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ʇʦʨʦʜʳ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ (ʂʂ) ʥʘ ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ɺʦʩʪʦʯʥʦ-

ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ 

ʧʨʦʚʠʥʮʠʠ (ɸɸʇ), ʧʝʨʝʢʨʳʪʳ ʪʦʣʱʘʤʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚʝʥʜʩʢʦʛʦ, 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʠ ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʤʦʱʥʦʩʪʴʶ ʦʪ 500 ʤ ʜʦ 1ï3 ʢʤ, ʧʦʵʪʦʤʫ 

ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʠ ʚʦʟʨʘʩʪʝ ʂʂ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʢʦʨʦʚʳʭ ʢʩʝʥʦʣʠʪʦʚ, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ɸɸʇ [1, 2], ʠʣʠ ʧʦ ʧʦʨʦʜʘʤ ʂʂ ʠʟ ʢʝʨʥʘ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ [3]. ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʜʘʥʥʳʝ ʧʦ ʚʦʟʨʘʩʪʥʳʤ ʦʮʝʥʢʘʤ ʧʦʨʦʜ ʂʂ ɸɸʇ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʳ ʠ 

ʦʩʥʦʚʘʥʳ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʫʯʝʥʠʷ ʢʩʝʥʦʣʠʪʦʚ ʥʠʞʥʝ-  ʠ ʩʨʝʜʥʝʢʦʨʦʚʳʭ ʧʦʨʦʜ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ [1ï4], ʧʦʨʦʜ ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘ, 

ʚʩʢʨʳʪʳʭ ʩʝʨʠʷʤʠ ʩʢʚʘʞʠʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ɸɸʇ [3], ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʘʭ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ ~ 40 ʟʝʨʝʥ ʢʩʝʥʦʢʨʠʩʪʦʚ ʮʠʨʢʦʥʦʚ ʠʟ ʪʨʫʙʢʠ ʠʤ.       

ɺ. ɻʨʠʙʘ [5].  ɺ ʨʘʙʦʪʝ [3] ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʨʘʩʪʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʧʦʨʦʜ ʂʂ ʚ 

ʧʨʝʜʝʣʘʭ ɸɸʇ: ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ʂʂ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ɸɸʇ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚʩʝ ʚʳʩʦʢʦʘʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ, ʠ 

ʘʨʭʝʡʩʢʠʡ (2.8ï2.7 ʤʣʨʜ ʣʝʪ) ï ʚ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɸɸʇ. ɺ ʨʘʙʦʪʘʭ [1, 2] 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʛʣʘʚʥʳʭ ʵʪʘʧʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʞʥʝʡ ʢʦʨʳ ʚ ʨʘʡʦʥʝ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ, ʘʨʭʝʡʩʢʠʡ (~2.7 ʤʣʨʜ ʣʝʪ) ʠ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ (1.9ï1.7 ʤʣʨʜ ʣʝʪ), ʠ ʫʩʪʘʥʦʚʣʝʥ ʬʘʢʪ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʨʦʨʘʙʦʪʢʠ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʢʦʨʦʚʳʭ ʧʦʨʦʜ ʚ ʧʝʨʠʦʜ 1.9ï1.7 ʤʣʨʜ ʣʝʪ, ʯʪʦ ʤʦʛʣʦ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʵʪʘʧʦʤ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʩʫʙʜʫʢʮʠʠ [2], ʢʦʨʨʝʣʠʨʫʶʱʝʡ ʧʦ ʚʨʝʤʝʥʠ ʩ 

ʵʪʘʧʦʤ ʢʦʣʣʠʟʠʠ ʂʦʣʴʩʢʦʛʦ ʠ ʂʘʨʝʣʴʩʢʦʛʦ ʢʨʘʪʦʥʦʚ. ʈʝʟʫʣʴʪʘʪʳ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ 

ʢʩʝʥʦʢʨʠʩʪʦʚ ʮʠʨʢʦʥʦʚ ʠʟ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʧʦ-ʨʘʟʥʦʤʫ: 1) 

ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʦʚ 2.0ï1.8 ʤʣʨʜ ʣʝʪ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ʂʂ [3] ʠ 2) ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʦʚ 2.8ï2.4 ʤʣʨʜ ʣʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʨʭʝʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ʂʂ, ʘ ʚʦʟʨʘʩʪ 2.1ï1.0 ʤʣʨʜ ʣʝʪ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʦ ʜʝʪʨʠʪʦʚʳʤ ʮʠʨʢʦʥʘʤ ʠʟ ʪʝʨʨʠʛʝʥʥʦʡ ʬʨʘʢʮʠʠ ʧʦʨʦʜ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ [5].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʧʦ U-Pb 

ʠ Lu-Hf ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʢʩʝʥʦʢʨʠʩʪʦʚ ʮʠʨʢʦʥʦʚ (145 ʟʝʨʝʥ) ʠʟ ʢʠʤʙʝʨʣʠʪʘ 

ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʪʘʧʘʭ 

ʵʚʦʣʶʮʠʠ ʂʂ ɸɸʇ. ʎʠʨʢʦʥʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʤʠʥʝʨʘʣʦʚ ʪʷʞʝʣʦʡ 

ʬʨʘʢʮʠʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʨʘʟʜʨʦʙʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʠʤʙʝʨʣʠʪʘ ʜʠʘʪʨʝʤʦʚʦʡ ʯʘʩʪʠ 

ʪʨʫʙʢʠ; ʣʶʙʘʷ ʧʨʠʤʝʩʴ ʤʘʪʝʨʠʘʣʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʙʨʘʟʮʘʭ 

ʢʠʤʙʝʨʣʠʪʘ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʘ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ U-Pb 

ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʢʩʝʥʦʢʨʠʩʪʦʚ ʮʠʨʢʦʥʦʚ ʠʟ ʧʦʨʦʜ ʢʨʘʪʝʨʥʳʭ ʯʘʩʪʝʡ ʪʨʫʙʢʠ ʠʤ. 

ɺ. ɻʨʠʙʘ (53 ʟʝʨʥʘ) ʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ KL-01 (141 ʟʝʨʥʦ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʧʝʩʯʘʥʠʢʘʤʠ ʦʪ ʨʳʭʣʳʭ ʜʦ ʭʦʨʦʰʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʚʘʨʴʠʨʫʶʱʝʡʩʷ 

ʧʨʠʤʝʩʴʶ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ <1 ʜʦ 30ï40 ʦʙ. %; ʵʪʠ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʣʷʪʴ 
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XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

14 

ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʧʦʧʫʣʷʮʠʶ ʮʠʨʢʦʥʦʚ ʚ ʧʦʨʦʜʘʭ ʢʨʘʪʝʨʥʳʭ ʯʘʩʪʝʡ ʪʨʫʙʦʢ ɸɸʇ ʠ 

ʦʪʨʘʞʘʪʴ ʚʦʟʨʘʩʪ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʝʥʜʩʢʠʭ 

ʧʝʩʯʘʥʠʢʦʚ, ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ɸɸʇ. 

ʂʩʝʥʦʢʨʠʩʪʳ ʮʠʨʢʦʥʦʚ (ʨʘʟʤʝʨ 100ï250 ʤʢʤ) ʠʟ ʢʠʤʙʝʨʣʠʪʘ ʪʨʫʙʢʠ ʠʤ.          

ɺ. ɻʨʠʙʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʠʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʦ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤ (ʂʃ) ʠʟʦʙʨʘʞʝʥʠʷʤ: 1) ʟʝʨʥʘ ʩ 

ʪʝʤʥʳʤ ʢʩʝʥʦʢʨʠʩʪʦʚʳʤ ʷʜʨʦʤ ʠ ʦʙʨʘʤʣʷʶʱʝʡ ʩʚʝʪʣʦʡ ʢʘʡʤʦʡ (47 %); 2) ʟʝʨʥʘ 

ʪʦʣʴʢʦ ʩ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʠʣʠ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ (32 %); 3) ʟʝʨʥʘ, ʠʤʝʶʱʠʝ 

ʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ (21 %). ʉʨʝʜʠ ʟʝʨʝʥ 1-ʡ ʛʨʫʧʧʳ 32 % ʠʤʝʶʪ ʟʦʥʘʣʴʥʦʩʪʴ ʧʦ 

ʚʦʟʨʘʩʪʫ ʷʜʨʦ ï ʢʘʡʤʘ, 31 % ʟʝʨʝʥ ï ʥʝʟʦʥʘʣʴʥʳʝ. ɺʦʟʨʘʩʪ ʷʜʝʨ ʟʦʥʘʣʴʥʳʭ ʟʝʨʝʥ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3122 ʜʦ 1757 ʤʣʥ ʣʝʪ ʩ ʯʝʪʢʠʤʠ ʧʠʢʘʤʠ 2.8ï2.5 ʤʣʨʜ ʣʝʪ (64 % ʟʝʨʝʥ) 

ʠ 2.4ï2.2 ʤʣʨʜ ʣʝʪ (28 %); ʚʦʟʨʘʩʪ ʷʜʝʨ ʪʦʣʴʢʦ ʜʚʫʭ ʟʝʨʝʥ (8 %) ʦʮʝʥʝʥ ʚ 1.9ï1.7 

ʤʣʨʜ ʣʝʪ. ɺʦʟʨʘʩʪ ʢʘʡʤ ʟʝʨʝʥ 1-ʡ ʛʨʫʧʧʳ ʚʘʨʴʠʨʫʝʪʩ ̫ʦʪ 2921 ʜʦ 1655 ʤʣʥ ʣʝʪ ʩ 

ʯʝʪʢʠʤʠ ʧʠʢʘʤʠ ~ 2.5 ʤʣʨʜ ʣʝʪ ʠ 2.1ï1.9 ʤʣʨʜ ʣʝʪ. ʋʯʠʪʳʚʘʷ ʚʦʟʨʘʩʪ ʷʜʝʨ ʚʩʝʭ ʟʝʨʝʥ 

1-ʡ ʛʨʫʧʧʳ, ʪ.ʝ. ʟʦʥʘʣʴʥʳʝ, ʥʝʟʦʥʘʣʴʥʳʝ ʠ ʪʝ, ʚ ʢʦʪʦʨʳʭ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʪʦʣʴʢʦ ʚ 

ʷʜʨʝ, ʯʝʪʢʠʡ ʧʠʢ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 2.7ï2.4 ʤʣʨʜ ʣʝʪ ʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʡ ï ʚ 

ʠʥʪʝʨʚʘʣʝ 1.9ï1.7 ʤʣʨʜ ʣʝʪ. ɺʦʟʨʘʩʪ ʟʝʨʝʥ 2-ʡ ʛʨʫʧʧʳ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2826 ʜʦ 1196 

ʤʣʥ ʣʝʪ ʩ ʯʝʪʢʠʤʠ ʧʠʢʘʤʠ ʚ ʠʥʪʝʨʚʘʣʘʭ 2.8ï2.7 ʤʣʨʜ ʣʝʪ, 2.6ï2.3 ʤʣʨʜ ʣʝʪ ʠ 2.0ï1.7 

ʤʣʨʜ ʣʝʪ. ɺʦʟʨʘʩʪ ʟʝʨʝʥ 3-ʡ ʛʨʫʧʧʳ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2363ï1542 ʤʣʥ ʣʝʪ, ʜʣʷ 

ʦʜʥʦʛʦ ʟʝʨʥʘ ʚʦʟʨʘʩʪ ʦʮʝʥʝʥ ʚ 1115 ʤʣʥ ʣʝʪ; ʯʝʪʢʠʡ ʧʠʢ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

2.2ï1.7 ʤʣʨʜ ʣʝʪ (77 % ʟʝʨʝʥ ʵʪʦʡ ʛʨʫʧʧʳ). ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ὑHf (t), ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ U-Pb ʚʦʟʨʘʩʪʘʤʠ, ʢʦʣʝʙʣʝʪʩʷ ʦʪ +4.5 ʜʦ ï36.0. ʇʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʮʠʨʢʦʥʦʚ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ὑHf (t), ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʝʨʝʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ U-Pb ʚʦʟʨʘʩʪʦʚ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʮʠʨʢʦʥʦʚ ʧʦʟʜʥʠʤʠ ʪʝʢʪʦʥʦ-

ʪʝʨʤʘʣʴʥʳʤʠ ʩʦʙʳʪʠʷʤʠ. ʈʘʩʩʯʠʪʘʥʥʳʝ HfTDM ʤʦʜʝʣʴʥʳʝ ʚʦʟʨʘʩʪ rʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʣʝʜʫʶʱʠʤ ʠʥʪʝʨʚʘʣʘʤ: 3.8ï3.6 ʤʣʨʜ ʣʝʪ, 3.4ï3.0 ʤʣʨʜ ʣʝʪ, 3.0ï2.8 ʤʣʨʜ ʣʝʪ, 2.7ï2.3 

ʤʣʨʜ ʣʝʪ ʠ 1.7ï1.5 ʤʣʨʜ ʣʝʪ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʵʪʘʧʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʂʂ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸɸʇ, ʚ ʨʘʡʦʥʝ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ.  ʇʝʨʚʳʡ ʬʨʘʛʤʝʥʪ ʂʂ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʵʦʘʨʭʝʡʩʢʦʝ ʚʨʝʤʷ ~ 

3.8ï3.6 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ HfTDM ʤʦʜʝʣʴʥʳʝ ʚʦʟʨʘʩʪʳ ʜʚʫʭ 

ʟʝʨʝʥ ʮʠʨʢʦʥʦʚ. ʆʩʥʦʚʥʦʡ ʵʪʘʧ ʨʦʩʪʘ ʂʂ ʧʨʠʭʦʜʠʪʩʷ ʚ ʧʝʨʠʦʜ 3.4ï3.1 ʤʣʨʜ ʣʝʪ 

ʥʘʟʘʜ. ʆʜʥʘʢʦ ʚʩʝ ʧʦʨʦʜʳ ʵʪʦʡ ʨʘʥʥʝʡ ʂʂ ʙʳʣʠ ʧʝʨʝʨʘʙʦʪʘʥʳ ʚ ʧʝʨʠʦʜ 2.8ï2.7 ʤʣʨʜ 

ʣʝʪ ʥʘʟʘʜ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʠ ʘʨʭʝʡʩʢʠʭ ʙʣʦʢʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʙʜʫʢʮʠʠ.  ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ (2.8ï2.7 ʤʣʨʜ ʣʝʪ) ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʝʢʦʪʦʨʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʶʚʝʥʠʣʴʥʦʡ ʢʦʨʳ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ὑHf (t) ʪʨʝʭ 

ʟʝʨʝʥ ʮʠʨʢʦʥʦʚ. ʉʣʝʜʫʶʱʠʡ ʪʝʢʪʦʥʦʪʝʨʤʘʣʴʥʳʡ ʵʪʘʧ ʧʨʦʷʚʠʣʩʷ ʚ ʧʝʨʠʦʜ 2.0ï1.8 

ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ, ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʢʘʢ ʜʨʝʚʥʠʭ 

ʘʨʭʝʡʩʢʠʭ, ʪʘʢ ʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʧʦʨʦʜ ʂʂ. ʕʪʦʪ ʵʪʘʧ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʘʣʴʛʘʤʘʮʠʠ ʂʦʣʴʩʢʦʛʦ ʠ ʂʘʨʝʣʴʩʢʦʛʦ ʢʨʘʪʦʥʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʂʂ ʚ 

ʨʘʡʦʥʝ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ ʥʝ ʠʩʧʳʪʳʚʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʝʢʪʦʥʦʪʝʨʤʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʅʝʢʦʪʦʨʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ ʧʨʦʠʟʦʰʣʘ ʚ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦʝ 

ʚʨʝʤʷ (1.4ï1.1 ʤʣʨʜ ʣʝʪ): ʧʦʨʦʜʳ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ ʥʝ ʠʩʧʳʪʘʣʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʪʘʢ ʢʘʢ 

U-Pb ʚʦʟʨʘʩʪʳ ʮʠʨʢʦʥʦʚ ʢʦʥʢʦʨʜʘʥʪʥʳ ʠ ʩʦʭʨʘʥʷʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ       

ὑHf (t). 

ʎʠʨʢʦʥʳ ʠʟ ʧʦʨʦʜ ʢʨʘʪʝʨʥʦʡ ʯʘʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʘʢʦʚʳʭ ʠʟ ʢʠʤʙʝʨʣʠʪʘ ʪʨʫʙʢʠ ʢʘʢ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ (50ï100 

ʤʢʤ, ʝʜʠʥʠʯʥʳʝ 200 ʤʢʤ), ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ: ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʟʝʨʥʘ 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʮʠʣʣʷʪʦʨʥʳʤ (43 % ʟʝʨʝʥ) ʠʣʠ ʩʝʢʪʦʨʠʘʣʴʥʳʤ (50 %) ʪʠʧʦʤ 

ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʂʃ ʠʟʦʙʨʘʞʝʥʠʷʭ; ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ (7 %) ʦʜʥʦʨʦʜʥʳ ʧʦ ʂʃ. ɺʦʟʨʘʩʪ 

ʮʠʨʢʦʥʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3053 ʜʦ 575 ʤʣʥ ʣʝʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʝʨʝʥ, ʠʤʝʶʱʠʭ 

ʚʦʟʨʘʩʪ ʚ ʠʥʪʝʨʚʘʣʝ 900ï600 ʤʣʥ ʣʝʪ. ʉʘʤʳʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʧʠʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʘʭ 1.7ï1.4 ʤʣʨʜ ʣʝʪ (36 % ʟʝʨʝʥ), 1.3ï1.0 ʤʣʨʜ ʣʝʪ (27 %), ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʥʳʝ ï ʚ ʠʥʪʝʨʚʘʣʘʭ 2.8ï2.7 ʤʣʨʜ ʣʝʪ (13 %), 2.2ï2.0 ʤʣʨʜ ʣʝʪ (7 %) ʠ 1.9ï1.8 

(5 %). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʥʦʩʘ ʜʣʷ ʮʠʨʢʦʥʦʚ 

ʢʨʘʪʝʨʥʦʡ ʯʘʩʪʠ ʪʨʫʙʢʠ, ʦʪ ʘʨʭʝʡʩʢʠʭ ʜʦ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ, ʥʦ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠʩʪʦʯʥʠʢʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ 

ʮʠʨʢʦʥʦʚ ʚ ʂʃ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ.  ʇʦʧʫʣʷʮʠʠ ʮʠʨʢʦʥʦʚ ʩ ʚʦʟʨʘʩʪʦʤ ~ 2.8ï2.7 ʠ ~ 1.7 ʤʣʨʜ 

ʣʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʢʘʢ ʚ ʢʨʘʪʝʨʥʦʡ, ʪʘʢ ʠ ʚ ʜʠʘʪʨʝʤʦʚʦʡ ʯʘʩʪʠ ʪʨʫʙʢʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʰʠʨʦʢʦʤ ʧʨʦʷʚʣʝʥʠʠ ʵʪʠʭ ʵʪʘʧʦʚ ʪʝʢʪʦʥʦʪʝʨʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ 

ʢʘʢ ʚ ʂʂ ʚ ʨʘʡʦʥʝ ʪʨʫʙʢʠ, ʪʘʢ ʠ ʚ ʂʂ ʨʝʛʠʦʥʘ. ʂʦʣʠʯʝʩʪʚʦ ʮʠʨʢʦʥʦʚ ʩ ʚʦʟʨʘʩʪʦʤ 1.3ï

1.0 ʤʣʨʜ ʣʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚ ʢʨʘʪʝʨʥʦʡ ʯʘʩʪʠ, ʥʦ ʝʜʠʥʠʯʥʦʝ ʚ ʜʠʘʪʨʝʤʦʚʦʡ, ʯʪʦ 

ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʵʪʦʛʦ ʪʝʢʪʦʥʦʪʝʨʤʘʣʴʥʦʛʦ ʩʦʙʳʪʠʷ, 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʚ ʂʂ ʨʝʛʠʦʥʘ, ʥʦ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʝʛʦ ʧʨʦʷʚʣʝʥʠʝ ʚ 

ʂʂ ʚ ʨʘʡʦʥʝ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ. ʎʠʨʢʦʥʳ (80ï150 ʤʢʤ) ʠʟ ʢʨʘʪʝʨʥʦʡ ʯʘʩʪʠ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ KL-01, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʶʛʝ ɸɸʇ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~ 90 ʢʤ 

ʦʪ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʦʩʮʠʣʣʷʪʦʨʥʳʤ (27 %) ʠ 

ʩʝʢʪʦʨʠʘʣʴʥʳʤ (57 %) ʪʠʧʦʤ ʟʦʥʘʣʴʥʦʩʪʠ, ʧʦʜʦʙʥʦ ʮʠʨʢʦʥʘʤ ʠʟ ʢʨʘʪʝʨʥʦʡ ʯʘʩʪʠ 

ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ, ʥʦ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʝʨʝʥ, ʠʤʝʶʱʠʭ ʦʜʥʦʨʦʜʥʦʝ 

ʩʪʨʦʝʥʠʝ (16 %) ʧʦ ʂʃ ʠʟʦʙʨʘʞʝʥʠʷʤ.  ɺʦʟʨʘʩʪ ʮʠʨʢʦʥʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3052 ʜʦ 625 

ʤʣʥ ʣʝʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʝʨʝʥ ʩ ʚʦʟʨʘʩʪʦʤ ʚ ʠʥʪʝʨʚʘʣʘʭ 2.9ï2.8 ʤʣʨʜ ʣʝʪ, 2.2ï2.1 

ʤʣʨʜ ʣʝʪ ʠ 900ï700 ʤʣʥ ʣʝʪ. ʉʘʤʳʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʧʠʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʘʭ 1.3ï1.0 ʤʣʨʜ ʣʝʪ (40 % ʟʝʨʝʥ), 1.7ï1.4 ʤʣʨʜ ʣʝʪ (25 %), 1.9ï1.8 ʤʣʨʜ ʣʝʪ 

(12 %) ʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʝ ï 2.8ï2.7 ʤʣʨʜ ʣʝʪ (6 %) ʠ 2.5ï2.4 ʤʣʨʜ ʣʝʪ (6 %). ʕʪʠ 

ʜʘʥʥʳʝ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʠ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ (ʚʝʨʦʷʪʥʦ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ) ʧʦʨʦʜ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ 

ʜʣʷ ʮʠʨʢʦʥʦʚ ʢʨʘʪʝʨʥʦʡ ʯʘʩʪʠ ʦʙʲʝʢʪʘ KL-01. ɺ ʧʝʨʠʦʜʳ 900ï600 ʤʣʥ ʣʝʪ ʚ ʨʘʡʦʥʝ 

ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ ʠ 900ï700 ʤʣʥ ʣʝʪ ʚ ʨʘʡʦʥʝ ʦʙʲʝʢʪʘ KL-01 ʦʙʣʦʤʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʚ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ (ʙʫʜʫʱʠʝ ʧʦʨʦʜʳ ʢʨʘʪʝʨʥʳʭ ʯʘʩʪʝʡ), ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ 

ʧʦʩʪʫʧʘʣ. ʄʠʥʠʤʘʣʴʥʳʡ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʦʚ ʠʟ ʢʨʘʪʝʨʥʳʭ ʯʘʩʪʝʡ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ 

(575 ʤʣʥ ʣʝʪ) ʠ ʦʙʲʝʢʪʘ KL-01 (625 ʤʣʥ ʣʝʪ) ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʦʟʨʘʩʪʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʥʜʩʢʠʭ ʧʝʩʯʘʥʠʢʦʚ ʚ ʨʘʡʦʥʝ ʪʨʫʙʦʢ ɸɸʇ, ʷʚʣʷʶʱʠʭʩʷ 

ʚʤʝʱʘʶʱʠʤʠ ʜʣʷ ʪʨʫʙʦʢ ʧʦʨʦʜʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ  ̄20-77-10018). 
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ʩʪʨʦʝʥʠʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ɹʘʰʢʠʨʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʦʯʪʠ ʧʦʣʥʳʡ ʨʘʟʨʝʟ ʦʙʨʘʟʦʚʘʥʠʡ ʨʠʬʝʷ, ʩʣʦʞʝʥʥʳʡ ʙʫʨʟʷʥʩʢʦʡ (R1), ʶʨʤʘʪʠʥʩʢʦʡ 

(R2), ʢʘʨʘʪʘʫʩʢʦʡ (R3) ʠ ʘʨʰʠʥʩʢʦʡ (ʪʝʨʤʠʥʘʣʴʥʳʡ ʨʠʬʝʡ) ʩʝʨʠʷʤʠ [12]. ʀʤʝʥʥʦ 

ʟʜʝʩʴ ʙʳʣ ʚʳʜʝʣʝʥ ʨʦʩʩʠʡʩʢʠʡ ʩʪʨʘʪʦʪʠʧ ʨʠʬʝʷ. ʉʦʛʣʘʩʥʦ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʪʦʯʢʝ ʟʨʝʥʠʷ, ʚ ʨʠʬʝʝ ɹɸ ʷʚʣʷʣʩʷ ʯʘʩʪʴʶ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʳ 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ [1, 3, 4]. 

ʇʦʨʦʜʳ ʚʝʨʭʥʝʛʦ ʨʠʬʝʷ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʢʘʨʘʪʘʫʩʢʫʶ ʩʝʨʠʶ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ɹʘʰʢʠʨʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʨʦʜ 

ʙʫʨʟʷʥʩʢʦʡ ʠ ʶʨʤʘʪʠʥʩʢʦʡ ʩʝʨʠʡ ʠʤʝʶʪ ʧʝʩʪʨʳʡ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ ʩʦʩʪʘʚ ʠ 

ʧʝʩʪʨʫʶ ʦʢʨʘʩʢʫ [12, 14], ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʮʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ 

ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʠʬʝʡʩʢʦʡ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ.  

ʆʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʝʨʠʬʝʡʩʢʘʷ ʠʥʟʝʨʩʢʘʷ ʩʚʠʪʘ. 

ʀʥʟʝʨʩʢʘʷ ʩʚʠʪʘ, ʪʨʝʪʴʷ ʩʥʠʟʫ ʚ ʩʪʨʘʪʦʪʠʧʝ ʢʘʨʘʪʘʫʩʢʦʡ ʩʝʨʠʠ (R3), ʠʤʝʝʪ 

ʤʦʱʥʦʩʪʴ 100ï1000 ʤ, ʩʣʦʞʝʥʘ ʧʘʯʢʘʤʠ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʛʣʘʫʢʦʥʠʪ-ʢʚʘʨʮʝʚʳʭ 

ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ. ɺ ʨʷʜʝ ʨʘʟʨʝʟʦʚ ʚ ʝʝ ʦʩʥʦʚʘʥʠʠ ʟʘʣʝʛʘʝʪ 

ʧʨʠʤʝʨʥʦ 200-ʤʝʪʨʦʚʘʷ ʧʘʯʢʘ ʩʝʨʦʮʚʝʪʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ (ʧʦʜʠʥʟʝʨʩʢʠʝ ʩʣʦʠ). 

ʉʚʷʟʘʥʘ ʩ ʧʦʜʩʪʠʣʘʶʱʝʡ ʢʘʪʘʚʩʢʦʡ ʠ ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʤʠʥʴʷʨʩʢʦʡ ʩʚʠʪʘʤʠ 

ʧʦʩʪʝʧʝʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ [12, 14]. 

ɼʣʷ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʢʨʘʩʥʦʮʚʝʪʥʳʝ 

ʧʘʨʘʣʣʝʣʴʥʦ-ʩʣʦʠʩʪʳʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ ʠʥʟʝʨʩʢʦʡ ʩʚʠʪʳ ʚ 

ʣʝʚʦʤ ʙʦʨʪʫ ʨ. ɹʦʣʴʰʦʡ ʀʥʟʝʨ, ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʟʘ ʫʩʪʴʝʤ ʧʨʠʪʦʢʘ ʂʘʟʤʘʰ (ʥʘ ʶʛʝ 

ɹʘʰʢʠʨʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ). ʆʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠʩʴ ʩʥʠʟʫ ʚʚʝʨʭ ʧʦ 

ʨʘʟʨʝʟʫ ʩ ʠʥʪʝʨʚʘʣʦʤ 25ï40 ʩʤ.  

ɼʣʷ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʩʪʫʧʝʥʯʘʪʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʯʠʩʪʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 700ï740 ̄ ʉ. ɺ ʦʙʨʘʟʮʘʭ ʚʳʜʝʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʪʘʙʠʣʴʥʘʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 400ï680 ʉ̄. ʅʘʧʨʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ 

ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ʅʘʧʨʘʚʣʝʥʠʷ ʧʨʷʤʦʡ 

ʧʦʣʷʨʥʦʩʪʠ ʠʤʝʶʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ ʩʢʣʦʥʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ï 

ʶʛʦ-ʟʘʧʘʜʥʳʝ. ʅʘʢʣʦʥʝʥʠʷ ʦʪ ʩʦʚʩʝʤ ʥʠʟʢʠʭ ʜʦ 40.̄  

ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʦʣʷʨʥʦʩʪʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʜʘʥʥʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʠʥʟʝʨʩʢʦʡ 

ʩʚʠʪʳ, ʚʝʨʦʷʪʥʦ, ʥʝ ʙʳʣʘ ʧʝʨʝʤʘʛʥʠʯʝʥʘ (ʠʣʠ ʥʝ ʙʳʣʘ ʧʝʨʝʤʘʛʥʠʯʝʥʘ ʧʦʣʥʦʩʪʴʶ) ʚ 

ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ ʚ ʪʝʯʝʥʠʝ ʩʫʧʝʨʭʨʦʥʘ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ï ʂʠʘʤʘ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʯʘʩʪʴ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʥʘʢʣʦʥʝʥʠʷʤʠ ʦʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ ʥʘʣʦʞʝʥʥʦʡ 

ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʠʤʝʶʪ ʦʙʨʘʪʥʫʶ 

ʧʦʣʷʨʥʦʩʪʴ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʝ ʩʢʣʦʥʝʥʠʷ [2, 5, 6, 8ï10, 13, 15]. 
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ʇʦʣʫʯʝʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʭʦʜʠʪ ʪʝʩʪ ʦʙʨʘʱʝʥʠʷ (ʫʛʣʦʚʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʙʨʘʪʥʦʡ ʠ ʦʙʨʘʱʝʥʥʦʡ ʧʨʷʤʦʡ ʧʦʣʷʨʥʦʩʪʠ ï 6.06̄  ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʤ 

ʫʛʣʝ 13.6)̄, ʯʪʦ ʪʦʞʝ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʚ ʧʦʣʴʟʫ ʧʝʨʚʠʯʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʳ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʦʤ ʧʝʨʚʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʤʦʛʣʦ ʙʳ ʙʳʪʴ ʪʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʚʠʯʥʦ-ʦʩʘʜʦʯʥʫʶ ʤʘʛʥʠʪʥʫʶ ʪʝʢʩʪʫʨʫ. 

ʉʨʝʜʥʝʝ ʧʘʣʝʦʤʘʛʥʠʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ 28 ʦʙʨʘʟʮʘʤ, ʟʥʘʯʠʤʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʠʥʟʝʨʩʢʦʡ ʩʚʠʪʳ 

ʧʦ ʨʘʟʨʝʟʫ çʇʨʫʜè [11] ʢʘʢ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ (çʜʨʝʚʥʝʡè), ʪʘʢ ʠ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

(çʩʦʚʨʝʤʝʥʥʦʡè) ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʘ ʪʘʢʞʝ ʥʘʰʝ ʩʨʝʜʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʩʨʝʜʥʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʨʘʟʨʝʟʫ ʠʥʟʝʨʩʢʦʡ ʩʚʠʪʳ çɻʘʣʠʘʢʙʝʨʦʚʦè 

[7]. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʦʝ ʥʘʤʠ ʩʨʝʜʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʨʝʜʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ 

ʠʥʟʝʨʩʢʦʡ ʩʚʠʪʳ ʨʘʟʨʝʟʘ çʨ. ʄʘʣʦʶʟè [11] ʚ ʮʝʣʦʤ ʙʣʠʟʢʠ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʥʦ ʚʩʝ ʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʟʣʠʯʘʶʪʩʷ ï ʫʛʣʦʚʘʷ ʨʘʟʥʠʮʘ 13.7 ̄ʧʨʠ 

ʢʨʠʪʠʯʝʩʢʦʤ ʫʛʣʝ 10.3.̄ 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʣʫʯʝʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʚʠʯʥʦʡ, ʷʚʣʷʷʩʴ ʧʨʠ 

ʵʪʦʤ ʙʣʠʟʢʦʡ ʧʦ ʚʦʟʨʘʩʪʫ ʢ ʢʦʤʧʦʥʝʥʪʝ ʨʘʟʨʝʟʘ ʨ. ʄʘʣʦʶʟ [11]. ʈʘʟʣʠʯʠʷ ʩ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʨʫʛʠʭ ʨʘʟʨʝʟʦʚ ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʨʘʟʥʳʤ ʚʦʟʨʘʩʪʦʤ ʠʣʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʧʨʦʷʚʣʝʥʥʳʤʠ ʚ ʨʘʡʦʥʝ. ʅʦ ʥʝʣʴʟʷ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʘʪʴ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʨʘʟʣʠʯʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʯʘʩʪʠʯʥʳʡ ʚʢʣʘʜ ʚʪʦʨʠʯʥʦʡ 

ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʫʤʤʘʨʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ.  

ʇʦʤʠʤʦ ʨʘʟʣʠʯʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʨʘʟʥʳʤ ʨʘʟʨʝʟʘʤ ʝʩʪʴ ʠ ʜʨʫʛʠʝ ʧʨʠʟʥʘʢʠ 

ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ: 

1) ʩʨʝʜʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʨʝʟʘ ʨ. ʄʘʣʦʶʟ [11] ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 
ʢʦʦʨʜʠʥʘʪ ʩʦʚʧʘʜʘʝʪ (ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʦʪʣʠʯʠʤʦ ï ʫʛʣʦʚʘʷ ʨʘʟʥʠʮʘ 1.5 ̄ ʧʨʠ 

ʢʨʠʪʠʯʝʩʢʦʤ ʫʛʣʝ 10.3)̄ ʩʦ ʩʨʝʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ; 

2) ʭʦʪʷ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʠ ʠʤʝʶʪ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʥʠʟʢʠʝ ʥʘʢʣʦʥʝʥʠʷ, ʯʝʤ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʘʷ ʚʪʦʨʠʯʥʘʷ ʢʦʤʧʦʥʝʥʪʘ, ʩʨʝʜʥʝʝ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʪʝʤ ʥʝ ʤʝʥʝʝ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʦ ʢ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ. 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʢʣʘʜʘ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʠʥʟʝʨʩʢʦʡ ʩʚʠʪʝ, ʥʝʦʙʭʦʜʠʤʳ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʉʨʝʜʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʨʘʟʨʝʟʫ ʠʥʟʝʨʩʢʦʡ ʩʚʠʪʳ ʚ ʙʦʨʪʫ 

ʨ. ɹʦʣʴʰʦʡ ʀʥʟʝʨ 

ɺr ʜʝʣʷʝʤʳʝ ʛʨʫʧʧʳ N Dg Ig Ds Is K Ŭ95 

ɼʣʷ ʛʨʫʧʧʳ ʦʙʨʘʪʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ 
17 210.5 ï24.2 204.4 ï11.9 25.4 7.2 

ɼʣʷ ʛʨʫʧʧʳ ʧʨʷʤʦʡ 

ʧʦʣʷʨʥʦʩʪʠ 
11 36.5 26.7 28.9 16.1 12.3 13.6 

ʉʨʝʜʥʝʝ ʧʦ ʨʘʟʨʝʟʫ 

(ʧʝʨʝʩʯʠʪʘʥʦ ʚ ʧʨʷʤʦʡ 

ʧʦʣʷʨʥʦʩʪʠ) 

28 32.8 25.2 26.1 13.5 18.2 6.6 
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ʆɹʃɸʉʊʀ 

 

ɸʨʘʧʦʚ ɺ.ɺ.
1
, ɽʤʘʥʦʚ ɸ.ɸ.

1,2
, ɽʤʘʥʦʚ ɸ.ʌ.

1,2 

 
1
ɸʣʪʘʝ-ʉʘʷʥʩʢʠʡ ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çɽʜʠʥʘʷ 

ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈɸʅè, ʅʦʚʦʩʠʙʠʨʩʢ, arapovviktor90@gmail.com 
2
ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ.ɸ. ʊʨʦʬʠʤʫʢʘ ʉʆ ʈɸʅ, 

ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɸʣʪʘʝ-ʉʘʷʥʩʢʘʷ ʦʙʣʘʩʪʴ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʥʘʠʙʦʣʝʝ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʚʚʠʜʫ ʯʝʛʦ ʝʝ ʠʟʫʯʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʠʦʨʠʪʝʪʥʳʤ ʟʘʜʘʯʘʤ. ʆʜʥʦʡ 

ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʩʦʩʪʘʚʝ ʠ ʬʠʟʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʘ ʚ 

ʥʝʜʨʘʭ ɿʝʤʣʠ, ʷʚʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ. ʈʝʛʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʣʷ ʨʘʩʯʝʪʘ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʘʢʩʝʣʝʨʦʛʨʘʤʤ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠ ʚʦʟʤʦʞʥʳʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʛʣʦʱʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 1 ɻʮ ʪʨʝʙʫʝʪʩʷ 

ʦʪʜʝʣʠʪʴ ʵʬʬʝʢʪʳ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʵʬʬʝʢʪʦʚ ʠʟʣʫʯʝʥʠʷ ʦʯʘʛʘ ʠ ʣʦʢʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʦʯʘʛʘ ʠ ʪʦʯʢʝ ʧʨʠʝʤʘ, ʪʘʢʞʝ ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʳʙʠʨʘʶʪʩʷ ʟʘʧʠʩʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʛʣʫʙʦʢʠʤʠ ʦʯʘʛʘʤʠ 

ʥʘ ʦʜʥʦʡ ʩʝʡʩʤʦʩʪʘʥʮʠʠ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʷʤʳʝ ʦʙʲʝʤʥʳʝ 

ʚʦʣʥʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʯʠʩʣʦ ʣʦʢʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʦʮʝʥʢʠ Q(f) ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ 

çʥʦʨʤʘʣʠʟʘʮʠʠ ʧʦ ʢʦʜʝè, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʦʧʠʩʘʥʥʳʡ ʚ ʩʪʘʪʴʷʭ [1, 2]. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʥʠ ʦ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Q(f), ʥʠ ʦ ʬʦʨʤʝ ʦʯʘʛʦʚʦʛʦ 

ʩʧʝʢʪʨʘ. ɼʦʙʨʦʪʥʦʩʪʴ ʩʨʝʜʳ ʦʮʝʥʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪ, ʧʨʠ 

ʵʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʯʘʛʦʚʳʭ ʩʧʝʢʪʨʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʜʘ-ʚʦʣʥʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʜʦʙʨʦʪʥʦʩʪʠ ʩʨʝʜʳ ʙʳʣ ʚʳʙʨʘʥ ʥʘʙʦʨ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʥʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʤʝʥʷʝʤʦʤʫ ʤʝʪʦʜʫ. ɺʳʙʦʨʢʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʙʦʣʝʝ 3000 ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ 21 ʩʪʘʥʮʠʠ ʚ ʧʝʨʠʦʜ 2003ï2007 ʛʛ. 

ɺʩʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ ʥʘʧʠʩʘʥʥʦʛʦ 

(ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ) ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʥʘ ʷʟʳʢʝ LabView ʠ Mathlab. ʇʝʨʚʳʤ ʰʘʛʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ ʥʫʞʥʫʶ ʘʤʧʣʠʪʫʜʫ ʫʩʨʝʜʥʝʥʥʦʡ ʢʦʜʳ (ʨʠʩ. 1) ʠ ʧʦʜʩʪʘʚʣʷʪʴ ʝʝ 

ʚ ʚʳʨʘʞʝʥʠʝ (1). ʆʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ 

ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ. 

ɿʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ S-ʚʦʣʥʳ ʙʝʨʝʪʩʷ ʢʘʢ (max(As)ïmin(As))/2 ʠ ʜʘʣʝʝ 

ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʳʨʘʞʝʥʠʝ (1). 

ʇʦʩʣʝ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚʳʰʝ ʜʝʡʩʪʚʠʡ ʩʪʨʦʠʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʣʝʚʦʡ ʯʘʩʪʠ 

ʫʨʘʚʥʝʥʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʯʠʩʣʝʥʠʝ ʣʠʥʠʠ ʪʨʝʥʜʘ 

(ʨʠʩ. 2), ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ k (ʠʟ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ (kx+b)) ʨʘʚʝʥ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ 

ʧʨʦʠʟʚʝʜʝʥʠʶ Qs
-1
ĬˊĬf. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʭ ʚʳʯʠʩʣʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ ʜʣʷ 

ʯʘʩʪʦʪʳ 1, 1.5, 3, 6, 12, 24 ɻʮ. ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʠʜʝʥʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʜʨʫʛʠʭ ʩʪʘʥʮʠʷʭ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʜʦʙʨʦʪʥʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ (ʨʠʩ. 3). 
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ʈʠʩ. 1. ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʪʨʦʝʥʠʷ ʦʛʠʙʘʶʱʝʡ ʜʣʷ ʩʪʘʥʮʠʠ AKAR ʚ 

ʯʘʩʪʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ 1.0ï2.0 ɻʮ. 

ὰὲ
ȿ ȿ

ộȿ Ƞ ȿỚ
ὗ Ὢ“ὪȾ‍ ὶ ὅέὲίὸȢ  (1) 

 
ʈʠʩ. 2. ʃʠʥʠʷ ʪʨʝʥʜʘ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ Ln ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʛʠʧʦʮʝʥʪʨʘ ʚ ʩʣʫʯʘʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʨʝʤʝʥʠ tc=50 ʩ ʠ ʯʘʩʪʦʪʳ f=1 ɻʮ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʭ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ, ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʩʪʘʥʮʠʡ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʣʦʱʘʜʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʦʙʨʦʪʥʦʩʪʠ ʜʣʷ ʯʘʩʪʦʪʳ 

1, 1.5 ɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 4, 5). 

y = ï0,0017x + 6,5381 

RĮ = 0,0425 
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ʈʠʩ. 3. ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʙʨʦʪʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ Q(f) ʜʣʷ ʩʝʡʩʤʦʩʪʘʥʮʠʠ AKAR. 

 

  

ʈʠʩ. 4. ʂʘʨʪʘ ʜʦʙʨʦʪʥʦʩʪʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʜʣʷ ʯʘʩʪʦʪʳ 1 ɻʮ. 

ʈʠʩ. 5. ʂʘʨʪʘ ʜʦʙʨʦʪʥʦʩʪʠ ɸʣʪʘʝ-

ʉʘʷʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʜʣʷ ʯʘʩʪʦʪʳ 1.5 ɻʮ. 

ɿʦʥʳ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʦʙʨʦʪʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 1 ɻʮ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʜʦʣʠʥʝ ʦʟʝʨʘ ʋʙʩʫ-ʅʫʨ ʠ ʪʝʨʨʠʪʦʨʠʠ ʤʠʥʫʩʠʥʩʢʠʭ ʦʨʦʛʝʥʥʳʭ ʧʨʦʛʠʙʦʚ, ʧʦʩʪʝʧʝʥʥʦ 

ʩʥʠʞʘʷʩʴ ʚ ʨʘʡʦʥʝ ɺʦʩʪʦʯʥʦ-ɻʦʨʥʦʘʣʪʘʡʩʢʦʡ ʩʠʩʪʝʤʳ ʢʘʣʝʜʦʥʠʜ, ʚ ʨʘʡʦʥʘʭ ʭʨʝʙʪʘ 

ʉʘʡʣʶʛʝʤ, ʖʞʥʦ- ʠ ʉʝʚʝʨʦ-ʏʫʡʩʢʦʛʦ ʭʨʝʙʪʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʦʙʨʦʪʥʦʩʪʠ ʥʘ 

ʯʘʩʪʦʪʝ 1.5 ɻʮ ʧʨʠʫʨʦʯʝʥʦ ʢ ɺʦʩʪʦʯʥʦ-ʊʫʚʠʥʩʢʦʤʫ ʙʘʡʢʘʣʦ-ʢʘʣʝʜʦʥʩʢʦʤʫ 

ʫʩʪʦʡʯʠʚʦʤʫ ʤʘʩʩʠʚʫ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʧʦʥʠʞʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ ʢʘʣʝʜʦʥʠʜ. ʇʨʠ ʵʪʦʤ ʚʩʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʘ. ɸʥʦʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ ʪʘʢʞʝ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʨʘʡʦʥʘʭ ʊʠʛʠʨʝʮʢʦʛʦ, ʂʦʢʩʫʡʩʢʦʛʦ ʭʨʝʙʪʦʚ ʠ ʭʨ. ʃʠʩʪʚʷʛʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ 

ï ʜʦʙʨʦʪʥʦʩʪʠ. ʅʦʚʠʟʥʘ ʵʪʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʠʟʫʯʝʥʠʝ ʜʦʙʨʦʪʥʦʩʪʠ ʤʝʪʦʜʦʤ çʥʦʨʤʘʣʠʟʘʮʠʠ ʧʦ ʢʦʜʝè ʜʦ ʵʪʦʛʦ ʤʦʤʝʥʪʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʤʘʩʰʪʘʙʝ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʩʪʘʪʴʝ ʤʝʪʦʜ ʨʘʩʯʝʪʘ 

ʜʦʙʨʦʪʥʦʩʪʠ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʟʘʪʫʭʘʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʝʪʦʜ ʦʯʝʥʴ 

ʥʝʫʩʪʦʡʯʠʚ, ʥʦ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ ʜʦʙʨʦʪʥʦʩʪʠ ʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʜʦʙʨʦʪʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʝ-

ʉʘʷʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʜʣʷ ʯʘʩʪʦʪʳ 1, 1.5 ɻʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʢʘʨʪʳ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʬʘʢʪ ʨʦʩʪʘ ʟʥʘʯʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ. ʕʪʦʪ ʚʦʧʨʦʩ ʚ ʥʘʫʢʝ 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʥʝʦʙʲʷʩʥʝʥʥʳʤ. ʊʘʢʞʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʠʣʴʥʘʷ 
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ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʝʣʠʯʠʥʳ ʟʘʪʫʭʘʥʠʷ ʥʘ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʯʘʩʪʦʪʘʭ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʛʦʚʦʨʠʪ ʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʨʝʛʠʦʥʘ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʙʣʘʩʪʠ ɿʘʧʘʜʥʦ-ɻʦʨʥʦʘʣʪʘʡʩʢʦʡ ʠ ɺʦʩʪʦʯʥʦ-ɻʦʨʥʦʘʣʪʘʡʩʢʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʟʦʥʫ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ 

ʩʪʨʦʝʥʠʠ, ʠʜʝʥʪʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʯʘʩʪʦʪʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ ʜʣʷ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʠ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʨʘʩʯʝʪʝ ʦʯʘʛʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʝʡʩʤʦʛʨʘʤʤ, ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ ʠ ʪ.ʜ. 
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ʆʬʠʦʣʠʪʳ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ ʩʣʘʛʘʶʪ ʜʚʘ ʧʦʷʩʘ ʚ ʦʙʨʘʤʣʝʥʠʠ ɻʘʨʛʘʥʩʢʦʡ 

ʛʣʳʙʳ ʊʫʚʠʥʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ (ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʠʡ ʩʢʣʘʜʯʘʪʳʡ 

ʧʦʷʩ). ʆʥʠ ʠʤʝʶʪ ʚʦʟʨʘʩʪ ʦʢʦʣʦ 1020 ʤʣʥ ʣʝʪ, ʩʦʜʝʨʞʘʪ ʚʩʝ ʯʣʝʥʳ ʦʬʠʦʣʠʪʦʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʨʝʩʪʠʪʦʚʳʝ ʧʝʨʠʜʦʪʠʪʳ, ʦʩʥʦʚʥʳʝ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʢʫʤʫʣʷʪʳ, 

ʜʘʡʢʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʣʘʚʳ) ʠ ʦʪʥʝʩʝʥʳ ʢ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʤ ʦʬʠʦʣʠʪʘʤ [1, 2]. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʨʦʜ ʙʦʥʠʥʠʪʦʚʦʡ ʩʝʨʠʠ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʦʩʪʨʦʚʦʜʫʞʥʳʭ 

ʪʦʣʝʠʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʩʨʝʜʠ ʣʘʚ ʠ ʜʘʝʢ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʦʬʠʦʣʠʪʳ ɺʦʩʪʦʯʥʦʛʦ 

ʉʘʷʥʘ ʢ ʧʨʝʜʜʫʛʦʚʦʤʫ (ʜʦʜʫʛʦʚʦʤʫ) ʪʠʧʫ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʬʠʦʣʠʪʦʚ [3].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʧʝʨʠʜʦʪʠʪʳ ʍʘʨʘ-ʅʫʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʬʠʦʣʠʪʦʚ 

ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ, ʩʣʦʞʝʥʥʦʛʦ ʤʘʥʪʠʡʥʳʤʠ (ʨʝʩʪʠʪʦʚʳʤʠ) ʛʘʨʮʙʫʨʛʠʪʘʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʞʠʣʳ ʜʫʥʠʪʦʚ. ʇʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ (ʦʙʦʛʘʱʝʥʠʝ 

LILE, LREE, ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ HREE ʠ Ti) ʠ ʭʠʤʠʟʤʫ Cr-ʰʧʠʥʝʣʠ ʛʘʨʮʙʫʨʛʠʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʤ ʧʝʨʠʜʦʪʠʪʘʤ [4]. ʇʝʨʠʜʦʪʠʪʳ ʍʘʨʘ-ʅʫʨʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʧʦʜʚʝʨʛʣʠʩʴ ʤʝʪʘʤʦʨʬʠʟʤʫ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʣʠʚʠʥ-ʪʨʝʤʦʣʠʪʦʚʳʭ, 

ʦʣʠʚʠʥ-ʘʥʪʠʛʦʨʠʪ-ʜʠʦʧʩʠʜʦʚʳʭ ʧʦʨʦʜ ʠ ʘʥʪʠʛʦʨʠʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ. ʆʪʩʫʪʩʪʚʠʝ 

ʘʥʪʦʬʠʣʣʠʪʘ ʚ ʤʝʪʘʧʝʨʠʜʦʪʠʪʘʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʪʘʤʦʨʬʠʟʤ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʳʰʝ 5ï6 

ʢʙʘʨ, ʘ ʘʩʩʦʮʠʘʮʠʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ  ï  ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʤʝʪʘʤʦʨʬʠʟʤʘ 

~400ï650 ÁC, ʦʮʝʥʝʥʥʳʝ ʧʦ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʦʡ ʩʝʪʢʝ ʠʟ ʨʘʙʦʪʳ [5]. ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʚʝʞʠʭ ʛʘʨʮʙʫʨʛʠʪʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʞʠʣʢʠ, ʩʣʦʞʝʥʥʳʝ ʘʥʪʠʛʦʨʠʪʦʤ, ʛʨʘʬʠʪʦʤ ʠ 

ʩʦʜʝʨʞʘʱʠʝ ʠʜʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʦʣʠʚʠʥʘ.  

ɺ ʧʝʨʚʠʯʥʦʤ ʦʣʠʚʠʥʝ ʛʘʨʮʙʫʨʛʠʪʦʚ ʠ ʜʫʥʠʪʦʚ ʥʘʭʦʜʷʪʩʷ ʪʚʝʨʜʦʬʘʟʥʳʝ ʠ 

ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ. ʀʭ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʙʳʣ ʠʟʫʯʝʥ ʚ ʀʥʩʪʠʪʫʪʝ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ 

ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ) ʤʝʪʦʜʦʤ ʢʦʥʬʦʢʘʣʴʥʦʡ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ WITecalpha 300R, ʦʩʥʘʱʝʥʥʦʤ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ ʠ ʪʨʝʤʷ 

ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ (300, 600, 1200 ʰʪʨʠʭʦʚ/ʤʤ). ʃʘʟʝʨ ʬʦʢʫʩʠʨʦʚʘʣʩʷ 

ʯʝʨʝʟ ʦʙʲʝʢʪʠʚ Zeiss 100Ĭ NA 0.9. ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʘ ʩʦʩʪʘʚʣʷʣʘ 20 mW. ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ 

ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ) ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ TescanMIRA 3 LMH, 

ʦʩʥʘʱʝʥʥʦʤ ʕɼʉ-ʜʝʪʝʢʪʦʨʦʤ OxfordInstrumentsUltimMAX 40.  

ʊʚʝʨʜʦʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʦʣʠʚʠʥʝ ʛʘʨʮʙʫʨʛʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʥʢʠʤʠ 

ʠʜʠʦʤʦʨʬʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʭʨʦʤʰʧʠʥʝʣʠʜʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʤʝʨ ʦʪ 1ï2 ʜʦ 10ï20 

ʤʢʤ ʧʦ ʫʜʣʠʥʝʥʠʶ ʠ ʯʘʩʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʢʣʘʩʪʝʨʳ. ʇʦ ʈʘʤʘʥʦʚʩʢʠʤ ʩʧʝʢʪʨʘʤ 

ʦʥʠ ʙʣʠʟʢʠ ʢ ʘʢʮʝʩʩʦʨʥʳʤ Cr-ʰʧʠʥʝʣʠʜʘʤ ʧʦʨʦʜ. ɺ ʦʣʠʚʠʥʝ ʜʫʥʠʪʦʚ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʳ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʢʣʘʩʪʝʨʳ ʠʜʠʦʤʦʨʬʥʳʭ ʟʝʨʝʥ Cr-ʰʧʠʥʝʣʠʜʦʚ, ʨʝʞʝ ï 

ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʜʠʦʤʦʨʬʥʳʝ Cr-ʰʧʠʥʝʣʠʜʳ (ʜʦ 100ï200 ʤʢʤ ʧʦ ʫʜʣʠʥʝʥʠʶ), ʢ 

ʢʦʪʦʨʳʤ ʠʥʦʛʜʘ ʧʨʠʫʨʦʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʦʨʪʦʧʠʨʦʢʩʝʥʘ. ʀʜʠʦʤʦʨʬʥʳʝ 

ʭʨʦʤʰʧʠʥʝʣʠʜʳ ʚ ʦʣʠʚʠʥʝ ʛʘʨʮʙʫʨʛʠʪʦʚ ʠ ʜʫʥʠʪʦʚ ʤʦʛʣʠ ʧʦʷʚʠʪʴʩʷ ʧʨʠ ʟʘʤʝʱʝʥʠʠ 

ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʦʣʠʚʠʥʦʤ ʚʩʣʝʜʩʪʚʠʝ ʨʝʘʢʮʠʠ ʨʘʩʧʣʘʚ ï ʧʦʨʦʜʘ ï ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ 

ʯʘʩʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʦʬʠʦʣʠʪʦʚʳʭ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʨʝʩʪʠʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʘʭ [6]. 
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ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
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ɾʠʣʳ ʜʫʥʠʪʦʚ ʚ ʛʘʨʮʙʫʨʛʠʪʘʭ ʍʘʨʘ-ʅʫʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʦʜʝʨʞʘʪ ʠʜʠʦʤʦʨʬʥʳʝ Cr-

ʰʧʠʥʝʣʠʜʳ ʩ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʨʘʩʧʣʘʚʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ɼʫʥʠʪʳ, 

ʚʝʨʦʷʪʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʨʘʩʧʣʘʚ ï ʧʝʨʠʜʦʪʠʪ, ʧʨʦʪʝʢʘʚʰʝʡ ʩ 

ʟʘʤʝʱʝʥʠʝʤ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʦʣʠʚʠʥʦʤ, ʧʨʠ ʵʪʦʤ ʦʨʪʦʧʠʨʦʢʩʝʥ ʧʦʩʣʫʞʠʣ ʠʩʪʦʯʥʠʢʦʤ 

Cr ʠ Al ʜʣʷ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ Cr-ʰʧʠʥʝʣʠʜʦʚ.  

ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʢʨʫʧʥʳʭ ʟʝʨʥʘʭ ʧʝʨʚʠʯʥʦʛʦ ʦʣʠʚʠʥʘ ʚ 

ʛʘʨʮʙʫʨʛʠʪʘʭ ʠ ʜʫʥʠʪʘʭ. ɺʢʣʶʯʝʥʠʷ ʪʠʧʘ 1 ʠʤʝʶʪ ʨʘʟʤʝʨ ʧʦ ʫʜʣʠʥʝʥʠʶ ʜʦ 25 ʤʢʤ, 

ʬʦʨʤʫ ʥʝʛʘʪʠʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʚʳʪʷʥʫʪʫʶ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ. ʆʥʠ ʯʘʩʪʦ 

ʥʝʧʨʦʟʨʘʯʥʳʝ, ʩʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʪʘʥʦʤ (CH4), ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʩʦʜʝʨʞʘʪ ʩʝʛʨʝʛʘʮʠʠ ʙʨʫʩʠʪʘ ʠ ʩʝʨʧʝʥʪʠʥʘ. ʕʪʠ ʚʢʣʶʯʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʦ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʦʣʠʚʠʥʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʠʜʠʦʤʦʨʬʥʳʤʠ ʤʝʣʢʠʤʠ ʭʨʦʤʰʧʠʥʝʣʠʜʘʤʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ 

ʩʠʥʛʝʥʝʪʠʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʪʠʧʘ 1 ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʩʦʙʦʡ ʬʣʶʠʜʳ, ʟʘʭʚʘʯʝʥʥʳʝ ʦʣʠʚʠʥʦʤ ʥʘ ʵʪʘʧʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʘʨʮʙʫʨʛʠʪʦʚ ʧʨʠ 

ʨʝʘʢʮʠʠ ʨʘʩʧʣʘʚ ï ʧʦʨʦʜʘ.  

ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʪʠʧʘ 2 ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʆʥʠ ʩʣʘʛʘʶʪ ʣʠʥʝʡʥʳʝ 

ʠʣʠ ʠʟʦʛʥʫʪʳʝ ʮʝʧʦʯʢʠ ʚʢʣʶʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʟʘʣʝʯʝʥʥʳʝ ʪʨʝʱʠʥʳ ʚ 

ʦʣʠʚʠʥʝ. ɺʢʣʶʯʝʥʠʷ ʚʘʨʴʠʨʫʶʪʩʷ ʧʦ ʬʦʨʤʝ ʦʪ ʦʢʨʫʛʣʦʡ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠ 

ʯʝʨʚʝʦʙʨʘʟʥʦʡ, ʠʤʝʶʪ ʨʘʟʤʝʨ ʦʪ 1 ʜʦ 20ï40 ʤʢʤ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʘʨʴʠʨʫʝʪʩʷ: CH4, 

CH4 + ʛʨʘʬʠʪ, CH4 + ʘʥʪʠʛʦʨʠʪ Ñ ʛʨʘʬʠʪ. ʆʪʜʝʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠʥʦʛʜʘ ʮʝʧʦʯʢʠ ʚʢʣʶʯʝʥʠʡ ʧʝʨʝʩʝʢʘʶʪ ʥʝʩʢʦʣʴʢʦ ʟʝʨʝʥ ʦʣʠʚʠʥʘ. 

ʅʝʢʦʪʦʨʳʝ ʮʝʧʦʯʢʠ ʚʢʣʶʯʝʥʠʡ ʪʠʧʘ 2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʜʦʣʞʝʥʠʝ ʚ ʦʣʠʚʠʥʝ 

ʘʥʪʠʛʦʨʠʪ-ʛʨʘʬʠʪʦʚʳʭ ʧʨʦʞʠʣʢʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʳʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʦʮʝʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʈʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʤʫ 

ʪʝʨʤʦʤʝʪʨʫ [7] ʠ ʩʦʩʪʘʚʣʷʝʪ ~ 400ï550 ÁC. ʆʣʠʚʠʥ ʚʜʦʣʴ ʮʝʧʦʯʝʢ ʚʢʣʶʯʝʥʠʡ ʪʠʧʘ 2 

ʠʤʝʝʪ ʙʦʣʝʝ ʞʝʣʝʟʠʩʪʳʡ ʩʦʩʪʘʚ (Mg# 80) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʯʠʩʪʳʤè ʦʣʠʚʠʥʦʤ (Mg# 

91ï92). 

ʄʝʪʘʥ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʟʘʭʚʘʯʝʥʥʳʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʡ ʬʣʶʠʜ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʦʨʦʛʝʥʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ [8]. ʈʝʘʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʙʠʦʪʠʯʝʩʢʦʛʦ ʤʝʪʘʥʘ ʚʢʣʶʯʘʶʪ 

ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʩ H2, ʚʳʜʝʣʷʶʱʠʤʩʷ ʧʨʠ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ [9]. 

ʄʝʪʘʥ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ in situ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʣʠʚʠʥʘ-

ʭʦʟʷʠʥʘ ʩ H2O-CO2-ʩʦʜʝʨʞʘʱʠʤ ʬʣʶʠʜʥʳʤ ʚʢʣʶʯʝʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʷ ʦʣʠʚʠʥʘ-ʭʦʟʷʠʥʘ, ʚʳʜʝʣʝʥʠʝ H2 ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ CO2 ʜʦ CH4. 

ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʦʣʠʚʠʥʝ ʠʟ ʘʙʠʩʩʘʣʴʥʳʭ [10] ʠ ʦʨʦʛʝʥʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ [11]. ɼʨʫʛʦʡ 

ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʥʘ ʠ ʚʦʜʦʨʦʜʘ ʚʢʣʶʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʣʠʚʠʥʘ ʩ 

ʚʦʜʦʡ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʤʘʥʪʠʡʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ 

ʰʧʠʥʝʣʠʜʳ [12] ʠʣʠ ʤʘʛʥʝʪʠʪ [13]. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʝʪʠʪʘ ʠ ʰʧʠʥʝʣʠʜʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʟʫʯʝʥʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʪʠʧʦʚ 1 ʠ 2 ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʠʪʴ ʵʪʦʪ ʤʝʭʘʥʠʟʤ. ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ CO2, ʢʘʨʙʦʥʘʪʳ ʠ H2O ʥʝ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʚ ʠʟʫʯʝʥʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ 

ʫʪʦʯʥʠʪʴ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥ- ʠ ʛʨʘʬʠʪʩʦʜʝʨʞʘʱʠʭ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʦʣʠʚʠʥʝ ʧʝʨʠʜʦʪʠʪʦʚ ʍʘʨʘ-ʅʫʨʩʢʦʛʦ ʤʘʩʩʠʚʘ.  

ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʪʠʧʘ 3 ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʣʠʚʠʥʝ 

ʛʘʨʮʙʫʨʛʠʪʦʚ ʚʙʣʠʟʠ ʦʪ ʦʨʪʦʧʠʨʦʢʩʝʥʘ, ʢʨʘʷ ʢʦʪʦʨʦʛʦ ʟʘʤʝʱʝʥʳ ʚʪʦʨʠʯʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ. ʕʪʠ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʨʘʟʤʝʨ 3ï20 ʤʢʤ, ʧʣʦʩʢʫʶ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ, 



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
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ʩʣʦʞʝʥʳ ʘʥʪʠʛʦʨʠʪʦʤ ʠʣʠ ʣʠʟʘʨʜʠʪʦʤ ʠ ʢʨʠʩʪʘʣʣʦʤ ʤʘʛʥʝʪʠʪʘ. ɺʝʨʦʷʪʥʦ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʢʣʶʯʝʥʠʡ ʪʠʧʘ 3 ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʟʘʤʝʱʝʥʠʷ ʦʨʪʦʧʠʨʦʢʩʝʥʘ 

ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ ʧʝʨʠʜʦʪʠʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʦʣʠʚʠʥʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʬʣʶʠʜʦʚ ʧʨʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʧʝʨʠʜʦʪʠʪʦʚ ʍʘʨʘ-ʅʫʨʩʢʦʛʦ ʤʘʩʩʠʚʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ  

ˉ 21-77-10038, https://rscf.ru/project/21-77-10038/). ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʂʇ çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʷè ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʦʨʦʛʝʥʝʟʘ ʀɿʂ 

ʉʆ ʈɸʅ, ʎʂʇ çʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷè ʀɻʍ ʉʆ ʈɸʅ.  
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ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʆʆʇʊ) ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʤʫʩʦʨʦʤ [2]. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʳʪ ʇʨʠʙʘʡʢʘʣʴʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ ʚ ʦʙʣʘʩʪʠ 

ʦʭʨʘʥʳ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʩʢʦʧʣʝʥʠʷ ʤʫʩʦʨʘ, ʨʘʟʤʝʱʝʥʠʷ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ. ɺ 

ʢʦʥʪʝʢʩʪʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʆʉ) ʠ ʵʢʦʩʠʩʪʝʤʳ ʚʦʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʧʨʠʨʦʜʳ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʦʧʳʪʘ, ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʩʙʦʨʘ ʠ ʫʪʠʣʠʟʘʮʠʠ ʤʫʩʦʨʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʇʨʠʙʘʡʢʘʣʴʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʩʢʦʧʣʝʥʠʝ ʤʫʩʦʨʘ ʠ 

ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʦʟʝʨʘ ɹʘʡʢʘʣ [1]. 

ɿʘʱʠʪʘ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʆʆʇʊ) ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʪʭʦʜʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʚʳʟʦʚʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʣʦʛʠʠ. ʎʝʣʴʶ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʤʝʨʦʧʨʠʷʪʠʡ ʇʨʠʙʘʡʢʘʣʴʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʘʨʢʘ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʥʘʢʦʧʣʝʥʠʷ ʦʪʭʦʜʦʚ, ʠʭ ʨʘʟʤʝʱʝʥʠʶ ʠ ʫʪʠʣʠʟʘʮʠʠ.  

ʇʨʠʙʘʡʢʘʣʴʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ, ʦʩʥʦʚʘʥʥʳʡ 13 ʬʝʚʨʘʣʷ 1986 ʛ., 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ï 

ʉʣʶʜʷʥʩʢʦʛʦ, ʀʨʢʫʪʩʢʦʛʦ ʠ ʆʣʴʭʦʥʩʢʦʛʦ. ɽʛʦ ʪʝʨʨʠʪʦʨʠʷ ʚ ʚʠʜʝ ʫʟʢʦʡ ʧʦʣʦʩʳ 

ʧʨʦʩʪʠʨʘʝʪʩʷ ʥʘ 490 ʢʤ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟʝʨʘ ɹʘʡʢʘʣ ï ʦʪ ʧ. ʂʫʣʪʫʢ ʥʘ 

ʶʛʝ ʜʦ ʤʳʩʘ ʂʦʯʝʨʠʢʦʚʩʢʦʛʦ ʥʘ ʩʝʚʝʨʝ. ʕʪʦ ʩʘʤʳʡ ʧʨʦʪʷʞʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ 

ʚ ʈʦʩʩʠʠ. ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʢʣʶʯʝʥʘ ʘʢʚʘʪʦʨʠʷ ʄʘʣʦʛʦ ʄʦʨʷ, ʧʨʦʣʠʚʘ ʤʝʞʜʫ ʦʩʪʨʦʚʦʤ 

ʆʣʴʭʦʥ ʠ ʤʘʪʝʨʠʢʦʚʦʡ ʯʘʩʪʴʶ. ʈʘʟʤʝʱʝʥʠʝ ʦʪʭʦʜʦʚ ʥʘ ʆʆʇʊ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʘʚʦʥʘʨʫʰʝʥʠʝʤ, ʦʩʦʙʝʥʥʦ ʚʙʣʠʟʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʤʝʩʪ 

ʤʘʩʩʦʚʦʛʦ ʦʪʜʳʭʘ. ɽʞʝʛʦʜʥʦ ʩʧʝʮʠʘʣʠʩʪʳ ʌɻɹʋ "ɿʘʧʦʚʝʜʥʦʝ ʇʨʠʙʘʡʢʘʣʴʝ" 

ʚʳʷʚʣʷʶʪ ʥʘ ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʇʨʠʙʘʡʢʘʣʴʩʢʦʤ 

ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʘʨʢʝ, ʥʦʚʳʝ ʤʝʩʪʘ ʩʢʦʧʣʝʥʠʷ ʊʂʆ, ʪʨʝʙʫʶʱʠʝ ʫʙʦʨʢʠ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

(ʜʝʷʪʝʣʴʥʦʩʪʴ ʣʠʮʝʥʟʠʨʦʚʘʥʘ, ʠʤʝʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʝʭʥʠʢʘ), ʪʘʢ ʠ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʚʦʣʦʥʪʝʨʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʝʢʦʪʦʨʳʝ ʥʝʟʘʢʦʥʥʳʝ ʩʚʘʣʢʠ ʠʟ-ʟʘ ʩʚʦʝʛʦ 

ʦʙ̡ʝʤʘ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʊʂʆ ʪʨʝʙʫʶʪ 

ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

[1]. 

ɺ 2022 ʛ. ʌɻɹʋ "ɿʘʧʦʚʝʜʥʦʝ ʇʨʠʙʘʡʢʘʣʴʝ" ʟʘʢʣʶʯʠʣʦ ʜʝʚʷʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʢʦʥʪʨʘʢʪʦʚ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʥʝʟʘʢʦʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤ 

ʦʧʝʨʘʪʦʨʦʤ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʊʂʆ ï ʆʆʆ "ʈʊ-ʅɽʆ ʀʨʢʫʪʩʢ". ʉʦʛʣʘʩʥʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ, ʥʘ ʜʝʚʷʪʠ ʣʦʢʘʮʠʷʭ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʥʠʪʴ ʦʢʦʣʦ 12 

ʪʳʩ. ʪʦʥʥ ʦʪʭʦʜʦʚ ʥʘ ʧʣʦʱʘʜʠ ʙʦʣʝʝ 16 ʛʝʢʪʘʨʦʚ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ ʥʘ ʚʦʩʴʤʠ 

ʣʦʢʘʮʠʷʭ ʬʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʚʳʚʝʟʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 11 ʪʳʩ. ʪʦʥʥ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʝʱʝ ʦʜʥʘ ʣʦʢʘʮʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʆʥʛʫʨʸʥʝ, ʟʘʧʣʘʥʠʨʦʚʘʥʘ ʢ ʦʯʠʩʪʢʝ ʚ 

2023 ʛ. ʅʘʠʙʦʣʝʝ ʤʘʩʰʪʘʙʥʦʡ ʦʧʝʨʘʮʠʝʡ ʧʦ ʫʙʦʨʢʝ ʩʪʘʣʘ ʘʢʮʠʷ ʚ ʨʘʡʦʥʝ ɺʦʣʯʴʷ ʇʘʜʴ 

ʚ ʆʣʴʭʦʥʩʢʦʤ ʨʘʡʦʥʝ (ʠʩʪʦʨʠʷ ʜʘʥʥʦʡ ʩʚʘʣʢʠ ʥʘʯʘʣʘʩʴ ʝʱʝ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʪʳʩʷʯʝʣʝʪʠʠ), ʦʪʢʫʜʘ ʧʦʜʨʷʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʚʝʟʣʘ ʦʢʦʣʦ 10 ʪʳʩ. ʪʦʥʥ ʦʪʭʦʜʦʚ. 
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ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʫʙʦʨʢʠ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 11 ʛʝʢʪʘʨʦʚ. ʉʚʘʣʢʘ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ 

ʣʠʢʚʠʜʠʨʦʚʘʥʘ 8 ʥʦʷʙʨʷ 2022 ʛ. 

ʉʣʦʞʥʦʩʪʴ ʣʠʢʚʠʜʘʮʠʠ ʦʪʭʦʜʦʚ ʚʦʟʥʠʢʣʘ ʥʘ ʩʚʘʣʢʝ ʚ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ 

ɹʦʣʴʰʠʝ ʂʦʪʳ ʀʨʢʫʪʩʢʦʛʦ ʨʘʡʦʥʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʢ ʤʝʩʪʫ ʫʪʠʣʠʟʘʮʠʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 47 ʢʤ ʯʝʨʝʟ ʘʢʚʘʪʦʨʠʶ ɹʘʡʢʘʣʘ. ʉʚʘʣʢʘ ʙʳʣʘ ʣʠʢʚʠʜʠʨʦʚʘʥʘ 11 ʥʦʷʙʨʷ 

2022 ʛ. ɺ ʧʨʦʮʝʩʩʝ ʣʠʢʚʠʜʘʮʠʠ ʪʨʝʭ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ï ʚ ʆʣʴʭʦʥʩʢʦʤ 

ʨʘʡʦʥʝ, ʚ ʨʘʡʦʥʝ ɹʘʨʫʥ-ʍʘʣ ʠ ʦʢʦʣʦ ʜʝʨʝʚʥʠ ʅʘʨʠʥ-ʂʫʥʪʘ ï ʦʙʲʝʤ ʚʳʚʝʟʝʥʥʦʛʦ 

ʤʫʩʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʩʠʣ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʧʨʦʛʥʦʟʳ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʠʣʠʩʴ 

ʧʣʦʱʘʜʠ ʦʯʠʩʪʢʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʚ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʃʠʩʪʚʷʥʢʘ 

ʀʨʢʫʪʩʢʦʛʦ ʨʘʡʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʟʘʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʩʦʛʣʘʰʝʥʠʡ ʢ ʨʘʥʝʝ ʟʘʢʣʶʯʝʥʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʢʦʥʪʨʘʢʪʘʤ [3]. 

ʃʠʢʚʠʜʘʮʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʪʘʢʦʛʦ ʤʘʩʰʪʘʙʘ, ʢʘʢ ʚ ʪʝʢʫʱʝʤ 

ʛʦʜʫ, ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ. ɹʳʣʘ 

ʩʦʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʦʙʥʘʨʫʞʝʥʥʳʭ ʣʦʢʘʮʠʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ 

ʦʧʨʝʜʝʣʝʥʳ ʧʣʦʱʘʜʠ ʠ ʦʙʲʝʤʳ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ ʬʠʥʘʥʩʦʚʘʷ ʧʦʜʜʝʨʞʢʘ ʦʪ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺʦʟʥʠʢʣʦ 

ʤʥʦʞʝʩʪʚʦ ʩʣʦʞʥʦʩʪʝʡ, ʥʘʯʠʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʙʲʝʤʘ ʥʘʚʘʣʦʚ: 

ʚʠʟʫʘʣʴʥʦ ʩʚʘʣʢʘ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ, ʦʜʥʘʢʦ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ 

ʦʪʭʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦʡ. ɼʣʷ ʩʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʪʭʦʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʢʝʪʳ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʣʦʛʠ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʧʘʜʘʥʠʷ ʤʫʩʦʨʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʦʯʠʱʝʥʳ ʚʦʩʝʤʴ ʣʦʢʘʮʠʡ, ʘ ʝʱʝ ʦʜʥʘ ʣʦʢʘʮʠʷ, ʦʙʲʝʤʦʤ ʦʢʦʣʦ 2000 ʢʫʙʦʤʝʪʨʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʦʢʦʣʦ ʧʦʩʝʣʢʘ ʆʥʛʫʨʸʥʳ, ʟʘʧʣʘʥʠʨʦʚʘʥʘ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʚ 

ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʪʨʫʜʥʦʧʨʦʭʦʜʠʤʘʷ ʛʦʨʥʘʷ ʦʙʣʘʩʪʴ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ ʠʟ-ʟʘ ʩʣʦʞʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʢʨʫʪʳʝ ʩʧʫʩʢʠ ʠ ʧʦʜʲʝʤʳ, ʧʦʢʨʳʪʳʝ ʩʥʝʛʦʤ. ʋʯʨʝʞʜʝʥʠʝ ʩʪʘʚʠʪ ʧʝʨʝʜ ʩʦʙʦʡ ʮʝʣʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʦʯʠʩʪʢʝ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʦʚʪʦʨʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʦʪʭʦʜʦʚ. ɺ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʧʨʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʥʘ ʧʘʪʨʫʣʠʨʦʚʘʥʠʝ ʟʦʥ, 

ʫʩʪʘʥʦʚʠʪʴ ʬʦʪʦʣʦʚʫʰʢʠ ʚ ʦʩʦʙʦ ʧʨʦʙʣʝʤʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʧʨʠʚʣʝʢʘʪʴ ʢ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʛʨʘʞʜʘʥ, ʧʨʦʷʚʣʷʶʱʠʭ ʙʝʟʦʪʚʝʪʩʪʚʝʥʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʚʳʙʨʘʩʳʚʘʶʱʠʭ ʦʪʭʦʜʳ ʥʘ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ 

ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ʉʝʛʦʜʥʷ ʧʨʦʚʦʜʷʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʙʦʪʳ ʧʦ ʚʥʝʜʨʝʥʠʶ 

ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʦʪʭʦʜʦʚ ʥʘ ʧʦʧʫʣʷʨʥʳʭ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʢʦʥʮʝ 2021 ʛ. ʢʦʥʪʝʡʥʝʨʳ ʥʘ ʉʘʨʘʡʩʢʦʤ ʧʣʷʞʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʦʪʜʝʣʴʥʦʛʦ ʩʙʦʨʘ ʧʣʘʩʪʠʢʘ, ʩʪʝʢʣʘ, ʤʝʪʘʣʣʘ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʦʪʭʦʜʦʚ. ʉʠʩʪʝʤʘ ʩʙʦʨʘ 

ʤʫʩʦʨʘ ʚ ʫʢʘʟʘʥʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʚʝʩʥʦʡ 2022 ʛ., ʩʠʥʭʨʦʥʥʦ ʩ ʨʦʩʪʦʤ 

ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ. ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ, ʯʪʦ ʚʪʦʨʠʯʥʦʝ ʩʳʨʴʝ ʙʫʜʝʪ ʨʝʛʫʣʷʨʥʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʥʘ ʩʦʨʪʠʨʦʚʦʯʥʫʶ ʩʪʘʥʮʠʶ, ʘ ʟʘʪʝʤ ʥʘʧʨʘʚʣʷʪʴʩʷ ʥʘ 

ʧʝʨʝʨʘʙʦʪʢʫ. 

ɺ ʨʘʤʢʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ ʇʨʠʙʘʡʢʘʣʴʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ, ʚʢʣʶʯʘʶʱʠʡ 

ʦʩʪʨʦʚ ʆʣʴʭʦʥ, ʜʦʣʞʝʥ ʩʪʘʪʴ ʪʨʝʪʴʝʡ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ 

ʈʦʩʩʠʠ, ʛʜʝ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʘʢʪʠʢʘ ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʦʨʛʘʥʠʟʘʮʠʷ 

ʩʦʨʪʠʨʦʚʢʠ ʤʫʩʦʨʘ ʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ. ɸʥʘʣʦʛʠʯʥʳʝ ʤʝʪʦʜʳ ʫʞʝ 



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

29 

ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʘʨʢʝ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʠ ʚ ʧʘʨʢʝ 

çʏʠʢʦʡè ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ [3]. 

ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʪʝʨʨʠʪʦʨʠʠ ʦʩʪʨʦʚʘ ʦʪ ʤʫʩʦʨʘ ʟʘʥʠʤʘʶʪ 

ʜʦʙʨʦʚʦʣʴʯʝʩʢʠʝ ʛʨʫʧʧʳ, ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʫʙʦʨʢʝ. ɺ ʪʘʙʣʠʮʝ ʦʪʦʙʨʘʞʝʥʘ 

ʩʪʘʪʠʩʪʠʢʘ ʨʘʙʦʪʳ ʚʦʣʦʥʪʝʨʦʚ ʚ 2018 ï 2022 ʛʛ. 

 

ʉʪʘʪʠʩʪʠʢʘ ʨʘʙʦʪʳ ʚʦʣʦʥʪʝʨʦʚ ʚ 2018 ï 2022 ʛʛ. 

ɻʦʜ ʂʦʣʠʯʝʩʪʚʦ ʚʦʣʦʥʪʝʨʦʚ ʂʦʣʠʯʝʩʪʚʦ ʩʦʙʨʘʥʥʦʛʦ ʤʫʩʦʨʘ 

2018 173 650 ʤʝʰʢʦʚ 

2019 198  770 ʤʝʰʢʦʚ 

2020 229  940 ʤʝʰʢʦʚ 

2021 359  4063 ʤʝʰʢʘ 

2022 922  2192 ʤʝʰʢʘ 

ʆʧʳʪ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʙʘʡʢʘʣʴʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʘʨʢʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʨ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʦʪʭʦʜʘʤʠ ʷʚʣʷʪʁʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʫʥʠʢʘʣʴʥʦʡ ʧʨʠʨʦʜʳ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. ʋʯʝʪ ʧʦʣʫʯʝʥʥʦʛʦ 

ʦʧʳʪʘ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʦʙʝʩʧʝʯʘʪ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʇʨʠʙʘʡʢʘʣʴʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ. 

ɻʣʦʙʘʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ʢ ʩʦʨʪʠʨʦʚʢʝ ʤʫʩʦʨʘ ʥʘ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʙʣʶʜʝʥʠʝ ʛʣʘʚʥʦʛʦ ʧʨʠʥʮʠʧʘ çʇʨʠʥʝʩ ï ʟʘʙʝʨʠ ʩ ʩʦʙʦʡè ʧʨʠ 

ʧʦʩʝʱʝʥʠʠ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʧʨʠʨʦʜʳ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʥʝʦʙʭʦʜʠʤʦ ʫʥʦʩʠʪʴ ʚʝʩʴ ʧʨʠʥʝʩʝʥʥʳʡ ʤʫʩʦʨ ʩ 

ʩʦʙʦʡ, ʦʩʪʘʚʣʷʪʴ ʤʫʩʦʨ ʪʦʣʴʢʦ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʤʝʩʪʘʭ, ʠʤʝʪʴ ʧʘʢʝʪ ʜʣʷ 

ʩʙʦʨʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʫʩʦʨʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʥʘ ʆʆʇʊ ʠ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ 

ʧʨʘʚʠʣ ʨʘʟʜʝʣʴʥʦʛʦ ʩʙʦʨʘ ʦʪʭʦʜʦʚ. 

ɿʘʧʨʝʱʘʝʪʩʷ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʧʠʢʥʠʢʦʚʳʝ ʟʦʥʳ ʚʥʝ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʭ 

ʜʣʷ ʵʪʦʛʦ ʤʝʩʪ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ ʞʠʜʢʦʩʪʠ ʠ ʚʳʙʨʘʩʳʚʘʪʴ 

ʫʧʘʢʦʚʢʫ ʦʪ ʥʠʭ, ʨʘʟʚʦʜʠʪʴ ʢʦʩʪʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʞʠʛʘʥʠʷ ʤʫʩʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʶʱʠʝ ʩʨʝʜʩʪʚʘ ʧʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʨʦʜʥʳʤʠ ʚʦʜʦʝʤʘʤʠ ʠ 

ʟʘʢʘʧʳʚʘʪʴ ʦʪʭʦʜʳ (ʤʫʩʦʨ) ʚ ʟʝʤʣʶ.  

ʉʦʙʣʶʜʝʥʠʝ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ɹʘʡʢʘʣʴʩʢʦʡ 

ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʟʝʨʘ ɹʘʡʢʘʣ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ 

ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʫʥʠʯʪʦʞʝʥʠʝ ʵʢʦʩʠʩʪʝʤ ʠ ʫʭʫʜʰʝʥʠʝ ʫʩʣʦʚʠʡ ʞʠʟʥʠ 

ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

  ʅʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʥʦʚʝʡʰʠʭ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ ʪʫʨʠʩʪʦʚ ʠ ʩʦʨʪʠʨʦʚʢʘ 

ʤʫʩʦʨʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʰʘʛʘʤʠ ʥʘ ʧʫʪʠ ʢ ʩʦʭʨʘʥʝʥʠʶ ʧʨʠʨʦʜʳ. 
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ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʭʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ, 

ʩʦʩʪʘʚ ʠ ʛʝʥʝʟʠʩ ʤʘʨʛʘʥʮʝʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʪʦʣʱʝ ʷʨʣʳʢʘʧʦʚʩʢʦʡ ʩʚʠʪʳ ʩʨʝʜʥʝʛʦ 

ʜʝʚʦʥʘ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʆʧʠʩʘʥʥʳʝ ʥʠʞʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʢʘʢ 

ʦʙʲʝʢʪʳ ʥʘ ʤʘʨʛʘʥʝʮ ʙʳʣʠ ʦʪʢʨʳʪʳ ʚ ʥʘʯʘʣʝ XX ʚ. ʇʝʨʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ 

ʟʘʣʝʞʝʡ ʧʦʣʫʯʠʣʠ ʚ ʪʝ ʞʝ ʛʦʜʳ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʵʪʠ ʦʙʲʝʢʪʳ ʥʝ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ [6]. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʝ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʲʝʢʪʳ ï ʛʨʫʧʧʳ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʤʘʨʛʘʥʮʘ ɻʫʙʘʡʜʫʣʣʠʥʩʢʘʷ 

(ʖʞʥʦʝ ʠ ʉʝʚʝʨʥʦʝ) ʠ ʄʘʤʠʣʠʥʩʢʘʷ (ʩʦʙʩʪʚʝʥʥʦ ʄʘʤʠʣʠʥʩʢʦʝ, ʀʰʙʝʨʜʠʥʩʢʦʝ, 

ʍʫʩʘʠʥʦʚʩʢʦʝ) ï ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ɿʘʧʘʜʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʤ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʦʤ 

ʧʦʷʩʝ. ʆʥʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʤ ʩʫʨʛʫʯʥʦ-ʢʨʘʩʥʳʤ ʠ ʩʝʨʦʚʘʪʦ-ʞʝʣʪʦʚʘʪʦ-

ʟʝʣʝʥʦʚʘʪʳʤ ʷʰʤʘʤ ʠ ʪʫʬʦʧʝʩʯʘʥʠʢʘʤ ʷʨʣʳʢʘʧʦʚʩʢʦʡ ʩʚʠʪʳ. ɺʦʟʨʘʩʪ 

ʷʨʣʳʢʘʧʦʚʩʢʦʡ ʩʚʠʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʵʡʬʝʣʴʩʢʠʡ, ʯʪʦ ʜʦʢʘʟʘʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʥʘʭʦʜʢʘʤʠ ʢʦʥʦʜʦʥʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʮʫ ʟʦʥʳ costatus, ʟʦʥʘʤ 

australis ʠ kockelianus [1]. 

ʗʨʣʳʢʘʧʦʚʩʢʘʷ ʩʚʠʪʘ, ʤʦʱʥʦʩʪʴʶ ʜʦ 100 ʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʚʠʜʝ ʫʟʢʠʭ, 

ʧʨʦʪʷʞʝʥʥʳʭ ʧʦʣʦʩ ʠ ʦʩʪʘʥʮʦʚ, ʧʨʦʪʷʥʫʚʰʠʭʩʷ ʚʜʦʣʴ ʭʨʝʙʪʘ ʀʨʝʥʜʳʢ. ɺ ʥʝʡ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʢʨʫʧʥʳʭ ʟʘʣʝʞʝʡ 

ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ [6]. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʤʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ [2, 3]. ʇʨʝʜʣʘʛʘʝʤʳʝ ʥʠʞʝ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʧʨʦʷʚʣʝʥʠʡ ʠʤʝʶʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʣʠʪʦʣʦʛʠʯʝʩʢʫʶ ʠ ʩʪʨʫʢʪʫʨʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ʈʫʜʦʧʨʦʷʚʣʝʥʠʝ ɻʫʙʘʡʜʫʣʣʠʥʦ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʀʨʝʥʜʳʢʩʢʦʛʦ 

ʭʨʝʙʪʘ. ʗʨʣʳʢʘʧʦʚʩʢʘʷ ʩʚʠʪʘ ʟʜʝʩʴ ʩʣʦʞʝʥʘ ʩʫʨʛʫʯʥʦ-ʢʨʘʩʥʳʤʠ ʠ ʞʝʣʪʦʚʘʪʦ-

ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ ʷʰʤʘʤʠ, ʘ ʪʘʢʞʝ ʪʫʬʬʠʪʘʤʠ ʠ ʠʭ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ. ʈʫʜʥʘʷ ʟʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʨʛʫʯʥʦ-ʢʨʘʩʥʳʤʠ ʷʰʤʘʤʠ ʠ ʜʞʝʩʧʝʨʠʪʦʠʜʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʠ 

ʣʠʥʟʘʤʠ ʤʘʨʛʘʥʮʝʚʳʭ ʙʨʘʫʥʠʪ-ʧʩʠʣʦʤʝʣʘʥʦʚʳʭ ʠ ʧʩʠʣʦʤʝʣʘʥ-ʧʠʨʦʣʶʟʠʪʦʚʳʭ ʨʫʜ.  

ʈʫʜʦʧʨʦʷʚʣʝʥʠʷ ʄʘʤʠʣʠʥʩʢʦʡ ʛʨʫʧʧʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ 

ʀʨʝʥʜʳʢʩʢʦʛʦ ʭʨʝʙʪʘ, ʩʣʦʞʝʥʥʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʠʨʝʥʜʳʢʩʢʦʡ ʩʚʠʪʳ. ʀʨʝʥʜʳʢʩʢʘʷ ʩʚʠʪʘ ʧʝʨʝʭʦʜʠʪ ʚ ʷʨʣʳʢʘʧʦʚʩʢʫʶ 

ʧʦʩʪʝʧʝʥʥʦ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʤʝʥʝ ʩʥʠʟʫ ʚʚʝʨʭ ʪʫʬʦʧʩʘʤʤʠʪʦʚ ʷʰʤʘʤʠ, ʢ ʢʦʪʦʨʳʤ 

ʧʨʠʫʨʦʯʝʥʳ ʧʨʦʩʣʦʠ ʠ ʣʠʥʟʳ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʦʙʦʠʭ ʦʙʲʝʢʪʘʭ ʘʩʩʦʮʠʘʮʠʷ ʧʦʨʦʜ 

ʷʨʣʳʢʘʧʦʚʩʢʦʡ ʩʚʠʪʳ ʧʨʝʪʝʨʧʝʣʘ ʝʜʠʥʳʡ ʛʣʘʚʥʳʡ ʵʪʘʧ ʜʝʬʦʨʤʘʮʠʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ 

ʷʰʤʳ ʠʩʧʳʪʘʣʠ ʙʣʠʟʢʠʝ ʧʦ ʪʠʧʫ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʳʝ 
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ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʘʣʝʝ ʥʝ ʧʦ ʚʦʟʨʘʩʪʫ ʩʪʨʫʢʪʫʨʥʦ-

ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʧʦ ʫʯʘʩʪʢʘʤ. 

ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʛʨʫʧʧʘ ʄʘʤʠʣʠʥʩʢʠʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʤʦʥʦʢʣʠʥʘʣʠ, ʦʩʣʦʞʥʝʥʥʦʡ ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʳʤʠ ʤʝʟʦʩʪʨʫʢʪʫʨʘʤʠ 

ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʠ ʟʘʧʘʜʥʦʡ ʚʝʨʛʝʥʪʥʦʩʪʠ ʠ ʧʨʦʪʷʛʠʚʘʶʱʝʡʩʷ 

ʚʜʦʣʴ ʀʨʝʥʜʳʢʩʢʦʛʦ ʭʨʝʙʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʢʦʣʦ 18 ʢʤ. ɺʠʜʠʤʘʷ ʰʠʨʠʥʘ ʟʦʥʳ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1 ʜʦ 4 ʢʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩ ʚʦʩʪʦʢʘ ʷʨʣʳʢʘʧʦʚʩʢʘʷ ʩʚʠʪʘ 

ʦʛʨʘʥʠʯʝʥʘ ʥʘʜʚʠʛʦʤ ʟʘʧʘʜʥʦʡ ʚʝʨʛʝʥʪʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʥʘ ʥʝʝ ʥʘʜʚʠʥʫʪʘ 

ʧʦʟʜʥʝʜʝʚʦʥʩʢʘʷ ʫʣʫʪʘʫʩʢʘʷ ʩʚʠʪʘ, ʩʣʦʞʝʥʥʘʷ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʪʫʬʦʧʩʘʤʤʠʪʘʤʠ. 

ʋʛʣʳ ʧʘʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʩʪʠʪʝʣʷ ʵʪʦʛʦ ʥʘʜʚʠʛʘ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 20ï30 ʜʦ 40ï

50̄ . 

ʉʢʣʘʜʢʠ ʚ ʷʰʤʦʠʜʘʭ ʷʨʣʳʢʘʧʦʚʩʢʦʡ ʩʚʠʪʳ ʦʪʯʝʪʣʠʚʦ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: 

ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʩʢʣʘʜʢʠ ʦʧʦʣʟʘʥʠʷ, ʨʘʟʚʠʪʳʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʦʣʱʠ, ʠ 

ʢʨʫʧʥʦʘʤʧʣʠʪʫʜʥʳʝ, ʦʪʯʝʪʣʠʚʦ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʠʥʘʜʚʠʛʦʚʳʝ ʩʢʣʘʜʢʠ ʩ ʨʘʟʤʘʭʦʤ 

ʢʨʳʣʴʝʚ ʜʦ ʧʝʨʚʳʭ ʩʦʪʝʥ ʤʝʪʨʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʡ ʨʝʣʴʝʬ ʧʨʦʷʚʣʝʥʠʡ. 

ʇʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʯʝʪʣʠʚʦʡ ʘʩʠʤʤʝʪʨʠʝʡ ʠ ʟʘʧʘʜʥʦʡ ʚʝʨʛʝʥʪʥʦʩʪʴʶ. 

ʇʨʝʦʙʣʘʜʘʶʪ ʧʘʜʝʥʠʷ 30ï40̄  ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ, ʢʦʪʦʨʳʡ ʙʨʦʥʠʨʫʝʪʩʷ 

ʷʰʤʘʤʠ, ʠ 60ï80̄  ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʢʨʳʣʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʜʫʮʠʨʦʚʘʥʥʦʤ. ɺ 

ʧʘʨʘʛʝʥʝʟʝ ʩʦ ʩʢʣʘʜʢʘʤʠ ʨʘʟʚʠʪ ʢʣʠʚʘʞ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʠ ʢʨʫʪʦʛʦ 

ʚʦʩʪʦʯʥʦʛʦ ʧʘʜʝʥʠʷ, ʟʦʥʳ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ. 

ɻʫʙʘʡʜʫʣʣʠʥʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʬʦʨʤʫ, ʦʩʣʦʞʥʝʥʥʫʶ 

ʩʝʨʠʝʡ ʤʝʣʢʠʭ ʩʢʣʘʜʦʢ. ʐʘʨʥʠʨʳ ʩʢʣʘʜʦʢ ʫʥʜʫʣʠʨʫʶʪ ʥʘ ʩʝʚʝʨ. ʉʨʝʜʠ ʥʠʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʩʠʣʴʥʦ ʩʞʘʪʳʝ, ʯʘʩʪʦ ʦʧʨʦʢʠʥʫʪʳʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʦʢʣʠʥʘʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʤʘʭʦʤ ʢʨʳʣʴʝʚ ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʜʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʤʘʨʢʠʨʫʶʱʠʝ ʟʦʥʳ ʥʘʜʚʠʛʦʚ, ʪʘʢ ʠ ʙʦʣʝʝ ʦʪʢʨʳʪʳʝ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʩʢʣʘʜʢʠ 

ʟʘʧʘʜʥʦʡ ʚʝʨʛʝʥʪʥʦʩʪʠ. ʇʦʨʦʜʳ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʩʣʘʥʮʦʚʘʥʳ, ʥʘ ʟʘʧʘʜʥʳʭ ʢʨʳʣʴʷʭ 

ʩʢʣʘʜʦʢ ï ʙʫʜʠʥʠʨʦʚʘʥʳ, ʦʢʚʘʨʮʦʚʘʥʳ. ɿʦʥʳ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʤʝʩʪʘʤʠ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʰʪʦʢʚʝʨʢʦʧʦʜʦʙʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ 

ʠ ʞʠʣʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʣʠʙʦ ʩʦʛʣʘʩʥʦ ʢʣʠʚʘʞʥʳʤ ʟʦʥʘʤ 

(ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦ), ʣʠʙʦ ʢʫʣʠʩʦʦʙʨʘʟʥʦ ʧʦʜ ʧʨʘʚʳʡ ʩʜʚʠʛ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʢʘʨʪʠʥʘ ʧʨʦʷʚʣʝʥʠʡ ʦʪʯʝʪʣʠʚʦ ʯʠʪʘʝʪʩʷ ʠ ʧʦ ʜʘʥʥʳʤ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ (ʤʝʪʦʜʦʤ ɺʇ-ʉɻ). ɼʣʷ ɻʫʙʘʡʜʫʣʣʠʥʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʨʠʩʫʥʢʘ ʠʟʦʘʥʦʤʘʣ ʧʦʣʷ ʢʘʞʫʱʝʛʦʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʯʝʪʢʦ ʯʠʪʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦ ʚʳʪʷʥʫʪʳʭ ʩʢʣʘʜʯʘʪʳʭ ʟʦʥ ʰʠʨʠʥʦʡ 30ï50 ʤ ʢʘʞʜʘʷ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʣʦʞʥʝʥʥʳʭ ʤʝʣʢʠʤʠ ʩʢʣʘʜʢʘʤʠ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ ʧʨʦʩʪʠʨʘʥʠʝʤ. 

ɼʣʷ ʄʘʤʠʣʠʥʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʢʘʨʪʠʥʘ ʙʦʣʝʝ ʩʧʦʢʦʡʥʘʷ: ʠʟʦʘʥʦʤʘʣʳ ʚʳʪʷʥʫʪʳ ʚ 

ʝʜʠʥʫʶ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʟʦʥʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʣʦʞʥʝʥʥʫʶ ʩʢʣʘʜʢʘʤʠ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʘʭ, 

ʬʦʨʤʠʨʦʚʘʚʰʠʭ ʜʘʥʥʳʝ ʧʦʨʦʜʳ. ɻʨʘʬʠʢʠ ʈɿʕ ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʨʝʥʜʳ. 

ʅʘ ʠʭ ʬʦʥʝ ʦʪʤʝʯʘʶʪʩʷ ʤʠʥʠʤʫʤʳ Eu, ʘ ʪʘʢʞʝ ʤʠʥʠʤʫʤʳ ʠ, ʨʝʞʝ, ʤʘʢʩʠʤʫʤʳ Ce 

ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʦʨʦʜ. ʉʦʯʝʪʘʥʠʝ ʜʝʬʠʮʠʪʘ ʣʝʛʢʠʭ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʤʠʥʠʤʫʤʦʚ Eu ʠ Ce 

ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʦʙʦʛʘʱʝʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʚʝʱʝʩʪʚʦʤ ʤʝʪʘʣʣʦʥʦʩʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʫʣʢʘʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʦʢʝʘʥʦʚ [4]. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ Ce ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʜʨʦʛʝʥʥʳʭ ʢʦʨʦʢ 

ʠ ʢʦʥʢʨʝʮʠʡ ʚʜʘʣʠ ʦʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʦʩʪʨʦʝʢ, ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʚ 

ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ. ʆʪʩʫʪʩʪʚʠʝ Ce ʘʥʦʤʘʣʠʠ ʦʙʳʯʥʦ ʛʦʚʦʨʠʪ ʦ 

ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʦʩʘʜʢʘ [3, 7]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʦʠʭ ʨʘʡʦʥʦʚ ʭʘʨʘʢʪʝʨʥʳ ʛʨʘʬʠʢʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʦʨʦʜ. ɼʣʷ ɻʫʙʘʡʜʫʣʣʠʥʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʜʨʦʛʝʥʥʳʭ ʢʦʨʦʢ ʠ ʢʦʥʢʨʝʮʠʡ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʩʢʦʨʝʝ ʧʨʦʠʩʭʦʜʠʣʦ ʙʣʠʟ ʮʝʥʪʨʦʚ ʛʠʜʨʦʪʝʨʤ, ʘ ʜʣʷ ʄʘʤʠʣʠʥʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʩʘʜʢʘ, ʚ ʫʜʘʣʝʥʠʠ ʦʪ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʨʝʤʥʠʩʪʳʭ ʪʦʣʱ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤʠ ʤʘʨʛʘʥʮʝʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ʕʪʠ ʦʙʲʝʢʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʯʘʩʪʢʠ ʨʘʟʛʨʫʟʢʠ ʘʢʪʠʚʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʦʢʝʘʥʘ, ʢ 

ʢʦʪʦʨʳʤ ʧʨʠʫʨʦʯʝʥʳ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ [2]. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʚʫʣʢʘʥʳ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʦʩʪʦʯʥʝʝ (ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ) ʦʧʠʩʘʥʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ, ʘ 

ʩʝʡʯʘʩ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʘʣʣʦʭʪʦʥʦʤ, ʩʣʦʞʝʥʥʳʤ ʫʣʫʪʘʫʩʢʦʡ ʩʚʠʪʦʡ.  ʇʨʠʟʥʘʢʦʤ ʪʦʛʦ, 

ʯʪʦ ʠʩʪʦʯʥʠʢ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚʦʩʪʦʯʥʝʝ, ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʙ·ʣʴʰʠʝ ʟʘʧʘʩʳ 

ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʥʘ ʄʘʤʠʣʠʥʩʢʦʤ ʨʫʜʦʧʨʦʷʚʣʝʥʠʠ, ʯʝʤ ʥʘ ɻʫʙʘʡʜʫʣʣʠʥʩʢʦʤ [6], ʘ 

ʪʘʢʞʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʅʝ ʠʩʢʣʶʯʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʩʝʚʝʨʥʝʝ, ʘ ʨʘʟʥʦʩ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʜʚʦʜʥʳʤʠ ʪʝʯʝʥʠʷʤʠ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʦʪʣʠʯʠʷ ʚ ʩʪʨʦʝʥʠʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʳ ʩ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʠʭ ʧʦʣʦʞʝʥʠʠ ʚ ʧʨʝʜʝʣʘʭ ʥʘʜʚʠʛʦʚʦʛʦ ʧʘʢʝʪʘ, ʯʘʩʪʷʤʠ ʢʦʪʦʨʦʛʦ ʦʥʠ 

ʷʚʣʷʶʪʩʷ. ʊʘʢ, ɻʫʙʘʡʜʫʣʣʠʥʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ɿʘʧʘʜʥʦ-ʀʨʝʥʜʳʢʩʢʦʛʦ ʥʘʜʚʠʛʘ, ʩ ʯʝʤ ʠ ʩʚʷʟʘʥʦ ʝʛʦ ʩʢʣʘʜʯʘʪʦʝ ʩʪʨʦʝʥʠʝ, ʘ 

ʄʘʤʠʣʠʥʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʪʳʣʦʚʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʥʘʜʚʠʛʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʠʤʝʝʪ ʙʦʣʝʝ ʧʨʦʩʪʦʝ ʩʪʨʦʝʥʠʝ [5].  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʷʰʤ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʙʩʪʘʥʦʚʢʝ ʜʦʩʪʘʪʦʯʥʦ ʟʨʝʣʦʡ ʦʩʪʨʦʚʥʦʡ 

ʜʫʛʠ ʩ ʧʨʝʨʳʚʠʩʪʦʡ ʮʝʧʦʯʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ, ʘ ʜʝʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʥʠ ʫʞʝ ʚ 

ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ, ʚʦ ʚʨʝʤʷ ʫʨʘʣʴʩʢʦʡ ʢʦʣʣʠʟʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʦ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, 

ʛʨʘʥʪ ˉ 19-55-26009 ʏʝʭʠʷ_ʘ "ʋʨʘʣ: ʫʥʠʢʘʣʴʥʘʷ ʧʨʠʨʦʜʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʨʦʩʪʘ 

ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʩʙʦʨʢʠ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ". 
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ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʨʢʫʪʩʢ, 1bochalgin@gmail.com 

2 
ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ 

 

ɼʝʣʴʪʘ ʨʝʢʠ ɻʦʣʦʫʩʪʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʤʝʩʪʦʤ ʦʪʜʳʭʘ ʠ ʪʫʨʠʟʤʘ, ʪʘʢʞʝ 

ʥʘ ʝʝ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʦʞʝʥ ʧʦʩ. ɹʦʣʴʰʦʝ ɻʦʣʦʫʩʪʥʦʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʥʘʭʦʜʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʜʘʥʥʳʭ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʜʝʣʴʪʦʡ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʢʦʡ-ʣʠʙʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʩʦʟʜʘʪʴ ʘʢʪʫʘʣʴʥʫʶ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ʥʘ ʜʘʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʘʨʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʨʪʦʬʦʪʦʧʣʘʥ ʠ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ (ʎʄʄ) ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 11.80 ʠ 2.96 ʩʤ/ʧʠʢʩʝʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʈʘʙʦʪʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: ʚ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

(QGIS, GlobalMapper) ʟʘʛʨʫʞʘʣʠʩʴ ʦʨʪʦʬʦʪʦʧʣʘʥ ʠ ʎʄʄ ʠ ʧʨʠʚʦʜʠʣʠʩʴ ʚ ʫʜʦʙʥʳʡ 

ʜʣʷ ʯʪʝʥʠʷ ʬʦʨʤʘʪ, ʩʦʟʜʘʚʘʣʠʩʴ ʩʣʦʠ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʳʝ ʟʘʥʦʩʠʣʠʩʴ 

ʧʣʦʱʘʜʥʳʝ ʠ ʣʠʥʝʡʥʳʝ ʦʙʲʝʢʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʤ ʬʦʨʤʘʤ ʠ 

ʵʣʝʤʝʥʪʘʤ ʨʝʣʴʝʬʘ. ʇʦʣʫʯʝʥʥʳʝ ʩʣʦʠ ʦʬʦʨʤʣʷʣʠʩʴ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ [1]. ɺ ʠʪʦʛʝ ʩʣʦʠ ʢʦʤʧʦʥʦʚʘʣʠʩʴ ʚ ʛʦʪʦʚʫʶ 

ʢʘʨʪʫ (ʨʠʩʫʥʦʢ). 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʛʝʦʤʦʨʬʦʣʦʛʠʶ ʜʝʣʴʪʳ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʝʜʝʣʘʭ 456ï570 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʉʘʤʦʡ ʥʠʟʢʦʡ ʪʦʯʢʦʡ 

ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʦʟ. ɹʘʡʢʘʣ (ʥʘ ʤʦʤʝʥʪ ʩʲʝʤʢʠ 456 ʤ), ʚʳʩʦʯʘʡʰʘʷ ʦʪʤʝʪʢʘ (570 ʤ) 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ. ɼʝʣʴʪʦʚʘʷ ʨʘʚʥʠʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

456ï470 ʤ, ʚʳʰʝ 470 ʤ ʥʘʯʠʥʘʝʪʩʷ ʩʢʣʦʥ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʘʨʫʰʝʥʥʳʡ ʜʝʥʫʜʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ɼʝʣʴʪʦʚʘʷ ʨʘʚʥʠʥʘ ʠʩʧʝʱʨʝʥʘ ʚʳʩʦʭʰʠʤʠ ʨʫʩʣʘʤʠ ʨʝʢʠ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. 

ɼʝʡʩʪʚʫʶʱʠʭ ʨʫʩʝʣ (ʨʫʢʘʚʦʚ) ʥʘ ʤʦʤʝʥʪ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 14ï15 ʤʘʷ 2021 ʛ. 

ʦʙʥʘʨʫʞʝʥʦ ʪʨʠ; ʚʩʝ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʪʚʠʩʪʦʡ ʩʠʩʪʝʤʦʡ ʧʨʦʪʦʢʦʚ. ʇʦ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ ʧʨʦʭʦʜʠʪ ʇʨʠʤʦʨʩʢʠʡ ʨʘʟʣʦʤ [2], ʧʦʜʯʝʨʢʠʚʘʝʤʳʡ ʨʝʟʢʦʡ 

ʩʤʝʥʦʡ ʥʘʧʨʘʚʣʝʥʠʷ ʨʫʩʝʣ ʨ. ɻʦʣʦʫʩʪʥʦʡ. ʃʠʥʝʘʤʝʥʪʳ ʢʘʢ ʙʳ ʤʘʨʢʠʨʫʶʪ ʟʦʥʫ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʣʦʤʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ɺ ʧʨʝʜʝʣʘʭ ʟʦʥʳ 

ʦʙʥʘʨʫʞʝʥʳ ʧʣʦʱʘʜʠ ʧʫʯʝʥʠʷ, ʥʘʨʫʰʝʥʥʳʝ ʪʨʝʱʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʨʠʦʛʝʥʥʫʶ 

ʧʨʠʨʦʜʫ. ʆʙʲʷʩʥʷʪʴʩʷ ʵʪʦ ʤʦʞʝʪ ʪʝʤ, ʯʪʦ ʚ ʟʦʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʣʦʤʘ 

ʦʪʣʦʞʝʥʠʷ ʧʦʜʚʝʨʞʝʥʳ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʜʝ, ʢʦʪʦʨʘʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʤʝʝʪʩʷ ʚ ʜʝʣʴʪʝ ʨʝʢʠ, ʧʨʦʥʠʢʘʪʴ ʚ ʵʪʠ ʪʨʝʱʠʥʳ ʠ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʤʝʨʟʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ 

ʟʘʤʝʨʟʘʥʠʠ ʚʦʜʘ ʨʘʩʰʠʨʷʝʪʩʷ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʣʝʜ, ʢʦʪʦʨʳʡ, ʦʙʨʘʟʫʷʩʴ ʧʦʜ ʛʨʫʥʪʦʤ, 

ʚʳʟʳʚʘʝʪ ʧʨʦʮʝʩʩ ʧʫʯʝʥʠʷ, ʘ ʪʘʢ ʢʘʢ ʜʝʣʴʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʨʳʭʣʳʝ, ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ, ʦʙʨʘʟʫʷ ʚ ʠʪʦʛʝ ʚʳʧʫʢʣʳʝ 

ʧʣʦʱʘʜʥʳʝ ʦʙʲʝʢʪʳ, ʥʘʨʫʰʝʥʥʳʝ ʨʘʟʨʳʚʘʤʠ, ʯʘʱʝ ʚ ʦʩʝʚʳʭ ʯʘʩʪʷʭ, ʨʝʞʝ ʧʦ ʙʦʢʘʤ.  
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ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʦʛʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʙʳʣʠ ʚʟʷʪʳ ʪʨʝʱʠʥʳ ʜʣʠʥʦʡ ʙʦʣʝʝ 

10 ʤ, ʫ ʢʦʪʦʨʳʭ ʩ ʧʦʤʦʱʴʶ ɻʀʉ ʠʟʤʝʨʷʣʠʩʴ ʜʣʠʥʘ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʠʷʥʠʝ ʠ ʚʳʩʦʪʘ 

ʧʫʯʝʥʠʷ ʚ ʪʦʯʢʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʠʷʥʠʝʤ. ʊʘʢʠʭ ʪʨʝʱʠʥ ʧʦʣʫʯʠʣʦʩʴ 131. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʠʟʤʝʨʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: ʜʣʠʥʘ 60.5 ʤ, ʟʠʷʥʠʝ 78 ʩʤ, 

ʚʳʩʦʪʘ ʧʫʯʝʥʠʷ 56 ʩʤ. ɸʟʠʤʫʪʳ ʧʨʦʩʪʠʨʘʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʫ ʚʩʝʭ ʟʘʢʘʨʪʠʨʦʚʘʥʥʳʭ 

ʨʘʟʨʳʚʦʚ. ʆʩʥʦʚʥʳʝ ʠʭ ʥʘʧʨʘʚʣʝʥʠʷ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ, ʥʦ 

ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʡ.  

ɺ ʮʝʥʪʨʝ ʠ ʚ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʝʡʩʪʚʫʶʱʠʝ ʠ 

ʚʳʩʳʭʘʶʱʠʝ ʙʦʣʦʪʘ. ʉ ʩʝʚʝʨʘ ʜʝʣʴʪʫ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʢʣʦʥ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʦʥ 

ʨʘʩʯʣʝʥʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʜʦʣʠʥʘʤʠ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ ʩ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ ʢʦʥʫʩʘʤʠ 

ʚʳʥʦʩʘ. ʉ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʜʝʣʴʪʫ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʢʣʦʥ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, 

ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʨʘʩʯʣʝʥʝʥ ʜʦʣʠʥʘʤʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʵʪʠʭ ʨʘʩʧʘʜʢʦʚ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ. ʋʯʠʪʳʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʦʝ ʧʦʜʥʦʞʠʝ ʩʢʣʦʥʘ, ʘ 

ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʷʤʦʝ ʚʳʩʦʭʰʝʝ ʨʫʩʣʦ ʨʝʢʠ ʚʜʦʣʴ ʧʦʜʥʦʞʠʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʧʨʦʭʦʞʜʝʥʠʷ ʚ ʵʪʦʤ ʤʝʩʪʝ ʨʘʥʝʝ ʥʝ 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʢʣʦʥ 

ʥʘʨʫʰʝʥ ʪʝʨʨʘʩʦʡ ʦʟ. ɹʘʡʢʘʣ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʨʦʚʥʝʥʥʫʶ 

ʟʘʜʝʨʥʦʚʘʥʥʫʶ ʠ ʟʘʣʝʩʝʥʥʫʶ ʧʣʦʱʘʜʢʫ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʚʩʪʨʝʯʘʶʪʩʷ ʛʘʣʴʢʠ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʝʦʤʦʨʬʦʣʦʛʠʶ ʜʝʣʴʪʳ ʦʢʘʟʳʚʘʝʪ 

ʯʝʣʦʚʝʢ. ɺʣʠʷʥʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʘʨʪʳ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʬʦʨʤ ʠ ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʂ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʦʪʥʦʩʠʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʛʨʫʥʪʦʚʳʭ ʜʦʨʦʛ, ʧʨʦʭʦʜʷʱʠʭ ʧʦ ʪʝʨʨʠʪʦʨʠʠ, ʠ ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʝ 

ʥʘʩʳʧʠ ʚʙʣʠʟʠ ʧʦʩʝʣʢʘ. ʂ ʙʦʣʝʝ ʩʪʘʨʳʤ ʦʪʥʦʩʷʪʩʷ ʙʳʚʰʠʝ ʧʘʭʦʪʥʳʝ ʟʝʤʣʠ ʠ ʷʤʳ ʦʪ 

ʬʫʥʜʘʤʝʥʪʦʚ ʜʦʤʦʚ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʣʭʦʟʘ ʚ 

ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ, ʥʘʩʳʧʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ï ʧʠʨʩʳ ʠ ʜʦʨʦʛʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʧʣʘʚʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 1970ï1980 ʛʛ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-27-

00064, https://rscf.ru/project/22-27-00064/. ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ɸ.ɸ. ɻʣʘʜʢʦʚʫ ʟʘ 

ʚʳʧʦʣʥʝʥʠʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 
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ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʨʢʫʪʩʢ 
3
 ʅʘʫʯʥʳʡ ʮʝʥʪʨ ʠʟʫʯʝʥʠʷ ɸʨʢʪʠʢʠ, ʉʘʣʝʭʘʨʜ 

4
 ʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʶʤʝʥʴ 

ɺ ʨʘʡʦʥʘʭ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʨʟʣʦʪʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʈʦʩʩʠʡʩʢʘʷ 

ɸʨʢʪʠʢʘ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʙʫʛʨʳ ʧʫʯʝʥʠʷ, 

ʤʦʛʫʪ ʠʛʨʘʪʴ ʛʣʫʙʠʥʥʳʝ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ [1]. ɼʣʷ ʫʩʧʝʰʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʨʢʪʠʯʝʩʢʦʡ ʤʝʨʟʣʦʪʳ ʥʘʨʷʜʫ ʩ ʧʨʷʤʳʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʦ ʛʨʘʥʪʫ ʈʅʌ ʠ ʨʝʛʠʦʥʘ ʗʤʘʣʦ-ʅʝʥʝʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʦʢʨʫʛʘ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʨʠʦʛʝʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ 

ɸʨʢʪʠʢʠ ʠ ʠʭ ʚʦʟʤʦʞʥʦʡ ʩʚʷʟʠ ʩ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠè. ɺʘʞʥʳʤ 

ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʣʘʥʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʩʪʦʚʦʤ 

ʧʦʣʠʛʦʥʝ ʧʦ ʠʟʫʯʝʥʠʶ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧ-ʦʚʝ ʗʤʘʣ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʝʨʦʯʥʦʛʦ ʙʫʨʝʥʠʷ ʠ ʦʪʙʦʨʘ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʳʭ ʬʠʟʠʢʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [2]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʪʠʧʳ ʟʘʣʦʞʝʥʥʳʭ ʚ ʤʦʜʝʣʴ ʦʙʲʝʢʪʦʚ (ʩʣʦʡ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ 

ʧʦʨʦʜ, ʪʘʣʠʢ, ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʢʦʧʣʝʥʠʝ ʛʘʟʦʛʠʜʨʘʪʦʚ, ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʜʚʦʜʷʱʠʡ 

ʬʣʶʠʜʳ ʢʘʥʘʣ) ʧʦʟʚʦʣʷʝʪ ʢʘʨʪʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʦʤ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʣʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ (ɿʉɹ). ʄʝʪʦʜʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʛʝʦʨʘʜʘʨʘ 

ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʛʣʫʙʠʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʝʡʩʤʦʨʘʟʚʝʜʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʝʟʘ, ʚ ʦʩʥʦʚʥʦʤ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʛʨʘʥʠʮ.  

ɺʳʧʦʣʥʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʢʦʤʧʣʝʢʩʘ 

ʷʚʣʷʝʪʩʷ ʟʦʥʜʠʨʦʚʘʥʠʝ ʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʣʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʤʝʪʦʜʦʤ ï ʤʘʣʦʛʣʫʙʠʥʥʘʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ï ʣʝʪʦʤ ʠ ʟʠʤʦʡ, ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ ï 

ʪʦʣʴʢʦ ʣʝʪʦʤ (ʢʦʥʢʨʝʪʥʳʡ ʤʝʪʦʜ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʢʦʥʢʨʝʪʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʠ ʩ 

ʫʯʝʪʦʤ ʦʨʦʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ).  

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʦʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʩʩʠʚʥʫʶ ʩʝʡʩʤʦʨʘʟʚʝʜʢʫ: ʤʝʪʦʜ H/V-ʦʪʥʦʰʝʥʠʡ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢʘʢ 

ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ, ʪʘʢ ʠ ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤ ʩʨʝʜʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
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ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

38 

ʥʘʣʠʯʠʷ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʶʱʝʛʦ ʢʘʥʘʣʘ ʧʦʜ ʙʫʛʨʘʤʠ ʧʫʯʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʜʦʧʦʣʥʝʥʥʳʡ ʤʝʪʦʜʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʠ 

ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. ʊʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʠʪʴ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʬʣʶʠʜʠʟʘʮʠʠ 

ʩʨʝʜʳ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦ ʟʘʧʠʩʷʤ ʜʘʣʝʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʪʨʘʩʩʘʭ, 

ʧʝʨʝʩʝʢʘʶʱʠʭ ʠʩʩʣʝʜʫʝʤʳʡ ʨʝʛʠʦʥ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʩʢʦʨʦʩʪʥʦʡ ʨʘʟʨʝʟ ʜʦ ʛʣʫʙʠʥ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʠ ʦʮʝʥʠʪʴ ʦʙʱʝʝ ʟʘʪʫʭʘʥʠʝ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʠ ʚʢʣʘʜ ʚ ʥʝʛʦ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʧʨʠʨʦʜʝ ʧʠʪʘʶʱʠʭ ʢʘʥʘʣʦʚ ʧʦʜ ʙʫʛʨʘʤʠ ʧʫʯʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʶ ʢʦʩʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʫʯʘʩʪʦʢ ʪʝʨʨʠʪʦʨʠʠ ʧ-ʦʚʘ ʗʤʘʣ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʥʠʟʦʚʴʝʚ ʨ. ʆʙʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʳʜʝʣʝʥʠʠ ʣʠʥʝʘʤʝʥʪʦʚ ʨʝʣʴʝʬʘ, 

ʨʘʟʣʦʤʥʳʭ ʠ ʦʩʣʘʙʣʝʥʥʳʭ ʟʦʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʩʭʝʤʳ ʣʠʥʝʘʤʝʥʪʦʚ ʠ ʨʘʟʣʦʤʥʳʭ ʟʦʥ, ʩʭʝʤʳ 

ʧʨʦʷʚʣʝʥʠʷ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʟʝʨ ʧʦ 

ʦʪʨʘʞʘʶʱʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʢʣʶʯʝʥʠʷ ʦ ʚʦʟʤʦʞʥʳʭ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʷʟʷʭ ʦʟʝʨ ʠ ʨʘʟʣʦʤʥʳʭ ʟʦʥ. 

ʇʦ ʜʘʥʥʳʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʢʨʠʦʛʝʥʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʫʯʘʩʪʢʘ ʨʘʙʦʪ, ʚʢʣʶʯʘʶʱʘʷ ʟʘʣʝʩʝʥʥʳʝ ʥʠʟʢʠʝ ʧʣʦʩʢʠʝ ʚʦʜʦʨʘʟʜʝʣʳ ʠ ʧʦʣʦʛʠʝ 

ʩʢʣʦʥʳ; ʢʨʫʧʥʳʝ ʧʦʣʠʛʦʥʳ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ (ʄʄɻ) ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ; ʧʦʣʦʛʠʝ ʩʢʣʦʥʳ ʠ ʚʦʜʦʨʘʟʜʝʣʳ ʩ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʪʨʝʱʠʥʥʳʤ ʨʝʣʴʝʬʦʤ ʠ 

ʣʦʞʙʠʥʘʤʠ ʩʪʦʢʘ, ʜʥʠʱʘ ʢʦʪʣʦʚʠʥ ʩ ʤʝʣʢʦʧʦʣʠʛʦʥʘʣʴʥʳʡ ʨʝʣʴʝʬʦʤ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʚʦʜʥʝʥʥʳʝ, ʟʘʣʝʩʝʥʥʳʝ ʥʠʟʢʠʝ ʧʣʦʩʢʠʝ ʚʦʜʦʨʘʟʜʝʣʳ ʠ ʧʦʣʦʛʠʝ 

ʩʢʣʦʥʳ, ʣʦʞʙʠʥʳ ʩʪʦʢʘ ʟʘʙʦʣʦʯʝʥʥʳʝ, ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʦʟʸʨʘ; ʯʘʩʪʠʯʥʦ ʦʩʫʰʝʥʥʳʝ 

ʢʦʪʣʦʚʠʥʳ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʸʨ, ʭʘʩʳʨʝʠ ï ʦʩʫʰʝʥʥʳʝ ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʦʟʸʨʘ.  

ʆʧʨʝʜʝʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʣʠʛʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʷʛʦʪʝʶʪ ʢ ʟʦʥʘʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, 

ʫʯʘʩʪʢʘʤ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʟʦʥʦʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʠ, ʯʘʩʪʠʯʥʦ, ʢ 

ʟʦʥʘʤ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʉ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʩʪʨʫʢʪʫʨʳ 

ʨʘʟʣʦʤʥʦʡ ʧʨʠʨʦʜʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʩʷ ʨʘʩʪʷʞʝʥʠʝʤ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ, ʘ ʪʦʯʥʝʝ 

ï ʚ ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʘʠʙʦʣʝʝ 

ʨʘʩʢʨʳʪʳʤʠ ʢʘʥʘʣʘʤʠ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʘʟʦʚ ʠ ʚʦʜʳ ʚ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʯʝʭʣʘ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʊʦ ʞʝ 

ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʟʦʥʘʤ ʩʦʯʣʝʥʝʥʠʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʢʨʠʦʛʝʥʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʯʘʩʪʢʘ ʨʘʙʦʪ ʩ ʚʳʥʝʩʝʥʠʝʤ ʣʠʥʝʘʤʝʥʪʦʚ ʠ 

ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ (ʨʠʩʫʥʦʢ). 
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39 

 
 ʂʦʤʧʣʝʢʩʥʘʷ ʢʨʠʦʛʝʥʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʯʘʩʪʢʘ ʨʘʙʦʪ ʩ ʚʳʥʝʩʝʥʠʝʤ 

ʣʠʥʝʘʤʝʥʪʦʚ ʠ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʧʦʣʠʛʦʥʘ ʜʣʷ ʧʦʣʝʚʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʚʝʨʦʯʥʦʛʦ 

ʙʫʨʝʥʠʷ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧ-ʦʚʝ ʗʤʘʣ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 22-17-20009, 

https://rscf.ru/project/22-17-20009). ʇʨʦʝʢʪ ˉ 22-17-20009 çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʦʜʭʦʜʦʚ ʢ 

ʠʟʫʯʝʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʨʠʦʛʝʥʥʳʭ ʬʦʨʤ 

ʨʝʣʴʝʬʘ ɸʨʢʪʠʢʠ ʠ ʠʭ ʚʦʟʤʦʞʥʦʡ ʩʚʷʟʠ ʩ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠè 

ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʗʤʘʣʦ-ʅʝʥʝʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʦʢʨʫʛʘ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ɿʆʃʆʊʆʈʋɼʅʆɻʆ ʇʆʃʗ (ɺʆʉʊʆʏʅʓʁ ʉɸʗʅ, ɹʀʈʖʉʀʅʉʂʀʁ 

ɿʆʃʆʊʆʅʆʉʅʓʁ ʈɸʁʆʅ) 

 

ɺʘʥʠʥ ɺ.ɸ.
 1,2
, ʄʘʟʫʢʘʙʟʦʚ ɸ.ʄ.

 1
 

 
1 
ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ 

2 
ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʨʢʫʪʩʢ 

 

ɻʫʨʙʝʡʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʧʦʣʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ɺʦʩʪʦʯʥʦʤ ʉʘʷʥʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɹʠʨʶʩʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʜʨʝʚʥʝʡʰʠʭ ʨʘʡʦʥʦʚ ʨʦʩʩʳʧʥʦʡ ʟʦʣʦʪʦʜʦʙʳʯʠ. ʍʘʨʘʢʪʝʨʥʘ ̫ʦʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ï ʦʪʩʫʪʩʪʚʠʝ ʠʟʚʝʩʪʥʳʭ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ. ʂ 

ʪʦʤʫ ʞʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʦʙʲʝʢʪʳ ɹʠʨʶʩʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʩʣʘʙʦ ʦʩʚʝɦ ʝʥʳ ʚ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʚʳʷʚʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʠʨʶʩʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʨʘʡʦʥʘ ʥʘ ʧʨʠʤʝʨʝ ɻʫʨʙʝʡʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʧʦʣʷ. 

ʊʝʨʨʠʪʦʨʠʷ ɻʫʨʙʝʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ɻʣʘʚʥʦʛʦ 

ʉʘʷʥʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʣʦʤʘ ï ʰʦʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʞʜʫ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʦʡ ʠ ɼʝʨʙʠʥʩʢʦʡ ʛʣʳʙʦʡ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʤʝʪʘʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʫʨʭʦʡʩʢʦʡ ʩʚʠʪʳ, 

ʪʝʨʨʠʛʝʥʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʭʦʨʤʠʥʩʢʦʡ ʩʚʠʪʳ, ʧʨʦʨʚʘʥʥʳʝ ʙʘʟʠʪʘʤʠ 

ʤʘʜʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʨʠʩʫʥʦʢ). 

ʄʫʨʭʦʡʩʢʘʷ ʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʘʣʝʚʨʦ-

ʧʝʩʯʘʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʜʦʣʦʤʠʪʦʚʳʭ, ʢʘʣʴʮʠʪʦʚʳʭ ʤʨʘʤʦʨʦʚ, ʩʣʘʥʮʝʚ 

ʫʛʣʝʨʦʜʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦ-ʢʚʘʨʮʝʚʳʭ, ʧʣʘʛʠʦʢʣʘʟ-ʜʠʩʪʝʥ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-ʢʚʘʨʮʝʚʳʭ, 

ʫʛʣʝʨʦʜʠʩʪʦ-ʢʚʘʨʮʝʚʳʭ, ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-ʤʫʩʢʦʚʠʪ-ʢʚʘʨʮʝʚʳʭ. ʍʦʨʤʠʥʩʢʘʷ ʩʚʠʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʢʘʣʴʮʠʪʦʚʳʤʠ ʤʨʘʤʦʨʘʤʠ, 

ʘʣʝʚʨʠʪʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, ʤʝʪʘʵʬʬʫʟʠʚʘʤʠ ʢʚʘʨʮ-ʘʤʬʠʙʦʣʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʩʦʩʪʘʚ 

ʤʘʜʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʳ ʦʨʪʦʘʤʬʠʙʦʣʠʪʳ, ʤʝʪʘʜʦʣʝʨʠʪʳ, ʤʝʪʘʛʘʙʙʨʦ-

ʜʦʣʝʨʠʪʳ, ʤʝʪʘʛʘʙʙʨʦ, ʤʝʪʘʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ. ʂʦʥʪʘʢʪʳ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʨʝʟʢʠʝ, ʠʥʪʨʫʟʠʚʥʳʝ. ʅʘ ʢʦʥʪʘʢʪʝ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʟʦʥʳ 

ʤʨʘʤʦʨʠʟʘʮʠʠ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ.  

ʇʦʨʦʜʳ ʧʦʚʩʝʤʝʩʪʥʦ ʠʟʤʝʥʝʥʳ ʧʨʦʮʝʩʩʘʤʠ ʩʪʨʝʩʩ-ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʤʦʨʬʠʟʤʘ ʜʦʩʪʠʛʘʣʘ ʚʝʨʭʦʚ ʵʧʠʜʦʪ-

ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ï ʥʘʯʘʣʘ ʘʤʬʠʙʦʣʠʪʦʚʦʡ [1]. 

ɿʦʣʦʪʦʨʫʜʥʳʝ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʚʳʤʠ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʞʠʣʴʥʦ-

ʧʨʦʞʠʣʢʦʚʳʤʠ ʟʦʥʘʤʠ. ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʞʠʣ ʚʘʨʴʠʨʫʝʪʩ ̫ ʦʪ 10 ʜʦ 15 ʩʤ, ʚ 

ʨʘʟʜʫʚʘʭ ʨʝʜʢʦ ʜʦʩʪʠʛʘʝʪ 40 ʩʤ. ʆʩʥʦʚʥʫʶ ʤʘʩʩʫ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʥʠʭ ʩʣʘʛʘʶʪ 

ʧʠʨʠʪ ʠ ʧʠʨʨʦʪʠʥ, ʨʝʞʝ ï ʘʨʩʝʥʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, ʛʝʤʘʪʠʪ, 

ʙʣʝʢʣʘʷ ʨʫʜʘ. ɾʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʤ, ʢʘʣʴʮʠʪʦʤ, ʘʥʢʝʨʠʪʦʤ ʠ 

ʩʠʜʝʨʠʪʦʤ. ɿʦʣʦʪʦ ï ʩʚʦʙʦʜʥʦʝ, ʢʨʫʧʥʦʝ, ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠ ʪʨʝʱʠʥʘʭ ʚ ʢʚʘʨʮʝ ʠ ʥʘ ʛʨʘʥʠʮʘʭ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. ʊʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ 

ʟʦʣʦʪʦ ʜʠʩʧʝʨʩʥʦʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʫʣʴʬʠʜʘʤʠ. ɽʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʨʫʜʥʳʭ ʟʦʥʘʭ 

ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ɺʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʜʣʷ ʨʫʜʥʳʭ ʟʦʥ ʷʚʣʷʶʪʩʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʤʫʨʭʦʡʩʢʦʡ ʩʚʠʪʳ ʠ ʘʣʝʚʨʦʧʝʩʯʘʥʠʩʪʳʝ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ 

ʠʟʚʝʩʪʥʷʢʠ ʭʦʨʤʠʥʩʢʦʡ ʩʚʠʪʳ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʨʫʜʥʦʝ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʣʠʥʝʡʥʦ ʚʳʪʷʥʫʪʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʪʦʟʘʣʝʛʘʶʱʠʝ ʪʦʣʱʠ (60ï85
Á
) ʧʦʨʦʜ, 

ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʝ ʚ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʦ ʥʝʟʘʤʢʥʫʪʳʭ ʜʠʩʛʘʨʤʦʥʠʯʥʳʭ ʩʢʣʘʜʦʢ 

ʧʨʦʜʦʣʴʥʦʛʦ ʠʟʛʠʙʘ ʩ ʧʨʘʚʦʩʪʦʨʦʥʥʠʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʨʠʩʫʥʢʦʤ (ʨʠʩʫʥʦʢ). 

ʐʘʨʥʠʨʳ ʩʢʣʘʜʦʢ ʧʦʛʨʫʞʘʪʁʩʷ ʧʦʜ ʩʨʝʜʥʠʤʠ ʠ ʢʨʫʪʳʤʠ ʫʛʣʘʤʠ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ 

(45ï65
Á
). ɼʘʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʨʠʩʫʥʦʢ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʣʘʜʘʥʠʷ 

ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ. ɺ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʧʦʨʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʠʤʝʶʪ ʧʝʨʝʚʝʨʥʫʪʦʝ ʟʘʣʝʛʘʥʠʝ. 

 
 ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɻʫʨʙʝʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ɻʫʨʙʝʡʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʣʘʥʮʝʚʘʪʦʩʪʴ ʤʫʨʭʦʡʩʢʦʡ ʩʚʠʪʳ ʧʦʣʥʦʩʪʴʶ 

ʧʦʚʪʦʨʷʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʨʠʩʫʥʦʢ ʭʦʨʤʠʥʩʢʦʡ ʩʚʠʪʳ, ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʢʦʪʦʨʦʡ 

ʫʩʪʘʥʦʚʣʝʥʳ ʵʣʝʤʝʥʪʳ ʩʣʦʠʩʪʦʩʪʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ 

ʩʣʘʥʮʝʚʘʪʦʩʪʴ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʧʦʨʦʜʘʭ ʤʫʨʭʦʡʩʢʦʡ ʩʚʠʪʳ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʣʦʩʢʦʩʪʝʡ ʧʝʨʚʠʯʥʦʡ ʩʣʦʠʩʪʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʜʚʠʞʝʥʠʡ. 



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

42 

ɿʦʣʦʪʦʨʫʜʥʳʝ ʟʦʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʠ ʧʨʦʞʠʣʢʘʤʠ, 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʣʦʩʢʦʩʪʷʤ ʩʣʦʠʩʪʦʩʪʠ ʭʦʨʤʠʥʩʢʦʡ ʩʚʠʪʳ ʠ ʩʣʘʥʮʝʚʘʪʦʩʪʠ 

ʤʫʨʭʦʡʩʢʦʡ ʩʚʠʪʳ, ʘ ʪʘʢʞʝ ʢ ʟʘʤʢʘʤ ʩʢʣʘʜʦʢ. ɿʦʣʦʪʦʨʫʜʥʳʝ ʟʦʥʳ ʚʤʝʩʪʝ ʩ 

ʧʣʦʩʢʦʩʪʷʤʠ ʩʣʦʠʩʪʦʩʪʠ ʠ ʩʣʘʥʮʝʚʘʪʦʩʪʠ ʩʤʷʪʳ ʚ ʩʢʣʘʜʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʘʚʦʩʪʦʨʦʥʥʠʭ ʩʜʚʠʛʦʚʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʨʫʪʦʟʘʣʝʛʘʶʱʠʝ ʪʦʣʱʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʟʦʥʦʡ ɻʣʘʚʥʦʛʦ 

ʉʘʷʥʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʣʦʤʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʣʦʞʝʥʥʦʛʦ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʟʦʣʦʪʦʨʫʜʥʳʝ ʟʦʥʳ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʣʦʩʢʦʩʪʷʤ ʤʝʞʩʣʦʝʚʳʭ ʩʢʦʣʴʞʝʥʠʡ, ʚʦʟʥʠʢʰʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʩʢʣʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʟʦʥ 

ʨʘʟʣʦʤʦʚ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. ʉʪʨʫʢʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ ʦʨʫʜʝʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʯʝʪʘʥʠʝʤ ʩʢʣʘʜʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʟʦʥ ʨʘʟʫʧʣʦʪʥʝʥʠʷ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʩʣʦʝʚʳʭ ʩʢʦʣʴʞʝʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 23-17-00196). 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʖʨʶʟʘʥʦ-ʉʳʣʚʝʥʩʢʦʡ ʚʧʘʜʠʥʳ 

ʇʨʝʜʫʨʘʣʴʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʤʦʞʥʦ 

ʙʣʘʛʦʜʘʨʷ U-Pb ʜʘʪʠʨʦʚʘʥʠʶ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ. ʃʫʯʰʝ ʚʩʝʛʦ ʜʣʷ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʧʦʜʭʦʜʷʪ ʦʙʨʘʟʮʳ ʧʝʩʯʘʥʠʢʦʚ ʩ ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ. ʇʦʜʦʙʥʳʭ ʧʦʨʦʜ 

ʯʨʝʟʚʳʯʘʡʥʦ ʤʥʦʛʦ ʚ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʀʟʫʯʝʥʠʝ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʚʳʚʦʜʳ ʦʙ 

ʠʩʪʦʯʥʠʢʘʭ ʩʥʦʩʘ, ʩʜʝʣʘʥʥʳʝ ʨʘʥʝʝ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʪʦʪʠʧʦʚ. 

ʇʝʨʚʠʯʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʩʥʦʩʘ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʰʣʠʬʦʚ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʠ ʧʨʦʙʳ: ʠʟ ʘʟʷʤʩʢʦʡ ʩʚʠʪʳ (ʤʦʩʢʦʚʩʢʠʡ ʷʨʫʩ ʩʨʝʜʥʝʛʦ 

ʢʘʨʙʦʥʘ), ʚʘʩʝʣʛʠʥʩʢʦʡ (ʢʘʩʠʤʦʚʩʢʠʡ ʷʨʫʩ ʚʝʨʭʥʝʛʦ ʢʘʨʙʦʥʘ) ʠ ʯʠʛʠʰʘʥʩʢʦʡ 

(ʘʩʩʝʣʴʩʢʠʡ ʷʨʫʩ ʥʠʞʥʝʡ ʧʝʨʤʠ). ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʚʦʟʨʘʩʪʘ ʮʠʨʢʦʥʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʠʟʦʪʦʧʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʀʅ ʈɸʅ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ 

(ʘʥʘʣʠʪʠʢ ɸ.ʉ. ɼʫʙʝʥʩʢʠʡ). 

1-ʷ ʧʨʦʙʘ (ʘʟʷʤʩʢʘʷ ʩʚʠʪʘ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ). ɼʘʥʥʘʷ ʧʨʦʙʘ ʙʳʣʘ ʦʪʦʙʨʘʥʘ 

ʨʷʜʦʤ ʩ ʧʦʩ. ʋʨʛʘʣʘ (ɹʘʰʢʦʨʪʦʩʪʘʥ). ɺ ʧʝʩʯʘʥʠʢʘʭ ʘʟʷʤʩʢʦʡ ʩʚʠʪʳ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʦʤʢʦʚ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ 

ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ï ʣʠʪʦʢʣʘʩʪʘʤʠ ʣʘʚ ʦʩʥʦʚʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ. ʂʨʝʤʥʠʩʪʳʝ 

ʧʦʨʦʜʳ ʩʣʘʛʘʶʪ ʦʨʜʦʚʠʢʩʢʦ-ʜʝʚʦʥʩʢʠʡ ʨʘʟʨʝʟ ʄʘʷʢʪʘʫʩʢʦʛʦ ʘʣʣʦʭʪʦʥʘ, ʢʦʪʦʨʳʡ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙʳ; ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʥʝʤʫ ʤʦʱʥʦʩʪʴ ʩʚʠʪʳ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ 

ʢʦʤʧʣʝʢʩʳ ʄʘʷʢʪʘʫʩʢʦʛʦ ʘʣʣʦʭʪʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ 

ʤʘʪʝʨʠʘʣʘ. 

ɿʝʨʥʘ ʮʠʨʢʦʥʘ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʤʦʨʬʦʣʦʛʠʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʣʠʷʥʠʠ 

ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʳʝ ʦʢʨʫʛʣʳʝ ʟʝʨʥʘ, ʪʘʢ ʠ 

ʩʦʚʩʝʤ ʥʝʦʢʘʪʘʥʥʳʝ ʫʛʣʦʚʘʪʳʝ, ʠʥʦʛʜʘ ʩ ʯʝʪʢʠʤʠ ʛʨʘʥʷʤʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ 

ʭʦʨʦʰʦ ʚʠʜʥʳ ʷʜʨʦ ʠ ʢʘʡʤʳ; ʜʨʫʛʠʝ ʟʝʨʥʘ ʧʦʣʥʳ ʚʢʣʶʯʝʥʠʡ, ʪʨʝʱʠʥ, ʟʦʥ 

ʤʝʪʘʤʠʢʪʥʦʛʦ ʨʘʩʧʘʜʘ. ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 60 ʜʦ 400 ʤʢʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʚʦʟʨʘʩʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣ ʩ ʦʨʜʦʚʠʢʘ ʧʦ 

ʜʝʚʦʥ, ʯʫʪʴ ʤʝʥʴʰʝ ï ʥʘ ʥʠʞʥʠʡ ʠ ʩʨʝʜʥʠʡ ʨʠʬʝʡ. ɽʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʠʤʝʶʪ 

ʢʝʤʙʨʠʡʩʢʠʡ, ʚʝʥʜʩʢʠʡ ʠ ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʡ ʚʦʟʨʘʩʪ, ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʠ 

ʘʨʭʝʡʩʢʠʝ ʟʝʨʥʘ ʚ ʚʳʙʦʨʢʝ ʦʪʩʫʪʩʪʚʫʶʪ (ʨʠʩ.1). 

ʉʘʤʳʡ ʩʣʦʞʥʳʡ ʠʥʪʝʨʚʘʣ ï ʩ ʢʝʤʙʨʠʷ ʧʦ ʜʝʚʦʥ, ʥʘ ʥʝʛʦ ʧʨʠʭʦʜʠʪʩʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʚʦʟʨʘʩʪʦʚ (ʧʠʢ 410ï430 ʤʣʥ ʣʝʪ). ɺ ʧʨʝʜʝʣʘʭ ʠʟʫʯʝʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʘʤʳʝ ʙʣʠʞʘʡʰʠʝ ʢ ʪʦʯʢʝ ʦʪʙʦʨʘ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ 
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XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

44 

ʩʪʨʫʢʪʫʨʝ ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʅʷʟʝʧʝʪʨʦʚʩʢʦʛʦ ʠ ɹʘʨʜʳʤʩʢʦʛʦ ʘʣʣʦʭʪʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʊʘʛʠʣʴʩʢʫʶ ʦʩʪʨʦʚʥʫʶ ʜʫʛʫ. ʂʨʦʤʝ ʪʦʛʦ, ʜʝʚʦʥʩʢʠʝ ʛʨʘʥʠʪʦʠʜʳ ʝʩʪʴ ʚ ʧʨʝʜʝʣʘʭ 

ʋʬʘʣʝʡʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ.  
ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʜʘʪʠʨʦʚʦʢ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʠʡ 

ʨʠʬʝʡ. ɺ ʩʨʝʜʥʝʤ ʨʠʬʝʝ ʠʩʪʦʯʥʠʢʦʤ ʮʠʨʢʦʥʦʚ ʤʦʛʣʘ ʙʳʪʴ ʤʘʰʘʢʩʢʘʷ ʩʚʠʪʘ, ʚʦʟʨʘʩʪ 

ʢʦʪʦʨʦʡ 1350ï1346 ʤʣʥ ʣʝʪ [3], ʦʜʥʘʢʦ ʟʝʨʝʥ ʩ ʚʦʟʨʘʩʪʦʤ ʤʘʰʘʢʩʢʦʡ ʩʚʠʪʳ ʚ ʧʨʦʙʝ 

ʥʝʪ. 

ɺ ʠʥʪʝʨʚʘʣʝ ʨʘʥʥʝʛʦ ʨʠʬʝʷ ʠʤʝʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʩ 

ʚʦʟʨʘʩʪʦʤ 1650ï1500 ʤʣʥ ʣʝʪ, ʯʪʦ ʦʪʣʠʯʥʦ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ ʘʡʩʢʦʡ ʩʚʠʪʳ. 

 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʦʚ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʧʝʩʯʘʥʠʢʦʚ ʘʟʷʤʩʢʦʡ ʩʚʠʪʳ 

ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ (ʛʠʩʪʦʛʨʘʤʤʘ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ). 

 

ʆʜʥʘʢʦ ʩʨʝʜʠ ʮʠʨʢʦʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʨʠʬʝʡʩʢʠʭ ʩʚʠʪ, ʚʢʣʶʯʘʷ ʘʡʩʢʫʶ, ʧʠʢ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ 2050 ʤʣʥ ʣʝʪ [2] (ʚʦʟʨʘʩʪ ʤʠʛʤʘʪʠʟʘʮʠʠ ʚ ʊʘʨʘʪʘʰʩʢʦʤ ʙʣʦʢʝ [4]), ʘ ʚ 

ʠʟʫʯʝʥʥʦʡ ʧʨʦʙʝ ʮʠʨʢʦʥʦʚ ʩ ʚʦʟʨʘʩʪʦʤ 2050 ʤʣʥ ʣʝʪ ʠ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʥʝʪ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʊʘʨʘʪʘʰʩʢʠʡ ʚʳʩʪʫʧ ʠ ʨʠʬʝʡʩʢʠʝ ʩʚʠʪʳ ʚ ʝʛʦ ʦʙʨʘʤʣʝʥʠʠ ʚ ʵʪʦ ʚʨʝʤʷ 

ʥʝ ʨʘʟʤʳʚʘʣʠʩʴ, ʪʦ ʝʩʪʴ ʙʳʣʠ ʧʝʨʝʢʨʳʪʳ, ʭʦʪʷ ʚ ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʦ ʧʦʣʫʯʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ, ʊʘʨʘʪʘʰʩʢʠʡ ʙʣʦʢ ʧʨʝʜʧʦʣʘʛʘʣʩʷ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʛʣʘʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʥʦʩʘ. 

ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚ ʥʘʯʘʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʖʨʶʟʘʥʦ-ʉʳʣʚʝʥʩʢʦʡ ʚʧʘʜʠʥʳ 

ʨʘʟʤʳʚʘʣʠʩʴ ʧʦʨʦʜʳ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʚʝʥʜʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʙʝ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʨʝʜʥʝʨʠʬʝʡʩʢʠʭ ʜʘʪʠʨʦʚʦʢ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʨʦʜ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ 

[1]. 

2-ʷ ʧʨʦʙʘ (ʚʘʩʝʣʛʠʥʩʢʘʷ ʩʚʠʪʘ ʚʝʨʭʥʝʛʦ ʢʘʨʙʦʥʘ). ɼʘʥʥʘʷ ʧʨʦʙʘ ʙʳʣʘ 

ʦʪʦʙʨʘʥʘ ʠʟ ʧʝʩʯʘʥʠʢʦʚ ʚʘʩʝʣʛʠʥʩʢʦʡ ʩʚʠʪʳ ʧʦʟʜʥʝʛʦ ʢʘʨʙʦʥʘ ʚʦʟʣʝ ʜʝʨʝʚʥʠ 

ʂʘʨʘʥʪʨʘʚ, ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʢʠʣʦʤʝʪʨʘʭ ʚ 20 ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʧʦʩ. ʋʨʛʘʣʘ, ʛʜʝ ʙʳʣʘ 

ʦʪʦʙʨʘʥʘ ʧʨʝʜʳʜʫʱʘʷ ʧʨʦʙʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʛʣʦʤʝʨʘʪʦʚʦʡ 

ʪʦʣʱʠ ʘʟʷʤʩʢʦʡ ʩʚʠʪʳ, ʚ ʨʘʟʨʝʟʝ ʫ ʜ. ʂʘʨʘʥʪʨʘʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʪʦʥʢʦʨʠʪʤʠʯʥʘʷ 

ʬʣʠʰʝʧʦʜʦʙʥʘʷ ʪʦʣʱʘ: ʯʝʨʝʜʫʶʪʩʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʩ ʘʣʝʚʨʦʣʠʪʘʤʠ-

ʘʨʛʠʣʣʠʪʘʤʠ. ʊʦ ʝʩʪʴ ʧʝʩʯʘʥʠʢ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʪʦʙʨʘʥʘ ʧʨʦʙʘ ʜʣʷ ʜʘʪʠʨʦʚʘʥʠʷ, ʚ 

ʧʨʠʥʮʠʧʝ ʙʦʣʝʝ ʩʦʨʪʠʨʦʚʘʥʥʳʡ, ʠ ʦʙʣʦʤʢʠ ʪʘʤ ʷʚʥʦ ʩʠʣʴʥʝʝ ʦʢʘʪʘʥʥr , ʧʦʪʦʤʫ ʯʪʦ 

ʧʦʨʦʜʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʝʩʪʴ ʦʥʠ 

ʚʳʥʦʩʠʣʠʩʴ ʜʘʣʴʰʝ ʚ ʙʘʩʩʝʡʥ ʠ ʧʨʝʦʜʦʣʝʣʠ ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʝʩʪʘ ʨʘʟʤʳʚʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʟʝʨʥʘ ʮʠʨʢʦʥʘ ʟʜʝʩʴ ʤʝʥʴʰʝ ʨʘʟʥʷʪʩʷ ʧʦ ʨʘʟʤʝʨʫ, ʠ ʧʨʝʦʙʣʘʜʘʶʱʝʝ 

ʠʭ ʙʦʣʴʰʠʥʩʪʚʦ ʠʤʝʝʪ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ. 
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ɺʦʟʨʘʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2): ʩʘʤʘʷ ʷʨʢʘʷ ʩʝʨʠʷ ʧʠʢʦʚ ʩ ʚʦʟʨʘʩʪʦʤ 1ï2 

ʤʣʨʜ (ʦʭʚʘʪʳʚʘʝʪ ʚʪʦʨʫʶ ʧʦʣʦʚʠʥʫ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ, ʥʠʞʥʠʡ ʠ ʩʨʝʜʥʠʡ ʨʠʬʝʡ), 

ʪʘʢʞʝ ʝʩʪʴ ʘʨʭʝʡʩʢʠʝ ʟʝʨʥʘ (ʦʢʦʣʦ 10 ʰʪʫʢ) ʠ ʩʦʚʩʝʤ ʥʝʤʥʦʛʦ ʤʦʣʦʜʳʭ 

ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ. ɽʩʣʠ ʤʳ ʩʨʘʚʥʠʤ ʵʪʫ ʛʠʩʪʦʛʨʘʤʤʫ ʧʦ ʚʘʩʝʣʛʠʥʩʢʦʤʫ ʜʝʪʨʠʪʫ ʩ 

ʛʠʩʪʦʛʨʘʤʤʦʡ ʧʦ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ, ʪʦ ʫʚʠʜʠʤ, ʯʪʦ ʦʥʠ ʦʯʝʥʴ ʩʠʣʴʥʦ ʧʦʭʦʞʠ. ʕʪʦ ʝʱʝ 

ʦʜʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʘʰʠʥʩʢʘʷ ʩʝʨʠʷ ʷʚʣʷʣʘʩʴ ʠʩʪʦʯʥʠʢʦʤ ʩʥʦʩʘ ʚ ʥʘʯʘʣʝ 

ʢʦʣʣʠʟʠʠ, ʘ ʚ ʤʦʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʘʩʝʣʛʠʥʩʢʦʡ ʩʚʠʪʳ, ʪʦ ʝʩʪʴ ʚ ʩʘʤʦʤ ʢʦʥʮʝ 

ʢʘʨʙʦʥʘ, ʷʚʣʷʣʘʩʴ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ. 

 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʦʚ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʧʝʩʯʘʥʠʢʦʚ ʚʘʩʝʣʛʠʥʩʢʦʡ 

ʩʚʠʪʳ ʚʝʨʭʥʝʛʦ ʢʘʨʙʦʥʘ. 

 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʨʦʙʘʤ, ʪʦ ʟʘʤʝʪʥʦ, ʯʪʦ ʚ 

ʧʝʨʚʦʡ ʧʨʦʙʝ ʧʨʝʦʙʣʘʜʘʶʪ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʟʝʨʥʘ, ʘ ʘʰʠʥʩʢʠʝ ʚ ʤʝʥʴʰʠʥʩʪʚʝ, ʘ ʚʦ 

ʚʪʦʨʦʡ ʥʘ ʜʦʣʶ ʘʰʠʥʩʢʠʭ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ, ʘ ʥʘ ʧʘʣʝʦʟʦʡʩʢʠʝ ï ʤʠʥʠʤʫʤ. 

ɺʠʜʠʤʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʭʘʨʘʢʪʝʨʦʤ ʨʦʩʪʘ ʛʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ: ʩ ʥʘʯʘʣʦʤ ʢʦʣʣʠʟʠʠ 

ʨʘʟʨʫʰʘʶʪʩʷ ʢʨʘʝʚʳʝ ʯʘʩʪʠ, ʘ ʧʦ ʤʝʨʝ ʚʦʟʜʳʤʘʥʠʷ ʦʨʦʛʝʥʘ ʦʙʥʘʞʘʶʪʩʷ ʚʩʸ ʙʦʣʝʝ 

ʜʨʝʚʥʠʝ ʧʦʨʦʜʳ.  

3-ʷ ʧʨʦʙʘ (ʯʠʛʠʰʘʥʩʢʘʷ ʩʚʠʪʘ ʨʘʥʥʝʡ ʧʝʨʤʠ). ɺ ʜʘʥʥʦʡ ʧʨʦʙʝ 

ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʯʠʩʣʦ ʟʝʨʝʥ ʠʤʝʶʪ ʧʦʟʜʥʝʧʘʣʦʝʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ (ʧʠʢ 350 ʤʣʥ), ʘ 

ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʢʠ ʚ ʠʥʪʝʨʚʘʣʝ 1ï2 ʤʣʨʜ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʦʚ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʧʝʩʯʘʥʠʢʦʚ ʯʠʛʠʰʘʥʩʢʦʡ 

ʩʚʠʪʳ ʨʘʥʥʝʡ ʧʝʨʤʠ. 

 

ɺʝʨʦʷʪʥʦ, ʘʰʠʥʩʢʘʷ ʩʝʨʠʷ ʪʘʢʞʝ ʷʚʣʷʣʘʩʴ ʠʩʪʦʯʥʠʢʦʤ, ʥʦ ʫʞʝ ʥʝ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʨʘʟʨʫʰʘʣʠʩʴ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ɹʦʛʜʘʥʦʚʩʢʦʛʦ ʨʠʬʪʘ, ʘ ʪʘʢʞʝ ʪʘʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ 

ʠʥʪʨʫʟʠʚʥʳʝ ʤʘʩʩʠʚʳ ʩ ʪʘʢʠʤ ʚʦʟʨʘʩʪʦʤ (ʥʘʧʨʠʤʝʨ, ʅʝʧʣʶʝʚʩʢʠʡ). ʊʘʢ ʢʘʢ ʵʪʠ 
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ʢʦʤʧʣʝʢʩʳ ʥʘʭʦʜʷʪʩʷ ʩʠʣʴʥʦ ʶʞʥʝʝ ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙʳ, ʪʦ ʧʨʠ ʩʥʦʩʝ ʤʘʪʝʨʠʘʣʘ 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʜʦʣʴʥʳʝ ʪʝʯʝʥʠʷ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ʈ.ɺ. ɺʝʩʝʣʦʚʩʢʦʤʫ, ʅ.ɹ. ʂʫʟʥʝʮʦʚʫ, ʊ.ɺ. ʈʦʤʘʥʶʢ, ɸ.ɺ. 

ʉʪʨʘʰʢʦ, ɸ.ɺ. ʏʠʩʪʷʢʦʚʦʡ, ɸ.ɺ. ʉʦʤʩʠʢʦʚʦʡ ʟʘ ʧʦʤʦʱʴ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪ ˉ 19-55-

26009 ʏʝʭʠʷ_ʘ "ʋʨʘʣ: ʫʥʠʢʘʣʴʥʘʷ ʧʨʠʨʦʜʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʨʦʩʪʘ ʟʝʤʥʦʡ ʢʦʨʳ ʠ 

ʩʙʦʨʢʠ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ". 

ʀʟʫʯʝʥʠʝ ʰʣʠʬʦʚ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ OlympusBX53P, 

ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʧʦ ʧʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ ʄɻʋ. 
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ɾɸʈʄɸ-ʉɸʋʈʉʂʆʁ ɿʆʅʓ ɺʆʉʊʆʏʅʆɻʆ ʂɸɿɸʍʉʊɸʅɸ 

 

ɺʦʣʦʩʦʚ ɸ.ʉ.
1,2
, ʍʨʦʤʳʭ ʉ.ɺ.

1,2 

 

1 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, volosovalex@gmail.com 

2 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɼʘʡʢʦʚʳʝ ʨʦʠ, ʠʣʠ ʧʦʷʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʫʧʥʳʝ ʩʢʦʧʣʝʥʠʷ ʜʘʝʢ, ʦʙʳʯʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɼʘʡʢʠ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʤʘʥʪʠʠ. ʉʦʩʪʘʚ 

ʜʘʝʢ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ: ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʩʣʘʙʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ 

ʪʝʣʘ, ʦʪʨʘʞʘʶʱʠʝ ʩʦʩʪʘʚ ʛʣʫʙʠʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ, ʦʪʢʫʜʘ ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʚʥʝʜʨʝʥʠʝ.  ʇʦʷʩʘ ʙʘʟʠʪʦʚʳʭ ʜʘʝʢ ʷʚʣʷʶʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ 

ʤʘʥʪʠʠ. ɹʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʘʡʢʦʚʳʭ ʧʦʷʩʦʚ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʠʪʴ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ʣʠʪʦʩʬʝʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʚʦʣʶʮʠʶ ʤʘʥʪʠʡʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ.  

ʀʩʩʣʝʜʫʝʤʳʝ ʜʘʡʢʦʚʳʝ ʧʦʷʩʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ɾʘʨʤʘ-ʉʘʫʨʩʢʦʡ ʟʦʥʝ 

ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. ʕʪʘ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʩʦʯʣʝʥʝʥʠʷ 

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʳ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ 

ʠ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʆʙʴ-ɿʘʡʩʘʥʩʢʦʛʦ 

ʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ [1ï3].  

ɹʫʛʘʟʩʢʠʡ ʜʘʡʢʦʚʳʡ ʧʦʷʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʆʥ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʜʘʝʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ. ʄʦʱʥʦʩʪʴ ʜʘʝʢ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3 ʜʦ 5 ʤ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ï ʦʢʦʣʦ 100 ʤ.  

ɾʘʢʩʳ-ʂʦʡʪʘʩʩʢʠʡ ʧʦʷʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʛʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʠʤʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʛʨʘʥʠʪʦʚ. ɺ ʧʦʷʩʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʧʦʨʷʜʢʘ 50 ʪʝʣ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʤʦʱʥʦʩʪʴʶ ʜʦ 2 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 100 ʤ. 

ʂʝʨʝʛʝʪʘʩʩʢʠʡ ʧʦʷʩ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʝʚʝʨʝ ʟʦʥʳ, ʚ ʧʣʘʥʝ ʚʳʪʷʥʫʪ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʘʡʢʠ ʂʝʨʝʛʝʪʘʩʩʢʦʛʦ ʧʦʷʩʘ ʧʨʦʷʚʣʝʥʳ ʚ ʜʚʫʭ ʯʘʩʪʷʭ 

ʂʦʣʴʙʫʣʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ. ʄʦʱʥʦʩʪʴ ʜʘʝʢ ʦʪ 0.5ï

1.0 ʜʦ 8ï10 ʤ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʮʝʥʝʥʦ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 250 ʪʝʣ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʂʦʣʴʙʫʣʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʝʪʩʷ ʢʨʫʧʥʘʷ ʜʘʡʢʦʦʙʨʘʟʥʘʷ ʂʝʨʝʛʝʪʘʩʩʢʘʷ 

ʠʥʪʨʫʟʠʷ, ʩʣʦʞʝʥʥʘʷ ʱʝʣʦʯʥʳʤʠ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ [4].  

ɺ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʂʦʨʛʘʥʪʘʩʩʢʠʡ 

ʧʦʷʩ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʠʤʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚ. ɼʘʡʢʠ 

ʠʤʝʶʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ. ɺ ʧʦʷʩʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʜʘʝʢ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ, ʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴ - ʩʦʪʝʥ ʤʝʪʨʦʚ. 

ʂʘʩʢʘʙʫʣʘʢʩʢʠʡ ʜʘʡʢʦʚʳʡ ʧʦʷʩ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʝʚʝʨʥʦʤ ʦʢʦʥʯʘʥʠʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɼʘʡʢʠ ʠʤʝʶʪ ʩʫʙʰʠʨʦʪʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʠ ʧʨʦʨʳʚʘʶʪ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ. ʄʦʱʥʦʩʪʴ ʜʘʝʢ ʜʦ 2 ʤ, 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʜʦ 100 ʤ. ʂʦʣʠʯʝʩʪʚʦ ʜʘʝʢ ʚ ʧʦʷʩʝ ʧʦʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʦ. 

ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʝʢ ɾʘʨʤʘ-

ʉʘʫʨʩʢʦʡ ʟʦʥʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʳ ʧʦʨʦʜ; ʧʦʨʦʜʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ ʚʩʝʭ ʧʷʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʷʩʘʭ. ʇʦ ʧʝʪʨʦʛʨʘʬʠʠ ʧʦʨʦʜʳ 

ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʜʦʣʝʨʠʪʦʚ ʜʦ ʤʠʢʨʦʛʘʙʙʨʦ. ɹʦʣʴʰʠʥʩʪʚʦ ʜʦʣʝʨʠʪʦʚ ʦʙʣʘʜʘʶʪ 

ʜʦʣʝʨʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ, ʥʦ ʙʳʣʠ ʪʘʢʞʝ ʚʩʪʨʝʯʝʥʳ ʠ 

ʧʦʨʬʠʨʦʚʳʝ ʨʘʟʥʦʩʪʠ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʝʪ ʧʣʘʛʠʦʢʣʘʟ, 
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48 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʟʝʨʥʘʤʠ ʨʘʟʥʳʭ ʛʝʥʝʨʘʮʠʡ. ʈʘʥʥʷʷ ʛʝʥʝʨʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʨʫʧʥʳʤʠ ʟʦʥʘʣʴʥʳʤʠ ʟʝʨʥʘʤʠ, ʘ ʧʦʟʜʥʷʷ ï ʣʝʡʩʪʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ï ʦʪ 

ʤʝʣʢʠʭ ʜʦ ʩʨʝʜʥʠʭ. ʃʝʡʩʪʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʟʝʨʥʘʤʠ. ʊʝʤʥʦʮʚʝʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʜʠʦʤʦʨʬʥʳʤʠ ʟʝʨʥʘʤʠ ʦʣʠʚʠʥʘ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ. ʄʠʢʨʦʛʘʙʙʨʦ ʦʙʣʘʜʘʶʪ 

ʛʘʙʙʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʪʘʢʩʠʪʦʚʦʡ ʪʝʢʩʪʫʨʦʡ. ʉʦʩʪʦʷʪ ʠʟ ʣʝʡʩʪ ʧʣʘʛʠʦʢʣʘʟʘ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ; ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʣʝʡʩʪʳ ʟʦʥʘʣʴʥʳ. ʊʝʤʥʦʮʚʝʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʤʬʠʙʦʣʦʤ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ. ʇʦʨʦʜʳ ʣʘʤʧʨʦʬʠʨʦʚʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʚ ʯʝʪʳʨʝʭ ʧʦʷʩʘʭ ï ʚ ʂʘʩʢʘʙʫʣʘʢʩʢʦʤ ʧʦʷʩʝ ʠʭ ʥʝʪ. ʃʘʤʧʨʦʬʠʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʧʝʩʩʘʨʪʠʪʘʤʠ ʩ ʧʘʥʠʜʠʦʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ 

ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʛʠʦʢʣʘʟʘ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʟʦʥʘʣʴʥʘʷ, ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (ʜʦ 5 

ʦʙ. %) ʠ ʢʚʘʨʮʘ. ʊʝʤʥʦʮʚʝʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʤʬʠʙʦʣʦʤ, ʠʥʦʛʜʘ ʟʦʥʘʣʴʥʳʤ, ʙʠʦʪʠʪʦʤ 

ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ. ʇʦʨʦʜʳ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʯʝʪʳʨʝʭ ʧʦʷʩʘʭ, 

ʂʝʨʝʛʝʪʘʩʩʢʦʤ ʧʦʷʩʝ ʦʥʠ ʦʪʩʫʪʩʪʚʫʶʪ.  ʉʨʝʜʥʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʜʠʦʨʠʪʘʤʠ, ʢʚʘʨʮʝʚʳʤʠ ʜʠʦʨʠʪʘʤʠ ʠ ʢʚʘʨʮʝʚʳʤʠ ʤʦʥʮʦʜʠʦʨʠʪʘʤʠ. ɺʩʪʨʝʯʘʶʪʩʷ ʢʘʢ 

ʥʝʨʘʚʥʦʤʝʨʥʦ-ʟʝʨʥʠʩʪʳʝ, ʪʘʢ ʠ ʧʦʨʬʠʨʦʚʳʝ ʨʘʟʥʦʩʪʠ. ʉʦʩʪʦʷʪ ʠʟ 

ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʧʣʘʛʠʦʢʣʘʟʘ (ʠʥʦʛʜʘ ʟʦʥʘʣʴʥʦʛʦ) ʠ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʚʘʨʮʘ. ʀʟ ʪʝʤʥʦʮʚʝʪʦʚ ʚ ʧʦʨʦʜʘʭ ʚʩʪʨʝʯʝʥʳ ʠʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ 

ʘʤʬʠʙʦʣʘ ʠ ʙʠʦʪʠʪ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʩʪʨʝʯʝʥ ʪʠʪʘʥʠʪ. ʇʦʨʦʜʳ ʢʠʩʣʦʛʦ 

ʩʦʩʪʘʚʘ ʠʟʫʯʝʥʳ ʪʦʣʴʢʦ ʚ ʂʝʨʝʛʝʪʘʩʩʢʦʤ ʠ ʂʦʨʛʘʥʪʘʩʩʢʦʤ ʜʘʡʢʦʚʳʭ ʧʦʷʩʘʭ. ɺ 

ʂʦʨʛʘʥʪʘʩʩʢʦʤ ʧʦʷʩʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʥʦʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʤʠ ʩ 

ʧʦʨʬʠʨʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʣʦʞʝʥʘ 

ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʟʝʨʥʘʤʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʥʘʜ 

ʧʣʘʛʠʦʢʣʘʟʦʤ, ʨʝʣʠʢʪʘʤʠ ʙʠʦʪʠʪʘ, ʟʘʤʝʱʝʥʥʦʛʦ ʭʣʦʨʠʪʦʤ ʠ ʢʚʘʨʮʝʤ. ɺʦ 

ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʚʩʪʨʝʯʝʥʳ ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʳʡ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, 

ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʡ ʧʣʘʛʠʦʢʣʘʟ, ʢʚʘʨʮ ʠ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʡ ʘʤʬʠʙʦʣ. ʀʟ 

ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʩʪʨʝʯʝʥ ʘʧʘʪʠʪ. ɺ ʂʝʨʝʛʝʪʘʩʩʢʦʤ ʧʦʷʩʝ ʧʦʨʦʜʳ ʪʘʢʦʛʦ 

ʩʦʩʪʘʚʘ ʨʘʟʣʠʯʥʳʝ: ʛʨʘʥʦʜʠʦʨʠʪʳ, ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ ʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ. 

ɻʨʘʥʦʜʠʦʨʠʪʳ ʚʩʪʨʝʯʝʥʳ ʨʘʟʣʠʯʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ: ʤʝʣʢʦ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, 

ʥʝʨʘʚʥʦʤʝʨʥʦ-ʟʝʨʥʠʩʪʳʝ, ʘ ʪʘʢʞʝ ʧʦʨʬʠʨʦʚʠʜʥʳʝ. ʉʪʨʫʢʪʫʨʘ ʛʠʧʠʜʠʦʤʦʨʬʥʘʷ, 

ʪʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ. ʉʦʩʪʦʷʪ ʠʟ ʫʜʣʠʥʝʥʥʳʭ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʠʟʦʤʝʪʨʠʯʥʳʭ 

ʟʦʥʘʣʴʥʳʭ ʟʝʨʝʥ ʧʣʘʛʠʦʢʣʘʟʘ, ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʢʚʘʨʮʘ, ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʩ ʜʚʦʡʥʠʢʘʤʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ 

ʧʣʘʛʠʦʢʣʘʟ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʝʪʩʷ ʵʧʠʜʦʪʦʤ. ʀʟ ʪʝʤʥʦʮʚʝʪʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʣʠʢʪʳ 

ʙʠʦʪʠʪʘ, ʟʘʤʝʱʝʥʥʦʛʦ ʭʣʦʨʠʪʦʤ, ʘ ʪʘʢʞʝ ʠʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, 

ʢʦʪʦʨʳʡ ʟʘʤʝʱʘʝʪʩʷ ʘʤʬʠʙʦʣʦʤ. ɻʨʘʥʠʪ-ʧʦʨʬʠʨʳ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ ʠʤʝʶʪ 

ʧʦʨʬʠʨʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʩʩʠʚʥʫʶ ʪʝʢʩʪʫʨʫ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʣʦʞʝʥʘ 

ʢʨʠʩʪʘʣʣʘʤʠ ʢʚʘʨʮʘ, ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ. 

ʀʟ ʤʘʬʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʝ ʙʠʦʪʠʪ ʠ 

ʘʤʬʠʙʦʣ, ʘ ʪʘʢʞʝ ʠʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ. ɺʦ ʚʢʨʘʧʣʝʥʥʠʢʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʳʡ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʟʦʥʘʣʴʥʳʡ ʧʣʘʛʠʦʢʣʘʟ ʠ 

ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʡ ʙʠʦʪʠʪ. ʀʟ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʘʭ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ 

ʢʘʣʴʮʠʪ. 

ɹʳʣ ʠʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ ʛʣʘʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʝʢʦʪʦʨʳʭ ʜʘʡʢʦʚʳʭ ʧʦʨʦʜ. ɺ 

ʜʦʣʝʨʠʪʘʭ ʛʣʘʚʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʦʥʘʣʴʥʳʤ ʧʣʘʛʠʦʢʣʘʟʦʤ (An 36ï88), 

ʦʣʠʚʠʥʦʤ (f 23ï52), ʜʚʫʤʷ ʧʠʨʦʢʩʝʥʘʤʠ ï ʵʥʩʪʘʪʠʪʦʤ (f 27ï45) ʠ ʘʚʛʠʪʦʤ (f 30ï40), 

ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ï ʘʧʘʪʠʪ ʠ ʤʘʛʥʝʪʠʪ; ʚ ʤʠʢʨʦʛʘʙʙʨʦ ï ʟʦʥʘʣʴʥʳʤ 

ʧʣʘʛʠʦʢʣʘʟʦʤ (An 37ï92), ʘʚʛʠʪʦʤ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ (f 19ï50), 

ʩʦʩʪʘʚ ʘʤʬʠʙʦʣʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʧʘʨʛʘʩʠʪʘ ʜʦ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ, 
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ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ï ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ ʠ ʠʣʴʤʝʥʠʪ; ʚ ʣʘʤʧʨʦʬʠʨʘʭ ï 

ʧʣʘʛʠʦʢʣʘʟʦʤ, ʠʥʦʛʜʘ ʟʦʥʘʣʴʥʳʤ (An 15ï52), ʢʘʣʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ, ʘʚʛʠʪʦʤ (f 

29ï50), ʨʘʟʣʠʯʥʳʤ ʘʤʬʠʙʦʣʦʤ: ʧʘʨʛʘʩʠʪʦʤ, ʢʝʨʩʫʪʠʪʦʤ ʠ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʨʦʛʦʚʦʡ 

ʦʙʤʘʥʢʦʡ, ʙʠʦʪʠʪʦʤ (f 36ï46); ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ï ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ ʠ ʪʠʪʘʥʠʪ; ʚ 

ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʘʭ ï ʟʦʥʘʣʴʥʳʤ ʧʣʘʛʠʦʢʣʘʟʦʤ (An 8ï41), ʢʘʣʠʝʚʳʤ 

ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ, ʘʤʬʠʙʦʣʦʤ ï ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ, (f 42ï55), 

ʙʠʦʪʠʪʦʤ (f 51ï57).  

ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠʟʫʯʝʥ ʜʣʷ ʧʦʨʦʜ ɹʫʛʘʟʩʢʦʛʦ, ɾʘʢʩʳ-ʂʦʡʪʘʩʩʢʦʛʦ, 

ʂʝʨʝʛʝʪʘʩʩʢʦʛʦ ʠ ʂʦʨʛʘʥʪʘʩʩʢʦʛʦ ʜʘʡʢʦʚʳʭ ʧʦʷʩʦʚ. ʇʦʨʦʜʳ ʚʘʨʴʠʨʫʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ 

ʦʪ ʦʩʥʦʚʥʳʭ ʜʦ ʢʠʩʣʳʭ: ʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʥʮʦʛʘʙʙʨʦ ʠ 

ʤʦʥʮʦʛʘʙʙʨʦ-ʜʠʦʨʠʪʘʤ, ʩʨʝʜʥʠʝ ʠ ʣʘʤʧʨʦʬʠʨʳ ï ʤʦʥʮʦʜʠʦʨʠʪʘʤ ʠ ʤʦʥʮʦʥʠʪʘʤ, ʘ 

ʢʠʩʣʳʝ ï ʛʨʘʥʦʩʠʝʥʠʪʘʤ, ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʤ ʛʨʘʥʠʪʘʤ ʠ ʛʨʘʥʠʪʘʤ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ 

SiO2 ʠ K2O ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʠ ʚʳʩʦʢʦʢʘʣʠʝʚʦʡ ʠʟʚʝʩʪʢʦʚʦ-

ʱʝʣʦʯʥʦʡ ʩʝʨʠʷʤ ʧʦʨʦʜ. ɼʣʷ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ, ʩʨʝʜʥʝʛʦ ʠ ʣʘʤʧʨʦʬʠʨʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ MgO: ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ MgO ʩ CaO, FeOt ʠ TiO2 ʠ ʧʨʠ ʵʪʦʤ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩ SiO2, Na2O ʠ K2O. ʊʘʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʛʦʚʦʨʠʪʴ 

ʦ ʪʦʤ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦ ʩʦʩʪʘʚʫ ʧʦʨʦʜ ʚʳʟʚʘʥʦ ʧʨʦʮʝʩʩʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʧʝʨʚʠʯʥʳʭ ʙʘʟʠʪʦʚʳʭ ʤʘʛʤ.  

ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʂʝʨʝʛʝʪʘʩʩʢʦʛʦ, ɹʫʛʘʟʩʢʦʛʦ, 

ʂʦʨʛʘʥʪʘʩʩʢʦʛʦ ʠ ɾʘʢʩʳ-ʂʦʡʪʘʩʩʢʦʛʦ ʜʘʡʢʦʚʳʭ ʧʦʷʩʦʚ ʚ ʮʝʣʦʤ ʘʥʘʣʦʛʠʯʥʳ: 

ʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ ʦʙʦʛʘʱʝʥʳ ʣʝʛʢʠʤʠ ʣʘʥʪʘʥʦʠʜʘʤʠ, ʫ 

ʣʘʤʧʨʦʬʠʨʦʚʳʭ ʠ ʩʨʝʜʥʠʭ ʜʘʝʢ ʦʙʦʛʘʱʝʥʠʝ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦ. ʋ ʚʩʝʭ ʩʧʝʢʪʨʦʚ 

ʦʪʩʫʪʩʪʚʫʝʪ ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʣʘʙʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʧʣʘʛʠʦʢʣʘʟʘ. 

ʉʭʦʞʝʝ ʧʦʚʝʜʝʥʠʝ ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʨʝʜʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʩʭʦʞʠʡ ʩʦʩʪʘʚ ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʜʘʡʢʦʚʳʭ 

ʧʦʷʩʦʚ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʵʪʘʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʘʡʢʦʚʳʭ ʧʦʷʩʦʚ: ʩʨʝʜʥʝʢʘʨʙʦʥʦʚʳʡ ï ɹʫʛʘʟʩʢʠʡ (315 Ñ 4 ʤʣʥ ʣʝʪ (U-Pb)) ʠ, 

ʚʦʟʤʦʞʥʦ, ɾʘʢʩʳ-ʂʦʡʪʘʩʩʢʠʡ ʧʦʷʩ ʠ ʨʘʥʥʝʧʝʨʤʩʢʠʡ ï ʂʝʨʝʛʝʪʘʩʩʢʠʡ (287 Ñ 4 ʤʣʥ 

ʣʝʪ (U-Pb)), ʂʦʨʛʘʥʪʘʩʩʢʠʡ ʠ, ʚʦʟʤʦʞʥʦ, ʂʘʩʢʘʙʫʣʘʢʩʢʠʡ ʧʦʷʩ. ʊʘʢʠʝ ʵʪʘʧʳ 

ʤʘʛʤʘʪʠʟʤʘ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʛʣʘʚʥʳʤʠ ʩʪʘʜʠʷʤʠ ʵʥʜʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ɸʣʪʘʡʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʦʡ ʩʠʩʪʝʤʝ [3]. ʉʨʝʜʥʝʢʘʨʙʦʥʦʚʳʡ ʤʘʛʤʘʪʠʟʤ 

ʧʨʦʷʚʠʣʩʷ ʥʘ ʵʪʘʧʝ ʢʦʣʣʘʧʩʘ ʦʨʦʛʝʥʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʘ ʨʘʥʥʝʧʝʨʤʩʢʠʡ ʤʘʛʤʘʪʠʟʤ ï ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʠʟʘʮʠʠ ʊʘʨʠʤʩʢʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ [5].  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 23-27-00224).  
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ʄʀʅɽʈɸʃʆɻʆ-ʇɽʊʈʆɻʈɸʌʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈ 

ʈɸʉʇɸɼɸ ʀ ʂɽʃʀʌʀʊʆɺʓʍ ʂɸʁʄ ʅɸ ʇʈʀʄɽʈɽ ʊʈʋɹʆʂ ʄʀʈ, 

ʋɼɸʏʅɸʗ ʀ ʆɹʅɸɾɽʅʅɸʗ (ʗʂʋʊʉʂɸʗ ɸʃʄɸɿʆʅʆʉʅɸʗ ʇʈʆɺʀʅʎʀʗ) 

 

ɺʦʨʦʙʝʡ ʉ.ʉ.
1
, ɻʘʨʘʥʠʥ ɺ.ʂ.

2
 

 
1 
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, 

ʄʦʩʢʚʘ, Patesonchic77@mail.ru 
2 
ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʈɸʅ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ, ʄʦʩʢʚʘ 

 

ɺ ʢʩʝʥʦʣʠʪʘʭ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʯʘʩʪʦ ʨʘʟʚʠʪʳ ʧʨʦʮʝʩʩʳ 

ʤʝʪʘʩʦʤʘʪʦʟʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʤʘʥʪʠʡʥʦʡ ʧʦʨʦʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʩʧʣʘʚʘ/ʬʣʶʠʜʘ. ɺʳʜʝʣʷʝʪʩʷ ʤʘʥʪʠʡʥʳʡ 

ʤʝʪʘʩʦʤʘʪʦʟ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʘʥʪʠʠ, ʠ ʢʠʤʙʝʨʣʠʪʦʚʳʡ 

ʤʝʪʘʩʦʤʘʪʦʟ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʤʘʥʪʠʡʥʳʝ ʧʦʨʦʜʳ ʙʳʣʠ ʟʘʭʚʘʯʝʥʳ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʤʘʛʤʦʡ. 

ʆʩʦʙʝʥʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʨʦʷʚʣʝʥʠʝ ʷʚʥʦʛʦ (ʤʦʜʘʣʴʥʦʛʦ) ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʩʝʨʠʷ ʥʘʣʦʞʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʥʝʨʝʜʢʦ ʧʨʦʷʚʣʷʶʪ ʨʝʘʢʮʠʦʥʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ [1, 2, 4, 5].  

ɺʣʠʷʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʩʦʤʘʪʦʟʘ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʤʘʥʪʠʡʥʳʭ 

ʢʩʝʥʦʣʠʪʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʄʠʨ, ʋʜʘʯʥʘʷ ʠ ʆʙʥʘʞʝʥʥʘʷ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʧʨʦʚʠʥʮʠʠ (ʗʂʇ). ʊʨʫʙʢʘ ʄʠʨ ʥʘʭʦʜʠʪʩʷ ʚ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʤ ʨʘʡʦʥʝ, ʄʠʨʥʠʥʩʢʦʝ 

ʧʦʣʝ, ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ ï ʚ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʤ ʨʘʡʦʥʝ, ɼʘʣʜʳʥʩʢʦʝ ʧʦʣʝ, ʪʨʫʙʢʘ 

ʆʙʥʘʞʝʥʥʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʅʠʞʥʝʦʣʝʥʝʢʩʢʦʤ ʨʘʡʦʥʝ, ʂʫʦʡʢʩʢʦʝ ʧʦʣʝ [3].  

ɺ ʤʠʥʝʨʘʣʘʭ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʪʨʫʙʦʢ ʄʠʨ, ʋʜʘʯʥʘʷ ʠ ʆʙʥʘʞʝʥʥʘʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʧʘʜʝʥʠʷ 

ʩʪʨʫʢʪʫʨ ʨʘʩʧʘʜʘ, ʨʘʟʚʠʪʳʭ ʢʝʣʠʬʠʪʦʚʳʭ ʢʘʡʤ ʧʦ ʧʝʨʠʬʝʨʠʠ ʠ ʚʪʦʨʠʯʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʧʦ ʪʨʝʱʠʥʘʤ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʩʝʥʦʣʠʪʳ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʛʣʫʙʠʥʥʳʭ ʧʦʨʦʜ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʘʣʤʘʟʦʥʦʩʥʳʭ, ʯʘʩʪʦ ʥʝʩʫʪ ʩʣʝʜʳ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʣʦʞʥʫʶ 

ʠʩʪʦʨʠʶ ʠʭ ʵʚʦʣʶʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ 

ʠʟʫʯʝʥʠʝ ʧʦʵʪʘʧʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʢʨʘʪʦʥʥʦʡ 

ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʜʦ ʠʭ ʟʘʭʚʘʪʘ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ ʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʧʦʜʲʝʤʘ. 

ʅʘ ʧʨʠʤʝʨʝ ʤʠʥʝʨʘʣʦʚ ʠʟ ʢʩʝʥʦʣʠʪʦʚ ʘʣʤʘʟʦʥʦʩʥʳʭ ʪʨʫʙʦʢ ʄʠʨ ʠ ʋʜʘʯʥʘʷ ʠ 

ʥʝʘʣʤʘʟʦʥʦʩʥʦʡ ʪʨʫʙʢʠ ʆʙʥʘʞʝʥʥʘʷ ʧʦʢʘʟʘʥʦ ʰʠʨʦʢʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʦʩʪʘʚʘ 

ʦʢʩʠʜʥʳʭ ʬʘʟ ʚ ʩʪʨʫʢʪʫʨʘʭ ʨʘʩʧʘʜʘ (ʨʠʩ. 1) ʛʨʘʥʘʪʘ ʠ ʧʠʨʦʢʩʝʥʘ, ʨʘʟʚʠʪʳʭ ʥʘ 

ʤʠʥʝʨʘʣʘʭ ʢʝʣʠʬʠʪʦʚʳʭ ʢʘʡʤ (ʨʠʩ. 2) ʠ ʤʦʱʥʳʭ ʧʨʦʞʠʣʦʢ ʚʥʫʪʨʠ.  
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ʈʠʩ. 1. ʃʘʤʝʣʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʚ ʦʨʪʦʧʠʨʦʢʩʝʥʝ (ʪʨʫʙʢʘ ʆʙʥʘʞʝʥʥʘʷ): ʘ ï ʩʦʩʪʘʚʥʳʝ 

ʣʘʤʝʣʠ ʠʟ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ ʰʧʠʥʝʣʠ ʚ ʦʨʪʦʧʠʨʦʢʩʝʥʝ, ʛʨʘʥʘʪʦʚʳʡ ʣʝʨʮʦʣʠʪ ʊʆï

281; ʙ ï ʩʦʩʪʘʚʥʳʝ ʣʘʤʝʣʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʰʧʠʥʝʣʠ ʚ ʦʨʪʦʧʠʨʦʢʩʝʥʝ, ʛʨʘʥʘʪʦʚʳʡ 

ʚʝʙʩʪʝʨʠʪ ʊʆï69. ʀʟʦʙʨʘʞʝʥʠʝ ʚ ʦʙʨʘʪʥʦʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 

 

 
ʈʠʩ. 2. ʂʝʣʠʬʠʪʦʚʳʝ ʢʘʡʤʳ ʛʨʘʥʘʪʘ: ʘ ï ʤʦʱʥʘʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʢʘʡʤʘ ʬʣʦʛʦʧʠʪʘ, 

ʛʨʘʥʘʪʦʚʳʡ ʚʝʙʩʪʝʨʠʪ ʊʆï42 (ʪʨʫʙʢʘ ʆʙʥʘʞʝʥʥʘʷ); ʙ ï ʩʤʝʩʴ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ 

(ʬʣʦʛʦʧʠʪ, ʰʧʠʥʝʣʴ, ʢʣʠʥʦʧʠʨʦʢʩʝʥ) ʚ ʢʘʡʤʝ, ʛʨʘʥʘʪʦʚʳʡ ʚʝʙʩʪʝʨʠʪ ʊʄï126 (ʪʨʫʙʢʘ 

ʄʠʨ). ʀʟʦʙʨʘʞʝʥʠʷ ʚ ʦʙʨʘʪʥʦʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ 

ʄʠʨ, ʋʜʘʯʥʘʷ ʠ ʆʙʥʘʞʝʥʥʘʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʗʂʇ. ʅʘʣʠʯʠʝ ʷʚʥʦ ʧʨʦʷʚʣʝʥʥʳʭ ʠʛʣ ʠ 

ʧʣʘʩʪʠʥʦʢ ʚ ʩʪʨʫʢʪʫʨʘʭ ʨʘʩʧʘʜʘ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʳʭ ʤʦʱʥʳʭ (ʜʦ 200ï350 ʤʢʤ) 

ʢʝʣʠʬʠʪʦʚʳʭ ʢʘʡʤ ʚʦʢʨʫʛ ʤʠʥʝʨʘʣʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʠ ʜʣʠʪʝʣʴʥʳʝ 

ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʳ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ-ʬʣʶʠʜʘ, ʪʦʛʜʘ ʢʘʢ 

ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ, ʤʘʣʦʤʦʱʥʳʝ ʢʝʣʠʬʠʪʦʚʳʝ ʢʘʡʤʳ (ʜʦ 100ï150 

ʤʢʤ) ʥʘʧʨʷʤʫʶ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʭ ʙʦʣʝʝ ʙʳʩʪʨʫʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʘʡʤʳ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʙʝʟ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʭ ʩʣʦʝʚ. 
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çʃʖʇʀʂʂʆ-Iè, çɹɽʂʂè ʀ çɻɽʈɹɽʈʎ-Iè (ʇʀʊʂʗʈɸʅʊʉʂʀʁ ʈʋɼʅʓʁ 

ʈɸʁʆʅ) 
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1
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ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, 

patesonchic77@mail.ru 
2
 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʂʘʨʝʣʴʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʇʝʪʨʦʟʘʚʦʜʩʢ 

3 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʀʟʫʯʘʝʤʳʝ ʦʙʲʝʢʪʳ ï ʨʫʜʥʠʢʠ çʃʶʧʠʢʢʦ-Iè, çɹʝʢʢè ʠ çɻʝʨʙʝʨʮ-Iè ï 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʇʠʪʢʷʨʘʥʪʩʢʦʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ. ʈʫʜʥʠʢ 

çʃʶʧʠʢʢʦ-Iè ʙʳʣ ʦʪʢʨʳʪ ʚ 1856 ʛ.; ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʠ ʥʘʣʠʯʠʝ ʦʙʲʝʢʪʘ ʥʘ 

ʤʝʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, ʥʦ ʚʤʝʩʪʦ ʤʝʜʥʦʡ ʨʫʜʳ ʩʪʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʞʝʣʝʟʥʫʶ. 

ʈʫʜʥʠʢ çɹʝʢʢè ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʟʘʙʨʦʰʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʜʦʙʳʯʝ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʨʫʜʳ. ɼʦʙʳʯʘ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʥʘ ʦʙʲʝʢʪʝ çɻʝʨʙʝʨʮ-1è ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

1896 ʧʦ 1903 ʛ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ, ʯʪʦʙʳ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʵʣʝʤʝʥʪʦʚ-

ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʨʦʜ ʠʟ ʵʪʠʭ ʰʘʭʪ. 

ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʠʟ ʦʪʚʘʣʦʚ ʰʘʭʪʳ çʃʶʧʠʢʢʦ-Iè, 

ʨʫʜʥʠʢʦʚ çɹʝʢʢè ʠ çɻʝʨʙʝʨʮ-Iè. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʧʨʠ ʧʦʤʦʱʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ CarlZeiss ʠ OlympusBX51; ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ TESCANMIRA ʙʳʣ ʠʟʫʯʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʠ ʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʢʘʞʜʦʡ ʬʘʟʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ɻɽʆʍʀ ʈɸʅ  

ɻʣʘʚʥʳʡ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ ʥʘ ʦʪʚʘʣʘʭ çʃʶʧʠʢʢʦ-Iè ï ʤʘʛʥʝʪʠʪ. ʉʦʚʤʝʩʪʥʦ ʩ 

ʤʘʛʥʝʪʠʪʦʤ ʚ ʨʫʜʝ ʦʪʤʝʯʘʝʪʩʷ ʩʬʘʣʝʨʠʪ, ʬʣʶʦʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʠʪ, ʢʘʩʩʠʪʝʨʠʪ ʠ 

ʛʘʣʝʥʠʪ [1, 2, 4]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ ʧʦʨʦʜʘʤ, ʘ ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ ʤʘʛʥʝʟʠʘʣʴʥʳʤ ʩʢʘʨʥʘʤ, ʨʘʟʚʠʚʘʶʪʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʤʠʥʝʨʘʣʳ; 

ʵʪʦ ʛʨʫʧʧʳ ʩʝʨʧʝʥʪʠʥʘ ʠ ʭʣʦʨʠʪʘ, ʢʘʨʙʦʥʘʪʳ Ca ʠ Mg, ʬʣʶʦʨʠʪ. ʐʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʛʨʝʡʟʝʥʘʭ ʠ ʘʧʦʩʢʘʨʥʦʚʳʭ ʛʠʜʨʦʪʝʨʤʘʣʠʪʘʭ 

ʷʚʣʷʶʪʩʷ ʩʫʣʴʬʠʜʳ, ʘ ʠʤʝʥʥʦ ʧʠʨʨʦʪʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʩʬʘʣʝʨʠʪ, ʚ ʤʝʥʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʠʨʠʪ, ʢʫʙʘʥʠʪ, ʣʸʣʣʠʥʛʠʪ, ʛʘʣʝʥʠʪ, ʤʦʣʠʙʜʝʥʠʪ, ʘ ʪʘʢʞʝ 

ʰʝʝʣʠʪ. ɺ ʛʨʝʡʟʝʥʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʩʘʤʦʨʦʜʥʳʡ ʚʠʩʤʫʪ, ʪʝʣʣʫʨʠʜʳ Bi (ʨʠʩ. 1), Pb, Ag ʠ 

Au, ʯʣʝʥʳ ʨʷʜʘ Au-Ag ʤʠʥʝʨʘʣʦʚ [5]. 

ʇʦʨʦʜʳ ʨʫʜʥʠʢʘ çɹʝʢʢè [6] ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʨʥʠʨʦʚʘʥʳ, ʤʘʛʥʝʪʠʪ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ ʛʝʤʘʪʠʪʫ (ʤʫʰʢʝʪʦʚʠʪ). ʊʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʩʬʘʣʝʨʠʪ, ʢʚʘʨʮ ʠ ʬʣʶʦʨʠʪ (ʨʠʩ. 2), ʦʥʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ ʠ ʛʥʝʟʜʘʭ, ɻʨʘʥʠʪʦʛʥʝʡʩʳ ʚ ʣʝʞʘʯʝʤ ʙʦʢʫ ʛʣʫʙʦʢʦ ʠʟʤʝʥʝʥʳ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʙʦʛʘʱʝʥʠʠ 

ʭʣʦʨʠʪʦʚʳʤ ʘʛʨʝʛʘʪʦʤ, ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʧʦ ʧʦʣʝʚʳʤ ʰʧʘʪʘʤ, ʧʦʷʚʣʷʝʪʩʷ ʬʣʦʛʦʧʠʪ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʣʶʦʨʠʪʘ.  
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ʈʠʩ. 1. ɺʢʣʶʯʝʥʠʝ Bi-Te-ʬʘʟʳ ʚ ʩʘʤʦʨʦʜʥʦʤ Bi. ʀʟʦʙʨʘʞʝʥʠʝ ʚ ʦʙʨʘʪʥʦʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ. 

 

 
ʈʠʩ. 2. ʄʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ: ʘ ï ʢʦʥʪʘʢʪ ʛʝʤʘʪʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ; ʙ ï ʚʢʣʶʯʝʥʠʝ 

ʩʬʘʣʝʨʠʪʘ ʚ ʘʤʬʠʙʦʣʝ; ʚ ï ʚʢʣʶʯʝʥʠʝ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ ʠ ʪʦʥʢʘʷ ʩʝʨʝʙʨʷʥʘʷ 

ʢʘʡʤʘ ʧʦ ʧʝʨʠʬʝʨʠʠ ʩʬʘʣʝʨʠʪʘ; ʛ ï ʟʝʨʥʘ ʬʣʶʦʨʠʪ ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʢʣʠʥʦʬʝʨʨʦʩʠʣʠʪʦʤ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ: Gn ï ʛʘʣʝʥʠʪ, Sp ï ʩʬʘʣʝʨʠʪ, 

Hem ï ʛʝʤʘʪʠʪ, Amp ï ʘʤʬʠʙʦʣ, Ag ï ʩʝʨʝʙʨʦ ʩʘʤʦʨʦʜʥʦʝ, Cfs ï ʢʣʠʥʦʬʝʨʨʦʩʠʣʠʪ, 

Qz ï ʢʚʘʨʮ, Srp ï ʩʝʨʧʝʥʪʠʥ, Fl ï ʬʣʶʦʨʠʪ, Chl ï ʭʣʦʨʠʪ. ʀʟʦʙʨʘʞʝʥʠʝ ʚ 

ʦʙʨʘʪʥʦʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 

 

ʈʫʜʥʠʢ çɻʝʨʙʝʨʮ-1è ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʰʘʭʪʥʳʭ ʩʪʚʦʣʦʚ - 

çʟʘʧʘʜʥʦʛʦè ʠ çʚʦʩʪʦʯʥʦʛʦè. ʇʝʨʚʳʝ 10ï15 ʤ ʩʪʚʦʣʳ ʰʘʭʪ ʠʜʫʪ ʧʦ ʨʳʭʣʳʤ (ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʤ) ʯʝʪʚʝʨʪʠʯʥʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʘ ʜʘʣʝʝ ï ʧʦ ʩʣʶʜʠʩʪʳʤ ʩʣʘʥʮʘʤ, ʥʠʞʝ 

ʢʦʪʦʨʳʭ ʚʩʢʨʳʚʘʝʪʩʷ ʢʨʫʪʦʧʘʜʘʶʱʘʷ ʨʫʜʥʘʷ ʟʘʣʝʞʴ ʤʦʱʥʦʩʪʴʶ 0.5ï1.5 ʤ ʚ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʩʢʘʨʥʘʭ ʇʠʪʢʷʨʘʥʪʩʢʦʡ ʩʚʠʪʳ [6]. ʕʪʠ ʩʢʘʨʥʳ ʠʤʝʶʪ 

ʩʣʦʞʥʳʡ ʩʦʩʪʘʚ; ʧʦʤʠʤʦ ʤʘʛʥʝʪʠʪʘ, ʚ ʥʠʭ ʩʦʜʝʨʞʠʪʩʷ ʩʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʛʝʤʘʪʠʪ, ʬʣʶʦʨʠʪ, ʢʘʣʴʮʠʪ, ʜʠʦʧʩʠʜ, ʚʝʟʫʚʠʘʥ, ʭʣʦʨʠʪ, ʛʨʘʥʘʪ ʠ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ [3]. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ 
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ʩʦʩʪʘʚ ʧʦʨʦʜ ʦʪʚʘʣʦʚ ʰʘʭʪʳ çʃʶʧʠʢʢʦ-Iè, ʨʫʜʥʠʢʦʚ çɹʝʢʢè ʠ çɻʝʨʙʝʨʮ-Iè 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ (ʤʘʛʥʝʪʠʪ, ʩʬʘʣʝʨʠʪ, ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ) 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Fe, Zn, Ni, Co, Sr, Cd, 

U ʠ ʈɿʕ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Zn ʚ ʚʦʜʝ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʦʙʫʩʣʦʚʣʝʥʘ 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʩʬʘʣʝʨʠʪʘ, Cu ï ʭʘʣʴʢʦʧʠʨʠʪʘ, Pb ï ʛʘʣʝʥʠʪʘ, Ni ï ʧʠʨʠʪʘ, ʚ ʢʦʪʦʨʦʤ 

ʦʥ ʩʦʜʝʨʞʠʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-77-

10011. 
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ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʨʦʚʦʜʷʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʪʠ ʦʧʦʨʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʩʚʝʨʭʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʮʝʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʦʚʦʛʦ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʟʫʯʠʪʴ ʛʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ 

ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚʜʦʣʴ ʣʠʥʠʠ ʧʨʦʬʠʣʷ. ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʨʘʡʦʥʦʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. 

ʅʘ ʦʧʦʨʥʳʭ ʧʨʦʬʠʣʷʭ ʚʳʧʦʣʥʷʝʪʩʷ ʰʠʨʦʢʠʡ ʢʨʫʛ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʛʣʫʙʠʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʟʦʥʜʠʨʦʚʘʥʠʡ (ɻʉɿ). ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ɻʉɿ ʧʦ ʦʧʦʨʥʳʤ 

ʧʨʦʬʠʣʷʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʣʫʙʠʥʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʨʘʟʨʝʟʘ ʠ ʟʘʚʝʨʢʘ ʧʦʩʪʨʦʝʥʠʡ 

ʨʝʰʝʥʠʝʤ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʣʫʯʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʇʨʝʜʤʝʪʦʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʛʣʫʙʠʥʥʘʷ ʩʢʦʨʦʩʪʥʘʷ 

ʤʦʜʝʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ɻʉɿ ʥʘ ʦʧʦʨʥʦʤ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ 1-ʉɹ-ɺʦʩʪʦʯʥʳʡ. 

ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ɻʉɿ ʚʳʧʦʣʥʷʣʠʩʴ ʚ 2014ï2016 ʛʛ. ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʌɻʋʇ 

çʉʅʀʀɻɻʠʄʉè ʠ ɸʉʌ ɻʉ ʉʆ ʈɸʅ. ʆʪʨʘʙʦʪʢʘ ʧʫʥʢʪʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʩ ʰʘʛʦʤ 15ï30 ʢʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʨʳʚʥʳʭ (3ï5-ʪʦʥʥʳʭ) ʠ ʚʠʙʨʘʮʠʦʥʥʳʭ (40-

ʪʦʥʥʳʭ) ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʙʫʞʜʝʥʠʷ. ʇʦʣʫʯʝʥʳ ʟʘʧʠʩʠ ʩ 52 ʇɺ. ʈʝʛʠʩʪʨʘʮʠʷ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʰʘʛʦʤ 5 ʢʤ ʮʠʬʨʦʚʳʤʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʤʠ 

4-ʢʘʥʘʣʴʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʈʆʉɸ-ɸ. 

ʆʧʦʨʥʳʡ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ 1-ʉɹ-ɺʦʩʪʦʯʥʳʡ ʠʟʦʙʠʣʫʝʪ ʤʥʦʛʦʦʙʨʘʟʠʝʤ 

ʧʝʨʝʩʝʢʘʝʤʳʭ ʠʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ. ʇʨʦʬʠʣʴ 1-ʉɹ- ɺʦʩʪʦʯʥʳʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʩʝʢʘʝʪ (ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ) ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʠʡ (ʄʦʥʛʦʣʦ-

ʆʭʦʪʩʢʠʡ) ʩʢʣʘʜʯʘʪʳʡ ʧʦʷʩ ʚ ʩʦʩʪʘʚʝ ɸʤʫʨʩʢʦʡ, ʉʝʣʝʥʛʠʥʦ-ʉʪʘʥʦʚʦʡ ʠ ɹʘʡʢʘʣʴʩʢʦʡ 

ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ, ʟʘʚʝʨʰʘʷʩʴ ʚ ʧʨʝʜʝʣʘʭ ɸʥʛʘʨʦ-ʃʝʥʩʢʦʡ ʤʦʥʦʢʣʠʟʳ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʘʟʨʝʟʘ ʧʨʠʤʝʥʷʣʘʩʴ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ɻʉɿ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʌɻɹʋ çɺʉɽɻɽʀè. ʇʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʝʡʩʤʦʛʨʘʤʤʘʭ ɻʉɿ ʚʳʜʝʣʷʶʪʩʷ ʮʝʣʝʚʳʝ ʚʦʣʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʄʦʭʦʨʦʚʠʯʠʯʘ. 

ʇʨʝʣʦʤʣʝʥʥʳʝ ʚʦʣʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ, ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ 

ʫʜʘʣʝʥʠʠ 10ï15 ʢʤ ʩ ʢʘʞʫʱʠʤʠʩʷ ʩʢʦʨʦʩʪʷʤʠ, ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ 

- 3.8ï5.8 ʢʤ/ʩ. ɼʘʣʝʝ ʜʦ ʫʜʘʣʝʥʠʡ 150ï200 ʢʤ ʚʳʜʝʣʷʶʪʩʷ ʧʨʝʣʦʤʣʝʥʥʳʝ ʚʦʣʥʳ (Pg) 

ʩʦ ʩʢʦʨʦʩʪʴʶ 5.8ï6.2 ʢʤ/ʩ, ʦʩʚʝʱʘʶʱʠʝ ʚʝʨʭʥʶʶ ʠ ʩʨʝʜʥʶʶ ʯʘʩʪʴ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʟʝʤʥʦʡ ʢʦʨʳ. ʅʘ ʫʜʘʣʝʥʠʠ (200ï250 ʢʤ) ʚ ʧʝʨʚʳʝ ʚʩʪʫʧʣʝʥʠʷ 

ʚʳʭʦʜʠʪ ʧʨʝʣʦʤʣʝʥʥʘʷ ʚʦʣʥʘ ʦʪ ʛʨʘʥʠʮʳ ʄ (Pn). ʆʪʨʘʞʝʥʥʳʝ ʚʦʣʥʳ PʤP ʥʘʠʙʦʣʝʝ 
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ʜʠʥʘʤʠʯʝʩʢʠ ʚʳʨʘʞʝʥʳ ʚ ʟʘʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʫʜʘʣʝʥʠʠ ʩʚʳʰʝ 100 ʢʤ ʦʪ 

ʧʫʥʢʪʘ ʚʟʨʳʚʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʄʦʭʦ ʚ ʨʘʤʢʘʭ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʣʷ ʚʨʝʤʝʥ ʜʣʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʦʪ ʄ (PʤP) ʚ 

ʢʚʘʜʨʘʪʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʤʝʥ ʚʩʪʫʧʣʝʥʠʡ PʤP ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʢʦʨʨʝʣʷʮʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʚʳʷʚʣʝʥʠʷ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʚʳʧʦʣʥʷʣʘʩʴ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʜʚʫʤʝʨʥʘʷ 

ʠʥʚʝʨʩʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ. 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʩʝ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʚ ʚʠʜʝ ʛʦʜʦʛʨʘʬʦʚ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʝʡ 

ʚʨʝʤʝʥ ʧʦ ʦʪʨʘʞʝʥʥʳʤ PʤP ʚʦʣʥʘʤ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʭ ʦʙʨʘʙʦʪʢʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʩʨʝʜʥʠʭ ʠ ʛʨʘʥʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ; ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ; ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʄ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʨʝʩʩ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ.  

ɼʘʣʴʥʝʡʰʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

SeisWide, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʘʣʛʦʨʠʪʤ ʣʫʯʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʣʥʦʚʳʭ 

ʧʦʣʝʡ [1]. ɼʘʥʥʳʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʧʨʷʤʫʶ ʩʝʡʩʤʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, 

ʪ.ʝ. ʧʨʦʠʟʚʦʜʠʪʴ ʙʳʩʪʨʳʡ ʨʘʩʯʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʛʦʜʦʛʨʘʬʦʚ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʚʦʣʥ ʦʪ 

ʧʦʩʪʨʦʝʥʥʦʡ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʟʘʪʝʤ ʩʦʧʦʩʪʘʚʣʷʪʴ ʠʭ ʩ ʥʘʙʣʶʜʝʥʥʳʤʠ 

ʚʦʣʥʦʚʳʤʠ ʧʦʣʷʤʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ɻʉɿ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʛʣʫʙʠʥʥʘʷ 

ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʘʥʪʠʠ ʧʦ ʧʨʦʬʠʣʶ 1-ʉɹ-

ɺʦʩʪʦʯʥʳʡ (ʨʠʩʫʥʦʢ). ʅʘ ʩʢʦʨʦʩʪʥʦʤ ʨʘʟʨʝʟʝ ʥʘʠʙʦʣʝʝ ʫʚʝʨʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ 

ʛʨʘʥʠʮʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʠ ʧʦʜʦʰʚʘ ʟʝʤʥʦʡ ʢʦʨʳ, ʦʪʤʝʯʝʥʳ ʣʠʥʠʷʤʠ ʩʦ 

ʩʧʣʦʰʥʦʡ ʟʘʣʠʚʢʦʡ. ɺʥʫʪʨʠʢʦʨʦʚʳʝ ʛʨʘʥʠʮʳ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʛʨʘʥʠʮʳ 

ʩʤʝʥʳ ʛʨʘʜʠʝʥʪʘ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʥʘ ʥʠʭ, ʛʨʘʥʠʮʳ 

ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʦʤ. 

 
ɻʣʫʙʠʥʥʘʷ ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʘʥʪʠʠ ʧʦ ʦʧʦʨʥʦʤʫ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʤʫ ʧʨʦʬʠʣʶ 1-ʉɹ-ɺʦʩʪʦʯʥʳʡ. 

 



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

58 

ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʢʦʨʦʩʪʝʡ (2.6ï5.9 ʢʤ/ʩ) ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʜʦ ʛʣʫʙʠʥʳ ʤʝʥʝʝ 5 ʢʤ). ʃʘʪʝʨʘʣʴʥʳʝ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʚʧʘʜʠʥʘʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 

ʉʢʦʨʦʩʪʥʦʡ ʫʨʦʚʝʥʴ 6.0ï6.1 ʢʤ/c ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ 1ï5 ʢʤ. ʅʠʞʝ ʫʨʦʚʥʷ 6.0 

ʢʤ/c ʟʝʤʥʘʷ ʢʦʨʘ ʥʘ ʤʦʜʝʣʠ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʩʣʦʷ. ʉʢʦʨʦʩʪʠ ʚ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ 

ʢʦʨʝ ʜʦʚʦʣʴʥʦ ʦʜʥʦʨʦʜʥʳ. ʀʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʯʝʥʴ ʧʣʘʚʥʳʝ ʚ ʣʘʪʝʨʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʦʟʨʘʩʪʘʶʪ ʦʪ 6.0 ʜʦ 6.9 ʢʤ/ʩ. 

ɻʨʘʜʠʝʥʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʥʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʨʝ 

ʥʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʨʝʣʦʤʣʷʶʱʠʭ ʛʨʘʥʠʮ. 

ʄʦʱʥʦʩʪʴ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ 1-ʉɹ-

ɺʦʩʪʦʯʥʳʡ ʩʦʩʪʘʚʣʷʝʪ 40 ʢʤ. ɺ ʧʨʝʜʝʣʘʭ ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʤʦʱʥʦʩʪʴ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʢʦʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 45 ʢʤ.  

ʉʢʦʨʦʩʪʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʤʝʞʜʫ 8.2 ʠ 

8.4 ʢʤ/ʩ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʨʘʡʦʥʝ ɸʤʫʨʩʢʦʡ ʉʆ. ʃʦʢʘʣʴʥʳʝ 

ʧʦʥʠʞʝʥʠʷ ʜʦ 7.9 ʢʤ/ʩ ʦʪʤʝʯʘʶʪʩʷ ʥʠʞʝ ʩʝʚʝʨʥʦʛʦ ʬʣʘʥʛʘ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ 

ʟʦʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʨʘʟʨʝʟʘ ʧʦ ʜʘʥʥʳʤ ɻʉɿ 

ʧʨʠʤʝʥʷʣʘʩʴ ʩʦʚʨʝʤʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ɻʉɿ (ʧʦʩʪʨʦʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʝʡ ʚʨʝʤʝʥ; ʧʦʩʪʨʦʝʥʠʝ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ; ʧʨʦʚʝʨʢʘ 

ʧʦʩʪʨʦʝʥʠʡ ʣʫʯʝʚʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ). ʇʦʣʫʯʝʥʥʘʷ ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʧʝʨʝʩʯʝʪʘ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʆɻʊ ʚ ʛʣʫʙʠʥʥʳʡ ʨʘʟʨʝʟ ʩʦ ʩʢʦʨʦʩʪʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʧʦ ʤʦʜʝʣʠ ɻʉɿ), ʘ ʪʘʢʞʝ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʋʩʪʴʝʚʘʷ ʦʙʣʘʩʪʴ ʨ. ʉʝʣʝʥʛʠ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʧʨʝʜʛʦʨʠʡ ʄʦʨʩʢʦʛʦ ʭʨʝʙʪʘ ʥʘ 

ʩʝʚʝʨʝ ʠ ʛʨʘʥʠʮ ʧʦʜʛʦʨʥʳʭ ʰʣʝʡʬʦʚ ʦʪʨʦʛʦʚ ʭʨʝʙʪʘ ʍʘʤʘʨ-ɼʘʙʘʥ ʥʘ ʶʛʝ ʠ ʚʦʩʪʦʢʝ, 

ʟʘʤʳʢʘʝʪʩʷ ʥʘ ʧʦʙʝʨʝʞʴʝ ʦʟʝʨʘ ɹʘʡʢʘʣ ʘʢʢʫʤʫʣʷʪʠʚʥʳʤʠ ʧʦʜʚʦʜʥʳʤʠ ʠ ʥʘʜʚʦʜʥʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʦʪ ʩ. ʄʘʣʘʷ ʈʝʯʢʘ ʜʦ ʤ. ʆʙʣʦʤ. ɺ ʮʝʣʦʤ, ʛʨʘʥʠʮʳ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʳ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʳʭ ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨ 

ï ʋʩʪʴ-ʉʝʣʝʥʛʠʥʩʢʦʡ ʚʧʘʜʠʥʦʡ. ʈʝʣʠʢʪʦʚʫʶ ʫʩʪʴʝʚʫʶ ʦʙʣʘʩʪʴ ʜʨʝʥʠʨʫʝʪ 

ʩʦʚʨʝʤʝʥʥʘʷ ʨʫʩʣʦʚʘʷ ʩʝʪʴ, ʦʙʨʘʟʫʷ ʩʦʚʨʝʤʝʥʥʫʶ ʤʥʦʛʦʨʫʢʘʚʥʫʶ ʜʝʣʴʪʫ 

ʚʳʜʚʠʞʝʥʠʷ ʥʘ ʤʝʣʢʦʚʦʜʥʦʤ ʚʟʤʦʨʴʝ. ʈʫʩʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʱʥʦʡ ʪʦʣʱʝʡ 

ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ï ʦʪ ʧʘʣʝʦʮʝʥʘ ʜʦ ʛʦʣʦʮʝʥʘ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʥʘʜʧʦʡʤʝʥʥʳʝ ʪʝʨʨʘʩʳ ï III  (12ï15 ʤ), ʂʫʜʘʨʠʥʩʢʘʷ II (10ï12 ʤ), 

ʂʘʙʘʥʩʢʘʷ I (7ï8 ʤ). ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʜʝʣʴʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʫʙʠʥʥʦʡ ʠ 

ʙʝʨʝʛʦʚʦʡ ʵʨʦʟʠʝʡ, ʧʨʦʮʝʩʩʦʤ ʦʩʪʨʦʚʥʦʡ ʠ ʧʦʡʤʝʥʥʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʠ [1]. 

ɺʦʧʨʦʩ ʦ ʧʘʣʝʦʛʨʘʬʠʠ ʜʝʣʴʪʳ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʨʘʟʨʝʰʝʥʥʳʤ. ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʦʪʣʦʞʝʥʠʷ ʜʝʣʴʪʳ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʦʪʥʦʩʠʣʠ ʢʦ IIïIII  ʟʚʝʥʫ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ, 

ʦʜʥʘʢʦ ʧʦ ʥʦʚʳʤ ʜʘʥʥʳʤ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʘʚʪʦʨʳ ʦʪʥʦʩʷʪ ʠʭ ʢ 

ʩʦʚʨʝʤʝʥʥʳʤ (ʛʦʣʦʮʝʥʦʚʳʤ) [2]. 

ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 2018ï2020 ʛʛ. ʙʳʣʦ ʦʧʠʩʘʥʦ ʧʦʨʷʜʢʘ 20 ʨʘʟʨʝʟʦʚ, ʠʟ 

ʢʦʪʦʨʳʭ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʪʨʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʫʟʣʝ 

ʙʠʬʫʨʢʘʮʠʠ ʜʝʣʴʪʳ: ɺʆʈ31, ɺɼ, ɺʦʨʦʙʴʠʭʘ (ʨʠʩ. 1). ɼʘʥʥʳʝ ʨʘʟʨʝʟʳ ʩʯʠʪʘʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʚʝʨʰʠʥʝ ʜʝʣʴʪʳ ʬʦʨʤʠʨʫʝʪʩʷ 

ʨʘʟʜʝʣʝʥʠʝ ʩʪʦʢʘ ʥʘ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ: ʃʦʙʘʥʦʚʩʢʦʝ, ʉʝʣʝʥʛʠʥʩʢʦʝ ʠ 

ʉʨʝʜʥʝʫʩʪʴʝʚʩʢʦʝ, ʘ ʪʘʢʞʝ ʠʤʝʥʥʦ ʚ ʫʟʣʝ ʙʠʬʫʨʢʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʫʩʣʦʚʠʡ ʦʟʝʨʘ ɹʘʡʢʘʣ  ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʤʝʥʫ 

ʬʘʮʠʘʣʴʥʦʛʦ ʨʷʜʘ (ʩ ʧʦʥʠʞʝʥʠʝʤ ʙʘʟʠʩʘ ʵʨʦʟʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʛʣʫʙʠʥʥʦʡ 

ʵʨʦʟʠʠ (ʚʨʝʟʘʥʠʷ), ʯʪʦ ʚʝʜʝʪ ʟʘ ʩʦʙʦʡ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʝʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʙʘʟʠʩʘ ʵʨʦʟʠʠ ʥʘʦʙʦʨʦʪ: ʫʩʠʣʝʥʠʝ ʙʦʢʦʚʦʡ ʵʨʦʟʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ). 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʪʦʣʱʠ ʬʣʶʚʠʘʣʴʥʳʭ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʚʦʟʨʘʩʪʘ ʠ ʛʝʥʝʟʠʩʘ ʦʪʣʦʞʝʥʠʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣʦ ʦʪʦʙʨʘʥʦ 53 ʦʙʨʘʟʮʘ, ʠʟ ʢʦʪʦʨʳʭ 46 ï ʥʘ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ 6 ʠʟ ʧʨʦʩʣʦʝʚ ʧʦʛʨʝʙʝʥʥʦʡ ʧʦʯʚʳ ï ʥʘ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʚ ʀɻ ʉʆ ʈɸʅ 

ʠʤ. ɺ.ɹ. ʉʦʯʘʚʳ (ʛ. ʀʨʢʫʪʩʢ) ʩ 9-ʬʨʘʢʮʠʦʥʥʳʤ ʜʨʦʙʥʳʤ ʩʠʪʦʚʳʤ ʘʥʘʣʠʟʦʤ (ʨʘʟʤʝʨ 

ʷʯʝʝʢ ʩʠʪ ï 8, 4, 2, 1, 0.5, 0.25, 0.125 ʩʤ), ʜʘʣʴʥʝʡʰʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʧʦ 

ʃ.ɹ. ʈʫʭʠʥʫ [3]. ʈʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʆʪʪʦ 

ʐʤʠʜʪʘ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʘ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩʦʪʨʫʜʥʠʢʦʤ 

ʣʘʙʦʨʘʪʦʨʠʠ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʠ ʂ.ɽ. ɺʝʨʰʠʥʠʥʳʤ ʚ ʃʀʅ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ). 

ʆʙʥʘʞʝʥʠʝ ɺʆʈ 31 ʚʩʢʨʳʪʦ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʦʩʪʨʦʚʘ ʚ ʤʝʩʪʝ ʙʠʬʫʨʢʘʮʠʠ 

ʦʩʥʦʚʥʦʛʦ ʨʫʩʣʘ ʥʘ ʜʚʘ ʨʫʢʘʚʘ (ʉʝʣʝʥʛʠʥʩʢʦʝ, ʉʨʝʜʥʝʫʩʪʴʝʚʩʢʦʝ). ɼʣʷ ʨʘʙʦʪʳ ʙʳʣʦ 

ʦʪʦʙʨʘʥʦ 11 ʧʨʦʙ ʥʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʚʳʜʝʣʝʥʦ 5 ʦʩʥʦʚʥʳʭ ʧʘʯʝʢ: ʪʝʤʥʦ-ʩʝʨʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʩʠʣʴʥʦ ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʡ 
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ʧʦʯʚʝʥʥʳʡ ʛʦʨʠʟʦʥʪ, ʜʘʣʝʝ ʧʘʯʢʘ ʧʝʨʝʩʣʘʠʚʘʶʱʠʭʩʷ ʧʝʩʢʦʚ ʦʪ ʤʝʣʢʦ- ʜʦ ʩʨʝʜʥʝ- ʠ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʠʪʠʩʪʦʛʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ 

ʧʳʣʝʚʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚʦʣʥʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʘʣʝʦʧʦʯʚʝʥʥʳʡ 

ʛʦʨʠʟʦʥʪ, ʩʣʦʞʝʥʥʳʡ ʘʣʝʚʨʠʪʘʤʠ. ɿʘʚʝʨʰʘʝʪ ʨʘʟʨʝʟ ʢʦʨʠʯʥʝʚʘʷ ʧʘʯʢʘ 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ ʩʦ ʩʣʝʜʘʤʠ ʧʘʣʝʦʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʢʨʠʦʪʫʨʙʘʮʠʡ, 

çʜʨʦʞʘʱʠʭ ʣʠʥʠʡè ʠ ʣʝʜʷʥʳʭ ʢʣʠʥʴʝʚ ʩʦ ʩʣʘʙʦʚʦʣʥʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ ʠ ʨʝʜʢʠʤʠ 

ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʛʨʘʚʠʷ ʤʦʱʥʦʩʪʴʶ 5ï8 ʩʤ, ʢʦʪʦʨʳʡ ʥʠʞʝ 

ʧʝʨʝʭʦʜʠʪ ʚ ʩʤʝʩʴ ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʦʛʦ ʛʨʘʚʠʷ, ʛʘʣʴʢʠ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʩ 

ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ. ɻʨʘʚʠʡ ʠ ʛʘʣʴʢʘ ʟʘʣʝʛʘʶʪ ʧʦʜ ʫʛʣʦʤ 16Á ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʨʝʢʠ. 

 
ʈʠʩ. 1. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʨʘʟʨʝʟʦʚ. 

 

ʇʦʤʠʤʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʙʩʦʣʶʪʥʳʝ ʜʘʪʠʨʦʚʢʠ 

ʠʟ ʧʘʣʝʦʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʠʭ ʢʘʣʠʙʨʦʚʘʥʥʳʡ ʚʦʟʨʘʩʪ ʩʦʩʪʘʚʠʣ 1960Ñ150 ʣʝʪ. 

ʈʘʟʨʝʟ ɺɼ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʳʩʦʢʦʡ ʧʦʡʤʝ ʣʝʚʦʛʦ ʙʝʨʝʛʘ ʛʣʘʚʥʦʛʦ ʨʫʩʣʘ                      

ʨ. ʉʝʣʝʥʛʠ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʨʘʟʨʝʟʘ ʩʦʩʪʘʚʠʣʘ 173 ʩʤ: ʧʝʨʚʳʝ 12 ʩʤ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʤ ʩʣʦʝʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʢʚʘʨʮʝʚʳʭ ʤ/ʟ ʧʝʩʢʦʚ ʠ 

ʘʣʝʚʨʠʪʦʚ; ʥʠʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʘʣʝʚʨʠʪʦʚ ʠ ʩʨʝʜʥʝʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ 

ʧʝʩʢʘ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʩʣʦʠʩʪʦʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʘʙʩʦʣʶʪʥʳʝ ʜʘʪʠʨʦʚʢʠ 1160Ñ120, ʘ ʪʘʢʞʝ 3840Ñ450.  

ʈʘʟʨʝʟ ɺʦʨʦʙʴʠʭʘ ʚʩʢʨʳʪ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʦʜʥʦʠʤʝʥʥʦʡ ʧʨʦʪʦʢʠ, ʚʧʘʜʘʶʱʝʡ ʚ 

ʙʦʣʝʝ ʢʨʫʧʥʫʶ ʧʨʦʪʦʢʫ ʃʝʚʦʙʝʨʝʞʥʘʷ. ʆʙʱʘʷ ʚʳʩʦʪʘ ʨʘʟʨʝʟʘ ʩʦʩʪʘʚʠʣʘ 332 ʩʤ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʦ 12 ʦʩʥʦʚʥʳʭ ʧʘʯʝʢ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ 

ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʤ ʩʣʦʝʤ (0ï9 ʩʤ), ʩʨʝʜʥʷʷ ʯʘʩʪʴ (9ï132 

ʩʤ) ï ʩ/ʟ ʠ ʤ/ʟ ʤʦʥʦʣʠʪʥʳʤʠ ʧʝʩʢʘʤʠ ʠ ʦʧʝʩʯʘʥʝʥʥʳʤʠ ʘʣʝʚʨʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ 

ʧʘʣʝʦʧʦʯʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʜʘʪʠʨʦʚʘʥʳ ʠ ʠʤʝʶʪ ʘʙʩʦʣʶʪʥʳʡ ʚʦʟʨʘʩʪ 1150Ñ80 ʥʘ 

ʛʣʫʙʠʥʝ 32 ʩʤ, 2150Ñ150 ʥʘ ʛʣʫʙʠʥʝ 82 ʩʤ, 4210Ñ260 ʥʘ ʛʣʫʙʠʥʝ 112 ʩʤ. ʅʠʞʝ ï 

ʧʝʨʝʩʣʘʠʚʘʶʱʘʷʩʷ ʪʦʣʱʘ ʤ/ʟ ʠ ʢ/ʟ ʧʝʩʢʦʚ, ʘʣʝʚʨʠʪʦʚ ʠ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʡ ʤʘʪʝʨʠʘʣ. 
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ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʜʠʘʛʨʘʤʤʳ ʧʦ ʨʘʟʨʝʟʫ ɺʦʨʦʙʴʠʭʘ 

ʥʘʯʘʣʦ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʟʝʨʝʥ Larix, Asterscese+Artemisia [2], ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ (ʩʪʘʣʦ 

ʩʫʰʝ ʠ ʭʦʣʦʜʥʝʝ). ɼʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʘʙʩʦʣʶʪʥʳʤʠ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʤʠ ʜʘʪʠʨʦʚʢʘʤʠ ʩ ʪʦʡ ʞʝ ʛʣʫʙʠʥʳ (4210Ñ260) ʅʘʯʘʣʦ 

ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʦʪʤʝʯʝʥʦ ʨʝʟʢʠʤ ʩʢʘʯʢʦʤ ʯʠʩʣʘ ʟʣʘʢʦʚʳʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʥʘʯʘʣʦʤ ʘʢʪʠʚʥʦʡ 

ʟʝʤʣʝʜʝʣʴʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʉʠʙʠʨʠ. 

 
ʈʠʩ. 2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʢʦʨʨʝʣʷʮʠʠ ʙʝʨʝʛʦʚʳʭ ʨʘʟʨʝʟʦʚ ʚ ʜʝʣʴʪʝ ʨ. ʉʝʣʝʥʛʠ. 

 

ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ (ʨʠʩ. 2) (ʭʘʨʘʢʪʝʨ ʩʣʦʡʯʘʪʦʩʪʠ 

ʩ ʪʝʢʩʪʫʨʘʤʠ ʪʠʧʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʡ, ʚʦʣʥʠʩʪʦʡ ʠ ʢʦʩʦʩʣʦʠʩʪʦʡ), ʚ ʢʦʪʦʨʳʭ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʣʦʡʢʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʪʝʯʝʥʠʷ ʨ. ʉʝʣʝʥʛʠ, ʥʘʣʠʯʠʝ ʤʦʱʥʳʭ ʧʘʣʝʦʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʥʳʝ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʘʚʪʦʨʦʚ ʦ ʩʤʝʥʝ ʬʘʮʠʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ.  

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 17-29-05052 ʦʬʠ_ʤ 

çʕʢʟʦʤʦʨʬʦʣʠʪʦʛʝʥʝʟ ʫʩʪʴʝʚ ʙʘʡʢʘʣʴʩʢʠʭ ʧʨʠʪʦʢʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʛʠʜʨʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟè. 
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ʈʆʃʔ ʅʆɺɽʁʐʀʍ ʊɽʂʊʆʅʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈ ɺ ʇʀʊɸʅʀʀ 

ʇʆɼɿɽʄʅʓʍ ɺʆɼ ʅɸ ʊɽʈʈʀʊʆʈʀʀ ʄʆʉʂʆɺʉʂʆʁ ʆɹʃɸʉʊʀ 
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ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, 

koval.sa95@yandex.ru 
2 
ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ, ʈʦʩʩʠʷ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʢʘʨʪ ʦʮʠʬʨʦʚʘʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʚʳʜʝʣʝʥʳ ʚʳʨʘʞʝʥʥʳʝ ʚ ʨʝʣʴʝʬʝ ʚʧʘʜʠʥʳ. ʆʜʥʘ ʠʟ ʩʪʨʫʢʪʫʨ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʟʘʧʘʜʝ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʈʫʟʩʢʦʛʦ ʠ ʀʩʪʨʠʥʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʜʨʫʛʘʷ ï ʥʘ 

ʚʦʩʪʦʢʝ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʛʨʘʥʠʮʝ ʩ ɺʣʘʜʠʤʠʨʩʢʦʡ ʠ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʷʤʠ. ʂ 

ʚʳʜʝʣʝʥʥʳʤ ʚʧʘʜʠʥʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʧʨʠʫʨʦʯʝʥʳ ʮʝʧʦʯʢʠ ʦʟʝʨ: ʥʘ ʟʘʧʘʜʝ ï ʦʟʝʨʘ 

ɻʣʫʙʦʢʦʝ ʠ ʊʨʦʩʪʝʥʩʢʦʝ, ʥʘ ʚʦʩʪʦʢʝ ï ʦʟʝʨʘ ɺʝʣʠʢʦʝ, ɼʫʙʦʚʦʝ, ɹʝʣʦʝ ʠ ʜʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ 

ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʣʶʙʦʡ ʯʘʩʪʠ ʧʣʘʪʬʦʨʤʳ (ʪʳʩʷʯʘ ʢʠʣʦʤʝʪʨʦʚ ʠ 

ʙʦʣʝʝ) ʠ ʥʘ ʣʶʙʳʭ ʛʣʫʙʠʥʘʭ [2]. ɼʣʷ ʩʪʨʫʢʪʫʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʟʘʧʘʜʝ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʳʧʦʣʥʝʥ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʡ ʠ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦ 

ʤʝʪʦʜʠʢʝ ʄ.ʃ. ʂʦʧʧʘ [1] ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʥʦʚʝʡʰʠʭ 

ʨʘʟʨʳʚʦʚ ʚʧʘʜʠʥʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʚʧʘʜʠʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ɻʝʦʣʦʛʦ-ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʦʤʧʣʝʢʩʦʤ ʦʪʣʦʞʝʥʠʡ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʪʝʨʨʠʛʝʥʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʤʝʣʦʚʦʛʦ ʠ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ. ɺʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʢʘʨʙʦʥʘʪʥʳʤ ʦʪʣʦʞʝʥʠʷʤ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦ-

ʙʳʪʦʚʦʛʦ ʠ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ.  

ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʡʦʥʦʚ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʛʠʜʨʦʠʟʦʧʴʝʟ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤ ʦʪʣʦʞʝʥʠʷʤ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʢʘʨʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʟʘʧʘʜʝ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʢ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʚʧʘʜʠʥʳ ʧʨʠʫʨʦʯʝʥʘ 

ʢʫʧʦʣʦʦʙʨʘʟʥʘʷ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʅʘ ʚʦʩʪʦʢʝ ʦʙʣʘʩʪʠ ʚʳʷʚʣʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʫʯʘʩʪʢʦʚ ʦʙʣʘʩʪʝʡ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʫʨʦʚʥʷʤʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢ ʚʧʘʜʠʥʝ. ɺ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨ ʧʦʣʦʞʝʥʠʝ 

ʫʨʦʚʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʣʠʟʢʦ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠ ʫʨʦʚʥʶ ʚʦʜʳ ʚ ʦʟʝʨʘʭ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʤʦʛʣʠ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʩʜʚʠʛʦʚʦʛʦ ʨʘʟʜʚʠʛʘ ʠ ʷʚʣʷʶʪʩʷ 

ʦʙʣʘʩʪʷʤʠ ʧʠʪʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 
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ʇʃʆʊʅʆʉʊʅɸʗ ʄʆɼɽʃʔ ɺɽʈʍʅɽʁ ʏɸʉʊʀ ɿɽʄʅʆʁ ʂʆʈʓ 

ɹʆʈʑʆɺʆʏʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʄɽʊɸʄʆʈʌʀʏɽʉʂʆɻʆ ʗɼʈɸ, 

ɺʆʉʊʆʏʅʆɽ ɿɸɹɸʁʂɸʃʔɽ (ʇʆ ʄɸʊɽʈʀɸʃɸʄ ʆʇʆʈʅʆɻʆ ʇʈʆʌʀʃʗ   

1-ʉɹ-ɺʆʉʊʆʏʅʓʁ ʀ ɿɸɹɸʁʂɸʃʔʉʂʆʁ ʇɸʈɸʄɽʊʈʀʏɽʉʂʆʁ 
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ʆʧʦʨʥʳʡ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ 1-ʉɹ-ɺʦʩʪʦʯʥʳʡ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʪʠ ʦʧʦʨʥʳʭ ʧʨʦʬʠʣʝʡ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠ ʩʚʝʨʭʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ 

ʠ ʧʨʠʟʚʘʥ ʦʪʨʘʟʠʪʴ ʛʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ ʨʷʜʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʎʝʥʪʨʘʣʴʥʦ-

ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ (ɸʤʫʨʩʢʘʷ, ʉʝʣʝʥʛʠʥʦ-ʉʪʘʥʦʚʘʷ ʠ ɹʘʡʢʘʣʴʩʢʘʷ 

ʩʢʣʘʜʯʘʪʳʝ ʦʙʣʘʩʪʠ) ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. 

ʅʘ ʦʧʦʨʥʳʭ ʧʨʦʬʠʣʷʭ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʤʧʣʝʢʩʫ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ (ʄʆɺ-ʆɻʊ, ʂʄʇɺ, ɻʉɿ, ʄʊɿ, ʧʣʦʪʥʦʩʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ), ʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʨʦʜʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʟʝʤʥʦʡ ʢʦʨʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʩʚʝʨʭʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ. ʊʘʢ ʠ ʥʘ ʦʧʦʨʥʦʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ 1-ʉɹ-

ɺʦʩʪʦʯʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʫʯʘʩʪʦʢ ʟʘʣʦʞʝʥʠʷ ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʢʚʘʞʠʥʳ (ɿʇʉ): ʢʫʧʦʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʢʨʦʚʣʷ ʢʦʪʦʨʦʡ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ 

ʚʳʜʝʣʷʝʪʩʷ ʧʦʜʲʝʤʦʤ ʢʦʥʪʨʘʩʪʥʳʭ ʦʪʨʘʞʘʶʱʠʭ ʛʨʘʥʠʮ ʥʘ ʛʣʫʙʠʥʥʦʤ ʩʝʡʩʤʠʯʝʩʢʦʤ 

ʨʘʟʨʝʟʝ ʄʆɺ-ʆɻʊ (ʚ ʥʘʠʚʳʩʰʝʡ ʪʦʯʢʝ ʜʦ ʛʣʫʙʠʥʳ ʤʝʥʝʝ 1 ʢʤ). 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʘʩʰʪʘʙʘʭ ʠ ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʦʨʥʳʭ 

ʧʨʦʬʠʣʝʡ (ʨʝʟʫʣʴʪʘʪʠʚʥʳʝ ʨʘʟʨʝʟʳ ʤʘʩʰʪʘʙʘ 1:1 000 000, ʛʣʫʙʠʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

40ï60 ʢʤ) ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ (ʨʝʟʫʣʴʪʘʪʠʚʥʳʝ ʨʘʟʨʝʟʳ 

ʤʘʩʰʪʘʙʘ 1:2 000, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 4 ʢʤ) ʪʨʝʙʫʶʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ 

ʩ ʮʝʣʴʶ ʩʙʣʠʞʝʥʠʷ ʤʘʩʰʪʘʙʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ 

ɹʦʨʱʦʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʷʜʨʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʦ ʤʝʪʦʜʠʢʝ 3D 

ʩʪʨʫʢʪʫʨʥʦ-ʧʣʦʪʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʌɻɹʋ çɺʉɽɻɽʀè [1]. 

ʆʩʥʦʚʦʡ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʩʣʫʞʠʪ 3D ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʛʨʘʚʠʤʝʪʨʠʠ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʀʩʭʦʜʥʘʷ ʮʠʬʨʦʚʘʷ ʤʘʪʨʠʮʘ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ 

ɹʫʛʝ (ʧʣʦʪʥʦʩʪʴ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ 2.67 ʛ/ʩʤ
3
) ʤʘʩʰʪʘʙʘ 1:200 000 ʙʳʣʘ 

ʜʦʧʦʣʥʝʥʘ ʜʘʥʥʳʤʠ ʜʝʪʘʣʠʟʘʮʠʦʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʤʘʩʰʪʘʙʘ 1:10 000 ʥʘ 

ʫʯʘʩʪʢʝ ʧʣʦʱʘʜʴʶ 60 ʢʤ
2
 ʚ ʨʘʡʦʥʝ ʟʘʣʦʞʝʥʠʷ ɿʇʉ (ʌɻɹʋ çɺʉɽɻɽʀè, 2016 ʛ.). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʘʥʦʤʘʣʴʥʳʭ ʤʘʩʩ ʚ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ (ʜʦ 

2 ʢʤ) ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ɿʇʉ (5ï7 ʢʤ). 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʟʘʚʠʩʠʤʦ ʫʪʦʯʥʷʝʪʩʷ ʧʦ ʜʚʫʤ 

ʧʘʨʘʤʝʪʨʘʤ: ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʘʥʦʤʘʣʴʥʳʭ ʤʘʩʩ ʠ ʠʭ ʟʥʘʯʝʥʠʷ [1]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ 3D ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ çʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠè ʚ ʟʝʤʥʦʡ 
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ʢʦʨʝ, ʠʟ ʢʦʪʦʨʦʡ ʧʦ ʣʠʥʠʠ ʧʨʦʬʠʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʨʝʟ. ɼʘʣʴʥʝʡʰʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2D ʚʘʨʠʘʥʪʝ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʦʪ ʣʦʢʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʢ 

ʩʪʨʫʢʪʫʨʥʦ-ʧʣʦʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ çʩʪʘʥʜʘʨʪʥʫʶè ʩʣʦʠʩʪʦ-

ʛʨʘʜʠʝʥʪʥʫʶ ʤʦʜʝʣʴ ʟʝʤʥʦʡ ʢʦʨʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʣʦʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʦ ʧʨʦʬʠʣʶ 1-ʉɹ-ɺʦʩʪʦʯʥʳʡ (ʜʣʠʥʘ 1700 ʢʤ, ʛʣʫʙʠʥʘ 

ʜʦ 60 ʢʤ). 

ʇʨʠ ʧʦʜʙʦʨʝ ʩʪʘʨʪʦʚʦʛʦ ʧʣʦʪʥʦʩʪʥʦʛʦ ʨʘʟʨʝʟʘ ʫʯʠʪʳʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʠ ʦ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʩʦʙʨʘʥʥʳʝ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ɻʦʩʛʝʦʣʢʘʨʪ-200 [2, 3]. 

ʉʢʣʘʜʯʘʪʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʧʝʩʪʨʳʡ ʩʦʩʪʘʚ ʠ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʧʣʦʪʥʦʩʪʠ: ʦʪ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ (ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ï 2.56 ʛ/ʩʤ
3
) ʠ ʠʥʪʨʫʟʠʡ 

ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʧʣʦʪʥʦʩʪʴ ï 2.61ï2.72 ʛ/ʩʤ
3
) ʜʦ ʩʝʨʧʝʥʪʠʥʠʪʦʚ 

ʩ ʧʣʦʪʥʦʩʪʴʶ 2.70ï2.75 ʛ/ʩʤ
3
 [3]. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʶʪ 

ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʪʳ ʧʦ ʧʦʨʦʜʘʤ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ 

ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ (ʧʣʦʪʥʦʩʪʴ 2.64ï2.69 ʛ/ʩʤ
3
) [2, 3].  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʦʩʥʦʚʘʥʠʝ ʥʘ ʜʘʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʧʨʦʬʠʣʷ 1-ʉɹ ʩʣʦʞʝʥʦ 

ʙʠʦʪʠʪʦʚʳʤʠ ʛʥʝʡʩʘʤʠ ʠ ʙʠʦʪʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʣʘʥʮʘʤʠ, 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ. ʇʣʦʪʥʦʩʪʴ ʙʠʦʪʠʪʦʚʳʭ 

ʛʥʝʡʩʦʚ ï 2.60 ʛ/ʩʤ
3
, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ï 2.70 ʛ/ʩʤ

3
 [2]. ʅʠʞʝ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʟʘʣʝʛʘʶʪ ʵʪʠ ʞʝ ʧʦʨʦʜʳ, ʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. 

ʉʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ, ɸ) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʘʙʣʶʜʝʥʥʦʤʫ ʧʦʣʶ ʩʠʣʳ 

ʪʷʞʝʩʪʠ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠ ʧʣʦʪʥʦʩʪʥʳʤ ʨʘʟʨʝʟʦʤ 

ʧʦ ʚʩʝʤʫ ʦʧʦʨʥʦʤʫ ʧʨʦʬʠʣʶ 1-ʉɹ-ɺʦʩʪʦʯʥʳʡ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʠʩʪʦ-

ʛʨʘʜʠʝʥʪʥʫʶ ʤʦʜʝʣʴ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʤʝʞʜʫ ʠʟʦʣʠʥʠʷʤʠ (0.01ï0.02 ʛ/ʩʤ
3
). ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʭʦʨʦʰʦ ʧʦʢʘʟʘʣ ʩʝʙʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʣʫʙʠʥʥʳʤ ʧʨʦʬʠʣʷʤ, ʧʦʟʚʦʣʷʝʪ 

ʦʪʨʘʟʠʪʴ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ, ʪʘʢ ʠ ʩʪʨʫʢʪʫʨʫ (ʩʪʨʦʝʥʠʝ) 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʢʦʨʳ, ʥʦ ʥʝ ʜʦʧʫʩʢʘʝʪ ʚʳʜʝʣʝʥʠʷ ʩʦʩʝʜʥʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʠʜʝʥʪʠʯʥʳʤʠ ʠʣʠ ʦʯʝʥʴ ʙʣʠʟʢʠʤʠ ʧʣʦʪʥʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʙʫʨʝʥʠʷ ɿʇʉ ʜʦ ʛʣʫʙʠʥʳ 2600 ʤ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʜʘʥʥʳʭ ʜʝʪʘʣʴʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʄʆɺ-ʆɻʊ, ʂʄʇɺ, ʧʣʦʪʥʦʩʪʥʘʷ ʠ 

ʤʦʜʝʣʴ, ʦʪʨʘʞʘʶʱʘʷ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ), ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ 

ʠʤʝʶʱʝʡʩʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ɿʇʉ, ʚ ʌɻɹʋ çɺʉɽɻɽʀè ʙʳʣʘ ʩʦʟʜʘʥʘ ʘʚʪʦʨʩʢʘʷ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʪʨʦʝʥʠʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ 

ɹʦʨʱʦʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʷʜʨʘ (ʂʫʜʨʷʚʮʝʚ ʀ.ɺ.). 

ʊʘʢ ʢʘʢ ʜʘʥʥʘʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʦʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʣʘʛʘʶʱʠʭ ʟʝʤʥʫʶ ʢʦʨʫ, ʦʢʘʟʘʣʦʩʴ 

ʚʦʟʤʦʞʥʳʤ ʥʘʧʦʣʥʠʪʴ ʝʝ ʩʪʨʫʢʪʫʨʥʳʡ ʢʘʨʢʘʩ ʧʣʦʪʥʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ [2ï3], ʜʘʥʥʳʭ ɻɻʂʇ ʠ 

ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ɿʇʉ, ʘ ʪʘʢʞʝ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʧʝʪʨʦʬʠʟʠʢʝ [4]) ʠ ʧʨʦʚʝʨʠʪʴ ʨʝʰʝʥʠʝʤ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʛʨʘʚʠʤʝʪʨʠʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʦʣʶ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʘ ʧʦʩʣʝ ʩʦʧʦʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʥʦʡ 

ʤʦʜʝʣʴʶ. 

ʈʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ (ʨʠʩʫʥʦʢ, ɹ) ʧʦʟʚʦʣʠʣʦ ʥʝʩʢʦʣʴʢʦ ʫʪʦʯʥʠʪʴ ʠʩʭʦʜʥʫʶ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ: ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʙʦʣʝʝ ʧʣʦʪʥʳʭ ʧʦʨʦʜ ʧʦʜ 

ʶʨʩʢʠʤʠ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʤ, ʯʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʶʞʥʦʡ 
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ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʠ ʚʳʭʦʜʷʪ ʪʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ (ʛʥʝʡʩʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ, 

ʥʘʩʳʱʝʥʥʳʝ ʣʠʥʟʘʤʠ ʠ ʙʫʜʠʥʘʤʠ ʜʠʦʨʠʪʦʚ ʠ ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʦʚ). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʥʦʡ ʤʦʜʝʣʴʶ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʪʦʣʴʢʦ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʢʦʤʧʣʝʢʩʥʘʷ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ɿʇʉ ʧʦʟʚʦʣʠʣʠ: 

1) ʦʪʨʘʟʠʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʥʦ ʠ ʙʦʣʝʝ ʯʝʪʢʦ 

ʝʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ (ʩʦʭʨʘʥʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʛʨʘʥʠʮʳ, ʭʦʪʷ ʦʪʩʫʪʩʪʚʫʝʪ 

ʧʝʨʝʧʘʜ ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ); 

2) ʚʳʜʝʣʠʪʴ ʙʦʣʝʝ ʧʣʦʪʥʫʶ (ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ɿʇʉ) ʟʦʥʫ ʛʣʫʙʠʥʥʦʛʦ 

ʩʨʳʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʪʦʣʱʫ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʪʝʢʪʦʥʠʟʠʨʦʚʘʥʥʳʭ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʪʝʣʘʤʠ ʤʠʣʦʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ; 

3) ʫʪʦʯʥʠʪʴ ʧʦ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʦʚ ʧʦʣʦʞʝʥʠʝ ʢʦʥʪʨʘʩʪʥʳʭ ʛʨʘʥʠʮ (ʧʦʜʦʰʚʘ 

ʩʢʣʘʜʯʘʪʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʛʨʘʥʠʮʳ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ, ʟʦʥʳ ʛʣʫʙʠʥʥʦʛʦ 

ʩʨʳʚʘ; 

4) ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʨʦʜʦʣʞʝʥʠʝ ʧʣʦʪʥʦʡ ʪʦʣʱʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ, 

ʥʘʩʳʱʝʥʥʦʡ ʣʠʥʟʘʤʠ ʠ ʙʫʜʠʥʘʤʠ ʜʠʦʨʠʪʦʚ ʠ ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʦʚ ʧʦʜ ʩʢʣʘʜʯʘʪʦ-

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (ʯʪʦ ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʜʘʥʥʳʤ ʛʨʘʚʠʤʝʪʨʠʠ ʚʚʠʜʫ 

ʝʝ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʩʪʠ). 

ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ: ʥʘ ʫʨʦʚʥʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ ʩʝʚʝʨʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ; ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʫʧʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ; ʚ ʮʝʣʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʩʥʦʚʥʳʭ 

ʛʨʘʥʠʮ, ʧʣʦʪʥʦʩʪ ɹ ʧʦ ʨʘʟʨʝʟʫ ʠʟʤʝʥʠʣʘʩʴ ʚ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ (ʜʦ 0.02 ʛ/ʩʤ
3
), ʯʪʦ 

ʜʦʧʫʩʪʠʤʦ ʜʣʷ ʧʦʨʦʜ ʦʜʥʦʛʦ ʩʦʩʪʘʚʘ. 

 

 
ʇʣʦʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ɹʦʨʱʦʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʷʜʨʘ. 
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ɺ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ɽʚʨʘʟʠʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʙʩʪʘʥʦʚʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ʉ ʧʨʦʜʫʢʪʘʤʠ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʩʚʷʟʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚʢʣʶʯʘʶʱʠʭ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥ-ʧʦʨʬʠʨʦʚʳʝ, 

ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʳʝ ʵʧʠʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

1029 ʢʝʨʥʦʚʳʭ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʢʝʨʥʘ ʩʢʚʘʞʠʥ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʫʧʦʣ ʠ ɼʚʦʡʥʦʝ 

(ʏʫʢʦʪʩʢʠʡ ɸʆ). ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʳʭ 

ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʦʙʣʘʩʪʷʤ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʫʧʦʣ, ʦʪʥʦʩʠʤʦʝ ʢ ʤʘʣʦʩʫʣʴʬʠʜʥʦʤʫ ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʦʤʫ 

ʵʧʠʪʝʨʤʘʣʴʥʦʤʫ ʪʠʧʫ, ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ 400 ʢʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʛ. ɸʥʘʜʳʨʷ. 

ʈʫʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʜʣʷ ʢʚʘʨʮ-ʘʜʫʣʷʨʦʚʳʭ ʞʠʣʴʥʳʭ ʪʝʣ ʚʳʩʪʫʧʘʶʪ ʧʦʨʦʜʳ 

ʝʨʦʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʉʚʠʪʘ ʩʣʦʞʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʘʥʜʝʟʠʪʘʤʠ, ʠʭ ʪʫʬʘʤʠ, ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʘʮʠʪʳ, 

ʠʛʥʠʤʙʨʠʪʳ ʠ ʨʠʦʣʠʪʳ. ɻʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʣʠʟʢʫʶ 

ʚʨʝʤʝʥʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ ʤʘʛʤʘʪʠʟʤʘ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʆʏɺʇ, ʟʘʣʦʞʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʘʣʴʙ-ʩʝʥʦʤʘʥʩʢʦʝ ʚʨʝʤʷ [1].  

ʈʫʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʚʦʡʥʦʝ, ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 100 

ʢʤ ʩʝʚʝʨʥʝʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʧʦʣ, ʦʪʥʝʩʝʥʳ ʢ ʪʳʪʳʣʴʚʝʝʤʩʢʦʡ ʩʚʠʪʝ 

ʥʠʞʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʚʫʣʢʘʥʠʪʳ ʪʳʪʳʣʴʚʝʝʤʩʢʦʡ ʩʚʠʪʳ 

ʨʘʥʝʝ ʚʢʣʶʯʘʣʠʩʴ ʚ ʩʦʩʪʘʚ ʆʏɺʇ, ʦʜʥʘʢʦ ʚ ʨʷʜʝ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ ʚʫʣʢʘʥʠʪʳ ʠ 

ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʥʠʤʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ, ʠʥʪʨʫʟʠʚʥʳʝ ʪʝʣʘ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʚ ʦʙʦʩʦʙʣʝʥʥʳʡ ʪʳʪʳʣʴʚʝʝʤʩʢʠʡ ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʠʡ ʧʦʷʩ 

ʥʠʞʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʟʘʣʦʞʝʥʥʳʡ ʥʘ ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʝ 

ʏʫʢʦʪʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʧʦʩʣʝ ʝʛʦ ʢʦʣʣʠʟʠʠ ʩ ʉʠʙʠʨʩʢʠʤ ʢʨʘʪʦʥʦʤ. ɺʦʟʨʘʩʪ 

ʚʫʣʢʘʥʠʪʦʚ ʪʳʪʳʣʴʚʝʝʤʩʢʦʡ ʚʧʘʜʠʥʳ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʘʧʪʩʢʠʡ [2].  

ɻʝʦʭʠʤʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ICP MS ʘʥʘʣʠʟʘ (As, Al, 

Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, In, K, La, Li, Mg, Mn, Mo, Na, Nb, 

Ni, P, Pb, Rb, Re, S, Sb, Sc, Se, Sn, Sr, Ta, Te, Th, Ti, Tl, U, V, W, Y, Zn, Zr), 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʉʪʶʘʨʪ ɻʝʦʢʝʤʠʢʣ ʵʥʜ ʕʩʩʝʡ (ʛ. ʄʦʩʢʚʘ). ɼʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʟ ʚʳʙʦʨʢʠ ʙʳʣʠ 

ʠʩʢʣʶʯʝʥʳ ʧʨʦʙʳ ʩʦ ʟʥʘʯʝʥʠʝʤ AI (ʠʥʜʝʢʩ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ) ʚʳʰʝ 50 

[6]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʘʥʜʝʟʠʪʳ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ 

ʧʦʨʦʜ ʚ ʦʙʝʠʭ ʩʚʠʪʘʭ.   
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68 

ʈʫʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʫʧʦʣ ʠ ɼʚʦʡʥʦʝ ʠʤʝʶʪ ʨʷʜ ʦʙʱʠʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʠʭ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ. ʇʦʨʦʜʳ ʦʪʥʝʩʝʥʳ ʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ, 

ʭʦʪʷ ʯʘʩʪʴ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʥʘ AFM-ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʝʠʪʦʚʦʡ 

(ʨʠʩʫʥʦʢ, ʘ), ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠ ʧʦ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʶʪ ʘʥʜʝʟʠʪʘʤ-ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤ 

(ʨʠʩʫʥʦʢ, ʙ, ʚ). ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʦʨʠʷ ʚ ʘʥʜʝʟʠʪʘʭ 

ʪʳʪʳʣʴʚʝʝʤʩʢʦʡ ʩʚʠʪʳ (23.9 ʛ/ʪ ʧʨʦʪʠʚ 6.6 ʛ/ʪ ʚ ʘʥʜʝʟʠʪʘʭ ʝʨʦʧʦʣʴʩʢʦʡ ʩʚʠʪʳ) 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʦʧʘʜʘʥʠʝ ʘʥʜʝʟʠʪʦʚ ʚ ʧʦʣʝ ʚʳʩʦʢʦʢʘʣʠʝʚʦʡ ʠ ʰʦʰʦʥʠʪʦʚʦʡ ʩʝʨʠʡ. 

ʊʦʨʠʡ ʷʚʣʷʝʪʩʷ ʥʝʤʦʙʠʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʚʧʣʦʪʴ ʜʦ ʘʤʬʠʙʦʣʠʪʦʚʳʭ ʬʘʮʠʡ [4]. ɽʛʦ ʧʦʚʝʜʝʥʠʝ ʚ 

ʤʘʛʤʦʛʝʥʝʨʠʨʫʶʱʝʤ ʧʨʦʮʝʩʩʝ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ 

ʥʝʦʜʥʦʟʥʘʯʥʦ, ʭʦʪʷ ʧʦ ʜʘʥʥʳʤ [7] ʪʦʨʠʡ ʤʦʞʝʪ ʙʳʪʴ ʤʦʙʠʣʴʥʳʤ ʧʨʠ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʩʣʵʙʘ, ʯʪʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʟʘʢʣʶʯʝʥʠʷʤ [4], ʫʢʘʟʳʚʘʶʱʠʤ, ʯʪʦ ʪʦʨʠʡ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʩ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ, ʥʝʞʝʣʠ LIL -ʵʣʝʤʝʥʪʳ.   

ʂʦʩʚʝʥʥʦ ʥʘ ʙʦʣʝʝ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʘʛʤʦʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʯʘʛʘ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʪʳʪʳʣʴʚʝʝʤʩʢʦʛʦ 

ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʧʦʷʩʘ ʫʢʘʟʳʚʘʶʪ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ Th ʠ Hf (0.68), Th ʠ Zr (0.64), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʧʦʨʦʜ ʝʨʦʧʦʣʴʩʢʦʡ ʩʚʠʪʳ Th ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩ Ce, La, Rb. 

ʎʠʨʢʦʥʠʡ ʠ ʛʘʬʥʠʡ ʷʚʣʷʶʪʩʷ ʩʣʘʙʦʧʦʜʚʠʞʥʳʤʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚ ʚʦʜʥʦʤ 

ʬʣʶʠʜʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʥʦʩ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʙʦʣʝʝ ʛʣʫʙʠʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʧʦʛʨʫʞʘʶʱʝʛʦʩʷ 

ʩʣʵʙʘ.  

ʇʦʚʳʰʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ Ba/Ta, Ba/Nb La/Nb (ʚ ʩʨʝʜʥʝʤ ʙʦʣʴʰʝ 1.5) 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʦʙʝʠʭ ʩʚʠʪ. 

ʅʘ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʘʥʜʝʟʠʪʳ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ ʙʘʟʘʣʴʪʦʚ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʜʫʛ (ʨʠʩʫʥʦʢ, ʛ). ʆʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ Hf/Ta ʙʦʣʴʰʝ 2 ʠ Zr/Y ʤʝʥʴʰʝ 

45 ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʙʜʫʢʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ, ʭʦʪʷ, ʧʦ 

ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ, ʜʣʷ ʚʫʣʢʘʥʠʪʦʚ ʪʳʪʳʣʴʚʝʝʤʩʢʦʛʦ ʧʦʷʩʘ ʭʘʨʘʢʪʝʨʥʳ 

ʪʘʢʞʝ ʠ ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʦʙʩʪʘʥʦʚʢʠ [2]. 

ɼʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʳʙʦʨʢʠ ʭʘʨʘʢʪʝʨʥr  ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ Sr/Y 

(ʙʦʣʴʰʝ 20). ʇʦʚʳʰʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʷʟʳʚʘʶʪ ʩ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʨʘʩʧʣʘʚʝ. ʇʦʚʳʰʝʥʥʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʤʘʛʤʳ 

ʚʝʜʝʪ ʢ ʦʙʠʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʤʬʠʙʦʣʘ, ʛʨʘʥʘʪʘ, ʧʦʜʘʚʣʷʶʱʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʯʪʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Sr/Y [9]. ʇʦʚʳʰʝʥʥʘʷ 

ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ, ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʝʨʳ, ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʬʠʛʫʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʯʝʨʪʘʤʠ 

ʩʫʙʜʫʢʮʠʦʥʥʦ ʩʚʷʟʘʥʥʳʭ ʤʘʛʤ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ 

ʨʘʩʧʣʘʚʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʬʠʨʦʚʦ-

ʵʧʠʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ [9]. ʇʦʚʳʰʝʥʥʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʤʘʛʤʳ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʪʥʦʰʝʥʠʷ Ba/Ta (ʜʣʷ ʘʥʜʝʟʠʪʦʚ ʝʨʦʧʦʣʴʩʢʦʡ 

ʩʚʠʪʳ ï 1322, ʜʣʷ ʘʥʜʝʟʠʪʦʚ ʪʳʪʳʣʴʚʝʝʤʩʢʦʡ ʩʚʠʪʳ ï 1419) [5]. ɺ ʮʝʣʦʤ ʞʝ, ʟʥʘʯʝʥʠʷ 

ʦʪʥʦʰʝʥʠʡ Ba/Ta, Ba/Nb ʠ La/Nb ʩʨʘʚʥʠʤʳ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [3]. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʜʝʟʠʪʦʚ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ʠ ʧʦʚʳʰʝʥʥʫʶ ʦʙʚʦʜʥʝʥʥʦʩʪʴ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʬʝʨʪʠʣʴʥʦʩʪʴ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʬʠʨʦʚʦ-ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ. 
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ɼʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʘʥʜʝʟʠʪʦʚ ʪʳʪʳʣʴʚʝʝʤʩʢʦʡ ʠ ʝʨʦʧʦʣʴʩʢʦʡ ʩʚʠʪ. ʘ ï 

AFM ʜʠʘʛʨʘʤʤʘ [10]; ʙ ï Zr/TivsNb/Y [8]; ʚ ï Th-Co [4]; ʛ ï Th-Zr-Nb [11]. 

ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʘʥʜʝʟʠʪʦʚ ʝʨʦʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, 

ʩʠʥʠʤ ʮʚʝʪʦʤ ï ʘʥʜʝʟʠʪʳ ʪʳʪʳʣʴʚʝʝʤʩʢʦʡ ʩʚʠʪʳ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʧʨʝʜʝʣʘʭ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ɽʚʨʘʟʠʠ ʦʙʣʘʩʪʝʡ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʛʦ 

ʚʫʣʢʘʥʠʟʤʘ, ʦʪʥʦʩʠʤʳʭ ʢ ʥʠʞʥʝʤʝʣʦʚʦʤʫ ʊʳʪʳʣʴʚʝʝʤʩʢʦʤʫ ʠ ʚʝʨʭʥʝʤʝʣʦʚʦʤʫ 

ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʤʫ ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʠʤ ʧʦʷʩʘʤ. ʇʨʠ ʤʥʦʛʠʭ ʩʭʦʜʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʨʦʜʳ ʪʳʪʳʣʴʚʝʝʤʩʢʦʡ ʩʚʠʪʳ ʦʙʣʘʜʘʶʪ 

ʧʨʠʟʥʘʢʘʤʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʩʣʵʙʘ, ʧʨʦʠʩʭʦʜʷʱʝʡ 

ʥʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʤʘʛʤʦʛʝʥʝʨʠʨʫʶʱʝʡ ʢʦʣʦʥʥʳ.  ʉʫʙʱʝʣʦʯʥʘʷ ʩʝʨʠʷ, 

ʤʝʪʘʣʶʤʠʥʠʝʚʳʡ ʭʘʨʘʢʪʝʨ ʧʦʨʦʜ, ʠʭ ʦʙʚʦʜʥʝʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, 

ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʛʝʥʝʪʠʯʝʩʢʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʵʧʠʪʝʨʤʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ 

ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. 
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ʇʨʦʙʣʝʤʘ ʩʣʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʦʧʦʜʯʠʥʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨ 

ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʠ ʧʦʣʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʝʡ 

ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʝʱʝ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ [1, 2]. ʀʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʪʝʢʪʦʥʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3], ʜʘʥʥʳʭ ʛʝʦʣʦʛʠʠ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʝʨʘʨʭʠʯʥʦ, ʪ.ʝ. ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʠʝʨʘʨʭʠʠ ʚʦʟʤʦʞʥʘ 

ʨʘʟʥʘʷ ʦʨʠʝʥʪʠʨʦʚʢʘ ʠʭ ʛʣʘʚʥʳʭ ʦʩʝʡ. ʆʜʥʘʢʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʆʧʳʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʠʨʦʜʥʳʭ ʧʘʣʝʦʥʘʧʨʷʞʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʦʜʥʦʤ ʦʙʥʘʞʝʥʠʠ (ʣʦʢʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʝ) ʠʥʦʛʜʘ ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʪʨʝʩʩ-ʩʦʩʪʦʷʥʠʡ ï ʢʘʢ ʧʨʘʚʠʣʦ, 2ï3 [4]. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʦʙʥʘʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʩʣʦʞʥʝʥʳ ʥʝʪʝʢʪʦʥʠʯʝʩʢʠʤʠ 

ʜʝʬʦʨʤʘʮʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʪʨʝʱʠʥʳ ʙʦʢʦʚʦʛʦ ʦʪʧʦʨʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʚʙʣʠʟʠ ʢʨʫʪʳʭ ʩʢʣʦʥʦʚ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʪʨʝʱʠʥ ʤʦʞʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ [5]. 

ʈʝʢʦʥʩʪʨʫʢʮʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ 

ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʤʠ ʤʝʪʦʜʘʤʠ [6ï10] ʚ ʦʩʥʦʚʥʦʤ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ɼʞʠʜʘ-

ɺʠʪʠʤʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ (ɻʫʩʠʥʦʦʟʝʨʩʢʘʷ ʠ ʋʜʠʥʩʢʘʷ ʚʧʘʜʠʥʳ). ʎʝʣʴ ʥʘʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʧʝʮʠʬʠʢʠ ʠʝʨʘʨʭʠʠ ʠ ʵʚʦʣʶʮʠʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚʝʨʭʥʝʡ ʢʦʨʳ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ, ʚ ʧʨʝʜʝʣʘʭ ʊʫʛʥʫʡ-

ʂʦʥʜʠʥʩʢʦʡ, ʍʠʣʦʢʩʢʦʡ ʠ ʏʠʢʦʡ-ʀʥʛʦʜʠʥʩʢʦʡ ʨʘʟʣʦʤʥʳʭ ʟʦʥ, ʘ ʪʘʢʞʝ ʎʘʛʘʥ-

ɼʘʙʘʥʩʢʦʛʦ, ɿʘʛʘʥʩʢʦʛʦ ʠ ʄʘʣʭʘʥʩʢʦʛʦ ʙʣʦʢʦʚ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʦʯʝʢ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. 1 ï ʨʘʟʣʦʤʳ; 2 ï ʨʘʟʣʦʤʥʳʝ ʟʦʥʳ; 3 ï ʠʥʪʨʫʟʠʠ ʠ ʜʦʤʝʟʦʟʦʡʩʢʠʝ ʧʦʨʦʜʳ 
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ʚ ʨʘʟʣʦʤʥʳʭ ʟʦʥʘʭ (ʘ) ʠ ʙʣʦʢʘʭ (ʙ); 4 ï ʤʝʟʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ; 5 ï ʢʘʡʥʦʟʦʡʩʢʠʝ 

ʦʩʘʜʢʠ; 6 ï ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʡ (ʘ ï ʚ ʠʥʪʨʫʟʠʷʭ ʠ ʜʦʤʝʟʦʟʦʡʩʢʠʭ ʧʦʨʦʜʘʭ, ʙ ï ʚ 

ʧʦʨʦʜʘʭ ʤʝʟʦʟʦʷ, ʚ ï ʚ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ). 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʨʘʟʣʦʤʥʳʭ ʟʦʥ [11, 12], ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʤʘʩʩʦʚʳʭ 

ʟʘʤʝʨʦʚ ʨʘʟʨʳʚʦʚ ʠ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʣʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʫʯʝʪʦʤ ʝʝ ʨʘʥʛʦʚʦʡ ʩʦʧʦʜʯʠʥʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʨʘʟʥʦʨʘʥʛʦʚʳʝ ʜʠʟʲʶʥʢʪʠʚʳ ʨʘʟʣʠʯʥʦʡ ʢʠʥʝʤʘʪʠʢʠ ʚ ʧʨʝʜʝʣʘʭ 

ʢʨʫʧʥʦʡ (ʨʝʛʠʦʥʘʣʴʥʦʡ) ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ. ʈʘʥʞʠʨʦʚʘʥʠʝ ʧʘʨʘʛʝʥʝʟʦʚ ʣʦʢʘʣʴʥʳʭ 

ʨʘʟʨʳʚʦʚ ʨʘʟʣʠʯʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʨʬʦʣʦʛʦ

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʦʩʥʦʚʥʦʛʦ ʨʘʟʣʦʤʘ. ʊʘʢʞʝ, ʧʦʣʴʟʫʷʩʴ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ, ʤʦʞʥʦ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʦʙʩʪʘʥʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʚʠʚʘʣʠʩʴ ʵʪʠ ʨʘʟʣʦʤʳ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ.  

ɺ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʠ ʙʣʦʢʦʚ ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʜʠʟʲʶʥʢʪʠʚʥʳʝ ʜʠʩʣʦʢʘʮʠʠ, ʘ ʠʤʝʥʥʦ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʠ ʨʘʟʨʳʚʳ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʙʦʨʦʟʜʳ ʩʢʦʣʴʞʝʥʠʷ. ɹʦʨʦʟʜʳ ʩʢʦʣʴʞʝʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [13] ï 40 ʨʝʢʦʥʩʪʨʫʢʮʠʡ. ʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 133 ʣʦʢʘʣʴʥʳʭ ʨʝʰʝʥʠʷ ʚ 77 ʪʦʯʢʘʭ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ (ʨʠʩ. 1).  

ʇʘʨʘʛʝʥʝʟʳ ʣʦʢʘʣʴʥʳʭ ʨʘʟʨʳʚʦʚ ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʟʫʯʝʥʥʳʭ ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʠ ʚʦʟʨʘʩʪʘ ʥʘʨʫʰʝʥʥʳʭ ʠʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʘʧʨʠʤʝʨ, ʚʩʝ 

ʣʦʢʘʣʴʥʳʝ ʩʪʨʝʩʩ-ʪʝʥʟʦʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ, ʦʪʜʝʣʴʥʦ ʦʪ ʣʦʢʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʠʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʩʘʜʢʦʚ, ʤʝʟʦʟʦʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʜʦʤʝʟʦʟʦʡʩʢʠʭ  ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

 ʈʝʟʫʣʴʪʘʪ ʨʘʥʛʦʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ï ʚʳʷʚʣʝʥʠʝ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʦʩʥʦʚʥʦʛʦ ʨʘʟʣʦʤʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʣʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʦʤʦʚ 

ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʵʚʦʣʶʮʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ. 
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ʃʦʢʘʣʴʥʳʝ ʩʪʨʝʩʩ-ʪʝʥʟʦʨʳ ʚ ʟʦʥʘʭ ʊʫʛʥʫʡ-ʂʦʥʜʠʥʩʢʦʛʦ ʠ ʏʠʢʦʡ-ʀʥʛʦʜʠʥʩʢʦʛʦ 

ʨʘʟʣʦʤʦʚ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʧʦʣʶ ʨʘʩʪʷʞʝʥʠʷ ʩ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʛʣʘʚʥʦʡ ʦʩʠ ʚ ʉɿ-ʖɺ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʣʦʢʘʣʴʥʳʭ ʩʪʨʝʩʩ-ʪʝʥʟʦʨʦʚ ʚ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ 

ʊʫʛʥʫʡ-ʂʦʥʜʠʥʩʢʦʡ ʠ ʍʠʣʦʢʩʢʦʡ ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʪʘʢʞʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʘʨʘʛʝʥʝʟʫ, 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʢʨʫʧʥʦʡ ʟʦʥʳ ʨʘʩʪʷʞʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʧʘʨʘʛʝʥʝʟʘ ʚ ʊʫʛʥʫʡ-

ʂʦʥʜʠʥʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ ʚʳʷʚʣʝʥ ʧʘʨʘʛʝʥʝʟ ʨʘʟʨʳʚʦʚ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʦʙʩʪʘʥʦʚʢʠ ʩʞʘʪʠʷ ʉɿ-ʖɺ ʥʘʧʨʘʚʣʝʥʠʷ. ʃʦʢʘʣʴʥʳʝ ʩʪʨʝʩʩ-ʪʝʥʟʦʨʳ ʚ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʠ ʜʦʤʝʟʦʟʦʡʩʢʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʧʦʨʦʜʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʠʤ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʦʣʷʤ ʥʘʧʨʷʞʝʥʠʡ. ʊʘʢ, ʢʨʦʤʝ 

ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʥʦʛʦ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʦʣʷ ʉɿ-ʖɺ 

ʨʘʩʪʷʞʝʥʠʷ, ʚ ʊʫʛʥʫʡ-ʂʦʥʜʠʥʩʢʦʡ ʠ ʏʠʢʦʡ-ʀʥʛʦʜʠʥʩʢʦʡ ʨʘʟʣʦʤʥʳʭ ʟʦʥʘʭ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʣʝ ʩʞʘʪʠʷ ʩ ʉɿ ʧʨʦʩʪʠʨʘʥʠʝʤ ʛʣʘʚʥʦʡ ʦʩʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʊʫʛʥʫʡ-

ʂʦʥʜʠʥʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ, ʘ ʪʘʢʞʝ ʫ ʖɺ ʛʨʘʥʠʮʳ ʏʠʢʦʡ-ʀʥʛʦʜʠʥʩʢʦʡ ʟʦʥʳ 

ʫʩʪʘʥʦʚʣʝʥʦ ʩʜʚʠʛʦʚʦʝ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ (ʨʠʩ. 2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʟʣʦʤʥʳʭ ʟʦʥʘʭ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʚʳʷʚʣʝʥʳ ʧʦʣʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. ʇʨʠʤʝʥʝʥʠʝ 

ʨʘʥʛʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʵʚʦʣʶʮʠʶ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʳ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʚ ʤʝʟʦʟʦʝ ʠ 

ʢʘʡʥʦʟʦʝ. 
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ɼʝʣʴʪʘ ʨ. ɻʦʣʦʫʩʪʥʦʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʝʡ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ. ʆʙʱʘʷ ʨʘʩʯʝʪʥʘʷ ʧʣʦʱʘʜʴ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

12.7 ʢʤ
2
.  ɺ ʩʚʷʟʠ ʩ ʟʘʙʦʣʦʯʝʥʥʦʩʪʴʶ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʜʝʣʴʪʳ, ʩʣʦʞʝʥʥʳʭ 

ʩʫʛʣʠʥʠʩʪʳʤʠ ʠ ʩʫʧʝʩʯʘʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʳ ʤʦʨʦʟʦʙʦʡʥʦʛʦ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʷʚʣʝʥʳ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ [1]. ʅʘʠʙʦʣʴʰʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʨʦʟʦʙʦʡʥʳʭ ʪʨʝʱʠʥ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʜʝʣʴʪʳ. ʇʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʦ. ʆʣʴʭʦʥ [12] ʠ ʚ ʜʝʣʴʪʝ        

ʨ. ʉʝʣʝʥʛʠ [13]. ɺ ʩʚʷʟʠ ʦʩʚʦʝʥʠʝʤ ʥʦʚʳʭ ʨʝʛʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʧʨʦʮʝʩʩʘʤ ʤʦʨʦʟʦʙʦʡʥʦʛʦ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʧʫʙʣʠʢʘʮʠʡ [3, 8, 9 ʠ ʜʨ.], ʚ ʢʦʪʦʨʳʭ ʣʫʯʰʝ 

ʚʩʝʛʦ ʦʧʠʩʘʥʦ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʫʯʝʥʠʝ ʢʨʠʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠʤʝʝʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠʤʝʥʷʶʪʩʷ ʥʦʚʳʝ 

ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʨʠʦʣʠʪʦʟʦʥʝ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ. ɺ ʨʘʙʦʪʘʭ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʘʣʠʢʦʚʳʭ ʟʦʥ, ʤʦʱʥʦʩʪʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʦʙʥʘʨʫʞʝʥʠʷ ʞʠʣʴʥʦʛʦ ʣʴʜʘ [2, 

7, 10, 11 ʠ ʜʨ.]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʣʫʙʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʨʦʟʦʙʦʡʥʳʭ ʪʨʝʱʠʥ. 

ʇʦ ʜʘʥʥʳʤ ʧʨʝʜʚʘʨʷʶʱʝʡ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʪʘʣʴʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʙʳʣʠ ʥʘʤʝʯʝʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʫʯʘʩʪʢʠ ʧʨʦʷʚʣʝʥʠʷ ʤʦʨʦʟʦʙʦʡʥʳʭ ʪʨʝʱʠʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʢʨʝʩʪ 

ʧʨʦʩʪʠʨʘʥʠʷ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʝʤʴ ʛʝʦʨʘʜʘʨʥʳʭ ʧʨʦʬʠʣʝʡ. ʈʘʙʦʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʛʝʦʨʘʜʘʨʦʤ ʆʂʆ-3 ʩ ʘʥʪʝʥʥʳʤʠ ʙʣʦʢʘʤʠ ɸɹ 90, ɸɹɼʃ ʊʨʠʪʦʥ, ɸɹ 

150/400, ɸɹ 250/700. ɼʣʷ ʫʯʝʪʘ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʤ ʪʘʭʝʦʤʝʪʨʦʤ Leiʩa 

ʥʘ ʧʨʦʬʠʣʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʩ ʰʘʛʦʤ 1.0ï1.5 ʤ. 

ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʣʠʥʝʡʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʤʝʩʪʥʦʩʪʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʢʨʠʦʛʝʥʥʳʡ ʛʝʥʝʟʠʩ. ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʘʤ ʩʪʨʫʢʪʫʨʳ ʫʩʣʦʚʥʦ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʚʠʜʘ: 1 ï ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʙʫʛʨʠʩʪʳʝ ʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 20ï

350 ʤ ʩ ʦʪʢʨʳʪʦʡ ʟʠʷʶʱʝʡ ʪʨʝʱʠʥʦʡ ʚ ʮʝʥʪʨʝ ʩ ʰʠʨʠʥʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʩʘʥʪʠʤʝʪʨʦʚ, ʟʘʧʦʣʥʝʥʥʦʡ ʣʴʜʦʤ (ʨʠʩʫʥʦʢ, ɸ); 2 ï ʤʝʥʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ 

ʚʳʨʘʞʝʥʥʳʝ ʥʘ ʤʝʩʪʥʦʩʪʠ ʪʨʝʱʠʥʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 30ï80 ʤ, ʠʤʝʶʱʠʝ ʠʟʚʠʣʠʩʪʫʶ 

ʚ ʧʣʘʥʝ ʬʦʨʤʫ (ʨʠʩʫʥʦʢ, ɺ); 3 ï ʧʦʣʠʛʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʦʚʪʦʨʥʦ-ʪʨʝʱʠʥʥʳʭ ʞʠʣ 

ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 30³13 ʤ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨ ʩʚʷʟʘʥʦ ʩ ʛʣʫʙʦʢʠʤ ʩʝʟʦʥʥʳʤ ʧʨʦʤʝʨʟʘʥʠʝʤ ʠ ʦʪʪʘʠʚʘʥʠʝʤ, ʧʦʚʪʦʨʥʳʤ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ ʠ ʜʘʣʴʥʝʡʰʝʡ ʮʝʤʝʥʪʘʮʠʝʡ ʪʨʝʱʠʥ ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʛʦʜʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʩʪʨʫʢʪʫʨʳ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ʚ ʚʠʜʝ ʢʣʠʥʘ, ʨʘʟʨʳʚʘʶʱʝʛʦ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʨʘʜʠʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʳʚʘʶʪ ʠʥʫʶ ʢʘʨʪʠʥʫ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ GL 2, ʧʨʦʡʜʝʥʥʦʛʦ ʯʝʨʝʟ 

ʩʪʨʫʢʪʫʨʫ 1-ʛʦ ʪʠʧʘ, ʚ ʤʝʩʪʝ ʣʦʢʘʣʠʟʘʮʠʠ ʪʨʝʱʠʥʳ ʚʳʜʝʣʷʝʪʩʷ ʟʦʥʘ ʚʳʧʫʯʠʚʘʥʠʷ 
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ʛʨʫʥʪʘ. ʆʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦʩʭʦʞʜʝʥʠʝʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʣʦʝʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʝʤʣʠ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʮʝʥʪʨʘ ʪʨʝʱʠʥʳ. ʕʪʦʪ ʵʬʬʝʢʪ ʭʦʨʦʰʦ ʧʨʦʷʚʣʝʥ ʥʘ 

ʨʘʜʘʨʦʛʨʘʤʤʘʭ, ʠʤʝʶʱʠʭ ʨʘʟʥʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (150 ʠ 250 ʄʛʮ) 

(ʨʠʩʫʥʦʢ, ɹ). ʉʭʦʞʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʩʦʩʝʜʥʝʤ ʧʨʦʬʠʣʝ GL 1. ʇʦʣʫʯʝʥʥʳʡ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʩʭʦʞ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʘʟʨʝʟʦʤ ʙʫʛʨʘ ʧʫʯʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʢ ʣʠʥʝʡʥʳʤ ʙʫʛʨʘʤ ʧʫʯʝʥʠʷ ʧʦ ʪʠʧʫ çʧʨʷʤʘʷ ʛʨʷʜʘè. ʇʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʚ ʅʦʨʚʝʛʠʠ, ʠʭ ʜʣʠʥʘ ʩʦʩʪʘʚʣʷʣʘ ʜʦ 500 ʤ, ʧʨʠ ʰʠʨʠʥʝ 1ï10 ʤ [14, 15]. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʣʠʥʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 20 ʜʦ 350 ʤ ʧʨʠ ʰʠʨʠʥʝ 1ï10 ʤ. 

 

 
ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʨʦʬʠʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ GL 1, GL 2 (ɸ); 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʡ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣʶ GL 2 (ɹ); 

ʘʵʨʦʬʦʩʥʠʤʦʢ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʨʦʬʠʣʷ GL 7 (ɺ); ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʡ 

ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʨʦʬʠʣʷ GL 7 (ɻ). 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʯʝʨʝʟ 

ʩʪʨʫʢʪʫʨʳ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʨʘʟʨʝʟʳ, ʩʭʦʞʠʝ ʩ 

ʨʘʟʨʝʟʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʨʘʟʨʳʚʦʚ. ʅʘ ʨʘʜʘʨʦʛʨʘʤʤʝ 

ʪʨʝʱʠʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʨʘʟʨʳʚʦʤ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ. ʊʘʢʦʡ ʞʝ ʧʨʠʟʥʘʢ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʧʨʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʠʟʫʯʝʥʠʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʨʘʟʨʳʚʦʚ [4, 5].  ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʥʘ ʧʨʦʬʠʣʝ 7 ʨʘʟʨʳʚ, ʭʦʨʦʰʦ ʧʨʦʷʚʣʝʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʪʘʢʞʝ ʭʦʨʦʰʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʥʘ ʨʘʜʘʨʦʛʨʘʤʤʝ ʜʦ ʛʣʫʙʠʥʳ ʧʦʨʷʜʢʘ 6 ʤ, ʛʣʫʙʞʝ ʧʨʦʩʣʝʜʠʪʴ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʣʫʙʠʥʥʦʩʪʴʶ ʤʝʪʦʜʘ ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʜʘʨʦʛʨʘʤʤʳ ʚʳʜʝʣʷʶʪʩʷ ʝʱʝ ʪʨʠ ʤʝʣʢʠʭ 

ʨʘʟʨʳʚʘ, ʧʨʦʷʚʣʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚ ʚʠʜʝ ʧʦʥʠʞʝʥʠʡ (ʨʠʩʫʥʦʢ, ɺ, ɻ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʠʷ 

ʢʨʠʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʷʚʣʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʭʦʜʷʱʝʛʦ 

ʯʝʨʝʟ ʤʳʩ ʩʝʡʩʤʦʘʢʪʠʚʥʦʛʦ ʇʨʠʤʦʨʩʢʦʛʦ ʨʘʟʣʦʤʘ [6]. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʛʣʘʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʣʠʥʝʡʥʦʩʪʠ ʠ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʚʳʷʚʣʝʥʥʳʭ ʢʨʠʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʈʘʥʝʝ ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʦʥʳ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ 

ʇʨʠʤʦʨʩʢʦʛʦ ʨʘʟʣʦʤʘ ʩʬʦʨʤʠʨʦʚʘʣʠ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 
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ʜʝʣʴʪʳ ʨ. ɻʦʣʦʫʩʪʥʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-

27-00064, https://rscf.ru/project/22-27-00064/. 
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ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʝ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ ʧʨʠʫʨʦʯʝʥʦ ʢ ʶʞʥʦʤʫ ʢʨʳʣʫ 

ʉʝʚʝʨʦ-ʅʫʨʘʪʠʥʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ. ɺʘʞʥʦʝ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʂʘʨʘʫʣʭʘʥʘ-ʏʘʨʤʠʪʘʥʩʢʘʷ ʟʦʥʘ ʩʤʷʪʠʷ, ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʨʫʜʥʦʝ ʧʦʣʝ ʩ ʶʛʘ, 

ʧʨʦʩʣʝʞʠʚʘʶʱʘʷʩʷ ʥʘ ʤʥʦʛʠʝ ʜʝʩʷʪʢʠ ʢʠʣʦʤʝʪʨʦʚ. 

ʆʢʦʣʦʨʫʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ, ʚʦ ʚʥʝʰʥʠʭ ʨʫʜʦʥʦʩʥʳʭ ʟʦʥʘʭ ʨʘʟʚʠʪʘ 

ʙʝʨʝʟʠʪʠʟʘʮʠʷ (ʦʢʚʘʨʮʝʚʘʥʠʝ, ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ, ʩʝʨʠʮʠʪʠʟʘʮʠʷ, ʧʠʨʠʪʠʟʘʮʠʷ). ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʏʘʨʤʠʪʘʥ. ʀʥʦʛʜʘ ʦʪʤʝʯʘʶʪʩʷ 

ʘʨʛʠʣʣʠʟʠʪʦʚʳʝ (ʢʘʦʣʠʥʠʟʘʮʠʷ) ʤʝʪʘʩʦʤʘʪʠʪʳ. 

ɺ ʨʫʜʥʦʤ ʧʦʣʝ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʳ ʜʚʝ ʛʨʫʧʧʳ ʧʦʨʦʜ: 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʜʞʘʟʙʫʣʘʢʩʢʦʡ ʠ ʢʘʨʘʪʘʰʩʢʦʡ ʩʚʠʪ 

ʩʨʝʜʥʝʣʘʥʜʦʚʝʨʠʡʩʢʦʛʦ ʠ ʧʦʟʜʥʝʣʘʥʜʦʚʝʨʠʡʩʢʦʛʦ ï ʚʝʥʣʦʢʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ 

ʛʨʘʥʠʪʦʠʜʳ ʂʦʰʨʘʙʘʜʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ, ʜʘʪʠʨʫʝʤʳʝ ʚʝʨʭʥʠʤ ʢʘʨʙʦʥʦʤ. 

ɼʞʘʟʙʫʣʘʢʩʢʘʷ ʩʚʠʪʘ ʤʦʱʥʦʩʪʴʶ 250ï300 ʤ ʩʦʩʪʦʠʪ ʠʟ ʩʣʘʥʮʝʚ, ʘʣʝʚʨʦʣʠʪʦʚ, 

ʧʝʩʯʘʥʠʢʦʚ ʩ ʨʝʜʢʠʤʠ ʣʠʥʟʘʤʠ ʠ ʧʨʦʩʣʦʷʤʠ ʪʫʬʦʛʝʥʥʳʭ ʧʦʨʦʜ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. 

ʇʦʨʦʜʳ ʩʚʠʪʳ ʧʦʜʚʝʨʛʥʫʪʳ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʤʝʪʘʤʦʨʬʠʟʤʫ ʥʘ ʫʨʦʚʥʝ ʬʠʣʣʠʪʦʚʦʡ 

ʬʘʮʠʠ ʠ ʧʨʝʚʨʘʱʝʥʳ ʚ ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪʦʚʳʝ, ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʝ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ 

ʩʣʘʥʮʳ, ʘʨʛʠʣʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ, ʤʝʨʛʝʣʠ ʠ ʪ.ʧ. ʂʘʨʘʪʘʰʩʢʘʷ ʩʚʠʪʘ ʤʦʱʥʦʩʪʴʶ 350ï

400 ʤ, ʧʦʜʩʪʠʣʘʶʱʘʷ ʧʦʨʦʜʳ ʜʞʘʟʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʩʣʘʥʮʘʤʠ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʢʨʝʤʥʝʡ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. 

ɺ ʧʨʝʜʝʣʘʭ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ 

ʤʝʪʘʩʦʤʘʪʠʪʳ ʜʚʫʭ ʬʦʨʤʘʮʠʡ: ʛʫʤʙʝʠʪʳ ʠ ʣʠʩʪʚʝʥʠʪʳ ï ʙʝʨʝʟʠʪʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ 

ʨʫʜʦʥʦʩʥʳʝ ʪʝʣʘ ʠ ʟʦʥʳ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʠ ʜʨʦʙʣʝʥʠʷ. 

ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ ʜʦʧʦʣʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʰʝʡ ʩʭʝʤʳ 

ʚʦʟʨʘʩʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʧʦʣʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʀ.ʍ. ʍʘʤʨʘʙʘʝʚʘ [1], ɺ.ɸ. ʍʦʨʚʘʪʘ, ɺ.ɸ. 

ʍʨʝʥʦʚʘ [2], ɸ.ʀ. ɼʘʫʪʦʚʘ [3] ʠ ʜʨ. ʚ ʏʘʨʤʠʪʘʥʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʥʘʠʙʦʣʝʝ ʨʘʥʥʝʡ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʘʮʠʝʡ ʷʚʣʷʪʁʩʷ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʣʴʙʠʪʠʟʘʮʠʝʡ ʠ ʢʘʣʠʰʧʘʪʠʟʘʮʠʝʡ. ʂʘʢ ʙʫʜʝʪ ʚʠʜʥʦ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʣʦʞʝʥʠʷ, ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʤʝʥʳ ʥʘʪʨʦʚʦʛʦ 

ʤʝʪʘʩʦʤʘʪʦʟʘ ʢʘʣʠʝʚʳʤ ʠʣʠ ʢʘʣʠʝʚʦʛʦ ʥʘʪʨʦʚʳʤ. ɸʚʪʦʨʳ ʙʫʜʫʪ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ 

ʤʥʝʥʠʷ ɿ.ɸ. ʖʜʘʣʝʚʠʯʘ ʠ ɸ.ʀ. ɼʘʫʪʦʚʘ   [3, 4] ʦ ʙʦʣʝʝ ʨʘʥʥʝʤ ʧʨʦʷʚʣʝʥʠʠ ʢʘʣʠʝʚʦʛʦ 

ʤʝʪʘʩʦʤʘʪʦʟʘ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʪʘʜʠʠ ʘʚʪʦʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ. ʂ ʵʪʦʤʫ ʧʨʠʥʫʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [5] ʧʦ ʠʟʫʯʝʥʠʶ 

ʘʚʪʦʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʩʩʠʚʦʚ ʛʦʨ ʂʘʨʘʪʶʙʝ ʠ 

ʂʫʣʴʜʞʫʢʪʘʫ, ʛʜʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʧʦʣʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʮʠʢʣʘ 

ʛʝʨʮʠʥʩʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʜʥʦʢʨʘʪʥʘ ̫ʩʤʝʥʘ ʢʘʣʠʝʚʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ 

ʥʘʪʨʠʝʚʳʤ, ʟʘʪʝʤ ʥʘʪʨʠʝʚʦʛʦ ʢʘʣʠʝʚʳʤ. ʀʩʭʦʜʷ ʠʟ ʪʘʢʠʭ ʜʘʥʥʳʭ, ʦʢʦʣʦʨʫʜʥʳʝ 
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ʠʟʤʝʥʝʥʠʷ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʠʚʘʪʴ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʬʦʨʤʘʮʠʠ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʛʫʤʙʝʠʪʦʚ, 

ʙʝʨʝʟʠʪʦʚ-ʣʠʩʪʚʝʥʠʪʦʚ ʠ ʘʨʛʠʣʣʠʟʠʪʦʚ. 

ʅʘ ʏʘʨʤʠʪʘʥʩʢʦʤ ʟʦʣʦʪʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʜʦʣʴ ʩʪʝʨʞʥʝʚʳʭ ʢʚʘʨʮʝʚʳʭ 

ʞʠʣ ʧʨʦʷʚʣʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʧʦ ʤʠʥʝʨʘʣʴʥʳʤ 

ʧʘʨʘʛʝʥʝʟʠʩʘʤ ʠ ʭʠʤʠʟʤʫ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʜʨʫʛʠʭ ʬʦʨʤʘʮʠʡ ï 

ʣʠʩʪʚʝʥʠʪʦʚ-ʙʝʨʝʟʠʪʦʚ, ʘʨʛʠʣʣʠʟʠʪʦʚ, ʭʣʦʨʠʪʦʣʠʪʦʚ ʠ ʜʨ. ʇʦʩʢʦʣʴʢʫ ʘʥʘʣʦʛʠʯʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʠʤʝʶʪ ʤʝʩʪʦ ʠ ʥʘ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ï 

ʅʫʨʘʪʘʫ-ʉʘʨʤʠʯʝ, ɹʘʣʘʡʙʘʭʦ, ʂʘʥʩʘʝ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʨʘʟʚʠʪʠʠ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɿʜʝʩʴ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ            

ɺ.ɸ. ɾʘʨʠʢʦʚʘ ʠ ɹ.ʀ. ʆʤʝʣʴʷʥʝʥʢʦ [4]. ɺʝʨʦʷʪʥʦ, ʘʚʪʦʨʳ ʠʤʝʶʪ ʚ ʚʠʜʫ ʢʚʘʨʮ-

ʧʦʣʝʚʦʰʧʘʪʦʚʫʶ ʬʦʨʤʘʮʠʶ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʫʶ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ, ʜʦ ʧʨʦʷʚʣʝʥʠʷ ʦʢʦʣʦʞʠʣʴʥʦʡ 

ʢʘʣʠʰʧʘʪʠʟʘʮʠʠ ʠʣʠ ʘʣʴʙʠʪʠʟʘʮʠʠ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʥʝ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ 

ʬʦʨʤʘʮʠʠ, ʘ ʩʦʙʩʪʚʝʥʥʦ ʛʫʤʙʝʠʪʦʚʦʡ ʠ ʵʡʩʠʪʦʚʦʡ ʬʦʨʤʘʮʠʷʤ. 

ɺ ʏʘʨʤʠʪʘʥʝ ʚ ʟʦʥʘʭ ʦʨʫʜʝʥʝʥʠʷ ʛʨʘʥʦʩʠʝʥʠʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʢʦʥʪʘʢʪʦʚʳʝ 

ʨʦʛʦʚʠʢʠ. ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʠʟʫʯʝʥʠʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ï 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʯʪʦ 

ʚʣʠʷʝʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʣʝʛʯʝ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʨʷʜʫ ʚʠʟʫʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʦʪʣʠʯʘʶʱʠʭ ʠʭ ʦʪ ʧʦʨʦʜ ʵʜʫʢʪʘ. ʕʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʏʘʨʤʠʪʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʛʜʝ ʥʘʤʝʯʝʥʳ ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ ʬʦʨʤʘʮʠʠ. ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʦʙ 

ʦʪʥʦʰʝʥʠʠ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʢ ʧʨʦʮʝʩʩʘʤ ʦʢʦʣʦʞʠʣʴʥʦʛʦ ʤʝʪʘʩʦʤʘʪʠʟʤʘ, 

ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʤʠʢʨʦʥʘʙʣʶʜʝʥʠʷ ʢʦʥʪʘʢʪʦʚʳʭ ʟʦʥ ʢʚʘʨʮʝʚʳʭ ʞʠʣ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʢʩʝʥʦʣʠʪʦʚ ʩʣʘʥʮʝʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʢʚʘʨʮʝ, ʠʟʫʯʠʣʠ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʧʨʠʟʘʣʴʙʘʥʜʦʚʳʭ ʠ ʫʜʘʣʝʥʥʳʭ ʦʪ ʞʠʣ ʫʯʘʩʪʢʦʚ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʢʦʣʦʞʠʣʴʥʳʭ ʧʦʨʦʜ ʫʩʪʘʥʦʚʠʣʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦ ʠʭ ʜʘʥʥʳʤ, ʙʦʣʝʝ ʨʘʥʥʠʡ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ï ʭʣʦʨʠʪʠʟʘʮʠʷ ï 

ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʢʩʝʥʦʣʠʪʘʭ ʩʣʘʥʮʝʚ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʠʭ ʟʘʤʝʱʝʥʠʷ ʘʛʨʝʛʘʪʘʤʠ 

ʤʝʣʢʦʯʝʰʫʡʯʘʪʦʛʦ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʭʣʦʨʠʪʘ. ɺ ʟʘʣʴʙʘʥʜʘʭ ʥʝʢʦʪʦʨʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ 

ʧʨʦʞʠʣʢʦʚ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʨʘʥʥʝʡ ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʭʣʦʨʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʘʣʴʙʠʪʦʤ ʠ ʟʘʤʝʱʘʶʱʠʤ 

ʝʛʦ (ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ) ʢʘʣʠʰʧʘʪʦʤ ʚ ʚʠʜʝ ʤʘʣʦʤʦʱʥʳʭ (ʧʝʨʚʳʝ 

ʤʠʣʣʠʤʝʪʨʳ) ʣʠʥʟ ʠʣʠ ʟʦʥʦʢ. ʍʣʦʨʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ [2] ʧʝʨʝʩʝʢʘʶʪʩʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʞʠʣʢʘʤʠ 

ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʦʛʦ ʠ ʢʚʘʨʮ-ʧʠʨʠʪ-ʢʘʨʙʦʥʘʪ-ʩʝʨʠʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʠ ʙʦʣʝʝ 

ʧʦʟʜʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʩʦʧʨʷʛʘʶʪʩʷ ʩʦ 

ʚʪʦʨʦʡ ʧʨʦʜʫʢʪʠʚʥʦʡ (ʧʦʣʠʩʫʣʴʬʠʜʥʦʡ) ʘʩʩʦʮʠʘʮʠʝʡ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʚʝʜʫʱʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʘʨʩʝʥʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ ʠ ʩʫʣʴʬʦʩʦʣʠ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʫʞʥʦ 

ʟʜʝʩʴ ʫʢʘʟʘʪʴ, ʯʪʦ ʘʚʪʦʨʳ ʚ ʜʘʥʥʦʤ ʚʳʩʢʘʟʳʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦ ʜʦʧʫʩʢʘʶʪ 

ʥʝʪʦʯʥʦʩʪʴ. ʈʘʩʩʤʘʪʨʠʚʘʪʴ ʭʣʦʨʠʪʠʟʘʮʠʶ ʢʩʝʥʦʣʠʪʦʚ ʩʣʘʥʮʝʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʉʘʨʤʠʯ ʚ ʩʦʩʪʘʚʝ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʥʝʣʴʟʷ. ʆʥʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʧʨʦʧʠʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ, ʨʘʟʚʠʪʦʡ ʚʦ ʚʥʝʰʥʠʭ ʟʦʥʘʭ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ. 

ɺʳʚʦʜ ʘʚʪʦʨʦʚ ʦ ʪʦʤ, ʯʪʦ ʘʩʩʦʮʠʘʮʠʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ ʚ 

ʦʢʦʣʦʞʠʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʉʘʨʤʠʯʘ ʠ ʏʘʨʤʠʪʘʥʘ ʦʪʣʠʯʘʶʪʩʷ ʣʠʰʴ 
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ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʨʘʞʝʥʠʝʤ, ʘ ʨʘʟʥʘʷ ʩʪʝʧʝʥʴ ʠʭ ʧʨʦʷʚʣʝʥʠʷ, ʥʝʩʦʤʥʝʥʥʦ, ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʩʪʘʚʘ ʵʜʫʢʪʘ ʠ ʠʥʝʨʪʥʦʩʪʠ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʉʘʨʤʠʯʘ, ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ 

ʧʨʠʯʠʥʘ ʩʣʘʙʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʘʩʦʤʘʪʠʟʤʘ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ, ʚʠʜʠʤʦ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʲʝʢʪʠʚʝʥ. 

ʅʘ ʏʘʨʤʠʪʘʥʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʤʠʥʝʨʘʣʘʤʠ-ʥʦʩʠʪʝʣʷʤʠ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʠʥʝʨʘʣʳ: 

ʘʧʘʪʠʪ, ʘʫʵʨʣʠʪ, ʘʰʘʨʠʪ, ʛʨʘʥʘʪ, ʠʟʚʝʩʪʥʷʢ (ʢʘʣʴʮʠʪ), ʢʘʨʙʦʥʘʪʳ (ʜʦʣʦʤʠʪ, ʩʠʜʝʨʠʪ, 

ʘʥʢʝʨʠʪ, ʙʨʝʡʥʝʨʠʪ ʠ ʪ.ʜ.), ʢʩʝʥʦʪʠʤ, ʤʦʥʘʮʠʪ, ʩʝʨʠʘʥʠʪ, ʩʬʝʥ, ʪʦʨʠʪ, ʬʦʩʬʘʪ ʠʪʪʨʠʷ, 

ʮʠʨʢʦʥ, ʯʝʨʪʠʪ, ʵʧʠʜʦʪ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʘʫʵʨʣʠʪʘ, 

ʘʰʘʨʠʪʘ, ʢʩʝʥʦʪʠʤʘ, ʤʦʥʘʮʠʪʘ, ʩʝʨʠʘʥʠʪʘ, ʯʝʨʪʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʡ 

ʦʙʣʠʢ ʏʘʨʤʠʪʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʪʷʞʝʣʦʛʦ ʣʘʥʪʘʥʦʠʜʘ ʠʪʪʨʠʝʚʦʡ ʛʨʫʧʧʳ ï ʠʪʪʝʨʙʠʷ ï ʚʳʟʚʘʥʦ ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʵʪʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ. ʕʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʘʢ ʢʨʠʪʝʨʠʡ, ʠʤʝʶʱʠʡ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ. ʅʝʤʘʣʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʪ ʢʨʠʪʝʨʠʡ ʠʤʝʝʪ ʚ ʦʪʥʦʰʝʥʠʠ ʝʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʥʥʦʚʘʮʠʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

(ʧʨʦʝʢʪ ˉʇɿ-20170929154). 
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ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, 

varyanich1212@gmail.com 
2 
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɿʝʤʣʠ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ, ʄʦʩʢʚʘ 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʥʝʚʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ (ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ) ʠʟʚʝʩʪʝʥ ʨʷʜ 

ʦʧʦʨʥʳʭ ʠ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʧʦʟʜʥʝʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤʠ ʤʦʨʩʢʠʤʠ, ʦʟʝʨʥʳʤʠ ʠ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ ʧʘʣʝʦʙʘʩʩʝʡʥʘʤʠ, ʘ 

ʪʘʢʞʝ ʬʣʶʚʠʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩʪʦʢʘ [1ï3]. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʚ ʨʘʤʢʘʭ ʨʘʩʯʣʝʥʝʥʠʷ, ʢʦʨʨʝʣʷʮʠʠ ʵʪʠʭ ʨʘʟʨʝʟʦʚ ʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʯʝʪʚʝʨʪʠʯʥʦʡ 

ʪʦʣʱʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʠʭ ʧʘʣʝʦʤʘʛʥʠʪʥʦʝ ʠʟʫʯʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʧʠʩʠ ʧʘʨʘʤʝʪʨʦʚ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʨʝʧʝʨʦʚ ï ʵʧʠʟʦʜʦʚ ʠ 

ʵʢʩʢʫʨʩʦʚ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʘʣʝʦʤʘʛʥʠʪʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʛʦ ï ʚʝʨʭʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ ʚ ʇʨʠʥʝʚʴʝ ʷʚʣʷʝʪʩʷ ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ 

çʕʪʘʣʦʥè (59Á48ᾳ ʩ.ʰ., 30Á40ᾳ ʚ.ʜ.), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʇʨʠʥʝʚʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʅʝʚʳ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʠʤ. ʉʚʝʨʜʣʦʚʘ. ɿʜʝʩʴ 

ʚʩʢʨʳʚʘʝʪʩʷ ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʘʷ ʪʦʣʱʘ ʩʨʝʜʥʝʛʦ ï ʚʝʨʭʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ 

ʚʠʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 35 ʤ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʟʘʣʝʛʘʶʪ ʣʝʥʪʦʯʥʦ-ʩʣʦʠʩʪʳʝ 

ʛʣʠʥʳ ʤʦʩʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (lgIIms), ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʪʳ ʦʪʣʦʞʝʥʠʷʤʠ ʤʛʠʥʩʢʦʡ 

ʤʦʨʩʢʦʡ ʤʝʞʣʝʜʥʠʢʦʚʦʡ ʪʦʣʱʠ ʤʠʢʫʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (mIIImk) ï ʛʣʘʚʥʳʤ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ ʚʝʨʭʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ ʇʨʠʥʝʚʴʷ [2]. ʄʛʠʥʩʢʠʡ 

ʤʘʨʠʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʦʪʥʳʤʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʩʝʷʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʛʣʠʥʘʤʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʤʦʱʥʦʩʪʴʶ 9.5ï10.0 ʤ. ʂ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʪʦʣʱʠ ʧʨʠʫʨʦʯʝʥ ʫʨʦʚʝʥʴ ʩ ʙʠʦʪʫʨʙʘʮʠʷʤʠ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʘʢʦʚʠʥʘʤʠ 

ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ. ʅʘ ʤʛʠʥʩʢʦʤ ʤʘʨʠʥʠʠ ʥʝʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʪ ʣʝʜʥʠʢʦʚʳʝ 

ʦʪʣʦʞʝʥʠʷ ï ʦʩʪʘʰʢʦʚʩʢʠʡ ʪʠʣʣ (gIIIos), ʘ ʚʝʥʯʘʶʪ ʨʘʟʨʝʟ ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʳʝ 

ʣʝʥʪʦʯʥʳʝ ʛʣʠʥʳ ɹʘʣʪʠʡʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ (lgIIIbl ). 

ɼʣʷ ʧʝʪʨʦ- ʠ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʤʦʩʢʦʚʩʢʦ-ʤʠʢʫʣʠʥʩʢʦʡ ʪʦʣʱʠ 

(16 ʤ) ʚ 2021ï2022 ʛʛ. ʙʳʣʦ ʦʪʦʙʨʘʥʦ 180 ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʦ ʜʚʘ ʜʫʙʣʷ ʩ 

ʢʘʞʜʦʛʦ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʛʣʘʚʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʝʪʨʦʤʘʛʥʝʪʠʟʤʘ (ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ), ʘ ʪʘʢʞʝ ʚ 

ʧʝʪʨʦʤʘʛʥʠʪʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʄɻʋ. 

ɿʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (km) ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ: ʦʪ 6.6 ʜʦ 189.5 (10
ï5

 ʤ
3
/ʢʛ) ʩ ʥʘʠʙʦʣʝʝ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʚʝʣʠʯʠʥʳ k ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʘʥʠʟʦʪʨʦʧʠʠ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (AMS) ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʪʝʢʩʪʫʨʘ ʧʦʨʦʜ, 

ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʫʩʣʦʚʠʷʤʠ ʦʩʘʞʜʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʟʝʨʝʥ. 

ʕʣʣʠʧʩʦʠʜʳ AMS ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʤʦʩʢʦʚʩʢʦʡ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʦʡ ʠ ʤʛʠʥʩʢʦʡ ʤʦʨʩʢʦʡ 

ʪʦʣʱ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʤʝʶʪ ʫʧʣʦʱʝʥʥʫʶ ʬʦʨʤʫ: ʤʠʥʠʤʘʣʴʥʳʝ ʦʩʠ ʵʣʣʠʧʩʦʠʜʦʚ 

(ʂ3) ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ (ʂ2) ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ (ʂ1) 

ʣʝʞʘʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʛʥʠʪʥʦʡ 
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ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2 ʜʦ 10 %. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ AMS ʚ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʚ ʩʧʦʢʦʡʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ-ʥʦʩʠʪʝʣʝʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (NRM) ʫ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʤʦʩʢʦʚʩʢʦ-

ʤʠʢʫʣʠʥʩʢʦʡ ʪʦʣʱʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (k) ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (Js) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʨʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʝʨʘʣʦʤ-

ʥʦʩʠʪʝʣʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʦʙʨʘʟʮʘʭ ʤʦʩʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʷʚʣʷʝʪʩʷ ʤʘʛʥʝʪʠʪ; ʚ 

ʦʙʨʘʟʮʘʭ ʠʟ ʤʛʠʥʩʢʦʡ ʤʦʨʩʢʦʡ ʪʦʣʱʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʛʨʝʡʛʠʪʦʤ (Fe3S4). 

ʆʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʤʦʨʩʢʠʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ [4]. 

ʇʘʣʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʜʚʘ ʚʠʜʘ ʤʘʛʥʠʪʥʦʡ ʯʠʩʪʢʠ ʧʦʨʦʜ: ʜʣʷ 

ʚʩʝʡ ʢʦʣʣʝʢʮʠʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦʰʘʛʦʚʦʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʤʠʢʫʣʠʥʩʢʦʡ 

ʤʦʨʩʢʦʡ ʠ ʤʦʩʢʦʚʩʢʦʡ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʦʡ ʪʦʣʱ ʧʝʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (AF-

ʯʠʩʪʢʘ) ʜʦ 40ï50 ʠ 130 ʤʊʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʜʚʝʨʛʣʘʩʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʠʩʪʢʝ (T-ʯʠʩʪʢʘ) ʜʦ 400 Áʉ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʝʨʝʤʝʥʥʳʤ ʧʦʣʝʤ ʝʩʪʝʩʪʚʝʥʥʘʷ ʦʩʪʘʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʦʜʥʦʡ, ʨʝʞʝ ʠʟ 

ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ: ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʡ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ (ChRM), ʠ ʥʠʟʢʦʢʦʵʨʮʠʪʠʚʥʦʡ ʚʷʟʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, 

ʨʘʟʨʫʰʘʶʱʝʡʩʷ ʚ ʧʦʣʝ ʜʦ 10ï15 ʤʊʣ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʤʘʛʥʠʪʥʘʷ ʯʠʩʪʢʘ ʧʠʣʦʪʥʦʡ 

ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ ʤʛʠʥʩʢʠʭ ʛʣʠʥ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ChRM ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ 320ï370 Áʉ; ʚʷʟʢʘʷ ʢʦʤʧʦʥʝʥʪʘ, ʧʨʠ ʝʝ ʥʘʣʠʯʠʠ, 

ʫʜʘʣʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100ï160 Áʉ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

AF-ʯʠʩʪʢʘ, ʚ ʧʦʜʦʰʚʝ ʤʛʠʥʩʢʦʡ ʤʦʨʩʢʦʡ ʪʦʣʱʠ, ʥʘ ʛʨʘʥʠʮʝ ʩ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ 

ʣʝʥʪʦʯʥʳʤʠ ʛʣʠʥʘʤʠ ʤʦʩʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʚʳʜʝʣʷʝʪʩʷ ʩʝʨʠʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʦʙʨʘʟʮʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ (ʜʦ ï14éï15Á) ʣʠʙʦ ʟʘʥʠʞʝʥʥʳʤʠ (12ï20Á) 

ʥʘʢʣʦʥʝʥʠʷʤʠ. ɺʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʦʙʨʘʟʮʳ ʤʦʨʩʢʠʭ ʛʣʠʥ ʤʠʢʫʣʠʥʩʢʦʛʦ 

ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʥʝʩʫʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʢʦʤʧʦʥʝʥʪʫ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʷʤʦʡ 

ʧʦʣʷʨʥʦʩʪʠ, ʘ ʚ ʢʨʦʚʣʝ ʪʦʣʱʠ ʩʥʦʚʘ ʚʳʜʝʣʷʝʪʩʷ ʢʨʘʪʢʠʡ ʠʥʪʝʨʚʘʣ ʩ ʦʙʨʘʪʥʦʡ 

ʧʦʣʷʨʥʦʩʪʴʶ (ʟʥʘʯʝʥʠʷ ʥʘʢʣʦʥʝʥʠʡ ʜʦ ï30éï60Á). ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ, ʨʘʟʤʘʛʥʠʯʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʚʩʝ ʦʙʨʘʟʮʳ 

ʤʦʩʢʦʚʩʢʦ-ʤʠʢʫʣʠʥʩʢʦʡ ʪʦʣʱʠ ʠʤʝʶʪ ʧʨʷʤʫʶ ʧʦʣʷʨʥʦʩʪʴ ʩ ʨʘʟʙʨʦʩʦʤ ʥʘʢʣʦʥʝʥʠʡ 

ʦʪ 22 ʜʦ 85Á. ʅʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ AF- ʠ ʊ-ʯʠʩʪʢʠ ʪʨʝʙʫʶʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʨʦʜʳ ʠ ʚʦʟʨʘʩʪʘ ʢʦʤʧʦʥʝʥʪ NRM. ɺʦʟʤʦʞʥʦ, ʚ 

ʨʘʟʨʝʟʝ ʬʠʢʩʠʨʫʶʪʩʷ ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʵʢʩʢʫʨʩʳ ɹʣʝʡʢ (~120 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ) ʠ ʧʦʩʪ-

ɹʣʝʡʢ (~100 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ). 
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ʉʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʙʣʝʤ ʘʣʤʘʟʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʗʢʫʪʠʠ 

ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʙʝʟʦʧʘʩʥʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʦʪʨʘʙʦʪʢʘ ʧʦʜʢʘʨʴʝʨʥʳʭ ʟʘʧʘʩʦʚ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʩʪʘʚʘ, ʩʦʩʪʦʷʥʠʷ ʠ ʩʚʦʡʩʪʚ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ ʧʦʨʦʜʥʦʡ 

ʧʦʜʫʰʢʠ ʷʚʣʷʝʪʩʷ, ʙʝʩʩʧʦʨʥʦ, ʘʢʪʫʘʣʴʥʳʤ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ, ʥʦ ʠ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ.  

ʊʨʫʙʢʘ çɸʡʭʘʣè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʘʣʤʘʟʦʚ ʩʦ ʩʣʦʞʥʳʤʠ 

ʤʝʨʟʣʦʪʥʦ-ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ, ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʦʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʂʘʨʴʝʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʠʧʦʣʷʨʥʦʡ ʟʦʥʝ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ, ʚ ʙʘʩʩʝʡʥʝ ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ           

ʨ. ʄʘʨʭʘ, ʚ 400 ʢʤ ʢ ʩʝʚʝʨʫ ʦʪ ʛ. ʄʠʨʥʳʡ (ʄʠʨʥʠʥʩʢʠʡ ʨʘʡʦʥ, ʗʢʫʪʠʷ). 

ʂʨʠʦʣʠʪʦʟʦʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ (ʦʪ ï 

3 ʜʦ ï 4 
ʦ
ʉ) ʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 720 ʤ. ʊʨʫʙʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʪʦʧʘʜʘʶʱʝʝ 

ʩʧʣʶʩʥʫʪʦ-ʪʨʫʙʯʘʪʦʝ ʪʝʣʦ, ʩʣʦʞʝʥʥʦʝ ʢʠʤʙʝʨʣʠʪʘʤʠ ʠ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. 

ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ 

ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ (ɭ3-S1), ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʣʦʤʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ, 

ʤʝʨʛʝʣʠ, ʘ ʪʘʢʞʝ ʧʝʩʯʘʥʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʛʣʠʥʠʩʪʳʝ ʜʦʣʦʤʠʪʳ [1, 2].  

ʀʥʩʪʠʪʫʪʦʤ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʳʭ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʨʘʙʦʪ ʩ 

ʠʥʩʪʠʪʫʪʦʤ çʗʢʫʪʥʠʧʨʦʘʣʤʘʟè ɸʂ çɸʃʈʆʉɸè ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʥʪʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʜʥʝ ʢʘʨʴʝʨʘ 

çɸʡʭʘʣè, ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʙʫʨʝʥʠʷ ʯʝʪʳʨʝʭ ʩʢʚʘʞʠʥ (2022 ʛ.). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʫʥʪʦʚʳʡ ʤʘʩʩʠʚ ʩʣʦʞʝʥ ʜʠʩʧʝʨʩʥʳʤʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʛʨʫʥʪʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʤʠ ʥʝʩʚʷʟʥʳʤʠ (ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʝ ʠ 

ʧʝʩʯʘʥʳʝ) ʠ ʩʚʷʟʥʳʤʠ (ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʳʝ) ʛʨʫʥʪʘʤʠ. ɼʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ 

ʢ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʘʤ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʚʦʟʥʠʢʰʠʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʠ ʜʨʝʥʠʨʦʚʘʥʠʷ ʚ ʙʦʨʪʘʭ ʢʘʨʴʝʨʦʚ [3, 4]. ʆʙʨʘʟʮʳ ʛʨʫʥʪʦʚ, 

ʦʪʦʙʨʘʥʥʳʝ ʧʨʠ ʙʫʨʝʥʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ ʧʦʨʦʜʥʦʡ 

ʧʦʜʫʰʢʠ, ʷʚʠʣʠʩʴ ʦʙʲʝʢʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʦʛʝʥʥʦʡ ʛʨʫʥʪʦʚʦʡ ʪʦʣʱʠ ʢ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʚʳʚʝʪʨʠʚʘʥʠʝ, ʠʥʬʠʣʴʪʨʘʮʠʷ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʠ ʨʘʩʩʦʣʦʚ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʫʧʣʦʪʥʝʥʠʝ, ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʜʨ.), ʚʳʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ (ʩʣʘʙʳʭ) 

ʛʨʫʥʪʦʚ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʩʦʩʪʘʚʘ, ʩʦʩʪʦʷʥʠʷ ʠ ʩʚʦʡʩʪʚ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʦʛʝʥʥʳʭ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʭ ʛʨʫʥʪʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʙʨʘʥʳ ʦʙʣʦʤʢʠ ʩʢʘʣʴʥʳʭ ʠ ʧʦʣʫʩʢʘʣʴʥʳʭ 

ʛʨʫʥʪʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʣʦʤʠʪʳ ʠ ʠʟʚʝʩʪʥʷʢʠ) ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʚʳʚʝʪʨʝʣʦʩʪʠ ʠ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ ʘʛʨʝʛʘʪʳ ʱʝʙʝʥʠʩʪʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʦʪʥʦʰʝʥʠʝ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ ʢ ʚʦʜʝ, 

ʷʚʣʷʶʪʩʷ ʠʭ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ, ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ [5]. 
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ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ (%) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʚʝʩʘ ʧʦʛʣʦʱʝʥʥʦʡ 

ʚʦʜʳ ʢ ʚʝʩʫ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʡ ʧʦʨʦʜʳ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ 

ʧʦʨʠʩʪʦʩʪʠ, ʩʢʨʳʪʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʛʨʫʥʪʘ. 

ɺʦʜʦʫʩʪʦʡʯʠʚʳʝ ʛʨʫʥʪʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʚʦʜʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʥʝ ʦʙʥʘʨʫʞʠʚʘʷ 

ʥʠʢʘʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʨʘʟʨʫʰʝʥʠʡ. 

ɺʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʢʦʨʦʩʪʴʶ ʠ ʩʪʝʧʝʥʴʶ ʠʭ ʨʘʟʤʦʢʘʥʠʷ ʚ ʚʦʜʝ. ɺʩʝʛʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʷʪʴ ʦʙʨʘʟʮʦʚ. 

ɺʨʝʤʷ ʠʭ ʨʘʟʤʦʢʘʥʠʷ ʩʦʩʪʘʚʠʣʦ ʦʪ 35ï50 ʤʠʥ. ʜʦ 5ï7 ʯ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʦʙʨʘʟʮʳ ʦʢʘʟʘʣʠʩʴ ʤʘʣʦ- ʠ ʩʨʝʜʥʝʚʦʜʦʫʩʪʦʡʯʠʚʳʤʠ [5].  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ-ʜʫʙʣʠʢʘʪʳ (8 ʰʪʫʢ), ʚʳʩʫʰʝʥʥʳʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 105 
Ü
ʉ, ʙʳʣʠ ʚʟʚʝʰʝʥʳ ʠ ʧʦʤʝʱʝʥʳ ʚ ʧʣʘʩʪʠʢʦʚʳʝ ʢʦʥʪʝʡʥʝʨʳ, 

ʥʘʧʦʣʥʝʥʥʳʝ ʧʨʝʩʥʦʡ ʚʦʜʦʡ ʠ ʭʣʦʨʠʜʥʳʤ ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʳʤ ʨʘʩʩʦʣʦʤ ʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 98 ʛ/ʣ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʜʝʩʷʪʠ ʩʫʪʦʢ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʚʪʦʨʥʦ 

ʚʟʚʝʰʝʥʳ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ 

ʚʦʜʦʧʦʛʣʦɦ ʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.71 ʜʦ 7.53 %.  

ʇʦʤʝʱʝʥʥʳʝ ʚ ʚʦʜʫ ʦʙʨʘʟʮʳ, ʦʢʘʟʘʚʰʠʝʩʷ ʙʝʟ ʚʠʜʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʨʘʟʨʫʰʝʥʠʷ, 

ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʟʘʤʦʨʦʟʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ ï 25 ʜʦ ï 30 
Ü
ʉ. ʏʘʩʪʴ ʦʙʨʘʟʮʦʚ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʧʦʷʚʠʣʠʩʴ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʟʘʤʦʨʦʟʢʝ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ. ɼʣʷ 

ʦʪʪʘʠʚʘʥʠʷ ʟʘʤʦʨʦʞʝʥʥʳʝ ʛʨʫʥʪʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʚʦʜʫ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʤʘʣʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʟʮʦʚ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʜʚʫʭ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ ʦʙʨʘʟʮʳ ʥʝ ʧʨʝʪʝʨʧʝʣʠ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

 

 
ʍʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʦʙʣʦʤʢʘ ʜʦʣʦʤʠʪʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʨʘʩʩʦʣ: ʘ ï ʥʠʪʝʦʙʨʘʟʥʳʝ 

ʟʘʢʨʳʪʳʝ ʪʨʝʱʠʥʳ ʧʨʝʚʨʘʪʠʣʠʩʴ ʚ ʦʪʢʨʳʪʳʝ; ʙ ï ʧʦʷʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʠ ʩʪʝʥʢʘʭ ʧʣʘʩʪʠʢʦʚʦʡ ʝʤʢʦʩʪʠ ʩʦʣʷʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʦʙʨʘʟʮʘ; ʚ ï ʨʘʟʨʫʰʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʪʜʝʣʝʥʠʝʤ ʥʝʙʦʣʴʰʠʭ 

ʦʙʣʦʤʢʦʚ ʦʪ ʦʙʨʘʟʮʘ; ʛ ï ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ. 
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ɺ ʧʨʦʙʘʭ, ʧʦʤʝʱʝʥʥʳʭ ʚ ʨʘʩʩʦʣ, ʩʪʘʣʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʩʦʣʴ. ɿʘ ʵʪʦʪ ʞʝ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʩʩʦʣʝ ʛʨʫʥʪʳ ʩ ʪʨʝʱʠʥʘʤʠ ʥʘʯʘʣʠ 

ʨʘʟʨʫʰʘʪʴʩʷ. ʇʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʦʙʣʦʤʢʦʤ 

ʜʦʣʦʤʠʪʘ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ. ʇʦʷʚʠʚʰʠʝʩʷ ʦʪʢʨʳʪʳʝ ʪʨʝʱʠʥʳ (ʨʠʩʫʥʦʢ, ʘ) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʩʦʣʘ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʪʦʥʢʠʤ ʩʣʦʝʤ ʩʦʣʠ, ʢʦʪʦʨʘʷ ʧʨʠ 

ʨʘʩʪʚʦʨʝʥʠʠ ʝʱʝ ʙʦʣʴʰʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʨʘʩʢʨʳʪʠʶ ʪʨʝʱʠʥ (ʨʠʩʫʥʦʢ, ʙ), ʪʝʤ ʩʘʤʳʤ 

ʥʘʯʘʚ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʜʦʣʦʤʠʪʘ. ɺ ʠʪʦʛʝ ʟʘ ʜʚʝ ʧʦʩʣʝʜʫʶʱʠʝ ʥʝʜʝʣʠ ʦʙʣʦʤʦʢ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʣʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ 

ʧʦʭʦʞʠ ʥʘ ʩʢʦʨʣʫʧʦʚʘʪʳʝ ʯʝʰʫʡʢʠ (ʨʠʩʫʥʦʢ, ʚ, ʛ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ ʵʪʘʧ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʝʭʥʦʛʝʥʥʳʭ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʭ ʛʨʫʥʪʦʚ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ ʧʦʨʦʜʥʦʡ ʧʦʜʫʰʢʠ 

ʨʫʜʥʠʢʘ çɸʡʭʘʣè ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ.  

¶ ʇʨʠ ʨʘʟʤʦʢʘʥʠʠ ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʟʘʤʦʯʝʥʥʳʭ ʚ ʚʦʜʝ, 
ʧʨʦʷʚʠʣʦʩʴ ʥʘʨʫʰʝʥʠʝ ʩʚʷʟʥʦʩʪʠ ʛʨʫʥʪʘ ʠ ʜʘʣʴʥʝʡʰʝʝ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʨʳʭʣʫʶ 

ʤʘʩʩʫ ʩ ʧʦʣʥʦʡ ʧʦʪʝʨʝʡ ʧʨʦʯʥʦʩʪʠ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʦʢʘʟʘʣʠʩʴ ʤʘʣʦ- ʠ 

ʩʨʝʜʥʝʚʦʜʦʫʩʪʦʡʯʠʚʳʤʠ. 

¶ ʅʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʦʙʣʦʤʢʦʚ ʩʢʘʣʴʥʳʭ ʠ ʧʦʣʫʩʢʘʣʴʥʳʭ 
ʛʨʫʥʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʩʣʘʙʫʶ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʨʘʟʤʷʛʯʘʶʱʝʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʳ. 

¶ ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭ ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ 

ʛʨʫʥʪʦʚ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦʙ ʠʭ ʜʦʩʪʘʪʦʯʥʦʡ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ. 

¶ ʉʣʘʙʦʪʨʝʱʠʥʦʚʘʪʳʝ ʦʙʣʦʤʢʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʘʩʩʦʣʦʤ 
ʩʧʦʩʦʙʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʪʴʩʷ ʜʦ ʜʨʝʩʚʷʥʦ-ʱʝʙʝʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

¶ ʈʘʟʥʦʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʦʛʝʥʥʳʭ ʛʨʫʥʪʦʚ 

ʨʫʜʥʠʢʘ çɸʡʭʘʣè ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʅʘ ʨʫʙʝʞʝ ʘʨʭʝʷ ʠ ʧʨʦʪʝʨʦʟʦʷ ʂʘʨʝʣʴʩʢʘʷ ʧʨʦʚʠʥʮʠʷ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ 

ʱʠʪʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʞʝʩʪʢʠʡ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʢʦʨʳ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʝʭ ʢʨʫʧʥʳʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʜʦʤʝʥʦʚ: ɿʘʧʘʜʥʦ-ʂʘʨʝʣʴʩʢʦʛʦ 

(ɿʂɼ), ʎʝʥʪʨʘʣʴʥʦ-ʂʘʨʝʣʴʩʢʦʛʦ (ʎʂɼ) ʠ ɺʦʜʣʦʟʝʨʩʢʦʛʦ (ɺɼ) [1]. ʕʪʦʪ ʵʪʘʧ 

ʤʘʨʢʠʨʫʶʪ ʙʘʟʘʣʴʥʳʝ ʧʦʣʠʤʠʢʪʦʚʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ (ʂ1), ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʘʨʭʝʡʩʢʦʤ 

ʛʨʘʥʠʪʦʠʜʥʦʤ ʬʫʥʜʘʤʝʥʪʝ ʩ ʨʝʣʠʢʪʘʤʠ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʦʷʩʦʚ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ 

ʤʦʱʥʦʡ ʪʦʣʱʝʡ ʩʫʤʠʡʩʢʠʭ (2.45 ʤʣʨʜ ʣʝʪ) ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜ. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ 

ʟʘʣʝʛʘʝʪ ʪʦʣʱʘ ʧʦʣʠʤʠʢʪʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ (ʂ2), ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʙʦʣʝʝ ʧʦʟʜʥʝʤʫ ï 

ʩʘʨʠʦʣʠʡʩʢʦʤʫ (?) ʵʪʘʧʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺ ʩʦʩʪʘʚʝ ʂ1 ʧʨʝʦʙʣʘʜʘʶʪ ʛʘʣʴʢʠ ʠ 

ʚʘʣʫʥʳ ʧʣʘʛʠʦʛʨʘʥʠʪʥʦʛʦ ʩʦʩʪʘʚʘ: ʪʦʥʘʣʠʪʦʚʳʝ ʛʥʝʡʩʳ ʠ ʧʣʘʛʠʦʧʦʨʬʠʨʳ (ʦʙʣʦʤʢʠ 

ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ), ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʘʣʴʢʠ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʦʨʦʜ. ʄʘʪʨʠʢʩ 

ʩʦʩʪʘʚʣʷʝʪ 10ï30 % ʦʪ ʦʙʲʝʤʘ ʂ1 ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʪʝʭ ʞʝ 

ʧʦʨʦʜ, ʯʪʦ ʠ ʛʘʣʴʢʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, 

ʙʣʠʟʢʠʤ ʢ ʩʦʩʪʘʚʫ ʦʙʣʦʤʢʦʚ, ʠ ʥʠʟʢʠʤ ʠʥʜʝʢʩʦʤ ʟʨʝʣʦʩʪʠ ï CIA<55 [2]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʘʣʴʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ (ʂ1) ʩʚʷʟʳʚʘʶʪ ʩ ʟʘʧʦʣʥʝʥʠʝʤ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʪʨʦʛʦʚʳʭ ʜʦʣʠʥ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʜʥʷʪʠʡ ʚ 

ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ [2, 3]. ʂ1 ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʳ, ʛʘʣʴʢʠ ʠʤʝʶʪ 

ʫʧʣʦʱʝʥʥʫʶ ʣʠʥʟʦʚʠʜʥʫʶ ʬʦʨʤʫ. ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʂ1 ʥʘ ʜʝʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ 

ʨʘʡʦʥʘʭ ʧʦʩ. ʉʫʢʢʦʟʝʨʦ (ʎʂɼ) ʠ ʚ ʨʘʡʦʥʝ ʦʟ. ʆʩʪʝʨ (ɺɼ). ɼʣʷ ʤʘʪʨʠʢʩʘ ʂ1 ʨ-ʥʘ 

ʉʫʢʢʦʟʝʨʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ U-Pb-ThLA-ICP-MS ʜʘʪʠʨʦʚʘʥʠʝ ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ, 

ʧʦʢʘʟʘʚʰʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʟʝʨʝʥ ʩ ʚʦʟʨʘʩʪʦʤ 2.75 ʤʣʨʜ ʣʝʪ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʨ-ʥʘ ʉʫʢʢʦʟʝʨʦ (ʢʘʢ ʛʘʣʝʢ, ʪʘʢ ʠ ʤʘʪʨʠʢʩʘ), 

ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʤʦʣʦʜʦʤ ʥʝʦʘʨʭʝʡʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ, ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʘ (900ï1200 ʛ/ʪ), Sr (600ï700 ʛ/ʪ) ʠ LREE [2]. ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʩʪʘʚʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʝʦʘʨʭʝʡʩʢʠʭ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʜʘʮʠʪʦʚ [4ï6]. ɻʨʘʥʠʪʦʠʜʥʳʝ 

ʛʘʣʴʢʠ ʠʟ ʂ1 ʆʩʪʝʨʩʢʦʛʦ ʫʯʘʩʪʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʙʦʣʝʝ ʜʨʝʚʥʝʤ 

ʤʝʟʦʧʘʣʝʦʘʨʭʝʡʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ, ʥʝ ʦʙʦʛʘʱʝʥʳ LILE ʠ LREE ʠ ʠʤʝʶʪ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʩʭʦʜʥʳʡ ʩ ʧʘʣʝʦʤʝʟʦʘʨʭʝʡʩʢʠʤʠ ʊʊɻ ʨʘʡʦʥʘ [6]. ɼʨʫʛʠʤ ʦʪʣʠʯʠʝʤ ʂ1 

ʆʩʪʝʨʩʢʦʛʦ ʫʯʘʩʪʢʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʘʣʝʢ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʦʪʨʘʞʘʶʱʠʭ ʩʦʩʪʘʚ ʘʨʭʝʡʩʢʠʭ ʤʘʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʆʩʪʝʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [7]. Sm-Nd 

ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʛʘʣʝʢ ʛʥʝʡʩʦʪʦʥʘʣʠʪʘ, ʧʣʘʛʠʦʧʦʨʬʠʨʘ 

ʠ ʤʘʪʨʠʢʩʘ ʂ1 ʨ-ʥʘ ʉʫʢʢʦʟʝʨʦ, ʘ ʪʘʢʞʝ ʛʘʣʴʢʠ ʛʥʝʡʩʦʪʦʥʘʣʠʪʘ ʠʟ ʂ1 ʆʩʪʝʨʩʢʦʛʦ 

ʫʯʘʩʪʢʘ ʚ ʠʟʦʪʦʧʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀɻɻɼ ʈɸʅ ʥʘ ʤʥʦʛʦʢʦʣʣʝʢʪʦʨʥʦʤ ʪʚʝʨʜʦʬʘʟʥʦʤ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ TritonT1 ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [8]. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ, ʘ. ɼʣʷ ʛʘʣʴʢʠ ʛʥʝʡʩʦʪʦʥʘʣʠʪʘ ʠ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʤʘʪʨʠʢʩʘ ʂ1 ʨ-ʥʘ ʉʫʢʢʦʟʝʨʦ 

ʧʦʣʫʯʝʥ ʥʝʦʘʨʭʝʡʩʢʠʡ ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʊNd(DM) = 2.75Ñ0.3 ʤʣʨʜ ʣʝʪ ʠ ʟʥʘʯʝʥʠʷ 

ὑNd(2.75) = +1.6é+2.1. ʃʠʥʠʠ ʵʚʦʣʶʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Nd ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʣʝʞʘʪ 

ʚ ʧʦʣʝ ʩʦʩʪʘʚʦʚ ʥʝʦʘʨʭʝʡʩʢʠʭ ʛʨʘʥʠʪʦʠʜʦʚ ʬʫʥʜʘʤʝʥʪʘ ʎʂɼ (ʨʠʩʫʥʦʢ, ʘ). ɻʘʣʴʢʘ 
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ʧʣʘʛʠʦʧʦʨʬʠʨʘ ʠʟ ʪʝʭ ʞʝ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠʤʝʝʪ ʤʝʥʝʝ ʨʘʜʠʦʛʝʥʥʳʡ ʩʦʩʪʘʚ Nd 

(ὑNd(2.75) = ï0.6) ʠ ʙʦʣʝʝ ʜʨʝʚʥʠʡ ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʊNd(DM) = 2.95 ʤʣʨʜ ʣʝʪ. ʕʪʦ 

ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ ʢʘʢ ʙʦʣʝʝ ʜʨʝʚʥʠʡ ʠʩʪʦʯʥʠʢ ʧʣʘʛʠʦʧʦʨʬʠʨʦʚ, ʪʘʢ ʠ ʩʣʝʜʩʪʚʠʝ 

ʢʦʥʪʘʤʠʥʘʮʠʠ ʠʣʠ ʥʘʨʫʰʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ʧʨʠ 

ʥʘʣʦʞʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʜʣʷ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʭ ʚʳʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ. ɼʣʷ ʛʘʣʴʢʠ ʛʥʝʡʩʦʪʦʥʘʣʠʪʘ ʠʟ ʂ1 ʆʩʪʝʨʩʢʦʛʦ ʫʯʘʩʪʢʘ 

ʧʦʣʫʯʝʥʳ ʩʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ὑNd(2.75) = ï1.7 ʠ ʤʦʜʝʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʊNd(DM) = 

3.01 ʤʣʨʜ ʣʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚʫ ʠ ʚʦʟʨʘʩʪʫ ʤʝʟʦʘʨʭʝʡʩʢʠʭ ʧʦʨʦʜ 

ʬʫʥʜʘʤʝʥʪʘ ɺɼ (ʨʠʩʫʥʦʢ, ʘ). 

 

 
ɼʠʘʛʨʘʤʤʳ ὑNd ï ʚʦʟʨʘʩʪ ʜʣʷ ʥʝʦʘʨʭʝʡʩʢʠʭ (ʂ1) (ʘ) ʠ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ (ʂ2) (ʙ) 

ʧʦʣʠʤʠʢʪʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʂʘʨʝʣʴʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ. 1ï3 ï ʢʦʥʛʣʦʤʝʨʘʪʳ (ʂ1) ʨʘʡʦʥʘ ʧʦʩ. 

ʉʫʢʢʦʟʝʨʦ (ʎʂɼ): 1 ï ʛʘʣʴʢʘ ʛʥʝʡʩʦʪʦʥʘʣʠʪʘ, 2 ï ʛʘʣʴʢʘ ʧʣʘʛʠʦʧʦʨʬʠʨʘ, 3 ï ʤʘʪʨʠʢʩ; 

4 ï ʛʘʣʴʢʘ ʛʥʝʡʩʦʪʦʥʘʣʠʪʘ ʠʟ ʢʦʥʛʣʦʤʝʨʘʪʘ ʫʯʘʩʪʢʘ ʦʟ. ʆʩʪʝʨ (ɺɼ); 5ï6 ï ʊʊɻ ʧʦʨʦʜʳ 

ʘʨʭʝʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ: 5 ï ʎʝʥʪʨʘʣʴʥʦ-ʂʘʨʝʣʴʩʢʦʛʦ ʜʦʤʝʥʘ (ʎʂɼ) ʩ ʚʦʟʨʘʩʪʦʤ < 2.8 

ʤʣʨʜ ʣʝʪ [1, 5, 6], 6 ï ɺʦʜʣʦʟʝʨʩʢʦʛʦ ʜʦʤʝʥʘ (ɺɼ) ʩ ʚʦʟʨʘʩʪʦʤ < 3 ʤʣʨʜ ʣʝʪ [1, 6]; 7ï8 

ï ʨʘʡʦʥ ʦʟ. ɺʦʪʪʦʤʫʢʩ (ʎʂɼ): 7 ï ʛʥʝʡʩʦʛʨʘʥʠʪ ʘʨʭʝʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, 8 ï ʤʘʪʨʠʢʩ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ (ʂ2); 9 ï ʩʫʤʠʡʩʢʠʝ ʙʘʟʘʣʴʪʦʚʳʝ ʘʥʜʝʟʠʪʳ: ʘ ï ʨʘʡʦʥʘ ʦʟ. ɺʦʪʪʦʤʫʢʩ, 

ʙ ï ʚʩʝʡ ʂʘʨʝʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ. 

 

ʂ2 ʠʤʝʶʪ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɹʦʣʝʝ 50 % ʛʘʣʝʢ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʘʙʦʦʢʘʪʘʥʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩʫʤʠʷ ï 

ʚʘʨʠʦʣʠʪʦʚʳʭ ʠ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʭ ʙʘʟʘʣʴʪʦʚʳʭ ʘʥʜʝʟʠʪʦʚ, ʧʦʜʩʪʠʣʘʶʱʠʭ ʂ2. ʊʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʘʣʴʢʠ ʛʘʙʙʨʦʠʜʦʚ, ʙʘʟʘʣʴʪʦʚ, ʛʥʝʡʩʦʛʨʘʥʠʪʦʚ, ʩʨʝʜʥʠʭ ʚʫʣʢʘʥʠʪʦʚ, 

ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʠ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ. ʄʘʪʨʠʢʩ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 30 % ʦʪ ʂ2 ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤ ʛʨʫʙʦʟʝʨʥʠʩʪʳʤ ʧʦʣʠʤʠʢʪʦʚʳʤ ʧʝʩʯʘʥʠʢʦʤ (ʚ ʥʘʩʪʦʷʱʝʤ ï 

ʢʚʘʨʮ-ʙʠʦʪʠʪʦʚʳʤ ʩʣʘʥʮʝʤ ʩ ʘʤʬʠʙʦʣʦʤ, ʪʫʨʤʘʣʠʥʦʤ ʠ ʛʨʘʥʘʪʦʤ). ʆʥ ʪʘʢʞʝ ʠʤʝʝʪ 

ʥʠʟʢʠʡ ʠʥʜʝʢʩ ʟʨʝʣʦʩʪʠ CIA<55, ʢʘʢ ʠ ʤʘʪʨʠʢʩ ʂ1 [2], ʥʦ ʂ2 ʤʝʥʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʳ, 

ʯʝʤ ʂ1, ʭʦʪʷ ʪʘʢʞʝ ʠʩʧʳʪʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ, ʚʝʨʦʷʪʥʦ ʩʚʝʢʦʬʝʥʩʢʦʛʦ, 

(1.9ï1.7 ʤʣʨʜ ʣʝʪ) ʤʝʪʘʤʦʨʬʠʟʤʘ. ʂ2 ʙʳʣʠ ʥʘʤʠ ʠʟʫʯʝʥʳ ʚ ʨʘʡʦʥʝ ʦʟ. ɺʦʪʪʦʤʫʢʩ 

(ʎʂɼ). ʄʘʪʨʠʢʩ ʂ2 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʪʨʠʢʩʦʤ ʂ1 ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ MgO, FeO, MnO ʠ 

ʤʝʥʴʰʝ SiO2, Sr, Ba, LREE. ʉʦʩʪʘʚ ʂ2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʢʣʘʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʥʦʩʘ ʩʫʤʠʡʩʢʠʭ ʚʫʣʢʘʥʠʪʦʚ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 
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ʨʘʡʦʥʝ. U-Pb-ThLA-ICP-MS ʜʘʪʠʨʦʚʘʥʠʝ ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ ʠʟ ʤʘʪʨʠʢʩʘ ʂ2 

ʨʘʡʦʥʘ ʦʟ. ɺʦʪʪʦʤʫʢʩ ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʟʝʨʝʥ ʩ ʚʦʟʨʘʩʪʦʤ 2.75 

ʤʣʨʜ ʣʝʪ, ʢʘʢ ʠ ʚ ʂ1 [2]. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʪʝʨʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʥʝʦʘʨʭʝʡʩʢʠʝ 

ʛʨʘʥʠʪʦʠʜʳ ʧʨʦʜʦʣʞʘʣʠ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʥʦʩʘ ʜʣʷ 

ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ. ɺʝʨʦʷʪʥʦ, ʦʥʠ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʚʠʜʝ ʛʦʨʥʳʭ ʧʦʜʥʷʪʠʡ, 

ʨʘʟʜʝʣʷʶʱʠʭ ʯʘʩʪʠʯʥʦ ʩʢʨʳʪʳʝ ʧʦʜ ʚʦʜʦʡ ʨʠʬʪʦʚʳʝ ʜʦʣʠʥʳ, ʨʘʩʢʨʳʪʠʝ ʢʦʪʦʨʳʭ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʘʢʪʠʚʥʳʤ ʩʫʤʠʡʩʢʠʤ ʚʫʣʢʘʥʠʟʤʦʤ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʪʘʤ 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʪʝʨʨʠʛʝʥʥʳʝ ʦʩʘʜʢʠ. ʆʪʩʫʪʩʪʚʠʝ ʩʨʝʜʠ ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ ʚ 

ʤʘʪʨʠʢʩʝ ʂ2 ʟʝʨʝʥ ʩ ʚʦʟʨʘʩʪʦʤ 2.45 ʤʣʨʜ ʣʝʪ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʮʠʨʢʦʥʘ ʚ ʩʘʤʠʭ ʩʫʤʠʡʩʢʠʭ ʚʫʣʢʘʥʠʪʘʭ. Sm-Nd ʠʟʦʪʦʧʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʤʘʪʨʠʢʩʘ ʂ2, ʘ ʪʘʢʞʝ ʜʣʷ ʪʨʝʭ 

ʦʙʨʘʟʮʦʚ ʩʫʤʠʡʩʢʠʭ ʙʘʟʘʣʴʪʦʚʳʭ ʘʥʜʝʟʠʪʦʚ ʠ ʦʙʨʘʟʮʘ ʛʥʝʡʩʦʛʨʘʥʠʪʘ ʘʨʭʝʡʩʢʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʜʝʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʨʘʡʦʥʘ ʦʟ. ɺʦʪʪʦʤʫʢʩ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʤʘʪʨʠʢʩʘ ʟʥʘʯʝʥʠʷ ὑNd(2.45) = ï2.7é ï3.1 ʠ ʤʦʜʝʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʊNd(DM) = 2.86ï

2.91 ʤʣʨʜ ʣʝʪ ʣʝʞʘʪ ʚ ʧʦʣʝ ʩʦʩʪʘʚʦʚ ʤʝʞʜʫ ʘʨʭʝʡʩʢʠʤʠ ʛʥʝʡʩʦʛʨʘʥʠʪʘʤʠ ʬʫʥʜʘʤʝʥʪʘ 

ʠ ʩʫʤʠʡʩʢʠʤʠ ʚʫʣʢʘʥʠʪʘʤʠ (ʨʠʩʫʥʦʢ, ʙ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʨʦʣʠ ʪʝʭ ʠ ʜʨʫʛʠʭ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʥʦʩʘ ʜʣʷ ʂ2 ʨʘʡʦʥʘ ʦʟ. ɺʦʪʪʦʤʫʢʩ. 

Sm-Nd ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʩʜʝʣʘʥʥʳʡ ʨʘʥʝʝ ʚʳʚʦʜ [2] ʦ ʪʦʤ, 

ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʢ ʥʝʦʘʨʭʝʡʩʢʠʭ, ʪʘʢ ʠ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʭʦʜʝ ʟʘʣʦʞʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʨʠʬʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚʙʣʠʟʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʥʦʩʘ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʙʣʦʤʢʦʚ. ɻʣʘʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʂ1 ʙʳʣʠ ʧʦʨʦʜʳ 

ʘʨʭʝʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʬʦʨʤʠʨʫʶʱʝʛʦ ʧʦʜʥʷʪʠʷ ʤʝʞʜʫ ʨʠʬʪʦʚʳʤʠ ʜʦʣʠʥʘʤʠ. 

ʈʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʠ ʚʦʟʨʘʩʪʝ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʢʨʘʪʦʥʘ ʦʙʫʩʣʦʚʠʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʪʝʨʨʠʛʝʥʥʳʭ ʦʩʘʜʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʂ2 ʘʨʭʝʡʩʢʠʝ ʧʦʨʦʜʳ 

ʬʫʥʜʘʤʝʥʪʘ, ʦʩʦʙʝʥʥʦ ʥʝʦʘʨʭʝʡʩʢʠʝ ʛʨʘʥʠʪʦʠʜʳ, ʧʨʦʜʦʣʞʠʣʠ ʠʛʨʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʨʦʣʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʥʦʩʘ ʥʘʨʷʜʫ ʩ ʩʫʤʠʡʩʢʠʤʠ ʙʘʟʘʣʴʪʦʚʳʤʠ ʘʥʜʝʟʠʪʘʤʠ ʠ 

ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʪʫʬʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʢʠʣʦʤʝʪʨʦʚʳʝ ʧʦʢʨʦʚʳ 

ʚʥʫʪʨʠ ʨʠʬʪʦʚʳʭ ʜʦʣʠʥ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʦʛʨʦʤʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜʠʨʝʢʪʦʨʫ ʀɻɻɼ ʈɸʅ ʯʣʝʥʫ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʈɸʅ ɸ.ɹ. ʂʫʟʥʝʮʦʚʫ ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʠ 

Sm-Nd ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 23-27-00263) ʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çɸʀʈʀɿè [9]. 
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1
ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, uefremova@crust.irk.ru 

2
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ 

 

ʍʘʨʛʠʪʫʡʩʢʘʷ ʩʚʠʪʘ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʩʥʦʚʘʥʠʝ 

ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʩʘʨʤʠʥʩʢʦʡ ʩʝʨʠʠ, ʧʦʨʦʜʳ ʢʦʪʦʨʦʡ ʧʨʠʥʘʜʣʝʞʘʪ 

ɸʢʠʪʢʘʥʩʢʦʤʫ ʩʢʣʘʜʯʘʪʦʤʫ ʧʦʷʩʫ ʠ ʦʙʥʘʞʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ɹʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʝʚʦʛʦ 

ʚʳʩʪʫʧʘ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʇʦʨʦʜʳ ʭʘʨʛʠʪʫʡʩʢʦʡ ʩʚʠʪʳ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʫʟʢʦʤʫ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʙʣʦʢʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʚʜʦʣʴ ʟʦʥʳ ʨʘʟʣʦʤʘ, ʦʪʜʝʣʷʶʱʝʛʦ ʬʫʥʜʘʤʝʥʪ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʦʪ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʆʣʴʭʦʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ 

ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʭʘʨʛʠʪʫʡʩʢʘʷ 

ʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮʠʪʘʤʠ, ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦ-

ʙʠʦʪʠʪʦʚʳʤʠ ʠʣʠ ʜʚʫʩʣʶʜʷʥʳʤʠ ʛʥʝʡʩʘʤʠ ʠ ʤʝʪʘʨʠʦʣʠʪʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʦʜʚʝʨʞʝʥʳ ʤʝʪʘʤʦʨʬʠʟʤʫ ʠ/ʠʣʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʫ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʨʦʜʳ 

ʭʘʨʛʠʪʫʡʩʢʦʡ ʩʚʠʪʳ ʧʨʦʨʳʚʘʶʪʩʷ ʛʨʘʥʠʪʦʠʜʘʤʠ ʧʨʠʤʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʚʦʟʨʘʩʪ 

1.86 ʤʣʨʜ ʣʝʪ), ʜʘʡʢʘʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚ (å1 ʤʣʨʜ ʣʝʪ) [4] ʠ ʜʦʣʝʨʠʪʦʚ (720 ʤʣʥ ʣʝʪ) [1]. 

ɼʣʷ ʧʦʨʦʜ ʩʚʠʪʳ ʭʘʨʘʢʪʝʨʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ ʢʘʢ ʩ ʙʦʣʝʝ ʜʨʝʚʥʠʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʪʘʢ ʠ ʩ ʚʳʰʝʣʝʞʘʱʝʡ ʠʣʠʢʪʠʥʩʢʦʡ ʩʚʠʪʦʡ. ʈʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ 

ʚʦʟʨʘʩʪ ʭʘʨʛʠʪʫʡʩʢʦʡ ʩʚʠʪʳ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʧʦ ʧʨʦʨʳʚʘʥʠʶ ʝʝ ʧʦʨʦʜ ʛʨʘʥʠʪʦʠʜʘʤʠ 

ʧʨʠʤʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ ʩʚʠʪʳ 

ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ ʠʥʪʝʥʩʠʚʥʳʤ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʠ ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ ʩʦ ʩʚʠʪʦʡ.  

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ ʜʘʥʥʳʝ ʦ ʚʦʟʨʘʩʪʝ ʧʦʨʦʜ ʭʘʨʛʠʪʫʡʩʢʦʡ ʩʚʠʪʳ ʠʟ 

ʦʙʥʘʞʝʥʠʷ ʢ ʶʛʫ ʦʪ ʧʦʩ. ʆʥʛʫʨʝʥ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʨʦʜʳ ʩʚʠʪʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʧʦʟʜʥʝʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʖʞʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʦʛʦ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʩ ʚʦʟʨʘʩʪʦʤ 1.88ï1.85 ʤʣʨʜ ʣʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʨʘʥʠʪʦʠʜʦʚ 

ʧʨʠʤʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥʥʳʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ɺ.ɹ. ʉʘʚʝʣʴʝʚʦʡ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [3] ʧʦ Ar/Ar ʜʘʪʠʨʦʚʘʥʠʶ ʤʫʩʢʦʚʠʪʘ ʠʟ ʩʣʶʜʠʩʪʦʛʦ ʩʣʘʥʮʘ ʭʘʨʛʠʪʫʡʩʢʦʡ 

ʩʚʠʪʳ, ʦʪʦʙʨʘʥʥʦʛʦ ʢ ʩʝʚʝʨʫ ʦʪ ʧʦʩ. ʆʥʛʫʨʝʥ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʨʦʜʳ 

ʩʚʠʪʳ ʧʨʝʪʝʨʧʝʣʠ ʤʝʪʘʤʦʨʬʠʟʤ ʥʘ ʚʨʝʤʝʥʥʦʤ ʨʫʙʝʞʝ 1.95 ʤʣʨʜ ʣʝʪ. ʊʘʢʠʝ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ ʭʘʨʛʠʪʫʡʩʢʦʡ ʩʚʠʪʳ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʘʤʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʰʝʩʪʴ ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʙʥʘʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ 

ʫʯʘʩʪʢʘʭ ʚ ʧʦʣʦʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʩʚʠʪʳ. U-Pb ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʟʝʨʝʥ 

ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ ʠʟ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ LA-ICP-MS ʥʘ 

ʢʚʘʜʨʫʧʦʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent 7900 ʩ ʩʠʩʪʝʤʦʡ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ 

AnalyteExcite ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʷè 

ʀʥʩʪʠʪʫʪʘ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ.  

ʃʝʡʢʦʢʨʘʪʦʚʳʡ ʛʥʝʡʩ (ʦʙʨ. 2109) ʙʳʣ ʦʪʦʙʨʘʥ ʚ ʧʨʘʚʦʤ ʙʦʨʪʫ ʨʫʯ. ʕʣʠʛʝʡ 

ʩʝʚʝʨʥʝʝ ʧʦʩ. ʆʥʛʫʨʝʥ. ɺ ʵʪʦʤ ʦʙʨʘʟʮʝ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 116 ʟʝʨʝʥ 

ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ, ʢʦʥʢʦʨʜʘʥʪʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ 65 ʟʝʨʝʥ. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (62 %) ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʥʦʡ ʧʠʢ ʥʘ ʦʪʤʝʪʢʝ 2985 ʤʣʥ 
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ʣʝʪ, ʘ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ (38 %) ʬʦʨʤʠʨʫʝʪ ʚʪʦʨʦʡ ʟʥʘʯʠʤʳʡ ʧʠʢ ʥʘ ʦʪʤʝʪʢʝ 3091 ʤʣʥ 

ʣʝʪ. 

ɺ ʩʣʶʜʠʩʪʦ-ʢʚʘʨʮʝʚʦʤ ʩʣʘʥʮʝ (ʦʙʨ. 2115), ʦʪʦʙʨʘʥʥʦʤ ʪʘʢʞʝ ʚ ʧʨʘʚʦʤ ʙʦʨʪʫ 

ʨʫʯ. ʕʣʠʛʝʡ, ʥʦ ʶʞʥʝʝ ʦʙʨ. 2109, ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 147 ʟʝʨʝʥ ʜʝʪʨʠʪʦʚʦʛʦ 

ʮʠʨʢʦʥʘ, ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ 137 ʟʝʨʝʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʢʦʨʜʘʥʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘ. 

ʆʩʥʦʚʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʧʠʢ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʪʤʝʪʢʝ 2331 ʤʣʥ ʣʝʪ, ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ 

ʙʦʣʝʝ ʤʝʣʢʠʝ ʧʠʢʠ ʥʘ ʦʪʤʝʪʢʘʭ 2869 ʠ 2973 ʤʣʥ ʣʝʪ. 

ʀʟ ʩʣʶʜʠʩʪʦ-ʢʚʘʨʮʝʚʦʛʦ ʩʣʘʥʮʘ ʤʳʩʘ ʗʜʦʨ (ʦʙʨ. 2147) ʙʳʣʦ ʦʪʦʙʨʘʥʦ 111 ʟʝʨʝʥ 

ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ, 92 ʠʟ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣʠ ʢʦʥʢʦʨʜʘʥʪʥʳʝ ʟʥʘʯʝʥʠʷ. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʡ ʚʦʟʨʘʩʪʥʦʡ ʧʠʢ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʪʤʝʪʢʝ 2461 ʤʣʥ ʣʝʪ, ʤʝʥʝʝ ʟʥʘʯʠʤʳʝ 

ʧʠʢʠ ʦʪʤʝʯʝʥʳ ʚ ʧʨʦʤʝʞʫʪʢʝ 2903 ï 3037 ʤʣʥ ʣʝʪ. 

ʀʟ 108 ʟʝʨʝʥ ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʤʝʪʘʧʝʩʯʘʥʠʢʝ, 

ʦʪʦʙʨʘʥʥʦʤ ʤʝʞʜʫ ʧʦʩ. ʆʥʛʫʨʝʥ ʠ ʨ. ʂʫʨʤʘ (ʦʙʨ. 2160), ʢʦʥʢʦʨʜʘʥʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ 81 ʟʝʨʥʘ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʚʦʟʨʘʩʪʥʦʡ ʧʠʢ ʥʘ 1851 ʤʣʥ ʣʝʪ. 

ʅʘ ʨ. ʂʫʯʝʣʛʘ ʠʟ ʨʘʩʩʣʘʥʮʦʚʘʥʥʦʛʦ ʢʚʘʨʮʠʪʘ (ʦʙʨ. 2230) ʙʳʣʦ ʚʳʜʝʣʝʥʦ 127 

ʟʝʨʝʥ ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ, ʜʣʷ 113 ʟʝʨʝʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʢʦʨʜʘʥʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʦʟʨʘʩʪʘ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠ ʝʜʠʥʳʡ ʧʠʢ ʥʘ ʦʪʤʝʪʢʝ 1854 ʤʣʥ ʣʝʪ.    

ʂ ʶʛʫ ʦʪ ʧʦʩ. ɽʣʘʥʮʳ ʚ ʧʨʘʚʦʤ ʙʦʨʪʫ ʨ. ɸʥʛʠ ʙʳʣ ʦʪʦʙʨʘʥ ʩʣʶʜʠʩʪʳʡ ʢʚʘʨʮʠʪ 

(ʦʙʨ. 21108), ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 100 ʟʝʨʝʥ ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ, ʜʣʷ 

77 ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʢʦʨʜʘʥʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘ. ʆʩʥʦʚʥʦʡ 

ʚʦʟʨʘʩʪʥʦʡ ʧʠʢ (90 % ʟʝʨʝʥ) ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʪʤʝʪʢʝ 1835 ʤʣʥ ʣʝʪ, ʪʘʢʞʝ ʤʝʥʝʝ 

ʟʥʘʯʠʤʳʝ ʧʠʢʠ (ʧʦ 3-6 ʟʝʨʥʘʤ) ʦʪʤʝʯʘʶʪʩʷ ʥʘ 2691 ʠ 2875 ʤʣʥ ʣʝʪ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʦʟʨʘʩʪʫ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʧʦʨʦʜ, ʦʪʥʦʩʠʤʳʭ ʢ 

ʭʘʨʛʠʪʫʡʩʢʦʡ ʩʚʠʪʝ, ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʜʚʝ ʛʨʫʧʧʳ ʧʦʨʦʜ. ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʦʙʨʘʟʮʳ 2109, 2115 ʠ 2147, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʢ ʩʝʚʝʨʫ ʦʪ ʧʦʩ. 

ʆʥʛʫʨʝʥ, ʥʝʜʘʣʝʢʦ ʦʪ ʨʘʟʨʝʟʘ, ʜʣʷ ʧʦʨʦʜ ʢʦʪʦʨʦʛʦ, ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [3], ʙʳʣ ʧʦʣʫʯʝʥ 

ʚʦʟʨʘʩʪ ʤʝʪʘʤʦʨʬʠʟʤʘ 1.95 ʤʣʨʜ ʣʝʪ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʘʥʥʳʤʠ. ɼʝʪʨʠʪʦʚʳʝ ʮʠʨʢʦʥʳ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 2.9 ʤʣʨʜ ʣʝʪ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚʦ ʚʩʝʭ ʪʨʝʭ ʦʙʨʘʟʮʘʭ, ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʦʥʘʣʠʪʳ ʩ 

ʚʦʟʨʘʩʪʦʤ 2884 Ñ 12 ʤʣʥ ʣʝʪ [5], ʠʟʚʝʩʪʥʳʝ ʚ ʉʘʨʤʠʥʩʢʦʤ ʙʣʦʢʝ, ʙʳʣʠ ʧʦʩʪʘʚʱʠʢʘʤʠ 

ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʨʦʜ ʭʘʨʛʠʪʫʡʩʢʦʡ ʩʚʠʪʳ, ʨʘʟʚʠʪʳʭ 

ʚʙʣʠʟʠ ʧʦʩ. ʆʥʛʫʨʝʥ. ɺʦʟʨʘʩʪʥʳʝ ʧʠʢʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʥʘ ʦʪʤʝʪʢʘʭ 2331 ʠ 2461 

ʤʣʥ ʣʝʪ, ʷʚʣʷʶʪʩʷ ʥʝʪʠʧʠʯʥʳʤʠ ʜʣʷ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʠ ʚ ʧʨʝʜʝʣʘʭ ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʚʳʩʪʫʧʘ ʬʫʥʜʘʤʝʥʪʘ ʢʨʘʪʦʥʘ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʙʣʠʟʢʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝʠʟʚʝʩʪʥʳ, ʧʦʵʪʦʤʫ ʠʭ ʨʘʩʰʠʬʨʦʚʢʘ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʜʦʨʘʙʦʪʢʠ. ɺʪʦʨʫʶ 

ʛʨʫʧʧʫ ʬʦʨʤʠʨʫʶʪ ʦʙʨʘʟʮʳ 2160, 2230 ʠ 21108 ʩ ʦʩʥʦʚʥʳʤʠ ʧʠʢʘʤʠ ʚʦʟʨʘʩʪʘ 

ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʥʘ ʦʪʤʝʪʢʘʭ 1835, 1854 ʠ 1851 ʤʣʥ ʣʝʪ, ʢʦʪʦʨʳʝ ʙʣʠʟʢʠ ʢ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʨʘʙʦʪʝ [2]. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʨʦʜʳ, ʦʪʥʦʩʠʤʳʝ ʢ ʭʘʨʛʠʪʫʡʩʢʦʡ ʩʚʠʪʝ ʚ ʶʞʥʦʡ ʯʘʩʪʠ 

ʧʦʣʦʩʳ ʠʭ ʨʘʟʚʠʪʠʷ (ʶʞʥʝʝ ʧʦʩ. ʆʥʛʫʨʝʥ), ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʟʜʥʝʝ ʧʦʨʦʜ ʖʞʥʦ-

ʉʠʙʠʨʩʢʦʛʦ ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʦʷʩʘ, ʘ ʛʨʘʥʠʪʦʠʜʳ ʠ ʚʫʣʢʘʥʠʪʳ 

ʵʪʦʛʦ ʧʦʷʩʘ ʷʚʣʷʣʠʩʴ ʦʩʥʦʚʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʚ ʙʘʩʩʝʡʥʳ ʠʭ 

ʩʝʜʠʤʝʥʪʘʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʨʦʜʳ, ʦʪʥʦʩʠʤʳʝ ʢ ʭʘʨʛʠʪʫʡʩʢʦʡ ʩʚʠʪʝ, ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʝʜʠʥʦʛʦ ʩʪʨʘʪʦʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʘ ʚ ʦʜʥʫ ʩʚʠʪʫ ʦʥʠ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʭʦʞʝʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʝʧʝʥʠ ʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. 
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ɸʧʘʪʠʪ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʘʢʮʝʩʩʦʨʥʳʤ ʤʠʥʝʨʘʣʦʤ ʢʣʘʩʩʘ 

ʬʦʩʬʘʪʦʚ ʩ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ Ca10(PO4)6(OH,F,Cl)2. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʡ 

ʩʧʝʢʪʨ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Sr, Y, U, Th, ʘ ʪʘʢʞʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʩʪʷʭ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ.  

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʘʥʘʣʠʟʝ ʘʧʘʪʠʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʪʦʯʥʳʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʠ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ (LA-

ICP-MS) ʩʪʘʣʘ ʨʫʪʠʥʥʳʤ ʤʝʪʦʜʦʤ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʘʧʘʪʠʪʘ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ. ɼʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚ LA-ICP-MS ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ 

ʧʨʦʮʝʜʫʨ. ʆʜʥʘʢʦ ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʘʧʘʪʠʪʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʦʪʩʫʪʩʪʚʫʶʪ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʘʥʝʝ 

ʤʝʪʦʜʠʢʠ ʥʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʚʘʣʠʜʠʨʦʚʘʥʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʭʠʤʠʠ. ɺ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ LA-ICP-MS ʦʙʳʯʥʦ ʚʭʦʜʠʪ ʪʦʣʴʢʦ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ~3ï5 %, ʥʦ ʜʨʫʛʠʝ ʚʠʜʳ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. LA-ICP-MS ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ 

ʩ ʫʯʝʪʦʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤ 

ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʧʦʣʥʳʤ ʚʥʝʰʥʠʤ ʦʪʨʘʞʝʥʠʝʤ (TXRF) ʜʣʷ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʘʧʘʪʠʪʘ. TXRF 

ï ʵʪʦ ʙʳʩʪʨʳʡ, ʵʢʦʥʦʤʠʯʥʳʡ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʘʢ ʤʘʢʨʦ-, ʪʘʢ ʠ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ, ʧʦʵʪʦʤʫ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʠʟʚʝʩʪʥʳʤ ʩʦʩʪʘʚʦʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʠʢ ʠ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

LA-ICP-MS ʠ TXRF. ʄʝʪʦʜʠʢʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʘʧʘʪʠʪʘ ʉʣʶʜʷʥʩʢʦʛʦ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʅʌ ̄  22-77-00035, 

https://rscf.ru/project/22-77-00035/. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʷè ʀʥʩʪʠʪʫʪʘ ʟʝʤʥʦʡ ʢʦʨʳ 

ʉʆ ʈɸʅ.   
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ʆʜʥʠʤ ʠʟ ʨʘʡʦʥʦʚ, ʛʜʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ 

ʧʦʨʦʜʳ, ʷʚʣʷʝʪʩʷ ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ ʠ ʉʝʚʝʨʥʘʷ ʂʘʨʝʣʠʷ. ʅʝʜʘʚʥʦ, ʚ ʭʦʜʝ ɻɼʇ-

200 ʥʘ ʣʠʩʪʝ Q-36-VII, ʚ ʨʘʡʦʥʝ ʦʟʝʨʘ ʈʝʧʦʷʨʚʠ, ʧʨʠ ʙʫʨʝʥʠʠ ʙʳʣ ʚʩʢʨʳʪ 

ʥʝʠʟʚʝʩʪʥʳʡ ʨʘʥʝʝ ʤʘʩʩʠʚ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ ʢʦʪʦʨʦʛʦ ʠ ʩʪʘʣʘ ʧʨʝʜʤʝʪʦʤ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʪʦʙʨʘʥʥʳʡ ʧʦ ʩʢʚʘʞʠʥʝ ˉ 3 ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ ʦʪ 5.7 ʜʦ 147.5 ʤ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʥʥʦ-

ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʘʥʘʣʠʟ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʙʘʟʝ ʈʎ çɻʝʦʤʦʜʝʣʴè ʉʇʙɻʋ ʠ ʀɻɻɼ 

ʈɸʅ, ʘʥʘʣʠʟʳ XRF ʠ ICP-MS  ʚ ʌɻɹʋ çɺʉɽɻɽʀè. 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʱʝʣʦʯʝʡ ʠ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʝʟʝʤʘ ʥʘ ʫʨʦʚʥʝ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʘʥʦʤʘʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʙʠʦʪʠʪʘ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʫʯʘʩʪʠʠ ʱʝʣʦʯʥʳʭ ʧʦʣʝʚʳʭ 

ʰʧʘʪʦʚ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʬʝʣʴʜʰʧʘʪʦʠʜʦʚ, ʯʪʦ ʚʳʚʦʜʠʪ 

ʦʧʠʩʳʚʘʝʤʳʝ ʧʦʨʦʜʳ ʟʘ ʨʘʤʢʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʜʝʢʩʘ [2]. ɼʣʷ 

ʥʠʭ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʪʝʤʥʦʮʚʝʪʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʘ ʟʘʪʝʤ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʦʨʦʜʳ ʤʘʩʩʠʚʘ 

ʈʝʧʦʷʨʚʠ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʪʠʧʘ: ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ, ʤʝʟʦʢʨʘʪʦʚʳʝ ʠ 

ʣʝʡʢʦʢʨʘʪʦʚʳʝ.  

ʉʨʝʜʠ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ: ʛʠʛʘʥʪʦ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ Px-Bt-Ap 

ʧʦʨʦʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʛʠʧʠʜʠʦʤʦʨʬʥʦ-ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʙʦʣʝʝ 

ʠʜʠʦʤʦʨʬʥʳʤʠ ʟʝʨʥʘʤʠ Ap ʠ Cpx (Cpx 25 65 %, Arf  10 30 %, Bt 1525 %, Ap        

10 20 %, Pl 0 5 %, Mag 05 %); ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ Px-Bt-Fsp ʧʦʨʦʜʳ ʩ 

ʛʠʧʠʜʠʦʤʦʨʬʥʦ-ʟʝʨʥʠʩʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʩ ʙʦʣʝʝ ʷʩʥʦ ʚʳʨʘʞʝʥʥʦʡ ʠʜʠʦʤʦʨʬʥʦʩʪʴʶ 

Ap ʠ Cpx (Cpx 20 70 %, Arf  10 35 %, Bt 10 30 %, Ap 0 15 %, Fsp 1020 %, Mag 0 5 

%); ʩʣʘʥʮʝʚʘʪʳʝ Px-(Amp)-Bt-Fsp ʧʦʨʦʜʳ (Cpx 1020 %, Arf  35 50 %, Bt 10 15 %, Ap 

2 10 %, Fsp 1520 %, Mag 0 3 %), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʝʤʘʪʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʣʦʝʚ, ʩʣʦʞʝʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʠʜʠʦʙʣʘʩʪʘʤʠ Arf  ʠ ʦʢʨʫʛʣʳʤʠ ʛʨʘʥʦʙʣʘʩʪʘʤʠ Fsp. ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʘ ʚʳʜʝʣʝʥʠʷ Arf  ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʝʝ 

ʢ ʤʝʪʘʧʦʨʦʜʘʤ. ʄʝʣʘʥʦʢʨʘʪʦʚʳʝ ʧʦʨʦʜʳ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʨʷʜʫ ʷʢʫʧʠʨʘʥʛʠʪ-

ʤʝʣʴʪʝʡʛʠʪ ʚ ʜʝʬʠʥʠʮʠʷʭ ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʜʝʢʩʘ.  

ɺ ʤʝʟʦʢʨʘʪʦʚʳʭ ʧʦʨʦʜʘʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ Px-Bt-Fsp ʧʦʨʦʜʳ 

(Cpx 10 40 %, Amp 520 %, Bt 5 15 %, Ap 10 20 %, Or 2025 %, Pl 2025 %, Mag 03 

%) ʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ Px-Bt-Or ʧʦʨʦʜʳ (Cpx 1040 %, Amp 520 %, Bt 515 %, Ap 10

20 %, Or 40 50 %, Mag 02 %). ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʡ 

ʠʜʠʦʤʦʨʬʥʦʩʪʴʶ Cpx ʠ Fsp, ʢʩʝʥʦʤʦʨʬʥʦʩʪʴʶ Bt. ʉʨʝʜʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʜʝʢʩʘ ʦʥʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʧʦʨʦʜʘʤ ʨʷʜʘ ʤʝʣʴʪʝʡʛʠʪ-ʠʡʦʣʠʪ.  

ʃʝʡʢʦʢʨʘʪʦʚʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʞʠʣʴʥʳʝ 

ʧʦʨʦʜʳ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʤ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ Or-ʧʦʨʬʠʨʘʤʠ 

(Or 45 55 %, Pl 025 %, Qz 520 %, Cpx 0 15 %, Bt 2 20 %, Ap 02 %) ʠ Crb-Fsp 
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ʧʦʨʦʜʘʤʠ (Crb 2030 %, Or 1030 %, Pl 1540 %, Qz 520 %, Chl 0 15 %, Ap 0 5 %, 

Mag 0 2 %).  

ʂʣʠʥʦʧʠʨʦʢʩʝʥʳ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʈʝʧʦʷʨʚʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʦʧʩʠʜʦʤ 

(Wo50En36Fs14), ʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ ʢʨʘʷ ʢʨʠʩʪʘʣʣʘ 

ʘʚʛʠʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (Wo28En57Fs15), ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʣʝʡʢʦʢʨʘʪʦʚʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ. ɹʠʦʪʠʪ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜʘʭ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ MgO ʠ FeO ï ʧʦ 1316 % ʢʘʞʜʦʛʦ ʦʢʩʠʜʘ ʠ ʧʦ ʪʝʢʩʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʷʚʣʷʝʪʩʷ ʜʣʷ ʧʦʨʦʜ ʧʝʨʚʠʯʥʳʤ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʤʠʥʝʨʘʣʦʤ [3, 

4]. ʄʠʥʝʨʘʣʳ-ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʈɿʕ ʚ ʧʦʨʦʜʘʭ ʤʘʩʩʠʚʘ ʈʝʧʦʷʨʚʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʣʣʘʥʠʪʦʤ, ʤʦʥʘʮʠʪʦʤ, ʧʘʨʠʟʠʪʦʤ, ʘʥʢʠʣʠʪʦʤ ʠ REE-ʪʠʪʘʥʠʪʦʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʧʝʨʚʳʭ ʜʚʫʭ ʤʠʥʝʨʘʣʦʚ, ʧʨʦʷʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʫʨʦʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ 

ʢʨʘʝʚʳʤ ʯʘʩʪʷʤ ʟʝʨʝʥ ʘʧʘʪʠʪʘ. 

ʑʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʤʘʩʩʠʚʳ ʂʦʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʩʝʨʠʠ ï 

ʑʋʂ ʠ ʑʋʍ [1]. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʈʝʧʦʷʨʚʠ ʩ 

ʧʠʨʦʢʩʝʥʠʪʘʤʠ ʨʝʬʝʨʝʥʩʥʳʭ ʩʝʨʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʅʘʠʙʦʣʴʰʝʝ ʩʭʦʜʩʪʚʦ ʤʝʣʘʥʦ- ʠ ʤʝʟʦʢʨʘʪʦʚʳʝ ʧʦʨʦʜʳ ʤʘʩʩʠʚʘ ʈʝʧʦʷʨʚʠ 

ʧʦʢʘʟʳʚʘʶʪ ʩ ʧʠʨʦʢʩʝʥʠʪʘʤʠ ʍʠʙʠʥ. ʆʩʥʦʚʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʬʝʣʴʜʰʧʘʪʦʠʜʦʚ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Ap ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʧʦʥʠʞʝʥʥʦʝ ï 

ʤʘʛʥʝʪʠʪʘ. ʆʪ ʧʦʨʦʜ ʩʝʨʠʠ ʑʋʂ ʧʦʨʦʜʳ ʤʘʩʩʠʚʘ ʈʝʧʦʷʨʚʠ ʦʪʣʠʯʘʶʪʩʷ ʨʝʟʢʦ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʨʚʠʯʥʦʡ ʩʣʶʜʳ, ʦʪʩʫʪʩʪʚʠʝʤ ʧʝʨʦʚʩʢʠʪʘ. ʇʠʨʦʢʩʝʥʳ 

ʧʦʨʦʜ ʑʋʂ ʠ ʑʋʍ ʩʭʦʜʥʳ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ, Bt ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʧʦʨʦʜ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ. ʄʠʥʝʨʘʣʳ-

ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʈɿʕ ʚ ʧʦʨʦʜʘʭ ʩʝʨʠʠ ʑʋʂ ʧʨʝʜʩʪʘʚʣʝʥʳ Ap ʠ Prv, ʚ ʧʦʨʦʜʘʭ ʩʝʨʠʠ 

ʑʋʍ ï Ap ʠ Ti, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʧʦʨʦʜ ʤʘʩʩʠʚʘ 

ʈʝʧʦʷʨʚʠ. 

 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʪʠʧʦʚʳʭ ʤʘʩʩʠʚʦʚ 

ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʤʘʩʩʠʚʘ ʈʝʧʦʷʨʚʠ 

ʄʘʩʩʠʚ ʉʝʨʠʷ ʇʦʨʦʜʘ 
ʉʦʜʝʨʞʘʥʠʝ, % 

Cpx Ne Bt Prv Ap Mag ʇʨʦʯʠʝ 

ɸʬʨʠʢʘʥʜʘ ʑʋʂ ʇʠʨʦʢʩʝʥʠʪ 60 90 0 14  2 13 0 17 0 15 Grt 8, Cal 1 

ɺʫʦʨʠʷʨʚʠ ʑʋʂ ʇʠʨʦʢʩʝʥʠʪ 66 84 0 5 0 2 10-12 0 1 10 18  

ʍʠʙʠʥʳ ʑʋʍ ʇʠʨʦʢʩʝʥʠʪ 39 67 2 5 15 30  0 6 5 10 Amp14 18 

ʈʝʧʦʷʨʚʠ 

 ʄʝʣʘʥʦʢʨʘʪʦʚʳʝ 

ʧʦʨʦʜʳ 
10 70  10 30  0 20 0 5 Amp 10 50, Fsp 020 

 ʄʝʟʦʢʨʘʪʦʚʳʝ 

ʧʦʨʦʜʳ 
10 40  5 15  10 20 0 3 

Or 20 50, Amp 5 20,      

Pl 20 25 

ʇʨʠʤʝʯʘʥʠʝ. ɼʘʥʥʳʝ ʜʣʷ ʩʝʨʠʡ ʑʋʂ ʠ ʑʋʍ ʦʙʦʙʱʝʥʳ ʧʦ ʤʘʪʝʨʠʘʣʘʤ [1]. 

 

ʆʪ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʢ ʣʝʡʢʦʢʨʘʪʦʚʳʤ ʧʦʨʦʜʘʤ ʩʥʠʞʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʷ Fe, Mg, 

Ca, P, Ba, Sr, REE, ʧʦʚʳʰʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʷ Si, Al, Na, K, Zr, Hf. ʉʦʜʝʨʞʘʥʠʝ 

ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʩʠʜʦʚ ʚ ʧʦʨʦʜʘʭ ʦʧʠʩʳʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʩʝʨʠʠ ʂʦʣʴʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ [1]: ʧʦʥʠʞʝʥʳ ʩʦʜʝʨʞʘʥʠʷ SiO2, MgO, CaO, Na2O, ʧʦʚʳʰʝʥʳ ï Al 2O3, 
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K2O ʠ P2O5 (ʜʦ 4.22 wt. %). ʇʦʣʷ ʩʦʩʪʘʚʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʙʦʣʴʰʝʝ ʩʭʦʜʩʪʚʦ ʩ ʧʦʨʦʜʘʤʠ ʑʋʂ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ P2O5. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʈʝʧʦʷʨʚʠ ʥʘ ʜʠʘʛʨʘʤʤʘʭ 

ʌʝʥʥʝʨʘ (ʨʠʩʫʥʦʢ) ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʚʠʯʥʳʡ ʨʘʩʧʣʘʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʦʨʦʜ ʥʘʭʦʜʠʣʩʷ ʚ ʧʦʣʝ ʤʝʟʦʢʨʘʪʦʚʳʭ ʧʦʨʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ Cpx-Ap 

ʢʫʤʫʣʘʪʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ ʧʦʨʦʜʳ, ʘ ʦʩʪʘʪʦʯʥʳʡ ʨʘʩʧʣʘʚ ʦʙʦʛʘʪʠʣʩʷ 

ʱʝʣʦʯʘʤʠ, Al ʠ Si, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Fsp-Bt ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʨʘʟʥʦʩʪʝʡ.  

 
ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʈʝʧʦʷʨʚʠ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʌʝʥʥʝʨʘ. 

ʏʝʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʪʨʝʥʜʳ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʈʝʧʦʷʨʚʠ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʜʝʢʩʦʤ ʧʦ 

ʜʦʣʝ Bt ʠ ʬʝʣʴʜʰʧʘʪʦʠʜʦʚ. ʇʦʨʦʜʳ ʤʘʩʩʠʚʘ ʈʝʧʦʷʨʚʠ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ 

ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ, ʤʝʟʦʢʨʘʪʦʚʳʝ ʠ ʣʝʡʢʦʢʨʘʪʦʚʳʝ.  

ʊʝʤʥʦʮʚʝʪʥʳʝ ʧʦʨʦʜʳ ʜʝʣʷʪʩʷ ʥʘ ʛʠʛʘʥʪʦ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ Px-Bt-Ap 

ʧʦʨʦʜʳ, ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ Px-Bt-Fsp ʧʦʨʦʜʳ, ʩʣʘʥʮʝʚʘʪʳʝ Px-(Amp)-Bt-Fsp ʧʦʨʦʜʳ. 

ʇʝʨʚʳʝ ʜʚʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʛʠʧʠʜʠʦʤʦʨʬʥʦ-

ʟʝʨʥʠʩʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʪʨʝʪʴʷ ʦʙʣʘʜʘʝʪ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʥʝʤʘʪʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʩ ʠʜʠʦʙʣʘʩʪʠʯʝʩʢʠʤ Arf .  

ɺ ʤʝʟʦʢʨʘʪʦʚʳʭ ʧʦʨʦʜʘʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ Px-Bt-Fsp ʧʦʨʦʜʳ, Px-Bt-Or ʧʦʨʦʜʳ ʩ ʧʝʨʚʠʯʥʳʤʠ 

ʛʠʧʠʜʠʦʤʦʨʬʥʦ-ʟʝʨʥʠʩʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ɾʠʣʴʥʳʝ ʣʝʡʢʦʢʨʘʪʦʚʳʝ Or-ʧʦʨʬʠʨʳ, Crb-Fsp ʧʦʨʦʜʳ.  

2. ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʧʦʨʦʜʳ ʤʘʩʩʠʚʘ ʈʝʧʦʷʨʚʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ 

ʧʠʨʦʢʩʝʥʠʪʘʤ ʩʝʨʠʠ ʑʋʍ (ʍʠʙʠʥʩʢʠʡ ʤʘʩʩʠʚ), ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ï ʢ 

ʧʦʨʦʜʘʤ ʩʝʨʠʠ ʑʋʂ (ʤʘʩʩʠʚʳ ɸʬʨʠʢʘʥʜʘ ʠ ɺʫʦʨʠʷʨʚʠ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ 

ʤʠʥʝʨʘʣʘʤ-ʢʦʥʮʝʥʪʨʘʪʦʨʘʤ ʈɿʕ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʠ ʦʪ ʑʋʍ, ʠ ʦʪ ʑʋʂ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʨʦʜʳ ʠʟʫʯʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʝʩʝʥʳ ʥʠ ʢ 

ʑʋʂ, ʥʠ ʢ ʑʋʍ ʠ, ʚʝʨʦʷʪʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ. 

3. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʦʨʦʜ ʧʨʦʠʩʭʦʜʠʣʘ ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʣʘʚʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦ ʩʦʩʪʘʚʫ ʚʳʜʝʣʝʥʥʳʤ ʤʝʟʦʢʨʘʪʦʚʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʘʩʩʦʮʠʘʮʠʷ Cpx-Ap, ʥʘ ʩʣʝʜʫʶʱʝʤ ï Bt-Fsp. 
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ʂʦʧʴʝʚʩʢʠʡ ʢʦʤʧʣʝʢʩ ʦʙʲʝʜʠʥʷʝʪ ʜʘʡʢʠ, ʥʝʢʢʠ ʠ ʪʨʫʙʢʠ ʚʟʨʳʚʘ ʱʝʣʦʯʥʦ-

ʙʘʟʘʣʴʪʦʠʜʥʳʭ ʧʦʨʦʜ, ʧʨʦʨʳʚʘʶʱʠʭ ʩʨʝʜʥʝ- ʠ ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʝ ʠ 

ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʦʙʨʘʤʣʝʥʠʠ ʂʦʧʴʸʚʩʢʦʛʦ ʢʫʧʦʣʘ, ʘ ʪʘʢʞʝ ʜʘʡʢʠ 

ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʠʣʣʳ çʩʚʝʞʠʭè ʜʦʣʝʨʠʪʦ-ʙʘʟʘʣʴʪʦʚ, ʟʘʣʝʛʘʶʱʠʭ ʩʨʝʜʠ 

ʥʠʞʥʝʜʝʚʦʥʩʢʠʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ [1]. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʦʟʨʘʩʪ 

ʧʦʨʦʜ ï ʧʝʨʤʩʢʦ-ʪʨʠʘʩʦʚʳʡ (250ï260 ʤʣʥ ʣʝʪ, ArïAr [2]; ʜʘʥʥʳʝ GDP-200). 

ɼʦ ʩʠʭ ʧʦʨ ʜʘʥʥʳʝ ʦ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʜʦʣʝʨʠʪʦʚ ʄʠʥʫʩʠʥʩʢʦʛʦ 

ʧʨʦʛʠʙʘ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʝʜʠʥʠʯʥʳʤʠ ʪʦʯʥʳʤʠ ʘʥʘʣʠʟʘʤʠ [2, 3]. ʅʘ ʙʦʣʝʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʝ ʧʦʢʘʟʘʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʧʦʨʦʜ, 

ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʚʝʨʦʷʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʣʘʚʘ. 

ʆʙʨʘʟʮʳ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʜʘʝʢ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʦʣʝʨʠʪʳ ʪʝʤʥʦʡ, ʧʦʯʪʠ 

ʯʝʨʥʦʡ ʦʢʨʘʩʢʠ. ʉʪʨʫʢʪʫʨʘ ʩʨʝʜʥʝ- ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ, ʧʦʨʬʠʨʦʚʠʜʥʘʷ, ʪʝʢʩʪʫʨʘ 

ʤʘʩʩʠʚʥʘʷ. ɺʢʨʘʧʣʝʥʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʧʠʨʦʢʩʝʥʦʤ, ʪʘʢ ʠ ʦʩʥʦʚʥʳʤ 

ʧʣʘʛʠʦʢʣʘʟʦʤ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʛʨʝʛʘʪʦʤ ʟʝʨʝʥ 

ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ. ʈʫʜʥʳʡ ʤʠʥʝʨʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʛʥʝʪʠʪʦʤ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʷʤ ʢʨʝʤʥʝʟʝʤʘ, ʚʘʨʴʠʨʫʶʱʠʤʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 41.4 ʜʦ 49.0 

ʤʘʩ. %, ʠʟʫʯʘʝʤʳʝ ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ. ʇʦ ʩʫʤʤʝ ʱʝʣʦʯʝʡ 

(2.8ï4.0 ʤʘʩ. % Na2O + K2O) ʜʦʣʝʨʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʟʢʦʢʘʣʠʝʚʳʤ ʧʦʨʦʜʘʤ 

ʥʦʨʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʠ (3.5ï6.4 Na2O/K2O). ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʦʨʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ TiO2 (2.2ï3.0 ʤʘʩ. %). ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʩʦʩʪʘʚʣʷʶʪ (ʛ/ʪ): 54ï273 Cr, 50ï177 Ni, 223ï304 V; 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʛ/ʪ) HFSE: 17ï31 Nb, 110ï203 Zr, 1.6ï3.3 Th, 0.2ï0.6 U, 85ï128 ʈɿʕ; ʠ 

LILE: 3.0ï15.9 Rb, 176.8ï810.4 Ba, ʠ 194.4ï958.4 Sr. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʧʦʨʦʜʘʭ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʳʡ Nb-Ta-ʤʘʢʩʠʤʫʤ, ʦʙʳʯʥʦ ʦʪʤʝʯʘʝʤʳʡ ʜʣʷ ʧʨʦʜʫʢʪʦʚ OIB-ʤʘʛʤʘʪʠʟʤʘ. 

ʈʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʜʦʣʝʨʠʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʘʨʘʤʝʪʨʘʤ ʵʪʘʣʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʙʘʟʘʣʴʪʦʚʳʭ ʤʘʛʤ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʝʪʨʦʛʝʥʝʟʝ ʚʝʱʝʩʪʚʘ, 

ʧʦʜʦʙʥʦʛʦ IAB ʠ E-MORB (ʨʠʩʫʥʦʢ, ʘ). 

ɺʘʨʠʘʮʠʠ ʦʪʥʦʰʝʥʠʷ Zr/Nb ʦʪ 4.0 ʜʦ 10.7 ʚ ʜʦʣʝʨʠʪʝ (ʚ ʩʨʝʜʥʝʤ 6.0, n = 12) 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʛʤʳ ʚ ʝʜʠʥʦʤ ʤʘʥʪʠʡʥʦʤ ʠʩʪʦʯʥʠʢʝ (ʨʠʩʫʥʦʢ, ʙ). ʇʦ 

ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʠʟʫʯʝʥʥʳʝ ʧʦʨʦʜʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ OIB-ʚʫʣʢʘʥʠʟʤʘ 

ʦʙʦʛʘʱʝʥʥʦʡ ʤʘʥʪʠʠ EM [4]. 

ɼʦʣʝʨʠʪʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ LaN/YbN (4.8ï9.2) ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Yb 1.9ï2.7 ʛ/ʪ, ʘ ʪʘʢʞʝ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʷʞʝʣʳʭ 

ʈɿʕ (DyN/YbN = 1.2ï1.4), ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʝʱʝʩʪʚʘ ʠʟ ʦʜʥʦʛʦ 

ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ [5], ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʛʤʳ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ 

ʟʘ ʩʯʝʪ ʜʝʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʯʘʩʪʠʯʥʦʛʦ (1ï2 %) ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʡʥʳʭ ʣʝʨʮʦʣʠʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʛʨʘʥʘʪ ï ʰʧʠʥʝʣʴ (ʨʠʩʫʥʦʢ, ʚ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʝ (2ï4 %) ʧʣʘʚʣʝʥʠʝ ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʰʧʠʥʝʣʝʚʳʭ ʣʝʨʮʦʣʠʪʦʚ ʠ 
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ʥʝʢʦʪʦʨʦʝ ʦʙʦʛʘʱʝʥʠʝ ʙʘʟʘʣʴʪʦʚʦʡ ʤʘʛʤʳ OIB-ʢʦʤʧʦʥʝʥʪʦʤ ʩʚʷʟʘʥʳ ʩ ʪʝʨʤʠʯʝʩʢʠʤ 

ʠ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʜʣʠʪʦʩʬʝʨʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ. 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʠʟʦʙʘʨʠʯʝʩʢʦʛʦ ʧʣʘʚʣʝʥʠʷ ʣʝʨʮʦʣʠʪʦʚ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʩʦʦʪʥʦʰʝʥʠʷʭ Nb/Yb ʠ Th ʚ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ [6], ʩʦʩʪʘʚʳ ʜʦʣʝʨʠʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʣʠʥʠʠ ʩʤʝʰʝʥʠʷ ʚʝʱʝʩʪʚʘ ʠʟ ʛʣʫʙʠʥʳ 

ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ ʛʨʘʥʘʪʦʚʦʡ ʠ ʰʧʠʥʝʣʝʚʦʡ ʬʘʮʠʡ ʧʦ ʩʪʝʧʝʥʠ ʠʭ 

ʯʘʩʪʠʯʥʦʛʦ (2.5 ʠ 5.0 %) ʧʣʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ, ʛ). 

 
ʉʦʜʝʨʞʘʥʠʷ HFSE ʚ ʜʦʣʝʨʠʪʘʭ ʂʦʧʴʝʚʩʢʦʛʦ ʧʦʜʥʷʪʠʷ. ʘ ï Th/Yb ï Nb/Yb [8], E-

MORB ï ʩʨʝʜʥʠʡ ʩʦʩʪʘʚ ʦʙʦʛʘʱʝʥʥʳʭ ʙʘʟʘʣʴʪʦʚ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ;     

ʙ ï Zr/Nb ï Nb/Th [9], ʫʢʘʟʘʥʳ ʠʩʪʦʯʥʠʢʠ ʤʘʛʤʳ ʚ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ (HM), 

ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ (DM) ʠ ʦʙʦʛʘʱʝʥʥʦʡ (EM) ʤʘʥʪʠʠ; ʚ ï (Dy/Yb)N ï (La/Yb)N [5], 

ʟʥʘʯʝʥʠʷ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ ʭʦʥʜʨʠʪʫ [10], ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʢʨʠʚʳʝ 

ʜʝʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ ʦʪ 

ʛʨʘʥʘʪʦʚʦʡ ʢ ʰʧʠʥʝʣʝʚʦʡ ʬʘʮʠʠ; ʛ ï Nb/Yb ï Th [6] ʩ ʢʨʠʚʳʤʠ ʧʣʘʚʣʝʥʠʷ 

ʛʨʘʥʘʪʦʚʦʛʦ (Grt1 ʠ Grt2) ʠ ʰʧʠʥʝʣʝʚʦʛʦ (Sp1 ʠ Sp2) ʣʝʨʮʦʣʠʪʦʚ, ʫʤʝʨʝʥʥʦ ʠ ʩʠʣʴʥʦ 

ʦʙʦʛʘʱʝʥʥʳʭ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʄʦʜʝʣʴʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʧʝʨʠʜʦʪʠʪʘ (ʜʠʘʛʨʘʤʤʳ ʚ 

ʠ ʛ) ʧʦʢʘʟʳʚʘʶʪ ʩʪʝʧʝʥʴ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʠʟʫʯʝʥʥʳʝ ʜʦʣʝʨʠʪʳ 

ʄʠʥʫʩʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ʠʤʝʶʪ ʤʘʥʪʠʡʥʫʶ ʧʨʠʨʦʜʫ, ʥʦ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ 

ʪʦʣʴʢʦ ʩ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʧʣʶʤʘ ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ 

[7]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʜʦʣʝʨʠʪʘ ʤʘʥʪʠʡʥʳʡ ʨʘʩʧʣʘʚ ʯʘʩʪʠʯʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʤʘʪʝʨʠʘʣʦʤ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʎɸʉʇ, ʩʦʜʝʨʞʘʱʠʤ ʚʝʱʝʩʪʚʦ ʪʠʧʘ IAB ʠ E-MORB. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 

ˉ 22ï27ï00362). 
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çʄʠʛʨʘʮʠè̫ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʳʷʚʣʝʥʘ ʚʦ ʤʥʦʛʠʭ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ 

ʨʝʛʠʦʥʘʭ ɿʝʤʣʠ [1, 2 ʠ ʜʨ.] ʠ ʠʟʫʯʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʝʩʷʪʢʦʚ ʣʝʪ. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ çʤʠʛʨʘʮʠʠè ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 

ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʨʘʟʨʘʙʦʪʘʥʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʮʝʧʦʯʝʢ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ 

ʘʟʠʤʫʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʣʯʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʟʘʜʘʥʥʦʛʦ ʩʝʢʪʦʨʘ 

ʜʦʧʫʩʪʠʤʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʮʝʧʦʯʢʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʩʨʝʜʠ 52155 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ὑ̋ ψ, 
ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧʦʡ ʩʚʦʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ɹʘʡʢʘʣʴʩʢʦʛʦ ʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʛʦ 

ʬʠʣʠʘʣʦʚ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ɽʜʠʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʩʣʫʞʙʳ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ ʧʨʝʜʝʣʘʭ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ (• τψɀφπ  ʩ.h., 

‗ ωφɀρςς  ʚ.ʜ. ʚ 1964ï2013 ʛʛ., ʚʳʜʝʣʝʥʦ 2172 ʢʚʘʟʠʣʠʥʝʡʥʳʭ ʮʝʧʦʯʢʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʨʝʭ (2120 ʮʝʧʦʯʝʢ) ʠʣʠ ʯʝʪʳʨʝʭ (52 ʮʝʧʦʯʢʠ) ʪʦʣʯʢʦʚ. 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʮʝʧʦʯʝʢ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [3], ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʠʛʨʠʨʫʶʱʝʡ ʩʝʡʩʤʠʯʥʦʩʪʠ [4] ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʚ 

ʵʧʠʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʩʝʡʩʤʠʯʥʦʩʪʠ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʥʝ ʪʦʣʴʢʦ ʮʝʧʦʯʝʢ 

çʤʠʛʨʘʮʠʡè ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʥʦ ʠ ʮʝʧʦʯʝʢ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʩʣʫʯʘʡʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ 

ʜʚʫʭ ʚʠʜʦʚ ʮʝʧʦʯʝʢ ʥʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʫʯʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ ʠ ʚʨʝʤʝʥ ʤʝʞʜʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʚ ʮʝʧʦʯʢʘʭ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʠ 

ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ (r12), ʚʪʦʨʳʤ ʠ 

ʪʨʝʪʴʠʤ (r23), ʘ ʪʘʢʞʝ ð ʧʝʨʚʳʤ ʠ ʪʨʝʪʴʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ (r13) 2120 ʮʝʧʦʯʝʢ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʨʝʭ ʩʦʙʳʪʠʡ.  

ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ r12 ʠ r23 ʠʤʝʶʪ ʧʦʯʪʠ ʧʦʚʪʦʨʷʶʱʠʡ 

ʜʨʫʛ ʜʨʫʛʘ ʚʠʜ ʩ ʤʘʢʩʠʤʫʤʦʤ r=0ï100 ʢʤ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʩʪʦʣʙʮʦʚ ʩ 

ʨʦʩʪʦʤ ʨʘʩʩʪʦʷʥʠʡ. ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʙʱʠʭ ʜʣʠʥ ʮʝʧʦʯʝʢ r13 ʵʪʦʪ ʤʘʢʩʠʤʫʤ ʠʤʝʝʪ 

ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʤʘʢʩʠʤʫʤ ʩʬʦʨʤʠʨʦʚʘʥ 

ʛʨʫʧʧʠʨʫʶʱʝʡʩʷ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʠ, ʚʦʟʤʦʞʥʦ, ʦʰʠʙʢʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɼʣʷ ʜʣʠʥ ʮʝʧʦʯʝʢ r13 ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʢʩʠʤʫʤʦʚ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʡ, ʭʦʪʷ ʙʳʣʦ ʙʳ ʙʦʣʝʝ ʣʦʛʠʯʥʳʤ ʦʞʠʜʘʪʴ 

ʩʦʭʨʘʥʝʥʠʷ ʬʦʨʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʩʧʝʨʩʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʮʝʧʦʯʝʢ ʚ ʢʘʞʜʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 

ʛʠʩʪʦʛʨʘʤʤʳ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʯʘʩʪʠʯʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʮʝʧʦʯʝʢ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʨʘʩʩʪʦʷʥʠʷʤ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ.  ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʷʪʩʷ ʙʠʤʦʜʘʣʴʥʳʤʠ 

ʩ ʧʨʠʤʝʨʥʦʡ ʛʨʘʥʠʮʝʡ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ r12 ʠ r23 ʦʢʦʣʦ 30 ʢʤ ʠ ʜʣʷ r13 ð ʦʢʦʣʦ 60 ʢʤ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʝʨʚʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʤʘʢʩʠʤʫʤʫ, ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʩʠʤʤʝʪʨʠʯʥʦ ʜʣʷ ʚʩʝʭ ʚʳʙʦʨʦʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ 
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ʣʠʥʝʡʥʦʤ ʤʘʩʰʪʘʙʝ ʤʘʢʩʠʤʫʤʫ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 100 ʢʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʪʦʨʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʤʘʢʩʠʤʫʤʫ, ʷʚʣʷʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʳʤ. 

ɺʚʠʜʫ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʧʝʨʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ 

ʦʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʣʦʛʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ɼôɸʛʦʩʪʠʥʦ ï ʇʠʨʩʦʥʘ [5] ʠ ʐʘʧʠʨʘ ï ʋʠʣʢʘ [6]. ʈʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʦʪʢʣʦʥʝʥʠʝ ʛʠʧʦʪʝʟʳ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʣʦʛʘʨʠʬʤʦʚ ʨʘʩʩʪʦʷʥʠʡ r12 ʠ r23 ʥʘ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ Ŭ=0.05 ʚ ʣʶʙʦʤ ʜʠʘʧʘʟʦʥʝ 

ʨʘʩʩʪʦʷʥʠʡ (0, r], ʛʜʝ r ʤʝʥʷʝʪʩʷ ʦʪ 5 ʜʦ 120 ʢʤ. ɼʘʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʷʟʘʥʳ ʩ ʦʰʠʙʢʦʡ ʦʧʨʝʜʝʣʝʥʠʷ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʛʠʧʦʪʝʟʘ ʦ 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʱʠʭ ʜʣʠʥ ʮʝʧʦʯʝʢ r13 ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʣʦʥʝʥʘ ʥʘ 

ʪʦʤ ʞʝ ʩʘʤʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ, ʘ ʥʘʠʙʦʣʴʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʣʠʥʝ ʮʝʧʦʯʢʠ ʜʦ 73 ʢʤ ʜʣʷ ʪʝʩʪʘ ɼôɸʛʦʩʪʠʥʦ ï 

ʇʠʨʩʦʥʘ ʠ 68 ʢʤ ʜʣʷ ʪʝʩʪʘ ʐʘʧʠʨʦ ï ʋʠʣʢʘ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʥʝʩʪʠ ʮʝʧʦʯʢʫ ʢ ʛʨʫʧʧʠʨʫʶʱʝʡʩʷ ʩʝʡʩʤʠʯʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʮʝʧʦʯʢʠ ʩ ʜʣʠʥʦʡ ʙʦʣʝʝ 30 ʢʤ ʚ ʜʘʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʷʚʣʷʶʪʩʷ ʝʜʠʥʠʯʥʳʤʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʦʛʘʨʠʬʤʦʚ ʜʣʠʥ ʮʝʧʦʯʝʢ r13 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʠ ʧʨʠ 

ʠʩʢʣʶʯʝʥʠʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʮʝʧʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʪʦʷʥʠʷ r12 ʠ r23 ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ. ʅʦ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢ ʪʝʩʪʦʚ ɼôɸʛʦʩʪʠʥʦ - ʇʠʨʩʦʥʘ ʠ ʐʘʧʠʨʦ - ʋʠʣʢʘ 

ʥʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ r12 ʠ r23 ʚ ʮʝʧʦʯʢʝ ʤʝʥʴʰʝ 64 ʠ 55 ʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʵʪʦʤ 

ʦʙʱʘʷ ʜʣʠʥʘ ʮʝʧʦʯʢʠ ʜʦʩʪʠʛʘʝʪ 80 ʠ 70 ʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʚ ʮʝʣʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠ ʟʥʘʯʝʥʠʷʤ, ʢʦʛʜʘ ʢʨʠʪʝʨʠʝʤ ʩʣʫʞʠʪ ʚʩʷ ʜʣʠʥʘ ʮʝʧʦʯʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʨʠʪʝʨʠʠ ʧʨʠʤʝʥʝʥʳ ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʮʝʧʦʯʝʢ ʛʨʫʧʧʠʨʫʶʱʝʡʩʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʠʟ ʦʙʱʝʛʦ ʤʘʩʩʠʚʘ ʮʝʧʦʯʝʢ ʩ ʮʝʣʴʶ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʪʠʤ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʜʣʠʥʘ ʮʝʧʦʯʝʢ ʛʨʫʧʧʠʨʫʶʱʝʡʩʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʧʨʠ 68%-ʥʦʤ 

ʜʦʚʝʨʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʣʷʝʪ 4ï24 ʢʤ ʜʣʷ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʵʧʠʮʝʥʪʨʘʣʴʥʳʝ ʧʦʣʷ, 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ 

ʘʬʪʝʨʰʦʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʢʨʫʧʥʳʭ ʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʯʘʩʪʦ ʠʤʝʶʪ ʚ 

ʧʣʘʥʝ ʬʦʨʤʫ, ʙʣʠʟʢʫʶ ʢ ʠʟʦʤʝʪʨʠʯʥʦʡ, ʠ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ~15 ʢʤ [7], ʯʪʦ ʩʦʚʧʘʜʘʝʪ 

ʩ ʥʘʰʠʤʠ ʦʮʝʥʢʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʪʦʨʦʛʦ, ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ, ʤʘʢʩʠʤʫʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʡ r13 ʤʝʞʜʫ ʵʧʠʮʝʥʪʨʘʤʠ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠ ̫ʚ ʮʝʧʦʯʢʘʭ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʮʝʧʦʯʝʢ ʛʨʫʧʧʠʨʫʶʱʝʡʩʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʜʣʠʥʦʡ ʥʝ 

ʙʦʣʝʝ 30 ʢʤ. ʉʘʤʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʷʜʝʨʥʦʡ ʦʮʝʥʢʠ 

ʧʣʦʪʥʦʩʪʠ. ɽʝ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʳʙʦʨʘ ʢʦʣʠʯʝʩʪʚʘ 

ʩʪʦʣʙʮʦʚ ʛʠʩʪʦʛʨʘʤʤʳ, ʦʢʘʟʳʚʘʶʱʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʗʜʝʨʥʘʷ ʦʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʤ, ʠ ʜʣʷ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʩʤʝʩʴ 

ʛʘʫʩʩʦʚʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ [8] ð ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ 

ʚʩʝ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ ʧʦʨʦʞʜʝʥʳ ʩʤʝʩʴʶ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʛʘʫʩʩʦʚʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ 

ʦʙʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ r13 ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪ.ʝ. ʯʝʪʳʨʝ 

ʪʠʧʘ ʮʝʧʦʯʝʢ, ʜʣʠʥʳ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʶʪ ʟʦʥʳ ʜʝʩʪʨʫʢʮʠʠ ʣʠʪʦʩʬʝʨʳ ʨʘʟʥʳʭ 

ʤʘʩʰʪʘʙʦʚ: ʣʦʢʘʣʴʥʳʝ ʮʝʧʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʣʠʥʝ ʛʝʥʝʨʘʣʴʥʦʛʦ ʨʘʟʣʦʤʘ ʚ 

ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ [9] ʠ ʨʘʟʤʝʨʘʤ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ [7], ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʝʝ 
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ʚʝʨʦʷʪʥʫ  ʁ ʜʣʠʥʫ 188Ñ82 ʢʤ ʧʨʠ 68%-ʥʦʤ ʜʦʚʝʨʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ; 

ʩʫʙʨʝʛʠʦʥʘʣʴʥʳʝ ʮʝʧʦʯʢʠ ʩ ʜʣʠʥʦʡ 577Ñ196 ʢʤ, ʩʦʧʦʩʪʘʚʠʤʦʡ, ʥʘʧʨʠʤʝʨ, ʩ 

ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ɹʘʡʢʘʣʴʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠʣʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʬʣʘʥʛʘ 

ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ (ɹʈʉ); ʨʝʛʠʦʥʘʣʴʥʳʝ ʮʝʧʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʜʚʘ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ, ʥʘʧʨʠʤʝʨ, ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ, ʘ ʪʨʝʪʴʝ ð ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʈʉ, ʠʤʝʶʱʠʝ ʚʝʨʦʷʪʥʫ  ʁ ʜʣʠʥʫ 1111Ñ233 ʢʤ; 

ʪʨʘʥʩʨʝʛʠʦʥʘʣʴʥʳʝ ʮʝʧʦʯʢʠ, ʠʤʝʶʱʠʝ ʚʝʨʦʷʪʥʫ  ʁʜʣʠʥʫ 1594Ñ109 ʢʤ, ʩʦʧʦʩʪʘʚʠʤʫ  ʁ

ʩ ʨʘʟʤʝʨʘʤʠ ʨʝʛʠʦʥʘ, ʢʘʞʜʦʝ ʩʦʙʳʪʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ɹʈʉ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ, ʩʫʱʝʩʪʚʫʶʪ ʮʝʧʦʯʢʠ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, 

ʥʘʨʫʰʘʶʱʠʝ ʬʦʨʤʳ ʚʳʜʝʣʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʩʦʟʜʘʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʢʠ. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʯʝʪʢʠʭ ʢʨʠʪʝʨʠʝʚ ʦʪʥʝʩʝʥʠʷ ʮʝʧʦʯʢʠ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʫʩʪʘʥʦʚʠʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʫʜʘʣʦʩʴ.  

ʎʝʧʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠ ʪʨʘʥʩʨʝʛʠʦʥʘʣʴʥʦʡ ʤʦʜʘʤ, ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʘʥʳ ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʙʣʘʩʪʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʮʝʧʦʯʢʝ. ʎʝʧʦʯʢʠ ʩʫʙʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʣʦʢʘʣʴʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ 

ʮʝʧʦʯʢʠ ʛʨʫʧʧʠʨʫʶʱʝʡʩʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʩʰʪʘʙʥʳʭ 

ʫʨʦʚʥʷʭ ʟʝʤʥʦʡ ʢʦʨʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʵʪʠʭ ʮʝʧʦʯʝʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʄʆʂʅʉʄ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ20-55-44011. 
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ʊʝʨʨʠʪʦʨʠʶ ɸʟʝʨʙʘʡʜʞʘʥʘ ʧʝʨʝʩʝʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʦʤʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʉʨʝʜʠ ʥʠʭ ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʣʦʤʥʳʭ ʩʝʪʝʡ. ʀʟʫʯʝʥʠʝ ʩʝʪʠ ʨʘʟʣʦʤʦʚ, ʘ ʪʘʢʞʝ ʝʝ ʦʪʜʝʣʴʥʳʭ 

ʩʝʛʤʝʥʪʦʚ ʧʨʠ ʧʦʤʦʱʠ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʧʦʜʦʙʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʦʤʦʚ.  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʬʨʘʢʪʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʘʟʣʦʤʥʦʡ ʩʝʪʠ ɸʟʝʨʙʘʡʜʞʘʥʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʬʨʘʢʪʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʟʣʦʤʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʦʯʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ, ʢʦʪʦʨʳʡ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʪʘʢ ʠ ʨʘʟʣʦʤʥʦʡ ʩʝʪʠ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ [1 3]. 

ʆʮʝʥʢʠ ʬʨʘʢʪʘʣʴʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʨʘʟʣʦʤʥʳʭ ʩʝʪʝʡ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʨʷʜʝ ʨʘʙʦʪ [1 3], ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʨʘʢʪʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʨʘʟʣʦʤʥʳʭ ʩʝʪʝʡ ʚ ʰʠʨʦʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʤʘʩʰʪʘʙʦʚ. 

ɿʘ ʦʩʥʦʚʫ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʟʷʪʘ ʢʘʨʪʘ ʨʘʟʣʦʤʥʦʡ ʪʝʢʪʦʥʠʢʠ 

ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1. ʂʘʨʪʘ ʨʘʟʣʦʤʥʦʡ ʩʝʪʠ 

ɸʟʝʨʙʘʡʜʞʘʥʘ ʦʪʦʙʨʘʞʘʝʪ ʩʝʪʴ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʶ 

ɸʟʝʨʙʘʡʜʞʘʥʘ [4]. ɼʣʷ ʨʘʩʯʝʪʘ ʬʨʘʢʪʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʘʥʥʘʷ ʢʘʨʪʘ ʧʦʢʨʳʚʘʣʘʩʴ 

ʢʣʝʪʢʘʤʠ ʨʘʟʤʝʨʦʤ r. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʚ ʜʚʦʡʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ 

ʤʘʩʰʪʘʙʝ, ʦʪʨʘʞʘʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʥʝʧʫʩʪʳʭ ʢʣʝʪʦʢ N  ʢʣʝʪʦʢ, 

ʩʦʜʝʨʞʘʱʠʭ ʭʦʪʷ ʙʳ ʦʜʥʫ ʯʘʩʪʴ ʠʣʠ ʭʦʪʷ ʙʳ ʦʜʠʥ ʵʣʝʤʝʥʪ ʨʘʟʣʦʤʘ  ʦʪ ʨʘʟʤʝʨʘ 

ʩʪʦʨʦʥʳ ʢʣʝʪʦʢ ʨʘʟʙʠʝʥʠʷ r. ɻʨʘʬʠʢ ʨʘʩʯʝʪʘ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʨʘʟʣʦʤʥʦʡ 

ʩʝʪʠ ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩ. 2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʩʝʪʠ ʦʩʥʦʚʥʳʭ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʦʢʨʳʚʘʶʱʠʭ 

ʪʝʨʨʠʪʦʨʠʶ ɸʟʝʨʙʘʡʜʞʘʥʘ. ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ: lg(N)= 1.64Ålg(r)+1.03 (ʨʠʩ. 2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʩʝʪʠ ʦʩʥʦʚʥʳʭ 

ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʦʢʨʳʚʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʶ ɸʟʝʨʙʘʡʜʞʘʥʘ (Df), ʩʦʩʪʘʚʣʷʝʪ 1.64. 

ʆʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ (R
2
=0.99). 

ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʬʨʘʢʪʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʩʝʪʠ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ʪʝʨʨʠʪʦʨʠʠ 

ɸʟʝʨʙʘʡʜʞʘʥʘ ʩʨʘʚʥʠʚʘʣʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʨʘʥʝʝ ʜʣʷ 

ʨʘʟʣʦʤʥʦʡ ʩʝʪʠ ʂʘʚʢʘʟʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 1.63 [5]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʚʠʜʝʪʴ, 

ʯʪʦ ʜʘʥʥʳʝ ʬʨʘʢʪʘʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʠʤʝʶʪ ʙʣʠʟʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩ ʧʦʤʦʱʴʶ ʢʣʝʪʦʯʥʦʛʦ ʤʝʪʦʜʘ, ʧʨʠʤʝʥʝʥʥʦʛʦ ʢ ʜʘʥʥʳʤ ʧʦ 

ʘʢʪʠʚʥʦʡ ʨʘʟʣʦʤʥʦʡ ʩʝʪʠ, ʧʦʢʨʳʚʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʶ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʘʚʪʦʨʳ 

ʨʘʩʩʯʠʪʘʣʠ ʬʨʘʢʪʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (Df) ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʟʣʦʤʦʚ ɸʟʝʨʙʘʡʜʞʘʥʘ. 

ɿʥʘʯʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʨʘʟʣʦʤʥʦʡ ʩʝʪʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 1.64. 
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ʈʠʩ. 1. ʂʘʨʪʘ ʨʘʟʣʦʤʥʦʡ ʪʝʢʪʦʥʠʢʠ ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ. 
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ʈʠʩ. 2. ɺʳʯʠʩʣʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʨʘʟʣʦʤʥʦʡ ʩʝʪʠ ʜʣʷ 

ɸʟʝʨʙʘʡʜʞʘʥʘ. 
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ʊʈɸʅʉʌʆʈʄɸʎʀʗ ʉʆʉʊɸɺɸ ʇɽʈʀɼʆʊʀʊʆɺ ʄɸʅʊʀʁʅʆɻʆ ʂʃʀʅɸ 

ʇʈʀ ʅɸɼʉʋɹɼʋʂʎʀʆʅʅʆʄ ʄɽʊɸʄʆʈʌʀɿʄɽ ʅɸ ʇʈʀʄɽʈɽ 

ʂʆʄʇʃɽʂʉɸ ɸʃɸɻ-ʍɸɼʅʓ (ʖɻʆ-ɿɸʇɸɼʅɸʗ ʄʆʅɻʆʃʀʗ) 

 

ʂʘʨʠʤʦʚ ɸ.ɸ., ɻʦʨʥʦʚʘ ʄ.ɸ., ɹʝʣʷʝʚ ɺ.ɸ., ʉʢʫʟʦʚʘʪʦʚ ʉ.ʖ.
 

 

ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ 

 

ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʤʝʣʘʥʞʠ ʧʘʣʝʦʩʫʙʜʫʢʮʠʦʥʥʳʭ ʟʦʥ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ 

ʘʩʩʦʮʠʘʮʠʶ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʙʘʨʠʯʝʩʢʠʭ ʤʝʪʘʤʦʨʬʠʪʦʚ ï ʵʢʣʦʛʠʪʳ, ʘʤʬʠʙʦʣʠʪʳ ʠ 

ʤʝʪʘʧʝʨʠʜʦʪʠʪʳ. ʇʨʠ ʩʫʙʜʫʢʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʦʨʦʜ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʢʦʨʳ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʬʣʶʠʜ ʩʧʦʩʦʙʝʥ ʪʝʯʴ ʠ ʧʝʨʝʥʦʩʠʪʴ ʧʦʜʚʠʞʥʳʝ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʵʣʝʤʝʥʪʳ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

ʧʝʨʠʜʦʪʠʪʦʚ ʤʘʥʪʠʡʥʦʛʦ ʢʣʠʥʘ [1ï3 ʠ ʩʩʳʣʢʠ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ]. 

ʀʩʩʣʝʜʫʝʤʳʝ ʤʝʪʘʧʝʨʠʜʦʪʠʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʘʡʦʥʝ ʭʨ. ʄʘʡʭʘʥ ʎʘʭʠʨ 

(ʄʦʥʛʦʣʠʷ). ʆʥʠ ʚʢʣʶʯʝʥʳ ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ɸʣʘʛ-ʍʘʜʥʳ [4] 

ʠ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʵʢʣʦʛʠʪʦʚʳʤʠ ʠ ʘʤʬʠʙʦʣʠʪʦʚʳʤʠ ʪʝʣʘʤʠ. ʕʢʣʦʛʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ ʙʫʜʠʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ ʠ ʟʘʣʝʛʘʶʪ ʚ ʤʝʪʘʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜʘʭ ʠ ʢʘʨʙʦʥʘʪʘʭ, ʧʠʢʦʚʳʝ ʫʩʣʦʚʠʷ ʤʝʪʘʤʦʨʬʠʟʤʘ ʩʦʩʪʘʚʣʷʶʪ 600ï620 ÁC, 1.9ï

2.1 ɻʇʘ [4, 5]. ʉ ʞʁʥʦʡ ʯʘʩʪʠ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʝ ʪʝʣʘ ʵʢʣʦʛʠʪʦʚ ʪʝʢʪʦʥʠʯʝʩʢʠ 

ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʤʠ ʢʘʨʙʦʥʘʪʘʤʠ ʬʦʨʤʘʮʠʠ ʄʘʡʭʘʥ-ʎʘʭʠʨ, 

ʚʤʝʱʘʶʰʠʤʠ ʪʝʣʘ ʘʤʬʠʙʦʣʠʪʦʚ (ʫʩʣʦʚʠʷ ʤʝʪʘʤʦʨʬʠʟʤʘ ï 570ï630 ÁC, 0.7ï0.9 ɻʇʘ), 

ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʩ ʛʁʘ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ 

ʤʝʪʘʧʝʨʠʜʦʪʠʪʘʤʠ [6]. 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ 

(ʧ.ʧ.ʧ. ʚʘʨʴʠʨʫʝʪʩ ̫ʦʪ 5 ʜʦ 13 ʤʘʩ. %) ʤʝʪʘʧʝʨʠʜʦʪʠʪʳ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ: 

ʦʣʠʚʠʥ (Ol), ʦʨʪʦʧʠʨʦʢʩʝʥ (Opx), ʢʣʠʥʦʧʠʨʦʢʩʝʥ (Cpx), ʩʝʨʧʝʥʪʠʥ (Srp), ʪʨʝʤʦʣʠʪ 

(Tr), ʭʣʦʨʠʪ (Chl) ʠ Cr-ʰʧʠʥʝʣʴ (Spl). ʇʝʨʚʠʯʥʳʡ ʦʣʠʚʠʥ Ol1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʨʫʧʥʳʝ ʠʟʦʤʝʪʨʠʯʥʳʝ ʟʝʨʥʘ (1ï4 ʤʤ), ʟʘʤʝʱʘʝʪʩʷ ʩʝʨʧʝʥʪʠʥʦʤ, ʦʙʨʘʟʫʷ 

ʧʝʪʝʣʴʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʘʩʪʦ ʧʦ ʥʝʤʫ ʪʘʢʞʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚʪʦʨʠʯʥʳʡ Ol2 ʚ ʚʠʜʝ 

ʪʦʥʢʠʭ ʧʨʦʞʠʣʢʦʚ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ Cpx3. ɺʳʪʷʥʫʪʳʝ ʧʦʨʬʠʨʦʢʣʘʩʪʳ ʧʝʨʚʠʯʥʦʛʦ 

ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʦʙʨʘʟʫʶʪ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ (ʦʪ 0.3 ʜʦ 7.0 ʤʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ ʚʪʦʨʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩʤʝʩʴʶ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ: 

Tr+Ol3+Cpx2+Spl2+SrpÑCr-Mag (ʭʨʦʤ-ʤʘʛʥʝʪʠʪ). ʊʦʣʴʢʦ ʢʨʫʧʥʳʝ ʨʝʣʠʢʪʳ Opx1 

ʩʦʜʝʨʞʘʪ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ. ʇʝʨʚʠʯʥʳʡ ʢʣʠʥʦʧʠʨʦʢʩʝʥ Cpx1 

ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʠʥʪʝʨʩʝʨʪʘʣʴʥʳʭ ʟʝʨʝʥ (ʜʦ 0.3 ʤʤ) ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 

ʚʙʣʠʟʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʚʪʦʨʠʯʥʳʭ ʩʠʣʠʢʘʪʦʚ, ʯʘʩʪʦ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ Ol2, Tr ʠ Spl2 ʙʝʟ 

ʚʠʜʠʤʳʭ ʩʪʨʫʢʪʫʨ ʨʘʩʧʘʜʘ, ʚ ʦʜʥʦʤ ʠʟ ʦʙʨʘʟʮʦʚ Cpx1 ʦʙʥʘʨʫʞʝʥ ʚʥʫʪʨʠ ʨʝʣʠʢʪʘ 

Opx1, ʧʦ ʢʦʪʦʨʦʤʫ ʨʘʟʚʠʚʘʝʪʩʷ ʘʛʨʝʛʘʪ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. Cpx2 ʠ 3 ʥʘʭʦʜʷʪʩʷ ʚ 

ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʚʪʦʨʠʯʥʳʤʠ Tr ʠ Ol3 (Cpx2), ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʧʦ Opx1, ʘ ʪʘʢʞʝ 

ʩ Srp ʠʟ ʧʝʪʝʣʴ ʧʦ Ol1. Cr-ʰʧʠʥʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ: Spl1 ï 

ʧʝʨʚʠʯʥʘʷ, ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ (1ï2 ʤʤ), ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ Ol1 ʠ Opx1; 

Spl2 ʠʤʝʝʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʠ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ (100ï300 ʤʢʤ), 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʦʨʘʩʪʘʥʠʷʭ ʩ Cpx2 ʠ Ol3. ʍʣʦʨʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʦʢʨʫʛ 

ʢʨʫʧʥʳʭ ʟʝʨʝʥ Spl1 ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ Tr ʠ Srp. ʊʨʝʤʦʣʠʪ ʦʙʨʘʟʫʝʪ ʩʧʫʪʘʥʥʦ-

ʚʦʣʦʢʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ Opx1. ʉʝʨʧʝʥʪʠʥ 

ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ: Srp1 ï ʠʛʦʣʴʯʘʪʳʡ ʘʛʨʝʛʘʪ ʚ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ 

ʤʠʢʨʦʥ, ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ Ol1 ʠ Tr; Srp2 ï ʪʦʣʴʢʦ ʧʦ ʢʨʘʷʤ ʠ ʪʨʝʱʠʥʘʤ Ol1 ʠ Opx1. 
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ʉʦʩʪʘʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʝʡ Spl1 ʦʜʥʦʨʦʜʝʥ (Cr#0.3ï0.5, Mg# 0.50ï0.65, TiO2 < 

0.1 ʤʘʩ. %, MnO< 0.3 ʤʘʩ. %, ZnO< 0.2 ʤʘʩ. %), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʚʦʤʫ ʠʟ 

ʨʝʩʪʠʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩʦ ʩʨʝʜʥʝʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʣʘʚʣʝʥʠʷ 

(F=8ï17 %). ʂʘʡʤʳ Sp1 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ Cr# (>0.8) ʠ ʥʠʟʢʦʡ Mg# 

(<0.4), ʪʘʢ ʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʪʫʪ MnO (1.2ï1.6 ʤʘʩ. %), ZnO (0.4ï0.6 ʤʘʩ. %), ʚ 

ʤʝʥɹh ʝʡ ʩʪʝʧʝʥʠ NiO (ʜʦ 0.4 ʤʘʩ. %) ʠ TiO2 (ʜʦ 0.2 ʤʘʩ. %). Spl2 ʧʦ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʝʪ 

ʢʘʡʤʘʤ Spl1 ʠ ʚ ʮʝʣʦʤ ʦʜʥʦʨʦʜʥʘ. ɿʝʨʥʘ Ol1 ʠʤʝʪʁ Mg# 0.90ï0.92 ʠ ʩʦʜʝʨʞʘʥʠʝ NiO 

0.30ï0.45 ʤʘʩ. %, ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʝʩʪʠʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ, ʧʦ ʩʦʩʪʘʚʫ ʦʥʠ 

ʦʜʥʦʨʦʜʥʳ ʠ ʧʨʝʚʘʣʠʨʫʶʪ ʢ ʧʦʣʶ OSMA [7]. Ol2 ʠ Ol3 ʠʤʝʶʪ ʤʝʥʴʰʠʝ Mg# (0.81ï

0.87 ʠ 0.85ï0.89 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʩʦʜʝʨʞʘʥʠʝ NiO (0.02ï0.44 ʠ 0.33ï0.48 ʤʘʩ. % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪ.ʝ. ʠʤʝʶʪ ʷʚʥʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ. ʆʨʪʦʧʠʨʦʢʩʝʥ ʧʦ 

ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʩʪʘʪʠʪʫ (Mg# 0.91ï0.92), ʩʦʜʝʨʞʘʥʠʷ Al 2O3 (1.7ï2.6 ʤʘʩ. %) 

ʠ Cr2O3 (0.3ï0.6 ʤʘʩ. %) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʝʨʠʜʦʪʠʪʦʚ ʘʙʠʩʩʘʣʴʥʦʛʦ ʪʠʧʘ, ʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʨʘʩʧʘʜʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʚʠʯʥʫʶ ʧʨʠʨʦʜʫ 

Opx1. ʂʣʠʥʦʧʠʨʦʢʩʝʥʳ ʚʩʝʭ ʪʨʝʭ ʪʠʧʦʚ ʧʦ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʦʧʩʠʜʫ (Mg# 

0.94ï0.97), ʦʥʠ ʦʜʥʦʨʦʜʥʳ ʠ ʧʦʯʪʠ ʥʝ ʠʤʝʶʪ ʚʘʨʠʘʮʠʡ ʧʦ ʩʦʩʪʘʚʫ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ. 

Cpx1 ʧʦ ʩʦʩʪʘʚʫ ʠʜʝʥʪʠʯʝʥ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʤ ʩʪʨʫʢʪʫʨʘʤ ʨʘʩʧʘʜʘ ʚ Opx1 ʠ ʯʘʩʪʦ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩʨʝʜʠ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ Opx1. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

Cpx1 ʷʚʣʷʝʪʩʷ ʨʝʣʠʢʪʦʤ ʪʘʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʨʘʩʧʘʜʘ. ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ Cpx2-3 ʠʤʝʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ Mg# (0.94-0.97), ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʷʤʠ Na2O ï ʜʣʷ Cpx2 ʦʥʠ 

ʚʳʰʝ (0.12ï0.76 ʤʘʩ. %), ʯʝʤ ʚ Cpx1 (~0.1 ʤʘʩ. % Na2O), ʜʣʷ Cpx3 ï ʥʠʞʝ (<0.08   

ʤʘʩ. %). 

ʊʨʝʤʦʣʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ Mg# (~0.98), ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʤʠ 

Al 2O3 (1.5ï2.1 ʤʘʩ. %) ʠ Cr2O3 (0.3ï0.5 ʤʘʩ. %), ʫʥʘʩʣʝʜʦʚʘʥʥʳʤʠ ʦʪ ʨʝʣʠʢʪʦʚʦʛʦ 

Opx1. ʉʝʨʧʝʥʪʠʥ ʦʙʝʠʭ ʛʝʥʝʨʘʮʠʡ ʪʘʢʞʝ ʠʤʝʝʪ ʚʳʩʦʢʫʶ Mg# (0.95ï0.98) ʠ, ʧʦ 

ʜʘʥʥʳʤ ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʪʠʛʦʨʠʪʫ (Atg) ʠ ʭʨʠʟʦʪʠʣʫ (Ctl), ʭʣʦʨʠʪ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʠʥʦʭʣʦʨʫ (Mg# 0.97ï0.98). 

Mg# ʤʝʪʘʧʝʨʠʜʦʪʠʪʦʚ ʚ ʮʝʣʦʤ ʚʘʨʴʠʨʫʝʪʩ ̫ʦʪ 0.89 ʜʦ 0.92 ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ Ol1. ʄʝʪʘʧʝʨʠʜʦʪʠʪʳ ʚ ʮʝʣʦʤ ʠʤʝʶʪ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ 

(Al 2O3 0.8ï1.5 ʤʘʩ. %; Cr2O3 0.35ï0.45 ʤʘʩ. %; CaO 0.3ï3.0 ʤʘʩ. %; MgO 40.6ï42.5 

ʤʘʩ. %; TiO2, Na2O, K2O< 0.1 ʤʘʩ. %) ʠ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʥʘ ʙʝʟʚʦʜʥʳʡ ʩʦʩʪʘʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʘʨʮʙʫʨʛʠʪʘʤ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʜʦʣʝʡ Ol1 ʥʘʜ Opx1+Cpx1. ʇʦ 

ʩʦʦʪʥʦʰʝʥʠʶ MgO/SiO2 ʠ A2O3/SiO2 ʠʟʫʯʘʝʤʳʝ ʧʝʨʠʜʦʪʠʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʪʨʝʥʜʘ ʧʣʘʚʣʝʥʠʷ ʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʙʘʚʢʠ / ʧʦʪʝʨʠ SiO2 / MgO (<5 

ʤʘʩ. %) ʚʦ ʚʨʝʤʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ U-ʦʙʨʘʟʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʨʝʚʳʰʝʥʠʝʤ LREE ʥʘʜ HREE, ʘ ʪʘʢʞʝ 

ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ LIL  (+Pb, Th). 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʢʫʧʝ ʩ ʩʦʩʪʘʚʦʤ ʤʠʥʝʨʘʣʦʚ ʧʦʟʚʦʣʷʶʪ 

ʫʚʝʨʝʥʥʦ ʛʦʚʦʨʠʪʴ ʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʦʜ, ʩʚʷʟʘʥʥʦʤ ʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʦʜʥʳʭ ʬʣʶʠʜʦʚ ʠ ʠʟʤʝʥʝʥʠʝʤ PT-ʫʩʣʦʚʠʡ. ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠ ̫ʥʦʩ̫ʪ ʨʝʛʨʝʩʩʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʪ.ʢ. ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʣʠʢʪʳ ʧʝʨʚʠʯʥʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ (Ol1, Opx1, Cpx1, Cr-Spl) ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʧʘʨʘʛʝʥʝʟʠʩʳ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʛʨʘʜʥʳʭ ʵʪʘʧʦʚ ʤʝʪʘʤʦʨʬʠʟʤʘ (Chl Ÿ 

Ol2 Ÿ Tr+Ol3+Cpx2 Ÿ Atg+Cpx3 Ÿ Ctl), ʯʪʦ ʥʝ ʤʦʛʣʦ ʙ  r ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ 

ʧʨʦʛʨʘʜʥʦʤ ʩʪʠʣʝ ʤʝʪʘʤʦʨʬʠʟʤʘ [8, 9]. ɸʩʩʦʮʠʘʮʠʷ Chl+(Ol3+Tr) + (Srp1+Cpx3) ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʚʪʦʨʠʯʥʳʭ ʪʘʣʴʢʘ ʠ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʘʚʣʝʥʠʝ ʤʝʪʘʤʦʨʬʠʟʤʘ 

ʚ ʧʨʝʜʝʣʘʭ 1.5ï2.1 ɻʇʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʦʚʝʩʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʘʜʘʣʘ ʩ 640ï750 ÁC (ʤʝʪʘʤʦʨʬʠʟʤ ʚ ʧʨʝʜʝʣʘʭ ʤʘʥʪʠʡʥʦʛʦ ʢʣʠʥʘ) 

ʜʦ ~250 ÁC ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ Srp2 (ʭʨʠʟʦʪʠʣ) ʠ ʫʞʝ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʢʦʨʦʚʳʭ ʫʩʣʦʚʠʡ. ɺʪʦʨʠʯʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʤʝʪʘʧʝʨʠʜʦʪʠʪʦʚ ʚ ʯʘʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʛʨʫʧʧ LIL  ʠ LREE ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʚʦ ʚʨʝʤʷ ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʛʘʨʮʙʫʨʛʠʪʦʚ ʤʘʥʪʠʡʥʦʛʦ ʢʣʠʥʘ. ɹʶʜʞʝʪ ʥʘʠʙʦʣʝʝ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʠ ʧʦʜʚʠʞʥʳʭ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʤʝʩʴʶ Ol3+Tr ʠ Srp1+Cpx3 ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʨʘʩʯʝʪʥʳʤ ʩʦʩʪʘʚʦʤ ʧʨʦʪʦʣʠʪʘ ï ʛʘʨʮʙʫʨʛʠʪʦʤ (Ol+Opx+Cpx+Cr-Spl). 

ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʙʣʠʟʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʝʪʘʤʦʨʬʠʟʤʘ 

ʤʝʪʘʧʝʨʠʜʦʪʠʪʦʚ ʩ ʵʢʣʦʛʠʪʘʤʠ ʠ ʘʤʬʠʙʦʣʠʪʘʤʠ ɸʣʘʛ-ʍʘʜʥʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʭ 

ʩʦʚʤʝʩʪʥʫʶ ʠʩʪʦʨʠʶ ʵʢʩʛʫʤʘʮʠʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ, ʜʝʛʠʜʨʘʪʘʮʠʷ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ (ʵʢʣʦʛʠʪʳ + ʘʤʬʠʙʦʣʠʪʳ) ʤʦʛʣʘ ʧʨʠʚʝʩʪʠ ʢ 

ʛʠʜʨʘʪʠʨʦʚʘʥʠʶ ʛʘʨʮʙʫʨʛʠʪʦʚ ʤʘʥʪʠʡʥʦʛʦ ʢʣʠʥʘ (ʤʝʪʘʧʝʨʠʜʦʪʠʪʳ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 

ˉ 21-77-10038, https://rscf.ru/project/21-77-10038). 
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ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çɼʦʤ 

ʜʝʪʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘè ʂʫʨʦʨʪʥʦʛʦ ʨʘʡʦʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ  
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ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʠʡ ʱʠʪ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʦʙʣʘʩʪʴʶ ʨʘʟʚʠʪʠʷ 

ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʄʝʪʘʤʦʨʬʠʟʤ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʥʘʣʦʞʝʥʥʳʝ 

ʥʘ ʜʨʝʚʥʠʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚʳʟʳʚʘʶʪ ʩʣʦʞʥʦʩʪʠ ʥʘ ʵʪʘʧʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʨʠʨʦʜʳ ʦʙʲʝʢʪʦʚ, ʧʦʵʪʦʤʫ ʜʦ ʩʠʭ ʧʦʨ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠʭ 

ʚʳʜʝʣʝʥʠʷ. ɼʣʷ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʘʥʝʨʦʟʦʡʩʢʠʭ, 

ʭʘʨʘʢʪʝʨʥʦ ʥʘʢʦʧʣʝʥʠʝ K ʠ Rb ʚ ʥʘʠʙʦʣʝʝ ʚʳʚʝʪʨʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʦʡ ʧʦʨʦʜʦʡ. ʊʘʢʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʤʦʛʣʠ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʠʧʝʨʛʝʥʥʳʭ ʧʦʨʦʜ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮ-ʛʣʠʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʪʘʢʞʝ ʪʘʢʠʝ ʧʦʨʦʜʳ ʤʦʛʣʠ 

ʦʙʨʘʟʦʚʘʪʴʩʷ ʠ ʥʘ ʛʣʫʙʠʥʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʟʦʥʳ ʢʠʩʣʦʪʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ [1]. ʂʦʥʚʝʨʛʝʥʮʠʷ ʛʣʘʚʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʛʠʧʝʨʛʝʥʥʦʛʦ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʚ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʦʣʴ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʅʘ ʙʝʨʝʛʫ ʦʟ. ʄ. ʗʥʠʩʲʷʨʚʠ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʟʦʥʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʛʨʘʥʠʪʦʠʜʦʚ 

ʥʘ ʛʨʘʥʠʮʝ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʩ ʢʘʨʝʣʴʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʇʝʨʝʭʦʜ ʦʪ ʧʦʨʦʜ 

ʬʫʥʜʘʤʝʥʪʘ ʢ ʟʦʥʝ ʬʠʟʠʯʝʩʢʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʧʦʩʪʝʧʝʥʥʳʡ. ʇʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ 

ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʵʣʶʚʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʨʝʜʠ ʵʣʶʚʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʙʝʟ ʨʝʟʢʠʭ ʛʨʘʥʠʮ.  

ʂʨʫʧʥʦʚʘʣʫʥʥʘʷ ʵʣʶʚʠʘʣʴʥʘʷ ʙʨʝʢʯʠʷ ʩʣʦʞʝʥʘ ʥʝʦʢʘʪʘʥʥʳʤʠ, ʫʛʣʦʚʘʪʳʤʠ 

ʦʙʣʦʤʢʘʤʠ ʩʫʙʩʪʨʘʪʘ ʨʘʟʤʝʨʦʤ >1 ʤ (> 70 % ʦʙʲʝʤʘ ʧʦʨʦʜʳ). ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠ 

ʚʘʣʫʥʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʡ ʩʝʨʠʮʠʪʠʟʘʮʠʝʡ ʧʣʘʛʠʦʢʣʘʟʘ. 

ɺ ʧʦʨʦʜʝ ʚʩʪʨʝʯʘʶʪʩʷ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʝ ʪʨʝʱʠʥʳ ʤʦʱʥʦʩʪʴʶ ʜʦ 1 ʤʤ. 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʚʘʣʫʥʘʤʠ ʟʘʧʦʣʥʝʥʦ ʥʝʩʦʨʪʠʨʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʨʘʟʨʫʰʝʥʠʷ 

ʩʫʙʩʪʨʘʪʘ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʦʢʘʪʘʥʥʳʭ ʟʝʨʝʥ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʚ 

ʤʠʢʨʦʟʝʨʥʠʩʪʦʤ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʤ ʘʛʨʝʛʘʪʝ.  

ʄʝʣʢʦʚʘʣʫʥʥʘʷ ʵʣʶʚʠʘʣʴʥʘʷ ʙʨʝʢʯʠʷ ʩʣʦʞʝʥʘ ʩʣʘʙʦʦʢʘʪʘʥʥʳʤʠ, ʫʛʣʦʚʘʪʳʤʠ 

ʦʙʣʦʤʢʘʤʠ ʩʫʙʩʪʨʘʪʘ ʨʘʟʤʝʨʦʤ 2 25 ʩʤ. ʂʦʣʠʯʝʩʪʚʦ ʦʙʣʦʤʢʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 40 ʜʦ 

70 % ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ʇʣʘʛʠʦʢʣʘʟ ʚ ʦʙʣʦʤʢʘʭ ʩʠʣʴʥʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥ. ʄʘʪʝʨʠʘʣ, 

ʮʝʤʝʥʪʠʨʫʶʱʠʡ ʦʙʣʦʤʢʠ, ʧʦʜʦʙʝʥ ʮʝʤʝʥʪʫ ʢʨʫʧʥʦʚʘʣʫʥʥʦʡ ʵʣʶʚʠʘʣʴʥʦʡ ʙʨʝʢʯʠʠ, 

ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʭʣʦʨʠʪʘ ʠ ʙʠʦʪʠʪʘ. 

ʇʝʩʯʘʥʠʩʪʳʡ ʵʣʶʚʠʡ ʩʣʦʞʝʥ ʫʛʣʦʚʘʪʳʤʠ ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ 

ʨʘʟʤʝʨʦʤ 0.5 10.0 ʤʤ, ʢʦʪʦʨʳʝ ʩʮʝʤʝʥʪʠʨʦʚʘʥʳ ʢʚʘʨʮ-ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪʦʚʳʤ 

ʘʛʨʝʛʘʪʦʤ. ʇʝʩʯʘʥʠʩʪʳʡ ʵʣʶʚʠʡ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʜʦ 10 % ʦʢʘʪʘʥʥʳʭ ʦʙʣʦʤʢʦʚ 

ʨʘʟʤʝʨʦʤ ʜʦ 5 ʩʤ.  
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ʈʝʣʠʢʪʳ ʛʣʠʥʠʩʪʦʡ ʟʦʥʳ ʛʠʧʝʨʛʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʥʟʦʚʠʜʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʦʛʦ (30 60 % ʦʙʲʝʤʘ ʧʦʨʦʜʳ) ʩʦʩʪʘʚʘ. ʄʦʱʥʦʩʪʴ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʝʚ ʩʦʩʪʘʚʣʷʝʪ 3 5 ʩʤ. 

ɼʣʷ ʶʞʥʦʡ ʦʢʨʘʠʥʳ ʂʘʨʝʣʴʩʢʦʛʦ ʵʧʠʘʨʭʝʡʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʵʪʘʧʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʧʝʨʛʝʥʥʳʭ ʧʦʢʨʦʚʦʚ ï ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʡ, ʢʦʪʦʨʳʝ 

ʨʘʟʜʝʣʝʥʳ ʦʨʦʛʝʥʠʝʡ ʩ ʚʥʝʜʨʝʥʠʝʤ ʤʠʢʨʦʢʣʠʥʦʚʳʭ ʛʨʘʥʠʪʦʚ ʠ ʵʪʘʧʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʢʦʨʳ. ʈʘʥʥʠʡ ʘʨʭʝʡʩʢʠʡ ʵʪʘʧ ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʬʫʥʜʘʤʝʥʪʘ ʧʨʦʷʚʣʝʥ ʚ ʟʦʥʘʭ, 

ʦʢʘʡʤʣʷʶʱʠʭ ʢʨʫʧʥʳʝ ʩʠʥʢʣʠʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʥʘʧʨʠʤʝʨ ʗʣʦʥʚʘʘʨʩʢʫʶ ʠ 

ʄʘʣʦʷʥʠʩʲʷʨʚʠʥʩʢʫʶ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʣʘʩʪʠ ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʕʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʠʧʝʨʛʝʥʥʳʭ ʧʦʢʨʦʚʦʚ: ʘ  ʨʘʥʥʠʡ ʘʨʭʝʡʩʢʠʡ ʵʪʘʧ, ʙ  ʧʦʟʜʥʠʡ ʘʨʭʝʡʩʢʠʡ ʵʪʘʧ. 1 ï 

ʵʨʦʟʠʦʥʥʳʝ ʦʩʪʘʥʮʳ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ; 2 ï ʵʨʦʟʠʦʥʥʳʝ ʦʩʪʘʥʮʳ 

ʤʝʪʘʦʩʘʜʢʦʚ ʚʝʨʭʥʝʛʦ ʣʦʧʠʷ; 3 ï ʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ; 4 ï ʩʫʙʩʪʨʘʪ ʩ 

ʧʨʠʟʥʘʢʘʤʠ ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ: (ʘ) ï ʧʣʘʛʠʦʛʨʘʥʠʪʳ, (ʙ) ï ʤʠʢʨʦʢʣʠʥʦʚʳʝ 

ʛʨʘʥʠʪʳ; 5 ï ʩʫʙʩʪʨʘʪ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

 

ʇʨʦʬʠʣʴ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʗʣʦʥʚʘʘʨʩʢʦʡ ʟʝʣʝʥʦʢʘʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʨʘʟʦʚʘʥʠʷʤ ʨʘʥʥʝʛʦ ʘʨʭʝʡʩʢʦʛʦ ʵʪʘʧʘ ʛʠʧʝʨʛʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʚʦʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʢʨʳʚʘʝʪʩʷ 

ʚʫʣʢʘʥʠʪʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥ ʮʠʨʢʦʥ ʩ ʚʦʟʨʘʩʪʦʤ 2952+8 ʤʣʥ ʣʝʪ (U-Pb, 

SHRIMPII, ʨʠʩ. 2). 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʩ ʢʦʥʢʦʨʜʠʝʡ ʜʣʷ ʮʠʨʢʦʥʘ ʠʟ ʚʫʣʢʘʥʠʪʦʚ ʗʣʦʥʚʘʘʨʩʢʦʡ 

ʟʝʣʝʥʦʢʘʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʘ); ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʘʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʮʠʨʢʦʥʘ (ʙ). ʀʟʦʙʨʘʞʝʥʠʷ ʚ ʦʙʨʘʪʥʦʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (BSE) 

(ʚ), ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʛ) ʠ ʚʥʝʰʥʠʝ ʬʦʨʤʳ ʮʠʨʢʦʥʘ ʠʟ ʟʦʥʳ ʬʠʟʠʯʝʩʢʦʡ 

ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʤʠʢʨʦʢʣʠʥʦʚʳʭ ʛʨʘʥʠʪʦʚ (ʜ-ʞ). 

 

ʂʨʫʧʥʦ- ʠ ʤʝʣʢʦʚʘʣʫʥʥʘʷ ʵʣʶʚʠʘʣʴʥʘʷ ʙʨʝʢʯʠʷ ʧʣʘʛʠʦʛʨʘʥʠʪʦʛʥʝʡʩʦʚ 

ʗʥʠʩʲʷʨʚʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʥʝʩʝʥʘ ʢ ʦʙʨʘʟʦʚʘʥʠʷʤ ʨʘʥʥʝʛʦ ʘʨʭʝʡʩʢʦʛʦ ʵʪʘʧʘ 



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
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ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʤʠʢʨʦʢʣʠʥʦʚʦʛʦ 

ʧʦʨʬʠʨʦʙʣʘʩʪʝʟʘ ʠ ʤʘʣʦʤʦʱʥʳʭ ʤʠʢʨʦʢʣʠʥʦʚʳʭ ʧʨʦʞʠʣʢʦʚ, ʩʝʢʫʱʠʭ ʮʝʤʝʥʪ ʠ 

ʦʙʣʦʤʢʠ ʵʣʶʚʠʘʣʴʥʦʡ ʙʨʝʢʯʠʠ. ɺ ʝʜʠʥʦʤ ʨʘʟʨʝʟʝ ʩ ʵʣʶʚʠʘʣʴʥʦʡ ʙʨʝʢʯʠʝʡ 

ʚʩʪʨʝʯʘʝʪʩʷ ʵʣʶʚʠʡ ʧʝʩʯʘʥʠʩʪʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʨʝʣʠʢʪʳ ʛʣʠʥʠʩʪʦʡ ʟʦʥʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʯʘʩʪʢʠ ʵʣʶʚʠʷ ʧʝʩʯʘʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʧʨʦʩʣʦʷʤʠ ʩʝʨʠʮʠʪʘ.  

ʆʙʨʘʟʦʚʘʥʠʷ ʧʦʟʜʥʝʛʦ ʘʨʭʝʡʩʢʦʛʦ ʵʪʘʧʘ ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʶʞʥʦʡ ʦʢʨʘʠʥʝ ʵʧʠʘʨʭʝʡʩʢʦʛʦ ʂʘʨʝʣʴʩʢʦʛʦ ʢʨʘʪʦʥʘ. ɺ 

ʦʙʥʘʞʝʥʠʷʭ ʵʣʶʚʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʵʪʘʧʘ ʭʦʨʦʰʦ ʟʘʤʝʪʥʳ ʠ ʦʜʥʦʟʥʘʯʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʪ 60 ʜʦ 90 % ʦʙʲʝʤʘ ʧʦʨʦʜʳ ʩʣʦʞʝʥʦ 

ʦʙʣʦʤʢʘʤʠ ʤʠʢʨʦʢʣʠʥʘ ʠ ʤʠʢʨʦʢʣʠʥʦʚʦʛʦ ʛʨʘʥʠʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ 

ʤʠʢʨʦʢʣʠʥʩʦʜʝʨʞʘʱʝʛʦ ʵʣʶʚʠʷ ʧʝʩʯʘʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʨʝʣʠʢʪʦʚ ʛʣʠʥʠʩʪʦʡ ʟʦʥʳ. 

ʆʪʩʫʪʩʪʚʫʝʪ ʩʚʷʟʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʟʜʥʝʛʦ ʘʨʭʝʡʩʢʦʛʦ ʵʪʘʧʘ ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ 

ʘʨʭʝʡʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʵʨʦʟʠʦʥʥʳʝ ʦʩʪʘʥʮʳ ʚʝʨʭʥʝʘʨʭʝʡʩʢʠʭ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩʫʢʢʦʟʝʨʩʢʦʡ ʩʚʠʪʳ ʧʦʚʩʝʤʝʩʪʥʦ ʧʦʜʩʪʠʣʘʶʪʩʷ ʵʣʶʚʠʘʣʴʥʦʡ 

ʙʨʝʢʯʠʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʢʨʦʢʣʠʥʘ. ɺ ʮʝʤʝʥʪʝ ʵʪʠʭ ʙʨʝʢʯʠʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʣʘʛʠʦʢʣʘʟ, ʥʦ ʚ ʦʙʣʦʤʢʘʭ ʧʦʨʦʜ ʦʥ ʝʱʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʜʣʷ 

ʧʣʘʛʠʦʢʣʘʟʘ ʭʘʨʘʢʪʝʨʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʩʝʨʠʮʠʪʘ ʧʦ ʪʨʝʱʠʥʘʤ ʩʧʘʡʥʦʩʪʠ ʠ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʤʠʢʨʦʢʣʠʥʫ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʠʪʠʷ 

ʪʘʢʦʛʦ ʩʣʶʜʠʩʪʦʛʦ ʘʛʨʝʛʘʪʘ. 

ɺ ʶʞʥʦʡ ʦʢʨʘʠʥʝ ʵʧʠʘʨʭʝʡʩʢʦʛʦ ʂʘʨʝʣʴʩʢʦʛʦ ʢʨʘʪʦʥʘ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ 

ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʛʠʧʝʨʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʬʫʥʜʘʤʝʥʪ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʢʨʫʧʥʦʛʦ ʚʘʢʩʘʫʩʩʢʦʛʦ ʜʝʥʫʜʘʮʠʦʥʥʦʛʦ ʦʩʪʘʥʮʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ 

ʜʦ ʛʨʘʥʠʮʳ ʩ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʤ ʯʝʭʣʦʤ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʝʝ 

ʜʝʩʷʪʠ ʜʝʥʫʜʘʮʠʦʥʥʳʭ ʦʩʪʘʥʮʦʚ ʚʝʨʭʥʝʣʦʧʠʡʩʢʠʭ ʛʠʧʝʨʛʝʥʥʳʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʦʚ (ʩʤ. ʨʠʩ. 1). ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʪʘʢʠʭ ʦʩʪʘʥʮʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʢʦʨʜʘʥʪʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ, 

ʧʨʝʜʲʷʪʫʣʠʡʩʢʦʡ ʠ ʧʦʟʜʥʝʘʨʭʝʡʩʢʦʡ ʵʨʦʟʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʵʨʦʟʠʦʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʥʥʝʛʦ ʘʨʭʝʡʩʢʦʛʦ ʵʪʘʧʘ ʩʝʡʯʘʩ ʬʦʨʤʠʨʫʝʪ ʩʣʦʞʥʫʶ ʩʢʣʘʜʯʘʪʫʶ 

ʩʪʨʫʢʪʫʨʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʶʞʥʦʡ ʦʢʨʘʠʥʳ 

ʂʘʨʝʣʴʩʢʦʛʦ ʢʨʘʪʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʠʚʰʠʝʩʷ 

ʨʝʣʠʢʪʳ ʝʜʠʥʦʛʦ ʘʨʭʝʡʩʢʦ-ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʛʠʧʝʨʛʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ɺʝʨʦʷʪʥʦ, 

ʥʝʟʘʢʦʥʦʤʝʨʥʦʝ ʚ ʧʣʘʥʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʳʜʝʣʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʵʣʶʚʠʷ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʣʦʛʠʤ ʟʘʣʝʛʘʥʠʝʤ ʛʨʘʥʠʮ ʚʥʫʪʨʠ ʛʠʧʝʨʛʝʥʥʦʛʦ ʧʦʢʨʦʚʘ.  

ɺʝʨʭʥʝʣʦʧʠʡʩʢʦʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʟʜʥʝʛʦ 

ʘʨʭʝʡʩʢʦʛʦ ʵʪʘʧʘ ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʦʥʠ ʩʣʦʞʝʥʳ ʧʨʦʜʫʢʪʘʤʠ ʜʝʥʫʜʘʮʠʠ ʘʨʭʝʡʩʢʠʭ ʤʠʢʨʦʢʣʠʥʦʚʳʭ ʛʨʘʥʠʪʦʚ ʩ ʚʦʟʨʘʩʪʦʤ 

2703Ñ11 ʤʣʥ ʣʝʪ (U-Pb ʧʦ ʮʠʨʢʦʥʫ, SHRIMPII, ʨʠʩ. 2). ʅʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʨʳʚʘʶʪʩʷ ʜʘʡʢʦʡ ʤʠʢʨʦʢʣʠʥ-ʧʦʨʬʠʨʘ ʩ ʚʦʟʨʘʩʪʦʤ 2701Ñ20 ʤʣʥ ʣʝʪ 

(U-Pb ʧʦ ʮʠʨʢʦʥʫ, SHRIMPII).  

ɺʥʝʰʥʠʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʮʠʨʢʦʥʘ ʠʟ ʵʣʶʚʠʘʣʴʥʦʡ ʙʨʝʢʯʠʠ ʧʦ ʧʣʘʛʠʦʢʣʘʟ-

ʤʠʢʨʦʢʣʠʥʦʚʳʤ ʛʨʘʥʠʪʘʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʨʨʦʜʠʨʦʚʘʥʥʦʡ, ʩʠʣʴʥʦ ʪʨʝʱʠʥʦʚʘʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦ ʩʣʝʜʘʤʠ ʨʘʩʪʚʦʨʝʥʠʷ (ʨʠʩ. 2). ɺʩʝ ʢʨʠʩʪʘʣʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʣʦʞʥʳʤ ʟʦʥʘʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ. ɺʳʜʝʣʷʶʪʩʷ ʪʨʠ ʪʠʧʘ ʟʦʥ, ʢʦʪʦʨʳʝ ʢʘʢ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʤʝʱʝʥʳ ʚ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ, ʪʘʢ ʠ ʚʩʪʨʝʯʘʪʴʩʷ ʦʪʜʝʣʴʥʦ: 1  ʪʦʥʢʠʝ 

ʦʙʦʣʦʯʢʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʮʠʨʢʦʥʘ, 2  ʫʯʘʩʪʢʠ ʩ ʪʦʥʢʦʡ ʦʩʮʠʣʣʷʪʦʨʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʘ ʪʦʣʴʢʦ ʚ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʚ 
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ʦʙʨʘʪʥʦʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (BSE) ʚʳʛʣʷʜʷʪ ʢʘʢ ʨʘʚʥʦʤʝʨʥʦ ʩʝʨʳʝ ʠʣʠ ʩʚʝʪʣʳʝ 

ʫʯʘʩʪʢʠ, 3 ï ʢʘʚʝʨʥʦʟʥʳʝ ʫʯʘʩʪʢʠ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʧʦʚʩʝʤʝʩʪʥʦ 

ʟʘʤʝʱʘʶʱʠʝ ʮʠʨʢʦʥ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʘʚʝʨʥʦʟʥʳʭ ʢʦʣʣʦʤʦʨʬʥʳʭ ʟʦʥ ʧʨʝʜʰʝʩʪʚʫʝʪ 

ʧʦʷʚʣʝʥʠʶ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʦʙʨʘʩʪʘʥʠʡ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʜʨʝʚʥʠʤ ʛʠʧʝʨʛʝʥʝʟʦʤ. 

ɼʣʷ ʛʠʧʝʨʛʝʥʥʦ-ʠʟʤʝʥʝʥʥʳʭ ʮʠʨʢʦʥʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʘʨʘʤʝʪʨʳ ʠʟʦʪʦʧʥʦʡ  

U-Pb ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʥʘ SHRIMP-II  ʚ ʎʀʀ ɺʉɽɻɽʀ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ 

ʧʦʣʫʯʝʥ ʨʷʜ ʚʦʟʨʘʩʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2.7 ʜʦ 2.2 ʤʣʨʜ ʣʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʛʠʧʝʨʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʥʘʯʘʚʰʠʝʩʷ ʚ ʘʨʭʝʝ, ʧʨʦʜʦʣʞʘʣʠʩʴ ʚʧʣʦʪʴ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʯʝʭʣʘ ʚ ʷʪʫʣʠʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ʀɻɻɼ ʈɸʅ FMUW-2022-0004. 
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ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘ. ɹʣʘʛʦʜʘʨʷ ʤʝʪʦʜʫ ʩʝʡʩʤʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʛʣʫʙʠʥʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʤʝʭʘʥʠʟʤʳ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʘ. ʇʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʠʥʚʝʨʩʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʤʦʛʫʪ ʧʦʤʦʯʴ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʧʝʨʝʡʪʠ ʦʪ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʧʨʦʙʝʣʘʤʠ ʚ ʛʣʫʙʠʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʢ ʙʦʣʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʳʚʦʜʘʤ ʧʨʠ ʨʝʰʝʥʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʘʥʦʤʘʣʠʡ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʨʝʤʝʥʘ ʧʨʠʭʦʜʘ P- ʠ S-ʚʦʣʥ ʦʪ 4000 ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 102 ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʪʘʥʮʠʷʤʠ ʚ ʧʝʨʠʦʜ ʩ 1994 ʧʦ 2016 ʛ. ɺʩʝʛʦ 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 100783 ʣʫʯʘ: 45634 ʣʫʯʘ P-ʚʦʣʥ ʠ 55149 ʣʫʯʝʡ S-ʚʦʣʥ. 

ʉʝʡʩʤʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ɹʘʡʢʘʣʴʩʢʦʡ, ɸʣʪʘʝ-Cʘʷʥcʢʦʡ, ɹʫʨʷʪʩʢʦʡ, 

ʗʢʫʪʩʢʦʡ ʠ ʄʦʥʛʦʣʴʩʢʦʡ ʨʝʛʠʦʥʘʣʴʥʳʤ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʪʦʷʥʥʳʤ ʩʝʪʷʤ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝʣʠʥʝʡʥʳʡ ʘʣʛʦʨʠʪʤ LOTOS 

(LocalTomographySoftware), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʠʥʚʝʨʩʠʶ P ʠ S 

ʩʢʦʨʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʘʣʛʦʨʠʪʤʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʩʪʘʪʴʝ [1]. ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʱʘʪʝʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ.  

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʨʝʛʠʦʥʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʪʦʤʦʛʨʘʬʠʠ ʚʳʜʝʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʘʥʦʤʘʣʠʷ ʦʪ ʨʘʡʦʥʘ 

ʀʨʢʫʪʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʦ ʨʘʡʦʥʘ ʧʦʩ. ʃʠʩʪʚʷʥʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʙʝʨʝʛʫ 

ɹʘʡʢʘʣʘ. ɸʥʦʤʘʣʠʷ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ (~5 ʢʤ) ʜʦ ʛʣʫʙʠʥʳ ~30 ʢʤ.  ɸʥʦʤʘʣʠʷ ʚ ʨʘʡʦʥʝ ʀʨʢʫʪʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʟʜʝʩʴ 

ʤʝʟʦʟʦʡʩʢʠʤʠ ʦʩʘʜʢʘʤʠ ʀʨʢʫʪʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʚʘʶʪ ʤʦʱʥʳʡ ʨʘʟʨʝʟ 

ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʧʘʣʝʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʢʨʘʪʦʥʘ. ʉʝʚʝʨʥʝʝ, ʥʘ 

ʦʪʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʚ ʥʠʭ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʩʠʣʣʳ ʙʘʟʘʣʴʪʦʚ ʉʠʙʠʨʩʢʦʡ ʪʨʘʧʧʦʚʦʡ 

ʧʨʦʚʠʥʮʠʠ. ɺʝʨʦʷʪʥʦ, ʜʘʥʥʘʷ ʘʥʦʤʘʣʠʷ ʦʙʦʟʥʘʯʘʝʪ ʠʭ ʣʦʢʘʣʠʟʘʮʠʶ ʚ ʨʘʡʦʥʝ 

ʀʨʢʫʪʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʛʣʫʙʠʥʝ 5 30 ʢʤ. ɽʱʝ ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʙʣʶʜʘʝʤʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦʜ ɹʈɿ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ 

ʘʥʦʤʘʣʠʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʎʝʥʪʨʘʣʴʥʦʡ ʢʦʪʣʦʚʠʥʳ ɹʘʡʢʘʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ 
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ʥʘ ʜʥʝ ɹʘʡʢʘʣʘ ʚʜʦʣʴ ʦ. ʆʣʴʭʦʥ ʠ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʥʝʛʦ. ɽʝ ʢʨʘʡʥʷʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ 

ʯʘʩʪʴ ʠʤʝʝʪ ʢʣʠʥʦʚʠʜʥʫʶ ʬʦʨʤʫ ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʦ ʛʣʫʙʠʥʳ 20 30 ʢʤ. ɺʦʟʤʦʞʥʦ, 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʘʥʦʤʘʣʠʷ ʎʝʥʪʨʘʣʴʥʦʡ ʢʦʪʣʦʚʠʥʳ ɹʘʡʢʘʣʘ ʩʚʷʟʘʥʘ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʚ ʝʛʦ ʬʫʥʜʘʤʝʥʪʝ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʵʢʣʦʛʠʪʦʧʦʜʦʙʥʳʭ ʧʦʨʦʜ ʠ 

ʛʘʙʙʨʦʠʜʦʚ. 

ʅʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ ʩ ʥʦʚʳʤʠ ʫʥʠʢʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʨʘʟʨʝʰʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʡʩʤʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ɹʘʡʢʘʣʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʚʩʣʝʜʩʪʚʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʞʘʪʠʷ ʦʪ ʀʥʜʦ-ɽʚʨʘʟʠʡʩʢʦʡ ʢʦʣʣʠʟʠʠ [2 5]. 

ʈʘʙʦʪʘ ʧʦ ʩʝʡʩʤʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʨʝʛʠʦʥʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʟʘʜʘʥʠʝʤ ʧʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʧʨʦʝʢʪʫ FSUS-2022-0019. 

ʈʘʙʦʪʘ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʟʘʜʘʥʠʝʤ ʧʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʧʨʦʝʢʪʫ FWZZ-2022-0017. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 
1. Koulakov I. LOTOS code for local earthquake tomographic inversion: Benchmarks for testing 

tomographic algorithms // Bulletin of the Seismological Society of America. 2009. ʊ. 99, ˉ 1.      

P. 194ï214. 

2. Molnar P., Tapponnier P. Cenozoic Tectonics of Asia: Effects of a Continental Collision: 

Features of recent continental tectonics in Asia can be interpreted as results of the India-Eurasia 

collision // Science. 1975. ʊ. 189, ˉ 4201. P. 419ï426. 

3. Jolivet L., Davy P., Cobbold P. Right lateral shear along the northwest Pacific margin and the 

India Eurasia collision // Tectonics. 1990. ʊ. 9, ˉ 6. P. 1409ï1419. 

4. Petit C., Deverchere J. Structure and evolution of the Baikal rift: a synthesis // Geochemistry, 

Geophysics, Geosystems. 2006. ʊ. 7. ˉ 11. 

5. Fournier M. et al. Backarc extension and collision: an experimental approach to the tectonics of 

Asia // Geophysical Journal International. 2004. ʊ. 157, ˉ 2. P. 871ï889. 

  



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

116 

ʄɽɿʆɿʆʁʉʂʀɽ ʇɸʃɽʆʇʆʏɺʓ ʋʈʆʏʀʑɸ ʄɸɼʓɻɽʅ (ʖɻʆ-ɿɸʇɸɼʅʓʁ 

ʊʗʅʔ-ʐɸʅʔ, ʂʓʈɻʓɿʉʊɸʅ) 

 

ʂʨʘʩʠʣʴʥʠʢʦʚ ʇ.ɸ., ʄʫʨʘʚʴʝʚ ʌ.ɸ., ɻʘʨʝʝʚ ɹ.ʀ., ɹʘʪʘʣʠʥ ɻ.ɸ. 

 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, 

krasilnikovp290@gmail.com 

 

ʋʨʦʯʠʱʝ ʄʘʜʳʛʝʥ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʖʛʦ-ɿʘʧʘʜʥʦʤ ʊʷʥʴ-

ʐʘʥʝ, ɹʘʪʢʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʂʳʨʛʳʟʩʪʘʥʘ. ʈʝʛʠʦʥ ʠʟʚʝʩʪʝʥ ʧʘʣʝʦʥʪʦʣʦʛʘʤ ʠ ʛʝʦʣʦʛʘʤ 

ʚʩʝʛʦ ʤʠʨʘ ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʥʝʤʦʨʩʢʠʤ ʠʩʢʦʧʘʝʤʳʤ ʦʩʪʘʥʢʘʤ 

ʩʨʝʜʥʝʪʨʠʘʩʦʚʦʡ ʬʦʨʤʘʮʠʠ ʄʘʜʳʛʝʥ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʠʪʴ ʥʝʧʨʝʚʟʦʡʜʝʥʥʦʝ 

ʧʦʥʠʤʘʥʠʝ ʵʚʦʣʶʮʠʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʟʝʤʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʩʣʝ ʤʘʩʩʦʚʦʛʦ ʚʳʤʠʨʘʥʠʷ ʚ ʢʦʥʮʝ 

ʧʝʨʤʩʢʦʛʦ ʧʝʨʠʦʜʘ [1].  

ɼʘʥʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʧʘʣʝʦʧʦʯʚ ʫʨʦʯʠʱʘ 

ʄʘʜʳʛʝʥ ʦʪ ʩʨʝʜʥʝʛʦ ʪʨʠʘʩʘ ʄʘʜʳʛʝʥʩʢʦʡ ʬʦʨʤʘʮʠʠ, ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ ʬʦʨʤʘʮʠʠ 

ʂʫʣʝʪʦʢ ʜʦ ʨʵʪʩʢʦ-ʥʠʞʥʝʶʨʩʢʦʡ ʬʦʨʤʘʮʠʠ ʂʘʤʳʰ-ɹʘʰʠ. ʄʘʜʳʛʝʥʩʢʘʷ ʬʦʨʤʘʮʠʷ 

ʜʘʪʠʨʫʝʪʩʷ ʣʘʜʠʥʩʢʦ-ʢʘʨʥʠʡʩʢʠʤ ʚʨʝʤʝʥʝʤ ʥʘ ʦʩʥʦʚʝ ʧʘʣʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [2]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʜʘʪʠʨʦʚʢʘ ʦʪʣʦʞʝʥʠʡ ʂʫʣʝʪʦʢʩʢʦʡ ʬʦʨʤʘʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʢʘʨʥʠʡʩʢʠʡ - ʨʵʪʩʢʠʡ ʷʨʫʩ [3]. ʂʘʤʳʰ-ʙʘʰʠʥʩʢʘʷ ʩʚʠʪʘ ï ʦʪ ʨʵʪʩʢʦʛʦ ʷʨʫʩʘ ʜʦ 

ʥʠʞʥʝʡ ʶʨʳ [4]. ʄʘʜʳʛʝʥʩʢʘʷ ʩʚʠʪʘ ʥʝʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʚʘʝʪ ʧʘʣʝʦʟʦʡʩʢʠʝ ʧʦʨʦʜʳ ʠ 

ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʦʟʜʥʝʪʨʠʘʩʦʚʳʭ, ʶʨʩʢʠʭ ʠ ʤʝʣʦʚʳʭ ʦʩʘʜʦʯʥʳʭ 

ʬʦʨʤʘʮʠʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʝʟʦʟʦʡʩʢʠʝ ʧʦʨʦʜʳ ʧʦʢʨʳʪʳ ʢʘʡʥʦʟʦʡʩʢʠʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʌʝʨʛʘʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʤʦʨʷ ʊʝʪʠʩ.  

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʣʝʦʧʦʯʚ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ 

ʢʘʢ ʧʦʯʚʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʩ ʘʪʤʦʩʬʝʨʦʡ. ɺ 

ʨʘʤʢʘʭ ʪʝʢʫʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ: ʦʧʨʝʜʝʣʝʥʠʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʘʣʝʦʧʦʯʚ, ʨʝʥʛʝʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʩʪʠ ʠ 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ, ʨʝʥʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ ʧʘʣʝʦʧʦʯʚ. 

ʇʘʣʝʦʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʬʦʨʤʘʮʠʠ ʂʘʤʳʰ-ɹʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʩʣʦʠʩʪʥʳʤʠ 

ʪʦʥʢʦʤʝʣʢʦʧʝʩʯʘʥʠʩʪʳʤʠ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʩ ʢʠʨʧʠʯʥʦ-ʢʨʘʩʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʠ 

ʧʷʪʥʘʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ. ʇʘʣʝʦʧʦʯʚʳ ʟʘʣʝʛʘʶʪ ʥʘ ʩʣʦʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʘʭ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʨʦʚʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʘʣʝʦʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʠ. ʇʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʠ ʛʨʘʥʫʣʦʤʝʪʨʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʝʜʦʛʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʬʦʨʤʘʮʠʠ 

ʂʘʤʳʰ-ɹʘʰʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʪʦʣʱʠ. ɺʝʨʭʥʷʷ ï ʩʣʦʡ AB ʠ ʥʠʞʥʷʷ ï ʦʪ Bk ʜʦ 

C.  ʉʪʝʧʝʥʴ ʚʳʚʝʪʨʝʣʦʩʪʠ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (CIA) ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ 

ʟʘʤʝʪʥʦ ʚʳʰʝ (80ï85 %), ʯʝʤ ʚ ʚʝʨʭʥʝʡ (63 %) (ʨʠʩʫʥʦʢ). ʂʦʵʬʬʠʮʠʝʥʪ Ɇbases/Al  

ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʧʦʪʝʨʠ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

Al  ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʩʠʣʠʢʘʪʦʚ [5]. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʥʘʙʣʶʜʘʶʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 0.3ï0.4, ʚ ʚʝʨʭʥʝʡ ʤʘʢʩʠʤʘʣʴʥʳʝ ï 0.7. ɺʘʨʠʘʮʠʠ ʧʦ ʨʘʟʨʝʟʫ 

ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʘʢʞʝ ʦʪʨʘʞʘʶʪ ʜʚʫʯʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʝʜʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ CIA ʠ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Ɇbases/Al  ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʣʠʷʥʠʝ ʧʝʜʦʛʝʥʝʟʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʘʜʢʘ ʠ ʦʪʨʘʞʘʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʟʨʝʣʦʩʪʠ 

ʧʦʯʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

mailto:krasilnikovp290@gmail.com
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ʉʪʨʦʝʥʠʝ, ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʠ ʛʠʩʪʦʛʨʘʤʤʳ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʬʦʨʤʘʮʠʠ ʂʘʤʳʰ-ɹʘʰʠ. 

 

ʆʮʝʥʢʘ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ (MAP) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʣʝʦʧʦʯʚ 

ʦʩʥʦʚʘʥʘ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʠʥʜʝʢʩʳ ʚʳʚʝʪʨʠʚʘʥʠʷ [6]. ʐʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ MAP ễbases/Al : 

259,34ln( ) 759,05                                                 (1)
bases

MAP
Al

=- +
ä                 ,                          (1) 

ʛʜʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ (SE) ʩʦʩʪʘʚʣʷʝʪ Ñ 235 ʤʤ/ʛʦʜ ʠ R
2
 = 0.66 [5], ʘ 

ʪʘʢʞʝ MAP CIA-K: 

ʄɸʈ = 221.1ʝ
0.0197(CIAïK)              ,                  (2) 

 

ʛʜʝ SE ʩʦʩʪʘʚʣʷʝʪ Ñ181 ʤʤ/ʛʦʜ ʠ R
2
 = 0.72 [5]. ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʠʥʜʝʢʩʳ ʠ 

ʨʘʩʩʯʠʪʘʚ MAP, ʤ  rʧʦʣʫʯʠʣʠ ʟʥʘʯʝʥʠʝ 1025 ʤʤ/ʛʦʜ ʧʦ ʬʦʨʤʫʣʝ (1) ʠ 1220 ʤʤ/ʛʦʜ ʧʦ 

ʬʦʨʤʫʣʝ (2) ʚ ʩʨʝʜʥʝʤ ʧʦ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʘʞʥʦʤ 

ʢʣʠʤʘʪʝ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʢʘ ʠ ʧʝʜʦʛʝʥʝʟʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʘʣʝʦʧʦʯʚ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʝʩʯʘʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʚʚʝʨʭ ʧʦ ʧʨʦʬʠʣʶ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʠʣʣʶʚʠʨʦʚʘʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʠʟ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʚ ʥʠʞʥʠʝ. ʇʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʯʚʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʦʪʥʦʩʷʪʩʷ 

ʢ ʘʣʝʚʨʠʪʘʤ ʠ ʧʝʩʯʘʥʠʩʪʳʤ ʘʣʝʚʨʠʪʘʤ, ʧʳʣʝʚʘʪʘʷ ʬʨʘʢʮʠʷ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ 

ʧʨʝʚʳʰʘʝʪ 50 %. ʅʝʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʢ ʚʳʚʝʪʨʠʚʘʥʠʶ ʦʪʥʦʰʝʥʠʝ Ti/Zr ʚʦʟʨʘʩʪʘʝʪ 

ʚʚʝʨʭ ʧʦ ʧʨʦʬʠʣʶ (ʨʠʩʫʥʦʢ), ʯʪʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ 

ʠʥʜʝʢʩʘʤʠ CIA ʠ Ɇbases/Al  ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʨʘʢʮʠʦʥʥʦʛʦ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʧʘʣʝʦʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚʦ ʚʣʘʞʥʦʤ, 

ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ. ʉʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʚʳʰʘʣʘ 

ʩʢʦʨʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʨʝʣʦʩʪʠ 

ʧʦʯʚʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ  

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʩʦʛʣʘʰʝʥʠʶ ˉ 075-15-2022-299 ʚ  

ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʅʎʄʋ çʈʘʮʠʦʥʘʣʴʥʦʝ ʦʩʚʦʝʥʠʝ ʟʘʧʘʩʦʚ ʞʠʜʢʠʭ  

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʣʘʥʝʪʳè. ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ʌʨʘʡʙʝʨʛʩʢʦʡ ʛʦʨʥʦʡ ʘʢʘʜʝʤʠʠ ʚ ʣʠʮʝ 

ɸ. ɹʨʦʩʠʛʘ ʠ ʀ. ʂʦʛʘʥʘ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʘʤʝʥʥʦʛʦ ʠ ʬʦʪʦʤʘʪʝʨʠʘʣʘ.  
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ʉʠʩʪʝʤʘ ɿʝʤʣʷ ï ʃʫʥʘ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʥʝʙʝʩʥʳʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʝʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ï ʦʜʥʘ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. 

ʇʨʦʙʣʝʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʃʫʥʳ ʚʘʞʥʘ ʥʝ ʪʦʣʴʢʦ ʩʘʤʘ ʧʦ ʩʝʙʝ, ʦʥʘ 

ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʧʨʦʙʣʝʤʦʡ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʥʥʝʡ ʵʚʦʣʶʮʠʠ ʪʝʣ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʪʘʥʦʚʷʪʩʷ ʨʝʰʘʶʱʠʤʠ ʚ ʩʠʩʪʝʤʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʣʶʙʦʡ ʢʦʥʮʝʧʮʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʃʫʥʳ.  

ʅʝʢʦʪʦʨʳʝ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʃʫʥʳ ʥʝʷʩʥʳ ʠ 

ʟʘʩʣʫʞʠʚʘʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʃʫʥʘ ʦʙʝʜʥʝʥʘ ʣʝʪʫʯʠʤʠ ʠ 

ʩʠʜʝʨʦʬʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʥʠʷ ʪʫʛʦʧʣʘʚʢʠʭ 

ʷʩʥʦʩʪʠ ʥʝʪ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʜʠʢʘʣʴʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤʠ ʩʦʩʪʘʚʘ ʦʙʲʝʤʥʦʡ ʃʫʥʳ. ʆʩʥʦʚʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʩʚʷʟʘʥʳ ʩ 

ʦʮʝʥʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʦʚ CaO ʠ Al 2O3, ʘ ʪʘʢʞʝ FeO ʠ SiO2, 

ʠʛʨʘʶʱʠʭ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʚʦʣʶʮʠʠ ʃʫʥʳ. ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʚ ʤʘʥʪʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʠ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʃʫʥʳ (FeO), 

ʩʦʜʝʨʞʘʥʠʝ ʛʨʘʥʘʪʘ (Al 2O3), ʦʣʠʚʠʥʘ ʠ ʧʠʨʦʢʩʝʥʘ (SiO2), ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʥʪʠʠ (FeO, Al 2O3, SiO2). 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʶʪ ʧʨʷʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʫʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʥʦ ʥʝʩʫʪ ʣʠʰʴ ʢʦʩʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝʜʨ. ɻʝʦʜʝʟʠʯʝʩʢʠʝ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʃʫʥʘ-16, -20, -24, Apollo-12, -14, -15, -16, -17, 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ) ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ, ʥʦ ʥʝ ʚʳʷʚʣʷʶʪ ʚʝʱʝʩʪʚʝʥʥʫʶ ʧʨʠʨʦʜʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʝʜʨʘʭ ʩʧʫʪʥʠʢʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʨʦʪʠʚʦʨʝʯʠʷ ʢʘʢ ʤʝʞʜʫ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ 

ʢʣʘʩʩʘʤʠ ʤʦʜʝʣʝʡ ʩʦʩʪʘʚʘ ʃʫʥʳ, ʪʘʢ ʠ ʚʥʫʪʨʠ ʦʙʦʠʭ ʢʣʘʩʩʦʚ. ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ 

ʩʚʷʟʘʥʳ ʩ ʦʮʝʥʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ, ʢʨʝʤʥʝʟʝʤʘ ʠ ʪʫʛʦʧʣʘʚʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʦʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʤʦʜʝʣʝʡ 

ʪʝʧʣʦʚʦʡ ʵʚʦʣʶʮʠʠ ʃʫʥʳ.  

ɺ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʪʠʧʘ ʤʦʜʝʣʝʡ ʚʘʣʦʚʦʛʦ 

ʩʦʩʪʘʚʘ: ʤʦʜʝʣʠ, ʙʣʠʟʢʠʝ ʢ ʦʢʦʣʦʟʝʤʥʳʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʦʚ ʠ 

ʦʙʦʛʘʱʝʥʥʳʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʥʪʠʠ ɿʝʤʣʠ) ʪʫʛʦʧʣʘʚʢʠʤʠ ʦʢʩʠʜʘʤʠ ʧʨʠʤʝʨʥʦ ʥʘ       

50 %. ɿʥʘʯʝʥʠʝ FeO ~ 12 ʤʘʩ. % ʧʨʠʤʝʨʥʦ ʚ 1.5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʝ FeO ʚ 

ʟʝʤʥʦʡ ʤʘʥʪʠʠ (~8 ʤʘʩ. %), ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ 

ʤʝʞʜʫ ɿʝʤʣʝʡ ʠ ʃʫʥʦʡ [1]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʚʥʫʪʨʝʥʥʝ ʩʦʛʣʘʩʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ ʃʫʥʳ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʡ ʠʥʚʝʨʩʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

(ʩʝʣʝʥʦʬʠʟʠʯʝʩʢʠʭ), ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʝʰʠʬʨʦʚʢʘ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʪʝʨʤʠʥʘʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ 
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ʄʦʥʪʝ-ʂʘʨʣʦ ʧʦ ʩʭʝʤʝ ʤʘʨʢʦʚʩʢʠʭ ʮʝʧʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ Na2O-TiO2-CaO-FeO-MgO-Al 2O3-

SiO2(NaTiCFMAS) [2, 3]. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʷʟʢʦʫʧʨʫʛʘʷ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʘʷ 

ʤʦʜʝʣʴ ʃʫʥʳ (ʨʠʩ. 1), ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʥʘ ʦʙʦʣʦʯʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʜʥʦʨʦʜʥʦʛʦ ʪʝʣʘ  ʤʦʜʝʣʴ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ (LMO). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʚʝʢʮʠʠ LMO ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʨʝʭ ʩʘʤʳʭ 

ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʤʘʥʪʠʠ ʦʜʠʥʘʢʦʚ: CM1 =CM2 = CM3. ʂʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʚ ʧʝʨʚʠʯʥʦʡ 

(ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ) ʥʠʞʥʝʡ ʤʘʥʪʠʠ (CM4=BSM) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʡ ʙʘʣʘʥʩʘ ʤʘʩʩ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʜʝʚʷʪʠʩʣʦʡʥʘʷ ʤʦʜʝʣʴ ʃʫʥʳ. ɼʚʫʭʩʣʦʡʥʘʷ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʤʘʥʪʠʷ ʧʦʜʨʘʟʜʝʣʝʥʘ ʥʘ ʯʝʪʳʨʝ ʩʣʦʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ [4]. 

 

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚʦ ʚʢʣʶʯʝʥʠʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʣʠʢʘʪʥʦʡ ʧʦʨʮʠʠ ʃʫʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʙʣʶʜʝʥʥʳʭ 

ʚʝʣʠʯʠʥ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ ʩ ʟʝʤʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ CaO ʠ Al2ʆ3 (ʤʦʜʝʣʠ ɽ) ʠ 

ʤʦʜʝʣʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʦʚ (ʤʦʜʝʣʠ ʄ). ʀʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʠʥʝʨʘʣʦʛʠʶ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʥʪʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʜʣʷ ʜʚʫʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ-ʟʘ 

ʚʘʨʠʘʮʠʡ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

2. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʥʦʩʪʴʶ ʦʜʥʦʨʦʜʥʘʷ ʤʘʥʪʠʷ ʚʨʷʜ ʣʠ 

ʧʨʠʝʤʣʝʤʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭʩʣʦʡʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʫʥʥʦʡ ʤʘʥʪʠʠ. 

3. ɺʩʝ ʫʜʘʯʥʳʝ ɽ- ʠ ʄ-ʤʦʜʝʣʠ ʚʦ ʚʩʝʭ ʯʝʪʳʨʝʭ ʟʦʥʘʭ ʤʘʥʪʠʠ ʠ ʚ ʩʠʣʠʢʘʪʥʦʡ 

ʯʘʩʪʠ ʃʫʥʳ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚʦʢʨʫʛ ʚʘʣʦʚʳʭ ʟʥʘʯʝʥʠʡ FeO 11ï13 ʤʘʩ. % ʠ Mg# 79ï81, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʘʟʥʠʮʫ ʚ ʩʦʩʪʘʚʝ ʩʠʣʠʢʘʪʥʦʡ ɿʝʤʣʠ (FeO ~ 8 %, 

Mg# 89) ʠ ʝʝ ʩʧʫʪʥʠʢʘ, ʯʪʦ ʦʪʚʝʨʛʘʝʪ ʧʨʷʤʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʃʫʥʳ ʠʟ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʠʧʦʪʝʟ 

4. ʇʦ ʩʦʜʝʨʞʘʥʠʶ Al 2O3 ʚ ʃʫʥʝ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʢʘʢ ʜʣʷ ɽ, ʪʘʢ ʠ 

ʜʣʷ ʄ ʩʦʩʪʘʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʡ ʜʣʷ ʛʝʦʭʠʤʠʠ ʩʠʣʠʢʘʪʥʦʡ 

ɿʝʤʣʠ ʠ ʝʝ ʩʧʫʪʥʠʢʘ ʚʦʧʨʦʩ ʦ ʩʭʦʜʩʪʚʝ ʠ/ʠʣʠ ʨʘʟʣʠʯʠʠ ʩʦʜʝʨʞʘʥʠʷ ʪʫʛʦʧʣʘʚʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʳʤ ʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʠʥʚʝʨʩʠʠ ʜʣʷ ʜʚʫʭ ʤʦʜʝʣʝʡ ʩʦʩʪʘʚʘ ï ʙʣʠʟʢʦʛʦ ʢ ʟʝʤʥʦʤʫ 

(ʤʦʜʝʣʴ ɽ) ʠ ʦʙʦʛʘʱʝʥʥʦʛʦ ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ (ʤʦʜʝʣʴ ʄ). 
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ʅʦʚʦʩʠʙʠʨʩʢ 

 

ʆʙʨʘʟʦʚʘʥʠʷ ɿʘʩʫʨʴʠʥʩʢʦʛʦ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʉʘʬʦʥʦʚʦʡ ʀ.ʖ. [6] 

ʠʣʠ ʟʘʩʫʨʴʠʥʩʢʦʡ ʩʝʨʠʠ ʧʦ ʉʝʥʥʠʢʦʚʫ ʅ.ɺ. [2] ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʳ 

ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʦ-ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʩ ʦʢʨʫʞʘʶʱʠʤʠ 

ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʤʠ (?) ʠ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʦ-ʩʠʣʫʨʠʡʩʢʠʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. 

ʆʥʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʏʘʨʳʰ-ʊʝʨʝʢʪʠʥʩʢʦʡ ʩʫʪʫʨʥʦʡ ʟʦʥʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ɻʦʨʥʦʛʦ 

ɸʣʪʘʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʀʥʩʢʦʡ, ʂʫʨʴʷ-ɸʢʠʤʦʚʩʢʦʡ, ʏʘʨʳʰʩʢʦʡ, ɿʘʩʫʨʴʠʥʩʢʦʡ ʠ 

ʊʘʣʠʮʢʦʡ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʧʦ ɹʫʩʣʦʚʫ ʄ.ʄ. [1] ʠʣʠ ʠʟ ʏʘʨʳʰʩʢʦ-ʀʥʩʢʦʡ, 

ʊʘʣʠʮʢʦʡ ʠ ɸʥʫʡʩʢʦ-ʏʫʡʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ ʧʦ ʉʝʥʥʠʢʦʚʫ ʅ.ɺ. [2]. 

ʆʪʣʦʞʝʥʠʷ ɿʘʩʫʨʴʠʥʩʢʦʛʦ ɸʂ ʩʣʘʛʘʶʪ ɿʘʩʫʨʴʠʥʩʢʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʝʜʠʥʠʮʫ ʠʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʳʭ ʟʦʥʘʭ. ɿʘʩʫʨʴʠʥʩʢʘʷ ʩʝʨʠʷ 

ʚʢʣʶʯʘʝʪ ʪʨʠ ʩʚʠʪʳ (ʩʥʠʟʫ ʚʚʝʨʭ): ʣʠʩʪʚʝʥʥʫʶ, ʪʘʣʠʮʢʫʶ ʠ ʤʘʨʯʝʪʠʥʩʢʫʶ [2]. 

ʃʠʩʪʚʝʥʥʘʷ ʩʚʠʪʘ ʩʦʩʪʦʠʪ ʠʟ ʙʘʟʘʣʴʪʦʚ, ʢʨʝʤʥʠʩʪʳʭ ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʢʦʥʦʜʦʥʪʘʤʠ ʘʢʩʘʡʩʢʦʛʦ ʠ 

ʙʘʪʳʨʙʘʡʩʢʦʛʦ ʚʝʢʦʚ ʧʦʟʜʥʝʛʦ ʢʝʤʙʨʠʷ [2]. ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʘʟʘʣʴʪʦʚ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʦʢʝʘʥʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ [6]. ʊʘʣʠʮʢʘʷ ʩʚʠʪʘ ʚʢʣʶʯʘʝʪ 

ʯʝʨʝʜʫʶʱʠʝʩʷ ʧʘʯʢʠ ʟʝʣʝʥʳʭ ʠ ʧʝʩʪʨʦʮʚʝʪʥʳʭ ʘʨʛʠʣʣʠʪʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ 

ʧʝʩʯʘʥʠʢʦʚ. ʈʘʜʠʦʣʷʨʠʠ ʠ ʢʦʥʦʜʦʥʪʳ ʠʟ ʢʨʝʤʥʠʩʪʳʭ ʘʨʛʠʣʣʠʪʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʪʘʣʠʮʢʦʡ ʩʚʠʪʳ ʧʦʟʚʦʣʷʶʪ ʜʘʪʠʨʦʚʘʪʴ ʝʝ ʧʦʟʜʥʠʤ ʪʨʝʤʘʜʦʢʦʤ ï ʨʘʥʥʠʤ ʬʣʦ. ɺ 

ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʚʠʪʳ ʬʘʫʥʘ ʦʪʩʫʪʩʪʚʫʝʪ. ʄʘʨʯʝʪʠʥʩʢʘʷ ʩʚʠʪʘ ʚʢʣʶʯʘʝʪ ʢʨʝʤʥʠ, 

ʘʨʛʠʣʣʠʪʳ, ʘʣʝʚʨʦʣʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʪʫʬʦʚ. ʂʦʥʦʜʦʥʪʳ, ʨʘʜʠʦʣʷʨʠʠ ʠ 

ʢʨʝʤʥʝʚʳʝ ʛʫʙʢʠ ʠʟ ʢʨʝʤʥʠʩʪʳʭ ʘʨʛʠʣʣʠʪʦʚ ʜʘʪʠʨʫʶʪ ʝʝ ʬʣʦ [2]. ɹʳʣʠ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥʳ ʨʘʟʨʝʟʳ ʣʠʩʪʚʝʥʥʦʡ, ʪʘʣʠʮʢʦʡ ʠ ʤʘʨʯʝʪʠʥʩʢʦʡ ʩʚʠʪ, ʥʘ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʧʘʯʝʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʢʨʝʤʥʝʡ, ʘʨʛʠʣʣʠʪʦʚ 

ʠ ʧʝʩʯʘʥʠʢʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʦʟʤʦʞʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ. ʂʠʨʧʠʯʥʦ-

ʢʨʘʩʥʳʝ ʢʨʝʤʥʠ ʠʤʝʶʪ ʣʝʥʪʦʯʥʫʶ ʪʝʢʩʪʫʨʫ. ʂʨʝʤʥʠʩʪʳʝ ʘʨʛʠʣʣʠʪʳ ʪʘʙʘʯʥʦʛʦ, 

ʩʝʨʦʛʦ ʠʣʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʩʠʣʴʥʦ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʝ. ʇʝʩʯʘʥʠʢʠ ʤʝʣʢʦ- ʠ 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠʣʠ ʩʝʨʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʧʣʦʭʦ ʩʦʨʪʠʨʦʚʘʥʥʳʝ. 

ɸʩʩʦʮʠʘʮʠʷ ʧʝʩʯʘʥʠʢʦʚ ʩ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦʝ ʟʘʣʝʛʘʥʠʝ 

ʩʣʦʝʚ ʧʨʝʜʧʦʣʘʛʘʶʪ ʘʢʢʨʝʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ɿʘʩʫʨʴʠʥʩʢʦʛʦ ɸʂ [1, 2]. ʅʠ ʚ ʦʜʥʦʡ 

ʩʚʠʪʝ ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʚʦʟʨʘʩʪʥʳʝ ʨʫʙʝʞʠ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʨʘʩʪʘ ʠ ʪʠʧʘ ʧʦʨʦʜ ʚ ʧʠʪʘʶʱʝʡ ʧʨʦʚʠʥʮʠʠ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʘʚʪʦʨʘʤʠ ʙʳʣ ʠʟʫʯʝʥ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʦʧʨʝʜʝʣʝʥ U-Pb 

ʚʦʟʨʘʩʪ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʧʝʩʯʘʥʠʢʦʚ ʚʩʝʭ ʪʨʝʭ ʩʚʠʪ. 

U-Pb ʜʘʪʠʨʦʚʘʥʠʝ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʧ̫ ʪʠ ʦʙʨʘʟʮʦʚ 

ʧʝʩʯʘʥʠʢʦʚ. ɼʣʷ ʦʙʨʘʟʮʘ ʠʟ ʣʠʩʪʚʝʥʥʦʡ ʩʚʠʪʳ ʧʦʣʫʯʝʥʦ ʧʦʣʠʤʦʜʘʣʴʥʦʝ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝ U-Pb ʚʦʟʨʘʩʪʦʚ ʩ ʛʣʘʚʥʳʤ ʧʠʢʦʤ ʥʘ ʫʨʦʚʥʝ 488 ʤʣʥ ʣʝʪ (ʧʦʟʜʥʠʡ 

ʢʝʤʙʨʠʡ). ɼʣʷ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʠʟ ʪʘʣʠʮʢʦʡ ʩʚʠʪʳ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʧʦʣʠʤʦʜʘʣʴʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʛʣʘʚʥʳʤ ʧʠʢʦʤ ʥʘ ʫʨʦʚʥʝ 490 ʤʣʥ ʣʝʪ (ʧʦʟʜʥʠʡ ʢʝʤʙʨʠʡ). ɼʣʷ 

ʦʙʨʘʟʮʘ ʠʟ ʤʘʨʯʝʪʠʥʩʢʦʡ ʩʚʠʪʳ ʧʦʣʫʯʝʥʦ ʫʥʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʦʚ ʩ 

ʧʠʢʦʤ ʥʘ ʫʨʦʚʥʝ 475 ʤʣʥ ʣʝʪ (ʨʘʥʥʠʡ ʦʨʜʦʚʠʢ). ʉʘʤʳʝ ʤʦʣʦʜʳʝ ʚʦʟʨʘʩʪʳ ʮʠʨʢʦʥʦʚ 

ʣʠʩʪʚʝʥʥʦʡ ʠ ʪʘʣʠʮʢʦʡ ʩʚʠʪ ʚ ʠʥʪʝʨʚʘʣʝ 465ï460 ʤʣʥ ʣʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʯʘʣʝ 

ʘʢʪʠʚʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʜʘʨʨʠʚʠʣʝ (ʩʨʝʜʥʠʡ ʦʨʜʦʚʠʢ). ʉʘʤʳʝ ʤʦʣʦʜʳʝ 

ʚʦʟʨʘʩʪʳ ʜʣʷ ʤʘʨʯʝʪʠʥʩʢʦʡ ʩʚʠʪʳ ʚ ʠʥʪʝʨʚʘʣʝ 458ï454 ʤʣʥ ʣʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʘʯʘʣʝ ʘʢʪʠʚʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʩʘʥʜʙʠʠ (ʧʦʟʜʥʠʡ ʦʨʜʦʚʠʢ). 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʩʝ ʧʝʩʯʘʥʠʢʠ ʩʦʜʝʨʞʘʪ ʦʙʣʦʤʢʠ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʢʨʝʤʥʠʩʪʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, 

ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

(Qt-F-Lt) ʧʝʩʯʘʥʠʢʠ ʪʨʝʭ ʩʚʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʤ ʠ ʢʚʘʨʮ-

ʧʦʣʝʚʦʰʧʘʪʦʚʳʤ ʛʨʘʫʚʘʢʢʘʤ [3] ʠ ʣʠʪʘʨʝʥʠʪʘʤ [4]. ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʢʠʩʣʦʚ ʜʣʷ ʧʝʩʯʘʥʠʢʦʚ ʣʠʩʪʚʝʥʥʦʡ ʩʚʠʪʳ: SiO2 = 64.8ï70.4, TiO2 

= 0.5ï1.1, Al 2O3 = 10.8ï14.8, Fe2O3 = 5.2ï7.0, MgO = 1.7ï3.0 ʤʘʩ. %; ʜʣʷ ʧʝʩʯʘʥʠʢʦʚ 

ʪʘʣʠʮʢʦʡ ʩʚʠʪʳ: SiO2 = 59.0ï67.8, TiO2 = 0.7ï1.0, Al 2O3 = 12.3ï17.9, Fe2O3 = 6.3ï8.2, 

MgO = 2.5ï4.2 ʤʘʩ. %; ʜʣʷ ʧʝʩʯʘʥʠʢʦʚ ʤʘʨʯʝʪʠʥʩʢʦʡ ʩʚʠʪʳ: SiO2 = 54.4ï67.6, TiO2 = 

0.7ï1.2, Al 2O3 = 13.9ï18.8, Fe2O3 = 6.6ï9.6, MgO = 2.5ï4.0 ʤʘʩ. %. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʇʝʪʪʠʜʞʦʥʘ [5] ʧʝʩʯʘʥʠʢʠ ʪʨʝʭ ʩʚʠʪ ʷʚʣʷʶʪʩʷ ʛʨʘʫʚʘʢʢʘʤʠ. ʇʦ ʠʥʜʝʢʩʘʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ (CIA = 42ï69) ʠ ʟʨʝʣʦʩʪʠ ʦʩʘʜʢʦʚ (ICV = 2.0ï2.8) 

ʧʝʩʯʘʥʠʢʠ ʷʚʣʷʶʪʩʷ ʥʝʟʨʝʣʳʤʠ, ʩʣʘʙʦʚʳʚʝʪʨʝʣʳʤʠ, ʯʪʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʛʨʘʫʚʘʢʢ.  

ɺ ʠʟʫʯʝʥʥʳʭ ʧʝʩʯʘʥʠʢʘʭ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ SiO2 ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʢʠʩʣʦʚ 

ʦʪʤʝʯʘʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʨʝʥʜʳ ʧʦ TiO2, Al 2O3, MgO, Fe2O3, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ [7]. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʭʦʥʜʨʠʪʫ, ʠ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʝ ʩʧʝʢʪʨʳ, 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ, ʜʣʷ ʧʝʩʯʘʥʠʢʦʚ ʚʩʝʭ ʪʨʝʭ ʩʚʠʪ ʥʠʞʝ ʫʨʦʚʥʷ 

PAAS. ʌʦʨʤʘ ʠ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ ʩʧʝʢʪʨʦʚ ʩʭʦʞʠ, ʥʦ ʧʝʩʯʘʥʠʢʠ 

ʣʠʩʪʚʝʥʥʦʡ ʩʚʠʪʳ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ ʣʝʛʢʠʤʠ ʣʘʥʪʘʥʦʠʜʘʤʠ (ɆLREEʩʨ. = 118), ʯʝʤ 

ʧʝʩʯʘʥʠʢʠ ʪʘʣʠʮʢʦʡ (ɆLREEʩʨ. = 104) ʠ ʤʘʨʯʝʪʠʥʩʢʦʡ (ɆLREEʩʨ. = 80). ʅʘ ʚʩʝʭ 

ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʧʦ Nb (Nb/Lapm = 0.2ï0.6, 

Nb/Thpm = 0.1ï0.3), ʯʪʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ U-Pb ʜʘʪʠʨʦʚʘʥʠʶ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʥʝ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʢʨʝʤʥʝʡ ʣʠʩʪʚʝʥʥʦʡ ʩʚʠʪʳ ʠ 

ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʢʨʝʤʥʠʩʪʳʭ ʘʨʛʠʣʣʠʪʦʚ ʪʘʣʠʮʢʦʡ ʠ ʤʘʨʯʝʪʠʥʩʢʦʡ ʩʚʠʪ, 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦ ʢʦʥʦʜʦʥʪʘʤ ʠ ʨʘʜʠʦʣʷʨʠʷʤ. ɸʢʪʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʧʝʩʯʘʥʠʢʦʚ 

ʣʠʩʪʚʝʥʥʦʡ ʠ ʪʘʣʠʮʢʦʡ ʩʚʠʪ ʥʘʯʘʣʦʩʴ ʚ ʢʦʥʮʝ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ, ʘ ʧʝʩʯʘʥʠʢʦʚ 

ʤʘʨʯʝʪʠʥʩʢʦʡ ï ʚ ʧʦʟʜʥʝʤ ʦʨʜʦʚʠʢʝ. ɼʣʷ ʧʝʩʯʘʥʠʢʦʚ ʣʠʩʪʚʝʥʥʦʡ ʠ ʪʘʣʠʮʢʦʡ ʩʚʠʪ 

ʭʘʨʘʢʪʝʨʝʥ ʚʦʟʨʘʩʪ ʦʩʥʦʚʥʦʛʦ ʧʠʢʘ 490ï488 ʤʣʥ ʣʝʪ, ʥʘʣʠʯʠʝ ʜʨʝʚʥʠʭ ʚʦʟʨʘʩʪʦʚ ʠ 

ʩʦʩʪʘʚ, ʙʣʠʟʢʠʡ ʢ ʘʥʜʝʟʠʪʘʤ ʠ ʜʘʮʠʪʘʤ. ɼʣʷ ʧʝʩʯʘʥʠʢʦʚ ʤʘʨʯʝʪʠʥʩʢʦʡ ʩʚʠʪʳ 

ʭʘʨʘʢʪʝʨʝʥ ʫʥʠʤʦʜʘʣʴʥʳʡ ʧʠʢ ʚʦʟʨʘʩʪʦʚ ʥʘ ʫʨʦʚʥʝ 475 ʤʣʥ ʣʝʪ, ʦʪʩʫʪʩʪʚʠʝ ʜʨʝʚʥʠʭ 

ʚʦʟʨʘʩʪʦʚ ʠ ʙʦʣʝʝ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʝʩʯʘʥʠʢʠ ʣʠʩʪʚʝʥʥʦʡ ʠ ʪʘʣʠʮʢʦʡ ʩʚʠʪʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʟʨʝʣʦʡ 

ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ (ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ?) ʜʫʛʠ, ʘ ʧʝʩʯʘʥʠʢʠ 

ʤʘʨʯʝʪʠʥʩʢʦʡ ʩʚʠʪʳ ï ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʦʡ ʜʫʛʠ.  
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ʉʨʝʜʥʝʙʦʪʫʦʙʠʥʩʢʦʝ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʅɻʂʄ) 

ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ (ʗʢʫʪʠʷ) ʚ 130 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʛ. ʄʠʨʥʦʛʦ. 

ʉʦʛʣʘʩʥʦ ɺ.ʉ. ʐʝʠʥʫ [1], ʦʥʦ ʚʭʦʜʠʪ ʚ ʇʨʠʙʘʡʢʘʣʴʩʢʠʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʡ ʙʘʩʩʝʡʥ, 

ʛʜʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʝ ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ 

ʉʠʙʠʨʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ (ʯʝʭʦʣ ʧʣʘʪʬʦʨʤʳ). ɽʛʦ ʛʣʘʚʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʄʠʨʥʠʥʩʢʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʤʳʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʅʝʧʩʢʦ-

ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. 

ʇʨʦʜʫʢʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ ʧʦʜʩʦʣʝʚʦʡ ʪʝʨʨʠʛʝʥʥʳʡ ʢʦʤʧʣʝʢʩ (ʇʊʂ), 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʧʨʠʫʨʦʯʝʥʥʳʡ ʢ ʥʠʞʥʝʤʦʪʩʢʦʡ ʧʦʜʩʚʠʪʝ ʚʝʥʜ-

ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʨʠʪʦʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʩʚʷʟʘʥʳ ʩ 

ʧʝʩʯʘʥʳʤʠ ʧʣʘʩʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦ ʤʝʩʪʥʦʤʫ ʜʝʪʘʣʴʥʦʤʫ ʨʘʩʯʣʝʥʝʥʠʶ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʘʨʙʦʥʘʪʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʦʩʠʥʩʢʦʛʦ ʠ ʪʝʨʨʠʛʝʥʥʳʤ ʢʦʣʣʝʢʪʦʨʘʤ ʧʘʨʬʝʥʦʚʩʢʦ-

ʙʦʪʫʦʙʠʥʩʢʦʛʦ ʠ ʫʣʘʭʘʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ. ɿʘʣʝʞʠ ʚʳʷʚʣʝʥʳ ʥʘ ʛʣʫʙʠʥʝ 1427ï1950 ʤ. 

ɿʘʣʝʞʠ ʧʣʘʩʪʦʚ ɹ1-2 (ʦʩʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ) ʧʨʠʫʨʦʯʝʥʳ ʢ ʙʠʣʠʨʩʢʦʡ ʠ 

ɺ5 (ʙʦʪʫʦʙʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ) ʙʶʢʩʢʦʡ ʩʚʠʪʘʤ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʢʚʘʞʠʥʘʭ ʧʦʣʫʯʝʥʳ 

ʧʨʠʪʦʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʟ ʧʣʘʩʪʦʚ ɺ12 (ʫʣʘʭʘʥʩʢʠʡ ʛʦʨʠʟʦʥʪ) ʠ ɺ13 (ʪʘʣʘʭʩʢʠʡ 

ʛʦʨʠʟʦʥʪ) ʢʫʨʩʦʚʩʢʦʡ ʩʚʠʪʳ. ɿʘʣʝʞʴ ʧʣʘʩʪʘ ɹ1-2 ï ʥʝʬʪʝʛʘʟʦʚʘʷ, ʤʘʩʩʠʚʥʘʷ, 

ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʟʘʤʢʥʫʪʘʷ, ʙʣʦʢʦʚʘʷ. ʊʠʧ ʢʦʣʣʝʢʪʦʨʘ, ʩʣʦʞʝʥʥʦʛʦ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ 

ʜʦʣʦʤʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʤʝʨʛʝʣʝʡ, ʧʦʨʦʚʦ-ʢʘʚʝʨʥʦʚʳʡ. ɿʘʣʝʞʴ ʠʤʝʝʪ ʩʣʦʞʥʦʝ 

ʩʪʨʦʝʥʠʝ ʟʘ ʩʯʝʪ ʨʝʟʢʠʭ ʬʘʮʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʨʦʜ ʠ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ. ʄʦʱʥʦʩʪʴ ʧʣʘʩʪʘ 60ï70 ʤ, ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 20 ʤ. 

ʈʘʙʦʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʨʝʜʥʝʙʦʪʫʦʙʠʥʩʢʦʛʦ ʅɻʂʄ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʛʣʫʙʦʢʦʤʫ ʙʫʨʝʥʥʶ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ (ɻʀʉ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʦʚ. ʅʘ 14-ʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʠ ʀʨʢʫʪʩʢʦʛʦ ʬʠʣʠʘʣʦʚ 

ʆʆʆ çʈʅ-ɹʫʨʝʥʠʝè ʅ.ɸ. ʂʫʟʥʝʮʦʚʳʤ ʚ 2022 ʛ. ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʝʢʪ ʥʘ ʪʝʤʫ 

çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥʳ ʙʝʟ ʢʦʣʦʥʥʳ ʥʘʧʨʘʚʣʝʥʠʷè. ʅʘʩʪʦʷʱʠʡ ʜʦʢʣʘʜ ʧʦʩʚʷʱʝʥ 

ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʵʪʦʡ ʪʝʤʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʠ ʧʨʝʜʣʦʞʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ. ʕʪʦ ʩʜʝʣʘʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʘ ʩʦʚʤʝʱʝʥʥʳʭ ʜʘʚʣʝʥʠʡ ʠʟ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʨʠʩʫʥʦʢ).  

ʂʨʠʚʳʝ ʛʨʘʜʠʝʥʪʦʚ ʜʘʚʣʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʩʢʚʘʞʠʥʳ ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʢʦʣʦʥʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʫʝʤʦ ʚ 

ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ɻʀʉ ʧʦ 

ʧʨʦʜʫʢʪʠʚʥʳʤ ʧʣʘʩʪʘʤ. ʕʪʘ ʨʘʙʦʪʘ ʧʦʟʚʦʣʠʣʘ ʠʟʤʝʥʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʛʣʘʚʥʳʭ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʉʨʝʜʥʝʙʦʪʫʦʙʠʥʩʢʦʛʦ ʅɻʂʄ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʧʦʜʦʙʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ɻʀʉ ʧʨʠʚʝʜʫʪ ʢ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʬʪʠ ʠ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʩ 
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ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥʳ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩ ʦʪʙʦʨʦʤ ʢʝʨʥʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʦʩʪʘʚʘ, ʪʝʢʩʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʜ, ʠʭ ʧʦʨʠʩʪʦʩʪʠ ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʢʚʘʞʠʥ ʩ ʜʝʪʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ɻʀʉ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʘʘʩ-ʖʨʷʭ. 

 
ɻʨʘʬʠʢ ʩʦʚʤʝʱʝʥʥʳʭ ʜʘʚʣʝʥʠʡ. 
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4 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ 

 

ʃʝʩʩʦʚʦ-ʧʦʯʚʝʥʥʳʝ ʩʝʨʠʠ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʘʨʭʠʚʘʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦʪ ʪʠʧ ʦʪʣʦʞʝʥʠʡ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ: ʚ ʭʦʣʦʜʥʳʝ 

ʩʪʘʜʠʠ ʧʨʝʦʙʣʘʜʘʣʠ ʩʠʣʴʥʳʝ ʚʝʪʨʘ, ʧʨʠʥʦʩʷʱʠʝ ʧʳʣʝʚʘʪʳʡ ʤʘʪʝʨʠʘʣ ʩ ʙʣʠʟʣʝʞʘʱʠʭ 

ʧʫʩʪʳʥʴ ʠ ʦʪʣʘʛʘʶʱʠʝ ʤʦʱʥʳʝ ʪʦʣʱʠ ʣʝʩʩʘ [1], ʘ ʚ ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʩ 

ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʣʘʞʥʦʩʪʴʶ ʢʣʠʤʘʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʯʚ. ʃʝʩʩʦʚʦ-ʧʦʯʚʝʥʥʳʝ ʩʝʨʠʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʖʞʥʦʤ ʊʘʜʞʠʢʠʩʪʘʥʝ, 

ʧʦʢʨʳʚʘʷ ʦʙʰʠʨʥʳʝ ʦʙʣʘʩʪʠ ʧʨʝʜʛʦʨʠʡ ʇʘʤʠʨʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ~2.6 ʤʣʥ 

ʣʝʪ [2].  

ʇʘʣʝʦʤʘʛʥʠʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʘʜʞʠʢʩʢʠʭ ʣʝʩʩʦʚ ʥʘʯʘʣʦʩʴ ʚ 1970-ʭ ʛʦʜʘʭ    

ɸ.ɺ. ʇʝʥʴʢʦʚʳʤ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʩʦʙʳʪʠʡ, ʢʘʢ ʵʢʩʢʫʨʩʦʚ ʠ ʠʥʚʝʨʩʠʡ, ʚ ʨʘʟʨʝʟʘʭ ʖʞʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʦʙʫʩʣʦʚʣʝʥʘ 

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ ʠʥʪʝʨʝʩʦʤ ʩʦ ʩʪʦʨʦʥʳ ʘʨʭʝʦʣʦʛʠʠ. ʀʟʫʯʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ 

ʷʚʣʷʣʘʩʴ ʪʨʘʥʟʠʪʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ ʚ ʤʠʛʨʘʮʠʠ ʜʨʝʚʥʠʭ ʣʶʜʝʡ ʠʟ ɸʬʨʠʢʠ ʚ 

ɺʦʩʪʦʯʥʫʶ ɸʟʠʶ ʠ ʩʦʭʨʘʥʠʣʘ ʚ ʩʝʙʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʪʨʝʭ ʢʨʫʧʥʳʭ ʵʧʠʟʦʜʦʚ ʟʘʩʝʣʝʥʠʷ 

ʜʨʝʚʥʠʤʠ ʣʶʜʴʤʠ [3]. ʃʝʩʩʦʚʦ-ʧʦʯʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩʦʜʝʨʞʘʪ 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʝ ʥʘʭʦʜʢʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʥʥʝʧʘʣʝʦʣʠʪʠʯʝʩʢʠʝ ʦʨʫʜʠʷ) ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʘʣʝʦʧʦʯʚʘʭ ʠ ʨʝʞʝ ï ʣʝʩʩʘʭ, ʚʳʜʝʣʷʝʤʳʝ ʚ ʩʦʙʩʪʚʝʥʥʫʶ ʢʘʨʘʪʘʫʩʢʫʶ 

ʢʫʣʴʪʫʨʫ ʠ ʦʙʲʝʜʠʥʷʝʤʳʝ ʪʝʨʤʠʥʦʤ çʣʝʩʩʦʚʳʡ ʧʘʣʝʦʣʠʪè [4]. ʆʜʥʘʢʦ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʩʠʣʠ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʦʪʚʝʯʘʶʪ ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʨʦʚʥʶ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ. 

ʃʝʩʩʳ ʉʨʝʜʥʝʡ ɸʟʠʠ, ʢʘʢ ʠ ʣʝʩʩʳ ʂʠʪʘʷ, ʩʯʠʪʘʶʪʩʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʳʤʠ ʠ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʢʩʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩ ʤʦʨʩʢʠʤʠ ʠʟʦʪʦʧʥʳʤʠ ʩʪʘʜʠʷʤʠ (ʄʀʉ), ʧʦ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

[5]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʞʠʜʘʝʤʦʤʫ ʧʦʣʦʞʝʥʠʶ ʛʨʘʥʠʮʳ ʄʘʪʫʷʤʘ/ɹʨʶʥʝʩ (M/ɹ) ʚ 

ʧʘʣʝʦʧʦʯʚʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʄʀʉ 19, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʤʦʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ [6]. ʆʜʥʘʢʦ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʄ/ɹ ʚ ʣʝʩʩʦʚʦʤ ʧʨʦʩʣʦʝ ʄʀʉ 20 ʤʝʞʜʫ ʧʝʜʦʢʦʤʧʣʝʢʩʘʤʠ 

(ʇʂ) 10 ʠ 9 [7]. ʈʘʟʣʠʯʠʝ ʚ ʧʦʣʦʞʝʥʠʠ ʛʨʘʥʠʮʳ ʙʳʣʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʣʝʩʩʦʚ 

ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʠ ʂʠʪʘʡʩʢʦʛʦ ʣʝʩʩʦʚʦʛʦ ʧʣʘʪʦ [8] ʠ ʧʦʪʦʤʫ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʨʝʙʫʶʱʝʡ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ʆʙʲʝʢʪ rʥʘʰʝʛʦ ʠʟʫʯʝʥʠʷ - ʜʚʘ ʣʝʩʩʦʚʦ-ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʘ ʚ ʍʦʚʘʣʠʥʛʩʢʦʤ 

ʨʘʡʦʥʝ ʊʘʜʞʠʢʠʩʪʘʥʘ ï ʂʫʣʴʜʘʨʘ (38Á16'57.97" N, 69Á53'8.30" E) ʠ ʍʦʥʘʢʦ-II 

(38Á21'33.38" N, 70Á 2'46.99" E), ʷʚʣʷʶʱʠʝʩʷ ʪʘʢʞʝ ʧʘʤʷʪʥʠʢʘʤʠ ʣʝʩʩʦʚʦʛʦ ʧʘʣʝʦʣʠʪʘ 

[9, 10]. ɼʣʷ ʨʝʰʝʥʠʷ ʤʘʛʥʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ ʢʘʞʜʳʝ ~50 ʩʤ (ʂʫʣʴʜʘʨʘ) ʠʣʠ 20ï100 ʩʤ (ʍʦʥʘʢʦ-II) ʩʦ 

ʚʩʝʡ ʤʦʱʥʦʩʪʠ ʨʘʟʨʝʟʦʚ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʟʦʥ ʩʤʝʥʳ ʤʘʛʥʠʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ 
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ʧʨʦʠʟʚʦʜʠʣʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʧʣʦʰʥʦʡ ʦʪʙʦʨ ʩ ʠʟʫʯʝʥʠʝʤ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʞʜʳʝ 2 ʩʤ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ [11] ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʣʘʚʥʦʛʦ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʝʪʨʦʤʘʛʥʝʪʠʟʤʘ ʀʌɿ ʈɸʅ. ʇʘʣʝʦʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʦʩʨʝʜʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʦʙʨʘʟʮʘʤ-ʜʫʙʣʷʤ (3ï6 ʰʪʫʢ) ʩ ʢʘʞʜʦʛʦ 

ʠʟʫʯʘʝʤʦʛʦ ʫʨʦʚʥʷ. 

ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʰʢʘʣʳ ʤʘʛʥʠʪʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ (ʨʠʩʫʥʦʢ) ʠ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʧʝʨʝʭʦʜʥʳʝ ʟʦʥʳ ʩʤʝʥʳ ʤʘʛʥʠʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ʊʘʢ, ʧʝʨʝʭʦʜ ʄ/ɹ 

ʚ ʠʟʫʯʘʝʤʳʭ ʨʘʟʨʝʟʘʭ ʟʘʥʠʤʘʝʪ ʟʦʥʫ ʦʢʦʣʦ 3 ʤ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʟʘʧʠʩʠ ʨʘʟʣʠʯʝʥ: ʚ 

ʨʘʟʨʝʟʝ ʂʫʣʴʜʘʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʳʩʪʨʳʭ ʩʤʝʥ ʧʦʣʷʨʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʨʘʟʨʝʟʝ ʍʦʥʘʢʦ-II ʧʝʨʝʭʦʜ ʦʜʠʥ ʠ ʩʛʣʘʞʝʥʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʫʣʝʚʳʝ ʥʘʢʣʦʥʝʥʠʷ. 

 
ʄʘʛʥʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ ʨʘʟʨʝʟʦʚ ʂʫʣʴʜʘʨʘ ʠ ʍʦʥʘʢʦ-II. ʅʘ ʨʠʩʫʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʩʢʣʦʥʝʥʠʷ (D) ʠ ʥʘʢʣʦʥʝʥʠʷ (I) ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʢʦʣʦʥʢʠ ʤʘʛʥʠʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ. ɻʦʣʫʙʳʤ ʠʣʠ ʩʝʨʳʤ 

ʮʚʝʪʦʤ ʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʣʦʥʢʘʭ ʧʦʢʘʟʘʥʳ ʧʝʪʨʦʢʘʣʴʮʠʪʦʚʳʝ ʛʦʨʠʟʦʥʪʳ 

(ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʨʳ) ʧʝʜʦʢʦʤʧʣʝʢʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʪʙʦʨ ʥʝ ʙʳʣ ʚʦʟʤʦʞʝʥ. 

 

ʍʦʪʷ ʧʝʨʝʭʦʜ ʄ/ɹ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʦʣʦʞʝʥ ʚ ʣʝʩʩʦʚʦʤ ʩʣʦʝ ʄʀʉ 20, ʝʛʦ 

ʦʢʦʥʯʘʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʥʘʯʘʣʝ ʇʂ 9, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʄʀʉ 19, ʯʪʦ ʚʧʝʨʚʳʝ 
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ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. ʆʢʦʥʯʘʥʠʝ ʧʝʨʝʭʦʜʘ ʚʳʨʘʞʝʥʦ ʚ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ (ʥʘ ʫʨʦʚʥʝ ʦʙʨʘʟʮʦʚ-ʜʫʙʣʝʡ ʤʝʞʜʫ ʩʦʙʦʡ), ʩʣʘʙʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʥʘʣʠʯʠʠ ʘʥʦʤʘʣʴʥʳʭ 

(ʧʝʨʝʭʦʜʥʳʭ) ʥʘʧʨʘʚʣʝʥʠʡ D ʠ I. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʩʚʷʟʘʥʦ ʩʦ 

ʩʣʘʙʦʡ ʩʪʝʧʝʥʴʶ ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚʳʟʚʘʥʥʳʭ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʧʨʦʮʝʩʩ ʠʥʚʝʨʩʠʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʄ/ɹ ʦʩʪʘʝʪʩʷ ʟʘʥʠʞʝʥʥʳʤ, ʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʘ 

ï ʜʦʣʛʦʡ (ʦʢʦʣʦ ~20 ʪʳʩ. ʣʝʪ), ʯʪʦ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ 

ʧʦʠʩʢʦʚ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠʣʠ ʟʘʧʘʟʜʳʚʘʥʠʷ ʬʠʢʩʘʮʠʠ 

ʧʘʣʝʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʕʧʠʟʦʜ ʧʨʷʤʦʡ ʧʦʣʷʨʥʦʩʪʠ ʍʘʨʘʤʠʣʴʦ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʥʝ ʙʳʣ 

ʧʦʚʩʝʤʝʩʪʥʦ ʦʧʨʝʜʝʣʝʥ ʚ ʣʝʩʩʦʚʦ-ʧʦʯʚʝʥʥʳʭ ʩʝʨʠʷʭ ʊʘʜʞʠʢʠʩʪʘʥʘ. ɼʦʩʪʦʚʝʨʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʥʝʤʫ ʠʤʝʶʪʩʷ ʣʠʰʴ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʘʡʪʦʚ: ʏʘʰʤʘʥʠʛʘʨ, ɼʘʨʘʠ ʂʘʣʦʥ ʠ 

ʂʫʣʴʜʘʨʘ (ʪʦʣʴʢʦ ʦʢʦʥʯʘʥʠʝ ʵʧʠʟʦʜʘ) [2, 9], ʛʜʝ ʍʘʨʘʤʠʣʴʦ ʟʘʥʠʤʘʝʪ ʧʝʜʦʢʦʤʧʣʝʢʩʳ 

15 ʠ 16. ɺ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ ʠʥʪʝʨʚʘʣ ʄʀʉ 25 ï ʄʀʉ 

29 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʭʦʣʦʜʥʳʭ 

ʩʪʘʜʠʡ, ʯʪʦ ʚ ʩʪʨʘʪʠʛʨʘʬʠʠ ʣʝʩʩʦʚʦ-ʧʦʯʚʝʥʥʳʭ ʩʝʨʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʫʤʝʥʴʰʝʥʠʠ ʤʦʱʥʦʩʪʠ ʣʝʩʩʦʚʳʭ ʧʨʦʩʣʦʝʚ (ʠʣʠ ʜʘʞʝ ʠʭ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ) ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʟʚʠʪʠʠ ʧʦʯʚ ʜʨʫʛ ʥʘ ʜʨʫʛʝ (ʇʂ 12 ï ʇʂ 15). ʕʪʦ ʫʩʣʦʞʥʷʝʪ 

ʢʦʨʨʝʣʷʮʠʶ ʧʘʣʝʦʧʦʯʚ ʩ ʄʀʉ, ʧʦʵʪʦʤʫ ʧʦʣʦʞʝʥʠʝ ʍʘʨʘʤʠʣʴʦ ʚ ʨʘʟʨʝʟʝ ʩʪʘʥʦʚʠʪʩʷ 

ʚʘʞʥʳʤ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʧʝʨʦʤ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʵʧʠʟʦʜ ʍʘʨʘʤʠʣʴʦ ʟʘʥʠʤʘʝʪ 

ʥʘʯʘʣʦ ʇʂ 14 ʠ ʧʦʣʥʦʩʪʴʶ ʇʂ 15, ʧʨʠ ʵʪʦʤ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʦʢʦʥʯʘʥʠʷ 

ʍʘʨʘʤʠʣʴʦ ʚʳʷʚʠʣʦ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʧʠʩʠ (ʢʘʢ ʠ ʛʨʘʥʠʮʳ ɹ/ʄ ʚ 

ʂʫʣʴʜʘʨʝ) (ʨʠʩʫʥʦʢ). ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʨʫʛʠʤʠ ʨʘʟʨʝʟʘʤʠ ʨʝʛʠʦʥʘ 

ʠ ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪ ʧʨʦʚʝʨʢʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʍʦʥʘʢʦ-II. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʛʨʘʥʪ 22-18-00568. 
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ʉʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʳʝ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʚʧʦʣʥʝ ʟʘʢʦʥʦʤʝʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ.  

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦʡ 

ʦʩʪʨʦʚʦʜʫʞʥʦʡ ɹʘʡʢʘʣʦ-ʄʫʡʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ ʠ ɹʘʨʛʫʟʠʥʦ-

ɺʠʪʠʤʩʢʦʡ ʟʦʥʳ ʦʢʨʘʠʥʥʳʭ ʙʘʩʩʝʡʥʦʚ ʚʝʥʜ-ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʨʘʡʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʥʘʜʚʠʛʦʚʦʡ ʩʠʩʪʝʤʳ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʧʦʣʦʞʝʥʠʝ ʚʝʨʭʥʝʪʫʣʫʠʥʩʢʦʛʦ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʜʥʝʙʘʡʢʘʣʴʩʢʦʛʦ ʵʪʘʧʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ [1]. ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘʜʚʠʛʦʚʘʷ ʩʠʩʪʝʤʘ ʫʩʣʦʞʥʷʝʪʩʷ 

ʣʝʚʦʩʪʦʨʦʥʥʠʤʠ ʩʜʚʠʛʦ-ʩʙʨʦʩʘʤʠ ʟʘʧʘʜ-ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʨʘʟʙʠʣʠ ʝʝ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʝʛʤʝʥʪʳ. ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʜʝʬʦʨʤʘʮʠʡ ʟʥʘʤʝʥʫʝʪʩʷ 

ʜʠʟʲʶʥʢʪʠʚʥʳʤʠ ʢʨʫʪʦʧʘʜʘʶʱʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʞʠʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʥʘʜʚʠʛʦʚʳʭ ʠ ʩʜʚʠʛʦʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʩʠʩʪʝʤʘʤ ʂʨʠʚʘʷ ʠ ɹʝʨʝʛʦʚʘʷ. 

ʂʚʘʨʮʝʚʦ-ʞʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ʂʨʠʚʘʷ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʛʨʘʥʠʪʦʠʜʥʦʤ ʢʦʤʧʣʝʢʩʝ. ɽʝ 

ʨʘʟʚʠʪʠʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʳʣʦʚʳʤʠ ʟʦʥʘʤʠ ʥʘʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʫʩʣʦʞʥʷʝʪʩʷ 

ʣʝʚʦʩʜʚʠʛʦʚʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ɺ ʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ 

ʂʨʠʚʦʡ ʧʨʝʚʘʣʠʨʫʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʶʪ ʤʦʱʥʳʝ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʞʠʣʳ ʶʛʦ-

ʟʘʧʘʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʉ ʥʠʤʠ ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʫʶʪ ʤʝʣʢʠʝ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʦ 

ʧʨʦʩʪʠʨʘʥʠʶ, ʧʦʣʦʛʦ- ʠ ʫʤʝʨʝʥʥʦʧʘʜʘʶʱʠʝ ʧʨʦʞʠʣʢʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ. ʊʨʝʪʠʡ ʪʠʧ ʞʠʣʴʥʳʭ ʪʝʣ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʫʪʦ- ʠ ʫʤʝʨʝʥʥʦʧʘʜʘʶʱʠʤʠ ʥʘ 

ʶʛʦ-ʚʦʩʪʦʢ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʧʨʦʞʠʣʢʘʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 10 ʩʤ [2]. 

ɾʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ɹʝʨʝʛʦʚʘʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʧʝʩʯʘʥʠʢʘʤ ʘʤʘʪʢʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʝʝ ʩʪʨʦʝʥʠʠ ʚʳʜʝʣʷʶʪʩʷ ʞʠʣʳ, ʩʫʙʩʦʛʣʘʩʥʳʝ ʩʣʦʠʩʪʦʩʪʠ ʠ ʢʣʠʚʘʞʫ, ʠ ʩʝʢʫʱʠʝ 

ʞʠʣʳ. ʉʪʨʫʢʪʫʨʥʳʡ ʨʠʩʫʥʦʢ ʩʝʢʫʱʠʭ ʞʠʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʩʜʚʠʛʦʚʦʛʦ 

ʧʘʨʘʛʝʥʝʟʠʩʘ ʩʢʦʣʦʚ ʈʠʜʝʣʷ. ʉʫʙʩʦʛʣʘʩʥʳʝ ʞʠʣʳ ʠʤʝʶʪ ʣʝʥʪʦʯʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʩ 

ʥʝʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʤʦʱʥʦʩʪʴʶ ʦʪ ʧʝʨʚʳʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 0.5 ʤ ʚ 

ʨʘʟʜʫʚʘʭ ʠ ʜʦʚʦʣʴʥʦ ʩʢʫʜʥʫʶ ʩʫʣʴʬʠʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ. ʉʨʝʜʠ ʩʝʢʫʱʠʭ ʞʠʣ 

ʚʳʜʝʣʷʶʪʩʷ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʞʠʣʳ, ʩʦʛʣʘʩʥʳʝ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩʜʚʠʛʦʚ, 

ʠ ʞʠʣʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʦʧʝʨʷʶʱʠʝ ʪʨʝʱʠʥʳ. ʉʨʝʜʠ ʦʧʝʨʷʶʱʠʭ ʢʨʫʪʦʧʘʜʘʶʱʠʝ 

ʞʠʣʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʦʜ ʫʛʣʦʤ 60 ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʜʚʠʛʘ, ʚʳʧʦʣʥʷʶʪ 

ʩʠʥʩʜʚʠʛʦʚʳʝ ʩʠʩʪʝʤʳ ʨʘʩʪʷʞʝʥʠʷ. ʇʦʣʦʛʦʧʘʜʘʶʱʠʝ ʧʨʦʞʠʣʢʠ ʩʫʙʰʠʨʦʪʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʠ ʘʥʪʠʪʝʪʠʯʝʩʢʠʤʠ ʩʢʦʣʘʤʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2]. 

ɺ ʢʚʘʨʮʝ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʣ ʦʙʥʘʨʫʞʝʥʳ ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʬʣʶʠʜʥʳʝ 

ʚʢʣʁʯʝʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʦ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ:  

ʊʠʧ I ð ʜʚʫʭʬʘʟʥʳʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʝ (ɾH2O+ɻH2O).  

ʊʠʧ II ð ʜʚʫʭʬʘʟʥʳʝ ʚʦʜʥʦ-ʫʛʣʝʢʠʩʣʦʪʥʳʝ (ɾH2O+ɾʉʆ2). 
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ʊʠʧ III  ï ʪʨʝʭʬʘʟʥʳʝ ʚʦʜʥʦ-ʫʛʣʝʢʠʩʣʦʪʥʳʝ (ɾH2O+ɾʉʆ2+ɻʉʆ2). 

ʊʠʧ IV ï ʦʜʥʦʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ ʞʠʜʢʦʡ ʫʛʣʝʢʠʩʣʦʪʳ. ʌʦʨʤʘ ʚʢʣʶʯʝʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʢ ʠʟʦʤʝʪʨʠʯʥʦʡ, ʪʘʢ ʠ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʪʝʨʤʦʤʝʪʨʠʠ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ (ʀɻʄ ʉʆ 

ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʠ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʛ. ʊʦʤʩʢ) ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʬʦʨʤʠʨʫʶʱʝʡ ʢʚʘʨʮ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʣ, ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ 

ʦʜʠʥʘʢʦʚʳʝ ʚʦʜʥʦ-ʫʛʣʝʢʠʩʣʦʪʥʳʝ ʬʣʶʠʜʳ ʭʣʦʨʠʜʥʦʛʦ ʢʘʣʠʡ-ʥʘʪʨʠʝʚʦʛʦ ʩʦʩʪʘʚʘ 

ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ ʩʦʣʝʥʦʩʪʠ (2 15 ʤʘʩ. % NaCl ʵʢʚ.). ʄʠʥʠʤʘʣʴʥʘ ̫ʪʝʤʧʝʨʘʪʫʨʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 180 ʜʦ 450 Áʉ ʚ 

ʫʩʣʦʚʠʷʭ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʣʶʠʜʥʦʛʦ ʜʘʚʣʝʥʠʷ 0.7 2.9 ʢʙʘʨ. ʇʦ ʜʘʥʥʳʤ 

ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʷʚʣʷʶʪʩʷ ʚʦʜʘ ʠ ʫʛʣʝʢʠʩʣʦʪʘ. ʆʪʥʦʰʝʥʠʝ ʉʆ2 / (ʉʆ2 + ʅ2ʆ) ʚʦ ʚʢʣʶʯʝʥʠʷʭ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0.10 ʜʦ 0.84 [3]. 

ʉʝʨʠʮʠʪ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʣʘʭ ʟʘʧʦʣʥʷʝʪ ʪʨʝʱʠʥʥʦʝ ʠ ʤʝʞʟʝʨʥʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʟʘʥʠʤʘʷ ʜʦ 10 % ʦʙʲʝʤʘ ʞʠʣʳ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʝʨʠʮʠʪʘ ʦʪʚʝʯʘʝʪ 

ʤʫʩʢʦʚʠʪʫ ʩ ʧʝʨʝʤʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ. 

ʄʝʪʦʜʦʤ 
40

AR/
39

AR ʧʨʦʚʝʜʝʥʦ ʜʘʪʠʨʦʚʘʥʠʝ ʩʝʨʠʮʠʪʘ (ʀɻʄ ʉʆ ʈɸʅ) ʠʟ 

ʢʚʘʨʮʝʚʳʭ ʞʠʣ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʝʨʠʮʠʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ FeOå7 8 ʚʝʩ. % ʠʟ ʞʠʣ 

ʩʠʩʪʝʤʳ ʂʨʠʚʘʷ, ʘ ʪʘʢʞʝ ʩʝʨʠʮʠʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ FeOå3 ʚʝʩ. % ʠʟ ʞʠʣ ʩʠʩʪʝʤʳ 

ɹʝʨʝʛʦʚʘʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʞʠʣʘʭ ʩʠʩʪʝʤʳ ʂʨʠʚʘʷ ʩʝʨʠʮʠʪ ʙʳʣ 

ʦʙʨʘʟʦʚʘʥ 281.3Ñ3.3 ʤʣʥ ʣʝʪ ʥʘʟʘʜ (ʨʠʩʫʥʦʢ, ʘ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʞʠʣʘʭ ʩʠʩʪʝʤʳ 

ɹʝʨʝʛʦʚʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʝʨʠʮʠʪʘ ʧʨʦʠʟʦʰʣʘ 272.2Ñ4.0 ʤʣʥ ʣʝʪ ʥʘʟʘʜ (ʨʠʩʫʥʦʢ, ʙ). 

ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʨʫʙʝʞʝʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʩʪʝʧʝʥʥʫʶ 

ʵʚʦʣʶʮʠʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʠʥʪʝʨʚʘʣʝ ʦʢʦʣʦ 10 ʤʣʥ ʣʝʪ, ʧʨʦʭʦʜʷʱʫʶ ʥʘ 

ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʘ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʘʥʦʚʣʝʥʠʝʤ ɸʥʛʘʨʦ-

ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 292Ñ1.5 (U-Pb) 

[4] ʜʦ 287Ñ4 (Rb-Sr) ʧʦ [5]. 

 
ʈʝʟʫʣʴʪʘʪʳ 

40
AR/

39
AR ʜʘʪʠʨʦʚʘʥʠʷ ʩʝʨʠʮʠʪʘ. ʘ ï ʨʝʟʫʣʴʪʘʪʳ ʜʘʪʠʨʦʚʘʥʠʷ ʩʝʨʠʮʠʪʘ 

ʠʟ ʞʠʣ ʩʠʩʪʝʤʳ ʂʨʠʚʘʷ; ʙ ï ʨʝʟʫʣʴʪʘʪʳ ʜʘʪʠʨʦʚʘʥʠʷ ʩʝʨʠʮʠʪʘ ʠʟ ʞʠʣ ʩʠʩʪʝʤʳ 

ɹʝʨʝʛʦʚʘʷ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʪʠʨʦʚʢʠ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ ʚʦʟʨʘʩʪʝ ʟʦʣʦʪʦʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʀʨʦʢʠʥʜʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ɹʘʡʢʘʣʦ-

ʄʫʡʩʢʦʛʦ ʧʦʷʩʘ. ɺ ʞʠʣʘʭ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ K Ar ʜʘʪʠʨʦʚʢʘʤ ʩʝʨʠʮʠʪ 

ʦʙʨʘʟʦʚʘʣʩʷ 271Ñ5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʘ ʧʦ Rb Sr ï 275Ñ7 ʤʣʥ ʣʝʪ ʥʘʟʘʜ [6]. ʕʪʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʠʟʫʯʝʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʚ ʝʜʠʥʦʡ ʬʣʶʠʜʥʦʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʀʨʦʢʠʥʜʠʥʩʢʦʝ. 



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

133 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʧʨʦʝʢʪ ˉ FSWM-2020-0041) ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʀɻʄ ʉʆ ʈɸʅ. 
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ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʛʨʘʙʝʥʘ ʨʘʩʧʦʣʦʞʝʥ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ 

1457Ñ2 ʤʣʥ ʣʝʪ [1] ɺʘʣʘʘʤʩʢʠʡ ʩʠʣʣ. ʄʦʱʥʦʩʪʴ ʩʠʣʣʘ ʜʦʩʪʠʛʘʝʪ 150ï200 ʤ [3], 

ʧʦʨʦʜʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʦʪ ʢʚʘʨʮʝʚʦʛʦ ʬʝʨʨʦʛʘʙʙʨʦ ʜʦ ʛʨʘʥʦʬʠʨʦʚʳʭ ʞʠʣ. 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʛʨʘʥʦʬʠʨʦʚʳʭ ʞʠʣ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʠ; ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ ʨʘʙʦʪʝ [2] ɼ.ɸ. ʌʨʘʥʢ-

ʂʘʤʝʥʝʮʢʠʡ ʧʦʣʘʛʘʝʪ, ʯʪʦ ʞʠʣʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʩʪʘʪʦʯʥʳʤ ʨʘʩʧʣʘʚʦʤ, 

ʦʙʨʘʟʦʚʘʥʥʳʤ ʧʨʠ ʛʣʫʙʦʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠʩʭʦʜʥʦʡ ʙʘʟʘʣʴʪʦʚʦʡ ʤʘʛʤʳ, 

ʚʳʪʝʩʥʝʥʥʳʤ ʠʟ çʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʘʰʠè ʬʠʣʴʪʨ-ʧʨʝʩʩʠʥʛʦʤ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʧʨʠ 

ʧʦʜʲʝʤʝ ʤʘʛʤ, ʬʦʨʤʠʨʫʶʱʠʭ ɺʘʣʘʘʤʩʢʠʡ ʩʠʣʣ, ʙʳʣʠ ʧʦʜʧʣʘʚʣʝʥʳ ʠ 

ʘʩʩʠʤʠʣʠʨʦʚʘʥʳ ʛʨʘʥʠʪʥʳʝ ʧʦʨʦʜʳ ʉʘʣʤʠʥʩʢʦʛʦ AMCG ʧʣʫʪʦʥʘ, ʣʠʙʦ ʧʨʦʠʩʭʦʜʠʣ 

ʧʨʦʮʝʩʩ ʜʝʛʠʜʨʘʪʘʮʠʦʥʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʥʠʞʥʝʡ ʢʦʨʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʥʦʡ 

ʤʘʛʤʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡ ɺʘʣʘʘʤʩʢʠʡ ʩʠʣʣ ʠ ʚʥʝʜʨʝʥʠʝ ʵʪʠʭ ʚʳʧʣʘʚʦʢ [3]. 

ɻʨʘʥʦʬʠʨʳ ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʩʩʣʦʝʥʥʳʭ ʠʥʪʨʫʟʠʚʦʚ, ʛʜʝ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʦʧʫʩʢʘʝʪʩʷ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʥʝʩʤʝʩʠʤʦʩʪʠ; 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

[4] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʞʝʣʝʟʘ ʧʦ ʪʦʣʝʠʪʦʚʦʤʫ ʪʨʝʥʜʫ ʚ ʧʦʨʦʜʘʭ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʘʚʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʦʷʚʣʝʥʠʶ ʥʝʩʤʝʩʠʤʦʩʪʠ ʤʝʞʜʫ ʞʠʜʢʦʩʪʷʤʠ, ʙʦʛʘʪʳʤʠ 

Fe ʠ Si. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʠʣʣʘ ʦʙʥʘʞʘʝʪʩʷ ʥʘ ʦ. ɺʘʣʘʘʤ. ʂʚʘʨʮʝʚʦʝ ʬʝʨʨʦʛʘʙʙʨʦ ʠʤʝʝʪ 

ʥʝʙʦʣʴʰʫʶ ʚʠʜʠʤʫʶ ʤʦʱʥʦʩʪʴ ʜʦ 10 ʤ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ. ɺ 

ʬʝʨʨʦʛʘʙʙʨʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʞʠʣʳ ʤʦʥʮʦʥʠʪʦʚ ʤʦʱʥʦʩʪʴʶ 3ï5 ʩʤ. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ 

ʥʘʭʦʜʠʪʩʷ ʢʚʘʨʮʝʚʦʝ ʛʘʙʙʨʦ, ʢʦʪʦʨʦʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʩʤʝʥʷʝʪʩʷ ʥʘ 

ʢʚʘʨʮʝʚʳʝ ʤʦʥʮʦʥʠʪʳ. ɻʨʘʥʦʬʠʨʦʚʳʝ ʞʠʣʳ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʦ. ɺʘʣʘʘʤ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʛʨʘʥʠʪʥʳʭ ʞʠʣ ʩ ʨʘʟʜʫʚʘʤʠ ʜʦ 30 ʩʤ. ɻʨʘʥʠʮʳ ʞʠʣ ʥʝʨʦʚʥʳʝ ʠ ʚʦʢʨʫʛ ʥʠʭ ʠʥʦʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʦʥʘ, ʦʙʦʛʘʱʝʥʥʘʷ ʛʨʘʥʦʬʠʨʦʤ, ʰʠʨʠʥʦʡ ʜʦ 15 ʩʤ. 

ʌʝʨʨʦʛʘʙʙʨʦ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʩʣʦʞʝʥʳ ʦʣʠʚʠʥʦʤ (5ï10 %), ʢʣʠʥʦ- ʠ 

ʦʨʪʦʧʠʨʦʢʩʝʥʦʤ (40 %) ʠ ʧʣʘʛʠʦʢʣʘʟʦʤ (35ï40 %), ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʝʪʠʪʘ ʠ 

ʠʣʴʤʝʥʠʪʘ ʜʦʩʪʠʛʘʝʪ 10 %. ɺ ʢʘʯʝʩʪʚʝ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʘʧʘʪʠʪ, 

ʪʠʪʘʥʠʪ, ʂʇʐ, ʧʠʨʠʪ, ʢʚʘʨʮ. ɺ ʢʚʘʨʮʝʚʳʭ ʤʦʥʮʦʥʠʪʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ 

ʩʦʜʝʨʞʘʥʠʝ ʂʇʐ ʜʦʩʪʠʛʘʝʪ 35 %, ʧʣʘʛʠʦʢʣʘʟʘ ï ʦʢʦʣʦ 40 %, ʤʘʛʥʝʪʠʪʘ ï ʜʦ 7 %, 

ʢʣʠʥʦʧʠʨʦʢʩʝʥ, ʘʤʬʠʙʦʣ ʠ ʢʚʘʨʮ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ɻʨʘʥʦʬʠʨʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʧʦʨʬʠʨʦʚʠʜʥʳʝ, ʚʢʨʘʧʣʝʥʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʱʝʣʦʯʥʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ, ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʣʦʞʝʥʘ ʛʨʘʬʠʯʝʩʢʠʤ ʘʛʨʝʛʘʪʦʤ ʢʚʘʨʮʘ 

ʠ ʂʇʐ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʧʘʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ, ʨʫʪʠʣʦʤ. ʊʘʢʞʝ 

ʚ ʥʠʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʩʝʥʦʣʠʪʦʚ, ʚʤʝʱʘʶʱʠʭ ʠʭ ʛʘʙʙʨʦ, ʠ 

ʤʦʥʮʦʥʠʪʦʚ. ʂ ʥʠʤ ʧʨʠʫʨʦʯʝʥʳ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʤʘʛʥʝʪʠʪʘ ʠ ʠʣʴʤʝʥʠʪʘ. 

ʂʚʘʨʮʝʚʳʝ ʬʝʨʨʦʛʘʙʙʨʦ ʤʘʛʥʝʟʠʘʣʴʥʳʝ (Mg# 0.33ï0.35) ʩ ʚʳʩʦʢʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ Fe2O3 = 16.19ï17.99 ʚʝʩ. %, P2O5 = 2.36ï2.40 ʚʝʩ. % ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʡ ʩʫʤʤʦʡ ʱʝʣʦʯʝʡ (ʦʢʦʣʦ 4.80 ʚʝʩ. %). ɺ ʢʚʘʨʮʝʚʳʭ ʤʦʥʮʦʥʠʪʘʭ ʩʦʜʝʨʞʘʥʠʝ 
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SiO2 ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï 57.72ï63.35 ʚʝʩ. %, Mg# ʩʦʩʪʘʚʣʷʝʪ 0.23ï

0.34, ʚʘʨʠʘʮʠʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ TiO2 1.13ï1.85 ʚʝʩ. %, Fe2O3 9.43ï12.77 ʚʝʩ. %. ʉʫʤʤʘ 

ʱʝʣʦʯʝʡ ʩʦʩʪʘʚʣʷʝʪ 6.86ï8.16 ʚʝʩ. %. ɺ ʢʚʘʨʮʝʚʳʭ ʛʘʙʙʨʦ, ʜʠʦʨʠʪʘʭ ʠ ʤʦʥʮʦʥʠʪʘʭ, ʚ 

ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʝʥʳ ʞʠʣʳ ʛʨʘʥʦʬʠʨʦʚ, ʩʦʜʝʨʞʘʥʠʝ SiO2 ʚʘʨʴʠʨʫʝʪʩ ̫ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭï51.80ï57.10 ʚʝʩ. %, Mg# 0.23ï0.34, ʚʘʨʠʘʮʠʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ TiO2 ï 2.03ï

2.93  ʚʝʩ. %, Fe2O3 ï 12.60ï14.54 ʚʝʩ. %. ʉʫʤʤʘ ʱʝʣʦʯʝʡ ʩʦʩʪʘʚʣʷʝʪ 5.38ï6.63 ʚʝʩ. %. 

ɺʩʝ ʦʩʥʦʚʥʳʝ ʠ ʩʨʝʜʥʠʝ ʧʦʨʦʜʳ ɺʘʣʘʘʤʩʢʦʛʦ ʩʠʣʣʘ ʬʨʘʢʮʠʦʥʠʨʫʶʪ ʧʦ ʪʦʣʝʠʪʦʚʦʤʫ 

ʪʨʝʥʜʫ.  

ɻʨʘʥʦʬʠʨʳ ʠʟ ʧʨʦʞʠʣʢʦʚ ʚ ʦʩʥʦʚʥʳʭ ʠ ʩʨʝʜʥʠʭ ʧʦʨʦʜʘʭ ɺʘʣʘʘʤʩʢʦʛʦ ʩʠʣʣʘ 

ʩʦʜʝʨʞʘʪ SiO2 73.66ï77.69, ʛʨʘʥʠʪʳ ʢʘʣʠʝʚʳʝ K2O/Na2O=3.8ï6.1, ʩʦʜʝʨʞʘʥʠʷ CaO 

ʥʠʟʢʠʝ ï 0.19ï0.62 ʚʝʩ. %, MgO ï 0.18ï1.20 ʚʝʩ. %. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ Al 2O3/Na2O+K2O 

(0.94ï1.23) ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʱʝʣʦʯʥʳʭ ʠ ʩʫʙʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ. ɻʨʘʥʦʬʠʨʳ 

ʠʤʝʶʪ ʪʠʧʠʯʥʦʝ ʜʣʷ ɸ-ʛʨʘʥʠʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩ ʧʣʦʩʢʠʤ 

ʧʨʦʬʠʣʝʤ HREE, ʩʠʣʴʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ Eu-ʘʥʦʤʘʣʠʝʡ, ʦʙʦʛʘʱʝʥʳ HFSE, ʦʩʦʙʝʥʥʦ 

Zr ʠ Hf, ʥʦ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ Nb ʠ Ta. ʀʟʫʯʝʥʥʳʝ ʛʨʘʥʠʪʳ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ 

ʢʘʢ ʤʘʛʥʝʟʠʘʣʴʥʳʭ, ʪʘʢ ʠ ʞʝʣʝʟʠʩʪʳʭ ʛʨʘʥʠʪʦʚ, Fe-ʠʥʜʝʢʩ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0.7 ʜʦ 0.9.  

ɺ ʧʦʨʦʜʘʭ ɺʘʣʘʘʤʩʢʦʛʦ ʩʠʣʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʣʴʤʝʥʠʪ-ʩʠʣʠʢʘʪʥʳʭ ʩʨʦʩʪʢʦʚ ï ʵʪʦ ʩʨʘʩʪʘʥʠʷ çʯʝʨʚʝʦʙʨʘʟʥʳʭè 

ʚʳʜʝʣʝʥʠʡ ʠʣʴʤʝʥʠʪʘ ʩ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ, ʘʤʬʠʙʦʣʦʤ (ʠʣʠ ʩ ʦʙʨʘʟʦʚʘʥʥʳʤ ʧʦ ʵʪʠʤ 

ʬʘʟʘʤ ʭʣʦʨʠʪʦʤ/ʩʤʝʰʘʥʦʩʣʦʡʥʳʤ ʤʠʥʝʨʘʣʦʤ), ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʘʛʨʝʛʘʪʦʤ 

ʩʠʣʠʢʘʪʥʳʭ ʬʘʟ ʠ ʘʧʘʪʠʪʘ ʠʣʠ ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ ʠ ʛʨʘʥʦʬʠʨʦʤ. ɺʳʜʝʣʝʥʠʷ 

ʠʣʴʤʝʥʠʪʘ ʯʘʩʪʦ ʦʢʘʡʤʣʝʥʳ ʤʘʛʥʝʪʠʪʦʤ, ʠ ʦʙʱʠʡ ʢʦʥʪʫʨ ʩʠʤʧʣʝʢʪʠʪʦʚʦʛʦ 

ʚʳʜʝʣʝʥʠʷ ʠʤʝʝʪ ʠʜʠʦʤʦʨʬʥʳʡ ʦʙʣʠʢ.  

ʀʥʦʛʜʘ ʚ ʮʝʥʪʨʝ ʪʘʢʠʭ Fe-Ti-ʦʢʩʠʜʥʳʭ ʚʳʜʝʣʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʦʩʦʙʣʝʥʠʷ 

ʦʙʦʛʘʱʝʥʥʳʭ Cu ʩʫʣʴʬʠʜʦʚ ʪʠʧʘ iss. ʂʦʣʠʯʝʩʪʚʦ ʩʠʤʧʣʝʢʪʠʪʦʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʜʠʦʨʠʪʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʙʙʨʦ. ɽʱʝ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʨʦʜ 

ʛʨʘʥʦʬʠʨʦʚʳʝ ʠʥʪʝʨʩʪʠʮʠʠ ʠʣʠ ʢʘʨʤʘʥʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ 

ʧʣʘʛʠʦʢʣʘʟʦʚʳʤ ʤʝʞʟʝʨʥʦʚʳʤ ʧʨʦʤʝʞʫʪʢʘʤ. ʇʦʜʦʙʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʧʠʩʘʥʳ 

ʢʘʢ ilmenite-richintergrowths ʚ ʉʢʘʝʨʛʘʘʨʜʩʢʦʤ ʠʥʪʨʫʟʠʚʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʝʩʤʝʩʠʤʦʩʪʠ ʨʘʩʧʣʘʚʦʚ ʠ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʙʦʛʘʱʝʥʥʳʭ Fe ʠ Si 

ʞʠʜʢʦʩʪʝʡ [5]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʨʦʜ ɺʘʣʘʘʤʩʢʦʛʦ ʩʠʣʣʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Rhyolite-Melts [6] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʦʜʝʣʴʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʦʪ ʬʝʨʨʦʛʘʙʙʨʦ ʜʦ ʤʦʥʮʦʥʠʪʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʥʘʙʣʶʜʘʝʤʳʤʠ ʩʦʩʪʘʚʘʤʠ ʨʘʩʧʣʘʚʦʚ, ʦʜʥʘʢʦ 

ʧʦʷʚʣʝʥʠʝ ʛʨʘʥʦʬʠʨʦʚ ʤʦʜʝʣʴʶ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʛʨʘʥʦʬʠʨʦʚʳʭ ʞʠʣ ʧʨʦʠʟʦʰʣʦ ʥʘ ʩʘʤʳʭ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʛʤʳ, 

ʧʦʩʣʝ ʦʙʦʛʘʱʝʥʠʷ ʨʘʩʧʣʘʚʘ Fe, Ti, P ʠ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʨʠ 

ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ, ʙʣʠʟʢʦʡ ʢ ʙʫʬʝʨʫ QFM. ʅʘʢʦʧʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʨʘʩʧʣʘʚʝ 

ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʩʤʝʩʠʤʦʩʪʠ ʤʝʞʜʫ ʙʦʛʘʪʳʤʠ Fe ʠ Si ʞʠʜʢʦʩʪʷʤʠ. ʕʪʘ 

ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ ʯʘʩʪʠʯʥʦ ʦʪʜʝʣʠʣʘʩʴ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʫʤʫʣʫʩʘ ʠ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʚ ʚʠʜʝ ʩʝʨʠʠ ʛʨʘʥʦʬʠʨʦʚʳʭ ʞʠʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 935ï1031 Áʉ (ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʳʱʝʥʠʷ ʮʠʨʢʦʥʠʝʤ) [7]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ  ̄22-27-000318). 

 

 

 



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

136 

ʃʠʪʝʨʘʪʫʨʘ 

 
1. Rªmº O.T. et al. Mesoproterozoic CFB magmatism in the Lake Ladoga basin, Russian Karelia // 
Fifth Dyke Conference. 2005. P. 41ï42. 

2. ʌʨʘʥʢ-ʂʘʤʝʥʝʮʢʠʡ ɼ.ɸ. ʇʝʪʨʦʣʦʛʠʷ ʨʠʬʝʡʩʢʠʭ ʙʘʟʠʪʦʚ ʇʨʠʣʘʜʦʞʴʷ: ɼʠʩ. ...  ʢʘʥʜ.  

ʛʝʦʣ.-ʤʠʥ. ʥʘʫʢ. ʉʇʙ., 1988. 151 ʩ. 

3. ʉʚʠʨʠʜʝʥʢʦ ʃ.ʇ., ʉʚʝʪʦʚ ɸ.ʇ. ɺʘʣʘʘʤʩʢʠʡ ʩʠʣʣ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚ ʠ ʛʝʦʜʠʥʘʤʠʢʘ 

ʢʦʪʣʦʚʠʥʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʇʝʪʨʦʟʘʚʦʜʩʢ: ʂʘʨʝʣʴʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, 2008. 123 ʩ. 

4. Charlier B., Grove T.L. Experiments on liquid immiscibility along tholeiitic liquid lines of 

descent // Contributions to Mineralogy and Petrology. 2012. V. 164,  ̄1. P. 27ï44. 

5. Holness M.B., Stripp G., Humphreys M.C.S., Veksler I.V., Nielsen T.F., Tegner C. Silicate 

liquid immiscibility within the crystal mush: late-stage magmatic microstructures in the Skaergaard 

intrusion, East Greenland // Journal of Petrology. 2011. V. 52,  ̄1. P. 175ï222. 

6. Ghiorso M.S. Hirschmann M.M., Reiners P.W., Kress V.C. The pMELTS: A revision of 

MELTS for improved calculation of phase relations and major element partitioning related to partial 

melting of the mantle to 3 GPa // Geochemistry, Geophysics, Geosystems. 2002. V. 3,  ̄ 5.           

P. 1ï35. 

7. Gervasoni F., Klemme S., Rocha-J¼nior E.R., Berndt J. Zircon saturation in silicate melts: a new 

and improved model for aluminous and alkaline melts // Contributions to Mineralogy and 

Petrology. 2016. V. 171. P. 1ï12. 
 

  



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

137 

ʆʎɽʅʂɸ ʉʆɺɽʈʐɽʅʉʊɺɸ ʉʊʈʋʂʊʋʈʓ ʇʈʀʈʆɼʅʓʍ ʀ 

ʉʀʅʊɽʊʀʏɽʉʂʀʍ ɸʃʄɸɿʆɺ 

 

ʃʝʙʝʜʝʥʢʦ ɸ.ɺ.
1
, ʂʣʝʧʠʢʦʚ ʀ.ɺ.

1,2
, ɺʘʩʠʣʴʝʚ ɽ.ɸ.

3
 

 
1
 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

st068736@student.spbu.ru 
2
 ʆʆʆ "ʅʇʂ "ɸʣʤʘʟ", ʉʝʩʪʨʦʨʝʮʢ 

3 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʉʦʚʝʨʰʝʥʩʪʚʦ ʩʪʨʫʢʪʫʨʳ ʘʣʤʘʟʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʷʭ (ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʰʣʠʬʦʚʢʠ ʠ 

ʧʦʣʠʨʦʚʢʠ, ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ, ʨʘʜʠʦ- ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ). ʂʘʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʝʬʝʢʪʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ï ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʠʩʣʦʢʘʮʠʠ, ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ ʘʪʦʤʦʚ, ʢʣʘʩʪʝʨʳ 

ʚʘʢʘʥʩʠʡ ʠ ʤʠʢʨʦʜʚʦʡʥʠʢʠ [1, 2]. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʤʘʟʘ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ 

ʧʦʣʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ ʠʟ ʯʝʪʳʨʝʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ: ʧʨʠʨʦʜʥʦʛʦ (1 ʰʪ.) ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ (3 ʰʪ.) (CVD ʠ ʅʈʅʊ). ʇʦ ʬʠʟʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʣʤʘʟʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʘʤ IaAB1 (ʧʨʠʨʦʜʥʳʡ) ʠ IIa (ʩʠʥʪʝʪʠʯʝʩʢʠʝ). ɸʣʤʘʟʥʳʝ ʧʣʘʩʪʠʥʳ 

ʠʤʝʶʪ ʨʘʟʤʝʨʳ ~5.0 ʤʤ, ʪʦʣʱʠʥʫ 0.5ï0.7 ʤʤ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʦʨʠʝʥʪʘʮʠʶ 

<100>. ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ Ra ~1ï10 ʥʤ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ LeicaDM4500P. ʈʝʛʠʩʪʨʘʮʠʷ ʢʨʠʚʳʭ ʢʘʯʘʥʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker çD8 DISCOVERè. ʉʧʝʢʪʨʳ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠʟʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ 

RenishawInVia. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʠʢʨʦʩʢʦʧʠ ̫ ʠ ʤʠʢʨʦʘʥʘʣʠʟè, çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷè ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʠʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ çʎʝʥʪʨ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷè ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

1. ɸʥʦʤʘʣʴʥʦʝ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ. ɺ ʧʣʘʩʪʠʥʝ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʘ ʨʦʩʩʳʧʝʡ 

ɿʘʧʘʜʥʦʛʦ ʇʨʠʫʨʘʣʴʷ ˉ 123-76 ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦʝ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ ʩʝʨʳʭ ʠ 

ʙʝʣʳʭ ʦʢʨʘʩʦʢ (ʨʠʩ. 1, ɸ). ɺʳʜʝʣʷʶʪʩʷ ʩʝʢʪʦʨ rʦʢʪʘʵʜʨʘ ʠ ʢʫʙʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʧʨʷʤʳʤʠ ʠ ʠʟʚʠʣʠʩʪʳʤʠ ʣʠʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʤʝʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʣʠʯʠʝʤ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ. ɺ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʘʭ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦʝ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ. ʆʙʨʘʟʝʮ ɸ3 (CVD ʤʝʪʦʜ ʩʠʥʪʝʟʘ) 

ʠʤʝʝʪ ʙʝʣʫ,ʁ ʩʠʥʶ  ʁ ʠ ʞʝʣʪʫ  ʁ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫ  ʁ ʦʢʨʘʩʢʫ ʚ ʩʢʨʝʱʝʥʥʳʭ 

ʧʦʣʷʨʠʟʘʪʦʨʘʭ (ʨʠʩ. 1, ɹ). ʍʘʨʘʢʪʝʨʥʘ ʟʦʥʘʣʴʥʦʩʪʴ, ʘʥʦʤʘʣʴʥʦʝ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʠʟʦʪʨʦʧʥʳʝ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʣʠʥʠʠ) ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʫʛʣʘʤ ʦʙʨʘʟʮʘ. ɿʦʥʳ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʦʢʨʘʩʢʘʤʠ ʠʤʝʶʪ 

ʢʨʠʚʦʣʠʥʝʡʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʆʙʨʘʟʝʮ ɽ6 (CVD) ʠʤʝʝʪ ʘʥʦʤʘʣʴʥʦʝ 

ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ ʤʝʥʝʝ ʷʨʢʦʡ ʦʢʨʘʩʢʠ (ʨʠʩ. 1, ɺ). ʉʝʨʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʦʢʨʘʩʢʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʚ ʬʦʨʤʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʫʜʣʠʥʝʥʥʳʭ ʟʦʥ. ʇʦ ʫʛʣʘʤ 

ʧʣʘʩʪʠʥʳ ʦʪʣʠʯʠʤʘ ʧʨʷʤʘʷ ʧʘʨʘʣʣʝʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ. ɺ ʧʣʘʩʪʠʥʝ 35750 ʠʟ HPHT 

ʘʣʤʘʟʘ ʘʥʦʤʘʣʴʥʦʛʦ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʦʥʘ ʧʦʣʥʦʩʪʴʶ ʠʟʦʪʨʦʧʥʘ ʚ 

ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ (ʨʠʩ. 1, ɻ). 
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ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ʘʣʤʘʟʥʳʭ ʧʣʘʩʪʠʥ: ɸ ï ʧʨʠʨʦʜʥʳʡ 

123-76; ɹ ï ʩʠʥʪʝʪʠʯʝʩʢʠʡ ɸ3 CVD; ɺ ï ʩʠʥʪʝʪʠʯʝʩʢʠʡ ɽ6 CVD; ɻ ï ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

HPHT 35750. 

 

2. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʢʘʯʘʥʠʷ 

ʜʣʷ ʦʙʨʘʟʮʦʚ 123-76, ɸ3, ɽ6, 35750. ɼʣʷ ʢʘʞʜʦʡ ʢʨʠʚʦʡ ʢʘʯʘʥʠʷ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʰʠʨʠʥʘ ʥʘ ʧʦʣʦʚʠʥʝ ʚʳʩʦʪʳ (FWHM), ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʈʠʩ. 2. ʂʨʠʚʳʝ ʢʘʯʘʥʠʷ ʜʣʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. 

 

ʅʘʠʤʝʥʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʰʠʨʠʥʳ ʢʨʠʚʦʡ ʢʘʯʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʦʙʨʘʟʮʘʤ ʅʈʅʊ 35750 ʠ CVDE6. ɿʥʘʯʝʥʠʝ 28.8 arcsecond ʙʣʠʟʢʦ ʢ 

ʧʨʝʜʝʣʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʤ ʩʦʚʝʨʰʝʥʩʪʚʝ 

ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʘʣʤʘʟʦʚ. ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ FWHM ʟʘʥʠʤʘʝʪ 

ʧʨʠʨʦʜʥʳʡ ʦʙʨʘʟʝʮ 123-76, ʩʦʜʝʨʞʘʱʠʡ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

FWHM ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ɸ3 CVD ʠ ʩʚʷʟʘʥʦ, ʚʝʨʦʷʪʥʦ, ʩ 

ʙʣʦʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʢʨʠʩʪʘʣʣʘ. 

 



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

139 

ʊʘʙʣʠʮʘ 1. ʀʟʤʝʨʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʰʠʨʠʥʳ (FWHM) ʢʨʠʚʦʡ ʢʘʯʘʥʠʷ 

ʆʙʨʘʟʝʮ 123-76 ɸ3 E6 35750 

FWHM, arcsecond  32.4 46.8 28.8 28.8 

 

3. ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. ɿʥʘʯʝʥʠʷ ʧʦʣʫʰʠʨʠʥʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ɺ ʩʦʚʝʨʰʝʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʘʣʤʘʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʜʥʦʬʦʥʦʥʥʳʡ ʧʠʢ 

1332 ʩʤ
-1

 ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʰʠʨʠʥʫ ʧʠʢʘ ʧʦʨʷʜʢʘ 1ï2 ʩʤ
-1

 [3]. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʰʠʨʠʥʳ ʧʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʙʨʘʟʮʫ 35750 (HPHT), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʚʝʨʰʝʥʩʪʚʝ. CVD 

ʦʙʨʘʟʮʳ E6 ʠ A3 ʠʤʝʶʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʘ ʧʨʠʨʦʜʥʳʡ ʘʣʤʘʟ 123-76 ʠʤʝʝʪ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʰʠʨʠʥʳ. 

 

ʊʘʙʣʠʮʘ 2. ʀʟʤʝʨʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʰʠʨʠʥʳ ʦʜʥʦʬʦʥʦʥʥʦʛʦ ʧʠʢʘ 

ʆʙʨʘʟʝʮ 123-76-4 ɸ3 E6 35750 

ʐʠʨʠʥʘ ʨʘʤʘʥʦʚʩʢʦʡ ʣʠʥʠʠ 7.71 5.45 5.33 4.55 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʘʣʤʘʟʳ ʚ ʮʝʣʦʤ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ, ʯʝʤ ʧʨʠʨʦʜʥʳʝ; HPHT ʧʣʘʩʪʠʥʳ ʦʙʥʘʨʫʞʠʚʘʶʪ ʪʨʠ 

ʧʦʢʘʟʘʪʝʣʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʦʚʝʨʰʝʥʩʪʚʝ ʩʪʨʫʢʪʫʨʳ; CVD ʘʣʤʘʟʳ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʠ ʠʭ ʧʦʢʘʟʘʪʝʣʠ, ʚʝʨʦʷʪʥʦ, ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ; ʧʨʠʨʦʜʥʳʝ ʘʣʤʘʟʳ ʟʘ ʩʯʝʪ ʟʘʭʚʘʪʘ ʤʥʦʞʝʩʪʚʘ ʚʢʣʶʯʝʥʠʡ ʠ ʧʨʠʤʝʩʝʡ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ CVD ʘʣʤʘʟʦʚ ʠʣʠ ʝʱʝ ʥʠʞʝ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ ʜʨʫʛ ʜʨʫʛʘ. ʂʘʨʪʠʥʳ ʘʥʦʤʘʣʴʥʦʛʦ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ 

ʢʦʩʚʝʥʥʦ, ʥʦ ʜʦʩʪʦʚʝʨʥʦ ʦʪʨʘʞʘʶʪ ʢʘʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ. ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʪʦʜʘʤʠ ʘʥʦʤʘʣʴʥʦʛʦ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 
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ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʘʣʤʘʟʥʳʭ ʧʦʜʣʦʞʝʢ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, 

ʛʨʘʥʪ ˉ 21-77-20026. 
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ʀɿʆʊʆʇʓ ʋʈɸʅɸ (
238
U ʀ 

234
U) ɺ ʉʅɽɻʆɺʓʍ ɺʆɼɸʍ ʖɻɸ ʀ ʉɽɺɽʈɸ 
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ɸʪʤʦʩʬʝʨʥʳʡ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʦʩʪʦʷʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʦʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʩʪʫʧʠʚʰʠʝ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʝʱʝʩʪʚʘ ʠ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʘʢʪʠʚʥʦ 

ʧʝʨʝʥʦʩʷʪʩʷ ʚʦʟʜʫʰʥʳʤ ʧʫʪʝʤ ʚ ʩʦʩʪʘʚʝ ʧʳʣʝʚʳʭ ʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʚʤʝʩʪʝ ʩ 

ʥʠʤʠ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʫʨʘʥ.  

ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʜʝʧʦʥʝʥʪʦʤ, ʥʘʢʘʧʣʠʚʘʶʱʠʤ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʪʤʦʩʬʝʨʥʳʭ ʧʦʩʪʫʧʣʝʥʠʷʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ï ʦʪ ʧʝʨʚʦʛʦ ʚʳʧʘʜʝʥʠʷ ʧʦʟʜʥʝʡ ʦʩʝʥʴʶ ʜʦ ʝʛʦ ʪʘʷʥʠʷ 

ʚʝʩʥʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʥʰʝʪʘ, ʥʘʢʘʧʣʠʚʘʶʱʝʛʦ ʘʪʤʦʩʬʝʨʥʳʝ ʚʳʧʘʜʝʥʠʷ, ʩʥʝʛ ʠʤʝʝʪ 

ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʦʥ ʦʪʨʘʞʘʝʪ ʪʦʣʴʢʦ ʘʪʤʦʩʬʝʨʥʳʡ ʧʫʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ; ʥʝ ʘʢʪʠʚʝʥ ʥʠ ʚ ʭʠʤʠʯʝʩʢʦʤ, ʥʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ, 

ʥʘʢʘʧʣʠʚʘʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʘʪʤʦʩʬʝʨʫ, 

ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ (ʧʝʨʠʦʜ ʦʜʥʦʛʦ ʩʥʝʛʦʧʘʜʘ ʠʣʠ ʚʝʩʴ ʧʝʨʠʦʜ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ). 

ʆʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʦʙʲʝʢʪʦʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʳʭ 

ʚʳʧʘʜʝʥʠʡ [1ï4]. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʣʴʬʘ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩ ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʡ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ (
238

U ʠ 
234

U) ʚ ʩʥʝʛʦʚʳʭ ʚʳʧʘʜʝʥʠʷʭ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʦʙʳ ʩʥʝʛʘ, ʦʪʦʙʨʘʥʥʳʝ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʘ (ʗʤʘʣʦ-ʅʝʥʝʮʢʠʡ ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ ï ʧʨʦʙʘ 1 ʠ 2 ʚ ʪʘʙʣʠʮʝ) ʠ 

ʶʛʘ (ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ ï ʧʨʦʙʘ 3) ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠ ʤʝʪʦʜʦʤ 

ʰʫʨʬʘ ʥʘ ʚʩʶ ʤʦʱʥʦʩʪʴ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 5-ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʩʣʦʷ 

ʥʘʜ ʧʦʯʚʦʡ. ʆʙʲʝʤ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣ 50ï60 ʣ ʩʥʝʛʘ, ʠʟ ʢʦʪʦʨʳʭ ʧʨʠ ʪʘʷʥʠʠ 

ʧʦʣʫʯʘʣʦʩʴ ʜʦ 26 ʣ ʚʦʜʳ. ʇʦʩʣʝ ʦʪʩʪʘʠʚʘʥʠʷ ʠ ʚʳʧʘʜʝʥʠʷ ʚ ʦʩʘʜʦʢ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ 

ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ cʥʝʛʦʚʳʭ ʚʦʜ ʧʨʦʚʦʜʠʣʘʩʴ ʜʝʢʘʥʪʘʮʠʷ ʧʨʦʙʳ, ʘ ʟʘʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʬʠʣʴʪʨʦʚʘʥʠʝ ʜʝʢʘʥʪʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ ʜʚʘ ʬʠʣʴʪʨʘ: 

ʬʠʣʴʪʨ çʩʠʥʷʷ ʣʝʥʪʘè (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʨ 3 ʤʢʤ) ʠ ʤʝʤʙʨʘʥʥʳʡ ʘʮʝʪʘʪʥʳʡ ʬʠʣʴʪʨ 

(0.45 ʤʢʤ). ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʣʴʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʩʷ ʜʦ ʩʫʭʦʛʦ 

ʦʩʪʘʪʢʘ, ʚ ʢʦʪʦʨʳʡ ʧʝʨʝʭʦʜʠʣʦ ʚʟʚʝʰʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʨʘʟʤʝʨʥʦʩʪʴʶ ʤʝʥʝʝ 0.45 ʤʢʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʧʳʣʝʚʳʤʠ, ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʢʦʣʣʦʠʜʘʤʠ ʠ 

ʨʘʩʪʚʦʨʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ [5, 6]. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ (
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U ʠ 
234

U) ʚ ʚʳʜʝʣʝʥʥʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʷʭ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʥʝʛʦʚʳʭ 

ʚʦʜ ʧʨʦʚʦʜʠʣʦʩʴ ʘʣʴʬʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ ʘʣʴʬʘ-ʩʧʝʢʪʨʦʤʝʪʨʝ 

ALPHA-ENSEMBLE-8 ʩ ʢʨʝʤʥʠʝʚʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ENS-U300. 

ʈʘʜʠʦʭʠʤʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ 
234

U ʠ 
238

U ʦʩʫʱʝʩʪʚʣʷʣʠ 
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ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ ʧʦ ʪʨʝʤ 

ʚʳʜʝʣʝʥʥʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʬʨʘʢʮʠʷʤ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʥʝʛʦʚʳʭ ʚʦʜ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʫʜʝʣʴʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ ʠ ʠʭ 

ʦʪʥʦʰʝʥʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʥʝʛʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʧʦʢʘʟʳʚʘʝʪ: 

ʇʨʦʙʳ 1 ʠ 2. ʀʟʦʪʦʧ 
238

U ʩʦʜʝʨʞʠʪʩʷ ʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʷʭ 

ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ: 

ï 0.12, 0.17 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ > 3 ʤʢʤ,  

ï 0.04, 0.40 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ 0.45ÒÏ<3 ʤʢʤ, 

ï 0.050 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ <0.45 ʤʢʤ. 

ʉʫʤʤʘʨʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 
238

U ʚʦ ʚʩʝʭ ʪʨʝʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʷʭ 

ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ 0.26 ʠ 0.57 ɹʢ/ʣ ʜʣʷ ʧʨʦʙ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟʦʪʦʧ 
234

U ʩʦʜʝʨʞʠʪʩʷ ʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʷʭ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ: 

ï 0.14, 0.19 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ >3 ʤʢʤ,  

ï 0.05, 0.29 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ 0.45ÒÏ<3 ʤʢʤ,  

ï 0.06, 0.15 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ <0.45 ʤʢʤ. 

ʉʫʤʤʘʨʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 
234

U ʚʦ ʚʩʝʭ ʪʨʝʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʷʭ 

ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ 0.39 ʠ 0.49 ɹʢ/ʣ ʜʣʷ ʧʨʦʙ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʙʘ 3. ʉʦʜʝʨʞʘʥʠʷ ʠʟʦʪʦʧʘ 
238

U ʩʦʩʪʘʚʣʷʶʪ 0.50 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ >3 ʤʢʤ, 

1.39 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ 0.45ÒÏ<3 ʤʢʤ ʠ 0.13 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ <0.45 ʤʢʤ. ʉʦʜʝʨʞʘʥʠʷ 

ʠʟʦʪʦʧʘ 
234

U ʩʦʩʪʘʚʣʷʶʪ 0.51 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ >3 ʤʢʤ, 1.05 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ 0.45ÒÏ<3 

ʤʢʤ ʠ 0.17 ɹʢ/ʣ ʚʦ ʬʨʘʢʮʠʠ <0.45 ʤʢʤ. ʉʫʤʤʘʨʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 
238

U ʠ 
234

U ʚʦ ʚʩʝʭ 

ʪʨʝʭ ʬʨʘʢʮʠʷʭ ʩʦʩʪʘʚʣʷʶʪ 2.02 ʠ 1.73 ɹʢ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʋʜʝʣʴʥʘ ̫ʘʢʪʠʚʥʦʩʪ ɹ
238

U ʠ 
234

U ʚ ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʷʭ 

ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʥʝʛʦʚʳʭ ʚʦʜ ʠ ʠʭ ʠʟʦʪʦʧʥʦʝ ʦʪʥʦʰʝʥʠʝ (
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U /
238

U) 

ʇʨʦʙʘ ʌʨʘʢʮʠʷ 
238
U, ɹʢ/ʣ 

234
U, ɹʢ/ʣ 

234
U/

238
U 

1 

>3 ʤʢʤ 0.17 0.19 1.1 

0.45ÒÏ<3 ʤʢʤ 0.04 0.05 1.2 

< 0,45 ʤʢʤ 0.05 0.15 3.1 

ʉʫʤʤʘ 0.26 0.39 
 

2 

>3 ʤʢʤ 0.12 0.14 1.1 

0.45ÒÏ<3 ʤʢʤ 0.40 0.29 0.7 

< 0,45 ʤʢʤ 0.05 0.06 1.2 

ʉʫʤʤʘ 0.57 0.49 
 

3 

>3 ʤʢʤ 0.50 0.51 1.0 

0.45ÒÏ<3 ʤʢʤ 1.39 1.05 0.8 

< 0,45 ʤʢʤ 0.13 0.17 1.3 

ʉʫʤʤʘ 2.02 1.73 
 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʤʤʘʨʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 
238

U ʚ 

3.5ï7.8 ʨʘʟ ʠ 
234

U ʚ 3.5ï4.4 ʨʘʟʘ ʥʘ ʶʛʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚʳʰʝ, ʯʝʤ ʥʘ ʩʝʚʝʨʝ. ɺ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʩʥʝʛʘ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʣʠʟʢʦʝ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ (1.0ï1.1) ʦʪʥʦʰʝʥʠʝ 
234

U/
238

U. ɼʣʷ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (0.45ÒÏ<3 ʤʢʤ) ʥʘʙʣʶʜʘʝʪʩʷ 
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ʩʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ (0.7ï0.8) ʚ ʩʪʦʨʦʥʫ 
238

U. ɺ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ (<0.45 

ʤʢʤ), ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʳʣʝʚʳʭ, ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, ʢʦʣʣʦʠʜʦʚ ʠ 

ʨʘʩʪʚʦʨʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ (1.2ï1.3) ʚ ʩʪʦʨʦʥʫ 
234

U. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʦʙʘ 1, ʦʪʦʙʨʘʥʥʘʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʗʅɸʆ, ʪʘʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ 
234

U/
238

U ʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ       

(<0.45 ʤʢʤ) ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʥʝʛʦʚʳʭ ʚʦʜ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀɻʄ ʉʆ ʈɸʅ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʎʂʇ çʄʥʦʛʦʵʣʝʤʝʥʪʥʳʝ ʠ ʠʟʦʪʦʧʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʀɻʄ ʉʆ ʈɸʅè. 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʶʪ ʦʩʥʦʚʥʳʝ ʨʘʟʜʝʣʳ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ. ɽʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʤʦʥʦʛʨʘʬʠʠ ɺ.ɼ. ʃʦʤʪʘʜʟʝ çʀʥʞʝʥʝʨʥʘʷ ʛʝʦʣʦʛʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè [1], ʪʦ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʟʘʢʦʥʘ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ: ʦʨʛʘʥʠʟʘʮʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʨʝʜʳ. ʇʦʜ ʜʝʪʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ (ɻʉ) ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʠʝ (ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʝ) ʛʨʫʥʪʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʦʩʪʘʚʘ ʠ 

ʩʚʦʡʩʪʚ; ʦʮʝʥʢʘ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʟʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʪʝʨʨʠʪʦʨʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʢʘʨʪʘ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʧʦʟʠʮʠʠ: ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʠʝ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ; ʦʙʚʦʜʥʝʥʥʦʩʪʴ 

ʛʨʫʥʪʦʚʳʭ ʪʦʣʱ (ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ); ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ 

(ʛʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ ʠ ʬʦʨʤʳ ʨʝʣʴʝʬʘ); ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʵʢʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ 

ʬʦʨʤʳ ʠʭ ʧʨʦʷʚʣʝʥʠʷ. ʕʪʘ ʢʘʨʪʘ ʠʤʝʝʪ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ï ʥʘ ʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʨʘʞʘʝʪʩʷ ʚʩʷ ʫʢʘʟʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʯʝʪʳʨʝ 

çʢʣʘʩʪʝʨʘè ï ʛʨʫʥʪʳ, ʠʭ ʦʙʚʦʜʥʝʥʥʦʩʪʴ, ʨʝʣʴʝʬ, ʵʢʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ), ʧʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ (ʩʪʘʥʜʘʨʪʥʳʝ) ʩʧʦʩʦʙʳ ʠʟʦʙʨʘʞʝʥʠʷ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ. ɼʣʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʪʘʢʦʡ ʢʘʨʪʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ. 

ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʦʛʨʘʥʠʯʠʣʠʩʴ ʬʦʥʜʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʩʦʩʪʘʚʣʝʥʠʝʤ 

ʢʦʣʣʝʢʮʠʠ ʩʢʘʣʴʥʳʭ ʠ ʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚ. ɼʣʷ ʢʦʣʣʝʢʮʠʠ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ 

ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʟʫʯʝʥʠʷ ï ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʩʝʡʩʤʠʯʝʩʢʠʝ (ʤʝʪʦʜ ʧʨʦʟʚʫʯʠʚʘʥʠʷ ï ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ), 

ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʛʦʪʦʚʠʣʩʷ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʰʣʠʬ, ʧʨʦʚʦʜʠʣʦʩʴ ʝʛʦ ʦʧʠʩʘʥʠʝ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ. 

ɼʘʣʝʝ ʜʣʷ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ ʚʳʧʦʣʥʷʣʦʩʴ ʪʱʘʪʝʣʴʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʦʡ çʩʝʡʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶè. ʎʝʣʴ ʵʪʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʡ ï 

ʚʳʷʩʥʝʥʠʝ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ (ʢʣʘʩʩʠʯʝʩʢʠʡ ʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ) ʧʨʠʯʠʥʳ ʵʪʠʭ 

ʨʘʟʣʠʯʠʡ. ɿʘʪʝʤ ʩʚʦʶ ʚʘʞʥʫʶ ʨʦʣʴ ʚʳʧʦʣʥʷʣʘ ʧʨʦʛʨʘʤʤʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʘʥʦʤʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʨʘʟʮʦʚ ʢʦʣʣʝʢʮʠʠ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ [2 5]. 

ʂʦʣʣʝʢʮʠʷ ʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚ ʩʦʙʨʘʥʘ ʧʨʠ ʧʦʣʝʚʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʟʦʥʳ 

ʚʣʠʷʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʜʚʫʭ ʚʠʜʦʚ: 1) ʧʨʦʜʫʢʪʳ ʟʦʥʳ ʨʘʟʣʦʤʦʚ 

(ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʙʦʨʪʘʭ ʢʘʨʴʝʨʘ ï ʤʠʣʦʥʠʪʳ, ʯʝʨʥʳʝ ʛʣʠʥʢʠ ʪʨʝʥʠʷ ʠ ʱʝʙʝʥʠʩʪʦ-

ʜʨʝʩʚʷʥʳʝ ʛʨʫʥʪʳ; 2) ʨʘʟʣʠʯʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ (ʩr, ps, gln) ʛʝʦʣʦʛʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʚ ʟʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (dQ4, edQ4, dpQ4, aQ4, bQ4, tQ4). ʀʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʘʚ, 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠʩʴ ʚ ʛʨʫʥʪʦʚʝʜʯʝʩʢʦʡ ʛʨʫʧʧʝ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʩʭʝʤʝ), 
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ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʪʦʢʩʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ï ʚ ʎʂʇ 

çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʷè. ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʝʧʝʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʟʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʧʨʦʙʣʝʤ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʰʘʪʁʩʷ ʦʯʝʥʴ ʨʝʜʢʦ 

[7 9].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ (90 ï 2000-ʝ ʛʦʜʳ) ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʠ 

ʛʝʦʵʢʦʣʦʛʠʠ ʀɿʂ ʉʆ ʈɸʅ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʧʨʠ ʦʮʝʥʢʝ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ [5, 6], ʧʦʵʪʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʵʪʦ ʬʦʥʜʦʚʳʝ ʤʘʪʝʨʠʘʣʳ) ʜʦʧʦʣʥʷʣʘʩʴ 

ʪʠʧʠʟʘʮʠʝʡ ɻʉ. ʀʪʘʢ, ʩʥʘʯʘʣʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʨʘʡʦʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʥʦ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʋʣʴʙʘʥʩʢʦʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ 

ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʪʘʞʘ. ʅʠʞʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʶʨʩʢʠʤʠ ʦʩʘʜʦʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʩʦ ʩʣʝʜʘʤʠ ʤʝʪʘʤʦʨʬʠʟʤʘ (ʤʝʪʘʧʝʩʯʘʥʠʢʠ), ʩʨʝʜʥʠʡ ï ʵʬʬʫʟʠʚʘʤʠ 

ʧʦʨʬʠʨʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʜʘʮʠʪʳ, ʘʥʜʝʟʠʪʳ) ʩʨʝʜʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʚʝʨʭʥʠʡ ï 

ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʥʠʟʢʦʛʦʨʥʳʡ (ʘʙʩ. ʦʪʤ. 400ï600 ʤ), 

ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʳʡ; ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʟʘʣʝʛʘʶʪ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 5 ʜʦ 44 ʤ, ʚʳʜʝʣʷʝʪʩʷ 

ʚʨʝʤʝʥʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ (ʚʝʨʭʦʚʦʜʢʘ) ʠ ʪʨʝʱʠʥʦʚʘʪʘʷ ʟʦʥʘ ʶʨʩʢʦ-ʤʝʣʦʚʳʭ 

ʧʦʨʦʜ. ʇʦ ʢʘʪʝʛʦʨʠʠ ʩʣʦʞʥʦʩʪʠ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʨʝʜʥʝʤʫ 

ʫʨʦʚʥʶ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʧʦ ʢʘʨʪʝ ʦʙʱʝʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ʈʌ ʦʥʘ ʧʦʧʘʜʘʝʪ ʚ 7-ʙʘʣʣʴʥʫʶ 

ʟʦʥʫ. 

ʇʦ ʜʦʢʫʤʝʥʪʘʮʠʠ ʢʝʨʥʘ ʩʢʚʘʞʠʥ, ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ (ʥʘ 

ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ï Rc, ʄʇʘ ʠ ʨʘʩʪʷʞʝʥʠʝ  Rz, ʄʇʘ ʠ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ (RQD, 

%)) ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʳʜʝʣʝʥʳ ʜʚʝ ʛʨʫʧʧʳ: ʧʝʨʚʘʷ ï Rʩ18ï51, 

RQD<25ï50 (ʢʘʯʝʩʪʚʦ ʤʘʩʩʠʚʘ ʦʯʝʥʴ ʧʣʦʭʦʝ); ʚʪʦʨʘʷ ï Rʩ53ï153, RQD>50ï75 

(ʢʘʯʝʩʪʚʦ ʤʘʩʩʠʚʘ ʩʨʝʜʥʝʝ ʠ ʭʦʨʦʰʝʝ). ɼʣʷ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ ʠ ʜʘʮʠʪʦʚ (ʫʯʘʩʪʢʠ 

çɽʢʘʪʝʨʠʥʘ-2è, çʌʘʨʠʜʘè) ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ (Rc, ʄʇʘ) ʠ ʨʘʩʪʷʞʝʥʠʝ (Rz, ʄʇʘ), ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʦʡ ʧʣʦʪʥʦʩʪʠ 

(ʈʧʨ, ʛ/ʩʤ
3
), ʠʩʧʦʣʴʟʫʷ ʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʩʦʩʪʘʚʠʣʠ ʤʘʪʨʠʮʫ (n=6, m=3) ʠ ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ R-ʪʠʧʘ ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢ-ʜʝʥʜʨʦʛʨʘʤʤʫ (ʨʠʩʫʥʦʢ).  

 
ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʠʨʦʜʥʦʡ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʦʚ. 

 

ʋʩʪʘʥʦʚʣʝʥʘ çʘʥʦʤʘʣʴʥʘʷè ʟʘʚʠʩʠʤʦʩʪʴ ï ʧʨʠʨʦʜʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʢʘʣʴʥʳʭ 

ʛʨʫʥʪʦʚ (ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ ʠ ʜʘʮʠʪʦʚ) ʥʝ ʚʣʠʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʠʭ ʧʨʦʯʥʦʩʪʴ, 

ʧʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ ʥʘ ʛʨʘʬʠʢʝ) ʤʝʥʝʝ 0.40 

(0.27). ɸʥʘʣʦʛʠʯʥʘʷ çʘʥʦʤʘʣʠʷè ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ 

ʧʝʩʯʘʥʠʢʦʚ ʋʜʦʢʘʥʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʝʜʫʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʦʢʘʟʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 

ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʢʩʪʫʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʦʚ [10]. 

ʆʩʥʦʚʦʡ ʪʠʧʠʟʘʮʠʠ ɻʉ ʷʚʠʣʦʩʴ ʩʪʘʥʜʘʨʪʥʦʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʠʝ ʛʨʫʥʪʦʚ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʣʘʩʩʦʚ ʧʨʠʨʦʜʥʳʭ 

ʩʢʘʣʴʥʳʭ ʠ ʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚ. ʅʘ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 

1:50000 ʚʳʜʝʣʷʶʪʩʷ ʪʠʧʳ ɻʉ: ʇʝʨʚʳʡ ʪʠʧ ï ʪɻʦ ʪʝʨʨʠʪʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʂʣʘʩʪʝʨ R 

1.0 0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8 -1.0 

Rc 
Rz 
Pʧʨ 
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ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʷʶʪʩʷ ʮʚʝʪʦʤ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ ʠ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʟʥʘʯʢʘʤʠ ï ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʪʠʧʳ ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ ʬʦʨʤʘʮʠʡ. ɺʪʦʨʦʡ 

ʪʠʧ ï ʵʪʦ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʨʘʟʣʠʯʥʳʝ ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʩʦʚʨʝʤʝʥʥʳʭ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʵʪʦ ʩʚʝʪʣʦ-ʞʝʣʪʦʚʘʪʳʝ ʫʯʘʩʪʢʠ ʚ 

ʜʦʣʠʥʘʭ ʨʝʯʝʢ, ʨʫʯʴʝʚ ʥʘ ʙʦʣʦʪʠʩʪʳʭ ʫʯʘʩʪʢʘʭ, ʩʢʣʦʥʘʭ ʠ ʚʦʜʦʨʘʟʜʝʣʘʭ (ʦʩʦʙʳʤ 

ʟʥʘʢʦʤ ʧʦʢʘʟʘʥʳ ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʠʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʙʥʘʞʝʥʠʡ). ɼʣʷ ʢʦʣʣʝʢʮʠʠ 

ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʛʨʫʥʪʦʚʝʜʯʝʩʢʦʡ ʛʨʫʧʧʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ ʀɿʂ ʉʆ ʈɸʅ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʜʘʥʥʳʝ ʧʦ ʤʠʣʦʥʠʪʘʤ 

(ʵʪʦ ʯʝʨʥʘʷ çʛʣʠʥʢʘ ʪʨʝʥʠʷè). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʧʣʘʩʪʠʯʥʦʡ 

(ʯʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ Ip ʩʦʩʪʘʚʣʷʝʪ 5ï6) ʠ ʙʳʩʪʨʦ ʨʘʟʤʦʢʘʝʤʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ 

ʫʚʣʘʞʥʝʥʠʠ ʦʧʘʩʥʳʭ ʟʦʥ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʩʪʝʥʢʘʤ ʢʘʨʴʝʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʙʦʣʴʰʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʜʚʫʭ ʦʙʨʘʟʮʦʚ ï ˉ 9 (ʘʥʜʝʟʠʪʦʚʳʡ ʧʦʨʬʠʨʠʪ) ʠ ˉ 11 (ʤʝʪʘʩʦʤʘʪʠʪ). ɼʣʷ 

ʘʥʜʝʟʠʪʦʚʦʛʦ ʧʦʨʬʠʨʠʪʘ ʭʘʨʘʢʪʝʨʥʳ ʨʘʟʥʦʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʠʩʫʪʩʪʚʠʝ ʘʛʨʝʛʘʪʦʚ, 

ʧʨʦʮʝʩʩʳ ʩʦʩʩʶʨʠʪʠʟʘʮʠʠ, ʦʢʚʘʨʮʝʚʘʥʠʷ, ʢʘʣʴʮʠʪʠʟʠʨʦʚʘʥʠʷ ʠ 

ʘʤʬʠʙʦʣʠʪʠʟʠʨʦʚʘʥʠʷ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʩʥʠʞʘʝʪ çʩʝʡʩʤʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴè, ʥʦ ʩʣʘʙʳʝ 

ʧʨʦʮʝʩʩʳ ʢʘʪʘʢʣʘʟʘ, ʥʘʦʙʦʨʦʪ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʝʝ ʫʚʝʣʠʯʝʥʠʶ, ʧʦʵʪʦʤʫ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʩʢʦʨʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 5192 ʤ/ʩ (ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʨʦʟʚʫʯʠʚʘʥʠʝ) ʠ 4393 

ʤ/ʩ (ʩʢʚʦʟʥʦʝ ʧʨʦʟʚʫʯʠʚʘʥʠʝ), ʚ ʩʨʝʜʥʝʤ 4793 ʤ/ʩ. ɼʣʷ ʤʝʪʘʩʦʤʘʪʠʪʘ ʠʤʝʝʪʩʷ 

ʟʘʤʝʪʥʦʝ ʧʦʥʠʞʝʥʠʝ çʩʝʡʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠè (Vp1ï 4197 ʤ/ʩ; Vp2ï 3513 ʤ/ʩ, ʚ 

ʩʨʝʜʥʝʤ 3855 ʤ/ʩ), ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʦʩʦʙʦʛʦ ʪʠʧʘ 

ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ, ʚʝʨʦʷʪʥʦ, ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʡ ʩʦʩʪʘʚ ʛʣʘʚʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ʭʣʦʨʠʪ, ʨʫʜʥʳʝ, ʢʘʣʴʮʠʪ, ʢʚʘʨʮ), ʪʝʢʩʪʫʨʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠʟ-ʟʘ ʯʝʨʝʜʦʚʘʥʠʷ ʧʨʦʩʣʦʝʚ ʭʣʦʨʠʪʘ ʠ ʧʨʠʩʫʪʩʪʚʠʷ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ ʠʣʠ ʩʧʣʦʰʥʳʭ ʧʨʦʩʣʦʝʚ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɻʣʘʚʥʳʡ 

ʚʳʚʦʜ ï ʧʨʠʩʫʪʩʪʚʠʝ çʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘè, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʦʚ ʪʦʢʩʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ï ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [9, 10]. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʃʦʤʪʘʜʟʝ ɺ.ɼ. ʀʥʞʝʥʝʨʥʘʷ ʛʝʦʣʦʛʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ: ʋʯʝʙʥʠʢ ʜʣʷ 

ʚʫʟʦʚ. ʃ.: ʅʝʜʨʘ, 1986. 272 ʩ.  

2. ɼʘʥʠʣʦʚ ɹ.ʉ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʚ EXCEL // ʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘ: 

ʄʘʪʝʨʠʘʣʳ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʀʨʢʫʪʩʢ, 2001. ʉ. 18ï19. 

3. ʃʝʩʩʦʚʳʝ ʛʨʫʥʪʳ ʄʦʥʛʦʣʦ-ʉʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ / ʊ.ɻ.ʈʷʱʝʥʢʦ, ɺ.ɺ. ɸʢʫʣʦʚʘ, ʅ.ʅ. ʋʭʦʚʘ, 

ʉ.ʀ. ʐʪʝʣʴʤʘʭ, ʅ.ʅ. ɻʨʠʥʴ. ʀʨʢʫʪʩʢ: ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, 2014. 241 ʩ.  

4. ʈʷʱʝʥʢʦ ʊ.ɻ., ɺʘʰʝʩʪʶʢ ʖ.ɺ., ɻʨʠʥʴ ʅ.ʅ. ʄʝʪʦʜ çʄʠʢʨʦʩʪʨʫʢʪʫʨʘè ʚ ʧʨʘʢʪʠʢʝ 
ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʝʩʩʦʚʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ. 

ʀʨʢʫʪʩʢ: ʀʟʜ-ʚʦ ʀʈʅʀʊʋ, 2021. 130 ʩ. 

5. ʈʷʱʝʥʢʦ ʊ.ɻ. ʈʝʛʠʦʥʘʣʴʥʦʝ ʛʨʫʥʪʦʚʝʜʝʥʠʝ (ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ). ʀʨʢʫʪʩʢ: ʀʥʩʪʠʪʫʪ 

ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, 2010. 287 ʩ. 

6. ʈʷʱʝʥʢʦ ʊ.ɻ. ʊʠʧʠʟʘʮʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʛʦʨʦʜʘ ʕʨʜʵʥʵʪʘ (ʄʦʥʛʦʣʠʷ) ʧʨʠ ʦʮʝʥʢʝ 
ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʪʝʨʨʠʪʦʨʠʠ // ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ 

ʨʝʛʠʦʥʦʚ. ʊ. 1. ɻʝʦʵʢʦʣʦʛʠʷ. ʀʥʞʝʥʝʨʥʘʷ ʵʢʦʣʦʛʠʷ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʄɸʅʕɹ, 2007. ʉ. 211ï216. 

7. ʇʦʨʷʜʠʥ ɸ.ʌ., ʍʦʚʘʥʩʢʠʡ ɸ.ɼ. ʆʮʝʥʢʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ 
ʩʨʝʜʳ. ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çʇʨʠʙʦʡè, 1996. 350 ʩ. 

8. ʉʘʝʪ ʖ.ɽ. ʠ ʜʨ. ɻʝʦʭʠʤʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʄ.: ʅʝʜʨʘ, 1990. 335 ʩ. 



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

147 

9. ʊʨʦʬʠʤʦʚ ɺ.ʊ., ɿʠʣʣʠʥʛ ɼ.ɻ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʷ. ʄ.: ɻʝʦʠʥʬʦʨʤʤʘʨʢ. 2002. 415 ʩ. 

10.  ʈʷʱʝʥʢʦ ʊ.ɻ., ʊʠʨʩʢʠʭ ʉ.ɸ., ʂʦʨʥʠʣʦʚʘ ʊ.ɸ., ɹʨʳʞʘʢ ɽ.ɺ. ʂʦʤʧʣʝʢʩʥʘʷ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʧʝʩʯʘʥʠʢʦʚ (ʩʪʨʦʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʢʘ ʚ ʨʘʡʦʥʝ 

ʋʜʦʢʘʥʘ) // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ɻʝʦʣʦʛʠʷ ʠ ʨʘʟʚʝʜʢʘ. 2015. ˉ 3. ʉ. 51ï58. 

  



 

 

   

XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 16ï21 ʤʘʷ 2023 ʛ. 
 

 

148 

ʀɿʆɹʈɸɾɽʅʀʗ ɻʃʋɹʀʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ ʂʆʈɽ ʀ ʄɸʅʊʀʀ ɽɺʈɸɿʀʀ 

ʏɽʈɽɿ ʇʈʀɿʄʋ ʇɸʉʉʀɺʅʆʁ ʉɽʁʉʄʀʏɽʉʂʆʁ ʊʆʄʆɻʈɸʌʀʀ 

 

ʄʝʜʚʝʜʴ ʀ.ɺ. 
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ʅʦʚʦʩʠʙʠʨʩʢ 

 

ʇʘʩʩʠʚʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʪʦʤʦʛʨʘʬʠʷ ï ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ ʧʣʘʥʝʪʳ ɿʝʤʣʷ. ʊʦʤʦʛʨʘʬʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʝʧʨʝʨʳʚʥʦʝ 3D 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʩ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʦ ʚʨʝʤʝʥʘʤ ʧʨʦʙʝʛʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ [1]. ɺ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʛʣʦʙʘʣʴʥʦʡ ʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʪʦʤʦʛʨʘʬʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʜʥʦʤ ʧʨʠʥʮʠʧʝ. ʆʩʥʦʚʥʦʡ ʧʦʜʭʦʜ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʵʪʠʭ 

ʘʣʛʦʨʠʪʤʘʭ, ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [2] ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ. ɼʘʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʫʙʣʠʢʘʮʠʡ. ʈʘʟʣʠʯʠʷ 

ʤʝʪʦʜʦʚ ʩʦʩʪʦʷʪ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ ʠ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʷʭ. ɺ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʪʦʤʦʛʨʘʬʠʠ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʤʝʩʪʥʳʭ ʩʝʪʝʡ ʥʘʙʣʶʜʝʥʠʷ, ʪʦʛʜʘ 

ʢʘʢ ʜʣʷ ʛʣʦʙʘʣʴʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʣʦʛʦʚ. ʈʝʬʝʨʝʥʪʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 

ʧʦʜʙʠʨʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ ʦʪʜʝʣʴʥʦ, ʘ ʜʣʷ ʛʣʦʙʘʣʴʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴ ɸʂ-135. ʅʘ ʚʳʭʦʜʝ ʨʝʛʠʦʥʘʣʴʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʢʘʨʪʠʥʫ ʛʣʫʙʠʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʝʨʚʳʭ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʢʠʣʦʤʝʪʨʦʚ, ʘ ʛʣʦʙʘʣʴʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʪʨʫʢʪʫʨ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 50 ʜʦ 1000 ʢʤ. 

ʉ ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʣʣʠʟʠʦʥʥʳʝ 

ʟʦʥʳ ɽʚʨʘʟʠʠ: ʀʥʜʦ-ɸʟʠʘʪʩʢʘʷ (ʇʘʤʠʨ-ɻʠʥʜʫʢʫʰ [3], ɻʠʤʘʣʘʠ [4]), ɸʨʘʚʠʡʩʢʦ-

ɽʚʨʘʟʠʡʩʢʘʷ [5] (ɺʦʩʪʦʯʥʘʷ ʊʫʨʮʠʷ [6], ʂʘʚʢʘʟ [7], ɿʘʛʨʦʩ [8]) ʢʦʣʣʠʟʠʦʥʥʳʝ ʟʦʥʳ, 

ʂʠʨʛʠʟʩʢʠʡ ʊʷʥʴ-ʐʘʥʴ [9 ʠ ʜʨ.]. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʣʫʙʠʥʥʳʝ ʩʪʨʫʢʪʫʨ rʢʦʨʳ ʠ ʤʘʥʪʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʦʚ ʠʤʝʪʁ ʦʙʱʠʝ ʯʝʨʪʳ. ʄʦʜʝʣʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʢʦʨʳ ʚ ʚʠʜʝ ʜʚʫʭ ʘʥʦʤʘʣʠʡ, ʣʝʞʘʱʠʭ ʦʜʥʘ ʧʦʜ ʜʨʫʛʦʡ: 

ʚʝʨʭʥʷʷ ʢʦʨʘ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʩʣʦʷ, ʘ ʥʠʞʥʷʷ ï ʚ ʚʠʜʝ 

ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʡ ʘʥʦʤʘʣʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʷʤ ʪʦʤʦʛʨʘʬʠʠ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʛʣʦʙʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚʳʜʝʣʷʶʪʩʷ ʢʨʫʧʥʳʝ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʘʥʦʤʘʣʠʠ, ʠʤʝʶʱʠʝ ʪʨʝʥʜ ʧʦʛʨʫʞʝʥʠʷ ʥʘ ʛʣʫʙʠʥʫ, ʧʨʠ ʵʪʦʤ 

ʭʘʨʘʢʪʝʨ ʧʦʛʨʫʞʝʥʠʷ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʦʪʣʠʯʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʧʦʜ ʇʘʤʠʨʦʤ-

ɻʠʥʜʫʢʫʰʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʘʧʣʠ ʠ ʧʦʛʨʫʞʘʝʪʩʷ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚ ʤʘʥʪʠʶ, ʧʦʜ ʊʷʥʴ-ʐʘʥʝʤ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʘʥʦʤʘʣʠʠ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʝʡ, ʧʦʣʦʛʦ ʧʦʛʨʫʞʘʶʱʠʝʩʷ ʧʦʜ ʢʦʣʣʠʟʠʦʥʥʫʶ ʟʦʥʫ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. 

ɺʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʜʣʷ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʩʢʦʨʦʩʪʥʘʷ ʘʥʦʤʘʣʠʷ, 

ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʟʦʥʦʡ ʢʦʣʣʠʟʠʠ. ʈʘʟʤʝʨʳ ʠ 

ʬʦʨʤʳ ʘʥʦʤʘʣʠʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʘʭ, ʥʦ ʟʘʯʘʩʪʫʶ ʦʥʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʜ ʟʦʥʦʡ ʩʪʦʣʢʥʦʚʝʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʣʠʪ ʥʘʜ ʧʦʛʨʫʞʘʶʱʠʤʠʩʷ ʚ 

ʤʘʥʪʠʶ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ.  
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ɺʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʦʮʝʩʩʝ ʜʝʣʘʤʠʥʘʮʠʠ ï 

ʦʪʩʣʦʝʥʠʠ ʤʘʥʪʠʡʥʦʡ ʯʘʩʪʠ ʣʠʪʦʩʬʝʨʳ ʦʪ ʢʦʨʳ ʠ ʧʦʛʨʫʞʝʥʠʠ ʥʘ ʛʣʫʙʠʥʫ. 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʘʥʦʤʘʣʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʛʨʫʞʝʥʥʳʤ ʤʘʥʪʠʡʥʳʤ ʯʘʩʪʷʤ 

ʣʠʪʦʩʬʝʨʳ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʣʠʪ. ɸʥʦʤʘʣʠʷ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ ʧʦʜ ʟʦʥʦʡ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ, ʧʨʦʮʝʩʩʘʤʠ 

ʧʣʘʚʣʝʥʠʷ ʠ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʧʨʠ ʢʦʣʣʠʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʚʳʟʚʘʥʥʳʭ ʧʦʜʲʝʤʦʤ 

ʛʦʨʷʯʝʛʦ ʘʩʪʝʥʦʩʬʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɻʦʨʷʯʠʡ ʤʘʪʝʨʠʘʣ, ʧʦʜʥʠʤʘʷʩʴ ʢ ʢʦʨʥʷʤ ʢʦʨʳ, 

ʨʘʟʦʛʨʝʚʘʝʪ ʝʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚ ʤʦʜʝʣʷʭ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʧʨʦʷʚʣʝʥʠʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʥʠʞʥʝʡ ʢʦʨʝ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ 

ʘʥʦʤʘʣʠʡ ʚ ʚʝʨʭʥʝʡ ʢʦʨʝ. 

ʉʦʛʣʘʩʥʦ ʨʘʟʣʠʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʢʦʣʣʠʟʠʠ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʯʠʥʳ ʦʪʩʣʦʝʥʠʷ ʤʘʥʪʠʡʥʦʡ ʯʘʩʪʠ 

ʣʠʪʦʩʬʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʫʶʱʠʝ: 

1. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʞʘʪʠʷ. ʇʨʠ ʣʘʪʝʨʘʣʴʥʦʤ ʩʞʘʪʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʣʠʪʦʩʬʝʨʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʥʪʠʡʥʘʷ ʯʘʩʪʴ ʣʠʪʦʩʬʝʨʳ ʩʪʘʥʦʚʠʪʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʥʝʫʩʪʦʡʯʠʚʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʩʪʠʣʘʶʱʝʡ ʘʩʪʝʥʦʩʬʝʨʳ, ʧʦʵʪʦʤʫ, 

ʩʪʨʝʤʷʩʴ ʚʝʨʥʫʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʦʥʘ ʙʫʜʝʪ ʧʦʛʨʫʞʘʪʴʩʷ ʙʦʣʴʰʠʤʠ 

ʦʙʲʝʤʘʤʠ [10]. 

2. ɸʜʚʝʢʮʠʷ ʠʣʠ ʢʦʥʚʝʢʮʠʷ ʛʦʨʷʯʝʡ ʘʩʪʝʥʦʩʬʝʨʳ. ɼʚʠʞʝʥʠʝ ʤʘʥʪʠʠ ʧʨʠ 

ʢʦʣʣʠʟʠʠ, ʢʘʢ ʠ ʧʨʠ ʩʫʙʜʫʢʮʠʠ, ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʪʨʠʛʛʝʨʦʤ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʧʦʛʨʫʞʝʥʠʷ ʦʜʥʦʡ ʧʣʠʪʳ ʧʦʜ ʜʨʫʛʫʶ [11]. 

3. ʉʫʙʜʫʢʮʠʷ. ʉ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ 
ʧʨʦʮʝʩʩ ʦʪʩʣʦʝʥʠʷ ʠ ʧʦʛʨʫʞʝʥʠʷ ʤʘʥʪʠʡʥʦʡ ʯʘʩʪʠ ʣʠʪʦʩʬʝʨʳ ʤʦʞʝʪ ʙʳʪʴ 

ʬʦʨʩʠʨʦʚʘʥ ʟʘ ʩʯʝʪ ʧʦʛʨʫʞʝʥʠʷ ʙʦʣʝʝ ʧʣʦʪʥʳʭ ʠ ʪʷʞʝʣʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʠʪ [12]. 

4. ʕʢʣʦʛʠʪʠʟʘʮʠʷ. ʇʨʠ ʧʦʛʨʫʞʝʥʠʠ ʥʠʞʥʝʡ (ʙʘʟʘʣʴʪʦʚʦʡ) ʯʘʩʪʠ ʢʦʨʳ ʥʘ 
ʛʣʫʙʠʥʫ ʙʦʣʝʝ 50 ʢʤ ʧʨʦʠʩʭʦʜʷʪ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʵʢʣʦʛʠʪʘ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʨʦʣʠ ʫʪʷʞʝʣʠʪʝʣʷ ʜʣʷ ʤʘʥʪʠʡʥʦʡ ʯʘʩʪʠ 

ʣʠʪʦʩʬʝʨʳ [13]. 

5. ʇʣʶʤ. ʇʦʜʲʝʤ ʛʦʨʷʯʝʛʦ ʧʣʶʤʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʦʧʫʩʢʘʥʠʝ/ʧʨʦʛʠʙʘʥʠʝ ʤʘʥʪʠʡʥʦʡ ʯʘʩʪʠ ʚʳʰʝʣʝʞʘʱʝʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʳ ʜʘʞʝ ʙʝʟ ʫʯʘʩʪʠʷ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠʣʠ ʨʘʥʝʝ 

ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʦʩʣʘʙʣʝʥʥʦʡ ʧʣʠʪʳ [14]. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʮʝʩʩ ʜʝʣʘʤʠʥʘʮʠʠ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʩʘʤ ʧʦ ʩʝʙʝ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʩʞʘʪʠʷ ʠʣʠ ʬʘʟʦʚʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʚ ʥʠʞʥʝʡ ʢʦʨʝ), ʪʘʢ ʠ ʧʨʠ ʚʣʠʷʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʨʠʛʛʝʨʦʚ 

(ʧʣʶʤ, ʧʦʛʨʫʞʝʥʠʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ). 

ɼʘʣʝʝ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʫʙʠʥʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʯʝʨʝʟ ʧʨʠʟʤʫ ʠʩʪʦʨʠʠ ʵʚʦʣʶʮʠʠ ʠ ʥʘ ʦʩʥʦʚʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʧʨʠʯʠʥʳ ʜʝʣʘʤʠʥʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʝʛʠʦʥʦʚ. 

ʈʘʙʦʪʘ ʧʦ ʩʝʡʩʤʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ 

ʅʀʈ: FSUS-2022-0019.  
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʬʬʝʢʪ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ, 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʝʨʥʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ [1ï4]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʘ-ʢʦʣʣʝʢʪʦʨʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

(ʌɽʉ), ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʪʦʣʴʢʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʦʙʨʘʟʮʘʭ ʢʝʨʥʘ [1, 5, 6]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʪʦʜ ʗʄʈ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʷʟʢʦʩʪʠ ʬʣʶʠʜʘ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ 

ʠ ʢ ʩʪʨʫʢʪʫʨʝ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʙʨʘʟʮʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʚʦʜʦʡ. ʇʨʠ ʵʪʦʤ 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ, ʯʪʦ ʞʝ ʙʦʣʴʰʝ ʚʣʠʷʝʪ ʥʘ ʗʄʈ-ʩʠʛʥʘʣ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ: ʩʚʦʡʩʪʚʘ ʬʣʶʠʜʘ ʠʣʠ ʧʦʨʦʜʳ, ʥʘʩʳʱʝʥʥʦʡ ʵʪʠʤ ʬʣʶʠʜʦʤ? 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʝʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʨʘʟʥʦʛʦ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ (ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 6 ʛ/ʣ) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ, ʦʙʲʝʤʥʦʡ ʠ ʢʘʞʫʱʝʡʩʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ (ʪʘʙʣʠʮʘ). 

 

ʇʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ 

ˉ ʦʙʨʘʟʮʘ 
ʂʧ, 

% 

Ʌʦʙ., 

ʛ/ʩʤ
3
 
Ʌʢʘʞ. ʤʠʥʝʨ., ʛ/ʩʤ

3
 ʃʠʪʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

1 
14.

1 
2.3 2.6 

ʇʝʩʯʘʥʠʢ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ, 

ʢʘʨʙʦʥʘʪʠʩʪʳʡ, ʩʣʦʠʩʪʳʡ 

2 9.7 2.5 2.7 
ʧʝʩʯʘʥʠʢ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ ʘʣʝʚʨʠʪʦʚʳʡ, 

ʦʜʥʦʨʦʜʥʳʡ 

3 
15.

2 
2.2 2.5 

ʧʝʩʯʘʥʠʢ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʘʣʝʚʨʠʪʦʚʳʡ, 

ʦʜʥʦʨʦʜʥʳʡ 

4 
20.

1 
2.1 2.6 

ʧʝʩʯʘʥʠʢ ʩʨʝʜʥʝʤʝʣʢʦʟʝʨʥʠʩʪʳʡ, 

ʘʣʝʚʨʠʪʦʚʳʡ, ʦʜʥʦʨʦʜʥʳʡ 

5 
16.

7 
2.3 2.6 

ʧʝʩʯʘʥʠʢ ʩʨʝʜʥʝʤʝʣʢʦʟʝʨʥʠʩʪʳʡ, 

ʘʣʝʚʨʠʪʦʚʳʡ, ʦʜʥʦʨʦʜʥʳʡ 

6 8.3 2.5 2.6 
ʘʣʝʚʨʦʣʠʪ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʧʝʩʯʘʥʳʡ, 

ʢʘʨʙʦʥʘʪʠʩʪʳʡ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʡ 

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ 

ʧʨʠ ʨʘʟʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (6 ʛ/ʣ, 20 ʛ/ʣ). ʊʘʢʞʝ ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʗʄʈ-

ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʧʨʠ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ (ʧʦʩʣʝ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥ ʧʨʠ 5000 ʦʙ/ʤʠʥ). ʕʪʦʪ ʩʧʝʢʪʨ ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʣʠʯʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʛʣʠʥʠʩʪʦ-ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʥʘ ʬʦʥʝ ʦʙʱʝʡ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ 
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ʦʙʨʘʟʮʘ. ɺʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʪʢʨʫʯʠʚʘʥʠʠ ʥʘ ʮʝʥʪʨʠʬʫʛʝ ʗʄʈ-ʩʧʝʢʪʨ ʩʜʚʠʛʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʨʝʤʝʥ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ. ʊʘʢʦʡ ʩʜʚʠʛ ʩʧʝʢʪʨʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦʜʘ ʠʟ ʢʨʫʧʥʳʭ ʧʦʨ ʣʠʙʦ ʚʳʭʦʜʠʪ ʥʘʨʫʞʫ, ʣʠʙʦ ʯʘʩʪʠʯʥʦ ʧʨʦʥʠʢʘʝʪ 

ʚ ʙʦʣʝʝ ʤʝʣʢʠʝ, ʘ ʯʘʩʪʴ ʚʳʭʦʜʠʪ.  

ʇʨʠ ʥʘʩʳʱʝʥʠʠ ʚʦʜʦʡ ʩ ʙ·ʣʴʰʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʗʄʈ-ʩʧʝʢʪʨ ʜʦʣʞʝʥ 

ʩʜʚʠʥʫʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʷʟʢʦʩʪʴ ʬʣʶʠʜʘ, ʥʦ, ʢʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʛʨʘʬʠʢʘʭ, 

ʵʪʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ ʚ ʚʷʟʢʦʩʪʠ ʚʦʜʳ 

ʧʨʠ 6 ʠ 20 ʛ/ʣ. 

 
ʘ        ʙ 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʚʨʝʤʝʥ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ 

(ʦʙʨ. 1 ï ʘ, ʦʙʨ. 3 ï ʙ) ʧʨʠ ʨʘʟʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ (ʩʠʥʷʷ ʣʠʥʠʷ 

ï ʧʦʣʥʦʝ ʚ/ʥ 6 ʛ/ʣ, ʯʝʨʥʘʷ ï ʦʩʪ. ʚ/ʥ, ʢʨʘʩʥʘʷ ï ʧʦʣʥʦʝ ʚ/ʥ 20 ʛ/ʣ). 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʚʨʝʤʝʥ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʬʣʶʠʜʦʚ, 

ʢʦʪʦʨʳʤʠ ʥʘʩʳʱʘʣʠʩʴ ʦʙʨʘʟʮʳ ʢʝʨʥʘ. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨʳ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʘʤ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 2000 ʤʩ, ʩʧʝʢʪʨ ʫʟʢʠʡ, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦʙ ʦʜʥʦʨʦʜʥʦʤ ʩʦʩʪʘʚʝ ʠʟʫʯʘʝʤʦʛʦ ʬʣʶʠʜʘ. ʉʧʝʢʪʨ ʢʝʨʦʩʠʥʘ ʥʘʭʦʜʠʪʩʷ ʯʫʪʴ ʣʝʚʝʝ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʘʤ 1000 ʤʩ, ʩʧʝʢʪʨ ʫʟʢʠʡ. ɼʣʷ 

ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʭʘʨʘʢʪʝʨʥʳʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩ ʘʤʧʣʠʪʫʜʦʡ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ 

ʫ ʚʦʜʳ ʠ ʢʝʨʦʩʠʥʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʬʣʶʠʜʘ. ʄʘʢʩʠʤʫʤ 

ʘʤʧʣʠʪʫʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʘʤ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 50 ʤʩ. 

 
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʚʨʝʤʝʥ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʬʣʶʠʜʦʚ ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʨʘʟʥʳʤʠ 

ʬʣʶʠʜʘʤʠ (ʢʝʨʦʩʠʥ, ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ, ʚʦʜʘ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 6 ʛ/ʣ). ʅʘ ʨʠʩʫʥʢʝ 

ʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʢʝʨʥʘ ˉ 2, ʥʘʩʳʱʝʥʥʦʛʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ, 
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ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʨʝʤʝʥ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʯʝʤ ʩʧʝʢʪʨʳ 

ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʙʦʣʝʝ ʚʷʟʢʠʤ ʬʣʶʠʜʦʤ (ʧʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʥʘ 

ʦʙʨ. 1, 5 ʠ 6). ɸ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʦʙʨ. 4 ʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʣʝʞʠʪ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʤʘʩʣʦʤ ʠ ʢʝʨʦʩʠʥʦʤ (ʧʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʦʙʨ. 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ 

ʗʄʈ-ʩʧʝʢʪʨʳ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʚʣʠʷʝʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ 

ʚʷʟʢʦʩʪʴ ʥʘʩʳʱʘʶʱʝʛʦ ʬʣʶʠʜʘ. 

 
ʘ       ʙ 

ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʚʨʝʤʝʥ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ (ʦʙʨ. 2 ï ʘ, ʦʙʨ. 4 ï 

ʙ), ʥʘʩʳʱʝʥʥʳʭ ʨʘʟʥʳʤʠ ʬʣʶʠʜʘʤʠ (ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï ʚʦʜʘ 6 ʛ/ʣ, ʢʨʘʩʥʘʷ ï ʢʝʨʦʩʠʥ, 

ʯʝʨʥʘʷ ï ʤʘʩʣʦ). 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʗʄʈ-ʩʧʝʢʪʨʦʚ ʢʝʨʥʦʚ, ʥʘʩʳʱʝʥʥʳʭ 

ʨʘʟʥʳʤʠ ʬʣʶʠʜʘʤʠ, ʠ ʦʪʜʝʣʴʥʳʭ ʬʣʶʠʜʦʚ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʗʄʈ-ʩʠʛʥʘʣ ʧʦʨʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ, ʯʝʤ ʚʷʟʢʦʩʪʴ ʥʘʩʳʱʘʶʱʝʛʦ ʬʣʶʠʜʘ. ɺ 

ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʣʶʠʜʦʚ ʚʠʜʥʘ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʗʄʈ-ʧʘʨʘʤʝʪʨʦʚ 

ʦʪ ʚʷʟʢʦʩʪʠ ʬʣʶʠʜʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʗʄʈ-ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʝʨʥʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʩʫʜʠʪʴ ʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʥʘʩʳʱʘʶʱʝʛʦ ʬʣʶʠʜʘ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʝʪ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʠʪʦʛʦʚʳʡ 

ʩʠʛʥʘʣ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʦʤ ʌʅʀ ˉ FWZZ-2022-0026 

çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚ ʟʘʜʘʯʘʭ ʨʘʟʚʝʜʦʯʥʦʡ ʠ ʧʨʦʤʳʩʣʦʚʦʡ 

ʛʝʦʬʠʟʠʢʠè. 
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ʈɸʉʇʈɽɼɽʃɽʅʀɽ 
210

PB, 
7
BE ʀ 

137
CS ɺ ʉʀʉʊɽʄɽ çʃʀʐɸʁʅʀʂ ï ʃɽʉʅɸʗ 

ʇʆɼʉʊʀʃʂɸè ʅɸ ʇʈʀʄɽʈɽ ʖɾʅʆʁ ʏɸʉʊʀ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ 

 

ʄʝʟʠʥʘ ʂ.ɸ., ʄʝʣʴʛʫʥʦʚ ʄ.ʉ. 
 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, 

mezinaka@igm.nsc.ru, mike@igm.nsc.ru 
 

ɺ ʥʘʰʠ ʜʥʠ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʙʦʨʴʙʘ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ 

ʨʘʩʪʝʥʠʷ-ʠʥʜʠʢʘʪʦʨʳ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ [1, 

2]. ʉʨʝʜʠ ʥʠʭ ʩʘʤʳʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʦʙʱʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ 

ʷʚʣʷʶʪʩʷ ʣʠʰʘʡʥʠʢʠ. ɿʘ ʩʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʨʬʦʣʦʛʠʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʣʠʰʘʡʥʠʢʦʚ ʢ ʥʘʢʦʧʣʝʥʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚʳʰʝ, ʯʝʤ ʫ ʤʥʦʛʠʭ ʩʦʩʫʜʠʩʪʳʭ 

ʨʘʩʪʝʥʠʡ [3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʪʘʢʠʭ 

ʨʘʜʠʦʠʟʦʪʦʧʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʝ 
210

Pb, 
7
Be ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʨʘʜʠʦʥʫʢʣʠʜ 
137

Cs ʚ ʣʠʰʘʡʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʭ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦ ʨʘʟʨʝʟʫ ʣʠʰʘʡʥʠʢ (ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʯʘʩʪ ɹ ʪʘʣʣʦʤʘ) ï ʣʝʩʥʘʷ ʧʦʜʩʪʠʣʢʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʩʷʪʠ ʦʙʨʘʟʮʦʚ ʵʧʠʛʝʡʥʦʛʦ ʣʠʰʘʡʥʠʢʘ 

Cladoniastellaris, ʦʪʦʙʨʘʥʥʳʭ ʚʝʩʥʦʡ 2021 ʛ. (ʩʨʘʟʫ ʧʦʩʣʝ ʧʝʨʠʦʜʘ ʘʢʪʠʚʥʦʛʦ 

ʩʥʝʛʦʪʘʷʥʠʷ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʫʨʣʠʥʩʢʦʛʦ ʣʝʥʪʦʯʥʦʛʦ ʙʦʨʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. ɺ ʪʦʯʢʘʭ 

ʥʘʙʣʶʜʝʥʠʷ ʦʪʙʠʨʘʣʠʩʴ ʦʙʨʘʟʮʳ ʣʠʰʘʡʥʠʢʘ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ ʧʦʢʨʦʚʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʥʘ ʚʝʨʭʥʶʶ ʩʚʝʪʣʫʶ (3�²7 ʩʤ) ʠ ʥʠʞʥʶʶ ʪʝʤʥʫʶ (5�²8 ʩʤ) ʯʘʩʪ ɹʪʘʣʣʦʤʘ, ʘ ʪʘʢʞʝ 

ʥʠʞʝʨʘʩʧʦʣʦʞʝʥʥʳʡ ʩʣʦʡ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ (1�²3 ʩʤ). ʀʟ ʢʘʞʜʦʡ ʧʨʦʙʳ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʦʷ ʧʦʜʩʪʠʣʢʠ, ʠʟʚʣʝʢʘʣʠʩʴ ʭʚʦʷ, ʤʦʭ, ʰʠʰʢʠ ʠ ʜʨʫʛʠʝ ʚʠʜʳ 

ʣʠʰʘʡʥʠʢʘ.  

ɺ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʘʣʣʦʤʘ ʣʠʰʘʡʥʠʢʘ, ʘ ʪʘʢʞʝ ʚ ʩʣʦʝ ʣʝʩʥʦʡ 

ʧʦʜʩʪʠʣʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 
7
Be, 

210
Pb ʠ 

137
Cs ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ [4, 5]. ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʣʘ ʫʯʠʪʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʤʝʰʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʧʣʦʪʥʦʩʪʠ ʠʟʤʝʨʷʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʠ ʛʝʦʤʝʪʨʠʠ ʠʟʤʝʨʝʥʠʷ. ʅʠʞʥʠʡ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ 
7
Be, 

210
Pb ʠ 

137
Cs 

ʩʦʩʪʘʚʣʷʣ 0.02 ɹʢ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʝʜʠʥʠʯʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 4 ʜʦ 

24 ʯ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ ʚʳʙʠʨʘʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʝʡ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʦʪʦʧʠʢʦʚ 46.5 ʠ 

477.6 ʢʵɺ ʥʝ ʧʨʝʚʳʰʘʣʘ 5 %. 

ʇʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʭʘʨʘʢʪʝʨʝ ʧʦʚʝʜʝʥʠʷ ʵʪʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ (ʨʠʩ. 1). ɺ ʚʝʨʭʥʝʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʯʘʩʪʠ ʪʘʣʣʦʤʘ (3�²7 ʩʤ) ʥʘʢʦʧʣʝʥʥʳʡ ʟʘʧʘʩ 7
Be ʚʘʨʴʠʨʫʝʪʩ ̫ʦʪ 62 ʜʦ 132 ɹʢ/ʤ

2
, ʯʪʦ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 88 ɹʢ/ʤ
2
 ʜʣʷ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʘʣʣʦʤʘ      

(5�²8 ʩʤ) ʩʦʜʝʨʞʘʥʠʝ 7
Be ʧʘʜʘʝʪ ʜʦ 71 ɹʢ/ʤ

2
 ʧʨʠ ʨʘʟʙʨʦʩʝ ʦʪ 26 ʜʦ 108 ɹʢ/ʤ

2
. ʇʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ, ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʢʦʧʣʝʥʥʦʛʦ ʟʘ ʚʝʩʝʥʥʝ-

ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ
 7

Be ʚ ʣʠʰʘʡʥʠʢʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʯʠʥ (ʦʪʩʫʪʩʪʚʠʝ 

ʧʨʷʤʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʣʠʰʘʡʥʠʢ ʟʘ ʩʯʝʪ ʧʝʨʝʢʨʳʪʠʷ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ ʠ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ (ʊ1/2 (
7
Be) = 53.3 ʜʥʷ)) ʢ ʧʝʨʠʦʜʫ ʘʢʪʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷʥʠʷ 
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ʦʩʪʘʝʪʩʷ 10�²12 %, ʪ.ʝ. ʤʦʞʥʦ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ 
7
Be, ʢʦʪʦʨʳʡ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʣʠʰʘʡʥʠʢʘʭ ʧʦʩʣʝ ʚʝʩʝʥʥʝʛʦ ʩʭʦʜʘ 

ʩʥʝʛʘ, ʧʦʩʪʫʧʠʣ ʚ ʥʠʭ ʠʟ ʬʠʣʴʪʨʫʝʤʳʭ ʩʥʝʛʦʚʳʭ ʚʦʜ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ 
7
Be, ʚʘʣʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ 

210
Pb ʠ 

137
Cs ʚ ʣʠʰʘʡʥʠʢʘʭ ʤʘʣʦ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ. ɺ ʚʝʨʭʥʠʭ 3�²7 ʩʤ ʥʘʢʦʧʣʝʥʥʳʡ ʟʘʧʘʩ 
210

Pb ʚʘʨʴʠʨʫʝʪʩ ̫ʦʪ 115 ʜʦ 324 ɹʢ/ʤ
2
, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 204 ɹʢ/ʤ

2
. ɺ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʝʛʦ ʟʘʧʘʩ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ï 422 ɹʢ/ʤ
2
 ʧʨʠ ʨʘʟʙʨʦʩʝ ʦʪ 264 ʜʦ 677 ɹʢ/ʤ

2
. ɺ ʩʣʦʝ 

ʧʦʜʩʪʠʣʢʠ (1�²3 ʩʤ) ʥʘʢʦʧʣʝʥʥʳʡ ʟʘʧʘʩ 210
Pb ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 299 ɹʢ/ʤ

2
 ʧʨʠ 

ʨʘʟʙʨʦʩʝ ʦʪ 156 ʜʦ 374 ɹʢ/ʤ
2
.  

 
ʈʠʩ. 1. ɺʝʣʠʯʠʥʳ ʩʨʝʜʥʠʭ ʥʘʢʦʧʣʝʥʥʳʭ ʟʘʧʘʩʦʚ 

7
Be, 

210
Pb ʠ 

137
Cs ʚ 

ʩʠʩʪʝʤʝ çʣʠʰʘʡʥʠʢ ï ʣʝʩʥʘʷ ʧʦʜʩʪʠʣʢʘè. 

 

ɿʘʧʘʩ 
137

Cs ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 2.2 ɹʢ/ʤ
2
 ʜʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʘʣʣʦʤʘ ʠ 5.4 

ɹʢ/ʤ
2 �² ʜʣʷ ʥʠʞʥʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʪʦʛʦ ʠʟʦʪʦʧʘ ʚ ʩʣʦʝ 

ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ ï ʚ ʩʨʝʜʥʝʤ 52 ɹʢ/ʤ
2
. ʊʘʢʦʝ ʩʤʝʱʝʥʠʝ ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ 
137

Cs ʠʟ ʘʪʤʦʩʬʝʨʳ ʥʝʚʝʣʠʢʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʥʝʝ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ 

ʣʠʙʦ ʧʨʠ ʩʛʦʨʘʥʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʨʝʤʷ ʩʠʣʴʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ [6, 7]. ʇʦʚʳʰʝʥʥʳʝ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʦʮʝʟʠʷ ʚ ʧʦʜʩʪʠʣʢʝ 

ʩʚʷʟʘʥʳ ʩ ʧʨʦʰʣʳʤʠ ʚʳʧʘʜʝʥʠʷʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʷʜʝʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʤ ʧʦʣʠʛʦʥʝ ʚ ʧʝʨʠʦʜ 1949�²1963 ʛʛ. 
7
Be ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʪʝʣʫ ʣʠʰʘʡʥʠʢʘ ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʦ: 55 % ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ 
7
Be ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʘʣʣʦʤʘ ʠ 45 % ʚ ʥʠʞʥʝʡ (ʨʠʩ. 2). 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʩʨʘʟʫ ʧʦʩʣʝ ʧʝʨʠʦʜʘ ʘʢʪʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷʥʠʷ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʪʘʢʦʡ ʧʨʦʮʝʥʪ ʨʘʜʠʦʥʫʢʣʠʜʘ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʛʣʫʙʠʥʫ 

ʪʘʣʣʦʤʘ ʩ ʪʘʣʳʤʠ ʚʦʜʘʤʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦʤ ʧʝʨʝʥʦʩʝ 
7
Be ʚ 

ʩʠʩʪʝʤʝ ʣʠʰʘʡʥʠʢʘ ʧʨʠ ʝʛʦ ʧʨʦʤʳʚʢʝ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʘʚʪʦʨʘʤʠ ʥʝ ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠ ̫
7
Be ʚ ʩʣʦʝ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ. 

ɺʦʧʨʦʩ ʚʢʣʘʜʘ ʵʪʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʭʘʨʘʢʪʝʨ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 
7
Be ʚ ʩʠʩʪʝʤʝ 

ʣʠʰʘʡʥʠʢʘ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 






































































































































































































































































































































































































































