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ɹתʃʕɻ 1. ʊɸʈɺɸɻɸʊɸʁʅ ᴆʈɻᴆɻɼʃʀʁʅ ɻɽʆʃʆɻʀ-ɻɽʆɼʀʅɸʄʀʂʀʁʅ 

ʍᴆɻɾʃʀʁʅ ʊתתʍ 

ʄʦʥʛʦʣ ʦʨʥʳ ʥʫʪʘʛ ʜʵʚʩʛʵʨ ʥʴ ʊᴇʚ ɸʟʠʡʥ ʆʨʦʛʝʥ ɹװʩ (ʊɸʆɹ) (Jahn et al., 2000a, 

2000b; Windley et al., 2007; Schulmann and Paterson, 2011) ʵʩʚʵʣ ɸʣʪʘʡʜ (Sengor et al., 

1993; Sengor et al., 2018), ʊᴇʚ ɸʟʠʡʥ ʆʨʦʛʝʥʳ ʉʫʧʝʨʢʦʣʣʘʞ (Yakubchuk, 2017), ʙʫʶʫ 

ʊᴇʚ ɸʟʠʡʥ ʆʨʦʛʝʥ ʉʠʩʪʝʤ (Yin et al., 2005; Zuza and Yin, 2017) ʛʵʞ ʥʵʨʣʵʛʜʵʭ 8000 ʢʤ2 

ʪʘʣʙʘʡ ʭʘʤʨʘʭ ᴇʨʛᴇʥ ʫʫʜʘʤ ʙװʩʠʡʥ ʪᴇʚ ʭʵʩʵʛʪ ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʮʦʦʨʦʦ ʤʘʰ ʯʫʭʘʣ ʙʘʡʨ 

ʩʫʫʨʴ ʵʟʣʵʥ ʦʨʰʜʦʛ.  

ɹʠʜ ʩʫʜʘʣʛʘʘʥʜʘʘ ʊᴇʚ ɸʟʠʡʥ ʦʨʦʛʝʥ ʙװʩ ʛʵʩʵʥ ʥʵʨʰʣʵʵʨ ʘʚʯ ʭʵʨʵʛʣʵʩʵʥ ʙᴇʛᴇᴇʜ 

ʫʛ ʙװʩ ʥʴ ʉʠʙʠʨʴ, ʊʘʨʠʤ-ʍʦʡʜ ʍʷʪʘʜ, ɿװװʥ ɽʚʨʦʧʳʥ ʢʨʘʪʦʥʫʫʜʳʥ ʭʦʦʨʦʥʜ ʦʨʰʠʭ ʙʘ 

ʜʵʣʭʠʡʥ ʭʘʤʛʠʡʥ ʪʦʤ ʘʢʢʨʝʮʳʥ ʢʦʣʣʘʞ, ʬʘʥʝʨʦʟʦʡʥ ʮʘʨʮʜʘʩʳʥ ᴇʩᴇʣʪʠʡʥ ʭʫʚʴʜ ʯʫʭʘʣ 

ʙװʩ ʥʫʪʘʛ ʶʤ  (Sengor  et al., 1993; Sengor et al., 2018; Sengor and NatalôIn, 1996; Jahn et 

al., 2000a, 2000b; Li et al., 2006a; Windley et al., 2007; Xiao et al., 2010, 2013, 2018; Wilhem 

et al., 2012; J.Y. Li et al., 2019a). ʋʛ ʙװʩ ʥʫʪʘʛʪ ʘʢʢʨʝʮʳʥ ʢʦʤʧʣʝʢʩ, ʤʘʛʤʳʥ ʥʫʤ, ʘʨʣʘʥ 

ʥʫʤ, ʦʬʠʦʣʠʪ, ʜʘʣʘʡʥ ʫʫʣʩ, ʵʨʪʥʠʡ ʵʭ ʛʘʟʨʳʥ ʮʫʭʫʡʮʫʫʜ ʟʵʨʵʛ ʦʣʦʥ ʪʦʦʥʳ 

ʮʦʛʮʦʣʙʦʨʫʫʜ ʙʘʛʪʘʥʘ ( Windley ʥʘʨ, 2007; Schulmann and Paterson, 2011; Xiao et al., 

2015, 2018). 

ʊᴇʚ ʄʦʥʛʦʣʳʥ ʭʦʡʜ ʭʵʩʵʛʪ ʦʨʰʠʭ ʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜᴇʣ ʥʴ ʨʝʛʠʦʥʘʣʴ 

ʩʪʨʫʢʪʫʨʳʥ ʭʫʚʴʜ ʊᴇʚ ɸʟʠʡʥ ʘʪʠʨʘʘʪ ʙװʩʣװװʨʠʡʥ ʟװװʥ ʭʵʩʵʛʪ ʦʨʰʠʭ ʙᴇʛᴇᴇʜ 

ʥʝʦʧʨʦʪʝʨʦʟʦʡʛʦʦʩ ʧʘʣʝʦʟʦʡʥ ʵʨʠʥʠʡ ʘʢʢʨʝʮ-ʢʦʣʣʠʟʳʥ ʛʨʘʥʠʪʦʠʜ ʙװʨʜʣװװʜ ᴇʨʛᴇʥ 

ʪʘʨʭʘʣʪʪʘʡ (Mossakovsky et al., 1993; Kovalenko et al, 2005; Kozakov et al., 2011; Orolmaa 

et al., 2008; Kovach et al., 2012; Yarmolyuk et al., 2016; Kröner et al., 2014). 

ɹʘʨʫʫʥ/ɹʘʨʫʫʥ ʍʦʡʜ ʄʦʥʛʦʣʳʥ ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʦʮ װʥʜʩʵʥʜʵʵ ʢʝʤʙʨʠʡʥ ᴇʤʥᴇʭ 

ʥʘʩʪʘʡ ʵʨʪʥʠʡ ʵʭ ʛʘʟʨʳʥ ʙʣʦʢʫʫʜ, ʪװװʥʠʡʛ ʭװʨʵʵʣʩʵʥ ʥʝʦʧʨʦʪʝʨʦʟʦʡ-ʪװʨװװ ʧʘʣʝʦʟʦʡʥ 

ʜʘʣʘʡʥ ʭʫʨʜʘʩ, ʘʨʣʘʥ ʥʫʤʳʥ ʙװʨʜʣװװʜʵʵʩ ʛʦʣʯʣʦʥ ʪʦʛʪʦʥʦ (Khain et al., 2002; Kovalenko 

et al., 2005; Ruzhentsev and Mossakovskiy, 1996).  

ʕʭ ʛʘʟʨʳʥ ʙʣʦʢʫʫʜʘʘʩ ʭʘʤʛʠʡʥ ʪʦʤ ʥʴ ʊʫʚʘ-ʄʦʥʛʦʣ ʙʘ ɿʘʚʭʘʥ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ 

ʛʵʜʵʛ. ɿʘʚʭʘʥ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʠʡʛ ʜʦʪʦʨ ʥʴ ɹʘʡʜʨʘʛ, ɿʘʚʭʘʥ, ʊʘʨʚʘʛʘʪʘʡʥ, ʉʦʥʛʠʥʦ 

ʙʣʦʢʫʫʜʘʜ ʭʫʚʘʘʜʘʛ ʙᴇʛᴇᴇʜ ᴇʥʜᴇʨ-ʟʵʨʛʠʡʥ ʤʝʪʘʤʦʨʬ ʭʫʚʠʨʘʣʜ ᴇʨʪʩᴇʥ ʙʘʡʜʘʛ (Badarch 

et al., 2002; Demoux et al., 2009; Kozakov et al., 2011; Kröner et al., 2007, 2017, 2015). 

ɻʝʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʵʭʵʥ װʝʜ ʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜʣʠʡʥ ʪʘʣʩʪ ʯʫʣʫʫʣʛʠʡʥ ʙװʪʮʠʡʛ 



ñʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʤʘʛʤʘʪʠʟʤ: ɹʦʜʠʩʳʥ ʥʘʡʨʣʘʛʘ, ʵʭ װװʩʚʵʨ, װװʩʩʵʥ ʮʘʛ ʭʫʛʘʮʘʘ ʙʘ ʛʝʦʜʠʥʘʤʠʢ ʭᴇʛʞʠʣò 

 

2 
 

ɿʘʚʭʘʥʳ ʙʠʯʠʣ ʪʠʚʠʡʥ ʥʵʛ ʭʵʩʵʛ ʛʵʞ װʟʜʵʛ ʙʘʡʩʘʥ (Mossakovsky et al., 1993), ʭʦʞʠʤ ʥʴ 

ʊʘʨʚʘʛʘʪʘʡʥ ʢʨʘʪʦʥʳ ʪʝʨʨʝʡʥ (Badarch et al, 2002; ʊᴇʤᴇʨʪʦʛʦʦ, 2012) ʛʵʞ 

ʪʦʜʦʨʭʦʡʣʩʦʥ.  

ʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜʣʠʡʥ ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʦʮ (ɿʫʨʘʛ 1)-ʜ ʭʘʤʛʠʡʥ ʵʨʪʥʠʡ ʂʝʤʙʨʠʡʥ 

ᴇʤʥᴇʭ ʀʜʵʨ ʤʝʪʘʢʦʤʧʣʝʢʩ, ʪװװʥʠʡ ʥʘʩʥʳ װʥʜʵʩʣʵʣʠʡʛ ʍᴇʥʞʣʠʡʥ ʛʦʣʳʥ ʦʨʯʠʤʜ 

ʠʣʵʨʩʵʥ ʯʘʨʥʦʢʠʪ ʛʥʡʝʩʜ U-Pb ʘʨʛʘʘʨ ʪʦʛʪʦʦʛʜʩʦʥ 2520-2550 ʩʘʷ ʞʠʣ (Kröner et al., 

2015), ʛʨʘʥʠʪ-ʛʥʝʡʩʪ 2219Ñ25 ʩʘʷ ʞʠʣʠʡʥ (Kozakov et al., 2011) ʥʘʩʥʳ װʨ ʜװʥʪʵʡ. ʋʛ 

ʤʝʪʘʢʦʤʧʣʝʢʩʳʛ ʪװʨʩʵʥ ʍᴇʥʞʣʠʡʥ ʛʦʣʳʥ ʤʘʩʩʠʚʘʘʩ ʘʚʘʛʜʩʘʥ ʛʘʙʙʨʦ-ʘʥʦʨʪʦʟʠʪʠʡʥ 

ʮʠʨʢʦʥʜ U-Pb-ʳʥ ʘʨʛʘʘʨ 1784 Ñ 10 ʩʘʷ ʞʠʣ (Anisimova et al., 2009)-ʠʡʥ ʥʘʩʳʛ ʪʦʛʪʦʦʞ 

ʍʦʡʜ ʍʷʪʘʜʳʥ ʨʠʬʪʦʛʝʥ ʤʘʛʤʘʪʠʟʤʳʥ װװʩʵʣʪʵʡ ʘʜʠʣʪʛʘʜʘʛ ʙᴇʛᴇᴇʜ ʫʛ ʛʘʙʙʨʦ-

ʘʥʦʨʪʦʟʠʪʳʥ ʙʠʝʪʠʡʛ ʢʦʣʣʠʟʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʪʵʣʵʣʪʠʡʥ ʥᴇʭʮᴇʣʜ װװʩʩʵʥʵʵʨ ʪʘʡʣʙʘʨʣʘʜʘʛ 

(Anisimova et al., 2009; Kozakov et al., 2011); ʊᴇʤᴇʨʪʦʛʦʦ, 2014). 

ʅʘʩʥʳ ᴇʛᴇʛʜʣװװʜʵʜ װʥʜʵʩʣʵʵʜ ʐʠʞʠʨʙʘʘʪʘʨ ʥʘʨ (2001ʌ)-ʳʥ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʥ 

ʅʘʤʠʛ (MP1), ʅʝʦʧʨʦʪʝʨʦʟʦʡʥ ɸʛʴʪ ʙװʨʜʣʠʡʛ ʷʣʛʘʞ ʥʘʩʥʳ װʨ ʜװʥʪʵʡ ʪʫʩ ʪʫʩ 

ʜװʡʮװװʣʵʥ  ʩʫʜʘʣʞʵʵ.   

ʍʘʨʠʥ ɾʘʨʛʘʣʘʥʪ ʤʝʪʘʤʦʨʬ ʢʦʤʧʣʝʢʩ Nd- ʟʘʛʚʘʨ ʥʘʩ 1.5-1.3 ʪʵʨʙʫʤ ʞʠʣ, 

ʤʝʪʘʬʦʬʠʟʤʳʥ ʥʘʩ 815+-4 ʩʘʷ ʞʠʣ (Kozakov et al., 2011), ʪʫʩ ʬʦʨʤʘʮʳʛ ʪװʨʩʵʥ 

ʛʥʝʡʩʞʩʵʥ ʛʨʘʥʠʪʦʠʜʳʥ ʥʘʩ 809+-4 ʩʘʷ ʞʠʣ ʙʦʣʦʭ ʥʴ ʪʫʩ ʪʫʩ ʪʦʛʪʦʦʛʜʩʦʥ. 

ʅʝʦʘʨʭʝʡʥ ʀʜʵʨ ʙװʨʜʵʣ ʥʴ ʥʵʣʵʵʜ ᴇʨʛᴇʥ ʪʘʨʭʘʣʪʪʘʡ ʙʘ ʙʘʨʫʫʥ-ʫʨʜʘʘʩʘʘ ʟװװʥ-

ʭʦʡʰ ʯʠʛʣʵʣʪʵʡ ʩʫʥʘʩʘʥ ʩʪʨʫʢʪʫʨʳʛ װװʩʛʵʩʵʥ װʣʜʵʛʜʵʣ ʛʘʨʰʫʫʜ ʙʘʡʜʣʘʘʨ ʪʦʭʠʦʣʜʦʥʦ. 

ʕʜʛʵʵʨ ʥʴ ʛʨʘʥʠʪ-ʛʥʝʡʩ, ʜʠʦʨʠʪ-ʛʥʝʡʩ, ʘʤʬʠʙʦʣʠʪ, ʤʠʛʤʘʪʠʪ ʙʦʣʦʥ, ʢʚʘʨʮʠʪʳʥ װʝ 

ʤʵʰʣװװʜʵʵʩ ʪʦʛʪʦʥʦ. ʋʛ ʙװʨʜʵʣ ʥʴ ʛʨʘʥʠʪʳʥ ʜʵʣ ʩʫʜʣʫʫʜʘʘʨ ʪװʨʵʛʜʩʵʥ ʙʘʡʜʘʛ 

ɻʘʙʙʨʦ-ɸʥʦʨʪʦʟʠʪʳʥ ʙϾʨʜʵʣ ʥʴ ʊʘʨʚʘʛʘʪʘʡʥ ʢʨʘʪʦʥʳ ʙʣʦʢʪʦʡ ʪʦʭʨʦʣ 

ʭʘʛʘʨʣʘʘʨ ʭʠʣʣʵʜʵʛ, ʤᴇʥ ʪװװʥʯʣʵʥ ʜʫʥʜ-ʭʦʞʫʫ ʢʝʤʙʨʠ, ʪװʨװװ ʭʦʞʫʫ ʦʨʜʦʚʠʢ, ʭʦʞʫʫ 

ʜʝʚʦʥʳ ʥʘʩʪʘʡ ʛʨʘʥʠʪʦʠʜ ʙװʨʜʣװװʜ, ʭʦʞʫʫ ʢʨʠʦʛʝʥʳ ʥʝʦʘʚʪʦʭʪʦʥʳ ʚʫʣʢʘʥʦʛʝʥ ʤʦʣʘʩʩ, 

ʰװʣʪʣʵʛ ʛʨʘʥʠʪʳʥ ʙװʨʜʵʣ ʟʵʨʛʵʵʨ ʪװʨʵʛʜʵʥ ʪʦʛʪʩʦʥ ʩʪʨʫʢʪʫʨ ʶʤ (Anisimova et al., 2009; 

Kozakov et al., 2011; ʊᴇʤᴇʨʪʦʛʦʦ, 2014). 

ɾʘʨʛʘʣʘʥʪ ʙϾʨʜʵʣ ʥʴ ʙʠʦʪʠʪ-ʵʚʵʨ ʭʫʫʨʤʘʛʪ ʛʥʝʡʩʵʵʩ ʛʦʣʣʦʥ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ 

ʪʵʜʛʵʵʨʠʡʥ װʝ ʭʦʦʨʦʥʜ ʟʘʥʘʨʞʩʘʥ ʛʘʥʪʠʛ, ʤʠʛʤʘʪʠʞʩʘʥ ʛʨʘʥʠʪ, ʘʬʠʙʦʣʠʪʠʪʳʥ ʥʘʨʠʡʥ 

 ʩʵʛʜʩʵʥװʝ ʟʵʨʛʵʵʩ ʪʦʛʪʩʦʥ ʙʘʡʭ ʙʘ ʟʘʨʠʤ ʭʵʩʵʛʪʵʵ ʵʜʛʵʵʨ ʥʴ ʤʝʪʘʛʘʙʙʨʦ ʜʘʡʢʘʘʨ ʟװ

ʙʘʡʜʘʛ. 
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ʄʝʟʦʧʨʦʪʝʨʦʟʦʡʥ ʅʘʤʠʛ ʙϾʨʜʵʣ ʥʴ ʛʥʝʡʩʣʵʛ ʛʘʙʙʨʦ, ʛʘʙʙʨʦʜʠʦʨʠʪʦʦʩ ʛʦʣʣʦʥ 

ʙװʨʜʵʭ ʙᴇʛᴇᴇʜ ʀʜʵʨ ʙװʨʜʣʠʡʥ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʠʡʛ ʟװʩʵʞ, ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ 

ʛʨʘʥʠʪʦʠʜʦʦʨ ʪװʨʵʛʜʜʵʛ. ʍʠʣ ʟʘʘʛʠʡʥ ʜʦʪʦʦʜ ʭʵʩʵʛʪʵʵ ᴇʥʛᴇʪ ʵʨʜʩʠʡʥ ʘʛʫʫʣʛʘ ʠʭʵʩʯ 

ʯʫʣʫʫʣʘʛ ʛʥʝʡʩʣʵʛ ʪʝʢʩʪʫʨʪʘʡ ʙʦʣʩʦʥ ʙʘʡʭ ʙʘ ʛʘʜʘʘʜ ʭʵʩʵʛʪʵʵ ʘʛʫʫʣʘʛʯ ʯʫʣʫʫʣʛʠʡʥ 

 ʜװװʯʠʣʣʵʛ ʜʵʣ ʩʫʜʣʳʥ ʙʠʝʪװʝʠʡʥ ʜʘʛʫʫ ʥʠʡʮʣʵʛʵʵʨ ʜʠʦʨʠʪ, ʧʣʘʛʠʦʛʨʘʥʠʪ, ʭװ

ʪʦʭʠʦʣʜʦʭʳʥ ʟʵʨʵʛʮʵʵ ʤʠʛʤʘʪʠʞʠʭ, ʛʨʘʥʠʪʞʠʭ ʭʫʚʠʨʣʫʫʜ, ʟʘʨʠʤ ʠʥʪʨʫʟʠʚ ʯʫʣʫʫʣʛʘʘʨ 

ʟװʩʵʛʜʩʵʥ ʭʵʩʵʛʪʵʵ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʘʛ ʥʴ ʨʦʛʦʚʠʞʩʦʥ  ʘʞʠʛʣʘʛʜʘʥʘ.  

ʅʝʦʧʨʦʪʝʨʦʟʦʡʥ ɸʛʴʪ ʙװʨʜʵʣ ʥʴ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʙʘʨʫʫʥ ʭʦʡʜ ʭʵʩʵʛʪ ʙʫʶʫ 

ʋʣʘʘʥ-ᴆʚᴇʨ ʫʫʣ ʦʨʯʠʤʜ ʞʠʞʠʛ ʙʠʝʪ ʙʘʡʜʣʘʘʨ ʠʣʵʨʥʵ. ʋʛ ʙװʨʜʣʠʡʛ ʐʠʞʠʨʙʘʘʪʘʨ ʥʘʨ 

(2001ʌ) ʘʥʭ ʷʣʛʘʩʘʥ ʙʘ ʙʠʝ ʜʘʘʩʘʥ ʠʥʪʨʫʟʠʚ ʙװʨʜʣʠʡʥ ʭʵʤʞʵʵʥʜ ʷʣʛʘʞ ʛʥʝʡʩʣʵʛ ʛʨʘʥʠʪ 

ʙʦʣʦʥ ʘʤʬʠʙʦʣʠʪ ʟʵʨʵʛ ʯʫʣʫʫʣʛʠʡʥ ʪᴇʨᴇʣʞʠʣʪʪʵʡ ʘʞʠʛʣʘʛʜʘʥʘ.  

ɼʫʥʜ-ʭʦʞʫʫ ʢʝʤʙʨʠʡʥ ʐʠʥʵ-ʀʜʵʨ I ʬʘʟʳʥ ʯʫʣʫʫʣʛʠʡʛ ᴇʤʥᴇʭ ʩʫʜʣʘʘʯʠʜ ʜʦʦʜ 

ʧʘʣʝʦʟʦʡʥ ʊʦʛʪʦʭʳʥ ʰʠʣ, ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ I ʬʘʟʘʜ ʭʘʤʘʘʨʫʫʣʞ ʙʘʡʩʘʥ ʙʘ ʙʘʨʘʘʥ 

ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʜʫʥʜ-ʪʦʤ ʰʠʨʭʵʛʪʵʡ ʛʘʙʙʨʦ, ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʪ ʜʠʦʨʠʪ, ʙʘʛʘʘʨ ʧʠʨʦʢʩʝʥ, 

ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʪ ʛʘʙʙʨʦʜʠʦʨʠʪ, ʢʚʘʨʮʘʪ ʜʠʦʨʠʪʦʦʩ ʙװʨʜʵʥʵ. II ʬʘʟʳʥ ʯʫʣʫʫʣʘʛ ʥʴ 

ʍʦʞʫʫʣʳʥ ʛʦʣʳʥ ʦʨʯʠʤʜ ʪʦʜ ʠʣʨʵʭ ʙʘ ɪ.ɹʘʪʯʫʣʫʫʥ ʥʘʨ (3711ʬ) ʧʘʣʝʦʟʦʡʥ ʊʵʣʤʵʥ 

ʙװʨʜʣʠʡʥ 3-ʨ ʬʘʟʘʜ ʷʣʛʘʩʘʥ ʧʣʘʛʠʦʛʨʘʥʠʪ ʛʦʣʣʦʥ ʭʘʤʘʘʨʘʛʜʘʛ. 

ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʥʴ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ᴇʨʛᴇʥ ʪʘʨʭʘʣʪʪʘʡ ʙʘ ʷʥʟ 

ʙװʨʠʡʥ ʭʵʤʞʵʵ ʙװʭʠʡ ʙʠʝʪװװʜʵʵʨ ʠʣʨʵʭ ʙᴇʛᴇᴇʜ 2 ʬʘʟʘʜ ʷʣʛʘʛʜʜʘʛ. 1-ʨ ʬʘʟʳʥ ʯʫʣʫʫʣʘʛʪ 

ʜʫʥʜ-ʪʦʤ ʰʠʨʭʵʛʪʵʡ ʛʘʙʙʨʦ, ʛʘʙʙʨʦʜʠʦʨʠʪ, ʜʠʦʨʠʪ, ʢʚʘʨʮʘʪ ʜʠʦʨʠʪʦʦʩ ʪʦʛʪʦʥʦ. 2-ʨ 

ʬʘʟʳʥ ʯʫʣʫʫʣʘʛʪ ʛʨʘʥʦʜʠʦʨʠʪ, ʛʨʘʥʠʪ, ʧʣʘʛʠʦʛʨʘʥʠʪʘʘʩ ʪʦʛʪʦʥʦ. ʋʛ ʙװʨʜʵʣ ʥʴ 

ʭʘʛʘʨʣʳʥ ʜʘʛʫʫ ʩʫʣʘʨʩʘʥ ʙװʩʵʵʨ ʞʠʞʠʛ ʰʠʨʭʵʛʪʵʡ ʩʫʫʨʠʣʘʛ ʙʘ ʜʫʥʜʣʘʛ ʜʵʣ ʩʫʜʣʳʥ 

ʙʠʝʪװװʜʵʵʨ ʪװʨʵʛʜʜʵʛ. 

ʉװװʣʠʡʥ װʝʠʡʥ ʩʵʜʵʚʯʠʣʩʵʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜᴇʣʜ ʪʦʛʪʦʦʛʜʩʦʥ 

ʥʘʩʥʳ װʥʜʵʩʣʵʣװװʜʵʵʩ ʭʘʨʘʭʘʜ ʫʛ ᴇʨʛᴇʛʜᴇʣʜ ʦʨʰʠʭ ʀʜʵʨ ʙװʨʜʣʠʡʥ ʭʘʤʛʠʡʥ ʵʨʪʥʠʡ 

ʯʫʣʫʫʣʛʠʡʥ ʪᴇʣᴇᴇʣᴇʣ ʙʦʣʦʭ ʛʥʝʡʩʪ ʭʠʡʛʜʩʵʥ ʮʠʨʢʦʥʳ SHRIMP-ʠʡʥ ᴇʛᴇʛʜʣᴇᴇʨ 2520-

2546 ʩʘʷ ʞʠʣ ʙʦʣʦʭʳʛ ʪʦʜʦʨʭʦʡʣʞ, Nd ʙʦʣʦʥ Hf-ʥʠʡ ʠʟʦʪʦʧʳʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʵʭ 

 ʩʚʵʨʠʡʛ ʪʦʛʪʦʦʩʦʥ (Kröner et al., 2014) ʙʘ ʛʥʝʡʩʜ ʪʦʛʪʦʦʛʜʩʦʥ 2520-2550 ʩʘʷ ʞʠʣװװ

ʙʦʣʦʥ ʛʘʙʙʨʦ-ʘʥʦʨʪʦʟʠʪʦʜ ʪʦʛʪʦʦʛʜʩʦʥ ~1860 ʩʘʷ ʞʠʣʠʡʥ ʥʘʩ ʥʴ ʉʠʙʠʨʴ, ʍʦʡʜ ʍʷʪʘʜ, 

ʊʘʨʠʤʳʥ ʵʨʪʥʠʡ ʯʫʣʫʫʣʛʠʡʥ ʥʘʩʪʘʡ ʜװʡʞ ʙʘʡʜʘʛ.  

ʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜᴇʣʜ ʪʘʨʭʘʣʪʪʘʡ ʇʘʣʝʦʟʦʡʥ ʤʘʛʤʘʪʠʟʤʳʥ ʥʘʩʥʳ ʘʩʫʫʜʘʣ 

ʥʵʣʵʵʜ ʤʘʨʛʘʘʥʪʘʡ ʭʵʚʵʵʨ ʙʘʡʩʘʘʨ ʙʘʡʥʘ. ᴆʨʛᴇʛʜᴇʣʜ ᴇʨʛᴇʥ ʪʘʨʭʘʣʪʪʘʡ ʊʵʣʤʵʥ 
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ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʘʛʪ 416-437- ʩʘʷ ʞʠʣ (Kozakov et al., 2011; Kroner et al., 

2014; Ling et al., 2021 ʙʦʣʦʥ ʙʠʜʥʠʡ ʩʫʜʘʣʛʘʘ), ʙʫʶʫ ʭʦʞʫʫ ʩʠʣʫʨʳʥ ʮʘʛ ʭʫʛʘʮʘʘʛ, ʐʠʥʵ 

-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜʫʫʜ 440-446 ʩʘʷ ʞʠʣ (Ling et al., 2021; Bold et al. 2019; 

Fedorov, 1966;) ʙʫʶʫ ʦʨʜʦʚʠʢ ʙʘ ʩʠʣʫʨʳʥ ʟʘʘʛʪ װװʩʩʵʥ ʮʘʛ ʭʫʛʘʮʘʘʛ ʠʣʵʨʭʠʡʣʥʵ. ʍʘʨʠʥ 

ʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜʣʠʡʥ ʭʵʤʞʵʵʥʜ ʊʵʩ ʭʵʤʵʵʥ ʟʫʨʘʛʣʘʛʜʩʘʥ ʛʨʘʥʠʪʦʠʜʦʜ 257-237 ʩʘʷ 

ʞʠʣʠʡʥ (Yarmolyuk, 2011; ʙʠʜʥʠʡ ʵʥʵ ʩʫʜʘʣʛʘʘ) ʭʦʦʨʦʥʜʦʭ ʥʘʩʥʳ ᴇʛᴇʛʜʣװװʜ 

ʪʦʛʪʦʦʛʜʩʦʥ ʥʴ ʭʦʞʫʫ ʇʝʨʤʵʵʩ ʜʫʥʜ ʊʨʠʘʩʳʥ ʮʘʛ װʝʜ ʭʘʤʘʘʨʯ ʙʘʡʥʘ. ʕʥʵ ʛʨʘʥʠʪʦʠʜ 

ʯʫʣʫʫʣʘʛ ʥʴ ʇʝʨʤʠʡʥ ʮʘʛ װʝʜ ʷʚʘʛʜʩʘʥ ʨʠʬʪʠʡʥ ʭᴇʛʞʣʠʡʥ ʩװװʣʠʡʥ װʝ ʰʘʪʘʥʜ װװʩʩʵʥ 

ʰװʣʪʣʵʛ ʙʘ ʰװʣʪʣʵʛʜװװ ʛʨʘʥʠʪʳʥ ʐʘʨ ʫʩ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜʳʥ ʥʘʩʪʘʡ ʜװʡʞ ʙʘʡʥʘ. 

ʍʘʥʛʘʡʥ ʙʦʨʞʠʥʜ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʜʵʚʰʠʣʪʵʪ ʩʫʜʘʣʛʘʘʛ ʭʘʥʛʘʣʪʪʘʡ ʭʠʡʞ 300-220 ʩʘʷ 

ʞʠʣʠʡʥ (ʗʨʤʦʣʶʢ ɺ.ɺ ʠ ʜʨ., 2013ʙ; Yarmolyuk  et al., 2018; Kozakov et al., 2011; ) ʥʘʩʪʘʡʛ 

ʙʘʪʪʘʡ ʪʦʛʪʦʦʩʦʥ ʙʘʡʥʘ.  

ʄʦʥʛʦʣ ʦʨʥʳ ʛʝʦʣʦʛʠʡʥ ʪʦʤʦʦʭʦʥ ʙװʪʵʵʣ ʙʦʣʦʭ ʄʦʥʛʦʣ ʦʨʥʳ ʪʝʢʪʦʥʠʢ 

ʤʫʞʣʘʣʳʥ ʰʠʥʵʯʠʣʩʵʥ ʩʭʝʤ (ʊᴇʤᴇʨʪʦʛʦʦ, 2012) ʙʦʣʦʥ ʊʝʨʨʝʡʥʠʡ ʘʥʛʠʣʘʣ (Badarch et 

al., 2002) ʙװʪʵʵʣװװʜʵʜ ʊʘʨʚʘʛʘʪʘʡʥ ʪʝʨʨʝʡʥʠʡ ʛʘʨʘʣ װװʩʣʠʡʥ ʪʘʣʘʘʨ ʪʫʩʛʘʛʜʩʘʥ 

ʙʘʡʜʘʛ. ʊʫʩ ʙװʩ ʥʫʪʛʠʡʛ (ʊᴇʤᴇʨʪʦʛʦʦ, 2012) ʘʥʛʠʣʘʭʜʘʘ ʋʤʘʨʪ ʄʦʥʛʦʣʳʥ ʦʨʦʛʝʥ ʤʫʞ 

ʥʵʥ ʥʠʡʣʤʵʣ ʪʦʛʪʦʮʪʦʡ ʙᴇʛᴇᴇʜ ʅʫʫʨ-ʊʘʨʚʘʛʘʪʘʡʥ ʦʨʦʛʝʥ ʪʦʛʪʦʣʮʦʦʥʜ ʭʘʤʘʘʨʫʫʣʘʥ, 

ʉʠʙʠʨʠʡʥ ʢʨʘʪʦʥʳ ᴇʤʥᴇʪ ʘʪʨʠʘʪ ʭװʨʵʵʣʣʠʡʥ ʭʵʩʵʛ ʙʦʣʦʭ ʵʥʵʭװװ ʦʨʦʛʝʥ ʪʦʛʪʦʣʮʦʦʥʳ 

ʙװʨʵʣʜʵʭװװʥʜ ʊᴇʚ ʄʦʥʛʦʣʳʥ ʩװʧʝʨʪʝʨʨʝʡʥ (ʙʠʯʠʣʪʠʚ) ʙʦʣʦʥ ʅʫʫʨʳʥ ʙʘ ɼʦʨʥʦʪ 

ʍᴇʚʩʛᴇʣʠʡʥ ʥʠʡʣʤʵʣ ʪʝʨʨʝʡʥװװʜ ʪʫʩ ʪʫʩ ʷʣʛʘʛʜʘʥʘ ʛʵʞ ʘʥʛʠʣʞʵʵ. ʊᴇʚ ʄʦʥʛʦʣʳʥ 

ʩװʧʝʨʪʝʨʨʝʡʥ ʊʘʨʚʘʛʘʪʘʡʥ ʥʫʨʫʫ, ʆʨʭʦʥ ʛʦʣʳʥ ʘʡ ʩʘʚʘʘʨ װʨʛʵʣʞʣʵʭ ɿʘʚʭʘʥ-ʆʨʭʦʥʳ 

ʪʝʨʨʝʡʥʠʡ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʥ ʀʜʵʨ ʤʝʪʘʢʦʤʧʣʝʢʩ ʙʦʣʦʥ ~1790 ʩ.ʞ. ʥʘʩʪʘʡ ñʜʞʫʛʜʞʫʨ-

ʪᴇʨʣʠʡʥò ʛʘʙʙʨʦ-ʘʥʦʨʪʦʟʠʪʳʥ ʙװʨʜʵʣ ʙװʭʠʡ ʊʘʨʚʘʛʘʪʘʡʥ ʢʨʘʪʦʥʳ ʙʣʦʢʪʦʡ ʪʦʭʨʦʣ 

ʙʦʣʦʥ ʙʫʩʘʜ ʪᴇʨʣʠʡʥ ʭʘʛʘʨʣʫʫʜʘʘʨ ʭʠʣʣʵʛʯ ʜʦʦʜ ʙʘ ʜʫʥʜ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ ʤʝʪʘʤʦʨʬ 

ʢʦʤʧʣʝʢʩʫʫʜ, ʤᴇʥ ʪװװʥʯʣʵʥ ʭʦʞʫʫ ʢʨʠʦʛʝʥʳ ʥʝʦʘʚʪʦʭʪʦʥʳ ʚʫʣʢʘʥʦʛʝʥ ʤʦʣʘʩʩ, ʰװʣʪʣʵʛ 

ʛʨʘʥʠʪʳʥ ʙװʨʜʵʣ ʟʵʨʛʠʡʛ ᴇᴇʨʪᴇᴇ ʙʘʛʪʘʘʥʘ (Anisimova et al., 2009; Kozakov et al., 2011; 

ʊᴇʤᴇʨʪʦʛʦʦ, 2014). 

Badarch et al, (2002) ʥʘʨ ʊʘʨʚʘʛʘʪʘʡʥ ʪʝʨʨʝʡʥ ʛʵʞ ʘʥʛʠʣʘʥ ʪʝʢʪʦʥʦʩʪʨʘʪʠʛʨʘʬʜ 

 ʥʜʵʩʣʵʥ ʢʨʘʪʦʥ ʙʣʦʢ ʭʵʤʵʵʥ ʷʣʛʘʩʘʥ. ʊʘʨʚʘʛʘʪʘʡ ʪʝʨʨʝʡʥ ʥʴ ʍʘʥʛʘʡʥ ʥʫʨʫʫʥʳ ʭʦʡʜװ

ʭʵʩʵʛʪ ʦʨʰʠʭ ʙᴇʛᴇᴇʜ ʪװʨװװ ʢʝʤʙʨʠʡʥ ʥʘʩʪʘʡ ʛʥʝʡʩ, ʤʠʛʤʘʪʠʪ, ʘʤʬʠʙʦʣʠʪ ʙʦʣʦʥ 

ʟʘʥʘʨʫʫʜʘʩ ʙװʨʜʜʵʛ, ʵʥʵʭװװ ʟʫʟʘʘʣʘʛ ʥʴ ʘʥʦʨʪʦʟʠʪʦʦʨ ʪװʨʵʛʜʜʵʛ. ʄᴇʥ, ʅʝʦʧʨʦʪʝʨʦʟʦʡʥ 

ʥʘʩʪʘʡ ʥʦʛʦʦʥ ʟʘʥʘʨʳʥ ʬʘʮʳʥ ʯʫʣʫʫʣʛʘʘʩ ʙװʨʜʜʵʛ ʛʵʞʵʵ (Badarch et al., 2002). ʊʝʨʨʝʡʥ 
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ʥʴ ʅʝʦʧʨʦʪʝʨʦʟʦʡ-ʍʦʞʫʫ ʢʝʤʙʨʠʡʥ ʩʪʨʦʤʘʪʦʣʠʪ ʘʛʫʫʣʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫ ʙʦʣʦʥ 

ʚʫʣʢʘʥʦʛʝʥ ʯʫʣʫʫʣʘʛ, ʜʝʚʦʥ ʙʦʣʦʥ ʢʘʨʙʦʥʳ ʢʦʥʛʣʦʤʝʨʘʪ ʙʦʣʦʥ ʘʤʴʪʥʳ װʣʜʚʵʨ 

ʘʛʫʫʣʩʘʥ ʵʣʩʵʥ ʯʫʣʫʫ, ʘʥʜʝʟʠʪ, ʜʘʮʠʪ ʪʫʬʵʵʩ ʙװʨʜʜʵʛ. ʍʦʡʜ ʭʵʩʛʵʵʨ ʉʵʣʵʥʛʠʡʥ ʙװʩʠʡʥ 

ʇʝʨʤʠʡʥ ʚʫʣʢʘʥ-ʧʣʫʪʦʥ ʵʚʰʣʵʵʨ,  ʤᴇʥ ʜʫʥʜ ʪʨʠʘʩ-ʪװʨװװ ʶʨʳʥ ʥʘʩʪʘʡ ʚʫʣʢʘʥʦʛʝʥ 

ʯʫʣʫʫʣʛʘʘʩ ʙװʨʜʵʥʵ. ʊʝʨʨʝʡʥ ʥʴ ʧʦʩʪ-ʘʢʢʨʝʮʳʥ ʜʝʚʦʥʦʦʩ ʪʨʘʠcʳʥ ʥʘʩʪʘʡ ʠʥʪʨʫʟʠʚ 

ʙװʨʜʣװװʜʵʵʨ ʪװʨʵʛʜʜʵʛ (Badarch et al., 2002).  

ɹʷʤʙʘ ʥʘʨ, (2009) ʊʘʨʚʘʛʘʪʘʡʥ-ɹװʪʵʵʣʠʡʥ ᴇʨʛᴇʛʜᴇʣ ʛʵʞ ʷʣʛʘʘʜ, ᴇʨʛᴇʛʜᴇʣ ʥʴ 

ᴇʨʛᴇʨʛʠʡʥ ʜʘʛʫʫ ʩʫʥʘʣʪʘʡ ʙᴇʛᴇᴇʜ ʙʘʨʫʫʥ ʪʘʣʜ ʉʦʥʛʠʥʦ ʙʣʦʢʦʦʩ ʘʚʘʘʜ ʊʘʨʚʘʛʘʪʘʡʥ, 

ʍᴇʚʩʛᴇʣʠʡʥ, ʅʘʤʥʘʥʛʠʡʥ ʥʫʨʫʫʜʳʛ ʜʘʤʥʘʥ ʟװװʥ ʪʘʣʜ ɹװʪʵʵʣʠʡʥ ʥʫʨʫʫ ʭװʨʪʵʣ 

 ,ʪʵʵʣʠʡʥ ᴇʨʛᴇʛʜʣʠʡʥ ʪʘʣʩʪ ʩʫʫʨʠʡʥ ʤʝʪʘʢʦʤʧʣʝʢʩ ʉʦʥʛʠʥʦװʨʛʵʣʞʠʣʥʵ. ʊʘʨʚʘʛʘʪʘʡʥ-ɹװ

ʅᴇʤʨᴇʛ ʩʫʤʫʫʜʳʥ ʥʫʪʘʛ, ʊʘʨʚʘʛʘʪʘʡʥ ʙʘ ɹװʪʵʵʣʠʡʥ ʥʫʨʫʫ ʟʵʨʵʛ ʛʘʟʨʫʫʜʘʜ 

ʪʦʛʪʦʦʛʜʩʦʥʳʛ ʪʫʩ ʙװʨʜ ʥʴ ʉʦʥʛʠʥʦ (ʭʫʫʯʥʘʘʨ ʭʦʡʜ ʉʦʥʛʠʥʦ), ʊʘʨʚʘʛʘʪʘʡʥ ʙʘ 

ɹװʪʵʵʣʠʡʥ ʙʣʦʢ ʭʵʤʵʵʥ ʫʣʘʤʞʣʘʣʳʛ ʭʘʜʛʘʣʘʥ ʥʵʨʣʵʞʵʵ. ᴆʨʛᴇʛʜʣʠʡʥ ʭʵʤʞʵʵʥʜ ʵʨʪʥʠʡ 

ʤʝʪʘʢʦʤʧʣʝʢʩʦʦʩ ʛʘʜʥʘ ʤʝʟʦ-ʧʨʦʪʝʨʦʟʦʡ, ʬʘʥʝʨʦʟʦʡʥ װʝʜ ʪװװʥʠʡ ʭʵʤʞʵʵʥʜ װװʩʯ 

ʙʘʡʩʘʥ ʪʝʨʨʠʛʝʥ-ʢʘʨʙʦʥʘʪ, ʪʝʨʨʠʛʝʥ-ʚʫʣʢʘʥʦʛʝʥ ʥʘʡʨʣʘʛʘʪʘʡ ʙװʨʜʣʵʵʩ ʪʦʛʪʩʦʥ ʵʭ 

ʛʘʟʨʳʥ ʩʪʨʫʢʪʫʨʫʫʜ ʘʥʛʠʣʘʛʜʘʥʘ. 

ʊᴇʚ ɸʟʠʡʥ ʦʨʦʛʝʥ ʙװʩʠʡʥ ʭʦʡʜ ʭʵʩʵʛʪ ʜʵʣʭʠʡʥ ʪʦʤʦʦʭʦʥ ʛʨʘʥʠʪʦʠʜ ʙʘʪʦʣʠʪʫʫʜ 

ʧʘʣʝʦʟʦʡʥ ʙʦʣʦʥ ʤʝʟʦʟʦʡʥ ʮʘʛ װʝʜ װװʩʩʵʥ ʛʵʞ ʩʫʜʣʘʘʯʠʜ װʟʜʵʛ.  

ɻʨʘʥʠʪʦʠʜ ʙʘʪʦʣʠʪʳʥ װװʩʣʠʡʛ ʥʝʦʧʨʦʪʝʦʟʦʡʥ ʮʘʛ װʝʠʡʥ ʜʘʣʘʡʥ ʭʘʘʛʜʣʳʥ ʪʵʨ 

ʮʘʛʘʘʩ ʭʦʡʰ ʇʘʣʝʦ ɸʟʠʡʥ ɼʘʣʘʡ (ʇɸɼ), ʄʦʥʛʦʣ-ɸʛʥʫʫʨʳʥ ʜʘʣʘʡ (ʄɸɼ), ʊʝʟʠʩʠʡʥ 

ʜʘʣʘʡ (ʊɼ), ʪᴇʜʠʡʛװʡ ʅʦʤʭʦʥ ʜʘʣʘʡʥ ʙʘʨʫʫʥ ʵʨʵʛ ʜʘʛʫʫʭ ʜʘʣʘʡʥ ʩʠʩʪʝʤʠʡʥ ʭʘʘʛʜʣʳʥ 

ʧʨʦʮʝʩʩʪʦʡ ʭʦʣʙʦʞ ʪʘʡʣʙʘʨʣʘʛʜʜʘʛ.  

ʊᴇʚ ɸʟʠʜ ʥʝʦʧʨʦʪʝʨʦʟʦʡʥ (1100ï900 ʩʘʷ ʞʠʣ) ʵʭʵʥ װʝʜ ʭʵʚ ʛʘʞʠʣʜ ʠʭʵʵʨ ᴇʨʪʩᴇʥ 

S- ʪᴇʨᴇʣ ʛʨʘʥʠʪʦʠʜʫʫʜ, ʜʫʥʜ װʝʜ (850ï700 ʩʘʷ) ʩʫʣʘʚʪʘʨ ʭʵʚ ʛʘʞʠʣʪʘʡ I- ʙʘ ɸ ʪᴇʨʣʠʡʥ 

ʛʨʘʥʠʪʦʠʜ װװʩʩʵʥ ʛʵʞ װʟʵʵʜ, ʪʵʜʛʵʵʨʠʡʛ ʩʠʥʢʦʣʣʠʟʦʦʩ ʢʦʣʣʠʟʳʥ ʜʘʨʘʘʭ ʦʨʯʠʥʜ 

ʰʠʣʞʩʵʥ ʰʠʣʞʠʣʪʠʡʥ ʥᴇʭʮᴇʣʜ װװʩʩʵʥʠʡʛ ʭʘʨʫʫʣʜʘʛ. ʕʥʵ ʮʘʛ װʝʠʡʛ ʈʦʜʠʥʠʘʛʠʡʥ  

ʟʘʜʨʘʣʪʘʡ ʭʦʣʙʦʥ ʪʘʡʣʙʘʨʣʘʜʘʛ ʙʘʡʥʘ. 

ʋʣʤʘʘʨ ʩʫʜʣʘʘʯʠʜ ʛʨʘʥʠʪʦʠʜʳʥ ʙװʨʵʣʜʵʥ ʪʦʛʪʩʦʥ ʮʘʛ ʭʫʛʘʮʘʘ ʙʦʣʦʥ ʛʝʦʜʠʥʘʤʠʢ 

ʥᴇʭʮᴇʣᴇᴇʨ ʥʴ ʪʦʜʦʨʭʦʡ װʝ ʰʘʪʫʫʜʘʜ ʘʥʛʠʣʘʥ ʩʫʜʘʣʞʵʵ (Tao Wang et al., 2023). 

ʊʫʭʘʡʣʙʘʣ, ʊɸʆɹ-ʜ ʪʘʨʭʘʥ ʦʨʰʠʭ 550-500 ʄʘ, 520-440 ʄʘ ʩʘʷ ʞʠʣʠʡʥ ʥʘʩʪʘʡ 

ʛʨʘʥʠʪʦʠʜ ʤʘʛʤʳʥ ʯʫʣʫʫʣʛʠʡʛ ʇʘʣʝʦ ɸʟʠʡʥ ʜʘʣʘʡʥ ʷʚʮʪʘʡ ʭʦʣʙʦʦʪʦʡ. 310-250 ʩʘʷ 

ʞʠʣʠʡʥ ʮʘʛ װʝʜ װװʩʩʵʥ ʛʨʘʥʠʪʦʠʜʳʛ ʵʭ ʛʘʟʨʳʥ ʮʘʨʮʜʘʩ ʙʘ ʜʦʤʘʡʥʫʫʜ 
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ʘʤʘʣʴʛʘʮʣʘʛʜʩʘʥʘʘʨ ʧʘʣʝʦ ɸʟʠʡʥ ʜʘʣʘʡʥ ʭʘʘʛʜʘʣʪʘʡ ʭʦʣʙʦʥ ʪʘʡʣʙʘʨʣʘʞʵʵ. ʇɸɼ 

ʭʘʘʣʪʳʥ ʥʦʪʦʣʛʦʦʛ ʊɸʆɹ-ʳʥ ᴇʤʥᴇʜ ʭʵʩʵʛʪ ʦʨʰʠʭ ʙʘʨʫʫʥ ʊʷʥʴʰʘʥʴ ʜʘʛʫʫʭ ʛʨʘʥʠʪʦʠʜʳʥ 

ʙʘʨʫʫʥ ʪʠʡʰʵʵ ʟʘʣʫʫʞʠʭ ʭʘʥʜʣʘʛʘ, ʤᴇʥ ʉʫʣʠʥʭʵʵʨ-ʍʠʣʘʤʫʣʫʥ ʩʫʪʫʨ ʟʦʥʳ ʜʘʛʫʫʭ ʟװװʥ 

ʪʠʡʰ ʟʘʣʫʫʞʠʭ ʭʘʥʜʣʘʛʘ ʟʵʨʵʛ ʥʴ ʜʘʚʭʘʨ ʭʘʡʯ ʤʘʷʛʠʡʥ ʭʵʣʙʵʨʵʵʨ ʜʘʣʘʡ ʭʘʘʛʜʩʘʥʳʛ 

ʠʣʵʨʭʠʡʣʞʵʵ. 250-230 ʩʘʷ ʞʠʣʠʡʥ ʮʘʛ װʝʜ װװʩʩʵʥ ʛʨʘʥʠʪʦʠʜʫʫʜʳʛ  ʵʭ ʛʘʟʨʳʥ 

ʙʣʦʢʫʫʜ/ʪʝʨʨʝʡʥװװʜʠʡʥ ʩʫʙʜʫʢʮ-ʢʦʣʣʠʟʳʥ ʥᴇʭʮᴇʣʜ װװʩʩʵʥ ʛʵʞ ʪʘʡʣʙʘʨʣʘʩʘʥ ʙʘʡʥʘ. 

Taʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜᴇʣʜ ʭʘʤʛʠʡʥ ʵʨʪʥʠʡ ʢʝʤʙʨʠʡʥ ᴇʤʥᴇʭ (Kozakov et al., 2011) 

ʪʘʣʩʪ ʙװʨʜʵʣ, ʧʘʣʝʦʟʦʡʥ ʤʘʛʤʳʥ ʙװʨʜʣװװʜʵʵʩ ʙװʨʜʩʵʥ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʙװʪʵʮʪʵʡ ʜʫʥʜ-

ʭʦʞʫʫ ʢʝʤʙʨʠ, ʪװʨװװ, ʭʦʞʫʫ ʦʨʜʦʚʠʢ, ʭʦʞʫʫ ʜʝʚʦʥ, ʭʦʞʫʫ ʢʘʨʙʦʥʳ, ʧʝʨʤʠʡʥ  ʥʘʩʪʘʡ 

ʛʨʘʥʠʪʦʠʜʫʫʜ ʥʴ ʜʵʵʨʭ ʩʫʜʘʣʛʘʘʥʳ ʛʝʦʜʠʥʘʤʠʢ ʥᴇʭʮᴇʣ, ʪʵʜʥʠʡ ʙʘʡʨʰʠʣʜ ʥᴇʣᴇᴇʣᴇʛʯ 

ʛʝʦʣʦʛʠʡʥ ʭװʯʠʥ ʟװʡʣʩʠʡʥ ʭᴇʛʞʣʠʡʥ װʡʣ ʷʚʮʫʫʜ ʥʠʡʮʵʥ ʭʘʨʴʮʫʫʣʘʛʜʘʭ ʙʦʣʦʤʞʪʦʡ 

ʙʘʡʥʘ. 
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ɿʫʨʘʛ 1. ʊʘʨʚʘʛʘʪʘʡʥ ЊʨʛЊʛʜʣʠʡʥ ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛ, ʄʘʩʰʪʘʙ:1:500 000. ʕʨʜʵʥʵʯʠʤʵʛ ʥʘʨ (2017)-ʳʥ ʟʫʨʛʠʡʛ ʩʫʫʨʴ ʙʦʣʛʦʥ 

ʘʰʠʛʣʘʚ. 
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ɹתʃʕɻ 2. ʉʋɼɸʃɻɸɸʅʓ ɸʈɻɸ, ɸʈɻɸʏʃɸʃ 

ʊᴇʩʣʠʡʥ ʩʫʜʘʣʛʘʘ-ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʣʳʛ ʭʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘ, ʩʫʫʨʠʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪ, ʣʘʙʦʨʘʪʦʨʠʡʥ ʙʦʣʦʥ ʪʝʭʥʠʢ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʛʵʩʵʥ 3 װʥʜʩʵʥ װʝ 

ʰʘʪʪʘʡʛʘʘʨ ʛװʡʮʵʪʛʵʣʵʵ. 

ʍʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ 5 ʫʜʘʘ ʷʚʫʫʣʞ ʊʘʨʚʘʛʘʪʘʡʥ 

ᴇʨʛᴇʛʜᴇʣ ʙʫʶʫ ɿʘʚʭʘʥ ʘʡʤʛʠʡʥ ʀʭ-ʫʫʣ, ʊʦʩʦʥʮʵʥʛʵʣ, ʊʵʣʤʵʥ, ʍᴇʚʩʛᴇʣ ʘʡʤʛʠʡʥ ʐʠʥʵ-

ʀʜʵʨ, ɾʘʨʛʘʣʘʥʪ, ɻʘʣʪ, ɸʨʭʘʥʛʘʡ ʘʡʤʛʠʡʥ ʊʘʨʠʘʪ, ʎʘʭʠʨ ʩʫʤʜʳʥ ʥʫʪʘʛʪ ʪʘʨʭʘʣʪʪʘʡ 

ʧʨʦʪʝʨʟʦʡʥ ʤʝʪʘʤʦʨʬ ʪʘʣʩʪ ʙװʨʜʵʣ ʀʜʵʨ, ɾʘʨʛʘʣʘʥʪ, ʄᴇʩʪʠʡʥ ʛʘʙʙʨʦ-ʘʥʦʨʪʦʟʠʪ, 

ʘʥʦʨʪʦʟʠʪʳʥ ʙװʨʜʣװװʜ, ʧʘʣʝʦʟʦʡʥ ʐʠʥ-ɻʀʜʵʨ, ʊʵʣʤʵʥ, ʊʵʩ, ʍʘʥʛʘʡʥ ʛʨʘʥʠʪʦʠʜ 

ʙװʨʜʣװװʜʠʡʥ ʘʥʭʜʘʛʯ ʙʘʡʨʰʣʳʥ ʭʠʣ ʟʘʘʛʠʡʛ ʪʦʛʪʦʦʭ, ʥʘʩʥʳ װʥʜʵʩʣʵʣ ʙʦʣʦʥ ʛʨʘʥʠʪʦʠʜ 

ʯʫʣʫʫʣʛʠʡʥ ʪᴇʨᴇʣʞʠʣʪʠʡʛ ʷʣʛʘʭ, ʤʝʪʘʤʦʨʬ ʩʪʨʫʢʪʫʨʳʥ ʙʘʡʨʰʣʳʥ ʭʵʤʞʠʣʪ ʭʠʡʭ, ʪᴇʨᴇʣ 

ʙװʨʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ ʰʘʘʨʜʣʘʛʘ ʭʘʥʛʘʭ ʜʵʵʞ ʤʘʪʝʨʠʘʣ ʮʫʛʣʫʫʣʘʭ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʩʵʥ.  

ʍʵʵʨʠʡʥ ʘʞʠʣʜ ᴇʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ ʤʘʪʝʨʠʘʣʜ װʥʜʵʩʣʵʥ ʄʦʥʛʦʣ ʋʣʩʳʥ 1 200000 

ʤʘʩʰʪʘʙʳʥ ʛʝʦʣʦʛʠʡʥ ʟʫʨʛʫʫʜʘʜ ʪʫʣʛʫʫʨʣʘʥ GIS ʧʨʦʛʨʘʤʤʘʘʨ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʘʞʣʳʥ 

ʟʫʨʘʛ, ʙʘʡʨ ʟװʡ ʙʘ ʩʘʥʩʨʳʥ ʟʫʨʘʛ (ɿʫʨʘʛ 2)-ʫʫʜʳʛ ʘʰʠʛʣʘʩʘʥ ʙᴇʛᴇᴇʜ ʯʫʣʫʫʣʛʠʡʥ 

ʙʦʜʠʩʳʥ ʥʘʡʨʣʘʛʘ, ʥʘʩ, ʛʘʨʘʣ װװʩʵʣ, ʛʝʦʜʠʥʘʤʠʢʠʡʥ ʘʩʫʫʜʣʫʫʜ ʙװʨʵʥ 

ʰʠʡʜʚʵʨʣʵʛʜʵʵʛװʡ ʛʨʘʥʠʪʦʠʜ ʙʦʣʦʥ ʤʝʪʘʤʦʨʬ ʙװʨʜʣװװʜʠʡʥ ʯʫʣʫʫʣʛʫʫʜʳʥ ʵʨʜʩʠʡʥ 

ʙװʨʵʣʜʵʭװװʥ, ʙʦʜʠʩʳʥ ʥʘʡʨʣʘʛʘ, ʥʘʩʥʳ ʘʩʫʫʜʣʫʫʜʳʛ ʥʘʨʠʡʚʯʣʘʭ ʟʦʨʠʣʛʦʦʨ ʭʦʣʙʦʛʜʦʭ 

ʜʵʵʞʣʵʣʪװװʜʠʡʛ ʭʠʡʩʵʥ ʙʠʣʵʵ. ʄᴇʥ ʩʫʜʘʣʛʘʘʥʜ ʭʘʤʨʘʛʜʩʘʥ ʟʘʨʠʤ ʭʵʩʵʛʯʠʣʩʵʥ ʪʘʣʙʘʡʥ 

ʛʝʦʣʦʛʠʡʥ ʟʫʨʛʫʫʜʳʛ ᴇʤʥᴇʭ ʛʝʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʤʘʪʝʨʠʘʣ, ᴇᴇʨʩʜʠʡʥ ʷʚʫʫʣʩʘʥ 

ʛʝʦʣʦʛʠʡʥ ʘʞʠʛʣʘʣʪ, ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥ ʙʦʣʦʥ ʩʘʥʩʨʳʥ ʟʫʨʛʠʡʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʜʵʵʨ װʥʜʵʩʣʵʥ ʰʠʥʵʯʣʵʥ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʙʦʣʥʦ. 

ʍʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʯʫʣʫʫʣʛʠʡʥ ʧʝʪʨʦʛʨʘʬʠ, ʧʝʪʨʦʭʠʤʠʡʥ ʦʥʮʣʦʛʠʡʛ 

ʪʦʜʨʫʫʣʘʭ ʟʦʨʠʣʛʦʦʨ ʥʠʡʪ 800 ʛʘʨʫʡ ʜʵʵʞ ʘʚʯ (ɿʫʨʘʛ 3), װװʥʵʵʩ 160 ʰʘʭʘʤ ʜʵʵʞʠʡʛ 

ʧʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘ, 120 ʜʵʵʞʠʡʛ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ ʭʘʤʨʫʫʣʞ ʯʫʣʫʫʣʛʠʡʥ 

ʛʦʣ ʙʘ ʩʘʨʥʠʤʘʣ ʵʣʝʤʝʥʪ, ʛʘʟʨʳʥ ʭʦʚʦʨ ʵʣʝʤʝʥʪװװʜʠʡʥ װʨ ʜװʥʛ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʙʘʡʥʘ. 
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ɻʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ 15 ʜʵʵʞʠʡʛ ʛʘʜʥʳ ʣʘʙʦʨʘʪʦʨʠʜ ʠʣʛʵʵʩʵʥ ʙʦʣʦʚʯ 

ʟᴇʚʭᴇʥ 2 ʜʵʵʞʠʥʜ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ װʨ ʜװʥʛ ʪʦʛʪʦʦʞ, ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʠʣ ʭʠʡʞ 

ʪʘʡʣʘʥʜ ʪʫʩʛʘʩʘʥ ʙʦʣʥʦ. 

 
ɿʫʨʘʛ 2. ʍʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘ ʛϾʡʮʵʪʛʵʩʵʥ ʪʘʣʙʘʡʥ ʙʘʡʨʰʠʣ ʙʘ ʪʦʧʦ ʟʫʨʘʛ, ʟʫʨʘʛʣʘʣʳʥ 
1:200000 ʙʦʣʦʥ 1:50000 ʤʘʩʰʪʘʙʪʘʡ ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛ, ʘʛʘʘʨ ʩʘʥʩʨʳʥ ʟʫʨʘʛ, ʘʚʪʦ ʟʘʤʳʥ 
ʯʠʛʣʵʣϾϾʜʠʡʛ ArcMap, Google earth pro, Maptiler ʟʵʨʵʛ ʧʨʦʛʨʘʤʤʫʫʜ ʜʵʵʨ ʙʦʣʦʚʩʨʫʫʣʩʘʥ 

ʙʘʡʜʣʘʘʩ 

  



ñʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʤʘʛʤʘʪʠʟʤ: ɹʦʜʠʩʳʥ ʥʘʡʨʣʘʛʘ, ʵʭ װװʩʚʵʨ, װװʩʩʵʥ ʮʘʛ ʭʫʛʘʮʘʘ ʙʘ ʛʝʦʜʠʥʘʤʠʢ ʭᴇʛʞʠʣò 

 

10 
 

 ɿʫʨʘʛ 3. ʍʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʘʚʘʛʜʩʘʥ ʜʵʵʞϾϾʜʠʡʥ ʙʘʡʨʰʠʣ 
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ʉʫʫʨʠʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʣʘʘʨ ʭʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʘʚʘʛʜʩʘʥ ʯʫʣʫʫʣʛʫʫʜʘʜ 

ʧʝʪʨʦʛʨʘʬʠ, ʧʝʪʨʦʣʦʛʠ-ʛʝʦʭʠʤʠ ʙʦʣʦʥ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ ʰʠʥʞʠʣʛʵʵ-ʩʫʜʘʣʛʘʘ-

ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʣʳʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʣʵʵ. 

ᴆʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʜ װʥʜʵʩʣʵʥ 1:200 000-ʥʳ ʤʘʩʰʪʘʙʳʥ M-47-XXVII, XXVIII, 

XXXVIII, XXXIII, XXXIV ʙʘ XXXV ʣʠʩʪʠʡʥ ʭװʨʵʵʥʜ 14 װʟװװʣʵʣʪʵʵʨ ʛʨʘʥʠʪʦʠʜ ʙװʨʜʣʠʡʥ 

ʤʵʜʵʵʣʣʠʡʥ ʩʘʥ, ʟʫʨʘʛ ʟװʡʥ ʘʞʣʫʫʜ (ᴇʨʛᴇʛʜʣʠʡʥ ʤʘʛʤʘʪʠʟʤʳʥ ʪʘʨʭʘʣʪʳʥ ʟʫʨʘʛ, ʙװʨʜʵʣ 

ʪʫʩ ʙװʨʠʡʥ ʪʘʨʭʘʣʪʳʥ ʟʫʨʘʛ, ʭʵʩʵʛʯʠʣʩʵʥ ʪʘʣʙʘʡʥ ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛ), ʪᴇʨᴇʣ ʙװʨʠʡʥ 

ʛʨʘʥʠʪʦʠʜ ʙʦʣʦʥ ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʠʡʥ ʜʵʵʞʠʥʜ ʪʫʡʣʰʠʨʩʘʥ ʛʵʨʣʠʡʥ ʤʠʢʨʦʩʢʦʧʦʦʨ 

ʧʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘ ʭʠʡʞ ʪʘʣʙʘʡʜ ʪʘʨʭʩʘʥ ʯʫʣʫʫʣʛʠʡʥ ʪᴇʨʣװװʜ, ʪʵʜʛʵʵʨʠʡʥ 

ʵʨʜʵʩʣʵʛ ʙװʨʵʣʜʵʭװװʥ, ʩʪʨʫʢʪʫʨ, ʪʝʢʩʪʫʨʳʛ ʦʥʮʣʦʛʠʡʛ ʪʦʛʪʦʦʩʦʥ . ʄᴇʥ ʛʝʦʭʠʤʠʡʥ 

ʣʘʙʦʨʘʪʦʨʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛ ʭװʣʵʵʥ ʘʚʯ ʛʝʦʭʠʤʠ ʙʦʣʦʥ ʛʝʦʭʨʦʥʦʣʦʛʠʡʥ 

ʩʫʜʘʣʛʘʘʥʳ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʭʠʡʞ, ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ ʪʫʩ ʙװʨʜ ʛʨʘʥʠʪʦʠʜ ʙʦʣʦʥ 

ʤʝʪʘʤʦʨʬ ʯʫʣʫʫʣʛʠʡʥ ʙʦʜʠʩʳʥ ʥʘʡʨʣʘʛʘ, ʛʘʨʘʣ װװʩʵʣ, װװʩʩʵʥ ʮʘʛ ʭʫʛʘʮʘʘ, ʛʝʦʜʠʥʘʤʠʢ 

ʥᴇʭʮᴇʣʠʡʛ ʪʦʜʨʫʫʣʩʘʥ ʰʠʥʵʣʵʛ ʤʵʜʵʵʣʣʠʡʛ ʙʠʡ ʙʦʣʛʦʞ, ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛʵʵʨ ʠʣʪʛʵʣ 

ʭʵʣʵʣʮװװʣʞ, ᴇʛװװʣʵʣ ʭʵʚʣװװʣʞ ʪʫʩʛʘʣʘʘ ʦʣʩʦʥ ʘʞʣʫʫʜʳʛ ʛװʡʮʵʪʛʵʩʵʥ. 

 ʄʵʜʵʵʣʣʠʡʥ ʩʘʥ ʙװʨʜװװʣʵʭ ʘʞʠʣ ʥʴ ʥʵʣʵʵʜ ʠʭ ʮʘʛ, ʘʞʠʣʣʘʛʘʘ ʰʘʘʨʜʩʘʥ ʭʵʩʵʛ 

ʙᴇʛᴇᴇʜ ʛʨʘʥʠʪʦʠʜʳʥ (ʐʠʥʵ-ʀʜʵʨ, ʊʵʣʤʵʥ ʙʦʣʦʥ ʊʵʩ ʙװʨʜʵʣ) ʤʵʜʵʵʣʵʣʠʡʥ ʩʘʥ  

ʙװʨʜװװʣʵʭʜʵʵ 1:200 000-ʥʳ ʤʘʩʰʪʘʙʳʥ ʄ-47-XXVI, XXVII, XXVIII, XXXII, XXXIII,  XXXV 

ʟʵʨʵʛ 6 ʣʠʩʪʠʡʥ ʭװʨʵʵʥʜ ʦʣʦʥ װʟװװʣʵʣʪʵʵʨ 30 ʛʘʨʫʡ ʤʘʩʩʠʚʳʥ 54 ʙʘʡʨʰʣʳʥ 

ʤʵʜʵʵʣʣʠʡʥ ʩʘʥʛ ʙװʨʜװװʣʩʵʥ. ʕʥʵʭװװ ʤʵʜʵʵʣʣʠʡʥ ʩʘʥʜ ʪʫʩʛʘʛʜʩʘʥ ʤʵʜʵʵʣʣʠʡʛ ɻ ʢʩʝʣ 

ʧʨʦʛʨʘʤʤ ʜʵʵʨ ʤʘʩʩʠʚʫʫʜʳʥ ʙʘʡʨʰʠʣ ʙʦʣʦʥ ʮʵʛ ʪʫʩ ʙװʨʠʡʥ ʤʵʜʵʵʣʣʠʡʛ ʥʘʨʠʡʚʯʣʘʣʪʘʡ 

ʦʨʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ ArcGis ʧʨʦʛʨʘʤʤʘʘʨ ʭᴇʨʚᴇʭ ʙװʨʵʥ ʙʦʣʦʤʞʪʦʡʛʦʦʨ ʛװʡʮʵʪʛʵʩʵʥ. 

ʃʘʙʦʨʘʪʦʨʠʡʥ ʙʦʣʦʥ ʪʝʭʥʠʢ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʣʘʘʨ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʛʘʘʩ 

ʘʚʘʛʜʩʘʥ ʜʵʵʞװװʜʠʡʛ ʥʘʨʠʡʚʯʠʣʩʘʥ ʰʠʥʞʠʣʛʵʵʥʜ ʟʦʨʠʫʣʘʥ ʩʦʦʨʪʣʦʥ ̫ ʣʛʘʞ (ɿʫʨʘʛ 4) 

ʙʫʪʘʣʞ ʥʫʥʪʘʛʣʘʥ ʰʠʛʰʠʞ, ʥʘʩʥʳ ʜʵʵʞʠʡʛ ʙʨʦʤʬʦʨʤ ʫʫʩʤʘʣʘʘʨ ʫʛʘʘʞ, ʮʠʨʢʦʥ ʪװװʭ 

ʘʞʣʳʛ ʛװʡʮʵʪʛʵʩʵʥ (ɿʫʨʘʛ 5).  

ʇʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʪʫʥʛʘʣʘʛ ʰʣʠʬʠʡʛ ᴇᴇʨʠʡʥ ʭװʨʵʵʣʵʥʛʠʡʥ "ʅʠʢʦʥ" ʤʘʨʢʠʡʥ 

ʪʫʡʣʰʠʨʩʘʥ ʛʵʨʣʠʡʥ ʤʠʢʨʦʩʢʦʧʦʦʨ (ɿʫʨʘʛ 6), ʜʵʵʞװװʜʵʵʩ ʮʠʨʢʦʥʳ ʤᴇʭʣᴇʛʠʡʛ 

ʙʠʥʦʢʫʣʷʨʳʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ̫ ʣʛʘʞ ʮʠʨʢʦʥʫʫʜʘʜ װʥʵʤʣʵʭװʡ ʥʘʩʥʳ /U-Pb, LA-ICP-MS/ 

ʰʠʥʞʠʣʛʵʵ ʭʠʡʭʵʜ ʙʵʣʵʥ ʙʦʣʛʦʩʦʥ. 
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ɻʝʦʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ ʙʵʣʪʛʵʛʜʩʵʥ ʜʵʵʞװװʜ (ɿʫʨʘʛ 7)-ʠʡʥ ʯʫʣʫʫʣʛʠʡʥ ʛʦʣ 

ʠʩʣʠʡʥ ʭʠʤʠʡʥ ʥʘʡʨʣʘʛʳʛ XRF76V ʙʫʶʫ ʨʝʥʪʛʝʥ ʬʣʫʦʨʝʩʮʝʥʮʠʡʥ, ʩʘʨʥʠʤʘʣ ʙʦʣʦʥ 

ʛʘʟʨʳʥ ʭʦʚʦʨ ʵʣʝʤʝʥʪ (ɻʍʕ)-ʠʡʥ ʭʠʤʠʡʥ ʥʘʡʨʣʘʛʳʛ ICP-90A ʤʘʩʩ ʩʧʝʢʪʨʦʤʝʪʨʠʡʥ 

ʙʘʛʘʞ ʪᴇʭᴇᴇʨᴇʤʞᴇᴇʨ ñʕʩ ɾʠ ʕʩò ʣʘʙʦʨʘʪʦʨʠʜ ʭʠʡʣʛʵʞ, ʛʘʨʩʘʥ װʨ ʜװʥʛװװʜʠʡʛ ʭװʣʵʵʥ 

ʘʚʯ ʩʪʘʥʜʘʨʪ ʘʨʛʘ, ʘʨʛʘʯʣʘʣʳʥ ʜʘʛʫʫ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʣʳʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ. 

ʊʵʣʤʵʥ ʙʦʣʦʥ ʊʵʩ ʙװʨʜʣʠʡʥ ʥʘʩʳʛ ʪʦʜʨʫʫʣʘʭ ʟʦʨʠʣʛʦʦʨ ʪʘʣʙʘʡʥ ʭʵʤʞʵʵʥʜ 

ʥʵʣʵʵʥ ᴇʨʛᴇʥ ʪʘʨʭʩʘʥ ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ ʛʨʘʥʦʜʠʦʨʠʪ (TR-19-06), ʊʵʩ ʙװʨʜʣʠʡʥ 

ʢʩʝʥʦʤʦʨʬ ʙʫʶʫ ʜʫʛʫʡ ʭʵʣʙʵʨʪʵʡ ʭʘʨ-ʩʘʘʨʘʣ ʢʚʘʨʮʪʘʡ ʜʫʥʜ ʤᴇʭʣᴇʛʪʵʡ ʙʠʦʪʠʪʦʪ 

ʰװʣʪʣʵʛʜװװ ʛʨʘʥʠʪʳʥ (TR-19-15) ʜʵʵʞװװʜʵʵʩ ʮʠʨʢʦʥ ʷʣʛʘʞ ʩʪʘʥʜʘʨʪ ʘʨʛʳʥ ʜʘʛʫʫ 

ʙʫʪʣʘʭ, ʰʠʛʰʠʭ ʙʦʣʦʥ ʫʛʘʘʭ ʜʘʨʘʘʣʣʘʘʨ ʭװʥʜ ʰʠʥʛʵʥʵʵʨ ʷʣʛʘʩʘʥ. ʗʣʛʘʥ ʪװװʩʵʥ ʪʫʩ ʙװʨ 

24 ʰʠʨʭʵʛ ʮʠʨʢʦʥʜ ʭʵʤʞʠʣʪ ʭʠʡʞ U-Pb-ʥʳ ʠʟʦʪʦʧʳʥ װʥʵʤʣʵʭװʡ ʥʘʩ ʪʦʛʪʦʦʩʦʥ. 

ʍʵʤʞʠʣʪʠʡʛ ʍʷʪʘʜʳʥ ɻʝʦʩʫʜʣʘʣʳʥ ʠʭ ʩʫʨʛʫʫʣʠʡʥ ʛʝʦʭʠʤʠʡʥ ʣʘʙʦʨʘʪʦʨʠʜ ʣʘʟʝʨʘʘʨ 

ʥʵʚʪʣʵʭ ʠʥʜʫʢʮʠʡʥ ʭʦʩ ʧʣʘʟʤʪ ʤʘʩʩ ʩʧʝʢʪʨʦʤʝʪʨ (LA-ICPMS)-ʠʡʥ ʜʵʚʰʠʣʪʵʜ ʙʘʛʘʞʘʘʨ 

ʛװʡʮʵʪʛʵʩʵʥ. 

 

 

ɿʫʨʘʛ 4. ɼʵʵʞϾϾʜʠʡʛ ʥʘʨʠʡʚʯʠʣʩʘʥ ʰʠʥʞʠʣʛʵʵʥʜ ʟʦʨʠʫʣʘʥ ʩʦʨʪʣʦʥ ʷʣʛʘʞ ʙʫʡ ʷʚʮʘʘʩ 
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ɿʫʨʘʛ 5. ʏʫʣʫʫʥ ʜʵʵʞʠʡʛ ʙʫʪʘʣʞ ʥʫʥʪʘʛʣʘʭ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʠʣ ʭʠʡʛʜʵʞ ʙʘʡʥʘ. 



ñʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʤʘʛʤʘʪʠʟʤ: ɹʦʜʠʩʳʥ ʥʘʡʨʣʘʛʘ, ʵʭ װװʩʚʵʨ, װװʩʩʵʥ ʮʘʛ ʭʫʛʘʮʘʘ ʙʘ ʛʝʦʜʠʥʘʤʠʢ ʭᴇʛʞʠʣò 

 

14 
 

 

 

ɿʫʨʘʛ 6. ʇʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘ ʛϾʡʮʵʪʛʵʞ ʙʫʡ ʷʚʮ 

 

 

ɿʫʨʘʛ 7. ɻʝʦʭʠʤʠʡʥ ʩʫʜʘʣʛʘʘʥʜ ʙʵʣʪʛʵʛʜʩʵʥ ʜʵʵʞϾϾʜ 
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ɹתʃʕɻ 3. ʊɸʈɺɸɻɸʊɸʁʅ ᴆʈɻᴆɻɼʃʀʁʅ ʇɸʃɽʆɿʆʁʅ ɻʈɸʅʀʊʆʀɼ ʄɸɻʄɸʊʀɿʄ: 

ɹʆɼʀʉʓʅ ʅɸʁʈʃɸɻɸ, ʕʍ תתʉɺʕʈ, תתʉʉʕʅ ʎɸɻ ʍʋɻɸʎɸɸ ɹɸ ɻɽʆɼʀʅɸʄʀʂ ʍᴆɻɾʀʃ 

 

3.1. ʐʀʅʕ- ʀɼʕʈ ɹתʈɼʃʀʁʅ ɻɽʆʃʆɻʀ, ɻɽʆʍʀʄʀʁʅ ʉʋɼɸʃɻɸɸ 

 

 ɼʫʥʜ-ʭʦʞʫʫ ʢʝʤʙʨʠʡʥ ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʵʣ ʥʴ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ʙʘʛʘʭʘʥ 

ʪʘʨʭʘʣʪʪʘʡ (ɿʫʨʘʛ 8) ʙᴇʛᴇᴇʜ ʫʛ ʙװʨʜʵʣʜ ʭʘʤʘʘʨʘʛʜʘʞ ʙʫʡ ʯʫʣʫʫʣʛʠʡʥ ʪʘʨʭʘʣʪʳʛ ɪ. 

ɹʘʪʯʫʣʫʫʥ ʥʘʨ (3711ʬ)-ʥʘʨ ʪװʨװװ ʧʘʣʝʦʟʦʡʥ ʊʵʣʤʵʥ ʙװʨʜʵʣʜ, ʭʘʨʠʥ ʄʦʥʛʦʣ ʦʨʥʳ ʥʫʪʘʛ 

ʜʵʚʩʛʵʨʠʡʥ ʭʵʤʞʵʵʥʜ ʭʠʡʛʜʩʵʥ ʋɻʉ-200 ʪᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ʛʝʦʣʦʛʠʡʥ ʭʘʨʴʮʘʘ, ʙʫʩʘʜ 

ʯʫʣʫʫʣʛʠʡʥ ʥʘʩʥʳ װʥʜʵʩʣʵʣʵʵʨ ʜʫʥʜ-ʭʦʞʫʫ ʢʝʤʙʨʠʡʥ ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʵʣʜ ʷʣʛʘʞʵʵ. ʋʛ 

ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʥʴ ʙʫʩʘʜ ʙװʨʜʣװװʜʵʵʩ ʷʣʛʘʨʘʭ ʦʥʮʣʦʛ ʥʴ ʫʩ ʘʛʫʫʣʩʘʥ ʵʨʜʵʩ ʛʦʣʣʦʭ 

  .ʡʮʵʪʛʵʭ ʙʘ ʜʘʨʘʣʪ ʰʘʭʘʣʪʘʜ ʠʭʵʵʭʵʥ ᴇʨʪʩᴇʥ ʙʘʡʜʘʛװʨʛʠʡʛ ʛװװ

 ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʵʣ ʥʴ ʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʜʣʠʡʥ ʙʘʨʫʫʥ ʭʵʩʛʵʵʨ ʙʫʶʫ L-47-XXVII 

ʙʘ XXXIII ʣʠʩʪװװʜʠʡʥ ʭʵʤʞʵʵʥʜ ʘʣʘʛ ʮʦʦʛ ʙʘʡʜʣʘʘʨ ʙʘʛʘʚʪʘʨ ʪʘʣʙʘʡʜ ʙʫʩʘʜ ʥʘʩʥʳ 

ʭʫʨʜʘʩ ʯʫʣʫʫʣʛʫʫʜʘʘʨ ʪʫʩʛʘʘʨʣʘʛʜʩʘʥ ʷʥʟ ʙװʨʠʡʥ ʭʵʣʙʵʨ ʭʵʤʞʵʵʪʵʡ ʞʠʞʠʛ ʙʠʝʪװװʜʵʵʨ 

ʪʦʭʠʦʣʜʦʥʦ.  

 ʕʥʵ ʙװʨʜʣʠʡʥ I ʬʘʟʳʥ ʯʫʣʫʫʣʛʠʡʛ ᴇʤʥᴇʭ ʩʫʜʣʘʘʯʠʜ ʜʦʦʜ ʧʘʣʝʦʟʦʡʥ ʪʦʛʪʦʭʳʥ 

ʰʠʣ, ʪʵʣʤʵʥ ʙװʨʜʣʠʡʥ I ʬʘʟʘʜ ʭʘʤʘʘʨʫʫʣʞ ʙʘʡʩʘʥ ʙʘ ʙʘʨʘʘʥ ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʜʫʥʜ-ʪʦʤ 

ʰʠʨʭʵʛʪʵʡ ʛʘʙʙʨʦ, ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʪ ʜʠʦʨʠʪ, ʙʘʛʘʘʨ ʧʠʨʦʢʩʝʥ, ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʪ 

ʛʘʙʙʨʦʜʠʦʨʠʪ, ʢʚʘʨʮʘʪ ʜʠʦʨʠʪʦʦʩ ʙװʨʜʵʥʵ. II ʬʘʟʳʥ ʯʫʣʫʫʣʘʛ ʥʴ ʍʦʞʫʫʣʳʥ ʛʦʣʳʥ 

ʦʨʯʠʤʜ ʪʦʜ ʠʣʨʵʭ ʙʘ ɪ.ɹʘʪʯʫʣʫʫʥ ʥʘʨ (3711ʬ) ʧʘʣʝʦʟʦʡʥ ʪʵʣʤʵʥ ʙװʨʜʣʠʡʥ 3-ʨ ʬʘʟʘʜ 

ʷʣʛʘʩʘʥ ʧʣʘʛʠʦʛʨʘʥʠʪ ʛʦʣʣʦʥ ʭʘʤʘʘʨʘʛʜʘʛ. ʉװװʣʠʡʥ װʝʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʫʛ ʙװʨʜʣʠʡʥ 

ʯʫʣʫʫʣʛʠʡʛ ʄʦʥʛʦʣ ʦʨʥʳ ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʥ ʭʵʤʞʵʵʥʜ ʭʠʡʛʜʩʵʥ ɻʦʩ-200 ʪᴇʩʣʠʡʥ 

ʨʝʜʘʢʮʳʥ ʟᴇʚʣᴇʣʠʡʥ ʭʫʨʣʳʥ ʰʠʡʜʚʵʨʵʵʨ ʜʫʥʜ-ʭʦʞʫʫ ʢʝʤʙʨʠʡʥ ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʵʣʜ 

ʷʣʛʘʞʵʵ.  

ʕʥʵ ʙװʨʜʣʠʡʥ ʯʫʣʫʫʣʛʫʫʜʳʛ ᴇʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʜ ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ ʯʫʣʫʫʣʛʘʘʨ ʟװʩʵʛʜʩʵʥ 

ʙʫʶʫ ʪװװʥʜ װʣʜʵʛʜʵʣ ʙʘʡʜʣʘʘʨ ʘʛʫʫʣʘʛʜʘʛ ʛʵʩʵʥ ʙʘʡʜʘʛ. ɼʵʵʨʭ ʩʫʜʣʘʘʯʜʳʥ ʮʫʛʣʫʫʣʩʘʥ 
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ʤʘʪʝʨʠʘʣ ʙʦʣʦʥ ᴇᴇʨʩʜʠʡʥ ʩʫʜʘʣʛʘʘʥʳ װʥʜʩʵʥ ʜʵʵʨ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ʟʫʨʛʘʣʜʩʘʥ I 

ʙʘ II ʬʘʟʳʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʛ ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʵʣ ʭʵʚʵʵʨ ʥʴ ʷʣʛʘʩʘʥ. 

 

 

ʊװʨװװ ʧʘʣʝʦʟʦʡʥ ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʵʣ ʥʵʨʵʵʨ ʷʣʛʘʭ ʙʦʣʩʦʥ ʛʘʙʙʨʦʜʠʦʨʠʪ-

ʧʣʘʛʠʦʛʨʘʥʠʪʳʥ ʵʚʰʣʠʡʥ ʯʫʣʫʫʣʛʫʫʜ ɹʘʷʥ ʫʫʣ (125-ɸ,ɺ)-ʳʥ ʛʘʙʙʨʦ (13)-ʠʡʥ, ɹʫʭʳʥ 

ʜʘʚʘʘ (137-ɸ,ɹ. 14), ʍʦʡʜ ʪʵʨʭʠʡʥ ʛʦʣ (137-ɻ, 138-ɺ,ɻ. 15), ɿʘʛʘʩʪʘʡ ʛʷʣʛʘʨ ʫʫʣ (138-

ɸ,ɹ. 16)-ʳʥ ʤʘʩʩʠʚʫʫʜ ʙʠʜʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ʭʘʤʘʘʨʘʭ ʙᴇʛᴇᴇʜ  ʞʠʞʠʛ ʰʪʦʢ 

ʤʘʷʛʠʡʥ ʙʠʝʪ ʙʦʣʦʥ װʣʜʵʛʜʵʣ ʙʘʡʜʣʘʘʨ ʪʘʣʙʘʡʜ ʪʘʨʭʩʘʥ ʙʘʡʥʘ. 

ɼʵʵʨʭ ʙʠʝʪװװʜ ʥʴ ʘʛʘʘʨʳʥ ʛʵʨʵʣ ʟʫʨʘʛʪ ʙʘʨʘʘʥ, ʙʘʨʘʘʥ-ʩʘʘʨʘʣ, ʭʘʨ-ʩʘʘʨʘʣ ᴇʥʛʠʡʥ 

ʜʵʚʩʛʵʨ ᴇʥʛᴇ װʟװװʣʵʭ ʙʘ ʪʦʣʙʦʣʦʛ, ʙʘʨʟʛʘʨ ʛʘʜʘʨʛʫʫʪʘʡ ʙʘʡʜʘʛ ʙʦʣ ʩʘʥʩʨʳʥ ʛʵʨʵʣ 

ʟʫʨʘʛʪ ʥʦʛʦʦʚʪʦʨ ᴇʥʛᴇʪʵʡ, ʙʘʨʟʛʘʨ ʛʘʜʘʨʛʫʫ װװʩʛʵʩʵʥ ʙʘʡʜʣʘʘʨ ʜװʨʩʣʵʛʜʜʵʛ. 

ɻʘʨʰʠʡʥ ʭʫʚʴʜ ʜʫʥʜʘʘʩ-ʩʘʡʥ, ʙᴇʤʙᴇʛᴇʨ ʦʨʦʡʪʦʡ ʪʦʣʛʦʜʦʨʭʦʛ ʨʝʣʴʝʬ װװʩʛʵʜʵʛ. 

ʏʫʣʫʫʣʘʛ ʥʴ ʠʭʵʚʯʣʵʥ ʵʢʟʦʛʝʥ ʭװʯʥʠʡ װʡʣʯʣʵʣʵʵʨ ʙʫʪʘʨʯ װʡʨʩʵʥ ʵʣʶʚʠʡʥ ʭʵʤʭʜʵʩ 

 ʡʨʤʵʛ ʙʘʡʜʣʘʘʨ, ʭʘʘʷʘ ʫʫʣʳʥ ʦʨʦʡ ʭʷʨ, ʦʛʮʦʤ ʭʵʨʯʠʛʜʩʵʥ ʞʘʣʛʫʫʜʘʜ 1-2ʤ, ʭʦʚʨʦʦʨװ

3ʤ ᴇʥʜᴇʨ ʭʘʜʘʥ ʛʘʨʰʫʫʜʘʘʨ ʠʣʵʨʥʵ.  

ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʛװʥʠʡ ʯʫʣʫʫʣʘʛʪʘʡ ʛʘʨʘʣ װװʩʣʠʡʥ ʭʦʣʙʦʦʪʦʡ ʜʵʣ ʩʫʜʣʳʥ 

ʛʨʘʥʠʪʧʦʨʬʠʨ, ʜʠʦʨʠʪ, ʘʥʜʝʟʠʪ-ʧʦʨʬʠʨ, ʢʚʘʨʮʳʥ ʩʫʜʣʫʫʜ ʷʣʛʘʛʜʘʭ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʥ 

ʙʘʡʨʣʘʣ, ʦʨʦʥ ʟʘʡ, ʭʦʦʨʦʥʜʳʥ ʭʘʨʴʮʘʘ ʟʵʨʛʵʵʨ ʷʣʛʘʛʜʘʥʘ. ɼʵʣ ʩʫʜʘʣ ʥʴ 0.5-1ʤ, ʭʘʘʷʘ 

2-5ʤ ᴇʨʛᴇʥʪʵʡ, 1-2ʢʤ ʫʨʪʪʘʡʛʘʘʨ ʠʭʵʚʯʣʵʥ ʙʘʨʫʫʥ-ʫʨʜʘʘʩ ʟװװʥ-ʭʦʡʰ, ʭʘʘʷʘ ʙʘʨʫʫʥ-

ʭʦʡʰ ʩʫʥʘʩʘʥ ʙʘʡʥʘ. ɼʵʵʨʭ ʩʫʜʣʳʥ ʯʫʣʫʫʣʛʫʫʜ ʥʴ ʭʫʚʠʨʘʣ ᴇᴇʨʯʣᴇʣʪᴇʥʜ ʙʘʨʘʛ ʦʨʦʦʛװʡ 

ʙʦʣʦʚʯ ʭʘʘʷʘ ʟʘʭʳʥ ʭʵʩʛʵʵʨʵʵ ʙʘʛʘ ʟʵʨʵʛ ʣʠʤʦʥʠʪ, ʩʫʣʴʬʠʜ, ʪᴇʤʨʠʡʥ ʫʩʘʥ ʠʩʣʵʵʨ 

ʙʘʷʞʩʘʥ ʙʘʡʜʘʛ. 
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ɿʫʨʘʛ 8. ʊʘʨʚʘʛʘʪʘʡʥ ЊʨʛЊʛʜʣʠʡʥ ɼʫʥʜ-ʭʦʞʫʫ ʢʝʤʙʨʠʡʥ ʐʠʥʵ-ʀʜʵʨ ʙϾʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʤʘʛʤʘʪʠʟʤʳʥ ʪʘʨʭʘʣʪʳʥ ʟʫʨʘʛ



ñʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʤʘʛʤʘʪʠʟʤ: ɹʦʜʠʩʳʥ ʥʘʡʨʣʘʛʘ, ʵʭ װװʩʚʵʨ, װװʩʩʵʥ ʮʘʛ ʭʫʛʘʮʘʘ ʙʘ ʛʝʦʜʠʥʘʤʠʢ ʭᴇʛʞʠʣò 

 

18 
 

ʇɽʊʈʆɻʈɸʌʀʁʅ ʉʋɼɸʃɻɸɸ 

 

ʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜᴇʣʜ ʪʘʨʭʘʣʪʪʘʡ ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʥ 

ʪᴇʨᴇʣʞʠʣʪ ʥʴ ʧʝʪʨʦʛʨʘʬʠʡʥ ʥʘʡʨʣʘʛʘʘʨʘʘ ʦʡʨʦʣʮʦʦ ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪ, ʢʚʘʨʮʘʪ 

ʜʠʦʨʠʪʦʦʩ ʛʦʣʯʣʦʥ ʙװʨʜʵʥʵ. ʊʫʩ ʙװʨʜʣʠʡʥ ʛʦʣʣʦʥ ʪʘʨʭʘʭ ʢʚʘʨʮʘʪ ʜʠʦʨʠʪ, ʜʠʦʨʠʪʳʥ 

ʧʝʪʨʦʛʨʘʬʠʡʥ ʙװʨʵʥ ʙʠʯʠʛʣʵʣ, ʙʫʩʘʜ ʯʫʣʫʫʣʛʠʡʥ ʪᴇʨʣװװʜʠʡʥ ʭʫʨʘʘʥʛʫʡ ʙʠʯʠʛʣʵʣʠʡʛ 

ʭװʩʥʵʛʪ 1-ʜ ʪʫʩʛʘʚ. 

ʂʚʘʨʮʘʪ ʜʠʦʨʠʪ (TR-21-16-7): ʏʫʣʫʫʣʘʛ ʥʴ 0.25-4.75 ʤʤ ʭʵʤʞʵʵʪʵʡ, ʭᴇʭᴇʚʪᴇʨ ʪʫʷʘʪʘʡ 

ʮʘʡʚʘʨ ʩʘʘʨʘʣ ᴇʥʛᴇʪʵʡ, ʵʨʜʩװװʜ ʩʫʣ ʧʘʨʘʣʣʝʣʴ ʪʝʢʩʪʫʨʳʛ װװʩʛʵʩʵʥ װװʩʛʵʭ ʙʘ  

ʧʣʘʛʠʦʢʣʘʟ 50-55%, ʢʚʘʨʮ 15-20%, ᴇʥʛᴇʪ ʵʨʜʵʩ 15-20 (ʙʠʦʪʠʪ < 10%, ʘʤʬʠʙʦʣ <5%, 

ʧʠʨʦʢʩʝʥ >5%,), ʭʦʸʨʜʦʛʯʦʦʨ ʤʫʩʢʦʚʠʪ, ʩʝʨʠʮʠʪ, ʘʢʮʝʩʩʦʨʦʦʨ ʤʘʛʥʝʪʠʪ, ʠʣʴʤʝʥʠʪ, 

ʘʧʘʪʠʪ, ʮᴇᴇʥ ʪʦʦʥʳ ʩʫʣʴʬʠʜʳʥ ʵʨʜʩװװʜʵʵʩ ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 9). ʇʣʘʛʠʦʢʣʘʟ ʥʴ ʧʨʠʟʤʣʵʛ, 

ʪʵʛʰ ᴇʥʮᴇʛʪ ʭʵʣʙʵʨʪʵʡ ʇʣʘʛʠʦʢʣʘʟʳʥ ʧʦʣʠʩʠʥʪʝʪʠʢ ʠʭʵʨʣʵʣʪ ʪʦʜ ʘʞʠʛʣʘʛʜʘʥʘ, 

ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ 0.5-4.75 ʤʤ.  

ɸʤʬʠʙʦʣ ʥʴ (ʵʚʵʨ ʭʫʫʨʤʘʛ) ʧʨʠʟʤʣʵʛʜװװ ʭʵʣʙʵʨʪʵʡ, ʙװʜʵʛ ʥʦʛʦʦʥ ᴇʥʛᴇʪʵʡ, ʤᴇʭʣᴇʛʠʡʥ 

ʭʵʤʞʵʵ 0.2-1.5 ʤʤ ʙᴇʛᴇᴇʜ ʭʣʦʨʠʪ, ʵʧʠʜʦʪʦʜ ʙʘʛʘ ʟʵʨʵʛ, ʘʢʪʠʥʦʣʠʪʦʜ ʭװʯʪʵʡ ʭʫʚʠʨʯ 

ʟʘʨʠʤʜʘʘ ʧʩʝʚʜʦʤʦʨʬʦʟʦʜ ʙװʨʵʥ ʰʠʣʞʞʵʵ. ʊװװʥʯʣʵʥ ʟʘʨʠʤ ʤᴇʭʣᴇʛװװʜ ʜʦʪʦʨ 

ʧʠʨʦʢʩʝʥʳ  ʨʝʣʠʢʪװװʜ ʘʞʠʛʣʘʛʜʘʞ ʙʘʡʥʘ. 

 ɹʠʦʪʠʪ (Ò0,5 ʤʤ) ʮʘʡʚʘʨ ʰʘʨʛʘʣʘʘʩ ʙʦʨ ʭװʨʵʥ ᴇʥʛʠʡʥ ʧʣʝʦʭʨʦʠʟʤʪʘʡ, ʰʫʣʫʫʥ 

ʫʥʪʨʘʣʪʘʡ, ʜʘʭʠʥ ʢʨʠʩʪʘʣʞʩʘʥ, ʷʣʠʤʛװʡ ʤʫʨʫʡʞ ʪʘʭʠʡʩʘʥ ʛʥʝʡʩ ʤʘʷʛʠʡʥ ʪʝʢʩʪʫʨʪʘʡ 

ʙʦʣʛʦʞʵʵ. ɹʠʦʪʠʪʳʛ ᴇʥʛᴇʛװʡ ʭʫʫʜʩʘʥ ʤʫʩʢʦʚʠʪ, ʮʘʡʚʘʨ ʥʦʛʦʦʥ ʭʣʦʨʠʪ, ʭʘʘʷʘ ʰʘʨʛʘʣ 

ᴇʥʛᴇʪʵʡ, ʭᴇʭ ʘʥʦʤʘʣʴ ʫʥʪʨʘʣʪʘʡ ʵʧʠʜʦʪ-ʮʦʠʟʠʪʳʥ ʤᴇʭʣᴇʛʪ ʘʛʨʝʛʘʪʘʘʨ ʪװʨʵʛʜʵʞ, 

ʘʢʮʝʩʩʦʨ ʵʨʜʩװװʜʪʵʡ ʘʩʩʦʮʠʘʮʠ װװʩʛʵʥʵ. ʇʠʨʦʢʩʝʥ ʥʴ ʭʘʚʪʛʘʡ, ʧʨʠʟʤʣʵʛ ʭʵʣʙʵʨʪʵʡ, 0.2-

6.0 ʤʤ ʭʵʤʞʵʵʪʵʡ ʙᴇʛᴇᴇʜ ʘʤʬʠʙʦʣʦʦʨ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʪװʨʵʛʜʩʵʥ ʙʘʡʥʘ. 
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ɿʫʨʘʛ 9. ɼʫʥʜ ʤЊʭʣЊʛʪʵʡ ʢʚʘʨʮʘʪ ʜʠʦʨʠʪ. ɸ) Se-ʩʝʨʠʮʠʪ, Bt-ʙʠʦʪʠʪ;  ɺ) Pl- ʧʣʘʛʠʦʢʣʘʟʳʥ 

ʧʦʣʠʩʠʥʪʝʪʠʢ ʠʭʵʨʣʵʣʪ, Amp- ʘʤʬʠʙʦʣ, Bt-ʙʠʦʪʠʪ, Zr-ʮʠʨʢʦʥ ЉʩʛЊʣʪ 100ʭ;  ʉ) Pl-

ʧʣʘʛʠʦʢʣʘʟ, Mu-ʤʫʩʢʦʚʠʪ;  D)  Opx- ʧʠʨʦʢʩʝʥ, Pl-ʧʣʘʛʠʦʢʣʘʟ, ЉʩʛЊʣʪ 50ʭ. 

ɼʠʦʨʠʪ /TR-21-16-1/ ʥʴ ʵʥʛʠʡʥ ʥװʜʵʵʨ ʭʘʨʘʭʘʜ ʮʘʡʚʘʨ ʩʘʘʨʘʣ ᴇʥʛᴇʪʵʡ, ʛʠʧʠʜʠʦʤʦʨʬ 

ʤᴇʭʣᴇʛʪ ʩʪʨʫʢʪʫʨʪʘʡ, ʧʦʨʬʠʨʣʦʛ ʤʘʷʛʪʘʡ ʪʝʢʩʪʫʨ ʘʞʠʛʣʘʛʜʘʥʘ. ʏʫʣʫʫʣʘʛ ʙװʨʜװװʣʵʛʯ 

ʛʦʣ ʵʨʜʵʩ ʥʴ ʧʣʘʛʠʦʢʣʘʟ 60-65%, ʘʤʬʠʙʦʣ 20-25%, ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʙʠʦʪʠʪ, ʧʠʨʦʢʩʝʥ 

ʘʞʠʛʣʘʛʜʘʥʘ. ʍʦʸʨʜʦʛʯʦʦʨ ʭʣʦʨʠʪ, ʩʝʨʠʮʠʪ, ʢʘʨʙʦʥʘʪ ʵʨʜʩװװʜʪʵʡ, ʘʢʮʝʩʩʦʨʦʦʨ 

ʮʠʨʢʦʥ, ʘʧʘʪʠʪʘʘʩ ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 10). 

ʇʣʘʛʠʦʢʣʘʟ ʥʴ ʫʨʪ ʩʫʥʘʩʘʥ ʧʨʠʟʤʣʵʛ ʭʵʣʙʵʨʪʵʡ, 0.65-2.7 ʤʤ ʭװʨʪʵʣ ʭʵʤʞʵʵʪʵʡ, 

ʧʦʣʠʩʠʥʪʝʪʠʢ ʠʭʵʨʣʵʣʪʠʡʥ ʟʫʨʘʘʩʫʫʜ ʪʦʜ ʷʣʛʘʨʩʘʥ ʥʴ ʘʞʠʛʣʘʛʜʘʭ ʙʘ ʟʘʨʠʤ ʭʵʩʵʛʪ 

ʭʵʩʵʛʯʣʵʥ ʩʝʨʠʮʠʪʞʩʵʥ ʙʘʡʥʘ. ʀʭʵʥʭ ʧʣʘʛʠʦʢʣʘʟ ʥʴ ʙװʩʣװװʨʣʵʛ ʫʥʪʨʘʣʪʘʡ ʙʘʡʥʘ. 
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ɸʤʬʠʙʦʣ ʥʴ 0.10-1.25ʤʤ ʭʵʤʞʵʵʪʵʡ, ʟʫʨʚʘʩ ʘʛʨʝʛʘʪʫʫʜ װװʩʛʵʞ ʪʘʘʨʘʣʜʘʭ  ʙʘ ʭʦʩ 

ʥʠʢʦʣʴʜ ʮʘʡʚʘʨ ʰʘʨʛʘʣ ʥʵʛ ʥʠʢʦʣʴʜ ʥʦʛʦʦʚʪʦʨ  ʠʥʪʝʨʬʨʝʥʮʠʡʥ ᴇʥʛᴇ װʟװװʣʥʵ. 

ʇʠʨʦʢʩʝʥ ʥʴ ᴇʥʜᴇʨ ʨʝʣʴʝʬʪʵʡ ʙᴇʛᴇᴇʜ ʠʭʵʥʭ ʥʴ ʘʤʬʠʙʦʣʦʦʨ ʭװʯʪʵʡ ʪװʨʵʛʜʩʵʥ 

 ,ʣʜʵʛʜʵʣ ʤʘʷʛʘʘʨ ʘʞʠʛʣʘʛʜʘʥʘ. ɹʠʦʪʠʪ ʥʴ ʫʣʘʘʚʪʘʨ ʰʘʨ ᴇʥʛᴇʪʵʡ ʥʠʤʛʵʥ ʭʫʫʜʘʩʣʘʛװ

ʩʫʥʘʩʘʥ ʭʵʣʙʵʨʪʵʡ ʤʘʰ ʞʠʞʠʛ ʭʵʤʞʵʵʪʵʡ ʙʘʡʥʘ. 

 

ɿʫʨʘʛ 10. ɼʠʦʨʠʪ /TR-21-16-1/ ʇʣʘʛʠʦʢʣʘʟ ʙʘ ʵʚʵʨʭʫʫʨʤʘʛ ʜʘʚʘʤʛʘʡʣʞ, ʭʦʚʨʦʦʨ ʙʠʦʪʠʪ 

ʪʦʭʠʦʣʜʦʥʦ. A, B, C - ʧʦʨʬʠʨ ʤʘʷʛʠʡʥ ʧʣʘʛʠʦʢʣʘʟ ʙʘ ʙʘ ʘʤʬʠʙʦʣ /ʵʚʵʨʭʫʫʨʤʘʛ/ ЉʩʛЊʣʪ 

100ʭ. 

 

ʐʠʥ-ɻʀʜʵʨ ʙװʨʜʣʠʡʥ ʧʝʪʨʦʛʘʬʠʡʥ ʭʫʨʘʘʥʛʫʡ ʙʠʯʠʛʣʵʣ 

 ʍװʩʥʵʛʪ 1. 
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ɼʵʵʞʠʡʥ 
ʜʫʛʘʘʨ 

ɼʵʵʞʠʡʥ ʥʵʨ ɻʦʣ  ʵʨʜʩװװʜ ʍʦʸʨʜʫʛʘʘʨ 
ʟʵʨʛʠʡʥ ʛʦʣ 
ʵʨʜʩװװʜ 

ʍʦʸʨʜʦʛʯ 
ʭʫʚʠʨʣʳʥ 
ʵʨʜʩװװʜ 

ɸʢʮʝʩʩʦʨ 
ʵʨʜʩװװʜ 

TR-19-22; 
TR-22-26 

ɻʘʙʙʨʦ  ʇʣʘʛʠʦʢʣʘʟ 55-

60%, ʇʠʨʦʢʩʝʥ 

20-25%,  

 

ɸʤʬʠʙʦʣ 4-

8%, ɹʠʦʪʠʪ 

2% 

 

ʭʣʦʨʠʪʠʡʥ 
ʧʩʝʚʜʦʤʦʨʬʦʟʫʫʜ 
ʘʞʠʛʣʘʛʜʘʭ, 
ʵʧʠʜʦʪ, 

ʩʬʝʥ, 
ʧʨʠʟʤʣʵʛ 
ʭʵʣʙʵʨʪʵʡ 
ʘʧʘʪʠʪ, 
ʮʠʨʢʦʥʠʡ 
ʤᴇʭʣᴇʛװװʜ 
ʪʘʘʨʘʣʜʘʭ 

TR-21-
10;15 

ɾʠʞʠʛ-ʜʫʥʜ 
ʤᴇʭʣᴇʛʪʵʡ, 
ʙʠʦʪʠʪ-
ʵʚʵʨʭʫʫʨʤʘʛʪʘʡ 
ʛʘʙʙʨʦʜʠʦʨʠʪ 

ʇʣʘʛʠʦʢʣʘʟ  40 
- 45% 
ʕʚʵʨʭʫʫʨʤʘʛ 
35- 40% 
 

ɹʠʦʪʠʪ Ó5% 
ʂʚʘʨʮ <5% 

ʉʝʨʠʮʠʪ  
ʉʦʩʩʶʨʠʪ 
ʕʧʠʜʦʪ-ʮʦʠʟʠʪ  
ʍʣʦʨʠʪ  
ʂʚʘʨʮ  
ʍװʜʨʠʡʥ ʵʨʜʵʩ 
ʊᴇʤʨʠʡʥ ʫʩʣʘʛ 
ʵʨʜʩװװʜ 

ʊʠʪʘʥʠʪ ï1-
2% 
ɸʧʘʪʠʪ ï
ʭʦʚʦʨ 
 

TR-21-
16;16/6 

ɻʨʘʥʠʪ 
(ʩʫʣ ʧʘʨʘʣʣʝʣʴ 
ʪʝʢʩʪʫʨʪʘʡ) 

ʄʠʢʨʦʢʣʠʥ 30 - 
35% 
ʇʣʘʛʠʦʢʣʘʟ  15- 
20% 
ʂʚʘʨʮ 25 - 30% 
 

ɹʠʦʪʠʪ 5 - 
10% 
ʄʫʩʢʦʚʠʪ 
Ò5% 
 
 

ʇʝʣʠʪ 
ɸʣʴʙʠʪ 
ʉʝʨʠʮʠʪ  
ʄʫʩʢʦʚʠʪ  
ʍʣʦʨʠʪ  
ʂʚʘʨʮ  
ʍװʜʨʠʡʥ ʵʨʜʵʩ 
ʊᴇʤʨʠʡʥ ʫʩʣʘʛ 
ʵʨʜʩװװʜ 

ɸʧʘʪʠʪ 
ʎʠʨʢʦʥ, 
ʤʘʛʥʝʪʠʪ 
 

 

ɻɽʆʍʀʄʀʁʅ ʉʋɼɸʃɻɸɸ 

 

ɻʝʦʭʠʤʠ: ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʥ I ʬʘʟ ʥʴ ʭʘʨ ʥʦʛʦʦʥ, ʙʘʨʘʘʥ 

ʩʘʘʨʘʣ ʥʦʛʦʦʥ ᴇʥʛʠʡʥ ʞʠʛʜ ʙʫʩ ʰʠʨʭʵʛʪʵʡ ʛʘʙʙʨʦʜʠʦʨʠʪʦʦʩ ʛʦʣʣʦʥ ʪʦʛʪʜʦʛ. ɹʘʛʘ 

ʭʵʤʞʵʵʛʵʵʨ ʛʘʙʙʨʦ, ʜʠʦʨʠʪ, ʢʚʘʨʮʘʪ ʜʠʦʨʠʪ ʠʣʵʨʜʵʛ. ɹʠʜʥʠʡ ʩʫʜʘʣʛʘʘʥʜ ʭʘʤʨʘʛʜʩʘʥ 

ʜʵʵʞװװʜ ʥʴ ʛʘʙʙʨʦʜʠʦʨʠʪ, ʜʠʦʨʠʪ ʙʦʣʦʥ ʛʨʘʥʠʪʳʥ ʥʘʡʨʣʘʛʘ ʙװʭʠʡ ʯʫʣʫʫʣʛʠʡʥ 

ʪᴇʨᴇʣʞʠʣʪʵʵʩ ʙװʨʜʵʥʵ. 

ʏʫʣʫʫʣʛʠʡʥ ʛʦʣ ʠʩʵʣ, ʩʘʨʥʠʤʘʣ ʙʦʣʦʥ ʛʘʟʨʳʥ ʭʦʚʦʨ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʳʛ (ʍװʩʥʵʛʪ 

2)-ʜ ʪʫʩʛʘʚ.  

 ɻʨʘʥʦʜʠʦʨʠʪ, ʧʣʘʛʠʦʛʨʘʥʠʪ ʙʦʣʦʥ ʰϾʣʪʣʵʛ ʛʨʘʥʠʪ: ʏʫʣʫʫʣʘʛʪ ʮʘʭʠʫʨʳʥ 

ʠʩʣʠʡʥ (SiO2) ʘʛʫʫʣʛʘ 71.25-76.45%, ʰװʣʪʠʡʥ ʥʠʡʣʙʵʨ (Na2O+K2O) 7.14-9.7 %, ʭᴇʥʛᴇʥ 

ʮʘʛʘʘʥʳ ʠʩʣʠʡʥ (Al2O3) 12.06-14.71% ʘʛʫʫʣʛʘ ᴇʥʜᴇʨʪʵʡ, ʢʘʣʠ-ʥʘʪʨʠʡʥ ʰװʣʪʞʠʣʪ (K2O: 

2.78-7.3%, Na2O: 2.66-4.47) ʜʫʥʜ ʟʵʨʛʠʡʥ, ʪᴇʤʨʠʡʥ ʠʩʣʠʡʥ (Fe2O3) 0.72-2.71% ʘʛʫʫʣʛʘ 

ʙʘʛʘ, MnO (0.01-0.1%), MgO (0.11-0.59%), CaO (0.48-2.11%), TiO2 (0.09-0.3%), P2O3 

(0.01-0.09%,)-ʠʡʥ ʠʩʣװװʜ ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ ʘʛʫʫʣʛʘʪʘʡ ʙʘʡʥʘ. ʎʘʭʠʫʨʳʥ ʠʩʣʠʡʛ (SiO2) 
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ʰװʣʪʠʡʥ ʥʠʡʣʙʵʨʪʵʡ (Na2O+K2O) ʭʘʨʴʮʫʫʣʩʘʥ ʯʫʣʫʫʣʛʠʡʥ ʘʥʛʠʣʣʳʥ ʜʠʘʛʨʘʤʤ ʙװʭ 

ʜʵʵʞװװʜ ʛʨʘʥʠʪʘʜ ̫ ʣʛʘʛʜʘʭ (ɿʫʨʘʛ 11.A) ʙᴇʛᴇᴇʜ ʮʘʭʠʫʨʳʥ ʠʩʣʠʡʛ (SiO2) ʢʘʣʠʡʥ ʠʩʵʣʪʵʡ 

(K2O) ʭʘʨʴʮʫʫʣʩʘʥ ʥʘʡʨʣʘʛʳʥ  ʜʠʘʛʨʘʤʤ ʜʵʵʨ ʠʭʵʥʭ ʜʵʵʞװװʜ ʂ-ʙʘʷʣʘʛ ʰʦʭʦʡʣʦʛ 

ʰװʣʪʣʵʛ ʥʘʡʨʣʘʛʘʪʘʡʛ (ɿʫʨʘʛ 11.B) ʭʘʨʫʫʣʥʘ. 

ʍᴇʥʛᴇʥ ʮʘʛʘʘʥʳ ʭʘʥʘʣʪʳʥ ʠʥʜʝʢʩʠʡʥ A/CNK-A/NK (1.0-1.2) ʜʠʘʛʨʘʤʤ ʜʵʵʨ ʜʵʵʞװװʜ 

ʭᴇʥʛᴇʥ ʮʘʛʘʘʥʘʘʨ ʭʘʥʘʩʘʥ ʰʠʣʞʠʣʪʠʡʥ ʪʘʣʙʘʡʜ ʙʫʫʞ ʙʘʡʛʘʘ ʙʘ ʏʘʧʧʝʣ ʥʘʨʳʥ 

(Chappel et al., 1974) ʛʨʘʥʠʪʦʠʜʳʥ ʘʥʛʠʣʣʘʘʨ I -ʘʘʩ S ʪᴇʨᴇʣʜ ʰʠʣʞʠʭ ʪᴇʨʭʪʵʡ ʙʦʣʦʚʯ 

ʠʭʵʥʭ ʜʵʵʞװװʜ I ʪᴇʨʣʠʡʥ ʰʠʣʞʠʣʪʠʡʥ ʭʵʩʵʛʪ ʭʘʤʘʘʨʘʛʜʘʞ ʙʘʡʥʘ  (ɿʫʨʘʛ 11.ʉ). 

 ʐʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛʵʵʨ ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜʳʥ ʮʘʭʠʫʨʳʥ ʠʩʣʠʡʥ 

ʘʛʫʫʣʛʳʛ ʙʫʩʘʜ ʛʦʣ ʠʩʣװװʜʪʵʡ ʭʵʨʭʵʥ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʛʘʘʛ װʟʵʭʵʜ Al2O3, FeOt, MgO, 

TiO2, CaO, P2O3-ʜ ʟʵʨʵʛ ʵʣʝʤʝʥʪʠʡʥ ʠʩʣװװʜ SiO2-ʪʦʡ ʫʨʚʫʫ ʭʘʤʘʘʨʘʣʪʘʡ, ʭʘʨʠʥ K2O 

ʙʘ Na2O ʙʘʛʘʚʪʘʨ ʩʘʨʥʠʩʘʥ ʙʦʣʦʚʯ ʵʝʨʵʛ ʭʘʤʘʘʨʘʣ װʟװװʣʵʭ ʙʘ ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ 

ʭʘʤʘʘʨʘʣʪʘʡ ʘʜʠʣ ʪʘʨʭʘʣʪʳʛ װʟװװʣʥʵ (ɿʫʨʘʛ 12). 

ʐʠʥʵ- ʀʜʵʨ ʙװʨʜʣʠʡʥ  ʧʘʣʝʦʟʦʡʥ ʭװʯʠʣʣʵʛ ʛʨʘʥʠʪʦʠʜ ʥʴ ʢʘʣʠ-ʥʘʪʨʠʡʥ ʰװʣʪʰʠʣʪ 

(Na2O+K2O: 7.14-9.7 %) ᴇʥʜᴇʨʪʵʡ, ʭᴇʥʛᴇʥ ʮʘʛʘʘʥʘʘʨ ʥʵʤװװ ʭʘʥʘʩʘʥ (ASI=1.0-1.2), 

ʩʫʣʘʚʪʘʨ I  ʪᴇʨʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʭʘʤʘʘʨʘʛʜʘʭ ʙᴇʛᴇᴇʜ ʰʦʭʦʡʣʦʛ-ʰװʣʪʣʵʛ (ɿʫʨʘʛ 11.D). 

ʤʘʛʤʘʘʩ װװʩʵʣʪʵʡ ʛʝʦʭʠʤʠʡʥ ʰʠʥʞʠʡʛ ʪʦʛʪʦʦʣʦʦ. 

 

ɻʘʙʙʨʦʜʠʦʨʠʪ ʙʦʣʦʥ ʜʠʦʨʠʪʦʜ ʮʘʭʠʫʨʳʥ ʠʩʣʠʡʥ (SiO2) ʘʛʫʫʣʛʘ 51.63ï60.65%, 

ʭᴇʥʛᴇʥ ʮʘʛʘʘʥʳ ʠʩʣʠʡʥ (Al2O3) 14.77-19.06% ʘʛʫʫʣʛʘ ᴇʥʜᴇʨʪʵʡ, ʢʘʣʠ-ʥʘʪʨʠʡʥ 

ʰװʣʪʞʠʣʪ (K2O: 1.3-2.63%, Na2O: 2.35-3.83) ʙʘʛʘʚʪʘʨ, ʪᴇʤʨʠʡʥ ʠʩʵʣ (Fe2O3) 5.95-

11.27%, MgO (3.05-6.09%), CaO (5.08-7.87%)-װװʜ ʭʘʨʴʮʘʥʛʫʡ ᴇʥʜᴇʨ, MnO (0.1-0.3%), 

TiO2 (0.76-1.28%), P2O3 (0.17-0.28%)-ʠʡʥ ʠʩʣװװʜ ʙʘʛʘ ʘʛʫʫʣʛʘʪʘʡ ʙʘʡʥʘ. 

ʎʘʭʠʫʨʳʥ ʠʩʣʠʡʛ (SiO2) ʰװʣʪʠʡʥ ʥʠʡʣʙʵʨʪʵʡ (Na2O+K2O) ʭʘʨʴʮʫʫʣʩʘʥ ʯʫʣʫʫʣʛʠʡʥ 

ʘʥʛʠʣʣʳʥ ʜʠʘʛʨʘʤʤ ʜʵʵʨ ʛʘʙʙʨʦʜʠʦʨʠʪ ʙʦʣʦʥ ʜʠʦʨʠʪʳʥ ʥʘʡʨʣʘʛʘʪʘʡʛ (ɿʫʨʘʛ 11.A) 

ʭʘʨʫʫʣʘʭ ʙᴇʛᴇᴇʜ ʮʘʭʠʫʨʳʥ ʠʩʣʠʡʛ (SiO2) ʢʘʣʠʡʥ ʠʩʵʣʪʵʡ (K2O) ʭʘʨʴʮʫʫʣʩʘʥ ʥʘʡʨʣʘʛʳʥ 

ʜʠʘʛʨʘʤʤ ʜʵʵʨ ʠʭʵʥʭ ʜʵʵʞװװʜ ʰʦʭʦʡʣʦʛ ʰװʣʪʣʵʛ ʰʠʥʞʪʵʡ ʪʘʨʭʘʣʪʘʡʛ ʭʘʨʫʫʣʥʘ (ɿʫʨʘʛ 

11.B). 

ʍᴇʥʛᴇʥ ʮʘʛʘʘʥʳ ʭʘʥʘʣʪʳʥ ʠʥʜʝʢʩʠʡʥ A/CNK-A/NK (0.7-0.9) ʜʠʘʛʨʘʤʤ ʜʵʵʨ ʙװʭ ʜʵʵʞװװʜ 

ʭᴇʥʛᴇʥ ʮʘʛʘʘʥʘʘʨ ʜʫʥʜ ʟʵʨʵʛ ʭʘʥʘʩʘʥ ʪʘʣʙʘʡʜ ʙʫʫʞ ʙʘʡʛʘʘ ʙʘ ʏʘʧʧʝʣ ʥʘʨʳʥ (Chappel 
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et al., 1974) ʛʨʘʥʠʪʦʠʜʳʥ ʘʥʛʠʣʣʘʘʨ I ʪᴇʨʣʠʡʥ ʛʨʘʥʠʪʦʠʜʦʜ ʭʘʤʘʘʨʥʘ (ɿʫʨʘʛ 

11.C).ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʧʘʣʝʦʟʦʡʥ ʛʨʘʥʠʪʦʠʜ ʥʴ ʭᴇʥʛᴇʥ ʮʘʛʘʘʥʳ, ʪᴇʤʨʠʡʥ, ʤʘʛʥʠʡʥ 

ʢʘʣʴʮʠʡʥ ʘʛʫʫʣʛʘ ʭʘʨʴʮʘʥʛʫʡ ᴇʥʜᴇʨ, ʭᴇʥʛᴇʥ ʮʘʛʘʘʥʘʘʨ ʜʫʥʜ ʟʵʨʵʛ ʭʘʥʘʩʘʥ (ASI=0.7-

0.9), I ʪᴇʨʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʙᴇʛᴇᴇʜ ʂ- ᴇʥʜᴇʨʪʵʡ ʰʦʭʦʡʣʦʛ-ʰװʣʪʣʵʛ ʤʘʛʤʘʘʩ װװʩʵʣʪʵʡʛ 

ʠʣʵʨʭʠʡʣʥʵ. 

 

 

ɿʫʨʘʛ 11. ɻʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʥ ʘʥʛʠʣʣʳʥ ʜʠʘʛʨʘʤʤʫʫʜ: ɸ) ʎʘʭʠʫʨʳʥ ʠʩʵʣ (SiO2) ʙʘ 

ʰϾʣʪʠʡʥ ʥʠʡʣʙʵʨ (Na2O+K2O) (Cox et al., 1979, Wilson, 1989); B) ʎʘʭʠʫʨʳʥ ʠʩʵʣ (SiO2), ʢʘʣʠ 

ʠʩʵʣ (K2O)-ʠʡʥ ʭʘʤʘʘʨʣʳʥ ʜʠʘʛʨʘʤʤ (Le Maitre et al., 1989). C): ʍЊʥʛЊʥ ʮʘʛʘʘʥʳ ʭʘʥʘʣʪʳʥ 

ʠʥʜʝʢʩʠʡʥ A/CNK-A/NK (Shand, et al., 1981), D: ʏʫʣʫʫʣʛʠʡʥ ʥʘʡʨʣʘʛʳʥ ʭʘʤʘʘʨʣʳʛ ʭʘʨʫʫʣʩʘʥ 

AFM ʜʠʘʛʨʘʤʤ 
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ɿʫʨʘʛ 12. ʐʠʥʵ-ʀʜʵʨ ʙϾʨʜʣʠʡʥ ʛʦʣ ʵʣʝʤʝʥʪϾϾʜʠʡʥ ʍʘʨʢʝʨʠʡʥ ʜʠʘʛʨʘʤʤ (Harker, 1909) 

 

ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʥ ʵʭ װװʩʚʵʨʠʡʥ ʦʨʯʠʥ ʥᴇʭʮᴇʣ ʙʦʣʦʥ ʤʘʛʤʳʥ 

ʥʘʡʨʣʘʛʳʥ ʭᴇʛʞʣʠʡʛ ʪʦʜʨʫʫʣʘʭ ʟʦʨʠʣʛʦʦʨ ʯʫʣʫʫʣʛʠʡʥ ʩʘʨʥʠʤʘʣ ʙʦʣʦʥ ʛʘʟʨʳʥ ʭʦʚʦʨ 

ʵʣʝʤʝʥʪ (ɻʍʕ)-ʠʡʥ ʭʠʤʠʡʥ ʥʘʡʨʣʘʛʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ.  
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ɻʘʟʨʳʥ ʭʦʚʦʨ ʵʣʝʤʝʥʪ (ɻʍʕ): ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʭװʯʠʣʣʵʛ ʯʫʣʫʫʣʘʛʪ ɻʍʕ-ʠʡʥ 

ʥʠʡʣʙʵʨ ʜװʥʛʠʡʥ 43,39-272.49 (156.8 ʜʫʥʜʘʞ) ʛ/ʪ ʘʛʫʫʣʛʘʪʘʡ, ʍᴇɻʍʕ-ʠʡʥ ʘʛʫʫʣʛʘ 42.05-

264.68 (184.86 ʜʫʥʜʘʞ) ʛ/ʪ, ʍװɻʍʕ-ʠʡʥ ʘʛʫʫʣʛʘ 1.34-22.67 (11.94 ʜʫʥʜʘʞ), ʍᴇɻʍʕ 

ʍװɻʍʕ-ʠʡʥ ʭʘʨʴʮʘʘ 7.11-31.38 (17.11 ʜʫʥʜʘʞ) ʭʦʦʨʦʥʜ ʙʘʡʥʘ.  

ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ, ʜʠʦʨʠʪʦʜ ɻʍʕ-ʠʡʥ ʥʠʡʣʙʵʨ ʜװʥʛʠʡʥ 93.34-148.32 

(121.56 ʜʫʥʜʘʞ) ʛ/ʪ ʘʛʫʫʣʛʘʪʘʡ, ʍᴇɻʍʕ-ʠʡʥ ʘʛʫʫʣʛʘ 80.58-123.26 (98.88)ʛ/ʪ, ʍװɻʍʕ-ʠʡʥ 

ʘʛʫʫʣʛʘ 12.64-25.06 (16.81 ʜʫʥʜʘʞ), ʍᴇɻʍʕ ʍװɻʍʕ-ʠʡʥ ʭʘʨʴʮʘʘ 4.91-8.18 (6.16 ʜʫʥʜʘʞ) 

ʭʦʦʨʦʥʜ ʙʘʡʥʘ. 

ʏʫʣʫʫʣʛʠʡʥ ɻʍʕ-ʠʡʥ ʘʛʫʫʣʛʳʛ ʭʦʥʜʨʠʪʦʜ ʥʦʨʤʯʠʣʩʦʥ ʘʛʫʫʣʛʘʪʘʡ ʜʠʘʛʨʘʤʤ 

ʙʘʡʛʫʫʣʘʭʘʜ ʯʫʣʫʫʣʘʛ ʥʴ ʛʘʟʨʳʥ ʭʦʚʦʨ ʭᴇʥʛᴇʥ ʵʣʝʤʝʥʪʵʵʨ (ʍᴇɻʍʕ) ʙʘʷʞʩʘʥ, ʭװʥʜ 

ʵʛʥʵʵʥʠʡ ʵʣʝʤʝʥʪʵʵʨ (ʍװɻʍʕ) ʷʜʫʫʨʩʘʥ ʪᴇʨʭʪʵʡ. Eu-ʠʡʥ ʩᴇʨᴇʛ ʛʘʞʠʣ װʟװװʣʩʵʥ ʰʠʥʞ 

ʪᴇʨʭʪʵʡ (ɿʫʨʘʛ 13). 

 ʋʛ ʛʨʘʥʠʪʦʠʜʳʥ Eu-ʠʡʥ ʩᴇʨᴇʛ ʛʘʞʠʣ ʥʴ ʯʫʣʫʫʣʘʛ ʜʘʭʴ ʵʭ װװʩʚʵʨʪ ʧʣʘʛʠʦʢʣʘʟʳʥ 

ʦʨʦʣʮʦʦʪʦʡʛ ʠʣʵʨʭʠʡʣʥʵ. ʐʠʥʵ-ʀʜʵʨ ɻʍʕ-ʠʡʥ ʦʥʮʣʦʛ ʰʠʥʞ ʥʴ ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ 

ʛʨʘʥʠʪʦʠʜʳʥ ʵʭʥʠʡ ʬʘʟʳʥ ʯʫʣʫʫʣʛʠʡʥ ɻʍʕ-ʠʡʥ ʛʝʦʭʠʤʠʪʵʡ ʪᴇʩʪʵʡ ʙʘʡʥʘ. 
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ɿʫʨʘʛ 13. ʐʠʥʵ-ʀʜʵʨ ʙϾʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʥ ʛʘʟʨʳʥ ʭʦʚʦʨ ʵʣʝʤʝʥʪʠʡʥ 

ʪʘʨʭʘʣʪʳʛ ʭʦʥʜʨʠʪʦʜ ʥʦʨʤʯʠʣʩʦʥ ʜʠʘʛʨʘʤʤ (Taylor and McLennan., 1985-ʠʡʥ ʜʠʘʛʨʘʤʤʳʛ 

ʘʰʠʛʣʘʚ). 
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ʉʘʨʥʠʤʘʣ ʵʣʝʤʝʥʪ: ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʭװʯʠʣʣʵʛ ʯʫʣʫʫʣʘʛʪ ʩʘʨʥʠʤʘʣ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʴʜ Sr; 32-368 (ʜʫʥʜʘʞ 258.6) ʛ/ʪ, Ba; 179-1228 (ʜʫʥʜʘʞ 518)ʛ/ʪ)-ʠʡʥ 

ᴇʥʜᴇʨ ʘʛʫʫʣʛʘʪʘʡ, Nb; 3-13 ppm, Y; 6.1-36.2 ʛ/ʪ (ʜʫʥʜʘʞ ʥʴ 12.38), Sr/Y ʭʘʨʴʮʘʘ ʤᴇʥ 

ʥʵʣʵʵʜ ʭʵʣʙʵʣʟʵʣʪʵʡ ʙʘ 0.8-60.3 (ʜʫʥʜʘʞ 34.9), Yb; 0.2-3.4 ʛ/ʪ ʙʘʛʘ ʘʛʫʫʣʛʘʪʘʡ ʙʘʡʥʘ.  

ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ ʜʠʦʨʠʪʳʥ ʩʘʨʥʠʤʘʣ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʴʜ Sr; 183-

994 (ʜʫʥʜʘʞ 526.5) ppm, Ba; 312-775 (ʜʫʥʜʘʞ 518) ppm)-ʠʡʥ ᴇʥʜᴇʨ ʘʛʫʫʣʛʘʪʘʡ, Nb; 3-10 

ppm, Y; 21-37.8 ppm (ʜʫʥʜʘʞ ʥʴ 25.92), Sr/Y ʭʘʨʴʮʘʘ ʥʵʣʵʵʜ ʭʵʣʙʵʣʟʵʣʪʵʡ ʙʘ 4.84-49.7 

(ʜʫʥʜʘʞ 23.94), Yb; 1.8-3.6 ppm ʙʘʛʘ ʘʛʫʫʣʛʘʪʘʡ ʙʘʡʥʘ. 

ʋʛ ʛʨʘʥʠʪʦʠʜʳʥ ʩʘʨʥʠʤʘʣ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʳʛ ʘʥʭʜʘʛʯ ʤʘʥʪʠʜ ʥʦʨʤʯʠʣʩʦʥ (Sun, 

McDonough, 1989) ʩʧʘʡʜʝʨ ʜʠʘʛʨʘʤʤ ʙʘʡʛʫʫʣʘʭʘʜ ʠʦʥʳ ʨʘʜʠʫʩ ʪʦʤʪʦʡ ʵʣʝʤʝʥʪʵʵʨ 

ʙʘʷʞʩʘʥ, ʭʘʨʠʥ ᴇʥʜᴇʨ ʮʵʥʵʛʪʵʡ ʵʣʝʤʝʥʪʵʵʨ (ᴆʎʕ: Nb, Ti, Yb) ʷʜʫʫʨʩʘʥ ʭʘʥʜʣʘʛʘ 

ʘʞʠʛʣʘʛʜʘʥʘ (ɿʫʨʘʛ 14). ʕʥʜ ʭװʯʠʣʣʵʛ ʯʫʣʫʫʣʘʛʪ Sr ʙʫʫʨʩʘʥ, ʩʫʫʨʠʣʘʛ ʯʫʣʫʫʣʘʛʪ Sr 

ᴇʩʩᴇʥ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ. 

ɻʨʘʥʠʪʦʠʜʳʥ װװʩʩʵʥ ʛʝʦʜʠʥʘʤʠʢ ʦʨʯʠʥʛ ʪʦʜʨʫʫʣʘʭ ʟʦʨʠʣʛʦʦʨ Nb-Y ʙʘ, Rb-(Y+Nb) Ta-

Rb ʟʵʨʵʛ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʥʜ ʪʫʣʛʫʫʨʣʘʥ ʜʠʩʢʨʠʤʠʥʘʮʠʡʥ 

ʜʠʘʛʨʘʤʤʫʫʜʳʛ ʙʘʡʛʫʫʣʘʭʘʜ ʙװʭ ʜʵʵʞװװʜ ʛʘʣʪ ʫʫʣʳʥ ʥʫʤʳʥ (ʛʝʦʜʠʥʘʤʠʢ ʥᴇʭʮᴇʣʜ 

 ʟʵʭʵʜ ʐʠʥʵ-ʀʜʵʨװ ʛʥʵʞװʥʛʵʵʩ ʜװʨ ʜװ ʩʩʵʥʠʡʛ ʭʘʨʫʫʣʥʘ (ɿʫʨʘʛ 15). ɼʵʵʨʭ ʛʝʦʭʠʤʠʡʥװװ

ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʜʘʭʴ Ba, Th, Pb, U-ʥʠʡ ᴇʥʜᴇʨ ʘʛʫʫʣʛʘ, Sr /Y ʭʘʨʴʮʘʘ, Nb, Ti, ʭװʥʜ 

ɻʍʕ -ʠʡʥ ʙʘʛʘ ʘʛʫʫʣʛʘ ʟʵʨʵʛʪ װʥʜʵʩʣʵʥ ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ ʘʜʠʣ ʩʫʙʜʫʢʮʳʥ ʙװʩʠʡʥ 

ʤʘʛʤʳʥ ʙװʪʵʵʛʜʵʭװװʥ ʙʦʣʦʭʳʛ ʠʣʵʨʭʠʡʣʥʵ. 
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ɿʫʨʘʛ 14. ʊʵʣʤʵʥ ʙϾʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʥ ʩʘʨʥʠʤʘʣ ʵʣʝʤʝʥʪʠʡʥ ʪʘʨʭʘʣʪʳʛ 

ʘʥʭʜʘʛʯ ʤʘʥʪʠʜ ʥʦʨʤʯʠʣʩʦʥ ʜʠʘʛʨʘʤʤ (Sun, McDonough et al., 1989-ʠʡʥ ʜʠʘʛʨʘʤʤʳʛ 

ʘʰʠʛʣʘʚ) 
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ɿʫʨʘʛ 15. ɻʨʘʥʠʪʦʠʜʳʥ ʜʠʩʢʨʠʤʠʥʘʮʠʡʥ ʜʠʘʛʨʘʤʤ: (Y+Nb)- Rb; Y- Nb; Yb-Ta; Nb/Yb-Th/Yb 

(Pearce et al., 1984) 
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ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʥ ʛʦʣ ʠʩʣʠʡʥ (ʞʠʥ%), ʩʘʨʥʠʤʘʣ ʙʦʣʦʥ 

ʛʘʟʨʳʥ ʭʦʚʦʨ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʘ (ppm) 

ʍװʩʥʵʛʪ 2 

 
TR-21-

15 
TR-19-

27 
TR-21-16-

4 
TR-21-16-

12 
TR-21-
16-8 

TR-19-20 TR-19-26 

SiO2 76.45 75.63 75.12 73.51 73.17 72.69 71.91 

TiO2 0.16 0.18 0.1 0.11 0.21 0.15 0.3 

Al2O3 12.06 12.9 14.26 14.71 14.28 13.81 14.53 

Fe2O3 1.17 0.72 1.08 1.26 1.82 1.33 2.3 

Mn3O4 0.02 0.01 0.09 0.1 0.04 0.01 0.03 

MgO 0.11 0.24 0.17 0.28 0.35 0.28 0.59 

CaO 0.48 0.94 1 1.65 1.58 0.7 2.11 

Na2O 2.66 2.05 3.79 4.47 3.35 2.4 3.73 

K2O 5.62 6.99 3.7 2.78 4.61 7.3 4 

P2O5 0.03 0.03 0.07 0.07 0.06 0.07 0.08 

SO3 0.02 0.01 0.03 0.02 0.02 0.01 0.01 

LOI 0.33 0.43 0.52 0.5 0.45 0.61 0.68 

SUM 99.11 100.13 99.93 99.46 99.94 99.36 100.27 

Al 5.76 6.09 6.92 6.01 8.23 6.89 7.2 

Ba 179 1009 907 1453 979 1122 1228 

Be 5 5 5 5 5 5 5 

Ca 0.48 0.59 0.84 1.14 3.55 0.5 1.36 

Cr 63 166 74 41 111 151 126 

Li 10 10 16 12 18 10 10 

Mg 0.07 0.15 0.1 0.17 1.68 0.19 0.36 

Mn 107 106 609 244 679 142 260 

Ni 13 7 5 5 36 5 5 

Sc 5 5 5 5 14 5 5 

V 5 11 5 16 123 5 30 

Zn 102 29 31 25 67 18 22 

Co 1.4 1.5 0.9 2.1 19.1 1.4 4.1 

Ga 18 14 17 15 22 20 16 

Ge 2 1 2 1 1 2 1 

As 5 5 5 5 5 5 5 

Mo 2 2 2 2 2 2 2 

Cd 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

In 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Sn 3 1 1 1 1 1 1 

Sb 0.3 0.1 0.1 0.2 0.3 0.1 0.1 

Cs 3.3 0.8 0.5 1.3 2.1 0.9 1 

W 4 1 2 1 1 1 1 
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 ʨʛʵʣʞʣʵʣת

 
TR-22-

19 
TR-21-16-7 TR-21-10 TR-21-9-

2 
TR-22-26 TR-22-22 TR-22-23 L18M99III 

SiO2 71.25 60.65 59.56 52.15 51.63 73.88 74.3 77.9 

TiO2 0.41 0.76 0.82 0.93 1.28 0.09 0.12 0.1 

Al2O3 13.05 17.18 16.57 19.06 14.77 12.62 12.92 9.5 

Fe2O3 2.71 5.95 6.67 8.4 11.27 0.95 1.18 0.7 

Mn3O4 0.08 0.1 0.11 0.14 0.3 0.03 0.04 0 

MgO 0.89 3.05 3.13 3.24 6.09 0.17 0.21 0.2 

CaO 1.79 5.08 5.93 8 7.87 0.67 0.75 1.9 

Na2O 3.5 3.83 3.51 3.54 2.35 2.8 3.63 2.8 

K2O 3.64 2.63 1.89 1.3 2.14 6.05 4.76 4 

P2O5 0.15 0.23 0.17 0.28 0.19 0.01 0.09 0 

Tl 1.1 1.1 0.5 0.7 0.5 1.3 0.7 

Pb 27 47 27 13 13 57 16 

Bi 0.5 0.1 0.3 0.5 0.1 0.1 0.1 

Rb 251 162 78.3 129 77.8 227 132 

Sr 32 213 238 294 651 175 368 

Y 36.2 6.1 11.9 15.4 18.2 13.7 9.4 

Zr 162 184 103 233 153 434 173 

Hf 5 4 3 6 3 8 3 

Nb 11 5 9 5 5 3 6 

Ta 1 0.5 0.8 0.6 0.5 0.5 0.7 

Th 24.2 38 4.1 14.7 7.6 113 11 

U 2.28 1.5 0.52 2.31 1.23 2.48 2.02 

La 44.5 70.7 12.8 35.2 28.8 271 23 

Ce 87.1 134 20.7 65.8 53.8 547 44.6 

Pr 9.59 12.4 2.19 7.07 6.59 46.2 3.97 

Nd 33.1 40.5 6.8 24.2 25 149 13.7 

Sm 6.4 5.9 1.2 3.9 4.4 18.7 2.2 

Eu 0.48 1.18 0.47 0.99 1.3 1.27 0.76 

Gd 5.66 4.18 1.19 3.02 3.47 11.7 1.91 

Tb 1.01 0.52 0.25 0.55 0.54 1.31 0.34 

Dy 6.25 1.83 1.61 2.77 3.17 4.3 1.76 

Ho 1.31 0.25 0.4 0.61 0.61 0.6 0.36 

Er 3.86 0.61 1.09 1.72 1.83 1.24 1.07 

Tm 0.65 0.06 0.25 0.33 0.26 0.13 0.17 

Yb 3.4 0.3 1.2 1.6 1.7 0.8 1.1 

Lu 0.53 0.06 0.22 0.3 0.24 0.15 0.2 

REE 203.84 272.49 50.37 148.06 131.71 1053.4 95.14 

(La/Yb)N 9.3 169.1 7.6 15.7 12.1 243 15 

(Eu/Eu*)N 4.1 1.4 0.8 1.1 1 4 0.9 

Sr/Y 0.88 34.91 20 19.09 35.76 12.77 39.14 
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SO3 0.06 0.03 0.03 0.03 0.04 0.03 0.04 
 

LOI 1.35 0.51 0.93 2.64 0.94 1.51 0.83 1.8 

SUM 98.88 100 99.32 99.71 98.87 98.81 98.87 98.9 

Al 6.97 7.72 8.96 10.26 8 6.77 7.03 
 

Ba 458 312 611 775 374 375 347 374.1 

Be 5 5 5 5 5 5 5 
 

Ca 1.55 5.9 4.45 5.91 5.98 0.63 0.69 
 

Cr 11 246 108 78 192 12 10 
 

Li 40 17 14 27 35 15 39 
 

Mg 0.51 4.44 1.85 1.93 3.75 0.08 0.13 
 

Mn 610 1093 748 960 2236 245 322 
 

Ni 11 90 5 5 82 18 16 
 

Sc 5 25 17 21 35 5 5 2.2 

V 32 175 141 206 225 7 10 
 

Zn 117 77 70 90 144 31 40 
 

Co 4.1 37.6 19 25.4 39.8 0.5 0.5 
 

Ga 19 18 21 22 21 16 20 12 

Ge 1 1 1 1 2 1 2 1.3 

As 5 5 6 5 5 5 5 
 

Mo 2 2 2 2 2 3 2 
 

Cd 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 

In 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
 

Sn 5 1 1 1 6 3 4 
 

Sb 0.1 0.1 0.4 0.1 0.4 0.3 0.4 
 

Cs 3.2 0.8 1.2 0.3 8.3 2.9 8.5 67 

W 3 1 7 9 1 1 1 
 

Tl 1 0.5 0.5 0.5 0.5 1.2 1.4 
 

Pb 11 5 7 5 5 27 25 9.4 

Bi 0.1 0.3 0.1 0.1 0.1 0.1 0.1 
 

Rb 156 63.1 63.9 34.7 103 219 330 81.2 

Sr 316 400 529 994 183 165 134 47.5 

Y 10.2 24.9 21 20 37.8 0.5 2.2 18.8 

Zr 204 177 278 132 160 62.1 77.3 120.4 

Hf 5 3 5 3 4 2 3 3.3 

Nb 13 3 5 3 10 2 11 5.7 

Ta 1.2 0.5 0.5 0.5 0.5 0.5 1.2 0.3 

Th 33.1 3 7.3 1.4 18 16.1 24.6 6.3 

U 2.53 0.62 1.84 0.44 0.75 1.1 2.96 0.6 

La 58.6 15.3 23.7 17.4 25.4 13.1 18.7 30.9 

Ce 106 35.8 46.8 34.3 56.8 22.3 37.9 67.1 

Pr 10.2 5.53 5.53 4.49 6.69 1.64 3.08 7.7 

Nd 31.6 24.3 22.1 19.1 26.9 4.2 8.8 28.6 

Sm 4.7 5.6 4.4 4 6 0.5 1.3 5 

Eu 0.89 1.74 0.88 1.29 1.47 0.31 0.37 0.3 
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Gd 3.86 4.9 3.63 3.62 6.96 0.45 1.05 4.4 

Tb 0.47 0.84 0.45 0.56 1.06 0.06 0.14 0.6 

Dy 2.06 4.63 3.46 3.48 6.78 0.28 0.62 3.7 

Ho 0.4 0.92 0.63 0.69 1.44 0.05 0.11 0.7 

Er 1.15 2.53 2.1 2.02 4.04 0.2 0.33 2 

Tm 0.18 0.41 0.23 0.31 0.65 0.05 0.06 0.3 

Yb 1 2.2 1.9 1.8 3.6 0.2 0.4 1.9 

Lu 0.15 0.36 0.24 0.28 0.53 0.05 0.08 0.3 

REE 221.26 105.06 116.05 93.34 148.32 43.39 72.94 153.5 

(La/Yb)N 42 4.9 8.9 6.9 5 47 33.5 11.6 

(Eu/Eu*)N 1.6 1 1.5 0.9 1.4 0.5 1 5.2 

Sr/Y 30.98 16.06 25.19 49.7 4.84 330 60.9 2.52 

 

3.2. ʊʕʃʄʕʅ ɹתʈɼʃʀʁʅ ɻɽʆʃʆɻʀ, ɻɽʆʍʀʄʀ ɹʆʃʆʅ 

 ɻɽʆʍʈʆʅʆʃʆɻʀʁʅ ʉʋɼɸʃɻɸɸ 

 

ɹʘʨʫʫʥ ʍʦʡʜ ʄʦʥʛʦʣʜ ʪװʨװװ ʧʘʣʝʦʟʦʡʥ ʛʨʘʥʠʪʦʠʜʳʛ ʉ.ʅ.ɸʣʝʢʩʝʡʯʠʢ, ʈ.ɸ.ʍʘʩʠʥ 

ʥʘʨ (1942) ʘʥʭ ʘʥʛʠʣʩʘʥ. ʍʦʞʠʤ ɺ.ɸ.ɸʤʘʥʪʦʚ (1968) ʥʘʨ ʅʫʫʨʳʥ ʙװʩʠʡʥ ʭʦʡʜ ʭʵʩʵʛʪ 

ʊʦʛʪʦʭʳʥ ʰʠʣ ʥʫʨʫʫʥʜ 100-1500 ʢʤ.ʢʚ ʪʘʣʙʘʡʛ ʵʟʵʣʩʵʥ ʪʦʤʦʦʭʦʥ ʤʘʩʩʠʚʫʫʜʳʛ ʥʵʛʪʛʵʥ 

ʊʦʛʪʦʭʳʥ ʰʠʣ ʙװʨʜʵʣ ʥʵʨʪʵʡʛʵʵʨ ʘʥʭ ʫʜʘʘʛʘʘ ʷʣʛʘʩʘʥ ʙʘʡʜʘʛ.  

ʍʦʡʜ ʄʦʥʛʦʣʳʥ ʥʫʪʘʛʪ ʥʵʣʵʵʜ ᴇʨʛᴇʥ ʪʘʨʭʘʣʪʪʘʡ ʪװʨװװ ʧʘʣʝʦʟʦʡʥ ʛʘʙʙʨʦ-

ʧʣʘʛʠʦʛʨʘʥʠʪ, ʛʘʙʙʨʦ-ʛʨʘʥʦʜʠʦʨʠʪʳʥ ʙװʨʜʣʠʡʥ ʛװʥʠʡ ʯʫʣʫʫʣʛʠʡʛ ʊʵʣʤʵʥ ʙװʨʜʵʣ 

ʥʵʨʵʵʨ ʅ.ʅ.ʍʝʨʘʩʢʦʚ (1966) ʥʘʨ ɿʘʚʭʘʥ ʘʡʤʛʠʡʥ ʥʫʪʘʛʪ ʘʥʭ ʷʣʛʘʩʘʥ. ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ 

1:200000-ʥʳ ʟʫʨʘʛʣʘʣʳʥ ʘʞʣʘʘʨ ᴆ.ɼʘʚʘʘ, ʎ.ɹʘʷʨʩʘʡʭʘʥ, ʏ.ʊᴇʤᴇʨʯᴇʜᴇʨ ɿʫʨʘʛ 3. ʥʘʨ 

ʫʛ ʥʘʩʥʳ ʛװʥʠʡ ʯʫʣʫʫʣʛʠʡʛ ʊʵʣʤʵʥ ʙװʨʜʵʣʜ ʙʘʪʘʣʛʘʘʞʫʫʣʘʥ ʷʣʛʘʩʘʥ ʙʘʡʥʘ. ʋʣʤʘʘʨ 

ʦʣʦʥ ʩʫʜʣʘʘʯʜʳʥ ʙװʪʵʵʣװװʜʠʡʛ ʥʵʛʪʛʵʥ, ʊʫʚʘʜ ʷʣʛʘʩʘʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʥ 

ʩʫʜʘʣʛʘʘʪʘʡ ʜװʡʮװװʣʵʥ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʩʥʵʵʨ 2002 ʦʥʦʦʩ ʵʭʣʵʥ ʪװʨװװ ʦʨʜʦʚʠʢʠʡʥ 

ʊʵʣʤʵʥ ʙװʨʜʵʣʜ ʷʣʛʘʞ ʠʨʞʵʵ.  

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʘʛ ʥʴ ʪʦʤʦʦʭʦʥ ʙʘʪʦʣʠʪ ʙʦʣʦʥ 

ʙʫʩʘʜ ʥʘʩʥʳ ʭʫʨʜʘʩ ʯʫʣʫʫʣʛʘʘʨ ʪʫʩʛʘʘʨʣʘʛʜʩʘʥ ʷʥʟ ʙװʨʠʡʥ ʭʵʣʙʵʨ ʭʵʤʞʵʵ ʙװʭʠʡ 

ʙʠʝʪװװʜʵʵʨ ʪʦʭʠʦʣʜʦʥʦ. ʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜʣʠʡʥ ʙʘʨʘʛ 60%-ʠʡʛ ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ 

ʛʨʘʥʠʪʦʠʜ ʵʟʣʵʭ ʙᴇʛᴇᴇʜ ʀʜʵʨʠʡʥ ʛʦʣʳʥ ʩʘʣʙʘʨ ʭʘʛʘʨʣʘʘʨ ʭʷʥʘʛʜʘʞ, ʟװװʥ ʭʦʡʰʦʦ 

ʙʦʣʦʥ ʙʘʨʫʫʥ ʭʦʡʰ ʯʠʛʣʵʣʪʵʡ ʭʘʛʘʨʣʫʫʜʘʘʨ ʭʵʨʯʠʛʜʵʞ ʪʝʢʪʦʥʠʢ ʵʚʜʨʵʣʜ ʠʭʵʵʨ ᴇʨʪʩᴇʥ 
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ʘʞʠʛʣʘʛʜʘʭ ʙʘ ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʜʫʥʜ ʰʠʨʭʵʛʪʵʡ ʛʘʙʙʨʦʜʠʦʨʠʪ, ʛʨʘʥʦʜʠʦʨʠʪ, ʪʦʥʘʣʠʪ, 

ʤʦʥʮʦʛʨʘʥʠʪʦʦʩ ʛʦʣʣʦʥ ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 16;17).  

 ɹʠʜ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʷʚʮʘʜ ʪʫʭʘʡʥ ʙװʨʜʣʠʡʥ ʛװʥʠʡ ʯʫʣʫʫʣʛʠʡʥ ʥʘʡʨʣʘʛʘ, ʜʦʪʦʦʜ 

ʙװʪʵʮ, ʭʠʣ ʟʘʘʛʠʡʥ ʭʘʨʴʮʘʘʛ װʥʜʵʩʣʵʥ 1-ʨ ʬʘʟ: ʍʘʨ-ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʞʠʞʠʛ-ʜʫʥʜ 

ʰʠʨʭʵʛʪʵʡ, ʵʚʵʨ ʭʫʫʨʤʘʛʪ ʢʚʘʨʮʘʪ ʜʠʦʨʠʪ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪ, ʛʨʘʥʦʜʠʦʨʠʪ ʪʦʥʘʣʠʪ, ʙʘ 2-ʨ 

ʬʘʟ: ʉʘʘʨʘʣ, ʮʘʡʚʘʨ-ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʞʠʞʠʛ-ʜʫʥʜ ʰʠʨʭʵʛʪ ʢʚʘʨʮʘʪ ʤʦʥʮʦʜʠʦʨʠʪ, 

ʢʚʘʨʮʘʪ ʤʦʥʮʦʥʠʪ, ʙʠʦʪʠʪʦʪ ʛʨʘʥʠʪ, ʙʠʦʪʠʪ-ʵʚʵʨ ʭʫʫʨʤʘʛʪ ʛʨʘʥʠʪ ʛʵʩʵʥ 2 ʬʘʟʘʘʨ ʘʚʯ 

  .ʟʵʞ ʷʣʛʘʣʘʘװ

1-ʨ ʬʘʟ: ʋʛ ʬʘʟʳʥ ʯʫʣʫʫʣʘʛ ʥʴ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʙʘʨʫʫʥ, ʙʘʨʫʫʥ ʭʦʡʜ ʙʦʣʦʥ ʪᴇʚ 

ʭʵʩʛʵʵʨ ʷʥʟ ʙװʨʠʡʥ ʭʵʣʙʵʨ ʭʵʤʞʵʵʪʵʡ ʙʠʝʪװװʜʵʵʨ ʠʣʵʨʥʵ.  

ʊʫʩ ʬʘʟʳʥ ʛʨʘʥʠʪʦʠʜ ʘʛʘʘʨʳʥ ʛʵʨʵʣ ʟʫʨʘʛʪ ʙʘʨʘʘʚʪʘʨ-ʩʘʘʨʘʣ, ʙװװʜʛʵʨ-ʩʘʘʨʘʣ ᴇʥʛʠʡʥ 

ʬʦʪʦ ʪʦʥʪʦʡ, ʙʘʨʟʛʘʨʜʫʫ ʛʘʜʘʨʛʫʫʪʘʡ ʜװʨʩʣʵʛʜʜʵʛ. ɻʘʨʰʠʡʥ ʭʫʚʴʜ ʜʫʥʜʘʘʩ-ʩʘʡʥ 

ʙᴇʛᴇᴇʜ ʪʵʛʰʠʚʪʵʨ, ᴇʨʛᴇʥ ʭʘʚʪʛʘʡʚʪʘʨ, ʙʦʛʠʥʦ ʛʫʫ ʞʘʣʛʘʪʘʡ, ʭʵʨʯʠʛʜʵʣ ʠʭʪʵʡ, 

ʪʦʣʛʦʜʦʨʭʦʛ ʨʝʣʴʝʬ װװʩʛʵʜʵʛ. ɻʨʘʥʠʪʦʠʜ ʥʴ ʵʢʟʦʛʝʥ ʭװʯʥʠʡ װʡʣʯʣʵʣʵʵʨ ʙʫʪʘʨʯ װʡʨʩʵʥ 

ʵʣʶʚʠʡʥ ʭʵʤʭʜʵʩ, װʡʨʤʵʛ ʙʘʡʜʣʘʘʨ ʠʭʵʚʯʣʵʥ ʪʦʭʠʦʣʜʦʭ ʙʘ ʟʘʨʠʤʜʘʘ ʫʫʣʳʥ ʦʨʦʡ, ʭʷʨ 

ʜʵʵʨ 1-2 ʤ, ʭʘʘʷʘ 3-4 ʤ ʦʨʯʠʤ ᴇʥʜᴇʨ ʭʘʜʘʥ ʮʦʭʠʦ װװʩʛʵʩʵʥ ʙʘʡʜʘʛ. 

 2-ʨ ʬʘʟ: ʕʥʵ ʬʘʟʳʥ ʛʨʘʥʠʪʦʠʜ ʥʴ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʪᴇʚ ʭʵʩʛʵʵʨ  ʭʘʨʴʮʘʥʛʫʡ ʠʭ 

ʪʘʣʙʘʡʜ ʪʘʨʭʘʣʪʪʘʡ ʙᴇʛᴇᴇʜ ʟᴇʚ ʙʠʰ ʭʵʣʙʵʨʠʡʥ ʙʘʪʦʣʠʪ, ʰʪʦʢ ʤʘʷʛʠʡʥ ʙʠʝʪװװʜʠʡʛ 

 ʩʛʵʥʵ. ʋʛ ʬʘʟʳʥ ʯʫʣʫʫʣʘʛ ʥʴ ʮʘʡʚʘʨ-ʩʘʘʨʘʣ, ʮʘʡʚʘʨ-ʷʛʘʘʚʪʘʨ ᴇʥʛʠʡʥ ʞʠʞʠʛ-ʜʫʥʜװװ

ʰʠʨʭʵʛʪ ʛʨʘʥʦʜʠʦʨʠʪ, ʙʠʦʪʠʪʦʪ ʛʨʘʥʠʪ, ʙʠʦʪʠʪ-ʵʚʵʨ ʭʫʫʨʤʘʛʪ ʛʨʘʥʠʪʘʘʩ ʙװʨʜʵʥʵ. 

ɸʛʘʘʨʳʥ ʛʵʨʵʣ ʟʫʨʘʛʪ ʵʜʛʵʵʨ ʛʨʘʥʠʪʦʠʜ ʥʴ ʙװʜʵʛ ʩʘʘʨʣʘʘʩ ʮʘʡʚʘʨ-ʩʘʘʨʘʣ ʬʦʪʦ ʪʦʥʪʦʡ 

ʪʦʣʠʛʦʨ ʛʘʜʘʨʛʫʫʪʘʡ ʙʘʡʭ ʙʘ ʩʘʥʩʨʳʥ ʛʵʨʵʣ ʟʫʨʘʛʪ ʙʫʩʘʜ ʭʫʨʜʘʩ ʯʫʣʫʫʣʛʘʘʩʘʘ ʤʫʫʭʘʥ 

ʷʣʛʘʨʜʘʛ. ʋʛ ʛʨʘʥʠʪʦʠʜʫʫʜ ʥʴ ʙᴇʤʙᴇʛᴇʨ, ʭʘʚʪʛʘʡʜʫʫ ʦʨʦʡʪʦʡ ʫʫʣʩ ʙʦʣʦʥ ʥʘʤʭʘʥ ʛװʚʵʵ 

ʪʦʣʛʦʜʫʫʜʳʛ װװʩʛʵʭ ʙᴇʛᴇᴇʜ ʛʘʨʰʠʡʥ ʭʫʚʴʜ ʜʫʥʜʘʘʩ-ʩʘʡʥ, ʜʵʨ ʘʚʜʘʨ ʤʘʷʛʠʡʥ ʭʵʩʵʛʰʠʣ 

 ʩʵʥʜʵʵ ʰʠʨʭʵʛ ʥʴ ʞʠʞʛʵʨʯ, ᴇʥʛᴇʪװʩʛʵʞ ʪʦʛʪʦʥʦ. ɻʨʘʥʠʪʦʠʜ ʥʴ ʭʠʣ ʟʘʘʛʠʡʥ ʜʦʪʦʦʜ ʙװװ

ʵʨʜʩʵʵʨ ʙʘʷʞʩʘʥ ʙʘʡʭ ʙʘ ʛʘʜʘʘʜ ʙװʩʵʥʜʵʵ ʦʥʮʳʥ ʭʫʚʠʨʘʣ ᴇᴇʨʯʣᴇʣʪ ʘʞʠʛʣʘʛʜʜʘʛʛװʡ. 

ʍʘʨʠʥ ʪʝʢʪʦʥʠʢ ʭʘʛʘʨʣʘʘʨ ʭʠʣʣʵʩʵʥ ʭʠʣ ʟʘʘʛ ʦʨʯʤʦʦʨʦʦ ʯʫʣʫʫʣʘʛ ʥʴ ʫʣʘʡʞ ʙʫʪʘʨʩʘʥ, 

ʘʥ ʮʘʚʘʘʨʘʘ ʵʧʠʜʦʪʞʠʭ ʭʫʚʠʨʘʣ ᴇᴇʨʯʣᴇʣʪᴇʥʜ ʦʨʩʦʥ ʙʘʡʜʘʛ ʙʘ ʙʫʪʨʘʣʳʥ ʙװʩʠʡʥ ᴇʨʛᴇʥ 

ʠʭʵʥʭʜʵʵ 20-30ʤ ʦʨʯʠʤ ʙʘʡʥʘ.  
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ʅʘʩʥʳ װʥʜʵʩʣʵʣ: ʊʫʭʘʡʥ ʙװʨʜʣʠʡʥ ʥʘʩʥʳ ʜʦʦʜ ʭʷʟʛʘʘʨ ʥʴ ʜʫʥʜ-ʭʦʞʫʫ ʢʝʤʙʨʠʡʥ 

ʐʠʥʵ-ʀʜʵʨ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜʳʛ ʟװʩʯ ʙʘʡʛʘʘʛʘʘʨ ʪʦʛʪʦʦʛʜʦʞ ʙʘʡʜʘʛ. ʀʡʤ ʭʠʣ ʟʘʘʛ 

ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ M-47-123-ɻ ʭʘʚʪʛʘʡʥ ʙʘʨʫʫʥ-ʭʦʡʜ ʙʫʣʘʥʜ ʀʭ ʍʘʚʯʠʛʠʡʥ ʟʦʦʥ 

ʙʘʨʫʫʥ-ʫʨʜ ʭʷʨʳʛ ʜʘʛʘʞ, ʤᴇʥ ɹʘʨʫʫʥ ʵʭʥʠʡ ʥʘʡʤʘʥ ɹʘʛʘʥʘʪ ʫʫʣ ʦʨʯʠʤʜ ʪʦʜ 

ʘʞʠʛʣʘʛʜʜʘʛ.  

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʭʵʤʞʵʵʥʜ ʠʣʨʵʭ ʍʘʥʫʡ ʛʨʫʧʧʳʥ ʚʫʣʢʘʥʦʛʝʥ ʭʫʨʜʩʘʘʨ ʭʫʯʠʛʜʘʞ 

ʤᴇʥ ʐʘʨ ʫʩ ʛװʥʠʡ ʙװʨʜʣʠʡʥ ʛװʥʠʡ ʯʫʣʫʫʣʛʘʘʨ ʟװʩʵʛʜʩʵʥ ʭʠʣ ʟʘʘʛʠʡʥ ʭʘʨʴʮʘʘ ʥʴ ʥʘʩʥʳ 

ʜʵʵʜ ʭʷʟʛʘʘʨ ʥʴ ʙʦʣʜʦʛ. ʋʛ ʭʘʨʴʮʘʘ ʥʴ ʍʷʨʳʥ ᴇʪᴇʛ ʫʫʣ, ɼʫʣʘʘʥ ʭʘʡʨʭʘʥ ʫʫʣ (M-47-124-

ɸ), ʊʦʛʦʦ ʭʠʡʜʵʛ ʪʦʣʛʦʡ, ʍᴇʭ ʯʫʣʫʫʪ ʫʫʣ (M-47-124-ɹ), ʄʘʥʫʫʩʪʘʡ ʫʫʣ (M-47-123-ɻ) 

ʦʨʯʠʤʜ ʪʫʩ ʪʫʩ ʪʦʛʪʦʦʛʜʞʵʵ. 
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ɿʫʨʘʛ 16. ʊʵʣʤʵʥ ʛʨʘʥʠʪʦʠʜ ʙϾʨʜʣʠʡʥ ʪʘʨʭʘʣʪʳʥ ʟʫʨʘʛ, ʄʘʩʰʪʘʙ:1:500 000. ʊʘʨʚʘʛʘʪʘʡʥ ЊʨʛЊʛʜʣʠʡʥ ʭʵʤʞʵʵʥʜ ʙʦʣʦʥ 

ʟʵʨʛʵʣʜʵʵ ʪʘʣʙʘʡʥ ʠʞʠʣ ʥʘʩ ʙϾʭʠʡ ʛʨʘʥʠʪʦʠʜ ʙϾʨʜʣϾϾʜʵʜ ʭʠʡʛʜʩʵʥ ʥʘʩʥʳ Ͼʨ ʜϾʥʛʵʵʩ. K-Ar age dating: (1) 446 Ma and (2) 226 Ma 

(Federov, 1966); U-Pb zircon dating: (3) 437±7 Ma  ʙʘ (8) 421Ñ1 ʩʘʷ ʞʠʣ (Kozakov et al., 2011; Kroner et al., 2014),), (4) 246±1 Ma 

(Yarmolyuk, 2016),  (5) 268±1 Ma (Yarmolyuk, 2016), (6) 246±2 , (7) 257±6 (Yarmolyuk, 2016)
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ɿʫʨʘʛ 17. ʊʵʣʤʵʥ ʙϾʨʜʣʠʡʥ ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʦʮ  ʙʘ ʛʘʨʰʠʡʥ ʭʘʨʘʛʜʘʭ ʙʘʡʜʘʣ 
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ʇʝʪʨʦʛʨʘʬʠʡʥ ʩʫʜʘʣʛʘʘ 

ʊʘʨʚʘʛʘʪʘʡʥ ᴇʨʛᴇʛʜᴇʣʜ ʪʘʨʭʘʣʪʪʘʡ ʊʵʣʤʵʥ ʙװʨʜʣʠʡʥ ʛʨʘʥʠʪʦʠʜ ʯʫʣʫʫʣʛʠʡʥ ʪᴇʨᴇʣʞʠʣʪ 

ʥʴ ʧʝʪʨʦʛʨʘʬʠʡʥ ʥʘʡʨʣʘʛʘʘʨʘʘ ʦʡʨʦʣʮʦʦ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ, ʜʠʦʨʠʪ, ʪʦʥʘʣʠʪ, 

ʛʨʘʥʦʜʠʦʨʠʪ ʙʦʣʦʥ ʛʨʘʥʠʪʳʥ ʙװʣʛʠʡʥ ʯʫʣʫʫʣʛʘʘʩ ʛʦʣʯʣʦʥ ʙװʨʜʵʥʵ.  

 ɻʘʙʙʨʦʜʠʦʨʠʪ ʥʴ ʵʥʛʠʡʥ ʥװʜʵʵʨ ʭʘʨʘʭʘʜ ʭʘʨ ʥʦʛʦʦʥ, ʙʘʨʘʘʥ ʩʘʘʨʘʣ ᴇʥʛᴇʪʵʡ, ʜʫʥʜ 

ʰʠʨʭʵʛʪʵʡ ʙʘʛʘ ʟʵʨʵʛ ʥʵʛ ʟװʛ ʯʠʛʣʵʥ ʩʫʣ ʧʘʨʘʣʣʝʣʴ ʪʝʢʩʪʫʨʳʛ ʠʣʵʨʭʠʡʣʵʭ ʙᴇʛᴇᴇʜ  

ʙᴇʛᴇᴇʜ ʛʠʧʠʜʠʦʤʦʨʬ ʩʪʨʫʢʪʫʨʪʘʡ, ʮʫʣ ʥʷʛʪ ʪʝʢʩʪʫʨʪʘʡ. ʄʠʢʨʦʩʢʦʧʦʦʨ ʭʘʨʘʭʘʜ 

ʯʫʣʫʫʣʘʛ ʙװʨʜװװʣʵʛʯ ʛʦʣ ʵʨʜʩʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ  ʥʴ ʧʣʘʛʠʦʢʣʘʟ 55-60%, ʧʠʨʦʢʩʝʥ 20-

25%,ʘʤʬʠʙʦʣ 5-8%, ʙʘʛʘʘʨ ʙʠʦʪʠʪʵʵʩ ʙװʨʜʵʭ ʙʘ 5-10%, ʭʦʸʨʜʦʛʯʦʦʨ ʭʣʦʨʠʪ, 

ʘʢʪʠʥʦʣʠʪ, ʵʧʠʜʦʪ, ʣʝʡʢʦʢʩʝʥ, ʘʢʮʝʩʩʦʨʦʦʨ ʘʧʘʪʠʪ, ʩʬʝʥ, ʮᴇᴇʥ ʪʦʦʥʳ ʭװʜʨʠʡʥ 

ʵʨʜʩװװʜʵʵʩ ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 18D). 

ʇʣʘʛʠʦʢʣʘʟ ʥʴ ʧʨʠʟʤʣʵʛ, ʪʵʛʰ ᴇʥʮᴇʛʪ ʭʵʣʙʵʨʪʵʡ, ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ 0.8-6.2 ʤʤ ʙᴇʛᴇᴇʜ 

ʩʠʤʤʝʪʨ ʫʥʪʨʘʣʳʥ 250-270-ʳʥ ᴇʥʮʛᴇᴇʨ ʘʥʜʝʟʠʥ-ʣʘʙʨʘʜʦʨ ˉ48-50 ʥʘʡʨʣʘʛʘʪʘʡ ʙʦʣʥʦ.  

ᴆʥʛᴇʪ ʵʨʜʩʵʵʩ ʘʤʬʠʙʦʣ, ʧʠʨʦʢʩʝʥ ʙʦʣʦʥ ʭʫʚʠʨʩʘʥ ʙʠʦʪʠʪʠʡʥ ʤᴇʭʣᴇʛװװʜ ʪʘʘʨʘʣʜʘʭ 

ʙᴇʛᴇᴇʜ ʵʜʛʵʵʨ ʥʴ ʧʣʘʛʠʦʢʣʘʟʳʥ ʤᴇʭʣᴇʛװװʜʠʡʥ ʟʘʚʩʘʨ ʭʦʦʨʦʥʜ ʙʘʡʨʣʘʩʘʥ ʙʘʡʭʳʥ 

ʟʵʨʵʛʮʵʵ ʪװװʥʠʡʛ ʧʦʡʢʠʣʠʪʦʦʨ ʘʛʫʫʣʞ ʫʣʤʘʘʨ ʧʦʡʢʠʣʦʦʬʠʪʣʦʛ ʩʪʨʫʢʪʫʨʳʛ װװʩʛʵʩʵʥ 

ʙʘʡʥʘ.  

ɸʤʬʠʙʦʣ ʥʴ (ʵʚʵʨ ʭʫʫʨʤʘʛ) ʧʨʠʟʤʣʵʛ, ʨʦʤʙʦ ʭʵʣʙʵʨʪʵʡ, ʙװʜʵʛ ʥʦʛʦʦʥ ᴇʥʛᴇʪʵʡ, 

ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ 0.2-.2.5 ʤʤ ʙᴇʛᴇᴇʜ ʭʣʦʨʠʪ, ʵʧʠʜʦʪʦʜ ʙʘʛʘ ʟʵʨʵʛ, ʘʢʪʠʥʦʣʠʪʦʜ ʭװʯʪʵʡ 

ʭʫʚʠʨʯ ʟʘʨʠʤʜʘʘ ʧʩʝʚʜʦʤʦʨʬʦʟʦʜ ʙװʨʵʥ ʰʠʣʞʞʵʵ. ʊװװʥʯʣʵʥ ʟʘʨʠʤ ʤᴇʭʣᴇʛװװʜ ʜʦʪʦʨ 

ʧʠʨʦʢʩʝʥʠʡ ʨʝʣʠʢʪװװʜ ʘʞʠʛʣʘʛʜʘʞ ʙʘʡʥʘ.  

ʇʠʨʦʢʩʝʥ ʥʴ ʭʘʚʪʛʘʡ, ʧʨʠʟʤʣʵʛ ʭʵʣʙʵʨʪʵʡ, 0.2-6.0 ʤʤ ʭʵʤʞʵʵʪʵʡ ʙᴇʛᴇᴇʜ ʘʤʬʠʙʦʣʦʦʨ 

ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʪװʨʵʛʜʩʵʥ ʙʘʡʥʘ. ʇʠʨʦʢʩʝʥʠʡ ʫʥʪʨʘʣ ʥʴ ʠʭʵʥʭʜʵʵ ʰʫʣʫʫʥ, ʟʘʨʠʤʜʘʘ 

ʫʥʪʨʘʣʳʥ ᴇʥʮᴇʛ ʩ:Ng=280-300 ʙʦʣʥʦ. ʄᴇʥ ʮᴇᴇʥ ʪʦʭʠʦʣʜʦʣʜ ʘʤʬʠʙʦʣʦʦʨ ʵʤʞʵʵʨʣʵʛʜʵʵ.   

ʄᴇʥ ʭʣʦʨʠʪʠʡʥ ʧʩʝʚʜʦʤʦʨʬʦʟʫʫʜ ʘʞʠʛʣʘʛʜʘʭ ʙᴇʛᴇᴇʜ ʪװװʥʠʡ ʭʫʚʘʘʛʜʣʳʥ ʟʫʨʘʘʩ ʜʘʛʫʫ 

ʣʝʡʢʦʢʩʝʥ ʠʣʵʨʩʵʥ ʙʘʡʛʘʘʛʘʘʩ ʭʘʨʘʭʘʜ ʘʥʭʜʘʛʯ ᴇʥʛᴇʪ ʵʨʜʵʩ ʥʴ ʙʠʦʪʠʪ ʙʘʡʩʥʳʛ ʠʣʪʛʵʞ 

ʙʘʡʥʘ. ʄᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ 0.2-1.0 ʤʤ.  

ɼʘʡʚʘʨ ʵʨʜʩʵʵʩ 0.05-2.5 ʤʤ ʭʵʤʞʵʵʪʵʡ, ʠʟʦʤʝʪʨʣʵʛ, ʪʵʛʰ ᴇʥʮᴇʛʪ, ʟᴇʚ ʙʫʩ ʭʵʣʙʵʨʪʵʡ 

ʭװʜʨʠʡʥ ʵʨʜʵʩ ʘʞʠʛʣʘʛʜʘʥʘ.  
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ɾʠʞʠʛ ʤᴇʭʣᴇʛʪʵʡ ʵʚʵʨʭʫʫʨʤʘʛʪ ʜʠʦʨʠʪ ( TR-20-52, 53, 54, 60, 64/) 

ʏʫʣʫʫʣʘʛ ʥʴ ʥʴ ʵʥʛʠʡʥ ʥװʜʵʵʨ ʭʘʨʘʭʘʜ ʮʘʡʚʘʨ ʩʘʘʨʘʣ ᴇʥʛᴇʪʵʡ, ʛʠʧʠʜʠʦʤʦʨʬ ʤᴇʭʣᴇʛʪ, 

ʙװʨʵʥ ʪʘʣʩʪʞʩʘʥ ʞʠʛʜ ʩʪʨʫʢʪʫʨʪʘʡ ʮʫʣ ʥʷʛʪ ʪʝʢʩʪʫʨʪʘʡ. ʄʠʢʨʦʩʢʦʧʦʦʨ ʭʘʨʘʭʘʜ 

ʵʨʜʵʩʣʵʛ ʙװʨʵʣʜʵʭװװʥʜ ʧʣʘʛʠʦʢʣʘʟ 50-55%, ʢʚʘʨʮ 5-10%, ʵʚʵʨʭʫʫʨʤʘʛ 10-15%, ʙʠʦʪʠʪ 

15-20% ʭʦʸʨʜʦʛʯʦʦʨ ʩʝʨʠʮʠʪ, ʩʦʩʩʶʨʠʪ, ʵʧʠʜʦʪ-ʮʦʠʟʠʪ, ʭʣʦʨʠʪ, ʪᴇʤʨʠʡʥ ʫʩʣʘʛ ʵʨʜʩװװʜ 

ʙʘ ʭװʜʨʠʡʥ ʵʨʜʵʩ ʪʦʭʠʦʣʜʦʥʦ (ɿʫʨʘʛ 18.A,B,C). ʇʣʘʛʠʦʢʣʘʟ ʩʫʥʘʩʘʥ ʭʘʨʴʮʘʥʛʫʡ ʟᴇʚ 

ʭʵʣʙʵʨʪʵʡ, ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ ʥʴ Ò 2,5 ʤʤ ʧʨʠʟʤʣʵʛ, ʙװʩʣװװʨʣʵʛ ʙװʪʵʮ ʙʘ ʧʦʣʠʩʠʥʪʝʪ 

ʠʭʵʨʣʵʣʪʪʵʡ, ʛʦʣʜʫʫ ʭʦʸʨʜʦʛʯ ʵʨʜʩװװʜʵʵʩ ʮʵʚʵʨʣʵʛʜʩʵʥ ʛʘʜʘʨʛʫʫʪʘʡ, ʟʘʨʠʤʜʘʘ 

ʷʣʪʘʩʣʘʛ ʩʝʨʠʮʠʪ-ʩʦʩʩʶʨʠʪʣʦʛ ʘʛʨʝʛʘʪʘʘʨ ʭʵʩʵʛʯʣʵʥ ʪװʨʵʛʜʩʵʥ ʙʘʡʥʘ. ʇʣʘʛʠʦʢʣʘʟʳʥ 

ʩʠʤʤʝʪʨʠʡʥ ʫʥʪʨʘʣʳʥ ᴇʥʮᴇʛ 20Á ʘʥʜʝʟʠʥ And38. ʂʚʘʨʮ 0.01-0.85 ʤʤ ʭʵʤʞʵʵʪʵʡ ᴇʥʛᴇʛװʡ, 

ʜʦʣʛʠʦʣʦʛ ʫʥʪʨʘʣʪʘʡ, ʜʘʭʠʥ ʢʨʠʩʪʘʣʞʠʣʪʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʙᴇᴇʨᴇʥʭʠʡʜװװ, ʷʥʟ ʙװʨʠʡʥ 

ʭʵʤʞʵʵʪʵʡ ʘʛʨʝʛʘʪ װװʩʛʵʥʵ. ʕʚʵʨʭʫʫʨʤʘʛ 0.07-1.4 ʤʤ ʮʘʡʚʘʨ ʥʦʛʦʦʥʦʦʩ ʭᴇʭʜװװ ʥʦʛʦʦʥ 

ᴇʥʛʠʡʥ ʧʣʝʦʭʨʦʠʟʤʪʘʡ, ʨʦʤʙʦʵʜʨʠʡʥ ʜʘʛʫʫʭ ʭʦʸʨ ʯʠʛʣʵʣʠʡʥ ʭʫʚʘʘʛʜʣʳʥ ʟʫʨʘʘʩʫʫʜʪʘʡ, 

ʫʥʪʨʘʣʳʥ ᴇʥʮᴇʛ 27Á, ʙʠʦʪʠʪʦʦʨ ʭʵʩʵʛʯʣʵʥ ʪװʨʵʛʜʵʥʵ. ɹʠʦʪʠʪ (0.05-1.2 ʤʤ) ʭʫʫʜʘʩʣʘʛ, 

ʭװʜʨʠʡʥ ʵʨʜʵʩ 0.01- 0.25 ʤʤ ʫʣʘʘʥ ʭװʨʵʥ ᴇʥʛᴇʪʵʡ, ʩʬʝʥ/ʪʠʪʘʥʠʪ/ 0.02 ï 0.1 ʤʤ ʭװʨʵʥ 

ᴇʥʛᴇʪʵʡ, ʩʫʥʘʩʘʥ ʭʵʣʙʵʨʪʵʡ. ɸʧʘʪʠʪ (0,01- 0,08 ʤʤ) ᴇʥʛᴇʛװʡ, ʛʝʢʩʘʛʦʥ ʟװʩʵʣʪʪʵʡ ʧʨʠʟʤ 

ʭʵʣʙʵʨʪʵʡ. ʎʠʨʢʦʥ 0.01- 0.02 ʤʤ, ᴇʥʜᴇʨ ʨʝʣʴʝʬʪʵʡ ʙʘʡʥʘ. 
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ɿʫʨʘʛ 18. ɾʠʞʠʛ ʤЊʭʣЊʛʪʵʡ ʵʚʵʨʭʫʫʨʤʘʛʪ ʜʠʦʨʠʪ ɸ). ʇʦʣʠʩʠʥʪʝʪ ʠʭʵʨʣʵʣʪʪʵʡ 

ʧʣʘʛʠʦʢʣʘʟ. ЉʩʛЊʣʪ 40ʭ. B). ʇʣʘʛʠʦʢʣʘʟ, ʵʚʵʨʭʫʫʨʤʘʛ  ʙʘ ʙʠʦʪʠʪ. ЉʩʛЊʣʪ 100ʭ.  C). 

ʄʠʢʨʦʩʢʦʧʳʥ ʥʵʛ ʥʠʢʦʣʴʜ: ʙʦʨ ʰʘʨʛʘʣʘʘʩ  ʙʦʨ ʥʦʛʦʦʥ ʧʣʝʦʭʨʦʠʟʤʪʘʡ, ʨʦʤʙʦʵʜʨʠʡʥ ʜʘʛʫʫʭ 

ʭʫʚʘʘʛʜʣʳʥ ʟʫʨʘʘʩʫʫʜʪʘʡ ʵʚʵʨʭʫʫʨʤʘʛ ʙʘ ʫʣʘʘʥ ʭϾʨʵʥ Њʥʛʠʡʥ ʙʠʦʪʠʪ, ʘʧʘʪʠʪ, ʪʠʪʘʥʠʪ 

ЉʩʛЊʣʪ 40ʭ. D). ɻʘʙʙʨʦʜʠʦʨʠʪ- ʧʣʘʛʠʦʢʣʘʟ , ʧʠʨʦʢʩʝʥ, ʘʤʬʠʙʦʣ ЉʩʛЊʣʪ 50ʭ. 

 

 ʊʦʥʘʣʠʪ ʥʴ ʮʘʡʚʘʨ ʩʘʘʨʘʣ ᴇʥʛᴇʪʵʡ, ʛʠʧʠʜʠʦʤʦʨʬ ʤᴇʭʣᴇʛʪ, ʙװʨʵʥ ʪʘʣʩʪʞʩʘʥ ʮʫʣ 

ʪʝʢʩʪʫʨʪʘʡ, 0.2-6.7 ʤʤ ʭʵʤʞʵʵʪʵʡ. ʏʫʣʫʫʣʘʛ ʙװʨʜװװʣʵʛʯ ʛʦʣ ʵʨʜʵʩ ʥʴ ʧʣʘʛʠʦʢʣʘʟ 50-

55%, ʢʚʘʨʮ 15-20%, ʂʍɾ- 5-10%,  ʘʤʬʠʙʦʣ 10%, ʙʠʦʪʠʪ 5%, ʭʦʸʨʜʦʛʯʦʦʨ ʧʝʣʠʪ, 

ʘʣʴʙʠʪ, ʭʣʦʨʠʪ, ʩʦʩʩʶʨʠʪ, ʣʝʡʢʦʢʩʝʥ, ʘʢʮʝʩʩʦʨʦʦʨ, ʘʧʘʪʠʪ, ʮʠʨʢʦʥ, ʩʬʝʥ ʮᴇᴇʥ ʪʦʦʥʳ 

ʭװʜʨʠʡʥ ʵʨʜʩװװʜʵʵʩ ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 19). 

ʏʫʣʫʫʣʛʠʡʥ ʟʦʥʭʠʣʦʭ ʭʫʚʠʡʛ ʙװʨʜװװʣʞ ʙʫʡ ʧʣʘʛʠʦʢʣʘʟ ʥʴ  ʧʨʠʟʤʣʵʛ, ʪʵʛʰ ᴇʥʮᴇʛʪ 

ʭʵʣʙʵʨʪʵʡ, 0.5-6.0 ʤʤ ʭʵʤʞʵʵʪʵʡ ʙʘ ʠʭʵʥʭ ʥʴ ʠʭʵʚʯʣʵʥ ʪᴇʚ ʭʵʩʛʵʵʨʵʵ ʧʝʣʠʪ, ʵʧʠʜʦʪ, 

ʩʝʨʠʮʠʪ, ʩʦʩʩʶʨʠʪ ʙʦʣʦʥ ʧʨʝʥʠʪʵʜ ʭʫʚʠʨʯ ʙװʩʣװװʨʣʵʛ ʙװʪʮʵʵ ʪʦʜʦʪʛʦʥ ᴇʛʩᴇʥ ʙʘʡʥʘ. 
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ʇʣʘʛʠʦʢʣʘʟ ʥʴ ʢʘʣʠʰʧʘʪ, ʢʚʘʨʮʘʘʨ ʪװʨʵʛʜʩʵʥ ʙᴇʛᴇᴇʜ ʩʠʤʤʝʪʨ ʫʥʪʨʘʣʳʥ 150-170-ʳʥ 

ᴇʥʮʛᴇᴇʨ ʘʥʜʝʟʠʥ ˉ32-34 ʥʘʡʨʣʘʛʘʪʘʡ ʙʦʣʥʦ.  

ʂʘʣʠʰʧʘʪ ʥʴ ʧʝʣʠʪʞʠʞ, ʘʣʴʙʠʪʞʩʘʥ ʟᴇʚ ʙʫʩ ʭʘʚʪʛʘʡ ʭʵʣʙʵʨʪʵʡ ʤᴇʭʣᴇʛװװʜʵʵʨ 

ʪʘʘʨʘʣʜʘʭ ʙʘ ʭʵʤʞʵʵ 0.7-3.2 ʤʤ ʙʘʡʥʘ.  

ʂʚʘʨʮ ʥʴ 0.5-6.7 ʤʤ ʭʵʤʞʵʵʪʵʡ, ʟᴇʚ ʙʫʩ ʭʵʣʙʵʨʪʵʡ ʤᴇʭʣᴇʛ װװʩʛʵʩʵʥ ʙᴇʛᴇᴇʜ ʭʵʵʨʠʡʥ 

ʞʦʥʰʠʡʥ ʤᴇʭʣᴇʛװװʜʠʡʛ ʪװʨʩʵʥ ʙʘʡʭʘʘʩ ʛʘʜʥʘ ʟʘʨʠʤʜʘʘ ʪʵʜʛʵʵʨʠʡʛ ʧʦʡʢʠʣʠʪʦʦʨ 

ʘʛʫʫʣʞʵʵ.  

ɸʤʬʠʙʦʣ ʥʴ ʧʨʠʟʤʣʵʛ, ʟʫʨʛʘʘʥ ʪʘʣʪ ʙʦʣʦʥ ʨʦʤʙʦ ʭʵʣʙʵʨʪʵʡ ʙᴇʛᴇᴇʜ ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ 

0.2-3.2 ʤʤ, ʫʥʪʨʘʣʳʥ ᴇʥʮᴇʛ ʩ:Ng=200-22 ʙʦʣʥʦ. ʊװװʥʠʡ ʟʘʨʠʤ ʤᴇʭʣᴇʛװװʜ ʥʴ ʟʘʭʘʘʩʘʘ 

ʙʠʦʪʠʪʦʦʨ ʪװʨʵʛʜʞʵʵ.  

ɹʠʦʪʠʪʠʡʥ ʭʫʫʜʩʘʨʭʘʛ ʭʵʣʙʵʨʪʵʡ ʤᴇʭʣᴇʛװװʜ ʥʴ ʵʧʠʜʦʪʦʜ ʙʘʛʘ ʟʵʨʵʛ, ʣʝʡʢʦʢʩʝʥ 

ʷʣʛʘʨʫʫʣʘʥ ʭʣʦʨʠʪʦʜ ʭʵʩʵʛʯʣʵʥ ʭʫʚʠʨʩʘʥ ʙʘʡʥʘ. ʊװװʥʠʡ ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ 0.2-2.5 ʤʤ. 

ɼʘʡʚʘʨ ʵʨʜʩʵʵʩ ʠʟʦʤʝʪʨʣʵʛ, ʧʨʠʟʤʣʵʛ, ʟᴇʚ ʙʫʩ ʭʵʣʙʵʨʪʵʡ ʭװʜʨʠʡʥ ʵʨʜʵʩ, ʧʨʠʟʤʣʵʛ, 

ʟʫʨʛʘʘʥ ʪʘʣʪ ʭʵʣʙʵʨʪʵʡ ʘʧʘʪʠʪ, ʮʠʨʢʦʥ ʙʦʣʦʥ ʟᴇʚ ʙʫʩ, ʧʨʠʟʤʣʵʛ, ʰʘʘʥʪʠʛ ʭʵʣʙʵʨʠʡʥ 

ʩʬʝʥʠʡ ʤᴇʭʣᴇʛװװʜ ʪʘʘʨʘʣʜʘʭ ʙᴇʛᴇᴇʜ ʭʵʤʞʵʵ 0.05-1.5 ʤʤ ʙʘʡʥʘ. 

ɿʫʨʘʛ 19. ʊʦʥʘʣʠʪ . ʇʣʘʛʠʦʢʣʘʟ /Pl/, ʂʘʣʠʰʧʘʪ /Ksf/, ɸʤʬʠʙʦʣ /Am/, ɹʠʦʪʠʪ /Bt/, ʂʚʘʨʮ  

/Qz/ ЉʩʛЊʣʪ 50ʭ. B). 
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ɻʨʘʥʦʜʠʦʨʠʪ / TR-19-06/ ʥʴ ʵʥʛʠʡʥ ʥװʜʵʵʨ ʭʘʨʘʭʘʜ ʮʘʡʚʘʨ ʩʘʘʨʘʣ ᴇʥʛᴇʪʵʡ, 

ʛʠʧʠʜʠʦʤʦʨʬ ʤᴇʭʣᴇʛʪ, ʙװʨʵʥ ʪʘʣʩʪʞʩʘʥ ʞʠʛʜ ʩʪʨʫʢʪʫʨʪʘʡ, ʙʨʝʢʯʣʵʛʜʩʵʥ ʤʘʷʛʪʘʡ 

ʪʝʢʩʪʫʨ ʘʞʠʛʣʘʛʜʘʥʘ. ʄʠʢʨʦʩʢʦʧʦʦʨ ʭʘʨʘʭʘʜ ʯʫʣʫʫʣʘʛ ʙװʨʜװװʣʵʛʯ ʛʦʣ ʵʨʜʵʩ ʥʴ 

ʧʣʘʛʠʦʢʣʘʟ 35-40%, ʂʍɾ- 25-30%, ʢʚʘʨʮ 25-30%, ᴇʥʛᴇʪ ʵʨʜʵʩ ʙʠʦʪʠʪ-5-10%, 

ʭʦʸʨʜʦʛʯʦʦʨ ʵʧʠʜʦʪ-ʮʦʠʟʠʪ, ʭʣʦʨʠʪ, ʩʝʨʠʮʠʪ, ʪᴇʤʨʠʡʥ ʫʩʣʘʛ ʵʨʜʩװװʜ, ʘʢʮʝʩʩʦʨʦʦʨ 

ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʭʦʚʨʦʦʨ ʩʬʝʥ ʮᴇᴇʥ ʪʦʦʥʳ ʭװʜʨʠʡʥ ʵʨʜʩװװʜʵʵʩ ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 20). 

ʇʣʘʛʠʦʢʣʘʟ ʥʴ ʩʫʥʘʩʘʥ ʭʘʨʴʮʘʥʛʫʡ ʟᴇʚ ʭʵʣʙʵʨʪʵʡ, ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ ʥʴ 0.3-2.8 ʤʤ 

ʭװʨʪʵʣ ʭʵʤʞʵʵʪʵʡ, ʛʦʣʯʣʦʥ ʧʨʠʟʤʣʵʛ, ʧʝʣʠʪʵʵʨ ʙʦʭʠʨʜʩʦʥ, ʷʣʪʘʩʣʘʛ ʩʝʨʠʮʠʪ, 

ʩʦʩʩʶʨʠʪʳʥ ʥʷʛʪ ʘʛʨʝʛʘʪʘʘʨ ʪװʨʵʛʜʩʵʥ, ʙװʩʣװװʨʣʵʛ ʙװʪʵʮ ʙʘ ʧʦʣʠʩʠʥʪʝʪ ʠʭʵʨʣʵʣʪʪʵʡ, 

ʢʘʣʠʰʧʘʪʘʘʨ ʭʵʩʵʛʯʣʵʥ ʪװʨʵʛʜʩʵʥ ʙʘʡʥʘ. ɹװʩʣװװʨʣʵʛ ʧʣʘʛʠʦʢʣʘʟʳʛ ʢʘʣʠʰʧʘʪ ʪװʨʵʭʵʜ 

ñᴇʪò ʤʘʷʛʠʡʥ ʢʚʘʨʮ ʷʣʛʘʨʫʫʣʩʘʥ ʤʠʨʤʝʢʠʪ ʩʪʨʫʢʪʫʨ װװʩʜʵʛ ʦʥʮʣʦʛ ʘʞʠʛʣʘʛʜʘʥʘ. 

ʇʦʣʠʩʠʥʪʝʪ ʠʭʵʨʣʵʣʪʪʵʡ ʧʣʘʛʠʦʢʣʘʟʳʥ ʭʘʤʛʠʡʥ ʠʭ ʫʥʪʨʘʣʳʥ ᴇʥʮᴇʛ ~8 (ʦʣʠʛʦʢʣʘʟ 

And24). ʇʣʘʛʠʦʢʣʘʟ ʩʫʣ ʢʘʪʘʢʣʘʟʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʭʘʛʘʨʯ ʙʠʯʠʣ ʘʥ ʮʘʚʰʩʘʥ, ʭʘʛʘʨʯ ʙʫʪʨʘʥ 

ʠʭʵʨʣʵʣʪʠʡʥ ʟʘʘʜʩʫʫʜ ʤʫʨʫʡʞ ʜʝʬʦʨʤʘʮʠʜ ʘʚʪʞʵʵ. 

ʂ-ʭʵʵʨʠʡʥ ʞʦʥʰ (ʤʠʢʨʦʢʣʠʥ 0,2-2 ʤʤ) ʧʝʣʠʪʵʵʨ ᴇʥʛᴇʮ ʙʦʭʠʨʜʩʦʥ, ʭʘʚʪʘʥʣʘʛ ʭʵʣʙʵʨʪʵʡ, 

ʪʘʩʘʣʜʩʘʥ ʟʫʨʚʘʩʣʘʛ ʘʣʴʙʠʪʳʥ ʙʠʯʠʣ ʫʨʛʘʣʪʫʫʜ ʙʘ ʩʘʨʘʘʣʞ ʙװʪʵʮ ʵʵʣʞʣʵʥ ʪʦʜʦʨʥʦ. 

ʇʣʘʛʠʦʢʣʘʟʳʛ ʤʠʢʨʦʢʣʠʥ ʪװʨʩʵʥ ʟʘʘʛʘʘʨ ʘʣʴʙʠʪʳʥ ʙʠʯʠʣ ʭװʨʵʵ װװʩʩʵʥ, ʤᴇʥ ʢʚʘʨʮʘʘʨ 

ʢʦʨʨʦʟʠʣʦʛʜʦʞ ʙʘʡʥʘ. ʂʚʘʨʮ (0.5-2,75 ʤʤ) ᴇʥʛᴇʛװʡ, ʜʦʣʛʠʦʣʦʛ ʫʥʪʨʘʣʪʘʡ, ʢʘʪʘʢʣʘʟʳʥ 

ʥᴇʣᴇᴇʛᴇᴇʨ ʭʘʛʘʨʯ ʙʠʯʠʣ ʘʥ ʮʘʚʰʩʘʥ ʤᴇʭʣᴇʛװװʜ ʜʘʭʠʥ ʢʨʠʩʪʘʣʞʠʞ, ʛʝʪʝʨʦʛʨʘʥʦʙʣʘʩʪ 

ʩʪʨʫʢʪʫʨʪʘʡ ʷʥʟ ʙװʨʠʡʥ ʭʵʤʞʵʵʪʵʡ ʘʛʨʝʛʘʪ װװʩʛʵʥʵ. 

ɹʠʦʪʠʪ (Ò1,0 ʤʤ) ʭʫʫʜʩʘʥ, ʭʘʚʪʘʥʣʘʛ ʭʵʣʙʵʨʪʵʡ, ʩʫʥʘʣʳʥ ʜʘʛʫʫ ʰʫʣʫʫʥ ʫʥʪʨʘʣʪʘʡ, 

ʮʘʡʚʘʨ ʰʘʨʛʘʣʘʘʩ ʫʣʘʘʥʭװʨʵʥ ᴇʥʛʠʡʥ ʧʣʝʦʭʨʦʠʟʤʪʘʡ, ʮʘʡʚʘʨ ʥʦʛʦʦʥ ʭʣʦʨʠʪʦʦʨ 

ʭʵʩʵʛʯʣʵʥ ʪװʨʵʛʜʵʞ, ʘʧʘʪʠʪ, ʩʬʝʥ ʙʘ ʭװʜʨʠʡʥ ʵʨʜʵʩʪʵʡ ʘʩʩʦʮʠʘʮʠ װװʩʛʵʥʵ. ɹʠʦʪʠʪ 

ʢʘʪʘʢʣʘʟʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʜʝʬʦʨʤʘʮʠʜ ʘʚʪʘʥ ʤʫʨʫʡʞ ʪʘʭʠʡʩʘʥ ʘʞʠʛʣʘʛʜʘʥʘ. 

ʉʬʝʥ/ʊʠʪʘʥʠʪ(0,02 - 0,05 ʤʤ) ʭʘʨʭװʨʵʥ ᴇʥʛᴇʪʵʡ, ʩʫʥʘʩʘʥ ʭʵʣʙʵʨʪʵʡ. ɸʧʘʪʠʪ (0,01- 0,12 

ʤʤ) ᴇʥʛᴇʛװʡ, ʟװװʣʵʛ ʙʘ ʥʘʨʠʡʥ ʧʨʠʟʤ ʭʵʣʙʵʨʪʵʡ. ʍװʜʨʠʡʥ ʵʨʜʵʩ (0,01- 0,3 ʤʤ) ʭʘʨ 

ᴇʥʛᴇʪʵʡ, ʠʟʦʤʝʪʨʣʵʛ ʭʵʣʙʵʨʪʵʡ. ʏʫʣʫʫʣʛʠʡʥ ʙʠʯʠʣ ʘʥ ʮʘʚʘʘʨ ʭᴇʛʞʩᴇʥ ᴇʥʛᴇʛװʡ ʤʫʩʢʦʚʠʪ 

(Ò0,1 ʤʤ) ʙʘ ʵʧʠʜʦʪ-ʮʦʠʟʠʪ (Ò0,12ʤʤ) ʥʴ ʤʫʩʢʦʚʠʪʞʠʭ ʙʘ ʵʧʠʜʦʪʞʠʭ ʧʨʦʮʝʩʩʳʛ, ʭʘʨʠʥ 

ʪᴇʤʨʠʡʥ ʫʩʣʘʛ ʠʩʣװװʜ ʷʣʠʤʛװʡ ᴇʛᴇʨʰʠʣʪ ʷʚʘʛʜʩʘʥʳʛ ʠʣʪʛʵʥʵ. 
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ɿʫʨʘʛ 20. ɻʨʘʥʦʜʠʦʨʠʪʳʥ ʤʠʢʨʦʬʦʪʦ ʟʫʨʘʛ, ʛʦʣʣʦʭ ʵʨʜʩʠʡʥ ʙϾʨʵʣʜʵʭϾϾʥ; Pl-ʧʣʘʛʠʦʢʣʘʟ, 

Mic-ʤʠʢʨʦʢʣʠʥ, Qtz-ʢʚʘʨʮ,  Bt-ʙʠʦʪʠʪ, ʙ).ɹϾʩʣϾϾʨʣʵʛ ʧʣʘʛʠʦʢʣʘʟʳʛ ʩʝʨʠʮʠʪ-ʩʦʩʩʶʨʠʪ 

ʪϾʨʞ, ʭʵʩʵʛʯʣʵʥ ʮʵʚʵʨʣʵʛʜʩʵʥ ʙʘʡʥʘ. ЉʩʛЊʣʪ 40ʭ.  ʚ).  ʇʣʘʛʠʦʢʣʘʟʳʥ ʪЊʚʠʡʥ ʭʵʩʵʛ 

ʘʥʜʝʟʠʥʜ, ʧʦʣʠʩʠʥʪʝʪ ʠʭʵʨʣʵʣʪʪʵʡ ʟʘʭʳʥ ʭʵʩʵʛ ʦʣʠʛʦʢʣʘʟʘʜ ʪʦʭʠʨʥʦ. ЉʩʛЊʣʪ 40ʭ.   ʛ).  

ɹʠʦʪʠʪʳʛ ʭʣʦʨʠʪ ʙʘ ʤʫʩʢʦʚʠʪ ʪϾʨʥʵ. ʏʫʣʫʫʣʛʠʡʥ ʘʥ ʮʘʚʘʘʨ ʤʫʩʢʦʚʠʪ ʙʘ ʵʧʠʜʦʪ-ʮʦʠʟʠʪ  

ʭЊʛʞʞʵʵ. ЉʩʛЊʣʪ 40ʭ 

ʇʣʘʛʠʦʛʨʘʥʠʪ / TR-19-05/ ʥʴ ʜʫʥʜ ʤᴇʭʣᴇʛʪʵʡ, ʩʫʣ ʢʘʪʘʢʣʘʟʞʩʘʥ, ʮʘʡʚʘʨ ʩʘʘʨʘʣ 

ᴇʥʛᴇʪʵʡ,   ʤʠʨʤʝʢʠʪ, ʛʝʪʝʨʦʛʨʘʥʦʙʣʘʩʪ ʩʪʨʫʢʪʫʨʪʘʡ, ʯʠʛʣʵʩʵʥ ʪʝʢʩʪʫʨʪʘʡ, ʤᴇʭʣᴇʛʠʡʥ 

ʭʵʤʞʵʵ 0,01-2,08 ʤʤ. ʏʫʣʫʫʣʘʛ  ʙװʨʜװװʣʵʛʯ ʛʦʣ ʵʨʜʵʩ ʥʴ ʧʣʘʛʠʦʢʣʘʟ 45-50%, ʢʚʘʨʮ 25-

30%, ʂʍɾ 10-15%, ʙʠʦʪʠʪ-5-8%, ʟʵʨʵʛ ʵʨʜʩʵʵʩ ʛʦʣʣʦʥ ʪʦʛʪʦʥʦ. ʍʦʸʨʜʦʛʯ ʵʨʜʩװװʜʵʜ 

ʧʝʣʠʪ, ʘʣʴʙʠʪ, ʩʝʨʠʮʠʪ, ʩʦʩʩʶʨʠʪ, ʵʧʠʜʦʪ-ʮʦʠʟʠʪ, ʭʣʦʨʠʪ, ʤʫʩʢʦʚʠʪ , ʪᴇʤᴇʨʠʡʥ ʫʩʣʘʛ 

ʵʨʜʩװװʜ,  ʘʢʮʝʩʩʦʨʦʦʨ ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʭʦʚʨʦʦʨ ʩʬʝʥ ʮᴇᴇʥ ʪʦʦʥʳ ʭװʜʨʠʡʥ ʵʨʜʩװװʜʵʵʩ 

ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 21).  
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ʇʣʘʛʠʦʢʣʘʟ (Ò2,8 ʤʤ) ʧʨʠʟʤʣʵʛ, ʧʝʣʠʪʵʵʨ ʙʦʭʠʨʜʩʦʥ, ʷʣʪʘʩʣʘʛ ʩʝʨʠʮʠʪ, ʩʦʩʩʶʨʠʪʳʥ 

ʥʷʛʪ ʘʛʨʝʛʘʪʘʘʨ ʪװʨʵʛʜʩʵʥ, ʙװʩʣװװʨʣʵʛ ʙװʪʵʮ ʙʘ ʧʦʣʠʩʠʥʪʝʪ ʠʭʵʨʣʵʣʪʪʵʡ, ʟʘʭʳʥ 

ʭʵʩʛʵʵʨʵʵ ʭʦʸʨʜʦʛʯ ʵʨʜʩװװʜʵʵʩ ʮʵʚʵʨʣʵʛʜʩʵʥ, ʢʘʣʠʰʧʘʪʘʘʨ ʭʵʩʵʛʯʣʵʥ ʪװʨʵʛʜʩʵʥ ʙʘʡʥʘ. 

ɹװʩʣװװʨʣʵʛ ʜʫʥʜʣʘʛ ʥʘʡʨʣʘʛʘʪʘʡ ʧʣʘʛʠʦʢʣʘʟʳʛ ʢʘʣʠʰʧʘʪ ʪװʨʵʭʵʜ ñᴇʪò ʤʘʷʛʠʡʥ ʢʚʘʨʮ 

ʷʣʛʘʨʫʫʣʩʘʥ ʤʠʨʤʝʢʠʪ ʩʪʨʫʢʪʫʨʪʘʡ ʦʣʠʛʦʢʣʘʟ (Ò0,05 ʤʤ) װװʩʜʵʛ ʪʫʣ ʧʣʘʛʠʦʢʣʘʟʳʥ 

ʪᴇʚʠʡʥ   ʭʵʩʵʛ ʘʥʜʝʟʠʥʜ ʪʦʭʠʨʥʦ. ʇʦʣʠʩʠʥʪʝʪ ʠʭʵʨʣʵʣʪʪʵʡ ʧʣʘʛʠʦʢʣʘʟʳʥ ʭʘʤʛʠʡʥ ʠʭ 

ʫʥʪʨʘʣʳʥ ᴇʥʮᴇʛ ~8Á ʦʣʠʛʦʢʣʘʟ And24. ʇʣʘʛʠʦʢʣʘʟ ʩʫʣ ʢʘʪʘʢʣʘʟʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʭʘʛʘʨʯ 

ʙʠʯʠʣ ʘʥ ʮʘʚʰʩʘʥ, ʭʘʛʘʨʯ ʙʫʪʨʘʥ ʠʭʵʨʣʵʣʪʠʡʥ ʟʘʘʜʩʫʫʜ ʤʫʨʫʡʞ ʜʝʬʦʨʤʘʮʠʜ ʘʚʪʞʵʵ. 

ʂʚʘʨʮ (Ò2,75 ʤʤ) ᴇʥʛᴇʛװʡ, ʜʦʣʛʠʦʣʦʛ ʫʥʪʨʘʣʪʘʡ, ʢʘʪʘʢʣʘʟʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʭʘʛʘʨʯ ʙʠʯʠʣ ʘʥ 

ʮʘʚʰʩʘʥ ʤᴇʭʣᴇʛװװʜ ʜʘʭʠʥ ʢʨʠʩʪʘʣʞʠʞ, ʛʝʪʝʨʦʛʨʘʥʦʙʣʘʩʪ ʩʪʨʫʢʪʫʨʪʘʡ ʷʥʟ ʙװʨʠʡʥ 

ʭʵʤʞʵʵʪʵʡ ʘʛʨʝʛʘʪ װװʩʛʵʥʵ. ʂʚʘʨʮ ʙʫʩʘʜ ʛʦʣ ʵʨʜʩװװʜʠʡʛ ʭʵʩʵʛʯʣʵʥ ʢʦʨʨʦʟʠʣʞ ʙʘʡʥʘ. 

ʄʠʢʨʦʢʣʠʥ (Ò2,12 ʤʤ) ʧʝʣʠʪʵʵʨ ᴇʥʛᴇʮ ʙʦʭʠʨʜʩʦʥ, ʭʘʚʪʘʥʣʘʛ ʭʵʣʙʵʨʪʵʡ, ʪʘʩʘʣʜʩʘʥ 

ʟʫʨʚʘʩʣʘʛ ʘʣʴʙʠʪʳʥ ʙʠʯʠʣ ʫʨʛʘʣʪʫʫʜ ʙʘ ʩʘʨʘʘʣʞ ʙװʪʵʮ ʵʵʣʞʣʵʥ ʪʦʜʦʨʥʦ. ʄʠʢʨʦʢʣʠʥʠʡ 

ʭʘʨʴʮʘʥʛʫʡ ʪʦʤ ʭʵʤʞʵʵʪʵʡ ʤᴇʭʣᴇʛװװʜ ʧʣʘʛʠʦʢʣʘʟʳʥ  ʧʨʠʟʤʣʵʛ ʤᴇʭʣᴇʛװװʜʠʡʛ ʘʛʫʫʣʩʘʥ 

ñʤʦʥʮʦʥʠʪò ʩʪʨʫʢʪʫʨ ʘʞʠʛʣʘʛʜʘʥʘ. ʇʣʘʛʠʦʢʣʘʟʳʛ ʤʠʢʨʦʢʣʠʥ ʪװʨʩʵʥ ʟʘʘʛʘʘʨ ʘʣʴʙʠʪʳʥ 

ʙʠʯʠʣʭװʨʵʵ װװʩʩʵʥ, ʤᴇʥ ʢʚʘʨʮʘʘʨ ʢʦʨʨʦʟʠʣʦʛʜʦʞ ʙʘʡʥʘ.  

ɹʠʦʪʠʪ (Ò1,0 ʤʤ) ʭʫʫʜʩʘʥ, ʭʘʚʪʘʥʣʘʛ ʭʵʣʙʵʨʪʵʡ, ʩʫʥʘʣʳʥ ʜʘʛʫʫ ʰʫʣʫʫʥ ʫʥʪʨʘʣʪʘʡ, 

ʮʘʡʚʘʨ ʰʘʨʛʘʣʘʘʩ ʫʣʘʘʥʭװʨʵʥ ᴇʥʛʠʡʥ ʧʣʝʦʭʨʦʠʟʤʪʘʡ, ʮʘʡʚʘʨ ʥʦʛʦʦʥ ʭʣʦʨʠʪʦʦʨ 

ʭʵʩʵʛʯʣʵʥ ʪװʨʵʛʜʵʞ, ʘʧʘʪʠʪ, ʩʬʝʥ ʙʘ ʭװʜʨʠʡʥ ʵʨʜʵʩʪʵʡ ʘʩʩʦʮʠʘʮʠ װװʩʛʵʥʵ. ɹʠʦʪʠʪ 

ʢʘʪʘʢʣʘʟʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʜʝʬʦʨʤʘʮʠʜ ʘʚʪʘʥ ʤʫʨʫʡʞ ʪʘʭʠʡʩʘʥ ʘʞʠʛʣʘʛʜʘʥʘ. 

ʍװʜʨʠʡʥ ʵʨʜʵʩ (0,01- 0,3 ʤʤ) ʭʘʨ ᴇʥʛᴇʪʵʡ, ʠʟʦʤʝʪʨʣʵʛ ʭʵʣʙʵʨʪʵʡ.  

ʉʬʝʥ/ʊʠʪʘʥʠʪ(0,02 - 0,05 ʤʤ)  ʭʘʨʭװʨʵʥ ᴇʥʛᴇʪʵʡ, ʩʫʥʘʩʘʥ ʭʵʣʙʵʨʪʵʡ.   

ɸʧʘʪʠʪ (0,01- 0,12 ʤʤ) ᴇʥʛᴇʛװʡ, ʟװװʣʵʛ ʙʘ ʥʘʨʠʡʥ ʧʨʠʟʤ ʭʵʣʙʵʨʪʵʡ. 

ʏʫʣʫʫʣʘʛ ʥʴ ʩʫʣ ʢʘʪʘʢʣʘʟʞʠʭ ʧʨʦʮʝʩʩʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʙʠʯʠʣ ʘʥ ʮʘʚʰʩʘʥ, ʛʦʣ ʵʨʜʩװװʜ 

ʟʘʭʘʘʩʘʘ ʵʤʪʵʨʯ ʞʠʞʠʛʣʵʛʜʩʵʥ ʙʦʣʦʚʯ ʢʚʘʨʮʳʥ ʤᴇʭʣᴇʛװװʜ ʜʘʭʠʥ ʢʨʠʩʪʘʣʞʩʘʥ 

ʛʝʪʝʨʦʛʨʘʥʦʙʣʘʩʪ ʩʪʨʫʢʪʫʨʪʘʡ ʘʛʨʝʛʘʪ װװʩʛʵʩʵʥ ʙʘʡʥʘ. ʏʫʣʫʫʣʛʠʡʥ ʙʠʯʠʣ ʘʥ ʮʘʚʘʘʨ 

ʭᴇʛʞʩᴇʥ ᴇʥʛᴇʛװʡ ʤʫʩʢʦʚʠʪ (Ò0,1 ʤʤ) ʙʘ ʵʧʠʜʦʪ-ʮʦʠʟʠʪ (Ò0,12ʤʤ) ʥʴ ʤʫʩʢʦʚʠʪʞʠʭ ʙʘ 

ʵʧʠʜʦʪʞʠʭ ʧʨʦʮʝʩʩʳʛ, ʭʘʨʠʥ ʪᴇʤʨʠʡʥ ʫʩʣʘʛ ʠʩʣװװʜ ʷʣʠʤʛװʡ ᴇʛᴇʨʰʠʣʪ ʷʚʘʛʜʩʘʥʳʛ 

ʠʣʪʛʵʥʵ. 
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ɿʫʨʘʛ 21. ʉʫʣ ʢʘʪʘʢʣʘʟʞʩʘʥ ʧʣʘʛʠʦʛʨʘʥʠʪ,. ʘ). ʄʦʥʮʦʥʠʪ ʩʪʨʫʢʪʫʨ. ЉʩʛЊʣʪ 40ʭ. ʙ). 

ʇʣʘʛʠʦʢʣʘʟʳʛ ʢʘʣʠʰʧʘʪ ʪϾʨʵʭʵʜ ϾϾʩʩʵʥ ñЊʪò ʤʘʷʛʠʡʥ ʢʚʘʨʮ ʷʣʛʘʨʫʫʣʩʘʥ ʤʠʨʤʝʢʠʪ 

ʩʪʨʫʢʪʫʨ ʙʘ ʢʘʪʘʢʣʘʟʞʠʞ ʭʘʛʘʨʘʘʜ ʜʘʭʠʥ ʢʨʠʩʪʘʣʞʩʘʥ ʢʚʘʨʮʳʥ ʛʝʪʝʨʦʛʨʘʥʦʙʣʘʩʪ 

ʩʪʨʫʢʪʫʨ. ЉʩʛЊʣʪ 40ʭ.  ʚ).  ʂʚʘʨʮ, ʧʣʘʛʠʦʢʣʘʟ ʙʘ ʩʘʨʘʘʣʞ  ʙϾʪʵʮʪʵʡ ʤʠʢʨʦʢʣʠʥ. ЉʩʛЊʣʪ 

40ʭ. ʛ).  ʄʠʢʨʦʩʢʦʧʳʥ ʥʵʛ ʥʠʢʦʣʴʜ: ʙʠʦʪʠʪʳʛ ʭʣʦʨʠʪ ʪϾʨʵʭ ʙʘ ʘʧʘʪʠʪ, ʩʬʝʥ ʙʘ ʭϾʜʨʠʡʥ 

ʵʨʜʵʩ ʘʩʩʦʮʠʘʮʠ ϾϾʩʛʵʥʵ. ʏʫʣʫʫʣʛʠʡʥ ʘʥ ʮʘʚʘʘʨ ʪЊʤʨʠʡʥ ʫʩʣʘʛ ʠʩʣϾϾʜ ʙʘ ʭϾʜʨʠʡʥ ʵʨʜʵʩ  

ʭЊʛʞʞʵʵ. ЉʩʛЊʣʪ 40ʭ. 

ɼʫʥʜ ʤᴇʭʣᴇʛʪʵʡ ʙʠʦʪʠʪʦʪ ʰװʣʪʣʵʛ ʛʨʘʥʠʪ ʥʴ ʮʘʡʚʘʨ ʷʛʘʘʚʪʘʨ ᴇʥʛᴇʪʵʡ, 

ʛʠʧʠʜʠʦʤʦʨʬ ʤᴇʭʣᴇʛʪ ʩʪʨʫʢʪʫʨʪʘʡ, ʮʫʣ ʥʷʛʪ ʤʘʩʩʠʚ ʪʝʢʩʪʫʨʪʘʡ, ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ 

0,01-3,5 ʤʤ ʘʞʠʛʣʘʛʜʘʥʘ. ʏʫʣʫʫʣʛʠʡʛ ʛʦʣ ʙװʨʜװװʣʵʛʯ ʵʨʜʩʵʵʩ ʂ-ʭʵʵʨʠʡʥ ʞʦʥʰ 45-50%, 

ʧʣʘʛʠʦʢʣʘʟ 15-20%, ʢʚʘʨʮ 30-35%, ᴇʥʛᴇʪ ʵʨʜʵʩ ʙʠʦʪʠʪ 5-10%, ʘʢʮʝʩʩʦʨ ʵʨʜʩװװʜ ʥʴ 

ʘʧʘʪʠʪ, ʮʠʨʢʦʥ, ʩʬʝʥ ʟʵʨʵʛ ʵʨʜʩʵʵʩ ʪʦʛʪʦʥʦ (ɿʫʨʘʛ 22). ʂ-ʭʵʵʨʠʡʥ ʞʦʥʰ ʥʴ ʧʝʣʠʪʵʵʨ 

ᴇʥʛᴇʮ ʙʦʭʠʨʜʩʦʥ, ʭʘʚʪʘʥʣʘʛ ʭʵʣʙʵʨʪʵʡ, ʪʘʩʘʣʜʩʘʥ ʟʫʨʚʘʩʣʘʛ ʭʵʣʙʵʨʪʵʡ ʘʣʴʙʠʪʳʥ 

ʙʠʯʠʣ ʫʨʛʘʣʪʫʫʜʪʘʡ, ʢʘʨʣʩʙʘʜ ʠʭʵʨʣʵʣʪʪʵʡ, ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ ʥʴ 0,5-3,5 ʤʤ ʭװʨʪʵʣ 

ʭʵʤʞʵʵʪʵʡ. ʂʘʣʠʰʧʘʪ ʧʣʘʛʠʦʢʣʘʟʳʛ ʪװʨʞ ʘʣʴʙʠʪʳʥ ʙʠʯʠʣ ʭװʨʵʵ װװʩʛʵʩʵʥ ʘʞʠʛʣʘʛʜʘʥʘ. 

ʇʣʘʛʠʦʢʣʘʟ (Ò1,2 ʤʤ) ʧʨʠʟʤʣʵʛ, ʧʝʣʠʪʵʵʨ ʞʠʛʜ ʙʫʩ ʙʦʭʠʨʜʩʦʥ, ʷʣʪʘʩʣʘʛ ʩʝʨʠʮʠʪʵʵʨ 


