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ɺɺɽɼɽʅʀɽ 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ, ʣʦʢʘʣʠʟʫʶʱʠʝʩʷ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʪʦʣʱʘʭ, ʥʘ ʟʘʧʘʜʝ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʝ ʢʘʢ çʦʨʦʛʝʥʥʳʡè1 ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠʥʪʨʫʟʠʝʡ (çReduced 

Intrusion-related Gold Systemsè, ʜʘʣʝʝ ï RIRGS2) ʪʠʧʳ, ʠʛʨʘʶʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ, ʥʘ ʥʠʭ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 40 % ʜʦʙʳʯʠ ʟʦʣʦʪʘ ʚ ʤʠʨʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʦʩʩʳʧʝʡ ʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʠʪʚʘʪʝʨʩʨʘʥʜ (ʖɸʈ) [ɹʦʨʪʥʠʢʦʚ ʠ ʜʨ., 2016; ʏʫʛʘʝʚ, 2024; Frimmel, 2008; 

Phillips, 2013; Lipson, 2014; Goldfarb et.al., 2014]. ʀʟʫʯʝʥʠʝ ʛʝʥʝʟʠʩʘ ʨʫʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʥʝ 

ʪʦʣʴʢʦ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʦ ʠ ʚ ʚʳʙʦʨʝ ʩʪʨʘʪʝʛʠʠ ʧʦʠʩʢʦʚʳʭ 

ʠ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ, 

ʢʘʩʘʶʱʠʝʩʷ ʛʝʥʝʟʠʩʘ çʦʨʦʛʝʥʥʳʭè ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʢʦʨʦʚʘʷ ʤʝʪʘʤʦʨʬʦʛʝʥʥʘʷ (crustal 

metamorphic model), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ [ɹʫʨʷʢ, ʍʤʝʣʝʚʩʢʘʷ, 1997; 

Goldfarb, Groves, 2015] ʠ ʤʘʛʤʘʪʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ (magmatic-hydrothermal model), 

ʠʤʝʶʱʘʷ ʤʝʥʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ [Webber et.al., 2013; de Boorder, 2012]. ɺ ʧʦʩʣʝʜʥʠʝ ʚʨʝʤʷ, 

ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʦʚ ʚʝʱʝʩʪʚʘ, ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʭ ʩʚʷʟʠ ʩ ʤʘʛʤʘʪʠʟʤʦʤ ʠ ʤʝʪʘʤʦʨʬʠʟʤʦʤ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [ɹʫʨʷʢ, 1987; ɻʦʨʷʯʝʚ, 2006; ɹʫʜʷʢ, 2009; ʂʨʷʞʝʚ, 2017; ɼʘʤʜʠʥʦʚ, 2018; 

ʉʘʚʯʫʢ, ɺʦʣʢʦʚ, 2020; ʏʫʛʘʝʚ, 2024; Groves, 1993; Groves et.al., 1998; 2018; Sillitoe, Thompson, 

1998; Kerrich et.al., 2000; 2005; Goldfarb, et.al., 2001; 2005; 2014; Phillips, Powell, 2010; Large et.al., 

2011; Tomkins, 2013; Fridovsky, 2018; Goldfarb, Pitcairn, 2023; Goryachev, Fridovsky, 2024 ʠ 

ʮʠʪʠʨʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ]. 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʥʘʯʘʣʦʩʴ 

ʝʱʝ ʚ XIX  ʚʝʢʝ, ʢʦʛʜʘ ʚʧʝʨʚʳʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʢʦʨʨʝʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʦʣʦʪʘ ɹʘʣʘʞʘʣ, ʩ ʪʦʛʦ 

ʤʦʤʝʥʪʘ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʚʝʜʫʪʩʷ ʥʝʧʨʝʨʳʚʥʦ. ʀʟʥʘʯʘʣʴʥʦ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʙʳʣ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʤʠ 

ʞʠʣʘʤʠ, ʦʪʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʜʥʘʢʦ, ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ, 

ʩ ʦʪʢʨʳʪʠʝʤ ʢʨʫʧʥʦʦʙʲʝʤʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ çɹʘʢʳʨʯʠʢʩʢʦʛʦè ʪʠʧʘ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ 

ʩʤʝʩʪʠʣʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʟʘʣʝʞʘʤʠ ʟʦʣʦʪʘ ʚ ʚʠʜʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ. ʂ ʵʪʦʤʫ 

ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʳʝ ɸʰʘʣʳ, ɺʘʩʠʣʴʝʚʩʢʦʝ ʠ ɸʢʞʘʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ. ɻʝʥʝʟʠʩ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʩʪʦʯʥʠʢ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ ʜʝʩʢʫʪʠʨʫʶʪʩʷ ʫʞʝ ʤʥʦʛʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. 

                                                 
1 ʆʨʦʛʝʥʥʳʡ ʪʠʧ ï ʟʦʣʦʪʦʨʫʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʢʦʣʠʟʠʦʥʥʳʭ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʘʭ. ʇʦʜʨʦʙʥʝʝ ʩʤ. 

ʩʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ 
2 RIRGS ï redused intrution-related gold systems (ʢʣʘʩʩ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʠʥʪʨʫʟʠʷʤʠ) ï ʧʦʜʨʦʙʥʝʝ ʩʤ. ʩʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ 
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ̫ ʚʣʷʶʪʩʷ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ, ɺʘʩʠʣʴʝʚʩʢʦʝ ʠ 

ʖʞʥʳʝ ɸʰʘʣʳ, ɸʢʞʘʣ-ɹʦʢʦ-ɸʰʘʣʠʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ (ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ). 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʵʪʘʧʦʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʳʷʚʣʝʥʠʝ 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʫʜ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʩʚʷʟʠ ʩ ʤʘʛʤʘʪʠʟʤʦʤ ʚ 

ʧʨʝʜʝʣʘʭ ɸʢʞʘʣ-ɹʦʢʦ-ɸʰʘʣʠʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ (ʜʘʣʝʝ ï ɸɹɸɿʈ).  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 1) 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʙʦʙʱʠʪʴ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʟʦʣʦʪʦʨʫʜʥʳʤ ʦʙʲʝʢʪʘʤ ɸɹɸɿʈ; 2) 

ʠʟʫʯʠʪʴ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ɸɹɸɿʈ, 

ʩ ʘʢʮʝʥʪʦʤ ʥʘ çʵʪʘʣʦʥʥʳʝè ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ ʠ ʖʞʥʳʝ ɸʰʘʣʳ; 3) ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʚ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʧʠʨʠʪʘ, ʤʘʨʢʘʟʠʪʘ ʠ 

ʘʨʩʝʥʦʧʠʨʠʪʘ ʧʨʠ ʧʦʤʦʱʠ ʉʕʄ (SEM çMIRA 3LMUè), ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ (JXA-8230) ʠ LA-ICP-

MS iCAP Qc (Thermo Scientific) ʘʥʘʣʠʟʦʚ; 4) ʦʧʨʝʜʝʣʠʪʴ ʠ ʫʪʦʯʥʠʪʴ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʠʟ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʩʣʶʜ (ʩʝʨʠʮʠʪʘ ʠ ʬʫʢʩʠʪʘ) ʠʟ ʨʫʜʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸʢʞʘʣ, ɺʘʩʠʣʴʝʚʩʢʦʝ ʠ ʖʞʥʳʝ ɸʰʘʣʳ; 5) ʦʧʨʝʜʝʣʠʪʴ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ŭ34S 

ʩʫʣʴʬʠʜʦʚ ʠ ŭ13ʉ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʋɺ) ʦʪʦʙʨʘʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ; 6) ʩʦʟʜʘʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ 

ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸɹɸɿʈ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ, ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʤʝʪʦʜʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥ 

ʤʘʪʝʨʠʘʣ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʙʨʘʥʥʳʡ ʘʚʪʦʨʦʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʦʛʥʦʟʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʀɻʄ ʉʆ ʈɸʅ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʚ ʧʝʨʠʦʜ ʩ 2020 ʧʦ 2025 ʛʛ., ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʧʦ ʧʨʦʛʨʘʤʤʝ ʈɸʅ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ çʄʝʪʘʣʣʦʛʝʥʠʷ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ 

ɸʟʠʠ: ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʤʧʣʝʢʩ 

ʧʦʠʩʢʦʚʳʭ ʢʨʠʪʝʨʠʝʚè ˉ 122041400237-8 ʠ ʯʘʩʪʠʯʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʝʡ ʚ ʣʠʮʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʠ (ʥʦʤʝʨ ʧʨʦʝʢʪʘ 

13.1902.24.44, ʥʦʤʝʨ ʩʦʛʣʘʰʝʥʠʷ 075-15-2024-641). ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʦʙʨʘʥ 

ʬʘʢʪʠʯʝʩʢʠʡ ʠ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʟ ʢʝʨʥʘ ʩʢʚʘʞʠʥ, ʢʘʨʴʝʨʦʚ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʥʘʞʝʥʠʡ ʠ 

ʢʘʥʘʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʢʞʘʣ, ɺʘʩʠʣʴʝʚʩʢʦʝ, ʂʦʣʦʨʘʜʦ, ɾʝʥʠʰʢʝ, ʖʞʥʦʝ, ʖʞʥʳʝ ɸʰʘʣʳ, 

ɹʘʣʘʞʘʣ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʉʝʨʛʝʡ-I, ɸʢʰʢʦʣʘ, ʂʦʡʪʘʩ, ɸʩʢʘʨ, ʂʘʨʘʞʘʣ.  

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʦ ʙʦʣʝʝ 500 ʦʙʨʘʟʮʦʚ ʨʫʜ ʠ ʧʦʨʦʜ, 250 ʘʥʰʣʠʬʦʚ, 25 

ʰʣʠʬʦʚ. ʀʟ ʦʙʨʘʟʮʦʚ ʚʳʜʝʣʝʥʦ ʙʦʣʝʝ 100 ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʧʨʦʙ ʧʠʨʠʪʘ, ʘʨʩʝʥʦʧʠʨʠʪʘ, 

ʮʠʨʢʦʥʘ, ʩʝʨʠʮʠʪʘ, ʢʚʘʨʮʘ ʠ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʀʟʛʦʪʦʚʣʝʥʦ ʙʦʣʝʝ 30 ʘʥʰʣʠʬʦʚ ʠ 16 

ʰʘʰʝʢ. ʀʩʩʣʝʜʦʚʘʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʟʦʥʘʣʴʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʠʨʫʶʱʝʡ 
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ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʙʦʣʝʝ 2-ʭ ʪʳʩ. ʘʥʘʣʠʟʦʚ) ʠ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʙʦʣʝʝ 300 

ʘʥʘʣʠʟʦʚ ʠ 45 ʧʦʵʣʝʤʝʥʪʥʳʭ ʢʘʨʪ). ʇʨʠ ʧʦʤʦʱʠ ʃɸ-ʀʉʇ-ʄʉ ʦʧʨʝʜʝʣʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʧʠʨʠʪʘ, ʤʘʨʢʘʟʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʨʘʮʠʡ (> 100 ʘʥʘʣʠʟʦʚ) ʠʟ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʢʞʘʣ, ʖʞʥʳʝ ɸʰʘʣʳ. ʋʩʪʘʥʦʚʣʝʥ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʘ (U/Pb ʤʝʪʦʜʦʤ) ʠʟ ʜʠʦʨʠʪʘ 

(1 ʧʨʦʙʘ) ʠ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʘ (2 ʧʨʦʙʳ), ʘ ʪʘʢʞʝ ʩʣʶʜ (ʩʝʨʠʮʠʪʘ ʠ ʬʫʢʩʠʪʘ, Ar/Ar ʤʝʪʦʜʦʤ) 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (3 ʧʨʦʙʳ). ʆʧʨʝʜʝʣʝʥ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʩʝʨʳ (ŭ34S) ʧʠʨʠʪʘ (10 ʧʨʦʙ), ʘʨʩʝʥʦʧʠʨʠʪʘ (5 ʧʨʦʙ), ʩʬʘʣʝʨʠʪʘ (1), ʛʘʣʝʥʠʪʘ (1), ʘ ʪʘʢʞʝ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ (ŭ13C) ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (3 ʧʨʦʙʳ). 

ɼʣʷ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʫʜ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ. 

ʆʧʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʬʦʪʦʜʦʢʫʤʝʥʪʘʮʠʷ ʘʥʰʣʠʬʦʚ ʠ ʧʣʘʩʪʠʥʦʢ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʤʠʢʨʦʩʢʦʧʝ çOlympus BX53Pè ʩ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ DP72. ʉʦʩʪʘʚʳ, ʟʦʥʘʣʴʥʦʩʪʴ ʠ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʜʘʣʝʝ ï ʉʕʄ) çMIRA 3LMUè (Tescan, ʏʝʭʠʷ, ʘʥʘʣʠʪʠʢʠ 

ʅ.ʉ. ʂʘʨʤʘʥʦʚ, ʄ.ɺ. ʍʣʝʩʪʦʚ) ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ INCA Energy 450 XMax 

80 (Oxford Instruments, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʚ ʨʝʞʠʤʘʭ ʚʪʦʨʠʯʥʳʭ (SE) ʠ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ (BSE) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ (ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ, ʪʦʢ ʧʫʯʢʘ 1 ʥɸ ʠ 

ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ 20 ʩ). ʂʘʨʪʠʨʦʚʘʥʠʝ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʧʨʦʚʝʜʝʥʦ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ NiKa, AsLa, AuLa, AgLa, CoKa, FeKa, SKa, SbLa ʥʘ ʵʣʝʢʪʨʦʥʥʦ-

ʟʦʥʜʦʚʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ (ʜʘʣʝʝ ï ʈʉʄɸ) JXA-8230 (Jeol Ltd) (ʘʥʘʣʠʪʠʢ ɺ.ɸ. ɼʘʥʠʣʦʚʩʢʘʷ). 

ʉʦʜʝʨʞʘʥʠʷ Au ʠ Ag ʚ ʧʦʨʦʜʘʭ ʠ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʬʨʘʢʮʠʷʭ ʦʧʨʝʜʝʣʝʥʳ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʘʥʘʣʠʪʠʢ ɺ.ʅ. ʀʣʴʠʥʘ).  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʠʨʠʪʝ, ʘʨʩʝʥʦʧʠʨʠʪʝ ʠ ʤʘʨʢʘʟʠʪʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ (ʜʘʣʝʝ ï ʃɸ-ʀʉʇ-ʄʉ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ iCAP Qc 

(Thermo Scientific), ʦʙʲʝʜʠʥʸʥʥʦʛʦ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʣʘʟʝʨʥʦʛʦ ʧʨʦʙʦʦʪʙʦʨʘ NewWave Research 213 

(Elemental Scientific) (ʣʘʟʝʨ Nd:YAG; ʜʣʠʥʘ ʚʦʣʥʳ 213 ʥʤ) (ʘʥʘʣʠʪʠʢʠ ʀ.ʉ. ʂʘʨʧʫʪʠʥ ʠ 

ɸ.ʃ. ʈʘʛʦʟʠʥ). ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʡ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʩʪʝʢʣʘ NIST 610, ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ï 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʕɼʉ (SEM çMIRA 3LMUè) ʢʦʥʮʝʥʪʨʘʮʠʠ Fe. ɼʨʝʡʬ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʨʠʙʦʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʩʲʸʤʢʦʡ NIST 612 ʚ ʢʘʯʝʩʪʚʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʦʙʨʘʟʮʘ. ɼʠʘʤʝʪʨ ʧʷʪʥʘ 

ʘʙʣʷʮʠʠ ï 40-50 ʤʢʤ, ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ï 10 ɻʮ, ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ~ 3,5 ɼʞ/ʩʤ2. 

ʇʨʦʙʦʧʦʜʘʶʱʠʡ ʛʘʟ ï ʛʝʣʠʡ (0,5 ʣ/ʤʠʥ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʪʦʢ ʘʨʛʦʥʘ (0,8 ʣ/ʤʠʥ). ɺʨʝʤʝʥʘ 

ʟʘʜʝʨʞʢʠ (ʪ. ʝ. ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟʦʪʦʧʘ ʟʘ ʦʜʥʫ ʨʘʟʚʸʨʪʢʫ ʢʚʘʜʨʫʧʦʣʷ) ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ï 10 ʤʩ ʥʘ ʢʘʞʜʫʶ ʤʘʩʩʫ, ʦʜʠʥ ʧʨʦʭʦʜ ʧʦ ʚʩʝʤ ʤʘʩʩʘʤ ʟʘ ʨʘʟʚʸʨʪʢʫ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʣʦ 

85 ʩ ʥʘ ʪʦʯʢʫ, ʚʢʣʶʯʘʷ 30 ʩ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ. ɼʘʥʥʳʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʨʝʞʠʤʝ 
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ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʚʠʜʝ çʚʨʝʤʝʥʥʳʭ ʩʨʝʟʦʚè ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʚʦ ʚʨʝʤʝʥʠ. ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʠʟʦʪʦʧʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ 

ʤʘʩʩʝ ʠ ʧʦ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʚʦ çʚʨʝʤʝʥʥʦʤ ʩʨʝʟʝè. ʏʝʨʝʟ ʢʘʞʜʳʝ 10 ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ NIST 610 ʠ NIST 612. ɺ ʢʘʯʝʩʪʚʝ ʟʘʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭ ʞʝ ʦʙʨʘʟʮʦʚ (ʚ ʩʦʩʝʜʥʠʭ ʪʦʯʢʘʭ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʥʝʰʥʝʛʦ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʫʣʴʬʠʜʥʦʛʦ ʩʪʘʥʜʘʨʪ UQAC. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʧʦʩʪʨʦʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʘʟʚʝʨʪʦʢ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ LADR v1.1.07 (2021-11-23). 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʘʭ Microsoft Excel 2016 

(16.0.5478.1002) ʠ STATISTICA 10.  

U/Pb-ʜʘʪʠʨʦʚʘʥʠʝ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ LA-ICP-MS (ʘʥʘʣʠʪʠʢ 

ɼ.ɺ. ʉʝʤʝʥʦʚʘ, ɸ.ɺ. ʂʘʨʧʦʚ). ʎʠʨʢʦʥʳ ʦʪʙʠʨʘʣʠʩʴ ʚʨʫʯʥʫʶ ʠ ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʚ ʪʷʞʝʣʳʭ 

ʞʠʜʢʦʩʪʷʭ. ʄʦʨʬʦʣʦʛʠʷ ʠ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʮʠʨʢʦʥʦʚ ʠʟʫʯʘʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ 

ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ Thermo Scientific Element XR, ʩʦʝʜʠʥʝʥʥʦʤ ʩ ʩʠʩʪʝʤʦʡ ʣʘʟʝʨʥʦʡ 

ʘʙʣʷʮʠʠ New Wave Research UP 213, ʥʘ ʦʩʥʦʚʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ Nd:YAG ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 213 ʥʤ. ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ 208Pb ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ 248ThO+/232Th+ (ʤʝʥʝʝ 

2%), ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪ NIST SRM612. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʧʦ ʤʘʩʩʘʤ 206Pb, 207Pb, 208Pb, 

232Th, 235U, 238U. ʉʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʝʞʠʤʝ E-scan. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʨʝʞʠʤʝ ʩʯʝʪʘ (counting) ʜʣʷ ʚʩʝʭ ʠʟʦʪʦʧʦʚ, ʢʨʦʤʝ 238U ʠ 232Th (ʨʝʞʠʤ triple). ɼʠʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ 

ʣʫʯʘ ʩʦʩʪʘʚʣʷʣ 30 ʤʢʤ, ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ 5 Hz ʠ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ 3.0-3.5 ɼʞ/ʩʤ2. ɼʘʥʥʳʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ñGlitterò (GEMOC) [Griffin  et.al., 2008]. UïPb ʠʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʥʦʨʤʘʣʠʟʦʚʘʣʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩʪʘʥʜʘʨʪʥʳʭ ʮʠʨʢʦʥʦʚ 

Plesovice [Slama et al., 2008]. ʇʦʛʨʝʰʥʦʩʪʠ ʝʜʠʥʠʯʥʳʭ ʘʥʘʣʠʟʦʚ (ʦʪʥʦʰʝʥʠʡ, ʚʦʟʨʘʩʪʦʚ) 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʫʨʦʚʥʝ 2ů. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ 

ʮʠʨʢʦʥʘ GJ-1 (207Pb/206Pb ʚʦʟʨʘʩʪ 608,53Ñ0,37 ʤʣʥ ʣʝʪ) [Jackson et.al., 2004]. 

ʆʧʨʝʜʝʣʝʥʠʝ 40Ar/39Ar ʚʦʟʨʘʩʪʘ ʩʝʨʠʮʠʪʘ ʠ ʬʫʢʩʠʪʘ ʠʟ ʨʫʜʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʦ ʤʝʪʦʜʠʢʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʦʛʨʝʚʘ (ʘʥʘʣʠʪʠʢʠ ɸ.ɺ. ʊʨʘʚʠʥ ʠ ɼ.ʉ. ʖʜʠʥ), ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ 

[ʊʨʘʚʠʥ ʠ ʜʨ., 2009; ʊʨʘʚʠʥ, 2016]. ʉʝʨʠʮʠʪʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩ ʧʨʠʤʝʩʴʶ ʢʚʘʨʮʘ ʦʪʙʠʨʘʣʩʷ 

ʚʨʫʯʥʫʶ ʠʟ ʩʘʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʠʟ ʜʨʦʙʣʝʥʦʡ ʬʨʘʢʮʠʠ ʠ ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ (50:50 %), ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʠ ʢʘʨʙʦʥʘʪʘ. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ŭ34S ʦʧʨʝʜʝʣʷʣʩʷ ʚ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʬʨʘʢʮʠʷʭ ʧʠʨʠʪʘ, ʘʨʩʝʥʦʧʠʨʠʪʘ, 

ʩʬʘʣʝʨʠʪʘ ʠ ʛʘʣʝʥʠʪʘ, ʦʪʦʙʨʘʥʥʳʭ ʧʦʜ ʙʠʥʦʢʫʣʷʨʥʦʡ ʣʫʧʦʡ ʩ ʯʠʩʪʦʪʦʡ ʥʝ ʥʠʞʝ 95%, ʥʘ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ Finnigan MAT Delta ʚ ʨʝʞʠʤʝ ʜʚʦʡʥʦʛʦ ʥʘʧʫʩʢʘ (ʘʥʘʣʠʪʠʢʠ ɺ.ʅ. ʈʝʫʪʩʢʠʡ, 
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ʄ.ʅ. ʂʦʣʙʘʩʦʚʘ). ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ŭ34S, ʚʢʣʶʯʘʷ ʧʦʜʛʦʪʦʚʢʫ ʦʙʨʘʟʮʘ, ʥʝ ʥʠʞʝ 0,1 

ă. ɿʥʘʯʝʥʠʷ ŭ34S ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʘ CDT. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ŭ13ʉ ʋɺ 

ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ FINNIGAN MAT-453 ʩ ʧʨʠʩʪʘʚʢʦʡ Flash EA 1112 (ʘʥʘʣʠʪʠʢ 

ɺ.ʅ. ʈʝʫʪʩʢʠʡ). ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ŭ13ʉ ʩʦʩʪʘʚʣʷʝʪ Ñ 0,1 ă. ʀʟʦʪʦʧʥʳʝ ʟʥʘʯʝʥʠʷ ŭ13ʉ 

ʧʨʠʚʦʜʷʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʘ V-PDB. 

ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʧʝʨʚʠʯʥʦʡ ʧʦʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʝ 

ʠʪʦʛʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ AutoCAD, CorelDraw, Isoplot 3, 

ArcGIS, QGIS 3.24.3, Google Earth Pro ʠ TriQuick, STATISTICA 10. ɺʩʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʂʇ ʄʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʠ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ (ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʧʦʣʫʯʝʥʠʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ. ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʣʦʞʝʥʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

ʆʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ.  

1.  ɺ ɸʢʞʘʣ-ɹʦʢʦ-ɸʰʘʣʠʥʩʢʦʤ ʟʦʣʦʪʦʨʫʜʥʦʤ ʨʘʡʦʥʝ (ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ), ʚʳʜʝʣʷʝʪʩʷ 

ʜʚʘ ʵʪʘʧʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ: ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʳʡ (ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ) ï ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʠ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʡ (ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ) ï ʤʘʛʤʘʪʦʛʝʥʥʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ.  

2. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʳʝ ɸʰʘʣʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʛʝʥʝʨʘʮʠʠ ʦʩʘʜʦʯʥʦ-

ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʛʦ (Py-I), ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ (Py-II, Apy-I) ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ (Py-III, Apy-II) 

ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʨʘʟʣʠʯʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʦʤ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ. ɺ ʦʩʘʜʦʯʥʦ-ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʤ ʧʠʨʠʪʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ Au, As, Ag, Mo, Pb, Cu, 

Sb, Cr, Co. ɺ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʤ ʧʠʨʠʪʝ ʦʪ ʷʜʝʨ ʢ ʧʝʨʠʬʝʨʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ As ʠ 

Sb, ʧʨʠ ʵʪʦʤ ʮʝʥʪʨ ʦʙʦʛʘʱʝʥ ʤʠʥʝʨʘʣʴʥʳʤʠ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ (ʟʦʣʦʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ 

ʙʣʝʢʣʳʭ ʨʫʜ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ. ɺ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʧʠʨʠʪʝ 

ʧʦʚʳʰʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ Ni ʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʭʨʦʤʠʪʘ ʠ ʩʫʣʴʬʦʘʨʩʝʥʠʜʦʚ Fe-

Ni-Co. 

3. ɺ ɸʢʞʘʣ-ɹʦʢʦ-ɸʰʘʣʠʥʩʢʦʤ ʟʦʣʦʪʦʨʫʜʥʦʤ ʨʘʡʦʥʝ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦʝ ʦʨʫʜʝʥʝʥʠʝ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʥʘ ʩʪʘʜʠʠ ʦʨʦʛʝʥʝʟʘ (ʜʦ 315 ʤʣʥ ʣʝʪ), ʚʦʟʨʘʩʪ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 303-280 ʤʣʥ ʣʝʪ ʠ ʙʣʠʟʦʢ ʚʨʝʤʝʥʠ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʠ 

ʙʘʟʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ï 309-292 ʤʣʥ ʣʝʪ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 
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ʜʘʥʥʳʭ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʦʪʨʘʞʘʝʪ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʢʞʘʣ-ɹʦʢʦ-ɸʰʘʣʠʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ 

(ɸɹɸɿʈ) ʠ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ɸɹɸɿʈ 

ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʜʚʘ ʵʪʘʧʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ: ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʳʡ ï ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʠ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʡ ï ʤʘʛʤʘʪʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ. ɺʧʝʨʚʳʝ 

ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʢʞʘʣ ʠ ʖʞʥʳʝ ɸʰʘʣʳ ʧʨʠʤʝʥʠʣʠ ʤʝʪʦʜʳ ʃɸ-ʀʉʇ-ʄʉ (ʪʦʯʝʯʥʳʡ) ʠ 

ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ (ʢʘʨʪʠʨʦʚʘʥʠʝ) ʘʥʘʣʠʟʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʳʝ ɸʰʘʣʳ ʚʳʷʚʣʝʥʳ 

ʨʘʟʣʠʯʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʫ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʛʝʥʝʨʘʮʠʷʭ ʦʩʘʜʦʯʥʦ-ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʛʦ, ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ, U/Pb ʤʝʪʦʜʦʤ (ʧʦ ʮʠʨʢʦʥʫ) ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ Ar/Ar ʤʝʪʦʜʦʤ (ʧʦ ʩʝʨʠʮʠʪʫ ʠ 

ʬʫʢʩʠʪʫ) ʜʣʷ ʨʫʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʩʫʙʩʠʥʭʨʦʥʥʦʝ (ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʢʞʘʣ, 

ɺʘʩʠʣʴʝʚʩʢʦʝ) ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ (ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʳʝ ɸʰʘʣʳ) ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʨʫʟʠʡ 

ʠ ʨʫʜʦʥʦʩʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.  

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʚʦʰʣʠ ʚ ʠʪʦʛʦʚʳʝ ʦʪʯʝʪʳ ʧʦ ʭʦʟʜʦʛʦʚʦʨʥʳʤ ʨʘʙʦʪʘʤ [ʂʘʣʠʥʠʥ, 

2021ʬ] ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ (ʊʆʆ çGEO-KZè, çGoldstone 

Mineralsè çʂ-ʇʃɽʁʉɽʈè) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʠʩʢʦʚʳʭ, ʨʘʟʚʝʜʦʯʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɸʢʞʘʣ-ɹʦʢʦ-ɸʰʘʣʠʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʢʞʘʣ-

ɹʦʢʦ-ɸʰʘʣʠʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʭʝʤ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 177 ʩʪʨ. ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʩʝʤʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, 3 ʧʨʠʣʦʞʝʥʠʡ, 60 ʨʠʩʫʥʢʦʚ, 17 ʪʘʙʣʠʮ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 242 

ʠʩʪʦʯʥʠʢʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ 

(ʚ ʩʦʘʚʪʦʨʩʪʚʝ) ʚ ʞʫʨʥʘʣʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʇʝʨʝʯʝʥʴ ɺɸʂ, ʘ ʪʘʢʞʝ 8 ʪʝʟʠʩʦʚ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʪʘʢʠʭ ʢʘʢ: çʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷè, ʅʦʚʦʩʠʙʠʨʩʢ, ʅɻʋ, 2021, 

2022; çX International Siberian Early Career GeoScientists Conferenceè, ʅʦʚʦʩʠʙʠʨʩʢ, ʀɻʄ ʉʆ 

ʈɸʅ, 2022; çʄʝʪʘʣʣʦʛʝʥʠʷ ʜʨʝʚʥʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʝʘʥʦʚè, ʄʠʘʩʩ, ʖʋ ʌʅʎ ʄʠɻ ʋʨʆ ʈɸʅ, 

2023, 2025; çʅʦʚʦʝ ʚ ʧʦʟʥʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷè, ʄʦʩʢʚʘ, ʀɻɽʄ ʈɸʅ, 2023; çXI 

ʉʠʙʠʨʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʥʘʫʢʘʤ ʦ ʟʝʤʣʝè, ʅʦʚʦʩʠʙʠʨʩʢ, ʀɻʄ ʉʆ ʈɸʅ, 2024; 
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çXIV ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʛʝʦʣʦʛʠʷ, ʧʨʦʛʥʦʟ, ʧʦʠʩʢʠ ʠ ʦʮʝʥʢʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ, ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚè, ʄʦʩʢʚʘ, ʎʅʀɻʈʀ, 2025. 

ʉʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ: 

ʂʘʣʠʥʠʥ ʖ.ɸ., ʂʦʚʘʣʝʚ ʂ.ʈ., ʉʝʨʜʶʢʦʚ ɸ.ʅ., ɻʣʘʜʢʦʚ ɸ.ʉ., ʉʫʭʦʨʫʢʦʚ ɺ.ʇ., ʅʘʫʤʦʚ ɽ.ɸ., 

ʊʨʘʚʠʥ ɸ.ɺ., ʉʝʤʝʥʦʚʘ ɼ.ɺ., ʉʝʨʝʙʨʷʢʦʚ ɽ.ɺ., ɻʨʝʢʫ ɽ.ɼ. ɺʦʟʨʘʩʪʥʳʝ ʨʫʙʝʞʠ ʠ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʢʞʘʣ-ɹʦʢʦ-ɸʰʘʣʠʥʩʢʦʡ 

ʨʫʜʥʦʡ ʟʦʥʳ (ɸʣʪʘʡʩʢʘʷ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʘʷ ʩʠʩʪʝʤʘ) // ɻʝʦʜʠʥʘʤʠʢʘ ʠ ʪʝʢʪʦʥʦʬʠʟʠʢʘ. 

2021. ʊ. 12. ˉ. 2. ʉ. 392ï408. DOI: 10.5800/GT-2021-12-2-0530. 

ɻʨʝʢʫ ɽ. ɼ., ʂʘʣʠʥʠʥ ʖ. ɸ., ʉʝʨʜʶʢʦʚ ɸ. ʅ., ʅʘʫʤʦʚ ɽ. ɸ., ɹʦʨʦʚʠʢʦʚ ɸ. ɸ., ʈʘʛʦʟʠʥ ɸ. 

ʃ., ɻʣʘʜʢʦʚ ɸ. ʉ. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʧʠʨʠʪʘ ʠ 

ʘʨʩʝʥʦʧʠʨʠʪʘ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʳʝ ɸʰʘʣʳ (ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ) // ʈʫʜʳ ʠ 

ʤʝʪʘʣʣʳ. 2024. ˉ 4. ʉ. 5ï36. DOI: 10.47765/0869-5997-2024-100016. 

ɻʨʝʢʫ ɽ. ɼ., ʂʘʣʠʥʠʥ ʖ. ɸ., ɻʣʘʜʢʦʚ ɸ. ʉ., ʅʘʫʤʦʚ ɽ. ɸ., ʉʝʨʜʶʢʦʚ ɸ. ʅ., ɹʦʨʦʚʠʢʦʚ ɸ. 

ɸ., ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʣʦʪʦʨʫʜʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʳʝ ɸʰʘʣʳ (ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ) // ʈʫʜʳ ʠ ʤʝʪʘʣʣʳ. 2025. ˉ 1. ʉ. 54ï82. 

DOI: 10.47765/0869-5997-2025-10004. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʜ.ʛ.- ʤ.ʥ., ʂʘʣʠʥʠʥʫ ʖ.ɸ. ʟʘ ʧʦʤʦʱʴ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʜʝʨʞʢʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʢʨʠʪʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ ʠ ʩʦʚʝʪʳ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʧʠʩʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ. ɿʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ, ʧʦʜʜʝʨʞʢʫ ʠ ʦʙʩʫʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʘʚʪʦʨ 

ʧʨʠʟʥʘʪʝʣʝʥ ɹʝʣʦʛʫʙ ɽ.ɺ., ɹʦʨʦʚʠʢʦʚʫ ɸ.ɸ., ɹʨʫʩʥʠʮʠʥʫ ɸ.ʀ., ɻʘʩʴʢʦʚʫ ʀ.ɺ., ɻʣʘʜʢʦʚʫ ɸ.ʉ., 

ɾʤʦʜʠʢʫ ʉ.ʄ., ɾʫʢʦʚʦʡ ʀ.ɸ., ʀʟʦʭʫ ɸ.ʕ., ʂʠʨʠʯʝʥʢʦ ʀ.ʉ., ʂʦʙʟʝʚʦʡ ɸ.ɺ., ʂʦʚʘʣʝʚʫ ʂ.ʈ., 

ʂʦʥʦʧʝʣʴʢʦ ɼ.ʃ., ʂʨʫʢʫ ʅ.ʅ., ʂʫʡʙʠʜʝ ʄ.ʃ., ʂʫʢʫʰʢʠʥʫ ʂ.ɸ., ʃʘʚʨʝʥʯʫʢʫ ɸ.ɺ., ʃʘʟʘʨʝʚʦʡ ɽ.ɺ., 

ʄʘʢʘʨʦʚʫ ɺ.ɸ., ʄʘʩʣʝʥʥʠʢʦʚʫ ɺ.ɺ., ʄʝʣʝʢʝʩʮʝʚʦʡ ʀ.ʖ., ʅʘʫʤʦʚʫ ɽ.ɸ., ʅʝʚʦʣʴʢʦ ʇ.ɸ., 

ʇʣʦʪʠʥʩʢʦʡ ʆ.ʖ., ʉʝʨʜʶʢʦʚʫ ɸ.ʅ., ʉʤʠʨʥʦʚʫ ʉ.ɿ., ʉʥʘʯʝʚʫ ɸ.ɺ., ʉʫʭʦʨʫʢʦʚʫ ɺ.ʇ., ʊʦʣʩʪʳʭ 

ʅ.ɼ., ʊʫʨʢʠʥʦʡ ʆ.ʄ., ʍʨʦʤʳʭʫ ʉ.ɺ., ʐʘʚʝʢʠʥʦʡ ɸ.ʐ., ʖʜʦʚʩʢʦʡ ʄ.ɸ., ʗʢʦʚʣʝʚʫ ɺ.ɸ. ʆʩʦʙʫʶ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʟʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʘʥʠʣʦʚʩʢʦʡ ɺ.ɸ., ʀʣʴʠʥʦʡ ɺ.ʅ., ʂʘʨʤʘʥʦʚʫ ʅ.ʉ., ʂʘʨʧʦʚʫ ɸ.ɺ., ʂʘʨʧʫʪʠʥʫ ʀ.ʉ., ʂʦʣʙʘʩʦʚʦʡ 

ʄ.ʅ., ʈʘʛʦʟʠʥʫ ɸ.ʃ., ʈʝʫʪʩʢʦʤʫ ɺ.ʅ., ʉʝʤʝʥʦʚʦʡ ɼ.ɺ., ʊʨʘʚʠʥʫ ɸ.ɺ., ʍʣʝʩʪʦʚʫ ʄ.ɺ., ʖʜʠʥʫ ɼ.ʉ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʦʣʦʩʦʚʘ ɸ.ʉ., ɿʠʥʷʢʠʥʘ ʉ.ʉ., 

ʂʦʪʣʝʨʘ ʇ.ɼ., ʂʫʟʴʤʠʥʫ ʆ.ʅ., ʄʠʭʝʝʚʘ ɽ.ʀ., ʄʦʨʦʟ ɽ.ʅ., ʅʘʨʳʞʥʦʚʫ ɸ.ɺ., ʇʝʥʢʠʥʫ ɺ.ɸ., 

ʎʘʨʝʚʫ ʄ.ɼ.  
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ɻʃɸɺɸ 1. ʈɽɻʀʆʅɸʃʔʅʆɽ ʇʆʃʆɾɽʅʀɽ ʀ ɻɽʆʃʆɻʀʏɽʉʂʆɽ ʉʊʈʆɽʅʀɽ ɸɹɸɿʈ 

ʊʝʨʨʠʪʦʨʠʘʣʴʥʦ, ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʧʣʘʥʝ, ɸʢʞʘʣ-ɹʦʢʦ-ɸʰʘʣʠʥʩʢʠʡ ʟʦʣʦʪʦʨʫʜʥʳʡ 

ʨʘʡʦʥ ʨʘʩʧʦʣʘʛʘʝʪ ʚ ʧʨʝʜʝʣʘʭ ɾʘʨʤʠʥʩʢʦʛʦ ʠ ʂʦʢʧʝʢʪʠʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʈʠʩʫʥʦʢ 1.1). ɸɹɸɿʈ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦ 

ʟʥʘʯʠʤʳʤ ʟʦʣʦʪʦʨʫʜʥʳʤ ʨʘʡʦʥʦʤ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʠʟʜʘʚʥʘ, ʥʘʯʠʥʘʷ ʩ XIX  ʚʝʢʘ, ʚʝʜʫʪʩʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʨʫʜʥʦʝ ʠ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ.  

 
ʈʠʩʫʥʦʢ 1.1. ɿʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʟʘʭʩʪʘʥʘ, ʂʠʪʘʷ, ʄʦʥʛʦʣʠʠ ʠ ʈʦʩʩʠʠ ʥʘ 

ʩʥʠʤʢʝ ʩʦ ʩʧʫʪʥʠʢʘ. (ʉʥʠʤʦʢ ʩʜʝʣʘʥ ʚ Google Earth Pro) 

 

1.1. ʂʨʘʪʢʠʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʯʝʨʢ 

ʅʘʯʠʥʘʷ ʩ XX ʚʝʢʘ, ʠʟʫʯʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʨʘʡʦʥʘ ʟʘʥʠʤʘʣʠʩʴ 

ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ: ɸʙʘʢʫʤʦʚʩʢʘʷ ʃ.ʄ., ɸʚʜʝʝʚʩʢʠʡ ʖ.ʌ., ɸʛʘʤʠʨʷʥ ʂ.ɸ., ɸʟʦʚʩʢʠʡ 

ʖ.ɻ., ɸʡʪʙʘʝʚʘ ʉ.ʉ., ɸʣʝʢʪʦʨʦʚʘ ɽ.ɸ., ɸʤʨʘʣʠʥʦʚʘ ɹ.ɹ., ɸʨʫʩʪʘʤʦʚ ɸ.ɸ., ɸʭʤʝʪʦʚ ʂ.ʉ., 

ɸʭʤʝʪʦʚʘ ʂ.ʉ., ɹʘʢʰʝʝʚ ʅ.ɸ., ɹʘʨʘʥʦʚ ʉ.ʌ., ɹʝʢʞʘʥʦʚ ɻ.ʈ., ɹʝʨʟʠʥ ʅ.ɸ., ɹʝʩʝʜʠʥʘ ʈ.ɼ., ɹʝʩʧʘʝʚ 

ʍ.ɸ., ɹʦʨʦʜʘʝʚʩʢʠʡ ʅ.ʀ., ɹʦʨʮʦʚ ɺ.ɼ., ɹʦʡʯʝʥʢʦ ʖ.ɸ., ɹʦʨʠʩʝʥʢʦ ɸ.ʉ., ɹʦʨʦʚʠʢʦʚ ɸ.ɸ., 

ɹʦʨʦʚʠʢʦʚʘ ɻ.ʅ., ɹʦʯʘʨʦʚ ʀ.ɺ., ɹʫʛʘʝʮ ɸ.ʅ., ɺʘʫʣʠʥ ʆ.ɺ., ɺʠʰʥʷʢʦʚ ʖ.ʄ., ɺʦʨʦʥʮʦʚ ʉ.ʅ., 

ɺʣʘʜʠʤʠʨʦʚ ɸ.ɻ., ɻʘʚʨʠʣʦʚ ɸ.ʄ., ɻʘʥʞʝʥʢʦ ɻ.ɼ., ɻʝʨʤʘʥ ʉ.ʄ., ɻʣʘʜʢʦʚ ɸ.ʉ., ɻʣʦʙʘ ɺ.ɸ., 

ɻʦʣʫʙʮʦʚ ɺ.ɽ., ɻʫʩʝʚ ɸ.ʀ., ɼʦʙʨʝʮʦʚ ʅ.ʃ., ɼʳʢʫʣʴ ɺ.ɻ., ɼʴʷʯʢʦʚ ɹ.ɸ., ɽʣʠʩʝʝʚ ʅ.ɸ., ɽʥʠʢʝʝʚʘ 
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ʅ.ʊ., ɽʨʤʦʣʦʚ ʇ.ɸ., ɽʨʰʦʚ ɸ.ʀ., ɾʘʫʪʠʢʦʚ ʊ.ʄ., ɿʠʤʘʥʦʚʩʢʘʷ ʅ.ɸ., ʀʙʨʘʝʚ ʉ., ʀʟʦʭ ɸ.ʕ., ʀʟʦʭ 

ʕ.ʇ., ʂʘʛʘʨʤʘʥʦʚ ɸ.ʍ., ʂʘʟʘʢʝʚʠʯ ʀ.ɺ., ʂʘʣʠʥʠʥ ʖ.ɸ., ʂʠʨʜʷʰʢʠʥ ɽ.ɺ., ʂʦʚʘʣʝʚ ʂ.ʈ., ʂʦʟʣʦʚ 

ɺ.ʄ., ʂʦʣʧʘʢʦʚ ɺ.ɺ., ʂʦʤʘʨ ɺ.ɸ., ʂʦʨʦʙʝʡʥʠʢʦʚ ɸ.ʌ., ʂʦʩʪʶʢ ʌ.ʉ., ʂʦʰʢʘʨʝʚʘ ɼ.ɸ., ʂʫʟʝʙʥʳʡ 

ɺ.ʉ., ʂʫʟʴʤʝʥʢʦ ʄ.ɸ., ʂʫʟʴʤʠʥʘ ʆ.ʅ., ʂʫʣʠʢʦʚ ɸ.ʄ., ʂʫʯʫʢʦʚʘ ʃ.ʄ., ʃʝʚʠʥ ɻ.ɹ., ʃʠʭʦʜʝʝʚ ɺ.ʗ., 

ʃʶʙʝʮʢʠʡ ɺ.ʅ., ʃʶʙʝʮʢʘʷ ʃ.ɼ., ʄʘʡʦʨʦʚʘ ʅ.ʇ., ʄʘʣʳʭ ɺ.ʉ., ʄʘʩʣʝʥʥʠʢʦʚ ɺ.ɺ., ʄʠʟʝʨʥʘʷ ʄ.ɸ., 

ʄʠʢʠʪʯʝʥʢʦ ɺ.ʗ., ʄʫʢʘʝʚ ɸ.ɽ., ʄʫʨʘʪʦʚ ʄ.ɺ., ʄʳʩʥʠʢ ɸ.ʄ., ʅʘʚʦʟʦʚ ʆ.ɺ., ʅʘʣʠʚʘʝʚ ɺ.ʀ., 

ʅʘʨʩʝʝʚ ɺ.ɸ., ʅʘʫʤʦʚ ɽ.ɸ., ʅʝʭʦʨʦʰʝʚ ɺ.ʇ., ʅʠʢʦʣʘʝʚ ɺ.ʇ., ʅʦʩʢʦʚ ʃ.ʄ., ʆʙʫʪ ʆ.ʊ., ʆʡʮʝʚʘ 

ʊ.ɸ., ʆʢʫʥʝʚ ʕ.ɺ., ʇʘʚʣʦʚʘ ɺ.ɽ., ʇʘʨʠʣʦʚ ʖ.ʉ., ʇʦʣʝʚʘʷ ʃ.ɼ., ʇʦʣʷʥʩʢʠʡ ʅ.ɺ., ʈʘʜʠʦʥʦʚ ɺ.ɸ., 

ʈʘʬʘʠʣʦʚʠʯ ʄ.ʉ., ʈʝʚʷʢʠʥ ʇ.ʉ., ʈʫʩʘʥʦʚ ɻ.ɻ., ʉʘʧʘʨʛʘʣʠʝʚ ɽ.ʄ., ʉʘʬʦʥʦʚʘ ʀ.ʖ., ʉʚʠʨʠʣʦʚ ɺ.ɻ., 

ʉʝʤʝʦʥʝʥʢʦ ʅ.ʅ., ʉʝʨʜʶʢʦʚ ɸ.ʅ., ʉʝʨʜʶʢʦʚ ʄ.ʂ., ʉʠʤʦʥʦʚ ɺ.ɸ., ʉʣʘʚʠʥ ɺ.ʀ., ʉʦʢʨʘʪʦʚ ɻ.ʀ., 

ʉʦʣʷʥʠʢ ɺ.ʇ., ʉʫʣʪʘʥ-ɹʝʢ ʈ.ɻ., ʉʫʶʥʜʫʢʦʚ ʂ.ʅ., ʊʠʪʦʚ ɼ.ɺ., ʊʨʘʚʠʥ ɸ.ɺ., ʋʛʣʠʥ ɸ.ʌ., 

ʌʦʛʝʣʴʤʘʥ ʅ.ɸ., ʌʨʝʡʤʘʥ ɻ.ɻ., ʍʠʩʘʤʫʪʜʠʥʦʚ ʄ.ɻ., ʍʨʦʤʳʭ ʉ.ɺ., ʏʝʨʥʝʥʢʦ ɿ.ʀ., ʏʫʭʨʦʚ ʌ.ʉ., 

ʐʝʚʝʨʠʥ ʊ.ʈ., ʑʝʨʙʘ ɻ.ʅ., ʖʩʫʧʦʚ ʄ.ʍ. ʗʛʦʚʢʠʥ ʀ.ʉ. ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʫʚʘʞʘʝʤʳʝ ʣʶʜʠ, 

ʚʥʝʩʰʠʝ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʛʝʦʣʦʛʠʠ ʨʘʡʦʥʘ. 

ʆʬʠʮʠʘʣʴʥʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ɸɹɸɿʈ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɿʘʧʘʜʥʦ-

ʂʘʣʙʠʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʧʦʷʩʘ (ʜʘʣʝʝ ï ɿʂɿʇ), ʥʘʯʠʥʘʝʪʩʷ ʩ 1824 ʛ., ʢʦʛʜʘ ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʧʝʨʚʳʝ ʟʘʷʚʢʠ ʥʘ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ ʢʦʤʤʝʨʮʠʠ ʩʦʚʝʪʥʠʢʦʤ ʉ. ʇʦʧʦʚʳʤ. ʇʝʨʚʘʷ ʨʦʩʩʳʧʴ ʟʦʣʦʪʘ, 

ʚ ʧʨʝʜʝʣʘʭ ɿʂɿʇ, ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 1833 ʛ., ʚʧʦʩʣʝʜʩʪʚʠʠ ʩ 1834 ʧʦ 1890 ʛʛ. ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʙʦʣʝʝ 150 ʨʦʩʩʳʧʝʡ, ʢʦʪʦʨʳʝ ʚ 1880ï1913 ʛʛ. ʜʘʣʠ ʙʦʣʝʝ 121 ʪ Au. ʇʝʨʚʦʝ ʢʦʨʝʥʥʦʝ ʟʦʣʦʪʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɹʘʣʘʞʘʣ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʪʘʨʘʪʝʣʷʤʠ ʚ 1886 ʛ., ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʶ 

ʤʝʩʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɿʦʣʦʪʦʥʦʩʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ (ʞʠʣʘ 

ʇʘʨʘʣʣʝʣʴʥʘʷ) ʙʳʣʠ ʦʪʢʨʳʪʳ ʚ 1890 ʛ. ʄʥʦʞʝʩʪʚʦ ʦʪʢʨʳʪʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʂɿʇ ʨʘʟʣʠʯʥʦʛʦ 

ʨʘʥʛʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 1930-ʝ ʠ 1950-ʝ ï 1960-ʝ ʛʛ., ʩʨʝʜʠ ʢʦʪʦʨʳʭ ɹʘʢʳʨʯʠʢ, ɾʝʨʝʢ, ʖʞʥʳʝ 

ɸʰʘʣʳ ʠ ʜʨʫʛʠʝ.  

ʀʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ɸɹɸɿʈ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ 

ʥʘʯʠʥʘʝʪʩʷ ʩ XIX  ʚʝʢʘ, ʦʜʥʘʢʦ, ʧʝʨʚʳʝ ʨʘʙʦʪʳ ʠ ʫʧʦʤʠʥʘʥʠʷ ʦ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʨʘʡʦʥʘ 

ʧʨʠʚʦʜʷʪʩʷ ʩ 1900 ʛ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʨʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʘʣʘʞʘʣ (ʞʠʣʘ ʅʠʢʦʣʴʩʢʘʷ) ʥʘʯʘʣʦʩʴ 

ʚ 1899 ʛ., ʧʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʜʦ 1902 ʛ. ʙʳʣʦ ʜʦʙʳʪʦ 45,7 ʢʛ ʨʦʩʩʳʧʥʦʛʦ ʠ ʢʦʨʝʥʥʦʛʦ ʟʦʣʦʪʘ 

(ɹʝʩʝʜʠʥʘ ʈ.ɼ., 1938). ɺ 1902 ʛ. ɸʆ çɸʫʨʫʤè ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʟʦʣʦʪʦʥʦʩʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʙʳʣ 

ʦʩʥʦʚʘʥ ʨʫʜʥʠʢ çɹʘʣʘʞʘʣè, ʢʦʪʦʨʳʡ ʧʨʦʩʫʱʝʩʪʚʦʚʘʣ ʜʦ 1913 ʛ., ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʝʩʩʠʩʪʝʤʥʦʡ ʜʦʙʳʯʝʡ ʟʦʣʦʪʘ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ ʨʘʟʚʝʜʦʯʥʳʭ 

ʨʘʙʦʪ. ɺ 1905-1908 ʛʛ. ʦʪʢʨʳʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɹʦʢʦ ʩ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʠ ʙʳʣʦ 

ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʙʦʪʘʥʦ ʢ 1940 ʛ. ʊʘʢʞʝ, ʚ 1905 ʛ. ʥʘʯʘʣʘʩʴ ʨʘʟʚʝʜʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ, 

ʘ ʩ 1910 ʛ. ʥʘʯʘʣʘʩʴ ʜʦʙʳʯʘ ʨʫʜʳ, ʢʦʪʦʨʘʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʩʝʡ ʜʝʥʴ (ʥʦ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

çʟʘʤʦʨʦʟʢʘʤʠè), ʘ ʪʘʢʞʝ ʜʦʨʘʟʚʝʜʢʘ ʠ ʢʘʨʪʠʨʦʚʘʥʠʝ. ɺ ʧʝʨʠʦʜ ʩ 1909 ʧʦ 1958 ʛʛ. ʥʘ ɸʢʞʘʣʝ ʙʳʣʦ 
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ʜʦʙʳʪʦ 5982 ʢʛ Au, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʫʜʝ ʩʦʩʪʘʚʠʣʦ 10,97 ʛ/ʪ, ʨʫʜʳ ʜʦʙʳʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ. ɺ 1909 ʛ. ʦʪʢʨʳʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɼʘʫʙʘʡ, ʟʘ ʚʝʩʪʴ ʧʝʨʠʦʜ ʦʪʨʘʙʦʪʢʠ ʜʦ 

1950 ʛ., ʧʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʜʦʙʳʪʦ 0,5 ʪ ʟʦʣʦʪʘ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɺʘʩʠʣʴʝʚʩʢʦʝ ʠʟʚʝʩʪʥʦ ʩ 

ʥʘʯʘʣʘ ʚʝʢʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çɸʢʪʫʤʩʳʢè, ʦʪʨʘʙʦʪʢʘ ʥʘʯʘʣʘʩʴ ʩ 1946 ʛ. ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ (ʩ ʧʝʨʝʨʳʚʘʤʠ). 

ɺ ʧʝʨʠʦʜ ʧʝʨʚʦʡ ʄʠʨʦʚʦʡ ʚʦʡʥʳ, ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ ʠ ʧʝʨʚʳʝ ʛʦʜʳ ʩʦʚʝʪʩʢʦʡ 

ʚʣʘʩʪʠ ʨʘʟʚʝʜʦʯʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʚ ɿʂɿʇ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʪʠʣʠʩʴ, 

ʟʦʣʦʪʦʜʦʙʳʯʘ ʥʘ ʨʫʜʥʠʢʘʭ ʠ ʚ ɸɹɸɿʈ ʚ ʮʝʣʦʤ, ʧʨʠʰʣʘ ʚ ʫʧʘʜʦʢ. ɺ ʧʝʨʠʦʜ ʩ 1925 ʧʦ 1929 ʛʛ. 

ʩʠʣʘʤʠ ʩʪʘʨʘʪʝʣʴʩʢʦʡ ʘʨʪʝʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʰʘʭʪ ʠ ʚʦʟʦʙʥʦʚʣʝʥʳ ʜʦʙʳʯʥʳʝ ʨʘʙʦʪʳ 

ʥʘ ɹʘʣʘʞʘʣʴʩʢʦʤ ʨʫʜʥʠʢʝ.  

ɺ 1930 ʛ. ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ɹʘʣʘʞʘʣʴʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʩʪʘ çɸʣʪʘʡʟʦʣʦʪʦè, ʢʦʪʦʨʦʝ 

ʩʪʘʣʦ ʟʘʥʠʤʘʪʴʩʷ ʨʘʟʚʝʜʦʯʥʳʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɹʘʣʘʞʘʣ, ʉʝʥʪʘʰ, ɼʞʫʤʙʘ, ɺʝʨʦ-ʏʘʨ ʠ ʥʘ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʷʭ ʨ. ʏʘʨ. ʉ 

ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʨʘʟʚʝʜʦʯʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʧʨʠʦʙʨʝʣʠ ʙʦʣʝʝ ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʨʘʟʚʝʜʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʪʷʞʝʣʳʤʠ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ ʠ ʢʦʣʦʥʢʦʚʳʤ ʙʫʨʝʥʠʝʤ, ʨʫʜʥʠʢʠ 

ʦʩʥʘʱʘʣʠʩʴ ʤʝʭʘʥʠʟʤʘʤʠ, ʫʢʨʝʧʣʷʣʠʩʴ ʢʘʜʨʘʤʠ. ʉ 1931 ʧʦ 1952 ʛʛ. ʥʘ ʨʫʜʥʠʢʝ ɹʘʣʘʞʘʣ 

ʦʪʨʘʙʘʪʳʚʘʣʠʩʴ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ, ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʨʷʜ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ (ɽʣʠʩʝʝʚ ʅ.ɸ., 1932; 

ʗʛʦʚʢʠʥ ʀ.ʉ., 1932; ɸʙʘʢʫʤʦʚʩʢʘʷ ʃ.ʄ., 1936; ʂʦʟʣʦʚ, 1938, ɽʥʠʢʝʝʚʘ ʅ.ʊ., 1938; ʂʦʩʪʶʢ ʌ.ʉ., 

1938; ʏʫʭʨʦʚ ʌ.ʉ., 1938; ɹʝʩʝʜʠʥʘ ʈ.ɼ., 1939; ʂʫʣʠʢʦʚ ɸ.ʄ., ʄʘʣʳʭ ɺ.ʉ., 1941; ʂʦʤʘʨ ɺ.ɸ., 1944; 

ʂʫʣʠʢʦʚ ɸ.ʄ., 1945). ʄʘʪʝʨʠʘʣʳ ʨʘʙʦʪ ʫʢʘʟʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʣʦʭʦ ʩʦʭʨʘʥʠʣʠʩʴ, ʦʜʥʘʢʦ, 

ʫʞʝ ʚ ʨʘʙʦʪʝ ɹʝʩʝʜʠʥʦʡ ʈ.ɼ. (1939), ʧʨʦʚʝʜʰʝʡ ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʥʘ ɹʘʣʘʞʘʣʝ, ʫʢʘʟʳʚʘʣʦʩʴ ʥʘ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʦʩʚʝʪʣʝʥʥʳʭ ʜʠʦʨʠʪʦʚ ʚ ʟʘʣʴʙʘʥʜʘʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ, ʘ ʂʫʣʠʢʦʚ ɸ.ʄ. (1945) 

ʧʨʝʜʧʦʣʦʞʠʣ ʥʘʣʠʯʠʝ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʟʦʣʦʪʘ ʚ ʩʫʣʴʬʠʜʘʭ, ʠʟ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʠ 

ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʭ ʙʦʢʦʚʳʭ ʧʦʨʦʜ. ɺ 1935 ʛ. ʦʪʢʨʳʪʦ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʂʝʨʝʛʝʪʘʩ, ʢʦʪʦʨʦʝ ʦʪʨʘʙʘʪʳʚʘʣʦʩʴ ʩʪʘʨʘʪʝʣʷʤʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 1943 ʛ., ʚ 1954 ʛ. ʧʦʜʩʯʠʪʘʥʳ 

ʟʘʧʘʩʳ ʩʥʷʪʳ ʩ ʫʯʝʪʘ ʚ ʩʚʷʟʠ ʩ ʠʭ ʤʘʣʦʯʠʩʣʝʥʥʦʩʪʴʶ ʠ ʩʣʘʙʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ. ɺ 1955 ʛ. ʛʝʦʣʦʛʦʤ 

ʀ.ʅ. ʄʘʡʩʢʠʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʠʩʢʦʚʳʭ ʤʘʨʰʨʫʪʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ˉ 15 

(ʥʥrʝ ɾʝʥʠʰʢʝ), ʘ ʚ 1963 ʛ ʚ 1,5 ʢʤ ʢ ʶʛʫ ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʩʠʣʴʝʚʩʢʦʝ ʛʝʦʣʦʛʦʤ 

ɸ.ʍ. ʂʘʛʘʨʤʘʥʦʚʳʤ ʚʳʷʚʣʝʥʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʂʦʡʪʘʩ. ɺ 1953 ʛ. ʚ ʨʘʙʦʪʝ ʄ.ɺ. ʄʫʨʘʪʦʚʘ ʠ 

ɺ.ʀ. ʉʣʘʚʠʥʘ ʧʨʠʚʝʜʝʥ ʢʨʘʪʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʦʯʝʨʢ ʂʘʣʙʳ [ʄʫʨʘʪʦʚ, ʉʣʘʚʠʥ, 1953]. 

ɺ 1965 ʠ 1966 ʛʛ. ʚʳʭʦʜʷʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1:200 000, 

ʣʠʩʪʦʚ ʄ-44-XXIX , -XXVIII (ʦʭʚʘʪʳʚʘʶʱʠʭ ɸɹɸɿʈ) ʠ ʧʨʠʣʘʛʘʶʱʠʝ ʢ ʥʠʤ ʦʙʲʷʩʥʠʪʝʣʴʥʳʝ 

ʟʘʧʠʩʢʠ, ʚ ʢʦʪʦʨʳʭ ʦʙʦʙʱʘʶʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʟʫʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ [ɻʝʦʣʦʛʠʯʝʩʢʘʷé, 1965ʬ; 1966ʬ]. 
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ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ɸɹɸɿʈ ʥʘ ʟʦʣʦʪʦ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 1955, ʢʦʛʜʘ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ ʨʫʜʥʠʢʘ ɸʢʞʘʣ ʙʳʣʠ ʚʳʷʚʣʝʥʳ, ʛʨʫʧʧʳ ʞʠʣ ʈʦʜʥʠʢʦʚʳʭ ʠ ɹʝʣʦʡ ɻʦʨʢʠ, 

ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ ʥʘʯʘʣʘ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʟʦʣʦʪʦ ʚ ʵʪʦʤ ʨʘʡʦʥʝ. ɺ 1957 ʛ. 

ɸʣʪʘʡʩʢʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʦʚ ʄ-44-IX-XI, XVI , XVII  ʧʨʦʚʝʜʝʥʘ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘ ̫ ʩʲʝʤʢʘ (ʃʶʙʝʮʢʠʡ, ʄʠʨʦʥʦʚ, 1957), ʘ ɸʢʞʘʣʴʩʢʠʤ ʦʪʨʷʜʦʤ ʖʞʥʦ-

ʂʘʣʙʠʥʩʢʦʡ ʧʘʨʪʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʘ ʄ-44-XXVIII  ʦʩʫʱʝʩʪʚʣʝʥʳ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ 

(ʄʘʡʩʢʠʡ, ɹʝʨʜʝʥʦʚ, 1957). ʉ 1955 ʧʦ 1958 ʛʛ. ʚ ʨʘʡʦʥʝ ɼʘʡʙʘʡ-ɸʰʘʣʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

(ʜʘʣʝʝ ï ɼɸʈʇ) ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ɸʢʞʘʣʴʩʢʦʡ ɻʈʇ ʪʨʝʩʪʘ çɸʣʪʘʡʟʦʣʦʪʦè [ʐʝʚʝʨʠʥ, 

ɺʠʰʥʷʢʦʚ, 1961ʬ], ʘ ʩ 1956 ʧʦ 1960 ʛʛ. ʖʞʥʦ-ʂʘʣʙʠʥʩʢʦʡ ʧʘʨʪʠʝʡ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʡ 

ʂʦʤʧʣʝʢʩʥʦʡ ʵʢʩʧʝʜʠʮʠʠ.  

ʖʞʥʦ-ʂʘʣʙʠʥʩʢʦʡ ʧʘʨʪʠʝʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʖʞʥʳʝ ɸʰʘʣʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪ ʦʢʦʥʪʫʨʝʥʦ ʦʩʥʦʚʥʦʝ ʨʫʜʥʦʝ ʪʝʣʦ ʠ ʧʦʜʩʯʠʪʘʥʳ ʟʘʧʘʩʳ ʟʦʣʦʪʘ (ʜʦ ʛʣʫʙʠʥʳ 25 ʤ), ʧʦ 

ʢʘʪʝʛʦʨʠʠ ʉ1 ʩʦʩʪʘʚʠʣʠ 568 ʢʛ [ɹʦʯʘʨʦʚ ʠ ʜʨ., 1961ʬ; ɹʦʯʘʨʦʚ, 1962ʬ]. ɺ 1963 ʛ. ʟʘʚʝʨʰʘʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝ ʧʦʠʩʢʦʚʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ (ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ, ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ, 

ʤʝʪʘʣʣʦʤʝʪʨʠʷ) ʥʘ ɸʰʘʣʳ-ɼʘʫʙʘʡʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʤʘʩʰʪʘʙʘ 1:50 000, 1:25 000 ʨʘʩʰʠʨʝʥʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ ʠ ʨʘʙʦʪʳ 1:10 000 ʥʘ ʫʯʘʩʪʢʘʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʟʦʣʦʪʦ, ʤʝʜʴ ʠ ʫʨʘʥ ʚ 

ʧʨʝʜʝʣʘʭ ʣʠʩʪʦʚ ʄ-44-115-ɹ, ʄ-44-116-ɸ, ɹ, ɻ [ʆʛʦʨʦʜʦʚ ʠ ʜʨ., 1964ʬ], ʘ ʪʘʢʞʝ ʟʘʚʝʨʰʘʶʪʩʷ 

ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ , ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʫʜʥʦʤ ʧʦʣʝ ɸʢʞʘʣ, ɹʦʢʦ, ʫʯʘʩʪʢʘʭ ɸʢ-

ʂʠʟʝʥʴ, ɸʨʛʠʤʙʘʡ, ɹʝʣʴʩʫ, ɸʶʣʳ ʠ ʂʫʷʥʜʳ [ʉʝʤʝʦʥʝʥʢʦ ʠ ʜʨ., 1963ʬ]. ɺ ʧʝʨʠʦʜ ʩ 1957 ʧʦ 1968 

ʛʛ. ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʖʞʥʳʝ ɸʰʘʣʳ (ʟʦʥʘ ʦʢʠʩʣʝʥʠʷ) ʦʪʨʘʙʘʪʳʚʘʣʦʩʴ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ 

ʨʫʜʥʠʢʦʤ ɹʦʢʦ. ɺ ʧʝʨʠʦʜ ʩ 1959 ʧʦ 1968 ʛʛ. ʖʞʥʦ-ʂʘʣʙʠʥʩʢʘʷ ɻʈʇ ʄɻ ʂʘʟʉʉʈ ʚ ʧʨʝʜʝʣʘʭ 

ɸʢʞʘʣʴʩʢʦʛʦ ʠ ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ ʧʨʦʚʦʜʠʣʘ ʧʦʠʩʢʦʚʳʝ ʠ ʧʦʠʩʢʦʚʦ-

ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʝʥ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʦʪʯʝʪ [ʆʢʫʥʝʚ ʠ ʜʨ., 

1969ʬ], ʚ ʢʦʪʦʨʦʤ ʦʙʦʙʱʘʶʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʠʩʢʫ ʠ 

ʨʘʟʚʝʜʢʝ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʘʚʪʦʨʳ ʨʘʩʩʫʞʜʘʶʪ ʦ ʛʝʥʝʟʠʩʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ. ɺ 

ʨʘʙʦʪʝ [ɻʣʦʙʘ ʠ ʜʨ., 1965ʬ] ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʶʛʦ-ʟʘʧʘʜʥʦʡ ʂʘʣʙʳ. 

ʅʘʯʠʥʘʷ ʩ 70-ʭ ʛʦʜʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʠ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ 

ʄʠʥʛʝʦ ʂʘʟʉʉʈ ʠ ʄʠʥʮʚʝʪʤʝʪʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʦʙʦʙʱʘʶʱʠʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʠ ʧʨʦʛʥʦʟʥʦʡ ʦʮʝʥʢʠ 

ʧʦʪʝʥʮʠʘʣʘ ʨʘʡʦʥʘ ʩ ʚʳʜʘʯʝʡ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ (ʅʘʣʠʚʘʝʚ ɺ.ʀ., 

ʄʘʩʣʝʥʥʠʢʦʚ ɺ.ɺ., ʃʘʧʪʝʚ ʖ.ɺ., ʄʠʢʠʪʯʝʥʢʦ ɺ.ʗ.). ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʠʟʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ɿʂɿʇ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ, ʣʦʢʘʣʠʟʫʶʱʠʝʩʷ ʚ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ 

ʪʦʣʱʘʭ [ʂʫʟʴʤʝʥʢʦ ʠ ʜʨ., 1971; ɾʘʫʪʠʢʦʚ, ʄʘʫʣʝʥʦʚ, 1985]. ʉ 1978 ʧʦ 1980 ʛʛ. ʏʝʨʝʤʰʘʥʩʢʦʡ 
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ʧʘʨʪʠʝʡ ʧʨʦʚʦʜʷʪʩʷ ʦʙʱʠʝ ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ 

ʠʟʣʦʞʝʥʳ ʚ ʦʪʯʝʪʝ [ɼʳʢʫʣʴ, ʅʦʩʢʦʚ, 1982]. 

ɺ 1977 ʛ. ʚʳʭʦʜʠʪ ʤʦʥʦʛʨʘʬʠʷ [ɽʨʤʦʣʦʚ ʠ ʜʨ., 1977], ʩʫʤʤʠʨʫʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʨʮʠʥʩʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʩʦʯʣʝʥʝʥʠʷ ɿʘʡʩʘʥʩʢʦʡ ʠ ʏʠʥʛʠʟ-ʊʘʨʙʘʛʘʪʘʡʩʢʦʡ 

ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʛʝʦʣʦʛʠʷ, ʨʫʜʦʥʦʩʥʦʩʪʴ, ʠ ʚʦʧʨʦʩʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ. ɺ 1981 ʛ. ʚʳʭʦʜʠʪ ʨʘʙʦʪʘ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʏʘʨʩʢʠʡ ʦʬʠʦʣʠʪʦʚʳʡ ʧʦʷʩ 

[ɽʨʤʦʣʦʚ ʠ ʜʨ., 1981], ʘ ʚ 1983 ʛ. ʚʳʭʦʜʠʪ ʨʘʙʦʪʘ ʧʦ ʦʨʦʛʝʥʥʦʤʫ ʤʘʛʤʘʪʠʟʤʫ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ 

(ʥʘ ʧʨʠʤʝʨʝ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ) [ɽʨʤʦʣʦʚ ʠ ʜʨ., 1983]. 

ɺ 1980 ʛ. ɺʉɽɻɽʀ ʚʳʧʫʩʪʠʣʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ʤʘʩʰʪʘʙʘ 

1:1 000 000 ʣʠʩʪʘ ʄ-(44), 45 ʠ ʦʙʲʷʩʥʠʪʝʣʴʥʫʶ ʟʘʧʠʩʢʫ ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ, ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ, ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʬʘʢʪʦʨʘʭ, ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʨʝʛʠʦʥʘ ʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ çʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥè 

[ɻʝʦʣʦʛʠʯʝʩʢʘʷé, 1980ʬ]. 

ɺ ʧʝʨʠʦʜ ʩ 1984 ʧʦ 1987 ʛʛ. ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʂʘʣʙʝ ʥʘʯʠʥʘʶʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʲʝʤʢʠ 

ʤʘʩʰʪʘʙʘ 1:50000 ʩʠʣʘʤʠ ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʠ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʧʨʘʚʣʝʥʠʡ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ (ʣʠʩʪʦʚ ʄ-44-103-ɹ, ɻ, ɼ; 

-104-ɸ, ɺ, ɻ; 116-ɸ, ɹ; -105-ɺ, ɻ; -106-ɺ; -117-ɸ, ɹ; 118-ɸ) (ɺʦʨʦʥʮʦʚ ʠ ʜʨ., 1987) [ʈʦʜʠʦʥʦʚ ɺ.ɸ. 

ʠ ʜʨ., 1986]. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɹʘʣʘʞʘʣ, ʚ ʧʝʨʠʦʜʳ ʩ 1982 ʧʦ 1983 ʛʛ. ï ɸʣʪʘʡʩʢʦʡ ɻʈʕ ʇɻʆ 

çɺʦʩʪʢʘʟʥʝʜʨʘè ʠ ʩ 1985 ʧʦ 1991 ʛʛ. ï ɸʣʪʘʡʩʢʦʡ ɻʈʕ ʇʆ çʂʘʟʟʦʣʦʪʦè, ʚʳʧʦʣʥʷʣʘʩʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʨʘʟʚʝʜʢʘ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ 

ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ, ʚʳʜʝʣʝʥʳ ʨʫʜʥʳʝ ʪʝʣʘ, ʧʦʜʩʯʠʪʘʥʳ ʟʘʧʘʩʳ, ʧʦ ʢʘʪʝʛʦʨʠʠ ʉ1 ʠ ʉ2, ʠ ʨʝʩʫʨʩʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ [ʅʦʩʢʦʚ ʠ ʜʨ., 1984; ʄʘʩʣʝʥʥʠʢʦʚ, ʄʠʢʠʪʯʝʥʢʦ, 1991]. 

ɺ ʧʨʝʜʝʣʘʭ ɼʘʫʙʘʡ-ɸʰʘʣʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʦʚʦʜʠʣʠʩʴ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʝ 

ʨʘʙʦʪʳ, ʚ ʧʝʨʠʦʜ ʩ 1988 ʧʦ 1990 ʛʛ. ɸʣʪʘʡʩʢʦʡ ɻɻʕ (ɸʨʤʠʥʙʘʝʚ ʂ.ɹ., 1991), ʚ 2003 ʛ. ʊʆʆ 

çʏʘʨʘʣʪʳʥè (ʉʪʝʧʘʥʦʚ ɸ.ɽ., 2003), ʚ ʧʝʨʠʦʜ ʩ 2006 ʧʦ 2015 ʊʆʆ çAltyn Dala Miningè, ʘ ʚ ʧʝʨʠʦʜ 

ʩ 2016 ʧʦ 2020 ʊʆʆ çʀʂʇ Orient Goldè ʧʨʦʚʦʜʠʪ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʨʘʙʦʪʳ. ɺ 1991 ʛ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʢʞʘʣʴʩʢʦʛʦ ʠ ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ [ʂʫʯʫʢʦʚʘ, 1991ʬ]. ʅʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʢʞʘʣ ʩ 1996 ʛ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʊʆʆ çɸʉ ɻʦʨʥʷʢè ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɺ ʧʝʨʠʦʜ ʩ 2013 ʧʦ 2021 ʛʛ., ʠʥʩʪʠʪʫʪʘʤʠ 

ʀɻʄ ʉʆ ʈɸʅ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʠ ʀɿʂ ʉʆ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ [ʂʘʣʠʥʠʥ ʠ ʜʨ., 2017ʬ; 2019ʬ; 

2021ʬ; ʂʦʚʘʣʝʚ ʠ ʜʨ., 2013ʬ].  
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1.2. ʂʨʘʪʢʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɸɹɸɿʈ 

ʄʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ. ɺʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [ʑʝʨʙʘ ʠ ʜʨ., 1984; 

1998; 2000; ʈʘʬʘʠʣʦʚʠʯ, 2009; 2011; ɼʲʷʯʢʦʚ ʠ ʜʨ., 2009; ɹʝʩʧʘʝʚ ʠ ʜʨ., 2013; ʆʡʮʝʚʘ ʠ ʜʨ., 2023].  

ʊʝʨʨʠʪʦʨʠ̫ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ 

ʧʦʷʩʘ ʠ ʦʭʚʘʪʳʚʘʝʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʀʨʪʳʰ-ɿʘʡʩʘʥʩʢʦʛʦ, ʏʠʥʛʠʟ-ʊʘʨʙʘʛʘʪʘʡʩʢʦʡ 

ʩʢʣʘʜʯʘʪʳʭ ʩʠʩʪʝʤ ʠ ʯʘʩʪʠʯʥʦ ʉʝʚʝʨʥʦʛʦ ʇʨʠʙʘʣʭʘʰʴʷ. ʈʝʛʠʦʥ ɹʦʣʴʰʦʡ ɸʣʪʘʡ (ʜʘʣʝʝ ï ɹɸ) 

ʚʢʣʶʯʘʝʪ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʩʚʦʠʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʚ ʤʦʙʠʣʴʥʦʡ ʟʦʥʝ ʧʦʷʩʦʚʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʈʫʜʥʦʛʦ ɸʣʪʘʷ, ʂʘʣʙʘ-ʅʘʨʳʤʘ, ɿʘʧʘʜʥʦʡ ʂʘʣʙʳ ʠ ɾʘʨʤʘ-ʉʘʫʨʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ, ʈʦʩʩʠʠ ʠ ʂʠʪʘʷ. [ʆʡʮʝʚʘ ʠ ʜʨ., 2023]. ʇʨʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʘʡʦʥʠʨʦʚʘʥʠʠ ʚ ʨʝʛʠʦʥʝ ʚʳʜʝʣʷʝʪʩʷ ʢʨʫʧʥʘʷ ʛʝʦʩʪʨʫʢʪʫʨʘ ɹɸ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ɸʣʪʘʝ-ɸʣʘʰʘʥʴʩʢʦʡ ʤʦʙʠʣʴʥʦʡ ʟʦʥʳ ʜʫʛʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʦʛʠʙʘʶʱʝʡ ʩ ʶʛʦ-

ʟʘʧʘʜʘ ʠ ʶʛʘ ʉʠʙʠʨʩʢʫʶ ʧʣʘʪʬʦʨʤʫ [ʑʝʨʙʘ ʠ ʜʨ., 2000; ɹʫʩʣʦʚ, 2011; ʂʫʟʤʠʥ, ʗʨʤʦʣʶʢ, 2016]. 

ɿʘʧʘʜʥʘʷ ʂʘʣʙʘ ʨʘʟʤʝʱʝʥʘ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʀʨʪʳʰ-ɿʘʡʩʘʥʩʢʦʡ ʩʫʪʫʨʥʦʡ ʟʦʥʳ (ʜʘʣʝʝ ï ʀɿʉɿ), 

ʧʦʩʣʝʜʥʷʷ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʨʳʪʠʷ ʧʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʠ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʠ ʉʠʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʦʚ [ɼʦʙʨʝʮʦʚ, 2003; Buslov et.al, 2001; 2004]. ɺ ʢʦʥʮʝ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ï ʥʘʯʘʣʝ ʧʝʨʤʩʢʦʛʦ ʧʝʨʠʦʜʦʚ ʧʨʦʠʟʦʰʣʠ ʩʜʚʠʛʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ, 

ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʚʨʘʱʝʥʠʷ 

[ɼʠʜʝʥʢʦ ʠ ʜʨ., 1994].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʢʘʩʘʶʱʝʡʩʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ 

ʀʨʪʳʰ-ɿʘʡʩʘʥʩʢʦʡ ʩʫʪʫʨʥʦʡ ʟʦʥʳ (ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ), ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʦʯʢʠ 

ʟʨʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʫʶ ʠʟ ʥʠʭ ʧʦ ʧʦʨʷʜʢʫ.  

ʇʝʨʚʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ [ʑʝʨʙʘ ʠ ʜʨ., 1976; 1984; 1998; 2000; 

ɼʴʷʯʢʦʚ ʠ ʜʨ., 2009; 2011], ʢʘʩʘʶʱʠʭʩʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ɺʦʩʪʦʯʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ ʚ ʮʝʣʦʤ (ʈʠʩʫʥʦʢ 1.2). ʇʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ ʀɿʉɿ ʦʛʨʘʥʠʯʝʥʘ ʊʝʨʝʢʪʠʥʩʢʦ-

ʋʣʫʥʛʫʨʩʢʠʤ ʠ ɹʘʡʛʫʟʠʥ-ɹʫʣʘʢʩʢʠʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʟʦʥʘʤʠ (ʛʣʫʙʠʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ). ɺ 

ʧʨʝʜʝʣʘʭ ʀɿʉɿ ʚʳʜʝʣʷʝʪʩʷ ʜʚʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ3, ʨʘʟʜʝʣʝʥʥʳʝ ʏʘʨʩʢʦ-ɻʦʨʥʦʩʪʘʝʚʩʢʦ-

ɿʠʤʫʥʘʡʩʢʠʤ ʨʘʟʣʦʤʦʤ. ʅʘ ʶʛʦ-ʟʘʧʘʜʝ ʨʘʩʧʦʣʦʞʝʥʘ Ni-Co-ʟʦʣʦʪʦʨʫʜʥʘʷ ʏʘʨʩʢʦ-ɿʠʤʫʥʘʡʩʢʘʷ 

ʟʦʥʘ (ʦʪʥʦʩʷʱʘʷʩʷ ʢ ɾʘʨʤʘ-ʉʘʫʨʩʢʦʤʫ ʧʦʷʩʫ), ʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ï ʟʦʣʦʪʦʥʦʩʥʘʷ ɿʘʧʘʜʥʦ-

ʂʘʣʙʠʥʩʢʦ-ʂʦʢʩʝʥʪʘʫʩʢʘʷ ʟʦʥʘ (ʦʪʥʦʩʷʱʘʷʩʷ ʢ ɿʘʧʘʜʥʦ-ʂʘʣʙʠʥʩʢʦʤʫ ʧʦʷʩʫ). ʀʟʫʯʝʥʥʳʝ ʥʘʤʠ 

ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʏʘʨʩʢʦ-ɿʠʤʫʥʘʡʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʨʫʜʥʳʝ ʟʦʥʳ4 ï ɻʦʨʥʦʩʪʘʝʚʩʢʫʶ (Ni-Co-Hg), ʂʝʤʧʠʨʩʢʫʶ (Au), 

                                                 
3 ʉʤ. ʩʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ 
2-6 ʇʦʜʨʦʙʥʝʝ ʩʤ. ʩʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ 
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ɸʨʢʘʣʳʢʩʢʫʶ ʠ ʏʘʨʩʢʫʶ (Cr-Ni-Co-Hg), ʇʨʝʦʙʨʘʞʝʥʩʢʫʶ (Ti-Zr-TR) ʠ ʨʫʜʥʳʝ ʫʟʣʳ5ï ʂʦʡʪʘʩ 

(W-Sn), ɸʢʞʘʣ-ɹʦʢʦʥʩʢʠʡ ʠ ɸʰʘʣʳ (Au), ʂʘʨʘʦʪʢʝʣʴ (Ti-Zr). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ɹʘʣʘʞʘʣʴʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ6 ʩʠʜʠʪ ʚ ʩʦʩʝʜʥʝʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ (ɿʂɿʇ), ʨʘʟʜʝʣʝʥʥʦʡ 

ʏʘʨʩʢʦ-ɻʦʨʥʦʩʪʘʝʚʩʢʦ-ɿʠʤʫʥʘʡʩʢʠʤ ʨʘʟʣʦʤʦʤ. 

 

 
ʈʠʩʫʥʦʢ 1.2. ʋʧʨʦʱʝʥʥʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ (ʧʦ ʜʘʥʥʳʤ 

[ʑʝʨʙʘ ʠ ʜʨ., 2000]). ʊʝʤʥʦ-ʩʝʨʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʆʙʲ-ɿʘʡʩʘʥʩʢʘʷ ʩʫʪʫʨʥʘʷ ʟʦʥʘ. 

 

ɺʪʦʨʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ [ɹʝʩʧʘʝʚ ʠ ʜʨ., 2008; 2013; ʇʘʨʠʣʦʚ, ɹʝʩʧʘʝʚ, 

2015], ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʘʣʣʦʛʝʥʠʷ ʟʦʣʦʪʘ. ʇʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ ɿʘʧʘʜʥʦ-ʂʘʣʙʠʥʩʢʠʡ 

ʟʦʣʦʪʦʨʫʜʥʳʡ ʧʦʷʩ7 ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʠʤʝʝʪ ʩʦʚʧʘʜʘʶʱʠʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʩ ʀɿʉɿ. 

ʇʦʷʩ ʥʘʩʳʱʝʥ ʟʦʣʦʪʦʨʫʜʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ (ʙʦʣʝʝ 500): ʥʘ ʧʣʦʱʘʜʠ 800ʭ80-100 ʢʤ ʚʳʜʝʣʝʥʦ 

                                                 
2 ʊʝʨʤʠʥ ʩʚʦʙʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʣʠʥʝʡʥʳʭ ʨʫʜʦʥʦʩʥʳʭ ʧʣʦʱʘʜʝʡ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. 
3 ʈʫʜʦʥʦʩʥʘʷ ʧʣʦʱʘʜʴ ʨʘʟʤʝʨʦʤ ʚ ʩʦʪʥʠ ï ʧʝʨʚʳʝ ʪʳʩʷʯʠ ʢʤ2 ʚ ʧʨʝʜʝʣʘʭ ʤʝʪʘʣʣʦʛ. ʟʦʥʳ, ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʠʣʠ ʚʥʝ ʠʭ. 
4 ʈʫʜʦʥʦʩʥʘʷ ʧʣʦʱʘʜʴ ʨʘʟʤʝʨʦʤ ʚ ʪʳʩʷʯʠ ï ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʢʤ2 ʚ ʧʨʝʜʝʣʘʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʳ ʠʣʠ ʚʥʝ ʝʝ. 
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36 ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʚ 5 ʢʨʫʧʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ: ʉʫʟʜʘʣʴʩʢʦ-

ʄʫʢʫʨʩʢʠʡ, ɾʘʥʘʥ-ɾʘʡʤʠʥʩʢʠʡ, ɹʘʢʳʨʯʠʢʩʢʠʡ, ʉʝʥʪʘʰ-ʂʫʣʫʜʞʫʥʩʢʠʡ ʠ ɸʢʞʘʣ-ɼʘʫʙʘʡ-

ɹʘʣʘʞʘʣʴʩʢʠʡ. ʇʦʩʣʝʜʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʷʝʪʩʷ 6 

ʨʫʜʥʳʭ ʧʦʣʝʡ8: ɸʢʞʘʣʴʩʢʦʝ, ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʝ, ʊʘʥʜʠʥʩʢʦʝ, ɺʝʨʦ-ʏʘʨʩʢʦʝ, ɼʘʫʙʘʡ-

ɸʰʘʣʠʥʩʢʦʝ ʠ ɹʘʣʘʞʘʣʴʩʢʦʝ. 

ʊʨʝʪɹ ʷ ʪʦʯʢʘ ʟʨʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [ʈʘʬʘʠʣʦʚʠʯ ʠ ʜʨ., 2011], ʪʘʢʞʝ ʢʘʩʘʝʪʩʷ 

ʤʝʪʘʣʣʦʛʝʥʠʠ ʟʦʣʦʪʘ. ɺ ʜʘʥʥʦʤ ʪʨʫʜʝ ʛʨʘʥʠʮʳ ɿʂɿʇ ʩʦʚʧʘʜʘʶʪ ʩ ʧʨʝʜʳʜʫʱʝʡ ʪʦʯʢʦʡ ʟʨʝʥʠʷ, 

ʦʜʥʘʢʦ, ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ, ʫʟʣʦʚ, ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʥʘʟʚʘʥʠʷ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʪʣʠʯʘʶʪʩʷ. ɺ ʧʨʝʜʝʣʘʭ ɿʂɿʇ ʚʳʜʝʣʝʥʦ 16 ʟʦʣʦʪʦʨʫʜʥʳʭ ʫʟʣʦʚ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ 5 ʟʦʣʦʪʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ: ʉʫʟʜʘʣʴʢʦ-ʄʫʢʫʨʩʢʠʡ, ɹʘʢʳʨʯʠʢʩʢʠʡ, 

ʂʫʣʫʜʞʫʥʩʢʠʡ, ɾʘʥʘʥ-ʄʘʡʙʫʣʘʢ-ɾʘʡʤʠʥʩʢʠʡ ʠ ɸʢʞʘʣ-ɼʘʫʙʘʡʩʢʠʡ. ʇʦʩʣʝʜʥʠʡ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʨʫʜʥʳʝ ʫʟʣʳ: ɸʢʞʘʣ-ɺʘʩʠʣʴʝʚʩʢʠʡ ʠ ɼʘʫʙʘʡ-ɸʰʘʣʠʥʩʢʠʡ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ɹʘʣʘʞʘʣʴʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ɸʢʞʘʣ-ɼʘʫʙʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʨʘʡʦʥʘ. 

ʇʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ ʦʩʥʦʚʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʦʜʥʘʢʦ, ʥʘʟʚʘʥʠʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʠ ʨʫʜʥʳʭ ʧʦʣʝʡ ʙʳʣʠ ʧʨʠʥʷʪʳ ʠʟ ʫʩʪʦʷʚʰʠʭʩʷ ʥʘʟʚʘʥʠʡ ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ [ʅʘʣʠʚʘʝʚ, 1980]. ʈʘʡʦʥ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ɸʢʞʘʣ-ɹʦʢʦ-ɸʰʘʣʠʥʩʢʠʤ ʟʦʣʦʪʦʨʫʜʥʳʤ ʨʘʡʦʥʦʤ, ʘ ʦʩʥʦʚʥʳʝ ʨʫʜʥʳʝ 

ʧʦʣʷ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʥʘʟʚʘʥʠʷ: ɸʢʞʘʣʴʩʢʦʝ (ʜʘʣʝʝ ï ɸʈʇ), ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʝ (ʜʘʣʝʝ ï ɹɺʈʇ) 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ɸʢʞʘʣ-ɺʘʩʠʣʴʝʚʩʢʦʤʫ ʟʦʣʦʪʦʨʫʜʥʦʤʫ ʫʟʣʫ ʠ ɼʘʫʙʘʡ-ɸʰʘʣʠʥʩʢʦʝ (ʜʘʣʝʝ ɼɸʈʇ) 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ɼʘʫʙʘʡ-ɸʰʘʣʠʥʩʢʦʤʫ ʨʫʜʥʦʤʫ ʫʟʣʫ. 

ɸɹɸɿʈ ʧʨʠʫʨʦʯʝʥ ʢ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɿʂɿʇ (ʈʠʩʫʥʦʢ 1.2). ʈʫʜʥʳʡ ʨʘʡʦʥ 

(ʈʠʩʫʥʦʢ 1.3) ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʧʨʠʤʝʨʥʦ 100 ʢʤ, ʧʨʠ 

ʰʠʨʠʥʝ ʦʢʦʣʦ 25 ʢʤ [ʅʘʣʠʚʘʝʚ, 1980; Kalinin et.al., 2021]. ɻʨʘʥʠʮʳ ɸɹɸɿʈ ʧʨʦʭʦʜʷʪ ʧʦ ʨʘʟʣʦʤʘʤ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ: ɻʦʨʥʦʩʪʘʝʚʩʢʦ-ɸʨʢʘʣʳʢʩʢʦ-ɹʦʢʦʥʩʢʦʤʫ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʠ 

ʏʘʨʩʢʦʤʫ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʭʦʜʠʪ ʉʘʨʳʞʘʣʴʩʢʠʡ (ʖʞʥʦ-ɸʢʞʘʣʴʩʢʠʡ) 

ʨʘʟʣʦʤ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʨʘʟʣʦʤʳ ʩʯʠʪʘʶʪʩʷ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ, ʦʜʥʘʢʦ ʠʭ ʨʦʣʴ ʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ [ʃʝʚʠʥ, 

19682; ʆʢʫʥʝʚ ʠ ʜʨ., 1969; ʅʘʣʠʚʘʝʚ, 1980; ɹʝʩʧʘʝʚ ʠ ʜʨ., 2013; ʂʘʣʠʥʠʥ ʠ ʜʨ., 2021ʬ]. ɺ ʧʨʝʜʝʣʘʭ 

ɸɹɸɿʈ ʚʳʜʝʣʷʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʫʛʣʝʨʦʜʠʩʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʖʞʥʳʝ 

ɸʰʘʣʳ, ʂʘʨʘʞʘʣ), ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʂʦʣʦʨʘʜʦ, ɸʛʜʳʥʛʝʢ, ʂʨʘʷʩʥʘʷ ʠ 

ʜʨ.) ʠ ʩ ʩʦʚʤʝʱʝʥʠʝʤ ʠʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ɺʘʩʠʣʴʝʚʩʢʦʝ, ɸʢʞʘʣ, ɾʦʣʧʘʢ-ʊʦʙʝ) ʠ. ʇʦ ʟʘʧʘʩʘʤ 

                                                 
5 ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʨʫʜʦʥʦʩʥʳʝ ʧʣʦʱʘʜʠ, ʧʦ ʤʘʩʰʪʘʙʫ ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʤʠ ʧʦʷʩʘʤ (ʟʦʥʘʤʠ). 
6 ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʨʘʟʤʝʨʘʤʠ ʚ ʝʜʠʥʠʮʳ ï ʜʝʩ̫ʪʢʠ ʢʤ2. 
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(ʊʘʙʣʠʮʘ 1.1), ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ɸɹɸɿʈ, ʧʦʧʘʜʘʶʪ ʚ ʢʘʪʝʛʦʨʠʶ ʤʝʣʢʠʭ (<1 ʪ), 

ʩʨʝʜʥʠʭ (1-10 ʪ) ʠ ʢʨʫʧʥʳʭ (10-100 ʪ).  

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʘʜʦʯʥʳʝ ʠ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʩʠʣʫʨʠʡʩʢʦʡ, ʜʝʚʦʥʩʢʦʡ ʠ ʢʘʨʙʦʥʦʚʦʡ ʩʠʩʪʝʤʳ 

[ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷé, 1965; 1966; ɽʨʤʦʣʦʚ ʠ ʜʨ., 1981; 1983; Safonova et.al., 2012; 2018] ʩʣʘʛʘʶʱʠʝ 

ɾʘʨʤʠʥʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʠ ʏʘʨʩʢʦ-ɻʦʨʥʦʩʪʘʝʚʩʢʠʡ ʘʥʪʠʢʣʠʥʦʨʠʡ ʥʘ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʝ (ʨʘʟʜʝʣʝʥʥʳʝ ʟʦʥʦʡ ʉʘʨʳʞʘʣʴʩʢʦʛʦ ʨʘʟʣʦʤʘ). ʉʠʣʫʨʠʡʩʢʠʝ ʠ ʜʝʚʦʥʩʢʠʝ ʦʩʘʜʦʯʥʳʝ ʠ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʩʝʚʝʨʝ, ʚ ʧʨʝʜʝʣʘʭ ʏʘʨʩʢʦʡ ʟʦʥʳ: ʣʫʜʣʦʚʩʢʠʡ 

ʷʨʫʩ (S2ld) ï ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʩʣʘʥʮʳ, ʠʟʚʝʩʪʥʷʢʠ, 

ʷʰʤʳ; ʞʝʜʠʥʩʢʠʡ ʷʨʫʩ (D1gd) ï ʠʟʚʝʩʪʥʷʢʠ, ʧʦʨʬʠʨʠʪʳ, ʪʫʬʳ, ʷʰʤʳ, ʢʦʥʛʣʦʤʝʨʘʪʳ, 

ʘʣʝʚʨʦʣʠʪʳ; ʢʦʙʣʝʥʮʩʢʠʡ ʷʨʫʩ (D1c) ï ʠʟʚʝʩʪʥʷʢʠ, ʛʨʘʚʝʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, 

ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʧʦʨʬʠʨʠʪʳ; ʵʡʬʝʣʴʩʢʠʡ ʷʨʫʩ (D2e) ï ʠʟʚʝʩʪʥʷʢʠ, ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ, 

ʢʦʥʛʣʦʤʝʨʘʪʳ, ʧʦʨʬʠʨʠʪʳ, ʪʫʬʳ; ʞʠʚʝʪʩʢʠʡ ʷʨʫʩ (D2gv) ï ʠʟʚʝʩʪʥʷʢʠ, ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ, 

ʧʦʨʬʠʨʠʪʳ; ʬʨʘʥʩʢʠʡ ʷʨʫʩ (D3fr) ï ʠʟʚʝʩʪʥʷʢʠ, ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʧʦʨʬʠʨʠʪʳ, ʧʝʩʯʘʥʠʢʠ; 

ʬʘʤʝʥʩʢʠʡ ʷʨʫʩ (D3fm) ï ʠʟʚʝʩʪʥʷʢʠ, ʧʝʩʯʘʥʠʢʠ.  

ɺ ʨʘʥʥʝʢʘʨʙʦʥʦʚʦʝ ʚʨʝʤʷ ʦʪʣʘʛʘʣʠʩʴ ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ: 

ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫʩʘ: ʢʦʷʥʜʠʥʩʢʘʷ ʩʚʠʪʘ (C1tkn1-2) ï ʜʠʘʙʘʟʳ, ʧʦʨʬʠʨʠʪʳ, ʘʣʴʙʠʪʦʬʠʨʳ, ʪʫʬʳ, 

ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʩʣʘʥʮʳ; ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʘ: ʢʦʢʦʥʴʩʢʘ ̫ʩʚʠʪʘ (C1v1kk) ï 

ʢʦʥʛʣʦʤʝʨʘʪʳ, ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʠʟʚʝʩʪʥʷʢʠ, ʧʦʨʬʠʨʠʪʳ, ʜʠʘʙʘʟʳ, 

ʪʫʬʳ; ʘʨʢʘʣʳʢʩʢʘ ̫ʩʚʠʪʘ (C1v2-3ar) ï ʧʦʨʬʠʨʠʪʳ, ʪʫʬʳ, ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʷʰʤʳ, ʠʟʚʝʩʪʥʷʢʠ, 

ʪʫʬʦʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ; ʢʦʢʧʝʢʪʠʥʩʢʘ ̫ʩʚʠʪʘ (C1v3-nkp1-2) ï ʢʦʥʛʣʦʤʝʨʘʪʳ, ʧʝʩʯʘʥʠʢʠ, 

ʘʣʝʚʨʦʣʠʪʳ, ʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʳʝ ʩʣʘʥʮʳ; ʩʝʨʧʫʭʦʚʩʢʦʛʦ ʷʨʫʩʘ: ʘʛʘʥʘʢʪʠʥʩʢʦʘʷ 

ʩʚʠʪʘ (C1s ag) ï ʧʝʩʯʘʥʠʩʪʳʝ ʬʣʠʰʦʠʜʥʳʝ ʪʝʨʨʠʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʧʦʟʜʥʝʤ ʢʘʨʙʦʥʝ 

ʦʪʣʘʛʘʣʠʩʴ ʧʦʨʦʜʳ ʙʫʢʦʥʴʩʢʦʡ ʩʚʠʪʳ (C2bk) ï ʢʦʥʛʣʦʤʝʨʘʪʳ, ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʫʛʣʠ 

ʢʘʤʝʥʥʳʝ, ʛʣʠʥʠʩʪʳʝ ʠ ʫʛʣʠʩʪʳʝ ʩʣʘʥʮʳ; ʠ ʤʘʡʪʶʙʠʥʩʢʦʡ ʩʚʠʪʳ (C2mt) ï ʢʦʥʛʣʦʤʝʨʘʪʳ, 

ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʠʟʚʝʩʪʥʷʢʠ, ʧʦʨʬʠʨʠʪʳ ʠ ʠʭ ʪʫʬʳ. 

ʄʘʛʤʘʪʠʟʤ ʚ ʧʨʝʜʝʣʘʭ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʥʦʦʙʨʘʟʥʦ ʚ ʰʠʨʦʢʦʤ ʚʦʟʨʘʩʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʠʤʠ, ʜʦʦʨʦʛʝʥʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʧʦʨʦʜʳ ʏʘʨʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʧʦʷʩʘ: 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʝ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ ï ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ, ʤʠʢʨʦʛʘʙʙʨʦ ʠ 

ʜʨʫʛʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ (450-387 ʤʣʥ ʣʝʪ); ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ï ʙʘʟʘʣʴʪʳ, 

ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ, ʘʥʜʝʟʠʪʳ, ʠ ʜʘʮʠʪʳ (378-324 ʤʣʥ ʣʝʪ) [ɽʨʤʦʣʦʚ ʠ ʜʨ., 1981; Safonova et.al., 2012; 

2018]. ɺ ʧʦʟʜʥʝʦʨʦʛʝʥʥʫʶ ʩʪʘʜʠʶ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ 

ʧʦʨʦʜʳ ɼʘʫʙʘʡʩʢʦʡ ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ: ʥʠʞʥʷʷ ʪʦʣʱʘ ï ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ ʠ 

ʘʥʜʝʟʠʪʳ (ʉ2db1, 311 ʤʣʥ ʣʝʪ); ʚʝʨʭʥʷʷ ʪʦʣʱʘ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʥʜʝʟʠʪʳ (ʉ2db2, 297 ʤʣʥ ʣʝʪ) 

[ʍʨʦʤʳʭ ʠ ʜʨ., 2020], ʠ, ʢʨʦʤʝ ʵʪʦʛʦ, ʚ ʵʪʫ ʩʪʘʜʠʶ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʨʦʜʳ ʢʫʥʫʰʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
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(ʉ3-P1, 310-298 ʤʣʥ ʣʝʪ) ï ʧʣʘʛʠʦʛʨʘʥʠʪʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ, ʜʠʦʨʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ, ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʳ ʠ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ [ʅʘʣʠʚʘʝʚ, 1980; ɼʴʷʯʢʦʚ ʠ ʜʨ., 2009; 2015; ʂʫʡʙʠʜʘ, 2009; 

ʂʫʡʙʠʜʘ ʠ ʜʨ., 2009; ɹʝʩʧʘʝʚ ʠ ʜʨ., 2013; Kuibida et.al., 2019]. ɺ ʧʦʩʪʦʨʦʛʝʥʥʫʶ ʩʪʘʜʠʶ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʛʠʤʙʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (P1, 293 ʤʣʥ ʣʝʪ) ï ʱʝʣʦʯʥʳʝ ʛʘʙʙʨʦ-

ʜʠʘʙʘʟʳ, ʛʘʙʙʨʦ-ʵʩʩʝʢʩʠʪʳ, ʛʘʙʙʨʦ, ʙʘʟʘʣʴʪʦʠʜʥʳʝ ʧʦʨʬʠʨʠʪʳ, ʩʠʝʥʠʪʳ [ɽʨʤʦʣʦʚ ʠ ʜʨ., 1983; 

ʅʘʣʠʚʘʝʚ, 1980; ʍʨʦʤʳʭ ʠ ʜʨ., 2009; 2013]; ʤʘʢʩʫʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (P1, 280-278 ʤʣʥ ʣʝʪ) ï 

ʦʣʠʚʠʥʦʚʳʝ ʜʦʣʝʨʠʪʳ (ʧʠʢʨʦʜʦʣʝʨʠʪʳ), ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʧʝʨʠʜʦʪʠʪʳ (ʧʠʢʨʠʪʳ) ʠ ʧʦʨʦʜʳ 

ʪʘʩʪʘʫʩʢʦʛʦ ʤʘʩʩʠʚʘ (P1, 289-280 ʤʣʥ ʣʝʪ) ï ʤʥʦʛʦʬʘʟʥʳʝ ʛʘʙʙʨʦ-ʛʨʘʥʠʪʥʳʝ ʠʥʪʨʫʟʠʠ [ɽʨʤʦʣʦʚ 

ʠ ʜʨ., 1983; ɼʦʢʫʢʠʥʘ ʠ ʜʨ., 2010; ʅʘʫʤʦʚ ʠ ʜʨ., 2012; ʍʨʦʤʳʭ ʠ ʜʨ., 2013; ʍʨʦʤʳʭ, 2022]. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʚ ʨʘʡʦʥʝ ʊʶʨʝʰʦʢʠʥʩʢʦʡ ʤʫʣʴʜʳ ʦʪʤʝʯʘʝʪʩʷ ʚʫʣʢʘʥʦʛʝʥʥʳʡ ʘʥʘʣʦʛ ʘʨʛʠʤʙʘʡʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ï ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʨʠʦʣʠʪ-ʧʦʨʬʠʨʳ [ɽʨʤʦʣʦʚ ʠ ʜʨ., 1983; ʍʨʦʤʳʭ ʠ ʜʨ., 2013; 

ʍʨʦʤʳʭ ʠ ʜʨ., 2020; ʍʨʦʤʳʭ, 2022]. ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʢʣʶʯʝʚʳʝ ʜʘʪʳ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʝ ɸɹɸɿʈ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ.  
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ʊʘʙʣʠʮʘ 1.1. ɿʘʧʘʩʳ ʠ ʨʝʩʫʨʩʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ɸɹɸɿʈ. 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ/ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ 

ʇʦ ʩʦʩʪʦʷʥʠʶ 

ʥʘ: 

ɿʘʧʘʩʳ/ ʨʝʩʫʨʩʳ 

(ʧʦ ʢʘʪʝʛʦʨʠʷʤ) 
ɼʦʙʳʪʦ ʉʨ. ʩʦʜ., ʛ/ʪ ʀʩʪʦʯʥʠʢ/ ʩʩʳʣʢʘ ʉʪʘʜʠʷ ʨʘʟʚʝʜʘʥʥʦʩʪʠ 

ɸʢʞʘʣ 

(ʎʝʥʪʨʘʣʴʥʳʡ ʫʯ.) 
27.08.2019 

ʉ1 = 6,6 ʪ; C2 = 13,2 ʪ 

ʆʙʱʝʝ ï 19,8 ʪ 

ɼʦ 1958 ʛ. ï 5,9287 ʪ 

(ʩʩ ï 10,9 ʛ/ʪ); 

ʉ 1995 ʧʦ 2005 ï 

61,4 ʢʛ; 

2,47 

ɸʢʞʘʣ ɻʦʣʜ ʈʝʩʦʨʩʠʟ 

[ʕʣ. ʨʝʩ.]; 

ʀʥʚʝʩʪʠʮʠʦʥʥʳʡ é, 

2020 

ʇʨʦʙʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ï 

2009-2010 ʛʛ.; 

ʕʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʩ 2012 ʛ 

ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʉʝʨʛʝʡ I  ʉ1 = 0,2 ʪ*  1,09* 
ʉʝʨʜʶʢʦʚ ʠ ʜʨ., 2013ʬ ɼʝʪʘʣʴʥʘʷ ʨʘʟʚʝʜʢʘ 

ʉʝʨʛʝʡ II   ʉ1 = 0,14 ʪ*  1,23* 

ʊʦʢʫʤ 

01.02.2014 

ʉ2 = 0,648 ʪ (ʙʦʨʪ 0,5 ʛ/ʪ)* 

ʉ2 = 6,9 ʪ (ʙʦʨʪ 1 ʛ/ʪ)** 

ʆʙʱʝʝ ï 7,558ʪ 
 

1,68* 

1,86** 

ʉʝʡʜʫʣʣʘʝʚ, 2023 ɼʝʪʘʣʴʥʘʷ ʨʘʟʚʝʜʢʘ 

12.05.2020 

230 ʢʛ* 

8,24 ʪ** 

ʆʙʱʝʝ ï 8,47 ʪ 

1,39* 

1,63** 

ɾʝʥʠʰʢʝ 
01.02.2014 

ʉ2 = 98 ʢʛ (ʙʦʨʪ 0,5 ʛ/ʪ)* 

ʉ2 = 126 ʢʛ (ʙʦʨʪ 1 ʛ/ʪ)** 

ʆʙʱʝʝ ï 224 ʢʛ 
 

1,03* 

1,5** 
ʋʩʦʣʴʮʝʚ, 2020ʬ; 

ʉʝʡʜʫʣʣʘʝʚ, 2023 
ɼʝʪʘʣʴʥʘʷ ʨʘʟʚʝʜʢʘ 

12.05.2020 205 ʢʛ ï ʦʢʠʩʣ. 0,77* 

ʖʞʥʦʝ 

01.02.2014 

ʉ2 = 988 ʢʛ (ʙʦʨʪ 0,5 ʛ/ʪ)* 

ʉ2 = 836 ʢʛ (ʙʦʨʪ 1 ʛ/ʪ)** 

ʆʙʱʝʝ ï 1,824 ʪ 
 

1,09* 

1,89** 
ʋʩʦʣʴʮʝʚ, 2020ʬ; 

ʉʝʡʜʫʣʣʘʝʚ, 2023 
ɼʝʪʘʣʴʥʘʷ ʨʘʟʚʝʜʢʘ 

12.05.2020 

ʉ2 = 1,344 ʪ* 

ʉ2 = 4,034 ʪ** 

ʆʙʱʝʝ ï 5,38 ʪ 

0,81* 

1,36** 

ʂʦʡʪʘʩ 27.08.2022 ʉ2 = 113 ʢʛ*  0,67* ʉʝʡʜʫʣʣʘʝʚ, 2023 

ʅʘʯʘʣʴʥʘʷ 

(ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ) 

ʨʘʟʚʝʜʢʘ 

ɺʘʩʠʣʴʝʚʩʢʦʝ 14.11.2017 
C1 = 1, 036 ʪ; ʉ2 = 2,38 ʪ; 

ʆʙʱʝʝ ï 3,416 ʪ (ʙʦʨʪ 0,3 ʛ/ʪ)* 
 1,73* ʉʝʡʜʫʣʣʘʝʚ, 2023 

ʕʢʩʧʣʫʘʪʠʨʫʝʪʷ 

ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ 

ʊʝʥʠʥʩʢʦʝ  ʉ1 = 5,173 ʪ  3,3 ɺʘʫʣʠʥ, 2016 ɼʝʪʘʣʴʥʘʷ ʨʘʟʚʝʜʢʘ 

ʖʞʥʳʝ ɸʰʘʣʳ 01.01.2021 
ʉ2 = 12,2 ʪ (ʙʦʨʪ ï 1,2 ʛ/ʪ); P1 = 7,8 

ʪ (1,7 ʛ/ʪ). ʆʙʱʝʝ ï 20 ʪ 

ɺ ʧʝʨʠʦʜ 1957-1958 

ʛʛ ʜʦʙʳʪʦ ï 148 ʢʛ 

(ʩʩ ï 5,1 ʛ/ʪ) 

1,7* 

ɸʣʝʢʩʝʡʯʫʢ, 2021ʬ; 

Goldstone Minerals 

[ʕʣ. ʨʝʩ.];  

ʇʣʘʥʠʨʫʝʪʩʷ ʚʚʦʜ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 2026 

ɹʘʣʘʞʘʣ 

01.10.2001 

C2 = 19,726 ʪ* 

C2 = 10,731 ʪ** 

ʆʙʱʝʝ ï 30,659 ʪ 

ɼʦ 1952 ʛ ʜʦʙʳʪʦ 

2,7 ʪ ʠʟ ʢʚʘʨʮʝʚʳʭ 

ʞʠʣ (ʧʦ ʥʝʧʦʣʥʳʤ 

ʜʘʥʥʳʤ) 

3,41* 

2,99** 

ʅʘʣʠʚʘʝʚ, ɻʦʣʫʙʮʦʚ, 

2001ʬ 
ɿʘʢʦʥʩʝʨʚʠʨʦʚʘʥʦ 

01.10.2012 
ʉ1 = 4,755 ʪ; C2 = 0,914 ʪ 

ʆʙʱʝʝ (ʉ1+ʉ2) ï 5,669 ʪ** 
1,56** ɽʛʦʨʦʚ ʠ ʜʨ., 2012ʬ 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʦʢʠʩʣʝʥʥʘʷ ʨʫʜʘ; **  ï ʩʫʣʴʬʠʜʥʘʷ (ʧʝʨʚʠʯʥʘʷ) ʨʫʜʘ; ʩʩ ï ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ.  
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ʈʠʩʫʥʦʢ 1.3. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ɸʢʞʘʣ-ɹʦʢʦ-ɸʰʘʣʠʥʩʢʦʛʦ 

ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. ʇʦ ʜʘʥʥʳʤ [ɽʨʤʦʣʦʚ ʠ ʜʨ., 1981; 1983; ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷé,1965; 1966; 

Safonova et.el., 2012; 2018; ɹʝʩʧʘʝʚ ʠ ʜʨ., 2013; ʍʨʦʤʳʭ ʠ ʜʨ., 2013; 2020; ʍʨʦʤʳʭ, 2022] ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʘʚʪʦʨʘ.  

 

1.3. ʈʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ 

ɸɹɸɿʈ 

ʈʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʧʦʠʩʢʦʚʳʤ ʧʨʠʟʥʘʢʦʤ ʠ ʷʚʣʷʶʪʩʷ 

ʢʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʛʝʥʝʟʠʩʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʧʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʧʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ, ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ, ʩʪʨʫʢʪʫʨʥʦʤʫ ʠ ʤʘʛʤʘʪʠʯʝʩʢʦʤʫ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʬʘʢʪʦʨʘʤ ɸɹɸɿʈ. ʆʧʠʩʘʥʥʳʝ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʥʘ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʨʦʛʝʥʥʦʛʦ ʪʠʧʘ [ɹʫʨʷʢ, ʍʤʝʣʝʚʩʢʘʷ, 1997; ɺʦʣʢʦʚ, 

ʉʠʜʦʨʦʚ, 2012; Goldfarb et.al., 2005; ʠ ʜʨ.]. 

ʃʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʈʫʜʦʚʤʝʱʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸɹɸɿʈ ʷʚʣʷʶʪʩʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʜʝʚʦʥʩʢʦʡ ʠ ʢʘʨʙʦʥʦʚʦʡ 

ʩʠʩʪʝʤ. ʉʨʝʜʠ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʦ ʫʩʣʦʚʠʷʤ ʥʘʢʦʧʣʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʤʦʨʩʢʠʝ (ʘʨʢʘʣʳʢʩʢʘʷ 
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ʩʚʠʪʘ, C1v1-2ar), ʣʘʛʫʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ (ʙʫʢʦʥʴʩʢʘʷ ʩʚʠʪʘ, C2bk) ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ (ʜʘʫʙʘʡʩʢʘʷ, C2db) ʦʪʣʦʞʝʥʠʷ [ʃʝʚʠʥ, 19681; ʂʘʣʠʥʠʥ ʠ ʜʨ., 2017ʬ].  

ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʘʨʢʘʣʳʢʩʢʦʡ ʩʚʠʪʳ) ʧʨʝʜʩʪʘʚʣʝʥ 

ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʠ ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʅʠʞʥʷʷ ʝʝ ʯʘʩʪʴ ʩʣʦʞʝʥʘ ʜʠʘʙʘʟʦʚʳʤʠ 

ʧʦʨʬʠʨʠʪʘʤʠ ʠ ʠʭ ʪʫʬʘʤʠ, ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʩ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤʠ ʠ ʢʨʝʤʥʠʩʪʳʤʠ 

ʧʦʨʦʜʘʤʠ. ʉʨʝʜʥʷʷ ʯʘʩʪʴ ʠʤʝʝʪ ʧʝʨʝʭʦʜʥʳʡ ʭʘʨʘʢʪʝʨ ʦʪ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʢ ʥʦʨʤʘʣʴʥʦ-

ʦʩʘʜʦʯʥʦʤʫ. ɺ ʵʪʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʚʳʜʝʣʝʥʥʦʡ ʚ ʢʨʝʤʥʠʩʪʦ-ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʫʶ ʧʦʜʩʚʠʪʫ, 

ʧʨʠʫʨʦʯʝʥʳ ʟʦʥʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʝʩʪʨʳʭ ʷʰʤ ʠ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ 

(ʢʨʝʤʥʠʩʪʘʷ ʧʦʜʩʚʠʪʘ), ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʧʝʨʝʩʣʘʠʚʘʥʠʠ ʩ ʦʩʘʜʦʯʥʳʤʠ ʠ ʵʬʬʫʟʠʚʥʳʤʠ ʧʦʨʦʜʘʤʠ. 

ʃʝʚʠʥ ɻ.ɹ. ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʨʝʤʥʠʩʪʘʷ ʧʦʜʩʚʠʪʘ ʩʣʫʞʠʣʘ ʵʢʨʘʥʦʤ ʜʣʷ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ 

[ʃʝʚʠʥ, 19681]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʥʪʝʨʝʩʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ 

ʘʨʢʘʣʳʢʩʢʦʡ ʩʚʠʪʳ, ʩʣʦʞʝʥʥʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʟʘʣʴʪʦʚʳʤʠ ʧʦʨʬʠʨʠʪʘʤʠ ʠ ʠʭ ʪʫʬʘʤʠ, 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ [ʂʘʣʠʥʠʥ ʠ ʜʨ., 2017ʬ]. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʢʞʘʣ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʙʘʟʘʣʴʪʦʠʜʦʚ 

(ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʉʝʨʛʝʡ-II), ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ (ɸʢʞʘʣ, ʫʯʘʩʪʦʢ 

ʎʝʥʪʨʘʣʴʥʳʡ) ʦʙʫʩʣʦʚʣʝʥʦ, ʦʯʝʚʠʜʥʦ, ʧʦʟʜʥʝʡ ʙʣʦʢʦʚʦʡ ʪʝʢʪʦʥʠʢʦʡ, ʚʳʚʦʜʷʱʝʡ ʥʘ ʜʥʝʚʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʯʘʩʪʠ ʨʫʜʦʚʤʝʱʘʶʱʝʛʦ ʨʘʟʨʝʟʘ. ɺ.ʀ. ʅʘʣʠʚʘʝʚ ʧʦʜʚʝʨʛʘʝʪ ʩʦʤʥʝʥʠʶ 

ʚʦʟʨʘʩʪ ʪʦʣʱ ʫʛʣʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʚ ʢʦʪʦʨʳʭ ʣʦʢʘʣʠʟʫʶʪʩʷ ʨʫʜʥʳʝ ʟʦʥʳ, ʦʪʥʦʩʠʤʳʭ ʢ 

ʘʨʢʘʣʳʢʩʢʦʡ ʩʚʠʪʝ, ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʚʦʟʨʘʩʪ [ʅʘʣʠʚʘʝʚ, 1980]. 

ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʘʛʫʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʙʫʢʦʥʴʩʢʦʡ ʩʚʠʪʳ) 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʛʨʘʚʝʣʠʪʘʤʠ, ʛʨʫʙʦ- ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, 

ʘʣʝʚʨʦʣʠʪʘʤʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʪʣʦʞʝʥʠʷ ʙʫʢʦʥʴʩʢʦʡ 

ʩʚʠʪʳ ʚʤʝʱʘʶʪ ʨʷʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʦʛʦ ʪʠʧʘ ï ɹʦʢʦ, 

ʂʨʘʩʥʦʝ, ʂʦʣʦʨʘʜʦ, ʂʝʨʝʛʝʪʘʩ ʠ ʩʤʝʰʘʥʥʦʛʦ ï ɺʘʩʠʣʴʝʚʩʢʦʝ, ʖʞʥʳʝ ɸʰʘʣʳ.  

ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʠ (ʜʘʫʙʘʡʩʢʦʡ ʠ ʤʘʡʪʶʙʠʥʩʢʦʡ ʩʚʠʪ) 

ʧʨʝʜʩʪʘʚʣʝʥ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ (C2db) ï ʠ ʪʝʨʨʠʛʝʥʥʳʤʠ (C2mt) ï ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʨʦʜʳ ʜʘʫʙʘʡʩʢʦʡ ʩʚʠʪʳ ʚʤʝʱʘʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʘʫʙʘʡ (ʞʠʣʳ ʇʨʝʟʠʜʝʥʪ, ʉʫʣʫ, 

ʗʢʦʚʣʝʚʩʢʘʷ), ʪʦʛʜʘ ʢʘʢ ʧʦʨʦʜʳ ʤʘʡʪʶʙʠʥʩʢʦʡ ʩʚʠʪʳ ʩʪʝʨʠʣʴʥʳ ʥʘ ʟʦʣʦʪʦ [ʃʝʚʠʥ, 19681]. 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʆʪʤʝʯʘʝʪʩʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɿʂɿʇ ʚ ʦʙʱʝʤ ʠ ɸɹɸɿʈ ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʚʤʝʱʘʶʱʠʤ ʧʦʨʦʜʘʤ, ʧʨʝʪʝʨʧʝʚʰʠʤ ʨʝʛʠʦʥʘʣʴʥʳʡ 

ʤʝʪʘʤʦʨʬʠʟʤ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡïʮʝʦʣʠʪʦʚʦʡ ʬʘʮʠʡ [ʃʶʙʝʮʢʠʡ, ʃʶʙʝʮʢʘʷ, 1984; ɸʥʘʥʴʝʚ, 1999]. 

ʇʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʳʝ ɸʰʘʣʳ ʪʝʤʧʝʨʘʪʫʨʘ ʧʠʢʘ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦʨʦʜ 

ʙʫʢʦʥʴʩʢʦʡ ʩʚʠʪʳ, ʦʮʝʥʝʥʥʘʷ ʧʦ ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʘʨʴʠʨʫʝʪ ʦʪ 384 
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ʜʦ 241 Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡïʮʝʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ [ɻʨʝʢʫ ʠ ʜʨ., 

2024].  

ʉʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ. ɺ ʧʨʝʜʝʣʘʭ ɸɹɸɿʈ ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʳ ʩʢʣʘʜʯʘʪʳʝ ʠ ʨʘʟʨʳʚʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʦʙʱʝʛʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʃʝʚʠʥ, 19681; ɻʣʦʙʘ, 1968; ʇʘʚʣʦʚʘ, 1981). 

ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʠʤʝʶʪ ʧʣʠʢʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ 

ʟʦʣʦʪʦʨʫʜʥʳʝ ʫʟʣʳ ʪʷʛʦʪʝʶʪ ʢ ʧʝʨʠʢʣʠʥʘʣʴʥʦʤʫ ʟʘʤʳʢʘʥʠʶ ʥʝʙʦʣʴʰʠʭ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ 

ʩʢʣʘʜʦʢ, ʢ ʧʝʨʝʛʠʙʘʤ ʠʭ ʦʩʝʡ ʠʣʠ ʠʭ ʢʨʳʣʴʷʤ, ʠ ʢ ʢʨʫʧʥʳʤ ʬʣʝʢʩʫʨʘʤ, ʦʩʣʦʞʥʝʥʥʳʭ ʨʘʟʣʦʤʘʤʠ 

ʠ ʥʘʜʚʠʛʘʤʠ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷé, 1980; ʄʘʨʯʝʥʢʦ, 1984). ɻʣʘʚʥʳʡ ʬʘʢʪʦʨ ʚ ʨʘʟʤʝʱʝʥʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʥʳʭ ʪʝʣ ʢ ʫʟʣʘʤ ʩʦʯʣʝʥʝʥʠʷ 

ʩʫʙʰʠʨʦʪʥʳʭ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʥʘʨʫʰʝʥʠʡ (ʅʘʣʠʚʘʝʚ, ʇʘʚʣʦʚʘ, 1986; 

ʉʚʠʨʠʜʦʚ ʠ ʜʨ., 1999). ʈʫʜʦʣʦʢʘʣʠʟʫʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʫʨʦʯʝʥʳ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ, ʷʚʣʷʶʪʩʷ ʟʦʥʳ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ, ʙʫʜʠʥʘʞʘ ʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ 

ʫʛʣʝʨʦʜʠʩʪʳʭ ʧʦʨʦʜ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʜʚʠʛʘ [ʄʘʨʯʝʥʢʦ, 1984]. 

ʇʦ ʜʘʥʥʳʤ ʃʝʚʠʥʘ (19681) ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸɹɸɿʈ ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʣʘʚʥʳʤ ʩʢʣʘʜʯʘʪʳʤ 

ʵʣʝʤʝʥʪʘʤ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ (ɸʢʞʘʣʴʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣ ɹ ʠ ɼʘʫʙʘʡ-ɹʦʢʦʥʩʢʘ ̫ ʩʠʥʢʣʠʥʘʣ)ɹ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. ʊʘʢ, ɸʢʞʘʣʴʩʢʘ ̫ʘʥʪʠʢʣʠʥʘʣʴ, 

ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪ ʘʩʠʤʤʝʪʨʠʯʥʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʥʥʝʛʝʨʮʠʥʩʢʦʛʦ ʵʪʘʞʘ. ʐʘʨʥʠʨ ʘʥʪʠʢʣʠʥʘʣʠ ʫʥʜʫʣʠʨʫʝʪ, ʧʨʠ ʦʙʱʝʤ 

ʧʦʣʦʛʦʤ (15-20Á) ʧʦʛʨʫʞʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʷʜʨʘ ʫʯʘʩʪʚʫʶʪ 

ʦʪʣʦʞʝʥʠʷ ʦʩʘʜʦʯʥʦ-ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʡ, ʘ ʝʛʦ ʢʨʳʣʴʝʚ ï ʢʨʝʤʥʠʩʪʦ-ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʡ ʧʦʜʩʚʠʪ 

ʘʨʢʘʣʳʢʩʢʦʡ ʩʚʠʪʳ. ʂʨʳʣʴʷ ʘʥʪʠʢʣʠʥʘʣʠ, ʧʨʠ ʠʭ ʦʙʱʝʤ ʢʨʫʪʦʤ (ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ 60-80Á, ʘ ʶʛʦ-

ʟʘʧʘʜʥʦʛʦ 45-70Á) ʧʘʜʝʥʠʠ ʥʘ ʶʛʦ-ʟʘʧʘʜ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʩʣʦʞʥʝʥʳ ʩʢʣʘʜʯʘʪʦʩʪʴʶ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʘ. ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ɸʢʞʘʣʴʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴ, ʩʣʦʞʝʥʥʘʷ 

ʦʪʣʦʞʝʥʠʷʤʠ ʢʨʝʤʥʠʩʪʦ-ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʡ ʧʦʜʩʚʠʪʳ, ʚʤʝʱʘʝʪ ʚʩʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ɸʢʞʘʣʴʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. ɼʘʫʙʘʡ-ɹʦʢʦʥʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʪ 

ʶʞʥʦʡ ʦʢʨʘʠʥʳ ɸʢʞʘʣʴʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʯʝʨʝʟ ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʝ ʠ ɼʘʫʙʘʡ-ɸʰʘʣʠʥʩʢʦʝ 

ʨʫʜʥʳʝ ʧʦʣʷ ʜʘʣʴʰʝ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. ʐʘʨʥʠʨ ʩʢʣʘʜʢʠ, ʥʘʩʣʝʜʫʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨ ʨʘʥʥʝʛʝʨʮʠʥʩʢʦʛʦ ʵʪʘʞʘ, ʫʥʜʫʣʠʨʫʝʪ ʧʨʠ ʦʙʱʝʤ ʧʦʣʦʛʦʤ ʧʦʛʨʫʞʝʥʠʠ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. ʂʨʳʣʴʷ ʩʠʥʢʣʠʥʘʣʠ ʫʩʣʦʞʥʝʥʳ ʩʢʣʘʜʢʘʤʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ, ʩʨʝʜʠ ʥʠʭ ʦʩʦʙʦʛʦ 

ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʉʝʚʝʨʦ-ɹʦʢʦʥʩʢʘʷ ʠ ɼʘʫʙʘʡʩʢʘʷ ʩʠʥʢʣʠʥʘʣʠ, ʢʦʪʦʨʳʤʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʦʜʥʦʠʤʝʥʥʳʝ ʨʫʜʥʳʝ ʧʦʣʷ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɸʰʘʣʠʥʩʢʘʷ ʛʨʫʧʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʫʨʦʯʝʥʘ ʢ 

ʶʞʥʦʤʫ ʢʨʳʣʫ ʩʠʥʢʣʠʥʘʣʴʥʦʡ ʩʢʣʘʜʢʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ, ʯʘʩʪʠʯʥʦ ʩʨʝʟʘʥʥʦʡ ʨʘʟʣʦʤʦʤ. 

ʉʘʨʳ-ʐʫʥʝʢʩʢʘʷ ʘʥʪʠʢʣʘʥʘʣʴ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ɹʦʢʦʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʠ ʩʣʦʞʝʥʥʘʷ 

ʦʪʣʦʞʝʥʠʷʤʠ ʢʦʢʧʝʢʪʠʥʩʢʦʡ ʩʚʠʪʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʦʣʦʪʦʥʦʩʥʘ. 
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ɺ ʨʘʙʦʪʝ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷé,1980) ʛʦʚʦʨʠʪʩʷ ʦ ʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʨʦʣʠ ʢʨʫʧʥʳʭ 

(ʨʝʛʠʦʥʘʣʴʥʳʭ) ʨʘʟʣʦʤʦʚ ʚ ʨʘʟʤʝʱʝʥʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʊʘʢ ʚ ʧʨʝʜʝʣʘʭ 

ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ɸʢʞʘʣʴʩʢʦʛʦ ʠ ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʛʦ 

ʨʫʜʥʳʭ ʧʦʣʝʡ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤʫ ɹʦʢʦʥʩʢʦʤʫ ʨʘʟʣʦʤʫ, ʘ ɼʘʫʙʘʡ-ɸʰʘʣʠʥʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʢ ʰʠʨʦʪʥʦʤʫ ʏʠʥʛʠʟ-ʅʘʨʳʤʩʢʦʤʫ (ʉʘʨʳʞʘʣʴʩʢʦʤʫ) ʨʘʟʣʦʤʫ. ʇʦ ʜʘʥʥʳʤ 

ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʘ ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʦʣʷʭ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʪʠʧʠʯʥʦ ʨʘʟʚʠʪʠʝ, ʚ 

ʦʩʥʦʚʥʦʤ ʧʷʪʠ ʩʠʩʪʝʤ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ: ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ (310Á ʠ 340Á), ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

(60Á ʠ 22Á) ʠ ʩʫʙʰʠʨʦʪʥʦʛʦ (265-275Á). ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʥʘʨʫʰʝʥʠʷʤ ʚʩʝʭ ʧʷʪʠ ʩʠʩʪʝʤ ʠ ʢ ʫʟʣʘʤ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ (ʉʚʠʨʠʜʦʚ ʠ ʜʨ., 1999; ʂʘʣʠʥʠʥ ʠ ʜʨ., 

2017ʬ; ʆʢʫʥʝʚ ʠ ʜʨ., 1969ʬ). ʆʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʩʯʠʪʘʶʪ 

ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʟʦʥʫ (ʛʣʫʙʠʥʥʦʛʦ) ɹʦʢʦʥʩʢʦʛʦ (ɻʦʨʥʦʩʪʘʝʚʩʢʦ-ɸʨʢʘʣʳʢʩʢʦ-ɹʦʢʦʥʩʢʦʛʦ) ʨʘʟʣʦʤʘ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ [ʃʝʚʠʥ, 19682; ʄʳʩʥʠʢ ʠ ʜʨ., 1980 ʠ ʜʨʫʛʠʝ], ʣʠʙʦ ʫʟʝʣ 

ʧʝʨʝʩʝʯʝʥʠʷ ʜʘʥʥʦʛʦ ʨʘʟʣʦʤʘ ʩ ʖʞʥʦ-ɸʢʞʘʣʴʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʦʡ [ʆʢʫʥʝʚ ʠ ʜʨ., 1969; 

ʅʘʣʠʚʘʝʚ, 1980].  

ɺ ʢʘʯʝʩʪʚʝ ʣʦʢʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʫʜʥʳʭ ʪʝʣ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʚʳʜʝʣʷʣʠʩʴ:  

1. ʋʟʣʳ ʧʝʨʝʩʝʯʝʥʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʠ ʰʠʨʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʠ 

ʰʠʨʦʪʥʳʭ ʥʘʨʫʰʝʥʠʡ [ʅʘʣʠʚʘʝʚ, 1980]; 

2. ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʠ ʩʫʙʰʠʨʦʪʥʳʝ ʩʢʣʘʜʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ (ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʠʭ ʰʘʨʥʠʨʳ) ʠ ʚʥʫʪʨʠʙʣʦʢʦʚʳʝ ʪʨʝʱʠʥʳ ʪʘʢʞʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ (320-340Á) ʠ ʩʫʙʰʠʨʦʪʥʦʛʦ 

(260-280Á) ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠ ʵʢʨʘʥʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ (50-70Á) ʜʠʟʲʶʥʢʪʠʚʦʚ 

[ʃʝʚʠʥ, 19682]. 

3. çéʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʫʜʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʪʝʩʥʦʤ ʩʦʯʝʪʘʥʠʠ 

ʧʣʠʢʘʪʠʚʥʳʭ ʠ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡéò. ʆʜʥʘ ʯʘʩʪʴ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʜʠʟʲʶʥʢʪʠʚʦʚ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʢʨʳʣʴʷʤ ʠ ʟʘʤʢʘʤ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʩʢʣʘʜʦʢ, ʜʨʫʛʘʷ ï ʢ ʦʧʝʨʷʶʱʠʤ ʨʘʟʨʳʚʘʤ 

ʢʨʫʧʥʳʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʯʘʱʝ ʚʩʝʛʦ, ʟʦʣʦʪʦʨʫʜʥʳʝ ʦʙʲʝʢʪʳ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʤʝʩʪʘʤ ʧʝʨʝʩʝʯʝʥʠʷ ʠʣʠ ʩʪʳʢʘ ʥʘʨʫʰʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ: ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ, ʰʠʨʦʪʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ. ʊʘʢʞʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʦʨʫʜʝʥʝʥʠʷ 

ʧʨʠʟʥʘʥʳ ʤʝʞʩʣʦʝʚʳʝ ʥʘʨʫʰʝʥʠʷ (ʚʥʫʪʨʠ ʩʢʣʘʜʯʘʪʳʝ?) ʠ ʧʨʠʨʘʟʣʦʤʥʳʝ ʩʢʣʘʜʢʠ ʚʦʣʦʯʝʥʠʷ 

[ʆʢʫʥʝʚ ʠ ʜʨ., 1969]; 

4. ʉʢʣʘʜʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʩʣʦʞʥʝʥʥʳʝ ʩʠʩʪʝʤʦʡ ʤʝʞʩʣʦʝʚʳʭ ʩʨʳʚʦʚ ʠ ʩʝʢʫʱʠʭ 

ʩʢʦʣʦʚʳʭ ʨʘʟʨʳʚʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤʫ ʨʘʟʨʳʚʥʳʭ ñʧʫʯʢʦʚò, ʩʦʩʪʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʥʘʨʫʰʝʥʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ (305-320Á ʠ 330-350Á), ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ (15-40Á ʠ 60-70Á) 
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ʠ ʙʣʠʟʰʠʨʦʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʨʫʜʦʥʦʩʥʳʝ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʠ ʰʠʨʦʪʥʳʝ ʨʘʟʨʳʚʳ ʩ 

ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ 50-60Á ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʠ ʚʦʩʪʦʢʫ [ʄʳʩʥʠʢ ʠ ʜʨ,1980]. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʩʝʚʳʤ ʣʠʥʠʷʤ 

ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ɺʘʩʠʣʴʝʚʩʢʦʝ, ɹʦʢʦ, ɺʝʨʘ-ʏʘʨ), ʯʘʩʪʴ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɸʢʞʘʣ, ɹʘʣʘʞʘʣ), ʘ ʯʘʩʪʴ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʟʦʥʦʡ ʩʤʷʪʠʷ, ʦʧʝʨʷʶʱʝʡ 

ʨʘʟʣʦʤ (ɼʘʫʙʘʡ, ʖʞʥʳʝ ɸʰʘʣʳ) [Kalinin et.al., 2021]. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʚ ʨʘʟʨʳʚʥʳʭ ʠ ʧʣʠʢʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʣʦʢʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʢʦʥʪʨʦʣʷ ʤʘʛʤʘʪʠʪʦʚ ʷʚʣʷʶʪʩʷ: ʟʦʥʳ ʩʤʷʪʠʷ ʥʘʜʚʠʛʦʚʦʛʦ ʪʠʧʘ; ʫʟʣʳ ʧʝʨʝʩʝʯʝʥʠʷ ʤʝʣʢʠʭ 

ʨʘʟʨʳʚʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ; ʙʦʨʪʦʚʳʝ ʯʘʩʪʠ ʥʘʣʦʞʝʥʥʳʭ ʤʫʣʴʜ; ʫʯʘʩʪʢʠ ʧʝʨʝʩʝʢʘʶʱʝʡʩʷ 

ʠ ʩʣʦʞʥʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ; ʩʪʳʢʠ ʘʥʪʠʢʣʠʥʘʣʝʡ ʠ ʩʠʥʢʣʠʥʘʣʝʡ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʧʦʛʨʫʞʝʥʠʠ 

ʰʘʨʥʠʨʦʚ; ʫʯʘʩʪʢʠ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ (ʚ ʧʣʘʥʝ) ʤʦʱʥʦʩʪʠ ʩʚʠʪ ʠ ʦʪʜʝʣʴʥʳʭ ʧʘʯʝʢ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ [ɽʨʰʦʚ, 1984]. 

ʄʘʛʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ɺʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʧʨʠ ʧʦʠʩʢʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʦʣʦʪʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ɸɹɸɿʈ ʠ ɿʂɿʇ ʚ ʮʝʣʦʤ, ʷʚʣʷʝʪʩʷ ʪʝʩʥʘʷ ʚʦʟʨʘʩʪʥʘʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʩʚʷʟʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʢʦʥʪʨʘʩʪʥʳʤ ʧʦ ʩʦʩʪʘʚʫ ʤʘʛʤʘʪʠʟʤʦʤ ʘʨʛʠʤʙʘʡʩʢʦʛʦ [ʅʘʣʠʚʘʝʚ, 1980] ʠ 

ʢʫʥʫʰʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ [ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷé,1980; ʅʘʣʠʚʘʝʚ, ʇʘʚʣʦʚʘ, 1986; ʉʚʠʨʠʜʦʚ ʠ ʜʨ., 

1999]. ɼʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ɸ.ʀ. ɽʨʰʦʚ [1984] ʦʪʤʝʯʘʝʪ ʵʚʦʣʶʮʠʦʥʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ 

ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ-ʱʝʣʦʯʥʦʩʪʠ; ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʫʚʝʣʠʯʝʥʠʷ 

ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʨʦʜ (ʦʪ ʜʨʝʚʥʠʭ ʢ ʤʦʣʦʜʳʤ), ʚ ʦʙʱʝʡ ʩʭʝʤʝ ʨʘʟʚʠʪʠʷ ʤʘʛʤʘʪʠʟʤʘ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʛʣʫʙʠʥʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ; ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ ʧʦʣʝʡ ʥʘ Au ʠ 

ʵʣʝʤʝʥʪʳ-ʩʧʫʪʥʠʢʠ (As, Ag, W, Sb, Bi), ʘ ʪʘʢʞʝ ʥʘʭʦʞʜʝʥʠʝ ʞʝʣʝʟʘ ʚ ʟʘʢʠʩʥʦʡ ʬʦʨʤʝ Fe(+2) ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʟʦʣʦʪʘ ʩ ʭʣʦʨʦʤ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ, ʢʘʢ ʫʪʚʝʨʞʜʘʝʪ ʘʚʪʦʨ, ʥʘ ʧʝʨʝʥʦʩ 

ʤʝʪʘʣʣʘ ʭʣʦʨʠʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. 

ʉʨʝʜʥʠʝ ʠ ʢʠʩʣʳʝ ʧʦʨʦʜʳ, ʦʪʥʦʩʠʤʳʝ ʢ ʢʫʥʫʰʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʥʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʬʘʮʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʜʝʨʠʚʘʪʘʤʠ ʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʡ 

ʤʘʛʤʳ ʛʠʧʘʙʠʩʩʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʬʦʨʤʠʨʦʚʘʥʠʷ: ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ, ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ, ʜʠʦʨʠʪ-

ʧʦʨʬʠʨʠʪ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʝʩʩʘʨʪʠʪ), ʘ ʪʘʢʞʝ ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʠʦʨʠʪʦʚ, ʛʨʘʥʦʜʠʦʨʠʪʦʚ, 

ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ [ʅʘʣʠʚʘʝʚ, ʇʘʚʣʦʚʘ, 1986]. ʂʘʢ ʧʨʘʚʠʣʦ, ʛʨʘʥʠʪʦʠʜʳ, ʦʪʥʦʩʠʤʳʝ ʢ ʢʫʥʫʰʩʢʦʤʫ 

ʢʦʤʧʣʝʢʩʫ, ʠʥʪʝʥʩʠʚʥʦ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʳ. ʅ.ɸ. ʌʦʛʝʣʴʤʘʥ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʠʤ ʥʝʨʝʜʢʦ 

ʩʚʦʡʩʪʚʝʥʥʦ ʨʘʟʚʠʪʠʝ ʘʚʪʦʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʤʫʩʢʦʚʠʪʠʟʘʮʠʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ, ʚʳʨʘʞʝʥʥʳʡ 

ʨʘʟʚʠʪʠʝʤ ʤʫʩʢʦʚʠʪʘ ʧʦ ʮʚʝʪʥʳʤ ʤʠʥʝʨʘʣʘʤ ï ʧʠʨʦʢʩʝʥʫ, ʘʤʬʠʙʦʣʫ ʠ ʙʠʦʪʠʪʫ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʢʘʨʙʦʥʘʪʘ ʠ ʣʝʡʢʦʢʩʝʥʘ. ʊʘʢ, ɸ.ʀ. ɽʨʰʦʚ [1984] ʧʨʝʜʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʠ ʣʠʪʦʣʦʛʦ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤʠ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʤʝʱʝʥʠʝ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ɿʂɿʇ ʠ ɸɹɸɿʈ ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʦʚʤʝʩʪʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʣʦʞʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʨʫʜʦʥʦʩʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. 

1.4. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ɿʂɿʇ 

ɺ ʨʘʙʦʪʝ ʃʶʙʝʮʢʦʛʦ ʠ ʃʶʙʝʮʢʦʡ [1984] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ɿʂɿʇ. ʊʘʢ, ʚ ʠʥʪʝʨʚʘʣʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʚ ʧʦʨʦʜʘʭ ʧʦ 

ʧʘʨʘʤʝʪʨʫ ʉAu ʥʝʚʝʣʠʢ ʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,0 ʜʦ 6,0 *10
-7 %. ɺ ʵʪʠʭ ʧʨʝʜʝʣʘʭ ʦʩʦʙʦ ʧʦʚʳʰʝʥʥʦʡ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʴʶ ʦʪʤʝʪʠʣʠʩʴ ʧʦʨʦʜʳ ʤʝʣʘʥʦʢʨʘʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʤʝʪʘʙʘʟʘʣʴʪʳ ʠ ʙʘʟʘʣʴʪʳ 

ʜʦʢʝʤʙʨʠʷ ʠ ʜʝʚʦʥʘ, ʩʝʨʧʝʥʪʠʥʠʪʳ (ʉAu ʦʪ 3 *10
-7 % ʜʦ 5,2 *10-7 %, Ů ʦʪ 2,5 ʜʦ 5,2). ʀʟ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʚʳʰʝʥʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴʶ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʷʰʤʳ ʠ ʷʰʤʦʢʚʘʨʮʠʪʳ ʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʚʫʣʢʘʥʠʪʳ ʤʘʡʪʶʙʠʥʩʢʦʡ ʩʚʠʪʳ, 

ʫʛʣʠʩʪʳʝ ʘʨʛʠʣʣʠʪʳ ʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʦʨʦʜʳ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ (ʉAu = 3,1 *10-7 %, Ů = 3,0). 

ʉʣʘʙʦ ʟʦʣʦʪʦʥʦʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʘʨʢʘʣʳʢʩʢʦʡ, ʙʫʢʦʥʴʩʢʦʡ ʩʚʠʪ ʠ 

ʩʝʨʧʫʭʦʚʩʢʦʛʦ ʷʨʫʩʘ (ʉAu = 2,0ï2,5 *10-7 %, Ů = 2,5ï3,3). ʇʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʦʣʦʪʦʥʦʩʥʳ 

ʪʝʨʨʠʛʝʥʥʳʝ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʠʣʫʨʘ, ʪʫʬʳ ʘʥʜʝʟʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʜʝʚʦʥʘ, 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʩʝʤʝʡʪʘʫʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʜʨʫʛʠʝ (ʉAu = 1,0ï2,0 *10-7 %, Ů = 0,5ï2,0). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʢʘʢ ʫʪʚʝʨʞʜʘʶʪ ʘʚʪʦʨʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ, ʥʦ ʥʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ, ʧʦʵʪʦʤʫ ʠʩʪʦʯʥʠʢʦʤ ʦʪʨʫʜʝʥʝʥʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʩɹʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ.  

ɺ ʨʘʙʦʪʝ ɸ.ʀ. ɽʨʰʦʚʘ [1984] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ Ag, As ʠ W ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʵʢʩʧʣʦʟʠʚʥʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʣʘʚʦʚʳʭ ʙʨʝʢʯʠʡ ʜʘʫʙʘʡʩʢʦʛʦ ʠ ʙʫʢʦʥʴʩʢʦʛʦ 

ʢʦʤʧʣʝʩʢʦʚ (ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪʦʚʦʡ ʠ ʘʥʜʝʟʠ-ʙʘʟʘʣʴʪʦʚʦʡ ʬʦʨʤʘʮʠʡ). ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ɿʂɿʇ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ɾʘʥʘʥʩʢʦʛʦ ʠ ɹʘʢʳʨʯʠʢʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ ʦʙʦʛʘʱʝʥʳ Sb, ʪʦʛʜʘ ʢʘʢ ʥʘ 

ʶʛʦ-ʚʦʩʪʦʢʝ ʚ ʠʥʪʨʫʟʠʷʭ ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʦʥʘ ʦʪʩʫʪʩʪʚʫʝʪ. ɸʥʘʣʠʟ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʛʨʘʬʦʚ, ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʘʚʪʦʨʫ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʥʝʠʟʤʝʥʝʥʥʳʭ 

ʠʣʠ ʩʣʘʙʦ ʠʟʤʝʥʝʥʥrʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ (ʘʨʛʠʤʙʘʡʩʢʦʛʦ, ʤʘʡʪʶʙʠʥʩʢʦʛʦ, ʜʘʫʙʘʡʩʢʦʛʦ, 

ʙʫʢʦʥʴʩʢʦʛʦ? ʠ ʢʫʥʫʰʩʢʦʛʦ ʢʦʤʧʣʝʩʢʦʚ): Au-As; Cu-Ni ʩ Mo, V ʠ W; Cu-Mo ʩ Ag, ʪʦʛʜʘ ʢʘʢ ʨʫʜʳ 

ʠ ʦʨʫʜʝʥʝʣʳʝ ʤʘʛʤʘʪʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ: Au-As; Au-As ʩ Sb (ʠʥʦʛʜʘ ʩ Bi); Au-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩ Ag ʘʩʩʦʮʠʘʮʠʷʤʠ. ʇʦ ʥʘʣʠʯʠʶ ʩʢʚʦʟʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʨʫʜ, ʘʚʪʦʨ ʧʨʝʜʧʦʣʘʛʘʝʪ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ 

ʧʨʦʷʚʣʝʥʥʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʦ-ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʠ 

ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮ-ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʪʠʧʦʚ ʠ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʫʶ ʠʣʠ ʦʪʜʘʣʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʫʶ 

ï ʥʘ ʜʨʫʛʠʭ ʦʙʲʝʢʪʘʭ. ʇʦ ʜʘʥʥʳʤ ʄʘʩʣʝʥʥʠʢʦʚʘ ɺ.ɺ. [1998], ʬʦʥʦʚʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ 

ʜʦʙʘʪʦʣʠʪʦʚʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ, ʚ ʧʨʝʜʝʣʘʭ ɿʂɿʇ, ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,9 ʜʦ 3,3 ʤʛ/ʪ ʚ 

ʵʬʬʫʟʠʚʥʳʭ ʬʘʮʠʷʭ ʠ ʦʪ 1,9 ʜʦ 4,2 ʤʛ/ʪ ʚ ʠʥʪʨʫʟʠʷʭ, ʜʦʩʪʠʛʘʷ 7 ʤʛ/ʪ ʚ ʜʘʡʢʘʭ ʧʣʘʛʠʦʛʨʘʥʠʪ-
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ʧʦʨʬʠʨʦʚ, ʠ ʧʨʝʚʳʰʘʝʪ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʬʦʥʦʚʫʶ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʠʥʪʨʫʟʠʡ ʛʨʘʥʠʪʦʚ 

ʙʘʪʦʣʠʪʦʚʦʛʦ ʪʠʧʘ (1,3-1,7 ʤʛ/ʪ). ɸʚʪʦʨ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʥʘ 

ʟʦʣʦʪʦ ʛʨʘʥʠʪʦʠʜʳ ʛʘʙʙʨʦ-ʧʣʘʛʠʦʛʨʘʥʠʪʥʦʡ ʬʦʨʤʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʘʠʤʩʪʚʦʚʘʥʠʝ ʟʦʣʦʪʘ ʠʟ 

ʚʤʝʱʘʶʱʠʭ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱ ʧʨʠ ʩʪʘʥʦʚʣʝʥʠʠ ʵʪʠʭ ʠʥʪʨʫʟʠʡ ʪʨʫʜʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʟ-ʟʘ 

ʧʦʥʠʞʝʥʥʳʭ ʬʦʥʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʚ ʠʩʭʦʜʥʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ. 

ɺ ʨʘʙʦʪʝ [ʑʝʨʙʘ ʠ ʜʨ., 2000], ʦʙʦʙʱʘʶʱʝʡ ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ ʠ 

ʥʘʨʘʙʦʪʢʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʦʪʣʦʞʝʥʠʡ. 

ɺ ʧʦʩʣʝʜʥʠʭ ʧʦʚʳʰʝʥʥʘʷ ʫʛʣʝʨʦʜʠʩʪʦʩʪʴ (ʉʦʨʛ ʦʪ 0,3-0,5 ʜʦ 14%) ʩʚʷʟʘʥʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʦʩʘʜʢʘʤʠ ʩʘʧʨʦʧʝʣʝʚʦʡ ʧʨʠʨʦʜʳ, ʦʙʨʳʚʢʘʤʠ ʜʝʪʨʠʪʘ ʩʪʝʙʣʝʚʦʡ ʠ ʣʠʩʪʦʚʦʡ ʬʣʦʨʳ, 

ʬʦʩʩʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʧʨʦʜʫʢʪʘʤʠ ʤʝʪʘʙʦʣʠʟʤʘ 

ʦʨʛʘʥʠʟʤʦʚ (ʜʠʘʛʝʥʝʟ ʚ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʩʨʝʜʝ ʩ ʘʫʪʠʛʝʥʥʳʤʠ ʜʠʩʫʣʴʬʠʜʘʤʠ Fe). ʇʦʨʦʜʘʤ 

ʩʚʦʡʩʪʚʝʥʥʘ ʧʦʚʳʰʝʥʥʘʷ ʢʣʘʨʢʦʚʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ï 4,1-6,2 ʤʛ/ʪ ʥʘ ʬʦʥʝ 1,1-2,8 ʤʛ/ʪ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʚʠʪ. ʅʘ ʨʫʜʥʳʭ ʧʦʣʷʭ ʦʥʘ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 60-150 ʤʛ/ʪ, ʘ ʚ ʂʳʟʳʣʦʚʩʢʦʡ ʟʦʥʝ, 

ʚʙʣʠʟʠ ʟʘʣʝʞʝʡ ɹʘʢʳʨʯʠʢʘ, ʜʦʩʪʠʛʘʝʪ 1-5 ʛ/ʪ. 
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ɻʃɸɺɸ 2. ʂʈɸʊʂɸʗ ɻɽʆʃʆɻʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʀ 

ʈʋɼʆʇʈʆʗɺʃɽʅʀʁ 

ʇʦʩʢʦʣʴʢʫ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɸʢʞʘʣʴʩʢʦʛʦ (ʈʠʩʫʥʦʢ 2.1), ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʛʦ 

(ʈʠʩʫʥʦʢ 2.1) ʠ ɼʘʫʙʘʡ-ɸʰʘʣʠʥʩʢʦʛʦ (ʈʠʩʫʥʦʢ 2.2) ʨʫʜʥʳʭ ʧʦʣʝʡ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʭʦʞʠʤʠ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ ʜʣʷ ɸɹɸɿʈ ʚ ʮʝʣʦʤ, ʦʪʜʝʣʴʥʦ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʜʥʳʭ 

ʧʦʣʝʡ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʩ ʮʝʣʴʶ ʠʟʙʝʛʘʥʠʷ ʧʦʚʪʦʨʝʥʠʡ.  

2.1. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʙʣʦʢʫ ʪʨʝʫʛʦʣʴʥʦʡ (ʢʣʠʥʦʚʠʜʥʦʡ) ʚ ʧʣʘʥʝ 

ʬʦʨʤʳ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʶʪ ʩ ʣʠʥʠʷʤʠ ʦʩʥʦʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ: ɹʦʢʦʥʴʩʢʦʡ (ʥʘ 

ʶʛʦ-ʟʘʧʘʜʝ), ʂʫʣʯʫʤʘʥʩʢʦʡ (ʥʘ ʚʦʩʪʦʢʝ) ʠ ʉʝʚʝʨʦ-ɸʢʞʘʣʴʩʢʦʡ (ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ), ʧʦʩʣʝʜʥʷʷ 

ʷʚʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪʦʤ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʳʜʝʣʝʥʥʦʡ ɻ.ʄ. ʂʦʟʣʦʚʩʢʠʤ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ. ɺʥʫʪʨʠʙʣʦʢʦʚʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʦʥʳ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʠ 

ʜʨʦʙʣʝʥʠʷ ʨʘʟʜʝʣʷʶʪ ʧʣʦʱʘʜʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʪʨʠ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʭ ʙʣʦʢʘ IV ʧʦʨʷʜʢʘ 

(ʈʠʩʫʥʦʢ 2.3): ʉʝʚʝʨʥʳʡ (ʩʝʚʝʨʥʝʝ ʟʦʥʳ ɽʚʛʝʥʴʝʚʩʢʦʡ), ʎʝʥʪʨʘʣʴʥʳʡ (ʟʘʢʣʶʯʝʥʥʳʡ ʤʝʞʜʫ 

ʟʦʥʘʤʠ ɽʚʛʝʥʴʝʚʩʢʦʡ ʠ ʉʝʨʝʙʨʠʩʪʦʡ) ʠ ʖʞʥʳʡ (ʶʞʥʝʝ ʟʦʥʳ ʉʝʨʝʙʨʠʩʪʦʡ). ɺ ʧʨʝʜʝʣʘʭ ʙʣʦʢʦʚ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʩʚʳʰʝ ʩʪʘ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʦʢʦʣʦ ʜʝʩʷʪʠ ʟʦʥ ʜʨʦʙʣʝʥʠʷ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʜʚʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ: ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʡ ʠ 

ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʡ. ɼʝʪʘʣʴʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʚ 

ʨʘʙʦʪʘʭ [ʆʢʫʥʝʚ ʠ ʜʨ., 1969ʬ; ʅʘʨʩʝʝʚ, 1973; ʄʳʩʥʠʢ ʠ ʜʨ., 1980; ʃʝʚʠʥ, ɸʨʫʩʪʘʤʦʚ, 1984; 

ɹʘʨʘʥʦʚ, 1985ʬ; ʄʝʩʪʦʨʦʞʜʝʥʠʷ é, 1997; ʉʝʨʜʶʢʦʚ, 2011ʬ; 2013ʬ; 2014ʬ; 2015; ɺʘʫʣʠʥ, 2016; 

ʂʘʣʠʥʠʥ ʠ ʜʨ., 2017; 2017ʬ; Kalinin et.al., 2021]. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʥʠʞʥʝʢʘʨʙʦʥʦʚʳʝ 

ʦʪʣʦʞʝʥʠʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʡ ʘʨʢʘʣʳʢʩʢʦʡ ʩʚʠʪʳ (C1v2-3ar), ʩʦʩʪʦʷʱʝʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʪʫʬʦʧʝʩʯʘʥʠʢʦʚ, ʷʰʤ ʠ ʷʰʤʦʢʚʘʨʮʠʪʦʚ (ʈʠʩʫʥʦʢ 2.4ʜ), ʪʫʬʦʛʝʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʪʫʬʦʚ, 

ʫʛʣʝʨʦʜʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ (ʈʠʩʫʥʦʢ 2.4ʘ-ʚ), ʧʦʣʠʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩ ʦʙʣʦʤʢʘʤʠ 

ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ, ʘʥʜʝʟʠʪʦʚ ʠ ʙʘʟʘʣʴʪʦʠʜʥʳʭ ʧʦʨʦʜ (ʈʠʩʫʥʦʢ 2.4ʛ), ʢʦʪʦʨʳʝ 

ʧʨʦʨʳʚʘʶʪʩʷ ʛʨʘʥʠʪʦʠʜʥʳʤʠ ʧʦʨʦʜʘʤʠ ɸʢʞʘʣʴʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʜʘʡʢʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɻʨʘʥʠʪʦʠʜʳ ɸʢʞʘʣʴʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʝ, ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ, ʚ ʩʦʩʪʘʚʝ 

ʢʦʪʦʨʦʛʦ ʦʪʤʝʯʘʶʪʩʷ ʜʠʦʨʠʪʳ, ʤʦʥʮʦʜʠʦʨʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪ-

ʧʦʨʬʠʨʠʪʳ, ʪʦʥʘʣʠʪʳ, ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʠ ʜʨʫʛʠʝ ʨʘʟʥʦʩʪʠ (ʈʠʩʫʥʦʢ 2.5ʛ-ʜ). ɼʘʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʨʦʜʘʤʠ ʢʠʩʣʦʛʦ (ʈʠʩʫʥʦʢ 2.5ʘ-ʚ; 2.6) ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ 

(ʪʦʥʘʣʠʪ-ʧʦʨʬʠʨʳ, ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ, ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ ʠ ʧʣʘʛʠʦʣʝʡʢʦʛʨʘʥʠʪ-

ʧʦʨʬʠʨʳ), ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦ ʩʢʚʘʞʠʥʘʤ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,5 ʜʦ 10 ʤ. 
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ʈʠʩʫʥʦʢ 2.1. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ɸʢʞʘʣʴʩʢʦʛʦ ʠ ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ. 

ʉʦʩʪʘʚʣʝʥʘ ʧʦ ʜʘʥʥʳʤ [ɹʝʩʧʘʝʚ ʠ ʜʨ., 2013; ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ é, 1965ʬ; ɽʨʤʦʣʦʚ ʠ ʜʨ., 1981; 

1983; ʍʨʦʤʳʭ ʠ ʜʨ., 2013; 2020; ʍʨʦʤʳʭ, 2022; Safonova et.al., 2012, ʆʢʫʥʝʚ ʠ ʜʨ., 1969ʬ] ʩ 

ʜʦʧʦʣʥʝʥʠʷʤʠ ʘʚʪʦʨʘ. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ: Pulkovo 1942/ Gauss-Kruger zone 14. ʅʘʟʚʘʥʠʝ 

ʨʘʟʣʦʤʦʚ (ʮʠʬʨʳ ʚ ʢʨʫʞʢʘʭ): I ï ɹʦʢʦʥʩʢʠʡ (ɸʨʢʘʣʳʢ-ɹʦʢʦʥʩʢʠʡ/ ɻʦʨʥʦʩʪʘʝʚʩʢʦ-ɸʨʢʘʣʳʢʩʢʦ-

ɹʦʢʦʥʩʢʠʡ) ʠ II ï ʖʞʥʦ-ɸʢʞʘʣʴʩʢʠʡ (ʉʘʨʞrʘʣʴʩʢʠʡ/ ɼʘʫʙʘʡʩʢʠʡ) ʨʘʟʣʦʤʳ; ʈʫʜʦʧʨʦʷʚʣʝʥʠʷ ʠ 

ʧʫʥʢʪʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʦʣʦʪʘ: 1 ï ʫʯʘʩʪʦʢ ɺʦʩʪʦʯʥʳʡ; 2 ï ʇʄ 80159/1; 3 ï ʊʫʤ-ɸʢ; 4 ï ʖʞʥʦʝ; 

5 ï ʂʦʡʪʘʩ; 6 ï ʉʫʭʦʝ ʆʟʝʨʦ; 7 ï ʊʦʢʫʤ; 8 ï ʂʦʣʦʨʘʜʦ; 9 ï ʌʫʪʙʦʣʴʥʦʝ; 10 ï ɾʠʣʳ ʂʨʘʩʥʳʝ; 11 ï 

ɾʠʣʳ ɻʦʨʠʩʪʳʝ; 12 ï ʀʛʨʝʢ; 13 ï ɾʘʣʧʘʢ-ʊʦʙʝ; 14 ï ɸʢʜʳʥʛʝʢ; 15 ï ʊʦʢʫʤ; 16 ï ʉʫʭʦʝ ʆʟʝʨʦ; 

17 ï ʉʢʚʘʞʠʥʘ 111; 18 ï ʍʘʣʴʙʫʢʦʚʩʢʦʝ; 19 ï ɼʘʡʢʦʚʦʝ; 20 ï ɸʢʰʢʦʣʘ; 21 ï ɸʢʰʢʦʣʘ ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʘʷ; 22 ï ˉ 50+16; 23 ï ʋʜʘʨʥʦʝ; 24 ï ɼʚʦʡʥʠʢ; 25 ï ɾʠʣʳ ʄʘʡʩʢʠʝ; 26 ï ɺʳʭʦʜ ʉʝʜʴʤʦʡ; 

27 ï ʅʝʠʟʚʝʩʪʥʦʝ; 28 ï ʉʝʨʛʝʡ; 29 ï ʉʝʨʛʝʡ-II ; 30 ï ʂʚʘʨʮʠʪʦʚʘʷ ʉʦʧʢʘ; 31 ï ɸʢʢʝʟʝʥʴ; 32 ï 

ɺʳʩʦʢʦʝ. 
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ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʠʩʣʳʝ ʜʘʡʢʠ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʠ 

ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʝʡ ɸʢʞʘʣʴʩʢʦʛʦ ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ [ʆʢʫʥʝʚ ʠ ʜʨ., 1969ʬ; 

ɽʨʰʦʚ, 1984; ʂʘʣʠʥʠʥ ʠ ʜʨ., 2017ʬ]. ɺʮʝʣʦʤ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʷʭ 

ʥʦʨʤʘʣʴʥʳʭ ʠ ʫʤʝʨʝʥʦ-ʱʝʣʦʯʥʳʭ ʨʘʟʥʦʩʪʝʡ [ʂʘʣʠʥʠʥ ʠ ʜʨ., 2017ʬ]. 

 

ʈʠʩʫʥʦʢ 2.2. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ɼʘʫʙʘʡ-ɸʰʘʣʠʥʩʢʦʛʦ ʠ ɹʘʣʘʞʘʣʴʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ. 

ʉʦʩʪʘʚʣʝʥʘ ʧʦ ʜʘʥʥʳʤ [ɹʝʩʧʘʝʚ ʠ ʜʨ., 2013; ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ é, 1965ʬ; ɽʨʤʦʣʦʚ ʠ ʜʨ., 1981; 

1983; ʂʘʣʠʥʠʥ ʠ ʜʨ., 2019ʬ; 2021ʬ; ʉʝʨʜʶʢʦʚ ʠ ʜʨ., 2019ʬ; ʍʨʦʤʳʭ ʠ ʜʨ., 2020] ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ 

ʘʚʪʦʨʘ. 

 

ʉʪʝʧʝʥʴ ʤʝʪʘʤʦʨʬʠʟʤʘ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ, ʦʥʠ ʠʥʪʝʥʩʠʚʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥʳ (ʈʠʩʫʥʦʢ 2.4ʘ), 

ʨʘʩʩʣʘʥʮʦʚʘʥʳ ʠ ʙʨʝʢʯʠʨʦʚʘʥʥʳ (ʈʠʩʫʥʦʢ 2.7ʘ, ʛ). ɺ ʫʛʣʝʨʦʜʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʧʝʣʠʪʘʭ 

ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʳ ʧʣʦʡʯʘʪʦʩʪʴ, ʙʫʜʠʥʘʞ (ʈʠʩʫʥʦʢ 2.4ʚ) ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʩʜʚʠʛʦʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʚʠʜʝ ʣʝʩʪʥʠʯʥʳʭ ʩʪʨʫʢʪʫʨ. ɹʘʟʘʣʴʪʳ ʠ ʷʰʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʨʫʧʢʠʤʠ 

ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʝʱʠʥʥʦʚʘʪʦʩʪʴʶ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʩʢʘʣʳʚʘʥʠʷ.  
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ʈʠʩʫʥʦʢ 2.3. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ. ʉʦʩʪʘʚʣʝʥʘ ʧʦ ʜʘʥʥʳʤ [ʆʢʫʥʝʚ 

ʠ ʜʨ., 1969ʬ; ʃʝʚʠʥ, ɸʨʫʩʪʘʤʦʚ, 1984; ʉʝʨʜʶʢʦʚ ʠ ʜʨ., 2011ʬ; 2014ʬ; ʉʝʨʜʶʢʦʚ, 2015] ʩ 

ʜʦʧʦʣʥʝʥʠʷʤʠ ʘʚʪʦʨʦʚ. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ: Pulkovo 1942/ Gauss-Kruger zone 14. 

 

ʇʨʦʮʝʩʩʳ ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʨʦʷʚʣʝʥʳ ʚ ʵʢʟʦʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʝ ʠʥʪʨʫʟʠʠ 

ʜʠʦʨʠʪʦʚ ʬʨʘʛʤʝʥʪʘʨʥʦ. ʆʥʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʦʨʦʛʦʚʠʢʦʚʘʥʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʨʘʟʚʠʪʠʠ 

ʤʠʥʝʨʘʣʦʚ ʩʢʘʨʥʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʞʠʣʴʥʦʛʦ ʠ ʛʥʝʟʜʦʚʦʛʦ ʚʳʧʦʣʥʝʥʠʷ. ɺ ʵʥʜʦʢʦʥʪʘʢʪʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʦʜʚʝʨʞʝʥʳ ʘʣʴʙʠʪʠʟʘʮʠʠ ʠ ʣʠʩʪʚʝʥʠʪʠʟʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ 

ʚʢʨʘʧʣʝʥʥʦʡ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʦʡ ʠ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʜʘʡʢʘʭ ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʦʚ ʨʘʟʚʠʪʘ ʙʝʨʝʟʠʪʠʟʘʮʠʷ ʩ ʟʦʣʦʪʦʤ. [ʆʢʫʥʝʚ ʠ ʜʨ., 1969ʬ; ʄʳʩʥʠʢ ʠ ʜʨ., 1980]. 
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ʈʠʩʫʥʦʢ 2.4. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ. ʘ ï 

ʜʠʩʣʦʮʠʨʦʚʘʥʥʘʷ ʫʛʣʝʨʦʜʠʩʪʦ-ʢʨʝʤʥʠʩʪʘʷ ʘʣʝʚʨʦʧʝʣʠʪʦʚʘʷ ʧʦʨʦʜʘ ʩ ʚʢʨʘʧʣʝʥʥʦʡ ʠ 

ʧʨʦʩʝʯʢʦʚʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʦʙʨ. ɸʂ-605-296; ʙ ï ʨʠʪʤʠʯʥʦ-ʩʣʦʠʩʪʘʷ 

ʘʣʝʚʨʦʧʝʩʯʘʥʠʩʪʘʷ ʧʦʨʦʜʘ ʩ ʩʫʣʴʬʠʜʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʠ ʪʦʥʢʠʤʠ ʢʘʨʙʦʥʘʪ-ʭʣʦʨʠʪʦʚʳʤʠ 

ʧʨʦʞʠʣʢʘʤʠ ʠ ʛʥʝʟʜʘʤʠ, ʦʙʨ. ɸʢ-605/240; ʚ ï ʜʠʩʣʦʮʠʨʦʚʘʥʥʘʷ ʨʠʪʤʠʯʥʦ-ʩʣʦʠʩʪʳʡ ʘʣʝʚʨʦʧʝʣʠʪ 

ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʤʷʪʠʷ, ʢʘʪʘʢʣʘʟʘ ʠ ʙʫʜʠʥʠʨʦʚʘʥʠʷ ʠ ʦʙʠʣʴʥʦʡ ʚʢʨʘʧʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʦʙʨ. 

ɸʢ-605/270; ʛ ï ʙʘʟʘʣʴʪ, ʦʙʨ. ɸʢ-615/73,3; ʜ ï ʩʫʨʛʫʯʥʘʷ ʷʰʤʘ ʩ ʩʫʣʴʬʠʜʥʳʤʠ ʠ ʢʚʘʨʮʝʚʳʤʠ 

ʧʨʦʞʠʣʢʘʤʠ, ʦʙʨ. ɸʢ-605/226. 

 

ʈʫʜʥʳʝ ʪʝʣʘ (ʚʩʝʛʦ ʦʢʦʣʦ 120) ʧʨʝʜʩʪʘʚʣʝʥʳ ʞʠʣʘʤʠ ʠ ʦʢʚʘʨʮʝʚʘʥʥʳʤʠ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʟʦʥʘʤʠ, ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘ ʟʦʥʘʭ ʩʤʷʪʠʷ, ʜʨʦʙʣʝʥʠʷ. ʇʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʨʫʜʥʳʭ ʪʝʣ ʠʤʝʝʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ (300-320Á) ʧʨʦʩʪʠʨʘʥʠʝ ʩ ʧʘʜʝʥʠʝʤ ʢ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʫ ʧʦʜ ʫʛʣʦʤ 40-60Á. ʄʝʥʝʝ ʪʠʧʠʯʥʳ ʙʣʠʟʤʝʨʠʜʠʦʥʘʣʴʥʳʝ (330-350Á), ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ 

(60-70Á) ʠ ʩʫʙʰʠʨʦʪʥʳʝ (265-290Á) ʞʠʣʳ ʩ ʧʘʜʝʥʠʝʤ ʥʘ ʩʝʚʝʨ ʧʦʜ ʫʛʣʦʤ 45-75Á [ʄʳʩʥʠʢ ʠ ʜʨ., 

1980]. ɼʣʠʥʥʘ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʣ ʠʟʤʝʨʷʝʪʩʷ ʧʝʨʚʳʤʠ ʩʦʪʥʷʤʠ ʤʝʪʨʦʚ (ʦʪ 100 ʜʦ 400 ʤ), ʦʪʜʝʣʴʥʳʝ 

ʨʫʜʥʳʝ ʪʝʣʘ ʠʤʝʶʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 700-800ʤ. ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʢʚʘʨʮʝʚʳʭ ʞʠʣ 0,6-0,7 ʤ, ʠʥʦʛʜʘ 

1-1,5 ʤ, ʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ 2,5-3 ʤ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʷʚʣʷʝʪʩʷ ʟʦʣʦʪʦ (ʢʦʨʝʥʥʦʝ ï 5-5- ʛ/ʪ, ʨʦʩʩʳʧʥʦʝ ï 0,3-2 ʛ/ʪ), ʩʝʨʝʙʨʦ ʚ ʨʫʜʘʭ (0,7-
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0,8 ʛ/ʪ) ʥʝ ʠʤʝʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ, ʘ ʚʨʝʜʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʤʳʰʴʷʢ. 

ʀʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʪʠʧʘ ʨʫʜ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʭʥʦʣʦʛʠʠ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ [ɹʠʪʠʤʙʘʝʚ ʠ ʜʨ., 2015]. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ 

ʠʟ ʨʫʜʳ ʥʘ ʫʯʘʩʪʢʝ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʋʂɺ) ʩʦʩʪʘʚʠʣʦ 59% [ʉʝʡʜʫʣʘʝʚ, 2023]. 

ʇʝʨʩʧʝʢʪʠʚʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ, ʧʦ ʜʘʥʥʳʤ ɸ.ʅ. ʉʝʨʜʶʢʦʚʘ [2015], ʦʮʝʥʠʚʘʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦ ʠ ʦʪʚʝʯʘʝʪ (ʧʦ ʟʘʧʘʩʘʤ) ʢʨʫʧʥʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ. ɺʦʧʨʦʩ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ 

ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝ ʨʝʰʝʥ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʚʝʜʢʘ ʥʠʞʝ ʫʨʦʚʥʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ.  

 
ʈʠʩʫʥʦʢ 2.5. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ. 

ʘ ï ʢʦʨʝʥʥʦʡ ʚʳʭʦʜ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚʦʡ ʜʘʡʢʠ, ʪ.ʥ. kz-34; ʜʘʡʢʠ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ: ʙ 

ï ʦʙʨ. ɸʢ-15; ʚ ï ʦʙʨ. ɸʢ-20; ɸʢʞʘʣʴʩʢʠʡ ʤʘʩʩʠʚ: ʛ ï ʜʠʦʨʠʪ ʢʨʘʝʚʦʡ ʯʘʩʪʠ, ʦʙʨ. ɸʢ-10; ʜ ï 

ʢʚʘʨʮʝʚʳʡ ʜʠʦʨʠʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʨ. ɸʢ-621/335. 
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ʈʠʩʫʥʦʢ 2.6. ʂʦʨʝʥʥʳʝ ʚʳʭʦʜʳ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɸʢʞʘʣ. ʘ, ʙ ï ʢʚʘʨʮʝʚʳʝ 

ʞʠʣʳ ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ ʩʝʢʫʱʠʝ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ: ʘ ï ʪ.ʥ. kz-31; ʙ ï ʪ.ʥ. kz-32; ʚ ï ʜʠʦʨʠʪ-

ʧʦʨʬʠʨ ʩ ʪʦʥʢʠʤʠ ʢʚʘʨʮʝʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ, ʪ.ʥ. kz-32; ʛ ï ʫʚʝʣ. ʬʨ. ʈʠʩʫʥʦʢ 2.6ʚ. 

 

ɿʦʣʦʪʦʥʦʩʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʧʨʠʫʨʦʯʝʥʳ ʚ ʦʩʥʦʚʥʳʤ ʢ ʪʫʬʦʛʝʥʥʳʤ ʧʝʩʯʘʥʠʢʘʤ (ʞʠʣʘ 

ʇʘʨʘʣʣʝʣʴʥʘʷ, ʂʨʘʩʥʳʝ, ɸʣʝʢʩʝʝʚʩʢʘʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ) ʦʪʣʠʯʘʶʪʩʷ ʯʝʪʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ʩʦ 

ʩʣʦʞʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ (ʈʠʩʫʥʦʢ 2.7). ʅʝʢʦʪʦʨʳʝ ʟʦʣʦʪʦʥʦʩʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʟʘʣʝʛʘʶʪ ʚ 

ʜʠʦʨʠʪʘʭ ʠ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʘʭ (ʞʠʣʳ ɻʨʘʥʠʪʥʘʷ, ɹʫʨʦʚʘʷ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʤʘʣʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʚʦʣʥʦʦʙʨʘʟʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ. ɾʠʣʘ ʇʘʨʘʣʣʝʣʴʥʘʷ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʞʠʣʦʡ, 

ʢʦʪʦʨʘʷ ʜʘʣʘ ʩʚʳʰʝ 2 ʪ ʟʦʣʦʪʘ, ʧʨʠ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʠ 18 ʛ/ʪ. ʊʘʢʞʝ, ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʨʘʩʩʝʢʘʶʪ ʜʘʡʢʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ (ʈʠʩʫʥʦʢ 2.6ʘ-ʙ).  

ʈʫʜʥʳʝ ʪʝʣʘ ʪʠʧʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʜʨʦʙʣʝʥʠʷ ʪʷʛʦʪʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʢ ʘʣʝʚʨʦʣʠʪʘʤ 

(ʟʦʥʳ ʌʫʥʪʦʚʘʷ, ʇʘʚʣʦʚʩʢʘʷ, ɼʘʤʩʢʘʷ) ʠ ʥʝʩʢʦʣʴʢʦ ʨʝʞʝ ʚʤʝʱʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ʠʥʦʛʦ 

ʩʦʩʪʘʚʘ (ʟʦʥʳ ʇʨʦʣʝʪʘʨʩʢʘʷ, ɽʚʛʝʥʴʝʚʩʢʘʷ, ʉʝʨʝʙʨʠʩʪʘʷ, ɼʦʣʠʥʥʘʷ). ʈʫʜʥʳʝ ʪʝʣʘ, ʟʘʣʝʛʘʶʱʠʝ ʚ 

ʘʣʝʚʨʦʣʠʪʘʭ, ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʪʚʝʪʚʣʝʥʠʷʤʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʠʭ ʧʨʦʩʪʠʨʘʥʠʝ 

ʦʙʨʘʟʫʝʪ ʟʘʤʝʪʥʳʡ ʫʛʦʣ ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʈʫʜʥʳʝ ʪʝʣʘ ʩ ʙʦʢʦʚʳʤʠ ʧʦʨʦʜʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʣʠʪʦʣʦʛʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ [ʆʢʫʥʝʚ ʠ ʜʨ., 1969ʬ; 

ʉʝʨʜʶʢʦʚ, 2011ʬ].  
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ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʦʷʚʣʝʥʳ ʧʨʦʮʝʩʩʳ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʦʜʥʘʢʦ, ʠʭ ʨʘʟʚʠʪʠʝ 

ʥʝ ʩʪʦʣʴ ʤʘʩʰʪʘʙʥʦ, ʢʘʢ ʥʘ ʜʨʫʛʠʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɿʂɿʇ (ʥʘʧʨʠʤʝʨ, ʉʫʟʜʘʣʴ, 

ɾʝʨʝʢ, ɾʘʡʤʘ, ɾʘʥʘʥ ʠ ʜʨ.) [ʂʘʣʠʥʠʥ ʠ ʜʨ., 2006; 2009; ʂʦʚʘʣʝʚ ʠ ʜʨ., 2012]. ʅʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʪʦʣʴʢʦ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʦʢʠʩʣʝʥʠʷ), ʩʦʧʦʩʪʘʚʠʤʳʝ 

ʩ ʟʦʥʦʡ ʩʘʧʨʦʣʠʪʦʚ (ʠʣʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʶʚʠʷ) ʧʦʣʥʳʭ ʧʨʦʬʠʣʝʡ ʚʳʚʝʪʨʠʚʘʥʠʷ [ʂʘʣʠʥʠʥ ʠ ʜʨ., 

2017ʬ]. 

 

ʈʠʩʫʥʦʢ 2.7. ʂʚʘʨʮʝʚʳʝ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʝ ʞʠʣʳ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʙʨʝʢʯʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ. ʘ ï ʦʙʣʦʤʦʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʙʨʝʢʯʠʠ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʙʣʦʤʢʦʚ 

ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʘʨʝʚʨʦʣʠʪʘ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʮʝʤʝʥʪʘ, ʪ.ʥ. kz-30; ʙ ï ʧʠʨʠʪ-ʧʦʣʠʩʫʣʴʬʠʜʥʦ-

ʢʚʘʨʮʝʚʘʷ ʞʠʣʘ ʨʫʜʥʦʛʦ ʪʝʣʘ 13, ʦʙʨ. BC-7; ʚ ï ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʘʷ ʞʠʣʘ, ʦʙʨ. ɸʢ-626/117; ʛ ï 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʙʨʝʢʯʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʙʣʦʤʢʦʚ ʘʣʝʚʨʦʣʠʪʘ ʠ ʢʚʘʨʮʝʚʦʛʦ ʮʝʤʝʥʪʘ ʨʫʜʥʦʛʦ ʪʝʣʘ 

3, ʦʙʨ. ʉ-390/176,2; ʜ ï ʢʚʘʨʮʝʚʘʷ ʞʠʣʘ ʩʝʢʫʱʘʷ ʧʨʦʢʚʘʨʮʝʚʘʥʥʳʡ, ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʡ, 

ʫʛʣʝʨʦʜʠʩʪʳʡ ʘʣʝʚʨʦʣʠʪ, ʦʙʨ. ɸʢ-605/269. 

 

ɿʦʥʘʣʴʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʈʘʥʝʝ ʛʝʦʣʦʛʘʤʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʦʪʯʝʪʣʠʚʘʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ (ʦʪʨʘʞʘʶʱʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ) ʦʪ ɸʢʞʘʣʴʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʉʝʚʝʨʥʦʛʦ ʙʣʦʢʘ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʯʝʨʝʟ ʎʝʥʪʨʘʣʴʥʳʡ ʙʣʦʢ ʢ ʖʞʥʦʤʫ. ʅʘʠʙʦʣʝʝ ʯʝʪʢʦ ʵʪʘ 
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ʟʦʥʘʣʴʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ, ʤʠʥʝʨʘʣʴʥʳʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ [ʃʝʚʠʥ, ɸʨʫʩʪʘʤʦʚ, 1984], ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʣʘʥʝ ʩʪʨʫʢʪʫʨʥʘʷ 

ʟʦʥʘʣʴʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʟʦʥ ʜʨʦʙʣʝʥʠʷ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ ʚʜʦʣʴ 

ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʚ ʖʞʥʦʤ ʠ ʎʝʥʪʨʘʣʴʥʦʤ ʙʣʦʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʉʝʚʝʨʥʦʤ 

ʙʣʦʢʝ ʦʥʠ ʧʦʩʪʦʷʥʥʦ ʩʦʧʫʪʩʪʚʫʶʪ ʞʠʣʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʰʠʨʦʪʥʳʝ ʩʠʩʪʝʤʳ ʪʨʝʱʠʥ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʶʞʥʦʤ 

ʬʣʘʥʛʝ ʦʥʠ ʚʤʝʱʘʶʪ ʟʦʣʦʪʦʨʫʜʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ. ʄʠʥʝʨʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʚʳʷʚʣʝʥʥʘʷ 

ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʩʢʘʟʳʚʘʝʪʩʷ ʚ ʨʘʟʣʠʯʠʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʞʠʣʴʥʳʭ ʪʝʣ: ʪʘʢ 

ʞʠʣʳ ʉʝʚʝʨʥʦʛʦ ʙʣʦʢʘ ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʣʠʰʴ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʠʟ ʧʦʟʜʥʝʛʦ ʢʘʨʙʦʥʘʪʘ, ʘ ʞʠʣʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʠ ʖʞʥʦʛʦ ʙʣʦʢʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʝ ʪʝʣʘ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʪʘ ʥʝʨʝʜʢʦ ʜʦʩʪʠʛʘʝʪ 50 ʠ ʙʦʣʝʝ 

ʧʨʦʮʝʥʪʦʚ. ʇʦ ʜʘʥʥʳʤ ɺ.ɸ. ʅʘʨʩʝʝʚʘ [1973; 1996] ʦʧʠʩʘʥʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʩʤʝʥʝ ʧʦ ʚʦʩʩʪʘʥʠʶ ʢʚʘʨʮ-ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ ʟʦʥʳ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦʡ ʩ 

ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ ʠ ʙʣʝʢʣʳʤʠ ʨʫʜʘʤʠ, ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦʡ 

ʟʦʥʘʤʠ. ʇʦ ʜʘʥʥʳʤ ɸ.ʄ. ʄʳʩʥʠʢʘ ʠ ʜʨʫʛʠʭ [1980] ʦʪʤʝʯʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ɸʢʞʘʣʴʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʦʷʚʣʝʥʥʘʷ ʚ ʩʤʝʥʝ ʘʩʩʦʮʠʘʮʠʡ (ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ): ʢʚʘʨʮ-

ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ; ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ (ʩʬʘʣʝʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ); ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪ-

ʛʘʣʝʥʠʪʦʚʦʡ; ʢʘʨʙʦʥʘʪ-ʧʠʨʠʪʦʚʦʡ.  

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʨʝʜʥʠʭ 

ʩʦʜʝʨʞʘʥʠʡ Au ʠ ʩʦʧʫʪʩʪʚʫʶʠɦʭ ʝʤʫ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʚʘʨʮʝʚʳʭ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʭ ʞʠʣʘʭ 

ʨʘʟʣʠʯʥʳʭ ʙʣʦʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʘʢ ʧʦ ʜʘʥʥʳʤ ɺ.ɸ. ɻʣʦʙʳ ʠ ʜʨʫʛʠʭ [1965], ʢʦʣʠʯʝʩʪʚʦ As, 

Pb, Cu ʠ Zn ʚ ʞʠʣʘʭ ʖʞʥʦʛʦ ʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʙʣʦʢʦʚ ʥʝ ʨʝʜʢʦ ʜʦʩʪʠʛʘʝʪ 1%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ, ʯʝʤ ʚ ʞʠʣʘʭ ʉʝʚʝʨʥʦʛʦ ʙʣʦʢʘ, ʛʜʝ ʦʥʠ ʥʝ ʨʝʜʢʦ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʇʦ ʜʘʥʥʳʤ [ʃʝʚʠʥ, ɸʨʫʩʪʘʤʦʚ, 1984] ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʢʨʠʧʠʪʘʮʠʠ ʠ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʢʚʘʨʮʝʚ ʚ ʦʙʲʝʤʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʢʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʖʞʥʦʛʦ ʠ ʉʝʚʝʨʥʦʛʦ 

ʙʣʦʢʦʚ. ʇʦ ʜʘʥʥʳʤ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʜʝʢʨʠʧʠʪʘʮʠʠ ʚʝʣʠʯʠʥʘ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʚʘʨʮʘ ʩʦʩʪʘʚʣʷʝʪ 460-150Áʉ. ɸʚʪʦʨʳ (ʧʦ ʧʦʩʪʨʦʝʥʥʳʤ ʠʤʠ ʛʨʘʬʠʢʘʤ) ʚʳʜʝʣʷʶʪ 

ʪʨʠ ʦʪʯʝʪʣʠʚʳʭ ʤʘʢʩʠʤʫʤʘ ʚ ʠʥʪʝʨʚʘʣʘʭ 460-480Áʉ, 360-380Áʉ ʠ 160-180Áʉ. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʫ-I ʠ ʯʘʩʪʠʯʥʦ ʢʚʘʨʮʫ-

II, ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʘʢʩʠʤʫʤ ʦʪʚʝʯʘʝʪ ʨʫʜʥʦʤʫ ʢʚʘʨʮʫ-II, ʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ï 

ʚʪʦʨʠʯʥʳʤ ʚʢʣʶʯʝʥʠʷʤ, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʠʥʪʝʨʚʘʣʫ (460-480Áʉ). ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʖʞʥʦʤ ʙʣʦʢʝ 

ʧʦʢʘʟʘʣʠ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ. ʊʘʢ ʟʜʝʩʴ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʦ- ʠ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʠʢʠ 

ʩʤʝʱʝʥʳ ʥʘ 20-40Áʉ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ 
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ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʠʥʪʝʨʚʘʣʫ (340-360Áʉ). ʊʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʚʘʨʮʘ ʚ ʞʠʣʘʭ ʖʞʥʦʛʦ ʙʣʦʢʘ, ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʦʪʨʘʞʘʝʪ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, ʚʳʨʘʞʝʥʥʫʶ ʚ ʩʤʝʥʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʙʦʣʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ. ɸ ʪʘʢʞʝ ʧʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ, ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ Au ʚ ʞʠʣʘʭ ʖʞʥʦʛʦ ʙʣʦʢʘ.  

ɺ ʨʘʙʦʪʝ ʂ.ʕ. ɹʠʨʶʢʦʚʘ [2018] ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʜʘʣʝʝ ï ʌɺ) ʢʚʘʨʮʘ ʠʟ ʨʫʜʥʳʭ ʞʠʣ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʜʚʫʭʬʘʟʥʳʭ ʌɺ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 430 ʜʦ 180Áʉ. ʆʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʣʝʡ ʚ ʨʘʩʪʚʦʨʘʭ ʚʢʣʶʯʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 16 ʜʦ 3,3 ʤʘʩ.% ʚ NaCl ʵʢʚ. ʋʩʪʘʥʦʚʣʝʥʦ 

ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ 

ʜʚʫʭʬʘʟʥʳʭ ʌɺ: ʨʘʥʥʝʡ ï ʘʨʩʝʥʦʧʠʨʠʪ-ʧʠʨʠʪʦʚʦʡ ʩ ʟʦʣʦʪʦʥʦʩʥʳʤ ʘʨʩʝʥʦʧʠʨʠʪʦʤ (ʊ= 300-

350ÁC ʠ Sʉ=15,5 ʤʘʩ.% ʚ NaCl ʵʢʚ.) ʠ ʧʦʟʜʥʝʡ ï ʟʦʣʦʪʦ-ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ (ʊ=150-

200 ʉ ʠ Sʉ= 6,5 ʤʘʩ.% ʚ NaCl ʵʢʚ.). 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠ ̫ʉʝʨʛʝʡ I. (ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʯʠʪʘʝʪʩʷ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʴʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ). 

ʈʫʜʦʧʨʦʷʚʣʝʥʠʷ ʉʝʨʛʝʡ I ʠ ʉʝʨʛʝʡ II ʨʘʩʧʦʣʦʞʝʥʳ ʚ 1,5 ʢʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʞʘʣ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 1,64 ʢʤ2, ʚ ʪʦʤ ʯʠʩʣʝ ʉʝʨʛʝʡ I ï 

0,64 ʢʤ2 ʠ ʉʝʨʛʝʡ II ï 1,0 ʢʤ2, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ï 1,3 ʢʤ. ɼʝʪʘʣʴʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʠʟʫʯʝʥʠʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ [ʆʢʫʥʝʚ ʠ ʜʨ., 1969ʬ; ʉʝʨʜʶʢʦʚ ʠ ʜʨ., 2011ʬ; 2013ʬ; 

ʂʘʣʠʥʠʥ ʠ ʜʨ., 2017ʬ]. 

ʈʫʜʦʧʨʦʷʚʣʝʥʠʝ ʉʝʨʛʝʡ I ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʦʙʥʘʞʝʥʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʠʟʫʯʝʥʠʝ ʦʪʢʨʳʪʳʤʠ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ. ʋʯʘʩʪʦʢ ʩʣʦʞʝʥ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʪʫʬʦʧʝʩʯʘʥʠʢʘʤʠ 

ʘʛʘʥʘʢʪʠʥʩʢʦʡ ʩʚʠʪʳ. ɹʣʦʢ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʠʥʪʝʥʩʠʚʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥ ʠ ʨʘʟʙʠʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʪʨʝʱʠʥʥʳʤʠ ʨʘʟʨʳʚʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʷʚʣʷʶʱʠʝʩʷ ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ (ʈʠʩʫʥʦʢ 2.8ʚ-ʛ). ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʫʯʘʩʪʢʘ ʨʫʜʦʥʦʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʚʳʪʷʥʫʪʦʡ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ (ʧʨʠ ʰʠʨʠʥʝ ʦʢʦʣʦ 150-200 ʤ), ʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ʨʘʟʨʳʚʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 

ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʝʟʨʫʜʥʳʝ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʨʫʜʥʦʝ ʪʝʣʦ ʚ ʶʞʥʦʡ 

ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʦʡ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʪʨʝʱʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʨʘʥʝʝ ʦʥʦ ʙʳʣʦ ʦʪʨʘʙʦʪʘʥʦ ʢʘʢ ʞʠʣʘ ʀʟʤʘʡʣʦʚʩʢʘʷ ʚ ʪʨʠʜʮʘʪʳʭ ʛʦʜʘʭ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ) [ʂʘʡʨʘʢʙʘʝʚʘ ʠ ʜʨ., 2023]. 

ʈʫʜʥʳʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʤʠ ʪʝʢʪʦʥʠʪʘʤʠ ʧʨʠ ʥʝʙʦʣʴʰʦʤ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʠʧʠʯʥʦ ʢʚʘʨʮʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʞʠʣʳ, ʣʠʥʟʳ) ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝ ʙʦʣʝʝ 10-15 % ʠʭ 

ʦʙʲʝʤʘ. ɺ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʝ, ʨʝʞʝ ʙʝʨʝʟʠʪʦʧʦʜʦʙʥʳʝ ʨʫʜʥʳʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ [ʉʝʨʜʶʢʦʚ, 2011ʬ]. ʈʫʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʣʴʥʦ 
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ʚʳʚʝʪʨʝʣʳʤʠ, ʦʢʠʩʣʝʥʥʳʤʠ ʠ ʦʙʦʭʨʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʫʭʘʨʝʚʠʜʥʦʛʦ ʦʙʣʠʢʘ ʢʨʘʩʥʦʚʘʪʦ-

ʙʫʨʦʡ ʦʢʨʘʩʢʠ ʙʝʟ ʚʠʜʠʤʳʭ ʩʫʣʴʬʠʜʦʚ (ʈʠʩʫʥʦʢ 2.8ʘ-ʙ, ʛ). ʆʩʥʦʚʥʳʝ ʥʝʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʤ, ʢʘʣʴʮʠʪʦʤ ʠ ʤʫʩʢʦʚʠʪʦʤ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ 

ʟʥʘʯʠʤʳʭ ʩʦʜʝʨʞʘʥʠʡ ʩʝʨʝʙʨʘ ʚ ʨʫʜʘʭ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Pb, As, 

Bi, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʠʡ ʢʦʨʨʝʣʠʨʫʝʪ ʩ Pb, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʣʝʜʫʝʪ ʩʚʷʟʳʚʘʪʴ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ Bi ʚ ʛʘʣʝʥʠʪʝ ʧʝʨʚʠʯʥʳʭ ʨʫʜ. ɿʦʣʦʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ag 

ʜʦ 19%, ʪʘʢʞʝ ʚ ʥʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ Hg ʠ Cu [ʂʘʡʨʘʢʙʘʝʚʘ ʠ ʜʨ., 2023].  

ɺ ʢʚʘʨʮʝ ʨʫʜʥʳʭ ʞʠʣ ʫʯʘʩʪʢʘ ʉʝʨʛʝʡ-2 ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʜʚʫʭʬʘʟʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 241 ʜʦ 190Áʉ. ʇʣʘʚʣʝʥʠʝ ʣʴʜʘ ʚ ʟʘʤʦʨʦʞʝʥʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ -5,8 ʜʦ -2,4Áʉ. ʆʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 7.8 ʜʦ 3,9 ʤʘʩ.% ʚ NaCl ʵʢʚ [ɹʠʨʶʢʦʚ, 2018]. 

 

 
ʈʠʩʫʥʦʢ 2.8 ï ʈʫʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʉʝʨʛʝʡ-I. ʘ, ʙ, ʛ ï ʨʝʣʠʢʪʳ 

ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʧʨʦʞʠʣʦʢ ʚ ʚʳʚʝʪʨʠʣʦʤ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦʤ ʤʝʪʘʩʦʤʘʪʠʪʝ, ʪ.ʥ. kz-40; ʚ ï 

ʦʩʚʝʪʣʝʥʥʘʷ, ʧʨʦʢʚʘʨʮʝʚʘʥʥʘʷ ʧʦʨʬʠʨʦʚʘʷ ʧʦʨʦʜʘ ʩ ʚʢʨʘʧʣʝʥʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠ 

ʧʨʦʞʠʣʢʘʤʠ ʢʚʘʨʮʘ, ʪ.ʥ. kz-41. 
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2.2. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʳʝ ɸʰʘʣʳ 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʨʘʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ [ʄʝʩʪʦʨʦʞʜʝʥʠʷ é, 

1997; ʉʝʨʜʶʢʦʚ, 20091,2; Baibatsha et.al., 20131,2; ɺʘʫʣʠʥ, 2016; ʂʘʣʠʥʠʥ ʠ ʜʨ., 2019ʬ; 2021ʬ; ɻʨʝʢʫ 

ʠ ʜʨ., 2024; 2025;]. ʈʫʜʦʚʤʝʱʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ 

ʧʦʨʦʜʳ ʙʫʢʦʥʴʩʢʦʡ (ʉ2bk) ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʜʘʫʙʘʡʩʢʦʡ (ʉ2db) ʩʚʠʪ 

(ʈʠʩʫʥʦʢ 2.9). ʇʦʨʦʜʳ ʙʫʢʦʥʴʩʢʦʡ ʩʚʠʪʳ (ʤʦʱʥʦʩʪʴʶ ʜʦ 200ï300 ʤ) ʣʝʞʘʪ ʚ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ 

ʠ ʩʤʷʪʳ ʚ ʫʟʢʠʝ ʣʠʥʝʡʥʳʝ ʩʢʣʘʜʢʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʈʠʩʫʥʦʢ 2.10ʘ-ʙ, ʛ). ʇʦ 

ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʵʪʦ ʘʣʝʚʨʦʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ, ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʣʘʥʮʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ 

ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʇʦʨʦʜʳ ʙʫʢʦʥʴʩʢʦʡ ʩʚʠʪʳ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʚʫʣʢʘʥʠʪʘʤʠ 

ʜʘʫʙʘʡʩʢʦʡ ʩʚʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʟʘʣʴʪʘʤʠ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤʠ ʠ 

ʘʥʜʝʟʠʪʦʚʳʤʠ ʧʦʨʬʠʨʠʪʘʤʠ, ʤʦʱʥʦʩʪʴ ʧʦʢʨʦʚʘ ʠʥʦʛʜʘ ʙʦʣʝʝ 300 ʤʝʪʨʦʚ (ʈʠʩʫʥʦʢ 2.10ʚ). 

ʇʦʩʣʝʜʥʠʝ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʪʫʬʘʤʠ ʠ 

ʪʫʬʦʙʨʝʢʯʠʷʤʠ ʤʘʡʪʶʙʠʥʩʢʦʡ ʩʚʠʪʳ (C2mt), ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʤʝʪʨʦʚ. 

ʇʦʨʦʜʳ ʙʫʢʦʥʴʩʢʫʦʡ ʩʚʠʪʳ ʧʨʝʪʝʨʧʝʣʠ ʨʝʛʠʦʥʘʣʴʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʪʝʨʨʠʛʝʥʥʳʭ 

ʧʦʨʦʜʘʭ ʙʫʢʦʥʴʩʢʦʡ ʩʚʠʪʳ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 385 ʜʦ 214 Áʉ, ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ʦʢʦʣʦ 

300 Áʉ [ɻʨʝʢʫ ʠ ʜʨ., 2024]. 



41 

 
ʈʠʩʫʥʦʢ 2.9. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʳʝ ɸʰʘʣʳ (ʧʦ ʜʘʥʥʳʤ 

[ʄʝʩʪʦʨʦʞʜʝʥʠʷ é, 1997; ʂʘʣʠʥʠʥ ʠ ʜʨ., 2019ʬ; 2021ʬ; ʉʝʨʜʶʢʦʚ, 2009
1; ʉʝʨʜʶʢʦʚ ʠ ʜʨ., 2019], 

ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ ʘʚʪʦʨʦʚ). ʇʨʠʤʝʯʘʥʠʝ: ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ï Pulkovo 1942 / Gauss-Kruger zone 14 

 

ɺ ʧʨʝʜʝʣʘʭ ɸʰʘʣʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʚʳʷʚʣʝʥʥr ʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʤʘʩʩʠʚʳ, ʜʘʡʢʠ ʠ 

ʤʘʣʳʝ ʪʝʣʘ ʦʩʥʦʚʥʦʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʦʥʘʤʠ ʖʞʥʦʛʦ, 

ʇʦʧʝʨʝʯʥʦʛʦ (ɼʘʫʙʘʡʩʢʦʛʦ) ʠ ɼʦʣʠʥʥʦʛʦ ʨʘʟʣʦʤʦʚ (ʈʠʩʫʥʦʢ 2.9). ʀʥʪʨʫʟʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʘʣʴʙʠʪʦʬʠʨʘʤʠ, ʜʠʦʨʠʪʦʚʳʤʠ ʧʦʨʬʠʨʠʪʘʤʠ, ʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʤʠ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʘʤʠ ʠ 

ʛʨʘʥʠʪ-ʧʦʨʬʠʨʘʤʠ, ʠʤʝʶʱʠʝ ʚʦʟʨʘʩʪ C3-P1 (309,1ï298,7 ʤʣʥ ʣʝʪ) [ʂʘʣʠʥʠʥ ʠ ʜʨ., 2021ʬ; ɻʨʝʢʫ ʠ 

ʜʨ., 2024; Kalinin et.al., 2021], ʧʨʦʨʳʚʘʶʪ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʙʫʢʦʥʴʩʢʦʡ ʠ ʜʘʫʙʘʡʩʢʦʡ ʩʚʠʪ. 

ɿʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʚʠʯʥʳʤʠ ʨʫʜʘʤʠ ʜʚʫʭ 

ʪʠʧʦʚ: ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦʛʦ ʠ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʛʦ. ɺ ʨʫʜʘʭ ʧʝʨʚʦʛʦ ʪʠʧʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʘʷ, ʛʥʝʟʜʦʚʦ-ʧʨʦʞʠʣʢʦʚʘʷ ʠ ʩʪʨʘʪʠʬʦʨʤʥʘʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʘʷ ʩʫʣʴʬʠʜʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʨʝʞʝ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʦʝ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʚ ʫʛʣʝʨʦʜʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʘʭ, 

ʧʝʩʯʘʥʠʢʘʭ ʠ ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʘʭ. ʉʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʠʜʦʚ ʚ ʨʫʜʝ ʜʦʩʪʠʛʘʝʪ 15 %, ʚ ʥʠʭ 
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ʣʦʢʘʣʠʟʫʝʪʩʷ çʥʝʚʠʜʠʤʦʝè ʠ ʤʝʣʢʦʚʢʨʘʧʣʝʥʥʦʝ ʟʦʣʦʪʦ, ʨʘʟʤʝʨ ʝʛʦ ʚʳʜʝʣʝʥʠʡ ʤʝʥʝʝ 15 ʤʢʤ. 

ʉʦʜʝʨʞʘʥʠʝ Au ʚ ʨʫʜʘʭ ʧʝʨʚʦʛʦ ʪʠʧʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,34 ʜʦ 13,2 ʛ/ʪ. ɺ ʨʫʜʘʭ ʚʪʦʨʦʛʦ ʪʠʧʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʢʚʘʨʮʝʚʳʭ, ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʠ 

ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʙʨʝʢʯʠʷʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʨʦʜ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʣʴʬʠʜʦʚ ʥʝ ʙʦʣʝʝ 1ï3 %. 

ɿʦʣʦʪʦ ʩʘʤʦʨʦʜʥʦʝ, ʨʘʟʤʝʨʦʤ ʜʦ 0,3 ʤʤ ʚ ʜʠʘʤʝʪʨʝ, ʩ ʨʝʜʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʞʠʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ Au ʚ ʨʫʜʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 1,5 ʜʦ 28,1 ʛ/ʪ (ʩʨʝʜʥʝʝ ï 4,4 ʛ/ʪ). ʈʫʜʥʳʝ ʪʝʣʘ 

ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʟʦʥʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʷʚʣʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʝʦʙʣʘʜʘʶʪ ʟʦʥʳ 

ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʠ ʧʨʦʢʚʘʨʮʝʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʝʨʠʮʠʪʠʟʘʮʠʷ, ʭʣʦʨʠʪʠʟʘʮʠʷ, ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ, 

ʘʣʴʙʠʪʠʟʘʮʠʷ ʠ ʩʫʣʴʬʠʜʠʟʘʮʠʷ.  

 

 
ʈʠʩʫʥʦʢ 2.10. ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʖʞʥʳʝ ɸʰʘʣʳ. ʘ, ʙ, ʛ ï 

ʨʘʩʩʣʘʥʮʝʚʘʥʥʳʝ, ʧʨʦʢʚʘʨʮʝʚʘʥʥʳʝ ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʣʘʥʮʳ (C2bk) ʩ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʧʠʨʠʪʘ ʠ 

ʘʨʩʝʥʦʧʠʨʠʪʘ, ʚʦʩʪʦʯʥʳʡ ʙʦʨʪ ʜʥʘ ʢʘʨʴʝʨʘ: ʘ ï ʪ.ʥ. kz-8; ʙ ï ʪ.ʥ. kz-8-1; ʛ ï ʦʙʨ. kz-6-1; ʚ ï 

ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ (ʉ2db) ʩ ʪʦʥʢʠʤʠ ʧʨʦʞʠʣʢʘʤʠ ʢʚʘʨʮʘ, ʢʦʨʝʥʥʦʝ ʚʳʭʦʜ, ʪ.ʥ. kz-5; 

 

ɺ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘ ʨʫʜ. ʇʝʨʚʳʡ (ʟʦʣʦʪʦ-

ʩʫʣʴʬʠʜʥʳʡ) ʪʠʧ ʚ ʚʠʜʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʧʨʠʫʨʦʯʝʥ ʢ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤ ʪʝʨʨʠʛʝʥʥʳʤ 
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ʧʦʨʦʜʘʤ ʙʫʢʦʥʴʩʢʦʡ ʩʚʠʪʳ, ʩʤʷʪʳʤ ʚ ʫʟʢʠʝ ʣʠʥʝʡʥʳʝ ʩʢʣʘʜʢʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ɿʦʥʳ 

ʧʨʦʩʪʠʨʘʶʪʩʷ ʚ ʟʘʧʘʜʥʦʤ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʦʪ 10 ʜʦ 600 ʤ) ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʦʙʣʘʩʪʷʤ ʩʤʷʪʠʷ ʚʜʦʣʴ ʖʞʥʦʛʦ ʨʘʟʣʦʤʘ. ʈʫʜʥʳʝ ʟʦʥʳ ʢʫʣʠʩʦʦʙʨʘʟʥʦʛʦ ʟʘʣʝʛʘʥʠʷ 

ʣʠʥʟʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʤʦʱʥʦʩʪʴʶ ʦʪ 5 ʜʦ 15 ʤ ʦʢʦʥʪʫʨʠʚʘʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʦʧʨʦʙʦʚʘʥʠʷ ʠ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʙʦʣʝʝ 300 ʤ. ɺʪʦʨʦʡ (ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʡ) ʪʠʧ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʠʣʳ, ʢʦʪʦʨʳʝ ʧʨʦʨʳʚʘʶʪ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ. ʆʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʩʪʠʨʘʶʪʩʷ ʚ ʟʘʧʘʜʥʦʤ, ʟʘʧʘʜ-ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʣʦʞʥʳʤ ʫʟʣʘʤ 

ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʨʘʟʣʦʤʥʳʭ ʩʪʨʫʢʪʫʨ. ɾʠʣʳ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʜʦ 300 ʤ ʥʘ 

ʛʣʫʙʠʥʫ, ʠʭ ʤʦʱʥʦʩʪʴ ʥʝ ʧʦʩʪʦʷʥʥʘ ʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,3 ʜʦ 1,5ï2 ʤ. ʅʝʨʝʜʢʦ ʦʪʤʝʯʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʦʚʤʝʱʝʥʠʝ ʜʚʫʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʨʫʜ, ʛʜʝ ʞʠʣʳ ʧʨʦʨʳʚʘʶʪ ʟʦʥʳ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʙʨʝʢʯʠʡ.  

ʉʦʩʝʜʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʦʛʦ ʪʠʧʘ, ʪʘʢʠʝ ʢʘʢ ɹʝʣʘʷ 

ɻʦʨʢʘ, ɸʩʢʘʨ, ʊʝʥʠʥʩʢʦʝ, ʇʨʝʟʠʜʝʥʪ, ʉʫʣʫ, ʗʢʦʚʣʝʚʩʢʦʝ, ʈʦʜʥʠʢʦʚʦʝ (ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʝʩʷ 

ʦʪʜʝʣʴʥʳʤʠ ʞʠʣʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʘʫʙʘʡ) ʠʤʝʶʪ ʩʭʦʞʫʶ ʤʝʞʜʫ ʩʦʙʦʡ ʛʝʦʣʦʛʠʯʝʩʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʧʦʢʨʦʚʝ ʜʘʫʙʘʡʩʢʠʭ ʘʥʜʝʟʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, 

ʧʨʠ ʵʪʦʤ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ɼʘʫʙʘʡʩʢʠʤ ʨʘʟʣʦʤʦʤ ʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. 

ɾʠʣʳ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ (ʜʦ 1 ʢʤ ʠ ʙʦʣʝʝ) ʠ ʤʦʱʥʦʩʪʠ (0,5-1,0 ʤ), ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ, ʨʝʜʢʦ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʟʦʥʘʭ ʩʤʷʪʠʷ ʠ ʜʨʦʙʣʝʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʞʠʣʘʭ ʥʘ ʧʝʨʠʦʜ ʦʪʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʣʦ 12-15 ʛ/ʪ ʧʨʠ ʢʫʩʪʦʚʦʤ ʭʘʨʘʢʪʝʨʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʫʜʝʥʝʥʠʷ. ɺ ʩʦʩʪʘʚʝ ʨʫʜ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʦʪʤʝʯʘʣʠʩʴ ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, 

ʟʦʣʦʪʦ, ʨʝʞʝ ʭʘʣʴʢʦʧʠʨʠʪ, ʰʝʝʣʠʪ ʠ ʩʪʠʙʥʠʪ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʫʣʴʬʠʜʦʚ 1-3 %. ʆʪʨʘʙʦʪʘʥʳ 

ʪʦʣʴʢʦ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʙʦʣʴh ʝʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [ʄʝʩʪʦʨʦʞʜʝʥʠʷ é, 1997; ɺʘʫʣʠʥ, 

2016]. 

2.3. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʩʠʣʴʝʚʩʢʦʝ 

ʆʧʠʩʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʚʦʜʠʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʤʘʪʝʨʠʘʣʘʤ [ʅʘʣʠʚʘʝʚ, 1977; 

1980; ʅʘʣʠʚʘʝʚ, ɸʭʤʝʪʦʚ, 1974; ʇʘʚʣʦʚʘ, 1981; ʅʘʣʠʚʘʝʚ, ʇʘʚʣʦʚʘ, 1986; ʄʝʩʪʦʨʦʞʜʝʥʠʷ é, 

1997; ʅʦʚʦʞʠʣʦʚ, ɻʘʚʨʠʣʦʚ, 1999;]. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʚʠʩʷʯʝʤ ʢʨʳʣʝ ɺʦʩʪʦʯʥʦ-ɹʦʢʦʥʩʢʦʛʦ ʥʘʜʚʠʛʘ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʨʫʜʦʚʤʝʱʘʶʱʠʝ ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʝ ʪʦʣʱʠ ʙʫʢʦʥʴʩʢʦʡ ʩʚʠʪʳ (C2bk) 

ʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘʜʚʠʥʫʪʳ ʥʘ ʙʦʣʝʝ ʤʦʣʦʜʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʫʙʘʡʩʢʦʡ ʩʚʠʪʳ 

(C2db), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘʟʝʤʥʳʤʠ ʵʬʬʫʟʠʚʘʤʠ ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʚʠʜʝ ʫʟʢʦʡ 

ʧʦʣʦʩʳ, ʰʠʨʠʥʦʡ ʦʢʦʣʦ 100 ʤ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚʳʪʷʥʫʪʦ ʥʘ 4 ʢʤ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ (290-300Á) 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ɺʦʩʪʦʯʥʦ-ɹʦʢʦʥʩʢʦʛʦ ʨʘʟʣʦʤʘ. ʉ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʦʥʦ ʦʛʨʘʥʠʯʝʥʦ 

ʉʘʨʳʞʘʣʴʩʢʠʤ ʩʫʙʰʠʨʦʪʥʳʤ ʨʘʟʣʦʤʦʤ, ʘ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ ï ɾʘʥʘʤʠʥʩʢʠʤ ʨʘʟʣʦʤʦʤ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʈʠʩʫʥʦʢ 2.11).  



44 

 

 
ʈʠʩʫʥʦʢ 2.11. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʩʠʣʴʝʚʩʢʦʛʦ ʧʦ ʜʘʥʥʳʤ [ʅʘʣʠʚʘʝʚ, 

1977; ʅʘʣʠʚʘʝʚ, ʇʘʚʣʦʚʘ, 1986] ʩ ʠʟʤʝʥʝʥʠʷʤʠ. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ: Pulkovo 1942/ Gauss-Kruger 

zone 14. 

 

ʈʫʜʦʚʤʝʱʘʶʱʘʷ ʙʫʢʦʥʴʩʢʘʷ ʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʧʝʩʯʘʥʠʢʦʚ ʠ 

ʘʣʝʚʨʦʣʠʪʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʈʠʩʫʥʦʢ 2.10ʘ-ʙ, ʛ). ʅʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʵʪʘ ʪʦʣʱʘ ʠʤʝʝʪ ʤʦʥʦʢʣʠʥʘʣʴʥʦʝ ʟʘʣʝʛʘʥʠʝ ʩ ʧʘʜʝʥʠʝʤ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʧʦʜ ʫʛʣʦʤ 

60Á, ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʘʜʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʥʘʜʚʠʛʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʵʪʘ ʪʦʣʱʘ ʥʘʜʚʠʥʫʪʘ 

ʥʘ ʵʬʬʫʟʠʚʳ ʜʘʫʙʘʡʩʢʦʡ ʩʚʠʪʳ. ʍʘʨʘʢʪʝʨʥʘ ʧʝʩʪʨʦʪʘ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʫʢʦʥʴʩʢʦʡ 

ʩʚʠʪʳ, ʚ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʧʷʪʴ ʧʘʯʝʢ (ʩʥʠʟʫ-ʚʚʝʨʭ): ʩʣʘʥʮʝʚʘʪʘʷ, ʧʝʩʯʘʥʠʢʦʚʘʷ, ʧʝʩʯʘʥʠʢʦ-

ʘʣʝʚʨʦʣʠʪʦʚʘʷ, ʩʝʨʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʪʝʤʥʦ-ʩʝʨʳʭ ʫʛʣʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ. 

ʉʣʘʥʮʝʚʘʪʘʷ ʧʘʯʢʘ, ʤʦʱʥʦʩʪʴʶ 40-120 ʤ, ʩʣʦʞʝʥʥʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʛʣʝʨʦʜʠʩʪʦ-ʛʣʠʥʠʩʪʳʤʠ 

ʠ ʫʛʣʝʨʦʜʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʫʛʣʠʩʪʳʭ 

ʧʝʩʯʘʥʠʢʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ 1-2 ʜʦ 5 ʤ. ɺ ʝʝ ʧʨʝʜʝʣʘʭ ʅ.ɸ. ʌʦʛʝʣʴʤʘʥ ʚʳʜʝʣʷʝʪ ʤʝʣʢʠʝ 

ʩʠʣʣʦʧʦʜʦʙʥʳʝ ʪʝʣʘ ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ. ʇʝʩʯʘʥʠʢʦʚʘʷ ʧʘʯʢʘ, ʤʦʱʥʦʩʪʴʶ 120-160 ʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʦʣʠʤʠʢʪʦʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ 

ʫʛʣʠʩʪʳʭ ʩʣʘʥʮʝʚ ʤʦʱʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʤ ʜʦ 2-8 ʤ. ɺ ʦʩʥʦʚʘʥʠʠ ʧʘʯʢʠ ʧʝʩʯʘʥʠʢʠ ʩʦʜʝʨʞʘʪ 

ʫʛʣʝʨʦʜʠʩʪʦʝ ʚʝʱʝʩʪʚʦ. ʇʝʩʯʘʥʦ-ʘʣʝʚʨʦʣʠʪʦʚʘʷ ʧʘʯʢʘ, ʤʦʱʥʦʩʪʴʶ 40-60 ʤ, ʩʣʦʞʝʥʥʘʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʨʦʚʘʪʦ-ʯʝʨʥʳʤʠ ʤʘʩʩʠʚʥʳʤʠ ʫʛʣʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʩʝʨʳʭ 

ʤʝʣʢʦ- ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʧʦʣʠʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʤʦʱʥʦʩʪʴʶ 2-8 ʤ. ʇʘʯʢʘ ʩʝʨʳʭ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩʣʦʠʩʪʦʡ ʪʝʢʩʪʫʨʳ ʤʦʱʥʦʩʪʴʶ 50-80 ʤ ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ 
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ʫʛʣʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʤ ʜʦ 2-10 ʤ. ʇʘʯʢʘ ʪʝʤʥʦ-ʩʝʨʳʭ ʫʛʣʠʩʪʳʭ 

ʘʣʝʚʨʦʣʠʪʦʚ ʤʦʱʥʦʩʪʴʶ 70-80 ʤ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʩʝʨʳʭ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ 

ʤʦʱʥʦʩʪʴʶ ʦʪ 1 ʜʦ 7-10 ʤ [ʅʘʣʠʚʘʝʚ, 1977; ʅʘʣʠʚʘʝʚ ʇʘʚʣʦʚʘ, 1986].  

ɺ ʩʦʩʪʘʚʝ ʜʘʫʙʘʡʩʢʦʡ ʩʚʠʪʳ ʧʨʝʦʙʣʘʜʘʶʱʝ ʨʘʟʚʠʪʳ ʘʥʜʝʟʠʪʳ, ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʳ ʠ ʠʭ 

ʣʘʚʦʙʨʝʢʯʠʠ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʨʝʦʙʣʘʜʘʶʪ 

ʘʚʛʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚʦʛʦ ʨʷʜʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʘʤʬʠʙʦʣʦʚʳʝ 

ʨʘʟʥʦʩʪʠ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʥʜʝʟʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ, ʧʦ ʂʘʛʘʨʤʘʥʦʚʫ ɸ.ʍ. ʠ 

ʍʠʩʘʤʫʪʜʠʥʦʚʫ ʄ.ɻ., ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ (ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʘʪʨʠʷ ʥʘʜ 

ʢʘʣʠʝʤ) ʠ ʚʘʨʴʠʨʫʝʪ ʦʪ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚ ʜʦ ʜʘʮʠʪʦʚ. ʄʦʱʥʦʩʪʴ ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʦʪ ʨʘʟʤʳʚʘ 

ʯʘʩʪʠ ʧʦʨʬʠʨʠʪʦʚʦʛʦ ʧʦʢʨʦʚʘ ʜʦʩʪʠʛʘʝʪ 300-500 ʤ. ʉʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʘʥʜʝʟʠʪʦʚʳʤʠ ʠ ʜʠʦʨʠʪʦʚʳʤʠ ʧʦʨʬʠʨʠʪʘʤʠ, ʠʥʦʛʜʘ ʚʤʝʱʘʶʪ ʟʦʣʦʪʦʥʦʩʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ 

[ʅʘʣʠʚʘʝʚ, ʇʘʚʣʦʚʘ, 1986].  

ʉʨʝʜʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʪʤʝʯʘʶʪʩʷ ʙʣʠʟʢʦ-ʩʠʥʭʨʦʥʥʳʝ 

ʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʳʝ ʛʠʧʘʙʠʩʩʘʣʴʥʳʝ ʧʦʨʦʜʳ: ʛʨʘʥʠʪ-ʧʦʨʬʠʨ,r ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨ,r 

ʜʠʦʨʠʪ-ʧʦʨʬʠʨ r (ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʝʩʩʘʨʪʠʪ), ʘ ʪʘʢʞʝ ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʠʦʨʠʪʳ ʠ 

ʛʨʘʥʦʜʠʦʨʠʪʳ, ʦʪʥʦʩʠʤʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʢ ʢʫʥʫʰʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ; ʠ ʤʘʣʳʝ ʠʥʪʨʫʟʠʠ ʛʘʙʙʨʦ-

ʜʠʘʙʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʦʪʥʦʩʠʤʳʝ ʢ ʘʨʛʠʤʙʘʡʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ (ʅʘʣʠʚʘʝʚ, ʇʘʚʣʦʚʘ, 1986). 

ʆʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʦʩʣʦʞʥʝʥʥʦʝ ʥʘʜʚʠʛʦʤ 

ʢʨʳʣʦ ʉʘʨʳʞʘʣ-ɼʘʫʙʘʫʙʘʡʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʚʠʪʠʝ ʙʨʘʭʠʬʦʨʤʥʦʡ 

ʩʢʣʘʜʯʘʪʦʩʪʠ, ʥʘ ʬʦʥʝ ʢʦʪʦʨʦʡ ʥʝʨʝʜʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʘʷ ʩʢʣʘʜʯʘʪʦʩʪʴ ʚʪʦʨʦʛʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡ ʧʦʨʷʜʢʘ ʩ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ ʢʨʳʣʴʝʚ 50-70Á. ɺ ʨʘʟʤʝʱʝʥʠʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ 

ʚʝʜʫʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʜʠʟʲʶʥʢʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʛʣʘʚʥʦʡ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʟʦʥʘ ɺʦʩʪʦʯʥʦ-ɹʦʢʦʥʩʢʦʛʦ ʥʘʜʚʠʛʘ ʩʣʦʞʥʦʛʦ 

ʩʪʨʦʝʥʠʷ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʪʝʥʩʠʚʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʧʣʦʡʯʘʪʦʩʪʠ, ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ, ʙʫʜʠʥʘʞʘ. ɺ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʜʠʩʣʦʢʘʮʠʠ 

ʧʨʦʷʚʣʝʥ ʣʦʢʘʣʴʥʳʡ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʠ ʣʠʩʪʚʝʥʠʪʠʟʘʮʠʷ ʜʘʡʢʦʚʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ (ʈʠʩʫʥʦʢ 2.12ʚ, ʜ-ʝ). ʕʬʬʫʟʠʚʳ ʜʘʫʙʘʡʩʢʦʡ ʩʚʠʪʳ ʠʥʪʝʥʩʠʚʥʦ 

ʧʨʦʧʠʣʠʪʠʟʠʨʦʚʘʥʳ [ʅʦʚʦʞʠʣʦʚ, ɻʘʚʨʠʣʦʚ, 1999].  
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ʈʠʩʫʥʦʢ 2.12. ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʩʠʣʴʝʚʩʢʦʛʦ. ʘ ï ʢʦʥʪʘʢʪ 

ʫʛʣʝʨʦʜʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ (ʉ2bk) ʩ ʣʠʩʪʚʝʥʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʪ.ʥ. kz-15; ʙ ï ʘʨʛʠʣʣʠʪʳ 

ʙʫʢʦʥʴʩʢʦʡ ʩʚʠʪʳ ʩ ʩʝʢʫʰʠʤʠ ʢʚʘʨʮʝʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ, ʪ.ʥ. kz-18; ʚ ï ʢʦʥʪʘʢʪ ʘʨʛʠʣʣʠʪʦʚ ʩ 

ʣʠʩʪʚʝʥʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʢʚʘʨʮʝʚʳʝ ʧʨʦʞʠʣʢʠ, (ʚʠʜ ʩʚʝʨʭʫ) 

ʪ.ʥ. kz-15; ʛ ï ʘʨʛʠʣʣʠʪ ʩ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ, ʦʙʨ. kz-18; ʜ, ʝ ï 

ʣʠʩʪʚʝʥʠʪʠʟʠʨʦʚʘʥʥʘʷ ʧʦʨʦʜʘ ʩ ʧʨʦʞʠʣʢʘʤʠ ʢʚʘʨʮʘ ʠ ʘʥʢʝʨʠʪʘ: ʜ ï ʦʙʨ. kz-17-1; ʝ ï ʦʙʨ. kz-15-

1. ʇʨʠʤʝʯʘʥʠʝ: ʦʙʨʘʟʮʳ ʦʪʦʙʨʘʥʳ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʙʦʨʪʘ ʩʪʘʨʦʛʦ ʢʘʨʴʝʨʘ. 

 

ʂ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʤ ʧʦʨʦʜʘʤ ʟʦʥʳ ʥʘʜʚʠʛʘ ʧʨʠʫʨʦʯʝʥʳ ʚʩʝ ʨʫʜʥʳʝ ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʀʭ ʧʦʟʠʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʟʣʘʤʠ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʨʝʱʠʥ ʧʨʠ ʚʝʜʫʱʝʡ ʨʦʣʠ 

ʩʫʙʰʠʨʦʪʥʳʭ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ. ʈʫʜʥʳʝ ʪʝʣʘ ʧʨʦʩʣʝʞʝʥʳ ʮʝʧʦʯʢʦʡ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʥʘʜʚʠʛʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʦʥʳ ʧʨʦʞʠʣʢʦʚʦ-

ʚʢʨʘʧʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʪʦʨʦʡ ʞʠʣʴʥʳʡ ʢʚʘʨʮ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʦʟʜʥʠʤ. 

ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚʩʝʭ ʨʫʜʥʳʭ ʪʝʣ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚ ʥʠʭ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʉʠʩʪʝʤʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ 

ʧʦʚʪʦʨʥʳʝ ʧʦʩʪʨʫʜʥʳʝ ʧʦʜʚʠʞʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ɹʦʢʦʥʩʢʦʛʦ ʥʘʜʚʠʛʘ ʦʩʣʦʞʥʷʶʪ ʚʥʫʪʨʝʥʥʝʝ 

ʩʪʨʦʝʥʠʝ ʨʫʜʥʦʡ ʟʦʥʳ ʠ ʤʦʨʬʦʣʦʛʠʶ ʦʪʜʝʣʴʥʳʭ ʨʫʜʥʳʭ ʪʝʣ. 

ʈʫʜʝr ʪʘʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠ ̫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʦʣʦʪʦʥʦʩʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʝʣʠʢʪʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʟʦʥʘʤʠ ʧʨʦʞʠʣʢʦʚʦ-






































































































































































































































































