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ʈɽʌɽʈɸʊ 

ʊʘʡʣʘʥʛʠʡʥ ʥʵʨ: ñʍɸʊɸʅɹʋʃɸɻʀʁʅ ɹɸ ᴆʄʅᴆɼ ɻʆɺʀʁʅ ʕʈʊʅʀʁ 

ʄɸʉʉʀɺʋʋɼʓʅ ʉʋʋʈʔ ɹʆʃʆʅ ʍʋʏɸɸʉ ɹתʈɼʃתתɼ: ɻɽʆʃʆɻʀʁʅ ʍᴆɻɾʀʃ, 

ʍתɼʕʈɾʀʃʊò  

ʍʫʫʜʘʩ 340, ʟʫʨʘʛ, ʩʭʝʤ, ʜʠʘʛʨʘʤʤ, ʬʦʪʦ ʟʫʨʘʛ ʥʠʡʪ 234, ʭװʩʥʵʛʪ 32, ʋʣʘʘʥʙʘʘʪʘʨ, 

2022, ʐʋɸ-ʠʡʥ ɻʝʦʣʦʛʠʡʥ ʭװʨʵʵʣʵʥ 

ʊᴇʩʣʠʡʥ ʫʜʠʨʜʘʛʯ: ʎ.ʅʘʨʘʥʮʵʮʵʛ (PhD) 

ɿʦʭʠʦʛʯʠʜ: ʎ.ʅʘʨʘʥʮʵʮʵʛ (PhD), ɹ.ʕʥʭʜʘʣʘʡ (MSc), ɼ.ʆʨʦʣʤʘʘ (PhD), ɼ.ʄᴇʥʭʞʠʥ, 

ʏ.ʕʨʜʵʥʵʞʘʨʛʘʣ (MSc), ɹ.ʄᴇʥʭʩװʨʵʥ (MSc), ʇ.ɼʵʣʛʵʨʟʘʷʘ (MSc), ɹ.ʋʫʛʘʥʮʵʮʵʛ 

(MSc), ɸ.ʊʫʣʛʘ (MSc), ʆ.ʕʥʭ-ʆʨʰʠʭ (MSc), 

ʊᴇʩʣʠʡʥ ʫʜʠʨʜʘʛʯ: ʎ.ʅʘʨʘʥʮʵʮʵʛ, ʜʦʢʪʦʨ (PhD) 

ʊᴇʩʣʠʡʥ ʟᴇʚʣᴇʭ: ɸʢʘʜʝʤʠʯ ʆ.ʊᴇʤᴇʨʪʦʛʦʦ 

ʊʘʡʣʘʥ ʥʴ ʦʨʰʠʣ, 6 ʙװʣʵʛ, ʝʨᴇʥʭʠʡ ʜװʛʥʵʣʪ, ʘʰʠʛʣʘʩʘʥ ʭʵʚʣʵʣʠʡʥ ʞʘʛʩʘʘʣʪ, ʪᴇʩᴇʣ 

ʭʵʨʵʛʞʠʭ ʷʚʮʘʜ ʭʵʚʣװװʣʩʵʥ ʙװʪʵʵʣʠʡʥ ʞʘʛʩʘʘʣʪʘʘʩ ʙװʨʜʵʥʵ.  

ʊʘʡʣʘʥʛʠʡʥ ñʊᴇʚ ɸʟʠʡʥ ʆʨʦʛʝʥ ɹװʩ ʙʘ ᴆʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜ: 

ʙʘʡʨʰʠʣ, ʪʝʢʪʦʥʠʢ ʘʥʛʠʣʘʣ, ʥʘʩʞʠʣʪñ ʭʵʤʵʵʭ ʵʭʥʠʡ ʙװʣʵʛʪ ʊᴇʚ ɸʟʠʡʥ ʆʨʦʛʝʥ ʙװʩʠʡʥ 

ʭʵʤʞʵʵʥʜ ʪʦʛʪʦʦʛʜʜʦʛ ʵʨʪʥʠʡ ʤʘʩʩʠʚ ʙʫʶʫ ʙʠʯʠʣ ʪʠʚװװʜʠʡʥ ʪʘʨʭʘʣʪ, ʪʝʢʪʦʥʠʢ 

ʘʥʛʠʣʘʣ, ʤʘʛʤʘʪʠʟʤ, ʭʫʨʜʘʩ ʭʫʨʠʤʪʣʘʣ, ʥʘʩʥʳ ʘʩʫʫʜʣʘʘʨ ʩװװʣʠʡʥ ʞʠʣװװʜʵʜ ʙʠʡ 

ʙʦʣʦʦʜ ʙʘʡʛʘʘ ʰʠʥʵʣʵʛ ʤʵʜʵʵʣʣװװʜʠʡʛ ʥʵʛʪʛʵʥ ʭʘʨʫʫʣʩʥʘʘʩ ʛʘʜʥʘ ʄʦʥʛʦʣ ʦʨʥʳ 

ᴇʤʥᴇʜ ʭʵʩʵʛʪ ʷʣʛʘʛʜʜʘʛ ʵʨʪʥʠʡ ʩʫʫʨʴ ʙװʪʮװװʜʠʡʥ ʪʝʢʪʦʥʠʢ ʘʥʛʠʣʘʣ ʛʝʦʣʦʛʠʡʥ 

ʩʫʜʘʣʛʘʘʥʳ ʵʭʵʥ װʝʵʩ ʵʭʣʵʥ ᴇʥᴇᴇʛ ʭװʨʪʵʣ ʭʵʨʭʵʥ ʭʠʡʛʜʵʞ ʠʨʩʵʥ, ʤᴇʥ ʪʵʜʛʵʵʨ ʩʫʫʨʴ 

ʙװʨʜʣװװʜʠʡʥ ʭʵʤʞʵʵʥʜ ʪᴇʩᴇʣ ʭʵʨʵʛʞʠʭʵʵʩ ᴇʤʥᴇ ʙʠʡ ʙʦʣʦʦʜ ʙʘʡʩʘʥ ʤʵʜʣʵʛ 

ʤʵʜʵɻʣʣװװʜʠʡʛ ʪʦʡʤʣʦʥ ʦʨʫʫʣʩʘʥ ʙʦʣʥʦ. 

ʊʘʡʣʘʥʛʠʡʥ 2-ʨ ʙװʣʵʛʪ ʪᴇʩʣʠʡʥ ʟʦʨʠʣʛʦ, ʟʦʨʠʣʪʪʦʡ ʫʷʣʜʫʫʣʘʥ ʭʵʵʨʠʡʥ 

ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʘʨʛʘʯʣʘʣ, ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʩʘʥ ʪʘʣʙʘʡʥʫʫʜʳʥ ʪʘʣʘʘʨ ʪʦʚʯ ʤʵʜʵʵʣʵʣ 

ᴇʛᴇʭʠʡʥ ʟʵʨʵʛʮʵʵ ʩʫʫʨʠʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʷʚʮʘʜ ʭʫʨʜʘʩ ʯʫʣʫʫʣʛʠʡʥ ʧʝʪʨʦʛʨʘʬʠ, 

ʛʝʦʭʠʤʠ, ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʛ ʭʵʨʭʵʥ ʷʚʫʫʣʩʘʥ ʙʦʣʦʥ ʥʵʛʪʛʵʥ ʙʦʣʦʚʩʨʫʫʣʩʘʥ 

ʘʨʛʘ ʘʨʛʘʯʣʘʣʫʫʜʳʥ ʪʘʣʘʘʨ ʜʵʣʛʵʨʵʥʛװʡ ʦʨʫʫʣʣʘʘ.  

3-ʨ ʙװʣʵʛʪ ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ʍʫʪʘʛ ʋʫʣ ʙʘ ʎʘʛʘʘʥ ʋʫʣʳʥ 

ʙʣʦʢʠʡʥ ʩʫʫʨʴ ʙʘ ʭʫʯʘʘʩ ʙװʨʜʵʣʜ ʭʘʤʘʘʨʘʛʜʜʘʛ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ, ʎʵʵʣ, 

ɼʘʨʛʠʘʪ ʙʦʣʦʥ ɾʠʨʵʤ-ʋʫʣ ʬʦʨʤʘʮʫʫʜʳʥ ʛʝʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʛ ʍʫʪʘʛ ʫʫʣ, ɹʘʷʥ ʦʚʦʦ 

ʫʫʣ ʙʦʣʦʥ ɼʘʨʛʠʘʪ ʫʫʣʳʥ ʜװװʨʛװװʜʵʜ, ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ ʙʘ ʩʠʣװʨʠʡʥ ʘʥʛʠʣʘʛʜʘʘʛװʡ 

ʟʫʟʘʘʣʘʛ, ʎʘʛʘʘʥ-ʋʫʣ, ʍᴇʭʤʦʨʴʪ ʬʦʨʤʘʮʫʫʜʳʥ ʩʫʜʘʣʛʘʘʛ ʎʘʛʘʘʥ ʫʫʣ ʙʘ ʍᴇʨʭʠʡʥ 

ʥʫʨʫʫʥʳ ʜװװʨʛװװʜʵʜ ʪʫʩ ʪʫʩ ʷʚʫʫʣʞ ʭʫʨʜʘʩ ʯʫʣʫʫʣʛʫʫʜʳʥ ʧʝʪʨʦʛʨʘʬʠ, ʛʝʦʭʠʤʠ 

ʙʦʣʦʥ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʥʘʨʠʡʚʯʠʣʩʘʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʛװװʜʪʵʡ ʥʵʛʪʛʵʥ ʜװʛʥʵʞ 

ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʦʣʦʥ ʬʦʨʤʘʮʫʫʜʳʥ ʥʘʩ, ʛʘʨʘʣ װװʩʵʣ, ʭʫʨʜʘʩ ʭʫʨʠʤʪʣʘʣʳʥ ʦʨʯʠʥ, 

ʤʘʛʤʘʪʠʟʤ, װװʩʣʠʡʥ ʛʝʦʜʠʥʘʤʠʢ ʥᴇʭʮʣʠʡʥ ʪʘʣʘʘʨ ʦʣʦʥ ʪʦʦʥʳ ʰʠʥʵʣʵʛ װʨ ʜװʥ ʙʠʡ  

ʙʦʣʛʦʩʦʥ ʪʘʣʘʘʨ ᴇʛװװʣʩʵʥ ʙʦʣʥʦ.  

4-ʨ ʙװʣʵʛʪ ᴆʤʥᴇʜ ʛʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ʅװʭʪʜʘʚʘʘ ʙʘ ɻʦʚʠʡʥ ʊʵʥʛʵʨ ʫʫʣʳʥ 

ʙʣʦʢʠʡʥ ʩʫʫʨʴ ʙʘ ʭʫʯʘʘʩ ʙװʨʜʵʣʜ ʭʘʤʘʘʨʘʛʜʜʘʛ ʉװʤʪʥʫʫʨ ʤʝʪʘʢʦʤʧʣʝʢʩ, 



 
 

ʐʦʛʰʦʦʭʦʥʛʦʨ ʬʦʨʤʘʮ ʙʦʣʦʥ ʪʵʜʛʵʵʨʠʡʛ ʪװʨʩʵʥ ʉװʤʪ ʙʘ ʅװʭʵʪʜʘʚʘʘ ʙװʨʜʣʠʡʥ 

ʛʝʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʛ ʉװʤʪ ʥʫʫʨʳʥ ʜװװʨʵʛʪ, ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ, ʅʦʨʦʚʟʵʵʛ, 

ʍᴇᴇʚᴇʨ ʬʦʨʤʘʮ ʙʘ ʩʠʣװʨʠʡʥ ʘʥʛʠʣʘʛʜʘʘʛװʡ ʟʫʟʘʘʣʛʠʡʥ ʩʫʜʘʣʛʘʘʛ ɸʣʘʛ ʙʘʷʥ ʫʫʣʳʥ 

ʜװװʨʵʛʪ, ʩʠʣװʨ-ʜʝʚʦʥʳ ʊᴇʤᴇʨʪ, ʋʥʜʘʘʥ ʙʦʣʦʥ ʢʘʨʙʦʥʳ ʬʦʨʤʘʮʫʫʜʳʥ ʩʫʜʘʣʛʘʘʛ 

ɸʪʘʩ ɹʦʛʜ-ʊᴇʤᴇʨʪʠʡʥ ʥʫʨʫʫ ʙʦʣʦʥ ʎʦʭʠʦʪʳʥ ʜװװʨʛװװʜʵʜ ʪʫʩ ʪʫʩ ʷʚʫʫʣʞ ʭʫʨʜʘʩ 

ʯʫʣʫʫʣʛʫʫʜʳʥ ʧʝʪʨʦʛʨʘʬʠ, ʛʝʦʭʠʤʠ ʙʦʣʦʥ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʥʘʨʠʡʚʯʠʣʩʘʥ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʛװװʜʪʵʡ ʥʵʛʪʛʵʥ ʜװʛʥʵʞ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʦʣʦʥ ʬʦʨʤʘʮʫʫʜʳʥ ʥʘʩ, 

ʛʘʨʘʣ װװʩʵʣ, ʭʫʨʜʘʩ ʭʫʨʠʤʪʣʘʣʳʥ ʦʨʯʠʥ, ʤʘʛʤʘʪʠʟʤ, װװʩʣʠʡʥ ʛʝʦʜʠʥʘʤʠʢ ʥᴇʭʮʣʠʡʥ 

ʪʘʣʘʘʨ ʦʣʦʥ ʪʦʦʥʳ ʰʠʥʵʣʵʛ װʨ ʜװʥ ʙʠʡ  ʙʦʣʛʦʩʦʥ ʪʘʣʘʘʨ ᴇʛװװʣʩʵʥ ʙʦʣʥʦ.  

ñʕʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʤʘʘʛʤʳʥ ʠʜʵʚʭʰʣʠʡʥ װʝ ʰʘʪ ʙʘ ʛʝʦʣʦʛʠʡʥ 

ʙװʨʜʣװװʜʪʵʡ ʭʦʣʙʦʦʪʦʡ ʭװʜʵʨʞʠʣʪò ʭʵʤʵʵʭ 5-ʨ ʙװʣʵʛʪ ᴇᴇʨʩʜʠʡʥ ʙʠʡ ʙʦʣʛʦʩʦʥ 

ʰʠʥʵʣʵʛ ᴇʛᴇʛʜᴇʣʜ ʪʫʣʛʫʫʨʣʘʥ ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʩʘʥ ʪʘʣʙʘʡʥʫʫʜʳʥ ʭʵʤʞʵʵʥʜ ʛʝʦʣʦʛʠʡʥ 

ʙװʨʜʣװװʜʠʡʥ ʜʘʚʭʨʘʛʘʟװʡʥ ʘʥʛʠʣʘʣʳʛ ʰʠʥʵʯʣʵʥ ʙʦʣʦʚʩʨʫʫʣʩʥʳ ʟʵʨʵʛʮʵʵ ʪʵʜʛʵʵʨ 

ʪʘʣʙʘʡʥ ʭʵʤʞʵʵʥʜ ʪʘʨʭʘʣʪʪʘʡ ʠʥʪʨװʟʠʚ ʙװʨʜʵʣ, ʘʰʠʛʪ ʤʘʣʪʤʘʣ, ʭװʜʵʨʞʠʣʪʠʡʥ 

ʯʠʛʣʵʣʵʵʨ ʭʵʚʣʵʛʜʩʵʥ ʤʘʪʝʨʠʘʣʫʫʜʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ʥʵʛʪʛʵʥ ʜװʛʥʵʩʵʥ ʪʘʣʘʘʨ 

ʭʘʨʫʫʣʩʘʥ ʙʦʣʥʦ.  

ñʕʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʛʘʨʘʣ װװʩʵʣ ʙʘ ʛʝʦʜʠʥʘʤʠʢ ʭᴇʛʞʠʣò ʭʵʤʵʵʭ 6-ʨ ʙװʣʵʛʪ 

ʍʘʪʘʥʙʫʣʘʛ ʙʘ ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʍʫʪʘʛ ʋʫʣ, ʎʘʛʘʘʥ ʋʫʣ, 

ʅװʭʪʜʘʚʘʘ ʙʦʣʦʥ ɻʦʚʠʡʥ ʊʵʥʛʵʨ ʫʫʣʳʥ ʙʣʦʢʫʫʜʳʥ ʭʵʤʞʵʵʥʜ ʪʵʜʛʵʵʨʠʡʥ ʩʫʫʨʴ 

ʙװʪʮװװʜʠʡʥ ʪʘʣʘʘʨ ʙʠʡ ʙʦʣʛʦʩʦʥ ʙװʭʠʡ ʣ ʰʠʥʵʣʵʛ ᴇʛᴇʛʜʣװװʜʠʡʛ ʥʵʛʪʛʵʥ ʜװʛʥʵʞ 

ʙʣʦʢʫʫʜʳʥ ʛʘʨʘʣ װװʩʣʠʡʥ ʪʘʣʘʘʨ ʙʦʜʠʪʦʡ ʪʘʘʤʘʛʣʘʣ ʜʵʚʰװװʣʩʵʥ ʪʘʣʘʘʨ ᴇʛװװʣʩʵʥ 

ʙʦʣʥʦ.  



 
 

ʆʈʐʀʃ 
 

ʊʫʩ ʪʘʡʣʘʥʜ 2018-2020 ʦʥʫʫʜʘʜ ʭʵʨʵʛʞװװʣʩʵʥ ñʍʘʪʘʥʙʫʣʘʛʠʡʥ ʙʘ ᴆʤʥᴇʜ 
ʛʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʩʫʫʨʴ ʙʦʣʦʥ ʭʫʯʘʘʩ ʙװʨʜʣװװʜ: ɻʝʦʣʦʛʠʡʥ ʭᴇʛʞʠʣ, 
ʭװʜʵʨʞʠʣʪò ʩʵʜʵʚʪ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣʠʡʥ װʨ ʜװʥʛ ʥʵʛʪʛʵʥ ʪʫʩʛʘʚ. ʊʫʩ ʪᴇʩᴇʣ ʥʴ 
ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʙʘ ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʩʫʫʨʴ, ʧʘʣʝʦʟʦʡʥ ʭʫʯʘʘʩ 
ʙʦʣʦʥ ʠʥʪʨװʟʠʚ ʙװʨʜʣװװʜʠʡʥ ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʦʮ, ʩʪʨʫʢʪʫʨʳʥ ʭʵʚ ʰʠʥʞ, ʙʦʜʠʩʳʥ 
ʥʘʡʨʣʘʛʘ, ʥʘʩʥʳ ʘʩʫʫʜʣʳʛ ʥʘʨʠʡʚʯʣʘʥ ʪʦʛʪʦʦʭ ʟʘʤʘʘʨ ʪʵʜʛʵʵʨʠʡʥ װװʩʣʠʡʥ ʮʘʛ 
ʭʫʛʘʮʘʘ ʙʘ ʥᴇʭʮʣʠʡʛ ʪʦʜʨʫʫʣʘʥ ʤʘʩʩʠʚʫʫʜʳʥ ʛʘʨʘʣ װװʩʵʣ, ʛʝʦʜʠʥʘʤʠʢ ʭᴇʛʞʣʠʡʥ 
ʟʘʛʚʘʨʳʛ ʙʦʣʦʚʩʨʫʫʣʘʭ, ʛʝʦʣʦʛʠʡʥ ʙװʨʜʣװװʜʪʵʡ ʭʦʣʙʦʦʪʦʡ ʭװʜʵʨʞʠʣʪʠʡʥ ʟװʡ 
ʪʦʛʪʣʳʛ ʠʣʨװװʣʵʭ װʥʜʩʵʥ ʟʦʨʠʣʛʦʪʦʡ ʙʘʡʚ.   

ʊᴇʩᴇʣ ʭʵʨʵʛʞʠʭ ʷʚʮʘʜ ʜʵʣʭʠʡ ʜʘʭʠʥʳʛ ʭʘʤʘʨʩʘʥ ʮʘʨ ʪʘʭʣʘʘʩ װװʜʵʣʪʵʡ 
ʪᴇʩʣʠʡʥ ʩʘʥʭװװʞʠʣʪ ʩʘʘʪʩʘʥ, ʫʣʩ ʦʨʥʫʫʜʳʥ ʭʠʣ ʭʘʘʛʜʩʘʥʳ ʫʣʤʘʘʩ ʩʫʜʣʘʘʯʜʘʘ 
ʛʘʜʘʘʜʳʥ ʛʝʦʣʦʛʠʡʥ ʤʵʨʛʵʞʣʠʡʥ ʙʘʡʛʫʫʣʣʘʛʫʫʜ ʨʫʫ ʠʣʛʵʵʭ ʙʦʣʦʤʞʛװʡ ʙʦʣʩʦʥ, ʤᴇʥ 
ʪᴇʩʣʠʡʥ ʩʘʥʭװװʞʠʣʪʵʜ ʪʫʩʛʘʭ ʙʦʣʦʤʞʛװʡ ᴇʥʜᴇʨ װʥʵ ʪᴇʣʙᴇʨ ʙװʭʠʡ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ 
ʰʠʥʞʠʣʛʵʵ ʭʠʡʣʛʵʭ ʙʦʣʦʤʞ ʦʣʛʦʜʦʛ ʛʘʜʘʘʜ ʭʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘ ʭʫʤʠʛʜʩʘʥ ʟʵʨʵʛ ʦʣʦʥ 
ʭװʥʜʨʵʣװװʜ ʪʫʣʛʘʨʩʘʥ. ʀʡʤʵʵʩ ʪᴇʩʣʠʡʥ ʟʦʨʠʣʛʦ, ʟʦʨʠʣʪʳʛ ʙʠʝʣװװʣʵʭʠʡʥ ʪʫʣʜ 
ɸʄɻʊɻ ʙʘ תʥʜʵʩʥʠʡ ɻʝʦʣʦʛʠʡʥ ɸʣʙʘʥʘʘʩ ʭʵʨʵʛʞװװʣʩʵʥ ñʄʦʥʛʦʣ ʦʨʥʳ ñʂò ʭʘʚʪʛʘʡʥ 
ʭʵʤʞʵʵʥʜ ʟʦʭʠʦʛʜʩʦʥ ʫʣʩʳʥ ʛʝʦʣʦʛʠʡʥ 1:200000-ʥʳ ʤʘʩʰʪʘʙʳʥ ʠʞ ʙװʨʜʵʣ 
ʟʫʨʛʫʫʜʳʛ ʥʵʛʪʛʵʭ ʪᴇʩᴇʣò-ʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʘʞʠʣʣʘʥ ʟʘʨʠʤ ʪʘʣʙʘʡʜ ʭʵʵʨʠʡʥ 
ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʷʚʫʫʣʞ ʭʦʣʙʦʛʜʦʭ ʜʵʵʞ ʩʦʨʴʮʫʫʜʘʘ ʮʫʛʣʫʫʣʘʭ, ʰʘʘʨʜʣʘʛʘʪʘʡ 
ʟʘʨʠʤ ʛʝʦʭʠʤʠ, ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʭʠʡʣʛʵʭ, ʩʫʜʘʣʛʘʘ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ 
ʜװʥʛʵʵ ʙʦʣʦʚʩʨʫʫʣʘʥ ʭʘʤʪʘʨʩʘʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ᴇʛװװʣʵʣ ʭʵʚʣװװʣʵʭ, ʪᴇʩʣʠʡʥ 
ʪʘʡʣʘʥʜ ʪʫʩʛʘʭ ʟʵʨʵʛ ʙװʭʠʡ ʣ ʙʦʣʦʤʞʠʪ ʭʫʚʠʣʙʘʨʘʘʨ ʭʘʤʪʨʘʥ ʘʞʠʣʣʘʩʘʥ. ʄᴇʥ 
ʄʦʥʛʦʣʳʥ ʉʪʨʘʪʠʛʨʘʬʠʡʥ ʂʦʤʠʩʩʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʘʞʠʣʣʘʞ 1:50000 ʤʘʩʰʪʘʙʳʥ 
ʛʝʦʣʦʛʠʡʥ ʵʨʵʣ, ʟʫʨʘʛʣʘʣʳʥ ʘʞʠʣ ʛװʡʮʵʪʛʵʞ ʙʫʡ ʢʦʤʧʘʥʠʫʜʳʥ ʛʝʦʣʦʛʠʯʜʦʜ 
ʟᴇʚʣᴇʣʛᴇᴇ ᴇʛᴇʭ ʷʚʮʘʜ ʪᴇʩʣʠʡʥ ʟʘʨʠʤ ʪʘʣʙʘʡʥʫʫʜʘʜ ʘʞʠʣʣʘʞ ʭʦʣʙʦʛʜʦʭ ʜʵʵʞ 
ʩʦʨʴʮʫʫʜʳʛ ʮʫʛʣʫʫʣʩʘʥ ʙʦʣʥʦ.  

ʊʘʡʣʘʥʛʠʡʥ ʭʫʛʘʮʘʘʥʜ ʪᴇʩʣʠʡʥ ʛװʡʮʵʪʛʵʛʯʠʜ ʥʠʡʪ 5 ʫʜʘʘʛʠʡʥ (װװʥʵʵʩ 3 ʥʴ 
ʪᴇʩʣʠʡʥ ʩʘʥʭװװʞʠʣʪʵʵʨ) ʭʵʵʨʠʡʥ ʛʝʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʛ ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ 
ʤʘʩʩʠʚʳʥ ʍʫʪʘʛ ʋʫʣ ʙʘ ʎʘʛʘʘʥ ʋʫʣʳʥ ʙʣʦʢʠʡʥ ʍʫʪʘʛ ʫʫʣ, ɹʘʷʥ ʦʚʦʦ, ɼʘʨʛʠʘʪ ʫʫʣ, 
ʎʘʛʘʘʥ ʫʫʣ ʙʘ ʍᴇʨʭʠʡʥ ʥʫʨʫʫʥʳ ʜװװʨʛװװʜʵʜ, ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ  
ʅװʭʪʜʘʚʘʘ ʙʘ ɻʦʚʠʡʥ ʊʵʥʛʵʨ ʫʫʣʳʥ ʙʣʦʢʠʡʥ ʉװʤʪ ʥʫʫʨ, ɸʣʘʛ ʙʘʷʥ ʫʫʣ, ʎʦʭʠʦʪ ʙʘ 
ɸʪʘʩ ɹʦʛʜ-ʊᴇʤᴇʨʪʠʡʥ ʥʫʨʫʫʥʳ ʥʠʡʪ 8 ʪʫʣʛʫʫʨ ʜװװʨʛʠʡʥ ʭʵʤʞʵʵʥʜ ʪʫʩ ʪʫʩ ʪᴇʚʣᴇʨᴇʥ 
ʷʚʫʫʣʞ ʥʘʩ, ʥʘʡʨʣʘʛʘ, װװʩʣʠʡʥ ʛʝʦʜʠʥʘʤʠʢʠʡʥ ʘʩʫʫʜʣʫʫʜ ʙװʨʵʥ ʰʠʡʜʚʵʨʣʵʛʜʵʵʛװʡ 
ʩʫʫʨʴ ʙʘ ʭʫʯʘʘʩ ʙװʨʜʣװװʜʠʡʥ ʯʫʣʫʫʣʛʫʫʜʳʥ ʵʨʜʩʠʡʥ ʙװʨʵʣʜʵʭװװʥ, ʙʦʜʠʩʳʥ 
ʥʘʡʨʣʘʛʘ, ʥʘʩʥʳ ʘʩʫʫʜʣʫʫʜʳʛ ʥʘʨʠʡʚʯʣʘʭ ʟʦʨʠʣʛʦʦʨ ʭʦʣʙʦʛʜʦʭ 500 ʛʘʨʫʡ ʜʵʵʞ 
ʩʦʨʴʮʫʫʜʳʛ ʮʫʛʣʫʫʣʩʥʘʘʩ ʛʘʜʥʘ ʜʘʚʭʨʘʘʞʩʘʥ ʭʫʨʜʩʳʥ ʭʠʣ ʟʘʘʛʠʡʛ ʪʦʜʨʫʫʣʘʭ, 
ʙʦʣʦʤʞʪʦʡ ʪʦʭʠʦʣʜʦʣʜ ʛʝʦʣʦʛʠʡʥ ʟװʩʵʣʪװװʜ ʭʠʡʭ, ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛ ʟʦʭʠʦʭ ʟʵʨʵʛ 
ʘʞʣʫʫʜʳʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ ʙʦʣʥʦ. 

ʉʫʫʨʠʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʣʳʥ ʷʚʮʘʜ ʤʝʪʘʢʦʤʧʣʝʢʩ, ʬʦʨʤʘʮ, ʙװʨʜʣװװʜʠʡʥ 
200 ʛʘʨʫʡ ʧʝʪʨʦʛʨʘʬʠʡʥ ʰʣʠʬʠʡʥ ʩʫʜʘʣʛʘʘʛ ʷʚʫʫʣʞ, ʪʵʜʛʵʵʨʠʡʥ ʣʠʪʦʣʦʛʠ, ʵʨʜʵʩʣʵʛ 
ʙװʨʵʣʜʵʭװװʥʠʡ ʪʘʣʘʘʨʭ ʤʵʜʵʵʣʣװװʜʠʡʛ ʙʠʡ ʙʦʣʛʦʩʦʥ ʙᴇʛᴇᴇʜ ʪᴇʩʣʠʡʥ ʵʨʜʵʤ 
ʰʠʥʞʠʣʛʵʵʥʠʡ ʟʘʨʜʣʘʘʨ ʭʠʡʣʛʵʩʵʥ 11.7 ʩʘʷ ʛʘʨʫʡ ʪᴇʛʨᴇʛʥʠʡ ᴇʨʪᴇʛ ʙװʭʠʡ 190 
ʜʵʵʞʥʠʡ ʛʝʦʭʠʤʠʡʥ ʙװʨʵʥ ʰʠʥʞʠʣʛʵʵʥʵʵʩ ʛʘʜʥʘ ʛʘʜʘʘʜ ʭʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘʥʳ 
ʰʫʛʘʤʘʘʨ 50, ñʄʦʥʛʦʣ ʦʨʥʳ ñʂò ʭʘʚʪʛʘʡʥ ʭʵʤʞʵʵʥʜ ʟʦʭʠʦʛʜʩʦʥ ʫʣʩʳʥ ʛʝʦʣʦʛʠʡʥ 
1:200000-ʥʳ ʤʘʩʰʪʘʙʳʥ ʠʞ ʙװʨʜʵʣ ʟʫʨʛʫʫʜʳʛ ʥʵʛʪʛʵʭ ʪᴇʩᴇʣò-ʠʡʥ ʩʘʥʭװװʞʠʣʪʵʵʨ 40, 
ʥʠʡʪ 280 ʛʘʨʫʡ ʜʵʵʞʥʠʡ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛ ʙʦʣʦʚʩʨʫʫʣʘʥ ʪʘʡʣʘʥʜ 
ʪʫʩʛʘʩʘʥ ʙʦʣʥʦ. ʄᴇʥ ʪװװʥʯʣʵʥ ʛʘʜʘʘʜ ʭʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘʥʳ ʰʫʛʘʤʘʘʨ 28 ʜʵʵʞʠʥʜ 
U-Pb-ʥʳ ʛʝʦʭʨʦʥʦʣʦʛʠ, 50 ʜʵʵʞʠʥʜ Sm-Nd ʙʘ Rb-Sr-ʠʡʥ ʠʟʦʪʦʧʠʡʥ ʰʠʥʞʠʣʛʵʵʛ 



 
 

ʭʠʡʣʛʵʞ ʘʥʭʜʘʛʯ ᴇʛᴇʛʜʣװװʜʠʡʛ ʙʦʣʦʚʩʨʫʫʣʩʥʘʘʩ ʛʘʜʥʘ ñʂò ʪᴇʩʣʠʡʥ ʰʫʛʘʤʘʘʨ 
ʭʠʡʛʜʩʵʥ 15 ʜʵʵʞʥʠʡ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ ʰʠʥʞʠʣʛʵʵʛ ʪʫʩ ʪʘʡʣʘʥʜ ʘʰʠʛʣʘʩʘʥ ʙʦʣʥʦ.  

ʊʘʡʣʘʥʛʠʡʥ ʭʫʛʘʮʘʘʜ ʙʠʜʥʠʡ ʙʠʡ ʙʦʣʛʦʩʦʥ ʛʝʦʣʦʛʠ, ʩʪʨʘʪʠʛʨʘʬʠ 
(ʜʘʚʭʨʘʛʘʟװʡ), ʛʝʦʭʠʤʠ, ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʵʜʛʵʵʨ ʮʦʛʮ ʤʵʜʵʵʣʣװװʜ ʥʴ  ʍʘʪʘʥʙʫʣʘʛ ʙʘ 
ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʩʫʜʘʣʛʘʘʥʜ ʭʘʤʨʘʛʜʩʘʥ ʩʫʫʨʴ ʙʘ ʭʫʯʘʘʩ ʙװʨʜʵʣ 
ʙʦʣʦʭ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʬʦʨʤʘʮʫʫʜʳʥ ʥʘʩʳʛ ʪʦʛʪʦʦʞ ʜʘʚʭʨʘʛʘʟװʡʥ ʘʥʛʠʣʣʳʛ 
ʰʠʥʵʯʣʵʥ ʙʦʣʦʚʩʨʫʫʣʘʭ, ʪʵʜʛʵʵʨʠʡʥ װװʩʣʠʡʥ ʛʝʦʜʠʥʘʤʠʢ ʥᴇʭʮᴇʣ, ʛʘʨʘʣ װװʩʣʠʡʥ 
ʘʩʫʫʜʣʳʛ ʰʠʡʜʚʵʨʣʵʭ, ʫʣʤʘʘʨ ᴇʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ ᴇʛᴇʛʜʣװװʜʪʵʡ ʭʘʨʴʮʫʫʣʘʥ ʙװʩ 
ʥʫʪʛʠʡʥ ʭʵʤʞʵʵʥʜ ʷʚʘʛʜʩʘʥ ʤʘʘʛʤʳʥ ʠʜʵʚʭʰʣʠʡʥ װʝ ʰʘʪʫʫʜʳʛ ʪʦʜʨʫʫʣʘʭ, 
ʭװʜʵʨʞʠʣʪʠʡʥ ʝʨᴇʥʭʠʡ ʟװʡ ʪʦʛʪʣʳʛ ʠʣʨװװʣʵʭ ʙʦʣʦʤʞʠʡʛ ʙװʨʜװװʣʩʵʥ ʶʤ.  

ʊʘʡʣʘʥʛʠʡʥ ʭʫʛʘʮʘʘʥʜ ʪᴇʩʣʠʡʥ ʛװʡʮʵʪʛʵʛʯ ʥʘʨ ʥʠʡʪ ʥʦʤ ʪʦʚʭʠʤʦʣ 4, ñJournal 
of Asian Earth Scienceò, óGondwana Researchô, ;American Mineralogist; óMongolian 
Geoscientistô ñʉʪʨʘʪʠʛʨʘʬʠʠʷ, ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʂʦʨʨʝʣʷʮʠʷò ʟʵʨʵʛ ʦʣʦʥ ʫʣʩʳʥ 
ʤʵʨʛʵʞʣʠʡʥ ʥʵʨ ʭװʥʜ ʙװʭʠʡ ʩʵʪʛװװʣװװʜʵʜ 18, װʥʜʵʩʥʠʡ ʤʵʨʛʵʞʣʠʡʥ ʩʵʪʛװװʣװװʜʵʜ 17, 
ʥʠʡʪ 35 ʙװʨʵʥ ʭʵʤʞʵʵʥʠʡ ᴇʛװװʣʣʠʡʛ ʭʵʚʣװװʣʩʥʵʵʩ ʛʘʜʥʘ 25 ʠʣʪʛʵʣʠʡʛ ʦʣʦʥ ʫʣʩʳʥ 
ʙʦʣʦʥ װʥʜʵʩʥʠʡ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʣʫʫʜʘʜ ʭʵʣʵʣʮװװʣʵʥ ʥʠʡʪʠʡʥ ʭװʨʪʵʵʣ 
ʙʦʣʛʦʩʦʥ ʙʘʡʥʘ. ʕʜʛʵʵʨʠʡʥ ʜʦʪʨʦʦʩ ʪᴇʩʣʠʡʥ ʪʘʣʙʘʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥʛʵʵʨ 
ʦʣʦʥ ʫʣʩʳʥ ʤʵʨʛʵʞʣʠʡʥ ʩʵʪʛװװʣʜ 3, װʥʜʵʩʥʠʡ ʤʵʨʛʵʞʣʠʡʥ ʩʵʪʛװװʣʜ 9, ʥʠʡʪ 12 
ᴇʛװװʣʵʣ ʭʵʚʣװװʣʞ 5 ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʠʣʪʛʵʣʠʡʛ ʭʵʚʣװװʣʩʵʥ ʙʦʣʥʦ. ʄᴇʥ ʪʫʩ 
ʪᴇʩʣʠʡʥ 2 ʘʞʠʣʪʘʥ ɸʄɻʊɻ ʙʘ תʥʜʵʩʥʠʡ ɻʝʦʣʦʛʠʡʥ ɸʣʙʘʥʘʘʩ ʭʵʨʵʛʞװװʣʩʵʥ ñʄʦʥʛʦʣ 
ʦʨʥʳ ñʂò ʭʘʚʪʛʘʡʥ ʭʵʤʞʵʵʥʜ ʟʦʭʠʦʛʜʩʦʥ ʫʣʩʳʥ ʛʝʦʣʦʛʠʡʥ 1:200000-ʥʳ ʤʘʩʰʪʘʙʳʥ 
ʠʞ ʙװʨʜʵʣ ʟʫʨʛʫʫʜʳʛ ʥʵʛʪʛʵʭ ʪᴇʩᴇʣò ʙʦʣʦʥ ñɻʝʤʵʜʵʵʣʵʣ-2019ò ʪᴇʩʣװװʜʵʜ ʦʨʦʣʮʦʥ 
ʘʞʠʣʣʘʞ ʥʠʡʪ 6 ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛʟװʡʥ ʙװʪʵʵʣ, ʪʘʡʣʙʘʨ ʙʠʯʠʛ, 2 ʩʵʜʵʚʯʠʣʩʵʥ 
ʩʫʜʘʣʛʘʘʥʳ ʪʘʡʣʘʥʛ ʪʫʩ ʪʫʩ ʭʘʤʪʨʘʥ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʙʘʡʥʘ. ʊװװʥʯʣʵʥ ʪʫʩ ʪᴇʩʣʠʡʥ 2 
ʟʘʣʫʫ ʩʫʜʣʘʘʯ ñʇʘʣʝʦʟʦʡʥ ʋʥʜʘʘʥ ʬʦʨʤʘʮʳʥ ʚʫʣʢʘʥʦʛʝʥ ʯʫʣʫʫʣʛʠʡʥ ʛʝʦʭʠʤʠ, 
ʛʝʦʭʨʦʥʦʣʦʛʠò, óTectono-magmatic evolution of Late Mesozoic Erdenesant-Unjuul 
extensional granitic domes in Central Mongolia and itôs geologic significancesô 
ʩʵʜʚװװʜʵʵʨ ʄʋʀʉ ʙʦʣʦʥ ʍʷʪʘʜʳʥ ʋʭʘʥʴ ʭʦʪʳʥ ɻʝʦʣʦʛʠʡʥ ʐʠʥʞʣʵʭ ʋʭʘʘʥʳ ʀʭ 
ʩʫʨʛʫʫʣʴʜ ʤʘʛʠʩʪʨʠʡʥ ʟʵʨʵʛ ʘʤʞʠʣʪʪʘʡ ʭʘʤʛʘʘʣʩʥʘʘʩ ʛʘʜʥʘ 1 ʟʘʣʫʫ ʩʫʜʣʘʘʯ ʄʦʥʛʦʣ 
ʫʣʩʳʥ ʫʫʛʘʥ ʛʝʦʣʦʛʠʯ ɾ.ɼװʛʵʨʩװʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ ñɿʘʣʫʫ ʩʫʜʣʘʘʯ-2021ò ʵʨʜʵʤ 
ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣʜ ñɾʠʨʵʤ-ʋʫʣ ʬʦʨʤʘʮʳʥ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʠʡʥ ʛʝʦʭʠʤʠ, 
ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ װʨ ʜװʥò ʩʵʜʵʚʪ ʠʣʪʛʵʣʵʵʨ ʪʵʨʛװװʥ ʙʘʡʨ ʵʟʵʣʩʵʥ ʙʘʡʥʘ. ʄᴇʥ ʪᴇʩᴇʣ 
ʭʵʨʵʛʞʠʭ ʷʚʮʘʜ ʜʘʚʭʘʨʜʩʘʥ ʪʦʦʛʦʦʨ 4 ʩʫʜʣʘʘʯ ʍʷʪʘʜʳʥ ɻʐʋɸ-ʠʡʥ ɻʝʦʣʦʛʠʡʥ 
ʭװʨʵʵʣʵʥ, ʗʧʦʥʳ ʆʢʘʷʤʘ, ɸʢʠʪʘʛʠʡʥ ʀʭ ʩʫʨʛʫʫʣʴ ʟʵʨʵʛ ʛʝʦʣʦʛʠʡʥ ʤʵʨʛʵʞʣʠʡʥ 
ʙʘʡʛʫʫʣʣʘʛʫʫʜʘʜ ʘʞʠʣʣʘʞ ʪᴇʩʣʠʡʥ ʪʘʣʙʘʡʛʘʘʩ ʘʚʘʛʜʩʘʥ ʜʵʵʞ ʩʦʨʴʮʥʫʫʜʘʜ U-Pb 
ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʷʚʫʫʣʩʥʘʘʩ ʛʘʜʥʘ ᴇʥʛᴇʣʩᴇʥ ʪʫʥʛʘʣʘʛ ʰʣʠʬʵʥʜ 
ʤʠʢʨʦʟʦʥʜʳʥ ʙʫʶʫ ʵʨʜʩʠʡʥ ʙװʨʵʣʜʵʭװװʥʠʡ ʰʠʥʞʠʣʛʵʵʛ ʷʚʫʫʣʩʘʥ ʙʦʣʥʦ.  

 ʆʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʪʫʩ ʪᴇʩʣʠʡʥ 4 ʟʘʣʫʫ ʛװʡʮʵʪʛʵʛʯ ʋʤʘʨʜ ʙʘ ᴆʤʥᴇʜ ʄʦʥʛʦʣʳʥ 
ʢʝʤʙʨʠʡʥ ᴇʤʥᴇʭ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʘʛ ʙʦʣʦʥ ʧʘʣʝʦʟʦʡʥ ʪʫʥʘʤʘʣ ʚʫʣʢʘʥʦʛʝʥ 
ʯʫʣʫʫʣʛʫʫʜʳʥ ʛʝʦʣʦʛʠ, ʛʝʦʭʠʤʠ, ʛʝʦʭʨʦʥʦʣʦʛʠ, ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ 
ʯʠʛʣʵʣʵʵʨ ʐʋʊʀʉ, ʆʍʋ ʙʦʣʦʥ ʍʷʪʘʜʳʥ ʠʭ ʩʫʨʛʫʫʣʠʫʜʳʥ ʜʦʢʪʦʨʘʥʪʫʨʪ ʩʫʨʘʣʮʘʞ 
ʙʘʡʛʘʘ ʙʦʣʥʦ. ʄᴇʥ ʪᴇʩʣʠʡʥ ʭʵʤʞʵʵʥʜ ʙʠʡ ʙʦʣʩʦʥ װʨ ʜװʥʛʵʵʨ 4-5 ʵʨʜʵʤ 
ʰʠʥʞʠʣʛʵʵʥʠʡ ʙװʨʵʥ ʭʵʤʞʵʵʥʠʡ ᴇʛװװʣʵʣ ʙʠʯʠʛʜʵʞ ʙʘʡʛʘʘ ʙʦʣʥʦ.  
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ɹתʃʕɻ 1. ʊᴆɺ ɸɿʀʁʅ ʆʈʆɻɽʅ ɹתʉ ɹɸ ᴆʄʅᴆɼ ʄʆʅɻʆʃʓʅ 

ʕʈʊʅʀʁ ʄɸʉʉʀɺʋʋɼ: ɹɸʁʈʐʀʃ, ʊɽʂʊʆʅʀʂ ɸʅɻʀʃɸʃ, ʅɸʉɾʀʃʊ 

 

1.1.ʊᴆɺ ɸɿʀʁʅ ʆʈʆɻɽʅ ɹתʉʀʁʅ ʕʈʊʅʀʁ ʄɸʉʉʀɺʋʋɼ 

 

ʕʨʪʥʠʡ ʤʘʩʩʠʚ, ʙʠʯʠʣʪʠʚ ʙʦʣʦʥ ʙʣʦʢ ʛʵʭ ʟʵʨʛʵʵʨ ʥʵʨʣʵʛʜʵʞ ʠʨʩʵʥ ʵʨʪʥʠʡ 

ʙװʪʮװװʜʠʡʥ ʪʫʭʘʡ ʦʡʣʛʦʣʪ ʛʝʦʣʦʛʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʜ ᴇʥʛᴇʨʩᴇʥ ʟʫʫʥʜ ʙʠʡ ʙʦʣʩʦʥ 

ʙᴇʛᴇᴇʜ ʪװװʥʜ ʘʪʨʠʘʪ ʙװʩʣװװʨװװʜʠʡʥ ʜʦʪʦʨʭʠ ʢʝʤʙʨʠʡʥ ᴇʤʥᴇʭ ʙʦʨʞʠʥʣʦʛ-ʤʝʪʘʤʦʨʬ 

ʩʫʫʨʴʪʘʡ, ʪʵʥʛʠʩʠʡʥ ʪʫʥʘʤʘʣ ʙʘ ʚʫʣʢʘʥʦʛʝʥ-ʪʫʥʘʤʘʣ ʭʫʯʣʘʛʘ ʙװʭʠʡ ʛʝʦʣʦʛʠʡʥ 

ʙʠʝʪװװʜʠʡʛ ʭʘʤʘʘʨʫʫʣʜʘʛ.   

ʊᴇʚ ɸʟʠʡʥ ʆʨʦʛʝʥ ɹװʩ (ʮʘʘʰʠʜ ʊɸʆɹ) ʥʴ ʉʠʙʠʨʴ, ɹʘʣʪʠ, ʋʤʘʨʜ ʍʷʪʘʜ ʙʦʣʦʥ 

ʊʘʨʠʤʠʡʥ ʢʨʘʪʦʥʫʫʜʳʥ ʜʫʥʜ ʦʨʰʠʭ ᴇʨʛᴇʥ ʫʫʜʘʤ ʥʫʪʛʠʡʛ ʭʘʤʨʘʭ ʙᴇʛᴇᴇʜ ʦʣʦʥ ʪʦʦʥʳ 

ʵʨʪʥʠʡ ʤʘʩʩʠʚ (ʙʠʯʠʣʪʠʚ), ʘʨʣʘʥʥʫʤ-ʥʫʤʳʥ ʘʨʳʥ ʭʦʪʛʦʨ, ʜʘʣʘʡʥ ʘʨʣʘʥʥʫʤ, 

ʦʬʠʦʣʠʪ ʙʘ ʩʫʙʜʫʢʮ-ʘʢʢʨʝʮʠʡʥ ʙװʨʜʣװװʜʠʡʛ ʘʛʫʫʣʜʘʛ (Sengör et al., 1993; Jahn et al., 

2000; Jahn, 2004; Windley et al., 2007; Kröner et al., 2005, 2009, 2011, 2013).  

ʊɸʆɹ-ʠʡʥ ʙʠʯʠʣ ʪʠʚ ʙʫʶʫ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʛ ʇʘʣʝʦʘʟʠʡʥ ʜʘʣʘʡʥ ʜʫʥʜ ʙʣʦʢ 

ʭʵʣʙʵʨʵʵʨ ʙʘʡʨʣʘʞ ʙʘʡʩʘʥ ʘʨʭʝʡʛʘʘʩ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡ ʵʨʪʥʠʡ ʵʭ ʛʘʟʨʳʥ 

ʮʘʨʮʜʘʩʳʥ װʣʜʵʮ ʭʵʤʵʵʥ װʟʜʵʛ ʙᴇʛᴇᴇʜ ʟʘʨʠʤ ʪʦʭʠʦʣʜʦʣʜ ʪʵʜʛʵʵʨ ʥʴ ʘʢʢʨʝʮʠʡʥ ʵʭ 

ʛʘʟʨʳʥ ᴇʩᴇʣʪʠʡʥ ʮᴇʤ ʙʦʣʞ ʙʘʡʩʘʥ ʙʦʣ ʟʘʨʠʤ ʥʴ ʵʨʪʥʠʡ ʢʨʘʪʦʥʜ ʘʣʣʦʭʪʦʥ ʪʝʨʨʝʡʥ 

ʭʵʣʙʵʨʵʵʨ ʘʢʢʨʝʮʣʘʛʜʩʘʥ ʙʘʡʜʘʛ (Kröner et al., 2005, 2009, 2011, 2013; Demoux et al., 

2009a, b; Khain et al., 1995, 2003; Kovach et al., 2005, 2011, 2007; Degtyarev et al., 

2007, 2015).  

ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ ʊɸʆɹ-ʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʪʘʨʭʘʣʪ, ʪʝʢʪʦʥʠʢ 

ʘʥʛʠʣʘʣ, ʩʪʨʫʢʪʫʨʳʥ ʭʫʚʴʩʘʣ ᴇᴇʨʯʣᴇʣʪ, ʵʨʪʥʠʡ ʩʦʨʦʥʟʦʥʰʠʣʪ, ʤʘʛʤʘʪʠʟʤ, ʭʫʨʜʘʩ 

ʭʫʨʠʤʪʣʘʣ, ʛʝʦʭʨʦʥʦʣʦʛʠ, ʛʝʦʭʠʤʠʡʥ ʪʘʣʘʘʨ ʦʣʦʥ ʘʨʚʘʥ ʰʠʥʵʣʵʛ ʤʵʜʵʵʣʵʣװװʜ ʙʠʡ 

ʙʦʣʞʵʵ (Sengör et al., 1993; Ren et al. 1999; Wu et al., 2001, 2011; Wilde et al., 2000, 

2003, 2010; Kröner et al., 2009, 2011, 2013; Demoux et al., 2009a, b; Khain et al., 1995, 

2003; Kovach et al., 2005, 2011, 2007; Degtyarev et al., 2007, 2015; Zhou et al., 2009, 

2010a, b; Zhou and Wilde., 2013; Xiao et al., 2009, 2010, 2013; Buriánek et al., 2017). 

ʕʜʛʵʵʨ ʰʠʥʵʣʵʛ ʤʵʜʵʵʣʵʣʠʡʛ ʪʫʩʛʘʩʘʥ ʩװװʣʠʡʥ װʝʠʡʥ ʘʥʛʠʣʘʣʘʘʨ ʊɸʆɹ-ʠʡʥ 

ʙװʨʵʣʜʵʭװװʥʜ ʭʦʡʥʦʦʩ ʫʨʘʛʰ 1) ʊʫʚʘ-ʄʦʥʛʦʣ ʙʘ ɸʨʛʫʥ; 2) ɾʫʥʛʘʨ ʙʘ ʍʷʥʛʘʥ; 3) 

ʂʘʟʘʢʩʪʘʥ-ʖʣʠ-ʊᴇʚ ʊʷʥʴʰʘʥ, ɹʝʡʰʘʥ ʙʘ ʉʫʥʴʣʷʦ; 4) ɾʠʘʤʫʩʠ-ʍʘʥʭʘ (ɹʫʨʝʡ) 

ʭʵʤʵʵʭ ʥʵʨʣʵʛʜʜʵʛ ʵʨʪʥʠʡ 4 ʪʦʤ ʙʠʯʠʣʪʠʚ ʙʫʶʫ ʪʦʤʦʦʭʦʥ ʙʣʦʢʫʫʜ ʙʘʛʪʜʘʛ ʙᴇʛᴇᴇʜ 

ʵʜʛʵʵʨ ʥʴ ʭʦʡʥʦʦʩ ʫʨʘʛʰ 1) ʕʨʯʠʩ-ᴆʤʥᴇʜ ʄʦʥʛʦʣ-ʊʦʘʜʦʞʘʥ-ʐʠʥʣʠʥ; 2) ʋʤʘʨʜ 

ʊʷʥʴʰʘʥ-ʉʫʣʠʥʭʵʵʨ-ʍʝʛʝʥʰʘʥ-ʍʝʡʭʝ, 3) ᴆʤʥᴇʜ ʊʷʥʴʰʘʥ-ɹʝʡʰʘʥ-ʍʘʨʤᴇʨᴇʥ-

ʏʘʥʛʯʫʥ ʩʫʪʫʨ ʙʘ 4) ɾʠʣʠʥ-ʐʝʡʣʦʞʘʥ ᴇʥʜᴇʨ ʜʘʨʘʣʪʘʪ ʙװʩװװʜʵʵʨ ʪʫʩ ʪʫʩ 

ʟʘʘʛʣʘʛʜʜʘʛ. ʄᴇʥ ʊɸʆɹ ʥʴ ʛʘʟʘʨʟװʡʥ ʙʘʡʨʰʣʘʘʨʘʘ ʂʘʟʘʢʩʪʘʥ-ʖʣʠ, ʊᴇʚ ʊʷʥʴʰʘʥ ʙʘ 

ɾʫʥʛʘʨ ʙʣʦʢʫʫʜʘʘʩ ʪʦʛʪʦʭ ɹʘʨʫʫʥ ʉʝʛʤʝʥʪ, ʊʫʚʘ-ʄʦʥʛʦʣ ʙʘ ɹʝʡʰʘʥ ʙʣʦʢʦʦʩ 

ʪʦʛʪʦʭ ʊЊʚ ʉʝʛʤʝʥʪ, ɿװװʥʭʦʡʜ ʍʷʪʘʜʳʥ ʙʣʦʢʫʫʜʘʘʩ ʪʦʛʪʦʭ ɿϾϾʥ ʉʝʛʤʝʥʪʵʜ ʪʫʩ ʪʫʩ 

ʭʫʚʘʘʛʜʜʘʛ ʙʘʡʥʘ (Zhou et al., 2017) (ɿʫʨʘʛ 1).  

ɼʵʵʨ ʜʫʨʜʩʘʥ ʊɸʆɹ-ʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʷʣʛʘʛʜʜʘʛ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʙװʪʵʮ, 

ʥʘʩʥʳ ʰʠʥʵʣʵʛ ᴇʛᴇʛʜʣװװʜʠʡʥ ʪʘʣʘʘʨ ʦʣʦʥ ʫʣʩʳʥ ʪװʚʰʠʥʜ ʙʠʡ ʙʦʣʦʦʜ ʙʘʡʛʘʘ 

ʤʵʜʵʵʣʣװװʜʵʵʩ ʩʝʛʤʝʥʪ ʪʫʩ ʙװʨʠʡʥ ʭʵʤʞʵʵʥʜ ʪʦʚʯ ʘʚʯ װʟʴʝ.   
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ɿʫʨʘʛ 1. ɽʚʨʦʘʟʠ ʪʠʚʠʡʥ ʪʝʢʪʦʥʠʢʠʡʥ ʩʭʝʤ ʟʫʨʘʛ (Liu et al., 2016) 

 

¶ ʊɸʆɹ-ʀʁʅ ɿתתʅ ʉɽɻʄɽʅʊ.  ʊʫʩ ʩʝʛʤʝʥʪʵʜ ʜʵʵʨ ʜʫʨʜʩʘʥʯʣʘʥ ɿװװʥ ʍʦʡʜ 

ʍʷʪʘʜʳʥ ɸʨʛʫʥ, ʍʷʥʛʘʥ, ʉʫʥʴʣʷʦ, ɾʠʘʤʫʩʠ-ʍʘʥʭʘ ʟʵʨʵʛ ʵʨʪʥʠʡ ʙʣʦʢʫʫʜ 

ʙʘʛʪʜʘʛ.    

 

ɸ. ɸʈɻʋʅ ɹʃʆʂ. ʊʫʩ ʙʣʦʢ ʥʴ ʀʭ ʍʷʥʛʘʥʳ ʥʫʨʫʫʥʳ ʙʘʨʫʫʥ ʭʦʡʜ ʭʵʩʛʠʡʛ ʭʘʤʨʘʭ 

ʙᴇʛᴇᴇʜ ʙʘʨʫʫʥ ʪʘʣʘʘʨʘʘ ʄʦʥʛʦʣ-ɸʛʥʫʫʨʳʥ ʙװʩʵʵʨ, ʭʘʨʠʥ ʟװװʥ ʪʘʣʘʘʨʘʘ ʐʠʥʣʠʥ-

ʐʠʛʫʠʪʠ (Xinlin-Xiguitu) ʩʫʪʫʨʳʥ ʙװʩʵʵʨ ʪʫʩ ʪʫʩ ʟʘʘʛʣʘʛʜʘʭ (ɿʫʨʘʛ 1) ʙᴇʛᴇᴇʜ ʙʘʨʫʫʥ 

ʫʨʘʛʰ ʊʫʚʘ-ʄʦʥʛʦʣʳʥ ʙʣʦʢʪʦʡ ʭʦʣʙʦʛʜʦʥʦ (Badarch et al., 2002). ɸʨʛʫʥ ʙʣʦʢʠʡʥ 

ʵʨʪʥʠʡ ʩʫʫʨʠʡʥ װʣʜʵʮ ʙʘʨʫʫʥ ʭʦʡʜ ʪʘʣʜ ʄʦʭʝ ʭʦʪ ʦʨʯʠʤʜ, ʟװװʥ ᴇʤʥᴇʜ ʪʘʣʜ ɸʨʛʫʥ 

ʛʦʣʳʥ ʜʘʛʫʫʜ ʪʫʩ ʪʫʩ ʠʣʵʨʜʵʛ (Zhou et al., 2017). ʄʦʭʝ ʭʦʪ ʦʨʯʠʤʜ ʠʣʵʨʜʵʛ ʄʦʭʝ 

ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʛʨʘʥʘʪ ʙʘ ʩʠʣʣʠʤʘʥʠʪ ʘʛʫʫʣʩʘʥ ʧʘʨʘʛʥʝʡʩʪʵʡ 

ʩʘʣʘʘʚʯʠʣʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫ, ʘʤʬʠʙʦʣʠʪ, ʛʨʘʥʠʪ-ʛʥʝʡʩ ʪʦʭʠʦʣʜʦʭ ʙᴇʛᴇᴇʜ 

ʧʘʨʘʛʥʝʡʩʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ 828 ʩ.ʞ ʥʘʩʪʘʡ ʮʠʨʢʦʥʫʫʜ ʟʦʥʭʠʣʜʦʛ (Zhou et al., 2011). 

ʇʘʨʘʛʥʝʡʩʠʡʥ ʟᴇᴇʛʜʤᴇʣ ʮʠʨʢʦʥʫʫʜ ʥʴ 1370 ʩ.ʞ-ʵʵʩ ʵʨʪʥʠʡ ʥʘʩʪʘʡ ʙᴇʛᴇᴇʜ ʟʫʟʘʘʣʘʛ 

495 ʩ.ʞ ʦʨʯʠʤʜ ʘʤʬʠʙʦʣʠʪ/ʛʨʘʥʫʣʠʪʳʥ ʬʘʘʮʳʥ ʤʝʪʘʤʦʨʬʠʟʤʜ ʘʚʪʩʘʥ ʙʦʣʦʭ ʥʴ 

ʪʦʛʪʦʦʛʜʩʦʥ (Zhou et al., 2011). ɸʨʛʫʥ ʛʦʣʳʥ ʜʘʛʫʫʜ ʠʣʨʵʭ ʄʦʭʝ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ 

ʙװʨʵʣʜʵʭװװʥʜ 927 Ñ 13 ʩ.ʞ-ʵʵʩ 792 Ñ 5 ʩ.ʞ ʥʘʩʪʘʡ ʛʨʘʥʠʪʦʠʜʫʫʜ ʙʘʛʘʭʘʥ ʭʫʚʠʡʛ ʵʟʣʵʭ 

(Wu et al., 2011) ʙʦʣ 851 ± 6 ʩ.ʞ-ʵʵʩ 737 Ñ 5 ʩ.ʞ ʥʘʩʪʘʡ ʩʠʝʥʦʛʨʘʥʠʪ ʙʘ 

ʛʨʘʥʦʜʠʦʨʠʪʦʦʨ װװʩʩʵʥ ʛʥʝʡʩ ʟʦʥʭʠʣʦʭ ʭʫʚʠʡʛ ʵʟʵʣʥʵ (Tang et al., 2013). ʊʵʜʛʵʵʨʵʵʩ 
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ʟʘʨʠʤ ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʦʠʜ ʥʴ 1680-1060 ʩ.ʞ-ʠʡʥ ʥʝʦʜʠʤʠʡʥ ʠʟʦʪʦʧʠʡʥ ʟʘʛʚʘʨ 

ʥʘʩʪʘʡ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʍʷʥʛʘʥ ʙʘ ʉʫʥʴʣʷʦ ʙʣʦʢʠʡʥ ʠʞʠʣ ʪᴇʨʣʠʡʥ ʯʫʣʫʫʣʛʘʘʩ ʥʘʩʥʳ 

ʭʫʚʴʜ ʭᴇʛʰʠʥ ʙʘʡʩʥʳʛ ʪʦʛʪʦʦʞʵʵ (Wu et al., 2003). ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ ɸʨʛʫʥ ʙʣʦʢʠʡʥ 

ɹʝʣʫʷʘ ʭᴇʥʜʠʡʜ ᴇʨᴇʤʜʩᴇʥ ᴇʨʤʠʡʥ ʮʦʦʥʦʛʠʡʥ 226 ʤ-ʪ ʠʣʨʵʭ ʛʨʘʥʠʪ-ʛʥʝʡʩʠʡʥ 

ʮʠʨʢʦʥʳ U-Pb-ʥʳ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʛʵʵʨ 2606 ± 17 ʩ.ʞ ʥʘʩ ʪʦʛʪʦʦʛʜʦʦʜ 

ʙʘʡʛʘʘ ʥʴ ʪʫʩ ʙװʩ ʥʫʪʘʛʪ ʪʦʛʪʦʦʛʜʩʦʥ ʭʘʤʛʠʡʥ ʵʨʪʥʠʡ ʥʘʩ ʶʤ (Shao et al., 2015).   

 

ɹ. ʍʗʅɻɸʅ ɹʃʆʂ. ʊʫʩ ʙʣʦʢ ʥʴ ʀʭ ʍʷʥʛʘʥʳ ʥʫʨʫʫʥʳ ʠʭʵʥʭ ʭʵʩʛʠʡʛ ʭʘʤʨʘʭ ʙᴇʛᴇᴇʜ 

ʟװװʥ ʪʘʣʘʘʨʘʘ ʍʝʛʝʥʰʘʥ-ʍʝʡʭʝ (Hegenshan-Heihe) ʙװʩʵʵʨ, ʙʘʨʫʫʥ ʭʦʡʜ ʙʘ ᴇʤʥᴇ 

ʪʘʣʘʘʨʘʘ ʐʠʥʣʠʥ-ʐʠʛʫʠʪʠ (Xinlin-Xiguitu) ʙʘ ʍʘʨ ʄᴇʨᴇʥ-ʏʘʥʛʯʫʥ ʩʫʪʫʨʠʡʥ 

ʙװʩװװʜʵʵʨ ʪʫʩ ʪʫʩ ʟʘʘʛʣʘʛʜʘʥʘ (Zhou et al., 2017). ʍʷʥʛʘʥʳ ʙʣʦʢʠʡʥ ʩʫʫʨʠʡʛ 

ʐʠʥʭʫʘʜʫʢʦʫ (Xinghuadukou) ʤʝʪʘʢʦʤʧʣʝʢʩ ʙװʨʜװװʣʵʭ ʙᴇʛᴇᴇʜ ʍʫʤʘ ʦʨʯʠʤʜ ʪʘʨʭʩʘʥ 

ʛʨʘʥʠʪ-ʛʥʝʡʩʠʡʥ ʥʘʩ 1837 ± 5 ʙʘ 1741 ± 30 ʩ.ʞ-ʵʵʨ ʪʦʛʪʦʦʛʜʩʦʥ (Sun et al., 2013b). 

ʄᴇʥ ʪʫʩ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʛʨʘʥʘʪ ʙʘ ʩʠʣʣʠʤʘʥʠʪ ʘʛʫʫʣʩʘʥ ʛʥʝʡʩ, 

ʵʚʵʨʭʫʫʨʤʘʛ-ʧʣʘʛʠʦʢʣʘʟʘʪ ʛʥʝʡʩ ʙʘ ʭװʯʠʣʣʵʛ ʧʘʨʘʛʥʝʡʩ ʪʦʭʠʦʣʜʦʥʦ. U-Pb-ʥʳ 

ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʛʵʵʨ ʛʨʘʥʠʪ-ʛʥʝʡʩ ʙʘ ʘʤʬʠʙʦʣʠʪʦʜ ~770 ʩ.ʞ ʥʘʩ 

ʪʦʛʪʦʦʛʜʩʦʥ ʙʦʣ ʙʠʦʪʠʪ-ʧʣʘʛʠʦʢʣʘʟʘʪ ʛʥʝʡʩʠʡʥ ʮʠʨʢʦʥʳ ᴇʛᴇʛʜʣװװʜʵʵʨ ʪʫʩ 

ʤʝʪʘʢʦʤʧʣʝʢʩ ʥʴ 494 Ñ 2 ʩ.ʞ ʦʨʯʠʤʜ ʘʤʬʠʙʦʣʠʪ/ʛʨʘʥʫʣʠʪʳʥ ʬʘʘʮʳʥ 

ʤʝʪʘʤʦʨʬʠʟʤʜ ʘʚʪʩʘʥ ʙʦʣʦʭʳʛ ʠʣʨװװʣʩʵʥ, ʤᴇʥ ʧʘʨʘʛʥʝʡʩʠʡʥ ʟᴇᴇʛʜʤᴇʣ 

ʮʠʨʢʦʥʫʫʜʳʥ ʥʘʩ 881 ± 11 ʩ.ʞ-ʵʵʩ 2791 ± 18 ʩ.ʞ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʙʘʡʛʘʘ ʟʵʨʵʛ ʥʴ 

ʍʷʥʛʘʥ ʙʣʦʢʠʡʥ ʵʨʪʥʠʡ ʩʫʫʨʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡ ʵʭ װװʩʚʵʨ 

ʟʦʥʭʠʣʞ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʥʘ (Zhou et al., 2011b). 

 

ɺ. ʉʋʅʔʃʗʆ ɹʃʆʂ. ʊʫʩ ʙʣʦʢ ʥʴ ʙʘʨʫʫʥ ʪʘʣʜ ʀʭ ʍʷʥʛʘʥʳ ʥʫʨʫʫʥʳ ᴇʤʥᴇʜ ʭʵʩʵʛ, ʟװװʥ 

ʭʦʡʜ ʪʘʣʜ ɹʘʛʘ ʍʷʥʛʘʥʳ ʥʫʨʫʫ, ʟװװʥ ʪʘʣʜ ɿʘʥʛʛʫʘʥʩʘʡ (Zhangguangcai) ʥʫʨʫʫ, ʪᴇʚ 

ʭʵʩʵʛʪʵʵ ʉʫʥʴʣʷʦ ʭʦʪʛʦʨʳʛ ʪʫʩ ʪʫʩ ʭʘʤʨʘʭ ʙᴇʛᴇᴇʜ ʙʘʨʫʫʥ ʭʦʡʜ ʪʘʣʘʘʨʘʘ ʍᴇʛʝʥʰʘʥ-

ʍʝʡʭʝ (Hegenshan-Heihe) ʩʫʪʫʨ, ʟװװʥ ʙʘ ᴇʤʥᴇʜ ʪʘʣʘʘʨʘʘ ʐʝʡʣʦʞʘʥ ᴇʥʜᴇʨ 

ʜʘʨʘʣʪʳʥ ʙװʩ ʙʘ ᴆʤʥᴇʜ ʊʷʥʴʰʘʥ-ɹʝʡʰʘʥ-ʍʘʨʤᴇʨᴇʥ-ʏʘʥʛʯʫʥ ʩʫʪʫʨʳʥ ʙװʩװװʜʵʵʨ 

ʪʫʩ ʪʫʩ ʟʘʘʛʣʘʛʜʜʘʛ (ɿʫʨʘʛ 1). ɹʣʦʢʠʡʥ ʠʭʵʥʭ ʭʵʩʵʛ ʥʴ ʉʫʥʴʣʷʦ ʭʦʪʛʦʨʳʥ ʪʫʥʘʤʘʣ 

ʭʫʨʜʩʘʘʨ ʭʫʯʠʛʜʩʘʥ ʙʘʡʭ ʙᴇʛᴇᴇʜ ᴇʨʤʠʡʥ ʮᴇʤʨᴇʛʠʡʥ ᴇʛᴇʛʜʣװװʜʵʵʨ ʪʫʩ ʙʣʦʢʠʡʥ ʩʫʫʨʴ 

ʙװʪʮʵʜ ~1800 ʩ.ʞ ʥʘʩʪʘʡ ʛʨʘʥʠʪ-ʛʥʝʡʩ ʪʦʛʪʦʦʛʜʩʦʥ ʙʘʡʜʘʛ (Wang et al., 2006). ʊʫʩ 

ʙʣʦʢʠʡʥ ʩʫʫʨʴ ʙװʪʮʠʡʥ ʘʩʫʫʜʘʣ ʠʭʵʵʭʵʥ ʤʘʨʛʘʘʥʪʘʡ ʙʦʣʦʚʯ ʦʜʦʦ ʙʘʡʛʘʘ 

ᴇʛᴇʛʜʣװװʜʵʵʨ ɹʘʛʘ ʍʷʥʛʘʥʳ ʙʘ ɿʘʥʛʛʫʘʥʩʘʡ (Zhangguangcai) ʥʫʨʫʫʥʜ ʌʝʥʛh ʫʠʛʦʫ 

(Fengshuigou) ʙʘ ɼʦʥʛʬʝʥʰʘʥ (Dongfengshan) ʛʨװʧʧ ʪʫʩ ʪʫʩ ʷʣʛʘʛʜʜʘʛ (Zhou et al., 

2017). ɼʦʥʬʝʥʰʘʥ ʛʨװʧʧʠʡʥ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʪ ʟʘʥʘʨʪ ~757 Ñ 9 ʩ.ʞ, ʛʨʘʥʘʪ ʘʛʫʫʣʩʘʥ 

ʭʦʸʨ ʛʷʣʪʛʘʥʫʫʨʪ ʟʘʥʘʨʪ ~757 Ñ 9 ʩ.ʞ ʥʘʩ ʪʫʩ ʪʫʩ ʪʦʛʪʦʦʛʜʩʦʥ ʥʴ ʪʫʩ ʛʨװʧʧʠʡʛ 

ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʮʘʛ װʝʜ װװʩʩʵʥ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʥʘ (Quan et al., 2013; Wang et al., 

2013; Gao et al., 2013). ʄᴇʥ ʪʫʩ ʙʣʦʢʠʡʥ ʙʘʨʫʫʥ ʪʘʣʜ ʠʣʨʵʭ ʐʠʣʠʥʭʦʪ ʤʝʪʘʢʦʤʧʣʝʢʩ 

(Xilinhot Complex) ʥʴ 1390 ʩ.ʞ ʥʘʩʪʘʡ ʛʨʘʥʠʪ-ʛʥʝʡʩ ʘʛʫʫʣʘʭ (Sun et al., 2013b) ʙᴇʛᴇᴇʜ 

ʪʫʩ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʳʥ 4 ʜʵʵʞʠʥʜ 1397ï1360 ʩ.ʞ-ʠʡʥ ʪʘʣʩʞʠʣʪʳʥ 

ʥʘʩ ʪʦʛʪʦʦʛʜʩʦʥ ʥʴ ʪʵʜʛʵʵʨʠʡʥ ʵʨʪʥʠʡ ʵʭ ʛʘʟʨʳʥ ʮʘʨʮʜʘʩʳʥ װʣʜʵʮ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞ 

ʙʘʡʥʘ (Han et al., 2016).  

 

ɻ. ɾʀɸʄʋʉʀ-ʍɸʅʍɸ ɹʃʆʂ. ʊʫʩ ʙʣʦʢʠʡʛ ʭʦʡʜ ʟװʛʪ ʍʷʪʘʜ ʙʘ ʆʍʋ-ʳʥ ʭʠʣ ʦʨʯʠʤʜ 

ʪʦʛʪʦʦʛʜʜʦʛ ɾʠʘʤʫʩʠ-ɹʫʨʝʷ ʙʣʦʢʪʦʡ ʭʦʣʙʦʦʪʦʡ ʛʵʞ װʟʜʵʛ ʙᴇʛᴇᴇʜ ʥʠʡʪʵʜ ʥʴ ʍʘʥʭʘ-



4 
 

ɾʠʘʤʫʩʠ-ɹʫʨʝʷ ʙʣʦʢ ʙʫʶʫ ʤʘʩʩʠʚ ʭʵʤʵʵʥ ʥʵʨʣʵʜʵʛ (Wilde et al., 1999, 2000, 2003, 

2010).  

ɾʠʘʤʫʩʠ ʙʣʦʢʠʡʥ ʩʫʫʨʠʡʛ ʫʨʴʜ ᴇʤʥᴇ ʥʴ ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡ ʭʵʤʵʵʥ װʟʜʵʛ 

ʙʘʡʩʘʥ ʛʥʝʡʩ ʙʦʣʦʥ ʤʝʪʘʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʘʘʩ ʪʦʛʪʦʭ ʄʘʰʘʥ ʛʨװʧʧ ʙװʨʜװװʣʜʵʛ. 

ɻʝʦʭʨʦʥʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʪʫʩ ʤʝʪʘʯʫʣʫʫʣʛʠʡʥ ʵʭ װװʩʚʵʨʪ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʛʦʦʩ 

ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡ ʯʫʣʫʫʣʘʛ (ʛʦʣ ʧʠʢ ʥʴ ~1100 ʩ.ʞ ʦʨʯʠʤʜ ʪᴇʚʣᴇʨᴇʭ 700, ~900, 

~1050, ~1300 ʙʘ 1600 ʩ.ʞ ʥʘʩʪʘʡ ʮʠʨʢʦʥʳ ʙװʣʛװװʜ) ʪʦʛʪʦʦʛʜʩʦʥ ʙᴇʛᴇᴇʜ ~500 ʩ.ʞ 

ʦʨʯʠʤʜ ᴇʥʜᴇʨ ʪװʚʰʥʠʡ ʤʝʪʘʤʦʨʬʠʟʤʜ ʘʚʪʩʘʥ ʙʘʡʥʘ (Wilde et al., 1999, 2000, 2003, 

2010; Wilde and Zhou, 2015). ʄᴇʥ ʫʨʴʜ ᴇʤʥᴇ ʥʴ ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡ ʭʵʤʵʵʥ 

-ʟʜʵʛ ʙʘʡʩʘʥ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʩʘʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʫʫʜ ʥʴ 530 - 515 ʩ.ʞװ

ʠʡʥ ʥʘʩʪʘʡ ʙʦʣʦʭʳʛ ʩװװʣʠʡʥ װʝʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʠʣʨװװʣʩʵʥ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨ ʥʴ ʤᴇʥ 

~500 ʩ.ʞ ʦʨʯʠʤʜ ʛʨʘʥʫʣʠʪʳʥ ʬʘʘʮʳʥ ʤʝʪʘʤʦʨʬʠʟʤʜ ʘʚʪʩʘʥ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʞʵʵ 

(Wilde et al., 2000, 2003). 

ʍʘʥʭʘ ʙʣʦʢʠʡʥ ʩʫʫʨʠʡʛ ʫʨʴʜ ᴇʤʥᴇʭ ʟʫʨʘʛʣʘʣʳʥ ʘʞʣʫʫʜʘʘʨ ʫʨʴʜʢʝʤʙʨʠʡʥ ʥʘʩʪʘʡ 

ʛʵʞ װʟʵʞ ʙʘʡʩʘʥ ʛʥʝʡʩ ʙʦʣʦʥ ʤʝʪʘʪʫʥʘʤʘʣ ʯʫʣʫʫʣʘʛ, ʛʘʥʪʠʛ, ʛʨʘʬʠʪʘʪ ʟʘʥʘʨ, ʛʨʘʥʠʪ-

ʛʥʝʡʩ ʟʵʨʵʛ ʯʫʣʫʫʣʛʫʫʜ ʙװʨʜװװʣʜʵʛ. ʉװװʣʠʡʥ װʝʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ɾʠʘʤʫʩʠ ʙʣʦʢʪ 

ʪʦʛʪʦʦʛʜʩʥʳ ʥʵʛʵʥ ʘʜʠʣʘʘʨ ʛʨʘʥʠʪ-ʛʥʝʡʩʪ 520 - 515 ʩ.ʞ-ʠʡʥ ʪʘʣʩʞʠʣʪʳʥ ʥʘʩ 

ʪʦʛʪʦʦʛʜʩʦʥʦʦʩ ʛʘʜʥʘ ʪʵʜʛʵʵʨ ʥʴ ~500 ʩ.ʞ ʦʨʯʠʤʜ ʛʨʘʥʫʣʠʪʳʥ ʬʘʘʮʳʥ 

ʤʝʪʘʤʦʨʬʠʟʤʜ ʘʚʪʩʘʥ ʙʘʡʥʘ (Wilde et al., 2010; Zhou et al., 2010a). ʉʠʣʣʠʤʘʥʠʪʘʪ 

ʛʥʝʡʩʠʡʥ ʟᴇᴇʛʜʤᴇʣ ʮʠʨʢʦʥʳ ʩʫʜʘʣʛʘʘʛʘʘʨ ʮʠʨʢʦʥʫʫʜʳʥ ʙװʨʵʣʜʵʭװװʥʜ 

ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡ ʮʠʨʢʦʥʫʫʜ (~616 ʩ.ʞ) ʟʦʥʭʠʣʦʭ ʙᴇʛᴇᴇʜ 1073 ± 35 ʩ.ʞ-ʵʵʩ 972 

± 14 ʩ.ʞ ʙʫʶʫ ɻʨʝʥʚʠʣʣʠʡʥ ʥʘʩʪʘʡ ʮʠʨʢʦʥʫʫʜ ʪʦʭʠʦʣʜʦʥʦ (Zhou et al., 2010a, b). 

ʀʡʥʭװװ ʪʫʩ ʙʣʦʢʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʦʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʢʝʤʙʨʠʡʥ ᴇʤʥᴇʭ ʥʘʩʪʘʡ 

ʯʫʣʫʫʣʛʫʫʜ ʙʘʪʪʘʡ ʪʦʛʪʦʦʛʜʦʦʛװʡ ʙʘʡʥʘ.  

 

¶ ʊɸʆɹ-ʀʁʅ ɹɸʈʋʋʅ ʉɽɻʄɽʅʊ.  ʊᴇʚ ɸʟʠʡʥ ʦʨʦʛʝʥ ʙװʩʠʡʥ ʙʘʨʫʫʥ ʭʵʩʛʠʡʥ 

ʵʨʪʥʠʡ ʵʭ ʛʘʟʨʳʥ ʮʘʨʮʜʘʩʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʋʤʘʨʜ ʊʷʥʴʰʘʥʳ ʩʫʪʫʨʠʡʥ ʙװʩʵʵʨ 

ʭʦʦʨʦʥʜʦʦ ʟʘʘʛʣʘʛʜʩʘʥ ʂʘʟʘʢʩʪʘʥ-ʖʣʠ-ʊᴇʚ ʊʷʥʴʰʘʥ ʙʘ ɾʫʥʛʘʨ ʙʣʦʢʫʫʜ 

ʙʘʛʪʜʘʛ (Zhou et al., 2017). ʂʘʟʘʢʩʪʘʥ-ʖʣʠ-ʊᴇʚ ʊʷʥʴʰʘʥ ɹʣʦʢ ʥʴ ʂʘʟʘʢʩʪʘʥ-

ʖʣʠ, ʊᴇʚ ʊʷʥʴʰʘʥ ʙʦʣʦʥ ʙʫʩʘʜ ʭʵʜ ʭʵʜʵʥ ʞʠʞʠʛ ʙʣʦʢʫʫʜʘʘʩ ʪʦʛʪʜʦʛ 

(Levashova et al., 2011) ʙʦʣ ɾʫʥʛʘʨ ɹʣʦʢ ʥʴ ɾʫʥʛʘʨ ʙʘ ʊʁ ʨʧʘʥʳ ʭʦʪʛʦʨʫʫʜ 

ʙʦʣʦʥ ʪʵʜʛʵʵʨʠʡʥ ʜʫʥʜʘʭ ʭʵʜ ʭʵʜʵʥ ʞʠʞʠʛ ʤʝʪʘʢʦʤʧʣʝʢʩʫʫʜʘʘʩ ʙװʨʜʜʵʛ 

(Zhou et al., 2017).  

 

ɸ. ʂɸɿɸʂʉʊɸʅ-ʖʃʀ ɹʃʆʂ. ʊʫʩ ʙʣʦʢʠʡʥ ʩʫʫʨʠʡʛ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʩʘʥ 

ʪʘʣʩʪ ʟʘʥʘʨ, ʤʠʛʤʘʪʠʪʞʩʘʥ ʧʘʨʘ ʙʘ ʦʨʪʦʛʥʝʡʩ, ʛʘʥʪʠʛ, ʛʨʘʥʠʪ ʛʥʝʡʩ, ʘʤʬʠʙʦʣʠʪʠʡʥ 

ʙʘ ʟʘʥʘʨ-ʛʥʝʡʩʠʡʥ ʟʫʟʘʘʣʘʛ, ʭʦʚʨʦʦʨ ʜʦʣʦʤʠʪ ʙʘ ʛʨʘʬʠʪʘʪ ʛʘʥʪʠʛ ʘʛʫʫʣʩʘʥ ʩʝʨʠʮʠʪ-

ʢʚʘʨʮʘʪ ʟʘʥʘʨ, ʢʚʘʨʮʘʪ ʵʣʩʵʥ ʯʫʣʫʫ, ʢʚʘʨʮʠʪʳʥ ʟʫʟʘʘʣʘʛ, ʥʦʛʦʦʥ ʟʘʥʘʨʳʥ ʬʘʘʮʳʥ 

ʪװʚʰʠʥʜ ʭʫʚʠʨʩʘʥ ʪʫʥʘʤʘʣ ʙʦʣʦʥ ʤʝʪʘʤʦʨʬʞʩʦʥ ʚʫʣʢʘʥʦʛʝʥ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʫʫʜ 

ʙװʨʜװװʣʥʵ. ʆʨʪʦʛʥʝʡʩ ʙʘ ʛʨʘʥʠʪ-ʛʥʝʡʩ ʥʴ 1170-1140 ʩ.ʞ-ʠʡʥ ʥʘʩʪʘʡ ʙᴇʛᴇᴇʜ 2500 ï 

2200 ʩ.ʞ-ʠʡʥ ʟʘʛʚʘʨ ʥʘʩʪʘʡ ʵʭ װװʩʚʵʨʵʵʩ װװʩʩʵʥ ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥ (Degtyarev et 

al., 2005, 2015, 2017; Kovach et al., 2017) ʙʦʣ ʢʚʘʨʮʠʪ-ʟʘʥʘʨʳʥ ʟʫʟʘʘʣʛʠʡʥ ʥʘʩʥʳ 

ʜʵʵʜ ʭʷʟʛʘʘʨ 1136 ± 4 ʩ.ʞ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʞʵʵ (Kovach et al., 2017). ʊװװʥʯʣʵʥ 

ʂʘʟʘʢʩʪʘʥʳ ᴇʤʥᴇʜ ʭʵʩʵʛʪ ʘʨʭʝʡ (2791 ± 24 ʩ.ʞ)  ʙʘ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡ (2187 

ʙʘ 1789 ʩ.ʞ) ʛʨʘʥʠʪ-ʛʥʝʡʩ ʪʦʛʪʦʦʛʜʩʦʥ (Kröner et al. 2009) ʙʦʣ ʊᴇʚ ʂʘʟʘʢʩʪʘʥʜ 
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ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ (720 - 690 ʩ.ʞ) ʥʘʩʪʘʡ ʯʫʣʫʫʣʛʫʫʜ ʠʣʵʨʩʵʥ ʙʘʡʥʘ (Degtyarev et al., 

2005, 2015, 2017; Levashova et al., 2011; Kovach et al., 2017). ʕʥʵ ʙʣʦʢʠʡʥ ʟװװʥ 

ʭʵʩʛʠʡʛ ʖʣʠ ʙʣʦʢ ʵʟʣʵʭ ʙᴇʛᴇᴇʜ ʪװװʥʠʡ ʩʫʫʨʠʡʥ ɺʝʥʛʫʘʥ (Wenquan) ʛʨװʧʧ ʥʴ ʰʦʭʦʡʥ 

ʯʫʣʫʫ, ʭʵʤʭʜʵʩʪ ʯʫʣʫʫʣʘʛ, ʘʤʬʠʙʦʣʠʪʠʡʥ ʬʘʘʮʳʥ ʪװʚʰʠʥʜ ʭʫʚʠʨʩʘʥ ʤʝʪʘʤʦʨʬ 

ʯʫʣʫʫʣʛʘʘʩ ʪʦʛʪʦʥʦ (Wang et al., 2007, 2014; Hu et al., 2000). ʊʫʩ ʛʨװʧʧʠʡʥ ʛʨʘʥʠʪ-

ʛʥʝʡʩ ʙʘ ʤʠʛʤʘʪʠʪʞʩʘʥ ʛʥʝʡʩʠʡʥ ʧʨʦʪʦʣʠʪʠʡʥ ʪʘʣʩʞʠʣʪʳʥ ʥʘʩ ʥʴ 926 ʙʘ 780 ʩ.ʞ 

(Chen et al., 2009, Hu et al., 2010, Gao et al., 2015), ʪװװʥʠʡʛ ʟװʩʩʵʥ ʛʘʙʙʨʦʛʠʡʥ ʜʘʡʢ 

ʙʘ ʛʨʘʥʠʪʠʡʥ ʥʘʡʨʣʘʛʘʪʘʡ ʩʫʜʣʫʫʜʳʥ ʥʘʩ 776 ï 778 ʩ.ʞ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʞʵʵ (Wang et 

al., 2014). ʉװװʣʠʡʥ װʝʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʙʘʨʫʫʥ ᴇʤʥᴇʜ ʙʣʦʢʠʡʥ ʭʵʤʞʵʵʥʜ 742-844 ʩ.ʞ 

ʥʘʩʪʘʡ ʯʫʣʫʫʣʛʫʫʜ, ʫʤʘʨʜ ʙʣʦʢʜ 790 - 919 ʩ.ʞ ʥʘʩʪʘʡ ʯʫʣʫʫʣʛʫʫʜ ʪʫʩ ʪʫʩ ʟʦʥʭʠʣʦʥ 

ʪʦʭʠʦʣʜʦʞ ʙʘʡʛʘʘʛ ʠʣʨװװʣʩʵʥ. ʄᴇʥ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʜʠʘʤʠʢʪʠʪ ʘʛʫʫʣʩʘʥ ʪʫʥʘʤʘʣ 

ʟʫʟʘʘʣʛʠʡʥ ʟᴇᴇʛʜʤᴇʣ ʮʠʨʢʦʥʳ ʩʫʜʘʣʛʘʘʛʘʘʨ 1900 ï 1400 ʩ.ʞ, 1300 ï 1150 ʩ.ʞ ʙʘ 700 

ï 580 ʩ.ʞ ʜʵʵʨ ʛʦʣ ʧʠʢ ʥʴ ʪᴇʚʣᴇʨᴇʭ ʛʫʨʚʘʥ װʥʜʩʵʥ ʙװʣʵʛ (ʧʦʧʫʣʷʮʠ) ʷʣʛʘʛʜʩʘʥ ʙᴇʛᴇᴇʜ 

ʤᴇʥ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ 2600 ʩ.ʞ, 1000 ʙʘ 850 ʩ.ʞ ʭʦʦʨʦʥʜ ʥʘʩ ʥʴ ʭʵʣʙʵʣʟʵʭ ʮʠʨʢʦʥʫʫʜ 

ʪʦʛʪʦʦʛʜʩʦʥ ʙʘʡʜʘʛ (He et al., 2015).   

 

ɹ. ʊЉɺ ʊʗʅʔʐɸʅ ɹʃʆʂ. ʊʫʩ ʙʣʦʢʠʡʥ ʩʫʫʨʠʡʛ ʐʠʥʰʠʘʥʰʠʘ (Xingxiangxia), 

ʂʘʚʘʙʫʣʘʢʝ (Kawabulake) ʙʘ ʊʠʘʥʭʫ (Tianhu) ʛʨװʧʧװװʜ ʙװʨʜװװʣʵʭ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨ ʥʴ 

ʤʠʛʤʘʪʠʪ, ʛʥʝʡʩ ʙʘ ʭʵʤʭʜʵʩʪ ʯʫʣʫʫʣʛʘʘʩ ʪʦʛʪʜʦʛ. ʍʵʚʣʵʛʜʩʵʥ ʤʘʪʝʨʠʘʣʘʘʩ װʟʵʭʵʜ 4 

ʥʘʩʥʳ ʯʫʣʫʫʣʛʫʫʜ ʪʦʛʪʦʦʛʜʩʦʥ ʙʘʡʜʘʛ. ʍʘʤʛʠʡʥ ʵʨʪʥʠʡ ʦʨʪʦʛʥʝʡʩ ʥʴ 2466 ± 51 ʩ.ʞ 

ʙᴇʛᴇᴇʜ 1812 ± 19 ʩ.ʞ ʦʨʯʠʤʜ ʤʝʪʘʤʦʨʬʠʟʤʜ ʘʚʪʩʘʥ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʞʵʵ (Wang et al., 

2014). ʄᴇʥ ʋʤʘʨʜ ʊʷʥʴʰʘʥʜ ʨʠʦʣʠʪ ʥʴ 1365 ± 6 ʩ.ʞ ʙʘ 1373 ± 5 ʩ.ʞ (Kröner et al. 

2013), ʨʠʬʪʠʡʥ ʛʘʨʘʣʪʘʡ ʭװʯʠʣʣʵʛ ʚʫʣʢʘʥʠʪ ʥʴ 1380 ± 20 ʩ.ʞ ʥʘʩʪʘʡ ʙʦʣʦʭʳʛ ʪʫʩ ʪʫʩ 

ʪʦʛʪʦʦʞʵʵ (Kiselev et al., 1993). ʊװװʥʯʣʵʥ 1101 - 1186 ʩ.ʞ ʥʘʩʪʘʡ ʤʝʪʘʢʦʤʧʣʝʢʩ 

ʋʤʘʨʜ ʊʷʥʴʰʘʥ ʂʠʨʛʠʟʠʡʥ ᴇʤʥᴇʜ ʭʵʩʵʛʪ ʪʦʛʪʦʦʛʜʩʦʥ ʙᴇʛᴇᴇʜ ʵʥʜ 2 ʰʘʪʥʳ ʤʘʘʛʤʳʥ 

ʠʜʵʚʭʞʠʣ ʪʦʛʪʦʦʛʜʩʦʥ. ʕʭʥʠʡ ʰʘʪʥʳ ʤʘʘʛʤʳʥ ʠʜʵʚʭʞʠʣ ʥʴ ~1100 ʙʘ ~1200 ʩ.ʞ 

ʦʨʯʠʤʜ ʷʚʘʛʜʘʞ ʜʘʨʘʘʛʠʡʥ ʰʘʪʥʳ ʤʘʛʤʘʪʠʟʤ 1150 ʙʘ 1050 ʩ.ʞ ʦʨʯʠʤʜ ʪװʨʩʵʥ 

ʙᴇʛᴇᴇʜ ʵʥʵ ʮʘʛ װʝʜ ʤʝʪʘʤʦʨʬʠʟʤ ʙʘ ʜʝʬʦʨʤʘʮʘʜ ʘʚʪʩʘʥ ʙʦʣʦʭʳʛ ʠʣʨװװʣʞʵʵ 

(Kröner et al., 2013). ʅʝʦʧʨʦʪʝʨʦʟʦʡʥ (969 - 722 ʩ.ʞ) ʥʘʩʥʳ ᴇʛᴇʛʜʣװװʜ ʛʦʣ ʪᴇʣᴇʚ 

ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʦʠʜ, ʙʠʤʦʜʘʣʴ ʠʥʪʨװʟʠʚ ʙװʨʜʣװװʜʠʡʥ ʙʦʣʦʥ ʨʠʦʣʠʪʠʡʥ ʪʫʬ ʟʵʨʵʛ 

ʯʫʣʫʫʣʛʫʫʜʘʜ ʪʦʛʪʦʦʛʜʩʦʥ ʙʘʡʥʘ (Degtyarev et al., 2015, 2017; Kovach et al., 2017; 

Gao et al., 2009; 2015; Huang et al., 2005; Kröner et al., 2013; Zhou et al., 2017).  

 

ɺ. ɾʋʅɻɸʈ ɹʃʆʂ. ʊʫʩ ʙʣʦʢ ʥʴ ɾʫʥʛʘʨ, ʊʶʨʧʘʥʳ ʩʘʚ ʛʘʟʘʨ ʙʦʣʦʥ ʋʤʘʨʜ ʊʷʥʴʰʘʥʳʛ 

ʭʘʤʨʘʭ ʙᴇʛᴇᴇʜ ʕʨʯʠʩ-ᴆʤʥᴇʜ ʄʦʥʛʦʣ-ʊʦʘʜʦʞʘʥ-ʐʠʥʣʠʥ ʙʘ ʋʤʘʨʜ ʊʷʥʴʰʘʥ-

ʉʫʣʠʥʭʵʵʨ-ʍʝʛʝʥʰʘʥ-ʍʝʡʭʝ ʩʫʪʫʨʠʡʥ ʙװʩװװʜʠʡʥ ʜʫʥʜ ʙʘʡʨʣʘʥʘ. ʉʫʫʨʴ ʙװʪʮʠʡʥ 

ʘʩʫʫʜʘʣ ʥʴ ʫʜʘʘʥ ʭʫʛʘʮʘʘʥʳ ʪʫʨʰ ʤʘʨʛʘʘʥʪʘʡ ʙʘʡʩʘʘʨ ʠʨʩʵʥ ʙᴇʛᴇᴇʜ װװʥʜ ʛʘʨʘʣ 

 ʩʣʠʡʥ ʭʦʸʨ ʟʘʛʚʘʨ ʜʵʚʰʠʛʜʩʵʥ ʙʘʡʜʘʛ. ʕʭʥʠʡ ʟʘʛʚʘʨʪ ɾʫʥʛʘʨ ʪʝʨʨʝʡʥʠʡʛװװ

ʢʝʤʙʨʠʡʥ ᴇʤʥᴇʭ ʵʭ ʛʘʟʨʳʥ ʮʘʨʮʜʘʩ (Zhang et al., 1984; Li et al., 2007) ʭʵʤʵʵʥ װʟʩʵʥ 

ʙʦʣ ʭʦʸʨʜʫʛʘʘʨ ʟʘʛʚʘʨʪ ʪװװʥʠʡʛ ʧʘʣʝʦʟʦʡʥ ʜʘʣʘʡʥ ʮʘʨʮʜʘʩ (Dobretsov et al., 2003; 

Windley et al., 2007; Zheng et al., 2007), ʵʩʚʵʣ ʜʘʣʘʡʥ ʘʨʣʘʥʥʫʤʳʥ ʙװʨʜʵʣ (Jahn et 

al., 2000, 2004), ɸʣʪʘʠʜʳʥ ʧʘʣʝʦʟʦʡʥ ʯʫʣʫʫʣʘʛ (Sengör et al., 1993; Xiao et al., 2004, 

2013) ʭʵʤʵʵʥ ʪʫʩ ʪʫʩ װʟʩʵʥ ʙʘʡʜʘʛ. ʀʡʥʭװװ ʩʫʜʣʘʘʯʜʳʥ װʟʵʣ ʙʘʨʠʤʪʣʘʣ ʦʣʦʥ ʷʥʟ 

ʙʘʡʛʘʘ ʥʴ ʪʫʩ ʙʣʦʢʠʡʥ ʩʫʫʨʴ ʯʫʣʫʫʣʘʛ ʛʘʟʨʳʥ ʛʘʜʘʨʛʫʫʜ ʠʣʨʵʵʛװʡ, ʧʘʣʝʦʟʦʡʛʦʦʩ 

ʢʘʡʥʦʟʦʡʥ ʥʘʩʪʘʡ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʘʘʨ ʭʫʯʠʛʜʩʘʥ ʙʘʡʜʘʛʪ ʦʨʰʠʥʦ. ʕʭ ʛʘʟʨʳʥ 

ʮʘʨʮʜʘʩ ʦʨʰʠʥ ʙʘʡʛʘʘ ʙʘʪʘʣʛʘʘ ʥʴ ʜʫʥʜ ʜʝʚʦʥʳ ʂʘʣʘʤʘʠʣʠ (Kalamaili) ʬʦʨʤʘʮʳʥ 
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ʟᴇᴇʛʜʤᴇʣ ʮʠʨʢʦʥʳ ʙװʨʵʣʜʵʭװװʥʜ 327 - 3073 ʩ.ʞ ʥʘʩʪʘʡ ʮʠʨʢʦʥʫʫʜ ʪʦʛʪʦʦʛʜʩʦʥʳ 

ʜʦʪʦʨ ʥʝʦʧʨʦʪʝʨʦʟʦʡ (1083 - 827 ʩ.ʞ), ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡ (1700 - 1512 ʩ.ʞ, 2051 - 1994 

ʩ.ʞ, 2490 - 2464 ʩ.ʞ) ʙʘ ʘʨʭʝʡʥ (3073 - 2876 ʩ.ʞ) ʥʘʩʪʘʡ ʙװʣʵʛ ʮʠʨʢʦʥʫʫʜ ʪʦʛʪʦʦʛʜʩʦʥ 

ʷʚʜʘʣ ʶʤ (Li et al., 2007). ʄᴇʥ ɾʫʥʛʘʨ ʙʣʦʢʠʡʥ ʟװװʥ ʭʵʩʛʠʡʥ ʧʘʣʝʦʟʦʡʥ ʛʨʘʫʚʘʢʢʠʡʥ 

ʟᴇᴇʛʜʤᴇʣ ʮʠʨʢʦʥʳ ʙװʨʵʣʜʵʭװװʥʜ ~500 ʩ.ʞ, 950 - 740 ʩ.ʞ, 2000 - 1700 ʩ.ʞ, ~ 2700 ʩ.ʞ 

ʥʘʩʪʘʡ ʮʠʨʢʦʥʫʫʜ ʪʦʛʪʦʦʛʜʞʵʵ (Long et al., 2012). ʄᴇʥ ʪװװʥʯʣʵʥ ʩװװʣʠʡʥ װʝʜ ʙʠʡ 

ʙʦʣʩʦʥ ᴇᴇʨ ʥʵʛʵʥ ᴇʛᴇʛʜᴇʣ ʙʦʣ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʘʞ ʤʝʪʘʤʦʨʬʞʩʦʥ 

ʦʨʜʦʚʠʢʠʡʥ ʚʫʣʢʘʥʦʛʝʥ ʟʫʟʘʘʣʛʠʡʛ ʪװʨʩʵʥ ʜʠʦʨʠʪʠʡʥ ʜʘʡʢ ʜʘʭʴ ʜʠʦʨʠʪ-ʛʥʝʡʩʠʡʥ 

ʢʩʝʥʦʣʠʪ ʥʴ 2522 Ñ 16 ʩ.ʞ ʙᴇʛᴇᴇʜ ʤʝʪʘʤʦʨʬʠʟʤʳʥ ʥʘʩ ʥʴ 1877 Ñ 10 ʩ.ʞ-ʵʵʨ 

ʪʦʛʪʦʦʛʜʩʥʦʦʩ ʛʘʜʥʘ ʤʘʛʥʝʪʠʪ ʘʛʫʫʣʩʘʥ ʢʚʘʨʮʠʪʠʡʥ ʢʩʝʥʦʣʠʪ ʥʴ 1916 ± 5 ʩ.ʞ ʥʘʩʪʘʡ 

ʵʚʵʨʭʫʫʨʤʘʛ-ʧʣʘʛʠʦʢʣʘʟʘʪ ʛʥʝʡʩʪʵʡ ʩʘʣʘʘʚʯʠʣʩʘʥ ʙʘʡʛʘʘ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥ ʷʚʜʘʣ ʶʤ 

(Xu et al., 2015b).  

ɾʫʥʛʘʨ ʙʣʦʢʠʡʥ ʧʘʣʝʦʟʦʡʥ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʠʡʥ 390 ʟᴇᴇʛʜʤᴇʣ ʮʠʨʢʦʥʳ ʥʘʩʥʳ 

ᴇʛᴇʛʜʣᴇᴇʨ 530 - 450 ʩ.ʞ (ʛʦʣ ʧʠʢ 480 ʩ.ʞ), 920-580 ʩ.ʞ (ʛʦʣ ʧʠʢ 647 ʩ.ʞ ʙʘ 835 ʩ.ʞ), 

1240 - 1000 ʩ.ʞ (ʛʦʣ ʧʠʢ 1105 ʩ.ʞ), 2150-1650 ʩ.ʞ (ʛʦʣ ʧʠʢ 1890 ʩ.ʞ), 2700 - 2310 ʩ.ʞ 

(ʛʦʣ ʧʠʢ 2510 ʩ.ʞ) ʭʦʦʨʦʥʜ ʥʘʩ ʥʴ ʭʵʣʙʵʣʟʵʭ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ 5 ʙװʣʵʛ ʪʦʛʪʦʦʛʜʩʦʥ. 

ɾʫʥʛʘʨ ʙʣʦʢʠʡʥ ᴇʤʥᴇʜ ʙʘ ʫʤʘʨʜ ʭʠʣ ʟʘʘʛʫʫʜ ʥʴ ʦʨʜʦʚʠʢʦʦʩ ᴇʤʥᴇ ʥʵʵʛʜʵʞ ʢʘʨʙʦʥ 

ʙʘ ʪװʨװװ ʧʝʨʤʠʡʥ ʮʘʛ װʝʜ ʭʘʘʛʜʩʘʥ (Gao et al., 2009; Xiao et al., 2009; Xu et al., 2013, 

2015b) ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥʜ װʥʜʵʩʣʵʥ ʩʫʜʣʘʘʯʠʜ ʪװʨװװ ʧʘʣʝʦʟʦʡʥ ʟᴇᴇʛʜʤᴇʣ 

ʮʠʨʢʦʥʫʫʜ ɾʫʥʛʘʨ ʙʣʦʢʠʡʥ ʵʭ װװʩʚʵʨʵʵʩ װװʩʩʵʥ ʙʘʡʭ ʙʦʣʦʤʞʪʦʡ ʪʫʣ ʪʫʩ ʙʣʦʢʠʡʥ 

ʵʨʪʥʠʡ ʩʫʫʨʴ ʯʫʣʫʫʣʘʛ ʥʴ ʧʘʣʝʦʟʦʡʛʦʦʩ ʢʘʡʥʦʟʦʡ ʭװʨʪʣʵʭ ʥʘʩʥʳ ʭʫʯʘʘʩ ʜʦʦʨ ʦʨʰʠʥ 

ʙʘʡʭ ʙʦʣʦʤʞʪʦʡ ʭʵʤʵʵʥ װʟʵʭ ʙʦʣʞʵʵ.     

¶ ʊɸʆɹ-ʀʁʅ ʊᴆɺ ʉɽɻʄɽʅʊ. ʊʫʩ ʩʝʛʤʝʥʪʵʜ ʊʫʚʘ-ʄʦʥʛʦʣ-ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʙʘ 

ɹʝʡʰʘʥ ʙʣʦʢʫʫʜ ʷʣʛʘʛʜʘʭ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨ ʥʴ ʉʠʙʠʨʠʡʥ ʢʨʘʪʦʥʳ ᴇʤʥᴇʜ ʭʵʩʵʛ 

ʙʘ ʋʤʘʨʜ ʍʷʪʘʜʳʥ ʢʨʘʪʦʥʳ ʙʘʨʫʫʥ ʭʦʡʜ ʭʵʩʛʠʡʥ ʭʦʦʨʦʥʜ ʙʘʡʨʣʘʞ ʋʤʘʨʜ 

ʊʷʥʴʰʘʥ-ʉʫʣʠʥʭʵʵʨ-ʍʝʛʝʥʰʘʥ-ʍʝʡʭʝ ʙʘ ʕʨʯʠʩ-ᴆʤʥᴇʜ ʄʦʥʛʦʣ-ʊʦʘʜʦʞʘʥ-

ʐʠʥʣʠʥ ʩʫʪʫʨʠʡʥ ʙװʩװװʜʵʵʨ ʟʘʘʛʣʘʛʜʜʘʛ (ɿʫʨʘʛ 1).  

 

ɸ. ɹɽʁʐɸʅ ɹʃʆʂ. ʋʤʘʨʜ ʍʷʪʘʜʳʥ ʢʨʘʪʦʥʳ ʙʘʨʫʫʥ ʭʦʡʜ ʭʵʩʵʛʪ ʷʣʛʘʛʜʜʘʛ ʵʥʵ ʙʣʦʢ 

ʥʴ ʜʦʪʨʦʦ ɹʝʡʰʘʥ ʙʘ ʐʠʥʰʠʘʥʰʠʘ (Xingxiangxia) ʙʣʦʢʫʫʜʘʜ ʭʫʚʘʘʛʜʜʘʛ ʙʘ ʤᴇʥ 

ʞʠʞʠʛ ʭʵʜʵʥ ʙʣʦʢʫʫʜ ʷʣʛʘʛʜʜʘʛ. ʊʫʩ ʙʣʦʢ ʥʴ ᴇʤʥᴇ ʙʘ ʭʦʡʜ ʪʘʣʘʘʨʘʘ ɹʝʡʰʘʥ ʙʘ 

ʉʫʣʠʥʭʵʵʨʠʡʥ ʩʫʪʫʨʠʡʥ ʙװʩʵʵʨ ʟʘʘʛʣʘʛʜʘʥʘ (Xiao et al., 2010, 2014). ɹʝʡʰʘʥ ʙʣʦʢʠʡʛ 

ʊᴇʚ ʊʷʥʴʰʘʥ ʙʣʦʢʠʡʥ ʟװװʥ ʭʵʩʵʛʪ ʭʘʤʘʘʨʫʫʣʞ ʠʨʩʵʥ ʙʦʣ ʩװװʣʠʡʥ װʝʠʡʥ 

ʩʫʜʘʣʛʘʘʛʘʘʨ ʊɸʆɹ-ʠʡʥ ʭʘʤʛʠʡʥ ᴇʤʥᴇʜ ʪʘʣʳʥ ʙʠʝ ʜʘʘʩʘʥ ʥʵʛʞ ʙʦʣʛʦʥ ʷʣʛʘʭ ʙʦʣʩʦʥ 

(Jian-Bo Zhou et al., 2017). ʊʫʩ ʙװʩʠʡʥ ʭʵʤʞʵʵʥʜ ʦʬʠʦʣʠʪ, ʘʢʢʨʝʮʠʡʥ ʢʦʤʧʣʝʢʩʘʘʩ 

ʛʘʜʥʘ ñɹʝʡʰʘʥ ʤʝʪʘʢʦʤʧʣʝʢʩò ʭʵʤʵʵʥ ʥʵʨʣʵʛʜʩʵʥ ʵʨʪʥʠʡ ʵʭ ʛʘʟʨʳʥ ʮʘʨʮʜʘʩʳʥ 

 ,.ʣʜʵʮ ʯʫʣʫʫʣʛʫʫʜʳʛ ʪʦʛʪʦʦʩʦʥ ʙʘʡʜʘʛ (Xiao et al, 2010; Fang et al., 2015; Liu et alװ

2015; Song et al., 2013a, b). ɹʝʡʰʘʥ ʤʝʪʘʢʦʤʧʣʝʢʩ ʥʴ ʘʤʬʠʙʦʣʠʪʠʡʥ ʬʘʘʮʳʥ 

ʤʝʪʘʤʦʨʬʠʟʤʜ ʘʚʪʩʘʥ ʛʨʘʥʠʪ-ʛʥʝʡʩ, ʤʠʛʤʘʪʠʪ, ʘʤʬʠʙʦʣʠʪ ʙʘ ʟʘʥʘʨʫʫʜʘʘʩ ʪʦʛʪʦʭ 

ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʥ ʧʨʦʪʦʣʠʪʠʡʛ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʜ װװʩʩʵʥ ʛʵʞ װʟʜʵʛ (Fang et al., 

2015; Liu et al., 2015; Song et al., 2013a, b). ɻʵʚʯ ʛʨʘʥʠʪ-ʛʥʝʡʩ ʙʘ ʤʠʛʤʘʪʠʪʠʡʥ UïPb-

ʥʳ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʧʨʦʪʦʣʠʪʠʡʥ ʥʘʩ ʥʴ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʪװʚʰʠʥʜ 

ʪʦʛʪʦʦʛʜʦʦʜ ʙʘʡʥʘ (Fang et al., 2015; Liu et al., 2015; Song et al., 2013a, b, Jian-Bo 

Zhou et al., 2017). ʄᴇʥ ʐʠʥʰʠʘʥʰʠʘ (Xingxingxia) ʛʨʘʥʠʪ-ʛʥʝʡʩʪ  1014 ± 15 ʩ.ʞ, 903 

Ñ 2 ʩ.ʞ, 934 Ñ 1 ʩ.ʞ, 923 Ñ 5 ʩ.ʞ, 930Ñ 4 ʩ.ʞ, ɾʫʙʘʦʛʫʘʥ (Gubaoquan) ʦʨʪʦʛʥʝʡʩʪ 871 
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± 5 ʩ.ʞ ʙʘ 905 ± 6 ʩ.ʞ-ʠʡʥ ʥʘʩ ʪʫʩ ʪʫʩ ʪʦʛʪʦʦʛʜʩʥʦʦʩ ʛʘʜʥʘ ʧʘʨʘʛʥʝʡʩʠʡʥ ʭʫʨʜʘʩ 

ʭʫʨʠʤʪʣʘʣʳʥ ʥʘʩʥʳ ʜʦʦʜ ʭʷʟʛʘʘʨ 871 Ñ 9 ʩ.ʞ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʞʵʵ (Liu et al., 2015; 

Gao et al., 2015; Huang et al., 2015).  

 

ɹ. ʊʋɺɸ-ʄʆʅɻʆʃ-ЉʄʅЉɼ ɻʆɺʀʁʅ ɹʃʆʂ. ʋʛ ʙʣʦʢ ʥʴ ʊɸʆɹ-ʠʡʥ ʪʦʤʦʦʭʦʥ 

ʙʣʦʢʠʡʥ ʥʵʛ ʙᴇʛᴇᴇʜ ʉʠʙʠʨʠʡʥ ʢʨʘʪʦʥ ʙʘ ʉʫʣʠʥʭʵʵʨʠʡʥ ʩʫʪʫʨʠʡʥ ʙװʩʠʡʥ ʜʫʥʜ 

ʙʘʡʨʣʘʥʘ (Kozakov et al., 2012, 2014, 2015; Kröner et al., 2005, 2011, 2015; Demoux 

et al., 2009a, b). ʕʥʵʭװװ ʥʠʡʣʤʵʣ ʙʣʦʢ ʥʴ ʭʦʡʜ ʪʘʣʜ ʊʫʚʘ-ʄʦʥʛʦʣʳʥ ʙʣʦʢ, ᴇʤʥᴇ ʪʘʣʜ 

ᴆʤʥᴇʜ ɻʦʚʴ-ʊʦʪʦʰʘʥ ʙʣʦʢ, ʪᴇʚ ʭʵʩʵʛʪ ɿʘʚʭʘʥ ʙʣʦʢʠʡʛ ᴇᴇʨʪᴇᴇ ʙʘʛʪʘʘʭ ʙᴇʛᴇᴇʜ ʤᴇʥ 

ʞʠʞʠʛ ʭʵʜ ʭʵʜʵʥ ʙʣʦʢʫʫʜ ʙʘʡʭ ʙʦʣʦʤʞʪʦʡ ʛʵʞ ʩʫʜʣʘʘʯʠʜ װʟʜʵʛ (Kuzmichev, 2005, 

2007, 2011; Levashova et al., 2010, 2011; Kröner et al., 2005, 2011, 2015; Demoux et 

al., 2009a, b). 

ʊʫʚʘ-ʄʦʥʛʦʣʳʥ ʙʣʦʢ. ɹʣʦʢʠʡʥ ʩʫʫʨʴ ʥʴ ɻʘʨʛʘʥ ʙʣʦʢʠʡʥ ʘʨʭʝʡʛʘʘʩ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡ ʪʘʣʩʪʘʪ ʯʫʣʫʫʣʘʛ ʙʘ ʪװװʥʠʡ ʵʭ ʛʘʟʨʳʥ ʠʜʵʚʭʪʵʡ ʟʘʭ 

(Kovach et al., 2005, 2011, Bold et al., 2019), ɼװʥʞʛʵʨ ʦʬʠʦʣʠʪ ʵʚʰʠʣ (Kuzmichev et 

al., 2005) ʙʘ ʧʨʦʪʝʨʦʟʦʡʥ ʢʘʨʙʦʥʘʪ ʙʘ ʪʝʨʨʠʛʝʥ-ʢʘʨʙʦʥʘʪ ʪʫʥʘʤʘʣ ʭʫʨʜʩʘʘʩ ʪʦʛʪʜʦʛ 

(Kuzmichev et al., 2007) ʙᴇʛᴇᴇʜ ʵʜʠʘʢʘʨʠ-ʜʦʦʜ ʢʝʤʙʨʠʡʥ ʭʫʯʘʘʩ ʙװʨʜʣʵʵʨ װʣ 

ʥʠʡʮʣʵʛʵʵʨ ʭʫʯʠʛʜʜʘʛ.  

ɿʘʚʭʘʥ ʙʣʦʢ. ʊʫʩ ʙʣʦʢ ʥʴ ʊʫʚʘ-ʄʦʥʛʦʣʳʥ ʙʣʦʢʠʡʥ ᴇʤʥᴇʜ ʭʵʩʵʛʪ ʦʨʰʠʭ ʙᴇʛᴇᴇʜ ʩʫʫʨʴ 

ʤʝʪʘʢʦʤʧʣʝʢʩ ʥʴ ʘʤʬʠʙʦʣʠʪ ʙʘ ʧʠʨʦʢʩʝʥ ʘʛʫʫʣʩʘʥ ʩʫʫʨʠʣʘʛ ʛʥʝʡʩʠʡʥ ʤʵʰʠʣ ʙװʭʠʡ 

ʤʠʛʤʘʪʠʪʞʩʘʥ ʪʦʥʘʣʠʪ ʛʥʝʡʩʵʵʩ ʛʦʣʣʦʥ ʪʦʛʪʜʦʛ. ʕʜʛʵʵʨ ʯʫʣʫʫʣʛʫʫʜ ʥʴ ʘʤʬʠʙʦʣʠʪ 

ʙʘ ʛʨʘʥʫʣʠʪʠʡʥ ʬʘʮʠʡʥ ʤʝʪʘʤʦʨʬʠʟʤʜ ʘʚʪʩʘʥ (Demoux et al., 2009a, b; Kozakov et 

al., 2007, 2011, 2014, 2015) ʙᴇʛᴇᴇʜ ʛʨʘʥʠʪʦʠʜ ʥʴ 2664 ± 15 ʩ.ʞ ʙʘ 1854 ± 5 ïʘʘʩ 1825 

± 5 ʩ.ʞ (Kovach et al., 2005; Kozakov et al., 2007, 2011, 2014) ʥʘʩʪʘʡ ʙʦʣʦʭʳʛ 

ʪʦʛʪʦʦʩʦʥ. U-Pb ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʙʘ Sm-Nd-ʠʡʥ ʠʟʦʪʦʧʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʛʵʵʨ 

ʤʝʪʘʤʦʨʬʠʟʤʳʥ ʮʘʛ ʭʫʛʘʮʘʘ ʥʴ 1300 - 860 ʩ.ʞ-ʵʵʨ ʪʦʛʪʦʦʛʜʞʵʵ (Kozakov et al., 2012, 

2014). ʊʫʩ ʙʣʦʢʠʡʥ ɿʘʚʭʘʥ ʬʦʨʤʘʮʳʥ ʨʠʦʣʠʪʠʡʥ ʥʘʩʳʛ U-Pb ʘʨʛʘʘʨ 803 ± 8 ʙʘ 773 

± 4 ʩ.ʞ (Levashova et al., 2011; Zhao et al., 2006), ʪʫʩ ʬʦʨʤʘʮʳʥ ʜʦʦʜ ʙʘ ʜʵʵʜ ʪʘʣʜ 

ʙʘʡʨʣʘʭ ʨʠʦʣʠʪʠʡʥ ʥʘʩʳʛ 802.11 Ñ 0.45 ʙʘ 799.9 Ñ 1.1 ʩ.ʞ (Bold et al., 2016a) ʙʦʣʦʭʳʛ 

ʪʫʩ ʪʫʩ ʪʦʛʪʦʦʞʵʵ. ʄᴇʥ ɿʘʚʭʘʥ ʬʦʨʤʘʮʳʥ ʜʦʦʜ ʭʵʩʛʠʡʥ ʵʣʩʵʥ ʯʫʣʫʫʥʳ ʮʠʨʢʦʥʫʫʜʳʥ 

ʭʘʤʛʠʡʥ ʟʘʣʫʫ ʛʦʣ ʧʠʢ ʥʴ 800 ʩ.ʞ ʜʵʵʨ ʪᴇʚʣᴇʨʯ ʙʘʡʩʥʘʘʩ ʛʘʜʥʘ ʢʦʥʛʣʦʤʝʨʘʪʳʥ 

ʢʚʘʨʮʠʪʠʡʥ ʥʘʡʨʣʘʛʘʪʘʡ ʭʘʡʨʛʘʥʳ ʙװʨʵʣʜʵʭװװʥʜ 2000, 2350, 2450, ʙʘ 2550 ʩ.ʞ 

ʥʘʩʪʘʡ ʮʠʨʢʦʥʫʫʜ ʛʦʣʣʦʭ ʧʠʢװװʜʠʡʛ װװʩʛʵʜʵʛ ʙʘʡʥʘ (Bold et al., 2016a). ʊװװʥʯʣʵʥ 

Kozakov et al (2017) ʩʫʜʘʣʛʘʘʛʘʘʨ ʪʫʩ ʬʦʨʤʘʮʳʥ ʪʝʨʨʠʛʝʥ ʭʫʨʜʩʳʛ ʪװʨʩʵʥ 

ʪʨʦʥʜʴʝʤʠʪʠʡʥ ʪʘʣʩʞʠʣʪʳʥ ʥʘʩ 862 Ñ 3 ʩ.ʞ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʩʦʥ ʙʘʡʜʘʛ. 

ᴆʤʥᴇʜ ʛʦʚʴ-ʊʦʪʦʰʘʥʳ ʙʣʦʢ. ʊʫʩ ʙʣʦʢ ʥʴ ʄʦʥʛʦʣ ʍʷʪʘʜʳʥ ʭʠʣʠʡʥ ʜʘʛʫʫ ʙʘʡʨʣʘʭ 

ʙᴇʛᴇᴇʜ ʩʫʫʨʴ ʙװʨʜʵʣʜ ʥʴ ʛʥʝʡʩ, ʢʚʘʨʮʠʪ, ʛʷʣʪʛʘʥʫʫʨʪ-ʢʚʘʨʮʘʪ ʟʘʥʘʨʫʫʜ ʙʘ ʰʦʭʦʡʥ 

ʯʫʣʫʫ ʪʦʛʪʦʦʛʜʜʦʛ. ᴆʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʫʫʜʘʘʩ ʘʚʯ װʟʚʵʣ ʊʦʪʦʰʘʥ ʙʣʦʢʠʡʥ ʛʥʝʡʩʞʩʵʥ 

ʛʨʘʥʠʪ 952 ± 8 ʩ.ʞ (Yarmolyuk et al., 2005) ʙʘʡʛʘʘ ʥʴ ʍʷʪʘʜʳʥ ʥʫʪʘʛ ʜʘʭʴ ᴆʤʥᴇʜ 

ɻʦʚʠʡʥ ʙʣʦʢʠʡʥ ʗʛʘʘʥ (Yagan) ʦʨʯʤʳʥ ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʳʥ ʪʘʣʩʞʠʣʪʳʥ ʥʘʩʪʘʡ (905 

±6 ʩ.ʞ ʙʘ 916 ±16 ʩ.ʞ) ʦʡʨʦʣʮʦʦ ʙʘʡʥʘ (Wang et al., 2001; Zhou et al., 2013).  
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1.2. ʄʆʅɻʆʃ ʆʈʅʓ ᴆʄʅᴆɼ ʍʕʉʕɻʊ ʗʃɻɸɻɼɼɸɻ ʕʈʊʅʀʁ ʄɸʉʉʀɺʋʋɼ 

 

ɼʵʵʨ ʜʫʨʜʩʘʥʘʘʩ ʘʚʯ װʟʵʭʵʜ ʩװװʣʠʡʥ ʞʠʣװװʜʵʜ ʊɸʆɹ-ʠʡʥ ʩʫʫʨʴ ʙװʪʮʵʜ 

ʭʘʤʘʘʨʘʛʜʘʭ ʵʨʪʥʠʡ ʵʭ ʛʘʟʨʳʥ ʮʘʨʮʜʘʩʫʫʜʳʥ װʣʜʵʮ ʙʦʣʦʭ ʙʠʯʠʣʪʠʚ, ʵʨʪʥʠʡ ʤʘʩʩʠʚ 

ʙʦʣʦʥ ʙʣʦʢ ʭʵʤʵʵʥ ʷʥʟ ʙװʨʵʵʨ ʥʵʨʣʵʛʜʵʞ ʠʨʩʵʥ ʩʪʨʫʢʪʫʨʫʫʜʥr װʥʵʤʣʵʭװʡ ʥʘʩʥʳ 

ʠʭʵʵʭʵʥ ʭʵʤʞʵʵʥʠʡ ᴇʛᴇʛʜʣװװʜ ʙʠʡ ʙʦʣʩʦʥ ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. ʐʋɸ-ʠʡʥ ɻʝʦʣʦʛʠʡʥ 

ʭװʨʵʵʣʵʥʜ 2018 ʦʥʦʦʩ ʵʭʣʵʥ ʭʵʨʵʛʞʠʞ ʠʨʩʵʥ ñʍʘʪʘʥʙʫʣʘʛ ʙʘ ᴆʤʥᴇʜ ʛʦʚʠʡʥ ʵʨʪʥʠʡ 

ʤʘʩʩʠʚʫʫʜʳʥ ʩʫʫʨʴ ʙʦʣʦʥ ʭʫʯʘʘʩ ʙװʨʜʣװװʜ: ɻʝʦʣʦʛʠʡʥ ʭᴇʛʞʠʣ, ʭװʜʵʨʞʠʣʪò ʩʫʫʨʴ 

ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩᴇʣ  ʥʴ ᴇʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʛ ʭʘʤʘʨʯ ʙʘʡʛʘʘ ʪʫʣ ʪʫʩ ʙװʩ 

ʥʫʪʛʠʡʥ ʭʵʤʞʵʵʥʜ ʵʨʪʥʠʡ ʙװʪʮװװʜʠʡʥ ʪʝʢʪʦʥʠʢ ʘʥʛʠʣʘʣ ʭʵʨʭʵʥ ʭʠʡʛʜʵʞ ʠʨʩʵʥ 

ʪʘʣʘʘʨ ʪʦʚʯ ʘʚʯ װʟʴʝ.    

ʄʦʥʛʦʣ ʦʨʥʳ ʛʝʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʵʭʵʥ װʝ ʙʦʣʦʭ ɿᴇʚʣᴇʣʪ-ʄʦʥʛʦʣʳʥ 

ʭʘʤʪʘʨʩʘʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʄʦʥʛʦʣ ʦʨʥʳ  ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʥ ʩʫʫʨʴ ʩʪʨʫʢʪʫʨʠʡʛ ʵʭ ʛʘʟʨʳʥ 

ʮʘʨʮʜʘʩ ʙװʨʵʣʜʵʥ ʪʦʛʪʩʦʥ ʮʘʛ ʭʫʛʘʮʘʘ, ʛʝʦʣʦʛʠʡʥ ʭᴇʛʞʣʠʡʥ ʪװװʭ, ʩʪʨʫʢʪʫʨʠʡʥ ʭʵʚ 

ʰʠʥʞʵʵʨʵʵ ʵʨʩ ʷʣʛʘʘʪʘʡ ʋʤʘʨʜ (ʂʘʣʝʜʦʥʠʡʥ) ʙʘ ᴆʤʥᴇʜ (ɻʝʨʮʠʥʠʡʥ) ʙʣʦʢʦʜ 

(ʤʝʛʘʙʣʦʢ) ʪʫʩ ʪʫʩ ʘʥʛʠʣʩʘʥ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʛ ʜʦʪʦʨ ʥʴ ʪʝʢʪʦʥʠʢʠʡʥ ʞʠʞʠʛ ʙװʩװװʜʵʜ 

ʷʣʛʘʩʘʥ ʙʘʡʜʘʛ (ɸʤʘʥʪʦʚ, 1961; ʍʘʩʠʥ ʠ ʜʨ., 1966; ʊʝʢʪʦʥʠʢʘ ʄʅʈ, 1973; ʄʅʈ 1974). 

ʄʦʥʛʦʣʳʥ ɻʦʣʯ ʊʝʢʪʦʥʠʢ ʐʫʛʘʤʳʥ ᴇʤʥװװʨ ʦʨʰʠʭ ᴆʤʥᴇʜ ʙʣʦʢʦʜ ᴇʨʛᴇʨʛʠʡʥ 

ʜʘʛʫʫ ʩʫʥʘʩʘʥ ʰʫʛʘʤʘʥ ʙʫʶʫ ʙʘʛʘ ʟʵʨʵʛ ᴇʤʥᴇ ʟװʛ ʥʫʤʘʨʩʘʥ ʩʪʨʫʢʪʫʨʳʥ ʭʵʚ ʰʠʥʞʪʵʡ, 

ʛʝʨʮʠʥʠʡʥ (ʜʫʥʜ-ʭʦʞʫʫ ʧʘʣʝʦʟʦʡʥ) ʦʨʦʛʝʥʝʟʠʡʥ ʷʚʮʘʜ װװʩʩʵʥ ʘʪʨʠʘʪ ʪʦʛʪʦʣʮʦʦʛ 

ʭʘʤʨʫʫʣʜʘʛ. ᴆʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʙʣʦʢʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʜʫʥʜ ʧʘʣʝʦʟʦʡʥ 

ʛʝʦʩʠʥʢʣʠʥʘʣʴ תʝʥʯ-ɹʘʷʥʣʵʛ-ʉװʭʙʘʘʪʘʨʳʥ ʙʘ ɻʦʚʠʡʥ-ʊʵʥʛʵʨ ʫʫʣ-ʅװʭʵʪ ʜʘʚʘʘʥʳ 

ʛʘʜʘʘʜ ʙװʩװװʜ, ʪʵʜʛʵʵʨʠʡʥ ʭʦʦʨʦʥʜ ʙʘʡʨʰʠʭ ᴇʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʜʦʪʦʦʜ ʙװʩ ʙʘ ʄʦʥʛʦʣ 

ʦʨʥʳ ʟװװʥ ᴇʤʥᴇʜ ʪᴇʛʩʛᴇʣʜ, ʄʦʥʛʦʣ-ʍʷʪʘʜʳʥ ʭʠʣʠʡʥ ʜʘʛʫʫʭ ʟʫʨʚʘʩ ʛʘʟʨʳʛ ʭʘʤʘʨʩʘʥ 

ʉʫʣʠʥʭʵʵʨ ʙʘ ɼʘʣʘʥʫʫʣ-ʃʫʛʠʡʥ ʛʦʣʳʥ ʭʦʞʫʫ ʧʘʣʝʦʟʦʡʥ ʵʚʛʝʩʠʥʢʣʠʥʘʣʴ 

ʩʪʨʫʢʪʫʨʠʡʥ ʙװʩװװʜ ʙʦʣʦʥ ʫʨʴʜʢʝʤʙʨʠʡʥ ᴇʨʛᴇʛʜʣװװʜ ʙʘ ʟʘʨʠʤ ʦʨʦʛʝʥ ʭʦʪʛʦʨʫʫʜʳʛ 

ʪʫʩ ʪʫʩ ʷʣʛʘʩʘʥ ʙʘʡʜʘʛ (ɿʫʨʘʛ 2, ʊʝʢʪʦʥʠʢʘ ʄʅʈ, 1974). 

 

 

ɿʫʨʘʛ 2. ЉʤʥЊʜ ʄʦʥʛʦʣʳʥ ʪʝʢʪʦʥʠʢ ʤʫʞʣʘʣ (ʊʝʢʪʦʥʠʢʘ ʄʅʈ, 1974) 

 

ʕʜʛʵʵʨʠʡʥ ʜʦʪʨʦʦʩ ʋʣʘʘʥ ʫʫʣʳʥ ʙʘ ʊʦʪʦʰʘʥʳ ʙװʩװװʜʠʡʥ (ʋʣʘʘʥ ʫʫʣʳʥ 

ᴇʨʛᴇʛʜᴇʣ ʙʘ ʊʦʪʦʰʘʥʳ ʥʫʨʫʫ) ʭʵʤʞʵʵʥʜ ʫʨʴʜʢʝʤʙʨʠʡʥ ʭʫʨʜʘʩ ʷʣʛʘʛʜʜʘʛ ʙᴇʛᴇᴇʜ 

ʪʵʜʛʵʵʨʠʡʥ ʛʘʨʘʣ װװʩʣʠʡʛ ʛʝʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʵʭʵʥ װʝʜ ʵʨʪʥʠʡ ʙʠʯʠʣʪʠʚʠʡʥ 

 ʨʜʵʣ ʜʵʵʨʭ ʘʣʣʦʭʪʦʥ ʩʪʨʫʢʪʫʨװʣʜʵʮ, ʵʩʚʵʣ ᴇʤʥᴇʜ ʙʣʦʢʠʡʥ  ʵʚʛʝʩʠʥʢʣʠʥʘʣʴ ʙװ

ʭʵʤʵʵʥ ʷʥʟ ʙװʨʵʵʨ װʟʵʞ ʠʨʞʵʵ (ʊʝʢʪʦʥʠʢʘ ʄʅʈ, 1974). ʕʜʛʵʵʨ ʭʫʨʜʩʳʥ 
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ʙװʨʵʣʜʵʭװװʥʜ ʠʭʵʵʭʵʥ ʟʫʟʘʘʥʪʘʡ, ʟʘʨʠʤ ʭʵʩʵʛʪʵʵ ʤʝʪʘʤʦʨʬʠʟʤʜ ʵʨʯʠʤʪʵʡ ʘʚʪʩʘʥ 

ʪʝʨʨʠʛʝʥ-ʚʫʣʢʘʥʦʛʝʥ ʙʘ ʢʘʨʙʦʥʘʪ ʟʫʟʘʘʣʛʠʡʛ ʭʘʤʨʫʫʣʞ ʥʘʩʳʛ ʥʴ ʜʵʵʜ ʢʘʨʙʦʥʘʪ 

ʟʫʟʘʘʣʛʘʘʩ ʠʣʨװװʣʩʵʥ ʜʵʵʜ ʧʨʦʪʝʨʦʟʦʡʥ ʦʥʢʦʣʠʪ ʙʘ ʩʪʨʦʤʘʪʦʣʠʪʳʥ װʣʜʚʵʨʪ 

  .ʚʰʠʥʜ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʛװʥʜʵʩʣʵʥ ʜʦʦʜ ʧʨʦʪʝʨʦʟʦʡʛʦʦʩ ʜʵʵʜ ʧʨʦʪʝʨʦʟʦʡʥ ʪװ

ʍʦʞʠʤ ʥʴ 1990-ʵʵʜ ʦʥʦʦʩ ʵʭʣʵʥ ʜʵʣʭʠʡʥ ʛʝʦʣʦʛʠ ʩʫʜʣʘʣʜ ʧʣʠʪ ʪʝʢʪʦʥʠʢʠʡʥ 

ʦʥʦʣ ʥʵʚʪʵʨʩʵʥʪʵʡ ʭʦʣʙʦʦʪʦʡʛʦʦʨ ʄʦʥʛʦʣ ʦʨʥʳ ʩʫʫʨʴ ʙװʪʮװװʜʠʡʥ ʘʥʛʠʣʘʣʜ 

ʪʝʨʨʝʡʥʠʡ ʢʦʣʣʘʞʠʡʥ װʟʵʣ ʙʘʨʠʤʪʣʘʣʜ ʪʫʣʛʫʫʨʣʘʩʘʥ ʘʥʛʠʣʘʣʫʫʜ ʙʠʡ ʙʦʣʞʵʵ 

(ʊᴇʤᴇʨʪʦʛʦʦ, 1997, 2002; 2014; Badarch et al., 2002). ʊʝʨʨʝʡʥʠʡ ʢʦʣʣʘʞʠʡʥ װʟʵʣ 

ʙʘʨʠʤʪʣʘʣ, ʪʝʨʨʝʡʥʠʡ ʟʘʜʣʘʣʳʥ ʘʨʛʘʯʣʘʣʜ ʜʫʨʜʩʘʥʘʘʨ ʙװʭ ʪʘʣʘʘʨʘʘ ʪʝʢʪʦʥʠʢ 

ʭʘʛʘʨʣʘʘʨ ʟʘʘʛʣʘʛʜʘʭ, ʨʝʛʠʦʥʘʣ ʭʵʤʞʵʵʪʵʡ, ʛʝʦʣʦʛʠʡʥ ʭᴇʛʞʣʠʡʥ ʪװװʭʵʵʨʵʵ 

ʟʵʨʛʵʣʜʵʵʭ ʪʝʢʪʦʥʠʢ ʙװʩװװʜʵʵʩ ʷʣʛʘʘʪʘʡ ʛʝʦʣʦʛʠʡʥ ʩʨʪװʢʪװʨʠʡʛ ʪʝʨʨʝʡʥ ʭʵʤʵʵʥ 

ʪʦʜʦʨʭʦʡʣʜʦʛ (Coney et al., 1980; Jones et al., 1983) ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʛ 

ʛʝʦʜʠʥʘʤʠʢʠʡʥ ʛʘʨʘʣ װװʩʣʵʵʨ ʥʴ ʢʨʘʪʦʥʳ, ʘʨʣʘʥʥʫʤʳʥ, ʜʘʣʘʡʥ, ʘʢʢʨʝʮʠʡʥ 

ʰʘʘʥʪʛʠʡʥ, ʵʭ ʛʘʟʨʳʥ ʠʜʵʚʭʠʪ ʙʘ ʠʜʵʚʭʛװʡ ʟʘʭʳʥ ʟʵʨʵʛ ʪʝʨʨʝʡʥʜ ʘʥʛʠʣʘʥ ʷʣʛʘʩʘʥ 

ʙʘʡʥʘ. ʄᴇʥ ʝʨʜʠʡʥ ʪʝʨʨʝʡʥʵʵʩ ʛʘʜʥʘ ʩװʧʝʨʪʝʨʨʝʡʥ, ʥʠʡʣʤʵʣ ʪʝʨʨʝʡʥ, 

ʪʝʨʨʝʡʥװװʜʠʡʛ ʙװʨʜװװʣʵʛʯ, ʭʫʯʠʛʯ ʙʘ ʟװʡʛʯ ʙװʨʜʣװװʜʠʡʛ ʷʣʛʘʞ ᴇʛʩᴇʥ (Parfenov et al., 

1998).  

ɼʵʵʨʭ ʪʝʨʨʝʡʥʠʡ ʘʥʛʠʣʣʳʥ װʥʜʩʵʥ ʦʥʦʣ ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʥ ʙʦʣʦʚʩʨʫʫʣʩʘʥ 

1:1000000 ʤʘʰʩʪʘʙʳʥ ʄʦʥʛʦʣ ʦʨʥʳ ʪʝʢʪʦʥʠʢʠʡʥ ʟʫʨʛʠʡʥ ʩʫʫʨʴ ʤʫʞʣʘʣʳʥ ʜʘʛʫʫ 

ᴆʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʙʣʦʢʠʡʥ ʭʵʤʞʵʵʥʜ 3 ʩװʧʝʨʪʝʨʨʝʡʥʜ ʭʘʤʘʘʨʘʛʜʘʭ 16 ʪʝʨʨʝʡʥʠʡʛ 

ʪʫʩ ʪʫʩ ʷʣʛʘʩʘʥ ʙʘʡʜʛʘʘʩ ᴇʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʥʫʪʘʛʪ ʛʫʨʚʘʥ ʩװʧʝʨʪʝʨʨʝʡʥʠʡ 5 

ʪʝʨʨʝʡʥʠʡ ʭʵʤʞʵʵʥʜ ʫʨʴʜʢʝʤʙʨʠʡʥ ʩʫʫʨʴ ʙװʨʜʣװװʜ ʷʣʛʘʛʜʩʘʥ ʙʘʡʜʘʛ (ɿʫʨʘʛ 3, 

ʊᴇʤᴇʨʪʦʛʦʦ, 2002).  

 

ɿʫʨʘʛ 3. ЉʤʥЊʜ ʄʦʥʛʦʣʳʥ ʪʝʢʪʦʥʠʢ ʤʫʞʣʘʣ (ʊЊʤЊʨʪʦʛʦʦ, 2002) 

 

 ʧʝʨʪʪʝʨʨʝʡʥʠʡ ʕʨʵʵʥʜʘʚʘʘʥʳ ʵʭ ʛʘʟʨʳʥ ʠʜʵʚʭʠʪ ʭʘʷʘʥʳװʥʜ: ʍʵʨʣʵʥʛʠʡʥ ʩװת

ʙʘ ʀʜʵʨʤʵʛʠʡʥ ʵʭ ʛʘʟʨʳʥ ʠʜʵʚʭʛװʡ ʭʘʷʘʥʳ ʪʝʨʨʝʡʥװװʜ, ʋʤʘʨʜ ʛʦʚʠʡʥ 

ʩʫʧʝʨʪʝʨʨʝʡʥʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʙʘʛʪʘʭ ʎʵʵʣʠʡʥ ʵʭ ʛʘʟʨʳʥ ʠʜʵʚʭʠʪ ʭʘʷʘʥʳ ʪʝʨʨʝʡʥ, 

ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʩʫʧʝʨʪʝʨʨʝʡʥʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʙʘʛʪʘʭ ɹʘʨʫʫʥʮʦʭʠʦʪʳʥ ʵʭ ʛʘʟʨʳʥ 
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ʠʜʵʚʭʛװʡ ʭʘʷʘʥʳ ʪʝʨʨʝʡʥ ʙʘ ʍʫʪʘʛʫʫʣʳʥ ʵʭ ʛʘʟʨʳʥ ʠʜʵʚʭʛװʡ ʭʘʷʘʥʳ ʪʝʨʨʝʡʥ ʟʵʨʵʛ 

ʙʦʣʥʦ.  

ʄᴇʥ ʜʵʵʨ ʜʫʨʜʩʘʥ ʊᴇʤᴇʨʪʦʛʦʦ (2002)-ʠʡʥ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʄʦʥʛʦʣ ʦʨʥʳ 

ʪʝʢʪʦʥʠʢ ʤʫʞʣʘʣʳʥ ʘʥʛʠʣʘʣʪʘʡ ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʭʫʚʴʜ ʦʡʨʦʣʮʦʦ ʙʦʣʦʚʩʨʫʫʣʘʛʜʘʥ 

ʥʠʡʪʠʡʥ ʭװʨʪʵʵʣ ʙʦʣʩʦʥ ᴇᴇʨ ʥʵʛʵʥ ʘʥʛʠʣʘʣ ʙʦʣ ʄʦʥʛʦʣ ʦʨʥʳ ʪʝʨʨʝʡʥʠʡ ʘʥʛʠʣʘʣ ʶʤ 

(Badarch et al., 2002). ɹʘʜʘʨʯ ʥʘʨ (2002) ʵʥʵʭװװ ʰʠʥʵʵʨ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʘʥʛʠʣʘʣʜʘʘ 

ᴆʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʭʵʤʞʵʵʥʜ ʵʨʪʥʠʡ ʪʘʣʩʪ ʙװʨʜʣװװʜʠʡʛ ʘʛʫʫʣʩʘʥ ʎʘʛʘʘʥ ʫʫʣʳʥ ʙʘ 

ʍʫʪʘʛ ʫʫʣʳʥ ʢʨʘʪʦʥʳ ʪʝʨʨʝʡʥװװʜʠʡʛ ʷʣʛʘʩʘʥ ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ ʭʘʨʠʥ ʊᴇʤᴇʨʪʦʛʦʦ 

(2002)-ʠʡʥ ʘʥʛʠʣʘʣʜ ᴆʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʙʘʛʪʘʘʩʘʥ ʕʨʵʵʥʜʘʚʘʘʥʳ 

ʪʝʨʨʝʡʥʠʡʛ ʢʨʘʪʦʥʳ ʙװʪʮʵʜ ʘʥʛʠʣʩʘʥ ʙʦʣʦʚʯ ʋʤʘʨʜ ʄʦʥʛʦʣʳʥ ʦʨʦʛʝʥ ʤʫʞʠʡʥ 

ʭʵʤʞʵʵʥʜ ʘʚʯ װʟʞʵʵ (ɿʫʨʘʛ 4). ʍʫʪʘʛ ʫʫʣʳʥ ʢʨʘʪʦʥʳ ʪʝʨʨʝʡʥ ʥʴ ʙʘʡʨʰʣʳʥ ʭʫʚʴʜ 

ʊᴇʤᴇʨʪʦʛʦʦ (2002)-ʠʡʥ ʘʥʛʠʣʘʣʘʘʩ ʷʣʛʘʘʪʘʡ ʙᴇʛᴇᴇʜ ʟᴇʚʭᴇʥ ʋʣʘʘʥ ʫʫʣ ʙʘ ʊʦʪʦʰʘʥʳ 

ʫʫʣʩʳʥ ʭʵʤʞʵʵʥʜ ʘʚʯ װʟʩʵʥ ʙʘʡʜʘʛ.  ɹʘʜʘʨʯ ʥʘʨ (2002) ʪʫʩ ʜװװʨʵʛʪ ʪʘʨʭʘʣʪʪʘʡ 

ʫʨʴʜʢʝʤʙʨʠʡʥ ʛʥʝʡʩ, ʟʘʥʘʨ, ʤʠʛʤʘʪʠʪ, ʛʘʥʪʠʛ, ʢʚʘʨʮʠʪ, ʩʪʨʦʤʘʪʦʣʠʪ ʘʛʫʫʣʩʘʥ 

ʰʦʭʦʡʥ ʯʫʣʫʫ, ʤʝʪʘʵʣʩʵʥ ʯʫʣʫʫ ʙװʭʠʡ ʤʝʪʘʢʦʤʧʣʝʢʩʳʛ ʭʠʣ ʟʘʣʛʘʘ ᴆʚᴇʨ ʄʦʥʛʦʣʳʥ 

ʥʫʪʘʛʪ 1025 Ñ 41 ʩ.ʞ-ʠʡʥ Sm-Nd ʠʟʦʭʨʦʥ ʥʘʩʪʘʡ (Xu et al., 1996) ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥ 

ʐʠʣʠʡʥʛʦʣ ʤʝʪʘʢʦʤʧʣʝʢʩʪʦʡ ʜװʡʮװװʣʵʥ ʘʚʯ װʟʩʵʥ. ʎʘʛʘʘʥ ʫʫʣʳʥ ʢʨʘʪʦʥʳ ʪʝʨʨʝʡʥ 

ʥʴ ʙʘʡʨʰʣʳʥ ʭʫʚʴʜ ʊᴇʤᴇʨʪʦʛʦʦ (2002)-ʠʡʥ ɹʘʨʫʫʥʮʦʭʠʦʪʳʥ ʪʝʨʨʝʡʥʪʵʡ ʜװʡʮʵʭ 

ʙᴇʛᴇᴇʜ ʩʫʫʨʴ ʙװʪʵʮ ʥʴ ʘʤʴʪʥʳ װʣʜʚʵʨʵʵʨ ʙʘʷʣʘʛ ʩʠʣʫʨʠʡʥ ʪʫʥʘʤʘʣ ʙʦʣʦʥ ʜʝʚʦʥʳ 

ʚʫʣʢʘʥʦʛʝʥ-ʪʫʥʘʤʘʣ ʬʦʨʤʘʮʫʫʜʘʘʨ װʣ ʥʠʡʮʣʵʛʵʵʨ ʭʫʯʠʛʜʜʘʛ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ 

ʛʨʘʥʠʪ-ʛʥʝʡʩ, ʢʚʘʨʮʠʪ, ʛʘʥʪʠʛ, ʩʪʨʦʤʘʪʦʣʠʪ ʘʛʫʫʣʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫ ʟʵʨʛʵʵʩ ʪʦʛʪʦʥʦ. 

ɹʘʜʘʨʯ ʥʘʨ (2002) ʍʫʪʘʛ ʫʫʣ ʙʘ ʎʘʛʘʘʥ ʫʫʣʳʥ ʪʝʨʨʝʡʥװװʜʠʡʛ ʫʨʴʜʢʝʤʙʨʠʡʥ ʩʫʫʨʴ 

ʙװʨʜʵʣ ʘʛʫʫʣʩʘʥ, ʤᴇʥ ʩʠʣʫʨ-ʜʝʚʦʥʳ ʟװʩʵʣʪʵʥʜʵʵ ʉʠʙʠʨʵʵʩ ʛʘʨʘʣʪʘʡ Tuvealla 

ʙʨʘʭʠʦʧʦʜ ʘʛʫʫʣʜʘʛʛװʡ ʟʵʨʛʵʵʨʵʵ ʙʫʩʘʜ ʢʨʘʪʦʥʳ ʪʝʨʨʝʡʥװװʜʵʵʩ ʷʣʛʘʛʜʘʭ ʙᴇʛᴇᴇʜ 

ʵʨʪʥʠʡ ʛʘʟʘʨʟװʡʥ ʭʫʚʴʜ ʭʦʦʨʦʥʜʦʦ ʷʣʛʘʘʪʘʡ ʭʵʤʵʵʥ װʟʩʵʥ ʙʘʡʜʘʛ.  

 

 

ɿʫʨʘʛ 4. ЉʤʥЊʜ ʄʦʥʛʦʣʳʥ ʪʝʢʪʦʥʠʢ ʤʫʞʣʘʣ (Badarch et al., 2002) 
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ʀʡʥʭ2000 װװ-ʘʘʜ ʦʥʳ װʝʵʩ ʵʭʣʵʥ ᴆʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʭʵʤʞʵʵʥʜ ʪʘʨʭʘʣʪʪʘʡ 

ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʫʫʜʘʘʩ ʪʦʛʪʦʭ ʫʨʴʜʢʝʤʙʨʠʡʥ ʤʝʪʘʢʦʤʧʣʝʢʩʫʫʜ ʥʴ ʭʦʦʨʦʥʜʦʦ 

ʛʘʟʘʨʟװʡʥ ʙʘʡʨʰʠʣ ʙʦʣʦʥ ʥʵʨʰʣʵʵʨʵʵ ʷʣʛʘʘʪʘʡ ʪʝʨʨʝʡʥװװʜʵʜ ʪʫʩ ʪʫʩ ʘʥʛʠʣʘʛʜʘʞ 

ʠʨʩʵʥ ʥʴ ʥʵʛ ʪʘʣʘʘʩ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʩʫʫʨʴ ʙʘ ʭʫʯʘʘʩ ʙװʨʜʣװװʜʠʡʥ ʩʫʜʘʣʛʘʘʥʜ 

ᴇʥᴇᴇ װʝʜ ʦʣʦʥ ʫʣʩʳʥ ʪװʚʰʠʥʜ ᴇʨʛᴇʥᴇᴇʨ ʭʵʨʵʛʣʵʛʜʵʭ ʙʦʣʩʦʥ ʛʝʦʭʨʦʥʦʣʦʛʠ, ʛʝʦʭʠʤʠ, 

ʠʟʦʪʦʧ-ʛʝʦʭʠʤʠʡʥ ʩʫʜʘʣʛʘʘ ʙʘʨʘʛ ʭʠʡʛʜʵʵʛװʡ, ʥᴇʛᴇᴇ ʪʘʣʘʘʩ ʤʘʩʩʠʚʫʫʜʳʥ ʭʵʤʞʵʵʥʜ 

ʩװװʣʠʡʥ װʝʜ ʙʠʡ ʙʦʣʩʦʥ ʮᴇᴇʚʪᴇʨ ʟʘʨʠʤ ᴇʛᴇʛʜʣװװʜ ʥʴ ᴇʤʥᴇʭ ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛʣʘʣ ʙʘ 

ʩʵʜʵʚʯʠʣʩʵʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʙʦʣʦʚʩʨʫʫʣʘʛʜʩʘʥ ʤʵʜʵʵʣʵʣװװʜʪʵʡ ʟᴇʨʯʠʣʜᴇʞ 

ʙʘʡʛʘʘʪʘʡ ʭʦʣʙʦʦʪʦʡ ʶʤ.  

  ʄʦʥʛʦʣ ʦʨʥʳ ʩʫʫʨʴ ʙװʪʮװװʜʠʡʥ ʪʝʢʪʦʥʠʢ ʘʥʛʠʣʣʳʥ ʪʘʣʘʘʨ ʭʠʡʛʜʩʵʥ ᴇᴇʨ ʙʫʩʘʜ 

ʪʦʤʦʦʭʦʥ ʘʞʣʫʫʜʘʜ ʄʋʀʉ-ʠʡʥ ʧʨʦʬʝʩʩʦʨ, ʠhʥʞʣʵʭ ʫʭʘʘʥʳ ʜʦʢʪʦʨ ɾ.ɹʷʤʙʳʥ 1996 

ʦʥʜ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ñʄʦʥʛʦʣʳʥ ʪʝʢʪʦʥʠʢʠʡʥ ʙװʜװװʚʯ ʟʫʨʘʛò, 2012 ʦʥʜ ʙʦʣʦʚʩʨʫʫʣʩʘʥ 

ñʄʦʥʛʦʣʳʥ ʪʝʢʪʦʥʠʢʠʡʥ ʟʫʨʘʛò (ɹʷʤʙʘ, 2012), ʤᴇʥ ʘʢʘʜʝʤʠʯ, ʠhʥʞʣʵʭ ʫʭʘʘʥʳ 

ʜʦʢʪʦʨ ʆ.ʊᴇʤᴇʨʪʦʛʦʦ ʘʛʩʘʥʳ 2012, 2014 ʙʦʣʦʥ 2017 ʦʥʫʫʜʘʜ ʙʦʣʦʚʩʨʫʫʣʩʘʥ 

ñʄʦʥʛʦʣ ʦʨʥʳ ʘʪʨʠʘʪ ʤʫʞʫʫʜʳʥ ʪʝʢʪʦʥʠʢ ʤʫʞʣʘʣʪò ʟʵʨʵʛ ʩʠʥʪʝʟ ʙװʪʵʵʣװװʜʠʡʛ 

ʜʫʨʴʜʘʞ ʙʦʣʥʦ.  

ɾ.ɹʷʤʙʘ ʪʝʢʪʦʥʠʢʠʡʥ ʟʫʨʛʠʡʛ ʭʫʨʜʘʩ ʭʫʨʠʤʪʣʘʣ, ʤʘʘʛʤʳʥ ʯʫʣʫʫʣʛʠʡʥ ʵʚʰʠʣ 

ʙʫʶʫ ʛʝʦʜʠʥʘʤʠʢʠʡʥ ʙװʨʜʵʣ ʜʵʵʨ װʥʜʵʩʣʵʩʵʥ ʛʨʘʥʠʪ-ʤʝʪʘʤʦʨʬ װʝ װװʩʵʭ ʙʘ ʵʭ 

ʛʘʟʨʳʥ ʮʘʨʮʜʘʩ ʭʵʣʙʵʨʞʩʵʥ ʮʘʛ ʭʫʛʘʮʘʘʛʘʘʨ ʜװװʨʵʛʯʣʵʭ ʥʴ ʘʣʠʚʘʘ ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʥ 

ʪʝʢʪʦʥʠʢʠʡʥ ᴇᴇʨ ʭʦʦʨʦʥʜʦʦ ʙʦʩʦʦ ʙʘ ʭʵʚʪʵʵ ʯʠʛʣʵʣʜʵʵ ʫʯʠʨ ʰʘʣʪʛʘʘʥʳ ʭʦʣʙʦʦʪʦʡ 

ʪװװʭʵʥ װʡʣ ʷʚʮ ʭʘʜʛʘʣʘʛʜʘʥ װʣʜʵʥʵ ʛʵʩʵʥ װʟʵʣ ʙʘʨʠʤʪʣʘʣʳʥ װװʜʥʵʵʩ ʄʦʥʛʦʣ ʦʨʥʳ 

ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʥ ʪʝʢʪʦʥʠʢʠʡʥ ʜװװʨʵʛʯʣʵʣʠʡʛ ʵʭ ʛʘʟʨʳʥ ʮʘʨʮʜʘʩ ʭʵʣʙʵʨʞʩʵʥ ʮʘʛ 

ʭʫʛʘʮʘʘʛʘʘʨ ʭʠʡʩʵʥ ʙʘʡʜʘʛ (ɿʫʨʘʛ 5, ɹʷʤʙʘ, 2012).  

 

 

ɿʫʨʘʛ 5. ʄʦʥʛʦʣʳʥ ʪʝʢʪʦʥʠʢʠʡʥ ʜϾϾʨʵʛʯʣʵʣ (ɾ.ɹʷʤʙʘ, 2012) 

 

ʕʥʵʭװװ ʜװװʨʵʛʯʣʵʣʠʡʥ ʜʘʛʫʫ ʄʦʥʛʦʣ ʦʨʥʳ ᴇʤʥᴇʜ ʭʵʩʵʛʪ ʷʣʛʘʛʜʜʘʛ ᴆʤʥᴇʜ 

ʛʦʚʠʡʥ ʤʘʩʩʠʚʳʛ ʭʦʞʫʫ ʢʘʨʝʣʠʡʥ ʙʫʶʫ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ ʵʮʵʩʪ ʪʘʣʩʪ ʩʫʫʨʴ ʥʴ 

ʭʵʣʙʵʨʞʩʵʥ ʩʪʨʫʢʪʫʨʪ ʭʘʤʘʘʨʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ ʵʥʵ װʝʜ ʭʵʣʙʵʨʞʩʵʥ ʪʘʣʩʪ ʙװʨʜʣװװʜ ʥʴ 

ʘʪʠʨʘʘʪ ʙʘʡʛʘʣʠʡʥ ʙʘ ʢʘʣʝʜʦʥʳ ʟʘʣʫʫ ʥʘʩʥʳ ʩʪʨʫʢʪʫʨʳʥ ʭʵʤʞʵʵʥʜ ʵʨʪʥʠʡ ʙʣʦʢ, 

ᴇʨʛᴇʛʜʣʠʡʛ װװʩʛʵʭ ʙʘ ʠʭʵʥʭ ʪʦʭʠʦʣʜʦʣʜ ʙʠʝ ʜʘʘʩʘʥ ʪʦʤʦʦʭʦʥ ʜװװʨʛʠʡʛ װװʩʛʵʜʵʛʛװʡ 
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ʭʵʤʵʵʥ װʟʩʵʥ (ɹʷʤʙʘ, 2012). ʊʵʨʵʵʨ ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʤʘʩʩʠʚʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʷʥʟ 

ʙװʨʠʡʥ ʛʥʝʡʩ, ʟʘʥʘʨ, ʢʚʘʨʮʠʪ, ʛʘʥʪʠʛ ʙʘ ʘʤʬʠʙʦʣʠʪʦʦʩ ʪʦʛʪʩʦʥ ʵʨʪʥʠʡ ʪʘʣʩʪ 

ʯʫʣʫʫʣʘʛ ʥʴ ʩʘʣʘʥʛʘʜ ʮʫʭʫʡʛʜʘʣ ʭʵʣʙʵʨʵʵʨ ʠʣʵʨʜʵʛ ʎʘʛʘʘʥ ʫʫʣ, ʋʣʘʘʥ ʫʫʣ ʙʦʣʦʥ 

ʅʘʨʘʥʛʠʡʥ ᴇʥʜᴇʨʣᴇʛװװʜ ʟʵʨʵʛ ʪʦʤʦʦʭʦʥ ʭʵʤʞʵʵʥʠʡ ᴇʨʛᴇʛʜʩᴇʥ ʩʪʨʫʢʪʫʨʫʫʜʳʛ 

ʭʘʤʘʘʨʫʫʣʩʘʥ ʙʘʡʜʘʛ.  

ʍʘʤʛʠʡʥ ʩװװʣʜ ʙʫʶʫ ʆ.ʊᴇʤᴇʨʪʦʛʦʦ ʘʛʩʘʥʳ 2014 ʦʥʜ ʙʦʣʦʚʩʨʫʫʣʞ 2017 ʦʥʜ 

ʥʵʤʵʣʪ ʭʠʡʩʵʥ ñʄʦʥʛʦʣ ʦʨʥʳ ʘʪʨʠʘʪ ʤʫʞʫʫʜʳʥ ʪʝʢʪʦʥʠʢ ʤʫʞʣʘʣʪò-ʳʥ ʜʘʛʫʫ ʄʦʥʛʦʣ 

ʦʨʥʳ ᴇʤʥᴇʜ ʭʵʩʛʠʡʥ ʩʫʫʨʴ ʙװʪʮʵʜ ʍʵʨʣʵʥʛʠʡʥ, ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʙʘ ʍʘʪʘʥʙʫʣʘʛʠʡʥ 

ʭʵʤʵʵʭ ʵʨʪʥʠʡ ʛʫʨʚʘʥ ʤʘʩʩʠʚ ʷʣʛʘʛʜʜʘʛ (ʊᴇʤᴇʨʪʦʛʦʦ, 2014; 2017). ʕʜʛʵʵʨʠʡʥ 

ʜʦʪʨʦʦʩ ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʙʘ ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʭʵʤʵʵʭ ʵʨʪʥʠʡ ʭʦʸʨ ʤʘʩʩʠʚ ʥʴ 

ɿװװʥʙʘʷʥʛʠʡʥ ʟᴇʨᴇʛ ʭʘʛʘʨʣʳʥ ʭʦʸʨ ʪʘʣʘʘʨ ᴇʨʛᴇʨᴇʛʠʡʥ ʜʘʛʫʫ ʥʵʛʵʥ ʯʠʛʣʵʣʜ ʩʫʥʘʞ 

ʪʦʛʪʩʦʥ ɻʦʚʠʡʥ ʊʵʥʛʵʨ ʫʫʣ, ʅװʭʪʜʘʚʘʘʥʳ ʙʘ ʎʘʛʘʘʥ ʫʫʣ, ʍʫʪʘʛ ʫʫʣʳʥ ʙʣʦʢʫʫʜʘʘʩ 

ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 6).  

 

 

ʊʘʡʣʙʘʨ: 1-ʍʵʨʣʵʥʛʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚ, 2-5-ɻʦʚʠʡʥ ʘʪʨʠʘʪ ʤʝʛʘʙװʩ, 6-ᴆʤʥᴇʜ ʛʦʚʠʡʥ ʤʘʩʩʠʚ, 7- 
ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʤʘʩʩʠʚ, 8-9-ʉʫʣʠʥʭʵʵʨʠʡʥ ʘʪʨʠʘʪ ʤʝʛʘʙװʩ (8-ɿʘʤʳʥװװʜ ʪʝʨʨʝʡʥ ʙʦʣʦʥ ʙʫʩʘʜ 

ʪʝʨʨʝʡʥ), 10-11- ʭʘʛʘʨʣʫʫʜ 
ɿʫʨʘʛ. 6. ЉʤʥЊʜ ʄʦʥʛʦʣʳʥ ʪʝʢʪʦʥʠʢ ʤʫʞʣʘʣ (ʆ.ʊЊʤЊʨʪʦʛʦʦ, 2014). 

 

ʀʥʛʵʵʜ ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ɻʦʚʠʡʥ ʊʵʥʛʵʨ ʫʫʣ, ʅװʭʪʜʘʚʘʘ, 

ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ʎʘʛʘʘʥ ʋʫʣ, ʍʫʪʘʛ ʋʫʣʳʥ ʙʣʦʢʫʫʜʠʡʥ ʭʵʤʞʵʵʥʜ 

ʪᴇʩᴇʣ ʭʵʨʵʛʞʠʞ ʵʭʣʵʭʵʵʩ ᴇʤʥᴇ  ʙʠʡ ʙʦʣʦʦʜ ʙʘʡʩʘʥ ʛʝʦʣʦʛʠ, ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ 

ᴇʛᴇʛʜʣװװʜʠʡʥ ʪʘʣʘʘʨ ʪʦʚʯ ʘʚʯ װʟʴʝ.   

 

ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ʅװʭʪʜʘʚʘʘʥʳ ʙʣʦʢ ʥʴ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡ 

ʙʘ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʜ ʭʘʤʘʘʨʘʛʜʘʭ ʤʘʛʘʜʣʘʣʪʘʡ ʢʚʘʨʮʠʪ-ʛʥʝʡʩʠʡʥ ʙװʨʜʵʣ ʙʘ ʪװװʥʠʡʛ 

 ʢʝʤʙʨʠʡʥ ʤʝʪʘʚʫʣʢʘʥʦʛʝʥ-ʪʫʥʘʤʘʣ װװʨװʣ ʥʠʡʮʣʵʛʵʵʨ ʭʫʯʩʘʥ ʥʝʦʧʨʦʪʝʨʦʟʦʡ-ʪװ

ʭʫʨʜʩʘʘʩ ʪʦʛʪʩʦʥ ʘʪʨʠʘʪ ʩʫʫʨʴʪʘʡ ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʜʦʛ (ʊᴇʤᴇʨʪʦʛʦʦ, 2014). ɻʦʣ 

ʮʫʭʫʡʮ ʩʫʫʨʴ ʥʴ ʙʣʦʢʠʡʥ ʟװװʥ ʭʵʩʵʛ, ʅʘʨʘʥʛʠʡʥ ᴇʨʛᴇʛʜʣʠʡʥ ʭʵʤʞʵʵʥʜ ʠʣʵʨʜʵʛ 

ʉװʤʪʥʫʫʨ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙᴇʛᴇᴇʜ ʪװװʥʠʡ ʝʨᴇʥʭʠʡ ʟװʩʵʣʪʵʥʜ ʭʦʸʨ ʧʠʨʦʢʩʝʥʪ-

ʧʣʘʛʠʦʢʣʘʟʘʪ, ʙʠʦʪʠʪ-ʢʚʘʨʮ-ʧʣʘʛʠʦʢʣʘʟʘʪ ʛʥʝʡʩ, ʭʦʸʨ ʛʷʣʪʛʘʥʫʫʨʪ ʟʘʥʘʨ, 

ʧʣʘʛʠʦʛʥʝʡʩ, ʘʤʬʠʙʦʣʠʪ, ʩʠʣʣʠʤʘʥʠʪ-ʜʠʩʪʝʥ-ʛʨʘʥʘʪʘʪ ʧʘʨʘʛʥʝʡʩ, ʪᴇʤᴇʨʪ 
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ʢʚʘʨʮʠʪʠʡʥ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʟʫʟʘʘʥʪʘʡ װʝװʜ ʦʨʦʣʮʜʦʛ (ɼʦʨʞʥʘʤʞʘʘ, 2011). 

ʉװʤʪʥʫʫʨ ʤʝʪʘʢʦʤʧʣʝʢʩ ʜʦʦʜ-ʜʫʥʜ ʜʝʚʦʥʳ ʐʦʛʰʦʦʭʦʥʛʦʨ ʬʦʨʤʘʮ ʙʦʣʦʥ ʤʝʟʦ-

ʢʘʡʥʦʟʦʡʥ ʚʫʣʢʘʥʦʛʝʥ-ʪʫʥʘʤʘʣ ʭʫʨʜʩʘʘʨ װʣ ʥʠʡʮʣʵʛʵʵʨ ʭʫʯʠʛʜʘʞ ʪװʨװװ-ʜʫʥʜ 

ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʉװʤʪ, ʜʫʥʜ ʢʘʨʙʦʥʳ ʅװʭʵʪʜʘʚʘʘ, ʭʦʞʫʫ ʪʨʠʘʩ-ʪװʨװװ ʶʨʠʡʥ ɽʛװװʟʵʨ 

ʙװʨʜʣװװʜʵʵʨ ʪʫʩ ʪʫʩ ʟװʩʵʛʜʜʵʛ.  

ɻʦʚʠʡʥ ʊʵʥʛʵʨ ʫʫʣʳʥ ʙʣʦʢʠʡʥ ʭʵʤʞʵʵʥʜ ʘʪʨʠʘʪ ʩʫʫʨʠʡʥ ʠʣʨʵʮ ʦʜʦʦʛʦʦʨ 

ʪʦʛʪʦʦʛʜʦʦʛװʡ ʙʦʣʦʚʯ ʪʫʩ ʙʣʦʢʠʡʥ ʙʘʨʫʫʥ ʭʵʩʵʛ, ɸʪʘʩ ʙʦʛʜʳʥ ʜװװʨʵʛʪ ʧʘʣʝʦʟʦʡʛʦʦʩ 

ᴇʤʥᴇʭ ʥʘʩʥʳ ʪʘʣʩʪ ʩʫʫʨʠʡʥ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʠʡʥ װʣʜʵʛʜʵʣ ʘʥʛʠʣʘʛʜʘʭ 

ʤʘʛʘʜʣʘʣʪʘʡ ʪʘʣʘʘʨ ʤʵʜʵʵʣʩʵʥ ʥʴ ʙʠʡ (ʃʭװʥʜʵʚ ʥʘʨ., 2013). ʊʫʩ ʙʣʦʢʠʡʥ ʪװʨװװ 

ʧʘʣʝʦʟʦʡʥ ʭʫʯʘʘʩ ʙװʨʜʵʣʜ ʪװװʥʠʡ ʙʘʨʫʫʥ ʭʵʩʵʛʪ ʠʣʨʵʭ ʦʨʜʦʚʠʢʠʡʥ ʚʫʣʢʘʥʦʛʝʥ-

ʮʘʭʠʫʨʣʘʛ-ʪʝʨʨʠʛʝʥ ʭʫʨʜʘʩ ʙʦʣʦʥ ʪװװʥʠʡʛ ʟװʩʩʵʥ ʅʘʨʘʥʩʵʚʩʪʵʡʥ ʪʦʥʘʣʠʪ-

ʛʨʘʥʦʜʠʦʨʠʪʳʥ ʠʥʪʨװʟʠʚ ʙװʨʜʵʣ, ʤᴇʥ ʪʵʜʛʵʵʨʠʡʛ װʣ ʥʠʡʮʣʵʛʵʵʨ ʭʫʯʠʭ ʭʦʞʫʫ ʩʠʣʫʨ-

ʜʦʦʜ ʜʝʚʦʥʳ ʊᴇʤᴇʨʪ, ʕʭʠʡʥʛʦʣ, ʋʥʜʘʘʥ ʬʦʨʤʘʮʫʫʜʳʥ ʚʫʣʢʘʥʦʛʝʥ-ʪʫʥʘʤʘʣ 

ʭʫʨʜʩʫʫʜ ʙʘʛʪʘʥʘ.   

ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʛ ɹʷʤʙʘ (1987; 1996, 2012), ɼʦʨʞʥʘʤʞʘʘ 

ʥʘʨ (2012) ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʤʘʩʩʠʚʜ ʭʘʤʘʘʨʫʫʣʞ ʙʘʡʩʘʥ ʙᴇʛᴇᴇʜ ʭʦʞʠʤ ʥʴ ʪʵʜʛʵʵʨʠʡʥ 

ʟʘʚʩʘʨʪ ʜʫʥʜ ʧʘʣʝʦʟʦʡʥ ʘʢʢʨʝʮʠʡʥ ʙװʨʜʵʣ ʙװʭʠʡ ɿʘʤʳʥ װתʜʠʡʥ ʟʘʘʜʩʳʥ ʙװʩ 

ʠʣʵʨʩʥʵʵʨ ʙʠʝ ʜʘʘʩʘʥ ʩʪʨʫʢʪʫʨʪ ʷʣʛʘʛʜʘʭ ʙʦʣʩʦʥ ʙʘʡʜʘʛ (ʊᴇʤᴇʨʪʦʛʦʦ, 2014). 

ʄʘʩʩʠʚʳʥ ʟװװʥ ʭʵʩʵʛʪ ʠʣʨʵʭ ʍʫʪʘʛ ʋʫʣʳʥ ʙʣʦʢ ʥʴ ʛʨʘʥʠʪ-ʛʥʝʡʩ, ʤʠʛʤʘʪʠʪ, ʛʘʥʪʠʛ, 

ʢʚʘʨʮʠʪ, ʘʤʬʠʙʦʣʠʪ, ʪʘʣʩʪ ʟʘʥʘʨ ʟʵʨʛʵʵʩ ʙװʨʜʩʵʥ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʦʦʩ 

ʪʦʛʪʦʭ (ʄʘʨʠʥʦʚ ʠ ʜʨ., 1973; ɼʦʨʞʥʘʤʞʘʘ, 2011; ɹʷʤʙʘ, 2012) ʙᴇʛᴇᴇʜ ɻʨʝʥʚʠʣʠʡʥ 

ʘʪʨʠʘʪ ʪʦʛʪʦʣʮʦʦʥʜ ʭʘʤʘʘʨʘʣʪʘʡ 1781 ʙʘ 952 ʩ.ʞ ʥʘʩʪʘʡ ʛʥʝʡʩʞʩʵʥ 

ʛʨʘʥʠʪʦʠʜʫʫʜʘʘʨ ʟװʩʵʛʜʩʵʥ ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʩʥʦʦʨ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡ 

ʙʦʣʦʭ ʥʴ ʙʘʪʘʣʛʘʘʞʩʘʥ ʁ ʤ (ʊᴇʤᴇʨʭװװ ʥʘʨ., 2008, ʗʨʤʦʣʶʢ ʠ ʜʨ., 2005). ʄᴇʥ ʙʣʦʢʠʡʥ 

ʭʵʤʞʵʵʥʜ ʙʘʛʘʛװʡ ʪʘʣʙʘʡʜ ʪʘʨʭʜʘʛ ʎʵʵʣ ʬʦʨʤʘʮ ʥʴ ʛʥʝʡʩ, ʘʤʬʠʙʦʣʠʪ ʙʘ ʟʘʥʘʨʘʘʩ 

ʛʦʣʯʣʦʥ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʟװʩʵʣʪʵʥʜ ʥʴ ʭʘʜʛʘʣʘʣʪ ʤʫʫʪʘʡ ʩʪʨʦʤʘʪʦʣʠʪʳʥ ʯʫʣʫʫʞʩʘʥ 

 ʭʠʡ ʛʘʥʪʠʛʞʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫ ʦʨʦʣʮʩʦʥʦʦʨ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡʜװʣʜʚʵʨ ʙװ

ʪʦʦʮʦʛʜʜʦʛ (ɼʘʣʘʡ ʥʘʨ., 2006, 5632ʬ). ʊװװʥʯʣʵʥ ʵʨʪʥʠʡ ʩʫʫʨʠʡʥ ʪʦʛʪʮʦʜ ʊʦʣʴ 

ʛʨװʧʧʵʜ ʭʘʤʘʘʨʘʛʜʘʭ ʚʫʣʢʘʥʦʛʝʥ ʙʘ ʮʘʭʠʫʨʣʘʛ ʬʦʨʤʘʮʫʫʜ ʦʨʦʣʮʦʭ ʙᴇʛᴇᴇʜ 

ʚʫʣʢʘʥʦʛʝʥ-ʪʫʥʘʤʘʣ ʭʫʯʣʘʛʘ ʥʴ ʩʠʣʫʨʠʡʥ ʚʫʣʢʘʥʦʛʝʥ ʙʘ ʢʘʨʙʦʥʘʪ ʚʫʣʢʘʥʦʛʝʥ 

ʬʦʨʤʘʮʫʫʜʘʘʨ ʠʣʵʨʭʠʡʣʵʛʜʵʥʵ (ʊᴇʤᴇʨʪʦʛʦʦ, 2014).  

ɹʘʨʫʫʥ ʪʘʣʜ ʙʘʡʨʣʘʭ ʎʘʛʘʘʥ ʋʫʣʳʥ ʙʣʦʢ ʥʴ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʛʥʝʡʩ, ʛʨʘʥʠʪ-

ʛʥʝʡʩ, ʘʤʬʠʙʦʣʠʪ, ʛʘʥʪʠʛ, ʪʘʣʩʪ ʟʘʥʘʨ ʟʵʨʵʛ ʠʟʦʢʣʠʥʘʣʴ ʘʪʨʠʘ ʙʦʣʦʥ 

ʤʠʣʦʥʠʪʞʠʣʪʘʥʜ ʵʨʯʠʤʪʵʡ ᴇʨʪʩᴇʥ ʙװʨʜʵʣ ʙᴇʛᴇᴇʜ ʥʝʦʧʨʦʪʝʨʦʟʦʡ (ɹʘʜʘʤʪʫʣʛʘ ʥʘʨ., 

2005, 5626ʌ) ʙʘ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ (ɹʫʷʥʙʘʘʪʘʨ ʥʘʨ., 2011, 6326ʌ) ʘʥʛʠʣʘʛʜʘʘʛװʡ 

ʟʫʟʘʘʣʘʛ ʭʵʤʵʵʥ ʥʵʨʣʵʛʜʵʥ ʟʫʨʘʛʣʘʛʜʘʞ ʠʨʞʵʵ. ʊװװʥʠʡ ʜʵʵʜ ʪʘʣʜ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ 

ʰʦʭʦʡʥ ʯʫʣʫʫ, ʜʦʣʦʤʠʪ, ʮʘʭʠʫʨʣʘʛ ʵʣʩʵʥ ʯʫʣʫʫ, ʘʣʝʚʨʦʣʠʪ, ʘʨʛʠʣʣʠʪ ʟʵʨʛʵʵʩ 

ʪʦʛʪʩʦʥ ʪʝʨʨʠʛʝʥ-ʢʘʨʙʦʥʘʪ ʎʘʛʘʘʥ-ʋʫʣ ʬʦʨʤʘʮ ʷʣʛʘʛʜʜʘʛ. ʅʘʩʥʳ ʭʫʚʴʜ ʛʥʝʡʩʠʡʥ 

ʟʫʟʘʘʣʛʠʡʛ ʟװʩʩʵʥ ʘʧʣʠʪʳʥ ʜʘʡʢʠʡʥ 770 ʩ.ʞ-ʠʡʥ ʥʘʩʥʳ ʪʦʜʦʨʭʦʡʣʦʣʪ (ʂʦʟʘʢʦʚ, 

1986), ʤᴇʥ ʍʷʪʘʜʳʥ ʥʫʪʘʛ ʜʘʭʴ װʨʛʵʣʞʣʵʣʜ ʪʦʛʪʦʦʛʜʩʦʥ ʛʥʝʡʩʠʡʥ 916 ʩ.ʞ-ʠʡʥ 

 ʥʜʵʩʣʵʥ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡ ʵʩʚʵʣװ ʜ ʟʵʨʵʛʪװװʡ ʥʘʩʥr ᴇʛᴇʛʜʣװʥʵʤʣʵʭװ

ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ ʵʭʵʥ ʭʵʩʵʛʪ ʭʵʣʙʵʨʞʩʵʥ ʭʵʤʵʵʥ װʟʜʵʛ (ɹʷʤʙʘ, 2012; ɼʘʤʜʠʥʞʘʚ 

ʥʘʨ., 2000ʌ). ʍʫʯʘʘʩ ʙװʨʜʵʣʜ ʥʴ ʜʵʵʜ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʎʘʛʘʘʥ-ʋʫʣ ʬʦʨʤʘʮʘʘʩ 

ʛʘʜʥʘ ʜʦʦʜ ʦʨʜʦʚʠʢʠʡʥ ʕʭʵʥʭʘʷʘ, ɸʜʘʛʙʘʡʰʠʥʪ, ʜʫʥʜ-ʜʵʵʜ ʦʨʜʦʚʠʢʠʡʥ ɼʫʥʜʭʘʷʘ, 

ʩʠʣʫʨʳʥ ʣʣʘʥʜʦʚʝʨʠ-ʚʝʥʣʦʢ ʩʝʨʠʡʥ ʍᴇʭʤʦʨʴʪ, ᴆʛᴇᴇʤᴇʨ, ʕʣʛʵʥ ʟʵʨʵʛ ʬʦʨʤʘʮʫʫʜʳʛ 

ʭʘʤʘʘʨʫʫʣʘʥ ʟʫʨʘʛʣʘʞ ʠʨʩʵʥ ʙʘʡʜʘʛ.   
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ʀʡʥʭװװ ᴆʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʭʵʤʞʵʵʥʜ ʷʣʛʘʛʜʜʘʛ ʵʜʛʵʵʨ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ 

ʭʵʤʞʵʵʥʜ ᴇʤʥᴇ ʥʴ ʭʠʡʛʜʩʵʥ ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛʣʘʣ ʙʦʣʦʥ ʩʵʜʵʚʯʠʣʩʘʥ 

ʩʫʜʘʣʛʘʘʥʫʫʜʘʘʩ ʘʚʯ װʟʚʵʣ ʵʨʪʥʠʡ ʙװʪʮװװʜʠʡʥ װװʩʩʵʥ ʮʘʛ ʭʫʛʘʮʘʘ, ʛʘʨʘʣ װװʩʵʣ, 

ʪʦʛʪʮʳʥ ʪʘʣʘʘʨ ʠʭʵʵʭʵʥ ʤʘʨʛʘʘʥʪʘʡ, װʥʵʤʣʵʭװʡ ʥʘʩʥʳ ʭʦʸʨ ʛʫʨʘʚʭʘʥ ᴇʛᴇʛʜᴇʣʪʵʡ, 

ʮʘʘʰʠʜ ʥʘʨʠʡʚʯʣʘʥ ʪʦʛʪʦʦʭ, ʪʦʜʨʫʫʣʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʦʣʦʥ ʘʩʫʫʜʣʫʫʜ ʙʘʡʩʘʘʨ 

ʙʘʡʥʘ (ɹʷʤʙʘ, 1996; 2012, ɼʦʨʞʥʘʤʞʘʘ, 1991; 2011, ʊᴇʤᴇʨʪʦʛʦʦ, 2012; 2014). 

ʍʵʜʠʡʛʵʵʨ ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʙʘ ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʩʫʫʨʴ 

ʩʪʨʫʢʪʫʨʫʫʜʳʥ ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʮʳʥ ʪʘʣʘʘʨ ʟʘʨʠʤ ʤʵʜʵʵʣʵʣװװʜ ʙʠʡ ʙʦʣʞ ʙװʨʜʣװװʜʠʡʛ 

ʟװʩʩʵʥ ʠʥʪʨװʟʠʚ ʯʫʣʫʫʣʛʠʡʥ ʮᴇᴇʚʪᴇʨ ʥʘʩʥʳ ᴇʛᴇʛʜᴇʣʜ װʥʜʵʩʣʵʥ ʥʘʩʥʳ ʟʘʨʠʤ 

ʘʩʫʫʜʣʫʫʜ ʰʠʡʜʚʵʨʣʵʛʜʩʵʥ ʙʦʣʦʚʯ ʪʘʣʩʪ ʙװʨʜʣװװʜʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʙʘʛʪʘʭ 

ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʫʫʜʳʥ ʘʥʭʜʘʛʯ ʧʨʦʪʦʣʠʪʠʡʥ ʥʘʡʨʣʘʛʘ, ʛʘʨʘʣ װװʩʣʠʡʥ ʛʝʦʜʠʥʘʤʠʢ 

ʥᴇʭʮᴇʣ ʙʦʣʦʥ ʙװʨʜʣװװʜʠʡʥ ʥʘʩʥʳ ʘʩʫʫʜʣʳʥ ʪʘʣʘʘʨ ʭʠʡʛʜʩʵʥ ʥʘʨʠʡʚʯʠʣʩʘʥ 

ʩʫʜʘʣʛʘʘ ʙʘʡʭʛװʡ ʙʘʡʩʘʘʨ ᴇʥᴇᴇʛ ʭװʨʩʵʥ ʶʤ. 

ʀʡʤʵʵʩ ʙʠʜ ʪʫʩ ʭװʨʵʵʣʵʥ ʜʵʵʨ 2018 ʦʥʦʦʩ ʵʭʣʵʥ ʭʵʨʵʛʞʩʵʥ ñʍʘʪʘʥʙʫʣʘʛ ʙʘ 

ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʩʫʫʨʴ ʙʦʣʦʥ ʭʫʯʘʘʩ ʙװʨʜʣװװʜ: ɻʝʦʣʦʛʠʡʥ 

ʭᴇʛʞʠʣ, ʭװʜʵʨʞʠʣʪò  ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣʠʡʥ ʭװʨʵʵʥʜ  ʜʵʵʨ ʜʫʨʜʩʘʥ ʵʨʪʥʠʡ 

ʤʘʩʩʠʚʫʫʜʳʥ ʩʫʫʨʴ ʙʘ ʭʫʯʘʘʩ, ʤᴇʥ ʪװװʥʯʣʵʥ ʪʵʜʛʵʵʨʠʡʛ ʪװʨʩʵʥ ʠʥʪʨװʟʠʚ 

ʙװʨʜʣװװʜʠʡʥ ʛʝʦʣʦʛʠ-ʩʪʨʫʢʪʫʨʳʥ ʩʫʜʘʣʛʘʘʛ ʛʝʦʭʨʦʥʦʣʦʛʠ, ʛʝʦʭʠʤʠ, ʠʟʦʪʦʧ-

ʛʝʦʭʠʤʠʡʥ ʩʫʜʘʣʛʘʘʪʘʡ ʭʦʩʣʫʫʣʘʥ ʷʚʫʫʣʞ ʵʨʪʥʠʡ ʤʘʩʩʠʚʫʫʜʳʥ ʥʘʩ, ʛʘʨʘʣ װװʩʵʣ, 

ʛʝʦʣʦʛʠʡʥ ʭᴇʛʞʣʠʡʥ ʪװװʭʠʡʛ ʪʦʜʨʫʫʣʘʭ ʟʦʨʠʣʛʦ ʪʘʚʠʥ ʘʞʠʣʣʘʩʘʥ ʶʤ.  

ɹʠʜ ʪᴇʩᴇʣ ʭʵʨʵʛʞʠʭ ʷʚʮʘʜ ʍʘʪʘʥʙʫʣʘʛ ʙʘ ᴆʤʥᴇʜ ɻʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ 

ʩʫʫʨʴ ʙʘ ʧʘʣʝʦʟʦʡʥ ʟʘʨʠʤ ʭʫʯʘʘʩ ʙװʨʜʣװװʜʠʡʥ ʩʫʜʘʣʛʘʘʛ ʍʫʪʘʛ ʋʫʣ ʙʘ ʎʘʛʘʘʥ 

ʋʫʣʳʥ ʙʣʦʢʠʡʥ ʍʫʪʘʛ ʫʫʣ, ɹʘʷʥ-ʆʚʦʦ ʫʫʣ ʙʦʣʦʥ ɼʘʨʛʠʘʪ ʫʫʣʳʥ ʜװװʨʛװװʜʵʜ, ɻʦʚʠʡʥ 

ʊɻ ʥʛʵʨ ʫʫʣ ʙʘ ʅװʭʪʜʘʚʘʘʥʳ ʙʣʦʢʠʡʥ ʉװʤʪ ʥʫʫʨ, ɸʣʘʛ ʙʘʷʥ ʫʫʣ, ʎʦʭʠʦʪ ʙʘ ɸʪʘʩ ɹʦʛʜ-

ʊᴇʤᴇʨʪʠʡʥ ʥʫʨʫʫʥʳ ʜװװʨʛװװʜʵʜ ʪʫʩ ʪʫʩ ʪᴇʚʣᴇʨᴇʥ ʷʚʫʫʣʩʘʥ װʨ ʜװʥʛ ʵʥʵʭװװ ʵʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʪʘʡʣʘʥʜ ʪʫʩʛʘʥ ʭʘʨʫʫʣʣʘʘ (ɿʫʨʘʛ 7). 

 

 

ɿʫʨʘʛ 7. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʙʘʡʨʰʣʳʥ ʟʫʨʘʛ. 
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ɹתʃʕɻ 2. ʉʋɼɸʃɻɸɸʅʓ ɸʈɻɸ, ɸʈɻɸʏʃɸʃ 

 

ʊᴇʩʣʠʡʥ ʩʫʜʘʣʛʘʘʛ ʭʵʵʨʠʡʥ ʘʞʣʳʥ ʙʦʣʦʥ ʩʫʫʨʠʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʛʵʩʵʥ 2 

 ʝ ʰʘʪʪʘʡʛʘʘʨ ʷʚʫʫʣʩʘʥ. ʍʵʵʨʠʡʥ ʛʝʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʛ ʍʘʪʘʥʙʫʣʘʛʠʡʥװ ʥʜʩʵʥװ

ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ʍʫʪʘʛ ʋʫʣ ʙʘ ʎʘʛʘʘʥ ʋʫʣʳʥ ʙʣʦʢʠʡʥ ʍʫʪʘʛ ʫʫʣ, ɹʘʷʥ ʦʚʦʦ, ɼʘʨʛʠʘʪ 

ʫʫʣ, ʎʘʛʘʘʥ ʫʫʣ ʙʘ ʍᴇʨʭʠʡʥ ʥʫʨʫʫʥʳ ʜװװʨʛװװʜʵʜ, ᴆʤʥᴇʜ ʛʦʚʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ  

ʅװʭʪʜʘʚʘʘ ʙʘ ɻʦʚʠʡʥ ʊʵʥʛʵʨ ʫʫʣʳʥ ʙʣʦʢʠʡʥ ʉװʤʪ ʥʫʫʨ, ɸʣʘʛ ʙʘʷʥ ʫʫʣ, ʎʦʭʠʦʪ ʙʘ 

ɸʪʘʩ ɹʦʛʜ-ʊᴇʤᴇʨʪʠʡʥ ʥʫʨʫʫʥʳ ʜװװʨʛװװʜʵʜ ʙʫʶʫ ʥʠʡʪ 8 ʪʫʣʛʫʫʨ ʜװװʨʛʠʡʥ ʭʵʤʞʵʵʥʜ 

ʪʫʩ ʪʫʩ ʪᴇʚʣᴇʨᴇʥ ʷʚʫʫʣʣʘʘ (ɿʫʨʘʛ 7).  
ʍʵʵʨʠʡʥ ʘʞʠʣʜ ᴇʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ ʤʘʪʝʨʠʘʣʜ װʥʜʵʩʣʵʥ ʄʦʥʛʦʣ ʋʣʩʳʥ 

1:200000 ʤʘʩʰʪʘʙʳʥ ʛʝʦʣʦʛʠʡʥ ʟʫʨʛʫʫʜʘʜ ʪʫʣʛʫʫʨʣʘʥ GIS ʪʝʭʥʦʣʦʛʦʦʨ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʘʞʣʳʥ ʟʫʨʘʛ, ʙʘʡʨʟװʡ ʙʘ ʩʘʥʩʨʳʥ ʟʫʨʛʫʫʜʳʛ ʘʰʠʛʣʘʩʘʥ ʙᴇʛᴇᴇʜ ʥʘʩ, 

ʥʘʡʨʣʘʛʘ, װװʩʣʠʡʥ ʛʝʦʜʠʥʘʤʠʢʠʡʥ ʘʩʫʫʜʣʫʫʜ ʙװʨʵʥ ʰʠʡʜʚʵʨʣʵʛʜʵʵʛװʡ ʩʫʫʨʴ ʙʘ 

ʭʫʯʘʘʩ ʙװʨʜʣװװʜʠʡʥ ʯʫʣʫʫʣʛʫʫʜʳʥ ʵʨʜʩʠʡʥ ʙװʨʵʣʜʵʭװװʥ, ʙʦʜʠʩʳʥ ʥʘʡʨʣʘʛʘ, ʥʘʩʥʳ 

ʘʩʫʫʜʣʫʫʜʳʛ ʥʘʨʠʡʚʯʣʘʭ ʟʦʨʠʣʛʦʦʨ ʭʦʣʙʦʛʜʦʭ ʜʵʵʞʣʵʣʪװװʜʠʡʛ ʭʠʡʩʥʵʵʩ ʛʘʜʥʘ ʤᴇʥ 

ʜʘʚʭʨʘʘʞʩʘʥ ʭʫʨʜʩʳʥ ʭʠʣ ʟʘʘʛʠʡʛ ʪʦʜʨʫʫʣʘʭ, ʙʦʣʦʤʞʪʦʡ ʪʦʭʠʦʣʜʦʣʜ ʛʝʦʣʦʛʠʡʥ 

ʟװʩʵʣʪװװʜ ʭʠʡʭ, ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛ ʟʦʭʠʦʭ ʟʵʨʵʛ ʘʞʣʫʫʜʳʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ ʙʦʣʥʦ. ʄᴇʥ 

ʩʫʜʘʣʛʘʘʥʜ ʭʘʤʨʘʛʜʩʘʥ ʟʘʨʠʤ ʜװװʨʛʠʡʥ ʛʝʦʣʦʛʠʡʥ ʟʫʨʛʫʫʜʳʛ ᴇʤʥᴇʭ ʛʝʦʣʦʛʠʡʥ 

ʩʫʜʘʣʛʘʘʥʳ ʤʘʪʝʨʠʘʣ, ᴇᴇʨʩʜʠʡʥ ʷʚʫʫʣʩʘʥ ʛʝʦʣʦʛʠʡʥ ʘʞʠʛʣʘʣʪ, ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥ ʙʦʣʦʥ Sentinel-2 ʭʠʡʤʵʣ ʜʘʛʫʫʣʳʥ 10 ʤʝʪʨʠʡʥ ʦʨʦʥ ʟʘʡʥ ʰʠʡʜ 

ʙװʭʠʡ ʩʘʥʩʨʳʥ ʟʫʨʛʠʡʥ (ʙʘʡʛʘʣʠʡʥ ᴇʥʛᴇʥʠʡ ʭʦʩʣʦʣ RGB432) ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʜʵʵʨ 

 .ʥʜʵʩʣʵʥ ʰʠʥʵʯʣʵʥ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʙʦʣʥʦװ

ʉʫʫʨʠʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʷʚʮʘʜ ʯʫʣʫʫʣʛʫʫʜʳʥ ʵʨʜʩʠʡʥ ʙװʨʵʣʜʵʭװװʥʠʡʛ 

ʧʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʪʦʜʨʫʫʣʞ ʭʵʵʨʠʡʥ ʘʞʠʛʣʘʣʪ ʩʫʜʘʣʛʘʘʛ ʥʘʨʠʡʚʯʣʘʭ, 

ʭʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʮʫʛʣʫʫʣʩʘʥ ʜʵʵʞ ʩʦʨʴʮʫʫʜʳʛ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ 

ʟʦʨʠʫʣʘʥ ʙʫʪʣʘʭ, U-Pb ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ ʟʦʨʠʫʣʘʥ ʮʠʨʢʦʥ ʷʣʛʘʭ ʟʵʨʵʛ 

ʘʞʣʫʫʜʳʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ. ʄᴇʥ ʙʠʡ ʙʦʣʩʦʥ ʣʘʙʦʨʘʪʦʨʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛ 

ʧʝʪʨʦʭʠʤʠ, ʛʝʦʭʠʤʠʡʥ ʜʠʘʛʨʘʤʤ, ʛʨʘʬʠʢʪ ʦʨʫʫʣʘʭ, ᴇʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ 

ʤʘʪʝʨʠʘʣʫʫʜʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ʜװʛʥʵʭ, ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʛ 

ʙʦʣʦʚʩʨʫʫʣʘʥ ʯʫʣʫʫʣʛʠʡʥ ʪʘʣʩʞʠʣʪʳʥ ʙʦʣʦʥ ʭʫʨʜʘʩ ʭʫʨʠʤʪʣʘʣʳʥ ʥʘʩʳʛ ʪʦʜʨʫʫʣʘʭ, 

ʪʦʜʦʨʭʦʡ װʝ ʰʘʪʫʫʜʘʜ ʛʘʨʩʘʥ װʨ ʜװʥʛʵʵʨ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙװʪʵʵʣ ʪʫʫʨʚʠʭ, 

ʭʵʚʣװװʣʵʭ, ʭʫʨʘʣ ʩʝʤʠʥʘʨʪ ʠʣʪʛʵʣ ʭʵʣʵʣʮװװʣʵʭ ʟʵʨʵʛ ʘʞʣʫʫʜ ʭʠʡʛʜʩʵʥ ʙʦʣʥʦ.   

ʊᴇʩᴇʣ ʭʵʨʵʛʞʠʭ ʷʚʮʘʜ ʜʵʣʭʠʡ ʜʘʭʠʥʳʛ ʭʘʤʘʨʩʘʥ ʮʘʨ ʪʘʭʣʘʘʩ װװʜʵʣʪʵʡ 

ʪᴇʩʣʠʡʥ ʩʘʥʭװװʞʠʣʪ ʩʘʘʪʩʘʥ, ʫʣʩ ʦʨʥʫʫʜʳʥ ʭʠʣ ʭʘʘʛʜʩʘʥʳ ʫʣʤʘʘʩ ʩʫʜʣʘʘʯʜʘʘ 

ʛʘʜʘʘʜʳʥ ʛʝʦʣʦʛʠʡʥ ʤʵʨʛʵʞʣʠʡʥ ʙʘʡʛʫʫʣʣʘʛʫʫʜ ʨʫʫ ʠʣʛʵʵʭ ʙʦʣʦʤʞʛװʡ ʙʦʣʩʦʥ, ʤᴇʥ 

ʪᴇʩʣʠʡʥ ʩʘʥʭװװʞʠʣʪʘʥʜ ʪʫʩʛʘʭ ʙʦʣʦʤʞʛװʡ ᴇʥʜᴇʨ װʥʵ ʪᴇʣʙᴇʨ ʙװʭʠʡ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ 

ʰʠʥʞʠʣʛʵʵ ʭʠʡʣʛʵʭ ʙʦʣʦʤʞ ʦʣʛʦʜʦʛ ʛʘʜʘʘʜ ʭʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘ ʭʫʤʠʛʜʩʘʥ ʟʵʨʵʛ ʦʣʦʥ 

ʭװʥʜʨʵʣװװʜ ʪʫʣʛʘʨʩʘʥ. ʀʡʤʵʵʩ ʪᴇʩʣʠʡʥ ʟʦʨʠʣʛʦ, ʟʦʨʠʣʪʳʛ ʙʠʝʣװװʣʵʭʠʡʥ ʪʫʣʜ 

ɸʄɻʊɻ ʙʘ תʥʜʵʩʥʠʡ ɻʝʦʣʦʛʠʡʥ ɸʣʙʘʥʘʘʩ ʭʵʨʵʛʞװװʣʩʵʥ ñʄʦʥʛʦʣ ʦʨʥʳ ñʂò ʭʘʚʪʛʘʡʥ 

ʭʵʤʞʵʵʥʜ ʟʦʭʠʦʛʜʩʦʥ ʫʣʩʳʥ ʛʝʦʣʦʛʠʡʥ 1:200000-ʥʳ ʤʘʩʰʪʘʙʳʥ ʠʞ ʙװʨʜʵʣ 

ʟʫʨʛʫʫʜʳʛ ʥʵʛʪʛʵʭ ʪᴇʩᴇʣò-ʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʦʨʞ ʘʞʠʣʣʘʥ ʟʘʨʠʤ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ 

ʭʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʷʚʫʫʣʞ ʭʦʣʙʦʛʜʦʭ ʜʵʵʞ ʩʦʨʴʮʫʫʜʘʘ ʮʫʛʣʫʫʣʘʭ, 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʟʘʨʠʤ ʛʝʦʭʠʤʠ, ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʭʠʡʣʛʵʭ, ʩʫʜʘʣʛʘʘ 

ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛʵʵ ʙʦʣʦʚʩʨʫʫʣʘʥ ʭʘʤʪʘʨʩʘʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ᴇʛװװʣʵʣ 

ʭʵʚʣװװʣʵʭ, ʪᴇʩʣʠʡʥ ʪʘʡʣʘʥʜ ʪʫʩʛʘʭ ʟʵʨʵʛ ʙװʭʠʡ ʣ ʙʦʣʦʤʞʠʪ ʭʫʚʠʣʙʘʨʘʘʨ ʭʘʤʪʨʘʥ 
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ʘʞʠʣʣʘʩʘʥ. ʄᴇʥ ʄʦʥʛʦʣʳʥ ʉʪʨʘʪʠʛʨʘʬʠʡʥ ʂʦʤʠʩʩʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʘʞʠʣʣʘʞ 

1:50000 ʤʘʩʰʪʘʙʳʥ ʛʝʦʣʦʛʠʡʥ ʵʨʵʣ, ʟʫʨʘʛʣʘʣʳʥ ʘʞʠʣ ʛװʡʮʵʪʛʵʞ ʙʫʡ ʢʦʤʧʘʥʠʫʜʳʥ 

ʛʝʦʣʦʛʠʯʜʦʜ ʟᴇʚʣᴇʣʛᴇᴇ ᴇʛᴇʭ ʷʚʮʘʜ ʪᴇʩʣʠʡʥ ʟʘʨʠʤ ʪʘʣʙʘʡʥʫʫʜʘʜ ʘʞʠʣʣʘʞ 

ʭʦʣʙʦʛʜʦʭ ʜʵʵʞ ʩʦʨʴʮʫʫʜʳʛ ʮʫʛʣʫʫʣʩʘʥ ʙʦʣʥʦ.  

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʭʵʤʞʵʵʥʜ ʪᴇʩʣʠʡʥ ʩʘʥʭװװʞʠʣʪʵʵʨ 3 ʫʜʘʘ, ñʄʦʥʛʦʣ ʦʨʥʳ 

ñʂò ʭʘʚʪʛʘʡʥ ʭʵʤʞʵʵʥʜ ʟʦʭʠʦʛʜʩʦʥ ʫʣʩʳʥ ʛʝʦʣʦʛʠʡʥ 1:200000-ʥʳ ʤʘʩʰʪʘʙʳʥ ʠʞ 

ʙװʨʜʵʣ ʟʫʨʛʫʫʜʳʛ ʥʵʛʪʛʵʭ ʪᴇʩᴇʣò-ʠʡʥ ʩʘʥʭװװʞʠʣʪʵʵʨ 2 ʫʜʘʘ, ʥʠʡʪ 5 ʫʜʘʘʛʠʡʥ ʭʵʵʨʠʡʥ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʷʚʫʫʣʞ ʥʠʡʪ 500 ʛʘʨʫʡ ʜʵʵʞ ʩʦʨʴʮʫʫʜʳʛ ʮʫʛʣʫʫʣʩʥʘʘʩ 

ʧʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘʥʜ 200 ʛʘʨʫʡ ʜʵʵʞ ʩʦʨʴʮʳʛ ʭʘʤʨʫʫʣʘʥ ʯʫʣʫʫʣʛʫʫʜʳʥ 

ʣʠʪʦʣʦʛʠ, ʵʨʜʵʩʣʵʛ ʙװʨʵʣʜʵʭװװʥʠʡ ʪʘʣʘʘʨʭ ʰʠʥʵʣʵʛ ʤʵʜʵʵʣʣװװʜʠʡʛ ʙʠʡ ʙʦʣʛʦʩʦʥ. 

ʄᴇʥ 280 ʛʘʨʫʡ ʜʵʵʞʠʡʛ ʛʝʦʭʠʤʠʡʥ ʙװʨʵʥ ʰʠʥʞʠʣʛʵʵʥʜ ʭʘʤʨʫʫʣʩʥʘʘʩ 190 ʜʵʵʞʥʠʡ 

ʰʠʥʞʠʣʛʵʵʛ ʪᴇʩʣʠʡʥ ʩʘʥʭװװʞʠʣʪʵʵʨ ʭʠʡʣʛʵʞ װʣʜʩʵʥ 90 ʛʘʨʫʡ ʜʵʵʞʥʠʡ ʰʠʥʞʠʣʛʵʵ 

ñʂò ʪᴇʩᴇʣ ʙʘ ʛʘʜʘʘʜ ʭʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘʥʳ ʰʫʛʘʤʘʘʨ ʭʠʡʛʜʩʵʥ. ʊװװʥʯʣʵʥ ñʄʦʥʛʦʣ 

ʦʨʥʳ ñʂò ʭʘʚʪʛʘʡʥ ʭʵʤʞʵʵʥʜ ʟʦʭʠʦʛʜʩʦʥ ʫʣʩʳʥ ʛʝʦʣʦʛʠʡʥ 1:200000-ʥʳ ʤʘʩʰʪʘʙʳʥ 

ʠʞ ʙװʨʜʵʣ ʟʫʨʛʫʫʜʳʛ ʥʵʛʪʛʵʭ ʪᴇʩᴇʣò-ʠʡʥ ʩʘʥʭװװʞʠʣʪʵʵʨ 15 ʜʵʵʞ, ʛʘʜʘʘʜ ʭʘʤʪʳʥ 

ʘʞʠʣʣʘʛʘʘʥʳ ʰʫʛʘʤʘʘʨ 28 ʜʵʵʞ, ʥʠʡʪ 43 ʜʵʵʞʠʥʜ U-Pb ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵ 

ʭʠʡʣʛʵʞ ʙʦʣʦʚʩʨʫʫʣʩʘʥ װʨ ʜװʥʛ ʵʥʵʭװװ ʪʘʡʣʘʥʜ ʘʰʠʛʣʘʩʘʥ ʙʦʣʥʦ.   

ʉʫʜʘʣʛʘʘʥʜ ʭʘʤʨʘʛʜʩʘʥ ʜʵʵʞװװʜʠʡʥ ʰʣʠʬ ʙʵʣʪʛʵʭ, ʧʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘʛ 

ʷʚʫʫʣʘʭ, ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ ʟʦʨʠʫʣʘʥ ʮʠʨʢʦʥ ʷʣʛʘʭ, ʛʝʦʭʠʤʠʡʥ 

ʰʠʥʞʠʣʛʵʵʥʜ ʟʦʨʠʫʣʘʥ ʜʵʵʞ ʩʦʨʴʮʫʫʜʳʛ ʙʫʪʣʘʭ, ʥʫʥʪʘʛʣʘʭ, ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ 

ʙʘʛʘʞʠʪ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛ ʙʦʣʦʚʩʨʫʫʣʘʭ ʟʵʨʵʛ ʘʞʣʫʫʜʳʛ ʐʋɸ-ʠʡʥ ɻʝʦʣʦʛʠʡʥ 

ʭװʨʵʵʣʵʥ ʜʵʵʨ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ.  

ʎʠʨʢʦʥʫʫʜʳʥ U-Pb ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʍʷʪʘʜʳʥ ʐʋɸ-ʠʡʥ 

ɻʫʘʥʞʦʫʛʠʡʥ ɻʝʦʭʠʤʠʡʥ ʭװʨʵʵʣʵʥʛʠʡʥ ʀʟʦʪʦʧ ɻʝʦʭʨʦʥʦʣʦʛʠ ʙʘ ɻʝʦʭʠʤʠʡʥ 

ʣʘʙʦʨʘʪʦʨʠ, ʤᴇʥ ʍʷʪʘʜʳʥ ɻʝʦʣʦʛʠʡʥ ʐʋɸ-ʠʡʥ ɻʝʦʣʦʛʠʡʥ ʭװʨʵʵʣʵʥʛʠʡʥ 

ʣʘʙʦʨʘʪʦʨʠ, ɹʵʵʞʠʥʛʠʡʥ ʀʭ ʉʫʨʛʫʫʣʠʡʥ ʣʘʙʦʨʘʪʦʨʠ ʟʵʨʵʛ ʛʘʟʨʫʫʜʘʜ ʪʫʩ ʪʫʩ LA-ICP-

MS ʙʘʛʘʞ ʘʰʠʛʣʘʥ ʩʪʘʥʜʘʨʪ ʘʨʛʘ ʘʨʛʘʯʠʣʘʣʳʥ ʜʘʛʫʫ ʭʠʡʣʛʵʩʵʥ. תʥʵʤʣʵʭװʡ ʥʘʩʥʳ 

ʭʵʤʞʠʣʪ ʭʠʡʭ ʷʚʮʘʜ ʟʘʨʠʤ ʜʵʵʞʥװװʜʠʡʥ ʮʠʨʢʦʥ, ʢʩʝʥʦʪʠʤ ʙʘ ʤʦʥʘʮʠʪʠʡʥ 

ʤᴇʭʣᴇʛװװʜʵʜ SiO2, ZrO2, P, Ti, Ca, Sr, Y, Nb, U, Th ʙʘ ɻʍʕ ʟʵʨʵʛ ʛʦʣʣʦʭ ʙʘ ʩʘʨʥʠʤʘʣ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʳʛ NIST SRM 610 ʩʪʘʥʜʘʨʪʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ʪʦʜʦʨʭʦʡʣʫʫʣʩʘʥ. 

ʎʠʨʢʦʥʫʫʜʳʥ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ ʢʦʥʢʦʨʜʳʥ ʜʠʘʛʨʘʤʤ, ʭʘʨʴʮʘʥʛʫʡ ʪʘʨʭʘʣʪʳʥ 

ʛʠʩʪʦʛʨʘʤʤ, ʞʠʛʥʵʩʵʥ ʜʫʥʜʘʞ ʥʘʩʥʳ ʜʠʘʛʨʘʤʤ ʟʵʨʛװװʜʠʡʛ Isoplot3 (Ludwig, 2003) 

ʧʨʦʛʨʘʤʤ ʘʰʠʛʣʘʥ ʙʘʡʛʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ ʮʠʨʢʦʥʫʫʜʳʥ ʛʘʨʘʣ װװʩʣʠʡʥ ʦʥʮʣʦʛʠʡʛ Corfu., 

et al (2003), Hoskin and Ireland, (2000), Belousova, (2002), Rubatto, (2002), Hoskin, 

(2005), Whitehouse, (2014) ʟʵʨʵʛ ʙװʪʵʵʣװװʜʵʜ ʜʫʨʜʘʛʜʩʘʥ ʘʨʛʘʯʣʘʣʳʥ ʜʘʛʫʫ 

ʪʦʜʦʨʭʦʡʣʩʦʥ. ʄᴇʥ ʮᴇᴇʥ ʪʦʦʥʳ ʜʵʵʞʥװװʜʠʡʥ ʵʨʜʩʠʡʥ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʗʧʦʥʳ 

ɸʢʠʪʘʛʠʡʥ ʀʭ ʩʫʨʛʫʫʣʠʡʥ ʣʘʙʦʨʘʪʦʨʠʜ EPMA ʘʨʛʘʘʨ ʭʠʡʣʛʵʩʵʥ ʙʦʣʥʦ.   

ʊᴇʩʣʠʡʥ ʘʞʣʳʥ ʷʚʮʘʜ Sm-Nd ʙʘ Rb-Sr-ʠʡʥ ʠʟʦʪʦʧʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʩʫʜʘʣʛʘʘ 

ʭʠʡʩʵʥ ʜװװʨʵʛ ʪʫʩ ʙװʨʠʡʥ ʵʨʪʥʠʡ ʭʫʨʜʩʳʥ ʭʵʤʞʵʵʥʜ ʷʚʫʫʣʘʭʘʘʨ ʪᴇʣᴇʚʣᴇʩᴇʥ ʙʦʣʦʚʯ 

ʮʘʨ ʪʘʭʣʳʥ ʫʣʤʘʘʩ ʫʛ ʘʞʠʣ ʭʠʡʛʜʵʵʛװʡ ʙᴇʛᴇᴇʜ ʟᴇʚʭᴇʥ 2018 ʦʥʳ ʭʵʵʨʠʡʥ ʘʞʣʳʥ 

ʷʚʮʘʜ ʎʦʭʠʦʪʳʥ ʜװװʨʛʵʵʩ ʘʚʘʛʜʩʘʥ ʢʘʨʙʦʥʳ ʚʫʣʢʘʥʦʛʝʥ ʟʫʟʘʘʣʛʠʡʥ 50 ʛʘʨʫʡ 

ʜʵʵʞʠʥʜ ʛʘʜʘʘʜ ʭʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘʥʳ ʰʫʛʘʤʘʘʨ ʭʠʡʛʜʩʵʥ װʨ ʜװʥʛ ʪʫʩ ʪʘʡʣʘʥʜ 

ʪʫʩʛʘʩʘʥ.  

ɼʵʵʞʥװװʜʠʡʥ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʜʘʭʴ ʐʚʝʮʘʨʠʡʥ 

ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʪʘʡ ʕʩ ɾʠ ʕʩ ʣʘʙʦʨʘʪʦʨʠʜ ʭʠʡʣʛʵʩʥʵʵʩ ʯʫʣʫʫʣʘʛ ʙװʨʜװװʣʵʛʯ 

ʠʩʣװװʜʠʡʥ ʘʛʫʫʣʛʳʛ XRF ʙʫʶʫ ʨʝʥʪʛʝʥʬʣʫʦʨʝʩʮʝʥʮʠʡʥ ʘʥʘʣʠʟʠʡʥ ʘʨʛʘʘʨ, 
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ʩʘʨʥʠʤʘʣ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʳʛ ICP-MS ʙʫʶʫ ʤʘʩʩ ʩʧʝʢʩʪʨʦʤʝʪʨʠʡʥ ʘʨʛʘʘʨ ʪʫʩ 

ʪʫʩ ʪʦʜʦʨʭʦʡʣʫʫʣʞ ʛʘʨʩʘʥ װʨ ʜװʥʛ ʩʪʘʥʜʘʨʪ ʘʨʛʘ ʘʨʛʘʯʠʣʘʣʳʥ ʜʘʛʫʫ ʙʦʣʦʚʩʨʫʫʣʩʘʥ.   

 

ɹתʃʕɻ 3. ʍɸʊɸʅɹʋʃɸɻʀʁʅ ʕʈʊʅʀʁ ʄɸʉʉʀɺ 
 

3.1. ʍʋʊɸɻ ʋʋʃʓʅ ɹʃʆʂʀʁʅ ʉʋʋʈʔ ɹɸ ʍʋʏɸɸʉ ɹתʈɼʃתתɼʀʁʅ ɻɽʆʃʆɻʀ, 

ɻɽʆʍʈʆʅʆʃʆɻʀ, ɻɽʆʍʀʄʀ 

 

ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ʍʫʪʘʛ ʋʫʣʳʥ ʙʣʦʢʠʡʥ ʭʵʤʞʵʵʥʜ 

ʫʨʴʜʢʝʤʙʨʠʡʥ ʭʫʨʜʘʩ ʥʠʣʵʵʜ ᴇʨʛᴇʥ ʟʫʨʘʛʣʘʛʜʜʘʛ ʙᴇʛᴇᴇʜ ᴇʤʥᴇʭ ʛʝʦʣʦʛʠʡʥ 

ʟʫʨʘʛʣʘʣʳʥ ʘʞʣʫʫʜʘʘʨ ʍʫʪʘʛ ʫʫʣʳʥ ʙװʩʠʡʥ ʪʘʣʩʪ ʩʫʫʨʠʡʛ ʙװʨʜװװʣʵʛʯ ʜʦʦʜ 

ʧʨʦʪʝʨʦʟʦʡʥ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʤʦʨʬ ʢʦʤʧʣʝʢʩ (ʮʘʘʰʠʜ ʤʝʪʘʢʦʤʧʣʝʢʩ ʭʵʤʵʵʥ ʥʵʨʣʵʚ) 

ʙʘ ʜʦʦʜ-ʜʫʥʜ ʨʠʬʝʡʥ ʎʵʵʣ ʬʦʨʤʘʮ ʪʫʩ ʪʫʩ ʷʣʛʘʛʜʘʥʘ (ɼʘʛʚʘ-ʆʯʠʨ ʥʘʨ., 2001; ɼʘʣʘʡ 

ʥʘʨ., 2006; ɹʷʤʙʘ, ɹᴇʤʙᴇʨᴇᴇ ʥʘʨ., 2003). ʊʦʪʦʰʘʥʳ ʫʫʣʩʳʥ ʪᴇʚʠʡʥ ʙʦʣʦʥ ᴇʤʥᴇʜ 

ʭʵʩʛװװʜʵʜ ʪʘʨʭʩʘʥ 2000 ʤ ʦʨʯʠʤ ʟʫʟʘʘʥʪʘʡ, ʙʠʦʪʠʪʦʪ, ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʪ, ʘʤʬʠʙʦʣ-

ʙʠʦʪʠʪʦʪ, ʭʦʸʨ ʛʷʣʪʛʘʥʫʫʨʪ ʛʥʝʡʩ, ʪʘʣʩʪ ʟʘʥʘʨ, ʘʤʬʠʙʦʣʠʪ, ʢʚʘʨʮʠʪ, ʛʘʥʪʠʛ, ʙʦʨʞʠʥ-

ʛʥʝʡʩ, ʤʠʛʤʘʪʠʪ ʟʵʨʛʵʵʩ ʪʦʛʪʩʦʥ ʟʫʟʘʘʣʛʠʡʛ ɼʦʨʞʥʘʤʞʘʘ ʥʘʨ (1991) ʍʫʪʘʛ-ʋʫʣ 

ʤʝʪʘʢʦʤʧʣʝʢʩʦʜ ʷʣʛʘʞ ʥʘʩʳʛ ʥʴ ʛʝʦʣʦʛʠʡʥ ʭʘʨʴʮʫʫʣʘʣʪ ʙʦʣʦʥ ʯʫʣʫʫʣʛʠʡʥ 

ʤʝʪʘʤʦʨʬʠʟʤʳʥ ʟʵʨʵʛʪ װʥʜʵʩʣʵʥ ʧʨʦʪʝʨʦʟʦʡʜ ʭʘʤʘʘʨʫʫʣʩʘʥ ʙʘʡʜʘʛ (ɻʝʦʣʦʛʠʷ 

ʄʅʈ..., 1973; ʉʫʝʪʝʥʢʦ, 1970; ɼʦʨʞʥʘʤʞʘʘ, ɹʘʪ-ʀʨʵʵʜװʡ, 1991; ɼʦʨʞʥʘʤʞʘʘ ʥʘʨ, 

2011). ʄᴇʥ ʎʵʵʣʠʡʥ ʭᴇʥʜʠʡ ʦʨʯʠʤʜ ᴇʨʛᴇʥ ʪʘʨʭʘʣʪʪʘʡ ʮʘʭʠʫʨʣʘʛ-ʢʘʨʙʦʥʘʪ 

ʟʫʟʘʘʣʛʠʡʛ ɹʷʤʙʘ ʥʘʨ (1994) ʘʥʭ ʷʣʛʘʞ ñʎʵʵʣʠʡʥ ʩʚʠʪò ʥʵʨʵʵʨ ʜʵʵʜ ʨʠʬʝʡ-ʚʝʥʜʠʡʥ 

ʪװʚʰʠʥʜ ʥʘʩʳʛ ʘʥʛʠʣʞʵʵ. ʍʘʨʠʥ ɼʘʛʚʘ-ʆʯʠʨ ʥʘʨ (5384ʌ) ʍʫʪʘʛ-ʋʫʣ 

ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʭʫʨʜʩʳʛ ʫʛʘʘʛʜʘʣ, װʣ ʥʠʡʮʣʵʛʵʵʨ ʭʫʯʠʞ ʜʵʵʜ ʪʘʣʘʘʨʘʘ ʵʜʠʘʢʘʨʠ-

ʜʦʦʜ ʢʝʤʙʨʠʡʥ ʊʦʣʴ-ʋʫʣ ʬʦʨʤʘʮʳʥ ʰʦʭʦʡʣʦʛ ʭʫʨʜʩʘʘʨ ʭʫʯʠʛʜʩʘʥ ʛʥʝʡʩ-ʪʘʣʩʪ 

ʟʘʥʘʨ, ʤʝʪʘʵʬʬʫʟʠʚ ʯʫʣʫʫʣʛʘʘʩ ʪʦʛʪʩʦʥ ʟʫʟʘʘʣʛʠʡʛ ʠʣʨװװʣʵʥ ɾ.ɹʷʤʙʳʥ ʷʣʛʘʩʘʥ 

ʎʵʵʣ ʬʦʨʤʘʮʘʜ ʘʥʛʠʣʞʵʵ (5384ʌ). ʎʵʵʣ ʬʦʨʤʘʮʘʜ ʘʥʛʠʣʩʘʥ ʵʥʵʭװװ ʤʝʪʘʤʦʨʬ 

ʭʫʨʜʩʳʛ ɼʘʛʚʘ-ʆʯʠʨ ʥʘʨ (5384ʌ) ʢʚʘʨʮʠʪ, ʛʘʥʪʠʛ, ʤʝʪʘʵʣʩʵʥ ʯʫʣʫʫ, 

ʤʝʪʘʘʣʝʚʨʦʣʠʪʠʡʥ װʝ ʘʛʫʫʣʩʘʥ ʛʥʝʡʩ-ʪʘʣʩʪ ʟʘʥʘʨʳʥ ʜʦʦʜ, ʤʝʪʘʙʘʟʘʣʴʪ, 

ʤʝʪʘʘʥʜʝʟʠʪ, ʤʝʪʘʨʠʦʣʠʪ, ʤʝʪʘʪʫʬ ʵʣʩʵʥ ʯʫʣʫʫʥʳ װʝװʜ ʘʛʫʫʣʩʘʥ ʪʘʣʩʪ ʟʘʥʘʨ-

ʥʦʛʦʦʥ ʟʘʥʘʨʳʥ ʜʫʥʜ, ʟʘʥʘʨ, ʤʝʪʘʵʣʩʵʥ ʯʫʣʫʫ, ʢʚʘʨʮʠʪ ʘʛʫʫʣʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫʥʳ 

ʜʵʵʜ ʟʫʟʘʘʣʘʛʪ ʪʫʩ ʪʫʩ ʭʫʚʘʘʥ װʟʵʞ ʥʘʩʳʛ ʛʝʦʣʦʛʠʡʥ ʭʘʨʴʮʘʘʥʜ װʥʜʵʩʣʵʥ ʜʦʦʜ-ʜʫʥʜ 

ʨʠʬʝʡʥ ʪװʚʰʠʥʜ ʙʘʨʠʤʞʘʘʣʘʥ ʘʚʯ װʟʞʵʵ. ʍʦʞʠʤ ʥʴ ɼʘʣʘʡ ʥʘʨ (2006) ʪʫʩ 

ʬʦʨʤʘʮʳʥ ʰʦʭʦʡʥ ʯʫʣʫʫʥʳ ʟʫʟʘʘʣʛʘʘʩ ʭʘʜʛʘʣʘʣʪ ʤʫʫʪʘʡ ʩʪʨʦʤʘʪʦʣʠʪʳʥ װʣʜʚʵʨ 

ʠʣʨװװʣʵʥ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʜ ʭʘʤʘʘʨʫʫʣʩʘʥ ʙʘʡʜʘʛ. ʍʘʨʠʥ ʩװװʣʜ ʙʦʣʦʚʩʨʫʫʣʘʛʜʩʘʥ 

ʋʣʩʳʥ ɻʝʦʣʦʛʠʡʥ 1:200000-ʥʳ ʤʘʩʰʪʘʙʳʥ ʠʞ ʙװʨʜʵʣ ʟʫʨʛʫʫʜʘʜ ʍʫʪʘʛ-ʋʫʣ 

ʤʝʪʘʢʦʤʧʣʝʢʩʛr ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡ ʙʘ ʜʦʦʜ ʥʝʦʧʨʦʪʝʨʦʟʦʡ ʛʵʭ ʟʵʨʛʵʵʨ ʷʣʛʘʘʪʘʡ 

ʥʘʩʘʥʜ ʘʥʛʠʣʩʘʥ ʙʦʣ ʎʵʵʣ ʬʦʨʤʘʮʳʛ ʥʦʛʦʦʥ ʟʘʥʘʨ, ʪʘʣʩʪ ʟʘʥʘʨ, ʤʝʪʘʵʣʩʵʥ ʯʫʣʫʫ, 

ʤʝʪʘʘʣʝʚʨʦʣʠʪ, ʢʚʘʨʮʠʪ, ʤʝʪʘʘʥʜʝʟʠʪ, ʛʥʝʡʩ, ʛʘʥʪʠʛʞʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫ ʟʵʨʛʵʵʩ 

ʪʦʛʪʩʦʥ ʮʘʭʠʫʨʣʘʛ-ʟʘʥʘʨ ʬʦʨʤʘʮʘʜ ʘʥʛʠʣʞ ʥʘʩʳʛ ʜʦʦʜ-ʜʫʥʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡ, ʜʫʥʜ 

ʥʝʦʧʨʦʪʝʨʦʟʦʡ ʛʵʭ ʟʵʨʛʵʵʨ ʤᴇʥ ʣ ʷʣʛʘʘʪʘʡ ʘʥʛʠʣʞʵʵ (5737ʌ; 5738ʌ; 5739ʌ; 5861ʌ). 

ʊװװʥʯʣʵʥ ʪʫʩ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʬʦʨʤʘʮʳʥ ʪʘʨʭʘʣʪʳʥ ʭʠʣ ʟʘʘʛʠʡʛ ᴇᴇʨʯʠʣʩʥᴇᴇʩ ʛʘʜʥʘ 

ɼʘʛʚʘ-ʆʯʠʨ ʥʘʨʳʥ ʎʵʵʣ ʬʦʨʤʘʮʘʜ ʘʥʛʠʣʞ ʙʘʡʩʘʥ ʟʘʨʠʤ ʟʫʟʘʘʣʛʫʫʜʳʛ ʍʫʪʘʛ-ʋʫʣ 

ʤʝʪʘʢʦʤʧʣʝʢʩʦʜ ʘʥʛʠʣʞʵʵ.  

ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ ʭʵʚʣʵʛʜʩʵʥ ʤʘʪʝʨʠʘʣʫʫʜʘʘʩ װʟʵʭʵʜ ᴆʤʥᴇʜ ʄʦʥʛʦʣʳʥ 

ʵʨʪʥʠʡ ʭʫʨʜʩʳʥ ʮᴇᴇʭᴇʥ ʪʦʦʥʳ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ᴇʛᴇʛʜʣװװʜ ʭʵʚʣʵʛʜʩʵʥ ʙʘʡʜʘʛ. װתʥʜ: 
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ᴆʤʥᴇʜ ʄʦʥʛʦʣʳʥ ʍʘʥʛʠ ʆʚʦʦ ʫʫʣʳʥ ʦʨʯʠʤʜ ʪװʨװװ-ʜʫʥʜ ʪʨʠʘʩʘʘʨ ʟʫʨʘʛʣʘʛʜʩʘʥ 

ʢʚʘʨʮ-ʩʠʝʥʠʪʠʡʥ ʙװʨʜʣʠʡʥ ʜʵʵʞʠʥʜ (42o32ô32.6ôô; 109o28ô10.1ôô) 1780 ± 10 ʩ.ʞ ʥʘʩ 

ʪʦʛʪʦʦʛʜʩʦʥ ʥʴ ʪʫʩ ʙװʩ ʥʫʪʛʠʡʥ ʭʘʤʛʠʡʥ ʵʨʪʥʠʡ ʥʘʩ ʪᴇʜʠʡʛװʡ, ʍʫʪʘʛ ʫʫʣʳʥ ʙʣʦʢʠʡʥ 

ʭʵʤʞʵʵʥʜ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ ʥʘʩʪʘʡ ʩʫʫʨʴ ʙʦʜʠʪʦʡʛʦʦʨ ʦʨʰʠʥ ʙʘʡʛʘʘʛ ʙʘʪʣʘʥ 

ʭʘʨʫʫʣʩʘʥ ʶʤ (ʊᴇʤᴇʨʭװװ ʥʘʨ., 2008). ʄᴇʥ ʗʨʤʦʣʶʢ ʥʘʨ ʎʵʵʣ ʬʦʨʤʘʮ ʥʴ ʊʦʪʦʰʘʥʳ 

ʫʫʣʩʳʥ ᴇʤʥᴇʜ ʭʵʩʵʛʪ 952 ± 8 ʩ.ʞ ʥʘʩʪʘʡ ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʦʠʜʳʥ ʠʥʪʨװʟʠʚʵɻʨ 

ʟװʩʵʛʜʩʵʥʠʡʛ ʪʦʛʪʦʦʩʦʥ (ʗʨʤʦʣʶʢ ʠ ʜʨ., 2005).  

ʀʡʥʭװװ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʫʫʜʳʥ 

ʛʝʦʭʨʦʥʦʣʦʛʠ, ʛʝʦʭʠʤʠʡʥ ʥʘʨʠʡʚʯʠʣʩʘʥ ʩʫʜʘʣʛʘʘ ʙʘʨʘʛ ʭʠʡʛʜʵʵʛװʡ, ʜᴇʥʛᴇʞ 

ʵʭʣʵʣʠʡʥ ʙʘʡʜʘʣʪʘʡ ʙʘʡʩʘʘʨ ʠʨʞʵʵ. ʀʡʤʵʵʩ ʙʠʜ ʪᴇʩᴇʣ ʭʵʨʵʛʞʠʭ ʷʚʮʘʜ 

ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ʍʫʪʘʛ ʫʫʣʳʥ ʙʣʦʢʠʡʥ ʩʫʫʨʠʡʛ ʙװʨʜװװʣʵʛʯ ʵʨʪʥʠʡ 

ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʫʫʜʳʥ ʵʨʜʩʠʡʥ ʙװʨʵʣʜʵʭװװʥ, ʙʦʜʠʩʳʥ ʥʘʡʨʣʘʛʘ, ʥʘʩ ʙʘ ʛʘʨʘʣ 

 ʜʵʜװװʨʛװװʩʣʠʡʛ ʪʦʛʪʦʦʭ ʟʦʨʠʣʛʦʦʨ ʍʫʪʘʛ ʫʫʣ, ɹʘʷʥ ʆʚʦʦ ʫʫʣ ʙʘ ɼʘʨʛʠʘʪ ʫʫʣʳʥ ʜװװ

ʷʚʫʫʣʩʘʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥʛʵʵʩ ʪʘʡʣʘʥʛʠʡʥ ʵʥʵʭװװ ʭʵʩʵʛʪ ʪʫʩʛʘʥ ʭʘʨʫʫʣʣʘʘ.  

 

3.1.1. ʍʋʊɸɻ ʋʋʃʓʅ ɼתתʈʕɻ 

 

ɻɽʆʃʆɻʀʁʅ ʊʆɻʊʆʎ. ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʩʫʜʘʣʛʘʘʛ ʙʠʜ 

ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ʍʫʪʘʛ ʋʫʣʳʥ ʙʣʦʢʠʡʥ ʪᴇʚʠʡʥ ʭʵʩʵʛʪ ʍʘʪʘʥʙʫʣʘʛ 

ʩʫʤʳʥ ʪᴇʚᴇᴇʩ ʟװװʥ ʭʦʡʰ ᴆʥʜᴇʨ ʍᴇʭ ʪʦʣʛʦʡ ʫʫʣ, ɿװװʥ ʥʘʨʠʡʥ ʫʫʣ, ʍʫʪʘʛ ʫʫʣ, 

ᴆʥʛʠʡʜᴇʛʠʡʥ ʪʦʣʛʦʜ ʙʦʣʦʥ ʉʫʚʘʨʛʘ ʪʦʣʛʦʡ, תʟװװʨ ʭᴇᴇʚʨʠʡʥ ʪʦʡʨʦʤ, ʋʭʘʘ ʪʦʣʛʦʡ, 

ʊʘʨʛʘʥʳ ʪʦʣʛʦʜ, ɼʘʣʘʥʛʠʡʥ ʪʦʣʛʦʜ ʟʵʨʛʠʡʛ ʜʘʤʥʘʥ ɸʣʩʳʥ ʋʭʘʘ ʪʦʣʛʦʜ ʭװʨʪʵʣ ʙʘʨʘʛ 

40 ʢʤ ʰʘʭʘʤ װʨʛʵʣʞʣʵʭ ʥʘʨʠʡʥ ʟʫʨʚʘʩ ʪʘʣʙʘʡʜ ʪʘʩʘʣʜʘʣʪʘʡ ʪʝʢʪʦʥʠʢʠʡʥ ʙʣʦʢ 

  .ʩʛʵʥ ʪʘʨʭʩʘʥ ʪʘʣʙʘʡʜ ʪᴇʚʣᴇʨᴇʥ ʷʚʫʫʣʣʘʘ (ɿʫʨʘʛ 8)װװ

 

ʎʵʵʣ ʬʦʨʤʘʮ. ɹʠʜʥʠʡ ʭʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʩʘʥ ʍʘʪʘʥʙʫʣʘʛ ʩʫʤʳʥ ʟװװʥ 

ʪʘʣʜ ᴆʥʜᴇʨ-ʍᴇʭ ʪʦʣʛʦʡ ʙʦʣʦʥ ʎʘʛʘʘʥ ʪʦʣʛʦʡ ʫʫʣʩ ʦʨʯʠʤʜ ʎʵʵʣ ʬʦʨʤʘʮʳʥ 

ʤʝʪʘʤʦʨʬ ʭʫʨʜʘʩ ʥʴ ʷʥʟ ʙװʨʠʡʥ ʪװʚʰʠʥʜ ʛʘʥʪʠʛʞʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫʥʘʘʩ (ʜʵʵʞ 

SM28/1, SM28/3) ʟʦʥʭʠʣʦʥ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʭʘʨ ʙʘʨʘʘʥ ʟʘʥʘʨʞʩʘʥ 

ʵʣʩʵʥ ʯʫʣʫʫ (ʜʵʵʞ SM28/2) ʙʘ ʘʣʝʚʨʦʣʠʪʠʡʥ װʝװʜʠʡʛ ʘʛʫʫʣʥʘ (ɿʫʨʘʛ 9).  

 

 

ɿʫʨʘʛ 9. ʎʘʛʘʘʥ ʪʦʣʛʦʡ ʫʫʣ 
ʦʨʯʠʤʜ ʪʘʨʭʘʣʪʪʘʡ ʎʵʵʣ 
ʬʦʨʤʘʮʳʥ ʭʫʨʜʩʳʥ 
ʟϾʩʵʣʪʠʡʥ ʟʫʨʘʛ. 
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ɿʫʨʘʛ 8. ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ ʍʫʪʘʛ ʋʫʣʳʥ ʙʣʦʢʠʡʥ ʍʫʪʘʛ ʫʫʣʳʥ ʜϾϾʨʛʠʡʥ ʎʵʵʣ ʬʦʨʤʘʮ ʙʘ  ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʪʘʨʭʘʣʪʳʥ ʟʫʨʘʛ 
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ʐʦʭʦʡʥ ʯʫʣʫʫ ʥʴ ʭʘʨ ʩʘʘʨʘʣ, ʭᴇʭ ʩʘʘʨʘʣ ʙʦʣʦʥ ʮʘʡʚʘʨ ʩʘʘʨʘʣ ᴇʥʛᴇʪʵʡ, ʠʭʵʚʯʣʵʥ 

 ʝʣʣʵʛ ʪʦʛʪʦʮʪʦʡ, ʝʨᴇʥʭʠʡʜᴇᴇ ʙʘʨʫʫʥ ʭʦʡʰʦʦ (310-355o, ʫʥʘʣʳʥ ᴇʥʮᴇʛ 30-50ʦ)װ

ʫʥʘʣʪʘʡ, ʟʘʨʠʤ ʪʦʭʠʦʣʜʦʣʜ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʘʞ ʘʪʠʨʘʘʞʩʘʥ ʙʘʡʛʘʘ ʥʴ 

ʘʞʠʛʣʘʛʜʘʥʘ (ɿʫʨʘʛ 10). 

 

 

ɿʫʨʘʛ 10. ЉʥʜЊʨ-ʍЊʭ ʪʦʣʛʦʡ ʙʘ ʎʘʛʘʘʥ ʪʦʣʛʦʡ ʫʫʣʩ ʦʨʯʠʤʜ ʠʣʵʨʩʵʥ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʭʫʨʜʩʳʥ 
ʛʘʨʰʠʡʥ ʟʫʨʘʛ. ʘ) ʍʘʨʘʛʜʘʭ ʝʨЊʥʭʠʡ ʙʘʡʜʘʣ, ʙ) ɿʘʥʘʨʞʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫ ʙʘ ʘʣʝʚʨʦʣʠʪʠʡʥ 
ʩʘʣʘʘʚʯʣʘʣ, ʚ) Ͻʝʣʣʵʛ ʰʦʭʦʡʥ ʯʫʣʫʫ, ʛ) ɼʝʬʦʨʤʘʮʘʜ ʘʚʪʘʞ ʘʪʠʨʘʘʞʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫ 

 

ʄᴇʥ ʐװװʪ ʫʫʣʳʥ ᴇʤʥᴇʜ ʪʘʣʜ ʠʣʵʨʩʵʥ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʭʘʨ ʩʘʘʨʘʣ 

ʛʷʣʪʛʘʥʫʫʨʪʘʡ ʟʘʥʘʨ (ɿʫʨʘʛ 11ʘ, ʜʵʵʞ SM28/4) ʟʦʥʭʠʣʦʭ ʙᴇʛᴇᴇʜ ʪװװʥʪʵʡ ʥʠʡʮʣʵʛ 

ʪʫʫʟʰʠʣʪʘʡ ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪ (ɿʫʨʘʛ 11ʙ, ʜʵʵʞ SM28/5) ʠʣʨʵʭ ʙʦʣ ʎʵʵʣʠʡʥ 

ʙʨʠʛʘʜʳʥ ʟװװʥʭʦʡʜ ʪʘʣʜ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʩʘʥ ʥʦʛʦʦʚʪʦʨ ʩʘʘʨʘʣ ʦʨʪʦʛʥʝʡʩ 

(ʜʵʵʞ SM28/6-1) ʙʘ ʪװװʥʠʡʛ ʟװʩʩʵʥ ʞʠʞʠʛ ʰʠʨʭʵʛʪ ʜʠʦʨʠʪʠʡʥ ʜʘʡʢʫʫʜ ʪʦʛʪʦʦʛʜʦʭ 

ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨ ʥʴ ʭʘʤʪʜʘʘ ʜʝʬʦʨʤʘʮʘʜ ʘʚʪʘʞ ʛʥʝʡʩʞʩʵʥ ʙʘʡʛʘʘ ʥʴ ʘʞʠʛʣʘʛʜʘʥʘ 

(ɿʫʨʘʛ 11ʚ). 

ʊװװʥʯʣʵʥ ʎʵʵʣʠʡʥ ʙʨʠʛʘʜʘʘʩ ʟװװʥ ʪʠʡʰ ʄʦʛʦʡʪʳʥ ʪʦʡʨʦʤ ʭװʨʪʣʵʭ ʟʫʨʚʘʩ 

ʪʘʣʙʘʡʜ ʎʵʵʣ ʬʦʨʤʘʮʘʘʨ ʟʫʨʘʛʣʘʛʜʩʘʥ ʟʫʟʘʘʣʛʠʡʥ ʭʵʤʞʵʵʥʜ ʥʦʛʦʦʚʪʦʨ ʩʘʘʨʘʣ ʙʘ 

ʮʘʡʚʘʨ ʩʘʘʨʘʣ ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪʪʦʡ ʟʘʥʘʨ (ɿʫʨʘʛ 11ʛ, ʜʵʵʞ SM29/2, SM29/3) ʟʦʥʭʠʣʦʭ 

ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨ ʥʴ ʮʘʡʚʘʨ ʰʘʨʛʘʣ, ʞʠʞʠʛ-ʜʫʥʜ ʤᴇʭʣᴇʛʪ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳʥ ʙʠʝʪʵʵʨ 

(SM29/4) ʪװʨʵʛʜʩʵʥ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʮʘʡʚʘʨ ʰʘʨʛʘʣ 

ʦʨʪʦʛʥʝʡʩʵʵʩ (SM29/5) ʭʘʛʘʨʘʣʘʘʨ ʟʘʘʛʣʘʛʜʘʥʘ (ɿʫʨʘʛ 12).  
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ɿʫʨʘʛ 11. ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʭʫʨʜʩʳʥ ʛʘʨʰʠʡʥ ʟʫʨʘʛ. ʘ) ɻʷʣʪʛʘʥʫʫʨʪʘʡ ʟʘʥʘʨ (SM28/4), ʙ) 
ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪ (SM28/5), ʚ) ʆʨʪʦʛʥʝʡʩ (SM28/6), ʛ) ʉʝʨʠʮʠʪ-ʭʣʦʨʠʪʪʦʡ ʟʘʥʘʨ (SM29/3).  

 

 

 
 

ɿʫʨʘʛ 12. ʎʵʵʣʠʡʥ ʙʨʠʛʘʜʳʥ ʟϾϾʥ ʪʘʣʜ ʪʘʨʭʘʣʪʪʘʡ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʤʝʪʘʤʦʨʬ 
ʭʫʨʜʩʳʥ ʟϾʩʵʣʪʠʡʥ ʟʫʨʘʛ.  

 

ɼʘʣʘʥʛʠʡʥ ʪʦʣʛʦʜʳʥ ᴇʤʥᴇʜ ʪʘʣ ʙʘ ɻװʥʠʡ ʪʦʡʨʤʳʥ ʭʦʡʜ ʎʵʵʣ ʬʦʨʤʘʮ ʥʴ ʛʘʨʰ ʠʣʨʵʮ 

ʤʫʫʪʘʡ, ʙװʨʵʥ ʟװʩʵʣʪ ʭʠʡʭ ʙʦʣʦʤʞʛװʡ ʙʦʣʦʚʯ ʭʘʘʷʘ ʠʣʨʵʭ ʛʘʨʰʥʫʫʜʘʜ ʭʠʡʩʵʥ 

ʭʵʩʵʛʯʠʣʩʵʥ ʟװʩʵʣʪװװʜʵʵʨ ʙװʨʵʣʜʵʭװװʥʜ ʥʴ ʮʘʡʚʘʨ ʩʘʘʨʣʘʘʩ ʙʘʨʘʘʚʪʘʨ ʩʘʘʨʘʣ 

ᴇʥʛʠʡʥ ʢʚʘʨʮʠʪ ʛʦʣʣʦʥ ʪʦʭʠʦʣʜʦʭ ʙᴇʛᴇᴇʜ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʪװװʥʪʵʡ ʥʠʡʮʣʵʛ ʭʘʨʴʮʘʘ 

ʙװʭʠʡ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʟʘʥʘʨ ʙʘ ʛʥʝʡʩ (HuE25, HuE-25/1, HuE28, HuE-28/1) ʪʦʭʠʦʣʜʦʥʦ 

(ɿʫʨʘʛ 13).  
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ɿʫʨʘʛ 13. ɼʘʣʘʥʛʠʡʥ ʪʦʣʛʦʜʳʥ ЊʤʥЊʜ ʪʘʣʜ ʎʵʵʣ ʬʦʨʤʘʮʘʘʨ ʟʫʨʘʛʣʘʛʜʩʘʥ ʟʫʟʘʘʣʛʠʡʥ ʘ) ʂʚʘʨʮ-
ʭʣʦʨʠʪ-ʤʫʩʢʦʚʠʪʦʪ ʟʘʥʘʨ (HuE25; HuE25/1) ʙʘ ʙ) ʂʚʘʨʮ-ʤʫʩʢʦʚʠʪ ʭʣʦʨʠʪʦʪ ʟʘʥʘʨʳʥ (HuE28) 

ʛʘʨʰʠʡʥ ʟʫʨʘʛ. 

 

ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ. ʍʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʩʘʥ ʄʦʛʦʡʪʳʥ ʪʦʡʨʦʤʳʥ 

ʙʘʨʫʫʥ ʫʨʜ ʪʘʣ, תʟװװʨ ʭᴇᴇʚʨʠʡʥ ʪʦʡʨʦʤ ʦʨʯʠʤʜ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʦʜ 

ʟʫʨʘʛʣʘʛʜʩʘʥ ʟʫʟʘʘʣʛʫʫʜʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʮʘʡʚʘʨ ʰʘʨʛʘʣ (ʜʵʵʞ SM29/9, SM29/10) 

ᴇʥʛʠʡʥ ʜʫʥʜ ʤᴇʭʣᴇʛʪʵʡ ʦʨʪʦʛʥʝʡʩ ʟʦʥʭʠʣʦʥ ʪʦʭʠʦʣʜʦʭ ʙᴇʛᴇᴇʜ ʤᴇʥ ʎʵʵʣ ʬʦʨʤʘʮʘʜ 

ʘʥʛʠʣʘʛʜʩʘʥ ʮʘʡʚʘʨ ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʤʫʩʢʦʚʠʪʪʦʡ ʟʘʥʘʨ (ʜʵʵʞ SM29/8-1) ʙʘ ʮʘʡʚʘʨ 

ʩʘʘʨʘʣ ʦʨʪʦʛʥʝʡʩ (ʜʵʵʞ SM29/8) ʠʣʵʨʥʵ (ɿʫʨʘʛ 14ʘ-ʛ).  

 

 

ɿʫʨʘʛ 14. ʎʵʵʣ ʬʦʨʤʘʮ ʙʘ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʤʝʪʘʤʦʨʬ ʭʫʨʜʩʳʥ ʛʘʨʰʠʡʥ ʟʫʨʘʛ. ʘ) 
ɼʫʥʜ ʤЊʭʣЊʛʪ ʦʨʪʦʛʥʝʡʩ (SM29/8), ʙ) ʄʫʩʢʦʚʠʪʪʦʡ ʟʘʥʘʨ (SM29/8-1), ʚ) ʆʨʪʦʛʥʝʡʩ (ɼʵʵʞ 

SM29/9), ʛ) ʆʨʪʦʛʥʝʡʩ (SM29/10)  
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ɼʘʨʘʘʛʠʡʥ ʘʞʠʛʣʘʣʪ ʩʫʜʘʣʛʘʘʛ ɸʥʜʫʫʛʠʡʥ ʭʫʜʛʠʡʥ ʙʘʨʫʫʥ ʪʘʣ (SM29/10; 

SM29/11), תʟװװʨ ʭᴇᴇʚʨʠʡʥ ʪʦʡʨʦʤ (SM29/12; SM29/13) ʙʦʣʦʥ ɹװʩʪʠʡʥ ʪʦʡʨʤʳʥ 

ᴇʤʥᴇʜ ʪʘʣ (SM29/15-1 ï SM29/15-6) ʟʵʨʵʛ ʛʘʟʨʫʫʜʘʜ ʷʚʫʫʣʘʚ. ʕʜʛʵʵʨʠʡʥ ʜʦʪʨʦʦʩ 

ʥʠʣʵʵʜ ʙװʨʵʥ ʟװʩʵʣʪʠʡʛ ɹװʩʪʠʡʥ ʪʦʡʨʦʤʳʥ ᴇʤʥᴇʜ ʪʘʣʜ ʭʠʡʩʵʥ ʙᴇʛᴇᴇʜ ʵʥʜ ʭʦʸʨ 

ʪʘʣʘʘʨʘʘ ʵʜʠʘʢʘʨʠ-ʜʦʦʜ ʢʝʤʙʨʠʡʥ ʊʦʣʴ-ʋʫʣ ʬʦʨʤʘʮʳʥ ʰʦʭʦʡʥ ʯʫʣʫʫʥʘʘʩ 

ʭʘʛʘʨʣʘʘʨ ʟʘʘʛʣʘʛʜʩʘʥ ʟʫʟʘʘʣʛʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʰʦʭʦʡʣʦʛ ʵʣʩʵʥ ʯʫʣʫʫʥʳ ʥʠʤʛʵʥ 

 ʝ ʘʛʫʫʣʩʘʥ ʙʘʨʘʘʚʪʘʨ ᴇʥʛʠʡʥ ʛʨʘʥʘʪʪʘʡ ʟʘʥʘʨ ʙʘ ʟʘʥʘʨʞʩʘʥ ʘʣʝʚʨʦʵʣʩʵʥ ʯʫʣʫʫʥʳװ

ʩʘʣʘʘʚʯʣʘʣ ʪʦʭʠʦʣʜʦʥʦ (ɿʫʨʘʛ 15, 16).  

 

ɿʫʨʘʛ 15. ɹϾʩʪʠʡʥ ʪʦʡʨʤʳʥ ЊʤʥЊ ʪʘʣʜ ʠʣʵʨʩʵʥ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʤʝʪʘʤʦʨʬ ʭʫʨʜʩʳʥ 
ʟϾʩʵʣʪʠʡʥ ʟʫʨʘʛ 

 
 

 

ɿʫʨʘʛ 16. ɹϾʩʪʠʡʥ ʪʦʡʨʤʳʥ ЊʤʥЊ ʪʘʣʜ ʠʣʵʨʩʵʥ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʤʝʪʘʤʦʨʬ ʭʫʨʜʩʳʥ 
ʛʘʨʰʠʡʥ ʟʫʨʘʛ. ʘ) ɻʨʘʥʘʪʪʘʡ ʟʘʥʘʨ (SM29/15), ʙ) ɿʘʥʘʨʞʩʘʥ ʘʣʝʚʨʦʵʣʩʵʥ ʯʫʣʫʫ (SM29/15-2), ʚ) 

ɿʘʥʘʨʞʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫ (ɼʵʵʞ SM29/15-5), ʛ) ɻʨʘʥʘʪʪʘʡ ʟʘʥʘʨ (SM29/15-6)  
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ʍʘʨʠʥ ɸʥʜʫʫʛʠʡʥ ʭʫʜʛʠʡʥ ʙʘʨʫʫʥ ʪʘʣ (SM29/10; SM29/11) ʙʦʣʦʥ תʟװװʨ ʭᴇᴇʚʨʠʡʥ 

ʪʦʡʨʦʤ (SM29/12; SM29/13), ʊʘʨʛʘʥʳ ʪʦʣʛʦʜʳʥ ʙʘʨʫʫʥ ʪʘʣ (SM30/1, SM30/3; 

SM30/3-1, SM30/5, SM30/6), ʋʭʘʘ ʪʦʣʛʦʡʥ ʟװװʥ ʫʨʜ ʪʘʣ  (SM30-7) ʙʦʣʦʥ ʍʘʨʛʘʥʘ 

ʭᴇʥʜʠʡʥ ᴇʤʥᴇʜ ʪʘʣʜ (SM30-8, SM30-9) ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʦʜ ʭʘʤʘʘʨʘʛʜʜʘʛ 

ʪʝʢʪʦʥʠʢʠʡʥ ʙʣʦʢʫʫʜʳʥ ʭʵʤʞʵʵʥʜ ʭᴇʭᴇʚʪᴇʨ ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʦʨʪʦʛʥʝʡʩ ʟʦʥʭʠʣʦʥ 

ʪʦʭʠʦʣʜʦʭ ʙᴇʛᴇᴇʜ ʭʘʘʷʘ ʙʘʨʘʘʚʪʘʨ ʩʘʘʨʘʣ ʢʚʘʨʮʠʪ (SM30/4) ʙʦʣʦʥ ʭʘʨ ʩʘʘʨʘʣ 

ᴇʥʛʠʡʥ ʟʘʥʘʨʞʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫ (ʜʵʵʞ SM29/16) ʪʦʛʪʦʦʛʜʦʥʦ (ɿʫʨʘʛ 17). 

 

 

ɿʫʨʘʛ 17. ʋʭʘʘ ʪʦʣʛʦʡ ʙʦʣʦʥ ʊʘʨʛʘʥʳ ʪʦʣʛʦʜ ʦʨʯʠʤʜ ʪʘʨʭʘʣʪʪʘʡ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ 
ʤʝʪʘʤʦʨʬ ʭʫʨʜʩʳʥ ʛʘʨʰʠʡʥ ʟʫʨʘʛ. ʘ) ɿʘʥʘʨ (SM29/16), ʙ) ʂʚʘʨʮʠʪ (SM30/4), ʚ) ʆʨʪʦʛʥʝʡʩ (ɼʵʵʞ 

SM30/6), ʛ) ʆʨʪʦʛʥʝʡʩ (SM30/9) 
 

 

ʇɽʊʈʆɻʈɸʌʀ.  

ʎʵʵʣ ʬʦʨʤʘʮ. ʍʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʷʚʮʘʜ ʭʠʡʛʜʩʵʥ ʛʝʦʣʦʛʠʡʥ 

ʘʞʠʛʣʘʣʪʫʫʜʘʘʩ ʘʚʯ װʟʵʭʵʜ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʷʥʟ ʙװʨʠʡʥ ʪװʚʰʠʥʜ 

ʛʘʥʪʠʛʞʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫ, ʟʘʥʘʨʞʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫ, ʘʣʝʚʨʦʣʠʪ ʙʦʣʦʥ ʪʫʥʘʤʘʣ 

ʯʫʣʫʫʣʛʘʘʨ װװʩʩʵʥ ʟʘʥʘʨʫʫʜ ʟʦʥʭʠʣʦʥ ʪʦʭʠʦʣʜʦʭ ʙᴇʛᴇᴇʜ ʛʨʘʥʠʪ-ʛʥʝʡʩ ʙʘʛʘ 

ʭʵʤʞʵʵʛʵʵʨ ʪʦʭʠʦʣʜʦʞ ʙʘʡʥʘ. ʕʜʛʵʵʨ ʯʫʣʫʫʣʛʫʫʜʳʥ ʵʨʜʩʠʡʥ ʙװʨʵʣʜʵʭװװʥʠʡ 

ʦʥʮʣʦʛʠʡʛ ʘʚʯ װʟʴʝ.  

 

ɿʘʥʘʨʞʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫ (SM28/2, SM28/4) ʥʴ ʞʠʞʠʛ, ʜʫʥʜ ʤᴇʭʣᴇʛʪʵʡ, ʢʚʘʨʮ (75-80 

%), ʤʫʩʢʦʚʠʪ, ʩʝʨʠʮʠʪʵʵʩ (20-25%) ʛʦʣʣʦʥ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʭʦʚʨʦʦʨ ʵʧʠʜʦʪʳʥ 

ʤᴇʭʣᴇʛװװʜ ʘʛʫʫʣʥʘ. ʅʵʛ ʟװʛ ʯʠʛʣʵʩʵʥ ʤʫʩʢʦʚʠʪ, ʩʝʨʠʮʠʪʠʡʥ ʘʛʨʝʛʘʪʫʫʜʘʘʨ 

ʠʣʵʨʭʠʡʣʵʛʜʩʵʥ ʟʘʥʘʨʣʘʛ ʪʝʢʩʪʫʨʪʘʡ, ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪ ʩʪʨʫʢʪʫʨʪʘʡ (ɿʫʨʘʛ 18ʘ). 

ʂʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʪ ʟʘʥʘʨ ʥʴ ʢʚʘʨʮ (40-45%), ʤʫʩʢʦʚʠʪʦʦʩ (50-55%) ʟʦʥʭʠʣʦʥ ʪʦʛʪʦʭ 
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ʙᴇʛᴇᴇʜ ʙʠʦʪʠʪʳʥ ʘʛʨʝʛʘʪʘʘʩ ʛʘʜʥʘ ʭʦʚʨʦʦʨ ʧʣʘʛʠʦʢʣʘʟ ʪʦʭʠʦʣʜʦʥʦ (ɿʫʨʘʛ 18ʚ, ʜʵʵʞ 

SM29/3). ʄᴇʥ ʟʘʨʠʤʜʘʘ ʜʠʩʪʝʥ ʥʠʣʵʵʜ ʭʵʤʞʵʵʛʵʵʨ ʘʛʫʫʣʘʛʜʘʥʘ (ɿʫʨʘʛ 18ʙ, ʜʵʵʞ 

SM29/2). ʂʚʘʨʮʳʥ ʤᴇʭʣᴇʛװװʜ ʙʘ ʤʫʩʢʦʚʠʪʠʡʥ ʭʫʫʜʘʩʣʘʛ ʘʛʨʝʛʘʪʫʫʜ ʥʴ ʝʨᴇʥʭʠʡʜᴇᴇ 

ʥʵʛ ʟװʛ ʯʠʛʣʵʩʵʥ ʟʘʥʘʨʣʘʛ ʪʝʢʩʪʫʨʪʘʡ, ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪ ʩʪʨʫʢʪʫʨʪʘʡ.  

 

 

ɿʫʨʘʛ 18. ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʛʦʣʣʦʭ ʯʫʣʫʫʣʛʫʫʜʳʥ ʰʣʠʬʠʡʥ ʟʫʨʘʛ. ʘ) ɿʘʥʘʨʞʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫ (ʜʵʵʞ 
SM28/4), ʙ) ɼʠʩʪʝʥ ʘʛʫʫʣʩʘʥ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʪ ʟʘʥʘʨ (ʜʵʵʞ SM29/2), ʚ) ʂʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʪ ʟʘʥʘʨ 

(ʜʵʵʞ SM29/3), ʛ) ɹʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʪ ʛʥʝʡʩ (ʜʵʵʞ SM28/5), ʜ-ʝ) ɹʠʦʪʠʪ-ʧʣʘʛʠʦʢʣʘʟʘʪ ʛʥʝʡʩ 
(SM28/6-1, SM29/8) 

 

ʍʦʚʨʦʦʨ ʪʦʭʠʦʣʜʦʭ ʙʠʦʪʠʪʠʡʥ ʤᴇʭʣᴇʛװװʜ ʥʴ ʤʫʩʢʦʚʠʪʦʦʨ ʙװʨʵʥ ʙʦʣʦʥ ʭʵʩʵʛʯʣʵʥ 

ʪװʨʵʛʜʩʵʥ. ʄʫʩʢʦʚʠʪʠʡʥ ʘʛʨʝʛʘʪʫʫʜ 1 ʤʤ ʭװʨʪʵʣʭ ʫʨʪʪʘʡ. ɹʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʪ ʛʥʝʡʩ 

(SM28/5) ʥʴ ʢʚʘʨʮ,  ʧʣʘʛʠʦʢʣʘʟ (60-65%), ʤʫʩʢʦʚʠʪ (20-25%) ʙʘ ʙʠʦʪʠʪʦʦʩ (10-15%) 

ʪʦʛʪʦʥʦ. ɹʠʦʪʠʪ ʙʘ ʤʫʩʢʦʚʠʪʠʡʥ ʥʵʛ ʟװʛ ʯʠʛʣʵʩʵʥ ʥʘʨʠʡʥ װʝװʜ ʙʦʣʦʥ ʪʵʜʛʵʵʨʠʡʥ ʜʫʥʜ 

ʙʘʡʨʣʘʭ ʧʦʣʠʢʨʠʩʪʘʣʣʘʛ ʢʚʘʨʮ ʙʘ ʧʣʘʛʠʦʢʣʘʟʠʡʥ ʤᴇʭʣᴇʛװװʜʵʵʨ ʠʣʵʨʭʠʡʣʵʛʜʩʵʥ 

ʛʥʝʡʩʣʵʛ ʪʝʢʩʪʫʨʪʘʡ, ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪ ʩʪʨʫʢʪʫʨʪʘʡ (ɿʫʨʘʛ 18ʛ). ʂʚʘʨʮʳʥ ʤᴇʭʣᴇʛװװʜ 

ʛʥʝʡʩʞʠʣʪʠʡʥ ʯʠʛʣʵʣʜ ʩʫʥʘʩʘʥ ʭʵʣʙʵʨʪʵʡ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ 
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ʘʚʪʩʘʥʳ ʫʣʤʘʘʩ ʞʠʞʛʵʨʯ ʙʫʪʨʘʥ ʜʦʣʛʠʦʣʦʛ ʫʥʪʨʘʣʪʪʘʡ (ʧʦʣʠʢʨʠʩʪʘʣʣʘʛ) ʙʦʣʩʦʥ 

ʙʘʡʭʘʘʩ ʛʘʜʥʘ ʟʘʨʠʤʜʘʘ ʘʭʠʥ ʪʘʣʩʞʩʘʥʳ ʫʣʤʘʘʩ ʭʵʤʞʵʵ ʥʴ ʪʦʤʦʨʩʦʥ ʙʘʡʛʘʘ ʥʴ 

ʘʞʠʛʣʘʛʜʘʥʘ. ɹʠʦʪʠʪ-ʧʣʘʛʠʦʢʣʘʟʘʪ ʛʥʝʡʩ (SM28/6-1, SM29/8) ʥʴ ʢʚʘʨʮ (30-35 %), 

ʧʣʘʛʠʦʢʣʘʟ (40-45%), ʙʠʦʪʠʪ (15-20%) ʙʘ ʢʘʣʠʰʧʘʪ (1-5%) ʟʵʨʛʵʵʩ ʛʦʣʣʦʥ ʪʦʛʪʦʥʦ 

(ɿʫʨʘʛ 18ʜ). ʂʚʘʨʮʳʥ ʤᴇʭʣᴇʛװװʜ ʥʴ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʩʘʥʳ ʫʣʤʘʘʩ 

ʧʦʣʠʢʨʠʩʪʘʣʣʘʛ ʙʦʣʩʦʥ ʙʦʣ ʧʣʘʛʠʦʢʣʘʟ ʥʴ ʠʭʵʥʭʜʵʵ ʩʦʩʩʶʨʠʪʞʩʘʥ, ʙʠʦʪʠʪ ʥʴ 

ʭʣʦʨʠʪʦʦʨ ʙʘʨʘʛ ʙװʨʵʥ ʪװʨʵʛʜʵʞ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʵʧʠʜʦʪ װװʩʩʵʥ (ɿʫʨʘʛ 18ʜ, ʝ) 

ʙʘʡʛʘʘ ʥʴ ʘʞʠʛʣʘʛʜʘʥʘ. ʄʫʩʢʦʚʠʪ-ʭʣʦʨʠʪʪʦʡ ʟʘʥʘʨ (SM30/10) ʥʴ ʢʚʘʨʮ (55-60%), 

ʤʫʩʢʦʚʠʪ, ʭʣʦʨʠʪ (40-45%) ʟʵʨʛʵʵʩ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʭʣʦʨʠʪʞʠʣʪʠʡʥ ʜʘʛʫʫʜ ʭװʜʨʠʡʥ 

ʵʨʜʩװװʜ (opaque minerals) ʥʠʣʵʵʜ ʭʵʤʞʵʵʛʵʵʨ ʪʦʭʠʦʣʜʦʥʦ. ʂʚʘʨʮʳʥ ʤᴇʭʣᴇʛװװʜ ʥʴ 

ʤᴇʥ ʟʘʥʘʨʰʠʣʪʠʡʥ ʯʠʛʣʵʣʠʡʥ ʜʘʛʫʫʜ ʩʫʥʘʩʘʥ ʭʵʣʙʵʨʪʵʡ ʙʦʣʩʦʥʦʦʩ ʛʘʜʥʘ 

ʤʠʢʨʦʘʪʠʨʘʘʞʠʣʪ ʘʞʠʛʣʘʛʜʘʥʘ.  

ɼʘʣʘʥʛʠʡʥ ʪʦʣʛʦʜʳʥ ᴇʤʥᴇʜ ʪʘʣ ʙʘ ɻװʥʠʡ ʪʦʡʨʤʳʥ ʭʦʡʜ ʪʘʣʜ ʎʵʵʣ ʬʦʨʤʘʮʳʥ 

ʙװʨʵʣʜʵʭװװʥʜ ʪʦʛʪʦʦʛʜʩʦʥ ʟʘʥʘʨ ʙʘ ʛʥʝʡʩʠʡʥ (HuE25, HuE-25/1, HuE28, HuE-28/1) 

ʧʝʪʨʦʛʨʘʬʠʡʥ ʦʥʮʣʦʛʠʡʛ ʘʚʯ װʟʴʝ.  

ɼʘʣʘʥʛʠʡʥ ʪʦʣʛʦʜʳʥ ᴇʤʥᴇʜ ʪʘʣʜ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʪʦʛʪʦʦʛʜʩʦʥ 

ʛʨʘʥʘʪ-ʭʣʦʨʠʪ-ʤʫʩʢʦʚʠʪʪʦʡ ʟʘʥʘʨ (ʜʵʵʞ HuE25) ʥʴ ʢʚʘʨʮ (50-55%), ʩʝʨʠʮʠʪ, 

ʤʫʩʢʦʚʠʪ (25-30%), ʭʣʦʨʠʪ (10-15%), ʵʧʠʜʦʪ (1-5%) ʟʵʨʛʵʵʩ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʟʘʥʘʨʣʘʛ 

ʪʝʢʩʪʫʨʪʘʡ, ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪ ʩʪʨʫʢʪʫʨʪʘʡ (ɿʫʨʘʛ 19ʘ).  

 

ɿʫʨʘʛ 19. ɼʘʣʘʥʛʠʡʥ ʪʦʣʛʦʜ ʙʘ ɻϾʥʠʡ ɻϾʥʠʡ ʪʦʡʨʦʤ ʦʨʯʠʤʜ ʟʫʨʘʛʣʘʛʜʩʘʥ ʎʵʵʣ ʬʦʨʤʘʮʳʥ 
ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʫʫʜʳʥ ʰʣʠʬʠʡʥ ʟʫʨʘʛ. ʘ) ɻʨʘʥʘʪ-ʭʣʦʨʠʪ-ʤʫʩʢʦʚʠʪʪʦʡ ʟʘʥʘʨ (ʜʵʵʞ HuE-25),  
ʙ) ɻʨʘʥʘʪ-ʤʫʩʢʦʚʠʪʦʪ ʟʘʥʘʨ (ɼʵʵʞ HuE-25/1), ʚ) ʂʚʘʨʮ-ʩʝʨʠʮʠʪʪʵʡ ʟʘʥʘʨ (HuE-28), ʛ)  ʂʚʘʨʮ-

ʙʠʦʪʠʪ-ʧʣʘʛʠʦʢʣʘʟʪʘʡ ʛʥʝʡʩ (HuE-28/1).  

 



27 
 

ʕʧʠʜʦʪ ʛʦʣ ʪᴇʣᴇʚ ʘʥ ʮʘʚ ʜʘʛʘʞ װװʩʩʵʥ ʙʘʡʭ ʙʦʣ ʛʨʘʥʘʪʳʥ ʤᴇʭʣᴇʛ ʥʴ ʥʠʣʵʵʜ 

ʙʫʪʘʨʩʘʥ ʙʘʡʜʘʣʪʘʡ, ʘʥ ʮʘʚʫʫʜʘʘʨ ʥʴ ʭʣʦʨʠʪʞʩʦʥ ʙʘʡʛʘʘ ʥʴ ʘʞʠʛʣʘʛʜʘʥʘ. ɻʨʘʥʘʪ-

ʙʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʪʦʡ ʟʘʥʘʨ (ʜʵʵʞ HuE25/1) ʥʴ ʙʠʦʪʠʪ ʙʘ ʩʝʨʠʮʠʪ ʥʠʣʵʵʜ 

ʭʵʤʞʵʵʛʵʵʨ ʘʛʫʫʣʞ ʙʘʡʛʘʘʛʘʘʨʘʘ ᴇʤʥᴇʭ ʟʘʥʘʨʘʘʩ ʷʣʛʘʛʜʘʥʘ (ɿʫʨʘʛ 19ʙ). ʍʘʨʠʥ 

ɻװʥʠʡ ʪʦʡʨʤʳʥ ʭʦʡʜ ʪʘʣʜ ʠʣʨʵʭ ʟʫʟʘʘʣʛʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʪʦʛʪʦʦʛʜʩʦʥ ʢʚʘʨʮ-

ʩʝʨʠʮʠʪʪʵʡ ʟʘʥʘʨ (HuE-28) ʥʴ ʢʚʘʨʮ (40-45%), ʩʝʨʠʮʠʪ (30 ï 35%), ʤʫʩʢʦʚʠʪ (5 ï 

10%), ʭʣʦʨʠʪ (15 ï 20%) ʙʦʣʦʥ ʭװʜʨʠʡʥ ʵʨʜʩװװʜ ʟʵʨʛʵʵʩ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʟʘʥʘʨʣʘʛ 

ʪʝʢʩʪʫʨʪʘʡ, ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪ ʩʪʨʫʢʪʫʨʪʘʡ (ɿʫʨʘʛ 19ʚ). ʂʚʘʨʮʳʥ ʤᴇʭʣᴇʛװװʜ ʥʴ ʤᴇʥ 

ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʘʞ ʙʫʪʘʨʩʘʥ ʙʘʡʛʘʘ ʥʴ ʘʞʠʛʣʘʛʜʘʥʘ. ʂʚʘʨʮ-ʩʝʨʠʮʠʪʵʪ 

ʟʘʥʘʨʪʘʡ ʥʠʡʮʣʵʛ ʙʘʡʨʣʘʭ ʙʠʦʪʠʪ-ʧʣʘʛʠʦʢʣʘʟʘʪ ʛʥʝʡʩ (HuE-28/1) ʥʴ ʢʚʘʨʮ (25-

30%), ʧʣʘʛʠʦʢʣʘʟ, ʢʘʣʠʰʧʘʪ (50 ï 60%), ʙʠʦʪʠʪ, ʤʫʩʢʦʚʠʪ (15 ï 20%) ʙʦʣʦʥ ʙʘʛʘʘʨ 

ʵʧʠʜʦʪ ʟʵʨʛʵʵʩ ʪʦʛʪʦʥʦ. ʏʫʣʫʫʣʘʛ ʥʴ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʘʞ ʢʚʘʨʮʳʥ 

ʤᴇʭʣᴇʛװװʜ ʥʴ ʙʫʪʘʨʩʘʥ ʙʘʡʜʘʣʪʘʡ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʭʘʨʠʥ ʧʣʘʛʠʦʢʣʘʟ ʙʘ ʢʘʣʠʰʧʘʪʠʡʥ 

ʤᴇʭʣᴇʛװװʜ ʥʠʣʵʵʜ ʩʘʡʥ ʭʘʜʛʘʣʘʛʜʩʘʥ ʙʘʡʛʘʘ ʥʴ ʘʞʠʛʣʘʛʜʘʥʘ (ɿʫʨʘʛ 19ʛ).  

 

ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ. ɹʠʜʥʠʡ ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʩʘʥ ʪʘʣʙʘʡʥ ʭʵʤʞʵʵʥʜ 

ʟʫʨʘʛʣʘʛʜʜʘʛ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʮʘʡʚʘʨ ʩʘʘʨʘʣ, ʭᴇʭᴇʚʪᴇʨ 

ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʦʨʪʦʛʥʝʡʩ ʟʦʥʭʠʣʦʥ ʪʦʭʠʦʣʜʦʭ ʙᴇʛᴇᴇʜ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʙʘʨʘʘʚʪʘʨ 

ʩʘʘʨʘʣ, ʮʘʡʚʘʨ ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʟʘʥʘʨʫʫʜ ʪʦʭʠʦʣʜʦʥʦ.   

 

ʇʣʘʛʠʦʢʣʘʟ-ʙʠʦʪʠʪʦʪ ʛʥʝʡʩװװʜ (SM29/5) ʝʨᴇʥʭʠʡʜᴇᴇ ʦʡʨʦʣʮʦʦ ʥʘʡʨʣʘʛʘʪʘʡ, 

ʢʚʘʨʮ (35-40%), ʧʣʘʛʠʦʢʣʘʟ (40-45%), ʙʠʦʪʠʪ (15-20%) ʙʘ ʢʘʣʠʰʧʘʪ (1-5%) ʙʦʣʦʥ 

ʭʦʚʨʦʦʨ ʵʧʠʜʦʪ ʟʵʨʛʵʵʩ ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 20ʘ). ʏʫʣʫʫʣʘʛ ʥʴ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ 

ʘʚʪʩʘʥʳ ʫʣʤʘʘʩ ʢʚʘʨʮʳʥ ʤᴇʭʣᴇʛװװʜ ʙʫʪʘʨʯ ʞʠʞʛʵʨʵʥ ʜʦʣʛʠʦʣʦʛ ʫʥʪʨʘʣʪʪʘʡ ʙʦʣʩʦʥ 

ʙʦʣ ʢʘʣʠʰʧʘʪʳʥ ʤᴇʭʣᴇʛװװʜ ʥʠʣʵʵʜ ʩʘʡʥ ʭʘʜʛʘʣʘʛʜʩʘʥ, ʧʣʘʛʠʦʢʣʘʟ ʥʴ ʛʦʣ ʪᴇʣᴇʚ 

ʩʦʩʩʶʨʠʪʞʩʵʥ ʙʘʡʭ ʙʘ ʤʠʨʤʝʢʠʪ ʫʨʛʘʣʪ ʪʦʜ ʠʣʵʨʥʵ. ɹʠʦʪʠʪ ʥʴ ʭʣʦʨʠʪ ʙʘ 

ʤʫʩʢʦʚʠʪʦʦʨ ʭʵʩʵʛʯʣʵʥ ʪװʨʵʛʜʩʵʥ ʙʘʡʜʘʣ ʘʞʠʛʣʘʛʜʘʥʘ.  

ɹʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʪ ʛʥʝʡʩ (SM29/9) ʥʴ ʢʚʘʨʮ (55-60%), ʧʣʘʛʠʦʢʣʘʟ (10-15%), 

ʙʠʦʪʠʪ, ʤʫʩʢʦʚʠʪ (25-30%) ʙʦʣʦʥ ʭʦʚʨʦʦʨ ʵʧʠʜʦʪ ʪʦʭʠʦʣʜʦʥʦ (ɿʫʨʘʛ 20ʙ). ʅʵʛ ʟװʛ 

ʯʠʛʣʵʥ ʙʘʡʨʣʘʩʘʥ ʙʠʦʪʠʪ ʙʘ ʤʫʩʢʦʚʠʪʠʡʥ ʘʛʨʝʛʘʪ ʙʦʣʦʥ ʢʚʘʨʮ, ʧʣʘʛʠʦʢʣʘʟʳʥ 

ʤᴇʭʣᴇʛװװʜʵʵʨ ʠʣʵʨʭʠʡʣʵʛʜʩʵʥ ʛʥʝʡʩʣʵʛ ʪʝʢʩʪʫʨʪʘʡ, ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪ ʩʪʨʫʢʪʫʨʪʘʡ. 

ɹʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʪ ʛʥʝʡʩ ʥʴ ʟʘʨʠʤ ʪʦʭʠʦʣʜʦʣʜ ʛʨʘʥʘʪ ʙʦʣʦʥ ʮʦʠʟʠʪ ʘʛʫʫʣʥʘ (ɿʫʨʘʛ 

20ʚ, ʜʵʵʞ SM29/10, SM29/12). ʂʚʘʨʮʳʥ ʤᴇʭʣᴇʛװװʜ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʘʞ 

ʘʭʠʥ ʪʘʣʩʞʩʘʥ, ʭʵʤʞʵʵ ʥʴ ʝʨᴇʥʭʠʡʜᴇᴇ ʞʠʛʜʵʚʪʵʨ ʙʦʣʦʚʯ ʭʘʘʷʘ 1.25 ʤʤ ʭװʨʪʣʵʭ 

ʭʵʤʞʵʵʪʵʡ ʪʦʤʭʦʥ ʤᴇʭʣᴇʛװװʜ ʪʦʭʠʦʣʜʦʥʦ.  

ɻʨʘʥʘʪ ʘʛʫʫʣʩʘʥ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʪ ʟʘʥʘʨ (SM29/15, SM29/15-6) ʥʴ ʢʚʘʨʮ (60-65 

%), ʤʫʩʢʦʚʠʪ (30-35%) ʙʘ ʛʨʘʥʘʪ ʟʵʨʛʵʵʩ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʭʣʦʨʠʪ 

ʪʦʭʠʦʣʜʦʥʦ (ɿʫʨʘʛ 20ʛ).  
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ɿʫʨʘʛ 20. ʄʦʛʦʡʪʳʥ ʪʦʡʨʦʤ, ɸʥʜʫʫʛʠʡʥ ʭʫʜʘʛ ʙʦʣʦʥ ɹϾʩʪʠʡʥ ʪʦʡʨʦʤ ʦʨʯʠʤʜ ʟʫʨʘʛʣʘʛʜʩʘʥ 
ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʤʦʨʬ ʙϾʨʜʣʠʡʥ ʛʦʣʣʦʭ ʯʫʣʫʫʣʛʫʫʜʳʥ ʰʣʠʬʠʡʥ ʟʫʨʘʛ. ʘ) ʇʣʘʛʠʦʢʣʘʟ-ʙʠʦʪʠʪʦʪ 
ʛʥʝʡʩ (ʜʵʵʞ SM29/5),  ʙ) ɹʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʪ ʛʥʝʡʩ (ɼʵʵʞ SM29/9), ʚ) ɻʨʘʥʘʪ ʘʛʫʫʣʩʘʥ ʙʠʦʪʠʪ-
ʤʫʩʢʦʚʠʪʦʪ ʛʥʝʡʩ (ɼʵʵʞ SM29/10), ʛ)  ɻʨʘʥʘʪ ʘʛʫʫʣʩʘʥ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʪ ʟʘʥʘʨ (ɼʵʵʞ SM29/15). 

 

ʊʘʨʛʘʥʳ ʪʦʣʛʦʜ, ʋʭʘʘ ʪʦʣʛʦʡ ʙʦʣʦʥ ʍʘʨʛʘʥʘ ʭᴇʥʜʠʡʥ ʦʨʯʠʤʜ ʍʫʪʘʛ-ʋʫʣ 

ʤʝʪʘʢʦʤʧʣʝʢʩʦʜ ʟʫʨʘʛʣʘʛʜʜʘʛ ʭᴇʭᴇʚʪᴇʨ ʩʘʘʨʘʣ ʛʥʝʡʩװװʜ ʥʴ ʧʝʪʨʦʛʨʘʬʠʡʥ 

ʥʘʡʨʣʘʛʳʥ ʭʫʚʴʜ ʝʨᴇʥʭʠʡʜᴇᴇ ʦʡʨʦʣʮʦʦ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʪ (SM30-1), 

ʙʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʪ (SM30/3, SM30-6), ʢʚʘʨʮ-ʭʣʦʨʠʪʦʪ (SM30/8) ʛʥʝʡʩʵʜ ʘʥʛʠʣʘʛʜʘʥʘ 

(ɿʫʨʘʛ 21ʘ-ʛ).  

ʏʫʣʫʫʣʘʛ ʥʴ ʢʚʘʨʮ, ʧʣʘʛʠʦʢʣʘʟ, ʢʘʣʠʰʧʘʪ, ʤʫʩʢʦʚʠʪ, ʙʠʦʪʠʪ ʙʘ ʭʣʦʨʠʪ ʟʵʨʛʵʵʩ 

ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʛʨʘʥʘʪ, ʮʦʠʟʠʪ ʙʘ ʵʧʠʜʦʪ ʘʛʫʫʣʥʘ. ʏʫʣʫʫʣʘʛ ʥʴ ʞʠʞʠʛ, 

ʜʫʥʜ ʤᴇʭʣᴇʛʪʵʡ, ʢʚʘʨʮ, ʧʣʘʛʠʦʢʣʘʟʳʥ ʤᴇʭʣᴇʛװװʜ ʙʘ ʛʷʣʪʛʘʥʫʫʨʳʥ ʘʛʨʝʛʘʪʫʫʜʳʥ ʥʵʛ 

ʟװʛ ʯʠʛʣʵʩʵʥ װʝʥװװʜʵʵʨ ʠʣʵʨʭʠʡʣʵʛʜʩʵʥ ʛʥʝʡʩʣʵʛ ʪʝʢʩʪʫʨʪʘʡ, ʛʨʘʥʦʙʣʘʩʪ, 

ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪ ʩʪʨʫʢʪʫʨʪʘʡ. ʂʚʘʨʮʠʡʥ ʤᴇʭʣᴇʛװװʜ ʥʴ ʜʫʛʫʡʚʪʘʨ, ʟʘʨʠʤʜʘʘ 

ʩʫʥʘʩʘʥ ʭʵʣʙʵʨʪʵʡ, ʢʘʪʘʢʣʘʟʠʡʥ ʧʨʦʮʝʩʩʪ ʵʨʯʠʤʪʵʡ ʘʚʪʩʘʥʳ ʫʣʤʘʘʩ ʞʠʞʛʵʨʯ 

ʙʫʪʘʨʩʘʥ, ʟʘʨʠʤʜʘʘ ʘʭʠʥ ʪʘʣʩʞʠʞ ʭʵʤʞʵʵ ʥʴ ʪʦʤʦʨʩʦʥ ʙʘʡʛʘʘ ʥʴ ʘʞʠʛʣʘʛʜʘʥʘ. 

ʂʚʘʨʮ ʯʫʣʫʫʣʛʠʡʥ 30-50%-ʠʡʛ ʵʟʣʵʭ ʙᴇʛᴇᴇʜ ʟʘʨʠʤ ʜʵʵʞʠʥʜ ʪװװʥʠʡ ʘʛʫʫʣʛʘ 60-70% 

ʭװʨʥʵ (ʜʵʵʞ SM30/1, ɿʫʨʘʛ 21ʘ). ʇʣʘʛʠʦʢʣʘʟ ʙʘ ʢʘʣʠʰʧʘʪ ʯʫʣʫʫʣʛʠʡʥ 20-40% ʙʘ 5-

15%-ʠʡʛ ʪʫʩ ʪʫʩ ʵʟʣʵʭ ʙᴇʛᴇᴇʜ ʧʣʘʛʠʦʢʣʘʟʳʥ ʧʦʣʠʩʠʥʪʝʪ ʠʭʵʨʣʵʣʪʵʵʩ ʛʘʜʥʘ 

ʧʣʘʛʠʦʢʣʘʟ ʥʴ ʤʠʢʨʦʢʣʠʥʦʦʨ ʪװʨʵʛʜʩʵʥʠʡ ʫʣʤʘʘʩ ʪװװʥʠʡ ʟʘʭ ʭʵʩʵʛʪ ʢʚʘʨʮʳʥ ʜʫʩʘʣ 

ʭʵʣʙʵʨʠʡʥ ʤʠʨʤʝʢʠʪ ʫʨʛʘʣʪ װװʩʞʵʵ (ɿʫʨʘʛ 21ʚ). ɹʠʦʪʠʪ ʙʘ ʤʫʩʢʦʚʠʪ ʯʫʣʫʫʣʛʠʡʥ 10-

30%-ʠʡʛ ʵʟʣʵʭ ʙʘ 0.3-1.2 ʤʤ ʭװʨʪʵʣ ʫʨʪ, ʟʘʨʠʤʜʘʘ 0.5-0.6 ʤʤ ʭװʨʪʵʣ ᴇʨʛᴇʥ ʙʘʡʭ 

ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨ ʥʴ ʭʦʦʨʦʥʜʦʦ ʥʷʛʪ ʫʨʛʘʣʪʪʘʡ, ʜʝʬʦʨʤʘʮʣʘʛʜʘʞ ʪʘʭʠʨʣʘʩʘʥ ʙʘʡʭ ʥʴ 

ʭʘʨʘʛʜʘʥʘ. ɿʘʨʠʤʜʘʘ ʤʫʩʢʦʚʠʪʠʡʥ ʭʘʨʴʮʘʥʛʫʡ ᴇʨʛᴇʥ ʭʘʚʪʛʘʡ ʪʦʤʭʦʥ ʤᴇʭʣᴇʛװװʜ ʯ 
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ʘʞʠʛʣʘʛʜʘʥʘ. ʍʣʦʨʠʪ ʥʴ ʯʫʣʫʫʣʛʠʡʥ 1-10%-ʠʡʛ ʵʟʣʵʭ ʙʘ ʛʦʣ ʪᴇʣᴇʚ ʙʠʦʪʠʪʦʦʨ װװʩʩʵʥ 

ʙʘʡʥʘ. ʕʧʠʜʦʪ ʙʘ ʮʦʠʟʠʪ ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʪʦʭʠʦʣʜʦʭ ʙʘ ʛʦʣ ʪᴇʣᴇʚ 

ʠʟʦʤʝʪʨʣʵʛ, ʟᴇʚ ʙʫʩ ʭʵʣʙʵʨʪʵʡ ʙʘʡʥʘ. ɻʨʘʥʘʪ ʤᴇʥ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʪʦʭʠʦʣʜʦʭ 

ʙᴇʛᴇᴇʜ ʠʟʦʤʝʪʨʣʵʛ ʭʵʣʙʵʨʪʵʡ, 0.1-0.7 ʤʤ ʭװʨʪʵʣ ʭʵʤʞʵʵʪʵʡ, ʘʥ ʮʘʚ ʜʘʛʫʫʜ ʥʴ 

ʭʣʦʨʠʪ, ʵʩʚʵʣ ʙʠʦʪʠʪ װװʩʩʵʥ ʙʘʡʛʘʘ ʥʴ ʘʞʠʛʣʘʛʜʘʥʘ. ɸʢʮʝʩʩʦʨ ʵʨʜʩװװʜʵʵʩ ʮʠʨʢʦʥ 

ʪʦʭʠʦʣʜʦʭ ʙʘ ʤᴇʥ ʭװʜʨʠʡʥ ʵʨʜʩװװʜ, ʤʘʛʥʝʪʠʪ ʪʦʭʠʦʣʜʦʥʦ.   

 

 

ɿʫʨʘʛ 21. ʊʘʨʛʘʥʳ ʪʦʣʛʦʜ, ʋʭʘʘ ʪʦʣʛʦʡ ʙʦʣʦʥ ʍʘʨʛʘʥʘ ʭЊʥʜʠʡʥ ʦʨʯʠʤʜ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʤʦʨʬ 
ʙϾʨʜʵʣʜ ʟʫʨʘʛʣʘʛʜʜʘʛ ʛʥʝʡʩʠʡʥ ʰʣʠʬʠʡʥ ʟʫʨʘʛ. ʘ) ʂʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʪ ʛʥʝʡʩ (SM30-1), ʙ-ʚ) 

ɹʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʪ ʛʥʝʡʩ (SM30/3, SM30-6), ʛ) ʂʚʘʨʮ-ʭʣʦʨʠʪʦʪ ʛʥʝʡʩ (SM30/8)   
 

ʄɽʊɸʄʆʈʌ ʏʋʃʋʋʃɻʋʋɼʓʅ ʇʈʆʊʆʃʀʊ. ʍʵʵʨʠʡʥ ʘʞʣʳʥ ʷʚʮʘʜ ʭʠʡʩʵʥ ʤʘʢʨʦ 

ʘʞʠʛʣʘʣʪ ʙʦʣʦʥ ʧʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʜװʥʛʵʵʩ ʘʚʯ װʟʵʭʵʜ ʍʫʪʘʛ-ʋʫʣ 

ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʛʦʣ ʪᴇʣᴇʚ ʭװʯʠʣʣʵʛ ʥʘʡʨʣʘʛʘʪʘʡ 

ʛʥʝʡʩ, ʪᴇʨᴇʣ ʙװʨʠʡʥ ʟʘʥʘʨ, ʟʘʥʘʨʞʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫ ʙʦʣʦʥ ʢʚʘʨʮʠʪ ʟʦʥʭʠʣʦʭ ʙᴇʛᴇᴇʜ 

ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʛʘʥʪʠʛ ʪʦʭʠʦʣʜʦʥʦ. ʕʜʛʵʵʨ ʯʫʣʫʫʣʛʫʫʜʳʥ ʧʝʪʨʦʛʨʘʬʠʡʥ ʦʥʮʣʦʛʪ 

ʪʫʣʛʫʫʨʣʘʥ ʘʚʯ װʟʚʵʣ ʟʘʥʘʨʫʫʜ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʘʘʨ װװʩʩʵʥ ʙʦʣ ʭʘʨʠʥ ʛʥʝʡʩ ʥʴ 

ʭװʯʠʣʣʵʛ ʤʘʘʛʤʳʥ ʯʫʣʫʫʣʛʘʘʨ ʪʫʩ ʪʫʩ װװʩʩʵʥ ʙʘʡʭ ʤʘʛʘʜʣʘʣʪʘʡ ʙʘʡʥʘ. ʀʡʤʵʵʩ 

ʵʥʵʭװװ ʪʘʘʤʘʛʣʘʣʳʛ ʰʘʣʛʘʭ װװʜʥʵʵʩ ʯʫʣʫʫʣʛʫʫʜʳʥ ʧʨʦʪʦʣʠʪ ʙʫʶʫ ʘʥʭʜʘʛʯ 

ʯʫʣʫʫʣʛʠʡʥ ʣʠʪʦʣʦʛʠʡʥ ʥʘʡʨʣʘʛʳʛ ʪʦʛʪʦʦʭ ʦʨʦʣʜʣʦʛʳʛ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʜװʥʛ ʘʰʠʛʣʘʥ ʭʠʡʣʵʵ.  

ʄʝʪʘʤʦʨʬʠʟʤʳʥ ʷʚʮʘʜ ʜʘʨʘʣʪ ʙʦʣʦʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʯʫʣʫʫʣʛʠʡʥ 

ʘʥʭʜʘʛʯ ʪʦʛʪʦʮ ʙװʨʵʥ ʙʦʣʦʥ ʭʵʩʵʛʯʣʵʥ ʘʨʠʣʜʘʛ. ʀʡʤʵʵʩ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʠʡʥ 

ʘʥʭʜʘʛʯ ʧʨʦʪʦʣʠʪʠʡʥ ʥʘʡʨʣʘʛʘ, ʛʘʨʘʣ װװʩʵʣ, װװʩʣʠʡʥ ʛʝʦʜʠʥʘʤʠʢ ʥᴇʭʮʣʠʡʛ 

ʪʦʛʪʦʦʭʦʜ ʪʵʜʛʵʵʨʠʡʥ ʭʠʤʠʡʥ ʥʘʡʨʣʘʛʳʥ ʦʥʮʣʦʛʪ ʪʫʣʛʫʫʨʣʘʩʘʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ 
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ʘʨʛʘʯʣʘʣʳʛ ʘʰʠʛʣʘʜʘʛ (ʅʝʤʘʪʦʚ, 1969; ɽʬʨʝʤʦʚʘ ʠ ʉʪʘʬʝʝʚ, 1985). ʕʜʛʵʵʨʠʡʥ 

ʜʦʪʨʦʦʩ ʧʨʘʢʪʠʢʪ ᴇʥᴇᴇʛ ʭװʨʪʵʣ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʛʜʜʵʛ ɸ.ʉʠʤʦʥʝʥʳ ʜʠʘʛʨʘʤʤ ʥʴ ʭʫʨʜʘʩ 

ʭʫʨʠʤʪʣʘʣ ʙʘ ᴇʛᴇʨʰʣʠʡʥ ʧʨʦʮʝʩʩʳʥ ʷʚʮʘʜ ʷʚʘʛʜʜʘʛ ʯʫʣʫʫʣʘʛ ʙװʨʜװװʣʵʛʯ ʠʩʣװװʜʠʡʥ 

ʷʣʛʘʨʘʣʳʥ ʦʥʮʣʦʛ ʜʵʵʨ װʥʜʵʩʣʵʛʜʜʵʛ ʙʦʣ ɸ. ʅʝʤʘʪʦʚʳʥ ʜʠʘʛʨʘʤʤ ʥʴ ʯʫʣʫʫʣʛʠʡʥ 

ʭʠʤʠʡʥ ʰʠʥʞ ʜʵʵʨ װʥʜʵʩʣʵʥ ʦʨʪʦ ʙʦʣʦʥ ʧʘʨʘ ʯʫʣʫʫʣʛʠʡʛ ʷʣʛʘʭ ʙʦʣʦʤʞ ʦʣʛʦʜʦʛ 

(ʉʠʨʦʪʠʥ ʠ ʜʨ., 2005). ʕʜʛʵʵʨ ʜʠʘʛʨʘʤʤʫʫʜ ʥʴ ʤʘʘʛʤʳʥ ʙʦʣʦʥ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʠʡʥ 

ʦʣʦʥ ʤʷʥʛʘʥ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʜ ʭʠʡʩʵʥ ʩʪʘʪʠʩʪʠʢ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʜ 

ʙʦʣʦʚʩʨʫʫʣʘʛʜʩʘʥ ʙʘʡʜʘʛ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʤʘʘʛʤʳʥ ʯʫʣʫʫʣʘʛʪ ʭᴇʥʛᴇʥʮʘʛʘʘʥ 

ʠʭʩʵʭʵʜ ʪװװʥʪʵʡ ʟʵʨʵʛʮʵʥ ʥʘʪʨʠ ʙʘ ʢʘʣʠ ʠʭʵʩʜʵʛ, ʤᴇʥ ʤʘʛʥʠʡ ʙʘ ʪᴇʤᴇʨ ʝʨᴇʥʭʠʡʜᴇᴇ 

ʦʡʨʦʣʮʦʦ ʘʛʫʫʣʛʘʪʘʡ ʙʘʡʜʘʛ ʙʦʣʦʥ ʤʘʛʥʠʡʛ ʙʦʜʚʦʣ ʢʘʣʴʮʠʡ ʙʘʛʘ ʙʘʡʜʘʛ ʟʵʨʵʛ 

ʛʝʦʭʠʤʠʡʥ ʦʥʮʣʦʛʫʫʜ ʪʦʛʪʦʦʛʜʩʦʥ ʙʦʣ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʘʛʪ װװʥʠʡ ʵʩʨʵʛ ʟװʡ ʪʦʛʪʦʣ 

ʘʞʠʛʣʘʛʜʜʘʛ ʙʘʡʥʘ (ʅʝʤʘʪʦʚ, 1969). ʄᴇʥ ʠʭʵʥʭ ʤʘʘʛʤʳʥ ʯʫʣʫʫʣʘʛʪ Al<Na+K+2Ca 

(ʘʪʦʤʳʥ ʪʦʦ) ʙʘʡʜʘʛ ʙʦʣ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʘʛʪ Al>Na+K+2Ca (ʘʪʦʤʳʥ ʪʦʦ) ʙʘʡʜʘʛ 

ʙʘʡʥʘ.  

ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʫʫʜʳʥ 

ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʛ ʘʰʠʛʣʘʥ ʭʦʣʙʦʛʜʦʭ ʘʨʛʘʯʠʣʘʣʳʥ ʜʘʛʫʫ ʉʠʤʦʥʝʥ ʙʘ 

ʅʝʤʘʪʦʚʳʥ ʜʠʘʛʨʘʤʤʫʫʜʳʛ ʙʘʡʛʫʫʣʞ װʟʵʭʵʜ ʜʘʨʘʘʭ ʙʘʡʜʘʣ ʘʞʠʛʣʘʛʜʘʥʘ (ɿʫʨʘʛ 22).  

 

 

ɿʫʨʘʛ 22. ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʫʫʜʳʥ ʘʥʭʜʘʛʯ ʵʭ 
ϾϾʩʚʵʨʠʡʛ ʪʦʛʪʦʦʭ ʘ) ɸ.ʅʝʤʘʪʦʚ ʙʦʣʦʥ ʙ) ɸ.ʉʠʤʦʥʝʥʳ ʜʠʘʛʨʘʤʤʫʫʜ.  

 

ʅʝʤʘʪʦʚʳʥ ʜʠʘʛʨʘʤʤ ʜʵʵʨ ʷʥʟ ʙװʨʠʡʥ ʥʘʡʨʣʘʛʘʪʘʡ ʟʘʥʘʨʳʥ ʜʵʵʞʥװװʜ ʥʴ ʪʫʥʘʤʘʣ 

ʯʫʣʫʫʣʛʠʡʥ ʪʘʣʙʘʡ ʜʵʵʨ, ʉʠʤʦʥʝʥʳ ʜʠʘʛʨʘʤʤ ʜʵʵʨ ʧʝʣʠʪ ʙʦʣʦʥ ʧʩʘʤʤʠʪ 

ʯʫʣʫʫʣʛʠʡʥ ʪʘʣʙʘʡ ʜʵʵʨ ʪʫʩ ʪʫʩ ʙʫʫʞ ʙʘʡʛʘʘ ʥʴ ʪʵʜʛʵʵʨʠʡʛ ʪʫʥʘʤʘʣ ʵʭ װװʩʚʵʨʪʵʡ 

ʙʫʶʫ ʧʘʨʘ ʯʫʣʫʫʣʘʛ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʥʘ. ʍʘʨʠʥ ʛʥʝʡʩװװʜ ʥʴ ʘʣʴ ʘʣʴ ʜʠʘʛʨʘʤʤ ʜʵʵʨ 

ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʥ ʪʘʣʙʘʡ ʜʵʵʨ ʪᴇʚʣᴇʨᴇʥ ʙʫʫʞ ʙʘʡʛʘʘ ʥʴ ʪʵʜʛʵʵʨʠʡʛ ʦʨʪʦʛʥʝʡʩ 

ʙʦʣʦʭʳʛ ʠʣʪʛʵʥʵ. ʀʡʥʭװװ ʯʫʣʫʫʣʛʠʡʥ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʛʵʵʨ ʭʠʡʩʵʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʥʴ ʧʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʜװʥʪʵʡ ʥʠʡʮʵʞ ʙʘʡʛʘʘ ʥʴ ʪʦʛʪʦʦʛʜʣʦʦ.  

 

ɻɽʆʍʈʆʅʆʃʆɻʀ. ʊᴇʩᴇʣ ʭʵʨʵʛʞʠʭ ʷʚʮʘʜ ʍʫʪʘʛ ʫʫʣʳʥ ʜװװʨʵʛʪ ʍʫʪʘʛ-ʋʫʣ 

ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʎʵʵʣ ʬʦʨʤʘʮʘʘʨ ʟʫʨʘʛʣʘʛʜʩʘʥ ʦʨʪʦʛʥʝʡʩ ʙʘ ʧʨʦʪʦʣʠʪʠʡʥ 

ʪʘʣʩʞʠʣʪʳʥ ʥʘʩ ʙʦʣʦʥ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʘʘʨ װװʩʩʵʥ ʟʘʥʘʨʫʫʜʳʥ ʭʫʨʜʘʩ ʭʫʨʠʤʪʣʘʣʳʥ 
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ʥʘʩʳʛ ʪʦʛʪʦʦʭ ʟʦʨʠʣʛʦʦʨ ʥʠʡʪ 7 ʜʵʵʞʥʠʡ ʮʠʨʢʦʥʫʫʜʳʥ U-Pb-ʥʳ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ 

ʰʠʥʞʠʣʛʵʵʛ ʷʚʫʫʣʞ ʘʥʭʜʘʛʯ ᴇʛᴇʛʜʣװװʜʠʡʛ ʙʦʣʦʚʩʨʫʫʣʩʘʥ װʨ ʜװʥʛ ʜʦʦʨ ʭʘʨʫʫʣʘʚ.  

 

ɻʨʘʥʘʪ ʘʛʫʫʣʩʘʥ ʭʣʦʨʠʪ-ʤʫʩʢʦʚʠʪʪʦʡ ʟʘʥʘʨ. ɼʵʵʞ HuE25. ʊʫʩ ʜʵʵʞʠʡʛ 

ɼʘʣʘʥʛʠʡʥ ʪʦʣʛʦʜʳʥ ᴇʤʥᴇ ʪʘʣʜ (43o18ô02.0ôô; 110o31ô52.2ôô) ʎʵʵʣ ʬʦʨʤʘʮʘʘʨ 

ʟʫʨʘʛʣʘʛʜʩʘʥ ʢʚʘʨʮʠʪ-ʟʘʥʘʨʳʥ ʟʫʟʘʘʣʛʠʡʥ ʛʨʘʥʘʪ ʘʛʫʫʣʩʘʥ ʭʣʦʨʠʪ-ʤʫʩʢʦʚʠʪʪʦʡ 

ʟʘʥʘʨʘʘʩ ʘʚʩʘʥ (ɿʫʨʘʛ 13ʘ). ʊʫʩ ʜʵʵʞʥʵʵʩ ʷʣʛʘʩʘʥ ʮʠʨʢʦʥʫʫʜ ʥʴ ʙװʛʜ ʪʦʜ ʠʣʵʨʩʵʥ 

ʙװʩʣװװʨʣʵʛ ʪʦʛʪʦʮʪʦʡ, ʤᴇʥ ʪʵʜʛʵʵʨʠʡʥ Th/U ʭʘʨʴʮʘʘ 0.18 ʙʘ 1.68 ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ 

ʙʘʡʛʘʘ ʥʴ ʪʵʜʛʵʵʨʠʡʛ ʤʘʘʛʤʳʥ ʮʠʨʢʦʥ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʥʘ (ɿʫʨʘʛ 23ʘ).  

 

 
ɿʫʨʘʛ 23. ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʛʨʘʥʘʪ ʘʛʫʫʣʩʘʥ ʭʣʦʨʠʪ-ʤʫʩʢʦʚʠʪʪʦʡ ʟʘʥʘʨʳʥ ʜʵʵʞʥʠʡ (HuE25) 
ʮʠʨʢʦʥʫʫʜʳʥ ʘ) ʂʘʪʦʜʣʶʤʠʥʝʩʮʝʥʮʠʡʥ ʟʫʨʘʛ, ʙ) ϽʥʵʤʣʵʭϾʡ ʥʘʩʥʳ ʪʘʨʭʘʣʪʳʥ ʛʠʩʪʦʛʨʘʤʤ. 

 

ʅʠʡʪʜʵʵ 24 ʮʠʨʢʦʥʜ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ ʙᴇʛᴇᴇʜ ʟᴇᴇʛʜʤᴇʣ 

ʮʠʨʢʦʥʫʫʜʳʥ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ ʭʵʤʞʠʣʪʵʵʨ ʪʵʜʛʵʵʨʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ 1180Ñ31 ʩ.ʞ 

ʙʘ 2369Ñ19 ʩ.ʞ ʭʦʦʨʦʥʜ ʢʦʥʢʦʨʜʘʥʪ ʥʘʩ ʥʴ ʭʵʣʙʵʣʟʵʭ ʮʠʨʢʦʥʫʫʜ ʪʦʛʪʦʦʛʜʩʦʥ ʙʦʣʥʦ. 

ʎʠʨʢʦʥʫʫʜʠʡʥ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ ʢʦʥʢʦʨʜ ᴇʛᴇʛʜʣװװʜʠʡʛ ʘʚʯ װʟʚʵʣ ʜʘʨʘʘʭ ʛʫʨʚʘʥ 

ʧʦʧʫʣʷʮʠ ʙʫʶʫ ʙװʣʵʛʪ ʭʫʚʘʘʥ װʟʵʞ ʙʦʣʥʦ. װתʥʜ: 1) 1768 Ñ 22 ʙʘ 1617 Ñ 25 ʩ.ʞ 

ʭʦʦʨʦʥʜ 207Pb/206Pb ʥʘʩ ʥʴ ʭʵʣʙʵʣʟʵʭ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ, 2) 1595 Ñ 23 ʙʘ 1395 Ñ 24 

ʩ.ʞ ʭʦʦʨʦʥʜ ʥʘʩ 207Pb/206Pb ʥʴ ʭʵʣʙʵʣʟʵʭ ʜʦʦʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ, 3) 1372 Ñ 28 ʙʘ 

1180 Ñ 31 ʩ.ʞ ʭʦʦʨʦʥʜ 207Pb/206Pb ʥʘʩ ʥʴ ʭʵʣʙʵʣʟʵʭ ʜʫʥʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ 

ʮʠʨʢʦʥʫʫʜ ʙʘʛʪʘʥʘ. ʄᴇʥ 2044 Ñ 22 ʩ.ʞ ʥʘʩ ʙװʭʠʡ ʥʝʦʘʨʭʝʡʥ 1 ʮʠʨʢʦʥ ʪʦʛʪʦʦʛʜʩʦʥʳʛ 

ʜʫʨʜʘʭ ʥʴ ʟװʡʪʵʡ. ʊʵʜʛʵʵʨʵʵʩ ʭʘʤʛʠʡʥ ʟʘʣʫʫ ʛʫʨʚʘʥ ʮʠʨʢʦʥʳ ʥʘʩʥʳ ʜʫʥʜʘʞ ʙʦʣʦʭ 

1242Ñ150 ʩ.ʞ (MSWD=4.1) ʥʘʩʥʳ ᴇʛᴇʛʜʣʠʡʛ ʪʫʩ ʟʫʟʘʘʣʛʠʡʥ ʭʫʨʜʘʩ ʭʫʨʠʤʪʣʘʣʳʥ 

ʥʘʩʥʳ ʜʦʦʜ ʭʷʟʛʘʘʨ ʛʵʞ װʟʵʚ (ɿʫʨʘʛ 23). ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ɼʘʣʘʥʛʠʡʥ ʪʦʣʛʦʜʳʥ ᴇʤʥᴇ 

ʪʘʣʜ ʟʫʨʘʛʣʘʛʜʩʘʥ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʧʘʨʘʛʥʝʡʩʠʡʥ ʧʨʦʪʦʣʠʪʠʡʥ ʭʫʨʜʘʩ 

ʭʫʨʠʤʪʣʘʣʳʥ ʥʘʩʥʳ ʜʵʵʜ ʭʷʟʛʘʘʨʳʛ ʜʫʥʜ ï ʜʵʵʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ ʪװʚʰʠʥʜ ʘʚʯ װʟʵʭ 

ʙʦʣʦʤʞʪʦʡ ʙʘʡʥʘ.  

ʂʚʘʨʮ-ʤʫʩʢʦʚʠʪʪʘʡ ʛʥʝʡʩ. ɼʵʵʞ HuE28. ʊʫʩ ʜʵʵʞʠʡʛ ɸʣʩʳʥ ʋʭʘʘ ʪʦʣʛʦʜ ʦʨʯʠʤʜ 

(43o19'42"; 110o42'14.8") ʎʵʵʣ ʬʦʨʤʘʮʘʘʨ ʟʫʨʘʛʣʘʛʜʩʘʥ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʪʘʡ ʛʥʝʡʩʵʵʩ 

(HuE-28) ʘʚʩʘʥ. ʂʘʪʦʜʣʶʤʠʥʝʩʮʝʥʮʠʡʥ ʟʫʨʛʘʘʩ װʟʵʭʵʜ ʪʫʩ ʜʵʵʞʥʵʵʩ ʷʣʛʘʛʜʩʘʥ 

ʮʠʨʢʦʥʫʫʜ ʥʴ ʪʦʜ ʠʣʵʨʩʵʥ ʙװʩʣװװʨʣʵʛ ʪʦʛʪʦʮʪʦʡ, ʫʨʪʘʚʪʘʨ ʧʨʠʟʤʣʵʛ ʭʵʣʙʵʨʪʵʡ, 70-

160 µm ʭװʨʪʣʵʭ ʭʵʤʞʵʵʪʵʡ ʩʘʡʪʘʨ ʤᴇʣʛᴇʨʞʩᴇʥ ʪʘʣʩʪʫʫʜʘʘʩ ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 24).  
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ɿʫʨʘʛ 24. ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʪʘʡ ʛʥʝʡʩʠʡʥ ʜʵʵʞʥʠʡ (HuE28) ʮʠʨʢʦʥʫʫʜʳʥ 

ʢʘʪʦʜʣʶʤʠʥʝʩʮʝʥʮʠʡʥ ʟʫʨʘʛ 

 

ʄᴇʥ ʮʠʨʢʦʥʫʫʜʳʥ ʛʝʦʭʠʤʠʡʥ ᴇʛᴇʛʜʣװװʜʵʵʨ Th/U ʭʘʨʴʮʘʘ 0.27 ʙʘ 4.39 ʭʦʦʨʦʥʜ 

ʭʵʣʙʵʣʟʵʞ ʙʘʡʛʘʘ ʥʴ ʪʵʜʛʵʵʨʠʡʛ  ʤʘʘʛʤʳʥ ʛʘʨʘʣʪʘʡ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʥʘ. ʊʫʩ ʜʵʵʞʥʵʵʩ 

ʷʣʛʘʩʘʥ ʥʠʡʪ 27 ʮʠʨʢʦʥʜ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ ʭʵʤʞʠʣʪ ʭʠʡʭʵʜ 852 ± 13 ʩ.ʞ-ʵʵʩ 1697 ± 

102 ʩ.ʞ-ʠʡʥ 207Pb/206Pb ʥʘʩʪʘʡ ʮʠʨʢʦʥʫʫʜ ʪʦʛʪʦʦʛʜʩʦʥ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨ ʥʴ  װʥʵʤʣʵʭװʡ 

ʥʘʩʥʳ ᴇʛᴇʛʜʣᴇᴇʨᴇᴇ ʜʘʨʘʘʭ 5 ʧʦʧʫʣʷʮʠ ʙʫʶʫ ʙװʣʵʛʪ ʭʫʚʘʘʛʜʘʥʘ  (ɿʫʨʘʛ 25). 

 ʥʜ: 1) 1697 ± 14 ʙʘ 1618 ± 16 ʩ.ʞ ʭʦʦʨʦʥʜ 207Pb/206Pb ʥʘʩ ʥʴ ʭʵʣʙʵʣʟʵʭװת

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ 6 ʮʠʨʢʦʥ, 2) 1567 ± 20 ʙʘ 1402 ± 102 ʩ.ʞ ʭʦʦʨʦʥʜ ʥʘʩ 207Pb/206Pb 

ʥʴ ʭʵʣʙʵʣʟʵʭ ʜʦʦʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ 7 ʮʠʨʢʦʥ, 3) 1393 ± 73 ʙʘ 1227 ± 70 ʩ.ʞ ʭʦʦʨʦʥʜ 
207Pb/206Pb ʥʘʩ ʥʴ ʭʵʣʙʵʣʟʵʭ  ʜʫʥʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ 11 ʮʠʨʢʦʥ, 4) 1147 ± 68 ʩ.ʞ-ʠʡʥ 
207Pb/206Pb ʥʘʩʪʘʡ ʜʵʵʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ 1 ʮʠʨʢʦʥ 5) 916 ± 22 ʙʘ 852 ± 78 ʩ.ʞ 

ʭʦʦʨʦʥʜ 207Pb/206Pb ʥʘʩ ʥʴ ʭʵʣʙʵʣʟʵʭ ʜʦʦʜ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ 2 ʮʠʨʢʦʥ ʪʫʩ ʪʫʩ 

ʪʦʛʪʦʦʛʜʩʦʥ ʙʦʣʥʦ. ʕʜʛʵʵʨʠʡʥ ʜʦʪʨʦʦʩ 916 ± 22 ʙʘ 852 ± 78 ʩ.ʞ-ʠʡʥ ʥʘʩʥʳ ᴇʛᴇʛʜʣװװʜ 

ʥʴ ʥʘʨʠʡʚʯʣʘʣ ʤʫʫʪʘʡ, ʭʘʨʴʮʘʥʛʫʡ װʥʵʤʰʠʣ ʙʘʛʘʪʘʡ ᴇʛᴇʛʜᴇʣ ʙʘʡʩʘʥ ʶʤ. ʀʡʤʵʵʩ 

ʙʠʜ ᴇʤʥᴇ ʥʴ 1264 ʩ.ʞ ʜʵʵʨ ʛʦʣ ʧʠʢ ʥʴ ʪᴇʚʣᴇʨʩᴇʥ ʥʘʩʥʳ ʧʦʧʫʣʷʮʠ ʭʘʤʛʠʡʥ ʠʭ ʭʫʚʠʡʛ 

ʵʟʣʵʞ ʙʘʡʛʘʘʜ װʥʜʵʩʣʵʥ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʛʥʝʡʩʠʡʥ ʧʨʦʪʦʣʠʪʠʡʥ ʭʫʨʜʘʩ 

ʭʫʨʠʤʪʣʘʣʳʥ ʥʘʩʥʳ ʜʵʵʜ ʭʷʟʛʘʘʨʳʛ ʜʫʥʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ ʩװװʣʯ ʙʫʶʫ ʜʵʵʜ 

ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ ʪװʚʰʠʥʜ ʘʚʯ װʟʩʵʥ ʶʤ.  

ʂʚʘʨʮ-ʤʫʩʢʦʚʠʪʪʘʡ ʛʥʝʡʩʠʡʥ HuE28 ʜʵʵʞʥʠʡ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʛ ʪʫʩ 

ʜװװʨʵʛʪ ʭʠʡʛʜʩʵʥ 1:50000 ʤʘʩʰʪʘʙʳʥ ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛʣʘʣ, ʝʨᴇʥʭʠʡ ʵʨʣʠʡʥ ʘʞʠʣ 

ʷʚʫʫʣʩʘʥ ñʍʫʣʛʘʨʳʥ ʵʣʩ-50ò ʪᴇʩʣʠʡʥ ʛʝʦʣʦʛʠʯʠʜʪʦʡ ʭʘʤʪʨʘʥ 2015 ʦʥʜ ʷʚʫʫʣʩʘʥ 

ʙᴇʛᴇᴇʜ ʪʫʭʘʡʥ װʝʜ ʪʫʥʘʤʘʣ ʵʭ װװʩʚʵʨʪʵʡ ʧʘʨʘʛʥʝʡʩ ʭʵʤʵʵʥ װʟʵʞ ʠʨʩʵʥ. ɻʵʚʯ ʩʘʷʭʘʥ 

ʙʠʜʥʠʡ ʭʠʡʩʵʥ ʥʵʤʵʣʪ ʛʝʦʭʠʤʠ ʙʦʣʦʥ ʧʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʫʛ ʛʥʝʡʩʠʡʥ (HuE-
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28) ʧʨʦʪʦʣʠʪ ʥʴ ʤʘʘʛʤʳʥ ʯʫʣʫʫʣʘʛ ʙʘʡʞ ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥ ʪʫʣ ʥʵʤʵʣʪ ʜʵʵʞʣʵʣʪ 

ʭʠʡʭ, ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʘʭʠʥ ʷʚʫʫʣʘʭ, ᴇʤʥᴇ ʭʠʡʩʵʥ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ᴇʛᴇʛʜʣʠʡʛ ʵʨʛʵʥ ʰʘʣʛʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʦʣʩʦʥ ʶʤ. ʋʛ ʛʥʝʡʩʠʡʛ 

ʦʨʪʦʛʥʝʡʩ ʭʵʤʵʵʥ װʟʩʵʥ ʪʦʭʠʦʣʜʦʣʜ ʭʫʨʜʘʩ ʭʫʨʠʤʪʣʘʣʳʥ ʥʘʩʥʳ ʭʷʟʛʘʘʨ ʙʫʩ, ʭʘʨʠʥ 

ʧʨʦʪʦʣʠʪʠʡʥ ʪʘʣʩʞʠʣʪʳʥ ʥʘʩʳʛ ʪʦʦʮʦʦʣʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʦʣʦʭ ʙᴇʛᴇᴇʜ ʵʥʵ װװʜʥʵʵʩ 

ʦʡʨʦʣʮʦʦ ʥʘʩʥʳ ʭʘʤʛʠʡʥ ʟʘʣʫʫ ʢʦʥʢʦʨʜ  ᴇʛᴇʛʜʣװװʜʵʵʨ ʪʦʦʮʦʦʣʦʣ ʭʠʡʞ װʟʚʵʣ 1269 Ñ 

16 ʩ.ʞ ʙʘʡʛʘʘ ʥʴ ʜʫʥʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ ʪװʚʰʠʥʜ ʘʥʛʠʣʘʛʜʘʭʘʘʨ ʙʘʡʥʘ. ɻʵʭʜʵʵ ʜʵʵʨ 

ʜʫʨʜʩʘʥ ʢʦʥʢʦʨʜʠʡʥ ʜʠʘʛʨʘʤʤ ʜʵʵʨʵʵʩ ʭʘʨʘʭʘʜ óupper intercept ageô ʙʫʶʫ 1658 ± 64 

ʩ.ʞ-ʠʡʥ ʥʘʩʥʳ ᴇʛᴇʛʜʣʠʡʛ ʪʫʩ ʛʥʝʡʩʠʡʥ ʧʨʦʪʦʣʠʪʠʡʥ ʪʘʣʩʞʠʣʪʳʥ ʥʘʩ, ʭʘʨʠʥ ólower 

intercept ageô ʙʫʶʫ 817 Ñ 91 ʩ.ʞ-ʠʡʥ ʥʘʩʥʳ ᴇʛᴇʛʜʣʠʡʛ ʤʝʪʘʤʦʨʬʠʟʤʳʥ ʥʘʩ ʭʵʤʵʵʥ 

ʪʘʡʣʘʭ ʙʦʣʦʤʞ ʙʘʩ ʭʘʨʘʛʜʘʥʘ (ɿʫʨʘʛ 25ʘ). 

 

 

ɿʫʨʘʛ 25. ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʪʘʡ ʛʥʝʡʩʠʡʥ ʜʵʵʞʥʠʡ (HuE28) ʮʠʨʢʦʥʫʫʜʳʥ ʘ) 
ʂʦʥʢʦʨʜʠʡʥ ʜʠʘʛʨʘʤʤ, ʙ) ϽʥʵʤʣʵʭϾʡ ʥʘʩʥʳ ʪʘʨʭʘʣʪʳʥ ʛʠʩʪʦʛʨʘʤʤ 

 

ʕʥʵ ʪʦʭʠʦʣʜʦʣʜ ʫʛ ʛʥʝʡʩʠʡʛ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʜ ʙʫʶʫ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʦʜ 

ʭʘʤʘʘʨʫʫʣʞ ʙʦʣʦʭ ʶʤ. ʀʡʥʭװװ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʪʘʡ ʛʥʝʡʩʠʡʥ HuE28 ʜʵʵʞʥʠʡ ʮᴇᴇʚʪᴇʨ 

ʮʠʨʢʦʥʫʫʜʳʥ ʥʘʩʥʳ ᴇʛᴇʛʜʣװװʜʠʡʛ ʪʘʡʣʘʭʘʜ ʥʠʣʵʵʜ ʭװʥʜʨʵʣ ʫʯʠʨʩʘʥ ʪʫʣ ʩʫʜʘʣʛʘʘʥʳ 

ᴇʥᴇᴇʛʠʡʥ ʪװʚʰʠʥʜ ʪʫʩ ʛʥʝʡʩʠʡʛ ʎʵʵʣ ʬʦʨʤʘʮʘʜ ʘʥʛʠʣʞ ʥʘʩʳʛ ʜʫʥʜ-ʜʵʵʜ 

ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ ʪװʚʰʠʥʜ װʣʜʵʵʩʵʥ ʙʦʣʥʦ. ʎʘʘʰʠʜ ʘʭʠʥ ʜʵʵʞʣʵʣʪ ʭʠʡʞ װʥʵʤʣʵʭװʡ 

ʥʘʩʥʳ ʭʵʤʞʠʣʪʠʡʛ ʭʘʥʛʘʣʪʪʘʡ ʪʦʦʥʳ ʮʠʨʢʦʥʫʫʫʜʘʜ ʷʚʫʫʣʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ.  

 

ɻʨʘʥʘʪ ʘʛʫʫʣʩʘʥ ʟʘʥʘʨ. ɼʵʵʞ 29/15 (43). ʊʫʩ ʜʵʵʞʠʡʛ ɹװʩʪʠʡʥ ʪʦʡʨʤʳʥ ᴇʤʥᴇʜ 

ʪʘʣʳʥ ʞʠʞʠʛ ʪʦʣʛʦʜ (43o12ô54.9ôô; 110o16ô38.4ôô) ʦʨʯʠʤʜ ʪʘʨʭʘʣʪʪʘʡ ʤʝʪʘʤʦʨʬ 

ʟʫʟʘʘʣʛʘʘʩ ʘʚʩʘʥ (ɿʫʨʘʛ 15ʘ). ʋʛ ʟʫʟʘʘʣʛʠʡʛ 1:200000-ʥʳ ʤʘʩʰʪʘʙʳʥ ʋʣʩʳʥ 

ɻʝʦʣʦʛʠʡʥ ʟʫʨʘʛʪ ʜʦʦʜ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʜʦʦʜ ʤʵʤʙʵʨʪ 

ʘʥʛʠʣʘʥ ʟʫʨʘʛʣʘʩʘʥ ʙʘʡʜʘʛ. ʊʫʩ ʟʫʟʘʘʣʘʛ ʥʴ  ʷʥʟ ʙװʨʠʡʥ ʟʫʟʘʘʥʪʘʡ ʛʨʘʥʘʪʪʘʡ ʟʘʥʘʨ, 

ʟʘʥʘʨʞʩʘʥ ʤʝʪʘʵʣʩʵʥ ʯʫʣʫʫ, ʤʝʪʘʘʣʝʚʨʦʣʠʪ ʙʦʣʦʥ ʢʚʘʨʮʠʪʠʡʥ ʩʘʣʘʘʚʯʣʘʣʘʘʩ 

ʛʦʣʯʣʦʥ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʊʦʣʴ-ʫʫʣ ʬʦʨʤʘʮʳʥ ʭᴇʭ ʩʘʘʨʘʣ, ʭʘʨ ʩʘʘʨʘʣ ʙʦʣʦʥ ʮʘʡʚʘʨ 

ʰʘʨʛʘʣ ᴇʥʛʠʡʥ ʛʘʥʪʠʛ, ʛʘʥʪʠʛʞʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫʥʳ ʟʫʟʘʘʣʛʘʘʩ ʭʘʛʘʨʣʘʘʨ 

ʟʘʘʛʣʘʛʜʜʘʛ ʪʘʣʘʘʨ ᴇʤʥᴇʭ ʛʝʦʣʦʛʠʡʥ ʭʵʩʵʛʪ ʜʫʨʜʩʘʥ. ʊʫʩ ʜʵʵʞʥʵʵʩ ʷʣʛʘʩʘʥ 23 

ʮʠʨʢʦʥʳ ʜʵʵʞʠʥʜ U-Pb ʘʨʛʘʘʨ ʥʘʩ ʪʦʛʪʦʦʭ ʰʠʥʞʠʣʛʵʵ ʭʠʡʩʵʥ ʙᴇʛᴇᴇʜ ʙװʨʵʣʜʵʭװװʥʜ 

ʥʴ 1250 ʙʘ 2366 ʩ.ʞ ʭʦʦʨʦʥʜ ʢʦʥʢʦʨʜʘʥʪ ʥʘʩ ʥʴ ʭʵʣʙʵʣʟʵʭ ʮʠʨʢʦʥʫʫʜ ʪʦʛʪʦʦʛʜʩʦʥ 
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ʙʦʣʥʦ. ʀʡʤʵʵʩ ʪʫʩ ʟʘʥʘʨʳʥ ʭʘʤʛʠʡʥ ʟʘʣʫʫ ʛʫʨʚʘʥ ʮʠʨʢʦʥʳ ʥʘʩʥʳ ʜʫʥʜʘʞ ʙʦʣʦʭ 

1324 ± 200 ʩ.ʞ-ʠʡʛ ʪʫʩ ʟʘʥʘʨʳʥ ʭʫʨʜʘʩ ʭʫʨʠʤʪʣʘʣʳʥ ʥʘʩʥʳ ʜʦʦʜ ʭʷʟʛʘʘʨ ʛʵʞ װʟʣʵʵ 

(ɿʫʨʘʛ 26).  

 

ɿʫʨʘʛ 26. ɻʨʘʥʘʪ ʘʛʫʫʣʩʘʥ ʟʘʥʘʨʳʥ (ʜʵʵʞ 29/15) ʟЊЊʛʜʤЊʣ ʮʠʨʢʦʥʫʫʜʳʥ ʢʦʥʢʦʨʜʳʥ ʜʠʘʛʨʘʤʤ ʙʘ 
ʪʘʨʭʘʣʪʳʥ  ʛʠʩʪʦʛʨʘʤʤ  

 

ʆʨʪʦʛʥʝʡʩ. ɼʵʵʞ 29/9 (20.1). ʊʫʩ ʜʵʵʞʠʡʛ ʄʦʛʦʡʥ ʪʦʡʨʦʤ (43o09ô16ôô; 109o56ô53.9ôô) 

ʦʨʯʠʤʜ ʟʫʨʘʛʣʘʛʜʩʘʥ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʘʞ ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʘʘʩ ʘʚʩʘʥ 

(ɿʫʨʘʛ 14ʚ). ɻʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʘʘʩ ʷʣʛʘʩʘʥ 24 ʮʠʨʢʦʥʳ ʤᴇʭʣᴇʛʪ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ 

ʭʵʤʞʠʣʪ ʭʠʡʭʵʜ 20 ᴇʛᴇʛʜᴇʣ ʥʴ 95%-ʦʦʩ ʜʵʵʰ װʥʵʤʰʠʣ ʙװʭʠʡ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ 

ᴇʛᴇʛʜʣװװʜ ʙʘʡʚ. ʕʜʛʵʵʨ ʮʠʨʢʦʥʫʫʜʳʥ ʜʫʥʜʘʞ ʥʘʩ ʙʦʣʦʭ 960 ± 20 ʩ.ʞ-ʠʡʛ ʙʠʜ ʪʫʩ 

ʦʨʪʦʛʥʝʡʩʠʡʥ ʪʘʣʩʞʠʣʪʳʥ ʥʘʩ ʛʵʞ װʟʩʵʥ ʙʦʣʥʦ (ɿʫʨʘʛ 27).  

 

ɿʫʨʘʛ 27. ɻʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʳʥ (ɼʵʵʞ 20.1) ʮʠʨʢʦʥʫʫʜʳʥ ʢʦʥʢʦʨʜʳʥ ʜʠʘʛʨʘʤʤ 
ʙʘ ʥʘʩʥʳ ʜʫʥʜʘʞ ЊʛЊʛʜʣϾϾʜ  

 

ʆʨʪʦʛʥʝʡʩ. ɼʵʵʞ 29/10. ʊʫʩ ʜʵʵʞʠʡʛ ɸʥʜʫʫʛʠʡʥ ʭʫʜʛʠʡʥ ʙʘʨʫʫʥ ʪʘʣʜ (43o7ô49.6ôô; 

110o4ô25.1ôô) (ɿʫʨʘʛ 14ʛ) ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʤʦʨʬ ʙװʨʜʣʵʵʨ ʟʫʨʘʛʣʘʛʜʩʘʥ ʮʘʡʚʘʨ ʩʘʘʨʘʣ 

ᴇʥʛʠʡʥ ʦʨʪʦʛʥʝʡʩʵʵʩ ʘʚʩʘʥ ʙᴇʛᴇᴇʜ ʪʫʩ ʜʵʵʞʥʠʡ ʥʠʡʪ 12 ʤᴇʭʣᴇʛʪ װʥʵʤʣʵʭװʡ ʥʘʩ 

ʪʦʛʪʦʦʭ ʰʠʥʞʠʣʛʵʵʛ ʷʚʫʫʣʩʘʥ ʶʤ. ʕʜʛʵʵʨʵʵʩ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ 8 ʢʦʥʢʦʨʜ 
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ᴇʛᴇʛʜʣʠʡʥ ʜʫʥʜʘʞ ʙʦʣʦʭ 942 Ñ 9.7 ʩ.ʞ-ʠʡʥ ʥʘʩʥʳ ᴇʛᴇʛʜʣʠʡʛ ʪʫʩ ʦʨʪʦʛʥʝʡʩʠʡʥ 

ʪʘʣʩʞʠʣʪʳʥ ʥʘʩ ʛʵʞ װʟʩʵʥ ʙʦʣʥʦ (ɿʫʨʘʛ 28).  

 

ɿʫʨʘʛ 28. ʆʨʪʦʛʥʝʡʩʠʡʥ (ɼʵʵʞ 29/10) ʮʠʨʢʦʥʫʫʜʳʥ ʢʦʥʢʦʨʜʳʥ ʜʠʘʛʨʘʤʤ ʙʘ ʥʘʩʥʳ ʜʫʥʜʘʞ 
ЊʛЊʛʜʣϾϾʜ 

 

ʆʨʪʦʛʥʝʡʩ. ɼʵʵʞ 10.2. ʊʫʩ ʜʵʵʞʠʡʛ ʙʠʜ ʂ-49-II ʙʘ K-49-III ʭʘʚʪʛʘʡʥʫʫʜʳʛ ʜʘʤʥʘʥ 

ʙʘʡʨʰʠʭ ʪװʨװװ ʢʘʨʙʦʥʳ ʋʣʘʘʛʯʠʥ ʙװʨʜʣʵʵʨ ʟʫʨʘʛʣʘʛʜʩʘʥ ʮʘʡʚʘʨ ʩʘʘʨʘʣ ᴇʥʛʠʡʥ 

ʜʫʥʜ ʰʠʨʭʵʛʪʵʡ ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʘʘʩ ʘʚʩʘʥ (43o20ô7.6ôô; 109o37ô50.5ôô) ʙᴇʛᴇᴇʜ 

ʯʫʣʫʫʣʘʛ ʥʴ ʜʝʬʦʨʤʘʮʘʜ ʵʨʯʠʤʪʵʡ ʘʚʪʘʞ ʭʘʨ ʵʨʜʩװװʜ ʥʴ ʥʵʛ ʟװʛ ʯʠʛʣʵʥ ʙʘʡʨʣʘʩʘʥ 

ʥʴ ʛʘʨʰʠʡʥ ʭʵʤʞʵʵʥʜ ʪʦʜ ʘʞʠʛʣʘʛʜʘʥʘ. ɻʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪ ʥʴ ʜʝʬʦʨʤʘʮʘʜ ʘʚʪʘʘʛװʡ 

ʦʣʦʥ ʪʦʦʥʳ ʰװʣʪʣʵʛ ʥʘʡʨʣʘʛʘʪʘʡ ʟʵʨʵʛʮʵʵ ʜʘʡʢʫʫʜʘʘʨ ʟװʩʵʛʜʩʵʥ ʙʘʡʥʘ. ʊʫʩ 

ʜʵʵʞʥʵʵʩ ʷʣʛʘʩʘʥ 25 ʮʠʨʢʦʥʳ ʜʵʵʞʠʥʜ U-Pb ʘʨʛʘʘʨ ʥʘʩ ʪʦʛʪʦʦʭ ʰʠʥʞʠʣʛʵʵ 

ʷʚʫʫʣʩʥʘʘʩ 80 ʛʘʨʫʡ ʭʫʚʴ ʥʴ 95%-ʦʦʩ ʜʵʵʰ ʥʘʨʠʡʚʯʣʘʣ ʙװʭʠʡ ᴇʛᴇʛʜʣװװʜ ʙʘʡʚ. 

ʎʠʨʢʦʥʫʫʜʳʥ Th/U ʭʘʨʴʮʘʘ 0.33 ʙʘ 2.58 ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʥʵ. ʀʡʤʵʵʩ ʮʠʨʢʦʥʫʫʜʳʥ 

ʥʘʩʥʳ ʜʫʥʜʘʞ ᴇʛᴇʛʜᴇʣ ʙʦʣʦʭ 1010 ± 9 ʩ.ʞ-ʠʡʛ ʪʫʩ ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʳʥ ʪʘʣʩʞʠʣʪʳʥ 

ʥʘʩ ʛʵʞ װʟʣʵʵ (ɿʫʨʘʛ 29).  

 

ɿʫʨʘʛ 29. ɻʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʳʥ ʮʠʨʢʦʥʫʫʜʳʥ ʢʦʥʢʦʨʜʳʥ ʜʠʘʛʨʘʤʤ ʙʘ  
ʥʘʩʥʳ ʜʫʥʜʘʞ ЊʛЊʛʜʣϾϾʜ (ɼʵʵʞ 10.2). 

 

ɼʵʵʞ 35. ʊʫʩ ʜʵʵʞʠʡʛ ʍʦʥʛʦʨ ʊʦʣʛʦʡʥ ʭʦʡʜ ʪʘʣʜ ʊʦʣʴ ʫʫʣ ʬʦʨʤʘʮʳʥ ʟʘʥʘʨʳʥ 

ʟʫʟʘʘʣʛʠʡʛ ʟװʩʩʵʥ ʛʨʘʥʠʪʳʥ ʜʘʡʢʘʘʩ (43o11ô38.3; 110o37ô15.8ôô) ʘʚʩʘʥ. ʊʫʩ ʜʵʵʞʥʠʡ 
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ʮʠʨʢʦʥʫʫʜʳʥ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ ᴇʛᴇʛʜʣװװʜ ʠʭʵʵʭʵʥ ʥʠʡʣʤʵʣ ʙᴇʛᴇᴇʜ ʭʘʤʛʠʡʥ ʟʘʣʫʫ 

ʢʦʥʢʦʨʜʘʥʪ ʥʘʩ ʥʴ 154 ± 2 ʩ.ʞ ʙʦʣʦʚʯ 972 ± 14-ʵʵʩ 1822 ± 21 ʩ.ʞ ʭװʨʪʣʵʭ װʥʵʤʰʠʣ 

ᴇʥʜᴇʨʪʵʡ ʥʘʩ ʙװʭʠʡ 9 ʫʣʘʤʞʣʘʛʜʩʘʥ ʮʠʨʢʦʥʫʫʜ ʪʦʛʪʦʦʛʜʩʦʥ ʥʴ ʘʛʫʫʣʘʛʯ 

ʯʫʣʫʫʣʛʠʡʥʭʘʘ ʪʘʣʘʘʨ ʩʦʥʠʨʭʦʣʪʦʡ ʤʵʜʵʵʣʵʣ ᴇʛʯ ʙʘʡʥʘ (ɿʫʨʘʛ 30).    

 

ɿʫʨʘʛ 30. ɿʘʥʘʨʳʥ ʟʫʟʘʘʣʛʠʡʛ ʟϾʩʩʵʥ ʛʨʘʥʠʪʳʥ ʜʘʡʢʠʡʥ (ɼʵʵʞ 35) ʮʠʨʢʦʥʫʫʜʳʥ  
ʢʦʥʢʦʨʜʳʥ ʜʠʘʛʨʘʤʤ ʙʘ ʛʠʩʪʦʛʨʘʤʤ 

 

ɼʵʵʨ ʜʫʨʜʩʘʥ ʥʘʩʥʳ ᴇʛᴇʛʜʣװװʜʠʡʛ ʥʵʛʪʛʵʥ ʜװʛʥʵʞ װʟʚʵʣ ʎʵʵʣ ʬʦʨʤʘʮʘʘʨ 

ʟʫʨʘʛʣʘʛʜʩʘʥ ʛʨʘʥʘʪ ʘʛʫʫʣʩʘʥ ʭʣʦʨʠʪ-ʤʫʩʢʦʚʠʪʪʦʡ ʟʘʥʘʨ (ʜʵʵʞ HuE25) ʙʦʣʦʥ ʢʚʘʨʮ-

ʤʫʩʢʦʚʠʪʪʘʡ ʛʥʝʡʩʠʡʥ (HuE-28) ʜʵʵʞʥװװʜʠʡʥ ʥʘʩʥʳ ᴇʛᴇʛʜᴇʣʜ װʥʜʵʩʣʵʥ ʎʵʵʣ 

ʬʦʨʤʘʮʳʥ ʥʘʩʳʛ ʜʫʥʜ-ʜʵʵʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʜ ʘʚʯ װʟʵʭ ʙʦʣʦʤʞʪʦʡ ʙʘʡʥʘ. ʕʥʵ ʥʴ 

ɼʘʣʘʡ ʥʘʨʳʥ (2006) ʠʣʨװװʣʩʵʥ ʭʘʜʛʘʣʘʣʪ ʤʫʫʪʘʡ ʩʪʨʦʤʘʪʦʣʠʪʳʥ װʣʜʚʵʨʪ װʥʜʵʩʣʵʥ 

ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʜ ʭʘʤʘʘʨʫʫʣʩʘʥʪʘʡ ʥʠʡʮʵʞ ʙʘʡʥʘ. ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʦʦʨ 

ʟʫʨʘʛʣʘʛʜʩʘʥ ʟʫʟʘʘʣʛʫʫʜʳʥ ʭʫʚʴʜ ʧʘʨʘʛʥʝʡʩ ʙʘ ʦʨʪʦʛʥʝʡʩװװʜʠʡʥ ʥʘʩʥʳ ᴇʛᴇʛʜᴇʣ ᴇᴇʨ 

ᴇᴇʨ ʙʘʡʛʘʘ ʙʦʣʦʭʳʛ ʜʵʵʨ ʜʫʨʜʩʘʥ. ʊʫʩ ʤʝʪʘʢʦʤʧʣʝʢʩʦʦʨ ʟʫʨʘʛʣʘʛʜʩʘʥ ʪʫʥʘʤʘʣ ʵʭ 

 ʩʚʵʨʪʵʡ ʟʘʥʘʨʳʥ ʭʫʨʜʘʩ ʭʫʨʠʤʪʣʘʣʳʥ ʥʘʩʥʳ ʜʵʵʜ ʭʷʟʛʘʘʨʳʛ ʥʠʣʵʵʜ ʥʘʨʠʡʚʯʣʘʣװװ

ʤʫʫʪʘʡʛʘʘʨ 1324 ± 200 ʩ.ʞ-ʵʵʨ ʪʦʛʪʦʦʩʦʥ (ɼʵʵʞ 29/15) ʙᴇʛᴇᴇʜ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʦʣʦʤʞʠʪ ʘʣʜʘʘʛ ʭʘʨʛʘʣʟʘʥ װʟʵʞ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ ʍʫʪʘʛ-ʋʫʣ 

ʤʝʪʘʢʦʤʧʣʝʢʩʦʜ ʭʵʚʵʵʨ װʣʜʵʵʞ ʙʦʣʦʭʦʦʨ ʙʘʡʥʘ. 

ʀʡʥʭװװ ʩʫʜʘʣʛʘʘʥʳ ᴇʥᴇᴇʛʠʡʥ ʪװʚʰʠʥʜ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʥr ʟᴇᴇʛʜʤᴇʣ 

ʮʠʨʢʦʥʫʫʜʳʥ ʙװʨʵʣʜʵʭװװʥʜ 1700 - 2000 ʩ.ʞ ʥʘʩʪʘʡ ʮʠʨʢʦʥʫʫʜ ʙʘʛʘʛװʡ ʭʫʚʴ ʵʟʣʵʞ 

ʙʘʡʛʘʘʛʠʡʥ ʟʵʨʵʛʮʵʵ 1500 ʩ.ʞ ʜʵʵʨ ʛʦʣ ʧʠʢ ʥʴ ʪᴇʚʣᴇʨʩᴇʥ ʮʠʨʢʦʥʳ ʧʦʧʫʣʷʮʠ ʥʠʡʪʣʵʛ 

ʪʦʭʠʦʣʜʦʞ ʙʘʡʛʘʘ ʟʵʨʵʛʪ װʥʜʵʩʣʵʥ ʪװװʥʠʡ ʥʘʩʳʛ ʜʫʥʜ-ʜʵʵʜ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʜ 

ʙʘʨʠʤʞʘʘʣʘʥ ʘʚʯ װʟʵʚ. ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʍʷʪʘʜʳʥ ʥʫʪʘʛ ʜʘʭʴ װʨʛʵʣʞʣʵʣ 

ʭʵʤʵʵʥ װʟʜʵʛ ᴆʚᴇʨ ʄʦʥʛʦʣʳʥ ʋʤʘʨʜ ʦʨʦʛʝʥʳ ʐʠʣʠʡʥʭʦʪ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ 

ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʘʜ 1516 ± 31 ʙʘ 1390 ± 17 ʩ.ʞ-ʠʡʥ ʥʘʩ ʪʫʩ ʪʫʩ ʪʦʛʪʦʦʛʜʩʦʥ (Xu Bei 

et al., 2015) ʙʦʣʦʭʳʛ ʵʥʜ ʪʵʤʜʵʛʣʵʭ ʥʴ ʟװʡʪʵʡ.  

ʍʘʨʠʥ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʥʠʡʪʣʵʛ ʪʦʭʠʦʣʜʜʦʛ ʮʘʡʚʘʨ 

ʩʘʘʨʘʣ, ʭᴇʭᴇʚʪᴇʨ ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʦʨʪʦʛʥʝʡʩʠʡʥ ʜʵʵʞʥװװʜʵʜ 1010 ± 9 ʙʘ 942 Ñ 9.7 ʩ.ʞ 

ʭʦʦʨʦʥʜ ʥʘʩ ʥʴ ʭʵʣʙʵʣʟʵʭ ʜʦʦʜ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʪʘʣʩʞʠʣʪʳʥ ʥʘʩ (ʜʵʵʞ SM29/9; 

SM29/10; 10.2.) ʪʫʩ ʪʫʩ ʪʦʛʪʦʦʛʜʩʦʥ ʥʴ ʵʜʛʵʵʨ ʦʨʪʦʛʥʝʡʩװװʜʠʡʛ ʍʫʪʘʛ-ʋʫʣ 

ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʙװʨʵʣʜʵʭװװʥʜ ʙʫʩ ʭʘʨʠʥ ʪʫʩ ʙװʩ ʥʫʪʘʛʪ ʷʣʛʘʛʜʜʘʛ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ 

ʍʦʣʙʦʦʥʫʫʨ ʙװʨʜʵʣʜ ʘʥʛʠʣʘʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʦʭ ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. ʕʜʛʵʵʨ ʜʦʦʜ 

ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʦʨʪʦʛʥʝʡʩװװʜ ʥʴ ʘʛʫʫʣʘʛʯ ʭʫʨʜʩʳʥʭʘʘ ʫʨʴʜʢʝʤʙʨʠʡʥ ʥʘʩʳʛ 
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ʙʘʪʘʣʛʘʘʞʫʫʣʞ ʙʘʡʛʘʘ ʙʦʣʦʚʯ ʪʵʜʛʵʵʨʠʡʛ ʘʛʫʫʣʘʛʯ ʭʫʨʜʩʳʛ ʎʵʵʣ ʬʦʨʤʘʮ ʵʩʚʵʣ 

ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʘʣʠʥʜ ʥʴ ʭʘʤʘʘʨʘʭ ʙʦʣʦʭʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʛװʡ 

ʙʘʡʥʘ.  

ʀʡʥʭװװ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʫʫʜʳʥ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʜװʥʛװװʜʠʡʛ 

ʥʵʛʪʛʵʥ ʘʚʯ װʟʚʵʣ ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ʍʫʪʘʛ ʋʫʣʳʥ ʙʣʦʢʠʡʥ ʍʫʪʘʛ 

ʫʫʣʳʥ ʜװװʨʛʠʡʥ ʭʵʤʞʵʵʥʜ ʜʫʥʜ-ʜʵʵʜ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ ʎʵʵʣ ʬʦʨʤʘʮ, ʪװʨװװ 

ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʍʦʣʙʦʦʥʫʫʨ ʙװʨʜʵʣ ʙʘʪʪʘʡ ʷʣʛʘʛʜʘʭ ʙᴇʛᴇᴇʜ ʭʘʨʠʥ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʦʜ װʥʵʤʰʠʣ ʙʘʛʘʪʘʡ ᴇʛᴇʛʜᴇʣʪʵʡ ʙʦʣʦʥ 

ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʜ ʭʘʤʨʘʛʜʘʘʛװʡ װʣʜʩʵʥ ʟʫʟʘʘʣʛʫʫʜʳʛ ʭʵʚʵʵʨ װʣʜʵʵʭ ʥʴ 

ʟװʡʪʵʡ ʛʵʞ װʟʵʚ. ʋʯʠʨ ʥʴ ʭʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʷʚʮʘʜ ʭʠʡʩʵʥ ʛʝʦʣʦʛʠʡʥ 

ʘʞʠʛʣʘʣʪ ʩʫʜʘʣʛʘʘʛʘʘʨ ʫʨʴʜ ᴇʤʥᴇ ʭʠʡʛʜʩʵʥ ʷʥʟ ʙװʨʠʡʥ ʤʘʩʰʪʘʙʳʥ ʛʝʦʣʦʛʠʡʥ 

ʟʫʨʘʛʣʘʣʳʥ ʘʞʣʫʫʜʘʘʨ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʦʣʦʥ ʎʵʵʣ ʬʦʨʤʘʮʘʜ 

ʟʫʨʘʛʣʘʛʜʩʘʥ ʙʣʦʢʫʫʜ ʣʠʪʦʣʦʛʠʡʥ ʙװʨʵʣʜʵʭװװʥʵʵʨʵʵ ʷʣʛʘʘʪʘʡ, ʙʠʡ ʙʦʣʛʦʩʦʥ 

ʰʠʥʵʣʵʛ ᴇʛᴇʛʜʣװװʜʠʡʛ ʙװʭ ʞʠʞʠʛ ʙʣʦʢʫʫʜʳʥ ʭʵʤʞʵʵʥʜ ʠʞʠʣʪʛʵʥ ʘʚʯ װʟʵʭ ʙʦʣʦʤʞʛװʡ 

ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥ ʙʦʣʥʦ.   

 

ɻɽʆʍʀʄʀ. ʍʘʪʘʥʙʫʣʘʛʠʡʥ ʵʨʪʥʠʡ ʤʘʩʩʠʚʳʥ ʍʫʪʘʛʫʫʣʳʥ ʙʣʦʢʠʡʥ ʍʫʪʘʛ ʫʫʣʳʥ 

ʜװװʨʵʛʪ ʪʘʨʭʘʣʪʪʘʡ ʎʵʵʣ ʬʦʨʤʘʮ ʙʘ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʥr ʥʠʡʪ 23 ʜʵʵʞʠʡʛ 

ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ ʭʘʤʨʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ ʵʜʛʵʵʨʵʵʩ 22 ʜʵʵʞʥʠʡ ʰʠʥʞʠʣʛʵʵʛ 

ʪᴇʩʣʠʡʥ ʩʘʥʭװװʞʠʣʪʵʵʨ ʭʠʡʩʵʥ. ʍʘʨʠʥ 1 ʜʵʵʞʥʠʡ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵ ñʄʦʥʛʦʣ 

ʦʨʥʳ ôʂô ʭʘʚʪʛʘʡʥ ʭʵʤʞʵʵʥʜ ʭʠʡʛʜʩʵʥ ʫʣʩʳʥ  ʛʝʦʣʦʛʠʡʥ 1:200000-ʥʳ ʤʘʩʰʪʘʙʳʥ ʠʞ 

ʙװʨʜʵʣ ʟʫʨʛʫʫʜʳʛ ʥʵʛʪʛʵʭò ʪᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ʭʠʡʛʜʩʵʥ ʙʦʣʥʦ. ɻʝʦʭʠʤʠʡʥ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʜ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʭʜʵʵ ʎʵʵʣ ʬʦʨʤʘʮ, ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ 

ʙʦʣʦʥ ʍʦʣʙʦʦʥʫʫʨ ʙװʨʜʣʠʡʥ ʭʵʤʞʵʵʥʜ ʧʨʦʪʦʣʠʪʠʡʥ ʪᴇʨᴇʣ ʪʫʩ ʙװʨʜ ʥʴ ʘʚʯ װʟʩʵʥ 

ʙʦʣʥʦ.  

 

ʊʫʥʘʤʘʣ ʯʫʣʫʫʣʛʘʘʨ װװʩʩʵʥ ʟʘʥʘʨ ʙʘ ʟʘʥʘʨʞʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫ. ʇʝʪʨʦʭʠʤʠʡʥ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʛʵʵʨ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʘʘʨ װװʩʩʵʥ ʟʘʥʘʨ ʙʘ 

ʟʘʥʘʨʞʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫʥʳ ʯʫʣʫʫʣʘʛ ʙװʨʜװװʣʵʛʯ ʠʩʣװװʜʠʡʥ ʘʛʫʫʣʛʘ ʝʨᴇʥʭʠʡʜᴇᴇ 

ʦʡʨʦʣʮʦʦ (SiO2 = 70.2 ï 77.8%, TiO2 = 0.35 ï 1.33%, Al2O3 = 12.8 ï 16.7%, Fe2O3 = 

2.87 - 8.53%, MgO = 0.43 ï 2.46%, CaO = 0.17 ï 0.79%) ʙʘʡʭ ʙʦʣ Na2O + K2O ʥʠʡʣʙʵʨ 

ʘʛʫʫʣʛʘ 3.21 ï 7.47% ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʥʵ. ʍʘʨʠʥ ʢʚʘʨʮ-ʭʣʦʨʠʪʪʦʡ ʟʘʥʘʨ (SM29/8-1) 

ʙʘ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʪʦʡ ʟʘʥʘʨʳʥ (SM29/3) ʜʵʵʞʠʥʜ ʮʘʭʠʫʨʳʥ ʠʩʣʠʡʥ ʘʛʫʫʣʛʘ 

ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ (54.5 ï 63.7%), ʭʘʨʠʥ ʭᴇʥʛᴇʥʮʘʛʘʘʥ (20.9 ï 24.6%) ʙʘ ʢʘʣʠʡʥ ʠʩʣʠʡʥ 

ʘʛʫʫʣʛʘ (5.47 ï 6.7%) ʭʘʨʴʮʘʥʛʫʡ ᴇʥʜᴇʨ ʙʘʡʛʘʘ ʥʴ ʧʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ 

ʠʣʵʨʩʵʥ ʭᴇʥʛᴇʥʮʘʛʘʘʥʘʘʨ ʙʘʷʣʘʛ ʤʝʪʘʤʦʨʬ ʵʨʜʵʩ ʙʦʣʦʭ ʜʠʩʪʝʥʪʵʡ ʭʦʣʙʦʦʪʦʡ.  

ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʘʘʨ װװʩʩʵʥ ʟʘʥʘʨʳʥ ʛʫʨʚʘʥ 

ʜʵʵʞʠʥʜ ʭʠʡʛʜʩʵʥ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʛʵʵʨ ʎʵʵʣ ʬʦʨʤʘʮʪʘʡ ʭʘʨʴʮʫʫʣʙʘʣ 

ʮʘʭʠʫʨ ʠʩʣʠʡʥ (SiO2  = 74.2 ï 89.9%) ʙʦʣʦʥ ʰװʣʪʠʡʥ ʥʠʡʣʙʵʨ ʘʛʫʫʣʛʘ ʭʘʨʴʮʘʥʛʫʡ 

ᴇʥʜᴇʨ (Na2O + K2O = 1.60 ï 3.89%), ʭʘʨʠʥ ʙʫʩʘʜ ʠʩʣװװʜʠʡʥ ʘʛʫʫʣʛʘ ʦʡʨʦʣʮʦʦ ʙʘʡʛʘʘ 

ʥʴ ʘʞʠʛʣʘʛʜʘʥʘ (SiO2 = 74.2 ï 89.9%, TiO2 = 0.32 ï 0.92%, Al2O3 = 5.66 ï 13.9%, Fe2O3 

= 1.97 - 7.76%, MgO = 0.36 ï 2.74%, CaO= 0.10 ï 0.28%).  

ʍʠʤʠʡʥ ʥʘʡʨʣʘʛʳʥ ʭʫʚʴʜ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʵʜʛʵʵʨ 

ʯʫʣʫʫʣʛʫʫʜʳʥ ʧʨʦʪʦʣʠʪ ʥʴ ʙװʛʜ ʘʨʢʦʟ ʵʣʩʵʥ ʯʫʣʫʫʥʜ ʭʘʤʘʘʨʘʛʜʘʥʘ (ɿʫʨʘʛ 31ʘ).   
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ɿʫʨʘʛ 31. ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʟʘʥʘʨʫʫʜʳʥ ʧʨʦʪʦʣʠʪʠʡʥ ʘʥʛʠʣʣʳʥ 
ʜʠʘʛʨʘʤʤ. ʘ) ʇʝʪʪʠʜʞʦʥʳ ʜʠʘʛʨʘʤʤ (Pettijohn et al., 1972), ʙ) ʍʠʤʠʡʥ ЊʛЊʨʰʣʠʡʥ (CIA) ʙʘ 

ʥʘʡʨʣʘʛʳʥ ЊЊʨʯʣЊʣʪʠʡʥ ʠʥʜʝʢʩ (ICV)-ʠʡʥ ʭʘʨʴʮʘʘʥʳ ʜʠʘʛʨʘʤʤ (Cox et al., 1995) 
 

ʍʵʜʠʡʛʵʵʨ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʘ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʟʘʥʘʨʫʫʜʳʥ ʧʨʦʪʦʣʠʪ ʥʴ 

ʭʦʦʨʦʥʜʦʦ ʦʥʮʳʥ ʷʣʛʘʘʛװʡ, ʘʨʢʦʟ ʵʣʩʵʥ ʯʫʣʫʫʥʜ ʭʘʤʘʘʨʘʛʜʘʞ ʙʘʡʛʘʘ ʙʦʣʦʚʯ 

ʪʵʜʛʵʵʨʠʡʥ ʙʦʜʠʩʳʥ ʥʘʡʨʣʘʛʘ ʙʘʛʘ ʟʵʨʵʛ ʷʣʛʘʘʪʘʡ ʙʘʡʛʘʘ ʥʴ ɻʍʕ ʙʦʣʦʥ ʙʫʩʘʜ 

ʩʘʨʥʠʤʘʣ ʵʣʝʤʝʥʪװװװʜʠʡʥ ʦʥʮʣʦʛʫʫʜʘʘʩ ʭʘʨʘʛʜʘʥʘ.   

ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʪʫʥʘʤʘʣ ʧʨʦʪʦʣʠʪʪʦʡ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʫʫʜʳʥ ɻʍʕ-ʠʡʥ 

ʥʠʡʣʙʵʨ ʘʛʫʫʣʛʘ 184 ï 337 ʛ/ʪ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʜʫʥʜʞʘʘʨ 211 ʛ/ʪ ʙʘʡʥʘ. ʍʘʨʠʥ ʍʫʪʘʛ ʫʫʣ 

ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʪʫʥʘʤʘʣ ʧʨʦʪʦʣʠʪʪʦʡ ʟʘʥʘʨʫʫʜʳʥ ɻʍʕ-ʠʡʥ ʥʠʡʣʙʵʨ ʘʛʫʫʣʛʘ 39.2 ï 

159 ʛ/ʪ ʙʘʡʭ ʙʘ ʜʫʥʜʞʘʘʨ 123 ʛ/ʪ ʙʘʡʛʘʘ ʥʴ ʎʵʵʣ ʬʦʨʤʘʮʳʥʭʪʘʡ ʭʘʨʴʮʫʫʣʙʘʣ ʙʘʨʘʛ 

2 ʜʘʭʠʥ ʙʘʛʘ ʙʘʡʛʘʘ ʥʴ ʭʘʨʘʛʜʘʥʘ. ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʪʫʥʘʤʘʣ ʵʭ װװʩʚʵʨʪʵʡ ʤʝʪʘʤʦʨʬ 

ʯʫʣʫʫʣʛʫʫʜʳʥ Cl ʭʦʥʜʨʠʪʦʦʨ ʥʦʨʤʯʠʣʩʦʥ ɻʍʕ-ʠʡʥ ʛʨʘʬʠʢʪ Eu-ʠʡʥ ʩᴇʨᴇʛ ʛʘʞʠʣ 

(Eu/Eu* = 0.45 - 0.66) ʠʣʨʵʭ ʙᴇʛᴇᴇʜ ʯʫʣʫʫʣʘʛ ʥʴ ʍװɻʍʕ-ʠʡʛ ʙʦʜʚʦʣ ʍᴇɻʍʕ-ʵʵʨ 

ʙʘʷʞʩʘʥ, ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ Lan/Ybn-ʠʡʥ ʭʘʨʴʮʘʘ 5.41-21.1 ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʭʵʵʩ ʛʘʜʥʘ 

ʍװɻʍʕ-ʠʡʥ ʭʘʨʴʮʘʥʛʫʡ ʪʵʛʰ ʪʘʨʭʘʣʪʳʥ ʭʵʣʙʵʨ ʘʞʠʛʣʘʛʜʘʥʘ (ɿʫʨʘʛ 32ʘ).  

ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʛʘʘʨ װװʩʩʵʥ ʟʘʥʘʨʫʫʜʳʥ Cl 

ʭʦʥʜʨʠʪʦʦʨ ʥʦʨʤʯʠʣʩʦʥ ɻʍʕ-ʠʡʥ ʛʨʘʬʠʢʪ Eu-ʠʡʥ ʩᴇʨᴇʛ ʛʘʞʠʣ (Eu/Eu* = 0.49 - 0.79) 

ʠʣʨʵʭ ʙᴇʛᴇᴇʜ ʯʫʣʫʫʣʘʛ ʥʴ ʍװɻʍʕ-ʠʡʛ ʙʦʜʚʦʣ ʍᴇɻʍʕ-ʵʵʨ ʙʘʷʞʩʘʥ (Lan/Ybn = 3.0 - 8.5) 

ʙʘʡʭʘʘʩ ʛʘʜʥʘ ʍװɻʍʕ-ʠʡʥ ʪʘʨʭʘʣʪ ʞʠʛʜ ʙʫʩ ʙʘʡʛʘʘ ʥʴ ʘʞʠʛʣʘʛʜʘʥʘ (ɿʫʨʘʛ 32ʚ). 

ʍʘʨʠʥ ʜʵʵʨ ʜʫʨʜʩʘʥ ʯʫʣʫʫʣʛʫʫʜʳʥ ʘʥʭʜʘʛʯ ʤʘʘʥʪʠʡʥ ʥʘʡʨʣʘʛʘʘʨ ʥʦʨʤʯʠʣʩʦʥ 

ʩʘʨʥʠʤʘʣ ʵʣʝʤʝʥʪʠʡʥ ʪʘʨʭʘʣʪʳʥ ʜʠʘʛʨʘʤʤʜ ʪʦʤ ʠʦʥʪ ʣʠʪʦʬʠʣʴ ʵʣʝʤʝʥʪ (Rb, K) 

ʙʦʣʦʥ ᴇʥʜᴇʨ ʮʵʥʵʛʪʵʡ ʵʣʝʤʝʥʪ Th, U, Pb, Zr, Hf-ʠʡʥ ʵʝʨʵʛ ʛʘʞʠʣ, Ba, Nb, Ta, Sr, P, 

Sr, Ti-ʥʠʡ ʪʦʜ ʠʣʵʨʩʵʥ ʩᴇʨᴇʛ ʛʘʞʠʣʪʘʡ ʭʘʚʩʨʘʥ ʠʣʵʨʯ ʙʘʡʛʘʘ ʥʴ ʕʭ ʛʘʟʨʳʥ ʜʵʵʜ 

ʮʘʨʮʜʘʩʳʥ ʜʫʥʜʘʞ ᴇʛᴇʛʜᴇʣʪʵʡ ʜװʡʮʵʞ ʙʘʡʥʘ. (ɿʫʨʘʛ 32ʙ, ʛ).  
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ɿʫʨʘʛ 32. ʎʵʵʣ ʬʦʨʤʘʮ ʙʘ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʪʫʥʘʤʘʣ ʵʭ ϾϾʩʚʵʨʪʵʡ ʟʘʥʘʨ ʙʘ 
ʟʘʥʘʨʞʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫʥʳ CI ʭʦʥʜʨʠʪʠʡʥ ʥʘʡʨʣʘʛʘʘʨ ʥʦʨʤʯʠʣʩʦʥ ɻʍʕ-ʠʡʥ ʙʘ ʘʥʭʜʘʛʯ ʤʘʘʥʪʠʡʥ 
ʥʘʡʨʣʘʛʘʘʨ ʥʦʨʤʯʠʣʩʦʥ ʩʘʨʥʠʤʘʣ ʵʣʝʤʝʥʪϾϾʜʠʡʥ ʩʧʘʡʜʝʨ ʜʠʘʛʨʘʤʤ. ʅʦʨʤʯʣʦʣʳʥ ЊʛЊʛʜʣϾϾʜʠʡʛ 

Sun $ McDonough (1989)-ʳʥ ʘʞʣʘʘʩ ʘʚʘʚ. ʎʵʥʭʵʨ Њʥʛʠʡʥ ʰʫʛʘʤʘʘʨ ʕʭ ʛʘʟʨʳʥ ʜʵʵʜ ʮʘʨʮʜʘʩʳʥ 
ʜʫʥʜʘʞ ЊʛЊʛʜʣʠʡʛ (UCC) ϾʟϾϾʣʵʚ.  

 

ʆʨʪʦʛʥʝʡʩ ʙʫʶʫ ʤʘʘʛʤʳʥ ʯʫʣʫʫʣʛʘʘʨ װװʩʩʵʥ ʛʥʝʡʩ. ʇʝʪʨʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʜװʥʛʵʵʨ ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʦʨʪʦʛʥʝʡʩʠʡʥ SiO2-ʠʡʥ ʭʵʤʞʵʵ 74.4 - 76.3%, TiO2 = 0.14 - 

0.28%, Al2O3 = 13.2 ï 14.3%, Fe2O3 = 1.27 - 1.91%, MgO = 0.37 - 0.64%, CaO = 0.64 - 

2.42% ʭʦʦʨʦʥʜ ʪʫʩ ʪʫʩ ʭʵʣʙʵʣʟʵʥʵ. ʏʫʣʫʫʣʘʛ ʥʴ ʭʠʤʠʡʥ ʛʦʣ ʠʩʣʠʡʥʭʵʵ ʭʵʤʞʵʵʛʵʵʨ 

(Na2O + K2O ʙʘ SiO2) ʛʨʘʥʠʪʳʥ ʥʘʡʨʣʘʛʘʪʘʡ, ʭᴇʥʛᴇʥʮʘʛʘʘʥʘʘʨ ʙʘʷʣʘʛ, K-ʠʡʥ 

ʜʫʥʜʘʘʩ ᴇʥʜᴇʨ (3.85 - 5.95%, ʟᴇʚʭᴇʥ ʥʵʛ ʜʵʵʞʠʥʜ K2O = 1.92%) ʘʛʫʫʣʛʘʪʘʡ ʰʦʭʦʡʣʦʛ-

ʰװʣʪʣʵʛ ʵʛʥʵʵʥʠʡ ʯʫʣʫʫʣʛʠʡʥ ʪᴇʨᴇʣʜ ʭʘʤʘʘʨʘʛʜʘʥʘ (ɿʫʨʘʛ 33ʘ-ʚ).  

ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʦʦʨ ʟʫʨʘʛʣʘʛʜʩʘʥ ʦʨʪʦʛʥʝʡʩװװʜʠʡʥ SiO2 = 75.5 - 

77.1%, TiO2 = 0.01 - 0.1%, Al2O3 = 13.4 ï 14.5%, Fe2O3 = 0.71 - 1.38%, MgO = 0.10 - 

0.3%, CaO = 0.45 - 1.44% ʭʦʦʨʦʥʜ ʪʫʩ ʪʫʩ ʭʵʣʙʵʣʟʵʥʵ. ʏʫʣʫʫʣʘʛ ʥʴ ʭʠʤʠʡʥ ʛʦʣ 

ʠʩʣʠʡʥʭʵʵ ʭʵʤʞʵʵʛʵʵʨ (Na2O + K2O ʙʘ SiO2) ʛʨʘʥʠʪʳʥ ʥʘʡʨʣʘʛʘʪʘʡ, 

ʭᴇʥʛᴇʥʮʘʛʘʘʥʘʘʨ ʙʘʷʣʘʛ, K-ʠʡʥ ʜʫʥʜʘʘʩ ᴇʥʜᴇʨ (3.19 - 5.55%) ʘʛʫʫʣʛʘʪʘʡ ʰʦʭʦʡʣʦʛ-

ʰװʣʪʣʵʛ ʵʛʥʵʵʥʠʡ ʯʫʣʫʫʣʛʠʡʥ ʪᴇʨᴇʣʜ ʭʘʤʘʘʨʘʛʜʘʥʘ (ɿʫʨʘʛ 33ʘ-ʚ). ʍʘʨʠʥ 

ʍʦʣʙʦʦʥʫʫʨ ʙװʨʜʣʠʡʥ ʦʨʪʦʛʥʝʡʩʠʡʥ ʭʫʚʴʜ SiO2-ʠʡʥ ʭʵʤʞʵʵ 74.7 ʙʘ 77.1% ʭʦʦʨʦʥʜ 

ʭʵʣʙʵʣʟʵʭ ʙᴇʛᴇᴇʜ ʙʫʩʘʜ ʦʨʪʦʛʥʝʡʩװװʜʠʡʥ ʥʵʛʵʥ ʘʜʠʣʘʘʨ ʛʨʘʥʠʪʳʥ ʥʘʡʨʣʘʛʘʪʘʡ, 

ʭᴇʥʛᴇʥʮʘʛʘʘʥʘʘʨ ʙʘʷʣʘʛ, K-ʠʡʥ ʜʫʥʜʘʘʩ ᴇʥʜᴇʨ (4.41 - 5.55%) ʘʛʫʫʣʛʘʪʘʡ, ʰʦʭʦʡʣʦʛ-

ʰװʣʪʣʵʛ ʵʛʥʵʵʥʠʡ ʯʫʣʫʫʣʛʠʡʥ ʪᴇʨᴇʣʜ ʭʘʤʘʘʨʘʛʜʘʥʘ (ɿʫʨʘʛ 33ʘ-ʚ).  
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ɿʫʨʘʛ 33. ʎʵʵʣ ʬʦʨʤʘʮ ʙʘ ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʳʥ ʦʨʪʦʛʥʝʡʩϾϾʜʠʡʥ ʘʥʛʠʣʣʳʥ ʜʠʘʛʨʘʤʤ. ʘ) 
SiO2 ï (Na2O+K2O) (Irvine & Baragar, 1971); ʙ) A/CNK ï A/NK ʭʘʨʴʮʘʘʥʳ ʜʠʘʛʨʘʤʤ (Middlemost, 

1985); ʚ) K2O ï SiO2 ʭʘʨʴʮʘʘʥʳ ʜʠʘʛʨʘʤʤ (Le Maitre et al., 1989) 

 

ʆʨʪʦʛʥʝʡʩװװʜʠʡʥ Cl ʭʦʥʜʨʠʪʦʦʨ ʥʦʨʤʯʠʣʩʦʥ ɻʍʕ-ʠʡʥ ʛʨʘʬʠʢʘʘʩ ʘʚʯ װʟʚʵʣ 

ʭʦʦʨʦʥʜʦʦ ʥʠʣʵʵʜ ʷʣʛʘʘʪʘʡ ʪʘʨʭʘʣʪ ʘʞʠʛʣʘʛʜʘʥʘ (ɿʫʨʘʛ 34, 35).  

ʎʵʵʣ ʬʦʨʤʘʮʳʥ ʦʨʪʦʛʥʝʡʩʠʡʥ ʭʦʥʜʨʠʪʦʦʨ ʥʦʨʤʯʠʣʩʦʥ ɻʍʕ-ʠʡʥ ʜʠʘʛʨʘʤʤʜ 

Eu-ʠʡʥ ʩᴇʨᴇʛ (Eu/Eu* = 0.56-0.59) ʙʘ ʩʫʣʘʚʪʘʨ ʵʝʨʵʛ (Eu/Eu* = 1.19-1.76) ʛʘʞʠʣ ʙװʭʠʡ 

ʭʦʸʨ ʷʥʟʳʥ ʭʵʣʙʵʨ ʘʞʠʛʣʘʛʜʘʭ ʙᴇʛᴇᴇʜ ʘʣʴ ʘʣʴ ʯʫʣʫʫʣʘʛ ʥʴ ʍװɻʍʕ-ʠʡʛ ʙʦʜʚʦʣ 

ʍᴇɻʍʕ-ʵʵʨ ʙʘʷʞʩʘʥ (Lan/Ybn = 12.7 - 49.5) ʙʘʡʛʘʘ ʥʴ ʭʘʨʘʛʜʘʥʘ (ɿʫʨʘʛ 34ʘ, ʚ). ʍʘʨʠʥ 

ʘʥʭʜʘʛʯ ʤʘʘʥʪʠʡʥ ʥʘʡʨʣʘʛʘʘʨ ʥʦʨʤʯʠʣʩʦʥ ʩʘʨʥʠʤʘʣ ʵʣʝʤʝʥʪʠʡʥ ʪʘʨʭʘʣʪʳʥ 

ʜʠʘʛʨʘʤʤʜ ʘʣʴ ʘʣʠʥʜ ʥʴ ʪʦʤ ʠʦʥʪ ʣʠʪʦʬʠʣʴ ʵʣʝʤʝʥʪ (Rb, K) ʙʦʣʦʥ ᴇʥʜᴇʨ ʮʵʥʵʛʪʵʡ 

ʵʣʝʤʝʥʪ Th, U, Pb, Zr, Hf-ʠʡʥ ʵʝʨʵʛ ʛʘʞʠʣ, Cs, Ba, Nb, Ta, P, Ti-ʥʠʡ ʪʦʜ ʠʣʵʨʩʵʥ ʩᴇʨᴇʛ 

ʛʘʞʠʣʪʘʡ ʭʘʚʩʨʘʥ ʠʣʵʨʯ ʙʘʡʥʘ (ɿʫʨʘʛ 34ʙ, ʛ). 

ʍʫʪʘʛ-ʋʫʣ ʤʝʪʘʢʦʤʧʣʝʢʩʦʦʨ ʟʫʨʘʛʣʘʛʜʩʘʥ ʦʨʪʦʛʥʝʡʩװװʜʠʡʥ Cl ʭʦʥʜʨʠʪʦʦʨ 

ʥʦʨʤʯʠʣʩʦʥ ɻʍʕ-ʠʡʥ ʛʨʘʬʠʢʪ Eu ʙʘ Ce-ʠʡʥ ʷʤʘʨ ʥʵʛ ʛʘʞʠʣ ʙʘʡʭʛװʡ, ʍװɻʍʕ-ʠʡʛ 

ʙʦʜʚʦʣ ʍᴇɻʍʕ-ʵʵʨ ʙʘʷʞʩʘʥ (Lan/Ybn = 3.32 - 3.63) ʙʦʣʦʚʯ ʝʨᴇʥʭʠʡʜᴇᴇ Eu, Gd, Tb 

ʟʵʨʵʛ ɼʫɻʍʕ-ʵʵʨ װʣ ʷʣʠʛ ʰʘʚʭʘʛʜʩʘʥ ʭʘʥʜʣʘʛʘ ʙװʭʠʡ ʪʘʨʭʘʣʪʪʘʡ ʦʨʪʦʛʥʝʡʩװװʜ 

ʙʘʛʪʘʥʘ (ɿʫʨʘʛ 35ʘ).  

 


