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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʂʠʤʙʝʨʣʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʱʝʣʦʯʥʳʝ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʤʘʟʦʥʦʩʥʳʭ ʩʠʩʪʝʤ. ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. 

ʉʤʝʣʦʚʘ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʭ ʪʝʣ ʗʢʫʪʩʢʦʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ, ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʚʘʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʶʛʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. ʂʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʘʥʘʣʠʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʘʧʠʢʘʣʴʥʳʭ ʯʘʩʪʝʡ ʪʨʫʙʦʢ, 

ʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʣ 

ʧʦʣʫʯʠʪʴ ʫʥʠʢʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʛʝʥʝʟʠʩʝ ʢʠʤʙʝʨʣʠʪʦʚ ɸʣʜʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. 

ʈʘʙʦʪʘ ʠʤʝʝʪ ʧʨʠʢʣʘʜʥʦʡ ʧʦʪʝʥʮʠʘʣ: ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʘʣʤʘʟʦʥʦʩʥʳʝ 

ʢʠʤʙʝʨʣʠʪ r ʚ ʥʝʜʦʦʮʝʥʸʥʥʳʭ ʨʘʡʦʥʘʭ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ɺ ʫʩʣʦʚʠʷʭ 

ʠʩʪʦʱʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʪʝʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʪʦʨʦʥʝ ʦʪ ʨʘʥʝʝ ʦʮʝʥʝʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʧʦʣʝʡ ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ (ʗʂʇ), ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʥʘʨʫʞʝʥʠʶ ʥʦʚʳʭ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʫʩʪʘʥʦʚʠʪʴ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʚʦʟʨʘʩʪ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʇʨʦʚʝʩʪʠ ʧʝʪʨʦʛʨʘʬʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ. 

2. ʆʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ. 
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3. ʆʧʨʝʜʝʣʠʪʴ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʧʦʨʦʜ, ʠʭ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʪʝʧʝʥ ɹʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʠ ʩʨʘʚʥʠʪʴ ʩ ʙʣʠʟʢʠʤʠ ʧʦ ʩʦʩʪʘʚʫ ʢʠʤʙʝʨʣʠʪʘʤʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ. 

4. ʆʧʨʝʜʝʣʠʪʴ ʚʦʟʨʘʩʪ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʠ ʝʛʦ 

ʧʦʟʠʮʠʶ ʚ ʠʩʪʦʨʠʠ ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

ɺʧʝʨʚʳʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʜʠʘʪʨʝʤʳ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. 

ʉʤʝʣʦʚʘ ʩʣʘʙʦ ʵʨʦʜʠʨʦʚʘʥʳ, ʘ ʩʪʨʦʝʥʠʝ ʠʭ ʘʧʠʢʘʣʴʥʳʭ ʯʘʩʪʝʡ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʦʮʝʩʩʘʤʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ. ʋʩʪʘʥʦʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʠʟʤʝʥʝʥʠʝ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʨʦʜ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ. 

ɺʧʝʨʚʳʝ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʚ ʪʨʫʙʢʝ ʄʘʥʯʘʨʳ, 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ rʨʝʜʢʠʝ ʮʠʨʢʦʥʠʝʚʳʝ ʤʠʥʝʨʘʣʳ ð ʛʨʘʥʘʪʳ ʢʠʤʮʝʠʪ ʠ ʢʝʨʠʤʘʩʠʪ, 

ʪʠʪʘʥʦʮʠʨʢʦʥʘʪ ʢʘʣʴʮʠʷ ʢʘʣʴʮʠʨʪʠʪ, ʘ ʪʘʢʞʝ ʨʝʜʢʠʡ ʛʠʧʝʨʛʝʥʥʳʡ ʤʘʛʥʝʟʠʣʴʥʦ -

ʞʝʣʝʟʠʩʪʳʡ ʚʦʜʥʳʡ ʢʘʨʙʦʥʘʪ ï ʢʦʘʣʠʥʛʠʪ. 

ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥ ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ 

ʄʘʥʯʘʨʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ 

ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʵʧʦʭʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. 

ʈʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ 

ʧʦʣʷ ʦʙʦʩʥʦʚʳʚʘʶʪ ʚʳʜʝʣʝʥʠʝ ɸʣʜʘʥʩʢʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ ʚ ʩʦʩʪʘʚʝ ʗʢʫʪʩʢʦʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ. 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʂʠʤʙʝʨʣʠʪʳ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʳʤʠ 

ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʵʢʩʧʣʦʟʠʚʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʥʘ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ. ʇʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʪʁ 
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ʤʠʥʠʤʘʣʴʥʫ  ʁ ʩʦʭʨʘʥʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʥʘ ʩʘʤʳʭ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʪʨʫʙʦʢ. 

2. ʂʠʤʙʝʨʣʠʪʳ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʫʯʘʩʪʠʠ 

BaïSrïFïCO2-ʦʙʦʛʘʱʸʥʥʦʛʦ ʬʣʶʠʜʘ, ʯʪʦ ʚʳʨʘʞʝʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʪʨʦʥʮʠʝʚʦʛʦ 

ʢʘʣʴʮʠʪʘ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʤʘʢʨʦʢʨʠʩʪʘʣʣʘʭ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʘ ʠ ʚ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʝ, ʙʘʨʠʝʚʦʛʦ ʬʣʦʛʦʧʠʪʘ ʠ ʩʪʨʦʥʮʠʝʚʦʛʦ ʬʪʦʨʘʧʘʪʠʪʘ ʠ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʵʪʠ 

ʧʦʨʦʜʳ ʢ ʢʘʣʴʮʠʪʦʚʳʤ ʢʠʤʙʝʨʣʠʪʘʤ. ɺ ʪʨʫʙʢʝ ʄʘʥʯʘʨʳ ʜʘʥʥʳʡ ʨʝʞʠʤ 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʣʦʢʘʣʴʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʣʘʚʘ ʮʠʨʢʦʥʠʝʤ ʚ SiO2-

ʜʝʬʠʮʠʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʨʝʜʢʠʭ ʮʠʨʢʦʥʠʝʚʳʭ ʬʘʟ ð ʢʝʨʠʤʘʩʠʪʘ, 

ʢʠʤʮʝʠʪʘ ʠ ʢʘʣʴʮʠʨʪʠʪʘ. 

3. ʈʘʥʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ (472 Ñ 1 ʤʣʥ 

ʣʝʪ), ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʤʝʪʦʜʦʤ U-Pb (ID-TIMS) ʜʘʪʠʨʦʚʘʥʠʷ ʧʝʨʦʚʩʢʠʪʘ, 

ʦʙʦʩʥʦʚʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʦʚʦʡ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʵʧʦʭʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ɸʣʜʘʥʩʢʫʶ 

ʩʫʙʧʨʦʚʠʥʮʠʶ ʚ ʩʦʩʪʘʚʝ ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺʳʷʚʣʝʥʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚ, ʚʢʣʶʯʘʷ 

ʥʘʣʠʯʠʝ ʮʠʨʢʦʥʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʦʜʯʸʨʢʠʚʘʶʪ ʫʥʠʢʘʣʴʥʦʩʪʴ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʧʦʨʦʜ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʦʛʘʱʝʥʠʝʤ ʨʘʩʧʣʘʚʘ ʪʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʢʘʢ Zr, Ba, Sr, F ʠ CO2. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʮʝʩʩʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʩʪʨʦʝʥʠʠ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʦʢ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʦʠʩʢʦʚʳʭ ʩʪʨʘʪʝʛʠʡ ʥʘ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʩ ʤʘʣʳʤ ʵʨʦʟʠʦʥʥʳʤ ʩʨʝʟʦʤ, ʛʜʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʠʥʝʨʘʣʳ-ʠʥʜʠʢʘʪʦʨʳ ʢʠʤʙʝʨʣʠʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʫʪʨʘʯʝʥʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʋʩʪʘʥʦʚʣʝʥʥʳʡ 

ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ (472 Ñ 1 ʤʣʥ ʣʝʪ) ʨʘʩʰʠʨʷʝʪ 
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ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʥʘ 

ʥʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʪʘʢ ʢʘʢ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʢʦʨʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʘ ʥʘ 

ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʥʝ ʤʦʣʦʞʝ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʯʝʪʘʭ ɸʂ 

çɸʃʈʆʉɸè ʠ ɸʆ çʗʢʫʪʩʢʛʝʦʣʦʛʠʷè. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʪʨʫʙʦʢ 

ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ, ʦʪʦʙʨʘʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʟ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʦʧʠʩʘʥʠʝ 

ʧʦʨʦʜ, ʤʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʦʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʩʠʣʠʢʘʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ, ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʠ U-Pb (ID-

TIMS) ʜʘʪʠʨʦʚʘʥʠʷ. ʇʦʜʨʦʙʥʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʪʦʜʦʣʦʛʠʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʧʨʠʚʝʜʝʥʘ ʚ ʛʣʘʚʝ 2. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ: 

ʄʘʪʝʨʠʘʣʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʠʜʝ 12 ʥʘʫʯʥʳʭ 

ʩʪʘʪʝʡ ʠ 18 ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʡ. 

1. ʉʤʝʣʦʚ ɸ.ʇ., ɹʝʣʦʫʩʦʚʘ ɽ.ɸ., ɿʘʡʮʝʚ ɸ.ʀ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ʇʘʚʣʫʰʠʥ ɸ.ɼ., 

ʆʧʘʨʠʥ ʅ.ɸ. ʇʝʨʚʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʠ ʚʦʟʨʘʩʪʝ ʧʦʛʨʝʙʸʥʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ 

ɸʣʜʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ): ʨʝʟʫʣʴʪʘʪʳ ʜʘʪʠʨʦʚʘʥʠʷ 

ʢʩʝʥʦʛʝʥʥʦʛʦ ʮʠʨʢʦʥʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ // ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ. 

2013. ˉ 5. ʉ. 68ï72. 

2. ɿʘʡʮʝʚ ɸ.ʀ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ʆʧʘʨʠʥ ʅ.ɸ., ɸʣʪʫʭʦʚʘ ɿ.ɸ., ɹʘʙʫʰʢʠʥʘ ʉ.ɸ. 

Rb-Sr ʠʟʦʪʦʧʥʘʷ ʛʝʦʭʠʤʠʷ ʠ ʚʦʟʨʘʩʪ ʢʠʤʙʝʨʣʠʪʦʚ ʘʥʦʤʘʣʠʠ THM-04-11 (ʍʦʤʧʫ-

ʄʘʡʩʢʦʝ ʧʦʣʝ, ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ) // ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ. ï 2014. ï ˉ 5. ï ʉ. 

64ï68. 
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3. Zayakina N.V., Oleinikov O.B., Vasileva T.I., Oparin N.A. Coalingite from 

kimberlite breccia of the Manchary pipe, Central Yakutia // Geology of ore deposits. 

2015. V. 57 (8). P. 732ï736. 

4. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɿʘʷʢʠʥʘ ʅ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ // ɸʨʢʪʠʢʘ XXI ʚʝʢ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2015. ˉ 1 (3). ʉ. 12ï20.  

5. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɹʘʙʫʰʢʠʥʘ ʉ.ɸ. ʌʣʦʛʦʧʠʪ ʠʟ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ 

ʠ ɸʧʨʝʣʴʩʢʘʷ (ʍʦʤʧʫ-ʄʘʡʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ, ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ) // 

ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ. 2017. ˉ 5. ʉ. 37ï44. 

6. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ. ʍʨʦʤʰʧʠʥʝʣʠʜʳ ʠʟ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ (ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ) // ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ. 2018. ˉ 5. 

ʉ. 35ï41. 

7. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ. ʄʘʢʨʦʢʨʠʩʪʘʣʣʳ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ (ʎʝʥʪʨʘʣʴʥʘʷ 

ʗʢʫʪʠʷ) // ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ. 2019. ˉ 6. ʉ. 43ï49. 

8. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɹʘʨʘʥʦʚ ʃ.ʅ. ɸʧʘʪʠʪ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ 

ʄʘʥʯʘʨʳ (ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ) // ʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ɸʨʢʪʠʢʠ ʠ ʉʫʙʘʨʢʪʠʢʠ. 

2020. ʊ. 25, ˉ 3. ʉ. 15ï26. 

9. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ. ʄʠʥʝʨʘʣʳ ʨʷʜʘ ʬʣʦʛʦʧʠʪ-ʢʠʥʦʩʠʪʘʣʠʪ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ (ʎʝʥʪʨʘʣʴʥʘʷ 

ʗʢʫʪʠʷ) // ʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ɸʨʢʪʠʢʠ ʠ ʉʫʙʘʨʢʪʠʢʠ. 2021. ʊ. 26, ˉ 4. ʉ. 29ï42. 

10. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʚʝʱʝʩʪʚʝʥʥʳʡ 

ʩʦʩʪʘʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ (ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ) // 

ʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ɸʨʢʪʠʢʠ ʠ ʉʫʙʘʨʢʪʠʢʠ. 2022. ʊ. 27, ˉ 4. ʉ. 486ï498. 

11. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ. ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʠʤ. 

ɸ.ʇ. ʉʤʝʣʦʚʘ (ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ) // ɻʝʦʩʬʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 2024. ˉ 3. ʉ. 31ï

41. 

12. ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ʉʪʠʬʝʝʚʘ ʄ.ɺ., ʆʧʘʨʠʥ ʅ.ɸ., ʂʦʪʦʚ ɸ.ɹ., ʉʘʣʴʥʠʢʦʚʘ ɽ.ɹ., 

ʆʱʝʧʢʦʚʘ ʄ.ɻ. U-Pb (ID-TIMS)-ʚʦʟʨʘʩʪ ʧʝʨʦʚʩʢʠʪʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ 
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ʄʘʥʯʘʨʳ (ʍʦʤʧʫ-ʄʘʡʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ, ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ) // ɼʦʢʣʘʜʳ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʅʘʫʢʠ ʦ ɿʝʤʣʝ. 2024. ʊ. 517, ˉ 2. ʉ. 203ï207. 

ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʡ: 

1. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɿʘʷʢʠʥʘ ʅ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ 

ʢʠʤʙʝʨʣʠʪʦʚ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ / ʦʪʚ. ʨʝʜ. ʃ.ʀ. ʇʦʣʫʬʫʥʪʠʢʦʚʘ. ʗʢʫʪʩʢ. 2014. ʉ. 341ï345. 

2. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ʇʦʧʦʚ ɺ.ʀ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ 

ʮʠʨʢʦʥʠʡʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-

ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ / ʦʪʚ. ʨʝʜ. ʃ.ʀ. ʇʦʣʫʬʫʥʪʠʢʦʚʘ. ʗʢʫʪʩʢ. 2016. ʉ. 247ï250. 

3. ʆʧʘʨʠʥ ʅ.ɸ., ʄʠʰʥʠʥ ɺ.ʄ., ɸʥʜʨʝʝʚ ɸ.ʇ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɹʘʙʫʰʢʠʥʘ ʉ.ɸ., 

ɿʘʷʢʠʥʘ ʅ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʪʨʫʙʦʢ ɼʘʙʘʥ ʠ 

ɸʧʨʝʣʴʩʢʘʷ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ 

ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ / 

ʦʪʚ. ʨʝʜ. ʃ.ʀ. ʇʦʣʫʬʫʥʪʠʢʦʚʘ. ʗʢʫʪʩʢ. 2016. ʉ. 251ï254. 

4. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɹʘʙʫʰʢʠʥʘ ʉ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ 

ʬʣʦʛʦʧʠʪʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʪʨʫʙʦʢ ʎʝʥʪʨʘʣʴʥʦʡ 

ʗʢʫʪʠʠ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: 

ʤʘʪʝʨʠʘʣʳ VII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʗʢʫʪʩʢ. 

2017. ʉ. 355ï359. 

5. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɹʘʙʫʰʢʠʥʘ ʉ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ 

ʬʣʦʛʦʧʠʪʘ ʤʝʛʘʢʨʠʩʪʘʣʣʦʚ ʠ ʢʩʝʥʦʣʠʪʦʚ ʩʣʶʜʠʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ 

ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ 

ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ VII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʗʢʫʪʩʢ. 2017. ʉ. 360ï365. 
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6. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ. ʄʘʢʨʦʢʨʠʩʪʘʣʣʳ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠʟ 
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ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ VIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʚ 2 ʪ. ʗʢʫʪʩʢ. 2018. ʉ. 224ï227. 

7. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ // ɻʝʦʣʦʛʠʷ ʠ 

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ VIII 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʚ 2 ʪ. ʗʢʫʪʩʢ. 2018. ʉ. 

228ï231. 

8. Oparin N.A., Oleynikov O.B. Barium phlogopite from kimberlite pipes of Central 

Yakutia // 18th International Multidisciplinary Scientific GeoConference SGEM 

2018: conference proceedings. Sophia. 2018. P. 19ï26. 

9. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ. ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʍʦʤʧʫ-

ʄʘʡʩʢʦʛʦ ʧʦʣʷ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ 

ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ IX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʚ 

2 ʪ. ʗʢʫʪʩʢ. 2019. ʉ. 149ï152. 

10. Oparin N.A., Oleynikov O.B. Chromospinellides from kimberlite pipes from the 

Central Yakutia // 19th International Multidisciplinary Scientific GeoConference 

SGEM 2019: conference proceedings. Sophia. 2019. ʉ. 83ï90. 

11. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɹʘʨʘʥʦʚ ʃ.ʅ. ɸʧʘʪʠʪ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ 

ʄʘʥʯʘʨʳ (ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ) // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ X ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ. ʗʢʫʪʩʢ. 2020. ʉ. 373ï377. 

12. Oparin N.A., Oleynikov O.B. Picroilmenite from kimberlite pipes of Central 

Yakutia // IOP Conference Series: Earth and Environmental Science: conference 

proceedings. 2020. P. 012028. 

13. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ʇʦʭʠʣʝʥʢʦ ʅ.ʇ., ʇʦʭʠʣʝʥʢʦ ʃ.ʅ., ʆʱʝʧʢʦʚʘ 

ʄ.ɻ., ɹʝʢʨʝʥʝʚ ʂ.ɸ., ɸʥʜʨʝʝʚ ɸ.ʇ. ʂʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ // 

ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: 
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ʤʘʪʝʨʠʘʣʳ XI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʗʢʫʪʩʢ. 

2021. ʉ. 311ï315. 

14. Oparin N.A., Oleynikov O.B. Groundmass chromospinellides from kimberlites of 

Khompu-May kimberlite field // IOP Conference Series: Earth and Environmental 

Science: conference proceedings. 2021. P. 012108. 

15. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɹʝʢʨʝʥʝʚ ʂ.ɸ., ɸʥʜʨʝʝʚ ɸ.ʇ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʠ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʎʝʥʪʨʘʣʴʥʦʡ 

ʗʢʫʪʠʠ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: 

ʤʘʪʝʨʠʘʣʳ XII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱ. 

65-ʣʝʪʠʶ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ. 

ʗʢʫʪʩʢ. 2022. ʉ. 333ï338. 

16. ʆʧʘʨʠʥ ʅ.ɸ., ʄʫʭʘʤʝʜʴʷʨʦʚ ʄ.ɻ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ʂʦʨʥʠʣʦʚʘ ɺ.ʇ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ 

ʄʦʣʦʜʠʥʩʢʦʛʦ ʧʦʣʷ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-

ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʤʘʪʝʨʠʘʣʳ XIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, ʧʦʩʚʷʱ. 30-ʣʝʪʠʶ ɸʢʘʜʝʤʠʠ ʥʘʫʢ 

ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʠ 40-ʣʝʪʠʶ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʉɺʌʋ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ. ʗʢʫʪʩʢ. 2023. ʉ. 190ï195. 

17. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ. ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ ʢʠʤʙʝʨʣʠʪʦʚ 

ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ (ʎʝʥʪʨʘʣʴʥʘʷ ʗʢʫʪʠʷ) // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-

ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ 2024: ʤʘʪʝʨʠʘʣʳ XIV 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱ. 300-ʣʝʪʠʶ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʠ 100-ʣʝʪʠʶ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ). ʅʦʚʦʩʠʙʠʨʩʢ, 2024. ʉ. 181ï186. 

18. ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ʂʦʨʩʘʢʦʚ ɸ.ɺ. ʎʠʨʢʦʥʠʝʚʳʝ ʛʨʘʥʘʪʳ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ (ʍʦʤʧʫ-ʄʘʡʩʢʦʝ ʧʦʣʝ) // ɻʝʦʣʦʛʠʷ ʠ 

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ 2025: ʤʘʪʝʨʠʘʣʳ XV 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʗʢʫʪʩʢ. 2025. ʉ. 181ï

186. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʫʩʪʥʳʭ ʜʦʢʣʘʜʦʚ ʥʘ 11 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ: 

- ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ. IV ï 

XV ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ (ʀɻɸɹʄ 

ʉʆ ʈɸʅ, ʗʢʫʪʩʢ, ʩ 2014 ʧʦ 2026 ʛʛ.) 

- XVII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ 

ʠ ʧʣʶʤʳè (ʀɻʍ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 2024) 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʚʠʯʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ ʜʣʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ, ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʢʠʤʙʝʨʣʠʪʦʚ, ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ; ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ  

ɼʠʩʩʝʨʪʘʮʠʷ ʦʙʲʝʤʦʤ 277 ʩʪʨʘʥʠʮ ʩʦʩʪʦʠʪ ʠʟ ʪʠʪʫʣʴʥʦʛʦ ʣʠʩʪʘ, ʦʛʣʘʚʣʝʥʠʷ, 

ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ 238 

ʥʘʠʤʝʥʦʚʘʥʠʡ. ɺ ʨʘʙʦʪʝ ʩʦʜʝʨʞʠʪʩʷ 67 ʨʠʩʫʥʢʦʚ, 6 ʪʘʙʣʠʮ ʠ 27 ʧʨʠʣʦʞʝʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ: 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ, ʢ.ʛ.-ʤ.ʥ. ʆʣʝʡʥʠʢʦʚʫ ʆʣʝʛʫ ɹʦʨʠʩʦʚʠʯʫ (ʀɻɸɹʄ ʉʆ ʈɸʅ), ʟʘ 

ʮʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʆʩʦʙʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʢ.ʛ.-ʤ.ʥ. ʉʪʠʬʝʝʚʦʡ ʄʘʨʠʠ ɺʣʘʜʠʤʠʨʦʚʥʝ (ʀɻɻɼ ʈɸʅ) ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʟʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʦʚʝʪʳ ʧʦ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʤʠʥʝʨʘʣʦʚ ʩʫʧʝʨʛʨʫʧʧʳ ʛʨʘʥʘʪʘ. 

ɸʚʪʦʨ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʝʥ ʜ.ʛ.-ʤ.ʥ. ʂʦʨʩʘʢʦʚʫ ɸʥʜʨʝʶ ɺʠʢʪʦʨʦʚʠʯʫ (ʀɻʄ ʉʆ 

ʈɸʅ) ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʂʈ- ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢ.ʛ.-ʤ.ʥ. ɸʥʪʦʥʫ ɼʤʠʪʨʠʝʚʠʯʫ 
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ʇʘʚʣʫʰʠʥʫ (ʀɻɸɹʄ ʉʆ ʈɸʅ) ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʣʠ ʫʛʣʫʙʠʪʴ ʧʦʥʠʤʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʤʳ. 

ʆʪʜʝʣʴʥʘʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʛʣʘʚʥʦʤʫ ʛʝʦʬʠʟʠʢʫ ɸʆ 

"ʗʢʫʪʩʢʛʝʦʣʦʛʠʷ" ɹʝʢʨʝʥʝʚʫ ʂʦʥʩʪʘʥʪʠʥʫ ɸʣʝʢʩʝʝʚʠʯʫ ʟʘ ʧʣʦʜʦʪʚʦʨʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʧʦʜʜʝʨʞʢʫ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʢ.ʛ.-ʤ.ʥ. ʂʦʨʦʣʝʚʦʡ ʆʣʴʛʝ 

ɺʘʣʝʨʴʝʚʥʝ (ʀɻɸɹʄ ʉʆ ʈɸʅ) ʟʘ ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ ʠ ʚʥʠʤʘʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ 

ʜʝʪʘʣʷʤ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ. 

ɸʚʪʦʨ ʛʣʫʙʦʢʦ ʙʣʘʛʦʜʘʨʝʥ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʣʦʛʠʠ ʠ ʧʝʪʨʦʣʦʛʠʠ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ ʀɻɸɹʄ ʉʆ ʈɸʅ ɹʠʣʣʝʨ ɸʥʘʩʪʘʩʠʠ ʗʢʦʚʣʝʚʥʝ, 

ʅʦʚʛʦʨʦʜʦʚʫ ɸʥʘʪʦʣʠʶ ʅʠʢʦʣʘʝʚʠʯʫ ʠ ʇʦʪʘʧʦʚʦʡ ɺʠʢʪʦʨʠʠ ɺʣʘʜʠʤʠʨʦʚʥʝ ʟʘ 

ʧʦʤʦʱʴ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʜʘʢʮʠʠ ʪʝʢʩʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʢʘʤʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʢʦʣʣʝʢʪʠʚʫ ʆʪʜʝʣʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

ʀɻɸɹʄ ʉʆ ʈɸʅ ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʩʚʦʝʡ ʩʝʤʴʝ ʟʘ ʥʝʠʟʤʝʥʥʫʶ 

ʧʦʜʜʝʨʞʢʫ, ʧʦʥʠʤʘʥʠʝ ʠ ʪʝʨʧʝʥʠʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ ʥʘʜ 

ʜʠʩʩʝʨʪʘʮʠʝʡ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʀɿʋʏɽʅʅʆʉʊʀ ʍʆʄʇʋ-ʄɸʁʉʂʆɻʆ 

ʂʀʄɹɽʈʃʀʊʆɺʆɻʆ ʇʆʃʗ 

1.1. ʀʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʠ ʩʦʩʪʦʷʥʠʝ ʠʟʫʯʝʥʥʦʩʪʠ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ 

ʍʦʤʧʫ-ʄʘʡʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ʗʢʫʪʠʠ, ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʚʦʩʝʤʴ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ: ʄʘʥʯʘʨʳ, ʠʤ. ɸ.ʇ. 

ʉʤʝʣʦʚʘ, ɼʘʙʘʥ, ɸʧʨʝʣʴʩʢʘʷ, ʊʫʨʘʭʩʢʘʷ, ʠʤ. ɸʨʪʝʤʦʚʘ, ʕʨʵʣ ʠ ɸʪʳʨʜʘʭ. ɼʘʥʥʳʡ 

ʨʝʛʠʦʥ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʦʙʣʝʥ ʦʪ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ 

ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ (ʗʂʇ), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʣʤʘʟʦʥʦʩʥʳʭ 

(ʥʘʧʨʠʤʝʨ, ʄʠʨʥʠʥʩʢʦʝ ɼʘʣʜʳʥʩʢʦʝ, ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʝ, ʅʘʢʳʥʩʢʦʝ ʠ ɺʝʨʭʥʝ-

ʄʫʥʩʢʦʝ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʩʝʛʤʝʥʪ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʆʪʢʨʳʪʠʝ ʧʦʣʷ ʚ ʥʘʯʘʣʝ XXI 

ʚʝʢʘ ʩʪʘʣʦ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʚʠʪʠʠ ʘʣʤʘʟʥʦʡ ʛʝʦʣʦʛʠʠ ʗʢʫʪʠʠ, ʧʦʜʪʚʝʨʜʠʚ 

ʧʦʪʝʥʮʠʘʣ ɸʣʜʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʢʘʢ ʦʙʣʘʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ʗʢʫʪʠʠ ʤʘʛʥʠʪʦ- ʠ ʛʨʘʚʠʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʘʥʦʤʘʣʠʠ çʪʨʫʙʦʯʥʦʛʦ 

ʪʠʧʘè, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʝ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʦʙʲʝʢʪʳ 

(ʇʨʦʪʦʧʦʧʦʚ, 1993). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʭʦʪʷ ʠ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʟʘʚʝʨʢʦʡ ʘʥʦʤʘʣʠʡ, 

ʟʘʣʦʞʠʣʠ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʨʝʛʠʦʥʝ. 

ʇʦʠʩʢʠ ʢʠʤʙʝʨʣʠʪʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʗʢʫʪʠʠ ʙʳʣʠ ʘʢʪʠʚʠʟʠʨʦʚʘʥʳ ʥʘʯʠʥʘʷ 

ʩ 2000 ʛ., ʢʦʛʜʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʣʣʶʚʠʠ ʨʝʢ ʂʝʥʢʝʤʝ ʠ ʏʘʢʳʷ (ʙʘʩʩʝʡʥ ʨ. ʃʝʥʘ) 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʭʨʦʤʠʩʪʳʝ ʧʠʨʦʧʳ, ʘ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʄʝʥʜʘ - ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʝ 

ʰʧʠʥʝʣʠʜʳ ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʇʦʜʲʷʯʝʚ ʠ ʜʨ., 2003; ʀʟʙʝʢʦʚ ʠ ʜʨ., 2006; 

ɸʬʘʥʘʩʴʝʚ ʠ ʜʨ., 2007; ʆʢʨʫʛʠʥ ʠ ʜʨ., 2007). ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʘʣʠ ʥʘ ʚʝʨʦʷʪʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ. 

ʅʘ ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ 2005 

ʛ. ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʧʨʦʛʥʦʟ ʦ ʧʨʦʷʚʣʝʥʠʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʨʘʡʦʥʝ 

ʙʫʜʫʱʝʛʦ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ. ɼʘʥʥʳʡ ʧʨʦʛʥʦʟ, ʧʦʜʢʨʝʧʣʸʥʥʳʡ ʘʥʘʣʠʟʦʤ 
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ʤʠʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʢʠʤʙʝʨʣʠʪʦʚ, ʩʪʘʣ ʦʩʥʦʚʦʡ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʧʦʠʩʢʦʚʳʤ 

ʨʘʙʦʪʘʤ (ʄʠʰʥʠʥ, ɻʨʠʥʝʥʢʦ, 2005). 

ɺ ʧʝʨʠʦʜ ʩ 2006 ʧʦ 2008 ʛʛ. ʩʠʣʘʤʠ ɻʋɻɻʇ ʈʉ(ʗ) çʗʢʫʪʩʢʛʝʦʣʦʛʠʷè ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɹʝʢʨʝʥʝʚʘ ʂ.ɸ. ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʘʵʨʦʤʘʛʥʠʪʥʘʷ ʩʲʝʤʢʘ ʤʘʩʰʪʘʙʘ 1:25 

000 (ɸʄʉ-25). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜ ʶʨʩʢʠʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ 15 ʘʥʦʤʘʣʠʡ ʪʨʫʙʦʯʥʦʛʦ ʪʠʧʘ. 

ɺ 2007 ʛ. ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨʝʢʠ ʃʝʥʘ, ʚ 100 ʢʤ ʶʞʥʝʝ ʗʢʫʪʩʢʘ, ʚ ʙʘʩʩʝʡʥʝ 

ʨʝʢʠ ʊʘʤʤʘ ʩ ʧʦʤʦʱʴʶ ʟʘʚʝʨʦʯʥʦʡ ʩʢʚʘʞʠʥʳ ʙʳʣʘ ʦʪʢʨʳʪʘ ʧʝʨʚʘʷ ʢʠʤʙʝʨʣʠʪʦʚʘʷ 

ʪʨʫʙʢʘ ʄʘʥʯʘʨʳ, ʯʪʦ ʩʪʘʣʦ ʥʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʠʟʫʯʝʥʠʷ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʩʦʪʨʫʜʥʠʢʘʤʠ çʗʢʫʪʩʢʛʝʦʣʦʛʠʠè 

ʧʨʦʜʦʣʞʠʣʦʩʴ ʚ ʧʝʨʠʦʜ ʩ 2007 ʧʦ 2008 ʛʛ. ɼʣʷ ʦʮʝʥʢʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʀɻɸɹʄ ʉʆ ʈɸʅ ʙʳʣʦ ʦʙʦʛʘʱʝʥʦ ʦʢʦʣʦ 250 ʢʛ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʧʦʨʦʜ, ʦʜʥʘʢʦ ʘʣʤʘʟʳ ʚ ʧʨʦʙʘʭ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʥʘʭʦʜʦʢ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʥʘʢʦʧʣʝʥʠʶ ʟʥʘʥʠʡ 

ʦ ʩʦʩʪʘʚʝ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ (ʉʤʝʣʦʚ ʠ ʜʨ., 2010). 

Rb-Sr ʠʟʦʪʦʧʥʳʡ ʤʝʪʦʜ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʟʨʘʩʪ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʚ 358Ñ42 ʤʣʥ ʣʝʪ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʵʧʦʭʝ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʗʂʇ (ɿʘʡʮʝʚ ʠ ʜʨ., 2010). 

ʇʝʨʠʦʜ ʩ 2011 ʧʦ 2013 ʛʛ. ʩʚʷʟʘʥ ʩ ʨʘʙʦʪʘʤʠ ɹʦʪʫʦʙʠʥʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ɸʂ 

çɸʃʈʆʉɸè, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʦʮʝʥʢʫ ʢʦʨʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʍʦʤʧʫ-

ʄʘʡʩʢʦʛʦ ʧʦʣʷ. ɿʘʚʝʨʢʘ ʘʥʦʤʘʣʠʡ Thm-03-11, Thm-04-11 ʠ Thm-10-11 ʧʨʠʚʝʣʘ ʢ 

ʦʪʢʨʳʪʠʶ ʪʨʫʙʦʢ ʊʫʨʘʭʩʢʦʡ, ʠʤ. ɸʨʪʝʤʦʚʘ ʠ ʕʨʵʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ 

ʊʘʤʤʘ. ʆʙʦʛʘʱʝʥʠʝ ʧʨʦʙ ʠʟ ʵʪʠʭ ʯʝʪʳʨʝʭ ʪʝʣ ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ ʧʨʠ ʫʯʘʩʪʠʠ 

ʘʚʪʦʨʘ ʚ 2012ï2013 ʛʛ. ʚʳʷʚʠʣʦ ʚ ʪʨʫʙʢʝ ʄʘʥʯʘʨʳ ʦʙʣʦʤʦʢ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʚʝʩʦʤ 0,003 ʢʘʨʘʪʘ ʚ ʢʣʘʩʩʝ -0,5+0,25 ʤʤ (ʉʤʝʣʦʚ, 2012).  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʉʤʝʣʦʚ, 2009ʘ; ʉʤʝʣʦʚ ʠ ʜʨ., 2009ʙ; ɸʣʪʫʭʦʚʘ, 

2010ʘ; ɸʣʪʫʭʦʚʘ, 2010ʙ; ʉʤʝʣʦʚ ʠ ʜʨ., 2010; ɿʘʡʮʝʚ, 2010; ʄʠʰʥʠʥ ʠ ʜʨ., 2010ʘ; 
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ʄʠʰʥʠʥ ʠ ʜʨ., 2010ʙ; ʄʠʰʥʠʥ ʠ ʜʨ., 2011; ʉʤʝʣʦʚ ʠ ʜʨ., 2012ʘ; ʉʤʝʣʦʚ ʠ ʜʨ., 2013) 

ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʚʳʚʦʜʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʨʦʛʥʦʟʘ ʧʨʦʷʚʣʝʥʠʷ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʘ ʪʘʢʞʝ ʜʘʥʘ ʦʮʝʥʢʘ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ɸʣʜʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ʉʤʝʣʦʚ ʠ ʜʨ., 2012ʙ). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʢʪʦʥʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʝʝ ʬʫʥʜʘʤʝʥʪʘ ʥʝ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ ʦʪ ʪʘʢʦʚʦʛʦ ʗʢʫʪʩʢʦʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ, ʥʦ ʧʨʦʷʚʣʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʷʟʘʥʳ ʩ ʜʨʝʚʥʠʤʠ ʦʩʣʘʙʣʝʥʥʳʤʠ ʟʦʥʘʤʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʙʣʠʟʠ 

ʟʦʥ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ (70 % ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʦʢʦʣʦ 60 ʢʤ ʦʪ ʪʘʢʠʭ ʟʦʥ) (ʉʤʝʣʦʚ ʠ ʜʨ., 2012ʙ). ɸʣʤʘʟʦʥʦʩʥʳʡ ʣʠʪʦʩʬʝʨʥʳʡ ʢʠʣʴ 

ɸʣʜʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʩʫʱʝʩʪʚʦʚʘʣ ʩ ʧʝʨʠʦʜʘ 2 ʤʣʨʜ ʜʦ 170 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʜʨʝʚʥʝʝ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʉʤʝʣʦʚ ʠ ʜʨ., 2012ʙ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʩʝʥʦʛʝʥʥʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʪʨʫʙʢʠ 

ʄʘʥʯʘʨʳ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ ɸʣʘʜʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʨʦʜʘʤ 

ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʟʨʘʩʪʦʤ 2540Ñ34 ʤʣʥ ʣʝʪ (ʉʤʝʣʦʚ ʠ ʜʨ., 2013). 

ʇʨʦʜʦʣʞʝʥʠʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2015 ʛʛ. ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʛʝʦʣʦʛʘʤʠ çʗʢʫʪʩʢʛʝʦʣʦʛʠʠè, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʪʢʨʳʪʠʶ ʪʨʫʙʦʢ ɼʘʙʘʥ ʠ ɸʧʨʝʣʴʩʢʘʷ. 

ʆʙʦʛʘʱʝʥʠʝ 3,3 ʪʦʥʥ ʢʝʨʥʘ ʠʟ ɼʘʙʘʥ ʠ 5,5 ʪʦʥʥ ʠʟ ɸʧʨʝʣʴʩʢʦʡ ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ 

ʚ ʨʘʤʢʘʭ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʨʘʙʦʪ ʠ ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʧʦʟʚʦʣʠʣʦ ʦʙʥʘʨʫʞʠʪʴ ʪʨʠ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʘ ʚ ʪʨʫʙʢʝ ɸʧʨʝʣʴʩʢʘʷ. 

ɺ 2017ï2020 ʛʛ. ɸʆ çʗʢʫʪʩʢʛʝʦʣʦʛʠʷè ʧʨʦʚʝʣʦ ʢʦʤʧʣʝʢʩ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʧʨʝʜʝʣʘʭ ʄʝʥʜʘ-ɹʘʨʳʣʘʡʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʚʢʣʶʯʘʷ ʍʦʤʧʫ-

ʄʘʡʩʢʦʝ ʧʦʣʝ) ʥʘ ʧʣʦʱʘʜʠ ʦʢʦʣʦ 6 000 ʢʤĮ. ʇʨʦʛʨʘʤʤʘ ʨʘʙʦʪ ʚʢʣʶʯʘʣʘ 

ʘʵʨʦʤʘʛʥʠʪʥʳʝ ʩʲʸʤʢʠ ʤʘʩʰʪʘʙʦʚ 1:10 000 ʠ 1:25 000, ʥʘʟʝʤʥʫʶ ʟʘʚʝʨʢʫ ʘʥʦʤʘʣʠʡ, 

ʘ ʪʘʢʞʝ ʨʘʟʚʝʜʦʯʥʦʝ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ʛʣʫʙʠʥʦʡ 200ï250 ʤ ʩ ʦʪʙʦʨʦʤ ʧʨʦʙ ʤʘʩʩʦʡ 

ʜʦ 1 ʪʦʥʥ.r ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʦʪʢʨʳʪʠʶ ʪʨʫʙʦʢ ɸʪʳʨʜʘʭ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ (500Ĭ300 

ʤ), ʥʘʟʚʘʥʥʦʡ ʚ ʯʝʩʪʴ ʚʳʜʘʶʱʝʛʦʩʷ ʫʯʝʥʦʛʦ, ʜʦʢʪʦʨʘ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 
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ʥʘʫʢ ɸʣʝʢʩʘʥʜʨʘ ʇʘʚʣʦʚʠʯʘ ʉʤʝʣʦʚʘ, ʨʫʢʦʚʦʜʠʚʰʝʛʦ ʨʘʙʦʪʘʤʠ ʧʦ ʠʟʫʯʝʥʠʶ ʠ 

ʦʙʦʛʘʱʝʥʠʶ ʧʦʨʦʜ ʧʝʨʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ. 

U-Pb ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ LA-ICP-MS ʤʝʪʦʜʦʤ ʧʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʟʝʨʥʘʤ ʧʝʨʦʚʩʢʠʪʘ ʠ ʘʧʘʪʠʪʘ ʠʟ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʢʠʤʙʝʨʣʠʪʦʚ 

ʪʨʫʙʦʢ ɸʪʳʨʜʘʭ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ, ʧʦʢʘʟʘʣʠ ʠʭ ʧʦʟʜʥʝʩʠʣʫʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ (425-

431 ʤʣʥ ʣʝʪ) (ʄʘʭʦʪʢʠʥ ʠ ʜʨ., 2021). ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʦʟʨʘʩʪʥʳʭ ʦʮʝʥʦʢ 

ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʩʪʘʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ, ʙʦʣʝʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʵʧʦʭʠ ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ʗʢʫʪʠʠ. 

1.2. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ 

ʍʦʤʧʫ-ʄʘʡʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 800 ʢʤ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ 

ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ɸʣʜʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ 

ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ (ʨʠʩ. 1.2.1) ʚ ʧʨʝʜʝʣʘʭ ʋʯʫʨʩʢʦʛʦ ʛʨʘʥʫʣʠʪ-ʧʘʨʘʛʥʝʡʩʦʚʦʛʦ 

ʪʝʨʨʝʡʥʘ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ (Smelov, Timofeev, 2007). ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʬʫʥʜʘʤʝʥʪ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʥʠʪʦʠʜʘʤʠ ʚʦʟʨʘʩʪʦʤ 2540 Ñ 34 ʤʣʥ 

ʣʝʪ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʤʝʪʦʜʦʤ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ (SHRIMP-II) ʧʦ ʢʩʝʥʦʛʝʥʥʦʤʫ 

ʮʠʨʢʦʥʫ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ (ʉʤʝʣʦʚ ʠ ʜʨ., 2013). 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʦʞʥʳʤ 

ʩʦʯʝʪʘʥʠʝʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ, ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ 

ʟʦʥʘʤ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ, ʠʣʠ ʢʦʣʣʠʟʠʦʥʥʳʤ ʰʚʘʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʜʨʝʚʥʠʝ ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ ʟʝʤʥʦʡ ʢʦʨʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʧʦʣʝʡ (ʦʢʦʣʦ 70 %) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʪʘʢʠʭ ʟʦʥ, ʥʘ ʩʨʝʜʥʝʤ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 

60 ʢʤ (ʉʤʝʣʦʚ ʠ ʜʨ., 2012ʙ). ʕʪʠ ʟʦʥʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʳʭ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʢʦʣʣʠʟʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʝʨʨʝʡʥʘʤʠ 

ʬʫʥʜʘʤʝʥʪʘ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʩʦʟʜʘʚʘʣʠ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ɺ ʧʨʝʜʝʣʘʭ ɸʣʜʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʪʘʢʠʝ 
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ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʥʪʨʦʣʝ ʣʦʢʘʣʠʟʘʮʠʠ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʘʥʘʣʳ ʧʦʜʲʝʤʘ ʤʘʛʤʳ ʠʟ ʤʘʥʪʠʠ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʨʝʣʴʝʬ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ɸʣʜʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. ʂ 

ʧʨʠʤʝʨʫ, ʪʨʫʙʢʘ ʄʘʥʯʘʨʳ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʫʯʘʩʪʢʫ ʩ ʨʝʟʢʠʤ 

ʧʝʨʝʛʠʙʦʤ ʨʝʣʴʝʬʘ ʬʫʥʜʘʤʝʥʪʘ (ʉʤʝʣʦʚ ʠ ʜʨ., 2012ʙ), ʛʜʝ ʤʦʱʥʦʩʪʴ ʦʩʘʜʦʯʥʦʛʦ 

ʯʝʭʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʨʠʬʝʡʩʢʠʭ, ʢʝʤʙʨʠʡʩʢʠʭ ʠ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ 3 ʢʤ (ʅʠʢʫʣʠʥ ʠ ʜʨ., 2002). ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʥʘ ʩʢʣʦʥʘʭ ʢʨʫʧʥʳʭ 

ʧʦʣʦʛʠʭ ʧʦʜʥʷʪʠʡ ʬʫʥʜʘʤʝʥʪʘ ʩ ʤʘʣʦʤʦʱʥʳʤ ʯʝʭʣʦʤ (ʜʦ 2ï3 ʢʤ) (ɹʨʘʭʬʦʛʝʣʴ, 

1984). 

 

ʈʠʩ. 1.2.1 ʇʦʣʦʞʝʥʠʝ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʠ ʗʢʫʪʩʢʦʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ, ʧʦ (Smelov, Timofeev, 2007): 1 ï ʘʨʭʝʡ; 2 ï ʘʨʭʝʡ ʠ 
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ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ; 3 ï ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡ; 4 ï ʤʝʟʦʧʨʦʪʝʨʦʟʦʡ; 5 ï 

ʢʦʥʪʫʨ ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ; 6 ï ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʣʷ ʗʂʇ; 7 ï 

ʍʦʤʧʫ-ʄʘʡʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ; 8 ï ʦʙʣʘʩʪʴ ʚʨʝʟʢʠ. ɼʦʢʝʤʙʨʠʡʩʢʠʝ 

ʪʝʨʨʝʡʥʳ: ɿʘʧʘʜʥʦ-ɸʣʜʘʥʩʢʠʡ (WAD), ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʠʡ (ʉɸ), ʋʯʫʨʩʢʠʡ 

(Uʉ), ɹʘʪʦʤʛʩʢʠʡ (ɺʊ), ʏʦʛʘʨʩʢʠʡ (ʉG), ʊʳʥʜʠʥʩʢʠʡ (ʊY), ɼʘʣʜʳʥʩʢʠʡ (DL), 

ʍʘʧʯʘʥʩʢʠʡ (Kʅ), ʄʘʛʘʥʩʢʠʡ (MG), ɸʢʠʪʢʘʥʩʢʠʡ (ɸK), ʏʫʡʩʢʠʡ (ʉʅ), ʅʝʯʝʨʩʢʠʡ 

(NR), ʊʦʥʦʜʩʢʠʡ (ʊF), ʐʘʨʳʞʘʣʛʘʡʩʢʠʡ (SHA), ʆʥʦʪʩʢʠʡ (ʆʊ), ʆʭʦʪʩʢʠʡ (ʆH), 

ʋʨʠʢʩʢʦ-ʃʠʡʩʢʠʡ (UK), ɹʠʨʶʩʠʥʩʢʠʡ (BL), ʊʫʥʛʫʩʩʢʠʡ (TG), ʊʶʥʛʩʢʠʡ (TN), 

ɹʠʨʝʢʪʠʥʩʢʠʡ (BR), ʊʳʨʳʥʩʢʠʡ (TR), ʃʝʥʦ-ɸʣʜʘʥʩʢʠʡ (LA). ʅʘ ʚʨʝʟʢʝ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ: 9 ï ʚʝʨʭʥʠʡ ʥʝʦʛʝʥ; 10 ï ʚʝʨʭʥʷʷ ʶʨʘ; 

11 ï ʩʨʝʜʥʷʷ ʶʨʘ; 12 ï ʥʠʞʥʷʷ ʶʨʘ; 13 ï ʩʨʝʜʥʠʡ ʢʝʤʙʨʠʡ; 14 ï ʢʦʥʪʫʨ ʍʦʤʧʫ-

ʄʘʡʩʢʦʛʦ ʧʦʣʷ; 15 ï ʍʦʤʧʫ-ʄʘʡʩʢʠʡ ʢʫʩʪ; 16 ï ɹʘʨʳʣʘʡʩʢʠʡ ʢʫʩʪ; 17 ï 

ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ; 18 ï ʣʠʥʝʡʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʨʘʟʣʦʤʥʦʡ 

ʧʨʠʨʦʜʳ; 19 - ʨʘʟʣʦʤʳ ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. 

ɺ ʧʝʨʠʦʜ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ɸʣʜʘʥʩʢʘʷ ʘʥʪʝʢʣʠʟʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʱʥʦʡ (195ï215 ʢʤ) ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʝʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ 

ʘʨʭʝʝ (ʄʘʭʦʪʢʠʥ ʠ ʜʨ., 2021). 

ɺ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʦʛʦ ʙʦʨʪʘ ɸʣʜʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʄʘʭʦʪʢʠʥ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(ʄʘʭʦʪʢʠʥ ʠ ʜʨ., 2021) ʚʳʜʝʣʠʣʠ ʄʝʥʜʘ-ɹʘʨʳʣʘʡʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ, 

ʚʢʣʶʯʘʶʱʠʡ ʍʦʤʧʫ-ʄʘʡʩʢʦʝ ʧʦʣʝ (ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ, ʊʫʨʘʭʩʢʘʷ, ʠʤ. ɸʨʪʝʤʦʚʘ, 

ʕʨʵʣ) ʠ ɸʪʳʨʜʘʭʩʢʦʝ ʧʦʣʝ (ʪʨʫʙʢʠ ɸʧʨʝʣʴʩʢʘʷ, ɼʘʙʘʥ, ɸʪʳʨʜʘʭ, ʠʤ. ɸ.ʇ. 

ʉʤʝʣʦʚʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʩʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ 

ʙʦʣʝʝ 24 ʢʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ, ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʣʦʱʘʜʠ, ʚʳʜʝʣʠʪʴ ʦʜʥʦ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ, ʚ ʢʦʪʦʨʦʤ ʪʨʫʙʢʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ 

ʜʚʘ ʢʫʩʪʘ - ʍʦʤʧʫ-ʄʘʡʩʢʠʡ (ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ, ʕʨʵʣ, ʊʫʨʘʭʩʢʘʷ, ʠʤ. ɸʨʪʝʤʦʚʘ) ʠ 

ɹʘʨʳʣʘʡʩʢʠʡ (ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ, ɼʘʙʘʥ, ɸʧʨʝʣʴʩʢʘʷ, ɸʪʳʨʜʘʭ) (ʨʠʩ. 1.2.1). 

ʆʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʪʨʫʙʦʢ ʚ ʝʜʠʥʦʝ ʍʦʤʧʫ-ʄʘʡʩʢʦʝ ʧʦʣʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʦʜʥʦʪʠʧʥʳʤ ʧʝʪʨʦʛʨʘʬʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ, 

ʩʣʘʛʘʶʱʠʭ ʠʩʩʣʝʜʫʝʤʳʝ ʪʝʣʘ (ʆʧʘʨʠʥ, ʆʣʝʡʥʠʢʦʚ, 2022). 
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ʀʟ ʚʦʩʴʤʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʙʨʘʥʳ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ (ʍʦʤʧʫ-ʄʘʡʩʢʠʡ ʢʫʩʪ) ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ 

(ɹʘʨʳʣʘʡʩʢʠʡ ʢʫʩʪ) ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠʤʝʶʱʠʭʩʷ 

ʦʙʨʘʟʮʦʚ. 

ʆʙʝ ʪʨʫʙʢʠ ʠʤʝʶʪ ʦʚʘʣʴʥʫʶ ʬʦʨʤʫ ʚ ʧʣʘʥʝ ʠ ʧʝʨʝʢʨʳʪʳ ʶʨʩʢʠʤʠ 

ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 100 ʜʦ 150 ʤ. ʊʨʫʙʢʘ ʄʘʥʯʘʨʳ (250 Ĭ 

300 ʤ) ʚʩʢʨʳʪʘ ʙʫʨʦʚʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʜʦ ʛʣʫʙʠʥʳ 120 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʘʪʨʝʤʳ 

(ʨʠʩ. 1.2.2) (ʉʤʝʣʦʚ ʠ ʜʨ., 2010), ʘ ʪʨʫʙʢʘ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ (300 Ĭ 500 ʤ) ʜʦ 

ʛʣʫʙʠʥʳ 200 ʤ (ʨʠʩ. 1.2.2). ɺ ʨʘʟʨʝʟʝ ʪʨʫʙʢʘ ʄʘʥʯʘʨʳ ʠʤʝʝʪ ʚʦʨʦʥʢʦʦʙʨʘʟʥʫʶ 

ʬʦʨʤʫ, ʘ ʪʨʫʙʢʘ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ï ʢʦʥʫʩʦʚʠʜʥʫʶ. ɺʝʨʪʠʢʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ 

ʘʧʠʢʘʣʴʥʳʭ ʯʘʩʪʝʡ ʦʙʝʠʭ ʪʨʫʙʦʢ ʦʧʠʩʳʚʘʝʪʩʷ ʪʨʸʭʛʦʨʠʟʦʥʪʥʦʡ ʤʦʜʝʣʴʶ, 

ʦʪʨʘʞʘʶʱʝʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ 

(ʨʠʩ. 1.2.2). ʅʠʞʥʠʡ ʛʦʨʠʟʦʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʠʤʙʝʨʣʠʪʘʤʠ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʳ ʩ 

ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʤ ʚʪʦʨʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʝʨʧʝʥʪʠʥ-ʬʣʦʛʦʧʠʪ-ʢʘʨʙʦʥʘʪʥʳʤ 

ʤʝʟʦʩʪʘʟʠʩʦʤ. ʉʨʝʜʥʠʡ ʛʦʨʠʟʦʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʣʦʢʦʚ 

ʥʝʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ (ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ) ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʧʦʨʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ. ɺʝʨʭʥʠʡ 

ʛʦʨʠʟʦʥʪ ʩʣʦʞʝʥ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠ ʦʢʚʘʨʮʦʚʘʥʥʳʤʠ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ 

ʧʦʨʦʜʘʤʠ, ʫʪʨʘʪʠʚʰʠʤʠ ʧʝʨʚʠʯʥʳʝ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ (ʆʧʘʨʠʥ, 

ʆʣʝʡʥʠʢʦʚ, 2022; ʆʧʘʨʠʥ, ʆʣʝʡʥʠʢʦʚ, 2024). ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʪʨʫʙʦʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ɻʣʘʚʝ 3. 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʦʪʨʘʞʘʝʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʣ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪ ʠʭ ʥʝʙʦʣʴʰʦʡ ʵʨʦʟʠʦʥʥʳʡ ʩʨʝʟ. ɺ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʨʘʩʧʣʘʚ ʥʝ ʟʘʧʦʣʥʠʣ ʧʦʣʥʦʩʪʴʶ ʜʠʘʪʨʝʤʦʚʳʡ ʢʘʥʘʣ, 

ʦʩʪʘʥʦʚʠʚʰʠʩʴ ʥʠʞʝ ʧʘʣʝʦʧʦʚʝʨʭʥʦʩʪʠ ʨʘʥʥʝʛʦ ʦʨʜʦʚʠʢʘ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʢʘʥʘʣʦʚ 

ʟʘʧʦʣʥʠʣʘʩʴ ʦʙʣʦʤʢʘʤʠ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʚʤʝʱʘʶʱʠʭ ʢʝʤʙʨʠʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ 

ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʜʝʥʫʜʠʨʦʚʘʥʳ. 
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ʈʠʩ. 1.2.2. ʉʭʝʤʘʪʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ: 1 ï 

ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʝ ʢʠʤʙʝʨʣʠʪʳ; 2 ï ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʢʠʤʙʝʨʣʠʪʳ; 3 ï 

ʠʥʪʝʥʩʠʚʥʦ ʠʟʤʝʥʝʥʥʳʝ ʢʠʤʙʝʨʣʠʪʳ; 4 ï ʚʤʝʱʘʶʱʠʝ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ 

ʩʨʝʜʥʝʛʦ ʢʝʤʙʨʠʷ; 5 ï ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʡ ʶʨʳ; 6 ï 

ʚʳʜʝʣʝʥʥʳʡ ʥʠʞʥʠʡ ʛʦʨʠʟʦʥʪ; 7 ï ʚʳʜʝʣʝʥʥʳʡ ʩʨʝʜʥʠʡ ʛʦʨʠʟʦʥʪ; 8 ï ʚʳʜʝʣʝʥʥʳʡ 

ʚʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʭʨʘʥʥʦʩʪʴ ʪʨʫʙʦʢ ʦʙʝʩʧʝʯʝʥʘ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʋʯʫʨʩʢʦʛʦ ʛʨʘʥʫʣʠʪ-ʧʘʨʘʛʥʝʡʩʦʚʦʛʦ ʪʝʨʨʝʡʥʘ (ʉʤʝʣʦʚ ʠ ʜʨ., 2013) ʠ ʤʦʱʥʦʡ 

ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʝʡ (ʪʦʣʱʠʥʘ 195ï215 ʢʤ ʧʦ ʜʘʥʥʳʤ (ʄʘʭʦʪʢʠʥ ʠ ʜʨ., 2021) ʥʘ 

ʤʦʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ. ɺ ʧʘʣʝʦʟʦʡʩʢʦʝ ʚʨʝʤʷ, ʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʭʨʘʥʷʣʩʷ ʙʘʣʘʥʩ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ ʠ ʨʘʟʤʳʚʘ 

ʪʝʨʨʠʪʦʨʠʠ. ʕʪʦ ʦʛʨʘʥʠʯʠʚʘʣʦ ʵʨʦʟʠʶ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʨʘʟʤʳʚ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʠʟʥʘʯʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʧʘʣʝʦʧʦʚʝʨʭʥʦʩʪʠ. ɺ 

ʜʦʤʝʟʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʜʝʥʫʜʘʮʠʝʡ ʙʳʣʘ ʩʨʝʟʘʥʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʜʠʘʪʨʝʤʳ, 

ʥʝʟʘʧʦʣʥʝʥʥʦʡ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ, ʚʦʟʤʦʞʥʦ, ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʢʦʣʦʥʥʳ. 

ɺ ʶʨʩʢʠʡ ʧʝʨʠʦʜ ʪʝʨʨʠʛʝʥʥʳʝ ʦʩʘʜʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ (ʉʤʝʣʦʚ ʠ ʜʨ., 2010), ʧʝʨʝʢʨʳʣʠ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ, 
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ʧʨʝʜʦʪʚʨʘʪʠʚ ʠʭ ʜʘʣʴʥʝʡʰʠʡ ʨʘʟʤʳʚ. ʉʦʭʨʘʥʥʦʩʪʴ ʪʨʫʙʦʢ ʦʙʫʩʣʦʚʣʝʥʘ ʯʘʩʪʠʯʥʳʤ 

ʟʘʧʦʣʥʝʥʠʝʤ ʜʠʘʪʨʝʤʦʚʳʭ ʢʘʥʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʤ ʠ ʤʝʜʣʝʥʥʦʡ ʜʝʥʫʜʘʮʠʝʡ ʚ 

ʫʩʣʦʚʠʷʭ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʢʦʥʩʝʨʚʘʮʠʝʡ ʶʨʩʢʠʤʠ ʦʩʘʜʢʘʤʠ. 

ʄʘʣʳʡ ʵʨʦʟʠʦʥʥʳʡ ʩʨʝʟ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʦʨʝʦʣʦʚ ʨʘʩʩʝʷʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚ (ʀʄʂ) ð ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʧʠʨʦʧʘ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʘ, ʪʘʢ ʢʘʢ 

ʩʦʭʨʘʥʠʣʩʷ ʚʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ ʠʟʤʝʥʸʥʥʳʭ ʚʪʦʨʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʚ ʢʦʪʦʨʦʤ ʜʘʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ 

(ʆʧʘʨʠʥ, ʆʣʝʡʥʠʢʦʚ, 2022). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʘʣʝʦʟʦʡʩʢʠʝ ʪʨʫʙʢʠ ʗʢʫʪʩʢʦʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ (ʗʂʇ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʨʦʟʠʦʥʥʳʤ 

ʩʨʝʟʦʤ (ɹʨʘʭʬʦʛʝʣʴ, 1984), ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʰʠʨʥʳʭ ʦʨʝʦʣʦʚ 

ʨʘʩʩʝʷʥʠʷ ʀʄʂ (ɸʬʘʥʘʩʴʝʚ, 2013). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʧʦʜʯʸʨʢʠʚʘʶʪ 

ʠʭ ʫʥʠʢʘʣʴʥʦʩʪʴ ʩʨʝʜʠ ʧʘʣʝʦʟʦʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʚʳʜʝʣʷʷ 

ʠʭ ʢʘʢ ʦʙʲʝʢʪʳ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʘʩʩʝʷʥʠʝʤ ʀʄʂ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ 

ʵʨʦʜʠʨʦʚʘʥʥʳʤʠ ʪʨʫʙʢʘʤʠ ʗʂʇ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʩʣʦʞʥʷʝʪ ʧʦʠʩʢʠ ʪʨʫʙʦʢ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ʗʢʫʪʠʠ. 
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ɻʃɸɺɸ 2. ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʨʦʜʳ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ 

ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʢʝʨʥʘ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʩ ʰʘʛʦʤ ʥʝ ʨʝʞʝ 

ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘ 5 ʤ ʠ ʦʭʚʘʪʦʤ ʚʩʝʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ. ʇʦ 

ʪʨʫʙʢʝ ʄʘʥʯʘʨʳ ʠʟʫʯʝʥʦ 342 ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʜʚʫʭ ʩʢʚʘʞʠʥ, ʩʫʤʤʘʨʥʳʡ 

ʤʝʪʨʘʞ ʠʟʫʯʝʥʥʦʛʦ ʢʝʨʥʘ ʩʦʩʪʘʚʠʣ 208 ʤ (ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɸʂ 

çɸʃʈʆʉɸè ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʥʳʭ ʨʘʙʦʪ). ʇʦ ʪʨʫʙʢʝ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʠʩʩʣʝʜʦʚʘʥʦ 

56 ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʦʜʥʦʡ ʩʢʚʘʞʠʥʳ, ʧʨʠ ʵʪʦʤ ʠʟʫʯʝʥʥʳʡ ʤʝʪʨʘʞ ʢʝʨʥʘ 

ʩʦʩʪʘʚʠʣ 200 ʤ (ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɸʆ çʗʢʫʪʩʢʛʝʦʣʦʛʠʷè ʚ ʨʘʤʢʘʭ 

ʩʦʛʣʘʰʝʥʠʷ ʦ ʥʘʫʯʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ). ɺʩʝʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʦʙʝʠʭ ʪʨʫʙʦʢ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 450 ʰʣʠʬʦʚ, 217 ʘʥʰʣʠʬʦʚ, 24 

ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʣʠʬʘ ʠ 106 ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʙ. 

ʂʝʨʥ ʢʠʤʙʝʨʣʠʪʘ ʨʘʩʧʠʣʠʚʘʣʩʷ ʥʘ ʩʪʘʥʢʝ ʉʇʈʂ-130ʄ ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ, 

ʜʘʣʝʝ ʧʨʦʚʦʜʠʣʩʷ ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ. ʇʦʣʦʚʠʥʢʠ ʢʝʨʥʘ 

ʩʢʘʥʠʨʦʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʝʨʘ HP Scanjet G2710 ʩ ʮʝʣʴʶ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʠʤʙʝʨʣʠʪʦʚ. ʇʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʠʤʙʝʨʣʠʪʦʚ ʧʨʠʤʝʥʷʣʘʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ 

(ʂʦʨʥʠʣʦʚʘ, 1983), ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʈ. ʍ. ʄʠʪʯʝʣʣʘ (Mitchell, 1986), 

ʫʯʠʪʳʚʘʶʱʝʡ ʢʦʣʠʯʝʩʪʚʦ ʢʩʝʥʦʣʠʪʦʚ. 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Carl Zeiss Axioscop 40 (ʀɻɸɹʄ ʉʆ 

ʈɸʅ). 

ʇʨʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ ʠʟ ʥʘʚʝʩʦʢ ʫʜʘʣʷʣʠʩʴ ʚʝʩʴ 

ʦʙʥʘʨʫʞʝʥʥʳʡ ʢʩʝʥʦʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ (ʦʙʣʦʤʢʠ ʧʦʨʦʜ ʢʩʝʥʦʣʠʪʦʚ, ʤʝʛʘ- ʠ 

ʤʘʢʨʦʢʨʠʩʪʘʣʣʦʚ ʤʠʥʝʨʘʣʦʚ) ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʧʨʦʞʠʣʢʠ, 

ʩʪʷʞʝʥʠʷ ʠ ʪ.ʜ.). 
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ʇʝʪʨʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ (n=52) ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʀɻɸɹʄ ʉʆ ʈɸʅ ʤʝʪʦʜʦʤ ʩʠʣʠʢʘʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʣ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʫʤʤʳ ʦʢʠʩʣʦʚ ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ (ʩʧʝʢʪʨʦʤʝʪʨʠʷ, 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʠʦʥʦʤʝʪʨʠʷ ʩ ʠʦʥ-ʩʝʣʝʢʪʠʚʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, 

ʛʨʘʚʠʤʝʪʨʠʷ, ʪʠʪʨʠʤʝʪʨʠʷ). ʀʟ ʦʩʥʦʚʥʦʡ ʥʘʚʝʩʢʠ ʦʙʨʘʟʮʘ (100 ʤʛ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʝʨʝʚʝʜʝʥʥʦʡ ʚ ʨʘʩʪʚʦʨ ʩʧʣʘʚʣʝʥʠʝʤ ʩʦ ʩʤʝʩʴʶ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ 

(ʙʫʨʳ) ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʥʘʪʨʠʷ (ʩʦʜʳ), ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʢʘʣʠʷ ʧʨʠ 

910ʦʉ ʦʧʨʝʜʝʣʷʣʠʩʴ: ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠʠ - SiO2 (0,05-80 %), Al2O3 (0,1-75 %), 

Fe2O3 (0,05-70 %), P2O5 (0,1-40 %), TiO2 (0,02-15 %), ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-56; 

ʤʝʪʦʜʦʤ ʪʠʪʨʠʤʝʪʨʠʠ ï MgO (0,15-45 %), CaO (0,1-60 %), ʥʘ ʪʠʪʨʘʪʦʨʝ ʄʝʪʪʣʝʨ 

ʊʦʣʝʜʦ; ʤʝʪʦʜʦʤ ʠʦʥʦʤʝʪʨʠʠ ʩ ʬʪʦʨ-ʩʝʣʝʢʪʠʚʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʄʝʪʪʣʝʨ ʊʦʣʝʜʦ ï F 

(0,02-50 %). ʀʟ ʥʘʚʝʩʢʠ (500 ʤʛ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʣʦʞʠʚ ʝʝ ʩʤʝʩʴʶ ʢʠʩʣʦʪ 

ʬʪʦʨʦʚʦʜʦʨʦʜʥʦʡ, ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʠ ʘʟʦʪʥʦʡ, ʦʧʨʝʜʝʣʷʣʠʩʴ: ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ - Na2O, K2O, Li2O, Rb2O, MnO (0,02-40 %) ʥʘ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ iCE-3500 Thermo Scientific, ʘʪʦʤʠʟʘʮʠʷ ʧʨʦʧʘʥʦʚʦʡ 

ʩʤʝʩʴʶ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟ ʜʨʫʛʠʭ ʥʘʚʝʩʦʢ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʣʠʩʴ: ʤʝʪʦʜʦʤ 

ʛʨʘʚʠʤʝʪʨʠʠ - ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ ʚʦʜʘ, ʩʝʨʘ ʦʙʱʘʷ (ʠʟ ʵʪʦʡ ʞʝ ʥʘʚʝʩʢʠ) ʠ ʧʦʪʝʨʠ 

ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ; ʤʝʪʦʜʦʤ ɹʨʫʰïʇʝʥʬʠʣʴʜʘ - ʢʦʥʩʪʠʪʫʮʠʦʥʥʘʷ ʚʦʜʘ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʣʘʚʥʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʦʣʴʬʨʘʤʦʚʦʢʠʩʣʳʡ ʥʘʪʨʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900ʦʉ; 

ʤʝʪʦʜʦʤ ʪʠʪʨʠʤʝʪʨʠʠ - ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʥʘ ʪʠʪʨʘʪʦʨʝ ʄʝʪʪʣʝʨ ʊʦʣʝʜʦ (0,1-47 %). 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D2 PHASER ʬʠʨʤʳ 

Bruker ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ. ʇʨʝʧʘʨʘʪʳ ʜʣʷ ʩʲʝʤʢʠ (n=52) ʛʦʪʦʚʠʣʠʩʴ ʠʟ 

ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʙ ʧʦ ʤʝʪʦʜʠʢʝ ʘʥʘʣʦʛʠʯʥʦʡ ʜʣʷ ʩʠʣʠʢʘʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʋʩʣʦʚʠʷ 

ʩʲʝʤʢʠ: CuKŬ-ʠʟʣʫʯʝʥʠʝ, V=30 kV, I=10 ʤɸ. ʀʥʪʝʨʚʘʣ ʩʲʝʤʢʠ 4,5-65 (2Ū Á). ɼʣʷ 

ʨʘʩʰʠʬʨʦʚʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ PDF- 2. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʛʘ- ʠ ʤʘʢʨʦʢʨʠʩʪʘʣʣʦʚ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʬʣʦʛʦʧʠʪʘ, 

ʭʨʦʤʠʪʘ ʠ ʩʝʛʨʝʛʘʮʠʡ ʩʣʶʜʳ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʤʘʪʝʨʠʘʣʝ ʠʟ 

ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ, ʪʘʢ ʢʘʢ ʚ ʭʦʜʝ ʦʙʦʛʘʱʝʥʠʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 
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ʧʦʟʚʦʣʠʣ ʠʟʚʣʝʯʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʫʢʘʟʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. ɼʣʷ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ 

ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʥʳʤ, ʯʪʦ ʥʝ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʦʛʠʯʥʦʝ ʠʟʫʯʝʥʠʝ 

ʤʝʛʘ- ʠ ʤʘʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ʄʝʛʘ-, ʤʘʢʨʦʢʨʠʩʪʘʣʣʳ 

ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ (n=344), ʭʨʦʤʠʪʘ (n=551) ʠ ʬʣʦʛʦʧʠʪʘ (n=11), ʩʝʛʨʝʛʘʮʠʠ ʩʣʶʜʳ 

(n=2) ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʟʘʢʣʶʯʝʥʳ ʚ ʰʘʰʢʠ ʠʟ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ ʦʪʧʦʣʠʨʦʚʘʥʳ. 

ʇʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʘʰʝʢ ʥʘʧʳʣʷʣʠʩʴ ʧʨʦʚʦʜʷʱʠʤ ʫʛʣʝʨʦʜʥʳʤ ʩʣʦʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʪʦʜʠʢʝ ʥʘ ʤʠʢʨʦʟʦʥʜʝ Camebax-micro ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ (ʛ. ʗʢʫʪʩʢ) ʠ ʥʘ 

ʤʠʢʨʦʟʦʥʜʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Jeol (JXA-8230) ʩ ʚʦʣʥʦʚʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʚ ʎʂʇ 

ʄʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʠ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). ʇʨʠ 

ʩʲʝʤʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʣʠʥʠʡ: ʉʘ ʂŬ, Mg ʂŬ, Si ʂŬ - 

ʛʦʣʫʙʦʡ ʜʠʦʧʩʠʜ, ʄn ʂŬ - ʤʘʨʛʘʥʮʝʚʳʡ ʛʨʘʥʘʪ ʀɻɽʄ, Ti ʂŬ ʠ Fe ʂŬ - 

ʧʠʢʨʦʠʣʴʤʝʥʠʪ ɻʌ55, K ʂŬ ï ʦʨʪʦʢʣʘʟ OR-1, Na ʂŬ, Al ʂŬ ï ʘʣʴʙʠʪ, Cr ʂŬ - ʭʨʦʤʠʪ, 

Ba LŬ ï ʙʘʨʠʪ, F ʂŬ, P ʂŬ ï ʬʪʦʨʘʧʘʪʠʪ. 

ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʠʥʝʨʘʣʦʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʢʠʤʙʝʨʣʠʪʦʚ ʠʭ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʤʦʨʬʦʣʦʛʠʠ, ʟʦʥʘʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʘʥʰʣʠʬʘʭ ʠ 

ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʣʠʬʘʭ, ʥʘʧʳʣʝʥʥʳʭ ʧʨʦʚʦʜʷʱʠʤ ʩʣʦʝʤ ʫʛʣʝʨʦʜʘ (ʜʦ ʩʠʥʝʛʦ 

ʮʚʝʪʘ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ (ʛ. ʗʢʫʪʩʢ) ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ 

ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ Jeol (JSM-6480LV) ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

INCA-Energy 350 ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʢʘʪʦʜʝ 20 ʢɺ ʠ ʪʦʢʝ ʵʣʝʢʪʨʦʥʦʚ 1 ʥɸ, ʥʘ 

ʤʠʢʨʦʟʦʥʜʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Jeol (JXA-8230) ʩ ʚʦʣʥʦʚʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʅʀɻʇ ɸʂ "ɸʃʈʆʉɸ" (ʛ. ʄʠʨʥʳʡ), ʘ 

ʪʘʢʞʝ ʥʘ ʤʠʢʨʦʟʦʥʜʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Jeol (JXA-8230) ʩ ʚʦʣʥʦʚʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

ʚ ʎʂʇ ʄʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʠ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). 

ʇʨʠ ʩʲʝʤʢʝ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʣʠʥʠʡ: ʉʘ ʂŬ, Si ʂŬ ï ʛʦʣʫʙʦʡ ʜʠʦʧʩʠʜ, ʄn ʂŬ ï ʤʘʨʛʘʥʮʝʚʳʡ ʛʨʘʥʘʪ 
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ʀɻɽʄ, Ba LŬ ï ʙʘʨʠʪ, F ʂŬ, P ʂŬ ï ʬʪʦʨʘʧʘʪʠʪ, Ti ʂŬ ʠ Fe ʂŬ ï ʧʠʢʨʦʠʣʴʤʝʥʠʪ 

ɻʌ55, K ʂŬ ï ʦʨʪʦʢʣʘʟ OR-1, Na ʂŬ, Al ʂŬ ï ʘʣʴʙʠʪ, Cr ʂŬ ï ʭʨʦʤʠʪ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʥʘ ʤʠʢʨʦʟʦʥʜʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʩʲʝʤʢʠ: ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʪʦʜʝ ʩʦʩʪʘʚʣʷʣʦ 20 ʢɺ, ʪʦʢ 

ʵʣʝʢʪʨʦʥʦʚ 100 ʥɸ, ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʚ ʪʦʯʢʝ 30 ʩ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʷʪʠ ʚʦʣʥʦʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʦʚ (ʢʘʥʘʣʦʚ) ʩ 

ʢʨʠʩʪʘʣʣ-ʘʥʘʣʠʟʘʪʦʨʘʤʠ, ʘ ʦʩʥʦʚʥʳʭ - ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʚʩʪʨʦʝʥʥʦʛʦ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ (ʕɼʉ). ɼʣʷ ʛʨʫʧʧ ʤʠʥʝʨʘʣʦʚ, ʠʤʝʶʱʠʭ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʙʣʠʟʢʠʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʦʪʜʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʩʲʝʤʢʠ, ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.1. ɺ ʥʝʡ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ 

ʧʘʩʧʦʨʪʠʟʠʨʦʚʘʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʪʘʥʜʘʨʪʳ ʤʠʥʝʨʘʣʦʚ. 

ʊʘʙʣʠʮʘ 2.1. ʇʨʦʛʨʘʤʤʘ ʩʲʝʤʢʠ ʤʠʥʝʨʘʣʦʚ ʥʘ ʤʠʢʨʦʟʦʥʜʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ. 

ʌʣʦʛʦʧʠʪ 

ʂʘʥʘʣ ʉʅ-1 ʉʅ-2 ʉʅ-3 ʉʅ-4 ʉʅ-5 

ʕʣʝʤʝʥʪ Ba F Sr Na Ti 

ʂʨʠʩʪʘʣʣ-ʘʥʘʣʠʟʘʪʦʨ LiF TAP PETH TAPH LiF 

ʃʠʥʠʷ 193,159 199,152 219,938 129,445 191,363 

ʉʪʘʥʜʘʨʪ ʦʙʨʘʟʝʮ ʉʪʝʢʣʦ GL-11 F-apaptit ʉʪʝʢʣʦ GL-10 Albit  Ilmenit 

ʕɼʉ ʵʣʝʤʝʥʪʳ Cl, Cr, Ni, Mn, K, Al, Mg, Ca, Si, Fe 

ɸʧʘʪʠʪ 

ʂʘʥʘʣ ʉʅ-1 ʉʅ-2 ʉʅ-3 ʉʅ-4 ʉʅ-5 

ʕʣʝʤʝʥʪ Ba F Sr La Cl 

ʂʨʠʩʪʘʣʣ-ʘʥʘʣʠʟʘʪʦʨ LiF TAP PETH TAPH PETJ 

ʃʠʥʠʷ 193,159 199,152 219,938 161,825 151,44 

ʉʪʘʥʜʘʨʪ ʦʙʨʘʟʝʮ ʉʪʝʢʣʦ GL-11 F-apaptit ʉʪʝʢʣʦ GL-10 LaPO4 Cl-apatit 

ʕɼʉ ʵʣʝʤʝʥʪʳ Ce, Ca, P, Nb, Si, Mg, Fe, Na 

ʂʘʣʴʮʠʪ, ʦʣʠʚʠʥ, ʧʝʨʦʚʩʢʠʪ 

ʂʘʥʘʣ ʉʅ-1 ʉʅ-2 ʉʅ-3 ʉʅ-4 ʉʅ-5 

ʕʣʝʤʝʥʪ La Sr Nb Na Ce 

ʂʨʠʩʪʘʣʣ-ʘʥʘʣʠʟʘʪʦʨ LiF TAP PETH TAPH LiF 

ʃʠʥʠʷ 185,451 74,914 183,336 129,307 178,284 

ʉʪʘʥʜʘʨʪ ʦʙʨʘʟʝʮ LaPO4 ʉʪʝʢʣʦ GL-10 SrBaNb Albit  CePO4 

ʕɼʉ ʵʣʝʤʝʥʪʳ Mn, Si, Ba, Mg, K, Ca, Fe, Ti 

ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ, ʠʣʴʤʝʥʠʪ 

ʂʘʥʘʣ ʉʅ-1 ʉʅ-2 ʉʅ-3 ʉʅ-4 ʉʅ-5 

ʕʣʝʤʝʥʪ Mn Al  Ni Mg V 

ʂʨʠʩʪʘʣʣ-ʘʥʘʣʠʟʘʪʦʨ LiF TAP LiFH TAPH LiF 

ʃʠʥʠʷ 146,273 90,771 115,528 107,52 174,276 

ʉʪʘʥʜʘʨʪ ʦʙʨʘʟʝʮ Rodonit ɻʨʘʥʘʪ 145 NiFe2O4 Olivine V2O5 

ʕɼʉ ʵʣʝʤʝʥʪʳ Zn, Ca, Si, Fe, Ti, Cr 
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ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʠʥʝʨʘʣʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʢʠʩʣʦʨʦʜʥʦʤʫ 

ʤʝʪʦʜʫ (ɹʫʣʘʭ, 1967) ʥʘ 11 ʘʥʠʦʥʦʚ ʜʣʷ ʬʣʦʛʦʧʠʪʘ ʠ ʥʘ 16 ʜʣʷ ʢʘʣʴʮʠʨʪʠʪʘ. 

ʌʦʨʤʫʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʢʦʥʝʯʥʳʝ ʯʣʝʥʳ ʘʧʘʪʠʪʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ 25 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ GabbroSoft 2011 ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʪʚʝʨʞʜʝʥʥʦʡ IMA  ʥʦʤʝʥʢʣʘʪʫʨʦʡ (Pasero et al., 2010). 

ʌʦʨʤʫʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʢʦʥʝʯʥʳʝ ʯʣʝʥʳ ʦʣʠʚʠʥʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ 

ʥʘ ʩʫʤʤʫ ʢʘʪʠʦʥʦʚ = 3 (ɹʫʣʘʭ, 1967), ʠʩʭʦʜʷ ʠʟ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʳ A2ZO4, ʛʜʝ ʚ 

ʧʦʟʠʮʠʶ ɸ ʚʭʦʜʷʪ ʢʘʪʠʦʥʳ Mg2+, Fe2+, Ca2+, Ni2+, Mn2+, Cr3+, ʚ ʧʦʟʠʮʠʶ Z ʚʭʦʜʷʪ 

ʢʘʪʠʦʥʳ Si4+, Al3+, Ti4+. 

ʈʘʩʯʝʪ ʬʦʨʤʫʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʣʴʤʝʥʠʪʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʩʫʤʤʫ 

ʢʘʪʠʦʥʦʚ = 2, ʠʩʭʦʜʷ ʠʟ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʳ ABO3. 

ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ 3 ʢʘʪʠʦʥʘ ʠ 4 ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʜʦʙʨʝʥʥʦʡ IMA  ʥʦʤʝʥʢʣʘʪʫʨʦʡ (Bosi et al., 2019), 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʘʚʠʣʝ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʢʘʪʠʦʥʘ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʧʝʨʦʚʩʢʠʪʘ ʨʘʩʩʯʠʪʘʥʘ ʠʩʭʦʜʷ ʠʟ ʩʪʨʫʢʪʫʨʥʦʡ 

ʬʦʨʤʫʣʳ ABO3 ʥʘ ʩʫʤʤʫ ʢʘʪʠʦʥʦʚ = 2 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʥʘʜʛʨʫʧʧʳ 

ʧʝʨʦʚʩʢʠʪʘ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ IMA (Mitchell et al., 2017), ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ (Locock, Mitchell, 2018). 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʠʥʝʨʘʣʦʚ ʩʫʧʝʨʛʨʫʧʧʳ ʛʨʘʥʘʪʘ ʩ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ {X3}[Y 2](Z3)◖12 (ʛʜʝ, {X} ï ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ, [Y] ï 

ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ, (Z) ï ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ, ◖ ï ʘʥʠʦʥʥʘʷ ʧʦʟʠʮʠʷ) 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʢʠʩʣʦʨʦʜʥʦʤʫ ʤʝʪʦʜʫ ʥʘ 12 ʘʥʠʦʥʦʚ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʦʡ, ʫʪʚʝʨʞʜʝʥʥʦʡ IMA (Grew et al., 2013). ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʝ ʥʘʟʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʜʦʤʠʥʠʨʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʘʞʜʦʡ ʠʟ ʧʦʟʠʮʠʡ (X, Y, Z). 
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ʂʘʨʙʦʥʘʪʥʳʝ ʤʠʥʝʨʘʣʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʩʭʝʤʦʡ ʈ.ʍ. ʄʠʪʯʝʣʣʘ (Mitchell, 2025) ʧʦ ʢʠʩʣʦʨʦʜʥʦʤʫ 

ʤʝʪʦʜʫ ʥʘ 6 ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. 

ʌʫʛʠʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ (fO2) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʨʦʤʝʪʨʘ ȹNNO (ʙʫʬʝʨ ʥʠʢʝʣʴ-ʦʢʩʠʜ ʥʠʢʝʣʷ) ʥʘ ʦʩʥʦʚʝ 

ʩʦʜʝʨʞʘʥʠʷ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ (Fe3+) ʚ ʧʝʨʦʚʩʢʠʪʝ CaTiO3, ʧʦ (Bellis, Canil, 

2007; Bellis, Canil, 2008). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʙʘʨʦʤʝʪʨʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1130ï1300ÁC ʠ ȹNNO ʦʪ -5 ʜʦ +4 (ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʫʬʝʨʘ ʥʠʢʝʣʴ-

ʦʢʩʠʜ ʥʠʢʝʣʷ), ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ, ʘʥʘʣʦʛʠʯʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʤ, ʩ ʫʯʝʪʦʤ 

ʚʣʠʷʥʠʷ ʥʠʦʙʠʷ (Nb) ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) (Bellis, Canil, 2007; Bellis, 

Canil, 2008). 

ʌʦʨʤʫʣʘ ʙʘʨʦʤʝʪʨʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ (MLR) ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʠʤʝʝʪ ʚʠʜ: 

ȹNNO = [-0,50(Ñ0,021) Ĭ Nb + Fe (Ñ0,031) - 0,030(Ñ0,001)] / 0,004(Ñ0,0002), 

ʛʜʝ ȹNNO - ʙʫʬʝʨ ʦʢʩʠʜʘ ʥʠʢʝʣʷ-ʥʠʢʝʣʷ, Nb ʠ Fe ð ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ 

ʢʘʪʠʦʥʳ ʥʘ ʪʨʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʝʨʦʚʩʢʠʪʘ, ʘ ʧʦʛʨʝʰʥʦʩʪʠ ʫʢʘʟʘʥʳ ʥʘ 

ʫʨʦʚʥʝ 2ů. ʌʦʨʤʫʣʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ fO2 ʩ ʪʦʯʥʦʩʪʴʶ 

Ñ1 ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʝʜʝʣʘʭ 

ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (Bellis, Canil, 2007). ɺ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʨʘʙʦʪʝ ʧʦ 

ʧʨʠʣʦʞʝʥʠʷʤ ʙʘʨʦʤʝʪʨʘ ʢ ʧʨʠʨʦʜʥʳʤ ʢʠʤʙʝʨʣʠʪʘʤ (Canil, Bellis, 2007) 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʩʦʩʪʘʚʳ ʧʝʨʦʚʩʢʠʪʘ ʬʠʢʩʠʨʫʶʪ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʰʠʨʦʢʠʭ 

ʜʠʘʧʘʟʦʥʦʚ fO2 ʩʨʝʜʠ ʟʝʤʥʳʭ ʤʘʛʤ ð ʦʪ NNO ī5 ʜʦ NNO +6, ʩ ʚʘʨʠʘʮʠʷʤʠ ʜʦ ʪʨʝʭ 

ʧʦʨʷʜʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʪʨʫʙʢʠ, ʚʢʣʶʯʘʷ ʪʨʝʥʜʳ ʢʘʢ ʦʢʠʩʣʝʥʠʷ, ʪʘʢ ʠ ʨʝʜʫʢʮʠʠ 

ʚʦ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʛʣʫʙʦʢʠʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʚ ʘʩʪʝʥʦʩʬʝʨʝ (ʙʦʣʝʝ 200 ʢʤ) ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʨʘʚʥʦʚʝʩʠʡ Fe3+/Fe2+ ʠ CïOïH (ʫʛʣʝʨʦʜ-ʬʣʶʠʜ) ʚʦ ʚʨʝʤʷ ʧʦʜʲʝʤʘ ʤʘʛʤʳ (Canil, 

Bellis, 2007). 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʮʠʨʢʦʥʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ 

- ʢʠʤʮʝʠʪʘ, ʢʝʨʠʤʘʩʠʪʘ ʠ ʢʘʣʴʮʠʨʪʠʪʘ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 



30 
 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʠʨʢʦʥʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʚʘ 

ʦʙʨʘʟʮʘ ʠʟ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʩ ʛʣʫʙʠʥʳ 96 ʤ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʮʠʨʢʦʥʠʝʚʳʭ ʛʨʘʥʘʪʦʚ ʠ ʢʘʣʴʮʠʨʪʠʪʘ. ʂʘʨʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ Apryon ʚ ʎʂʇ 

ʄʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʠ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ ʥʘ ʙʘʟʝ ʀɻʄ ʉʆ ʈɸʅ (ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ). ʉʠʩʪʝʤʘ ʦʩʥʘʱʝʥʘ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 488 ʥʤ ʠ ʤʦʱʥʦʩʪʴʶ 10 

ʤɺʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʂʈ-ʢʘʨʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʦʙʲʝʢʪʠʚ 100x (Zeiss, NA 0,9). ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʠ 60Ĭ60, 

100Ĭ150, 25Ĭ25 ʤʢʤ ʜʣʷ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʠ 30Ĭ30 ʤʢʤ ʜʣʷ ʜʨʫʛʦʛʦ. ʐʘʛ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʫʨʦʚʥʝ 250 ʥʤ, ʘ ʚʨʝʤʷ 

ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ð 0,2 ʩʝʢʫʥʜʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʩ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʤ 

ʩʝʨʧʝʥʪʠʥ-ʬʣʦʛʦʧʠʪ-ʢʘʨʙʦʥʘʪʥʳʤ ʤʝʟʦʩʪʘʟʠʩʦʤ ʢʠʤʙʝʨʣʠʪʦʚ (n=5) ʪʨʫʙʦʢ 

ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʆʆʆ çʍɸʎ çʇʣʘʟʤʘè (ʛ. ʊʦʤʩʢ) ʥʘ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ELAN (ʤʦʜʝʣʴ DRC-e, ˉ W1520501) ʧʦ ʤʝʪʦʜʠʢʝ ʄɺʀ ˉ 002-

ʍʄʉ-2009, ʌʈ.1.31.2010.06997, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʨʝʝʩʪʨʝ 

ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʨʘʩʪʚʦʨʝʥʠʠ ʥʘʚʝʩʢʠ ʧʨʦʙʳ ʚ ʩʤʝʩʠ ʢʠʩʣʦʪ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ) ʠʣʠ ʩʧʣʘʚʣʝʥʠʠ, ʨʘʩʧʳʣʝʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʟʤʫ 

ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʛʦ ʨʘʟʨʷʜʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʦʥʠʟʘʮʠʠ 

ʘʪʦʤʦʚ, ʨʘʟʜʝʣʝʥʠʠ ʠʦʥʦʚ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʤʘʩʩʳ ʢ ʟʘʨʷʜʫ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʧʨʦʙʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ (https://plasma-

tomsk.ru/our-methods). 

U-Pb (ID-TIMS) ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʦʚʩʢʠʪʘ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʳ ʢʠʤʙʝʨʣʠʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠʟʦʪʦʧʥʦʡ ʛʝʦʣʦʛʠʠ ʀɻɻɼ ʈɸʅ 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). ʆʪʙʦʨ ʤʠʢʨʦʥʘʚʝʩʦʢ ʧʝʨʦʚʩʢʠʪʘ ʧʨʦʚʦʜʠʣʩʷ ʚʨʫʯʥʫʶ ʧʦʜ 

ʙʠʥʦʢʫʣʷʨʦʤ ʚ ʚʠʟʫʘʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʛʦʤʦʛʝʥʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʨʘʟʤʝʨ 
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ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣ 200 ʤʢʤ). ʇʨʦʮʝʜʫʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʝʨʦʚʩʢʠʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʠʢʠ (DeWolf et al., 1996), 

ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥʥʦʡ ʜʣʷ ʛʨʘʥʘʪʦʚ. ʆʥʘ ʚʢʣʶʯʘʣʘ ʪʨʠ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʣʘ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʯʠʩʪʢʘ ʦʪʦʙʨʘʥʥʳʭ ʟʸʨʝʥ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʩʣʘʙʦʤ ʨʘʩʪʚʦʨʝ HCl ʚ ʪʝʯʝʥʠʝ 15-30 ʤʠʥʫʪ. ʕʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʨʘʩʢʨʳʪʠʶ ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʫʜʘʣʝʥʠʶ ʪʚʝʨʜʦʬʘʟʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʅʘ 

ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʢʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʙ ʩ ʥʘʛʨʝʚʦʤ ʚ ʨʘʩʪʚʦʨʝ 

6-8 N HCl ʚ ʪʝʯʝʥʠʝ 15-30 ʤʠʥʫʪ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʪʱʘʪʝʣʴʥʦʝ ʤʳʪʴʸ ʤʠʢʨʦʥʘʚʝʩʦʢ ʚ ʪʸʧʣʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥʫʪ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʠʟʦʪʦʧʥʳʡ ʠʥʜʠʢʘʪʦʨ 235U-202Pb. ʈʘʟʣʦʞʝʥʠʝ ʧʝʨʦʚʩʢʠʪʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʩʪʚʦʨʝ 29 N HF ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 220Á ʉ ʚ ʪʝʯʝʥʠʝ 1-2 ʩʫʪʦʢ (Krogh, 

1973). ʂ ʚʳʩʫʰʝʥʥʦʡ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʙʝ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʬʪʦʨʠʜʦʚ 

ʜʦʙʘʚʣʷʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ HCl ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 220Á ʉ ʚ 

ʪʝʯʝʥʠʝ 1-2 ʩʫʪʦʢ. ɺʳʜʝʣʝʥʠʝ U ʠ Pb ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʦʥʥʦʦʙʤʝʥʥʘʷ ʩʤʦʣʘ BioRad AG 1-X8 100-150 ʤʢʤ (ʦʙʲʸʤ ʩʤʦʣʳ 

ʚ ʢʦʣʦʥʢʝ 0,14 ʩʤ3) ʩ ʧʦʤʦʱʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʌ. ʂʦʨʬʫ ʠ ɼ. 

ɸʥʜʝʨʩʝʥʘ (Corfu, Andersen, 2002), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ 

(Ca, Fe ʠ ʜʨ.) ʫʜʘʣʷʣʠʩʴ ʚ 3,1 N HCl ʧʝʨʝʜ ʩʙʦʨʦʤ Pb ʠ U ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl 

ʠ 0,5 N HBr, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʦʦʯʠʩʪʢʘ ʫʨʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʳ UTEVA 100-200 ʤʢʤ (ʦʙʲʸʤ ʩʤʦʣʳ ʚ 

ʢʦʣʦʥʢʝ 0.05 ʩʤ3) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʍʦʨʚʠʪʮʘ 

(Horwitz et al., 1992). ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʧʨʦʠʩʭʦʜʠʣ ʚ 2 N HNO3, ʩʙʦʨ ʚ 0,01 N HNO3. 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Pb ʠ U ʚʳʧʦʣʥʝʥʦ ʥʘ ʤʥʦʛʦʢʦʣʣʝʢʪʦʨʥʦʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ Triton TI ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ (ʧʨʠ ʧʦʤʦʱʠ 

ʩʯʸʪʯʠʢʘ ʠʦʥʦʚ). ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ U/Pb ʦʪʥʦʰʝʥʠʡ ʠ ʩʦʜʝʨʞʘʥʠʡ U ʠ Pb 

ʩʦʩʪʘʚʠʣʘ 0,5%. ʍʦʣʦʩʪʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʣʦ 15 ʧʛ ʜʣʷ Pb ʠ 1 ʧʛ ʜʣʷ U. 

ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʘʭ "PbDat" 

(Ludwig, 1991) ʠ "ISOPLOT" (Ludwig, 2012). ʇʨʠ ʨʘʩʯʸʪʝ ʚʦʟʨʘʩʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʦʙʱʝʧʨʠʥʷʪʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʨʘʩʧʘʜʘ U (Steiger, Jªger, 1977). ʇʦʧʨʘʚʢʠ ʥʘ 
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ʦʙʳʯʥʳʡ Pb ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ (Stacey, Kramers, 

1975). ɺʩʝ ʦʰʠʙʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʫʨʦʚʥʝ 2ů. 
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ɻʃɸɺɸ 3. ʇɽʊʈʆɻʈɸʌʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʂʀʄɹɽʈʃʀʊʆɺ 

ʍʆʄʇʋ-ʄɸʁʉʂʆɻʆ ʇʆʃʗ 

ʊʨʫʙʢʘ ʄʘʥʯʘʨʳ ʩʣʦʞʝʥʘ ʧʦʨʦʜʘʤʠ ʩ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ ʮʝʤʝʥʪʘ, ʚ 

ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ ʢʩʝʥʦʣʠʪʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 

10 ʦʙ. %, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʨʦʜʳ ʢ ʧʦʨʬʠʨʦʚʦʤʫ ʢʠʤʙʝʨʣʠʪʫ 

(Mitchell, 1986). ʂʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʝ- ʠ 

ʢʨʫʧʥʦʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʂʦʨʥʠʣʦʚʘ ʠ ʜʨ., 1983). ɺ ʪʨʫʙʢʝ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ, 

ʚʚʠʜʫ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʩʝʥʦʣʠʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʧʦʨʬʠʨʦʚʳʡ 

ʢʠʤʙʝʨʣʠʪ (ʜʦ 10 ʦʙ. % ʢʩʝʥʦʣʠʪʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ) ʩ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ 

(ʂʦʨʥʠʣʦʚʘ ʠ ʜʨ., 1983), ʪʘʢ ʠ ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʙʨʝʢʯʠʷ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʢʩʪʫʨʘ 

ʧʦʨʦʜʳ ʙʨʝʢʯʠʝʚʘʷ (ʂʦʨʥʠʣʦʚʘ ʠ ʜʨ., 1983), ʩʦʜʝʨʞʘʱʘʷ ʦʪ 10 ʜʦ 40 ʦʙ. % 

ʢʩʝʥʦʣʠʪʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ (Mitchell, 1986). ʈʘʟʤʝʨ ʢʩʝʥʦʣʠʪʦʚ ʚ ʦʙʝʠʭ ʪʨʫʙʢʘʭ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 15 ʩʤ. ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɹ. ʉʢʦʪʪ-ʉʤʠʪ ʠ ʩʦʘʚʪʦʨʦʚ (Scott-

Smith et al., 2018), ʧʦʨʬʠʨʦʚʳʡ ʢʠʤʙʝʨʣʠʪ ʠ ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʙʨʝʢʯʠʷ ʷʚʣʷʶʪʩʷ 

ʢʦʛʝʨʝʥʪʥʳʤ ʠ ʚʫʣʢʘʥʦʢʣʘʩʪʠʯʝʩʢʠʤ ʢʠʤʙʝʨʣʠʪʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ 

ʠ ʠʭ ʚʪʦʨʠʯʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʪʨʦʝʥʠʠ ʘʧʠʢʘʣʴʥʳʭ ʯʘʩʪʝʡ ʪʨʫʙʦʢ (ʜʦ 200 ʤ) 

ʚʳʜʝʣʝʥʳ ʪʨʠ ʛʦʨʠʟʦʥʪʘ (ʨʠʩ. 1.2.2). ʅʠʞʥʠʡ ʛʦʨʠʟʦʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʠʤʝʥʝʝ 

ʠʟʤʝʥʸʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʉʨʝʜʥʠʡ ʛʦʨʠʟʦʥʪ (ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʡ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʣʦʢʦʚ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʭ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ. ʇʦʨʦʜʳ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʳ ʠ ʦʢʚʘʨʮʦʚʘʥʳ ʚʧʣʦʪʴ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʪʝʢʩʪʫʨʥʦ-

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʄʦʱʥʦʩʪʠ ʚʳʜʝʣʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʩʪʨʦʝʥʠʠ ʢʘʞʜʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʪʨʫʙʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳ. ʄʝʞʜʫ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ, 

ʩʣʘʛʘʶʱʠʤʠ ʵʪʠ ʫʨʦʚʥʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ ʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ. 
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3.1. ʊʨʫʙʢʘ ʄʘʥʯʘʨʳ 

ʅʠʞʥʠʡ ʛʦʨʠʟʦʥʪ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʛʣʫʙʠʥʝ 100ï120 ʤ 

ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʜʠʘʪʨʝʤʳ, ʩʣʦʞʝʥ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʸʥʥʳʤʠ ʧʦʨʬʠʨʦʚʳʤʠ 

ʢʠʤʙʝʨʣʠʪʘʤʠ ʩ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ (ʨʠʩ. 3.1.1, 3.1.2, ʘ). 

 

ʈʠʩ. 3.1.1. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ. 



35 
 

ɺ ʧʦʨʬʠʨʦʚʳʭ ʢʠʤʙʝʨʣʠʪʘʭ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʩʝʨʧʝʥʪʠʥʘ (0,5ï5,5 ʩʤ) ʦʚʘʣʴʥʦʡ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 45ï60 ʦʙ. %. ʆʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʶʪʩʷ ʣʠ ʦʥʠ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ 

ʧʦ ʬʝʥʦʢʨʠʩʪʘʤ ʦʣʠʚʠʥʘ ʠʣʠ ʯʘʩʪʠʯʥʦ ʬʨʘʛʤʝʥʪʘʤʠ ʢʩʝʥʦʣʠʪʦʚ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʚ ʩʠʣʫ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʯʘʩʪʠ ʠʟ ʥʠʭ. ʉʦʜʝʨʞʘʥʠʝ 

ʢʩʝʥʦʣʠʪʦʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 %, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʧʦʨʦʜʳ ʢ ʧʦʨʬʠʨʦʚʳʤ ʢʠʤʙʝʨʣʠʪʘʤ (Mitchell, 1986). ɺ 

ʢʠʤʙʝʨʣʠʪʝ ʥʘʙʣʶʜʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʤʘʢʨʦ- ʠ ʤʝʛʘʢʨʠʩʪʘʣʣʳ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, 

ʛʨʘʥʘʪʘ ʠ ʬʣʦʛʦʧʠʪʘ. 

ʄʝʣʢʦʟʝʨʥʠʩʪʳʡ ʤʝʟʦʩʪʘʟʠʩ ʧʦʨʦʜ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʩʝʨʧʝʥʪʠʥʘ, ʢʩʝʥʦʤʦʨʬʥʳʭ ʚʳʜʝʣʝʥʠʡ ʢʘʨʙʦʥʘʪʘ ʠ 

ʧʣʘʩʪʠʥʦʢ ʬʣʦʛʦʧʠʪʘ, ʚʢʣʶʯʘʷ ʝʛʦ ʙʘʨʠʝʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ʨʠʩ. 3.1.2, ʙ). 

ʅʝʦʜʥʦʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʤʠʢʨʦʫʯʘʩʪʢʦʚ 

ʩʣʦʞʝʥʥʳʭ ʢʘʣʴʮʠʪʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ, ʧʦ ʜʘʥʥʳʤ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʩʪʘʚʣʷʝʪ 14ï20 ʦʙ. %. ʉʨʝʜʠ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʪʨʦʥʮʠʝʚʳʡ ʬʪʦʨʘʧʘʪʠʪ, ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʸʨʥʘ ʧʝʨʦʚʩʢʠʪʘ, 

ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ ʠ ʮʠʨʢʦʥʠʝʚʳʝ ʤʠʥʝʨʘʣʳ ð ʢʠʤʮʝʠʪ, ʢʝʨʠʤʘʩʠʪ, 

ʢʘʣʴʮʠʨʪʠʪ. 

 

ʈʠʩ. 3.1.2. ʅʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʡ ʢʠʤʙʝʨʣʠʪ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ: 

ʘ ï ʤʘʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ; ʙ ï ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʬʣʦʛʦʧʠʪ-
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ʩʝʨʧʝʥʪʠʥ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʝʟʦʩʪʘʟʠʩʘ ʢʠʤʙʝʨʣʠʪʘ, ʥʠʢʦʣʠ ʩʢʨʝʱʝʥʳ. Srp ï 

ʩʝʨʧʝʥʪʠʥ, Phl ï ʬʣʦʛʦʧʠʪ, Cal ï ʢʘʣʴʮʠʪ. 

ɺʳʰʝ, ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 30 ʜʦ 100 ʤ ʨʘʩʧʦʣʦʞʝʥʳ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʝ 

ʧʦʨʬʠʨʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ ʩʨʝʜʥʝʛʦ ʛʦʨʠʟʦʥʪʘ (ʨʠʩ. 3.1.1). ʇʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʮʝʩʩʦʚ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʧʨʦʠʟʦʰʣʘ ʧʝʨʝʨʘʙʦʪʢʘ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʨʝʜʠ ʧʦʨʬʠʨʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʙʨʝʢʯʠʡ ʙʣʦʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʝʣʠʢʪʳ ʩ ʩʝʨʧʝʥʪʠʥ-ʬʣʦʛʦʧʠʪ-ʢʘʨʙʦʥʘʪʥʳʤ 

ʤʝʟʦʩʪʘʟʠʩʦʤ ʧʦʛʨʫʞʝʥʳ ʚ ʩʚʷʟʫʶʱʫʶ ʤʘʩʩʫ ʩʝʨʧʝʥʪʠʥ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʨʝʣʠʢʪʦʚ ʠ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 40 ʠ 60 ʦʙ. % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʣʠʢʪʳ ʨʘʟʤʝʨʦʤ 0,5ï3 ʩʤ ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʠʣʠ 

ʰʘʨʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘʧʦʤʠʥʘʷ ʘʚʪʦʣʠʪʳ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʚʪʦʣʠʪʦʧʦʜʦʙʥʫʶ ʪʝʢʩʪʫʨʫ (ʨʠʩ. 3.1.3, ʘ). ɺ ʧʦʨʬʠʨʦʚʦʤ 

ʢʠʤʙʝʨʣʠʪʝ ʩʨʝʜʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ʩʝʨʧʝʥʪʠʥʘ 

ʨʘʟʤʝʨʦʤ ʜʦ 1 ʩʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 35-40 ʦʙ. % (ʨʠʩ. 3.1.3). 

 

ʈʠʩ. 3.1.3. ʌʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʢʠʤʙʝʨʣʠʪ ʩʨʝʜʥʝʛʦ ʛʦʨʠʟʦʥʪʘ: ʘ ï 

ʤʘʢʨʦʬʦʪʦʛʨʘʬʠʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ; ʙ ï 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʢʠʤʙʝʨʣʠʪʘ ʩ ʨʝʣʠʢʪʦʤ ʥʘʠʤʝʥʝʝ 

ʠʟʤʝʥʸʥʥʦʛʦ ʢʠʤʙʝʨʣʠʪʘ, ʚ ʮʝʥʪʨʝ ʵʪʦʛʦ ʨʝʣʠʢʪʘ ʧʩʝʚʜʦʤʦʨʬʦʟʘ ʩʝʨʧʝʥʪʠʥʘ ʧʦ 

ʦʣʠʚʠʥʫ, ʥʠʢʦʣʠ ʩʢʨʝʱʝʥʳ. ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʨʝʣʠʢʪʘʤʠ ʠ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʦʡ 

ʦʙʦʟʥʘʯʝʥʳ ʞʝʣʪʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. Srp ï ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʩʝʨʧʝʥʪʠʥʘ ʧʦ 

ʦʣʠʚʠʥʫ. 
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ʄʝʟʦʩʪʘʟʠʩ ʨʝʣʠʢʪʦʚ ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ ʩʨʝʜʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ 

ʄʘʥʯʘʨʳ ʩʭʦʜʝʥ ʩ ʧʦʨʦʜʘʤʠ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ, ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʷʟʫʶʱʝʡ 

ʤʘʩʩʦʡ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʨʠʩ. 3.1.3, ʙ). 

ʅʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʳ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʨʘʟʥʦʨʘʟʤʝʨʥʳʭ ʟʝʨʝʥ ʢʘʣʴʮʠʪʘ. ɿʜʝʩʴ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ 

ʩʝʨʧʝʥʪʠʥʦʚʳʭ ʧʩʝʚʜʦʤʦʨʬʦʟ ʢʘʨʙʦʥʘʪʦʤ. ʉʨʝʜʠ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʩʦʭʨʘʥʷʶʪʩʷ ʨʝʣʠʢʪʳ ʟʸʨʝʥ ʘʧʘʪʠʪʘ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʌʨʘʛʤʝʥʪʘʮʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʩʨʝʜʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʩʚʷʟʘʥʘ ʩ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʝʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡ ʩʝʨʧʝʥʪʠʥ-

ʢʘʨʙʦʥʘʪʥʫʶ ʩʚʷʟʫʶʱʫʶ ʤʘʩʩʫ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʚʰʫʶ ʧʝʨʚʠʯʥʳʝ 

ʛʨʘʥʠʮʳ ʨʝʣʠʢʪʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʣʠʯʠʝ ʦʪʜʝʣʴʥʳʭ ʦʢʨʫʛʣʳʭ ʨʝʣʠʢʪʦʚ 

ʘʚʪʦʣʠʪʦʧʦʜʦʙʥʳʭ ʧʦ ʤʦʨʬʦʣʦʛʠʠ, ʜʦʧʫʩʢʘʝʪ ʫʯʘʩʪʠʝ ʧʝʨʚʠʯʥʦʡ ʵʢʩʧʣʦʟʠʚʥʦʡ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʤʘʛʤʘʢʣʘʩʪʦʚ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ ʠʥʪʝʨʚʘʣʘʭ 30-40 ʠ 50-60 ʤ ʬʠʢʩʠʨʫʶʪʩʷ 

ʙʣʦʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʤʘʩʩʠʚʥʳʤ ʧʦʨʬʠʨʦʚʳʤ ʢʠʤʙʝʨʣʠʪʦʤ, ʠʜʝʥʪʠʯʥʳʤ ʧʦʨʦʜʘʤ 

ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʪʦ ʝʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʷ ʧʦʨʦʜʳ ʥʦʩʠʣʘ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ 

(ʨʠʩ. 3.1.1). 

ɺʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ (0ï30 ʤ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ 

ʢʘʨʙʦʥʘʪʠʟʘʮʠʝʡ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʫʪʨʘʪʝ ʠʤʠ ʧʝʨʚʠʯʥʳʭ 

ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʨʠʩ. 3.1.4, ʘ), ʚ ʪʦʤ ʯʠʩʣʝ ʬʨʘʛʤʝʥʪʘʮʠʠ. 

ʂʩʝʥʦʣʠʪʳ ʦʩʘʜʦʯʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʨʝʜʢʠ. ʇʦʨʬʠʨʦʚʳʝ ʚʳʜʝʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʧʩʝʚʜʦʤʦʨʬʦʟ ʚ ʮʝʣʦʤ ʩʦʩʪʘʚʣʷʝʪ 10-15 ʦʙ. % (ʨʠʩ. 3.1.4, ʙ). ʀʭ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʫʯʘʩʪʢʦʚ, ʩʣʦʞʝʥʥʳʭ 

ʢʨʫʧʥʦʧʦʨʬʠʨʦʚʳʤ ʠ ʤʝʣʢʦʧʦʨʬʠʨʦʚʳʤ ʢʠʤʙʝʨʣʠʪʦʤ. ʅʘ ʦʪʜʝʣʴʥʳʭ, ʥʘʠʙʦʣʝʝ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʤʝʟʦʩʪʘʟʠʩʘ, ʩʝʨʧʝʥʪʠʥʦʚʳʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ 

ʪʝʨʷʶʪ ʯʸʪʢʠʝ ʢʦʥʪʫʨʳ (ʨʠʩ. 3.1.4, ʚ, ʛ). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʠʟ ʜʦʣʦʤʠʪʘ ʠ ʞʝʣʝʟʠʩʪʦʛʦ ʜʦʣʦʤʠʪʘ. ʉʨʝʜʠ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʟʦʩʪʘʟʠʩʘ 
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ʩʦʭʨʘʥʷʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʟʸʨʥʘ ʘʧʘʪʠʪʘ ʠ ʨʝʜʢʠʝ ʧʣʘʩʪʠʥʢʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ 

ʬʣʦʛʦʧʠʪʘ (ʨʠʩ. 3.1.4, ʜ). ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʘʛʨʝʛʘʪʘʤʠ ʤʘʛʥʝʪʠʪʘ (ʨʠʩ. 3.1.4, ʘ), ʘ ʧʝʨʦʚʩʢʠʪ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʸʥ ʘʥʘʪʘʟʦʤ. 

 

ʈʠʩ. 3.1.4. ʂʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʠʤʙʝʨʣʠʪ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ: ʘ ï 

ʤʘʢʨʦʬʦʪʦʛʨʘʬʠʷ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʠʤʙʝʨʣʠʪʘ ʩ ʫʪʨʘʯʝʥʥʳʤʠ 

ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ; ʙ ï ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʤʝʟʦʩʪʘʟʠʩʘ 

ʢʠʤʙʝʨʣʠʪʘ ʩ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ, 

ʥʠʢʦʣʠ ʩʢʨʝʱʝʥʳ; ʚ, ʛ ï ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʤʝʟʦʩʪʘʟʠʩʘ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʠʤʙʝʨʣʠʪʘ ʩ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ, ʫʪʨʘʪʠʚʰʠʭ ʯʝʪʢʠʝ 

ʢʦʥʪʫʨʳ, ʥʠʢʦʣʠ ʩʢʨʝʱʝʥʳ; ʜ - ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʤʝʟʦʩʪʘʟʠʩʘ ʢʠʤʙʝʨʣʠʪʘ ʩ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ ʬʣʦʛʦʧʠʪʘ, ʥʠʢʦʣʠ ʩʢʨʝʱʝʥʳ. Srp ï ʩʝʨʧʝʥʪʠʥ, 

Crb ï ʢʘʨʙʦʥʘʪʥʳʝ ʤʠʥʝʨʘʣʳ, Mag ï ʤʘʛʥʝʪʠʪ, Phl ï ʬʣʦʛʦʧʠʪ. 

3.2. ʊʨʫʙʢʘ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ 

ɺ ʪʨʫʙʢʝ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʥʠʞʥʠʡ ʛʦʨʠʟʦʥʪ, ʩʣʦʞʝʥ ʥʘʠʤʝʥʝʝ 

ʠʟʤʝʥʸʥʥʳʤʠ ʧʦʨʬʠʨʦʚʳʤ ʢʠʤʙʝʨʣʠʪʦʤ ʠ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʝʡ (ʨʠʩ. 3.2.2) ʠ 
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ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 172ï200 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʘʪʨʝʤʳ (ʨʠʩ. 

3.2.1). 

 

ʈʠʩ. 3.2.1. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ. 
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ɺ ʧʦʨʬʠʨʦʚʦʤ ʢʠʤʙʝʨʣʠʪʝ (ʨʠʩ. 3.2.2, ʘ) ʩ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʣʦʤʢʦʚ ʢʩʝʥʦʣʠʪʦʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʨʘʟʤʝʨʦʤ ʦʪ 0,5 ʜʦ 7 ʩʤ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 10 

ʦʙ. %. ɺ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ (ʨʠʩ. 3.2.2, ʚ) ʦʙʣʦʤʢʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 

ʠʤʝʶʪ ʨʘʟʤʝʨ ʦʪ 0,5 ʜʦ 15 ʩʤ ʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 10 ʜʦ 35 ʦʙ. %, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʨʝʢʯʠʝʚʫʶ (Mitchell, 1986) ʪʝʢʩʪʫʨʫ ʧʦʨʦʜʳ. ʇʦʨʬʠʨʦʚʘʷ 

ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ 

ʠʜʠʦʤʦʨʬʥʳʭ, ʛʠʧʠʜʠʦʤʦʨʬʥʳʭ ʠ ʦʚʘʣʴʥʳʭ ʟʝʨʝʥ ʦʣʠʚʠʥʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 50 

ʦʙ.%. ʅʝʠʟʤʝʥʝʥʥʳʝ ʠ ʯʘʩʪʠʯʥʦ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʝ ʟʝʨʥʘ ʦʣʠʚʠʥʘ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʚ ʧʦʨʬʠʨʦʚʦʤ ʢʠʤʙʝʨʣʠʪʝ ʥʘ ʛʣʫʙʠʥʝ 190ï200 ʤ (ʨʠʩ. 3.2.2, ʛ-ʞ). 

ʄʝʟʦʩʪʘʟʠʩ ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. 

ʉʤʝʣʦʚʘ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʦʣʠʚʠʥʘ, ʧʣʘʩʪʠʥʦʢ ʩʣʶʜʳ, ʨʘʟʥʦʨʘʟʤʝʨʥʳʭ 

ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʸʨʝʥ ʢʘʣʴʮʠʪʘ ʠ ʩʝʨʧʝʥʪʠʥʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ 

ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 3.2.2). ɺ ʮʝʣʦʤ, ʪʘʢʦʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʳ ʪʠʧʠʯʝʥ ʜʣʷ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʸʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ 

(ʆʧʘʨʠʥ, ʆʣʝʡʥʠʢʦʚ, 2022). ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʩʝʥʦʤʦʨʬʥʳʝ 

ʚʳʜʝʣʝʥʠʷ ʜʦʣʦʤʠʪʘ. ʉʨʝʜʠ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʟʦʩʪʘʟʠʩʘ ʫʩʪʘʥʦʚʣʝʥʳ: 

ʘʧʘʪʠʪ, ʠʣʴʤʝʥʠʪ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ ʠ ʧʝʨʦʚʩʢʠʪ. 

ʆʣʠʚʠʥ ʚ ʧʦʨʬʠʨʦʚʦʤ ʢʠʤʙʝʨʣʠʪʝ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʦʙʨʘʟʫʝʪ 

ʧʦʣʥʳʡ ʢʦʥʪʠʥʫʫʤ ʨʘʟʤʝʨʦʚ ʦʪ 0,1 ʜʦ 4 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʘʤ (ʨʠʩ. 3.2.2) (ʙ-ʞ), ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ. 

ʄʘʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʟʝʨʥʘ ʦʣʠʚʠʥʘ ʠ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʥʠʤ ʠʤʝʶʪ ʦʚʘʣʴʥʫʶ ʠ 

ʨʝʞʝ ʛʠʧʠʜʠʦʤʦʨʬʥʫʶ ʬʦʨʤʫ (ʨʠʩ. 3.2.3, ʚ, ʝ), ʘ ʜʣʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʭʘʨʘʢʪʝʨʥʳ 

ʦʚʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠ ʠʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ (ʨʠʩ. 3.2.3, ʚ, ʝ). 

ʉʣʶʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʘʩʪʠʥʢʘʤʠ ʬʣʦʛʦʧʠʪʘ, ʠʥʦʛʜʘ ʟʦʥʘʣʴʥʳʤʠ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ BaO (ʨʠʩ. 3.2.3, ʚ-ʝ). ɺ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʨʝʟʦʨʙʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʧʘʪʠʪʘ (ʨʠʩ. 3.2.3, ʛ, ʝ, ʟ), ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʸʨʥʘ 

ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ (ʯʘʩʪʦ ʩ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʡʤʦʡ ʄn-ʠʣʴʤʝʥʠʪʘ) (ʨʠʩ. 3.2.3, ʞ, ʟ), 

ʠʜʠʦʤʦʨʬʥʳʝ ʠ ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʸʨʥʘ ʧʝʨʦʚʩʢʠʪʘ (ʨʠʩ. 3.2.3, ʛ, ʝ). ʄʠʥʝʨʘʣʳ 
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ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʦʤ (Cr2O3 48ï52 ʤʘʩ. %), 

ʤʘʛʥʝʟʠʦʬʝʨʨʠʪʦʤ, ʫʣʴʚʦʰʧʠʥʝʣʴʶ ʠ ʤʘʛʥʝʪʠʪʦʤ (ʨʠʩ. 3.2.3, ʛ, ʝ, ʟ). 

 

ʈʠʩ. 3.2.2. ʇʦʨʦʜʳ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ: ʘ ï 

ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʙʨʝʢʯʠʷ; ʙ ï ʤʝʟʦʩʪʘʟʠʩ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ, ʥʠʢʦʣʠ 

ʩʢʨʝʱʝʥʳ; ʚ ï ʧʦʨʬʠʨʦʚʳʡ ʢʠʤʙʝʨʣʠʪ; ʛ ï ʤʝʟʦʩʪʘʟʠʩ ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ, 

ʛʣʫʙʠʥʘ, ʥʠʢʦʣʠ ʩʢʨʝʱʝʥʳ; ʜ ï ʤʝʟʦʩʪʘʟʠʩ ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ ʩ ʯʘʩʪʠʯʥʦ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤ ʦʣʠʚʠʥʦʤ, ʥʠʢʦʣʠ ʩʢʨʝʱʝʥʳ; ʝ, ʞ ï ʫʯʘʩʪʢʠ ʤʝʟʦʩʪʘʟʠʩʘ 

ʩʦ ʩʚʝʞʠʤ ʦʣʠʚʠʥʦʤ, ʥʠʢʦʣʠ ʩʢʨʝʱʝʥʳ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: Xen ï ʢʩʝʥʦʣʠʪ, Ol 

ï ʦʣʠʚʠʥ, Phl ï ʬʣʦʛʦʧʠʪ, Cal ï ʢʘʣʴʮʠʪ, Srp ï ʩʝʨʧʝʥʪʠʥ, Ilm ï ʠʣʴʤʝʥʠʪ. 
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ʈʠʩ. 3.2.3. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʠʤ. 

ɸ.ʇ. ʉʤʝʣʦʚʘ: BSEïʠʟʦʙʨʘʞʝʥʠʷ ʤʝʟʦʩʪʘʟʠʩʘ ʧʦʨʬʠʨʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʥʠʞʥʝʛʦ 

ʛʦʨʠʟʦʥʪʘ: ʘ, ʙ, ʜ ï ʤʘʢʨʦʢʨʠʩʪʘʣʣʳ ʦʣʠʚʠʥʘ; ʚ, ʝ ï ʤʠʢʨʦʢʨʠʩʪʘʣʣʳ ʦʣʠʚʠʥʘ; ʛ ï 

ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʠʤʙʝʨʣʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʣʠʚʠʥ; ʞ, ʟ ï ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʢʠʤʙʝʨʣʠʪʘ ʩ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: Ol 

ï ʦʣʠʚʠʥ, Phl-Ba ï ʙʘʨʠʡʩʦʜʝʨʞʘʱʠʡ ʬʣʦʛʦʧʠʪ, BaïPhl ï ʙʘʨʠʝʚʳʡ ʬʣʦʛʦʧʠʪ, Cal 

ï ʢʘʣʴʮʠʪ, Dol ï ʜʦʣʦʤʠʪ, Srp ï ʩʝʨʧʝʥʪʠʥ, Ap ï ʘʧʘʪʠʪ, Mg-Ilm ï ʧʠʢʨʦʠʣʴʤʝʥʠʪ, 

MnïIlm ï ʄn-ʠʣʴʤʝʥʠʪ, Mag ï ʤʘʛʥʝʪʠʪ, Mfr ï ʤʘʛʥʝʟʠʦʬʝʨʨʠʪ, Mchr ï 

ʤʘʛʥʝʟʠʦʭʨʦʤʠʪ, Uspl ï ʫʣʴʚʦʰʧʠʥʝʣʴ. 

ɺ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 45ï172 ʤ ʩʨʝʜʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʙʣʦʢʦʚ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʸʥʥʳʭ ʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ 
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ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ (ʨʠʩ. 3.2.1), ʚ ʢʦʪʦʨʳʭ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʣʠʢʪʦʚ ʧʦʨʬʠʨʦʚʦʛʦ 

ʢʠʤʙʝʨʣʠʪʘ ʠ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 70 ʠ 30 ʦʙ. % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 3.2.4, 

ʘ, ʙ). ʕʪʦ ʯʝʨʝʜʦʚʘʥʠʝ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ. 

 

ʈʠʩ. 3.2.4. ʌʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʢʠʤʙʝʨʣʠʪ ʩʨʝʜʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. 

ʉʤʝʣʦʚʘ: ʘ ï ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʙʨʝʢʯʠʷ ʩ ʨʝʣʠʢʪʘʤʠ (ʢʨʘʩʥʳʡ 

ʧʫʥʢʪʠʨ) ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ; ʙ ï ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ, ʥʠʢʦʣʠ ʧʘʨʘʣʣʝʣʴʥʳ; ʚ ï BSEïʠʟʦʙʨʘʞʝʥʠʝ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʢʠʤʙʝʨʣʠʪʘ; ʛ ï ʩʚʷʟʫʶʱʘʷ ʤʘʩʩʘ; ʜ ï ʛʨʘʥʠʮʘ ʨʝʣʠʢʪʘ 

ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ ʠ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʳ; ʝ ï ʤʝʟʦʩʪʘʟʠʩ ʨʝʣʠʢʪʘ 

ʧʦʨʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: Xen ï ʢʩʝʥʦʣʠʪ, Phl ï ʬʣʦʛʦʧʠʪ, 

Cal ï ʢʘʣʴʮʠʪ, Srp ï ʩʝʨʧʝʥʪʠʥ, Ap ï ʘʧʘʪʠʪ, Ilm ï ʠʣʴʤʝʥʠʪ, Mag ï ʤʘʛʥʝʪʠʪ, 

Mfr ï ʤʘʛʥʝʟʠʦʬʝʨʨʠʪ. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʘʣʴʮʠʪï

ʩʝʨʧʝʥʪʠʥʦʚʘʷ ʩʚʷʟʫʶʱʘʷ ʤʘʩʩʘ, ʩʦʜʝʨʞʘʱʘʷ ʨʝʣʠʢʪʳ ʢʠʤʙʝʨʣʠʪʘ ʩ ʬʣʦʛʦʧʠʪï

ʩʝʨʧʝʥʪʠʥïʢʘʨʙʦʥʘʪʥʳʤ ʤʝʟʦʩʪʘʟʠʩʦʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʟʘʣʠʚʦʦʙʨʘʟʥʦʡ (ʨʠʩ. 3.2.4, ʚ) ʠ ʨʝʜʢʦ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʤ ʜʦ 4 ʩʤ (ʨʠʩ. 
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3.2.4, ʘ). ʕʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʧʦʤʠʥʘʶʪ ʘʚʪʦʣʠʪʳ, ʦʙʫʩʣʘʚʣʠʚʘʷ ʘʚʪʦʣʠʪʦʧʦʜʦʙʥʫʶ 

ʪʝʢʩʪʫʨʫ ʧʦʨʦʜʳ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʯʸʪʢʠʭ ʛʨʘʥʠʮ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʥʝʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚ. ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠ ʰʘʨʦʦʙʨʘʟʥʳʭ ʨʝʣʠʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʠʭ ʢʘʢ ʚʦʟʤʦʞʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʤʘʛʤʘʢʣʘʩʪʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʨʠ 

ʵʢʩʧʣʦʟʠʚʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʧʝʨʚʠʯʥʳʝ ʧʨʠʟʥʘʢʠ 

ʟʘʢʘʣʢʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʫʥʠʯʪʦʞʝʥʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ. 

ʈʝʣʠʢʪʳ ʢʠʤʙʝʨʣʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 3.2.4, 

ʙ), ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʘʣʠʯʠʝʤ ʧʩʝʚʜʦʤʦʨʬʦʟ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ, ʯʘʩʪʦ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʤʘʢʨʦʢʨʠʩʪʘʣʣʦʚ ʬʣʦʛʦʧʠʪʘ ʠ, ʨʝʞʝ, ʠʣʴʤʝʥʠʪʘ. 

ʄʝʟʦʩʪʘʟʠʩ ʢʠʤʙʝʨʣʠʪʦʚ ʨʝʣʠʢʪʦʚ ʠ ʥʝʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ (ʨʠʩ. 3.2.4, ʝ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʘʣʴʮʠʪʘ ʥʘʜ ʩʝʨʧʝʥʪʠʥʦʤ. ɺ ʨʝʣʠʢʪʘʭ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʡ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʡ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʳ, ʦʪʤʝʯʘʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʣʴʤʝʥʠʪʘ, ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ ʠ ʧʝʨʦʚʩʢʠʪʘ 

(ʨʠʩ. 3.2.4, ʜ). 

ʉʚʷʟʫʶʱʘʷ ʤʘʩʩʘ (ʨʠʩ. 3.2.4, ʛ) ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʧʝʥʪʠʥʘ ʠ ʢʩʝʥʦʤʦʨʬʥʳʭ, 

ʨʝʞʝ ʠʜʠʦʤʦʨʬʥʳʭ, ʟʸʨʝʥ ʢʘʣʴʮʠʪʘ ʨʘʟʤʝʨʦʤ 20ï120 ʤʢʤ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʦ ʜʘʥʥʳʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ, ʥʘ ʛʣʫʙʠʥʝ 50ï90 ʤ ʧʦʷʚʣʷʝʪʩʷ ʜʦʣʦʤʠʪ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʪʘ (ʆʧʘʨʠʥ ʠ ʜʨ., 2015). ʌʣʦʛʦʧʠʪ ʚ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʧʣʘʩʪʠʥʦʢ, ʯʘʩʪʠʯʥʦ ʠʟʤʝʥʸʥʥʳʭ ʛʠʧʝʨʛʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʦʚʩʢʠʪʦʤ, ʝʜʠʥʠʯʥʳʤʠ ʟʸʨʥʘʤʠ 

ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ (ʤʘʛʥʝʟʠʦʬʝʨʨʠʪ, ʤʘʛʥʝʪʠʪ) ʠ ʠʭ ʘʪʦʣʣʦʚʠʜʥʳʤʠ 

ʘʛʨʝʛʘʪʘʤʠ ʩ ʷʜʨʘʤʠ ʠʟ ʤʘʛʥʝʟʠʦʬʝʨʨʠʪʘ ʠʣʠ ʤʘʛʥʝʪʠʪʘ ʠ ʢʘʡʤʦʡ ʠʟ ʤʘʛʥʝʪʠʪʘ 

(ʨʠʩ. 3.2.4, ʛ). ɺ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ ʠ ʤʝʟʦʩʪʘʟʠʩʝ ʨʝʣʠʢʪʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ 

ʨʝʟʦʨʙʠʨʦʚʘʥʥʳʝ ʟʸʨʥʘ ʘʧʘʪʠʪʘ (ʨʠʩ. 3.2.4, ʛ, ʝ). 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʪʨʫʙʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʘʦʪʠʯʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʳʭ ʙʣʦʢʦʚ ʢʠʤʙʝʨʣʠʪʘ (ʨʠʩ. 3.2.5, ʛ, ʜ) ʩ ʙʣʦʢʘʤʠ 

ʯʘʩʪʠʯʥʦ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ (ʨʠʩ. 3.2.5, ʘ). ʕʪʦʪ ʛʦʨʠʟʦʥʪ 
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ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʦ ʛʣʫʙʠʥʳ 45 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʘʪʨʝʤʳ. ʂʦʣʠʯʝʩʪʚʦ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʳʭ ʧʩʝʚʜʦʤʦʨʬʦʟ ʩʝʨʧʝʥʪʠʥʘ ʧʦ ʦʣʠʚʠʥʫ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 30 ʦʙ. %. 

ʂʘʨʙʦʥʘʪʠʟʘʮʠʷ ʠ ʦʢʚʘʨʮʝʚʘʥʠʝ ʧʨʠʚʦʜʷʪ ʢ ʯʘʩʪʠʯʥʦʡ ʫʪʨʘʪʝ ʧʦʨʦʜʦʡ ʧʝʨʚʠʯʥʳʭ 

ʪʝʢʩʪʫʨʥʦïʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʚʢʣʶʯʘʷ ʢʦʥʪʫʨʳ ʩʝʨʧʝʥʪʠʥʦʚʳʭ 

ʧʩʝʚʜʦʤʦʨʬʦʟ (ʨʠʩ. 3.2.5, ʚ, ʛ). ʄʝʟʦʩʪʘʟʠʩ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʚʳʧʦʣʥʝʥ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʢʚʘʨʮʝʤ ʩ ʟʝʨʥʘʤʠ ʘʧʘʪʠʪʘ ʠ ʘʥʘʪʘʟʘ (ʨʠʩ. 3.2.5, 

ʙ). ɼʦʣʦʤʠʪ ʠ ʞʝʣʝʟʠʩʪʳʡ ʜʦʣʦʤʠʪ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ 

ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʠ, ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʦʚ, ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʣʦʤʠʪʦʚʳʡ ʩʦʩʪʘʚ. ɺ 

ʩʦʩʪʘʚʝ ʤʝʟʦʩʪʘʟʠʩʘ ʧʦʨʦʜ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʦʨʙʠʨʦʚʘʥʥʳʝ 

ʟʝʨʥʘ ʘʧʘʪʠʪʘ (ʜʦ 100 ʤʢʤ) ʠ ʘʪʦʣʣʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʘʥʘʪʘʟʘ (ʜʦ 100 ʤʢʤ), 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘ ʩʯʝʪ ʧʝʨʦʚʩʢʠʪʘ, ʣʘʛʫʥʳ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ ʜʦʣʦʤʠʪʦʤ (ʨʠʩ. 

3.2.5, ʞ). ɽʜʠʥʠʯʥʳʝ ʧʣʘʩʪʠʥʢʠ ʬʣʦʛʦʧʠʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 0,2 ʤʤ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʪʦʣʴʢʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʘʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʨʠʩ. 3.2.5, ʜ, ʝ, ʞ). 

 

ʈʠʩ. 3.2.5. ʂʠʤʙʝʨʣʠʪʳ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ: ʘ ï 

ʦʢʚʘʨʮʦʚʘʥʥʳʡ ʢʠʤʙʝʨʣʠʪ; ʙ ï ʤʝʟʦʩʪʘʟʠʩ ʦʢʚʘʨʮʦʚʘʥʥʦʛʦ ʢʠʤʙʝʨʣʠʪʘ, ʥʠʢʦʣʠ 
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ʩʢʨʝʱʝʥʳ; ʚ ï ʤʝʟʦʩʪʘʟʠʩ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʠʤʙʝʨʣʠʪʘ, ʥʠʢʦʣʠ ʩʢʨʝʱʝʥʳ; 

ʛ ï ʠʥʪʝʥʩʠʚʥʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʠʤʙʝʨʣʠʪ ʩ ʫʪʨʘʯʝʥʥʳʤʠ ʪʝʢʩʪʫʨʥʦï

ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ; ʜ ï ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʨʬʠʨʦʚʳʡ ʢʠʤʙʝʨʣʠʪ; ʝ 

ï ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʨʬʠʨʦʚʳʡ ʢʠʤʙʝʨʣʠʪ ʩ ʬʣʦʛʦʧʠʪʦʤ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ; 

ʞ ï BSEïʠʟʦʙʨʘʞʝʥʠʝ ʤʝʟʦʩʪʘʟʠʩʘ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʨʬʠʨʦʚʦʛʦ 

ʢʠʤʙʝʨʣʠʪʘ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: Qz ï ʢʚʘʨʮ, Phl ï ʬʣʦʛʦʧʠʪ, Dol ï ʜʦʣʦʤʠʪ, 

Py ï ʧʠʨʠʪ, Ap ï ʘʧʘʪʠʪ, Ant ï ʘʥʘʪʘʟ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʤʝʯʝʥʦ ʠ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ (ʄʘʨʰʠʥʮʝʚ, 1986). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʢʘʨʙʦʥʘʪʥʳʡ ʠʣʠ ʢʘʨʙʦʥʘʪ-ʩʝʨʧʝʥʪʠʥʦʚʳʡ ʩʦʩʪʘʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʧʦʨʦʜ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʦʢ. 

ɺ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʘʭ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʘʧʠʢʘʣʴʥʳʭ ʯʘʩʪʝʡ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʤʠʥʝʨʘʣʳ-ʠʥʜʠʢʘʪʦʨʳ 

ʢʠʤʙʝʨʣʠʪʦʚ ʙʳʣʠ ʫʥʠʯʪʦʞʝʥʳ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʕʪʦʪ ʬʘʢʪ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʦʛʘʱʝʥʠʷ ʢʝʨʥʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ. 

ʈʘʥʝʝ ʄʘʭʦʪʢʠʥ ʀ.ʃ. ʩ ʩʦʘʚʪʦʨʘʤʠ ʫʢʘʟʳʚʘʣʠ ʥʘ ʫʯʘʩʪʠʝ çʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚè ʚ ʩʪʨʦʝʥʠʠ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʠ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ 

ʚʥʝʜʨʝʥʠʷ ʚ ʪʨʫʙʢʘʭ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ (ʄʘʭʦʪʢʠʥ ʠ ʜʨ., 2021). 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʠʩʫʪʩʪʚʠʝ çʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚè ʚ 

ʩʪʨʦʝʥʠʠ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ. ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ 

ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʫʙʦʢ 

ʫʩʪʘʥʦʚʣʝʥʳ ʥʝ ʙʳʣʠ. ʀʟʤʝʥʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʫʩʣʦʚʣʝʥʳ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʝʨʚʠʯʥʳʭ ʵʢʩʧʣʦʟʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʛʤʘʢʣʘʩʪʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ) ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ð ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʝʡ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʝʡ, 

ʢʦʪʦʨʳʝ ʚʳʟʚʘʣʠ ʬʨʘʛʤʝʥʪʘʮʠʶ ʧʦʨʦʜ ʠ ʫʪʨʘʪʫ ʠʭ ʧʝʨʚʠʯʥʳʭ ʪʝʢʩʪʫʨʥʦ-

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɸʥʘʣʦʛʠʯʥʳʡ ʩʮʝʥʘʨʠʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʠʤʙʝʨʣʠʪʦʚ ʙʳʣ 
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ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʩʣʘʙʦʵʨʦʜʠʨʦʚʘʥʥʳʭ ʪʨʫʙʦʢ ʄʦʣʦʜʠʥʩʢʦʛʦ ʧʦʣʷ ʠ ʩʚʷʟʘʥ ʩ 

ʚʥʝʜʨʝʥʠʝʤ ʨʘʩʧʣʘʚʘ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʫʶ ʧʝʩʯʘʥʫʶ ʪʦʣʱʫ (ʆʣʝʡʥʠʢʦʚ, ʆʧʘʨʠʥ, 

2025). ʇʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʨʘʩʧʣʘʚʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝ ʪʨʫʙʢʠ 

ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ, ʧʝʨʝʩʝʢʘʣʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʬʨʝʘʪʠʯʝʩʢʠʤ ʵʢʩʧʣʦʟʠʚʥʳʤ ʧʨʦʮʝʩʩʘʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʣʦʢʦʚ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʜʦ 

ʛʣʫʙʠʥʳ 200 ʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʦʪʠʧʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ 

ʚʣʠʷʥʠʝʤ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʷʚʣʝʥʥʳʭ ʩ ʨʘʟʣʠʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʢʘʞʜʦʤ ʪʝʣʝ. ʅʠʞʥʠʡ ʛʦʨʠʟʦʥʪ ʪʝʣʘ ʩʣʦʞʝʥ ʤʘʩʩʠʚʥʳʤʠ 

ʢʠʤʙʝʨʣʠʪʘʤʠ ʩ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ ʬʣʦʛʦʧʠʪ-ʩʝʨʧʝʥʪʠʥ-

ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʬʨʝʘʪʠʯʝʩʢʠʭ ʵʢʩʧʣʦʟʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʯʝʨʝʜʦʚʘʥʠʝ ʙʣʦʢʦʚ ʥʝʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʚ 

ʩʨʝʜʥʝʤ ʛʦʨʠʟʦʥʪʝ. ɺʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ ʩʣʦʞʝʥ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤʠ 

ʢʘʨʙʦʥʘʪʠʟʘʮʠʝʡ ʠ ʦʢʚʘʨʮʝʚʘʥʠʝʤ ʘʧʦʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʥʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʫʶ ʧʨʠʨʦʜʫ. ʊʘʢʦʝ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʠʭ ʤʠʥʠʤʘʣʴʥʦʤ ʵʨʦʟʠʦʥʥʦʤ 

ʩʨʝʟʝ. 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʧʝʨʚʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ: 

ʂʠʤʙʝʨʣʠʪʳ ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʳʤʠ ʪʝʢʩʪʫʨʥʦ-

ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʵʢʩʧʣʦʟʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʥʘ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ. ʇʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ 

ʦʧʨʝʜʝʣʷʶʪ ʤʠʥʠʤʘʣʴʥʫʶ ʩʦʭʨʘʥʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚ ʥʘ ʩʘʤʳʭ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʪʨʫʙʦʢ. 
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ɻʃɸɺɸ 4. ʇɽʊʈʆʃʆɻʆ-ɻɽʆʍʀʄʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 

ʂʀʄɹɽʈʃʀʊʆɺ ʍʆʄʇʋ-ʄɸʁʉʂʆɻʆ ʇʆʃʗ 

4.1. ʇʝʪʨʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʠʤʙʝʨʣʠʪʦʚ 

ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʧʨʠʚʷʟʢʦʡ ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʨʘʟʨʝʟʫ, ʧʦʣʫʯʝʥʥʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʫʨʝʥʠʷ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʧʦ ʘʧʠʢʘʣʴʥʳʤ ʯʘʩʪʷʤ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ ɸ.ʇ. 

ʉʤʝʣʦʚʘ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʘʥʘʣʠʟʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʦʢ 

ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 24 ʠ 25, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʠʩʩʣʝʜʫʝʤʳʝ 

ʪʨʫʙʢʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʪʨʦʡʥʘʷ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʍʦʣʤʩʘ (Holmes, 

1936) (ʨʠʩ. 4.1.1), ʦʪʨʘʞʘʶʱʘʷ ʠʭ ʚʝʱʝʩʪʚʝʥʥʫʶ ʩʧʝʮʠʬʠʢʫ (ʂʦʨʥʠʣʦʚʘ ʠ ʜʨ., 

1983). ʅʘ ɻʪʦʡ ʜʠʘʛʨʘʤʤʝ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʦʙʨʘʟʫʶʪ ʢʦʤʧʘʢʪʥʦʝ ʧʦʣʝ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ, 

ʚʳʜʝʣʝʥʥʦʛʦ ɺ.ʇ. ʂʦʨʥʠʣʦʚʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʗʂʇ (ʂʦʨʥʠʣʦʚʘ ʠ ʜʨ., 1983). ʅʘʠʤʝʥʝʝ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʧʦʨʦʜʳ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʩʦʜʝʨʞʘʪ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʦʚ ʪʠʪʘʥʘ ʠ ʤʘʛʥʠʷ (ʨʠʩ. 4.1.1, ʧʨʠʣʦʞʝʥʠʝ 24). ɺ 

ʧʦʨʦʜʘʭ ʩ ʬʣʦʛʦʧʠʪ-ʢʘʨʙʦʥʘʪ-ʩʝʨʧʝʥʪʠʥʦʚʳʤ ʤʝʟʦʩʪʘʟʠʩʦʤ ʢʦʣʠʯʝʩʪʚʦ 

ʫʛʣʝʢʠʩʣʦʪʳ ʚʘʨʴʠʨʫʝʪ ʦʪ 1,37 ʜʦ 5,13 ʤʘʩ. %, TiO2 ʦʪ 2,92 ʜʦ 5,91 ʤʘʩ. %, ʘ MgO 

ʦʪ 27,47 ʜʦ 33,28 ʤʘʩ. %. ɺʦ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜʘʭ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʩʦʜʝʨʞʘʥʠʝ ʉʆ2 ʚʦʟʨʘʩʪʘʝʪ ʜʦ 9,64 ʤʘʩ. %, ʘ ʚ ʧʦʨʦʜʘʭ ʩ ʫʪʨʘʯʝʥʥʳʤʠ ʪʝʢʩʪʫʨʥʦ-

ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʘʧʠʢʘʣʴʥʦʡ ʯʘʩʪʠ ʪʨʫʙʢʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 12,34 ʤʘʩ. %, ʜʣʷ ʢʦʪʦʨʳʭ, ʢʨʦʤʝ ʪʦʛʦ, ʭʘʨʘʢʪʝʨʥʦ ʦʙʝʜʥʝʥʠʝ 

MgO ʜʦ 20,26 ʤʘʩ. %. 

ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʭ ʨʘʟʥʦʩʪʝʡ ʢʠʤʙʝʨʣʠʪʦʚ 

ʥʠʞʥʝʛʦ ʠʟʫʯʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣ ̫ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ (ʨʠʩ. 4.1.1) (ʂʦʨʥʠʣʦʚʘ 

ʠ ʜʨ., 1983). ɼʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʠʟʫʯʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ 

ʭʘʨʘʢʪʝʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʦʯʝʢ ʩʦʩʪʘʚʦʚ ʚ ʧʦʣʷʭ ʢʠʤʙʝʨʣʠʪʦʚ, ʢʠʤʙʝʨʣʠʪʦʚʳʭ 
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ʙʨʝʢʯʠʡ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʙʨʝʢʯʠʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʪʠʭ ʧʦʨʦʜ (ʨʠʩ. 4.1.1). 

ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ 

ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʦʙʨʘʟʫʶʪ ʦʪʜʝʣʴʥʦʝ ʧʦʣʝ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ 

ʢʨʝʤʥʝʢʠʩʣʦʪʳ (ʨʠʩ. 4.1.1). 

 

ʈʠʩ. 4.1.1. ɼʠʘʛʨʘʤʤʘ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʧʦʨʦʜ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (Holmes, 1936): 1 ïʪʨʫʙʢʘ ʄʘʥʯʘʨʳ, 2 ï ʪʨʫʙʢʘ ʠʤ. ɸ.ʇ. 

ʉʤʝʣʦʚʘ; ʧʦʣʷ: 3 ï ʤʦʥʪʠʯʝʣʣʠʪʦʚʳʝ ʘʣʴʥʝʠʪʳ (ʂʦʨʥʠʣʦʚʘ ʠ ʜʨ., 1983), 4 ï 

ʢʠʤʙʝʨʣʠʪʳ (ʂʦʨʥʠʣʦʚʘ ʠ ʜʨ., 1983), 5 ï ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ (ʂʦʨʥʠʣʦʚʘ ʠ ʜʨ., 

1983), 6 ï ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʙʨʝʢʯʠʠ (ʂʦʨʥʠʣʦʚʘ ʠ ʜʨ., 1983); 7 ï ʦʢʚʘʨʮʦʚʘʥʥʳʝ 

ʢʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ. 
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ɺ ʮʝʣʦʤ, ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʪʝʣ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ CO2 ʚ 

ʧʦʨʦʜʘʭ ʢʘʢ ʩ ʘʚʪʦʣʠʪʦʧʦʜʦʙʥʦʡ ʪʝʢʩʪʫʨʦʡ, ʪʘʢ ʠ ʩ ʫʪʨʘʯʝʥʥʳʤʠ ʪʝʢʩʪʫʨʥʦ-

ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʦʚ ʪʠʪʘʥʘ ʠ 

ʤʘʛʥʠʷ ʚ ʧʦʨʦʜʘʭ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʨʦʚʥʝʡ (ʧʨʠʣʦʞʝʥʠʷ 24, 25). 

ʀʩʩʣʝʜʫʝʤʳʝ ʢʠʤʙʝʨʣʠʪʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʭʝʤʝ ʉ. 

ʀ. ʂʦʩʪʨʦʚʠʮʢʦʛʦ (ʂʦʩʪʨʦʚʠʮʢʠʡ ʠ ʜʨ., 2004), ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʦʢʩʠʜʦʚ FeOtot, TiO2 ʠ K2O (ʪʘʙʣ. 4.1). 

ʊʘʙʣʠʮʘ 4.1. ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ ʢʠʤʙʝʨʣʠʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʗʢʫʪʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ (ʂʦʩʪʨʦʚʠʮʢʠʡ ʠ ʜʨ., 2004). 

ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʪʠʧʳ 

ʇʘʨʘʤʝʪʨʳ ʩʦʜʝʨʞʘʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʦʢʩʠʜʦʚ, ʤʘʩ. % 

 ̄ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ FeOtot TiO2 K2O 

1 
ʄʘʛʥʝʟʠʘʣʴʥʳʡ, ʥʠʟʢʦ-

ʪʠʪʘʥʠʩʪʳʡ, ʥʠʟʢʦ-ʢʘʣʠʝʚʳʡ 
<6 <1 <1 

2 
ʄʘʛʥʝʟʠʘʣʴʥʳʡ, ʥʠʟʢʦ-

ʪʠʪʘʥʠʩʪʳʡ, ʚʳʩʦʢʦ-ʢʘʣʠʝʚʳʡ 
<6 <1 1ï2,5 

3 

ʄʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʡ, 

ʚʳʩʦʢʦ-ʪʠʪʘʥʠʩʪʳʡ, ʥʠʟʢʦ-

ʢʘʣʠʝʚʳʡ 

6ï9 1ï2,5 <1 

4 
ɾʝʣʝʟʠʩʪʦ-ʪʠʪʘʥʠʩʪʳʡ, ʥʠʟʢʦ-

ʢʘʣʠʝʚʳʡ 8ï15 1,5ï7 < 1 

5 
ɾʝʣʝʟʠʩʪʦ-ʪʠʪʘʥʠʩʪʳʡ, ʚʳʩʦʢʦ-

ʢʘʣʠʝʚʳʡ 8ï15 1,5ï7 1-5 

 

ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʠʣʠ 

ʦʯʝʥʴ ʥʠʟʢʠʭ) ʜʣʷ ʪʠʧʠʟʘʮʠʠ ʢʠʤʙʝʨʣʠʪʦʚ ʘʧʠʢʘʣʴʥʳʭ ʯʘʩʪʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʫʙʦʢ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʠʥʜʠʢʘʪʦʨʥʳʭ ʦʢʩʠʜʦʚ (ʪʘʙʣ. 

4.2.) ʧʦ ʢʘʞʜʦʡ ʪʨʫʙʢʝ. 

ʇʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʤʝʜʠʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʥʜʠʢʘʪʦʨʥʳʭ ʦʢʩʠʜʦʚ (ʪʘʙʣ. 4.2) 

ʢʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʞʝʣʝʟʠʩʪʦ-ʪʠʪʘʥʠʩʪʦʤʫ, ʥʠʟʢʦ-

ʢʘʣʠʝʚʦʤʫ ʪʠʧʫ 4 (ʪʘʙʣ. 4.1) ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʠ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʘʭ 

ʘʧʠʢʘʣʴʥʦʡ ʯʘʩʪʠ ʜʠʘʪʨʝʤʳ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ K2O (2,1ï2,9 
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ʤʘʩ. %, ʧʨʠʣʦʞʝʥʠʝ 24), ʩʚʷʟʘʥʥʳʝ ʩ ʣʦʢʘʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʣʶʜʳ ʚ 

ʤʝʟʦʩʪʘʟʠʩʝ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʊʘʙʣʠʮʘ 4.2. ʈʘʩʩʯʠʪʘʥʥʳʝ ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ ʦʢʩʠʜʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ, ʤʘʩ. %. 

ʊʨʫʙʢʘ FeOtot TiO2 K2O 

ʄʘʥʯʘʨʳ 10,26 3,69 0,35 

ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ 7,76 2,43 0,44 

 

ʂʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʠʤ. ɸ. ʇ. ʉʤʝʣʦʚʘ, ʩʦʛʣʘʩʥʦ ʤʝʜʠʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʭ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʦʢʩʠʜʦʚ (ʪʘʙʣ. 4.2), ʦʪʥʦʩʷʪʩʷ ʢ ʤʘʛʥʝʟʠʘʣʴʥʦïʞʝʣʝʟʠʩʪʦʤʫ, 

ʚʳʩʦʢʦ-ʪʠʪʘʥʠʩʪʦʤʫ, ʥʠʟʢʦ-ʢʘʣʠʝʚʦʤʫ ʪʠʧʫ 3 (ʪʘʙʣ. 4.1). 

ʅʘ ʙʠʥʘʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʚ ʢʦʦʨʜʠʥʘʪʘʭ SiO2-MgO, SiO2-CaO, SiO2-K2O, 

SiO2-CO2, SiO2-TiO2 ʠ SiO2-H2O (ʨʠʩ. 4.1.2), ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʧʝʪʨʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ, ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʢʠʤʙʝʨʣʠʪʦʚ 

ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ KDE-ʧʦʣʷʤʠ çʛʣʦʙʘʣʴʥʦʡ 

ʙʘʟʳ ʜʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚè ʧʦ (Giuliani et al., 2025). KDE-ʧʦʣʷ (Kernel Density 

Estimation ï ʦʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʜʨʘ) ʧʦʩʪʨʦʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʫʩʩʦʚʦʡ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ Python-ʧʘʢʝʪʘ çPyroliteè 

(Williams et al., 2020) ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʢʠʤʙʝʨʣʠʪʦʚ. 

ʉʦʩʪʘʚʳ ʦʙʝʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʫʙʦʢ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʦʙʣʘʩʪʠ 

ʥʠʟʢʦʢʨʝʤʥʝʟʸʤʠʩʪʳʭ ʩʦʩʪʘʚʦʚ (SiO2 Ṃ 30 ʤʘʩ. %), ʪʦ ʝʩʪʴ ʚʥʫʪʨʠ ʪʠʧʠʯʥʦʛʦ ʧʦʣʷ 

çʛʣʦʙʘʣʴʥʳʭè ʢʠʤʙʝʨʣʠʪʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʨʝʜʥʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʨʝʤʥʝʟʸʤʥʦʡ 

ʥʝʜʦʩʳʱʝʥʥʦʩʪʴʶ, ʧʦʚʳʰʝʥʥʳʤʠ MgO ʠ ʟʥʘʯʠʤʳʤʠ ʜʦʣʷʤʠ CO2 (ʨʠʩ. 4.1.2). ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʧʠʩʘʥʠʝʤ ʢʦʤʧʠʣʷʮʠʠ ɼʞʫʣʠʘʥʠ (Giuliani et al., 2025), ʛʜʝ 

ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʩʣʝʜʥʠʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ ʢʠʤʙʝʨʣʠʪʦʚ, ʢʘʢ 

ʙʦʛʘʪʳʭ CO2 (6,3 ʤʘʩ.%), ʥʝʜʦʩʳʱʝʥʥʳʭ ʢʨʝʤʥʝʟʝʤʦʤ (SiO2 30,9 ʤʘʩ.%), 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ (MgO 27,3 ʤʘʩ.%) ʠ ʙʝʜʥʳʭ ɦ ʝʣʦʯʘʤʠ (Na2O 0,12 ʤʘʩ.%; K2O 0,78 

ʤʘʩ.%) ʧʦʨʦʜ (Pearson et al., 2019; Kjarsgaard et al., 2022). 

ɺ ʢʦʦʨʜʠʥʘʪʘʭ SiO2ïMgO (ʨʠʩ. 4.1.2, ʘ) ʩʦʩʪʘʚʳ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. 

ʉʤʝʣʦʚʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʨʘʪʥʫʶ ʢʦʨʨʝʣʷʮʠʶ, ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʠ ʪʷʛʦʪʝʶʪ ʢ 
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ʢʘʣʴʮʠʪʦʚʦʤʫ ʪʨʝʥʜʫ (Giuliani et al., 2025). ʇʨʠʟʥʘʢʦʚ ʢʦʨʦʚʦʡ ʢʦʥʪʘʤʠʥʘʮʠʠ ð 

ʩʤʝʱʝʥʠʷ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʷʤ SiO2 ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ MgO 

ð ʜʣʷ ʦʙʝʠʭ ʪʨʫʙʦʢ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩ. 4.1.2). 

ɺ ʢʦʦʨʜʠʥʘʪʘʭ SiO2ïTiO2 ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʦʙʝʠʭ ʪʨʫʙʦʢ, ʚ 

ʮʝʣʦʤ, ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʬʦʨʤʠʨʫʶʪ 

ʪʨʝʥʜ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʪʠʪʘʥʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʨʝʤʥʝʟʝʤʘ 

(ʨʠʩ. 4.1.2, ʜ). ʂʠʤʙʝʨʣʠʪʳ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʦʙʨʘʟʫʶʪ ʜʚʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʧʦʣʷ ʩʦʩʪʘʚʦʚ, ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʪʨʝʥʜʦʚ 

ʠʣʴʤʝʥʠʪʘ ʠ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʫʣʴʚʦʰʧʠʥʝʣʴ-ʤʘʛʥʝʪʠʪʘ ʧʦ (Giuliani et al., 2025), ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʊʦʯʢʠ ʩʦʩʪʘʚʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʟʘʥʠʤʘʶʪ ʙʦʣʝʝ ʪʠʪʘʥʠʩʪʫʶ ʦʙʣʘʩʪʴ, ʠ ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʣʦʞʠʪʩʷ ʥʘ ʣʠʥʠʶ 

ʠʣʴʤʝʥʠʪʦʚʦʛʦ ʪʨʝʥʜʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʠʣʠʝʤ ʤʘʢʨʦʢʨʠʩʪʘʣʣʦʚ 

ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʠ ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʟʦʩʪʘʟʠʩʘ ʚ 

ʢʠʤʙʝʨʣʠʪʘʭ ʵʪʦʛʦ ʪʝʣʘ. 

ʅʘ ʜʠʘʛʨʘʤʤʘʭ SiO2ïCaO ʠ SiO2ïCO2 ʩʦʩʪʘʚʳ ʢʠʤʙʝʨʣʠʪʦʚ ʦʙʝʠʭ ʪʨʫʙʦʢ, ʚ 

ʮʝʣʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʨʘʪʥʫʶ ʢʦʨʨʝʣʷʮʠʶ (ʨʠʩ. 4.1.2). ʊʘʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʢʘʣʴʮʠʪʘ, ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ CaO ʚ 

ʧʦʨʦʜʝ. ɺ ʢʦʦʨʜʠʥʘʪʘʭ SiO2ïK2O (ʨʠʩ. 4.1.2) ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʘʥʘʣʠʟʦʚ ʦʙʝʠʭ ʪʨʫʙʦʢ ʚ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʠʧʠʯʥʳʭ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʢʘʣʠʷ ʩʦʩʪʘʚʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʧʦ (Giuliani et al., 2025), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʝʜʠʥʠʯʥʳʭ çʚʳʙʨʦʩʦʚè ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ K2O, ʩʚʷʟʘʥʥʳʭ ʩ ʣʦʢʘʣʴʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʣʶʜʳ ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʦʚ. ʇʨʠ 

ʙʣʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ CaO ʫ ʢʠʤʙʝʨʣʠʪʦʚ ʦʙʝʠʭ ʪʨʫʙʦʢ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʩʦʩʪʘʚʘ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʳʭ 

ʩʦʜʝʨʞʘʥʠʡ CO2 (Ò 3 ʤʘʩ. %), ʪʦʛʜʘ ʢʘʢ ʫ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʠʤ. ɸ. ʇ. ʉʤʝʣʦʚʘ 

ʧʨʝʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʣʠʯʝʩʪʚʘ CO2. ʇʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʩʦʩʪʘʚʘ ʥʘ 

ʜʠʘʛʨʘʤʤʘʭ SiO2ïCaO ʠ SiO2ïCO2 (ʨʠʩ. 4.1.2) ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤʠ ʧʨʠʩʫʪʩʪʚʠʝ ʧʝʨʦʚʩʢʠʪʘ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ 

ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʠ ʧʦʚʳʰʝʥʥʫʶ ʜʦʣʶ ʢʘʣʴʮʠʪʘ ʚ ʪʨʫʙʢʝ ʠʤ. ɸ.ʇ. 
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ʉʤʝʣʦʚʘ, ʛʜʝ ʵʪʦʪ ʤʠʥʝʨʘʣ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʚ ʩʦʩʪʘʚʝ ʤʝʟʦʩʪʘʟʠʩʘ 

ʢʠʤʙʝʨʣʠʪʦʚ. ʅʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʛʘʟʘʮʠʝʡ (Giuliani et al., 2025), ʢʦʛʜʘ 

ʧʦʥʠʞʝʥʠʝ CO2 ʙʝʟ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʫʛʣʝʢʠʩʣʦʪʘ ʫʭʦʜʠʪ ʚʦ ʬʣʶʠʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Ca ʦʩʪʘʝʪʩʷ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʠʣʠ ʚ 

ʨʘʩʧʣʘʚʝ. ʉʦʛʣʘʩʥʦ (Zech et al., 2025), ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ CO2 ʚ ʢʠʤʙʝʨʣʠʪʘʭ 

ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʛʘʟʘʮʠʝʡ ʨʘʩʧʣʘʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʜʝʣʝʥʠʷ ʬʣʶʠʜʘ ʠ ʧʦʩʪʫʧʣʝʥʠʷ 

H2O ʥʘ ʩʪʘʜʠʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ, ʨʘʩʪʚʦʨʷʶʱʝʡ 

ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʢʘʣʴʮʠʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʦʣʠ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʧʦʨʦʜʝ. 

ʊʘʢʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʵʬʬʝʢʪ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʝ SiO2ïCO2 (ʨʠʩ. 

4.1.2, ʛ), ʛʜʝ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʩ 

ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʢʠʩʣʦʪʳ ʚʳʪʷʥʫʪʳ ʤʝʞʜʫ ʚʳʜʝʣʝʥʥʳʤʠ ʪʨʝʥʜʘʤʠ, 

ʧʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ ʢʦʨʦʚʦʡ ʜʝʛʘʟʘʮʠʠ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ (Zech et al., 2025). ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʢʠʤʙʝʨʣʠʪʦʚ 

ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʥʘ ʜʠʘʛʨʘʤʤʝ SiO2ïH2O ʦʙʨʘʟʫʪʁ ʢʦʤʧʘʢʪʥʦʝ ʧʦʣʝ, ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʢʨʳʚʘʶʱʝʝʩʷ ʩ ʩʦʩʪʘʚʘʤʠ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ (ʨʠʩ. 4.1.2, 

ʝ), ʘ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʷʤʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ 

SiO2 ʠ H2O. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʠ ʚʦʜʳ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʚʳʟʚʘʥʦ 

ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʝʡ (Giuliani et al., 2025). ɺʩʝ ʵʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʝʡ 

ʩʝʨʧʝʥʪʠʥʘ ʚ ʤʝʟʦʩʪʘʟʠʩʝ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʧʦ 

ʜʘʥʥʳʤ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 48 ʜʦ 75 % 

(ʆʧʘʨʠʥ ʠ ʜʨ., 2015). ɼʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʪʘʢʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʤʝʥʝʝ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʦʤ ʠ ʙʦʣʝʝ 

ʢʘʣʴʮʠʪʦʚʦʤ ʩʦʩʪʘʚʝ ʤʝʟʦʩʪʘʟʠʩʘ. 
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ʈʠʩ. 4.1.2. ʆʩʥʦʚʥʳʝ ʜʠʘʛʨʘʤʤʳ ʢʦʚʘʨʠʘʮʠʠ ʦʢʩʠʜʦʚ ʜʣʷ ʛʣʦʙʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ 

ʧʦ ʢʠʤʙʝʨʣʠʪʘʤ (Giuliani et al., 2025) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʫʩʩʦʚʦʡ ʦʮʝʥʢʠ 
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ʧʣʦʪʥʦʩʪʠ ʷʜʨʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ çʪʠʧʠʯʥʳʭè ʩʦʩʪʘʚʦʚ ʠ ʙʠʙʣʠʦʪʝʢʠ 

Pyrolite ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

(Williams et al., 2020): ʘ) SiO2-MgO; ʙ) SiO2-CaO; ʚ) SiO2-K2O; ʛ) SiO2-CO2; ʜ) SiO2-

TiO2; ʝ) SiO2-H2O. ʎʚʝʪʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʠʟʦʙʨʘʞʝʥʳ ʚʝʢʪʦʨʳ ʢ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ 

ʠʩʪʦʯʥʠʢʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ 

ʚʢʣʘʜʦʤ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ/ʢʩʝʥʦʢʨʠʩʪʘʣʣʦʚ, ʢʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ (Giuliani et al., 2025), ʘ ʪʘʢʞʝ ʪʨʝʥʜʳ ʚʣʠʷʥʠʷ ʢʦʨʦʚʦʡ 

ʜʝʛʘʟʘʮʠʠ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʝʨʧʝʥʪʥʠʥʠʟʘʮʠʠ (Zech et al., 2025). 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʠʤʙʝʨʣʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʥʘʨʥʘʷ 

ʜʠʘʛʨʘʤʤʘ (ʨʠʩ. 4.1.3), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʝʢʮʠʶ ʧʦ ʜʚʫʤ ʬʫʥʢʮʠʷʤ 

Factor 1 ʠ Factor 2, ʨʘʩʩʯʠʪʘʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʛʨʫʧʧʦʚʦʛʦ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʄɼɸ) ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʙʘʟʳ ʜʘʥʥʳʭ KIMDAT (Taylor 

et al., 1994). ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʡ ʜʠʘʛʨʘʤʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʧʦʨʦʜʳ 10 ʧʝʪʨʦʛʝʥʥʳʭ 

ʦʢʩʠʜʦʚ - SiO2, TiO2, Al 2O3, FeOt, MnO, MgO, CaO, Na2O, K2O ʠ P2O5. 

ɼʠʩʢʨʠʤʠʥʘʪʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

(1) Factor 1= ×(aiẗXi) + a0 

(2) Factor 2= ×(biẗXi) + b0, 

ʛʜʝ ai ʠ bi ï ʢʦʵʬʬʠʮʠʝʥʪʳ, a0 ʠ b0 ï ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʭ ʬʫʥʢʮʠʡ ʧʦ (Taylor et al., 1994), ʘ Xi ï ʩʦʜʝʨʞʘʥʠʷ ʦʢʠʩʣʦʚ. 

ʅʘ ʜʠʩʢʨʠʤʠʥʘʪʥʦʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 4.1.3) ʊʝʡʣʦʨ ʩ ʩʦʘʚʪʦʨʘʤʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʧʦʨʦʜ ʚʳʜʝʣʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʣʝʡ ʩʦʩʪʘʚʦʚ ï 

ʦʣʠʚʠʥʦʚʳʝ ʣʘʤʧʨʦʠʪʳ, ʘʡʣʣʠʢʠʪʳ, ʢʘʣʴʮʠʪʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳ, ʥʝʩʣʶʜʷʥʳʝ 

ʢʠʤʙʝʨʣʠʪʳ ʛʨʫʧʧ I(A) ʠ I(B), ʘ ʪʘʢʞʝ ʩʣʶʜʷʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ʛʨʫʧʧʳ II  (Taylor et 

al., 1994). ɻʨʫʧʧʳ I(A) ʠ I(B) ʙʳʣʠ ʚʧʝʨʚʳʝ ʚʳʜʝʣʝʥʳ ʉʤʠʪʦʤ ʩ ʩʦʘʚʪʦʨʘʤʠ (Smith 

et al., 1985), ʢʘʢ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʚʥʫʪʨʠ ʛʨʫʧʧʳ I, ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ, 

ʠʟʦʪʦʧʥʳʭ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʶʞʥʦʘʬʨʠʢʘʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ. 
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ʈʠʩ. 4.1.3. ɼʠʩʢʨʠʤʠʥʘʥʪʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʫʣʴʪʠʛʨʫʧʧʦʚʦʛʦ ʜʠʩʢʨʠʤʠʥʘʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʄɼɸ), ʧʨʠʤʝʥʝʥʥʦʛʦ ʢ ʦʩʥʦʚʥʳʤ 

ʧʝʪʨʦʛʝʥʥʳʤ ʦʢʩʠʜʘʤ (SiO2, TiO2, Al2O3, FeOt, MnO, MgO, CaO, Na2O, K2O, P2O5) 

ʧʦ (Taylor et al., 1994). ʇʦʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʧʦʨʦʜ ʥʘʥʝʩʝʥʳ 

ʩʦʛʣʘʩʥʦ (Taylor et al., 1994). ʂʦʵʬʬʠʮʠʝʥʪʳ ʠ ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʭ ʬʫʥʢʮʠʡ (Factor 1 ʠ Factor 2) ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ (Taylor et al., 

1994). 

ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʥʘ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 4.1.3) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜ ʢ ʢʠʤʙʝʨʣʠʪʘʤ ʛʨʫʧʧʳ I, ʯʪʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʠʘʧʘʟʦʥʦʤ 0-6 

ʬʫʥʢʮʠʠ Factor 1 (Taylor et al., 1994) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʨʝʥʥʦʤʫ ʦʙʦʛʘʱʝʥʠʶ K2O, 

TiO2 ʠ P2O5 ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʣʘʚʘ. ʉʦʩʪʘʚʳ ʦʙʝʠʭ 

ʪʨʫʙʦʢ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʦʙʣʘʩʪʴ ʤʝʞʜʫ ʧʦʣʷʤʠ ʢʠʤʙʝʨʣʠʪʦʚ ʛʨʫʧʧ I(A) 
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ʠ I(B), ʯʘʩʪʠʯʥʦ ʧʦʧʘʜʘʷ ʚ ʧʦʣʝ ʢʘʣʴʮʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ 

ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ ʪʨʫʙʦʢ. ʇʦ ʦʩʠ 

ʬʫʥʢʮʠʠ Factor 2 (ʨʠʩ. 4.1.3), ʦʪʨʘʞʘʶʱʝʡ ʙʘʣʘʥʩ ʩʠʣʠʢʘʪʥʦʡ (SiO2, Al 2O3, Na2O) 

ʠ ʢʘʣʴʮʠʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʝʟʦʩʪʘʟʠʩʘ, ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʪʨʫʙʦʢ 

ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʦʙʨʘʟʫʶʪ ʜʚʘ ʦʪʜʝʣʴʥʳʭ, ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ 

ʧʦʣʷ ʧʨʠ ʙʣʠʟʢʦʤ ʜʠʘʧʘʟʦʥʝ Factor 1. ʉʤʝʱʝʥʠʝ ʩʦʩʪʘʚʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʠʤ. 

ɸ.ʇ. ʉʤʝʣʦʚʘ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ Factor 2 ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ 

ʢʘʨʙʦʥʘʪʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʣʦʢʘʣʠʟʘʮʠʷ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ 

ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

Factor 2 ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʜʦʣʝʡ ʩʠʣʠʢʘʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʤʝʟʦʩʪʘʟʠʩʝ. ʊʘʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʠ ʩʚʷʟʘʥʦ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʷʚʣʝʥʠʷ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʢʘʞʜʦʤ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʣ. ʉʝʨʧʝʥʪʠʥʠʟʘʮʠʷ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ 

ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʦʢʩʠʜʦʚ (Sparks et 

al., 2008) ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʦʙʱʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦʨʦʜ ʢ ʢʠʤʙʝʨʣʠʪʘʤ ʛʨʫʧʧʳ I. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ ʘʧʠʢʘʣʴʥʳʝ ʯʘʩʪʠ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ 

ʠʤ. ɸ. ʇ. ʉʤʝʣʦʚʘ ʧʦ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʠʧʠʯʥʳʤ ʥʠʟʢʦʢʨʝʤʥʝʟʝʤʠʩʪʳʤ 

ʢʠʤʙʝʨʣʠʪʘʤ ʛʨʫʧʧ rI. ʇʦ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ 

ʄʘʥʯʘʨʳ ʩʦʦʪʚʝʪʩʪʚʫʪʁ ʞʝʣʝʟʠʩʪʦ-ʪʠʪʘʥʠʩʪʦʤʫ, ʥʠʟʢʦʢʘʣʠʝʚʦʤʫ ʪʠʧʫ 4, ʪʦʛʜʘ ʢʘʢ 

ʢʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʠʤ. ɸ. ʇ. ʉʤʝʣʦʚʘ ð ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʦʤʫ, 

ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʦʤʫ, ʥʠʟʢʦʢʘʣʠʝʚʦʤʫ ʪʠʧʫ 3. ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʠʤʙʝʨʣʠʪʦʚ ʵʪʠʭ 

ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʩʦʛʣʘʩʥʦ (ʂʦʩʪʨʦʚʠʮʢʠʡ, ʗʢʦʚʣʝʚ, 2023), ʧʨʠʥʠʤʘʣ 

ʫʯʘʩʪʠʝ ʘʩʪʝʥʦʩʬʝʨʥʳʡ ʨʘʩʧʣʘʚ-ʬʣʶʠʜ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʣʠʢʘʪʥʳʭ ʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩʦʩʪʘʚʦʤ ʤʝʟʦʩʪʘʟʠʩʘ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ɼʣ ̫ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʭʘʨʘʢʪʝʨʥʳ ʧʦʚʳʰʝʥʥʳʝ ʜʦʣʠ ʦʢʩʠʜʥʦʡ ʬʘʟʳ (ʧʠʢʨʦʠʣʴʤʝʥʠʪ, ʧʝʨʦʚʩʢʠʪ), ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʘʷ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʷ ʠ ʧʦʥʠʞʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ CO2, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʜʝʛʘʟʘʮʠʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʠʤ. ɸ. ʇ. ʉʤʝʣʦʚʘ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 
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ʢʘʨʙʦʥʘʪʥʳʤ ʤʝʟʦʩʪʘʟʠʩʦʤ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ CO2 ʧʨʠ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ. 

4.2. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʠʤʙʝʨʣʠʪʦʚ 

ʀʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʠ ʧʦʨʦʜ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʢʠʤʙʝʨʣʠʪʳ ʪʨʫʙʦʢ 

ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʦʙʦʛʘʱʝʥʳ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʧʨʠʣʦʞʝʥʠʝ 26). 

ʉʪʨʫʢʪʫʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʭʦʥʜʨʠʪʫ (McDonough, 

Sun, 1995), ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.2.1. 

ʆʙʱʠʡ ʨʠʩʫʥʦʢ ʩʧʝʢʪʨʦʚ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʧʦʩʪʘʚʠʤ ʩ ʪʘʢʦʚʳʤʠ 

ʢʠʤʙʝʨʣʠʪʦʚ ʛʨʫʧʧʳ I ʖʞʥʦʡ ɸʬʨʠʢʠ (Le Roex et al., 2003) (ʨʠʩ. 4.2.1, ʘ). ɺʦ ʚʩʝʭ 

ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʣʝʛʢʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(LREE) ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʷʞʝʣʳʭ (HREE). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʈɿʕ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʨʦʜʳ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʷ 

ʩʫʙʧʘʨʘʣʣʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʚ ʮʝʣʦʤ, 

ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʦʙʦʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʣ. ʦʙʨʘʟʮʳ ʂʠʤʙʝʨʣʠʪʳ ʪʨʫʙʦʢ ʠʤ. ɸ.ʇ. 

ʉʤʝʣʦʚʘ ʠ ʄʘʥʯʘʨʳ ʦʙʦʛʘʱʝʥʳ ʚʩʝʤ ʩʧʝʢʪʨʦʤ ʈɿʕ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʤʘʟʦʥʦʩʥʳʤʠ 

ʢʠʤʙʝʨʣʠʪʘʤʠ ɼʘʣʜʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ ʗʂʇ (ʂʘʨʛʠʥ ʠ ʜʨ., 

2011) (ʨʠʩ. 4.2.1, ʘ). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʵʣʝʤʝʥʪʦʚ HFSE (Nb, Zr, Ta, Hf, Th, U, Pb, 

Ti) ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ (McDonough, Sun, 1995) 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.2.1. ʇʦ ʩʦʜʝʨʞʘʥʠʶ Nb, Ta, Ti ʠ Th ʠʩʩʣʝʜʫʝʤʳʝ 

ʧʦʨʦʜʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʛʨʫʧʧʳ I ʖɸʈ (ʨʠʩ. 4.2.1, ʚ-ʝ). ʉʦʛʣʘʩʥʦ 

(Chalapathi Rao et al., 2017) ʦʪʩʫʪʩʪʚʠʝ ʘʥʦʤʘʣʠʡ Nb ʠ Ta ʠʩʢʣʶʯʘʝʪ ʨʦʣʴ 

ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʨʘʩʧʣʘʚʦʚ/ʬʣʶʠʜʦʚ ʚ ʤʘʥʪʠʡʥʦʤ ʤʝʪʘʩʦʤʘʪʦʟʝ. 

ʀʟʫʯʝʥʥʳʝ ʧʦʨʦʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʪʠʪʘʥʦʚʫʶ ʘʥʦʤʘʣʠʶ, 

ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Ti ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʠʤʙʝʨʣʠʪʦʚ 

ɼʘʣʜʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ ʗʂʇ (ʨʠʩ. 4.2.1, ʙ). 
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ʈʠʩ. 4.2.1. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʢ ʭʦʥʜʨʠʪʫ (ʘ) (McDonough, Sun, 1995) ʠ ʢ ʧʨʠʤʠʪʠʚʥʦʡ 

ʤʘʥʪʠʠ (ʙ-ʝ) (McDonough, Sun, 1995) ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜʘʭ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ, ɼʘʣʜʳʥʩʢʦʛʦ (ʂʘʨʛʠʥ ʠ ʜʨ., 2011), 

ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ (ʂʘʨʛʠʥ ʠ ʜʨ., 2011) ʧʦʣʝʡ ʠ ʧʨʦʚʠʥʮʠʠ ʂʠʤʙʝʨʣʠ (ʖɸʈ) (Le 

Roex et al., 2003). 
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ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʨʢʦʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ, ʩʦʜʝʨʞʘʱʠʭ ʩʢʦʧʣʝʥʠʷ ʟʝʨʝʥ ʮʠʨʢʦʥʠʝʚʳʭ 

ʛʨʘʥʘʪʦʚ ʠ ʢʘʣʴʮʠʨʪʠʪʘ. ʉʦʜʝʨʞʘʥʠʷ Zr ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ ʚʘʨʴʠʨʫʶʪ ʦʪ 725,2 ʜʦ 

1579,66 ppm (ʧʨʠʣʦʞʝʥʠʝ 26), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʮʠʨʢʦʥʠʝʚʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ. ɺ ʢʠʤʙʝʨʣʠʪʘʭ ʜʘʥʥʦʡ ʪʨʫʙʢʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʮʠʨʢʦʥʠʝʚʳʝ 

ʤʠʥʝʨʘʣʳ, ʢʦʣʠʯʝʩʪʚʦ ʮʠʨʢʦʥʠʷ (415,26 ppm) ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ (ʦʪ 272,53 ʜʦ 680,49 ppm). 

ɼʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʙʣʠʟʢʠ ʢ ʢʦʥʮʝʥʪʨʘʮʠʷʤ Zr ʚ ʢʘʣʴʮʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʘʭ ʩʠʣʣʦʚ 

ɺʵʩʩʝʣʪʦʥ (White et al.,2012) ʠ ɹʝʥʬʦʥʪʝʡʥ (McDonald et al., 1995), ʘ ʪʘʢʞʝ ʪʨʫʙʢʠ 

ʇʨʝʤʴʝʨ (McDonald et al., 1995) (ʪʘʙʣ. 4.3). ʕʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʮʠʨʢʦʥʠʷ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʥʠʭ, ʢʘʢ 

ʠ ʚ ʩʠʣʣʘʭ ɺʝʩʩʝʣʪʦʥ ʠ ɹʝʥʬʦʥʪʝʡʥ (Mitchell, 1994), ʮʠʨʢʦʥʠʝʚʳʭ ʛʨʘʥʘʪʦʚ ʠ 

ʢʘʣʴʮʠʨʪʠʪʘ.  

ʊʘʙʣʠʮʘ 4.3. ʉʦʜʝʨʞʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ 

ʪʨʫʙʦʢ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʠ ʢʘʣʴʮʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʖɸʈ, ppm. 

ʊʨʫʙʢʘ ʉʤʝʣʦʚʘ ʄʘʥʯʘʨʳ ɺʵʩʩʵʣʪʦʥ ɹʝʥʬʦʥʪʝʡʥ ʇʨʝʤʴʝʨ 

 ̄ 1 2 3 4 5 6 7 8 9 

Rb 15,68 54,56 1,94 16,24 123 86    

Ba 2258,67 3064,28 94,07 836,40 2136 543 1260 196 548 

U 3,81 6,88 3,49 4,54 7 8 8 2 6 

Nb 197,45 238,30 228,07 220,19 298 510    

La 135,10 242,09 43,45 184,23 203 270 309 152 206 

Ce 269,82 476,80 80,29 347,52 296 396 600 266 334 

Pb 2,32 1,55 4,85 5,53 13 18    

Zr 272,53 426,85 415,26 1579,66 439 1399 1150 385 849 

Y 15,30 23,57 11,61 15,47 39 49    

Yb 0,83 1,12 0,43 0,76   1,04 1,36 1,27 
ɼʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʣʴʮʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʘʭ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪ: ʩʠʣʣʳ ɺʵʩʩʵʣʪʦʥ 

(White et al.,2012), ʩʠʣʣʳ ɹʝʥʬʦʥʪʝʡʥ (McDonald et al., 1995), ʪʨʫʙʢʘ ʇʨʝʤʴʝʨ (McDonald et al., 1995). 

ʉʦʛʣʘʩʥʦ (Giuliani et al., 2025) ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ Zr ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ 

ʂʘʘʧʚʘʘʣʴʩʢʦʛʦ ʢʨʘʪʦʥʘ ʩʦʩʪʘʚʣʷʶʪ 257,7 ppm, ʘ ʜʣʷ ʉʠʙʠʨʩʢʦʛʦ 146 ppm. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʠʤʙʝʨʣʠʪʳ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʮʠʨʢʦʥʠʷ ʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʢʠʤʙʝʨʣʠʪʘʤ ʛʨʫʧʧʳ I ʖʞʥʦʡ ɸʬʨʠʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʠʷ, ʚ ʮʝʣʦʤ, 
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ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʘʣʴʮʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʠʟʫʯʝʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʧʦʨʦʜ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʦʙʦʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʣ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ 

ʭʘʨʘʢʪʝʨʥʘ ʚʳʨʘʞʝʥʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ Pb (ʨʠʩ. 4.2.1, ʚ-ʝ), ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʢʦʨʦʚʦʡ ʢʦʥʪʘʤʠʥʘʮʠʠ (Le Roex 

et al., 2003). 

ʂʨʫʧʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ LILE (Cs, Rb, K, Ba ʠ Sr) ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʰʠʨʦʢʫʶ ʚʘʨʠʘʮʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʦʙʝʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʫʙʢʘʭ. ʅʘʠʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʮʝʟʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʧʦʨʦʜ ʠʟ ɼʘʣʜʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ (ʨʠʩ. 4.2.1, 

ʙ). ʅʘ ʧʣʘʚʥʳʝ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʦʛʘʱʝʥʠʷ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜʘʭ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ Rb, K, Ba ʠ Sr. 

ʂʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʦʙʝʜʥʝʥʠʝ 

K, Ba ʠ Rb, ʯʪʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʪʨʫʙʦʢ ʖɸʈ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʪʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 4.2.1, ʚ-ʝ). ɹʣʠʟʢʠʝ ʩ ʪʨʫʙʢʦʡ ʄʘʥʯʘʨʳ 

ʩʦʜʝʨʞʘʥʠʷ ʙʘʨʠʷ, ʨʫʙʠʜʠʷ ʠ ʮʝʟʠʷ ʦʪʤʝʯʘʶʪʩʷ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ɼʘʣʜʳʥʩʢʦʛʦ ʠ 

ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ. ʆʙʨʘʟʮʳ ʢʠʤʙʝʨʣʠʪʦʚ ʠʟ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʨʫʙʠʜʠʷ, ʚ ʮʝʣʦʤ, ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʛʨʫʧʧʳ I ʖʞʥʦʡ 

ɸʬʨʠʢʠ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʠʟ ʪʨʫʙʢʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ ɺʘ, ʯʝʤ 

ʧʦʨʦʜʳ ʪʨʫʙʦʢ ɼʝ ɹʠʨʩ (Le Roex et al., 2003) (ʨʠʩ. 4.2.1, ʜ) ʠ ʂʠʤʙʝʨʣʠ (Le Roex et 

al., 2003) (ʨʠʩ. 4.2.1, ʛ) ʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʪʨʫʙʦʢ ɼʫʪʦʠʪʩʧʘʥ (ʨʠʩ. 

4.2.1, ʝ) (Le Roex et al., 2003), ɹʫʣʪʬʦʥʪʝʡʥ (ʨʠʩ. 4.2.1, ɽʝ) (Le Roex et al., 2003) ʠ 

ʩʠʣʣʦʚ ɺʝʩʩʝʣʪʦʥ (ʨʠʩ. 4.2.1, ɺ) (Le Roex et al., 2003). ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ 

ʢʘʣʠʷ, ʨʫʙʠʜʠʷ ʠ ʪʠʪʘʥʘ ʚ ʶʞʥʦʘʬʨʠʢʘʥʩʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ ʛʨʫʧʧʳ I ʙʳʣʠ 

ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʃʝ ʈʦʵʢʩʦʤ (Le Roex et al., 2003), ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʝʨʚʠʯʥʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʤʘʛʤʳ. 
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ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʪʨʫʙʦʢ ʄʘʥʯʘʨ rʠ ʠʤ. 

ɸ.ʇ. ʉʤʝʣʦʚʘ ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʥʘ ʩʧʘʡʜʝʨʜʠʘʛʨʘʤʤʘʭ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʞʠʡ ʤʝʞʜʫ ʩʦʙʦʡ ʩʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʝʜʠʥʦʡ ʜʣʷ ʥʠʭ ʩʠʩʪʝʤʝ ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ 

ʮʝʣʦʤ, ʧʦʨʦʜʳ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ, ʠʤʝʶʪ ʙʦʣʝʝ ʩʦʧʦʩʪʘʚʠʤʫ  ʁ ʢʘʨʪʠʥʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʦʚ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʛʨʫʧʧʳ I ʖʞʥʦʡ 

ɸʬʨʠʢʠ, ʯʝʤ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ɼʘʣʜʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ ʗʢʫʪʩʢʦʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʧʣʘʚʣʝʥʠʷ ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ (Le Roex et 

al., 2003). 

ʉʦʦʪʥʦʰʝʥʠʷ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ Nb/U ʠ Ce/Pb ʥʝ 

ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

(Chalapathi Rao et al., 2017) ʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʨʝʧʝʨʘʤʠ ʜʣʷ 

ʨʘʟʣʠʯʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʛʨʫʧʧʳ I ʠ ʛʨʫʧʧʳ II  (ʦʨʘʥʞʝʠʪʦʚ) (Le Roex et al., 2003; 

Becker, Le Roex, 2006; Coe et al., 2008; Paton et al., 2009). 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ Nb/U (ʨʠʩ. 4.2.2, ʘ) ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʦʢ 

ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʪʘʢʦʚʳʤʠ ʢʠʤʙʝʨʣʠʪʦʚ ʛʨʫʧʧʳ I 

ʖɸʈ, ʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʜʩʪʚʦ ʩ ʙʘʟʘʣʴʪʘʤʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ (OIB), 

ʦʪʣʠʯʘʷʩʴ ʧʨʠ ʵʪʦʤ ʦʪ ʙʘʟʘʣʴʪʦʚ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ (MORB) ʖʞʥʦʡ 

ɸʪʣʘʥʪʠʢʠ (Le Roex et al., 2003). ʂʨʦʤʝ ʪʦʛʦ, ʢʠʤʙʝʨʣʠʪʳ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʨʝʟʢʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʠʤʙʝʨʣʠʪʦʚ ʛʨʫʧʧʳ II  ʖɸʈ (ʨʠʩ. 4.2.2, ʘ), ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ 

ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ Nb/U, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʨʦʚʦʡ ʢʦʥʪʘʤʠʥʘʮʠʝʡ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ Ce/Pb ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠʥʜʠʢʘʪʦʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʚʦʚʣʝʯʝʥʠʷ 

ʢʦʨʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʘʛʤʘʭ ʤʘʥʪʠʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (Le Roex et al., 2003; 

Azzone et al., 2018). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʤʠʨʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʛʨʫʧʧʳ I ʵʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʜʠʘʧʘʟʦʥ 20-40, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʤʘʥʪʠʡʥʳʭ 

ʨʘʩʧʣʘʚʦʚ, ʩʭʦʜʥʳʭ ʩ OIB, ʯʪʦ ʦʪʨʘʞʘʝʪ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʟ ʛʣʫʙʠʥʥʦʛʦ 

ʘʩʪʝʥʦʩʬʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʨʦʚʦʡ ʢʦʥʪʘʤʠʥʘʮʠʝʡ (Becker, Le 
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Roex, 2006). ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʠʤ ʢʠʤʙʝʨʣʠʪʳ ʛʨʫʧʧʳ II  ʠ ʛʠʙʨʠʜʥʳʝ 

ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʥʠʞʝʥʥʳʝ Ce/Pb (ʦʢʦʣʦ 10 ʠ 

ʥʠʞʝ) ʟʘ ʩʯʝʪ ʧʨʠʤʝʩʠ ʢʦʨʦʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʩʚʠʥʮʦʤ (ɻʫʩʝʚ, ɸʥʪʦʥʦʚ, 

2020). ʂʠʤʙʝʨʣʠʪʳ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʮʝʨʠʷ, 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʛʨʫʧʧʳ I ʖɸʈ, ʧʦ (Le Roex et al., 2003) (ʨʠʩ. 4.2.2, 

ʙ), ʦʜʥʘʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʠʭ ʙʦʣʝʝ ʚʳʩʦʢʠʤ Ce/Pb ʩʦʦʪʥʦʰʝʥʠʝʤ (93-139). 

ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Ce/Pb ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʢʘʣʴʮʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʘʭ ʜʘʝʢ 

ʉʥʵʧ ʃʵʡʢ (Fulop et al., 2018) ʠ ʄʘʜʞʫʘʛʘʘ (Zech et al., 2025), ʘ ʪʘʢʞʝ ʪʨʫʙʢʠ ɼʘʡʚʠʢ 

(Zech et al., 2025). ʅʘ ʜʠʘʛʨʘʤʤʝ Ce ï Ce/Pb ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʍʦʤʧʫ-

ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʦʙʨʘʟʫʶʪ ʝʜʠʥʦʝ ʧʦʣʝ ʩ ʩʦʩʪʘʚʘʤʠ ʚʳʰʝʦʙʦʟʥʘʯʝʥʥʳʭ 

ʢʘʣʴʮʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ (ʨʠʩ. 4.2.2, ʙ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʪʘʢʦʝ 

ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ce/Pb, ʭʦʪʴ ʠ ʥʝ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʛʨʫʧʧʳ 

I, ʥʦ ʚʩʝ ʞʝ ʨʝʘʣʴʥʦʝ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʤʫ ʚʦʚʣʝʯʝʥʠʶ ʢʦʨʦʚʦʛʦ ʚʝʱʝʩʪʚʘ 

(Le Roex et al. 2003) ʠ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʪʠʧʦʤʦʨʬʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʦʤ ʢʘʣʴʮʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚ 

ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʧʦʨʦʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʢʠʤʙʝʨʣʠʪʳ ʘʧʠʢʘʣʴʥʳʭ ʯʘʩʪʝʡ ʪʨʫʙʦʢ 

ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ. ʇ. ʉʤʝʣʦʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʝʜʠʥʦʡ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʦʡ ʦʙʱʥʦʩʪʠ ʠ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʛʨʫʧʧʳ I ʖʞʥʦʡ ɸʬʨʠʢʠ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʦʢʩʠʜʦʚ FeOtot, TiO2 ʠ K2O ʢʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʞʝʣʝʟʠʩʪʦ-ʪʠʪʘʥʠʩʪʦʤʫ, ʥʠʟʢʦ-ʢʘʣʠʝʚʦʤʫ ʪʠʧʫ 4, ʘ ʢʠʤʙʝʨʣʠʪʳ 

ʪʨʫʙʢʠ ʠʤ. ɸ. ʇ. ʉʤʝʣʦʚʘ - ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʦʤʫ, ʚʳʩʦʢʦ-ʪʠʪʘʥʠʩʪʦʤʫ, 

ʥʠʟʢʦ-ʢʘʣʠʝʚʦʤʫ ʪʠʧʫ 3 ʧʦ (ʧʦ ʂʦʩʪʨʦʚʠʮʢʠʡ ʠ ʜʨ., 2004). ɼʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʦʙʝʠʭ 

ʪʨʫʙʦʢ ʭʘʨʘʢʪʝʨʥʳ ʚʘʨʠʘʮʠʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʩʦʩʪʘʚʦʤ ʤʝʟʦʩʪʘʟʠʩʘ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 

ʦʢʩʠʜʥʦʡ ʬʘʟʳ (ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʧʝʨʦʚʩʢʠʪʘ) ʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ 

ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ CO2 ʚʩʣʝʜʩʪʚʠʝ 

ʜʝʛʘʟʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʘʥʯʘʨʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, 
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ʢʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʠʤ. ɸ. ʇ. ʉʤʝʣʦʚʘ ʠʤʝʶʪ ʙʦʣʝʝ ʢʘʨʙʦʥʘʪʥʳʡ ʤʝʟʦʩʪʘʟʠʩ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ CO2 ʠ ʩʣʘʙʫʶ ʩʪʝʧʝʥʴ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ. 

 

ʈʠʩ. 4.2.2. ʉʦʦʪʥʦʰʝʥʠʷ Nb/U (ʘ) ʠ Ce/Pb (ʙ) ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ 

ʧʦ (Le Roex et al., 2003). ʇʦʣʝ ʙʘʟʘʣʴʪʦʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʖʞʥʦʡ 

ɸʪʣʘʥʪʠʢʠ (OIB) ʥʘʥʝʩʝʥʳ ʩʦʛʣʘʩʥʦ (Le Roex, 1985; Le Roex et al., 1990; Le Roex et 

al., 2003). ʇʦʣʝ ʙʘʟʘʣʴʪʦʚ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʖʞʥʦʡ ɸʪʣʘʥʪʠʢʠ 

(MORB) ʥʘʥʝʩʝʥʳ ʩʦʛʣʘʩʥʦ (Le Roex et al., 2002). ʇʦʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʛʨʫʧʧ I ʠ II  

ʚʟʷʪʳ ʠʟ (Le Roex et al., 2003). ɿʥʘʯʝʥʠʷ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʚʟʷʪʦ ʠʟ 

(Rudnick, Fountain, 1995). ʉʦʩʪʘʚʳ ʢʘʣʴʮʠʪʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʜʘʡʢʠ ʉʥʵʧ ʃʵʡʢ 

ʚʟʷʪʳ ʠʟ (Fulop et al., 2018), ʪʨʫʙʢʠ ɼʘʡʚʠʢ ʠ ʜʘʡʢʠ ʄʘʜʞʫʘʛʘʘ ʠʟ (Zech et al., 

2025). 



65 
 

ʇʦʨʦʜʳ ʦʙʝʠʭ ʪʨʫʙʦʢ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʜʥʳʝ ʠ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʝ REE-

ʩʧʝʢʪʨʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ LREE ʦʪʥʦʩʠʪʝʣʴʥʦ HREE, 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ K, Rb, Ba, Sr, Ti ʠ Pb, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩʦ ʩʧʝʢʪʨʘʤʠ 

ʢʠʤʙʝʨʣʠʪʦʚ ʛʨʫʧʧʳ I ʖʞʥʦʡ ɸʬʨʠʢʠ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʧʣʘʚʣʝʥʠʷ ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ 

(Le Roex et al., 2003). ʉʦʦʪʥʦʰʝʥʠʷ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ Nb/U ʠ Ce/Pb, 

ʘ ʪʘʢʞʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ Pb-ʘʥʦʤʘʣʠʷ ʥʘ REE-ʩʧʝʢʪʨʘʭ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʦʢ 

ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. ʉʤʝʣʦʚʘ ʜʦʧʦʣʥʷʶʪ ʩʭʦʜʩʪʚʦ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʛʨʫʧʧʳ I, 

ʧʦʜʪʚʝʨʞʜʘʷ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜ ʠʟ ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʦʚʣʝʯʝʥʠʠ ʢʦʨʦʚʦʛʦ ʚʝʱʝʩʪʚʘ. 
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ɻʃɸɺɸ 5. ʄʀʅɽʈɸʃʔʅʓʁ ʉʆʉʊɸɺ ʂʀʄɹɽʈʃʀʊʆɺ ʍʆʄʇʋ-

ʄɸʁʉʂʆɻʆ ʇʆʃʗ 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʦʢ ʄʘʥʯʘʨʳ ʠ ʠʤ. ɸ.ʇ. 

ʉʤʝʣʦʚʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʨʦʜʳ ʠʟʤʝʥʝʥʳ ʚʪʦʨʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʧʦʨʦʜʘʭ ʩʦʭʨʘʥʠʣʩʷ ʥʘʙʦʨ ʧʝʨʚʠʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʵʚʦʣʶʮʠʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ. 

ɸʥʘʣʠʟ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʬʘʟ, ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʫʶ 

ʠʩʪʦʨʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʣ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʜʨʫʛʠʭ ʧʨʦʚʠʥʮʠʡ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ, 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʩʣʝʜʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ: ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, 

ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ, ʬʣʦʛʦʧʠʪʘ, ʘʧʘʪʠʪʘ, ʮʠʨʢʦʥʠʝʚʳʭ ʛʨʘʥʘʪʦʚ, 

ʢʘʣʴʮʠʨʪʠʪʘ ʠ ʢʦʘʣʠʥʛʠʪʘ. 

5.1. ʆʣʠʚʠʥ 

ʊʨʫʙʢʘ ʄʘʥʯʘʨʳ. ɺ ʪʨʫʙʢʝ ʄʘʥʯʘʨʳ ʧʦ ʚʩʝʤʫ ʠʟʫʯʝʥʥʦʤʫ ʨʘʟʨʝʟʫ (ʜʦ 120 ʤ) 

ʦʣʠʚʠʥ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʸʥ ʩʝʨʧʝʥʪʠʥʦʤ ʠ ʢʘʣʴʮʠʪʦʤ, ʪʦ ʝʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ ʤʠʢʨʦ-, ʤʘʢʨʦ- ʠ ʤʝʛʘʢʨʠʩʪʘʣʣʘʤ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʘʟʤʝʨʥʳʡ ʨʷʜ ʦʪ ʜʦʣʝʡ ʤʤ ʜʦ 3,5 ʩʤ. ʌʦʨʤʘ ʟʝʨʝʥ ʚ 

ʰʣʠʬʘʭ ʦʚʘʣʴʥʘʷ, ʩʫʙʠʜʠʦʤʦʨʬʥʘʷ, ʩʝʯʝʥʠʝ ʫʜʣʠʥʝʥʥʦʝ ʠʣʠ ʠʟʦʤʝʪʨʠʯʥʦʝ (ʨʠʩ. 

5.1.1). ʅʘ ʩʘʤʳʭ ʚʝʨʭʥʠʭ ʫʨʦʚʥʷʭ ʪʨʫʙʢʠ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦʣʥʦʩʪʴʶ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʳ (ʨʠʩ. 5.1.1, ʚ). 

 








































































































































































































































































































































































































































