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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ (ʄʉ) ʷʚʣʷʶʪʩʷ 

ʯʘʩʪʴʶ ʢʨʘʩʥʦʮʚʝʪʥʦʡ ʤʘʛʘʬʦʨʤʘʮʠʠ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʧʦ ɺ.ʀ. ʀʛʥʘʪʴʝʚʫ (1963, 1980, 1996) 

ʚʝʨʭʥʠʡ ʧʝʨʤʩʢʠʡ (ʥʳʥʝ ʙʠʘʨʤʠʡʩʢʠʡ (ʩʨʝʜʥʠʡ), ʪʘʪʘʨʩʢʠʡ (ʚʝʨʭʥʠʡ)) ʠ ʥʠʞʥʠʡ ʪʨʠʘʩʦʚʳʡ 

ʦʪʜʝʣʳ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ɺɽʇ) ʠ ʇʨʝʜʫʨʘʣʴʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʧʨʦʛʠʙʘ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ʄʉ ʵʪʠ ʦʪʣʦʞʝʥʠʷ ʚʢʣʶʯʘʶʪ ʙʦʛʘʪʳʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʦʩʪʘʪʢʦʚ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ 

(ʉʝʥʥʠʢʦʚ, ɻʦʣʫʙʝʚ, 2017; ʇʦʥʦʤʘʨʝʥʢʦ, 2016; Naumcheva, Golubev 2020; Naugolnykh, 2012; 

Scholze et al., 2015, 2019 ʠ ʜʨ.), ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʟʫʯʝʥʠʝ ʦʯʝʥʴ ʟʥʘʯʠʤʳʤ ʚ ʩʚʝʪʝ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ (Erwin et al., 2002; Payne, 

Clapham, 2012; Benton, Newell, 2014; Shen et al., 2019; Huang et al., 2023; Kaiho, 2024; Davydov et 

al., 2026 ʠ ʜʨ.). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʫʙʝʞʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʩʤʝʥʘ 

ʤʦʨʩʢʦʡ ʙʠʦʪʳ (Henderson, Shen, 2020; Ogg, Chen, 2020), ʤʝʞʜʫ ʪʝʤ ʨʘʟʚʠʪʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʠʟʫʯʝʥʦ ʩʣʘʙʦ. ɺ ʢʦʥʪʝʢʩʪʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʩʦʙʳʪʠʡ, ʦʭʚʘʪʠʚʰʠʭ ʛʝʦʩʬʝʨʫ ʚ ʵʪʦ 

ʚʨʝʤʷ, ʨʘʟʨʝʟʳ ʄʉ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ ʧʦʣʠʛʦʥʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʪʠʯʝʩʢʠʭ ʠ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʢʨʠʟʠʩʘ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʝ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʠʟʫʯʝʥʥʳʝ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ɺɽʇ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ, ʚʷʪʩʢʦʛʦ ʠ ʠʥʜʩʢʦʛʦ ʷʨʫʩʦʚ ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʄʉ. ɺʤʝʩʪʝ ʩ ʪʝʤ , ʥʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ (ɹʣʦʤ, 1967, 1968, 1969, 

1972, 1974; ʆʧʦʨʥʳʡ ʨʘʟʨʝʟé, 1981; ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ..., 1984; ɺʝʨʟʠʣʠʥ ʠ ʜʨ., 

1993; ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998; ʊʘʪʘʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷé, 2001 ʠ ʜʨ.) ʜʘʞʝ ʚ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʭ 

ʨʘʟʨʝʟʘʭ ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ï ʠʥʜʩʢʦʛʦ ʷʨʫʩʦʚ ʧʦʯʪʠ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʠʩʪʝʤʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ʨʝʛʠʦʥʘ ʥʝ ʠʟʫʯʘʣʘʩʴ ʚ ʩʚʝʪʝ 

ʛʣʦʙʘʣʴʥʳʭ ʩʦʙʳʪʠʡ, ʦʭʚʘʪʠʚʰʠʭ ʛʝʦʩʬʝʨʫ ʚ ʵʪʦ ʚʨʝʤʷ, ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʥʘʜʝʞʥʦ 

ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʘʪʦʥʦʚ ʩ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ 

ʰʢʘʣʦʡ (ʄʉʐ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʭ ʠ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ ʚ 

ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʉʫʭʦʥʘ, ʖʛ, ʉʝʚ. ɼʚʠʥʘ ʠ ɺʝʪʣʫʛʘ ʧʨʠʦʙʨʝʪʘʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʢʣʶʯʝʚʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʛʨʘʥʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʄʉ 

ʦʙʩʪʘʥʦʚʦʢ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʜʠʥʘʤʢʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʵʧʦʭʫ 

ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʜʘʨʩʩʢʦʡ, ʩʘʣʘʨʸʚʩʢʦʡ ʠ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪ ʚ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʤ 

ʨʘʡʦʥʝ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʉʫʭʦʥʘ, ʖʛ, ʉʝʚ. ɼʚʠʥʘ ʠ ɺʝʪʣʫʛʘ, ʘ ʪʘʢʞʝ ʚʷʪʩʢʦʡ ʩʚʠʪʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. 

ɺʝʪʣʫʛʘ. ʀʭ ʢʦʨʨʝʣʷʮʠʷ ʩ ʄʉʐ. 



с 
 

2. ɺʳʷʚʣʝʥʠʝ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʟʨʝʟʝ ʠ ʚ ʰʣʠʬʘʭ. 

3. ʃʠʪʦʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

4. ʋʩʪʘʥʦʚʣʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ, ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ, ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ 

ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ. 

5. ʋʪʦʯʥʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʠ ʠʭ 

ʢʦʨʨʝʣʷʮʠʷ ʩ ʩʠʥʭʨʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʤʦʨʩʢʠʭ ʨʘʟʨʝʟʘʭ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʣʠʪʦʬʘʮʠʘʣʴʥʳʝ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ, ʣʠʪʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ, ʧʨʠʤʝʥʠʤʳʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʨʝʛʠʦʥʝ ʥʘ 

ʨʫʙʝʞʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ. 2. ʇʦʣʫʯʝʥʳ ʣʠʪʦʭʠʤʠʯʝʩʢʠʝ ʠ ʣʠʪʦʬʘʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʘʢʪʠʚʠʟʘʮʠʶ ʫʨʘʣʴʩʢʦʛʦ ʩʥʦʩʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʚʷʪʩʢʦʛʦ ʚʝʢʘ ʢ ʠʥʜʫ. 3. ɺʳʷʚʣʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʮʝ ʪʘʪʘʨʩʢʦʡ (ʧʦʟʜʥʝʧʝʨʤʩʢʦʡ) ʵʧʦʭʠ ʠ ʚ ʥʘʯʘʣʝ ʪʨʠʘʩʘ, ʢʦʪʦʨʳʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 

ʩʠʥʭʨʦʥʥʳʤʠ ʪʨʝʥʜʘʤʠ ʚ ʤʦʨʩʢʠʭ ʨʘʟʨʝʟʘʭ. 4. ɼʣʷ ʧʦʛʨʘʥʠʯʥʳʭ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʄʉ 

ʧʦʣʫʯʝʥʘ ʠʟʦʪʦʧʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʟʝʨʥʳʭ ʠ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ. 5. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʷʚʣʝʥʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʵʢʩʢʫʨʩʘ ŭ13C ʧʦʜ ʢʨʦʚʣʝʡ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʜʘʪʠʨʦʚʘʥʥʦʛʦ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ɺɽʇ 

ʚʧʝʨʚʳʝ, ʧʨʦʚʝʜʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʠʟʫʯʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʄʉʐ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʣʝʥʝʥʠʷ ʠ ʢʦʨʨʝʣʷʮʠʠ ʫʜʘʣʝʥʥʳʭ 

ʧʦʛʨʘʥʠʯʥʳʭ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʨʘʟʨʝʟʦʚ ɺɽʇ, ʩʣʦʞʝʥʥʳʭ ʯʘʩʪʦ ʥʝʤʳʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ; ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʫʪʦʯʥʠʪʴ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʠ ʵʚʦʣʶʮʠʶ ʙʠʦʪʳ ʚ ʵʪʦ ʚʨʝʤʷ. 

ʇʨʦʚʝʜʝʥʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʫʨʘʣʴʩʢʦʡ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʜʨʝʚʥʠʤ ʨʫʩʣʦʚʳʤ 

ʦʪʣʦʞʝʥʠʷʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʷʩʥʦʤʫ ʧʦʥʠʤʘʥʠʶ ʭʦʜʘ ʨʘʟʚʠʪʠʷ 

ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʟʜʥʝ-

ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʳʤʠʨʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ɺ ʧʦʟʜʥʝʝ ʩʝʚʝʨʦʜʚʠʥʩʢʦʝ ʚʨʝʤʷ ʠ ʚʷʪʩʢʠʡ ʚʝʢ (ʚʫʯʘʧʠʥʩʢʠʡ ï ʯʘʥʩʠʥʩʢʠʡ ʚʝʢʘ) ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʧʨʦʠʩʭʦʜʠʣʦ ʯʝʨʝʜʦʚʘʥʠʝ ʵʧʠʟʦʜʦʚ ʛʫʤʠʜʠʟʘʮʠʠ ʢʣʠʤʘʪʘ ʩ 

ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʨʝʯʥʳʭ ʩʠʩʪʝʤ ʠ ʵʧʠʟʦʜʦʚ ʘʨʠʜʠʟʘʮʠʠ ʩ ʨʘʩʧʘʜʦʤ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʙʝʩʩʪʦʯʥʳʝ ʙʘʩʩʝʡʥʳ; ʚ ʙʝʩʩʪʦʯʥʳʭ ʦʟʝʨʘʭ ʧʨʦʠʩʭʦʜʠʣʘ ʵʚʘʧʦʨʠʪʠʟʘʮʠʷ; ʦʙʝʜʥʝʥʠʝ 

ʦʟʝʨʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ 18ʆ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʦʪʨʘʞʘʝʪ 

ʩʫʙʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʖʞʥʦʤ ʂʠʪʘʝ ʚʫʯʘʧʠʥʩʢʦʛʦ-ʯʘʥʩʠʥʩʢʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ. 

2. ʇʘʣʳʛʦʨʩʢʠʪ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʝ (ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ 

ʪʝʨʤʠʥʘʣʴʥʦʝ ʚʷʪʩʢʦʝ ʚʨʝʤʷ ï ʠʥʜʩʢʠʡ ʚʝʢ), ʠ ʩʜʚʠʛ ʚʝʣʠʯʠʥ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ 



т 
 

(ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʤʘʪʘ ʥʘ ʧʘʣʝʦʚʦʜʦʩʙʦʨʘʭ) ʚ ʩʪʦʨʦʥʫ ʩʥʠʞʝʥʠʷ ʤʦʙʠʣʴʥʦʩʪʠ ʱʝʣʦʯʥʳʭ ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʨʘʞʘʶʪ ʧʦʪʝʧʣʝʥʠʝ ʠ ʦʙʱʫʶ ʘʨʠʜʠʟʘʮʠʶ ʢʣʠʤʘʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʚ ʵʪʦ ʚʨʝʤʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʦʙʘʣʴʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʪʝʥʜʝʥʮʠʷʤ 

ʨʫʙʝʞʘ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ. 

3. ɺʦ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ (ʪʝʨʤʠʥʘʣʴʥʳʡ ʚʷʪʩʢʦʝ ʚʨʝʤʷ ï ʠʥʜʩʢʠʡ ʚʝʢ) ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʧʨʦʠʟʦʰʣʘ ʘʢʪʠʚʠʟʘʮʠʷ ʫʨʘʣʴʩʢʦʡ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʥʦʩʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʪʦʨʦʥʳ ʋʨʘʣʘ. 

4. ʂ ʧʦʛʨʘʥʠʯʥʳʤ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ ʧʨʠʫʨʦʯʝʥʳ ʣʠʥʟʳ ʦʟʝʨʥʳʭ ʠ ʢʦʥʢʨʝʮʠʠ 

ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ŭ13ʉ ʠ ʧʨʦʩʣʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ ʩ 

ʚʦʟʨʘʩʪʦʤ ʮʠʨʢʦʥʘ 253,95Ñ0,06 ʤʣʥ ʣʝʪ (CA-ID-TIMS; ʦʩʥʦʚʘʥʠʝ ʚʝʨʭʥʝʛʦ ʚʷʪʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ, 

ʦʩʥʦʚʘʥʠʝ ʯʘʥʩʠʥʩʢʦʛʦ ʷʨʫʩʘ), ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ 

ʨʝʧʝʨʘʤʠ ʧʨʠ ʬʠʢʩʘʮʠʠ ʛʨʘʥʠʮʳ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚ ʧʨʝʜʝʣʘʭ 

ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʨʳʚʘ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʥʘ ʨʫʙʝʞʝ ʜʚʫʭ ʩʠʩʪʝʤ. 

5. ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʘʚʪʦʨʘ, ʦʪʙʠʨʘʚʰʠʭʩʷ ʩ 1990-ʭ ʛʛ. ʠʟ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʭ 

ʠ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʉʫʭʦʥʘ, ʖʛ, ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ (ʧʦʣʜʘʨʩʩʢʘʷ ï 

ʩʘʣʘʨʸʚʩʢʘʷ ʩʚʠʪʳ, ʤʦʱʥʦʩʪʴ ʩʚʦʜʥʦʛʦ ʨʘʟʨʝʟʘ 170 ʤ), ɺʝʪʣʫʛʘ (ʚʝʨʭʥʠʡ ʚʷʪʩʢʠʡ ʧʦʜʲʷʨʫʩ, 

ʤʦʱʥʦʩʪʴ 50 ʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʷʪʩʢʘʷ ʩʚʠʪʘ) ʠ ʠʥʜʩʢʦʛʦ ʷʨʫʩʘ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʖʛ, ʉʝʚ. 

ɼʚʠʥʘ (ʚʦʭʤʠʥʩʢʘʷ, ʢʨʘʩʥʦʙʦʨʩʢʘʷ ʩʚʠʪʳ, ʤʦʱʥʦʩʪʴ ʩʚʦʜʥʦʛʦ ʨʘʟʨʝʟʘ 50 ʤ), ʘ ʪʘʢʞʝ ʚ 

ʛʠʧʦʩʪʨʘʪʦʪʠʧʝ ʚʝʪʣʫʞʩʢʦʡ ʩʝʨʠʠ ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ ɺɽʇ ʚ ʜʦʣʠʥʝ ʨ. ɺʝʪʣʫʛʘ (ʚʦʭʤʠʥʩʢʘʷ ʩʚʠʪʘ, 

ʩʚʦʜʥʳʡ ʨʘʟʨʝʟ 95 ʤ). ʇʦʩʣʦʡʥʝr ʦʧʠʩʘʥʠ ̫ʦʙʥʘʞʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʦʤ, ʠ ʠʭ ʢʦʨʨʝʣʷʮʠʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʫʙʣʠʢʦʚʘʣʠʩʴ (ɸʨʝʬʴʝʚ ʠ ʜʨ., 2012, 2016ʘ, 2016ʙ, 2024, 2026; Arefiev et al., 2015ʙ). 

ʆʪʣʦʞʝʥʠʷ ʜʝʪʘʣʴʥʦ ʨʘʩʯʣʝʥʝʥʳ ʥʘ ʤʝʩʪʥʳʝ ʩʪʨʘʪʦʥʳ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠ 

ʙʣʘʛʦʜʘʨʷ ʩʪʨʦʛʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʧʨʠʚʷʟʘʥʳ ʢ ʆʙʱʝʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʝ 

ʈʦʩʩʠʠ (ʆʉʐ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʘ ʧʦʟʚʦʣʠʣʠ ʙʦʣʝʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦ ʧʨʠʚʷʟʘʪʴ ʠʭ ʢ ʄʉʐ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 350 ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʦʚ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. 

ʉʦʩʪʘʚ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥ ʚ 220 ʦʙʨʘʟʮʘʭ ʧʝʩʢʦʚ ʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ 50 ʧʨʦʙʘʭ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʫʩʪʘʥʦʚʣʝʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ 150 ʧʨʦʙʘʭ, 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʉ ʠ ʆ ʚ ʦʟʝʨʥʳʭ ʠ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʦʧʨʝʜʝʣʝʥ ʚ 390 ʦʙʨʘʟʮʘʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʩʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʙʨʘʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʚʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. ɸʚʪʦʨ 

ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʝʨʝʦʧʠʩʘʥʠʠ ʠ ʜʝʪʘʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʚ 

ʠʭ ʧʨʠʚʷʟʢʝ ʢ ʆʉʐ ʠ ʄʉʐ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʙʳʣ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʜʠʮʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɺɽʇ ʠ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɸʚʪʦʨʦʤ 

ʧʨʦʚʝʜʝʥ ʣʠʪʦʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠ ʦʧʠʩʘʥʳ ʦʩʘʜʦʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 
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ʧʨʦʚʝʜʝʥʘ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ, ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʥʘʧʠʩʘʥ ʪʝʢʩʪ, ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʠʣʣʶʩʪʨʘʮʠʠ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ. 

ɺʢʣʘʜ ʩʦʘʚʪʦʨʦʚ 

ʇʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʢʦʨʨʝʣʷʮʠʠ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʘʚʪʦʨ ʦʙʨʘʱʘʣʩʷ ʢ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ: ɺ.ʂ. ɻʦʣʫʙʝʚʫ, ʄ.ɸ. ʅʘʫʤʯʝʚʦʡ, 

ɽ.ɺ. ʂʘʨʘʩʝʚʫ (ʇʀʅ ʈɸʅ ʠʤ. ɸ.ɸ. ɹʦʨʠʩʷʢʘ), ɺ.ɺ. ʉʠʣʘʥʪʴʝʚʫ (ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʂʌʋ), ɸ.ɺ. ʄʠʥʠʭ (ʉɻʋ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ) ʠ ʨʘʙʦʪʘʶʱʠʤ ʚ ʦʙʣʘʩʪʠ 

ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɸ.ʄ. ʌʝʪʠʩʦʚʦʡ, ʈ.ɺ. ɺʝʩʝʣʦʚʩʢʦʤʫ (ʀʌɿ ʈɸʅ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ). 

ɼʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʘ ʠʟ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ ʠʟ ʚʷʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʚʝʜʝʥʦ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɺ.ʀ. ɼʘʚʳʜʦʚʘ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ɹʦʡʩʝ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ 

ʧʦʣʫʯʝʥʘ ʧʨʠ ʫʯʘʩʪʠʠ ɽ.ɺ. ʑʝʧʝʪʦʚʦʡ (ɻʀʅ ʈɸʅ), ʜʠʘʛʥʦʩʪʠʢʘ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ ï ʧʨʠ ʫʯʘʩʪʠʠ 

ɹ.ɹ. ʐʢʫʨʩʢʦʛʦ (ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬ-ʪ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ), ʚ ʘʥʘʣʠʟʝ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪʘʭ, ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʅ.ɻ. ʅʫʨʛʘʣʠʝʚʘ (ʀʥʩʪʠʪʫʪ 

ʛʝʦʣʦʛʠʠ ʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʂʌʋ), ɽ.ɺ. ʑʝʧʝʪʦʚʘ (ɻʀʅ ʈɸʅ). ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʘ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ɹ.ɻ. ʇʦʢʨʦʚʩʢʦʛʦ ʠ ɺ.ʅ. ʂʫʣʝʰʦʚʘ 

(ɻʀʅ ʈɸʅ). ɺʳʚʦʜʳ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ï ʠʥʜʠʢʘʪʦʨʦʚ 

ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʦʙʩʫʞʜʘʣʠʩʴ ʩ ɹ.ɹ. ʐʢʫʨʩʢʠʤ, ʉ.ʂ. ɼʝʜʫʰʝʥʢʦ (ʅʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʀʉè), ɽ.ɺ. ʑʝʧʝʪʦʚʦʡ, ɸ.ʖ. ʂʘʟʘʥʩʢʠʤ 

(ɻʀʅ ʈɸʅ) ʠ ʯʘʩʪʠʯʥʦ ʚʦʰʣʠ ʚ ʥʘʩʪʦʷʱʫʶ ʨʘʙʦʪʫ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ: 

ʈʝʟʫʣʴʪʘʪ rʠʩʩʣʝʜʦʚʘʥʠʡ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʛʨʝʩʩʘʭ, ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʠʤʧʦʟʠʫʤʘʭ ʠ ʩʦʚʝʱʘʥʠʷʭ. ɺ ʠʭ ʯʠʩʣʝ: XVIII ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ ʧʦ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʠ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʘʤ ICCP-2015 (ʂʘʟʘʥʴ, 2015); ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʩʦʚʝʱʘʥʠʷ çʆʩʘʜʦʯʥʳʝ ʙʘʩʩʝʡʥʳ, ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠè (ʅʦʚʦʩʠʙʠʨʩʢ, 2013), çʕʚʦʣʶʮʠʷ ʦʩʘʜʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠè 

(ʄʦʩʢʚʘ, 2015), çʃʠʪʦʣʦʛʠʷ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ɽʚʨʘʟʠʠ ʠ ʰʝʣʴʬʦʚʳʭ ʦʙʣʘʩʪʝʡè (ʂʘʟʘʥʴ, 

2019); ɺʩʝʨʦʩʩʠʡʩʢʦʝ ʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʚʝʱʘʥʠʝ çʃʝʥʠʥʛʨʘʜʩʢʘʷ ʰʢʦʣʘ ʣʠʪʦʣʦʛʠʠè, 

ʧʦʩʚʷʱʝʥʥʦʝ 100-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʃ.ɹ. ʈʫʭʠʥʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2012); ɺʩʝʨʦʩʩʠʡʩʢʦʝ 

ʩʦʚʝʱʘʥʠʝ çʇʘʣʝʦʟʦʡ ʈʦʩʩʠʠ: ʨʝʛʠʦʥʘʣʴʥʘʷ ʩʪʨʘʪʠʛʨʘʬʠʷ, ʧʘʣʝʦʥʪʦʣʦʛʠʷ, ʛʝʦ- ʠ ʙʠʦʩʦʙʳʪʠʷè 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2012); XXII ʩʠʤʧʦʟʠʫʤ ʧʦ ʛʝʦʭʠʤʠʠ ʠʟʦʪʦʧʦʚ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ.ʇ. 

ɺʠʥʦʛʨʘʜʦʚʘ (ʄʦʩʢʚʘ, 2019); ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ çUpper Palaeozoic of Russiaè, Kazan 

Golovkinsky Stratigraphic Meeting (ʂʘʟʘʥʴ, 2017; 2019); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, 

ʧʦʩʚʷʱʝʥʥʘʷ ʧʘʤʷʪʠ ɸ.ɻ. ʂʦʩʩʦʚʩʢʦʡ ʠ ʀ.ɺ. ʍʚʦʨʦʚʦʡ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ, ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚè (ʄʦʩʢʚʘ, 2023); ʋʨʘʣʴʩʢʠʝ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʩʦʚʝʱʘʥʠʷ çʇʨʠʦʨʠʪʝʪʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡè (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2012), çɺʠʨʪʫʘʣʴʥʳʝ ʠ ʨʝʘʣʴʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠè 

(ɽʢʘʪʝʨʠʥʙʫʨʛ, 2014), çʆʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʋʨʘʣʘ ʠ ʧʨʠʣʝʞʘʱʠʭ ʨʝʛʠʦʥʦʚ ʠ ʠʭ ʤʠʥʝʨʘʛʝʥʠʷè 
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(ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016), çʆʩʘʜʦʯʥʘʷ ʛʝʦʣʦʛʠʷ ʋʨʘʣʘ ʠ ʧʨʠʣʝʞʘʱʠʭ ʨʝʛʠʦʥʦʚ: ʩʝʛʦʜʥʷ ʠ ʟʘʚʪʨʘè 

(ɽʢʘʪʝʨʠʥʙʫʨʛ, 2018); ʝʞʝʛʦʜʥʳʝ ʥʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʩʝʢʮʠʠ ʧʘʣʝʦʥʪʦʣʦʛʠʠ ʄʆʀʇ ʠ 

ʄʦʩʢʦʚʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʧʨʠ ʈɸʅ çʇʘʣʝʦʩʪʨʘʪè (ʄʦʩʢʚʘ, 2014, 

2015, 2016, 2017, 2018, 2019, 2026); ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʘʤʷʪʠ ʜʦʢʪʦʨʘ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ ʆ.ɺ. ʗʧʘʩʢʫʨʪʘ çʃʠʪʦʛʝʥʝʟ: ʩʪʘʜʠʡʥʦʩʪʴ, ʧʨʦʮʝʩʩʳ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘè (çʕʢʟʦʣʠʪè, ʄʦʩʢʚʘ, 2018); ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʬʦʨʫʤ çʉʦʚʨʝʤʝʥʥʳʝ ʚʦʧʨʦʩʳ 

ʣʠʪʦʣʦʛʠʠ, ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ ʠ ʧʝʪʨʦʬʠʟʠʢʠ ï 2026è (ʃʠʄɻʝʦ, ʄʦʩʢʚʘ, 2026). 

ʉʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ ʚʢʣʶʯʘʝʪ ʙʦʣʴʰʝ 100 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 14 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ WoS, Scopus, 6 ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ, 

ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ WoS, 3 ʢʦʣʣʝʢʪʠʚʥʳʝ ʤʦʥʦʛʨʘʬʠʠ, 6 ʩʪʘʪʝʡ ʚ ʧʨʦʯʠʭ ʠʟʜʘʥʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, 4 ʧʨʠʣʦʞʝʥʠʡ, 74 

ʨʠʩʫʥʢʦʚ, 5 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 509 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ 

ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 215 ʩʪʨʘʥʠʮ.r 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ ˉˉ 13-05-00592, 13-05-00642, 

16-05-00706-ʘ, 18-05-00593, ʚ ʨʘʤʢʘʭ ʪʝʤ ˉ 0135-2019-0070, 0135-2019-0073, 23032400064-7 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɻʀʅ ʈɸʅ, ʧʨʠ ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʢʨʘʝʚʝʜʯʝʩʢʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʫʟʝʷ ɽʩʪʝʩʪʚʝʥʥʦʡ ʀʩʪʦʨʠʠ ʧʨʠ ʉʚʷʪʦ-ɸʣʝʢʩʠʝʚʩʢʦʡ ʇʫʩʪʳʥʠ 

(ʗʨʦʩʣʘʚʩʢʘʷ ʦʙʣʘʩʪʴ). 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʢʦʣʣʝʛʘʤ, ʢʪʦ ʨʫʢʦʚʦʜʠʣ ʠ ʧʦʤʦʛʘʣ ʚ ʨʘʙʦʪʘʭ, ʦʩʦʙʝʥʥʦ ɺ.ʅ. ʂʫʣʝʰʦʚʫ, 

ɹ.ɻ. ʇʦʢʨʦʚʩʢʦʤʫ, ɽ.ɺ. ʑʝʧʝʪʦʚʦʡ, ʖ.ʆ. ɻʘʚʨʠʣʦʚʫ ʟʘ ʫʯʘʩʪʠʝ ʠ ʚʥʠʤʘʥʠʝ ʢ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʯʝʥʴ ʚʘʞʥʦ ʚʳʨʘʟʠʪʴ ʙʦʣʴʰʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ɸ.ʉ. ɸʣʝʢʩʝʝʚʫ, ɺ.ʀ. ɼʘʚʳʜʦʚʫ, ɸ.ɺ. 

ʃʘʣʦʤʦʚʫ, ɸ.ɺ. ʄʘʩʣʦʚʫ, ɻ.ɸ. ʄʠʟʝʥʩʫ, ʃ.ɸ. ʉʠʤ, ʅ.ʄ. ʏʫʤʘʢʦʚʫ, ʉ.ɹ. ʐʠʰʣʦʚʫ, ʁ. ʐʥʘʡʜʝʨʫ, 

ɸ.ʂ. ɸʛʘʜʞʘʥʷʥʫ ʟʘ ʧʦʤʦʱʴ, ʮʝʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʞʠʚʦʝ ʦʙʱʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʟʘʨʦʞʜʘʣʠʩʴ ʚʘʞʥʳʝ ʥʝʦʞʠʜʘʥʥʳʝ ʤʳʩʣʠ. ʉʚʦʠʤ ʜʨʫʟʴʷʤ, ʪʦʚʘʨʠʱʘʤ ʠ ʩʧʦʜʚʠʞʥʠʢʘʤ ʧʦ 

ʠʟʫʯʝʥʠʶ ʩʪʨʘʪʠʛʨʘʬʠʠ, ʣʠʪʦʛʝʥʝʟʘ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʧʝʨʤʦʪʨʠʘʩʘ 

ɺ.ʂ. ɻʦʣʫʙʝʚʫ, ɹ.ɹ. ʐʢʫʨʩʢʦʤʫ, ʉ.ʂ. ɼʝʜʫʰʝʥʢʦ, ɺ.ɸ. ʐʠʰʢʦʚʫ, ʕ.ʇ. ɿʘʟʦʚʩʢʦʡ. 

ʂʦʣʣʝʛʘʤ ʠʟ ʂʘʟʘʥʩʢʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʩʦʙʝʥʥʦ ɺ.ɺ. ʉʠʣʘʥʪʴʝʚʫ, ʌ.ɸ. 

ʄʫʨʘʚʴʝʚʫ, ʅ.ɻ. ʅʫʨʛʘʣʠʝʚʦʡ, ʖ.ʇ. ɹʘʣʘʙʘʥʦʚʫ, ʄ.ʅ. ʋʨʘʟʘʝʚʦʡ, ʈ.ʍ. ʉʫʥʛʘʪʫʣʣʠʥʫ, ɹ.ʀ. ɻʘʨʝʝʚʫ, 

ɻ.ʀ. ɹʘʪʘʣʠʥʫ. 

ʋʯʠʪʝʣʷʤ ʠ ʩʦʨʘʪʥʠʢʘʤ ʚ ʜʝʣʝ ʠʟʫʯʝʥʠʷ ʧʘʣʝʦʧʦʯʚ ɺ.ʆ. ʊʘʨʛʫʣʴʷʥʫ, ʊ.ɺ. ɸʣʝʢʩʝʝʚʦʡ, ɸ.ʆ. 

ɸʣʝʢʩʝʝʚʫ, ʉ.ɸ. ʀʥʦʟʝʤʮʝʚʫ, ɸ.ʄ. ʂʫʟʥʝʮʦʚʦʡ, ʀ.ɺ. ʂʦʚʜʘ. 

ʇʝʨʚʳʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʠ ʥʘʩʪʘʚʥʠʢʘʤ, ʢʪʦ ʩʚʦʠʤ ʠʩʢʨʝʥʥʠʤ ʫʯʘʩʪʠʝʤ ʚʦʚʣʝʢ ʚ ʪʝʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʞʥʝʡʰʝʛʦ ʨʫʙʝʞʘ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʢʘʢʠʤ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʘ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ: ɼ.ʅ. 

ɽʩʠʥʫ, ʅ.ʅ. ɺʝʨʟʠʣʠʥʫ, ɺ.ʈ. ʃʦʟʦʚʩʢʦʤʫ, ɸ.ɻ. ʆʣʬʝʨʴʝʚʫ, ʄ.ʅ. ʐʝʣʝʭʦʚʦʡ. 



мл 
 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤ ʩʦʘʚʪʦʨʘʤ, ʢʪʦ ʚʥʝʩ ʩʚʦʡ ʪʨʫʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʤʦʪʨʠʘʩʘ ʄʦʩʢʦʚʩʢʦʡ 

ʩʠʥʝʢʣʠʟʳ. ɺ ʪʦʤ ʯʠʩʣʝ ɸ.ʉ. ɹʘʢʘʝʚʫ, ɺ.ɺ. ɹʫʣʘʥʦʚʫ, ʄ.ʀ. ɹʫʷʢʘʡʪʝ, ʈ.ɺ. ɺʝʩʝʣʦʚʩʢʦʤʫ, ɸ.ɺ. 

ɻʦʤʘʥʴʢʦʚʫ, ɸ.ɺ. ɻʨʠʛʦʨʴʝʚʦʡ, ɸ.ɺ. ɼʨʦʥʦʚʫ, ɸ.ʖ. ʂʘʟʘʥʩʢʦʤʫ, ɽ.ɺ. ʂʘʨʘʩʝʚʫ, ɼ.ʅ. ʂʠʩʠʣʝʚʫ, ɺ.ɻ. 

ʂʦʩʪʠʰʠʥʫ, ɼ.ɸ. ʂʫʭʪʠʥʦʚʫ, ɸ.ɺ. ʄʠʥʠʭ, ʈ.ʕ. ʄʫʩʘʵʣʷʥʫ, ʉ.ɺ. ʅʘʫʛʦʣʴʥʳʭ, ʄ.ɸ. ʅʘʫʤʯʝʚʦʡ, ɽ.ɺ. 

ʇʦʢʨʦʚʩʢʦʡ, ʄ.ɽ. ʈʘʘʙʝʥ, ʂ.ʄ. ʉʝʜʘʝʚʦʡ, ɸ.ɺ. ʋʣʴʷʭʠʥʫ, ɸ.ʄ. ʌʝʪʠʩʦʚʦʡ, ɺ.ɸ. ʎʝʣʴʤʦʚʠʯʫ, ʆ.ʇ. 

ʗʨʦʰʝʥʢʦ. 

ɺʩʝʤ, ʢʪʦ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʦʙʱʠʭ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʩʙʦʨʫ ʤʘʪʝʨʠʘʣʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʉ.ɺ. ʇʝʪʫʭʦʚʫ, ɸ.ʀ. ʂʦʥʝʚʫ, ɺ.ʃ. ʄʘʰʠʥʫ, ʀ.ʉ. ʐʫʤʦʚʫ, ɹ.ʀ. ʄʦʨʢʦʚʠʥʫ; ʦʪʜʝʣʴʥʘʷ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʃʘʙʦʨʘʪʦʨʠʠ ʘʨʪʨʦʧʦʜ ʇʀʅ ʈɸʅ ï ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʀ.ɼ. ʉʫʢʘʯʝʚʦʡ, 

ɼ.ɽ. ʑʝʨʙʘʢʦʚʫ, ɼ.ɺ. ɺʘʩʠʣʝʥʢʦ, ʠ ʨʫʢʦʚʦʜʩʪʚʫ ʉʚʷʪʦ-ɸʣʝʢʩʠʝʚʩʢʦʡ ʇʫʩʪʳʥʠ ʚ ʣʠʮʝ ʠʝʨʦʤ. 

ɸʣʝʢʩʠʷ (ɺʘʩʠʣʝʥʢʦ) ʠ ʩʚʷʱ. ɸʣʝʢʩʠʷ ʈʫʤʷʥʮʝʚʘ ʟʘ ʧʦʤʦʱʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʩʧʝʜʠʮʠʡ. 

ʂʦʣʣʝʛʘʤ-ʧʘʣʝʦʥʪʦʣʦʛʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ɼ.ʉ. ɸʨʠʩʪʦʚʫ, ɸ.ʉ. ɹʘʰʢʫʝʚʫ, ɼ.ʉ. ʂʦʧʳʣʦʚʫ, ɽ.ɸ. 

ɺʦʨʦʥʢʦʚʦʡ, ʌ. ʐʦʣʴʮʫ, ʢʪʦ ʠʩʢʨʝʥʥʠʤ ʫʯʘʩʪʠʝʤ ʠ ʦʙʩʫʞʜʝʥʠʝʤ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʥʝ ʨʘʟ 

ʦʙʨʘʱʘʣ ʚʥʠʤʘʥʠʝ ʥʘ ʚʘʞʥʦʩʪʴ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʡ ʛʨʘʥʠʮʳ ʥʘ ɺɽʇ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, c ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥ ʧʦʟʜʥʝʧʝʨʤʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩ. 

ɸ ʪʘʢʞʝ ʤʦʝʡ ʞʝʥʝ ʕʣʝʦʥʦʨʝ, ʜʦʯʝʨʷʤ ʊʘʠʩʠʠ ʠ ʇʦʣʠʥʝ ʟʘ ʧʦʜʜʝʨʞʢʫ, ʫʯʘʩʪʠʝ ʠ ʥʝʠʟʤʝʥʥʦʝ 

ʜʦʣʛʦʪʝʨʧʝʥʠʝ. 
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ɻʃɸɺɸ 1. ʂʈʋʇʅɽʁʐʀʁ ʇɸʃɽʆʕʂʆʃʆɻʀʏɽʉʂʀʁ ʂʈʀɿʀʉ ʅɸ ʈʋɹɽɾɽ ʇɽʈʄʀ ʀ 

ʊʈʀɸʉɸ: ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ 

ʂʨʘʩʥʦʮʚʝʪʥʳʝ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ɺɽʇ ʠ ʩʦʩʝʜʥʠʭ ʨʘʡʦʥʦʚ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʩʠʥʝʢʣʠʟʝ (ɾʠʜʦʚʠʥʦʚ, 1998; ʉʪʨʘʪʦʪʠʧʠʯʝʩʢʠʡ ʨʘʟʨʝʟé, 

1972), ʚ ʖʞʥʦʤ ʇʨʝʜʫʨʘʣʴʝ ʚ ʇʨʝʜʫʨʘʣʴʩʢʦʤ ʢʨʘʝʚʦʤ ʧʨʦʛʠʙʝ (Tverdokhlebov et al., 2002, 2005), 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʦʪ ʆʨʝʥʙʫʨʞʴʷ ʜʦ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʤʘ (Tverdokhlebov et 

al., 2002, 2005; Mouraviev et al., 2015; ʉʪʨʘʪʦʪʠʧʳ ʠ ʦʧʦʨʥʳʝé, 1996; ʉʪʨʘʪʦʪʠʧʠʯʝʩʢʠʡ ʨʘʟʨʝʟé, 

2001; ɹʣʦʤ, 1968, 1969, 1974), ʚ ʄʝʟʝʥʩʢʦʡ ʩʠʥʝʢʣʠʟʝ (ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998), ʚ ʧʨʝʜʝʣʘʭ ʊʠʤʘʥʦ-

ʇʝʯʦʨʩʢʦʡ ʧʣʠʪʳ (ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998; ʅʦʚʠʢʦʚ, 2018) ʠ ʚ ʩʦʩʝʜʥʠʭ ʚʧʘʜʠʥʘʭ ʇʨʝʜʫʨʘʣʴʩʢʦʛʦ 

ʢʨʘʝʚʦʛʦ ʧʨʦʛʠʙʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʄʉ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʦʩʪʠʨʘʶʪʩʷ 

ʦʪ ʊʚʝʨʩʢʦʛʦ ʠ ʗʨʦʩʣʘʚʩʢʦʛʦ ʇʦʚʦʣʞʴʷ ʜʦ ʙʘʩʩʝʡʥʦʚ ʨʝʢ ʉʝʚ. ɼʚʠʥʘ ʠ ɺʝʪʣʫʛʘ, ʜʦʩʪʠʛʘʷ 700 ʤ 

ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ (ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 1984; ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998). 

ʋʞʝ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ ʚ XIX ʚ. (Murchison et al., 1845) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ ʝʝ ʥʠʞʥʶʶ ʧʦʣʦʚʠʥʫ ʧʨʝʜʩʪʘʚʣʷʣʠ ʤʦʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ï ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʝ 

ʠʟ ʥʠʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʢʘʟʘʥʩʢʠʡ ʷʨʫʩ (ʅʝʯʘʝʚ, 1915), ʚʳʰʝ ʟʘʣʝʛʘʣʠ ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʦʨʦʜʳ. 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ, ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ, ʧʘʣʝʦʧʝʜʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʙʦʣʝʝ ʯʝʤ ʟʘ 150 ʣʝʪ, ʫʩʪʘʥʦʚʠʣʠ ʥʘʢʦʧʣʝʥʠʝ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʢʦʛʜʘ ʧʨʝʜʧʦʣʘʛʘʣʠʩʴ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʜʝʣʴʪʳ, 

çʙʣʫʞʜʘʶʱʠʝè ʨʝʢʠ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠ ʢʦʥʪʨʘʩʪʥʳʡ ʢʣʠʤʘʪ (ɸʤʘʣʠʮʢʠʡ, 1897a, 1897ʙ ʠ ʜʨ., 

ɽʜʝʤʩʢʠʡ, 1928; ʃʶʪʢʝʚʠʯ, 1955; ʀʛʥʘʪʴʝʚ, 1962, 1963; ɻʦʤʘʥʴʢʦʚ, ʄʝʡʝʥ, 1986; ɺʝʨʟʠʣʠʥ ʠ ʜʨ., 

1993; ʀʚʘʭʥʝʥʢʦ ʠ ʜʨ., 1997; ʀʚʘʭʥʝʥʢʦ, 2001; ɸ. ʄʠʥʠʭ, ʄʠʥʠʭ, 2009; ʗʢʠʤʝʥʢʦ ʠ ʜʨ., 2000; 

ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 2010; ʀʥʦʟʝʤʮʝʚ ʠ ʜʨ., 2011 ʠ ʜʨ.). ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʨʘʩʥʦʮʚʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʨʠʘʩʦʚʭr ʦʪʣʦʞʝʥʠʡ 

(ʅʠʢʠʪʠʥ, 1883; ʗʢʦʚʣʝʚ, 1916). 

ʂʨʦʚʣʷ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʫʙʝʞʝ XIXïXX ʚʚ. ʚ ʤʦʨʩʢʠʭ ʨʘʟʨʝʟʘʭ, ʢʦʛʜʘ ʂ.ʃ. 

ɻʨʠʩʙʘʭ ʦʙʥʘʨʫʞʠʣ ʚʳʰʝ ʧʝʨʤʩʢʠʭ ʧʨʦʜʫʢʪʫʩʦʚʳʭ ʩʣʘʥʮʝʚ ʚ ʎʝʥʪʨʘʣʴʥʳʭ ɻʠʤʘʣʘʷʭ ʘʤʤʦʥʠʪʳ 

Ceratitida ʠ ʦʧʠʩʘʣ ʨʦʜʳ Otoceras ʠ Ophiceras (Griesbach, 1880). ʂ. ɼʠʥʝʨ ʧʨʠʫʨʦʯʠʣ ʠʭ ʧʦʣʦʞʝʥʠʝ 

ʢ ʧʦʜʦʰʚʝ ʪʨʠʘʩʘ (Diner, 1900, 1912), ʦʧʠʨʘʷʩʴ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʦʪʦʮʝʨʦʚʳʭ ʩʣʦʷʭ ʥʘʩʪʦʷʱʠʭ 

ʪʨʠʘʩʦʚʳʭ ʮʝʨʘʪʠʪ, ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ ʠ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʧʝʨʤʩʢʠʭ ʙʨʘʭʠʦʧʦʜ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʛʨʘʥʠʮʳ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʧʦ ʟʦʥʘʣʴʥʦʡ ʘʤʤʦʥʠʪʦʚʦʡ ʰʢʘʣʝ ʥʝ ʧʦʜʚʝʨʛʘʣʦʩʴ 

ʩʦʤʥʝʥʠʶ ʜʦ 1980-ʭ ʛʛ., ʧʦʢʘ ʥʝ ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʩʷ ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ ʩʪʨʘʪʦʪʠʧʘ ʛʨʘʥʠʮʳ ʧʝʨʤʠ ʠ 

ʪʨʠʘʩʘ. ɺ ʠʪʦʛʝ ʪʦʯʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʩʪʨʘʪʦʪʠʧʘ ʧʦʜʦʰʚʳ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤʳ (GSSP) ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʨʘʟʨʝʟʝ ʄʝʡʰʘʥʴ (ʖʛʦ-ɺʦʩʪʦʯʥʳʡ ʂʠʪʘʡ) ʧʦ ʧʦʷʚʣʝʥʠʶ ʢʦʥʦʜʦʥʪʦʚ Hindeodus 

parvus (Kozur and Pjatakova) (Yin et al., 2001, 2005) ʥʘ ʫʨʦʚʥʝ 251,902Ñ0,024 ʤʣʥ ʣʝʪ (Shen et al., 

2019). 

ɻʨʘʥʠʮʘ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʟʘʚʝʨʰʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʵʪʘʧʦʚ ʚ 

ʠʩʪʦʨʠʠ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ, ʢʦʪʦʨʳʡ ʟʘʢʦʥʯʠʣʩʷ ʚʳʤʠʨʘʥʠʝʤ ʤʥʦʛʠʭ ʧʘʣʝʦʟʦʡʩʢʠʭ ʪʘʢʩʦʥʦʚ (Newell, 



мн 
 

1952; Schindewolf, 1954). ɺ ʭʦʜʝ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʚʳʤʠʨʘʥʠʷ, ʧʨʦʪʝʢʘʚʰʝʛʦ ʚ ʜʚʝ ʬʘʟʳ (ʨʠʩ. 1), 

ʠʩʯʝʟʣʦ ʙʦʣʝʝ 80% ʨʦʜʦʚ ʞʠʚʦʪʥʳʭ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ, ʤʥʦʛʠʝ ʧʝʨʤʩʢʠʝ ʛʨʫʧʧʳ ʚʳʤʝʨʣʠ ʠʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʠ ʨʘʟʥʦʦʙʨʘʟʠʝ (ʬʫʟʫʣʠʥʠʜʳ, ʨʘʜʠʦʣʷʨʠʠ, ʨʫʛʦʟʳ, ʙʨʘʭʠʦʧʦʜʳ, ʘʤʤʦʥʠʪʳ ʠ 

ʜʨ., Raup, 1979; Erwin et al., 2002; Payne, Clapham, 2012; Benton, Newell, 2014; Shen et al., 2019). 

ʇʝʨʚʘʷ ʬʘʟʘ ʚʳʤʠʨʘʥʠʷ ʧʨʠʤʝʨʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʛʨʘʥʠʮʝʡ ʛʚʘʜʝʣʫʧʩʢʦʛʦ (ʩʨʝʜʥʝʛʦ) ʠ ʣʦʧʠʥʩʢʦʛʦ 

(ʧʦʟʜʥʝʛʦ) ʦʪʜʝʣʦʚ ʧʝʨʤʠ ʄʉʐ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʨʘʟʣʠʯʥʳʤʠ ʪʝʤʧʘʤʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʛʨʫʧʧ ʦʪ 

ʚʨʝʤʝʥʠ/ʟʦʥʳ Jinogondolella altudensis ʢʝʧʪʝʥʘ ʜʦ ʨʘʥʥʝʛʦ ʚʫʯʘʧʠʥʠʷ ʧʨʠʤʝʨʥʦ ʚ ʪʝʯʝʥʠʝ 2,5 ʤʣʥ 

ʣʝʪ (ɹʷʢʦʚ, 2024; ɹʷʢʦʚ ʠ ʜʨ., 2023; Shen et al., 2019; Zhang, Wang, 2018). ɺʪʦʨʘʷ ʬʘʟʘ ʷʚʣʷʝʪʩʷ, ʧʦ 

ʩʫʪʠ, ʧʦʟʜʥʝʧʝʨʤʩʢʠʤ ʚʳʤʠʨʘʥʠʝʤ sensu stricto ï ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ, ʧʦʯʪʠ ʤʘʨʢʠʨʫʝʪ ʛʨʘʥʠʮʫ 

ʧʝʨʤʩʢʦʡ ʠ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤ ʠ ʧʦ ʩʢʦʨʦʩʪʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʪʘʢʩʦʥʦʚ ʙʳʣʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ. ʆʥʘ 

ʧʨʦʷʚʠʣʘʩʴ ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʥʘ ʫʨʦʚʥʝ 251,941Ñ0,037 ʤʣʥ. ʣʝʪ ʠ ʧʨʦʜʦʣʞʘʣʘʩʴ ʥʝ ʙʦʣʝʝ 61Ñ48 ʪʳʩ. 

ʣʝʪ (Shen et al., 2019). ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘʟʘʤʠ, ʪʦ ʝʩʪʴ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʠ ʟʘʚʝʨʰʝʥʠʝʤ 

ʣʦʧʠʥʩʢʦʡ ʵʧʦʭʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 7,2 ʤʣʥ. ʣʝʪ. 

ʂʨʠʟʠʩ ʚʳʟʚʘʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʙʠʦʪʝ, ʦʩʦʙʝʥʥʦ ʚʦ ʚʨʝʤʷ ʚʪʦʨʦʡ 

ʬʘʟʳ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʚʳʤʠʨʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʠʥʜʫ. ʅʘ ʨʫʙʝʞʝ ʧʝʨʤʠ ʠ 

ʪʨʠʘʩʘ ʚʳʤʝʨʣʠ 9 ʨʦʜʦʚ ʪʝʪʨʘʧʦʜ ʠʟ 13 ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ (Smith, Botha, 2005). ɺ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ɻʦʥʜʚʘʥʳ ʧʨʦʠʟʦʰʣʦ ʨʘʟʨʫʰʝʥʠʝ ʛʣʦʩʩʦʧʪʝʨʠʝʚʦʡ ʬʣʦʨʳ (ʉʠʜʥʝʡʩʢʠʡ ʦʩʘʜʦʯʥʳʡ 

ʙʘʩʩʝʡʥ, ɸʚʩʪʨʘʣʠʷ, Retallack, 1995; ʛʦʨʳ ʇʨʠʥʮʘ ʏʘʨʣʴʟʘ, ɺʦʩʪʦʯʥʘʷ ɸʥʪʨʘʢʪʠʜʘ, McLoughlin et 

al., 1997), ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʖʞʥʦʤ ʂʠʪʘʝ (Peng, Shi, 

2009). ʅʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʛʫʤʠʜʥʦʡ ʢʦʨʜʘʠʪʦʚʦʡ ʣʝʩʥʦʡ ʬʣʦʨʳ ʚ ʉʠʙʠʨʠ (Davydov et al., 

2021; Davydov, Karasev, 2021). ɺ ʎʝʥʪʨʘʣʴʥʦ-ɽʚʨʦʧʝʡʩʢʦʤ ʙʘʩʩʝʡʥʝ ʧʨʦʠʟʦʰʝʣ ʧʝʨʝʭʦʜ ʦʪ 

ʢʩʝʨʦʬʠʪʥʦʡ ʬʣʦʨʳ ʢ ʙʦʣʝʝ ʛʠʛʨʦʬʠʪʥʦʡ (Jewuğa et al., 2021, ʉʚʝʥʪʦʢʰʠʩʢʠʝ ʛʦʨʳ, Holy Cross 

Mountains, ʇʦʣʴʰʘ). ʇʨʠ ʵʪʦʤ ʨʘʟʨʫʰʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʨʩʢʠʭ 

ʵʢʦʩʠʩʪʝʤ ʥʝ ʚʳʟʚʘʣʦ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʣʘʜ ʢʨʦʤʝ Glossopteridales (Benton, Newell, 

2014). ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʜʚʠʛʣʘ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʟʝʤʥʦʡ 

ʬʣʦʨʳ ʢ ʢʨʠʟʠʩʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʨʩʢʦʡ ʙʠʦʪʦʡ (Wing, 2004; McElwain, Punyasena, 2007) ʠ ʜʘʞʝ 

ʢ ʤʥʝʥʠʶ, ʯʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʚʳʟʚʘʣʠ ʥʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʚʳʤʠʨʘʥʠʝ, ʘ ʣʠʰʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ (Nowak et al., 2019; Gastaldo, 2019) ʠ ʙʝʜʥʦʩʪʴ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʩ ʨʘʥʥʝʪʨʠʘʩʦʚʦʡ ʬʣʦʨʦʡ ï ɻ ʪʦ ʩʣʝʜʩʪʚʠʝ ʪʘʬʦʥʦʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʟʘʭʦʨʦʥʝʥʠʷ ʦʩʪʘʪʢʦʚ. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 30 ʣʝʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʠʯʠʥʳ ʚʳʤʠʨʘʥʠʷ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ ʢʨʠʟʠʩʘ, ʢʦʪʦʨʳʝ ʨʝʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʢʘʢ ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʚ ʙʠʦʪʝ, ʪʘʢ ʠ 

ʧʦ ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʦʙʳʪʠʷʤ ï ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʪʨʠʛʛʝʨʘʤ ʛʣʦʙʘʣʴʥʳʭ ʙʠʦʩʬʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʝʜʧʦʣʘʛʘʣʠʩʴ ʧʘʜʝʥʠʝ ʢʨʫʧʥʦʛʦ ʤʝʪʝʦʨʠʪʘ (Becker et al., 2004), ʛʣʦʙʘʣʴʥʘʷ ʘʥʦʢʩʠʷ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (Wignall et al., 2009; Hallam, Wignall, 1999; Isozaki, 1997; Haq, Schutter, 2008). ʅʘ 

ʨʫʙʝʞʝ ʛʚʘʜʝʣʫʧʩʢʦʡ ʠ ʣʦʧʠʥʩʢʦʡ ʵʧʦʭ ʧʝʨʤʠ ʬʠʢʩʠʨʫʝʪʩʷ ʨʝʟʢʦʝ ʧʦʪʝʧʣʝʥʠʝ, ʩʦʚʧʘʜʘʶʱʝʝ ʩ 

ʘʢʪʠʚʥʳʤ ʙʘʟʘʣʴʪʦʚʳʤ ʚʫʣʢʘʥʠʟʤʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʠʪʘʡʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ɽʤʝʡʰʘʥʴ (Chen et al., 

https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Karol%20Jewu%C5%82a&eventCode=SE-AU


мо 
 

2013). ʇʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ ʤʦʛʣʦ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʥʘ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʛʘʟʦʛʠʜʨʘʪʦʚ 

(Retallack, 2009, 2013; Krull, Retallack, 2000; Krull et al., 2000; Twitchett et al., 2001; Haas et al., 2006),  

 

ʈʠʩ. 1. ɼʚʝ ʬʘʟʳ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʥʘ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʤʦʨʩʢʦʡ 

ʰʢʘʣʝ ʧʝʨʤʩʢʠʭ ï ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʖʞʥʦʛʦ ʂʠʪʘʷ (ʧʦ Shen et al., 2019; Tong et al., 

2019; Ogg, Chen, 2020). ɿʚʝʟʜʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ: 1 ï ʧʨʝʜʣʦʧʠʥʩʢʦʝ ʚʳʤʠʨʘʥʠʝ, 2 ï ʧʦʟʜʥʝʧʝʨʤʩʢʦʝ 

sensu stricto (ʧʦʟʜʥʝʯʘʥʩʠʥʩʢʦʝ) ʚʳʤʠʨʘʥʠʝ. 



мп 
 

ʘ ʪʘʢʞʝ ʤʘʩʩʦʚʦʝ ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʫʛʦʣʴʥʳʭ ʪʦʣʱ ʩʫʰʠ (Faure et al., 1995). ʅʘʢʘʥʫʥʝ ʚʪʦʨʦʡ 

ʬʘʟʳ ʧʝʨʤʩʢʦʛʦ ʚʳʤʠʨʘʥʠʷ ʦʪʤʝʯʝʥʦ ʜʣʠʪʝʣʴʥʦʝ ʧʦʭʦʣʦʜʘʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʚʫʯʘʧʠʥʩʢʦʤʫ ʠ 

ʯʘʥʩʠʥʩʢʦʤʫ ʷʨʫʩʘʤ ʄʉʐ ï ʧʦʩʣʝʜʥʠʤ ʚ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʝ (Krassilov, Karasev, 2009; Chen et al., 

2013; Chen et al., 2016; Baresel et al., 2017). ʇʦʚʳʰʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʘʪʤʦʩʬʝʨʫ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʤʦʛ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʩʠʙʠʨʩʢʠʡ ʪʨʘʧʧʦʚʳʡ 

ʤʘʛʤʘʪʠʟʤ (Renne et al., 1995; Bowring et al., 1998; Reichow et al., 2009; Svensen et al., 2009; Shen et 

al., 2011). ʄʝʞʜʫ ʪʝʤ ʩʜʚʠʛʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʷʩʦʚ ʠ ʧʦʣʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʫʛʣʝʥʘʢʦʧʣʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʪʝʧʣʝʥʠʠ ʠ ʛʣʦʙʘʣʴʥʦʡ ʘʨʠʜʠʟʘʮʠʠ ʚ ʠʥʜʩʢʦʝ ʚʨʝʤʷ (Retallack et al., 1996; 

ʏʫʤʘʢʦʚ, 2004; Benton, Newell, 2014).ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʢʦʥʦʜʦʥʪʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʜʘʝʪ 

ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʪʨʠʘʩʫ ʨʝʟʢʦʝ (ʥʘ 15Áʉ) ʧʦʪʝʧʣʝʥʠʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʚʦʜ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ɽʩʪʴ ʙʦʣʝʝ ʫʤʝʨʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʪʝʧʣʝʥʠʷ ʥʘ 6ï10Áʉ 

(Kearsey et al., 2009). ʂ ʚʳʤʠʨʘʥʠʶ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʩʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ (Berner, 2002, 2006a; Korte, Kozur, 2010). 

ɺ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ɺɽʇ ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ ʩʦʢʨʘʱʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʜʚʠʛʠ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʟʜʥʝʧʝʨʤʩʢʠʤ ʚʨʝʤʝʥʝʤ 

ʠʥʜʩʢʠʝ ʪʝʪʨʘʧʦʜʳ ʩʪʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ, ʩʦʢʨʘʪʠʣʩʷ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʡ ʠ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ (ʉʝʥʥʠʢʦʚ, ɻʦʣʫʙʝʚ, 2017; ʀʚʘʭʥʝʥʢʦ ʠ ʜʨ., 1997). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʪʝʪʨʘʧʦʜʳ ï ʙʨʘʭʠʦʧʦʠʜʥʳʝ ʣʘʙʠʨʠʥʪʦʜʦʥʪʳ Tupilakosaurus sp. (ʐʠʰʢʠʥ, 1961; ɹʣʦʤ, 1968; 

ʀʚʘʭʥʝʥʢʦ ʠ ʜʨ., 1997) ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʘʙʝʨʥʦʝ ʜʳʭʘʥʠʝ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʦʜʩʪʚʝʥʥʳʤʠ Dvinosauridae 

(ʐʠʰʢʠʥ, 1973), ɻ ʢʩʪʨʝʤʘʣʴʥʦʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʵʢʦʪʦʧʦʚ ʤʦʛʣʠ ʧʝʨʝʞʠʜʘʪʴ, ʟʘʨʳʚʘʷʩʴ ʚ ʠʣ. 

ʇʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʚʦʷʢʦʜʳʰʘʱʠʝ ʨʳʙ,r ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʧʝʨʝʥʦʩʠʪʴ ʩʫʭʠʝ ʩʝʟʦʥʳ ʩ 

ʧʦʤʦʱʴʶ çʣʝʛʦʯʥʦʛʦè ʜʳʭʘʥʠʷ (ʄ. ʄʠʥʠʭ, 1977), ʧʨʠ ʵʪʦʤ ʠʭ ʧʝʨʚʳʝ ʥʘʭʦʜʢʠ ʠʟʚʝʩʪʥʳ ʚ ʚʷʪʩʢʦʤ 

ʚʝʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʪʝʨʤʠʥʘʣʴʥʦʡ ʧʝʨʤʠ (ɸ. ʄʠʥʠʭ, ʄ. ʄʠʥʠʭ, 2009; Lebedev et al., 2015). 

ʈʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʛʠʙʦʜʦʥʪʥʳʝ ʘʢʫʣʳ (ɸ. ʄʠʥʠʭ, 1985) ʠ ʭʨʷʱʝʚʳʝ ʛʘʥʦʠʜʳ Saurichtys sp. 

(ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998; ɸ. ʄʠʥʠʭ, 1981, 1982), ʧʨʠʯʝʤ ʥʘʭʦʜʢʠ ʵʪʠʭ ʨʳʙ (ʠʣʠ ʙʣʠʟʢʦ-

ʨʦʜʩʪʚʝʥʥʳʭ ʪʘʢʩʦʥʦʚ) ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʚ ʪʝʨʤʠʥʘʣʴʥʦʡ ʧʝʨʤʠ ɺɽʇ (ɸ. ʄʠʥʠʭ ʠ ʜʨ., 2014), ʚ 

ʤʦʨʩʢʠʭ ʧʝʨʤʩʢʠʭ (Ivanov et al., 2025) ʠ ʪʨʠʘʩʦʚʳʭ ʨʘʟʨʝʟʘʭ (Liu, Wei, 1988; Kogan, 2011) ʧʦʜʯʘʩ 

ʩʦʚʤʝʩʪʥʦ ʩ ʣʘʙʠʨʠʥʪʦʜʦʥʪʘʤʠ Tupilakosaurus (Nielsen, 1954; Bjerager et al., 2006). ʉʦʢʨʘʪʠʣʦʩʴ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʝʤʦʨʩʢʠʭ ʦʩʪʨʘʢʦʜ (Naumcheva, Golubev 2020). ʈʦʩʪ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʠʥʜʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʢʦʥʭʦʩʪʨʘʢʠ (ɹʣʦʤ, 1968; ʅʦʚʦʞʠʣʦʚ, 1966, 1970; Scholze et al., 2015, 2019) ï 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʵʬʝʤʝʨʥʦʡ ʬʘʫʥʳ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʝʤʦʚ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʩʬʝʨʝ ʩʧʦʩʦʙʥʳʝ 

ʧʨʦʚʦʜʠʪʴ 98% ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚ ʩʪʘʜʠʠ ʷʠʮ (Webb, 1979; Spandl, 1925). ɺr ʤʝʨʣʠ ʜʚʫʩʪʚʦʨʯʘʪʳʝ 

ʤʦʣʣʶʩʢʠ, ʧʦʯʪʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʘʩʪʨʦʧʦʜʳ. ʀʥʜʩʢʠʝ ʠ ʦʣʝʥʝʢʩʢʠʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʥʘʩʝʢʦʤʳʭ 

ʨʝʜʢʠ ʠ ʙʝʜʥʳ, ʤʝʞʜʫ ʪʝʤ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʜʥʳʝ ʞʫʢʠ (ʇʦʥʦʤʘʨʝʥʢʦ, 2016). ʅʘʭʦʜʢʠ 

ʠʥʜʩʢʠʭ ʨʘʩʪʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʛʘʪʳʤʠ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʤʠ ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ɻʦʤʘʥʴʢʦʚ, 

ʄʝʡʝʥ, 1986; Arefiev et al., 2015a) ʦʯʝʥʴ ʨʝʜʢʠ ʠ ʙʝʜʥʳ (Naugolnykh, 2012). ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʠʥʜʩʢʠʭ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʧʦʷʚʠʣʠʩʴ Densoisporites nejburgii Balme (ʗʨʦʰʝʥʢʦ, ʃʦʟʦʚʩʢʠʡ, 2004) ï 
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ʩʧʦʨʳ ʛʠʜʨʦʬʠʪʥʳʭ ʧʣʘʫʥʦʚʠʜʥʳʭ Pleuromeia rossica Neuburg (ʅʝʡʙʫʨʛ, 1960), 

ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʠʭʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʚ ʨʘʥʥʝʝ ʦʣʝʥʝʢʩʢʦʝ ʚʨʝʤʷ. 

ʇʨʠʯʠʥʳ ʚʳʤʠʨʘʥʠʷ ʤʥʦʛʠʭ ʪʘʢʩʦʥʦʚ ʠ ʩʠʥʭʨʦʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʚʦʜʥʳʭ 

ʛʨʫʧʧ ʥʘ ʬʦʥʝ ʦʙʱʝʛʦ ʩʦʢʨʘʱʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʷʩʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪ ɹʢʣʠʤʘʪʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʩʫʱʝʩʪʚʝʥʥʫ  ʁʨʝʛʠʦʥʘʣʴʥʫʶ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʧʝʨʝʩʪʨʦʡʢʫ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʣʘ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʯʥʳʭ ʩʠʩʪʝʤ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʦʚ. ʇʨʠ ʵʪʦʤ, ʭʦʪʷ ʢʨʠʟʠʩ ʚʳʟʚʘʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʙʠʦʪʝ, ʦʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʯʝʨʪʘʤʠ, ʢʦʪʦʨʳʝ ʢʘʞʫʪʩʷ ʥʝʦʞʠʜʘʥʥʳʤʠ ʧʨʠ 

ʩʪʝʨʝʦʪʠʧʥʦʤ ʚʟʛʣʷʜʝ ʥʘ ʧʦʪʝʧʣʝʥʠʝ ʠ ʝʛʦ ʩʣʝʜʩʪʚʠʝ ï ʘʨʠʜʠʟʘʮʠʶ, ʢʘʢ ʥʘ ʨʝʰʘʶʱʠʡ ʣʝʪʘʣʴʥʳʡ 

ʬʘʢʪʦʨ (ʉʝʥʥʠʢʦʚ, 2004; ʇʦʥʦʤʘʨʝʥʢʦ, 2016; Mehmood et al., 2025). 

ʂʦʤʧʣʝʢʩʥʳʝ ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʝ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʤʦ-

ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʄʉ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʦʪʨʝʪʴ ʩʧʝʢʪʨ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ, 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʚʰʠʭ ʠʭ ʥʘʢʦʧʣʝʥʠʝ, ʠ ʚ ʠʪʦʛʝ ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʧʝʨʤʠ ʢ ʪʨʠʘʩʫ, ʥʘ ʬʦʥʝ ʢʦʪʦʨʳʭ ʨʘʟʚʠʚʘʣʩʷ ʧʦʟʜʥʝʧʝʨʤʩʢʠʡ ʢʨʠʟʠʩ ʥʘ ɺɽʇ. 
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ɻʃɸɺɸ 2. ʀʉʊʆʈʀʗ ʀɿʋʏɽʅʀʗ ʇɽʈʄʉʂʀʍ ʀ ʊʈʀɸʉʆɺʓʍ ʆʊʃʆɾɽʅʀʁ 

ɺ ɹɸʉʉɽʁʅɸʍ ʈɽʂ ʉʋʍʆʅɸ ï ʖɻ ï ʉɽɺɽʈʅɸʗ ɼɺʀʅɸ ʀ ɺɽʊʃʋɻɸ 

(ɺʆʉʊʆʂ ʄʆʉʂʆɺʉʂʆʁ ʉʀʅɽʂʃʀɿʓ) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ï ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʨʘʟʨʝʟʦʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʄʉ ʪʝʩʥʦ 

ʩʚʷʟʘʥʦ ʩ ʨʝʰʝʥʠʝʤ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʢʨʘʩʥʦʮʚʝʪʥʦʡ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʡ ʤʝʛʘʬʦʨʤʘʮʠʠ ɺɽʇ (ʄʘʟʘʨʦʚʠʯ, 1934, 1939; ʃʶʪʢʝʚʠʯ, 1955; 

ʀʛʥʘʪʴʝʚ, 1962, 1963; ɹʣʦʤ, 1960, 1967; ʃʦʟʦʚʩʢʠʡ, 1965, 1967). ʀʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ ʧʦʛʨʘʥʠʯʥʳʭ 

ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʉʫʭʦʥʘ ï ʖʛ ï ʉʝʚ. ɼʚʠʥʘ ʠ ʨ. ɺʝʪʣʫʛʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʘʭ. 

 

2.1. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.1.1. ʉʝʚʝʨʦʜʚʠʥʩʢʘʷ ʛʨʫʧʧʘ ʦʙʥʘʞʝʥʠʡ: ʙʘʩʩʝʡʥʳ ʨʝʢ ʉʫʭʦʥʘ ï ʖʛï ʉʝʚ. ɼʚʠʥʘ 

ʇʣʘʩʪʳ çʢʨʘʩʥʦʛʦ ʧʝʩʯʘʥʠʢʘè ʤʝʞʜʫ çʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʠ ʶʨʩʢʦʡ ʬʦʨʤʘʮʠʷʤʠè ʚ ʙʘʩʩʝʡʥʘʭ 

ʨʝʢ ʉʫʭʦʥʘ ʠ ʉʝʚ. ɼʚʠʥʘ (ʨʠʩ. 2, 3, 4) ʚʧʝʨʚʳʝ ʦʪʤʝʪʠʣ ʧʨʦʬ. ʀ.ɻ. ɹʣʘʟʠʫʩ ʚ 1840ï1841 ʛʛ. (Blasius, 

1844). ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʉʫʭʦʥʦ-ʉʝʚʝʨʦʜʚʠʥʩʢʠʡ ʙʘʩʩʝʡʥ ʠʩʩʣʝʜʦʚʘʣ ʛʨʘʬ ɸ.ɸ. ʂʝʡʟʝʨʣʠʥʛ (1843) ï 

ʫʯʘʩʪʥʠʢ ʵʢʩʧʝʜʠʮʠʠ ʈ.ʀ. ʄʫʨʯʠʩʦʥʘ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʡ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʧʝʨʤʩʢʘʷ ʩʠʩʪʝʤʘ 

(Murchison et al., 1845). ɽʱʝ ʦʜʠʥ ʫʯʘʩʪʥʠʢ ʵʢʩʧʝʜʠʮʠʠ ʄʫʨʯʠʩʦʥʘ ï ʙʘʨʦʥ ɸ.ʂ. ʬʦʥ ʄʝʡʝʥʜʦʨʬ, 

ʦʪʤʝʪʠʣ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʉʫʭʦʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʙʝʨʝʛʘ ʧʦ 200ï240 ʬʫʪʦʚ (~60ï70 ʤ), 

ʩʣʦʞʝʥʥʳʝ ʢʨʘʩʥʳʤ ʠ ʟʝʣʝʥʳʤ ʤʝʨʛʝʣʝʤ ʩ ʧʣʘʩʪʘʤʠ ʙʝʣʦʚʘʪʦʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʢʨʝʮʠʦʥʥʦʛʦ 

ʠʟʚʝʩʪʥʷʢʘ. ɺʩʝ ʧʦʨʦʜʳ ʙʳʣʠ ʙʝʟ ʦʢʘʤʝʥʝʣʦʩʪʝʡ (Murchison et al., 1845, ʩ. 178). ʆʢʦʣʦ 

ʂʨʘʩʥʦʙʦʨʩʢʘ ʥʘ ʨ. ɹʦʣ. ʉʝʚ. ɼʚʠʥʘ ɸ.ʂ. ʄʝʡʝʥʜʦʨʬ ʫʢʘʟʘʣ ʢʦʨʠʯʥʝʚʘʪʦ-ʢʨʘʩʥʳʝ ʧʝʩʢʠ ʠ 

ʢʦʥʛʣʦʤʝʨʘʪʳ. ʅʘʯʠʥʘʷ ʩ ʵʪʠʭ ʨʘʙʦʪ, ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ɺɽʇ, 

ʟʘʣʝʛʘʶʱʘʷ ʚʳʰʝ ʤʦʨʩʢʠʭ ʧʝʨʤʩʢʠʭ, ʩʯʠʪʘʣʠʩʴ ʧʝʨʤʩʢʠʤʠ. 

ʇʦʟʞʝ ʪʝʨʨʠʛʝʥʥʳʝ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʉʫʭʦʥʘ ʦʪʤʝʪʠʣ ʅ.ʇ. 

ɹʘʨʙʦʪ-ʜʝ-ʄʘʨʥʠ (1868), ʥʦ ʠ ʦʥ ʦʛʨʘʥʠʯʠʣʩʷ ʢʦʥʩʪʘʪʘʮʠʝʡ, ʯʪʦ ʤʝʩʪʥʳʝ ʢʦʨʝʥʥʳʝ ʚʳʭʦʜʳ ʚ 

ʧʦʣʥʦʤ ʩʤʳʩʣʝ terrains muets ï ʥʝʤʳʝ ʟʝʤʣʠ.  

ʆʧʠʩʘʥʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʨʘʡʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʚʳʭʦʜʦʚ ʧʝʨʤʩʢʠʭ ʧʦʨʦʜ ʠ ʧʨʦʬ. ɺʘʨʰʘʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɺ.ʇ. ɸʤʘʣʠʮʢʠʡ 

(1897a, 1897ʙ, 1898a, 1898ʙ, 1898ʚ, 1898ʛ ʠ ʜʨ.) ʧʨʦʚʝʣ ʧʦʜʨʦʙʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʜʦʣʠʥʘʭ ʨʝʢ ʉʫʭʦʥʘ ʠ ʉʝʚ. ɼʚʠʥʘ ʥʘ ʨʫʙʝʞʝ XIXïXX ʚʚ. ʇʝʨʚʳʝ ʵʢʩʧʝʜʠʮʠʠ ʦʥ ʦʨʛʘʥʠʟʦʚʘʣ ʥʘ 

ʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʩʚʦʙʦʜʥʦʝ ʦʪ ʧʨʝʧʦʜʘʚʘʥʠʷ ʚʨʝʤʷ, ʢʦʛʜʘ ʠʩʢʘʣ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʚʦʝʡ ʛʠʧʦʪʝʟʝ 

ʦ ʝʜʠʥʩʪʚʝ ʚʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʶʞʥʦ-ʘʬʨʠʢʘʥʩʢʦʡ ʬʘʫʥʳ ʧʝʨʤʩʢʠʭ ʪʝʪʨʘʧʦʜ. ɺ.ʇ. 

ɸʤʘʣʠʮʢʠʡ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʣ ʢʦʨʝʥʥʳʝ ʚʳʭʦʜʳ, ʚʳʜʝʣʠʣ ʤʘʨʢʠʨʫʶʱʠʝ ʩʣʦʠ, ʩʦʧʦʩʪʘʚʠʣ ʩ ʠʭ 

ʧʦʤʦʱʴʶ ʦʙʥʘʞʝʥʠʷ ʠ ʧʨʝʜʣʦʞʠʣ ʧʝʨʚʫʶ ʩʭʝʤʫ ʨʘʩʯʣʝʥʝʥʠʷ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʚʩʢʨʳʪʳʭ ʨʝʢʘʤʠ ʉʫʭʦʥʘ ʠ ʉʝʚ. ɼʚʠʥʘ. ʂ ʥʘʯʘʣʫ ʨʘʙʦʪ ʷʨʫʩ çʧʝʩʪʨʳʭ ʤʝʨʛʝʣʝʡè, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʜʣʷ ʧʝʨʤʩʢʠʭ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ɺɽʇ (ʐʪʫʢʝʥʙʝʨʛ, 1882), ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʪʘʪʘʨʩʢʠʡ ʷʨʫʩ 

(ʅʠʢʠʪʠʥ, 1887) ʠ ʚ ʤʝʩʪʥʳʭ ʪʘʪʘʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ɺ.ʇ. ɸʤʘʣʠʮʢʠʡ ʚʳʜʝʣʠʣ ʯʝʪʳʨʝ ʪʦʣʱʠ, 
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ʩʤʝʥʷʶʱʠʝ ʜʨʫʛ ʜʨʫʛʘ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ. ʆʥ ʞʝ ʦʪʢʨʳʣ ʙʦʛʘʪʳʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʦʩʪʘʪʢʦʚ 

ʪʝʪʨʘʧʦʜ (ʧʦʜʟʦʥʳ Chroniosuchus paradoxus ʟʦʥʳ Scutosaurus karpinskii ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʦʡ 

ʟʦʥʘʣʴʥʦʡ ʰʢʘʣʝ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɺɽʇ ʧʦ ʪʝʪʨʘʧʦʜʘʤ (ʉʝʥʥʠʢʦʚ, ɻʦʣʫʙʝʚ, 2017)), ʨʳʙ, 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠ ʨʘʩʪʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʨʫʩʣʘʤ ʧʝʨʤʩʢʠʭ ʨʝʢ. ʅʘʯʠʥʘʷ ʩ ʝʛʦ ʨʘʙʦʪ ʢʨʫʧʥʳʝ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʝʩʯʘʥʳʝ ʪʝʣʘ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ ʤʝʪʨʦʚ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʚ ʨʘʟʨʝʟʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʉʫʭʦʥʘ ʠ ʉʝʚ. ɼʚʠʥʘ (ʨʠʩ. 4), ʩʪʘʣʠ ʥʘʟʳʚʘʪʴʩʷ ʚ 

ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʣʠʥʟʘʤʠ. 

 

ʈʠʩ. 2. ʈʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʘʚʪʦʨʦʤ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʨʘʟʨʝʟʦʚ 

ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ. ʈʠʩʫʥʦʢ ʩʦʩʪʘʚʣʝʥ ʠʟ 

ʣʠʩʪʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1:1000000: N-37, (38); N-(38), 39; ʆ-37, (38); ʆ-38, (39); ʈ-

36, 37; ʈ-38, 39. ɸ ï ʙʘʩʩʝʡʥʳ ʨ.ʨ. ʄʘʣ. ʠ ɹʦʣ. ʉʝʚ. ɼʚʠʥʘ, ʉʫʭʦʥʘ, ʖʛ, ʉʝʚʝʨʦʜʚʠʥʩʢʘʷ ʛʨʫʧʧʘ 

ʦʙʥʘʞʝʥʠʡ; ɹ ïʜʦʣʠʥʘ ʨ. ɺʝʪʣʫʛʘ, ɺʝʪʣʫʞʩʢʘʷ ʛʨʫʧʧʘ ʦʙʥʘʞʝʥʠʡ. 

 

ʄ.ɹ. ɽʜʝʤʩʢʠʡ (1928) ʧʨʦʜʦʣʞʠʣ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʥʘ ʨʝʢʘʭ ʄʘʣ. 

ʉʝʚ. ɼʚʠʥʘ, ʉʫʭʦʥʘ ʠ ʖʛ. ʆʥ ʦʧʠʩʘʣ ʥʦʚʳʝ ʧʝʩʯʘʥʳʝ ʣʠʥʟʳ ï ʄʘʨʴʶʰʢʠʥʘ ʉʣʫʜʘ, ʂʦʥʷʚʠʮʘ, 

ʇʘʰʠʥʘ ʛʦʨʘ ʠ ʜʨ., ʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʯʘʩʪʦʪʘ ʠʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ 

ʧʦ ʦʜʥʦʡ ʣʠʥʟʝ ʥʘ 4ï5 ʢʤ ʧʨʷʤʦʛʦ ʨʝʯʥʦʛʦ ʙʝʨʝʛʘ. ʇʦʟʞʝ ʵʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʟʚʦʣʠʣʘ ʀ.ɸ. 

ɽʬʨʝʤʦʚʫ (1950) ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʝʨʤʩʢʦʡ ʜʝʣʴʪ,r ʧʨʦʩʪʠʨʘʚʰʝʡʩʷ ʩ ʚʦʩʪʦʢʘ ʥʘ 

ʟʘʧʘʜ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

ʀ.ɸ. ɽʬʨʝʤʦʚ ʩʦʙʨʘʣ ʥʘ ʨ. ʐʘʨʞʝʥʛʘ (ʙʘʩʩʝʡʥ ʨ. ʖʛ) ʬʘʫʥʫ ʧʦʟʚʦʥʦʯʥʳʭ, ʦʪʣʠʯʘʶʱʫʶʩʷ 

ʦʪ ʩʙʦʨʦʚ ɺ.ʇ. ɸʤʘʣʠʮʢʦʛʦ ʠ ʦʧʠʩʘʣ ʣʘʙʠʨʠʥʪʦʜʦʥʪʘ Bentosuchus sushkini Efremov (Efremov, 1929; 

ɹʳʩʪʨʦʚ, ɽʬʨʝʤʦʚ, 1940) ï ʨʫʢʦʚʦʜʷʱʠʡ ʪʘʢʩʦʥ ʬʘʫʥʳ Benthosuchus ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʦʡ 

ʟʦʥʘʣʴʥʦʡ ʰʢʘʣʝ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɺɽʇ ʧʦ ʪʝʪʨʘʧʦʜʘʤ (ʉʝʥʥʠʢʦʚ, ɻʦʣʫʙʝʚ, 2017). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨ. ʐʘʨʞʝʥʛʘ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʢʨʘʩʥʦʮʚʝʪʥʦʡ 



му 
 

ʤʝʛʘʬʦʨʤʘʮʠʠ ʩʣʘʛʘʶʪ ʧʦʨʦʜʳ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤʳ. ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ, ʢʪʦ ʫʢʘʟʘʣ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ 

ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʝʚʝʨʝ ʈʫʩʩʢʦʡ ʧʣʠʪʳ, ʙʳʣ ʅ.ʇ. ɹʘʨʙʦʪ-ʜʝ-ʄʘʨʥʠ (1868), ʦʙʥʘʨʫʞʠʚʰʠʡ 

ʭʚʦʱ Calamites arenaceus Brongniart, ʠʟʚʝʩʪʥʳʡ ʚ ʪʨʠʘʩʝ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ. ɸ.ʇ. ʂʘʨʧʠʥʩʢʠʡ 

(1880) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʚʩʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ (ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ) ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʘʨʛʫʤʝʥʪʳ 

ʟʘ ʠ ʧʨʦʪʠʚ ʦʪʥʝʩʝʥʠʷ çʷʨʫʩʘ ʧʝʩʪʨʳʭ ʤʝʨʛʝʣʝʡè ʢ ʧʝʨʤʠ ʠʣʠ ʪʨʠʘʩʫ ʠ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʯʘʩʪʴ 

ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʦʨʦʜ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʝ, ʯʘʩʪʴ ï ʢ ʪʨʠʘʩʦʚʦʡ. 

 

ʈʠʩ. 3. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʟʫʯʝʥʥʳʭ ʘʚʪʦʨʦʤ ʧʝʨʤʩʢʠʭ ʠ ʪʨʠʘʩʦʚʳʭ ʨʘʟʨʝʟʦʚ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʢʨʫʧʥʳʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, 2 ï ʦʙʥʘʞʝʥʠʷ, 3 ï ʩʢʚʘʞʠʥʳ, 3 ï 

ʛʨʘʥʠʮʘ ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ʧʦ ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 1984 ʩ 

ʫʪʦʯʥʝʥʠʷʤʠ).  

ɸ ï ʙʘʩʩʝʡʥʳ ʨ.ʨ. ʄʘʣʘʷ ʠ ɹʦʣʴʰʘʷ ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ, ʉʫʭʦʥʘ (ʥʠʞʥʝʝ ʪʝʯʝʥʠʝ), ʖʛ. 

ʆʙʥʘʞʝʥʠʷ: 1 ï ɺʝʨʭʥʷʷ ʊʦʟʴʤʘ, ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ (ʪ.ʥ.) 127; 2 ï ʅʠʞʥʷʷ ʊʦʟʴʤʘ, ʪ.ʥ. 213 ï ɹʘʙʴʝ, 

ʪ.ʥ. 128 ï ɹʝʣʘʷ, ʪ.ʥ. 149; 3 ï ʇʦʣʜʘʨʩʘ, ʪ.ʥ. 21 ï ʅʠʢʫʣʠʥʦ, ʪ.ʥ. 20, ɺɻ 1356, ɺɻ 1357; 4 ï ʇʦʨʦʛ, 

ʪ.ʥ. 215, ʆʧʦʢʠ, ʪ.ʥ. 22, 23; 5 ï ʋʩʪʴʝ ʨ. ʉʪʨʝʣʴʥʳ, ʪ.ʥ. 25 ï ɽʩʠʧʦʚʢʘ, ʪ.ʥ. ɺɻ 0011 ï ʄʘʨʴʶʰʢʠʥʘ 

ʉʣʫʜʘ, ʪ.ʥ. 24, ɺɻ 33; 6 ï ʄʫʪʦʚʠʥʦ, ʪ.ʥ. 28, ɺɻ 1350; 7 ï ʂʦʥʷʚʠʮʘ, ʪ.ʥ. 29 ï ʄʳʩ ɹʳʢ, ʪ.ʥ. 30; 8 ï 

ʂʣʠʤʦʚʦ, ʪ.ʥ. 37; 9 ï ʉʘʣʘʨʸʚʦ, ʪ.ʥ. 39; 10 ï ʗʡʢʦʚʦ, ʪ.ʥ. 41; 11 ï ɸʨʠʩʪʦʚʦ, ʪ.ʥ. 42 ï ʂʫʟʠʥʦ, ʪ.ʥ. 

154 ï ɺʝʨʭʥʝʝ ʂʫʟʠʥʦ, ʪ.ʥ. 158 ï ɹʘʣʝʙʠʭʘ, ʪ.ʥ. 151; 12 ï ʉʘʚʚʘʪʠʡ, ʪ.ʥ. 46; 13 ï ʉʦʢʦʣʢʠ, ʪ.ʥ. 61 ï 

ɿʘʚʨʘʞʴʝ, ʪ.ʥ. 153; 14 ï ʌʘʫʩʪʦʚʦ, ʪ.ʥ. 131; 15 ï ʇʝʨʤʦʛʦʨʴʝ, ʪ.ʥ. 132; 16 ï ɺʘʭʥʝʚʦ, ʪ.ʥ. 104 ï 

ʆʢʩʠʣʦʚʦ, ʪ.ʥ. 217; 17 ï ʂʫʜʨʠʥʦ, ʪ.ʥ. 103; 18 ï ʅʝʜʫʙʨʦʚʦ, ʪ. ʥ. 133; ʂʫʟʴʤʠʥʦ, ʪ.ʥ. 134; 19 ï 

ɸʥʘʥʴʠʥʦ, ʪ.ʥ. 2; 20 ï ʉʣʫʜʘ, ʪ.ʥ. 3; 21 ï ʐʦʣʛʘ, ʪ.ʥ. 4 ï ʇʫʨʪʦʚʦ, ʪ.ʥ. 163; 22 ï ʇʦʜʩʘʨʘʠʮʘ, ʪ.ʥ. 5; 

23 ï ʨ-ʥ ʫʩʪʴʷ ʨ. ʃʫʟʘ, ʇʘʰʠʥʘ ɻʦʨʘ, ʪ.ʥ. 136 ï ʂʣʳʢʦʚʦ, ʪ.ʥ. 159-162. 

ɹ ï ʜʦʣʠʥʘ ʨ. ɺʝʪʣʫʛʘ. ʆʙʥʘʞʝʥʠʷ: 24 ï ɿʫʙʦʚʩʢʦʝ, ʪ.ʥ. 223; 25 ï ɹʦʣ. ʉʣʫʜʢʘ, ʪ.ʥ. 108; 26 ï 

ʉʧʘʩʩʢʦʝ, ʪʪ.ʥ. 64-66; 27 ï ɺʦʟʥʝʩʝʥʴʝ, ʪ.ʥ. 67; 28 ï ʐʠʣʠʭʘ, ʪ.ʥ. 100; 29 ï ɸʥʠʩʠʤʦʚʦ, ʪ.ʥ. 70; 30 

ï ɸʥʜʨʝʝʚʦ (ɹʦʛʦʨʦʜʩʢʦʝ), ʪ.ʥ. 72; 31 ï ɼʤʠʪʨʠʝʚʦ, ʪ.ʥ. 29; 32ï ɸʬʘʥʘʩʠʭʘ, ʪ.ʥ. 166 ï ʉʘʨʘʬʘʥʠʭʘ, 

ʪ.ʥ. 167; 33 ï ʀʣʴʠʥʩʢʦʝ, ʪ.ʥ. 182; 34 ï ʇʨʫʜʦʚʢʘ, ʪ.ʥ. 96; 35 ï ɸʩʪʘʰʠʭʘ, ʪ.ʥ. 98 ï ɿʥʘʤʝʥʩʢʦʝ, ʪ.ʥ. 

97 ï ʈʫʩʝʥʠʭʘ, ʪ.ʥ. 165; 36 ï ɺʦʩʢʨʝʩʝʥʩʢʦʝ, ʪ.ʥ. 99 ï ʂʘʣʠʥʠʭʘ, ʪ.ʥ. 222; 37 ï ɹʦʛʦʨʦʜʩʢʦʝ, ʪ.ʥ. 95; 

38 ï ɻʘʣʠʙʠʭʘ, ʪ.ʥ. 93; 39 ï ʉʫʭʦʙʦʨʢʘ, ʪ.ʥ. 94; 40 ï ʉʦʩʥʦʚʢʘ, ʪ.ʥ. 236. 



мф 
 

 

ʆʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ 

ʉʫʭʦʥʘ ï ʖʛ ï ʉʝʚ. ɼʚʠʥʘ ʟʘʣʦʞʠʣ ɽ.ʄ. ʃʶʪʢʝʚʠʯ (1931, 1935, 1939) ʧʨʠ ʢʘʨʪʠʨʦʚʘʥʠʠ 70 ʣʠʩʪʘ 

10-ʚʝʨʩʪʥʦʡ ʢʘʨʪʳ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʉʉʉʈ. ʇʦ ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ʦʥ ʚʳʜʝʣʠʣ 

(ʩʥʠʟʫ ï ʚʚʝʨʭ) ʥʠʞʥʝʫʩʪʴʠʥʩʢʫʶ, ʩʫʭʦʥʩʢʫʶ ʠ ʩʝʚʝʨʦʜʚʠʥʩʢʫʶ ʩʚʠʪʳ ʪʘʪʘʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʦʧʨʝʜʝʣʠʚ ʠʭ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʚʠʜʝ ʚʘʣʘ, ʥʘʟʚʘʥʥʦʛʦ ʉʫʭʦʥʩʢʠʤ. ʅʠʞʥʝʫʩʪʴʠʥʩʢʫʶ 

ʩʚʠʪʫ ʩʣʘʛʘʣʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʨʛʝʣʠ, ʜʦʣʦʤʠʪʳ ʠ ʚʳʩʦʢʦʟʨʝʣʳʝ ʢʚʘʨʮʝʚʳʝ ʧʝʩʢʠ. 

ʉʫʭʦʥʩʢʫʶ ï ʜʦʣʦʤʠʪʳ ʠ ʤʝʨʛʝʣʠ ʙʝʟ ʧʝʩʢʦʚ. ʉʝʚʝʨʦʜʚʠʥʩʢʘʷ ʩʚʠʪʘ ʦʙʲʝʜʠʥʷʣʘ ʢʘʨʙʦʥʘʪʥʳʝ 

ʩʝʨʦʮʚʝʪʥʳʝ ʦʟʝʨʥʳʝ ʧʘʯʢʠ ʠ ʪʝʨʨʠʛʝʥʥʳʝ ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʧʝʩʯʘʥʳʤʠ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʣʠʥʟʘʤʠ. ɺʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʦʥʘ ʩʪʘʥʦʚʠʣʘʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʘʩʥʦʮʚʝʪʥʦʡ, ʥʦ 

ʧʦ-ʧʨʝʞʥʝʤʫ ʚʢʣʶʯʘʣʘ ʢʘʨʙʦʥʘʪʥʳʝ ʧʘʯʢʠ. ʈʘʩʯʣʝʥʝʥʠʝ ʥʘ ʩʚʠʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʝʪʩʷ 

ʪʘʢʠʤ, ʢʘʢ ʧʨʝʜʣʦʞʠʣ ɽ.ʄ. ʃʶʪʢʝʚʠʯ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʝʚʝʨʦʜʚʠʥʩʢʦʡ ʩʚʠʪʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʨʘʟʜʝʣʝʥʘ ʥʘ ʧʦʣʜʘʨʩʩʢʫʶ ʠ ʩʘʣʘʨʸʚʩʢʫʶ ʩʚʠʪʳ (ʈʝʰʝʥʠʝ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ..., 1990). 

ʉʚʠʪʳ ʃʶʪʢʝʚʠʯʘ ʜʝʪʘʣʠʟʠʨʦʚʘʣ ʄ.ɸ. ʇʣʦʪʥʠʢʦʚ (1948, 1960), ʨʘʩʯʣʝʥʠʚʰʠʡ ʠʭ ʥʘ 16 

ʧʘʯʝʢ, ʪʦʛʜʘ ʢʘʢ ʅ.ɸ. ʇʘʭʪʫʩʦʚʘ (ʇʘʭʪʫʩʦʚʘ, 1966; ʇʘʭʪʫʩʦʚʘ, ʉʪʘʥʢʦʚʩʢʠʡ, 1967) ʫʪʦʯʥʠʣʘ ʠʭ 

ʦʙʲʝʤ ʠ ʚʳʜʝʣʠʣʘ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ, ʧʨʠʩʚʦʠʚ ʚʩʝʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʥʘʟʚʘʥʠʷ. ɺr ʜʝʣʝʥʥʳʝ ʅ.ɸ. 

ʇʘʭʪʫʩʦʚʦʡ (1966; ʇʘʭʪʫʩʦʚʘ, ʉʪʘʥʢʦʚʩʢʠʡ, 1967) ʩʣʦʠ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʥʘʟʚʘʥʠʷʤʠ, ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʦʪʨʘʟʠʣʠ ʨʠʪʤʠʯʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʮʠʢʣʠʪʘʤ, ʩʣʦʞʝʥʥʳʤ 

ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʪʝʨʨʠʛʝʥʥʳʤʠ ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʩʝʨʦʮʚʝʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 

ʇʦʣʥʳʡ ʚʘʨʠʘʥʪ ʩʭʝʤʳ ʄ.ɸ. ʇʣʦʪʥʠʢʦʚʘ ï ʅ.ɸ. ʇʘʭʪʫʩʦʚʦʡ ʥʝ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ, ʥʦ ʦʢʘʟʘʣʩʷ 

ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʳʤ ʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (ʉʪʨʦʢ, ɹʫʩʣʦʚʠʯ, 1979; 

ʂʦʨʨʝʣʷʮʠʷ ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ..., 1981; ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ..., 1984; ɻʦʤʘʥʴʢʦʚ, 

ʄʝʡʝʥ, 1986; ɻʦʣʫʙʝʚ, 1996, 2000). ʄʝʞʜʫ ʪʝʤ ʢʦʨʨʝʣʷʮʠʷ ʚʳʜʝʣʝʥʥʳʭ ʧʘʯʝʢ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ 

ʛʦʨʠʟʦʥʪʘʤʠ ʜʦʣʛʦʝ ʚʨʝʤʷ ʚʳʟʳʚʘʣʘ ʘʢʪʠʚʥʫʶ ʜʠʩʢʫʩʩʠʶ. 

ɺ.ʀ. ʀʛʥʘʪʴʝʚ (1962), ʦʧʠʨʘʷʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʪʘʪʘʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʚʳʜʝʣʠʣ ʚ ʥʠʭ ʪʨʠ ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘ ï ʛʦʨʴʢʦʚʩʢʠʡ (ʧʦʟʜʥʝʝ 

ʫʨʞʫʤʩʢʠʡ), ʩʝʚʝʨʦʜʚʠʥʩʢʠʡ ʠ ʚʷʪʩʢʠʡ, ʧʨʝʜʣʦʞʠʚ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʛʦʨʠʟʦʥʪʦʚ. 

ʈʝʛʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʪʘʪʘʨʩʢʦʛʦ ʷʨʫʩʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʷʭ, ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʫʯʠʪʳʚʘʣʘ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ.  

Ÿ 

ʈʠʩ. 4. ʂʦʨʨʝʣʷʮʠʷ ʧʝʨʤʩʢʠʭ ʠ ʪʨʠʘʩʦʚʳʭ ʦʙʥʘʞʝʥʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʉʫʭʦʥʘ, ʉʝʚ. ɼʚʠʥʘ, 

ʖʛ (ʉʝʚʝʨʦʜʚʠʥʩʢʘʷ ʛʨʫʧʧʘ ʦʙʥʘʞʝʥʠʡ) ʧʦ ʜʘʥʥʳʤ (Arefiev et al., 2015ʘ; ɺʝʭʥʝʧʝʨʤʩʢʠʝ ʠ 

ʥʠʞʥʝʪʨʠʘʩʦʚʘʳʝé, 1984) ʩ ʫʪʦʯʥʝʥʠʷʤʠ ʘʚʪʦʨʘ. ʊʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ï ʪ.ʥ., ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ. 3. ʇʘʯʢʠ: 1 ï ʤʘʨʴʝʛʦʩʢʘʷ, 2 ï ʢʘʨʧʦʛʦʨʩʢʘʷ, 3 ï ʰʘʨʜʠʥʩʢʘʷ, 4 ï 

ʚʝʨʭʥʝʪʦʟʴʤʝʥʩʢʘʷ, 5 ï ʜʤʠʪʨʠʝʚʩʢʘʷ, 6 ï ʥʶʢʩʝʥʠʮʢʘʷ, 7 ï ʫʩʪʴʧʦʣʜʘʨʩʩʢʘʷ, 8 ï ʤʠʢʫʣʠʥʩʢʘʷ, 9 ï 

ʩʪʨʝʣʝʥʩʢʘʷ, 10 ï ʠʩʘʜʩʢʘʷ, 11 ï ʧʫʨʪʦʚʠʥʩʢʘʷ, 12 ï ʢʠʯʫʛʩʢʘʷ, 13 ï ʢʘʣʠʢʠʥʩʢʘʷ, 14 ï ʝʨʦʛʦʜʩʢʘʷ, 

15 ï ʨʦʚʜʠʥʩʢʘʷ, 16 ï ʩʘʣʘʨʸʚʩʢʘʷ, 17 ï ʥʠʞʥʝʬʝʜʦʩʦʚʢʘʷ, 18 ï ʢʦʤʘʨʠʮʢʘʷ, 19 ï ʥʝʜʫʙʨʦʚʩʢʘʷ, 20 

ï ʨʷʙʠʥʩʢʘʷ, 21 ï ʢʨʘʩʥʦʙʘʢʦʚʩʢʘʷ ʧʦʜʩʚʠʪʘ. ʇʦʣʷʨʥʦʩʪʴ: ʘ ï ʥʦʨʤʘʣʴʥʘʷ, ʙ ï ʦʙʨʘʪʥʘʷ, ʚ ï 

ʘʥʦʤʘʣʴʥʘʷ ʩ ʥʠʟʢʠʤ ʥʘʢʣʦʥʝʥʠʝʤ. ND ï ʩʣʦʠ ʩ ʥʝʜʫʙʨʦʚʩʢʦʡ ʙʠʦʪʦʡ, Zh ï ʞʫʢʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ, 

* ï ʤʦʱʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ (ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ..., 1984; 

ʋʪʦʯʥʝʥʥʘʷ ʩʫʙʨʝʛʠʦʥʘʣʴʥʘʷé, 2011).
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ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ. 1 ï ʛʨʘʚʝʣʠʪ, ʢʦʥʛʣʦʤʝʨʘʪ, 2 ï ʧʝʩʦʢ, ʧʝʩʯʘʥʠʢ, 3 ï ʘʣʝʚʨʠʪ, ʘʣʝʚʨʦʣʠʪ, 

4 ï ʛʣʠʥʘ, ʘʣʝʚʨʠʪʦʚʘʷ ʛʣʠʥʘ, 5 ï ʛʣʠʥʘ, ʦʙʦʛʘʱʝʥʥʘʷ ʉʦʨʛ, 6 ï ʠʟʚʝʩʪʥʷʢ, 7 ï ʤʝʨʛʝʣʴ, 8 ï ʜʦʣʦʤʠʪ, 

9ʘ ï ʛʠʧʩ, 9ʙ ï ʘʥʛʠʜʨʠʪ, 10ï17 ï ʦʢʨʘʩʢʘ ʧʦʨʦʜ: 10 ïʢʨʘʩʥʦʮʚʝʪʥʘʷ, 10 ï ʙʣʝʜʥʦ-ʛʦʣʫʙʦʚʘʪʘʷ, 

ʩʚʝʪʣʦ-ʩʝʨʘʷ, ʙʝʣʘʷ, 12 ï ʧʝʩʪʨʦʮʚʝʪʥʘʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʘʩʥʦʮʚʝʪʥʘʷ ʩ ʛʦʣʫʙʦʚʘʪʳʤʠ 

ʧʷʪʥʘʤʠ, 13 ï ʪʝʤʥʦ-ʩʝʨʘʷ, 14 ï ʪʝʤʥʦ-ʟʝʣʝʥʘʷ, 15 ï ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʝʩʢʠ, 16 ï ʢʦʨʠʯʥʝʚʳʝ, 

ʩʝʨʦʚʘʪʦ-ʟʝʣʝʥʦʚʘʪʳʝ ʧʝʩʢʠ, 17 ï ʦʨʘʥʞʝʚʳʝ, ʞʝʣʪʳʝ ʧʝʩʢʠ, 18 ï ʢʦʥʢʨʝʮʠʠ ʧʝʩʯʘʥʠʢʘ, 19 ï 

ʛʣʠʥʠʩʪʳʝ ʦʢʘʪʳʰʠ ʠʟ ʧʨʦʩʣʦʝʚ ʟʘʠʣʝʥʠʷ ʚ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, 20 ï ʣʠʥʟʳ ʠʟʚʝʩʪʥʷʢʘ, 21 ï 

ʧʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʥʦʜʫʣʠ, 22 ï ʢʨʫʧʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʥʢʨʝʮʠʠ, 23 ï ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʝ 

ʙʨʝʢʯʠʠ , 24 ï ʛʣʳʙʦʚʳʝ ʙʨʝʢʯʠʠ ʚ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, 25 ï ʩʠʜʝʨʠʪ, 26 ï ʢʨʝʤʥʠ, 27 ï ʧʠʨʠʪ, 28 

ï ʢʦʩʤʦʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ (ʤʘʛʥʝʪʠʪʦʚʳʝ ʠ ʚʳʩʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʬʝʨʫʣʳ, ʯʘʩʪʠʮʳ Ni, Fe), 29 ï 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ, 30 ï ʢʦʩʘʷ ʜʠʘʛʦʥʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ, 31 ï ʧʝʨʝʢʨʝʩʪʥʘʷ ʜʠʘʛʦʥʘʣʴʥʘʷ 

ʩʣʦʠʩʪʦʩʪʴ ʢʨʫʧʥʦʛʦ ʤʘʩʰʪʘʙʘ, 32 ï ʢʦʩʘʷ ʞʝʣʦʙʦʦʙʨʘʟʥʘʷ ʩʣʦʠʩʪʦʩʪʴ, 33 ï ʚʦʣʥʠʩʪʘʷ ʩʣʦʠʩʪʦʩʪʴ, 

34 ï ʤʝʣʢʘʷ ʢʦʩʘʷ ʚʦʣʥʠʩʪʘʷ ʩʣʦʠʩʪʦʩʪʴ, 35 ï ʨʠʪʤʠʯʥʦʝ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʧʝʩʢʦʚ, ʘʣʝʚʨʠʪʦʚ, ʛʣʠʥ, 

36 ï ʘʟʠʤʫʪ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʣʦʡʢʦʚ ʚ ʜʠʘʛʦʥʘʣʴʥʳʭ (ʢʦʩʳʭ) ʘʣʣʶʚʠʘʣʴʥʳʭ ʩʝʨʠʷʭ, 37 ï ʛʣʠʥʠʩʪʳʝ 

ʢʫʪʘʥʳ, 38 ï ʩʣʠʢʝʥʩʘʡʜʳ, 39 ï ʧʘʣʝʦʢʘʨʩʪ, 40 ï ʪʨʝʱʠʥʳ ʫʩʳʭʘʥʠʷ, 41 ï ʛʣʝʝʚʳʝ ʙʣʝʜʥʦ-

ʛʦʣʫʙʦʚʘʪʳʝ ʧʷʪʥʘ, 42 ï ʦʩʪʘʪʦʯʥʳʝ ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʷʪʥʘ, 43 ï ʣʠʥʟʦʚʠʜʥʳʝ ʟʦʥʳ ʦʛʣʝʝʥʠʷ, 44 ï 

ʛʣʝʝʚʳʝ ʪʨʫʙʢʠ ʧʦ ʢʦʨʥʷʤ ʨʘʩʪʝʥʠʡ, 45ï ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʥʩʠʪʥʳʝ ʢʦʨʥʠ Radicites erraticus ʚ 

ʧʘʣʝʦʧʦʯʚʘʭ, 46 ï ʝʜʠʥʠʯʥʳʝ ʢʦʨʥʠ Radicites erraticus, , 47 ï ʠʥʩʠʪʥʳʝ ʢʦʨʥʠ Radicites sukhonensis, 

48 ï ʘʣʣʦʭʪʦʥʥʳʝ ʢʦʨʥʠ, 49 ï ʩʣʝʜʳ ʚʦʣʦʯʝʥʠʷ, 50 ï Planolites isp. ʠ ʜʨ. ʭʦʜʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ, 51 ï Scolithos isp. ʠ ʜʨ. ʭʦʜʳ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, 52 ï ʩʣʝʜʦʚʳʝ ʜʦʨʦʞʢʠ 

ʪʝʪʨʘʧʦʜ, 53 ï ʦʥʢʦʣʠʪʳ ʧʦ ʨʘʢʦʚʠʥʘʤ ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ, 54 ï ʛʠʨʦʛʦʥʠʪʳ ʭʘʨʦʚʳʭ, 55 ï 

Microcodium, 56 ï ʧʦʙʝʛʠ ʨʘʩʪʝʥʠʡ ʠ ʘʟʠʤʫʪʳ ʠʭ ʧʨʦʩʪʠʨʘʥʠʷ, 57 ï ʣʠʩʪʴʷ, 58 ï ʨʘʩʪʠʪʝʣʴʥʳʡ 

ʜʝʪʨʠʪ, 59 ï ʪʝʪʨʘʧʦʜʳ ʘʢʚʘʣʴʥʳʭ ʘʜʘʧʪʘʮʠʡ, 60 ï ʪʝʪʨʘʧʦʜʳ ʥʘʟʝʤʥʳʭ ʘʜʘʧʪʘʮʠʡ, 61 ï ʦʢʘʪʘʥʥʳʝ 

ʢʦʩʪʠ ʪʝʪʨʘʧʦʜ, 62 ï ʨʳʙʳ, 63 ï ʢʦʥʭʦʩʪʨʘʢʠ, 64 ï ʦʩʪʨʘʢʦʜʳ, 65 ï ʥʘʩʝʢʦʤʳʝ, 66 ï ʛʘʩʪʨʦʧʦʜʳ, 67 

ï ʜʚʫʩʪʚʦʨʯʘʪʳʝ ʤʦʣʣʶʩʢʠ, ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 68 ï ʦʩʘʜʦʯʥʳʝ ʢʘʨʙʦʥʘʪʳ, 

69 ï ʧʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ, 70 ï ʛʠʜʨʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ, 71ï72 ï ʩʦʜʝʨʞʘʥʠʝ ʘʢʮʝʩʩʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʦʟʨʘʯʥʦʡ ʯʘʩʪʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ: 71 ï ʘʣʴʤʘʥʜʠʥ-ʮʠʨʢʦʥ-ʢʠʘʥʠʪ-ʩʪʘʚʨʦʣʠʪ, 72 ï 

ʵʧʠʜʦʪ-ʢʣʠʥʦʮʦʠʟʠʪ. 

 

ʇʦʜʦʰʚʫ ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʝʜʣʘʛʘʣʦʩʴ ʧʨʦʚʦʜʠʪʴ ʧʦ çʨʝʛʠʦʥʘʣʴʥʦʤʫè 

ʧʦʷʚʣʝʥʠʶ ʧʝʩʯʘʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʩʫʭʦʥʦ-ʩʝʚʝʨʦʜʚʠʥʩʢʦʤ ʨʘʟʨʝʟʝ ʵʪʫ ʛʨʘʥʠʮʫ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠʤʝʨʥʦ ʚ ʦʩʥʦʚʘʥʠʠ ʧʦʣʜʘʨʩʩʢʦʡ ʩʚʠʪʳ ʩʦʚʨʝʤʝʥʥʦʡ ʩʭʝʤʳ (ʩʝʚʝʨʦʜʚʠʥʩʢʦʡ ʩʚʠʪʳ 

ɽ.ʄ. ʃʶʪʢʝʚʠʯʘ), ʧʦʜʦʰʚʘ ʢʦʪʦʨʦʡ ʩʯʠʪʘʣʘʩʴ ʠ ʧʦʜʦʰʚʦʡ ʚʝʨʭʥʝʪʘʪʘʨʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ. ʇʦ 

ʤʥʝʥʠʶ ɽ.ʄ. ʃʶʪʢʝʚʠʯʘ (1955) ʠ ɺ.ʀ. ʀʛʥʘʪʴʝʚʘ (1962), ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʉʫʭʦʥʘ ʠ ʉʝʚ. ɼʚʠʥʘ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚʷʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʨʠʛʝʥʥʳʝ 

ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʦʨʦʜʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʷʪʢʘ, ʣʠʰʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʭ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʥʝ ʠʤʝʣʠ 



нн 
 

ʘʥʘʣʦʛʦʚ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʉʝʚ. ɼʚʠʥʘ ʠ ʪʘʢʘʷ ʧʦʟʠʮʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʨʘʟʚʠʪʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʤʥʝʥʠʷ, 

ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʉ ʙʳʣ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʝʨʳʚ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ 

(ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998). 

ʈʝʰʝʥʠʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʪʨʝʙʦʚʘʣʦ ʚʳʨʘʙʦʪʢʠ ʪʚʝʨʜʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʠʟʦʭʨʦʥʥʳʭ ʩʪʨʘʪʦʥʦʚ. ʂ ʢʦʥʮʫ XX ʚ. ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʧʝʨʠʨʫʷ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ 

ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʜʦʰʚʫ ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ 

ʜʦʣʠʥʝ ʨ. ʉʫʭʦʥʘ ʚ ʧʦʜʦʰʚʝ ʩʫʭʦʥʩʢʦʡ ʩʚʠʪʳ (ʍʨʘʤʦʚ, 1963; ʌʦʨʰ, 1963; ʄʦʣʦʩʪʦʚʩʢʠʡ ʠ ʜʨ., 

1979; ʆʧʦʨʥʳʡ ʨʘʟʨʝʟé, 1981) ʚʙʣʠʟʠ ʩʤʝʥʳ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʛʠʧʝʨʟʦʥ ʂʠʘʤʘ ʠ ʀʣʣʘʚʘʨʨʘ. ʕʪʘ 

ʪʦʯʢʘ ʟʨʝʥʠʷ ʙʳʣʘ ʟʝʢʨʝʧʣʝʥʘ ʚ ʈʝʰʝʥʠʷʭ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʚʝʱʘʥʠʷ ʧʦ 

ʩʨʝʜʥʝʤʫ ʠ ʚʝʨʭʥʝʤʫ ʧʘʣʝʦʟʦʶ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʈʝʰʝʥʠʝ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦé, 1990), ʚ 

ʠʪʦʛʝ ʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʰʢʘʣʝ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣʘ ʟʘʢʨʝʧʣʝʥʘ ʧʝʨʚʘʷ ʠʟʦʭʨʦʥʥʘʷ 

ʛʨʘʥʠʮʘ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʫʢʘʟʳʚʘʣʠ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʉʫʭʦʥʘ ʠ ʉʝʚ. ɼʚʠʥʘ 

ʠ ʚʷʪʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʍʨʘʤʦʚ, 1963; ʌʦʨʰ, 1963; ʆʣʬʝʨʴʝʚ, 1974; ʄʦʣʦʩʪʦʚʩʢʘʷ, 1975; 

ʄʦʣʦʩʪʦʚʩʢʠʡ ʠ ʜʨ., 1979; ʉʪʨʦʢ, ɹʫʩʣʦʚʠʯ, 1979; ʆʧʦʨʥʳʡ ʨʘʟʨʝʟé, 1981; ʄʦʣʦʩʪʦʚʩʢʠʡ, 1983; 

ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ..., 1984; ɻʦʤʘʥʴʢʦʚ, ʄʝʡʝʥ, 1986). 

ɹʦʛʘʪʘʷ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʫʭʦʥʩʢʦʡ, ʧʦʣʜʘʨʩʩʢʦʡ ʠ ʩʘʣʘʨʸʚʩʢʦʡ ʩʚʠʪ ʚ 

ʜʦʣʠʥʘʭ ʨʝʢ ʉʫʭʦʥʘ ʠ ʉʝʚ. ɼʚʠʥʘ ʧʦʤʦʛʣʘ ʨʘʟʨʘʙʦʪʘʪʴ ʟʦʥʘʣʴʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʰʢʘʣʳ ɺɽʇ ʧʦ 

ʦʩʪʨʘʢʦʜʘʤ, ʨʳʙʘʤ, ʪʝʪʨʘʧʦʜʘʤ ʠ ʜʨʫʛʠʤ ʛʨʫʧʧʘʤ (ʊʘʪʘʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷé, 2001; ʨʠʩ. 5). ʉʭʝʤʘ 

ʨʘʩʯʣʝʥʝʥʠʷ ʧʦʟʜʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣʘ ʧʝʨʝʩʤʦʪʨʝʥʘ ʩ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʠ 

ʧʦʜʢʨʝʧʣʝʥʘ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ ʜʘʥʥʳʤʠ. ʋʨʞʫʤʩʢʠʡ, ʩʝʚʝʨʦʜʚʠʥʩʢʠʡ ʠ ʚʷʪʩʢʠʡ ʛʦʨʠʟʦʥʪʳ 

ʧʨʝʞʥʝʛʦ ʪʘʪʘʨʩʢʦʛʦ ʷʨʫʩʘ ʧʦʣʫʯʠʣʠ ʨʘʥʛ ʷʨʫʩʦʚ ʆʉʐ: ʫʨʞʫʤʩʢʠʡ ʷʨʫʩ ʚʦʰʝʣ ʚ ʙʠʘʨʤʠʡʩʢʠʡ 

(ʩʨʝʜʥʠʡ) ʦʪʜʝʣ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʝʚʝʨʦʜʚʠʥʩʢʠʡ ʷʨʫʩ ï ʢʘʢ ʥʠʞʥʠʡ, ʚʷʪʩʢʠʡ ʷʨʫʩ ï ʢʘʢ 

ʚʝʨʭʥʠʡ, ʚ ʪʘʪʘʨʩʢʠʡ (ʚʝʨʭʥʠʡ) ʦʪʜʝʣ ʧʝʨʤʠ (ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦé, 2006). ɺ 

ʦʩʥʦʚʫ ʟʦʥʘʣʴʥʦʡ ʰʢʘʣʳ ʧʦʩʪʢʘʟʘʥʩʢʠʭ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ 

ʣʠʥʠʠ ʦʩʪʨʘʢʦʜ. ɼʚʝ ʦʩʪʨʘʢʦʜʦʚʳʝ ʟʦʥʳ ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ʷʨʫʩʘ ʩʪʘʣʠ ʦʪʚʝʯʘʪʴ ʩʫʭʦʥʩʢʦʤʫ 

(Suchonellina inornata ï Prasuchonella nasalis) ʠ ʧʫʪʷʪʠʥʩʢʦʤʫ ʛʦʨʠʟʦʥʪʘʤ (Suchonellina inornata ï 

Prasuchonella stelmachovi), ʜʚʝ ʟʦʥʳ ʚʷʪʩʢʦʛʦ ʷʨʫʩʘ ï ʙʳʢʦʚʩʢʦʤʫ (Wjatkellina fragilina ï Dvinella 

cyrta) ʠ ʥʝʬʸʜʦʚʩʢʦʤʫ (Wjatkellina fragiloides ï Suchonella typica) ʛʦʨʠʟʦʥʪʘʤ (ɻʦʣʫʙʝʚ, 2012). 

ʉʪʨʘʪʦʪʠʧʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ʷʨʫʩʘ ʙʳʣ ʚʳʙʨʘʥ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʉʫʭʦʥʘ. 

ʉʪʨʘʪʦʪʠʧ ʚʷʪʩʢʦʛʦ ʷʨʫʩʘ ʩʦʭʨʘʥʠʣʩʷ ʥʘ ʨ. ɺʷʪʢʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʉʫʭʦʥʘ 

ʠ ʉʝʚ. ɼʚʠʥʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʚʷʪʩʢʠʝ ʨʘʟʨʝʟʳ, ʛʠʧʦʩʪʨʘʪʦʪʠʧ 

ʚʷʪʩʢʦʛʦ ʷʨʫʩʘ ʠ ʝʛʦ ʣʠʤʠʪʦʪʠʧ ʙʳʣʠ ʫʪʚʝʨʞʜʝʥʳ ʪʘʢʞʝ ʟʜʝʩʴ (ʇʦʩʪʘʥʦʚʣʝʥʠʷ 

ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦé, 2006). ɺ ʦʩʥʦʚʫ ʟʦʥʘʣʴʥʳʡ ʰʢʘʣʳ ʧʦ ʪʝʪʨʘʧʦʜʘʤ ʣʝʛʣʘ ʩʤʝʥʘ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ (ɻʦʣʫʙʝʚ, 2000; ʉʝʥʥʠʢʦʚ, ɻʦʣʫʙʝʚ, 2017). ɺʳʰʝʣʝʞʘʱʠʝ ʦʪʣʦʞʝʥʠʷ ʤʘʨʢʠʨʦʚʘʣʘ 

ʦʩʪʨʘʢʦʜʦʚʘʷ ʟʦʥʘ Darwinula mera ï Gerdalia variabilis (ʈʝʰʝʥʠʷ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ é, 1982; 

ʋʪʦʯʥʝʥʥʘʷ ʩʫʙʨʝʛʠʦʥʘʣʴʥʘʷé, 2011), ʩʯʠʪʘʚʰʘʷʩʷ ʠʥʜʩʢʦʡ. 

ɺ.ʂ. ɻʦʣʫʙʝʚ, ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʚʰʠʡʩʷ ʚʦʧʨʦʩʘʤʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɺɽʇ, 



но 
 

ʜʝʪʘʣʴʥʦ ʧʝʨʝʦʧʠʩʘʣ ʦʩʥʦʚʥʳʝ ʦʙʥʘʞʝʥʠʷ ʧʦʣʜʘʨʩʩʢʦʡ ʠ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʳ ʩʘʣʘʨʸʚʩʢʦʡ ʩʚʠʪʳ 

ʚʦʩʪʦʯʥʦʛʦ ʢʨʳʣʘ ʉʫʭʦʥʩʢʦʛʦ ʤʝʛʘʚʘʣʘ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʚʤʝʩʪʥʦ ʩ ʘʚʪʦʨʦʤ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

(ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998; ɻʦʣʫʙʝʚ, 2000). ʀʭ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʨʝʧʝʨʥʳʤ ʩʣʦʷʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʣʦ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʢʦʨʨʝʣʷʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʩʝ ʛʨʘʥʠʮʳ ʪʘʪʘʨʩʢʦʛʦ ʦʪʜʝʣʘ ʆʉʐ ʩʪʘʣʠ ʠʟʦʭʨʦʥʥʳʤʠ, ʧʝʨʤʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʜʦʣʠʥʳ ʨ. ʉʫʭʦʥʘ 

ʙʳʣʠ ʧʨʠʚʷʟʘʥʳ ʢ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 

ʜʳʥʥʳʭ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʟ ʧʦʣʜʘʨʩʩʢʦʡ ʠ ʩʘʣʘʨʸʚʩʢʦʡ ʩʚʠʪ  ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʠʜʳ: ʨʘʩʪʝʥʠʷ (ɸʨʝʬʴʝʚ, ʅʘʫʛʦʣʴʥʳʭ, 1998; ʅʘʫʛʦʣʴʥʳʭ, ɸʨʝʬʴʝʚ, 1999; 

Naugolnykh, 2009), ʦʩʪʨʘʢʦʜʳ (ʊʘʪʘʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷé, 2001), ʥʘʩʝʢʦʤʳʝ (ʇʦʥʦʤʘʨʝʥʢʦ, 2003; 

ɸʨʠʩʪʦʚ, 2013a, 2013ʙ; Aristov, 2004; Aristov et al., 2013 ʠ ʜʨ.), ʨʳʙʳ (ɸ. ʄʠʥʠʭ, 1998; ɸ. ʄʠʥʠʭ ʠ 

ʜʨ., 2015), ʪʝʪʨʘʧʦʜʳ (Bulanov, 2003; ʊʚʝʨʜʦʭʣʝʙʦʚʘ, ʀʚʘʭʥʝʥʢʦ, 1994; ɻʦʣʫʙʝʚ, 1998, 1999; 

ʊʘʪʘʨʠʥʦʚ, 2000; ʀʚʘʭʥʝʥʢʦ, 2012; Ivakhnenko, 2003), ʩʣʝʜʦʚʳʝ ʜʦʨʦʞʢʠ ʪʝʪʨʘʧʦʜ (ɻʫʙʠʥ ʠ ʜʨ., 

2004), ʧʦʜʪʚʝʨʜʠʚʰʠʝ ʚʳʩʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʟʜʥʝʧʝʨʤʩʢʦʡ ʙʠʦʪʳ. 

ɺʳʰʝʣʝʞʘʱʠʝ ʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʦʭʤʠʥʩʢʫʶ ʩʚʠʪʫ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʣʘ 

ʠʥʜʩʢʦʤʫ ʷʨʫʩʫ ʠ ʟʘʥʷʣʘ ʥʠʞʥʶʶ ʧʦʟʠʮʠʶ ʚ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤʝ ʄʉ (ʈʝʰʝʥʠʷ 

ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ é, 1982; ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 1984). ʇʨʦʚʝʜʝʥʠʝ ʧʦʜʦʰʚʳ 

ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʜʩʢʦʛʦ ʷʨʫʩʘ, ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʦ ʥʝ ʩʪʦʣʴʢʦ 

ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ, ʩʢʦʣʴʢʦ ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ. ʇʦʷʚʣʝʥʠʝ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʩ ʢʨʝʤʥʝʚʦʡ ʛʘʣʴʢʦʡ ʚ ʧʝʨʝʭʦʜʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ ʧʝʨʤʠ ʢ ʪʨʠʘʩʫ ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʢʘʨʪʠʨʦʚʘʥʠʠ ʩʯʠʪʘʣʦʩʴ ʠʟʦʭʨʦʥʥʳʤ. ʇʨʝʜʧʦʣʘʛʘʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʨʳʚ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʥʘ 

ʨʫʙʝʞʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ, ʯʪʦ çʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝʤè ʚʷʪʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʷʨʫʩʘ) ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʄʉ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʳʝ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʧʦʨʦʜʳ ʩ ʢʨʝʤʥʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʢʘʢ ʤʘʨʢʝʨ ʧʦʜʦʰʚʳ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. 

ɺʦʭʤʠʥʩʢʘʷ ʩʚʠʪʘ ʚ ʮʝʣʦʤ ʦʪʣʠʯʘʣʘʩʴ ʙʝʜʥʦʩʪʴʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ, ʭʦʪʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. 

ʖʛ ʠʟ ʥʝʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʨʫʢʦʚʦʜʷʱʠʝ ʢʦʥʭʦʩʪʨʘʢʠ Cornia melliculum Lutkevich, Vertexia 

tauricornis Lutkevich (ʃʶʪʢʝʚʠʯ, 1941), ʣʘʙʠʨʠʥʪʦʜʦʥʪ Luzocephalus blomi Shishkin (ʐʠʰʢʠʥ, 

1980). ɺ ʦʪʣʠʯʠʝ ʦʪ ʶʞʥʳʭ ʨʘʟʨʝʟʦʚ ʄʉ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʤʥʦ-ʩʝʨʳʝ ʪʦʥʢʦ-

ʧʝʨʝʩʣʘʠʚʘʶʱʠʝʩʷ ʘʣʝʚʨʠʪʦʚʳʝ ʛʣʠʥʳ, ʦʙʦʛʘʱʝʥʥʳʝ Cʦʨʛ (ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 

1984), ʩʧʦʨʘʤʠ, ʧʳʣʴʮʦʡ (ʗʨʦʰʝʥʢʦ, ʃʦʟʦʚʩʢʠʡ, 1995), ʤʝʛʘʩʧʦʨʘʤʠ (Karasev et al., 2018). 

ʅʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʠʣʣʶʩʪʨʠʨʦʚʘʣʠ ʩʢʫʜʦʩʪʴ ʧʦʩʪʢʨʠʟʠʩʥʦʡ ʠʥʜʩʢʦʡ 

ʵʢʦʩʠʩʪʝʤʳ. 

 

2.1.2. ɺʝʪʣʫʞʩʢʘʷ ʛʨʫʧʧʘ ʦʙʥʘʞʝʥʠʡ: ʜʦʣʠʥʘ ʨʝʢʠ ɺʝʪʣʫʛʘ 

ɺ ʙʘʩʩʝʡʥʝ ʨ. ɺʝʪʣʫʛʘ ʧʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʦʨʦʜʘʭ (ʨʠʩ. 2, 3, 6) ʪʘʢʞʝ ʙʳʣʠ 

ʩʦʙʨʘʥʳ ʚ ʥʘʯʘʣʝ 1840-ʭ ʛʛ. ʫʯʘʩʪʥʠʢʘʤʠ ʵʢʩʧʝʜʠʮʠʠ ʈ.ʀ. ʄʫʨʯʠʩʦʥʘ. ʅʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ, 

ʩʦʩʪʘʚʣʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʫʪʝʰʝʩʪʚʠʷ ʈ.ʀ. ʄʫʨʯʠʩʦʥʘ, ʚ ɻʪʦʤ ʨʘʡʦʥʝ ʫʢʘʟʘʥʳ ʧʝʨʤʩʢʠʝ 
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ʦʪʣʦʞʝʥʠʷ (Murchison et al., 1845, Plate VI).  

 
 

ʈʠʩ. 5. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ (ʪʘʪʘʨʩʢʠʭ) ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ, ʚʩʢʨʳʪʳʭ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʉʫʭʦʥʘ, ʖʛ, ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ 

ʠ ɺʝʪʣʫʛʘ, ʧʨʠʥʷʪʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ɿʦʥʳ ʧʦ ʦʩʪʨʘʢʦʜʘʤ ʧʦ ʜʘʥʥʳʤ ʄ.ɸ. ʅʘʫʤʯʝʚʦʡ 

(Naumcheva, Golubev, 2020; ʌʝʪʠʩʦʚʘ ʠ ʜʨ., 2022). ɿʦʥʳ ʧʦ ʪʝʪʨʘʧʦʜʘʤ ʧʦ ʜʘʥʥʳʤ ɸ.ɻ. ʉʝʥʥʠʢʦʚʘ, 

ɺ.ʂ. ɻʦʣʫʙʝʚʘ (2017) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʟʦʥʳ Lystrosaurus georgi. ʇʦʣʷʨʥʦʩʪʴ ʚ ʧʝʨʝʭʦʜʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʦʪ ʧʝʨʤʠ ʢ ʪʨʠʘʩʫ ʧʦ ʨʘʙʦʪʘʤ (ʌʝʪʠʩʦʚʘ ʠ ʜʨ., 2018, 2022, 2024; Fetisova et al., 2019). ND ï ʩʣʦʠ ʩ 

ʥʝʜʫʙʨʦʚʩʢʦʡ ʙʠʦʪʦʡ ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʦʙʲʝʤʝ. * ï ʤʦʱʥʦʩʪʴ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ (ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ 

ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ..., 1984; ɻʨʘʥʠʮʘ ʧʝʨʤʠ..., 1998). 

 

ʂʨʘʩʥʦʮʚʝʪʥʳʝ ʚʳʭʦʜʳ ʧʦ ʪʝʯʝʥʠʶ ʨ. ɺʝʪʣʫʛʘ ʧʨʦʩʣʝʜʠʣ ʉ.ʅ. ʅʠʢʠʪʠʥ (1883). ʆʥ ʦʙʨʘʪʠʣ 

ʚʥʠʤʘʥʠʝ ʥʘ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʠ 

ʥʘ ʭʘʨʘʢʪʝʨʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʤʦʱʥʦʩʪʴʶ 0,2ï0,4 ʤ ʚ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʦʪʣʦʞʝʥʠʷʭ (ʜ. ʉʦʩʥʦʚʢʘ, ʜʨʫʛʠʝ 
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ʦʙʥʘʞʝʥʠʷ). ʊʝʤ ʩʘʤʳʤ ʉ.ʅ. ʅʠʢʠʪʠʥ ʦʧʨʝʜʝʣʠʣ ʛʣʘʚʥʳʡ ʧʨʠʥʮʠʧ ʨʘʩʯʣʝʥʝʥʠʷ ʧʦʩʪʢʘʟʘʥʩʢʠʭ 

ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʝʪʣʫʛʘ, ʢʦʪʦʨʳʡ ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʢʘʨʪʠʨʦʚʘʥʠʠ 

ʧʨʝʜʩʪʘʚʣʷʣʩʷ ʚʘʞʥʳʤ ʜʣʷ ʵʢʩʧʨʝʩʩʥʦʡ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʦʙʥʘʞʝʥʠʡ ʠ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʛʨʘʥʠʮʳ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ. 

ʉʚʝʜʝʥʠʷ ʦ ʤʝʩʪʥʳʭ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ (ʨʠʩ. 6) ʫʧʦʤʠʥʘʣʠʩʴ ʚ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ (ɹʣʦʤ, 1952; ʀʛʥʘʪʴʝʚ, 1956a, 1956ʙ, 1962). ɺ ʢʦʥʮʝ XX ʚ. ɺ.ʈ. 

ʃʦʟʦʚʩʢʠʡ ʠ ɻ.ʀ. ɹʣʦʤ ʩʦʩʪʘʚʠʣʠ ʠʭ ʨʘʟʨʝʟ ʠ ʧʨʠʚʝʣʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

(ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998). ʇʝʨʤʩʢʠʝ ʚʳʭʦʜʳ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʚʷʪʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ (ʧʦʟʞʝ ʷʨʫʩʫ). 

ɺ ʙʘʩʩʝʡʥʝ ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ɺʝʪʣʫʛʘ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʚ ʚʷʪʩʢʦʤ ʛʦʨʠʟʦʥʪʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ 

ʧʘʯʢʠ, ʧʦʣʫʯʠʚʰʠʝ ʩʦʙʩʪʚʝʥʥʳʝ ʥʘʟʚʘʥʠʷ (ʈʝʰʝʥʠʝ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦé, 1990) ï 

ʟʘʤʦʰʥʠʢʦʚʩʢʘʷ, ʣʫʧʪʶʛʩʢʘʷ, ʤʦʣʦʤʩʢʘʷ. ɺ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ɺʝʪʣʫʛʘ ʚʩʝ ʪʨʠ ʧʘʯʢʠ ʙʳʣʠ 

ʫʢʘʟʘʥʳ ʚ ʨʘʥʛʝ ʩʚʠʪ (ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʥʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ 

ʧʘʯʢʠ ʚʷʪʩʢʦʡ ʩʚʠʪʳ (Davydov et al., 2020), ʚʳʜʝʣʝʥʥʦʡ ʚ ʩʦʩʝʜʥʝʤ ʙʘʩʩʝʡʥʝ ʨ. ɺʷʪʢʘ (ʈʝʰʝʥʠʷ 

ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦé, 1965). ʊʘʢʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʧʨʠʥʷʪʘ ʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ʇʨʠ 

ʥʝʜʦʩʪʘʪʦʯʥʳʭ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʢʨʠʪʝʨʠʷʭ ʠʭ ʚʳʜʝʣʝʥʠʷ ʧʦʜʥʠʤʘʣʩʷ ʚʦʧʨʦʩ ʦ ʚʳʜʝʣʝʥʠʠ ʚ 

ʧʝʨʤʩʢʦʤ ʨʘʟʨʝʟʝ ʥʠʞʝ ʧʦʩ. ɺʦʩʢʨʝʩʝʥʩʢʦʝ ʩʦʙʩʪʚʝʥʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

(ʌʝʪʠʩʦʚ ʠ ʜʨ., 2024), ʥʝʨʝʰʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ɻʦʨʘʟʜʦ ʰʠʨʝ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʝʪʣʫʛʘ ʦʢʘʟʘʣʘʩʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʠʘʩʦʚʘʷ ʩʠʩʪʝʤʘ. ɽʱʝ ʉ.ʅ. 

ʅʠʢʠʪʠʥ (1883) ʦʙʥʘʨʫʞʠʣ ʚ ʧʝʩʢʘʭ ʠ ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʫ ʜ. ɹʦʣ. ʉʣʫʜʢʘ ʦʩʪʘʪʢʠ ʣʘʙʠʨʠʥʪʦʜʦʥʪʦʚ, 

ʬʨʘʛʤʝʥʪʳ ʯʝʰʫʡ, ʢʦʩʪʝʡ ʠ ʟʫʙʳ ʨʳʙ, ʦʧʠʩʘʥʥʳʝ ʢʘʢ Ceratodus wetlugae Nikitin. ʀʟ ʩʦʙʨʘʥʥʦʛʦ 

ʤʘʪʝʨʠʣʘ ʅ.ʅ. ʗʢʦʚʣʝʚ (1916) ʦʧʠʩʘʣ Rhinesuchus wolgodwinensis Yakovlev ï ʧʝʨʚʦʛʦ ʪʨʠʘʩʦʚʦʛʦ 

ʣʘʙʠʨʠʥʪʦʜʦʥʪʘ ɺɽʇ. ʇʦʟʜʥʝʝ ɸ.ʅ. ʈʷʙʠʥʠʥ (1930) ʦʧʠʩʘʣ ʠʟ ʙʘʩʩʝʡʥʘ ʨ. ɺʝʪʣʫʛʘ Wetlugasaurus 

angustifrons Riabinin. ɸʥʘʣʠʟ ʦʩʪʘʪʢʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʣʝʛʘʥʠʷ ʦʜʥʦʪʠʧʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦ-

ʧʝʩʯʘʥʳʭ ʢʦʩʪʝʥʦʩʥʳʭ ʧʦʨʦʜ ʧʦʟʚʦʣʠʣʠ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʝʪʣʫʛʘ ʪʨʠʘʩʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʥʘʭʦʜʢʠ ʚʥʦʚʴ ʧʦʜʥʷʣʠ ʜʠʩʢʫʩʩʠʶ ʦ ʛʨʘʥʠʮʝ ʧʝʨʤʩʢʦʡ ʠ ʪʨʠʘʩʦʚʦʡ 

ʩʠʩʪʝʤ ʥʘ ɺɽʇ. ʊʨʠʘʩʦʚʳʡ ʚʦʟʨʘʩʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʘʪʘʨʩʢʦʛʦ ʷʨʫʩʘ (ʚ ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ 

ʧʦʥʠʤʘʥʠʠ) ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʝʪʣʫʛʘ ʦʪʩʪʘʠʚʘʣ ʅ.ʅ. ʗʢʦʚʣʝʚ (1916). ʉʙʦʨʳ ʀ.ɸ. ɽʬʨʝʤʦʚʘ ʥʘ ʨ. 

ʐʘʨʞʝʥʛʘ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʖʛ (Efremov, 1929; 

ɹʳʩʪʨʦʚ, ɽʬʨʝʤʦʚ, 1940). ɸ.ʅ. ʄʘʟʘʨʦʚʠʯ (1928, 1934, 1939) ʦʙʦʙʱʠʣ ʥʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ. ʆʥ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʪʥʝʩ ʥʠʞʥʶʶ ʯʘʩʪʴ ʪʘʪʘʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʢ ʚʝʨʭʥʝʡ ʧʝʨʤʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ 

ʤʦʱʥʫʶ ʚʝʨʭʥʶʶ ï ʢ ʥʠʞʥʝʤʫ ʪʨʠʘʩʫ, ʠ ʧʨʝʜʣʦʞʠʣ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʝʨʤʠʥʘ çʪʘʪʘʨʩʢʠʡ ʷʨʫʩè ʢʘʢ 

ʫʩʪʘʨʝʚʰʝʛʦ, ʧʦʩʢʦʣʴʢʫ çʪʘʪʘʨʩʢʠʝè ʦʪʣʦʞʝʥʠʷ ʚ ʠʭ ʧʨʝʞʥʝʤ ʧʦʥʠʤʘʥʠʠ ʚʭʦʜʠʣʠ ʚ ʜʚʝ ʩʠʩʪʝʤʳ. 

ʊʝʨʤʠʥ çʪʘʪʘʨʩʢʠʡ ʷʨʫʩè ʩʦʭʨʘʥʠʣʩʷ ʜʣʷ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʊʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʩʪʘʣʠ 

ʘʩʩʦʮʠʠʨʦʚʘʪʴʩʷ ʩ ʚʝʪʣʫʞʩʢʠʤ ʷʨʫʩʦʤ, ʢʦʪʦʨʳʡ ʚ ʢʘʯʝʩʪʚʝ ʚʝʪʣʫʞʩʢʦʛʦ ʥʘʜʛʦʨʠʟʦʥʪʘ, ʚʝʪʣʫʞʩʢʦʡ 

ʩʝʨʠʠ ʧʨʦʯʥʦ ʚʦʰʝʣ ʚ ʣʠʪʝʨʘʪʫʨʫ (ʃʶʪʢʝʚʠʯ, 1939, 1955; ɽʬʨʝʤʦʚ, 1937; ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ 

ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 1984 ʠ ʜʨ.). 
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ɻʨʘʥʠʮʫ ʤʝʞʜʫ ʧʝʨʤʩʢʦʡ ʠ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤʘʤʠ ɸ.ʅ. ʄʘʟʘʨʦʚʠʯ (1939) ʧʨʦʚʦʜʠʣ ʧʦ 

ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʣʦʞʝʥʠʡ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʚ ɿʘʚʦʣʞʴʝ, ʛʜʝ 

ʥʘʙʣʶʜʘʣʘʩʴ ʦʪʯʝʪʣʠʚʘʷ ʩʤʝʥʘ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʧʝʩʯʘʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʛʘʣʝʯʥʠʢʘʤʠ ʫʨʘʣʴʩʢʠʭ 

ʧʦʨʦʜ. ʊʝʤ ʩʘʤʳʤ ʚ ʦʩʥʦʚʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʛʨʘʥʠʮʝ ʩʠʩʪʝʤ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ, ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʇʨʠʤʝʥʷʷ ʧʦʜʭʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʷ 

ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʧʦʨʦʜʳ ʢʘʢ ʧʨʠʟʥʘʢ ʨʝʛʨʝʩʩʠʠ, ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ ʚʙʣʠʟʠ 

ʛʨʘʥʠʮʳ ʧʝʨʤʩʢʦʡ ʠ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʘʧʨʠʦʨʠ ʩʠʥʭʨʦʥʥʳʤʠ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ 

ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʝʨʳʚ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʥʘ ʨʫʙʝʞʝ ʧʝʨʤʩʢʦʛʦ ʠ ʪʨʠʘʩʦʚʦʛʦ ʧʝʨʠʦʜʦʚ. 

ɻ.ʀ. ɹʣʦʤ ʠ ɺ.ʀ. ʀʛʥʘʪʴʝʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʚ ʙʘʩʩʝʡʥʝ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨʝʢ ɺʝʪʣʫʛʘ ʠ ɺʷʪʢʘ ʫ ʜʜ. ʇʫʪʷʪʠʥʦ ʠ ʈʷʙʠ (ʨ. ɺʷʪʢʘ) ʫʩʪʘʥʦʚʠʣʠ 

ʛʨʘʥʠʮʫ ʧʝʨʤʩʢʦʡ ʠ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤ ʧʦ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʊʨʠʘʩʦʚʳʡ ʚʦʟʨʘʩʪ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʢʦʥʭʦʩʪʨʘʢʘʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʠʟ ʥʠʞʥʝʛʦ 

ʪʨʠʘʩʘ ɺʝʨʭʥʝʛʦ ʇʦʚʦʣʞʴʷ (ɹʣʦʤ, ʀʛʥʘʪʴʝʚ, 1955), ʠʭ ʦʩʪʘʪʢʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠʟ ʢʦʥʛʣʦʤʝʨʘʪʦ-

ʧʝʩʯʘʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʟʘʣʝʛʘʚʰʝʛʦ ʩ ʨʘʟʤʳʚʦʤ ʥʘ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. 

ɻʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʄʉ ʧʝʩʯʘʥʳʭ 

ʪʨʠʘʩʦʚʳʭ ʧʦʨʦʜ. ɺ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʚʩʢʨʳʪʳʭ ʩʢʚʘʞʠʥʘʤʠ, ʚ ʠʥʪʝʨʚʘʣʝ 100 ï150 ʤ, 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʨʠʪʤʦʚ (ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 1984), ʚ ʠʭ ʦʩʥʦʚʘʥʠʠ 

ʟʘʣʝʛʘʣʠ ʢʦʥʛʣʦʤʝʨʘʪʦ-ʧʝʩʯʘʥʳʝ ʧʦʨʦʜʳ, ʚʳʰʝ ï ʛʣʠʥʠʩʪʳʝ. ʂʦʩʦʩʣʦʠʩʪʳʝ ʨʫʩʣʦʚʳʝ 

ʧʦʣʠʤʠʢʪʦʚʳʝ ʧʝʩʯʘʥʠʢʠ ʚʦ ʤʥʦʛʦʤ ʙʳʣʠ ʧʦʜʦʙʥʳ ʪʘʢʦʚʳʤ ʚ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʝ, ʥʦ ʚʩʪʨʝʯʘʣʠʩʴ 

ʛʦʨʘʟʜʦ ʯʘʱʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʤʩʢʠʭ ʧʝʩʯʘʥʳʭ ʣʠʥʟ ʩʭʦʞʝʛʦ ʩʦʩʪʘʚʘ ʪʨʠʘʩʦʚʳʝ ʧʝʩʢʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠʩʴ ʢʘʢ ʧʣʘʩʪʦʚʳʝ, ʧʨʦʩʪʠʨʘʚʰʠʝʩʷ ʥʘ ʜʝʩʷʪʢʠ ʢʠʣʦʤʝʪʨʦʚ.  

ɻ.ʀ. ɹʣʦʤ (1960, 1967, 1968, 1969, 1974) ʧʨʝʜʣʦʞʠʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʠʘʩʦʚʳʝ ʨʠʪʤʳ ʚ ʨʘʥʛʝ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʋ ʜʜ. ʇʫʪʷʪʠʥʦ ʠ ʈʷʙʠ ʥʘ ʨ. ɺʷʪʢʘ ʦʥ ʚʳʜʝʣʠʣ ʙʘʟʘʣʴʥʳʡ ʛʦʨʠʟʦʥʪ 

ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ ï ʨʷʙʠʥʩʢʠʡ. ʉʪʨʘʪʦʪʠʧʳ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʛʦʨʠʟʦʥʪʦʚ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʥʘ ʨ. 

ɺʝʪʣʫʛʘ. ɺ ʠʪʦʛʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʠʪʤʠʯʥʦʩʪʠ ʧʝʨʤʩʢʠʭ ʠ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩʪʘʣʠ 

ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘʭ. ɺ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʝ ʮʠʢʣʠʯʥʦʩʪʴ ʚʳʜʝʣʷʣʘʩʴ ʧʦ ʯʝʨʝʜʦʚʘʥʠ ʁ

ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʩʝʨʦʮʚʝʪʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʪʨʠʘʩʦʚʦʡ ï ʧʦ 

ʯʝʨʝʜʦʚʘʥʠ ʁʢʦʥʛʣʦʤʝʨʘʪʦ-ʧʝʩʯʘʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ. 

ɺ ʜʦʣʠʥʝ ʨ. ɺʝʪʣʫʛʘ ʨʘʟʨʦʟʥʝʥʥʳʝ ʢʦʨʝʥʥʳʝ ʚʳʭʦʜʳ ʥʝ ʧʦʟʚʦʣʷʣʠ ʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʷʩʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (ʨʠʩ. 6). ʄʝʞʜʫ ʪʝʤ ʢʦʤʧʣʝʢʩ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʡ ʚʦ ʚʨʝʤʷ ʙʫʨʦʚʳʭ 

 

Ÿ 

ʈʠʩ. 6. ʂʦʨʨʝʣʷʮʠʷ ʧʝʨʤʩʢʠʭ ʠ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʜʦʣʠʥʝ ʨ. ɺʝʪʣʫʛʘ (ɺʝʪʣʫʞʩʢʘʷ 

ʛʨʫʧʧʘ ʦʙʥʘʞʝʥʠʡ) ʧʦ ʜʘʥʥʳʤ (ɻʨʘʥʠʮʘ ʧʝʨʤʠ..., 1998; ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʘʳʝé, 

1984) ʩ ʫʪʦʯʥʝʥʠʷʤʠ ʘʚʪʦʨʘ. ʊʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ï ʪ.ʥ., ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ. 3. 

ʇʦʣʷʨʥʦʩʪʴ: ʘ ï ʥʦʨʤʘʣʴʥʘʷ, ʙ ï ʦʙʨʘʪʥʘʷ, ʚ ï ʘʥʦʤʘʣʴʥʘʷ ʩ ʥʠʟʢʠʤ ʥʘʢʣʦʥʝʥʠʝʤ. ND ï ʩʣʦʠ ʩ 

ʥʝʜʫʙʨʦʚʩʢʦʡ ʙʠʦʪʦʡ, ɺʫʯ. ï ʚʫʯʘʧʠʥʩʢʠʡ, ɹʳʢ. ï ɹʳʢʦʚʩʢʠʡ, * ï ʤʦʱʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ 

ʩʢʚʘʞʠʥ (ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ..., 1984; ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998). ʇʦʩʣʝʜʥʠʤ ʨʠʪʤ 

ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ ʫʩʣʦʚʥʦ ʦʪʥʝʩʝʥ ʢ ʟʘʧʣʘʚʥʝʥʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ.
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ну 
 

ʨʘʙʦʪ, ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʦʙʱʠʡ ʧʨʦʬʠʣʴ ʠ ʧʨʠʚʷʟʘʪʴ ʢ ʥʝʤʫ ʦʪʜʝʣʴʥʳʝ ʦʙʥʘʞʝʥʠʷ 

(ɹʣʦʤ, 1960, 1967, 1968, 1969, 1974). ɺ ʠʪʦʛʝ ʨʝʛʠʦʥʘʣʴʥʘʷ ʪʨʠʘʩʦʚʘʷ ʰʢʘʣʘ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʨʠʪʤʠʯʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʠ, ʭʦʪʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ 

ʧʦʨʦʜ ʚ ʦʩʥʦʚʘʥʠʠ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʥʘʭʦʜʢʘʤʠ ʪʨʠʘʩʦʚʦʡ ʙʠʦʪʳ, 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʥʘ ʫʯʠʪʳʚʘʣʘ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. 

ɻ.ʀ. ɹʣʦʤ ʧʳʪʘʣʩʷ ʦʪʦʡʪʠ ʦʪ ʨʠʪʤʠʯʥʦʩʪʠ ʢʘʢ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʛʦ ʬʘʢʪʦʨʘ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʩʪʨʘʪʠʛʨʘʬʠʠ ʠ ʩʪʘʨʘʣʩʷ ʧʨʠʚʣʝʢʘʪʴ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 

ʠʟʦʭʨʦʥʥʦʩʪʠ ʚʳʜʝʣʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʚʢʣʘʜʦʤ ʚ ʠʟʫʯʝʥʠʝ ʠʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ɺɽʇ ʩʪʘʣʘ ʥʘʭʦʜʢʘ Tupilakosaurus wetlugensis Shishkin (ʐʠʰʢʠʥ, 1961). ʃʘʙʠʨʠʥʪʦʜʦʥʪʳ 

Tupilakosaurus ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʚ ʥʠʞʥʠʭ ʘʤʤʦʥʠʪʦʚʳʭ ʟʦʥʘʭ ʪʨʠʘʩʘ ɺʦʩʪʦʯʥʦʡ 

ɻʨʝʥʣʘʥʜʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ Otoceras boreale (Nielsen, 1954, Bjerager et al., 2006). ʆʪʢʨʳʪʠʝ ʠʭ ʥʘ 

ʈʫʩʩʢʦʡ ʧʣʠʪʝ ʧʦʟʚʦʣʠʣʦ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʠʥʜʩʢʠʡ ʷʨʫʩ ɺɽʇ ʩ ʙʦʨʝʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ɸʨʢʪʠʢʠ 

(ʃʦʟʦʚʩʢʠʡ, 1983). ʆʩʪʘʪʢʠ Tupilakosaurus sp. ʙʳʣʠ ʥʘʡʜʝʥʳ ʠ ʚ ʧʦʜʦʰʚʝ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʫ 

ʜ. ʈʷʙʠ (ɹʣʦʤ, 1968). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʚ ʩʭʝʤʝ ɻ.ʀ. ɹʣʦʤʘ ʦʩʪʘʚʘʣʘʩʴ ʚ 

ʧʨʠʦʨʠʪʝʪʝ.  

ʈʠʪʤʠʯʥʦʩʪʴ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʛʣʘʩʦʚʘʣ ʩ ʵʪʘʧʘʤʠ ʵʚʦʣʶʮʠʠ ʙʠʦʪʳ ɺ.ʈ. ʃʦʟʦʚʩʢʠʡ 

(1967). ʀʩʧʦʣʴʟʫʷ ʥʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʵʚʦʣʶʮʠʠ ʪʝʪʨʘʧʦʜ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʘʪʝʨʠʘʣʳ ʀ.ɸ. 

ɽʬʨʝʤʦʚʘ, ʄ.ɸ. ʐʠʰʢʠʥʘ, ɺ.ɻ. ʆʯʝʚʘ, ʦʥ ʧʨʝʜʣʦʞʠʣ ʥʦʚʫʶ ʩʭʝʤʫ ʨʘʩʯʣʝʥʝʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʪʨʠʘʩʘ. ɿʘ ʦʩʥʦʚʫ ʟʦʥʘʣʴʥʦʡ ʰʢʘʣʳ ʙʳʣʘ ʧʨʠʥʷʪʘ ʩʤʝʥʘ ʢʦʤʧʣʝʢʩʦʚ ʪʝʪʨʘʧʦʜ, ʢʦʪʦʨʘʷ 

ʜʦʧʦʣʥʷʣʠʩʴ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ, ʜʘʥʥʳʤʠ ʧʦ ʦʩʪʨʘʢʦʜʘʤ, ʨʳʙʘʤ, ʩʧʦʨʘʤ ʠ ʧʳʣʴʮʝ. 

ʇʦʩʣʝ ʫʪʦʯʥʝʥʠʡ ʧʨʝʜʣʦʞʝʥʠʷ ɺ.ʈ. ʃʦʟʦʚʩʢʦʛʦ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ 

ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʮʝʥʪʨʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʉʉʉʈ (ʈʝʰʝʥʠʷ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ é, 1982).ɺ 

ʠʪʦʛʝ ʚ ʪʨʠʘʩʝ ɺɽʇ ʙʳʣʠ ʫʪʚʝʨʞʜʝʥʳ ʯʝʪʳʨʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘ, ʚʳʜʝʣʝʥʥʳʝ ʧʦ 

ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ: (ʩʥʠʟʫ ï ʚʚʝʨʭ) ʚʦʭʤʠʥʩʢʠʡ, ʨʳʙʠʥʩʢʠʡ, ʩʣʫʜʢʠʥʩʢʠʡ ʠ 

ʷʨʝʥʩʢʠʡ. ʉʪʨʘʪʦʪʠʧʳ ʚʦʭʤʠʥʩʢʦʛʦ ʠ ʩʣʫʜʢʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʙʳʣʠ ʫʢʘʟʘʥʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. 

ɺʝʪʣʫʛʘ. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʄʉ ʚʦʭʤʠʥʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʚʦʭʤʠʥʩʢʘʷ ʩʚʠʪʘ, 

ʨʳʙʠʥʩʢʦʤʫ ï ʰʠʣʠʭʠʥʩʢʘʷ, ʩʣʫʜʢʠʥʩʢʦʤʫ ï ʩʣʫʜʢʠʥʩʢʘʷ. ʉʪʨʘʪʦʪʠʧʳ ʩʚʠʪ ʪʘʢʞʝ ʙʳʣʠ ʫʢʘʟʘʥʳ 

ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʝʪʣʫʛʘ. ʅʝʩʢʦʣʴʢʦ ʨʠʪʤʦʚ ɻ.ʀ. ɹʣʦʤʘ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʚʦʭʤʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ ʠ 

ʚʦʰʣʠ ʚ ʨʘʥʛʝ ʩʣʦʝʚ ʚ ʚʦʭʤʠʥʩʢʫʶ ʩʚʠʪʫ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʥʛʝ ʧʘʯʝʢ). ʊʨʠʘʩʦʚʘʷ ʩʠʩʪʝʤʘ 

ʥʘʯʠʥʘʣʘʩʴ ʩ ʨʷʙʠʥʩʢʠʭ ʩʣʦʝʚ (ʥʳʥʝ ʧʘʯʢʘ) ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ. ɺ ʠʭ ʧʦʜʦʰʚʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʳʝ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩ Tupilakosaurus sp., ʯʪʦ ʦʪʚʝʯʘʣʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʟʘʣʝʛʘʥʠʠ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʛʣʫʙʦʢʠʤ ʨʘʟʤʳʚʦʤ ʥʘ ʧʝʨʤʩʢʠʭ ʧʦʨʦʜʘʭ. 

ɼʚʘ (ʚ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʭ ʨʘʟʨʝʟʘʭ ʪʨʠ) ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʠʪʤʘ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʢʨʘʩʥʦʙʘʢʦʚʩʢʠʝ ʩʣʦʠ (ʥʳʥʝ ʚʝʨʭʥʷʷ ʧʦʜʩʚʠʪʘ) ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ.  

ɻʨʘʥʠʮʳ ʛʦʨʠʟʦʥʪʦʚ ʠ ʩʚʠʪ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ɺ.ʈ. ʃʦʟʦʚʩʢʦʛʦ ʩʦʚʧʘʜʘʣʠ ʩ ʛʨʘʥʠʮʘʤʠ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʨʠʪʤʦʚ. ʆʩʪʘʪʢʠ ʧʦʟʚʦʥʦʯʥʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʪʨʝʯʘʣʠʩʴ ʚ ʨʫʩʣʦʚʳʭ 

ʢʦʥʛʣʦʤʝʨʘʪʦ-ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʘ ʥʝ ʚ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜʘʭ, ʢʦʪʦʨʳʝ ɺ.ʈ. ʃʦʟʦʚʩʢʠʡ ʦʪʥʦʩʠʣ 
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ʢ ʧʦʡʤʝʥʥʳʤ ʠ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʤ ʬʘʮʠʷʤ, ʥʦʚʘʷ ʬʘʫʥʘ ʚ ʦʩʥʦʚʥʦʤ ʚʩʪʨʝʯʘʣʘʩʴ ʚ ʧʦʜʦʰʚʘʭ 

ʮʠʢʣʠʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʭʝʤʘ ɺ.ʈ. ʃʦʟʦʚʩʢʦʛʦ ʫʯʠʪʳʚʘʣʘ ʨʠʪʤʳ ɻ.ʀ. ɹʣʦʤʘ. 

ɺʦʭʤʠʥʩʢʠʡ, ʨʳʙʠʥʩʢʠʡ ʠ ʩʣʫʜʢʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪʳ ʦʙʲʝʜʠʥʷʣʠʩʴ ʚ ʚʝʪʣʫʞʩʢʫʶ ʩʝʨʠʶ 

(ʥʘʜʛʦʨʠʟʦʥʪ) ʩ ʛʠʧʦʩʪʨʘʪʦʪʠʧʦʤ ʚ ʜʦʣʠʥʝ ʨ. ɺʝʪʣʫʛʘ. ɺʦʭʤʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ ʩʦʧʦʩʪʘʚʣʷʣʩʷ ʩ 

ʠʥʜʩʢʠʤ ʷʨʫʩʦʤ (ʃʦʟʦʚʩʢʠʡ, 1983), ʢʦʪʦʨʳʡ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʝʪʣʫʛʘ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ. ɺʳʰʝʣʝʞʘʱʠʝ ʛʦʨʠʟʦʥʪʳ ʢʦʨʨʝʣʠʨʦʚʘʣʠʩʴ ʩ ʦʣʝʥʝʢʩʢʠʤ ʷʨʫʩʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʜʥʳʡ 

ɺʝʪʣʫʞʩʢʠʡ ʨʘʟʨʝʟ ʩʪʘʣ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʤ ʜʣʷ ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ɺɽʇ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʛʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʣʫʯʠʣʘ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. ɺ 

ʫʪʦʯʥʝʥʥʦʤ ʚʠʜʝ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʋʪʦʯʥʝʥʥʘʷ ʩʫʙʨʝʛʠʦʥʘʣʴʥʘʷé, 2011). 

ʅʘʧʨʠʤʝʨ, ʤʝʞʜʫ ʚʦʭʤʠʥʩʢʠʤ ʠ ʨʳʙʠʥʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤʠ ʚʳʜʝʣʝʥ ʟʘʧʣʘʚʥʝʥʩʢʠʡ ʛʦʨʠʟʦʥʪ 

(ʅʦʚʠʢʦʚ ʠ ʜʨ., 2016), ʦʪʚʝʯʘʶʱʠʡ ʚʝʨʭʥʝʤʫ ʠʥʜʩʢʦʤʫ ʧʦʜʲʷʨʫʩʫ. ʇʦ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ ʢ 

ʟʘʧʣʘʚʥʝʥʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ ʤʦʞʝʪ ʦʪʥʦʩʠʪʴʩʷ ʧʦʩʣʝʜʥʠʡ ʨʠʪʤ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ, ʚʩʢʨʳʪʳʡ ʚ 

ʦʙʥʘʞʝʥʠʠ ɸʥʠʩʠʤʦʚʦ (ʃʦʟʦʚʩʢʠʡ ʠ ʜʨ., 2015; ʅʦʚʠʢʦʚ ʠ ʜʨ., 2016) ʚ ʜʦʣʠʥʝ ʨ. ɺʝʪʣʫʛʘ ʠ ʠʥʜʩʢʘʷ 

ʯʘʩʪʴ ʦʙʥʘʞʝʥʠʷ ɺʘʭʥʝʚʦ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʖʛ. 

ʀʟ ʜʦʣʠʥʳ ʨ. ɺʝʪʣʫʛʘ ʧʦʤʠʤʦ ʪʘʢʩʦʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʥʘʯʘʣʝ XX ʚ., ʦʧʠʩʘʥʳ ʪʘʢʞʝ ʠʥʜʩʢʠʝ 

ʨʘʩʪʝʥʠʷ (Naugolnykh, 2012), ʢʦʥʭʦʩʪʨʘʢʠ (ʅʦʚʦʞʠʣʦʚ, 1970), ʨʳʙʳ (ʉʝʣʝʟʥʝʚʘ, ʃʦʟʦʚʩʢʠʡ, 1986; 

ɸ. ʄʠʥʠʭ, 1985), ʪʝʪʨʘʧʦʜʳ (ʐʠʰʢʠʥ, 1961; ʐʠʰʢʠʥ, ʅʦʚʠʢʦʚ, 1992; ʊʘʪʘʨʠʥʦʚ, 1978; ʏʫʜʠʥʦʚ, 

ɺʴʶʰʢʦʚ, 1956, ʀʚʘʭʥʝʥʢʦ, 1979; ʉʝʥʥʠʢʦʚ, 1992, ʂʘʣʘʥʜʘʜʟʝ, 1975). ʅʘʭʦʜʢʘ ʘʚʪʦʨʘ ï ʯʝʨʝʧ 

ʧʝʨʤʩʢʦʛʦ ʜʠʮʠʥʦʜʦʥʪʘ Delectosaurus arefievi Kurkin (ʂʫʨʢʠʥ, 2001), ʧʨʝʪʝʥʜʫʝʪ ʥʘ çʟʚʘʥʠʝè 

ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʚʰʝʛʦʩʷ ʯʝʨʝʧʘ ʠʟ ʢʦʛʜʘ-ʣʠʙʦ ʥʘʡʜʝʥʥʳʭ ʥʝ-ʤʘʤʤʘʣʴʥʳʭ ʪʝʨʘʧʩʠʜ ʚ 

ʤʠʨʝ. ʅʦʚʳʝ ʪʘʢʩʦʥʳ ʧʦʢʘʟʘʣʠ ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʧʦʩʪʢʨʠʟʠʩʥʫʶ ʙʠʦʪʫ ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʢʫʜʦʩʪʴ ʵʢʦʩʠʩʪʝʤʳ, ʧʝʨʝʞʠʚʰʝʡ ʧʠʢ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʚʳʤʠʨʘʥʠʷ. 

 

2.1.3. ʇʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʧʝʨʤʠ-ʪʨʠʘʩʘ ʥʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʝ 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠ ̫ ʟʘʩʣʫʞʠʚʘʝʪ ʚʦʧʨʦʩ ʛʨʘʥʠʮʳ ʧʝʨʤʩʢʦʡ ʠ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤ ʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʄʉ. 

ɻʨʘʥʠʮʘ ʧʝʨʤʩʢʦʡ ʠ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤ ʧʦʩʣʝ ʥʘʭʦʜʦʢ Tupilakosaurus sp. ʥʘ ɺɽʇ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʥʘ ʨ. ɺʝʪʣʫʛʘ ʚ ʧʦʜʦʰʚʝ ʢʨʫʧʥʦʛʦ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʚʨʝʟʘ ʚ ʦʙʥʘʞʝʥʠʠ ɿʥʘʤʝʥʩʢʦʝ (ɹʣʦʤ, 

1969, 1974; ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 1984; ʨʠʩ. 6). ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʳʭ 

ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʨʷʙʠʥʩʢʠʭ ʩʣʦʝʚ (ʩʝʡʯʘʩ ʧʘʯʢʘ) ʟʜʝʩʴ ʙʳʣʠ ʩʦʙʨʘʥʳ 

Tupilakosaurus sp. ɺ ʚʳʰʝʣʝʞʘʱʠʭ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʩʪʨʝʯʝʥʳ ʦʩʪʨʘʢʦʜʳ 

ʢʦʤʧʣʝʢʩʘ Darwinula mera ï Gerdalia variabilis, ʩʯʠʪʘʚʰʝʛʦʩʷ ʠʥʜʩʢʠʤ, ʠʭ ʥʘʭʦʜʢʠ ʥʘʨʷʜʫ ʩ 

ʪʫʧʠʣʷʢʦʟʘʚʨʘʤʠ ʩʪʘʣʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʝʨʚʳʡ ï ʚʦʭʤʠʥʩʢʠʡ, ʛʦʨʠʟʦʥʪ ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ (ʈʝʰʝʥʠʷ 

ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦé, 1982). ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʟʘʣʝʛʘʶʪ ʩ ʨʘʟʤʳʚʦʤ ʥʘ 

ʧʦʨʦʜʘʭ ʚʷʪʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʩʝʡʯʘʩ ʷʨʫʩ), ʦʪʩʶʜʘ ʚʦʧʨʦʩ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤʳ 

ʩʚʦʜʠʣʩʷ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʜʣʠʪʝʣʴʥʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʳʚʘ ʠ ï ʚ ʠʜʝʘʣʝ ï ʢ ʟʘʜʘʯʝ ʥʘʭʦʞʜʝʥʠʷ 

ʚ ʚʳʰʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʷʭ ʠʥʜʩʢʦʡ ʙʠʦʪʳ. 
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʪʨʘʪʦʥʳ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʠʣʠ ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʣʘʢʫʥʫ ʤʝʞʜʫ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʝʨʤʩʢʠʤʠ (ʚʷʪʩʢʠʤʠ) ʠ ʪʨʠʘʩʦʚʳʤʠ 

(ʠʥʜʩʢʠʤʠ) ʦʪʣʦʞʝʥʠʷʤʠ. 

1. ʅʘ ʨ. ɺʝʪʣʫʛʘ ʚ ʦʩʥʦʚʘʥʠʠ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ ʥʠʞʝ ʨʷʙʠʥʩʢʠʭ ʩʣʦʝʚ ʚʳʜʝʣʝʥʳ 

ʘʩʪʘʰʠʭʠʥʩʢʠʝ ʩʣʦʠ (ʥʳʥʝ ʧʘʯʢʘ), ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʚʳʡ ʨʠʪʤ ʚ ʪʨʠʘʩʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʄʉ (ʃʦʟʦʚʩʢʠʡ, 1983). ɺ ʦʙʥʘʞʝʥʠʠ ɸʩʪʘʰʠʭʘ ʦʧʨʝʜʝʣʝʥʳ ʦʩʪʨʘʢʦʜʳ ʢʦʤʧʣʝʢʩʘ 

Darwinula mera ï Gerdalia variabilis, ʩʯʠʪʘʚʰʠʝʩʷ ʠʥʜʩʢʠʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʩʠʥʭʨʦʥʥʦʛʦ ʦʙʥʘʞʝʥʠʷ ʇʨʫʜʦʚʢʘ ʧʦʟʞʝ ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʤʩʢʠʝ ʚʠʜʳ ʨʦʜʦʚ Suchonellina, 

Wjatkellina, ʨʝʞʝ Suchonella, Gerdalia(?), ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ Darwinula mera ï 

Gerdalia variabilis, (ɸʨʝʬʴʝʚ ʠ ʜʨ., 2017; ʦʧʨʝʜʝʣʝʥʠʷ ʄ.ɸ. ʅʘʫʤʯʝʚʦʡ). ɺ ʦʙʥʘʞʝʥʠʠ ɸʩʪʘʰʠʭʘ 

ʥʝʠʟʚʝʩʪʥʳ Tupilakosaurus sp. ʠ ʚʩʪʨʝʯʝʥ ʩʢʝʣʝʪ ʜʠʮʠʥʦʜʦʥʪʘ Lysrtrosaurus georgi Kalandadze 

(ʂʘʣʘʥʜʘʜʟʝ, 1975) ï ʤʘʨʢʝʨ ʟʦʥʳ Lysrtrosaurus georgi ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ɻʦʥʜʚʘʥʳ, ʥʘʯʠʥʘʶʱʝʡʩʷ 

ʚ ʧʝʨʤʩʢʦʝ ʚʨʝʤʷ (Gastaldo et al., 2015, 2020), ʧʝʨʝʩʝʢʘʶʱʝʡ ʛʨʘʥʠʮʫ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʛʦʜʳ ʫʪʦʯʥʝʥʘ ʧʘʣʝʦʤʘʛʥʠʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʩʪʥʳʭ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ (ʌʝʪʠʩʦʚ ʠ ʜʨ., 2020, 2023, 2024; Fetisova et al., 2022). ɸʩʪʘʰʠʭʠʥʩʢʘʷ ʧʘʯʢʘ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʦʨʪʦʟʦʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ N3P-T (ʨʘʥʝʝ N1T1, ʧʦ (ʃʦʟʦʚʩʢʠʡ ʠ ʜʨ., 

2016)), ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ ʛʨʘʥʠʮʘ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ. ʊʦʛʜʘ ʢʘʢ ʚ ʥʠʞʝʣʝʞʘʱʝʡ ʤʦʣʦʤʩʢʦʡ 

ʧʘʯʢʝ ʚʳʷʚʣʝʥʘ ʟʦʥʘ ʩ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤʠ ʥʘʢʣʦʥʝʥʠʷʤʠ a1r3RnP, ʘʥʘʣʦʛʠʯʥʘʷ ʧʦʜʦʙʥʦʡ ʟʦʥʝ ʚ 

ʦʙʥʘʞʝʥʠʠ ɹʘʣʝʙʠʭʘ ʥʘ ʨ. ʄʘʣ. ʉʝʚ. ɼʚʠʥʘ (Fetisova et al., 2019).  

2. ʅʘ ʨ. ʂʠʯʤʝʥʛʘ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʖʛ ɺ.ʈ. ʃʦʟʦʚʩʢʠʡ ʦʧʠʩʘʣ ʥʝʜʫʙʨʦʚʩʢʠʝ ʩʣʦʠ (ʩʝʡʯʘʩ ʧʘʯʢʘ), 

(ʃʦʟʦʚʩʢʠʡ ʠ ʜʨ., 2001, 2014, 2016; ʃʦʟʦʚʩʢʠʡ, 2013), ʢʦʪʦʨʳʝ ʦʪʥʝʩ ʢ ʙʘʟʘʣʴʥʦʤʫ ʫʨʦʚʥʶ 

ʚʦʭʤʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ, ʩʯʠʪʘʷ ʠʭ ʙʦʣʝʝ ʜʨʝʚʥʠʤʠ, ʯʝʤ ʘʩʪʘʰʠʭʠʥʩʢʠʝ. 

ʆʙʝʜʥʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʦʩʪʨʘʢʦʜ ʠʟ ʦʙʥʘʞʝʥʠʷ ʅʝʜʫʙʨʦʚʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʪʚʝʯʘʝʪ ʟʦʥʝ Darwinula 

mera ï Gerdalia variabilis, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʠʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʄ.ɸ. ʅʘʫʤʯʝʚʘ ʚʳʜʝʣʠʣʘ ʚ 

ʅʝʜʫʙʨʦʚʦ ʩʣʦʠ ʩ Gerdalia longa ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ Darwinula mera ï Gerdalia variabilis, ʫʢʘʟʘʚ, 

ʯʪʦ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʣʦʤʢʘʤʠ ʩʪʚʦʨʦʢ ʠ ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ 

ʨʘʢʦʚʠʥʘʤʠ (ʅʘʫʤʯʝʚʘ, 2020; ʌʝʪʠʩʦʚʘ ʠ ʜʨ., 2022). ʀʟ ʅʝʜʫʙʨʦʚʦ ʦʧʠʩʘʥ ʩʚʦʝʦʙʨʘʟʥʳʡ 

ʧʘʣʠʥʦʢʦʤʧʣʝʢʩ (Afonin, 2000; Foster, Afonin, 2005), ʬʣʦʨʘ, ʧʝʨʝʭʦʜʥʘʷ ʤʝʞʜʫ ʧʝʨʤʩʢʠʤʠ ʠ 

ʪʨʠʘʩʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (Krassilov et al., 1999; Karasev, 2007, 2009), ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʘʩʝʢʦʤʳʝ 

(Novokshonov et al., 2004; Ponomarenko, 2004; ɸʨʠʩʪʦʚ, 2011; ʇʦʥʦʤʘʨʝʥʢʦ, 2015). ʇʨʠ ʵʪʦʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʙʥʘʞʝʥʠʠ ʅʝʜʫʙʨʦʚʦ ʪʫʧʠʣʷʢʦʟʘʚʨʦʚʘʷ ʬʘʫʥʘ ʥʝ ʦʙʥʘʨʫʞʝʥʘ. Tupilakosaurus 

sp. ʠʟʚʝʩʪʥʳ ʚ ʩʦʩʝʜʥʝʤ ʦʙʥʘʞʝʥʠʠ ʂʫʟʴʤʠʥʦ (ʃʦʟʦʚʩʢʠʡ ʠ ʜʨ., 2016) ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʚ ʚʳʰʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ (ɹʣʦʤ, 1968; 

ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 1984; ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998). ʅʝʜʫʙʨʦʚʩʢʘʷ ʧʘʯʢʘ ʚʦ ʚʩʝʤ 

ʝʝ ʠʥʪʝʨʚʘʣʝ ʦʪʥʦʩʠʪʩʷ ʢ ʘʥʦʤʘʣʴʥʦʡ ʧʘʣʝʦʤʘʛʥʠʪʥʦʡ ʧʦʜʟʦʥʝ (ʌʝʪʠʩʦʚʘ ʠ ʜʨ., 2018 ʩ 

ʫʪʦʯʥʝʥʠʷʤʠ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʥʷʪʘ ʠʥʜʝʢʩʘʮʠʷ a1N3P-T), ʨʘʥʝʝ ʩʯʠʪʘʚʰʝʡʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

(R0T, ʃʦʟʦʚʩʢʠʡ ʠ ʜʨ., 2014). ɸʥʦʤʘʣʴʥʦ ʥʠʟʢʦʝ ʥʘʢʣʦʥʝʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʦʨʦʜʳ 



ом 
 

ʥʘʢʦʧʠʣʠʩʴ ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʦʛʦ ʵʢʚʘʪʦʨʘ.  

ʇʦʣʥʳʭ ʘʥʘʣʦʛʦʚ ʥʝʜʫʙʨʦʚʩʢʦʡ ʧʘʯʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʉ ʥʝʪ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘʷ ʧʦ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʘʩʪʘʰʠʭʠʥʩʢʘʷ ʧʘʯʢʘ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʝʪʣʫʛʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ 

ʥʦʨʤʘʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʦʨʪʦʟʦʥʝ N3P-T (ʌʝʪʠʩʦʚ ʠ ʜʨ., 2024). ʇʦʜʟʦʥʘ ʩ 

ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤ ʥʘʢʣʦʥʝʥʠʝʤ a1r3RnP, ʧʦʜʦʙʥʘʷ ʥʝʜʫʙʨʦʚʩʢʦʡ, ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʚ ʦʙʥʘʞʝʥʠʠ ɹʘʣʝʙʠʭʘ ʥʘ ʨ. ʄʘʣ. ʉʝʚ. ɼʚʠʥʘ (Fetisova et al., 2019, ʠʥʜʝʢʩʘʮʠʷ ʧʦ (ʌʝʪʠʩʦʚʘ ʠ ʜʨ., 

2024)), ʥʦ ʥʘ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʯʝʤ ʚ ʅʝʜʫʙʨʦʚʦ. ʇʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ ʥʘ 

ʨʫʙʝʞʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʄʉ ʧʦʜʦʙʥʳʭ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʟʦʥ ʚʳʜʝʣʝʥʦ ʤʠʥʠʤʫʤ ʜʚʝ (ʌʝʪʠʩʦʚʘ ʠ 

ʜʨ., 2022). 

3. ɺ ʙʘʩʩʝʡʥʝ ʨ. ʂʣʷʟʴʤʘ ʤʝʞʜʫ ʚʷʪʩʢʠʤʠ (ʥʝʬʸʜʦʚʩʢʠʤʠ) ʠ ʠʥʜʩʢʠʤʠ (ʚʦʭʤʠʥʩʢʠʤʠ) 

ʦʪʣʦʞʝʥʠʷʤʠ ʚʳʜʝʣʝʥ ʧʝʨʝʭʦʜʥʳʡ ʠʥʪʝʨʚʘʣ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʘʩʩʦʮʠʠʨʦʚʘʪʴʩʷ ʩ ʚʷʟʥʠʢʦʚʩʢʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʪʝʪʨʘʧʦʜ Archosaurus rossicus (ʉʝʥʥʠʢʦʚ, ɻʦʣʫʙʝʚ, 2017). ʅʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʛʦʨʠʟʦʥʪ ʚʷʪʩʢʦʛʦ ʷʨʫʩʘ ï ʞʫʢʦʚʩʢʠʡ, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʡ ʩʦʙʩʪʚʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʦʩʪʨʘʢʦʜ Suchonellina perelubica ï Suchonella rycovi 

ï Suchonella posttypica (Naumcheva, Golubev, 2020). ʂ ʞʫʢʦʚʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ ʦʪʦʰʣʠ 

ʢʦʥʛʣʦʤʝʨʘʪʦ-ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʦʱʥʦʛʦ ʨʫʩʣʦʚʦʛʦ ʚʨʝʟʘ ʚ ʨʘʡʦʥʝ ʛ. ɻʦʨʦʭʦʚʝʮ (ɾʫʢʦʚ ʦʚʨʘʛ), 

ʩʯʠʪʘʚʰʠʝʩʷ ʧʨʝʞʜʝ ʪʨʠʘʩʦʚʳʤʠ (ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 1984). ʉʫʜʷ ʧʦ 

ʘʥʦʤʘʣʴʥʦʡ ʧʘʣʝʦʤʘʛʥʠʪʥʦʡ ʧʦʜʟʦʥʝ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʞʫʢʦʚʩʢʦʤ ʛʦʨʠʟʦʥʪʝ ʚ ʙʘʩʩʝʡʥʝ ʨ. 

ʂʣʷʟʴʤʘ (ʌʝʪʠʩʦʚʘ ʠ ʜʨ., 2022) ʠ ʧʦ ʩʠʥʭʨʦʥʥʦʡ ʘʥʦʤʘʣʴʥʦʡ ʧʦʜʟʦʥʝ a1r3RnP, ʚʳʷʚʣʝʥʥʦʡ ʚ 

ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʉʫʭʦʥʘ ï ʖʛ ï ʉʝʚ. ɼʚʠʥʘ, ʘ ʪʘʢʞʝ ʚ ʜʦʣʠʥʝ ʨ. ɺʝʪʣʫʛʘ (ʌʝʪʠʩʦʚʘ ʠ ʜʨ., 2024), ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʄʉ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʞʫʢʦʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʦʣʥʠʣʘ ʧʨʝʜʧʦʣʘʛʘʚʰʫʶʩʷ ʣʘʢʫʥʫ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ 

ʩʠʩʪʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʠ ʦʩʪʨʘʢʦʜʳ (Naumcheva, Golubev, 2020), ʥʠ ʪʝʪʨʘʧʦʜʳ (ʉʝʥʥʠʢʦʚ, 

ɻʦʣʫʙʝʚ, 2017) ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʝʨʝʨʳʚʦʚ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʨʘʟʚʠʪʠʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʭʠʘʪʫʩʘ ʥʘ ʛʨʘʥʠʮʝ ʩʠʩʪʝʤ. 

ɺ 2001 ʛ. ʚ ʢʘʯʝʩʪʚʝ GSSP ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʪʨʠʘʩʘ ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʨʘʟʨʝʟ ʄʝʡʰʘʥʴ ʧʦ 

ʧʦʷʚʣʝʥʠʶ ʢʦʥʦʜʦʥʪʦʚ Hindeodus parvus (Kozur et Pjatakova) (Yin et al., 2001). ɺʦʧʨʦʩ ʧʦʣʦʞʝʥʠʷ 

ʛʨʘʥʠʮʳ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺɽʇ ʩʚʝʣʩʷ ʢ ʢʦʨʨʝʣʷʮʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʛʨʘʥʠʯʥʳʭ 

ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʣʠʤʠʪʦʪʠʧʦʤ ʚ ʤʦʨʩʢʠʭ ʨʘʟʨʝʟʘʭ. ʄʝʞʜʫ ʪʝʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʧʨʷʤʳʭ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ, ʧʦʤʦʛʘʶʱʠʭ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʨʘʟʨʝʟʳ 

ʩ ʤʦʨʩʢʠʤ ʩʪʨʘʪʦʪʠʧʦʤ, ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʥʘ ɺɽʇ ʦʩʪʘʣʦʩʴ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ. 

 

2.2. ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.2.1. ʉʝʚʝʨʦʜʚʠʥʩʢʘʷ ʛʨʫʧʧʘ ʦʙʥʘʞʝʥʠʡ: ʙʘʩʩʝʡʥʳ ʨʝʢ ʉʫʭʦʥʘ ï ʖʛï ʉʝʚʝʨʥʘʷ 

ɼʚʠʥʘ 

ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ï ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʦ ʙʳʣ 

ʩʚʷʟʘʥ ʩ ʨʝʰʝʥʠʝʤ ʚʦʧʨʦʩʦʚ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʢʘʨʪʠʨʦʚʘʥʠʠ, ʪ.ʝ. ʜʦʣʞʝʥ ʙʳʣ 



он 
 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʯʣʝʥʝʥʠʶ ʠ ʢʦʨʨʝʣʷʮʠʠ ʨʘʟʨʝʟʦʚ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʫʜʝʣʷʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ, ʯʝʤ ʨʝʰʝʥʠʶ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 

ʚʦʧʨʦʩʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ 70 ʣʠʩʪʘ 10-ʚʝʨʩʪʥʦʡ ʢʘʨʪʳ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ, 

ʢʦʛʜʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʝʨʤʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, 

ʧʦʩʣʫʞʠʣʠ ʧʦʚʦʜʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚ 1930-ʭ ʛʛ. ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʮʝʤʝʥʪʥʦʝ ʩʳʨʴʝ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʅ.ʂ. ɻʦʚʦʨʢʦ (ʇʘʭʪʫʩʦʚʘ, ʉʪʘʥʢʦʚʩʢʠʡ, 1967). ʂʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʥʝ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʄʝʞʜʫ ʪʝʤ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʣʦʪʠʥʳ çʆʧʦʢʩʪʨʦʡè ʚ 1940-ʭ ʛʛ. 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʤʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʨʷʞʠ ʧʣʦʪʠʥʳ ʟʘʩʳʧʘʣʠʩʴ ʚʘʣʫʥʘʤʠ ʩ 

ʠʟʚʝʩʪʢʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʠ ʦʩʪʘʪʢʠ ʥʘʧʦʣʴʥʳʭ ʧʝʯʝʡ ʜʣʷ ʦʙʞʠʛʘ ʠʟʚʝʩʪʠ ʚʩʪʨʝʯʘʣʠʩʴ ʥʘ ʙʝʨʝʛʘʭ ʨ. 

ʉʫʭʦʥʘ ʜʦ 2000 ʛʛ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʄʉ ʠ ʚ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʤ 

ʨʝʛʠʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ ɺ.ʀ. ʀʛʥʘʪʴʝʚʘ (1962, 1963), ʧʦʩʚʷʱʝʥʥʦʡ ʧʝʨʤʩʢʠʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʦʪʣʦʞʝʥʠʷʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʥʝ ʚʩʝʛʜʘ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʠʩʯʝʨʧʳʚʘʶʱʠʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʤʝʞʜʫ ʪʝʤ ʚʳʚʦʜʳ ï ʠʥʦʡ ʨʘʟ 

ʩʢʦʨʝʝ ʠʥʜʫʢʪʠʚʥʳʝ, ʦʧʠʨʘʚʰʠʝʩʷ ʥʘ ʠʥʪʫʠʪʠʚʥʳʝ ʦʟʘʨʝʥʠʷ, ʯʝʤ ʜʝʜʫʢʪʠʚʥʳʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ï ʩʪʘʣʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ.ʀ. 

ʀʛʥʘʪʴʝʚ (1963, ʩ. 108) ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʥʘ ʣʸʩʩʦʚʠʜʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʦʪʧʝʯʘʪʢʘʤʠ ʢʦʨʥʝʚʦʡ 

ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣ ʠʭ ʢʘʢ ʧʘʣʝʦʧʦʯʚʳ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʧʦʟʞʝ (ʀʥʦʟʝʤʮʝʚ, 

ʊʘʨʛʫʣʴʷʥ, 2010). ʆʥ ʞʝ ʚʳʜʝʣʠʣ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʜʦʣʠʥʝ ʨ. ʉʫʭʦʥʘ (ʚ 

ʦʩʥʦʚʘʥʠʠ ʩʘʣʘʨʸʚʩʢʦʡ ʩʚʠʪʳ ʧʦ ʩʦʚʨʝʤʝʥʥʦʡ ʩʭʝʤʝ) ɺ.ʀ. ʀʛʥʘʪʴʝʚ ʦʪʤʝʪʠʣ ʧʦʛʨʝʙʝʥʥʳʝ ʨʫʩʣʘ ʚ 

ʚʠʜʝ ʢʨʫʧʥʳʭ ʣʠʥʟ ʢʦʩʦʩʣʦʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʧʦʜʯʝʨʢʥʫʚ, ʯʪʦ ʦʥʠ ʟʘʣʝʛʘʶʪ ʥʘ ʯʘʩʪʠʯʥʦ 

ʨʘʟʤʳʪʳʭ ʧʦʜʩʪʠʣʘʶʱʠʭ ʦʪʣʦʞʝʥʠʷʭ (2-ʡ ʪʠʧ, ʧʦ (ʀʛʥʘʪʴʝʚ, 1963, ʩ. 83, 87)) ʠ ʬʦʨʤʠʨʫʶʪ 

çʛʠʨʣʷʥʜʫè ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʰʪʫʢ. 

ɸʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʨʦʜ, ʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʳʧʦʣʥʝʥ ʧʨʠ 

ʦʧʠʩʘʥʠʠ ʪʘʪʘʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʨ. ʉʫʭʦʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʛʝʦʣʦʛʦʚ ʉʘʨʘʪʦʚʩʢʦʛʦ 

ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʘ ɺ.ɻ. ʆʯʝʚʘ, ʕ.ɸ. ʄʦʣʦʩʪʦʚʩʢʦʛʦ ʠ ʄ.ɻ. ʄʠʥʠʭʘ (ʆʧʦʨʥʳʡ ʨʘʟʨʝʟ..., 1981; 

ʊʘʪʘʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷé, 2001). ʅʘʟʚʘʥʥʳʤʠ ʘʚʪʦʨʘʤʠ ʦʧʠʩʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʦʤʦʯʥʳʭ 

ʧʦʨʦʜ, ʛʣʠʥ, ʠʟʚʝʩʪʥʷʢʦʚ, ʜʦʣʦʤʠʪʦʚ ʠ ʠʭ ʩʤʝʰʘʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʩʦʩʪʘʚ ʧʝʣʠʪʦʚʦʡ 

ʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ. ɺ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ, ʩʫʭʦʥʩʢʦʡ ʠ ʧʦʣʜʘʨʩʩʢʦʡ ʩʚʠʪʘʭ ʦʪʤʝʯʘʣʦʩʴ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʛʨʘʥʘʪʘ, ʩʪʘʚʨʦʣʠʪʘ, ʮʠʨʢʦʥʘ, ʛʨʫʧʧʳ 

ʩʠʣʣʠʤʘʥʠʪʘ (ʢʠʘʥʠʪ), ʚ ʩʘʣʘʨʸʚʩʢʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ 

ʵʧʠʜʦʪʘïʢʣʠʥʦʮʦʠʟʠʪʘ, ʦʪʤʝʯʘʣʦʩʴ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʣʦʤʢʦʚ ʵʬʬʫʟʠʚʦʚ ʩʨʝʜʥʝʛʦ ʠ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʧʨʠʟʥʘʢ ʫʩʠʣʝʥʠʷ ʩʥʦʩʘ ʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʪʦʨʦʥʳ ʋʨʘʣʘ. ʅʦ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʙʦʙʱʘʶʱʠʭ ʜʠʘʛʨʘʤʤʘʭ ʙʝʟ 

ʧʨʠʚʷʟʢʠ ʢ ʦʙʨʘʟʮʘʤ ʠ ʦʙʥʘʞʝʥʠʷʤ. 

ɺ ʢʨʘʪʢʦʤ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʦʤ ʦʙʟʦʨʝ ʥʘʢʦʧʣʝʥʠʝ ʥʠʞʥʝʫʩʪʴʠʥʩʢʦʡ ʩʚʠʪʳ ʩ ʚʳʩʦʢʠʤ 



оо 
 

ʩʦʜʝʨʞʘʥʠʝʤ ʚʳʩʦʢʦʟʨʝʣʳʭ ʢʚʘʨʮʝʚʳʭ ʧʝʩʢʦʚ ʠ ʩʫʭʦʥʩʢʦʡ ʩʚʠʪʳ ʩ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʚ ʚʠʜʝ ʧʣʘʩʪʦʚʳʭ ʜʦʣʦʤʠʪʦʚ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʣʦʩʴ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʟʘʣʠʚʘʭ ʨʘʟʣʠʯʥʦʡ 

ʩʦʣʝʥʦʩʪʠ ʠ ʚ ʢʨʫʧʥʦʤ ʦʟʝʨʥʦ-ʤʦʨʩʢʦʤ ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʙʘʩʩʝʡʥʝ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʧʦʣʜʘʨʩʩʢʦʡ ʩʚʠʪʳ (ʥʘ ʫʨʦʚʥʝ ʤʠʢʫʣʠʥʩʢʦʡ, ʩʪʨʝʣʝʥʩʢʦʡ ʠ ʠʩʘʜʩʢʦʡ ʧʘʯʝʢ) ʫʢʘʟʘʥʳ 

ʦʩʪʨʦʫʛʦʣʴʥʳʝ ʟʝʨʥʘ ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʩʪʝʢʣʘ, ʢʦʪʦʨʳʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠʩʴ ʢʘʢ 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʜʘʨʩʩʢʦʡ ʩʚʠʪʳ ʥʘʟʳʚʘʣʠʩʴ ʢʨʫʧʥʳʝ ʧʝʩʯʘʥʳʝ 

ʣʠʥʟʳ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʝʝ ʦʪʣʠʯʠʪʝʣʴʥʳʡ ʧʨʠʟʥʘʢ (ʩʝʚʝʨʦʜʚʠʥʩʢʦʡ 

ʩʚʠʪʳ ʧʦ ʩʭʝʤʝ ɽ.ʄ. ʃʶʪʢʝʚʠʯʘ (1931, 1935, 1939)). ʅʘʢʦʧʣʝʥʠʝ ʩʘʣʘʨʸʚʩʢʦʡ ʩʚʠʪʳ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʥʘ ʩʪʳʢʝ ʘʣʣʶʚʠʘʣʴʥʳʭ, ʜʝʣʴʪʦʚʳʭ, ʦʟʝʨʥʳʭ ʠ ʙʦʣʦʪʥʳʭ ʦʙʩʪʘʥʦʚʦʢ. ɼʨʫʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ (ʄʦʣʠʥ ʠ ʜʨ., 1986) ʦʙʨʘʱʘʣʠ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʣʠʥʟʳ ʥʘ ʨ. ʉʫʭʦʥʘ ʟʘʣʝʛʘʶʪ ʩ 

ʨʘʟʤʳʚʦʤ ʥʘ ʧʦʜʩʪʠʣʘʶʱʠʭ ʦʪʣʦʞʝʥʠʷʭ, ʥʦ ʚ ʢʨʦʚʣʝ ʧʝʨʝʭʦʜʷʪ ʧʦʩʪʝʧʝʥʥʦ ʚʦ ʚʤʝʱʘʶʱʠʝ 

ʧʦʨʦʜʳ ʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʚʳʰʝʣʝʞʘʱʠʤʠ ʩʣʦʷʤʠ ʩʦʛʣʘʩʥʦ. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʠ ʢʨʫʧʥʳʭ ʧʝʩʯʘʥʳʭ ʣʠʥʟ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚʥʝʩʣʠ 

ʩʦʪʨʫʜʥʠʢʠ ʣʘʙʦʨʘʪʦʨʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʀʥʩʪʠʪʫʪʘ ɿʝʤʥʦʡ ʢʦʨʳ ʉʇʙɻʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʅ.ʅ. 

ɺʝʨʟʠʣʠʥʘ (ɺʝʨʟʠʣʠʥ ʠ ʜʨ., 1993; ʂʘʣʤʳʢʦʚʘ, ʅʘʟʘʨʦʚʘ, 1993). ʈʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʘʙʦʪ ʧʦʩʣʫʞʠʣʘ ʥʘʭʦʜʢʘ ʥʘ ʨ. ɹʦʣ. ʉʝʚ. ɼʚʠʥʘ ʤʠʥʝʨʘʣʦʚ ï ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʦʚ 

(ʉʪʘʥʢʦʚʩʢʠʡ ʠ ʜʨ., 1987) ʠ, ʚʠʜʠʤʦ, ʩʘʤʠʭ ʘʣʤʘʟʦʚ, ʜʘʥʥʳʝ ʦ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʧʦʟʞʝ 

(ɹʫʩʣʦʚʠʯ, 2008). ʀʪʦʛʦʚʳʝ ʧʫʙʣʠʢʘʮʠʠ ʦʙʲʝʜʠʥʠʣʠ ʦʧʠʩʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʣʠʥʟ, ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʠ ʧʝʩʯʘʥʳʭ ʣʠʥʟ ʠ ʚʳʙʦʨʦʯʥʦ ʚʤʝʱʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʣʠʥʟ ï ʦʥʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠʩʴ ʢʘʢ 

ʦʪʣʦʞʝʥʠ ̫ʧʦʜʚʦʜʥʳʭ ʤʫʪʴʝʚʳʭ ʧʦʪʦʢʦʚ ʠ ʧʨʠʙʨʝʞʥʳʝ ʙʘʨʳ ʢʨʫʧʥʳʭ ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʙʘʩʩʝʡʥʦʚ, ʦʩʪʘʚʠʣʦ ʦʪʢʨʳʪʳʤʠ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʡ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʄʉ. 

ʂ ʥʘʯʘʣʫ 1990-ʭ ʛʛ. ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʥʝʥʠʡ ʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʩʫʭʦʥʩʢʠʭ ʠ ʩʝʚʝʨʦʜʚʠʥʩʢʠʭ ʧʝʩʯʘʥʳʭ ʣʠʥʟ. ɺ.ʇ. ɸʤʘʣʠʮʢʠʡ (1897ʙ) ʩʯʠʪʘʣ ʠʭ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ. ʉʘʨʘʪʦʚʩʢʠʝ ʛʝʦʣʦʛʠ ï ʧʨʠʙʨʝʞʥʳʤʠ ʨʫʩʣʘʤʠ ʜʝʣʴʪʦʚʦʡ ʨʘʚʥʠʥʳ ʠ ʠʭ 

ʧʦʜʚʦʜʥʳʤʠ ʧʨʦʜʦʣʞʝʥʠʷʤʠ (ʆʧʦʨʥʳʡ ʨʘʟʨʝʟé, 1981; ʊʘʪʘʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷé, 2001). ɺ ʨʘʙʦʪʘʭ 

ɽ.ʄ. ʃʶʪʢʝʚʠʯʘ ʠ ʧʦʜ ʠʭ ʚʣʠʷʥʠʝʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʣʠʥʟ ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʦʟʝʨʥʳʤʠ ʠʣʠ ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ (ʃʶʪʢʝʚʠʯ, 1939, 1955). ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʣʠʥʟʳ ʷʚʣʷʶʪʩʷ 

ʦʪʣʦʞʝʥʠʷʤʠ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʚʧʘʜʘʣʠ ʚ ʤʝʣʢʦʚʦʜʥʳʝ ʚʨʝʤʝʥʥʳʝ ʚʦʜʦʝʤʳ ʠʣʠ ʟʘʢʘʥʯʠʚʘʣʠʩʴ 

ʩʫʭʠʤʠ ʜʝʣʴʪʘʤʠ (ɿʦʨʠʯʝʚʘ, 1963ʙ). ʇʦ ʤʥʝʥʠʶ ɺ.ɸ ʄʦʣʠʥʘ (ʄʦʣʠʥ ʠ ʜʨ., 1986), ʣʠʥʟʳ 

ʥʘʢʦʧʠʣʠʩʴ ʚʦ ʚʨʝʤʝʥʥʳʭ ʧʦʪʦʢʘʭ ʥʘ ʤʝʣʢʦʚʦʜʴʝ, ʭʦʪʷ ʧʦ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʥʠ ʤʦʛʣʠ ʙʳʪʴ ʘʣʣʶʚʠʘʣʴʥʳʤʠ. ɼʠʘʛʥʦʩʪʠʢʘ ʛʨʫʧʧʦʡ ʅ.ʅ. ɺʝʨʟʠʣʠʥʘ ʣʠʥʟ ʢʘʢ 

ʦʪʣʦʞʝʥʠʡ ʧʦʜʚʦʜʥʳʭ ʤʫʪʴʝʚʳʭ ʧʦʪʦʢʦʚ ʠ ʢʘʢ ʧʨʠʙʨʝʞʥʳʝ ʙʘʨʳ ʢʨʫʧʥʳʭ ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʙʘʩʩʝʡʥʦʚ ʥʝ ʩʦʯʝʪʘʣʦʩʴ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʩ ʤʘʩʩʦʚʳʤʠ 

ʟʘʭʦʨʦʥʝʥʠʷʤʠ ʦʩʪʘʪʢʦʚ ʥʘʟʝʤʥʦʡ ʙʠʦʪʳ ʦʯʝʥʴ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʅ.ʅ. 

ɺʝʨʟʠʣʠʥ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠ ʧʝʨʤʩʢʠʝ ʠ ʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʜʦʣʠʥʝ ʨ. ʖʛ (ɺʝʨʟʠʣʠʥ 

ʠ ʜʨ., 1995; ʂʘʣʤʳʢʦʚʘ, 1998ʘ, 1998ʙ), ʥʦ ʥʝ ʟʘʪʨʦʥʫʣʠ ʚʦʧʨʦʩ ʵʚʦʣʶʮʠʠ ʣʠʥʟ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 



оп 
 

ʪʨʠʘʩʫ, ʭʦʪʷ ʦʪʤʝʪʠʣʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʶ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʘʣʝʦʩʢʣʦʥʘ. 

ɺ ʢʦʥʮʝ XX ʚ. ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ɺɽʇ ʥʘʤʝʪʠʣʩʷ ʪʨʝʥʜ ʢ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʶ ʛʣʦʙʘʣʴʥʳʭ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʛʝʦʩʬʝʨʝ, ʢʦʪʦʨʳʝ ʚʳʟʚʘʣʠ 

ʠʣʠ ʩʦʧʨʦʚʦʞʜʘʣʠ ʧʦʟʜʥʝʧʝʨʤʩʢʦʝ ʚʳʤʠʨʘʥʠʝ. 

ʈʘʙʦʪʳ ʧʦʯʚʦʚʝʜʦʚ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ʆ. ʊʘʨʛʫʣʴʷʥʘ, ʚʳʷʚʠʣʠ ʠ ʦʧʠʩʘʣʠ ʚ 

ʜʦʣʠʥʝ ʨ. ʉʫʭʦʥʘ ʥʝʩʢʦʣʴʢʦ ʧʝʜʦʢʦʤʧʣʝʢʩʦʚ ʧʦ ʩʪʘʥʜʘʨʪʘʤ, ʧʨʠʥʷʪʳʤ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ ï 

ʂʣʠʤʦʚʩʢʠʡ ʠ ʉʘʣʘʨʸʚʩʢʠʡ ʧʝʜʦʢʦʤʧʣʝʢʩʳ ʨʦʚʜʠʥʩʢʦʡ ʧʘʯʢʠ ʩʘʣʘʨʸʚʩʢʦʡ ʩʚʠʪʳ, ʉʪʨʝʣʝʥʩʢʠʡ 

ʧʝʜʦʢʦʤʧʣʝʢʩ ʩʪʨʝʣʝʥʩʢʦʡ ʧʘʯʢʠ ʧʦʣʜʘʨʩʩʢʦʡ ʩʚʠʪʳ (ʗʢʠʤʝʥʢʦ ʠ ʜʨ., 2000; ʀʥʦʟʝʤʮʝʚ, 

ʊʘʨʛʫʣʴʷʥ, 2010). ʇʘʣʝʦʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʤʦʥʦʛʝʥʝʪʠʯʥʳʤ ʧʨʦʬʠʣʝʤ ʩ ʛʣʝʝʚʦʡ, 

ʵʣʚʁʠʘʣʴʥʦ-ʛʣʝʝʚʦʡ, ʠʣʣʶʚʠʘʣʴʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ, ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʚ ʦʜʥʦʤ ʧʝʜʦʢʦʤʧʣʝʢʩʝ. ʄʦʨʬʦʩʪʨʫʢʪʫʨʥʳʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘ 

ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ (ʤʠʥʝʨʘʣ ï ʘʛʨʝʛʘʪ ï ʛʦʨʠʟʦʥʪ ï ʧʨʦʬʠʣʴ ï ʧʝʜʦʢʦʤʧʣʝʢʩ) ʚʳʷʚʠʣ 

ʢʦʤʙʠʥʘʮʠʶ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʛʣʝʝʥʠʝ, 

ʩʝʛʨʝʛʘʮʠʶ ʢʘʨʙʦʥʘʪʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʩʣʠʪʦʛʝʥʝʟ, ʛʫʤʫʩʦʦʙʨʘʟʦʚʘʥʠʝ. ʕʪʠ ʨʘʙʦʪʳ ʥʝ 

ʦʩʪʘʚʠʣʠ ʩʦʤʥʝʥʠʡ ʦ ʥʘʣʠʯʠʠ ʧʝʨʤʩʢʠʭ ʧʦʯʚ ʠ ʧʦʟʚʦʣʠʣʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʦʙʰʠʨʥʫʶ 

ʬʘʢʪʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ, ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ɹʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʝʟʦʥʥʦ-ʢʦʥʪʨʘʩʪʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʝʜʦʛʝʥʝʟʘ, ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ ʚʦ ʚʨʝʤʷ ʜʦʞʜʝʡ ʠ ʧʘʚʦʜʢʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʳʭʘʥʠʝʤ ʚ ʩʫʭʠʝ ʩʝʟʦʥʳ 

ʦʙʰʠʨʥʳʭ ʧʦʡʤʝʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ. ɼʣʷ ʙʫʜʫʱʠʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʘ 

ʚʘʞʥʦʡ ʜʠʘʛʥʦʩʪʠʢʘ ʢʘʨʙʦʥʘʪʥʳʭ ʧʝʜʦʛʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʠʣʦ 

ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦ ʛʦʚʦʨʠʪʴ ʦ ʰʠʨʦʢʦʤ ʨʘʟʚʠʪʠʠ ʚ ʧʝʨʤʦʪʨʠʘʩʝ ɺɽʇ ʢʘʢ ʧʘʣʝʦʧʦʯʚ, ʪʘʢ ʠ 

ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʚ ʥʠʭ. 

ɺ ʦʙʥʘʞʝʥʠʠ ʅʝʜʫʙʨʦʚʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʤʠʢʨʦʩʬʝʨʫʣʳ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʩʤʦʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ (ʂʦʨʯʘʛʠʥ ʠ ʜʨ., 2010), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ 

ʠʤʧʘʢʪʥʳʤ ʩʦʙʳʪʠʝʤ, ʩʧʨʦʚʦʮʠʨʦʚʘʚʰʠʤ ʠʣʠ ʫʩʫʛʫʙʠʚʰʠʤ ʧʦʟʜʥʝʧʝʨʤʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʢʨʠʟʠʩ. ɹʳʣ ʫʢʘʟʘʥ ʩʤʝʢʪʠʪ ʧʝʧʣʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ɽʨʦʱʝʚ-ʐʘʢ ʠ ʜʨ., 2002) ï ʝʛʦ ʥʘʣʠʯʠʝ 

ʦʪʩʳʣʘʣʦ ʢ ʩʦʙʳʪʠʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʩʪʘʪʴ ʪʨʠʛʛʝʨʦʤ ʚʪʦʨʦʡ ʬʘʟʳ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʚʳʤʠʨʘʥʠʷ. 

ɺʧʝʨʚʳʝ ʚ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ɺɽʇ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʦʩʪʘʚ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ 

ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Foster, Afonin, 2005). ʇʝʨʚʘʷ ʜʘʪʠʨʦʚʢʘ ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ 

ʧʦʜʪʚʝʨʜʠʣʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʥʦʩ ʩ ʋʨʘʣʘ ʥʘ ʨʫʙʝʞʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ (ʏʠʩʪʷʢʦʚʘ ʠ ʜʨ., 2020, 2023). 

 

2.2.2. ɺʝʪʣʫʞʩʢʘʷ ʛʨʫʧʧʘ ʦʙʥʘʞʝʥʠʡ: ʜʦʣʠʥʘ ʨʝʢʠ ɺʝʪʣʫʛʘ 

ɺ ʙʘʩʩʝʡʥʝ ʨ. ɺʝʪʣʫʛʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʪʘʢʞʝ 

ʪʨʘʜʠʮʠʦʥʥʦ ʙʳʣ ʩʚʷʟʘʥ ʩ ʨʝʰʝʥʠʝʤ ʚʦʧʨʦʩʦʚ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʢʘʨʪʠʨʦʚʘʥʠʠ, 

ʢʦʛʜʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʫʜʝʣʷʣʦʩʴ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ, ʯʝʤ 

ʨʝʰʝʥʠʶ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʪʨʠʘʩʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ 

ʦʙʦʙʱʠʣ ɻ.ʀ. ɹʣʦʤ (1967, 1968, 1969, 1970, 1972, 1974). ɺʩʣʝʜ ʟʘ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʘʙʦʪʘʤʠ ɺ.ʀ. 



ор 
 

ʀʛʥʘʪʴʝʚʘ (1962, 1963), ʧʦʩʚʷʱʝʥʥʳʤʠ ʪʘʪʘʨʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ, ʘʚʪʦʨ ʚʳʜʝʣʠʣ ʚ ʪʨʠʘʩʝ ʥʝʩʢʦʣʴʢʦ 

ʪʠʧʦʚ ʨʫʩʣʦʚʳʭ ʬʘʮʠʡ, ʧʨʠʚʝʣ ʧʨʠʤʝʨʳ ʪʘʢʦʚʳʭ ʠʟ ʙʘʩʩʝʡʥʘ ʨ. ɺʝʪʣʫʛʘ, ʘʢʮʝʥʪ ʩʜʝʣʘʣ ʥʘ 

ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ɻ.ʀ. ɹʣʦʤ (1970) ʫʜʝʣʠʣ ʧʘʣʳʛʦʨʩʢʠʪʦʚʳʤ 

ʧʘʣʝʦʧʦʯʚʘʤ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʣ ʢʘʢ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʤʘʨʢʝʨ. ʀʭ ʫʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʙʳʣʘ ʥʘʟʚʘʥʘ ʚʳʩʦʢʘ ̫ʢʦʥʮʝʥʪʨʘʮʠ ̫ʧʘʣʳʛʦʨʩʢʠʪʘ. ʇʨʠ ʵʪʦʤ ʧʘʣʳʛʦʨʩʢʠʪ ʚʩʪʨʝʯʘʣʩʷ ʚ ʪʨʠʘʩʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʄʉ (ʃʦʟʦʚʩʢʠʡ ʠ ʜʨ., 1968; ʂʨʠʥʘʨʠ ʠ ʜʨ., 1999). ɺ ʩʨʘʚʥʝʥʠʠ ʩ 

ʤʦʥʦʛʨʘʬʠʷʤʠ ɺ.ʀ. ʀʛʥʘʪʴʝʚʘ (1962, 1963), ʦʧʠʩʘʚʰʠʤʠ ʪʘʪʘʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʠ 

ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʘʭ ɺɽʇ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʉʫʭʦʥʘ, ʉʝʚ. ɼʚʠʥʘ ʠ ɺʝʪʣʫʛʘ, ʨʘʙʦʪʳ ɻ.ʀ. 

ɹʣʦʤʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʣʘʙʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʚ ʪʨʠʘʩʝ, ʢʦʪʦʨʳʝ 

ʥʘ ʬʦʥʝ ʠʭ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚ ʧʝʨʤʩʢʦʝ ʚʨʝʤʷ ʚʳʛʣʷʜʝʣʠ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ. 

ɺ ʮʝʣʦʤ ʧʨʠ ʢʘʨʪʠʨʦʚʘʥʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʉ ʙʳʣ ʚʳʨʘʙʦʪʘʥ ʨʷʜ ʢʨʠʪʝʨʠʝʚ, ʧʦʟʚʦʣʷʚʰʠʭ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʠʥʜʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʠ ʧʨʦʚʦʜʠʪʴ ʪʝʤ ʩʘʤʳʤ 

ʧʦʜʦʰʚʫ ʪʨʠʘʩʘ. ʅʘʨʷʜʫ ʩ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʦ-ʧʝʩʯʘʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʪʨʠʘʩʫ ʦʪʤʝʯʘʣʩʷ ʨʦʩʪ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998), ʫʩʠʣʝʥʠʝ 

ʢʨʘʩʥʦʮʚʝʪʥʦʡ ʪʦʥʘʣʴʥʦʩʪʠ, ʤʠʥʝʨʘʣʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʤʝʥʷʣʠʩʴ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ 

ʤʠʥʝʨʘʣʘʤʠ ï ʩʧʫʪʥʠʢʘʤʠ ʦʩʥʦʚʥʳʭ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʛʨʫʧʧʳ ʵʧʠʜʦʪʘ-

ʢʣʠʥʦʮʦʠʟʠʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʘʢʪʠʚʥʳʡ ʩʥʦʩ ʩ ʋʨʘʣʘ (ʉʪʨʦʢ, ʊʨʦʬʠʤʦʚʘ, 1976). ʇʨʠ 

ʵʪʦʤ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʉ ʦʭʚʘʪʠʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʧʘʜʥʳʝ ʠ 

ʮʝʥʪʨʘʣʴʥʳʝ ʝʝ ʨʘʡʦʥʳ, ʘ ʤʘʪʝʨʠʘʣʳ ʧʦ ʙʘʩʩʝʡʥʫ ʨ. ɺʝʪʣʫʛʘ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ. 

ɺ 1992 ʛ. ʧʝʩʯʘʥʳʝ ʣʠʥʟ rʚ ʜʦʣʠʥʝ ʨ. ɺʝʪʣʫʛʘ ʠʩʩʣʝʜʦʚʘʣʘ ʛʨʫʧʧʘ ʅ.ʅ. ɺʝʨʟʠʣʠʥʘ. ɺ 

ʰʠʣʠʭʠʥʩʢʦʡ ʩʚʠʪʝ (ʚʦʟʤʦʞʥʦ, ʚ ʢʨʘʩʥʦʙʘʢʦʚʩʢʦʡ ʧʦʜʩʚʠʪʝ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ) ʙʳʣ ʥʘʡʜʝʥ ʘʣʤʘʟ 

(ʂʘʣʤʳʢʦʚʘ, 1998ʘ, 1998ʙ). ɺʥʦʚʴ ʙʳʣ ʦʪʤʝʯʝʥ ʧʘʣʳʛʦʨʩʢʠʪ (ʂʘʣʤʳʢʦʚʘ, ʅʘʟʘʨʦʚʘ, 1994). 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ çʢʨʝʤʥʠʩʪʳʝ, ʢʚʘʨʮʝʚʳʝ, ʩʪʝʢʣʦʚʠʜʥʳʝ ʟʝʨʥʘ ʫʛʣʦʚʘʪʦʡ, 

ʢʣʠʥʦʚʠʜʥʦʡ, ʠʛʦʣʴʯʘʪʦʡ ʠ ʩʣʦʞʥʦʦʩʢʦʣʴʯʘʪʦʡ ʬʦʨʤè (ɺʝʨʟʠʣʠʥ, ʂʘʣʤʳʢʦʚʘ, 1998, ʩ. 7), ʢʦʪʦʨʳʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠʩʴ ʢʘʢ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ, ʩʠʥʭʨʦʥʥʳʝ ʤʦʤʝʥʪʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʂʘʣʤʳʢʦʚʘ, 

1998ʙ). ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʧʦ ʨʝʛʠʦʥʘʣʴʥʳʤ ʠ ʤʝʩʪʥʳʤ ʩʪʨʘʪʦʥʘʤ ʠ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚʦʚʝʜʦʚ ʥʘ ʨ. ɺʝʪʣʫʛʘ ʧʦʜ ʦʙʱʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ʆ. ʊʘʨʛʫʣʴʷʥʘ ʧʦʢʘʟʘʣʠ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʧʦʟʜʥʝʠʥʜʩʢʠʭ ʧʘʣʝʧʦʯʚ (ʦʙʥ. ɸʥʠʩʠʤʦʚʦ) ʩ ʨʘʥʥʝʚʷʪʩʢʠʤʠ ʧʦʯʚʘʤʠ, ʠʟʫʯʝʥʥʳʤʠ 

ʚ ʜʦʣʠʥʝ ʨ. ʉʫʭʦʥʘ. ʇʦʩʣʝʜʥʠʝ ʜʝʪʘʣʴʥʳʝ ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ 

ʫʜʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚ ʜʦʣʠʥʝ ʨ. ɺʝʪʣʫʛʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʠʥʜʫ (ʌʝʪʠʩʦʚʘ ʠ ʜʨ., 2024), ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʨʘʥʝʝ (ɻʨʘʥʠʮʘ 

ʧʝʨʤʠé, 1998). ɼʘʪʠʨʦʚʢʘ ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ (ʏʠʩʪʷʢʦʚʘ ʠ ʜʨ., 2023) ʠʟ ʧʦʜʦʰʚʳ ʚʦʭʤʠʥʩʢʦʡ 

ʩʚʠʪʳ ʧʦʢʘʟʘʣʘ ʜʦʤʠʥʠʨʫʶʱʠʡ ʩʥʦʩ ʢʣʘʩʪʠʢʠ ʩ ʋʨʘʣʘ. 

 

ɺʳʚʦʜʳ ʧʦ 2 ʛʣʘʚʝ 

ʉʚʦʜʥʳʝ ʉʫʭʦʥʦ-ʖʛʦ-ʉʝʚʝʨʦʜʚʠʥʩʢʠʡ ʠ ɺʝʪʣʫʞʩʢʠʡ ʨʘʟʨʝʟʳ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, 



ос 
 

ʧʝʨʝʩʝʢʘʶʪ ʛʨʘʥʠʮʫ ʧʝʨʤʩʢʦʡ ʠ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤ, ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʜʝʪʘʣʴʥʦʩʪʴʶ. ʆʥʠ 

ʷʚʣʷʶʪʩʷ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʤʠ ʜʣʷ ʧʦʛʨʘʥʠʯʥʳʭ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ɺɽʇ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʪʨʘʞʘʶʪ ɻʚʦʣʶʮʠʶ ʙʠʦʪʳ ʚ ʵʧʦʭʫ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʠ ʢʣʶʯʝʚʳʝ 

ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʝ ʧʝʨʝʩʪʨʦʡʢʫ ʵʢʦʩʠʩʪʝʤʳ ʚ ʵʪʦ ʚʨʝʤʷ. ʕʪʠ ʨʘʟʨʝʟʳ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʛʦʥʘ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ 

ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʢʨʠʟʠʩʘ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʠ ʩʠʥʭʨʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, 

ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʚ ʛʝʦʩʬʝʨʝ. ɹʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʜʢʨʝʧʣʝʥʥʳʝ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʦʨʨʝʣʷʮʠʶ ʉʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ʠ ɺʝʪʣʫʞʩʢʦʛʦ ʨʘʟʨʝʟʦʚ ʚ 

ʠʥʪʝʨʚʘʣʝ ʚʷʪʩʢʦʛʦ ï ʠʥʜʩʢʦʛʦ ʷʨʫʩʦʚ (ʨʠʩ. 5). ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʦʧʨʦʩ rʢʦʨʨʝʣʷʮʠʠ ʤʝʩʪʥʳʭ 

ʩʪʨʘʪʦʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʦʩʥʦʚʘʥʠʠ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ, ʠ ʢʦʨʨʝʣʷʮʠʠ ʛʨʘʥʠʮʳ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʄʉ ʩ ʣʠʤʠʪʦʪʠʧʦʤ ʧʦʜʦʰʚʳ ʪʨʠʘʩʘ ʚ ʤʦʨʩʢʠʭ ʨʘʟʨʝʟʘʭ (ʂʠʪʘʡ) ʚʩʝ 

ʝʱʝ ʦʩʪʘʶʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ. 

ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦʛʨʘʥʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʄʉ ʯʘʩʪʦ ʠʟʫʯʘʣʩʷ ʩ 

ʨʘʟʣʠʯʥʳʤ ʧʦʜʭʦʜʦʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʚʫʭ ʩʠʩʪʝʤ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʝʨʤʠ ʢ ʪʨʠʘʩʫ ʧʦʯʪʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʝʜʠʥʦʤ ʢʣʶʯʝ ʧʦ ʧʨʠʯʠʥʝ 

ʛʦʩʧʦʜʩʪʚʦʚʘʚʰʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʢʨʫʧʥʦʤ ʨʝʛʠʦʥʘʣʴʥʦʤ ʧʝʨʝʨʳʚʝ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ. ʇʦ ʩʫʪʠ, 

ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʨʘʟʚʠʪʠʝ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʄʉ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʝʨʤʠ ʢ ʪʨʠʘʩʫ, ʥʝ ʠʩʩʣʝʜʦʚʘʣʩʷ 

ʩʦʩʪʘʚ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʦʟʝʨʥʳʭ, ʧʝʜʦʛʝʥʥʳʭ, ʙʠʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ, 

ʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʠʪʤʠʯʥʦʩʪʠ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘʭ. ʅʝ ʧʨʦʚʦʜʠʣʘʩʴ ʢʦʨʨʝʣʷʮʠʷ 

ʢʣʶʯʝʚʳʭ ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʄʉ ʩ ʛʣʦʙʘʣʴʥʳʤʠ 

ʩʦʙʳʪʠʷʤʠ, ʦʭʚʘʪʠʚʰʠʤʠ ʛʝʦʩʬʝʨʫ ʚʦ ʚʨʝʤʷ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʚʳʤʠʨʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʘ ʛʨʘʥʠʮʝ 

ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʦʪʤʝʯʘʣʩʷ ʨʷʜ ʨʝʛʠʦʥʘʣʴʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʢʘʨʪʠʨʦʚʘʥʠʠ ʧʦʤʦʛʘʣʠ ʧʨʦʚʦʜʠʪʴ ʧʦʜʦʰʚʫ ʠʥʜʩʢʦʛʦ ʷʨʫʩʘ. ʄʦʱʥʳʝ 

ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʧʝʨʝʭʦʜʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ ʧʝʨʤʠ ʢ ʪʨʠʘʩʫ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠʩʴ ʢʘʢ 

ʤʘʨʢʝʨ ʧʦʜʦʰʚʳ ʠʥʜʩʢʦʛʦ ʷʨʫʩʘ, ʥʦ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʦʜʨʦʙʥʦ ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ, ʧʦʩʢʦʣʴʢʫ 

ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʵʪʠ ʧʦʨʦʜʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʯʘʣʦ ʥʦʚʦʛʦ ʢʨʫʧʥʦʛʦ ʵʪʘʧʘ ʩʝʜʠʤʝʥʪʘʮʠʠ, 

ʥʘʩʪʫʧʠʚʰʝʛʦ ʚʩʣʝʜ ʟʘ ʜʣʠʪʝʣʴʥʳʤ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʝʨʝʨʳʚʦʤ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʚ ʢʦʥʮʝ 

ʧʝʨʤʩʢʦʛʦ ʧʝʨʠʦʜʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʦʨ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʧʨʠʩʫʪʩʪʚʠʝ 

ʧʘʣʳʛʦʨʩʢʠʪʘ, ʠʥʪʝʥʩʠʚʥʘ ̫ʩʝʛʨʝʛʘʮʠ ̫ʧʝʜʦʛʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʧʦʟʚʦʣʷʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʱʠʡ 

ʧʦʟʜʥʝʧʝʨʤʩʢʠʡ-ʨʘʥʥʝʪʨʠʘʩʦʚʳʡ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʦʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺɽʇ ʩʝʤʠʘʨʠʜʥʳʤ ʩ 

ʤʥʦʛʦʚʝʢʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʘʨʠʜʥʦʛʦ ʠʣʠ ʙʦʣʝʝ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ. 

 

 

 

 

 



от 
 

ɻʃɸɺɸ 3. ʄɽʊʆɼʀʂɸ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʀʩʩʣʝʜʦʚʘʥʠ ̫ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʡ ʢʨʘʩʥʦʮʚʝʪʥʦʡ ʤʝʛʘʬʦʨʤʘʮʠʠ ɺɽʇ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ 

ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʤʠ ʥʶʘʥʩʘʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ï ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʬʣʶʚʠʘʣʴʥʳʭ, ʦʟʝʨʥʳʭ ʠ ʧʣʘʡʝʚʳʭ ʦʩʘʜʦʯʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʙʘʵʨʘʣʴʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʩʘʜʢʘ ʚ ʫʩʣʦʚʠʷʭ ʘʨʠʜʥʦʛʦ ï ʩʝʤʠʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ. ʇʨʦʚʝʜʝʥʥʘʷ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʪʠʧʠʟʘʮʠʷ ʦʪʣʦʞʝʥʠʡ ʦʧʠʨʘʣʘʩʴ ʥʘ ʘʢʪʫʘʣʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʨʘʙʦʪ ʧʦ ʦʪʜʝʣʴʥʳʤ ʘʩʧʝʢʪʘʤ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ɺɽʇ. ʇʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʯʠʪʳʚʘʣʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ, ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ, ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ 

ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʩʘʜʢʘʭ. 

 

3.1. ʆʩʘʜʦʯʥʳʝ ʩʠʩʪʝʤʳ ʠ ʥʝʢʦʪʦʨʳʝ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʘʨʠʜʥʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ 

3.1.1. ʌʣʶʚʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʯʥʳʭ ʩʠʩʪʝʤ ʢʘʢ ʧʨʘʚʠʣʦ ʦʧʠʩʳʚʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʜʠʥʘʤʠʢʠ 

ʬʣʶʚʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʟʦʥʘʤ ï ʘʨʠʜʥʳʝ ʠʣʠ ʛʫʤʠʜʥʳʝ. 

ʄʝʞʜʫ ʪʝʤ ʢʨʫʧʥʳʝ ʨʝʢʠ ʯʘʩʪʦ ʧʨʦʪʝʢʘʶʪ ʚ ʘʨʠʜʥʳʭ ï ʩʝʤʠʘʨʠʜʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʧʠʪʘʷʩʴ ʚ 

ʛʫʤʠʜʥʳʭ ʨʘʡʦʥʘʭ. ɺ ʢʦʥʪʝʢʩʪʝ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʘʣʣʶʚʠʘʣʴʥʳʝ ʪʦʣʱʠ ʄʉ 

ʪʘʢʞʝ ʥʝʨʝʜʢʦ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʩʝʤʠʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ. ʇʨʠʯʝʤ ʚʦʜʦʩʙʦʨʥʳʝ ʙʘʩʩʝʡʥʳ 

ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʨʝʢ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʦʙʣʘʩʪʷʭ ʩ ʠʟʙʳʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ, ʠ ʜʠʥʘʤʠʢʘ ʠʭ 

ʬʣʶʚʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ ʤʥʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʘʢʦʚʦʡ, ʦʧʠʩʘʥʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʯʥʳʭ 

ʩʠʩʪʝʤʘʭ ʚ ʪʦʤ ʯʠʩʣʝ ʛʫʤʠʜʥʳʭ ʨʘʡʦʥʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʝʚʥʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʨʫʩʣʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ï ʠʭ ʣʠʪʦʬʘʮʠʘʣʴʥʳʡ ʩʦʩʪʘʚ, 

ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʪʨʦʝʥʠʝ 

ʮʠʢʣʦʪʝʤ, ʦʪʨʘʞʘʶʱʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʨʫʩʝʣ ʧʦ ʧʦʡʤʝ ʠ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʜʥʷʪʠʷʤʠ ʠ ʦʧʫʩʢʘʥʠʷʤʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʪʨʫʜʘʭ (ʐʘʥʮʝʨ, 1951; 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷé, 1954; ɹʦʪʚʠʥʢʠʥʘ, 1962, 1965; ʗʙʣʦʢʦʚ, 1973; Allen, 1963, 1965; 

Miall , 2006). ɸʩʧʝʢʪʳ ʨʫʩʣʦʚʝʜʝʥʠʷ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ ʚ ʤʦʥʦʛʨʘʬʠʷʭ 

ʈ.ʉ. ʏʘʣʦʚʘ (2008, 2011).  

 

ʄʝʘʥʜʨʠʨʫʶʱʠʝ ʨʫʩʣʘ 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ ʦʪʣʦʞʝʥʠʷ ʤʝʘʥʜʨʠʨʫʶʱʠʭ ʨʫʩʝʣ ʥʘʨʷʜʫ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʨʫʩʝʣ ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʭʦʜʝ ʧʦʩʪʦʷʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʤʝʘʥʜʨ ʠ 

ʙʦʢʦʚʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʦʩʘʜʢʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʧʝʩʯʘʥʳʝ ʧʣʘʩʪʦʚʳʝ ʪʝʣʘ, ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʰʠʨʠʥʫ ʨʫʩʝʣ (Miall , 2006). ʆʪʣʦʞʝʥʠʷ ʤʝʘʥʜʨʠʨʫʶʱʠʭ ʨʝʯʥʳʭ 

ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʧʦ ʙʦʢʦʚʦʤʫ ʧʨʠʨʘʱʝʥʠʶ ʦʩʘʜʢʘ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩʜʚʠʛ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʠʣʠ ʢʨʫʧʥʳʭ ʩʝʨʠʡ ʧʦ ʣʘʪʝʨʘʣʠ ʚ ʦʙʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʨʦʜʳ 

ʨʫʩʣʦʚʦʛʦ ʛʝʥʝʟʠʩʘ, ʥʘʢʦʧʠʚʰʠʝʩʷ ʚ ʨʫʩʣʘʭ ʩ ʧʝʩʯʘʥʳʤ ʜʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʙʣʠʪʯʘʪʳʤʠ 



оу 
 

ʜʠʘʛʦʥʘʣʴʥʦ-ʩʣʦʠʩʪʳʤʠ (planar cross-stratfication, Allen, 1963; Miall , 2006), ʢʦʩʳʤʠ 

ʞʝʣʦʙʦʦʙʨʘʟʥʦ-ʩʣʦʠʩʪʳʤʠ (trough cross-bedding, trough cross-stratification) ʧʝʩʯʘʥʳʤʠ 

ʩʝʨʠʷʤʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝʡ ʛʨʘʚʠʷ. ʍʘʨʘʢʪʝʨʥʘ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʦʪʦʢʘ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʰʠʨʦʢʠʭ ʧʨʦʪʷʞʝʥʥʳʭ ʧʝʩʯʘʥʳʭ ʪʝʣ (meander belt). 

 

ʈʘʟʚʝʪʚʣʝʥʥʳʝ ʨʫʩʣʘ ʩ ʦʩʝʨʝʜʢʦʚʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ 

ʇʨʠ ʙʦʣʴʰʦʡ ʚʦʜʦʥʦʩʥʦʩʪʠ ʚ ʤʝʩʪʘʭ ʘʢʢʫʤʫʣʷʮʠʠ ʥʘʥʦʩʦʚ ʤʝʞʜʫ ʨʝʯʥʳʤʠ ʩʪʨʝʞʥʷʤʠ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʢʦʩʳ, ʚʳʭʦʜʷʱʠʝ ʠʟ-ʧʦʜ ʚʦʜʳ ï ʦʩʝʨʝʜʢʠ (braid-bar, Miall, 2006), ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ 

ʦʩʪʨʦʚʘʤʠ ʠ ʜʝʣʷʪ ʝʜʠʥʳʡ ʧʦʪʦʢ ʥʘ ʨʫʢʘʚʘ (ʨʠʩ. 7). ɺ ʠʪʦʛʝ ʚʦʟʥʠʢʘʝʪ ʦʩʝʨʝʜʢʦʚʘʷ 

ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ (ʧʦ ʏʘʣʦʚ, 2011; braided rivers, braided channels ʧʦ (Allen, 1963; Miall , 2006)), ʛʜʝ 

ʨʫʢʘʚʘ ʬʦʨʤʠʨʫʶʪ ʝʜʠʥʦʝ ʨʫʩʣʦ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʥʝʩʢʦʣʴʢʦ ʬʘʨʚʘʪʝʨʦʚ, ʧʨʠ 

ʨʫʩʣʦʥʘʧʦʣʥʷʶʱʝʤ ʨʘʩʭʦʜʝ ʚ ʧʘʚʦʜʦʢ ʦʩʪʨʦʚʘ ʟʘʣʠʚʘʶʪʩʷ ʚʦʜʦʡ.  

ʆʪʣʦʞʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʢ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʦʩʪʦʷʪ ʠʟ ʨʫʩʣʦʚʳʭ, ʥʘʢʦʧʠʚʰʠʭʩʷ 

ʧʨʠ ʤʠʛʨʘʮʠʠ ʨʫʢʘʚʦʚ (Miall, 2006). ɻʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʠʷʤʠ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʢʦʩʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʚʢʣʶʯʘʶʪ ʣʠʥʟʳ ʠ ʢʣʠʥʴʷ ʧʝʩʢʘ. ʇʝʩʯʘʥʳʝ 

ʦʩʘʜʢʠ ʩʣʦʞʝʥʳ ʪʘʙʣʠʪʯʘʪʳʤʠ ʩʝʨʠʷʤʠ ʩ ʢʦʩʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʢʦʩʳʤʠ 

ʞʝʣʦʙʦʦʙʨʘʟʥʳʤʠ ʩʝʨʠʷʤʠ (Miall, 2006). ʇʝʩʢʠ ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʙʨʦʩʘ 

ʧʘʣʝʦʪʝʯʝʥʠʡ. ɼʣʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʫʩʝʣ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʨʫʩʝʣ ʩ ʧʦʥʠʞʝʥʥʦʡ ʵʥʝʨʛʠʝʡ 

ʧʦʪʦʢʘ, ʧʨʠ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʧʝʩʯʘʥʦʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʭʘʨʘʢʪʝʨʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʝ 

ʧʝʩʢʠ. ɻʨʫʙʦʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ ʧʦ ʥʝʩʦʨʪʠʨʦʚʘʥʥʦʩʪʠ ʧʦʜʦʙʥʳ ʧʨʝʜʛʦʨʥʦʤʫ ʧʨʦʣʶʚʠʶ. 

 

ʈʠʩ. 7. ʆʩʝʨʝʜʢʦʚʘʷ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ ʨʝʢ ʛʫʤʠʜʥʳʭ ʠ ʩʝʤʠʘʨʠʜʥʳʭ ʨʘʡʦʥʦʚ. ɸ ï ʨ. ʈʘʢʘʢʫʡʘ, 

ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ. ɹ ï ʨ. ʂʦʩʠ, ʅʝʧʘʣ. ɺ, ɻ ï ʨ. ɻʵʰ (ʄʵʨʵʙ), ʉʫʜʘʥ ʩʝʚʝʨʥʝʝ ʛ. ʂʘʩʩʘʣʘ, ɺ ï ʩʫʭʦʡ 

ʩʝʟʦʥ, ɻ ï ʚʣʘʞʥʳʡ ʩʝʟʦʥ, ʩʲʝʤʢʘ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʦʩʝʨʝʜʢʦʚʫʶ 

ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ. ɼʠʘʛʥʦʩʪʠʢʘ ʨʫʩʣʦʚʳʭ ʩʠʩʪʝʤ ʧʦ (Morgan, 2019; McCarthy, 1993; Abdullatif, 

1989). ʌʦʪʦ: Google Earth. 



оф 
 

ʆʩʝʨʝʜʢʦʚʘʷ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʨʫʧʥʳʭ ʨʝʢ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠ ʙʦʣʴʰʠʤ 

ʨʘʩʭʦʜʦʤ ʚʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʝʜʛʦʨʥʳʭ ʨʘʡʦʥʘʭ (ʨ. ʈʘʢʘʢʫʡʷ (ʨʠʩ. 7, ɸ), ʉoluccio, Morgan, 2019; 

ʨ. ʂʦʩʠ (ʨʠʩ. 7, ɹ), Stanistreet, McCarthy, 1993; ʨ. ʍʫʘʥʭʵ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ, Miall, 2006; ʨ. 

ɹʨʘʭʤʘʧʫʪʨʘ ï Sarma, Acharjee, 2018), ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʪʦʢ ʦʩʘʜʢʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʫʢʣʦʥ ʜʦʣʠʥʳ, ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʝʤʠʘʨʠʜʥʳʭ ʨʘʡʦʥʘʭ. ʈʫʩʣʦ ʨ. ɻʵʰ (ʨ. Gash, ʦʥʘ ʞʝ ʨ. Mereb 

(ʨʠʩ. 7, ɺ, ɻ), ʰʠʨʠʥʘ ʜʦ 800 ʤ ʥʠʞʝ ʛ. ʂʘʩʩʘʣʳ) ʧʦʣʥʦʩʪʴʶ ʦʙʚʦʜʥʝʥʦ ʚ ʧʘʚʦʜʦʢ ʧʨʠ ʛʣʫʙʠʥʝ 1ï2 

ʤ, ʧʦ ʤʝʨʝ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʨʫʢʘʚʘ ʠ ʚʳʩʳʭʘʝʪ ʚ ʩʫʭʦʡ ʩʝʟʦʥ (Abdullatif, 1989). 

ʇʝʩʢʠ ʚ ʨ. ɻʵʰ ʬʦʨʤʠʨʫʶʪ ʟʘʢʦʥʦʤʝʨʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪ ʢʦʩʳʭ ʞʝʣʦʙʦʦʙʦʦʙʨʘʟʥʳʭ, 

ʢʦʩʳʭ ʜʠʘʛʦʥʘʣʴʥʦ-ʩʣʦʠʩʪʳʭ, ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʭ, ʩ ʢʦʩʦʡ ʚʦʣʥʠʩʪʦʡ ʩʣʦʠʩʪʦʩʪʴʶ (ripple 

cross-lamination) ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ; ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʧʨʦʩʣʦʷʤʠ ʟʘʠʣʝʥʠʷ ï ʘʣʝʚʨʠʪʘʤʠ 5ï10 

ʩʤ ʤʦʱʥʦʩʪʠ, ʥʘʢʦʧʠʚʰʠʤʠʩʷ ʧʦʩʣʝ ʧʘʜʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʟʘʪʫʭʘʶʱʝʤ ʧʦʪʦʢʝ. ʇʨʠ ʵʪʦʤ ʘʣʝʚʨʠʪʳ ʠ 

ʢʦʩʦ-ʚʦʣʥʠʩʪʦ-ʩʣʦʠʩʪʳʝ ʧʝʩʢʠ ʨʝʜʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʨʝʟʝ ʠʟ-ʟʘ ʨʘʟʤʳʚʘ ʧʦʩʣʝʜʫʶʱʠʤʠ 

ʧʘʚʦʜʢʘʤʠ ʠ ʤʠʛʨʠʨʫʶʱʠʤʠ ʨʫʢʘʚʘʤʠ. 

ʈʝʢʠ ʩ ʦʩʝʨʝʜʢʦʚʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ ʬʦʨʤʠʨʫʶʪ ʧʣʘʩʪʦʚʳʝ ʪʝʣʘ, ʯʘʩʪʦ ʩ ʤʦʱʥʳʤʠ 

ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ ʨʝʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʘʙʣʠʪʯʘʪʳʭ ʩʝʨʠʡ: ʤʘʩʩʠʚʥʳʝ ʛʨʘʚʝʣʠʪʳ ï ʜʠʘʛʦʥʘʣʴʥʦ-ʩʣʦʠʩʪʳʝ ʛʨʘʚʝʣʠʪʳ 

ï ʞʝʣʦʙʦʦʙʨʘʟʥʳʝ ʢʦʩʦʩʣʦʠʩʪʳʝ ʧʝʩʢʠ ï ʜʠʘʛʦʥʘʣʴʥʦ-ʩʣʦʠʩʪʳʝ ʧʝʩʢʠ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʝ 

ʧʝʩʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ (Arche, Lopez-Gomez, 2005; Mader,1992; Ravid 

et al., 2022; Bourquin et al., 2009; Wilson et al., 2014). 

 

ʈʘʟʚʝʪʚʣʝʥʥʳʝ ʨʫʩʣʘ ʩ ʧʦʡʤʝʥʥʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ 

ɺ ʩʣʫʯʘʝ ʤʘʣʦʛʦ ʫʢʣʦʥʘ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ ʨʫʩʣʦ ʜʝʣʠʪʩʷ ʥʘ ʨʫʢʘʚʘ ʥʘ ʰʠʨʦʢʦʡ ʧʦʡʤʝ. 

ʈʫʢʘʚʘ ʨʘʟʛʨʘʥʠʯʝʥʳ ʦʩʪʨʦʚʘʤʠ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʰʠʨʠʥʫ ʨʫʩʝʣ. ʈʫʢʘʚʘ 

ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʪʝʯʝʥʠʶ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ, ʩʦʝʜʠʥʷʶʪʩʷ ʚʥʦʚʴ, ʦʩʪʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʠʣʠ ʩʪʘʥʦʚʷʪʩʷ ʩʣʘʙʦʠʟʚʠʣʠʩʪʳʤʠ, ʯʘʩʪʦ ʨʘʚʥʦʟʥʘʯʥʳ ʧʦ ʚʦʜʦʥʦʩʥʦʩʪʠ. ɺ ʠʪʦʛʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʡʤʝʥʥʘʷ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ (ʧʦ ʏʘʣʦʚ, 2011; anastomosing channels, anastomosed 

rivers ʧʦ (Makaske, 2001; Miall , 2006)), ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʩʯʠʪʘʝʪʩʷ ʩʣʘʙʳʡ ʫʢʣʦʥ 

ʨʫʩʣʘ (Miall, 2006) ʠ ʥʠʟʢʘʷ ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ (Makaske, 2001), ʚʤʝʩʪʝ ʩ ʪʝʤ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʩʪʝʧʝʥʴ ʤʥʦʛʦʚʦʜʥʦʩʪʠ ʨʝʢʠ ʠ ʭʘʨʘʢʪʝʨ ʧʝʨʝʥʦʩʠʤʳʭ ʝʡ ʦʩʘʜʢʦʚ (ʏʘʣʦʚ, 2011). 

ʈʫʩʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʣʠʥʟʦʚʠʜʥʳʝ ʚ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʨʝʟʝ ʪʝʣʘ, ʰʥʫʨʦʚʠʜʥʳʝ ʚ 

ʧʣʘʥʝ (ribbon channel, Makaske, 2001; Miall, 2006) ʩ ʭʦʨʦʰʦ ʦʬʦʨʤʣʝʥʥʳʤʠ ʙʦʨʪʘʤʠ ʠ ʥʠʟʢʠʤ 

ʦʪʥʦʰʝʥʠʝʤ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʢ ʤʦʱʥʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʨʝʟʝ (ʦʪʥʦʰʝʥʠʝ L/H). ʈʫʩʣʘ ʟʘʧʦʣʥʝʥʳ 

ʧʝʩʢʘʤʠ ʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʇʝʩʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʤʝʣʢʦʡ ʢʦʩʦʡ ʚʦʣʥʠʩʪʦʡ 

ʩʣʦʠʩʪʦʩʪʴʶ ʦʪʨʘʞʘʶʪ ʥʝʚʳʩʦʢʫ  ʁɻ ʥʝʨʛʠʶ ʧʦʪʦʢʘ. ʊʘʙʣʠʪʯʘʪʳʝ ʩʝʨʠʠ ʩ ʢʦʩʦʡ ʞʝʣʦʙʦʦʙʨʘʟʥʦʡ ʠ 

ʜʠʘʛʦʥʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ʉʝʜʠʤʝʥʪʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʦʩʘʜʢʘ.  
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ʈʠʩ. 8. ʇʨʠʤʝʨʳ ʘʣʣʶʚʠʘʣʴʥʳʭ ʚʝʝʨʦʚ ʩ ʤʝʘʥʜʨʠʨʫʶʱʠʤʠ ʠ ʩʣʘʙʦ-ʠʟʚʠʣʠʩʪʳʤʠ ʨʫʩʣʘʤʠ 

ʧʦʡʤʝʥʥʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʠ.  

ɸïɻ ï ʜʝʣʴʪʘ ʨ. ɺʦʣʛʠ; ɹ ï ʚʝʨʭʥʷʷ ʜʝʣʴʪʘ, ʤʝʘʥʜʨʠʨʫʶʱʠʝ ʨʫʩʣʘ (ʨ-ʥ ʛ. ɸʩʪʨʘʭʘʥʴ, ʩʤ. 

ʚʝʨʭʥʠʡ ʢʨʘʩʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʥʘ ʧʣʘʥʝ ɸ); ɺ, ɻ ï ʩʨʝʜʥʷʷ ʜʝʣʴʪʘ, ʦʟʝʨʥʦ-ʧʦʡʤʝʥʥʘʷ ʨʘʚʥʠʥʘ, 

ʩʣʘʙʦ-ʠʟʚʠʣʠʩʪʳʝ ï ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʨʫʩʣʘ (ʨ-ʥ ʧʦʩ. ɻʘʚʨʠʣʦʚʩʢʠʡ, ʩʤ. ʥʠʞʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ ʥʘ 

ʧʣʘʥʝ ɸ); ɺ ï ʚʝʩʝʥʥʠʡ ʧʘʚʦʜʦʢ, ʨʫʩʣʘ ʦʛʨʘʥʠʯʝʥʳ ʧʨʠʨʫʩʣʦʚʳʤʠ ʚʘʣʘʤʠ (ʩʚʝʪʣʳʡ ʪʦʥ), ʥʘ 

ʜʝʣʴʪʦʚʦʤ ʦʟʝʨʝ (ʚ ʮʝʥʪʨʝ) ʯʠʪʘʶʪʩʷ ʚʝʝʨʦʦʙʨʘʟʥʳʝ ʨʫʩʣʘ ʧʦʡʤʝʥʥʦʛʦ ʢʦʥʫʩʘ, ɻ ï ʪʦ ʞʝ ʤʝʩʪʦ 

ʯʝʨʝʟ 14 ʣʝʪ ʚ ʩʫʭʦʡ ʩʝʟʦʥ, ʨʫʩʣʘ ʧʦʡʤʝʥʥʦʛʦ ʢʦʥʫʩʘ ʟʘʥʠʤʘʶʪ ʮʝʥʪʨ ʟʘʨʦʩʰʝʛʦ ʦʟʝʨʘ, ʦʢʘʡʤʣʝʥʳ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʨʠʨʫʩʣʦʚʳʤʠ ʚʘʣʘʤʠ. 

ɼïɿ ï ʜʝʣʴʪʘ ʨ. ʆʢʘʚʘʥʛʦ (ɹʦʪʩʚʘʥʘ, ʖʞʥʘʷ ɸʬʨʠʢʘ); ɽ ï ʧʨʦʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʴ ʜʝʣʴʪʳ, 

ʤʝʘʥʜʨʠʨʫʶʱʝʝ ʨʫʩʣʦ, ʯʠʪʘʶʪʩʷ ʢʨʫʧʥʳʝ ʨʝʣʠʢʪ rʤʝʘʥʜʨ, ʫʥʘʩʣʝʜʦʚʘʥʥʳʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ 

ʧʣʶʚʠʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ (ʨ-ʥ ʧʝʨʝʩʳʭʘʶʱʠʭ ʙʦʣʦʪ ʦʢʦʣʦ Duba Plains Camp, 40 ʢʤ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʛ. 

ʉʝʨʦʥʛʘ, ʩʤ. ʚʝʨʭʥʠʡ ʢʨʘʩʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʥʘ ʧʣʘʥʝ ɼ); ɾ, ɿ ï ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʜʝʣʴʪʳ, ʩʣʘʙʦ-

ʠʟʚʠʣʠʩʪʳʝ ï ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʨʫʩʣʘ ʧʦʡʤʝʥʥʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʠ (ʨ-ʥ Jao Camp, 65 ʢʤ ʶʛʦ-

ʚʦʩʪʦʯʥʝʝ ʛ. ʉʝʨʦʥʛʘ, ʩʤ. ʥʠʞʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ ʥʘ ʧʣʘʥʝ ɼ), ɾ ï ʚ ʩʫʭʦʡ ʩʝʟʦʥ, ɽ ï ʪʦ ʞʝ ʤʝʩʪʦ ʚ 

ʧʘʚʦʜʦʢ, ʩʤ. ʢʦʥʫʩʳ ʧʨʦʨʳʚʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʥʠʤʢʘ (ʥʘ ʚʨʝʟʢʝ ʢʨʫʧʥʳʤ ʧʣʘʥʦʤ). 

ɼʠʘʛʦʥʦʩʪʠʢʘ ʨʫʩʣʦʚʳʭ ʩʠʩʪʝʤ ʧʦ (Overeem et al.,2003; Stanistreet, McCarthy, 1993; Stanistreet 

et al., 1993). ʌʦʪʦ: Google Earth. 
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ʆʩʪʨʦʚʘ ʤʝʞʜʫ ʨʫʩʣʘʤʠ ʧʦʢʨʳʪʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʪ ʩʚʦʝ 

ʧʦʣʦʞʝʥʠʝ. ʈʫʩʣʘ ʦʛʨʘʥʠʯʝʥʳ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʧʨʠʨʫʩʣʦʚʳʤʠ ʚʘʣʘʤʠ, ʤʠʛʨʠʨʫʶʪ ʧʫʪʝʤ 

ʦʪʯʫʞʜʝʥʠʷ (Smith D., Smith N., 1980; Smith D., 1983). ɺ ʩʣʫʯʘʝ ʧʨʦʨʳʚʘ ʧʨʠʨʫʩʣʦʚʦʛʦ ʚʘʣʘ ʥʘ 

ʧʦʡʤʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʥʫʩ ʚʳʥʦʩʘ (crevasse splay), ʩʣʦʞʝʥʥʳʡ ʨʘʟʤʳʪʳʤʠ ʠ ʧʦʩʪʫʧʠʚʰʠʤʠ ʠʟ 

ʦʩʥʦʚʥʦʛʦ ʨʫʩʣʘ ʦʩʘʜʢʘʤʠ, ʧʦʩʣʝ ʚʳʭʦʜʘ ʧʘʚʦʜʢʦʚʳʭ ʚʦʜ ʥʘ ʧʦʡʤʝʥʥʳʡ ʦʩʪʨʦʚ ʦʪʣʘʛʘʶʪʩʷ 

ʧʦʢʨʦʚʥʳʝ ʧʝʩʢʠ (Smith et al., 1989; Kraus, 1996; Makaske, 2001). ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ 

ʧʨʦʨʳʚʘ ʧʦʪʦʢ ʤʦʞʝʪ ʚʨʝʟʘʪʴʩʷ ʚ ʧʦʡʤʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʟʘʣʦʞʠʪʴ ʥʦʚʦʝ ʨʫʩʣʦ, ʢʦʪʦʨʦʝ ʨʘʩʩʝʯʝʪ 

ʦʩʪʨʦʚ ʥʘ ʜʚʝ ʯʘʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʩʪʘʨʳʡ ʨʫʢʘʚ ʟʘʧʦʣʥʠʪʩʷ ʦʩʘʜʢʦʤ. 

ʈʝʢʠ ʧʦʡʤʝʥʥʦʛʦ ʪʠʧʘ ʨʘʟʚʝʪʚʣʝʥʠʷ ʦʧʠʩʘʥʳ ʚ ʛʫʤʠʜʥʳʭ (ʨ. ɸʪʪʘʚʘʧʠʩʢʘʪ, ʂʘʥʘʜʘ, ʧʨʦʚ. 

ʆʥʪʘʨʠʦ, King, Martini, 1984; ʨ. ʄʘʛʜʘʣʝʥʘ, ʂʦʣʫʤʙʠʷ, Smith, 1986; ʨ. ʊʦʥʣʝ ʉʘʧ, ʂʘʤʙʦʜʞʘ, 

Makaske, 2001; ʜʝʣʴʪʘ ʨʝʢ ʈʝʡʥ ï ʄʘʘʩ, ʅʠʜʝʨʣʘʥʜʳ, Weerts, Bierkens, 1993) ʠ ʩʝʤʠʘʨʠʜʥʳʭ 

ʦʙʣʘʩʪʷʭ. ʅʘʧʨʠʤʝʨ, ʧʦʡʤʝʥʥʘʷ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʜʝʣʴʪʝ ʨ. ɺʦʣʛʘ 

(ɻʝʦʣʦʛʠʷ ʜʝʣʴʪʳé, 1951; Overeem et al.,, 2003; ʨʠʩ. 8, ɺ, ɻ), ʚ ʧʝʨʝʩʳʭʘʶʱʝʡ ʜʝʣʴʪʝ ʨ. ʆʢʘʚʘʥʛʦ 

(ɹʦʪʩʚʘʥʘ, Stanistreet, McCarthy, 1993; Stanistreet et al., 1993; ʨʠʩ. 8, ɾ, ɿ), ʚ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ 

ʦʟ. ʕʡʨ (ɸʚʩʪʨʘʣʠʷ, Channel Country, Rust, 1981; Gibling et al., 1998). 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ ʨʝʯʥʳʝ ʩʠʩʪʝʤʳ ʵʪʦʛʦ ʪʠʧʘ ʨʝʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʧʦ ʠʟʦʣʠʨʦʚʘʥʥʳʤ 

ʧʝʩʯʘʥʳʤ ʪʝʣʘʤ ʙʝʟ ʩʚʠʜʝʪʝʣʴʩʪʚ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʝ ʦʢʨʫʞʝʥʳ ʦʙʰʠʨʥʳʤʠ 

ʧʦʡʤʝʥʥʳʤʠ ʬʘʮʠʷʤʠ. ɼʣʷ ʧʦʡʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʥʳ ʤʘʣʦʤʦʱʥʳʝ ʧʦʢʨʦʚʥʳʝ ʧʝʩʢʠ, 

ʧʨʠʤʳʢʘʶʱʠʝ ʚ ʚʠʜʝ çʢʨʳʣʴʝʚè ʢ ʨʫʩʣʘʤ (Eberth, Miall, 1991; Kirschbaum, McCabe, 1992; Kraus, 

1996; Makaske, 2001). 

 

3.1.2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʠ ʧʠʪʘʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʚʝʝʨʦʚ 

ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʫʩʝʣ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʜʥʦʡ ʨʝʢʝ, ʩʤʝʥʷʷ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʪʝʯʝʥʠʶ ʩʦ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ: ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʨʫʩʣʘ ʩ ʦʩʝʨʝʜʢʦʚʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ ï 

ʤʝʘʥʜʨʠʨʫʶʱʠʝ ʨʫʩʣʘ ï ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʨʫʩʣʘ ʩ ʧʦʡʤʝʥʥʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ. ʇʦʜʦʙʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʝʯʥʦʡ ʩʠʩʪʝʤʝ ʇʷʥʜʞ ï ɺʘʭʰ ï ɸʤʫʜʘʨʴʷ ʠ ʧʦ ʪʝʯʝʥʠʶ ʨ. 

ɿʝʨʘʚʰʘʥ (ʨʠʩ. 9). ɺ ʦʙʝʠʭ ʨʝʯʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʦʩʝʨʝʜʢʦʚʘʷ 

ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ, ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʤʝʘʥʜʨʠʨʦʚʘʥʠʶ, ʚ ʧʨʠʫʩʪʴʝʚʳʭ 

ʨʘʡʦʥʘʭ ʨʝʢʠ ɸʤʫʜʘʨʴʷ ʠ ɿʝʨʘʚʰʘʥ ʬʦʨʤʠʨʫʶʪ ʘʣʣʶʚʠʘʣʴʥʳʝ ʢʦʥʫʩʳ ʩ ʧʦʡʤʝʥʥʦʡ 

ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ, ʛʜʝ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʫʩʣʘ. 

ʍʘʨʘʢʪʝʨ ʨʘʟʚʝʪʚʣʝʥʠʷ ʠ ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʪʠʧ ʦʩʘʜʢʦʚ ʟʘʢʦʥʦʤʝʨʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʫʢʣʦʥʦʤ 

ʬʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʫʢʣʦʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʨʝʜʛʦʨʥʳʭ ʢʦʥʫʩʘʭ 

ʚʳʥʦʩʘ (Stanistreet, McCarthy, 1993), ʤʠʥʠʤʘʣʴʥʳʝ ï ʚ ʧʨʠʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ ʚ ʨʘʡʦʥʝ ʜʝʣʴʪ. 

ɼʝʣʴʪʦʚʳʝ ʢʦʥʫʩʳ ʚʳʩʪʫʧʘʶʪ ʥʘʛʣʷʜʥʦʡ ʤʦʜʝʣʴʶ, ʠʣʣʶʩʪʨʠʨʫʶʱʝʡ ʟʘʢʦʥʦʤʝʨʥʫʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʤʦʨʬʦʣʦʛʠʠ ʨʫʩʝʣ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʫʢʣʦʥʘ ʠ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ. ɺ ʜʝʣʴʪʝ ʨ. ɺʦʣʛʘ 

ʫʢʣʦʥ ʩʦʩʪʘʚʣʷʝʪ ~5 ʩʤ/ʢʤ (Overeem et al., 2003), ʚʦ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʜʝʣʴʪʝ ʨ. ʆʢʘʚʘʥʛʦ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴʥʳʡ ʧʨʠʤʝʨ ʧʝʨʝʩʳʭʘʶʱʝʛʦ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʚʝʝʨʘ, 



пн 
 

ʙʣʠʟʢʦʛʦ ʢ ʨʝʯʥʦʡ ʩʠʩʪʝʤʝ ʄʉ ʥʘ ʨʫʙʝʞʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ï ʚ ʩʨʝʜʥʝʤ 0,00036, ʩʥʠʞʘʷʩʴ ʚ 

ʜʠʩʪʘʣʴʥʦʡ ʟʦʥʝ ʜʦ 0,00023 (Stanistreet, McCarthy, 1993), ʪʦ ʝʩʪʴ ʜʦ 2,3 ʩʤ ʥʘ ʢʠʣʦʤʝʪʨ. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʝʨʝʜ ʚʝʨʰʠʥʦʡ ʜʝʣʴʪʦʚʦʛʦ ʢʦʥʫʩʘ ʨ. ɺʦʣʛʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʘʢʪʠʚʥʦ 

ʤʝʘʥʜʨʠʨʫʶʱʠʤʠ ʨʫʩʣʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʚ ʚʝʨʭʥʶʶ ʜʝʣʴʪʫ ʠ ʥʘʨʷʜʫ ʩʦ ʩʣʘʙʦʠʟʚʠʣʠʩʪʳʤʠ 

ʨʫʩʣʘʤʠ ʬʦʨʤʠʨʫʶʪ ʝʝ ʬʣʶʚʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ (ɻʝʦʣʦʛʠʷ ʜʝʣʴʪʳé, 1951; ʨʠʩ. 8, ɸïɻ). ʇʦ ʤʝʨʝ 

ʩʥʠʞʝʥʠʷ ʫʢʣʦʥʘ ʚ ʩʨʝʜʥʝʡ ʜʝʣʴʪʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʡʤʝʥʥʘʷ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ ï ʨʘʟʚʠʚʘʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʣʘʙʦʠʟʚʠʣʠʩʪʳʝ ʠ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʨʫʢʘʚʘ. ɺ ʥʠʞʥʝʡ ʜʝʣʴʪʝ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ 

ʫʢʣʦʥʘ ʠ ʨʘʩʭʦʜʘ ʚʦʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʘʤʳʝ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʠ ʤʝʣʢʠʝ ʧʨʦʪʦʢʠ.  

 

ʈʠʩ. 9. ʀʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʨʫʩʣʘ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʫʢʣʦʥʘ ʜʦʣʠʥʳ. 

ɸïɺ ï ʨʝʯʥʘʷ ʩʠʩʪʝʤʘ ʇʷʥʜʞ ï ɺʘʭʰ ï ɸʤʫʜʘʨʴʷ, ʧʦ ʪʝʯʝʥʠʶ ʩʚʝʨʭʫ-ʚʥʠʟ; ɸ ï ʚʝʨʭʥʝʝ 

ʪʝʯʝʥʠʝ ʨ. ʇʷʥʜʞ, ʨʝʢʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʪʨʠ ʧʦʪʦʢʘ ʩ ʦʩʝʨʝʜʢʦʚʦʡ ʤʥʦʛʨʫʢʘʚʥʦʩʪʴʶ; ɹ ï 

ʤʝʘʥʜʨʠʨʫʶʱʠʝ ʨʝʢʠ ʇʷʥʜʞ ʠ ɺʘʭʰ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʨ. ɸʤʫʜʘʨʴʶ; ɺ ï ʜʝʣʴʪʘ ʨ. ɸʤʫʜʘʨʴʠ, 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʡʤʝʥʥʘʷ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ. 

ɻïɽ ï ʨ. ɿʝʨʘʚʰʘʥ, ʧʦ ʪʝʯʝʥʠʶ ʩʚʝʨʭʫ-ʚʥʠʟ; ɻ ï ʦʩʝʨʝʜʢʦʚʘʷ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ ʚ ʚʝʨʭʥʝʤ 

ʪʝʯʝʥʠʠ, ɼ ï ʤʝʘʥʜʨʠʨʫʶʱʝʝ ʨʫʩʣʦ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ, ɽ ï ʘʣʣʶʚʠʘʣʴʥʳʡ ʢʦʥʫʩ ɹʫʭʘʨʩʢʦʛʦ 

ʦʘʟʠʩʘ, ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʡʤʝʥʥʘʷ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ. 

ʌʦʪʦ: Google Earth. 

 

ʉʭʦʞʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʝʣʴʪʝ ʨ. ʆʢʘʚʘʥʛʦ (ʨʠʩ. 8, ɼïɿ). ʅʘ ʧʦʜʭʦʜʝ ʢ 

ʜʝʣʴʪʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʢʣʦʥʝ ʠ ʚʳʩʦʢʦʤ ʨʘʩʭʦʜʝ ʚʦʜʳ ʬʦʨʤʠʨʫʝʪʩʷ ʦʩʝʨʝʜʢʦʚʘʷ 

ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴ. ɺ ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʫʢʣʦʥʘ ʨʫʩʣʦ ʩʪʘʥʦʚʠʪʩʷ 
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ʠʟʚʠʣʠʩʪʳʤ ʠ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʤʝʘʥʜʨʠʨʫʶʱʠʝ ʨʫʢʘʚʘ (ʨʠʩ. 8, ɽ), ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʰʠʨʦʢʠʝ 

ʧʨʦʪʷʞʝʥʥʳʝ ʧʝʩʯʘʥʳʝ ʪʝʣʘ (meander belt), ʯʘʩʪʠʯʥʦ ʫʥʘʩʣʝʜʦʚʘʥʥʳʝ ʦʪ ʧʣʶʚʠʘʣʴʥʦʛʦ ʵʧʠʟʦʜʘ ʚ 

ʩʝʨʝʜʠʥʝ ʥ.ʵ. (Stanistreet, McCarthy, 1993; Stanistreet et al., 1993). ɺ ʩʨʝʜʥʝʡ ʜʝʣʴʪʝ ʩʣʘʙʦʠʟʚʠʣʠʩʪʳʝ 

ʚʝʪʚʷʱʠʝʩʷ ʨʫʩʣʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʡʤʝʥʥʫʶ ʤʥʦʛʨʫʢʘʚʥʦʩʪʴ (ʨʠʩ. 8, ɾ, ɿ). ʇʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʫʢʣʦʥʝ ʠ ʨʘʩʭʦʜʝ ʚʦʜʳ ʚ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʷʤʦʣʠʥʝʡʥʳʝ 

ʫʟʢʠʝ ʧʨʦʪʦʢʠ.  

ʉʭʦʜʩʪʚʦ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʜʝʣʴʪ ʨ. ɺʦʣʛʘ ʠ ʨ. ʆʢʘʚʘʥʛʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʜʠʥʩʪʚʦʤ ʧʨʦʮʝʩʩʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʷʭ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ ʨʫʙʝʞʝ ʨʝʢʘ ï ʤʦʨʝ ʠʣʠ ʧʨʠ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʠʠ ʧʨʦʛʠʙʘ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʙʲʝʤʝ 

ʧʦʩʪʫʧʘʶʱʠʭ ʦʩʘʜʢʦʚ ʨ. ɺʦʣʛʘ ʨʘʟʛʨʫʞʘʝʪ ʠʭ ʧʨʠ ʧʘʜʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʂʘʩʧʠʡʩʢʠʤ ʤʦʨʝʤ (ɻʝʦʣʦʛʠʷ ʜʝʣʴʪʳé, 1951), ʨ. ʆʢʘʚʘʥʛʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʧʨʦʛʠʙ, 

ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʚ ʨʠʬʪʦʚʦʡ ʟʦʥʝ ʆʢʘʚʘʥʛʦ (Kinabo et al., 2007), ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʝ ʨʝʯʥʳʝ ʩʠʩʪʝʤʳ 

ʚʳʥʫʞʜʝʥʳ ʪʝʯʴ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʦʩʘʜʢʘʤ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʫʢʣʦʥʝ ʬʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ. 

ɼʣʷ ʜʝʣʴʪ ʦʙʝʠʭ ʨʝʢ ɺʦʣʛʘ ʠ ʆʢʘʚʘʥʛʦ ʦʙʱʝʡ ʯʝʨʪʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʧʦʜʥʷʪʦʩʪʴ ʢʨʘʝʚ ʦʩʪʨʦʚʦʚ 

ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʧʨʠʨʫʩʣʦʚʳʭ ʚʘʣʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʝʝ ʥʠʟʢʦʝ 

ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʪʨʦʚʥʳʭ ʫʯʘʩʪʢʦʚ (ʃʝʦʥʪʴʝʚ, ʌʦʪʝʝʚʘ, 1965; 

Stanistreet et al., 1993). ɺ ʜʝʣʴʪʝ ʨ. ʆʢʘʚʘʥʛʦ ʚʳʩʦʪʘ ʧʨʠʨʫʩʣʦʚʳʭ ʚʘʣʦʚ ʜʦʩʪʠʛʘʝʪ 5 ʤ, ʠʟ-ʟʘ ʯʝʛʦ 

ʫʨʦʚʝʥʴ ʧʘʚʦʜʢʦʚʦʡ ʚʦʜʳ ʚ ʨʫʩʣʝ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʦʩʪʨʦʚʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʨʫʧʥʳʭ ʨʝʢ ʩʝʤʠʘʨʠʜʥʳʭ ʨʘʡʦʥʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʭ ʚʦʜʦʩʙʦʨʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʚ ʩʦʩʝʜʥʠʭ ʛʫʤʠʜʥʳʭ ʟʦʥʘʭ. ʀʩʪʦʢ ʨ. ɺʦʣʛʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʨʘʡʦʥʝ ʫʤʝʨʝʥʥʦ-ʛʫʤʠʜʥʦʛʦ 

ʢʣʠʤʘʪʘ ʥʘ ɺʘʣʜʘʡʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʥʦʨʤʦʡ ʦʩʘʜʢʦʚ 800 ʤʤ, ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʠ ʩʦʩʪʘʚʣʷʝʪ ʥʘ ʦʩʪʨʦʚʘʭ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ 

200ï380 ʤʤ (ɹʘʙʢʠʥ, 2015). ʀʩʪʦʢʠ ʨ. ʆʢʘʚʘʥʛʦ ʥʘʭʦʜʷʪʩʷ ʥʘ ɸʥʛʦʣʴʩʢʦʤ ʧʣʦʩʢʦʛʦʨʴʝ ʩʦ 

ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ 1300 ʤʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʜʝʣʴʪʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 450 

ʤʤ (Milzow et al., 2009), ʶʞʥʝʝ ʚ ʧʫʩʪʳʥʝ ʂʘʣʘʭʘʨʠ ï ʜʦ 200 ʤʤ (Tyson, Crimp, 1998). ʀʩʪʦʢʠ ʨ. 

ɻʵʰ (ʄʵʨʵʙ) ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʝ ʥʘ ʕʨʠʪʨʝʡʩʢʦʤ (ʕʬʠʦʧʩʢʦ-ʕʨʠʪʨʝʡʩʢʦʤ) 

ʥʘʛʦʨʴʝ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʥʦʨʤʦʡ 1100 ʤʤ (ɻʝʙʨʝʭʠʚʦʪ, ʂʦʟʣʦʚ, 2020), ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʘ 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʝʟʦʥʥʦ-ʟʘʩʫʰʣʠʚʦʤʫ ʨʘʡʦʥʫ ʩ ʦʩʘʜʢʘʤʠ 330ï715 ʤʤ/ʛʦʜ (Abdullatif, 1989). 

 

3.1.3. ʆʟʝʨʘ 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʦʟʝʨ ʘʨʠʜʥʳʭ ʠ ʩʝʤʠʘʨʠʜʥʳʭ ʨʘʡʦʥʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʠʩʧʘʨʝʥʠʷ ʥʘʜ ʤʝʪʝʦʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʦʝʤʦʚ, ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʢʝ 

ʠʭ ʛʨʘʥʠʮ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʚʳʧʘʜʝʥʠ ʁʤʠʥʝʨʘʣʦʚ ʧʦ ʩʭʝʤʝ: ʢʘʣʴʮʠʪ Ÿ ʜʦʣʦʤʠʪ Ÿ ʛʠʧʩ Ÿ 

ʛʘʣʠʪ. ɺ ʟʘʤʢʥʫʪʳʭ ʦʟʝʨʘʭ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʟʘʣʝʛʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚ 

ʦʩʘʜʢʝ (bullôs-eye sediment pattern, bulls-eye facies, Warren, Kendall, 1985; Warren, 2006; Rosen, 1991; 

Sedimentary Environmentsé, 1996). ɺ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʦʟʝʨ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʨʠʛʝʥʥʦʡ 

ʩʝʜʠʤʝʥʪʘʮʠʝʡ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʭʝʤʦʛʝʥʥʳʝ ʦʩʘʜʢʠ ʚ ʚʠʜʝ ʢʘʨʙʦʥʘʪʥʳʭ ʠʣʦʚ (ʈʝʡʥʝʢ, 
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ʉʠʥʛʭ, 1981). ʆʩʦʙʝʥʥʦʩʪʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʦʟʝʨʘʭ ʩʝʤʠʘʨʠʜʥʳʭ ʨʘʡʦʥʦʚ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ Ä 3.2.2. 

 

3.1.4. ʇʣʘʡʠ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʜ ʪʝʨʤʠʥʦʤ ʧʣʘʡʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʨʘʟʛʨʫʟʦʯʥʳʡ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʙʘʩʩʝʡʥ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʦʜʥʳʤ ʙʘʣʘʥʩʦʤ, ʦʩʪʘʶʱʠʡʩʷ 75% ʚʨʝʤʝʥʠ ʚ 

ʛʦʜʫ ʩʫʭʠʤ ʠ ʯʘʩʪʦ ʩʚʷʟʘʥʥʳʡ ʩ ʵʚʘʧʦʨʠʪʘʤʠ, ʢʘʢ ʧʨʝʜʣʦʞʠʣ ʇ.ʈ. ɹʨʠʝʨ (Briere, 2000). ʇʣʘʡʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʝʩʩʪʦʯʥʳʝ ʢʦʪʣʦʚʠʥʳ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʩʫʭʠʤʠ ʦʩʥʦʚʥʦʝ ʚʨʝʤʷ ʛʦʜʘ. 

ʇʣʘʡʝʚʦʝ ʦʟʝʨʦ ʇ.ʈ. ɹʨʠʝʨ ʦʧʨʝʜʝʣʠʣ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʣʘʡʠ ʢʘʢ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʙʝʩʩʪʦʯʥʳʡ 

ʚʦʜʦʝʤ, ʦʙʚʦʜʥʝʥʥʳʡ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʦʜʘ (Briere, 2000), ʢʦʪʦʨʳʡ ʧʨʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʤ 

ʧʦʩʪʫʧʣʝʥʠʠ ʚʦʜʳ ʩʪʘʥʦʚʠʪʩʷ ʥʘʩʪʦʷʱʠʤ ʤʥʦʛʦʣʝʪʥʠʤ ʦʟʝʨʦʤ. 

ʇʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʜʣʷ ʧʣʘʡʠ ʭʘʨʘʢʪʝʨʥʳ ʤʘʩʩʠʚʥʳʝ ʥʝʩʦʨʪʠʨʦʚʘʥʥʳʝ 

ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ, ʚʦ ʚʨʝʤʷ ʧʘʜʝʥʠʷ ʵʥʝʨʛʠʠ ʥʘʚʦʜʥʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʥʢʘʷ 

ʤʠʣʣʠʤʝʪʨʦʚʘʷ ʩʣʦʠʩʪʦʩʪʴ (Shaw, Bryant, 2011). ɺʩʪʨʝʯʘʝʪʩʷ ʙʠʦʪʫʨʙʘʮʠʷ (Howari et al., 2010). 

ʉʝʟʦʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʦʩʘʜʢʦʚ ʯʝʨʝʜʫʝʪʩʷ ʩ ʜʣʠʪʝʣʴʥʦʡ ʩʫʙʘʵʨʘʣʴʥʦʡ ï ʘʵʨʘʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʝʡ ʠ 

ʨʘʟʨʫʰʝʥʠʝʤ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʨʝʢʯʠʨʦʚʘʥʠʶ ʧʦʨʦʜʳ, ʦʩʪʘʶʱʝʡʩʷ ʥʘ ʤʝʩʪʝ. ʇʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʣʘʡʠ ʠ 

ʧʣʘʡʝʚʳʝ ʦʟʝʨʘ ʢʨʦʤʝ ʨʝʜʢʦʡ ʪʝʨʨʠʛʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʧʘʜʝʥʠʝʤ 

ʵʚʘʧʦʨʠʪʦʚ, ʯʪʦ ʩʙʣʠʞʘʝʪ ʠʭ ʩ ʧʨʠʤʦʨʩʢʠʤʠ ʩʝʙʭʘʤʠ (Shaw, Bryant, 2011; Ward, 1988). 

ʄʥʦʛʦʘʢʪʥʦʝ ʚʳʧʘʜʝʥʠʝ ʵʚʘʧʦʨʠʪʦʚ ʠ ʠʭ ʨʘʩʪʚʦʨʝʥʠʝ ʧʨʠ ʥʦʚʳʭ ʧʘʚʦʜʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʩʝʜʘʥʠʶ 

ʦʩʘʜʢʘ ʠ ʥʘʨʫʰʝʥʠʶ ʠʩʭʦʜʥʦʡ ʪʦʥʢʦʡ ʩʣʦʠʩʪʦʩʪʠ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ï ʣʦʤʘʥʘʷ ʩʣʦʡʯʘʪʦʩʪʴ, 

ʧʩʝʚʜʦʘʥʪʠʢʣʠʥʘʣʠ, ʪʝʢʩʪʫʨʘ ʚʠʛʚʘʤʘ (teepee structures, ʢʦʥʫʩʦʦʙʨʘʟʥʦʝ ʟʘʣʝʛʘʥʠʝ ʪʦʥʢʦʩʣʦʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʚʳʧʘʜʝʥʠʠ ʩʦʣʝʡ ʠ ʚʩʧʫʯʠʚʘʥʠʠ ʦʩʘʜʢʘ), ʢʨʠʩʪʘʣʣʳ ʠ ʛʥʝʟʜʘ ʛʠʧʩʘ, 

ʧʦʟʚʦʣʷʶʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʧʣʘʡʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ (Tunbridge, 1984; 

Porter, Gallois, 2008; Legler et al., 2011; Simplicio et al., 2016). ɺʳʧʘʜʝʥʠʝ ʵʚʘʧʦʨʠʪʦʚ ʚ ʜʨʝʚʥʠʭ 

ʧʣʘʡʷʭ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʨʘʟʨʫʰʝʥʥʦʡ ʪʦʥʢʦʡ ʩʣʦʠʩʪʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʧʦʩʣʝ ʙʳʩʪʨʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʝ ʩʦʣʝʡ ʧʨʠ ʩʝʟʦʥʥʦʤ ʟʘʪʦʧʣʝʥʠʠ ʢʦʪʣʦʚʠʥ ʠ ʥʘʨʫʰʝʥʠʠ ʧʝʨʚʠʯʥʦʡ ʪʝʢʩʪʫʨʳ 

ʦʪʣʦʞʝʥʠʡ (Jewuğa et al., 2019). 

 

3.1.5. ʇʦʯʚʳ 

ʈʝʧʝʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʧʘʣʝʦʧʦʯʚ ʩʪʘʣʠ ʨʘʙʦʪʳ ʧʦʯʚʦʚʝʜʦʚ, ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʚʰʠʭ ʥʝʩʢʦʣʴʢʦ ʧʝʨʤʩʢʠʭ ʧʝʜʢʦʤʧʣʝʢʩʦʚ ʚ ʜʦʣʠʥʝ ʨ. ʉʫʭʦʥʘ (ʗʢʠʤʝʥʢʦ ʠ ʜʨ., 2000; 

ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 2010, ʨʠʩ. 10). ʀʪʦʛʦʚʘʷ ʤʦʥʦʛʨʘʬʠʷ (ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 2010) 

ʦʩʪʘʶʱʘʷʩʷ ʧʨʠʤʝʨʦʤ ʥʘʠʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʧʘʣʝʦʧʦʯʚ ɺɽʇ, ʠʭ ʤʘʢʨʦ- 

ʠ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʠ, ʦʧʝʨʠʨʦʚʘʣʘ ʪʝʨʤʠʥʦʣʦʛʠʝʡ, ʧʨʠʥʷʪʦʡ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʘʣʝʦʧʦʯʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 
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ʆʜʥʦʨʦʜʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʣʦʡ, ʦʪʨʘʞʘʶʱʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

(ʧʝʜʦʛʝʥʝʟʘ), ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʛʦʨʠʟʦʥʪ ʧʦʯʚʳ. ʕʣʶʚʠʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ ʦʙʝʜʥʝʥʳ ʛʣʠʥʦʡ ʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʞʝʣʝʟʘ, ʚʳʤʳʪʳʤʠ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʚʦʜʳ. ʀʣʣʶʚʠʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ 

ʦʙʦʛʘʱʝʥʳ ʧʨʦʜʫʢʪʘʤʠ ʚʳʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʠʟ ʚʝʨʭʥʠʭ ʵʣʶʚʠʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ï ʛʣʠʥʦʡ, 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʞʝʣʝʟʘ, ʢʘʨʙʦʥʘʪʘʤʠ. ʇʦʜ ʩʪʨʫʢʪʫʨʦʡ ʧʦʯʚʳ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʝ 

ʘʛʨʝʛʘʪʦʚ (ʧʝʜʦʚ). ʇʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ (ʧʦʯʚʘ) ʩʣʦʞʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʛʦʨʠʟʦʥʪʘʤʠ. 

ʇʨʠ ʧʦʣʝʚʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʧʦʯʚʝʥʥʳʭ ʧʨʦʬʠʣʝʡ ʦʧʠʩʘʥʠʝ ʘʢʮʝʥʪʠʨʦʚʘʣʦʩʴ ʥʘ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʭʦʜʩʪʚʝ ʦʩʥʦʚʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ: ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ɸ (ʦʙʳʯʥʦ 

ʵʨʦʜʠʨʦʚʘʥ), ʵʣʶʚʠʘʣʴʥʦ-ʛʣʝʝʚʦʛʦ Eg, ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʦ-ʚʳʚʝʪʨʝʣʦ-ʛʣʝʝʚʦʛʦ EBwg, 

ʠʣʣʶʚʠʘʣʴʥʦ-ʚʳʚʝʪʨʝʣʦ-ʛʣʝʝʚʦʛʦ Bwg, ʠʣʣʶʚʠʘʣʴʥʦʛʦ ɺʉ, ʧʝʨʝʭʦʜʥʦʛʦ ʢ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ, ʚ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʢʘʨʙʦʥʘʪʥʳʭ. ʉʭʦʜʩʪʚʦ ʛʦʨʠʟʦʥʪʦʚ ʚʳʨʘʞʘʣʦʩʴ ʚ ʷʨʢʦʡ ʮʚʝʪʦʚʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʢʦʥʪʨʘʩʪʥʦʤ ʩʦʯʝʪʘʥʠʠ ʩʠʟʦ-ʩʚʝʪʣʦ-ʩʝʨʳʭ ʦʛʣʝʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʢʨʘʩʥʦʡ 

ʚʥʫʪʨʠʧʝʜʥʦʡ ʤʘʩʩʦʡ. ʉʪʨʫʢʪʫʨʘ ʟʘʢʦʥʦʤʝʨʥʦ ʤʝʥʷʣʘʩʴ ʦʪ ʦʨʝʭʦʚʘʪʦʡ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʜʦ 

ʙʣʦʯʥʦ-, ʢʦʤʢʦʚʘʪʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʠ ʛʣʳʙʦʚʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʚ ʥʠʞʥʠʭ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʛʦʨʠʟʦʥʪʳ ʩʦʜʝʨʞʘʪ ʪʦʥʢʠʝ ʚʝʪʚʷʱʠʝʩʷ ʢʘʥʘʣʳ, ʢʦʪʦʨʳʝ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʦʪʧʝʯʘʪʢʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ (ʢʦʨʥʝʚʳʝ ʢʘʥʘʣʳ) ʠ ʜʨʫʛʠʝ ʧʦʨʳ. ʋʯʘʩʪʢʠ 

ʦʛʣʝʝʥʥʦʡ ʤʘʩʩʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚʜʦʣʴ ʠʥʩʠʪʥʳʭ ʢʦʨʥʝʡ, 

ʢʨʫʛʣʳʤʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʛʣʝʝʚʳʤʠ ʪʨʫʙʢʘʤʠ, ʦʙʲʝʤʥʳʤʠ ʛʣʝʝʚʳʤʠ ʟʦʥʘʤʠ ʦʢʨʫʛʣʦʡ 

ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʧʣʦʩʢʠʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʛʣʝʝʚʳʤʠ ʧʷʪʥʘʤʠ. 

ʈʝʛʫʣʷʨʥʦ ʦʪʤʝʯʘʶʪʩʷ ʟʝʨʢʘʣʘ ʩʢʦʣʴʞʝʥʠʷ (ʩʣʠʢʝʥʩʘʡʜʳ) ʜʦ 15 ʩʤ2 ʧʣʦʱʘʜʴʶ ʥʘ ʥʘʢʣʦʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʠʟʤ ʠ ʙʣʦʢʦʚ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʛʦ ʤʘʩʩʠʚʘ 

ʛʦʨʠʟʦʥʪʘ (ʩʣʠʪʦʛʝʥʝʟ) ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʧʝʜʦʛʝʥʥʳʝ ʢʦʥʢʨʝʮʠʠ (ʥʦʜʫʣʠ) ʜʦ ʧʝʨʚʳʭ ʩʤ ʚ ʜʠʘʤʝʪʨʝ. 

ɺ ʧʦʨʘʭ ʠ ʪʨʝʱʠʥʘʭ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʚʥʫʪʨʠʧʝʜʥʦʡ ʤʘʩʩʳ (ʧʣʘʟʤʳ) ʦʪʤʝʯʝʥʳ ʠʣʣʶʚʠʘʣʴʥʳʝ 

ʛʣʠʥʠʩʪʳʝ ʥʘʪʝʯʥʳʝ ʧʣʝʥʢʠ (ʢʫʪʘʥʳ). 

ɻʣʝʝ-ʩʪʨʫʢʪʫʨʥʳʡ ʤʘʢʨʦʧʨʦʮʝʩʩ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʯʚ ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

ʠʩʭʦʜʥʦ ʛʣʳʙʠʩʪʦʡ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʳ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʦʛʣʝʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʨʘʩʪʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʠ-ʧʨʦʤʳʚʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʠʩʪʦʯʥʠʢʝ ʚʣʘʛʠ. ʄʝʞʜʫ ʪʝʤ, ʚʥʫʪʨʠʘʛʨʝʛʘʪʥʳʝ ʘʣʝʚʨʠʪʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʟʝʨʥʘ (ʧʳʣʝʚʘʪʳʡ 

ʩʢʝʣʝʪ ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʳ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʘʙʫʶ ʚʳʚʝʪʨʝʣʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʥʳʝ ʧʦʯʚʳ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘʜʩʪʨʘʠʚʘʶʱʠʝ ʜʨʫʛ ʜʨʫʛʘ ʚ ʦʙʥʘʞʝʥʠʠ, 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʧʝʜʦʛʝʥʝʟʘ (ʨʠʩ. 10), ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʧʦʯʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʠʭ ʯʘʩʪʠʯʥʦʡ ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʠ ʠʣʠ ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ 

ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʦʧʠʩʘʥʠʠ ʧʘʣʝʦʧʦʯʚʳ ʂʣʠʤʦʚʩʢʦʛʦ ʠ ʉʘʣʘʨʸʚʩʢʦʛʦ ʧʝʜʦʢʦʤʧʣʝʢʩʦʚ 

ʙʳʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʦʛʣʝʝʥʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʢʘʢ ʛʣʝʡʩʦʣʠ (ʗʢʠʤʝʥʢʦ ʠ ʜʨ., 



пс 
 

2000). ʇʦʟʞʝ ʙʳʣ ʚʳʜʝʣʝʥ ʛʦʨʠʟʦʥʪ cambic (ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 2010), ʚ ʢʦʪʦʨʦʤ ʤʥʦʛʠʝ 

ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʨʝʬʝʨʘʪʠʚʥʦʡ ʙʘʟʝ ʧʦʯʚ (WRB, World Reference..., 2022) ʚʳʨʘʞʝʥʳ ʩʣʘʙʦ ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʚʩʝ.  

 

 

ʈʠʩ. 10. ʇʝʜʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʛʨʝʩʩʠʚʥʳʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʘʛʝʥʪʦʚ (ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʂʣʠʤʦʚʩʢʦʛʦ ʧʝʜʦʢʦʤʧʣʝʢʩʘ (ʀʥʦʟʝʤʮʝʚ, 

ʊʘʨʛʫʣʴʷʥ, 2010)). 1 ï ʥʘʢʦʧʣʝʥʠʝ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ; 2 ï ʧʦʷʚʣʝʥʠʝ ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʦ-

ʛʣʝʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ; 3 ï ʨʘʟʚʠʪʠʝ ʵʣʶʚʠʘʣʴʥʦ-ʛʣʝʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ; 4 ï ʧʦʷʚʣʝʥʠʝ ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ; 5 ï ʨʘʟʚʠʪʠʝ ʠʣʣʶʚʠʘʣʴʥʦ-ʚʳʚʝʪʨʝʣʦ-ʛʣʝʝʚʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ; 6 ï 

ʤʘʢʩʠʤʘʣʴʥʦ ʟʨʝʣʘʷ ʧʦʯʚʘ; 7 ï ʦʙʦʛʘʱʝʥʠʝ ʠʣʣʶʚʠʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʝʜʦʛʝʥʥʳʤʠ ʢʘʨʙʦʥʘʪʘʤʠ; 

8ʘ ï ʯʘʩʪʠʯʥʘʷ ʜʝʥʫʜʘʮʠʷ ʧʨʦʬʠʣʷ; 8b ï ʥʘʢʦʧʣʝʥʠʝ ʥʦʚʦʡ ʧʦʨʮʠʠ ʦʩʘʜʢʘ ʠ ʨʘʟʚʠʪʠʝ ʩʣʝʜʫʶʱʝʡ 

ʧʦʯʚʳ. 

 

ɺ ʢʦʥʪʝʢʩʪʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʡ ʬʦʨʤʘʮʠʠ ɺɽʇ ʛʦʨʠʟʦʥʪʦʤ ʢʘʤʙʠʢ 

ʚʳʩʪʫʧʘʝʪ Bw ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʬʠʟʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʣʦʞʝʥʦ 

ʩʯʠʪʘʪʴ ʜʠʘʛʥʦʩʪʠʨʫʶʱʠʤ ʧʨʠ ʪʠʧʠʟʘʮʠʠ ʩʭʦʞʠʭ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʧʦʯʚ ʄʉ. ɺ ʂʣʠʤʦʚʩʢʦʤ 
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ʧʝʜʦʢʦʤʧʣʝʢʩʝ ʦʧʨʝʜʝʣʝʥʳ ʭʨʦʤʠʢ, ʩʪʘʛʥʠʢ, ʚʝʨʪʠʢ ʧʘʣʝʦʢʘʤʙʠʩʦʣʠ (ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 

2010) ï ʜʨʝʚʥʠʝ ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʢʘʤʙʠʩʦʣʠ ʩ ʧʨʠʟʥʘʢʘʤʠ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʠ ʩʣʠʪʠʟʘʮʠʠ, 

ʢʘʨʙʦʥʘʪʥʳʝ ʠʣʠ ʥʝʪ. ʉʦʛʣʘʩʥʦ ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʯʚ ʈʦʩʩʠʠ (ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘé, 2004) ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʢʦʨʠʯʥʝʚʳʭ ʧʦʯʚ. 

ʇʦʯʚʳ ʂʣʠʤʦʚʩʢʦʛʦ ʠ ʉʣʘʨʸʚʩʢʦʛʦ ʧʝʜʦʢʦʤʧʣʝʢʩʦʚ ʥʝ ʠʤʝʶʪ ʧʦʣʥʳʭ ʘʥʘʣʦʛʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʩʬʝʨʝ (ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 2010). ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʙʣʠʟʢʠʭ ʩʝʤʠʘʨʠʜʥʳʭ ï 

ʩʝʤʠʛʫʤʠʜʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʤʠʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʝʨʪʠʩʦʣʠ (Buol et al., 2011), ʜʠʘʛʥʦʩʪʠʨʫʶʱʠʤ 

ʜʣʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʛʦʨʠʟʦʥʪ vertic (World Reference..., 2022) ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʢʣʠʥʦʚʠʜʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ï ʨʝʟʫʣʴʪʘʪʦʤ ʘʢʪʠʚʥʦʛʦ ʩʣʠʪʦʛʝʥʝʟʘ ʩʤʝʢʪʠʪʦʚʦʡ ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʳ. 

ɺʝʨʪʠʩʦʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ 500ï

1000 ʤʤ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʟʘʩʫʰʣʠʚʦʛʦ ʩʝʟʦʥʘ 4ï8 ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ (Buol et al., 2011, Grayson 

et al., 2006). 

ʉʝʟʦʥʥʦʝ ʨʘʟʙʫʭʘʥʠʝ ʠ ʫʩʳʭʘʥʠʝ ʩʤʝʢʪʠʪʦʚʦʡ ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʳ ʚʝʨʪʠʩʦʣʝʡ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʚʠʪʠʶ ʥʘ ʘʵʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʧʘʜʠʥ ʚ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ ʜʠʘʤʝʪʨʦʤ, ʚ ʧʝʨʚʳʝ ʜʝʮʠʤʝʪʨʳ 

ʛʣʫʙʠʥʦʡ ʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʩʦʙʦʛʦ ʤʠʢʨʦʨʝʣʴʝʬʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʧʦʣʦʛʠʤʠ 

ʙʫʛʨʘʤʠ ʠ ʟʘʧʘʜʠʥʘʤʠ, ʧʦʣʫʯʠʚʰʝʛʦ ʥʘʟʚʘʥʠʝ ʛʠʣʴʛʘʠ (ʂʦʚʜʘ, 2012; The Regolith Glossaryé, 2001; 

Kishne et al., 2014). ʄʝʩʪʥʦʩʪʴ ʩ ʛʠʣʴʛʘʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʝʣʢʠʤʠ 

ʵʬʝʤʝʨʥʳʤʠ ʦʟʝʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʧʦʣʥʷʶʪʩʷ ʚʦ ʚʣʘʞʥʳʝ ʩʝʟʦʥʳ ʠ ʧʝʨʝʩʳʭʘʪʁ ʚ ʩʫʭʦʝ ʚʨʝʤʷ. ɺ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ ʛʠʣʴʛʘʠ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʧʦ ʚʦʣʥʠʩʪʦʤʫ, ʩ ʯʘʰʝʦʙʨʘʟʥʳʤʠ 

ʧʦʥʠʞʝʥʠʷʤʠ ʚʝʨʭʥʝʤʫ ʦʛʣʝʝʥʥʦʤʫ ʛʦʨʠʟʦʥʪʫ (Jewuğa et al., 2019). 

 

3.2. ʆʩʦʙʝʥʥʦʩʪʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʩʝʤʠʘʨʠʜʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ 

ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʝʤʠʘʨʠʜʥʳʭ ï ʩʝʤʠʛʫʤʠʜʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜ (Garrels, MacKenzie, 1967), ʛʜʝ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Ca2+, 

HCO3
ï, CO3

2ï ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʘʜʝʥʠʶ ʢʘʣʴʮʠʪʘ, ʚ ʠʪʦʛʝ ï ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʝʨʠʷʭ ʜʘʞʝ ʝʩʣʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʨʙʦʥʘʪʳ 

ʙʠʦʛʝʥʥʦʛʦ ʠʣʠ ʢʘʨʩʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ. 

 

3.2.1. ʀʩʪʦʯʥʠʢʠ ʚʝʱʝʩʪʚʘ ʭʝʤʦʛʝʥʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʦʚ 

ʉʦʩʪʘʚʣʷʶʱʠʤʠ ʥʝʙʠʦʛʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ 

ʷʚʣʷʝʪʩʷ ʉʘ, ʧʦʩʪʫʧʘʶʱʠʡ ʩ ʤʠʥʝʨʘʣʘʤʠ ʠʣʠ ʚ ʨʘʩʪʚʦʨʝ (McCarthy et al., 1993; Akoko et al., 2013; 

Doner, Lynn, 1989; McFadden, Tinsley, 1985; Monger, Gallegos, 2000), ʠ ʙʠʢʘʨʙʦʥʘʪ-, ʢʘʨʙʦʥʘʪ-ʠʦʥʳ, 

ʧʨʠʥʝʩʝʥʥʳʝ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʠʣʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʉʆ2 

(Deocampo, 2010). 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʦʙʲʝʤ ʉʘ2+, HCO3
ï, CO3

2ï ʧʦʩʪʫʧʘʝʪ ʚʤʝʩʪʝ ʩ ʨʝʯʥʳʤʠ (ʤʝʪʝʦʨʥʳʤʠ) 

ʚʦʜʘʤʠ. ɺ ʘʨʠʜʥʳʭ ï ʩʝʤʠʘʨʠʜʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʨʝʢʠ ʥʘʩʳʱʘʶʪʩʷ ʙʠʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʠʷ ʧʦ ʭʦʜʫ 

ʜʚʠʞʝʥʠʷ ʦʪ ʠʩʪʦʢʘ ʢ ʫʩʪʴʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʣʶʚʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʚʦʜʦʩʙʦʨ ʢʦʪʦʨʳʭ ʯʘʩʪʦ 



пу 
 

ʥʘʭʦʜʠʪʩʷ ʚ ʛʫʤʠʜʥʳʭ ʟʦʥʘʭ, ʥʘʩʳʱʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʚʘʧʦʨʠʪʠʟʘʮʠʠ ʙʠʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʠʷ. 

ʅʘʧʨʠʤʝʨ, ʥʘʩʳʱʝʥʠʝ ʧʦ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤ ʠʩʧʘʨʝʥʠʠ ʚʦʜʳ 

ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ɺʦʣʛʘ (ɿʝʥʠʥ, 1965). ʇʝʨʝʩʳʱʝʥʠʝ ʚʦʣʞʩʢʠʭ ʚʦʜ ʜʦʩʪʠʛʘʝʪ ʧʨʠ ʚʳʭʦʜʝ ʥʘ 

ʫʩʪʴʝʚʦʝ ʚʟʤʦʨʴʝ 4,8 (ʉʘʚʝʥʢʦ, 2007). ʈʝʟʢʦʝ ʩʤʝʱʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ 

ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʚʦʜ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʘʜʝʥʠʶ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʉʘʉʆ3, ʢʦʪʦʨʳʡ ʧʨʝʚʳʰʘʝʪ 

20% ʦʪ ʤʘʩʩʳ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʍʨʫʩʪʘʣʝʚ, 1978, 1989). ɺ ʜʝʣʴʪʝ ʨ. ʆʢʘʚʘʥʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

Ca2+ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʥʘ ʫʯʘʩʪʢʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 250 ʢʤ ʚ 2ï2,5 ʨʘʟʘ, ʜʦʩʪʠʛʘʷ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʚ ʞʘʨʢʠʡ ʩʝʟʦʥ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 30Áʉ), ʢʦʥʮʝʥʪʨʘʮʠʷ HCO3
ï 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2,5ï3 ʨʘʟʘ (Akoko et al., 2013). ɿʘʙʦʣʦʯʝʥʥʳʝ ʫʯʘʩʪʢʠ ʜʝʣʴʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʡʦʥʳ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ. ɺ ʠʪʦʛʝ ʚ ʧʦʯʚʘʭ ʚʳʧʘʜʘʝʪ 

ʢʘʣʴʮʠʪ, ʥʘ ʘʵʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʪʨʦʥʘ (Na2CO3ĿNaHCO3Ŀ2H2O), ʧʦʢʨʳʚʘʷ ʧʦʯʚʫ ʢʦʨʢʦʡ ʚ 

ʥʝʩʢʦʣʴʢʦ ʩʤ ʪʦʣʱʠʥʦʡ (McCarthy et al., 1993). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʪʘ 

ʦʪʤʝʯʝʥʳ ʧʦ ʢʨʘʷʤ ʦʩʪʨʦʚʦʚ, ʪʦ ʝʩʪʴ ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʘ Ca2+, CO3
2ï ʠ HCO3

ï ʨʝʯʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʝʟʦʥʥʳʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (dissolved inorganic carbon ï DIC, dissolved organic carbon ï DOC) ʠ 

ʩʠʥʭʨʦʥʥʳʡ ʨʦʩʪ ʚʝʣʠʯʠʥ ŭ13ʉDIC, ŭ
13ʉDOC ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨʳ 

HCO3
ï, CO3

2ï ʩ ʟʘʙʦʣʦʯʝʥʥʳʭ ʦʩʪʨʦʚʦʚ (Akoko et al., 2013). ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʘʚʪʦʭʪʦʥʥʳʭ ʢʘʨʙʦʥʘʪ- 

ʠ ʙʠʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ DIC ʥʘ ʦʩʪʨʦʚʘʭ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʠ ʜʳʭʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʡ ʠ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʙʠʦʤʘʩʩʳ. 

ʉʝʛʨʝʛʘʮʠʷ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ ʉʘ-ʩʦʜʝʨʞʘʱʠʭ 

ʤʠʥʝʨʘʣʦʚ, ʢʦʛʜʘ ʧʦʯʚʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʦʙʦʛʘʱʘʶʪʩʷ ʉʘ2+ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ 

ʦʙʨʘʟʫʶʪʩʷ ʢʘʨʙʦʥʘʪ/ʙʠʢʘʨʙʦʥʘʪ-ʠʦʥʳ. ʊʚʝʨʜʦʬʘʟʥʳʡ ʵʬʬʝʢʪ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʜʝʬʠʮʠʪʝ 

ʚʣʘʛʠ, ʢʦʛʜʘ ʢʠʩʣʦʪʥʦ-ɦ ʝʣʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚ ʩʪʘʥʫʪ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʚʳʧʘʜʝʥʠʷ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʢʘʨʙʦʥʘʪʦʚ (Zamanian et al., 2016).  

ʀʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʚ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʧʦʤʠʤʦ ʧʨʠʚʥʦʩʘ ʚ ʩʠʩʪʝʤʫ ʚʝʱʝʩʪʚʘ, 

ʤʠʛʨʠʨʫʶʱʝʛʦ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʦʩʘʜʦʯʥʳʭ ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ, ʩʣʫʞʠʪ CO2, ʨʘʩʪʚʦʨʝʥʥʳʡ 

ʚ ʧʦʯʚʝʥʥʦʡ ʚʦʜʝ. ɼʳʭʘʥʠʝ ʢʦʨʥʝʡ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʪʳ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʯʚʳ ʚ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (Karberg et al., 2005). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʯʚ, ʛʜʝ ʦʩʘʞʜʘʶʪʩʷ ʢʘʨʙʦʥʘʪʳ, 

ʧʨʝʦʙʣʘʜʘʝʪ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, ʚʳʜʝʣʷʝʤʘʷ ʨʘʩʪʝʥʠʷʤʠ, ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚ 100 ʨʘʟ 

ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʪʤʦʩʬʝʨʦʡ (Deocampo, 2010; Zamanian et al., 2016). ʂʠʩʣʦʨʦʜ ʧʦʯʚʝʥʥʳʭ 

ʢʘʨʙʦʥʘʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚʦʤ ʢʠʩʣʦʨʦʜʘ ʧʦʯʚʝʥʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ 

ʤʝʪʝʦʨʥʳʭ ʚʦʜ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩ ̫ʢʦʨʨʝʣʷʮʠʝʡ ʤʝʞʜʫ ŭ18O ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʨʝʜʥʝʡ 

ʚʝʣʠʯʠʥʦʡ ŭ18O ʤʝʩʪʥʳʭ ʤʝʪʝʦʨʥʳʭ ʚʦʜ (Cerling, 1984; Cerling, Quade, 1993). ʇʨʠ ʵʪʦʤ ʥʘʨʷʜʫ ʩ 

ʤʝʪʝʦʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʯʚʳ ʧʨʠ ʧʘʚʦʜʢʦʚʦʤ ʨʘʟʣʠʚʝ ʠ ʠʟ ʛʨʫʥʪʦʚʳʭ 

ʨʝʟʝʨʚʫʘʨʦʚ. 
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3.2.2. ʆʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʂʘʢ ʧʠʩʘʣ ʅ.ʄ. ʉʪʨʘʭʦʚ (1960, ʩ. 139) çʈʘʟʚʠʪʠʝ ʙʘʩʩʝʡʥʦʚ ʟʘʩʫʰʣʠʚʳʭ ʟʦʥ ʠʜʝʪ ʩʚʦʝʦʙʨʘʟʥʦ 

ʠ ʦʪʣʠʯʥʦ ʦʪ ʨʘʟʚʠʪʠʷ ʠʭ ʚ ʛʫʤʠʜʥʳʭ ʟʦʥʘʭ: ʚʩʝ ʦʟʝʨʘ ʠ ʤʦʨʷ ʦʩʦʣʦʥʝʥʳ ʠ ʧʨʦʛʨʝʩʩʠʚʥʦ 

ʦʩʦʣʦʥʷʶʪʩʷ ʚ ʭʦʜʝ ʠʭ ʨʘʟʚʠʪʠʷ. ʆʪʩʶʜʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʧʘʜʝʥʠʝ ʨʦʣʠ ʦʨʛʘʥʠʟʤʦʚ ʚ ʠʭ 

ʛʝʦʭʠʤʠʠ ʠ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʠ, ʯʪʦ ʠ ʝʩʪʝʩʪʚʝʥʥʦ, ʠʙʦ ʦʩʦʣʦʥʝʥʠʝ ʠʜʝʪ ʟʘ ʩʯʝʪ ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʠʥʜʠʬʬʝʨʝʥʪʥʳʭ ʩʦʣʝʡ: NaCl, MgSO4, MgCl2, CaSO4 ʠ ʜʨ. ʉʪʘʥʦʚʷʩʴ ʯʠʩʪʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʡ, ʩʝʜʠʤʝʥʪʘʮʠʷ ʚ ʦʩʦʣʦʥʷʶʱʠʭʩʷ ʙʘʩʩʝʡʥʘʭ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʟʢʦ ʨʘʩʰʠʨʷʝʪ ʩʚʦʡ 

ʜʠʘʧʘʟʦʥ, ʚʦʚʣʝʢʘʷ ʚ ʦʩʘʞʜʝʥʠʝ ʚʩʝ ʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʦʚʘʣʠ 

ʚ ʛʫʤʠʜʥʦʤ ʪʠʧʝ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʠʤʝʥʥʦ: ʩʫʣʴʬʘʪʳ ʠ ʭʣʦʨʠʜʳ ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, 

ʤʘʛʥʠʷéè. 

ʈʦʣʴ ʙʠʦʪʳ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʦʟʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʘʨʠʜʥʳʭ ï ʩʝʤʠʘʨʠʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʠʥʠʤʘʣʴʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʨʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ. ɼʣʷ ʩʘʜʢʠ ʢʘʨʙʦʥʘʪʦʚ ʥʝʦʙʭʦʜʠʤʳ 

ʣʠʰʴ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Ca2+, CO3
2ï, ʜʦʩʪʠʛʘʶʱʠʝ ʧʝʨʝʩʳʱʝʥʠʷ, ʯʪʦ ʚ ʪʝʧʣʦʤ ʘʨʠʜʥʦʤ ï 

ʩʝʤʠʘʨʠʜʥʦʤ ʢʣʠʤʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ ʚ ʧʨʦʮʝʩʩʝ ʵʚʘʧʦʨʠʪʠʟʘʮʠʠ (Garrels, 

Mackenzie, 1967). 

ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ CO3
2ï ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʱʝʣʦʯʥʦʩʪʠ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʭʠʤʠʯʝʩʢʦʝ 

ʦʩʘʞʜʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʚ ʦʟʝʨʘʭ (ʇʝʨʩʠʷʥʮʝʚ, 2000; Deocampo, 2010). ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʘʢ ʤʠʥʝʨʘʣʦʛʠʶ, ʪʘʢ ʠ ʩʦʜʝʨʞʘʥʠʝ Mg ʚ ʦʟʝʨʥʳʭ ʢʘʨʙʦʥʘʪʘʭ, ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ Mg/Ca ʚ ʨʘʩʪʚʦʨʝ. ɼʦʣʦʤʠʪ ʚ ʦʟʝʨʘʭ ʯʘʩʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʧʝʨʝʩʳʱʝʥ ʜʘʞʝ ʧʨʠ 

ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Mg2+ (Deocampo, 2010). ɺ ʠʪʦʛʝ ʚ ʙʝʩʩʪʦʯʥʳʭ ʟʘʤʢʥʫʪʳʭ ʦʟʝʨʘʭ 

ʘʨʠʜʥʳʭ ï ʩʝʤʠʘʨʠʜʥʳʭ ʟʦʥ ʧʦʩʣʝ ʘʢʪʠʚʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʠ ʧʝʨʝʩʳʱʝʥʠʷ ʚʳʧʘʜʘʝʪ ʢʘʢ 

ʢʘʣʴʮʠʪʦʚʳʡ, ʪʘʢ ʠ ʜʦʣʦʤʠʪʦʚʳʡ ʠʣ (ʩʤ. ʦʙʟʦʨ Last, 1990). ʉʘʜʢʘ ʜʦʣʦʤʠʪʦʚʳʭ ʠʣʦʚ ʚ ʦʟʝʨʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʙʰʠʨʥʦʡ ʧʣʦʱʘʜʠ ʦʪ ʦʟ. ɹʘʣʘʪʦʥ (ʎʝʥʪʨʘʣʴʥʘʷ ɽʚʨʦʧʘ, M¿ller, Wagner, 1978) ʜʦ 

ʦʟ. ʕʡʨ (ʎʝʥʪʨʘʣʴʥʘʷ ɸʚʩʪʨʘʣʠʷ, Last, 1990) ʠ ʵʢʩʪʨʘ-ʘʨʠʜʥʳʭ ʧʣʘʡʝʚʳʭ ʦʟʝʨ ʚ ʧʫʩʪʳʥʝ ʅʘʤʠʙ 

(ʖʞʥʘʷ ɸʬʨʠʢʘ, Ward, 1988; Teller et al., 1990). ɺʳʧʘʜʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʟʝʨʘʭ 

ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʬʫʥʢʮʠʝʡ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʧʝʨʝʩʳʱʝʥʠʷ 

ʠʦʥʘʤʠ ʄg2+, ʉʘ2+, ʅCO3
ï, CO3

2ï. 

 

3.2.3. ɹʦʣʦʪʥʳʝ (ʧʘʣʶʩʪʨʠʥʥʳʝ) ʠʟʚʝʩʪʥʷʢʠ 

ʅ.ɻ. ʇʣʘʪʪ ʠ ɺ.ʇ. ʈʘʡʪ ʦʧʠʩʘʣʠ ʩʚʦʝʦʙʨʘʟʥʳʝ ʩʝʟʦʥʥʦ-ʦʙʚʦʜʥʷʝʤʳʝ (ʩʝʟʦʥʥʦ-

ʧʝʨʝʩʳʭʘʶʱʠʝ) ʚʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʫʛʦʜʴʷ ʤʘʨʰʝʚʦʛʦ ʪʠʧʘ, ʛʜʝ ʢʘʣʴʮʠʪ, ʚʳʧʘʜʘʶʱʠʡ ʚ 

ʟʘʙʦʣʦʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʚ ʩʫʭʦʡ ʩʝʟʦʥ ʚʳʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʩʫʙʘʵʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʜʦʛʝʥʝʟʝ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ Everglades, ʌʣʦʨʠʜʘ, ʉʐɸ, 

Platt, Wright, 1992). ʂʘʨʙʦʥʘʪʥʫʶ ʧʦʨʦʜʫ ʩ ʢʦʨʥʷʤʠ in situ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ, ʥʘʯʠʥʘʷ ʩ ʫʢʘʟʘʥʥʦʡ 

ʨʘʙʦʪʳ, ʙʦʣʦʪʥʳʝ (ʧʘʣʶʩʪʨʠʥʥʳʝ) ʠʟʚʝʩʪʥʷʢʠ (palustrine, Alonso-Zarza, 2003; Tanner, 2010) ʠʣʠ 

ʨʠʟʦʠʜʥʳʝ ʠʟʚʝʩʪʥʷʢʠ (ɸʣʝʢʩʝʝʚʘ, 2020; ʄʫʨʘʚʴʝʚ ʠ ʜʨ., 2025). 

ɼʣʷ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʧʨʠʟʥʘʢʘʤʠ ʧʝʜʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʪʨʝʱʠʥʳ ʫʩʳʭʘʥʠʷ, 
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ʠʥʩʠʪʥʳʝ ʢʦʨʥʠ, ʨʠʟʦʣʠʪʳ ʠʣʠ ʦʪʧʝʯʘʪʢʠ ʢʦʨʥʝʡ, ʜʨʦʙʣʝʥʠʝ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ ʠ ʝʝ 

ʙʨʝʢʯʠʨʦʚʘʥʥʦʩʪʴ, ʢʫʪʘʥʳ ʩʦʜʝʨʞʘʪ ʩʢʝʣʝʪʥʳʝ ʟʝʨʥʘ, ʦʢʨʫʞʘʶʱʠʝ ʢʦʨʝʥʴ (Freytet, Verrecchia, 

2002). ʀʟʚʝʩʪʥʷʢʠ ʚʢʣʶʯʘʶʪ ʜʦʣʦʤʠʪ, ʛʠʧʩ, ʧʘʣʳʛʦʨʩʢʠʪ, ʪʝʢʩʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʣʷʥʳʤʠ 

ʢʦʨʢʘʤʠ (ʪʝʢʩʪʫʨʘ ʚʠʛʚʘʤʘ, ʧʩʝʚʜʦʘʥʪʠʢʣʠʥʘʣʠ), ʨʘʩʧʨʦʩʪʨʘʥʝʥ Microcodium, ʩʣʦʞʝʥʥʳʡ 

ʧʨʠʟʤʘʤʠ ʢʘʣʴʮʠʪʘ ʚʳʩʦʪʦʡ 1 ʤʤ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʤʠ ʚ ʢʦʣʦʥʠʠ, ʥʘʧʦʤʠʥʘʶʱʠʤʠ ʧʦʯʘʪʢʠ 

ʢʫʢʫʨʫʟʳ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ ʧʘʣʶʩʪʨʠʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʯʘʩʪʦ ʩʚʷʟʘʥʳ ʩ ʦʟʝʨʥʳʤʠ 

ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʩʦʝʜʠʥʷʷ ʚ ʩʝʙʝ ʯʝʨʪʳ, ʢʘʢ ʫʥʘʩʣʝʜʦʚʘʥʥʳʝ ʦʪ ʦʟʝʨʥʦʛʦ ʤʘʪʝʨʠʥʩʢʦʛʦ 

ʠʣʘ ï ʦʩʪʘʪʢʠ ʘʢʚʘʣʴʥʦʡ ʙʠʦʪʳ, ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʪʘʢ ʠ ʧʨʠʟʥʘʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ ʧʝʜʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʚ ʩʫʙʘʵʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ï ʢʦʨʥʝʚʳʝ ʦʪʧʝʯʘʪʢʠ, 

ʙʨʝʢʯʠʨʦʚʘʥʥʦʩʪʴ ʠ ʜʨ. (Freytet, 1973; Platt, 1989; Platt, Wright, 1992; Freytet, Verrecchia, 2002; 

Alonso-Zarza, 2003). ʄʝʞʜʫ ʪʝʤ ʣʠʪʠʬʠʢʘʮʠʷ ʦʟʝʨʥʦʛʦ ʠʣʘ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʚʩʣʝʜ ʟʘ ʚʳʭʦʜʦʤ ʥʘ 

ʩʫʙʘʵʨʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʩʣʝ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʟʘ ʩʯʝʪ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʯʘʩʪʠʯʥʦʡ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʨʠ ʧʝʜʦʛʝʥʝʟʝ. 

ʅ.ɻ ʇʣʘʪʪ ʠ ɺ.ʇ. ʈʘʡʪ (Platt, Wright, 1992) ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʝʣʴ, ʦʪʨʘʞʘʶʱʫʶ ʚʣʠʷʥʠʝ 

ʢʣʠʤʘʪʘ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʧʘʣʶʩʪʨʠʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʆʟʝʨʥʦ-ʙʦʣʦʪʥʳʡ ʮʠʢʣʠʪ ʩʝʤʠʘʨʠʜʥʦʛʦ ʪʠʧʘ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʨʦʜ ʩ ʦʟʝʨʥʦʡ ʬʘʫʥʦʡ. ɺ ʢʨʦʚʣʝ ʚʩʪʨʝʯʘʶʪʩʷ ʵʚʘʧʦʨʠʪʳ, ʯʪʦ ʩʙʣʠʞʘʝʪ ʵʪʦʪ ʪʠʧ ʩ 

ʧʣʘʡʷʤʠ, ʢʘʨʙʦʥʘʪʳ ʩ ʪʨʝʱʠʥʘʤʠ ʫʩʳʭʘʥʠʷ, ʙʨʝʢʯʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ, ʚʦʟʥʠʢʰʠʝ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʧʦʣʠʛʦʥʦʚ ʫʩʳʭʘʥʠʷ. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʪʠʧ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʙʦʣʝʝ ʚʣʘʞʥʦʤ ʢʣʠʤʘʪʝ, ʥʝ ʩʦʜʝʨʞʠʪ 

ʵʚʘʧʦʨʠʪʦʚ. ɺʘʢʩʪʦʫʥʳ ʩ ʨʘʟʚʠʪʦʡ ʦʟʝʨʥʦʡ ʙʠʦʪʦʡ ʧʝʨʝʭʦʜʷʪ ʚʦ ʚʥʫʪʨʠʦʙʣʦʤʦʯʥʳʝ ʧʘʢʩʪʦʫʥʳ, 

ʛʨʝʡʥʩʪʦʫʥʳ ʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʧʝʜʦʛʝʥʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʨʠʟʦʣʠʪʘʤʠ ʠ 

ʤʠʢʨʦʢʦʜʠʷʤʠ. ɺ ʢʨʦʚʣʝ ʮʠʢʣʠʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʘʣʝʦʧʦʯʚʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʘʣʝʚʨʠʪʦ-

ʛʣʠʥʠʩʪʦʡ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ. ɺ ʩʝʤʠʛʫʤʠʜʥʦʤ ʪʠʧʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʠ ʧʨʠʟʥʘʢʠ ʧʝʨʝʩʳʭʘʥʠʷ ʚʳʨʘʞʝʥʳ ʤʝʥʝʝ ʚʩʝʛʦ, ʪʨʝʱʠʥʳ ʫʩʳʭʘʥʠʷ ʠ ʙʨʝʢʯʠʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʝʜʢʦ. ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʚʠʜʝ ʪʦʨʬʘ, ʙʦʣʦʪʥʳʝ ʮʠʢʣʠʪʳ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʛʦʨʠʟʦʥʪʘʤʠ ʢʘʤʝʥʥʦʛʦ ʠʣʠ ʙʫʨʦʛʦ ʫʛʣʷ. ɽʩʣʠ ʢʘʫʩʪʦʙʠʦʣʠʪʳ ʦʪʩʫʪʩʪʚʫʶʪ ʦ 

ʩʦʭʨʘʥʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʪʣʦʞʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʉʦʨʛ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ɺɽʇ ï ʢʘʢ ʛʦʨʠʟʦʥʪ 2Mm,ca 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (ʀʥʦʟʝʤʮʝʚ ʠ ʜʨ., 2011, ʧʦʣʥʦʨʘʟʚʠʪʳʡ ʤʦʨʬʦʪʠʧ) ʠ ʢʘʢ 

ʨʠʟʦʠʜʥʳʝ ʠʟʚʝʩʪʥʷʢʠ (ʄʫʨʘʚʴʝʚ ʠ ʜʨ., 2025). ɸʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʝʨʝʢʨʳʚʘʶʱʠʝ 

ʠʭ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʭʦʨʦʰʦ ʦʧʠʩʘʥʥʳʝ ʚ ʧʝʨʤʩʢʠʭ ʧʘʣʝʦʧʦʯʚʘʭ ɺɽʇ 

(ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 2010; Mouraviev et al., 2020; ʄʫʨʘʚʴʝʚ ʠ ʜʨ., 2022 ʠ ʜʨ.). ʄʝʞʜʫ ʪʝʤ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠʣʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʟʝʨʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ.  

 

3.2.4. ʇʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ 

ɺʳʧʘʜʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʚ ʧʦʯʚʘʭ ʦʪʨʘʞʘʝʪ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʚ ʩʠʣʫ ʤʥʦʞʝʩʪʚʘ ʧʦʜʚʠʞʥʳʭ 
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ʨʘʚʥʦʚʝʩʠʡ, ʥʘʧʨʠʤʝʨ, ʘʜʩʦʨʙʮʠʦʥʥʦ-ʛʠʜʨʘʪʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʧʦʯʚʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʠ ʛʘʟʦʚʦʡ ʬʘʟʦʡ, ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʦʙʤʝʥʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʪʚʦʨʘ ʩ ʦʩʘʜʢʦʤ ʠ ʧʦʯʚʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (ʄʠʥʢʠʥʘ ʠ ʜʨ., 2012). ʄʝʞʜʫ ʪʝʤ 

ʦʙʱʠʡ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ. 1) ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʉʘ-

ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ. 2) ʇʝʨʝʤʝʱʝʥʠʝ ʠʦʥʦʚ ʉʘ2+, ʅCO3
ï, CO3

2ï ʚʥʫʪʨʠ 

ʧʦʨ, ʯʝʨʝʟ ʧʦʯʚʝʥʥʳʝ ʧʨʦʬʠʣʠ. 3) ʉʘʜʢʘ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ (Zamanian et al., 2016). ʉʢʦʨʦʩʪʴ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʉʘ-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ pH ʠ ʨʘʩʪʚʦʨʝʥʥʳʤ CO2 ʧʦʯʚʝʥʥʳʭ 

ʧʦʨ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ pCO2. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ CaCO3 ʚ ʩʣʘʙʳʭ ʢʠʩʣʦʪʘʭ, ʪʘʢʠʭ ʢʘʢ ʫʛʦʣʴʥʘʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʧʷʪʠ ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ (Aylward, Findlay, 2007). ɼʘʣʴʥʝʡʰʝʝ ʜʚʠʞʝʥʠʝ ʠʦʥʦʚ Ca2+, 

HCO3
ī, CO3

2ī ʠ H2CO3
0, CO2 ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʢʘ ʚʦʜʳ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ï ʜʠʬʬʫʟʠʠ, 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʲʝʤʘ, ʧʨʦʩʘʯʠʚʘʥʠʷ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʥʠʟ) ʠʣʠ ʠʩʧʘʨʝʥʠʷ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʣʘʛʠ ʚʚʝʨʭ (Zamanian et al., 2016). ɽʩʣʠ ʧʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʪʘʥʦʚʠʪʩʷ 

ʧʝʨʝʥʘʩʳʱʝʥʥʳʤ CaCO3, ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ. ʇʝʨʝʥʘʩʳʱʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʜʚʫʤ 

ʧʨʠʯʠʥʘʤ: 1) ʫʤʝʥʴʰʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʩʚʷʟʘʥʥʦʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʝʡ, ʠ 

2) ʩʥʠʞʝʥʠʝ ʨʉʆ2 (Salomons, Mook, 1976). 

ɺ ʢʦʥʪʝʢʩʪʝ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʠʛʨʘʮʠʠ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʭʘʥʠʟʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ (Monger, 2002, 

ʘʜʘʧʪʠʨʦʚʘʥʦ Zamanian et al., 2016), ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʢʦʣʦ 10 ʤʦʨʬʦʪʠʧʦʚ 

ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ (Zamanian et al., 2016; ɻʦʣʫʙʮʦʚ ʠ ʜʨ., 2021). ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʬʦʨʤ ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʝ ʥʦʜʫʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʚʘʣʴʥʦʡ, ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ 

ʧʦʨʷʜʢʘ ʧʝʨʚʳʭ ʩʤ ʚ ʜʠʘʤʝʪʨʝ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʧʦʯʚʝʥʥʦʡ ʧʣʘʟʤʳ ʢʘʣʴʮʠʪʦʤ. 

ʅʦʜʫʣʠ ʩ ʧʦʩʪʝʧʝʥʥʳʤʠ, çʨʘʟʤʳʪʳʤʠè ʠʣʠ ʩ ʨʝʟʢʠʤʠ ʚʥʝʰʥʠʤʠ ʛʨʘʥʠʮʘʤʠ, ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ 

ʪʝʢʩʪʫʨʫ ʚʤʝʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʘʪʴ ʝʛʦ. ʂʘʨʙʦʥʘʪʥʳʡ ʤʘʪʝʨʠʘʣ ï ʩ 

ʦʩʪʘʪʢʘʤʠ ʩʠʣʠʢʘʪʥʳʭ ʟʝʨʝʥ ʩʢʝʣʝʪʘ ʧʦʯʚʳ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʠʚʰʠʡ ʠʭ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʤʠʢʨʠʪʦʤ ʠʣʠ ʤʠʢʨʦʩʧʘʨʠʪʦʤ (Birkeland, 1999; Verrecchia, Trombino, 2021; ɻʦʣʫʙʮʦʚ ʠ ʜʨ., 2021). 

ʈʝʛʠʦʥʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʧʝʜʦʛʝʥʥʳʤʠ ʢʘʨʙʦʥʘʪʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʝʟʦʥʥʦ-ʟʘʩʫʰʣʠʚʳʤ ʢʣʠʤʘʪʦʤ, ʯʘʱʝ ʚʩʝʛʦ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʦʩʘʜʢʘʤʠ ʦʪ 100 ʜʦ 500 ʤʤ (Goudie, 

1983; Birkeland, 1999; Alonso-Zarza, Wright, 2010). ʀʟʦʛʠʝʪʘ ʤʝʞʜʫ ʢʘʨʙʦʥʘʪʥʳʤʠ ʠ 

ʥʝʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʯʚʘʤʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 350 ʤʤ ʠ ʥʠʞʝ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʦʩʘʜʢʠ ʚʳʧʘʜʘʶʪ ʚ ʭʦʣʦʜʥʳʡ 

ʩʝʟʦʥ, ʜʦ 750 ʤʤ ʠ ʚʳʰʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʞʘʨʢʦʤ ʢʣʠʤʘʪʝ, ʛʜʝ ʦʩʘʜʢʠ ʚʳʧʘʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʣʝʪʦʤ (Retallack, 2000). ɺ ʮʝʣʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʫʤʤʦʡ 

ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ ï ʯʝʤ ʦʥʘ ʤʝʥʴʰʝ, ʪʝʤ ʩʝʛʨʝʛʘʮʠʷ ʉʘʉʆ3 ʧʨʦʠʩʭʦʜʠʪ ʙʣʠʞʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 

(Retallack, 2000; Zamanian et al., 2016). ʂʨʦʤʝ ʛʦʜʦʚʦʡ ʥʦʨʤʳ ʦʩʘʜʢʦʚ ʩʝʛʨʝʛʘʮʠʷ ʧʝʜʦʛʝʥʥʳʭ 

ʢʘʨʙʦʥʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʙʘʣʘʥʩʘ ʚʦʜʳ ʚ ʧʦʯʚʝ, ʝʛʦ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʩʝʟʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʩʧʘʨʝʥʠʷ ʚ ʨʝʛʠʦʥʝ, ʥʘʣʠʯʠʷ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʚ ʨʘʩʪʚʦʨʝ 
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ʆʧʠʩʘʥʠʝ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʨʤʠʥʘʤʠ 

ʢʘʣʴʢʨʝʪ (calcrete) ʠ ʝʛʦ ʩʠʥʦʥʠʤʦʤ ʢʘʣʠʯʝ όcaliche), ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʘʶʪ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʥʘʢʦʧʠʚʰʠʝʩʷ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʫʙʘʵʨʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ (Alonso-Zarza, Wright, 2010). ʕʪʠ 

ʪʝʨʤʠʥʳ ʥʝ ʷʚʣʷʶʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʧʨʝʜʧʦʯʠʪʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʝʜʦʛʝʥʥʳʡ ʢʘʣʴʢʨʝʪ, ʧʝʜʦʛʝʥʥʳʡ ʢʘʨʙʦʥʘʪ ʜʣʷ ʢʘʨʙʦʥʘʪʦʚ, ʩʝʛʨʝʛʠʨʦʚʘʥʥʳʭ ʚ ʧʦʯʚʝ ʠ 

ʛʠʜʨʦʛʝʥʥʳʡ ʢʘʣʴʢʨʝʪ (groundwater calcrete), ʛʠʜʨʦʛʝʥʥʳʡ ʢʘʨʙʦʥʘʪ ʜʣʷ ʥʘʢʦʧʠʚʰʠʭʩʷ ʚ ʟʦʥʝ 

ʚʣʠʷʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʥʳʝ ʧʝʨʤʩʢʠʝ ʧʦʯʚʳ ʨ. ʉʫʭʦʥʳ (ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 2010; ʨʠʩ. 10) 

ʧʦʜʯʠʥʷʶʪʩʷ ʤʦʜʝʣʠ Perdescendum (Zamanian et al., 2016) ʥʘʢʦʧʣʝʥʠʷ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʩ 

ʥʠʩʭʦʜʷʱʠʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʠ ʩʝʛʨʝʛʘʮʠʝʡ ʪʚʝʨʜʦʛʦ 

ʢʘʣʴʮʠʪʘ ʚ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʠʣʠ ʤʦʜʝʣʠ in situ, ʛʜʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠ ʦʩʘʞʜʝʥʠʝ CaCO3 

ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʧʨʦʬʠʣʶ. ʂʘʨʙʦʥʘʪʳ ʦʙʨʘʟʫʶʪ ʤʠʢʨʠʪʦʚʫʶ 

ʧʨʦʧʠʪʢʫ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ. ʂʘʨʙʦʥʘʪʥʳʝ ʥʦʜʫʣʠ ʨʝʛʫʣʷʨʥʦ ʩʣʦʞʝʥʳ ʤʠʢʨʠʪʦʤ, ʨʝʜʢʦ ï 

ʤʠʢʨʦʩʧʘʨʠʪʦʤ. ʃʠʪʦʛʝʥʥʳʝ, ʙʠʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ ʩʣʘʙʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʧʝʜʦʛʝʥʝʟʦʤ, ʦʪʢʫʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʯʚʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʧʨʠʚʥʦʩʘ 

ʞʝʩʪʢʠʤʠ ʧʘʚʦʜʢʦʚʳʤʠ ʠʣʠ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ (ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 2010). 

 

3.2.5. ɻʠʜʨʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ 

ɻʝʥʝʟʠʩ ʛʠʜʨʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʥʝ ʩʚʷʟʘʥ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠʣʠ ʩ ʧʝʜʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ, ʘ ʟʘʚʠʩʠʪ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (Alonso-Zarza, 2003; Hanneman, Wideman, 2010; ɻʦʣʫʙʮʦʚ, 

2017). ɺʣʠʷʥʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʢʘʟʳʚʘʝʪʩʷ ʚ ʭʦʜʝ ʧʨʠʚʥʦʩʘ ʢʘʣʴʮʠʪʘ ʙʦʢʦʚʳʤ ʠʣʠ ʚʦʩʭʦʜʷʱʠʤ 

ʪʦʢʦʤ ʢʘʧʠʣʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʨʙʦʥʘʪʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚʥʫʪʨʠ 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʦʩʘʜʢʘ, ʚʦ ʬʨʝʘʪʠʯʝʩʢʦʡ ʠ ʙʦʣʝʝ ʚʝʨʭʥʝʡ ʚʘʜʦʟʥʦʡ ʟʦʥʝ ʚʙʣʠʟʠ ʟʝʨʢʘʣʘ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʠ ʪʘʢʞʝ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ. 

ɺ ʯʝʪʚʝʨʪʠʯʥʳʭ ʠ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʛʠʜʨʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ ʚʢʣʶʯʘʶʪ ʤʷʛʢʠʝ 

ʢʦʥʢʨʝʮʠʠ ʩ çʨʘʟʤʳʪʳʤʠè ʛʨʘʥʠʮʘʤʠ (Khadkikar et al., 1998), ʣʠʥʟʳ (Tandon, Gibling, 1997), 

ʩʫʙʦʢʨʫʛʣʳʝ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ- ʠ ʚʝʨʪʠʢʘʣʴʥʦ-ʫʜʣʠʥʝʥʥʳʝ ʢʦʥʢʨʝʮʠʠ ʜʦ 0,5 ʤ, ʤʘʩʩʠʚʥʳʝ 

ʧʣʘʩʪʦʚʳʝ ʪʝʣʘ ʜʦ 3 ʤ ʤʦʱʥʦʩʪʠ (Mack et al., 2000), ʮʝʤʝʥʪʠʨʫʶʪ ʨʫʩʣʦʚʦʡ ʧʝʩʦʢ (Gibling et al., 

2005), ʚʳʧʘʜʘʶʪ ʚʥʫʪʨʠ ʧʝʩʯʘʥʳʭ ʜʶʥ (Hanneman, Wideman, 2010). ʄʝʞʜʫ ʪʝʤ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʧʦ ʚʳʜʝʨʞʘʥʥʳʤ ʫʨʦʚʥʷʤ ʩ ʢʨʫʧʥʳʤʠ ʢʦʥʢʨʝʮʠʷʤʠ (Mack et al., 2000). 

ɻʠʜʨʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʙʠʦʛʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ: ʦʟʝʨʥʘʷ ʙʠʦʪʘ ʠ 

ʠʥʩʠʪʥʳʝ ʢʦʨʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ. ʏʘʩʪʦ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʦʟʘʠʢʠ, 

ʩʣʦʞʝʥʥʦʡ ʟʦʥʘʤʠ ʤʠʢʨʠʪʘ, ʤʠʢʨʦʩʧʘʨʠʪʘ ʠ ʩʧʘʨʠʪʘ, ʩ çʧʣʘʚʘʶʱʠʤʠè ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʟʝʨʥʘʤʠ, ʥʦʜʫʣʷʤʠ ʠ ʧʨʠʟʥʘʢʘʤʠ ʚʳʩʳʭʘʥʠʷ (Alonso-Zarza, 2003), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʡ: ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ï ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ï ʟʘʧʦʣʥʝʥʠʷ ʧʨʠ 

ʢʦʣʝʙʘʥʠʠ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʧʦʣʥʷʝʪ ʩʧʘʨʠʪ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʪ 



ро 
 

ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ ʩʦʭʨʘʥʷʶʪʩʷ ʨʝʣʠʢʪʦʚʳʝ ʢʨʠʩʪʘʣʣʦ- ʠ çʣʠʪʦʢʣʘʩʪʳè, ʢʦʪʦʨʳʝ ʠʟ-ʟʘ ʜʘʚʣʝʥʠʷ 

ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʥʝ ʚʳʪʝʩʥʷʶʪʩʷ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ ʢʘʣʴʮʠʪʘ (Birkeland, 1999). 

 

 

ʈʠʩ. 11. ʃʘʪʝʨʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʟʝʨʥʳʭ, ʧʘʣʶʩʪʨʠʥʥʳʭ (ʙʦʣʦʪʥʳʭ), ʧʝʜʦʛʝʥʥʳʭ ʠ 

ʛʠʜʨʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ. 1ï3 ï ʧʝʜʦʛʝʥʥʳʝ ʠ ʛʠʜʨʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ, 4ï8 ï ʧʘʣʶʩʪʨʠʥʥʳʝ 

ʠʟʚʝʩʪʥʷʢʠ, 9 ï ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʦ (Alonso-Zarza, 2003). 

 

ɺ ʧʦʯʚʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʬʨʝʘʪʠʯʝʩʢʠʭ ʚʦʜ, ʚʳʧʘʜʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʟʫʣʴʪʘʪʦʤ ʛʠʙʨʠʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ï ʥʘʢʦʧʣʝʥʠʷ ʢʘʢ ʧʝʜʦʛʝʥʥʦʛʦ, ʪʘʢ ʠ ʛʠʜʨʦʛʝʥʥʦʛʦ ʢʘʣʴʮʠʪʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ (Hanneman, Wideman, 2010), ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʨʠ 

ʠʭ ʛʣʫʙʦʢʦʤ ʟʘʣʝʛʘʥʠʠ ʚʦʩʭʦʜʷʱʠʡ ʪʦʢ ʢʘʧʠʣʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʭʚʘʪʳʚʘʝʪ ʦʩʘʜʢʠ, ʥʝ 

ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʣʠʷʥʠʶ ʧʝʜʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʦʙʦʨʦʪ, ʧʨʠ ʥʝʛʣʫʙʦʢʦʤ ʟʝʨʢʘʣʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʩʝʛʨʝʛʘʮʠʷ ʛʠʜʨʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʟʘʭʚʘʪʳʚʘʝʪ ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ, ʭʦʪʷ, ʚʠʜʠʤʦ, ʥʝ ʤʦʞʝʪ 

ʧʦʜʥʷʪʴʩʷ ʚʳʰʝ ʠʣʣʶʚʠʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (ɻʦʣʫʙʮʦʚ, 2017; ɻʦʣʫʙʮʦʚ ʠ ʜʨ., 2021). 

ɺ ʮʝʣʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʣʶʩʪʨʠʥʥʳʭ, ʧʝʜʦʛʝʥʥʳʭ ʠ ʛʠʜʨʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʨʝʤʷ ʬʘʢʪʦʨʘʤʠ: 1) ʢʣʠʤʘʪʦʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʫʨʦʚʝʥʴ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, 2) ʭʘʨʘʢʪʝʨʦʤ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʢʦʨʦʩʪʴʶ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, 3) 

ʧʝʨʠʦʜʦʤ ʩʫʙʘʵʨʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʟʝʨʥʳʝ, ʧʘʣʶʩʪʨʠʥʥʳʝ ʠ ʧʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ 

ʬʦʨʤʠʨʫʶʪ ʟʘʢʦʥʦʤʝʨʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʙʘʩʩʝʡʥʘ ʚʛʣʫʙʴ ʤʘʪʝʨʠʢʘ 

(Alonso-Zarza, 2003; ʨʠʩ. 11).  



рп 
 

3.3. ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʛʠʜʨʦ- ʠ 

ʘʪʤʦʩʬʝʨʝ 

ʇʦʩʢʦʣʴʢʫ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʪʦʷʥʝʥ ʥʘ ʛʣʫʙʠʥʝ 

ʦʪ 500 ʤ (ʌʝʨʨʦʥʩʢʠʡ, ʇʦʣʷʢʦʚ, 2009), ʪʘʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʜʚʫʭ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ. 1). ʄʦʨʩʢʘʷ ʚʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʜʣʷ 

ʚʳʨʘʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʠʟʦʪʦʧʦʚ D ʠ 18ʆ ʚ ʧʨʠʨʦʜʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ (ʩʪʘʥʜʘʨʪ 

SMOW, standard mean ocean water). ɺʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʪʦʧʦʚ D ʠ 18ʆ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʘʥʜʘʨʪʫ ï ŭD ʠ ŭ18ʆ, ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʦʤʠʣʣʝ. ɺ ʛʣʫʙʦʢʠʭ ʚʦʜʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʚʘʨʠʘʮʠʠ ŭD ʠ ŭ18ʆ ʙʣʠʟʢʠ ʢ ʥʫʣʶ. 2). ɽʩʣʠ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʧʨʠʥʠʤʘʪʴ 

ʩʪʘʙʠʣʴʥʳʤ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʪʦ ʧʦʷʚʣʷʝʪʩʷ ʪʦʥʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ 

çʢʘʣʠʙʨʦʚʢʠè ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ ʚ ʧʨʦʰʣʦʤ. ʀʭ ʜʠʘʛʥʦʩʪʠʢʘ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʦʙʩʪʘʥʦʚʢʘʭ ʚʳʪʝʢʘʝʪ ʠʟ ʦʩʥʦʚ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ 16ʆ, 18ʆ ʚ ʨʷʜʝ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʦʭʚʘʪʳʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʦʙʦʛʘʱʝʥʠʝ ʠʭ ʚʦʜʷʥʳʤ ʧʘʨʦʤ, ʜʚʠʞʝʥʠʝ ʦʪ ʦʢʝʘʥʘ ï 

ʠʩʪʦʯʥʠʢʘ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ, ʚ ʩʪʦʨʦʥʫ ʩʫʰʠ, ʚʳʧʘʜʝʥʠʝ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ ʥʘʜ ʤʘʪʝʨʠʢʘʤʠ ʠ 

ʩʘʜʢʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʦʚ. 

 

3.3.1. ʈʘʟʜʝʣʝʥʠʝ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʪʝʦʨʥʦʤ ʮʠʢʣʝ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʠʟʦʪʦʧʥʦ-ʦʙʤʝʥʥʦʡ 

ʩʠʩʪʝʤʝ ʚʦʜʘ ï ʧʘʨ ʩʤ. ʚ ʨʘʙʦʪʘʭ (Craig, Gordon, 1965; Dansgaard, 1964; ʌʝʨʨʦʥʩʢʠʡ, ʇʦʣʷʢʦʚ, 

2009). ʇʦʩʢʦʣʴʢʫ H2
16O ʩʦʟʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʘ, ʯʝʤ HDO ʠ H2

18O (ɹʨʦʜʩʢʠʡ, 1957; 

Van Hook, 1968; ʈʘʙʠʥʦʚʠʯ, 1968; Hoefs, 2009), ʚʦʜʷʥʦʡ ʧʘʨ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʦʙʦʛʘʱʘʝʪʩʷ ʣʝʛʢʠʤʠ ʠʟʦʪʦʧʘʤʠ H ʠ 16ʆ (ʨʠʩ. 12). ʇʨʠ ʧʦʪʝʧʣʝʥʠʠ ʚ ʨʘʚʥʦʚʝʩʥʦʤ 

ʧʨʦʮʝʩʩʝ ʚ ʚʦʜʷʥʦʤ ʧʘʨʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʦʛʦ ʠʟʦʪʦʧʘ 18ʆ. ɺ ʨʝʘʣʴʥʳʭ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘ ʩʯʝʪ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ ʈʝʣʝʝʚʩʢʘʷ 

ʜʠʩʪʠʣʣʷʮʠʷ, ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʚʦʜʳ ʧʘʨ ʦʙʝʜʥʷʝʪʩʷ ʠʟʦʪʦʧʦʤ 18ʆ ʠ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʦʥʜʝʥʩʘʪʘ ʠ 

ʧʘʨʦʚʦʡ ʬʘʟʳ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʈʝʣʝʷ (Dansgaard, 1964). 

ɺʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʞʜʝʚʳʭ ʢʘʧʝʣʴ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʦʯʢʠ ʨʦʩʳ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ 

ʵʬʬʝʢʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ, ʘ ʠʤʝʥʥʦ ï ʦʙʦʛʘʱʝʥʠʝ 

ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ 18ʆ. ɺ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʧʝʨʚʳʝ ʜʦʞʜʝʚʳʝ ʢʘʧʣʠ 

ʙʫʜʫʪ ʠʤʝʪʴ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ, ʘʥʘʣʦʛʠʯʥʳʡ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʧʘʨʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦ ʤʝʨʝ 

ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʧʘʨ ï ʢʦʥʜʝʥʩʘʪ, ʥʝʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʘʷ ʯʘʩʪʴ ʧʘʨʘ ʙʫʜʝʪ ʚʩʝ 

ʙʦʣʴʰʝ ʦʙʝʜʥʷʝʪʩʷ ʪʷʞʝʣʳʤʠ ʠʟʦʪʦʧʘʤʠ. ʆʪʩʶʜʘ, ʧʦʩʢʦʣʴʢʫ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʚʳʭʦʜʷʱʠʝ ʠʟ 

ʩʠʩʪʝʤʳ, ʚʳʚʦʜʷʪ ʠʟ ʥʝʝ D ʠ 18ʆ (ʨʠʩ. 12), ʪʦ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʚʣʘʞʥʳʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʦʪ ʨʘʡʦʥʘ 

ʠʭ ʟʘʨʦʞʜʝʥʠʷ ʦʩʪʘʪʦʯʥʳʡ ʧʘʨ ʙʫʜʝʪ ʟʘʢʦʥʦʤʝʨʥʦ ʦʙʦʛʘʱʘʪʴʩʷ ʣʝʛʢʠʤʠ ʠʟʦʪʦʧʘʤʠ H, 16ʆ ʠ ʫʞʝ ʚ 

ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘʜ ʢʦʥʪʠʥʝʥʪʘʤʠ. 

ɺ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ ʥʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʠʟ ʥʝʛʦ ʠ ʚʳʧʘʜʘʶʱʠʭ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ, ʚʣʠʷʝʪ ʨʷʜ ʥʶʘʥʩʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʫʞʝ ʧʨʠ 
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ʧʝʨʚʦʡ ʜʝʪʘʣʴʥʦʡ ʦʮʝʥʢʝ ʨʘʚʥʦʚʝʩʥʳʭ ʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʩʪʘʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (Dansgaard, 1964). ɺ ʩʠʣʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʩʦʩʪʘʚʘ ʩʪʘʙʠʣʴʥʳʭ 

ʠʟʦʪʦʧʦʚ ʢʘʢ ʠʥʜʠʢʘʪʦʨʦʚ ʧʘʣʝʦʢʣʠʤʘʪʘ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʟ ʥʠʭ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʘ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ D ʠ 18ʆ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ ʧʨʠʚʦʜʠʪ ʢ ʩʝʟʦʥʥʳʤ ʠ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʚʝʣʠʯʠʥ ŭD ʠ ŭ18ʆ ʚ ʦʩʘʜʢʘʭ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʠ 

ʤʠʥʠʤʫʤʘ ʚ ʭʦʣʦʜʥʦʝ (ʌʝʨʨʦʥʩʢʠʡ, ʇʦʣʷʢʦʚ, 2009). ʅʘʧʨʠʤʝʨ, ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ŭ18ʆ ʜʣʷ 

ʣʝʪʥʠʭ ʠ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ ʥʘ ʰʠʨʦʪʝ ʄʦʩʢʚʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5ï6ă (ʄʘʪʝʨʠʘʣʳ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭé, 1987). 

 

 

ʈʠʩ. 12. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ ʚ ʤʝʪʝʦʨʥʦʤ ʮʠʢʣʝ 

(ʜʘʥʥʳʝ ʧʦ (Hoefs, 2009)), ŭ18O ʫʢʘʟʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʘ SMOW. 

 

ɿʘʢʦʥʦʤʝʨʥʦʝ ʦʙʝʜʥʝʥʠʝ ʪʷʞʝʣʳʤʠ ʠʟʦʪʦʧʘʤʠ ʢʠʩʣʦʨʦʜʘ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩ ʰʠʨʦʪʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʣʝʛʢʠʝ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, 

ʦʙʝʜʥʝʥʥʳʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ 18ʆ, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʳʩʦʢʠʭ ʰʠʨʦʪ ï 

ɸʨʢʪʠʢʠ, ɸʥʪʘʨʢʪʠʢʠ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ ʦʙʣʘʩʪʝʡ. ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ ʉ. ʕʧʰʪʝʡʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(Epstein et al., 1970) ʚʝʣʠʯʠʥʳ ŭ18ʆ ʜʣʷ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʣʴʜʦʚ ʩʪʘʥʮʠʠ ɹʝʨʜ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ   

-45é -32ă. ɹʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʜʦ -61ă ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʣʴʜʘʭ ʥʘ ʩʪʘʥʮʠʠ ɺʦʩʪʦʢ (ʂʦʪʣʷʢʦʚ, ɻʦʨʜʠʝʥʢʦ, 1982). ɼʣʷ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ 

ɻʨʝʥʣʘʥʜʠʠ ʚʝʣʠʯʠʥʳ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʚʘʨʴʠʨʫʶʪ ʦʪ -43 ʜʦ -28ă (Dansgaard et al., 

1969). 

ʆʙʝʜʥʝʥʠʝ ʪʷʞʝʣʳʤʠ ʠʟʦʪʦʧʘʤʠ ʢʠʩʣʦʨʦʜʘ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʩ ʚʳʩʦʪʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʴʶ, ʭʦʪʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʨʦʪʥʦʡ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʅʘʧʨʠʤʝʨ, ʚʘʨʠʘʮʠʠ ʚʝʣʠʯʠʥ 

ŭ18ʆ ʚ ʣʝʜʥʠʢʝ, ʬʠʨʥʝ ʠ ʩʚʝʞʝʚʳʧʘʚʰʝʤ ʩʥʝʛʝ ʣʝʜʥʠʢʦʚ ʅʝʭʥʘʨ ʠ ʏʘʥʛʤʝ-ʂʭʘʥʛʧʫ ʚ ɻʠʤʘʣʘʷʭ 

ʩʦʩʪʘʚʣʷʝʪ -20é -3ă (Nijampurkar, Bhandari, 1984). ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʦʩʘʜʢʦʚ ʣʠʥʝʡʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʧʨʠʤʝʨʥʦ ʥʘ 0,28ă ʥʘ 100 ʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʤʠʨʘ, 

ʠʩʢʣʶʯʘʷ ʚʳʩʦʪʳ, ʧʨʝʚʳʰʘʶʱʠʝ 5000 ʤ (Poage, Chamberlain, 2001), ʘ ʪʘʢʞʝ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 
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ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʦʙʝʨʝʞʴʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ (ʄʘʪʝʨʠʘʣʳ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭé, 1987; 

Dansgaard, 1964). 

 

3.3.2. ʈʘʟʜʝʣʝʥʠʝ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ 

ɺ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, 

ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʶʱʠʝ. 

1. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠ ʦʙʲʝʤ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ, ʧʠʪʘʶʱʠʭ ʚʦʜʦʝʤʳ. 

2. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʢʦʨʦʩʪʴ ʚʦʜʦʧʨʠʪʦʢʘ. 

3. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ. 

4. ʉʢʦʨʦʩʪʴ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʪʪʦʢʦʤ ʠ ʧʨʦʮʝʩʩʘʤʠ ʠʩʧʘʨʝʥʠʷ (ʌʝʨʨʦʥʩʢʠʡ, 

ʇʦʣʷʢʦʚ, 2009). 

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʳʩʪʫʧʘʝʪ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʩʦ ʩʪʦʨʦʥʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ɺ ʫʤʝʨʝʥʥʦʤ ʠ ʚʣʘʞʥʦʤ ʢʣʠʤʘʪʝ ʠʭ ʩʦʩʪʘʚ ʚ ʮʝʣʦʤ 

ʦʪʚʝʯʘʝʪ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ (Friedman et al., 1964; Brown 1970; Hoefs, 2009; 

Bhuiyan et al., 2023), ʪʘʢ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (Gat, 1971). ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʣʫʞʠʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ, 

ʯʪʦ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʧʨʷʤʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʥʘʩʳʱʝʥʥʦʩʪʴ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ɻʣʫʙʦʢʠʝ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ŭ18O ʠ ʠʭ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʙʣʠʟʦʢ ʢ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤ ʛʦʜʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ (Hoefs, 2009). 

ɺ ʟʘʩʫʰʣʠʚʳʭ / ʩʝʟʦʥʥʦ-ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʘʭ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʟʘʚʠʩʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʚʘʧʦʨʠʪʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʫʞʝ 

ʧʨʠ ʨʝʯʥʦʤ ʩʪʦʢʝ. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʚʣʘʛʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʛʘʱʝʥʠʶ 

ʪʷʞʝʣʳʤʠ ʠʟʦʪʦʧʘʤʠ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʳ (ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʤ. Reyleigh, 1896; ɹʨʦʜʩʢʠʡ, 1957). 

ɿʥʘʯʝʥʠʝ ŭ18ʆ ʚʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʪʝʯʝʥʠʶ ʢʨʫʧʥʳʭ ʨʝʢ ʩʝʤʠʘʨʠʜʥʳʭ ʨʘʡʦʥʦʚ 

(ʜʝʣʴʪʘ ʨ. ʆʢʘʚʘʥʛʦ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ 250 ʢʤ ï ʦʪ -7,21ă ʜʦ 1,09ă SMOW ʚ ʞʘʨʢʠʡ ʩʝʟʦʥ, ʦʪ -3,62ă 

ʜʦ -0,48ă ʚ ʧʘʚʦʜʦʢ, Akoko et al., 2013; ʨʝʯʥʘʷ ʩʠʩʪʝʤʘ ɹʘʨʚʦʥ ï ɼʘʨʣʠʥʛ, ʶʛʦ-ʚʦʩʪʦʯʥʘʷ 

ɸʚʩʪʨʘʣʠʷ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ 1000 ʢʤ ï ʧʨʠʤʝʨʥʦ ʦʪ -3ă ʜʦ 12ă ʚ ʥʘʯʘʣʝ ʩʝʟʦʥʘ ʜʦʞʜʝʡ, Gibson et 

al., 2008; ʨ. ɽʬʨʘʪ ï ʦʪ ʤʠʥʠʤʘʣʴʥʳʭ ʩʨʝʜʥʝʛʦʜʦʚʳʭ -10,18ă ʚ ʠʩʪʦʢʘʭ ʜʦ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ -

8,51é -7,01ă ʚ ʉʠʨʠʠ (Kattan, 2008) ʠ ʜʦ -2,5ă ʧʝʨʝʜ ʩʣʠʷʥʠʝʤ ʩ ʨ. ʊʠʛʨ (ʜʝʢʘʙʨʴ ï ̫ ʥʚʘʨʴ, Ali 

et al., 2015).  

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʩʧʘʨʝʥʠʠ ʚʦʜʳ ʚ ʙʝʩʩʪʦʯʥʳʭ ʦʟʝʨʘʭ ʘʨʠʜʥʳʭ ï ʩʝʤʠʘʨʠʜʥʳʭ ʨʘʡʦʥʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʝʝ ʦʙʦʛʘʱʝʥʠʝ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ 18ʆ. ʅʘʧʨʠʤʝʨ, ʚ ʦʟ. ʅʛʘʤʠ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʜʠʩʪʘʣʴʥʦʡ ʟʦʥʳ ʜʝʣʴʪʳ ʨ. ʆʢʘʚʘʥʛʦ ŭ18O ʚʦʜʳ ʚʳʰʝ ʥʘ 8,5é 14,7ă, ʯʝʤ ʚ ʨʝʢʝ ʧʝʨʝʜ ʚʝʨʰʠʥʦʡ 

ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʢʦʥʫʩʘ ʠ ʥʘ 6,3é 8ă, ʯʝʤ ʚ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʚʝʝʨʘ (Meier et al., 

2015). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʘʨʝʥʠʠ ʚ ʵʚʘʧʦʨʠʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ 

ʪʷʞʝʣʳʤʠ ʠʟʦʪʦʧʦʤ 18O ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʠʣʫ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʠʟʦʪʦʧʥʦʤ ʦʙʤʝʥʝ 

ʤʝʞʜʫ ʞʠʜʢʦʩʪʴʶ ʠ ʧʘʨʘʤʠ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʚʦʜʳ ʦʪʤʝʯʘʝʪʩʷ 

ʠʥʚʝʨʩʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʟʦʪʦʧʦʚ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. ʆʩʪʘʪʦʯʥʳʝ ʨʘʩʩʦʣʳ ʦʙʦʛʘʱʘʶʪʩʷ 
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ʣʝʛʢʠʤʠ ʠʟʦʪʦʧʘʤʠ (ʇʦʣʠʚʘʥʦʚʘ, 1970; ɺʘʣʷʰʢʦ ʠ ʜʨ., 1977; ɻʫʮʘʣʦ, 1980; Gat, 1984; 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʚ ʵʚʘʧʦʨʠʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ ʩʤ. 

ʌʝʨʨʦʥʩʢʠʡ, ʇʦʣʷʢʦʚ, 1983, 2009; Gat, Bowser, 1991). ɺ ʠʪʦʛʝ ʚ ʵʚʘʧʦʨʠʪʦʚʳʭ ʦʙʩʪʘʥʦʚʢʘʭ 

ʨʝʛʫʣʷʨʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʠʟʢʠʝ ʚʝʣʠʯʠʥʳ ŭ18ʆ ʦʢʦʣʦ 1ï5ă VSMOW (Gat, 1984; Molwalefhe, 2003). 

ɺ ʮʝʣʦʤ ʪʨʝʥʜʳ ʧʦʭʦʣʦʜʘʥʠʷ ʠ ʧʦʪʝʧʣʝʥʠʷ ʚʳʟʳʚʘʶʪ ʦʙʝʜʥʝʥʠʝ ʠ ʦʙʦʛʘʱʝʥʠʝ ʤʝʪʝʦʨʥʳʭ 

ʚʦʜ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ 18ʆ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Dansgaard, 1964; Leng, Marshall, 2004). ɺ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʥʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʠʭ ʵʚʘʧʦʨʠʪʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʘʷ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ɸ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʠʪʦʢʘ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ, ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʧʦʩʪʫʧʣʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ 

ʠʩʧʘʨʝʥʠʷ. ʇʨʠʪʦʢ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʚ ʩʠʣʫ ʦʙʦʛʘʱʝʥʠʷ ʦʟʝʨʥʳʭ ʚʦʜ ʙʦʣʝʝ ʣʝʛʢʠʤ 

ʠʟʦʪʦʧʦʤ 16ʆ. ʇʘʜʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʧʨʠʪʦʢ/ʠʩʧʘʨʝʥʠʝ, ʥʘʧʨʦʪʠʚ, ʧʨʠʚʦʜʠʪ ʢ ʫʪʷʞʝʣʝʥʠʶ ʚʦʜʳ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʚʘʧʦʨʠʪʠʟʘʮʠʠ ʪʝʨʷʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʣʝʛʢʠʝ ʠʟʦʪʦʧʳ 16O. ɺ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠ 

ʟʘʤʢʥʫʪʳʭ ʙʝʩʩʪʦʯʥʳʭ ʦʟʝʨʘʭ ʧʨʠ ʚʳʜʝʨʞʘʥʥʦʤ ʦʙʲʝʤʝ ʚʦʜʳ ʩʦʭʨʘʥʷʶʪʩʷ ʩʪʘʙʠʣʴʥʦ-ʚʳʩʦʢʠʝ 

ʚʝʣʠʯʠʥʳ ŭ18ʆ. ʊʘʢʠʝ ʚʦʜʦʝʤʳ ʯʘʩʪʦ ʩʦʣʝʥʳʝ, ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʫʪʠʛʝʥʥʳʭ 

ʢʘʨʙʦʥʘʪʦʚ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʠ ʪʨʦʧʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ (ʩʤ. ʦʙʟʦʨ Leng, 

Marshall, 2004), ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʥʠʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʣʝʙʘʥʠʷ ŭ18ʆ >10ă. 

 

3.3.3. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʯʚʝʥʥʳʭ ʚʦʜʘʭ ʠ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ (Quade et al., 1989; Cerling, Quade, 1993; Cerling, Wang, 

1996; ʈʳʩʢʦʚ ʠ ʜʨ., 2000; Srivastava, 2001; Kovda et al., 2006; Bayat et al., 2017, ʤʥʦʛʠʝ ʜʨ.). 

ʀʦʥʳ CO3
2- ʚʳʧʘʜʘʶʱʠʝ ʚ ʦʩʘʜʦʢ ʚ ʚʠʜʝ CaCO3 ʚ ʚʘʜʦʟʥʦʡ ʧʦʯʚʝʥʥʦʡ ʟʦʥʝ, ʥʘʭʦʜʷʪʩʷ ʚ 

ʠʟʦʪʦʧʥʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩ ŭ13C ʧʦʯʚʝʥʥʦʛʦ CO2 ʠ ŭ
18O ʧʦʨʦʚʳʭ ʚʦʜ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ŭ18O ʧʝʜʦʛʝʥʥʳʭ 

ʢʘʨʙʦʥʘʪʦʚ ʦʪʨʘʞʘʶʪ ŭ18O ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

(Cerling, 1984; Deocampo, 2010). ʆʪʩʶʜʘ ʚʩʣʝʜ ʟʘ ʤʝʪʝʦʨʥʦʡ ʚʦʜʦʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʦʯʚʝʥʥʳʭ 

ʢʘʨʙʦʥʘʪʦʚ ʪʦʞʝ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʦʪʳ ʤʝʩʪʥʦʩʪʠ, ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʦʢʝʘʥʘ 

(Quade et al., 1989; Cerling, Wang, 1996). 

ʄʝʞʜʫ ʪʝʤ, ʧʦʩʢʦʣʴʢʫ ʩʝʛʨʝʛʘʮʠʷ ʢʘʨʙʦʥʘʪʦʚ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ, ʧʝʜʦʛʝʥʥʳʡ ʢʘʣʴʮʠʪ ʦʙʦʛʘʱʘʝʪʩʷ ʪʷʞʝʣʳʤʠ ʠʟʦʪʦʧʘʤʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʯʚʝʥʥʦʡ ʅ2ʆ (ʥʘ 28,5ă ʧʨʠ 25Áʉ, ʈʳʩʢʦʚ ʠ ʜʨ., 2000; ʥʘ 29,5é 37,5ă, Cerling, 

1984; Cerling, Quade, 1993) ʠ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 15ă ʜʦ 38ă (Talma, Netterberg, 1983; Salomons, Mook, 1986; Cerling, 1984; Cerling, 

Quade, 1993; Kovda et al., 2006; Quade et al., 2007; Ringrose et al., 2009). 

ɺʝʣʠʯʠʥʘ ŭ18O ʚ ʠʥʩʠʪʥʳʭ ʧʦʯʚʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ: 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʠ ï ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʘʢʩʠʤʘʣʴʥʦ-ʚʳʩʦʢʦʡ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ŭ18O ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʨʘʡʦʥʘʭ ʩ ʞʘʨʢʠʤ ʢʣʠʤʘʪʦʤ (34,7ă, ʊʘʥʟʘʥʠʷ, ʂʝʥʠʷ ï Cerling, 

Quade, 1993; 37,9ă ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʘ SMOW, ʧʫʩʪʳʥʷ ɸʪʘʢʘʤʠ, ʉʝʚʝʨʥʘʷ ʏʠʣʠ ï Quade et 
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al., 2007). ʉʦʚʨʝʤʝʥʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ (ŭ18O, 

ŭ13ʉ), ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʦʤ ʧʘʨʥʳʭ ʠʟʦʪʦʧʦʚ T(ȹ47) (clumped isotope geothermometer), ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʪʘʢʦʚʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʫʭʠʝ ï ʢʘʢ ʧʨʘʚʠʣʦ ʩʘʤʳʝ ʪʝʧʣʳʝ, ʤʝʩʷʮʳ ʩ ʧʦʟʜʥʝʛʦ ʫʪʨʘ ʜʦ ʧʦʣʫʜʥʷ 

ʚ ʦʪʚʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʧʦʯʚʳ (Breecker et al., 2009; Peters et al., 2013; Quade et al., 

2013; Hough et al., 2014), ʦʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ï ʧʦʩʣʝ ʫʚʣʘʞʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʩʝʟʦʥ ʜʦʞʜʝʡ, ʠ 

ʯʘʱʝ ʚʩʝʛʦ ʚʝʣʠʯʠʥʳ ŭ18O ʚ ʥʠʭ ʦʪʨʘʞʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʣʝʪʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʨʝʘʣʴʥʦʩʪʠ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʦʪʨʘʞʘʝʪ ʦʯʝʥʴ ʩʣʦʞʥʫʶ ʤʦʟʘʠʢʫ 

ʣʦʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʠʩʧʘʨʝʥʠʝ ʜʦ ʠʣʠ ʚʦ ʚʨʝʤʷ 

ʠʥʬʠʣʴʪʨʘʮʠʠ, ʩʪʝʧʝʥʴ ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʠ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʟʦʥʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʢʨʦʤʝ ʤʝʩʪʥʳʭ 

ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʪʦʢʘ.  

ʅʘʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ŭ18O ʚ ʧʫʩʪʳʥʝ ɸʪʘʢʘʤʘ (ʜʦ 37,9ă ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʥʜʘʨʪʘ SMOW) ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 18Áʉ ʠ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʘʭ 2ï

114 ʤʤ (Quade et al., 2007). ʊʦʛʜʘ ʢʘʢ ʚ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ɸʬʨʠʢʝ (ʊʘʥʟʘʥʠʷ, ʂʝʥʠʷ) ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ŭ18O (34,7ă) ʦʪʤʝʯʝʥʳ ʚ ʨʘʡʦʥʘʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ 

ʙʦʣʝʝ ʦʙʠʣʴʥʳʤʠ ʤʝʪʝʦʨʥʳʤʠ ʦʩʘʜʢʘʭ (29,2Áʉ, 180 ʤʤ, Cerling, Quade, 1993). ɿʥʘʯʠʪʝʣʴʥʳʝ 

ʚʝʣʠʯʠʥʳ ŭ18O ʚ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʉʨʝʜʥʝʛʦ ɿʘʧʘʜʘ ʉʐɸ (ʚ ʚʳʙʦʨʢʝ ʜʦ 26,4ă) ʩʦʯʝʪʘʶʪʩʷ 

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʦʩʘʜʢʘʤʠ ʜʦ 810 ʤʤ ʧʨʠ ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʠ, ʜʦʩʪʠʛʘʶʱʝʡ 950 

ʤʤ (Cerling, Quade, 1993). ɺ ʧʫʩʪʳʥʝ ʄʦʭʘʚʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ŭ18O 26,9é 28,1ă 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʘ SMOW, ʥʘʦʙʦʨʦʪ, ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ 50ï60 ʤʤ ʧʨʠ 

ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʠ 1290ï1570 ʤʤ (Cerling, Quade, 1993). ɺ ʧʫʩʪʳʥʝ ʏʠʭʫʘʭʫʘ (ʛʨʘʥʠʮʘ ʄʝʢʩʠʢʠ ʠ 

ʉʐɸ) ʚ ʛʦʣʦʮʝʥʦʚʳʭ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʩʘʜʢʘʭ, ŭ18O 

ʥʘ 1ï3ă ʥʠʞʝ, ʯʝʤ ʚ ʩʠʥʭʨʦʥʥʳʭ ʧʦʯʚʘʭ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʘ ʵʦʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ (Buck, Monger, 

1999). ʅʘ ʀʥʜʦ-ɻʘʥʛʩʢʦʡ ʨʘʚʥʠʥʝ ʤʠʥʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ŭ18O ʧʝʜʦʛʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʪʷʛʦʪʝʶʪ ʢ 

ʬʣʶʚʠʘʣʴʥʳʤ ʧʦʯʚʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʙʣʠʟʠ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ (Srivastava, 2001). ɺ ʣʦʢʘʮʠʷʭ, 

ʫʜʘʣʝʥʥʳʭ ʦʪ ʠʩʪʦʢʦʚ ʨʝʢ, ŭ18O ʧʦʯʚʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʚʳʰʝ ʥʘ 1ï2ă. ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʦʞʥʦ 

ʩʚʷʟʘʪʴ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʪʦʢʦʤ ʣʝʛʢʦʡ ʚʦʜʳ ʩ ʛʦʨ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʩʝʤʠʘʨʠʜʥʦʤ ï ʘʨʠʜʥʦʤ ʢʣʠʤʘʪʝ ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ŭ18O 

ʧʝʜʦʛʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʩʥʠʟʫ-ʚʚʝʨʭ ʠ 

ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʩʘʤʳʭ ʚʝʨʭʥʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ (ʖʞʥʘʷ ɸʨʠʟʦʥʘ, 

ʉʐɸ ï Liu et al., 1996; ʅʝʚʘʜʘ, ʉʐɸ, ʧʫʩʪʳʥʷ ʄʦʭʘʚʝ, ʀʥʜʠʷ, ï Quade et al., 1989, 2007, 2013; 

ʙʘʩʩʝʡʥ ʨ. ʄʝʥʜʦʟʘ, ɸʨʛʝʥʪʠʥʘ ï Peters et al., 2013). ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʫʩʠʣʝʥʠʝʤ ʵʚʘʧʦʨʠʪʠʟʘʮʠʠ ʧʦʨʦʚʦʡ ʚʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʘʵʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʧʦʩʢʦʣʴʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʪ ʠʥʩʦʣʷʮʠʠ, ʥʘʣʠʯʠʷ ʪʝʥʠ, ʛʣʫʙʠʥʳ ʠ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʚ ʦʜʥʦʤ ʧʨʦʬʠʣʝ ʜʦʩʪʠʛʘʝʪ 

8ă. 
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ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ŭ18O ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʠʟ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʦʪʨʘʞʘʝʪ ʩʢʦʨʝʝ 

ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʩʘʤʦʛʦ ʪʝʧʣʦʛʦ ʤʝʩʷʮʘ (Quade et al., 2013). ʍʦʪʷ ʝʩʣʠ ʦʩʥʦʚʥʦʡ 

ʦʙʲʝʤ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʠ ʚ ʧʨʦʭʣʘʜʥʳʡ ʩʝʟʦʥ ʧʦʯʚʘ ʚʳʩʳʭʘʝʪ, ŭ18O ʝʝ 

ʧʝʜʦʛʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʦʪʨʘʞʘʝʪ ʩʢʦʨʝʝ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ (Peters et al., 

2013). ʇʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʢʦʥʪʨʘʩʪʥʳʭ ʚʣʘʞʥʳʭ ʠ ʩʫʭʠʭ ʩʝʟʦʥʦʚ ʧʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ ʤʦʛʫʪ 

ʩʝʛʨʝʛʠʨʦʚʘʪʴʩʷ ʧʨʠ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʜʘʞʝ 1000 ʤʤ (Srivastava, 2001). ʅʦ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʘʢʦʛʦ ʦʙʲʝʤʘ ʦʩʘʜʢʦʚ ʚ ʪʝʯʝʥʠʠ ʛʦʜʘ ʧʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʝ ʙʫʜʫʪ (Breecker et al., 2009). 

 

3.4. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ ʵʢʟʦʛʝʥʥʦʤ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʝ 

ʉʨʝʜʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʩʬʝʨʝ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʩʚʦʡʩʪʚʦ ʙʠʦʪʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʣʝʛʢʠʡ 

ʠʟʦʪʦʧ 12ʉ ʠ ʚʦʚʣʝʢʘʪʴ ʝʛʦ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ. ʂʘʞʜʳʡ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʡ ʦʨʛʘʥʠʟʤ 

ʦʙʦʛʘʱʘʝʪ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʠʟʦʪʦʧʦʤ 12C (Maslin, Thomas, 2003) ʠ ʫʯʘʩʪʚʫʝʪ ʚ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʛʣʝʨʦʜʘ ʤʝʞʜʫ ʄʠʨʦʚʳʤ ʦʢʝʘʥʦʤ, ʘʪʤʦʩʬʝʨʦʡ, ʙʠʦʩʬʝʨʦʡ ʠ ʧʦʯʚʘʤʠ ï ʪʦ 

ʝʩʪʴ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ (Sundquist, Visse, 2004; Berner, 2006ʙ). 

 

 

ʈʠʩ. 13. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʫʛʣʝʨʦʜʥʳʭ ʮʠʢʣʦʚ (ʧʦ Cramer, 

Jarvis, 2020; Kump, Arthur, 1999 ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ), ŭ13ʉ ʫʢʘʟʘʥʳ ʚ PDB. 

 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,4ă ʚ 

ʛʣʫʙʦʢʠʭ ʚʦʜʘʭ ʜʦ 2ă PDB ʚ ʬʦʪʠʯʝʩʢʦʡ ʟʦʥʝ (Cramer, Jarvis, 2020), ʛʜʝ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ 

ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ 12ʉ ʧʨʦʪʝʢʘʶʪ ʠʥʪʝʥʩʠʚʥʝʝ. ʇʨʠ ʵʪʦʤ ʢʘʨʙʦʥʘʪʥʳʝ ʤʦʨʩʢʠʝ ʦʩʘʜʢʠ ʥʘ 70ï



сл 
 

80% ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʬʣʫʢʪʫʘʮʠʠ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ -2é+2ă (ʌʝʨʨʦʥʩʢʠʡ, ʇʦʣʷʢʦʚ, 2009; Cramer, 

Jarvis, 2020).  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ŭ13ʉ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʤʦʨʩʢʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ -17é -22ă (Hayes et al., 1999; Maslin, Thomas, 2003). 

ʀʟʙʠʨʘʪʝʣʴʥʳʡ ʦʪʙʦʨ ʤʦʨʩʢʠʤʠ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʘ 12ʉ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʦʛʘʱʝʥʠʶ ʠʤ ʞʠʚʦʡ ʤʘʪʝʨʠʠ ʠ, ʥʘʦʙʦʨʦʪ, ʢ ʦʙʦʛʘʱʝʥʠʶ ʪʷʞʝʣʳʤ 13ʉ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (DIC) ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ (ʨʠʩ. 13).  

 

3.4.1. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

ɺ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʘʷ ʙʠʦʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʙʦʣʝʝ 

ʣʝʛʢʠʤ, ʪʘʢ ʠ ʙʦʣʝʝ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʨʩʢʠʤʠ 

ʦʙʩʪʘʥʦʚʢʘʤʠ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʉ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʙʦʨʝʘʣʴʥʳʭ ʦʟʝʨʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ -44,5ă ʜʦ    

-18ă (Taipale et al., 2016), ʚʦʜʦʨʦʩʣʝʡ ʚ ʦʟ. ʊʘʡʭʫ ʚʙʣʠʟʠ ʜʝʣʴʪʳ ʨ. ʗʥʮʟʳ ï ʧʨʠʤʝʨʥʦ ʦʪ -38ă ʜʦ  

-19ă (Xu et al., 2019). ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʬʦʪʦʩʠʥʪʝʟʘ ï ʉ3, ʉ4 ʠʣʠ CAM. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʟʝʤʥʳʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʬʦʪʦʩʠʥʪʝʟ C3, ʟʥʘʯʝʥʠʷ ŭ13C ʚʘʨʴʠʨʫʶʪ ʦʪ -33ă ʜʦ -23ă PDB. ʈʘʩʪʝʥʠʷ ʩ 

ʬʦʪʦʩʠʥʪʝʟʦʤ C4, ʚ ʪʦʤ ʯʠʩʣʝ ʘʢʚʘʣʴʥʳʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʦʛʘʱʝʥʠʝ 12ʉ ʦʪ -16ă ʜʦ -9ă; ʙʣʠʟʢʠʡ 

ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʩʪʝʥʠʷ ʩ CAM-ʬʦʪʦʩʠʥʪʝʟʦʤ (Maslin, Thomas, 2003; Parʩk, 

Epstein, 1960; Meyers, 1997). 

 

3.4.2. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʦʜʦʝʤʦʚ 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʘʪ- ʠ ʙʠʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ ʚ ʦʟʝʨʘʭ ʧʦʜʚʝʨʞʝʥ ʚʳʩʦʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ DIC ʚ ʥʠʭ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʨʝʯʥʳʤ ʩʪʦʢʦʤ, ʦʙʤʝʥʦʤ ʉʆ2 

ʘʪʤʦʩʬʝʨʳ ʩ ʚʦʜʦʝʤʦʤ, ʧʦʩʪʫʧʣʝʥʠʝʤ ʩ ʩʫʰʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʦʨʪʤʘʩʩʳ ʠ ʝʝ ʨʘʟʣʦʞʝʥʠʝʤ, 

ʚʳʧʘʜʝʥʠʝʤ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʜʢʘ, DIC ʦʙʦʛʘʱʘʝʪʩʷ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ 13C ʚʦ ʚʨʝʤʷ ʘʢʪʠʚʥʦʛʦ 

ʬʦʪʦʩʠʥʪʝʟʘ (Talbot, 1990; Hinga et al., 1994; Barker et al., 2013). ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʦʟʝʨʥʳʭ ʢʘʨʙʦʥʘʪʘʭ 

ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʥʭʨʦʥʥʦʩʪʴ ï 

ʢʦʚʘʨʠʘʮʠʶ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʟʘʢʨʳʪʳʭ ʙʝʩʩʪʦʯʥʳʭ ʚʦʜʦʝʤʘʭ (Talbot, 1990). 

ʉʜʚʠʛʠ ŭ13ʉ ʚ ʦʪʣʦʞʝʥʠʷʭ ʪʘʢʠʭ ʦʟʝʨ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʠʥʭʨʦʥʥʳʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ ʚʝʣʠʯʠʥ ŭ18O, 

ʥʝʨʝʜʢʦ ʩ ʙʣʠʟʢʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʣʘʙʘʷ ʢʦʚʘʨʠʘʮʠʷ ʠʣʠ ʝʝ ʦʪʩʫʪʩʪʚʠʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʙʘʩʩʝʡʥʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠ ʦʪʢʨʳʪʳʝ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʝ ʨʝʯʥʦʡ ʩʪʦʢ. 

ʆʟʝʨʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʚʦʜʦʩʙʦʨʥʳʭ 

ʙʘʩʩʝʡʥʘʭ. ʋʥʠʯʪʦʞʝʥʠʝ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʦʢʨʫʛ ʦʟʝʨ ʚʳʟʳʚʘʝʪ ʫʩʠʣʝʥʠʝ ʨʝʯʥʦʛʦ ʩʪʦʢʘ 

ʠ ʧʦʚʳʰʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʘ 12C ʠʟ ʨʘʟʣʦʞʠʚʰʝʡʩʷ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʦʨʪʤʘʩʩʳ. ʊʘʢʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʛʦʣʦʮʝʥʦʚʳʭ ʦʩʘʜʢʘʭ ʦʟ. ɸʚʘʩʩʘ (ʕʬʠʦʧʠʷ) 

ʧʦʩʣʝ ʚʳʧʘʜʝʥʠʷ ʪʝʬʨʳ, ʢʦʪʦʨʘʷ, ʚʠʜʠʤʦ, ʫʥʠʯʪʦʞʘʣʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ 
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(Lamb et al., 2002). ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʵʢʩʢʫʨʩʳ ŭ18O ʠ ŭ13C, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦʩʣʝ 

ʚʳʧʘʜʝʥʠʷ ʪʝʬʨʳ, ʜʦʩʪʠʛʘʶʪ 5ă. 

 

3.4.3. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʧʦʯʚʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʦʪʨʘʞʘʝʪ ŭ13ʉ ʧʦʯʚʝʥʥʦʛʦ CO  ʠ ʟʘʚʠʩʠʪ 

ʦʪ ʨʷʜʘ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʯʚʝʥʥʳʡ ʉʆ2 ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʳʭʘʥʠʷ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʠ ʘʚʪʦʪʨʦʬʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ï ʧʦʯʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʙʘʢʪʝʨʠʡ, ʘ ʪʘʢʞʝ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ, ʠ ʚʩʣʝʜ ʟʘ ʨʘʩʪʠʪʝʣʴʥʳʤ 

ʦʧʘʜʦʤ ʦʙʦʛʘʱʝʥ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ 12ʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʪʤʦʩʬʝʨʦʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʴ 

CO2, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʜʳʭʘʥʠʷ ʧʦʯʚʝʥʥʦʡ ʙʠʦʪʦʡ, ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʘʪʤʦʩʬʝʨʫ ï 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʣʷ ʘʪʤʦʩʬʝʨʥʦʡ ʫʛʣʝʢʠʩʣʦʪʳ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʯʚʫ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʦʯʚʝʥʥʦʛʦ 

CO2 ʪʷʞʝʣʝʝ, ʯʝʤ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʢʠʩʣʦʪʳ, ʚʳʜʝʣʷʝʤʦʡ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ʇʦʯʚʝʥʥʳʡ 

ʉʆ2 ʯʘʩʪʦ ʥʘ 3ï7ă ʪʷʞʝʣʝʝ ʧʦ ʫʛʣʝʨʦʜʫ, ʯʝʤ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚ ʧʦʯʚʘʭ (Rightmire, Hanshow, 

1973; Fritz, Fontes, 1980; Cerling, 1984; Hanson et al., 2000; Kovda et al., 2006). ʇʨʠ ʩʝʛʨʝʛʘʮʠʠ 

ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʠʭ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʪʘʢʞʝ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 

ŭ13ʉ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʯʚʝʥʥʳʤ ʉʆ2. ɺ ʠʪʦʛʝ ʩʦʚʨʝʤʝʥʥʳʝ/ʯʝʪʚʝʨʪʠʯʥʳʝ ʧʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʧʨʠʤʝʨʥʦ ʦʪ -12,5é ʜʦ 1ă PDB 

(Magaritz et al., 1981; Cerling, 1984; Kovda et al., 2006, 2014) ʠ ʚʝʣʠʯʠʥʘ ŭĭįʉ ʚ ʥʠʭ ʯʘʩʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʦʜʥʦʤ ʧʨʦʬʠʣʝ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ (Cerling, Quade, 1993; Mora, Raich, 2007; 

Bayat et al., 2023). 

ɺ ʮʝʣʦʤ ʬʣʫʢʪʫʘʮʠʠ ŭ13C ʚ ʧʦʯʚʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʧʦʢʘʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʤʝʩʪʥʦʡ ʙʠʦʪʳ ʠ ʩ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʪʠʧʘ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ. 

ʅʘʧʨʠʤʝʨ, ʚ ʧʫʩʪʳʥʝ ʄʦʭʘʚʝ ʚʝʣʠʯʠʥʳ ŭ13C ʧʦʯʚʝʥʥʦʛʦ CO2 ʠ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʩʥʠʞʘʶʪʩʷ 

ʩ ʚʳʩʦʪʦʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʪʦ ʝʩʪʴ ʦʪʨʘʞʘʶʪ ʨʦʩʪ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ (Amundson et al., 1988).  

ɺ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʝ ʚʨʝʤʷ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʣʠʰʴ ʦ ʜʦ-ʮʚʝʪʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï ʮʚʝʪʢʦʚʘʷ 

ʩ ʬʦʪʦʩʠʥʪʝʟʦʤ ʉ4 ʧʦʷʚʠʣʠʩʴ ʚ ʢʘʡʥʦʟʦʝ (ʩʤ. ʦʙʟʦʨ Cerling, 1999). ʆʪʩʶʜʘ ʬʣʫʢʪʫʘʮʠʠ ŭ13ʉ ʚ 

ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʤʦʛʣʠ ʦʪʨʘʟʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ 

ʬʦʪʦʩʠʥʪʝʟʦʤ CAM-ʪʠʧʘ, ʉ3 ʠʣʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʙʠʦʪʳ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʝʣʘ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʝʨʪʫʨʙʘʮʠʡ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʜʝʪʨʠʪʥʳʤ ʢʘʣʴʮʠʪʦʤ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʪʴ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʧʦʯʚʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ (ɻʦʣʫʙʮʦʚ ʠ ʜʨ., 

2019). 

 

3.4.4. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʢʩʢʫʨʩʳ ŭ13C ʚ ʤʦʨʩʢʠʭ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʨʘʟʨʝʟʘʭ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʅʝʛʘʪʠʚʥʳʝ ʠ ʧʦʟʠʪʠʚʥʳʝ ʵʢʩʢʫʨʩʳ ŭ13C ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʚʳʩʪʫʧʘʶʪ 

ʛʣʦʙʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʧʨʠ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ (ʩʤ. ʦʙʟʦʨ Cramer, Jarvis, 2020). 



сн 
 

ɺʳʩʢʘʟʳʚʘʣʠʩʴ ʤʥʝʥʠʷ ʦ ʩʚʷʟʠ ʥʝʛʘʪʠʚʥʳʭ ʵʢʩʢʫʨʩʦʚ ŭ13C ʩ ʧʣʘʥʝʪʘʨʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʙʳʩʪʨʳʤ ʧʨʠʪʦʢʦʤ CO2 ʚ ʘʪʤʦʩʬʝʨʫ ʠʟ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʠ/ʠʣʠ 

ʤʝʪʘʥʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʫʩʠʣʝʥʠʝʤ ʩʙʨʦʩʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʢʝʘʥʳ/ʦʟʝʨʘ, ʘʧʚʝʣʣʠʥʛʘ ʠ 

ʪ.ʜ. (ʦʙʟʦʨʳ ʩʤ. Saltzman, Thomas, 2012; Cramer, Jarvis, 2020). ʄʝʞʜʫ ʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʧʨʠʯʠʥʦʡ ʨʝʟʢʠʭ ʩʜʚʠʛʦʚ ŭ13C ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʠ ʚʦʟʤʦʞʥʦ ʦʙʩʫʜʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ɺ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʦʤ ʚʘʨʠʘʥʪʝ ʦʪʢʣʦʥʝʥʠʷ ŭ13C ʚ ʤʦʨʩʢʠʭ ʦʩʘʜʢʘʭ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʫʜʘʣʝʥʠʷ (ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ) ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʘ 12C ʠʟ ʘʙʠʦʪʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʠʣʠ ʚ ʥʝʝ) ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʚʠʪʠʠ ʵʢʦʩʠʩʪʝʤʳ. ʀʟʙʠʨʘʪʝʣʴʥʳʡ ʦʪʙʦʨ ʠʟ DIC ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʣʝʛʢʦʛʦ 

ʠʟʦʪʦʧʘ 12C, ʩʧʨʦʚʦʮʠʨʦʚʘʥʥʳʡ ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʚʠʯʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʘʢʪʠʚʥʳʤ ʬʦʪʦʩʠʥʪʝʟʦʤ, 

ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ŭ13CDIC ʠ ŭ
13C ʢʘʨʙʦʥʘʪʥʳʭ ʦʩʘʜʢʦʚ (Cramer, Jarvis, 2020). ʅʘʧʨʦʪʠʚ, ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʛʦ 

ʫʛʣʝʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥ ŭ13CDIC ʚ ʩʠʩʪʝʤʝ ʦʢʝʘʥïʘʪʤʦʩʬʝʨʘ (Zachos et al., 

2010; Turner, Ridgwell, 2016). ɺʦ ʚʨʝʤʷ ʤʘʩʩʦʚʦʛʦ ʚʳʤʠʨʘʥʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʩʭʦʞʠʡ ʧʨʦʮʝʩʩ, ʢʦʛʜʘ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʦʢʠʩʣʝʥʠʠ ʉʦʨʛ ʚ ʩʨʝʜʫ ʜʦʙʘʚʣʷʝʪʩʷ ʣʝʛʢʠʡ ʠʟʦʪʦʧ 
12C, ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ ʚʠʜʝ DIC 

ʚ ʨʘʩʪʚʦʨ ʠ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥ ŭ13C ʚ ʦʪʣʦʞʝʥʠʷʭ. 

ʅʝʛʘʪʠʚʥʳʡ ʵʢʩʢʫʨʩ ŭ13C ʫʩʪʘʥʦʚʣʝʥ ʧʦʜ ʢʨʦʚʣʝʡ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʤʦʨʩʢʠʭ ʨʘʟʨʝʟʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʩʪʨʘʪʦʪʠʧʝ ʛʨʘʥʠʮʳ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʄʝʡʰʘʥʴ, ʖʞʥʳʡ ʂʠʪʘʡ, ʛʜʝ ʦʥ ʤʘʨʢʠʨʫʝʪ 

ʧʦʟʜʥʝʧʝʨʤʩʢʦʝ ʙʠʦʪʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ (Takahashi et al., 2010; Sun et al., 2012; Shen et al., 2019) ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʣʝʥ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʵʢʩʢʫʨʩʦʤ, ʚʳʷʚʣʝʥʥʳʤ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʉʦʨʛ ʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (Retallack et al., 2005; Lu et al., 2020; Chen et al., 2025). ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ 

ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʣʩʷ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ CO2 ʠʟ-ʟʘ ʚʳʙʨʦʩʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʘʪʤʦʩʬʝʨʫ ʠʟ ʦʢʝʘʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʛʘʟʘʮʠʠ, ʚʳʙʨʦʩʘ ʤʝʪʘʥʘ, 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ (Berner, 2002; Erwin, 2006; Payne, 

Kump, 2007; Retallack, Jahren, 2008; Kidder, Worsley, 2010). ʄʝʞʜʫ ʪʝʤ ʨʘʟʨʫʰʝʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʠ 

ʤʘʩʩʦʚʘʷ ʛʠʙʝʣʴ ʦʨʛʘʥʠʟʤʦʚ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ 12ʉ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʩʥʠʞʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ŭ13ʉ ʚ DIC ʠ ʤʦʨʩʢʠʭ ʦʩʘʜʢʘʭ. ʇʨʠ ʩʠʥʭʨʦʥʥʦʩʪʠ 

ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʧʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʩʜʚʠʛʦʚ ŭ13ʉ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʅʘʢʦʥʝʮ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʘ 12C ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ 

ʠ ʧʝʨʝʭʦʜ ʝʛʦ ʚ ʘʪʤʦʩʬʝʨʫ ʫʩʠʣʠʚʘʣʠ ʥʝʛʘʪʠʚʥʳʡ ʩʜʚʠʛ ŭ13Cʦʨʛ ʠ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ, 

ʢʘʢ ʚʳʷʚʣʝʥʦ ʚ ɸʥʪʘʨʢʪʠʜʝ, ʉʝʚʝʨʥʦʤ ʠ ʖʞʥʦʤ ʂʠʪʘʝ (Retallack et al., 2005; Lu et al., 2020; Chen 

et al., 2025). 

 

3.5. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʟʫʯʝʥʥʳʝ ʨʘʟʨʝʟʳ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ, ʘʥʘʣʠʟ 
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со 
 

ʣʝʛʢʦʡ ʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠ ̫ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʢʩʠʜʦʚ 

ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʘʪʦʚ). 

ʇʝʣʠʪʦʚʘʷ ʬʨʘʢʮʠʷ <0,001 ʤʤ ʚʳʜʝʣʷʣʘʩʴ ʠʟ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʠ ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʤʝʪʦʜʦʤ ʦʪʤʫʯʠʚʘʥʠʷ. ʈʝʥʛʝʥʦʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʧʨʠʨʦʜʥʦʤ, ʥʘʩʳʱʝʥʥʦʤ ʵʪʠʣʝʥʛʣʠʢʦʣʝʤ ʠ ʧʨʦʢʘʣʝʥʥʦʤ (ʜʦ 550ï

600 Áʉ) ʩʦʩʪʦʷʥʠʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʦʚ ɻʀʅ ʈɸʅ (ʜʠʬʨʘʢʪʦʤʝʪʨ D8 Advance Bruker, CuKŬ, 40ʢɺ, 40 ʤɸ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʟʨʘʯʥʳʭ ʰʣʠʬʘʭ ʧʦʜ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ.  

ɺʳʜʝʣʝʥʥʘʷ ʚ ʙʨʦʤʦʬʦʨʤʝ ʪʷʞʝʣʘʷ ʬʨʘʢʮʠʷ (>2,85 ʛ/ʩʤį) ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ, 

ʜʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʥʘ ʤʠʢʨʦʟʦʥʜʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ (ʩʢʘʥʠʨʫʶʱʠʡ 

ʤʠʢʨʦʩʢʦʧ JEOL JSM-6610LV, ʤʠʢʨʦʟʦʥʜ OXFORD instruments INCAx-act) ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʛʨʘʬʠʠ 

ʈɸʅ (ʦʧʝʨʘʪʦʨ ɺ.ɸ. ʐʠʰʢʦʚ). ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʩʨʘʚʥʝʥʠʷ ʩ ʠʭ ʨʝʟʫʣʴʪʘʪʘʤʠ (ʉʪʨʦʢ, ʊʨʦʬʠʤʦʚʘ, 1976; ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 

1984; ɺʝʨʟʠʣʠʥ ʠ ʜʨ., 1993) ʜʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦ ʬʨʘʢʮʠʠ 

0,1-0,125 ʤʤ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʩʤʘʪʨʠʚʘʣʘʩʴ ʙʦʣʝʝ ʤʝʣʢʘʷ ʠ ʢʨʫʧʥʘʷ ʬʨʘʢʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 

0,08ï0,2 ʤʤ. ʇʨʠ ʧʦʜʩʯʝʪʝ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ɻʋʎʈ 

(ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ), ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʨʨʝʢʪʥʦ ʩʨʘʚʥʠʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʜʘʥʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʇʨʦʟʨʘʯʥʘʷ ʯʘʩʪʴ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ 

ʧʨʠʥʠʤʘʣʘʩʴ ʟʘ 100%, ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʘʩʩʦʮʠʘʮʠʡ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʦʪ ʵʪʦʡ ʩʫʤʤʳ. 

ɸʩʩʦʮʠʘʮʠʷ ʘʣʴʤʘʥʜʠʥʘ-ʮʠʨʢʦʥʘ ʧʦʜʩʯʠʪʳʚʘʣʘʩʴ ʚʤʝʩʪʝ ʩ ʢʠʘʥʠʪʦʤ ʠ ʩʪʘʚʨʦʣʠʪʦʤ, ʢʦʪʦʨʳʝ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʣʠ, ʪʦʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʦʧʨʝʜʝʣʷʣʦʩʴ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʀ.ɺ. ʊʶʨʠʥʘ (ɻʆʉʊ 26213ï91) ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʈɸʅ. 

ʆʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (S4 Pioneer Bruker, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Spectra-Plus) ʚ ɻʀʅ ʈɸʅ ʠ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (S8 Tiger Bruker); ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʚʳʷʩʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ TESCAN VEGA3 LMH ʩ ʩʠʩʪʝʤʦʡ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ AztecLive Lite Ultim Max 40 ʚ ɻʝʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʈɸʅ 

(ʦʧʝʨʘʪʦʨ ʅ.ɺ. ɻʦʨʴʢʦʚʘ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʦʪʙʠʨʘʣʠʩʴ ʧʝʜʦʛʝʥʥʳʝ 

ʢʘʨʙʦʥʘʪʳ ʠʟ ʟʨʝʣʳʭ ʧʘʣʝʦʧʦʯʚ ʠʣʠ ï ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʚʳʭ ï ʠʟ ʯʘʩʪʠʯʥʦ ʜʝʥʫʜʠʨʦʚʘʥʥʳʭ 

ʠ ʥʝʟʨʝʣʳʭ ʧʨʦʬʠʣʝʡ ʩ ʥʘʯʘʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʧʝʜʦʛʝʥʝʟʘ. ʇʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʥʦʜʫʣʠ 
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ʠʟʫʯʘʣʠʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ, ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ ʠʣʠ ʚ ʰʣʠʬʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʜʣʷ ʚʳʙʦʨʘ ʢʘʨʙʦʥʘʪʦʚ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʛʠʧʝʨʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʚ ʚʠʜʝ ʧʨʦʞʠʣʢʦʚ ʠʣʠ ʪʨʝʱʠʥ, ʟʘʧʦʣʥʝʥʥʳʭ ʩʧʘʨʠʪʦʤ. 

ʀʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʘʣʦʚʳʭ ʧʨʦʙʘʭ. ɼʣʷ ʨʘʟʣʦʞʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ 

(KH-2, ʉ-ʆ-1 ʠ NBS-19) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʨʪʦʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ (ʅ3ʈʆ4) ʧʨʠ 50ÁC. ʆʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʛʝʦʭʠʤʠʠ ʠʟʦʪʦʧʦʚ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ɻʀʅ ʈɸʅ ʥʘ ʘʧʧʘʨʘʪʫʨʝ 

ʢʦʨʧʦʨʘʮʠʠ Thermoelectron, ʚʢʣʶʯʘʶʱʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ Delta V Advʘntage ʠ ʫʩʪʘʥʦʚʢʫ Gas-

Bench-II. ɿʥʘʯʝʥʠʷ ŭ13ʉ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʦʤʠʣʣʝ (ă) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʘ V-PDB, ʟʥʘʯʝʥʠʷ ŭ18ʆ 

ï ʚ ʧʨʦʤʠʣʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʘ V-SMOW. ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ŭ18ʆ ʠ ŭ13C 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ Ñ0,2ă ʠ Ñ0,1ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʠʘʛʥʦʩʪʠʢʘ ʣʠʪʦʪʠʧʦʚ ʧʦʨʦʜ ʦʧʠʨʘʣʘʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʨʘʙʦʪʫ (ʐʚʘʥʦʚ ʠ ʜʨ., 1998) ʩ 

ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʧʝʨʝʩʣʘʠʚʘʥʠʝ 

ʘʣʝʚʨʠʪʦʚʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʩʣʦʡʢʦʚ ʚ ʧʝʨʚʳʝ ʤʠʣʣʠʤʝʪʨ rʤʦʱʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʣʠʪʦʪʠʧʘ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʘʣʝʚʨʦʧʝʣʠʪʦʚ (ʧʦʨʷʜʦʢ 

ʤʦʱʥʦʩʪʠ ʩʣʦʝʚ: ʄʘʩʣʦʚ, 2005 ʧʦ ʈʫʭʠʥ, 1961). ʇʝʨʝʩʣʘʠʚʘʶʱʠʝʩʷ ʘʣʝʚʨʠʪʳ ʠ ʛʣʠʥ rʙʦʣʝʝ 

ʢʨʫʧʥʦʡ ʤʦʱʥʦʩʪʠ ʦʧʠʩʳʚʘʣʠʩʴ ʢʘʢ ʝʜʠʥʳʡ ʩʣʦʡ ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʣʠʪʦʪʠʧ ʣʝʥʪʦʯʥʦ-

ʩʣʦʠʩʪʳʭ ʘʣʝʚʨʦʧʝʣʠʪʦʚ. ʊʠʧʠʯʥʳʝ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʝʣʠʪʳ, 

ʦʙʦʛʘʱʝʥʥʳʝ ʢʨʠʩʪʘʣʣʦ- ʠ ʣʠʪʦ-ʢʣʘʩʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ 

ʘʣʝʚʨʠʪʦʚʳʝ/ʧʝʩʯʘʥʳʝ ʛʣʠʥʳ (mudstone, ʧʦ (Macquaker, Adams, 2003; Potter et al., 2005)). ʇʨʠ 

ʜʠʘʛʥʦʩʪʠʢʝ ʧʝʩʢʦʚ ʧʦ ʩʦʩʪʘʚʫ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɺ.ɼ. ʐʫʪʦʚʘ (ɻʨʘʫʚʘʢʢʠ, 1972). 

ɺʳʜʝʣʝʥʠʝ ʣʠʪʦʪʠʧʦʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʫʯʝʪʦʤ ʩʦʩʪʘʚʘ ʠ ʪʝʢʩʪʫʨʳ. ɼʣʷ 

ʫʪʦʯʥʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʰʣʠʬʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʈ. 

ɼʘʥʭʵʤʘ [Dunham, 1962], ʧʦʟʚʦʣʷʶʱʘʷ ʩʫʜʠʪʴ ʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʨʝʜʳ 

ʩʝʜʠʤʝʥʪʘʮʠʠ. 

 

ɺʳʚʦʜʳ ʧʦ 3 ʛʣʘʚʝ 

ɸʢʪʫʘʣʠʩʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʝʯʥʳʭ ʨʫʩʝʣ. ʇʦ ʤʦʨʬʦʣʦʛʠʠ ʧʝʩʯʘʥʳʭ ʪʝʣ, ʭʘʨʘʢʪʝʨʫ ʧʨʠʨʘʱʝʥʠʷ ʦʩʘʜʢʘ, ʦʜʥʦ- 

ʠʣʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦʪʦʢʘ, ʧʦ ʩʤʝʥʝ ʥʘʠʙʦʣʝʝ ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʧʝʩʯʘʥʳʤʠ ʩʝʨʠʷʤʠ, ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʡʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ 

ʤʝʘʥʜʨʠʨʫʶʱʠʝ, ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʩ ʦʩʝʨʝʜʢʦʚʦʡ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʩ ʧʦʡʤʝʥʥʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ 

ʨʫʩʣʘ (ʪʝʨʤʠʥʦʣʦʛʠʷ ʧʦ (ʏʘʣʦʚ, 2011)). ɺʩʝ ɻʪʠ ʪʠʧʳ ʨʫʩʝʣ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʧʦʛʨʘʥʠʯʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʤʠʨʘ (ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʠʟʚʠʣʠʩʪʳʝ/ʤʝʥʜʨʠʨʫʶʱʠʝ ï Mu¶oz et al., 1992; Garcia-Gil, 1993, Wilson et al., 2014; ʨʘʟʚʝʪʚʣʝʥʥʳʝ 

ʨʫʩʣʘ ʦʩʝʨʝʜʢʦʚʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʠ ï Arche, Lopez-Gomez, 2005; Mader, 1992; Ravid et al., 2022; 

Bourquin et al., 2009; Wilson et al., 2014; ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʨʫʩʣʘ ʧʦʡʤʝʥʥʦʡ ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʠ ï Peng, 

1990; Gruszka et al., 2008; Kedzior et al., 2021 ʠ ʜʨ.). ʍʘʨʘʢʪʝʨ ʨʝʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʟʘʚʠʩʠʪ ʦʪ 
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ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ï ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʝ ʦʩʘʜʢʘ, ʠ ʦʪ ʫʢʣʦʥʘ ʜʦʣʠʥʳ. ɺ ʨʝʯʥʳʭ ʩʠʩʪʝʤʘʭ 

ʘʨʠʜʥʳʭ ï ʩʝʤʠʘʨʠʜʥʳʭ ʨʘʡʦʥʦʚ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʫʩʝʣ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʜʥʦʡ ʨʝʢʝ, ʩʤʝʥʷʷ ʜʨʫʛ 

ʜʨʫʛʘ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʫʢʣʦʥʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ: ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʨʫʩʣʘ ʩ ʦʩʝʨʝʜʢʦʚʦʡ 

ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ ï ʤʝʘʥʜʨʠʨʫʶʱʠʝ ʨʫʩʣʘ ï ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʨʫʩʣʘ ʩ ʧʦʡʤʝʥʥʦʡ 

ʤʥʦʛʦʨʫʢʘʚʥʦʩʪʴʶ. ʂʨʫʧʥʳʝ ʨʝʢʠ ʩʝʤʠʘʨʠʜʥʳʭ ʦʙʣʘʩʪʝʡ ʧʠʪʘʶʪʩʷ ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, 

ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʛʫʤʠʜʥʳʭ ʦʙʣʘʩʪʝʡ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʠʟʥʘʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ. ʇʣʘʡʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʵʚʘʧʦʨʠʪʘʤʠ 

ʪʷʛʦʪʝʶʪ ʢ ʘʨʠʜʥʳʤ ʨʘʡʦʥʘʤ; ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʫʯʘʩʪʠʠ ʵʚʘʧʦʨʠʪʦʚ, ʧʨʠ ʠʭ ʨʘʩʪʚʦʨʝʥʠʠ ʚʦ 

ʚʣʘʞʥʳʝ ʩʝʟʦʥʳ ʠʣʠ ʙʝʟ ʥʠʭ ï ʢ ʩʝʤʠʘʨʠʜʥʳʤ. ʈʠʟʦʠʜʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʢʦʨʥʷʤʠ in situ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʯʘʩʪʴ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʮʠʢʣʠʪʦʚ ʩʝʤʠʘʨʠʜʥʦʛʦ ʪʠʧʘ ʝʩʣʠ ʚ ʢʨʦʚʣʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʵʚʘʧʦʨʠʪʳ. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʩʝʤʠʘʨʠʜʥʳʡïʩʝʤʠʛʫʤʠʜʥʳʡ ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʵʚʘʧʦʨʠʪʦʚ. ɺ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʮʠʢʣʠʪʘʭ ʩʝʤʠʛʫʤʠʜʥʦʛʦ ʪʠʧʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʨʦʜʳ, 

ʦʙʦʛʘʱʝʥʥʳʝ ʉʦʨʛ ʚʧʣʦʪʴ ʜʦ ʢʘʤʝʥʥʦʛʦ ʠʣʠ ʙʫʨʦʛʦ ʫʛʣʷ. ʇʨʠ ʵʪʦʤ ʥʘʢʦʧʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠʣʘ, 

ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʨʠʟʦʠʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʦʡ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʟʝʨʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʠ, ʢʘʢ ʚ ʜʨʫʛʠʭ ʦʟʝʨʘʭ ʚ ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʘʭ, ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʭʝʤʦʛʝʥʥʳʤ. 

ʂʘʤʙʠʩʦʣʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʦʡ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ, ʦʧʠʩʘʥʥʳʝ ʚ 

ʚʷʪʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʜʦʣʠʥʳ ʨ. ʉʫʭʦʥʘ (ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 2010), ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʟʢʦʡ ʬʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ ʧʦ ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʤʦʜʝʣʠ ʧʝʜʦʛʝʥʝʟʘ, ʧʦʜ ʩʘʚʘʥʥʦ-ʧʦʜʦʙʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʪʘʢʞʝ ʚ ʞʘʨʢʦʤ ʩʝʤʠʘʨʠʜʥʦʤ ï ʩʝʤʠʛʫʤʠʜʥʦʤ ʢʣʠʤʘʪʝ ʧʨʠ ʢʦʥʪʨʘʩʪʥʦʤ 

ʯʝʨʝʜʦʚʘʥʠʠ ʚʣʘʞʥʳʭ ʠ ʩʫʭʠʭ ʩʝʟʦʥʦʚ. ʀʭ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʧʨʠʟʥʘʢʠ 

ʧʝʜʦʛʝʥʝʟʘ ï ʪʘʢʠʝ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʮʚʝʪʦʚʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʦʪ ʩʠʟʦ-ʩʚʝʪʣʦ-ʩʝʨʳʭ 

ʦʛʣʝʝʥʥʳʭ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʢ ʢʨʘʩʥʳʤ ʥʠʞʥʠʤ, ʟʘʢʦʥʦʤʝʨʥʦʝ ʨʘʟʚʠʪʠʝ 

ʚʚʝʨʭ ʧʦ ʧʨʦʬʠʣʶ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʦʨʝʭʦʚʘʪʦʡ ʘʛʨʝʛʘʮʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʣʠʢʝʥʩʘʡʜʦʚ, 

ʛʣʠʥʠʩʪʳʭ ʢʫʪʘʥ ï ʠ ʧʨʠʤʝʥʷʪʴ ʵʪʠ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʜʣʷ ʧʘʣʝʦʧʦʯʚ ʚ ʜʨʫʛʠʭ ʨʘʟʨʝʟʘʭ. ɺʘʞʥʳʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʧʘʣʝʦʧʦʯʚ ʩʣʫʞʘʪ ʧʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʡ ʩʫʙʘʵʨʘʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ ʚʘʜʦʟʥʦʡ ʟʦʥʝ ʥʘʜ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ. 

ʆʟʝʨʥʳʝ, ʧʘʣʶʩʪʨʠʥʥʳʝ (ʨʠʟʦʠʜʥʳʝ) ʠ ʧʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ ʬʦʨʤʠʨʫʶʪ ʟʘʢʦʥʦʤʝʨʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʙʘʩʩʝʡʥʘ ʚʛʣʫʙʴ ʤʘʪʝʨʠʢʘ (Alonso-Zarza, 2003; ʨʠʩ. 30). 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʪʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʣʦʞʥʷʶʪ ʛʠʜʨʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ, ʚʳʧʘʜʘʶʱʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦ ʬʨʝʘʪʠʯʝʩʢʦʡ ʟʦʥʝ ʚʙʣʠʟʠ ʟʝʨʢʘʣʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɻʠʜʨʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ, 

ʷʚʣʷʷʩʴ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʤʠ, ʥʝ ʦʪʚʝʯʘʶʪ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʷ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʠʭ ʧʦʷʚʣʝʥʠʝ ʚ ʨʘʟʨʝʟʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʦʩʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘʧʨʠʤʝʨ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʠʟʢʦʝ ʠʣʠ ʚʳʩʦʢʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʇʨʠ ʦʯʝʚʠʜʥʦʡ ʩʚʷʟʠ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʠʩʣʦʨʦʜʫ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʮʝʣʦʤ 



сс 
 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ ʠ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʫʥʢʮʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʥʘʤʠʢʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʷʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʈʘʟʣʠʯʠʷ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʝ ʤʝʩʪʥʦʩʪʠ, ʚʳʩʦʪʝ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, 

ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʝʟʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ ʠ 

ʚʣʘʞʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʫʪʠʛʝʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ï ʚ ʨʝʢʘʭ, ʦʟʝʨʘʭ ʠ ʧʦʯʚʘʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʫʩʣʦʚʠʡ ʥʘʢʦʧʣʝʥʠʷ/ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʝʩʣʠ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ŭ18O ʧʦʯʚʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ 

ʦʪʨʘʞʘʝʪ ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʦ ʧʨʠ ʠʭ ʩʝʟʦʥʥʦʤ ʚʳʧʘʜʝʥʠʠ ï ʪʝʤʧʝʨʘʪʫʨʫ ʩʫʭʦʛʦ ʩʝʟʦʥʘ, 

ʪʦʛʜʘ ʢʘʢ ʫʩʪʘʥʦʚʠʪʴ ʪʘʢʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ ʥʝ ʚʩʝʛʜʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʧʝʜʦʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʠʟ ʨʘʟʥʳʭ ʧʦʯʚ ʞʝʣʘʪʝʣʴʥʦ ʦʪʙʠʨʘʪʴ ʩ ʦʜʠʥʘʢʦʚʦʡ ʛʣʫʙʠʥʳ, ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʛʦʨʠʟʦʥʪʦʚ, ʯʪʦ 

ʯʘʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʚ ʩʠʣʫ ʯʘʩʪʠʯʥʦʡ ʜʝʥʫʜʘʮʠʠ ʧʘʣʝʦʧʦʯʚ ʠ ʪʦʣʴʢʦ ʩʙʦʨ ʤʘʩʩʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʦʮʝʥʠʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʜʚʠʛʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʝʣʠʯʠʥʳ ŭ18O 

ʧʝʜʦʛʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʚʳʩʪʫʧʘʶʪ ʬʫʥʢʮʠʝʡ ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʠ ʧʨʠ ʘʢʪʠʚʥʦʤ ʩʪʦʢʝ ʘʣʣʦʭʪʦʥʥʦʡ 

ʨʝʯʥʦʡ ʚʦʜʳ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʝʦʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʨʘʡʦʥʝ ʚʦʜʦʩʙʦʨʥʦʛʦ 

ʙʘʩʩʝʡʥʘ. ʇʨʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷʭ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʩʚʝʜʝʥʠʷʤʠ 

ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʚʦʜʳ, ʯʪʦʙʳ ʩʨʘʚʥʠʚʘʪʴ ʠʟʦʪʦʧʥʳʝ ʟʘʧʠʩʠ, ʥʘʢʦʧʠʚʰʠʝʩʷ ʧʨʠ ʦʜʥʦʤ ʠʩʪʦʯʥʠʢʝ 

ʅ2ʆ. 

ʅʝʛʘʪʠʚʥʳʝ ʵʢʩʢʫʨʩʳ ŭ13C ̫ ʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʤʘʨʢʝʨʘʤʠ ʧʨʠ 

ʢʦʨʨʝʣʷʮʠʠ ʦʪʣʦʞʝʥʠʡ, ʥʘʢʦʧʠʚʰʠʭʩʷ ʚʦ ʚʨʝʤʷ ʢʨʫʧʥʳʭ ʙʠʦʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ʆʩʚʦʙʦʞʜʝʥʠʝ ʠʟ 

ʙʠʦʤʘʩʩʳ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʘ 12C ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥ 

ŭ13C ʢʘʢ ʚ ʤʦʨʩʢʠʭ, ʪʘʢ ʠ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. 
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ɻʃɸɺɸ 4. ʆɹʒɽʂʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ï ʇʆɻʈɸʅʀʏʅʓɽ ʇɽʈʄʆ-ʊʈʀɸʉʆɺʓɽ 

ʆʊʃʆɾɽʅʀʗ ɺʆʉʊʆʏʅʆʁ ʏɸʉʊʀ ʄʆʉʂʆɺʉʂʆʁ ʉʀʅɽʂʃʀɿʓ. 

ʋʊʆʏʅɽʅʀɽ ʉʊʈɸʊʀɻʈɸʌʀʏɽʉʂʀʍ ʂʆʈʈɽʃʗʎʀʁ 

 

ʇʦʛʨʘʥʠʯʥʳʝ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠʟʫʯʝʥʳ ʚ ʧʦʣʜʘʨʩʩʢʦʡ, ʩʘʣʘʨʸʚʩʢʦʡ, 

ʚʦʭʤʠʥʩʢʦʡ, ʢʨʘʩʥʦʙʦʨʩʢʦʡ ʩʚʠʪʘʭ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʉʫʭʦʥʘ ï ʖʛ ï ʉʝʚ. ɼʚʠʥʘ (ʉʝʚʝʨʦʜʚʠʥʩʢʘʷ 

ʛʨʫʧʧʘ ʦʙʥʘʞʝʥʠʡ) ʠ ʚ ʚʷʪʩʢʦʡ, ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʘʭ ʚ ʜʦʣʠʥʝ ʨ. ɺʝʪʣʫʛʘ (ɺʝʪʣʫʞʩʢʘʷ ʛʨʫʧʧʘ 

ʦʙʥʘʞʝʥʠʡ).  

 

4.1. ʇʦʛʨʘʥʠʯʥʳʝ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʝ ʨʘʟʨʝʟʳ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ 

4.1.1. ʉʝʚʝʨʦʜʚʠʥʩʢʘʷ ʛʨʫʧʧʘ ʦʙʥʘʞʝʥʠʡ 

ʄʦʥʦʢʣʠʥʘʣʴʥʦʝ ʧʘʜʝʥʠʝ ʚʦʩʪʦʯʥʦʛʦ ʢʨʳʣʘ ʉʫʭʦʥʩʢʦʛʦ ʤʝʛʘʚʘʣʘ ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʦʡʥʦ 

ʧʨʦʩʣʝʜʠʪʴ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʥʠʟ ʧʦ ʨʝʢʘʤ ʉʫʭʦʥʘ ʠ ʄʘʣ. ʉʝʚ. ɼʚʠʥʘ ʚʩʝ ʦʪʣʦʞʝʥʠʷ ʧʦʣʜʘʨʩʩʢʦʡ ʠ 

ʩʘʣʘʨʸʚʩʢʦʡ ʩʚʠʪ (ʨʠʩ. 14ï19). ʀʟʫʯʝʥʥʳʝ ʦʙʥʘʞʝʥʠʷ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ ʦʪ ʨʘʡʦʥʘ ʫʩʪʴʷ ʨ. 

ʉʪʨʝʣʴʥʘ (ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. ʉʫʭʦʥʘ) ʜʦ ʛ. ʂʦʪʣʘʩ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʄʘʣ. ʉʝʚ. ɼʚʠʥʘ (ʨʠʩ. 3, 4). 

ʀʭ ʧʦʩʣʦʡʥʳʝ ʦʧʠʩʘʥʠʷ ʧʫʙʣʠʢʦʚʘʣʠʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ (ʆʧʦʨʥʳʡ ʨʘʟʨʝʟé, 1981; ʊʘʪʘʨʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷé, 2001; ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998; ɻʦʣʫʙʝʚ, 2000). ʈʘʟʨʝʟʳ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʧʝʨʝʦʧʠʩʘʥʳ 

ʘʚʪʦʨʦʤ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʦʣʝʚʦʡ ʵʢʩʢʫʨʩʠʠ XVIII ʢʦʥʛʨʝʩʩʘ ʧʦ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʠ ʧʝʨʤʩʢʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ICCP-2015 (ɸʨʝʬʴʝʚ ʠ ʜʨ., 2012, 2016ʘ, 2016ʙ; Arefiev et al., 2015a), 

ʦʙʨʘʟʮʳ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʥʠʭ, ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 

ʇʦʣʜʘʨʩʩʢʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʤʦʱʥʳʤʠ (ʜʦ ʧʝʨʚʳʭ ʤʝʪʨʦʚ) ʩʝʨʦʮʚʝʪʥʳʤʠ 

ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ï ʠʟʚʝʩʪʥʷʢʘʤʠ, ʠʟʚʝʩʪʢʦʚʳʤʠ ʜʦʣʦʤʠʪʘʤʠ, ʤʝʨʛʝʣʷʤʠ, 

ʧʝʨʝʭʦʜʷʱʠʤʠ ʚ ʢʘʨʙʦʥʘʪʥʳʝ ʛʣʠʥ,r ʠ ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʦʪ 

ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ ʠ ʧʝʩʯʘʥʳʭ (ʧʝʩʯʘʥʳʝ ʣʠʥʟʳ ʤʦʱʥʦʩʪʴʶ ʜʦ 17,5 ʤ ʜʦ 300 ʤ ʚ ʦʙʥʘʞʝʥʠʠ) ʜʦ 

ʥʘʠʙʦʣʝʝ ʪʦʥʢʠʭ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʧʘʣʝʦʧʝʜʦʛʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʉʚʠʪʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʚʦʩʝʤʴ ʧʘʯʝʢ (ʩʤ. ʥʘ ʨʠʩ. 4, 5) ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ 81 ʤ ʠ 

ʦʪʚʝʯʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʨʭʥʝʤʫ ʩʝʚʝʨʦʜʚʠʥʩʢʦʤʫ ʧʦʜʲʷʨʫʩʫ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

65ï68 ʤ. ɻʨʘʥʠʮʘ ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ʠ ʚʷʪʩʢʦʛʦ ʷʨʫʩʦʚ (ʧʫʪʷʪʠʥʩʢʦʛʦ ʠ ʙʳʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ) 

ʧʨʦʭʦʜʠʪ ʚʥʫʪʨʠ ʧʨʝʜʧʦʩʣʝʜʥʝʡ ʩʚʝʨʭʫ ï ʢʘʣʠʢʠʥʩʢʦʡ, ʧʘʯʢʠ ʧʦʣʜʘʨʩʩʢʦʡ ʩʚʠʪʳ ʚ ʧʦʜʦʰʚʝ ʩʣʦʷ 

1350/75 ʚ ʦʙʥʘʞʝʥʠʠ ʄʫʪʦʚʠʥʦ (Arefiev et al., 2015ʘ). 

ɺʳʰʝʣʝʞʘʱʘʷ ʩʘʣʘʨʸʚʩʢʘʷ ʩʚʠʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʥʦʭʨʦʤʥʘʷ ʢʨʘʩʥʦʮʚʝʪʥʘʷ, ʩʣʦʞʝʥʘ ʚ 

ʦʩʥʦʚʥʦʤ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʛʨʘʚʝʣʠʪʘʤʠ ʠ ʧʝʩʢʘʤʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʢʨʫʧʥʳʝ 

ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʚ ʨʘʟʨʝʟʝ ʣʠʥʟʳ (ʜʦ 13 ʤ ʤʦʱʥʦʩʪʠ ʠ ʜʦ 700 ʤ ʚ ʜʦʣʠʥʝ ʨ. ʉʫʭʦʥʘ, >19 ʤ ʤʦʱʥʦʩʪʠ 

ʠ >750 ʤ ʚ ʨʘʟʨʝʟʝ ʚ ʜʦʣʠʥʝ ʨ. ʖʛ), ʩʝʨʦʮʚʝʪʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʧʘʯʢʠ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʤʦʱʥʳʝ ʠ ʙʦʣʝʝ 

ʨʝʜʢʠʝ, ʯʝʤ ʚ ʧʦʣʜʘʨʩʩʢʦʡ ʩʚʠʪʝ. ʅʠʞʥʷʷ ʧʦʣʦʚʠʥʘ ʩʘʣʘʨʸʚʩʢʦʡ ʩʚʠʪʳ ʜʦ 44 ʤ ʤʦʱʥʦʩʪʠ ʦʪʚʝʯʘʝʪ 

ʥʠʞʥʝʤʫ ʚʷʪʩʢʦʤʫ ʧʦʜʲʷʨʫʩʫ (ʙʳʢʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ), ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 62 ʤ. ɻʨʘʥʠʮʘ 



су 
 

ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʚʷʪʩʢʠʭ ʧʦʜʲʷʨʫʩʦʚ (ʙʳʢʦʚʩʢʦʛʦ ʠ ʥʝʬʸʜʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʧʨʦʭʦʜʠʪ ʚʥʫʪʨʠ ʥʠʞʥʝʬʝʜʦʩʦʚʩʢʦʡ ʧʘʯʢʠ ʩʘʣʘʨʸʚʩʢʦʡ ʩʚʠʪʳ, ʟʘʥʠʤʘʶʱʝʡ ʪʝʨʤʠʥʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʩʚʦʜʥʦʤ ʨʘʟʨʝʟʝ ʜʦʣʠʥʳ ʨ. ʉʫʭʦʥʘ.  

ɺ ʨʘʥʥʠʭ ʦʧʠʩʘʥʠʷʭ ʉʝʚʝʨʦʜʚʠʥʩʢʦʡ ʛʨʫʧʧʳ ʦʙʥʘʞʝʥʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʜʦʣʠʥʳ ʨ. ʉʫʭʦʥʘ 

ʚ ʜʦʣʠʥʫ ʨ. ʄʘʣ. ʉʝʚ. ɼʚʠʥʘ ʫʢʘʟʳʚʘʣʩʷ ʧʝʨʝʨʳʚ ʚ ʦʙʥʘʞʝʥʥʦʩʪʠ (ʆʧʦʨʥʳʡ ʨʘʟʨʝʟé, 1981). 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʙʫʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʩʥʦʚʘʥʠʠ 

ʦʙʥʘʞʝʥʠʷ ɸʨʠʩʪʦʚʦ ʥʘ ʨ. ʄʘʣ. ʉʝʚ. ɼʚʠʥʘ ʚʳʭʦʜʠʪ ʥʠʞʥʝʬʝʜʦʩʦʚʩʢʘʷ ʧʘʯʢʘ, ʚʳʰʝʣʝʞʘʱʠʝ 

ʦʪʣʦʞʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʝʟ ʧʝʨʝʨʳʚʘ ʥʘʜʩʪʨʘʠʚʘʶʪ ʨʘʟʨʝʟ (ʨʠʩ 6, 19; ɸʨʝʬʴʝʚ ʠ ʜʨ., 2016ʘ).  

ɺ ʜʦʣʠʥʝ ʨ. ʄʘʣ. ʉʝʚ. ɼʚʠʥʘ ʩʘʣʘʨʸʚʩʢʘʷ ʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʢʦʤʘʨʠʮʢʦʡ ʧʘʯʢʦʡ. 

ɺ ʝʝ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ çʕʣʝʦʥʦʨʘè (ɸʨʝʬʴʝʚ ʠ 

ʜʨ., 2016a, ɸ. ʄʠʥʠʭ ʠ ʜʨ., 2015) ʧʦʢʘʟʘʣʘ ʧʝʨʝʭʦʜʥʳʡ ʠʥʪʝʨʚʘʣ ʦʪ ʨʘʥʥʠʭ ʦʪʣʦʞʝʥʠʡ 

ʥʝʬʸʜʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʢ ʞʫʢʦʚʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʞʫʢʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ, 

ʧʨʝʜʧʦʣʘʛʘʚʰʠʡʩʷ ʨʘʥʝʝ ʚ ʵʪʦʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ, ʥʝ ʫʩʪʘʥʦʚʣʝʥ ï ʚʳʷʚʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʦʩʪʨʘʢʦʜ 

Suchonella clivosa ʦʪʚʝʯʘʝʪ ʟʘʚʝʨʰʘʶʱʝʤʫ ʠʥʪʝʨʚʘʣʫ ʥʝʬʸʜʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʅʘʫʤʯʝʚʘ, ɻʦʣʫʙʝʚ, 

2019). ɾʫʢʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ ʪʝʨʤʠʥʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʤʘʨʠʮʢʦʡ ʧʘʯʢʠ ʧʦ ʥʘʣʠʯʠʶ 

ʘʥʦʤʘʣʴʥʦʡ ʧʘʣʝʦʤʘʛʥʠʪʥʦʡ ʟʦʥʳ a1r3RnP (ʦʙʥ. ɹʘʣʝʙʠʭʘ, ʌʝʪʠʩʦʚʘ ʠ ʜʨ., 2024). ʄʦʱʥʦʩʪʴ 

ʚʝʨʭʥʝʛʦ ʚʷʪʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ ʚ ʩʘʣʘʨʸʚʩʢʦʡ ʩʚʠʪʝ 50 ʤ. 

ɺʳʰʝʣʝʞʘʱʘʷ ʚʦʭʤʠʥʩʢʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʧʝʩʢʘʤʠ ʩ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʠ 

ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʧʝʨʝʨʘʙʦʪʘʥʥʳʤʠ ʧʘʣʝʦʧʝʜʦʛʝʥʝʟʦʤ. 

ʆʙʥʘʞʝʥʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ ʫ ʜ. ʅʝʜʫʙʨʦʚʦ (ʨ. ʂʠʯʤʝʥʛʘ, ʙʘʩʩʝʡʥ ʨ. ʖʛ; ʨʠʩ. 20) ʠ ʚ ʜʦʣʠʥʝ ʨ. ʖʛ 

(ʨʠʩ. 21). ʀʭ ʦʧʠʩʘʥʠʷ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʫʙʣʠʢʦʚʘʣʠʩʴ (ɹʣʦʤ, 1968; ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998; 

ʃʦʟʦʚʩʢʠʡ ʠ ʜʨ., 2001), ʥʝʢʦʪʦʨʳʝ ʙʳʣʠ ʧʝʨʝʦʧʠʩʘʥʳ ʘʚʪʦʨʦʤ (Arefiev et al., 2015ʘ), ʙʦʣʴʰʠʥʩʪʚʦ 

ʚʳʭʦʜʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʥʦʩʪʴʶ 

ʟʘʨʦʩʣʠ ʣʝʩʦʤ. ʄʦʱʥʦʩʪʴ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʖʛ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 114 

ʤ (ɺʝʨʭʥʝʧʝʨʤʩʢʠʝ ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝé, 1984).  

ɺ ʜʦʣʠʥʝ ʨ. ʄʘʣ. ʉʝʚ. ɼʚʠʥʘ ʚʳʜʝʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʘʷ ʬʘʮʠʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʤʝʞʜʫ 

ʦʜʥʦʚʦʟʨʘʩʪʥʳʤʠ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʦʡ ʠ ʢʨʘʩʥʦʙʦʨʩʢʦʡ, ʧʨʦʩʪʠʨʘʶʱʝʡʩʷ ʩʝʚʝʨʥʝʝ ʚ ʙʘʩʩʝʡʥʝ ʨ. 

ɹʦʣ. ʉʝʚ. ɼʚʠʥʘ. ʉʦʛʣʘʩʥʦ ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʢʦʜʝʢʩʫ (2019) ʥʘʟʚʘʥʠʝ ʤʝʩʪʥʦʛʦ ʩʪʨʘʪʦʥʘ, 

ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʨʘʡʦʥʝ ʬʘʮʠʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʚʠʪʘʤʠ, ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʥʘʟʚʘʥʠʷ ʠʭ 

ʦʙʝʠʭ, ʝʩʣʠ ʦʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʚʫʭ ʩʚʠʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʜʦʣʠʥʝ ʨ. 

ʄʘʣ. ʉʝʚ. ɼʚʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʢʨʘʩʥʦʙʦʨʩʢʦ-ʚʦʭʤʠʥʩʢʘʷ ʩʚʠʪʘ, ʝʝ ʢʦʥʛʣʦʤʝʨʘʪʦ-ʧʝʩʯʘʥʘʷ ʯʘʩʪʴ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʷʙʠʥʩʢʦʡ ʧʘʯʢʦʡ ʚʦʭʤʠʥʩʢʦʡ ʩʚʠʪʳ, ʚʳʜʝʣʝʥʥʦʡ ʶʞʥʝʝ.  

ɺ ʚʝʨʭʥʝʤ ʙʘʩʩʝʡʥʝ ʨ. ɹʦʣ. ʉʝʚ. ɼʚʠʥʘ (ɻʨʘʥʠʮʘ ʧʝʨʤʠé, 1998) ʚ ʦʩʥʦʚʘʥʠʠ ʢʨʘʩʥʦʙʦʨʩʢʦʡ 

ʩʚʠʪʳ ʟʘʣʝʛʘʶʪ ʤʦʱʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ (ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 7 ʤ) ʩ ʣʘʙʠʨʠʥʪʦʜʦʥʪʘʤʠ 

Tupilakosaurus sp. (ʇʘʭʪʫʩʦʚʘ, ʐʠʰʢʠʥ, 1962) ʠ ʧʝʩʢʠ, ʚʳʰʝ ï ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʩ 

ʦʩʪʘʪʢʘʤʠ ʙʠʦʪʳ ʨʳʙʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʣʝʥʝʢʩʢʦʛʦ ʷʨʫʩʘ (ʅʦʚʠʢʦʚ, 2018). ɼʣʷ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ 

ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʦʥʘ ʧʨʷʤʦʡ ʧʦʣʷʨʥʦʩʪʠ N3P-T ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ  



сф 
 

 

ʈʠʩ. 14. ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʥʘʞʝʥʠʡ ʄʘʨʴʶʰʢʠʥʘ ʉʣʫʜʘ, ʋʩʪʴʝ ʉʪʨʝʣʴʥʳ, 

ɽʩʠʧʦʚʢʘ (ʨ. ʉʪʨʝʣʴʥʘ, ʨ. ʉʫʭʦʥʘ), ʚʝʨʭʥʠʡ ʩʝʚʝʨʦʜʚʠʥʩʢʠʡ ʧʦʜʲʷʨʫʩ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. 

ʨʠʩ. 4. 



тл 
 

 

 

ʈʠʩ. 15. ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʠʤʠʪʦʪʠʧʘ ʚʷʪʩʢʦʛʦ 

ʷʨʫʩʘ ʄʫʪʦʚʠʥʦ (ʨ. ʉʫʭʦʥʘ). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 4. 

 

 



тм 
 

 

 

ʈʠʩ. 16. ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʥʘʞʝʥʠʡ ʄʳʩ ɹʳʢ, ʂʦʥʷʚʠʮʘ (ʨ. ʉʫʭʦʥʘ), 

ʧʦʛʨʘʥʠʯʥʳʝ ʩʝʚʝʨʦʜʚʠʥʩʢʠʝ ï ʚʷʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 4. 

 



тн 
 

 

ʈʠʩ. 17. ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʥʘʞʝʥʠʷ ʂʣʠʤʦʚʦ (ʨ. 

ʉʫʭʦʥʘ), ʥʠʞʥʠʡ ʚʷʪʩʢʠʡ ʧʦʜʲʷʨʫʩ. ɿʝʣʝʥʦʝ ʧʦʣʝ ï ʂʣʠʤʦʚʩʢʠʡ ʧʝʜʦʢʦʤʧʣʝʢʩ, ʂ-1, ʂ-2 ʠ ʪ.ʜ. ï 

ʧʘʣʝʦʧʦʯʚʝʥʥʳʝ ʧʨʦʬʠʣʠ (ʧʦ ʀʥʦʟʝʤʮʝʚ, ʊʘʨʛʫʣʴʷʥ, 2010). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 4. 

ʅʘ ʛʨʘʬʠʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʩʩʦʮʠʘʮʠʡ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ: ɸ ï ʘʣʴʤʘʥʜʠʥ-ʮʠʨʢʦʥ-ʢʠʘʥʠʪ-

ʩʪʘʚʨʦʣʠʪ, ɹ ï ɻʧʠʜʦʪ-ʢʣʠʥʦʮʦʠʟʠʪ. 



то 
 

 

ʈʠʩ. 18. ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʥʘʞʝʥʠʷ ʗʡʢʦʚʦ (ʨ. 

ʉʫʭʦʥʘ), ʧʦʛʨʘʥʠʯʥʳʝ ʥʠʞʥʠʝ ʚʷʪʩʢʠʝ ï ʚʝʨʭʥʠʝ ʚʷʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. 

ʨʠʩ. 4.  

ʅʘ ʛʨʘʬʠʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʩʩʦʮʠʘʮʠʡ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ: ɸ ï ʘʣʴʤʘʥʜʠʥ-ʮʠʨʢʦʥ-ʢʠʘʥʠʪ-

ʩʪʘʚʨʦʣʠʪ, ɹ ï ɻʧʠʜʦʪ-ʢʣʠʥʦʮʦʠʟʠʪ. 

 

ʅʘ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʩʪʨʘʥʠʮʘʭ   

ʈʠʩ. 19. ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʥʘʞʝʥʠʡ ʥʘ ʫʯʘʩʪʢʝ 

ʉʘʚʚʘʪʠʡ ï ɸʨʠʩʪʦʚʦ ï ɺʝʨʭ. ʂʫʟʠʥʦ ï ɹʘʣʝʙʠʭʘ (ʨ. ʄʘʣ. ʉʝʚ. ɼʚʠʥʘ), ʚʝʨʭʥʠʡ ʚʷʪʩʢʠʡ ʧʦʜʲʷʨʫʩ 

ï ʦʩʥʦʚʘʥʠʝ ʠʥʜʩʢʦʛʦ ʷʨʫʩʘ.  

Zh ï ʞʫʢʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ. ʌʦʪʦ: 1 ï Fe-ʤʠʢʨʦʩʬʝʨʫʣʘ ʢʦʩʤʦʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ, 2 ï ʛʨʘʚʠʡʥʦ-

ʛʘʣʝʯʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ ʚ ʧʦʜʦʰʚʝ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤʳ.  

ʋʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʟʝʨʥʳʝ ʢʘʨʙʦʥʘʪʳ; 2ï5 ï ʧʝʜʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ: 2 ï ʦʙʥ. 

ɹʘʣʝʙʠʭʘ, ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ (ʪ.ʥ.) 151, 3 ï ʦʙʥ. ɺʝʨʭʥʝʝ ʂʫʟʠʥʦ, ʪ.ʥ. 158, 4 ï ʦʙʥ. ʂʫʟʠʥʦ, ʪ.ʥ. 154, 

5 ï ʦʙʥ. ɸʨʠʩʪʦʚʦ, ʪ.ʥ. 42; 6 ï ʛʠʜʨʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ, 7 ï ʩʦʜʝʨʞʘʥʠʝ ʘʣʴʤʘʥʜʠʥ-ʮʠʨʢʦʥ-ʢʠʘʥʠʪ-

ʩʪʘʚʨʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʥʘ ʛʨʘʬʠʢʝ ʧʦʜ ʙʫʢʚʦʡ çɸè), 8 ï ʩʦʜʝʨʞʘʥʠʝ ʵʧʠʜʦʪʘ-ʢʣʠʥʦʮʦʠʟʠʪʘ (ʥʘ 

ʛʨʘʬʠʢʝ ʧʦʜ ʙʫʢʚʦʡ çɹè), 9 ï ʢʦʨʨʝʣʷʮʠʷ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʣʴʤʘʥʜʠʥ-ʮʠʨʢʦʥ-ʢʠʘʥʠʪ-

ʩʪʘʚʨʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʚ ʧʝʜʦʛʝʥʥʳʭ ʠ ʦʟʝʨʥʳʭ ʢʘʨʙʦʥʘʪʘʭ, 10 ï 

ʢʦʨʨʝʣʷʮʠʷ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʧʠʜʦʪʘ-ʢʣʠʥʦʮʦʠʟʠʪʘ ʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʚ ʧʝʜʦʛʝʥʥʳʭ 

ʢʘʨʙʦʥʘʪʘʭ. ʆʩʪʘʣʴʥʳʝ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 4. 

 



тп 
 

 

 

 

 
 

 


