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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ɼʚʫʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʚʣʝʢʘʶʪ ʢ ʩʝʙʝ ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʫʞʝ ʙʦʣʴʰʝ 15 

ʣʝʪ, ʥʘʯʠʥʘʷ ʩ ʧʠʦʥʝʨʩʢʠʭ ʨʘʙʦʪ ɸ. ɻʝʡʤʘ ʠ ʂ. ʅʦʚʦʩʝʣʦʚʘ [1], ʫʜʦʩʪʦʝʥʥʳʭ ʅʦʙʝʣʝʚʩʢʦʡ 

ʧʨʝʤʠʠ ʧʦ ʬʠʟʠʢʝ ʚ 2010 ʛʦʜʫ ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʬʝʥʘ. ʋʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ, ʢʘʢ ʠ 

ʧʦʧʳʪʢʠ ʧʨʝʦʜʦʣʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʝʛʦ ʧʨʠʤʝʥʝʥʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʜʪʦʣʢʥʫʣʠ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʠ ʜʨʫʛʠʭ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [2]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʤʳʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʥʠʪʨʠʜ ʙʦʨʘ, ʬʦʩʬʦʨʝʥ, ʩʠʣʠʮʝʥ ʠ ʮʝʣʳʡ ʢʣʘʩʩ, ʠʟʚʝʩʪʥʳʡ ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ ʜʠʭʘʣʴʢʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ɼʇʄ), ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. ʉʨʝʜʠ ɼʇʄ ʝʩʪʴ ʢʘʢ ʤʘʪʝʨʠʘʣʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʠ ʤʘʪʝʨʠʘʣʳ, ʷʚʣʷʶʱʠʝʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ (ʥʘʧʨʠʤʝʨ, MoS2, 

WS2, MoSe2, WSe2 ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʧʪʠʢʝ, 

ʬʦʪʦʥʠʢʝ, ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ [3]. ʕʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʫʤʝʨʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʦʨʬʦʣʦʛʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʤʦʥʦʩʣʦʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ɼʇʄ ʠʤʝʶʪ ʧʨʷʤʫʶ 

ʟʘʧʨʝʱʝʥʥʫʶ ʟʦʥʫ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʩʨʝʜʠ ʧʨʦʯʝʛʦ, ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʚʩrʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʠ ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʪʦʥʘ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʧʨʷʤʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʠʟ 

ʜʚʫʭ ʠ ʙʦʣʝʝ ʩʣʦʝʚ ɼʇʄ. ʆʜʥʘ ʠʟ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʚʫʤʝʨʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʦʠʪ ʚ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʷʭ ʵʢʩʠʪʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ [4]. ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʵʢʩʠʪʦʥʦʚ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ɼʇʄ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 200-

500 ʤʵɺ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʵʢʩʠʪʦʥʥʳʝ ʵʬʬʝʢʪʳ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʨʠʚʳʯʥʳʭ ʦʙʲʝʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ (Si, GaAs, Al xGa1-xAs) ʵʪʦ ʚʦʟʤʦʞʥʦ 

ʣʠʰʴ ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʜʨ. ʵʢʩʠʪʦʥʥʳʝ ʵʬʬʝʢʪʳ ʠʛʨʘʶʪ 

ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ, ʜʝʣʘʷ ɼʇʄ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʧʨʠʙʦʨʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ. ʉʣʦʞʥʘʷ ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ɼʇʄ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʮʝʥʪʨʘ ʩʠʤʤʝʪʨʠʠ, ʩʠʣʴʥʳʤ 

ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʠʡ ʢ ʥʠʤ ʠʥʪʝʨʝʩ ʚ ʢʦʥʪʝʢʩʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩʧʠʥʪʨʦʥʠʢʠ ʠ ʜʦʣʠʥʪʨʦʥʠʢʠ [5, 6]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʘʢʪʠʚʥʦʩʪʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʯʝʪʘʥʠʝ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʧʨʠʚʦʜʠʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠ ʁʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [7]. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʨʷʜʦʚ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʨʘʟʥʳʤʠ ʨʘʙʦʪʘʤʠ ʚʳʭʦʜʘ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ çʦʙʲʝʤʥʳʤʠè 
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ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʚʝʜʝʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʝ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʢʘʢ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʵʣʝʢʪʨʦʥʠʢʠ 

(ʜʠʦʜʳ, ʪʨʘʥʟʠʩʪʦʨʳ) [8], ʪʘʢ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ (ʜʝʪʝʢʪʦʨʳ ʚʠʜʠʤʦʛʦ, ʀʂ ʠʟʣʫʯʝʥʠʷ, 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʚʝʪʦʜʠʦʜʳ) [9, 10]. 

ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʤ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ, ʚʚʠʜʫ 

ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ, ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ, ɼʇʄ ʠ ʜʨʫʛʠʭ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʧʦʤʦʱʴʶ ʣʠʧʢʦʡ ʣʝʥʪ r [1, 11]. 

ʇʦʣʫʯʘʝʤʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʨʠʩʪʘʣʣʠʪʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʢʘʯʝʩʪʚʦʤ ʠ 

ʙʦʣʴʰʠʤʠ ʣʘʪʝʨʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʠʢʨʦʥ. ʊʘʢʠʝ ʦʙʨʘʟʮʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʩʦʟʜʘʥʠʝ ʠʭ ʚʩʝʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ, ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʪʦʪʠʧʦʚ 

ʫʩʪʨʦʡʩʪʚ, ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʝʨʩʧʝʢʪʠʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɻʣʘʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʤʘʣʘʷ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʥʪʝʨʝʩʥʳʭ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʄʝʪʦʜ ʛʘʟʦʬʘʟʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ (ɻʌʍʆ, CVD ï Chemical Vapor Deposition) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʩʠʥʪʝʟʘ 

ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʯʝʪʘʶʱʠʡ ʚ ʩʝʙʝ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʨʝʘʣʠʟʘʮʠʠ, ʚʳʩʦʢʫʶ 

ʯʠʩʪʦʪʫ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ [12]. ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ.  

ʄʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʚʩʝ ʝʛʦ 

ʩʚʦʡʩʪʚʘ ʠ ʦʧʨʝʜʝʣʷʶʱʠʤ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʘʜʘʯ. ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʪʦʚ, 

ʠʭ ʪʦʣʱʠʥʘ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʦʨʠʝʥʪʘʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʧʦʜʣʦʞʢʠ, 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʶʪ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʩʘʞʜʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʦʢ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʝʛʦ ʩʚʦʡʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʘʨʘʤʝʪʨʳ 

ɻʌʍʆ ʩʠʥʪʝʟʘ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪʠʧ ʧʦʜʣʦʞʢʠ, ʩʪʨʫʢʪʫʨʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘʣʠʯʠʝ ʚ 

ʥʝʡ ʜʝʬʝʢʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʠʩʭʦʜʥʘʷ ʯʠʩʪʦʪʘ 

ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ. ʊʘʢ ʢʘʢ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʢʨʳʪʠʡ ʩ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝʡ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʦʙʳʯʥʦ ʠʟʫʯʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʩ ʫʯʝʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠ ʁʠ ʨʘʟʚʠʪʠ ʁʤʝʪʦʜʠʢ ɻʌʍʆ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʘʞʜʘʝʤʳʭ ʧʣʝʥʦʢ ʠʛʨʘʶʪ 
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ʢʣʶʯʝʚʫʶ ʨʦʣʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ, ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʦʢ ʦʪ ʪʠʧʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʜʣʦʞʝʢ, ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʢʣʶʯʘʶʪ 

ʚ ʩʝʙʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʢʨʳʪʠʷ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠʣʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ; ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ - ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ; ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ï ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ. 

ʆʙʲʝʜʠʥʷʝʪ ʵʪʠ ʤʝʪʦʜʳ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʪʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʩʩʣʝʜʫʝʪʩʷ ex-

situ, ʪʦ ʝʩʪʴ ʧʦʩʣʝ ʝʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʠ ʧʦʤʝʱʝʥʠ ̫ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʨʠʙʦʨ. ɺ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʟʘʯʘʩʪʫʶ ʤʘʪʝʨʠʘʣ ʠʟʤʝʥʷʝʪ ʥʝʢʦʪʦʨʳʝ ʩʚʦʠ ʩʚʦʡʩʪʚʘ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʟʜʫʭʦʤ. ʕʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʠʢ ʘʥʘʣʠʟʘ ʬʠʟʠʯʝʩʢʠʭ, ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ (in-situ ʤʝʪʦʜʠʢʠ) 

ʠʣʠ, ʭʦʪʷ ʙʳ, ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪ.ʝ. ʙʝʟ ʠʟʚʣʝʯʝʥʠʷ 

ʠʟ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʳ. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ, ʮʝʣʠ ʠ ʢʦʥʢʨʝʪʥʳʝ 

ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʘʟʦʬʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚ ʚʠʜʝ ʛʨʘʬʝʥʘ ʠ ʜʠʭʘʣʴʢʦʛʝʥʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ MoS2, WS2 ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʚʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳʪʠʡ 

ʠʟ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʥʪʝʟʘ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʩʘʞʜʘʝʤʳʭ 

ʧʣʝʥʦʢ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʢ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ; 

2. ɺʳʷʚʣʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ, ʧʦʣʫʯʘʝʤʳʭ 

ʧʨʠ ʧʠʨʦʣʠʟʝ ʤʝʪʘʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʠʢʝʣʝʚʦʡ 

ʧʦʜʣʦʞʢʠ; 

3. ɺʳʷʚʣʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʝʥʦʢ 

MoS2, WS2, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ɻʌʍʆ ʩʠʥʪʝʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ (MoO3, WO3, S); 
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4. ʆʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʦʩʘʞʜʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʩʧʣʦʰʥʦʩʪʠ; 

5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʩʘʞʜʘʝʤʳʭ ʧʦʢʨʳʪʠʡ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʥʪʝʟʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ; 

6. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢ ɻʌʍʆ ʩʠʥʪʝʟʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ; 

7. ɼʝʤʦʥʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʩʪʨʘʠʚʘʝʤʦʛʦ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʘʥʘʣʠʟ ʤʦʨʬʦʣʦʛʠʠ 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʦʢʨʳʪʠʡ ʙʝʟ ʠʟʚʣʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʤʝʞʜʫ 

ʵʪʘʧʘʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ; 

2. ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʫʟʳʨʝʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʨʘʬʝʥʘ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʥʠʢʝʣʝ ʧʫʪʝʤʧʠʨʦʣʠʟʘ ʤʝʪʘʥʘ. ʆʧʨʝʜʝʣʝʥʳ 

ʧʘʨʘʤʝʪʨʳ ɻʌʍʆ ʩʠʥʪʝʟʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʟʳʨʝʡ. ɺʳʷʚʣʝʥʘ 

ʩʚʷʟʴ ʥʘʙʣʶʜʘʝʤʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʢʠ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʫʟʳʨʝʡ 

ʩ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʠ; 

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ MoS2 ʧʦʢʨʳʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ɻʌʍʆ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ (MoO3, S) ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʬʝʢʪʦʚ, ʩʣʫʞʘʱʠʭ ʮʝʥʪʨʘʤʠ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ; 

4. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʥ ʚʘʨʠʘʥʪ ɻʌʍʆ ʩʠʥʪʝʟʘ MoS2, WS2 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʪʝʨʤʠʯʝʩʢʠ 

ʨʘʩʧʳʣʷʝʤʦʛʦ ʤʝʪʘʣʣʘ (Mo, W), ʦʪʣʠʯʘʶʱʠʡʩʷ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʠʤ ʚʨʝʤʝʥʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʣʦʰʥʦʛʦ ʧʦʢʨʳʪʠʷ (15 ʩʝʢʫʥʜ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ (ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ); 

5. ɺʳʷʚʣʝʥʳ ʧʷʪʴ ʩʪʘʜʠʡ ʨʦʩʪʘ ɼʇʄ ʧʣʝʥʦʢ ʚ ʧʨʦʮʝʩʩʝ ɻʌʍʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ H2S ʠ 

ʪʝʨʤʠʯʝʩʢʠ ʨʘʩʧʳʣʷʝʤʦʛʦ ʤʝʪʘʣʣʘ. ɺʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʧʝʢʪʨʘ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʠʪʦʚ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʩʧʝʢʪʨʝ ʜʦʤʠʥʠʨʫʝʪ ʪʨʠʦʥʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ, ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʥʝʡʪʨʘʣʴʥʦ-ʵʢʩʠʪʦʥʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ. ɺʧʝʨʚʳʝ ʠʟʤʝʨʝʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ɼʇʄ ʧʣʝʥʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ, 

ʚʳʷʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʩʪʘʜʠʠ ʠʟʤʝʥʝʥʠʷ ʝʝ ʧʨʦʚʦʜʠʤʦʩʪʠ; 
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6. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʥʘʥʦʩʪʝʥʦʢ MoS2 ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʨʠʝʥʪʘʮʠʡ, 

ʠʟ ʩʦʩʪʘʚʘ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ɻʌʍʆ ʦʩʘʞʜʝʥʠʝʤ, ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ 

ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʤʝʪʦʜʘ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʩ ʘʥʠʟʦʪʨʦʧʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʡ 

ʦʨʠʝʥʪʘʮʠʠ MoS2 ʥʘʥʦʩʪʝʥʦʢ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ɺʳʷʚʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʩʠʩʪʝʤ ʧʣʝʥʢʠ: ʥʘʥʦʩʪʝʥʦʢ ʠ ʧʣʘʥʘʨʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ; 

7. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʣʝʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʩʪʝʥʢʠ MoS2, ʚ ʢʘʯʝʩʪʚʝ 

ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, ʠʟʛʦʪʦʚʣʝʥʳ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʧʨʦʪʦʪʠʧʳ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʦʪʢʣʠʢʘ (ʧʦʨʷʜʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ) ʥʘ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʩʨʝʜʳ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʧʣʝʥʦʢ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʝʝ ʧʨʦʚʦʜʠʤʦʩʪʠ; 

8. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʩʘʞʜʝʥʠʝ WS2 ʧʦʚʝʨʭ MoS2 ʚ ɻʌʍʆ ʤʝʪʦʜʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ H2S ʠ ʪʝʨʤʠʯʝʩʢʠ ʨʘʩʧʳʣʷʝʤʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ WS2/MoS2 ʥʦʚʦʛʦ ʜʣʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʠʧʘ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ 

ʧʨʦʷʚʣʷʪʁʩ,̫ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʜʘʚʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʦʪ MoS2 ʠ ʨʦʩʪʦʤ 

ʧʠʢʘ ʌʃ ʦʪ WS2, ʚʳʟʚʘʥʥʳʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʨʷʜʦʚ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ ʧʨʠ 

ʦʧʪʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ.   

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ 

ʢʦʥʪʨʦʣʷ ʤʦʨʬʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʬʝʥ, MoS2, 

WS2. ɺʳʷʚʣʝʥʘ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʧʨʝʜʝʣʝʥʳ 

ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʦʢʨʳʪʠʡ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ, ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ, ʦʙʲʷʩʥʷʶʱʠʝ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʜʚʫʤʝʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʉʦʟʜʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʪʦʪʠʧʳ ʫʩʪʨʦʡʩʪʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʣʝʥʢʠ ʛʨʘʬʝʥʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʠʨʦʣʠʟʘ ʤʝʪʘʥʘ ʥʘ ʥʘʛʨʝʪʦʡ ʥʠʢʝʣʝʚʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ. ʇʣʝʥʢʠ MoS2, WS2 

ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ɻʌʍʆ ʤʝʪʦʜʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʢʘʢ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ (MoO3, WO3, S), ʪʘʢ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʝʢʫʨʩʦʨʳ (H2S, ʧʘʨʳ W, Mo). 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʦʩʘʞʜʝʥʠʷ ʠʟʫʯʘʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪʨʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʤʝʪʦʜʘʤʠ ʪʫʥʥʝʣʴʥʦʡ (ʉʊʄ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ), ʘ 

ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ). ʉʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 
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ʩʚʝʪʘ (ʂʈʉ) ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ). ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ), ʠʟʤʝʨʝʥʠʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʂʦʤʧʝʥʩʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ 

ʬʠʢʩʘʮʠʠ ʦʙʨʘʟʮʘ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʦʢ 

ʛʨʘʬʝʥʘ ʠ ɼʇʄ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʩʠʥʪʝʟʘ ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʜʦ 1000ʦʉ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟʤʝʨʦʤ 1ʭ1 ʤʢʤ2. 

2. ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʠ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʧʠʨʦʣʠʟʘ ʤʝʪʘʥʘ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ 5-7 ʘʪʦʤʥʳʭ 

ʩʣʦʝʚ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʫʟʳʨʝʡ. ɻʨʘʬʝʥʦʚʘʷ ʧʣʝʥʢʘ ʠʩʧʳʪʳʚʘʝʪ ʦʪʨʳʚ ʦʪ 

ʧʦʜʣʦʞʢʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʦʥʜʝ ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʝʥʢʠ) ʟʥʘʯʝʥʠʷ 1,7 ɺ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝʤ ʧʫʟʳʨʝʡ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ H2S ʠ ʪʝʨʤʠʯʝʩʢʠ ʨʘʩʧʳʣʷʝʤʦʛʦ ʤʝʪʘʣʣʘ (Mo, W) ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʩʘʞʜʝʥʠʝ ʩʧʣʦʰʥʳʭ ʧʦʢʨʳʪʠʡ MoS2 ʠ WS2, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʤʘʩʩʠʚʘ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʈʦʩʪ ɼʇʄ ʧʣʝʥʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʷʪʴʶ ʩʪʘʜʠʷʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʧʝʨʝʭʦʜ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʢ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ, ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʧʝʢʪʨʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʪʨʠʦʥʥʦʛʦ ʢ 

ʥʝʡʪʨʘʣʴʥʦ-ʵʢʩʠʪʦʥʥʦʤʫ, ʘ ʪʘʢʞʝ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʥʝʤʦʥʦʪʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʣʱʠʥʳ ʢʨʠʩʪʘʣʣʠʪʦʚ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʣʝʥʢʫ, ʦʪ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ. 

4. ɻʝʪʦʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ɻʌʍʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ H2S ʠ ʪʝʨʤʠʯʝʩʢʠ ʨʘʩʧʳʣʷʝʤʦʛʦ ʤʝʪʘʣʣʘ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ 

ɼʇʄ ʩʣʦʝʚ ʥʘ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʩʪʝʥʢʠ (ʋʅʉ) ʠ/ʠʣʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʘʨʦʚʦʡ ʬʘʟʳ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ. ʆʩʘʞʜʝʥʠʝ ʧʦʚʝʨʭ MoS2 ʥʘʥʦʩʪʝʥʦʢ ʪʦʥʢʦʛʦ 

ʧʦʢʨʳʪʠʷ WS2 (1-2 ʘʪʦʤʥʳʭ ʩʣʦʷ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʧʠʢʘ ʌʃ ʦʪ MoS2 ʙʦʣʝʝ ʯʝʤ 

ʚ 15 ʨʘʟ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʠʢʘ ʌʃ ʦʪ WS2, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʪʝʢʘʥʠʝʤ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠʟ MoS2 ʚ WS2.  

5. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʠʤʧʫʣʴʩʥʳʤ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʣʘʟʝʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ ʠʟ ʩʦʩʪʘʚʘ ɻʌʍʆ ʧʣʝʥʦʢ ʥʘʥʦʩʪʝʥʦʢ MoS2 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʨʠʝʥʪʘʮʠʡ, ʠ ʩʦʟʜʘʝʪ ʚʳʜʝʣʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʠʭ ʫʧʦʨʷʜʦʯʝʥʠʠ. 

ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 1 ɻɺʪ/ʩʤ2. ʇʦʩʣʝ ʘʙʣʷʮʠʠ ʌʃ ʠ ʂʈʉ ʧʣʝʥʦʢ ʧʨʦʷʚʣʷʶʪ 
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ʘʥʠʟʦʪʨʦʧʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʌʃ ʦʪ 

ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʧʣʝʥʦʢ ʚʥʦʩʷʪ ʥʘʥʦʩʪʝʥʢʠ, ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ ʧʨʝʚʳʰʘʷ ʚʢʣʘʜ ʦʪ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʣʝʥʢʠ, ʩʣʦʠ ʢʦʪʦʨʦʡ ʧʘʨʘʣʣʝʣʴʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʠ 

ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʩ ʥʝʡ. 

6. ʇʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘʥʦʩʪʝʥʢʠ MoS2, ʠʟʤʝʥʷʶʪ ʩʚʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʦʢʨʫʞʘʶʱʝʡ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʠ 

ʧʦʟʚʦʣʷʶʪ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʦʚ ʘʤʤʠʘʢʘ ʠ ʚʦʜʳ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʦʪʢʣʠʢʘ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʝʜʠʥʠʮ ʠ ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ ʚ ʨʝʟʠʩʪʠʚʥʦʤ ʦʪʢʣʠʢʝ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʜʚʫʭ 

ʤʝʭʘʥʠʟʤʦʚ ʘʜʩʦʨʙʮʠʠ ï ʬʠʟʠʯʝʩʢʦʤ (ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤ) ʠ ʭʠʤʠʯʝʩʢʦʤ (ʥʘ 

ʦʙʦʨʚʘʥʥʳʝ ʩʚʷʟʠ). 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʚʝʨʝʥʥʳʭ ʠ 

ʦʪʣʘʞʝʥʥʳʭ ʤʝʪʦʜʠʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʩʦʛʣʘʩʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʜʷʪʩʷ ʪʘʢʞʝ ʚ ʩʦʛʣʘʩʠʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʤʝʪʦʜʠʢ ʠ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʥʦʚʳʭ ʜʘʥʥʳʭ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: International Conference on Advanced Nanometerials ANM2024, 

Aveiro, ʇʦʨʪʫʛʘʣʠʷ, 24-27 ʠʶʣʷ 2024; International Conference ñFunctional Chalcogenides: 

Physics, Technology and Applicationsò (FunChaPTA-1), ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʕʊ, ʈʦʩʩʠʷ, 23-27 ʠʶʥʷ 2024; XXVI  ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ 

çʅʘʥʦʬʠʟʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 14-18 ʤʘʨʪʘ 2022; XXV 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʅʘʥʦʬʠʟʠʢʘ ʠ ʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 9-

12 ʤʘʨʪʘ 2021; German ï Russian Travelling Seminar ñNanomaterials and Large-Scale Research 

Centersò, ʀʨʢʫʪʩʢ ï ʦʟ. ɹʘʡʢʘʣ ï ʅʦʚʦʩʠʙʠʨʩʢ ï ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 30 ʠʶʣʷ - 10 ʘʚʛʫʩʪʘ 2019; 

XXIII ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʅʘʥʦʬʠʟʠʢʘ ʠ ʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

ʈʦʩʩʠʷ, 11-14 ʤʘʨʪʘ 2019; III International Workshop on Electromagnetic Properties of Novel 

Materials, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 18-20 ʜʝʢʘʙʨʷ 2018, Seventh International Workshop Nanocarbon 

Photonics and Optoelectronics, Savonlinna, ʌʠʥʣʷʥʜʠʷ, 6-11 ʘʚʛʫʩʪʘ 2018; Fifth International 

Workshop on Nanocarbon Photonics and Optoelectronics, Imatra, ʌʠʥʣʷʥʜʠʷ, 1-6 ʘʚʛʫʩʪʘ 2016; 

NANOCARBON for OPTICS and ELECTRONICS, ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, 24-29 ʠʶʣʷ 2016. 

ʃʠʯʥʳʡ ʚʢʣʘʜ 
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ɺʢʣʘʜ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ; ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʩʙʦʨʢʝ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʠʥʪʝʟʘ ʛʨʘʬʝʥʘ, MoS2, WS2 ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ, ʪʘʢ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ; ʧʦʣʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ 

ʛʨʘʬʝʥʘ, MoS2, WS2 ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ; ʠʟʤʝʨʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʟʦʥʜʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ; ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʠʭ ʤʠʢʨʦʩʢʦʧʘʭ; ʥʘʥʝʩʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʥʪʘʢʪʦʚ ʥʘ ʧʦʣʫʯʘʝʤʳʝ ʧʣʝʥʢʠ ʠ ʠʟʤʝʨʝʥʠʠ ʠʭ ʵʣʝʢʪʨʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ; ʠʟʛʦʪʦʚʣʝʥʠʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʙʦʨʢʝ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʦʚʝʜʝʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ; 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ; ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ ʠ ʧʦʜʛʦʪʦʚʢʝ ʠʭ 

ʢ ʧʫʙʣʠʢʘʮʠʠ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʠʟʣʦʞʝʥʳ ʚ 9 ʨʘʙʦʪʘʭ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ WoS, Scopus ʠ ʈʀʅʎ. ʉʧʠʩʦʢ ʨʘʙʦʪ ʧʨʠʚʝʜʝʥ 

ʚ ʟʘʢʣʶʯʝʥʠʠ. 
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

1.1. ʆʙʱʠʝ ʩʚʦʡʩʪʚʘ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

1.1.1 ʀʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ 

ɼʚʫʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʵʪʦ ʢʣʘʩʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʟʚʦʣʷʶʱʫʶ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ 

ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʣʦʝʚ ʘʪʦʤʘʨʥʦʡ ʪʦʣʱʠʥʳ. ʌʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ, ʣʝʞʘʱʠʭ ʚ ʧʣʦʩʢʦʩʪʠ 

ʩʣʦʝʚ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠʤ. ʉʣʘʙʦʝ ʤʝʞʩʣʦʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʟʚʦʣʷʝʪ ʠʟʦʣʠʨʦʚʘʥʥʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʣʦʝʚ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʦʣʱʠʥʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ (ʦʙʳʯʥʦ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ) ʠʭ ʨʘʟʤʝʨʦʚ ʚ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʪ.ʝ. ʜʣʠʥʳ ʠ 

ʰʠʨʠʥʳ). ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʟ-ʟʘ ʩʪʨʝʤʣʝʥʠʷ ʘʪʦʤʘʨʥʦ ʪʦʥʢʠʭ ʜʚʫʤʝʨʥʳʭ ʩʣʦʝʚ ʢ ʩʧʦʥʪʘʥʥʦʤʫ ʩʚʦʨʘʯʠʚʘʥʠʶ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʙʳʣʦ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚʳʚʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 1966 

ʛ. ʄʝʨʤʠʥʘ ʠ ɺʘʛʥʝʨʘ [13], ʚʢʣʶʯʘʷ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ 

ʩʠʩʪʝʤʘʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʠʣʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʘʪʦʤʘʨʥʳʭ ʩʣʦʝʚ ʙʳʣʘ ʚʧʝʨʚʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʘʭ ʂ. ʅʦʚʦʩʝʣʦʚʘ ʠ ɸ. ɻʝʡʤʘ (ʩ ʩʦʘʚʪʦʨʘʤʠ) ʚ 2004 ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʘʪʦʤʘʨʥʦ ʪʦʥʢʦʛʦ ʩʣʦʷ ʛʨʘʬʠʪʘ, ʠʟʚʝʩʪʥʦʛʦ ʪʘʢʞʝ, ʢʘʢ ʛʨʘʬʝʥ [1]. 

ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʙʣʝʤʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʨʝʰʘʝʪ 

ʧʦʜʣʦʞʢʘ ï ʩʪʘʙʠʣʠʟʠʨʫʷ ʘʪʦʤʘʨʥʦ ʪʦʥʢʠʡ ʣʠʩʪ, ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʠʤ. ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʜʝʤʦʥʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʘʪʦʤʘʨʥʦ ʪʦʥʢʠʭ ʩʣʦʝʚ ʛʨʘʬʠʪʘ ʧʨʠʚʝʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʂ. ʅʦʚʦʩʝʣʦʚʳʤ ʠ ɸ. ɻʝʡʤʦʤ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ 

ʩʦʪʝʥ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʦʪʜʝʣʝʥʠʝ ʠʣʠ ʩʦʟʜʘʥʠʝ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʜʠʥʦʯʥʳʭ ʩʣʦʝʚ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʫʯʘʣʠʩʴ ʜʚʫʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʛʨʘʬʝʥʦʤ, 

ʤʝʪʦʜʦʤ ʨʘʩʱʝʧʣʝʥʠʷ (ʦʪʰʝʣʫʰʠʚʘʥʠʷ, ʵʢʩʬʦʣʠʘʮʠʠ) ʦʙʲʝʤʥʳʭ ʩʣʦʠʩʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʘʪʦʤʥʳʭ ʩʣʦʝʚ, ʫʜʝʨʞʠʚʘʝʤʳʭ ʚʤʝʩʪʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʘʙʦʛʦ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʩʠʣʴʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʟʘʤʢʥʫʪʳ ʚʥʫʪʨʠ ʩʣʦʷ. ʊʘʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʥʘʧʨʠʤʝʨ, ʛʨʘʬʠʪ ʠ ʤʦʣʠʙʜʝʥʠʪ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʠ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʜʘʚʥʦ. ʆʥʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʦʢ. ʆʙʫʩʣʦʚʣʝʥʦ ʪʘʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʤ, ʯʪʦ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʣʦʷʤʠ ʦʢʘʟʳʚʘʝʪ ʢʨʘʡʥʝ ʤʘʣʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ 

ʩʜʚʠʛʝ ʦʜʥʦʛʦ ʩʣʦʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ, ʪʘʢ ʢʘʢ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʳʚʘ ʩʠʣʴʥʦʡ 
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ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʨʠʩʪʘʣʣʦʚ ʩ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ. ɿʘʤʢʥʫʪʦʩʪʴ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʚʥʫʪʨʠ ʩʣʦʷ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʦʙʦʨʚʘʥʥʳʭ ʩʚʷʟʝʡ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʛʨʘʥʠʮ ʢʨʠʩʪʘʣʣʠʪʦʚ) ʜʝʣʘʝʪ ʵʪʠ 

ʤʘʪʝʨʠʘʣʳ ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʵʪʦʤʫ ʩʤʘʟʢʠ ʥʘ 

ʦʩʥʦʚʝ ʛʨʘʬʠʪʘ ʠ ʤʦʣʠʙʜʝʥʠʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʘʭ (ʛʦʨʷʯʝʝ 

ʧʨʝʩʩʦʚʘʥʠʝ, ʧʨʦʢʘʪʢʘ), ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʟʦʢ ʥʘ ʦʩʥʦʚʝ ʤʘʩʝʣ ʥʝʧʨʠʝʤʣʝʤʦ. ʉʣʘʙʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʦʪʜʝʣʠʪʴ ʤʦʥʦʩʣʦʡ ʦʪ ʠʩʭʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ 

ʧʝʨʝʥʝʩʪʠ ʝʛʦ ʥʘ ʧʦʜʣʦʞʢʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [11]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠ ʠʟʫʯʝʥʳ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʛʨʘʬʝʥ, ʯʝʨʥʳʡ ʬʦʩʬʦʨ, ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʥʠʪʨʠʜ 

ʙʦʨʘ, ʤʦʥʦʩʣʦʠ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠ ʜʨ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʣʝʞʘʪ ʚ ʦʯʝʥʴ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ: ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʠʟʦʣʷʪʦʨʘʤʠ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʰʠʨʠʥʘʤʠ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ, ʪʘʢ ʠ ʦʙʣʘʜʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʜʘʞʝ ʧʨʦʷʚʣʷʪʴ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʠʟ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʦʢ 1.  

 

ʈʠʩʫʥʦʢ 1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʘ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʩʧʝʢʪʨʫ. ʀʟʦʙʨʘʞʝʥʠʝ ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ  [14] 

 

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʟʘʤʢʥʫʪʳ ʚʥʫʪʨʠ ʩʣʦʷ, ʚ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʦʪʩʫʪʩʪʚʫʶʪ ʵʬʬʝʢʪʳ ʧʝʨʝʩʪʨʦʡʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʜʚʫʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʩʘʤ ʧʦ ʩʝʙʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʦʙʲʝʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ 
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ʩʦʚʨʝʤʝʥʥʘʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʪʘʥʦʚʷʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʜʦ ʫʨʦʚʥʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ. ʕʪʠʤ ʚʦ-ʤʥʦʛʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʜʚʫʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʩʦ ʩʪʦʨʦʥʳ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʢʘʢ ʢ ʤʘʪʝʨʠʘʣʘʤ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʤ ʧʨʠʡʪʠ ʥʘ ʩʤʝʥʫ ʢʨʝʤʥʠʶ ʠʣʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʧʨʠʤʝʨ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ MXʝʥʦʚ (M- 

ʧʝʨʝʭʦʜʥʳʡ ʘʪʦʤ, X ï ʫʛʣʝʨʦʜ ʠʣʠ ʘʟʦʪ), ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ 

ʩʪʨʘʚʣʠʚʘʥʠʷ ʦʙʲʝʤʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʦʙʦʨʚʘʥʥʳʝ ʩʚʷʟʠ ʟʘʢʨʳʚʘʶʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʛʨʫʧʧʘʤʠ (F, Cl, O, OH) [15]. 

1.1.2. ɼʚʫʤʝʨʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ ʚ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʘ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʞʝ ʠʤʝʶʪ 

ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʀʟ-ʟʘ ʤʘʣʦʡ ʪʦʣʱʠʥʳ, ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʦʢʘʟʳʚʘʶʪʩʷ ʯʘʩʪʠʯʥʦ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʠ ʫʪʨʘʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ 

ʧʣʦʩʢʦʩʪʠ (ʦʩʴ Z), ʥʦ, ʧʦ-ʧʨʝʞʥʝʤʫ, ʩʦʭʨʘʥʷʶʪ ʜʚʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʦʩʠ X, Y). ʊʘʢʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚʝʜʝʪ ʢ ʢʚʘʥʪʦʚʘʥʠʶ 

ʠʭ ʠʤʧʫʣʴʩʘ ʧʦ ʦʩʠ Z, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʷʚʣʝʥʠʠ ʢʚʘʥʪʦʚʘʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʭ ʵʥʝʨʛʠʠ 

ï ʫʨʦʚʥʝʡ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʫʧʝʥʯʘʪʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʵʥʝʨʛʠʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʢʦʥʢʨʝʪʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥɹ, ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʝʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʚ ʦʙʣʘʩʪʠ ʥʘʠʚʳʩʰʝʛʦ ʟʘʧʦʣʥʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʤʝʪʥʦ ʧʨʝʚʳʰʘʝʪ ʵʥʝʨʛʠʶ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ kT, ʪʦ ʵʬʬʝʢʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʤʝʨʥʳʤ ʢʚʘʥʪʦʚʘʥʠʝʤ, ʩʪʘʥʦʚʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʛʦʚʦʨʷʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʫʤʝʨʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ. ʕʪʦ ʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ 

ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʧʨʠʯʠʩʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʨʘʟʨʷʜʫ ʜʚʫʤʝʨʥʳʭ. ʆʙʳʯʥʦ, ʚ 

ʜʚʫʤʝʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ ʟʘʧʦʣʥʝʥ ʦʜʠʥ, ʨʝʞʝ ʜʚʘ ʠʣʠ ʪʨʠ ʫʨʦʚʥʷ 

ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ. ʕʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʥʘʙʣʶʜʝʥʠʷ ʵʬʬʝʢʪʦʚ ʜʚʫʤʝʨʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʩ 

ʜʚʫʤʝʨʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʛʘʟʦʤ. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʛʜʝ ʪʦʥʢʠʡ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ ʩ ʤʝʥʴʰʝʡ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʢʨʫʞʝʥ ʩʣʦʷʤʠ ʙʦʣʝʝ ʰʠʨʦʢʦʟʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʠʩʴ ʚ 70ʭ-90ʭ ʛʦʜʘʭ XX ʚʝʢʘ, ʠ ʧʦʣʫʯʘʣʠʩʴ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-
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ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ [16]. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ, 

ʚʳʩʪʫʧʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠ ̫ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʠʧʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʜʚʫʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʅʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʥʘ 

ʛʨʘʥʠʮʝ ʠ ʜʝʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʨʝʣʘʢʩʘʮʠʝʡ, ʥʘʧʨʠʤʝʨ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʩʣʦʢʘʮʠʡ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. ʐʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʰʠʨʦʢʦʟʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʧʦʣʫʯʠʣ 

ʘʨʩʝʥʠʜ ʛʘʣʣʠʷ (GaAs), ʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʩ ʤʝʥʴʰʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ï 

ʜʦʧʠʨʦʚʘʥʥʳʡ ʘʣʶʤʠʥʠʝʤ ʘʨʩʝʥʠʜ ʛʘʣʣʠʷ (Al xGa1-xAs). ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ, ʩʪʘʚʰʠʤ ʢʣʘʩʩʠʯʝʩʢʠʤ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʬʬʝʢʪʘ ʧʦʣʷ ʚ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʝ (ʘʥʛʣ. MOSFET). ɺ ʵʪʦʤ ʧʦʜʭʦʜʝ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʟʘʪʚʦʨʦʤ, ʦʪʜʝʣʝʥʥʳʤ ʦʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʣʦʝʤ, ʠ ʣʝʞʘʱʠʤ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʵʣʝʢʪʨʦʜʦʤ, ʧʦʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʅʦʩʠʪʝʣʠ ʟʘʨʷʜʘ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʦʢʘʟʳʚʘʶʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʚ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ ʚʙʣʠʟʠ ʟʘʪʚʦʨʘ. ʅʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʵʣʝʢʪʨʦʜʳ 

(ʩʪʦʢ ʠ ʠʩʪʦʢ) ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ. 

ʀʤʝʥʥʦ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʙʳʣ ʚʧʝʨʚʳʝ ʠʟʤʝʨʝʥ ʢʚʘʥʪʦʚʳʡ ʵʬʬʝʢʪ ʍʦʣʣʘ [17], ʟʘ ʯʪʦ ʦʜʠʥ ʠʟ 

ʘʚʪʦʨʦʚ ʵʪʦʡ ʨʘʙʦʪʳ, ʂʣʘʫʩ ʬʦʥ ʂʣʠʪʮʠʥʛ, ʙʳʣ ʫʜʦʩʪʦʝʥ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʧʦ ʬʠʟʠʢʝ ʚ 

1985ʛ. ʂʚʘʥʪʦʚʳʡ ʵʬʬʝʢʪ ʍʦʣʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʭʦʣʣʦʚʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʥʠʤʘʝʪ ʜʠʩʢʨʝʪʥʳʡ ʩʪʫʧʝʥʯʘʪʳʡ ʚʠʜ, ʛʜʝ çʚʳʩʦʪʘè 

ʩʪʫʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

Ὑ  
Ὤ

Ὡ
Ͻ
ρ

ὲ
 

ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, n ï ʮʝʣʦʝ ʯʠʩʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʯʠʩʣʦ 

ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʭ ʫʨʦʚʥʝʡ ʃʘʥʜʘʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʜʫʢʮʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʭʦʣʣʦʚʩʢʦʛʦ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʜʚʫʤʝʨʥʦʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʛʘʟʝ ʦʪ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [18] 
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ɺʝʣʠʯʠʥʘ Ὤ
Ὡ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʨʘʚʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

25,8 ʢʆʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʚʘʥʪʦʚʳʡ ʵʬʬʝʢʪ ʍʦʣʣʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʪʘʣʦʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʟʘʚʠʩʷʱʝʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ. ʀʟʫʯʝʥʠʝ ʧʨʦʷʚʣʝʥʠʡ ʵʪʠʭ (ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʠʤ) ʵʬʬʝʢʪʦʚ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ. ʆʜʥʘʢʦ, ʛʣʫʙʠʥʘ 

ʢʚʘʥʪʦʚʦʡ ʷʤʳ, ʚ ʢʦʪʦʨʦʡ ʦʢʘʟʳʚʘʶʪʩʷ ʵʣʝʢʪʨʦʥʳ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ. ɼʣʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ GaAs/Al xGa1-xAs/GaAs ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 160ʤʵɺ, ʘ 

ʫʨʦʚʝʥʴ ʵʥʝʨʛʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʣʦʢʘʣʠʟʫʶʪʩʷ ʵʣʝʢʪʨʦʥʳ, ʣʝʞʠʪ ʚʩʝʛʦ ʥʘ 38ʤʵɺ ʥʠʞʝ ʛʨʘʥʠʮʳ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʦ ʛʝʣʠʝʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʘʟʘ, ʯʪʦ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʘʝʪ ʢʦʣʦʩʩʘʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʛʣʫʙʠʥʘ ʷʤʳ, ʚ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʷʪʩʷ ʵʣʝʢʪʨʦʥʳ, ʚ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʡ ʨʘʙʦʪʝ ʚʳʭʦʜʘ (ʠʣʠ 

ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʨʦʜʩʪʚʫ), ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʩʢʦʣʴʢʦ ʵɺ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʘʭ ʩʦʟʜʘʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʚ ʪʨʝʭʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ɽʩʣʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʩʠʩʪʝʤʝ ʥʝ ʩʣʠʰʢʦʤ ʤʥʦʛʦ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʦ ʟʘʧʦʣʥʝʥʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʠʥ, ʨʝʞʝ ʜʚʘ ʠʣʠ ʪʨʠ ʫʨʦʚʥʷ ʨʘʟʤʝʨʥʦʛʦ 

ʢʚʘʥʪʦʚʘʥʠʷ, ʘ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʥʠʤʠ ʧʨʝʚʦʩʭʦʜʠʪ ʵʥʝʨʛʠʶ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʠʝ ʵʬʬʝʢʪʳ ʢʘʢ ʢʚʘʥʪʦʚʳʡ ʵʬʬʝʢʪ ʍʦʣʣʘ ʭʦʨʦʰʦ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʛʨʘʬʝʥʝ, MoS2 ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʦʙʳʯʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ) [19, 20], ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʵʬʬʝʢʪʦʚ. 

 

1.1.3. ʕʢʩʠʪʦʥʳ 

ʕʣʝʢʪʨʦʥ-ʵʣʝʢʪʨʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʵʬʬʝʢʪʘʭ. ʂʫʣʦʥʦʚʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʦʚ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʚʟʘʠʤʥʦʤʫ ʦʪʪʘʣʢʠʚʘʥʠ ʁʦʜʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʯʪʦ ʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ ʠʭ ʨʘʩʩʝʷʥʠʷ. ʇʨʠʪʷʞʝʥʠʝ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ 

ʨʘʟʥʳʭ ʟʥʘʢʦʚ (ʵʣʝʢʪʨʦʥʘ ʠ ʜʳʨʢʠ) ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠ ʁʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʘʥʘʣʦʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʫ ʠ ʧʨʦʪʦʥʫ ʚ ʘʪʦʤʝ ʚʦʜʦʨʦʜʘ ʠʣʠ ʵʣʝʢʪʨʦʥʫ ʠ ʧʦʟʠʪʨʦʥʘ ʚ ʧʦʟʠʪʨʦʥʠʠ. 

ʊʘʢʦʡ ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʵʣʝʢʪʨʦʥ ʠ ʜʳʨʢʫ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʵʢʩʠʪʦʥʦʤ. ʕʢʩʠʪʦʥ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʚʘʟʠʯʘʩʪʠʮʳ ʠ ʝʛʦ ʚʦʣʥʦʚʫʶ ʬʫʥʢʮʠʶ 

ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ ï ʚʦʣʥʦʚʫʶ ʬʫʥʢʮʠʶ ʩʚʦʙʦʜʥʦ ʜʚʠʞʫʱʝʡʩʷ ʯʘʩʪʠʮʳ ʩ ʤʘʩʩʦʡ, 

ʨʘʚʥʦʡ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʝ ʵʣʝʢʪʨʦʥʘ ʠ ʜʳʨʢʠ, ʠ ʚʦʣʥʦʚʫʶ ʬʫʥʢʮʠʶ ʯʘʩʪʠʮʳ ʧʨʠʚʝʜʝʥʥʦʡ 
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ʤʘʩʩʳ, ʜʚʠʞʫʱʝʡʩʷ ʚ ʢʫʣʦʥʦʚʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ 

ʵʢʩʠʪʦʥʘ. ɺ ʩʣʫʯʘʝ ʦʙʲʝʤʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚ ʤʦʜʝʣʠ ʥʝʧʨʝʨʳʚʥʦʡ ʩʨʝʜʳ ʢʫʣʦʥʦʚʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ, ʩʦʟʜʘʚʘʝʤʳʡ ʵʣʝʢʪʨʦʥʦʤ ʨʘʚʝʥ  

•ὶ
Ὡ

‐Ͻὶ
 

ʛʜʝ e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ ʩ ʩʠʩʪʝʤʝ, r ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʵʣʝʢʪʨʦʥʘ, ‐ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ. ʇʨʠ ʪʘʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʦʛʦ ʵʢʩʠʪʦʥʘ ʜʘʩʪ ʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʥʘ ʟʦʥʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 

Ὁ  
ς“‘Ὡ

Ὤ‐ὲ
 

ʂʘʢ ʚʠʜʥʦ, ʵʥʝʨʛʠʷ ʩʚʷʟʠ (ʵʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ) ʚ ‐ ʨʘʟ ʥʠʞʝ, ʯʝʤ ʫ ʚʦʜʦʨʦʜʘ. 

ʀʩʧʦʣʴʟʫʷ ʜʣʷ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʧʦʨʷʜʢʘ 10, 

ʧʦʣʫʯʠʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʥʘ ʜʚʘ 

ʧʦʨʷʜʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʦʙʳʯʥʦ ʤʝʥʴʰʝ 

ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʘ ʚ ʚʘʢʫʫʤʝ m0, ʥʘʧʨʠʤʝʨ, ʜʣʷ GaAs ɻ ʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 

0,07m0, ʘ ʤʘʩʩʘ ʜʳʨʦʢ ï 0,5 m0, ʯʪʦ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʦʛʦ 

ʵʢʩʠʪʦʥʘ. ʕʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʥʘʙʣʶʜʝʥʠʝ ʵʢʩʠʪʦʥʥʳʭ ʵʬʬʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʩʝʨʠʠ 

ʭʘʨʘʢʪʝʨʥʳʭ ʧʠʢʦʚ ʚ ʦʧʪʠʯʝʩʢʦʤ ʧʦʛʣʦʱʝʥʠʠ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʦʚ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ, ʣʝʞʘʱʠʤʠ ʥʠʞʝ ʫʨʦʚʥʷ ʵʥʝʨʛʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ) ʣʠʰʴ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʘʱʝ ʚʩʝʛʦ ʛʝʣʠʝʚʳʭ. ʃʦʢʘʣʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʦʝ, ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʩ ʛʝʪʝʨʦʩʪʫʢʪʫʨʘʤʠ GaAs/Al xGa1-xAs/GaAs ʠʣʠ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘʤʠ, ʪʦ ʝʩʪʴ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʥʦ ʥʘ 

ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʵʢʩʠʪʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ. 

ɺ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩʠʪʫʘʮʠʷ ʠʥʘʷ. ɿʘʜʘʯʫ ʦ ʢʫʣʦʥʦʚʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʨʘʟʥʦʠʤʝʥʥʳʭ ʟʘʨʷʜʦʚ ʚ ʜʚʫʤʝʨʥʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ ʤʘʪʝʨʠʘʣʝ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ 

ʨʝʰʠʪʴ, ʚʟʷʚ ʟʘ ʦʩʥʦʚʫ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʜʦʚ ʚ ʪʦʥʢʦʡ ʧʣʝʥʢʝ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ‐, ʦʢʨʫʞʝʥʥʦʡ ʚʘʢʫʫʤʦʤ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʧʨʠ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʥʠʤʠ. ʂʘʢ ʚʠʜʥʦ, ʧʨʠ 

ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ, ʙʦʣʴʰʠʥʩʪʚʦ ʣʠʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʭʦʜʠʪ ʚ 

ʦʙʣʘʩʪʠ ʦʢʨʫʞʘʶʱʝʛʦ ʧʣʝʥʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʚʘʢʫʫʤʘ). ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ, ʚʩʝ ʙʦʣʴʰʝ ʣʠʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ 

ʧʣʝʥʢʫ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ: ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ 
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ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʪʨʝʤʠʪʩʷ ʢ 1, ʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʫʣʷ ʢ 

ʟʥʘʯʝʥʠʶ, ʨʘʚʥʦʤʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʣʝʥʢʠ.  

 

 

ʈʠʩʫʥʦʢ 3. (a) ï ʀʟʦʙʨʘʞʝʥʠʝ, ʠʣʣʶʩʪʨʠʨʫʶʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʣʠʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʚ ʦʙʲʝʤʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʚ ʜʚʫʤʝʨʥʦʤ. (b) ï ʠʟʦʙʨʘʞʝʥʠʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʨʘʟʣʠʯʠʝ ʚ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʵʢʩʠʪʦʥʘ ʚ ʦʙʲʝʤʥʦʤ ʠ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʷʭ. 

ʀʟʦʙʨʘʞʝʥʠʷ ʘʜʘʧʪʠʨʦʚʘʥʳ ʠʟ [21] 

 

ɹʦʣʝʝ ʪʦʯʥʦ, ʧʦʪʝʥʮʠʘʣ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ [21]: 
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ὶ
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ʛʜʝ H0 ʠ Y0 ï ʬʫʥʢʮʠʠ ʉʪʨʫʚʝ ʠ ʅʝʡʤʘʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ r0 ï ʜʣʠʥʘ, ʠʤʝʶʱʘʷ ʩʤʳʩʣ 

ʨʘʜʠʫʩʘ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʪʦ ʝʩʪʴ, ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʩʰʪʘʙ, ʥʘ ʢʦʪʦʨʦʤ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʚʘʢʫʫʤʘ). ʏʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ ʪʘʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩ ʫʯʝʪʦʤ 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʜʣʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ MoS2, WS2 ʠ ʜʨ. 

ʜʘʶʪ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʧʦʨʷʜʢʘ 200-500ʤʵɺ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʦʩʭʦʜʠʪ ʭʘʨʘʢʪʝʨʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʚʷʟʠ ʵʢʩʠʪʦʥʦʚ ʜʣʷ ʦʙʲʝʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʣʘʝʪ 

ʵʢʩʠʪʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʫʣʦʥʦʚʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ, ʫʚʝʨʝʥʥʦ ʥʘʙʣʶʜʘʝʤʳʤʠ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʩʣʫʞʠʪ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ 
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ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʜʚʫʤʝʨʥʳʭ ʢʚʘʥʪʦʚʳʭ ʷʤ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

1.1.4. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʥʦʩʠʤʳʭ ʠ ʛʠʙʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ [22]. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ 

[23], ʜʣʷ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ ʥʘ ʛʠʙʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʢʨʝʧʠʪʩɹʷ ʥʘ ʢʦʞʝ, 

ʠʣʠ ʚʞʠʚʣʷʪʩɹʷ ʚ ʪʢʘʥʠ ʯʝʣʦʚʝʢʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʯʠʪʳʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʆʜʥʘʢʦ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʧʨʠ ʠʭ 

ʜʝʬʦʨʤʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʠʟʤʝʥʝʥʠʝʤ ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʤʦʛʫʪ ʩʠʣʴʥʦ ʤʝʥʷʪʴ 

ʩʚʦʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ [24]. ʇʨʠ ʠʟʛʠʙʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʠʙʦʣʴʰʝʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʙʣʘʩʪʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʥʘʠʙʦʣʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʩʝʨʝʜʠʥʳ ʩʣʦʷ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʟʛʠʙʘ ʦʙʨʘʪʠʤʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʥʝʦʙʨʘʪʠʤʫʶ ʩʪʘʜʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫ  ʁ ʨʘʟʨʫʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʛʠʙʢʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʩʣʫʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʠʜʝ ʪʦʥʢʠʭ 

ʩʣʦʝʚ. ɼʚʫʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʪʘʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʦʙʣʘʜʘʶʪ ʥʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, 

ʪʘʢ ʢʘʢ ʤʦʛʫʪ ʙʳʪʴ ʠʟʦʛʥʫʪʳ ʜʦ ʨʘʜʠʫʩʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʤʝʪʨʦʚ ʙʝʟ 

ʨʘʟʨʫʰʝʥʠʷ. ʂʦʥʝʯʥʦ, ʢʘʢ ʠ ʚ ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʠ ʠʟʛʠʙʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʘʞʝʥʠʝ 

ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʦʜʥʘʢʦ ʥʘ ʤʘʩʰʪʘʙʘʭ ʠʟʛʠʙʦʚ ʚ 

ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʷʭ, ʵʪʠ ʵʬʬʝʢʪʳ ʢʨʘʡʥʝ ʤʘʣʳ [25]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʫʤʝʨʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʛʠʙʢʠʭ ʠ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ. 

1.2. ɻʨʘʬʝʥ 

1.2.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ  

ʆʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʙʱʠʭ ʩʚʦʡʩʪʚ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʝʨʝʡʜʝʤ ʢ ʦʧʠʩʘʥʠʶ ʠʭ ʦʪʜʝʣʴʥʳʭ, 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʧʝʨʚʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʜʚʫʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʣ ʛʨʘʬʝʥ ï 

ʘʪʦʤʘʨʥʦ ʪʦʥʢʠʡ ʩʣʦʡ ʛʨʘʬʠʪʘ. ɻʨʘʬʝʥ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʘʣʣʦʪʨʦʧʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʫʛʣʝʨʦʜʘ, ʢ ʢʦʪʦʨʳʤ ʪʘʢʞʝ ʦʪʥʦʩʷʪ ʘʣʤʘʟ, ʣʦʥʩʜʝʡʣʠʪ, ʛʨʘʬʠʪ, ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʩʪʨʫʙʢʠ, ʬʫʣʣʝʨʝʥ ʠ ʜʨ. ɽʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩʫʥʦʢ 4. (a) ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʘ, (ʙ) - ů- ʠ ́-ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʫʛʣʝʨʦʜʘ ʚ ʛʨʘʬʝʥʝ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [26]. 

 

ɺ ʛʨʘʬʝʥʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ sp2-ʛʠʙʨʠʜʠʟʘʮʠʠ. ɺ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʜʚʝ p-

ʦʨʙʠʪʘʣʠ ʠ ʦʜʥʘ s-ʦʨʙʠʪʘʣʴ ʥʝʚʦʟʙʫʞʝʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʛʠʙʨʠʜʠʟʫʶʪʩʷ, ʬʦʨʤʠʨʫʷ ʪʨʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʦʨʙʠʪʘʣʠ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʦʡ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʛʘʥʪʝʣʠ. ʕʪʠ sp2-

ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʝ ʦʨʙʠʪʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʜ ʫʛʣʦʤ 120ʦ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʆʩʪʘʚʰʘʷʩʷ ʥʝʛʠʙʨʠʜʠʟʦʚʘʥʥʦʡ p-

ʦʨʙʠʪʘʣʴ ʠʤʝʝʪ ʚʠʜ ʩʠʤʤʝʪʨʠʯʥʦʡ ʛʘʥʪʝʣʠ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ sp2-

ʦʨʙʠʪʘʣʝʡ. ʊʘʢʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʘʪʦʤʘ 

ʫʛʣʝʨʦʜʘ. ʆʜʥʘʢʦ ʦʙʘɦ ̫ʵʥʝʨʛʠ ̫ʘʪʦʤʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʢʦʚʘʣʝʥʪʥʳʤʠ 

ʩʚʷʟʷʤʠ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʝʨʛʠʝʡ ʪʘʢʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʩʚʷʟʘʥʥʳʭ ʘʪʦʤʦʚ ʩ sp2-

ʛʠʙʨʠʜʠʟʘʡʠʝʡ ʦʨʙʠʪʘʣʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʨʘʬʝʥ ʦʢʘʟʳʚʘʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʂʦʚʘʣʝʥʪʥʳʝ ů-

ʩʚʷʟʠ ʚ ʛʨʘʬʝʥʝ ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʩʧʘʨʠʚʘʥʠʷ ʧʦ ʩʧʠʥʫ ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʭ sp2-ʦʨʙʠʪʘʣʝʡ. 

ʋʛʦʣ ʤʝʞʜʫ ʩʚʷʟʷʤʠ ʚ 120Á ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʩʦʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʛʨʘʬʝʥʘ. ɺ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʛʨʘʬʝʥʘ ʩʦʜʝʨʞʠʪʩʷ ʜʚʘ ʘʪʦʤʘ, ʠʟ-ʟʘ ʯʝʛʦ ʚ ʝʛʦ ʬʦʥʦʥʥʦʤ ʩʧʝʢʪʨʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʧʪʠʯʝʩʢʘʷ ʚʝʪʚʴ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʧʨʠ ʝʛʦ ʠʟʫʯʝʥʠʠ. ʕʣʝʢʪʨʦʥʥʳʝ ʦʙʣʘʢʘ p-

ʦʨʙʠʪʘʣʝʡ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʠ ʦʙʨʘʟʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ -́

ʩʚʷʟʴ. ɺʚʠʜʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʘʪʦʤʦʚ, -́ʩʚʷʟʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚʙʣʠʟʠ ʦʜʥʦʛʦ ʠʟ 

ʥʠʭ ʠ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʚʩʝʤʫ ʩʣʦʶ. ʕʥʝʨʛʠʷ ʦʜʥʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʛʨʘʬʝʥʝ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 4.9-5.0 ʵɺ [27, 28], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʷ ʘʣʤʘʟʘ, ʩʘʤʦʛʦ ʪʚʝʨʜʦʛʦ ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʵʥʝʨʛʠʷ C-C ʩʚʷʟʠ ʨʘʚʥʘ 3.6ï3.7 ʵɺ. 

ɺʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʦʙʫʩʣʦʚʣʝʥʘ, ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʛʨʘʬʠʪʘ ʠ ʩʪʦʡʢʦʩʪʴ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʠ ʛʨʘʬʝʥʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʢʠʩʣʦʨʦʜʘ (ʛʦʨʝʥʠʶ) 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʝʣʦʢʘʣʠʟʘʮʠʷ -́ʩʚʷʟʠ ʚ ʛʨʘʬʝʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʙʱʝʩʪʚʣʝʥʠʶ p-



21 

 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʂʨʦʤʝ ʪɻʦʛʦ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ -́ʩʚʷʟʠ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʦʥʥʦʛʦ ʦʩʪʦʚʘ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʬʦʥʦʥʘʭ (ʢʚʘʥʪʘʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ).  

ʕʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ ʙʳʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʳ ʟʘʜʦʣʛʦ ʜʦ ʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʫʯʝʥʠʷ. ɺ 1947 ʛʦʜʫ ʙʳʣʦ ʨʝʰʝʥʦ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ 

ʵʣʝʢʪʨʦʥʘ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʦʜʥʦʩʣʦʡʥʦʛʦ ʛʨʘʬʠʪʘ. ɺ ʪʦʤ ʯʠʩʣʝ, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʙʣʠʟʠ ʪʦʯʝʢ K ʠ K' ʜʚʫʤʝʨʥʦʡ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʘ ʦʪ ʝʛʦ ʢʚʘʟʠ-ʠʤʧʫʣʴʩʘ (ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ) ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ, ʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʨʘʚʥʘ ʥʫʣʶ. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. ʃʠʥʝʡʥʳʡ ʟʘʢʦʥ 

ʜʠʩʧʝʨʩʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʫʣʝʚʫʶ ʵʬʬʝʢʪʠʚʥʫʶ ʤʘʩʩʫ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʠʭ 

ʜʚʠʞʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʌʝʨʤʠ (ʦʢʦʣʦ 10  ʤ/ʩ). ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʚ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʦʛʠʠ ʚ ʠʭ ʧʦʚʝʜʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʠʮʘʤʠ ʩ 

ʥʫʣʝʚʦʡ (ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʥʫʣʝʚʦʡ) ʤʘʩʩʦʡ, ʥʘʧʨʠʤʝʨ, ʩ ʟʘʨʷʞʝʥʥʳʤʠ ʥʝʡʪʨʠʥʦ ï ʯʘʩʪʠʮʘʤʠ, 

ʦʙʣʘʜʘʶʱʠʤʠ ʧʦʯʪʠ ʥʫʣʝʚʦʡ ʤʘʩʩʦʡ ʠ ʜʚʠʛʘʶʱʠʤʠʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ. ʃʠʥʝʡʥʳʡ ʟʘʢʦʥ 

ʜʠʩʧʝʨʩʠʠ ʚʤʝʩʪʝ ʩ ʧʦʜʘʚʣʝʥʥʳʤ ʬʦʥʦʥʥʳʤ ʨʘʩʩʝʷʥʠʝʤ, ʧʨʠʚʦʜʠʪ ʢ ʨʝʢʦʨʜʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ 

ʟʘʨʷʜʦʚ ʚ ʛʨʘʬʝʥʝ, ʜʦʩʪʠʛʘʶʱʝʡ 200 000 ʩʤĮɺ ĭʩ ĭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [29]. ʊʘʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʛʨʘʬʝʥ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. 

 

ʈʠʩʫʥʦʢ 5. (a) ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ, (b) ï ʟʦʥʘ ɹʨʠʣʣʶʵʥʘ 

ʛʨʘʬʝʥʘ, (c) ï ʧʦʚʝʨʭʥʦʩʪʴ ʌʝʨʤʠ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʜʠʨʘʢʦʚʩʢʠʭ ʢʦʥʫʩʦʚ. ʀʟʦʙʨʘʞʝʥʠʝ 

ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [26]. 

 

ʃʠʥʝʡʥʳʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʪʘʢʞʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʫʥʠʢʘʣʴʥʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ. ɺ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʘʢ 

ʤʥʦʛʦ ʷʚʣʝʥʠʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ, 

ʩʨʝʜʠ ʥʠʭ ʢʚʘʥʪʦʚʳʡ ʵʬʬʝʢʪʘ ʍʦʣʣʘ, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʛʨʘʬʝʥʝ. ʌʦʪʦʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʯʘʩʪʦʪʳ ʠʤʝʶʪ ʨʘʚʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ ʨʘʚʥʫʶ ˊŬ (~2,3%), ʛʜʝ Ŭ ð ʧʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ [30]. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 
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ʠʥʪʝʨʝʩ ʢ ʛʨʘʬʝʥʫ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. 

ʅʫʣʝʚʘʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʛʨʘʬʝʥʝ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʝʚʳʝ 

ʪʨʘʥʟʠʩʪʦʨʳ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʦʨʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʬʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʢʘʥʘʣʘ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʦʪʥʦʰʝʥʠʝ ʪʦʢʘ ʚ 

ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ ʢ ʪʦʢʫ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʦʢʦʣʦ 10, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʣʦʛʠʢʠ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʙʳʣʦ 

ʙʦʣʴʰʝ 104 [31]. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ çʦʪʢʨʳʪʠʷè ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʛʨʘʬʝʥʝ. 

ʆʜʠʥ ʠʟ ʥʠʭ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʦʜʥʦʛʦ, ʘ ʜʚʫʭ ʠ ʙʦʣʝʝ ʩʣʦʝʚ ʩ ʧʦʤʝʱʝʥʠʝʤ ʠʭ ʚʦ ʚʥʝʰʥʝʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ɼʣʷ ʜʚʫʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚʦ ʚʥʝʰʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʧʦ ʥʦʨʤʘʣʠ ʢ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʝʞʜʫ ʩʣʦʷʤʠ ʚʦʟʥʠʢʘʝʪ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, 

ʨʘʟʨʫʰʘʶʱʘʷ ʩʠʤʤʝʪʨʠʶ ʩʠʩʪʝʤʳ ʠ ʧʨʠʚʦʜʷʱʘʷ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʚʳʨʘʞʘʶʱʝʡʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ [32]. ɺʝʣʠʯʠʥʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʤʦʜʫʣʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʠ ʨʘʟʚʦʨʦʪʝ ʩʣʦʝʚ 

ʜʚʫʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʧʦʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʨʘʬʠʪʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʛʣʘ ʨʘʟʚʦʨʦʪʘ ʚʦʟʥʠʢʘʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʝʣʘʢʩʠʨʫʝʪ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʫʘʨʦʚʦʛʦ ʫʟʦʨʘ. ʄʫʘʨʦʚʳʡ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʫʟʦʨ ʚʳʩʪʫʧʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʚʝʨʭʨʝʰʝʪʢʠ 

ʚ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʝ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ [33]. ɽʱʝ ʦʜʠʥ ʩʧʦʩʦʙ 

ʦʪʢʨʳʪʠʷ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟ ʛʨʘʬʝʥʦʚʦʛʦ ʣʠʩʪʘ ʥʘʥʦʣʝʥʪ 

(ʥʘʥʦʧʦʣʦʩ). ʆʛʨʘʥʠʯʝʥʠʝ ʚ ʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʝʱʝ ʦʜʥʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʝʨʥʦʤʫ ʢʚʘʥʪʦʚʘʥʠʶ ʠ ʢ ʦʪʢʨʳʪʠʶ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ [34]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʨʳʪʠʷ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʛʨʘʬʝʥʝ, ʪʨʘʥʟʠʩʪʦʨʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʚʩʝ ʝʱʝ ʫʩʪʫʧʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʘʥʟʠʩʪʦʨʘʤ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ [35]. ʀʟ-ʟʘ ʵʪʦʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʛʨʘʬʝʥʘ ʩʚʷʟʳʚʘʶʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ, 

ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʦʢʦʥ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ, ʤʘʪʝʨʠʘʣʘ, ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ 

ʧʨʦʯʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʢʦʤʧʦʟʠʪʘʭ, ʠ ʧʨʠʤʝʥʝʥʠʷʤʠ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʝ. 

1.2.2. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʨʘʬʝʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʥʷʪʦ 

ʜʝʣʠʪʴ ʥʘ ʜʚʘ ʧʦʜʭʦʜʘ: çʩʚʝʨʭʫ ʚʥʠʟè ʠ çʩʥʠʟʫ ʚʚʝʨʭè. ʇʦʜʭʦʜ çʩʚʝʨʭʫ ʚʥʠʟè ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʦʙʲʝʤʥʦʛʦ ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, 

ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ. ɿʘʪʝʤ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʵʪʦʪ ʤʘʪʝʨʠʘʣ 
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ʨʘʩʩʣʘʠʚʘʝʪʩʷ ʠʣʠ ʠʩʪʦʥʯʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʩʣʦʠ ʥʝʦʙʭʦʜʠʤʦʡ, ʚʧʣʦʪʴ 

ʜʦ ʤʦʥʦʩʣʦʷ, ʪʦʣʱʠʥʳ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ ɸ. 

ɻʝʡʤʘ ʠ ʂ. ʅʦʚʦʩʝʣʦʚʘ ʚ ʚʠʜʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠ ̫ʩʣʦʝʚ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʳʯʥʦʡ ʢʣʝʡʢʦʡ ʣʝʥʪʳ. ʃʝʥʪʘ ʧʣʦʪʥʦ ʧʨʠʞʠʤʘʣʘʩʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʘʬʠʪʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʝʝ ʢʣʝʷʱʝʡ ʩʪʦʨʦʥʝ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ 

ʚʝʨʭʥʠʝ ʩʣʦʠ ʤʘʪʝʨʠʘʣʘ ʪʦʣʱʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʘʪʦʤʥʳʭ ʩʣʦʝʚ. ɿʘʪʝʤ ʧʨʦʮʝʩʩ 

ʧʦʚʪʦʨʷʣʩʷ, ʥʦ ʫʞʝ ʩ ʪʝʤʠ ʩʣʦʷʤʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʣʝʥʪʝ. ʇʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʥʘ ʣʝʥʪʝ ʦʩʪʘʚʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʘʨʥʦ ʪʦʥʢʠʝ ʩʣʦʠ ʛʨʘʬʠʪʘ. 

ʕʪʠ ʩʣʦʠ ʟʘ ʩʯʝʪ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʝʥʦʩʠʣʠʩʴ ʥʘ ʢʨʝʤʥʠʝʚʫʶ ʧʦʜʣʦʞʢʫ, 

ʧʦʢʨʳʪʫʶ ʩʣʦʝʤ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʪʦʣʱʠʥʦʡ 300 ʥʤ. ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤ ʵʬʬʝʢʪʘʤ, 

ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʦʢʩʠʜʥʦʤ ʩʣʦʝ ʪʘʢʦʡ ʪʦʣʱʠʥʳ, ʤʦʞʥʦ ʙʳʣʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ 

ʤʦʥʦʩʣʦʠ ʛʨʘʬʝʥʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʪʦʣʱʠʥʫ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʣ ʧʦʣʫʯʘʪʴ ʛʨʘʬʝʥʦʚʳʝ 

ʬʨʘʛʤʝʥʪʳ ʩ ʨʘʟʤʝʨʘʤʠ ʜʦ ʩʪʘ ʤʠʢʨʦʥ, ʦʙʣʘʜʘʶʱʠʝ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʬʝʢʪʦʚ [36]. 

ʆʜʥʘʢʦ ʢʣʶʯʝʚʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ (ʩʧʣʦʰʥʳʭ) ʛʨʘʬʝʥʦʚʳʭ ʧʣʝʥʦʢ.  

ʇʦʧʳʪʢʠ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ çʩʚʝʨʭʫ-ʚʥʠʟè ʧʨʠʚʝʣʠ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʵʢʩʬʦʣʠʘʮʠʠ (ʨʘʩʱʝʧʣʝʥʠʷ) ʛʨʘʬʠʪʘ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ. ɼʣʷ ʵʪʦʛʦ ʛʨʘʬʠʪ ʧʦʤʝʱʘʝʪʩʷ ʚ ʞʠʜʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ. ʋʜʘʨʥʳʝ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʘʚʠʪʘʮʠʠ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʛʨʘʬʠʪʘ ʥʘ ʩʣʦʠ 

ʦʪʜʝʣʷʷ ʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ [37]. ʇʨʠʣʦʞʝʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʛʨʘʬʠʪʘ ʩʜʚʠʛʦʚʳʭ ʩʠʣ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʩʣʦʷʤ, ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʝʛʦ ʨʘʩʱʝʧʣʝʥʠʶ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʩʜʚʠʛʦʚʳʭ ʩʠʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʤʦʣʝʢʫʣ 

ʞʠʜʢʦʩʪʠ ʚ ʧʦʪʦʢʝ, ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʢʘʥʘʣ ʥʝʙʦʣʴʰʦʛʦ ʩʝʯʝʥʠʷ. ɽʩʣʠ ʚ ʪʘʢʫʶ 

ʞʠʜʢʦʩʪʴ ʧʦʤʝʩʪʠʪʴ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʛʨʘʬʠʪʘ, ʪʦ ʦʥʠ ʙʫʜʫʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʘʪʦʤʥʳʤʠ 

ʩʣʦʷʤʠ ʚʜʦʣʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʯʘʩʪʠʮʳ 

ʛʨʘʬʠʪʘ ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʥʫʶ ʚʝʣʠʯʠʥʫ, ʩʦʟʜʘʚʘʷ ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ ʩʠʣʫ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʩʧʦʩʦʙʥʫʶ ʨʘʟʜʝʣʠʪʴ ʯʘʩʪʠʮʫ ʥʘ ʩʣʦʠ [38]. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ 

ʩʧʦʩʦʙ ʵʢʩʬʦʣʠʘʮʠʠ ʛʨʘʬʠʪʘ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʠʥʪʝʨʢʘʣʷʮʠʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʤʝʞʜʫ 

ʩʣʦʷʤʠ. ʀʥʪʝʨʢʘʣʷʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʦʩʣʘʙʣʝʥʠʶ ʠʭ 

ʩʚʷʟʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʀʟʚʝʩʪʥʳ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʛʨʘʬʠʪʘ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʨʦʥʠʢʘʶʪ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʨʘʟʜʝʣʷʶʪ ʠʭ ʟʘ ʩʯʝʪ ʧʦʥʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ [39]. ʊʘʢʞʝ ʠʥʪʝʨʢʘʣʷʮʠʶ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʣʝʢʫʣ ʠʥʪʝʨʢʘʣʷʥʪʦʚ ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ ʞʠʜʢʦʩʪʠ ʠʦʥʳ (Li, K ʠʣʠ ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʠʦʥʳ), ʠ ʧʨʠʣʦʞʠʚ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 
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ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʪ [40]. ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨ ʤʦʣʝʢʫʣʳ-ʠʥʪʝʨʢʘʣʷʥʪʘ, ʪʝʤ ʩʣʘʙʝʝ ʩʪʘʥʦʚʠʪʩʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʩʣʦʷʤʠ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ [41]. ʏʘʩʪʦ 

ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʬʝʥʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʦʙʨʘʪʥʦʛʦ ʩʣʠʧʘʥʠʷ ʩʣʦʝʚ ʚ ʨʘʩʪʚʦʨʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʇɸɺ [42]. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚʩʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚ ʢʦʤʙʠʥʘʮʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [43]. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʧʠʩʘʥʥʦʛʦ 

ʩʝʤʝʡʩʪʚʘ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʛʨʘʬʝʥʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʧʨʦʩʪʦʪʫ ʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʥʦʩʠʪʴ ʛʨʘʬʝʥʦʚʳʝ ʧʣʝʥʢʠ ʤʝʪʦʜʦʤ ʧʝʯʘʪʠ, 

ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʩʫʩʧʝʥʟʠʠ. ʉʘʤʳʤʠ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ 

ʷʚʣʷʶʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʛʨʘʬʝʥʘ ʠʟ-ʟʘ ʧʦʤʝʱʝʥʠʷ ʝʛʦ ʚ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʤʦʜʠʬʠʢʘʮʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʥʘʧʨʠʤʝʨ, ʦʢʠʩʣʝʥʠʷ, ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʨʫʧʧ), ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʠ, ʘ ʪʘʢʞʝ ʪʨʫʜʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦʩʣʦʝʚ ʠ ʩʧʣʦʰʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʧʣʝʥʦʢ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʠ ʚʳʩʫʰʠʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʠʟ 

ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʜʣʦʞʢʝ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ - çʩʥʠʟʫ-ʚʚʝʨʭè - ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʛʨʘʬʝʥʘ ʠʟ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ. ʄʝʪʦʜ ʛʘʟʦʬʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ 

(ɻʌʍʆ, ʠʣʠ ʦʪ ʘʥʛʣ. Chemical Vapor Deposition ï CVD) ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ 

ʩʠʥʪʝʟʘ ʛʨʘʬʝʥʘ ʠ ʜʨʫʛʠʭ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʠʣʠ ʚʝʱʝʩʪʚ), ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʵʣʝʤʝʥʪʳ. ɹʝʟ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʳ-

ʧʨʝʢʫʨʩʦʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʪʥʳ, ʠ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʥʠʤʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɼʣʷ ʟʘʧʫʩʢʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʘ 

ʘʢʪʠʚʘʮʠʷ ʛʘʟʦʚʦʡ ʩʨʝʜʳ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʩʦʙʦʚ ʘʢʪʠʚʘʮʠʠ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪ ʪʝʧʣʦʚʫʶ ʘʢʪʠʚʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ 

ʤʦʣʝʢʫʣ-ʧʨʝʢʫʨʩʦʨʦʚ ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʦʪ ʢʦʥʪʘʢʪʘ ʩ 

ʥʘʛʨʝʪʳʤ ʜʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ. ʊʘʢʠʤ 

ʪʝʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʩʘʤʘ ʧʦʜʣʦʞʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʠ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʧʦʢʨʳʪʠʝ, ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʙʣʠʟʠ ʧʦʜʣʦʞʢʠ ʵʣʝʤʝʥʪʳ, ʥʘʧʨʠʤʝʨ, ʨʘʟʦʛʨʝʪʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʠʪʠ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʘʢʮʠʦʥʥʳʝ ʢʘʤʝʨʳ ʩ 

ʧʣʘʟʤʝʥʥʳʤ ʤʝʪʦʜʦʤ ʘʢʪʠʚʘʮʠʠ ʛʘʟʦʚʦʡ ʩʨʝʜʳ. ɺ ʜʘʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ɻʌʍʆ ʚ ʛʘʟʦʚʦʡ 

ʩʨʝʜʝ ʩʦʟʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ, ʚ ʢʦʪʦʨʦʤ ʤʦʣʝʢʫʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʯʘʩʪʠʯʥʦ 

ʠʦʥʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʦʥʠʟʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʢʨʘʡʥʝ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳ ʠ ʚʩʪʫʧʘʶʪ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʢʘʢ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʣʦʞʢʠ. ʄʝʪʦʜʠʢʠ ʧʣʘʟʤʝʥʥʦʛʦ ɻʌʍʆ ʧʨʠʥʷʪʦ ʨʘʟʣʠʯʘʪʴ ʧʦ ʩʧʦʩʦʙʘʤ ʩʦʟʜʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ. ʇʦʜʘʯʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʚ ʛʘʟʦʚʦʡ 

ʩʨʝʜʝ, ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥ ʪʣʝʶʱʠʡ ʠʣʠ ʜʫʛʦʚʦʡ ʨʘʟʨʷʜ, ʘʢʪʠʚʠʨʫʶʱʠʡ ʛʘʟʦʚʫʶ 
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ʩʨʝʜʫ. ʊʣʝʶʱʠʡ ʠ ʜʫʛʦʚʦʡ ʨʘʟʨʷʜʳ ʦʙʳʯʥʦ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʯʪʦ ʩʦʟʜʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ, ʩ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʦʣʥʷʶʱʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ (ɺʏ) ʠʟʣʫʯʝʥʠʝ (ʥʘʧʨʠʤʝʨ, ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʚʳʜʝʣʝʥʥʦʡ ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʝ, ʨʘʚʥʦʡ 13,56 ʄɻʮ), ʧʦʜʚʦʜʠʤʦʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʘʥʪʝʥʥ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ɺʏ ʨʘʟʨʷʜʘʤ ʧʦʤʠʤʦ ʙʦʣʴʰʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʚ 

ʧʨʝʜʝʣʘʭ ʢʘʤʝʨʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʘʢʪʘ (ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ) 

ʠʦʥʠʟʦʚʘʥʥʦʡ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʩ ʤʘʪʝʨʠʘʣʦʤ ʵʣʝʢʪʨʦʜʦʚ (ʘʥʪʝʥʥʳ), 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʮʝʩʩ ɻʌʍʆ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʮʝʣʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6.  

 

ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ɻʌʍʆ. ʀʟʦʙʨʘʞʝʥʠʝ 

ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ [44]. 

 

ʋʧʨʦʱʝʥʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ ɻʌʍʆ [44]: 

¶ ʊʨʘʥʩʧʦʨʪ ʧʨʝʢʫʨʩʦʨʦʚ. ʆʙʳʯʥʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ ʩʦʟʜʘʝʪʩʷ ʧʦʪʦʢ ʛʘʟʦʦʙʨʘʟʮʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ, ʠ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʦʜʣʦʞʝʢ ʠʣʠ ʠʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʘʤʝʨʝ, ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʦʛʦ ʠʣʠ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʛʘʟʦʚʳʭ ʧʨʝʢʫʨʩʦʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʢʨʳʪʠʷ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʳʨʘʞʝʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʣʦʞʝʢ ʩʦ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ. 

¶ ɸʢʪʠʚʘʮʠʷ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʠ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. 

ʄʦʣʝʢʫʣʳ-ʧʨʝʢʫʨʩʦʨʳ, ʥʘʧʨʠʤʝʨ, ʫʛʣʝʚʦʜʦʨʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʠʥʪʝʟʘ 

ʫʛʣʝʨʦʜʥʳʭ ʧʦʢʨʳʪʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ 

ʜʠʩʩʦʮʠʠʨʫʶʪ ʥʘ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʇʨʦʩʪʝʡʰʫʶ ʨʝʘʢʮʠʶ ʥʘ ʧʨʠʤʝʨʝ 
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ʤʝʪʘʥʘ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʩʠʥʪʝʟʘ ʛʨʘʬʝʥʘ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʉʅ4 Ÿ CHx + xH  

ʇʦʤʠʤʦ ʨʝʘʢʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʝʘʢʮʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʤʝʪʘʥ-ʚʦʜʦʨʦʜʥʦʡ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʧʣʘʟʤʝʥʥʳʤ ʨʘʟʨʷʜʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʤʝʨʦʚ C2 

[45], ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

¶ ɼʠʬʬʫʟʠʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ɺʨʝʤʷ ʞʠʟʥʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʦʛʨʘʥʠʯʝʥʦ, ʪʘʢ 

ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʯʪʦ ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ çʥʝʡʪʨʘʣʠʟʘʮʠʠè ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʜʘʚʣʝʥʠʝ ʛʘʟʘ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʣʘʩʪʠ 

ʘʢʪʠʚʘʮʠʠ ʜʦ ʧʦʜʣʦʞʢʠ, ʚʨʝʤʷ ʞʠʟʥʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʧʨʝʢʫʨʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ ʪʘʢ, ʯʪʦʙʳ ʦʩʥʦʚʥʘʷ ʠʭ ʯʘʩʪʴ ʨʝʘʛʠʨʦʚʘʣʘ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʣʦʞʢʠ. 

¶ ɸʜʩʦʨʙʮʠʷ ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ. ʉʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ. ʈʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʦʤ ɸʨʨʝʥʠʫʩʘ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

Ὡ
́̅̒

. ʊʦ ʝʩʪʴ, ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʤʝʥʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ 

ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ ʠ ʩʢʦʨʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʩʥʠʞʘʝʪʩʷ. 

¶ ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʜʠʬʬʫʟʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ɺ 

ʧʨʦʪʠʚʦʚʝʩ ʥʝʛʘʪʠʚʥʦʤʫ ʚʣʠʷʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʥʘ ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ, ʦʥʘ 

ʞʝ, ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʠ ʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ ʜʦʣʞʥʘ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʦʧʪʠʤʫʤʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʘʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩ ʥʘʠʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʦʩʪʝʡʰʫʶ ʨʝʘʢʮʠʶ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: CHx + ʉy (ʢʨʠʩʪ)Ÿ ʉ y+1 (ʢʨʠʩʪ) + xH+ 

¶ ɼʝʩʦʨʙʮʠʷ ʠ ʚʳʥʦʩ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʦʜʫʢʪʦʤ 

ʨʝʘʢʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʛʨʘʬʝʥʦʚʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ 

ʚʦʜʦʨʦʜ, ʢʦʪʦʨʳʡ, ʦʙʨʘʟʫʷʩʴ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ, ʤʝʥʷʝʪ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ 

ʩʨʝʜʳ, ʚʣʠʷʷ ʥʘ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ. 

¶ ʊʨʘʚʣʝʥʠʝ ʦʩʘʞʜʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʗʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ 

ʚʳʩʦʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʯʝʩʪʚʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʜʦʨʦʜ ʩ ʨʘʟʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʚʩʪʫʧʘʝʪ ʚ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩ sp2- ʠ sp3-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʤ ʫʛʣʝʨʦʜʦʤ. ɺʘʨʴʠʨʫʷ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʝʞʠʤ ʪʨʘʚʣʝʥʠʷ ʠ ʜʦʙʠʚʘʪʴʩʷ 

ʦʩʘʞʜʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʤʘʟʦ- ʠʣʠ ʛʨʘʬʠʪʦ-ʧʦʜʦʙʥʳʭ ʧʦʢʨʳʪʠʡ. ʊʨʘʚʣʝʥʠʝ 

ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʘʭ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʪʨʘʚʣʝʥʠʷ ʪʝʤʧʳ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʟʨʘʩʪʘʥʠʶ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʟʝʨʝʥ. ʇʨʦʩʪʝʡʰʫʶ ʨʝʘʢʮʠʶ ʪʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʉ(ʢʨʠʩʪ) + 4H+ Ÿ CH4 (ʛʘʟ) 

ɼʣʷ ʩʠʥʪʝʟʘ ʛʨʘʬʝʥʦʚʳʭ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ɻʌʍʆ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʧʨʝʢʫʨʩʦʨʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ ʠʟ-ʟʘ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ ʧʠʨʦʣʠʟʘ ʤʝʪʘʥʘ. ʄʥʦʛʠʝ ʤʝʪʘʣʣʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʨʘʩʪʚʦʨʝʥʠʶ ʫʛʣʝʨʦʜʘ. ʅʘʧʨʠʤʝʨ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʚ ʪʘʢʠʭ ʤʝʪʘʣʣʘʭ ʢʘʢ ʥʠʢʝʣʴ, 

ʞʝʣʝʟʦ, ʢʦʙʘʣʴʪ, ʧʘʣʣʘʜʠʡ ʧʦʯʪʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʚʳʰʝ, ʯʝʤ, ʚ ʤʝʜʠ. ʆʪ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʫʛʣʝʨʦʜʘ ʚ ʤʘʪʝʨʠʘʣʝ ʧʦʜʣʦʞʢʠ ʟʘʚʠʩʷʪ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʝʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʆʙʱʝʧʨʠʥʷʪʳʡ ʤʝʭʘʥʠʟʤ ʩʠʥʪʝʟʘ ʛʨʘʬʝʥʘ ʥʘ ʧʦʜʣʦʞʢʘʭ ʩ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʥʠʭ 

ʫʛʣʝʨʦʜʘ (ʥʘʧʨʠʤʝʨ, ʤʝʜʠ) ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ ʤʝʪʘʥʘ ʚʙʣʠʟʠ ʧʦʜʣʦʞʢʠ, 

ʘʜʩʦʨʙʮʠʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ [46]. 

ʄʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʝʥʘ ʥʘ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʝ (ʠ ʜʨʫʛʠʭ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʚʳʩʦʢʘ) ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʩʪʘʜʠʷʤʠ: 1. ɼʠʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣʳ ʤʝʪʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ; 2. ɼʠʬʬʫʟʠʷ ʫʛʣʝʨʦʜʘ 

ʚʥʫʪʨʴ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ; 3. ʅʘʩʳʱʝʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʫʛʣʝʨʦʜʘ ʚ ʨʝʰʝʪʢʝ ʥʠʢʝʣʷ; 4. 

ʆʭʣʘʞʜʝʥʠʝ ʧʦʜʣʦʞʢʠ; 5. ʇʝʨʝʥʘʩʳʱʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ; 6. ɺʳʭʦʜ ʫʛʣʝʨʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʨʘʬʝʥʘ. 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʤʝʭʘʥʠʟʤʳ ʨʦʩʪʘ ʛʨʘʬʝʥʘ ʥʘ ʤʝʜʥʦʡ ʠ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 7. 



28 

 

 

ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘ ʨʦʩʪʘ ʛʨʘʬʝʥʘ ʥʘ (ʘ) ï ʧʦʜʣʦʞʢʘʭ ʩ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʫʛʣʝʨʦʜʘ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʥʠʢʝʣʝ; (ʙ) ï ʧʦʜʣʦʞʢʘʭ ʩ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʫʛʣʝʨʦʜʘ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʤʝʜʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [46]. 

 

ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʝʥʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʦʯʝʨʝʜʥʦʛʦ ʥʘʧʫʩʢʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ ʦʙʳʯʥʦʛʦ ʤʝʪʘʥʘ ʠ ʤʝʪʘʥʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʠʟʦʪʦʧ ʫʛʣʝʨʦʜʘ 13C [46]. ɽʩʣʠ ʧʨʝʦʙʣʘʜʘʣʦ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʛʨʘʬʝʥʘ, ʪʦ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʥʘʙʣʶʜʘʣʠʩʴ ʢʨʠʩʪʘʣʣʠʪʳ ʛʨʘʬʝʥʘ, ʠʤʝʶʱʠʝ ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ï ʯʝʪʢʦ ʨʘʟʣʠʯʠʤʳʝ ʦʙʣʘʩʪʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 12C ʠ 13C. ɽʩʣʠ ʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʬʝʥʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʪʘʧ ʨʘʩʪʚʦʨʝʥʠʷ ʛʨʘʬʝʥʘ ʚ ʧʦʜʣʦʞʢʝ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʦʢʨʳʪʠʝ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʘʪʦʤʘʤʠ 12C ʠ 13C ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ [46]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ ʛʨʘʬʝʥʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʠ ʟʘʪʨʫʜʥʝʥ ʠ ʧʦʣʫʯʘʝʤʳʝ ʧʣʝʥʢʠ ʠʤʝʶʪ 

ʩʪʨʫʢʪʫʨʫ ʤʘʣʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ (ʜʦ 10 ʩʣʦʝʚ). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʤʝʜʠ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ 

ʠʤʝʝʪ ʣʫʯʰʫʶ ʩʪʝʧʝʥʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʠ ʠ ʫʜʘʝʪʩʷ ʧʦʣʫʯʘʪʴ ʧʣʝʥʢʠ ʤʦʥʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ 

ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʧʦʜʣʦʞʢʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʦʩʪʘ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʥʝʦʜʥʦʨʦʜʥʳʡ ʩʦʩʪʘʚ ʧʦʜʣʦʞʝʢ, ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʠʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ, ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʣʦʞʢʠ. ɺʳʷʚʣʝʥʠʶ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʠ, 

ʚʳʨʘʱʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʠ ʧʦʩʚʷʱʝʥʘ ɻʣʘʚʘ 3 

ʥʘʩʪʦʷʱʝʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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1.3. ɼʠʭʘʣʴʢʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

1.3.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ɼʠʭʘʣʴʢʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ɼʇʄ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʩʣʦʠʩʪʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ MX2, ʛʜʝ M ï ʘʪʦʤ ʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ (Mo, W, Ta, Nb ʠ ʜʨ), ʘ X ï ʭʘʣʴʢʦʛʝʥ (S, Se, Te). ɺʩʝ ʢʦʚʘʣʝʥʪʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ 

ʟʘʢʣʶʯʝʥʳ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʩʣʦʷ, ʘ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʘʥʘʣʦʛʠʯʥʦ ʛʨʘʬʠʪʫ, ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʘʙʦʝ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʦʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɺ ɼʇʄ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʩʣʦʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʦʢʨʫʞʝʥ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʩʣʦʷʤʠ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ 

ʘʪʦʤ ʤʝʪʘʣʣʘ ʩʦʝʜʠʥʝʥ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʭʘʣʴʢʦʛʝʥʘ, ʚʭʦʜʷʱʠʤʠ ʚ 

ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʠʟ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʩʣʦʝʚ (ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ) ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ. ɺʟʘʠʤʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʠʟ ʨʘʟʥʳʭ ʧʦʜʩʣʦʝʚ ʪʘʢʞʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ. ɹʦʣʴʰʠʥʩʪʚʦ 

ɼʇʄ, ʥʘʧʨʠʤʝʨ, MoS2, WS2 ʠ ʜʨ. ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʭʦʜʷʪʩʷ ʚ 2H (ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ 

ʬʘʟʘ) ʩʦʩʪʦʷʥʠʠ, ʛʜʝ ʧʦʜʩʣʦʠ X-M-X ʯʝʨʝʜʫʶʪʩʷ ʧʦ ʪʠʧʫ ABA, ʘ ʩʠʤʤʝʪʨʠʷ ʨʝʰʝʪʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P63/mcc. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʬʘʟʘ 

1T (ʪʨʠʛʦʥʘʣʴʥʘʷ) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ P3m1 ʠ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʦʜʩʣʦʝʚ ʧʦ 

ʪʠʧʫ ABC. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ɼʇʄ ʩ 2H ʠ 1ʊ ʬʘʟʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 8.  

 

ʈʠʩʫʥʦʢ 8. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ɼʇʄ ʚ 2H ʠ 1T ʬʘʟʝ. ʀʟʦʙʨʘʞʝʥʠʝ ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ 

[3]. 

 

ɹʦʣʴʰʠʥʩʪʚʦ ɼʇʄ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʬʘʟʝ 2H, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ WTe2 ʠ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ [3]. ʋ ʨʷʜʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʥʘʧʨʠʤʝʨ, W, Mo) 

ʚʥʝʰʥʠʝ s, p ʠ d ʦʨʙʠʪʘʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦ ʵʥʝʨʛʠʷʤ, ʠ ʧʦʵʪʦʤʫ ʠʤʝʶʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʛʠʙʨʠʜʠʟʘʮʠʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʘ d2sp3 ʛʠʙʨʠʜʠʟʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ Ὠ , Ὠ , s, px, 

py, pz ʦʨʙʠʪʘʣʠ çʩʤʝʰʠʚʘʶʪʩʷè ʠ ʬʦʨʤʠʨʫʶʪ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʦʨʙʠʪʘʣʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚ ʫʛʣʳ 

ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʦʢʪʘʵʜʨʘ. ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʨʙʠʪʘʣʝʡ ʚʝʜʝʪ ʢ ʤʠʥʠʤʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɽʩʣʠ ʞʝ ʦʜʥʘ ʠʟ ʪʨʦʝʢ ʦʨʙʠʪʘʣʝʡ ʙʫʜʝʪ ʧʦʚʝʨʥʫʪʘ ʥʘ 120ʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ, ʪʦ ʦʨʙʠʪʘʣʠ ʩʪʘʥʫʪ ʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʝ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ 
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ʵʥʝʨʛʠʷ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʝʪ. ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 2H ʬʘʟʳ ʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʴ 1ʊ ʬʘʟʳ. ʋ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝʘʣʠʟʫʝʪʩʷ sp3-

ʛʠʙʨʠʜʠʟʘʮʠʷ, ʦʜʥʘʢʦ ʩʨʝʜʠ ʵʪʠʭ ʦʨʙʠʪʘʣʝʡ ʪʦʣʴʢʦ ʜʚʝ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ. ʆʙʲʝʜʠʥʝʥʠʝ ʘʪʦʤʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʘʪʦʤʘʤʠ ʭʘʣʴʢʦʛʝʥʦʚ ʩ 

ʦʧʠʩʘʥʥʳʤʠ ʚʠʜʘʤʠ ʛʠʙʨʠʜʠʟʘʮʠʠ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʣʦʷ ɼʇʄ. ʅʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʦʨʙʠʪʘʣʠ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʳ ʚ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚ ʧʨʦʤʝʞʫʪʦʢ 

ʤʝʞʜʫ ʩʣʦʷʤʠ [47]. ʇʝʨʝʢʨʳʪʠʝʤ ʵʪʠʭ ʦʨʙʠʪʘʣʝʡ ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ɼʇʄ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ [48], ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʥʠʞʝ.  

ʆʩʪʘʚʰʠʝʩʷ ʥʝʩʧʘʨʝʥʥʳʤʠ d-ʵʣʝʢʪʨʦʥʳ ʘʪʦʤʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʟʘʧʦʣʥʷʶʪ ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʨʘʟʨʝʰʝʥʥʳʝ ʟʦʥʳ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ d-ʵʣʝʢʪʨʦʥʦʚ 

ʟʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʦʣʥʝʥʘ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ. ʇʨʠ ʯʝʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ d-ʵʣʝʢʪʨʦʥʦʚ, 

ʢʘʢ ʫ Mo, W, Ti, Hf, Zr ʠ ʜʨ. ʩʪʨʫʢʪʫʨʘ ʧʨʦʷʚʣʷʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʧʨʠ 

ʥʝʯʝʪʥʦʤ, ʢʘʢ ʫ V, Nb, Ta - ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ, ʥʦ ʩ 

ʤʘʣʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ [49]. 

ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ɼʇʄ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. ɺ ʦʙʲʝʤʥʦʤ ʩʣʫʯʘʝ ʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʝʩʪʠʫʛʦʣʴʥʫʶ ʧʨʠʟʤʫ. ʄʘʢʩʠʤʫʤ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ 

MoS2, WS2 ʥʘʭʦʜʠʪʩʷ ʚ ɻ ï ʪʦʯʢʝ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ, ʪʦ ʝʩʪʴ ʚ ʦʙʣʘʩʪʠ, ʛʜʝ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ 

ʵʣʝʢʪʨʦʥʦʚ ʙʣʠʟʦʢ ʢ ʥʫʣʶ, ʘ ʤʠʥʠʤʫʤ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ïʧʦʩʨʝʜʠʥʝ ʤʝʞʜʫ ʂ (ʠ ʂô) 

ʪʦʯʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʫʛʣʘʭ ʰʝʩʪʠʫʛʦʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʧʨʠʟʤʳ, ʠ ɻ ʪʦʯʢʦʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʦʙʲʝʤʥʦʤ ʚʠʜʝ ɼʇʄ ʷʚʣʷʶʪʩʷ ʥʝʧʨʷʤʦʟʦʥʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ, ʪʘʢ ʢʘʢ ʜʥʦ 

ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʨʫʛʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʦʪʦʣʢʫ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ. ʐʠʨʠʥʘ ʥʝʧʨʷʤʦʡ ʟʦʥʳ ʧʨʠ ʵʪʦʤ ʨʘʚʥʘ 1.2 ʵɺ ʜʣʷ MoS2. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʜʦ ʦʜʥʦʛʦ, ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʠ ʤʘʪʝʨʠʘʣ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʷʤʦʟʦʥʥʳʤ ï ʤʘʢʩʠʤʫʤ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʣʩʷ ʚ ɻ ʪʦʯʢʝ ʧʦʥʠʞʘʝʪ 

ʩʚʦʶ ʵʥʝʨʛʠʶ, ʧʝʨʝʩʪʘʚʘʷ ʙʳʪʴ ʛʣʦʙʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʦʤ. ʃʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʚ ʂ ʠ Kô ʪʦʯʢʘʭ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʪʘʥʦʚʠʪʩʷ ʛʣʦʙʘʣʴʥʳʤ ʜʣʷ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ. ʐʠʨʠʥʘ ʧʨʷʤʦʡ 

ʟʦʥʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʘ 1.8 ʵɺ ʜʣʷ MoS2 [50]. ʇʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 9(ʘ). 
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ʈʠʩʫʥʦʢ 9. (ʘ) ï ʩʪʨʫʢʪʫʨʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ɻ ʣʝʢʪʨʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʩʣʦʝʚ 

ɼʇʄ. ʀʟʦʙʨʘʞʝʥʠʝ ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ [3]. (ʙ) ï ʉʧʠʥʦʚʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚʙʣʠʟʠ ʂ ʠ ʂô ʪʦʯʝʢ. ʉʠʥʠʤ ʮʚʝʪʦʤ ʫʢʘʟʘʥʳ ʚʝʪʚʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʩʧʠʥʘ -1/2, 

ʘ ʢʨʘʩʥʳʤ - +1/2. ʀʟʦʙʨʘʞʝʥʠʝ ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ [51]. 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʷʤʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩ ̫ʧʦʛʣʦʱʝʥʠʝʤ ʠʣʠ ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʪʦʥʘ, ʠʜʫʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ 

ʚʝʨʦʷʪʥʦʩʪʷʤʠ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʶʪ ʫʯʘʩʪʠʷ ʪʨʝʪʴʝʡ ʯʘʩʪʠʮʳ ï ʬʦʥʦʥʘ, ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʣʠʰʥʝʛʦ ʠʤʧʫʣʴʩʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʤʦʥʦʩʣʦʠ ɼʇʄ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ ʠ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ [52]. ʋʤʝʥʴʰʝʥʠʝ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʠ ʩʜʚʠʛ ʵʢʩʪʨʝʤʫʤʦʚ ʟʦʥ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ ʢ ʜʚʫʤ ʠ ʙʦʣʝʝ ʩʣʦʷʤ ʩʚʷʟʘʥʦ ʩ 

ʧʝʨʝʢʨʳʪʠʝʤ ʥʝ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ p-ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʦʚ 

ʭʘʣʴʢʦʛʝʥʘ, ʪʫʥʥʝʣʠʨʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʭ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʤʝʞʜʫ ʩʣʦʷʤʠ. ɽʱʝ ʦʜʥʠʤ 

ʦʪʣʠʯʠʝʤ ʦʪ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ K ʠ Kô ʪʦʯʝʢ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʮʝʥʪʨʘ ʩʠʤʤʝʪʨʠʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. ʆʪʩʫʪʩʪʚʠʝ ʮʝʥʪʨʘ ʩʠʤʤʝʪʨʠʠ ʠ 

ʥʘʣʠʯʠʝ ʩʠʣʴʥʦʛʦ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʚʷʟʘʥʥʦʛʦ ʩ ʙʦʣʴʰʦʡ ʤʘʩʩʦʡ ʘʪʦʤʦʚ) 

ʧʨʠʚʦʜʠʪ ʢ ʩʧʠʥʦʚʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʚʝʪʚʝʡ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʠ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʠʯʝʤ 

ʨʘʩʱʝʧʣʝʥʠʝ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚ K ʠ Kô ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʥʠ ʤʵɺ (ʧʨʠʤʝʨʥʦ 150 ʤʵɺ ʜʣʷ MoS2 ʠ 

430 ʤʵɺ ʜʣʷ WS2), ʘ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ï ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ (ʧʨʠʤʝʨʥʦ 3 ʤʵɺ ʜʣʷ MoS2 ʠ 30 

ʤʵɺ ʜʣʷ WS2). ɺ K ʠ Kô ʪʦʯʢʘʭ ʨʘʩʱʝʧʣʝʥʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʧʦ ʟʥʘʢʫ, ʯʪʦ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ ʨʘʟʥʳʭ ʜʦʣʠʥʘʭ ʠʤʝʝʪ ʨʘʟʥʦʝ ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʉʭʝʤʘ ʩʧʠʥʦʚʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 9(ʙ). ʕʣʝʢʪʨʦʥʳ ʚ ʨʘʟʥʳʭ ʜʦʣʠʥʘʭ 

ʤʦʛʫʪ ʙʳʪʴ ʚʦʟʙʫʞʜʝʥʳ ʩʚʝʪʦʤ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʨʘʟʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʵʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʜʦʣʠʥʥʳʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʠʥʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʚʥʦʩʷ ʚ ʥʠʭ 

ʜʠʩʙʘʣʘʥʩ, ʧʫʪʝʤ ʦʩʚʝʱʝʥʠʷ ʦʙʨʘʟʮʘ ʩʚʝʪʦʤ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠ ʧʦʣʷʨʠʟʘʮʠʝʡ. 



32 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʥʦʚʳʭ ʠ ʜʦʣʠʥʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʨʷʜʫ ʫʥʠʢʘʣʴʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ ʜʦʣʠʥʥʦʤʫ ʵʬʬʝʢʪʫ ʍʦʣʣʘ [53]. ʕʪʦʪ ʵʬʬʝʢʪ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʧʦʧʝʨʝʯʥʦʛʦ (ʭʦʣʣʦʚʩʢʦʛʦ) ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʦʙʨʘʟʮʘ 

ʮʠʨʢʫʣʷʨʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʩʚʝʪʦʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʜʥʦʤʫ ʠʟ ʧʝʨʝʭʦʜʦʚ 

ʤʝʞʜʫ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʚʝʪʚʷʤʠ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʠ ʟʦʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʦʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

ʩʧʠʥʘ. ɺʦʟʙʫʞʜʝʥʠʝ ʩʚʝʪʦʤ ʩ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʙʠʨʘʪʝʣʴʥʦ ʟʘʩʝʣʷʝʪ ʦʜʥʫ ʠʟ ʜʦʣʠʥ, 

ʠ ʩʧʠʥʳ ʚʦʟʙʫʞʜʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʧʨʘʚʣʝʥʳʤʠ ʚ ʦʜʥʫ 

ʩʪʦʨʦʥʫ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʩʧʠʥʦʚ ʩ ʜʚʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʜʣʷ ʫʧʨʦʱʝʥʠʷ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʠʞʝʥʠʝ ʟʘʨʷʜʦʚ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʳʤ ʠʤʠ ʩʘʤʠʤʠ) ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 

ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʩʪʦʨʦʥʘʭ ʦʙʨʘʟʮʘ. ʇʨʠ ʵʪʦʤ ʩʤʝʥʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʩʤʝʥʝ ʟʥʘʢʘ ʭʦʣʣʦʚʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɹʦʛʘʪʘʷ ʩʧʠʥʦʚʘʷ ʠ ʜʦʣʠʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ɼʇʄ ʜʝʣʘʝʪ ʠʭ 

ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩʧʠʥʪʨʦʥʠʢʠ [54] ʠ ʜʦʣʠʥʪʨʦʥʠʢʠ [5]. 

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʜʘʝʪʩʷ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ɼʇʄ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʟʘʨʷʜʦʚ ʚ ɼʇʄ 20-1000  ʩʤ2ɺī1ʩī1 ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʟʚʦʣʷʶʪ ʪʘʢʠʤ ʪʨʘʥʟʠʩʪʦʨʘʤ ʨʘʙʦʪʘʪʴ ʥʘ ʯʘʩʪʦʪʘʭ ʥʝ ʚʳʰʝ 

ʥʝʩʢʦʣʴʢʠʭ ʛʠʛʘʛʝʨʮ [55]. ʆʜʥʘʢʦ ʦʪʥʦʰʝʥʠʝ ʪʦʢʘ ʤʝʞʜʫ ʩʪʦʢʦʤ ʠ ʠʩʪʦʢʦʤ ʚʦ ʚʢʣʶʯʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʢ ʪʦʢʫ ʚ ʚʳʢʣʶʯʝʥʥʦʤ ʚ ʪʨʘʥʟʠʩʪʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ɼʇʄ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʳʩʦʢʠʤ 

ʩʨʝʜʠ ʚʩʝʭ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 105-108, ʯʪʦ ʜʝʣʘʝʪ ɼʇʄ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʤʘʣʦʧʦʪʨʝʙʣʷʶʱʝʡ ʣʦʛʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ [35].  

ɽʱʝ ʦʜʥʦʡ ʫʥʠʢʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ɼʄʇ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ 

ʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʩʠʪʦʥʘʤʠ. ɹʦʣʴʰʘʷ ʩʠʣʘ ʦʩʮʠʣʣʷʪʦʨʘ 

ʵʢʩʠʪʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ ʧʨʦʧʫʩʢʘʥʠʷ ʧʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʵʢʩʠʪʦʥʦʚ 

ʦʢʘʟʳʚʘʶʪʩʷ ʩʨʘʚʥʠʤʳ ʠʣʠ ʜʘʞʝ ʙʦʣʝʝ ʩʠʣʴʥʳʤʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʯʝʤ ʧʨʠʚʳʯʥʦʝ 

ʤʝʞʟʦʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ [56]. ʇʨʠ ʵʪʦʤ ʵʢʩʠʪʦʥʳ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʦʥʦʩʣʦʷʭ, ʥʦ ʠ ʚ 

ʩʪʨʫʢʪʫʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʠʣʠ ʙʦʣʴʰʝ ʩʣʦʝʚ, ʭʦʪʷ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʵʬʬʝʢʪʳ ʚ ʥʠʭ ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʳ. ʉʧʠʥʦʚʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʟʦʥʳ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ 

ʵʢʩʠʪʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢ ʢʘʢʠʤ ʚʝʪʚʷʤ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʙʣʠʟʠ ʢʘʢʦʡ ʪʦʯʢʠ 

ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ ʙʳʣʠ ʠʩʭʦʜʥʳʝ ʟʘʨʷʜʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʙʣʠʟʠ K ʠ Kô ʪʦʯʝʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ A- ʠ B-ʵʢʩʠʪʦʥʦʚ. ɸ-ʵʢʩʠʪʦʥ ʦʙʨʘʟʫʝʪʩʷ ʦʪ ʚʝʪʚʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʵʥʝʨʛʠʠ ʙʣʠʞʝ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʘ B-ʵʢʩʠʪʦʥ ï ʦʪ ʚʝʪʚʝʡ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ 

ʜʘʣʴʰʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʵʪʠʭ ʵʢʩʠʪʦʥʦʚ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ, ʪʘʢ ʢʘʢ 

ʟʘʩʝʣʝʥʥʦʩʪʴ ʫʨʦʚʥʝʡ ʥʘ B-ʚʝʪʚʠ (ʣʝʞʘʱʝʡ ʥʠʞʝ ʧʦ ʵʥʝʨʛʠʠ) ʜʳʨʢʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʥʘʩʝʣʝʥʥʦʩʪʴ ɸ-ʚʝʪʚʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʦʧʪʠʯʝʩʢʦʤ ʧʦʛʣʦʱʝʥʠʠ ʧʠʢʠ ʦʪ ɸ- ʠ B-ʵʢʩʠʪʦʥʘ 
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ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʚʥʳ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʪ ʟʘʩʝʣʝʥʥʦʩʪʠ ʦʥʠ ʟʘʚʠʩʷʪ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

[4]. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ɼʇʄ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10(ʘ). 

 

ʈʠʩʫʥʦʢ 10. (ʘ) - ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ɼʇʄ. ʉʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʫʥʢʪʠʨʥʦʡ ï ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʵʢʩʠʪʦʥʥʳʭ 

ʵʬʬʝʢʪʦʚ. (ʙ) ï ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʢʩʠʪʦʥʦʚ, ʪʨʠʦʥʦʚ ʠ ʙʠ-ʵʢʩʠʪʦʥʦʚ. 

 

ʀʟ-ʟʘ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʵʢʩʠʪʦʥʦʚ ʜʘʞʝ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʟʘʨʷʜʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʥʘʧʨʠʤʝʨ, ʪʨʠʦʥʘʭ (ʢʚʘʟʠʯʘʩʪʠʮʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʠ 

ʜʚʫʭ ʜʳʨʦʢ ʠʣʠ ʥʘʦʙʦʨʦʪ) ʪʦʞʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʦʙʳʯʘʡʥʦ ʙʦʣʴʰʦʡ, ʧʦʨʷʜʢʘ 10-30ʤʵɺ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʥʘʙʣʶʜʘʝʤʳʤʠ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ ɼʇʄ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 10(ʙ). 

ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʮʝʥʪʨʘ ʩʠʤʤʝʪʨʠʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʥʦʛʠʝ ɼʇʄ ʤʘʪʝʨʠʘʣʳ 

ʧʨʦʷʚʣʷʶʪ ʧʴʝʟʦ- ʠ ʩʝʛʥʝʪʦ-ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [57], ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʪʦʪʠʧʳ ʧʴʝʟʦ-ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʷʯʝʝʢ ʧʘʤʷʪʠ. 

1.3.2. ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ ʧʨʠʚʝʜʝʥʠʠ ʚ ʢʦʥʪʘʢʪ ʜʚʫʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (ʢʘʢ 

ʜʚʫʤʝʨʥʳʭ, ʪʘʢ ʠ ʦʙʲʝʤʥʳʭ) ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʤʝʞʜʫ ʥʠʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʝʜʥʝʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʛʨʘʥʠʮʝ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ɼʝʙʘʷ, 

ʠ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʠʩʢʨʠʚʣʝʥʠʝ ʟʦʥ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ. 

ɿʘ ʩʯʝʪ ʠʩʢʨʠʚʣʝʥʠʷ ʟʦʥ, ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʘʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 
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ʷʤʳ ʥʘ ʛʨʘʥʠʮʝ, ʚ ʢʦʪʦʨʳʭ ʩʢʘʧʣʠʚʘʶʪʩʷ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ. ʃʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ 

ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʧʦʛʣʦʱʝʥʠʝ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʦʙʣʘʩʪʷʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʧʦʪʦʣʢʦʤ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚ ʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʜʥʦʤ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʜʨʫʛʦʤ ʤʘʪʝʨʠʘʣʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʫʨʦʚʥʝʡ ʌʝʨʤʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʜʝʪʝʢʪʦʨʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʩʚʝʪʦʜʠʦʜʦʚ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʦʙʣʘʩʪʴ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚ, ʚʢʣʶʯʘʷ ʀʂ ʜʠʘʧʘʟʦʥ [58].  

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʪʠʧʘ: ʩʪʨʫʢʪʫʨʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʠ ʧʣʘʥʘʨʥʳʝ (ʠʣʠ ʚʥʫʪʨʠʧʣʦʩʢʦʩʪʥʳʝ, in-plane). 

ʇʝʨʚʳʝ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʘʪʦʤʘʨʥʦ ʪʦʥʢʠʭ ʩʣʦʝʚ ʨʘʟʣʠʯʥʳʭ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʦʚʤʝʱʝʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʫʜʝʨʞʠʚʘʝʤʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

- ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ [59]. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʦʭʚʘʪʳʚʘʝʪ 

ʚʝʩʴ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʜʣʠʥʘ ʵʢʨʘʥʠʨʦʚʘʥʠʷ (ʜʣʠʥʘ ɼʝʙʘʷ) ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ 

ʪʦʣʱʠʥʫ ʦʪʜʝʣʴʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ ʦʜʥʦʛʦ ʥʘʥʦʤʝʪʨʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʪʘʢʞʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ 

ʧʨʝʜʝʣʘʭ ʤʝʞʩʣʦʡʥʦʛʦ ʟʘʟʦʨʘ. ɹʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚʦʟʤʦʞʥʦ 

ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʦʜʥʦʛʦ ʩʣʦʷ ʚ ʜʨʫʛʦʡ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʶ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʪʘʢʠʭ ʢʘʢ ʪʫʥʥʝʣʴʥʳʝ ʧʦʣʝʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ [60, 61]. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʩʪʦʪʫ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʆʙʳʯʥʦ ʪʘʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʶʪ ʣʠʙʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ð ʦʪʜʝʣʷʷ ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ ʦʪ ʦʙʲʝʤʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʠ ʩʦʚʤʝʱʘʷ ʠʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʣʠʧʢʦʡ ʣʝʥʪʳ, ð ʣʠʙʦ ʤʝʪʦʜʘʤʠ ʦʩʘʞʜʝʥʠʷ ʠʟ 

ʛʘʟʦʚʦʡ ʬʘʟʳ. ʉʭʝʤʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 11(ʘ). 

ʇʣʘʥʘʨʥʳʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʥʘʧʨʦʪʠʚ, ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʚʜʦʣʴ ʦʜʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʩʣʦʷ ʜʚʫʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʣʫʯʘʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠʤʝʥʠʤʳ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʙʲʝʤʥʳʭ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʚ. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʵʪʦʛʦ ʪʠʧʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʪʦʥʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʭʦʜʘ ʙʣʘʛʦʜʘʨʷ 

ʫʩʠʣʝʥʥʦʤʫ ʧʝʨʝʢʨʳʪʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʩʣʦʷ (ʚ ʩʣʫʯʘʝ ʨʝʟʢʦʛʦ 

ʧʝʨʝʭʦʜʘ), ʘ ʪʘʢʞʝ ʟʘ ʩʯʸʪ ʚʣʠʷʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ [62]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʪʘʢʠʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥʳ ʧʣʘʥʘʨʥʳʝ 
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ʛʝʪʝʨʦʧʝʨʝʭʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 11(ʙ). ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʦʛʦ ʨʦʜʘ ʢʦʤʙʠʥʘʮʠʠ 2D 

ʤʘʪʝʨʠʘʣʦʚ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ 2D/2D ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤʠ.  

 

ʈʠʩʫʥʦʢ 11 (a) ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ [63] (ʙ) ï ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʘʥʘʨʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

WSe2/WS2. ʀʟʦʙʨʘʞʝʥʠʝ ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ [62]. 

 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʪʘʢʞʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʩʦʯʝʪʘʶʱʠʝ 

ʚ ʩʝʙʝ ʜʚʫʤʝʨʥʳʝ ʠ ʦʙʲʝʤʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ 2D/3D-ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ  [64]. 

ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʩʨʝʜʠ ʥʠʭ ʩʦʩʪʘʚʣʷʶʪ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʭʤʝʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʚʳʩʪʫʧʘʝʪ ʤʝʪʘʣʣ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʝʡ ʌʝʨʤʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʠ ʜʚʫʤʝʨʥʦʤ 

ʢʦʤʧʦʥʝʥʪʘʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʯʪʦ 

ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʘʨʴʝʨʘ ʐʦʪʪʢʠ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʢʦʥʪʘʢʪʦʚ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʘʭ, ʪʘʢ ʢʘʢ ʦʥʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʣʦʞʝʥʠʷ 

ʫʨʦʚʥʷ ʌʝʨʤʠ ʤʝʪʘʣʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʫʨʦʚʥʷʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʊʘʢʠʝ 

ʙʘʨʴʝʨʥʳʝ ʢʦʥʪʘʢʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ, ʥʦ ʠ ʚ ʩʤʝʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ð ʬʦʪʦʥʠʢʝ, ʬʦʪʦʭʠʤʠʠ ʠ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʟʘʨʷʜ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʚʫʤʝʨʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʚ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʚʦʟʙʫʞʜʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ [65]. ʇʨʠʤʝʨʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠ ʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ MoO2 [66], ʠ 

ʧʨʠ ʝʛʦ ʦʙʲʝʜʠʥʝʥʠʠ ʩ MoS2 ʦʙʨʘʟʫʝʪʩʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʪʠʧʘ MoS2/MoO2, ʦʙʣʘʜʘʶʱʘʷ 

ʩʚʦʡʩʪʚʘʤʠ ʙʘʨʴʝʨʘ ʐʦʪʪʢʠ ʠ ʬʦʨʤʠʨʫʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʟʘʨʷʜ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʚ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʠ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 
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ʧʨʦʮʝʩʩʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʚʦʜʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ð 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠ [67]. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ 

MoS2 ʠ WS2 ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʪʝʭʥʠʢʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ [68]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ 

ʟʥʘʯʝʥʠʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ.  

1.3.3. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʜʠʭʘʣʴʢʦʛʝʥʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ɼʇʄ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʪ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ ʦʧʠʩʘʥʥʦʤʫ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʤʝʪʦʜʫ 

ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʣʝʡʢʦʡ ʣʝʥʪʳ. ʊʘʢʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ 

ʨʘʩʱʝʧʣʝʥʠʷ ʦʙʲʝʤʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, 

ʘʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʝʥʠʶ ʛʨʘʬʝʥʘ ʠʟ ʛʨʘʬʠʪʘ [69]. ʊʘʢʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ɼʇʄ ʦʙʣʘʜʘʶʪ ʚʩʝ 

ʪʝʤʠ ʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʛʨʘʬʝʥʦʤ, ʘ ʠʤʝʥʥʦ - ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʝʜʠʥʠʯʥʳʝ ʤʦʥʦʩʣʦʡʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ ɼʇʄ ʨʘʟʤʝʨʦʤ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ 

ʭʦʨʦʰʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʦʜʥʘʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ɼʇʄ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ 

ʷʚʣʷʝʪʩʷ ʥʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ ʠ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤ ʚ ʩʪʝʧʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ɺʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʧʦʣʫʯʝʥʠʷ ɼʇʄ ʧʣʝʥʦʢ ʩʣʫʞʠʪ ʤʦʣʝʢʫʣʷʨʥʦ-

ʣʫʯʝʚʘʷ ʵʧʠʪʘʢʩʠʷ (ʄʃʕ) [70]. ʄʃʕ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʚʝʨʭʚʳʩʦʢʦʤ ʚʘʢʫʫʤʝ (10-10 ʤʙʘʨ) 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʧʦʜʣʦʞʢʝ, ʥʘʛʨʝʪʦʡ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣʘ, 

ʠʩʧʦʣʴʟʫʷ ʪʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʦʪʦʢ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʠ ʭʘʣʴʢʦʛʝʥʘ. ʅʘ ʧʦʜʣʦʞʢʝ 

ʘʪʦʤʳ ʦʙʨʘʟʫʶʪ ʩʚʷʟʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʄʃʕ ʦʩʘʞʜʝʥʠʝ ɼʇʄ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʘʞʜʝʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʘʢʠʭ ʢʘʢ GaAs, ʥʘʧʨʠʤʝʨ). ɺ ɼʇʄ ʤʘʪʝʨʠʘʣʘʭ ʥʝʪ ʦʙʦʨʚʘʥʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʝʚ, ʠʟ-ʟʘ ʵʪʦʛʦ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩ ʧʦʜʣʦʞʢʦʡ 

ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʤʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʚʫʤʝʨʥʳʝ ɼʇʄ ʤʦʞʥʦ ʦʩʘʞʜʘʪʴ 

ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʣʶʙʳʝ ʧʘʩʩʠʚʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, H-Si ʠʣʠ F-

Si) ʠʣʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʰʝʪʦʢ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ, ʦʩʘʞʜʝʥʠʝ ɼʇʄ ʤʝʪʦʜʘʤʠ ʄʃʕ ʥʝ ʜʘʝʪ ʫʩʪʨʦʡʩʪʚʘʤ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʩʦʩʪʘʚʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʠʤʝʶʱʠʤʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʙʲʝʤʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʄʃʕ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʪʦʜ ʛʘʟʦʬʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ (ɻʌʍʆ). ɺ 

ʵʪʦʤ ʤʝʪʦʜʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʛʨʘʬʝʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠ ʭʘʣʴʢʦʛʝʥʳ. ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʭʦʜʝ ʪʘʢʦʛʦ ɻʌʍʆ ʧʨʦʮʝʩʩʘ ʚ 
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ʦʙʱʠʭ ʯʝʨʪʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʜʠʷʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʟʜʝʣʝ 1.2.2.: ʘʢʪʠʚʘʮʠʷ ʛʘʟʦʚʦʡ ʩʨʝʜʳ, 

ʭʠʤʠʯʝʩʢʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʝʡ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ɻʌʍʆ ʚ ʚʠʜʝ ʤʝʪʦʜʘ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ (ʄʆɻʌʍʆ). ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ ʧʦʜʘʶʪʩʷ ʧʘʨʳ 

ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ Mo(CO)6, W(CO)6, (C2H5)2S. ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʠʭ ʢʨʘʡʥʷʷ ʪʦʢʩʠʯʥʦʩʪʴ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʄʆɻʌʍʆ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʦʩʥʦʚʝ ɼʇʄ [71].  

ɹʦʣʝʝ ʚʳʩʦʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʧʦʣʫʯʠʣ ʤʝʪʦʜ ɻʌʍʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ [72]. ʉʪʘʥʜʘʨʪʥʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʚʘʨʮʝʚʫʶ ʪʨʫʙʫ ʜʠʘʤʝʪʨʦʤ 50-100ʤʤ, 

ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʝʯʠ. ɺʥʫʪʨʠ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʳ ʨʘʟʤʝʱʘʶʪʩʷ ʪʠʛʣʠ ʩ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ (ʥʘʧʨʠʤʝʨ, MoO3, WO3, S) ʠ ʧʦʜʣʦʞʢʘ ʠʟ ʢʨʝʤʥʠʷ ʠʣʠ 

ʩʘʧʬʠʨʘ. ʀʟ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʘʯʠʚʘʝʪʩʷ ʚʦʟʜʫʭ ʩ ʧʦʤʦʱʴʶ ʬʦʨʚʘʢʫʫʤʥʦʛʦ 

ʥʘʩʦʩʘ, ʘ ʟʘʪʝʤ ʯʝʨʝʟ ʥʝʝ ʧʨʦʧʫʩʢʘʝʪʩʷ ʠʥʝʨʪʥʳʡ ʛʘʟ-ʥʦʩʠʪʝʣʴ, ʥʘʧʨʠʤʝʨ, ʘʨʛʦʥ. ʉ ʧʦʤʦʱʴʶ 

ʧʝʯʠ ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʘ ʩ ʝʝ ʩʦʜʝʨʞʠʤʳʤ ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 700-1200ÁC. 

ʇʨʝʢʫʨʩʦʨʳ MoO3, WO3, S ʚʦʟʛʦʥʷʶʪʩʷ, ʠʭ ʧʘʨʳ ʩʤʝʰʠʚʘʶʪʩʷ ʠ ʫʚʣʝʢʘʶʪʩʷ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ 

ʘʨʛʦʥʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʪʦʡ ʧʦʜʣʦʞʢʠ, ʛʜʝ ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʩʠʥʪʝʟʘ. ʆʙʱʘʷ ʩʭʝʤʘ 

ʩʪʘʥʜʘʨʪʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʫʩʪʘʥʦʚʢʠ ɻʌʍʆ ʦʩʘʞʜʝʥʠʷ ɼʇʄ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 12.  

 

ʈʠʩʫʥʦʢ 12. ʉʭʝʤʘ ʩʪʘʥʜʘʨʪʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʫʩʪʘʥʦʚʢʠ ɻʌʍʆ ʩʠʥʪʝʟʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ  [44]. 
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ʍʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʠʥʪʝʟʘ WS2 ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [73]: 

ςὡὕ χὛ
Ј

ựựự  ςὡὛ σὛὕ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʘʢʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʥʦʛʦ 

ʠ/ʠʣʠ ʘʤʦʨʬʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʚʤʝʩʪʥʦ ʩ ʘʨʛʦʥʦʤ ʯʝʨʝʟ ʛʘʟʦʚʫʶ ʪʨʫʙʫ ʧʨʦʢʘʯʠʚʘʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ. ʈʝʘʢʮʠʶ ʪʨʘʚʣʝʥʠʷ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὡὛ ςὌ
Ј
ựự  ὡ ςὌὛ 

ʀʩʭʦʜʷ ʠʟ ʙʘʣʘʥʩʘ ʵʪʠʭ ʨʝʘʢʮʠʡ, ʚʳʙʠʨʘʝʪʩʷ ʨʝʞʠʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʝʥʠʝ ʧʣʝʥʦʢ ʥʫʞʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɺ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʜʨʝʥʳ ʧʨʠʤʝʩʠ, 

ʢʦʪʦʨʳʝ, ʚʩʪʨʦʠʚʰʠʩʴ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʪʠʧ ʝʛʦ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [74]. ʄʝʥʷʷ ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ 

ʧʣʝʥʦʢ ʧʝʨʝʤʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ), ʧʨʦʷʚʣʷʶʱʠʭ ʩʚʦʡʩʪʚʘ, ʦʪʣʠʯʥʳʝ 

ʦʪ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ [10, 75]. 

ʅʘʨʷʜʫ ʩ ʤʦʥʦʩʣʦʡʥʳʤʠ ʧʣʝʥʢʘʤʠ ɼʇʄ ʩ ʧʣʘʥʘʨʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʙʘʟʦʚʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ, 

ʥʘʧʨʠʤʝʨ, ʚ [76], ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʢʨʳʪʠʷ ɼʇʄ ʚ ʚʠʜʝ ʤʘʩʩʠʚʦʚ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʂʨʠʩʪʘʣʣʠʪʳ ʚ ʪʘʢʠʭ ʧʣʝʥʢʘʭ ʩʣʘʙʦ ʩʚʷʟʘʥʳ ʩ 

ʧʦʜʣʦʞʢʦʡ, ʠ ʠʭ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʩʚʦʡʩʪʚʘʤ çʧʦʜʚʝʰʝʥʥʳʭè ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʝ ʧʣʝʥʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʘʭ ʠ 

ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʘʭ [77ï79]. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʤʝʪʦʜʘ ɻʌʍʆ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ɼʇʄ ʦʩʪʘʝʪʩʷ ʥʝ 

ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥʥʳʤ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʧʦʢʨʳʪʠʷ, ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʦ 

ʤʥʦʛʦʤ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʫʜʥʷʝʪ ʥʝʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ ʜʝʪʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ɼʇʄ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ. ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʩʪʘʥʜʘʨʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ɻʌʍʆ ʤʝʪʦʜʠʢ, ʟʘʪʨʫʜʥʷʶʱʠʤʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʚʳʩʪʫʧʘʶʪ: 

1) ʄʝʜʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʤʦʛʦ ʪʨʫʙʳ ʠ ʜʦʣʛʠʡ ʚʳʭʦʜ ʥʘ ʨʘʙʦʯʠʝ 

ʧʘʨʘʤʝʪʨʳ. ɺʝʩʴ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʦʪ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʥʘʛʨʝʚʘ ʠ ʜʦ ʤʦʤʝʥʪʘ ʦʭʣʘʞʜʝʥʠʷ 

ʜʣʠʪʩʷ ʦʢʦʣʦ ʯʘʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ɻʌʍʆ ʩʠʥʪʝʟʘ ʥʘ 

ʨʘʙʦʯʠʭ ʟʥʘʯʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ʤʠʥ.  

2) ʆʪʩʫʪʩʪʚʠʝ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʩʠʥʪʝʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʢʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ. ɺ ʫʩʪʘʥʦʚʢʘʭ ʄʃʕ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʘʥʘʣʠʟ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʦʩʘʞʜʘʝʤʦʛʦ 

ʧʦʢʨʳʪʠʷ ʩ ʧʦʤʦʱʴʶ ʨʘʩʩʝʷʥʠʷ ʠ/ʠʣʠ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʧʣʝʥʦʢ.  

3) ɺʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʟʘʜʘʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʧʦʜʣʦʞʢʝ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʥʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʢʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʦʧʪʠʤʘʣʴʥʳʤ ʙʳʣʦ ʙʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʧʦʜʣʦʞʢʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ. 

4) ɿʘʪʨʫʜʥʝʥ ʧʨʦʮʝʩʩ ʩʤʝʥʳ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ɼʇʄ. 

ʆʙʳʯʥʦ ʚ ʩʪʘʥʜʘʨʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ɻʌʍʆ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʧʨʦʮʝʩʩ ʩʤʝʥʳ ʧʨʝʢʫʨʩʦʨʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʭʣʘʞʜʝʥʠʝʤ ʦʙʨʘʟʮʘ ʠ ʥʘʧʫʩʢʦʤ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʫ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʚʳʨʘʱʝʥʥʦʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʧʣʝʥʢʠ. ʉʫʱʝʩʪʚʫʝʪ ʝʜʠʥʠʯʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʦʟʜʘʥʠʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ɼʇʄ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ ɻʌʍʆ ʧʨʦʮʝʩʩʘ 

ʠ ʢʦʥʪʘʢʪʘ ʦʩʘʞʜʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʚʦʟʜʫʭʦʤ ʥʘ ʝʛʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʜʠʷʭ [80]. 

ʋʩʪʨʘʥʝʥʠʝ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʪʘʥʜʘʨʪʥʳʭ ɻʌʍʆ ʩʠʩʪʝʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ 

ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʯʝʥʠʶ ʠʭ ʦʙʨʘʟʮʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʦʩʣʫʞʠʣʦ ʦʜʥʦʡ ʠʟ ʤʦʪʠʚʘʮʠʡ ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

 

1.4. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʆʙʨʘʟʮʳ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʯʝʥʴ ʪʦʥʢʫʶ ʧʣʝʥʢʫ (ʚʧʣʦʪʴ 

ʜʦ ʘʪʦʤʘʨʥʦʡ ʪʦʣʱʠʥʳ), ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʜʣʦʞʢʠ, ʪʦʣʱʠʥʘ 

ʢʦʪʦʨʦʡ ʥʘ ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ ʙʦʣʴʰʝ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʪʦʥʢʠʭ ʧʦʢʨʳʪʠʡ ʤʥʦʛʠʝ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʪʝʣ ʤʝʪʦʜʳ ʦʢʘʟʳʚʘʶʪʩʷ ʤʘʣʦ 

ʧʨʠʤʝʥʠʤʳ, ʢ ʥʠʤ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʗʄʈ ʠ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʝʪʦʜʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ, ʕɼʉ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʜʨ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʤʝʪʦʜʘʭ ʠʩʩʣʝʜʫʝʪʩʷ 

çʦʙʲʝʤè ʚʝʱʝʩʪʚʘ, ʚ ʢʦʪʦʨʳʡ ʜʚʫʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʚʭʦʜʠʪ ʚ ʥʠʯʪʦʞʥʦ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʠ 

ʦʪʣʠʯʠʪʴ ʝʛʦ ʚʢʣʘʜ ʦʪ ʚʢʣʘʜʘ ʧʦʜʣʦʞʢʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ɺ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚʳʨʘʙʦʪʘʣʘʩʴ ʧʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ ʘʪʦʤʘʨʥʦ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. 

ʄʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ) ʩʪʘʣ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʬʝʥ, ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ ʠ ʜʨ. ʕʪʦʪ 

ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʬʦʪʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 
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ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʩʝʷʥʠʷ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʬʦʥʦʥʘʤʠ) ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʵʥʝʨʛʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʘʩʪʦʪʳ. ʊʘʢ ʢʘʢ ʦʧʪʠʯʝʩʢʠʝ ʬʦʥʦʥʳ 

ʨʘʟʥʳʭ ʤʦʜ ʢʦʣʝʙʘʥʠʡ ʠʤʝʶʪ ʨʘʟʥʳʝ ʯʘʩʪʦʪʳ (ʚʙʣʠʟʠ ʥʫʣʝʚʳʭ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ), ʪʦ ʜʣʷ 

ʢʘʞʜʦʡ ʤʦʜʳ ʚ ʩʧʝʢʪʨʝ ʂʈʉ ʧʨʦʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʝ ʣʠʥʠʠ 

ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʈʉ ʩʧʝʢʪʨ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ çʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚè ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ɺ ʩʣʫʯʘʝ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʂʈʉ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʚ ʤʘʪʝʨʠʘʣʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛʨʘʬʝʥʘ ʧʦʣʦʞʝʥʠʝ ʠ ʬʦʨʤʘ ʂʈʉ ʧʠʢʦʚ (ʪʘʢʠʭ 

ʢʘʢ G-ʧʠʢ ʠ 2D-ʧʠʢ) ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʩʣʦʝʚ [81]. ɸʥʘʣʦʛʠʯʥʦ, ʜʣʷ MoS  

ʯʘʩʪʦʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʜ EĮg ʠ A g ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ ʤʘʪʝʨʠʘʣʘ [82]. ʂʈʉ ʩʧʝʢʪʨʳ 

ʦʪʨʘʞʘʶʪ ʩʠʤʤʝʪʨʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʬʘʟʳ ʤʘʪʝʨʠʘʣʘ (ʥʘʧʨʠʤʝʨ, 1T- ʠʣʠ 

2H-ʬʘʟʳ ʚ MoS ) [83] ʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʝʬʝʢʪʳ ʠʣʠ ʠʩʢʘʞʝʥʠʷ ʨʝʰʝʪʢʠ. ʉʜʚʠʛʠ ʂʈʉ ʧʠʢʦʚ 

ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʘʣʠʯʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʤʘʪʝʨʠʘʣʝ [84]. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʜʣʦʞʢʘʤʠ ʠʣʠ 

ʜʨʫʛʠʤʠ ʩʣʦʷʤʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ. ʅʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʠʣʠ ʧʨʠʤʝʩʝʡ ʚ ʤʘʪʝʨʠʘʣʝ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʠʢʦʚ ʚ ʂʈʉ ʩʧʝʢʪʨʝ ʠʣʠ ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʠʢʦʚ [85], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʝʧʝʥʴ ʝʛʦ ʯʠʩʪʦʪʳ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʝʪʦʜʘ ʦʪʥʦʩʠʪʩʷ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʭʘʨʘʢʪʝʨ (ʤʘʪʝʨʠʘʣ ʥʝ ʧʦʚʨʝʞʜʘʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ), ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʠʣʠ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘ), ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʧʨʝʜʝʣʦʤ (ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ). ʆʜʥʘʢʦ, 

ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʂʈʉ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʩʣʘʙʦʡ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʩʧʝʢʪʨʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʦʞʥʦʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʣʦʞʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠʣʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʩʠʣʴʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ɿʘʯʘʩʪʫʶ, ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʠʙʦʨʘ ʚʤʝʩʪʝ ʩʦ ʩʧʝʢʪʨʘʤʠ ʂʈʉ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʦʙʨʘʟʮʦʚ. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ɼʇʄ ʌʃ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʣʦʝʚ ʚ ʢʨʠʩʪʘʣʣʠʪʝ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʠ 

ʤʘʣʦʡ ʪʦʣʱʠʥʝ ʣʫʯʰʝ ʧʨʦʷʚʣʷʶʪʩʷ ʵʢʩʠʪʦʥʥʳʝ ʩʚʦʡʩʪʚʘ (ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ), ʘ ʚʦ-ʚʪʦʨʳʭ, ʩ ʪʝʤ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʧʝʨʝʭʦʜʠʪ ʦʪ ʥʝʧʨʷʤʦʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʢ ʧʨʷʤʦʟʦʥʥʦʡ [50, 86]. ʊʘʢʞʝ ʠʟ ʘʥʘʣʠʟʘ ʌʃ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʵʢʩʠʪʦʥʦʚ, ʫʜʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ [87]. 
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ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʩʩʣʝʜʫʝʪʩʷ ʤʝʪʦʜʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʇʕʄ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʫʯʢʘ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʪʦʥʢʠʡ 

ʦʙʨʘʟʝʮ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʝʛʦ ʘʪʦʤʘʤʠ ʠ ʩʦʟʜʘʶʪ ʠʟʦʙʨʘʞʝʥʠʝ ʠʣʠ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ 

ʥʝʙʦʣʴʰʦʛʦ ʫʯʘʩʪʢʘ ʧʣʝʥʢʠ [88]. ʕʣʝʢʪʨʦʥʳ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʜʣʠʥʫ ʧʨʦʙʝʛʘ ʚ ʪʚʝʨʜʦʤ 

ʤʘʪʝʨʠʘʣʝ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʜʣʷ 

ʠʩʪʦʥʯʝʥʠʷ ʦʙʨʘʟʮʘ (ʜʝʣʘʶʱʠʭ ʝʛʦ ʧʨʦʟʨʘʯʥʳʤ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ) ʠʣʠ ʜʣʷ ʧʝʨʝʥʦʩʘ ʜʚʫʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʩʝʪʢʠ-ʜʝʨʞʘʪʝʣʠ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʜʘʝʪʩʷ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʚ ʩʪʨʫʢʪʫʨʝ ʜʚʫʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [89]. 

ʈʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʈʕʄ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʣʝʥʦʢ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ 

ʩʢʘʥʠʨʫʝʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʚʳʙʠʚʘʷ ʠʟ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʪʦʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ. ɼʝʪʝʢʪʦʨʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʵʪʠʭ ʚʪʦʨʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʦʤʠʤʦ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʚ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʛʝʥʝʨʠʨʫʶʪʩʷ ʠ ʜʨʫʛʠʝ 

ʚʠʜʳ ʩʠʛʥʘʣʘ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʪʥʦ-ʦʪʨʘʞʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʬʦʪʦʥʳ ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʷ), ʪʦʨʤʦʟʥʦʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. ɺʩʝ ʵʪʠ 

ʚʠʜʳ ʠʟʣʫʯʝʥʠʷ ʠʩʭʦʜʷʪ ʠʟ ʨʘʟʥʳʭ ʛʣʫʙʠʥ ʚ ʤʘʪʝʨʠʘʣʝ [90]. ʅʘʠʤʝʥʴʰʫʶ ʛʣʫʙʠʥʫ ʛʝʥʝʨʘʮʠʠ 

ʠʤʝʶʪ ʠʤʝʥʥʦ ʚʪʦʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʥʪʝʨʝʩʘ ʚ ʩʣʫʯʘʝ 

ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʪʦʤʘʨʥʦ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʘʜʘʶʱʝʤ ʧʫʯʢʝ ʜʦʣʞʥʘ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʘ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʥʦʚʦʤʫ [91]. 

ʄʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ) ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʙʨʘʟʝʮ 

ʧʦʤʝʱʘʝʪʩʷ ʚ ʩʚʝʨʭʚʳʩʦʢʦʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ, ʛʜʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʵʬʬʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʵʤʠʩʩʠʷ 

ʵʣʝʢʪʨʦʥʦʚ. ɸʥʘʣʠʟʠʨʫʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ 

ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ, ʩʪʨʫʢʪʫʨʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʣʦʢʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʪʝʨʠʘʣ [92]. ʕʣʝʢʪʨʦʥʳ ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʠʩʧʫʩʢʘʶʪʩʷ ʤʘʪʝʨʠʘʣʦʤ, ʘʪʦʤʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʛʣʫʙʠʥʝ ʧʦʨʷʜʢʘ 1 ʥʤ ʚ ʤʘʪʝʨʠʘʣʝ ʦʙʨʘʟʮʘ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʤʝʪʦʜ 

ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʚʣʠʷʥʠʷ ʧʦʜʣʦʞʢʠ. ʉʚʝʨʭʚʳʩʦʢʠʡ ʚʘʢʫʫʤ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʩʣʦʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʟʠʪʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ. 
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ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʦʥʠ ʩ ʙʦʣʴʰʠʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ 

ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ. ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ ʨʘʜʠʢʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʠʢʘʭ ʦʩʘʞʜʝʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

[93]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʤʝʪʦʜʳ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʩ ʩʫʙʥʘʥʦʤʝʪʨʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʘʢʠʭ ʢʘʢ ʛʨʘʬʝʥ, ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ (MoS ) ʠ 

ʜʨʫʛʠʝ), ʟʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ 

ʪʦʧʦʛʨʘʬʠʠ, ʤʝʭʘʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ 

ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʢʣʶʯʘʶʪ ʘʪʦʤʥʦ-ʩʠʣʦʚʫʶ ʤʠʢʨʦʩʢʦʧʠʶ (ɸʉʄ) ʠ ʩʢʘʥʠʨʫʶʱʫʶ 

ʪʫʥʥʝʣʴʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ (ʉʊʄ). ɺ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʪʨʘʷ ʠʛʣʘ (ʟʦʥʜ), 

ʢʦʪʦʨʘʷ ʩʢʘʥʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ. ɿʦʥʜ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʩ ʧʦʤʦʱʴʶ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʟʦʥʜ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʩʠʣʳ. ɺ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʟʦʥʜ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʭʘʥʠʯʝʩʢʠ (ʥʘʧʨʠʤʝʨ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʣʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʠʣʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʠʣʳ). ɺ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʊʄ) ʟʦʥʜ ʚ ʚʠʜʝ 

ʦʩʪʨʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʛʣʳ ʩ ʨʘʜʠʫʩʦʤ ʟʘʢʨʫʛʣʝʥʠʷ ʚ ʦʜʠʥ ʘʪʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪ ʪʫʥʥʝʣʴʥʳʡ 

ʪʦʢ, ʚʦʟʥʠʢʘʶʱʠʡ ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʠ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ ʧʦʨʷʜʢʘ 1 ʥʤ. ʉʠʛʥʘʣ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʟʦʥʜʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʠʟʦʙʨʘʞʝʥʠʝ ʠʣʠ ʜʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ 

ʤʘʪʝʨʠʘʣʘ. ɿʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʘʪʦʤʘʨʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ɸʉʄ ʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ ʛʨʘʬʝʥʘ ʠʣʠ MoS2, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʪʦʣʱʠʥʫ [94]. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʠʟʫʯʘʪʴ ʜʝʬʝʢʪʳ, ʩʢʣʘʜʢʠ, ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ɸʉʄ 

ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 

ʘʜʛʝʟʠʶ ʠ ʞʝʩʪʢʦʩʪʴ [95]. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʟʦʥʜʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʟʫʯʘʪʴ, ʢʘʢ ʚʝʜʝʪ ʩʝʙʷ ʛʨʘʬʝʥ ʠʣʠ MoS2 ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʉʊʄ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʟʤʝʨʷʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʫʥʥʝʣʴʥʦʛʦ ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ [96]. ʕʪʦ ʜʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɸʉʄ ʚ ʨʝʞʠʤʝ ʂʝʣʴʚʠʥ-

ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʂɿʄ) ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʨʘʙʦʪʫ ʚʳʭʦʜʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ 
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ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ [97]. ɿʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʬʝʨʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʜʚʫʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʧʴʝʟʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʉʄ) ʤʦʞʥʦ ʠʟʫʯʘʪʴ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʪʘʢʠʭ ʢʘʢ MoS2 [98]. ɿʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʴ, ʥʦ ʠ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣʦʤ ʥʘ ʥʘʥʦʫʨʦʚʥʝ. ʅʘʧʨʠʤʝʨ, 

ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʘ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʘʪʦʤʳ ʠʣʠ ʩʦʟʜʘʚʘʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʛʦʣʦʚʢʘ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʘ ʚ ʜʦʚʦʣʴʥʦ 

ʢʦʤʧʘʢʪʥʦʤ ʚʠʜʝ [99]. ʀʟʤʝʨʝʥʠʷ ʥʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʩʦʟʜʘʥʠʷ ʚʘʢʫʫʤʘ) ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʤʠʢʨʦʩʢʦʧʘʤʠ. ʕʪʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ ʫʩʪʘʥʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ (ʠʣʠ ʤʝʞʜʫ ʵʪʘʧʘʤʠ) ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʨʝʘʢʪʦʨʘ. 

ɺʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʤʦʜʝʣʠ ʧʨʠʙʦʨʦʚ ʠ ʠʤʝʥʘ 

ʦʧʝʨʘʪʦʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: 
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ʇʕʄ: FEI Tecnai Osiris. ʆʧʝʨʘʪʦʨ: ʍʤʝʣʝʥʠʥ ɼ. ʈ. 

ʈʌʕʉ: Kratos Axis Ultra DLD. ʆʧʝʨʘʪʦʨ: ɼʚʦʨʷʢ ʉ. ɺ. 

ɸʉʄ, ʉʊʄ: ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʠʢʨʦʩʢʦʧ ʉʄʄ-2000 (ɸʆ çɿʘʚʦʜ ʇʈʆʊʆʅè). ʆʧʝʨʘʪʦʨ: 

ʃʦʛʠʥʦʚ ɸ. ɹ. 
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ɻʣʘʚʘ 2. ʀʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ ʧʨʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʪʞʠʛʝ 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚ ɻʣʘʚʝ 1, ʚʳʷʚʣʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʪʦʤʘʨʥʦ ʪʦʥʢʠʭ ʩʣʦʝʚ 

ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉɿʄ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʝ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉɿʄ), ʨʘʟʤʝʱʘʝʤʦʛʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ɻʌʍʆ ʩʠʥʪʝʟʝ ʧʣʝʥʦʢ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʛʦ ʉɿʄ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʨʘʬʝʥʦʚʳʭ ʧʣʝʥʦʢ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʝ ʩ ʧʦʤʦʱʴʶ ʧʠʨʦʣʠʟʘ ʤʝʪʘʥʘ, ʠ ɼʇʄ ʧʣʝʥʦʢ (MoS2, 

WS2), ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ (MoO3, WO3, S).  

2.1. ʈʘʟʨʘʙʦʪʢʘ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

2.1.1. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʉʊʄ ʠ ɸʉʄ 

ʉʢʘʥʠʨʫʶʱʘʷ ʟʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠʟʚʝʩʪʥʘ ʢʘʢ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʟʦʥʜʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʘʪʦʤʘʨʥʦʛʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ. ɿʦʥʜ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ ʩ ʩʫʙʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʟʤʝʨʝʥʠʠ ʦʜʥʦʛʦ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʠʠ ʪʨʝʭʤʝʨʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʣʦʞʝʥʠʝ ʟʦʥʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ 

X, Y, Z ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʠ ʧʦʜʘʯʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɿʘ ʩʯʝʪ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʧʦʜʘʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʚʝʣʠʯʠʥʳ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʟʦʥʜʘ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ 

ʜʦʣʠ ʥʘʥʦʤʝʪʨʘ. ɺ ʢʦʥʢʨʝʪʥʳʭ ʨʝʘʣʠʟʘʮʠʷʭ ʉɿʄ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʚʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʟʦʥʜʘ ʩ ʦʙʨʘʟʮʦʤ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪʩʷ ʚ ʠʭ ʥʘʟʚʘʥʠʠ. ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʉɿʄ, 

ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ ʷʚʣʷʶʪʩʷ ʩʢʘʥʠʨʫʶʱʘʷ 

ʪʫʥʥʝʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʊʄ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ).  

ɺ ʉʊʄ ʨʝʞʠʤʝ ʤʝʞʜʫ ʦʩʪʨʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʛʣʳ (ʩ ʨʘʜʠʫʩʦʤ ʘʪʦʤʘʨʥʦʛʦ ʨʘʟʤʝʨʘ) ʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ, ʧʨʦʚʦʜʷʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɺ. 

ʇʨʠ ʨʘʩʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ 1 ʥʤ ʤʝʞʜʫ ʠʛʣʦʡ ʉʊʄ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ ʧʨʦʪʝʢʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ. ɺʝʣʠʯʠʥʘ ʪʫʥʥʝʣʴʥʦʛʦ ʪʦʢʘ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʚʠʩʠʪ ʨʘʩʩʪʦʷʥʠʷ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 0.1 

ʥʤ ʪʫʥʥʝʣʴʥʳʡ ʪʦʢ ʚʦʟʨʘʩʪʘʝʪ ʚ ʧʨʠʤʝʨʥʦ 10 ʨʘʟ. ʉʠʩʪʝʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʨʷʝʪ 

ʚʝʣʠʯʠʥʫ ʪʫʥʥʝʣʴʥʦʛʦ ʪʦʢʘ ʠ ʧʦʜʩʪʨʘʠʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʛʣʦʡ (ʥʘʧʨʷʞʝʥʠʝ ʥʘ Z-
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ʧʴʝʟʦʤʘʥʠʧʫʣʷʪʦʨʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʝʛʦ ʫʜʣʠʥʝʥʠʶ) ʠ ʦʙʨʘʟʮʦʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙ r

ʪʫʥʥʝʣʴʥʳʡ ʪʦʢ ʙʳʣ ʧʦʩʪʦʷʥʥʳʤ. ɺ ʧʨʠʤʝʥʝʥʠʠ ʢ ʘʥʘʣʠʟʫ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ, ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʨʦʠʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʢʘʨʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. 

ʄʝʪʦʜ ɸʉʄ ʦʩʥʦʚʘʥ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʣʘʭ ʤʝʞʜʫ ʟʘʦʩʪʨʸʥʥʳʤ ʟʦʥʜʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʦʙʨʘʟʮʘ. ʇʨʠ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʦʩʪʨʠʝʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʝʦʙʣʘʜʘʶʪ ʩʠʣʳ 

ʧʨʠʪʷʞʝʥʠʷ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦʡ ʧʨʠʨʦʜʳ, ʘ ʧʨʠ ʤʘʣʳʭ ï ʩʠʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʪʘʣʢʠʚʘʥʠʝʤ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʦʚ. ɿʦʥʜ, ʚʳʧʦʣʥʝʥʥʳʡ ʯʘʱʝ ʚʩʝʛʦ ʚ ʚʠʜʝ 

ʧʠʨʘʤʠʜʳ ʩ ʦʩʪʨʦʡ ʚʝʨʰʠʥʦʡ, ʟʘʢʨʝʧʣʝʥʦʡ ʥʘ ʛʠʙʢʦʡ ʙʘʣʢʝ, ʜʨʫʛʦʡ ʢʦʥʝʮ ʢʦʪʦʨʦʡ ʟʘʢʨʝʧʣʝʥ 

ʥʘ ʤʘʩʩʠʚʥʦʤ ʦʩʥʦʚʘʥʠʠ. ɺʩʷ ʩʠʩʪʝʤʘ ʚʤʝʩʪʝ ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʪʩʷ ʢʘʥʪʠʣʝʚʝʨʦʤ (ʦʪ ʘʥʛʣ. 

cantilever ï ʙʘʣʢʘ). ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʩʠʣʳ ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ ʦʙʨʘʟʮʦʤ ʙʘʣʢʘ ʠʟʛʠʙʘʝʪʩʷ. ʀʟʛʠʙ 

ʵʪʦʡ ʙʘʣʢʠ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʠʟʛʠʙʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʧʷʪʥʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʫʯʢʦʤ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʳʤ ʟʝʨʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʘʣʢʠ (ʣʘʟʝʨʥʦʛʦ çʟʘʡʯʠʢʘè), ʩ 

ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭ-ʩʝʢʮʠʦʥʥʦʛʦ ʬʦʪʦʜʠʦʜʘ. ʉʠʩʪʝʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʟʘʜʘʝʪ ʫʜʣʠʥʝʥʠʝ Z-

ʧʴʝʟʦʤʘʥʠʧʫʣʷʪʦʨʘ ʪʘʢ, ʯʪʦʙ rʠʟʛʠʙ ʙʘʣʢʠ ʙʳʣ ʧʦʩʪʦʷʥʥʳʤ. ʈʘʙʦʪʫ ɸʉʄ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ 

ʥʘʟʳʚʘʶʪ ʢʦʥʪʘʢʪʥʦʡ ʤʦʜʦʡ. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʟʘʧʦʤʠʥʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʕɺʄ ʢʦʦʨʜʠʥʘʪ X ʠ Y, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʠ ʫʜʣʠʥʝʥʠ ̫ Z-

ʤʘʥʠʧʫʣʷʪʦʨʘ ʬʦʨʤʠʨʫʝʪ ʪʨʝʭʤʝʨʥʫʶ ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ. ɸʉʄ ʟʦʥʜʳ ʠʤʝʶʪ ʨʘʜʠʫʩ 

ʟʘʦʩʪʨʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʉʊʄ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ʆʜʥʘʢʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʧʨʦʚʦʜʷʱʠʭ ʦʙʨʘʟʮʦʚ, ʩʜʝʣʘʣʦ ʤʝʪʦʜ ɸʉʄ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

 2.1.2. ʆʩʥʦʚʥʳʝ ʧʦʤʝʭʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʉɿʄ ʠʟʦʙʨʘʞʝʥʠʡ 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʥʘʥʦʤʝʪʨʦʚʦʡ ʠ ʩʫʙʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ, ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʠʙʨʘʮʠʠ. 

ɼʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ (ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʣʫʯʘʝʚ) ʚʠʙʨʘʮʠʷʭ ʦʙʨʘʟʮʘ ʠʣʠ ʠʛʣʳ ʩ 

ʘʤʧʣʠʪʫʜʦʡ ʧʦʨʷʜʢʘ 0,1 ʥʤ, ʘʤʧʣʠʪʫʜʘ ʪʫʥʥʝʣʴʥʦʛʦ ʪʦʢʘ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʟʥʘʯʝʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠ ʢʘʯʝʩʪʚʝ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʘ ̫ ʚʠʙʨʦʠʟʦʣʷʮʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʥʘ 

ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ ʧʴʝʟʦ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʠ ʩʠʩʪʝʤʳ çʟʦʥʜ-ʦʙʨʘʟʝʮè. ʆʩʦʙʝʥʥʦ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʧʨʦʙʣʝʤʝ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʥʝʦʙʭʦʜʠʤʦ, ʝʩʣʠ ʉɿʄ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʚʘʢʫʫʤʥʳʭ 

ʩʠʩʪʝʤʘʭ ʠʣʠ ʩʠʩʪʝʤʘʭ ɻʌʍʆ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʩʦʩʳ, ʩʦʟʜʘʶʱʠʝ ʙʦʣʴʰʦʡ 

ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʡ. 

ʉʠʩʪʝʤʘ çʟʦʥʜ-ʦʙʨʘʟʝʮè, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʚʢʣʶʯʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʘʤ ʟʦʥʜ, ʧʴʝʟʦ-ʤʘʥʠʧʫʣʷʪʦʨʳ, ʦʩʥʦʚʘʥʠʝ ʧʴʝʟʦ-

ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʪʝʣʦ ʤʠʢʨʦʩʢʦʧʘ, ʩʠʩʪʝʤʘ ʧʦʜʚʦʜʘ ʦʙʨʘʟʮʘ, ʩʪʦʣʠʢ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠ, ʥʘʢʦʥʝʮ, 
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ʩʘʤ ʦʙʨʘʟʝʮ), ʠ ʝʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʩ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ ʧʦʜʜʘʶʪʩʷ ʨʘʩʯʝʪʘʤ. ɺʤʝʩʪʦ 

ʪʦʯʥʳʭ ʨʘʩʯʝʪʦʚ, ʥʘ ʧʨʘʢʪʠʢʝ, ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʚʝʩʴʤʘ ʦʙʱʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ, ʫʧʨʦʱʝʥʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʠʩʪʝʤʫ çʟʦʥʜ-ʦʙʨʘʟʝʮè ʚ ʚʠʜʝ ʚʠʣʢʠ ʢʘʤʝʨʪʦʥʘ, ʥʘ ʦʜʥʦʡ ʠʟ ʧʣʘʩʪʠʥ ʢʦʪʦʨʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥ ʟʦʥʜ, ʘ ʥʘ ʜʨʫʛʦʡ ï ʦʙʨʘʟʝʮ. ʈʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʚ ʪʘʢʦʡ ʧʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʠ c 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʠʩʣʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ [100]: 

Ὢͯ
ρ

ὒ

ὉὍ

”ὃ
 

ɻʜʝ L ï ʜʣʠʥʘ ʚʠʣʢʠ ʢʘʤʝʨʪʦʥʘ, E ï ʤʦʜʫʣʴ ʖʥʛʘ, ” ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, I ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʩʝʯʝʥʠʷ ʚʠʣʢʠ ʢʘʤʝʨʪʦʥʘ, ɸ ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ. ʀʟ ʘʥʘʣʠʟʘ ʵʪʦʡ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʠʤʝʝʪ ʠʤʝʥʥʦ ʦʪ ʜʣʠʥʳ ʙʘʣʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʉɿʄ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʤʠʥʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʦʟʤʫʱʝʥʠʷ ʧʦ ʧʫʪʠ ʦʪ ʦʩʪʨʠʷ 

ʟʦʥʜʘ ʤʠʢʨʦʩʢʦʧʘ ʜʦ ʦʙʨʘʟʮʘ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʵʪʦʡ ʜʣʠʥʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʧʴʝʟʦʤʘʥʠʧʫʣʷʪʦʨ.r ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʴʝʟʦʤʘʥʠʧʫʣʷʪʦʨʦʚ. 

ʅʘʧʨʠʤʝʨ, ʧʝʨʚʳʡ ʉʊʄ, ʟʘ ʠʟʦʙʨʝʪʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʜʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ɻ. 

ɹʠʥʥʠʛʫ ʠ ɻ. ʈʦʨʝʨʫ ʚ 1986, ʠʩʧʦʣʴʟʦʚʘʣ ʚ ʢʘʯʝʩʪʚʝ ʤʘʥʠʧʫʣʷʪʦʨʘ ʮʝʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʢʚʘʨʮʘ. 

ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʤʝʝʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ, ʦʜʥʘʢʦ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʘ ʧʦ 

ʚʝʣʠʯʠʥʝ ʧʦʣ̫, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʤʠʢʨʦʩʢʦʧʘʭ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʴʝʟʦ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʦʜʥʦʡ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ) 

ʧʴʝʟʦʪʨʫʙʢʠ ʩ ʨʘʟʜʝʣʝʥʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʥʘ ʥʝʟʘʢʨʝʧʣʝʥʥʦʤ ʬʣʘʥʮʝ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ 

ʟʦʥʜ. ʇʦʜʘʯʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʵʣʝʢʪʨʦʜʳ, ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ 

ʧʴʝʟʦʢʝʨʘʤʠʢʠ, ʠʟ ʢʦʪʦʨʦʡ ʠʟʛʦʪʦʚʣʝʥʘ ʧʴʝʟʦʪʨʫʙʢʘ, ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʠʟʛʠʙʫ ʠ ʫʜʣʠʥʝʥʠʶ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʤʝʱʝʥʠʝ ʟʦʥʜʘ ʚʜʦʣʴ X-, Y-, ʠ Z-ʥʘʧʨʘʚʣʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʢʚʘʨʮʝʚʳʤ ʢʨʠʩʪʘʣʣʦʤ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʴʝʟʦʪʨʫʙʢʠ ʠʤʝʥʥʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʟʚʝʥʦʤ 

ʩʠʩʪʝʤʳ çʟʦʥʜ-ʦʙʨʘʟʝʮè ʩ ʥʘʠʤʝʥʴʰʝʡ ʯʘʩʪʦʪʦʡ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʝ 

ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʈʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʙʘʣʢʠ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʩ 

ʦʜʥʦʛʦ ʢʦʥʮʘ ʠ ʠʤʝʶʱʝʡ ʥʘ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ ʬʣʘʥʝʮ ʤʘʩʩʳ m, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ ʨʘʤʢʘʭ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʕʡʣʝʨʘ-ɹʝʨʥʫʣʣʠ [101] ʠ ʟʘʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

Ὢ̒̏̂̒̓ ̃
ρ

ς“
Ὧ
ά 

ɻʜʝ k ï ʫʧʨʫʛʦʩʪʴ ʙʘʣʢʠ ʧʨʠ ʝʝ ʠʟʛʠʙʝ, ʦʧʨʝʜʝʣʷʶʱʘʷʩʷ ʚʳʨʘʞʝʥʠʝʤ  

Ὧ  
σὉὐ
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ɻʜʝ L ï ʜʣʠʥʘ ʙʘʣʢʠ, E ï ʤʦʜʫʣʴ ʖʥʛʘ ʧʴʝʟʦʢʝʨʘʤʠʢʠ, J ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʩʝʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʘʣʢʠ ʪʨʫʙʢʠ ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ D ʠ 

ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ d, J ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὐ  
“Ὀ Ὠ

φτ
 

ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʯʘʩʪʦʪʝ Ὢ̒̏̂̒̓̃ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʫʞʠʥʥʳʡ ʧʦʜʚʝʩ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ Q, ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ ʯʘʩʪʦʪʳ Ὢ̒̏̂̒̓̃. ɺʜʘʣʠ ʦʪ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʧʦʜʚʝʩʘ Ὢ̐̏̅,̃ ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ ʧʦʜʚʝʩʘ ὃὪ ʥʘ ʯʘʩʪʦʪʝ Ὢ̒̏̂̒̓̃ ʩʧʘʜʘʝʪ ʢʘʢ  

ὃὪ̒̏̂̒̓̃ ͯ 
ρ

Ὢ̒̏̂̒̓̃
Ὢ̒̏̂̒̓̃Ὢ̐̏̅̃

ὗ

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʚʳʰʝ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʩʠʩʪʝʤʳ çʟʦʥʜ-ʦʙʨʘʟʝʮè, ʦʧʨʝʜʝʣʷʝʤʘʷ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʦʪʦʡ Ὢ̒̏̂̒̓̃, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʘʩʪʦʪʝ ʧʦʜʚʝʩʘ Ὢ̐̏̅̃, ʪʝʤ ʩʠʣʴʥʝʝ 

ʧʦʜʘʚʣʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʟʦʥʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʟʮʘ. 

ɼʨʫʛʠʤ ʷʚʣʝʥʠʝʤ, ʟʘʪʨʫʜʥʷʶʱʠʤ ʧʦʣʫʯʝʥʠʶ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʇʨʠ ʦʙʱʝʡ ʜʣʠʥʝ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʢʦʧʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ ʦʙʨʘʟʮʦʤ, ʨʘʚʥʳʤ 10 ʩʤ, ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʨʘʚʥʳʤ 10-5 ʦʉ-1. ʀʟʤʝʥʝʥʠʝ ʥʘ 1 ʛʨʘʜʫʩ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʢʘʢ ʤʠʢʨʦʩʢʦʧʘ ʮʝʣʠʢʦʤ, ʪʘʢ ʠ ʝʛʦ 

ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʜʦ 100 ʥʤ. ʕʪʦ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʚʳʩʦʢʦʤ 

ʫʚʝʣʠʯʝʥʠʠ, ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʘʪʦʤʘʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʠʢʨʦʩʢʦʧʘ ʚʦ ʚʨʝʤʝʥʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʧʦʨʷʜʢʘ 5-10 ʤʠʥʫʪ) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʜʨʝʡʬʫʝʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠʟ-ʧʦʜ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʦʥʜʘ, ʬʦʨʤʠʨʫʷ 

ʭʘʨʘʢʪʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, çʩʤʘʟʘʥʥʦʝè ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʨʝʡʬʘ. ʉʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ, ʧʨʠ ʥʝ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʘ, ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʝʛʦ. ʆʥʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʨʝʣʴʝʬ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʦʪ ʩʪʨʦʯʢʠ ʢ 

ʩʪʨʦʯʢʝ ʜʦʣʞʝʥ ʤʝʥʷʪʴʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʨʝʡʬʘ. 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʩʪʨʦʯʝʢ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʫ ʪʝʨʤʦʜʨʝʡʬʘ ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ, ʣʠʙʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʙʨʘʟʦʤ ʠʩʢʘʟʠʪʴ ʬʦʨʤʫ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʤʫ ʚʠʜʫ ʫʞʝ ʧʦʩʣʝ ʝʛʦ ʧʦʣʫʯʝʥʠʷ [102]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 
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ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʛʜʝ ʦʙʨʘʟʝʮ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 1000ʦʉ 

ʘʥʘʣʠʟ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʧʨʦʛʨʝʚʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʤʠʢʨʦʩʢʦʧʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʰʠʨʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʦʥʜʘ ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ 

ʧʣʘʥ ʠ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ. ʀʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʣʠʥʝʡʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʚ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʙʨʘʟʮʘ ʩ ʫʯʘʩʪʢʦʤ 

ʩʪʦʣʠʢʘ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʥʘ ʢʦʪʦʨʳʡ ʦʥ ʢʨʝʧʠʪʩʷ, ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʦʣʠʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʠʯʠʷ ʥʝʥʫʣʝʚʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʘʷ ʪʦʯʢʘ ʥʘ ʦʙʨʘʟʮʝ, ʥʝ ʠʟʤʝʥʷʶʱʘʷ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʦʣʠʢʘ. ʆʙʳʯʥʦ ʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʵʪʦʡ ʪʦʯʢʠ ʧʨʝʜʫʛʘʜʘʪʴ ʥʝʚʦʟʤʦʞʥʦ, ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʦʥʘ 

ʤʝʥʷʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʩʦ ʚʨʝʤʝʥʝʤ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʵʪʘ ʪʦʯʢʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʩʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʢ ʝʛʦ ʦʭʣʘʞʜʝʥʠʶ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ ʠ ʝʛʦ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʠʩʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʦʥʜ ʤʠʢʨʦʩʢʦʧʘ 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘʜ ʦʙʣʘʩʪʴʶ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʕʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʘʙʣʶʜʝʥʠʶ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʥʘ 

ʦʙʨʘʟʮʝ ʤʝʞʜʫ ʩʪʘʜʠʷʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʠ ɻʌʍʆ 

ʩʠʥʪʝʟ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

2.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ ɻʌʍʆ ʩ 

ʧʦʤʦʱʴʶ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ  

2.2.1. ʂʦʤʧʝʥʩʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʘ 

ɺ ʮʝʣʷʭ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 1000ʦʉ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʦʙʨʘʪʠʤʦʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʧʨʠ ʝʛʦ 

ʦʭʣʘʞʜʝʥʠʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʢʣʶʯʝʚʳʤʠ ʤʦʤʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 

1. ʃʦʢʘʣʴʥʳʡ ʥʘʛʨʝʚ ʦʙʨʘʟʮʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʜʝʨʞʘʪʝʣʝ ʤʠʢʨʦʩʢʦʧʘ, ʙʝʟ 

ʧʨʦʛʨʝʚʘ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ 

2. ʄʠʥʠʤʠʟʘʮʠʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʦʪ ʥʘʛʨʝʪʦʛʦ ʦʙʨʘʟʮʘ ʜʦ ʪʝʣʘ ʤʠʢʨʦʩʢʦʧʘ ʩ ʮʝʣʴʶ 

ʤʠʥʠʤʠʟʘʮʠʠ ʥʘʛʨʝʚʘ ʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʩʪʦʣʠʢʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ï ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ, ʢʘʢ 

ʚʝʱʝʩʪʚʘ ʩ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʠʟʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

4. ʋʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʝʣʘ ʤʠʢʨʦʩʢʦʧʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʥʘʛʨʝʚʘ. 
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5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ ʢʨʝʧʣʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ ʛʠʙʢʠʭ ʦʧʦʨʘʭ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʪʠʤʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ ʦʙʨʘʟʮʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʛʦ ʨʘʩʰʠʨʝʥʠʝʤ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʩʪʘʙʠʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ 

ʉʄʄ-2000 ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çɿʘʚʦʜ ʇʈʆʊʆʅè. ɽʛʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʙʳʣʘ ʩʦʛʣʘʩʦʚʘʥʘ ʩ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. ɺ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʪʝʣʦ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʠʟ 

ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɼ16, ʦʜʥʘʢʦ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ ʤʘʨʢʠ 08ʍ18ʅ10 (304 ʚ ʟʘʨʫʙʝʞʥʳʭ 

ʤʘʨʢʠʨʦʚʢʘʭ) ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ, ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʚʝʱʝʩʪʚʘ (3,76 

ʧʨʦʪʠʚ 2,4 ɼʞĀʦʉ-1Āʩʤ-3), ʠ ʤʝʥʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʣʠʥʝʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

(17Ā10-6 ʧʨʦʪʠʚ 23Ā10-6 ʦʉ-1), ʧʦʵʪʦʤʫ ʥʘ ɸʆ çɿʘʚʦʜ ʇʈʆʊʆʅè ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʪʝʣʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 08ʍ18ʅ10. 

ʉʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʩʪʦʣʠʢʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 13(ʘ). 

 

ʈʠʩʫʥʦʢ 13. (ʘ) ï ʩʭʝʤʘ ʩʪʦʣʠʢʘ ʜʣʷ ʦʙʨʘʟʮʦʚ, (ʙ) ï ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʛʣʫʙʣʝʥʠʡ 

ʚ ʢʨʝʤʥʠʝʚʦʤ ʥʘʛʨʝʚʘʪʝʣʝ 

 

ʆʩʥʦʚʘʥʠʝ ʩʪʦʣʠʢʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʢ ʪʝʣʫ 

ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʟ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ, ʫ ʢʦʪʦʨʦʛʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʨʘʚʥʳ 0,55Ā10-6 

ʦʉ-1 ʠ 1.4 ɺʪĀʤ-1Āʦʉ-1 ʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʥʠʟʢʠʭ ʩʨʝʜʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂ ʦʩʥʦʚʘʥʠʶ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʩʪʦʡʢʦʡ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʩ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤʠ ʧʨʠʤʝʩʷʤʠ TorrSeal ʧʨʠʢʨʝʧʣʝʥʳ ʪʨʠ ʟʘʦʩʪʨʝʥʥʳʝ ʠʛʣʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ. ʅʘ ʵʪʠʭ ʪʨʝʭ ʠʛʣʘʭ ʨʘʩʧʦʣʦʞʝʥ ʢʨʝʤʥʠʝʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʢʨʝʤʥʠʝʚʦʡ 

ʧʣʘʩʪʠʥʳ ʤʘʨʢʠ ʕʂʕʉ-0,015 ʨʘʟʤʝʨʘʤʠ 20ʭ7 ʤʤ2 ʠ ʪʦʣʱʠʥʦʡ 600 ʤʢʤ. ʉ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ 

ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʨʝʟʘʢʘ (ʫʩʪʘʥʦʚʢʘ Signatone CM-250) 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʪʨʠ ʫʛʣʫʙʣʝʥʠʷ ʜʠʘʤʝʪʨʦʤ 50 ʤʢʤ ʠ ʛʣʫʙʠʥʦʡ 100 ʤʢʤ (ʨʠʩʫʥʦʢ 13(ʙ)). 

ʂʨʝʤʥʠʝʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴ ʦʧʠʨʘʣʩʷ ʥʘ ʪʨʠ ʩʪʘʣʴʥʳʭ ʠʛʣʳ ʪʘʢ, ʯʪʦʙ rʠʭ ʦʩʪʨʠʷ ʧʦʧʘʜʘʣʠ ʚ 
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ʚʳʨʝʟʘʥʥʳʝ ʦʪʚʝʨʩʪʠʷ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠ ʥʘʛʨʝʚʝ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 1000ʦʉ ʠ ʩʚʷʟʘʥʥʳʤ ʩ ʵʪʠʤ ʨʘʩʰʠʨʝʥʠʝʤ, ʦʩʪʨʠʷ ʠʛʣ ʦʩʪʘʚʘʣʠʩʴ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʦ ʮʝʥʪʨʫ ʫʛʣʫʙʣʝʥʠʡ. ʉʘʤʠ ʠʛʣʳ ʧʨʠ ʵʪʦʤ ʫʧʨʫʛʠʤ ʠ ʦʙʨʘʪʠʤʳʤ ʦʙʨʘʟʦʤ 

ʜʝʬʦʨʤʠʨʦʚʘʣʠʩʴ. ɺ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʘ ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ, 

ʢʦʪʦʨʘʷ ʥʝ ʠʟʤʝʥʷʝʪ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʟʦʥʜʘ 

ʤʠʢʨʦʩʢʦʧʘ ʥʘʜ ʵʪʦʡ ʪʦʯʢʦʡ ʵʬʬʝʢʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʘ ʙʫʜʫʪ ʩʚʝʜʝʥʳ ʢ ʚʦʟʤʦʞʥʦʤʫ 

ʤʠʥʠʤʫʤʫ ʠ ʩʪʘʥʫʪ ʧʨʠʤʝʥʠʤʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʝʪʦʜʳ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʨʤʦʜʨʝʡʬʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʣʴʥʳʭ ʠʛʣ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʘʢʪʘ ʩ ʥʘʛʨʝʚʘʪʝʣʝʤ ʤʘʣʦʡ ʧʣʦʱʘʜʠ (ʦʢʦʣʦ 2000 ʤʢʤ2 ʜʣʷ ʦʜʥʦʡ ʠʛʣʳ) ʠʟ-

ʟʘ ʥʝʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʠʛʣ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ 0,8 ʤʤ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʠʭ ʜʣʠʥʳ, ʦʢʦʣʦ 

8 ʤʤ. ʂʨʝʤʥʠʝʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʠʛʣʘʤ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʵʣʝʢʪʨʦʜʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 0,6 ʤʤ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʦʜʚʦʜʷʪ ʢ 

ʥʘʛʨʝʚʘʪʝʣʶ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʛʦ ʥʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 1200ʦʉ ʟʘ ʩʯʝʪ 

ʦʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ. ʉʪʦʣʠʢ ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʧʴʝʟʦ-ʠʥʝʨʮʠʘʣʴʥʦʤ 

ʤʝʭʘʥʠʟʤʝ ʧʦʜʚʦʜʘ ʤʠʢʨʦʩʢʦʧʘ ʉʄʄ-2000.  

2.2.2. ɺʠʙʨʦʨʘʟʚʷʟʢʘ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉɿʄ ʛʦʣʦʚʢʠ ʚʥʫʪʨʠ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʠʙʨʘʮʠʡ 

ʷʚʣʷʝʪʩʷ ʬʦʨʚʘʢʫʫʤʥʳʡ ʧʣʘʩʪʠʥʯʘʪʦ-ʨʦʪʦʨʥʳʡ ʥʘʩʦʩ. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʥʘʩʦʩʘ ʩʦʩʪʘʚʣʷʝʪ 

2800 ʦʙ/ʤʠʥ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʠʙʨʘʮʠʷʤ ʥʘ ʯʘʩʪʦʪʝ ʧʨʠʤʝʨʥʦ 50 ɻʮ. ʉʢʘʥʝʨ ʤʠʢʨʦʩʢʦʧʘ 

ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʪʨʫʙʢʠ ʜʣʠʥʦʡ L = 15 ʤʤ, ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ D = 9 ʤʤ, ʚʥʫʪʨʝʥʥʠʤ 

ʜʠʘʤʝʪʨʦʤ d = 8 ʤʤ, ʤʘʪʝʨʠʘʣ ʪʨʫʙʢʠ - ʧʴʝʟʦʢʝʨʘʤʠʢʘ PZT-8 ʩ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ E = 6,3Ā1010 

ʇʘ, ʠ ʤʘʩʩʦʡ ʪʨʫʙʢʠ ʚʤʝʩʪʝ ʩ ʬʣʘʥʮʝʤ m = 2 ʛ. ʈʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʪʘʢʦʛʦ ʩʢʘʥʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 9ʢɻʮ. ʈʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʠʛʦʣʴʯʘʪʦʛʦ ʪʨʝʭʪʦʯʝʯʥʦʛʦ ʜʝʨʞʘʪʝʣʷ ʦʙʨʘʟʮʦʚ ʚʤʝʩʪʝ ʩ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʦʡ ʧʨʠ ʝʝ ʤʘʩʩʝ 0,2 ʛ, ʜʣʠʥʝ ʠʛʣ 8 ʤʤ, ʜʠʘʤʝʪʨʝ 0,8 ʤʤ ʠ ʤʦʜʫʣʝ 

ʫʧʨʫʛʦʩʪʠ 2,2Ā1011 ʇʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20 ʢɻʮ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ 

ʯʘʩʪʦʪʳ ʩʢʘʥʝʨʘ ʣʝʞʘʪ ʜʦʚʦʣʴʥʦ ʜʘʣʝʢʦ ʦʪ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʙʦʪʦʡ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ, ʙʳʣʠ ʩʜʝʣʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʫʞʠʥʥʳʝ ʦʧʦʨʳ 

ʜʣʷ ʣʫʯʰʝʡ ʬʠʣʴʪʨʘʮʠʠ ʯʘʩʪʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʏʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʩʦʩʪʘʚʠʣʘ 2 ɻʮ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ 

50ɻʮ ʠ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ, ʣʝʞʘʱʠʭ ʚʙʣʠʟʠ ʦʩʥʦʚʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʧʦʜʩʠʩʪʝʤ ʉɿʄ 

ʛʦʣʦʚʢʠ.  

 

2.2.3. ʀʩʧʳʪʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʝ ʜʦ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʷʜʢʘ 1000ʦʉ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʙʳʣʘ ʩʦʙʨʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʢʘʤʝʨʘ, 

ʩʪʘʚʰʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ɻʌʍʆ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʛʨʘʬʝʥʦʚʳʭ ʠ ɼʇʄ 

ʧʣʝʥʦʢ. ʉʭʝʤʘ ʢʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 14. 

 

ʈʠʩʫʥʦʢ 14. ʉʭʝʤʘ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ɻʌʍʆ ʩʠʥʪʝʟʘ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʥʫʪʨʠ ʉɿʄ. (1) 

ï ʚʘʢʫʫʤʥʘʷ ʢʘʤʝʨʳ, (2) ï ʧʨʦʩʤʦʪʨʦʚʦʝ ʦʢʥʦ, (3) ï ʠʛʦʣʴʯʘʪʳʡ ʚʘʢʫʫʤʥʳʡ ʥʘʪʝʢʘʪʝʣʴ, (4) 

ï ʚʘʢʫʫʤʤʝʪʨ, (5) ï ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ, (6) ï ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʛʦʣʦʚʢʘ ʉɿʄ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ 

ʥʝʡ ʦʙʨʘʟʮʝ, (7) ï ʩʠʩʪʝʤʘ ʧʦʜʘʯʠ ʛʘʟʦʚ. ʀʟʦʙʨʘʞʝʥʠʝ ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ [A3] . 

 

ʈʝʘʢʮʠʦʥʥʘʷ ʢʘʤʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʥʦʡ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʦʙʲʝʤʦʤ 5 ʣ, ʧʨʦʩʤʦʪʨʦʚʦʛʦ ʦʢʥʘ, 

ʩʠʩʪʝʤʳ ʚʘʢʫʫʤʥʦʡ ʦʪʢʘʯʢʠ, ʥʘʧʫʩʢʘ ʛʘʟʦʚ, ʚʘʢʫʫʤʤʝʪʨʘ, ʪʦʢʦʚʚʦʜʦʚ, ʠ ʛʦʣʦʚʢʠ ʉɿʄ, ʥʘ 

ʜʝʨʞʘʪʝʣʝ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʘʤ ʦʙʨʘʟʝʮ. ɺ ʨʘʤʢʘʭ ʪʝʩʪʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʨʘʟʮʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʘʤ ʢʨʝʤʥʠʝʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴ, ʫ ʢʦʪʦʨʦʛʦ ʩʪʦʨʦʥʘ, ʦʙʨʘʱʝʥʥʘʷ ʢ 

ʟʦʥʜʫ ʤʠʢʨʦʩʢʦʧʫ, ʙʳʣʘ ʦʪʧʦʣʠʨʦʚʘʥʘ. ʅʘ ʢʨʝʤʥʠʝʚʫʶ ʧʣʘʩʪʠʥʫ (ʥʘʛʨʝʚʘʪʝʣʴ) ʥʘʥʦʩʠʣʘʩʴ 

ʢʘʧʝʣʴʢʘ ʩʫʩʧʝʥʟʠʠ ʥʘʥʦʘʣʤʘʟʦʚ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 100 ʥʤ. ɼʘʣʝʝ ʢʘʧʣʷ 

ʚʳʩʳʭʘʣʘ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʝ ʧʣʘʩʪʠʥʳ ʜʦ 60Üʉ ʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 

ʩʢʦʧʣʝʥʠʷ (ʘʛʨʝʛʘʪʳ) ʥʘʥʦʘʣʤʘʟʦʚ ʠ ʦʜʠʥʦʯʥʳʝ ʥʘʥʦʘʣʤʘʟʥrʝ ʯʘʩʪʠʮʳ. ʄʠʢʨʦʩʢʦʧ ʙʳʣ 

ʧʝʨʝʚʝʜʝʥ ʚ ʨʝʞʠʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʠ ʩ ʧʦʤʦʱʴʶ ʥʝʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʘʨʪʳ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʦʪʞʠʛʘ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʩʷ ʦʪʞʠʛ ʚ ʚʘʢʫʫʤʝ 10-2 ʤʙʘʨ ʧʫʪʝʤ 

ʧʨʦʧʫʩʢʘʥʠʷ ʯʝʨʝʟ ʢʨʝʤʥʠʝʚʫʶ ʧʣʘʩʪʠʥʫ ʪʦʢʘ 2,3 ɸ, ʧʨʠ ʵʪʦʤ ʦʥʘ ʥʘʛʨʝʚʘʣʘʩʴ ʜʦ ʧʨʠʤʝʨʥʦ 

1000Üʉ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʡ ʤʠʥʫʪʳ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʘʩʴ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʙʳʣʠ ʩʥʷʪʳ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʤʝʩʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ ʠ ʙʝʟ 

ʚʳʥʦʩʘ ʦʙʨʘʟʮʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʠʪʦʛʦʚʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 15. ʀʟ ʧʦʣʫʯʝʥʥʦʡ 

ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ 

ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʚʦʟʚʨʘʪ ʚ ʠʟʥʘʯʘʣʴʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩ 
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ʪʦʯʥʦʩʪʴʶ ʧʨʠʤʝʨʥʦ 50 ʥʤ. ɺʦ-ʚʪʦʨʳʭ, ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʪʞʠʛʝ ʠʜʝʪ ʯʘʩʪʠʯʥʦʝ ʩʛʦʨʘʥʠʝ 

ʥʘʥʦʘʣʤʘʟʦʚ (ʫʤʝʥʴʰʝʥʠʝ ʚ ʨʘʟʤʝʨʘʭ) ʠ ʠʭ ʬʨʘʛʤʝʥʪʘʮʠʷ ʚ ʦʩʪʨʦʚʢʘʭ. 

 

ʈʠʩʫʥʦʢ 15. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʝʩʪʦʚʳʭ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʨʦʮʝʩʩ 

ʦʪʞʠʛʘ ʥʘʥʦʘʣʤʘʟʦʚ. (ʘ) ï ʜʦ ʦʪʞʠʛʘ, (ʙ) ï ʧʦʩʣʝ ʦʜʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʪʞʠʛʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 

10-2 ʤʙʘʨ, ʪʝʤʧʝʨʘʪʫʨʳ 1000ʦʉ, ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ 2 ʤʠʥ, (ʚ) ï ʧʦʩʣʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʦʮʝʜʫʨ ʦʪʞʠʛʘ.  

ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʢʨʝʤʥʠʝʚʳʡ ʥʘʛʨʝʚʘʪʝʣʴ ʩ ʧʦʤʦʱʴʶ 

ʜʚʫʭ ʤʦʣʠʙʜʝʥʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʧʣʘʩʪʠʥʦʡ ʥʝʙʦʣʴʰʦʡ 

ʦʙʣʘʩʪʴʶ, ʦʙʨʘʟʝʮ ʥʘʛʨʝʚʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʩʷ 

ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʮʚʝʪʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʚʝʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ 

ʬʦʪʦʘʧʧʘʨʘʪ Canon 600D ʩ ʦʙʲʝʢʪʠʚʦʤ Helios 44M ʠ ʥʘʙʦʨʦʤ ʤʘʢʨʦ-ʢʦʣʝʮ ʩʥʠʤʘʣʦʩʴ ʯʝʨʝʟ 

ʧʨʦʩʤʦʪʨʦʚʦʝ ʦʢʥʦ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʮʚʝʪʥʦʝ RGB ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʛʨʝʪʦʡ ʢʨʝʤʥʠʝʚʦʡ 

ʧʣʘʩʪʠʥʳ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ 

ʚ G (ʟʝʣʝʥʦʤ) ʢʘʥʘʣʝ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ R (ʢʨʘʩʥʦʤ ʢʘʥʘʣʝ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʢʘʣʠʙʨʦʚʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʮʚʝʪʘ ʩʚʝʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ ʥʘ 

ʬʦʪʦʛʨʘʬʠʷʭ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʘʣʦʥʥʦʛʦ ʧʠʨʦʤʝʪʨʘ Cyclops 100. ɼʘʣʝʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʪʨʦʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʘʨʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ʀʣʣʶʩʪʨʘʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʦʪʦʠʟʦʙʨʘʞʝʥʠʷ ʚ ʢʘʨʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 16. ʇʦʣʫʯʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʦʙʨʘʟʮʝ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ð ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ.  



53 

 

 

ʈʠʩʫʥʦʢ 16. ʇʨʠʤʝʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ (ʩʚʝʨʭʫ) ʚ 

ʢʘʨʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʩʥʠʟʫ). 

 

ɼʘʣʴʥʝʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚʥʝʜʨʝʥʥʦʛʦ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ ʉɿʄ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʜʣʦʞʝʢ. ʊʘʢ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʟʘ 

ʛʨʘʬʝʥʦʚʳʭ ʧʣʝʥʦʢ ʦʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʥʠʢʝʣʝʚʦʡ ʬʦʣʴʛʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʦʨʬʦʣʦʛʠʶ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʥʘ ʥʝʡ ʧʣʝʥʢʠ. ʇʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʧʦʜʣʦʞʝʢ ʥʘ ʢʨʝʤʥʠʝʚʦʤ ʥʘʛʨʝʚʘʪʝʣʝ 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʩʪʚʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʝʧʦʜʚʠʞʥʦʡ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʝʤʥʠʝʚʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʦʙʨʘʟʝʮ ʚ ʚʠʜʝ U-ʦʙʨʘʟʥʦʡ ʢʣʠʧʩʳ ʠʟ ʥʠʢʝʣʝʚʦʡ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ 50 ʤʢʤ 

ʟʘʢʨʝʧʣʷʣʩʷ ʥʘ ʢʨʝʤʥʠʝʚʦʤ ʜʝʨʞʘʪʝʣʝ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʥʠʢʝʣʝʚʦʡ ʢʣʠʧʩʳ, ʦʙʨʘʱʝʥʥʘʷ ʢ 

ʟʦʥʜʫ ʤʠʢʨʦʩʢʦʧʘ ʠʤʝʣʘ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʨʘʟʤʝʨʦʤ 3ʭ2 ʤʤ, ʟʘʜʥʷʷ ʯʘʩʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ 

ʜʚʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʦʙʣʘʩʪʠ (1ʭ2 ʤʤ) ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʞʠʤ ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʣʴʥʳʭ ʠʛʣ ʩ 

ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ. ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʪʠʤʦʩʪʠ ʩʤʝʱʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʫʛʣʳ ʬʦʣʴʛʠ ʙʳʣʠ ʥʝʤʥʦʛʦ ʟʘʛʥʫʪʳ ʚ 

ʩʪʦʨʦʥʫ ʥʘʛʨʝʚʘʪʝʣʷ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ ʫʛʣʫʙʣʝʥʠʡ, ʩʧʝʮʠʘʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ 

ʧʣʘʩʪʠʥʝ (ʘʥʘʣʦʛʠʯʥʦ ʩʪʘʣʴʥʳʤ ʠʛʣʘʤ). ʄʠʢʨʦʩʢʦʧ ʙʳʣ ʧʝʨʝʚʝʜʝʥ ʚ ʨʝʞʠʤ ʉʊʄ ʠ, 

ʘʥʘʣʦʛʠʯʥʦ ʠʟʤʝʨʝʥʠʷʤ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʨʦʩʩʳʧʠ ʥʘʥʦʘʣʤʘʟʦʚ, ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ 
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ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʢʝʣʝʚʦʡ ʬʦʣʴʛʠ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ (ʪʝʤʧʝʨʘʪʫʨʘ 750ʦʉ, ʚʨʝʤʷ 30 ʩ) ʚ ʚʘʢʫʫʤʝ (ʜʘʚʣʝʥʠʝ 10-2 

ʤʙʘʨ). ʉʝʨʠʷ ʉʊʄ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʩʝʨʠʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 17. 

 

ʈʠʩʫʥʦʢ 17. ʉʊʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʢʝʣʝʚʦʡ ʬʦʣʴʛʠ ʜʦ (ʘ) ʠ ʧʦʩʣʝ (ʙ) ʧʨʦʚʝʜʝʥʠʷ 

ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750ʦʉ ʚ ʪʝʯʝʥʠʝ 30 ʩ ʧʨʠ ʜʘʚʣʝʥʠʠ 10-2 ʤʙʘʨ ʙʝʟ ʚʳʥʦʩʘ ʦʙʨʘʟʮʘ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ 

ʥʘ ʦʙʨʘʟʮʝ ʨʘʟʤʝʨʦʤ 2ʭ2 ʤʢʤ ʩʦ ʩʜʚʠʛʦʤ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 50 ʥʤ ʚ 

ʣʘʪʝʨʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʦʢʦʣʦ 750ʦʉ. ʊʘʢʞʝ ʥʘ ʵʪʠʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʠʜʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʦʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʞʠʛʘ ʥʝ ʫʩʧʝʚʘʝʪ ʟʘʤʝʪʥʦ 

ʧʝʨʝʩʪʨʦʠʪʴʩʷ ʠʟ-ʟʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʝʨʝʥ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʦʩʪʘ ʛʨʘʬʝʥʦʚʳʭ ʧʣʝʥʦʢ.  

2.3. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤʠ 

ʧʦʣʫʯʝʥʠʶ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʥʘʥʦʤʝʪʨʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ɻʌʍʆ, ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʳ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚʦ ʚʨʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʧʦ ʦʩʥʦʚʥʳʤ ʫʟʣʘʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʤʠʢʨʦʩʢʦʧʘ, ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʝʧʝʨʥʦʡ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʰʠʨʝʥʠʷ ʠ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʚʠʙʨʘʮʠʡ, ʛʣʘʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʚʘʢʫʫʤʥʦʡ ʦʪʢʘʯʢʠ 

ʇʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʧʨʦʙʣʝʤ:  

1. ʃʦʢʘʣʴʥʳʡ ʥʘʛʨʝʚ ʧʦʜʣʦʞʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʜʝʨʞʘʪʝʣʝ ʤʠʢʨʦʩʢʦʧʘ 
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2. ʄʠʥʠʤʠʟʘʮʠʷ ʧʦʪʦʢʘ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʦʪ ʥʘʛʨʝʪʦʛʦ ʦʙʨʘʟʮʘ ʜʦ ʪʝʣʘ ʤʠʢʨʦʩʢʦʧʘ ʩ ʮʝʣʴʶ 

ʤʠʥʠʤʠʟʘʮʠʠ ʝʛʦ ʥʘʛʨʝʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʩʪʦʣʠʢʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ï ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ, ʢʘʢ 

ʚʝʱʝʩʪʚʘ ʩ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʠʟʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

4. ʋʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʝʣʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʤʠʢʨʦʩʢʦʧʘ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʝʛʦ ʥʘʛʨʝʚʘ. 

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ ʢʨʝʧʣʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ ʛʠʙʢʠʭ ʦʧʦʨʘʭ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʪʠʤʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ ʦʙʨʘʟʮʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʛʦ ʨʘʩʰʠʨʝʥʠʝʤ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʩʪʘʙʠʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝʧʦʜʚʠʞʥʦʡ ʨʝʧʝʨʥʦʡ ʪʦʯʢʠ ʚ 

ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʫʞʠʥʥʳʭ ʦʧʦʨ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʡ 

ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʉɿʄ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʫʯʘʩʪʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʝʟ ʚʳʥʦʩʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ 

ʤʝʞʜʫ ʵʪʘʧʘʤʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 1000ʦʉ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ɻʌʍʆ ʦʩʘʞʜʝʥʠʷ ʛʨʘʬʝʥʦʚʳʭ ʠ ɼʇʄ ʧʦʢʨʳʪʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʵʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

[A1] ʠ [A2]. 
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ɻʣʘʚʘ 3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʣʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʥʠʢʝʣʝ ʤʝʪʦʜʦʤ ɻʌʍʆ  

 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʘʣʦʩʣʦʡʥʳʭ ʛʨʘʬʝʥʦʚʳʭ ʧʦʢʨʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʣʠʷʥʠʝʤ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʠʢʠ ʉɿʄ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ.  

3.1. ɻʌʍʆ ʩʠʥʪʝʟ ʛʨʘʬʝʥʦʚʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʨʦʣʠʟʘ ʤʝʪʘʥʘ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʝʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʥʠʢʝʣʝʚʘʷ ʬʦʣʴʛʘ ʪʦʣʱʠʥʦʡ 50 ʤʠʢʨʦʤʝʪʨʦʚ, 

ʬʠʢʩʠʨʫʝʤʘʷ ʥʘ ʢʨʝʤʥʠʝʚʦʤ ʥʘʛʨʝʚʘʪʝʣʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ɻʣʘʚʝ 2. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ 300ÁC ʚ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʩ ʜʘʚʣʝʥʠʝʤ 10 į ʤʙʘʨ ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ. ʉʊʄ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʣʦʞʢʠ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʣʠʨʦʚʢʘ ʠ ʦʪʞʠʛ ʦʙʝʩʧʝʯʠʚʘʶʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚ ʦʙʣʘʩʪʠ 

250Ĭ250 ʥʤ ʥʝ ʙʦʣʝʝ 10 ʥʤ, ʨʘʟʤʝʨ ʟʝʨʝʥ ʚ ʜʠʘʧʘʟʦʥʝ 30ï50 ʥʤ. ʅʘ ʉʊʄ ʠʟʦʙʨʘʞʝʥʠʷʭ ʪʘʢʞʝ 

ʚʠʜʥʳ ʧʨʦʜʦʣʴʥʳʝ ʜʝʬʝʢʪʳ ʛʣʫʙʠʥʦʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 50 ʥʤ, ʦʩʪʘʚʰʠʝʩʷ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. ɼʘʥʥʳʝ ʮʘʨʘʧʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʉʊʄ-ʜʘʥʥʳʭ ʜʦ ʠ ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʮʝʜʫʨʳ ʩʠʥʪʝʟʘ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʉʊʄ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʨʘʟʝʮ ʧʝʨʝʤʝʱʘʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1 ʩʤ ʦʪ ʟʦʥʜʘ ʤʠʢʨʦʩʢʦʧʘ ʩ ʧʦʤʦʱʴʶ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʚʩʪʨʦʝʥʥʳʭ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʛʦʣʦʚʢʫ ʉʊʄ. ʉʠʥʪʝʟ 

ʛʨʘʬʝʥʘ ʤʝʪʦʜʦʤ ɻʌʍʆ ʚʳʧʦʣʥʷʣʩʷ ʚ ʩʨʝʜʝ ʤʝʪʘʥʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʤʙʘʨ. ɺ ʜʚʫʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʝʨʠʷʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 750ÁC ʚ ʪʝʯʝʥʠʝ 

20 ʠ 10 ʩʝʢʫʥʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʭʣʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʢʦʨʦʩʪʴʶ (~80ÁC/ʩ) 

ʟʘ ʩʯʝʪ ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ. ɺʦʟʚʨʘʪ ʦʙʨʘʟʮʘ ʚ ʟʦʥʫ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʟʘʥʠʤʘʣ ʦʢʦʣʦ 10 ʤʠʥʫʪ, ʟʘ ʢʦʪʦʨʳʝ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʣʘ ʢʦʤʥʘʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʟʦʥʜ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʣʩʷ ʚ ʠʩʭʦʜʥʫʶ ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʩʣʝʜʫʶʱʘʷ ʉʊʄ-ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʧʦʟʚʦʣʠʣʘ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʥʳʭ 

ʩʪʨʫʢʪʫʨ. 

ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʈʕʄ ʠ 

ʤʠʢʨʦʩʧʝʢʪʨʦʤʝʪʨ ʂʈʉ (ʤʦʜʝʣʠ ʧʨʠʙʦʨʦʚ ʦʧʠʩʘʥʳ ʚ ʢʦʥʮʝ ɻʣʘʚʳ 1). ʇʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ ʥʘ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʝ. 

ʊʠʧʠʯʥʳʝ ʉʊʄ ʢʘʜʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʜʦ ʠ ʧʦʩʣʝ ɻʌʍʆ ʩʠʥʪʝʟʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʦʢ 

18. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ, ʚʳʷʚʣʝʥʥʦʡ ʚ ʉʊʄ ʠʟʦʙʨʘʞʝʥʠʷʭ, 
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ʷʚʣʷʝʪʩʷ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʤʝʨʦʤ 

ʦʢʦʣʦ 150 ʥʤ ʚ ʜʠʘʤʝʪʨʝ ʠ 60 ʥʤ ʚ ʚʳʩʦʪʫ. 

 

ʈʠʩʫʥʦʢ 18. ʊʨʝʭʤʝʨʥʳʝ ʉʊʄ ʢʘʜʨʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʢʝʣʷ ʜʦ 

(ʩʥʠʟʫ, ʚʳʜʝʣʝʥʦ ʩʠʥʠʤ ʮʚʝʪʦʤ) ʠ ʧʦʩʣʝ (ʩʚʝʨʭʫ, ʚʳʜʝʣʝʥʦ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ) ɻʌʍʆ ʩʠʥʪʝʟʘ. 

ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʚʠʜʥʳ ʮʘʨʘʧʠʥʳ ʛʣʫʙʠʥʦʡ 50 ʥʤ ʠ ʛʨʘʬʝʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʨʝʜʥʝʡ 

ʚʳʩʦʪʦʡ 60 ʥʤ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [ɸ2]. 

 

ʇʨʦʚʝʜʝʥʥʦʝ ʂʈʉ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʥʦʛʦʩʣʦʡʥʳʡ ʛʨʘʬʝʥ. ɺ ʩʧʝʢʪʨʝ ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʬʠʪ, ʛʨʘʬʝʥ 

[103], ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ [104], ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʧʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 1580 

ʩʤ 1(G ʣʠʥʠʷ) ʠ 1350 ʩʤ-1 (D ʣʠʥʠʷ). G ʣʠʥʠʷ ʚ ʂʈʉ ʩʧʝʢʪʨʝ ʩʚʷʟʘʥʘ ʩ ʧʨʦʜʦʣʴʥʦʡ ʤʦʜʦʡ 

ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚʜʦʣʴ ʛʨʘʬʝʥʦʚʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʩʣʦʷ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

[105]. D (ʦʪ ʘʥʛʣ. ñDefectò) ʣʠʥʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʦʚ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ 

sp2 ʘʪʦʤʦʚ, ʚʢʣʶʯʘʷ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʝ ʛʨʘʥʠʮʳ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʂʈʉ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʨʘʟʮʦʚ, 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 19(ʘ). ʉʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ G ʠ 2D ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʠʜʝʘʣʴʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ (ʙʝʟʜʝʬʝʢʪʥʳʭ) ʜʦʤʝʥʦʚ 

ʛʨʘʬʝʥʦʚʳʭ ʧʣʝʥʦʢ, ʢʘʢ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ [106]. ʉʣʝʜʫʷ ʵʪʦʤʫ ʧʦʜʭʦʜʫ, ʨʘʟʤʝʨ 

ʙʝʟʜʝʬʝʢʪʥʳʭ ʜʦʤʝʥʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʨʘʬʝʥʘ ʙʳʣ ʦʮʝʥʝʥ ʧʨʠʤʝʨʥʦ ʚ 9 ʥʤ ʠ 1,3 ʥʤ 

(ʜʣʷ ʩʧʝʢʪʨʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʢʘʢ çʙè ʠ çʚè, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʂʈʉ ʩʧʝʢʪʨʦʚ ʛʨʘʬʝʥʘ (ʦʜʥʦ- ʠ ʤʥʦʛʦ-ʩʣʦʡʥʦʛʦ) ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʡ ʠ 

ʠʥʪʝʥʩʠʚʥʦʡ ʣʠʥʠʠ 2D 2700 ʩʤ-1 [107], ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ D ʣʠʥʠʠ. ʐʠʨʠʥʘ 

ʵʪʦʡ ʣʠʥʠʠ ʚ ʂʈʉ ʩʧʝʢʪʨʘʭ, ʠʟʤʝʨʝʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 90 ʩʤ ĭ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦʣʱʠʥʫ ʦʩʘʞʜʝʥʥʦʡ ʧʣʝʥʢʠ ʦʢʦʣʦ 5-7 ʩʣʦʝʚ.  
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʈʕʄ (ʈʠʩ 19(ʙ,ʚ)) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʳʝ ʧʣʝʥʢʠ. ʊʘʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʥʘʥʦʤʝʪʨʦʚʦʡ 

ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ ʠ ʩ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʣʝʛʢʦ ʦʪʜʝʣʷʪʴʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʦʪ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ, ʯʪʦ ʙʫʜʝʪ ʧʦʜʨʦʙʥʝʝ ʦʧʠʩʘʥʦ ʜʘʣʝʝ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʡ ʢʦʥʪʨʘʩʪ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʠ ʧʨʠ ʈʕʄ ʥʘʙʣʶʜʝʥʠʷʭ ʜʦʩʪʠʛʘʣʩʷ ʦʢʘʟʘʣʠʩʴ ʧʨʠ 

ʤʘʣʦʤ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʫʯʢʝ (0.5ʢɺ), ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ [108]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʛʨʘʬʝʥʝ ʩʠʣʴʥʦ ʨʘʩʪʝʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʠʭ ʵʥʝʨʛʠʠ, ʘ ʠʭ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʚ ʤʘʪʝʨʠʘʣ ʧʘʜʘʝʪ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʳʭ ʫʩʢʦʨʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʪʦʥʢʦʛʦ ʩʣʦʷ (ʪʦʣʱʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʤʝʪʨʦʚ), ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ (10-20ʢɺ) - ʪʦʣʴʢʦ ʤʦʨʬʦʣʦʛʠʶ ʩʘʤʦʛʦ ʥʠʢʝʣʷ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʣʳʭ ʫʩʢʦʨʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʈʕʄ. 

 

ʈʠʩʫʥʦʢ 19. (ʘ) ʂʈʉ ʩʧʝʢʪʨ ʠ (ʙ, ʚ) ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʠ ʦʜʥʦʨʦʜʥʦʩʪʠ. ʄʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ ʥʘ ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10 ʤʢʤ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A2]. 

 

3.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʉʊʄ ʟʦʥʜʘ ʩ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʦʡ 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʦʜʥʦʨʦʜʥʦʤ ʧʨʠʤʳʢʘʥʠʠ ʠ ʯʘʩʪʠʯʥʦʤ ʦʪʜʝʣʝʥʠʠ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʠ ʦʪ 

ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʦʡ 

ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʟʦʥʜʦʤ ʩ ʨʘʟʣʠʯʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ (ʪʫʥʥʝʣʴʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ), ʧʨʠʣʦʞʝʥʥʳʤ ʤʝʞʜʫ ʥʠʤ ʠ ʦʙʨʘʟʮʦʤ. ʅʘ ʛʨʘʬʝʥʦʚʫʶ ʧʣʝʥʢʫ ʩʦ ʩʪʦʨʦʥʳ ʉʊʄ 

ʟʦʥʜʘ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʨʠʪʷʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʝʮ ʠ ʟʦʥʜ ʦʢʘʟʳʚʘʶʪʩʷ 



59 

 

ʨʘʟʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʛʨʘʬʝʥ ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʝʛʦ ʧʣʦʩʢʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʨʠʪʷʞʝʥʠʶ ʢ ʟʦʥʜʫ ʉʊʄ, ʩʦʟʜʘʶʱʝʤʫ ʩʠʣʴʥʦʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʧʦʥʜʝʨʦʤʦʪʦʨʥʳʭ ʩʠʣ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʤʝʞʜʫ ʢʦʥʯʠʢʦʤ 

ʟʦʥʜʘ ʉʊʄ ʠ ʛʨʘʬʝʥʦʤ ʚʦʟʥʠʢʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʪʦ ʚʦʟʥʠʢʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʘʷ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʤʠʥʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʛʨʘʬʝʥʦʤ ʠ ʢʦʥʯʠʢʦʤ ʟʦʥʜʘ 

ʉʊʄ, ʧʨʠʪʷʞʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʫʩʠʣʠʚʘʝʪʩʷ. ʋʚʝʣʠʯʝʥʠʝ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 2ɺ 

ʚʳʟʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʙʣʶʜʘʝʤʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʉʊʄ-ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʥʠʟʢʠʤ (ʥʦʨʤʘʣʴʥʳʤ) ʥʘʧʨʷʞʝʥʠʝʤ 

0,2 ɺ. ʇʨʠʤʝʨ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 20, ʛʜʝ ʜʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʥʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ ʦʢʨʘʰʝʥʳ ʚ ʟʝʣʝʥʳʡ ʠ ʙʠʨʶʟʦʚʳʡ ʮʚʝʪʘ.  

 

ʈʠʩʫʥʦʢ 20. ʊʨʝʭʤʝʨʥʳʝ ʉʊʄ ʠʟʦʙʨʘʞʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʙʨʘʟʮʝ. 

ʉʥʠʟʫ ï ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʥʠʢʝʣʝʚʦʡ ʬʦʣʴʛʠ; ʧʦʩʝʨʝʜʠʥʝ ï ʠʟʦʙʨʘʞʝʥʠʝ ʛʨʘʬʝʥʦʚʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ; ʩʚʝʨʭʫ ï ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʭ ʞʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʦʩʣʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʪʫʥʥʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. ɿʝʣʝʥʘʷ ʠ ʙʠʨʶʟʦʚʘʷ ʦʙʣʘʩʪʠ ʥʘ ʚʝʨʭʥʝʤ 

ʠʟʦʙʨʘʞʝʥʠʠ ʦʪʚʝʯʘʶʪ ʫʢʘʟʘʥʥʳʤ ʚ ʪʝʢʩʪʝ ʠʟʤʝʥʝʥʠʷʤ ʚ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʚʝʨʭʫ 

ʧʨʠʚʝʜʝʥ ʧʨʦʬʠʣʴ ʦʧʠʩʘʥʥʦʡ ʚ ʪʝʢʩʪʝ ʩʪʫʧʝʥʴʢʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A2]. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʩʣʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʦʥʜʦʤ ʧʨʠ ʚʳʩʦʢʦʤ ʥʘʧʨʷʞʝʥʠʠ (2 ɺ) 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ: ʦʜʥʘ ʠʟ ʥʠʭ (ʟʝʣʝʥʘʷ) ʩʦʜʝʨʞʠʪ 
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ʦʩʪʘʪʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘʥʦʧʫʟʳʨʴʢʦʚ, ʘ ʜʨʫʛʘʷ (ʙʠʨʶʟʦʚʘʷ) ð ʥʝʪ. ʇʨʦʬʠʣʴʥʘʷ ʢʨʠʚʘʷ, 

ʠʟʤʝʨʝʥʥʘʷ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʵʪʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʩʪʫʧʝʥʴʢʠ ʚʳʩʦʪʦʡ 28 

ʥʤ ʤʝʞʜʫ ʥʠʤʠ. ʆʧʠʩʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʠʤʝʝʪ ʥʝʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ ï ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʪʫʥʥʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ 2 ʜʦ 0,2 ɺ ʠʟʤʝʥʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʢʠ ʩʦʭʨʘʥʷʣʘʩʴ ʠ ʥʝ 

ʧʝʨʝʭʦʜʠʣʘ ʚ ʧʨʝʞʥʝʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʥʦʧʫʟʳʨʴʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʟʦʥʜʦʤ ʙʳʣ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤ. 

ʄʝʭʘʥʠʟʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʘʥʦʧʫʟʳʨʴʢʦʚ ʛʨʘʬʝʥʘ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʥʘʰʠʭ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʉʊʄ-ʠʟʤʝʨʝʥʠʡ, ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 21. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʥʘʥʦʧʫʟʳʨʴʢʦʚ ʛʨʘʬʝʥʘ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʦʡ ʥʠʢʝʣʝʚʦʡ ʬʦʣʴʛʠ, ʦʙʣʘʜʘʶʱʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ (20ï50 ʥʤ). 

ɽʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʠʢʝʣʝʚʘʷ ʬʦʣʴʛʘ ʩʦʩʪʦʠʪ ʠʟ ʟʝʨʝʥ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ. ʀʟ-ʟʘ ʣʫʯʰʝʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʰʝʪʦʢ ʛʨʘʬʝʥ, ʢʘʢ 

ʦʞʠʜʘʝʪʩʷ, ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ (111) ʟʝʨʝʥ 

Ni. ʈʘʟʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʟʝʨʝʥ ʩʦʟʜʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʨʠʪʷʞʝʥʠʝ 

ʩʣʦʝʚ ʛʨʘʬʝʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ Ni. ʈʝʟʫʣʴʪʘʪʳ ʉʊʄ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʜʦ 2 ɺ) ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʯʘʩʪʝʡ 

ʩʣʦʷ ʛʨʘʬʝʥʘ, ʠʤʝʶʱʠʭ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʘʪʝʨʠʘʣʦʤ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʥʠʢʝʣʝʚʦʡ ʬʦʣʴʛʠ. ʊʘʢʦʡ ʵʬʬʝʢʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʤʦʨʬʦʣʦʛʠʝʡ ʛʨʘʬʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʘʥʦʧʫʟʳʨʴʢʦʚ. 

 

ʈʠʩʫʥʦʢ 21. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʣʠʷʥʠʷ ʥʘʥʦʧʫʟʳʨʴʢʦʚ. ʉʪʨʝʣʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʚʚʝʨʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʣʝ ʧʨʠʪʷʞʝʥʠʷ ʢ ʉʊʄ ʟʦʥʜʫ, ʚʥʠʟ ï ʢ ʧʦʜʣʦʞʢʝ. ɼʣʠʥʘ ʩʪʨʝʣʦʢ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʠʣʳ. ɼʣʠʥʥʳʝ ʩʪʨʝʣʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʥʠʟ 

ʦʪʚʝʯʘʶʪ ʧʨʠʪʷʞʝʥʠʶ ʢ ʟʝʨʥʘʤ (111), ʢʦʨʦʪʢʠʝ ï ʢ ʟʝʨʥʘʤ ʜʨʫʛʠʭ ʦʨʠʝʥʪʘʮʠʡ. ʊʝʢʩʪʫʨʘ 

ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʠ ʠʣʣʶʩʪʨʠʨʫʝʪ ʝʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʀʟʦʙʨʘʞʝʥʠʝ 

ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A3]. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʟʳʨʴʢʦʚ ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ 

ʤʥʦʛʦʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ, ʧʦʣʫʯʝʥʥʦʤ ʤʝʪʦʜʦʤ ʧʣʘʟʤʝʥʥʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ [103], ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʧʫʟʳʨʝʡ ʩʦʩʪʘʚʣʷʣʠ ʜʝʩʷʪʢʠ ʤʠʢʨʦʥ. ɺ ʨʘʙʦʪʝ 

[109] ʪʦʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʣʠʷʥʠʝ ʧʫʟʳʨʴʢʦʚ ʛʨʘʬʝʥʘ, ʯʪʦ ʦʙʲʷʩʥʷʣʦʩʴ, ʚ ʨʘʤʢʘʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ, ʧʨʠ ʩʣʠʷʥʠʠ 

ʧʫʟʳʨʴʢʦʚ. ʄʝʥʴʰʘʷ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʫʟʳʨʴʢʦʚ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴ 

ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉʊʄ-ʟʦʥʜʘ ʩ ʧʳʚʳʰʝʥʥʳʤ 

ʪʫʥʥʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʪʴ ʥʘʣʠʯʠʝ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ ʚʥʫʪʨʠ 

ʧʣʝʥʢʠ. ɽʩʪʝʩʪʚʝʥʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʧʦʣʥʝʥʥʦʩʪʴ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʧʫʟʳʨʝʡ ʚʦʜʦʨʦʜʦʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʨʠ ʧʠʨʦʣʠʟʝ ʤʝʪʘʥʘ. ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ 

ʣʦʢʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʛʨʘʬʝʥʦʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʦʤ ʥʝʩʢʦʣʴʢʦ 

ʰʝʩʪʠʫʛʦʣʴʥʳʭ çʩʦʪè ʤʦʛʫʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʷʪʠ ʠ 

ʩʝʤʠʫʛʦʣʴʥʳʝ çʩʦʪʳè, ʯʪʦ ʚʝʜʝʪ ʢ ʠʟʛʠʙʫ ʠʩʭʦʜʥʦ ʧʣʦʩʢʦʛʦ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ [110]. ʕʪʦʪ 

ʤʝʭʘʥʠʟʤ ʪʘʢʞʝ ʤʦʞʝʪ ʠʛʨʘʪʴ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʫʟʳʨʴʢʦʚ, ʦʙʲʷʩʥʷʷ ʠʩʢʨʠʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʠ. 

ɺ ʜʨʫʛʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ 

ʦʩʘʞʜʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʚ ʤʥʦʛʦʩʣʦʡʥʦʤ ʛʨʘʬʝʥʝ, ʜʣʷ ʵʪʦʛʦ ʜʣʪʝʣʴʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ 

ʙʳʣʘ ʩʦʢʨʘʱʝʥʘ ʩ 20 ʜʦ 10 ʩ. ʇʣʝʥʢʘ ʠʤʝʣʘ ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʜʝʨʞʘʱʫʶ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʫʟʳʨʴʢʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʘʢʠʭ ʞʝ ʨʘʟʤʝʨʦʚ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʪʦʤ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʥʘʥʦʧʫʟʳʨʴʢʦʚ ʩʚʷʟʘʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʟʝʨʝʥ 

ʨʘʟʤʝʨʦʤ 20-50 ʥʤ. ʕʬʬʝʢʪ ʧʝʨʝʩʪʨʦʡʢʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʫʟʳʨʴʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝ ʉʊʄ-ʟʦʥʜʘ 

ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʨʠʣʦʞʝʥʥʳʤ ʪʫʥʥʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʩʷ, 

ʦʜʥʘʢʦ ʠʤʝʣ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʫʚʝʣʠʯʝʥʥʳʤ 

ʪʫʥʥʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʠʚʦʜʠʣʦ ʢ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʥʘʥʦʧʫʟʳʨʴʢʦʚ ʚ ʩʪʨʫʢʪʫʨʳ, 

ʥʘʧʦʤʠʥʘʶʱʠʝ ʬʦʨʤʫ ʙʫʤʝʨʘʥʛʘ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʠʜʝʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʥʘ ʉʊʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 22(ʘ). 

ʀʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʦʙʦʟʥʘʯʝʥʳ 

ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. ʋʛʦʣ ʤʝʞʜʫ ʚʳʪʷʥʫʪʳʤʠ ʯʘʩʪʷʤʠ ʵʪʠʭ ʙʫʤʝʨʘʥʛʦ-ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 120 ʛʨʘʜʫʩʦʚ. ʇʨʠ ʵʪʦʤ ʦʨʠʝʥʪʘʮʠʷ ʦʜʥʦʡ ʠʟ ʚʳʪʷʥʫʪʳʭ ʯʘʩʪʝʡ (ʣʝʚʦʡ) 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʮʘʨʘʧʠʥ, ʧʦʷʚʠʚʰʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʠ 

(ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʤ, ʯʪʦ ʚʠʜʥʳ ʥʘ ʉʊʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʘ ʨʠʩʫʥʢʝ 20) ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʰʣʠʬʦʚʢʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʪʨʳʚʘ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʠ ʦʪ ʥʠʢʝʣʝʚʦʡ 

ʧʦʜʣʦʞʢʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 
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ʧʦʪʝʥʮʠʘʣʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʉʊʄ-ʠʛʣʦʡ ʚ ʧʨʦʛʨʘʤʤʝ Comsol Multiphysics. ɺ ʤʦʜʝʣʠ ʜʣʷ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʉʊʄ ʠʛʣʘ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʢʦʥʫʩʦʤ ʩ ʫʛʣʦʤ ʫʢʣʦʥʘ, ʨʘʚʥʳʤ 30ʦ ʠ 

ʠʤʝʶʱʝʛʦ ʨʘʜʠʫʩ ʟʘʢʨʫʛʣʝʥʠʷ ʥʘ ʦʩʪʨʠʝ ʨʘʚʥʳʡ 0,5 ʥʤ. ʇʦʜʣʦʞʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʨʘʩʧʦʣʦʞʝʥʘ ʦʜʥʦʡ ʩʚʦʝʡ ʛʨʘʥʴʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʢʦʥʫʩʘ ʠʛʣʳ ʠ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʥʤ ʦʪ ʠʛʣʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʠʯʥʦʤʫ ʟʘʟʦʨʫ ʤʝʞʜʫ ʉʊʄ ʠʛʣʦʡ 

ʠ ʦʙʨʘʟʮʦʤ ʧʨʠ ʪʫʥʥʝʣʴʥʦʤ ʪʦʢʝ ʦʢʦʣʦ 4 ʥɸ. ʇʦʪʝʥʮʠʘʣ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʠʛʣʦʡ ʟʘʜʘʥ 

ʨʘʚʥʳʤ 1,7ɺ ï ʥʘʧʨʷʞʝʥʠʶ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘʙʣʶʜʘʣʩʷ ʦʪʨʳʚ ʛʨʘʬʝʥʦʚʦʡ 

ʧʣʝʥʢʠ ʦʪ ʧʦʜʣʦʞʢʠ. ʄʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʩʝʪʢʝ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʉʊʄ ʠʛʣʦʡ ʠ ʧʦʜʣʦʞʢʦʡ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 22(ʙ). ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʦʩʪʨʠʝʤ ʉʊʄ ʠʛʣʳ ʩʦʩʪʘʚʠʣʘ 1,2 ɺ/ʥʤ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʩʣʦʝʥʠʝ ʛʨʘʬʝʥʘ ʦʪ ʧʦʜʣʦʞʢʠ ʚ ʜʨʫʛʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ [111]. ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʣʝʥʢʫ, ʚʳʯʠʩʣʝʥʥʘʷ ʢʘʢ ʠʥʪʝʛʨʘʣ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʦʚ ʥʘ ʥʦʨʤʘʣʴʥʫʶ 

ʢʦʤʧʦʥʝʥʪʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ʦʢʦʣʦ 5Ĭ10-11 ʅ. 

 

ʈʠʩʫʥʦʢ 22. (ʘ) - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʉʊʄ ʢʘʜʨʦʚ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʙʫʤʝʨʘʥʛʦ-ʧʦʜʦʙʥʳʭ ʛʨʘʬʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʫʥʥʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʦ 

ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ; (ʙ) ïʚʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʉʊʄ-
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ʠʛʣʦʡ ʠ ʧʦʜʣʦʞʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ 

ʠʟ [A2]. 

 

ʉʦʢʨʘʱʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʦʣʥʦʤʫ ʧʦʢʨʳʪʠʶ ʥʠʢʝʣʝʚʦʡ ʧʦʜʣʦʞʢʠ 

ʤʥʦʛʦʩʣʦʡʥʳʤ ʛʨʘʬʝʥʦʤ. ʆʜʥʘʢʦ ʤʦʨʬʦʣʦʛʠʷ ʥʘʥʦʧʫʟʳʨʴʢʦʚ ʦʩʪʘʝʪʩʷ ʧʦʭʦʞʝʡ ʥʘ ʩ 

ʤʦʨʬʦʣʦʛʠ ʁʩʧʣʦʰʥʦʡ ʧʣʝʥʢʠ. ʉʊʄ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʩʦʢʨʘʱʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ, ʚʳʷʚʠʣʦ ʥʘʣʠʯʠʝ ʨʚʘʥʳʭ, ʦʙʨʝʟʘʥʥʳʭ ʛʨʘʥʠʮ ʠ 

çʰʫʤʷʱʠʭè ʦʙʣʘʩʪʝʡ ʥʘ ʉʊʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 23. ɸʥʘʣʦʛʠʯʥʳʝ 

çʰʫʤʷʱʠʝè ʦʙʣʘʩʪʠ ʪʠʧʠʯʥʳ ʜʣʷ ʩʪʨʫʢʪʫʨ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʜʚʠʞʥʦʩʪʴʶ ʠʟ-ʟʘ ʩʣʘʙʦʛʦ 

ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʥʘʣʠʯʠʝʤ 

ʩʚʦʙʦʜʥʦ ʚʠʩʷʱʠʤ ʬʨʘʛʤʝʥʪʘʤ ʦʪʩʣʦʠʚʰʝʛʦʩʷ (ʠʣʠ ʩʚʦʙʦʜʥʦʛʦ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʧʦʜʣʦʞʢʦʡ) 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ, ʢʦʣʝʙʣʶʱʠʤʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʉʊʄ-ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʟʦʥʜʘ. 

 

ʈʠʩʫʥʦʢ 23. ʉʊʄ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʧʫʟʳʨʴʢʦʚ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 10 ʩʝʢʫʥʜʥʦʤ 

ʦʩʘʞʜʝʥʠʠ. ʉʠʥʠʤʠ ʩʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ çʰʫʤʷʱʠʝè ʦʙʣʘʩʪʠ, ʩʚʷʟʳʚʘʝʤʳʝ ʩʦ ʩʚʦʙʦʜʥʦ 

ʩʪʦʷʱʠʤ ʣʠʩʪʘʤ ʛʨʘʬʝʥʘ. ʂʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʯʝʪʢʘʷ ʛʨʘʥʠʮʘ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A2]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ɻʌʍʆ ʦʩʘʞʜʝʥʠʷ ʛʨʘʬʝʥʘ ʥʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ ʧʫʪʝʤ ʧʠʨʦʣʠʟʘ ʤʝʪʘʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʨʘʬʝʥʘ 

ʜʘʞʝ ʚʳʰʝ, ʯʝʤ ʚ ʥʝʜʘʚʥʦ ʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʘʭ ʩ ʚʨʝʤʝʥʝʤ ʦʩʘʞʜʝʥʠʷ ʦʢʦʣʦ 1 ʤʠʥʫʪʳ [112], 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʠʢʝʣʝʚʳʭ ʟʝʨʝʥ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ.  
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3.3. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 

ɺʥʝʜʨʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʉʊʄ-ʛʦʣʦʚʢʠ ʚ ʢʘʤʝʨʫ ʨʝʘʢʪʦʨʘ ɻʌʍʆ ʧʦʟʚʦʣʠʣʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ ʥʘ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʝ ʙʝʟ ʝʛʦ ʢʦʥʪʘʢʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ ʧʦʩʣʝ ʩʠʥʪʝʟʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʠʨʦʣʠʟʘ ʤʝʪʘʥʘ ʚʙʣʠʟʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʥʠʢʝʣʝʚʦʡ 

ʧʦʜʣʦʞʢʠ, ʨʘʟʤʝʨ ʟʝʨʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʣ 20-50 ʥʤ, ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʬʝʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 5-7 ʩʣʦʝʚ. ʄʦʨʬʦʣʦʛʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʣʦʩʣʦʡʥʦʡ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʠ, ʠʟʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʉʊʄ, ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʫʟʳʨʴʢʦʚ ʩ ʪʠʧʠʯʥʳʤʠ ʣʘʪʝʨʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʢʦʣʦ 150 ʥʤ ʠ ʚʳʩʦʪʦʡ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 60 ʥʤ. ʇʨʠ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ 20 ʩʝʢʫʥʜ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʩʧʣʦʰʥʦʝ 

ʧʦʢʨʳʪʠʝ, ʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʠ ʜʦ 10 ʩʝʢʫʥʜ ʚ ʩʪʨʫʢʪʫʨʝ ʧʣʝʥʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʟʨʳʚʘ. 

ʈʘʟʤʝʨ ʛʨʘʬʝʥʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʦʩʪʘʚʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʚʷʟʠ ʵʪʦʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʝʥʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʣʦʞʢʠ. ɺ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʪʫʥʥʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʧʨʠʣʦʞʝʥʥʳʤʠ 

ʤʝʞʜʫ ʢʦʥʯʠʢʦʤ ʟʦʥʜʘ ʉʊʄ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʧʨʦʮʝʩʩʳ ʦʪʩʣʦʝʥʠʷ ʛʨʘʬʝʥʘ ʦʪ ʧʦʜʣʦʞʢʠ ʠ ʩʣʠʷʥʠʷ ʥʘʥʦʧʫʟʳʨʴʢʦʚ. ʏʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʪʨʳʚ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʚʝʣʠʯʠʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦʤ 1,2 ɺ/ʥʤ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʣʦʞʝʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ ʜʝʪʘʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʝʥʢʠ ʛʨʘʬʝʥʘ ʩ ʧʦʜʣʦʞʢʦʡ. ʆʧʠʩʘʥʥʘʷ ʤʦʜʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ 

ʧʨʠʪʷʞʝʥʠʠ ʛʨʘʬʝʥʦʚʦʡ ʧʣʝʥʢʠ ʢ ʨʘʟʣʠʯʥʳʤ ʫʯʘʩʪʢʘʤ ʧʦʜʣʦʞʢʠ, ʚ ʢʦʪʦʨʦʡ ʥʠʢʝʣʝʚʳʝ ʟʝʨʥʘ 

ʠʤʝʶʪ ʨʘʟʥʫʶ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʦʨʠʝʥʪʘʮʠʶ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʵʪʦʡ ʛʣʘʚʝ, ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [A2] ʠ [A3]. 
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ɻʣʘʚʘ 4. ʄʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ɼʇʄ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ɻʌʍʆ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ 

ʧʣʝʥʦʢ MoS2, WS2 ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʉ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʢʘʤʝʨʫ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʢʨʳʪʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ. ʊʘʢʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʥʦʚʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʤʝʪʦʜʘ ɻʌʍʆ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʛʘʟʦʦʙʨʘʟʥʳʡ ʩʝʨʦʚʦʜʦʨʦʜ H2S ʠ ʧʘʨʳ ʤʝʪʘʣʣʦʚ Mo ʠ W. ʇʦʣʫʯʝʥʠʝ ʩʧʣʦʰʥʳʭ ʧʦʢʨʳʪʠʡ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʟʘ ʚʨʝʤ ̫ ʧʦʨʷʜʢʘ 10 ʩʝʢʫʥʜ. 

ʇʣʝʥʦʯʥʳʝ ʧʦʢʨʳʪʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʝʥʢʠ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʣʘʥʘʨʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʤʘʩʩʠʚʳ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ (ʥʘʥʦʩʪʝʥʦʢ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʜʣʦʞʢʝ.  

4.1. ɺʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ MoS2 ʠ WS2 ʧʦʢʨʳʪʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ɻʌʍʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʚʫʤʝʨʥʳʭ ʧʣʝʥʦʢ ɼʇʄ ʫʩʪʘʥʦʚʢʘ ɻʌʍʆ ʙʳʣʘ ʜʦʦʩʥʘʱʝʥʘ ʨʷʜʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʢ ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʩʭʝʤʝ (ʩʤ. ʨʠʩʫʥʦʢ 24). ɺʥʫʪʨʠ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʨʘʟʤʝʱʝʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʩʢʦʧ, ʦʙʣʘʜʘʶʱʠʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ɸʉʄ, ʘ ʪʘʢʞʝ ʩʪʦʣʠʢ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʩʠʩʪʝʤʦʡ ʝʛʦ 

ʥʘʛʨʝʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚ ʫʩʪʘʥʦʚʢʠ ʚʭʦʜʷʪ ʵʣʝʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʛʨʝʚ 

ʧʦʨʦʰʢʦʚʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠʭ ʧʘʨʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʅʘʛʨʝʚ 

ʧʦʜʣʦʞʢʠ ʠ ʪʠʛʣʝʡ ʩ ʧʨʝʢʫʨʩʦʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ. ɹʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʢʘʢ ʧʦʜʣʦʞʢʠ, ʪʘʢ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʠʛʣʷʭ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʩʪʘʥʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ: ʜʦ 

200 ÁC/ʩ ʜʣʷ ʧʦʜʣʦʞʢʠ ʠ ʜʦ 100 ÁC/ʤʠʥ ʜʣʷ ʪʠʛʣʝʡ. ɼʣʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ MoS2 ʠ WS2 ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠʤʝʥʷʣʠʩʴ ʧʦʨʦʰʢʦʦʙʨʘʟʥʘʷ ʩʝʨʘ (S), ʦʢʩʠʜ ʤʦʣʠʙʜʝʥʘ VI 

(MoO3) ʠ ʦʢʩʠʜ ʚʦʣʴʬʨʘʤʘ VI (WO3). ʇʨʝʢʫʨʩʦʨʳ ʨʘʟʤʝʱʘʣʠʩʴ ʚ ʢʚʘʨʮʝʚʳʭ ʪʠʛʣʷʭ, 

ʦʙʤʦʪʘʥʥʳʭ ʥʠʭʨʦʤʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʧʫʩʢʘʣʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 900 ÁC. ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʞʜʳʡ 

ʪʠʛʝʣʴ ʧʦʜʚʝʜʝʥʘ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʘʷ ʪʝʨʤʦʧʘʨʘ. ʂʚʘʨʮʝʚʳʝ ʪʠʛʣʠ ʛʝʨʤʝʪʠʯʥʦ ʩʦʝʜʠʥʷʣʠʩʴ 

ʩ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʡ, ʯʝʨʝʟ ʢʦʪʦʨʫ  ʁ ʧʨʦʭʦʜʠʣ ʧʦʪʦʢ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ð ʘʨʛʦʥʘ. 

ʈʝʛʫʣʠʨʦʚʢʘ ʧʦʪʦʢʘ ʛʘʟʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʠʛʦʣʴʯʘʪʦʛʦ ʢʣʘʧʘʥʘ. ʇʦ ʤʝʨʝ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʢʫʨʩʦʨʳ ʯʘʩʪʠʯʥʦ ʠʩʧʘʨʷʣʠʩʴ, ʘ ʠʭ ʧʘʨʳ ʧʝʨʝʥʦʩʠʣʠʩʴ ʧʦʪʦʢʦʤ 

ʘʨʛʦʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʠʟ ʢʨʝʤʥʠʷ, ʥʘʛʨʝʪʦʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚ ʜʠʘʧʘʟʦʥʝ 700ï1000 ÁC. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʘʨʳ ʧʨʝʢʫʨʩʦʨʦʚ ʪʝʨʤʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʦʚʘʣʠʩʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʘ ʭʠʤʠʯʝʩʢʘ ̫ʨʝʘʢʮʠ ̫ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʚʝʜʫʱʘ ̫ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʝʥʢʠ. ʂʦʥʝʯʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ 
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ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʘʞʜʘʝʤʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ.  

 
ʈʠʩʫʥʦʢ 24. ʉʭʝʤʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʣʷ ʩʠʥʪʝʟʘ MoS2 ʠ WS2 ʫʩʪʘʥʦʚʢʠ. ʀʟʦʙʨʘʞʝʥʠʝ 

ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A4]. 

 

ʂʦʥʪʨʦʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʚʝʨʜʦʡ ʠʣʠ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʝʢʫʨʩʦʨʦʚ ʚʥʫʪʨʠ ʪʠʛʣʷ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʜʝʨʞʠʤʦʛʦ ʪʠʛʣʷ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʠʥʪʝʟʫ ʧʣʝʥʦʢ MoS2, WS2 ʠ MoO2 ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʨʳ ʚ ʪʠʛʣʝ ʠʟʤʝʥʷʣʘʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 110 ʜʦ 200 ÁC, ʘ ʪʝʤʧʝʨʘʪʫʨʘ MoO3 ʠ WO3 ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 600 ʜʦ 900 ÁC. ʇʨʠ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʝʨʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ S8, ʦʜʥʘʢʦ ʚ 

ʩʦʩʪʘʚʝ ʧʘʨʦʚ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʦʣʝʢʫʣʳ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ, ʚʢʣʶʯʘʷ 

ʦʜʠʥʦʯʥʳʝ ʘʪʦʤʳ ʩʝʨʳ [113]. ʇʦʨʦʰʢʠ MoO3 ʠ WO3 ʧʨʠ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʚʦʟʛʦʥʢʝ ʠ ʧʦʩʪʫʧʘʶʪ ʚ ʛʘʟʦʚʫʶ ʩʤʝʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ MoO3 ʠ WO3. ɺ 

ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʧʨʠʤʝʥʷʣʘʩʴ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʢʨʝʤʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ ʥʘʛʨʝʚʘʪʝʣʷ ʩ 

ʦʨʠʝʥʪʘʮʠʝʡ (111), ʧʨʠ ʵʪʦʤ ʝʝ ʣʠʮʝʚʘʷ ʩʪʦʨʦʥʘ ʙʳʣʘ ʪʱʘʪʝʣʴʥʦ ʦʪʧʦʣʠʨʦʚʘʥʘ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ 

ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʘʤʝʨʘ ʜʣʷ ʩʠʥʪʝʟʘ ʦʪʢʘʯʠʚʘʣʘʩʴ ʜʦ ʜʘʚʣʝʥʠʷ 10-2 ʤʙʘʨ, ʧʦʩʣʝ ʯʝʛʦ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʧʦʪʦʢ ʘʨʛʦʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʥʘ ʫʨʦʚʥʝ 8Ā10-1 ʤʙʘʨ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʩʦʩʪʘʚʣʷʣʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10 ʤʠʥʫʪ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʦʢ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʧʨʦʙʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝʨʳ ʥʠʞʝ 180 ÁC, 
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ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ ʤʝʥʝʝ 900 ÁC ʠ ʪʝʤʧʝʨʘʪʫʨʝ MoO3 ʚ ʜʠʘʧʘʟʦʥʝ 800-900 ÁC ʥʘ ʧʦʜʣʦʞʢʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʣʝʥʦʯʥʦʝ ʧʦʢʨʳʪʠʝ, ʨʘʟʣʠʯʠʤʦʝ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ɸʥʘʣʠʟ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʈʕʄ) ʧʦʢʘʟʘʣ (ʩʤ. ʨʠʩʫʥʦʢ 25(ʘ, ʙ)), 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 10-20 ʥʤ. 

 

 

ʈʠʩʫʥʦʢ 25. ʍʘʨʘʢʪʝʨʥʳʝ (a, ʙ) ï ʈʕʄ ʠʟʦʙʨʘʞʝʥʠ ̫ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ MoO2; (ʚ, 

ʛ) ï ɸʉʄ ʠʟʦʙʨʘʞʝʥʠ ̫ʢʨʠʩʪʘʣʣʠʪʦʚ; (ʜ, ʝ) - ʩʧʝʢʪʨ rʂʈʉ ʦʩʘʞʜʝʥʥʦʡ ʧʣʝʥʢʠ, ʚʩʝ ʣʠʥʠʠ, 

ʢʨʦʤʝ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 520 ʩʤ-1 (ʣʠʥʠʷ ʢʨʝʤʥʠʷ) ʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʤʝʯʝʥʥʳʭ ʩʪʨʝʣʢʘʤʠ, 

ʦʪʚʝʯʘʶʪ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʢʣʠʥʥʦʛʦ MoO2. ʊʝʤʧʝʨʘʪʫʨʘ ʩʝʨʳ ʚ ʪʠʛʣʝ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

ʫʢʘʟʘʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A4]. 

 

ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʝʣʘ ʦʪ ʣʦʢʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʣʦʞʢʠ ʠ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 2 ʰʪ/ʤʢʤ2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ 700 Áʉ ʜʦ 0,3 ʰʪ/ʤʢʤ2 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 850 Áʉ, ʯʪʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 26.  
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ʈʠʩʫʥʦʢ 26. ʌʦʪʦʛʨʘʬʠʷ ʠʩʭʦʜʥʦʛʦ ʥʘʛʨʝʪʦʛʦ ʦʙʨʘʟʮʘ. ʆʧʪʠʯʝʩʢʠʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ 

(ʩʧʨʘʚʘ) ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʠʝ ʧʣʦʪʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ ʧʦʜʣʦʞʢʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʦʯʢʘʭ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʟʤʝʨʳ ʦʧʪʠʯʝʩʢʠʭ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ 20ʭ20 ʤʢʤ2. ʀʟʦʙʨʘʞʝʥʠʝ 

ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A4]. 

 

ʀʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʦʣʦʞʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʟʤʘ ʟʘʨʦʞʜʝʥʠʷ 

MoO2. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ, ʧʨʝʚʳʰʘʶʱʝʡ 900 ÁC, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ 

ʩʢʦʨʦʩʪʷʤʠ ʠʩʧʘʨʝʥʠʷ MoO2 ʠ ʝʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʝ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʂʈʉ) ʧʦʜʪʚʝʨʜʠʣʘ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʤʦʥʦʢʣʠʥʥʦʛʦ 

MoO2. ʅʘ ʨʠʩʫʥʢʝ 25(ʜ, ʝ) ʧʨʝʜʩʪʘʚʣʝʥ ʭʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ ʂʈʉ ʜʣʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. ʅʘʣʠʯʠʝ 

ʧʠʢʦʚ ʥʘ 204, 230, 350, 364, 496, 568, 741 ʠ 817 ʩʤ-1 ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʩʪʘʚ MoO2, 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʝ [114], ʪʦʛʜʘ ʢʘʢ ʧʠʢ ʥʘ 520 ʩʤ-1 ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʩʠʛʥʘʣʦʤ ʦʪ 

ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ. ʅʘ ʨʠʩʫʥʢʝ 25(ʚ, ʛ) ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ɸʉʄ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʟʦʥʜ ɸʉʄ 

ʩʤʝʱʘʝʪ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʝʨʝʚʦʜʠʪ ʠʭ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʕʪʦ 

ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʜʘʥʥʳʭ ɸʉʄ ʠ ʈʕʄ, ʘ ʪʘʢʞʝ ʧʦ ʥʘʣʠʯʠʶ ʭʘʨʘʢʪʝʨʥʳʭ 

ʘʨʪʝʬʘʢʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʚʳʙʨʦʩʦʚ ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʧʨʦʭʦʜʝ ɸʉʄ-ʟʦʥʜʦʤ, 

ʠʩʯʝʟʘʶʱʠʭ ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʩʲʸʤʢʝ ʪʦʛʦ ʞʝ ʫʯʘʩʪʢʘ. ʈʝʟʫʣʴʪʘʪʳ ɸʉʄ ʧʦʜʪʚʝʨʜʠʣʠ ʪʦʣʱʠʥʫ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʨʘʥʝʝ ʠʟʤʝʨʝʥʥʫʶ ʤʝʪʦʜʘʤʠ ʈʕʄ, ð ʧʦʨʷʜʢʘ 10ï20 ʥʤ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝʨʳ ʚʳʰʝ 180 ÁC, ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ ʤʝʥʝʝ 900 ÁC ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʠʛʣʷ 

ʩ MoO3 ʚ ʜʠʘʧʘʟʦʥʝ 800ï900 ÁC ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʭʦʞʝʡ ʧʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʝʡ 
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ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʠʪʳ. ʍʦʪʷ ʧʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

(ʦʧʪʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ ʠ ɸʉʄ) ʚʠʟʫʘʣʴʥʦ ʘʥʘʣʦʛʠʯʥʳ ʧʨʠʚʝʜʸʥʥʳʤ ʨʘʥʝʝ (ʩʤ. ʨʠʩʫʥʦʢ 

25), ʚ ʂʈʉ-ʩʧʝʢʪʨʘʭ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʢʠ ʥʘ 383 ʠ 407 ʩʤ ĭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʣʦʷ MoS2 ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ ʯʝʪʳʨʸʭ ʤʦʥʦʩʣʦʝʚ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʪʦʚ MoO2. ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ ʂʈʉ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʣʠʥʠʷ ʥʘ 303 ʩʤ-1, ʢʦʪʦʨʘʷ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʩʫʣʴʬʫʨʠʟʘʮʠʠ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ 

(ɻʌʍʆ)[115]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʩʪʨʫʢʪʫʨ ʦʪʤʝʯʘʣʦʩʴ ʠ ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʩʤ., ʥʘʧʨʠʤʝʨ, [116]), ʥʝʩʤʦʪʨʷ ʥʘ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʣʦʞʢʘʭ, ʫʩʣʦʚʠʷʭ ʦʩʘʞʜʝʥʠʷ ʠ ʩʦʩʪʘʚʝ 

ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʢʨʳʪʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʣʦʚʠʷʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʇʨʦʚʝʜʝʥʠʝ ʦʩʘʞʜʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʠ, ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʣʢʠʭ ʯʘʩʪʠʮ MoO3, ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʢʨʫʛ ʵʪʠʭ ʩʧʝʮʠʘʣʴʥʦ 

ʚʚʝʜʝʥʥʳʭ ʯʘʩʪʠʮ ʧʣʘʥʘʨʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ MoS2 ʚ ʚʠʜʝ çʦʩʪʨʦʚʢʘè ʨʘʟʤʝʨʦʤ 

ʦʢʦʣʦ 50 ʤʢʤ. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʂʈʉ ʩʧʝʢʪʨʳ ʪʘʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 27. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʂʈʉ ʧʠʢʘʤʠ MoS2 ʢʨʠʩʪʘʣʣʠʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʠʩʣʦʶ MoS2.  

 

ʈʠʩʫʥʦʢ 27. (ʘ) - ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ MoS2 ʦʩʪʨʦʚʢʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚʦʢʨʫʛ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʩʘʞʜʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ MoO3; (ʙ) - ʂʈʉ ʩʧʝʢʪʨ, ʩʥʷʪʳʝ ʩ ʫʯʘʩʪʢʘ ʧʣʝʥʢʠ, 

ʧʦʤʝʯʝʥʥʦʛʦ ʩʪʨʝʣʢʦʡ. 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʩʘʞʜʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ ʢʨʠʩʪʘʣʣʠʪʳ MoO3 

ʚʳʩʪʫʧʘʶʪ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʝʥʪʨʘʤʠ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ MoS2. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʛʨʝʪʘʷ 

ʯʘʩʪʠʮʘ MoO3, ʯʘʩʪʠʯʥʦ ʚʦʟʛʦʥʷʷʩʴ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘɦ ʘʝʪ ʛʘʟʦʚʫʶ ʩʨʝʜʫ ʚʦʢʨʫʛ ʩʝʙʷ 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ MoS2 ʧʣʝʥʢʠ ʚʦʢʨʫʛ ʥʝʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ WS2 ʤʝʪʦʜʦʤ ɻʌʍʆ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ WO3 ʥʘʛʨʝʚʘʣʩʷ ʚ ʪʠʛʣʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 800-900 ÁC, ʘ ʩʝʨʘ 
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ð ʜʦ 120-140 ÁC. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ 950 ÁC ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʣʝʥʢʘ, 

ʚʠʜʠʤʘʷ ʧʦʜ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ. ɸʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ (ʩʤ. ʨʠʩʫʥʦʢ 28(ʘ, ʙ)), ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʩʦʩʪʦʷʪ ʠʟ ʢʨʠʩʪʘʣʣʠʪʦʚ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʩ ʨʘʟʥʦʡ ʪʦʣʱʠʥʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʩʧʝʰʥʦʤ ʦʩʘʞʜʝʥʠʠ WS2. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ) ʧʦʜʪʚʝʨʜʠʣʠ, 

ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ ʠʤʝʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ WS2. ʅʘ ʩʧʝʢʪʨʘʭ ʂʈʉ 

(ʨʠʩʫʥʦʢ 28(ʚ)) ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʠʢʠ ʥʘ 354 ʠ 418 ʩʤ ĭ. ɸʥʘʣʠʟ ʬʦʨʤʳ ʠ 

ʧʦʣʦʞʝʥʠʷ ʵʪʠʭ ʧʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʦʩʘʞʜʝʥʥʦʡ ʧʣʝʥʢʝ ʧʨʝʦʙʣʘʜʘʶʪ 

ʢʨʠʩʪʘʣʣʠʪʳ, ʩʦʩʪʦʷʱʠʝ ʙʦʣʝʝ ʯʝʤ ʠʟ ʯʝʪʳʨʝʭ ʩʣʦʝʚ. [117]. ʊʘʢʞʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʢʨʠʩʪʘʣʣʠʪʳ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤʠ ʣʘʪʝʨʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ 

ʪʦʣʱʠʥʦʡ. ʅʘʣʠʯʠʝ ʜʚʫʭ ʪʠʧʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʪʦʣʱʠʥʝ, ʘ 

ʪʘʢʞʝ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ ʨʦʩʪʘ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʪʦʚ WS2 ʪʦʣʱʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ 

ʘʪʦʤʥʳʭ ʩʣʦʝʚ ʠ ʣʘʪʝʨʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʜʦ 200 ʥʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʢʨʝʤʥʠʷ ʠ ʦʩʘʞʜʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ WS2 ʢʨʠʩʪʘʣʣʠʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʧʨʦʠʩʭʦʜʠʣʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʩʣʦʝʚ, ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʙʣʘʛʦʜʘʨʷ 

ʩʦʚʧʘʜʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʦʢ. ʆʙʱʘʷ ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ.  

 

ʈʠʩʫʥʦʢ 28. (ʘ, ʙ) ï ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ WS2; (ʚ) ï ʂʈʉ ʩʧʝʢʪʨ ʩ ʧʣʝʥʢʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʢʨʠʩʪʘʣʣʠʪʳ WS2 ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. 

 

ʊʘʢʞʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʦʚʤʝʩʪʥʦʤʫ ʦʩʘʞʜʝʥʠʶ ʢʨʠʩʪʘʣʣʠʪʦʚ MoS2 

ʠ WS2. ɼʣʷ ʵʪʦʛʦ ʪʠʛʣʠ ʩ MoO3 ʠ WO3 ʥʘʛʨʝʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 800-900 ÁC, 

ʘ ʪʠʛʝʣʴ ʩ ʩʝʨʦʡ ð ʜʦ 140 ÁC. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʣʝʥʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʦʥʢʠʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʠʪʦʚ ʩ ʥʝʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. 
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ʀʟʦʙʨʘʞʝʥʠʝ ʵʪʦʡ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʈʕʄ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 29(ʘ). 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʂʈʉ (ʨʠʩʫʥʦʢ 29(ʙ)) ʧʦʜʪʚʝʨʜʠʣ ʥʘʣʠʯʠʝ ʜʚʫʭ ʬʘʟ: MoS2 ʠ WS2. ʋʯʠʪʳʚʘʷ 

ʜʘʥʥʳʝ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ MoS2 ʥʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Si (111), ʘ ʪʘʢʞʝ ʫʩʧʝʰʥʳʡ ʩʠʥʪʝʟ ʢʨʠʩʪʘʣʣʠʪʦʚ WS2 

ʧʨʘʚʠʣʴʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʨʝʫʛʦʣʴʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ WS2, ʘ ʢʨʠʩʪʘʣʣʠʪʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ð MoS2. ʇʦʜʦʙʥʘʷ ʤʦʨʬʦʣʦʛʠʷ 

ʧʣʝʥʢʠ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʪʦʚ MoS2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʥʝʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ WS2. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ 

ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʠʪʦʚ MoS2 ʠ WS2 ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʧʣʝʥʢʝ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʚ WS2/MoS2. 

 

ʈʠʩʫʥʦʢ 29. (a) ï ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʝʥʢʠ ʢʨʠʩʪʘʣʣʠʪʦʚ WS2 ʠ MoS2. (ʙ) ï ʂʈʉ ʩʧʝʢʪʨ 

ʧʦʣʫʯʝʥʥʦʡ ʧʣʝʥʢʠ, ʥʘ ʢʦʪʦʨʦʤ ʚʠʜʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʣʠʥʠʠ WS2 ʠ MoS2 

 

ʄʦʨʬʦʣʦʛʠʠ ʧʣʝʥʦʢ MoS2 ʠ WS2, ʦʩʘʞʜʝʥʥʳʭ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ, ʠʤʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʨʘʟʣʠʯʠʝ. ɽʩʣʠ WS2 ʧʣʝʥʢʠ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʧʨʘʚʠʣʴʥʳʭ ʪʨʝʫʛʦʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʧʦ ɻʌʍʆ ʩʠʥʪʝʟʫ ɼʇʄ, ʪʦ MoS2 ʝʩʣʠ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʪʦ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʠʛʝʣʴ ʩ MoO3 ʧʦʨʦʰʢʦʤ 

ʨʘʩʧʦʣʦʞʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʜʘʣʴʰʝ ʦʪ ʧʦʜʣʦʞʢʠ. ʇʘʨʳ ʩʫʙʣʠʤʠʨʦʚʘʥʥʦʛʦ MoO3, ʧʦʧʘʜʘʷ ʚ 

ʧʦʪʦʢ ʘʨʛʦʥʘ ʠ ʟʘ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʫʩʧʝʚʘʶʪ ʧʨʦʨʝʘʛʠʨʦʚʘʪʴ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʯʪʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʢʣʘʩʪʝʨʦʚ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʠʟ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ ʬʦʨʤʠʨʫʶʪʩʷ MoO2. ʆʜʥʘʢʦ, ʝʩʣʠ ʥʘ ʧʦʜʣʦʞʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʛʨʘʥʠʮʳ ʫʞʝ 

ʦʩʘʞʜʝʥʥʳʭ ʟʝʨʝʥ MoO3, MoO2 ʠʣʠ WS2, ʪʦ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʤʠ ʢʣʘʩʪʝʨʘʤʠ ʥʘʯʠʥʘʝʪ ʠʜʪʠ ʫʞʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ MoS2. ʈʕʄ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ MoS2 ʧʣʝʥʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʘʩʴ 
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ʚʙʣʠʟʠ Mo ʵʣʝʢʪʨʦʜʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʢ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʧʦʜʚʦʜʠʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 

ʇʣʝʥʢʘ ʚʙʣʠʟʠ ʵʣʝʢʪʨʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʩʧʣʦʰʥʦʝ ʧʦʢʨʳʪʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ (ʥʘʥʦʩʪʝʥʦʢ), ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 30.  

 

ʈʠʩʫʥʦʢ 30. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ MoS2 ʧʣʝʥʢʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʚʙʣʠʟʠ ʥʘʛʨʝʪʳʭ Mo ɻ ʣʝʢʪʨʦʜʦʚ. 

 

ʊʘʢʦʝ ʦʪʣʠʯʠʝ ʚ ʤʦʨʬʦʣʦʛʠʠ ʚʙʣʠʟʠ ʵʣʝʢʪʨʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʦʣʠʙʜʝʥʦʚʘʷ 

ʧʨʦʚʦʣʦʢʘ, ʠʩʧʦʣʴʟʦʚʘʚʰʘʷʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʜʣʷ ʥʘʛʨʝʚʘʝʤʦʡ ʧʦʜʣʦʞʢʠ, ʪʘʢʞʝ 

ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʯʘʩʪʠʯʥʦ ʠʩʧʘʨʷʪʩʷ, ʯʪʦ ʦʙʦʛʘʱʘʝʪ ʛʘʟʦʚʫʶ ʩʨʝʜʫ ʧʘʨʘʤʠ ʘʪʦʤʘʨʥʦʛʦ 

ʤʦʣʠʙʜʝʥʘ, ʢʦʪʦʨʳʝ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʩʪʫʧʘʶʪ ʚ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩ ʧʘʨʘʤʠ ʩʝʨʳ, 

ʦʙʨʘʟʫʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ MoS2. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʧʘʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʛʦ Mo ʠ W ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʝʨʳ ʤʦʞʝʪ ʜʘʪʴ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʦʩʘʞʜʘʝʤʦʛʦ MoS2 ʠ WS2 ʧʦʢʨʳʪʠʡ. 

ɺʦʜʦʨʦʜ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʩʦʮʠʘʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ 

ʪʨʘʚʣʝʥʠʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʦʩʘʞʜʘʝʤʳʭ ʧʣʝʥʦʢ, ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ ʦʩʘʞʜʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ 

ʧʦʢʨʳʪʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʱʘʪ ɹ

ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʪʝʤʧʳ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ. 

 

4.2. ʌʦʨʤʠʨʦʚʘʥʠʝ, ʩʪʨʫʢʪʫʨʘ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ MoS2, WS2 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʧʘʨʦʚ ʤʝʪʘʣʣʘ 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʩʪʘʥʦʚʢʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 31. ɻʘʟʦʦʙʨʘʟʥʳʡ H S ʩ ʯʠʩʪʦʪʦʡ 99,5% (ʧʦʩʪʘʚʱʠʢ ð 

ʆʆʆ çɹʂ ʛʨʫʧʧè) ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʢʚʘʨʮʝʚʫʶ ʪʨʫʙʢʫ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 8 ʤʤ ʚ ʚʘʢʫʫʤʥʫʶ 
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ʢʘʤʝʨʫ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 5 ʣʠʪʨʦʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʩʘʞʜʝʥʠʷ ɼʇʄ ʚʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʘʯʠʚʘʣʘʩʴ ʜʦ ʜʘʚʣʝʥʠʷ 10-3 ʤʙʘʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʩʪʠʥʯʘʪʦ-ʨʦʪʦʨʥʦʛʦ 

ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ. ʇʦʪʦʢ H S ʨʝʛʫʣʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʛʦ ʠʛʦʣʴʯʘʪʦʛʦ ʢʣʘʧʘʥʘ. 

ʅʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʟʘ ʩʯʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʦʩʪʫʧʘʶʱʠʤ ʧʦʪʦʢʦʤ H S ʠ ʩʢʦʨʦʩʪʴʶ ʦʪʢʘʯʢʠ. ʇʦʪʦʢ H S ʥʘʧʨʘʚʣʷʣʩʷ 

ʥʘ ʤʘʩʩʠʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʦʣʠʙʜʝʥʦʚʳʭ ʥʠʪʝʡ ʪʦʣʱʠʥʦʡ 60 ʤʢʤ (ʠʣʠ ʚʦʣʴʬʨʘʤʦʚʳʭ 

ʪʦʣʱʠʥʦʡ 10 ʤʢʤ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʏʠʩʪʦʪʘ ʤʝʪʘʣʣʘ ʥʠʪʝʡ 

ʩʦʩʪʘʚʣʷʣʘ 99,85%. ʏʝʨʝʟ ʥʠʪʠ ʧʨʦʧʫʩʢʘʣʩʷ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʠʭ ʨʝʟʠʩʪʠʚʥʦʤʫ ʥʘʛʨʝʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1200ï1500ÁC. ʊʝʤʧʝʨʘʪʫʨʘ ʥʠʪʝʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʧʠʨʦʤʝʪʨʘ Cyclops 100 ʯʝʨʝʟ ʧʨʦʩʤʦʪʨʦʚʦʝ ʦʢʥʦ ʢʘʤʝʨʳ. ʆʩʘʞʜʝʥʠʝ 

ʧʣʝʥʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʜʣʦʞʢʫ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʣʠʨʦʚʘʥʥʦʛʦ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ p-ʪʠʧʘ (111) ʪʦʣʱʠʥʦʡ 400 ʤʢʤ ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

0,02 ʆʤĀʩʤ ʠ ʩʣʦʝʤ SiO  ʪʦʣʱʠʥʦʡ 300 ʥʤ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʚ 

ʜʠʘʧʘʟʦʥʝ 500ï900ÁC ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʤʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʠ ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʧʠʨʦʤʝʪʨʘ. ʈʘʟʤʝʨ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʝʢ ʩʦʩʪʘʚʣʷʣ 

10Ĭ5Ĭ0,4 ʤʤ. ɺʦ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʜʘʣʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʪʦʢ H S ʨʝʛʫʣʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʠʛʦʣʴʯʘʪʦʛʦ ʢʣʘʧʘʥʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʥʘ ʫʨʦʚʥʝ 7,5Ĭ10-1 ʤʙʘʨ; ʩʠʣʘ 

ʪʦʢʘ, ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʯʝʨʝʟ ʤʦʣʠʙʜʝʥʦʚʳʝ ʥʠʪʠ, ʩʦʩʪʘʚʣʷʣʘ 0,77 ɸ, ʘ ʠʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 1400ÁC. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

500ÁC ʜʦ 800ÁC. ɺʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʪʘʢʞʝ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 2 ʜʦ 15 ʤʠʥʫʪ. 

 
ʈʠʩʫʥʦʢ 31. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ɻʌʍʆ ʩʠʥʪʝʟʘ ʧʣʝʥʦʢ MoS2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʧʘʨʦʚ ʤʦʣʠʙʜʝʥʘ (ʠʣʠ ʚʦʣʴʬʨʘʤʘ) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ. ʀʟʦʙʨʘʞʝʥʠʝ 

ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ [A5]. 
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ʅʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʦʢ ʩ ʤʦʨʬʦʣʦʛʠʝʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʨʠʩʪʘʣʣʠʪʦʚ 

MoS2, ʘʪʦʤʥʳʝ ʩʣʦʠ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʧʦʜʣʦʞʢʠ 

(ʥʘʥʦʩʪʝʥʦʢ). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨʳ ʥʘʥʦʩʪʝʥʦʢ MoS2 (ʚʳʩʦʪʘ ʠ ʜʣʠʥʘ) ʠʟʤʝʥʷʶʪʩʷ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʦʩʘʞʜʝʥʠʷ ʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʣʫʯʘʷʭ ʪʦʣʱʠʥʘ 

ʥʘʥʦʩʪʝʥʦʢ MoS2 ʥʝ ʧʨʝʚʳʰʘʣʘ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ. ʊʠʧʠʯʥʳʝ ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 32. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʩ 2 ʜʦ 12 ʤʠʥʫʪ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ 

(TSi = 800ÁC) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʦʚ ʯʝʰʫʝʢ ʦʪ 100 ʥʤ ʜʦ 1 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʝʰʫʝʢ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ. ʆʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʦʩʘʞʜʘʝʤʦʛʦ ʩʣʦʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 500ÁC ʜʦ 800ÁC, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʥʘʣʠʯʠʠ ʰʠʨʦʢʦʛʦ ʧʣʘʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʢ ʨʝʘʢʮʠʷʤ ʪʨʘʚʣʝʥʠʷ ʠ 

ʠʩʧʘʨʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ. 

 
ʈʠʩʫʥʦʢ 32. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ MoS2, ʩʦʩʪʦʷʱʠʭ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ (ʥʘʥʦʩʪʝʥʦʢ). ʀʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʜʥʦʤ ʤʘʩʰʪʘʙʝ. ʅʘ ʢʘʞʜʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ ʫʢʘʟʘʥʳ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʨʠ ɻʌʍʆ 

ʩʠʥʪʝʟʝ, ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʢʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A5] . 
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ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ MoS2 ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʣʠʙʜʝʥʦʚʳʭ ʥʠʪʝʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʦʞʞʝʥʥʳʭ ʚ 

ʚʘʢʫʫʤʝ ʧʝʨʝʜ ʩʠʥʪʝʟʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʥʦʩʪʝʥʢʠ ʪʦʣʱʠʥʦʡ 100 ʥʤ ʦʩʘʞʜʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 7ï

8 ʤʠʥʫʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʦʪʦʞʞʝʥʥʳʭ (ʠʩʭʦʜʥʳʭ) ʥʠʪʝʡ. ʆʜʥʘʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʪʞʠʛ 

ʥʠʪʝʡ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 10-3 ʤʙʘʨ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200ÁC ʚ ʪʝʯʝʥʠʝ 7 ʤʠʥʫʪ ʩʦʢʨʘʱʘʝʪ 

ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʭ ʞʝ ʨʘʟʤʝʨʦʚ ʯʝʰʫʝʢ, ʜʦ 1ï2 ʤʠʥʫʪ. ʊʘʢʘ̫ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʷʭ ʦʩʘʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʤʦʣʠʙʜʝʥʦʚʳʭ ʥʠʪʷʭ ʚʦ ʚʨʝʤʷ ʦʪʞʠʛʘ [118]. ʀʟʥʘʯʘʣʴʥʦ ʛʣʘʜʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʪʝʡ ʩʪʘʥʦʚʠʪʩʷ ʰʝʨʦʭʦʚʘʪʦʡ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʫʜʝʣʴʥʫʶ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʦʣʠʙʜʝʥʘ 

ʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ɼʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʣʠʙʜʝʥʦʚʳʭ ʥʠʪʝʡ ʧʨʠ ʦʪʞʠʛʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 33). ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 15ï20 ʨʘʟ ʧʦʩʣʝ ʪʘʢʦʛʦ ʦʪʞʠʛʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʦʪʦʞʞʝʥʥʳʝ ʤʦʣʠʙʜʝʥʦʚʳʝ ʥʠʪʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ɻʌʍʆ, ʠ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ: ʦʥʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 10 ʤʠʥʫʪ ʧʨʦʮʝʩʩʘ, ʘ ʟʘʪʝʤ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. 

 
ʈʠʩʫʥʦʢ 33. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʦʡ (ʜʦ ʦʪʞʠʛʘ) ʤʦʣʠʙʜʝʥʦʚʦʡ ʥʠʪʠ (ʘ) ʠ ʥʠʪʠ ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʚ ʚʘʢʫʫʤʝ 10-3 ʤʙʘʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500ÁC ʚ ʪʝʯʝʥʠʝ 7 ʤʠʥʫʪ (ʙ). ʀʟʦʙʨʘʞʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʜʥʦʤ ʤʘʩʰʪʘʙʝ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A6]. 

 

ʃʠʥʠʠ ʥʘ 384 ʠ 407 ʩʤ-1 ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 34, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ MoS2 ʚ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʢʘʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʜʘʥʥʳʝ ʧʠʢʠ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ 

ʩʧʝʢʪʨʘʭ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʧʠʢʘʤʠ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ 

ʥʘʥʦʩʪʝʥʦʢ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ɻʌʍʆ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ (ʪ.ʝ. ʯʠʩʣʘ ʩʣʦʝʚ) ʚ ʢʨʠʩʪʘʣʣʠʪʘʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʘʥʦʩʪʝʥʢʠ [82]. ɹʦʣʝʝ ʪʦʯʥʘʷ ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʫʣʴʪʨʘʥʠʟʢʠʭ ʯʘʩʪʦʪ, 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 34(ʙ). ʇʠʢ, ʥʘʙʣʶʜʘʝʤʳʡ ʧʨʠ 25 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2-3 ʩʣʦʷʤ 

MoS2 ʚ ʥʘʥʦʩʪʝʥʢʘʭ ʜʣʠʥʦʡ 100 ʥʤ, ʪʦʛʜʘ ʢʘʢ ʧʠʢ ʧʨʠ 32 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 5-6 ʩʣʦʷʤ MoS2 ʚ 

ʥʘʥʦʩʪʝʥʢʘʭ ʜʣʠʥʦʡ 500 ʥʤ [119]. ɺ ʦʙʨʘʟʮʘʭ ʩ ʥʘʥʦʩʪʝʥʢʘʤʠ ʨʘʟʤʝʨʦʤ 1 ʤʢʤ 

ʫʣʴʪʨʘʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʣʠʥʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʝʚʳʰʘʝʪ 10. 

 
ʈʠʩʫʥʦʢ 34. ʂʈʉ ʩʧʝʢʪʨʳ ʧʣʝʥʦʢ MoS2 ʩ ʤʦʨʬʦʣʦʛʠʝʡ ʥʘʥʦʩʪʝʥʦʢ. (a) ï ʜʠʘʧʘʟʦʥ 370-420 

ʩʤ-1, (ʙ) ï ʜʠʘʧʘʟʦʥ ʫʣʴʪʨʘʥʠʟʢʠʭ ʯʘʩʪʦʪ 10-50 ʩʤ-1. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A5] . 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʘʪʦʤʘʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʇʦʜʛʦʪʦʚʢʘ 

ʦʙʨʘʟʮʦʚ ʜʣʷ ʇʕʄ ʚʢʣʶʯʘʣʘ ʧʦʛʨʫʞʝʥʠʝ ʧʣʝʥʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʟʤʝʨʫ ʥʘʥʦʩʪʝʥʦʢ 500 

ʥʤ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʢʨʝʤʥʠʝʚʫʶ ʧʦʜʣʦʞʢʫ, ʚ ʧʣʘʚʠʢʦʚʫʶ ʢʠʩʣʦʪʫ (HF) ʩ ʮʝʣʴʶ ʨʘʩʪʚʦʨʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (SiO ) ʪʦʣʱʠʥʦʡ 300 ʥʤ. ʇʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʧʣʝʥʢʠ ʦʪ 

ʧʦʜʣʦʞʢʠ ʝʸ ʬʨʘʛʤʝʥʪʳ ʧʝʨʝʥʦʩʠʣʠʩʴ ʥʘ ʤʝʜʥʳʝ ʩʝʪʢʠ-ʜʝʨʞʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 35. 
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ʈʠʩʫʥʦʢ 35. ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʝ (ʘ) ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ MoS2 ʧʣʝʥʢʠ, (ʙ) ï ʫʯʘʩʪʢʘ 

ʧʣʝʥʢʠ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʇʦʜʧʠʩʠ 1L, 2L, 4L, 9L ʦʙʦʟʥʘʯʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ 

ʚ ʩʪʨʫʢʪʫʨʝ, ʨʷʜʦʤ ʩ ʢʦʪʦʨʦʡ ʦʥʠ ʥʘʭʦʜʷʪʩʷ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A5] . 

 

ɺ ʭʦʜʝ ʇʕʄ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʩʘʞʜʝʥʥʦʝ MoS2 ʧʦʢʨʳʪʠʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʧʦʜʩʠʩʪʝʤ: çʧʦʜʩʪʠʣʘʶʱʝʡè ʧʣʝʥʢʠ MoS2, ʘʪʦʤʥʳʝ ʩʣʦʠ ʢʦʪʦʨʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʭʦʜʷʱʠʝʩʷ ʩ ʥʝʡ ʚ ʢʦʥʪʘʢʪʝ; ʠ 

ʢʨʠʩʪʘʣʣʠʪʦʚ, ʘʪʦʤʥʳʝ ʩʣʦʠ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʜʣʦʞʢʝ 

(ʥʘʥʦʩʪʝʥʦʢ) ʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʩ çʧʦʜʩʪʠʣʘʶʱʝʡè ʧʣʝʥʢʦʡ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʨʦʤʢʘʤ ʢʨʠʩʪʘʣʣʠʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʧʣʝʥʢʠ ʥʘ ʩʝʪʢʫ ʚ ʥʝʢʦʪʦʨʳʭ 

ʤʝʩʪʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʟʨʳʚʳ ʠ ʟʘʛʠʙʳ ʢʨʘʝʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʥʳʭ 

ʩʣʦʝʚ ʚ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʣʝʥʢʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʘ ʩʦʩʪʘʚʣʷʶʱʘʷ, 

ʧʨʠʤʳʢʘʶʱʘʷ ʢ ʧʦʜʣʦʞʢʝ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ-ʪʨʝʭ ʩʣʦʝʚ MoS2 (ʩʤ. ʨʠʩʫʥʦʢ 35(ʘ)). ʄʝʞʩʣʦʝʚʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʚ ʵʪʦʡ ʧʣʝʥʢʝ ʩʦʩʪʘʚʣʷʝʪ 6,8 Ñ 0,5 ¡, ʯʪʦ, ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ MoS2 [4, 120, 121]. ʉʠʤʤʝʪʨʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʝʸ ʧʝʨʠʦʜ, ʨʘʚʥʳʡ 3,1 Ñ 0,2 ¡, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ (ʩʤ. ʨʠʩʫʥʦʢ 35(ʘ)), ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ MoS2. 

ʂʨʦʤʝ ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʇʕʄ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʨʫʛʠʝ ʬʨʘʛʤʝʥʪʳ ʧʣʝʥʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʠʪʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ 

(ʥʘʥʦʩʪʝʥʢʠ). ʊʠʧʠʯʥʦʝ ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʪʘʢʦʛʦ ʫʯʘʩʪʢʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʦʢ 35(ʙ). ʅʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʯʝʪʢʦ ʚʠʜʥʳ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʥʳʝ ʩʣʦʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘʥʦʩʪʝʥʢʠ MoS ʩʦʩʪʦʷʪ 

ʠʟ 4ï5 ʩʣʦʝʚ. ʊʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʨʠʩʪʘʣʣʠʪʳ ʪʦʣʱʠʥʦʡ 9 ʩʣʦʝʚ ʠ ʜʘʞʝ ʦʜʥʦʩʣʦʡʥʳʝ 
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ʫʯʘʩʪʢʠ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʪʦʥʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʣʠʥʠʡ ʚ 

ʩʧʝʢʪʨʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 34(ʙ). ʅʘʣʠʯʠʝ 

ʤʦʥʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ MoS  ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʧʝʢʪʨʘʤʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ). ʉʧʝʢʪʨʳ ʌʃ ʧʣʝʥʦʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʘʥʦʩʪʝʥʦʢ MoS , ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʈ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʣʘʟʝʨʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 

ʥʤ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʧʦ ʂʈʉ ʣʠʥʠʠ 408 ʩʤ ĭ (ʩʤ. ʨʠʩʫʥʦʢ 36(ʘ)). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʡ ʂʈʉ 

ʣʠʥʠʠ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʠ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʌʃ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ, ʥʦ, ʢʨʦʤʝ ʪʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʌʃ ʩʠʣʴʥʦ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʩʣʦʝʚ ʚ ʢʨʠʩʪʘʣʣʠʪʘʭ [50]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʌʃ ʚ ʨʘʟʣʠʯʥʳʭ ʧʣʝʥʢʘʭ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʚ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʦ 

ʂʈʉ ʣʠʥʠʠ 408 ʩʤ ĭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʧʝʢʪʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 36(ʘ), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʌʃ ʚ ʧʣʝʥʢʘʭ ʩ ʥʘʥʦʩʪʝʥʢʘʤʠ ʨʘʟʤʝʨʦʤ 100 ʥʤ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʚ 

ʧʣʝʥʢʘʭ ʩ ʥʘʥʦʩʪʝʥʢʘʤʠ ʨʘʟʤʝʨʦʤ ʦʪ 500 ʥʤ ʜʦ 1 ʤʢʤ. ʆʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʌʃ 

(ʚ ʜʠʘʧʘʟʦʥʝ 650ï665 ʥʤ) ʠ ʂʈʉ ʩʠʛʥʘʣʘ (408 ʩʤ ĭ) ʩʦʩʪʘʚʣʷʝʪ 1,8 ʜʣʷ ʧʣʝʥʦʢ ʩ ʯʝʰʫʡʢʘʤʠ 100 

ʥʤ, 0,2 ʜʣʷ ʯʝʰʫʝʢ 200 ʥʤ ʠ 0,09 ʜʣʷ ʯʝʰʫʝʢ 1 ʤʢʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʌʃ 

ʜʣʷ ʯʝʰʫʝʢ 100 ʥʤ, ʠʟʤʝʨʝʥʥʘʷ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʌʃ 

ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʥʦʩʣʦʷ MoS  ʥʘ ʧʦʜʣʦʞʢʝ SiO2/Si, ʠʟʤʝʨʝʥʥʦʡ ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ 

[50]. ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʌʃ ʪʘʢʞʝ ʩʣʝʛʢʘ ʩʤʝʱʘʣʦʩʴ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʩʪʦʨʦʥʫ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʥʘʥʦʩʪʝʥʦʢ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʧʣʝʥʢʝ [25]. 

ʇʦʤʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʌʃ ʩ ʣʘʟʝʨʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʳ ʠ ʜʚʦʡʥʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʥʫʞʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʘʨʪʳ ʩʧʝʢʪʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʌʃ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 36(ʙ). ʄʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʥʦʚʥʦʡ 

ʣʠʥʠʠ ʌʃ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʦʢʦʣʦ 650 ʥʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 425 ʥʤ. ʇʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʣʠʥʠʠ, ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (550ï

630 ʥʤ) ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʘʷ ʌʃ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚʦʟʨʘʩʪʘʣʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ ʠʥʪʝʨʚʘʣʝ 350ï375 ʥʤ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ ʤʘʢʩʠʤʫʤʘʤʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ (550ï570 ʥʤ) ʠ ʦʩʥʦʚʥʦʡ (650 

ʥʤ) ʢʦʤʧʦʥʝʥʪ ʌʃ ʩʦʩʪʘʚʣʷʝʪ 0,28ï0,35 ʵɺ. ʉʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʳʤ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʜʘʥʥʳʤ, 

ʵʥʝʨʛʠʷ ʩʚʷʟʠ A-ʵʢʩʠʪʦʥʘ ʚ MoS  ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,22 ʜʦ 0,57 ʵɺ [76, 122], ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʚʷʟʴ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʌʃ ʩ ʨʝʢʦʤʙʠʥʘʮʠʡ ɸ-ʵʢʩʠʪʦʥʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʫʧʦʤʠʥʘʝʪʩʷ ʦ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʦʱʝʥʠʷ MoS  ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʦʢʦʣʦ 590 ʥʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʨʝʢʦʤʙʠʥʘʮʠʝʡ 
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ʚʦʟʙʫʞʜʝʥʥʦʛʦ ɸ*-ʵʢʩʠʪʦʥʘ [123]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʣʠʥʠʠ 

ʌʃ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ɸ*-ʵʢʩʠʪʦʥʘ.  

 
ʈʠʩʫʥʦʢ 36. (a) ï ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʈʉ 

ʣʠʥʠʠ 408 ʩʤ-1; (ʙ) ï ʜʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʜʣʠʥʳ 

ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ MoS2 ʧʣʝʥʢʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ 

ʬʣʝʡʢʦʚ 100 ʥʤ. ʅʘʢʣʦʥʥʳʝ ʣʠʥʠʠ ʥʘ ʧʘʥʝʣʠ ʙ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʨʪʝʬʘʢʪ, ʚʳʟʚʘʥʥʳʡ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʩʪʘʚʢʘ ʚ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ ʦʪʨʘʞʘʝʪ 

ʧʨʦʬʠʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʚʜʦʣʴ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A5] . 

 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ ʚ ʩʪʨʫʢʪʫʨʝ MoS2 ʧʣʝʥʢʠ (ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʣʝʥʢʠ, ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ 

ʘʪʦʤʥʳʤʠ ʩʣʦʷʤʠ ʩ ʧʦʜʣʦʞʢʦʡ, ʠ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘʥʦʩʪʝʥʦʢ), ʘ ʪʘʢʞʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʌʃ ʦʪ ʨʘʟʤʝʨʘ ʥʘʥʦʩʪʝʥʦʢ ʛʦʚʦʨʠʪ ʦ ʤʥʦʛʦʩʪʘʜʠʡʥʦʤ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ɼʇʄ ʧʣʝʥʦʢ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʷʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʀʟʫʯʝʥʠʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥ ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ. 

 

4.3. ʕʚʦʣʶʮʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʩʪʨʫʢʪʫʨʥʳʭ, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɼʇʄ ʧʣʝʥʦʢ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʀʟʫʯʝʥʠʝ ʩʪʘʜʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ɻʌʍʆ 

ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʝʥʦʢ ɼʇʄ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʪʠʧ ʧʦʜʣʦʞʢʠ, ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʜʣʦʞʢʠ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʠʪʝʡ. ɺ ʵʪʦʡ ʩʝʨʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʘʢ Mo, ʪʘʢ ʠ W ʥʠʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʠʭ ʯʝʨʪ ʚ ʤʝʭʘʥʠʟʤʘʭ ʦʩʘʞʜʝʥʠʠ ɼʇʄ ʧʣʝʥʦʢ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʧʨʦʮʝʩʩʦʚ ʦʩʘʞʜʝʥʠʷ MoS2 ʧʣʝʥʦʢ ʥʘ ʧʦʜʣʦʞʢʠ 
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ʨʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʨʘʟʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ ʩ ʦʨʠʝʥʪʘʮʠʝʡ (100) ʠ (111), ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ ʩ 

ʪʘʢʠʤʠ ʞʝ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 300 ʥʤ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʦʡ, 

ʧʦʣʠʨʦʚʘʥʥʳʡ ʧʣʘʚʣʝʥʥʳʡ ʢʚʘʨʮ, ʦʩʘʞʜʝʥʥʳʡ ʥʘ ʥʝʤ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ 

ʤʦʣʠʙʜʝʥ, ʩʚʝʞʝʩʢʦʣʦʪʘʷ ʩʣʶʜʘ, ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʢʦʨʫʥʜʦʚʘʷ ʢʝʨʘʤʠʢʘ (Al 2O3) ʩ 

ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ 1-10 ʤʢʤ, ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠ ʦʩʘʞʜʝʥʥʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦʡ ʢʝʨʘʤʠʢʠ 

ʧʣʘʪʠʥʘ. ʇʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ MoS2 ʧʣʝʥʢʠ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʧʦʜʣʦʞʝʢ ʙʳʣʠ ʦʜʠʥʘʢʦʚ. ʊʦʢ 

ʯʝʨʝʟ ʤʦʣʠʙʜʝʥʦʚʳʝ ʥʠʪʠ ʩʦʩʪʘʚʣʷʣ 0,83ɸ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʫ ʥʠʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʠʭ ʥʘʛʨʝʚ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʷʜʢʘ 1500ʦʉ. ʇʦʪʦʢ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙ rʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʥʘ ʫʨʦʚʥʝ 0,8 ʤʙʘʨ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ 

ʤʦʣʠʙʜʝʥʦʚʳʭ ʥʠʪʝʡ ʜʦ ʧʦʜʣʦʞʢʠ ʩʦʩʪʘʚʣʷʣʦ 10 ʤʤ, ʘ ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʨʘʚʥʷʣʦʩʴ 7 ʤʠʥʫʪʘʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʚʩʝʭ ʧʦʜʣʦʞʢʘʭ ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʣʝʥʢʘ MoS2, ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘʥʦʩʪʝʥʦʢ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʵʪʠʭ ʧʣʝʥʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 37. 

 

ʈʠʩʫʥʦʢ 37. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ MoS2 ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʠʥʘʢʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ɻʌʍʆ: (a) - ʧʦʣʠʨʦʚʘʥʥʳʝ Si ʧʣʘʩʪʠʥʳ, (ʙ) - 

ʧʣʘʩʪʠʥʳ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ, (ʚ) ï ʩʚʝʞʝʩʢʦʣʦʪʘʷ ʩʣʶʜʘ, (ʛ) - ʢʦʨʫʥʜʦʚʘʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ (Al2O3), (ʜ) - Mo ʥʘ ʧʣʘʚʣʝʥʦʤ ʢʚʘʨʮʝ, (ʝ) - Pt ʥʘ ʢʦʨʫʥʜʦʚʦʡ 
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ʢʝʨʘʤʠʢʝ. ɺʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʜʥʦʤ ʤʘʩʰʪʘʙʝ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ ʨʘʚʝʥ 1 

ʤʢʤ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A8] . 

 

ʆʜʠʥʘʢʦʚʘʷ ʤʦʨʬʦʣʦʛʠʷ ʧʣʝʥʢʠ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʥʪʝʟʘ, ʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʧʦʜʣʦʞʢʘʭ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ 

ʧʦʧʳʪʢʝ ʦʩʘʞʜʝʥʠʷ MoS2 ʧʣʝʥʢʠ ʥʘ ʥʠʢʝʣʝ ʚʤʝʩʪʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ MoS2 

ʩʪʨʫʢʪʫʨʳ ʥʠʢʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʩʝʨʦʚʦʜʦʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʠʜʘ NiS. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ, ʥʘʢʣʘʜʳʚʘʝʤʳʤ ʥʘ ʧʦʜʣʦʞʢʫ, ʷʚʣʷʝʪʩʷ 

ʝʝ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʢ ʩʝʨʦʚʦʜʦʨʦʜʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500-700ʦʉ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣ 

ʧʦʜʣʦʞʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ MoS2 ʧʦʢʨʳʪʠʷ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʟʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ɼʇʄ ʧʣʝʥʦʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʧʦʜʣʦʞʢʠ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʩ ʦʨʠʝʥʪʘʮʠʝʡ (111) ʠ 300 ʥʤ ʦʢʩʠʜʥʳʤ ʩʣʦʝʤ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʣʫʯʰʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʘʞʝ ʤʦʥʦʩʣʦʝʚ ɼʇʄ ʚ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ʚ 

ʩʠʣʫ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ. 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʩʦʩʪʘʚ ʦʩʘʞʜʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʨʦʮʝʜʫʨ ʩʠʥʪʝʟʘ, ʦʧʨʝʜʝʣʷʣʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʠʪʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʧʨʦʮʝʩʩʝ (Mo ʠʣʠ W). ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʢʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 15 ʜʦ 120 ʩʝʢʫʥʜ. ʅʘ ʨʠʩʫʥʢʝ 38 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʈʕʄ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʧʣʝʥʦʢ MoS  ʧʨʠ 

ʨʘʟʥʳʭ ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʦʩʘʞʜʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈʉ) ʘ ʪʘʢʞʝ ʨʘʥʝʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʦʩʪʘʚ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ MoS . ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʝʢ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 

780ÁC. ʏʝʨʝʟ ʢʘʞʜʫʶ ʠʟ ʩʝʤʠ ʤʦʣʠʙʜʝʥʦʚʳʭ ʥʠʪʝʡ ʜʠʘʤʝʪʨʦʤ 60 ʤʢʤ ʧʨʦʧʫʩʢʘʣʩʷ ʪʦʢ ʩʠʣʦʡ 

0,83 ɸ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʠʭ ʥʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ 1500ÁC. ʇʦʪʦʢ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʨʝʛʫʣʠʨʦʚʘʣʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ, ʦʪʢʘʯʠʚʘʝʤʦʡ ʬʦʨʚʘʢʫʫʤʥʳʤ 

ʥʘʩʦʩʦʤ, ʩʦʩʪʘʚʣʷʣʦ 8,0Ĭ10 ĭ ʤʙʘʨ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʠʙʜʝʥʦʚʳʤʠ ʥʠʪʷʤʠ ʠ ʧʦʜʣʦʞʢʦʡ 

ʩʦʩʪʘʚʣʷʣʦ 5 ʤʤ. 
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ʈʠʩʫʥʦʢ 38. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ MoS2 ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ 

ʢʨʝʤʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʧʨʦʮʝʩʩʘ ɻʌʍʆ: (a), (ʙ) ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 5 

ʤʠʥ, ʪʦʢ ʥʘʢʘʣʘ 0,77ɸ ʥʘ ʦʜʥʫ ʥʠʪʴ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʥʠʪʷʤʠ 6 ʠ 5 ʤʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; (ʚ), (ʛ), (ʜ), (ʝ) - ʪʦʢ ʥʘʢʘʣʘ 0,83ɸ ʥʘ ʦʜʥʫ ʥʠʪʴ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʦʜʣʦʞʢʦʡ ʠ ʥʠʪʷʤʠ ï 5 ʤʤ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ 15 ʩ, 30 ʩ, 2 ʤʠʥ, 5 ʤʠʥ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʳ ʚ ʦʜʥʦʤ ʤʘʩʰʪʘʙʝ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ ʥʘ ʚʩʝʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʨʘʚʝʥ 200 ʥʤ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A8] . 

 

ʅʘ ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʠʜʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ (15 ʩʝʢʫʥʜ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʧʣʦʰʥʘʷ ʧʣʝʥʢʘ, ʥʝ ʠʤʝʶʱʘʷ ʚʳʨʘʞʝʥʥʳʭ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʪʫʧʳ ʠʣʠ ʥʝʨʦʚʥʦʩʪʠ (ʨʠʩʫʥʦʢ 38(ʚ)). ʊʘʢʘʷ 
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ʩʢʦʨʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʣʦʰʥʳʭ MoS2 ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ, 

ʚʳʩʪʫʧʘʶʱʠʭ ʥʘʜ ʦʩʥʦʚʥʦʡ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʦʜʣʦʞʢʝ (ʥʘʥʦʩʪʝʥʦʢ). ʇʣʘʩʪʠʥʯʘʪʘʷ ʬʦʨʤʘ ʠ ʦʨʠʝʥʪʘʮʠʷ ʥʘʥʦʩʪʝʥʦʢ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʤʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ (ʨʠʩʫʥʦʢ 38(ʛ, ʜ, ʝ)). ʇʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʦʩʘʞʜʝʥʠʷ 120 ʩʝʢʫʥʜ ʪʦʣʱʠʥʘ ʥʘʥʦʩʪʝʥʦʢ ʜʦʩʪʠʛʘʝʪ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʘ ʠʭ 

ʣʘʪʝʨʘʣʴʥʳʝ ʨʘʟʤʝʨʳ (ʚʜʦʣʴ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ) ʩʦʩʪʘʚʣʷʶʪ 100ï200 

ʥʤ (ʨʠʩʫʥʦʢ 38(ʝ)). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ MoS2 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ɻʌʍʆ-ʩʠʥʪʝʟʘ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʪʦʢ ʯʝʨʝʟ ʢʘʞʜʫʶ ʠʟ ʩʝʤʠ 

ʤʦʣʠʙʜʝʥʦʚʳʭ ʥʠʪʝʡ ʙʳʣ ʫʤʝʥʴʰʝʥ ʜʦ 0,77 ɸ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʘʨʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʚʦʡ ʩʨʝʜʳ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʪʷʤʠ ʠ ʧʦʜʣʦʞʢʦʡ ʜʦ 10 ʤʤ, ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʢʨʳʪʠʷ, 

ʤʦʨʬʦʣʦʛʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 38(ʘ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ, 

ʦʩʘʞʜʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʩʦʩʪʦʠʪ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʩʪʨʦʚʢʦʚ ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʩ ʧʦʧʝʨʝʯʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ 50ï150 ʥʤ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʦʩʪʨʦʚʢʦʚ ʠʤʝʶʪ ʥʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ 

ʰʝʩʪʠʫʛʦʣʴʥʫʶ ʦʛʨʘʥʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ MoS2. ʇʨʠ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʨʦʩʪʘ, ʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʪʷʤʠ ʠ ʧʦʜʣʦʞʢʦʡ ʜʦ 

9 ʤʤ (ʨʠʩʫʥʦʢ 38(ʙ)), ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʠʟʤʝʥʝʥʠʶ 

ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʢʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʩʣʠʷʥʠʝ 

ʦʩʪʨʦʚʢʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʤʝʩʪʘʭ ʠʭ ʢʦʥʪʘʢʪʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ, 

ʧʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʚʝʨʦʷʪʥʦ, ʩʣʫʞʠʣʠ ʮʝʥʪʨʘʤʠ 

ʟʘʨʦʞʜʝʥʠʷ ʥʘʥʦʩʪʝʥʦʢ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʜʣʦʞʢʝ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʦʢ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ WS2 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʴʬʨʘʤʦʚʳʭ ʥʠʪʝʡ ʜʠʘʤʝʪʨʦʤ 10 ʤʢʤ. ʀʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ 

ʠʩʧʘʨʷʝʤʦʛʦ ʤʝʪʘʣʣʘ (W) [124] ʠ ʝʛʦ ʤʝʥʴʰʝʛʦ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʪʘʢʠʝ ʥʠʪʠ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘʛʨʝʚʘʪʴ ʜʦ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 1700ʦʉ, ʧʨʦʧʫʩʢʘʷ ʯʝʨʝʟ 

ʢʘʞʜʫʶ ʠʟ 7 ʥʠʪʝʡ ʪʦʢ ʨʘʚʥʳʡ 0,42 ɸ. ʅʘ ʨʠʩʫʥʢʝ 39(ʘ-ʝ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʈʕʄ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʧʣʝʥʦʢ WS2, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʚʦʣʴʬʨʘʤʦʚʳʤʠ ʥʠʪʷʤʠ ʠ ʧʦʜʣʦʞʢʦʡ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʦʩʘʞʜʝʥʠʷ ʜʣʷ ʵʪʠʭ ʧʣʝʥʦʢ ʩʦʩʪʘʚʣʷʣʘ 8 ʤʠʥʫʪ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʦʙʨʘʪʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʧʦʜʣʦʞʢʠ ʦʪ 

ʚʦʣʴʬʨʘʤʦʚʳʭ ʥʠʪʝʡ (5 ʤʤ) ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ WS2, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʥʦ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʝʬʝʢʪʥʦʩʪʠ ʠ ʣʘʪʝʨʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʢʦʣʦ 
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100 ʥʤ (ʨʠʩʫʥʦʢ 39(a)). ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 4,6 ʤʤ ʧʣʝʥʢʘ ʫʞʝ ʩʦʩʪʦʷʣʘ ʠʟ 

ʢʨʠʩʪʘʣʣʠʪʦʚ WS2 ʩ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 39(ʙ)). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʩʦʢʨʘʱʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʠʪʝʡ (ʪ.ʝ. ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ), ʘʥʘʣʦʛʠʯʥʦ 

ʩʣʫʯʘʶ ʩ MoS2, ʥʝʢʦʪʦʨʳʝ ʢʨʠʩʪʘʣʣʠʪʳ WS2 ʧʨʦʜʦʣʞʘʣʠ ʧʣʘʥʘʨʥʳʡ ʨʦʩʪ ʜʦ ʤʦʤʝʥʪʘ ʩʣʠʷʥʠʷ, 

ʦʙʨʘʟʫʷ ʛʨʘʥʠʮʳ ʟʝʨʝʥ (ʨʠʩʫʥʦʢ 39(ʚ, ʛ)). ʃʠʥʝʡʥʳʝ ʜʝʬʝʢʪʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ ʛʨʘʥʠʮʘʭ 

ʟʝʨʝʥ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʣʫʞʘʪ ʮʝʥʪʨʘʤʠ ʥʫʢʣʝʘʮʠʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʝʥʴʰʝʤ 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʥʠʪʷʤʠ (ʨʠʩʫʥʦʢ 39(ʜ, ʝ)). ɺ ʵʪʦʤ ʩʣʫʯʘʝ WS2 ʧʦʣʥʦʩʪʴʶ 

ʧʦʢʨʳʚʘʝʪ ʧʦʜʣʦʞʢʫ, ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʳʡ ʨʦʩʪ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ (ʥʘʥʦʩʪʝʥʦʢ) ʠʟ ʤʝʩʪ ʠʭ ʥʫʢʣʝʘʮʠʠ (ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ). ʅʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʦʨʬʦʣʦʛʠʠ ʥʘʥʦʩʪʝʥʦʢ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʯʝʪʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ, 

ʚʢʣʶʯʘʷ, ʥʘʧʨʠʤʝʨ, ʢʨʠʚʠʟʥʫ ʛʨʘʥʠʮ ʟʝʨʝʥ, ʪʝʨʤʠʯʝʩʢʠʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʜʨʫʛʠʝ. 

 

ʈʠʩʫʥʦʢ 39. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ WS2 ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ, 

ʧʨʦʚʦʜʠʚʰʝʛʦʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ W ʥʠʪʷʤʠ ʠ ʧʦʜʣʦʞʢʦʡ: (a) - 5 ʤʤ; (ʙ) 
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ï 4,6 ʤʤ; (ʚ) ï 4,2 ʤʤ; (ʛ) ï 3,8 ʤʤ; (ʜ) ï 3,4 ʤʤ; (ʝ) ï 3ʤʤ. ɺʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʦʜʥʦʤ ʤʘʩʰʪʘʙʝ, ʤʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ ʨʘʚʝʥ 1 ʤʢʤ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A8] . 

 

ʂʨʠʩʪʘʣʣʠʪʳ MoS2, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʚʨʝʤʝʥʘʭ ʦʩʘʞʜʝʥʠʷ, ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʫ WS2 (100ï200 ʥʤ ʠ 700ï800 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʦʣʴʰʝʡ ʢʨʠʚʠʟʥʝ ʥʘʥʦʩʪʝʥʦʢ MoS2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ WS2. ʈʘʟʣʠʯʠʝ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʘʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ WS2 ʠ MoS2 ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ, ʠʛʨʘʶʱʝʛʦ 

ʨʦʣʴ ʪʨʘʚʠʪʝʣʷ. ɺʦʜʦʨʦʜ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʥʘʛʨʝʪʳʝ ʥʠʪʠ ʯʘʩʪʠʯʥʦ ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘ ʩʝʨʫ ʠ 

ʚʦʜʦʨʦʜ. ʇʨʠ ʪʠʧʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʨʦʩʪʘ MoS2, Mo ʥʠʪʠ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʦʣʦ 1500ʦʉ. 

ʀʟʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 0,8 ʤʙʘʨ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʚʝʥʩʪʚʘ ʩʢʦʨʦʩʪʝʡ ʥʘʧʫʩʢʘ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʩʢʦʨʦʩʪʠ ʦʪʢʘʯʢʠ ʥʘʩʦʩʘ, ʧʦʜʥʠʤʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ɻʌʍʆ ʜʦ ʚʝʣʠʯʠʥʳ 1,2 ʤʙʘʨ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ. ɺ ʩʣʫʯʘʝ ʩ ʦʩʘʞʜʝʥʠʝʤ WS2, ʚʦʣʴʬʨʘʤʦʚʳʝ ʥʠʪʠ 

ʥʘʛʨʝʚʘʣʠʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʦʢʦʣʦ 1700ʦʉ. ʀʟ-ʟʘ ʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʠʩʩʦʮʠʘʮʠʷ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʣʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ ʠ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ 

ʥʘ ʫʨʦʚʥʝ 1,8 ʤʙʘʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʩʣʫʯʘʝ 

ʦʩʘʞʜʝʥʠʷ MoS2 ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 33% (ʧʦ ʢʦʣʠʯʝʩʪʚʫ), ʘ ʚ ʩʣʫʯʘʝ WS2 ï ʦʢʦʣʦ 55%. 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚʝʜʝʪ ʢ ʩʤʝʱʝʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ɼʇʄ ʚ ʩʪʦʨʦʥʫ ʪʨʘʚʣʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʮʝʩʩʳ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʴʥʦ 

ʟʘʤʝʜʣʷʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʨʦʩʪʫ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʘ ʥʝ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ [12]. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ c ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ɸʉʄ, ʚʥʝʜʨʝʥʥʦʡ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ (ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʡ ʙʳʣʦ ʠʟʣʦʞʝʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ) ʧʦʟʚʦʣʠʣʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʳʩʦʪʫ ʥʘʥʦʩʪʝʥʦʢ. ʅʘ ʨʠʩʫʥʢʝ 40(a-ʝ) ʧʨʠʚʝʜʝʥʳ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʣʫʞʘʪ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʈʕʄ-ʩʥʠʤʢʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 39(ʘ-e), 

ʘ ʨʠʩʫʥʦʢ 40(ʜ,ʝ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 38(ʘ,ʙ). ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʝʥʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʣʠʷʥʠʝʤ ʦʩʪʨʦʚʢʦʚ WS  ʠ MoS , ʠʭ ʚʳʩʦʪʘ 

ʩʦʩʪʘʚʣʷʣʘ ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʤʝʪʨʦʚ (ʨʠʩʫʥʦʢ 40(ʙ, ʜ)). ʇʦ ʤʝʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʣʦʰʥʦʡ ʧʣʝʥʢʠ 

ʚʳʩʦʪʘ ʥʘʥʦʩʪʝʥʦʢ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦ 20ï30 ʥʤ. ʇʨʠ ʩʦʢʨʘʱʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʦʣʴʬʨʘʤʦʚʳʭ 

ʥʠʪʝʡ ʜʦ 3,9 ʤʤ ʚʳʩʦʪʘ ʥʘʥʦʩʪʝʥʦʢ ʜʦʩʪʠʛʘʣʘ ʧʦʯʪʠ 1 ʤʢʤ. 
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ʈʠʩʫʥʦʢ 40. (a-ʝ): ʍʘʨʘʢʪʝʨʥʳʝ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ WS2 ʧʣʝʥʦʢ, ʦʩʘʞʜʝʥʥʳʭ ʥʘ SiO2(300 

ʥʤ)/Si ʧʦʜʣʦʞʢʝ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʦ W ʥʠʪʝʡ (a) 5.1 ʤʤ; (ʙ) 4.7 ʤʤ; (ʚ) 4.3 ʤʤ; (ʛ) 

3.9 ʤʤ. ʉʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʜʦʣʴ ʩʠʥʠʭ ʣʠʥʠʡ ʧʨʠʚʝʜʝʥʳ ʧʦʜ ʢʘʞʜʳʤ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʄʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ (a-ʛ) ʨʘʚʝʥ 1 ʤʢʤ. (ʜ, ʝ): ʍʘʨʘʢʪʝʨʥʳʝ ɸʉʄ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʩʪʨʦʚʢʦʚ MoS2 ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʥʘ SiO2(300 ʥʤ)/Si ʧʦʜʣʦʞʢʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ Mo ʥʠʪʝʡ: (ʜ) 10 ʤʤ, (ʝ) 9 ʤʤ. ʄʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ ʜʣʷ 

ʠʟʦʙʨʘʞʝʥʠʡ (ʜ, ʝ) ʨʘʚʝʥ 500 ʥʤ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A8]. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʪʘʢʪʥʦʛʦ ʨʝʞʠʤʘ ɸʉʄ ʜʣʷ ʘʥʘʣʠʟʘ ʧʣʝʥʦʢ WS  ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʷʜ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺʦ-ʧʝʨʚʳʭ, ʠʟ-ʟʘ ʩʧʝʮʠʬʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜʘ ʩ ʦʙʨʘʟʮʦʤ SiO2 ʠ ɼʇʄ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ SiO2 ʦʙʦʨʚʘʥʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʦʩʪʨʦʚʢʠ 

WS2 ʠ MoS2 ʤʦʛʫʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴʩʷ ʢʘʢ ʠʤʝʶʱʠʝ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʚʳʩʦʪʫ, ʪʦ ʝʩʪʴ 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʠʞʝ ʫʨʦʚʥʷ ʧʦʚʝʨʭʥʦʩʪʠ SiO2 (ʨʠʩʫʥʦʢ 40(a)). ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʙʳʣ 

ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥ ʚ ʨʘʙʦʪʝ [125]. ʆʜʥʘʢʦ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʥʘʥʦʩʪʝʥʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʣʘʪʝʨʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ WS2 ʠʣʠ MoS2 (ʘ ʥʝ SiO2) ʜʘʶʪ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺʦ-ʚʪʦʨʳʭ, 
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ʥʘʥʦʩʪʝʥʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʞʝʩʪʢʦʩʪʴ ʧʨʠ ʚʳʩʦʪʝ ʜʦ 50ï100 ʥʤ. ʇʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʥʦʩʪʝʥʢʠ WS2 ʥʘʯʠʥʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʛʠʙʘʪʴʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʟʦʥʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʘʨʪʝʬʘʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʚʳʛʣʷʜʷʱʠʝ ʢʘʢ "ʰʫʤʳ" ʥʘ 

ʨʠʩʫʥʢʝ 40(ʛ). 

ɼʣʷ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ MoS2ʠ WS2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤ ʵʪʘʧʘʤ ʨʦʩʪʘ ʧʣʝʥʦʢ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʂʈʉ. ʅʘ ʨʠʩʫʥʢʝ 41 

ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʜʣʷ ʧʣʝʥʦʢ MoS2 ʠ WS2, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʣʠʨʦʚʘʥʥʳʭ ʦʢʠʩʣʝʥʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʢʘʭ. ɺ ʩʧʝʢʪʨʘʭ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʣʠʥʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ MoS2 (ʤʦʜʳ Ὁ  ʠ ὃ ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʯʘʩʪʦʪʘʭ 383 ʠ 407 ʩʤ-1, ʘ ʪʘʢʞʝ ʘʥʘʣʦʛʠʯʥʳʡ ʣʠʥʠʠ WS2 ʥʘ ʯʘʩʪʦʪʘʭ 352 ʠ 418 ʩʤ
-1. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʥʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʦʡ, ʥʘ 

ʯʘʩʪʦʪʝ 521 ʩʤ-1.  

 

ʈʠʩʫʥʦʢ 41. (a) ʅʘʙʦʨ ʂʈʉ ʩʧʝʢʪʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 370-420 ʩʤ-1 MoS2 ʧʣʝʥʦʢ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ SiO2(300 ʥʤ)/Si ʧʦʜʣʦʞʢʘʭ. ʇʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ ʫʢʘʟʘʥʳ ʩʧʨʘʚʘ ʫ 

ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘ. ɼʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ, ʩʧʝʢʪʨʳ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʤʝʥʴʰʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ Mo ʥʠʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʥʠʟʫ ʩʝʨʠʠ ʩʧʝʢʪʨʦʚ; (ʙ) ʅʘʙʦʨ ʂʈʉ ʩʧʝʢʪʨʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ 310-440 ʩʤ-1 WS2 ʧʣʝʥʦʢ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ SiO2(300 ʥʤ)/Si ʧʦʜʣʦʞʢʘʭ. 
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ʇʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ ʫʢʘʟʘʥʳ ʩʧʨʘʚʘ ʫ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ 

[A8]. 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ MoS2 ʠ WS2, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ. ʇʨʠ ʵʪʦʤ, ʯʪʦ ʙʦʣʝʝ ʚʘʞʥʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ 

ʧʦʣʦʞʝʥʠʡ ʧʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ. ʅʘ ʨʠʩʫʥʢʝ 42 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʠʢʘʤʠ Ὁ  ʠ ὃ , ʘ ʪʘʢʞʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ (ʥʘ ʣʠʥʠʶ ὃ ), ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʜʣʷ MoS2 ʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʠʪʝʡ ʜʣʷ WS . 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʣʦʞʝʥʠʷ ʂʈʉ ʣʠʥʠʡ MoS2 ʠ WS2 ʟʘʚʠʩʷʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʥʳʭ 

ʩʣʦʝʚ [117, 126], ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 42, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʤʦʥʦʪʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʘʪʦʤʥʳʭ ʩʣʦʝʚ ʦʪ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ. ʇʝʨʚʳʝ ʜʚʝ ʪʦʯʢʠ ʥʘ ʛʨʘʬʠʢʘʭ 

ʨʠʩʫʥʢʘ 42(ʘ) ʦʪʥʦʩʷʪʩʷ ʢ ʧʣʝʥʢʘʤ MoS2, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʪʦʢʝ ʯʝʨʝʟ 

ʤʦʣʠʙʜʝʥʦʚʳʝ ʥʠʪʠ (ʜʦ 0,77 ɸ) ʠ ʫʚʝʣʠʯʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʥʠʪʝʡ (ʜʦ 10 ʤʤ). ɼʣʷ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʘʥʥʳʭ ʂʈʉ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʵʪʠʭ ʧʣʝʥʦʢ, ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʪʦʢʦʤ ʯʝʨʝʟ ʥʠʪʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʙʳʣʘ 

ʧʝʨʝʩʯʠʪʘʥʘ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʧʦ ʝʝ ʩʢʦʨʦʩʪʠ. ʕʪʠ ʨʘʩʯʝʪʳ ʥʦʩʷʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ ʩʧʝʢʪʨʦʚ ʂʈʉ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʜʘʣʝʝ) ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ MoS2. ɼʣʷ MoS2 ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʤʦʥʦʩʣʦʡʥʦʡ ʜʦ 2ï3 ʠ 4ï6 ʘʪʦʤʥʳʭ ʩʣʦʝʚ, ʘ ʟʘʪʝʤ, ʧʦʩʣʝ 100 ʩʝʢʫʥʜ 

ʦʩʘʞʜʝʥʠʷ, ʯʠʩʣʦ ʩʣʦʝʚ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʀʟʤʝʥʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠʠ ʂʈʉ ʣʠʥʠʡ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʜʘʥʥʳʤʠ ʈʕʄ. ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʚ ʩʦʩʪʘʚʝ ʧʣʝʥʢʠ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʠʩʪʘʣʣʠʪʳ ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʥʳʭ ʩʣʦʝʚ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʨʠ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʧʦ ʪʦʣʱʠʥʝ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʥʘʯʠʥʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʦʩʪ 

ʥʘʥʦʩʪʝʥʦʢ MoS2. ɺʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘʥʦʩʪʝʥʢʠ ʪʦʥʴʰʝ ʠ ʩʦʩʪʦʷʪ ʠʟ 2ï3 ʩʣʦʝʚ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʩʪʝʥʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʳʰʝ ʠ ʪʦʣʱʝ, ʘ ʯʠʩʣʦ ʩʣʦʝʚ ʚ ʥʠʭ 

ʜʦʩʪʠʛʘʝʪ 5ï6. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʦʛʜʘ ʧʣʝʥʢʘ MoS2 ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʧʣʘʥʘʨʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ Ὁ  ʢ ὃ  ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

0,57ï0,67. ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʥʦʩʪʝʥʦʢ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,44ï

0,52. ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [127, 128] ʠ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʜʦʣʠ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ʧʣʝʥʢʠ. 

ɼʣʷ ʧʣʝʥʦʢ WS2 ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʤʦʥʦʪʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʡ ʂʈʉ ʧʠʢʦʚ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʥʠʪʷʤʠ (ʨʠʩʫʥʦʢ 42(ʙ)). ʅʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ (ʧʨʠ ʙʦʣʴʰʝʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʥʠʪʝʡ) ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʘʤ WS2, ʩʦʩʪʦʷʱʠʤ ʠʟ 1ï2 

ʩʣʦʝʚ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʜʦʩʪʠʛʘʝʪ 3ï6 ʩʣʦʝʚ. ɺ ʫʩʣʦʚʠʷʭ, 
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ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʥʪʨʦʚ ʥʫʢʣʝʘʮʠʠ ʥʘ ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘʥʠʮʘʭ (ʠʭ ʢʦʪʦʨʳʭ 

ʟʘʪʝʤ ʨʘʟʚʠʚʘʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʥʘʥʦʩʪʝʥʢʠ), ʂʈʉ ʩʧʝʢʪʨ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 3 ʩʣʦʷʤ. ʇʦ ʤʝʨʝ 

ʨʦʩʪʘ ʥʘʥʦʩʪʝʥʦʢ ʠʭ ʪʦʣʱʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ MoS2. ʂʘʞʫʱʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʩʣʦʝʚ ʧʨʠ ʥʘʠʙʦʣʴʰʝʤ ʫʜʘʣʝʥʠʠ ʧʦʜʣʦʞʢʠ ʦʪ ʥʠʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ 

ʪʦʣʱʠʥʦʡ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʥʦ ʠ ʩ ʠʭ ʚʳʩʦʢʦʡ ʜʝʬʝʢʪʥʦʩʪʴʶ (ʩʤ. ʨʠʩʫʥʦʢ 39(a)) [129]. 

ɸʥʘʣʦʛʠʯʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ Ὁ  ʢ ὃ  ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʩʪʝʥʦʢ WS  ï ʦʥʦ ʩʥʠʞʘʝʪʩʷ ʩ 3,2ï4,8 ʜʦ 2ï2,3 ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ. 

ʀʟʤʝʥʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʪʝʭ 

ʞʝ ʛʨʘʬʠʢʘʭ (ʨʠʩʫʥʦʢ 42), ʪʘʢʞʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʣʝʥʢʘʭ 

ɼʇʄ. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʂʈʉ ʣʠʥʠʡ 408 

ʩʤ-1 ʜʣʷ MoS2 ʠ 352 ʩʤ
-1 ʜʣʷ WS2. ʅʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʌʃ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʂʈʉ ʧʠʢʘʤʠ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʥʳʝ 

ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ MoS2 ʠ WS2. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʌʃ 

ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʢʦʛʜʘ ʧʣʝʥʢʘ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʤʦʥʦʩʣʦʡʥʳʭ ʦʩʪʨʦʚʢʦʚ. 

ʇʨʠ ʩʣʠʷʥʠʠ ʦʩʪʨʦʚʢʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʧʣʦʰʥʦʡ ʧʣʝʥʢʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʧʦʜʘʚʣʷʝʪʩʷ ʠʟ-

ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ. ʇʨʠ ʥʫʢʣʝʘʮʠʠ ʠ ʨʦʩʪʝ ʥʘʥʦʩʪʝʥʦʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʥʦʚʘ ʚʦʟʨʘʩʪʘʝʪ (ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʜʣʷ MoS2 ʩ ʙʦʣʝʝ ʪʦʥʢʠʤʠ 

ʥʘʥʦʩʪʝʥʢʘʤʠ), ʘ ʟʘʪʝʤ ʦʧʷʪʴ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʠʭ ʫʪʦʣʱʝʥʠʷ. ʀʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʩʤʝʱʝʥʠʝ ʧʠʢʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʝʞʩʣʦʡʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʟʤʝʥʝʥʠʝʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ [50]. 

 

Fig. 42. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʌʃ (ʯʝʨʥʘʷ ʢʨʠʚʘʷ) ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

Ὁ  ʠ ὃ  ʧʠʢʘʤʠ (ʩʠʥʷʷ ʢʨʠʚʘʷ) ʜʣʷ (a) ï MoS2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ, ʠ (ʙ) 

ï WS2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʠʪʝʡ. ʏʠʩʣʦ ʨʷʜʦʤ ʩ ʢʘʞʜʦʡ ʪʦʯʢʦʡ ʦʙʦʟʥʘʯʘʝʪ 
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ʭʘʨʘʢʪʝʨʥʫʶ ʪʦʣʱʠʥʫ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʚʳʨʘʞʝʥʥʫʶ ʚ ʯʠʩʣʝ ʩʣʦʝʚ. ʀʟʦʙʨʘʞʝʥʠʝ 

ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A8]. 

 

ʂʨʦʤʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʩʘʤ ʩʧʝʢʪʨ ʌʃ ʤʝʥʷʝʪʩʷ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. ʅʘ ʨʠʩʫʥʢʝ 43 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʜʣʷ ʪʦʛʦ ʞʝ ʥʘʙʦʨʘ ʧʣʝʥʦʢ MoS2 ʠ WS2. ʉʧʝʢʪʨʳ ʌʃ ʙʳʣʠ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʨʦʩʪʘ ʧʣʝʥʦʢ 

ɼʇʄ. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʌʃ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ (MoS2, ʨʠʩʫʥʦʢ 43(a)) ʠʣʠ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʠʪʝʡ (WS2, 

ʨʠʩʫʥʦʢ 43(ʙ)). ɺʩʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʠʤʤʝʪʨʠʯʥʳʭ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʩʝʢʘʥʪʥʳʭ ʬʫʥʢʮʠʡ, ʢʘʢ ʵʪʦ ʧʨʠʤʝʥʷʣʦʩʴ ʨʘʥʝʝ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [87, 130]. 

ɼʣʷ ʧʣʝʥʦʢ MoS2 ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʦʩʘʞʜʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʌʃ ʚʠʜʥʳ ʜʚʘ ʧʠʢʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 

ʥʘ 1,995 ʵɺ ʠ 1,85 ʵɺ. ʕʪʠ ʧʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʢʦʤʙʠʥʘʮʠʠ B0-ʵʢʩʠʪʦʥʘ ʠ A-ʵʢʩʠʪʦʥʘ 

(ʪʨʠʦʥʘ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [50, 131]. ʅʘ ʩʪʘʜʠʠ, ʢʦʛʜʘ ʧʣʝʥʢʘ MoS2 ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʦʩʪʨʦʚʢʦʚ (ʨʠʩʫʥʦʢ 38(ʘ)), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ A  ʚ ʩʧʝʢʪʨʝ ʌʃ ʚ 2,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ ὃ  ʚ ʩʧʝʢʪʨʝ ʂʈʉ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʦʥʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʣʝʥʢʠ 

ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ [50]. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʧʣʝʥʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʠʢʘ ʥʘ 1,91 ʵɺ (ʜʣʷ 

ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ~60 ʩ), ʩʚʷʟʘʥʥʦʛʦ ʩ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʝʡ A0-ʵʢʩʠʪʦʥʘ, ʧʨʠ ʵʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ A  ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. ʇʨʠ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʙʦʣʝʝ 60 ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ A0 ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ, ʜʦʩʪʠʛʘʷ 

ʟʥʘʯʝʥʠ ̫1,77 ʧʨʠ ʥʦʨʤʠʨʦʚʢʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ ʂʈʉ ὃ , ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʤʦʥʦʩʣʦʝʚ MoS2. ʇʨʠ ʵʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʩʪʝʥʦʢ ʚ 

ʬʦʢʫʩʥʦʤ ʧʷʪʥʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʥʘʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʤʘʪʝʨʠʘʣʘ, ʘʙʩʦʣʶʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ (ʠ ʂʈʉ) ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʦʩʪʨʦʚʢʦʚ ʤʦʥʦʩʣʦʷ. ʀʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʧʠʢʘ A0-ʵʢʩʠʪʦʥʘ ʩʣʝʜʳ B0-ʵʢʩʠʪʦʥʦʡ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʘʟʣʠʯʠʤʳʤʠ ʥʘ ʝʛʦ ʬʦʥʝ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʦʩʘʞʜʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʧʠʢʘ A0-ʵʢʩʠʪʦʥʦʛʦ ʨʘʩʧʘʜʘ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʠ ʩʥʠʞʝʥʠʶ 

ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 43. (a) ʅʘʙʦʨ ʌʃ ʩʧʝʢʪʨʦʚ MoS2 ʧʣʝʥʦʢ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ SiO2(300 ʥʤ)/Si 

ʧʦʜʣʦʞʢʘʭ. ɼʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ, ʩʧʝʢʪʨʳ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʤʝʥʴʰʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ Mo ʥʠʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʥʠʟʫ ʩʝʨʠʠ ʩʧʝʢʪʨʦʚ; (ʙ) ʅʘʙʦʨ ʌʃ ʩʧʝʢʪʨʦʚ WS2 

ʧʣʝʥʦʢ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ SiO2(300 ʥʤ)/Si ʧʦʜʣʦʞʢʘʭ. ʇʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ ʫʢʘʟʘʥʳ 

ʩʧʨʘʚʘ ʫ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘ. ʅʦʨʤʠʨʦʚʦʯʥʳʡ ʤʥʦʞʠʪʝʣʴ ʫʢʘʟʘʥ ʨʷʜʦʤ ʩ ʢʘʞʜʳʤ ʩʧʝʢʪʨʦʤ. 

ɿʝʣʝʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʦʪʚʝʯʘʝʪ ʬʠʪʠʥʛʫ A--ʵʢʩʠʪʦʥʥʦʛʦ (ʪʨʠʦʥʥʦʛʦ) ʧʠʢʘ, ʩʠʥʷʷ ï B0-

ʵʢʩʠʪʦʥʥʦʛʦ, ʘ ʢʨʘʩʥʘʷ ï A0-ʵʢʩʠʪʦʥʥʦʛʦ. ʈʦʟʦʚʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʤʤʝ 

ʵʪʠʭ ʧʠʢʦʚ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʚʩʝʭ ʧʠʢʦʚ ʚʳʧʦʣʥʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʝʢʘʥʪʥʦʡ ʬʫʥʢʮʠʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [A8]. 

 

ɼʣʷ ʦʙʨʘʟʮʦʚ WS2 ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʵʚʦʣʶʮʠʷ ʩʧʝʢʪʨʦʚ ʌʃ. ɼʣʷ ʧʣʝʥʦʢ, ʩʦʩʪʦʷʱʠʭ 

ʠʟ ʪʨʝʫʛʦʣʴʥʳʭ ʦʩʪʨʦʚʢʦʚ (ʨʠʩʫʥʦʢ 39(ʙ)), ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʌʃ ʧʨʠ 1,985 

ʵɺ (ʚ 10 ʨʘʟ ʠʥʪʝʥʩʠʚʥʝʝ ʂʈʉ ʣʠʥʠʠ Ὁ ). ʕʪʦʪ ʧʠʢ ʩʚʷʟʘʥ ʩ ʠʟʣʫʯʝʥʠʝʤ A-ʵʢʩʠʪʦʥʘ (ʪʨʠʦʥʘ) 

[132]. ʇʦ ʤʝʨʝ ʩʣʠʷʥʠʷ ʦʩʪʨʦʚʢʦʚ ʠ ʥʫʢʣʝʘʮʠʠ ʥʘʥʦʩʪʝʥʦʢ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʧʠʢ ʧʨʠ 2,06 ʵɺ, 

ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ ʨʝʢʦʤʙʠʥʘʮʠʝʡ A0-ʵʢʩʠʪʦʥʘ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ MoS2. ɺ ʦʪʣʠʯʠʝ ʦʪ MoS2, 

ʧʠʢ ʦʪ B0-ʵʢʩʠʪʦʥʘ ʜʣʷ WS2 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 
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ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚ ʪʦʯʢʘʭ K ʠ Kô ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ [133, 134] ʠ ʤʝʥʴʰʝʡ ʧʦʧʫʣʷʮʠʠ ʜʳʨʦʢ ʥʘ 

ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʚ ʵʪʠʭ ʪʦʯʢʘʭ. 

ʀʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʌʃ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʳʤʠ ʩʪʘʜʠʷʤʠ ʨʦʩʪʘ, ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ɼʇʄ ʧʣʝʥʢʠ ʩ ʧʦʜʣʦʞʢʦʡ [56, 135]. ʅʘ 

ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʠʪʳ ɼʇʄ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʦʜʣʦʞʢʝ ʠ ʧʣʦʪʥʦ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʥʝʡ ʚʩʝʡ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʴʶ. ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʜʩʠʩʪʝʤ ɼʇʄ ʩ ʧʦʜʣʦʞʢʦʡ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʦʙʤʝʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʟʘʨʷʜʘʤʠ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʦʟʜʘʥʠʶ n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ɼʇʄ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ A0-ʵʢʩʠʪʦʥʘ ʠ ʫʩʠʣʝʥʠʶ ʧʠʢʘ A-ʵʢʩʠʪʦʥʘ ʚ ʩʧʝʢʪʨʝ ʌʃ [56, 132, 135]. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʪʳ ɼʇʄ ʥʘʯʠʥʘʶʪ ʨʘʩʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʜʣʦʞʢʝ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʪʳ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʧʦʜʣʦʞʢʦʡ ʥʝ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʣʠʰʴ ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʴʶ ʥʘ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ ʢʨʘʝʚ. ʆʩʣʘʙʣʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʦʜʣʦʞʢʦʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʣʝʛʠʨʦʚʘʥʠʷ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ A-ʪʨʠʦʥʦʚ ʠ ʧʨʝʢʨʘʱʝʥʠʶ ʧʦʜʘʚʣʝʥʠ ̫ ʌʃ ʦʪ 

ʨʝʢʦʤʙʠʥʘʮʠʠ A0-ʵʢʩʠʪʦʥʘ. ʇʦ ʤʝʨʝ ʧʨʦʜʦʣʞʝʥʠʷ ʦʩʘʞʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ɸ0-ʵʢʩʠʪʦʥʥʦʡ 

ʣʠʥʠʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ, ʘ ʟʘʪʝʤ ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʪʦʣʱʝʥʠʠ ʥʘʥʦʩʪʝʥʦʢ ʚ ʭʦʜʝ ʧʨʦʜʦʣʞʘʶʱʝʛʦʩʷ 

ʩʠʥʪʝʟʘ. 

ʇʦʤʠʤʦ ʦʧʠʩʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʂʈʉ, ʌʃ, ɸʉʄ ʠ ʈʕʄ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʨʦʮʝʩʩʝ ɻʌʍʆ-ʩʠʥʪʝʟʘ MoS2 ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʝʥʦʢ 

(in-situ). ʅʘ ʨʠʩʫʥʢʝ 44 ʧʦʢʘʟʘʥʦ ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʪʠʧʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 

ʦʪ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʘ, ʯʪʦ 

ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʘʜʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʇʝʨʚʳʡ 

ʫʯʘʩʪʦʢ (ʦʙʦʟʥʘʯʝʥ ʢʘʢ (ʘ)) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʪʦʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʜʣʦʞʢʠ Al2O3. ʅʘ ʫʯʘʩʪʢʘʭ (b), (c) ʠ (d) ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʥʜʘ, ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʙʳʣʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ 

ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ, ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʢʦʪʦʨʦʡ ʫʢʘʟʘʥʳ ʥʘ ʛʨʘʬʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʅʘʣʠʯʠʝ ʯʝʪʳʨʝʭ ʫʯʘʩʪʢʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʈʕʄ, ʂʈʉ ʠ ʌʃ. 

ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʯʘʩʪʢʫ (ʘ) ʥʘ ʨʠʩʫʥʢʝ 44, ʦʙʨʘʟʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ MoS2. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʤʝʞʜʫ ʢʦʥʪʘʢʪʘʤʠ ʤʠʥʠʤʘʣʴʥʘ ʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʜʦ ʤʦʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʦʜʷʱʝʛʦ 

ʢʘʥʘʣʘ ʚ ʦʩʘʞʜʝʥʥʦʤ ʩʣʦʝ MoS2. ʅʘ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
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ʫʯʘʩʪʢʫ (b) ʥʘ ʨʠʩʫʥʢʝ 44, ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʠʪʘʤʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʣʠʷʥʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʧʣʦʰʥʦʡ ʧʣʝʥʢʠ. ʕʪʦʪ 

ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ ɓb = 3,6 

Ñ 0,1. ʅʘ ʩʪʘʜʠʠ ʦʩʘʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʯʘʩʪʢʫ (c) ʥʘ ʨʠʩʫʥʢʝ 44, 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʪʦʣʱʝʥʠʝʤ ʧʣʝʥʢʠ 

MoS2. ʉʠʣʘ ʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ (ɓc = 1,0 

Ñ 0,2). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʝ ʪʨʠ ʩʪʘʜʠʠ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʧʣʝʥʦʢ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ [136]. ʈʘʟʣʠʯʠʷ ʚ 

ʩʪʝʧʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʜʣʷ ʥʘʥʦʪʨʫʙʦʢ (ʩʤ. [136]) ʠ ʧʣʝʥʦʢ MoS2 (ʩʤ. ʨʠʩʫʥʦʢ 44) 

ʦʙʫʩʣʦʚʣʝʥʳ, ʚʝʨʦʷʪʥʦ, ʪʝʤ, ʯʪʦ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʥʘʥʦʪʨʫʙʢʘʤʠ ʷʚʣʷʶʪʩʷ ʪʦʯʝʯʥʳʤʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʧʣʘʥʘʨʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ MoS2 ʦʥʠ ʣʠʥʝʡʥʳʝ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʶ ʧʣʦʱʘʜʴ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ. ʅʘ ʩʪʘʜʠʠ ʦʩʘʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʯʘʩʪʢʫ (d) ʥʘ ʨʠʩʫʥʢʝ 44, 

ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʇʣʦʱʘʜʴ ʢʦʥʪʘʢʪʦʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ. ʕʪʦʪ ʫʯʘʩʪʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ ɓd = 1,26 

Ñ 0,03. ʅʠʩʭʦʜʷʱʠʡ ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ ʧʦʩʣʝ 500 ʩ ʥʘ ʨʠʩʫʥʢʝ 44 ʩʚʷʟʘʥ ʩ ʦʩʪʘʥʦʚʢʦʡ ʨʝʘʢʪʦʨʘ. 

 

ʈʠʩʫʥʦʢ 44. (ʩʣʝʚʘ) ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ Al2O3 ʢʝʨʘʤʠʢʠ 

ʩ ʧʣʘʪʠʥʦʚʳʤʠ ʢʦʥʪʘʢʪʘʤʠ. ʄʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ ʨʘʚʝʥ 100 ʤʢʤ; (ʩʧʨʘʚʘ) ɻʨʘʬʠʢ in-situ 

ʠʟʤʝʨʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʪʦʢʘ ʯʝʨʝʟ MoS2 ʧʣʝʥʢʫ ʦʪ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʧʨʠʣʦʞʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 2,0 ɺ. ʉʧʘʜʘʶʱʠʡ ʫʯʘʩʪʦʢ ʧʦʩʣʝ 500ʩ ʩʚʷʟʘʥ ʩ 

ʚʳʢʣʶʯʝʥʠʝʤ ʨʝʘʢʪʦʨʘ ʩʠʥʪʝʟʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ [A8]. 

 

ɺ ʠʪʦʛʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ (ʈʕʄ, 

ʂʈʉ, ʌʃ, ɸʉʄ ʠ in-situ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ), ʩʦʛʣʘʩʫʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 



94 

 

ʠ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʦʩʘʞʜʝʥʠʷ ɼʇʄ ʤʘʪʝʨʠʘʣʘ, ʩʭʝʤʘʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 45.  

 

ʈʠʩ 45. ʉʪʘʜʠʠ ʨʦʩʪʘ ɼʇʄ ʧʣʝʥʦʢ: (I) - ʆʙʨʘʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ; (II) - ʆʙʲʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʨʘʩʪʫʱʠʭ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʣʦʞʢʠ: (III) - ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʧʣʦʰʥʦʡ ʧʣʝʥʢʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʘʪʦʤʥʳʭ ʩʣʦʝʚ ʚ 

ʢʨʠʩʪʘʣʣʠʪʘʭ; (IV) - ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʥʘʯʘʣʴʥʳʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʜʣʦʞʢʝ; (V) - ʋʪʦʣʱʝʥʠʝ ʠ ʨʦʩʪ ʥʘʥʦʩʪʝʥʦʢ ɼʇʄ.  

 

ʕʪʠ ʩʪʘʜʠʠ ʚʢʣʶʯʘʶʪ: 

I. ʆʙʨʘʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ɸʪʦʤʥʳʝ ʩʣʦʠ ʚ ʢʨʠʩʪʘʣʣʠʪʘʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʪʘʤʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ʍʦʨʦʰʠʡ ʢʦʥʪʘʢʪ ʢʨʠʩʪʘʣʣʠʪʦʚ ʩ ʧʦʜʣʦʞʢʦʡ ʚʳʟʳʚʘʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʨʷʜʦʚ ʠ ʣʝʛʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʥʘʤʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʝʦʙʣʘʜʘʥʠʠ ʧʠʢʦʚ A- ʠ 

B0-ʵʢʩʠʪʦʥʦʚ ʚ ʩʧʝʢʪʨʘʭ ʌʃ ʠ ʧʦʜʘʚʣʝʥʠʠ ʧʦʣʦʩʳ, ʩʚʷʟʘʥʥʦʡ ʩ A0-ʵʢʩʠʪʦʥʦʤ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʂʈʉ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʦʣʱʠʥʘ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 1ï2 ʘʪʦʤʥʳʭ ʩʣʦʷ. 














































































