
ʄʆʉʂʆɺʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ 

ʠʤʝʥʠ ʄ.ɺ. ʃʆʄʆʅʆʉʆɺɸ 

ɻɽʆʃʆɻʀʏɽʉʂʀʁ ʌɸʂʋʃʔʊɽʊ 
 

 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

ʈr ʞʦʚʘ ɼʘʨʴʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 
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ɹʫʣʳʯʝʚ ɸʥʜʨʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

 

 

ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ɼʫʙʠʥʠʥ ɽʚʛʝʥʠʡ ʇʘʚʣʦʚʠʯ 
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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ʖʞʥʦʛʦ ʦʢʝʘʥʘ ʚʢʣʶʯʘʝʪ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʠ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʦʚ (ʨʠʩʫʥʦʢ 1). ɽʛʦ ʨʘʟʚʠʪʠʝ ʩʚʷʟʘʥʦ ʩ 

ʨʘʩʢʦʣʦʤ ʶʛʦ-ʟʘʧʘʜʥʦʡ ɻʦʥʜʚʘʥʳ: ʦʪʜʝʣʝʥʠʝʤ ɸʬʨʠʢʠ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ ʦʪ ɸʥʪʘʨʢʪʠʜʳ ʠ 

ʨʘʩʢʨʳʪʠʝʤ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʦʚ. ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʣʠʪʦʩʬʝʨʥʳʡ ʢʣʠʥ ʤʝʞʜʫ ʣʠʪʦʩʬʝʨʦʡ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʢʨʫʧʥʳʤʠ ʨʘʟʣʦʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʦʡ, ɼʴ-ʁʊʫʘï ʕʥʜʨʁ  ɹʝʡʥ ï ʇʨʠʥʮ 

ʕʜʫʘʨʜ ʠ ʶʞʥʳʤ ʩʝʛʤʝʥʪʦʤ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ. ʅʝʦʜʥʦʢʨʘʪʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʧʝʨʝʩʪʨʦʡʢʠ ʛʨʘʥʠʮ ʧʣʠʪ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʥʘʣʦʞʝʥʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʛʦʨʷʯʠʭ 

ʪʦʯʝʢ, ʩʬʦʨʤʠʨʦʚʘʣʠ ʩʣʦʞʥʳʡ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʡ ʧʣʘʥ ʜʥʘ ʦʢʝʘʥʘ ʠ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ 

ʘʥʦʤʘʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʝʡ, ʦʪʨʘʞʘʶʱʠʭ ʛʝʪʝʨʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʢʦʨʳ ʠ ʣʠʪʦʩʬʝʨʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʵʥʜʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ 

ʖʞʥʦʛʦ ʦʢʝʘʥʘ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ ʩ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ, ʛʜʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʤʘʣʦ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʠ ʣʠʪʦʩʬʝʨʳ. 

ɺʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʝʢʪʦʥʦʩʬʝʨʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʥʠʤʘʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʤʦʨʬʦʩʪʨʫʢʪʫʨ ʵʪʦʛʦ çʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʫʟʣʘè ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʤʦʨʩʢʦʡ ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʜʠʥʘʤʠʢʠ. ɿʜʝʩʴ ʨʘʩʧʦʣʦʞʝʥʳ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ:  

- ʧʦʜʚʦʜʥʳʝ ʧʦʜʥʷʪʠʷ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ: ʄʦʟʘʤʙʠʢʩʢʠʡ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʪʳ, ʧʣʘʪʦ 

ɸʛʫʣʴʷʩ, ʧʦʜʥʷʪʠʝ ʄʝʪʝʦʨ, ʭʨʝʙʝʪ ɸʛʫʣʴʷʩ ʠ ʐʦʥʘ;  

- ʢʦʪʣʦʚʠʥʳ: ʄʦʟʘʤʙʠʢʩʢʘʷ, ʄʘʜʘʛʘʩʢʘʨʩʢʘʷ, ɸʛʫʣʴʷʩ, ʂʘʧʩʢʘʷ ʠ ɸʬʨʠʢʘʥʩʢʦ-

ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ;  

- ʩʧʨʝʜʠʥʛʦʚʳʝ ʭʨʝʙʪʳ: ʖʛʦ-ɿʘʧʘʜʥʳʡ ʀʥʜʠʡʩʢʠʡ (ʖɿʀʍ), ʶʞʥʳʡ ʩʝʛʤʝʥʪ ʉʨʝʜʠʥʥʦ-

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ (ʖʉɸʍ) ʠ ɸʤʝʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ (ɸɸʍ);  

- ʧʘʣʝʦʧʨʝʜʠʥʛʦʚʳʡ ʭʨʝʙʝʪ ɸʛʫʣʴʷʩ. 
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ʈʠʩʫʥʦʢ 1. ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʠʟʫʯʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʧʦ [Sandwell et al., 2014]. ɾʝʣʪʦʡ ʣʠʥʠʝʡ 

ʚʳʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɿʝʣʝʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʚʳʜʝʣʝʥʦ ʧʦʜʥʷʪʠʝ ʩ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʥʳʤʠ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʙʣʦʢʘʤʠ ʢʦʨʳ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʩʴ ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ; 2 ï ʦʩʴ ʧʘʣʝʦʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ; 3 ï ʩʢʚʘʞʠʥʳ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ 

ʙʫʨʝʥʠʷ (DSDP, ODP, IODP); 4 ï ʛʦʨʷʯʠʝ ʪʦʯʢʠ; 5 ï ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʥʦʡ 

ʤʘʛʥʠʪʫʜʳ; 6 ï ʜʘʥʥʳʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʉʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʝ ʭʨʝʙʪʳ: ɸɸʍ ï ɸʤʝʨʠʢʘʥʦ-

ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ, ɸʬɸʍ ï ɸʬʨʠʢʘʥʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ, ʉɸʍ ï ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʡ, 

ʖɿʀʍ ï ʖʛʦ-ɿʘʧʘʜʥʳʡ ʀʥʜʠʡʩʢʠʡ, ʖʉɸʍ ï ʶʞʥʘʷ ʯʘʩʪʴ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ, 

ʊʉɹ ï ʪʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ɹʫʚʝ; ʢʦʪʣʦʚʠʥʳ: ɸʥʂ ï ɸʥʛʦʣʴʩʢʘʷ, ɸʨʂ ï ɸʨʛʝʥʪʠʥʩʢʘʷ, 

ɸʬɸʍ ï  ʬʨʠʢʘʥʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ, ɹʂ ï ɹʨʘʟʠʣʴʩʢʘʷ, ʂɸ ï ɸʛʫʣʴʷʩ, ʂɻ ï ɻʝʦʨʛʠʷ, 

ʂʂ ï ʂʘʧʩʢʘʷ, ʂʂʨ ï ʂʨʦʟʝ, ʂʊ ï ʊʨʘʥʩʢʝʡ, ʄʘʜʂ ï ʄʘʜʘʛʘʩʢʘʨʩʢʘʷ, ʄʘʩʂ ï ʄʘʩʢʘʨʝʥʩʢʘʷ, 

ʄʦʟʂ ï ʄʦʟʘʤʙʠʢʩʢʘʷ, ʉʦʂ ï ʉʦʤʘʣʠʡʩʢʘʷ; ʘʩʝʡʩʤʠʯʝʩʢʠʝ ʭʨʝʙʪʳ: ʂʍ ï ʂʠʪʦʚʳʡ, 

ʄʘʜʍ ï ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ, ʄʦʟʍ ï ʄʦʟʘʤʙʠʢʩʢʠʡ, ʍɸ ï ɸʛʫʣʴʷʩ, ʍʐ ï ʐʦʥʘ; ʧʦʜʥʷʪʠʷ: 

ɹʄʖ ï ʙʘʥʢʘ ʄʦʨʠʩʘ ʖʠʥʛʘ, ɻɼ ï ʧʦʜʚʦʜʥʳʝ ʛʦʨʳ ɼʠʩʢʘʚʝʨʠ, ʇɸʆ ï ɸʡʣʦʩ ʆʨʢʘʜʘʩ, 

ʇɹ ï ɹʝʡʨʘ, ʇɼʂ ï ɼʝʣʴ-ʂʘʥʦ, ʇʂ ï ʂʨʦʟʝ, ʇʂʦ ï ʂʦʥʨʘʜ, ʇʄ ï ʄʝʪʝʦʨ, ʇʄʦ ï ʄʦʜ, 

ʇʈɻ ï ʈʠʫ ɻʨʘʥʜʠ, ʇʉɺɻ ï ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ; ʧʣʘʪʦ: ʇɸ ï ɸʛʫʣʴʷʩ, 

ʉʄʇ ï ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʝ, ʌʇ ï ʌʦʣʢʣʝʥʜʩʢʦʝ  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʳʝ ʠ ʜʫʛʦʦʙʨʘʟʥʳʝ 

ʭʨʝʙʪʳ ʠ ʧʣʘʪʦ, ʩʣʦʞʝʥʥʳʝ ʢʘʢ ʫʪʦʥʝʥʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʦʡ, ʪʘʢ ʠ ʫʪʦʣʱʝʥʥʦʡ 
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ʦʢʝʘʥʠʯʝʩʢʦʡ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʜʚʦʜʥʳʝ ʛʦʨʳ ʠ ʧʦʜʥʷʪʠʷ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠ 

ʧʘʣʝʦ- ʛʨʘʥʠʮʘʭ ʧʣʠʪ ʚʙʣʠʟʠ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʠ ʪʨʘʥʩʬʦʨʤʥʳʭ ʨʘʟʣʦʤʦʚ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʛʝʪʝʨʦʛʝʥʥʦʤ ʛʣʫʙʠʥʥʦʤ ʩʪʨʦʝʥʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʨʘʟʣʠʯʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ [Allen, Tucholke, 1981; Barker, 1979; 

Barrett, 1977; Ciesielski et al., 1988ʘ; Coffin, Eldholm, 1994; Fisher et al, 2017; Goul, 

Uenzelmann- Neben, 2001; Gohl et al., 2011; Kristoffersen, LaBrecque, 1991; LaBrecque, Hayes, 1979; 

Marks, Stock, 2001; Marks, Tikku, 2001; Parsiegla et al., 2008; Roex et al., 2010; Scrutton, 1973; 

Sleep, 2002; Tucholke et al., 1981; Uenzelmann-Neben et al., 1999; Zhang et al., 2011]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʢʨʳʪʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʧʦʩʣʝʜʥʠʝ 

ʜʦʩʪʠʞʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʝʪ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʚʳ̫ʚʠʪʴ ʩʪʨʦʝʥʠʝ 

ʢʦʨʳ ʠ ʣʠʪʦʩʬʝʨʳ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʥʦʡ ʜʝʪʘʣʴʥʦʩʪʴʶ, ʠ ʥʘ ʙʘʟʝ ʘʥʘʣʠʟʘ ʩʦʟʜʘʥʥʳʭ 

ʧʣʦʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʚʦʩʩʪʘʥʦʚʠʪʴ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠ ̫ʧʦʜʥʷʪʠʡ ʠ ʨʘʟʚʠʪʠ ̫ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʨʝʛʠʦʥʘ ʚ ʩʚʝʪʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʵʚʦʣʶʮʠʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ 

ɿʥʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʚʦʣʶʮʠʠ ʩʧʨʝʜʠʥʛʘ ʤʦʨʩʢʦʛʦ ʜʥʘ ʤʝʞʜʫ ɸʬʨʠʢʦʡ, ʖʞʥʦʡ 

ɸʤʝʨʠʢʦʡ ʠ ɸʥʪʘʨʢʪʠʜʦʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʘʜʘ ɻʦʥʜʚʘʥʳ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʦʜʝʣʝʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ɻʦʥʜʚʘʥʳ ʠ ʦʪʜʝʣʴʥʳʭ ʧʦʜʥʷʪʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [LaBrecque et al, 1987; Cox, 1992; Lawver et al., 1998; 

ɼʫʙʠʥʠʥ ʠ ʜʨ., 1999; Reeves, Wit, 2000; Eagles, Kºnig, 2008; Parsiegla et al., 2008; Kºnig, 

Jokat, 2010; V®rard et al., 2012; Leinweber, Jokat, 2012; Reeves et al., 2016; Hahyu et al., 2017; 

Mueller, Jokat, 2019]. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʪʨʦʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ 

ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ʦʩʪʘʶʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ. 

ʅʘʣʠʯʠʝ ʚ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ, ʜʘʥʥʳʝ ʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʠ ʜʨ. ʜʘʥʥʳʝ), ʧʦʣʫʯʝʥʥʦʡ 

ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʡ ʩʦʚʝʪʩʢʠʭ, ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ, ʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʠ ʵʚʦʣʶʮʠʠ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ 

ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʠ ʵʚʦʣʶʮʠʠ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʦʚ ʚʥʝʩʣʠ ɻʘʡʥʘʥʦʚ 

ɸ.ɻ., ʇʫʱʘʨʦʚʩʢʠʡ ʖ.ʄ., ʃʝʡʯʝʥʢʦʚ ɻ.ʃ., ʋʜʠʥʮʝʚ ɻ.ɹ., ʋʰʘʢʦʚ ʉ.ɸ., ʐʨʝʡʜʝʨ ɸ.ɸ., ʍʘʠʥ ɺ.ɽ., 

ɼʫʙʠʥʠʥ ɽ.ʇ., ɹʫʣʳʯʝʚ ɸ.ɸ., ʃʠʪʚʠʥ ɺ.ʄ., ʉʫʱʝʚʩʢʘʷ ʅ.ʄ., ʉʦʢʦʣʦʚ ʉ.ʖ., ʂʨʠʩʪʦʬʝʨʩʝʥ ʖ., 

ʃʘʙʨʝʢ ɼʞ.ʃ., ʇʝʡʚʝ ɸ.ɸ., ɹʦʥʘʪʠ ʕ., ʍʝʡʩ ɼ.ɽ., ʈʘʡʤʦʥʜ ʂ.ɸ., ʈʦʝʢʩ ɸ.ʃ, ʁʦʢʘʪ ɺ., 

ʄʶʣʣʝʨ ʈ.ɼ., ɻʦʣʴ ʂ., ʕʚʘʥʩ ʍ.ʌ. ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ.  
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ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʧʦʜʚʦʜʥʳʝ ʧʦʜʥʷʪʠʷ 

ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʦʜʥʷʪʠʷʤ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ, 

ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʘʩʝʡʩʤʠʯʝʩʢʠʝ ʭʨʝʙʪ r(ʄʦʟʘʤʙʠʢʩʢʠʡ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ), ʧʣʘʪʦ (ɸʛʫʣʴʷʩ 

ʠ ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʝ), ʩʧʨʝʜʠʥʛʦʚʳʡ ʭʨʝʙʝʪ ʖʉɸʍ, ʧʦʜʥʷʪʠʝ ʄʝʪʝʦʨ ʠ ʩʦʧʨʷʞʝʥʥʦʝ ʩ 

ʥʠʤ ʧʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ. ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʜʥʷʪʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʪʨʦʝʥʠʶ ʢʦʨʳ ʠ 

ʣʠʪʦʩʬʝʨʳ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʶ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ʠ ʢʦʪʣʦʚʠʥ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ 

ʖʞʥʦʛʦ ʦʢʝʘʥʘ ʠ ʫʩʪʘʥʦʚʠʪʴ ʫʩʣʦʚʠʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʚʝʪʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʵʚʦʣʶʮʠʠ ʣʠʪʦʩʬʝʨʳ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɸʥʘʣʠʟ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ ʘʢʚʘʪʦʨʠʶ ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʠ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʦʚ; 

2. ɺʳʷʚʣʝʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ʩ ʨʘʟʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ; 

3. ɸʥʘʣʠʟ ʤʦʜʝʣʝʡ ʵʚʦʣʶʮʠʠ ʣʠʪʦʩʬʝʨʳ ʨʝʛʠʦʥʘ ʠ ʠʟʫʯʘʝʤʳʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

4. ʇʦʩʪʨʦʝʥʠʝ ʧʣʦʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʪʝʢʪʦʥʦʩʬʝʨʳ ʥʘ ʦʩʥʦʚʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ; 

5. ʇʦʩʪʨʦʝʥʠʝ ʩʭʝʤʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʡʦʥʠʥʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʦʣʝʡ (ʘʥʦʤʘʣʴʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʷ). 

ʅʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʠ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʠ ʣʠʪʦʩʬʝʨʳ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʘʥʦʤʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ 

ʫʩʪʘʥʦʚʣʝʥʦ: 

1. ʄʦʟʘʤʙʠʢʩʢʠʡ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ 

ʢʦʨʳ ʠ ʣʠʪʦʩʬʝʨʳ. ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʣʦʢʘʤʠ ʙʘʟʘʣʴʪʦʚʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ 
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ʢʦʨʳ, ʫʪʦʣʱʝʥʥʦʡ ʟʘ ʩʯʝʪ ʘʥʜʝʨʧʣʝʡʪʠʥʛʘ. ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʩʣʦʞʝʥ ʫʪʦʥʝʥʥʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʦʡ ʥʘ ʩʝʚʝʨʝ ʠ ʢʦʨʦʡ ʩʤʝʘhʥʥʦʛʦ ʪʠʧʘ ʥʘ ʶʛʝ. 

2. ʇʣʘʪʦ ɸʛʫʣʴʷʩ ʙʳʣʦ ʦʙʨʘʟʦʚʘʥʦ ʢʘʢ ʢʨʫʧʥʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʠʥʮʠʷ ʚʤʝʩʪʝ ʩ 

ʧʦʜʥʷʪʠʷʤʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ ʠ ʄʦʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ɹʫʚʝ. ʅʘ ʩʝʚʝʨʝ 

ʧʣʘʪʦ, ʚʝʨʦʷʪʥʦ, ʩʣʦʞʝʥʦ ʫʪʦʥʝʥʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʦʡ, ʥʘ ʶʛʝ ï ʫʪʦʣʱʝʥʥʦʡ 

ʦʢʝʘʥʠʯʝʩʢʦʡ. 

3. ʇʦʜʥʷʪʠʷ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʠ ʄʝʪʝʦʨ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʪʦʣʱʝʥʥʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʢʦʨʦʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʐʦʥʘ. 

4. ʉʪʨʦʝʥʠʝ ʢʦʨʳ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʨʝʦʨʛʘʥʠʟʘʮʠʝʡ ʛʨʘʥʠʮ ʧʣʠʪ ʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴ  ʁʛʦʨʷʯʠʭ ʪʦʯʝʢ. 

5. ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ 

ʦʢʝʘʥʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʝʡ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʣʠʪʦʩʬʝʨʘ ʵʪʦʛʦ 

ʨʝʛʠʦʥʘ ʩʣʦʞʝʥʘ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʙʣʦʢʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʥʘ ʨʘʟʥʳʭ ʩʧʨʝʜʠʥʛʦʚʳʭ ʭʨʝʙʪʘʭ ʠ 

ʨʘʟʜʝʣʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʘʣʝʦʛʨʘʥʠʮ ʧʣʠʪ ʨʘʟʥʳʭ ʪʠʧʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʨʝʰʝʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʧʦ ʚʳʷʩʥʝʥʠʶ 

ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʣʠʪʦʩʬʝʨʳ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ, ʩʪʨʦʝʥʠʷ 

ʢʦʨʳ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʘ ʪʘʢʞʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʦʤʘʣʴʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ ʨʘʡʦʥʠʨʦʚʘʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʠʟʫʯʝʥʥʦʛʦ ʨʝʛʠʦʥʘ ʦʧʨʝʜʝʣʝʥʦ ʤʝʩʪʦ ʠ ʨʦʣʴ 

ʧʣʦʪʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ: 

- ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ɻʣʦʙʘʣʴʥʦʡ ʙʘʪʠʤʝʪʨʠʠ (Global Predicted Bathymetry) 

[Sandwell et al., 2014], GEBCO [Weatherall et al., 2015, https://www.gebco.net/], ʘ ʪʘʢʞʝ ETOPO1 

[Amante, Eakins, 2009]; 

- ʘʥʦʤʘʣʠʠ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ʤʦʜʝʣʴ ɼ.ʉʘʥʜʚʝʣʣʘ [Sandwell, 2014] ʠ 

ʤʦʜʝʣʴ WGM2012 [Balmino, 2012].  

- ʤʦʜʝʣʠ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ EMAG2 [Maus et al., 2009], EMAG2v3 

[Meyer et al., 2017], WDMAM [Lesur et al., 2016, https://wdmam.org/],  
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- ʤʦʜʝʣʴ ʟʝʤʥʦʡ ʢʦʨʳ GEMMA [Reguzzoni et al., 2014],  

- ʜʘʥʥʳʝ ʦ ʤʦʱʥʦʩʪʠ ʦʩʘʜʢʦʚ [Whittaker, 2013; Straume et al., 2019]; 

- ʧʨʝʚʳʰʝʥʠʷ ʛʝʦʠʜʘ ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ ʦʪʥʦʩʠʤʦʩʪʠ [Palvis et al., 2008, Barthelmes, 2013].  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʝʣʠ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʠ LLNL -G3Dv3 

[Simmons et al., 2012] ʠ SL2013sv [Schaeffer, Lebedev, 2013], ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʙʨʘʥʥʳʝ ʚʦ 

ʚʨʝʤʷ ʤʦʨʩʢʠʭ ʨʝʡʩʦʚ ʩ 1939 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʭʨʘʥʷʱʠʝʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ GEODAS 

[https://www.ngdc.noaa.gov/mgg/geodas/]. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʩʰʠʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʢʘʬʝʜʨʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ, ʨʘʩʩʯʠʪʘʥʦ ʘʥʦʤʘʣʴʥʦʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ [ɹʫʣʯrʝʚ ʠ ʜʨ., 1998] ʠ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪ ʛʝʦʠʜʘ ʚ ʨʝʜʫʢʮʠʠ 

ɹʫʛʝ æὔˎ , ʧʦʣʫʯʝʥʳʝ ʚʳʯʠʪʘʥʠʝʤ ʠʟ ʧʦʣʷ ʥʘʙʣʶʜʝʥʥʳʭ ʚʳʩʦʪ ʛʝʦʠʜʘ ʨʝʛʠʦʥʘʣʴʥʦʡ 20-ʡ 

ʛʘʨʤʦʥʠʢʠ ʠ ʘʥʦʤʘʣʴʥʳʭ ʚʳʩʦʪ ʛʝʦʠʜʘ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ [ɹʫʣʳʯʝʚ ʠ ʜʨ., 2002]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʜʫʢʮʠʠ ʩ ʧʣʦʪʥʦʩʪʷʤʠ „̒ =̌2.67 ʛ/ʩʤ3 ʠ „̒ =̌2.80 ʛ/ʩʤ3. ɼʘʣʝʝ, ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʜʫʢʮʠʷʭ ʠ ʘʥʦʤʘʣʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʝʨʝʩʯʝʪ ʚ ʚʝʨʭʥʝʝ 

ʠ ʥʠʞʥʝʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʤʝʪʦʜ ʉʘʢʩʦʚʘ-ʅʠʛʘʨʜʘ, ʧʦʣʦʩʦʚʳʝ ʯʘʩʪʦʪʥʳʝ ʬʠʣʴʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʚʳʯʠʩʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʪʨʘʥʩʬʦʨʤʘʥʪ ʧʦʣʝʡ ʧʨʦʚʝʜʝʥʦ ʧʣʦʪʥʦʩʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʇʦʩʪʨʦʝʥʠʝ ʧʣʦʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʧʦ ʜʘʥʥʳʤ ʘʥʦʤʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ TG-2 [ɹʫʣʳʯʝʚ, ɿʘʡʮʝʚ, 2008] ʠ GravMagInv2D 

[ʏʝʧʠʛʦ, 2019]. ʇʝʨʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʦʜʙʦʨʘ ʚ 

ʨʘʤʢʘʭ ʙʣʦʢʦʚʳʭ ʤʦʜʝʣʝʡ (ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ), ʚʦ ʚʪʦʨʦʤ ï ʨʝʘʣʠʟʦʚʘʥʳ ʢʘʢ 

ʧʦʣʠʛʦʥʘʣʴʥʳʝ, ʪʘʢ ʠ ʩʝʪʦʯʥʳʝ (ʛʨʠʜ) ʤʦʜʝʣʠ. ʇʨʠʣʦʞʝʥʠʝ GravMagInv2D ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʩʯʝʪʘ ʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʪʨʘʥʩʘʪʣʘʥʪʠʯʝʩʢʠʤ 

ʧʨʦʬʠʣʷʤ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʨʘʟʨʝʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʤʦʜʝʣʷʤʠ. 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ʉʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʠʘʧʘʟʦʥ ʠʭ ʚʘʨʠʘʮʠʡ ʩʣʫʞʘʪ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʜʚʦʜʥʳʭ 

ʧʦʜʥʷʪʠʡ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ. 
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2. ɻʣʫʙʠʥʥʳʝ ʤʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʠ ʣʠʪʦʩʬʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʧʣʦʪʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʢʦʨʳ, ʩʣʘʛʘʶʱʠʝ ʧʦʜʚʦʜʥʳʝ 

ʧʦʜʥʷʪʠʷ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʢʦʪʣʦʚʠʥʳ.  

3. ʉʪʨʫʢʪʫʨʥʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʘʥʦʤʘʣʴʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʣʠʪʦʩʬʝʨʘ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ 

ʩʣʦʞʝʥʘ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʙʣʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʨʘʟʥʳʭ ʩʧʨʝʜʠʥʛʦʚʳʭ ʭʨʝʙʪʘʭ ʠ 

ʨʘʟʜʝʣʝʥʳ ʧʦʜʚʦʜʥʳʤʠ ʧʦʜʥʷʪʠʷʤʠ ʠ ʧʘʣʝʦʛʨʘʥʠʮʘʤʠ ʧʣʠʪ ʨʘʟʥʳʭ ʪʠʧʦʚ.  

4. ɺʘʨʠʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʦʤʘʣʴʥʳʭ ʧʦʣʝʡ, ʧʣʦʪʥʦʩʪʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʣʠʪʦʩʬʝʨʳ ʚʤʝʩʪʝ ʩ ʘʥʘʣʠʟʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʪʝʢʪʦʥʦʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ 

ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʪʨʦʝʥʠʝʤ ʢʦʨʳ, ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʝʡ: 

ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʨʝʜʠʥʛʦʚʳʝ ʠ ʧʘʣʝʦʩʧʨʝʜʠʥʛʦʚʳʝ ʭʨʝʙʪʳ; ʭʨʝʙʪʳ, ʯʘʩʪʠʯʥʦ ʦʪʜʝʣʝʥʥʳʝ ʦʪ 

ʢʦʥʪʠʥʝʥʪʘ; ʭʨʝʙʪʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʶʤʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʩʣʦʞʝʥʥʳʝ 

ʫʪʦʣʱʝʥʥʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʦʡ; ʧʦʜʥʷʪʠʷ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ 

ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ʥʘ ʩʪʘʨʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʢʦʢʘ ʦʩʠ ʩʧʨʝʜʠʥʛʘ; 

ʧʦʛʨʫʞʝʥʥʳʝ ʧʣʘʪʦ ʠ ʧʦʜʥʷʪʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʳ ʢʨʫʧʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ; ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʳ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʘʧʠʩʘʥʠʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [Barthelmes, 2013; Heath, 1984; Maus et al., 2009; Meyer et al., 2017; 

Palvis et al., 2008; Reguzzoni et al., 2014; Sandwell et al., 2014; Schaeffer, Lebedev, 2013; 

Simmons et al., 2012; Straume et al., 2019; Whittaker, 2013], ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʩʫʱʝʩʪʚʫʶʱʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ 

ʠ ʜʦʧʦʣʥʷʶʪ ʠʭ. ʇʨʦʚʝʜʝʥʥʦʝ ʧʣʦʪʥʦʩʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʠ ʪʝʢʪʦʥʦʩʬʝʨʳ 

ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʘʥʘʣʠʟʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʭ ʛʝʪʝʨʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʰʝʩʪʠ ʩʪʘʪʴʷʭ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ 

ʩʧʠʩʦʢ RSCI [ʂʦʩʥʳʨʝʚʘ ʠ ʜʨ., 2022; ʈʳʞʦʚʘ ʠ ʜʨ., 2021ʘ; ʈʳʞʦʚʘ ʠ ʜʨ., 2021ʙ, ʈʳʞʦʚʘ ʠ ʜʨ., 

2022ʘ; ʈʳʞʦʚʘ ʠ ʜʨ., 2022ʙ; ʏʫʧʘʭʠʥʘ ʠ ʜʨ., 2022], ʘ ʪʘʢʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʦʚʝʱʘʥʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ:  

- 9 ʠ 10-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʦʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ: MARESEDUè ï 2020, 2021 ʛʛ.;  
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- 27, 28 ʠ 29-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚè ï 2020, 2021 ʠ 2022 ʛʛ.;  

- 4 ʠ 5-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʠ ʚʳʩʪʘʚʢʘ: çɻʝʦɽʚʨʘʟʠʷè ï 

2021, 2022 ʛʛ.; 53-ʝ ʊʝʢʪʦʥʠʯʝʩʢʦʝ ʩʦʚʝʱʘʥʠʝ ï 2022;  

- 48-ʝ ɿʘʩʝʜʘʥʠʝ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦʛʦ ʩʝʤʠʥʘʨʘ ʠʤʝʥʠ ɼ.ɻ. ʋʩʧʝʥʩʢʦʛʦ ï ɺ.ʅ. 

ʉʪʨʘʭʦʚʘ ï 2022 ʛ.;  

- 24-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʐʢʦʣʘ) ʧʦ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ ï 2022 ʛ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʳ: 

1. ʉʙʦʨ ʠ ʘʥʘʣʠʟ ʘʧʨʠʦʨʥʦʡ ʠ ʥʦʚʝʡʰʝʡ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʦʝʥʠʠ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ; 

2. ʉʦʩʪʘʚʣʝʥʠʝ ʝʜʠʥʦʡ ʙʘʟʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ ɸʬʨʠʢʘʥʦ-

ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ʖʞʥʦʛʦ ʦʢʝʘʥʘ;  

3. ʈʘʩʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʙʦʨ ʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʝʡ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ;  

4. ʇʣʦʪʥʦʩʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ ʪʝʢʪʦʥʦʩʬʝʨʳ ʧʦ ʪʨʘʥʩʘʪʣʘʥʪʠʯʝʩʢʠʤ ʠ ʦʧʦʨʥʳʤ 

ʧʨʦʬʠʣʷʤ, ʧʝʨʝʩʝʢʘʶʱʠʤ ʧʦʜʚʦʜʥʳʝ ʧʦʜʥʷʪʠʷ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ;  

5. ʇʦʩʪʨʦʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʩʭʝʤʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ 

ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʝʡ. 

ɸʚʪʦʨʦʤ, ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ, ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʪʘʪʴʠ 

ʠ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ, ʦʪʨʘʞʘʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʳʧʦʣʥʝʥʦ ʠʭ ʦʬʦʨʤʣʝʥʠʝ 

ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʭ ʚ ʨʝʜʘʢʮʠʠ ʞʫʨʥʘʣʦʚ ʠ ʧʝʨʝʧʠʩʢʘ ʩ ʨʝʜʘʢʪʦʨʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʦʤ ʜʦʢʣʘʜʘʤʠ ʥʘ 10-ʪʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ 

ʩʦʚʝʱʘʥʠʷʭ.  

ʇʦʜʜʝʨʞʢʘ ʨʘʙʦʪʳ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʧʨʦʝʢʪʳ ˉˉ 18-05-00127 ʠ 18-05-00378) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʧʨʦʝʢʪ ˉ 22-27-00110. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʠ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʷʤ: ʜʦʢʪʦʨʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ ɸʥʜʨʝʶ ɸʣʝʢʩʘʥʜʨʦʚʠʯʫ 

ɹʫʣʳʯʝʚʫ ʠ ʜʦʢʪʦʨʫ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ ɽʚʛʝʥʠʶ ʇʘʚʣʦʚʠʯʫ ɼʫʙʠʥʠʥʫ 
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ʟʘ ʤʥʦʛʦʣʝʪʥʶʶ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ ʠ ʧʦʤʦʱʴ ʚ ʠʟʫʯʝʥʠʠ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ɿʝʤʣʠ ʠ 

ʵʚʦʣʶʮʠʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ. 

ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʧʨʠʟʥʘʪʝʣʝʥ ʩʦʪʨʫʜʥʠʢʘʤ ʢʘʬʝʜʨʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʝʤʥʦʡ ʢʦʨʳ: ʂʦʩʥʳʨʝʚʦʡ ʄʘʨʠʠ ɺʣʘʜʠʤʠʨʦʚʥʝ, ʂʫʟʥʝʮʦʚʫ ʂʠʨʠʣʣʫ ʄʠʭʘʡʣʦʚʠʯʫ, ʃʳʛʠʥʫ 

ʀʚʘʥʫ ɺʣʘʜʠʤʠʨʦʚʠʯʫ, ʉʦʢʦʣʦʚʦʡ ʊʘʪʴʷʥʝ ɹʦʨʠʩʦʚʥʝ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ ʠ ʮʝʥʥʳʝ 

ʩʦʚʝʪʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ. ɿʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ 

ʜʦʢʪʦʨʘ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʉʦʢʦʣʦʚʘ ʉʝʨʛʝʷ ʖʨʴʝʚʠʯʘ. 

ʉʣʦʚʘ ʦʩʦʙʦʡ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ, ʟʘʤʝʩʪʠʪʝʣʶ ʛʣʘʚʥʦʛʦ ʛʝʦʣʦʛʘ ʧʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʆʆʆ çʀʅɻɽʆʉɽʈɺʀʉè, ɿʘʡʮʝʚʫ ɸʥʜʨʝʶ ʅʠʢʦʣʘʝʚʠʯʫ ʠ 

ʩʚʦʠʤ ʢʦʣʣʝʛʘʤ ʟʘ ʦʛʨʦʤʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʦʢʘʟʘʥʥʫʶ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ʆʪʜʝʣʴʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʪʝʨʧʝʥʠʝ, ʤʦʨʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʧʦʥʠʤʘʥʠʝ ʘʚʪʦʨ 

ʚʳʨʘʞʘʝʪ ʯʣʝʥʘʤ ʩʚʦʝʡ ʩʝʤʴʠ ʠ ʜʨʫʟʴʷʤ. 
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ɻʣʘʚʘ 1. ʀʩʧʦʣʴʟʫʝʤʳʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʦʪʢʨʳʪʳʝ ʠʩʪʦʯʥʠʢʠ ʤʠʨʦʚʳʭ ʙʘʥʢʦʚ ʜʘʥʥʳʭ ʩ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʥʘʙʦʨʪʥʳʭ ʩʲʝʤʦʢ, ʪʘʢ ʠ ʜʘʥʥʳʝ 

ʩʦ ʩʧʫʪʥʠʢʦʚ. ʆʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʨʩʢʠʭ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠ ʧʦʤʠʤʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʝʱʝ ʠ 

ʩʙʦʨ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʜʘʥʥʳʝ ʦ ʨʝʣʴʝʬʝ ʜʥʘ ʦʢʝʘʥʘ, ʩʲʝʤʢʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ, ʧʨʦʬʠʣʴʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʘ 

ʪʘʢʞʝ ʜʘʥʥʳʝ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ. ɺʩʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʤʦʨʩʢʠʭ ʵʢʩʧʝʜʠʮʠʷʭ, 

ʭʨʘʥʷʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ GEODAS ʅʘʮʠʦʥʘʣʴʥʳʭ ʎʝʥʪʨʦʚ ʕʢʦʣʦʛʠʯʝʩʢʦʡ ʀʥʬʦʨʤʘʮʠʠ (NCEI) 

[https://www.ngdc.noaa.gov/mgg/geodas/]. ʕʪʘ ʙʘʟʘ ʧʦʧʦʣʥʷʝʪʩʷ ʩ 1939 ʛʦʜʘ ʤʘʪʝʨʠʘʣʘʤʠ ʤʦʨʩʢʠʭ 

ʩʲʝʤʦʢ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʉʐɸ ʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʜʨʫʛʠʭ ʩʪʨʘʥ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

ɼʘʥʥʳʝ ʜʦʩʪʫʧʥʳ ʯʝʨʝʟ ʩʨʝʜʩʪʚʦ ʧʨʦʩʤʦʪʨʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ Trackline, ʧʦʠʩʢ ʧʦ 

ʢʦʪʦʨʦʤʫ ʜʦʩʪʫʧʝʥ ʢʘʢ ʧʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʡʦʥʫ, ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʦ ʪʠʧʫ ʜʘʥʥʳʭ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʦʝʥʠʷ ʪʝʢʪʦʥʦʩʬʝʨʳ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ɸʬʨʠʢʘʥʦ-

ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ: 

- ʛʣʫʙʠʥʘ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ (ʨʝʣʴʝʬ) [Amante, Eakins, 2009; Sandwell et al., 2014; Weatherall 

et al., 2015]; 

- ʤʦʜʝʣʠ ʘʥʦʤʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʝʛʦ ʛʨʘʜʠʝʥʪʘ [Sandwell et al., 2014]; 

- ʤʦʜʝʣʠ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ EMAG2, EMAG2v3 ʠ WDMAM [Maus et al., 2009; 

Meyer et al., 2017; Lesur et al., 2016]; 

- ʤʦʜʝʣʠ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʠ LLNL-G3Dv3 ʠ SL2013sv [Simmons et al., 2012; Schaeffer, 

Lebedev, 2013]; 

- ʚʦʟʨʘʩʪ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ [Muller et al., 2008]; 

- ʤʦʜʝʣʴ ʟʝʤʥʦʡ ʢʦʨʳ GEMMA [Reguzzoni et al., 2014]; 

- ʜʘʥʥʳʝ ʦ ʤʦʱʥʦʩʪʠ ʦʩʘʜʢʦʚ [Straume et al., 2019; Whittaker, 2013]; 

- ʧʨʝʚʳʰʝʥʠʷ ʛʝʦʠʜʘ ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ ʦʪʥʦʩʠʤʦʩʪʠ [Palvis et al., 2008]; 

- ʜʘʥʥʳʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ [Jennings, 2021]; 

- ʜʘʥʥʳʝ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ [Barker et al., 1988; Ciesielski et al., 1988; 

Gersonde et al., 1999]. 
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1.1. ɹʘʪʠʤʝʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ɼʣʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ, ʢʦʪʣʦʚʠʥ ʠ ʚ ʮʝʣʦʤ ʩʪʨʦʝʥʠʷ 

ɿʝʤʣʠ ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʣʴʝʬʝ ʜʥʘ ʦʢʝʘʥʘ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʝʢʪʦʚ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʩʙʦʨʦʤ ʠ ʦʙʦʙʱʝʥʠʝʤ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʜʝʪʘʣʴʥʦʩʪʴʶ ʠ 

ʧʦʣʥʦʪʦʡ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʤʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʛʣʦʙʘʣʴʥʳʝ ʤʦʜʝʣʠ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʜʝʪʘʣʴʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʊʘʢʠʤ 

ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ GEBCO (The General Bathymetric Chart of the Oceans) [Weatherall 

et al., 2015], ɻʣʦʙʘʣʴʥʘʷ ʙʘʪʠʤʝʪʨʠʷ (Global Predicted Bathymetry) [Sandwell et al., 2014] ʠ ETOPO1 

[Amante, Eakins, 2009]. 

ʄʦʜʝʣʴ GEBCO ï ʵʪʦ ʥʝʧʨʝʨʳʚʥʘʷ ʛʣʦʙʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʦʢʝʘʥʘ ʠ ʢʦʥʪʠʥʝʥʪʦʚ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ ʚ 15 ʫʛʣʦʚʳʭ ʩʝʢʫʥʜ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʙʦʨʳ ʜʘʥʥʳʭ 

SRTM15+, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʪʦʧʦʛʨʘʬʠʠ ʩʫʰʠ ʩ ʠʟʤʝʨʝʥʥʳʤ ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʨʝʣʴʝʬʦʤ ʤʦʨʩʢʦʛʦ ʜʥʘ. ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʙʝʩʰʦʚʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʨʝʣʴʝʬʘ ʤʦʜʝʣʴ GEBCO ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʪʦʢ ʜʘʥʥʳʭ ʩ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʨʠʚʷʟʢʦʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʥʦʛʦʣʫʯʝʚʳʭ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʚ ʤʦʜʝʣʴ GEBCO ʚʢʣʶʯʝʥʳ ʤʘʪʝʨʠʘʣʳ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʠʮʠʘʪʠʚ.  

ɻʣʦʙʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ETOPO1 ʩʦʟʜʘʥʘ ʚ 2008 ʛʦʜʫ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʠʭ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (NOAA) ï ʅʘʮʠʦʥʘʣʴʥʳʤ ʎʝʥʪʨʦʤ 

ɻʝʦʬʠʟʠʯʝʩʢʠʭ ɼʘʥʥʳʭ (NGDC). ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʵʪʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʲʝʜʠʥʝʥʥʳʝ 

ʥʘʙʦʨʳ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʛʨʘʬʠʠ ʉʢʨʠʧʧʩʘ (SIO), 

ʀʥʩʪʠʪʫʪʘ ʀʩʩʣʝʜʦʚʘʥʠʡ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʠʤʝʥʠ ʃʝʡʙʥʠʮʘ (LABS) ʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʎʝʥʪʨʘ 

ɻʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (NGDC). ʄʦʜʝʣʴ ETOPO1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ 1 ʫʛʣʦʚʘʷ 

ʤʠʥʫʪʘ ʠ ʜʦʩʪʫʧʥʘ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ. ʇʝʨʚʳʡ ï Ice Surface, ʚ ʢʦʪʦʨʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʜʷʥʳʭ ʧʦʢʨʦʚʦʚ ɸʥʪʘʨʢʪʠʜʳ ʠ ɻʨʝʥʣʘʥʜʠʠ, ʚʪʦʨʦʡ ï Bedrock, ʥʘ 

ʢʦʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʳ ʧʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ ʧʦʜ ʣʝʜʷʥʳʤʠ ʧʦʢʨʦʚʘʤʠ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʤʦʜʝʣʴ ɻʣʦʙʘʣʴʥʦʡ ʙʘʪʠʤʝʪʨʠʠ (Global Predicted Bathymetry) [Sandwell et al., 2014], ʢʦʪʦʨʘʷ 

ʠʤʝʝʪ ʨʘʟʨʝʰʝʥʠʝ 1 ʫʛʣʦʚʫʶ ʤʠʥʫʪʫ (ʨʠʩʫʥʦʢ 1). ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ 

ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʛʣʫʙʠʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʜʘʥʥʳʤʠ ʤʦʨʩʢʦʡ ʛʨʘʚʠʪʘʮʠʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʩʦʙʨʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ Geosat ʠ ERS-1. ʀʩʪʦʯʥʠʢʘʤʠ 

ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʧʦʩʣʫʞʠʣʠ: ʪʦʤʦʛʨʘʬʠʷ SRTM, NGDC GEODAS, 
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ʀʥʩʪʠʪʫʪ ʦʢʝʘʥʦʛʨʘʬʠʠ ʉʢʨʠʧʧʩʘ (SIO), ʎʠʬʨʦʚʳʝ ʤʦʨʩʢʠʝ ʟʦʥʜʠʨʦʚʘʥʠʷ NGA, ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʎʝʥʪʨʘ ɻʝʦʬʠʟʠʯʝʩʢʠʭ ɼʘʥʥʳʭ (NGDC), ʊʦʧʦʛʨʘʬʠʷ ɸʥʪʘʨʢʪʠʢʠ ICESAT ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

1.2. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ɸʥʦʤʘʣʴʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʦʩʦʙʝʥʥʦ ʥʘ ʘʢʚʘʪʦʨʠʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ, ʧʦʩʢʦʣʴʢʫ ʥʘʙʦʨʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʚ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʘʢʚʘʪʦʨʠʡ ʧʦʣʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʠ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʠ ʛʝʦʠʜʘ ʙʳʣʠ ʟʘʧʫʱʝʥʳ ʪʨʠ ʩʧʝʮʠʘʣʴʥʳʝ ʤʠʩʩʠʠ: CHAMP, 

GRACE, GOCE. ɺʳʩʦʢʦʪʦʯʥʳʝ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʭʘʨʘʢʪʝʨ 

ʧʦʚʝʜʝʥʠʷ ʛʝʦʠʜʘ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʝʣʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʘʢ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʬʝʨʠʯʝʩʢʠʭ ʛʘʨʤʦʥʠʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ɿʝʤʣʠ (EGM2008, GECO, 

EIGEN-6C4 ʠ EGM2012), ʪʘʢ ʠ ʘʥʦʤʘʣʠʷʤʠ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ (WGM2012 ʠ ʤʦʜʝʣʴ 

ɼ. ʉʘʥʜʚʝʣʣʘ). ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ EGM2008 [Palvis et al., 2008; Whittaker, 

2013], WGM2012 [Balmino et al., 2012] ʠ ʤʦʜʝʣʴ ɼ. ʉʘʥʜʚʝʣʣʘ [Sandwell et al., 2014]. 

EGM2008 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʬʝʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʛʘʨʤʦʥʠʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ɿʝʤʣʠ [Palvis et al., 2008]. ʕʪʘ ʤʦʜʝʣʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʥʘʟʝʤʥʳʭ, 

ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠ ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʨʘʡʦʥʘʭ, ʛʜʝ ʙʳʣʠ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʜʦʧʦʣʥʝʥ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʧʦʜʨʦʙʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʙʘʟʳ 

ʜʘʥʥʳʭ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʤ ɹʶʨʦ ɻʨʘʚʠʤʝʪʨʠʠ (BGI) ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ (ʂʦʤʠʩʩʠʷ ʧʦ ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʂʘʨʪʝ ʄʠʨʘ (CGMW), ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ɸʩʩʦʮʠʘʮʠʝʡ ɻʝʦʜʝʟʠʠ (IAG), ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʶʟʦʤ ʛʝʦʜʝʟʠʠ ʠ ʛʝʦʬʠʟʠʢʠ (IUGG) ʠ ʜʨ) 

ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ WGM2012, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʷʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʘʥʦʤʘʣʠʡ ɿʝʤʣʠ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 2 ʫʛʣʦʚʳʝ ʤʠʥʫʪʳ. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʷʭ ʟʘ 

ʩʚʦʙʦʜʥʳʡ ʚʦʟʜʫʭ, ɹʫʛʝ ʠ ʠʟʦʩʪʘʪʠʯʝʩʢʦʡ. ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ ʘʥʦʤʘʣʠʠ ʤʦʜʝʣʠ WGM2012 

ʩʦʩʪʘʚʣʝʥʳ ʠʟ ʦʪʨʳʪʳʭ ʛʣʦʙʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ɿʝʤʣʠ EGM2008 ʠ DTU10, ʩʦʜʝʨʞʘʪ ʧʦʧʨʘʚʢʠ ʟʘ 

ʨʝʣʴʝʬ ETOPO1 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʫʛʣʦʚʦʡ ʤʠʥʫʪʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʵʪʠ ʘʥʦʤʘʣʠʠ ʚʳʯʠʩʣʝʥʳ ʩ 

ʫʯʝʪʦʤ ʩʬʝʨʠʯʝʩʢʠʭ ʛʘʨʤʦʥʠʢ [Balmino et al., 2012]. 

ʆʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʙʳʣʠ ʘʥʦʤʘʣʠʠ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ɼ. ʉʘʥʜʚʝʣʣʦʤ ʩ ʩʦʘʚʪʦʨʘʤʠ [Sandwell et al., 2014]. 

ɸʥʦʤʘʣʠʷʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʠʜʦʤ ʜʘʥʥʳʭ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 
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1 ʫʛʣʦʚʘʷ ʤʠʥʫʪʘ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʘʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʫʪʥʠʢʦʚʳʭ ʤʠʩʩʠʡ Geosat, ERS-1, 

GryoSat-2 ʠ Jason-1. ʊʦʯʥʦʩʪʴ ʵʪʦʡ ʤʦʜʝʣʠ ʜʣʷ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʩʦʩʪʘʚʣʷʝʪ Ñ2 ʤɻʘʣ. ʂʨʦʤʝ ʪʦʛʦ, 

ʮʠʪʠʨʫʝʤʳʤʠ ʘʚʪʦʨʘʤʠ ʩʦʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʘʥʦʤʘʣʴʥʦʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ.  

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʙʘʪʠʤʝʪʨʠʠ 

ɼ. ʉʘʥʜʚʝʣʣʘ [Sandwell et al., 2014], ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʘʥʦʤʘʣʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ 

ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʩ ʫʯʝʪʦʤ ʩʬʝʨʠʯʥʦʩʪʠ [ɹʫʣʳʯʝʚ ʠ 

ʜʨ., 1998]. ʆʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʘʥʦʤʘʣʠʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦ̫ „̒ =̌2.67 ʛ/ʩʤ3 ʠ 

„̒ =̌2.80 ʛ/ʩʤ3. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʘʥʦʤʘʣʠʷʤ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʥʪʳ ʪʘʢʠʝ ʢʘʢ ʧʝʨʝʩʯʝʪ ʚ ʚʝʨʭʥʝʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʚʳʯʠʩʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʘʥʦʤʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʤʝʪʦʜ ʉʘʢʩʦʚʘ ʅʠʛʘʨʜʘ ʠ ʜʨʫʛʠʝ. ʇʦʣʫʯʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʢʦʤʧʦʥʝʥʪʳ ʘʥʦʤʘʣʴʥʳʭ ʧʦʣʝʡ (ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ, 

ʩʨʝʜʥʝʯʘʩʪʦʪʥʫʶ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ). ɸʥʘʣʠʟ ʪʨʘʥʩʬʦʨʤʘʥʪ ʧʦʣʷ ʘʥʦʤʘʣʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ 

ʨʝʜʫʢʮʠʠ ʟʘ ʩʚʦʙʦʜʥʳʡ ʚʦʟʜʫʭ ʠ ɹʫʛʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʘʥʦʤʘʣʴʥʳʭ ʧʦʣʷʭ, ʧʝʨʝʩʯʠʪʘʥʥʳʭ ʚ ʚʝʨʭʥʝʝ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʪʨʘʞʘʶʪʩʷ ʛʣʫʙʠʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ.  

ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʝʤ ʘʥʦʤʘʣʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ, 

ʧʝʨʝʩʯʠʪʘʥʥʳʭ ʥʘ ʚʳʩʦʪʫ 200 ʢʤ; ʩʨʝʜʥʝʯʘʩʪʦʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ð ʧʦʣʝʤ ʨʘʟʥʦʩʪʥʳʭ ʘʥʦʤʘʣʠʡ, 

ʧʝʨʝʩʯʠʪʘʥʥʳʭ ʥʘ ʚʳʩʦʪʳ 75 ʠ 150 ʢʤ; ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ð ʨʘʟʥʦʩʪʥʳʤ ʧʦʣʝʤ ʤʝʞʜʫ 

ʠʩʭʦʜʥʳʤ ʠ ʧʝʨʝʩʯʠʪʘʥʥʳʤ ʥʘ ʚʳʩʦʪʫ 50 ʢʤ, ʘ ʪʘʢʞʝ ʧʦʣʝʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʘʥʦʤʘʣʠʡ 

ɹʫʛʝ (Vzz) ʥʘ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ. 

ʇʦʤʠʤʦ ʨʘʩʯʝʪʘ ʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʠ ʨʘʟʣʠʯʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʥʪ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ 20 ʠ 24 ʛʘʨʤʦʥʠʢ ʚʳʩʦʪ ʛʝʦʠʜʘ ʧʦ ʤʦʜʝʣʠ EGM2008 [Palvis 

et al., 2008; Whittaker, 2013], ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʣʠʩʴ ʟʘ ʨʝʛʠʦʥʘʣʴʥʳʡ ʬʦʥ. ʂ ʵʪʠʤ ʛʘʨʤʦʥʠʢʘʤ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦʧʨʘʚʢʠ ɹʫʛʝ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʘʥʦʤʘʣʠʷʤʠ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩ ʧʣʦʪʥʦʩʪʴʶ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ „̒ =̌2.67 ʛ/ʩʤ3 ʠ „̒ =̌2.80 ʛ/ʩʤ3, ʩ ʫʯʝʪʦʤ ʩʬʝʨʠʯʥʦʩʪʠ ʠ ʪʦʧʦʛʨʘʬʠʠ). 

ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʨʘʩʯʝʪʘ çʘʥʦʤʘʣʠʡ ʚʳʩʦʪ ʛʝʦʠʜʘ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝè Ўὔˎ  

ʠ Ўὔˎ , ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʚʫʝʪ ʢʦʤʧʦʥʝʥʪʘʤ ʧʦʣʷ ʚʝʨʭʥʝʡ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ ʠ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʩʪʝʥʦʩʬʝʨʳ ï ʣʠʪʦʩʬʝʨʝ ʠ ʪʝʢʪʦʥʦʩʬʝʨʝ [ɹʫʣʳʯʝʚ ʠ ʜʨ., 2002]. 

1.3. ʄʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʜʘʥʥʳʤ ʨʘʟʚʥʦʚʳʩʦʪʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʲʝʤʦʢ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʳ ʚʳʩʦʢʦʪʦʯʥʳʝ ʤʦʜʝʣʠ ʘʥʦʤʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʤʠ ʤʦʜʝʣʷʤʠ ʷʚʣʷʶʪʩʷ EMAG2v2, EMAG2v3 ʠ WDMAM 
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[Maus et al., 2009; Meyer et al., 2017; Lesur et al., 2016]. ʕʪʠ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʩʧʫʪʥʠʢʦʚʳʭ (ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʘ CHAMP), ʘʵʨʦʤʘʛʥʠʪʥʳʭ ʠ ʤʦʨʩʢʠʭ (ʥʘʙʦʨʪʥʳʭ) ʤʘʛʥʠʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʠʜʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʟʝʤʥʦʡ ʢʦʨʳ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ ʚ 2'Ĭ2'. ʄʦʜʝʣʠ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʵʚʦʣʶʮʠʠ ʣʠʪʦʩʬʝʨʳ ʟʝʤʥʦʡ ʢʦʨʳ.  

ʄʦʜʝʣʴ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ æʊʘ ï EMAG2v3 ï ʵʪʦ ʦʙʥʦʚʣʝʥʥʘʷ ʚʝʨʩʠʷ 

ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʢʠ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ɿʝʤʣʠ EMAG2v2. ʈʘʟʨʝʰʝʥʠʝ ʛʨʠʜʘ ʩʦʩʪʘʚʣʷʝʪ 2 

ʫʛʣʦʚʳʭ ʤʠʥʫʪʳ, ʚʳʩʦʪʘ ʥʘʜ ʛʝʦʠʜʦʤ 4ʢʤ. ʆʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʠ (EMAG2v2) ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʳʝ ʜʦʙʘʚʣʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ ʚ ʘʢʚʘʪʦʨʠʷʭ, ʘ ʚʦʣʥʳ ʜʣʠʥʦʡ ʙʦʣʝʝ 

300 ʢʤ ʟʘʤʝʥʝʥʳ ʥʦʚʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʤʦʜʝʣʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʣʠʪʦʩʬʝʨʳ MF7, ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʙʥʦʚʣʝʥʳ ʜʘʥʥʳʝ ʢʘʢ ʥʘ ʩʫʰʝ, ʪʘʢ ʠ ʚ ʦʢʝʘʥʘʭ. ʄʦʜʝʣʴ EMAG2v3 ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʠʟʤʝʨʝʥʠʷʭ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʘʧʨʠʦʨʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʵʪʦʤʫ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʦʩʪʴ ʘʥʦʤʘʣʠʡ ʠ ʪʦʯʥʦ ʦʪʨʘʞʘʝʪ 

ʤʝʩʪʘ, ʛʜʝ ʥʝʪ ʜʘʥʥʳʭ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. 

ʄʦʜʝʣʴ WDMAM ï ʵʪʦ ʤʠʨʦʚʘʷ ʢʘʨʪʘ ʮʠʬʨʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ æʊʘ (ʨʠʩʫʥʦʢ 1.1), 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʥʘʫʯʥʦʤʫ ʧʨʦʝʢʪʫ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ɸʩʩʦʮʠʘʮʠʠ ɻʝʦʤʘʛʥʝʪʠʟʤʘ ʠ ɸʵʨʦʥʦʤʠʠ (IAGA) ʠ ʂʦʤʠʩʩʠʠ ʧʦ ɻʝʦʣʦʛʠʯʝʩʢʦʡ 

ʂʘʨʪʝ ʄʠʨʘ (CGMW). ʎʝʣʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ï ʩʦʩʪʘʚʣʝʥʠʝ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʷʭ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ ʠ ʦʢʝʘʥʘʭ, ʚʳʟʚʘʥʥʳʭ ɿʝʤʥʦʡ ʣʠʪʦʩʬʝʨʦʡ. ʕʪʘ ʤʦʜʝʣʴ 

ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 2007 ʛʦʜʫ ʂʦʤʠʩʩʠʝʡ ʧʦ ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʂʘʨʪʝ ʄʠʨʘ (CGMW). ɺ 2015 

ʛʦʜʫ ʥʘ ɻʝʥʝʨʘʣʴʥʦʡ ʘʩʩʘʤʙʣʝʝ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ɻʝʦʜʝʟʠʠ ʠ ɻʝʦʬʠʟʠʢʠ (IUGG) 

ʦʧʫʙʣʠʢʦʚʘʥʘ ʠʩʧʨʘʚʣʝʥʥʘʷ ʚʝʨʩʠʷ ʢʘʨʪʳ ï WDMAMv2. ʈʘʟʨʝʰʝʥʠʝ ʤʦʜʝʣʠ WDMAM 2 

ʫʛʣʦʚʳʝ ʤʠʥʫʪʳ, ʚʳʩʦʪʘ ʥʘʜ ʛʝʦʠʜʦʤ 5 ʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ 

ʜʘʥʥʳʭ ʠʣʠ ʧʨʠ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ, 

ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʚʦʟʨʘʩʪʘ ʜʥʘ ʦʢʝʘʥʘ ʠ ʩ ʫʯʝʪʦʤ ʜʚʠʞʝʥʠʷ ʧʣʠʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 1.1. ɸʥʦʤʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ æʊʘ ʤʦʜʝʣʠ WDMAM  ʥʘ ʘʢʚʘʪʦʨʠʶ ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ 

ʩʝʢʪʦʨʘ ʖʞʥʦʡ ɸʪʣʘʥʪʠʢʠ. ɸɸʍ ï ɸʤʝʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ; ɸʬɸʍ ï ɸʬʨʠʢʘʥʦʩʢʦ-

ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ; ɻɼ ï ʧʦʜʚʦʜʥʳʝ ʛʦʨʳ ɼʠʩʢʘʚʝʨʠ; ʇɸ ï ʧʣʘʪʦ ɸʛʫʣʴʷʩ; 

ʇɸʆ ï ʧʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ; ʇʄ ï ʧʦʜʥʷʪʠʝ ʄʝʪʝʦʨ; ʇʄʦ ï ʧʦʜʥʷʪʠʝ ʄʦʜ; 

ʇʉɺɻ ï ʧʦʜʥʷʪʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ; ʍɸ ï ʭʨʝʙʝʪ ɸʛʫʣʴʷʩ 

1.4. ʉʝʡʩʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʉ ʮʝʣʴʶ ʧʦʥʠʤʘʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʛʣʫʙʦʢʦ ʚʥʫʪʨʠ ʟʝʤʣʠ, ʚ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʝʣʠ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʠ LLNL -G3Dv3 [Simmons et al., 2012] ʠ 

SL2013sv [Schaeffer, Lebedev, 2013]. 

ʄʦʜʝʣʴ LLNL -G3Dv3 ʩʦʙʨʘʥʘ ʠʟ ʙʘʟʳ ʜʳʥʥʳʭ ʃʠʚʝʨʤʦʨʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʃʦʫʨʝʥʩʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʠʚʥʫʶ ʢʦʤʧʠʣʷʮʠʶ ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʊʘʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ (ISC), 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʮʝʥʪʨ ʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ (NEIC), ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʨʝʬʨʘʢʮʠʦʥʥʳʝ ʩʲʝʤʢʠ USARRAY Transportable Array ʠ ʜʨʫʛʠʝ. ʄʦʜʝʣʴ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʠ 

LLNL -G3Dv3 ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʘʥʥʳʭ ʦ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ P-ʚʦʣʥ ʠ ʦʪʦʙʨʘʞʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ʄʘʪʝʨʠʘʣʳ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 57 ʬʘʡʣʘʤʠ 

(1 ʬʘʡʣ ʥʘ ʩʣʦʡ), ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ɿʝʤʣʠ. ɺʝʨʭʥʠʝ ʩʣʦʠ ʚʢʣʶʯʘʶʪ ʢʦʨʫ ʠ ʚʝʨʭʥʶʶ 

ʤʘʥʪʠʶ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚ 1 ʛʨʘʜʫʩ, ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚ-ʩʣʦʝʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 31. ʅʠʞʥʷʷ 

ʤʘʥʪʠʷ ï 26 ʩʣʦʝʚ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚ 2 ʛʨʘʜʫʩʘ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʪʘʢʞʝ ʝʩʪʴ ʨʷʜ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʠʩʢʣʶʯʝʥʠʝ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʬʘʟ (ʧʦʤʠʤʦ P ʠ Pn) 

ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʘʥʠʟʦʪʨʦʧʠʠ P-ʚʦʣʥ [Simmons et al., 2012]. 

ʄʦʜʝʣʴ SL2013sv ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʦʙʘʣʴʥʫʶ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʫʶ ʤʦʜʝʣʴ 

ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ 

ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʝʡʩʤʦʛʨʘʤʤ, ʚʳʯʠʩʣʝʥʥʳʭ ʚ ʟʘʚʠʩʷʱʠʭ ʦʪ ʩʝʡʩʤʦʛʨʘʤʤʳ 

ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʚʧʣʦʪʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʝʨʠʦʜʦʚ 11-450 ʩ. ɸʚʪʦʨʳ ʤʦʜʝʣʠ 
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ʦʙʦʙʱʠʣʠ ʜʘʥʥʳʝ ʙʦʣʝʝ ʯʝʤ 120 ʜʦʩʪʫʧʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʥʘʮʠʦʥʘʣʴʥʳʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ 

ʚʨʝʤʝʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʆʙʲʝʜʠʥʝʥʥʳʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ 

ʠʥʩʪʠʪʫʪʘʤʠ ʩʝʡʩʤʦʣʦʛʠʠ (IRIS), ʦʙʩʝʨʚʘʪʦʨʠʷʤʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʮʝʥʪʨʘʤʠ ʝʚʨʦʧʝʡʩʢʦʡ 

ʩʝʡʩʤʦʣʦʛʠʠ (ORFEUS) ʠ ʂʘʥʘʜʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʎʝʥʪʨʘ ʜʘʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʝʪʠ (CNSN). 

ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʚ ʤʦʜʝʣʴ ʚʦʰʣʠ ʜʘʥʥʳʝ ʩ ʙʦʣʝʝ ʯʝʤ 5000 ʩʪʘʥʮʠʡ. ɻʣʦʙʘʣʴʥʘ ̫ʤʦʜʝʣʴ 

SL2013sv ʧʦʣʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʠ ʦʙʲʝʤʥʳʝ ʚʦʣʥʳ [Schaeffer, Lebedev, 2013]. 

1.5. ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ 

ɻʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶʦ ʪʝʧʣʦʚʦʤ ʧʦʪʦʢʝ ʠʩʧʦʣʴʟʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠʟʫʯʝʥʠʷ ɿʝʤʣʠ ʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʩʪʨʦʝʥʠ ̫ɿʝʤʣʠ ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʦ ʛʣʦʙʘʣʴʥʦʡ ʙʘʟʝ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 

(ThermoGlobe) [Jennings, 2021 ï http://heatflow.org/]. ThermoGlobe ï ʪɻʦ ʛʣʦʙʘʣʴʥʘʷ ʢʦʤʧʠʣʷʮʠʷ 

ʤʠʨʦʚʳʭ ʜʘʥʥʳʭ ʦ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʘʭ, ʢʦʪʦʨʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦ 

ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʘʤ (IHFC). ɺ ʠʩʧʦʣʴʟʫʝʤʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʧʣʦʚʦʤ ʧʦʪʦʢʝ 

ʠ ʝʛʦ ʛʨʘʜʠʝʥʪʝ, ʪʝʤʧʝʨʘʪʫʨʝ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʚʳʨʘʙʦʪʢʝ ʪʝʧʣʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʘʟʘ ʜʘʥʥʳʭ ThermoGlobe ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʭʚʘʪʳʚʘʶʱʠʝ ʢʦʥʪʠʥʝʪʳ ʠ ʘʢʚʘʪʦʨʠʠ, ʦʩʪʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʙʝʣʳ ʚ ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʚ ʶʞʥʳʭ ʯʘʩʪʷʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʨʠʩʫʥʦʢ 1.2). 

 
ʈʠʩʫʥʦʢ 1.2. ʈʝʣʴʝʬ ʜʥʘ ʦʢʝʘʥʘ ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʡ ɸʪʣʘʥʪʠʢʠ ʩ ʥʘʥʝʩʝʥʥʳʤʠ 

ʧʫʥʢʪʘʤʠ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ [Jennings, 2021]. ɸɸʍ ï ɸʤʝʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ 

ʭʨʝʙʝʪ; ɸʬɸʍ ï ɸʬʨʠʢʘʥʦʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ; ɻɼ ï ʧʦʜʚʦʜʥʳʝ ʛʦʨʳ ɼʠʩʢʘʚʝʨʠ; 

ʇɸ ï ʧʣʘʪʦ ɸʛʫʣʴʷʩ; ʇɸʆ ï ʧʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ; ʇʄ ï ʧʦʜʥʷʪʠʝ ʄʝʪʝʦʨ; ʇʄʦ ï ʧʦʜʥʷʪʠʝ 

ʄʦʜ; ʇʉɺɻ ï ʧʦʜʥʷʪʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ; ʍɸ ï ʭʨʝʙʝʪ ɸʛʫʣʴʷʩ 
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1.6. ɺʦʟʨʘʩʪ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʚʦʟʨʘʩʪʘ ʜʥʘ ʦʢʝʘʥʘ ʄʶʣʣʝʨʘ ʩ ʩʦʘʚʪʦʨʘʤʠ 

[M¿ller et al., 2008] ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʛʨʠʜʘ 2 ʫʛʣʦʚʳʝ ʤʠʥʫʪʳ (ʨʠʩʫʥʦʢ 1.3). ɻʨʠʜ ʵʪʦʡ ʤʦʜʝʣʠ 

ʚʢʣʶʯʘʝʪ ʜʘʥʥʳʝ ʧʦ ʚʩʝʤ ʦʩʥʦʚʥʳʤ ʦʢʝʘʥʠʯʝʩʢʠʤ ʙʘʩʩʝʡʥʘʤ ʠ ʜʝʪʘʣʴʥʳʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʟʘʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʦʚ. ʄʦʜʝʣʴ ʚʦʟʨʘʩʪʘ ʜʥʘ ʦʢʝʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʟʦʭʨʦʥʘʤʠ ʤʦʨʩʢʦʛʦ ʜʥʘ, 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʤʦʨʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʠ ʟʦʥ ʨʘʟʣʦʤʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʤʦʨʩʢʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʘʥʦʤʘʣʠʷʤ ɼ. ʉʘʥʜʚʝʣʣʘ [Sandwell, Smith, 1997]. ʄʦʜʝʣʴ ʜʦʧʦʣʥʝʥʘ 

ʥʦʚʳʤʠ ʜʘʥʥʳʝʤʠ ʛʣʦʙʘʣʴʥʳʭ ʚʨʘʱʝʥʠʡ ʧʣʠʪ, ʩʝʪʢʘʤʠ ʧʦʣʦʚʠʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʧʨʝʜʠʥʛʘ ʜʥʘ ʠ 

ʩʧʨʝʜʠʥʛʦʚʦʡ ʘʩʠʤʤʝʪʨʠʝʡ. ɺʦʟʨʘʩʪ, ʩʢʦʨʦʩʪʴ ʩʧʨʝʜʠʥʛʘ ʠ ʘʩʠʤʤʝʪʨʠʷ ʚ ʢʘʞʜʦʤ ʫʟʣʝ ʩʝʪʢʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʟʦʭʨʦʥʘʤʠ ʤʦʨʩʢʦʛʦ ʜʥʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʧʨʝʜʠʥʛʘ. ɺʦʟʨʘʩʪ ʜʥʘ ʦʢʝʘʥʘ ʤʝʞʜʫ ʩʘʤʳʤʠ ʩʪʘʨʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʠʟʦʭʨʦʥʘʤʠ ʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʦʡ ʠʥʪʝʨʧʦʣʠʨʫʶʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ ʚʦʟʨʘʩʪʘ ʧʘʩʩʠʚʥʳʭ 

ʩʝʛʤʝʥʪʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. [M¿ller et al., 1997]. ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ, ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʮʠʪʠʨʫʝʤʳʭ ʘʚʪʦʨʦʚ, ʤʝʥʝʝ 500 ʪʳʩ. ʣʝʪ, ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʦʩʪʘʚʠʣʘ 15 ʤʣʥ ʣʝʪ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʥʝʢʦʨʨʝʢʪʥʦ ʤʘʨʢʠʨʦʚʘʥʥʳʤʠ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ. 

 
ʈʠʩʫʥʦʢ 1.3. ɺʦʟʨʘʩʪ ʜʥʘ ʦʢʝʘʥʘ ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʡ ɸʪʣʘʥʪʠʢʠ, ʧʦ ʜʘʥʥʳʤ 

[M¿ller et al., 2008]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʩʴ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ; 2 ï ʦʩʴ 

ʧʦʣʝʦʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ɸʛʫʣʴʷʩ; 3 ï ʛʨʘʥʠʮʳ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ. ɸɸʍ ï ɸʤʝʨʠʢʘʥʦ-

ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ, ɸʬɸʍ ï ɸʬʨʠʢʘʥʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ, ɹʄʖ ï ʙʘʥʢʘ ʄʦʨʠʩʘ 

ʖʠʥʛʘ; ɻɼ ï ʧʦʜʚʦʜʥʳʝ ʛʦʨʳ ɼʠʩʢʘʚʝʨʠ, ʂɻ ï ʢʦʪʣʦʚʠʥʘ ɻʝʦʨʛʠʷ, ʄʘʜʍ ï ʄʘʜʘʛʘʩʢʘʨʩʢʠʭ 

ʭʨʝʙʝʪ, ʄʦʟʍ ï ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ, ʇɸʆ ï ʧʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ, ʇʄ ï ʧʦʜʥʷʪʠʝ 
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ʄʝʪʝʦʨ, ʇʄʦ ï ʧʦʜʥʷʪʠʝ ʄʦʜ, ʇʉɺɻ ï ʧʦʜʥʷʪʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ, ʉɸʍ ï ʉʨʝʜʠʥʥʦ-

ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ, ʍɸ ï ʭʨʝʙʝʪ ɸʛʫʣʴʷʩ, ʍʐ ï ʭʨʝʙʝʪ ʐʦʥʘ, ʖɿʀʍ ï ʖʛʦ-ɿʘʧʘʜʥʳʡ 

ʀʥʜʠʡʩʢʠʡ ʭʨʝʙʝʪ  

1.7. ʄʦʱʥʦʩʪʴ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ 

ɿʥʘʥʠʝ ʤʦʱʥʦʩʪʠ ʥʘʟʝʤʥʳʭ ʠ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʠ ʧʨʦʮʝʩʩʦʚ. ʅʘ ʩʘʡʪʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʠʭ ʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʠ ʚʝʨʩʠʠ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʦʩʘʜʢʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʠ ʦʢʨʘʠʥʥʳʭ ʤʦʨʝʡ (GlobSed) [https://ngdc.noaa.gov/mgg/sedthick/]. ɸʚʪʦʨʦʤ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʦʚʝʡʰʘʷ ʚʝʨʩʠʷ ʤʦʜʝʣʠ GlobSed ʉʪʨʘʫʤʘ ʠ ʩʦʘʚʪʦʨʦʚ [Straume et al., 2019], 

ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʦʙʥʦʚʣʝʥʠʷ ʜʣʷ ʨʝʛʠʦʥʦʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ, ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ, 

ʖʞʥʦʛʦ ʦʢʝʘʥʘ ʠ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʷ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʥʝʝ ʚʳʧʫʱʝʥʥʳʭ ʤʦʜʝʣʷʭ 

ʤʦʱʥʦʩʪʠ ʦʩʘʜʢʦʚ [Divins, 2003; Whittaker et al., 2013] ʠ ʥʘ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚʦʟʨʘʩʪʘ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʥʦʚʳʝ ʜʘʥʥʳʝ ʤʦʱʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

[Funck et al., 2017; Hopper et al., 2014; Petrov et al., 2016; Huang et al., 2014]. ʕʪʦʪ ʤʝʪʦʜ ʉʪʨʘʫʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʙʱʝʡ ʪʦʣʱʠʥʦʡ ʦʪʣʦʞʝʥʠʡ, ʚʦʟʨʘʩʪʦʤ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ ʠ ʝʝ ʰʠʨʦʪʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʘʷ ʤʦʜʝʣʴ ʤʦʱʥʦʩʪʠ 

ʦʩʘʜʢʦʚ GlobSed, ʩ ʨʘʟʨʝʰʝʥʠʝʤ 5 ʫʛʣʦʚʳʭ ʤʠʥʫʪ, ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ 29.7% 

[Straume et al., 2019]. 

1.8. ɼʘʥʥʳʝ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ 

ɺ ʘʨʭʠʚʘʭ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʆʢʝʘʥʠʯʝʩʢʠʭ ʠ ɸʪʤʦʩʬʝʨʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ 

(National Oceanic and Atmospheric Administration ï NOAA) ʭʨʘʥʷʪʩʷ ʜʘʥʥʳʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʦʚ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ (Deep Sea 

Drilling Project ï DSDP), ʦʢʝʘʥʩʢʦʛʦ ʙʫʨʝʥʠʷ (Ocean Drilling Program ï ODP) ʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʠʟʫʯʝʥʠʷ ʦʢʝʘʥʦʚ (International Ocean Discovery Program ï IODP).  

ʇʨʦʝʢʪ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ (DSDP) ʦʩʫʱʝʩʪʚʣʷʣ ʨʘʙʦʪʳ ʩ 1968 ʧʦ 1983 ʛʦʜʘ. ɺ 

ʪʝʯʝʥʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʦ ʧʨʦʙʫʨʝʥʦ ʙʦʣʝʝ 1000 ʩʢʚʘʞʠʥ ʥʘ 624 ʧʣʦʱʘʜʢʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

ɻʨʫʧʧʦʡ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ DSDP ʩʦʙʨʘʥ ʧʦʣʥʳʡ ʥʘʙʦʨ ʵʣʝʢʪʨʦʥʥʳʭ ʬʘʡʣʦʚ ʤʦʨʩʢʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʵʪʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʬʘʡʣʘʭ ʧʨʦʝʢʪʘ ʩʦʜʝʨʞʠʪʩʷ 

ʦʧʠʩʘʪʝʣʴʥʘʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʪʣʦʞʝʥʠʷʭ ʠ ʪʚʝʨʜʳʭ ʧʦʨʦʜʘʭ, ʬʘʡʣʳ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʥʝʩʢʦʣʴʢʦ ʩʚʦʜʥʳʭ ʠ ʩʧʨʘʚʦʯʥʳʭ ʬʘʡʣʦʚ, ʘ ʪʘʢʞʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

(ʙʘʪʠʤʝʪʨʠʷ, ʤʘʛʥʠʪʦʤʝʪʨʠʷ ʠ ʥʘʚʠʛʘʮʠʷ) ʠ ʢʘʨʦʪʘʞ. ʌʘʡʣʳ ʜʘʥʥʳʭ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʝʝ: 

ʚʦʟʨʘʩʪ, ʛʣʫʙʠʥʘ ʧʦ ʢʝʨʥʫ, ʜʘʥʥʳʝ ʧʦʨʠʩʪʦʩʪʠ-ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜ, ʦʮʝʥʢʘ ʟʘʪʫʭʘʥʠʷ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ, ʛʝʦʭʠʤʠʷ ʧʦʨʦʜ, ʨʘʟʨʝʟʳ ʠ ʦʧʠʩʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ, ʧʘʣʝʦʤʘʛʥʠʪʥʘʷ 
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ʠʥʬʦʨʤʘʮʠʷ ʦʪʣʦʞʝʥʠʡ, ʧʘʣʝʦʥʦʪʦʣʦʛʠʷ, ʩʢʦʨʦʩʪʴ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ, ʦʧʠʩʘʥʠʝ ʢʝʨʥʘ, 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʤʠʥʝʨʘʣʦʛʠʷ ʠ ʜʨʫʛʘʷ ʠʥʬʦʨʤʘʮʠʷ. 

ʇʨʦʛʨʘʤʤʘ ʦʢʝʘʥʩʢʦʛʦ ʙʫʨʝʥʠʷ (ODP) ʫʧʨʘʚʣʷʣʘ ʙʫʨʦʚʳʤ ʩʫʜʥʦʤ JOIDES Resolution ʩ 

1984 ʧʦ 2003 ʛʦʜ, ʩʦʚʝʨʰʠʚ ʙʦʣʝʝ 100 ʨʝʡʩʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʇʨʦʝʢʪ ODP ʬʠʥʘʥʩʠʨʦʚʘʣʩʷ 

ʅʘʮʠʦʥʘʣʴʥʳʤ ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ ʉʐɸ ʠ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʨʘʥʘʤʠ ʯʝʨʝʟ ʆʙʲʝʜʠʥʝʥʥʳʝ 

ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʧʦ ʦʪʙʦʨʫ ʧʨʦʙ ʛʣʫʙʠʥ ɿʝʤʣʠ (JOIDES). ɺ 2005 ʛʦʜʫ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (NGDC) ʧʦʣʫʯʠʣ ʧʦʣʥʥʳʡ ʢʦʤʧʣʝʢʪ ʦʩʥʦʚʥʳʭ 

ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʠʟ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ODP JANUS ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʘʨʭʠʚʠʨʦʚʘʥʠʷ ʚ 

NGDC. ɼʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʚʩʝ ʮʠʬʨʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʦʪʣʦʞʝʥʠʡ, ʩʦʙʨʘʥʥʳʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʭʨʘʥʷʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ JANUS ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʜʝʢʘʙʨʴ 2005 ʛʦʜʘ. ɼʘʥʥʝr 

ʚʢʣʶʯʘʶʪ:  

1) ʦʮʝʥʢʫ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʜʝʥʩʠʦʤʝʪʨʠʠ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ (gra),  

2) ʢʘʨʙʦʥʘʪ ʫʛʣʝʨʦʜʘ (carb),  

3) ʜʠʩʢʨʝʪʥʫʶ ʩʢʦʨʦʩʪʴ p-ʚʦʣʥʳ (pws1, pws2, pws3), 

4) ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʟʘʙʦʝ (temp),  

5) ʛʘʟʦʚʫ  ʁʭʨʦʤʘʪʦʛʨʘʬʠ ʁ(ʛʘʟ),  

6) ʤʘʛʥʠʪʥʫ  ʁʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ (msl),  

7) ʝʩʪʝʩʪʚʝʥʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ (ngr),  

8) ʧʘʣʝʤʘʛʥʝʪʠʟʤ (pmag),  

9) ʩʢʦʨʦʩʪ ɹʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ (pwl),  

10) ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ ʁʠ ʢʦʣʦʨʠʤʝʪʨʠ ʁʦʪʨʘʞʝʥʠʷ (rsc),  

11) ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ (avs, pen, tor), 

12) ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (tcon),  

13) ʨʝʥʪʛʝʥʦʚʩʢʫ  ʁʜʠʬʨʘʢʮʠ ʁ(XRD), 

14) ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʫ  ʁʩʧʝʢʪʨʦʤʝʪʨʠ ʁ(XRF) ʠ ʤʥʦʛʫʶ ʜʨʫʛʫʶ ʠʥʬʦʨʤʘʮʠʶ.  

ɺ 2007 ʛʦʜʫ NGDC ʧʦʣʫʯʠʣʘ ʧʦʣʥʫʶ ʢʦʧʠʶ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʬʠʡ ʢʝʨʥʘ. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʧʨʦʛʨʘʤʤʘ ʠʟʫʯʝʥʠʷ ʦʢʝʘʥʘ (IODP) ï ɻ ʪʦ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ʚ ʦʙʣʘʩʪʠ ʤʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʦʝ ʠʟʫʯʘʝʪ ʠʩʪʦʨʠʶ ʠ ʜʠʥʘʤʠʢʫ ɿʝʤʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʢʝʘʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʣʘʪʬʦʨʤ ʧʦ ʠʟʫʯʝʥʠʶ ʢʝʨʥʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʚʦʜʥʦʡ ʩʨʝʜʳ. 

ɺ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʙʫʨʝʥʦ ʙʦʣʝʝ 25 ʩʢʚʘʞʠʥ (ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ 

ʧʦʣʫʯʠʪʴ ʫʥʠʢʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʢʦʨʳ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ʠ 

ʢʦʪʣʦʚʠʥ, ʩʜʝʣʘʪʴ ʤʦʜʝʣʠ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʤʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʤʠ. 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʭʨʘʥʠʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪ ɹʫʛʣʫʙʥʝʥʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʨʝʘhʪʴ ʟʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʨʝʜʫʢʮʠʡ ʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʠʭ ʪʨʘʥʩʬʦʨʤʘʥʪ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʩʰʠʨʝʥʠʶ ʠʥʦʬʦʨʤʘʪʠʳʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʦʝʥʠ ̫ ʪʝʢʪʦʥʦʩʬʝʨʳ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ 

ʦʢʝʘʥʘ.  
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ɻʣʘʚʘ 2. ɻʠʧʦʪʝʟʳ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ 

ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ  

 

ʈʘʩʧʘʜ ɻʦʥʜʚʘʥʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʦʙʳʪʠʝʤ, ʧʦʚʣʠʷʚʰʠʤ 

ʥʘ ʶʞʥʦʝ ʧʦʣʫʰʘʨʠʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 200 ʤʣʥ ʣʝʪ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʢʨʫʛ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ɻʦʥʜʚʘʥʫ, ʷʚʣʷʶʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʩʧʘʜʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʦʣʠʥʘ ʅʘʪʘʣ ʠ ʄʦʟʘʤʙʠʢʩʢʠʡ 

ʭʨʝʙʝʪ ʫ ʙʝʨʝʛʦʚ ʖʞʥʦʡ ɸʬʨʠʢʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʜʝʣʝʥʠʷ ʢʦʥʪʠʥʝʥʪʦʚ ʖʞʥʘʷ 

ɸʤʝʨʠʢʘ-ɸʬʨʠʢʘ-ʄʘʜʘʛʘʩʢʘʨ ʠ ɸʥʪʘʨʢʪʠʢʘ ʚʦ ʚʨʝʤʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʘʜʘ ~183ï130 ʤʣʥ ʣʝʪ 

ʥʘʟʘʜ (ʨʠʩʫʥʦʢ 2.1) [Tikku et al., 2002; Hanyu et al., 2017].  

ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʙʳʣ ʦʙʨʘʟʦʚʘʥ 135ï125 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ 

[Fischer et al., 2017; Kºnig, Jokat, 2010]. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥ ʥʘʯʘʣ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʩʝʚʝʨʝ 

135 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʠ ʧʨʦʜʦʣʞʘʣ ʨʘʩʪʠ ʢ ʶʛʦ-ʟʘʧʘʜʫ [Simpson et al., 1979]. ʇʦ ʜʘʥʥʳʤ [Mueller, 

Jokat, 2019] ʩʝʚʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ ʠʤʝʶʪ ʙʦʣʝʝ ʜʨʝʚʥʠʡ ʚʦʟʨʘʩʪ. ʕʪʦʪ 

ʚʳʚʦʜ ʦʩʥʦʚʘʥ ʥʘ ʜʝʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʠ ʚʘʣʘʥʞʠʥʛʦʪʝʨʠʚʩʢʦʤ ʚʦʟʨʘʩʪʝ 

ʜʨʝʚʥʝʡʰʠʭ ʦʩʘʜʢʦʚ (139.4ï130.8 ʤʣʥ ʣʝʪ) ʧʨʦʙʫʨʝʥʥʳʭ ʚ ʩʢʚʘʞʠʥʝ DSDP 249. ʎʝʥʪʨʘʣʴʥʘʷ 

ʦʙʣʘʩʪʴ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʢʦʣʦ 131 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. ʛʁʦ-ʟʘʧʘʜʥʳʡ ʙʣʦʢ ʭʨʝʙʪʘ ʦʙʨʘʟʦʚʘʣʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʫʣʢʘʥʠʟʤʘ, ʧʨʦʜʦʣʞʘʚʰʝʛʦʩʷ ʜʦ ~126 ʤʣʥ ʣʝʪ.  

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʝʥʠʝ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʘ 

ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʣʶʤʘ ʂʘʨʫ [Le Gall et al., 2002; Rileyet al., 2005; Kºnig, Jokat, 2010]. 

ɽʛʦ ʘʢʪʠʚʥʦʩʪʴ ʤʦʛʣʘ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʝʨʝʢʨʳʪʠʷ ʠ ʧʝʨʝʩʢʦʢʠ ʨʠʬʪʦʚʳʭ ʦʩʝʡ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʛʣʘ ʧʨʠʚʝʩʪʠ, ʢʘʢ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʩʧʨʝʜʠʥʛʦʚʳʭ ʩʝʛʤʝʥʪʦʚ, 

ʦʪʤʠʨʘʥʠʶ ʘʢʪʠʚʥʳʭ ʨʠʬʪʦʚʳʭ ʚʝʪʚʝʡ, ʪʘʢ ʠ ʢ ʯʘʩʪʠʯʥʦʤʫ ʦʪʜʝʣʝʥʠʶ ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ ʦʪ ɸʬʨʠʢʠ [Matsinhe et al., 2021]. 
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ʈʠʩʫʥʦʢ 2.1. ʇʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʷ ʨʘʩʧʘʜʘ ʮʝʥʪʨʘʣʴʥʦʡ ɻʦʥʜʚʘʥʳ ʚ ʧʝʨʠʦʜ 142 ï 117 ʤʣʥ ʣʝʪ 

ʧʦ [Leinweber, Jokat, 2011], ʩ ʠʟʤʝʥʝʥʠʷʤʠ. ɾʝʣʪʘʷ ʣʠʥʠʷ ï ʩʧʨʝʜʠʥʛ ʜʥʘ ʦʢʝʘʥʘ; ʪʦʥʢʠʝ ʯʝʨʥʳʝ 

ʠ ʙʝʣʳʝ ʣʠʥʠʠ ï ʘʥʦʤʘʣʠʠ ʩʧʨʝʜʠʥʛʘ ʜʥʘ; ʪʦʣʩʪʳʝ ʯʝʨʥʳʝ ʠ ʙʝʣʳʝ ʣʠʥʠʠ ï ʟʦʥʳ ʨʘʟʣʦʤʦʚ; 

ʩʚʝʪʣʦ-ʛʦʣʫʙʦʡ ʮʚʝʪ ï ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ; ʞʝʣʪʳʡ ï ʫʪʦʥʝʥʥʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ; 

ʪʝʤʥʦ- ʩʠʥʠʡ ï ʦʢʝʘʥʠʯʝʩʢʠʝ ʧʣʘʪʦ 

ʇʨʠʤʝʨʥʦ ʢ 106 ʤʣʥ ʣʝʪ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʌʦʣʢʣʝʥʜʩʢʦʛʦ ʧʣʘʪʦ, ʦʙʣʘʩʪʴ ʙʘʥʢʠ ʄʦʨʠʩʘ 

ʖʠʥʛʘ, ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ɸʬʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. ʂ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ 

ʨʘʟʜʝʣʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʢʨʫʧʥʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʠʥʮʠʷ ʚ ʩʦʩʪʘʚʝ ʧʦʜʥʷʪʠʡ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ 

ɻʝʦʨʛʠʷ, ʄʦʜ ʠ ʧʣʘʪʦ ɸʛʫʣʴʷʩ (ʜʦ ~97 ʤʣʥ ʣʝʪ) [P®rez-D²az, Eagles, 2014, Parsiegla et al., 2008]. 
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ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʩʪʨʦʝʥʠʝ ʵʪʠʭ ʧʦʜʥʷʪʠʡ ʜʦ ʢʦʥʮʘ ʥʝ ʷʩʥʦ. ʐʘʥʜʣ ʩ ʩʦʘʚʪʦʨʘʤʠ [Schandl et al., 

1990], ʂʨʠʩʪʦʬʝʨʩʝʥ ʠ ʃʘʙʨʝʢʶ [Kristoffersen, LaBrecque, 1991], ʘ ʪʘʢʞʝ ʇʘʨʩʠʝʛʣʘ ʩ ʩʦʘʚʪʦʨʘʤʠ 

[Parsiegla et al., 2008], ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʙʫʨʝʥʠʷ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚʩʝ ʪʨʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʠʟʙʳʪʦʯʥʳʤ ʚʫʣʢʘʥʠʟʤʦʤ. ʊʫʭʦʣʢʝ ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʧʝʨʝʤʝʩʪʠʣʦʩʴ ʥʘ ʥʳʥʝʰʥʝʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 108 ʠ 93 

ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʠ ʤʦʛʣʦ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢ ʶʛʫ ʦʪ ʌʦʣʢʣʝʥʜʩʢʦʛʦ ʧʣʘʪʦ ʠ ʥʘʧʨʦʪʠʚ ʄʦʟʘʤʙʠʢʩʢʦʛʦ 

ʭʨʝʙʪʘ (ʨʠʩʫʥʦʢ 2.2) [Tucholke et al., 1981]. ʄʘʨʪʠʥ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʣʘʪʦ 

ɸʛʫʣʴʷʩ ʙʳʣʦ ʩʦʝʜʠʥʝʥʦ ʩ ʌʦʣʢʣʝʥʜʢʠʤ ʧʣʘʪʦ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʠʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʝʞʜʫ 108 

ʠ105 ʤʣʥ ʣʝʪ [Martin et al., 1982].  

 
ʈʠʩʫʥʦʢ 2.2. ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʣʠʪ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ 

ʦʢʝʘʥʘ ʜʣʷ ʧʝʨʠʦʜʘ ʩ 145 ʤʣʥ ʣʝʪ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ [Martin, 1984], ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ ʩʧʨʝʜʠʥʛʦʚʳʭ ʭʨʝʙʪʦʚ, 

2 ï ʧʘʣʝʦʩʧʨʝʜʠʥʛʦʚʳʭ ʭʨʝʙʪʦʚ, 3 ï ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʤ 

ʭʨʝʙʪʝ; ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ ʥʘ: 4 ï ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʠʪʝ, 

5 ï ʖʞʥʦʘʤʝʨʠʢʘʥʩʢʦʡ ʧʣʠʪʝ, 6 ï ɸʥʪʘʨʢʪʠʯʝʩʢʦʡ ʧʣʠʪʝ. ɸʌ ï ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʘʷ 

ʨʘʟʣʦʤʥʘʷ ʟʦʥʘ, ʄʦʟʍ ï ʄʦʟʘʤʙʠʢʩʢʘʠʡ ʭʨʝʙʝʪ, ʇɸ ï ʧʣʘʪʦ ɸʛʫʣʴʷʩ, ʇʄ ï ʧʦʜʥʷʪʠʝ ʄʝʪʝʦʨ, 

ʇʄʦ ï ʧʦʜʥʷʪʠʝ ʄʦʜ, ʌʇ ï ʌʦʣʢʣʝʥʜʩʢʦʝ ʧʣʘʪʦ 
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ʄʘʨʪʠʥ ʠ ʍʘʨʪʥʘʜʠ ʚ 1986 ʛʦʜʫ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʣʝʡʪʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ, 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʦʜʥʷʪʠʝ ʄʦʜ ʙʳʣʦ ʩʦʝʜʠʥʝʥʦ ʩ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʠ ʄʦʟʘʤʙʠʢʩʢʠʤ ʭʨʝʙʪʦʤ 

[Martin, Hartnady, 1986]. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ ʂʠʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [Kim et al., 2005] ʚʳʩʢʘʟʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʦʜʥʷʪʠʝ ʄʦʜ ʠ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʙʳʣʠ 

ʩʦʧʨʷʞʝʥʥʳʤʠ ʧʦʜʥʷʪʠʷʤʠ ʚ ʤʝʣʦʚʦʡ ʧʝʨʠʦʜ. ʋʪʦʣʱʝʥʥʘʷ ʢʦʨʘ ʵʪʠʭ ʧʦʜʥʷʪʠʡ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʘ 

ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʚʫʣʢʘʥʠʟʤʦʤ ʠ ʘʥʜʝʨʧʣʝʡʪʠʥʛʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʘʢʪʠʚʥʦʩʪʴʶ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʚʦ 

ʚʨʝʤʷ ʨʘʟʜʝʣʝʥʠʷ ʜʚʫʭ ʙʣʦʢʦʚ (~84-94 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) [Martin, Hartnady, 1986; Schandl et al., 1990]. 

ʄʝʞʜʫ 90 ʠ 70 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʧʨʦʠʟʦʰʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʚʠʜʝ 

ʄʘʣʴʚʠʥʩʢʦʡ ʧʣʠʪʳ ʚ ʢʦʪʣʦʚʠʥʝ ɸʛʫʣʴʷʩ ʢ ʶʛʫ ʦʪ ʖʞʥʦʡ ɸʬʨʠʢʠ. ʅʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʠ ʦʨʠʝʥʪʘʮʠʠ ʪʨʘʥʩʬʦʨʤʥʳʭ ʟʦʥ ʩ ʥʘʣʠʯʠʝʤ ʧʘʣʝʦʩʧʨʝʜʠʥʛʦʚʦʛʦ 

ʭʨʝʙʪʘ, ʦʪʜʝʣʷʶʱʝʛʦ ʝʛʦ ʦʪ ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʠʪʳ, ʄʘʨʢʩ ʠ ʉʪʦʢ ʦʧʨʝʜʝʣʠʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʧʣʠʪʳ ʄʘʣʴʚʠʥʘʩ ʚ ʢʦʪʣʦʚʠʥʝ ɸʛʫʣʴʷʩ [Marks, Stock, 2001]. ʆʥʠ ʦʪʥʦʩʷʪ ʥʘʯʘʣʦ ʜʚʠʞʝʥʠʷ ʧʣʠʪʳ 

ʢʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʭʨʦʥʘʤʠ M0 ʠ 34y, ʘ ʝʝ ʚʢʣʶʯʝʥʠʝ ʚ ɸʬʨʠʢʘʥʩʢʫʶ ʧʣʠʪʫ ï ʢ 27 ʭʨʦʥʝ. ʇʝʨʝʟ-

ɼʠʘʟ ʠ ʀʛʣʩ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʟʘʨʦʞʜʝʥʠʝ ʄʘʣʴʚʠʥʩʢʦʡ ʧʣʠʪʳ ʷʚʠʣʦʩʴ ʩʣʝʜʩʪʚʠʝʤ ʧʝʨʝʩʢʦʢʘ 

ʦʩʠ ʩʧʨʝʜʠʥʛʘ (~97 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʚ ʦʪʚʝʪ ʥʘ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʦʡ [P®rez-D²az, 

Eagles, 2014].  

ʆʢʦʣʦ 67 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʐʦʥʘ ʠ ʨʠʬʪʦʛʝʥʥʦʛʦ ʨʘʩʢʦʣʘ 

ʣʠʪʦʩʬʝʨʳ ʧʣʠʪʳ ʄʘʣʴʚʠʥʘʩ ʥʘʯʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʝʜʠʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʜʥʷʪʠʡ ɸʡʣʦʩ ʆʨʢʘʜʘʩ 

ʠ ʄʝʪʝʦʨ (ʨʠʩʫʥʦʢ 2.3). ʆʢʦʣʦ 61-59 ʤʣʥ ʣʝʪ ʵʪʠ ʩʦʧʨʷʞʝʥʥʳʝ ʧʦʜʥʷʪʠʷ ʨʘʩʭʦʜʷʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʩʢʦʢʦʤ ʦʩʠ ʩʧʨʝʜʠʥʛʘ, ʘ ʧʣʠʪʘ ʄʘʣʴʚʠʥʘʩ 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚ ɸʬʨʠʢʘʥʩʢʦʡ ʧʣʠʪʳ. ʇʘʣʝʦʭʨʝʙʝʪ ɸʛʫʣʴʷʩ ʦʪʤʠʨʘʝʪ ʠ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ 

ʶʞʥʳʡ ʩʝʛʤʝʥʪ ʉɸʍ.  
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ʈʠʩʫʥʦʢ 2.3. ʇʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʥʷʪʠʡ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʠ ʄʝʪʝʦʨ ʜʣʷ 

ʧʝʨʠʦʜʘ 80 ï 30 ʤʣʥ ʣʝʪ ʧʦ [Hoernle et al., 2016] ʩ ʠʟʤʝʥʝʥʠʷʤʠ. ʊʦʣʩʪʘʷ ʩʠʥʷʷ ʣʠʥʷʷ ï ɸʛʫʣʴʷʩ-

ʌʦʣʢʣʝʥʩʢʘʷ ʨʘʟʣʦʤʥʘʷ ʟʦʥʘ, ʜʚʦʡʥʘʷ ʩʠʥʷʷ ï ʦʩʴ ʩʧʨʝʜʠʥʛʘ, ʜʚʦʡʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ï ʦʩʴ 

ʧʘʣʝʦʩʧʨʝʜʠʥʛʘ. ɸʆ ï ʧʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ, ɸʌ ï ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʘʷ ʨʘʟʣʦʤʥʘʷ ʟʦʥʘ, 

ɻʊʐ ï ʛʦʨʷʯʘʷ ʪʦʯʢʘ ʐʦʥʘ, ʄ ï ʧʦʜʥʷʪʠʝ ʄʝʪʝʦʨ, ʇʍɸ ï ʧʘʣʝʦʩʧʨʝʜʠʥʛʦʚʳʡ ʭʨʝʙʝʪ ɸʛʫʣʴʷʩ, 

ʉɸʍ ï ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ, ʌʇ ï ʌʦʣʢʣʝʥʜʩʢʦʝ ʧʣʘʪʦ, ʖʉɸʍ ï ʶʞʥʘʷʷ ʯʘʩʪʴ 

ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʝʨʝʩʪʨʦʡʢʠ ʛʨʘʥʠʮ ʧʣʠʪ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʦʪʤʠʨʘʥʠʝʤ ʩʪʘʨʳʭ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʧʨʝʜʠʥʛʦʚʳʭ ʭʨʝʙʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʠʝʤ ʧʣʶʤʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʖʞʥʦʛʦ ʦʢʝʘʥʘ, ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʭʨʝʙʪʦʚ, ʧʦʜʥʷʪʠʡ ʠ ʧʣʘʪʦ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩ̫  ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ, ʩʪʨʦʝʥʠʝʤ ʢʦʨʳ ʠ ʣʠʪʦʩʬʝʨʳ, ʘ ʪʘʢʞʝ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ɻʣʘʚʘ 3. ɻʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʜʥʷʪʠʡ ʠ ʠʭ ʛʣʫʙʠʥʥʦʝ 

ʩʪʨʦʝʥʠʝ 

 

ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʡʦʥ ʟʘʥʠʤʘʝʪ ɸʬʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ ʖʞʥʦʛʦ ʦʢʝʘʥʘ, ʚ 

ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʠʩʪʦʨʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʶ ʩʪʨʫʢʪʫʨʳ 

ʪʝʢʪʦʥʦʩʬʝʨʳ, ʩʣʦʞʝʥʥrʝ ʢʘʢ ʦʢʝʘʥʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʫʪʦʥʝʥʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʦʡ [Allen, 

Tucholke, 1981; Barker, 1979; Barrett, 1977; Ciesielski et al., 1988ʘ; Coffin, Eldholm, 1994; Cox, 1992; 

Eagles, Kºnig, 2008; Fisher et al, 2017; Goul, Uenzelmann-Neben, 2001; Gohl et al., 2011; 

Hahyu et al., 2017; Kºnig, Jokat, 2010; Kristoffersen, LaBrecque, 1991; LaBrecque, Hayes, 1979; 

Leinweber, Jokat, 2012; Marks, Stock, 2001; Marks, Tikku, 2001; Parsiegla et al., 2008; 

Reeves et al., 2016; Roex et al., 2010; Scrutton, 1973; Sleep, 2002; Tucholke et al., 1981; 

Uenzelmann- Neben et al., 1999; Zhang et al., 2011]. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʪʣʦʚʠʥʘʤʠ, 

ʧʦʜʚʦʜʥʳʤʠ ʛʦʨʘʤʠ, ʧʦʜʥʷʪʠʷʤʠ, ʭʨʝʙʪʘʤʠ ʠ ʧʣʘʪʦ, ʠ ʨʘʟʜʝʣʝʥʳ ʰʦʚʥʳʤʠ ʟʦʥʘʤʠ ʠʣʠ 

ʧʩʝʚʜʦʨʘʟʣʦʤʘʤʠ (ʧʘʩʩʠʚʥʳʤʠ ʩʣʝʜʘʤʠ ʪʨʘʥʩʬʦʨʤʥʳʭ ʨʘʟʣʦʤʦʚ ʠʣʠ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ), 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʮʘʤʠ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʙʣʦʢʦʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚ 

ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʚʦʣʶʮʠʠ ʢʦʨʳ ʠ ʣʠʪʦʩʬʝʨʳ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʧʘʜʦʤ 

ʤʘʪʝʨʠʢʘ ɻʦʥʜʚʘʥʳ. ʅʝʦʪʲʝʤʣʝʤʫʶ ʨʦʣʴ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʫʯʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʧʦʜʥʷʪʠʡ 

ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ, ɸʤʝʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ, 

ɸʬʨʠʢʘʥʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʠ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʀʥʜʠʡʩʢʦʛʦ ʭʨʝʙʪʦʚ ʧʦʚʣʠʷʣʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʧʝʨʝʩʪʨʦʡʢʠ ʛʨʘʥʠʮ ʧʣʠʪ, ʘʢʪʠʚʠʟʘʮʠʷ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ ʠ ʛʦʨʷʯʠʭ ʪʦʯʝʢ, ʧʨʠʚʦʜʷʱʘʷ ʢ 

ʧʝʨʝʢʨʳʪʠʶ ʠ ʧʝʨʝʩʢʦʢʘʤ ʩʧʨʝʜʠʥʛʦʚʳʭ ʩʠʩʪʝʤ.  

ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʜʚʦʜʥʳʝ ʧʦʜʥʷʪʠʷ ɸʬʨʠʢʘʥʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ 

ʦʢʝʘʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʶʪ ʯʝʪʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʢʘʢʠʤ 

ʪʠʧʦʤ ʢʦʨʳ ʦʥʠ ʩʣʦʞʝʥʳ. ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʝ ʧʣʘʪʦ ʙʳʣʦ ʚʳʙʨʘʥʦ ʘʚʪʦʨʦʤ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʢʘʢ ʵʪʘʣʦʥ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʧʦʤʦʱʠ ʙʫʨʝʥʠʷ ʠ 

ʜʨʘʛʠʨʦʚʘʥʠʷ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʫʩʪʘʥʦʚʣʝʥʳ ʩʝʛʤʝʥʪʳ ʩ ʛʝʪʝʨʦʛʝʥʥʳʤ ʪʠʧʦʤ ʢʦʨʳ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʛʣʫʙʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʪʦʩʬʝʨʳ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʩʷ ʜʦʩʪʫʧʥʘʷ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʵʪʦʤ ʫʜʝʣʷʣʦʩʴ 

ʧʦʣʷʤ ʘʥʦʤʘʣʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ægʩʚ.ʚ. ʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ægɹ ʩ ʧʣʦʪʥʦʩʪʴʶ 

2.67 ʛ/ʩʤ3 ʠ 2.80 ʛ/ʩʤ3. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʥʦʤʘʣʴʥʦʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʩ ʮʝʣʴʶ ʦʪʨʘʞʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ɺ 
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ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʦʤʘʣʴʥʳʝ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʧʝʨʝʩʯʠʪʘʥʥʳʝ ʥʘ ʨʘʟʥʳʝ 

ʚʳʩʦʪʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʯʘʩʪʦʪʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʧʣʦʪʥʦʩʪʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʦʣʝʤ, ʧʝʨʝʩʯʠʪʘʥʥʳʤ ʥʘ ʚʳʩʦʪʫ 200 ʢʤ; ʩʨʝʜʥʝʯʘʩʪʦʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ð ʧʦʣʝʤ ʨʘʟʥʦʩʪʥʳʭ 

ʘʥʦʤʘʣʠʡ, ʧʝʨʝʩʯʠʪʘʥʥʳʭ ʥʘ ʚʳʩʦʪʳ 75 ʠ 150 ʢʤ; ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ð ʨʘʟʥʦʩʪʥʳʤ 

ʧʦʣʝʤ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʠ ʧʝʨʝʩʯʠʪʘʥʥʳʤ ʥʘ ʚʳʩʦʪʫ 50 ʢʤ, ʘ ʪʘʢʞʝ ʧʦʣʝʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʘʥʦʤʘʣʠʡ ɹʫʛʝ (Vzz) ʥʘ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ. 

3.1. ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʝ ʧʣʘʪʦ1 

ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʝ ʧʣʘʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʡ ʠ ʧʨʦʪʷʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʪʜʝʣʝʥʠʷ ʀʥʜʠʠ ʦʪ ʄʘʜʘʛʘʩʢʘʨʘ ʚ ʫʩʣʦʚʠʷʭ 

ʘʢʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʧʣʶʤʦʚ ʠ ʛʦʨʷʯʠʭ ʪʦʯʝʢ (ʨʠʩʫʥʦʢ 3.1). ʆʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ ʤʝʞʜʫ 5Áʩ.ʰ.ï30Áʶ.ʰ. ʠ 45ï70Áʚ.ʜ. ʇʣʘʪʦ ʦʛʨʘʥʠʯʝʥʦ ʥʘ ʚʦʩʪʦʢʝ 

ʎʝʥʪʨʘʣʴʥʦ-ʀʥʜʠʡʩʢʠʤ ʭʨʝʙʪʦʤ (ʎʀʍ), ʥʘ ʟʘʧʘʜʝ ʦʩʪʨʦʚʦʤ ʄʘʜʘʛʘʩʢʘʨ, ʭʨʝʙʪʦʤ ʂʘʣʩʙʝʨʛ ʠ 

ʏʝʡʥ ʥʘ ʩʝʚʝʨʝ ʠ ʖʛʦ-ɿʘʧʘʜʥʳʤ ʀʥʜʠʡʩʢʠʤ ʭʨʝʙʪʦʤ (ʖɿʀʍ) ʥʘ ʶʛʝ. ʉʝʡʰʝʣʴʩʢʦ-

ʄʘʩʢʘʨʝʥʩʢʦʝ ʧʣʘʪʦ ʦʙʲʝʜʠʥʷʝʪ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʘ: ɸʤʠʨʘʥʪʩʢʠʡ 

ʭʨʝʙʝʪ, ʉʝʡʰʝʣʴʩʢʫʶ ʙʘʥʢʫ ʠ ʄʘʩʢʘʨʝʥʩʢʠʡ ʭʨʝʙʝʪ. 

ʉʝʡʰʝʣʴʩʢʘʷ ʙʘʥʢʘ ʧʨʦʷʚʣʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʘʨʭʠʧʝʣʘʛʦʤ ʠʟ 115 ʦʪʜʝʣʴʥʳʭ 

ʦʩʪʨʦʚʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʦ ʚʦʢʨʫʛ ʦʩʥʦʚʥʳʭ ʦʩʪʨʦʚʦʚ ʄʘʵ ʠ ʇʨʘʩʣʝʥ. ʂʦʨʘ 

ʤʥʦʛʠʭ ʦʩʪʨʦʚʦʚ ʚʢʣʶʯʘʝʪ ʛʨʘʥʠʪʦʠʜʳ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʪʨʝʪʠʯʥʳʝ ʱʝʣʦʯʥʳʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʠʤʝʶʱʠʝ ʚʦʟʨʘʩʪ 61ï67 ʤʣʥ ʣʝʪ ʠ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʘʮʠʝʡ 

ɼʝʢʢʘʥʩʢʠʭ ʪʨʘʧʧʦʚ [ʍʘʠʥ, 2001; Collier et al., 2008; Hammond et al., 2013]. ʉʝʡʰʝʣʴʩʢʘʷ ʙʘʥʢʘ, 

ʦʢʨʫʞʝʥʥʘʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʦʡ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʢʦʪʣʦʚʠʥ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ, 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʛʨʘʥʠʪʥʳʭ 

ʧʦʨʦʜ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 750-800 ʤʣʥ ʣʝʪ [Ashwal et al., 2017]. ɻʨʘʥʠʪʳ ʙʣʠʟʢʠ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠ, 

ʛʝʦʭʠʤʠʯʝʩʢʠ ʠ ʧʦ ʚʦʟʨʘʩʪʫ ʢ ʛʨʘʥʠʪʘʤ, ʥʘʡʜʝʥʥʳʤ ʥʘ ʄʘʜʘʛʘʩʢʘʨʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʀʥʜʠʠ ʠ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʦʢʨʘʠʥʝ ʘʥʜʠʡʩʢʦʛʦ ʪʠʧʘ ʚʜʦʣʴ ʚʥʝʰʥʝʛʦ ʦʙʨʘʤʣʝʥʠʷ 

ʈʦʜʠʥʠʠ [Torsvik et al., 2013]. ʉʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʪʨʘʞʘʶʪ ʪʠʧʠʯʥʳʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ 

ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʧʦʢʘʟʳʚʘʶʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʣʫʙʠʥʳ 

ʄʦʭʦʨʦʚʠʯʠʯʘ (ʄʦʭʦ) ʦʪ 28 ʜʦ 41 ʢʤ ʤʝʞʜʫ ʦʩʪʨʦʚʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʉʝʡʰʝʣʴʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ 

                                                           
1 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʚ 

ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

 

1. ʂʦʩʥʳʨʝʚʘ ʄ.ɺ., ʈʳʞʦʚʘ ɼ.ɸ., ɼʫʙʠʥʠʥ ɽ.ʇ., ɹʫʣʳʯʝʚ ɸ.ɸ. ʉʪʨʦʝʥʠʝ ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʛʦ ʧʣʘʪʦ ʠ 

ʧʨʠʣʝʛʘʶʱʠʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʢʦʪʣʦʚʠʥ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʝʡ ʠ ʧʣʦʪʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ // 

ɻʝʦʬʠʟʠʢʘ. ï 2021. ï ˉ 6. ï ʉ. 25ï32. RSCI.  (0.32 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 40%). ʀʤʧʘʢʪ-ʬʘʢʪʦʨ ʈʀʅʎ, 2021: 0.343. 
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[Collier et al., 2009; Hammond et al., 2013]. ʆʥʠ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ 

ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʜʦ ʩʘʤʳʭ ʩʝʚʝʨʥʳʭ ʛʨʘʥʠʮ ʧʣʘʪʦ. 

 

ʈʠʩʫʥʦʢ 3.1. ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʜʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʦʚ, ʧʦ ʜʘʥʥʳʤ [Sandwell, Smith, 2014]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʩʴ 

ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ; 2 ï ʩʢʚʘʞʠʥʳ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ ʧʨʦʝʢʪʘ DSDP, ODP 

[Simpson et al., 1974]; 3 ï ʛʦʨʷʯʠʝ ʪʦʯʢʠ. ɹʉʄ ï ʙʘʥʢʘ ʉʘʷ-ʜʝ-ʄʘʣʭʘ, ʂ ï ʛʦʨʷʯʘʷ ʪʦʯʢʘ ʂʨʦʟʝ, 

ʄ ï ʛʦʨʷʯʘʷ ʪʦʯʢʘ ʄʘʨʠʦʥ, ʇɸ ï ʧʣʘʪʦ ɸʛʫʣʴʷʩ, ʉɹ ï ʉʝʡʰʝʣʴʩʢʘʷ ʙʘʥʢʘ, ʉʉʄ ï ʩʝʜʣʦʚʠʥʘ 

ʉʘʷ-ʜʝ-ʄʘʣʭʘ, I ï ʦ. ʄʘʵ, II ï ʦ. ʇʨʘʩʣʝʥ  

ʉ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʢ ʉʝʡʰʝʣʴʩʢʦʡ ʙʘʥʢʝ ʧʨʠʤʳʢʘʝʪ ʯʝʨʝʟ ʩʝʜʣʦʚʠʥʫ ʛʣʫʙʠʥʦʡ 2000 ʤ 

ʜʫʛʦʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ɸʤʠʨʘʥʪʩʢʦʛʦ ʭʨʝʙʪʘ ʜʣʠʥʦʡ ~400 ʢʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʫ ʭʨʝʙʪʦʚ 

ʠ ʜʦʣʠʥ ʠ ʩʣʦʞʝʥʥʘʷ ʢʦʨʘʣʣʦʚʳʤʠ ʦʩʪʨʦʚʘʤʠ. ʉʦ ʩʢʣʦʥʦʚ ʭʨʝʙʪʘ ʜʨʘʛʠʨʦʚʘʥʠʝʤ ʧʦʜʥʷʪʳ 

ʪʦʣʝʠʪʦʚʳʝ ʙʘʟʘʣʴʪʳ [Torsvik et al., 2013]. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɸʤʠʨʘʥʪʩʢʦʛʦ ʭʨʝʙʪʘ, ʩʝʡʩʤʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʤʦʱʥʦʩʪʠ ʢʦʨʳ ʚ 24 ʢʤ ʩ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ Vp/Vs = 1.69 Ñ 0.04, 
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ʫʢʘʟʳʚʘʶʱʠʤ ʥʘ ʥʘʣʠʯʠʝ ʟʜʝʩʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ [Christensen, 1996; Hammond et al., 2013].  

ʉ ʛʁʦ-ʚʦʩʪʦʢʘ ʢ ʉʝʡʰʝʣʴʩʢʦʡ ʙʘʥʢʝ ʥʘ ʛʣʫʙʠʥʝ 1500 ʤ ʧʨʠʤʳʢʘʝʪ ʩʝʜʣʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʉʘʷ-ʜʝ-ʄʘʣʭʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʄʘʩʢʘʨʝʥʩʢʠʤ ʭʨʝʙʪʦʤ [Bhattacharya, 

Yatheesh, 2015]. ʄʘʩʢʘʨʝʥʩʢʠʡ ʭʨʝʙʝʪ, ʠʤʝʶʱʠʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʢʦʣʦ 2600 ʢʤ, ʩʣʦʞʝʥ ʧʦ 

ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʙʘʟʘʣʴʪʘʤʠ ʠ ʪʨʘʭʠʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʩʭʦʜʩʪʚʦ ʩ ʧʦʨʦʜʘʤʠ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʠʭ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʜʥʷʪʠʡ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʄʘʩʢʘʨʝʥʩʢʦʛʦ ʭʨʝʙʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦ. ʄʘʚʨʠʢʠʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʜʨʝʚʥʠʡ ʚʫʣʢʘʥ ʠ ʥʝʩʢʦʣʴʢʦ ʜʘʣʴʰʝ ʢ ʶʛʦ-ʟʘʧʘʜʫ ï ʦ. ʈʝʶʥʴʶʥ ʩ ʘʢʪʠʚʥʦ 

ʜʝʡʩʪʚʫʶʱʠʤ ʚʫʣʢʘʥʦʤ, ʷʚʣʷʶʱʠʤʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʦʜʥʦʠʤʝʥʥʦʡ ʛʦʨʷʯʝʡ ʪʦʯʢʠ. ʄʘʩʢʘʨʝʥʩʢʠʡ 

ʭʨʝʙʝʪ ʠʤʝʝʪ ʬʦʨʤʫ ʜʫʛʠ, ʦʙʨʘʤʣʷʷ ʩ ʚʦʩʪʦʢʘ ʄʘʩʢʘʨʝʥʩʢʫʶ ʢʦʪʣʦʚʠʥʫ, ʠ ʧʨʠʣʝʛʘʝʪ ʩʚʦʝʡ 

ʩʨʝʜʥʝʡ ʯʘʩʪʴʶ ʢ ʟʘʧʘʜʥʦʤʫ ʬʣʘʥʛʫ ʎʝʥʪʨʘʣʴʥʦ-ʀʥʜʠʡʩʢʦʛʦ ʭʨʝʙʪʘ (ʨʠʩʫʥʦʢ 3.1). ʊʘʢʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʭʨʝʙʪʘ ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʣʦʤʦʚ, ʦʙʫʩʣʦʚʠʚʰʠʤʠ ʛʣʳʙʦʚʳʡ 

ʭʘʨʘʢʪʝʨ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʤʘʩʩʠʚʦʚ ʚ ʝʛʦ 

ʧʨʝʜʝʣʘʭ. ʇʨʦʬʠʣʴ ʭʨʝʙʪʘ ʘʩʠʤʤʝʪʨʠʯʝʥ: ʚʦʩʪʦʯʥʳʝ ʩʢʣʦʥʳ ʢʨʫʪʳ, ʟʘʧʘʜʥʳʝ ð ʧʦʣʦʛʠ 

[ɸʨʪʘʤʦʥʦʚ, ɿʦʣʦʪʘʨʝʚ, 2008]. 

ʆʢʝʘʥʠʯʝʩʢʠʝ ʢʦʪʣʦʚʠʥʳ, ʦʢʨʫʞʘʶʱʠʝ ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʝ ʧʣʘʪʦ, ʠʤʝʶʪ ʨʘʟʥʳʡ 

ʚʦʟʨʘʩʪ ʠ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʵʚʦʣʶʮʠʠ. ɿʘʧʘʜʥʦ-ʉʦʤʘʣʠʡʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʦʟʜʥʝʶʨʩʢʦʤʫ-ʨʘʥʥʝʤʝʣʦʚʦʤʫ ʧʝʨʠʦʜʫ ʠ ʩʚʷʟʘʥʘ ʩ ʦʪʜʝʣʝʥʠʝʤ ʄʘʜʘʛʘʩʢʘʨʘ ʠ ʀʥʜʠʠ ʦʪ 

ɸʬʨʠʢʠ. ʈʘʩʢʨʳʪʠʝ ɺʦʩʪʦʯʥʦ-ʉʦʤʘʣʠʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʥʘʯʘʣʦʩʴ ʚ ʧʘʣʝʦʮʝʥʝ ʚ ʩʚʷʟʠ ʩ 

ʦʪʜʝʣʝʥʠʝʤ ʦʪ ʀʥʜʠʠ ʉʝʡʰʝʣʴʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ, ʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʄʘʩʢʘʨʝʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʟʜʥʝʤʝʣʦʚʦʤʫ ʧʝʨʠʦʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʜʝʣʝʥʠʷ ʀʥʜʠʠ ʦʪ ʄʘʜʘʛʘʩʢʘʨʘ 

[Bhattacharya, Yatheesh, 2015; Eagles, Wibisono, 2013]. 

ɻʝʥʝʟʠʩ ɸʤʠʨʘʥʪʩʢʦʛʦ ʭʨʝʙʪʘ ʪʘʢʞʝ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʟʘʛʘʜʢʦʡ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʦ 

ʤʥʦʛʦ ʩʧʦʨʦʚ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ɸʤʠʨʘʥʪʩʢʦʛʦ ʭʨʝʙʪʘ: ʦʪ ʩʫʙʜʫʢʮʠʠ [Damuth, Johnson, 1989; 

Mart, 1988] ʜʦ ʪʨʘʥʩʧʨʝʩʩʠʠ ʧʦ ʪʨʘʥʩʬʦʨʤʥʦʤʫ ʨʘʟʣʦʤʫ, ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ ʧʨʠ ʨʘʩʢʨʳʪʠʠ 

ɿʘʧʘʜʥʦ-ʉʦʤʘʣʠʡʩʢʦʡ ʢʦʪʣʦʚʠʠʥʳ, ʠ ʜʦ ʨʘʟʜʝʣʝʥʠʷ ʙʣʦʢʘ ʄʘʜʘʛʘʩʢʘʨ - ʉʝʡʰʝʣʴʩʢʠʝ 

ʦʩʪʨʦʚʘ - ʀʥʜʠʷ [Muller et al., 2008; Plummer, 1996]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [Christensen, 1996; Hammond et al., 2013], ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ 

ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ɸʤʠʨʘʥʪʩʢʦʛʦ ʭʨʝʙʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʦʡ ʙʣʦʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʢʦʨʳ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʦʪ ʛʣʘʚʥʦʛʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʪʦ. ʇʦʢʘ ʪʨʫʜʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʨʦʜʫ ʢʦʨʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ ɸʤʠʨʘʥʪʩʢʦʛʦ ʭʨʝʙʪʘ. ʆʜʥʘʢʦ, ʩʫʜʷ ʧʦ 

ʨʘʟʣʠʯʠʷʤ ʚ ʭʘʨʘʢʪʝʨʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʚʜʦʣʴ ʧʨʦʩʪʠʨʘʥʠʷ ʭʨʝʙʪʘ, 

ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʨʳ [Hammond et al., 2013]. ʊʠʧ ʢʦʨʳ, ʬʦʨʤʠʨʫʶʱʝʡ 

ʬʫʥʜʘʤʝʥʪ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʛʦ ʧʣʘʪʦ ʝʱʝ ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʦʧʨʝʜʝʣʝʥ. 
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ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʥʘʢʣʦʥʸʥʥʳʭ ʙʣʦʢʦʚ, 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʘʟʣʦʤʘʤʠ, ʚʙʣʠʟʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ 237 ʠ ODP-

707 [Backman et al., 1988]. ʂʨʦʤʝ ʪʦʛʦ, ʙʘʟʘʣʴʪʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʥʘ ʫʯʘʩʪʢʝ ʩʢʚʘʞʠʥʳ ODP-707 

(ʜʘʪʠʨʦʚʘʥʥʳʝ 63.7 Ñ 1.1 ʤʣʥ ʣʝʪ), ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʪʨʫʟʠʠ ʩʫʙʘʵʨʘʣʴʥʦ, ʠʣʠ ʚ 

ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʠʥʛʘ ʢ ʦʢʝʘʥʠʯʝʩʢʦʤʫ 

ʩʧʨʝʜʠʥʛʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ ʚ ʨʘʡʦʥʝ ʉʝʡʰʝʣʴʩʢʦʡ ʙʘʥʢʠ 

ʧʨʦʩʪʠʨʘʝʪʩʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʫʯʘʩʪʢʘ ODP-707 [Backman et al., 1988]. 

ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʛʦ ʧʣʘʪʦ, ʚʦʟʤʦʞʥʦ, ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʄʘʨʠʦʥ ʠ ʈʝʶʥʴʦʥ 

ʥʘ ʩʪʨʦʝʥʠʝ ʢʦʨʳ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘʜ ʥʠʤʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ [Eagles, Wibisono, 2013; 

Bhattacharya et al., 2015]. ʈʠʬʪʠʥʛ ʤʝʞʜʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ ʄʘʜʘʛʘʩʢʘʨʦʤ ʠ ʉʝʡʰʝʣʴʩʢʠʤ ʧʣʘʪʦ, 

ʚʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʣ ʚ ʚʠʜʝ ʨʘʩʢʨʳʚʘʶʱʝʛʦʩʷ ʧʫʣʣ-ʘʧʘʨʪ ʙʘʩʩʝʡʥʘ, ʢʦʪʦʨʳʡ ʥʘʯʘʣ ʨʘʟʚʠʚʘʪʴʩʷ 

ʤʝʞʜʫ 100 ʠ 95 ʤʣʥ ʣʝʪ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʩʢʦʢʘ ɺʦʩʪʦʯʥʦ-ɸʬʨʠʢʘʥʩʢʦ-ʊʝʪʠʡʩʢʦʛʦ ʪʨʘʥʩʬʦʨʤʥʦʛʦ 

ʨʘʟʣʦʤʘ ʚ ʦʙʣʘʩʪʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʠʥʛʘ ʤʝʞʜʫ ʄʘʜʘʛʘʩʢʘʨʦʤ ʠ ʀʥʜʠʝʡ. 

ʀʤʝʶʱʠʝʩʷ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʦʝʥʠʠ ʢʦʨʳ 

ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ, ʦʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʥʝʤʘʣʦ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ 

ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʚʜʦʣʴ ʧʨʦʩʪʠʨʘʥʠʷ ʧʦʜʥʷʪʠʡ, ʘ ʪʘʢʞʝ ʨʦʣʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʄʘʨʠʦʥ ʠ ʈʝʶʥʴʶʥ ʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ.  

ɸʥʘʣʠʟ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʉʝʡʰʝʣʴʩʢʦ-

ʄʘʩʢʘʨʝʥʩʢʦʝ ʧʣʘʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʨʠʩʫʥʦʢ 3.2, ʘ). ɽʛʦ ʶʞʥʘʷ 

ʯʘʩʪʴ, ʥʘʜ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʦʩʪʨʦʚʘʤʠ ʈʝʶʥʴʦʥ ʠ ʄʘʚʨʠʢʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʩrʦʢʦʠʥʪʝʥʩʠʚʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʥʦʤʘʣʠʡ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 

450 ʤɻʘʣ. ʇʨʠʯʝʤ, ʯʝʤ ʩʠʣʴʥʝʝ ʤʘʛʤʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʥʷʪʠʷ, ʪʝʤ 

ʚʳʰʝ ʘʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ. ɸʤʠʨʘʥʪʩʢʠʡ ʭʨʝʙʝʪ, ʙʘʥʢʠ 

ʉʝʡʰʝʣʴʩʢʘʷ ʠ ʉʘʷ-ʜʝ-ʄʘʣʭʘ (ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʧʣʘʪʦ) ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʘʥʦʤʘʣʠʡ, 

ʜʠʘʧʘʟʦʥ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 30 ʜʦ 120 ʤɻʘʣ, ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʧʨʠʨʦʜʝ [Collier et al., 2009; Christensen, 1996; Hammond et 

al., 2013; Torsvik et al., 2013]. ʕʪʦʪ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʨʩʢʦʛʦ ʙʫʨʝʥʠʷ, 

ʚʩʢʨʳʚʰʝʛʦ ʛʨʘʥʠʪʦʠʜʳ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʘʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [ʍʘʠʥ, 2001; Collier et al., 2008; 

Hammond et al.,2013]. ʇʦ ʧʝʨʠʬʝʨʠʠ ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʛʦ ʧʣʘʪʦ, ʦʩʦʙʝʥʥʦ ʝʛʦ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ, ʫʟʢʦʡ ʧʦʣʦʩʦʡ, ʬʠʢʩʠʨʫʶʪʩʷ ʨʝʟʢʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ (ʜʦ -150 ʤɻʘʣ) ʘʥʦʤʘʣʠʠ ʚ ʩʚʦʙʦʜʥʦʤ 

ʚʦʟʜʫʭʝ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʜʝʣʝʥʠʠ ʧʣʘʪʦ ʦʪ ʦʩʪʨʦʚʘ ʄʘʜʘʛʘʩʢʘʨ. 

ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʥʘʜ ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʠʤ ʧʣʘʪʦ ʘʤʧʣʠʪʫʜʘ 

ʘʥʦʤʘʣʠʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 30 ʜʦ 150 ʤɻʘʣ, ʯʪʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʜʥʷʪʠʡ ʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ 
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ʪʠʧʦʤ ʢʦʨʳ (ʨʠʩʫʥʦʢ 3.2, ʙ). ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʧʣʘʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʦʤʘʣʠʡ ʧʦʥʠʞʘʝʪʩʷ ʜʦ 

- 100 ʤɻʘʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʜʥʷʪʠʷʤ ʩ ʩʠʣʴʥʳʤ ʚʫʣʢʘʥʠʟʤʦʤ ʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ʘ) 

 

ʙ) 

 
ʈʠʩʫʥʦʢ 3.2. ʂʘʨʪʳ ʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ (ʘ), ʧʦ ʜʘʥʥʳʤ 

[Sandwell et al., 2014], ʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ (ʙ) ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ 2.67 ʛ/ʩʤ3 ʥʘʜ 

ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʠʤ ʧʣʘʪʦ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʩʴ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ, 

2 ï ʥʦʤʝʨʘ ʧʨʦʬʠʣʝʡ ʧʣʦʪʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 3 ï ʩʢʚʘʞʠʥʳ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ 

DSDP [Simpson et al., 1974]. ʖɿʀʍ ï ʖʛʦ-ɿʘʧʘʜʥʳʡ ʀʥʜʠʡʩʢʠʡ ʭʨʝʙʝʪ  

ʆʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʛʦ ʧʣʘʪʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʧʦʣʥʦʮʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʵʪʦʛʦ ʫʯʘʩʪʢʘ (ʨʠʩʫʥʦʢ 3.3). ʆʜʥʘʢʦ, ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʧʝʨʠʬʝʨʠʠ ʧʣʘʪʦ ʧʨʦʷʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʦʤʝʪʨʠʯʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

(ʜʦ 200 ʥʊʣ) ʘʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ æʊʘ. ʉʝʜʣʦʚʠʥʘ ʉʘʷ-ʜʝ-ʄʘʣʭʘ ʧʨʦʷʚʣʝʥʘ 

ʩʣʘʙʦʘʤʧʣʠʪʫʜʥʳʤʠ, ʚʳʪʷʥʫʪʳʤʠ ʚ ʩʫʙʤʝʨʠʜʠʘʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʤʠ 

ʘʥʦʤʘʣʠʷʤʠ. ɹʘʥʢʘ ʉʘʷ-ʜʝ-ʄʘʣʭʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʤʦʟʘʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʷ. ɺ ʶʞʥʦʡ 

ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʘʥʦʤʘʣʠʠ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ ʧʦʚʪʦʨʷʶʪ ʢʦʥʪʫʨ ʧʦʜʥʷʪʠʷ. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʧʦʣʝ ʙʦʣʝʝ ʩʣʘʙʦʝ ʠ ʧʦ ʧʝʨʠʬʝʨʠʠ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʳ ʘʥʦʤʘʣʠʠ, ʧʦʚʪʦʨʷʶʱʠʝ ʢʦʥʪʫʨ ʧʦʜʥʷʪʠʷ. 

ɼʣʷ ʙʘʥʢʠ ʅʘʟʘʨʝʪ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʝ ʜʦ 400 ʥʊʣ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ʠʟʦʤʝʪʨʠʯʥʳʭ ʜʦ ʩʣʘʙʦ ʚʳʪʷʥʫʪʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. ʆʩʪʨʦʚ ʄʘʚʨʠʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʠʟʦʤʝʪʨʠʯʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ -195 ʥʊʣ. ʅʘʜ ʦʩʪʨʦʚʦʤ ʈʝʶʥʴʦʥ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ, ʥʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʘʥʦʤʘʣʠʷ ʘʤʧʣʠʪʫʜʦʡ ʙʦʣʝʝ 500 ʥʊʣ. 

 
ʈʠʩʫʥʦʢ 3.3. ɸʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ æʊʘ ʥʘʜ ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʠʤ ʧʣʘʪʦ, ʧʦ ʜʘʥʥʳʤ 

[Maus et al., 2009]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩʫʥʢʝ 3.2 

ɺ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʉʝʡʰʝʣʴʩʢʦ-

ʄʘʩʢʘʨʝʥʩʢʦʝ ʧʣʘʪʦ ʚʳʜʝʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ ʜʫʛʦʦʙʨʘʟʥʦʡ 

ʬʦʨʤʳ ʠ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 290 ʤɻʘʣ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʨʠʩʫʥʦʢ 3.4, ʘ). ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʦʩʪʨʦʚʘ 

ʈʝʶʥʴʦʥ ʠ ʄʘʚʨʠʢʠʡ ʧʨʦʷʚʣʷʶʪʩʷ ʛʨʘʜʠʝʥʪʥʦʡ ʦʙʣʘʩʪʴʶ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. 

ɺ ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʧʦʣʷ ʧʣʘʪʦ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʥʦʤʘʣʠʡ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ -100 ʜʦ -15 ʤɻʘʣ 

(ʨʠʩʫʥʦʢ 3.4, ʙ). ɺ ʵʪʦʡ ʢʦʤʧʦʥʝʥʪʝ ʧʣʘʪʦ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʙʣʦʢʘ: ʩʝʚʝʨʥʳʡ ï ʚ ʦʙʣʘʩʪʠ 

ʉʝʡʰʝʣʴʩʢʦʡ ʙʘʥʢʠ, ʮʝʥʪʨʘʣʴʥʳʡ ï ʙʘʥʢʘ ʉʘʷ-ʜʝ-ʄʘʣʭʘ ʠ ʶʞʥʳʡ ï ʙʘʥʢʘ ʅʘʟʘʨʝʪ. ʆʪʜʝʣʴʥʦʡ 

ʠʟʦʤʝʪʨʠʯʥʦʡ ʘʥʦʤʘʣʠʝʡ, ʘʤʧʣʠʪʫʜʦʡ -55 ʤɻʘʣ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʪʨʦʚ ʈʝʶʥʴʦʥ. ʉ ʟʘʧʘʜʥʦʡ 

ʩʪʦʨʦʥʳ ʦʪ ʎʝʥʪʨʘʣʴʥʦ-ʀʥʜʠʡʩʢʦʛʦ ʭʨʝʙʪʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʘʥʦʤʘʣʠʷ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʚʳʪʷʥʫʪʘʷ ʚ ʩʪʦʨʦʥʫ ʦʩʪʨʦʚʘ ʄʘʚʨʠʢʠʡ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʛʨʝʪʦʩʪʴʶ ʤʘʥʪʠʡʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
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ɺ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʧʦʣʷ ʉʘʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʦʛʦ ʧʣʘʪʦ ʩʣʘʙʳʤʠ 

ʣʦʢʘʣʴʥʳʤʠ ʣʠʥʝʡʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʧʨʦʷʚʣʝʥʳ ʵʣʝʤʝʥʪʳ ʨʘʟʣʦʤʥʦʡ ʪʝʢʪʦʥʠʢʠ, ʢʦʪʦʨʳʝ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʚ ʨʝʣʴʝʬʝ ʜʥʘ ʦʢʝʘʥʘ ʠ ʦʩʣʦʞʥʷʶʪ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ 

ʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ. 

ʘ) 

 

ʙ) 

 
ʈʠʩʫʥʦʢ 3.4. ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ (ʘ) ʠ ʩʨʝʜʥʝʯʘʩʪʦʪʥʘʷ (ʙ) ʢʦʤʧʦʥʝʥʪʘ ʘʥʦʤʘʣʴʥʦʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʥʘʜ ʉʝʡʰʝʣʴʩʢʦ-ʄʘʩʢʘʨʝʥʩʢʠʤ ʧʣʘʪʦ. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩʫʥʢʝ 3.2  

3.2. ʄʦʟʘʤʙʠʢʩʢʠʡ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʪʳ2 

ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʦʪ ɸʬʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʤʝʞʜʫ 

20-45Á ʶ.ʰ. ʠ 28-52Á ʚ.ʜ. ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʫʶ ʚ ʩʫʙʤʝʨʠʜʠʘʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

                                                           
2ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʚ 

ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

 

1. ʈʳʞʦʚʘ ɼ.ɸ., ʂʦʩʥʳʨʝʚʘ ʄ.ɺ., ɼʫʙʠʥʠʥ ɽ.ʇ., ɹʫʣʳʯʝʚ ɸ.ɸ. ʉʪʨʦʝʥʠʝ ʪʝʢʪʦʥʦʩʬʝʨʳ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʠ 

ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʦʚ ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ // ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 4: ɻʝʦʣʦʛʠʷ. ï 

2021. ï ˉ 6. ï ʉ. 20ï29. RSCI (0.72 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 70%). ʀʤʧʘʢʪ-ʬʘʢʪʦʨ SJR, 2020: 0.109. 

2. ʈʳʞʦʚʘ ɼ.ɸ., ʂʦʩʥʳʨʝʚʘ ʄ.ɺ., ɼʫʙʠʥʠʥ ɽ.ʇ., ɹʫʣʳʯʝʚ ɸ.ɸ. ɻʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʪʝʢʪʦʥʦʩʬʝʨʳ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʦʚ // ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ï 2021. ï ʊ. 22. ï ˉ 3. ï 

ʉ. 53ï69. RSCI (1.29 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 70%). ʀʤʧʘʢʪ-ʬʘʢʪʦʨ SJR, 2021: 0.137. 

3. ʈʳʞʦʚʘ ɼ.ɸ., ʊʦʣʩʪʦʚʘ ɸ.ʀ., ɼʫʙʠʥʠʥ ɽ.ʇ., ʂʦʩʥʳʨʝʚʘ ʄ.ɺ., ɹʫʣʳʯʝʚ ɸ.ɸ., ɻʨʦʭʦʣʴʩʢʠʡ ɸ.ʃ. ʉʪʨʦʝʥʠʝ 

ʪʝʢʪʦʥʦʩʬʝʨʳ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ: ʧʣʦʪʥʦʩʪʥʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ // 

ɺʝʩʪʥʠʢ ʂʘʤʯʘʪʩʢʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʋʯʝʙʥʦ-ʥʘʫʯʥʳʡ ʮʝʥʪʨ. ʉʝʨʠʷ: ʅʘʫʢʠ ʦ ɿʝʤʣʝ. ï 2022. ï ʊ. 53. ï ˉ 

1. ï ʉ. 46ï58. RSCI (0.69 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 50%)/ %). ʀʤʧʘʢʪ-ʬʘʢʪʦʨ ʈʀʅʎ, 2021: 0.696. 
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ʩʪʨʫʢʪʫʨʫ (ʨʠʩʫʥʦʢ 3.1). ʍʨʝʙʝʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʨʘʥʥʝʤʝʣʦʚʦʡ ʜʦʣʠʥʦʡ ʅʘʪʘʣ ʠ 

ʄʦʟʘʤʙʠʢʩʢʦʡ ʢʦʪʣʦʚʠʥʦʡ ʩ ʢʦʨʦʡ ʧʦʟʜʥʝʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ï ʩʘʤʦʡ ʜʨʝʚʥʝʡ ʚ ʵʪʦʤ ʨʘʡʦʥʝ [Gohl 

et al., 2011; Kºnig, Jokat, 2010]. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʭʨʝʙʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠʥʝʡʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʜʣʠʥʦʡ ~1100 ʢʤ ʠ ʰʠʨʠʥʦʡ 160 ʢʤ ʥʘ ʩʝʚʝʨʝ ʠ 350 ʢʤ ʥʘ ʶʛʝ, ʷʚʣʷʷʩʴ ʬʦʨʤʘʣʴʥʳʤ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ɸʬʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʠʠ ʧʦʛʨʫʞʝʥʥʳʭ 

ʙʣʦʢʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʜʦʣʠʥʘʤʠ ʠ ʜʝʧʨʝʩʩʠʷʤʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ [Jacques et al., 2019; 

Mueller, Jokat, 2019]. ʉ ʩʝʚʝʨʘ ʥʘ ʶʛ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʛʣʫʙʣʝʥʠʝ ʙʘʩʩʝʡʥʘ ʜʦʣʠʥʳ ʅʘʪʘʣ 

ʨʘʟʜʝʣʷʶʱʝʛʦ ʭʨʝʙʝʪ ʠ ɸʬʨʠʢʘʥʩʢʠʡ ʢʦʥʪʠʥʝʥʪ ʠ ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʙʘʩʩʝʡʥ ʊʨʘʥʩʢʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ ʥʘʯʘʣʠʩʴ ʝʱʝ ʚ 1970-ʭ ʛʦʜʘʭ. ʊʦʛʜʘ ʞʝ 

ʙʳʣʠ ʚʳʩʢʘʟʘʥʳ ʧʝʨʚʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʩʣʦʞʝʥ ʫʪʦʥʝʥʥʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʦʡ [Laughton et al., 1970]. ʇʦʟʜʥʝʝ ʵʪʘ ʛʠʧʦʪʝʟʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʨʫʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [Tucholke et al., 1981; Mougenot et al., 1991; Ben Avraham et al., 1995], ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ, ʦʪʦʙʨʘʥʥʳʭ ʩʦ ʜʥʘ ʦʢʝʘʥʘ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʩʭʦʜʩʪʚʦ ʩ 

ʘʨʭʝʡʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ɸʬʨʠʢʘʥʩʢʦʛʦ ʢʨʘʪʦʥʘ. ʅʝ ʠʩʢʣʶʯʝʥʘ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʦʙʨʘʟʮʳ 

ʜʨʘʛʠʨʦʚʘʥʥʳʭ ʤʝʪʘʧʝʣʠʪʦʚ, ʛʥʝʡʩʦʚ, ʘʥʦʨʪʦʟʠʪʦʚ ʠ ʤʝʪʘʛʘʙʙʨʦ ʤʦʛʣʠ ʙʳʪʴ ʧʨʠʥʝʩʝʥʳ 

ʪʝʯʝʥʠʷʤʠ ʚʤʝʩʪʝ ʩ ʣʝʜʥʠʢʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ɸʥʪʘʨʢʪʠʢʠ [Jacques et al., 2019]. ʉʨʝʜʠ 

ʜʨʘʛʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʪʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʚʝʞʝʝ ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ, ʢʦʪʦʨʦʝ, ʧʦ ʤʥʝʥʠʶ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʤʦʛʣʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺʝʩʢʠʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʭʨʝʙʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʉʠʤʧʩʦʥʘ 

[Simpson, 1974], ʢʦʪʦʨʳʡ ʠʟʫʯʠʣ ʪʦʣʝʠʪʦʚʳʝ ʙʘʟʘʣʴʪʳ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʛʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʠ ʤʘʛʤʘʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʭʨʝʙʪʘ 

[Kºnig, Jokat, 2010]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʷʚʠʣʠʩʴ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʥʘʭʦʜʠʪʩʷ 

ʚ ʠʟʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩ ʩʦʩʝʜʥʝʡ ʩ ʥʠʤ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʦʡ ʧʨʠ ʛʣʫʙʠʥʝ ʛʨʘʥʠʮʳ ʄʦʭʦ 

ʚ 22 ʢʤ. ʆʪʩʶʜʘ ʧʦʩʣʝʜʦʚʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʦʢʝʘʥʠʯʝʩʢʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʉʦʛʣʘʩʥʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʨʝʢʦʥʩʪʨʫʢʮʠʷʤ [Kºnig, Jokat, 2010; Fischer et al., 2017], 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʜʝʪʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʷʭ, ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ 

135ï 125 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥ ʥʘʯʘʣ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʩʝʚʝʨʝ 

135 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʠ ʧʨʦʜʦʣʞʘʣ ʨʘʩʪʠ ʢ ʶʛʦ-ʟʘʧʘʜʫ, ʛʜʝ ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ 

ʦʩʥʦʚʥʦʤ ʦʢʦʣʦ 131 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. ɼʘʣʝʝ ʨʘʟʚʠʪʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʚʫʣʢʘʥʠʟʤʦʤ, ʧʨʦʜʦʣʞʘʚʰʠʤʩʷ ʜʦ ~126 ʤʣʥ ʣʝʪ, ʠ ʩʬʦʨʤʠʨʦʚʘʚʰʠʤ ʶʛʦ-ʟʘʧʘʜʥʳʡ ʙʣʦʢ. ʄʝʥʝʝ 

ʚʳʨʘʞʝʥʥʦʝ ʧʣʘʪʦ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʤʦʛʣʦ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʦ ~125 ʤʣʥ ʣʝʪ. ʅʝʩʦʤʥʝʥʥʦ, ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʝʥʠʝ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʘ ʤʘʛʤʘʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʣʶʤʘ ʂʘʨʫ. ɽʛʦ ʘʢʪʠʚʥʦʩʪʴ ʤʦʛʣʘ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʝʨʝʩʢʦʢ ʨʠʬʪʦʚʦʡ ʦʩʠ ʠʟ 

ʄʦʟʘʤʙʠʢʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʚ ʩʪʦʨʦʥʫ ʤʦʣʦʜʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ ʚʦʩʪʦʯʥʦʡ ɸʬʨʠʢʠ. ʕʪʦ 
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ʧʨʠʚʝʣʦ ʢ ʯʘʩʪʠʯʥʦʤʫ ʦʪʜʝʣʝʥʠʶ ʦʪ ʥʝʝ ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ, 

ʩʣʦʞʝʥʥʦʛʦ ʫʪʦʥʝʥʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʦʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʦʩʣʦʞʥʝʥʥʦʡ 

ʧʣʶʤʦʚʳʤ ʤʘʛʤʘʪʠʟʤʦʤ. 

ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʝʪ ʨʘʩʧʦʣʦʞʝʥ ʶʞʥʝʝ ʦʩʪʨʦʚʘ ʄʘʜʘʛʘʩʢʘʨ ʤʝʞʜʫ 25-45Á ʶ.ʰ. ʠ 

40- 50Á ʚ.ʜ. (ʨʠʩʫʥʦʢ 3.1) ʠ ʨʘʟʜʝʣʷʝʪ ʜʚʘ ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʘ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʤʝʣʦʚʦʛʦ 

ʚʦʟʨʘʩʪʘ (ʄʦʟʘʤʙʠʢʩʢʫʶ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʫʶ ʢʦʪʣʦʚʠʥʳ). ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʳʡ 

ʘʩʝʡʩʤʠʯʝʩʢʠʡ ʭʨʝʙʝʪ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ, ʧʨʦʩʪʠʨʘʶʱʝʝʩʷ ʥʘ 1300 ʢʤ. ɻʣʫʙʠʥʘ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʭʨʝʙʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2000 ʜʦ 3000 ʤ, ʭʦʪʷ ʧʦʜʚʦʜʥʘʷ ʛʦʨʘ 

ʥʘ ʶʞʥʦʡ ʝʛʦ ʧʦʣʦʚʠʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʨʫʪʦʡ ʦʪʢʦʩ ʥʘ ʟʘʧʘʜʥʦʡ 

ʩʪʦʨʦʥʝ ʩʧʫʩʢʘʝʪʩʷ ʚ ʄʦʟʘʤʙʠʢʩʢʫʶ ʢʦʪʣʦʚʠʥʫ ʛʣʫʙʠʥʦʡ 5000 ʤ, ʘ ʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ ʭʨʝʙʪʘ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʦʣʦʛʠʡ ʚʧʘʜʘʝʪ ʚ ʄʘʜʘʛʘʩʢʘʨʩʢʫ  ʁʢʦʪʣʦʚʠʥʫ ʛʣʫʙʠʥʦʡ 5000-6000 ʤ. ʅʘ ʩʝʚʝʨʝ 

ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʝʪ ʧʨʠʤʳʢʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʩʪʨʦʚʫ ʄʘʜʘʛʘʩʢʘʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢ ʶʛʫ 

ʛʣʫʙʠʥʘ ʜʥʘ ʦʢʝʘʥʘ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 3000 ʤ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʖʛʦ-ɿʘʧʘʜʥʳʡ 

ʀʥʜʠʡʩʢʠʡ ʭʨʝʙʝʪ (ʖɿʀʍ).  

ɺʦʟʨʘʩʪ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʘ ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘʧʨʷʤʫʶ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʦ ʩʠʭ ʧʦʨ ʚʝʜʫʪʩʷ ʩʧʦʨʳ ʦ ʩʪʨʦʝʥʠʠ ʢʦʨʳ ʠ ʣʠʪʦʩʬʝʨʳ. ʅʘ ʭʨʝʙʪʝ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ ʢʦʨʨʝʣʠʨʫʝʤʳʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ, ʭʦʪʷ çʤʘʛʥʠʪʥʳʡè ʨʝʣʴʝʬ ʦʯʝʥʴ ʠʟʨʝʟʘʥʥʳʡ. 

ɺ ʩʦʩʝʜʥʠʭ ʙʘʩʩʝʡʥʘʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʘʥʦʤʘʣʠʠ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʪʠʧʘ. ʂ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʚ 

ʄʘʜʘʛʘʩʢʘʨʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʭʨʝʙʝʪ ʩʨʝʟʘʝʪ ʘʥʦʤʘʣʠʠ 22-34 (53-80 ʤʣʥ ʣʝʪ), ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʘ 

ʎʝʥʪʨʘʣʴʥʦ-ʀʥʜʠʡʩʢʦʤ ʭʨʝʙʪʝ [Schlich, 1975]. ʂ ʶʛʦ-ʟʘʧʘʜʫ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʄʦʟʘʤʙʠʢʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʨʷʜ ʘʥʦʤʘʣʠʡ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʘ ʖɿʀʍ ʢ ʚʦʩʪʦʢʫ ʦʪ ʟʦʥʳ ʨʘʟʣʦʤʘ ʇʨʠʥʮʘ ʕʜʫʘʨʜʘ, 

ʫʩʪʘʨʝʚʘʶʪ ʥʘ ʩʝʚʝʨʝ ʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʥʘ ʘʥʦʤʘʣʠʠ 34 ʦʢʦʣʦ 33Á ʶ.ʰ. ʆ ʙʦʣʝʝ ʨʘʥʥʝʤ ʩʧʨʝʜʠʥʛʝ 

ʥʘ ʩʝʚʝʨʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʘʥʦʤʘʣʠʠ ʦʪ M2 ʜʦ M16, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʄʦʟʘʤʙʠʢʩʢʦʤ 

ʢʘʥʘʣʝ [Sinha et al., 1981]. 

ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʷʚʣʷʝʪʩʷ 

ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʤ, ʦʪʜʝʣʝʥʥʳʤ ʦʪ ʘʬʨʠʢʘʥʩʢʦʛʦ ʤʘʪʝʨʠʢʘ [Marks, Stock, 2001; Marks, Tikku, 

2001]. ʅʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʭʨʝʙʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʪʦʥʝʥʥʫʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ ʢʦʨʫ, ʧʦʢʨʳʪʫʶ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʜʣʷ ʝʛʦ ʶʞʥʦʡ ʯʘʩʪʠ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ [Fisher 

et al., 2017]. ʕʪʦʪ ʬʘʢʪ, ʥʘʨʷʜʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [Gohl et al., 2011], 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʶʞʥʦʡ ʯʘʩʪʠ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʙʫʨʝʥʠʷ DSDP, ʂʦʬʬʠʥ ʩ ʩʦʘʚʪʦʨʘʤʠ [Coffin, Eldholm, 1994] 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʝʪ ʢʘʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ ʢʦʨʫ, ʭʦʪʷ ʥʠ ʦʜʥʘ ʠʟ ʧʨʦʙʫʨʝʥʥʳʭ 

ʥʘ ʥʝʤ ʩʢʚʘʞʠʥ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʣʘ. ʉʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʘʶʪ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʝʚʝʨʥʘʷ ʠ ʶʞʥʘʷ ʯʘʩʪʠ ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʘ ʩʣʦʞʝʥʳ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʦʡ, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʚʦʟʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʩʪʠ ʛʦʨʷʯʠʭ ʪʦʯʝʢ 

ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ [Sinha et al., 1981; Mahoney et al., 1991]. ʂ ʶʛʫ ʦʪ ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜʥʷʪʠʝ, ʧʨʦʩʪʠʨʘʶʱʠʝʩʷ ʜʦ ʮʝʥʪʨʘ ʩʧʨʝʜʠʥʛʘ ʖɿʀʍ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʩʣʝʜ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʄʘʨʠʦʥ [Zhang et al., 2011]. 

ɺ ʘʥʦʤʘʣʴʥʦʤ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ʄʦʟʘʤʙʠʢʩʢʠʡ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ 

ʭʨʝʙʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ (ʨʠʩʫʥʦʢ 3.5, ʘ). ʖʞʥʘʷ ʯʘʩʪʴ ʧʦʜʥʷʪʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ. ɸʤʧʣʠʪʫʜʘ ʥʘʜ ʶʞʥʦʡ ʯʘʩʪʴʶ 

ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ ʜʦʩʪʠʛʘʝʪ ʜʦ 85 ʤɻʘʣ, ʘ ʥʘʜ ʄʘʜʘʛʘʩʢʘʨʩʢʠʤ ʭʨʝʙʪʦʤ ʜʦ 100 ʤɻʘʣ. ʊʘʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʘʥʦʤʘʣʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʥʷʪʠʡ. ʅʘ ʩʝʚʝʨʝ ʭʨʝʙʪʦʚ ʘʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 40 ʤɻʘʣ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʘʣʠʯʠʠ ʫʪʦʥʝʥʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. 

ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʚ ʵʪʦʡ ʯʘʩʪʠ ʬʠʢʩʠʨʫʝʪʩʷ ʘʥʦʤʘʣʠʷʤʠ ʜʦ 35 ʤɻʘʣ. ʅʘʜ ʄʘʜʘʛʘʩʢʘʨʩʢʠʤ 

ʭʨʝʙʪʦʤ ʘʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 30 ʤɻʘʣ. ʉ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʄʦʟʘʤʙʠʢʩʢʦʛʦ 

ʭʨʝʙʪʘ ʠ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʚʳʜʝʣʷʶʪʩʷ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʳʝ ʚ ʶʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ ʜʦ -75 

ʤɻʘʣ. ɼʘʥʥʳʝ ʘʥʦʤʘʣʠʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʦʤʥʳʤʠ ʟʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʄʦʟʘʤʙʠʢʩʢʦʡ 

ʢʦʪʣʦʚʠʥʝ. ʄʦʟʘʤʙʠʢʩʢʘʷ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʘʷ ʢʦʪʣʦʚʠʥʳ ʠ ʜʦʣʠʥʘ ʅʘʪʘʣ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʥʦʤʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ, ʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʢʘ (ʦʪ -25 ʜʦ +25 ʤɻʘʣ). 
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ʘ) 

 

ʙ) 

 
ʈʠʩʫʥʦʢ 3.5. ʂʘʨʪ rʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ (ʘ) ʧʦ ʜʘʥʥʳʤ 

[Sandwell et al., 2014] ʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ 2.67 ʛ/ʩʤ3 (ʙ) ʥʘʜ 

ʄʦʟʘʤʙʠʢʩʢʠʤ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʠʤ ʭʨʝʙʪʘʤʠ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʥʦʤʝʨʘ ʧʨʦʬʠʣʝʡ 

ʧʣʦʪʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 2 ï ʦʩʴ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ, 3 ï ʩʢʚʘʞʠʥ rʛʣʫʙʦʢʦʚʦʜʥʦʛʦ 

ʙʫʨʝʥʠʷ DSDP [Simpson et al., 1974]. ʖɿʀʍ ï ʖʛʦ-ɿʘʧʘʜʥʳʡ ʀʥʜʠʡʩʢʠʡ ʭʨʝʙʝʪ  

ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʭʨʝʙʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʥʦʤʘʣʠʡ (ʨʠʩʫʥʦʢ 3.5, ʙ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʦʤʘʣʠʡ 

ʥʘʜ ʄʦʟʘʤʙʠʢʩʢʠʤ ʭʨʝʙʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 200 ʜʦ 350 ʤɻʘʣ, ʥʘʜ ʄʘʜʘʛʘʩʢʘʨʩʢʠʤ ï ʦʪ 170 ʜʦ 

390 ʤɻʘʣ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (ʨʘʡʦʥ ʧʨʦʬʠʣʷ 3) ʘʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʡ ʥʘʜ ʄʦʟʘʤʙʠʢʩʢʠʤ 

ʭʨʝʙʪʦʤ ʜʦʩʪʠʛʘʝʪ ʜʦ 120 ʤɻʘʣ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʄʝʞʜʫ 27Áï35Á ʶ.ʰ. ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʙʣʦʢʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʘʥʦʤʘʣʠʡ (ʜʦ 320 ʤɻʘʣ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʧʨʝʜʠʥʛʦʤ ʖɿʀʍ. ʅʘ ʶʛʝ 

ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʦʤʘʣʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 115 ʤɻʘʣ (ʦʙʣʘʩʪʴ ʧʨʦʬʠʣʷ 

3), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʤʘʪʠʟʤʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʜʘʣʴʰʝ ʥʘ ʶʛ, ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʘʷ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʘʥʦʤʘʣʠʷ, ʢʦʪʦʨʘʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʦʪ 250-ʜʦ 350 ʤɻʘʣ. ɼʘʥʥʘʷ ʘʥʦʤʘʣʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚ̫ʟʘʥʘ ʩʦ ʩʣʝʜʦʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʄʘʨʠʦʥ [Zhang et al., 2011]. 

ʂʦʪʣʦʚʠʥʳ, ʦʢʦʥʪʫʨʠʚʰʠʝ ʧʦʜʥʷʪʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ ʧʦʚʳʰʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ (ʜʦ 650 ʤɻʘʣ), ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʦʪʣʦʚʠʥ ʩ ʦʢʝʘʥʠʯʝʩʢʠʤ ʪʠʧʦʤ ʢʦʨʳ. 

ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʜʦʣʠʥʳ ʅʘʪʘʣ ʦʙʣʘʜʘʝʪ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʥʦʤʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 
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ʧʦʣʷ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 170 ʜʦ 350 ʤɻʘʣ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʣʠʯʠʝ ʫʪʦʥʝʥʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʚ ʩʪʨʦʝʥʠʠ ʜʦʣʠʥʳ. 

ʅʘ ʢʘʨʪʝ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ æʊʘ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʘʥʦʤʘʣʠʠ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ 

ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʤ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʳʝ ʘʥʦʤʘʣʠʠ 

ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ï ʭʘʦʪʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʚʳʨʘʞʝʥʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʨʠʩʫʥʦʢ 3.6). ɸʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʡ ʚʘʨʴʠʨʫʝʪ ʦʪ -300 ʜʦ +500 ʥʊʣ, 

ʧʨʠʯʝʤ ʩʘʤʳʝ ʠʥʪʝʥʩʠʚʥʳʝ ʘʥʦʤʘʣʠʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʶʞʥʫʶ ʯʘʩʪʴ ʭʨʝʙʪʘ. ʕʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ.  

ʅʘ ʩʝʚʝʨʝ ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʣʠʥʝʡʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 

ʦʢʝʘʥʠʯʝʩʢʦʤ ʪʠʧʝ ʢʦʨʳ (ʨʠʩʫʥʦʢ 3.6). ɸʤʧʣʠʪʫʜʘ ʵʪʠʭ ʘʥʦʤʘʣʠʡ ʚʳʰʝ, ʯʝʤ ʚ ʶʞʥʦʡ ʯʘʩʪʠ, ʧʦʣʝ 

ʤʝʥʷʝʪʩʷ ʦʪ -500 ʜʦ +400 ʥʊʣ. ɺʦʟʤʦʞʥʦ, ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʘʥʦʤʘʣʠʡ ʩʚʷʟʘʥʘ ʩ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ. ʅʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʘ ʘʥʦʤʘʣʠʠ 

ʧʨʠʦʙʨʝʪʘʶʪ ʭʘʦʪʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʠʭ ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ -200 ʜʦ +200 ʥʊʣ. 

 
ʈʠʩʫʥʦʢ 3.6. ʂʘʨʪʘ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʜ ʄʦʟʘʤʙʠʢʩʢʠʤ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʠʤ 

ʭʨʝʙʪʘʤʠ ʧʦ ʜʘʥʥʳʤ [Maus et al., 2009]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩʫʥʢʝ 3.5 

ɺ ʧʦʣʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ 

ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʨʘʜʠʝʥʪʥʦʡ ʟʦʥʦʡ ʩʦ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʦ 

260 ʤɻʘʣ ʠ ʙʦʣʝʝ (ʨʠʩʫʥʦʢ 3.7, ʘ). ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʪʷʥʫʪʦʡ ʦʙʣʘʩʪʴʶ ʩ ʝʱʝ 

ʙʦʣʝʝ ʥʠʟʢʠʤʠ (~360 ʤɻʘʣ) ʟʥʘʯʝʥʠʷʤʠ (ʨʠʩʫʥʦʢ 3.7, ʘ). ʉ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʦʪ 
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ʭʨʝʙʪʘ ʚʳʜʝʣʷʶʪʩʷ ʦʙʣʘʩʪʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ (ʜʦ 480 ʤɻʘʣ), ʢʦʪʦʨʳʝ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʄʦʟʘʤʙʠʢʩʢʦʡ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʦʡ ʢʦʪʣʦʚʠʥʘʤ.  

ʘ) 

 

ʙ) 

 
ʈʠʩʫʥʦʢ 3.7. ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ (ʘ) ʠ ʩʨʝʜʥʝʯʘʩʪʦʪʥʘʷ (ʙ) ʢʦʤʧʦʥʝʥʪʳ ʘʥʦʤʘʣʴʥʦʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʥʘʜ ʄʦʟʘʤʙʠʢʩʢʠʤ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʠʤ ʭʨʝʙʪʘʤʠ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩʫʥʢʝ 3.5 

ɺ ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʨʘʞʝʥʥʳʤ 

ʤʠʥʠʤʫʤʦʤ, ʘʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʡ ʚʘʨʴʠʨʫʝʪ ʦʪ ï45 ʜʦ 10 ʤɻʘʣ (ʨʠʩʫʥʦʢ 3.7, ʙ). ɺ ʵʪʦʡ 

ʢʦʤʧʦʥʝʥʪʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ ʥʘ ʪʨʠ ʙʣʦʢʘ: ʩʝʚʝʨʥʳʡ, 

ʮʝʥʪʨʘʣʴʥʳʡ ʠ ʶʞʥʳʡ. ʎʝʥʪʨʘʣʴʥʳʡ ʙʣʦʢ ʚ ʨʘʡʦʥʝ ʧʨʦʬʠʣʷ 3 ʠʤʝʝʪ ʩʘʤʫʶ ʥʠʟʢʫʶ ʘʤʧʣʠʪʫʜʫ 

ʧʦʣʷ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʢʦʨʳ. ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʝʪ, ʢʘʢ 

ʠ ʄʦʟʘʤʙʠʢʩʢʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʧʦʣʝ ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʳʨʘʞʝʥʥʳʤ 

ʤʠʥʠʤʫʤʦʤ, ʥʦ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ (ï50 õ ï10 ʤɻʘʣ). ɺ ʵʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʨʝʙʝʪ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʙʣʦʢʘ: ʩʝʚʝʨʥʳʡ ʠ ʶʞʥʳʡ (ʨʠʩʫʥʦʢ 3.7, ʙ). ʉʝʚʝʨʥʳʡ ʙʣʦʢ ʷʚʣʷʝʪʩʷ ʢʘʢ ʙʳ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʦʩʪʨʦʚʘ ʄʘʜʘʛʘʩʢʘʨ ʩ ʶʛʦ-ʚʦʩʪʦʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʘʤʧʣʠʪʫʜʦʡ ʘʥʦʤʘʣʠʡ ʜʦ 

- 35 ʤɻʘʣ. ʖʞʥʳʡ, ʚ ʨʘʡʦʥʝ ʧʨʦʬʠʣʷ 3, ʠʤʝʝʪ ʧʦʯʪʠ ʠʟʦʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ ʘʥʦʤʘʣʠʠ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʧʘʜʘʝʪ ʜʦ ʤʠʥʠʤʫʤʘ -60 ʤɻʘʣ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʢʦʨʳ. 

ɺ ʧʦʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ Vzz ʣʫʯʰʝ ʚʳʜʝʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʜʥʷʪʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʪʝʥʩʠʚʥʳʤʠ ʣʦʢʘʣʴʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ. ɺ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʝ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʨʘʟʥʦʩʪʠ ʘʥʦʤʘʣʠʡ, ʧʝʨʝʩʯʠʪʘʥʥʳʭ ʥʘ ʚʳʩʦʪʫ 0 

ʠ 50 ʢʤ, ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʥʳʤ ʤʠʥʠʤʫʤʦʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʦʤʘʣʠʡ 
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ʠʟʤʝʥʷʝʪʩʷ ʦʪ ï120 ʜʦ ï20 ʤɻʘʣ. ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʝʪ ʚʳʜʝʣʷʝʪʩʷ ʧʦʭʦʞʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ 

ʢʦʤʧʦʥʝʥʪʳ (ï120 õ ï35 ʤɻʘʣ). ʂʘʢ ʠ ʚ ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʧʦʣʷ, ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʙʣʦʢʘ ʚ ʩʪʨʦʝʥʠʠ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ ʠ ʜʚʘ ʙʣʦʢʘ ï ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ, ʥʦ ʙʦʣʝʝ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʳ ʛʨʘʥʠʮʳ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʪʨʫʢʪʫʨ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚʙʣʠʟʠ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʠ ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʦʚ. 
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ʊʘʙʣʠʮʘ 1. ɻʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʄʦʟʘʤʙʠʢʩʢʦʛʦ, ʄʘʜʘʛʘʩʢʘʨʩʢʦʛʦ ʭʨʝʙʪʦʚ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢʦʪʣʦʚʠʥ 

ʅʘʟʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ / 

ʧʘʨʘʤʝʪʨʳ 

ʄʦʟʘʤʙʠʢʩʢʠʡ ʭʨʝʙʝʪ ʄʘʜʘʛʘʩʢʘʨʩʢʠʡ ʭʨʝʙʝʪ 

ʄʦʟʘʤʙʠʢʩʢʘʷ 

ʢʦʪʣʦʚʠʥʘ 

ʄʘʜʘʛʘʩʢʘʨʩ

ʢʘʷ 

ʢʦʪʣʦʚʠʥʘ 

ɼʦʣʠʥʘ ʅʘʪʘʣ 

ʩʝʚʝʨʥʳʡ ʩʝʢʪʦʨ 
ʮʝʥʪʨʘʣʴʥʳʡ 

ʩʝʢʪʦʨ 
ʶʞʥʳʡ ʩʝʢʪʦʨ 

ʩʝʚʝʨʥʳʡ 

ʩʝʢʪʦʨ 

ʮʝʥʪʨʘʣʴʥʳʡ 

ʩʝʢʪʦʨ 
ʶʞʥʳʡ ʩʝʢʪʦʨ 

ʩʝʚʝʨʥʳʡ 

ʩʝʢʪʦʨ 

ʮʝʥʪʨʘʣʴʥ

ʳʡ ʠ 

ʶʞʥʳʡ 

ʩʝʢʪʦʨʳ 

ɺʦʟʨʘʩʪ, ʤʣʥ ʣʝʪ 115ï145 107ï121 102ï118 92ï118 70ï90 35ï55 65ï125 68ï86 100ï130 

ʄʦʱʥʦʩʪʴ 

ʦʩʘʜʢʦʚ, ʤ 
860ï2000 980ï2100 1000ï1500 350ï900 400ï600 100ï400 400ï2200 100ï400 770ï2800 

ʄʦʱʥʦʩʪʴ 

ʟʝʤʥʦʡ ʢʦʨʳ, ʢʤ 
17ï25 14ï17 17ï23 16ï27 15ï20 10ï15 11ï15 13ï18 

Dgɹ, ʤɻʘʣ 107ï215 142ï234 244ï316 117ï235 126ï253 209ï293 296ï394 304ï375 248ï327 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʘ

ʷ ʢʦʤʧʦʥʝʥʪʘ Vzz 

(ɹʫʛʝ), ʕ 

ī2.3õ2.4 ī2.9õ2.2 ī0.6õ0.7 ī3.6õ3.2 ī2.4õ2.3 ī1.2õ1.3 ī1.3õ2.7  ī1.3õ2.7  ī1.9õ1.3  

ʉʨʝʜʥʝʯʘʩʪʦʪʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ 

(ɹʫʛʝ), ʤɻʘʣ 

ī18õ3 (ī8) ī21õ ī2 (ī10) 2õ10 (5) ī20õ3 (ī8) ī31õ9 (ī10) ī5õ10 (5) 10õ27 (20) 10õ36 (20) 5õ20 (10) 

ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ 

(ɹʫʛʝ), ʤɻʘʣ 

160ï230 (195) 230ï270 (250) 270ï290 (280) 
190ï245 

(220) 

230ï260 

(255) 
245ï265 (255) 235ï313 (280) 

240ï260 

(250) 
220ï275 (245) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

VP (ʟʝʤʥʘʷ ʢʦʨʘ) 
ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʅʝ ʚʳʜʝʣʷʝʪʩʷ 

ʇʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

VP (ʚʝʨʭʥʷʷ 

ʤʘʥʪʠʷ) 

ʅʝ ʚʳʜʝʣʷʝʪʩʷ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʥʦʤʘʣʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʍʘʦʪʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʟʥʘʢʦʚʳʭ ʘʥʦʤʘʣʠʡ 

ʃʠʥʝʡʥʳʝ 

ʘʥʦʤʘʣʠʠ 

ʚʦʩʪʦʢ-ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ 

ʃʠʥʝʡʥʳʝ 

ʘʥʦʤʘʣʠʠ 

ʚʦʩʪʦʢ-

ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʠ 

ʟʘʧʘʜ-ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ 

ʍʘʦʪʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʘʟʥʦʟʥʘʢʦʚʳʭ ʘʥʦʤʘʣʠʡ 

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠʚʝʜʝʥʳ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʤʠʥʠʤʫʤðʤʘʢʩʠʤʫʤ); ʚ ʩʢʦʙʢʘʭ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. ægɹ ï ʘʥʦʤʘʣʴʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ 

ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ
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3.3. ʇʦʜʥʷʪʠʷ ʄʝʪʝʦʨ ʠ ɸʡʣʦʩ ʆʨʢʘʜʘʩ3 

ʇʦʜʥʷʪʠʷ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʠ ʄʝʪʝʦʨ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ɸʥʪʘʨʢʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʶʞʥʦʛʦ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ (ʨʠʩʫʥʦʢ 3.8). ʆʥʠ ʷʚʣʷʶʪʩʷ ʩʦʧʨʷʞʝʥʥʳʤʠ ʘʩʝʡʩʤʠʯʝʩʢʠʤʠ ʭʨʝʙʪʘʤʠ, 

ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚ ʧʦʟʜʥʝʤ ʤʝʣʫ ï ʨʘʥʥʝʤ ʧʘʣʝʦʮʝʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ 

ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ (ʶʞʥʳʡ ʩʝʛʤʝʥʪ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ (ʖʉɸʍ)) 

[ɼʫʙʠʥʠʥ ʠ ʜʨ., 1999; LaBrecque et al., 1987; Raymond et al., 1991]. 

ʇʦʜʥʷʪʠʝ ʄʝʪʝʦʨ ʨʘʩʧʦʣʦʞʝʥʦ ʢ ʚʦʩʪʦʢʫ ʦʪ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ (ʉɸʍ) 

ʤʝʞʜʫ 3Á ʠ 12Á ʚ.ʜ. ʠ ʠʤʝʝʪ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʙʦʣʝʝ 350 ʢʤ. 

ʇʦʜʥʷʪʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʠʨʦʢʦʝ ʧʣʘʪʦ, ʚʦʟʚʳʰʘʶʱʝʝʩʷ ʜʦ ʛʣʫʙʠʥʳ 2500 ʤ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ 

ʦʪʜʝʣʷʝʪ ʧʦʟʜʥʝʤʝʣʦʚʫʶ ʢʦʨʫ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʥʘ ʧʘʣʝʦʩʧʨʝʜʠʥʛʦʚʦʤ ʭʨʝʙʪʝ ɸʛʫʣʴʷʩ, ʦʪ ʙʦʣʝʝ 

ʤʦʣʦʜʦʡ ʧʦʟʜʥʝʧʘʣʝʦʮʝʥʦʚʦʡ ʢʦʨʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʤʦʣʦʜʦʤ ʩʧʨʝʜʠʥʛʦʚʦʤ ʩʝʛʤʝʥʪʝ ʉɸʍ 

(ʚʦʩʪʦʯʥʳʡ ʬʣʘʥʛ) [Evans et al., 2004]. ʕʪʦʪ ʜʦʚʦʜ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ 24 (~55 

ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʩ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʧʦʜʥʷʪʠʷ ʠ ʘʥʦʤʘʣʠʠ 34-32 ʩ ʚʦʩʪʦʯʥʦʡ. ɼʘʥʥʳʭ ʦ 

ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʷʭ ʥʘ ʧʦʜʥʷʪʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʩʫʱʝʩʪʚʫʶʪ ʣʠ ʥʘ ʥʝʤ 

ʘʥʦʤʘʣʠʠ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʪʠʧʘ.  

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʦʜʥʷʪʠʷ ʄʝʪʝʦʨ, ʚʙʣʠʟʠ ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʛʘʡʦʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʧʦʜʥʷʪʠʷ ʄʝʪʝʦʨ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʜʚʦʜʥʳʝ ʛʦʨʳ, ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʥʠʭ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʜʥʷʪʠʝʤ ʄʝʪʝʦʨ, ʜʨʫʛʠʝ ʦʙʨʘʟʦʚʘʥʳ ʧʦʟʜʥʝʝ, ʥʘ ʙʦʣʝʝ 

ʤʦʣʦʜʦʡ ʢʦʨʝ. ɺʝʨʦʷʪʥʦ, ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʦʜʚʦʜʥʳʭ ʛʦʨ ʦʢʘʟʘʣʘ ʛʦʨʷʯʘʷ 

ʪʦʯʢʘ ʐʦʥʘ.  

ʅʘ ʧʦʜʥʷʪʠʠ ʄʝʪʝʦʨ ʧʦ ʧʨʦʛʨʘʤʤʝ ʦʢʝʘʥʩʢʦʛʦ ʙʫʨʝʥʠʷ ʧʨʦʙʫʨʝʥʳ ʩʢʚʘʞʠʥʳ 703 ʠ 704 

ODP ʢʦʪʦʨʳʤʠ ʧʦʜ ʦʪʣʦʞʝʥʠʷʤʠ ʨʘʥʝʛʦ ʵʦʮʝʥʘ ʚʩʢʨʳʪ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ. ʇʦ ʤʥʝʥʠʶ 

ʛʨʫʧʧʳ ʘʚʪʦʨʦʚ ʧʨʦʛʨʘʤʤʳ ODP [Shipboard Scientific Party, 1988], ʜʘʥʥʦʝ ʧʦʜʥʷʪʠʝ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʚ ʨʘʥʥʝʤ ʧʘʣʝʦʮʝʥʝ ʠ ʬʠʢʩʠʨʫʝʪ ʤʝʩʪʦ 

ʥʘʯʘʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʶʞʥʦʛʦ ʩʝʛʤʝʥʪʘ ʉɸʍ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʢʦʢʘ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ 

ɸʛʫʣʴʩ. 

                                                           
3 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʚ 
ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

 

1. ʈʳʞʦʚʘ ɼ.ɸ., ʂʦʩʥʳʨʝʚʘ ʄ.ɺ., ɼʫʙʠʥʠʥ ɽ.ʇ., ɹʫʣʳʯʝʚ ɸ.ɸ. ʉʪʨʦʝʥʠʝ ʪʝʢʪʦʥʦʩʬʝʨʳ ʧʦʜʥʷʪʠʡ ʄʝʪʝʦʨ ʠ 

ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʝʡ // ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ï 2022. ï ʊ. 23. ï ˉ 4. 

ï ʉ. 5ï22. RSCI (1.37 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 70%)/ ʀʤʧʘʢʪ-ʬʘʢʪʦʨ SJR, 2021: 0.137. 
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ʇʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʨʘʩʧʦʣʦʞʝʥʦ ʢ ʟʘʧʘʜʫ ʦʪ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ 

ʤʝʞʜʫ 30Á ʠ 21Á ʟ.ʜ. ʠ ʦʙʨʘʟʫʝʪ ʚʦʩʪʦʯʥʫʶ ʛʨʘʥʠʮʫ ʢʦʪʣʦʚʠʥʳ ɻʝʦʨʛʠʷ. ʇʦʜʥʷʪʠʝ ʚʳʪʷʥʫʪʦ ʚ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʢʦʣʦ 500 ʢʤ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʧʨʠʣʝʛʘʝʪ ʢ ʢʦʨʝ 

ʢʦʪʣʦʚʠʥʳ ɻʝʦʨʛʠʷ ʩʨʝʜʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ [Brenner, LaBrecque, 1988]. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʧʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʦʡ, ʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʦʝ ʧʣʘʪʦ. ɺʦʟʨʘʩʪ ʧʦʜʥʷʪʠʷ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʧʦ 

ʜʘʥʥʳʤ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʤʦʨʩʢʦʛʦ ʙʫʨʝʥʠʷ (ʩʢʚʘʞʠʥʘ 702 ODP) ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 62 ʤʣʥ ʣʝʪ 

[Bradford, Hailwood, 1991].   

 
ʈʠʩʫʥʦʢ 3.8. ʈʝʣʴʝʬ ʜʥʘ ʖʞʥʦʡ ɸʪʣʘʥʪʠʢʠ ʧʦ ʜʘʥʥʳʤ [Sandwell et al., 2014]. 

ʇʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʚʳʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʧʦʜʨʦʙʥʳʭ ʢʘʨʪ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʥʷʪʠʡ ɸʡʣʦʩ 

ʆʨʢʘʜʘʩ ʠ ʄʝʪʝʦʨ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʩʴ ʧʘʣʝʦʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ɸʛʫʣʴʷʩ, 2 ï ʦʩʴ 

ʩʧʨʝʜʠʥʛʦʚʳʭ ʭʨʝʙʪʦʚ, 3 ï ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʘʷ ʨʘʟʣʦʤʥʘʷ ʟʦʥʘ. ɸɸʍ ï ɸʤʝʨʠʢʘʥʦ-

ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ, ɸʬɸʍ ï ɸʬʨʠʢʘʥʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ, ɸʆ ï ʧʦʜʥʷʪʝ ɸʡʣʦʩ 

ʆʨʢʘʜʘʩ, ɸʌ ï ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʘʷ ʨʘʟʣʦʤʥʘʷ ʟʦʥʘ, ɸʬɸʍ ï ɸʬʨʠʢʘʥʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ 

ʭʨʝʙʝʪ, ʉɺɻ ï ʧʦʜʥʷʪʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ, ʍɸ ï ʭʨʝʙʝʪ ɸʛʫʣʴʷʩ  

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʦʜʥʷʪʠʷ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʠ ʄʝʪʝʦʨ ʷʚʣʷʶʪʩʷ ʩʦʧʨʷʞʝʥʥʳʤʠ 

ʘʩʝʡʩʤʠʯʝʩʢʠʤʠ ʭʨʝʙʪʘʤʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ 

ʐʦʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʠʬʪʦʛʝʥʥʦʛʦ ʨʘʩʢʦʣʘ ʣʠʪʦʩʬʝʨʳ ʧʣʠʪʳ ɸʛʫʣʴʷʩ [LaBrecque, Hayes, 1979, 

Roex et al., 2010] ʧʨʠʤʝʨʥʦ 59 ʤʣʥ ʣʝʪ ʥʘʟʘʜ [Kent, Gradstein, 1986]. 
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ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʜʥʷʪʠʷʤʠ ʦʪʤʝʯʘʶʪʩʷ ʚ ʠʟʨʝʟʘʥʥʦʤ ʠ 

ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʝʣʴʝʬʘ ʜʥʘ ʠ ʬʫʥʜʘʤʝʥʪʘ. ɺʫʣʢʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʐʦʥʘ, [LaBrecque, Hayes, 1979; Roex et al., 2010; Sleep, 2002] ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʙʦʣʴʰʝ ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʶʞʥʳʭ ʯʘʩʪʷʭ ʧʦʜʥʷʪʠʡ ʠ, ʩʫʜʷ ʧʦ ʩʪʨʦʝʥʠʶ ʨʝʣʴʝʬʘ, 

ʙʳʣʘ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʚ ʨʘʡʦʥʝ ʧʦʜʥʷʪʠʷ ʄʝʪʝʦʨ. ʈʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʬʫʥʜʘʤʝʥʪʘ ʜʚʫʭ 

ʧʦʜʥʷʪʠʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʫʣʢʘʥʠʟʤʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʢʦʪʦʨʦʡ 

ʘʩʠʤʤʝʪʨʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʠʬʪʦʛʝʥʝʟʘ, ʚ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʜʥʷʪʠʷ.  

ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ʧʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʦ 50 ʤɻʘʣ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠ ̫ (ʨʠʩʫʥʦʢ 3.9, ʘ). ʅʘ 

ʧʦʜʥʷʪʠʠ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʠʟʦʤʝʪʨʠʯʥʳʝ 

ʘʥʦʤʘʣʠʠ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 150 ʤɻʘʣ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʦʜʥʷʪʠʝ ʦʢʦʥʪʫʨʝʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ ʜʦ -80 ʤɻʘʣ, ʧʨʠʫʨʦʯʝʥʳʤʠ ʢ ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ. ʅʘ ʶʛʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʖʞʥʦ-

ʉʘʥʜʚʠʯʝʚʳʤ ʞʝʣʦʙʦʤ. ɸʤʧʣʠʪʫʜʘ ʜʘʥʥʦʡ ʘʥʦʤʘʣʠʠ ʜʦʩʪʠʛʘʝʪ ʜʦ -280 ʤɻʘʣ. ʉʣʝʜʦʤ ʟʘ ʵʪʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʘʤʧʣʠʪʫʜʦʡ 

ʜʦ 195 ʤɻʘʣ, ʩʚʷʟʘʥʥʘʷ ʩ ʖʞʥʳʤʠ ʉʘʥʜʚʠʯʝʚʳʤʠ ʦʩʪʨʦʚʘʤʠ. ʉ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʧʦʜʥʷʪʠʷ 

ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩʧʦʢʦʡʥʦʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʢʘ (-15 õ 

+15 ʤɻʘʣ). ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠʟʦʤʝʪʨʠʯʥʘʷ ʘʥʦʤʘʣʠʷ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʚʦʩʪʦʯʥʫʶ, ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʫʶ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʘʤʧʣʠʪʫʜʦʡ ʜʦ 85 ʤɻʘʣ ʠ ʟʘʧʘʜʥʫʶ, ʢʦʪʦʨʘʷ ʚʳʪʷʥʫʪʘ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘʤʧʣʠʪʫʜʦʡ ʜʦ 

55 ʤɻʘʣ. ɼʘʥʥʘʷ ʘʥʦʤʘʣʠʷ ʩʚʷʟʘʥʘ ʩ ʧʦʜʥʷʪʠʝʤ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ. 

ʇʦʜʥʷʪʠʝ ʄʝʪʝʦʨ ʚ ʘʥʦʤʘʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʚ ʨʝʜʫʢʮʠʠ ʟʘ ʩʚʦʙʦʜʥʳʡ ʚʦʟʜʫʭ 

ʚʳʜʝʣʷʝʪʩʷ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʦʡ ʠʥʪʝʥʩʠʚʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ (ʜʦ 70 ʤɻʘʣ), ʢʦʪʦʨʘʷ 

ʦʢʦʥʪʫʨʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ (ʜʦ -50 ʤɻʘʣ) (ʨʠʩʫʥʦʢ 3.9, ʙ). ʅʘ ʶʛʝ ʧʦʜʥʷʪʠʝ 

ʦʢʦʥʪʫʨʝʥʦ ʧʦʷʩʦʤ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʳʭ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʘʥʦʤʘʣʠʡ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʢʘ (ʜʦ -80 ʤɻʘʣ), ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʟʦʤʝʪʨʠʯʥʳʝ ʘʥʦʤʘʣʠʠ ʜʦ 170 ʤɻʘʣ, ʬʠʢʩʠʨʫʝʤʳʝ ʥʘʜ ʩʪʨʫʢʪʫʨʘʤʠ ʧʦʜʚʦʜʥʳʭ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʦʨ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ, ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʘʷ ʚ 

ʩʫʙʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʘʥʦʤʘʣʠʷ, ʘʤʧʣʠʪʫʜʦʡ ʜʦ -70 ʤɻʘʣ, ʦʢʦʥʪʫʨʝʥʥʘʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʜʦ 80 ʤɻʘʣ), ʩʚʷʟʘʥʥʘʷ ʩ ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʦʡ. 

ʉ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ ʢ ʧʦʜʥʷʪʠʶ ʄʝʪʝʦʨ ʧʨʠʣʝʛʘʝʪ ʦʙʣʘʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʩʧʦʢʦʡʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʣʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʚʘʨʴʠʨʫʶʱʠʤ ʦʪ -30 ʜʦ 15 ʤɻʘʣ. ɺ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʣʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʞʝ ʩʧʦʢʦʡʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʢʘ (ʜʦ 20 ʤɻʘʣ). ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʢ ʚʦʩʪʦʢʫ ʦʪ ʧʦʜʥʷʪʠʷ 
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ʄʝʪʝʦʨ ʙʦʣʝʝ ʤʦʱʥʦʡ ʣʠʪʦʩʬʝʨʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʪʦʩʬʝʨʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʢ ʟʘʧʘʜʫ ʦʪ ʥʝʛʦ. 

ɺ ʚʦʩʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʦʪʤʝʯʘʝʪʩʷ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʘʷ ʚ ʩʫʙʤʝʨʠʜʠʘʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʘʥʦʤʘʣʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʢʘ (ʜʦ -40 ʤɻʘʣ), ʢʦʪʦʨʘʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʦʪʤʝʨʰʝʤʫ ʩʧʨʝʜʠʥʛʦʚʦʤʫ 

ʭʨʝʙʪʫ ɸʛʫʣʴʷʩ (ʄʘʣʴʚʠʥʘʩ). 

ʘ) 

 

ʙ) 

 
ʈʠʩʫʥʦʢ 3.9. ʂʘʨʪ rʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ʧʦʜʥʷʪʠʡ ɸʡʣʦʩ ʆʨʢʘʜʘʩ 

(ʘ) ʠ ʄʝʪʝʦʨ (ʙ) ʧʦ ʜʘʥʥʳʤ [Sandwell et al., 2014]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʥʦʤʝʨʘ ʧʨʦʬʠʣʝʡ 

ʧʣʦʪʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 2 ï ʩʢʚʘʞʠʥ rʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ ODP [Cooper et al., 2004], 

3 ï ʦʩʴ ʧʘʣʝʦʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ɸʛʫʣʴʷʩ. ʉɺɻ ï ʧʦʜʥʷʪʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ 

ʇʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʧʨʦʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʠʝʡ 

ʛʨʫʰʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʩʣʝʛʢʘ ʚʳʪʷʥʫʪʦʡ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɸʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʠ 

ʤʝʥʷʝʪʩʷ ʦʪ 220 ʜʦ 420 ʤɻʘʣ (ʨʠʩʫʥʦʢ 3.10, ʘ). ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ 

ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʘʷ ʘʥʦʤʘʣʠʷ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʣʷ (ʜʦ 830 ʤɻʘʣ), ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ ʖʞʥʦ-

ʉʘʥʜʚʠʯʝʚʫ ʞʝʣʦʙʫ. ʉ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ ʥʘ ʬʦʥʝ ʩʧʦʢʦʡʥʦʛʦ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ 

(500ï550 ʤɻʘʣ) ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʪʷʥʫʪʘʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʘʥʦʤʘʣʠʷ ʧʦʥʠʞʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʦʡ ʦʪ 170 ʜʦ 300 ʤɻʘʣ. ʕʪʘ ʘʥʦʤʘʣʠʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʧʦʥʷʪʠʶ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ 

ɻʝʦʨʛʠʷ. ʂ ʚʦʩʪʦʢʫ ʦʪ ʧʦʜʥʷʪʠʷ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʧʦʣʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʦʢʦʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʨʷʜʢʘ 570 ʤɻʘʣ. 

ɺ ʘʥʦʤʘʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʧʦʜʥʷʪʠʝ ʄʝʪʝʦʨ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʨʫʰʝʚʠʜʥʦʡ ʬʦʨʤʦʡ ʘʥʦʤʘʣʠʠ, ʚʳʪʷʥʫʪʦʡ ʚ ʪʦʤ ʞʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɸʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʠ ʯʫʪʴ ʤʝʥʴʰʝ ï ʦʪ 200 ʜʦ 385 ʤɻʘʣ (ʨʠʩʫʥʦʢ 3.10, ʙ). ʖʞʥʝʝ 

ʧʦʜʥʷʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʩ ʠʟʦʤʝʪʨʠʯʥʳʭ ʘʥʦʤʘʣʠʡ ʩ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ (ʦʪ -15 ʜʦ 

120 ʤɻʘʣ), ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʧʦʜʚʦʜʥʳʤ ʛʦʨʘʤ. ʅʘ ʟʘʧʘʜʝ ʠ ʚʦʩʪʦʢʝ ʦʪ ʧʦʜʥʷʪʠʷ 

ʄʝʪʝʦʨ ʘʥʦʤʘʣʠʠ ʧʦʣ̫ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 
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ʣʠʥʝʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʩʫʙʰʠʨʦʪʥʦʤ ʠ ʩʫʙʤʝʨʠʜʠʘʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʘʤʧʣʠʪʫʜʦʡ ʜʦ 600 ʤɻʘʣ. ɼʘʥʥʳʝ ʘʥʦʤʘʣʠʠ ʧʨʠʫʨʦʯʝʥʳ ʩ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ ʢ ʟʦʥʘʤ ʨʘʟʣʦʤʦʚ, ʘ 

ʥʘ ʚʦʩʪʦʢʝ ï ʢ ʦʙʣʘʩʪʠ ʦʪʤʝʨʰʝʛʦ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ɸʛʫʣʴʷʩ (ʄʘʣʴʚʠʥʘʩ). 

ʘ) 

 

ʙ) 

 
ʈʠʩʫʥʦʢ 3.10. ʂʘʨʪ rʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʩ ʧʣʦʪʥʦʩʪʴʶ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ 2.67 ʛ/ʩʤ3 ʧʦʜʥʷʪʠʡ ɸʡʣʦʩ ʆʨʢʘʜʘʩ (ʘ) ʠ ʄʝʪʝʦʨ (ʙ). ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩʫʥʢʝ  3.9 

ɺ ʦʙʣʘʩʪʠ ʧʦʜʥʷʪʠʷ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʥʘʙʣʶʜʘʪʁʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʣʠʥʝʡʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ ʜʦ 200 ʥʊʣ (ʨʠʩʫʥʦʢ 3.11, ʘ). ʉ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʧʦʜʥʷʪʠʝ ʦʢʦʥʪʫʨʝʥʦ 

ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ (-75 ʥʊʣ), ʥʘʨʫʰʘʝʤʘ ̫ʚ ʟʦʥʘʭ ʪʨʘʥʩʬʦʨʤʥʳʭ 

ʨʘʟʣʦʤʦʚ. ʊʘʢʘʷ ʘʥʦʤʘʣʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ʉɸʍ (~60 ʤʣʥ ʣʝʪ 

ʥʘʟʘʜ). ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʦʪ ʧʦʜʥʷʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʦʤʝʪʨʠʯʥʘʷ ʠ ʣʠʥʝʡʥʦ-

ʚʳʪʷʥʫʪʘʷ ʚ ʩʫʙʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʘʤʧʣʠʪʫʜʦʡ ʜʦ -400 ʥʊʣ. ʕʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʨʘʙʦʪʝ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʥʷʪʠʷ ʠ ʦʪʜʝʣʝʥʠʷ 

ʦʪ ʧʦʜʥʷʪʠʷ ʄʝʪʝʦʨ [LaBrecque, Hayes, 1979; Roex et al., 2010; Sleep, 2002]. 

ɸʥʦʤʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ æʊʘ ʚ ʨʘʡʦʥʝ ʧʦʜʥʷʪʠʷ ʄʝʪʝʦʨ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ 

(ʨʠʩʫʥʦʢ 3.11, ʙ). ʇʦʜʥʷʪʠʝ ʄʝʪʝʦʨ ʦʪʤʝʯʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(500 ʥʊʣ), ʢʦʪʦʨʦʝ ʦʩʣʦʞʥʝʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʣʠʥʝʡʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ 

(- 250 ʥʊʣ). ʉ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʧʦʜʥʷʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʘʥʦʤʘʣʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʘʤʧʣʠʪʫʜʦʡ 200 ʥʊʣ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʨʘʟʚʠʪʠʝʤ ʦʪʤʝʨʰʝʛʦ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ɸʛʫʣʴʷʩ (ʄʘʣʴʚʠʥʘʩ) (~90-100 ʤʣʥ ʣʝʪ ʥʘʟʘʜ). 

ɺʪʦʨʘʷ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ. ʆʥʘ, ʩʢʦʨʝʡ ʚʩʝʛʦ, ʩʚʷʟʘʥʘ ʩ ʨʘʟʚʠʪʠʝʤ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ʉɸʍ (~60 ʤʣʥ 

ʣʝʪ ʥʘʟʘʜ).   
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ʘ) 

 

ʙ) 

 
ʈʠʩʫʥʦʢ 3.11. ʂʘʨʪ rʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ æʊʘ ʧʦʜʥʷʪʠʡ ɸʡʣʦʩ ʆʨʢʘʜʘʩ (ʘ) ʠ 

ʄʝʪʝʦʨ (ʙ) ʧʦ ʜʘʥʥʳʤ [Meyer et al., 2017]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩʫʥʢʝ 3.9 

ɺ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʘʥʦʤʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ 

ʧʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʚʳʜʝʣʷʝʪʩʷ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (470 ʤɻʘʣ), ʘ ʧʦʜʥʷʪʠʝ ʄʝʪʝʦʨ 

ï ʠʥʪʝʥʩʠʚʥʦʡ ʛʨʘʜʠʝʥʪʥʦʡ ʟʦʥʦʡ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (440 ʤɻʘʣ). ɸʥʘʣʠʟ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʥʠʞʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʧʦʣʷ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʦʙʣʘʩʪʠ ʩ ʛʣʫʙʠʥʦʡ ʜʥʘ 

ʤʝʥʴʰʝ 4 ʢʤ (ʖʞʥʦ-ʉʘʥʜʚʠʯʝʚʳ ʦʩʪʨʦʚʘ, ʧʨʠʦʩʝʚʳʝ ʦʙʣʘʩʪʠ ʉɸʍ, ʧʦʜʥʷʪʠʷ ɸʡʣʦʩ ʆʨʢʘʜʘʩ, 

ʄʝʪʝʦʨ, ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ, ʭʨʝʙʝʪ ʐʦʥʘ), ʘ ʧʦʚʳʰʝʥʥʳʝ ï ʥʘ ʦʙʣʘʩʪʠ ʩ ʛʣʫʙʠʥʘʤʠ ʜʥʘ 

ʙʦʣʝʝ 5 ʢʤ (ʢʦʪʣʦʚʠʥʳ ɻʝʦʨʛʠʷ, ɸʛʫʣʴʷʩ; ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʠʡ ʨʘʟʣʦʤ). ʇʦʜʥʷʪʠʷ ʚ 

ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʪʘʢʞʝ ʚʳʜʝʣʷʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ (ʜʦ -55 ʤɻʘʣ ʥʘʜ 

ʧʦʜʥʷʪʠʝʤ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʠ ʜʦ -75 ʤɻʘʣ ʥʘʜ ʧʦʜʥʷʪʠʝʤ ʄʝʪʝʦʨ), ʧʦ ʧʝʨʠʬʝʨʠʠ ʦʥʠ ʦʢʦʥʪʫʨʝʥʳ 

ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʜʦ 40 ʤɻʘʣ). ɼʘʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ, ʜʝʪʘʣʠʟʠʨʫʷ ʧʦʩʣʝʜʥʶʶ ʚ ʧʨʝʜʝʣʘʭ ʛʨʘʥʠʮ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ 

(ʨʠʩʫʥʦʢ 3.12). ɺ ʧʦʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʣʫʯʰʝ ʚʳʜʝʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʜʥʷʪʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʪʝʥʩʠʚʥʳʤʠ ʣʦʢʘʣʴʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ.  

ɺ ʧʦʣʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʡʦʥʝ ʧʦʜʥʷʪʠʷ ʄʝʪʝʦʨ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠʟʦʤʝʪʨʠʯʥʘʷ ʘʥʦʤʘʣʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 7 ʥʊʣ, ʘ ʚ ʨʘʡʦʥʝ 

ʧʦʜʥʷʪʠʷ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʦʩʴ ʘʥʦʤʘʣʠʠ ʩʤʝʱʘʝʪʩʷ ʥʘ ʟʘʧʘʜ, ʘ ʘʤʧʣʠʪʫʜʘ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 32 ʥʊʣ. 

ɺ ʧʦʣʝ ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʪ ʧʦʜʥʷʪʠʷ ɸʡʣʦʩ ʆʨʢʘʜʘʩ ʠ ʚʦʩʪʦʯʥʦʡ 

ʦʪ ʧʦʜʥʷʪʠʷ ʄʝʪʝʦʨ ʦʪʤʝʯʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 70 ʥʊʣ, ʢʦʪʦʨʘʷ 

ʦʩʣʦʞʥʝʥʘ ʠʥʪʝʥʩʠʚʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠʟʦʤʝʪʨʠʯʥʦʡ ʘʥʦʤʘʣʠʝʡ ʩʦ ʩʪʦʨʦʥʳ ʧʦʜʥʷʪʠʷ ɸʡʣʦʩ 

ʆʨʢʘʜʘʩ ʠ ʣʠʥʝʡʥʦ ʚʳʪʷʥʫʪʦʡ ʩʦ ʩʪʦʨʦʥʳ ʧʦʜʥʷʪʠʷ ʄʝʪʝʦʨ (ʘʤʧʣʠʪʫʜʳ -93 ʥʊʣ ʠ -38 ʥʊʣ, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʘʢʘʷ ʘʥʦʤʘʣʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʐʦʥʘ ʠ 

ʨʘʟʚʠʪʠʝʤ ʦʪʤʝʨʰʝʛʦ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ɸʛʫʣʴʷʩ.  

ʘ) 

 

ʙ) 

 
ʚ) 

 

ʛ) 

 
ʈʠʩʫʥʦʢ 3.12. ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʠ ʩʨʝʜʥʝʯʘʩʪʦʪʥʘʷ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ 

ɹʫʛʝ ʧʦʜʥʷʪʠʡ ɸʡʣʦʩ ʆʨʢʘʜʘʩ (ʘ, ʚ) ʠ ʄʝʪʝʦʨ (ʙ, ʛ). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩʫʥʢʝ 3.9 

ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ʘʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʡ ʧʦʜʥʷʪʠ ̫ʄʝʪʝʦʨ ʥʘ 20 

ʤɻʘʣ ʚʳʰʝ, ʯʝʤ ʧʦʜʥʷʪʠ ̫ɸʡʣʦʩ ʆʨʢʘʜʘʩ. ʊʘʢʘʷ ʥʝʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʐʦʥʘ ʠ ʝʝ ʜʣʠʪʝʣʴʥʦʩʪʴʶ. ɺ ʘʥʦʤʘʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʚ 

ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʧʦʜʥʷʪʠʝ ʄʝʪʝʦʨ ʚʳʜʝʣʷʝʪʩʷ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʧʨʷʞʝʥʥʳʤ ʧʦʜʥʷʪʠʝʤ ɸʡʣʦʩ ʆʨʢʘʜʘʩ, ʯʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʛʨʝʚʘ 

ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʘʥʦʤʘʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʜʥʷʪʠʷ ʠ ʢʦʪʣʦʚʠʥʳ ʚʳʜʝʣʷʶʪʩʷ ʩʭʦʞʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʥʦʤʘʣʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʱʫʶ ʧʨʠʨʦʜʫ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 
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3.4. ʇʣʘʪʦ ɸʛʫʣʴʷʩ, ʧʦʜʥʷʪʠʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ ʠ ʄʦʜ 

ʇʦʜʥʷʪʠʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ, ʄʦʜ ʠ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ɸʥʪʘʨʢʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʖʞʥʦʡ ɸʪʣʘʥʪʠʢʠ. ʀʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʩʪʨʦʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʦ ʢʦʥʮʘ ʥʝ ʷʩʥʦ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʦʙʱʠʝ ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʧʦʜʥʷʪʠʷ ~105 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʤʦʛʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʝʜʠʥʫʶ ʢʨʫʧʥʫʶ 

ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʧʨʦʚʠʥʮʠʶ [Parsiegla et al., 2008], ʘʥʘʣʦʛʠʯʥʫʶ ʧʦ ʚʦʟʨʘʩʪʫ ʠ ʨʘʟʤʝʨʘʤ ʢʘʢ 

ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʠʥʮʠʷ ʭʨʝʙʪʘ ʂʝʨʛʝʣʝʥ-ɹʨʦʢʝʥ [Coffin, Eldholm, 1994]. 

ʇʣʘʪʦ ɸʛʫʣʴʷʩ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ ʧʨʠʤʝʨʥʦ ʚ 500 ʢʤ ʢ ʶʛʫ 

ʦʪ ʖʞʥʦʡ ɸʬʨʠʢʠ (ʨʠʩʫʥʦʢ 3.13). C 1960-ʭ ʛʦʜʦʚ ʧʣʘʪʦ ʩʪʘʣʦ ʦʙʲʝʢʪʦʤ ʨʷʜʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʩʥʝʥʠʝ ʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ [Heezen, Tharp, 1964; Scrutton, 1973; Barrett, 1977; Tucholke, Carpenter, 1977]. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʨʘʛʠʨʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʩʯʠʪʘʣʦʩʴ ʯʪʦ ʚ ʩʪʨʦʝʥʠʠ 

ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʩʦʜʝʨʞʠʪʩʷ ʫʪʦʥʝʥʥʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ [Tucholke et al., 1981]. 

 
ʈʠʩʫʥʦʢ 3.13. ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʜʥʘ ʖʞʥʦʛʦ ʦʢʝʘʥʘ, ʧʦ ʜʘʥʥʳʤ [Sandwell et al., 2014]. 

ʇʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʚʳʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʧʦʜʨʦʙʥʳʭ ʢʘʨʪ ʫʯʘʩʪʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʠ 

ʧʦʜʥʷʪʠʡ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ, ʄʦʜ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʩʠ ʩʧʨʝʜʠʥʛʦʚʳʭ 

ʭʨʝʙʪʦʚ; 2 ï ʧʘʣʝʦʭʨʝʙʝʪ ɸʛʫʣʴʷʩ; 3 ï ʩʢʚʘʞʠʥʳ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ (ODP, IODP). 

ɸɸʍ ï ɸʤʝʨʠʢʘʥʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ; ɸʬɸʍ ï ɸʬʨʠʢʘʥʦʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ; 

ɻɼ ï ʧʦʜʚʦʜʥʳʝ ʛʦʨʳ ɼʠʩʢʘʚʝʨʠ; ʇɸ ï ʧʣʘʪʦ ɸʛʫʣʴʷʩ; ʇɸʆ ï ʧʦʜʥʷʪʠʝ ɸʡʣʦʩ ʆʨʢʘʜʘʩ; 

ʇʄ ï ʧʦʜʥʷʪʠʝ ʄʝʪʝʦʨ; ʇʄʦ ï ʧʦʜʥʷʪʠʝ ʄʦʜ; ʇʉɺɻ ï ʧʦʜʥʷʪʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ; 

ʍɸ ï ʭʨʝʙʝʪ ɸʛʫʣʴʷʩ 
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ʖʞʥʘʷ ʠ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʠ ʧʣʘʪʦ ʠʤʝʶʪ ʥʝʦʙʳʯʥʦ ʛʣʘʜʢʠʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, 

ʢʦʪʦʨʳʡ ʣʦʢʘʣʴʥʦ ʧʨʝʨʳʚʘʝʪʩʷ ʨʘʟʣʦʤʘʤʠ ʩʦ ʩʤʝʱʝʥʠʝʤ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʨʝʟʘʥʥʳʤ ʨʝʣʴʝʬʦʤ ʠ ʩʣʦʞʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ. 

ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʣʠʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ɹʫʚʝ ʨʘʩʧʦʣʘʛʘʣʦʩʴ 

ʚʙʣʠʟʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʦʢʦʣʦ 96 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. ʉʦʛʣʘʩʥʦ ʍʘʨʪʥʘʜʠ, 

ʈʦʝʢʩʫ [Hartnady, Roex, 1985] ʠ ʄʘʨʪʠʥʫ [Martin, 1987], ʛʦʨʷʯʘʷ ʪʦʯʢʘ ɹʫʚʝ ʧʝʨʝʩʝʢʣʘ ʩʝʚʝʨʥʫʶ 

ʯʘʩʪʴ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʧʨʠʤʝʨʥʦ ʚ 100 ʤʣʥ ʣʝʪ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʦʥʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʚʤʝʩʪʝ ʩ ʙʣʠʟʣʝʞʘʱʠʤʠ ʮʝʥʪʨʘʤʠ ʩʧʨʝʜʠʥʛʘ ʤʝʞʜʫ 80 ʠ 100 ʤʣʥ ʣʝʪ [Goul, 

Uenzelmann-Neben, 2001; Uenzelmann-Neben et al., 1999]. ɸʚʪʦʨʳ ʩʪʘʪʴʠ [Tucholke et al., 1981] 

ʧʦʣʘʛʘʣʠ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʩʝʚʝʨʥʦʤ ʢʨʘʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ɸʛʫʣʴʷʩ ʚ ʩʝʨʝʜʠʥʝ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʟʨʝʟʘʥʥʦʡ, ʫʪʦʣʱʝʥʥʦʡ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʧʦʜ ʩʝʚʝʨʥʳʤ ʧʣʘʪʦ, ʘ ʪʘʢʞʝ ʦʯʝʚʠʜʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ 

ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʙʘʟʘʣʴʪʦʚʳʭ ʤʘʛʤ ʧʦʜ ʶʞʥʦʡ ʯʘʩʪʴʶ ʧʣʘʪʦ. ʊʘʢʞʝ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʛʠʧʦʪʝʟʫ 

ʦ ʪʦʤ, ʯʪʦ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʤʦʛʣʦ ʙʳʪʴ ʦʪʜʝʣʝʥʦ ʦʪ ʄʦʟʘʤʙʠʢʩʢʦʛʦ ʭʨʝʙʪʘ ʧʨʠʤʝʨʥʦ 109 ʤʣʥ ʣʝʪ 

ʥʘʟʘʜ. 

ʆʜʥʠ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʢʝʘʥʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʣʘʪʦ ɸʛʫʣʴʷʩ [Barker, 1979; 

Barrett, 1977; Scrutton, 1973], ʜʨʫʛʠʝ ï ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʝ [Allen, Tucholke, 1981; 

Tucholke et al., 1981]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʘʥʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʣʠʪ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʨʫʧʥʫʶ ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʧʨʦʚʠʥʮʠʶ, ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʥʝ ʨʘʥʝʝ 105 ʤʣʥ ʣʝʪ ʥʘʟʘʜ 

[Parsiegla et al., 2008] ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʜʥʷʪʠʷʤʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ɻʝʦʨʛʠʠ ʠ ʄʦʜ [Goul, 

Uenzelmann- Neben, 2001; Parsiegla et al., 2008; Uenzelmann-Neben et al., 1999]. 

ʇʦʜʥʷʪʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ ʦʙʨʘʟʫʝʪ ʦʢʝʘʥʠʯʝʩʢʦʝ ʧʣʘʪʦ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʤʝʞʜʫ 30ę ʠ 38ę ʟ.ʜ. ʠ 48ę ʠ 56ę ʶ.ʰ. ʚ ʢʦʪʣʦʚʠʥʝ ɻʝʦʨʛʠʷ, ʨʘʟʜʝʣʷʷ ʝʝ ʥʘ 

ʚʦʩʪʦʯʥʫʶ ʠ ʟʘʧʘʜʥʫʶ ʢʦʪʣʦʚʠʥʳ (ʨʠʩʫʥʦʢ 3.13). ʂʦʪʣʦʚʠʥʘ ɻʝʦʨʛʠʷ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʷʜʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʥʘʯʘʣʠʩʴ ʚ ʢʦʥʮʝ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ. ɿʘʧʘʜʥʘʷ 

ʯʘʩʪʴ ʧʦʜʥʷʪʠʷ ʦʙʨʘʟʫʝʪ ʜʫʛʦʦʙʨʘʟʥʳʡ ʭʨʝʙʝʪ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʚʦʩʪʦʯʥʘʷ ʩʪʦʨʦʥʘ 

ʧʦʜʥʷʪʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʠ ʥʠʟʢʫʶ ʨʝʣʴʝʬʥʫʶ ʩʪʨʫʢʪʫʨʫ.  

ʃʘʙʨʝʢʶ ʠ ʍʝʡʩ [LaBrecque, Hayes, 1979] ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʢʦʥʚʝʨʛʝʥʮʠʷ ʤʝʞʜʫ ʖʞʥʦ-

ɸʤʝʨʠʢʘʥʩʢʦʡ ʧʣʠʪʦʡ ʠ ʤʝʟʦʟʦʡʩʢʦʡ ʧʣʠʪʦʡ ʄʘʣʴʚʠʥʝʩ ʧʨʠʚʝʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʜʥʷʪʠʷ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ɻʝʦʨʛʠʠ ʚ ʢʦʥʮʝ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ. ʂʨʠʩʪʦʬʬʝʨʩʝʥ ʠ ʃʘʙʨʝʢʶ [Kristoffersen, 

LaBrecque, 1991] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʫʨʝʥʠʷ ODP 114 (ʩʢʚʘʞʠʥʳ 698, 699, 700) ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʯʘʩʪʴ ʧʦʜʥʷʪʠʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ɻʝʦʨʛʠʠ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ ʮʝʥʪʨʝ ʩʧʨʝʜʠʥʛʘ, ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʚʥʝʦʩʝʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ. ɺ ʩʢʚʘʞʠʥʝ 698 ʥʘ ʛʣʫʙʠʥʝ ~220 ʤ ʥʠʞʝ ʤʦʨʩʢʦʛʦ ʜʥʘ ʩʦʙʨʘʥʳ ʧʨʦʙʳ 
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ʢʝʨʥʘ ʩ ʩʠʣʴʥʦ ʚʳʚʝʪʨʝʥʥʳʤ ʙʘʟʘʣʴʪʦʤ, ʚ ʢʦʪʦʨʦʤ ʠʩʭʦʜʥʳʝ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʝ ʤʠʥʝʨʘʣʳ 

ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʝʥʳ ʜʦ ʛʝʤʘʪʠʪʘ, ʩ ʥʝʢʦʪʦʨʳʤʠ ʤʠʢʨʦʙʨʝʢʯʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʬʨʘʛʤʝʥʪʳ 

ʩʝʨʧʝʥʪʠʥʠʪʦʚ [Ciesielski et al., 1988, ʘ]. ʉʢʚʘʞʠʥʘ 699, ʧʨʦʙʫʨʝʥʥʘʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ 

ʧʦʜʥʷʪʠʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ɻʝʦʨʛʠʠ, ʚʳʷʚʠʣʘ ʢʦʨʫ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʘʥʘ ʨʘʥʝʝ ʧʦʜʥʷʪʠʡ ɸʡʣʦʩ 

ʆʨʢʘʜʘʩ ʠ ʄʝʪʝʦʨ. ʅʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 516 ʤ ʥʠʞʝ ʤʦʨʩʢʦʛʦ ʜʥʘ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʢʝʨʥʘ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʨʘʥʠʪʥʦʛʦ ʛʨʘʚʠʷ ʠ ʧʝʨʝʦʪʣʦʞʝʥʥʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘ [Ciesielski et al., 1988, ʙ].  

ʇʦʜʥʷʪʠʝ ʄʦʜ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ɸʬʨʠʢʘʥʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʤʝʞʜʫ 2ę ʟ.ʜ. ʠ 

8ę ʚ.ʜ. ʠ 63ę ʠ 68ę ʶ.ʰ ʚʙʣʠʟʠ ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ (ʨʠʩʫʥʦʢ 3.13). ʇʦʩʢʦʣʴʢʫ ʧʦʜʥʷʪʠʝ 

ʠʤʝʝʪ ʦʪʜʘʣʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʩʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʜʦ 

ʢʦʥʮʘ ʥʝ ʚʳ̫ʩʥʝʥʦ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʜʥʷʪʠʝ ʄʦʜ ʠʤʝʝʪ ʦʢʝʘʥʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ʩ ʛʦʨʷʯʝʡ ʪʦʯʢʦʡ 

[Barker et al., 1988]. ɺʩʢʨʳʪʳʝ ʦʪʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥʳ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ 690, 

ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʬʫʥʜʘʤʝʥʪ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʟʜʥʝʢʘʤʧʘʥʩʢʠʡ ʚʦʟʨʘʩʪ. ʅʘ ʛʣʫʙʠʥʝ 300 ʤ ʥʠʞʝ 

ʤʦʨʩʢʦʛʦ ʜʥʘ, ʚ ʢʝʨʥʝ ʩʢʚʘʞʠʥʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ, 

ʘ ʥʘ ʛʣʫʙʠʥʝ 317 ʤ ʦʪʤʝʯʝʥ ʨʝʟʢʠʡ ʢʦʥʪʘʢʪ ʩ ʙʘʟʘʣʴʪʘʤʠ.  

ʄʘʨʪʠʥ ʠ ʍʘʨʪʥʘʜʠ [Martin, Hartnady, 1986], ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʣʝʡʪʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ, ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʦʜʥʷʪʠʝ ʄʦʜ ʙʳʣʦ ʩʦʝʜʠʥʝʥʦ ʩ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʠ 

ʄʦʟʘʤʙʠʢʩʢʠʤ ʭʨʝʙʪʦʤ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ ʂʠʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [Kim et al., 2005] ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʦʜʥʷʪʠʝ ʄʦʜ ʠ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʙʳʣʠ 

ʩʦʧʨʷʞʝʥʥʳʤʠ ʧʦʜʥʷʪʠʷʤʠ ʚ ʤʝʣʦʚʦʡ ʧʝʨʠʦʜ. ʋʪʦʣʱʝʥʥʘʷ ʢʦʨʘ ʵʪʠʭ ʧʦʜʥʷʪʠʡ ʚʝʨʦʷʪʥʦ 

ʦʙʫʩʣʦʚʣʝʥʘ ʠʥʪʝʥʩʠʚʥʳʤ ʚʫʣʢʘʥʠʟʤʦʤ ʠ ʘʥʜʝʨʧʣʝʡʜʠʥʛʦʤ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʛʦʨʷʯʠʭ 

ʪʦʯʝʢ ʚʦ ʚʨʝʤʷ ʨʘʟʜʝʣʝʥʠʷ ʜʚʫʭ ʙʣʦʢʦʚ (~84ï94 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) [Schandl et al., 1990; Martin, 

Hartnady, 1986].  

ʇʦʜʥʷʪʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ʚʳʨʘʞʝʥʦ 

ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʦʡ ʘʥʦʤʘʣʠʝʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠ ̫ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 70 ʤɻʘʣ 

(ʨʠʩʫʥʦʢ 3.14, ʘ). ʉ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʧʦʜʥʷʪʠʝ ʧʨʦʷʚʣʝʥʦ ʘʥʦʤʘʣʠʝʡ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪ 50 ʤɻʘʣ. ɺ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ ʦʥʦ 

ʦʢʦʥʪʫʨʝʥʦ ʠʥʪʝʥʩʠʚʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʉ ʩʝʚʝʨʥʦʡ 

ʩʪʦʨʦʥʳ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ ʠ ʝʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʜʦ -70 ʤɻʘʣ, ʘ ʚ ʶʞʥʦʡ ï ʖʞʥʦ-ʉʘʥʜʚʠʯʝʚʦʤʫ ʞʝʣʦʙʫ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʟʜʝʩʴ ʚʘʨʴʠʨʫʝʪ ʦʪ -40 ʜʦ -200 ʤɻʘʣ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʘʥʦʤʘʣʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʢʘ, ʢʦʪʦʨʘʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʦʩʪʨʦʚʫ ʖʞʥʘʷ ɻʝʦʨʛʠʷ, ʘʤʧʣʠʪʫʜʘ ʟʥʘʯʝʥʠʡ 

ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 40 ʜʦ 180 ʤɻʘʣ.  
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ɺ ʘʥʦʤʘʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʧʨʦʷʚʣʝʥʦ 

ʚʳʪʷʥʫʪʦʡ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʘʥʦʤʘʣʠʝʡ, ʥʝʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʜʦ 55 ʤɻʘʣ 

(ʨʠʩʫʥʦʢ 3.14, ʙ), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʫʪʦʥʝʥʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ɺ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʪ ʥʝʛʦ ʥʘʙʣʶʜʘʶʪʩʷ ʛʨʫʧʧʘ ʣʠʥʝʡʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʘʥʦʤʘʣʠʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ɸʬʨʠʢʘʥʩʢʠʤ ʢʦʥʪʠʥʝʥʪʦʤ. ɸʤʧʣʠʪʫʜʘ ʵʪʠʭ ʘʥʦʤʘʣʠʡ ʠʟʤʝʥʷʝʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ -95 ʜʦ 100 ʤɻʘʣ. ʉ ʟʘʧʘʜʥʦʡ, ʚʦʩʪʦʯʥʦʡ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʧʣʘʪʦ 

ɸʛʫʣʴʷʩ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʦʢʦʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʥʦʤʘʣʠʡ (ʦʪ -30 ʜʦ 

10 ʤɻʘʣ), ʢʦʪʦʨʳʝ ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʦʪʣʦʚʠʥʝ ɸʛʫʣʴʷʩ ʠ ʙʘʩʩʝʡʥʫ ʊʨʘʥʩʢʝʡ. ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʳʝ ʘʥʦʤʘʣʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ 

ʩʣʝʜʘʤ ʨʘʟʣʦʤʦʚ. ɸʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʡ ʜʦʩʪʠʛʘʝʪ -45 ʤɻʘʣ. 

ʇʦʜʥʷʪʠʝ ʄʦʜ ʚʳʜʝʣʷʝʪʩʷ ʠʟʦʤʝʪʨʠʯʥʦʡ ʘʥʦʤʘʣʠʝʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ 

ʚʦʟʜʫʭʝ (ʨʠʩʫʥʦʢ 3.14, ʚ), ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʦʡ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 6 ʤɻʘʣ ʧʦ ʧʝʨʠʬʝʨʠʠ ʜʦ 

80 ʤɻʘʣ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʘʥʦʤʘʣʠʡ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʜʥʷʪʠʷ. ʉ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʧʦʜʥʷʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʦ-

ʚʳʪʷʥʫʪʘʷ ʚ ʩʫʙʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 115 ʤɻʘʣ ʠ ʜʣʠʥʦʡ ~100 ʢʤ. ʉ ʟʘʧʘʜʘ ʠ ʥʘ ʩʝʚʝʨʝ ʧʦʜʥʷʪʠʝ ʄʦʜ ʦʢʦʥʪʫʨʝʥʦ 

ʧʦʣʝʤ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʚ ʦʩʥʦʚʥʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʢʘ (-35 õ +10 ʤɻʘʣ). ʕʪʘ ʦʙʣʘʩʪʴ 

ʦʪʥʦʩʠʪʩʷ ʢ ɸʬʨʠʢʘʥʩʢʦ-ɸʥʪʘʨʢʪʠʯʝʩʢʦʡ ʢʦʪʣʦʚʠʥʝ. ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʦʩʣʦʞʥʝʥʘ ʣʠʥʝʡʥʳʤʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʟʦʥʘʤʠ ʨʘʟʣʦʤʦʚ. 

ʉ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʧʦʜʥʷʪʠʷ ʄʦʜ ʧʨʝʦʙʣʘʜʘʝʪ ʧʦʣʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʢʘ (ʜʦ 

20 ʤɻʘʣ). ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜ ʦʪʨʳʚʘ ʧʦʜʥʷʪʠʷ ʄʦʜ ʦʪ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʝʡ ʪʦʯʢʠ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʧʦʜʥʷʪʠʝ ʪʘʢʞʝ ʦʢʦʥʪʫʨʝʥʦ ʘʥʦʤʘʣʠʷʤʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʢʘ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ -60 ʤɻʘʣ. ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʫʨʦʯʝʥʘ ʢ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʩʢʦʣʫ ɸʥʪʘʨʢʪʠʜʳ. 
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ʘ) 

 

ʙ) 

 
ʚ) 

 
ʈʠʩʫʥʦʢ 3.14. ʂʘʨʪʳ ʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ʧʦʜʥʷʪʠʷ ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ (ʘ), ʧʣʘʪʦ ɸʛʫʣʴʷʩ (ʙ) ʠ ʧʦʜʥʷʪʠʷ ʄʦʜ (ʚ) ʧʦ ʜʘʥʥʳʤ [Sandwell et al., 2014]. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ð ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʥʪʝʧʨʝʪʘʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ ʧʣʦʪʥʦʩʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 2 ï ʩʢʚʘʞʠʥʳ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ ODP [Cooper et al., 2004] 

ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʧʦʜʥʷʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʷ (ʦʪ 100 ʜʦ 420 ʤɻʘʣ), ʧʦʩʨʘʚʥʝʥʠʶ ʩ ʢʦʪʣʦʚʠʥʘʤʠ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ 
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ʜʦʩʪʠʛʘʝʪ 630 ʤɻʘʣ. ʇʦʜʥʷʪʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ ʚʳʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʘʥʦʤʘʣʠʷʤʠ, 

ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 180 ʤɻʘʣ ʜʦ 420 ʤɻʘʣ (ʨʠʩʫʥʦʢ 3.15, ʘ). 

ɿʘʧʘʜʥʘʷ ʘʥʦʤʘʣʠʷ ʠʤʝʝʪ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ, ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʛʜʝ ʧʦʣʝ ʦʩʣʦʞʥʝʥʦ ʧʦʥʠʞʝʥʥʳʤʠ ʜʦ 175 ʤɻʘʣ ʟʥʘʯʝʥʠʷʤʠ. ɺʪʦʨʘʷ ʘʥʦʤʘʣʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʦʤʝʪʨʠʯʥʦʡ ʬʦʨʤʦʡ, ʘʤʧʣʠʪʫʜʦʡ ʜʦ 350 ʤɻʘʣ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʦ ʚʣʠʷʥʠʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʥʷʪʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʘʥʦʤʘʣʠʠ ʧʦʜʥʷʪʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʪʦʥʝʥʥʝʥʠʝʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʢʦʨʳ. ʀʥʪʝʥʩʠʚʥʳʝ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷ, ʘʤʧʣʠʪʫʜʦʡ ʜʦ 800 ʤɻʘʣ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ 

ʧʦʜʥʷʪʠʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʖʞʥʦ-ʉʘʥʜʚʠʯʝʚʫ ʞʝʣʦʙʫ. ʖʛʦ-ɿʘʧʘʜʥʝʝ 

ʧʦʜʥʷʪʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʘʥʦʤʘʣʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʪʨʦʚʦʤ 

ʖʞʥʘʷ ɻʝʦʨʛʠʷ. ʅʘ ʩʝʚʝʨʝ ʦʪ ʧʦʜʥʷʪʠʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʘʷ ʘʥʦʤʘʣʠʷ 

ʩʫʙʰʠʨʦʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚʘʨʴʠʨʫʝʪ ʦʪ 260 ʜʦ 430 ʤɻʘʣ, ʧʨʠʫʨʦʯʝʥʘ ʢ 

ʌʦʣʢʣʝʥʜʩʢʦʤʫ ʭʨʝʙʪʫ, ʦʙʨʘʟʦʚʘʥʥʦʤʫ ʥʘ ɸʛʫʣʴʷʩ-ʌʦʣʢʣʝʥʜʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ. 

ʇʣʘʪʦ ɸʛʫʣʴʷʩ ʧʨʦʷʚʣʷʝʪʩʷ ʚʳʪʷʥʫʪʦʡ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʰʠʨʦʢʦʡ ʘʥʦʤʘʣʠʝʡ 

(ʨʠʩʫʥʦʢ 3.15, ʙ), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚʘʨʴʠʨʫʝʪ ʦʪ 260 ʜʦ 410 ʤɻʘʣ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʨʠʟʥʘʢʦʤ ʝʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʙʣʦʢ ʘʥʦʤʘʣʠʠ ʥʘʜ ʧʣʘʪʦ ɸʛʫʣʴʷʩ ʢʘʢ 

ʙʫʜʪʦ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʮʝʣʦʡ ʯʘʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʣʦʞʥʦʤ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ 

ʧʨʦʜʚʠʞʝʥʠʠ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ʯʝʨʝʟ ʝʛʦ ʦʩʥʦʚʘʥʠʝ. ʅʘ ʩʝʚʝʨʝ ʦʪ ʧʣʘʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠ ̫ʘʤʧʣʠʪʫʜ ʘʥʦʤʘʣʠʡ ʜʦ -150 ʤɻʘʣ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʘʬʨʠʢʘʥʩʢʠʤ ʢʦʥʪʠʥʝʥʪʦʤ. 

ʇʦʜʥʷʪʠʝ ʄʦʜ ʧʨʦʷʚʣʷʝʪʩʷ ʠʟʦʤʝʪʨʠʯʥʦʡ ʘʥʦʤʘʣʠʝʡ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʦʪ 100 ʜʦ 

445 ʤɻʘʣ). ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʜʥʷʪʠʝ ʦʩʣʦʞʥʝʥʦ ʚʳʪʷʥʫʪʦʡ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʘʥʦʤʘʣʠʝʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʁ100 ï 250 ʤɻʘʣ (ʨʠʩʫʥʦʢ 3.15, ʚ). ʇʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʣʠʙʦ ʦ ʩʠʣʴʥʦʤ ʤʘʛʤʘʪʠʟʤʝ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʥʷʪʠʷ, 

ʣʠʙʦ ʦ ʥʘʣʠʯʠʠ ʫʪʦʥʝʥʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʧʦʜʥʷʪʠʷ ʄʦʜ ʘʤʧʣʠʪʫʜʘ 

ʘʥʦʤʘʣʠʡ, ʧʨʠʫʨʦʯʝʥʳʭ ʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʩʢʣʦʥʫ ɸʥʪʘʨʢʪʠʜʳ ʚʘʨʴʠʨʫʝʪ ʦʪ 325 ʜʦ 450 ʤɻʘʣ. 
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ʘ) 

 

ʙ) 

 
ʚ) 

 
ʈʠʩʫʥʦʢ 3.15. ʂʘʨʪʳ ʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ ʩ ʧʣʦʪʥʦʩʪʴʶ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ 2.67 ʛ/ʩʤ3 ʧʦʜʥʷʪʠʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ (ʘ), ʧʣʘʪʦ ɸʛʫʣʴʷʩ (ʙ) ʠ 

ʧʦʜʥʷʪʠʷ ʄʦʜ (ʚ). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩʫʥʢʝ 3.14 

ʇʦʜʥʷʪʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɻʝʦʨʛʠʷ ʚ ʘʥʦʤʘʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʦʷʚʣʝʥʦ 

ʭʘʦʪʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʟʥʦʟʥʘʢʦʚʳʭ ʘʥʦʤʘʣʠʡ (ʨʠʩʫʥʦʢ 3.16, ʘ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʦʤʘʣʠʡ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ -300 õ 450 ʥʊʣ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦʛʨʝʪʦʩʪʠ ʤʘʥʪʠʠ ʚʦ 
























































































































































