʠʧʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʘ ʠʭ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ: ʣʠʥʝʡʥʳʝ, ʥʝʣʠʥʝʡʥʳʝ ʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ. 

ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʠʥʝʡʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʤʛʥʦʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʦ 

ʚʨʝʤʝʥʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ ʘʤʧʣʠʪʫʜʝ. ɹʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʛʝʥʝʨʘʮʠʠ ʠ ʣʸʛʢʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʦʩʪʘʸʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʠʧʦʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʝʣʠʥʝʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʤʛʥʦʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʠ 

ʘʤʧʣʠʪʫʜʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʤʦʥʦʪʦʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʯʘʩʪʦʪʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʝʣʠʥʝʡʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ, ʩʪʝʧʝʥʥʳʝ (ʧʦ ʚʨʝʤʝʥʠ), 

ʘʜʘʧʪʠʚʥʳʝ, ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ, ʘ ʪʘʢʞʝ dB/Oct, dB/Hz ʠ T-Power. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʪʠʧʦʚ 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʭ ʯʘʩʪʦʪʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʥʝʣʠʥʝʡʥʳʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʯʪʦ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʧʦʚʳʰʝʥʠʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʥʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʛʥʦʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚ ʥʫʞʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʜʘʥʥʳʭ ʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʩʣʦʸʚ, ʧʦʚʳʰʘʷ ʪʝʤ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ 

ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ (Taozhifei, 2001). 

ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʩʠʛʥʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʝʣʦʛʦ ʰʫʤʘ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ, ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. ɺ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʤʛʥʦʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ ʠʟʤʝʥʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʫʱʝʩʪʚʫʝʪ 

ʧʷʪʴ ʢʣʶʯʝʚʳʭ ʪʠʧʦʚ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ: ʩʚʸʨʪʢʘ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʬʠʣʴʪʨʘʮʠʷ 

ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʤʧʫʣʴʩʥʘʷ ʨʘʟʚʝʨʪʢʘ, ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠ ʛʝʥʝʨʘʮʠʷ 

ʥʝʜʚʦʠʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ 

ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʯʪʦ ʫʣʫʯʰʘʝʪ 
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ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʥʘʟʝʤʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ. ʉʝʛʦʜʥʷ, ʩ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʩʪʘʣʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʰʫʤʳ ʫʞʝ ʥʘ ʵʪʘʧʝ ʩʙʦʨʘ 

ʜʘʥʥʳʭ (Rieble et al., 1966; Crook et al., 1966; Dean, 2014; Bagaini, 2010; Li Hongyan, 2015). 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʧʨʦʝʢʪʘʭ ʢʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʩʦʙʠʨʘʝʤʳʭ ʜʘʥʥʳʭ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʯʪʦ ʩʪʘʣʦ ʧʨʝʜʤʝʪʦʤ ʰʠʨʦʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʜʦʩʪʠʛʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ 

ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʥʝ ʚʩʝʛʜʘ ʜʘʶʪ ʦʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʕʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ʀʩʪʦʨʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ɺʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ, ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ: 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

(1) ʊʨʘʜʠʮʠʦʥʥʳʝ ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢʘʢ ʧʨʘʚʠʣʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʃʏʄ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʜʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʠʛʥʘʣʦʚ 

ʥʘʟʝʤʥʳʤʠ ʛʝʦʬʦʥʘʤʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳ ʚ 

ʜʚʫʭʤʝʨʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʧʨʦʝʢʪʘʭ. ʉ 

ʤʦʤʝʥʪʘ ʠʭ ʧʦʷʚʣʝʥʠʷ ʚ XX ʚʝʢʝ ʠ ʜʦ ʥʘʯʘʣʘ XXI  ʚʝʢʘ ʦʥʠ ʦʩʪʘʚʘʣʠʩʴ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

(2) ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʝʡʩʤʦʨʘʟʚʝʜʢʫ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʛʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʤʝʪʦʜʳ ʟʘʯʘʩʪʫʶ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʤʝʭʘʤʠ ʦʪ ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʪʘʧʦʚ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ ʥʘ ʩʪʘʜʠʠ 

ʦʙʨʘʙʦʪʢʠ (Hampson, 2008; Bathellier et al., 2012). 

ʉ ʢʦʥʮʘ XX ʚʝʢʘ, ʩ ʫʛʣʫʙʣʝʥʠʝʤ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ʧʦʚʳʰʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ 
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ʜʝʪʘʣʠʟʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʬʪʝʛʘʟʦʚʳʭ ʧʣʘʩʪʦʚ, ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʚʥʝʜʨʷʶʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ (Moerig et 

al., 2002; Krohn et al., 2004). ʉʨʝʜʠ ʢʣʶʯʝʚʳʭ ʜʦʩʪʠʞʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ɺ 1996 ʛʦʜʫ ʢʦʤʧʘʥʠʷ 

PDO (ʆʤʘʥ) ʧʨʝʜʩʪʘʚʠʣʘ ʜʚʝ ʤʝʪʦʜʠʢʠ: Flip-flop ʠ Slip-sweep. ʇʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ 1998 ʛʦʜʫ ʢʦʤʧʘʥʠʷ CGG Veritas 

ʧʨʠʤʝʥʠʣʘ ʤʝʪʦʜ Slip-sweep ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʝʢʪʘʭ, ʯʪʦ ʦʟʥʘʤʝʥʦʚʘʣʦ ʧʝʨʝʭʦʜ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʟʨʝʣʦʩʪʠ. ʆʜʥʘʢʦ ʤʝʪʦʜ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʙʦʪʘʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ (ʜʦ ʯʝʪʳʨʸʭ), ʯʪʦ ʩʜʝʨʞʠʚʘʝʪ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɺ 2006 ʛʦʜʫ 

ʢʦʤʧʘʥʠʷ BP ʨʘʟʨʘʙʦʪʘʣʘ ʤʝʪʦʜ ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ (ISS ï Independent 

Simultaneous Sweeping) ʠ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʣʘ ʝʛʦ ʚ ɸʣʞʠʨʝ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʩʫʪʢʠ (Qu, 2018; Howe et al., 2008; Howe et al., 

2009). ɺ 2008 ʛʦʜʫ CGG Veritas ʧʨʝʜʩʪʘʚʠʣʘ ʤʝʪʦʜ V1, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʴ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ, ʧʦʚʳʩʠʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ 

ʩʯʸʪ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʠʭ 

ʘʢʪʠʚʘʮʠʷʤʠ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʦʤʝʭ. ɺ 2009 ʛʦʜʫ BP ʨʘʟʨʘʙʦʪʘʣʘ ʤʝʪʦʜ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ (DSSS ï 

Distance Separated Simultaneous Sweeping), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʩʤʝʩʪʠʪʴ ʧʦʤʝʭʠ ʟʘ ʧʨʝʜʝʣʳ 

ʮʝʣʝʚʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ (Postel et al., 2008; Bouska, 2009; Bouska, 2010). ɺ 2008 ʛʦʜʫ Hampson 

ʧʨʝʜʩʪʘʚʠʣ ʤʝʪʦʜ Dithered acquisition, ʘ ʧʦʟʜʥʝʝ ʢʦʤʧʘʥʠʷ Schlumberger ʨʘʟʨʘʙʦʪʘʣʘ ʪʝʭʥʦʣʦʛʠʶ 

Dithered Slip Sweep (DSS), ʢʦʤʙʠʥʠʨʫʶʱʫʶ Dithered acquisition ʠ Slip-sweep, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʜʦʙʠʪʴʩʷ ʝʱʸ ʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ (Bagaini, 2010; Bagaini ʠ Ji, 2010). 

ʄʝʪʦʜ Flip-flop, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ, ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʠʣʠ 

ʙʦʣʝʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʦʢʘ ʦʜʥʘ ʛʨʫʧʧʘ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʚʦʟʙʫʞʜʝʥʠʝ, ʩʣʝʜʫʶʱʘʷ ʛʨʫʧʧʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʪʦʯʢʝ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ ʨʘʙʦʪʝ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʦʜʥʦʡ ʛʨʫʧʧʳ ʩʣʝʜʫʶʱʘʷ ʛʨʫʧʧʘ 

ʥʝʤʝʜʣʝʥʥʦ ʥʘʯʠʥʘʝʪ ʚʠʙʨʘʮʠʶ. 

ʄʝʪʦʜ Slip-sweep ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ Flip-flop. ɽʛʦ ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʝʪ 

ʧʝʨʝʩʝʢʘʪʴʩʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʄʝʪʦʜ ISS (Independent Simultaneous Sweeping) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ 

ʪʝʭʥʦʣʦʛʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʂʘʞʜʘʷ 

ʛʨʫʧʧʘ ʥʘʯʠʥʘʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ, ʙʝʟ ʦʞʠʜʘʥʠʷ ʜʨʫʛʠʭ ʛʨʫʧʧ. ʆʜʥʘʢʦ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʤʝʭ ʦʪ ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ ʠʩʪʦʯʥʠʢʦʚ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
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ʄʝʪʦʜ DSSS (Distance Separated Simultaneous Sweeping) ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʵʪʦʤ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʯʝʨʝʜʫʶʱʠʡʩʷ ʨʝʞʠʤ Flip-flop. ʂʘʞʜʘʷ ʛʨʫʧʧʘ ʩʦʩʪʦʠʪ ʢʘʢ ʤʠʥʠʤʫʤ ʠʟ ʜʚʫʭ 

ʧʦʜʛʨʫʧʧ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʤʝʭʠ ʦʪ ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ. ʆʜʥʘʢʦ ʚ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʠʞʥʠʝ 

ʯʘʩʪʠ ʚʩʸ ʞʝ ʦʩʪʘʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʪʠʭ ʧʦʤʝʭ. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʧʦʤʝʭʘʤʠ ʦʪ ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ ʠʩʪʦʯʥʠʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʰʫʤʦʧʦʜʘʚʣʝʥʠʶ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʘʥʥʳʝ ʩʥʘʯʘʣʘ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʠʟ ʩʝʡʩʤʦʛʨʘʤʤʳ ʆʇɺ ʚ ʜʨʫʛʠʝ ʪʠʧʳ ʩʝʡʩʤʦʛʨʘʤʤ, 

ʟʘʪʝʤ ʧʦʤʝʭʠ ʫʩʪʨʘʥʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʜʘʚʣʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʰʫʤʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʜʘʥʥʳʝ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʬʦʨʤʘʪ ʩʝʡʩʤʦʛʨʘʤʤʳ ʆʇɺ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ.  

ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʀʟ-ʟʘ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʆʜʥʘʢʦ ʵʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʨʦʙʣʝʤʫ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ 

ʜʘʥʥʳʭ (Spitz et al., 2008; Abma et al., 2010; Chen et al., 2014; Tang et al., 2009; Jiang et al., 2010). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʪʁ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʝʡʩʤʦʛʨʘʤʤʳ ʆʇɺ ʚ ʜʨʫʛʠʝ ʪʠʧʳ ʩʝʡʩʤʦʛʨʘʤʤʳ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʝʡʩʤʦʛʨʘʤʤʳ ʆʉʊ ʠʣʠ ʜʨʫʛʠʝ ʥʘʙʦʨʳ. ɿʘʪʝʤ ʧʦʤʝʭʠ ʦʪ ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ ʠʩʪʦʯʥʠʢʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʰʫʤ, ʢʦʪʦʨʳʡ ʧʦʜʘʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʬʠʣʴʪʨʘʮʠʠ (Chen et al., 

2014; Hampson et al., 2008; Mahdad et al., 2011; Wapenaar et al., 2012; Chen et al., 2014; Zu et al., 

2017; Denisov et al., 2021). ʄʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʤʝʞʜʫ 

ʩʤʝʰʘʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʫʣʫʯʰʘʷ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠ ʠʭ ʨʘʟʜʝʣʝʥʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʩʠʛʥʘʣʳ, ʠʟʣʫʯʘʝʤʳʝ ʚʠʙʨʘʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʫʧʨʘʚʣʷʝʤʳ, ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ʀʩʪʦʨʠʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʧʨʷʤʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ. ʄʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʪʘʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳ ʤʝʪʦʜʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠ ʵʪʦʤ 

ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ɺ 2006 ʛʦʜʫ ɺʘʥ ʏʞʫʥʞʵʥʴ ʠ ʩʦʘʚʪʦʨ 

ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʥʝʡʥʳʡ (ʃʏʄ) ʩʚʠʧ-ʩʠʛʥʘʣ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʭʤʝʨʥʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʣʝʧʝʩʪʢʦʚ ʬʫʥʢʮʠʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʦʥʠ ʧʨʠʤʝʥʠʣʠ 

ʢʦʥʫʩʦʦʙʨʘʟʥʫʶ ʦʙʨʘʙʦʪʢʫ ʥʘ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠ ʪʘʢʞʝ ʧʨʦʚʝʣʠ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʨʷʜʘ ʥʝʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ (Wang et al., 2006). ɺ 2007 ʛʦʜʫ ɺʘʥ 

ʏʞʫʥʞʵʥʴ ʠ ʏʘʡ ʏʞʠʖʘʥʴ ʧʨʦʚʝʣʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-
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ʩʠʛʥʘʣʦʚ (Wang et al., 2007). ɺ 2011 ʛʦʜʫ ɺʘʥ ʠ ʩʦʘʚʪʦʨ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʷʤʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚ ʊʘʨʠʤʩʢʦʤ ʙʘʩʩʝʡʥʝ (Wang et al., 2010). ɺ 2014 ʛʦʜʫ 

ʎʶ ʀʥʴʤʠʥ ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜ ʙʳʩʪʨʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʙʨʘʮʠʦʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʜʣʷ ʤʝʪʦʜʘ V1 (Qu et al., 2014). 

 

1.2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʇʨʠʥʮʠʧ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʦʚ ʩʭʦʞ: 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʪʨʘʩʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʦʙʦʠʭ ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʯʝʨʝʟ 

ʩʚʸʨʪʦʯʥʫʶ ʤʦʜʝʣʴ. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʥʠʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ. 

ɺʠʙʨʘʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʛʝʥʝʨʠʨʫʝʪ ʩʚʠʧ-ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʣʦʛʨʘʤʤʳ (ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʪʝʤ ʧʨʦʚʝʩʪʠ ʜʘʣʴʥʝʡʰʫʶ 

ʦʙʨʘʙʦʪʢʫ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ɺʟʨʳʚʥʦʡ ʠʩʪʦʯʥʠʢ ʩʦʟʜʘʝʪ ʠʤʧʫʣʴʩʥʳʡ ʩʠʛʥʘʣ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʩʝʡʩʤʠʯʝʩʢʘʷ ʪʨʘʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʠʩʘʥʘ ʩ ʧʦʤʦʱʴʶ ʩʚʸʨʪʦʯʥʦʡ ʤʦʜʝʣʠ. ɺ 

ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʛʝʥʝʨʘʮʠʷ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʪʝʭʥʦʣʦʛʠʷ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠ ʩʚʸʨʪʦʯʥʘʷ ʤʦʜʝʣʴ, ʧʨʠ 

ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʷ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʚʟʨʳʚʥʳʤʠ, ʚʢʣʶʯʘʷ 

ʦʪʩʫʪʩʪʚʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʬʦʨʤʦʡ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ. ʍʦʪʷ ʧʨʠʥʮʠʧ ʠʭ ʨʘʙʦʪʳ ʩʭʦʞ ʩ ʧʨʠʥʮʠʧʦʤ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʠʪʝʣʴʥʳʡ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʚʤʝʩʪʦ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʫʜʘʨʥʳʭ ʚʦʣʥ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ 

ʜʝʣʘʝʪ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʪʠʧʫ ʚʦʟʙʫʞʜʘʝʤʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ: 

ʧʨʦʜʦʣʴʥʳʝ, ʧʦʧʝʨʝʯʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ, ʩ ʥʘʠʙʦʣʴʰʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʜʦʣʴʥʳʭ. ʉʠʩʪʝʤʘ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʢʣʶʯʘʝʪ ʵʣʝʢʪʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʝʨʚʦʩʠʩʪʝʤʫ, 

ʩʠʣʦʚʦʡ ʠ ʧʝʨʝʜʘʶʱʠʡ ʙʣʦʢʠ, ʘ ʪʘʢʞʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʨʠʩ. 1.2). ʆʩʥʦʚʥʳʝ 

ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʢʣʶʯʝʚʳʝ ʯʘʩʪʠ: ʛʝʥʝʨʘʪʦʨ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʚʠʙʨʘʪʦʨ ʠ 

ʢʦʨʨʝʣʷʪʦʨ. 

ɻʝʥʝʨʘʪʦʨ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʠʣʠ ʢʦʜʠʨʦʚʱʠʢ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʠʧ-ʩʠʛʥʘʣʘ. ʆʙʳʯʥʦ ʢʦʜʠʨʦʚʱʠʢ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʩʝʡʩʤʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʨʘʟʤʝʱʝʥʥʦʤ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʘʚʪʦʤʦʙʠʣʝ. ɽʛʦ ʦʩʥʦʚʥʘʷ 

ʬʫʥʢʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʦʧʦʨʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠ ʧʝʨʝʜʘʯʝ ʝʛʦ ʥʘ ʚʠʙʨʘʮʠʦʥʥʳʝ 
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ʠʩʪʦʯʥʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʝʜʥʠʤ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʚʠʧ-ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʜʘʥʥʦʤʫ 

ʦʧʦʨʥʦʤʫ ʩʠʛʥʘʣʫ. ʂʨʦʤʝ ʪʦʛʦ, ʛʝʥʝʨʘʪʦʨ ʫʧʨʘʚʣʷʝʪ ʚʨʝʤʝʥʝʤ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʚʩʝʭ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʯʝʨʝʟ ʨʘʜʠʦʩʚʷʟʴ, 

ʧʦʣʫʯʘʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʘʥʥʳʝ ʦʪ ʠʩʪʦʯʥʠʢʦʚ. 

ɺʠʙʨʘʪʦʨ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, 

ʛʝʥʝʨʠʨʫʶʱʠʤ ʚʠʙʨʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʯʘʩʪʦʪʦʡ ʠ ʘʤʧʣʠʪʫʜʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʧʦʨʥʳʤ ʩʠʛʥʘʣʦʤ. ʉʪʨʫʢʪʫʨʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʢʣʶʯʘʝʪ ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʘ, 

ʚʠʙʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ɺʠʙʨʘʪʦʨ, 

ʮʝʥʪʨʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʠʪ ʠʟ ʚʦʟʙʫʜʠʪʝʣʷ ʚʠʙʨʘʮʠʠ, ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʷʜʨʦ ʚʠʙʨʘʪʦʨʘ ï ɻʪʦ 

ʚʦʟʙʫʜʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʨʝʘʢʪʠʚʥʫʶ ʤʘʩʩʫ, ʧʣʠʪʫ, ʵʣʝʢʪʨʦ-ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʩʝʨʚʦ-ʢʣʘʧʘʥ, 

ʮʝʥʪʨʦʚʦʯʥʫʶ ʚʦʟʜʫʰʥʫʶ ʧʨʫʞʠʥʫ ʠ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʝ ʧʨʫʞʠʥʳ. ʉʚʠʧ-ʩʠʛʥʘʣ ʧʝʨʝʜʘʝʪʩʷ ʚ 

ʟʝʤʣʶ ʯʝʨʝʟ ʧʣʠʪʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʩʥʘʙʞʘʝʪ ʚʠʙʨʘʪʦʨ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʤʘʩʣʦʤ, ʧʦʜʜʝʨʞʠʚʘʷ ʝʛʦ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ, ʘ 

ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʢʦʦʨʜʠʥʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʂʦʨʨʝʣʷʪʦʨ ʚʳʧʦʣʥʷʝʪ ʦʩʥʦʚʥʫʶ ʬʫʥʢʮʠʶ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʠ ʦʧʦʨʥʳʤ ʩʚʠʧ-ʩʠʛʥʘʣʦʤ, ʩʦʟʜʘʥʥʳʤ ʢʦʜʠʨʦʚʱʠʢʦʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʤʤʠʨʦʚʘʥʠʝʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʣʦʛʨʘʤʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʜʝʣʴʥʳʝ ʢʦʨʨʝʣʷʪʦʨʳ ʧʦʯʪʠ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʢʦʨʨʝʣʷʮʠʷ ʠ ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

 

ʘ                                                   ʙ                                  ʚ 

ʈʠʩʫʥʦʢ 1.2. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ NOMAD90 ʢʦʤʧʘʥʠʠ SERCEL 

(ʌʨʘʥʮʠʷ). (a) ʚʠʙʨʘʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ NOMAD90, (ʙ) ʚʠʙʨʘʪʦʨ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, (ʚ) 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ VE464 (Ni Y., 2012). 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʦʚ ʠʜʝʥʪʠʯʥʳ: ʦʪʨʘʞʸʥʥʦʝ 

ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʦʙʦʠʭ ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʸʨʪʦʯʥʦʡ ʤʦʜʝʣʠ. ʉʠʛʥʘʣ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʚʟʨʳʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, 

ʧʨʠʙʣʠʞʝʥ ʢ ʠʤʧʫʣʴʩʥʦʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʸʨʪʦʯʥʫʶ ʤʦʜʝʣʴ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʪʨʘʩʩʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ, ʚʠʙʨʘʮʠʦʥʥʳʡ 
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ʠʩʪʦʯʥʠʢ ʛʝʥʝʨʠʨʫʝʪ ʜʣʠʪʝʣʴʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʙʦʪʘʪʴ ʤʝʪʦʜʦʤ 

ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʩʞʘʪʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʟʘʧʠʩʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʢʦʨʨʝʣʦʛʨʘʤʤʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʝʡʩʤʠʯʝʩʢʫʶ 

ʪʨʘʩʩʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʚʸʨʪʢʫ ʬʫʥʢʮʠʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩ ʠʤʧʫʣʴʩʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ. 

ʉʚʸʨʪʦʯʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʦʜʟʝʤʥʳʝ ʧʣʘʩʪʳ ʠʤʝʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʘ ʠʩʪʦʯʥʠʢ ʛʝʥʝʨʠʨʫʝʪ ʧʣʦʩʢʠʝ ʧʨʦʜʦʣʴʥʳʝ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʥʠʟ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʝʡʩʤʠʯʝʩʢʫʶ ʟʘʧʠʩʴ, ʧʦʣʫʯʝʥʥʫʶ ʦʪ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʯʝʨʝʟ ʩʚʸʨʪʦʯʥʫʶ ʤʦʜʝʣʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὼὸ ύὸ ὶzὸ ὲὸ ρȢρ 

ɺ ʜʘʥʥʦʤ ʫʨʘʚʥʝʥʠʠ: ὼὸ  ï ʟʘʧʠʩʘʥʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʪʨʘʩʩʘ, ύὸ  ï ʩʝʡʩʤʠʯʝʩʢʠʡ 

ʚʝʡʚʣʝʪ, ὶὸ ï ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʝʚ, ʘ ὲὸ ï h ʫʤ. 

ʇʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩʝʡʩʤʠʯʝʩʢʘʷ ʪʨʘʩʩʘ ʦʪ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʢʦʨʨʝʣʦʛʨʘʤʤʘ) 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (1.1). ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ύὸ  ï ɻ ʪʦ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʷ ʩʚʠʧ-ʩʠʛʥʘʣʘ. ʇʫʩʪʴ ίὸ ï ʩʚʠʧ-ʩʠʛʥʘʣ, ʘ ίὸ ï ʠʩʭʦʜʥʘʷ ʚʠʙʨʦʛʨʘʤʤʘ. ʉʚʠʧ-

ʩʠʛʥʘʣ ίὸ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʡ ʜʣʠʥʥʳʡ ʩʠʛʥʘʣ, ʘʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ. ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʧʦʜʟʝʤʥʳʝ ʩʣʦʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʥʠʤʠ, ʵʪʦʪ ʩʠʛʥʘʣ 

ʬʦʨʤʠʨʫʝʪ ʜʣʠʥʥʫʶ ʚʠʙʨʘʮʠʦʥʥʫʶ ʟʘʧʠʩʴ (ʚʠʙʨʦʛʨʘʤʤʫ) ίὸ , ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʫʨʘʚʥʝʥʠʝʤ (1.2). 

ίὸ ίὸ ὶzὸ ρȢς 

ɺ ʜʘʥʥʦʤ ʫʨʘʚʥʝʥʠʠ ίὸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʙʨʘʮʠʦʥʥʫʶ ʟʘʧʠʩʴ, ίὸ - ʩʚʠʧ-ʩʠʛʥʘʣ, ʘ 

ὶὸ - ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʝʚ, ʢʦʪʦʨʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʦʪʨʘʞʝʥʠʷ ʩʣʦʝʚ. 

ίὸ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʟʘʧʠʩʴʶ. ʕʪʦʪ 

ʜʣʠʥʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʠʤʧʫʣʴʩʥʳʭ ʦʪʢʣʠʢʦʚ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʣʦʷ ʥʘ ʩʠʛʥʘʣʳ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʠ ʯʘʩʪʦʪʦʡ. ʆʥ ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ 

ʰʫʤr, ʪʘʢʠʝ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ, ʧʦʤʝʭʠ ʦʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʝ. ɼʣʷ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʝʨʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʠ ʚʨʝʤʝʥʘʤʠ ʩ ʠʤʧʫʣʴʩʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʭ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʩʣʦʝʚ ʚʦ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʞʘʪʴ ʜʣʠʥʫ ʩʠʛʥʘʣʘ. ʆʙʳʯʥʦ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʝʨʘʮʠʷ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. ʇʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʚʠʧ-ʩʠʛʥʘʣʘ ίὸ ʩ ʚʠʙʨʘʮʠʦʥʥʦʡ ʟʘʧʠʩʴʶ ίὸ ʠ ʜʦʙʘʚʣʝʥʠʷ 

ʰʫʤʘ ὲὸ ʧʦʣʫʯʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ (1.3), ʘʥʘʣʦʛʠʯʥʦʝ ʫʨʘʚʥʝʥʠʶ (1.1): 

ὼὸ Ὧὸ ὶzὸ ὲὸ ρȢσ 

ɿʜʝʩʴ Ὧὸ  ï ʥʫʣʝʚʦʡ ʬʘʟʦʚʳʡ ʚʝʡʚʣʝʪ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʚʝʡʚʣʝʪ Klauder, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʩʚʠʧ-ʩʠʛʥʘʣʘ ίὸ . ʋʨʘʚʥʝʥʠʷ (2.1) ʠ (2.3) 
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ʠʤʝʶʪ ʠʜʝʥʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʥʫʣʝʚʦʡ ʬʘʟʦʚʳʡ ʚʝʡʚʣʝʪ Ὧὸ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ 

ʤʠʥʠʤʘʣʴʥʦ ʬʘʟʦʚʳʡ ʚʝʡʚʣʝʪ ύὸ ʩ ʧʦʤʦʱʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʩ ʚʟʨʳʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ. 

ʉʝʡʩʤʠʯʝʩʢʠʝ ʟʘʧʠʩʠ: 

ɺ ʫʨʘʚʥʝʥʠʠ (1.3) ὼὸ  ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʡʩʤʠʯʝʩʢʫʶ ʪʨʘʩʩʫ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʆʙʲʝʜʠʥʷʷ ʚʩʝ ʪʘʢʠʝ ʪʨʘʩʩʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʦʜʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʣʥʫʶ ʢʦʨʨʝʣʦʛʨʘʤʤʫ. 

ʅʘ ʨʠʩ. 1.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ: ʨʠʩ. 1.3 (a) 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʠʩʭʦʜʥʫʶ ʚʠʙʨʘʮʠʦʥʥʫʶ ʟʘʧʠʩʴ (ʚʠʙʨʦʛʨʘʤʤʫ), ʨʠʩ. 1.3 (ʙ) ʧʦʢʘʟʳʚʘʝʪ 

ʩʝʡʩʤʠʯʝʩʢʫʶ ʟʘʧʠʩʴ (ʢʦʨʨʝʣʦʛʨʘʤʤʫ), ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʸʨʪʢʠ ʚʠʙʨʦʛʨʘʤʤʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʚʠʧ-ʩʠʛʥʘʣʦʤ, ʨʠʩ. 1.3 (ʚ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʝʡʩʤʠʯʝʩʢʫʶ ʟʘʧʠʩʴ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʧʨʠ ʦʜʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʦʪ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

 

 

ʈʠʩʫʥʦʢ 1.3. ʊʠʧʠʯʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʟʘʧʠʩʠ ʦʪ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʦʚ. (ʘ) 

ʚʠʙʨʘʮʠʦʥʥʘʷ ʟʘʧʠʩʴ (ʚʠʙʨʦʛʨʘʤʤʘ), ʜʣʠʪʝʣʴʥʦʩʪʴ ï 20.5 ʩ, (ʙ) ʢʦʨʨʝʣʦʛʨʘʤʤʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ï 

4 ʩ, (ʚ) ʩʝʡʩʤʦʛʨʘʤʤʘ ʦʪ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ï 4 ʩ.  
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ɺʠʙʨʘʮʠʦʥʥʘʷ ʟʘʧʠʩʴ (ʚʠʙʨʦʛʨʘʤʤʘ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.3 (ʘ). ʕʪʦ ʩʣʦʞʥʦʝ ʚʦʣʥʦʚʦʝ 

ʧʦʣʝ, ʢʦʪʦʨʦʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʨʘʙʦʪʘʥʦ ʢʘʢ ʩʝʡʩʤʦʛʨʘʤʤʳ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʟʘʧʠʩʴ, ʘʥʘʣʦʛʠʯʥʫʶ ʟʘʧʠʩʠ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʨʠʩ. 1.3 (ʙ)), ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʚʟʘʠʤʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʩʚʠʧ-ʩʠʛʥʘʣʦʤ. ʆʜʥʘʢʦ ʬʠʟʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʟʘʧʠʩʝʡ 1.3 (ʙ) ʠ 1.3 (ʚ) 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʦ. ɿʘʧʠʩʴ 1.3 (ʙ) ʬʠʢʩʠʨʫʝʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʠ ʥʝ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʥʘ ʩʦʭʨʘʥʷʝʪ ʚʘʞʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʘʢʫʶ ʢʘʢ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʥʝʨʛʠʠ ʦʪʨʘʞʸʥʥʳʭ ʚʦʣʥ ʠ ʧʦʣʷʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɿʘʧʠʩʴ 1.3(ʚ), ʥʘʧʨʦʪʠʚ, ʦʪʦʙʨʘʞʘʝʪ ʨʝʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ, ʦʙʣʘʜʘʝʪ 

ʥʘʛʣʷʜʥʳʤ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʨʘʙʦʪʘʥʘ ʠ ʧʦʪʦʤ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ.   

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʟʘʧʠʩʠ 1.3(ʙ) ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʝʩʪʴ ʩ ʧʦʣʝʤ ʧʝʨʚʦʛʦ 

ʚʩʪʫʧʣʝʥʠʷ ʟʘʧʠʩʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʨʠʩ. 1.3 (ʚ)). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʦʙʣʘʜʘʝʪ ʥʫʣʝʚʦʡ ʬʘʟʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʫʤʘ ʚʦʢʨʫʛ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʦʯʝʢ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʧʦʣʝ ʧʝʨʚʦʛʦ ʚʩʪʫʧʣʝʥʠʷ 

ʟʘʧʠʩʠ 1.3(ʚ) ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʜʦʙʥʦʛʦ ʰʫʤʘ, ʪʘʢ ʢʘʢ ʚʦʟʙʫʞʜʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚʟʨʳʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʨʦʛʦʡ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʠ. ʕʪʦ ʜʝʣʘʝʪ ʧʦʣʫʯʝʥʥʫʶ ʟʘʧʠʩʴ ʤʠʥʠʤʘʣʴʥʦ ʬʘʟʦʚʦʡ. ɼʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʛʨʘʥʠʮʳ ʩʣʦʸʚ ʥʘ ʟʘʧʠʩʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʚʟʘʠʤʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ. ʕʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʟʘʧʠʩʠ, ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʥʘʣʦʛʠʶ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ 

ʚʦʟʙʫʞʜʝʥʠʷ. 

ʂʦʨʨʝʣʷʮʠʷ: 

ʋʨʘʚʥʝʥʠʷ (1.2) ʠ (1.3) ʦʧʠʩʳʚʘʶʪ ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨʨʝʣʦʛʨʘʤʤʳ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. ɺʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʚʠʧ-ʩʠʛʥʘʣʦʤ ʠ ʚʠʙʨʦʛʨʘʤʤʦʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʩʝʡʩʤʠʯʝʩʢʫʶ ʟʘʧʠʩʴ (ʢʦʨʨʝʣʦʛʨʘʤʤʫ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. ʄʝʪʦʜ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. ʉʝʡʩʤʠʯʝʩʢʘʷ ʪʨʘʩʩʘ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ὼὸ  ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʳ (ʬʦʨʤʫʣʘ 1.4): 

ὼ†
ρ

Ὕ
ίὸίὸ †Ὠὸ ρȢτ 

ɺ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ὼὸ  ʦʙʦʟʥʘʯʘʝʪ ʢʦʨʨʝʣʦʛʨʘʤʤʫ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, 

ίὸ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʠʙʨʘʛʨʘʤʤʫ, ʘ ίὸ †  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʠʧ-ʩʠʛʥʘʣ, ʩ ʢʦʪʦʨʳʤ ʚʳʧʦʣʥʷʝʪʩʷ 

ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʷ.  Ὕ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʘ † ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʨʝʤʝʥʥʦʡ 

ʩʜʚʠʛ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. 
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʠ ʟʘʪʫʭʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʟʝʤʥʫʶ ʩʨʝʜʫ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʘʤʧʣʠʪʫʜʳ ʚʩʝʭ ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠʟʤʝʥʷʶʪʩʷ ʦʜʠʥʘʢʦʚʦ ʧʨʠ ʝʛʦ ʩʚʸʨʪʢʝ ʩ 

ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʛʨʘʥʠʮʳ ʚʦʣʥʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ὼὸ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʩʚʸʨʪʢʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʦʣʥʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ ʚ 

ʬʦʨʤʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚ ʫʨʘʚʥʝʥʠʠ (1.5). 

ὼ ὸ ίὸ—‏ —Ὠ— ρȢυ 

ɺ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ‏—  ʦʙʦʟʥʘʯʘʝʪ ʠʤʧʫʣʴʩʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʨʘʥʠʮʳ ʚʦʣʥʦʚʦʛʦ 

ʠʤʧʝʜʘʥʩʘ ʚ ʟʝʤʥʦʡ ʩʨʝʜʝ, ίὸ — ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʘ — ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʨʝʤʝʥʥʫʶ 

ʛʣʫʙʠʥʫ ʛʨʘʥʠʮʳ ʚʦʣʥʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʩʪʘʥʦʚʢʠ ʫʨʘʚʥʝʥʠʷ (1.5) ʚ ʫʨʘʚʥʝʥʠʝ (1.4) ʠ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʬʦʨʤʘ ʜʣʷ ʚʳʨʘʞʝʥʠʷ ʢʦʨʨʝʣʦʛʨʘʤʤʳ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʫʨʘʚʥʝʥʠʝʤ (1.6). 

ὼὸ
ρ

Ὕ
—‏ ίὸ †ίὸ —Ὠ— †Ὧ—‏ —Ὠ— ρȢφ 

ɺ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ Ὧ† — ᷿ίὸ —ίὸ †Ὠὸ ʦʙʦʟʥʘʯʘʝʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ 

ʬʫʥʢʮʠʶ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʫʣɹʬʘʟʦʚʫʶ ʚʦʣʥʫ, ʠʟʚʝʩʪʥʫʶ ʢʘʢ ʚʦʣʥʘ 

Klauder. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʣʦʛʨʘʤʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʠ 

ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʩ ʪʨʝʤʷ ʛʨʘʥʠʮʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʠʤʧʝʜʘʥʩʘ. 

ʅʘ ʨʠʩ. 1.4 (ʘ) ʠʟʦʙʨʘʞʝʥʘ ʩʦʜʝʨʞʘʱʘʷ ʪʨʠ ʛʨʘʥʠʮʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʦʣʥʦʚʦʛʦ 

ʠʤʧʝʜʘʥʩʘ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʶ ʠʤʧʫʣʴʩʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ‏ȁ ‏ȁ ‏. ʅʘ ʨʠʩ. 1.4 

(ʙ) ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨʨʝʣʦʛʨʘʤʤʳ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ʅʘ ʨʠʩ. 1.4 ʚʠʙʨʘʛʨʘʤʤʳ ίὸ , ί ὸ , ί ὸ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʟʘʧʠʩʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ 

ʛʝʦʬʦʥʦʤ ʧʦʩʣʝ ʩʚʸʨʪʢʠ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ίὸ ʩ ʠʤʧʫʣʴʩʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ‏ȁ ‏ȁ 

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʚʠʙʨʘʛʨʘʤʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ‏

ʯʘʩʪʦʪʝ. ɺʨʝʤʷ ʥʘʯʘʣʘ ʨʝʛʠʩʪʨʘʮʠʠ ὸ, ὸ, ὸ ʜʣʷ ʟʘʧʠʩʝʡ ίὸ, ίὸ, ί ὸ ʩʦʚʧʘʜʘʝʪ ʩ ʚʨʝʤʝʥʝʤ 

ὸ, ὸ, ὸ ʥʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʨʠʩ. 1.4 (ʘ). ʂʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʟʘʧʠʩʠ ὼ ὸ, 

ὼ ὸ , ὼ ὸȟ  ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ίὸ  ʩ ίὸ , ίὸ , ί ὸ , ʜʘʶʪ 

ʤʘʢʩʠʤʫʤʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʨʝʤʝʥʥʳʤ ʠʤʧʫʣʴʩʦʚ. ɺ ʨʠʩ. 1.4 (ʙ) ʚʠʙʨʘʛʨʘʤʤʘ ίὸ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʘʣʴʥʫʶ ʟʘʧʠʩʴ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʫʶ ʛʝʦʬʦʥʦʤ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʚʠʙʨʘʛʨʘʤʤ ίὸ, ίὸ, ίὸ. ʈʝʟʫʣʴʪʘʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ίὸ ʠ ίὸ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ. 
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ʈʠʩʫʥʦʢ 1.4. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨʨʝʣʦʛʨʘʤʤʳ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. (ʘ) 

ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʣʦʷʤʠ, (ʙ) ʠʣʣʶʩʪʨʘʮʠʷ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ (Ni Y., 2014). 

 

1.3. ʉʚʠʧ-ʩʠʛʥʘʣʳ 

ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʨʳʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ. 

ɺʠʙʨʘʮʠʦʥʥʘʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʥʘʧʨʦʪʠʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʜʘʥʥʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʬʫʥʢʮʠʷ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ (cross-correlation) ʤʝʞʜʫ ʩʚʠʧ-

ʩʠʛʥʘʣʦʤ ʠ ʦʪʨʘʞʸʥʥʳʤ ʩʠʛʥʘʣʦʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʛʝʦʬʦʥʦʤ. ʆʪʨʘʞʸʥʥʳʡ ʩʠʛʥʘʣ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʸʨʪʢʫ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩ ʬʠʣʴʪʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʨʝʜʳ. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʬʫʥʢʮʠʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʬʦʨʤʦʡ: ʝʩʣʠ 

ʦʩʥʦʚʥʦʝ ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʦ ʦʪʯʸʪʣʠʚʦ, ʘ ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ ʤʠʥʠʤʘʣʴʥʳ, ʪʦ 

ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʫʜʝʪ ʚʳʩʦʢʦʡ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥʘ ʩʥʠʞʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɺʠʙʨʘʮʠʦʥʥʘʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʘʭ ʪʝʭʥʦʣʦʛʠʠ ʨʘʜʘʨʘ. ɺ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʨʘʜʘʨʥʳʡ ʧʝʨʝʜʘʪʯʠʢ ʠʟʣʫʯʘʝʪ ʃʏʄ ʩʚʠʧ-ʩʠʛʥʘʣʳ (ʩʠʛʥʘʣʳ ʩ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ 

ʤʦʜʫʣʷʮʠʝʡ), ʢʦʪʦʨʳʝ, ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʦʙʲʝʢʪʘʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʪʨʘʞʘʶʪʩʷ ʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ 

ʚʠʜʝ ʵʭʦʩʠʛʥʘʣʘ, ʧʨʠʥʠʤʘʝʤʦʛʦ ʨʘʜʘʨʦʤ. ʇʨʦʮʝʩʩ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʝʨʝʜʘʥʥʳʤ ʠ 

ʦʪʨʘʞʸʥʥʳʤ ʩʠʛʥʘʣʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʝʥʥʫʶ ʟʘʜʝʨʞʢʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʜʚʫʩʪʦʨʦʥʥʠʤ 

ʚʨʝʤʝʥʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʨʠʥʠʤʘʝʤʳʡ ʩʠʛʥʘʣ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʝʨʝʜʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ, 

ʘʥʘʣʠʟʠʨʫʷ ʧʠʢ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠ ʝʛʦ ʚʨʝʤʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʚʳʯʠʩʣʠʪʴ ʚʨʝʤʷ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʫʜʘ ʠ ʦʙʨʘʪʥʦ. ɿʘʪʝʤ, ʟʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ 

ʚ ʩʨʝʜʝ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʨʘʜʘʨʘ ʜʦ ʦʪʨʘʞʘʶʱʝʛʦ ʦʙʲʝʢʪʘ. 

ʀʟʥʘʯʘʣʴʥʦ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʚ ʢʘʯʝʩʪʚʝ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

Chirp-ʩʠʛʥʘʣʳ. ʇʦʩʣʝ ʫʩʠʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʵʪʠ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʷʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʚʠʙʨʘʪʦʨʦʤ, 

ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʦʧʦʨʥʫʶ ʧʣʠʪʫ ʧʝʨʝʜʘʚʘʣ ʚʠʙʨʘʮʠʶ ʚ ɿʝʤʣʶ. ʆʪʨʘʞʸʥʥʳʝ ʦʪ ʧʦʜʟʝʤʥʳʭ ʛʨʘʥʠʮ 

ʩʠʛʥʘʣʳ ʧʨʠʥʠʤʘʣʠʩʴ ʤʘʩʩʠʚʦʤ ʛʝʦʬʦʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ 

ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʩʚʠʧ-ʩʠʛʥʘʣʦʤ ʠ ʵʭʦʩʠʛʥʘʣʦʤ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʨʝʤʝʥʥʳʝ 

ʨʘʟʨʝʟʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ, ʟʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʣʥ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦʣʦʞʝʥʠʷ ʦʪʨʘʞʘʶʱʠʭ ʛʨʘʥʠʮ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʃʏʄ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚʳʷʚʠʣʦ ʨʷʜ 

ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʪʘʢʠʭ 

ʩʠʛʥʘʣʦʚ ʩʥʠʞʘʣʠ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʣʠʥʝʡʥʳʝ ʩʚʠʧ-

ʩʠʛʥʘʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʯʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʳʟʳʚʘʣʦ ʩʠʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʚ ʧʦʜʟʝʤʥʳʭ ʩʨʝʜʘʭ ʠ ʩʥʠʞʘʣʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʷ ʥʘ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʳʭ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʪʫʭʘʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʧʦʜʟʝʤʥʳʭ ʩʨʝʜʘʭ ʠʤʝʶʪ 

ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʥʝʣʠʥʝʡʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʘʩʪʦʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʟʘʪʫʭʘʥʠʷ ʩʨʝʜʳ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʚʘ 

ʪʠʧʘ ʥʝʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ï ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʃʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʪʦʜʘʤ ʯʘʩʪʦʪʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ 

(ʏʄ) ʩʢʘʥʠʨʦʚʘʥʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʧʨʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ 

"ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʰʫʤ". ɼʣʷ ʝʛʦ ʧʦʜʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝ 1970-ʭ ʛʦʜʦʚ Werner ʠ Krey ʧʨʝʜʣʦʞʠʣʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ ʩʦʚʤʝʩʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʨʦʪʢʠʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ, ʚʤʝʩʪʦ ʦʜʥʦʛʦ 

ʜʣʠʥʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʣ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʥʘ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʠʭ ʟʘʪʫʭʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʧʦʜʘʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʰʫʤʘ ʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʪʝʨʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (Werner et 

al., 1979). ɺ ʪʦʤ ʞʝ ʛʦʜʫ Bernhardt ʠ Peacock ʧʨʝʜʩʪʘʚʠʣʠ ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʩʚʘʠʚʘʥʠʠ ʧʦʣʷʨʥʦʩʪʠ ʢʘʞʜʦʤʫ ʩʝʛʤʝʥʪʫ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ 

ʩʦʚʤʝʩʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʨʝʚʨʘʱʘʣʦ ʠʭ ʚ ʢʦʜʦʚʳʝ (ʠʣʠ "ʙʠʪʦʚʳʝ") ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʟʘʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʣʠʩʴ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʜʠʨʦʚʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʵʬʬʝʢʪʠʚʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʣ ʰʫʤ, ʚʳʟʚʘʥʥʳʡ ʧʝʨʝʢʨʳʪʠʝʤ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʩʚʠʧ-ʩʠʛʥʘʣʘʤʠ 
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(Bernhardt et al., 1978). 

ɺ 1979 ʛʦʜʫ Cunningham ʧʨʝʜʣʦʞʠʣ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʥʦ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʩʣʫʯʘʡʥʦʩʪʠ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʧʦʟʚʦʣʷʝʪ ʠʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʙʳʪʴ ʙʣʠʟʢʦʡ ʢ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʙʝʣʦʛʦ 

ʰʫʤʘ ï ʠʤʧʫʣʴʩʥʦʡ ʬʫʥʢʮʠʠ. ʇʨʠ ʢʦʨʨʝʢʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ ʙʦʢʦʚʳʝ 

ʣʝʧʝʩʪʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ʆʜʥʘʢʦ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ Cunningham 

ʤʝʪʦʜʠʢʝ, ʛʜʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʜʦʚʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʬʘʟʦʚʳʤʠ 

ʠʥʚʝʨʩʠʷʤʠ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʬʘʟʦʚʳʭ ʩʢʘʯʢʦʚ ʥʘ ʧʨʘʢʪʠʢʝ ʠʟ-ʟʘ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (Cunningham, 1979). ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, 

ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʩʦʙʝʥʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʠʙʨʘʪʦʨʦʚ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʬʘʟʦʚʳʭ ʩʢʘʯʢʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

1.3.1. ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ 

ɺ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʡ 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʤʛʥʦʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ 

ʤʦʥʦʪʦʥʥʦ ʚʦ ʚʨʝʤʝʥʠ. ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʤʛʥʦʚʝʥʥʘʷ 

ʯʘʩʪʦʪʘ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʚʦ ʚʨʝʤʝʥʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

Ὓὸ ὃίὭὲς“Ὢ
ЎὪ

ςὝ
ὸὸ ρȢχ 

(π ὸ Ὕ) 

ɺ ʧʨʠʚʝʜʸʥʥʦʤ ʚʳʰʝ ʫʨʘʚʥʝʥʠʠ A ʦʙʦʟʥʘʯʘʝʪ ʘʤʧʣʠʪʫʜʫ ʩʠʛʥʘʣʘ, ЎὪ Ὂ Ὂ  ï 

ʘʙʩʦʣʶʪʥʫʶ ʰʠʨʠʥʫ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ, Ὕ  ï ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ, ὸ  ï ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʟʘʧʠʩʠ, Ὂ ʠ Ὂ ï ʥʘʯʘʣʴʥʫʶ ʠ ʢʦʥʝʯʥʫʶ ʯʘʩʪʦʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʎʝʥʪʨʠʨʦʚʘʥʥʘʷ ʯʘʩʪʦʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢὪ Ὂ Ὂ Ⱦς, ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʷʚʣʷʶʪʩʷ 

ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʯʘʩʪʦʪʘ Ὢ , ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ Ὕ  ʠ ʰʠʨʠʥʘ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ЎὪ . 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ Ὑ , ʘ ʚ 

ʦʢʪʘʚʥʳʭ ʝʜʠʥʠʮʘʭ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ  Ὑ ὰέὫ. 

ʅʘ ʨʠʩ. 1.5 (ʘ) ʧʦʢʘʟʘʥ ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʥʘ ʨʠʩʫʥʢʝ 1.5 (ʙ) ï ʝʛʦ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ, 

ʘ ʥʘ ʨʠʩ. 1.5 (ʚ) ï ʝʛʦ ʚʨʝʤʝʥʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, 

ʯʪʦ ʯʘʩʪʦʪʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʚʠʧ-

ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 12 ʩʝʢʫʥʜ, ʥʘʯʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ï 8 ɻʮ, ʢʦʥʝʯʥʘʷ ʯʘʩʪʦʪʘ ï 86 ɻʮ. ɼʣʠʥʘ ʢʦʥʫʩʘ 

ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 0,5 ʩʝʢʫʥʜʳ. ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 6,5 ɻʮ/ʩ, ʘʙʩʦʣʶʪʥʘʷ 
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ʰʠʨʠʥʘ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ï 78 ɻʮ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʘʚʥʘ 3,4 

ʦʢʪʘʚʳ. 

 

ʈʠʩʫʥʦʢ 1.5. (ʘ) ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, (ʙ) ʝʛʦ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ, (ʚ) ʚʨʝʤʝʥʥʦ-ʯʘʩʪʦʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (Ni Y., 2014). 

 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ίὸ  ʧʨʠʙʣʠʞʸʥʥʦ ʚʳʨʘʞʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 †
ὃ

ς

ὝίὭὲ“ЎὪ†

“ЎὪ†
ὧέίς“Ὢ

ЎὪ

ςὝ
† ρȢψ 

π † Ὕ 

ɺ ʫʨʘʚʥʝʥʠʠ (1.8) ʩʠʤʚʦʣ †  ʦʙʦʟʥʘʯʘʝʪ ʧʨʠʚʝʜʸʥʥʦʝ ʚʨʝʤʷ ʟʘʧʠʩʠ. ʕʪʦ ʚʳʨʘʞʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʟʘʪʫʭʘʶʱʝʡ ʦʛʠʙʘʶʱʝʡ  ʠ 

ʢʦʩʠʥʫʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʅʘ ʨʠʩ. 1.6 ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʘ 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʝʸ ʟʘʪʫʭʘʶʱʫʶ ʦʛʠʙʘʶʱʫʶ. ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.8), ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ 

ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʦʣʴ ʧʨʠ ʮʝʣʳʭ ʟʥʘʯʝʥʠʷʭ, ʢʨʘʪʥʳʭ . ʂʦʣʝʙʘʥʠʷ ʚʥʫʪʨʠ ʟʘʪʫʭʘʶʱʝʡ ʦʛʠʙʘʶʱʝʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʩʠʥʫʩʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ȟ ), ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʘʚʥʦʤʫ ʣʝʧʝʩʪʢʫ. ɺʥʝ ʵʪʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʬʫʥʢʮʠʷ ʦʙʨʘʟʫʝʪ ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ, ʚʳʟʚʘʥʥʦʛʦ 

ʩʘʤʠʤ ʩʚʠʧ-ʩʠʛʥʘʣʦʤ (signal-generated noise), ʧʦʩʢʦʣʴʢʫ ʠʭ ʬʦʨʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʚʠʧ-ʩʠʛʥʘʣʘ. ɼʣʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, 

ʠʟʦʙʨʘʞʸʥʥʦʡ ʥʘ ʨʠʩ. 1.6, ʘʤʧʣʠʪʫʜʘ ʧʝʨʚʦʛʦ ʙʦʢʦʚʦʛʦ ʣʝʧʝʩʪʢʘ ʜʦʩʪʠʛʘʝʪ 22% ʦʪ ʘʤʧʣʠʪʫʜʳ 
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ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ, ʘ ʚʪʦʨʦʛʦ ï 13%. 

 

ʈʠʩʫʥʦʢ 1.6. ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʚʠʧ-ʩʠʛʥʘʣʘ (Cunningham A.B., 1979). 

 

ʃʠʥʝʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʫʜʦʙʥʳ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʦʥʪʨʦʣʷ ʬʘʟʳ. ʀʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʚʦʣʥ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʩʥʦʚʥʳʤ ʪʠʧʦʤ ʩʠʛʥʘʣʦʚ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ. 

ʆʜʥʘʢʦ ʣʠʥʝʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʠʤʝʶʪ ʠ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʵʬʬʝʢʪ ʧʦʛʣʦʱʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʯʝʨʝʟ ʟʝʤʥʫʶ ʩʨʝʜʫ, ʥʝ ʢʦʤʧʝʥʩʠʨʫʶʪ 

ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʦʷʭ ʟʝʤʥʦʡ ʢʦʨʳ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ ʚ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. 

1.3.2. ʅʝʣʠʥʝʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ 

ʂʦʤʧʝʥʩʘʮʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʚʳʟʚʘʥʥʳʭ 

ʥʝʣʠʥʝʡʥʳʤ ʦʪʢʣʠʢʦʤ ʛʨʫʥʪʘ ʥʘ ʩʚʠʧ-ʩʠʛʥʘʣʳ, ʦʩʪʘʸʪʩʷ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʠʥʞʝʥʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʠʯʥʦ ʚʦʩʧʦʣʥʠʪʴ ʵʪʠ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ. ʅʝʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʛʥʦʚʝʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʠ 

ʯʘʩʪʦʪʘ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʥʝʣʠʥʝʡʥʳʤ ʤʦʥʦʪʦʥʥʳʤ ʟʘʢʦʥʘʤ ʚʨʝʤʝʥʠ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʦʩʪʘʸʪʩʷ ʥʝʧʦʩʪʦʷʥʥʦʡ. ɺ 1976 ʛʦʜʫ Pierre L. Goupillaud ʚ ʩʚʦʝʡ ʩʪʘʪʴʝ çSIGNAL 

DESIGN IN THE ǌVIBROSEISǌ TECHNIQUEè ʫʢʘʟʘʣ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝʣʠʥʝʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ. ʇʨʠʤʝʨʳ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʝʛʦ ʨʘʙʦʪʝ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʧʦʟʚʦʣʷʶʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʥʫʞʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʧʫʪʸʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʢʦʨʦʩʪʠ 
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ʠʟʤʝʥʝʥʠʷ ʤʛʥʦʚʝʥʥʦʡ ʯʘʩʪʦʪʳ (Goupillaud, 1976). ɺ 1985 ʛʦʜʫ Harry Mayne ʚ ʩʪʘʪʴʝ çMethod and 

apparatus for seismic exploration using nonlinear sweepsè ʧʨʝʜʩʪʘʚʠʣ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʩʚʠʧ-ʩʠʛʥʘʣ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ çʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘè ʢʦʤʧʘʥʠʠ Geosource. Mayne ʧʦʜʯʝʨʢʥʫʣ, ʯʪʦ 

çʠʟʙʳʪʦʯʥʦʝ ʫʩʠʣʠʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʛʜʝ ʟʘʪʫʭʘʥʠʝ ʥʝʚʝʣʠʢʦè 

(Mayne et al., 1985). ɺ 1987 ʛʦʜʫ ʃʷʥ ʉʶʚʵʥʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʠ ʫʢʘʟʘʣ ʥʘ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʠʭ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʘʜʘʧʪʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ. 

ʅʝʣʠʥʝʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʚʢʣʶʯʘʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ, ʦʙʨʘʪʥʳʝ ʣʠʥʝʡʥʳʝ, ʘ ʪʘʢʞʝ dB/ɻʮ, dB/ʦʢʪʘʚʘ, Ὕ  ʠ 

ʜʨʫʛʠʝ ʤʝʪʦʜʳ. ʍʦʪʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʝʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʭ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʦʪʨʘʞʸʥʥʳʭ ʯʘʩʪʦʪʘʭ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-

ʟʘ ʥʝʣʠʥʝʡʥʦʛʦ ʦʪʢʣʠʢʘ ʩʨʝʜʳ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʵʥʝʨʛʠʷ ʤʦʞʝʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʛʥʦʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚ ʥʫʞʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʠ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʤʝʪʦʜʘʭ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʧʝʨʝʜʘʚʘʝʤʘʷ ʵʥʝʨʛʠʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʠʥʪʝʛʨʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ. ʇʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʦʙʱʝʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʱʘʷ ʧʝʨʝʜʘʚʘʝʤʘʷ ʵʥʝʨʛʠʷ ʦʩʪʘʸʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ, ʧʦʵʪʦʤʫ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʢʦʤʧʝʥʩʠʨʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ (ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʩʢʘʥʠʨʦʚʘʥʠʷ) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʠʠ 

ʥʘ ʜʨʫʛʠʭ ʯʘʩʪʦʪʘʭ. ʋʧʨʦʱʸʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ: 

ίὸ ὃὸίὭὲς“ ὪὸὨὸȟπ ὸ Ὕ ρȢω 

ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ: ίὸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ὃὸ ï ʦʛʠʙʘʶʱʫʶ 

ʬʫʥʢʮʠʶ ʥʝʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʦʛʠʙʘʶʱʝʡ ʬʫʥʢʮʠʝʡ ʣʠʥʝʡʥʦʛʦ 

ʩʚʠʧ-ʩʠʛʥʘʣʘ, Ὢὸ  ï ʤʛʥʦʚʝʥʥʫʶ ʯʘʩʪʦʪʫ, ʷʚʣʷʶʱʘʷʩʷ ʤʦʥʦʪʦʥʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ 

ʚʨʝʤʝʥʠ, Ὕ ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

ɼʣʷ ʦʙʩʫʞʜʝʥʠʷ ʤʝʪʦʜʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʝʧʝʥʥʘʷ ʬʫʥʢʮʠʷ. ɺ ʫʨʘʚʥʝʥʠʠ (1.10) ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʤʛʥʦʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ Ὢὸ ʠ ʚʨʝʤʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ὸ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Pelton. 

Ὢὸ Ὂ Ὂ Ὂ
ὸ

Ὕ
ρȢρπ 

ʀʥʪʝʛʨʠʨʫʷ ʬʫʥʢʮʠʶ Ὢὸ  ʠ ʧʦʜʩʪʘʚʣʷʷ ʨʝʟʫʣʴʪʘʪ ʚ ʫʨʘʚʥʝʥʠʝ (1.9), ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʥʝʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʚ ʚʠʜʝ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ: 
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ίὸ ὃὸίὭὲς“ ὪὸὨὸὃὸίὭὲς“Ὂὸ
ЎὊὝ

ὲ ρ

ὸ

Ὕ
ρȢρρ 

ɺ ʜʘʥʥʦʤ ʫʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʝ n ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ. ɼʣʷ ʜʘʥʥʦʛʦ 

ʧʨʠʤʝʨʘ ὲ σ , ʪʠʧ ʬʫʥʢʮʠʠ ʢʦʥʫʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʚʳʙʨʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʠ Blackman, ʩ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʯʘʩʪʦʪʘʤʠ 6 ɻʮ ʠ 80 ɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 12 ʩ, ʘ ʜʣʠʥʘ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʯʘʩʪʝʡ ʢʦʥʫʩʘ ï ʧʦ 250 ʤʩ. 

ʅʘ ʨʠʩ. 1.7 (ʘ) ʧʦʢʘʟʘʥ ʩʚʠʧ-ʩʠʛʥʘʣ, ʥʘ ʢʦʪʦʨʦʤ ʪʨʫʜʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ, ʦʜʥʘʢʦ ʪʠʧ ʢʦʥʫʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 1.5 (ʘ). ʅʘ ʨʠʩ. 1.7 (ʙ) 

ʧʨʠʚʝʜʝʥ ʝʛʦ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ, ʛʜʝ ʟʘʤʝʪʥʦ ʫʣʫʯʰʝʥʠʝ ʵʥʝʨʛʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʤʝʥʝʝ 30 ɻʮ), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʤʧʝʥʩʘʮʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʶ ʛʣʫʙʠʥʳ 

ʦʪʨʘʞʝʥʠʡ. ʈʠʩ. 1.7 (ʚ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʨʝʤʝʥʥʦ-ʯʘʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʥʝʣʠʥʝʡʥʦ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʤʝʥʴʰʝ, 

ʯʝʤ ʥʘ ʚʳʩʦʢʠʭ. 

 

ʈʠʩʫʥʦʢ 1.7. (ʘ) ʅʝʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, (ʙ) ɸʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʥʝʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, 

(ʚ) ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʥʝʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ (Ni Y., 2014). 

 

ɿʘʪʝʤ ʤʳ ʧʨʠʤʝʥʷʝʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʦʤʧʝʥʩʘʮʠʠ ʵʥʝʨʛʠʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʋʨʘʚʥʝʥʠʝ (1.12) ʦʧʠʩʳʚʘʝʪ ʝʱʸ ʦʜʥʫ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʛʥʦʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ Ὢὸ  ʠ ʚʨʝʤʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ὸ , ʧʨʝʜʣʦʞʝʥʥʫʶ 

ʢʦʤʧʘʥʠʝʡ Pelton. 

Ὢὸ Ὂ
ςπ

Ὧὰὲρπ
ὰὲρ

ρ

Ὕ
Ὡ ρ ρȢρς 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ Ὢὸ ʠ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʚ ʫʨʘʚʥʝʥʠʝ (2.9) ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʥʝʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʯʝʨʝʟ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ, ʘ 
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ʠʤʝʥʥʦ: 

ίὸ ίὭὲς“Ὂὸ
ὦρ άὸ

ά
ÌÎρ άὸ ρ ρȢρσ 

ɺ ʫʨʘʚʥʝʥʠʠ (2.12) ʟʥʘʯʝʥʠʝ k ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ. ɺ ʫʨʘʚʥʝʥʠʠ (1.13) 

ʧʘʨʘʤʝʪʨʳ ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ὦ  , ὧ Ὂ Ὂ ЎὊ , ά Ὡ ρȾὝ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʥʷʪʦ ʟʥʘʯʝʥʠʝ Ὧ πȢυ . ʊʠʧ ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʬʫʥʢʮʠʠ ʩʚʠʧ-ʩʠʛʥʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʥʢʮʠʠ Blackman, ʩ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 6 ɻʮ ʠ ʢʦʥʝʯʥʦʡ ʯʘʩʪʦʪʦʡ 80 ɻʮ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 12 ʩʝʢʫʥʜ, ʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ 

ʯʘʩʪʝʡ ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʬʫʥʢʮʠʠ ï 0,25 ʩ. 

ʈʠʩ. 1.8 (ʘ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʨʝʤʝʥʥʫʶ ʬʦʨʤʫ ʥʝʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʠʟ ʢʦʪʦʨʦʡ ʪʨʫʜʥʦ 

ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ. ʊʠʧ ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʬʫʥʢʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʠʧʦʤ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʥʘ ʨʠʩ. 1.5 (ʘ). ʈʠʩ. 1.8 (ʙ) ʧʦʢʘʟʳʚʘʝʪ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʚʠʜʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʯʘʩʪʦʪʦʡ ʚʳʰʝ 20 ɻʮ ʚʦʟʨʘʩʪʘʝʪ ʣʠʥʝʡʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʤʧʝʥʩʘʮʠʠ ʵʥʝʨʛʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ 

ʫʣʫʯʰʘʝʪ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʈʠʩ. 1.8 (ʚ) ʠʟʦʙʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʯʘʩʪʦʪʳ ʦʪ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʥʝʣʠʥʝʡʥʦ, ʧʨʠ ʵʪʦʤ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ. 

 

ʈʠʩʫʥʦʢ 1.8. (ʘ) ʅʝʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, (ʙ) ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʥʝʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, 

(ʚ) ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʦʪ ʚʨʝʤʝʥʠ ʥʝʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ (Ni Y., 2014). 

 

1.3.3. ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ 

ʉʝʡʩʤʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʦʙʳʯʥʦ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʚʟʘʠʤʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩ ʚʠʙʨʦʛʨʘʤʤʦʡ, ʯʪʦ ʦʧʠʩʘʥʦ ʚ ʫʨʘʚʥʝʥʠʠ (1.3). ɺʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 
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ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʠʛʥʘʣʘʤʠ, ʦʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʨʨʝʣʷʮʠʠ ʚʦʟʥʠʢʘʝʪ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʰʫʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʰʫʤ ʚ ʩʠʛʥʘʣʳ ʥʘ ʙʦʣʴʰʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ. ɼʘʥʥʳʡ ʰʫʤ ʤʦʞʝʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʝʥ ʚ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʛʜʝ ʩʠʛʥʘʣ 

ʠʤʝʝʪ ʥʠʟʢʫʶ ʘʤʧʣʠʪʫʜʫ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʩʠʛʥʘʣ ʦʩʪʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤ. 

ʀʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʙʣʠʟʢʘ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʤʧʫʣʴʩʥʦʡ ʬʫʥʢʮʠʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʤʝʭʘʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʨʘʟʜʝʣʷʪʴ ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʦʪ ʰʫʤʘ ʠʟ ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ ʠʩʪʦʯʥʠʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ ʵʥʝʨʛʠʶ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʚʣʠʷʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʝʢʪʨ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ 

ʧʦʭʦʞ ʥʘ ʩʧʝʢʪʨ ʙʝʣʦʛʦ ʰʫʤʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʟʘʩʪʨʦʡʢʠ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʭʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ Ward et al. (1990). ɺ ʵʪʠʭ ʨʘʡʦʥʘʭ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʠʟ-ʟʘ ʩʠʣʴʥʳʭ ʧʦʤʝʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ 

ʦʢʨʫʞʘʶʱʠʭ ʦʙʲʝʢʪʦʚ. ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʠ ʪʦʯʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʘʤʠ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʪʦʯʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʩʚʦʡʩʪʚʦ ʥʝʢʦʨʨʝʣʠʨʫʝʤʦʩʪʠ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ.    

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʫʜʝʪ ʧʨʠʚʝʜʝʥʦ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ. 
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ɻʃɸɺɸ 2. ʉʈɸɺʅɽʅʀɽ ʈɸɿʃʀʏʅʓʍ ɺʀɹʈɸʎʀʆʅʅʓʍ ʉɺʀʇ-ʉʀɻʅɸʃʆɺ ʇʈʀ 

ɺʓʇʆʃʅɽʅʀʀ ʆʇʓʊʅʆ-ʄɽʊʆɼʀʏɽʉʂʀʍ ʈɸɹʆʊ ʅɸ ɸɻʂʄ1 

 

 

ʌʠʣʴʪʨʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʝʤʥʦʡ ʩʨʝʜʳ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʪʝʨʝ ʵʥʝʨʛʠʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʵʪʦʛʦ ʵʬʬʝʢʪʘ, 

ʧʦʚʳʰʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʚʠʧ-ʩʠʛʥʘʣʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʢʦʥʢʨʝʪʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʷʥʦ-ʢʫʧʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʣʝʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʧʠʩʘʥʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʠʧʳ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʠʭ ʧʘʨʘʤʝʪʨʳ, 

ʘ ʪʘʢʞʝ ʝʜʠʥʳʡ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʨʠʚʝʜʸʥʥʳʡ ʧʨʠʤʝʨ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʚ ʩʣʦʞʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

 

2.1. ʆʙʱʝʝ ʩʚʝʜʝʥʠʝ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʠʢʘʩʧʠʡʩʢʘʷ ʚʧʘʜʠʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʧʨʝʜʝʣʘʭ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʨʝʛʠʦʥʦʚ ʩ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʕʪʦʪ ʧʦʪʝʥʮʠʘʣ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʢʨʳʪʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʢʘʢ ʚ ʧʦʜʩʦʣʝʚʳʭ, ʪʘʢ ʠ ʚ ʥʘʜʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ 

(ɺʘʥ ʠ ʜʨ., 2022). 

ʉ 1950-ʭ ʛʦʜʦʚ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʩʪʨʘʭʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʨʘʟʚʝʜʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʇʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 2009 ʛʦʜ ʚ ʨʝʛʠʦʥʝ ʙʳʣʦ ʨʘʟʚʝʜʘʥʦ ʦʢʦʣʦ 20 ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ, ʛʘʟʘ ʠ 

ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ (ɹʳʩʪʨʦʚʘ ʠ ʜʨ., 2017; ɼʝʤʠʜʦʚʘ ʠ ʜʨ., 2016). 

ʀʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ʂʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʥʘ ʟʘʧʘʜʥʦʤ ʙʦʨʪʫ 

ɸʢʪʶʙʠʥʩʢʦ-ɸʩʪʨʘʭʘʥʩʢʦʡ ʟʦʥʳ ʧʦʜʥʷʪʠʡ, ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨʝʢʠ ɺʦʣʛʠ. ʂʦʥʢʨʝʪʥʦʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʦʟʥʘʯʝʥʦ ʢʨʘʩʥʦʡ ʩʪʨʝʣʢʦʡ ʥʘ ʨʠʩ. 2.1. 

 

 
1 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ 

ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɺʘʥ ɾ., ɾʫʢʦʚ ɸ.ʇ., ʂʘʣʠʤʫʣʠʥ ʈ.ʄ. ʇʦʣʝʚʳʝ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ 2D ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʩʦʣʷʥʦʢʫʧʦʣʴʥʦʡ ʪʝʢʪʦʥʠʢʠ ʥʘ ʣʝʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ // ʇʨʠʙʦʨʳ ʠ ʩʠʩʪʝʤʳ ʨʘʟʚʝʜʦʯʥʦʡ ʛʝʦʬʠʟʠʢʠ, 2022, ˉ 2 (73), ʉ. 84-94. EDN: BTSGFD (1.27 ʧ.ʣ., 

ʚʢʣʘʜ ʘʚʪʦʨʘ 65%, ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 0,056 (ʈʀʅʎ). 
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ʃʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʝʟʘ 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʠʟʫʯʘʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʦʪʣʦʞʝʥʠʷ ʧʘʣʝʦʟʦʡʩʢʠʡ, ʤʝʟʦʟʦʡʩʢʦʡ ʠ 

ʢʘʡʥʦʟʦʡʩʢʦʡ ʛʨʫʧʧ. ʌʫʥʜʘʤʝʥʪ ʥʝ ʚʩʢʨʳʪ ʩʢʚʘʞʠʥʘʤʠ, ʥʦ ʧʦ ʜʘʥʥʳʤ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʝʛʦ 

ʛʣʫʙʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 9000-12000 ʤ. ʆʥ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ. 

ʉʘʤʳʤʠ ʜʨʝʚʥʠʤʠ ʷʚʣʷʶʪʩʷ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʜʝʚʦʥʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʥʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʩʢʚʘʞʠʥʝ 1ïʇʨʘʚʦʙʝʨʝʞʥʘʷ ʠ ʨʷʜʝ ʩʢʚʘʞʠʥ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʩʚʦʜʘ, ʛʜʝ ʠʭ 

ʦʙʱʘʷ ʪʦʣʱʠʥʘ ʧʨʝʚʳʰʘʝʪ 1600 ʤ. ʉʨʝʜʥʠʡ ʜʝʚʦʥ (ʵʡʬʝʣʴʩʢʠʡ ʷʨʫʩ): ʩʦʩʪʦʠʪ ʠʟ ʛʣʠʥʠʩʪʳʭ ʠ 

ʘʣʝʚʨʠʪʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʘʨʛʠʣʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ. ʊʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪ 

200 ʤ. ɺʝʨʭʥʠʡ ʜʝʚʦʥ (ʬʨʘʥʩʢʠʡ ʠ ʬʘʤʝʥʩʢʠʡ ʷʨʫʩʳ): ʦʙʲʝʜʠʥʷʝʪ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʦʙʱʝʡ 

ʪʦʣʱʠʥʦʡ ʩʚʳʰʝ 1000 ʤ. ʌʨʘʥʩʢʠʡ ʷʨʫʩ: ʚ ʦʩʥʦʚʘʥʠʠ ð ʩʝʨʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʚʳʰʝ ð ʪʦʣʱʘ 

ʜʦʣʦʤʠʪʦʚ. ʌʘʤʝʥʩʢʠʡ ʷʨʫʩ: ʧʨʝʦʙʣʘʜʘʶʪ ʩʨʝʜʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʦʣʦʤʠʪʳ, ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ 

ð ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʪʦʣʱʠʥʘ ʜʦ 477 ʤ. 

ʂʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʟʘʣʝʛʘʶʪ ʩʦʛʣʘʩʥʦ ʥʘ ʜʝʚʦʥʩʢʠʭ, ʠʭ ʦʙʱʘʷ ʪʦʣʱʠʥʘ 1270 ʤ. 

ʅʠʞʥʠʡ ʦʪʜʝʣ (ʪʫʨʥʝʡʩʢʠʡ, ʚʠʟʝʡʩʢʠʡ ʠ ʩʝʨʧʫʭʦʚʩʢʠʡ ʷʨʫʩʳ): ʪʦʣʱʠʥʘ 1000 ʤ. ʊʫʨʥʝʡʩʢʠʡ ʷʨʫʩ: 

ʧʨʝʜʩʪʘʚʣʝʥ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ, ʪʦʣʱʠʥʘ 231 ʤ. ɺʠʟʝʡʩʢʠʡ ʷʨʫʩ: 

ʩʣʦʞʝʥ ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʧʨʦʧʣʘʩʪʢʘʤʠ ʘʨʛʠʣʣʠʪʦʚ, ʪʦʣʱʠʥʘ 587 ʤ. 

ʉʝʨʧʫʭʦʚʩʢʠʡ ʷʨʫʩ: ʩʦʩʪʦʠʪ ʠʟ ʩʣʘʙʦʛʣʠʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʤʘʣʦʤʦʱʥʳʤʠ ʧʨʦʩʣʦʷʤʠ 

ʘʥʛʠʜʨʠʪʦʚ, ʪʦʣʱʠʥʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 26 ʜʦ 182 ʤ. ʉʨʝʜʥʠʡ ʦʪʜʝʣ (ʥʠʞʥʝʙʘʰʢʠʨʩʢʠʡ ʧʦʜʲʷʨʫʩ): 

ʦʙʲʝʜʠʥʷʝʪ ʪʨʠ ʛʦʨʠʟʦʥʪʘ: ʢʨʘʩʥʦʧʦʣʷʥʩʢʠʡ (ʠʟʚʝʩʪʥʷʢʠ), ʩʝʚʝʨʦ-ʢʝʣʴʪʤʝʥʩʢʠʡ (ʠʟʚʝʩʪʥʷʢʠ ʩ 

ʧʨʦʩʣʦʷʤʠ ʘʨʛʠʣʣʠʪʦʚ) ʠ ʧʨʠʢʘʤʩʢʠʡ (ʪʝʤʥʦ-ʩʝʨʳʝ ʠʟʚʝʩʪʥʷʢʠ). 

ʇʝʨʤʩʢʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʢʨʳʚʘʝʪ ʙʘʰʢʠʨʩʢʠʡ ʷʨʫʩ ʩ ʥʝʩʦʛʣʘʩʠʝʤ. ʉʘʢʤʘʨʩʢʠʡ ʠ ʘʨʪʠʥʩʢʠʡ 

ʷʨʫʩʳ: ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ, ʠʭ ʪʦʣʱʠʥʘ 50-170 ʤ. ʈʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ 

ʙʠʪʫʤʠʥʦʟʥʳʭ ʘʨʛʠʣʣʠʪʦʚ, ʛʣʠʥʠʩʪʳʭ ʠ ʧʝʣʠʪʦʤʦʨʬʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʂʫʥʛʫʨʩʢʠʡ ʷʨʫʩ: 

ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʠʞʥʶʶ (ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦ-ʩʫʣʴʬʘʪʥʫʶ) ʠ ʚʝʨʭʥʶʶ (ʛʘʣʦʛʝʥʥʦ-

ʩʫʣʴʬʘʪʥʫʶ) ʪʦʣʱʠ. ʈʘʟʨʝʟ ʩʠʣʴʥʦ ʥʝ ʚʳʜʝʨʞʘʥ ʧʦ ʪʦʣʱʠʥʝ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ɺ 

ʩʦʣʷʥʳʭ ʛʨʷʜʘʭ ʪʦʣʱʠʥʘ ʧʨʝʚʳʰʘʝʪ 3,5 ʢʤ (ʚ ʦʩʥʦʚʥʦʤ ʢʘʤʝʥʥʘʷ ʩʦʣʴ). ɺʝʨʭʥʠʡ ʦʪʜʝʣ: ʪʦʣʱʠʥʳ 

ʚʘʨʴʠʨʫʶʪ ʦʪ 0 ʜʦ 1000 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʣʷʥʳʤ ʢʫʧʦʣʘʤ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʢʚʘʞʠʥʝ 1-ʇʨʘʚʦʙʝʨʝʞʥʘʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʩʦʣʷʥʦʤ ʢʫʧʦʣʝ, ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʛʦ 

ʦʪʜʝʣʘ ʧʝʨʤʠ, ʪʨʠʘʩʘ ʠ ʶʨʳ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʊʨʠʘʩʦʚʘʷ ʩʠʩʪʝʤʘ: ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʘʷ ʪʦʣʱʘ, ʪʦʣʱʠʥʘ 0-1500 

ʤ. 

ʖʨʩʢʘʷ ʩʠʩʪʝʤʘ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʝ ʦʩʘʜʢʠ, ʪʦʣʱʠʥʘ 100-900 ʤ. 

ʄʝʣʦʚʘʷ ʩʠʩʪʝʤʘ: ʯʝʨʝʜʦʚʘʥʠʝ ʛʣʠʥ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ 

ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (300-600 ʤ), ʘ ʪʘʢʞʝ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ 
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(ʜʦ 600 ʤ). 

ʇʘʣʝʦʛʝʥʦʚʘʷ ʩʠʩʪʝʤʘ: ʪʦʣʱʠʥʘ 0-300 ʤ. ʈʘʟʨʝʟ ʩʣʦʞʝʥ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʛʣʠʥʳ, 

ʧʝʩʯʘʥʠʢʠ). 

ʅʝʦʛʝʥʦʚʘʷ ʠ ʯʝʪʚʝʨʪʠʯʥʘʷ ʩʠʩʪʝʤʳ: ʨʘʟʚʠʪʳ ʧʦʚʩʝʤʝʩʪʥʦ, ʪʦʣʱʠʥʘ 300-900 ʤ. ʉʦʩʪʦʷʪ 

ʠʟ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ: ʛʣʠʥ, ʧʝʩʯʘʥʠʢʦʚ, ʩʫʛʣʠʥʢʦʚ (ɹʦʥʜʘʨʴ ʠ ʜʨ., 2006). 

 

 

ʈʠʩʫʥʦʢ 2.1. ʂʘʩʧʠʡʩʢʠʡ ʙʘʩʩʝʡʥ ʩ ʫʢʘʟʘʥʠʝʤ ʨʘʡʦʥʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ 

(ʦʪʤʝʯʝʥ ʢʨʘʩʥʦʡ ʩʪʨʝʣʢʦʡ) (ʆʩʘʜʦʯʥʳʝ ʙʘʩʩʝʡʥʳ: ʤʝʪʦʜʠʢʘ ʠʟʫʯʝʥʠʷ, ʩʪʨʦʝʥʠʝ ʠ ʵʚʦʣʶʮʠʷ 

/ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʖ.ɻ.ʃʝʦʥʦʚʘ, ʖ.ɸ.ɺʦʣʦʞʘ. ʄ.: ʅʘʫʯʥʳʡ ʤʠʨ, 2004). 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʀʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʨʝʢʠ ɺʦʣʛʠ. ʅʘ ʝʛʦ 

ʪʝʨʨʠʪʦʨʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʩʪʦʷʥʥʳʝ ʚʦʜʦʪʦʢʠ. ɺʩʪʨʝʯʘʶʪʩʷ ʣʠʰʴ ʵʧʠʟʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʩʦʣʸʥʳʝ ʦʟʸʨʘ ʜʦʞʜʝʚʦʛʦ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʝʨʝʩʳʭʘʶʪ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ʃʝʚʦʙʝʨʝʞʥʳʡ ʨʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʚʥʠʥʥʳʤ ʨʝʣʴʝʬʦʤ, ʦʩʣʦʞʥʸʥʥʳʤ ʛʨʷʜʘʤʠ 

ʥʝʟʘʢʨʝʧʣʸʥʥʳʭ ʠ ʧʦʣʫʟʘʢʨʝʧʣʸʥʥʳʭ ʙʘʨʭʘʥʥʳʭ ʧʝʩʢʦʚ. ɸʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʷʪʩʷ ʥʠʞʝ ʫʨʦʚʥʷ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʂʣʠʤʘʪ ʨʘʡʦʥʘ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʥʠʟʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ ʠ ʚʳʩʦʢʦʡ ʠʩʧʘʨʷʝʤʦʩʪʠ. ʊʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʦʜʟʦʥʝ ʶʞʥʦʡ ʧʦʣʫʧʫʩʪʳʥʠ. 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ +10 ÁC. ʉʘʤʳʡ ʭʦʣʦʜʥʳʡ ʤʝʩʷʮ ï 

ʷʥʚʘʨʴ, ʢʦʛʜʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʠʞʘʝʪʩʷ ʜʦ ī9 ÁC, ʘ ʚ ʦʪʜʝʣʴʥʳʝ ʜʥʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ī20 ÁC. 
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ʉʘʤʳʡ ʪʸʧʣʳʡ ʤʝʩʷʮ ï ʠʶʣʴ, ʩʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ +24 ï +25 ÁC ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʦ +40 ÁC. ʈʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʩʘʤʳʤ ʭʦʣʦʜʥʳʤ ʠ ʩʘʤʳʤ ʪʸʧʣʳʤ ʤʝʩʷʮʘʤʠ 

ʜʦʩʪʠʛʘʝʪ 29 ÁC ï 34 ÁC, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴ ʢʣʠʤʘʪʘ. 

ɻʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 180ï200 ʤʤ. ʆʩʥʦʚʥʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʘʝʪ ʚ 

ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʠʩʧʘʨʷʝʤʦʩʪʴʶ ʧʨʠʚʦʜʠʪ ʢ ʟʘʩʫʰʣʠʚʦʩʪʠ ʣʝʪʘ 

(ɺʝʣʠʢʘʥʦʚ ʠ ʜʨ., 2014). 

 

 

ʈʠʩʫʥʦʢ 2.2. ʉʚʦʜʥʳʡ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʇʨʘʚʦʙʝʨʝʞʥʦʛʦ ʫʯʘʩʪʢʘ ʠ 

ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 
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ɺʝʪʨʦʚʦʡ ʨʝʞʠʤ 

ɺʝʪʨʦʚʦʡ ʨʝʞʠʤ ʨʘʡʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʠʤʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʘʪʤʦʩʬʝʨʳ. 

ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 ÁC ʩʦʩʪʘʚʣʷʝʪ 765 ʤʤ ʨʪ. ʩʪ. ɺ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ ʜʘʚʣʝʥʠʝ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 770 ʤʤ ʨʪ. ʩʪ., ʘ ʚ ʣʝʪʥʠʡ ï ʩʥʠʞʘʝʪʩʷ ʜʦ 760 ʤʤ ʨʪ. ʩʪ. 

ʈʘʡʦʥ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʦʜʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʪʨʦʛʘ ʉʠʙʠʨʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʦʙʣʘʜʘʥʠʶ ʚʦʩʪʦʯʥʳʭ, ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʦʚ: 

¶ ʃʝʪʦʤ ʵʪʠ ʚʝʪʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʩʫʭʦʩʪʠ ʠ ʟʘʧʳʣʸʥʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

¶ ɿʠʤʦʡ ʦʥʠ ʩʦʟʜʘʶʪ ʭʦʣʦʜʥʫʶ ʠ ʷʩʥʫʶ ʧʦʛʦʜʫ. 

¶ ɺ ʧʝʨʠʦʜ ʩ ʘʧʨʝʣʷ ʧʦ ʘʚʛʫʩʪ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʭʦʚʝʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʚʳʩʦʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ. 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 4ï8 ʤ/ʩ, ʦʜʥʘʢʦ ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

12ï20 ʤ/ʩ ʠ ʙʦʣʝʝ. 

 

2.2. ɻʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ 

ʇʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ ʚ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʯʘʣʠʩʴ ʝʱʝ ʚ 

1940-ʭ ʛʦʜʘʭ. ʇʣʘʥʦʤʝʨʥʳʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ʩʪʘʨʪʦʚʘʣʠ ʚ ʥʘʯʘʣʝ 1950-ʭ ʛʦʜʦʚ, ʯʪʦ ʧʦʣʦʞʠʣʦ ʦʩʥʦʚʫ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʨʝʛʠʦʥʘ. 

ʉ 1968 ʛʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʚʳʩʪʫʧʘ ɸʩʪʨʘʭʘʥʩʢʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ 

ʵʢʩʧʝʜʠʮʠʷ ʥʘʯʘʣʘ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʤʝʪʦʜʦʤ ʄʆɺ. ʋʞʝ ʩ 1973 ʛʦʜʘ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʆɻʊ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʡʩʤʦʩʪʘʥʮʠʠ çʇʨʦʛʨʝʩʩè. 

ɺʘʞʥʳʤ ʩʦʙʳʪʠʝʤ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʢʨʫʧʥʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʘʚʛʫʩʪʝ 

1976 ʛʦʜʘ. ɺ ʨʘʟʚʝʜʦʯʥʦʡ ʩʢʚʘʞʠʥʝ 5-ɸʩʪʨʘʭʘʥʩʢʘʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 6 ʢʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ 

ʩʪʘʥʮʠʠ ɼʦʩʘʥʛ, ʙʳʣ ʧʦʣʫʯʝʥ ʧʝʨʚʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʬʦʥʪʘʥ ʛʘʟʘ ʩ ʢʦʥʜʝʥʩʘʪʦʤ ʠʟ ʙʘʰʢʠʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ. ɻʘʟʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʝ 3900ï4100 ʤ, ʘ ʜʝʙʠʪ ʛʘʟʘ 

ʜʦʩʪʠʛʘʝʪ 400 ʪʳʩ. ʤį/ʩʫʪ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʦʢʦʣʦ 65%) ʥʘʭʦʜʠʪʩʷ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨʝʢ ɺʦʣʛʘ ʠ ɸʭʪʫʙʘ, 

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ï ʚ ʧʦʡʤʝ ʫʢʘʟʘʥʥʳʭ ʨʝʢ ʠ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ. ɺ 2017 ʛʦʜʫ, ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʜʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʨʦʛʥʦʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʟʘʣʝʞʝʡ ʠ ʚʳʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʟʘʣʦʞʝʥʠʶ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ 

ʩʢʚʘʞʠʥ, ʆɸʆ çʆʨʝʥʙʫʨʛʩʢʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷè ʧʨʦʚʝʣʦ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ 

2D ʄʆɻʊ ʥʘ ʣʝʚʦʙʝʨʝʞʥʦʤ ʫʯʘʩʪʢʝ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʩʚʦʜʘ. 
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2.3. ʇʘʨʘʤʝʪʨʳ 2D ʩʲʸʤʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʚʝʜʸʥʥʳʭ ʥʘ ʣʝʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʩʨʘʚʥʝʥʠʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ 

ʮʝʣʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʪʝʩʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʥʘ 

ʧʨʦʬʠʣʴʥʦʡ ʣʠʥʠʠ 2D, ʢʦʪʦʨʘʷ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɺ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ: 

¶ ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ï ʩʪʘʥʜʘʨʪʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ. 

¶ ɸʜʘʧʪʠʚʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ï ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ. 

¶ ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

¶ ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣ ʧʨʠʤʝʥʸʥ ʤʝʪʦʜ 2D-ʄʆɻʊ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ 

ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʚʟʨʳʚʥʳʭ, ʪʘʢ ʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʤʝʥʷʣʘʩʴ ʝʜʠʥʘʷ 

ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ. ʇʘʨʘʤʝʪʨʳ ʩʲʸʤʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2.1 

ʠ 2.2.  

ʇʨʠ ʚʟʨʳʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʘʨʷʜʳ ʤʘʩʩʦʡ ʦʪ 0,8 ʜʦ 2,0 ʢʛ. ʇʘʨʘʤʝʪʨʳ 

ʩʲʸʤʢʠ ʩʣʝʜʫʶʱʠʝ: ʰʘʛ ɺʇ ï 60 ʤʝʪʨʦʚ, ʰʘʛ ʇʇ ï 30 ʤʝʪʨʦʚ, 240 ʢʘʥʘʣʦʚ ʚ ʘʢʪʠʚʥʦʡ ʨʘʩʩʪʘʥʦʚʢʝ, 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʨʘʪʥʦʩʪʴ ï 60, ʜʣʠʥʫ ʟʘʧʠʩʠ ï 18 ʩʝʢʫʥʜ. ʇʨʦʬʠʣʴ ʙʳʣ ʧʨʦʡʜʝʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʣʝʚʦʡ ʧʘʨʪʠʝʡ ɸʩʪʨʘʭʘʥʩʢʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ. 

ɿʘʪʝʤ ʜʘʥʥʳʡ ʧʨʦʬʠʣʴ ʙʳʣ ʧʦʚʪʦʨʥʦ ʧʨʦʡʜʝʥ ʧʦʣʝʚʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʧʘʨʪʠʝʡ ɸʆ çʊʅɻ-

ɻʈʋʇʇè ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʩʪʘʥʦʚʢʠ. ɼʣʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

ʰʘʛ ɺʇ ï 60 ʤʝʪʨʦʚ, ʰʘʛ ʇʇ ï 30 ʤʝʪʨʦʚ, 240 ʢʘʥʘʣʦʚ ʚ ʘʢʪʠʚʥʦʡ ʨʘʩʩʪʘʥʦʚʢʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʨʘʪʥʦʩʪʴ ï 61, ʜʣʠʥʘ ʟʘʧʠʩʠ ï 6 ʩʝʢʫʥʜ, 4 ʥʘʢʦʧʣʝʥʠʷ. 

ɺ ʭʦʜʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʯʝʪʳʨʝ ʪʠʧʘ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ: ʣʠʥʝʡʥʳʡ, 

ʘʜʘʧʪʠʚʥʳʡ, ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ. ʀʭ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

ɺʠʜ ʨʘʙʦʪ ʄʆɻʊ 2D 

ʐʘʛ ʇɺ, ʤ 60 

ʐʘʛ ʇʇ, ʤ 30 

ʂʦʣ-ʚʦ ʢʘʥʘʣʦʚ ʚ ʘʢʪʠʚʥʦʡ 

ʨʘʩʩʪʘʥʦʚʢʝ 

240 
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ʄʠʥ. ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʇɺ-

ʇʇ, ʤ 

30 ʠ 7200 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʨʘʪʥʦʩʪʴ 60 

ʉʧʦʩʦʙ ʚʦʟʙʫʞʜʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ 

ɺʟʨʳʚʥʦʡ 

ɻʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ ʟʘʨʷʜʘ, ʤ 23 

ɺʝʩ ʟʘʨʷʜʘ, ʢʛ 0.8 ï 2.0 

ʊʠʧ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ GS-20DX 

ʂʦʣ-ʚʦ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ ʚ ʛʨʫʧʧʝ 12 

ɺʠʜ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʣʠʥʝʡʥʳʡ 

ɹʘʟʘ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʠʢʦʚ, ʤ 30 

ʊʠʧ ʩʝʡʩʤʦʩʪʘʥʮʠʠ ʇʨʦʛʨʝʩʩ-ʊ2 

ʐʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʤʩ 2 

ɼʣʠʥʘ ʟʘʧʠʩʠ, ʩ 18 

ʌʦʨʤʘʪ ʟʘʧʠʩʠ SEG-D 

ʊʘʙʣʠʮʘ 2.1. ʇʘʨʘʤʝʪʨʳ 2D-ʩʲʸʤʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʟʨʳʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 

ɺʠʜ ʨʘʙʦʪ ʄʆɻʊ 2D 

ʐʘʛ ʇɺ, ʤ 60 

ʐʘʛ ʇʇ, ʤ 30 

ʂʦʣ-ʚʦ ʢʘʥʘʣʦʚ ʚ ʘʢʪʠʚʥʦʡ ʨʘʩʩʪʘʥʦʚʢʝ 240 

ʄʠʥ. ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʇɺ-ʇʇ, 

ʤ 

30 ʠ 7230 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʨʘʪʥʦʩʪʴ 61 

ʉʧʦʩʦʙ ʚʦʟʙʫʞʜʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ 

ɺʠʙʨʘʮʠʦʥʥʳʡ 

ʊʠʧ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ Nomad 65 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ 

GDS-II 

ʂʦʣ-ʚʦ ʠʩʪʦʯʥʠʢʦʚ ʚ ʛʨʫʧʧʝ 4 

ɹʘʟʘ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ, ʤ 36 

ʋʩʠʣʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, % 60 

ʊʠʧ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʣʠʥʝʡʥ

ʳʡ 

ʘʜʘʧʪʠ

ʚʥʳʡ 

ʥʠʟʢʦʯʘ

ʩʪʦʪʥʳʡ 

ʰʠʨʦʢʦʧ

ʦʣʦʩʥʳʡ 
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ʅʘʯʘʣʴʥʘʷ ʯʘʩʪʦʪʘ, ɻʮ 6 8 3 3 

ɻʨʘʥʠʯʥʘʷ ʯʘʩʪʦʪʘ, ɻʮ - - 6 6 

ʂʦʥʝʯʥʘʷ ʯʘʩʪʦʪʘ, ɻʮ 100 96 96 96 

ʇʘʨʘʤʝʪʨ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʜɹ/ɻʮ, % - 15 % - 0.1 

ʜɹ/ɻʮ 

ɼʣʠʥʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʩ 12 12 16 16 

ʂʦʥʫʩ, ʩ 0.75 / 

0.5 

0.5 / 0.5 1.0 / 0.5 1.0 / 0.5 

ʂʦʣ-ʚʦ ʥʘʢʦʧʣʝʥʠʡ 4 1+4 4 4 

ʊʠʧ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ GS-20DX 

ʂʦʣ-ʚʦ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ ʚ ʛʨʫʧʧʝ 12 

ɺʠʜ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʣʠʥʝʡʥʳʡ 

ɹʘʟʘ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʠʢʦʚ, ʤ 25 

ʊʠʧ ʩʝʡʩʤʦʩʪʘʥʮʠ Sercel 428 XL 

ʐʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʤʩ 2 

ɼʣʠʥʘ ʟʘʧʠʩʠ, ʩ 6 

ʌʦʨʤʘʪ ʟʘʧʠʩʠ SEG-D 

ʆʙʲʸʤ ʨʘʙʦʪ 1625 ʬ.ʥ. (5 * 285 ʬ.ʥ. + 2 * 100 ʬ.ʥ.) 

ʊʘʙʣʠʮʘ 2.2. ʇʘʨʘʤʝʪʨʳ 2D-ʩʲʸʤʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

 

2.4. ʉʚʠʧ-ʩʠʛʥʘʣʳ  

ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ (ʃʏʄ-ʩʠʛʥʘʣ) 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʥʳʤ 

ʜʠʘʧʘʟʦʥʦʤ ʦʪ 6 ʜʦ 100 ɻʮ. ʏʘʩʪʦʪʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠʟʤʝʥʷʣʘʩʴ ʣʠʥʝʡʥʦ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʣʘ 12 ʩʝʢʫʥʜ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʜʝʞʥʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʝʟʢʠʭ ʘʤʧʣʠʪʫʜʥʳʭ ʩʢʘʯʢʦʚ ʥʘ ʥʘʯʘʣʴʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʫʯʘʩʪʢʘʭ 

ʩʠʛʥʘʣʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʣʘʚʥʳʝ ʧʝʨʝʭʦʜʳ (ʢʦʥʫʩʳ). ɼʣʠʪʝʣʴʥʦʩʪʴ ʥʘʯʘʣʴʥʦʛʦ ʢʦʥʫʩʘ 

ʩʦʩʪʘʚʣʷʣʘ 0,75 ʩʝʢʫʥʜʳ, ʘ ʢʦʥʝʯʥʦʛʦ ï 0,5 ʩʝʢʫʥʜʳ. ʉʭʝʤʘʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʥʝʡʥʦʛʦ 

ʩʚʠʧ-ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.3. 
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ʈʠʩʫʥʦʢ 2.3. (ʘ) ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, (ʙ) ʤʛʥʦʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʚ) 

ʩʧʝʢʪʨ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʛ) ʤʛʥʦʚʝʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʜ) 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

 

ɸʜʘʧʪʠʚʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ  

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 8 ʜʦ 96 ɻʮ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʠʠ, ʨʘʚʥʳʡ 15%. 
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ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 12 ʩʝʢʫʥʜ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʦʣʫʯʝʥʠʝ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʩʨʝʜʳ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʟʘʧʠʩʴ. ɼʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʠ 

ʢʦʥʝʯʥʦʛʦ ʫʯʘʩʪʢʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʥʫʩʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 0,5 ʩʝʢʫʥʜʳ ʩ 

ʢʘʞʜʦʛʦ ʢʦʥʮʘ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʦʚʘʣʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʥʝʟʘʧʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʘʤʧʣʠʪʫʜʳ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʧʨʠʤʝʥʝʥʠʶ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʟʘ ʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ. ʂʦʣʠʯʝʩʪʚʦ 

ʥʘʢʦʧʣʝʥʠʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʣʦ 1+4. ʇʨʠ ʧʝʨʚʦʤ ʥʘʢʦʧʣʝʥʠʠ 

ʥʘ ʢʘʞʜʦʤ ʇɺ ʚʦʟʙʫʞʜʘʝʪʩʷ ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʦʪʢʣʠʢʘ ʩʨʝʜʳ ʥʘ 

ʵʪʦʪ ʩʚʠʧ-ʩʠʛʥʘʣ, ʚʠʙʨʦʛʨʘʤʤʘ ʧʝʨʝʜʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʫ VibroEqualizer ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʰʠʬʨʘʪʦʨ GDS-2 ʩʪʘʥʮʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʥʦʚʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʧʝʨʝʜʘʝʪʩʷ ʚ ʜʝʰʠʬʨʘʪʦʨ (Decoder) ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ 

ʧʦʩʣʝʜʫʶʱʠʭ 4 ʥʘʢʦʧʣʝʥʠʡ ʥʘ ʜʘʥʥʦʤ ʇɺ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʫʯʝʪʦʤ ʥʦʚʝʡʰʠʭ ʧʦʜʭʦʜʦʚ ʢ ʘʜʘʧʪʘʮʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʠ ʦʧʠʨʘʣʘʩʴ ʥʘ ʨʘʙʦʪʳ ɾʫʢʦʚʘ ʠ ʩʦʘʚʪʦʨʦʚ, ʘ ʩʭʝʤʘʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʘʥʥʦʛʦ 

ʩʚʠʧ-ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.4. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ɾʫʢʦʚ ʠ ʜʨ., 2021; ɾʫʢʦʚ ʠ ʜʨ., 2011). 
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ʈʠʩʫʥʦʢ 2.4. (ʘ) ɸʜʘʧʪʠʚʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, (ʙ) ʤʛʥʦʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʚ) 

ʩʧʝʢʪʨ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʛ) ʤʛʥʦʚʝʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʜ) 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ (Low dwell) 

ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

3ï6ï96 ɻʮ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʦʭʚʘʪʳʚʘʝʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʘʪʦʯʥʫʶ 

ʵʥʝʨʛʠʶ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 16 ʩʝʢʫʥʜ. ɼʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʭʦʜʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʥʫʩʳ ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1,0 ʩʝʢʫʥʜʳ ʠ 0,5 ʩʝʢʫʥʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʚ ʝʛʦ 

ʥʘʯʘʣʴʥʦʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦ, ʠ ʘʤʧʣʠʪʫʜʘ 

ʩʚʠʧ-ʩʠʛʥʘʣʘ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʢʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʫʚʝʣʠʯʠʪʴ ʵʥʝʨʛʠʶ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʣʦ ʛʣʫʙʠʥʫ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʦʩʦʙʝʥʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʯʪʦ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠ ̫(Bagaini, 2008). 
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ʈʠʩʫʥʦʢ 2.5. (ʘ) ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ (ʥʯ) ʩʚʠʧ-ʩʠʛʥʘʣ, (ʙ) ʤʛʥʦʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʥʯ-ʩʠʛʥʘʣʘ, (ʚ) 

ʩʧʝʢʪʨ ʥʯ-ʩʠʛʥʘʣʘ, (ʛ) ʤʛʥʦʚʝʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʥʯ-ʩʠʛʥʘʣʘ, (ʜ) ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʥʯ-

ʩʠʛʥʘʣʘ. 

 

ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ 

ʅʘ ʨʠʩ. 2.6 ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʝʛʦ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚʣʷʝʪ 

3ï96 ɻʮ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʭʚʘʪʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʦʪ ʥʠʟʢʠʭ ʜʦ ʚʳʩʦʢʠʭ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 16 ʩʝʢʫʥʜ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʭʦʜʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʦʥʫʩʳ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1,0 ʩʝʢʫʥʜʳ ʠ 0,5 ʩʝʢʫʥʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʂʦʩʪʨʳʛʠʥ, 2002). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʚ ʥʘʯʘʣʝ ʜʘʥʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʦʙʣʘʩʪʴ, ʛʜʝ ʯʘʩʪʦʪʘ ʠʟʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʘʤʧʣʠʪʫʜʘ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ɺ ʰʠʨʦʢʦʧʦʣʦʩʥʦʤ ʩʚʠʧ-ʩʠʛʥʘʣʝ ʯʘʩʪʦʪʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦ, 
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ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʠʶ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʣʫʯʰʘʝʪ 

ʛʣʫʙʠʥʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʋʨʦʚʝʥʴ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʣ ʚʩʝʛʦ 0,1 ʜɹ/ɻʮ. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʠʩʢʘʞʝʥʠʡ ʩʜʝʣʘʣ ʩʚʠʧ-ʩʠʛʥʘʣ ʦʩʦʙʝʥʥʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʟʘʧʠʩʝʡ ʠ ʦʙʝʩʧʝʯʠʣʦ ʙʦʣʝʝ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʩʪʨʦʝʥʠʠ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ 

ʩ ʧʦʜʩʦʣʝʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 
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ʈʠʩʫʥʦʢ 2.6. (ʘ) ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, (ʙ) ʤʛʥʦʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ, (ʚ) ʩʧʝʢʪʨ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʛ) ʤʛʥʦʚʝʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʜ) ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

 

2.5. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʝʜʠʥʳʡ ʛʨʘʬ ʦʙʨʘʙʦʪʢʠ (ʊʘʙʣʠʮʘ 

2.3). ʕʪʦʪ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʣ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʵʪʘʧʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ ʧʦʩʣʝ ʚʨʝʤʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʜʦ 

ʩʫʤʤʠʨʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʞʜʦʤʫ ʪʠʧʫ ʩʚʠʧ-ʩʠʛʥʘʣʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ, ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ, ʬʠʣʴʪʨʘʮʠʷ ʧʦ ʦʢʪʘʚʘʤ, 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (Yilmaz, 2001). 

ˉ  ɿʘʜʘʥʠʷ ʇʨʦʮʝʜʫʨʳ 

1 ɺʚʦʜ ʜʘʥʥʳʭ ʠ ʧʨʠʩʚʦʝʥʠʝ 

ʛʝʦʤʝʪʨʠʠ 

 

ʆʧʠʩʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʥʘʙʣʶʜʝʥʠʡ 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʠʩʚʦʝʥʠʷ 

ʛʝʦʤʝʪʨʠʠ 

2 ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

 

ʈʘʩʯʝʪ ʘʧʨʠʦʨʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʧʨʘʚʦʢ ʧʦ ʨʝʬʨʘʛʠʨʦʚʘʥʥʳʤ 

ʚʦʣʥʘʤ 

ʂʦʨʨʝʢʮʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ 

ʦʩʪʘʪʦʯʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ 

3 ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

 

 

ʈʝʛʫʣʠʨʦʚʢʘ ʘʤʧʣʠʪʫʜ ʟʘ 

ʩʬʝʨʠʯʝʩʢʦʝ ʨʘʩʭʦʞʜʝʥʠʝ 

ɺʚʦʜ ʘʧʨʠʦʨʥʳʭ ʠ ʦʩʪʘʪʦʯʥʳʭ 

ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ 

4 ʐʫʤʦʧʦʜʘʚʣʝʥʠʝ ʜʦ 

ʜʝʢʦʥʚʦʣʶʮʠʠ 

ʇʦʜʘʚʣʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʠ 

ʥʝʨʝʛʫʣʷʨʥʳʭ ʧʦʤʝʭ 
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5 ʇʦʚʝʨʭʥʦʩʪʥʦ-ʩʦʛʣʘʩʦʚʘʥʥʘʷ 

ʢʦʨʨʝʢʮʠʷ ʘʤʧʣʠʪʫʜ 

ʇʦʚʝʨʭʥʦʩʪʥʦ-ʩʦʛʣʘʩʦʚʘʥʥʘʷ 

ʢʦʨʨʝʢʮʠʷ ʘʤʧʣʠʪʫʜ 

6 ɼʝʢʦʥʚʦʣʶʮʠʷ 

 

ʅʫʣ-ɹʬʘʟʦʚʘʷ ʜʝʢʦʥʚʦʣʶʮʠʷ 

(ʤʠʥʠʤʘʣʴʥʦ-ʬʘʟʦʚʘʷ ʜʣʷ ʚʟʨʳʚʥʳʭ 

ʜʘʥʥʳʭ) 

7 ʐʫʤʦʧʦʜʘʚʣʝʥʠʝ ʧʦʩʣʝ 

ʜʝʢʦʥʚʦʣʶʮʠʠ 

ʇʦʜʘʚʣʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʠ 

ʥʝʨʝʛʫʣʷʨʥʳʭ ʧʦʤʝʭ 

8 ɺʨʝʤʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʜʦ 

ʩʫʤʤʠʨʦʚʘʥʠʷ 

ɺʨʝʤʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʂʠʨʭʛʦʬʬʘ ʜʦ 

ʩʫʤʤʠʨʦʚʘʥʠʷ 

9 ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʂʦʨʨʝʢʮʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ 

10 ʇʦʚʝʨʭʥʦʩʪʥʦ-ʥʝʩʦʛʣʘʩʦʚʘʥʥʘʷ 

ʢʦʨʨʝʢʮʠʷ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʧʨʘʚʦʢ (ʪʨʠʤ-ʩʪʘʪʠʢʘ 

ʇʦʚʝʨʭʥʦʩʪʥʦ-ʥʝʩʦʛʣʘʩʦʚʘʥʥʘʷ 

ʢʦʨʨʝʢʮʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʥʘ 

ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʠ ʩ ʚʥʝʰʥʝʡ 

ʤʦʜʝʣʴʶ 

11 ʈʝʛʫʣʠʨʦʚʢʘ ʘʤʧʣʠʪʫʜ ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʝʛʫʣʠʨʦʚʢʘ 

ʘʤʧʣʠʪʫʜ 

12 ʉʫʤʤʠʨʦʚʘʥʠʝ / ʆʙʨʘʙʦʪʢʘ 

ʧʦʩʣʝ ʩʫʤʤʠʨʦʚʘʥʠʷ 

- / FX-Decon 

ʊʘʙʣʠʮʘ 2.3. ɻʨʘʬ ʦʙʨʘʙʦʪʢʠ ʚʟʨʳʚʥʳʭ ʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

 

2.5.1. ɸʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ 

ɸʥʘʣʠʟ ʘʤʧʣʠʪʫʜʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ 

ʨʘʟʣʠʯʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʝʜʘʶʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ.  

ʅʘ ʨʠʩ. 2.7 ʧʦʢʘʟʘʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠ ʚʟʨʳʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɼʝʪʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ 

ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ ʚ ʰʠʨʠʥʝ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʞʜʫ 

ʵʪʠʤʠ ʪʠʧʘʤʠ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ.  

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʰʠʨʠʥʦʡ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʘʤʠ, ʚʟʨʳʚʥʳʭ 

ʜʘʥʥʳʭ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʡ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʧʦ ʚʩʝʤʫ ʯʘʩʪʦʪʥʦʤʫ 

ʜʠʘʧʘʟʦʥʫ. 

ɺʟʨʳʚʥʦʡ ʠʩʪʦʯʥʠʢ  
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ʉʧʝʢʪʨ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʪʣʠʯʘʝʪʩʷ ʫʟʢʦʡ ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʦʩʣʘʙʣʝʥʠʶ ʢʘʢ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ, ʪʘʢ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʵʥʝʨʛʠʷ ʥʘʯʠʥʘʝʪ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 15 ɻʮ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʛʣʫʙʠʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ 

ʵʥʝʨʛʠʷ ʙʳʩʪʨʦ ʟʘʪʫʭʘʝʪ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 60 ɻʮ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʨʘʟʨʝʰʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30 

ɻʮ, ʯʪʦ ̫ ʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʜʝʪʘʣʴʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʦʥʢʠʭ ʩʣʦʝʚ ʠ ʩʣʦʞʥʳʭ ʛʨʘʥʠʮ. 

ʇʦʜʦʙʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ, 

ʠʟʦʙʨʘʞʝʥʠʝ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʤʳʪʳʤ, ʘ ʪʦʥʢʠʝ ʩʣʦʠ 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʩʪʘʶʪʩʷ ʥʝʨʘʟʣʠʯʠʤʳʤʠ. 

ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʧʝʢʪʨ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ, ʯʝʤ ʩʧʝʢʪʨ 

ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʥʝʤ ʦʪʤʝʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʜʝʬʠʮʠʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʦʩʦʙʝʥʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʥʠʞʝ 15 ɻʮ. ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʩʥʠʞʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʩʪʴ 

ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ. 

ɸʜʘʧʪʠʚʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ. 

ʉʧʝʢʪʨ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʧʝʢʪʨʦʤ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʝʨʝʜʘʯʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʘʢʦ ʚ ʩʨʝʜʥʝʤ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʘʭ ʘʜʘʧʪʠʚʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ 

ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʝʛʦ ʩʧʝʢʪʨ ʰʠʨʝ ʠ ʩʪʘʙʠʣʴʥʝʝ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʘʜʘʧʪʠʚʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʠ ʪʦʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʤʝʣʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ. 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ. 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʫʙʠʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʚ 

ʩʨʝʜʥʠʭ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʝʛʦ ʩʧʝʢʪʨ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʧʝʢʪʨʦʤ 

ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʣʘʝʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ 

ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʛʣʫʙʠʥʦʡ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ. 

ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʦʙʣʘʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʩʧʝʢʪʨʘ, ʦʭʚʘʪʳʚʘʷ ʢʘʢ 

ʥʠʟʢʠʝ, ʪʘʢ ʠ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ ʦʥ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠʟʫʯʝʥʠʝ ʛʣʫʙʠʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʜʝʪʘʣʴʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʚʝʨʭʥʠʭ ʩʣʦʝʚ. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ 
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ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʛʜʝ ʢʨʠʪʠʯʥʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʩʴ ʜʦʩʪʫʧʥʳʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʭ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɸʜʘʧʪʠʚʥʳʝ, ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ 

ʩʚʠʧ-ʩʠʛʥʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʚʟʨʳʚʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʢʘʢ ʛʣʫʙʠʥʥʦʡ ʨʘʟʚʝʜʢʠ, ʪʘʢ ʠ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 

 

ʘ                                                                            ʙ 

ʈʠʩʫʥʦʢ 2.7. (ʘ) ʆʢʥʦ ʜʣʷ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʘ, (ʙ) ʩʧʝʢʪʨʳ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ (ʯʸʨʥʳʡ 

ï ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʨʘʩʥʳʡ ï ʃʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʟʝʣʸʥʳʡ ï ɸʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ, ʩʠʥʠʡ ï ʅʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʬʠʦʣʝʪʦʚʳʡ ï ʐʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ). 

 

2.5.2. ɺʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ ʧʦʩʣʝ ʚʨʝʤʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʜʦ ʩʫʤʤʠʨʦʚʘʥʠʷ 

ʅʘ ʨʠʩ. 2.8 ʠ 2.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʦʚ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʯʝʪʢʦʤʫ ʦʪʦʙʨʘʞʝʥʠʶ 

ʛʣʫʙʠʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʷʥʳʝ ʢʫʧʦʣʘ ʠʣʠ ʛʣʫʙʦʢʦ 

ʟʘʣʝʛʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʥʝ ʪʦʣʴʢʦ 

ʩʦʭʨʘʥʷʝʪ ʛʣʫʙʠʥʫ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ 

ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ï ʢʘʢ ʚ 
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ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ, ʪʘʢ ʠ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʤʝʣʢʠʝ ʩʣʦʠ ʠ 

ʪʦʯʥʝʝ ʦʧʨʝʜʝʣʷʪʴ ʛʨʘʥʠʮʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

 

ʈʠʩʫʥʦʢ 2.8. ɺʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ ʚʜʦʣʴ ʪʝʩʪʦʚʦʛʦ ʧʨʦʬʠʣʷ ʧʦʩʣʝ ʚʨʝʤʝʥʥʦʡ ʤʠʛʨʘʮʠʠ (0ï6000 

ʤʩ). ʉʣʝʚʘ ʥʘʧʨʘʚʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʝʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, 

ʃʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ɸʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʅʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠ 

ʐʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

 

ʈʠʩʫʥʦʢ 2.9. ɺʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ ʚʜʦʣʴ ʪʝʩʪʦʚʦʛʦ ʧʨʦʬʠʣʷ ʧʦʩʣʝ ʚʨʝʤʝʥʥʦʡ ʤʠʛʨʘʮʠʠ (1000ï

5000 ʤʩ). ʉʣʝʚʘ ʥʘʧʨʘʚʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʝʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʨʳʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ, ʃʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ɸʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʅʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ 
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ʠ ʐʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

2.5.3 ʌʠʣʴʪʨʘʮʠʷ ʧʦ ʦʢʪʘʚʘʤ 

ʅʘ ʨʠʩ. 2.10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʦʢʪʘʚʘʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʥʘʙʦʨʦʚ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʘʥʘʣʠʟʘ ʢʘʞʜʳʡ ʥʘʙʦʨ ʙʳʣ ʨʘʟʜʝʣʸʥ ʥʘ ʧʷʪʴ ʜʠʘʧʘʟʦʥʦʚ 

ʯʘʩʪʦʪ. 

 

ʈʠʩʫʥʦʢ 2.10. ɺʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ (1800ï2200 ʤʩ, ʥʦʤʝʨ CDP 1129-1259) ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʧʦ 

ʦʢʪʘʚʘʤ (ʫʟʢʦʧʦʣʦʩʥʘʷ ʬʠʣʴʪʨʘʮʠʷ). ʉʣʝʚʘ ʥʘʧʨʘʚʦ ï ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʘʟʨʝʟ, 3ï6 

ɻʮ ʫʟʢʦʧʦʣʦʩʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, 6ï12 ɻʮ ʫʟʢʦʧʦʣʦʩʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, 12ï24 ɻʮ ʫʟʢʦʧʦʣʦʩʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ, 24ï48 ɻʮ ʫʟʢʦʧʦʣʦʩʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, 48ï96 ɻʮ ʫʟʢʦʧʦʣʦʩʥʘʷ ʬʠʣʴʪʨʘʮʠʷ. ʉʚʝʨʭʫ 

ʚʥʠʟ ï ʚʟʨʳʚʥʳʝ ʜʘʥʥʳʝ, ʜʘʥʥʳʝ ʃʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʜʘʥʥʳʝ ɸʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, 

ʜʘʥʥʳʝ ʅʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʜʘʥʥʳʝ ʐʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ, ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʤʝʪʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ. ʕʪʦ ʨʘʩʰʠʨʝʥʠʝ ʦʩʦʙʝʥʥʦ 

ʚʳʨʘʞʝʥʦ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ (3ï6 ɻʮ), ʛʜʝ ʚʠʟʫʘʣʴʥʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ 
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ʩʠʛʥʘʣʦʚ. ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʛʨʘʝʪ Dwell-ʢʦʥʫʩ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ 

ʩʧʝʮʠʘʣʴʥʫʶ ʥʝʣʠʥʝʡʥʫʶ ʤʦʜʫʣʷʮʠʶ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ. ʕʪʦ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʴʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʘʞʝ ʚ ʫʣʴʪʨʘʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ, ʯʪʦ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʚʳʩʦʢʦʡ ʛʣʫʙʠʥʦʡ 

ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʜʝʪʘʣʴʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

2.5.4. ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ 

ʇʦʩʢʦʣʴʢʫ ʮʝʣʝʚʦʡ ʧʣʘʩʪ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʛʣʫʙʠʥʝ 3900ï4000 ʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ 2400ï2600 ʤʩ ʥʘ ʚʨʝʤʝʥʥʦʤ ʨʘʟʨʝʟʝ, ʜʣʷ ʦʮʝʥʢʠ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ 

ʤʳ ʚʳʙʨʘʣʠ ʜʘʥʥʳʝ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʥʘ ʢʘʞʜʦʤ ʩʝʡʩʤʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 

2.11. 

ɸʥʘʣʠʟ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʘʤʳʤ ʥʠʟʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ 

ʚ ʫʢʘʟʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʅʘʠʚʳʩʰʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʜʘʥʥʳʝ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʪʦʛʜʘ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ ʦʢʘʟʘʣʦʩʴ ʥʝʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʫ ʣʠʥʝʡʥʦʛʦ. ʆʜʥʘʢʦ h ʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʆʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʫʩʪʫʧʘʝʪ ʧʦʢʘʟʘʪʝʣʷʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ, ʥʦ ʚʩʝ ʞʝ 

ʦʩʪʘʝʪʩʷ ʣʫʯʰʝ, ʯʝʤ ʫ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʝʡʥʳʡ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʮʝʣʝʚʦʤ ʠʥʪʝʨʚʘʣʝ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʣʷ ʟʘʜʘʯ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʣʫʙʦʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 
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ʈʠʩʫʥʦʢ 2.11. ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʠʥʪʝʨʚʘʣʝ 2400ï2600 ʤʩ. ʇʦ ʦʩʠ 

X ï ʥʦʤʝʨ CDP, ʧʦ ʦʩʠ Y ï ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. (ʘ) ɺʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, (ʙ) ʃʠʥʝʡʥʦʛʦ 

ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʚ) ɸʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʛ) ʅʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʜ) 

ʐʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

 

2.5.5. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

ɸʥʘʣʠʟ ʘʤʧʣʠʪʫʜʥʳʭ ʩʧʝʢʪʨʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʠʥʪʝʨʚʘʣʘ ʚʳʰʝ -10 ʜɹ, ʧʦʢʘʟʘʣ, 

ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʠʛʥʘʣʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʦʪʳ: ʜʣʷ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ï 21,65 ɻʮ, ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ï 29,7 ɻʮ, ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ï 32,35 ɻʮ, ʜʣʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ï 33,75 ɻʮ, ʘ ʜʣʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ï 34,75 ɻʮ. 

ɺʳʩʰʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʘʥʥʳʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʠʚʳʩʰʝʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʚ ʠʥʪʝʨʚʘʣʝ 2400ï2600 ʤʩ 

ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ: 

¶ ɼʣʷ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï 25 ʤ. 

¶ ɼʣʷ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ï 20 ʤ. 

¶ ɼʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ï 19,5 ʤ. 

¶ ɼʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ï 19 ʤ. 

¶ ɼʣʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ï 18 ʤ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʃʫʯʰʝʝ ʨʘʟʨʝʰʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

 

ʘ                                                                       ʙ 
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ʈʠʩʫʥʦʢ 2.12. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʠʥʪʝʨʚʘʣʝ 2400ï2600 ʤʩ. ʇʦ 

ʦʩʠ X ï ʥʦʤʝʨ CDP, ʧʦ ʦʩʠ Y ï ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. (ʘ) ɺʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, (ʙ) 

ʃʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʚ) ɸʜʘʧʪʠʚʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʛ) ʅʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (ʜ) 

ʐʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

 

2.6. ʈʝʟʫʣʴʪʘʪ ʠʥʪʝʨʧʨʝʪʘʮʠʠ  

ʅʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʟʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 2.13. ɺʠʟʫʘʣʠʟʘʮʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʨʘʟʨʝʰʝʥʠʠ, 



58 

 

ʦʙʝʩʧʝʯʝʥʥʦʤ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʩʚʠʧ-ʩʠʛʥʘʣʦʤ, ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʚʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ʄʦʜʝʣʴ ʜʘʝʪ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʦ ʚʦʟʤʦʞʥʳʭ ʨʘʟʣʦʤʘʭ ʠ ʘʥʦʤʘʣʠʷʭ ʚ ʩʪʨʫʢʪʫʨʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʦʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʪʦʥʢʠʝ ʩʣʦʠ ʠʣʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʧʦʨʦʜ, ʯʪʦ ʜʝʣʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʛʝʦʬʠʟʠʢʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʷʥʳʝ ʢʫʧʦʣʘ ʠ ʜʨʫʛʠʝ ʛʣʫʙʦʢʠʝ ʛʦʨʠʟʦʥʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʫʣʫʯʰʝʥʥʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʝʪʘʣʠʟʘʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. 

 

 

 

ʈʠʩʫʥʦʢ 2.13. ʈʝʟʫʣʴʪʘʪ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʜʘʥʥʳʭ. 

 

2.7. ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ʚʠʙʨʘʮʠʦʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʧʦ ʢʘʯʝʩʪʚʫ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʝ ʫʩʪʫʧʘʝʪ ʚʟʨʳʚʥʦʤʫ ʠʩʪʦʯʥʠʢʫ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 
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ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ, 

ʪʘʢ ʠ ʚ ʩʪʦʨʦʥʫ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʣʫʯʰʝʥʠʝ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʙʦʣʝʝ ʯʝʪʢʦʝ ʠ ʚʳʨʘʟʠʪʝʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʧʦʚʳʰʝʥʠʝ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʙʦʣʝʝ ʪʦʯʥʦʝ ʚʳʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʥʘʨʫʰʝʥʠʡ. ʅʘʣʠʯʠʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʧʝʢʪʨʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʜʘʥʥʳʭ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʩʝʚʜʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ.  
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ɻʃɸɺɸ 3. ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅʆɺʓʍ ʄɽʊʆɼʆɺ ɻɽʅɽʈɸʎʀʀ 

ʇʉɽɺɼʆʉʃʋʏɸʁʅʓʍ ʉɺʀʇ-ʉʀɻʅɸʃʆɺ2 

 

 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ 

ʠʭ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʧʷʪʠ ʪʠʧʘʤ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ: ʩʚʸʨʪʢʝ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʬʠʣʴʪʨʘʮʠʠ ʜʚʦʠʯʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʤʧʫʣʴʩʥʦʡ ʨʘʟʚʝʨʪʢʝ, ʧʝʨʝʩʪʘʥʦʚʢʝ ʨʘʟʚʝʨʪʢʠ ʠ ʛʝʥʝʨʘʮʠʠ ʥʝʜʚʦʠʯʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʕʪʠ ʩʚʠʧ-

ʩʠʛʥʘʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷʨʥʦʩʪʠ ʩʝʛʤʝʥʪʦʚ ʧʦʣʥʦʛʦ ʧʝʨʠʦʜʘ ʠʣʠ ʧʦʣʫʧʝʨʠʦʜʘ 

ʣʠʥʝʡʥʳʭ ʣʠʙʦ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʠʥʫʩ-ʢʦʜʦʤ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʷʪʴ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ: ʣʠʥʝʡʥʳʡ, ʩʣʫʯʘʡʥʳʡ ʠ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʭʝʤʘʤʠ ʢʦʜʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʩʠʛʥʘʣʳ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴʶ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 3D-ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʙʝʟ ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ 

ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʰʫʤʘʤ. 

 

3.1. ʀʩʪʦʨʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʟʚʝʜʢʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʦʝʥʠʷ ɿʝʤʣʠ ʠ 

ʧʦʠʩʢʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʥʠʭ ʟʘʥʠʤʘʝʪ ʚʠʙʨʘʮʠʦʥʥʘʷ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʢʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʧʨʘʚʣʷʝʤʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʐʥʝʝʨʩʦʥ, 1998). ʇʦ ʜʘʥʥʳʤ ʂʦʩʪʨʳʛʠʥʘ (2014), ʜʦ 75% ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʚ 

ʤʠʨʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʤʝʪʦʜʘ 

 
2 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ 

ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɺʘʥ ɾ., ʂʦʨʦʪʢʦʚ ʀ.ʇ., ɾʫʢʦʚ ɸ.ʇ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʛʝʥʝʨʘʮʠʠ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ // ɻʝʦʬʠʟʠʢʘ, 2025, ˉ 1, ʉ. 28-34. EDN: BZOILZ (0.81 ʧ.ʣ., ʚʢʣʘʜ ʘʚʪʦʨʘ 85%, 

ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 0,342 (ʈʀʅʎ). 
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ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʢʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʚʦʣʥ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ 

ʬʦʥʝ ʰʫʤʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʫʨʙʘʥʠʟʘʮʠʠ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʟʨʳʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʛʨʘʥʠʯʝʥʦ (ʐʥʝʝʨʩʦʥ ʠ ʜʨ., 1990). ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʚʢʣʶʯʘʷ ʣʠʥʝʡʥʳʝ, 

ʥʝʣʠʥʝʡʥʳʝ, ʩʣʫʯʘʡʥʳʝ ʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ. ʆʜʥʘʢʦ ʩʪʘʥʜʘʨʪʥʳʝ ʜʣʷ ʦʪʨʘʩʣʠ ʣʠʥʝʡʥʳʝ ʩʚʠʧ-

ʩʠʛʥʘʣʳ ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʣʦʞʥʳʝ ʵʬʬʝʢʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʪʘʢʠʝ ʢʘʢ 

ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠ ʬʘʟʦʚʘʷ ʜʠʩʧʝʨʩʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʣʥʦʩʪʴʶ ʫʧʨʘʚʣʷʝʤʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʙʨʘʪʥʦʛʦ ʬʠʣʴʪʨʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ (Korotkov et al., 2022). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩʠʛʥʘʣʦʚ. ʇʨʠ 

ʵʪʦʤ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʪʘʸʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ (ISS), ʧʨʝʜʣʦʞʝʥʥʳʡ Howe ʠ ʩʦʘʚʪʦʨʳ (2008). ɽʛʦ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʠʣʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʙʦʪʘʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʩʪʘʣʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʝʨʚʳʝ ʠʜʝʠ ʧʦ ʠʭ ʩʦʟʜʘʥʠʶ ʚʦʟʥʠʢʣʠ ʚ 1966 ʛʦʜʫ, 

ʢʦʛʜʘ Crook ʠ Rieble ʥʝʟʘʚʠʩʠʤʦ ʧʨʝʜʩʪʘʚʠʣʠ ʩʧʦʩʦʙʳ ʛʝʥʝʨʘʮʠʠ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʧʘʪʝʥʪʘʭ 

(Crook et al., 1966; Rieble, 1966). ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʣʠʩʴ ʚ 1970-ʭ ʛʦʜʘʭ. ɺ 1976 ʛʦʜʫ Goupillaud ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ (Goupillaud, 1976). 

ʇʦʟʞʝ, ʚ 1979 ʛʦʜʫ, Cunningham ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʢʦʜʦʚ 

ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʵʥʝʨʛʠʠ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ, ʯʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʣʠʥʝʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ (Cunningham, 1979). ʂʦʩʪʨʳʛʠʥ (1991) ʠʩʩʣʝʜʦʚʘʣ ʜʚʫʭʧʦʣʷʨʥʳʝ ʢʦʜʦʠʤʧʫʣʴʩʥʳʝ 

ʚʘʨʠʘʥʪʳ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ. ɺ 1990-ʭ ʛʦʜʘʭ Burger ʠ Baliguet ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʚʠʙʨʘʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʧʨʠʤʝʥʷʪʴ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʠʛʥʘʣʳ ʚ 

ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. ʕʪʠ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʣʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʦʚ ʠ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʟʘʧʠʩʝʡ (Burger and Baliguet, 1992). ʅʘ ʨʫʙʝʞʝ 2000-ʭ ʛʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

Iranpour ʦʪʢʨʳʣʠ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ: ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘ ʧʦʟʚʦʣʠʣʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ, ʫʣʫʯʰʠʚ ʠʭ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ (Iranpour et al., 2015). Dean ʚ ʩʚʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʠʟʫʯʘʣ ʚʦʟʤʦʞʥʦʩʪʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ, 
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ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʩʣʦʞʥʦʩʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ. ɽʛʦ ʨʘʙʦʪʳ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʜʘʞʝ ʚ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʷʭ (Dean, 2012). ʗʥ ʉʶʘʥʴ ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜ ʩʚʝʨʪʢʠ ʪʨʦʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ 2011 

ʛʦʜʫ (Yang Xuan et al.,2011). ʅʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʠʥʘʜʣʝʞʘʪ 

Wang, ʢʦʪʦʨʳʡ ʚ 2024 ʛʦʜʫ ʨʘʟʨʘʙʦʪʘʣ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʪʠʧʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʩʦʯʝʪʘʥʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ ʠ ʣʠʥʝʡʥʳʤʠ ʩʚʠʧ-

ʩʠʛʥʘʣʘʤʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ (Wang et al., 2024; ɺʘʥ ʠ ʜʨ., 

2025). ʕʪʠ ʜʦʩʪʠʞʝʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʧʦʪʝʥʮʠʘʣ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʢʘʢ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʘʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʧʨʝʜʣʘʛʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʠʥʝʡʥʳʤʠ ʩʚʠʧ-ʩʠʛʥʘʣʘʤʠ, ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʉʨʝʜʠ 

ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ï ʫʟʢʠʝ ʦʩʥʦʚʥʳʝ ʣʝʧʝʩʪʢʠ ʠ ʫʤʝʥʴʰʝʥʥʳʝ ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ 

(Dean, 2012). ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʢ ʰʫʤʫ ʜʝʣʘʝʪ ʠʭ 

ʧʦʜʭʦʜʷʱʠʤ ʚʳʙʦʨʦʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʜ ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ (ISS). ʉ ʨʘʟʚʠʪʠʝʤ ISS ʚʦʟʨʦʩʣʘ ʧʨʦʙʣʝʤʘ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ, ʚʳʟʚʘʥʥʳʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʦʡ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʚʠʙʨʘʪʦʨʦʚ. ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ 

ʩʧʦʩʦʙʥʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʦʤʝʭʠ ʫʞʝ ʥʘ ʵʪʘʧʝ ʟʘʧʠʩʠ, ʩʥʠʞʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ (Nasreddin et al., 2012). ɹʦʣʝʝ ʪʦʛʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʵʪʠʭ ʩʠʛʥʘʣʦʚ 

ʚʦ ʚʨʝʤʝʥʠ ʩʥʠʞʘʝʪ ʧʠʢʦʚʫʶ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʛʜʝ ʩʥʠʞʝʥʠʝ ʚʠʙʨʘʮʠʠ ʛʨʫʥʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʘ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. Scholtz ʦʪʤʝʯʘʝʪ, ʯʪʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʩʥʠʞʘʶʪ ʧʠʢʦʚʫʶ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʳʤʠ ʘʥʘʣʦʛʘʤʠ (Scholtz, 2013). ʄʝʪʦʜʳ ʛʝʥʝʨʘʮʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ. 

Dean ʚʳʜʝʣʷʝʪ ʧʷʪʴ ʧʦʜʭʦʜʦʚ: ʩʚʸʨʪʢʘ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʬʠʣʴʪʨʘʮʠʷ ʜʚʦʠʯʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʤʧʫʣʴʩʥʘʷ ʨʘʟʚʸʨʪʢʘ, ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʜʚʦʠʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ (Dean, 2014; Dean,2017). ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʠʚʘʶʪ 

ʩʠʛʥʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʚʝʨʪʢʠ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʊʘʢʠʝ ʩʠʛʥʘʣʳ 

ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʙʣʠʟʢʠʤ ʢ ʣʠʥʝʡʥʳʤ 

ʩʚʠʧ-ʩʠʛʥʘʣʘʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ (Askeland et al., 

2009). ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʤ ʩʚʠʧ-ʩʠʛʥʘʣʘʤ ʟʘʥʠʤʘʪʴ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ 

ʘʨʩʝʥʘʣʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʰʫʤʘ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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ʉʚʸʨʪʢʘ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʉʚʸʨʪʢʘ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʜʨʫʛʠʤ ʩʠʛʥʘʣʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʘ ʚʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ. ɺ 

ʧʘʪʝʥʪʝ Wischmeyer (1966) ʦʧʠʩʘʥ ʧʦʜʨʦʙʥʳʡ ʤʝʪʦʜ ʛʝʥʝʨʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʚʫʤʷ ʤʦʥʦ-ʯʘʩʪʦʪʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. ʆʜʠʥ ʠʟ ʵʪʠʭ 

ʩʠʛʥʘʣʦʚ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ, ʘ ʜʨʫʛʦʡ ï ʦʪʨʠʮʘʪʝʣʴʥʫʶ. ɼʚʦʠʯʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʩʚʸʨʥʫʪʘ ʩ ʧʦʣʫʧʝʨʠʦʜʦʤ ʠʣʠ ʧʦʣʥʳʤ ʧʝʨʠʦʜʦʤ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʥʪ ʩ ʧʦʣʫʧʝʨʠʦʜʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʬʦʨʤʫ 

ʬʫʥʢʮʠʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʠ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʩ 

ʧʦʣʥʳʤ ʧʝʨʠʦʜʦʤ, ʦʜʥʘʢʦ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ (Rieble, 1966). ʅʘ ʨʠʩ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʚʠʧ-ʩʠʛʥʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʸʨʪʢʠ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʩʠʛʥʘʣʦʤ. 

 

ʈʠʩʫʥʦʢ 3.1. (a) M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, (b) ʧʝʨʚʳʡ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʘʤʧʣʠʪʫʜʦʡ, (c) ʚʪʦʨʦʡ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʦʡ, (d) ʨʝʟʫʣʴʪʘʪ 

ʩʚʸʨʪʢʠ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʧʦʣʫʧʝʨʠʦʜʥʳʤ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʩʠʛʥʘʣʦʤ, (e) ʈʝʟʫʣʴʪʘʪ 

ʩʚʸʨʪʢʠ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʧʦʣʥʳʤ ʧʝʨʠʦʜʦʤ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ (Dean T., 2014). 

 

ʉʚʝʨʪʢʘ ʪʨʦʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʄʝʪʦʜ ʩʚʸʨʪʢʠ ʪʨʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʸʨʪʢʫ ʪʨʦʠʯʥʦʡ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʩʠʛʥʘʣʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʩʚʸʨʪʢʠ 
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ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʨʦʠʯʥʘʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʪʨʠ 

ʚʦʟʤʦʞʥʳʭ ʢʦʜʦʚʳʭ ʟʥʘʯʝʥʠʷ: -1, 0, +1. ʄʝʪʦʜ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣ ʗʥ ʉʶʘʥʴ ʚ 2011 ʛʦʜʫ (Yang 

Xuan et al., 2011). ʅʘ ʨʠʩ. 3.2 (a) ʧʨʠʚʝʜʝʥʘ ʪʨʦʠʯʥʘʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʥʘ 

ʨʠʩ. 3.2 (b) ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʘ ʥʘ ʨʠʩ. 3.2 (c) ï ʝʛʦ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʪʦʡ ʞʝ ʜʣʠʥʳ, ʚ 

ʧʨʦʮʝʩʩʝ ʚʦʟʙʫʞʜʝʥʠʷ ʚʠʙʨʘʪʦʨ ʦʩʪʘʸʪʩʷ ʥʝʘʢʪʠʚʥʳʤ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʵʥʝʨʛʝʪʠʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʳʤ ʩʚʠʧ-ʩʠʛʥʘʣʦʤ. ʆʜʥʘʢʦ 

ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ, ʯʝʤ ʫ 

ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (Wang Zhongren, 2009). 

 

ʈʠʩʫʥʦʢ 3.2. (a) ʊʨʦʠʯʥʘʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, (b) ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-

ʩʠʛʥʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʩʚʸʨʪʢʠ ʪʨʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, (c) ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʬʫʥʢʮʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ (Dean T., 2014). 

 

ʌʠʣʴʪʨʘʮʠʷ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʌʠʣʴʪʨʘʮʠʷ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʬʠʣʴʪʨʘʮʠʠ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʝʸ ʢ ʠʜʝʘʣʴʥʦʤʫ ʯʘʩʪʦʪʥʦʤʫ 

ʜʠʘʧʘʟʦʥʫ. ɺ ʢʘʯʝʩʪʚʝ ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʇʨʠʤʝʨʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʙʳʣʠ ʧʦʢʘʟʘʥʳ Wong 

ʚ 2014 ʛʦʜʫ (Wong et al., 2014). ʅʘ ʨʠʩ. 3.3 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ ʠʟ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʨʠ ʵʪʦʤ ʜʚʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʪʘʢʞʝ ʠʤʝʶʪ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʈʠʩʫʥʦʢ 3.3. (a) ʇʝʨʚʘʷ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, (b) ʚʪʦʨʘʷ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, (c) ʩʚʠʧ-

ʩʠʛʥʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʧʝʨʚʦʡ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, (d) ʩʚʠʧ-ʩʠʛʥʘʣ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʚʪʦʨʦʡ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (Wong et al., 2014). 

 

ʀʤʧʫʣʴʩʥʘʷ ʨʘʟʚʸʨʪʢʘ 

ʀʤʧʫʣʴʩʥʘʷ ʨʘʟʚʝʨʪʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʝʨʠʝʡ ʠʤʧʫʣʴʩʦʚ, ʨʘʟʜʝʣʸʥʥʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʤʠ 

ʚʨʝʤʝʥʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ. ɺ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʊʘʥʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʝʨʠʠ 

ʠʤʧʫʣʴʩʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 4ï8 ʤʩ (Taner, 1972). ʅʘ ʨʠʩ. 3.4 ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠ ʪʨʝʫʛʦʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʩʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʙʦʢʦʚʳʝ 

ʣʝʧʝʩʪʢʠ ʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʚʦ ʚʨʝʤʷ ʨʘʟʚʝʨʪʢʠ ʚʠʙʨʘʪʦʨ 

ʦʩʪʘʸʪʩʷ ʥʝʘʢʪʠʚʥʳʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʥʝʨʛʠʷ ʪʘʢʠʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʦʢʦʣʦ 5% ʦʪ 

ʵʥʝʨʛʠʠ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ (Khasan et al., 2018). 
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ʈʠʩʫʥʦʢ 3.4. (a) ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ, (b) ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʠʟ ʪʨʝʫʛʦʣʴʥʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ, (c) ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʠʛʥʘʣʘ (a), (d) ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ 

ʩʠʛʥʘʣʘ (a), (e) ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʠʛʥʘʣʘ (b), (f) ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ (b) 

(Dean T., 2014). 

 

ʇʝʨʝʩʪʘʥʦʚʢʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ 

ʇʝʨʝʩʪʘʥʦʚʢʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ Goupillaud ʚ 1976 ʛʦʜʫ ʠ ʦʩʥʦʚʘʥʘ 

ʥʘ ʩʣʫʯʘʡʥʦʤ ʧʝʨʝʫʧʦʨʷʜʦʯʠʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʛʤʝʥʪʦʚ ʩʚʠʧ-ʩʠʛʥʘʣʘ. ʄʝʪʦʜ Goupillaud 

ʚʢʣʶʯʘʝʪ ʩʝʛʤʝʥʪʘʮʠʶ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʤʧʣʠʪʫʜʳ. ɿʘʪʝʤ ʩʝʛʤʝʥʪʳ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʧʝʨʝʩʪʘʚʣʷʶʪʩʷ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦ ʟʥʘʢʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ (Goupillaud, 1976), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.5. ʀʟ-

ʟʘ ʩʣʫʯʘʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʝʛʦ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʵʪʠʤ 

ʤʝʪʦʜʦʤ, ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʝ ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʛʜʝ ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ. 
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ʈʠʩʫʥʦʢ 3.5. (a) ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, (b) ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʧʦʣʫʯʝʥʥʳʡ 

ʤʝʪʦʜʦʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʚʠʧ-ʩʠʛʥʘʣʘ, (c) ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʠʛʥʘʣʘ (a), (d) 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʠʛʥʘʣʘ (b) (Dean T., 2014). 

 

ʅʝʜʚʦʠʯʥʳʝ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ 

ʄʝʪʦʜ ʥʝʜʚʦʠʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʙʳʣ ʧʨʝʜʣʦʞʝʥ Muir ʚ 1986 ʛʦʜʫ. ʆʥ ʠʩʧʦʣʴʟʫʝʪ 

ʩʣʫʯʘʡʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʘʜʘʧʪʠʨʫʝʪ ʝʸ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʬʠʣʴʪʨʫʝʪ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (Muir, 1984; Muir, 1986). ʕʥʝʨʛʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 16 % ʵʥʝʨʛʠʠ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

ʅʘ ʨʠʩ. 3.6 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. 

 

ʈʠʩʫʥʦʢ 3.6. (a) ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, (b) ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ (a), (c) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ (a) (Dean T., 2014). 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʦʜʪʚʝʨʞʜʘʣʠʩʴ ʥʘ ʧʨʘʢʪʠʢʝ. ʆʜʥʦ ʠʟ ʧʝʨʚʳʭ ʟʥʘʯʠʤʳʭ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

Sallas ʚ 2011 ʛʦʜʫ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʜʣʷ 2D-ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʚʟʦʰʣʠ 

ʨʝʟʫʣʴʪʘʪʳ, ʜʦʩʪʠʛʥʫʪʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ High Fidelity Vibratory Seismic (HFVS), 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 
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(Sallas et al., 2011). Nasreddin ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʠʟʫʯʘʣ ʧʨʠʤʝʥʝʥʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʝʟʘʚʠʩʠʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ. ʉʝʨʠʷ ʧʦʣʝʚʳʭ 

ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʵʪʠ ʩʠʛʥʘʣʳ ʵʬʬʝʢʪʠʚʥʦ ʫʤʝʥʴʰʘʶʪ ʫʨʦʚʝʥʴ ʰʫʤʘ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʶʪ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʦʪʢʨʳʪʠʝ ʩʪʘʣʦ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʤʝʪʦʜʦʚ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ (Nasreddin et al., 2012). ʀʩʩʣʝʜʦʚʘʥʠʷ Wong ʠ Langton 

ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʶ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʚʠʙʨʘʪʦʨʘʤʠ ʚ ʨʝʞʠʤʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʆʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, 

ʯʪʦ ʢʚʘʟʠ-ʦʨʪʦʛʦʥʘʣʴʥʳʝ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʩʝʡʩʤʦʛʨʘʤʤʳ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʚʟʘʠʤʥʳʤʠ ʧʦʤʝʭʘʤʠ, ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʦʩʪʘʚʘʣʦʩʴ ʩʦʧʦʩʪʘʚʠʤʳʤ ʩ ʪʝʤ, 

ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ (Wong ʠ Langton, 2014). Thomas 

ʩʜʝʣʘʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʪʝʩʪʠʨʦʚʘʚ ʢʦʜʠʨʦʚʘʥʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ɽʛʦ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʜʘʧʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʳʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʣʦʞʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (Thomas et al., 2012). ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʙʝʜʠʪʝʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʥʦ ʠ 

ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʝʚʦʩʭʦʜʷʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʧʦʜʪʚʝʨʞʜʘʷ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʉʨʝʜʠ ʥʝʜʘʚʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ 

Zhukov ʠ Korotkov (2017), ʢʦʪʦʨʳʝ ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʪʠʧ ʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, 

ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ Shuffle ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ʕʪʠ ʩʠʛʥʘʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (Zhukov et al., 2017). Shuffle ʩʚʠʧ-ʩʠʛʥʘʣʳ ʦʙʣʘʜʘʶʪ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʩʭʦʞʝʩʪʴʶ ʩ ʤʝʪʦʜʘʤʠ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʦʜʥʘʢʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʦʪʣʠʯʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚ ʠʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʷʭ, 

ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ, ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʧʦ ʢʘʯʝʩʪʚʫ ʩ 

ʨʘʟʨʝʟʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ 

ʧʦʪʝʥʮʠʘʣ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʣʝʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

Korotkov ʠ ʝʛʦ ʢʦʣʣʝʛ (2023) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Shuffle ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʠ ʩʠʛʥʘʣʳ ʦʧʪʠʤʠʟʠʨʫʶʪ 

ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʧʨʝʜʣʘʛʘʷ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʝʟ 

ʫʱʝʨʙʘ ʜʣʷ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

Shuffle ʩʚʠʧ-ʩʠʛʥʘʣ 

ʅʘ ʨʠʩ. 3.7 ʧʦʢʘʟʘʥ ʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʂʦʨʦʪʢʦʚʳʤ ʠ ɾʫʢʦʚʳʤ ʚ 2017 ʛʦʜʫ. ʏʝʨʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩ. 3.7 (a) ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʚʨʝʤʷ-ʯʘʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʘ ʩʠʥʷʷ ʣʠʥʠʷ ï ʚʨʝʤʷ-ʯʘʩʪʦʪʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʠʧ-ʩʠʛʥʘʣʘ Shuffle, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ. ʈʠʩ. 3.7 (b) 

ʧʦʢʘʟʳʚʘʝʪ ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʘ ʨʠʩ. 3.7 (c) ï ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ 

Shuffle (Zhukov et al., 2017). ʅʝʦʜʥʦʢʨʘʪʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-

ʩʠʛʥʘʣʳ ʦʙʣʘʜʘʶʪ ʦʜʥʦʨʦʜʥʳʤ ʩʧʝʢʪʨʦʤ ʠ ʫʧʨʘʚʣʷʝʤʳʤʠ ʘʤʧʣʠʪʫʜʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʚ 

ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʫʣʫʯʰʠʪʴ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʘʥʥʳʭ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʰʫʤʳ (ɾʫʢʦʚ, 2022).  

 

 

ʈʠʩʫʥʦʢ 3.7. (a) ʏʝʨʥʘʷ ʣʠʥʠʷ ʦʪʦʙʨʘʞʘʝʪ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ, ʘ ʩʠʥʷʷ ʣʠʥʠʷ ï ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʠʧ-ʩʠʛʥʘʣʘ Shuffle, (b) ʣʠʥʝʡʥʳʡ 

ʩʚʠʧ-ʩʠʛʥʘʣ, (c) ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ Shuffle (Zhukov et al., 2017). 

 

3.2. ʉʣʫʯʘʡʥʳʝ ʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʉʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ï ɻʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʠʩʝʣ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʜʘʶʪʩʷ 

ʧʨʝʜʩʢʘʟʘʥʠʶ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ, ʟʥʘʷ ʘʣʛʦʨʠʪʤ ʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɼʚʘʞʜʳ 

ʟʘʧʫʩʪʠʚ ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʤʳ ʧʦʣʫʯʠʤ ʨʘʟʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʠʭ ʩʦʟʜʘʥʠʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʦʝ ʩʣʫʯʘʡʥʦʝ ʥʘʯʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ çʟʝʨʥʦʤè. 

ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ï ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʛʝʥʝʨʠʨʫʝʤʳʝ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ ʠʤʠʪʠʨʦʚʘʪʴ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 
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ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʭʦʞʠʤʠ ʩ 

ʩʣʫʯʘʡʥʳʤʠ. ʆʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʫʶ ʩʣʫʯʘʡʥʦʩʪʴ, ʘ ʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʙʣʠʟʢʠ 

ʢ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʬʫʥʢʮʠʷʤ ʙʝʣʦʛʦ ʰʫʤʘ. ʇʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʜʚʦʠʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʛʜʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ 

ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʷ: 0 ʠ 1. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Gold ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Kasami (Gold, 1976; Kasami, 1966). 

ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʩʝʚʜʦʩʣʫʯʘʡʥʫʶ ʜʚʦʠʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʛʠʩʪʨʘ ʩʜʚʠʛʘ ʩ ʣʠʥʝʡʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ (LFSR), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.8. ʈʝʛʠʩʪʨ ʩʦʩʪʦʠʪ 

ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʷʯʝʝʢ ʧʘʤʷʪʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʭʨʘʥʠʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ (ʟʥʘʯʝʥʠʝ) 

ʦʜʥʦʛʦ ʙʠʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ὲ, ʥʘʟʳʚʘʶʪ ʜʣʠʥʦʡ ʨʝʛʠʩʪʨʘ. ɹʠʪʳ (ʷʯʝʡʢʠ) ʦʙʳʯʥʦ ʥʫʤʝʨʫʶʪʩʷ 

ʠʥʜʝʢʩʘʤʠ Ὥ πȟρȟȣ ȟὲ ρ , ʘ ʩʦʜʝʨʞʠʤʦʝ  Ὥ -ʡ ʷʯʝʡʢʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ὦ  . ɿʥʘʯʝʥʠʝ 

ʥʦʚʦʛʦ ʙʠʪʘ ὦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦ ʩʜʚʠʛʘ ʙʠʪʦʚ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʜʚʠʛʘ ʵʪʦ ʟʥʘʯʝʥʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʷʯʝʡʢʫ 0, ʘ ʠʟ ʷʯʝʡʢʠ ὲ ρ ʠʟʚʣʝʢʘʝʪʩʷ ʦʯʝʨʝʜʥʦʡ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʙʠʪ. 

ʌʫʥʢʮʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʜʣʷ LFSR ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʫʶ ʙʫʣʝʚʫ ʬʫʥʢʮʠʶ ʦʪ 

ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʠʣʠ ʥʝʢʦʪʦʨʳʭ ʙʠʪʦʚ ʨʝʛʠʩʪʨʘ. ʕʪʘ ʬʫʥʢʮʠʷ ʚʳʧʦʣʥʷʝʪ ʫʤʥʦʞʝʥʠʝ ʙʠʪʦʚ ʨʝʛʠʩʪʨʘ 

ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ὧ, ʛʜʝ Ὥ ρȟςȟȣȟὲ. ʂʦʣʠʯʝʩʪʚʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʪʦʚ 

ʨʝʛʠʩʪʨʘ ὲ . ʂʘʞʜʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ὧ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ {0,1}, ʧʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ὧ ʚʩʝʛʜʘ ʨʘʚʝʥ 1, ʧʦʩʢʦʣʴʢʫ LFSR ʟʘʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʤʥʦʛʦʯʣʝʥʦʤ 

ʩʪʝʧʝʥʠ ὲ . ʉʣʦʞʝʥʠʝ ʧʦ ʤʦʜʫʣʶ 2 (ʦʧʝʨʘʮʠʷ çXORè, ʦʙʦʟʥʘʯʘʝʤʘʷ ʩʠʤʚʦʣʦʤ çṥè) ʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʦʡ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʝʡ, ʠ ʠʤʝʥʥʦ ʵʪʘ ʦʧʝʨʘʮʠʷ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʭ ʩ 

ʣʠʥʝʡʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ʇʨʠ ʵʪʦʤ ʙʠʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʬʫʥʢʮʠʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ, ʥʘʟʳʚʘʶʪ ʦʪʚʦʜʘʤʠ, ʘ ʩʘʤ ʨʝʛʠʩʪʨ ï ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʌʠʙʦʥʘʯʯʠ. 

 

ʈʠʩʫʥʦʢ 3.8. ʈʝʛʠʩʪʨ ʩʜʚʠʛʘ ʩ ʣʠʥʝʡʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. 

 

ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʩ ʧʝʨʠʦʜʦʤ ὔ ς ρ, ʛʜʝ ὲ ï ʜʣʠʥʘ 

ʨʝʛʠʩʪʨʘ ʩʜʚʠʛʘ. ʆʥʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʭ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʭʦʜʥʘ ʩ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʠʜʝʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʜʠʩʢʨʝʪʥʦʛʦ ʙʝʣʦʛʦ ʰʫʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ɺʘʨʘʢʠʥ, 1985): 

¶ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʩ ʧʝʨʠʦʜʦʤ ὔ ς ρ. 

¶ ʂʦʣʠʯʝʩʪʚʦ ʩʠʤʚʦʣʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʟʥʘʯʝʥʠʝ ʝʜʠʥʠʮʳ, ʚ ʦʜʥʦʤ ʧʝʨʠʦʜʝ ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʙʦʣʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʩʠʤʚʦʣʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ 

ʟʥʘʯʝʥʠʝ ʥʫʣʷ. 

¶ ʃʶʙʘʷ ʚʦʟʤʦʞʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʠʟ ὲ  ʩʠʤʚʦʣʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʜʥʦʤ ʧʝʨʠʦʜʝ ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʘʟʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ὲ ʥʫʣʝʡ. 

¶ ʉʫʤʤʘ ʧʦ ʤʦʜʫʣʶ 2 ʣʶʙʦʡ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʝʸ ʧʨʦʠʟʚʦʣʴʥʳʤ ʮʠʢʣʠʯʝʩʢʠʤ 

ʩʜʚʠʛʦʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. 

¶ ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʣʶʙʦʡ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʝʝʪ 

ʧʦʩʪʦʷʥʥʳʡ ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ, ʨʘʚʥʳʡ . 

 

ʅʘ ʨʠʩ. 3.9 (a) ʠ 3.9 (b) ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʫʯʘʡʥʘʷ ʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʦʩʣʝ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ ʯʘʩʪʦʪʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ 3ï5ï147ï150 ɻʮ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦʩʪʘʚʣʷʝʪ 8 ʠ 4 ʩʝʢʫʥʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʦʩʦʚʘʷ ʬʠʣʴʪʨʘʮʠʷ ʧʨʠʚʝʣʘ 

ʠʭ ʩʧʝʢʪʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʜʠʘʧʘʟʦʥʦʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʅʘ ʨʠʩ. 3.9 (d) 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʠʞʝ, ʯʝʤ 

ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʨʠʩ. 3.9 (c)), ʥʝʩʤʦʪʨʷ ʥʘ ʚʜʚʦʝ ʤʝʥʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʡ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʠ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 
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ʈʠʩʫʥʦʢ 3.9. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʠʭ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ, (a) ʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, (b) ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, (c) ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, (d) 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 3.10. ɺʣʠʷʥʠʝ ʜʣʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ, 

(a) ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ, (b) 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ. 
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ʅʘ ʨʠʩ. 3.10 (a) ʠ 3.10 (b) ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʩʣʫʯʘʡʥʳʭ ʠ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ. ɼʣʷ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʠʥʳ 2, 5 ʠ 10 ʩʝʢʫʥʜ, ʘʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3.10, ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʝ ʫʨʦʚʝʥʴ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ ʫ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʠʞʝ, ʯʝʤ ʫ ʩʣʫʯʘʡʥʳʭ (Sarwate 

et al., 1980). 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʟʚʝʩʪʥʳʡ ʬʘʢʪ ʠʟ ʨʘʜʠʦʪʝʭʥʠʢʠ: ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʣʫʯʘʡʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʪʦʡ ʞʝ ʜʣʠʥʳ (ɺʘʨʘʢʠʥ, 1985). ʈʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʙʳʣʦ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʠʙʨʘʪʦʨʦʚ (Zhukov, 2013). ʆʜʥʘʢʦ 

ʥʝʜʘʚʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʫʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʪʦʨʘʤʠ ʧʦʟʚʦʣʷʶʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʚʠʧ-

ʩʠʛʥʘʣʳ ʩ ʟʘʜʘʥʥʳʤʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (Korotkov, 2020; ɸʜʠʝʚ ʠ ʜʨ., 

2023). 

 

3.3. ɻʝʥʝʨʘʮʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʬʘʟʦʚʦʡ 

ʤʘʥʠʧʫʣʷʮʠʠ 

ʇʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʜʚʦʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ. ʕʪʦ ʜʝʣʘʝʪ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʘʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʪʦʜʘʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʛʝʥʝʨʘʮʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʜʭʦʜʝ, ʧʨʝʜʣʦʞʝʥʥʦʤ Wischmeyer (Wischmeyer, 1966). 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʨʠ ʥʦʚʳʭ ʪʠʧʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. 

1. ʇʝʨʚʳʡ ʪʠʧ: ʩʬʦʨʤʠʨʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʯʘʩʪʦʪʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷʨʥʦʩʪʠ ʧʦʣʫʧʝʨʠʦʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʠʥʫʩ-ʢʦʜʦʤ ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

2. ɺʪʦʨʦʡ ʪʠʧ: ʧʦʣʫʯʝʥ ʠʟ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷʨʥʦʩʪʠ 

ʩʝʛʤʝʥʪʦʚ ʧʦʣʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʠʥʫʩ-ʢʦʜʦʤ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

3. ʊʨʝʪʠʡ ʪʠʧ: ʩʛʝʥʝʨʠʨʦʚʘʥ ʘʥʘʣʦʛʠʯʥʦ ʚʪʦʨʦʤʫ, ʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʷʨʥʦʩʪʠ 

ʩʝʛʤʝʥʪʦʚ ʧʦʣʫʧʝʨʠʦʜʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʠʪʴ ʯʘʩʪʦʪʥʳʡ ʩʦʩʪʘʚ ʣʠʥʝʡʥʳʭ ʩʚʠʧ-
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ʩʠʛʥʘʣʦʚ ʧʨʠ ʫʣʫʯʰʝʥʠʠ ʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʬʦʨʤʠʨʫʝʤʘʷ ʨʝʛʠʩʪʨʦʤ ʩʜʚʠʛʘ ʩ ʣʠʥʝʡʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʥʘʨʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 0 ʠ 1. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ 0 ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ -1, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʟʥʘʯʝʥʠʡ +1 ʠ -1 (ʨʠʩ. 3.11 (a)). ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʤʘʥʠʧʫʣʷʮʠʠ ʧʦʣʷʨʥʦʩʪʴʶ ʩʝʛʤʝʥʪʦʚ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʠʣʠ ʣʠʥʝʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. 

 

ʈʠʩʫʥʦʢ 3.11. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, (a) ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, (b) ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʦʡ 50 ɻʮ, (c) ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ 

(ʧʦʣʥʳʡ ʧʝʨʠʦʜ), (d) ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ (ʧʦʣʦʚʠʥʘ ʧʝʨʠʦʜʘ), (e) ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-

ʩʠʛʥʘʣ Sinehalf, (f) ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ Linfull, (g) ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ 

Linhalf. 

 

ʇʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ. ʉʥʘʯʘʣʘ 

ʜʝʢʦʤʧʦʟʠʮʠʷ ʩʠʛʥʘʣʘ: ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʠʣʠ ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʩʝʛʤʝʥʪʦʚ. ɼʣʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʦʭʚʘʪʳʚʘʝʪ ʧʦʣʦʚʠʥʫ ʧʝʨʠʦʜʘ (ʨʠʩ. 

3.11 (b)). ɼʣʷ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ ʩʝʛʤʝʥʪʳ ʤʦʛʫʪ ʦʭʚʘʪʳʚʘʪʴ ʧʦʣʥʳʡ ʧʝʨʠʦʜ (ʨʠʩ. 3.11 (c)) 

ʠʣʠ ʧʦʣʦʚʠʥʫ ʧʝʨʠʦʜʘ (ʨʠʩ. 3.11 (d)). ɿʘʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ: ʢʘʞʜʦʤʫ 

ʩʝʛʤʝʥʪʫ ʩʠʛʥʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʠʥ ʵʣʝʤʝʥʪ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʄʘʥʠʧʫʣʷʮʠʷ 

ʧʦʣʷʨʥʦʩʪʴʶ: ʧʦʣʷʨʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʜʦʤ ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʫʶʪʩʷ ʪʨʠ ʥʦʚʳʭ ʪʠʧʘ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. 

1. Sinehalf (ʨʠʩ. 3.11 (e)) ï ʦʩʥʦʚʘʥ ʥʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʝʛʤʝʥʪʘʭ, ʤʘʥʠʧʫʣʠʨʫʝʤʳʭ ʥʘ 
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ʫʨʦʚʥʝ ʧʦʣʦʚʠʥʳ ʧʝʨʠʦʜʘ. 

2. Linfull (ʨʠʩ. 3.11 (f)) ï ʠʩʧʦʣʴʟʫʝʪ ʣʠʥʝʡʥʳʝ ʩʝʛʤʝʥʪʳ ʧʦʣʥʦʛʦ ʧʝʨʠʦʜʘ. 

3. Linhalf (ʨʠʩ. 3.11 (g)) ï ʧʦʩʪʨʦʝʥ ʥʘ ʣʠʥʝʡʥʳʭ ʩʝʛʤʝʥʪʘʭ ʧʦʣʦʚʠʥʘ ʧʝʨʠʦʜʘ. 

ʉʚʠʧ-ʩʠʛʥʘʣʳ Linfull ʠ Linhalf ʩʦʭʨʘʥʷʶʪ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʩʚʠʧ-ʩʠʛʥʘʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ. 

ʅʘ ʨʠʩ. 3.11 (e) ʧʨʝʜʩʪʘʚʣʝʥ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ Sinehalf, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ 

ʦʩʥʦʚʝ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʨʠʩ. 3.11 (a)) ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦʪʦʡ 50 ɻʮ (ʨʠʩ. 

3.11 (b)). ɽʛʦ ʦʙʱʘʷ ʜʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 32 ʩʝʢʫʥʜʳ, ʘ ʢʦʥʫʩʥʳʡ ʫʯʘʩʪʦʢ ʠʤʝʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

0,5 ʩʝʢʫʥʜʳ ʢʘʢ ʚ ʥʘʯʘʣʝ, ʪʘʢ ʠ ʚ ʢʦʥʮʝ. 

ʅʘ ʨʠʩ. 3.11 (f) ʧʦʢʘʟʘʥ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ Linfull, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʨʠʩ. 3.11 (a)) ʠ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ (ʨʠʩ. 3.11 (c)). 

ʅʘ ʨʠʩ. 3.11 (g) ʠʟʦʙʨʘʞʸʥ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ Linhalf, ʢʦʪʦʨʳʡ ʙʳʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʨʠʩ. 3.11 (a)) ʠ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ 

(ʨʠʩ. 3.11 (d)). 

ʃʠʥʝʡʥʳʝ ʩʚʠʧ-ʩʠʛʥʘʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3.11 (c) ʠ ʨʠʩ. 3.11 (d), ʠʤʝʶʪ 

ʠʜʝʥʪʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 3ï100 ɻʮ, ʦʙʱʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 32 ʩʝʢʫʥʜʳ, ʘ ʜʣʠʥʘ 

ʢʦʥʫʩʥʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 0,5 ʩʝʢʫʥʜʳ ʢʘʢ ʚ ʥʘʯʘʣʝ, ʪʘʢ ʠ ʚ ʢʦʥʮʝ. 

ʅʘ ʨʠʩ. 3.12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʨʘʟʣʠʯʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ɸʥʘʣʠʟ 

ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʤʧʣʠʪʫʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʙʣʠʟʢʠ 

ʢ ʩʧʝʢʪʨʫ ʙʝʣʦʛʦ ʰʫʤʘ ʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʠʩʭʦʜʥʳʭ ʩʠʛʥʘʣʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʭ ʛʝʥʝʨʘʮʠʠ, ʩʧʝʢʪʨʳ 

ʨʘʟʣʠʯʥʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ. ʅʘʧʨʠʤʝʨ, 

ʩʚʠʧ-ʩʠʛʥʘʣ Sinehalf, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ. 
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ʈʠʩʫʥʦʢ 3.12. ʉʧʝʢʪʨʳ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, (a) ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ (50 ɻʮ), (b) ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ, (c) ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ Sinehalf, (d) ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ Linfull, 

(e) ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ Linhalf. 

 

3.4. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʥʦʚʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ  

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʠ ʥʦʚʳʭ ʪʠʧʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ 

ʬʦʨʤʫʣ. 
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(1) ʉʚʠʧ-ʩʠʛʥʘʣ Sinehalf 

ʅʘʯʥʝʤ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ ʩʠʥʫʩ. ʇʫʩʪʴ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʩ ʯʘʩʪʦʪʦʡ Ὢ ɻʮ, ʪʦʛʜʘ ʝʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

ὼὸ ÓÉÎς“Ὢὸ σȢρ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʬʘʟʦʡ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ M-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ά  , ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 0 ʠʣʠ 1. M-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʢʘʞʜʦʛʦ ʧʦʣʫʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ά  ɴ πȟρ σȢς 

 

ʀʟʤʝʥʝʥʠʝ ʬʘʟʳ ʚ ʢʘʞʜʦʤ ʧʦʣʫʧʝʨʠʦʜʝ: 

ɼʣʷ ὲ-ʛʦ ʧʦʣʫʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ ʬʘʟʘ ʠʟʤʝʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:   

- ɽʩʣʠ ά   π, ʩʠʛʥʘʣ ʩʦʭʨʘʥʷʝʪ ʠʩʭʦʜʥʫʶ ʬʘʟʫ.   

- ɽʩʣʠ ά   ρ ʬʘʟʘ ʩʜʚʠʛʘʝʪʩʷ ʥʘ “. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʧʝʨʠʦʜʘ ʠ ʚʨʝʤʝʥʠ: 

ɺʨʝʤʷ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ ʦʙʦʟʥʘʯʠʤ ʢʘʢ 

Ὕ
ρ

ςὪ
σȢσ 

ɽʩʣʠ ʜʣʠʥʘ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ N, ʪʦ ʦʙʱʝʝ ʚʨʝʤʷ ʩʠʛʥʘʣʘ ʨʘʚʥʦ: 

Ὕ ὔ Ὕz σȢτ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʧʝʨʠʦʜʘ ʜʣʷ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ ὸ: 

ʅʦʤʝʨ ʪʝʢʫʱʝʛʦ ʧʦʣʫʧʝʨʠʦʜʘ n ʜʣʷ ʚʨʝʤʝʥʠ ὸ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὲὸ
ὸ

Ὕ

ςὪὸ

ρ
ỗςὪὸỘ σȢυ 

ɿʜʝʩʴỗȢỘʦʙʦʟʥʘʯʘʝʪ ʬʫʥʢʮʠʶ ʚʟʷʪʠʷ ʮʝʣʦʡ ʯʘʩʪʠ (ʦʢʨʫʛʣʝʥʠʝ ʚʥʠʟ). 

 

ʀʪʦʛʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʛʥʘʣʘ: 

ʆʙʲʝʜʠʥʷʷ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʬʘʟʳ: 

ώὸ ÓÉÎς“Ὢὸ  “ ά σȢφ 

ɻʜʝ:   

 ὸ ï ʚʨʝʤʷ ʚ ʩʝʢʫʥʜʘʭ, πȟὝ, ʛʜʝ T ï ʦʙʱʝʝ ʚʨʝʤʷ ʩʠʛʥʘʣʘ.   

 Ὢ ï ʯʘʩʪʦʪʘ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ɻʮ.   
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 ά  ï ὲ-ʡ ʵʣʝʤʝʥʪ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʠʥʠʤʘʶʱʠʡ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ πȟρ. 

 

(2) ʉʚʠʧ-ʩʠʛʥʘʣ Linfull 

ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

ὼὸ ÓÉÎς“Ὢὸ
Ὢ Ὢ

ςὝ
ὸ σȢχ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʬʘʟʦʡ ʩʠʛʥʘʣʘ ʧʨʠʤʝʥʷʝʪʩʷ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ά , ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ 

ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ 0 ʠʣʠ 1: 

ά  ɴ πȟρ σȢψ 

ɼʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʚ ʢʘʞʜʦʤ ʧʦʣʥʦʤ ʧʝʨʠʦʜʝ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʜʣʠʥʫ N, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʠʥʝʡʥʳʡ ʩʚʠʧ-

ʩʠʛʥʘʣ ʩʦʩʪʦʠʪ ʠʟ N ʧʦʣʥʳʭ ʧʝʨʠʦʜʦʚ. 

 

ʈʘʟʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʩʝʛʤʝʥʪʳ: 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʨʝʤʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ώ ὸ , 

ʛʜʝ ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʚʢʣʶʯʘʝʪ ʦʜʠʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʣʫʧʝʨʠʦʜ ʠ ʦʜʠʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʧʦʣʫʧʝʨʠʦʜ ʠ ʜʚʘ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ ʥʫʣʝʚʫʶ. ʇʝʨʚʳʡ ʥʫʣʝʚʦʡ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ὸ  π. 

ʆʙʦʟʥʘʯʠʤ ʚʨʝʤʝʥʥʦʡ ʚʝʢʪʦʨ ʜʣʷ k-ʛʦ ʧʦʣʥʦʛʦ ʧʝʨʠʦʜʘ ʢʘʢ ὸ. 

 

ʂʦʥʪʨʦʣʴ ʬʘʟʳ ʚ ʢʘʞʜʦʤ ʩʝʛʤʝʥʪʝ: 

ʌʘʟʘ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ά : 

ɽʩʣʠ ά π, ʩʠʛʥʘʣ ʩʦʭʨʘʥʷʝʪ ʠʩʭʦʜʥʫʶ ʬʘʟʫ. 

ɽʩʣʠ ά ρ, ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʩʦʩʪʘʚʣʷʝʪ “. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ k-ʛʦ ʩʝʛʤʝʥʪʘ: 

ʂʘʞʜʳʡ ʩʝʛʤʝʥʪ ώ ὸ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ώ ὸ ÓÉÎς“Ὢὸ
Ὢ Ὢ

ςὝ
ὸ “ά σȢω  

 

ʀʪʦʛʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʛʥʘʣʘ: 

ʆʙʲʝʜʠʥʷʷ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ: 

ώὸ ώ ὸ  ÓÉÎς“Ὢὸ
Ὢ Ὢ

ςὝ
ὸ “ά σȢρπ 
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ɻʜʝ: 

ὸ ï ʚʨʝʤʝʥʥʦʡ ʚʝʢʪʦʨ k-ʛʦ ʧʦʣʥʦʛʦ ʧʝʨʠʦʜʘ, ʩʝʢʫʥʜ. 

Ὢ ʠ Ὢ ï ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ, ɻʮ. 

ά  ï k-ʡ ʵʣʝʤʝʥʪ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ πȟρ. 

 

(3) ʉʚʠʧ-ʩʠʛʥʘʣ Linhalf 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝʤ: 

ὼὸ ÓÉÎς“Ὢὸ
Ὢ Ὢ

ςὝ
ὸ σȢρρ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ὓ ά  , ʛʜʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʟʥʘʯʝʥʠʝ 0 ʠʣʠ 1: 

ά  ɴ πȟρ σȢρς 

ʕʣʝʤʝʥʪʳ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʜʘʶʪ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʥʘ ʢʘʞʜʦʤ ʧʦʣʫʧʝʨʠʦʜʝ 

ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-ʩʠʛʥʘʣʘ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʠʥʘ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʚʥʘ N, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ N ʧʦʣʫʧʝʨʠʦʜʦʤ ʩʠʛʥʘʣʘ. 

 

ʈʘʟʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʩʝʛʤʝʥʪʳ: 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʘʥʘʣʠʟʘ ʣʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʨʝʤʝʥʥʳʭ 

ʩʝʛʤʝʥʪʦʚ ώ ὸ , ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʣʠʙʦ ʦʜʠʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʣʫʧʝʨʠʦʜ, ʣʠʙʦ 

ʦʜʠʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʣʫʧʝʨʠʦʜ. ʂʘʞʜʳʡ ʩʝʛʤʝʥʪ ʧʝʨʝʩʝʢʘʝʪ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ ʦʜʥʠ ʨʘʟ, ʧʨʠʯʝʤ 

ʧʝʨʚʳʡ ʥʫʣʝʚʦʡ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ  π. 

ʆʙʦʟʥʘʯʠʤ ʚʨʝʤʝʥʥʦʡ ʚʝʢʪʦʨ ʜʣʷ k-ʛʦ ʧʦʣʫʧʝʨʠʦʜʘ ʢʘʢ ὸ. 

 

ʂʦʥʪʨʦʣʴ ʬʘʟʳ ʚ ʢʘʞʜʦʤ ʩʝʛʤʝʥʪʝ: 

ʌʘʟʘ ʩʠʛʥʘʣʘ ʚ ʢʘʞʜʦʤ ʩʝʛʤʝʥʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ά  ʠʟ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ɽʩʣʠ ά π, ʩʠʛʥʘʣ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʠʩʭʦʜʥʫʶ ʬʘʟʫ. 

ɽʩʣʠ ά ρ, ʢ ʬʘʟʝ ʜʦʙʘʚʣʷʝʪʩʷ ʩʜʚʠʛ ʥʘ “. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ k-ʛʦ ʩʝʛʤʝʥʪʘ: 

ώ ὸ ÓÉÎς“Ὢὸ
Ὢ Ὢ

ςὝ
ὸ “ά σȢρσ 

 

ʀʪʦʛʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʛʥʘʣʘ: 
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ʆʙʲʝʜʠʥʷʷ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ: 

ώὸ ώ ὸ  ÓÉÎς“Ὢὸ
Ὢ Ὢ

ςὝ
ὸ “ά σȢρτ 

ɻʜʝ: 

ὸ ï ʚʨʝʤʝʥʥʦʡ ʚʝʢʪʦʨ ʜʣʷ k-ʛʦ ʧʦʣʫʧʝʨʠʦʜʘ, ʩʝʢʫʥʜ. 

Ὢ ʠ Ὢ ï ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ, ɻʮ. 

ά  ï ɻʣʝʤʝʥʪ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ πȟρ. 

 

3.5. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʨʸʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ (Sinehalf, 

Linfull, Linhalf) ʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʦʜʥʦʤʝʨʥʳʝ, ʪʘʢ ʠ ʜʚʫʤʝʨʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʚʩʝʩʪʦʨʦʥʥʶʶ ʦʮʝʥʢʫ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ (Lin, Shuffle, Linfull, Linhalf 

ʠ Sinehalf) ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ʇʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1, ʘ ʠʭ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.13. 

ˉ ʩʚʠʧʳ ʯʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ/ɻʮ 

ʜʣʠʥʘ/ʩ ʦʧʠʩʘʥʠʝ ʩʚʠʧʦʚ 

1 Lin 3-100 16 ʃʠʥʝʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ 

2 Shuffle 3-100 32 Shuffle (ʩʣʫʯʘʡʥʳʡ ʩʚʠʧ-ʩʠʛʥʘʣ) 

3 Linfull 3-100 16 ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʥʠʧʫʣʠʨʫʝʪ 

ʧʦʣʷʨʥʦʩʪʠ ʩʝʛʤʝʥʪʦʚ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ (ʧʦʣʥʳʡ ʧʝʨʠʦʜ) 

4 Linhalf 3-100 16 ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʥʠʧʫʣʠʨʫʝʪ 

ʧʦʣʷʨʥʦʩʪʠ ʩʝʛʤʝʥʪʦʚ ʣʠʥʝʡʥʦʛʦ ʩʚʠʧ-

ʩʠʛʥʘʣʘ (ʧʦʣʦʚʠʥʘ ʧʝʨʠʦʜʘ) 

5 Sinehalf 50 16 ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʥʠʧʫʣʠʨʫʝʪ 

ʧʦʣʷʨʥʦʩʪʠ ʩʝʛʤʝʥʪʦʚ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ (ʧʦʣʦʚʠʥʘ 

ʧʝʨʠʦʜʘ) 

ʊʘʙʣʠʮʘ 3.1. ʉʚʠʧ-ʩʠʛʥʘʣʳ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 3.13. ʉʚʠʧ-ʩʠʛʥʘʣʳ (ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ), ʠʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ (ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ) ʠ ʩʧʝʢʪʨʳ (ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ). 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.13, ʩʧʝʢʪʨ ʩʚʠʧ-ʩʠʛʥʘʣʘ Lin ʠʤʝʝʪ ʩʪʘʥʜʘʨʪʥʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 

ʬʦʨʤʫ. ʉʧʝʢʪʨ ʩʚʠʧ-ʩʠʛʥʘʣʘ Shuffle ʘʥʘʣʦʛʠʯʝʥ ʩʧʝʢʪʨʫ Lin, ʥʦ ʩ ʨʷʜʦʤ ʦʪʣʠʯʠʡ. ʉʧʝʢʪʨ ʩʚʠʧ-

ʩʠʛʥʘʣʘ Sinehalf ʙʳʩʪʨʦ ʟʘʪʫʭʘʝʪ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 150 ɻʮ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʝʢʪʨʳ ʩʚʠʧ-

ʩʠʛʥʘʣʦʚ Linfull ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʜʩʪʚʦ ʩ ʩʧʝʢʪʨʦʤ ʩʚʠʧ-ʩʠʛʥʘʣʘ Linhalf, ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʷʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ. 
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ʈʠʩʫʥʦʢ 3.14. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ 

 

ʅʘ ʨʠʩ. 3.14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ Lin ʠ Shuffle ʦʯʝʥʴ ʩʭʦʞʠ, ʦʩʦʙʝʥʥʦ 

ʚ ʦʙʣʘʩʪʠ ʧʝʨʚʦʛʦ ʙʦʢʦʚʦʛʦ ʣʝʧʝʩʪʢʘ. ʆʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʣʠʯʠʝ ʚ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ 

ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ: ʫ ʩʚʠʧ-ʩʠʛʥʘʣʘ Lin ʟʘʪʫʭʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʫ ʩʚʠʧ-ʩʠʛʥʘʣʘ Shuffle. 

ɹʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ Sinehalf ʩʚʠʧ-ʩʠʛʥʘʣʘ ʟʘʪʫʭʘʶʪ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ, 

ʧʨʠ ʵʪʦʤ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʤʝʥʴʰʠʝ ʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ. ʉʚʠʧ-ʩʠʛʥʘʣ Linfull 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʟʘʪʫʭʘʥʠʝʤ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʚʠʧ-

ʩʠʛʥʘʣʦʤ Linhalf. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ Linhalf ʩʚʠʧ-ʩʠʛʥʘʣʘ ʚʙʣʠʟʠ ʦʩʥʦʚʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, ʵʪʠ ʣʝʧʝʩʪʢʠ 

ʩʦʭʨʘʥʷʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʦʩʪʝʧʝʥʥʦ ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʶ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʦʩʥʦʚʥʦʛʦ 

ʵʢʩʪʨʝʤʫʤʘ. 

ʆʜʥʦʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ ʰʝʩʪʠʩʣʦʡʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʪʨʘʞʝʥʠʷ 1024, 

700, -1000, -512 ʠ 256, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʮʘʭ ʩʚʝʨʭʫ ʚʥʠʟ. ʉʚʠʧ-

ʩʠʛʥʘʣʳ ʙʳʣʠ ʩʚʸʨʥʫʪʳ ʩ ʵʪʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʙʨʦʛʨʘʤʤ. 

ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʚʠʙʨʦʛʨʘʤʤʳ ʙʳʣʠ ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʩ ʢʘʞʜʳʤ ʠʟ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʩʝʡʩʤʠʯʝʩʢʠʝ ʟʘʧʠʩʠ (ʨʠʩ. 3.15). 
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ʈʠʩʫʥʦʢ 3.15. ʉʝʡʩʤʠʯʝʩʢʠʝ ʟʘʧʠʩʠ ʦʜʥʦʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʢʘʯʝʩʪʚʦ ʪʨʘʩʩ ʫʣʫʯʰʘʝʪʩʷ 

ʩʣʝʚʘ ʥʘʧʨʘʚʦ). (a) ʤʦʜʝʣʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ, (b) Lin ʩʚʠʧ-ʩʠʛʥʘʣ, (c) Shuffle ʩʚʠʧ-

ʩʠʛʥʘʣ, (d) Linfull ʩʚʠʧ-ʩʠʛʥʘʣ, (e) Linhalf ʩʚʠʧ-ʩʠʛʥʘʣ, (f) Sinehalf ʩʚʠʧ-ʩʠʛʥʘʣ. 

 

ʅʘ ʨʠʩ. 3.15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʷʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ʉʝʡʩʤʠʯʝʩʢʘʷ ʟʘʧʠʩʴ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Lin ʩʚʠʧ-ʩʠʛʥʘʣʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ ʚʙʣʠʟʠ ʦʩʥʦʚʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʫʝʪ ʝʛʦ ʙʳʩʪʨʦʝ ʟʘʪʫʭʘʥʠʝ. ɿʘʧʠʩʴ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Shuffle ʩʚʠʧ-

ʩʠʛʥʘʣʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ ʠ ʚʳʨʘʞʝʥʥʳʝ ʙʦʢʦʚʳʝ 

ʣʝʧʝʩʪʢʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʘʧʠʩʴ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Sinehalf ʩʚʠʧ-ʩʠʛʥʘʣʘ, 

ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ ʠ ʙʦʣʝʝ ʯʝʪʢʠʤ ʦʩʥʦʚʥʳʤ ʵʢʩʪʨʝʤʫʤʦʤ. 

ʉʝʡʩʤʠʯʝʩʢʠʝ ʟʘʧʠʩʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Linfull ʠ Linhalf ʩʚʠʧ-ʩʠʛʥʘʣʦʚ, ʠʤʝʶʪ 

ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʰʫʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʧʠʩʴʶ, ʧʦʣʫʯʝʥʥʦʡ ʩ Shuffle 

ʩʚʠʧ-ʩʠʛʥʘʣʦʤ. ʆʜʥʘʢʦ ʛʣʘʚʥʳʝ ʣʝʧʝʩʪʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʵʪʠʭ ʟʘʧʠʩʝʡ ʰʠʨʝ, ʘ 

ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ ʟʘʪʫʭʘʶʪ ʤʝʜʣʝʥʥʝʝ. 

ɼʚʫʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʅʘ ʨʠʩ. 3.16 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʪʨʝʭʤʝʨʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʢʫʙʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʄʦʜʝʣʴ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ. ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʦʜʝʣʠ ʚʳʜʝʣʷʝʪʩʷ ʛʘʟʦʚʘʷ ʣʦʚʫʰʢʘ, ʧʦʜ ʢʦʪʦʨʦʡ ʟʘʣʝʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʪʦʥʢʠʭ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. ɻʣʫʙʠʥʘ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 3000 ʤʝʪʨʦʚ, ʰʠʨʠʥʘ ï 47 000 

ʤʝʪʨʦʚ, ʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1400 ʤ/ʩ ʜʦ 

4200 ʤ/ʩ. 

 

ʈʠʩʫʥʦʢ 3.16. ɼʚʫʤʝʨʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ɼʘʥʥʘʷ ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʷʪʠ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʚʠʧ-ʩʠʛʥʘʣʦʚ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3.17, ʚʢʣʶʯʘʷ ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ ʜʦ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ. 
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ʈʠʩʫʥʦʢ 3.17. ɺʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ ʠ ʠʭ ʩʧʝʢʪʨʳ, ʜʦ ʦʙʨʘʙʦʪʢʠ (ʚʚʝʨʭʫ) ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

(ʚʥʠʟʫ). (a) Lin ʩʚʠʧ-ʩʠʛʥʘʣ, (b) Shuffle ʩʚʠʧ-ʩʠʛʥʘʣ, (c) Linfull ʩʚʠʧ-ʩʠʛʥʘʣ, (d) Linhalf ʩʚʠʧ-

ʩʠʛʥʘʣ, (e) Sinehalf ʩʚʠʧ-ʩʠʛʥʘʣ. 

 

 

ʈʠʩʫʥʦʢ 3.18. ɺʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ (1800ï3000 ʤʩ) ʠ ʠʭ ʩʧʝʢʪʨʳ (ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ). (a) Lin 

ʩʚʠʧ-ʩʠʛʥʘʣ, (b) Shuffle ʩʚʠʧ-ʩʠʛʥʘʣ, (c) Sinehalf ʩʚʠʧ-ʩʠʛʥʘʣ. 
































