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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʷʥʦʡ ʛʝʦʣʦʛʠʠ ʠʟʦʪʦʧʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ. ɺ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʦʪ ʣʦʢʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢ 

ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʠʩʪʝʤ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʥʘʜʸʞʥʘʷ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʭ ʪʦʣʱ, ʜʝʪʘʣʠʟʘʮʠʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ 

ʮʠʢʣʠʯʥʦʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʇʨʠʚʣʝʯʝʥʠʝ 

ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʨʦʜʘʭ, ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ (ʆɺ), 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ (ʋɺ) ʬʣʶʠʜʘʭ ʠ ʧʣʘʩʪʦʚʳʭ ʚʦʜʘʭ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʚʝʱʝʩʪʚʝʥʥʦ 

ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʚʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʙʘʩʩʝʡʥʦʚʳʭ 

ʩʦʧʦʩʪʘʚʣʝʥʠʡ ʠ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʠʩʪʝʤ.  

ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʙʘʟʳ ʩʦʟʜʘʣʠ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʣʸʛʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʝʣʦ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʸʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʝʸ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʙʘʟʳ. ʊʘʢʘʷ ʙʘʟʘ ʜʦʣʞʥʘ ʦʧʠʨʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʨʘʟʚʠʪʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʥʦ ʠ ʥʘ ʘʢʪʫʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʥʮʝʧʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʂʘʯʝʩʪʚʝʥʥʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʢʨʠʪʝʨʠʝʚ ʠʭ 

ʧʨʠʤʝʥʠʤʦʩʪʠ, ʘ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʝ ʩ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ʉʦʭʨʘʥʷʝʪʩʷ ʨʷʜ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ, ʪʨʝʙʫʶʱʠʭ ʨʘʟʚʠʪʠʷ 

ʠʟʦʪʦʧʥʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 1. ʉʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʦʝ ʩʪʨʦʝʥʠʝ ʂʨʳʤʩʢʦ-

ʂʘʚʢʘʟʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʶʛʦ ʚʦʩʪʦʢʘ ʉʠʙʠʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʢʘʨʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʢʦʨʨʝʣʷʮʠʶ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʠ 

ʧʦʠʩʢʘʭ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʨʠʚʣʝʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʱʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʦʟʨʘʩʪ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʧʦʟʚʦʣʷʷ 

ʢʦʨʨʝʣʠʨʦʚʘʪʴ çʥʝʤʳʝè ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ. 2. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʢʘʟʘʥʥʫʶ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʮʠʢʣʘʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʆɺ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʢʦʤʧʣʝʢʩʥʳʝ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʜʝʣʝʥʠʷ 

ʪʦʥʢʦʡ ʮʠʢʣʠʯʥʦʩʪʠ ʠ ʠʟʦʪʦʧʥʦ-ʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʠʪʫʤʦʠʜʦʚ, ʚʢʣʶʯʘʶʱʠʝ 
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ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦ ʧʦʣʥʦʪʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʠʟʫʯʝʥʥʦʩʪʠ ʠ ʥʘʣʠʯʠʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʶʨʩʢʠʝ ʨʘʟʨʝʟʳ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʧʨʠʤʝʨʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦ-ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʙʠʪʫʤʦʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʆɺ. 3. ʂʦʨʨʝʣʷʮʠʷ ʆɺ ʠ ʛʘʟʦʚʳʭ ʋɺ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʛʥʦʟʘ ʠ ʩʚʦʡʩʪʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʦʡ ʪʦʣʱʠ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ, ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ 

ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʚʦʧʨʦʩʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʘʟʦʧʨʦʷʚʣʝʥʠʡ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʙʘʩʩʝʡʥʦʚʦʡ ʤʦʜʝʣʠ. 

ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʛʘʟʳ ʩʠʧʦʚ ʂʨʳʤʘ ʠ ʛʘʟʦʧʨʦʷʚʣʝʥʠʷ ʚ ʨʘʟʨʝʟʘʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʦʣʠʛʦʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʠʩʪʝʤ ʠ 

ʫʪʦʯʥʝʥʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 4. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʨʦʜ, ʆɺ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʣʶʠʜʦʚ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʧʦʜʭʦʜʦʚ ʠ ʵʪʘʧʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʸʪ ʧʨʠʚʣʝʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʬʣʶʠʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 

ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. 

ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠʟʦʪʦʧʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʙʦʩʥʦʚʘʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ, ʬʠʢʩʠʨʫʶʱʠʭ ʩʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʠʩʪʝʤ, 

ʠ ʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʨʘʟʨʝʟʦʚ, ʘʥʘʣʠʟʝ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʮʠʢʣʠʯʥʦʩʪʠ, ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʪʠʧʠʟʘʮʠʠ ʆɺ ʠ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʨʘʩʰʠʨʷʶʪ ʩʧʝʢʪʨ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʝʦʣʦʛʦ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʥʝʬʪʷʥʦʡ ʛʝʦʣʦʛʠʠ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʥʘ ʦʩʥʦʚʝ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ 

ʫʛʣʝʨʦʜʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ, ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʨʦʜʝ ʠ ʬʣʶʠʜʘʭ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʠʩʢʘ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

2. ʇʨʠʤʝʥʠʪʴ ʠʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʨʦʜʘʭ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʨʝʧʝʨʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʠ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʨʘʟʨʝʟʦʚ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ. 
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3. ʀʩʧʦʣʴʟʦʚʘʪʴ ʠʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʭ ʧʨʠʚʷʟʢʠ ʢ ʫʩʣʦʚʠʷʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ 

ʨʘʟʨʝʟʝ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

4. ʇʨʠʤʝʥʠʪʴ ʠʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ ʫʛʣʝʨʦʜʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʣʶʠʜʦʚ ʜʣʷ ʠʭ ʢʦʨʨʝʣʷʮʠʠ 

ʧʦ ʨʘʟʨʝʟʫ ʠ ʧʣʦʱʘʜʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʚʦʟʤʦʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ. 

5. ʀʩʧʦʣʴʟʦʚʘʪʴ ʠʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ ʫʛʣʝʨʦʜʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ, ʫʛʣʝʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʨʦʜʘʭ ʠ ʬʣʶʠʜʘʭ ʜʣʷ ʦʮʝʥʢʠ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʚʪʦʨʠʯʥʳʭ ʪʝʨʤʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʘʟʨʝʟʝ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʌʘʢʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʘʚʪʦʨʦʤ ʚ 2015ï

2025 ʛʛ. ʚ ʨʘʤʢʘʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʥʘʫʯʥʳʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʦ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʟʫʯʝʥʠʶ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʥʝʜʨ. ʎʝʣʴʶ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʙʦʪ ʙʳʣ ʧʨʦʛʥʦʟ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ. ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʣʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʤʝʪʦʜʦʚ, ʧʦʜʪʚʝʨʞʜʘʷ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ, ʚʝʨʠʬʠʮʠʨʦʚʘʣʠʩʴ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ 

ʧʨʦʚʝʨʷʣʠʩʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʫʱʝʩʪʚʫʶʱʠʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ. ʆʙʨʘʟʮʳ 

ʧʦʨʦʜ, ʆɺ, ʋɺ-ʬʣʶʠʜʦʚ ʠ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʜʣʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ, ʩ 

ʫʯʸʪʦʤ ʢʨʠʪʝʨʠʝʚ ʧʨʠʛʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ. 

ʆʙʨʘʟʮʳ ʢʘʨʙʦʥʘʪʦʚ ʧʘʣʝʦʛʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʂʨʳʤʘ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɽ.ɸ. ʃʳʛʠʥʦʡ ʠ ʅ.ɺ. 

ʇʨʘʚʠʢʦʚʦʡ (ʄɻʋ), ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ ð ɽ.ɺ. ʗʢʦʚʠʰʠʥʦʡ ʠ 

ʉ.ʀ. ɹʦʨʜʫʥʦʚʳʤ (ʄɻʋ), ʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ð ɺ.ʕ. ʇʘʚʣʦʚʳʤ 

(ʀʌɿ ʈɸʅ). ʆʙʨʘʟʮʳ ʛʘʟʦʚ ʗʤʙʫʨʛʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɺ.ʉ. ʗʢʫʰʝʚʳʤ ʠ ʅ.ʈ. ɸʚʝʪʦʚʳʤ (ɻʫʙʢʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʯʝʨʥʦʤʦʨʩʢʠʭ 

ʤʝʣʢʦʚʦʜʥʳʭ ʤʝʪʘʥʦʚʳʭ ʩʠʧʦʚ ï ʄʘʣʘʭʦʚʦʡ ʊ.ɺ., ɹʫʜʥʠʢʦʚʳʤ ɸ.ɸ., ʀʚʘʥʦʚʦʡ ʀ.ʅ. ʠ 

ʄʫʨʘʰʦʚʦʡ ɸ.ʀ. (ʌʀʎ ʀʥɹʖʄ, ʄɻʋ), ʦʪʦʙʨʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ ˉ 23-27-00379. 

ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨ ʚʳʩʪʫʧʘʣ ʢʘʢ ʦʨʛʘʥʠʟʘʪʦʨ, 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʘʙʦʪ, 

ʦʩʫʱʝʩʪʚʣʷʣ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʜʘʥʥʳʭ, ʘʜʘʧʪʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʤʦʜʝʣʷʤ ʠ ʬʦʨʤʫʣʠʨʦʚʘʣ ʚʳʚʦʜʳ. ʂʦʥʢʨʝʪʥʳʝ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʣʘʚʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʙʦʣʝʝ 2000 ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ, ʆɺ ʠ 

ʬʣʶʠʜʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ. ɸʚʪʦʨʦʤ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʢʦʣʣʝʢʮʠʠ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʧʦ ʨʘʟʥʳʤ ʦʩʘʜʦʯʥʳʤ ʙʘʩʩʝʡʥʘʤ ʠ ʢʦʤʧʣʝʢʩʘʤ, 

ʦʪʣʠʯʘʶʱʠʤʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʢʨʠʪʝʨʠʝʚ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʟʦʪʦʧʥʳʭ 

ʤʘʨʢʝʨʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʦʚʦ-

ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ ʧʦʟʚʦʣʠʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʳʩʦʢʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ 

ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʆɺ ʠ ʧʦʨʦʜ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʠʩʪʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʜʠʢʘʪʦʨʘ ʢʣʶʯʝʚʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʦʧʣʝʥʠʡ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʫʪʦʯʥʝʥʘ 

ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʨʘʟʨʝʟʦʚ ʂʨʳʤʘ, ʉʝʚʝʨʦ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ ʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ 

ʠ ʚʳʧʦʣʥʝʥʘ ʠʭ ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʧʦ ʛʣʦʙʘʣʴʥʳʤ 

ʠʟʦʪʦʧʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʩʦʙʳʪʠʷʤ, ʯʪʦ ʩʦʟʜʘʣʦ ʦʩʥʦʚʫ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʭ ʪʦʣʱ ʩʤʝʞʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʙʘʩʩʝʡʥʦʚ.  

ʈʘʟʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʠʟʦʪʦʧʥʦ ʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʠʪʫʤʦʠʜʦʚ 

ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ: ʚʧʝʨʚʳʝ ʜʣʷ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ ʠʟʦʪʦʧʥʦ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʨʘʟʥʦʧʦʣʷʨʥʳʭ ʬʨʘʢʮʠʡ ʙʠʪʫʤʦʠʜʦʚ ʩʦʧʦʩʪʘʚʣʝʥ ʩ 

ʜʝʪʘʣʴʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʮʠʢʣʠʯʥʦʩʪʴʶ ʨʘʟʨʝʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʠʟʦʪʦʧʥʦ ʬʨʘʢʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʦʪʨʘʞʘʝʪ ʩʤʝʥʫ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ ʨʝʛʨʝʩʩʠʚʥʳʭ ʮʠʢʣʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɸʧʨʦʙʠʨʦʚʘʥʠʝ ʫʢʘʟʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʥʘ ʚʝʨʭʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʰʝʣʴʬʘ ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʚʳʷʚʣʝʥʥʳʭ ʜʣʷ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘ ʧʨʠʤʝʨʝ ʜʨʫʛʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʚʳʜʝʣʠʪʴ ʦʜʥʦʪʠʧʥʳʝ 

ʛʨʫʧʧʳ ʠʟʦʪʦʧʥʦ ʬʨʘʢʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʙʠʪʫʤʦʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʭʦʜʥʳʤ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʟʘʭʦʨʦʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʆɺ.  

ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʣʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ, ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʩʦʙʨʘʥʥʦʡ ʫʥʠʢʘʣʴʥʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʨʦʜ ʭʘʜʫʤʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʇʨʝʜʢʘʚʢʘʟʴʷ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʳ ʣʠʪʦ-ʬʘʮʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʘʩʰʠʨʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʣʘʪʝʨʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʆɺ ʂʨʳʤʩʢʦ ʂʘʚʢʘʟʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

ʅʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʣʢʦʚʦʜʥʳʭ ʤʝʪʘʥʦʚʳʭ ʩʠʧʦʚ ʚ 

ʙʫʭʪʝ ʃʘʩʧʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ 
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ʫʯʝʪʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ɺʧʝʨʚʳʝ ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʠʟʫʯʝʥʠʷ ʚʨʝʤʝʥʥʦʡ 

ʜʠʥʘʤʠʢʠ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ŭ13Cʉʅ4 ʠ ŭ
13Cʉ2ʅ6) ʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʫʟʳʨʴʢʦʚʦʛʦ ʛʘʟʘ ʥʘ ʩʝʟʦʥʥʦʤ ʠ ʩʫʪʦʯʥʦʤ ʤʘʩʰʪʘʙʘʭ ʚʨʝʤʝʥʠ. ʇʨʝʜʣʦʞʝʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ 

ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠʨʦʜʳ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʦʪʙʦʨʝ ʛʘʟʘ, ʝʩʪʝʩʪʚʝʥʥʦ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʠʟ ʢʝʨʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʣʫʯʝʥʠʝ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʧʨʠʚʷʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʣʶʠʜʦʚ ʢ ʢʝʨʥʦʚʦʤʫ 

ʠʥʪʝʨʚʘʣʫ. 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ʀʥʪʝʛʨʘʮʠʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ (ʧʦʨʦʜʘïʆɺï

ʬʣʶʠʜ) ʚ ʧʨʦʮʝʩʩʳ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʧʦʚʳʰʘʝʪ ʜʝʪʘʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʮʠʢʣʠʯʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʨʘʟʨʝʟʘ, ʪʠʧʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʝʨʘʮʠʠ 

ʬʣʶʠʜʦʚ, ʦʮʝʥʢʠ ʤʠʛʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

2. ʕʢʩʢʫʨʩʳ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʷʚʣʝʥʠʷʤ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ: ʚ ʚʝʨʭʥʝʢʝʤʙʨʠʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ð ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʘʥʦʤʘʣʠʷʤ SPICE ʠ TOCE; ʚ 

ʩʝʥʦʤʘʥïʪʫʨʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʂʨʳʤʘ ð ʦʢʝʘʥʠʯʝʩʢʦʤʫ ʘʥʦʢʩʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ OAE 2; 

ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʪʫʨʦʥïʢʦʥʴʷʢʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʉʝʚʝʨʦ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ ð 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʧʦʭʦʣʦʜʘʥʠʷʤ; ʚ ʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʂʨʳʤʘ ð ʧʦʚʳʰʝʥʥʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʬʦʥʫ ʧʝʨʠʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʫʤʤʫʣʠʪʦʚʦʡ ʙʘʥʢʠ. 

3. ʀʟʦʪʦʧʥʦ-ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʙʠʪʫʤʦʠʜʦʚ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩʣʫʞʠʪ ʠʥʜʠʢʘʪʦʨʦʤ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ 

ʩʤʝʥʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʦʪʣʦʞʝʥʠʡ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʘʣʣʶʚʠʘʣʴʥʦ-ʦʟʸʨʥʳʭ, 

ʤʝʣʢʦʚʦʜʥʳʭ ʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʦʙʦʛʘʱʝʥʠʠ ʣʸʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ 12ʉ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʉʚʷʟʴ ʠʟʦʪʦʧʥʦ-

ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʙʠʪʫʤʦʠʜʦʚ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ ʦʪʣʦʞʝʥʠʡ, 

ʧʨʦʩʣʝʞʝʥʥʘʷ ʚ ʚʝʨʭʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʠ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ 

ʙʘʩʩʝʡʥʦʚ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʭʦʜʩʪʚʦ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ. 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʫʛʣʝʨʦʜʘ ʛʘʟʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʧʨʠʨʦʜʫ 

ʠ ʧʨʦʩʣʝʜʠʪʴ ʩʚʷʟʴ ʛʘʟʦʚʳʭ ʬʣʶʠʜʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ. 

ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʙʫʭʪʳ ʃʘʩʧʠ ʏʸʨʥʦʛʦ ʤʦʨʷ, ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʠʭ ʪʝʨʤʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʤʠʛʨʘʮʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ. 
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ɼʣʷ ʟʘʣʝʞʝʡ ʗʤʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʛʘʟʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʨʸʭ 

ʠʩʪʦʯʥʠʢʘʭ ʛʝʥʝʨʘʮʠʠ: ʩʝʥʦʤʘʥʩʢʦʤ, ʚʘʣʘʥʞʠʥʩʢʦʤ ʠ ʤʠʢʨʦʙʠʘʣʴʥʦʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʛʘʟʦʚ ʙʘʞʝʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʶʛʘ ʠ ʮʝʥʪʨʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʘʟʘʤ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤ ʙʘʞʝʥʦʚʩʢʦʡ ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʦʡ ʪʦʣʱʝʡ, ʘ ʪʘʢʞʝ 

ʛʘʟʘʤ, ʤʠʛʨʠʨʦʚʘʚʰʠʤ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʢʦʤʧʣʝʢʩʦʚ.  

5. ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ ʠ ʬʣʶʠʜʦʚ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʛʦ ʩʚʦʜʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʚʷʟʴ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʟʘʣʝʞʘʭ ʚʠʢʫʣʦʚʩʢʦʡ ʩʚʠʪʳ ʠ ʜʦʶʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ, ʘ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʨʤʠʯʝʩʢʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠʩʭʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʘ ʠʟʦʪʦʧʦʚ 

ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʧʦʨʦʜʳ, ʆɺ, ʋɺ-ʬʣʶʠʜʦʚ ʠ ʚʦʜʳ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ 

ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝ- ʠ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ. ɸʥʦʤʘʣʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʣʸʛʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʩʣʫʞʘʪ ʥʘʜʸʞʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʜʣʷ ʬʠʢʩʘʮʠʠ ʨʝʧʝʨʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʛʨʘʥʠʮ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʢʦʨʨʝʣʷʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʦʪʩʣʝʞʠʚʘʥʠʠ ʩʤʝʥʳ ʦʙʩʪʘʥʦʚʦʢ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʦʪʣʦʞʝʥʠʡ. ʀʟʦʪʦʧʥʳʝ 

ʤʘʨʢʝʨʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʬʣʶʠʜʦʚ (ʋɺ, ʚʦʜʘ) ʠ ʆɺ ʠʟ ʨʘʟʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆɺ 

ʚʝʨʭʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʠ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʠʤʝʶʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʮʝʥʢʝ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʟʫʯʘʝʤʳʭ ʨʝʛʠʦʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʪʦʯʥʷʶʪ ʠ ʜʦʧʦʣʥʷʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʫʩʣʦʚʠʡ ʠ 

ʤʘʩʰʪʘʙʦʚ ʛʝʥʝʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʪʦʯʥʦ ʦʮʝʥʠʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʚʢʣʶʯʝʥʳ ʚ 

ʧʨʦʛʨʘʤʤʳ ʢʫʨʩʦʚ çʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʣʸʛʢʠʭ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʚ ʛʝʦʣʦʛʠʠ ʠ 

ʛʝʦʭʠʤʠʠè, çʅʝʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚè, çʄʠʢʨʦʵʣʝʤʝʥʪʳ ʥʝʬʪʝʡ, 

ʩʣʘʥʮʝʚ ʠ ʫʛʣʝʡ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚè, çɹʘʩʩʝʡʥʦʚʳʡ ʘʥʘʣʠʟ ʧʨʠ ʧʦʠʩʢʘʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚè, 

çɻʝʦʭʠʤʠʷ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ (ʜʦʧ. ʛʣʘʚʳ)è ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ. 
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʭʦʜʝ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʛʜʝ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʳʩʪʫʧʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 

ʚʳʚʦʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʧʝʨʚʳʝ ʘʧʨʦʙʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʟʦʪʦʧʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʣʝʞʝʡ ʥʘ ʂʘʤʝʥʥʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʛʦ ʩʚʦʜʘ, ʛʜʝ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʫʛʣʝʨʦʜʘ ʆɺ, ʚʦʜʳ ʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʟʘʣʝʞʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ ʦʙ ʠʩʪʦʯʥʠʢʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʚʦʟʤʦʞʥʳʭ ʧʫʪʷʭ ʠʭ 

ʤʠʛʨʘʮʠʠ ʚʜʦʣʴ ʦʩʥʦʚʥʦʛʦ ʨʘʟʣʦʤʘ, ʩʝʢʫʱʝʛʦ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʙʳʣʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ŭ13C ʠ ŭ18O) ʥʘ ʧʨʠʤʝʨʝ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʟʨʝʟʦʚ 

ʧʦʜʪʚʝʨʞʜʘʣʠʩʴ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤʠ, ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʨʝʟʫʣʴʪʘʪʘʤʠ 

U-Pb-ʜʘʪʠʨʦʚʘʥʠʷ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠ ʢʦʨʨʝʣʷʮʠʝʡ ʩ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʨʢʝʨʦʚ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʳʣʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʙʠʦʤʘʨʢʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʠʨʦʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʨʫʛʠʝ).  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʢʦʣʣʝʢʮʠʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʣʸʛʢʠʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʘʪʪʝʩʪʘʮʠʝʡ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. ʅʘʜʸʞʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʭʦʨʦʰʝʡ ʢʦʨʨʝʣʷʮʠʝʡ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʤʝʪʦʜʘʤʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʫʙʣʠʢʘʮʠʠ  

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 29 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 23 ʩʪʘʪʴʠ ï ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ 

ʄɻʋ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʠ ʦʪʨʘʩʣʠ ʥʘʫʢ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʳʚʘʣʠʩʴ 

ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ  

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 247 ʩʪʨʘʥʠʮʘʭ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ ʠ 

ʟʘʢʣʶʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ 81 ʨʠʩʫʥʦʢ, 8 ʪʘʙʣʠʮ, ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

ʚʢʣʶʯʘʝʪ 461 ʠʩʪʦʯʥʠʢ, ʠʟ ʢʦʪʦʨʳʭ 289 ʥʘ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʘʭ. 
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘʚʝʜʫʶʱʝʤʫ ʢʘʬʝʜʨʦʡ ʠ ʥʘʫʯʥʦʤʫ 

ʢʦʥʩʫʣʴʪʘʥʪʫ ɸ.ɺ. ʉʪʫʧʘʢʦʚʦʡ ʟʘ ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʮʝʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ. ʀʩʢʨʝʥʥʷʷ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ 

ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʘ ʪʘʢʞʝ 

ʩʦʪʨʫʜʥʠʢʘʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʅ.ɸ. ʍʘʨʠʪʦʥʦʚʦʡ, ʅ.ɺ. 

ʃʫʙʥʠʥʦʡ, ɺ.ʄ. ʉʦʨʦʢʠʥʫ ʟʘ ʧʦʣʝʟʥʳʝ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ.  

ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʠ ʧʦʥʠʤʘʥʠʝ 

ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ɸ.ʄ. ʅʠʢʠʰʠʥʫ, ɽ.ɸ. ʃʳʛʠʥʦʡ, ɽ.ɺ. ʗʢʦʚʠʰʠʥʦʡ, ʉ.ɺ. ɹʦʨʜʫʥʦʚʫ, 

ʢʦʣʣʝʛʘʤ ʀʌɿ ʈɸʅ: ɺ.ʕ. ʇʘʚʣʦʚʫ; ʢʦʣʣʝʛʘʤ ʌʀʎ ʀʥɹʖʄ ʈɸʅ: ʊ.ɺ. ʄʘʣʘʭʦʚʦʡ, ɸ.ʀ. 

ʍʫʨʯʘʢ; ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ: ɸ.ɸ. ɹʫʜʥʠʢʦʚʫ, ʀ.ʅ. ʀʚʘʥʦʚʦʡ; ʢʦʣʣʝʛʘʤ ʈɻʋ ʥʝʬʪʠ 

ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ.ɻʫʙʢʠʥʘ: ɺ.ʉ. ʗʢʫʰʝʚʫ, ʅ.ʈ. ɸʚʝʪʦʚʫ.  

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʩʦʙʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʢʦʣʣʝʛʘʤ ʠʟ ɻɽʆʍʀ ʈɸʅ ʟʘ ʧʣʦʜʦʪʚʦʨʥʳʝ 

ʥʘʫʯʥʳʝ ʜʠʩʢʫʩʩʠʠ, ʘ ʪʘʢʞʝ ʩʚʦʠʤ ʢʦʣʣʝʛʘʤ, ʘʩʧʠʨʘʥʪʘʤ ʠ ʩʪʫʜʝʥʪʘʤ ɸ.ʉ. ɻʨʷʟʥʦʚʦʡ, ʊ.ʆ. 

ʂʦʣʝʩʥʠʢʦʚʦʡ, ɺ.ɸ. ʐʘʨʘʬʫʪʜʠʥʦʚʦʡ, ʄ.ʃ. ʄʘʭʥʫʪʠʥʦʡ, ɸ.ɺ. ʂʫʩʤʘʝʚʦʡ ʟʘ ʧʦʜʜʝʨʞʢʫ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɻʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʩʝʤʴʝ ʠ ʙʣʠʟʢʠʤ ʟʘ 

ʥʝʦʮʝʥʠʤʫʶ ʧʦʜʜʝʨʞʢʫ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ. 
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ɻʃɸɺɸ 1. ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀɿʆʊʆʇʅʆʁ 

ɻɽʆʍʀʄʀʀ ɼʃʗ ʈɽʐɽʅʀʗ ɿɸɼɸʏ ʅɽʌʊʗʅʆʁ ɻɽʆʃʆɻʀʀ1 

ʀʟʦʪʦʧʥʘʷ ʛʝʦʭʠʤʠʷ ʚ ʥʝʬʪʷʥʦʡ ʛʝʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦ ʤʘʩʰʪʘʙʘʤ ʠ ʭʘʨʘʢʪʝʨʫ ʟʘʜʘʯʠ ʦʪ 

ʙʘʩʩʝʡʥʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʦ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʟʘʣʝʞʠ. ʀʟʦʪʦʧʥʘʷ ʛʝʦʭʠʤʠʷ ʷʚʣʷʝʪʩʷ 

ʯʫʪʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʤ ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʝʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ 

ʨʘʟʥr ʭ ʵʪʘʧʘʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ (ɻʈʈ), ʈʠʩʫʥʦʢ 1. ʅʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʧʦʠʩʢʦʚʦ-

ʨʘʟʚʝʜʦʯʥʦʤ ʵʪʘʧʘʭ ɻʈʈ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʨʘʟʨʝʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʀʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ ʧʦʟʚʦʣʷʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʝʨʠʦʜʳ ʟʘʭʦʨʦʥʝʥʠʡ ʙʦʣʴʰʠʭ ʤʘʩʩ 

ʫʛʣʝʨʦʜʘ ʚ ʦʩʘʜʢʘʭ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʚ ʨʘʟʨʝʟʝ ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʭ ʪʦʣʱ.  

 

ʈʠʩʫʥʦʢ 1. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ. 

ʀʟʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠʤ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʛʝʥʝʟʘ 

ʪʠʧʦʚ ʬʣʶʠʜʦʚ ʥʘ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʦʤ ʵʪʘʧʝ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʷʝʪ 

 
1 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʘʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ 

ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ:   

1. ʂʨʘʩʥʦʚʘ, ɽ. ɸ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ŭ18ʆ, ŭ13ʉ ʚ ʟʘʜʘʯʘʭ 

ʥʝʬʪʷʥʦʡ ʛʝʦʣʦʛʠʠ / ɽ. ɸ. ʂʨʘʩʥʦʚʘ, ɸ. ɺ. ʉʪʫʧʘʢʦʚʘ, ʈ. ʉ. ʉʘʫʪʢʠʥ, ɸ. ɺ. ʂʦʨʟʫʥ, ʄ. ɸ. ɹʦʣʴʰʘʢʦʚʘ, 

ɸ. ɸ. ʉʫʩʣʦʚʘ // ɻʝʦʨʝʩʫʨʩʳ. ï 2024b. ï ʊ. 26. ï ̄ 3. ï ʉ. 126-137 doi:10.18599/grs.2024.3.14 (1,6 ʧ.ʣ., 

ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 60%). ʀʤʧʘʢʪ ʬʘʢʪʦʨ JIF: 0,5  
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ʩʪʨʦʠʪʴ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ ʥʘ ʨʘʟʚʝʜʦʯʥʦʤ ʵʪʘʧʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʠ 

ʩʦʟʜʘʚʘʪʴ ʥʘʜʝʞʥʳʝ ʠ ʪʦʯʥʳʝ ʤʦʜʝʣʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʢʨʘʪʢʦ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ (Craig H., 1957; Hoefs J., 1997; ɻʘʣʠʤʦʚ ʕ.ʄ., 1973a, 1986; ʌʦʨ ɻ., 

1989). ʀʟʣʦʞʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʠʟʦʪʦʧʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. 

1.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʠ ʠʟʤʝʨʷʝʤʳʝ ʚʝʣʠʯʠʥʳ  

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ (R) ̫ʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʦʪʥʦʰʝʥʠ ̫ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʟʦʪʦʧʦʚ ʚ 

ʦʙʨʘʟʮʝ ʠ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2 װ# װ
ὅ

#
 

ʛʜʝ [ĭįʉɸ] ʠ [ĭĮʉɸ] ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʦʪʦʧʦʚ ĭįʉ ʠ ĭĮʉ ʚ ʦʙʨʘʟʮʝ ɸ.  

ɺ ʠʟʦʪʦʧʥʦʡ ʛʝʦʭʠʤʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʦʪʦʧʦʚ ʧʨʠʥʷʪʦ ʚʳʨʘʞʘʪʴ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʚʝʣʠʯʠʥʘʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʦʙʥʝʝ ʠ ʪʦʯʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʙʩʦʣʶʪʥʳʭ 

ʩʦʜʝʨʞʘʥʠʡ ʠʟʦʪʦʧʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʢʨʘʡʥʝ ʤʘʣʳ. ʆʙʦʟʥʘʯʝʥʠʝ çŭè ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ 1950 

ʛʦʜʫ (McKinney C.R. ʠ ʜʨ., 1950) ʠ ʦʪʨʘʞʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʠʣʠ ʦʙʝʜʥʝʥʠʝ 

ʠʟʦʪʦʧʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʦʤʠʣʣʝ (ă), ʜʣʷ 

ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ɿ ὅ
2 #

2 #
ρ ρzπ 

ʛʜʝ RĭįCPDB ï ʠʟʦʪʦʧʥʦʝ ʦʪʥʦʰʝʥʠʝ ʩʪʘʥʜʘʨʪʘ PDB (Belemnita Americana ʠʟ 

ʠʟʚʝʩʪʥʷʢʦʚʦʡ ʬʦʨʤʘʮʠʠ Pee Dee ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʖʞʥʘ ̫ʂʘʨʦʣʠʥʘ). ɸʙʩʦʣʶʪʥʦʝ 

ʤʘʩʩʦʚʦʝ ʠʟʦʪʦʧʥʦʝ ʦʪʥʦʰʝʥʠʝ 13C ʢ 12C ʩʦʩʪʘʚʣʷʝʪ 0,0112372. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʠʨʦʜʥʳʝ 

ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ 13C ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʦʤ, ʧʦʵʪʦʤʫ ʠʭ ʦʙʝʜʥʝʥʠʝ ʪʷʞʝʣʳʤ 

ʠʟʦʪʦʧʦʤ ʚʳʨʘʞʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ13C. 

ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʪʦʨʦʛʦ ʚʳʨʘʞʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʊʘʙʣʠʮʘ 1ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʪʦʧʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ. 
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ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʥʘʣʠʟʝ ʩʪʘʙʠʣʴʥʳʭ 

ʠʟʦʪʦʧʦʚ (Craig H., 1957; Hoefs J. et al., 1976; ʌʦʨ ɻ., 1989). 

ʕʣʝʤʝʥʪ ʀʟʦʪʦʧʥʦʝ 

ʦʪʥʦʰʝʥʠʝ 

ʉʪʘʥʜʘʨʪ ʀʟʦʪʦʧʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʚ ʩʪʘʥʜʘʨʪʝ 

ɺʦʜʦʨʦʜ ŭD (2H/1H) SMOW (V-SMOW) ï 

ʩʪʘʥʜʘʨʪʥʘʷ ʫʩʨʝʜʥʝʥʥʘʷ 

ʦʢʝʘʥʩʢʘʷ ʚʦʜʘ 

1,557 * 10-4 

ʂʠʩʣʦʨʦʜ ŭ18ʆ (18O/16O) 2,0052 * 10-3 

ʋʛʣʝʨʦʜ ŭ13C (13C/12C) PDB (V-PDB) ï ʙʝʣʝʤʥʠʪ, 

ʬʦʨʤʘʮʠʷ ʇʠ-ɼʠ, 

ʤʘʘʩʪʨʠʭʪ. 

1,122 * 10-2 

ʂʠʩʣʦʨʦʜ ŭ18ʆ (18O/16O) 2,0671 * 10-3 

ʌʦʨʤʫʣʘ ʧʝʨʝʩʯʸʪʘ ʟʥʘʯʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ: 

ŭ18ʆPDB = 1,03086 ŭ18ʆSMOW+30,86 

ʀʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠʟʦʪʦʧʥʳʭ ʤʦʣʝʢʫʣ ʠʭ ʭʠʤʠʯʝʩʢʠʝ 

ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʦʪʦʧʥʳʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ, 

ʪʦ ʝʩʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʟʦʪʦʧʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʬʨʘʢʮʠʷʤʠ ʚʝʱʝʩʪʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʠʟʦʪʦʧʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. ʀʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʟʦʪʦʧʦʚ ʤʝʞʜʫ ʚʝʱʝʩʪʚʘʤʠ ɸ ʠ ɺ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʠʡ ʚ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʜʚʫʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ (Ŭ):  

ɻϋύ#Ⱦװ װ
ὅ Ⱦ #

# Ⱦ #
 

ʛʜʝ ʠʥʜʝʢʩʳ ɸ ʠ ɺ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʱʝʩʪʚʘ. 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʶ 

ʠʟʦʪʦʧʦʚ: ʠʟʦʪʦʧʥʦʦʙʤʝʥʥʳʝ ʨʝʘʢʮʠʠ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʢʦʨʦʩʪʷʭ ʨʝʘʢʮʠʡ ʜʣʷ ʨʘʟʥʳʭ ʠʟʦʪʦʧʦʚ. 

ʀʟʦʪʦʧʥʦʦʙʤʝʥʥʳʝ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʣʠʯʠʷʤʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ 

ʠʟʦʪʦʧʥʳʭ ʬʦʨʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʝʥʠʝʤ ɓ-ʬʘʢʪʦʨʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ɓ-ʬʘʢʪʦʨʘ 

ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʸʣʦʛʦ ʠʟʦʪʦʧʘ 13ʉ. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ɓ-ʬʘʢʪʦʨʦʚ. 
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1.2 ʀʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʨʘʟʨʝʟʦʚ 

ʀʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʢʠʩʣʦʨʦʜʦʤ (ŭ13C ï ŭ18ʆ) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉ 

ʧʦʤʦʱʴʶ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʚʳʜʝʣʷʶʪʩʷ ʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʨʝʧʝʨʥʳʝ ʫʨʦʚʥʠ, ʢʦʪʦʨʳʝ 

ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʨʪ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʚʨʝʤʝʥʥʳʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ. ʂʨʠʚʳʝ ŭ13C ï ŭ18ʆ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʚʥʫʪʨʠ- 

ʠ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʪʝʭ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʬʘʫʥʠʩʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʳʭ ʙʝʜʥʘ 

ʠʣʠ ʩʦʚʩʝʤ ʦʪʩʫʪʩʪʚʫʝʪ (Cui Y. et al., 2011; Kennett J. et al., 1991; Sluijs A. et al., 2007a; 

Zachos J. et al., 2007a). ʉ ʮʝʣʴʶ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ 

ʢʨʘʡʥʝ ʚʘʞʥʳ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʤʦʜʝʣʝʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʫʯʸʪ ʠʤʝʶʱʠʭʩʷ 

ʜʠʩʣʦʢʘʮʠʡ, ʨʘʩʰʠʬʨʦʚʢʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʚʳʷʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʩʝʭ ʵʪʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪʩʷ 

ʧʨʠʚʣʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʝ ʧʦʩʣʝʜʥʶʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ.  

ʀʟʦʪʦʧʥʘʷ ʛʝʦʭʠʤʠʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ ʠ ʨʝʘʢʮʠʠ ʥʘ ʥʠʭ ʩʫʙʘʵʨʘʣʴʥʳʭ ʠ 

ʘʢʚʘʣʴʥʳʭ ʧʘʣʝʦʛʝʦʩʠʩʪʝʤ. ʀʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʠʥʜʠʢʘʪʦʨʘʤʠ ʢʦʪʦʨʳʭ 

ʩʣʫʞʘʪ ʘʥʦʤʘʣʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʣʸʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʫʛʣʝʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ), 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʘʣʝʦʢʣʠʤʘʪʦʣʦʛʠʠ. ʇʘʣʝʦʛʝʦʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ 

ʚ ʧʝʨʝʭʦʜʥʳʭ ʟʦʥʘʭ ʤʝʞʜʫ ʩʫʰʝʡ ʠ ʤʦʨʝʤ, ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʬʣʫʢʪʫʘʮʠʷʤ. ʀʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ (ŭ13C, ŭ18ʆ) ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʚʘʨʠʘʮʠʠ 

ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ, ʩʦʣʸʥʦʩʪʠ ʠ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʟʦʪʦʧʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʥʘʧʨʠʤʝʨ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ (IRMS)) ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ (ʜʦ Ñ0,1ă ʜʣʷ ŭ13C ʠ Ñ0,2ă ʜʣʷ ŭ18O), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʦʪʦʧʥʳʝ ʵʢʩʢʫʨʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʩʦʙʳʪʠʷʤʠ ʧʨʦʰʣʦʛʦ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʟʦʪʦʧʥʦʡ 

ʛʝʦʭʠʤʠʠ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʠʟʫʯʝʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʦʩʘʜʦʯʥʦʡ ʣʝʪʦʧʠʩʠ, ʦʩʦʙʝʥʥʦ ʚ ʤʦʨʩʢʠʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ð 

çʯʸʨʥʳʭ ʩʣʘʥʮʘʭè. ʕʪʠ ʦʪʣʦʞʝʥʠʷ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʟ-ʟʘ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʛʣʦʙʘʣʴʥʳʤʠ 

ʘʥʦʢʩʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ (Oceanic Anoxic Events, OAE).  
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ʈʝʟʢʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ. 

ʍʦʪʷ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʜʠʩʢʫʩʩʠʡ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʝ ʧʦʪʝʧʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʛʠʧʝʨʪʝʨʤʘʣʴʥʳʝ 

ʩʦʙʳʪʠʷ) ʠ ʪʝʨʤʦʛʘʣʠʥʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʦʢʝʘʥʘ ʤʦʛʣʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʘʢʦʧʣʝʥʠʶ 

ʫʛʣʝʨʦʜʘ ʚ ʬʦʨʤʝ ʦʨʛʘʥʠʯʝʩʢʠ ʦʙʦʛʘʱʸʥʥʳʭ ʦʩʘʜʢʦʚ - ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ çʯʸʨʥʳʭ 

ʩʣʘʥʮʝʚè (Dickens G. et al., 1995; Hayes J. et al., 1999; Schlander S. ʠ ʜʨ., 1976; ʖʜʦʚʠʯ ʗ.ʕ. 

ʠ ʜʨ., 1988). ʊʝʨʤʦʛʘʣʠʥʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʦʢʝʘʥʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʘʥʦʢʩʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʨʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜʥʘʷ ʪʦʣʱʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʣʦʠ ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠʟ-ʟʘ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʧʝʨʝʤʝʰʠʚʘʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʣʫʙʠʥʥʳʝ ʚʦʜʳ ʠʟʦʣʠʨʫʶʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʙʦʛʘʪʳʭ 

ʢʠʩʣʦʨʦʜʦʤ ʩʣʦʝʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʪʦʱʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʜʦʥʥʳʭ ʚʦʜʘʭ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʧʦʚʳʰʝʥʥʘʷ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ, 

ʩʪʠʤʫʣʠʨʫʝʤʘʷ ʫʩʠʣʝʥʥʳʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʩʪʦʢʦʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʦʪʝʧʣʝʥʠʠ 

ʢʣʠʤʘʪʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʧʦʪʦʢ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʜʥʦ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ 

ʢʠʩʣʦʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʥʝ ʦʢʠʩʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʦʩʘʜʢʘʭ, 

ʬʦʨʤʠʨʫʷ ʦʙʦʛʘʱʝʥʥʳʝ ʫʛʣʝʨʦʜʦʤ ʦʪʣʦʞʝʥʠʷ. 

ɹʘʣʘʥʩ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʣʘʥʩʦʤ ʦʙʲʸʤʘ ʫʛʣʝʢʠʩʣʦʪʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʥʝʜʨ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʨʝʟʝʨʚʫʘʨʳ (ʚʫʣʢʘʥʠʟʤ, ʚʳʚʝʪʨʠʚʘʥʠʝ, ʤʝʪʘʤʦʨʬʠʟʤ) ʠ ʦʙʨʘʪʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʟʘʭʦʨʦʥʝʥʠʷ ʚ ʦʩʘʜʢʘʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʕʪʦʪ ʙʘʣʘʥʩ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʢʫʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʘʪʤʦʩʬʝʨʝ, ʢʦʪʦʨʘʷ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʢʣʠʤʘʪʘ. ʂʦʣʝʙʘʥʠʷ ʠ ʨʝʟʢʠʝ ʩʤʝʱʝʥʠʷ 

ʜʘʥʥʦʛʦ ʙʘʣʘʥʩʘ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ. ʌʣʫʢʪʫʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʫʢʘʟʳʚʘʶʪ ʯʘʩʪʦ ʥʘ ʨʦʣʴ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʠʟʤʝʥʝʥʠʠ ʙʠʦʩʬʝʨʳ, ʧʝʨʠʦʜʳ ʨʝʟʢʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ ʠʣʠ ʧʦʪʝʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʝʨʠʦʜʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʤʦʱʥʳʭ ʧʨʦʩʣʦʝʚ ʙʦʛʘʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺ ʤʠʨʦʚʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʝʨʠʦʜʳ ʦʣʝʜʝʥʝʥʠʡ ʠ, ʥʘʧʨʦʪʠʚ, ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ.  

ʅʘʧʨʠʤʝʨ, ʵʧʠʟʦʜʳ ʧʦʪʝʧʣʝʥʠʷ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʤʘʩʩʦʚʳʤ ʚʳʙʨʦʩʦʤ ʤʝʪʘʥʘ 

ʠʟ ʛʠʜʨʘʪʦʚ ʛʘʟʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʭʦʣʦʜʘʥʠʝ ʤʦʛʣʦ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʦʮʝʩʩʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ, ʪʨʘʧʧʦʚʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʣʘʯʥʦʩʪʠ. ʕʪʠ ʧʝʨʠʦʜʳ ʠʟʫʯʝʥʳ ʚ ʨʘʟʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʤʠʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʤʝʪʦʜʘʤʠ ʠʟʦʪʦʧʥʦʡ ʛʝʦʭʠʤʠʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʵʪʠ ʧʝʨʠʦʜʳ, ʧʦʟʚʦʣʷʝʪ ʠʩʢʘʪʴ ʠʭ ʘʥʘʣʦʛʠ ʚ ʧʨʝʜʝʣʘʭ ʦʩʘʜʦʯʥʳʭ 

ʙʘʩʩʝʡʥʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠ ʘʢʚʘʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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1.2.1 ɺʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʧʝʨʠʦʜʳ ʛʣʦʙʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ 

ɻʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʥʘʜʝʞʥʦ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʣʝʪʦʧʠʩʠ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʠʟʦʪʦʧʥʳʤ ʵʢʩʢʫʨʩʘʤ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. ʇʦʥʠʤʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʵʪʠʭ ʩʦʙʳʪʠʡ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʦʪʦʧʥʳʭ 

ʘʥʦʤʘʣʠʡ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʪʠʧ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʩʪʘʚʣʷʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ 

"ʠʟʦʪʦʧʥʳʡ ʦʪʧʝʯʘʪʦʢ" ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ. ʌʦʨʤʘ, ʘʤʧʣʠʪʫʜʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʠʟʦʪʦʧʥʳʭ ʵʢʩʢʫʨʩʦʚ ʥʘʧʨʷʤʫʶ ʦʪʨʘʞʘʶʪ ʭʘʨʘʢʪʝʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʝʨʪʫʨʙʘʮʠʡ. ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʣʠʤʘʪ ɿʝʤʣʠ, ʷʚʣʷʶʪʩʷ ʛʣʦʙʘʣʴʥʳʝ 

ʠʣʠ ʩʨʝʜʥʝʤʠʨʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʭ ʬʣʫʢʪʫʘʮʠʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ (>50 ʤʣʥ.ʣʝʪ), ʩʨʝʜʥʝʩʨʦʯʥʳʝ (10-20 ʤʣʥ.ʣʝʪ) ʠ 

ʢʨʘʪʢʦʩʨʦʯʥʳʝ (<1 ʤʣʥ.ʣʝʪ) ʠʟʤʝʥʝʥʠʷ. ɺʩʝ ʦʥʠ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦ ʠʟʦʪʦʧʥʳʤ ʵʢʩʢʫʨʩʘʤ 

ʢʠʩʣʦʨʦʜʘ (ŭ18ʆ) ʠ ʫʛʣʝʨʦʜʘ (ŭ13ʉ) (ʈʠʩʫʥʦʢ 2, ʈʠʩʫʥʦʢ 3). 

 

ʈʠʩʫʥʦʢ 2. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʙʝʥʪʦʩʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨʘʭ (Cramer B. et al., 

2009a; Pearson P., 2012). 

ɼʦʣʛʦʩʨʦʯʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ɿʝʤʣʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ 

ʣʝʜʥʠʢʦʚʳʤʠ ʠ ʧʘʨʥʠʢʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. ʂʣʶʯʝʚʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ "ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ" ʚʳʩʪʫʧʘʶʪ: ʢʦʥʮʝʥʪʨʘʮʠʷ CO2 ʚ ʘʪʤʦʩʬʝʨʝ, ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʦʢʝʘʥʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʕʪʠ 

ʧʘʨʘʤʝʪʨʳ ʬʦʨʤʠʨʫʶʪ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʩʧʦʩʦʙʥʫʶ ʢʘʢ ʫʩʠʣʠʚʘʪʴ, ʪʘʢ ʠ 

ʦʩʣʘʙʣʷʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʨʝʥʜʳ (Ruddiman W.F., 2001; Hay W., 2016). 
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ʉʨʝʜʥʝʩʨʦʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʨʝʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʟʦʪʦʧʥʳʭ 

ʜʘʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʬʦʩʬʘʪʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʉʦʚʨʝʤʝʥʥʳʝ ʛʣʦʙʘʣʴʥʳʝ ʢʦʤʧʠʣʷʮʠʠ 

ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʪʨʦʧʠʯʝʩʢʠʭ ʠ ʧʦʣʷʨʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʬʘʥʝʨʦʟʦʷ (Grossman E., 2012a, 2012b; Grossman E. et al., 2020; Scotese C.R. et 

al., 2021; Song H. et al., 2019; Veizer J. et al., 2015). ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʢʦʤʧʣʝʢʩʦʤ 

ʬʘʢʪʦʨʦʚ: ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʢʦʣʣʠʟʠʷʤʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʨʦʛʝʥʝʟʦʤ, ʦʙʜʫʢʮʠʝʡ 

ʦʬʠʦʣʠʪʦʚ ʠ ʭʠʤʠʯʝʩʢʠʤ ʚʳʚʝʪʨʠʚʘʥʠʝʤ, ʠʟʤʝʥʝʥʠʷʤʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ ʠ 

ʢʨʫʧʥʳʤʠ ʵʚʦʣʶʮʠʦʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ, ʚʢʣʶʯʘʷ ʧʦʷʚʣʝʥʠʝ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɺ 

ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚʦʟʤʦʞʥʦ ʪʘʢ ʞʝ ʚʳʷʚʣʝʥʠʝ "ʥʝʙʦʣʴʰʠʭ ʣʝʜʥʠʢʦʚʳʭ ʧʝʨʠʦʜʦʚ" 

ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʛʣʷʮʠʘʣʴʥʳʤʠ ʵʧʠʟʦʜʘʤʠ ʬʘʥʝʨʦʟʦʷ (Scotese C.R. et al., 2021). 

 

ʈʠʩʫʥʦʢ 3. ʕʢʩʢʫʨʩ rʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ (ŭ18ʆ) ʚ ʪʝʯʝʥʠʝ ʌʘʥʝʨʦʟʦʷ. ʅʘ 

ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʭʦʜʥʳʝ ʠ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ 

ʠʟ ʬʦʩʬʘʪʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (Scotese C.R. et al., 2021; Song H. et al., 2019). 

ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʳ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʚʷʟʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ: ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʫʧʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡ (Large Igneous Provinces, LIPs) ï ʩ ʵʧʠʟʦʜʘʤʠ ʧʦʪʝʧʣʝʥʠʷ, ʘ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʢʨʫʧʥʳʭ ʤʝʪʝʦʨʠʪʦʚ ï ʩ ʧʦʭʦʣʦʜʘʥʠʷʤʠ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 720 ʤʣʥ ʣʝʪ ʚʳʜʝʣʷʝʪʩʷ 8 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ: ʯʝʪʳʨʝ ʪʝʧʣʳʭ 

(ʢʝʤʙʨʠʡ-ʦʨʜʦʚʠʢʩʢʠʡ, ʩʠʣʫʨ-ʜʝʚʦʥʩʢʠʡ, ʪʨʠʘʩʦʚʳʡ, ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʳʡ), ʪʨʠ ʭʦʣʦʜʥʳʭ 



21 

 

 

(ʧʦʟʜʥʝʦʨʜʦʚʠʢ-ʩʠʣʫʨʠʡʩʢʠʡ, ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʡ, ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʠʡ) ʠ ʦʜʠʥ 

ʩʤʝʰʘʥʥʳʡ (ʶʨʩʢʦ-ʨʘʥʥʝʤʝʣʦʚʦʡ). ʕʪʠ ʨʝʞʠʤʳ ʬʦʨʤʠʨʫʶʪ 24 ʧʘʨʳ ʮʠʢʣʦʚ ʧʦʪʝʧʣʝʥʠʝ-

ʧʦʭʦʣʦʜʘʥʠʝ ʩʦ ʩʨʝʜʥʝʤʠʨʦʚʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʦʢʦʣʦ 20ÁC ʠ 16ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʪʘʢʞʝ ʨʷʜ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʣʫʢʪʫʘʮʠʡ. ʂʘʞʜʳʡ 

ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʠʟʦʪʦʧʥʳʤ ʢʦʣʝʙʘʥʠʝʤ. 

ʇʦʪʝʧʣʝʥʠʷ ʦʪʤʝʯʝʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʵʢʩʢʫʨʩʘʤʠ ŭ18O, ʦʪʨʘʞʘʶʱʠʤʠ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʵʢʩʢʫʨʩʘʤʠ ŭ13C, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠʟ ʤʝʪʘʥʦʚʳʭ ʛʠʜʨʘʪʦʚ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʅʘʧʨʦʪʠʚ, ʧʦʭʦʣʦʜʘʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʵʢʩʢʫʨʩʘʤʠ ŭ18O ʠ ŭ13C, 

ʦʪʨʘʞʘʶʱʠʤʠ ʫʩʠʣʝʥʥʦʝ ʟʘʭʦʨʦʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠʣʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ 

ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ.  

ʇʦʚʝʜʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ (ŭ13C) ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʝʛʦ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʦʮʝʥʢʠ 

ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʚ ʵʪʠ ʧʨʦʮʝʩʩʳ. 

1.2.2 ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʜʦʢʝʤʙʨʠʷ 

ɼʦʢʝʤʙʨʠʡʩʢʘʷ ʠʟʦʪʦʧʥʘʷ ʟʘʧʠʩʴ ʫʛʣʝʨʦʜʘ ʦʪʨʘʞʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʘʭ ʨʘʥʥʝʡ ɿʝʤʣʠ. ɸʨʭʝʡ-ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʠʥʪʝʨʚʘʣ ʦʪʤʝʯʝʥ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ ʃʦʤʘʛʫʥʜʠ (2,22-2,058 ʤʣʨʜ ʣʝʪ), ʚʳʟʚʘʥʥʦʡ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʤ 

ʟʘʭʦʨʦʥʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʧʝʨʚʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʩʦʙʳʪʠʝ (Great Oxidation Event, GOE) 

(Bekker A. et al., 2006; Holland H.D., 2006; Melezhik V.A. et al., 2007). ʇʦʩʣʝʜʫʶʱʘʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʥʘʯʝʥʠʡ ŭ13C (0ă ʜʦ +3ă, VPDP) ʚ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʝ ʩʚʷʟʘʥʘ ʩ 

ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʥʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʛʣʦʙʘʣʴʥʦʤ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ (Wilson J.P. et al., 2010). 

ʄʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ (0-2ă, VPDP) ʦʪʨʘʞʘʝʪ ʧʝʨʠʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʛʜʘ ʧʨʦʮʝʩʩʳ ʟʘʭʦʨʦʥʝʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʙʳʣʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ (Buick R. et al., 1995; Frank T.D. et al., 2003; Knoll A.H. et al., 

1995) ʠ ʜʨʫʛʠʝ).  

ʅʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ŭ13C ʦʙʫʩʣʦʚʣʝʥʳ ʜʨʘʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ (Allen P.A. et al., 2008; 

Halverson G. et al., 2005; Halverson G.P. et al., 2007). ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʵʢʩʢʫʨʩʳ ʚʦ ʚʨʝʤʷ 

ʉʪʸʨʪʩʢʦʛʦ (~711,5 ʤʣʥ ʣʝʪ), ʄʘʨʠʥʦʘʥʩʢʦʛʦ (~635,2 ʤʣʥ ʣʝʪ) ʠ ɻʘʩʢʴʝ ʦʣʝʜʝʥʝʥʠʡ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʳʟʚʘʥʳ ʩʥʠʞʝʥʠʝʤ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ 

ʦʣʝʜʝʥʝʥʠʷ ("ɿʝʤʣʷ-ʩʥʝʞʦʢ") ʠ/ʠʣʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʤʝʪʘʥʘ ʠʟ ʛʘʟʦʛʠʜʨʘʪʦʚ ʧʨʠ 
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ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʪʝʧʣʝʥʠʠ (ʄʘʢʜʦʥʘʣʴʜ ʠ ʜʨ., 2010). ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʵʢʩʢʫʨʩʳ 

(+5...+10ă,VPDP) ʤʝʞʜʫ ʦʣʝʜʝʥʝʥʠʷʤʠ ʦʪʨʘʞʘʶʪ ʠʥʪʝʥʩʠʚʥʦʝ ʟʘʭʦʨʦʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʚ ʫʩʣʦʚʠʷʭ "ʉʫʧʝʨ-ʧʘʨʥʠʢʘ", ʢʦʛʜʘ ʧʦʚʳʰʝʥʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʢʦʥʪʠʥʝʥʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʨʠʪʦʢ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʢʝʘʥ, ʩʪʠʤʫʣʠʨʫʷ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʕʪʠ 

ʢʦʣʝʙʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʩʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʪʝʢʪʦʥʠʢʦʡ, ʢʣʠʤʘʪʦʤ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʝʡ ʚ ʧʨʝʜʜʚʝʨʠʠ ʢʝʤʙʨʠʡʩʢʦʛʦ ʚʟʨʳʚʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ 

(Grotzinger J.P. et al., 1995, 2011; Condon D. et al., 2005; Fike D.A. et al., 2006). 

1.2.3 ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʠ ʤʘʩʩʦʚʳʭ 

ʚʳʤʠʨʘʥʠʡ ʚ ʧʘʣʝʦʟʦʝ 

ʀʟʦʪʦʧʥʘʷ ʟʘʧʠʩʴ ʫʛʣʝʨʦʜʘ ʚ ʧʘʣʝʦʟʦʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʦʞʥʫʶ ʵʚʦʣʶʮʠʶ 

ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʝʨʠʦʜʦʚ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʠ ʜʨʘʤʘʪʠʯʝʩʢʠʭ ʵʢʩʢʫʨʩʦʚ ʨʘʟʣʠʯʥʦʡ ʘʤʧʣʠʪʫʜʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʢʩʢʫʨʩʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʝʤʙʨʠʡʩʢʠʤ ʩʦʙʳʪʠʝʤ SPICE (~495 ʤʣʥ 

ʣʝʪ, ʜʦ +5ă, VPDP), ʦʨʜʦʚʠʢʩʢʠʤ ʍʠʨʥʘʥʪʩʢʠʤ (~444 ʤʣʥ ʣʝʪ, ʜʦ +7ă, VPDP), 

ʩʠʣʫʨʠʡʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʀʨʝʚʠʢʝʥ, ʄʫʣʴʜʝ ʠ ʃʘʫ (~432, 424, 419 ʤʣʥ ʣʝʪ, ʜʦ +5,5ă , +9ă, 

+5ă, VPDP, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʜʝʚʦʥʩʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ ʥʘ ʛʨʘʥʠʮʝ ʬʨʘʥʘ-ʬʘʤʝʥʘ (~380, 372 

ʤʣʥ ʣʝʪ, ʜʦ +5ă, +4ă, VPDP, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤ ʩʦʙʳʪʠʝʤ (~357 ʤʣʥ ʣʝʪ, 

ʜʦ +7ă, VPDP), ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʠʣʝʥʥʳʤ ʟʘʭʦʨʦʥʝʥʠʝʤ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʦʩʘʜʢʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʦʛʘʱʝʥʠʶ ʤʦʨʩʢʦʡ ʚʦʜʳ ʪʷʞʝʣʳʤ 

ʠʟʦʪʦʧʦʤ 13C) (Brenchley P.J. et al., 1994; Samtleben C. et al., 1996; Wenzel B. et al., 1996; 

Azmy K. et al., 1998; Bickert T. et al., 1997; Finney S.C. et al., 1999; Kump L.R. et al., 1999; 

Saltzman M.R. et al., 1998; Saltzman M. et al., 2000, 2004; Samtleben C. et al., 2000; Kaljo D. et 

al., 2003; Munnecke A. et al., 2003; Jeppsson L. et al., 2007; Kouchinsky A. et al., 2008; 

LaPorte D.F. et al., 2009; Young S.A. et al., 2010; Gill B.C. et al., 2011).  

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʵʢʩʢʫʨʩʳ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʬʠʢʩʠʨʫʶʪʩʷ ʚ 

ʦʨʜʦʚʠʢʦʚʩʢʠʭ (~459 ʤʣʥ ʣʝʪ, ʜʦ -4ă, VPDP), ʜʝʚʦʥʩʢʠʭ (~417, ~384 ʤʣʥ ʣʝʪ, ʜʦ -2, -4ă, 

VPDP), ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ (~252 ʤʣʥ ʣʝʪ, ʜʦ -2ă, VPDP) ʦʪʣʦʞʝʥʠʷʭ ʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠʟ ʤʝʪʘʥʦʚʳʭ ʛʠʜʨʘʪʦʚ ʠʣʠ ʚʩʣʝʜʩʪʚʠʝ 

ʠʥʪʝʥʩʠʚʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (Joachimski M.M. et al., 1993; Joachimski M.M., 

1997; Jin Y.G. et al., 2000; Joachimski M.M. et al., 2002; Buggisch W. et al., 2003; Payne J.L. et 

al., 2004; Korte C. et al., 2004; Buggisch W. et al., 2006; Yans J. et al., 2007; Yin H. et al., 2007; 

Xie S. et al., 2007; Riccardi A. et al., 2007; Algeo T.J. et al., 2007a, 2007b; Racki G. et al., 2008; 

Ainsaar L. et al., 2010). 
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ɻʣʦʙʘʣʴʥʦ, ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʬʣʫʢʪʫʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʵʢʩʢʫʨʩʘʤʠ ʚ ʧʝʨʠʦʜ ʦʣʝʜʝʥʝʥʠʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ï ʚ ʧʝʨʠʦʜ ʧʦʪʝʧʣʝʥʠʷ (Brenchley P.J. et 

al., 1994; Marshall J.D. et al., 1997). ʇʝʨʝʩʪʨʦʡʢʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʣʠʷʣʠ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʦʪʨʘʞʘʣʦʩʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʟʘʭʦʨʦʥʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (Bergstrºm S.M. et al., 2006, 2009, 2010; Saltzman M.R. 

et al., 2005). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʢʨʫʧʥʳʝ ʵʢʩʢʫʨʩʳ ŭ13C ʩʦʚʧʘʜʘʶʪ ʩ ʵʧʠʟʦʜʘʤʠ 

ʤʘʩʩʦʚʳʭ ʚʳʤʠʨʘʥʠʡ, ʧʦʜʯʝʨʢʠʚʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤ 

ʮʠʢʣʦʤ, ʢʣʠʤʘʪʦʤ ʠ ʵʚʦʣʶʮʠʝʡ ʙʠʦʩʬʝʨʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʘʣʝʦʟʦʷ (ʍʠʨʥʘʥʪʩʢʠʡ, 

ʩʦʙʳʪʠʷ ʀʨʝʚʠʢʝʥ ʠ ʃʘʫ, ʛʨʘʥʠʮʘ ʬʨʘʥʘ-ʬʘʤʝʥʘ, ʧʝʨʤʦ-ʪʨʠʘʩʦʚʘʷ ʛʨʘʥʠʮʘ) (Brand U. et al., 

2004; Kaiser S.I., 2005; Kaiser S.I. et al., 2008; Cramer B.D. et al., 2008; Wignall P.B. et al., 2009; 

Bond D.P.G. et al., 2010; Cramer B.D. et al., 2010). 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ 

ʧʨʠʤʝʨʝ ʢʝʤʙʨʠʡʩʢʦʛʦ ʨʘʟʨʝʟʘ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ɸʥʘʣʠʟ ʠʟʦʪʦʧʥʳʭ ʘʥʦʤʘʣʠʡ ʚ 

ʚʝʨʭʥʝʢʝʤʙʨʠʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʧʦʟʚʦʣʠʣ ʫʪʦʯʥʠʪʴ ʢʦʨʨʝʣʷʮʠʶ ʨʘʟʨʝʟʦʚ, 

ʚʳʜʝʣʠʪʴ ʨʝʧʝʨʥʳʝ ʛʦʨʠʟʦʥʪʳ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʩʦʙʳʪʠʷ SPICE- ʠ TOCE.  

1.2.3.1 ʂʝʤʙʨʠʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ 

ʂʝʤʙʨʠʡʩʢʠʝ ʨʘʟʨʝʟʳ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʣʫʯʰʠʭ ʨʘʟʨʝʟʦʚ 

ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʤʠʨʝ ʧʦ ʩʚʦʝʡ ʧʦʣʥʦʪʝ, ʤʦʱʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʦʙʥʘʞʸʥʥʦʩʪʠ. ɸʢʪʠʚʥʦʝ 

ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʨʘʟʨʝʟʦʚ ʚ 40-70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʢʦʥʮʝ XX 

ʚʝʢʘ ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʝʤʙʨʠʡʩʢʠʭ ʷʨʫʩʦʚ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʙʳʣʠ ʧʨʠʥʷʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʷʨʫʩʥʦʤ ʨʘʩʯʣʝʥʝʥʠʠ ʢʝʤʙʨʠʡʩʢʦʡ ʯʘʩʪʠ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʳ (Harland, W., 1990). ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʫʩʧʝʭʠ, ʜʦʩʪʠʛʥʫʪʳʝ ʚ ʠʟʫʯʝʥʠʠ ʠʩʪʦʨʠʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʚ ʢʝʤʙʨʠʡʩʢʦʤ ʠ ʚ 

ʦʨʜʦʚʠʢʩʢʦʤ ʧʝʨʠʦʜʘʭ ʜʣʷ ʵʪʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʠʦʜʦʚ ʩʫʱʝʩʪʚʫʶʪ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥ 

(Gallet Y. et al., 2003; Gallet Y. ʠ ʜʨ., 1996, 2016; Pavlov V.E. et al., 1998, 2005). ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʨʝʯʴ ʠʜʸʪ ʦ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʚʝʨʭʥʝʛʦ ʢʝʤʙʨʠʷ ï ʚʨʝʤʝʥʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʤʝʶʱʠʝʩʷ 

ʜʘʥʥʳʝ ʥʦʩʷʪ ʩʫʛʫʙʦ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʡ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ (Kouchinsky A. et 

al., 2012).  

ʉ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ŭ13C SPICE (Steptoean Positve Carbon 

isotope Excursion) ʠ TOCE (Top of Cambrian carbon isotope Excursion, Event, ʈʠʩʫʥʦʢ 4, 

(Landing E. et al., 2011; Miller J. et al., 2006, 2014; Ripperdan R., 2002), ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʠʭ ʧʦ 

ʚʩʝʤʫ ʤʠʨʫ, ʦʮʝʥʢʘ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʫʪʦʯʥʝʥʠʝ ʠʭ ʧʦʣʦʞʝʥʠʷ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʠʟʫʯʘʶʱʠʭ ʠʩʪʦʨʠʶ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʵʪʘʧʘ 

ʨʘʟʚʠʪʠʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ (Li D. et al., 2017). 

ʈʝʚʦʣʶʮʠʦʥʥʳʤ ʧʨʦʨʳʚʦʤ ʚ ʠʟʫʯʝʥʠʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʚʝʨʭʥʝʛʦ ʢʝʤʙʨʠʷ ʶʛʘ 

ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩʪʘʣʦ ʦʙʥʘʨʫʞʝʥʠʝ ɹ.ɻ. ʇʦʢʨʦʚʩʢʠʤ ʚ ʦʧʦʨʥʦʤ ʨʘʟʨʝʟʝ 

ʚʝʨʭʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʨ. ʄʘʣʦʡ ʏʫʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʜʝʣʴʪʘ ʉ13 SPICE ʠ 

TOCE (ɹʫʷʢʘʡʪʝ ʄ.ʀ. ʠ ʜʨ., 2019). ʕʪʠ ʘʥʦʤʘʣʠʠ ʠʤʝʶʪ ʧʣʘʥʝʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʭ ʥʘʣʠʯʠʷ ʚ ʨʘʟʨʝʟʘʭ ʚʝʨʭʦʣʝʥʩʢʦʡ ʩʝʨʠʠ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʝʣʴʥʦ 

ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʩʪʨʘʪʠʛʨʘʬʠʠ ʚʝʨʭʥʝʛʦ ʢʝʤʙʨʠʷ ʶʛʘ ʉʠʙʠʨʠ.  

 

ʈʠʩʫʥʦʢ 4. ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ ʥʘ ʚʝʨʭʥʝʢʝʤʙʨʠʡʩʢʦʝ ʚʨʝʤʷ (Scotese C., 2014a), 

ʟʚʝʟʜʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʠʟʫʯʝʥʥʳʝ ʨʘʥʝ ʨʘʟʨʝʟʳ (Ripperdan et al., 1992, 1993, Ripperdan 

and Miller, 1995, Saltzman et al., 2011, Miller et al., 2011, 2015, Li et al., 2017; Zuo et al., 

2018, Wang et al., 2019, Zhao et al., 2022 ʠ ʜʨʫʛʠʝ 

1.2.4 ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʠ ʤʘʩʩʦʚʳʭ 

ʚʳʤʠʨʘʥʠʡ ʚ ʤʝʟʦʟʦʝ 

ʀʟʦʪʦʧʥʘʷ ʟʘʧʠʩʴ ʫʛʣʝʨʦʜʘ ʚ ʤʝʟʦʟʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʨʘʞʝʥʥʳʤʠ ɻ ʢʩʢʫʨʩʘʤʠ, 

ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʘʥʦʢʩʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ (Oceanic Anoxic Event ð 

ʆɸɽ) ʠ ʙʠʦʩʬʝʨʥʳʤʠ ʢʨʠʟʠʩʘʤʠ. ʊʨʠʘʩʦʚʳʡ ʧʝʨʠʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ɻ ʢʩʪʨʝʤʘʣʴʥʫʶ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʚ ʦʣʝʥʝʢʩʢʦʤ ̫ ʨʫʩʝ (ʜʦ +8ă ʠ -4ă, VPDP), ʩʤʝʥʷʶʱʫʶʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʩʨʝʜʥʝʤ ʪʨʠʘʩʝ (Galfetti T. et al., 2007; Horacek M. et al., 2007; Payne J.L. et 

al., 2004; Preto N. et al., 2009). ʖʨʩʢʠʡ ʧʝʨʠʦʜ ʦʪʤʝʯʝʥ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ: 



25 

 

 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ɻ ʢʩʢʫʨʩʦʤ ʚ ʧʣʠʥʩʙʘʭʩʢʦʤ ̫ ʨʫʩʝ (+4ă, VPDP) ʠ ʩʣʦʞʥʦʡ ʜʠʥʘʤʠʢʦʡ ʚ 

ʪʦʘʨʩʢʦʤ ̫ ʨʫʩʝ, ʛʜʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ɻ ʢʩʢʫʨʩ ʜʦ +2ă, VPDP, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʆɸɽ, 

ʧʨʝʨʳʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʝʪʘʥʘ ʠʟ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ (Arthur M. et al., 1987a; Hermoso M. et al., 2009; 

Hesselbo S.P. et al., 2000, 2002, 2007; Jenkyns H.C., 1985; Jenkyns H.C. et al., 2002; Katz M.E. 

et al., 2005; Korte C. et al., 2009; McArthur J.M. et al., 2008; Schootbrugge B. van de et al., 2008; 

Whiteside J.H. et al., 2011; Williford K.H. et al., 2009). 

ʄʝʣʦʚʦʡ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʝʨʠʝʡ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ɻ ʢʩʢʫʨʩʦʚ, ʤʘʨʢʠʨʫʶʱʠʭ 

ʢʣʶʯʝʚʳʝ ʆɸɽ: ʩʦʙʳʪʠʝ ɺʘʡʩʩʝʨʪ (Weissert Event, ʚʘʣʘʥʞʠʥ), ʩʦʙʳʪʠʝ ʉʝʣʣʠ (Selli Event, 

ʆɸɽ 1a, ʨʘʥʥʠʡ ʘʧʪ), ʩʦʙʳʪʠʝ ʇʘʢʴʝ (Paquier Event, ʆɸɽ 1b, ʧʦʟʜʥʠʡ ʘʧʪ-ʨʘʥʥʠʡ ʘʣʴʙ) ʠ 

ʩʦʙʳʪʠʝ ɹʦʥʘʨʝʣʣʠ (Bonarelli Event, ʆɸɽ 2, ʛʨʘʥʠʮʘ ʩʝʥʦʤʘʥ-ʪʫʨʦʥ) (Arthur M. et al., 1987b; 

Barclay R.S. et al., 2010; Erbacher J. et al., 2005a; Jenkyns H.C., 2010; Lanci L. et al., 2010; 

Sageman B.B. et al., 2006; Scholle P. et al., 1980a; Weissert H. et al., 2004, 2008; Westermann S. 

et al., 2010). ʄʝʭʘʥʠʟʤʳ ɻ ʪʠʭ ʢʦʣʝʙʘʥʠʡ ʚʢʣʶʯʘʶʪ: ʫʩʠʣʝʥʥʦʝ ʟʘʭʦʨʦʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʘʥʦʢʩʠʠ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ɻʢʩʢʫʨʩʳ), ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʝʪʘʥʘ ʠʟ ʛʘʟʦʚʳʭ 

ʛʠʜʨʘʪʦʚ ʠ ʚʫʣʢʘʥʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʦʪʨʠʮʘʪʝʣʴʥʳʝ ɻʢʩʢʫʨʩʳ). ʄʝʟʦʟʦʡʩʢʘʷ ʠʟʦʪʦʧʥʘʷ 

ʟʘʧʠʩʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤ ʮʠʢʣʦʤ, 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʠ ɻʚʦʣʶʮʠʝʡ ʤʦʨʩʢʠʭ ɻʢʦʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʢʝʘʥʠʯʝʩʢʠʭ ʘʥʦʢʩʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷʭ ʥʝʩʝʪ ʠʟʦʪʦʧʥʳʡ 

ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʚʳʨʘʞʝʥʥʳʡ ʚʝʣʠʯʠʥʘʤʠ 

ŭ13Cʢʘʨʙ ʠ ŭ13Cʦʨʛ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʯʝʪʳʨʝʤ ʦʩʥʦʚʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʩʮʝʥʘʨʠʷʤ 

(ʖʜʦʚʠʯ ʗ.ʕ. ʠ ʜʨ., 2010): 

¶ ʈʝʟʝʨʚʫʘʨʥʳʡ ʩʮʝʥʘʨʠʡ: ŭ13Cʦʨʛ ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ŭ13Cʢʘʨʙ. ʀʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ "ʯʝʨʥʦʩʣʘʥʮʝʚʦʡ" ʩʝʜʠʤʝʥʪʘʮʠʠ ʠʣʠ 

ʜʠʘʛʝʥʝʟʘ. ʀʤʝʝʪ ʣʦʢʘʣʴʥʳʡ ʠʣʠ ʨʝʛʠʦʥʘʣʴʥʳʡ ʤʘʩʰʪʘʙ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʪʜʝʣʴʥʳʤʠ 

ʘʢʚʘʪʦʨʠʷʤʠ. 

¶ ɹʠʦʪʠʯʝʩʢʠʡ ʩʮʝʥʘʨʠʡ: ŭ13Cʦʨʛ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ŭ13Cʢʘʨʙ. ʉʚʷʟʘʥ ʩ 

ʬʣʫʢʪʫʘʮʠʷʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʛʦ ʘʢʚʘʛʝʥʥʦʛʦ (ʣʠʧʠʜʥʦʛʦ) ʠʣʠ ʠʟʦʪʦʧʥʦ-

ʪʷʞʝʣʦʛʦ ʪʝʨʨʠʛʝʥʥʦʛʦ (ʣʠʛʥʠʥ-ʮʝʣʣʶʣʦʟʥʦʛʦ) ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʊʘʢʞʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. 

¶ ʇʘʨʥʠʢʦʚʳʡ ʩʮʝʥʘʨʠʡ: ʩʠʥʭʨʦʥʥʦʝ ʦʙʣʝʛʯʝʥʠʝ ŭ13Cʦʨʛ ʠ ŭ13Cʢʘʨʙ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʠʟʦʪʦʧʥʦʛʦ ʩʜʚʠʛʘ ʧʨʠʤʝʨʥʦ 2:1. ʍʘʨʘʢʪʝʨʝʥ ʜʣʷ ʤʝʟʦʟʦʡʩʢʠʭ ʠ ʧʦʟʜʥʝʧʘʣʝʦʛʝʥʦʚʦʛʦ 

ʆɸɽ. ʆʙʫʩʣʦʚʣʝʥ ʤʘʩʩʠʨʦʚʘʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʙʠʦʩʬʝʨʫ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʭ 
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ʵʥʜʦʛʝʥʥʳʭ ʛʘʟʦʚ (CO  ʠ CH ) ʚ ʧʝʨʠʦʜʳ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. 

ʀʤʝʝʪ ʦʙʱʝʙʠʦʩʬʝʨʥʳʡ ʭʘʨʘʢʪʝʨ. 

¶ ʃʝʜʥʠʢʦʚʳʡ ʩʮʝʥʘʨʠʡ: ʩʠʥʭʨʦʥʥʦʝ ʫʪʷʞʝʣʝʥʠʝ ŭ13Cʦʨʛ ʠ ŭ13Cʢʘʨʙ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ pCO . ɺʦʟʥʠʢʘʝʪ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ CO  ʠʟ 

ʘʪʤʦʩʬʝʨʳ ʚ ʯʝʨʥʳʝ ʩʣʘʥʮʳ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʆɸɽ ʠ ʤʦʞʝʪ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʩ 

ʧʝʨʠʦʜʘʤʠ ʦʣʝʜʝʥʝʥʠʡ. ʊʘʢʞʝ ʠʤʝʝʪ ʦʙʱʝ ʙʠʦʩʬʝʨʥʳʡ ʤʘʩʰʪʘʙ. 

ʇʘʨʥʠʢʦʚʳʡ ʠ ʣʝʜʥʠʢʦʚʳʡ ʩʮʝʥʘʨʠʠ ʦʪʨʘʞʘʶʪ ʠʟʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʩʝʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʙʠʦʩʬʝʨʝ, ʪʦʛʜʘ ʢʘʢ ʨʝʟʝʨʚʫʘʨʥʳʡ ʠ ʙʠʦʪʠʯʝʩʢʠʡ ʩʮʝʥʘʨʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʣʦʢʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʘ ʫʩʧʝʰʥʦ 

ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʤʝʟʦʟʦʡʩʢʠʭ ʪʦʣʱ ʚ ʂʨʳʤʩʢʦ-ʂʘʚʢʘʟʩʢʦʤ ʨʝʛʠʦʥʝ. ʀʟʦʪʦʧʥʳʝ 

ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʭ 

ʪʦʣʱ, ʚʳʷʚʠʪʴ ʧʝʨʝʨʳʚʳ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʥʘ ʧʨʠʤʝʨʝ ʩʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʠʭ ʠ ʪʫʨʦʥ-

ʢʦʥʴʷʢʩʢʠʭ). 

1.2.4.1 ʉʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʠʝ ʦʪʣʦʞʝʥʠʷ  

ɺʝʨʭʥʝʩʝʥʦʤʘʥʩʢʠʝ ʠ ʥʠʞʥʝʪʫʨʦʥʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ, 

ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʦʪʚʝʯʘʶʪ ʦʙʩʪʘʥʦʚʢʘʤ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ ʚ 

ʚʦʜʥʦʡ ʪʦʣʱʝ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʕʪʦ ʧʦʛʨʘʥʠʯʥʦʝ ʩʦʙʳʪʠʝ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 1 

ʤʣʥ ʣʝʪ, ʥʘʟʚʘʥʦ ʦʢʝʘʥʩʢʠʤ ʙʝʩʢʠʩʣʦʨʦʜʥʳʤ ʩʦʙʳʪʠʝʤ (ʆɸɽ-2) ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʣʠʯʥʳʭ ʬʘʮʠʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ: ʦʪ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ ʜʦ ʰʝʣʴʬʦʚʳʭ ʠ 

ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʦʨʝʡ (Schlander S. ʠ ʜʨ., 1976). ɼʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ = ʦʪ 1ï2 ʜʦ 20%) ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʢʩʢʫʨʩʦʤ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ (ŭ13ʉ). ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʜʦʙʥʳʭ ʧʨʦʩʣʦʝʚ, ʠʤʝʥʫʝʤʳʭ ʘʚʪʦʨʘʤʠ çblack shaleè, ʧʨʠʚʝʜʸʥ ʚ ʨʘʙʦʪʘʭ (Arthur M. et 

al., 1987a, 1988; Scholle P. et al., 1980b). ɺ ʨʘʟʨʝʟʘʭ ʂʨʳʤʘ ʧʦʨʦʜʳ ʥʘ ʛʨʘʥʠʮʝ ʩʝʥʦʤʘʥʘ ʠ 

ʪʫʨʦʥʘ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ ɼ.ʇ. ʅʘʡʜʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (ʅʘʡʜʠʥ ɼ.ʇ. ʠ ʜʨ., 1981a, 

1981b). 

ʀʟʫʯʘʝʤʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʠʥʪʝʨʚʘʣ ʚ ʖʛʦ-ɿʘʧʘʜʥʦʤ ʂʨʳʤʫ ʚʳʜʝʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʬʦʩʩʠʣʠʡ (Kopaevich L.F. ʠ ʜʨ., 2002; Kopaevich L.F. et al., 

2016a; ɸʣʝʢʩʝʝʚ ɸ.ʉ. ʠ ʜʨ., 1997, 2007; ɹʘʥʥʠʢʦʚ ʌ.ʌ. ʠ ʜʨ., 1982; ɻʘʚʨʠʣʦʚ ʖ.ʆ. ʠ ʜʨ., 

1996) ʠ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ɹʘʜʫʣʠʥʘ ʅ.ɺ., 2007; ɹʘʜʫʣʠʥʘ ʅ.ɺ. ʠ 

ʜʨ., 2006; ʅʘʡʜʠʥ ɼ.ʇ. ʠ ʜʨ., 1994a; ʃʝʚʠʪʘʥ ʄ.ɸ. ʠ ʜʨ., 2010; Fisher J. et al., 2005). 
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ʈʠʩʫʥʦʢ 5. ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ ʥʘ ʩʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʦʝ ʚʨʝʤʷ (Scotese C., 2014b), 

ʟʚʝʟʜʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʠʟʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʘʟʨʝʟʳ (Cramer B. et al., 2009a; Erbacher J. et 

al., 2005b; Fisher J. et al., 2005; OôConnor L. et al., 2020; Vivie A. et al., 2014). 

1.2.4.2 ʊʫʨʦʥ-ʢʦʥʴʷʢʩʢʠʝ ʦʪʣʦʞʝʥʠʷ 

ʃʠʪʦʣʦʛʠʷ ʠ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʝʡ ʩʧʦʩʦʙʥʳ 

ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ 

ʵʚʩʪʘʪʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʤʦʨʷ, ʪʘʢ ʠ ʩ ʚʣʠʷʥʠʝʤ ʜʨʫʛʠʭ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʭ ʠ 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʰʣʦʛʦ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʩʰʠʬʨʦʚʢʝ ʩʦʙʳʪʠʡ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʩʩʝʡʥʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʫʜʘʣʥyʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʧʦʩʪʨʦʝʥʠʡ (Jarvis I. et al., 2006). ʈʝʟʫʣʴʪʘʪʳ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʟʥʘʯʝʥʠʡ ŭ18O ʠ ŭ13ʉ ʥʘ ʠʟʦʪʦʧʥʳʭ ʢʨʠʚʳʭ ʧʦʤʦʛʘʶʪ ʫʩʪʘʥʦʚʠʪʴ 

ʪʨʝʥʜʳ ʠʟʤʝʥʝʥʠʡ ʫʩʣʦʚʠʡ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʣʫʢʪʫʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʘʩʩʝʡʥʘ (ʈʠʩʫʥʦʢ 6).  

ʀʩʩʣʝʜʫʝʤʳʡ ʪʫʨʦʥʩʢʠʡ-ʢʦʥʴʷʢʩʢʠʡ ʠʥʪʝʨʚʘʣ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʣʩʷ 

ʢʘʢ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʪʸʧʣʳʭ ɻ ʧʠʟʦʜʦʚ ʬʘʥʝʨʦʟʦʡʩʢʦʛʦ ɻ ʦʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʡ 

ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ Mg/Ca ʚ ʨʘʢʦʚʠʥʘʭ ʬʦʨʘʤʠʥʠʬʝʨ (Bice K. et al., 2003; Bornemann A. 

et al., 2008; Wilson P.A. et al., 2002). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʦʝ ʤʥʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ŭ18O ʢʘʨʙʦʥʘʪʦʚ ʜʦʢʫʤʝʥʪʘʣʴʥʦ 

ʧʦʢʘʟʘʥʦ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʭʦʣʦʜʘʥʠʡ ʢʣʠʤʘʪʘ ʚ ʧʦʟʜʥʝʤ ʪʫʨʦʥʝ (Stoll H. et al., 

2000; Voigt S. et al., 2004). ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʣʝʜʥʠʢʦʚ ʚ ʵʪʦʤ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ (Bornemann A. et al., 2008; Miller K. et al., 2005). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 
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ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʶʪʩʷ, ʥʦ ʫʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʥʝʩʢʦʣʴʢʠʭ ʙʘʩʩʝʡʥʦʚ ɿʘʧʘʜʥʦʡ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʳ ʩʫʱʝʩʪʚʦʚʘʣʠ ʜʚʘ ʵʪʘʧʘ ʧʦʟʜʥʝʪʫʨʦʥʩʢʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ, ʢʦʪʦʨʦʤʫ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʚʳʩʦʢʘʷ ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (Wiese F. et al., 2002).  

 

ʈʠʩʫʥʦʢ 6. ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ ʥʘ ʪʫʨʦʥ-ʢʦʥʴʷʢʩʢʦʝ ʚʨʝʤʷ (Scotese C., 2014b), 

ʟʚʝʟʜʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʠʟʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʘʟʨʝʟʳ (Jarvis I. et al., 2006; Uramoto G.-I. et al., 

2013; Voigt S. et al., 1997; Walaszczyk I. et al., 2021). 

ʌʣʫʢʪʫʘʮʠʠ ʢʣʠʤʘʪʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʫʨʦʥʘïʢʦʥʴʷʢʘ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʪʘʢʞʝ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʦʨʘʤʠʥʠʬʝʨʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʥʘ ʚʝʩʴʤʘ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ (ʈʠʩʫʥʦʢ 

6, Dubicka Z., Peryt D., 2012; Huber B. et al., 2018; Petrizzo M., 2000; Petrizzo M.R., 2002). ɺ 

ʧʨʝʜʝʣʘʭ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʠʟʫʯʘʣʩʷ ʥʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʝ 

ʠ ʚ ʂʨʳʤʫ (Kopaevich L.F. et al., 2016b; Vishnevskaya V.S. et al., 2019). ʆʜʥʘʢʦ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ɹʦʣʴʰʦʤʫ ʂʘʚʢʘʟʫ ʥʘ ʵʪʫ ʪʝʤʫ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ (ɻʘʚʨʠʣʦʚ ʖ.ʆ. ʠ ʜʨ., 2009; 

Zakharov Y.D. et al., 2018, 2020). 

1.2.5 ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʠ ʤʘʩʩʦʚʳʭ 

ʚʳʤʠʨʘʥʠʡ ʚ ʢʘʡʥʦʟʦʝ 

ʂʘʡʥʦʟʦʡʩʢʘʷ ʠʟʦʪʦʧʥʘʷ ʟʘʧʠʩʴ ʫʛʣʝʨʦʜʘ ʦʪʤʝʯʝʥʘ ʩʝʨʠʝʡ ʭʘʨʘʢʪʝʨʥʳʭ ʵʢʩʢʫʨʩʦʚ. 

ʇʘʣʝʦʮʝʥ-ɻ ʦʮʝʥʦʚʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʤʘʢʩʠʤʫʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʢʩʢʫʨʩ, ʚʳʟʚʘʥʥʳʡ ʚʳʙʨʦʩʦʤ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ-

ʦʢʝʘʥ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶ (~56 ʤʣʥ ʣʝʪ, ʜʦ -1ă) (Jenkyns H.C., 2010; 

Sluijs A. et al., 2007b; Zachos J. et al., 2001, 2007b). ɺ ʚʝʨʭʥʝʤ ʥʠʞʥʝʤ ʵʦʮʝʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʨʷʜ ʩ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʵʢʩʢʫʨʩʘʤʠ, ʬʠʢʩʠʨʫʶʱʠʝ ʛʠʧʝʨʪʝʨʤʘʣʴʥʳʝ 



29 

 

 

ʩʦʙʳʪʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 30-40 ʪʳʩʷʯ ʣʝʪ (~60, 58 ʤʣʥ ʣʝʪ, ʜʦ +0ă) (Bijl P. et al., 2009; 

Cramer B. et al., 2003a; Galeotti S. et al., 2010; Lourens L. et al., 2005; Westerhold T. et al., 

2009). 

ʊʨʠ ʢʣʶʯʝʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʢʩʢʫʨʩʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʥʠʞʥʝʤ ʦʣʠʛʦʮʝʥʝ, ʥʘ 

ʛʨʘʥʠʮʝ ʦʣʠʛʦʮʝʥʘ-ʤʠʦʮʝʥʘ ʠ ʚ ʩʨʝʜʥʝʤ ʤʠʦʮʝʥʝ, ʚʩʝ ʦʥʠ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʩʜʚʠʛʘʤʠ ŭ18O (ʈʠʩʫʥʦʢ 2), ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʵʧʠʟʦʜʳ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ ʠ 

ʨʘʩʰʠʨʝʥʠʷ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʣʝʜʷʥʳʭ ʱʠʪʦʚ (Berger W.H. ʠ ʜʨ., 1981; Cramer B. ʠ ʜʨ., 2009; 

Miller K. ʠ ʜʨ., 1987; Savin S., 1977; Savin S.M. ʠ ʜʨ., 1970; Shackleton N. et al., 1975; 

Zachos J.C. ʠ ʜʨ., 2008; Zachos J. et al., 2001). ʉ ʩʝʨʝʜʠʥʳ ʤʠʦʮʝʥʘ ʟʥʘʯʝʥʠʷ ŭ13C ʧʦʩʪʝʧʝʥʥʦ 

ʦʙʦʛʘʱʘʶʪʩʷ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ. ʇʦʟʜʥʠʡ ʤʠʦʮʝʥ-ʛʦʣʦʮʝʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ (-1 ʜʦ +1,5ă), ʦʪʨʘʞʘʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ (Cramer B. et al., 2009b). 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ 

ʨʘʟʨʝʟʘʭ ʂʨʳʤʩʢʦʛʦ ʨʝʛʠʦʥʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʝʛʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ 

ʜʝʪʘʣʴʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʨʝʟʘ 

ʧʦʛʨʘʥʠʯʥʳʭ ʤʘʘʩʪʨʠʭʪʩʢʠʭ ʠ ʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʫʜʘʣʦʩʴ ʫʪʦʯʥʠʪʴ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʘʥʦʤʘʣʠʶ, 

ʧʨʠʫʨʦʯʝʥʥʫʶ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶ ʢʣʠʤʘʪʘ ʚ ʵʦʮʝʥʝ.  

1.2.5.1 ʄʘʘʩʪʨʠʭʪ-ɻ ʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ 

ʈʘʥʥʠʡ ʧʘʣʝʦʛʝʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʨʝʟʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʢʣʠʤʘʪʘ ʩ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ (>106 ʣʝʪ) ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʤʠ (<104 ʣʝʪ) ʧʝʨʠʦʜʘʤʠ. ʉ ʧʦʟʜʥʝʛʦ 

ʧʘʣʝʦʮʝʥʘ (~58 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʜʦ ʨʘʥʥʝʛʦ ʵʦʮʝʥʘ (~50 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʥʘʙʣʶʜʘʣʘʩʴ ʨʝʟʢʘ ̫ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʪʝʧʣʝʥʠʶ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʣʘ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʠ 

ʧʨʦʜʦʣʞʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ (ʦʢʦʣʦ 2 ʤʣʥ ʣʝʪ). ʕʪʦʪ ʧʝʨʠʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʡʥʦʟʦʷ ʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ çʈʘʥʥʝʵʦʮʝʥʦʚʳʡ 

ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʦʧʪʠʤʫʤ (EECO, ʈʠʩʫʥʦʢ 7; ʥʘʧʨʠʤʝʨ Bijl P. et al., 2009; Westerhold T., 2009; 

Zachos J. et al., 2007b, 2001). ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʩʣʫʯʘʣʩʷ ʨʷʜ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʩʦʙʳʪʠʡ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ (ʛʠʧʝʨʪʝʨʤʘʣʴʥʳʭ), ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʚʳʙʨʦʩʦʤ 

ʦʙʝʜʥʝʥʥʦʛʦ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ 12ʉ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʦʢʝʘʥ-ʘʪʤʦʩʬʝʨʘ (Kirtland 

Turner S. et al., 2013; Littler K. et al., 2014; Lourens L. et al., 2005; Nicolo M. et al., 2007; 

Zachos J. et al., 2005).  

ʇʦʜʦʙʥʳʝ ʩʦʙʳʪʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʤʦʨʩʢʠʭ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʘʥʥʝʛʦ 

ʧʘʣʝʦʛʝʥʘ ʚ ʚʠʜʝ ʥʝʛʘʪʠʚʥʦʛʦ ʵʢʩʢʫʨʩʘ ʧʦ ŭ13C ʠ ŭ18O (ʈʠʩʫʥʦʢ 7, ʥʘʧʨʠʤʝʨ, (Abels H. et al., 
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2012, 2015; Agnini C. et al., 2009; Cramer B. et al., 2003b; Galeotti S. et al., 2010; Kirtland 

Turner S. et al., 2013; Lauretano V. et al., 2015; Littler K. et al., 2014; Lourens L. et al., 2005; 

Stap L. et al., 2010; Zachos J. et al., 2010). 

 

ʈʠʩʫʥʦʢ 7. ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ ʥʘ ʵʦʮʝʥʦʚʦʝ ʚʨʝʤʷ (Scotese C., 2014c), 

ʟʚʝʟʜʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʠʟʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʘʟʨʝʟʳ (Khozyem H. et al., 2021; Lauretano V. et 

al., 2015; Lourens L. et al., 2005; Rush W. et al., 2023; Zachos J. et al., 2010; Stap L. ʠ ʜʨ., 

2009 ʠ ʜʨʫʛʠʝ). 

ʈʘʩʰʠʬʨʦʚʢʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠʟʦʪʦʧʥʳʭ ʵʢʩʢʫʨʩʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠ ʧʦʠʩʢʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʀʟʦʪʦʧʥʳʝ ʘʥʦʤʘʣʠʠ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʛʣʦʙʘʣʴʥʳʭ 

ʙʠʦʩʬʝʨʥʳʭ ʩʦʙʳʪʠʡ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ ʠ ʠʟʤʝʥʝʥʠʡ ʚ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ.  

ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ, 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʦʪʦʧʥʘʷ 

ʛʝʦʭʠʤʠʷ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʢʘʢ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʚʦʣʶʮʠʠ ʙʠʦʩʬʝʨʳ ʠ ʢʣʠʤʘʪʘ ɿʝʤʣʠ, ʪʘʢ ʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ.  
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1.3 ʀʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

1.3.1 ʆʮʝʥʢʘ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ 

ʫʛʣʝʨʦʜʘ 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʤʦʛʘʝʪ ʨʝʰʠʪʴ ʮʝʣʳʡ ʨʷʜ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʮʝʥʢʦʡ 

ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʬʪʠ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʩʚʷʟʴ 

ʤʝʞʜʫ ʚʦʟʨʘʩʪʦʤ ʦʪʣʦʞʝʥʠʡ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʣʛyʢʦʛʦ ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ (Bokhovenly C. et al., 

1966; Silverman S. et al., 1958; Silverman S.R., 1965; ʂʘʪʯʝʥʢʦʚ ʉ.ʄ., 1970). ɹʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʩʘʜʢʘʭ: ʧʦ ʤʝʨʝ ʧʝʨʝʭʦʜʘ ʦʪ ʤʦʨʩʢʠʭ ʢ ʪʝʨʨʠʛʝʥʥʳʤ ʬʘʮʠʷʤ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʙʝʜʥʸʥʥʳʤ 13C, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʦʪʦʧʥʳʤ 

ʩʦʩʪʘʚʦʤ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

 

ʈʠʩʫʥʦʢ 8. ɺʳʢʦʧʠʨʦʚʢʘ ʠʟ ʨʘʙʦʪʳ ʕ.ʄ. ɻʘʣʠʤʦʚʘ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʥʝʬʪʝʡ 

ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʉʉʉʈ (ɻʘʣʠʤʦʚ ʕ.ʄ., 1973). 

ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʆɺ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ 

ʦʪ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ, ʧʨʦʮʝʩʩʘʤʠ ʜʠʘ- ʠ ʢʘʪʘʛʝʥʝʟʘ, ʪʝʨʤʠʯʝʩʢʦʡ ʠ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʝʡ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ 

ʤʠʛʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (Schoell M., 1983; ɻʘʣʠʤʦʚ ʕ.ʄ., 1986). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʨʨʠʛʝʥʥʦʛʦ ʚʢʣʘʜʘ ʟʥʘʯʝʥʠʷ ŭ13C ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʯʪʦ 
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ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʷʞʝʣʦʛʦ ʠʟʦʪʦʧʘ 13ʉ. ɹr ʣ ʚʳʷʚʣʝʥ ʦʙʱʠʡ ʪʨʝʥʜ ʦʙʦʛʘʱʝʥʠʷ 

ʥʝʬʪʠ ʣʸʛʢʠʤ ʠʟʦʪʦʧʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʸ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ 

ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ CO  

(Stahl W.J., 1977; Welte D.H., 1965). ʈʷʜ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʬʪʠ ʠ 

ʆɺ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʦʜʥʦʤʫ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʤʫ ʨʘʡʦʥʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʧʦʩʪʦʷʥʩʪʚʦʤ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ (ʈʠʩʫʥʦʢ 8, ɻʘʣʠʤʦʚ ʕ.ʄ., 1973a; Stahl W.J., 1980; 

Whiticar M., 1994; Hayes J. et al., 1999; Franks S. et al., 2001).  

ɺ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ɸ.ʕ. ʂʦʥʪʦʨʦʚʠʯʘ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ 

ʀʅɻɻ ʉʆ ʠ ʉʅʀʀɻɻʠʄʉ ʙʳʣʦ ʫʜʝʣʝʥʦ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʟʫʯʝʥʠʶ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ŭ13ʉ ʥʝʬʪʝʡ, ʙʠʪʫʤʦʠʜʦʚ ʠ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʆɺ ʧʦʨʦʜ ʮʝʥʪʨʘʣʴʥʳʭ, ʶʞʥʳʭ ʠ ʩʝʚʝʨʥʳʭ 

ʨʘʡʦʥʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʧʦʢʘʟʘʥʳ ʰʠʨʦʢʠʝ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʝɦʩʪʚʘ (ʈʠʩʫʥʦʢ 9, ʂʦʥʪʦʨʦʚʠʯ ɸ.ʕ., ɹʦʛʦʨʦʜʩʢʘʷ ʃ.ʀ., ɻʦʣʳʰʝʚ ʉ.ʀ., 1985; 

ʂʦʥʪʦʨʦʚʠʯ ɸ.ʕ. ʠ ʜʨ., 1986). 

 

ʈʠʩʫʥʦʢ 9. ɺʳʢʦʧʠʨʦʚʢʘ ʠʟ ʨʘʙʦʪʳ ɸ.ʕ. ʂʦʥʪʦʨʦʚʠʯʘ. ɻʠʩʪʦʛʨʘʤʤʘ ʟʥʘʯʝʥʠʡ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʚ ʙʠʪʫʤʦʠʜʘʭ ʙʘʞʝʥʦʚʩʢʦʡ ʠ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪ ʠ ʩʭʝʤʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʨʦʙ (ʂʦʥʪʦʨʦʚʠʯ ɸ.ʕ. ʠ ʜʨ., 1985). 

ɸ.ʕ. ʂʦʥʪʦʨʦʚʠʯʝʤ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʦʩʥʦʚʥʳʭ ʬʘʮʠʘʣʴʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʆɺ ʠ ʥʝʬʪʝʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 

ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ ʦʙʱʝʛʦ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʯʘʩʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʜʘʥʥʳʭ. 
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ʇʦʟʜʥʝʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʨʘʟʥʦʧʦʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʪʨʘʞʘʶʪ ʪʠʧ ʠʩʭʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʦʪʦʧʥʳʡ 

ʘʥʘʣʠʟ ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ ʥʝʬʪʠ (ʥʘʩʳʱʝʥʥʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ) ʧʦʟʚʦʣʷʝʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʠʭ ʧʦ ʪʠʧʫ ʠʩʭʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʫʩʣʦʚʠʷʤ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (Odden W. et al., 2002; Sofer Z., 1991).  

ʅʘ ʦʩʥʦʚʝ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʧʦʣʷʨʥʳʭ ʬʨʘʢʮʠʡ (ʥʘʩʳʱʝʥʥʦʡ, 

ʘʨʦʤʘʪʠʯʝʩʢʦʡ, ʩʤʦʣʠʩʪʦʡ ʠ ʘʩʬʘʣʴʪʝʥʦʚʦʡ) ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʠʟʦʪʦʧʥʳʝ ʢʨʠʚʳʝ, 

ʧʨʝʜʣʦʞʝʥʥʳʝ ɺ. ʐʪʘʣʝʤ (Stahl W.J., 1978). ɺ ʧʦʜʦʙʥʳʝ ʛʨʘʬʠʢʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʢʣʶʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʫʛʣʝʨʦʜʘ ʚ ʢʝʨʦʛʝʥʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʦʡ (Philp R.P. et al., 2012). ʇʨʠ ʥʘʣʠʯʠʠ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʜʝʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʦʢ 10.  

 

 

ʈʠʩʫʥʦʢ 10. ʀʟʦʪʦʧʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʫʛʣʝʨʦʜʘ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ 

ʵʢʩʪʨʘʢʪʦʚ ʧʦʨʦʜ: SAT ð ʥʘʩʳʱʝʥʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ; OIL ð ʥʝʬʪʴ ʚ ʮʝʣʦʤ; 

AROM ð ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ; NSO ð ʩʤʦʣʳ 

(ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʘʟʦʪ, ʩʝʨʫ ʠ 

ʢʠʩʣʦʨʦʜ); ASPH ð ʘʩʬʘʣʴʪʝʥʳ (ʧʦ 

(Stahl W.J., 1977)). 

ɺʧʦʩʣʝʜʩʪʚʠʠ ɻʘʣʠʤʦʚʳʤ ʕ.ʄ. ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʣʸʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʝʬʪʠ ʠ ʙʠʪʫʤʦʠʜʦʚ ʩ ʫʯʸʪʦʤ ʩʪʨʫʢʪʫʨʳ 



34 

 

 

ʨʘʟʥʦʧʦʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʠ ʠ ʙʠʪʫʤʦʠʜʦʚ, ʈʠʩʫʥʦʢ 12 (Galimov E.M., 2006; 

ɻʘʣʠʤʦʚ ʕ.ʄ., 1981, 1986).  

 

ʈʠʩʫʥʦʢ 11. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʚ ʠʩʢʦʧʘʝʤʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ (ʧʦ 

(Galimov E.M., 2006)). 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʢʦʨʨʝʣʷʮʠʠ ʜʘʥʥʳʭ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʙʱʥʦʩʪʠ ʟʘʣʝʞʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ (ɹʦʛʦʨʦʜʩʢʘʷ ʃ.ʀ. ʠ ʜʨ., 1980; ɻʘʣʠʤʦʚ ʕ.ʄ., 1973a; 

ʂʦʜʠʥʘ ʃ.ɸ. ʠ ʜʨ., 1984).  

ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʨʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ ʦʪʣʦʞʝʥʠʡ ʩ ʧʨʦʛʥʦʟʦʤ ʫʩʣʦʚʠʡ ʠʭ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ 

ʟʨʝʣʦʩʪʠ, ʬʘʟʦʚʳʝ ʵʬʬʝʢʪʳ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ, ʪʘʢʠʝ ʢʘʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʦʜʥʳʤ ʬʣʶʠʜʦʤ ʠʣʠ ʙʠʦʜʝʛʨʘʜʘʮʠʷ (Stahl W.J., 1980; Chung H.M. et al., 

1981; Palmer S.E., 1993). ʇʦʥʠʤʘʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳ ʜʣʷ ʥʘʜʸʞʥʦʩʪʠ ʠʟʦʪʦʧʥʦʡ ʢʦʨʨʝʣʷʮʠʠ (Clayton C., 1991; Clayton C.J., 1991). ɺ ʩʚʷʟʠ 

ʩ ɻʪʠʤ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʧʦʩʦʙʥʳʝ ʠʟʤʝʥʷʪʴ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʝʬʪʝʡ ʠ ʙʠʪʫʤʦʠʜʦʚ.  
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1.3.2 ʆʮʝʥʢʘ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʠʛʨʘʮʠʠ ʛʘʟʦʚ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʫʛʣʝʨʦʜʘ 

ʇʨʦʮʝʩʩ ʜʝʛʘʟʘʮʠʠ ʥʝʜʨ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʝʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʛʨʷʟʝʚʳʝ ʚʫʣʢʘʥʳ ʠ ʦʙʰʠʨʥʳʝ ʟʦʥʳ ʜʠʩʣʦʢʘʮʠʡ ʦʩʘʜʦʯʥʦʛʦ ʧʦʢʨʦʚʘ (ʇʦʣʠʢʘʨʧʦʚ ɻ.ɻ. ʠ ʜʨ., 

1989). ʄʝʪʘʥ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʚ ʩʦʩʪʘʚʝ ʬʣʶʠʜʦʚ, ʠʤʝʝʪ ʧʦʣʠʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, 

ʚʢʣʶʯʘʷ ʢʘʢ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ ʤʝʪʘʥ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥʘʭ, ʪʘʢ ʠ 

ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʡ (ʤʠʢʨʦʙʠʘʣʴʥʳʡ) ʤʝʪʘʥ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʚ ʤʦʣʦʜʳʭ ʦʩʘʜʦʯʥʳʭ ʩʣʦʷʭ. 

ɺʘʞʥʳʤ ʚʦʧʨʦʩʦʤ, ʢʦʪʦʨʳʡ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʟʦʪʦʧʥʦʡ ʛʝʦʭʠʤʠʠ, ʷʚʣʷʝʪʩʷ 

ʚʦʧʨʦʩ ʠʩʪʦʯʥʠʢʘ ʛʘʟʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʟʘ ʩʯʪy ʜʝʛʘʟʘʮʠʠ ʥʝʜʨ, ʪʘʢ 

ʠ ʚ ʩʢʚʘʞʠʥʘʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ.  

ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʵʣʝʤʝʥʪʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʤʠʨʦʚʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʧʨʦʙʣʝʤ, ʥʦ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʠʩʭʦʜʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʳʷʚʠʪʴ ʩʚʷʟʴ ʩ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʬʘʢʪʦʨʦʚ ʢʘʪʘʛʝʥʝʟʘ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚ ʧʦʨʦʜʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʝʥʷʝʪʩʷ ʝʛʦ ʠʟʦʪʦʧʥʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʪʘʥʘ (ʤʠʥʝʨʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʪʠʧ ʨʘʩʩʝʷʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʛʣʫʙʠʥʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʨ.), ʙʳʣ ʧʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ 

ʫʛʣʝʨʦʜʘ 13ʉ (ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 1,11%) ʠ 12ʉ (ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 98,89%) (ɻʘʣʠʤʦʚ ʕ.ʄ., 

1986). ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʛʣʝʨʦʜ ʤʝʪʘʥʘ 

ʠʟʦʪʦʧʠʯʝʩʢʠ ʫʪʷʞʝʣʷʝʪʩʷ (ʨʘʩʪʪy ʚʝʣʠʯʠʥʘ ŭ13ʉ) ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʝʛʦ 

ʛʝʥʝʨʘʮʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʫʛʣʝʨʦʜ ʤʝʪʘʥʘ, ʧʦʜʥʠʤʘʷʩʴ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ 

ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʜʦʣʠ 13ʉ ʟʘ ʩʯʸʪ ʧʨʦʮʝʩʩʦʚ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʭʦʜʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʠ ʩʤʝʰʝʥʠʷ ʩ 

ʤʠʢʨʦʙʠʘʣʴʥʳʤ ʛʘʟʦʤ (Matsumoto R. et al., 2011).  

ɺ ʨʘʙʦʪʘʭ ʕ.ʄ. ɻʘʣʠʤʦʚʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ 

ʤʝʪʘʥʘ ʠ ʝʛʦ ʛʦʤʦʣʦʛʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʦʩʪʘʚʦʤ ʛʘʟʘ ʜʘyʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʘʟʦʚ (ʈʠʩʫʥʦʢ 12). 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʙʦʛʘʱʝʥʠʷ ʪʷʞʣyʳʤ ʠʟʦʪʦʧʦʤ 13ʉ ʚ ʨʷʜʫ ʤʝʪʘʥ-ɻ ʪʘʥ-ʧʨʦʧʘʥ-

ʙʫʪʘʥ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʷʮʠʷ ʫʛʣʝʚʦʜʦʨʦʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʵʪʘʥ, ʧʨʦʧʘʥ, ʙʫʪʘʥ) ʜʘʪy 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʥʘʨʫʰʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʦʣʷ 

ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʤʝʪʘʥʘ ʥʘ ʈʠʩʫʥʦʢ 12, ʠʩʧʦʣʴʟʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʵʪʘʥʘ ʠ ʧʨʦʧʘʥʘ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʧʨʠʯʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʛʘʟʘ ʩ ʫʯʪyʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʜʘʥʥʘʷ 
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ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʛʘʟʘ. ɺʘʞʥʳʤ ʪʘʢʞʝ 

ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʛʘʟʘ ʧʦ ʨʘʟʨʝʟʫ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʦʪʣʦʞʝʥʠʡ 

(ɻʘʣʠʤʦʚ ʕ.ʄ., 1973). 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʳʭ ʛʘʟʦʚ ʧʦʜʚʝʨʞʝʥ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʧʨʦʮʝʩʩʝ ʤʠʛʨʘʮʠʠ. ɺ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʚʩʣʝʜʩʪʚʠʝ ʦʧʝʨʝʞʘʶʱʝʡ ʵʬʬʫʟʠʠ ʣʸʛʢʦʛʦ ʠʟʦʪʦʧʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʦʙʝʜʥʝʥʠʝ ʛʘʟʦʚʦʡ ʬʘʟʳ ʪʷʞʸʣʳʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 

ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ð ʦʙʦʛʘʱʝʥʠʝ ʛʘʟʦʚ 

ʠʟʦʪʦʧʦʤ 13C, ʚ ʩʨʝʜʥʝʤ ʥʘ 15ă. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʟʫʯʝʥʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʨʦʜ ʚ ʨʘʟʨʝʟʝ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ.  

 

ʈʠʩʫʥʦʢ 12. ɺʳʢʦʧʠʨʦʚʢʘ ʠʟ ʨʘʙʦʪʳ ʕ.ʄ. ɻʘʣʠʤʦʚʘ. ʉʭʝʤʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʛʘʟʘ ʧʦ ʜʘʥʥʳʤ ʝʛʦ ʠʟʦʪʦʧʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ (ɻʘʣʠʤʦʚ ʕ.ʄ., 1973). 

1.3.3 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ 

ʫʛʣʝʨʦʜʘ 

ʀʟʦʪʦʧʥʘʷ ʛʝʦʭʠʤʠʷ ʯʘʩʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚ ʠʩʭʦʜʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʧʦʩʣʝ ʤʠʛʨʘʮʠʠ 

ʥʝʬʪʠ. ʇʨʠʤʝʥʷʷ ʠʟʦʪʦʧʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʜʭʦʜ (ŭ13C, ŭD), ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘʣʦʞʝʥʥʳʭ ʬʘʢʪʦʨʦʚ: ʦʢʠʩʣʝʥʠʝ, ʙʠʦʜʝʛʨʘʜʘʮʠʷ, ʪʝʨʤʘʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʜʨ., (ɻʘʣʠʤʦʚ ʕ.ʄ., 1981, 1986). ʇʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʤʦʛʫʪ ʥʘʢʣʘʜʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʘʨʫʰʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ ʚʝʱʝʩʪʚʝ.  

ʇʨʠ ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʆɺ ʝʛʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʤʦʣʝʢʫʣʘʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩʚʷʟʴ 12Cï

12C ʨʘʟʨʫʰʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ 12Cï13C, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʛʘʱʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʣʸʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʦʛʘʱʸʥʥʳʤ 

ʪʷʞʸʣʳʤ ʠʟʦʪʦʧʦʤ 13C. 

1. ɼʝʢʘʨʙʦʢʩʠʣʠʨʦʚʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ: 

˚˛˛Ͻ˞˞ Ͻ̨˞ ˚ ˞̨ ˛ ̊
˗
ự˚˛˛Ͻ˞˞ Ͻ̨˞˚ ˞̨  

˚˛˛Ͻ˞˞ Ͻ̨˞ ˚ ˞̨ ˛ ̊
˗
ự˚̨ ˛Ͻ˞˞ Ͻ̨˞˚ ˞̨  

ʂ12 ʠ ʂ13 ï ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʊʘʢ ʢʘʢ ʂ12 ʚʳʰʝ, ʯʝʤ ʂ13, ʪʦ 

ʩʦʜʝʨʞʘʥʠʝ 12ʉ ʚ ʦʙʨʘʟʫʶʱʝʤʩʷ ʫʛʣʝʢʠʩʣʦʤ ʛʘʟʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʦʤ ʚʝʱʝʩʪʚʝ. 

ʂʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʥʝʤ 

ʙʣʠʟʦʢ ʢ ʦʪʥʦʰʝʥʠʶ 
˗

˗
 =1,030, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (ŭ13ʉʚʳʩʚ.ʉʆ2 - ŭ13ʉʠʩʭ.ʆɺ ) = 3ă 

(Bigeleisen J., 1952; ɻʘʣʠʤʦʚ ʕ.ʄ., 1981). 

ɺ ʧʨʦʮʝʩʩʝ ʜʝʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʢʘʨʙʦʥʘʪʦʚ 

ʚʳʜʝʣʷʶʱʠʡʩʷ CO  ʦʙʦʛʘʱʘʝʪʩʷ ʪʷʞʸʣʳʤʠ ʠʟʦʪʦʧʘʤʠ 13C ʠ 18O, ʘ ʚ ʦʩʪʘʚʰʝʤʩʷ ʢʘʨʙʦʥʘʪʝ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʣʸʛʢʠʝ ʠʟʦʪʦʧʳ 12C ʠ 16O. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʟʣʦʞʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʠ ʜʝʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʟʦʪʦʧʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʦʚʦʛʦ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʩ ʟʥʘʯʝʥʠ̫ʤʠ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʦʙʦʛʘʱʝʥʥʳʤʠ ʣʝʛʢʠʤʠ ʠʟʦʪʦʧʘʤʠ. 

2. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʉʆ2, ʦʙʦʛʘʱʝʥʥʦʛʦ 
13C, ʪʘʢ 

ʢʘʢ ʙʘʢʪʝʨʠʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʚʳʜʝʣʝʥʠʶ 12ʉʆ2. ʊʘʢ, ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʫʣʴʬʘʪʦʨʝʜʫʮʠʨʫʶʱʠʤʠ ʙʘʢʪʝʨʠʷʤʠ: 

ς˞ ˚˞ ˛Ͻ̊˞ ˛˛ Ὓ̊ὕ
˗
ựς˞ ˚˞ ˛˚ς˞̨ Ὓ ς̊  ̨

ʀʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ (
˗

˗
 =1,005) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʝʘʢʮʠʷʭ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ (ɻʘʣʠʤʦʚ ʕ.ʄ., 1981). 

3. ʄʝʪʘʥʦʚʦʝ ʙʨʦʞʝʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʬʝʨʤʝʥʪʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʤʝʪʘʥ 

ʦʙʦʛʘʱʘʝʪʩʷ ʣʸʛʢʠʤ ʠʟʦʪʦʧʦʤ 12ʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʫʛʣʝʨʦʜʦʤ, ʧʨʠ ʵʪʦʤ ʠʟʦʪʦʧʥʦʝ 

ʦʙʦʛʘʱʝʥʠʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 9,4ă. ʆʜʥʘʢʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ ʩʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʠʷ ʤʝʪʘʥʘ 12ʉ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʥʦ ʠ ʩ ʠʟʦʪʦʧʥʳʤ 

ʦʙʤʝʥʦʤ ʤʝʞʜʫ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʥʘʢʦʧʣʝʥʠʶ 12ʉ ʚ ʤʝʪʘʥʝ ʚ ʩʠʩʪʝʤʝ ʦʙʤʝʥʘ CO2ïCH4. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʙʦʛʘʱʝʥʠʝ ʣʸʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ ʚ ʦʩʘʜʢʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʝʣʝʢʪʠʚʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʦʪʦʧʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʨʘʢʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʨʘʩʪʝʥʠʡ ʨʘʟʣʠʯʘʝʪʩʷ: ʣʠʧʠʜʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 12ʉ, ʘ ʙʝʣʢʠ ð ʧʦʥʠʞʝʥʥʳʤ. ʇʦʩʢʦʣʴʢʫ 

ʣʠʧʠʜʦ-ʣʠʧʦʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʨʘʟʣʦʞʝʥʠʶ, ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʦʩʘʜʢʝ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʣʸʛʢʦʛʦ ʠʟʦʪʦʧʘ 

ʫʛʣʝʨʦʜʘ (ɻʘʣʠʤʦʚ ʕ.ʄ., 1981). 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʬʣʶʠʜʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʘ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʞʜʫ 

ʛʠʜʨʦʩʬʝʨʦʡ ʠ ʣʠʪʦʩʬʝʨʦʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʠ ʚ ʧʦʨʦʜʝ ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ (Beinlich A. et al., 2020; 

Lister C., 1972; Wheat C. ʠ ʜʨ., 2004). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʘʟʦʚ, ʤʠʛʨʘʮʠʷ ʥʝʬʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʝʸ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ, 

ʧʦʩʢʦʣʴʢʫ ʥʝʬʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʤʘʩʩʝ ʠʟʦʪʦʧʥʳʭ ʤʦʣʝʢʫʣ, ʘ ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʠʤʠ ʠʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ ʥʝ ʧʨʝʚʳʰʘʶʪ 5ă.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʪʨʘʞʘʶʱʠʭʩʷ ʥʘ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʣʸʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʠ ʬʣʶʠʜʘʭ, ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʫʩʣʦʚʠʷ ʝʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʘ 

ʦʙʦʙʱʝʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. 

1.4 ʌʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ 

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʠʧʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʝʜʠʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʨʘʟʥʳʭ ʬʦʨʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʨʦʜʘʭ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ (Dias R. et al., 2002; Franks S. et al., 2001; Tocqu® E. et al., 2005).  
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ɼʠʘʛʥʦʩʪʠʢʫ ʠʟʦʪʦʧʦʚ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʩʠʩʪʝʤʝ, ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʬʣʶʠʜʘ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥ ʦʙʨʘʟʦʚʘʣʩʷ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʚʷʟʠ ʤʝʞʜʫ 

ʟʘʣʝʞʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠʟʦʪʦʧʥʦʡ ʛʝʦʭʠʤʠʠ 

ʦʧʨʝʜʝʣʷʶʪ ʠʩʪʦʯʥʠʢʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʧʫʪʠ ʠʭ ʤʠʛʨʘʮʠʠ. ʇʦʜʦʙʥʳʝ ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʨʘʟʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʝʜʠʥʳʡ ʠʩʪʦʯʥʠʢ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʧʨʦʪʠʚ, ʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʬʣʶʠʜʦʚ ʚ ʦʜʥʦʡ ʟʘʣʝʞʠ, ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʠʭ ʨʘʟʥʦʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ. ʇʨʠʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʯʪyʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ. 

ʇʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʟʫʯʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʦʠʩʢʦʚʦ-

ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʨʘʪʴ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʚʩʝ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʜʘʥʥʳʝ ʠ ʚʳʩʪʨʦʠʪʴ ʮʝʣʴʥʫʶ ʢʘʨʪʠʥʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʣʝʞʠ, ʜʦʢʘʟʘʥʥʦʡ 

ʠʣʠ ʧʨʦʛʥʦʟʥʦʡ, ʩʦʛʣʘʩʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʚʷʟʘʪʴ ʚʩʝ ʜʘʥʥʳʝ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʦʪ ʤʠʢʨʦʫʨʦʚʥʷ ʜʦ ʤʘʢʨʦʫʨʦʚʥʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʙʲʝʢʪ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ. ʅʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʣʶʠʜʦʚ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʠʟʦʪʦʧʥʦʛʦ ʠ 

ʙʠʦʤʘʨʢʝʨʥʦʛʦ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʧʨʠ ʤʥʦʛʦʵʪʘʧʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʣʝʞʝʡ ʟʘ ʩʯʸʪ ʤʥʦʛʦʢʨʘʪʥʦʡ ʤʠʛʨʘʮʠʠ ʧʦ ʨʘʟʣʦʤʘʤ. ɼʣʷ 

ʦʜʥʦʟʥʘʯʥʦʡ ʪʨʘʢʪʦʚʢʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʠʝ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʦʡ ʪʦʣʱʝʡ (ʅʄʊ) ʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʩʚʷʟʝʡ ʬʣʶʠʜʦʚ 

ʤʝʞʜʫ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʘʜʝʢʚʘʪʥʫʶ 

ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʟʫʯʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʘʩʩʝʡʥʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʟʥʘʥʠʝ ʦ 

ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʧʝʨʝʪʦʢʘʭ ʬʣʶʠʜʦʚ ʤʝʞʜʫ ʟʘʣʝʞʘʤʠ ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʤʦʜʝʣʠ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʛʠʦʥʘ ʠ ʝʛʦ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʡʢʘʭ.  

ʉʦʟʜʘʥʥʳʡ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʟʘʜʝʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʧʦʨʦʜ, ʆɺ ʠ ʬʣʶʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʧʦʠʩʢʘ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʟʠʩʘ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʝʬʪʷʥʦʡ ʛʝʦʣʦʛʠʠ. ʆʩʥʦʚʥʘʷ ʦʙʲʝʜʠʥʷʶʱʘʷ ʠʜʝʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʟʦʪʦʧʥʦʡ ʛʝʦʭʠʤʠʠ 

ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʜʝʪʘʣʴʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʅʘ ʧʝʨʚʦʤ ʨʝʛʠʦʥʘʣʴʥʦʤ ʵʪʘʧʝ ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʨʘʟʨʝʟʦʚ, ʬʦʨʤʠʨʫʷ ʛʣʦʙʘʣʴʥʦ ʩʦʛʣʘʩʦʚʘʥʥʫʶ 

ʚʨʝʤʝʥʥʫʶ ʦʩʥʦʚʫ. ʅʘ ʚʪʦʨʦʤ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʦʤ ʵʪʘʧʝ ʵʪʘ ʦʩʥʦʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʪʠʧʠʟʘʮʠʠ ʆɺ ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʭ ʪʦʣʱ ʚ ʢʣʶʯʝʚʳʭ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʙʘʩʩʝʡʥʘʭ, ʘ ʥʘ ʨʘʟʚʝʜʦʯʥʦʤ ï ʜʣʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʩʠʩʪʝʤ. 
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ɻʃɸɺɸ 2. ʄɽʊʆɼʀʂɸ ɸʅɸʃʀɿɸ ʀɿʆʊʆʇʅʆɻʆ ʉʆʉʊɸɺɸ 

ʋɻʃɽʈʆɼɸ ʀ ʂʀʉʃʆʈʆɼɸ2 

ʇʨʦʮʝʜʫʨʘ ʚʳʙʦʨʘ ʧʨʠʛʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʠʭ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ 

ʦʙʨʘʟʮʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚʢʣʶʯʘʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʨʦʙ ʜʣʷ 

ʚʚʝʜʝʥʠʷ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ. ʍʘʨʘʢʪʝʨ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʘʥʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʥʝ 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʟʦʪʦʧʥʦʤʫ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʶ ʫʛʣʝʨʦʜʘ (ɻʘʣʠʤʦʚ ʕ.ʄ., 1986). ʀʟʦʪʦʧʥʳʡ 

ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʦʧʨʝʜʝʣʷʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʢʘʬʝʜʨʳ 

ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ. 

2.1 ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ 

2.1.1 ʄʝʪʦʜʠʢʘ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ 

ʀʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʙʳʣ ʧʨʦʚʝʜʥy 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʨʘʟʣʦʞʝʥʠʷ ʚ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʝ (McCrea J., 1950). ʀʟʤʝʨʝʥʠʝ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ (ŭ13ʉ) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʧʦʪʦʢʝ ʛʝʣʠʷ (CF-IRMS) ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Delta V Advantage Thermo 

Finnigan Scientific, ʩʦʧʨʷʞʥyʥʦʤ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ GasBench II ʠ 

ʘʚʪʦʩʵʤʧʣʝʨʦʤ PAL. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ GasBench II ʤʦʞʥʦ ʚ ʨʘʙʦʪʘʭ 

(Torres M. et al., 2005; Yang L. et al., 2012). ʇʨʦʙʳ ʜʣʷ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʠʨʘʣʠʩʴ 

ʪʦʯʝʯʥʦ ʠʟ ʢʘʞʜʦʡ ʚʳʜʝʣʷʝʤʦʡ ʨʘʟʥʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘʚʝʩʢʘ ʙʝʨʪyʩʷ ʦʪ 100 ʜʦ 500 ʤʢʛ. ʇʨʦʙʘ ʧʦʜʚʝʨʛʘʣʘʩʴ ʦʙʨʘʙʦʪʢʝ 105% 

ʧʦʣʠʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʥʘ ʣʠʥʠʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ GasBench II, ʧʦʜʢʣʶʯʥyʥʦʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʫ. ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʚʳʜʝʣʠʚʰʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʢʘʨʙʦʥʘʪʘ ʩ ʢʠʩʣʦʪʦʡ, ʧʦʩʪʫʧʘʣ ʚ ʢʘʤʝʨʫ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʛʜʝ ʚ ʥyʤ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. ɼʣʷ ʨʘʩʯʸʪʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʠ 

 
2 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʘʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ 

ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ:   

1. ʂʨʘʩʥʦʚʘ ɽ. ɸ. ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʨʘʟʨʝʟʝ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ (ʶʞʥʘʷ ʯʘʩʪʴ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ) / ɽ. ɸ. ʂʨʘʩʥʦʚʘ, ɸ. ʖ. 

ʖʨʯʝʥʢʦ, ɸ. ɻ. ʂʘʣʤʳʢʦʚ, ʄ. ʄ. ʌʦʤʠʥʘ // ɻʝʦʨʝʩʫʨʩʳ. ï 2019. ï ʊ. 21. ï ̄  2. ï ʉ. 153-158. 

doi:10.15372/gig2020139 (0,6 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 60%). ʀʤʧʘʢʪ ʬʘʢʪʦʨ JIF: 0,5 



42 

 

 

ʢʠʩʣʦʨʦʜʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʛʘʟ CO2 ʠʟʚʝʩʪʥʦʛʦ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʢʘʨʙʦʥʘʪʦʚ ʠʟʦʪʦʧʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʝʨʦʜʘ (ŭ13ʉ) ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ VPDB. VPDB ï ʘʥʘʣʦʛ PDB. ʀʟʦʪʦʧʥʳʝ ʟʥʘʯʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ŭ18ʆ) 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ VSMOW ï ʩʪʘʥʜʘʨʪ ʩʨʝʜʥʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʳ (ă). ʊʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ NBS-18 ʠ NBS-19 ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ ʠ ŭ18ʆ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʜʚʘʞʜʳ. 

ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʷ ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ, 

ʥʝ ʚʳʭʦʜʠʣʘ ʚ ʩʨʝʜʥʝʤ ʟʘ ʧʨʝʜʝʣʳ Ñ 0,2ă. 

2.1.2 ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʦʪʙʨʘʢʦʚʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʨʠ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʫʯʠʪʳʚʘʣʦʩʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʦʪ 

ʧʝʨʚʠʯʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʨʩʢʦʡ ʚʦʜʳ. ʇʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʩʣʦʞʥʷʶʪ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʫʶ ʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ 

ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʦʚ. ʆʙʦʩʥʦʚʘʥʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʩʝ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʠ ʭʠʤʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʠʣʠ 

ʠʥʳʭ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʠʘʛʝʥʝʟ ʩ ʫʯʘʩʪʠʝʤ ʤʝʪʝʦʨʥʦʡ ʚʦʜʳ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʝʜʥʝʥʠʶ ʟʥʘʯʝʥʠʡ ŭ18O ʠ ŭ13C, ʯʪʦ ʯʘʩʪʦ ʚʳʟʳʚʘʝʪ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ 

ʠʟʦʪʦʧʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʚ ʠʟʤʝʥʥyʥʳʭ ʦʙʨʘʟʮʘʭ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʝʜʥʝʥʳ ʧʦ 

ʫʛʣʝʨʦʜʫ-13 ʠ ʢʠʩʣʦʨʦʜʫ-18 (Brand U. et al., 1981; Nelson C. et al., 1996). 

ʂʦʥʪʨʦʣʴ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʥʦʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʘʨʢʝʨʦʚ: 

1. ʍʦʨʦʰʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʩʪʝʥʦʢ ʨʘʢʦʚʠʥ ʢʘʨʙʦʥʘʪʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ ʜʦʣʞʥʘ 

ʧʦʜʪʚʝʨʞʜʘʪʴʩʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʙʨʘʟʦʚ ʧʦʨʦʜ.  

2. ʆʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʧʝʨʚʠʯʥʦʩʪʴ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

3. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʤʘʪʨʠʮʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʢʩʠʜʦʚ. 

4. ʂʦʨʨʝʣʷʮʠʷ ʟʥʘʯʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠʟʦʪʦʧʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʤʦʨʩʢʦʡ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʚʘʣʘ.  
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ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʚʝʜʸʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʪʙʨʘʢʦʚʢʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 

13. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʪʦʙʨʘʞʝʥʳ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʟʝʣʸʥʳʤ ð ʚʳʙʦʨʢʘ 

ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʦʞʝʥʥʳʤʠ 

ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʙʦʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʰʠʙʦʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ. 

ɸ 

 

ɹ 

 

ʈʠʩʫʥʦʢ 13. ʇʨʠʤʝʨ ʦʪʙʨʘʢʦʚʢʠ ʜʘʥʥʳʭ. ɸ 

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʘʭ ʧʦ ʨʘʟʨʝʟʫ. ʉʝʨʳʤ 

ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʚʩʝ ʧʝʨʚʠʯʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʟʝʣʝʥʳʤ ï ʧʦʩʣʝ ʦʪʙʨʘʢʦʚʢʠ. ɹ - 

ʢʦʨʨʝʣʷʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ 

ʠ ʢʠʩʣʦʨʦʜʘ ʧʦʩʣʝ ʦʪʙʨʘʢʦʚʢʠ ʜʘʥʥʳʭ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ = 0,009.  

2.1.3 ʈʘʩʯʸʪ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ 

ʄʝʪʦʜʠʢʘ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʘ̫ ɻ. ʖʨʠ ʥʘ ʦʩʥʦʚʝ 

ʠʟʫʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʘʭ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʟʣʠʯʠʠ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʤʝʞʜʫ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʠʷ ʠ ʚʦʜʦʡ ʧʨʠ ʨʘʚʥʦʚʝʩʥʦʤ ʦʩʘʞʜʝʥʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʟʘʚʠʩʠʤʳʤ ʠʟʦʪʦʧʥʳʤ ʦʙʤʝʥʦʤ (ʌʦʨ ɻ., 1989; Urey H., 1948). 

ɺʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʥʦʤ ʤʠʥʝʨʘʣʝ ʦʪʨʘʞʘʶʪ ʠʟʤʝʥʝʥʠʷ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʫʤʤʘʨʥʦʡ ʨʘʩʪʚʦʨʝʥʥʦʡ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʚʦʜʝ (Anderson T.F. ʠ ʜʨ., 1983; 

ɻʘʣʠʤʦʚ ʕ.ʄ., 1986; ʌʦʨ ɻ., 1989).  

ʇʘʣʝʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʩʯʸʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʕʧʰʪʝʡʥʘ (Epstein S. et al., 1953) ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, 
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ʦʧʨʝʜʝʣʥyʥʳʤʠ ʜʣʷ ʫʩʣʦʚʠʡ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʢʘʣʴʮʠʪʘ (Kim S.-

T. et al., 1997). ʂʦʵʬʬʠʮʠʝʥʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ ʚ ʩʠʩʪʝʤʝ ʢʘʣʴʮʠʪ-ʚʦʜʘ ʧʨʠ 25Áʉ 

ʩʦʩʪʘʚʣʷʝʪ 1,0286 (OôNeil J. et al., 1975). ʂʦʵʬʬʠʮʠʝʥʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠ ̫ʠʟʦʪʦʧʦʚ ʟʘʚʠʩʠʪ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʵʪʦʤʫ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʣʴʮʠʪʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ 

ʨʘʚʥʦʚʝʩʠʠ ʩ ʚʦʜʦʡ, ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ. 

ɼʣʷ ʨʘʩʯʸʪʦʚ ʧʨʠʤʝʥʷʣʘʩʴ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

1000lnŬ (CalciteïH2O) = 18,03 Ĭ (103T ï 1) ï 32,42, 

ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (K). 

ɺ ʨʘʙʦʪʘʭ (Miller K. et al., 1985; ɿʫʙʘʢʦʚ ɺ.ɸ., 1990) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʠʩʣʦʨʦʜʥʦ-

ʠʟʦʪʦʧʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦ ʨʘʢʦʚʠʥʘʤ ʙʝʥʪʦʩʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ ʠʟ ʢʝʨʥʘ ʩʢʚʘʞʠʥ 

ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʦʮʝʥʦʚʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ -1ă, ʯʪʦ ʙʳʣʦ ʫʯʪʝʥʦ ʧʨʠ ʨʘʩʯʸʪʝ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʜʘʥʥʦʛʦ 

ʧʝʨʠʦʜʘ. ɼʣʷ ʪʫʨʦʥ-ʢʦʥʴʷʢʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ 

ʫʯʠʪʳʚʘʣʦʩʴ ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ ŭ18Ow = -1ă, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʜʣʷ ʧʦʟʜʥʝʛʦ ʤʝʣʘ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʰʠʨʦʪ, ʩʚʦʙʦʜʥʳʭ ʦʪ ʦʣʝʜʝʥʝʥʠʷ (Shackleton N. et al., 1975). 
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2.2 ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ 

ʀʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚʢʣʶʯʘʣʠ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ 

ʥʝʬʪʝʡ ʠ ʙʠʪʫʤʦʠʜʦʚ ʧʦʨʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʦʪʦʧʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʦʜ 

ʙʠʪʫʤʦʠʜʦʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʪʘʢ ʞʝ ʢʘʢ ʚ ʤʦʥʦʛʨʘʬʠʠ ɹ. ʊʠʩʩʦ ʠ ɼ. ɺʝʣʴʪʝ (Tissot B.P. 

et al., 1984), ʧʦʥʠʤʘʝʪʩʷ ʬʨʘʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʠʟʚʣʝʢʘʝʤʘʷ ʠʟ ʧʦʨʦʜʳ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ, ʦʧʠʩʘʥʥʦʡ ʕ.ʄ. ɻʘʣʠʤʦʚʳʤ (ɻʘʣʠʤʦʚ ʕ.ʄ., 1981). ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʛʝʥʝʟʠʩ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʦ ʝʛʦ ʠʟʦʪʦʧʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚ ʦʙʨʘʟʮʝ. ʄʦʞʥʦ 

ʠʟʤʝʨʷʪʴ ʣʠʙʦ ʦʙʱʠʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʚ ʦʙʨʘʟʮʝ, ʣʠʙʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʤʝʩʠ. ʇʨʠʥʮʠʧ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʭʦʞ: ʢʘʞʜʳʡ ʤʝʪʦʜ 

ʪʨʝʙʫʝʪ ʧʦʣʥʦʛʦ ʩʞʠʛʘʥʠʷ ʦʙʨʘʟʮʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʝʚʨʘʱʝʥʠʝʤ ʚ CO  ʠ ʚʦʜʫ. 

ʕʢʩʪʨʘʢʮʠʷ ʙʠʪʫʤʦʠʜʘ ʠʟ ʧʦʨʦʜʳ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʘʧʧʘʨʘʪʝ ʉʦʢʩʣʝʪʘ, ʩʦʛʣʘʩʥʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ D5369-93, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʙʠʪʫʤʦʠʜʦʚ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʛʨʫʧʧ:r ʤʘʩʣʘ, ʩʤʦʣʳ, ʘʩʬʘʣʴʪʝʥʳ, ʚʳʜʝʣʝʥʠʝʤ ʤʝʪʘʥʦʚʦ-ʥʘʬʪʝʥʦʚʦʡ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʙʠʪʫʤʦʠʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝʧʦʣʷʨʥʳʡ ʛʝʢʩʘʥ ʠ ʧʦʣʷʨʥʳʝ ʭʣʦʨʦʬʦʨʤ ʠ ʩʧʠʨʪʦʙʝʥʟʦʣ (ʩʦʦʪʥʦʰʝʥʠʝ 

1:1). 

2.2.1 ʄʝʪʦʜʠʢʘ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʬʪʝʡ, ʙʠʪʫʤʦʠʜʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ  

ʀʟʤʝʨʝʥʠʷ ŭ13ʉ ʙʠʪʫʤʦʠʜʦʚ ʠ ʠʭ ʬʨʘʢʮʠʡ ʧʦʨʦʜ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʦʪʦʧʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ Delta V Advantage (Thermo Fisher Scientific), ʩʦʧʨʷʞʥyʥʦʛʦ ʩ 

ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ çFlash EA 1112è. ʌʨʘʢʮʠʠ ʥʝʬʪʝʡ ʠ/ʠʣʠ ʙʠʪʫʤʦʠʜʦʚ 

ʨʘʩʪʚʦʨʷʣʠʩʴ ʚ ʥʦʨʤʘʣʴʥʦʤ ʛʝʢʩʘʥʝ. ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʦʙʲʤy ʧʨʦʙʳ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʬʨʘʢʮʠʠ. 

ʉʥʘʯʘʣʘ ʧʨʦʙʘ ʥʝʬʪʝʡ ʠ/ʠʣʠ ʙʠʪʫʤʦʠʜʦʚ ʩʞʠʛʘʣʘʩʴ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʨʝʘʢʪʦʨʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʢʩʠʜ ʭʨʦʤʘ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʤʝʜʴ, 

ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʧʦʩʝʨʝʙʨʥyʥʳʡ ʦʢʩʠʜ ʢʦʙʘʣʴʪʘ. ʏʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ConFlo ʧʨʦʙʘ ʧʦʩʪʫʧʘʣʘ ʚ 

ʢʘʤʝʨʫ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʛʜʝ ʠʟʤʝʨʷʝʪʩʷ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ (ŭ13ʉ), ʧʦʣʫʯʝʥʥʦʛʦ 
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ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʠʛʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʤʘʩʣʘ IAEA NBS-22. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʟʫʣʴʪʘʪʘ ʥʝ 

ʧʨʝʚʳʰʘʣʘ Ñ 0,05ă. ʊʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ. ʉʭʦʜʠʤʦʩʪʴ 

ŭ13C ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʩʨʝʜʥʝʤ ʥʝ ʚʳʭʦʜʠʣʘ ʟʘ ʧʨʝʜʝʣʳ Ñ0,15ă. 

ʀʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʦʤʠʣʣʝ (ă) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʘ VPDB. 

2.2.2 ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʦʪʙʨʘʢʦʚʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʉ ʮʝʣʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʘʚʪʦʭʪʦʥʥʦʛʦ ʙʠʪʫʤʦʠʜʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʚʪʦʨʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʶ ʠʟʦʪʦʧʦʚ ʚ ʩʠʩʪʝʤʝ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʠʤʝʥʝʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʦʪʙʨʘʢʦʚʢʠ ʦʙʨʘʟʮʦʚ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʠʤʝʥʥyʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʙʨʘʟʮʳ, ʧʨʝʪʝʨʧʝʚʰʠʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʪʦʨʠʯʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʙʨʘʢʦʚʳʚʘʣʠʩʴ. 

ʂʨʠʪʝʨʠʠ ʦʪʙʨʘʢʦʚʢʠ ʦʙʨʘʟʮʦʚ ʚʢʣʶʯʘʣʠ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʙʠʪʫʤʦʠʜʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ ʠʟʫʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ 

ʝʛʦ ʬʨʘʢʮʠʡ, ʩʤʦʣʠʩʪʦʡ ʠ ʘʩʬʘʣʴʪʝʥʦʚʦʡ (ʈʠʩʫʥʦʢ 14). ʇʦʩʢʦʣʴʢʫ ʘʩʬʘʣʴʪʝʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʨʠʩʫʱʠʭ ʩʤʦʣʘʤ, 

ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʩʤʦʣ ʠ ʘʩʬʘʣʴʪʝʥʦʚ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 0,7 ʠ ʚʳʰʝ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʠʭ ʩʪʨʫʢʪʫʨʥʦʤ ʠ ʵʣʝʤʝʥʪʥʦʤ 

ʩʦʩʪʘʚʝ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʝ ʝʜʠʥʩʪʚʦ (ɻʘʣʠʤʦʚ ʕ.ʄ., 1973). 

2. ʋʪʷʞʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʙʠʪʫʤʦʠʜʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʩʳʱʝʥʥʦʡ ʬʨʘʢʮʠʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʚ 

ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʠʩʭʦʜʥʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ, ʦʪʨʘʞʘʷ 

ʪʠʧʠʯʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʪʨʝʥʜ (ɻʘʣʠʤʦʚ ʕ.ʄ., 1986).  

3. ʇʨʠ ʨʘʟʣʠʯʠʠ ʛʝʢʩʘʥʦʚʦʛʦ ʠ ʭʣʦʨʦʬʦʨʤʝʥʥʦʛʦ ʵʢʩʪʨʘʢʪʦʚ ʙʠʪʫʤʦʠʜʦʚ ʤʝʥʝʝ 1ă 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʤʠʛʨʘʮʠʦʥʥʳʭ ʬʣʶʠʜʦʚ ʚ ʦʙʨʘʟʮʝ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʙʦʣʝʝ 400 ʦʙʨʘʟʮʦʚ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʛʦ ʙʠʪʫʤʦʠʜʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ. ʆʙʨʘʟʮʳ, ʥʝ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ɺ 

ʠʪʦʛʦʚʦʡ ʚʳʙʦʨʢʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 220 ʦʙʨʘʟʮʦʚ ʙʠʪʫʤʦʠʜʦʚ. 

ɸ 

 

ɹ 

 

ʈʠʩʫʥʦʢ 14. ʇʨʠʤʝʨ ʦʪʙʨʘʢʦʚʢʠ ʜʘʥʥʳʭ. ɸ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ 

ʚ ʨʘʟʥʦʧʦʣʷʨʥʳʭ ʬʨʘʢʮʠʷʭ ʙʠʪʫʤʦʠʜʘ. ʉʝʨʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʚʩʝ ʧʝʨʚʠʯʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʟʝʣʝʥʳʤ ï ʧʦʩʣʝ ʦʪʙʨʘʢʦʚʢʠ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʬʨʘʢʮʠʠ: ʅ ï ʥʘʩʳʱʝʥʥʘʷ, ɸ ï 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ, ʉʤ-ʙ ï ʩʤʦʣʠʩʪʘʷ (ʙʝʥʟʦʣʴʥʘʷ), ʉʤ-ʙ ï ʩʤʦʣʠʩʪʘʷ (ʩʧʠʨʪʦ-ʙʝʥʟʦʣʴʥʘʷ), 

ɸʩʬ ï ʘʩʬʘʣʴʪʝʥʳ. ɹ - ʧʨʠʤʝʨ ʢʦʨʨʝʣʷʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʤʦʣ ʠ ʘʩʬʘʣʴʪʝʥʦʚ ʧʦʩʣʝ 

ʦʪʙʨʘʢʦʚʢʠ ʜʘʥʥʳʭ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ = 0,87.  
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2.3 ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʘ 

2.3.1 ʄʝʪʦʜʠʢʘ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʛʘʟʘ 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ (ŭ13ʉ) ʠʟʤʝʨʷʣʩʷ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʠʟʦʪʦʧʥʳʭ 

ʦʪʥʦʰʝʥʠʡ Delta V Advantage (Finnigan, ɹʨʝʤʝʥ, ɻʝʨʤʘʥʠʷ) ʩ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʦʡ ʥʘ ʣʠʥʠʠ 

GC Isolink, ʚʢʣʶʯʘʶʱʝʡ ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ Trace GC Ultra ʠ ʧʨʠʩʪʘʚʢʫ Isolink ʩ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʨʝʘʢʪʦʨʦʤ. ʇʨʦʙʘ ʛʘʟʘ ʟʘʢʘʣʳʚʘʣʘʩʴ ʚ ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ ʦʙʲʝʤʦʤ 0,1 ʤʣ. 

ʈʘʟʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʢʦʣʦʥʢʝ CP-PoraPLOT (27,5ʤ ʭ 0,32ʤʤ, 

10ʤʢʤ) ʚ ʧʦʪʦʢʝ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʛʝʣʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚ 

ʤʝʪʘʥʝ ʠ ʫʛʣʝʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ ï 40Áʉ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʛʦʤʦʣʦʛʦʚ ʤʝʪʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʷ 

ʠʟʤʝʥʷʣʘʩʴ ʦʪ 35Áʉ ʜʦ 180Áʉ ʩ ʰʘʛʦʤ 5Áʉ ʚ ʤʠʥʫʪʫ. ʀʟ ʢʦʣʦʥʢʠ ʭʨʦʤʘʪʦʛʨʘʬʘ ʧʨʦʙʘ 

ʧʦʧʘʜʘʣʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʨʝʘʢʪʦʨ (ʥʠʢʝʣʝʚʘʷ ʪʨʫʙʢʘ, ʟʘʧʦʣʥʝʥʥʘʷ ʤʝʜʥʦʡ ʠ ʥʠʢʝʣʝʚʦʡ 

ʧʨʦʚʦʣʦʢʦʡ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʝʛʝʥʝʨʠʨʫʝʤʘʷ ʚ ʧʦʪʦʢʝ ʢʠʩʣʦʨʦʜʘ), ʥʘʛʨʝʪʳʡ ʜʦ 1030Üʉ, ʛʜʝ 

ʢʦʤʧʦʥʝʥʪʳ ʛʘʟʘ ʦʢʠʩʣʷʣʠʩʴ ʜʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʏʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ConFlo IV ʧʨʦʙʘ 

ʧʦʩʪʫʧʘʣʘ ʚ ʢʘʤʝʨʫ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʛʜʝ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ 

(ŭ13ʉ). ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʤʝʪʘʥʘ ʠ ʝʛʦ ʛʦʤʦʣʦʛʦʚ ʚʳʨʘʞʘʝʪʩʷ ʚă ʦʪʥʦʩʠʪʝʣʴʥʦ 

VPDB. ɹʳʣ ʦʧʨʝʜʝʣʝʥ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʤʝʪʘʥʘ ʠ ʝʛʦ ʛʦʤʦʣʦʛʦʚ ʜʦ ʉ5. ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʷ ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ, ʥʝ ʚʳʭʦʜʠʪ ʚ 

ʩʨʝʜʥʝʤ ʟʘ ʧʨʝʜʝʣʳ Ñ 0,2ă. 

2.3.2 ʄʝʪʦʜʠʢʘ ʦʪʙʦʨʘ ʧʨʦʙ ʛʘʟʘ 

ʆʪʙʦʨ ʛʘʟʦʚʳʭ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʠʟ ʜʚʫʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

¶ ʀʟ ʟʘʢʨʳʪʳʭ ʪʫʙ ʩ ʢʝʨʥʦʤ, ʭʨʘʥʠʚʰʠʭʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. ɺ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʦʪʙʦʨʘ ʛʘʟʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʦʙʳ ʛʘʟʘ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʯʘʩʪʝʡ ʢʘʞʜʦʡ ʪʫʙʳ (ʈʠʩʫʥʦʢ 15). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʦʨʨʝʣʷʮʠʶ 

ʠʟʦʪʦʧʥʦʛʦ ʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʛʘʟʘ ʩ ʣʠʪʦʣʦʛʠʝʡ ʨʘʟʨʝʟʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʝʪ ʜʝʪʘʣʴʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʩʣʝʜʦʚ ʢʦʥʪʘʤʠʥʘʮʠʠ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʪʫʙʳ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʪʙʦʨʝ ʛʘʟʘ, ʝʩʪʝʩʪʚʝʥʥʦ 

ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʠʟ ʢʝʨʥʘ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʦʪʙʦʨʫ ʛʘʟʘ ʚ ʭʦʜʝ ʙʫʨʝʥʠ ̫ʩʢʚʘʞʠʥ. 
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ʈʠʩʫʥʦʢ 15. ʄʝʪʦʜʠʢʘ 

ʦʪʙʦʨʘ ʧʨʦʙ ʛʘʟʘ ʠʟ 

ʟʘʢʨʳʪʳʭ ʪʫʙ ʩ ʢʝʨʥʦʤ. 

¶ ʆʪʙʦʨ ʛʘʟʘ ʚ ʟʘʢʦʣʦʥʥʦʤ ʠ ʤʝʞʢʦʣʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʢʚʘʞʠʥ. ʆʪʙʦʨ 

ʟʘʢʦʣʦʥʥʳʭ ʛʘʟʦʧʨʦʷʚʣʝʥʠʡ ʦʩʣʦʞʥʷʝʪʩʷ ʠʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ. ʊʘʢʠʝ 

ʧʨʦʷʚʣʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʘʢʪʠʚʥʦʛʦ ʪʘʷʥʠʷ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ ʠʣʠ ʦʙʠʣʴʥʳʭ ʦʩʘʜʢʦʚ (ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ), ʢʦʛʜʘ ʚ ʧʨʠʫʩʪʴʝʚʳʭ ʚʦʨʦʥʢʘʭ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʭʦʜ ʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʵʪʠ ʤʦʤʝʥʪʳ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʧʝʨʘʪʠʚʥʳʡ ʦʪʙʦʨ ʛʘʟʦʚʳʭ 

ʧʨʦʙ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

¶ ɺ ʤʝʩʪʘʭ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚʳʜʝʣʝʥʠʡ ʚ ʧʨʠʙʨʝʞʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʤʝʞʩʝʟʦʥʥʳʭ ʠ ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʦʚ 

ʧʫʟʳʨʴʢʦʚʦʛʦ ʛʘʟʘ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʪʦʯʢʦʡ ʘʢʪʠʚʥʳʭ 

ʛʘʟʦʚʳʜʝʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʦʤʝʨʥʦʛʦ ʧʣʘʚʩʨʝʜʩʪʚʘ ʠ ʜʘʡʚʝʨʦʚ. ʄʝʩʪʦ 

ʦʪʙʦʨʘ ʧʨʠʫʨʦʯʠʚʘʣʦʩʴ ʢ ʭʘʨʘʢʪʝʨʥʦʤʫ ʨʝʣʴʝʬʫ ʜʥʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʫʩʪʘʥʦʚʢʫ 

ʧʨʠʙʦʨʦʚ ʩʪʨʦʛʦ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʝʩʪʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ ʩʝʟʦʥʦʚ. 

2.3.3 ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʦʪʙʨʘʢʦʚʢʘ ʨʝʟʫʣʴʪʘʪʦʚ  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʞʜʘʷ ʧʨʦʙʘ ʛʘʟʘ ʦʪʙʠʨʘʣʘʩʴ ʚ ʜʚʫʭ 

ʵʢʟʝʤʧʣʷʨʘʭ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʚʝʨʷʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ; ʧʨʠ ʨʘʩʭʦʞʜʝʥʠʠ ʤʝʥʝʝ 1ă ʧʨʠʥʠʤʘʣʦʩʴ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ.  

ʇʨʠ ʦʪʙʦʨʝ ʛʘʟʘ ʠʟ ʪʫʙ ʜʦʧʦʣʥʠʪʝʣʴʥʦ, ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ, ʙʳʣ 

ʧʨʦʚʝʜʸʥ ʜʝʪʘʣʴʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʙ. ʉʨʝʜʠ 

ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʩʪʨʝʯʘʣʠʩʴ ʛʘʟʳ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʥʦʤ ʩʦʚʧʘʜʝʥʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʛʘʟʦʚ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ (ʪʫʙʳ 2 ʠ 10, ʈʠʩʫʥʦʢ 16ɸ). 
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ʈʠʩʫʥʦʢ 16. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, 

ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ 3: ɸ-ʪʫʙʘ 4, ɹ-ʪʫʙʘ 10. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʨʘʞʝʥʥʦʝ ʠʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʝʞʜʫ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʤʠ ʪʫʙʳ (ʪʫʙʘ 4, ʈʠʩʫʥʦʢ 16ɹ). ʕʪʠ ʨʘʟʣʠʯʠʷ, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʣʝʥʳ ʠʟʦʪʦʧʥʦ-ʦʙʤʝʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʤʝʞʜʫ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʠ ʙʫʨʦʚʳʤ 

ʨʘʩʪʚʦʨʦʤ. ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʧʨʦʙʘʤ ʠʟ ʚʝʨʭʥʠʭ 

ʯʘʩʪʝʡ ʪʫʙ, ʢʦʪʦʨʳʝ ʚ ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʢʦʥʪʘʤʠʥʘʮʠʠ.  

2.4 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʥʦʧʣʘʥʦʚʳʭ ʟʘʜʘʯ ʥʘ 

ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʅʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦʝ ʫʪʦʯʥʝʥʠʝ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʠʩʢʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʕʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʵʚʦʣʶʮʠʶ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʦʩʘʜʦʯʥʦʤ ʙʘʩʩʝʡʥʝ. ʀʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʨʦʜʳ 

ʠ ʬʣʶʠʜʘ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ, 

ʪʠʧʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʠʛʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʣʶʠʜʦʚ. ʆʜʥʘʢʦ 

ʠʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ 

ʧʦʨʦʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 
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ʧʦʚʳʰʝʥʠʝ ʜʝʪʘʣʴʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʝʰʝʥʠʷ ʨʷʜʘ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʟʘʜʘʯ. 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʵʪʘʧ ɻʈʈ. ʅʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʵʪʘʧʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ 

ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʦʩʘʜʦʯʥʳʭ 

ʙʘʩʩʝʡʥʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʚʳʙʦʨʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (ʇʦʣʷʢʦʚ ɸ.ɸ. ʠ ʜʨ., 2023).  

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʵʪʘʧʘ ʠʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ (ʈʠʩʫʥʦʢ 18). ʇʨʠʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʦʡ ʛʝʦʭʠʤʠʠ ʩʣʝʜʫʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ, ʬʘʫʥʠʩʪʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʘʟʨʝʟʘ. ɺʳʜʝʣʝʥʠʝ ʨʝʧʝʨʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ (ʈʠʩʫʥʦʢ 17) ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʪʨʦʛʦʤ ʢʦʥʪʨʦʣʝ ʩʪʝʧʝʥʠ 

ʩʦʭʨʘʥʥʦʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʘʢʦʡ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʤ. ʨʘʟʜʝʣ 2.1.1). 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ 

ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʠʟʦʪʦʧʥʳʭ ʵʢʩʢʫʨʩʦʚ, ʢʦʪʦʨʳʝ 

ʦʪʨʘʞʘʶʪ ʢʦʣʝʙʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʩʠʩʪʝʤʝ çʣʠʪʦʩʬʝʨʘ-ʘʪʤʦʩʬʝʨʘ-

ʛʠʜʨʦʩʬʝʨʘè. 

 

ʈʠʩʫʥʦʢ 17. ʉʭʝʤʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʨʘʟʨʝʟʘ. 

ʇʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʡ ʵʪʘʧ ɻʈʈ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʦʛʦ ʵʪʘʧʘ ɻʈʈ ð 

ʦʙʥʘʨʫʞʝʥʠʝ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʣʠ ʟʘʣʝʞʝʡ ʋɺ ʥʘ ʫʞʝ ʦʪʢʨʳʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

(ʇʦʣʷʢʦʚ ɸ.ɸ. ʠ ʜʨ., 2023). ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʨʘʟʨʝʟʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʮʠʢʣʠʯʥʦʩʪʠ ʠ ʚʳʜʝʣʝʥʠʷ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʮʠʢʣʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

(ʈʠʩʫʥʦʢ 19).  



ʆʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ 
ɿʘʜʘʯʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʵʪʘʧʘ ɻʈʈ 

ʄʝʪʦʜʳ 
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ɺʳʷʚʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʣʘʥʘ ʙʘʩʩʝʡʥʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʙʘʩʩʝʡʥʘ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ 
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ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ ʨʝʛʠʦʥʘ           

ʈʝʛʠʦʥʘʣʴʥʦʝ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ           

ʉʦʚʨʝʤʝʥʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ           

ʃʠʪʦʣʦʛʦ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ  

ʨʘʩʯʣʝʥʝʥʠʝ 

ʨʘʟʨʝʟʘ 

ʉʪʨʘʪʠʬʠʢʘʮʠʷ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ (ʩʢʚʘʞʠʥ, ʦʙʥʘʞʝʥʠʡ)           

ɺʳʜʝʣʝʥʠʝ ʩʝʡʩʤʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʥʝʩʦʛʣʘʩʠʡ.            

ɺʳʜʝʣʝʥʠʝ ʢʨʫʧʥʳʭ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʮʠʢʣʦʚ (ʢʨʫʧʥʦʷʯʝʠʩʪʘʷ ʮʠʢʣʠʯʥʦʩʪʴ ʨʘʟʨʝʟʘ)           

ʊʝʢʪʦʥʠʯʝʩʢʠʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ  

ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʠ ʨʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ           

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʘʣʝʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ            

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʙʘʩʩʝʡʥʘ           

ʆʧʠʩʘʥʠʝ ʠʩʪʦʨʠʠ 

ʨʘʟʚʠʪʠʷ ʙʘʩʩʝʡʥʘ 

ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ           

ɺʳʜʝʣʝʥʠʝ ʵʪʘʧʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ           

ʃʠʪʦ-ʬʘʮʠʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʪʣʦʞʝʥʠʡ           

ʆʧʨʝʜʝʣʝʥʠʝ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ 

ʅɻʂ. ɺʳʜʝʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ           
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 ʅɻʄʊ. ɺʳʜʝʣʝʥʠʝ ʅɻʄʊ ʠ ʦʯʘʛʘ ʥʝʬʪʝʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʂʦʣʠʯʝʩʪʚʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʋɺ 
          

ʂʦʣʣʝʢʪʦʨ. ɺʳʜʝʣʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʚʠʪʠʷ ʢʦʣʣʝʢʪʦʨʦʚ           

ʌʣʶʠʜʦʫʧʦʨ. ɺʳʜʝʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʬʣʶʠʜʦʫʧʦʨʦʚ           

ʃʦʚʫʰʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʣʦʚʫʰʝʢ ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʚʫʰʝʢ 
          

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʷ ʋɺ (ʚʨʝʤʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ) ʠ ʚʳʜʝʣʝʥʠʝ ʟʦʥ 

ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ. ʇʨʦʛʥʦʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʋɺ. 
          

ʆʮʝʥʢʘ ʨʝʩʫʨʩʦʚ 
ɺʳʙʦʨ ʟʦʥ (ʦʙʲʝʢʪʦʚ), ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʧʦʠʩʢʠ ʋɺ. ʆʮʝʥʢʘ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ ʢʘʪʝʛʦʨʠʡ ɼ1 

ʠ ʯʘʩʪʠʯʥʦ ɼ2 
          

ʈʠʩʫʥʦʢ 18. ɿʘʜʘʯʠ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʵʪʘʧʘ ɻʈʈ (ʇʦʣʷʢʦʚ ɸ.ɸ. ʠ ʜʨ., 2023). ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʪʠʧʳ ʤʝʪʦʜʦʚ:  

1- ʛʝʦʬʠʟʠʯʝʩʢʠʝ, 2 ï ʛʝʦʣʦʛʠʯʝʩʢʠʝ, 3 ï ʛʝʦʭʠʤʠʯʝʩʢʠʝ, 4 ï ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ, 5 ï ʠʥʞʝʥʝʨʥʦ-ʧʨʦʤʳʩʣʦʚʳʝ 
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ʆʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ 
ɿʘʜʘʯʠ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʦʛʦ ʵʪʘʧʘ ɻʈʈ 

ʄʝʪʦʜʳ 

ʈ
ʝ
ʟ
. 

1 2 3 4 5 

ʃʠʪʦʣʦʛʦ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ  

ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ  

ʃʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʨʘʟʨʝʟʦʚ ʠ ʟʦʥʘʣʴʥʳʡ ʩʠʢʚʝʥʩ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɺʳʜʝʣʝʥʠʝ ʤʝʣʢʠʭ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʮʠʢʣʦʚ 

(ʘʥʘʣʠʟ ʪʦʥʢʦʡ ʮʠʢʣʠʯʥʦʩʪʠ ʨʘʟʨʝʟʘ)   
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ʆʧʨʝʜʝʣʝʥʠʝ 

ʦʙʩʪʘʥʦʚʦʢ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ɸʥʘʣʠʟ ʣʠʪʦʬʘʮʠʡ.  ɺʳʜʝʣʝʥʠʝ ʣʠʪʦʪʠʧʦʚ ʠ ʠʭ ʛʥʝʟʠʩ 

  

  

      

ɺʳʷʚʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʣʦʚʫʰʢʠ 

ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ɿʅɻʅ 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʣʦʚʫʰʢʠ ʜʣʷ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ 

ʅɻɹ, ɿʅɻʅ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ ʠ ʪʠʧʘ ʣʦʚʫʰʢʠ 
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ɺʳʷʚʣʝʥʠʝ ʵʪʘʧʦʚ (ʚʨʝʤʝʥʠ) ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʚʫʰʢʠ           

ʋʩʪʘʥʦʚʣʝʥʠʝ ʨʦʣʠ ʥʘʣʦʞʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚ ʠʟʤʝʥʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʣʦʚʫʰʢʠ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʟʘʣʝʞʠ    
  

      

ʄʦʜʝʣʠʨʦʚʘʥʠʝ  

ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ   

ʋɺ ʦʪ ʦʯʘʛʘ ʢ 

ʟʘʣʝʞʠ. 

ʅɻʄʊ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ (ʩʦʜʝʨʞʘʥʠʷ), ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʆɺ. ʂʘʪʘʛʝʥʝʪʠʯʝʩʢʘʷ 

ʟʨʝʣʦʩʪʴ/ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʴ ʆɺ ʠ ʧʦʨʦʜ     
  

    

ʌʣʶʠʜ. ʆʧʨʝʜʝʣʝʥʠʝ  ʩʦʩʪʘʚʘ, ʩʚʦʡʩʪʚ ʠ ʛʝʥʝʟʠʩʘ ʋɺ, ʠʭ ʩʚʷʟʠ ʧʦ ʨʘʟʨʝʟʫ  

ʠ ʧʣʦʱʘʜʠ. ʉʚʷʟʴ ʆɺ-ʬʣʶʠʜ     
  

    

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʠʧʦʚ ʋɺ,  

ʟʘʧʦʣʥʠʚʰʠʭ ʣʦʚʫʰʢʫ 
      

    

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ  

ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʚ ɿʅɻʅ       
  

  

ʉʦʟʜʘʥʠʝ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ  

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

(ʟʘʣʝʞʠ) 

ʇʦʨʦʜʘ ʢʦʣʣʝʢʪʦʨ. ɺʳʜʝʣʝʥʠʝ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ. ɸʥʘʣʠʟ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. 

ɸʥʘʣʠʟ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʨʦʜʘʭ. ʉʪʨʫʢʪʫʨʘ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʤʘʪʨʠʮʳ 

ʧʦʨʦʜʳ.  

    

      

ɺʳʜʝʣʝʥʠʝ ʬʣʶʠʜʦʫʧʦʨʦʚ. ɸʥʘʣʠʟ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ.           

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʟʘʣʝʞʠ.  ʇʨʦʛʥʦʟ ʧʦʣʦʞʝʥʠʷ ʟʦʥ ʢʦʥʪʘʢʪʦʚ (ɺʅʂ, ɻʅʂ, ɻɺʂ)           

ʆʮʝʥʢʘ ʟʘʧʘʩʦʚ ʆʮʝʥʢʘ ʟʘʧʘʩʦʚ ʦʙʲʝʢʪʘ ʚ ʩʫʤʤʝ ʢʘʪʝʛʦʨʠʡ ʢʘʪʝʛʦʨʠʠ ʉ1 ʠ ʉ2           

ʈʠʩʫʥʦʢ 19. ɿʘʜʘʯʠ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʦʛʦ ʵʪʘʧʘ ɻʈʈ (ʇʦʣʷʢʦʚ ɸ.ɸ. ʠ ʜʨ., 2023). ʆʙʦʟʥʘʯʝʥʠʷ ʤʝʪʦʜʦʚ ʩʤ. ʈʠʩʫʥʦʢ 18 
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ʆʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ 
ɿʘʜʘʯʠ ʨʘʟʚʝʜʦʯʥʦʛʦ ʵʪʘʧʘ ɻʈʈ 

ʄʝʪʦʜʳ 

ʈ
ʝ
ʟ
. 

1 2 3 4 5 
ʋʪʦʯʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ 

ʣʦʚʫʰʢʠ 

ʋʪʦʯʥʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʣʦʚʫʰʢʠ     
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ɼʝʪʘʣʠʟʘʮʠʷ 

ʦʙʩʪʘʥʦʚʦʢ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ɸʥʘʣʠʟ ʣʠʪʦʬʘʮʠʡ ʠ ʫʪʦʯʥʝʥʠʝ ʠʭ ʛʨʘʥʠʮ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ     

      

ʉʦʟʜʘʥʠʝ ʧʝʨʚʠʯʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʋʪʦʯʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʢʦʥʪʫʨʦʚ ʟʘʣʝʞʠ. ʋʪʦʯʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʟʦʥ ʢʦʥʪʘʢʪʦʚ (ɺʅʂ, ɻʅʂ, 

ɻɺʂ) 
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ʇʦʨʦʜʘ-ʂʦʣʣʝʢʪʦʨ. ɺʳʷʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ 

ʟʘʣʝʞʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʟʠʩʘ ʣʠʪʦʪʠʧʘ ʧʦʨʦʜ 
          

ʇʦʨʦʜʘ-ʂʦʣʣʝʢʪʦʨ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʚʪʦʨʠʯʥʳʭ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʩʚʦʡʩʪʚʘ 

ʢʦʣʣʝʢʪʦʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʫʪʩʪʚʠʷ/ʜʚʠʞʝʥʠʷ ʚ ʥʸʤ ʬʣʶʠʜʘ (ʛʘʟ, ʥʝʬʪʴ, ʚʦʜʘ)           
ʇʦʨʦʜʘ-ʂʦʣʣʝʢʪʦʨ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʧʠʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʌʣʶʠʜʦʥʘʩʳʱʝʥʥʦʩʪʠ (ʩʪʝʧʝʥʠ 

ʥʘʩʳʱʝʥʠʷ). ʉʤʘʯʠʚʘʝʤʦʩʪʠ ʧʦʨʦʜ 
          

ʌʣʶʠʜʦʫʧʦʨ. ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʬʣʶʠʜʦʫʧʦʨʘ ʠ ʠʟʤʝʥʝʥʠʝ ʠʭ ʚ ʟʘʣʝʞʠ           
ʄʦʜʝʣʠʨʦʚʘʥʠʝ  

ʧʨʦʮʝʩʩʦʚ 

ʘʢʢʫʤʫʣʷʮʠʠ ʋɺ ʚ 

ʟʘʣʝʞʠ ʠ ʧʦʩʪ-

ʘʢʢʫʤʫʣʷʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ 

ʌʣʶʠʜ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʋɺ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʚʦʡʩʪʚʘʤ ʚ ʟʘʣʝʞʠ. 

ʍʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ, ʙʠʦʜʝʛʨʘʜʘʮʠʷ           

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʚ ʟʘʣʝʞʠ 

      
  

  
ʉʦʟʜʘʥʠʝ 

ʧʨʦʛʥʦʟʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩ-

ʢʦʡ ʤʦʜʝʣʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʟʘʣʝʞʠ.  

ɿʦʥʳ ɸɺʇɼ/ɸʅʇɼ. ʇʨʦʛʥʦʟ ʜʝʙʠʪʦʚ ʩʢʚʘʞʠʥ           

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʬʣʶʠʜʦʫʧʦʨʦʚ   
        

ʇʝʨʝʦʮʝʥʢʘ 

ʟʘʧʘʩʦʚ 
ʋʪʦʯʥʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʟʘʣʝʞʝʡ (ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ) 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʉ1 ʠ ʯʘʩʪʠʯʥʦ ʉ2     
      

ʈʠʩʫʥʦʢ 20. ɿʘʜʘʯʠ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʚʝʜʦʯʥʦʛʦ ʵʪʘʧʘ ɻʈʈ (ʇʦʣʷʢʦʚ ɸ.ɸ. ʠ ʜʨ., 2023). ʆʙʦʟʥʘʯʝʥʠʷ ʤʝʪʦʜʦʚ ʩʤ. ʈʠʩʫʥʦʢ 18 



ʀʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʬʣʶʠʜʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʜʨʫʛʠʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ʪʘʢʠʝ ʢʘʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ, ʙʠʦʤʘʨʢʝʨʥʳʡ ʠ 

ʜʨʫʛʠʝ ʘʥʘʣʠʟʳ) ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ɻʈʈ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʪʠʧʠʟʘʮʠʠ 

ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʦʡ ʪʦʣʱʠ, ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʠʛʨʘʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʣʶʠʜʦʚ. ɺʦʚʣʝʯʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠʭʦʜʠʣʦ ʟʘʭʦʨʦʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʀʟʦʪʦʧʥʳʝ ʤʘʨʢʝʨʳ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚʘʨʴʠʨʫʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʦʛʫʪ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʠʧ ʦʪʣʦʞʝʥʠʡ ʠ ʫʩʣʦʚʠʷ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʢʩʪʨʘʢʮʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟ ʧʦʨʦʜʳ (ʧʦʣʫʯʝʥʠʝ ʙʠʪʫʤʦʠʜʘ) ʠ ʝʛʦ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʧʦ ʧʦʣʷʨʥʦʩʪʠ (ʈʠʩʫʥʦʢ 21). 

 

ʈʠʩʫʥʦʢ 21. ʉʭʝʤʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʘʥʘʣʠʟʘ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʮʠʢʣʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʘʟʨʝʟʝ. 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʫʛʣʝʨʦʜʘ ʚʩʝʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʩ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʥʘʣʦʞʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʩʤ. ʨʘʟʜʝʣ "2.2.1"). ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʩʣʝʜʦʚ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʘ ʘʥʘʣʠʟʝ ʠʟʦʪʦʧʥʦ-ʬʨʘʢʮʠʦʥʥʳʭ ʢʨʠʚʳʭ, ʦʪʨʘʞʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʠʩʭʦʜʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʤʝʥʫ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʈʘʟʚʝʜʦʯʥʳʡ ʵʪʘʧ ɻʈʈ. ʅʘ ʨʘʟʚʝʜʦʯʥʦʤ ʵʪʘʧʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʦʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʟʘʣʝʞʝʡ ʜʣʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʨʘʟʨʘʙʦʪʢʠ (ʇʦʣʷʢʦʚ ɸ.ɸ. ʠ ʜʨ., 2023). ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʦʙʦʙʱʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʦʤ ʵʪʘʧʘʭ ɻʈʈ, ʠ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʝʜʠʥʫʶ 

ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ɺʦʚʣʝʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʨʦʜʳ, 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʬʣʶʠʜʦʚ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʢʢʫʤʫʣʷʮʠʠ ʠ ʧʦʩʪʘʢʢʫʤʫʣʷʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʣʝʞʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ 

ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʈʠʩʫʥʦʢ 20). ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʦʝ ʧʦʥʠʤʘʥʠʝ 
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ʵʚʦʣʶʮʠʠ ʋɺ-ʩʠʩʪʝʤʳ ʚ ʢʦʥʢʨʝʪʥʦʡ ʟʘʣʝʞʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʡ 

ʨʘʟʨʘʙʦʪʢʠ.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʨʠʚʝʜʝʥʘ ʠ ʦʪʨʘʙʦʪʘʥʘ ʥʘ ʝʜʠʥʦʤ ʦʙʲʝʢʪʝ ʥʘ ʧʨʠʤʝʨʝ ʛʨʫʧʧ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʛʦ ʩʚʦʜʘ.  

2.4.1 ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʠʥʪʝʛʨʘʮʠʷ, ʢʘʣʠʙʨʦʚʢʘ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʚʩʝʭ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʝʜʠʥʫʶ ʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ (ʈʠʩʫʥʦʢ 22). ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʷʪʩʷ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ 

ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʬʪʠ ʠ ʚʦʜʳ, ʬʦʨʤʠʨʫʶʪʩʷ ʧʘʩʧʦʨʪʘ ʬʣʶʠʜʦʚ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʠʭ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ. ɺ ʨʘʤʢʘʭ ʠʟʦʪʦʧʥʦ-

ʬʨʘʢʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʠʪʫʤʦʠʜʦʚ (ŭ13C): ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʠʧʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʨʠʟʥʘʢʦʚ ʚʪʦʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ɸʥʘʣʦʛʠʯʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʣʶʠʜʦʚ (ŭ13C) ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʠʩʭʦʜʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʫʯʘʩʪʚʦʚʘʚʰʝʛʦ ʚ ʛʝʥʝʨʘʮʠʠ ʬʣʶʠʜʦʚ, ʦʮʝʥʢʠ ʩʚʷʟʠ ʤʝʞʜʫ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʚʪʦʨʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʬʣʶʠʜʦʚ. 

 

ʈʠʩʫʥʦʢ 22. ʌʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʄʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ. 
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ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʩʪʨʦʝʥʠʷ ʦʙʱʝʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚʦʜʳ (ŭ18ʆ, DH), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʩʦʚʤʝʩʪʥʦ ʩ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ʧʨʦʚʦʜʠʪʩʷ ʪʠʧʠʟʘʮʠʷ ʬʣʶʠʜʦʚ ʧʦ ʠʭ ʛʝʥʝʟʠʩʫ ʠ ʩʪʝʧʝʥʠ ʚʪʦʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʅʘ 

ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʩʚʷʟʴ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʣʶʠʜʦʚ 

ʩ ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʚʷʟʘʥʥʦʩʪʠ 

ʧʦ ʨʘʟʨʝʟʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʘʷ, ʥʦ ʠ 

ʠʩʪʦʨʠʯʝʩʢʘʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʟʘʣʝʞʘʤʠ, ʩʫʱʝʩʪʚʦʚʘʚʰʘʷ ʨʘʥʝʝ ʚ 

ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʦʜ ʨʘʟʣʠʯʥʦʛʦ 

ʛʝʥʝʟʠʩʘ (ʧʣʘʩʪʦʚʳʭ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʜʣʷ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ). ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠ ʥʝʬʪʠ, ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) ʩʣʝʜʫʝʪ ʚʳʜʝʣʷʪʴ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʛʨʫʧʧʳ ʬʣʶʠʜʦʚ. ʕʪʠ ʛʨʫʧʧʳ ʣʷʛʫʪ ʚ ʦʩʥʦʚʫ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʨʘʟʨʝʟʘ ʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʟʦʥ ʩ ʨʘʟʣʠʯʥʳʤ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ 

ʬʣʶʠʜʦʚ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʦʮʝʥʢʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʚ ʭʦʜʝ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ. 

ʆʮʝʥʢʘ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʣʶʠʜʦʚ ʠ ʚʦʜʳ, ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʠʭ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʩʯʝʪʥʳʭ ʛʝʦʪʝʨʤʦʤʝʪʨʦʚ. ʇʦʩʣʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʦʚʣʠʷʚʰʠʭ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʬʣʶʠʜʦʚ ʠ ʧʦʨʦʜ, ʬʦʨʤʠʨʫʝʪʩʷ ʠʪʦʛʦʚʳʡ 

ʧʨʦʛʥʦʟ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʪʨʦʠʪʩʷ ʝʜʠʥʘʷ ʤʦʜʝʣʴ 

ʤʠʛʨʘʮʠʠ (ʈʠʩʫʥʦʢ 22).  

 

ɺʳʚʦʜʳ ʢ ɻʣʘʚʝ 2 

ɻʣʘʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʦʪʦʧʥʭr ʤʝʪʦʜʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ:  

1. ʇʨʦʮʝʜʫʨʘ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʷʤʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʘ ʤʝʪʦʜʠʢʘ ʘʜʘʧʪʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʂʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʦʪʙʨʘʢʦʚʢʘ ʥʝʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ 
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ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʣʠ ʢʦʥʪʘʤʠʥʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʣʸʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ). 

2. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʛʘʟʦʚʳʭ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʪʫʙ 

ʢʝʨʥʘ ʩ ʪʦʯʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʦʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʪʘʣʴʥʫʶ ʪʠʧʠʟʘʮʠʶ 

ʠʩʪʦʯʥʠʢʦʚ ʛʘʟʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʭ ʛʝʥʝʪʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. 

3. ʀʥʪʝʛʨʘʮʠʷ ʠʟʦʪʦʧʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʸʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʢʦʥʪʨʦʣʝʤ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʝʨʚʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ. ʀʥʪʝʛʨʘʮʠʷ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ (ʧʦʨʦʜʘïʆɺïʬʣʶʠʜ) ʚ ʧʨʦʮʝʩʩʳ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʚʳʰʘʝʪ 

ʜʝʪʘʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ 

ʘʥʘʣʠʟʘ ʮʠʢʣʠʯʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʨʘʟʨʝʟʘ, ʪʠʧʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʝʨʘʮʠʠ ʬʣʶʠʜʦʚ, ʦʮʝʥʢʠ 

ʤʠʛʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 
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ɻʃɸɺɸ 3. ʀɿʆʊʆʇʅʓɽ ʄɸʈʂɽʈʓ ɼʃʗ ʉʊʈɸʊʀʌʀʂɸʎʀʀ 

ʈɸɿʈɽɿʆɺ 3 

ʄʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʥʳʭ ʵʢʩʢʫʨʩʦʚ ʚ ʬʘʥʝʨʦʟʦʝ ʨʘʟʣʠʯʥʳ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʭ ʘʥʘʣʠʟʫ ʜʣʷ ʢʘʞʜʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʵʧʦʭʠ.  

ʀʟʦʪʦʧʥʘʷ ʟʘʧʠʩʴ ʫʛʣʝʨʦʜʘ ʚ ʧʘʣʝʦʟʦʝ ʚ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ 

ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ ʚʝʨʭʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʨ. ʄʘʣʦʡ ʏʫʠ ʶʛʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ɻʣʦʙʘʣʴʥʳʝ ʘʥʦʢʩʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʘ ʪʘʢʞʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʛʨʘʥʠʮʳ ʩʤʝʥʳ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʙʳʣʠ ʧʨʦʩʣʝʞʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʚ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱʘʭ ʂʨʳʤʩʢʦ-ʂʘʚʢʘʟʩʢʦʛʦ 

ʨʝʛʠʦʥʘ. ʇʦ ʦʪʜʝʣʴʥʳʤ ʨʘʟʨʝʟʘʤ ʂʨʳʤʘ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ ʙʳʣʘ ʩʦʙʨʘʥʘ 

ʢʦʣʣʝʢʮʠ ̫ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʟʨʝʟʳ ʚʝʨʭʥʝʛʦ ʤʝʣʘ ʠ 

ʧʘʣʝʦʛʝʥʘ. ʉʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʂʨʳʤʫ ʚʦ ʚʨʝʟʝ ʨ. ɹʠʶʢ-ʂʘʨʘʩʫ; 

ʪʫʨʦʥ-ʢʦʥʴʷʢʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʠʟʫʯʘʣʠʩʴ ʥʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʂʘʚʢʘʟʝ; ʧʦʛʨʘʥʠʯʥʳʝ ʤʝʣï

ʵʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ɸʢ-ʂʘ,̫ ʘ ʵʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ 

 
3 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʘʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ 

ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ 
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ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 4: ɻʝʦʣʦʛʠʷ. ï 2022b. ï ʊ. 4. ï ʉ. 34-43. 

doi:10.3103/S0145875222050179 (0,7 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 25%). ʀʤʧʘʢʪ ʬʘʢʪʦʨ ʈʀʅʎ: 0,301 
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ʨʘʟʨʝʟʘʭ ʛ. ʉʫʚʣʫ-ʂʘ ̫ʚ ʂʨʳʤʫ (ʃʘʪʳʧʦʚʘ ʄ.ʈ. ʠ ʜʨ., 2020; ʃʳʛʠʥʘ ɽ.ɸ. ʠ ʜʨ., 2022; 

ʗʢʦʚʠʰʠʥʘ ɽ.ɺ. ʠ ʜʨ., 2022a, 2022b).  

3.1 ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʧʘʣʝʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ: ʥʘ 

ʧʨʠʤʝʨʝ ʢʝʤʙʨʠʡʩʢʦʛʦ ʨʘʟʨʝʟʘ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ  

ʆʪʣʦʞʝʥʠʷ ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʶʛʝ ʠ 

ʶʛʦ-ʚʦʩʪʦʢʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʧʦʨʦʜʘʤʠ ʚʝʨʭʦʣʝʥʩʢʦʡ 

ʩʝʨʠʠ, ʢʦʪʦʨʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ ʜʝʣʠʪʩʷ ʥʘ ʚʝʨʭʦʣʝʥʩʢʫʶ (ɺʝʨʭʥʷʷ ʃʝʥʘ, 

ɺʝʨʢʦʣʝʥʘ) ʩʚʠʪʫ, ʠʣʴʛʠʥʩʢʫʶ ʩʚʠʪʫ, ʭʘʥʜʠʥʩʢʫʶ ʩʚʠʪʫ ʠ ʜʨ. ʉʚʠʪʳ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ 

(ʚʝʨʭʦʣʝʥʩʢʘʷ, ʭʘʥʜʠʥʩʢʘʷ, ʠʣʛʠʥʩʢʘʷ) ʟʘʚʝʨʰʘʶʪ ʢʝʤʙʨʠʡʩʢʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʦʩʘʜʦʯʥʦʛʦ 

ʯʝʭʣʘ, ʥʘʯʘʚʰʠʡʩʷ ʩ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʡ ʚʝʥʜ-ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ, ʧʨʠʚʝʜʰʝʡ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʛʨʦʤʥʦʛʦ ʤʝʣʢʦʚʦʜʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʘʨʙʦʥʘʪʥʳʤ ʨʝʞʠʤʦʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʢʨʳʚʘʣ, ʧʨʘʢʪʠʯʝʩʢʠ, ʚʩʶ 

ʪʝʨʨʠʪʦʨʠʶ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

3.1.1 ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʴ ʩʦʭʨʘʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʀʟʫʯʘʝʤʳʡ ʨʘʡʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʦʢʨʘʠʥʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʠʙʦʣʝʝ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦ-ʩʜʚʠʛʦʚʦʛʦ ʧʦʷʩʘ (ʈʠʩʫʥʦʢ 23ɸ). 

ɺʨʝʤʷ ʟʘʚʝʨʰʘʶʱʝʛʦ ʩʢʣʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ 

(ɿʦʨʠʥ ʖ.ɸ. ʠ ʜʨ., 2009; ʀʚʘʥʦʚ ɸ.ʀ. ʠ ʜʨ., 1995), ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʩʢʣʦʥʷʝʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʦʥʦ ʧʨʠʰʣʦʩʴ ʥʘ ʠʥʪʝʨʚʘʣ ʦʪ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ ʜʦ ʨʘʥʥʝʡ ʧʝʨʤʠ 

(Shatsillo A.V. et al., 2014). ʌʘʫʥʠʩʪʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ (ʪʨʠʣʦʙʠʪʳ ʠ ʢʦʥʦʜʦʥʪʳ) ʚ ʨʘʟʨʝʟʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʘ ʜʝʪʨʠʪʦʚʳʝ ʮʠʨʢʦʥʳ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʝʛʦ 

ʚʝʨʭʥʝʢʝʤʙʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ (Gladkochub D.P. et al., 2022; Yadrenkina A.G. et al., 2010). 

ʆʩʥʦʚʥʦʡ ʨʘʟʨʝʟ ʠʟʫʯʝʥ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʄʘʣʘʷ ʏʫʷ, ʧʨʠʤʝʨʥʦ ʚ 8 ʢʤ ʚʳʰʝ ʤʝʩʪʘ 

ʝʸ ʚʧʘʜʝʥʠʷ ʚ ʨ. ɹʦʣʴʰʘʷ ʏʫʷ (ʈʠʩʫʥʦʢ 23 ɹ, ɺ). ʈʘʟʨʝʟ ʚʢʣʶʯʘʣ: ʚʝʨʭʥʶʶ ʯʘʩʪʴ 

ʚʝʨʭʦʣʝʥʩʢʦʡ ʩʚʠʪʳ (ʤʦʱʥʦʩʪʴ ~ 105 ʤ; ʢʨʘʩʥʳʝ, ʢʨʘʩʥʦ-ʙʫʨʳʝ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ 

ʘʣʝʚʨʦʣʠʪʳ ʩ ʠʟʚʝʩʪʢʦʚʳʤʠ ʧʨʦʩʣʦʷʤʠ); ʠʣʴʛʠʥʩʢʫʶ ʩʚʠʪʫ (ʤʦʱʥʦʩʪʴ ~ 165 ʤ; ʯʝʨʝʜʦʚʘʥʠʝ 

ʢʨʘʩʥʳʭ ʠ ʢʨʘʩʥʦ-ʙʫʨʳʭ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʩʣʘʥʮʝʚ ʩ ʧʨʦʩʣʦʷʤʠ ʩʝʨʦʛʦ 

ʠʟʚʝʩʪʥʷʢʘ); ʥʠʞʥʶʶ ʯʘʩʪʴ ʫʩʪʴʢʫʪʩʢʦʡ ʩʚʠʪʳ (ʤʦʱʥʦʩʪʴ > 100 ʤ; ʩʝʨʳʝ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ 

ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʩʝʨʦʛʦ ʧʝʩʯʘʥʠʢʘ). 

ɺʩʝʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ 332 ʦʙʨʘʟʮʘ (ʩ ʠʥʪʝʨʚʘʣʦʤ 1,5ï2 ʤ), ʠʟ 

ʢʦʪʦʨʳʭ 192 ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. 
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ʈʠʩʫʥʦʢ 23. ʇʦʣʦʞʝʥʠʝ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʥʘ: ɸ ï ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ; ɹ ï ʦʙʱʠʡ ʚʠʜ ʠʟʫʯʝʥʥʦʛʦ ʦʙʥʘʞʝʥʠʷ ʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (Pavlov V.E., .. 

Krasnova EA, et al., 2024). 

 ɼʣʷ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʚʪʦʨʠʯʥʳʭ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʫʯʪʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʝʟʘ:  

¶ ɼʣʷ ʚʝʨʭʥʝʢʝʤʙʨʠʡ-ʦʨʜʦʚʠʢʩʢʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʟʨʝʟʘ ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ŭĭO, 

ʧʦʟʚʦʣʷʶʱʠʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʸʥʥʳʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ, ʙʳʣʦ ʧʨʠʥʷʪʦ -10,0ă, VPDB (Brand U. et al., 1981; Nelson C. 

et al., 1996). ʕʪʦʪ ʧʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ ŭĭO ʦʪ -11,1 ʜʦ -8,2ă, 

VPDB, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʚʰʝʛʦʩʷ ʢʘʣʴʮʠʪʘ ʥʠʞʥʝʦʨʜʦʚʠʢʩʢʠʭ 

ʙʨʘʭʠʦʧʦʜ, ʦʪʨʘʞʘʶʱʝʤʫ ʧʝʨʚʠʯʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʤʦʨʩʢʦʡ ʚʦʜʳ (ʛʣʦʙʘʣʴʥʦʝ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ å -9,3ă; Shields et al., 2003). ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʟʥʘʯʝʥʠʷ 
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ŭĭO ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ -7 ʜʦ -11ă, VPDB, ʭʦʪʷ ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ 

ʜʦʩʪʠʛʘʣʠ -12...-13ă, VPDB ʠ ʥʠʞʝ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʠʩʢʘʞʝʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʠʟ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʚʩʝ ʦʙʨʘʟʮʳ 

ʩ ŭ18O < -10ă, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʯʸʪʢʠʡ ŭ13C-ʧʨʦʬʠʣʴ. 

¶ ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʣʫʞʠʪ 

ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ 

ŭ13C ʠ ŭ18O (RĮ = 0,09), ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʤʝʱʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

3.1.2 ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭĭįʉ ʚ ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ (ʈʠʩʫʥʦʢ 24). ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ 

ʵʪʦʤ ʧʨʦʬʠʣʝ, ʷʚʣʷʶʪʩʷ ʜʚʘ ʚʳʨʘʞʝʥʥʳʭ ʠʟʦʪʦʧʥʳʭ ʵʢʩʢʫʨʩʘ.  

 

ʈʠʩʫʥʦʢ 24. ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʫʛʣʝʨʦʜʘ ʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ 

ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨ. ʄʘʣʘʷ ʏʫʷ (Pavlov V.E., .. Krasnova EA, et al., 2024). ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʰʢʘʣʘ, ʠ ʦʙʱʘʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ (ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʘʷ) 

ʰʢʘʣʘ (Gradstein F. et al., 2020; ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʠ ʝʛʦ ʧʦʩʪʦʷʥʥʳʭ ʢʦʤʠʩʩʠʡ, 2019).  

ʇʝʨʚʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʠʨʦʢʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ɻ ʢʩʢʫʨʩ, ʥʘʯʠʥʘʶʱʠʡʩʷ ʩ 

ʩʘʤʦʛʦ ʦʩʥʦʚʘʥʠʷ ʨʘʟʨʝʟʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ 

ŭ13ʉ ʦʪ +0,1ï +0,3ă, VPDB ʫ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦ 

ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʦʢʦʣʦ +3ă, VPDB ʥʘ ʫʨʦʚʥʝ ʧʨʠʤʝʨʥʦ 42 ʤ ʚʳʰʝ ʥʘʯʘʣʘ ʵʢʩʢʫʨʩʘ. ɿʘʪʝʤ 
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ʟʥʘʯʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ +2,9ă ʥʘ ʫʨʦʚʥʝ ʦʢʦʣʦ 75 ʤ; ʧʦʩʣʝ ʠʥʪʝʨʚʘʣʘ 

ʧʨʠʤʝʨʥʦ ʚ 18 ʤ (ʩʚʷʟʘʥʥʦʛʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʚ ʜʘʥʥʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ 

ʧʨʦʤʝʞʫʪʢʝ) ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʵʪʦʛʦ ʵʢʩʢʫʨʩʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ 

ʟʥʘʯʝʥʠʷ ŭ13ʉ ʦʪ +0,9 ʜʦ +0,1ï0,2ă, VPDB. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʵʪʦʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʢʩʢʫʨʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 30 ʦʙʨʘʟʮʘʤ ʠ ʦʭʚʘʪʳʚʘʝʪ ʧʨʠʤʝʨʥʦ 90-ʤʝʪʨʦʚʳʡ ʠʥʪʝʨʚʘʣ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʝʨʭʦʣʝʥʩʢʦʡ ʩʚʠʪʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʸʤ 

ʧʨʦʪʷʞʝʥʠʠ ʠʣʛʠʥʩʢʦʡ ʩʚʠʪʳ ʟʥʘʯʝʥʠʷ ŭ13ʉ ʢʦʣʝʙʣʶʪʩʷ ʦʢʦʣʦ 0ă, VPDB, ʩ ʚʦʟʤʦʞʥʳʤʠ 

ʥʝʙʦʣʴʰʠʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʵʢʩʢʫʨʩʘʤʠ ʥʘ ʫʨʦʚʥʷʭ ʦʢʦʣʦ 108 ʠ 246 

ʤ, ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʧʨʠʤʝʨʥʦ +1ă ʠ ï1ă ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʯʠʥʘʷ ʩ ʫʨʦʚʥʷ 244 ʤ, ʟʥʘʯʝʥʠʷ 

ŭ13ʉ ʥʘʯʠʥʘʶʪ ʩʥʠʞʘʪʴʩʷ, ʜʦʩʪʠʛʘʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ï2,3ă, VPDB ʥʘ ʫʨʦʚʥʝ ʦʢʦʣʦ 

255 ʤ ʠ ʟʘʪʝʤ ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʟʥʘʯʝʥʠʷʤ, ʙʣʠʟʢʠʤ ʢ 0ă, VPDB, ʥʘ ʫʨʦʚʥʝ ʧʨʠʤʝʨʥʦ 280 ʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʡ çʰʫʤè, ʟʘʧʠʩʠ ŭ13ʉ ʯʸʪʢʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ 

ʚʳʨʘʞʝʥʥʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʵʢʩʢʫʨʩʘ ʥʘ ʠʥʪʝʨʚʘʣʝ, ʦʭʚʘʪʳʚʘʶʱʝʤ ʩʘʤʫʶ 

ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʠʣʛʠʥʩʢʦʡ ʩʚʠʪʳ ʠ ʩʘʤʫʶ ʥʠʞʥʶʶ ʯʘʩʪʴ ʫʩʪʢʫʪʩʢʦʡ ʩʚʠʪʳ (ʈʠʩʫʥʦʢ 24). 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʦʟʨʘʩʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʨʘʟʨʝʟʘ, ʠ 

ʛʣʦʙʘʣʴʥʫʶ ʢʦʤʧʠʣʷʮʠʶ ʜʘʥʥʳʭ ʧʦ ʵʚʦʣʶʮʠʠ ŭ13ʉ ʚ ʧʦʟʜʥʝʤ ʢʝʤʙʨʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʳʤ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʦʧʠʩʘʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʵʢʩʢʫʨʩʳ ʚ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʠʟʦʪʦʧʥʳʤʠ 

ʘʥʦʤʘʣʠʷʤʠ SPICE ʠ TOCE (Gradstein F. et al., 2020; Pavlov V.E. et al., 2024). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʪʦʤʫ ʞʝ ʚʳʚʦʜʫ, ʯʪʦ ʠ ɹʫʷʢʘʡʪʝ ʄ.ʀ. ʩ ʩʦʘʚʪʦʨʘʤʠ, ʦʜʥʘʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ɹʫʷʢʘʡʪʝ ʄ.ʀ. ʠ ʜʨ., 2019). ɹʦʣʝʝ ʪʦʛʦ, ʥʘʰʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ŭ13ʉ ʧʦʟʚʦʣʷʶʪ ʫʪʦʯʥʠʪʴ ʚʦʟʨʘʩʪʥʦʡ ʜʠʘʧʘʟʦʥ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʫʯʝʥʥʦʛʦ 

ʨʘʟʨʝʟʘ: ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʛʣʦʙʘʣʴʥʳʤ ʩʠʥʪʝʟʦʤ ʜʘʥʥʳʭ ʦʥʠ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʛʦ ʥʘʢʦʧʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʠʥʪʝʨʚʘʣʝ ʧʨʠʤʝʨʥʦ ʦʪ ~497ï496 ʜʦ ~490 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʜʦʣʞʘʣʦʩʴ ʥʝ ʤʝʥʝʝ 6 ʤʠʣʣʠʦʥʦʚ ʣʝʪ (Gradstein F. et al., 2020). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ, ʚʢʣʶʯʘʶʱʝʛʦ ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ, ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ ʚʝʨʭʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʨ. ʄʘʣʦʡ ʏʫʠ ʧʦʟʚʦʣʠʣ 

ʧʦʜʪʚʝʨʜʠʪʴ ʠ ʫʪʦʯʥʠʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ŭ13ʉ SPICE ʠ TOCE. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʵʪʠ ʘʥʦʤʘʣʠʠ ʠʤʝʶʪ ʧʣʘʥʝʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʭ ʥʘʣʠʯʠʷ ʚ ʨʘʟʨʝʟʘʭ 

ʚʝʨʭʦʣʝʥʩʢʦʡ ʩʝʨʠʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʝʣʴʥʦ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ 

ʩʪʨʘʪʠʛʨʘʬʠʠ ʚʝʨʭʥʝʛʦ ʢʝʤʙʨʠʷ ʶʛʘ ʉʠʙʠʨʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʘʥʘʣʠʟ ʵʪʘʧʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʛʥʦʟʘ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʚ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ (ʉʘʫʪʢʠʥ ʈ.ʉ. ʠ ʜʨ., 2025). 
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3.2 ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ: ʥʘ ʧʨʠʤʝʨʝ 

ʩʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʨʳʤʘ 

ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚʳʧʦʣʥʝʥʳ 

ʥʘ ʦʙʨʘʟʮʘʭ ʧʦʨʦʜ ʠʟ ʨʘʟʨʝʟʦʚ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʨʳʤʘ ʧʦ ʨʝʢʝ ɹʠʶʢ-ʂʘʨʘʩʫ. ʀʭ 

ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʢʦʤʧʣʝʢʩʫ ʬʦʨʘʤʠʥʠʬʝʨ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ 

(ʃʘʪʳʧʦʚʘ ʄ.ʈ. ʠ ʜʨ., 2019a). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥr ʪʘʢʞʝ ʜʝʪʘʣʴʥʦʝ ʣʠʪʦʣʦʛʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʨʘʟʨʝʟʘ, ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʦʧʠʩʘʥʠʷʤʠ ʰʣʠʬʦʚ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʠ 

ʧʠʨʦʣʠʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʨʦʜ.  

ʎʝʣʴʶ ʠʟʫʯʝʥʠʷ ʩʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʷʚʠʣʦʩʴ ʚʳʜʝʣʝʥʠʝ ʚ ʨʘʟʨʝʟʝ 

ʠʥʪʝʨʚʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʘʥʦʢʩʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ 

OAE-2. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ 

ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʤʠ 

ʨʘʟʨʝʟʘʤʠ ʚ ɻʦʨʥʦʤ ʂʨʳʤʫ (ʨʘʟʨʝʟ ʛ. ɸʢʩʫ-ɼʝʨʝ ʠ ʛ. ʉʝʣʴʙʫʭʨʘ, (ʃʝʚʠʪʘʥ ʄ.ɸ. ʠ ʜʨ., 2010). 

3.2.1 ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥ ʤʘʪʝʨʠʘʣ, ʦʪʦʙʨʘʥʥʳʡ ʚ ʪʝʯʝʥʠʝ ʧʦʣʝʚʦʛʦ ʩʝʟʦʥʘ 2017-

2018ʛ. ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʨʳʤʩʢʦʛʦ ʧ-ʦʚʘ ʙʣʠʟ ʛ. ɹʝʣʦʛʦʨʩʢʘ, ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ɹʠʶʢ-

ʂʘʨʘʩʫ (ʈʠʩʫʥʦʢ 25, ʃʘʪʳʧʦʚʘ ʄ.ʈ. ʠ ʜʨ., 2019b). ɼʣʷ ʜʦʧʦʣʥʝʥʠʷ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʢʨʦʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʟʨʝʟʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʠʟ 5 ʧʨʦʩʣʦʝʚ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ 

ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʠʟ ʩʣʦʝʚ 1-4 ʦʙʨʘʟʮʳ ʧʨʠʜʦʥʥʳʭ 

ʬʦʨʘʤʠʥʠʬʝʨ ʨʦʜʘ Ammodiscus incertus (ʈʠʩʫʥʦʢ 25, ɺ). 

ɼʝʪʘʣʴʥʦʝ ʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʨʝʟʘ, ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʦʧʠʩʘʥʠʷʤʠ 

ʰʣʠʬʦʚ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ (ʈʌɸ) ʠ ʧʠʨʦʣʠʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʨʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ 

(ʃʘʪʳʧʦʚʘ ʄ.ʈ. ʠ ʜʨ., 2019a). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʢʠ ʩʦʭʨʘʥʥʦʩʪʠ ʬʦʨʘʤʠʥʠʬʝʨ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʦʙʨʘʟʮʳ ʠʟ ʧʨʦʩʣʦʝʚ 3 ʠ 4 ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʪʦʨʠʯʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ.  
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ʈʠʩʫʥʦʢ 25. ʇʦʣʦʞʝʥʠʝ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ: ɸ - ʇʦʣʦʞʝʥʠʝ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʨʳʤʘ, ɹ - ʦʙʱʠʡ ʚʠʜ ʦʙʥʘʞʝʥʠʷ ʫ ʨ. ɹʠʶʢ-ʂʘʨʘʩʫ; ɺ ï ʧʨʦʩʣʦʠ, 

ʚʳʜʝʣʝʥʥʳʝ ʚ ʦʙʥʘʞʝʥʠʠ (ʃʘʪʳʧʦʚʘ ʄ.ʈ. ʠ ʜʨ., 2019a). 

3.2.2 ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʦʩʣʦʡ 4, ʢʦʪʦʨʳʡ ʦʪʤʝʯʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʤyʥʳʤ ʮʚʝʪʦʤ ʠ ʧʦʣʥʳʤ ʚʳʤʠʨʘʥʠʝʤ 

ʬʦʨʘʤʠʥʠʬʝʨ ʨʦʜʘ Rotalipora ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ŭ13ʉCaCO3 (+3,84ă, VPDB) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʥʳʝ 

ŭ18OCaCO3 (-6,89ă, VPDB) (ʈʠʩʫʥʦʢ 26).  

ʇʨʦʩʣʦʡ 1 ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʠʢʦʤ ŭ13ʉ (3,71ă, VPDB), ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʠʢʦʤ ŭ18O (-8,52ă, VPDB) ʠ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ = 4,14 ʤʘʩ.%) ʧʦ ʜʘʥʥʳʤ ʧʠʨʦʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʃʘʪʳʧʦʚʘ ʄ.ʈ. ʠ ʜʨ., 2019a). ʇʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʩʣʦʝʚ 4 ʠ 

1 ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ (ŭ13ʉ = ʦʪ 4,01 ʜʦ 4,64ă, ŭ18O = ʦʪ 

-3,98 ï ʜʦ -4,66ă, VPDB, (ʅʘʡʜʠʥ ɼ.ʇ. ʠ ʜʨ., 1994a) ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʛʣʠʥʠʩʪʳʤ 

ʧʦʨʦʜʘʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʦʙʩʪʘʥʦʚʦʢ (OAE-2).  
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ʈʠʩʫʥʦʢ 26. ɼʠʘʛʨʘʤʤʘ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ŭ13ʉ ʠ ŭ18O ʠʟʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ (ʃʘʪʳʧʦʚʘ ʄ.ʈ.,.. ʂʨʘʩʥʦʚʘ ɽ.ɸ ʠ ʜʨ., 2020). 

ɺ ʨʘʙʦʪʝ Fisher et. al. 2005 ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʂʨʳʤʩʢʠʭ ʨʘʟʨʝʟʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʆɺ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ OAE-2: ɸʢʩʫ-ɼʝʨʝ, ʉʝʣʴʙʫʭʨʘ, ʄʝʥʜʝʨ, 

ɹʝʣʘʷ. ʆʙʨʘʟʮʳ ʠʟ ʨʘʟʨʝʟʘ ɹʠʶʢ-ʂʘʨʘʩʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ 

ŭ13ʉ ʩʦʚʧʘʜʘʶʪ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʘʟʨʝʟʘʤʠ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʂʨʳʤʘ (ʈʠʩʫʥʦʢ 27).  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʢʘʨʙʦʥʘʪʦʚ ʪʸʤʥʳʭ ʧʨʦʩʣʦʝʚ, 

ʥʘʩʳʱʝʥʥʳʭ ʆɺ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ (ɻʘʚʨʠʣʦʚ ʖ.ʆ. ʠ ʜʨ., 2013), ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ŭ13ʉ ʜʣʷ ʂʨʳʤʩʢʠʭ ʨʘʟʨʝʟʦʚ ʚ ʮʝʣʦʤ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʨʘʟʥʠʮʘ ʚ 

ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʩʦʜʝʨʞʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʨʘʟʨʝʟʘʭ: ʜʣʷ ʦʙʥʘʞʝʥʠʷ çɸʡʤʘʢʠè ʚ ɺʦʩʪʦʯʥʦʤ ʂʘʚʢʘʟʝ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ 

ʜʦʩʪʠʛʘʝʪ 12 ʤʘʩ.%, ʘ ʚ ʦʙʥʘʞʝʥʠʷʭ ɹʠʶʢ-ʂʘʨʘʩʫ ï 4 ʤʘʩ.%.  

ʅʘ ʛʨʘʬʠʢʝ (ʈʠʩʫʥʦʢ 27) ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ŭ18O ʜʣʷ ʠʟʫʯʘʝʤʳʭ ʧʦʨʦʜ ʠ ʦʙʥʘʞʝʥʠʡ ʶʞʥʦʡ ʯʘʩʪʠ 

ʂʨʳʤʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠʥʪʝʥʩʠʚʥʳʤ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʠʟʫʯʘʝʤʦʝ ʦʙʥʘʞʝʥʠʝ. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
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ʠʥʪʝʥʩʠʚʥʫʶ ʧʨʦʨʘʙʦʪʢʫ ʠʟʫʯʘʝʤʦʛʦ ʦʙʥʘʞʝʥʠʷ ʤʝʪʝʦʨʥʳʤʠ ʚʦʜʘʤʠ ʠ ʚʦʜʘʤʠ ʨʝʢʠ ɹʠʶʢ-

ʂʘʨʘʩʫ. ʇʨʦʩʣʦʡ 5 ʠʟ ʠʟʫʯʘʝʤʦʛʦ ʦʙʥʘʞʝʥʠʷ ʟʘʣʝʛʘʝʪ ʥʘ ʚʝʨʰʠʥʝ ʨʘʟʨʝʟʘ ʠ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʢʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʛʦ ʟʥʘʯʝʥʠʝ ŭ18O ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʥʠʞʝʟʘʣʝʛʘʶʱʠʭ ʧʨʦʩʣʦʝʚ, ʥʘ ʢʦʪʦʨʳʝ ʨʝʢʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʚ ʧʝʨʠʦʜ ʧʦʣʥʦʚʦʜʴʷ (ʨʠʩ. 1). 

ʕʬʬʝʢʪ ʦʙʦʛʘʱʝʥʠʷ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʨʦʜʫ 

ʧʨʝʩʥʳʤʠ ʚʦʜʘʤʠ ʙʳʣ ʦʪʤʝʯʝʥ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ (Craig H. et al., 1965; Epstein S. et al., 

1953). ɼʣʷ ʧʨʝʩʥʦʡ ʚʦʜʳ ʩʦʣʸʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1ă, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ŭ18O  20ă, 

VPDB (ʌʦʨ ɻ., 1989).  

 

ʈʠʩʫʥʦʢ 27. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʫʛʣʝʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʘ (ʟʝʣʝʥʸʥʳʡ ʤʘʨʢʝʨ) ʠ ʜʘʥʥʳʭ ʂʨʳʤʩʢʠʭ ʨʘʟʨʝʟʦʚ (ʯʝʨʥʳʡ ʠ ʙʝʣʳʡ 

ʤʘʨʢʝʨʳ)ʠ ʜʘʥʥʳʭ ʂʨʳʤʩʢʠʭ ʨʘʟʨʝʟʦʚ (Fisher J. et al., 2005) ʧʦ (ʃʘʪʳʧʦʚʘ ʄ.ʈ., 

..ʂʨʘʩʥʦʚʘ ɽ.ɸ  ʠ ʜʨ., 2019b, 2020 ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ). 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ŭ18O ʜʣʷ ʧʦʨʦʜ ʠʟʫʯʘʝʤʦʛʦ 

ʨʘʟʨʝʟʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʟʢʦʝ ʦʧʨʝʩʥʝʥʠʝ ʤʦʨʩʢʠʭ ʩʦʣʥyʳʭ ʚʦʜ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʣʦ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʦʧʨʝʩʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʘʢʢʦʤʦʜʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʪʦʢʘ ʤʝʪʝʦʨʥʳʭ ʚʦʜ ʤʦʛʣʦ ʧʦʥʠʟʠʪʴ ʟʥʘʯʝʥʠʝ ŭ18O, ʯʪʦ ʦʪʨʘʟʠʣʦʩʴ ʪʘʢ ʞʝ ʠ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʬʦʨʘʤʠʥʠʬʝʨ. ɺʝʨʦʷʪʥʦ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʨʦʨʘʙʦʪʢʝ ʨʘʟʨʝʟʘ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʝʦʨʥʳʤʠ ʚʦʜʘʤʠ ʨʝʢʠ ɹʠʶʢ-ʂʘʨʘʩʫ, ʬʦʨʘʤʠʥʠʬʝʨʳ ʩʦʭʨʘʥʠʣʠ ʙʳ ʩʚʦʡ 

ʠʟʥʘʯʘʣʴʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ, ʧʦʵʪʦʤʫ ʚʪʦʨʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 
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ʨʝʘʣʠʩʪʠʯʥʳʤ. ʆʜʥʘʢʦ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʚʝʨʩʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʬʘʫʥʠʩʪʠʯʝʩʢʠʭ 

ʦʩʪʘʪʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʠʷ ʧʦʛʨʘʥʠʯʥʳʭ 

ʩʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ʫ ʨ. ɹʠʶʢ-ʂʘʨʘʩʫ (ʎʝʥʪʨʘʣʴʥʳʡ ʂʨʳʤ) ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʘʥʦʢʩʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ 

OAE-2. ʇʦʢʘʟʘʥʦ ʩʭʦʜʩʪʚʦ ʧʨʦʩʣʦʝʚ 1 ʠ 4, ʥʘʩʳʱʝʥʥʳʭ ʆɺ, ʩ ʨʘʟʨʝʟʘʤʠ ɻʦʨʥʦʛʦ ʂʨʳʤʘ, 

ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʦʙʩʪʘʥʦʚʢʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʙʳʪʠʶ OAE-2 ʥʘ ʛʨʘʥʠʮʝ ʩʝʥʦʤʘʥʘ 

ʠ ʪʫʨʦʥʘ. 
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3.3 ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ: ʥʘ ʧʨʠʤʝʨʝ 

ʪʫʨʦʥ-ʢʦʥʴʷʢʩʢʦʛʦ ʨʘʟʨʝʟʘ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʨʝʟʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʣʦʙʘʣʴʥʳʤ ʩʦʙʳʪʠʷʤ ʚ 

ʢʦʥʮʝ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ ʚ ʪʫʨʦʥ-ʢʦʥʴʷʢʩʢʦʝ ʚʨʝʤʷ, ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʨʘʟʮʘʤ ʧʦʨʦʜ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ. ʈʘʟʨʝʟʳ ʪʫʨʦʥ-

ʢʦʥʴʷʢʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣʠ ʭʦʨʦʰʦ ʦʧʠʩʘʥʳ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ (Haq B. et al., 

1987, 2017; ɺʘʩʩʦʝʚʠʯ ʅ.ɹ., 1951). ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʮʠʢʣʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʪʦʣʱ ʠ ʠʭ ʩʚʷʟʴ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʝʤ ʫʨʦʚʥʷ ʤʦʨʷ, ʯʪʦ 

ʷʚʠʣʦʩʴ ʦʩʥʦʚʦʡ ʚʳʜʝʣʝʥʠʷ ñʚʝʨʭʥʝʤʝʣʦʚʦʛʦ ʬʣʠʰʘò ʂʘʚʢʘʟʘ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʪʣʦʞʝʥʠʷ çʢʘʚʢʘʟʩʢʦʛʦ ʬʣʠʰʘè ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʘʞʜʝʥʠʷ ʠʟ ʤʫʪʴʝʚʳʭ ʧʦʪʦʢʦʚ, 

ʠ ʠʭ ʩʦʩʪʘʚ ʟʘʚʠʩʠʪ ʦʪ ʫʜʘʣʥyʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʥʦʩʘ (ñʢʦʨʜʠʣʴʝʨʳò, ɸʬʘʥʘʩʴʝʚ ʉ.ʃ., 1976, 

1992). ʇʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʘʚʪʦʨʦʚ ʩʪʘʣʠ ʦʪʣʦʞʝʥʠʷ ʥʘʪʫʭʘʡʩʢʦʡ ʩʚʠʪʳ (K2nt) (ʚʝʨʭʥʠʡ 

ʪʫʨʦʥ-ʢʦʥʴʷʢ) ʚ ʨʘʟʨʝʟʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʢʘʨʴʝʨʘ ʩʝʚʝʨʥʝʝ ʩʪʘʥʠʮʳ ʐʘʧʩʫʛʩʢʘʷ (ʈʠʩʫʥʦʢ 29). 

ʇʦ ʤʥʝʥʠʶ ʉ.ʃ. ɸʬʘʥʘʩʴʝʚʘ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʙʠʦʛʝʥʥʦʤʫ ʪʦʥʢʦʤʫ ʬʣʠʰʫ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʤʫʩʷ ʚ ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʪʨʦʛʘ ʚʜʦʣʴ ʩʢʣʦʥʦʚʳʭ ʪʝʯʝʥʠʡ 

(ɸʬʘʥʘʩʴʝʚ ʉ.ʃ., 1992).  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʦʤ ʂʘʚʢʘʟʝ ʚ ʧʦʟʜʥʝʪʫʨʦʥʩʢʦʝ-ʨʘʥʥʝʢʦʥʴʷʢʩʢʦʝ ʚʨʝʤʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʳʭ 

ʜʘʥʥʳʭ ʜʝʪʘʣʴʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦ- ʠ ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

3.3.1 ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʆʙʨʘʟʮʳ ʧʦʨʦʜ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʨʘʟʨʝʟʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ɸʙʠʥ. ɺ 

ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ɻʪʦʪ ʨʘʡʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʩʢʣʘʜʯʘʪʦ-ʘʣʣʦʭʪʦʥʥʦʡ ɸʥʘʧʩʢʦ-ɸʛʦʡʩʢʦʡ 

ʧʦʜʟʦʥʝ ʅʦʚʦʨʦʩʩʠʡʩʢʦ-ʃʘʟʘʨʝʚʩʢʦʡ ʟʦʥʳ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ (ʈʠʩʫʥʦʢ 28). ɺ ʩʪʨʦʝʥʠʠ 

ʜʘʥʥʦʡ ʟʦʥʳ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʨʠʪʤʠʯʥʦ ʧʦʩʪʨʦʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʚʦʜʥʳʝ 

ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʫ ʧʦʜʥʦʞʴʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ. ʀʭ ʚʦʟʨʘʩʪ ʦʭʚʘʪʳʚʘʝʪ ʠʥʪʝʨʚʘʣ ʦʪ ʩʝʥʦʤʘʥʘ ʜʦ ʤʘʘʩʪʨʠʭʪʘ 

ʚʢʣʶʯʠʪʝʣʴʥʦ, ʘ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 1500 ʤ (ʂʦʨʩʘʢʦʚ ʉ.ɻ. ʠ ʜʨ., 2004, 2013).  

ʀʟ ʪʦʣʱʠ ʧʦʨʦʜ ʥʘʪʫʭʘʡʩʢʦʡ ʩʚʠʪʳ ʤʦʱʥʦʩʪʴʶ 80 ʤ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 22 ʦʙʨʘʟʮʘ ʩ 

ʠʥʪʝʨʚʘʣʦʤ ʦʪʙʦʨʘ 1-5 ʤ. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ 

ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʠʟ ʢʘʨʙʦʥʘʪʥʳʭ, ʛʣʠʥʠʩʪʳʭ ʠ ʧʝʩʯʘʥʳʭ 

ʨʘʟʥʦʩʪʝʡ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʘʭ (ʗʢʦʚʠʰʠʥʘ ɽ.ɺ. ʠ ʜʨ., 2022a, 2022b). ʈʘʟʨʝʟ ʐʘʧʩʫʛʩʢʦʛʦ 

ʢʘʨʴʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʨʠʪʤʠʯʥʦʡ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʬʣʠʰʦʠʜʥʦʡ ʪʦʣʱʝʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʢʨʫʪʦʧʘʜʘʶʱʫʶ ʥʘ ʶʛ ʤʦʥʦʢʣʠʥʘʣʴ (ʈʠʩʫʥʦʢ 29).  
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ʈʠʩʫʥʦʢ 28. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ, ʧʦ (ʄʘʨʠʥʠʥ ɸ.ɺ. ʠ ʜʨ., 

2008), ʩ ʠʟʤʝʥʝʥʠʷʤʠ. ʅʘ ʚʨʝʟʢʝ ð 

ʢʦʩʤʦʩʥʠʤʦʢ ʐʘʧʩʫʛʩʢʦʛʦ ʢʘʨʴʝʨʘ 

(ʗʥʜʝʢʩ-ʢʘʨʪʳ). ʃʠʥʠʷ 80 ʤ ð ʠʥʪʝʨʚʘʣ 

ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ (ʗʢʦʚʠʰʠʥʘ ɽ.ɺ., 

..ʂʨʘʩʥʦʚʘ ɽ.ɸ. ʠ ʜʨ., 2022a). 

ʈʠʩʫʥʦʢ 29. ʆʪʣʦʞʝʥʠʷ ʪʫʨʦʥʩʢʦʛʦ ʠ 

ʢʦʥʴʷʢʩʢʦʛʦ ʷʨʫʩʦʚ ʚ ʨʘʟʨʝʟʝ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʩʪʝʥʳ ʐʘʧʩʫʛʩʢʦʛʦ ʢʘʨʴʝʨʘ. 

ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʛʨʘʥʠʮʘ ʧʘʯʝʢ 6 ʠ 7, 

ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʛʨʘʥʠʮʘ ʪʫʨʦʥʩʢʦʛʦ ʠ 

ʢʦʥʴʷʢʩʢʦʛʦ ʷʨʫʩʦʚ. ʌʦʪʦ ɽ.ɺ. 

ʗʢʦʚʠʰʠʥʦʡ (ʗʢʦʚʠʰʠʥʘ ɽ.ɺ., ..ʂʨʘʩʥʦʚʘ 

ɽ.ɸ. ʠ ʜʨ., 2022a). 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʥyʥʦʛʦ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟʫʯʘʝʤʳʭ ʪʫʨʦʥ-ʢʦʥʴʷʢʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʪʘʣʴʥʦʛʦ ʰʝʣʴʬʘ 

(ʥʝʨʠʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ) ʠ ʦʪʢʨʳʪʦʛʦ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʛʝʤʠʧʝʣʘʛʠʯʝʩʢʠʝ ʦʪʣʦʞʝʥʠʷ), ʧʨʠ 

ʤʝʜʣʝʥʥʦʡ ʠʣʠ ʫʤʝʨʝʥʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʠ ʤʝʜʣʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʠ ʥʠʞʝ 

ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʣʥ. ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʦʚ ʬʦʨʘʤʠʥʠʬʝʨ ʠʟ ʪʫʨʦʥ-ʢʦʥʴʷʢʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʐʘʧʩʫʛʩʢʦʛʦ ʢʘʨʴʝʨʘ ʪʘʢ ʞʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʫʨʦʥ-ʢʦʥʴʷʢʩʢʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʪʝʨʨʠʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʚʦʜʥʳʡ ʦʪʢʨʳʪʳʡ ʤʦʨʩʢʦʡ 

ʙʘʩʩʝʡʥ ʦʢʨʘʠʥʳ ʦʢʝʘʥʘ ʊʝʪʠʩ ʩ ʛʣʫʙʠʥʘʤʠ ʜʦ ʧʝʨʚʳʭ ʩʦʪʝʥ (ʗʢʦʚʠʰʠʥʘ ɽ.ɺ. ʠ ʜʨ., 2022a, 

2022b). 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʦʪʩʫʪʩʪʚʠʷ ʚʪʦʨʠʯʥʳʭ 

ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʫʯʪʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ:  

¶ ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʢʦʚʠʥ ʧʣʘʥʢʪʦʥʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ ʨʦʜʘ 

Marginotruncana ʠ ʚʤʝʱʘʶʱʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʨʦʩʣʦʝʚ ʩʭʦʞʠ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʥʠ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʚ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘ ʩʦʩʝʜʥʝʤ ʨʘʟʨʝʟʝ ʨ. ɹʫʛʫʥʜʳʨʴ 

(ʅʝʪʨʝʙʘ ɼ.ɸ., 2020). ʅʘʭʦʞʜʝʥʠʝ ʧʣʘʥʢʪʦʥʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ ʚ ʪʦʡ ʞʝ ʩʨʝʜʝ, ʚ 

ʢʦʪʦʨʦʡ ʦʥʠ ʩʫʱʝʩʪʚʦʚʘʣʠ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʯʠʩʪʦʪ rɻʢʩʧʝʨʠʤʝʥʪʘ.  
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¶ ʆʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ (R = 0,34) 

ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʚʪʦʭʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʆʜʥʘʢʦ ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ʠʤʝʶʪ ʩʣʘʙʳʡ ʩʜʚʠʛ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʚ 

ʦʙʣʘʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʩʣʦʠ ʠʟ ʠʟʫʯʘʝʤʦʛʦ 

ʦʙʥʘʞʝʥʠʷ ʟʘʣʝʛʘʶʪ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʢ. ʕʬʬʝʢʪ ʦʙʣʝʛʯʝʥʠʷ ʩʦʩʪʘʚʘ ŭ18OCaCO3 ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʨʦʜʫ ʧʨʝʩʥʳʤʠ ʚʦʜʘʤʠ (Craig H. et al., 1965; Epstein S. et al., 

1953). ʅʘʙʣʶʜʘʝʤʳʡ ʩʜʚʠʛ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʫʯʘʝʤʳʝ 

ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʚʪʦʨʠʯʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ.  

3.3.2 ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʥyʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʨʘʟʨʝʟʘ ʐʘʧʩʫʛʩʢʦʛʦ 

ʢʘʨʴʝʨʘ (ʈʠʩʫʥʦʢ 30). ʀʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠʩʴ ʪʦʯʝʯʥʦ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ ʠʟ 

ʥʘʠʤʝʥʝʝ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠ ʠʟʤʝʥʥyʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʟʢʠʤ ʠʥʪʝʨʚʘʣʦʤ 

ʟʥʘʯʝʥʠʡ (ŭ18O = -3,28 ï +0,19,ă VPDB; ŭ13ʉ = +1,24 ï +3,18,ă VPDB). ɿʥʘʯʝʥʠʷ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʨʩʢʠʤ ʢʘʨʙʦʥʘʪʘʤ (ʌʦʨ ɻ., 1989). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠʟʦʪʦʧʥʳʝ ʢʨʠʚʳʝ ʠ ʧʨʦʠʟʚʝʜʥy 

ʨʘʩʯʪy ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ. ʀʟʦʪʦʧʥʘʷ ʩʪʨʘʪʠʛʨʘʬʠʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʚʦʡ ʠʟʤʝʥʝʥʠʡ ʟʥʘʯʝʥʠʡ 

ŭ13ʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʟʜʥʝʛʦ ʤʝʣʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʦʪʦʧʥʳʝ ʩʦʙʳʪʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʣʝʞʝʥʳ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (Jarvis I. et al., 2006; Jenkyns H. et al., 

1994; Voigt S. et al., 1997, 2004; Walaszczyk I. et al., 2010; Wiese F., 1999). 

ɺ ʪʫʨʦʥ-ʢʦʥʴʷʢʩʢʦʤ ʨʘʟʨʝʟʝ ʐʘʧʩʫʛʩʢʦʛʦ ʢʘʨʴʝʨʘ ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʠʟʦʪʦʧʥʦʡ ʢʨʠʚʦʡ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ŭ13ʉ ʦʧʨʝʜʝʣʝʥʳ ʠʥʪʝʨʚʘʣʳ, ʚʳʜʝʣʝʥʥʳʝ, ʢʘʢ ʠʟʦʪʦʧʥʳʝ ʟʦʥʳ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʨʷʜʦʤ ʠʟʦʪʦʧʥʳʭ ʩʦʙʳʪʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʝʚʨʦʧʝʡʩʢʠʭ 

ʨʘʟʨʝʟʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʦʟʨʘʩʪʘ (ʈʠʩʫʥʦʢ 30, Jenkyns H. et al., 1994; Gale A., 1996; 

Voigt S. et al., 1997; Wiese F., 1999; Jarvis I. et al., 2006; Walaszczyk I. et al., 2010).  

ɺ ʨʘʟʨʝʟʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʟʦʥʳ ʧʦ ʠʟʦʪʦʧʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ.  

ɿʦʥʘ 1 (ŭ13ʉ = +1,9 ï +3,2ă,VPDB). ɺ ʦʩʥʦʚʘʥʠʠ ʟʦʥʳ ï ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʥʘ 

ʢʨʠʚʦʡ ŭ13ʉ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʦʥʮʘ ʩʨʝʜʥʝʛʦ ʪʫʨʦʥʘ, ʚ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʭ ʨʘʟʨʝʟʘʭ ʵʪʦ 

ʩʦʙʳʪʠʝ ʚʳʜʝʣʝʥʦ ʢʘʢ Pewsey Event (Gale A., 1996; Voigt S. et al., 2004; Walaszczyk I. et al., 

2010; Wiese F., 1999). ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʟʦʥʘʤʠ 1 ʠ 2 ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʩʤʝʥʝ ʣʦʢʘʣʴʥʦʛʦ 

ʤʠʥʠʤʫʤʘ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ13ʉ ʠ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʛʨʘʥʠʮʝʡ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ 

ʪʫʨʦʥʘ.  
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ʈʠʩʫʥʦʢ 30. ʀʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ ŭ13ʉ ʠ ŭ18ʆ. ʅʘ ʢʨʠʚʦʡ ŭ13ʉ ʚʳʜʝʣʝʥʳ ʠʟʦʪʦʧʥʳʝ 

ʟʦʥʳ 1ï4. ʇʨʠʚʝʜʝʥʳ ʥʘʟʚʘʥʠʷ ʠʟʦʪʦʧʥʳʭ ʩʦʙʳʪʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʟʘʧʘʜʥʦ-

ʝʚʨʦʧʝʡʩʢʠʭ ʨʘʟʨʝʟʘʭ: Pewsey Event, Hitchwood (Hyphantoceras) Event, Navigation Event, 

Light Point Event. ɹ ï ʧʨʦʩʣʦʠ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ. ʇʦʷʩʥʝʥʠʷ ʫʢʘʟʘʥʳ ʚ ʪʝʢʩʪʝ 

(ʗʢʦʚʠʰʠʥʘ ɽ.ɺ., ..ʂʨʘʩʥʦʚʘ ɽ.ɸ. ʠ ʜʨ., 2022a, 2022b).  
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ɿʦʥʘ 2 (ŭ13ʉ = +1,6 ï +2,6ă, VPDB). ɺ ʦʩʥʦʚʘʥʠʠ ʟʦʥʳ ʚʳʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʝʨʭʥʝʛʦ ʪʫʨʦʥʘ. ʇʨʦʷʚʣʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʟʥʘʯʝʥʠʷ ŭ13ʉ 

ʥʘʟʳʚʘʝʪʩʷ çʚʝʨʭʥʝʪʫʨʦʥʩʢʠʤ ʩʦʙʳʪʠʝʤè ʠʣʠ ʪʘʢʞʝ ʢʘʢ ʩʦʙʳʪʠʝ Hitch Wood Event, ʠʣʠ 

Hyphantoceras Event (Voigt S. et al., 2004; Walaszczyk I. et al., 2010). ʉʤʝʥʫ ʪʝʥʜʝʥʮʠʡ 

ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʦʡ ʟʥʘʯʝʥʠʡ ŭ13ʉ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʝʨʭʥʝʛʦ ʪʫʨʦʥʘ ʩʚʷʟʳʚʘʶʪ ʩ ʛʨʘʥʠʮʝʡ 

ʪʫʨʦʥʩʢʦʛʦ ʠ ʢʦʥʴʷʢʩʢʦʛʦ ʷʨʫʩʦʚ (Jarvis I. et al., 2006; Walaszczyk I. et al., 2010; Wiese F., 

1999).  

ʉʦʙʳʪʠʝ ʥʘ ʛʨʘʥʠʮʝ ʪʫʨʦʥʩʢʦʛʦ ʠ ʢʦʥʴʷʢʩʢʦʛʦ ʷʨʫʩʦʚ ʥʘʟʳʚʘʶʪ çʥʘʚʠʛʘʮʠʦʥʥʳʤ 

ʩʦʙrʪʠʝʤè (Navigation Event (Jarvis I. et al., 2006; Walaszczyk I. et al., 2010). ʃʦʢʘʣʴʥʳʡ 

ʤʠʥʠʤʫʤ ʟʥʘʯʝʥʠʡ ŭ13ʉ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʘʤʳʤ ʚʝʨʭʘʤ ʚʝʨʭʥʝʛʦ ʪʫʨʦʥʘ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʩʦʶʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʦʝ ʩʦʙʳʪʠʝ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʤʘʨʢʝʨʘ 

ʜʣʷ ʬʠʢʩʘʮʠʠ ʪʦʯʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʩʪʨʘʪʦʪʠʧʘ ʛʨʘʥʠʮʳ (ʣʠʤʠʪʦʪʠʧʘ), ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 

çʟʦʣʦʪʦʛʦ ʛʚʦʟʜʷè (GSSP), ʦʙʦʟʥʘʯʘʶʱʝʛʦ ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʢʦʥʴʷʢʩʢʦʛʦ ʷʨʫʩʘ 

(Walaszczyk I. et al., 2021). 

ɿʦʥʘ 3 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʬʦʥʦʤ ʟʥʘʯʝʥʠʡ (ŭ13ʉ = +2,3 ï +2,4ă, VPDB) ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʞʥʝʤʫ ʢʦʥʴʷʢʫ. 

ɿʦʥʘ 4 (ŭ13ʉ = +1,5 ï +2,2ă, VPDB) ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʘ ʩ ʥʠʞʥʠʤ ʢʦʥʴʷʢʦʤ. 

ɿʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʘʢʩʠʤʫʤ ʟʥʘʯʝʥʠʷ ŭ13ʉ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʠʟʦʪʦʧʥʳʤ ʩʦʙʳʪʠʝʤ Light 

Point Event ʚ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʭ ʨʘʟʨʝʟʘʭ (Jarvis I. et al., 2006; Walaszczyk I. et al., 2010).  

ʀʟʦʪʦʧʥʘʷ ʢʨʠʚʘʷ ŭ13ʉ ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʐʘʧʩʫʛʩʢʦʛʦ ʢʘʨʴʝʨʘ ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʟʦʪʦʧʥʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʝʨʦʜʘ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʨʘʟʨʝʟʘʭ 

(Jarvis I. et al., 2006; Voigt S. et al., 2004; Walaszczyk I. et al., 2010; Wiese F., 1999). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʨʘʟʨʝʟʝ ʥʘʪʫʭʘʡʩʢʦʡ ʩʚʠʪʳ ʐʘʧʩʫʛʩʢʦʛʦ ʢʘʨʴʝʨʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ 

ʟʥʘʯʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ŭ13ʉ ʠ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʪʦʧʥʦʡ ʢʨʠʚʦʡ ʫʜʘʣʦʩʴ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʪʫʨʦʥ-ʢʦʥʴʷʢʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʵʪʦʤ ʨʘʟʨʝʟʝ ʠ ʥʘʤʝʪʠʪʴ ʚ 

ʥyʤ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʪʫʨʦʥʩʢʦʛʦ ʠ ʢʦʥʴʷʢʩʢʦʛʦ ʷʨʫʩʦʚ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʪʫʨʦʥʘ 

(ʈʠʩʫʥʦʢ 30).  

ʉʦʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ŭ13ʉ ʠ ŭ18ʆ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ 

ʦʩʘʜʢʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ ʩ ʥʦʨʤʘʣʴʥʦʡ ʩʦʣʸʥʦʩʪʴʶ (Huber B. et al., 1995). 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ŭ18ʆ ʷʚʣʷʝʪʩʷ ʯʫʪʢʠʤ ʤʘʨʢʝʨʦʤ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʡ 

(ʌʦʨ ɻ., 1989, ʠ ʜʨʫʛʠʝ). ɺ ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢ ʞʝ ʜʦʚʦʣʴʥʦ ʯʪyʢʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ŭ13ʉ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ. ɺʝʨʦʷʪʥʦ, 

ʢʦʣʝʙʘʥʠʷ ʟʥʘʯʝʥʠʡ ŭ13ʉ ʥʘ ʢʨʠʚʦʡ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʘʣʝʦʙʘʩʩʝʡʥʘ ʠ 
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ʝʛʦ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ. ʕʢʩʢʫʨʩʳ ʧʦ ʫʪʷʞʝʣʝʥʠʶ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ŭ13ʉ ʩʚʷʟʘʥʳ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ ʙʘʩʩʝʡʥʝ ʥʘ ʬʦʥʝ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

(ɻʘʣʠʤʦʚ ʕ.ʄ., 1986). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʘʩʩʝʡʥʘ. ɺ ʮʝʣʦʤ, ʵʢʩʢʫʨʩʳ ʚʝʣʠʯʠʥ ŭ13ʉ ʠ ŭ18ʆ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʨʦʜ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʙʠʦʪʳ 

ʚʤʝʱʘʶʱʠʭ ʠʭ ʦʪʣʦʞʝʥʠʡ (ʗʢʦʚʠʰʠʥʘ ɽ.ɺ. ʠ ʜʨ., 2022a). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʨʘʟʨʝʟʘ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʐʘʧʩʫʛʩʢʦʛʦ ʢʘʨʴʝʨʘ ʧʦʩʣʫʞʠʣ ʦʩʥʦʚʦʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʩʣʦʚʠʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʪʫʨʦʥ-

ʢʦʥʴʷʢʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʧʦʜʪʚʝʨʜʠʪʴ ʛʨʘʥʠʮʫ 

ʪʫʨʦʥʩʢʦʛʦ ʠ ʢʦʥʴʷʢʩʢʦʛʦ ʷʨʫʩʦʚ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʪʫʨʦʥʘ. ʅʘ ʦʩʥʦʚʝ ʢʦʣʝʙʘʥʠʡ 

ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ŭ13ʉ ʠ ŭ18ʆ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʩʦʙʳʪʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ, 

ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʨʷʜʦʤ ʠʟʦʪʦʧʥʳʭ ʩʦʙʳʪʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʘʟʨʝʟʘʭ 

ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʦʟʨʘʩʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʙʳʪʠʡʥʳʝ 

ʫʨʦʚʥʠ ʬʠʢʩʠʨʫʶʪ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʣʫʢʪʫʘʮʠʠ ʠ ʢʦʣʝʙʘʥʠʷ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ.  
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3.4 ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ: ʥʘ 

ʧʨʠʤʝʨʝ ʤʘʘʩʪʨʠʭʪ ʠ ɻʦʮʝʥʦʚʦʛʦ ʨʘʟʨʝʟʘ ʂʨʳʤʘ 

ɻʣʦʙʘʣʴʥʳʝ ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʥʘ ʛʨʘʥʠʮʝ ʧʦʟʜʥʝʛʦ ʤʝʣʘ ʠ ʧʘʣʝʦʛʝʥʘ, ʠʤʝʶʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʀʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʟʨʝʟʘ ʤʘʘʩʪʨʠʭʪʘ ʠ ʵʦʮʝʥʘ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ, 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʛʣʦʙʘʣʴʥʳʝ ʩʦʙʳʪʠʷ, ʠʟʤʝʥʠʚʰʠʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʠ ʚʳʡʪʠ ʥʘ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ. 

ɺ ʧʝʨʠʦʜ ʢʦʥʮʘ ʤʝʣʘïɻ ʦʮʝʥʘ ʚ ʠʩʪʦʨʠʠ ʂʨʳʤʘ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʱʝʝ ʧʨʦʛʠʙʘʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʩʪʨʠʬʪʦʚʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʣʢʦʚʦʜʥʦʛʦ ʰʝʣʴʬʦʚʦʛʦ ʙʘʩʩʝʡʥʘ (Nikishin A.M. et al., 2015; ʅʠʢʠʰʠʥ ɸ.ʄ. ʠ ʜʨ., 2006). 

ʅʘ ʬʦʥʝ ʧʨʦʷʚʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʩʢʣʘʜʯʘʪʦʩʪʠ ʚ ʇʦʥʪʠʜʘʭ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʊʫʨʮʠʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʇʨʝʜʛʦʨʥʦʛʦ ʂʨʳʤʘ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʝʜʵʦʮʝʥʦʚʦʛʦ ʫʛʣʦʚʦʛʦ ʥʝʩʦʛʣʘʩʠʷ 

ʠ ʧʝʨʠʦʜʳ ʘʢʪʠʚʠʟʘʮʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ (Nikishin A.M. et al., 2014; ɺʦʨʦʥʠʥʘ ɸ.ɸ., 

1989; ɻʦʨʙʘʯ ʃ.ʇ., 1972; ɻʦʨʙʘʯ ʃ.ʇ. ʠ ʜʨ., 1982; ɿʘʢʨʝʚʩʢʘ ̫ɽ.ʖ., 2011; ʃʳʛʠʥʘ ɽ.ɸ., 2009; 

ʅʠʢʠʰʠʥ ɸ.ʄ. ʠ ʜʨ., 2006; ʏ ɻ.ʉ.ʉ.ʉ.ʈ.ʂ., 1969).  

3.4.1 ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥ ʤʘʪʝʨʠʘʣ, ʦʪʦʙʨʘʥʥʳʡ ʚ ʪʝʯʝʥʠʝ ʧʦʣʝʚʳʭ ʩʝʟʦʥʦʚ 2019-

2020 ʛʛ. (ʃʳʛʠʥʘ ɽ.ɸ. ʠ ʜʨ., 2022) ʚ ʧʨʝʜʝʣʘʭ ɹʝʣʦʛʦʨʩʢʦ-ʂʫʨʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʦʡ 

ʟʦʥʳ (ʉʌɿ) ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʇʨʝʜʛʦʨʥʦʛʦ ʂʨʳʤʘ ʥʘ ʩʝʚʝʨʥʦʡ ʦʢʨʘʠʥʝ ʛ. ɹʝʣʦʛʦʨʩʢ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʘʣʴʥʳʡ ʫʩʪʫʧ ʵʦʮʝʥʦʚʦʡ ʢʫʵʩʪʳ (ʈʠʩʫʥʦʢ 31, ʈʠʩʫʥʦʢ 32). 

 

 

 

 

ʈʠʩʫʥʦʢ 31. ʇʦʣʦʞʝʥʠʝ ʠʟʫʯʝʥʥʳʭ 

ʨʘʟʨʝʟʦʚ (ʟʚʝʟʜʦʯʢʠ): ɸ ï ʥʘ ʢʘʨʪʝ-

ʩʭʝʤʝ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ; ɹ ï 

ʥʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʝ 

ɹʝʣʦʛʦʨʩʢʦʛʦ ʨʘʡʦʥʘ ʂʨʳʤʘ (ʧʦ 

ʃʳʛʠʥʘ ɽ.ɸ., ..ʂʨʘʩʥʦʚʘ ɽ.ɸ. ʠ ʜʨ., 

2022, 2019). 



76 

 

 

ʂʦʣʣʝʢʮʠʷ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʨʦʜʘʤʠ ʧʦʛʨʘʥʠʯʥʳʭ ʤʝʣïɻ ʦʮʝʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ: ʧʦʨʦʜʳ ʤʘʘʩʪʨʠʭʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʨʛʝʣʷʤʠ ʘʣʝʚʨʠʪʠʩʪʳʤʠ; ʵʦʮʝʥʦʚʳʝ 

ʧʦʨʦʜʳ (ʠʧʨʩʢʦʛʦ ʷʨʫʩʘ) ï ʥʫʤʤʫʣʠʪʦʚʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ. ʅʝʩʦʛʣʘʩʥʘʷ ʛʨʘʥʠʮʘ ʤʝʣʦʚʳʭ 

ʧʦʨʦʜ ʠ ʥʫʤʤʫʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʵʦʮʝʥʘ ʦʙʥʘʞʝʥʘ ʧʦʜ ʥʘʚʠʩʘʶʱʠʤ ʢʘʨʥʠʟʦʤ ʢʫʵʩʪʳ. 

ʂʨʦʚʣʷ ʤʘʘʩʪʨʠʭʪʩʢʠʭ ʧʦʨʦʜ ʨʘʩʩʝʯʝʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʘʟʣʠʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʪʨʝʱʠʥʘʤʠ. 

 

ʈʠʩʫʥʦʢ 32. ʆʙʱʠʡ ʚʠʜ ʠʟʫʯʝʥʥʳʭ ʦʙʥʘʞʝʥʠʡ ʧʦʛʨʘʥʠʯʥʳʭ ʤʝʣ-ɻ ʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʛ. ɸʢ-ʂʘʷ. ɹʝʣʳʡ ʧʫʥʢʪʠʨ ï ʛʨʘʥʠʮʳ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʯʝʨʥʳʝ ʨʘʤʢʠ ʩ 

ʙʫʢʚʝʥʥʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ï ʧʦʣʦʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʠʟʫʯʝʥʥʳʭ ʦʙʥʘʞʝʥʠʡ. ɸ ï 

ʦʙʱʠʡ ʚʠʜ ʥʘ ʛ. ɸʢ-ʂʘʷ ʩ ʶʛ-ʁ ʛʦ-ʚʦʩʪʦʢʘ; ɹ, ɺ ï ʦʙʱʠʡ ʚʠʜ ʠʟʫʯʝʥʥʳʭ ʦʙʥʘʞʝʥʠʡ ʥʘ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʛ. ɸʢ-ʂʘʷ (ɹ) ʠ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʥʝʛʦ (ɺ) (ʯʝʨʥʘʷ ʨʘʤʢʘ ʥʘ ʨʠʩ. 

2ɺ ï ʧʦʣʦʞʝʥʠʝ ʢʨʫʧʥʦʡ ʪʨʝʱʠʥʳ ʚ ʦʙʥʘʞʝʥʠʠ, ʩʤ. ɻ); ɻ ï ʬʦʪʦ ʢʨʫʧʥʦʡ ʪʨʝʱʠʥʳ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠ ʩʭʝʤʦʡ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ (ʃʳʛʠʥʘ ɽ.ɸ., ..ʂʨʘʩʥʦʚʘ ɽ.ɸ. ʠ 

ʜʨ., 2022). 

ɺ ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ ʚʳʜʝʣʝʥʦ 4 ʩʣʦʷ (ʈʠʩʫʥʦʢ 33): ʩʣʦʠ 1, 2 ʦʪʥʝʩʝʥʳ ʢ ʤʘʘʩʪʨʠʭʪʫ, 

ʩʣʦʠ 3, 4 ï ʢ ʵʦʮʝʥʫ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʥ ʤʘʪʝʨʠʘʣ ʟʘʧʦʣʥʝʥʠʷ ʢʨʫʧʥʳʭ ʪʨʝʱʠʥ, ʢʦʪʦʨʳʡ ʧʦ 

ʚʘʣʦʚʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʪʘʚʘ ʧʦʨʦʜʳ ʤʘʘʩʪʨʠʭʪʘ (ʃʳʛʠʥʘ ɽ.ɸ. ʠ 

ʜʨ., 2019, 2022). 

ʆʪʣʦʞʝʥʠʷ ʤʘʘʩʪʨʠʭʪʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʧʨʝʜʝʣʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʚʦʜʥʦʡ 

ʯʘʩʪʠ ʚʥʝʰʥʝʛʦ ʰʝʣʴʬʘ ʩ ʛʣʫʙʠʥʘʤʠ ʜʦ ʧʝʨʚʳʭ ʩʦʪʝʥ ʤʝʪʨʦʚ ʚ ʥʦʨʤʘʣʴʥʦ ʤʦʨʩʢʠʭ ʚʦʜʘʭ, 

ʥʘʩʳʱʝʥʥʳʭ ʢʠʩʣʦʨʦʜʦʤ (ʋʠʣʩʦʥ ɼ., 1980). ʆʪʣʦʞʝʥʠʷ ʠʧʨʘ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʥʘ 



77 

 

 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ) ʚ ʤʦʨʝ ʩ ʥʦʨʤʘʣʴʥʦʡ ʩʦʣʥyʦʩʪʴʶ 

(ʋʠʣʩʦʥ ɼ., 1980). ʄʘʪʝʨʠʘʣ ʟʘʤʝʱʝʥʠʷ ʪʨʝʱʠʥ ʙʦʛʘʪ ʛʣʘʫʢʦʥʠʪʦʤ (ʜʦ 16%) ʠ ʮʝʦʣʠʪʦʤ (ʜʦ 

6%).  

 

ʈʠʩʫʥʦʢ 33. ʈʘʟʨʝʟ ʧʦʛʨʘʥʠʯʥʳʭ ʤʝʣ-ɻ ʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʛ. ɸʢ-ʂʘʷ ʩʦ ʩʭʝʤʦʡ ʦʪʙʦʨʘ 

ʦʙʨʘʟʮʦʚ ʠ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʃʳʛʠʥʘ ɽ.ɸ., ..ʂʨʘʩʥʦʚʘ ɽ.ɸ. ʠ ʜʨ., 2022). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʘ ï ʤʝʨʛʝʣʠ ʘʣʝʚʨʠʪʠʩʪʳʝ; ʙ ï ʠʟʚʝʩʪʥʷʢʠ ʥʫʤʤʫʣʠʪʦʚʳʝ; ʚ ï 

ʩʢʦʧʣʝʥʠʷ ʨʘʢʦʚʠʥʥʦʛʦ ʜʝʪʨʠʪʘ; ʛ ï ʭʦʜʳ ʨʦʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ; ʜ ï ʢʦʥʢʨʝʮʠʠ 

ʬʦʩʬʦʨʠʪʘ; ʝ ï ʢʦʥʢʨʝʮʠʠ ʛʣʘʫʢʦʥʠʪʘ; ʞ ï ʦʙʣʦʤʢʠ ʢʨʦʚʣʠ ʧʦʨʦʜ ʪʚʝʨʜʦʛʦ ʜʥʘ. 

3.4.2 ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʪʝʨʚʘʣʦʤ ʟʥʘʯʝʥʠʡ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ (ŭ18O = -3,5 ï -1,0,ă VPDB), ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ 

(ŭ13ʉ = -0,2 ï +3,0,ă VPDB) (ʈʠʩʫʥʦʢ  34). ɿʥʘʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʮʝʣʦʤ, 
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ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʨʩʢʠʤ ʢʘʨʙʦʥʘʪʘʤ (ʌʦʨ ɻ., 1989), ʜʣʷ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʶʪʩʷ 

ʜʠʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

ʆʙʨʘʟʝʮ 5/2 ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʪʨʠ ʨʘʟ (5/2, 5/2-1, 5/2-2, ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ 

ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʜʚʘʞʜʳ), ʛʜʝ 5/2-1 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʣʦʤʢʠ ʨʘʢʦʚʠʥ ʜʚʫʩʪʚʦʨʦʢ, 5/2 ʠ 5/2-2 

ï ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ. ʇʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ ʦʙʨʘʟʝʮ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʥʦʨʦʜʥʦʤʫ 

ʤʘʪʝʨʠʘʣʫ ʩ ʦʙʣʦʤʢʘʤʠ ʨʘʢʦʚʠʥ ʙʝʥʪʦʩʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ, ʜʚʫʩʪʚʦʨʦʢ ʠ ʢʨʠʥʦʠʜʝʡ, 

ʟʘʧʦʣʥʷʶʱʝʤʫ ʪʨʝʱʠʥʳ. ɺ ʦʙʣʦʤʢʘʭ ʨʘʢʦʚʠʥ ʠ ʚ ʦʙʨʘʟʮʝ ʚ ʮʝʣʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʣʝʜʦʚ ʣʠʪʠʬʠʢʘʮʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ (ŭ13ʉ 

= -0,2 ï -0,5,ă VPDB). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ 

ʨʘʢʦʚʠʥʘʭ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ, ʙʣʠʟʢʠʡ ʢ ʨʘʚʥʦʚʝʩʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʳ. 

ɺ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʦʙʨʘʟʮʘ 5/2 ʬʠʢʩʠʨʫʝʪʩʷ ʩʜʚʠʛ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʣʘʩʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ŭ18O = -4,8 ï -0,2,ă VPDB).  

 

ʈʠʩʫʥʦʢ  34. ɻʨʘʬʠʢ ʦʪʥʦʰʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ŭ13C ʠ ŭ18O ʦʙʨʘʟʮʦʚ ʤʘʘʩʪʨʠʭʩʪʢʠʭ, 

ʵʦʮʝʥʦʚʳʭ ʧʦʨʦʜ ʠ ʤʘʪʝʨʠʘʣʘ ʟʘʧʦʣʥʝʥʠʷ ʪʨʝʱʠʥ ʚ ʨʘʟʨʝʟʝ ʛ. ɸʢ-ʂʘ ̫(ʃʳʛʠʥʘ ɽ.ɸ., 

..ʂʨʘʩʥʦʚʘ ɽ.ɸ. ʠ ʜʨ., 2022). ʎʚʝʪʘ ʦʙʨʘʟʮʦʚ: ʧʦʨʦʜʳ ʤʘʘʩʪʨʠʭʪʘ ï ʟʝʣʝʥʳʡ; ʢʨʦʚʣʷ 

ʤʘʘʩʪʨʠʭʪʘ ï ʨʳʞʠʡ; ʧʦʨʦʜʳ ʵʦʮʝʥʘ: ʞʝʣʪʳʡ ï ʙʘʟʘʣʴʥʳʡ ʛʦʨʠʟʦʥʪ ʵʦʮʝʥʘ (ʦʩʥʦʚʥʘʷ 

ʤʘʩʩʘ), ʯʝʨʥʳʡ ï ʦʙʣʦʤʢʠ ʨʘʢʦʚʠʥ ʜʚʫʩʪʚʦʨʦʢ ʠʟ ʙʘʟʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʵʦʮʝʥʘ; ʩʝʨʳʡ ï 

ʤʘʪʝʨʠʘʣ ʟʘʧʦʣʥʝʥʠʷ ʪʨʝʱʠʥ, ʨʦʟʦʚʳʡ ï ʩʣʦʡ 3 ʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ɻʦʣʫʙʦʝ ʧʦʣʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʨʩʢʠʤ ʢʘʨʙʦʥʘʪʘʤ (ʌʦʨ ɻ., 1989). 
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ʀʟʦʪʦʧʥʦʝ ʦʪʥʦʰʝʥʠʝ ŭ18ʆ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʩʘʞʜʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʣʠʙʦ ʥʘ ʚʪʦʨʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢʦ ʚ ʠʟʫʯʝʥʥʦʤ ʢʘʨʙʦʥʘʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʩʣʝʜʦʚ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʢʘʢ ʚ ʨʘʢʦʚʠʥʘʭ, ʪʘʢ ʠ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʜʚʠʛʦʤ ʢ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʢʨʘʡʥʝʡ ʤʝʣʢʦʚʦʜʥʦʩʪʴʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʚʝʯʘʶʪ 

ʧʦʚʳʰʝʥʥʳʤ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨʘʤ (ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʯʪyʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʜʦ 33 Áʉ). 

ʇʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʨʨʝʣʠʨʦʚʘʥʳ ʩ 

ʤʠʨʦʚʳʤ ʩʦʙʳʪʠʝʤ ʚ ʥʘʯʘʣʝ ʵʦʮʝʥʘ (ɽɽʉʆ) (Westerhold T. et al., 2020). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʘʪʠʨʦʚʘʪʴ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ, ʧʨʠʚʝʜʰʝʝ ʢ ʧʦʷʚʣʝʥʠʶ 

ʧʘʣʝʦʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʡ, ʥʘʯʘʣʦʤ ʠʧʨʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʚʳʩʢʘʟʘʥʥʳʤʠ ʚʳʚʦʜʘʤʠ ʦ 

ʧʨʦʷʚʣʝʥʠʠ ʬʘʟʳ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʪʦ ʚʨʝʤʷ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʨʳʤʫ 

(ʃʳʛʠʥʘ ɽ.ɸ. ʠ ʜʨ., 2019). 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʧʦ ʜʘʥʥʳʤ ŭ18ʆ) ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ ʤʘʘʩʪʨʠʭʪʘ 

(1/1, 2/2, 3/1, 4/2, 7/2) ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ (ɹʘʜʫʣʠʥʘ ʅ.ɺ. 

ʠ ʜʨ., 2016) ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 19-22 Áʉ. ʈʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ŭ13ʉ ʚ ʵʪʠʭ ʞʝ ʦʙʨʘʟʮʘʭ ʤʦʞʝʪ 

ʦʪʨʘʞʘʪʴ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʧʝʨʝʨʘʙʦʪʢʠ/ʙʠʦʪʫʨʙʘʮʠʠ ʦʩʘʜʢʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʪʫʨʥʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ. ɹʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ ʠ ŭ18ʆ ʦʪʣʠʯʘʝʪʩʷ ʦʙʨ. 2/2, ʢʦʪʦʨʳʡ ʙʳʣ ʚʟʷʪ 

ʠʟ ʦʙʣʦʤʢʘ ʨʘʢʦʚʠʥʳ ʜʚʫʩʪʚʦʨʢʠ. ʇʦʨʦʜʳ ʤʘʘʩʪʨʠʭʪʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʤʦʨʝ ʩ ʥʝʩʢʦʣʴʢʦ 

ʧʦʥʠʞʝʥʥʦʡ ʩʦʣʸʥʦʩʪʴʶ (30-33ă), ʯʪʦ ʪʘʢʞʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪʩ ̫ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʤʦʞʝʪ ʚʳʩʪʫʧʠʪʴ 

ʦʪʥʦʰʝʥʠʝ ʤʘʛʥʠʷ ʢ ʢʘʣʴʮʠʶ (Mg/Ca), ʢʦʪʦʨʦʝ, ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ (Chilingarian G., 1962), 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ, ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ ʠ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ ʦʩʘʞʜʸʥʥʳʭ 

ʢʘʨʙʦʥʘʪʘʭ. ʇʦʩʢʦʣʴʢʫ ʜʦʣʦʤʠʪʠʟʘʮʠʷ ʚ ʧʦʨʦʜʘʭ ʥʝ ʦʪʤʝʯʝʥʘ (ʜʘʥʥʳʝ ʦʧʠʩʘʥʠʷ ʰʣʠʬʦʚ ʠ 

ʈʌɸ, (ʃʳʛʠʥʘ ɽ.ɸ. ʠ ʜʨ., 2022) ʨʘʚʥʦ ʢʘʢ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʘʨʠʘʮʠʠ ʦʪʥʦʰʝʥʠʷ ʦʪʨʘʞʘʶʪ ʨʘʟʥʠʮʫ ʚ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ: ʧʦʨʦʜʳ ʟʘʧʦʣʥʝʥʠʷ ʪʨʝʱʠʥ (7/1-7/3) ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʧʦʨʦʜʳ ʤʘʘʩʪʨʠʭʪʘ (4/1-4/3).  

ʆʙʨʘʟʝʮ ʵʦʮʝʥʦʚʳʭ ʧʦʨʦʜ ʠʟ ʨʘʟʨʝʟʘ (6/1) ʠ ʜʚʘ ʦʙʨʘʟʮʘ ʧʦʨʦʜ ʟʘʧʦʣʥʝʥʠʷ ʪʨʝʱʠʥʳ 

(7/1, 8/2) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤʠ ʦʪʥʦʰʝʥʠʝʤ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ŭ13ʉ ʠ ŭ18ʆ, ʯʪʦ ʤʦʞʝʪ 

ʧʦʜʪʚʝʨʜʠʪʴ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʳʝ ʠʜʝʠ ʦ ʟʘʧʦʣʥʝʥʠʠ ʪʨʝʱʠʥ ʧʦʨʦʜʘʤʠ ʙʘʟʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʵʦʮʝʥʘ (ʃʳʛʠʥʘ ɽ.ɸ. ʠ ʜʨ., 2019).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʛʨʘʥʠʯʥʳʭ ʤʝʣ-

ʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʛ. ɸʢ-ʂʘʷ (ʎʝʥʪʨʘʣʴʥʳʡ ʂʨʳʤ) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜ:r 

¶ ɹʘʟʘʣʴʥʳʡ ʛʦʨʠʟʦʥʪ ʵʦʮʝʥʘ ʥʘʢʘʧʣʠʚʘʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʧʘʣʝʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʭʦʜʩʪʚʦʤ ʤʘʪʝʨʠʘʣʘ, 

ʟʘʧʦʣʥʷʶʱʝʛʦ ʪʨʝʱʠʥʳ ʚ ʢʨʦʚʣʝ ʤʘʘʩʪʨʠʭʩʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʧʦʨʦʜʘʭ ʙʘʟʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ʉʭʦʜʩʪʚʦ ʟʘʧʦʣʥʷʶʱʝʛʦ ʪʨʝʱʠʥʳ ʤʘʪʝʨʠʘʣʘ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʜʘʥʥʳʤ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʧʦʨʦʜ.  

¶ ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠ ̫ʧʦʨʦʜ 

ʤʘʘʩʪʨʠʭʪʘ ʠ ʵʦʮʝʥʘ. ɿʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 29-31Áʉ 

ʠ ʜʘʞʝ 33Áʉ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʵʦʮʝʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʛʣʦʙʘʣʴʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʩʦʙʳʪʠʝʤ ɽɽʉʆ. ʕʪʦ ʫʪʦʯʥʷʝʪ ʚʦʟʨʘʩʪ 

ʥʘʢʦʧʣʝʥʠʷ ʙʘʟʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʘʣʝʦʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʡ ʢʘʢ ʩʘʤʦʝ ʥʘʯʘʣʦ ʵʦʮʝʥʘ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʬʘʟʳ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʇʦʥʪʠʜʘʭ (ɺʦʩʪʦʯʥʘʷ ʊʫʨʮʠʷ). 
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3.5 ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ: ʥʘ 

ʧʨʠʤʝʨʝ ʵʦʮʝʥʦʚʦʛʦ ʨʘʟʨʝʟʘ ʂʨʳʤʘ 

ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʦʙʨʘʟʮʘʭ ʧʦʨʦʜ ʠʟ ʨʘʟʨʝʟʦʚ ʛʦʨ rʉʫʚʣʫ-ʂʘʷ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʨʳʤʘ, ɹʘʭʯʠʩʘʨʘʡʩʢʠʡ 

ʨʘʡʦʥ. ʇʘʣʝʦʛʝʥʦʚʳʡ ʨʘʟʨʝʟ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ɹʘʭʯʠʩʘʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʧʦʨʥʳʭ 

ʨʘʟʨʝʟʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʧʘʣʝʦʙʠʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ (ɽʇʆ) ʠ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʫʯʥyʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʨʨʝʣʷʮʠʡ (ɺʷʣʦʚ ʆ.ʉ., 1975; 

ɿʘʢʨʝʚʩʢʘʷ ɽ.ʖ., 1993, 2005; ʂʦʨʦʙʢʦʚ ʅ.ɸ., ʉʦʣʫʥ ɺ.ʅ., 1964; ʅʘʡʜʠʥ ɼ.ʇ., 

ɹʝʥʴʷʤʦʚʩʢʠʡ ɺ.ʅ., 1994; ʈʝʰʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ ʄʉʂ ʧʦ 

ʧʘʣʝʦʛʝʥʫ ʉʉʉʈ, 1963 ʠ ʜʨʫʛʠʝ). ʕʪʦʪ ʨʘʟʨʝʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʰʢʘʣ ʦʙʣʘʩʪʝʡ ʊʝʪʠʩʘ (King C. et al., 2018a; ɹʝʥʴʷʤʦʚʩʢʠʡ ɺ.ʅ., 2001; 

ɿʘʢʨʝʚʩʢʘʷ ɽ.ʖ., 2005).  

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʨʝʢʦʥʩʪʨʫʢʮʠʷʤ ʚʝʨʭʥʝʠʧʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ (ʩʠʤʬʝʨʦʧʦʣʴʩʢʠʡ ʨʝʛʠʦʷʨʫʩ) ʫʜʝʣʝʥʦ ʚ ʨʘʙʦʪʘʭ (King C. et al., 2018a; 

ʂʦʧʘʝʚʠʯ ʃ.ʌ. ʠ ʜʨ., 2008; ʃʳʛʠʥʘ ɽ.ɸ. ʠ ʜʨ., 2010). ʕʪʠ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʘʮʠ̫ʤʠ 

ʥʫʤʤʫʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ (ʥʫʤʤʫʣʠʪʦʚʦʡ ʙʘʥʢʠ), 

ʦʙʥʘʞʘʶʱʠʤʠʩʷ ʥʘ ʶʞʥʦʡ ʦʢʨʘʠʥʝ ʛ. ɹʘʭʯʠʩʘʨʘʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʫʶ ʠʟʫʯʝʥʥʦʩʪʴ 

ʨʘʟʨʝʟʘ, ʜʝʪʘʣʴʥʘʷ ʵʚʦʣʶʮʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ʠʧʨʩʢʦʡ ʥʫʤʤʫʣʠʪʦʚʦʡ ʙʘʥʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʠʟʤʝʥʝʥʠʡ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʪʨʝʙʫʶʪ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʦʛʨʘʥʠʯʥʳʭ ʥʠʞʥʝ-ʚʝʨʭʥʝʠʧʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

ʙʘʭʯʠʩʘʨʘʡʩʢʦʛʦ ð ʥʠʞʥʷʷ ʯʘʩʪʴ ʩʠʤʬʝʨʦʧʦʣʴʩʢʦʛʦ ʨʝʛʠʦʷʨʫʩʦʚ) ʨʘʟʨʝʟʘ ʛ. ʉʫʚʣʫ-ʂʘʷ 

(ɹʘʭʯʠʩʘʨʘʡʩʢʠʡ ʨʘʡʦʥ, ʖʛʦ-ɿʘʧʘʜʥʳʡ ʂʨʳʤ, ʈʠʩʫʥʦʢ 35) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ 

(ʃʳʛʠʥʘ ɽ.ɸ. ʠ ʜʨ., 2023a). ʅʘ ʦʩʥʦʚʝ ʤʠʢʨʦʬʘʮʠʘʣʴʥʦʛʦ ʠ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʦʚ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʠ ʵʪʘʧʘ ʠʧʨʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʢʦʥʮʝ ʨʘʥʥʝʛʦ 

ʠʧʨʘ, ʩʤʝʥʠʚʰʝʛʦʩʷ ʨʝʛʨʝʩʩʠʝʡ. ɼʣʷ ʙʦʣʝʝ ʜʨʦʙʥʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ, 

ʚʳʜʝʣʝʥʠʷ ʩʢʨʳʪʳʭ ʧʝʨʝʨʳʚʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʙʳʣ ʧʨʠʤʝʥʥy ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʟʨʝʟʘ. 

3.5.1 ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥ ʤʘʪʝʨʠʘʣ, ʦʪʦʙʨʘʥʥʳʡ ʚ ʪʝʯʝʥʠʝ ʧʦʣʝʚʦʛʦ ʩʝʟʦʥʘ 2021 ʛ. ɺ 

ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥ ʨʘʟʨʝʟ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 18 ʤ, ʩ ʦʪʙʦʨʦʤ ʦʙʨʘʟʮʦʚ 

ʩ ʠʥʪʝʨʚʘʣʦʤ 0,3-0,5 ʤ. ʅʘ ʦʩʥʦʚʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʘʩʯʪyʘ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ ʚʳʜʝʣʝʥʦ 5 ʩʣʦʚy, ʛʜʝ ʩʣʦʠ 1-4 ʦʪʥʦʩʷʪʩʷ ʢ 
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ʙʘʭʯʠʩʘʨʘʡʩʢʦʤʫ ʨʝʛʠʦʷʨʫʩʫ, ʩʣʦʡ 5 ï ʢ ʩʠʤʬʝʨʦʧʦʣʴʩʢʦʤʫ ʠ ʠʤʝʶʪ ʚʦʟʨʘʩʪ ʨʘʥʥʠʡ ʠ 

ʧʦʟʜʥʠʡ ʠʧʨ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

 

 

ʈʠʩʫʥʦʢ 35. ʇʦʣʦʞʝʥʠʝ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʥʘ : ʘ ï ʩʭʝʤʝ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ; ʙ ï 

ʩʥʠʤʢʝ Google Earth (ʢʦʦʨʜʠʥʘʪʳ 44Á44ǋ54ǋǋ ʉ, 33Á53ǋ48ǋǋ ɺ); ʚ ï ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʩʥʠʤʢʝ; 

ʛ ï ʬʦʪʦ.  

ʈʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʭʦʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʦʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʳʤ 

ʥʫʤʤʫʣʠʪʦʚʳʤ ʠʟʚʝʩʪʥʷʢʦʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ʄʠʢʨʦʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ 

ʚʳʜʝʣʠʪʴ 5 ʤʠʢʨʦʬʘʮʠʘʣʴʥʳʭ ʪʠʧʦʚ ʧʦʨʦʜ (ʄʌʊ) ʠ ʩʦʦʪʥʝʩʪʠ ʠʭ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʤʠʢʨʦʬʘʮʠʷʤʠ ʦʢʘʡʤʣʥyʥʳʭ ʧʣʘʪʬʦʨʤ (ʉʄʌ) ʠ ʬʘʮʠʘʣʴʥʳʤʠ ʧʦʷʩʘʤʠ (ʌʇ) ʤʦʜʝʣʠ 

ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ (Fl¿gel E., 2010; ʃʳʛʠʥʘ ɽ.ɸ. ʠ ʜʨ., 2023b). ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʚʳʜʝʣʝʥʥʳʝ ʉʄʌ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʙʩʪʘʥʦʚʦʢ ʰʝʣʴʬʦʚʳʭ ʣʘʛʫʥ ʩ ʦʪʢʨʳʪʦʡ 

ʮʠʨʢʫʣʷʮʠʝʡ ʠ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʰʝʣʴʬʘ ʥʘ ʫʨʦʚʥʝ ʠ ʥʠʞʝ ʙʘʟʠʩʘ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʥʘ 

ʛʣʫʙʠʥʘʭ 30-100 ʤ (Fl¿gel E., 2010; King C. et al., 2018b). 

ʛ ʚ 

ʙ 
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ɼʣʷ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʚʪʦʨʠʯʥʳʭ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʫʯʪʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ:  

¶ ʇʨʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʧʦʨʦʜ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʪʝʥʢʠ ʙʦʣʴʰʠʥʩʪʚʘ 

ʨʘʢʦʚʠʥ ʢʨʫʧʥʳʭ ʙʝʥʪʦʩʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ ʦʙʥʘʨʫʞʠʚʘʣʠ ʭʦʨʦʰʫʶ ʩʦʭʨʘʥʥʦʩʪʴ. 

¶ ʆʪʩʫʪʩʪʚʦʚʘʣʘ ʢʦʨʨʝʣʷʮʠʷ ʠʟʦʪʦʧʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ (R = 0,39). 

¶ ɿʥʘʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʙʳʣʠ ʥʠʟʢʠʤʠ ʠ ʢʦʣʝʙʘʣʠʩʴ ʦʢʦʣʦ 0ă (ʦʪ -0,43 

ʜʦ 0,26ă).  

¶ ɹ ʣrʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʨʦʜ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ (Mn, 

Mg, Sr, Fe), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʜʞyʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ 

(ɺʘʩʠʣʴʝʚ ɸ.ʄ., 2003). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʚʰʠʭ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩ 

ʧʦʩʪʨʦʝʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʢʩʠʜʦʚ. ʂʘʢ 

ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʩʦʙʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʪʝʦʨʥʳʭ ʚʦʜ, ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ 

ʚ ʧʦʨʦʜʘʭ. ɺ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ MnO (ʜʦ 0,03 ʤʘʩʩ.%), Mgʆ (ʜʦ 2 ʤʘʩʩ.%), Feʆʦʙʱ (ʜʦ 3 ʤʘʩʩ.%), ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʭʦʨʦʰʫʶ ʩʦʭʨʘʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ (ɺʝʪʦʰʢʠʥʘ ʆ.ʉ. ʠ ʜʨ., 2011).  

ʇʨʦʚʝʜʥyʥʳʝ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʠʩʢʣʶʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʨʦʜʳ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʩʦʭʨʘʥʠʣʠ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʣʠʟʢʠʝ 

ʢ ʠʩʭʦʜʥʦʤʫ ʚʝʱʝʩʪʚʫ. 

3.5.2 ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʟʢʠʤ ʠʥʪʝʨʚʘʣʦʤ 

ʟʥʘʯʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ (ŭ18O = -3,9 ï -4,9,ă VPDB), ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ (ŭ13ʉ = -0,5 ï +0,2,ă VPDB) (ʈʠʩʫʥʦʢ 36). ɺ ʨʘʟʨʝʟʝ ʠʧʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʛ. ʉʫʚʣʫ-

ʂʘʷ (ʈʠʩʫʥʦʢ 36) ʢʦʣʝʙʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʥʝ ʧʨʝʚʳʰʘʶʪ 1ă, ʘ ʫʛʣʝʨʦʜʘ ʜʦ 

0,6ă, ʯʪʦ ʛʦʚʦʨʠʪ, ʚ ʮʝʣʦʤ, ʦʙ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʟʨʝʟʘ. ʆʜʥʘʢʦ ʦʪʤʝʯʘʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʡ 

ʩʢʘʯʦʢ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʚʳʜʝʣʝʥʥʳʭ ʩʣʦʚy 1-4. ɺ ʜʘʥʥʳʭ ʧʨʦʩʣʦʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʤʝʢʪʠʪ/ʠʣʣʠʪʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ ʟʘ ʩʯʝʪ 

ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʩʣʶʜ ʠ ʥʝʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ï ʩʤʝʢʪʠʪʘ.  
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ʈʠʩʫʥʦʢ 36. ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʠʧʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʨʘʟʨʝʟʘ ʛ. ʉʫʚʣʫ-ʂʘ ̫(ʃʳʛʠʥʘ ɽ.ɸ., ..ʂʨʘʩʥʦʚʘ ɽ.ɸ. ʠ ʜʨ., 2023a ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʛʣʠʥʘ, 2 ï ʛʣʠʥʠʩʪʳʡ ʤʝʨʛʝʣʴ, 3 ï ʤʝʨʛʝʣʴ, 4 ï ʛʣʠʥʠʩʪʳʡ 

ʠʟʚʝʩʪʥʷʢ, 5 ï ʠʟʚʝʩʪʥʷʢ, 6 ï ʧʠʨʠʪʦʚʳʝ ʢʦʥʢʨʝʮʠʠ, 7 ï ʥʫʤʤʫʣʠʪʳ, 8 ï ʜʚʫʩʪʚʦʨʢʠ, 9 

ï ʙʨʘʭʠʦʧʦʜʳ. ʂɹʌ ï ʟʦʥʘ ʢʨʫʧʥʳʭ ʙʝʥʪʦʩʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ. 
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ʇʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʮʝʩʩʘʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʧʝʨʝʨʳʚʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʣʠʙʦ ʙʳʪʴ ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢ ʵʧʠʟʦʜʘʤ ʥʘʯʘʣʘ ʪʨʘʥʩʛʨʝʩʩʠʡ. 

ɻʨʘʥʠʮʘ ʩʣʦʚy 4 ʠ 5 ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʩʢʘʯʢʘ ʧʦ ʠʟʦʪʦʧʥʳʤ 

ʤʘʨʢʝʨʘʤ, ʥʦ ʪʝʥʜʝʥʮʠʝʡ ʢ ʦʙʣʝʛʯʝʥʠʶ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʣʥyʦʩʪʠ ʙʘʩʩʝʡʥʘ. ʇʦ ʤʠʥʝʨʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʤʝʢʪʠʪʘ ʠ ʭʣʦʨʠʪʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʛʠʜʨʦʩʣʶʜ, ʯʪʦ ʪʘʢ 

ʞʝ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʤʝʣʝʥʠʝ ʙʘʩʩʝʡʥʘ. ɺ ʩʣʦʷʭ 2, 3 ʠ 4 ʚ ʠʥʪʝʨʚʘʣʘʭ ʄʌʊ 4 ʠ ʄʌʊ5, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʨʘʢʦʚʠʥ, ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʩʢʘʯʦʢ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ŭ18ʆ, ʟʘ ʩʯʪy ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʙʝʥʪʦʩʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ, ʯʣʝʥʠʢʦʚ ʢʨʠʥʦʠʜʝʡ, ʜʚʫʩʪʚʦʨʦʢ, ʨʝʜʢʠʭ ʦʩʪʨʘʢʦʜ (ʃʳʛʠʥʘ ɽ.ɸ. 

ʠ ʜʨ., 2023a).  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʙʦʣʴʰʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʢʠʩʣʦʨʦʜʘ ʠʟ-ʟʘ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʮʝʥʢʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʜʝʪʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷʤʠ 

(Evans D. et al., 2018). ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠ 

ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʟʦʥʘʭ ʚ ʵʦʮʝʥʝ ʚ ʧʨʝʜʝʣʘʭ 

30-36 ʦʉ (ʈʠʩʫʥʦʢ  37).  

 

ʈʠʩʫʥʦʢ  37. ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʟʦʥʘʭ ʚ ʵʦʮʝʥʝ ʧʦ 

(Evans D. et al., 2018). ʉʝʨʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʦʪʤʝʯʝʥʘ ʦʙʣʘʩʪʴ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ. 

ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ: ȹ47 ï ʩʦʦʪʥʦʰʝʥʠʝ 
13C-18O ʚ ʢʘʨʙʦʥʘʪʝ, Mg/Ca ï ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʢʘʨʙʦʥʘʪʝ ʠ TEX86 - ʜʘʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʘʣʝʦʪʝʨʤʦʤʝʪʨʘ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʤʙʨʘʥʥʳʭ ʣʠʧʠʜʦʚ ʘʨʭʝʡ.  
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ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʦʮʝʥʢʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ 31 ʉ (28-33 ʉ). ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʦʣʝʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʛ. ʉʫʚʣʫ-ʂʘʷ ʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 25,4-27,2ă. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʟʚʦʣʠʣʠ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʦʛʨʘʥʠʯʥʳʭ ʥʠʞʥʝ-ʚʝʨʭʥʝʠʧʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ʛ. ʉʫʚʣʫ-

ʂʘʷ. ɹʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʦʮʝʥʢʠ ʥʘʣʠʯʠʷ ʪʨʭy 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ ʵʪʘʧʦʚ ʠ ʨʝʛʨʝʩʩʠʚʥʦʛʦ, ʚʝʥʯʘʶʱʠʡ ʨʘʟʨʝʟ ʚ ʧʦʟʜʥʝʤ ʠʧʨʝ. ʀʟʦʪʦʧʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʦʙʱʠʡ ʧʦʚʳʰʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʦʥ ʚ 

ʭʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʦʮʝʥʦʚʦʡ ʥʫʤʤʫʣʠʪʦʚʦʡ ʙʘʥʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʟʦʥʘʭ ʚ ʵʦʮʝʥʝ. 

 

ɺr ʚʦʜʳ ʢ ɻʣʘʚʝ 3 

ɻʣʘʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʥyʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ̫ʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ: 

1. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʦʙʱʠʡ ʧʦʚʳʰʝʥʥʳʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʦʥ ʚ ʭʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʦʮʝʥʦʚʦʡ ʥʫʤʤʫʣʠʪʦʚʦʡ ʙʘʥʢʠ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ 

ʦʮʝʥʢʠ ʥʘʣʠʯʠʷ ʪʨʭy ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ ʵʪʘʧʦʚ ʠ ʨʝʛʨʝʩʩʠʚʥʦʛʦ, ʚʝʥʯʘʶʱʝʛʦ ʨʘʟʨʝʟ ʚ 

ʧʦʟʜʥʝʤ ʠʧʨʝ ʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʛ. ʉʫʚʣʫ-ʂʘʷ. 

2. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ, ʈʌɸ, ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠ 

ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʨʘʟʨʝʟʝ ʛ. ɸʢ-ʂʘʷ ʙʳʣ ʫʪʦʯʥʥy ʚʦʟʨʘʩʪ 

ʥʘʢʦʧʣʝʥʠʷ ʙʘʟʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʵʦʮʝʥʘ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʠʥʭʨʦʥʥʦʝ ʧʨʦʷʚʣʝʥʠʝ 

ʧʘʣʝʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʩ ʝʛʦ ʥʘʢʦʧʣʝʥʠʝʤ. 

3. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʛʨʘʥʠʯʥʳʭ ʩʝʥʦʤʘʥ-ʪʫʨʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʨʘʟʨʝʟʘ ʫ ʨ. ɹʠʶʢ-ʂʘʨʘʩʫ (ʎʝʥʪʨʘʣʴʥʳʡ ʂʨʳʤ) ʧʦʟʚʦʣʠʣʠ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʦʷʚʣʝʥʠʝ ʚ 

ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ ʛʣʦʙʘʣʴʥʦʛʦ ʘʥʦʢʩʠʡʥʦʛʦ ʩʦʙʳʪʠ ̫OAE-2.  

4. ʅʘ ʦʩʥʦʚʝ ʢʦʣʝʙʘʥʠʡ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʫʜʘʣʦʩʴ ʧʦʜʪʚʝʨʜʠʪʴ ʛʨʘʥʠʮʫ 

ʪʫʨʦʥʩʢʦʛʦ ʠ ʢʦʥʴʷʢʩʢʦʛʦ ʷʨʫʩʦʚ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʪʫʨʦʥʘ ʠ ʩʦʧʦʩʪʘʚʠʚ ʩ ʨʷʜʦʤ 
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ʠʟʦʪʦʧʥʳʭ ʩʦʙʳʪʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʘʟʨʝʟʘʭ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʦʟʨʘʩʪʘ.  

5. ɸʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ ʚʝʨʭʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʨ. ʄʘʣʦʡ ʏʫʠ ʧʦʟʚʦʣʠʣ 

ʧʦʜʪʚʝʨʜʠʪʴ ʠ ʫʪʦʯʥʠʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ŭ13ʉ SPICE ʠ TOCE ʚ ʨʘʟʨʝʟʝ 

ʚʝʨʭʦʣʝʥʩʢʦʡ ʩʚʠʪʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʪʦʨʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ. ʕʢʩʢʫʨʩʳ 

ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʦʷʚʣʝʥʠʷʤ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ: ʚ ʚʝʨʭʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ 

ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ð ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʘʥʦʤʘʣʠʷʤ SPICE ʠ TOCE; ʚ ʩʝʥʦʤʘʥïʪʫʨʦʥʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʂʨʳʤʘ ð ʦʢʝʘʥʠʯʝʩʢʦʤʫ ʘʥʦʢʩʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ OAE 2; ʚ ʧʦʛʨʘʥʠʯʥʳʭ 

ʪʫʨʦʥïʢʦʥʴʷʢʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʉʝʚʝʨʦ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ ð ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ 

ʧʦʭʦʣʦʜʘʥʠʷʤ; ʚ ʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʂʨʳʤʘ ð ʧʦʚʳʰʝʥʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʬʦʥʫ 

ʧʝʨʠʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʫʤʤʫʣʠʪʦʚʦʡ ʙʘʥʢʠ. 
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ɻʃɸɺɸ 4. ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʀɿʄɽʅɽʅʀʗ ʀɿʆʊʆʇʅʆɻʆ 

ʉʆʉʊɸɺɸ ʋɻʃɽʈʆɼɸ ɹʀʊʋʄʆʀɼʆɺ ʂɸʂ ʀʅɼʀʂɸʊʆʈɸ ʋʉʃʆɺʀʁ 

ʆʉɸɼʂʆʅɸʂʆʇʃɽʅʀʗ4 

ɼʣʷ ʨʘʟʜʝʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʦʛʥʦʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʧʦʣʦʞʝʥʠʝ ʦʯʘʛʘ ʥʝʬʪʝʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʥʦ ʠ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʟʘʭʦʨʦʥʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʟʦʪʦʧʥʦ-ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʙʠʪʫʤʦʠʜʦʚ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʠʥʜʠʢʘʪʦʨʦʤ 

ʫʩʣʦʚʠʡ ʟʘʭʦʨʦʥʝʥʠʷ, ʦʪʨʘʞʘʷ ʠʟʤʝʥʝʥʠʷ ʛʝʥʝʟʠʩʘ, ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʘʚʪʦʭʪʦʥʥʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʴ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ ʦʪʣʦʞʝʥʠʡ 

ʠ ʦʧʨʝʜʝʣʷʪʴ ʩʭʦʜʩʪʚʦ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʧʝʨʠʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʚʳʷʚʠʪʴ ʧʦʜʦʙʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʣʷ 

ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʠ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʝʜʝʣʘʭ ʝʜʠʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

 

 
4 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʘʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ 

ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ:   

1. ʂʨʘʩʥʦʚʘ ɽ. ɸ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʭʘʜʫʤʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʇʨʝʜʢʘʚʢʘʟʩʢʦʛʦ ʨʝʛʠʦʥʘ / ɽ. ɸ. ʂʨʘʩʥʦʚʘ, ɸ. ɺ. ʉʪʫʧʘʢʦʚʘ, ɸ. ʅ. ʉʪʘʬʝʝʚ, ʅ. ʇ. ʌʘʜʝʝʚʘ, 

ʅ. ʐ. ʗʥʜʘʨʙʠʝʚ, ɸ. ɸ. ʉʫʩʣʦʚʘ, ʗ. ɸ. ʐʠʪʦʚʘ // ɻʝʦʨʝʩʫʨʩʳ. ï 2021. ï ʊ. 23. ï ̄  2. ï ʉ. 99-109. 

doi:10.18599/grs.2021.2.9 (0,8 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 60%). ʀʤʧʘʢʪ ʬʘʢʪʦʨ JIF: 0,5 

2. ʂʨʘʩʥʦʚʘ ɽ. ɸ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ / ɽ. ɸ. ʂʨʘʩʥʦʚʘ, ɸ. ɺ. ʉʪʫʧʘʢʦʚʘ, ɸ. ʇ. 

ɿʘʚʴʷʣʦʚʘ, ʈ. ʉ. ʉʘʫʪʢʠʥ, ɸ. ɸ. ʉʫʩʣʦʚʘ, ʊ. ʆ. ʂʦʣʝʩʥʠʢʦʚʘ // ɻʝʦʨʝʩʫʨʩʳ. ï 2025. ï ʊ. 27. ï ̄ 2. ï ʉ. 

64-73. doi: 10.18599/grs.2025.2.6 (0,9 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 60%). ʀʤʧʘʢʪ ʬʘʢʪʦʨ JIF: 0,5 

3. ʉʪʘʬʝʝʚ ɸ. ʅ. ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʭʘʜʫʤʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 

(ʥʠʞʥʠʡ ʦʣʠʛʦʮʝʥ) ʇʨʝʜʢʘʚʢʘʟʴʷ. / ɸ. ʅ. ʉʪʘʬʝʝʚ, ɸ. ɺ. ʉʪʫʧʘʢʦʚʘ, ɽ. ɸ. ʂʨʘʩʥʦʚʘ, ɸ. ɸ. ʉʫʩʣʦʚʘ, 

ʈ. ʉ. ʉʘʫʪʢʠʥ, ʗ. ɸ. ʐʠʪʦʚʘ, ʄ. ɽ. ɺʦʨʦʥʠʥ // ɻʝʦʨʝʩʫʨʩʳ. ï 2023. ï ʊ. 24. ï ̄  2. ï ʉ. 89-104. 

doi:10.18599/grs.2023.2.7 (1,4 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 35%). ʀʤʧʘʢʪ ʬʘʢʪʦʨ JIF: 0,5 

4. ʉʫʩʣʦʚʘ ɸ. ɸ. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ɹʘʨʝʥʮʝʚʦ-ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ ʬʘʥʝʨʦʟʦʝ ʜʣʷ ʦʮʝʥʢʠ 

ʧʝʨʩʧʝʢʪʠʚ / ɸ. ɸ. ʉʫʩʣʦʚʘ, ɸ. ɺ. ʄʦʨʜʘʩʦʚʘ, ʈ. ʄ. ɻʠʣʘʝʚ, ɽ. ɸ. ʂʨʘʩʥʦʚʘ, ʈ. ʉ. ʉʘʫʪʢʠʥ, ʅ. ʀ. 

ʂʦʨʦʙʦʚʘ, ʅ. ʉ. ʐʝʚʯʫʢ, ɸ. ʉ. ɸʛʘʷʥ, ɸ. ɺ. ʉʪʫʧʘʢʦʚʘ, ʄ. ɸ. ɹʦʣʴʰʘʢʦʚʘ, ʊ. ʆ. ʂʦʣʝʩʥʠʢʦʚʘ // 

ɻʝʦʨʝʩʫʨʩʳ. ï 2025. ï ʊ. 27. ï ̄  2. ï ʉ. 74-92. (1,1 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 25%). ʀʤʧʘʢʪ ʬʘʢʪʦʨ JIF: 

0,5 
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4.1 ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʨʦʜ 

ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʨʦʜʘʭ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʨʷʜʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ (ɹʨʘʜʫʯʘʥ ʖ.ɺ. ʠ ʜʨ., 1986; ɻʫʨʘʨʠ ʌ.ɻ. 

ʠ ʜʨ., 1988; ɿʘʭʘʨʦʚ ɺ.ɸ., 2006; ʂʦʥʪʦʨʦʚʠʯ ɸ.ʕ., 1976; ʂʦʥʪʦʨʦʚʠʯ ɸ.ʕ. ʠ ʜʨ., 1974). 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʤy ʧʨʦʚʝʜʥyʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʶʨʩʢʦ-ʤʝʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ɻʦʥʯʘʨʦʚ ʀ.ɺ. ʠ ʜʨ., 2012, 2010, 2023; ɻʨʠʛʦʨʴʝʚ ʅ.ʂ. ʠ ʜʨ., 1971; 

ʌʫʨʩʝʥʢʦ ɽ.ɸ. ʠ ʜʨ., 2021 ʠ ʜʨʫʛʠʝ), ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʚʳʩʦʢʦʪʦʯʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʩʪʘʚʣʷʝʪ ʚʦʧʨʦʩ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʘʢʪʫʘʣʴʥʳʤ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʢʨʫʧʥʳʭ 

ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʷʚʣʷʶʪʩʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʬʦʨʤʠʨʫʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʭ ʪʦʣʱ.  

ɺ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʘʚʪʦʭʪʦʥʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʙʘʩʩʝʡʥʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩ 

ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʝʜʝʣʘʭ ʝʜʠʥʦʛʦ 

ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ.  

4.1.1 ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʘ ʢʦʣʣʝʢʮʠʷ ʠʟ ʙʦʣʝʝ 400 ʦʙʨʘʟʮʦʚ ʢʝʨʥʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʝ ʠ ʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʩʝʚʝʨʘ ʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʈʠʩʫʥʦʢ 38). ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʵʢʩʪʨʘʢʮʠʷ 

ʙʠʪʫʤʦʠʜʘ ʠʟ ʧʦʨʦʜʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʙʠʪʫʤʦʠʜʦʚ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ï 

ʤʘʩʣʘ, ʩʤʦʣʳ, ʘʩʬʘʣʴʪʝʥʳ, ʚʳʜʝʣʝʥʠʝʤ ʤʝʪʘʥʦʚʦ-ʥʘʬʪʝʥʦʚʦʡ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʡ. ɺ 

ʠʪʦʛʦʚʦʡ ʚʳʙʦʨʢʝ ʧʦʩʣʝ ʧʨʦʚʝʜʥyʥʦʡ ʦʪʙʨʘʢʦʚʢʠ (ʨʘʟʜʝʣ 2.2) ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 220 

ʦʙʨʘʟʮʦʚ ʙʠʪʫʤʦʠʜʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʘʚʪʦʭʪʦʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. ʈʘʡʦʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʛʦ ʩʚʦʜʘ, 

ʉʫʨʛʫʪʩʢʦʛʦ ʩʚʦʜʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʚ ʧʨʝʜʝʣʘʭ ʋʨʝʥʛʦʡʩʢʦʛʦ ʠ 

ʗʤʙʫʨʛʩʢʦʛʦ ʚʘʣʦʚ, ʚ ʧʨʝʜʝʣʘʭ ɻʳʜʘʥʩʢʦʡ ʟʦʥʳ ʧʦʜʥʷʪʠʡ ʩʝʚʝʨʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 
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ʈʠʩʫʥʦʢ 38. ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʅɻʄʊ ʜʣʷ ʪʨʠʘʩʦʚʦ-ʁ ʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(ʉʪʫʧʘʢʦʚʘ ɸ.ɺ., ..ʂʨʘʩʥʦʚʘ ɽ.ɸ. ʠ ʜʨ., 2024). ʅʘ ʩʭʝʤʝ ʪʦʯʢʘʤʠ ʥʘʥʝʩʝʥʦ ʧʦʣʦʞʝʥʠʝ 

ʩʢʚʘʞʠʥ ʦʙʨʘʟʮʦʚ ʠʟʫʯʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ.  

ʆʪʙʦʨ ʠ ʧʨʠʚʷʟʢʘ ʦʙʨʘʟʮʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʫʯʪyʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʠ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʶʨʩʢʠʭ ʪʦʣʱ, ʦʧʠʩʘʥʥʳʭ 

ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ ʛʝʦʣʦʛʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʦʧʨʦʩʘʤʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ɼʣʷ 

ʧʨʠʚʷʟʢʠ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʨʝʟʳ ʩʢʚʘʞʠʥ ʠ ʩʚʦʜʥʳʝ ʨʘʟʨʝʟʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʣʠʩʴ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʥʘʫʯʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʚʪʦʨʦʤ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ 

ʥʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ ʄɻʋ. ʆʜʥʦʡ ʠʟ ʧʦʩʣʝʜʥʠʭ ʦʙʦʙʱʘʶʱʠʭ ʨʘʙʦʪ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʨʦʤ, ʷʚʣʷʝʪʩʷ ʠʟʜʘʥʥʳʡ ʚ 2024 ʛʦʜʫ ɸʪʣʘʩ çʇʘʣʝʦʙʘʩʩʝʡʥʳ. 
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ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴè (ʉʪʫʧʘʢʦʚʘ ɸ.ɺ. ʠ ʜʨ., 2024). ɺʩʝ ʢʘʨʪʳ, 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ, ʧʨʦʬʠʣʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ɸʪʣʘʩʝ ʜʣʷ ʶʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʪʣʦʞʝʥʠʡ, ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʚʳʙʦʨʫ ʧʦʣʠʛʦʥʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʦʩʴ, ʯʪʦʙʳ ʦʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʨʘʟʥʳʝ 

ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ, ʩ ʨʘʟʥʳʤ ʥʘʙʦʨʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʦʪʣʦʞʝʥʠʡ.  

ɺ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝ-

ʩʨʝʜʥʝʶʨʩʢʦʛʦ ʠ ʚʝʨʭʥʝʶʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ. ʉʦʚʤʝʩʪʥʦ ʩ ʦʙʨʘʟʮʘʤʠ ʥʠʞʥʝ-ʩʨʝʜʥʝʶʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʦʛʫʨʩʢʦʡ ʩʚʠʪʝ (ɻʦʥʯʘʨʦʚ ʀ.ɺ. ʠ ʜʨ., 2012), ʙʳʣʠ ʪʘʢʞʝ 

ʦʪʦʙʨʘʥʳ ʠ ʦʧʠʩʘʥʳ ʦʙʨʘʟʮʳ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʅʠʞʥʝʶʨʩʢʠʡ ʨʘʟʨʝʟ. ɺʝʨʭʥʝʪʨʠʘʩʦʚʳʝ ʠ ʥʠʞʥʝʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤʠ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʈʠʩʫʥʦʢ 39ɸ). 

ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ɽʥʠʩʝʡ-ʍʘʪʘʥʛʩʢʠʡ ʧʨʦʛʠʙ ʠʩʧʳʪʳʚʘʣʠ ʧʦʛʨʫʞʝʥʠʝ, ʠ 

ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʦʛʦ ʰʝʣʴʬʘ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʦʨʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʨʘʟʨʝʟʘʭ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʝʚʝʨʥʦʤ ʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʛʜʝ ʚ ɽʥʠʩʝʡ-ʍʘʪʘʥʛʩʢʦʤ ʙʘʩʩʝʡʥʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʛʣʠʥʠʩʪʳʝ ʠ ʘʣʝʚʨʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ. ʈʘʟʨʝʟ ʩʣʦʞʝʥ ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʠʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʰʝʨʢʘʣʠʥʩʢʦʡ, ʫʨʤʘʥʩʢʦʡ ʠ ʪʦʛʫʨʩʢʦʡ ʩʚʠʪ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʯʝʨʝʜʦʚʘʥʠʝʤ ʪʤyʥʳʭ ʛʣʠʥ, ʘʨʛʠʣʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ.  

ʉʨʝʜʥʝʶʨʩʢʠʡ ʨʘʟʨʝʟ. ʉʨʝʜʥʝʶʨʩʢʠʝ ʪʦʣʱʠ (ʪʶʤʝʥʩʢʘʷ ʩʚʠʪʘ) ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʙʘʩʩʝʡʥʘ ʩʣʦʞʝʥʳ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤʠ ʠ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʚ ʧʘʣʝʦʚʧʘʜʠʥʘʭ ʥʘ ʰʝʣʴʬʝ (ʈʠʩʫʥʦʢ 39, ɹ). ʂ ʢʦʥʮʫ 

ʩʨʝʜʥʝʶʨʩʢʦʛʦ ʚʨʝʤʝʥʠ ʧʦʩʪʝʧʝʥʥʦʝ ʫʛʣʫʙʣʝʥʠʝ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʠʚʝʣʦ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʣʠʥʠʩʪʳʭ ʨʘʟʥʦʩʪʝʡ ʚ ʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ, ʧʨʦʩʪʠʨʘʶʱʝʤʫʩʷ ʚʜʦʣʴ 

ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ʋʨʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ɹʘʡʦʩʩ-ʙʘʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʝʧʝʥʥʦʡ, ʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ, ʢʦʪʦʨʘʷ 

ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʢʝʣʣʦʚʝʝ. 

ɺʝʨʭʥʝʶʨʩʢʠʡ ʨʘʟʨʝʟ. ʆʙʩʪʘʥʦʚʢʠ ʤʝʣʢʦʚʦʜʥʦʛʦ ʰʝʣʴʬʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʚʠʛʘʶʪʩʷ 

ʥʘ ʶʛʦ-ʟʘʧʘʜ, ʛʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʛʣʠʥʠʩʪʳʝ ʠ ʘʣʝʚʨʦ-ʛʣʠʥʠʩʪʳʝ ʪʦʣʱʠ ʛʦʣʴʯʠʭʠʥʩʢʦʡ, 

ʘʙʘʣʘʢʩʢʦʡ, ʜʘʥʠʣʦʚʩʢʦʡ ʠ ʜʨ. ʩʚʠʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ, ʛʣʠʥʘʤʠ ʪʸʤʥʦ-ʩʝʨʳʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ 

ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʛʣʘʫʢʦʥʠʪʦʚʳʤʠ, ʙʫʨʦʚʘʪʦ-ʟʝʣʸʥʳʤʠ, ʘ ʪʘʢʞʝ ʘʣʝʚʨʦ-ʛʣʠʥʠʩʪʳʤʠ 

ʙʠʪʫʤʠʥʦʟʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʧʨʦʩʣʦʷʤʠ. ɺ ʧʦʟʜʥʝʶʨʩʢʦʝ ʚʨʝʤʷ 

ʪʨʘʥʩʛʨʝʩʩʠʷ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʜʦʩʪʠʛʣʘ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ. ʄʦʨʩʢʘʷ ʘʢʚʘʪʦʨʠʷ ʟʘʥʷʣʘ 

ʙʦʣʴʰʫ  ʁʯʘʩʪ ɹʙʘʩʩʝʡʥʘ (ʈʠʩʫʥʦʢ 39, ɺ).  
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