
 

ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ 

ʋʏʈɽɾɼɽʅʀɽ ɺʓʉʐɽɻʆ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

çʉɸʅʂʊ-ʇɽʊɽʈɹʋʈɻʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊè 

(ʉʇʙɻʋ) 

ʀʥʩʪʠʪʫʪ ʥʘʫʢ ʦ ɿʝʤʣʝ 

ʂʘʬʝʜʨʘ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʝʦʣʦʛʠʠ 

 

 

 

 

 

 

 

 

 

 

 

ʄʠʭʘʡʣʦʚʘ ʂʩʝʥʠʷ ʖʨʴʝʚʥʘ 

ʄʝʟʦʟʦʡʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ: ʩʦʩʪʘʚ, 

ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʛʝʥʝʟʠʩ 

ʧʦ ʩʧʝʮʠʘʣɹʥʦʩʪʠ 1.6.5 çʃʠʪʦʣʦʛʠʷè 

 

 

 

 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜ.ʛ-ʤ.ʥ. ɺ.ɹ.ɽʨʰʦʚʘ 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

2025 



2 

 

ʆʛʣʘʚʣʝʥʠʝ 

 

ɺʚʝʜʝʥʠʝ .......................................................................................................................................... 3 

ɻʣʘʚʘ 1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʝʛʠʦʥʘ ................................................... 7 

ɻʣʘʚʘ 2. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʢʘʠʪʘ ʠ ʛʣʝʥʜʦʥʠʪʦʚ .. 18 

ɻʣʘʚʘ 3. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ............................................................................. 31 

ɻʣʘʚʘ 4. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʝʟʦʚ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʛʣʝʥʜʦʥʠʪʦʚ .... 35 

ɻʣʘʚʘ 5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ............................................................................................. 46 

5.1. ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʠ ʤʦʨʬʦʣʦʛʠʷ ʛʣʝʥʜʦʥʠʪʦʚ ..................................................... 46 

5.2 ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ .................................... 51 

5.3 ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʠ ʤʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ ........... 70 

5.4 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ .................................... 80 

5.5 ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʪʨʦʥʮʠʷ ......................................................................................... 85 

5.6 ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʣʝʥʜʦʥʠʪʦʚ ............................................................. 90 

5.7 ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ............................................................................................ 95 

ɻʣʘʚʘ 6. ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʝʥʜʦʥʠʪʦʚ .......................................................................... 100 

ɻʣʘʚʘ 7. ɻʣʝʥʜʦʥʠʪʳ ʢʘʢ ʠʥʜʠʢʘʪʦʨʳ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ............................. 108 

ɺʳʚʦʜʳ ........................................................................................................................................ 115 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ .................................................................................................................... 119 

ʇʨʠʣʦʞʝʥʠʷ ................................................................................................................................ 143 

ʊʘʙʣʠʮʘ 1. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʛʣʝʥʜʦʥʠʪʦʚ ............................................................... 143 

ʊʘʙʣʠʮʘ 2. ʉʦʦʪʥʦʰʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ....................... 145 

ʊʘʙʣʠʮʘ 3. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʪʨʦʥʮʠʷ .......................................................................... 147 

ʊʘʙʣʠʮʘ 4. ʉʦʜʝʨʞʘʥʠʝ ʛʣʘʚʥʳʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ........................................... 148 

ʊʘʙʣʠʮʘ 5. ʉʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ..................................................... 150 

 

 

 



3 

 

ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʪʦʨʠʷ ɿʝʤʣʠ ʚʢʣʶʯʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʚʰʠʝ ʦʙʣʠʢ ʧʣʘʥʝʪʳ (Hoffman et al., 1998; Taylor et al., 2009; Meert, 

2012; Lyons et al., 2014; Andersen et al., 2015; Torsvik T.H., Cocks L.R.M., 2017). 

ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʵʪʠʭ ʩʦʙʳʪʠʡ ð ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʘʭ ʩʨʝʜʳ ð ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ, 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʦʪʨʘʞʘʶʱʠʭ ʤʘʩʰʪʘʙʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʛʝʦʩʬʝʨ (Zachos et al., 2008; Korte et al., 2009; 

Boucot et al., 2013). ʊʦʯʥʦʩʪʴ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʛʣʫʙʠʥʘ, ʜʘʚʣʝʥʠʝ ʠ ʩʦʩʪʘʚ ʚʦʜʥʦʡ ʩʨʝʜʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʜʠʢʘʪʦʨʘ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʩʝ ʯʘʱʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʣʝʥʜʦʥʠʪʳ, 

ʢʦʪʦʨʳʝ, ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʨʙʦʥʘʪʥʳʝ 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʠʢʘʠʪʫ. ʀʢʘʠʪ ï ʰʝʩʪʠʚʦʜʥʳʡ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ (CaCO3*6H2O), 

ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʜʳ (ʦʪ -2 ʜʦ +7ÁC) (Dieckmann et al., 

2008; Huggett et al., 2005; Suess et al., 1982). ʉʘʤʳʝ ʨʘʥʥʠʝ ʧʦʢʘ ʥʝʫʪʦʯʥʝʥʥʳʝ) 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʠʟʚʝʩʪʥʳ ʩ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ (Olcott et al., 2005; James et al., 2005; 

Halverson, 2011; Fairchild et al., 2016; Wang et al., 2020), ʚ ʬʘʥʝʨʦʟʦʝ ʦʥʠ ʠʟʚʝʩʪʥʳ ʠʟ 

ʦʪʣʦʞʝʥʠʡ ʚʩʝʭ ʩʠʩʪʝʤ, ʢʨʦʤʝ ʩʠʣʫʨʘ, ʜʝʚʦʥʘ ʠ ʪʨʠʘʩʘ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʴʰʝʝ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʪʤʝʯʝʥʦ ʚ ʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ (Frakes 

et al., 1992, Rogov et al.,  2021). ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʛʣʝʥʜʦʥʠʪʳ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʣʠʰʴ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʠʭ ʤʦʨʬʦʣʦʛʠʠ, ʪʠʧʘʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, 

ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ, ʠʟʦʪʦʧʥʦʤ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʩʝʚʜʦʤʦʨʬʦʟ, ʢʦʪʦʨʳʝ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʷʪ ʦʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʣʝʥʜʦʥʠʪʦʚ ʜʣʷ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʨʝʜʥʝʶʨʩʢʦ-ʥʠʞʥʝʤʝʣʦʚʳʭ ʛʣʝʥʜʦʥʠʪʦʚ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʥʘ ʦʩʥʦʚʝ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʩʚʷʟʠ ʩ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʙʦʨ ʦʙʨʘʟʮʦʚ ʛʣʝʥʜʦʥʠʪʦʚ ʠʟ ʨʘʟʨʝʟʦʚ ʩʨʝʜʥʝʶʨʩʢʠʭ ï ʥʠʞʥʝʤʝʣʦʚʳʭ 
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ʦʪʣʦʞʝʥʠʡ ʘʨʭʠʧʝʣʘʛʘ ʐʧʠʮʙʝʨʛʝʥʘ ʠ ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥʥʳʭ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ 

2. ʋʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʣʝʥʜʦʥʠʪʦʚ 

ʠ ʩʦʩʪʘʚʦʤ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 

3. ʇʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʦʝ ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʣʝʥʜʦʥʠʪʦʚ. ʆʧʨʝʜʝʣʠʪʴ ʤʦʨʬʦʣʦʛʠʶ ʢʨʠʩʪʘʣʣʦʚ ʢʘʣʴʮʠʪʘ, ʭʘʨʘʢʪʝʨ ʠʭ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ, ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʦʝ ʩʚʝʯʝʥʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ 

ʢʘʣʴʮʠʪʘ ʚ ʩʦʩʪʘʚʝ ʛʣʝʥʜʦʥʠʪʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʩʝʚʜʦʤʦʨʬʦʟ. 

4. ʋʩʪʘʥʦʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ, ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʩʝʚʜʦʤʦʨʬʦʟ, ʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʚ ʢʘʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ 

ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʛʣʝʥʜʦʥʠʪʳ. 

5. ʆʙʦʙʱʠʪʴ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ ʩʨʝʜʥʝʡ ʶʨʝ ð ʨʘʥʥʝʤ ʤʝʣʫ ʠ ʫʪʦʯʥʠʪʴ ʠʭ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʩʦʚʧʘʜʘʶʱʠʝ ʧʦ ʚʨʝʤʝʥʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʩʝʚʜʦʤʦʨʬʦʟ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʠ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʙʘʨʨʝʤʩʢʠʭ 

ʛʣʝʥʜʦʥʠʪʦʚ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʠ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʚʝʨʭʥʝʙʘʡʦʩʩʢʠʭ-ʥʠʞʥʝʙʘʪʩʢʠʭ, 

ʢʝʣʣʦʚʝʡʩʢʠʭ, ʥʠʞʥʝʢʠʤʤʝʨʠʜʞʩʢʠʭ, ʩʨʝʜʥʝʚʦʣʞʩʢʠʭ, ʩʨʝʜʥʝ-ʚʝʨʭʥʝʘʧʪʩʢʠʭ ʠ 

ʥʠʞʥʝʘʣʴʙʩʢʠʭ ʛʣʝʥʜʦʥʠʪʦʚ ʠʟ ʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʐʧʠʮʙʝʨʛʝʥʘ ʠ ɹʘʨʝʥʮʝʚʘ 

ʤʦʨʷ. ɼʦʧʦʣʥʝʥʳ ʜʘʥʥʳʝ ʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʩʝʚʜʦʤʦʨʬʦʟ. ʋʪʦʯʥʝʥʳ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʝʥʜʦʥʠʪʦʚ ʠ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ 

ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʟʦʥʘʣʴʥʳʭ ʧʩʝʚʜʦʤʦʨʬʦʟ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ 

ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʦ ʛʣʝʥʜʦʥʠʪʘʭ, ʜʝʪʘʣʠʟʠʨʦʚʘʥʳ ʦʙʩʪʘʥʦʚʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʩʝʚʜʦʤʦʨʬʦʟ, ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʦʜʝʣʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʫʪʦʯʥʝʥʳ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʩʨʝʜʥʝʡ ʶʨʳ-ʨʘʥʥʝʛʦ ʤʝʣʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ɻʣʝʥʜʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʦʩʘʜʦʯʥʦʡ ʣʝʪʦʧʠʩʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʫʟʢʠʤ ʠʥʪʝʨʚʘʣʦʤ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʝʪʘʣʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʜʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʩʝʚʜʦʤʦʨʬʦʟ, ʧʦʟʚʦʣʠʣʘ ʦʮʝʥʠʪʴ ʠʭ ʧʦʪʝʥʮʠʘʣ ʢʘʢ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʩʨʝʜʳ. ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʥʝ ʪʦʣʴʢʦ 

ʜʦʧʦʣʥʷʶʪ ʟʥʘʥʠʷ ʦ ʩʦʩʪʘʚʝ ʠ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʛʣʝʥʜʦʥʠʪʦʚ, ʥʦ ʠ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ 

ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ.  
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ʆʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ: 

1. ɺ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʦʤ ʨʝʛʠʦʥʝ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʙʘʡʦʩ-ʙʘʪʩʢʠʭ, 

ʢʝʣʣʦʚʝʡʩʢʠʭ, ʢʠʤʝʨʠʜʞʩʢʠʭ, ʚʦʣʞʩʢʠʭ, ʚʘʣʘʥʞʠʥʩʢʠʭ, ʛʦʪʝʨʠʚʩʢʠʭ, ʘʧʪʩʢʠʭ ʠ 

ʘʣʴʙʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʛʣʝʥʜʦʥʠʪʘʤ. ɺʧʝʨʚʳʝ ʚ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʤ ʨʝʛʠʦʥʝ 

ʛʣʝʥʜʦʥʠʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʙʘʨʨʝʤʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. 

2. ʆʙʨʘʟʦʚʘʥʠʝ ʛʣʝʥʜʦʥʠʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ (ʜʝʛʠʜʨʘʪʘʮʠʠ) 

ʧʝʨʚʠʯʥʦʛʦ ʠʢʘʠʪʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʝʨʘʮʠʡ ʘʫʪʠʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʨʘʥʥʷʷ ʛʝʥʝʨʘʮʠʷ ʢʘʣʴʮʠʪʘ ʧʝʨʚʦʛʦ ʪʠʧʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʚʝʱʝʩʪʚʘ ʠʢʘʠʪʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʩʪʘʚʦʤ, ʙʣʠʟʢʠʤ ʢ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʢʘʣʴʮʠʪʫ. ʇʦʩʣʝʜʫʶʱʠʝ 

ʛʝʥʝʨʘʮʠʠ ʢʘʨʙʦʥʘʪʦʚ, ʟʘʧʦʣʥʷʶʱʠʝ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʧʩʝʚʜʦʤʦʨʬʦʟ, ʦʪʨʘʞʘʶʪ ʩʦʩʪʘʚ 

ʧʦʨʦʚʳʭ ʚʦʜ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʘʣʴʥʳʭ ʛʣʝʥʜʦʥʠʪʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʨʳʚʠʩʪʳʤ 

(ʧʝʨʠʦʜʠʯʝʩʢʠʤ) ʦʩʘʞʜʝʥʠʝʤ ʠʢʘʠʪʘ ʠʟ ʧʦʨʦʚʳʭ ʠʣʠ ʤʦʨʩʢʠʭ ʚʦʜ, ʢʦʣʦʥʠʟʘʮʠʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʦʧʣʝʥʢʠ 

ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʝʝ ʢʘʣʴʮʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʨʫʰʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʠʥʘʝʪʩʷ ʨʦʩʪ ʥʦʚʦʡ ʬʘʟʳ 

ʠʢʘʠʪʘ ʧʦʚʝʨʭ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʣʝʥʢʠ. ʎʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ʘʛʨʝʛʘʪʦʚ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʦʥʦʛʠʜʨʦʢʘʣʴʮʠʪ, ʘ ʟʘʪʝʤ ʚ ʢʘʣʴʮʠʪ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʣʠʯʥʳʡ ʚʢʣʘʜ  

ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ 2019 ʛ. ʥʘ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʦʧʠʩʘʥʳ ʨʘʟʨʝʟʳ ʠ ʦʪʦʙʨʘʥʳ ʶʨʩʢʦ-ʤʝʣʦʚʳʝ ʛʣʝʥʜʦʥʠʪʳ, ʧʨʦʚʦʜʠʣ ʠʟʫʯʝʥʠʝ 

ʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʠʟ ʢʝʨʥʘ ʩʢʚʘʞʠʥ ʧʨʦʙʫʨʝʥʥʳʭ ʥʘ ʘʨʭ.  

ʐʧʠʮʙʝʨʛʝʥ ʠ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʢʦʣʣʝʢʮʠʷ ʛʣʝʥʜʦʥʠʪʦʚ ʠʟ ʶʨʩʢʦ-

ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥʘ, ʧʝʨʝʜʘʥʥʘʷ ʜ.ʛ.-ʤ.ʥ. ʈʦʛʦʚʳʤ ʄ.ɸ. ɸʚʪʦʨʦʤ 

ʣʠʯʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʘ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ, ʦʧʠʩʘʥʠʝ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʰʣʠʬʦʚ, 

ʠʟʫʯʝʥʠʝ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʝʚʳʭ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

ʇʫʙʣʠʢʘʮʠʷ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʇʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 5 ʩʪʘʪʝʡ ʚ 

ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Web of Science, ʠ 5 ʩʦʦʙʱʝʥʠʡ 

ʚ ʩʙʦʨʥʠʢʘʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʟʠʩʦʚ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ʈʘʙʦʪʘ ʦʙʲʝʤʦʤ 151 ʩʪʨʘʥʠʮʘ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, 8 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʝ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠ 5 ʪʘʙʣʠʮ ʧʨʠʣʦʞʝʥʠʷ, ʩʦʜʝʨʞʠʪ 5 ʚʥʫʪʨʠʪʝʢʩʪʦʚʳʭ 
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ʪʘʙʣʠʮ ʠ 80 ʨʠʩʫʥʢʦʚ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ 283 ʥʘʟʚʘʥʠʡ (ʠʟ ʥʠʭ 48 ʥʘ ʨʫʩʩʢʦʤ, 

235 ï ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ). 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʜʦʮʝʥʪʫ ʢʘʬʝʜʨʳ ʀʥʩʪʠʪʫʪʘ ʥʘʫʢ ʦ ɿʝʤʣʝ ʜ.ʛ.-ʤ.ʥ. ɽʨʰʦʚʦʡ ɺʠʢʪʦʨʠʠ ɹʵʨʪʦʚʥʝ ʟʘ 

ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʢʨʠʪʠʢʫ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ 

ʜʠʩʩʝʨʪʘʮʠʝʡ, ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ 

ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʜʦʮʝʥʪʫ ʢʘʬʝʜʨʳ ʀʥʩʪʠʪʫʪʘ ʥʘʫʢ ʦ ɿʝʤʣʝ ʢ.ʛ.-ʤ.ʥ. ɺʘʩʠʣʴʝʚʦʡ ʂʩʝʥʠʠ 

ʖʨʴʝʚʥʝ ʟʘ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʩ ʂʃ-ʤʠʢʨʦʩʢʦʧʦʤ. 

ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʜ.ʛ.-ʤ.ʥ., ʛʣʘʚʥʦʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ, 

ʟʘʚʝʜʫʶʱʝʤʫ ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʬʘʥʝʨʦʟʦʷ ɻʀʅ ʈɸʅ ʈʦʛʦʚʫ ʄʠʭʘʠʣʫ 

ɸʣʝʢʩʝʝʚʠʯʫ ʟʘ ʧʦʤʦʱʴ ʚ ʩʙʦʨʝ ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʧʩʝʚʜʦʤʦʨʬʦʟ, 

ʧʦʜʛʦʪʦʚʢʝ ʛʣʘʚ ʧʦ ʩʪʨʘʪʠʛʨʘʬʠʠ, ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʠ ʦʙʟʦʨʥʦʡ ʯʘʩʪʠ ʧʦ ʤʝʟʦʟʦʡʩʢʠʤ 

ʛʣʝʥʜʦʥʠʪʘʤ. 
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ɻʣʘʚʘ 1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʝʛʠʦʥʘ 

ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʠʡ ʨʝʛʠʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʝ ɽʚʨʘʟʠʡʩʢʦʡ 

ʧʣʠʪʳ ʠ ʚ̫ʘʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʦʩʘʜʦʯʥʳʤ ʙʘʩʩʝʡʥʦʤ, ʧʝʨʝʢʨʳʚʘʶʱʠʤ ʛʝʪʝʨʦʛʝʥʥʳʡ 

ʬʫʥʜʘʤʝʥʪ (ʈʠʩ. 1.1). (Harland et al., 1997, Fookes, 2008, Olaussen et al., 2023). ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʢʘʣʝʜʦʥʩʢʦʡ ʦʨʦʛʝʥʠʠ ʚ ʢʦʥʮʝ ʩʠʣʫʨʘ ï ʥʘʯʘʣʝ ʜʝʚʦʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʨʝʛʠʦʥ 

ʠʩʧʳʪʳʚʘʣ ʫʩʪʦʡʯʠʚʦʝ ʧʨʠʛʠʙʘʥʠʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʦʱʥʦʡ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ 

ʚʝʨʭʥʝʛʦ ʧʘʣʝʦʟʦʷ ï ʢʘʡʥʦʟʦʷ. ʆʩʘʜʦʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʩʦʜʝʨʞʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʫʶ ʟʘʧʠʩʴ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ ʨʝʛʠʦʥʘ ʚ ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ-ʤʝʟʦʟʦʝ. ɺʩʣʝʜʩʪʚʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 

ʨʝʛʠʦʥʘ ʚ ʧʦʟʜʥʝʤ ʤʝʟʦʟʦʝ ʠ ʢʘʡʥʦʟʦʝ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʠ ʚʳʚʝʜʝʥʳ 

ʬʨʘʛʤʝʥʪʳ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʙʘʩʩʝʡʥʘ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘ ʘʨʭ.  ʐʧʠʮʙʝʨʛʝʥ ʠ 

ɿʝʤʣʝ ʌʨʘʥʮʘ-ʀʦʩʠʬʘ (Harland et al., 1997, Fookes, 2008, Olaussen et al., 2023). 

ɸʨʭʠʧʝʣʘʛ ʐʧʠʮʙʝʨʛʝʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʉʝʚʝʨʥʦʤ ʃʝʜʦʚʠʪʦʤ ʦʢʝʘʥʝ, ʤʝʞʜʫ 76Á-

80Á ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ 10Á-32Á ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ. ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʪʨʠ ʢʨʫʧʥʳʭ 

ʦʩʪʨʦʚʘ ï ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ, ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɿʝʤʣʷ ʠ ʦʩʪʨʦʚ ʕʜʞ, ʠ ʩʝʤʴ ʤʝʣʢʠʭ 

ʦʩʪʨʦʚʦʚ ï ʦʩʪʨʦʚ ɹʘʨʝʥʮʘ, ɹʝʣʳʡ, ɿʝʤʣʷ ʇʨʠʥʮʘ ʂʘʨʣʘ, ʂʦʥʛʩʝʡʘ, ʄʝʜʚʝʞʠʡ, 

ʉʚʝʥʩʢʝʡʘ, ɺʠʣʴʛʝʣʴʤʘ, ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʝʝ ʤʝʣʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʰʭʝʨ (Harland, 

1997; Dallmann, 2015). ʈʝʣʴʝʬ ʘʨʭʠʧʝʣʘʛʘ ʛʦʨʥʳʡ, ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ ʪʝʨʨʠʪʦʨʠʠ 

ʧʦʢʨʳʪʦ ʣʝʜʥʠʢʦʤ, ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʠʟʨʝʟʘʥʘ ʬʴʦʨʜʘʤʠ. ʂʣʠʤʘʪ ʘʨʢʪʠʯʝʩʢʠʡ, ʧʨʠ ʵʪʦʤ 

ʙʝʨʝʛʘ ʦʤʳʚʘʶʪʩʷ ʪʝʧʣʳʤ ʪʝʯʝʥʠʝʤ ɻʦʣʴʬʩʪʨʠʤ, ʩʤʷʛʯʘʶʱʠʤ ʩʫʨʦʚʳʡ ʢʣʠʤʘʪ: ʩʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʷʥʚʘʨʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ī10 ʜʦ ī14ÁC, ʚ ʠʶʣʝ ʦʪ +4 ʜʦ +6ÁC 

(Dallmann, 2015). ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʧʨʦʙʦʚʘʥʥʳʭ ʨʘʟʨʝʟʦʚ ʥʘ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.1.  

ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ ï ʦʢʨʘʠʥʥʦʝ ʤʦʨʝ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ, ʦʤʳʚʘʶʱʝʝ 

ʚʦʩʪʦʯʥʳʝ ʙʝʨʝʛʘ ʐʧʠʮʙʝʨʛʝʥʘ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʙʝʨʝʛʘ ɽʚʨʘʟʠʠ. ʈʝʣʴʝʬ ʜʥʘ ʩʠʣʴʥʦ 

ʨʘʩʯʣʝʥʝʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʛʦ ʶʞʥʘʷ ʯʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʨʦʚʥʝʥʥʳʤ ʨʝʣʴʝʬʦʤ; 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʤʦʨʷ ʜʦʩʪʠʛʘʝʪ 600 ʤ ʚ ʨʘʡʦʥʝ ʦʩʪʨʦʚʘ ʄʝʜʚʝʞʠʡ. ʅʘ ʢʣʠʤʘʪ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʪʘʢʞʝ ʚʣʠʷʝʪ ʪʝʧʣʦʝ ʪʝʯʝʥʠʝ ɻʦʣʴʬʩʪʨʠʤ: ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʷʥʚʘʨʝ 
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ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ -25ÁC ʜʦ -4ÁC, ʚ ʠʶʣʝ ʦʪ +10ÁC ʜʦ 0ÁC. 

 

ʈʠʩ. 1.1. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʩ ʫʢʘʟʘʥʠʝʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʦʧʨʦʙʦʚʘʥʥʳʭ ʨʘʟʨʝʟʦʚ ʠ ʩʢʚʘʞʠʥ (Geological map of Arctic, Harrison et al., 2008) 

 

ʉʪʨʘʪʠʛʨʘʬʠʷ ʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʦʩʪʨʦʚʘ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ 

 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠʟʫʯʝʥʘ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʦ ʦʩʪʨʦʚʘʤ ʠ 

ʧʨʠʙʨʝʞʥʳʤ ʨʘʡʦʥʘʤ, ʦʙʨʘʤʣʷʶʱʠʤ ʙʘʩʩʝʡʥ, ʘ ʪʘʢʞʝ ʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʢʚʘʞʠʥ, ʢʦʪʦʨʳʝ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʚʩʢʨʳʚʘʶʪ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ. ʉʪʨʘʪʠʛʨʘʬʠʷ ʤʝʟʦʟʦʷ 

ʘʨʭʠʧʝʣʘʛʘ ʐʧʠʮʙʝʨʛʝʥ ʠʩʩʣʝʜʦʚʘʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʤʝʟʦʟʦʡʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ ʰʠʨʦʢʦ ʦʙʥʘʞʝʥʳ. ʇʦʤʠʤʦ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʳʭʦʜʦʚ ʧʦʨʦʜ, ʥʘ ʦʩʪʨʦʚʘʭ 

ʧʨʦʙʫʨʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʢʚʘʞʠʥ, ʚʩʢʨʳʚʰʠʭ ʪʨʠʘʩïʤʝʣʦʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. 

 

ʖʨʩʢʘʷ ʩʠʩʪʝʤʘ. ʖʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʥʠʞʥʝ-

ʩʨʝʜʥʝʶʨʩʢʠʝ ï ʛʨʫʧʧʘ ʂʘʧʧ-ʊʦʩʢʘʥʘ, ʧʦʜʛʨʫʧʧʘ ɺʠʣʴʛʝʣʴʤʦʡʷ, ʠ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʶʨʩʢʠʝ 

ï ʛʨʫʧʧʘ ɸʜʚʝʥʪʜʘʣʝʥ, ʧʦʜʛʨʫʧʧʘ ʗʥʫʩʬʴʝʣʣʝʪ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 

1997; Dallmann, 1999) (ʨʠʩ. 1.2). 

ʅʠʞʥʷʷ-ʩʨʝʜʥʷʷ ʶʨʘ (ʛʨʫʧʧʘ ʂʘʧʧ-ʊʦʩʢʘʥʘ, ʧʦʜʛʨʫʧʧʘ ɺʠʣʴʛʝʣʴʤʦʡʷ). 

ʅʠʞʥʝʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʥʝʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʪ ʥʘ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ. 

ʇʣʠʥʩʙʘʭʩʢʠʡ ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʝʥ ʩʚʠʪʦʡ ʉʤʘʣʵʛʛʘ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʝʪʩʷ 

ʧʘʯʢʘ ʄʘʪʠʘʩʙʨʠʥ (Mathiasbreen) ʥʘ ʶʛʝ ʐʧʠʮʙʝʨʛʝʥʘ, ʠ ʩʚʠʪʦʡ ʂʥʦʨʨʠʥʛʬʴʝʣʣʝʪ, ʚ 
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ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʝʪʩʷ ʧʘʯʢʘ ʊʝʡʩʪʙʝʨʛʝʪ, ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ 

ʯʘʩʪʷʭ ʐʧʠʮʙʝʨʛʝʥʘ. 

ʉʚʠʪʘ ʉʤʘʣʵʛʛʘ ʩʣʦʞʝʥʘ ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ 

ʬʦʩʬʦʨʠʪʦʚʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ ʘʨʛʠʣʣʠʪʦʚ ʠ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʦʥʢʨʝʮʠʡ. ʄʦʱʥʦʩʪʴ ʩʚʠʪʳ 24-45 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 

1997; Dallmann, 1999). 

ʉʚʠʪʘ ʂʥʦʨʨʠʥʛʬʴʝʣʣʝʪ ʩʣʦʞʝʥʘ ʘʨʛʠʣʣʠʪʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʢʘʨʙʦʥʘʪʘʤʠ, ʩ 

ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʬʦʩʬʦʨʠʪʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ; ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʩʚʠʪʳ ï 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʠʢʘʤʠ. ʆʪʣʦʞʝʥʠʷ ʤʘʣʦʤʦʱʥʳ ï ʦʪ 3-15 ʤ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʘʨʭʠʧʝʣʘʛʘ, ʜʦ 75 ʤ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ. ɺ ʩʘʤʦʡ ʩʚʠʪʝ ʚʳʜʝʣʷʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʨʳʚʦʚ (ʚʝʨʭʥʠʡ ʥʦʨʠʡ ï ʧʣʠʥʩʙʘʭ ʠ ʪʦʘʨ ï ʥʠʞʥʠʡ (?) ʙʘʪ) (ɸʙʘʢʫʤʦʚ ʠ 

ʜʨ., 1990; Harland et al., 1997; Dallmann, 1999). 

ʈʵʪ-ʥʠʞʥʝʪʦʘʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ 

ʐʧʠʮʙʝʨʛʝʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʠʪʦʡ ʉʚʝʥʩʢʦʡʷ. ʉʚʠʪʘ ʩʣʦʞʝʥʘ ʟʝʣʝʥʦʚʘʪʳʤʠ ʤʝʣʢʦ-

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʧʝʨʝʭʦʜʷʱʠʤʠ ʚ 

ʤʝʣʢʦ-ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʩ ʛʣʠʥʠʩʪʳʤʠ ʧʨʦʩʣʦʷʤʠ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 

ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʞʝʣʪʳʤʠ ʠ ʙʝʣʳʤʠ ʤʝʣʢʦ-ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʤʝʩʪʘʤʠ 

ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ, ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʩʝʙʷ ʨʝʜʢʠʝ ʛʣʠʥʠʩʪʳʝ 

ʧʨʦʩʣʦʠ, ʧʨʦʩʣʦʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʦʥʢʨʝʮʠʡ. ʄʦʱʥʦʩʪʴ ʩʚʠʪʳ 

ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ ʠ ʧʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ ʜʦʩʪʠʛʘʝʪ 190 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; 

Harland et al., 1997; Dallmann, 1999). 

ɹʘʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʯʢʦʡ ɹʨʝʥʪʩʢʘʨʜʭʘʫʛʝʥ (çʩʣʦʡ 

ɹʨʝʥʪʩʢʘʨʜʭʘʫʛʝʥè), ʷʚʣʷʶʱʝʡʩʷ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʩʚʠʪʳ ʂʦʥʛʩʦʡʷ. ʉʣʦʡ ʩʦʩʪʦʠʪ ʠʟ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʧʦʣʠʤʠʢʪʦʚʳʭ ʛʘʣʝʢ, ʬʦʩʬʦʨʠʪʦʚʳʭ ʢʦʥʢʨʝʮʠʡ ʩ ʟʘʢʣʶʯʝʥʥʳʤʠ ʚ ʥʠʭ 

ʬʦʩʩʠʣʠʷʤʠ, ʠ ʚʢʣʶʯʝʥʠʷʤʠ ʘʥʢʝʨʠʪʘ/ʩʠʜʝʨʠʪʘ. ʄʦʱʥʦʩʪʴ ʩʚʠʪʳ 0,7-4,7 ʤ. ʉʚʠʪʘ ʩ 

ʨʘʟʤʳʚʦʤ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʥʝʩʦʛʣʘʩʠʝʤ ʟʘʣʝʛʘʝʪ ʥʘ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ-

ʥʠʞʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 1999). 

ʉʨʝʜʥʷʷ-ʚʝʨʭʥʷʷ ʶʨʘ (ʛʨʫʧʧʘ ɸʜʚʝʥʪʜʘʣʝʥ, ʧʦʜʛʨʫʧʧʘ ʗʥʫʩʬʴʝʣʣʝʪ). ʅʘ 

ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʩʣʦʷ ɹʨʝʥʪʩʢʘʨʜʭʘʫʛʝʥ ʩ ʥʝʩʦʛʣʘʩʠʝʤ ʟʘʣʝʛʘʝʪ ʩʚʠʪʘ ɸʛʘʨʜʬʴʝʣʣʝʪ, 

ʚʦʟʨʘʩʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʠʞʥʝʙʘʪʩʢʦ-ʚʝʨʭʥʝʚʦʣʞʩʢʠʡ (ʥʠʞʥʝʨʷʟʘʥʩʢʠʡ?) (ɸʙʘʢʫʤʦʚ ʠ 

ʜʨ., 1990; Harland et al., 1997; Dallmann, 1999, 2015; Rogov et al., 2023).  

ɺ ʩʦʩʪʘʚʝ ʩʚʠʪʳ ɸʛʘʨʜʬʴʝʣʣʝʪ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɺʦʩʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ʯʘʩʪʷʭ 

ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʧʘʯʢʠ (ʩʥʠʟʫ-ʚʚʝʨʭ): ʆʧʧʜʘʣʝʥ, ʃʘʨʜʠʬʴʝʣʣʝʪ, ʆʧʧʜʘʣʩʩʘʪʘ, 

ʉʣʦʪʪʩʤʦʷ.  
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ɹʘʪ(?)-ʢʝʣʣʦʚʝʡ. ʇʘʯʢʘ ʆʧʧʜʘʣʝʥ ʩʣʦʞʝʥʘ ʦʦʣʠʪʦʚʳʤ ʩʣʦʝʤ ʩ ʪʦʥʢʦ-

ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʧʣʦʭʦʩʦʨʪʠʨʦʚʘʥʥʳʤ ʛʣʠʥʠʩʪʳʤ ʧʝʩʯʘʥʠʢʦʤ ʠ ʘʣʝʚʨʦʣʠʪʦʤ ʩ 

ʧʨʦʩʣʦʷʤʠ ʩʠʜʝʨʠʪʘ. ʄʦʱʥʦʩʪʴ ï 10-60 ʤ (Dallmann, 1999). 

ɺʦʟʨʘʩʪ ʧʘʯʝʢ ʃʘʨʜʠʬʴʝʣʣʝʪ, ʆʧʧʜʘʣʩʩʘʪʘ, ʉʣʦʪʪʩʤʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʚʝʨʭʥʝʶʨʩʢʠʡ. 

ɺʝʨʭʥʷʷ ʶʨʘ. ʇʘʯʢʘ ʃʘʨʜʠʬʴʝʣʣʝʪ ʩʣʦʞʝʥʘ ʪʝʤʥʦ-ʩʝʨʳʤʠ, ʧʦʯʪʠ ʯʝʨʥʳʤʠ, 

ʩʣʘʥʮʘʤʠ, ʥʘʩʳʱʝʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠ ʚʢʣʶʯʘʶʱʠʤʠ ʧʨʦʩʣʦʠ 

ʜʦʣʦʤʠʪʦʚʳʭ ʢʦʥʢʨʝʮʠʡ. ʄʦʱʥʦʩʪʴ ï 35-80 ʤ (Dallmann, 1999). 

ʇʘʯʢʘ ʆʧʧʜʘʣʩʩʘʪʘ ʩʣʦʞʝʥʘ ʧʝʨʝʤʝʞʘʶʱʠʤʠʩʷ ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʤʠ ʧʨʦʩʣʦʷʤʠ 

ʘʣʝʚʨʦʣʠʪʘ ʠ ʧʝʩʯʘʥʠʢʘ, ʩʦʜʝʨʞʘʱʠʤʠ ʚ ʩʝʙʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʚʫʩʪʚʦʨʦʢ, 

ʘʤʤʦʥʠʪʦʚ ʠ ʙʝʣʝʤʥʠʪʦʚ. ʄʦʱʥʦʩʪʴ ï 10-40 ʤ (Dallmann, 1999). 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʘʯʢʦʡ ʉʣʦʪʪʩʤʦʷ, ʩʣʦʞʝʥʥʦʡ ʪʝʤʥʳʤʠ, 

ʥʘʩʳʱʝʥʥʳʤʠ ʦʨʛʘʥʠʢʦʡ ʩʣʘʥʮʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʩʠʜʝʨʠʪʦʚʳʝ ʢʦʥʢʨʝʮʠʠ ʠ ʧʨʦʩʣʦʠ 

ʜʦʣʦʤʠʪʘ; ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʩʚʠʪʳ ʩʣʦʞʝʥʘ (ʩʥʠʟʫ ʚʚʝʨʭ) ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, 

ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʩʝʙʷ ʨʘʢʦʚʠʥʳ ʘʤʤʦʥʠʪʦʚ, ʜʚʫʩʪʚʦʨʦʢ, 

ʙʝʣʝʤʥʠʪʦʚ ʠ ʢʦʩʪʠ ʧʣʝʟʠʦʟʘʚʨʦʚ. ʄʦʱʥʦʩʪʴ ʩʚʠʪʳ ï 100 ʤ. (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; 

Harland et al., 1997; Dallmann, 1999).  

ʅʘ ʶʛʝ ʐʧʠʮʙʝʨʛʝʥʘ ʚ ʩʦʩʪʘʚʝ ʩʚʠʪʳ ɸʛʘʨʜʬʴʝʣʣʝʪ ʚʳʜʝʣʷʶʪʩʷ ʩʥʠʟʫ ʚʚʝʨʭ 

ʧʘʯʢʘ ʀʥʛʝʙʨʠʛʪʩʫʥʙʫʢʪʘ ʠ ʊʠʨʦʣʘʨʧʘʩʩʝʪ. 

ʂʝʣʦʚʝʡ-ʢʠʤʤʝʨʠʜʞ. ʇʘʯʢʘ ʀʥʛʝʙʨʠʛʪʩʫʥʙʫʢʪʘ ʩʣʦʞʝʥʘ ʪʝʤʥʦʮʚʝʪʥʳʤʠ 

ʙʠʪʫʤʠʥʦʟʥʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʛʣʠʥʠʩʪʦ-ʞʝʣʝʟʠʩʪʳʭ ʧʦʨʦʜ ʠ 

ʩʠʜʝʨʠʪʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʠʩʪʳʭ ʚʢʨʘʧʣʝʥʠʡ ʠ ʣʠʥʟ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ï 110-150 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; 

Dallmann, 1999). 

ʉʨʝʜʥʝ-ʚʝʨʭʥʝʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʥʠʞʥʝʤʝʣʦʚʳʤʠ. 

 

ʄʝʣʦʚʘʷ ʩʠʩʪʝʤʘ. ʅʘ ʐʧʠʮʙʝʨʛʝʥʝ ʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ 

ʥʠʞʥʠʤ ʦʪʜʝʣʦʤ, ʚʭʦʜʷʱʠʤ ʚ ʛʨʫʧʧʫ ɸʜʚʝʥʪʜʘʣʝʥ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʥʠʞʥʝʤʝʣʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 1500 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 

2015). ɺʝʨʭʥʝʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʨʘʟʤʳʪʳ (ʨʠʩ. 1.2). 

ʅʠʞʥʠʡ ʦʪʜʝʣ. ʈʷʟʘʥʩʢʦ-ʛʦʪʝʨʠʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʠʪʦʡ 

ʈʶʨʠʢʬʴʝʣʣʝʪ, ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 400 ʤ. ʉʚʠʪʘ ʈʶʨʠʢʬʴʝʣʣʝʪ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʥʘ 

ʩʚʠʪʝ ɸʛʘʨʜʬʴʝʣʣʝʪ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 1999). ɺ 

ʦʩʥʦʚʘʥʠʠ ʩʚʠʪʳ ʟʘʣʝʛʘʝʪ ʧʘʯʢʘ ʄʠʢʣʝʛʘʨʜʬʴʝʣʣʝʪ, ʩʣʦʞʝʥʥʘʷ ʧʣʘʩʪʠʯʥʳʤʠ ʛʣʠʥʘʤʠ 

ʦʪ ʢʨʘʩʥʦʚʘʪʦ-ʞʝʣʪʦʛʦ ʜʦ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʠʥʦʛʜʘ ʩ ʧʨʦʩʣʦʷʤʠ ʜʦʣʦʤʠʪʦʚʳʭ ʢʦʥʢʨʝʮʠʡ 
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ʠ ʧʠʨʠʪʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ʉʣʦʡ ʩʣʘʙʦ ʚʳʜʝʨʞʘʥ ʧʦ ʣʘʪʝʨʘʣʠ, ʦʜʥʘʢʦ ʷʚʣʷʝʪʩʷ 

ʤʘʨʢʠʨʫʶʱʠʤ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʦʪʣʦʞʝʥʠʷʤʠ ʩʨʝʜʥʝʡ-ʚʝʨʭʥʝʡ ʶʨʳ ʠ 

ʥʠʞʥʝʛʦ ʤʝʣʘ (ʩʚʠʪʳ ʈʶʨʠʢʬʴʝʣʣʝʪ). ɺʦʟʨʘʩʪ ʩʣʦʷ ï ʨʷʟʘʥʩʢʠʡ. ʄʦʱʥʦʩʪʴ ʩʣʦʷ ï 0.5-11 

ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 1999). 

ɺ ʎʝʥʪʨʘʣʴʥʦʡ ɿʘʧʘʜʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʐʧʠʮʙʝʨʛʝʥʘ ʩʣʦʡ 

ʄʠʢʣʝʛʘʨʜʬʴʝʣʣʝʪ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʘʯʢʘʤʠ ʂʠʢʫʪʦʜʜʝʥ ʠ 

ɺʠʤʘʥʬʴʝʣʣʝʪ, ʥʘ ʶʛʝ ï ʧʘʯʢʦʡ ʊʠʨʦʣʘʨʧʘʩʩʝʪ. 

ʇʘʯʢʘ ʊʠʨʦʣʘʨʧʘʩʩʝʪ ʠʤʝʝʪ ʚʦʣʞʩʢʦ-ʚʘʣʘʥʞʠʥʩʢʠʡ ʚʦʟʨʘʩʪ, ʩʣʦʞʝʥʘ ʯʝʨʥʳʤʠ 

ʙʠʪʫʤʠʥʦʟʥʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʜʦʣʦʤʠʪʦʚ ʠ ʩʠʜʝʨʠʪʦʚʳʤʠ ʢʦʥʢʨʝʮʠʷʤʠ. 

ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ 28-60 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 1999). 

ʇʘʯʢʘ ɺʠʤʘʥʬʴʝʣʣʝʪ ʠʤʝʝʪ ʨʷʟʘʥʩʢʦ-ʚʘʣʘʥʞʠʥʩʢʠʡ ʚʦʟʨʘʩʪ, ʩʣʦʞʝʥʘ ʩʝʨʳʤʠ 

ʘʨʛʠʣʣʠʪʘʤʠ, ʯʘʩʪʠʯʥʦ ʘʣʝʚʨʠʪʠʩʪʳʤʠ ʩʦ ʩʣʝʜʘʤʠ ʙʠʦʪʫʨʙʘʮʠʠ ʠ ʩʠʜʝʨʠʪʦʚʳʤʠ 

ʢʦʥʢʨʝʮʠʷʤʠ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʫʧʥʳʝ ʢʦʥʢʨʝʮʠʠ ʪʠʧʘ çcannon-

ballè. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ʚʘʨʴʠʨʫʝʪʩʷ, ʚ ʩʨʝʜʥʝʤ ï 180 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et 

al., 1997; Dallmann et al., 1999). 

ʇʘʯʢʘ ʂʠʢʫʪʦʜʜʝʥ ʠʤʝʝʪ ʛʦʪʝʨʠʚʩʢʠʡ ʚʦʟʨʘʩʪ, ʩʣʦʞʝʥʘ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʧʣʘʩʪʘʤʠ 

ʘʣʝʚʨʦʣʠʪʦʚ; ʤʦʱʥʦʩʪʴ ʧʘʯʢʠ 110-400 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; 

Dallmann et al., 1999). 

ʈʷʟʘʥʩʢʦ-ʛʦʪʝʨʠʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ (ʩʚʠʪʘ ʈʶʨʠʢʬʴʝʣʣʝʪ) ʥʝʩʦʛʣʘʩʥʦ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʙʘʨʨʝʤ-ʥʠʞʥʝʘʧʪʩʢʠʤʠ (ʩʚʠʪʦʡ ɻʝʣʴʚʝʮʠʷʬʴʝʣʣʝʪ). 

ɹʘʨʨʝʤ-ʥʠʞʥʝʘʧʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʠʪʦʡ ɻʝʣʴʚʝʮʠʷʬʴʝʣʣʝʪ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʘʯʢʦʡ ʌʝʩʪʥʠʥʛʝʥ ï ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɿʘʧʘʜʥʦʡ ʯʘʩʪʠ ʐʧʠʮʙʝʨʛʝʥʘ, ʠ 

ʧʘʯʢʦʡ ɻʣʠʪʨʝʬʴʝʣʣʝʪ - ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʠ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʩʚʠʪʳ 40-155 

ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 1999).  

ʇʘʯʢʘ ʌʝʩʪʠʥʛʝʥ ʩʣʦʞʝʥʘ ʤʘʩʩʠʚʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʯʘʩʪʳʤʠ 

ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ 4-30 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; 

Harland et al., 1997; Dallmann, 1999). 

ʇʘʯʢʘ ɻʣʠʪʨʝʬʴʝʣʣʝʪ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʧʘʯʢʠ ʌʝʩʪʥʠʥʛʝʥ ʠ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʪʘ ʦʪʣʦʞʝʥʠʷʤʠ ʧʘʯʢʠ ɼʘʣʭʲʝʛʣʘ. ʇʘʯʢʘ ʩʣʦʞʝʥʘ 

ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʫʛʣʠʩʪʳʭ ʘʨʛʠʣʣʠʪʦʚ ʠ ʫʛʣʝʡ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ 69 ʤ 

(ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 2015).  

ɹʘʨʨʝʤ-ʥʠʞʥʝʘʧʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ (ʩʚʠʪʘ ɻʝʣʴʚʝʮʠʷʬʴʝʣʣʝʪ) ʩʦʛʣʘʩʥʦ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʘʧʪ-ʘʣʴʙʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ (ʩʚʠʪʘ ʂʘʨʦʣʠʥʝʬʴʝʣʣʝʪ). 

ɸʧʪ-ʘʣʴʙʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʠʪʦʡ ʂʘʨʦʣʠʥʝʬʴʝʣʣʝʪ, ʦʙʱʘʷ 

ʤʦʱʥʦʩʪʴ ʩʚʠʪʳ ʜʦʩʪʠʛʘʝʪ 1200 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 
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2015). ɺ ʎʝʥʪʨʘʣʴʥʦʡ ɿʘʧʘʜʥʦʡ ʯʘʩʪʠ ʚ ʩʦʩʪʘʚʝ ʩʚʠʪʳ ʚʳʜʝʣʷʶʪʩʷ ʩʥʠʟʫ ʚʚʝʨʭ ʧʘʯʢʠ 

ɼʘʣʭʴʝʛʣʘ ʠ ʀʥʥʭʴʝʛʣʘ.  

ɸʧʪ. ʇʘʯʢʘ ɼʘʣʭʴʝʛʣʘ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʩʚʠʪʳ ɻʝʣʴʚʝʮʠʷʬʴʝʣʣʝʪ 

ʠ ʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʧʘʯʢʦʡ ʀʥʥʭʲʝʛʣʘ. ʇʘʯʢʘ ʩʣʦʞʝʥʘ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ 

ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ ʪʦʥʢʦʩʣʦʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʩʨʝʜʠ ʥʠʭ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʘʣʦʤʦʱʥʳʭ ʧʨʦʩʣʦʝʚ ʛʨʘʚʝʣʠʪʦʚ ʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʥʢʨʝʮʠʠ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ï ʜʦ 180 ʤ 

(ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 2015). 

ɸʧʪ-ʘʣʴʙ. ʇʘʯʢʘ ʀʥʥʭʴʝʛʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʱʥʦʡ ʪʦʣʱʝʡ ʘʨʛʠʣʣʠʪʦʚ ʩ 

ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ. ʆʪʣʦʞʝʥʠʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʜʝʨʞʘʪ 

ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʥʢʨʝʮʠʠ (ʩʠʜʝʨʠʪʦʚʳʝ ʠ/ʠʣʠ ʜʦʣʦʤʠʪʦʚʳʝ) ʠ ʢʦʥʢʨʝʮʠʠ ʪʠʧʘ çcannon-

ballè (ʩʬʝʨʠʯʝʩʢʠʝ ʠʣʠ ʧʦʯʪʠ ʩʬʝʨʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʛʨʝʛʘʪʳ, ʥʘʟʚʘʥʥʳʝ ʧʦ 

ʩʭʦʞʝʩʪʠ ʩ ʧʫʰʝʯʥʳʤʠ ʷʜʨʘʤʠ, ʩʣʦʞʝʥʥʳʝ ʢʘʨʙʦʥʘʪʘʤʠ, ʥʦ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʠ ʜʨʫʛʠʝ 

ʤʠʥʝʨʘʣʳ). ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ï ʜʦ 800 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; 

Dallmann, 2015). ɺʝʨʭʠ ʧʘʯʢʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʃʦʥʛʡʠʨʘ ʜʘʪʠʨʫʶʪʩʷ ʥʠʟʘʤʠ ʘʣʴʙʘ 

(ʄʠʭʘʡʣʦʚʘ ʠ ʜʨ., 2021). 

ɸʣʴʙʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʦʙʥʘʞʘʶʪʩʷ ʥʘ ʶʛʝ ʠ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɿʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʐʧʠʮʙʝʨʛʝʥʘ ʚ ʩʦʩʪʘʚʝ ʧʘʯʝʢ ʃʘʥʛʩʪʘʢʢʝʥ ʠ ʎʠʣʣʝʨʙʝʨʛʝʪ; ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɺʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʝʥʘ ʧʘʯʢʘ ʐʝʥʨʦʢʬʴʝʣʣʝʪ. 

ʇʘʯʢʘ ʃʘʥʛʩʪʘʢʢʝʥ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʧʘʯʢʠ ʀʥʥʭʴʝʛʣʘ. ʇʘʯʢʘ 

ʩʣʦʞʝʥʘ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʘʨʛʠʣʣʠʪʘʤʠ; ʤʦʱʥʦʩʪʴ ï 

40-208 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 1999). 

ʇʘʯʢʘ ʎʠʣʣʝʨʙʝʨʛʝʪ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʥʘ ʧʘʯʢʝ ʃʘʥʛʩʪʘʢʢʝʥ, ʩʣʦʞʝʥʘ 

ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ ʠ ʣʠʥʟʘʤʠ ʛʣʠʥʠʩʪʳʭ ʞʝʣʝʟʥʷʢʦʚ. 

ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ï 28-334 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland et al., 1997; Dallmann, 1999). 

ʇʘʯʢʘ ʐʝʥʨʦʢʬʴʝʣʣʝʪ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʧʘʯʢʠ ʎʠʣʣʝʨʙʝʨʛʝʪ ʠ 

ʥʝʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʧʘʣʝʦʛʝʥʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʇʘʯʢʘ ʩʣʦʞʝʥʘ ʧʝʩʯʘʥʠʢʘʤʠ, 

ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ï ʜʦ 83 ʤ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 1990; Harland 

et al., 1997; Dallmann, 2015). ɸʧʪ-ʘʣʴʙʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʥʝʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ 

ʧʘʣʝʦʛʝʥʦʚʳʤʠ. 
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ʈʠʩ. 1.2. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥ 

(ʧʦ Dallmann, 1999, 2015 ʩ ʠʟʤʝʥʝʥʠʷʤʠ) ɼʣʷ ʢʨʘʩʥʝʡ ʟʚʝʟʜʳ ʩʜʝʣʘʪʴ ʜʨʫʛʫʶ ʧʦʜʧʠʩʴ ï 

ʫʨʦʚʥʠ ʥʘʭʦʜʦʢ ʠʟʫʯʘʝʤʳʭ ʛʣʝʥʜʦʥʠʪʦʚ. 
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ʉʪʨʘʪʠʛʨʘʬʠʷ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ 

 

ʄʝʟʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʨʦʩʩʠʡʩʢʦʡ ʯʘʩʪʠ ʚʩʢʨʳʪʳ ʩʢʚʘʞʠʥʘʤʠ 

ʚ ʩʘʤʦʡ ʘʢʚʘʪʦʨʠʠ ʠ ʚ ʧʨʝʜʝʣʘʭ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʈʘʟʨʝʟ ʚʩʢʨʳʚʘʝʪʩʷ 

ʥʝʧʦʣʥʦ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʦʩʪʘʶʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ (ʉʫʩʣʦʚʘ ʠ ʜʨ., 

2021) (ʨʠʩ. 1.3). 

ʖʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚʩʢʨʳʪʳ ʩʢʚʘʞʠʥʘʤʠ ʐʪʦʢʤʘʥʦʚʩʢʘʷ, ɸʨʢʪʠʯʝʩʢʘʷ, 

ʃʫʜʣʦʚʩʢʘʷ, ʃʝʜʦʚʘʷ, ʂʫʨʝʥʮʦʚʩʢʘʷ, ʄʫʨʤʘʥʩʢʘʷ, ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ, ʌʝʨʩʤʘʥʦʚʩʢʘʷ, 

ʉʝʚʝʨʦ-ʂʠʣʴʜʠʥʩʢʘʷ. ʍʘʨʘʢʪʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ ʪʨʠʘʩʦʚʳʤʠ 

ʪʦʣʱʘʤʠ ʜʦʩʪʦʚʝʨʥʦ ʥʝʠʟʚʝʩʪʝʥ, ʟʘʣʝʛʘʥʠʝ, ʚʝʨʦʷʪʥʦ, ʥʝʩʦʛʣʘʩʥʦʝ, ʪʘʢ ʞʝ ʢʘʢ ʥʘ 

ʐʧʠʮʙʝʨʛʝʥʝ, ɿʝʤʣʝ ʌʨʘʥʮʘ ʀʦʩʠʬʘ ʠ ʅʦʚʦʡ ɿʝʤʣʝ (ʂʨʳʤʛʦʣʴʮ, 1972). ɼʝʪʘʣʴʥʦʝ 

ʨʘʩʯʣʝʥʝʥʠʝ ʶʨʩʢʠʭ ʪʦʣʱʠ ʟʘʪʨʫʜʥʝʥʦ, ʦʪʣʦʞʝʥʠʷ ʦʙʝʜʥʝʥʳ ʬʘʫʥʦʡ, ʘ ʠʟʚʝʩʪʥʳʝ 

ʥʘʭʦʜʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʣʦʭʦʡ ʩʦʭʨʘʥʥʦʩʪʴʶ (ʏʠʨʚʘ ʠ ʜʨ., 1990; ʈʝʧʠʥ ʠ ʜʨ., 2007).  

ʅʠʞʥʝʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʱʝʡ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩ 

ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʪʝʤʥʦ-ʩʝʨʳʭ ʘʨʛʠʣʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʤʝʩʪʘʤʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʨʦʩʣʦʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʨʘʩʩʝʷʥʥʳʝ ʛʘʣʴʢʠ, ʛʨʘʚʠʡ ʢʚʘʨʮʘ ʠ 

ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ, ʦʙʣʦʤʢʠ ʜʨʝʚʝʩʠʥʳ, ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʘʷ ʦʨʛʘʥʠʢʘ, 

ʣʠʥʟʦʯʢʠ ʫʛʣʝʡ. ʄʦʱʥʦʩʪʴ ʥʠʞʥʝʶʨʩʢʦʡ ʪʦʣʱʠ ʩʦʩʪʘʚʣʷʝʪ 338 ʤ, ʚ ʩʢʚ. ʃʝʜʦʚʘʷ ï 306 

ʤ, ʃʫʜʣʦʚʩʢʘʷ ï 464 ʤ, ɸʨʢʪʠʯʝʩʢʘʷ ï 482 ʤ, ʌʝʨʩʤʘʥʦʚʩʢʘʷ ï 124 ʤ. ɺ ʩʢʚ. ʄʫʨʤʘʥʩʢʘʷ 

ʚʦʟʨʘʩʪ ʪʦʣʱʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʥʥʠʡ ʪʦʘʨ-ʨʘʥʥʠʡ ʘʘʣʝʥ (ʧʦ ʬʦʨʘʤʠʥʠʬʝʨʘʤ), 

ʧʦʟʜʥʠʡ ʧʣʠʥʩʙʘʭ ï ʧʦʟʜʥʠʡ ʪʦʘʨ (ʧʦ ʦʩʪʨʘʢʦʜʘʤ) (ɹʘʩʦʚ ʠ ʜʨ., 2009). 

ʉʨʝʜʥʠʡ ʦʪʜʝʣ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʘʘʣʝʥʘ-ʙʘʡʦʩʘ ʠ 

ʛʣʠʥʠʩʪʳʝ ʠ ʧʝʩʯʘʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʙʘʪʘ-ʢʝʣʣʦʚʝʷ. 

ɸʘʣʝʥ-ʙʘʡʦʩʩʢʠʝ (?) ʦʪʣʦʞʝʥʠʷ ʩʣʦʞʝʥʳ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ, 

ʩʝʨʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʪʝʤʥʦ-ʩʝʨʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʘʨʛʠʣʣʠʪʘʤʠ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʝʩʯʘʥʠʢʦʚ. ʇʝʩʯʘʥʠʢʠ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʛʘʣʴʢʠ ʠ ʛʨʘʚʠʡ, ʠʥʦʛʜʘ ʣʠʥʟʳ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʣʠʥʟʦʯʢʠ ʫʛʣʷ. ɺʦʟʨʘʩʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʥʘʭʦʜʢʘʤ ʬʦʨʘʤʠʥʠʬʝʨ ʠ 

ʦʩʪʨʘʢʦʜ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ 150-230 ʤ (ɹʘʩʦʚ ʠ ʜʨ., 2009). 

ɹʘʪ-ʢʝʣʣʦʚʝʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʝʩʯʘʥʠʢʦʚ ʠ 

ʘʣʝʚʨʠʪʦʚʦ-ʘʨʛʠʣʣʠʪʦʚʳʭ ʧʦʨʦʜ ʤʦʱʥʦʩʪʴʶ ʚ ʩʨʝʜʥʝʤ 30-50 ʤ, ʠʥʦʛʜʘ ʜʦ 120 ʤ. ɺʦʟʨʘʩʪ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʥʘʭʦʜʢʘʤ ʬʦʨʘʤʠʥʠʬʝʨ, ʦʩʪʨʘʢʦʜ (ɹʘʩʦʚ ʠ ʜʨ., 2009) ʠ ʘʤʤʦʥʠʪʘʤ 

(ʙʘʡʦʩ-ʙʘʪ ʚ ʩʢʚ. ʃʫʜʣʦʚʩʢʘʷ-2 ʠ ʢʝʣʣʦʚʝʡ ʚ ʩʢʚ. ʃʝʜʦʚʘʷ-1) (Mikhailova et al., 2021). 

ɺʝʨʭʥʠʡ ʦʪʜʝʣ ʶʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʩʯʘʥʠʢʦʚʦʡ ʪʦʣʱʝʡ ʦʢʩʬʦʨʜʘ (?), 

ʘʨʛʠʣʣʠʪʦʚʦʡ ʪʦʣʱʝʡ ʢʠʤʝʨʠʜʞʘ (?) ʠ ʙʠʪʫʤʠʥʦʟʥʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʢʠʤʝʨʠʜʞʩʢʦʛʦ ʠ 
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ʚʦʣʞʩʢʦʛʦ ʷʨʫʩʦʚ; ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʪʦʣʱʘʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʫʩʣʦʚʥʦ ʧʦ ʩʤʝʥʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻʀʉ. 

ʆʢʩʬʦʨʜʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʣʦʞʝʥʳ ʪʝʤʥʳʤʠ, ʩʝʨʦ-ʟʝʣʝʥʳʤʠ 

ʢʚʘʨʮʝʚʳʤʠ ʠ ʢʚʘʨʮʝʚʦ-ʛʣʘʫʢʦʥʠʪʦʚʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʩ ʨʝʜʢʠʤʠ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ 

ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨrʭ ʘʨʛʠʣʣʠʪʦʚ; ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ï ʩʝʨʦ-ʟʝʣʝʥʳʤʠ ʢʚʘʨʮ-ʛʣʘʫʢʦʥʠʪʦʚʳʤʠ 

ʘʣʝʚʨʦʣʠʪʘʤʠ, ʩʤʝʥʷʶʱʠʤʠʩʷ ʪʝʤʥʦ-ʩʝʨʳʤʠ, ʧʦʯʪʠ ʯʝʨʥʳʤʠ ʛʣʠʥʘʤʠ. ʄʦʱʥʦʩʪʴ 

ʪʦʣʱʠ ʙʦʣʝʝ 15 ʤ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʢʦʤʧʣʝʢʩʫ ʘʤʤʦʥʠʪʦʚ (ɹʘʩʦʚ ʠ ʜʨ., 

1995). 

ʂʠʤʝʨʠʜʞʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʩʣʦʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʯʝʨʥʳʤʠ ʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʤʠ 

ʛʣʠʥʘʤʠ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʤʠ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʧʦ 

ʢʦʤʧʣʝʢʩʫ ʜʠʥʦʮʠʩʪ ʠ ʘʤʤʦʥʠʪʦʚ (ʐʫʨʝʢʦʚʘ ʠ ʜʨ., 2023). ʄʦʱʥʦʩʪʴ ʢʠʤʝʨʠʜʞʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ï 19-28 ʤ (ʉʫʩʣʦʚʘ, 2021).  

ɺʦʣʞʩʢʦ-ʥʠʞʥʝʨʷʟʘʥʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʥʳʤʠ ʛʣʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʤʝʥʷʶʪʩʷ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʙʣʦʤʢʠ ʨʘʢʦʚʠʥ 

ʘʤʤʦʥʠʪʦʚ, ʨʦʩʪʨʳ ʙʝʣʝʤʥʠʪʦʚ, ʦʙʣʦʤʢʠ ʨʘʢʦʚʠʥ ʠʥʦʮʝʨʘʤʦʚ, ʦʩʪʘʪʢʠ ʢʦʩʪʝʡ ʠ ʟʫʙʦʚ 

ʨʳʙ, ʯʝʨʚʝʡ, ʦʥʠʭʠʪʳ ʠ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʝ ʚʦʜʦʨʦʩʣʠ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʧʦ ʢʦʤʧʣʝʢʩʫ ʜʠʥʦʮʠʩʪ ʠ ʘʤʤʦʥʠʪʦʚ (ʐʫʨʝʢʦʚʘ ʠ ʜʨ., 2023). ʄʦʱʥʦʩʪʴ 

ʚʦʣʞʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 29-34 ʤ. 

 

ʄʝʣʦʚʘʷ ʩʠʩʪʝʤʘ. ɺ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʞʥʠʤ ʦʪʜʝʣʦʤ, ʚʝʨʭʥʠʡ ʦʪʜʝʣ ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ 

ʪʝʨʨʠʪʦʨʠʠ. ʅʠʞʥʝʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʥʝʩʦʛʣʘʩʠʝʤ ʟʘʣʝʛʘʶʪ ʥʘ ʚʝʨʭʥʝʶʨʩʢʠʭ ʠ 

ʥʝʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʧʘʣʝʦʛʝʥʦʚʳʤʠ ʪʦʣʱʘʤʠ (ʈʠʩ. 1.3). 

ʅʠʞʥʠʡ ʦʪʜʝʣ. ɺʘʣʘʥʞʠʥ-ʛʦʪʝʨʠʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʥʦʪʦʥʥʦʡ 

ʪʦʣʱʝʡ ʛʣʠʥ ʩ ʢʘʣʴʮʠʪʦʚʳʤʠ, ʩʠʜʝʨʠʪʦʚʳʤʠ ʢʦʥʢʨʝʮʠʷʤʠ ʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ; ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʬʦʩʬʘʪʥʳʝ ʠ ʩʠʜʝʨʠʪ-ʬʦʩʬʘʪʥʳʝ 

ʢʦʥʢʨʝʮʠʠ ʠ ʟʝʨʥʘ ʛʣʘʫʢʦʥʠʪʘ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʥʘʭʦʜʢʘʤ ʤʦʣʣʶʩʢʦʚ 

ʠ ʤʠʢʨʦʬʘʫʥʳ (ɹʘʩʦʚ ʠ ʜʨ., 1995; ʈʦʛʦʚ, ʀʛʦʣʴʥʠʢʦʚ, 2009). ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʦʢʦʣʦ 

400 ʤ. 

ɹʘʨʨʝʤ-ʩʨʝʜʥʝʘʧʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʠʥʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ 

ʘʣʝʚʨʦʣʠʪʦʚ, ʨʝʞʝ ʧʝʩʯʘʥʠʢʦʚ (ʚ ʙʘʨʨʝʤʩʢʦʡ ʯʘʩʪʠ), ʠ ʧʝʩʯʘʥʠʢʘʤʠ, 

ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʩ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʛʣʠʥʘʤʠ (ʚ ʥʠʞʥʝ-ʩʨʝʜʥʝʘʧʪʩʢʦʡ ʯʘʩʪʠ). ɺ 

ʙʘʨʨʝʤʩʢʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʛʣʠʥʳ ʘʣʝʚʨʠʪʠʩʪʳʝ, ʪʦʥʢʦʦʪʤʫʯʝʥʥʳʝ; ʧʝʩʯʘʥʳʝ ʧʨʦʩʣʦʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʳʝ, ʚʦʣʥʠʩʪʳʝ, ʠʥʦʛʜʘ ʤʫʣʴʜʦʦʙʨʘʟʥʳʝ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʳ ʪʝʯʝʥʠʡ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʢʦʥʢʨʝʮʠʠ ʧʠʨʠʪʦʚʦʛʦ ʠ ʢʘʣʴʮʠʪʦʚʦʛʦ 
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ʩʦʩʪʘʚʘ, ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ, ʬʠʪʦʧʣʘʥʢʪʦʥ ʚ ʚʠʜʝ ʤʝʣʢʠʭ 

çʩʛʫʩʪʢʦʚè ʩʠʜʝʨʠʪʘ, ʩʧʠʢʫʣʳ ʛʫʙʦʢ, ʬʦʨʘʤʠʥʠʬʝʨʳ ʠ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʛʣʘʫʢʦʥʠʪʘ. 

ʅʠʞʥʝ-ʩʨʝʜʥʝʘʧʪʩʢʘʷ ʯʘʩʪʴ ʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʦʤʦʱʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ 

ʫʛʣʝʡ ʠ ʫʛʣʠʩʪʳʭ ʧʦʨʦʜ; ʚ ʦʪʣʦʞʝʥʠʷʭ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʠʨʠʪ, ʨʝʜʢʠʝ ʢʨʝʤʥʠʩʪʦ-

ʢʘʣʴʮʠʪʦʚʳʝ ʢʦʥʢʨʝʮʠʠ, ʚʦʜʦʨʦʩʣʠ ʠ ʬʦʨʘʤʠʥʠʬʝʨʳ. ʄʦʱʥʦʩʪʴ ʙʘʨʨʝʤ-ʩʨʝʜʥʝʘʧʪʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ï ʦʪ 67-150 ʜʦ 1500-1700 ʤ (Mikhailova et al., 2021). 

ɺʝʨʭʥʝʘʧʪʩʢʠʝ-ʘʣʴʙʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʛʣʠʥ, ʚʢʣʶʯʘʶʱʠʭ ʨʝʜʢʠʝ 

ʤʘʣʦʤʦʱʥʳʝ ʧʨʦʩʣʦʠ ʫʛʣʝʡ ʠ ʫʛʣʠʩʪʳʭ ʧʦʨʦʜ (ʚʝʨʭʥʠʡ ʘʧʪ-ʥʠʞʥʠʡ ʘʣʴʙ); ʚʳʰʝ ʧʦ 

ʨʘʟʨʝʟʫ ï ʥʝʨʘʚʥʦʤʝʨʥʦ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʛʣʠʥʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ 

(ʥʠʞʥʠʡ ʘʣʴʙ); ʛʣʠʥʘʤʠ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ (ʩʨʝʜʥʠʡ-

ʚʝʨʭʥʠʡ ʘʣʴʙ). ɺʦʟʨʘʩʪ ʪʦʣʱʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʥʘʭʦʜʢʘʤ ʘʤʤʦʥʠʪʦʚ (ʄʠʭʘʡʣʦʚʘ ʠ ʜʨ., 

2021). ʄʦʱʥʦʩʪʴ ʚʝʨʭʥʝʘʧʪʩʢʠʭ-ʥʠʞʥʝʘʣʴʙʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 560-750 ʤ; 

ʩʨʝʜʥʝ-ʚʝʨʭʥʝʘʣʴʙʩʢʦʡ ʪʦʣʱʠ ï ʜʦ 320 ʤ. 
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ʈʠʩ. 1.3. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. 

ɼʣʷ ʢʨʘʩʥʝʡ ʟʚʝʟʜʳ ʩʜʝʣʘʪʴ ʜʨʫʛʫʶ ʧʦʜʧʠʩʴ ï ʫʨʦʚʥʠ ʥʘʭʦʜʦʢ ʠʟʫʯʘʝʤʳʭ ʛʣʝʥʜʦʥʠʪʦʚ  
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ɻʣʘʚʘ 2. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʢʘʠʪʘ ʠ 

ʛʣʝʥʜʦʥʠʪʦʚ 

ɻʣʝʥʜʦʥʠʪʳ ï ʢʘʣʴʮʠʪʦʚʳʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʧʦ 

ʠʢʘʠʪʫ (Stein, Smith, 1986; Ito, 1996; Zabel, Schulz, 2001; Dahl, Buchardt, 2006; Lu et al., 

2012; Last and Last, 2012; ʂʨʳʣʦʚ ʠ ʜʨ., 2015). ɺ ʨʘʟʥʳʭ ʨʘʙʦʪʘʭ ʛʣʝʥʜʦʥʠʪʳ ʤʦʛʫʪ 

ʫʧʦʤʠʥʘʪʴʩʷ ʧʦʜ ʩʣʝʜʫʶʱʠʤʠ ʥʘʟʚʘʥʠʷʤʠ: ʘʥʪʨʘʢʦʥʠʪ (Hausmann, 1806; Berg-Madsen, 

1989), ʪʠʥʦʣʠʪ (King, 1878), ʷʨʦʚʠʪ (Browell, 1863), ʧʩʝʚʜʦʛʝʡʣʶʩʩʠʪ (van Calker, 1897), 

ʛʝʥʥʦʡʰʠ (Ko, 1896), ʙʝʣʦʤʦʨʩʢʠʝ ʨʦʛʫʣʴʢʠ (ʉʦʢʦʣʦʚ, 1825), fundylite (Steacy, Grant, 

1974), polar euhedrons (Kemper, Schmitz, 1975), hedgehogs (Fricker, 1963).  

ʀʢʘʠʪ ï h ʝʩʪʠʚʦʜʥʳʡ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ CaCO3*6H2O. ʂ ʩʦʞʘʣʝʥʠʶ, ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʦʛʦ ʠʢʘʠʪʘ ʠʟʫʯʝʥ ʣʠʰʴ ʚ ʥʝʤʥʦʛʠʭ ʨʘʙʦʪʘʭ (ʥʘʧʨʠʤʝʨ, Suess et al., 1982; 

Pauly, 1963, Busenberg and Plummer, 1985; Bºke et al., 1999; Malaga-Starzec et al., 2004; 

Vavouraki et al., 2008; Fern§ndez-D²az et al., 2010).). ʍʦʪʷ ʩʦʜʝʨʞʘʥʠʝ MgO ʚ ʠʢʘʠʪʝ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʧʨʠʤʝʨʥʦ 0,5 ʤʘʩ.%, ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʘʭ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʩʫʣʴʬʘʪ- ʠʣʠ 

ʬʦʩʬʘʪ-ʠʦʥʦʚ (Pauly, 1963; Schubert et al., 1997; Vickers et al., 2022). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

Vickers ʠ ʩʦʘʚʪ. (2022), ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ Mg/Ca ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 

ʥʘʠʙʦʣʝʝ ʥʝʫʩʪʦʡʯʠʚʳʭ ʦʙʨʘʟʮʘʭ ʠʢʘʠʪʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʨʦʣʴ 

ʤʘʛʥʠʷ ʚ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ.  

ʀʢʘʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʠʨʘʤʠʜʘʣʴʥʳʤʠ ʠʣʠ ʢʦʧʴʝʚʠʜʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ 

(ʥʘʧʨʠʤʝʨ, Dieckmann et al., 2008; Tang et al., 2009; Rysgaard et al., 2014), ʘ ʪʘʢʞʝ ʠʭ 

ʟʚʝʟʜʦʦʙʨʘʟʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ (ʥʘʧʨʠʤʝʨ, Selleck et al., 2007; Garvie, 2022), ʠʤʝʶʱʠʤʠ 

ʢʚʘʜʨʘʪʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ (ʥʘʧʨʠʤʝʨ, Swainson ʠ Hammond, 2001). ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʢʘʠʪʘ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʚʠʜʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦʩʣʝ 

ʝʛʦ ʨʘʟʣʦʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, Kaplan, 1978; Shearman ʠ Smith, 1985; Kemper, 1987). ʈʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 5 ʤʢʤ (Dieckmann et al., 2008) ʜʦ å 15 ʩʤ (Zabel, Schultz, 2001).  

ʀʢʘʠʪ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʦʨʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʚʧʣʦʪʴ ʜʦ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ (Kodina et al., 2001; Galimov et al., 2006, Krylov et al., 2015, 2019; Vickers 

et al., 2022, Krylov et al., 2015), ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ (Zabel and Schulz, 2001; Gussone et al., 

2011, Stein and Smith, 1986, Fink et al., 2014, Hackworth, 2005, Vickers et al., 2022), ʦʟʝʨʘʭ 

(Pueyo et al., 2011, Oehlerich et al., 2015, Last et al., 2010), ʣʴʜʘʭ (Ito, 1996; Omelon et al., 

2001), ʧʝʱʝʨʘʭ (Ģ§k et al., 2010; Persoiu and Onac, 2019; Bazarova et al., 2014, 2018; 

Stepanov et al., 2013), ʚ ʚʠʜʝ ʪʫʬʦʚʳʭ ʧʠʨʘʤʠʜ (Pauly, 1963). ʀʢʘʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʢʘʢ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʪʘʢ ʠ ʥʘ ʛʣʫʙʠʥʝ 20 ʤ ʠ ʥʠʞʝ ʤʦʨʩʢʦʛʦ ʜʥʘ (Last et al., 
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2013; Zabel and Schulz, 2001; Lu et al., 2012; Galimov et al., 2006; Kodina et al., 2001; 

Greinert and Derkachev, 2004; Derkachev et al., 2007). 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʘʭʦʜʦʢ ʠʢʘʠʪʘ ʧʨʠʫʨʦʯʝʥʦ ʢ ʛʣʠʥʠʩʪʳʤ ʦʩʘʜʢʘʤ (Kodina et al., 

2001; Galimov et al., 2006; Ludwig et al., 2006; Mart²n-Puertas et al., 2007; Nielsen et al., 

2014; Bauch et al., 1999), ʜʠʘʪʦʤʠʪʘʤ (Domack et al., 2007), ʣʝʜʥʠʢʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ (Lu 

et al., 2012) ʠ ʭʦʣʦʜʥʳʤ ʠʩʪʦʯʥʠʢʘʤ (Stepanov et al., 2013; Ito, 1996). ɺ ʜʨʝʚʥʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʥʘʭʦʜʢʠ ʠʢʘʠʪʘ ʥʝʠʟʚʝʩʪʥʳ. 

ʋʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʢʘʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ ʚ ʫʩʣʦʚʠʷʭ ʦʢʦʣʦʥʫʣʝʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ -2 ʜʦ +7Á ʉ (Dieckmann et al., 2008; Huggett et al., 2005; Suess et al., 1982). 

ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʚʳʰʘʝʪ ʫʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʠʢʘʠʪ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʣʠʙʦ (1) ʩʤʝʩʴ 

ʠʟ ʙʝʟʚʦʜʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ (ʢʘʣʴʮʠʪ/ʘʨʘʛʦʥʠʪ/ʚʘʪʝʨʠʪ/ʘʤʦʨʬʥʳʡ ʢʘʨʙʦʥʘʪ 

ʢʘʣʴʮʠʷ) + ʚʦʜʘ (Shaikh, 1990; Ito, 1996; Ito et al., 1999; Stein, Smith, 1986; Council, Bennett, 

1993; Pauly, 1963; Bischoff et al., 1993), ʣʠʙʦ (2) ʤʦʥʦʛʠʜʨʦʢʘʣʴʮʠʪ (Pauly, 1963; Bischoff 

et al., 1993; Garvie, 2022). ʇʨʠ ʵʪʦʤ ʥʝ ʜʦ ʢʦʥʮʘ ʷʩʥʦ, ʢʘʢ ʠʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠʢʘʠʪʘ ʚ ʢʘʣʴʮʠʪ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʝʩʪʴ ʜʚʘ ʥʘʙʣʶʜʝʥʠʷ: (1) ʠʢʘʠʪ 

ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʝʪ ʚʦʜʫ ʠ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʷʜ ʨʘʩʪʚʦʨʝʥʠʡ-ʧʝʨʝʦʩʘʞʜʝʥʠʡ (Schultz et al., 

2023); (2) ʠʢʘʠʪ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʘʣʴʮʠʪ ʚ ʢʚʘʟʠʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʨʘʟʨʫʰʘʷʩʴ ʩ 

ʚʥʝʰʥʠʭ ʢʨʘʝʚ ʢʨʠʩʪʘʣʣʘ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ī ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ 

(Vickers et al., 2022). ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚʳʰʝ +6ÁC ʚ ʟʘʣʠʚʝ ʀʢʢʘ-ʌʴʦʨʜ 

ʠʢʘʠʪ ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʤʦʥʦʛʠʜʨʦʢʘʣʴʮʠʪ ʩ ʘʨʘʛʦʥʠʪʦʤ/ʢʘʣʴʮʠʪʦʤ: ʦʜʥʘ ʠʟ ʢʦʣʦʥʥ 

ʧʦʣʥʦʩʪʴʶ ʩʣʦʞʝʥʘ ʤʦʥʦʛʠʜʨʦʢʘʣʴʮʠʪʦʤ, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ʢʦʣʦʥʥʳ ʩʦʜʝʨʞʘʪ ʢʦʨʢʠ 

ʠʢʘʠʪʘ ʠ ʷʜʨʘ ʤʦʥʦʛʠʜʨʦʢʘʣʴʮʠʪʘ Ñ ʘʨʘʛʦʥʠʪʘ ʠ ʢʘʣʴʮʠʪʘ (Stockmann et al., 2022).  

ʂʨʦʤʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʠʢʘʠʪʘ ʚʣʠʷʝʪ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (Kodina et al., 2003; Suess et al., 1982; Stein, Smith, 1986; Jansen et al., 

1987; Bischoff et al., 1993; Buchardt et al., 1997; Greinert, Derkachev, 2004; Dahl, Buchardt, 

2006; Hansen et al., 2011; Oehlerich et al., 2013; Zhou et al., 2015). ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʢʘʠʪ ʤʦʞʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʠʟ ʨʘʩʪʚʦʨʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʩʫʣʴʬʘʪ-

ʠʦʥʘ (Tollefsen et al., 2018). ʀʦʥʳ ʬʦʩʬʘʪʘ ʠʥʛʠʙʠʨʫʶʪ ʨʦʩʪ ʢʘʣʴʮʠʪʘ ʠ ʘʨʘʛʦʥʠʪʘ (Burton 

and Walter, 1990; Lin and Singer, 2005; Tadier et al., 2017) ʠ ʧʨʦʚʦʮʠʨʫʶʪ ʨʦʩʪ ʠʢʘʠʪʘ 

(Bischoff et al., 1993; Buchardt et al., 2001). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʭʦʜʢʘʤʠ ʠʢʘʠʪʘ ʚʙʣʠʟʠ 

ʧʦʨʦʚʳʭ ʚʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ ʬʦʩʬʦʨʦʤ (Zhou et al., 2015; Greinert and Derkachev, 2004; 

Kodina et al., 2003). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (Hu et al.,2014; 

Stockmann et al., 2018) ʠ ʥʝʢʦʪʦʨʳʝ ʥʘʭʦʜʢʠ (Ito, 1996) ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʣʷ ʦʩʘʞʜʝʥʠʷ 

ʠʢʘʠʪʘ ʬʦʩʬʦʨ ʥʝʦʙʷʟʘʪʝʣʝʥ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʦʩʬʦʨʘ, ʠʦʥ ʤʘʛʥʠʷ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 
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ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʢʘʠʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ (Tollefsen et al., 2018; Chaka et al., 2019), 

ʚ ʧʨʠʨʦʜʝ ʞʝ ʦʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʟʚʦʜʥʳʭ ʬʘʟ (Nishiyama et al., 2013; Blue 

et al., 2017). ɺʳʩʦʢʘʷ ʱʝʣʦʯʥʦʩʪʴ (pH>8) ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʢʘʠʪʘ, ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʪʘʢ ʠ ʚ ʧʨʠʨʦʜʝ (Boch et al., 2015; Tollefsen et 

al., 2018, 2019, 2020).  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ŭ13C ʠʢʘʠʪʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ī42.7 

ă ʜʦ +8.3 ă PDB, ʢʠʩʣʦʨʦʜʘ ŭ18O ʦʪ ī17 ă ʜʦ +3.60 ă PDB (Dahl, Burchardt, 2006; 

ʏʘʡʢʦʚʩʢʠʡ, ʂʘʜʝʙʩʢʘʷ, 2014; Kodina et al., 2003; ʂʨʳʣʦʚ ʠ ʜʨ., 2015; Last et al., 2013; Lu 

et al., 2012, Stein, Smidt, 1985; Zabel, Schultz, 2001) (ʈʠʩʫʥʦʢ). ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ 

ʨʘʟʥʠʮʘ ʚ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʠʢʘʠʪʘ: ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʷʤ ʢʨʠʩʪʘʣʣʘ 

ʚʝʣʠʯʠʥʳ ŭ13C ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʚʝʣʠʯʠʥʳ ŭ18O ʚʦʟʨʘʩʪʘʶʪ (Whiticar et al., 2022).  

ɿʥʘʯʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr ʜʣʷ ʠʢʘʠʪʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʝʜʠʥʦʞʜʳ, ʚ ʟʘʣʠʚʝ ʀʢʢʘ-ʌʴʦʨʜ, ʠ ʦʢʘʟʘʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 87Sr/86Sr ʤʦʨʩʢʦʡ 

ʚʦʜʳ (87Sr/86Sr ʠʢʘʠʪʘ=0.70916) (Buchardt et al., 2001). 

ɻʣʝʥʜʦʥʠʪ ð ʵʪʦ ʧʩʝʚʜʦʤʦʨʬʦʟʘ ʢʘʣʴʮʠʪʘ ʧʦ ʤʠʥʝʨʘʣʫ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʠʢʘʠʪʦʤ (Stein, Smith, 1986; Ito, 1996; Zabel, Schulz, 2001; Dahl, Buchardt, 

2006; Lu et al., 2012; Last and Last, 2012; ʂʨʳʣʦʚ ʠ ʜʨ., 2015). ʇʩʝʚʜʦʤʦʨʬʦʟʳ ʩʦʭʨʘʥʷʶʪ 

ʬʦʨʤʫ ʤʠʥʝʨʘʣʘ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ: ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʠ 

ʙʠʧʠʨʘʤʠʜʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʨʦʟʝʪʢʠ, ʚʳʪʷʥʫʪʳʝ ʢʨʠʩʪʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʈʠʩ. 2.1). 

ʈʘʟʤʝʨʳ ʧʩʝʚʜʦʤʦʨʬʦʟ ʛʣʝʥʜʦʥʠʪʦʚ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʘʟʤʝʨʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʠʢʘʠʪʘ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʠʩʢʣʶʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʝʨʤʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʠʟ 

ɸʚʩʪʨʘʣʠʠ ʠ ʊʘʩʤʘʥʠʠ, ʶʨʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʠʟ ʉʠʙʠʨʠ ʠ ʢʘʡʥʦʟʦʡʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʩ 

ʂʘʤʯʘʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʢʘʠʪʦʚð ʜʣʠʥʘ 

ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ, ʘ ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ ʠʤʝʶʪ ʧʦʧʝʨʝʯʥʠʢ 

ʩʚʳʰʝ 30 ʩʤ (ʂʘʧʣʘʥ, 1978; ʂʨʘʝʚʘʷ ʠ ʜʨ., 1987; Frank et al., 2008; Schultz et al., 2020). 

ʉʘʤʳʤ ʢʨʫʧʥʳʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʛʣʝʥʜʦʥʠʪʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʯʠʪʘʝʪʩʷ ʦʙʨʘʟʝʮ ʠʟ 

ʩʚʠʪʳ ʌʫʨ (Fur Formation, ʚʦʟʨʘʩʪ) (.ʉʪʨʘʥʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʠʣʠ ʙʘʩʩʝʡʥ). ɽʛʦ ʜʠʘʤʝʪʨ 

ʩʦʩʪʘʚʣʷʝʪ 1,65 ʤʝʪʨʘ, ʘ ʩʘʤ ʢʨʠʩʪʘʣʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʦʩʪʦʢ ʠʟ 16 ʦʪʜʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʨʫʧʥʝʡʰʠʡ ʠʟ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ ʨʘʟʤʝʨʦʚ 80Ĭ15Ĭ6 ʩʤ (Schultz et al., 2020).  
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ʈʠʩ. 2.1. ʉʨʘʚʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʢʘʠʪʘ (ɸ-ɺ) ʠ ʛʣʝʥʜʦʥʠʪʘ (ɻ-ɽ): ɸ, ɻ ï ʚʳʪʷʥʫʪʳʡ 

ʙʠʧʠʨʘʤʠʜʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ; ɹ, ɼ - ʟʚʝʟʜʦʦʙʨʘʟʥʳʡ ʩʨʦʩʪʦʢ; ɺ, ɽ ï ʚʳʪʷʥʫʪʳʡ 

ʧʠʨʘʤʠʜʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ (Rogov et al., 2021). ʄʘʩʰʪʘʙʥʘʷ ʣʠʥʝʡʢʘ ï 1 ʩʤ. 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʢʘʠʪʘ ʛʣʝʥʜʦʥʠʪʳ ʤʦʛʫʪ ʠʤʝʪʴ ʟʦʥʘʣʴʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ 

(ʈʠʩʫʥʦʢ). ʉʨʝʜʠ ʥʘʭʦʜʦʢ ʠʢʘʠʪʘ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʢ ʟʦʥʘʣʴʥʦʤʫ ʩʪʨʦʝʥʠ ʁʠʤʝʶʪ 

ʘʛʨʝʛʘʪʳ ʠʟ ʟʘʣʠʚʘ ʀʢʢʘ-ʌʴʦʨʜ (Trampe et al., 2016) (ʨʠʩ.2.2). 

 

ʈʠʩ.2.2. ɸ ï ʛʣʝʥʜʦʥʠʪ ʩ ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʦʙʨ. Led-1-2, ʩʢʚ. ʃʝʜʦʚʘʷ-1, ɹʘʨʝʥʮʝʚʦ 

ʤʦʨʝ); ɹ ï ʩʨʦʩʰʠʝʩʷ ʢʦʣʦʥʥʳ ʠʢʘʠʪʘ ʩʦ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʚ ʚʠʜʝ 

ʯʝʨʝʜʦʚʘʥʠʷ ʞʝʣʪʳʭ ʠ ʟʝʣʝʥʳʭ ʧʦʣʦʩ (Trampe et al., 2016) 
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ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʢʘʢ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʟʦʥʘʣʴʥʳʝ 

ʛʣʝʥʜʦʥʠʪʳ. ʇʝʨʚʦʝ: ʟʦʥʘʣʴʥʦʩʪʴ ʛʣʝʥʜʦʥʠʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʤʝʩʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ/ʠʣʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʣʠʙʦ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʦʩʪʦʤ ʢʨʠʩʪʘʣʣʦʚ (Huggett 

et al., 2005). ɺʪʦʨʦʝ: ʛʣʝʥʜʦʥʠʪʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʝ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʢʘʠʪʘ. ɺʥʝʰʥʷʷ ʦʙʦʣʦʯʢʘ ʢʨʠʩʪʘʣʣʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʦʡ, ʧʦʜʚʝʨʛʘʷʩʴ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʥʫʪʨʝʥʥʷʷ 

ʯʘʩʪʴ ʩʦʭʨʘʥʷʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʧʦʤʠʥʘʝʪ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʠʢʘʠʪʘ 

ʠʟʥʫʪʨʠ ʢ ʚʥʝʰʥʝʤʫ ʢʨʘʶ, ʦʜʥʘʢʦ ʧʨʦʪʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʝʟʦʥʘʣʴʥʳʭ ʛʣʝʥʜʦʥʠʪʦʚ (Vickers et al., 2018). ʊʨʝʪʴʝ: ʢʨʠʩʪʘʣʣʳ ʤʦʛʣʠ ʨʘʩʪʠ 

çʧʦʩʣʦʡʥʦè, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʟʫʷ ʟʦʥʳ, ʥʘʯʠʥʘʷ ʦʪ ʮʝʥʪʨʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʥʝʰʥʠʤ 

ʢʨʘʝʤ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʢʘʣʴʮʠʪʘ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʦʚʝʨʭ ʚʥʦʚʴ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʢʘʣʴʮʠʪʘ ʧʝʨʚʦʛʦ ʪʠʧʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʝʯʥʳʡ ʚʠʜ ʢʨʠʩʪʘʣʣʘ: 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʳʨʘʞʝʥʥʳʭ ʟʦʥ (ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʢʦʣʝʙʘʥʠʷ ʫʩʣʦʚʠʡ); 

ʥʘʣʠʯʠʝ ʯʝʪʢʦ ʨʘʟʣʠʯʠʤʳʭ ʷʜʝʨ ʠ ʢʨʘʝʚ (ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʫʩʣʦʚʠʷ); ʣʠʙʦ ʧʦʣʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ (ʙʳʩʪʨʘʷ ʧʦʣʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ) (Vickers et 

al., 2018). 

ʆʧʪʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʝʥʜʦʥʠʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʟʘʤʝʱʝʥʠʝ ʠʢʘʠʪʘ ʢʘʣʴʮʠʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʧʦʵʪʦʤʫ ʚ ʩʦʩʪʘʚʝ 

ʧʩʝʚʜʦʤʦʨʬʦʟ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʜʝʣʷʝʪʩʷ ʦʪ 2 ʜʦ 4 ʛʝʥʝʨʘʮʠʡ ʢʘʣʴʮʠʪʘ; ʥʘ ʧʦʟʜʥʠʭ 

ʩʪʘʜʠʷʭ ʜʠʘʛʝʥʝʟʘ ʢʘʣʴʮʠʪ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʱʝʥ ʜʦʣʦʤʠʪʦʤ, ʛʠʧʩʦʤ, ʧʠʨʠʪʦʤ, 

ʢʨʝʤʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (Rogala et al., 2007; Wang et al., 2017; Mikhailova et al., 2019). 

ɺ ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʦʙʣʦʤʢʠ ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ 

ʰʧʘʪʦʚ, ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ, ʦʣʠʚʠʥʘ, ʧʠʨʦʢʩʝʥʘ, ʘʤʬʠʙʦʣʘ, ʤʘʛʥʝʪʠʪʘ, ʛʝʤʘʪʠʪʘ, 

ʩʣʶʜʳ ʠ ʯʘʩʪʠʮʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʂʘʧʣʘʥ, 1979; ɻʝʧʪʥʝʨ ʠ ʜʨ., 1994; ɸʩʪʘʭʦʚʘ, 

ʉʦʨʦʯʠʥʩʢʘʷ, 1999). 

ʂʨʠʩʪʘʣʣʳ ʢʘʣʴʮʠʪʘ ʧʝʨʚʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʠʜʠʦʤʦʨʬʥʫʶ, ʪʨʝʫʛʦʣʴʥʫʶ, 

ʙʠʧʠʨʘʤʠʜʘʣʴʥʫʶ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ, ʮʚʝʪ ï ʦʪ ʧʨʦʟʨʘʯʥʳʭ ʜʦ ʥʝʧʨʦʟʨʘʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠʥʦʛʜʘ ʩ ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ; ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ <3 ʤʤ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʧʝʨʚʳʡ ʪʠʧ ʢʘʣʴʮʠʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʝʭʝʦʤʠʪʨʠʯʥʳʡ ʢʘʣʴʮʠʪ (CaʉO3), 

ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 30% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʩʝʚʜʦʤʦʨʬʦʟ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʩʭʦʞ ʩ 

ʠʢʘʠʪʦʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʠʩʪʳʡ, ʦʙʝʜʥʝʥʥʳʡ 

ʧʨʠʤʝʩʷʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʣʴʮʠʪ ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠʢʘʠʪʘ (ikaite-derived 

calcite) (Larsen, 1994; Greinert, Derkachev, 2004; Huggett et l., 2005; Teichert, Luppold, 2013; 
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Nening, 2017; Vickers et al., 2018). ʂʃ-ʩʚʝʯʝʥʠʝ (ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʦʝ) ʦʪʩʫʪʩʪʚʫʝʪ 

(Larsen, 1994; Morales et al.,2017). 

ɺʪʦʨʦʡ ʪʠʧ ʢʘʣʴʮʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʬʝʨʦʣʠʪʦʚʳʤʠ, ʠʛʦʣʴʯʘʪʳʤʠ, 

ʩʧʘʨʠʪʦʚʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ (Boggs, 1972; ʂʘʧʣʘʥ, 1978; Greinert, Derkachev, 2004; 

Teichert, Luppold, 2013; Qu et al., 2017; Vasileva et al., 2019, 2021). ɺ ʦʪʣʠʯʠʠ ʦʪ ʢʘʣʴʮʠʪʘ 

ʧʝʨʚʦʛʦ ʪʠʧʘ, ʚʪʦʨʦʡ ʦʙʦʛʘʱʝʥ ʤʘʛʥʠʝʤ ʠ ʞʝʣʝʟʦʤ (Ca0.645-0.999Mg0.002-0.322Fe0.001-0.08)(CO3) 

(McLachlan et al., 2001; Vasileva et al., 2021) // <6 mol.% MgCO3 (Teichert, Luppold, 2013; 

Qu et al., 2017); ʬʦʩʬʦʨʦʤ P2O5 ï 0.28-0.56 % (Huggett et al., 2005)  ʜʦ 3 ʤʘʩʩ.% (Vasileva 

et al., 2021); ʙʘʨʠʝʤ BaO = 0.03 mol.% (Nenning et al., 2017); ʩʪʨʦʥʮʠʝʤ SrCO3 ï 0.13-0.2 

mol.% (Huggett et al., 2005; Teichert, Luppold, 2013; Nenning, 2017) // 0.04-0.30 ʤʘʩʩ.% 

(Vasileva et al., 2021); ʤʘʨʛʘʥʮʝʤ MnCO3 ï 0.02-3.18 ʤʘʩʩ.% (McLachlan et al., 2001; 

Vasileva et al., 2021) // 0-1.35 mol.% (Huggett et al., 2005; Teichert, Luppold, 2013; Nenning, 

2017); SiO2 ï 0.02-0.07 ʤʘʩʩ.% (McLachlan et al., 2001), Al2O3 ï 0.01-0.02 ʤʘʩʩ.% 

(McLachlan et al., 2001). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ ʦʙʨʘʩʪʘʝʪ 

ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʤ ʢʘʣʴʮʠʪʦʤ (Teichert, Luppold, 2013; Nenning, 2017), ʩʠʜʝʨʠʪʦʤ 

(Teichert, Luppold, 2013) ʠʣʠ ʜʦʣʦʤʠʪʦʤ (Vasileva et al., 2021). ʊʠʧ ʂʃ-ʩʚʝʯʝʥʠʷ 

ʦʜʥʦʨʦʜʥʳʡ ʠ/ʠʣʠ ʟʦʥʘʣʴʥʳʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʨʢʦ-ʦʨʘʥʞʝʚʳʡ (Frank et al., 2008; Teichert, 

Luppold, 2013). 

ʊʨʝʪʠʡ ʪʠʧ ʢʘʣʴʮʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʩʘʤʳʭ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʣʝʥʜʦʥʠʪʘ ʠ ʟʘʧʦʣʥʷʝʪ ʦʩʪʘʚʰʠʝʩʷ ʧʦʨʳ. ʇʦ ʩʦʩʪʘʚʫ ʪʨʝʪʠʡ ʪʠʧ ʢʘʣʴʮʠʪʘ ʙʣʠʟʦʢ ʢʦ 

ʚʪʦʨʦʤʫ, ʦʜʥʘʢʦ ʚʩʝ ʞʝ ʥʝʩʢʦʣʴʢʦ ʦʙʝʜʥʝʥ Mg, Fe, Mn: MgCO3 ï 0.36-2.99 mol.% (Huggett 

et al., 2005; Teichert, Luppold, 2013; Nenning, 2017); FeCO3 ï 0.6-4 mol.% (Huggett et al., 

2005; Teichert, Luppold, 2013; Nenning, 2017); MnCO3 ï 0.5-1.98 mol.% (Huggett et al., 

2005; Teichert, Luppold, 2013; Nenning, 2017). ʂʃ-ʩʚʝʯʝʥʠʝ ʦʪ ʦʨʘʥʞʝʚʦʛʦ ʜʦ ʪʝʤʥʦ-

ʢʨʘʩʥʦʛʦ (Teichert, Luppold, 2013). 

ɺʘʣʦʚʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʣʴʮʠʪʝ ʛʣʝʥʜʦʥʠʪʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ŭ18 O 

ʦʪ ī16.6ă ʜʦ +4.8ă PDB; ʜʣʷ ʫʛʣʝʨʦʜʘ ŭ13C ʦʪ ī52.4ă ʜʦ +0.6ă PDB ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(De Lurio, Frakes, 1999; Greinert, Derkachev, 2004; Teichert, Luppold, 2013; Geptner et al., 

2014; Morales et al., 2017; Qu et al., 2017; Rogov et al., 2017, 2021; Vickers et al., 2018, 2020; 

Mikhailova et al., 2019; Vasileva et al., 2019). ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ 

ʠ ʫʛʣʝʨʦʜʘ ʜʣʷ ʧʘʣʝʦʟʦʡʩʢʠʭ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʛʣʝʥʜʦʥʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.3. ɼʣʷ 

ʧʦʜʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʛʣʝʥʜʦʥʠʪʦʚ ʫʛʣʝʨʦʜ ʧʦʩʪʫʧʘʣ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʤʠ ʙʘʢʪʝʨʠʷʤʠ (Suess et al., 1982). ɼʣʷ ʯʘʩʪʠ 

ʤʝʟʦʟʦʡʩʢʠʭ ʛʣʝʥʜʦʥʠʪʦʚ ʫʛʣʝʨʦʜ ʧʦʩʪʫʧʘʣ ʧʨʠ ʘʥʘʵʨʦʙʥʦʤ ʦʢʠʩʣʝʥʠʠ ʤʝʪʘʥʘ 



24 

 

ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʤʠ ʙʘʢʪʝʨʠʷʤʠ (Schubert et al., 1997; Greinert, Derkachev, 2004; 

Rickaby et al., 2006; Teichert, Luppold, 2013; Morales et al., 2017). 

ɼʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠʩʪʦʯʥʠʢ ʢʠʩʣʦʨʦʜʘ ʚ ʛʣʝʥʜʦʥʠʪʘʭ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʆʙʝʜʥʝʥʠʝ 16O ʛʣʝʥʜʦʥʠʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʠʷʤʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʣʴʮʠʪʝ ʠ ʠʢʘʠʪʝ, ʨʘʟʥʠʮʝʡ ʚ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʬʣʶʠʜʦʚ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʢʘʣʴʮʠʪ ʠ ʠʢʘʠʪ, ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʝ 

ʛʣʝʥʜʦʥʠʪʦʚ ʢʘʣʴʮʠʪʘ ʧʝʨʚʦʛʦ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ, ʥʘʣʦʞʝʥʥʳʤʠ 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

 

ʈʠʩ. 2.3. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʠʢʘʠʪʘ ʠ ʛʣʝʥʜʦʥʠʪʦʚ (Rogov et al., 

2021, 2023). 

 

ʂʨʦʤʝ ʪʦʛʦ, ʛʣʝʥʜʦʥʠʪʳ ʥʘʩʣʝʜʫʶʪ ʦʪ ʠʢʘʠʪʘ ʨʘʟʥʠʮʫ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ: ʘʥʘʣʦʛʠʯʥʦ ʠʢʘʠʪʫ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʷʤ 

ʚʝʣʠʯʠʥʳ ŭ13C ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʚʝʣʠʯʠʥʳ ŭ18O ʚʦʟʨʘʩʪʘʶʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʥʝʰʥʝʡ 

ʯʘʩʪʴʶ (Whiticar et al., 2022). ʀʟʤʝʥʝʥʠʷ ŭĭįC ʚ ʛʣʝʥʜʦʥʠʪʘʭ, ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʶʪ 

ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ŭĭįC ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (DIC) ʚ ʭʦʜʝ 

ʨʦʩʪʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʠʢʘʠʪʘ. ʀʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ŭĭ O ʚ ʛʣʝʥʜʦʥʠʪʘʭ ʚʦʟʤʦʞʥʳ ʠʟ-ʟʘ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʟʦʪʦʧʥʳʭ ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠʢʘʠʪʘ ʚ ʢʘʣʴʮʠʪ. 
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ɺ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ ʙʳʣ ʠʟʫʯʝʥ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʪʨʦʥʮʠʷ ʚ ʢʘʣʴʮʠʪʝ 

ʛʣʝʥʜʦʥʠʪʦʚ. ʏʘʩʪʴ ʦʙʨʘʟʮʦʚ ʫʥʘʩʣʝʜʦʚʘʣʠ 87Sr/86Sr ʤʦʨʩʢʦʡ ʚʦʜʳ, ʦʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 87Sr/86Sr ʥʠʞʝ ʠʣʠ ʚʳʰʝ ʩʪʨʦʥʮʠʝʚʦʡ ʠʟʦʪʦʧʥʦʡ ʢʨʠʚʦʡ. ʇʨʠʯʠʥʘ 

ʨʘʟʙʨʦʩʘ 87Sr/86Sr ʚ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʛʣʝʥʜʦʥʠʪʘʭ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʚʷʟʘʥʘ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ ʩʪʨʦʥʮʠʷ (Nenning, 2017; ʈʦʛʦʚ ʠ ʜʨ., 2018; 

Vasileva et al., 2021). 

ɻʣʝʥʜʦʥʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʠʩʪʝʤ ʬʘʥʝʨʦʟʦʷ: ʦʪ 

ʢʝʤʙʨʠʷ ʜʦ ʛʦʣʦʮʝʥʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʠʣʫʨʘ, ʜʝʚʦʥʘ ʠ ʪʨʠʘʩʘ (Rogov et al., 2021, 2023); 

ʠʟʚʝʩʪʥʳ ʚ ʵʜʠʘʢʘʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ (James et al., 2005; Wang et al., 2020), ʘ ʝʜʠʥʠʯʥʳʝ 

ʙʦʣʝʝ ʜʨʝʚʥʠʝ ʥʘʭʦʜʢʠ ī ʚʧʣʦʪʴ ʜʦ ʥʠʞʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ (Aspler, Chiarenzelli, 1997; Aspler 

et al., 2001). 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʟʦʟʦʡʩʢʠʭ ʛʣʝʥʜʦʥʠʪʦʚ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʤʝʟʦʟʦʡʩʢʠʡ ʢʣʠʤʘʪ ʙʳʣ ʩʘʤʳʤ ʪʝʧʣʳʤ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ 

(Frakes et al., 1992), ʤʝʟʦʟʦʡʩʢʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʩʨʝʜʠ ʚʩʝʭ ʥʘʭʦʜʦʢ. ʊʝʧʣʳʤ ʢʣʠʤʘʪʦʤ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʛʣʝʥʜʦʥʠʪʦʚ ʚ ʪʨʠʘʩʝ ʠ 

ʚʝʨʭʥʝʤ ʤʝʣʫ. ʖʨʩʢʠʝ ʥʘʭʦʜʢʠ ʦʛʨʘʥʠʯʝʥʳ ʚʳʩʦʢʠʤʠ ʧʘʣʝʦʰʠʨʦʪʘʤʠ ʩʝʚʝʨʥʦʛʦ 

ʧʦʣʫʰʘʨʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʠʞʥʝʤʝʣʦʚʳʝ ʛʣʝʥʜʦʥʠʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʠʧʦʣʷʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʨʠʩ. 2.4).  

ʊʨʠʘʩ. ɻʣʝʥʜʦʥʠʪʳ ʜʦʩʪʦʚʝʨʥʦ ʥʝʠʟʚʝʩʪʥʳ. ʄʝʣʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʜʦ 2 ʤʤ), 

ʧʦʭʦʞʠʝ ʥʘ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʥʘ ɸʨʘʚʠʡʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ (Al-Sarmi, Wood, 2025). 

ʖʨʘ. ʅʠʞʥʠʡ ʦʪʜʝʣ. ʉʘʤʳʝ ʨʘʥʥʠʝ ʥʘʭʦʜʢʠ ʛʣʝʥʜʦʥʠʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʟʜʥʝʤʫ 

ʧʣʠʥʩʙʘʭʫ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʵʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, 

ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ ɻʝʨʤʘʥʠʠ (Teichert, Luppold, 2013; Merkel, 

Munnecke, 2023). ɺ ʨʘʟʨʝʟʘʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ (ɺʠʣʶʡʩʢʠʡ ʙʘʩʩʝʡʥ) ʤʝʣʢʠʝ 

ʛʣʝʥʜʦʥʠʪʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ɺ 

ʨʘʟʨʝʟʘʭ ɸʥʘʙʘʨʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʨʝʢʠ ʄʦʣʦʜʦ ʛʣʝʥʜʦʥʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʚʠʜʝ 

ʟʚʝʟʜʯʘʪʳʭ ʩʨʦʩʪʢʦʚ. ɻʣʝʥʜʦʥʠʪʳ ʠʟ ɻʝʨʤʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʫʧʥʳʤʠ 

ʙʠʧʠʨʘʤʠʜʘʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ. ɻʣʝʥʜʦʥʠʪʳ ʩ ʧʦʙʝʨʝʞʴʷ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʠ ʚ ʥʠʞʥʝʤ 

ʪʝʯʝʥʠʠ ʨ.ʃʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʚʝʟʜʯʘʪʳʤʠ ʩʨʦʩʪʢʘʤʠ (rosette type) (Teichert, Luppold, 

2013; Merkel, Munnecke, 2023; Rogov et al., 2023). 

ɺ ʥʠʞʥʝʤ ʪʦʘʨʝ ʛʣʝʥʜʦʥʠʪʳ ʠʩʯʝʟʘʶʪ, ʥʦ ʧʦʷʚʣʷʶʪʩʷ ʩʥʦʚʘ ʚ ʧʦʟʜʥʝʤ ʪʦʘʨʝ, ʯʪʦ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʭʦʣʦʜʘʥʠʝʤ ʚ ɸʨʢʪʠʢʝ (Korte et al., 2015). ɻʣʝʥʜʦʥʠʪʳ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ 



26 

 

ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʠʟ ʉʠʙʠʨʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʳʝ ʘʛʨʝʛʘʪʳ: ʩʘʤʳʝ ʢʨʫʧʥʳʝ 

ʦʙʨʘʟʮʳ ʰʠʨʠʥʦʡ ʜʦ 10 ʩʤ ʠ ʜʣʠʥʦʡ ʙʦʣʝʝ 40 ʩʤ ʙʳʣʠ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʳ ʚ ʙʘʩʩʝʡʥʝ 

ʨʝʢʠ ɺʠʣʶʡ (Rogov et al., 2023). 

ʉʨʝʜʥʝʶʨʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʨʝʜʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ 

ʥʘʭʦʜʦʢ, ʥʘʠʙʦʣʴʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʙʘʡʦʩʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. ʈʘʟʤʝʨ 

ʚʳʪʷʥʫʪʳʭ ʘʛʨʝʛʘʪʦʚ ʜʦʩʪʠʛʘʝʪ 80 ʩʤ, ʜʠʘʤʝʪʨ ʟʚʝʟʜʯʘʪʳʭ ʩʦʩʪʘʚʣʷʝʪ 25-30 ʩʤ. 

ʇʩʝʚʜʦʤʦʨʬʦʟʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʦ ʚʩʝʡ ʉʠʙʠʨʠ, ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʈʦʩʩʠʠ, ɼʘʣʴʥʝʤ 

ɺʦʩʪʦʢʝ, ɸʨʢʪʠʯʝʩʢʦʡ ʂʘʥʘʜʝ (Moore, 1981), ʰʝʣʴʬʝ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ (Mikhailova et al., 

2021), ʗʧʦʥʠʠ (Fukada, 2000, Rogov et al., 2023). 

ɺʝʨʭʥʠʡ ʦʪʜʝʣ. ɺʝʨʭʥʝʶʨʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʤʝʣʴʯʝ ʧʦ 

ʨʘʟʤʝʨʫ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʚʝʟʜʯʘʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʩʨʝʜʥʝʚʦʣʞʩʢʠʭ ʛʣʝʥʜʦʥʠʪʦʚ ʰʝʣʴʬʘ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ (Mikhailova et al., 2021) ʠ 

ʢʠʤʝʨʠʜʞʩʢʠʭ ʛʣʝʥʜʦʥʠʪʦʚ ʐʧʠʮʙʝʨʛʝʥʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʠʤʠ ʚʳʪʷʥʫʪʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ (Rogov et al., 2021). 

 

ʄʝʣ. ʅʠʞʥʠʡ ʦʪʜʝʣ. ʅʠʞʥʝʤʝʣʦʚʳʝ ʛʣʝʥʜʦʥʠʪʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ ʩʝʚʝʨʥʦʡ 

ʉʠʙʠʨʠ, ɸʚʩʪʨʘʣʠʠ (Tanh, 1988), ʥʘ ʂʘʥʘʜʩʢʦʤ ʘʨʭʠʧʝʣʘʛʝ (Kemper and Schmitz, 1975, 

1981; Herrle et al., 2015; Grasby et al., 2017b), ʐʧʠʮʙʝʨʛʝʥʝ (Price and Nunn, 2010; Vickers 

et al., 2018, 2019; Rogov et al., 2021; Mikhailova et al., 2021a), ʰʝʣʴʬʝ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ 

(Mikhailova et al., 2021b). ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʛʣʝʥʜʦʥʠʪʳ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʝ ʜʦʢʘʟʘʥʦ ʦʣʝʜʝʥʝʥʠʝ 

(Rogov et al., 2023). ɺʩʝ ʥʘʭʦʜʢʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʘʣʝʦʙʘʩʩʝʡʥʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ 

ʚʳʩʦʢʠʭ ʩʝʚʝʨʥʳʭ ʠ ʶʞʥʳʭ ʰʠʨʦʪʘʭ. ʆʩʥʦʚʥʳʤʠ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ 

ʯʝʨʥʳʝ ʩʣʘʥʮʳ, ʘʣʝʚʨʦʣʠʪ,r ʧʝʩʯʘʥʠʢʠ, ʨʝʞʝ ï ʢʦʥʛʣʦʤʝʨʘʪʳ ʠ ʪʫʬʳ; ʝʜʠʥʠʯʥʦ ï 

ʤʝʪʘʥʦʚʳʝ ʩʠʧʳ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʤʝʣʦʚʳʭ ʛʣʝʥʜʦʥʠʪʦʚ ï 

ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ. 

ʅʠʞʥʷʷ ʨʷʟʘʥʴ. ʉʘʤʳʝ ʜʨʝʚʥʠʝ ʤʝʣʦʚʳʝ ʛʣʝʥʜʦʥʠʪʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʘ ʩʝʚʝʨʝ 

ʉʠʙʠʨʠ (Rogov et al., 2017), ʥʘ ʩʪʳʢʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ɽʥʠʩʝʡ-ʍʘʪʘʥʛʩʢʦʛʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ (ʈʦʛʦʚ ʠ ʜʨ., 2024) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʢʠʝ (ʥʝʩʢʦʣʴʢʦ ʩʤ) 

ʙʠʧʠʨʘʤʠʜʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ.  

ɺʘʣʘʥʞʠʥʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʂʘʥʘʜʝ (Kemper and 

Schmitz, 1975; Kemper, 1987), ʉʠʙʠʨʠ (Kaplan, 1978; Rogov et al., 2017), ʥʘ ʐʧʠʮʙʝʨʛʝʥʝ 

(Rogov et al., 2021) ʠ ʚ ɸʚʩʪʨʘʣʠʠ (Tanh, 1988). 

ɻʦʪʝʨʠʚʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʥʘʡʜʝʥʳ ʥʘ ʐʧʠʮʙʝʨʛʝʥʝ ʠ ɸʣʷʩʢʝ (Vickers et al., 2018; 

Rogov et al., 2023). ʅʘ ʐʧʠʮʙʝʨʛʝʥʝ ʛʣʝʥʜʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʟʚʝʟʜʯʘʪʳʭ ʠ 
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ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʩʨʦʩʪʢʦʚ, ʯʘʩʪʦ ʟʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ɸʣʷʩʢʝ ï ʩʣʘʙʦ ʠʟʫʯʝʥʳ (Vickers 

et al., 2018). 

ɹʘʨʨʝʤʩʢʠʝ-ʥʠʞʥʝʘʧʪʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʥʘʡʜʝʥʳ ʚ ʰʝʣʴʬʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ (Mikhailova et al., 2021b) ʠ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʈʦʩʩʠʠ (Rogov et al., 2023). 

ʇʦʟʜʥʠʡ ʘʧʪïʨʘʥʥʠʡ ʘʣʴʙ ʦʪʤʝʯʝʥ ʯʘʩʪʳʤʠ ʥʘʭʦʜʢʘʤʠ ʛʣʝʥʜʦʥʠʪʦʚ ʚ ʩʝʚʝʨʥʦʡ 

ɻʨʝʥʣʘʥʜʠʠ, ʐʧʠʮʙʝʨʛʝʥʝ, ʘʨʢʪʠʯʝʩʢʦʡ ʂʘʥʘʜʝ, ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʈʦʩʩʠʠ (Rogov et al., 

2017) ʠ ɸʚʩʪʨʘʣʠʠ (DeLurio, Frakes, 1999). ɻʣʝʥʜʦʥʠʪʳ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʠʣʠ ʩʨʝʜʥʠʝ 

ʨʘʟʤʝʨʳ, ʦʙʳʯʥʦ ʤʝʥʝʝ 10 ʩʤ ʚ ʜʣʠʥʫ ʜʣʷ ʚʳʪʷʥʫʪʳʭ ʝʜʠʥʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʝʥʝʝ 10 

ʩʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʜʣʷ ʩʨʦʩʪʢʦʚ. 

ɺʝʨʭʥʠʡ ʦʪʜʝʣ. ɻʣʝʥʜʦʥʠʪʳ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʠʟʚʝʩʪʥʳ. 

 

ʈʠʩ. 2.4. ʅʘʭʦʜʢʠ ʤʝʟʦʟʦʡʩʢʠʭ ʛʣʝʥʜʦʥʠʪʦʚ (Rogov et al., 2021, 2023) 

 

ʆʙʟʦʨ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠʢʘʠʪʘ ʠ ʛʣʝʥʜʦʥʠʪʦʚ  

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʘʫʯʥʳʝ ʜʠʩʢʫʩʩʠʠ: 

ʷʚʣʷʝʪʩʷ ʣʠ ʠʢʘʠʪ ʤʠʥʝʨʘʣʦʤ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʛʣʝʥʜʦʥʠʪʦʚ. ʇʦʢʘ ʥʝ ʫʜʘʣʦʩʴ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʧʦʣʥʳʡ ʧʨʦʮʝʩʩ ʟʘʤʝʱʝʥʠʷ ʠʢʘʠʪʘ ʢʘʣʴʮʠʪʦʤ ʥʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʥʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʨʦʜʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʯʝʪʢʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʜʥʦʟʥʘʯʥʦ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ (ʛʣʝʥʜʦʥʠʪ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʠʢʘʠʪʫ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʩʚʷʟʠ ʛʣʝʥʜʦʥʠʪʘ ʩ 

ʠʢʘʠʪʦʤ ʩʣʫʞʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʟʚʝʟʜʯʘʪʳʭ ʩʨʦʩʪʢʦʚ (ʜʨʫʟ), 

ʩʣʦʞʝʥʥʳʭ ʢʘʣʴʮʠʪʦʤ ʠ ʠʢʘʠʪʦʤ (ʢʦʤʤ. ɸ.ʂʨʳʣʦʚʘ). ɺ ʨʘʙʦʪʝ Schultz, Huggett, 2025 
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ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ, ʯʪʦ ʛʣʝʥʜʦʥʠʪ ʷʚʣʷʝʪʩʷ 

ʧʩʝʚʜʦʤʦʨʬʦʟʦʡ ʧʦ ʠʢʘʠʪʫ. 

ʊʠʧʠʯʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʣʝʥʜʦʥʠʪʘ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ: (1) ʭʘʨʘʢʪʝʨʥʳʡ ʠʟʛʠʙ ʢʨʠʩʪʘʣʣʘ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, (2) ʦʜʠʥʘʢʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʫʢʣʳʭ ʠ ʚʦʛʥʫʪʳʭ ʛʨʘʥʝʡ: ʚʳʧʫʢʣʳʝ ʛʨʘʥʠ ʬʦʨʤʠʨʫʶʪ çʣʝʩʝʥʢʫè, 

ʚʦʛʥʫʪʳʝ ï ʚ ʚʠʜʝ çʥʘʢʦʥʝʯʥʠʢʦʚ ʩʪʨʝʣè, (3) ʨʦʤʙʦʚʠʜʥʦʝ ʩʝʯʝʥʠʝ (Schultz et al., 2025) 

(ʨʠʩ.2.5). ʀʩʭʦʜʷ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʘʚʪʦʨʳ ʚʳʜʝʣʷʶʪ ʪʨʠ ʢʘʪʝʛʦʨʠʠ ʛʣʝʥʜʦʥʠʪʦʚ: 

ʇʝʨʚʘʷ ʢʘʪʝʛʦʨʠʷ ʚʢʣʁʯʘʝʪ ʠʜʝʘʣʴʥʦ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʵʢʟʝʤʧʣʷʨʳ çʣʝʩʝʥʢʦʡè ʠ 

çʥʘʢʦʥʝʯʥʠʢʘʤʠè ʩ ʚʦʛʥʫʪʳʤʠ ʠʣʠ ʚʳʧʫʢʣʳʤʠ ʠʟʛʠʙʘʤʠ; 

ɺʪʦʨʘʷ ʢʘʪʝʛʦʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʥʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ ʬʦʨʤʘʤʠ, ʢʦʪʦʨʳʝ 

ʩʦʭʨʘʥʷʶʪ ʣʠʰʴ ʯʘʩʪʴ ʧʨʠʟʥʘʢʦʚ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ, ʥʦ ʥʝ ʦʙʣʘʜʘʶʪ ʠʤʠ ʚ ʧʦʣʥʦʤ 

ʦʙʲʝʤʝ; 

ʊʨʝʪʴʷ ʦʦʙʲʝʜʠʥʷʝʪ ʧʨʦʩʪʝʡʰʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ð ʦʜʠʥʦʯʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʜʝʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ ʣʠʙʦ ʨʝʙʨʠʩʪʳʝ ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʪʘʢʞʝ 

ʩʧʝʮʠʬʠʯʥʫʶ ʨʦʤʙʦʚʠʜʥʫʶ ʬʦʨʤʫ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. 

 

ʈʠʩ.2.5. ɺʳʧʫʢʣʳʝ ʠ ʚʦʛʥʫʪʳʝ ʢʨʠʩʪʘʣʣʳ ʛʣʝʥʜʦʥʠʪʦʚ: ʞʝʣʪʦʡ ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʳ 

çʥʘʢʦʥʝʯʥʠʢʠè, ʙʝʣʦʡ ï çʣʝʩʝʥʢʘè, ʩʘʤ ʢʨʠʩʪʘʣʣ ʚʦʛʥʫʪ (Schultz et al., 2025). 

 

ʂʨʦʤʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʯʝʨʪ ʚʘʞʥʳʤ ʧʨʠʟʥʘʢʦʤ ʩʯʠʪʘʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʢʘʧʣʝʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳè (guttulatic petrology). ʉʪʨʫʢʪʫʨʘ 

ʩʦʩʪʦʠʪ ʠʟ ʢʘʣʴʮʠʪʦʚʦʛʦ ʷʜʨʘ, ʠʤʝʶʱʝʛʦ ʧʩʝʚʜʦʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʠʣʠ ʩʬʝʨʠʯʝʩʢʫʶ 

ʬʦʨʤʫ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 10ï100 ʤʢʤ. ʗʜʨʦ ʦʢʨʫʞʝʥʦ ʛʝʢʩʘʛʦʥʘʣʴʥʳʤʠ ʠ 
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ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʤʠ ʟʦʥʘʤʠ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʧʦʚʝʨʭ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩʣʦʡ ʮʝʤʝʥʪʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʮʝʩʩʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʢʘʠʪʘ ʩʥʘʯʘʣʘ 

ʚ ʚʘʪʝʨʠʪ, ʘ ʟʘʪʝʤ ʚ ʢʘʣʴʮʠʪ (Scheller et al., 2021) (ʨʠʩ.2.6).  

 

ʈʠʩ.2.6. ʂʘʧʣʝʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʛʣʝʥʜʦʥʠʪʘʭ, ʚʝʨʦʷʪʥʦ, ʚʦʟʥʠʢʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʵʪʘʧʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʢʘʠʪʘ ʩʥʘʯʘʣʘ ʚ ʚʘʪʝʨʠʪ, ʘ ʟʘʪʝʤ ʚ ʢʘʣʴʮʠʪ (Scheller et al., 

2021. 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʢʦʣʦʥʥʘʭ ʀʢʢʘ-ʌʴʦʨʜʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʝʚʨʘʱʝʥʠʝ ʠʢʘʠʪʘ 

ʚ ʤʦʥʦʛʠʜʨʦʢʘʣʴʮʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʩʣʝʜʥʝʛʦ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʧʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʫʩʣʦʚʣʝʥʘ in situ ʟʘʤʝʱʝʥʠʝʤ ʠʢʘʠʪʘ ʤʦʥʦʛʠʜʨʦʢʘʣʴʮʠʪʦʤ, 

ʧʨʠʚʦʜʷʱʠʤ ʢ ʧʦʷʚʣʝʥʠʶ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʨʘʩʪʚʦʨʝʥʠʝʤ ʠ 

ʧʦʚʪʦʨʥʳʤ ʦʩʘʞʜʝʥʠʝʤ ʠʢʘʠʪʘ, ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚʦʜʘ/ʦʩʘʜʦʢ (ʚʦʜʳ ʤʘʣʦ, 

ʦʩʘʜʢʘ ʤʥʦʛʦ) ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ (ʥʘʧʨʠʤʝʨ, ʢʨʠʩʪʘʣʣʦʚ). ʆʙʨʘʟʫʶʱʘʷʩʷ ʩʪʨʫʢʪʫʨʘ 

ʦʪʨʘʞʘʝʪ ʜʝʛʠʜʨʘʪʘʮʠʶ ʠ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʝ ʧʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʠʢʘʠʪʘ, ʠ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʠʟʥʘʢʦʤ ʛʣʝʥʜʦʥʠʪʘ (ʨʠʩ.2.7) (Dahl, Buchardt, 2006). 
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ʈʠʩ.2.7. ɿʦʥʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʤʦʥʦʛʠʜʨʦʢʘʣʴʮʠʪʘ ʠʟ ʠʢʘʠʪʦʚʳʭ ʢʦʣʦʥʥ ʀʢʢʘ-ʌʴʦʨʜʘ 

ʩʯʠʪʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʢʘʠʪʘ ʚ ʤʦʥʦʛʠʜʨʦʢʘʣʴʮʠʪ (Scheller et al., 2021) 
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ɻʣʘʚʘ 3. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʘʪʝʨʠʘʣʳ 

 

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ 110 ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ 

ʩʨʝʜʥʝʶʨʩʢʠʭ-ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʠʟ ʥʠʭ: 1 ï 

ʧʦʟʜʥʝʙʘʡʦʩʩʢʦʛʦ ʠ 3 ï ʨʘʥʥʝ-ʚʝʨʭʥʝʙʘʡʦʩʩʢʦʛʦ (ʩʢʚ. ʃʫʜʣʦʚʩʢʘʷ-1,2); 2 ï ʢʝʣʣʦʚʝʡʩʢʦʛʦ 

(ʩʢʚ. ʃʫʜʣʦʚʩʢʘʷ-2); 5 ï ʧʦʟʜʥʝʙʘʡʦʩʩʢʦʛʦ-ʨʘʥʥʝʙʘʪʩʢʦʛʦ (ʩʢʚ. ʃʝʜʦʚʘʷ-1); 8 ï 

ʨʘʥʥʝʢʠʤʝʨʠʜʞʩʢʦʛʦ (ʛ. ʄʠʢʣʝʛʘʨʜ); 11 ï ʩʨʝʜʥʝʚʦʣʞʩʢʦʛʦ (ʩʢʚ. ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ-

1); 50 ï ʧʦʟʜʥʝʛʦʪʝʨʠʚʩʢʦʛʦ (ʩʢʚ. Dh-4, ʩʢʚ. Dh-2, ʤ. ʌʝʩʪʥʠʥʛʝʥ, ʛ. ʗʥʫʩʬʴʝʣʣʝʪ); 2 ï 

ʧʦʟʜʥʝʙʘʨʨʝʤʩʢʦʛʦ-ʨʘʥʥʝʘʧʪʩʢʦʛʦ (ʩʢʚ. ʃʝʜʦʚʘʷ-2); 35 ï ʩʨʝʜʥʝ-ʧʦʟʜʥʝʘʧʪʩʢʦʛʦ (ʩʢʚ. 

Dh-5, ʨʘʟʨʝʟ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ); 3 ï ʘʣʴʙʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʨʘʟʨʝʟ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ, 

ʐʧʠʮʙʝʨʛʝʥ). 

ʆʙʨʘʟʮʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʘʚʪʦʨʦʤ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʥʘ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥ, ʦ-ʚ 

ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ ʚ 2019 ʛʦʜʫ, ʩʦʙʨʘʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʢʚʘʞʠʥ 

ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ (ʌɻɹʋ ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ), ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʥʳ ʈʦʛʦʚʳʤ 

ʄ.ɸ. (ɻʀʅ ʈɸʅ). ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʛʣʝʥʜʦʥʠʪʦʚ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʦʧʨʦʙʦʚʘʥʥʳʭ ʫʨʦʚʥʝʡ ʥʘ ʨʘʟʨʝʟʘʭ/ʢʦʣʦʥʢʘʭ ʢʝʨʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʷʭ 1-3. 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

1) ʂʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 110 ʧʨʦʟʨʘʯʥʦ-ʧʦʣʠʨʦʚʘʥʥʳʭ ʥʝʧʦʢʨʳʪʳʭ ʰʣʠʬʦʚ ʥʘ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʝ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʰʣʠʬʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʧʪʠʯʝʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Olympus BX-53 ʩ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʧʨʠʩʪʘʚʢʦʡ Mk5-2 (ʥʘ ʙʘʟʝ 

ʢʘʬʝʜʨʳ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʝʦʣʦʛʠʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ); ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʩʪʘʚʢʠ: ʚʘʢʫʫʤ ï 0,003 ʤʙʘʨ, ʥʘʧʨʷʞʝʥʠʝ ï 324 

ʢɺ, ʩʠʣʘ ʪʦʢʘ ï 6-13 ʤʢɸ. 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʛʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʦʚ, ʥʘʣʠʯʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʚʢʣʶʯʝʥʠʡ ʚ ʠʟʫʯʝʥʥʳʭ 

ʧʦʨʦʜʘʭ. 

ʂʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʪʘʜʠʡʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʫʩʣʦʚʠʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʂʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʦʝ 

(ʂʃ) ʩʚʝʯʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 
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ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʠ ʟʘʚʠʩʠʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ, ʚ 

ʤʝʥʴʰʝʡ ï ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʉʚʝʯʝʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʤʠʥʝʨʘʣʦʚ ʠʦʥʦʚ Mn2+, Fe2+, Pb2+ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʈɿʕ): ʠʦʥʳ Mn2+ ʠ ʈɿʕ ʷʚʣʷʶʪʩʷ ʠʦʥʘʤʠ-ʘʢʪʠʚʘʪʦʨʘʤʠ ʂʃ-ʩʚʝʯʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Fe2+ 

ʠʥʛʠʙʠʨʫʶʪ ʝʛʦ; ʦ ʚʣʠʷʥʠʠ ʩʚʠʥʮʘ ʥʘ ʩʚʝʯʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ 

ʤʘʣʦ (Boggs, Krinsley, 2006). ʂʘʨʙʦʥʘʪʥʳʝ ʤʠʥʝʨʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʦʜʥʦʨʦʜʥʳʤ 

(ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʤ, ʢʨʘʩʥʳʤ, ʙʣʝʜʥʦ-ʛʦʣʫʙʳʤ, ʟʝʣʝʥʦʚʘʪʳʤ) (ʧʦʜʨʦʙʥʝʝ ʩʤ. Boggs, 

Krinsley, 2006) ʩʚʝʯʝʥʠʝʤ, ʪʘʢ ʠ ʥʝʦʜʥʦʨʦʜʥʳʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʦʥʘʣʴʥʳʤ, ʪʠʧʘʤʠ 

ʩʚʝʯʝʥʠʷ. ɿʦʥʘʣʴʥʳʡ ʪʠʧ ʩʚʝʯʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʝ 

ʠ ʩʝʢʪʦʨʠʘʣʴʥʦʝ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʦʩʪʘʚʝ ʬʣʶʠʜʘ (ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʠ, ʚʦʟʤʦʞʥʦ, ʨʝʜʦʢʩ-

ʫʩʣʦʚʠʷ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʥʝʨʘʚʥʦʟʥʘʯʥʦʩʪʴʶ 

ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (Boggs, Krinsley, 

2006). 

ɼʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʩʚʝʯʝʥʠʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʪʠʧʘʭ ʠ ʮʚʝʪʘʭ ʩʚʝʯʝʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʤ. Boggs, 

Krinsley, 2006. 

2) ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʠ ʛʣʝʥʜʦʥʠʪʦʚʳʭ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Hitachi S-3400N, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ AzTec Energy X-Max 20 (ʨʘʙʦʯʠʝ 

ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʢʦʧʘ: ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ, ʩʠʣʘ ʪʦʢʘ ʧʫʯʢʘ 2 ʥɸ, ʚʨʝʤʷ 

ʩʙʦʨʘ ʜʘʥʥʳʭ 30 ʩ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʘʟʝ ʈʝʩʫʨʩʥʦʛʦ ʎʝʥʪʨʘ ʉʇʙɻʋ 

çɻʝʦʤʦʜʝʣʴè. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ å 3%, ʜʣʷ ʨʘʩʩʝʷʥʥʳʭ ï ʦʢʦʣʦ 10%. ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʜʘʥʳ ʚ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ (ʢ.ʬ.) ʥʘ ʩʪʘʥʜʘʨʪʥʫʶ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ (Ca, Mg, Mn, 

Fe)CO     3. ɺʩʝʛʦ ʙʳʣʦ ʠʟʫʯʝʥʦ 17 ʧʨʦʙ, ʠ ʩʜʝʣʘʥʦ 629 ʠʟʤʝʨʝʥʠʡ . 

3) ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʛʣʝʥʜʦʥʠʪʦʚ ʚʳʧʦʣʥʷʣʩʷ ʚ 

ʈʝʩʫʨʩʥʦʤ ʎʝʥʪʨʝ ʉʇʙɻʋ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Rigaku Miniflex II (Cu-ka ʠʟʣʫʯʝʥʠʝ), ʠʥʪʝʨʚʘʣ ʩʲʝʤʢʠ (2ɗ) 5-80Á, 

ʩʢʦʨʦʩʪʴ ʩʲʝʤʢʠ 2Á/ʤʠʥ, ʰʘʛ 0.02Á. ʇʦʣʫʯʝʥʥʳʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ PDXL II. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ 

ICDD. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ 39 ʦʙʨʘʟʮʦʚ. 
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4) ʉʪʘʙʠʣʴʥʳʝ ʠʟʦʪʦʧʳ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ.  ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʢʘʣʴʮʠʪʘ ʛʣʝʥʜʦʥʠʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ɻʀʅ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ Delta V Advanced ʠ ʫʩʪʘʥʦʚʢʠ Gas-Bench-I. ɿʥʘʯʝʥʠʷ ŭ13ʉ ʠ ŭ18ʆ ʜʘʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʘ PDB. ʊʦʯʥʦʩʪʴ (ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ) ʦʧʨʝʜʝʣʝʥʠʡ ŭ13ʉ ʠ ŭ18ʆ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2,0Ñ,ă ʠ 1,0Ñ,ă ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʪʘʙʠʣʴʥʳʭ 

ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʝʥʦ ʚ 74 ʦʙʨʘʟʮʘʭ ʛʣʝʥʜʦʥʠʪʦʚ. 

ʇʝʨʝʜ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʪʨʦʥʮʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʣʘʚʥʳʭ, 

ʨʘʩʩʝʷʥʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʚʝʩʢʠ ʧʨʦʙ ʤʘʩʩʦʡ 0.1-1.5 ʛ ʦʪʙʠʨʘʣʠ ʚ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʢʦʣʙʳ ʥʘ 15  ʤʣ ʠ ʧʨʦʤʳʚʘʣʠ ʚ 0.01ʄ HCl. ɿʘʪʝʤ ʧʨʦʙʫ ʩʫʰʠʣʠ ʚ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90oʉ. ɺʟʚʝʰʠʚʘʣʠ ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʠ ʜʦʙʘʚʣʷʣʠ ʢ ʥʝʤʫ 

2.5 ʤʣ 0.1 HCl ʠ 3.5 ʤʣ 1ʄ HCl, ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ, ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʝʨʝʤʝʰʠʚʘʷ. ʇʨʦʙʫ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʨʘʩʪʚʦʨ ʥʘʜ ʦʩʘʜʢʦʤ ʩʣʠʚʘʣʠ ʚ ʦʪʜʝʣʴʥʳʡ 

ʙʶʢʩ. ɿʘʪʝʤ ʝʛʦ ʚʳʧʘʨʠʚʘʣʠ ʜʦ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨʷʣʠ  ʚ 3 % HNO3. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʦʙʲʝʤʦʤ 50 ʤʣ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Ca, 

ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʣʠ ʚ 40 ʨʘʟ. 

5) ʀʟʦʪʦʧʳ ʩʪʨʦʥʮʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʪʨʦʥʮʠʷ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Mn ʠ Sr ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʎʂʇ ɻʝʦʘʥʘʣʠʪʠʢ ʀɻɻ ʋʨʆ ʈɸʅ, 

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʤʝʪʦʜʦʤ ICP-MS, ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Neptune Plus (Thermo Fisher 

Scientific), ʦʩʥʘʱʝʥʥʳʡ ʩʠʩʪʝʤʦʡ ʚʚʦʜʘ ʧʨʦʙ Teledyne CETAC, Omaha, NE, USA. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʩʪʘʥʜʘʨʪ SRM ï 987 = 0.710245. ʊʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ Ñ0.003%.  

6) ɻʣʘʚʥʳʝ ʠ ʨʘʩʩʝʷʥʥʳʝ ʵʣʝʤʝʥʪʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Ca, Fe ʠ Mg ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʚ ʎʂʇ ɻʝʦʘʥʘʣʠʪʠʢ ʀɻɻ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ ʤʝʪʦʜʦʤ ICP-AES ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ Optima 8000 DV (Perkin Elmer) (ʩʪʘʥʜʘʨʪʳ ʅʊɺ-1, GRI-1, MGR-N). 

ʆʧʝʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʦʤʝʪʨʘ: ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʤʦʱʥʦʩʪʴ ï 1500 ɺʪ; 

ʧʨʦʙʦʧʦʜʘʶʱʠʡ ʧʦʪʦʢ ʘʨʛʦʥʘ ï 0.7 ʣ/ʤʠʥ; ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʧʦʪʦʢ ʘʨʛʦʥʘ ï 0.2 ʣ/ʤʠʥ; 

ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʧʦʪʦʢ ʘʨʛʦʥʘ ï 10.0 ʣ/ʤʠʥ; ʩʧʦʩʦʙ ʥʘʙʣʶʜʝʥʠʷ ʧʣʘʟʤʳ ï ʘʢʩʠʘʣʴʥʳʡ; 

ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ï 1.5 ʤʣ/ʤʠʥ; ʚʨʝʤʷ ʨʘʩʧʳʣʝʥʠʷ ʦʙʨʘʟʮʘ ï 40 ʩ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ: Ca I 227.546, Ca II 317.933, Mg II 279.077, Mg I 285.213, Fe II 

259.939, Fe II 234.830, Mn II 257.610, Mn II 293.305 ʥʤ. 

7) ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʈɿʕ). ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʤʝʪʦʜʦʤ ICP-MS ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʎʂʇ ɻʝʦʘʥʘʣʠʪʠʢ ʀɻɻ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʥʘ 

ʢʚʘʜʨʫʧʦʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ NexION 300S (PerkinElmer) (ʩʪʘʥʜʘʨʪ Multi -element 

standard solutions (Inorganic Ventures)). ʆʧʝʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʦʤʝʪʨʘ: 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʤʦʱʥʦʩʪʴ ï 1500 ɺʪ; ʧʨʦʙʦʧʦʜʘʶʱʠʡ ʧʦʪʦʢ ʘʨʛʦʥʘ ï 0.7 ʣ/ʤʠʥ; 
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ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʧʦʪʦʢ ʘʨʛʦʥʘ ï 0.2 ʣ/ʤʠʥ; ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʧʦʪʦʢ ʘʨʛʦʥʘ ï 10.0 

ʣ/ʤʠʥ; ʩʧʦʩʦʙ ʥʘʙʣʶʜʝʥʠʷ ʧʣʘʟʤʳ ï ʘʢʩʠʘʣʴʥʳʡ; ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ï 1.5 ʤʣ/ʤʠʥ; 

ʚʨʝʤʷ ʨʘʩʧʳʣʝʥʠʷ ʦʙʨʘʟʮʘ ï 40 ʩ. ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʜʣʷ 40 ʦʙʨʘʟʮʦʚ. 

ʆʧʨʝʜʝʣʷʝʤʳʝ ʵʣʝʤʝʥʪʳ: 86Sr, 89Y, 139La, 140Ce, 141Pr, 146Nd, 147Sm, 153Eu, 157Gd, 159Tb, 

163Dy, 165Ho, 167Er, 169Tm, 172Yb, 175Lu. ʆʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ (1SD) ʥʝ ʧʨʝʚʳʰʘʣʦ 5%. 
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ɻʣʘʚʘ 4. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʝʟʦʚ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ 

ʛʣʝʥʜʦʥʠʪʦʚ 

ʅʘ ʐʧʠʮʙʝʨʛʝʥʝ ʛʣʝʥʜʦʥʠʪʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ʦʙʥʘʞʝʥʠʡ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ 

(Airport Road), ʗʥʫʩʬʴʝʣʣʝʪ, ʄʠʢʣʝʛʘʨʜ ʠ ʌʝʩʪʥʠʥʛʝʥ, ʠ ʩʢʚʘʞʠʥ Dh-2, Dh-4 ʠ Dh-5. ɺ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʩʢʚʘʞʠʥʳ ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ-1, ʃʝʜʦʚʘʷ-1, 

ʃʝʜʦʚʘʷ-2, ʃʫʜʣʦʚʩʢʘʷ-1 ʠ ʃʫʜʣʦʚʩʢʘʷ-2 (ʨʠʩ. 1.1). 

 

ʆʙʥʘʞʝʥʠʷ ʦʩʪʨʦʚʘ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ 

 

1. ɻʣʝʥʜʦʥʠʪʳ ʠʟ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ (Airport Road) ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ ʄ. ɺʠʢʝʨʩ (Vickers et al., 2018). ɿʜʝʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʢʠʣʦʤʝʪʨʦʚ ʚʜʦʣʴ ʜʦʨʦʛʠ ʚʩʢʨʳʚʘʶʪʩʷ ʧʝʩʯʘʥʠʢʠ, ʘʨʛʠʣʣʠʪʳ ʠ ʘʣʝʚʨʦʣʠʪʳ ʩʚʠʪʳ 

ʂʘʨʦʣʠʥʝʬʴʝʣʣʝʪ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 170 ʤ. ʉʣʦʠ ʟʘʣʝʛʘʶʪ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ, 

ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʩʣʘʙʦ ʜʠʩʣʦʮʠʨʦʚʘʥʳ, ʚ ʨʘʟʨʝʟʝ ʚʠʜʥʳ ʢʘʢ ʨʘʟʨʳʚʥʳʝ 

ʥʘʨʫʰʝʥʠʷ, ʩʤʝʱʘʶʱʠʝ ʩʣʦʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʪʘʢ ʠ ʥʝʙʦʣʴʰʠʝ 

ʩʢʣʘʜʢʠ. 

ɺ ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʧʘʯʢʠ (ʩʥʠʟʫ ʚʚʝʨʭ) ɼʘʣʭʴʝʛʣʘ ʠ ʀʥʥʭʴʝʛʣʘ 

(ʘʧʪ ʠ ʘʧʪ-ʘʣʴʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʩʣʦʞʝʥʥʳʝ ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʩ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ, ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʢʦʥʢʨʝʮʠʡ. ʇʨʦʩʣʦʠ ʠʤʝʶʪ ʣʠʥʟʦʚʠʜʥʦʝ ʩʪʨʦʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʚ ʧʘʯʢʝ ɼʘʣʭʴʝʛʣʘ; ʨʝʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʘʯʢʝ ʀʥʥʭʴʝʛʣʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʘʯʢʠ ʀʥʥʭʴʝʛʜʘ ʧʝʩʯʘʥʳʝ ʧʨʦʩʣʦʠ 

ʟʘʤʝʥʷʶʪʩʷ ʣʠʥʟʦʚʠʜʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʥʢʨʝʮʠʡ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

çcannon-ballè, ʨʝʞʝ ʵʪʠ ʢʦʥʢʨʝʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʘʯʢʝ ɼʘʣʭʴʝʛʣʘ. ɺ ʵʪʦʤ ʨʘʟʨʝʟʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʮʝʣʳʝ ʛʣʝʥʜʦʥʠʪʳ ʠ ʠʭ ʦʪʧʝʯʘʪʢʠ ʩ ʚʳʱʝʣʦʯʝʥʥʳʤ ʢʘʨʙʦʥʘʪʥʳʤ 

ʚʝʱʝʩʪʚʦʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʣʝʥʜʦʥʠʪʦʚ ʧʦ ʨʘʟʨʝʟʫ ʥʝʨʘʚʥʦʤʝʨʥʦʝ, ʦʥʠ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʧʝʩʯʘʥʳʤ ʠ ʘʣʝʚʨʦʣʠʪʦʚʳʤ ʩʣʦʷʤ ʨʘʟʨʝʟʘ, ʚʩʝʛʦ ʙʳʣʦ ʦʧʨʦʙʦʚʘʥʦ 11 ʫʨʦʚʥʝʡ ʩ 

ʛʣʝʥʜʦʥʠʪʘʤʠ (ʨʠʩ. 4.1). ʅʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʚʠʜʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʧʩʝʚʜʦʤʦʨʬʦʟ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ: (1) ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʪʣʦʞʝʥʠʝ ʦʩʘʜʢʘ, ʘ ʟʘʪʝʤ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʛʣʝʥʜʦʥʠʪʳ; (2) ʦʩʘʜʦʢ ʥʝ ʥʘʨʫʰʝʥ, ʨʦʩʪ 

ʧʨʦʠʩʭʦʜʠʣ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʪʦʙʨʘʥʥʳʝ ʛʣʝʥʜʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ ʨʘʟʤʝʨʦʤ 1-4 ʩʤ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï 

ʧʠʨʘʤʠʜʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ 1-3 ʩʤ (ʈʠʩ. 4.2). 
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ʈʠʩ. 4.1. ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ʨʘʟʨʝʟʘ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ. ɸ ï ʬʨʘʛʤʝʥʪ ʨʘʟʨʝʟʘ 

ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ, ɹ ï ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʛʣʝʥʜʦʥʠʪʘ ʩ 

ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʦʡ (ʙʝʣʘʷ ʩʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʣʝʥʜʦʥʠʪ) (ʄʠʭʘʡʣʦʚʘ ʠ ʜʨ., 2021) 

(ʬʦʪʦ: ʄ.ʈʦʛʦʚ). 

 

 

ʈʠʩ. 4.2. ʍʘʨʘʢʪʝʨʥʳʝ ʤʦʨʬʦʪʠʧʳ ʛʣʝʥʜʦʥʠʪʦʚ: ɸ ï ʟʚʝʟʜʯʘʪʳʡ ʩʨʦʩʪʦʢ; ɹ ï ʚʳʪʷʥʫʪʳʡ 

ʢʨʠʩʪʘʣʣ; ɺ ï ʚʳʱʝʣʦʯʝʥʥʳʝ ʦʪʧʝʯʘʪʢʠ; ɻ ï ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʝʥʥʳʡ ʛʣʝʥʜʦʥʠʪ 

(ʚʩʝ ʬʦʪʦ: ʄ.ʈʦʛʦʚ). 

 

2. ʈʘʟʨʝʟ ʌʝʩʪʥʠʥʛʝʥ ï ʥʝʧʨʝʨʳʚʥʳʡ ʨʘʟʨʝʟ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʦʪʣʦʞʝʥʠʷ ʦʪ 

ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ ʠ ʜʦ ʧʘʣʝʦʛʝʥʘ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 7 ʢʤ (ʨʠʩ. 4.3). ʉʣʦʠ ʟʘʣʝʛʘʶʪ 

ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʣʘʜʢʠ. ʈʘʥʝʝ ʛʣʝʥʜʦʥʠʪʳ ʠʟ 
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ʵʪʦʛʦ ʨʘʟʨʝʟʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ɺʠʢʝʨʩ ʄ., ʇʨʘʡʩ ɻ. ʠ ʅʘʥʥ ɽ. (Vickers et al., 2018, 2019; 

Price, Nunn, 2010).  

ʆʧʨʦʙʦʚʘʥʥʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʦʪʥʦʩʠʪʩʷ ʢ ʯʘʩʪʠ ʩʚʠʪʳ ʈʶʨʠʢʬʴʝʣʣʝʪ (ʧʘʯʢʘ 

ʂʠʢʫʪʦʜʜʝʥ, ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ). ʀʟʫʯʝʥʥʳʡ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʥʦʪʦʥʥʦʡ 

ʘʣʝʚʨʦʣʠʪʦʚʦʡ ʪʦʣʱʝʡ ʩ ʨʝʜʢʠʤʠ ʧʝʩʯʘʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʠ ʩʠʜʝʨʠʪʦʚʳʤʠ ʢʦʥʢʨʝʮʠʷʤʠ. 

ɺʩʝʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 9 ʫʨʦʚʥʝʡ ʩ ʛʣʝʥʜʦʥʠʪʘʤʠ. ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥ rʠ ʦʙʣʝʢʘʪʁ ʧʩʝʚʜʦʤʦʨʬʦʟʫ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʭ ʨʦʩʪ ʧʨʦʠʩʭʦʜʠʣ 

ʧʦʩʣʝ ʦʪʣʦʞʝʥʠʷ ʚ ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ ʦʩʘʜʢʝ. ɻʣʝʥʜʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ ʜʠʘʤʝʪʨʦʤ 2-2.5 ʩʤ ʩ ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʧʠʨʘʤʠʜʘʣʴʥʳʝ 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʜʣʠʥʦʡ 1.5-4 ʩʤ ʩ ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʨʠʩ. 4.3).  

 

 

ʈʠʩ. 4.3.  ɸ ï ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ; ɹ ï ʦʙʥʘʞʝʥʠʝ ʤʝʣʦʚʳʭ ʧʦʨʦʜ ʨʘʟʨʝʟʘ 

ʌʝʩʪʥʠʥʛʝʥ, ʤʘʩʰʪʘʙ Ḕ10 ʤ (Svalbox, Senger et al., 2021); ɺ ï ʟʘʣʝʛʘʥʠʝ ʛʣʝʥʜʦʥʠʪʘ ʚ 

ʦʪʣʦʞʝʥʠʷʭ; ɺ ï ʛʣʝʥʜʦʥʠʪʳ ʚ ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʨʝʟʘ; ɻ ï ʪʠʧʠʯʥʳʝ ʛʣʝʥʜʦʥʠʪʳ 

ʌʝʩʪʥʠʥʛʝʥʘ, ʤʘʩʰʪʘʙ ï 1 ʩʤ  
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3. ɻʣʝʥʜʦʥʠʪʳ ʠʟ ʨʘʟʨʝʟʘ ʗʥʫʩʬʴʝʣʣʝʪ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ ʇʨʘʡʩ ɻ. ʠ 

ʅʘʥʥ ɽ., ʠʭ ʚʦʟʨʘʩʪ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʘʚʪʦʨʘʤʠ ʢʘʢ ʚʝʨʭʥʝʚʘʣʘʥʞʠʥʩʢʠʡ (Price, Nunn, 

2010). ʀʟʫʯʝʥʥʳʡ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʱʥʦʡ ʪʦʣʱʝʡ ʘʨʛʠʣʣʠʪʦʚ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ 

ʧʝʩʯʘʥʠʢʘ. ɺ ʵʪʦʤ ʧʨʦʤʝʞʫʪʢʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʪʨʠ ʛʣʝʥʜʦʥʠʪʦʚʳʭ ʫʨʦʚʥʷ. 

ɻʣʝʥʜʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ ʨʘʟʤʝʨʦʤ å2-3 ʩʤ ʚ ʜʠʘʤʝʪʨʝ, ʨʝʞʝ 

ï ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ ʜʦ 4 ʩʤ. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟ ʥʘʨʫʰʘʝʪʩʷ ʨʘʟʣʦʤʦʤ ʠ ʩʢʨʳʪ 

ʦʩʳʧʴʶ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʭʦʜʷʪ ʧʝʩʯʘʥʠʩʪʳʝ ʘʣʝʚʨʦʣʠʪʳ ʩ 

ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʘ., ʚʢʣʶʯʘʶʱʠʝ ʩʠʜʝʨʠʪʦʚʳʝ ʢʦʥʢʨʝʮʠʠ, ʟʜʝʩʴ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 4 

ʛʣʝʥʜʦʥʠʪʦʚʳʭ ʫʨʦʚʥʷ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. 

ʅʘʭʦʜʢʠ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʨʠʫʨʦʯʝʥʳ ʢ ʘʨʛʠʣʣʠʪʘʤ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʚʝʟʜʯʘʪʳʝ 

ʩʨʦʩʪʢʠ 1-3 ʩʤ ʚ ʜʠʘʤʝʪʨʝ, ʚʳʪʷʥʫʪʳʝ ʘʛʨʝʛʘʪʳ ʜʣʠʥʦʡ 2-3 ʩʤ ʜʣʠʥʦʡ. ɺʦʟʨʘʩʪ 

ʛʣʝʥʜʦʥʠʪʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʚʝʨʭʥʝʛʦʪʝʨʠʚʩʢʠʡ (Vasileva et al., 2024) (ʨʠʩ. 4.4). 
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ʈʠʩ. 4.4. ɸ ï ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ʨʘʟʨʝʟʘ ʗʥʫʩʬʴʝʣʣʝʪ; ɹ ï ʦʪʦʙʨʘʥʥʳʝ ʛʣʝʥʜʦʥʠʪʳ, 

ʤʘʩʰʪʘʙ ï 1 ʩʤ. 

 

4. ʈʘʟʨʝʟ ʄʠʢʣʝʛʘʨʜʬʴʝʣʣʝʪ ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʈʦʛʦʚʳʤ ʄ. ʚ 2018 ʛʦʜʫ. ɼʦ 
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ʵʪʦʛʦ ʥʘʭʦʜʢʠ ʛʣʝʥʜʦʥʠʪʦʚ ʠʟ ʦʪʣʦʞʝʥʠʡ ʄʠʢʣʝʛʘʨʜʬʴʝʣʣʝʪʘ ʠʟʚʝʩʪʥʳ ʥʝ ʙʳʣʠ. ɺ 

ʨʘʟʨʝʟʝ ʦʙʥʘʞʘʶʪʩʷ ʘʨʛʠʣʣʠʪʳ ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʳʤʠ ʣʠʥʟʦʚʠʜʥʳʤʠ 

ʧʨʦʩʣʦʷʤʠ ʠ ʩʠʜʝʨʠʪʦʚʳʤʠ ʢʦʥʢʨʝʮʠʷʤʠ. ɺ ʵʪʦʤ ʨʘʟʨʝʟʝ ʥʘʡʜʝʥʥʳʝ ʛʣʝʥʜʦʥʠʪʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʤ ʫʯʘʩʪʢʝ, ʚ ʧʘʯʢʝ ʃʘʨʜʠʬʴʝʣʣʝʪ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ 

ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʥʠʞʥʝʢʠʤʝʨʠʜʞʩʢʠʡ (Rogov, 2010, 2014). ɻʣʝʥʜʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ 0.2-2.3 ʩʤ (ʨʠʩ. 4.5). 

 

ʈʠʩ. 4.5. ɸ ï ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ʨʘʟʨʝʟʘ ʄʠʢʣʝʛʘʨʜʬʴʝʣʣʝʪ (Rogov 2010, 2014; 

Vasileva et al., 2024); ɹ ï ʩʢʦʣ ʧʦʨʦʜʳ, ʚʤʝʱʘʶʱʠʡ ʛʣʝʥʜʦʥʠʪʳ, ʤʘʩʰʪʘʙ ï 1 ʩʤ. 

 

ʉʢʚʘʞʠʥʳ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥ 

 

ʉʢʚʘʞʠʥʳ Dh-2 ï Dh-5 ʥʘ ʐʧʠʮʙʝʨʛʝʥʝ ʙʳʣʠ ʧʨʦʙʫʨʝʥʳ ʚʙʣʠʟʠ ʛ. ʃʦʥʛʡʠʨ. 
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ɹʫʨʝʥʠʝ ʵʪʠʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʨʦʝʢʪʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ CO2 (Braathen et al., 

2010). ʅʘʭʦʜʢʠ ʛʣʝʥʜʦʥʠʪʦʚ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʥʘ ʢʦʣʦʥʢʘʭ ʚ ʩʪʘʪʴʝ ɻʨʫʥʜʚʘʛ ʠ ʜʨ., 2019 

(Grundv¬g et al., 2019), ʥʦ ʠʟʫʯʝʥʳ ʥʝ ʙʳʣʠ. 

1. ʉʢʚʘʞʠʥʘ Dh-2 ʧʨʦʙʫʨʝʥʘ ʚʙʣʠʟʠ ʨʘʟʨʝʟʘ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ. ɿʜʝʩʴ 

ʚʩʢʨʳʪʳ ʚʘʣʘʥʞʠʥ-ʘʧʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʤʦʱʥʦʩʪʴʶ Ḕ420 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʘʨʛʠʣʣʠʪʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ɺʩʝʛʦ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʷʪʴ ʛʣʝʥʜʦʥʠʪʦʚʳʭ ʫʨʦʚʥʝʡ ʥʘ ʛʣʫʙʠʥʘʭ 

321.95, 322.9, 332.7, 342.95 ʠ 344.7 ʤʝʪʨʦʚ. ʇʩʝʚʜʦʤʦʨʬʦʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ Ḕ2.5 ʩʤ ʚ ʜʠʘʤʝʪʨʝ (ʈʠʩ. 4.6), ʚʦʟʨʘʩʪ ï ʚʝʨʭʥʝʛʦʪʝʨʠʚʩʢʠʡ. 

ɻʣʝʥʜʦʥʠʪʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʘʨʛʠʣʣʠʪʘʤ ʠ ʘʣʝʚʨʦʣʠʪʘʤ, ʨʝʞʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ 

ʧʝʩʯʘʥʠʢʘʤ, ʜʣʷ ʧʝʩʯʘʥʠʢʦʚ ʭʘʨʘʢʪʝʨʥʘ ʣʠʥʟʦʚʠʜʥʘʷ ʢʦʩʘʷ ʩʣʦʠʩʪʦʩʪʴ.  

ʉʢʚʘʞʠʥʳ Dh-4 ʠ Dh-5 ʨʘʩʧʦʣʦʞʝʥʳ ʚ 5 ʢʤ ʦʪ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʃʦʥʛʡʠʨ, ʚ 

ʜʦʣʠʥʝ ʨʝʢʠ ɸʜʚʝʥʪʜʘʣʝʥ ʠ ʚʩʢʨʳʚʘʶʪ ʥʠʞʥʝʤʝʣʦʚʳʝ ʚʘʣʘʥʞʠʥ-ʘʧʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ, 

ʤʦʱʥʦʩʪʴʶ Ḕ330 ʠ Ḕ360 ʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʝʥ ʧʦ 

ʜʠʥʦʮʠʩʪʘʤ (Grundvag et al., 2019) ʠ ʘʤʤʦʥʠʪʘʤ (Rogov et al., 2023c; Vasileva etal., 2024) 

(ʨʠʩ. 4.6). 

2. ɺ ʩʢʚʘʞʠʥʝ Dh-4 ʦʧʨʦʙʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ ʢʝʨʥʘ ʩʣʦʞʝʥ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ 

ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʘʨʛʠʣʣʠʪʘʤʠ, ʚʢʣʶʯʘʶʱʠʝ ʩʠʜʝʨʠʪʦʚʳʝ ʢʦʥʢʨʝʮʠʠ ʠ 

ʧʨʦʩʣʦʠ ʛʨʫʙʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ; ʦʪʣʦʞʝʥʠʷ ʫʤʝʨʝʥʥʦ ʙʠʦʪʫʨʙʠʨʦʚʘʥʳ, ʜʣʷ 

ʧʝʩʯʘʥʠʢʦʚ ʭʘʨʘʢʪʝʨʥʳ ʚʦʣʥʠʩʪʘʷ ʩʣʦʠʩʪʦʩʪʴ ʠ ʣʠʥʟʦʚʠʜʥʘʷ ʢʦʩʘʷ ʩʣʦʠʩʪʦʩʪʴ. ɺʩʝʛʦ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʛʣʝʥʜʦʥʠʪʦʚʳʭ ʫʨʦʚʥʷ ʥʘ ʛʣʫʙʠʥʘʭ 218 ʠ 227.45 ʤ. ʅʘʭʦʜʢʠ 

ʛʣʝʥʜʦʥʠʪʦʚ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʪʜʝʣʴʥʳʤ ʘʨʛʠʣʣʠʪʦʚʳʤ ʠ ʘʣʝʚʨʦʣʠʪʦʚʳʤ ʧʨʦʩʣʦʷʤ. 

ɻʣʝʥʜʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʢʠʝ ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ ʨʘʟʤʝʨʦʤ 1-3 ʩʤ ʚ ʜʠʘʤʝʪʨʝ. 

ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ï ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ, ʦʧʨʝʜʝʣʝʥ ʧʦ ʜʠʥʦʮʠʩʪʘʤ (Grundvag et al., 2019) 

ʠ ʘʤʤʦʥʠʪʘʤ (Vasileva etal., 2024) (ʨʠʩ. 4.6). 

3. ʈʘʟʨʝʟ ʩʢʚʘʞʠʥʳ Dh-5 ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʣʦʠʩʪʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʚ ʩʝʨʝʜʠʥʝ ʨʘʟʨʝʟʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʦʱʥʳʡ ʧʝʩʯʘʥʳʡ ʧʨʦʩʣʦʡ ʩ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ; ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʝʩʯʘʥʳʝ ʧʨʦʩʣʦʠ, ʧʝʨʝʢʨʳʪʳʝ ʘʨʛʠʣʣʠʪʘʤʠ. ʏʘʩʪʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʠʜʝʨʠʪʦʚʳʝ ʢʦʥʢʨʝʮʠʠ ʠ ʛʦʨʠʟʦʥʪʳ. ʍʘʨʘʢʪʝʨʥʳ ʣʠʥʟʦʚʠʜʥʘʷ, 

ʢʦʩʦʚʦʣʥʠʩʪʘʷ ʩʣʦʠʩʪʦʩʪʴ. ɺʩʪʨʝʯʘʶʪʩʷ ʦʙʣʦʤʢʠ ʨʘʢʦʚʠʥ, ʠʛʣʦʢʦʞʠʝ, ʙʝʣʝʤʥʠʪʳ ʠ 

ʘʤʤʦʥʠʪʳ (Grundvag et al., 2019). ɻʣʝʥʜʦʥʠʪ ʙʳʣ ʥʘʡʜʝʥ ʥʘ ʫʨʦʚʥʝ 80 ʤ, ʚʦʟʨʘʩʪ 

ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʠʡ-ʚʝʨʭʥʠʡ(?) ʘʧʪ. ɻʣʝʥʜʦʥʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʦʥʘʣʴʥʳʡ ʧʠʨʘʤʠʜʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʜʣʠʥʦʡ 1.5 ʩʤ (ʨʠʩ. 4.6). 
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ʈʠʩ. 4.6. ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʢʦʣʦʥʢʠ ʩʢʚʘʞʠʥ Dh-2, Dh-4, Dh-5 (Grundvag et al., 2019) 

 

ʉʢʚʘʞʠʥʳ ʨʦʩʩʠʡʩʢʦʡ ʯʘʩʪʠ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ 
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ʉʢʚʘʞʠʥʳ ʃʫʜʣʦʚʩʢʘʷ-1,2, ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ ʠ ʃʝʜʦʚʘʷ-1,2 ʧʨʦʙʫʨʝʥʳ ʚ 

ʨʦʩʩʠʡʩʢʦʤ ʩʝʢʪʦʨʝ ʰʝʣʴʬʘ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ ʚʩʢʨʳʚʘʶʪ ʩʨʝʜʥʝʶʨʩʢʠʝ ï 

ʥʠʞʥʝʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ. ɺʳʭʦʜ ʢʝʨʥʘ ʥʝʙʦʣʴʰʦʡ, ʧʦʵʪʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʝʟʦʚ 

ʬʨʘʛʤʝʥʪʘʨʥʘʷ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʦʩʥʦʚʘʥ ʥʘ ʥʘʭʦʜʢʘʭ ʬʦʨʘʤʠʥʠʬʝʨ, ʜʠʥʦʮʠʩʪ ʠ 

ʤʦʣʣʶʩʢʦʚ (Mikhailova et al., 2021). ʅʘʭʦʜʢʠ ʛʣʝʥʜʦʥʠʪʦʚ ʧʨʠʫʨʦʯʝʥʳ ʢ ʘʣʝʚʨʦʣʠʪʘʤ, 

ʨʝʞʝ ʢ ʯʝʨʥʳʤ ʩʣʘʥʮʘʤ ʠ ʧʝʩʯʘʥʠʢʘʤ.  

1. ʉʨʝʜʥʝʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ 

ʘʨʛʠʣʣʠʪʘʤʠ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ Ḕ45-580 ʤ. ɺʦʟʨʘʩʪ ʦʧʨʝʜʝʣʝʥ 

ʧʦ ʤʠʢʨʦʬʦʩʩʠʣʠʷʤ ʠ ʘʤʤʦʥʠʪʘʤ (Mikhailova et al., 2021). ʉʨʝʜʥʝʶʨʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ 

ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʛʣʫʙʠʥʘʭ: 1592-1598 ʤ ʚ ʩʢʚʘʞʠʥʝ ʃʫʜʣʦʚʩʢʘʷ-1 (ʚʝʨʭʥʠʡ ʙʘʪ), 1442-

1443 ʤ (ʢʝʣʣʦʚʝʡ) ʠ 1654 ʤ (ʚʝʨʭʥʠʡ ʙʘʡʦʩ-ʥʠʞʥʠʡ ʙʘʪ) ʚ ʩʢʚʘʞʠʥʝ ʃʫʜʣʦʚʩʢʘ-̫2, 1824-

1830 ʠ 1847-1851 ʤ ʚ ʩʢʚʘʞʠʥʝ ʃʝʜʦʚʘʷ-1 (ʚʝʨʭʥʠʡ ʙʘʡʦʩ-ʥʠʞʥʠʡ ʙʘʪ) (ʨʠʩ. 4.7). 

ɻʣʝʥʜʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʠʨʘʤʠʜʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ 0.9-2.5 ʩʤ ʠ 

ʟʚʝʟʜʯʘʪʳʤʠ ʩʨʦʩʪʢʘʤʠ 0.9-2 ʩʤ ʚ ʜʠʘʤʝʪʨʝ (ʨʠʩ. 4.8). 

 

ʈʠʩ. 4.7. ʌʦʪʦ ʢʝʨʥʘ ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʬʦʪʦ ʚʟʷʪʦ ʩ ʩʘʡʪʘ https://kern.vnigni.ru). 

https://kern.vnigni.ru/
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ʈʠʩ. 4.8. ɻʣʝʥʜʦʥʠʪʳ ʠʟ ʩʢʚʘʞʠʥ ʃʫʜʣʦʚʩʢʘʷ-1, 2 ʠ ʃʝʜʦʚʘʷ-1, ʤʘʩʰʪʘʙ ï 1 ʩʤ. 

 

2. ɺʝʨʭʥʝʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʢʩʬʦʨʜʩʢʠʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, 

ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʯʝʨʥʳʤʠ ʩʣʘʥʮʘʤʠ, ʢʠʤʝʨʠʜʞʩʢʠʤʠ-ʚʦʣʞʩʢʠʤʠ ʯʝʨʥʳʤʠ ʩʣʘʥʮʘʤʠ 

ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 17-185 ʤ. ɺʝʨʭʥʝʶʨʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʥʘʡʜʝʥʳ ʚ ʩʢʚʘʞʠʥʝ ʉʝʚʝʨʦ-

ʄʫʨʤʘʥʩʢʘʷ-1 ʥʘ ʛʣʫʙʠʥʝ 1793-1803 ʤ, ʚʦʟʨʘʩʪ ʧʩʝʚʜʦʤʦʨʬʦʟ ï ʩʨʝʜʥʝ-ʚʝʨʭʥʝʚʦʣʞʩʢʠʡ 

(ʨʠʩ.4.9). ɺʩʝ ʛʣʝʥʜʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʘʤʠʜʘʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ 0.3-2.5 ʩʤ ʚ 

ʜʣʠʥʫ (ʨʠʩ. 4.10). 

 

ʈʠʩ. 4.9. ʌʦʪʦ ʢʝʨʥʘ ʚʝʨʭʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʬʦʪʦ ʚʟʷʪʦ ʩ ʩʘʡʪʘ https://kern.vnigni.ru). 

 

ʈʠʩ. 4.10. ɻʣʝʥʜʦʥʠʪʳ ʠʟ ʩʢʚ. ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ-1, ʤʘʩʰʪʘʙ ï 1 ʩʤ. 

 

3. ʅʠʞʥʝʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʨʛʠʣʣʠʪʘʤʠ (ʨʷʟʘʥʴ, ʚʘʣʘʥʞʠʥ, 

https://kern.vnigni.ru/
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ʛʦʪʝʨʠʚ) ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 35-1000 ʤ. 

ɻʣʝʥʜʦʥʠʪʳ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʛʣʫʙʠʥʝ 1237-1242 ʤ ʚ ʩʢʚʘʞʠʥʝ ʃʝʜʦʚʘʷ-2, ʚʦʟʨʘʩʪ 

ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ - ʚʝʨʭʥʠʡ ʙʘʨʨʝʤ-ʥʠʞʥʠʡ ʘʧʪ (ʨʠʩ.4.11). ɺʩʝʛʦ ʟʜʝʩʴ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʜʚʘ ʦʙʨʘʟʮʘ: ʧʠʨʘʤʠʜʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʜʣʠʥʦʡ 1.1 ʩʤ ʠ ʟʚʝʟʜʯʘʪʳʡ ʩʨʦʩʪʦʢ 

ʜʠʘʤʝʪʨʦʤ 1.3 ʩʤ. 

 

ʈʠʩ. 4.11. ʌʦʪʦ ʢʝʨʥʘ ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ʬʦʪʦ ʚʟʷʪʦ ʩ ʩʘʡʪʘ 

https://kern.vnigni.ru). 

https://kern.vnigni.ru/
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ɻʣʘʚʘ 5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

5.1. ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʠ ʤʦʨʬʦʣʦʛʠʷ ʛʣʝʥʜʦʥʠʪʦʚ  

ʅʘʭʦʜʢʠ ʠʟʫʯʝʥʥʳʭ  ʛʣʝʥʜʦʥʠʪʦʚ ʧʨʠʫʨʦʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ 

ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʧʦʨʦʜʘʤ: ʶʨʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʘʨʛʠʣʣʠʪʘʭ (18 ʠʟ 24 

ʰʪʫʢ), ʨʝʞʝ ʚ ʘʣʝʚʨʦʣʠʪʘʭ (6 ʠʟ 24 ʰʪʫʢ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʣʦʚʳʝ ʛʣʝʥʜʦʥʠʪʳ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʘʣʝʚʨʦʣʠʪʘʭ (79 ʠʟ 155 ʰʪʫʢ), ʯʫʪʴ ʨʝʞʝ ʚ ʧʝʩʯʘʥʠʢʘʭ (27 ʠʟ 155 ʰʪʫʢ) ʠ 

ʘʨʛʠʣʣʠʪʘʭ (34 ʠʟ 155 ʰʪʫʢ) (ʨʠʩ. 5.1.1).  ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʦ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ 

ʥʘʭʦʜʦʢ ʛʣʝʥʜʦʥʠʪʦʚ ʢ ʦʪʣʦʞʝʥʠʷʤ ʩ ʨʘʟʣʠʯʥʳʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʚʝʜʝʥʠʷʤʠ ʦ ʛʣʝʥʜʦʥʠʪʘʭ ʧʦ ʤʠʨʫ. ʀʟ ʵʪʠʭ 

ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʠ ʶʨʩʢʠʝ, ʠ ʤʝʣʦʚʳʝ ʛʣʝʥʜʦʥʠʪʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʝʩʯʘʥʠʢʘʤ, 

ʘʣʝʚʨʦʣʠʪʘʤ ʠ ʘʨʛʠʣʣʠʪʘʤ (Rogov et al., 2023). 

 

ʈʠʩ. 5.1.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʶʨʩʢʠʭ-ʥʠʞʥʝʤʝʣʦʚʳʭ ʛʣʝʥʜʦʥʠʪʦʚ ʧʦ ʚʤʝʱʘʶʱʠʤ 

ʧʦʨʦʜʘʤ. 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʛʣʝʥʜʦʥʠʪʦʚ: 

ʚʳʪʷʥʫʪʳʝ ʘʛʨʝʛʘʪʳ (single blades), ʟʚʝʟʜʯʘʪʳʝ (stellate clusters), ʩʦʩʪʦʷʱʠʝ ʠʟ 2-20 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʨʦʩʪʢʦʚ, ʩʬʝʨʠʯʝʩʢʠʝ ʨʦʟʝʪʢʠ (nearly spherical rosettes), ʢʦʪʦʨʳʝ 

ʩʦʩʪʦʷʪ ʠʟ >20 ʩʨʦʩʪʢʦʚ, ʠ çʘʥʘʥʘʩʦʧʦʜʦʙʥʳʡè ʩʨʦʩʪʦʢ (pineapple-like), ʫ ʢʦʪʦʨʦʛʦ 

ʢʨʠʩʪʘʣʣʳ ʨʘʩʪʫʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (Grasby et al., 2017) (ʨʠʩ. 5.1.5.2). 
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ʈʠʩ. 5.1.2. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʛʣʝʥʜʦʥʠʪʦʚ (ʧʦ Grasby et al., 2017): A ï B: 

ʧʠʨʘʤʠʜʘʣʴʥʳʝ (single blades); C ï E: ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ (stellate clusters); F ï 

ʩʬʝʨʠʯʝʩʢʠʝ ʨʦʟʝʪʢʠ (nearly spherical rosettes); G - çʘʥʘʥʘʩʦʧʦʜʦʙʥʳʡè ʩʨʦʩʪʦʢ 

(pineapple-like). ʄʘʩʰʪʘʙ ï 1 ʩʤ. 

 

ʀʟʫʯʝʥʥʳʝ ʛʣʝʥʜʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʳʝ ʘʛʨʝʛʘʪʳ ʠ ʟʚʝʟʜʯʘʪʳʝ 

ʘʛʨʝʛʘʪʳ, ʜʦ 3 ʩʤ ʚ ʜʣʠʥʫ ʠ 4 ʩʤ ʚ ʜʠʘʤʝʪʨʝ, ʙʝʣʦ-ʞʝʣʪʦʚʘʪʦʛʦ, ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʦʚ. 

ɺʥʝʰʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʣʝʥʜʦʥʠʪʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʨʠʩʪʘʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʥʫʪʨʠ 

ʦʥʠ ʜʦʚʦʣʴʥʦ ʧʣʦʪʥʳʝ. ɻʣʝʥʜʦʥʠʪʳ ʟʘʯʘʩʪʫʶ ʚʩʪʨʝʯʘʶʪʩʷ ʛʨʫʧʧʘʤʠ ʚ ʫʟʢʠʭ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʘʭ: ʦʜʠʥ ʫʨʦʚʝʥʴ ʥʘ ʨʘʟʨʝʟʝ ï ʦʜʠʥ ʤʦʨʬʦʪʠʧ, ʥʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʠʩʢʣʶʯʝʥʠʷ, ʢʦʛʜʘ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʧʠʨʘʤʠʜʘʣʴʥʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʠ ʟʚʝʟʜʯʘʪʳʝ ʢʦʥʢʨʝʮʠʠ. ɺ ʨʘʟʨʝʟʝ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ (ʐʧʠʮʙʝʨʛʝʥ) ʧʦʨʦʜʳ 

ʚʳʤʚrʘʶʪʩʷ ʪʘʣʳʤʠ ʚʦʜʘʤʠ, ʧʦʵʪʦʤʫ ʚʤʝʩʪʦ ʧʩʝʚʜʦʤʦʨʬʦʟ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʠʭ 

ʦʪʧʝʯʘʪʢʠ, ʠʥʦʛʜʘ ʩ ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʠʚʰʠʤʩʷ ʢʘʨʙʦʥʘʪʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʆʩʥʦʚʥʳʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʠʟʫʯʝʥʥʳʭ ʛʣʝʥʜʦʥʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5.1.3. 

ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʛʣʝʥʜʦʥʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ 

ʦʜʥʦʨʦʜʥʳʝ ʠ ʤʘʢʨʦʟʦʥʘʣʴʥʳʝ (ʪ.ʝ. ʟʦʥʘʣʴʥʦʩʪʴ ʨʘʟʣʠʯʘʝʪʩʷ ʛʣʘʟʦʤ): ʫ ʛʣʝʥʜʦʥʠʪʦʚ ʩ 

ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʜʨʦ ʠ ʚʥʝʰʥʠʝ ʦʪʦʨʦʯʢʠ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ 

ʟʦʥʘʣʴʥʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʯʝʪʣʠʚʳʝ ʦʜʥʦ ï ʜʚʘ ʷʜʨʘ ʠ ʦʜʥʘ ï ʯʝʪrʨʝ ʯʝʨʝʜʫʶʱʠʝʩʷ 

ʩʚʝʪʣʦ-ʞʝʣʪʳʝ ʠ ʷʥʪʘʨʥʳʝ ʚʥʝʰʥʠʝ ʦʪʦʨʦʯʢʠ (ʨʠʩ. 5.1.4). ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ 

ʧʨʠʤʳʢʘʶʪ ʢ ʣʫʯʘʤ ʢʨʠʩʪʘʣʣʘ, ʣʠʙʦ çʩʤʷʪʳè ʧʨʠ ʦʙʣʝʛʘʥʠʠ ʧʩʝʚʜʦʤʦʨʬʦʟ. 
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ʈʠʩ. 5.1.3.  ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʠʟʫʯʝʥʥʳʭ ʛʣʝʥʜʦʥʠʪʦʚ (ʤʘʩʰʪʘʙʥʘʷ ʣʠʥʝʡʢʘ 1 ʩʤ): 

ɸ ï ʟʚʝʟʜʯʘʪʳʡ ʩʨʦʩʪʦʢ, ʦʙʨʘʟʝʮ AR-1 (ʘʧʪ, ʦ-ʚ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ, ʨʘʟʨʝʟ ɼʦʨʦʛʘ ʚ 

ɸʵʨʦʧʦʨʪ); ɹ ï ʟʚʝʟʜʯʘʪʳʡ ʩʨʦʩʪʦʢ, ʦʙʨʘʟʝʮ ʗ-14 (ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ, ʦ-ʚ ɿʘʧʘʜʥʳʡ 

ʐʧʠʮʙʝʨʛʝʥ, ʨʘʟʨʝʟ ʗʥʫʩʬʴʝʣʣʝʪ); ɺ ï ʟʚʝʟʜʦʦʙʨʘʟʥʳʡ ʩʨʦʩʪʦʢ, ʦʙʨʘʟʝʮ AR-4 (ʘʧʪ, 

ʐʧʠʮʙʝʨʛʝʥ, ʨʘʟʨʝʟ ɸʵʨʦʧʦʨʪ); ɻ ï ʟʚʝʟʜʯʘʪʳʡ ʩʨʦʩʪʦʢ (ʦʙʚʝʜʝʥ ʢʨʘʩʥʳʤ ʧʫʥʢʪʠʨʦʤ), 

ʦʙʨʘʟʝʮ Aʝ-14 (ʥʠʞʥʠʡ ʢʠʤʝʨʠʜʞ, ʦ-ʚ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ, ʨʘʟʨʝʟ 

ʄʠʢʣʝʛʘʨʜʬʴʝʣʣʝʪ); ɼ ï ʟʚʝʟʜʯʘʪʳʡ ʘʛʨʝʛʘʪ, ʦʙʨʘʟʝʮ ʗ-12 (ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ, ʦ-ʚ 

ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ, ʨʘʟʨʝʟ ʗʥʫʩʬʴʝʣʣʝʪ); ɽ ï ʚʳʪʷʥʫʪʳʡ ʘʛʨʝʛʘʪ (ʠʣʠ ʦʙʣʦʤʦʢ 

ʢʨʫʧʥʦʛʦ ʟʚʝʟʜʯʘʪʦʛʦ ʩʨʦʩʪʢʘ?), ʦʙʨʘʟʝʮ F-3 (ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ, ʦ-ʚ ɿʘʧʘʜʥʳʡ 

ʐʧʠʮʙʝʨʛʝʥ, ʨʘʟʨʝʟ ʌʝʩʪʥʠʥʛʝʥ); ɾ ï ʚʳʱʝʣʦʯʝʥʥʳʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʩ ʯʘʩʪʠʯʥʦ 

ʩʦʭʨʘʥʠʚʰʠʤʩʷ ʚʝʱʝʩʪʚʦʤ ʚʦ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʝ (ʧʦʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ), ʦʙʨʘʟʝʮ AR-7 

(ʘʧʪ, ʦ-ʚ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ, ʨʘʟʨʝʟ ɸʵʨʦʧʦʨʪ); ɿ ï ʦʪʧʝʯʘʪʢʠ ʧʦʣʥʦʩʪʴʶ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʣʝʥʜʦʥʠʪʦʚ (ʧʦʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ) ʦʙʨʘʟʝʮ AR-7 (ʘʧʪ, ʦ-ʚ ɿʘʧʘʜʥʳʡ 

ʐʧʠʮʙʝʨʛʝʥ, ʨʘʟʨʝʟ ɸʵʨʦʧʦʨʪ); ʀ ï ʚʳʪʷʥʫʪʳʡ ʘʛʨʝʛʘʪ, ʦʙʨʘʟʝʮ ʉʤ-1-8, ʚʤʝʱʘʶʱʘʷ 

ʧʦʨʦʜʘ ʚʦʢʨʫʛ ʛʣʝʥʜʦʥʠʪʘ çʩʤʷʪʘè (ʧʦʢʘʟʘʥʦ ʙʝʣʳʤʠ ʩʪʨʝʣʢʘʤʠ) (ʩʨʝʜʥʷʷ ʚʦʣʛʘ, 

ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ, ʩʢʚ. ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ-1); ʂ ï ʟʚʝʟʜʯʘʪʳʡ ʩʨʦʩʪʦʢ ʩ ʦʪʯʝʪʣʠʚʳʤ 

ʧʣʦʪʥʳʤ ʷʥʪʘʨʥʳʤ ʷʜʨʦʤ ʠ ʧʦʨʠʩʪʦʡ ʚʥʝʰʥʝʡ ʦʪʦʨʦʯʢʦʡ, ʦʙʨʘʟʝʮ ʃ-1-2 (ʚʝʨʭʥʠʡ ʙʘʪ, 

ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ, ʩʢʚ. ʃʫʜʣʦʚʩʢʘʷ-1). 
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ʈʠʩ. 5.1.4. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʛʣʝʥʜʦʥʠʪʦʚ: ɸ ï ʤʘʢʨʦʟʦʥʘʣʴʥʳʡ ʛʣʝʥʜʦʥʠʪ ʩ 

ʦʪʯʝʪʣʠʚʳʤ ʷʜʨʦʤ ʠ ʤʠʣʣʠʤʝʪʨʦʚʳʤʠ ʦʪʦʨʦʯʢʘʤʠ, ʦʙʨʘʟʝʮ ʃʝʜ-2-1 (ʚʝʨʭʥʠʡ ʙʘʨʨʝʤ-

ʥʠʞʥʠʡ ʘʧʪ, ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ, ʩʢʚ. ʃʝʜʦʚʘʷ-2); ɹ ï ʤʘʢʨʦʟʦʥʘʣʴʥʳʡ ʛʣʝʥʜʦʥʠʪ ʩ 

ʦʪʯʝʪʣʠʚʳʤʠ ʷʜʨʘʤʠ ʠ ʤʠʣʣʠʤʝʪʨʦʚʳʤʠ ʦʪʦʨʦʯʢʘʤʠ, ʦʙʨʘʟʝʮ ʗ-12-3 (ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ, 

ʦ-ʚ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ, ʨʘʟʨʝʟ ʗʥʫʩʬʴʝʣʣʝʪ); ɺ ï ʚʳʪʷʥʫʪʳʡ ʢʨʠʩʪʘʣʣ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʧʣʦʪʥʦʛʦ ʷʜʨʘ ʠ ʧʦʨʠʩʪʦʡ ʦʪʦʨʦʯʢʠ, ʦʙʨʘʟʝʮ ʃ-1-2 

(ʚʝʨʭʥʠʡ ʙʘʪ, ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ, ʩʢʚ. ʃʫʜʣʦʚʩʢʘʷ-1); ɻ ï ʦʜʥʦʨʦʜʥʳʡ ʥʝʟʦʥʘʣʴʥʳʡ 

ʛʣʝʥʜʦʥʠʪ, ʦʙʨʘʟʝʮ Dh-4-1 (ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ, ʦ-ʚ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ, ʩʢʚ. Dh-4). 

 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʠʟʫʯʝʥʥʳʭ ʛʣʝʥʜʦʥʠʪʦʚ ʥʝʦʜʥʦʨʦʜʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ. ɺʳʪʷʥʫʪʳʝ ʘʛʨʝʛʘʪʳ ʯʘʱʝ ʚʩʝʛʦ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʶʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ, ʥʝʞʝʣʠ ʚ ʤʝʣʦʚʳʭ (20 ʠ 54 ʰʪʫʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɿʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ, 

ʥʘʦʙʦʨʦʪ, ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʯʝʤ ʚ ʶʨʩʢʠʭ (101 ʠ 4 ʰʪʫʢʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʈʠʩ. 5.1.5). 

 

 

ʈʠʩ. 5.1.5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʛʣʝʥʜʦʥʠʪʦʚ ʚʦ ʚʨʝʤʝʥʠ (ʜʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ). 

 

ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʛʣʝʥʜʦʥʠʪʦʚ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʪʯʝʪʣʠʚʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʦʤ ʠ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʦʡ: ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʳʪʷʥʫʪʳʭ ʘʛʨʝʛʘʪʦʚ ʠ 
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ʟʚʝʟʜʯʘʪʳʭ ʩʨʦʩʪʢʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʘʣʝʚʨʦʣʠʪʘʭ. ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ 

ʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʯʝʤ ʶʨʩʢʠʝ, ʚ 

ʤʝʣʦʚʳʭ ʪʦʣʱʘʭ ʢʨʦʤʝ ʘʣʝʚʨʦʣʠʪʦʚ ʟʚʝʟʜʯʘʪʳʝ ʩʨʦʩʪʢʠ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʨʠʤʝʨʥʦ ʚ 

ʨʘʚʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʘʨʛʠʣʣʠʪʘʭ ʠ ʧʝʩʯʘʥʠʢʘʭ (ʨʠʩ. 5.1.6). 

ʄʦʨʬʦʣʦʛʠʷ ʛʣʝʥʜʦʥʠʪʦʚ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʧʩʝʚʜʦʤʦʨʬʦʟ (Schultz et al., 2025). ʍʦʪʷ ʭʘʨʘʢʪʝʨʥʳʝ ʫʟʦʨʳ (ʣʝʩʪʥʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ / 

ʥʘʢʦʥʝʯʥʠʢʠ) ʥʘ ʛʨʘʥʷʭ ʫʪʨʘʯʝʥʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʶʪ 

ʨʦʤʙʦʚʠʜʥʦʝ ʩʝʯʝʥʠʝ ʠ ʩʭʦʜʩʪʚʦ ʠʩʢʨʠʚʣʝʥʠʡ ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʦʪʥʝʩʪʠ 

ʠʭ ʢ ʛʣʝʥʜʦʥʠʪʘʤ. 

 

 

ʈʠʩ. 5.1.6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʛʣʝʥʜʦʥʠʪʦʚ ʧʦ ʚʤʝʱʘʶʱʠʤ ʧʦʨʦʜʘʤ 

(ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ). 
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5.2 ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʝʨʭʥʠʡ ʙʘʡʦʩ-ʥʠʞʥʠʡ ʙʘʪ (ʩʢʚ.ʃʝʜʦʚʘʷ-1 ʠ ʃʫʜʣʦʚʩʢʘʷ-2, ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ, ʦʙʨ. L-2-3)  

ʕʪʦʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʚʘʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʛʣʝʥʜʦʥʠʪʘʤʠ ʠʟ ʩʢʚʘʞʠʥ 

ʃʝʜʦʚʘʷ-1 ʠ ʃʫʜʣʦʚʩʢʘʷ-2. ɺʘʣʦʚʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʟʮʳ 

ʩʣʦʞʝʥʳ ʢʘʣʴʮʠʪʦʤ ʩ ʧʨʠʤʝʩʷʤʠ ʢʚʘʨʮʘ, ʩʣʶʜʳ (ʤʫʩʢʦʚʠʪ?) ʠ ʢʘʦʣʠʥʠʪʘ (ʜʣʷ ʦʙʨʘʟʢʦʚ 

ʩʢʚ. ʃʝʜʦʚʘʷ-1). ɺ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦ ʪʠʧʫ ʩʚʝʯʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʪʠʧʘ 

ʢʘʣʴʮʠʪʘ (ʨʠʩ. 5.2.1.). ʇʝʨʚʳʡ ʪʠʧ ʢʘʣʴʮʠʪʘ (Cal1), 15-20%, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ, ʚ 

ʦʩʥʦʚʥʦʤ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʚʝʟʜʯʘʪʦʡ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʨʝʞʝ ʚ ʣʫʯʘʭ. ʂʨʠʩʪʘʣʣʳ 

ʙʝʣʦʚʘʪʦ-ʞʝʣʪʦʛʦ, ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʩʦ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ, ʨʘʟʤʝʨʦʤ ʜʦ 0.2 ʤʤ; ʂʃ-ʩʚʝʯʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʪʝʤʥʦ-ʙʫʨʦʝ ʩ ʪʝʤʥʦ-

ʦʨʘʥʞʝʚʳʤ ʬʦʨʤʠʨʫʝʪ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, ʚʥʝʰʥʠʝ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʦʚ 

ʢʦʨʨʦʜʠʨʦʚʘʥʳ. ɺʪʦʨʦʡ ʪʠʧ ʢʘʣʴʮʠʪʘ (Cal2) ʟʘʥʠʤʘʝʪ ʦʪ 80 ʜʦ 90% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʢʨʠʩʪʘʣʣʳ ʙʣʦʯʥʳʝ, ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʨʘʟʤʝʨʦʤ 0.05-0.2 ʤʤ; ʂʃ-

ʩʚʝʯʝʥʠʝ ʦʨʘʥʞʝʚʦʝ. ʂʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ çʟʘʧʝʯʘʪʳʚʘʝʪè ʢʨʠʩʪʘʣʣʳ ʧʝʨʚʦʛʦ ʪʠʧʘ. 

ɻʣʝʥʜʦʥʠʪʳ ʠʟ ʩʢʚ. ʃʝʜʦʚʘʷ-1 ʧʣʦʪʥʳʝ, ʧʦʨʳ ʟʘʧʦʣʥʝʥʳ ʙʣʦʯʥʳʤ ʢʘʣʴʮʠʪʦʤ 

(Cal3), ʨʘʟʤʝʨʦʤ å0.02 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʙʫʨʦʚʘʪʦ-ʦʨʘʥʞʝʚʦʝ; ʥʘ ʜʦʣʶ ʵʪʦʡ ʛʝʥʝʨʘʮʠʠ 

ʧʨʠʭʦʜʠʪʩʷ å3-5% ʦʙʲʝʤʘ ʛʣʝʥʜʦʥʠʪʦʚ. 

ɻʣʝʥʜʦʥʠʪʳ ʠʟ ʩʢʚ. ʃʫʜʣʦʚʩʢʘʷ-2 ʧʦʨʠʩʪʳʝ, ʧʦʨʳ ʥʝʟʘʧʦʣʥʝʥʥʳʝ. ʅʘ ʦʜʥʦʤ 

ʫʯʘʩʪʢʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʛʣʝʥʜʦʥʠʪʘ ʠ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ: ʦʩʘʜʦʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʦʩʪ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʚ 

ʥʝʣʠʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʩʘʜʢʝ. 

 

ʈʠʩ. 5.2.1. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ L-2-3 (ʩʢʚ.ʃʫʜʣʦʚʩʢʘʷ-2, ʚʝʨʭʥʠʡ ʙʘʡʦʩ-ʥʠʞʥʠʡ ʙʘʪ) ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʠʟʦʙʨʘʞʝʥʳ ʜʚʘ 

ʪʠʧʘ ʢʘʣʴʮʠʪʘ: Cal1 ï ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʟʦʥʘʣʴʥʦʝ ʪʝʤʥʦ-ʙʫʨʦʝ ʩ 

ʪʝʤʥʦ-ʦʨʘʥʞʝʚʳʤ; Cal2 ï ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʦʨʘʥʞʝʚʦʝ. ʄʘʩʰʪʘʙ 0.2 

ʤʤ. 
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ɻʣʝʥʜʦʥʠʪʳ ʠʟ ʩʢʚʘʞʠʥʳ ʃʝʜʦʚʘʷ-1 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʦʥʘʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 5.2.2- ʨʠʩ. 5.2.4). ʂʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʘʮʠʡ ʢʘʣʴʮʠʪʘ, ʠʭ ʛʘʙʠʪʫʩ, ʨʘʟʤʝʨ, 

ʂʃ-ʩʚʝʯʝʥʠʝ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʠ ʚ ʥʝʟʦʥʘʣʴʥʳʭ ʛʣʝʥʜʦʥʠʪʘʭ, ʦʪʣʠʯʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʠʧʦʚ ʢʘʣʴʮʠʪʘ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʦʚ ʧʦ ʧʩʝʚʜʦʤʦʨʬʦʟʝ. ɺ ʮʝʥʪʨʝ ʟʚʝʟʜʯʘʪʦʛʦ ʩʨʦʩʪʢʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʛʨʘʥʠʮʳ ʷʜʨʘ ʢʦʨʨʦʜʠʨʦʚʘʥʳ. ɼʘʣʝʝ ʦʪ ʮʝʥʪʨʘ ʢ 

ʢʨʘʶ ʠʜʫʪ ʨʠʪʤʠʯʥʦ ʯʝʨʝʜʫʶʱʠʝʩʷ ʢʘʝʤʢʠ, ʩʣʦʞʝʥʥʳʝ ʢʘʣʴʮʠʪʦʤ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

 

ʈʠʩ. 5.2.2. ʆʙʱʠʡ ʚʠʜ ʦʙʨ. ʃʝʜ-1-2 (ʩʢʚ.ʃʝʜʦʚʘʷ-1, ʚʝʨʭʥʠʡ ʙʘʡʦʩ-ʥʠʞʥʠʡ ʙʘʪ) ʚ 

ʩʢʨʝʱʝʥʥʳʭ ʥʠʢʦʣʷʭ. ɻʣʝʥʜʦʥʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʦʥʘʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʤʘʩʰʪʘʙʥʘʷ ʣʠʥʝʡʢʘ ï 5 ʤʤ. 

 

ʈʠʩ. 5.2.3. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ Led-1-2 (ʩʢʚ.ʃʝʜʦʚʘʷ-1, ʚʝʨʭʥʠʡ ʙʘʡʦʩ-ʥʠʞʥʠʡ ʙʘʪ) ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ɿʦʥʘʣʴʥʳʡ ʛʣʝʥʜʦʥʠʪ: Cal1 ï 
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ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-ʙʫʨʦʝ, ʧʦʯʪʠ ʯʝʨʥʦʝ; Cal2 ï ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ 

ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʙʫʨʦʝ; Cal3 ï ʢʘʣʴʮʠʪ ʪʨʝʪʴʝʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʙʫʨʦʚʘʪʦ-

ʦʨʘʥʞʝʚʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

 

ʈʠʩ. 5.2.4. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ Led-1-3 (ʩʢʚ.ʃʝʜʦʚʘʷ-1, ʚʝʨʭʥʠʡ ʙʘʡʦʩ-ʥʠʞʥʠʡ ʙʘʪ) ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʝʟʦʥʘʣʴʥʳʝ ʛʣʝʥʜʦʥʠʪʳ: Cal1 ï 

ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʟʦʥʘʣʴʥʳʡ, ʠʟʦʤʝʪʨʠʯʥʳʡ, ʂʃ-ʩʚʝʯʝʥʠʝ ʙʫʨʦʚʘʪʦ-ʦʨʘʥʞʝʚʦʝ; 

Cal2 ï ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʦʨʘʥʞʝʚʦʝ; Cal3 ï ʢʘʣʴʮʠʪ ʪʨʝʪʴʝʛʦ ʪʠʧʘ, ʂʃ-

ʩʚʝʯʝʥʠʝ ʙʫʨʦʚʘʪʦ-ʦʨʘʥʞʝʚʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ.  

ɺʝʨʭʥʠʡ ʙʘʪ (ʩʢʚ. ʃʫʜʣʦʚʩʢʘʷ-1, ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ) 

ɹʘʪʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ʦʪʣʦʞʝʥʠʷʭ ʩʢʚʘʞʠʥʳ ʃʫʜʣʦʚʩʢʘʷ-1, 

ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ, ʚʩʝʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 3 ʦʙʨʘʟʮʘ (ʨʠʩ. 5.2.5).  

 

ʈʠʩ. 5.2.5. ʆʙʱʠʡ ʚʠʜ ʦʙʨ.ʃ-1-2 (ʩʢʚ.ʃʫʜʣʦʚʩʢʘʷ-1, ʚʝʨʭʥʠʡ ʙʘʪ) ʚ ʩʢʨʝʱʝʥʥʳʭ ʥʠʢʦʣʷʭ. 

ʄʘʩʰʪʘʙʥʘʷ ʣʠʥʝʡʢʘ ï 5 ʤʤ. 
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ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʣʝʥʜʦʥʠʪʳ ʩʣʦʞʝʥʳ ʢʘʣʴʮʠʪʦʤ ʩ 

ʧʨʠʤʝʩʷʤʠ ʢʚʘʨʮʘ ʠ ʢʘʦʣʠʥʠʪʘ. ɺ ʂʃ ʤʠʢʨʦʩʢʦʧʝ ʨʘʟʣʠʯʘʝʪʩʷ ʜʚʘ ʪʠʧʘ ʢʘʣʴʮʠʪʘ. 

ʇʝʨʚʳʡ ʪʠʧ ʢʘʣʴʮʠʪʘ (Cal1), 5-25%, ʞʝʣʪʦʚʘʪʦʛʦ ʮʚʝʪʘ ʩ ʦʪʯʝʪʣʠʚʳʤ ʷʜʨʦʤ ʩʝʨʦʚʘʪʦʛʦ 

ʠʣʠ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʂʨʠʩʪʘʣʣʳ ʫʜʣʠʥʝʥʥʳʝ, ʪʘʙʣʠʪʯʘʪʳʝ, ʨʘʟʤʝʨʦʤ ʜʦ 0.6 ʤʤ, 

ʭʘʦʪʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʧʩʝʚʜʦʤʦʨʬʦʟʝ; ʂʃ-ʩʚʝʯʝʥʠʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺʪʦʨʦʡ ʪʠʧ 

ʢʘʣʴʮʠʪʘ (Cal2), ʜʦ 75%, ʙʝʣʦ-ʞʝʣʪʦʚʘʪʦʛʦ, ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʂʨʠʩʪʘʣʣʳ ʠʛʦʣʴʯʘʪʳʝ, 

ʚʩʪʨʝʯʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʠʛʦʣʴʯʘʪʳʭ ʠ ʪʘʙʣʠʪʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʠʛʦʣʴʯʘʪʳʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʚ ʢʘʣʴʮʠʪʘ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʪʘʙʣʠʪʯʘʪʳʝ ï ʙʣʠʞʝ ʢ 

ʧʫʩʪʦʪʘʤ), ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ ʜʦ 0.2 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʟʦʥʘʣʴʥʦʝ, ʦʨʘʥʞʝʚʦʝ, ʷʨʢʦ-

ʦʨʘʥʞʝʚʦʝ, ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʝ. ɻʣʝʥʜʦʥʠʪ ʧʦʨʠʩʪʳʡ, ʚ ʧʦʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ Al-Si ʚʝʱʝʩʪʚʦ, 

ʂʃ-ʩʚʝʯʝʥʠʝ ʷʨʢʦ-ʩʠʥʝʝ (ʨ. 5.2.6- ʨʠʩ. 5.2.8). 

 

ʈʠʩ. 5.2.6. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ L-1-2 (ʩʢʚ.ʃʫʜʣʦʚʩʢʘʷ-1, ʚʝʨʭʥʠʡ ʙʘʪ) ʚ ʧʨʦʭʦʜʷʱʝʤ 

ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʧʦʢʘʟʘʥʳ ʜʚʘ ʪʠʧʘ ʢʘʣʴʮʠʪʘ: 

Cal1 ï ʧʝʨʚʳʡ ʪʠʧ ʢʘʣʴʮʠʪʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, Cal2 ï ʟʦʥʘʣʴʥʳʡ ʢʘʣʴʮʠʪ, 

ʪʠʧ ʩʚʝʯʝʥʠʷ ʦʪ ʦʨʘʥʞʝʚʦʛʦ ʜʦ ʷʨʢʦ-ʦʨʘʥʞʝʚʦʛʦ: ʠʛʦʣʴʯʘʪʳʡ ʢʘʣʴʮʠʪ (ʙʝʣʳʝ ʩʪʨʝʣʢʠ). 

ʄʘʩʰʪʘʙ 0.2 ʤʤ. 
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ʈʠʩ. 5.2.7. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ L-1-2 (ʩʢʚ.ʃʫʜʣʦʚʩʢʘʷ-1, ʚʝʨʭʥʠʡ ʙʘʪ) ʚ ʧʨʦʭʦʜʷʱʝʤ 

ʩʚʝʪʝ, ʙʝʣʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

 

ʈʠʩ. 5.2.8. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ L-1-3 (ʩʢʚ.ʃʫʜʣʦʚʩʢʘʷ-1, ʚʝʨʭʥʠʡ ʙʘʪ) ʚ ʧʨʦʭʦʜʷʱʝʤ 

ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʧʦʢʘʟʘʥʳ ʜʚʘ ʪʠʧʘ ʢʘʣʴʮʠʪʘ: 

Cal1 ï ʧʝʨʚʳʡ ʪʠʧ ʢʘʣʴʮʠʪʘ, ʟʦʥʘʣʴʥʳʡ, ʩ ʦʪʯʝʪʣʠʚʳʤ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʤ ʷʜʨʦʤ, ʂʃ-

ʩʚʝʯʝʥʠʷ ʥʝʪ; Cal2 ï ʟʦʥʘʣʴʥʳʡ ʢʘʣʴʮʠʪ, ʪʠʧ ʩʚʝʯʝʥʠʷ ʦʪ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʜʦ ʷʨʢʦ-

ʦʨʘʥʞʝʚʦʛʦ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 
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ʂʝʣʣʦʚʝʡ (ʩʢʚ. ʃʫʜʣʦʚʩʢʘʷ-2, ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ) 

ʂʝʣʣʦʚʝʡʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʢʚʘʞʠʥʝ ʃʫʜʣʦʚʩʢʘʷ-2, 

ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ. ɺʩʝʛʦ ʙʳʣʦ ʠʟʫʯʝʥʦ 2 ʦʙʨʘʟʮʘ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʣʝʥʜʦʥʠʪʳ ʩʦʩʪʦʷʪ ʠʟ ʢʘʣʴʮʠʪʘ ʩ 

ʧʨʠʤʝʩʷʤʠ ʢʚʘʨʮʘ; ʚ ʦʙʨʘʟʮʝ ʃ-2-2 ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʠʨʠʪ, ʩʣʶʜʘ (ʤʫʩʢʦʚʠʪ?), ʧʣʘʛʠʦʢʣʘʟ, 

ʢʘʦʣʠʥʠʪ. ʇʝʨʚʳʡ ʪʠʧ ʢʘʣʴʮʠʪʘ (Cal1), ʟʘʥʠʤʘʝʪ ~10% ʦʙʲʝʤʘ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʦʤʝʪʨʠʯʥʳʝ, ʪʘʙʣʠʪʯʘʪʳʝ, ʫʜʣʠʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʟʦʥʘʣʴʥʳʝ, ʩ 

ʷʥʪʘʨʥʳʤ ʷʜʨʦʤ ʠ ʞʝʣʪʦʚʘʪʦʡ ʦʪʦʨʦʯʢʦʡ, ʨʘʟʤʝʨʦʤ ʜʦ 0.05-0.1 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-

ʙʫʨʦʝ, ʧʦʯʪʠ ʯʝʨʥʦʝ. ɻʨʘʥʠʮʳ ʨʦʚʥʳʝ, ʢʨʠʩʪʘʣʣʳ ʙʫʜʪʦ çʧʣʘʚʘʶʪè ʚ ʢʘʣʴʮʠʪʝ ʚʪʦʨʦʛʦ 

ʪʠʧʘ. ɺʪʦʨʦʡ ʪʠʧ ʢʘʣʴʮʠʪʘ (Cal2) ʟʘʥʠʤʘʝʪ ~80% ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ, ʢʨʠʩʪʘʣʣʳ 

ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʳʝ, ʪʘʙʣʠʪʯʘʪʳʝ, ʨʘʟʤʝʨʦʤ 0.1 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʝ, 

ʟʦʥʘʣʴʥʦʝ ʦʪ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʦʨʘʥʞʝʚʦʛʦ. ʊʨʝʪʠʡ ʪʠʧ ʢʘʣʴʮʠʪʘ (Cal3), ʟʘʥʠʤʘʝʪ 

~5% ʛʣʝʥʜʦʥʠʪʘ ʠ ʟʘʧʦʣʥʷʝʪ ʧʦʨʳ, ʢʨʠʩʪʘʣʣʳ ʙʣʦʯʥʳʝ ʙʝʣʦʛʦ ʮʚʝʪʘ, ʂʃ-ʩʚʝʯʝʥʠʝ 

ʦʨʘʥʞʝʚʘʪʦ-ʙʫʨʦʝ (ʨʠʩ. 5.2.9).  

 

ʈʠʩ. 5.2.9. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ L-2-1 (ʩʢʚ.ʃʫʜʣʦʚʩʢʘʷ-2, ʢʝʣʣʦʚʝʡ) ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ 

(ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʠʟʦʙʨʘʞʝʥʳ ʪʨʠ ʪʠʧʘ ʢʘʣʴʮʠʪʘ: Cal1 ï 

ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-ʙʫʨʦʝ, ʧʦʯʪʠ ʯʝʨʥʦʝ; Cal2 ï ʚʪʦʨʦʡ ʪʠʧ ʢʘʣʴʮʠʪʘ, ʂʃ-ʩʚʝʯʝʥʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʝ, ʟʦʥʘʣʴʥʦʝ ʦʪ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʦʨʘʥʞʝʚʦʛʦ; Cal3 ï ʪʨʝʪʠʡ ʪʠʧ 

ʢʘʣʴʮʠʪʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʦʨʘʥʞʝʚʘʪʦ-ʙʫʨʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

ʅʠʞʥʠʡ ʢʠʤʝʨʠʜʞ (ʨ-ʟ ʄʠʢʣʝʛʘʨʜʬʴʝʣʣʝʪ, ʦ-ʚ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ) 

ɻʣʝʥʜʦʥʠʪʳ ʩʣʦʞʝʥʳ ʜʦʣʦʤʠʪʦʤ ʠ ʢʚʘʨʮʝʤ, ʦʙʨʘʟʫʶʱʠʤ ʤʦʟʘʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʂʨʠʩʪʘʣʣʳ ʜʦʣʦʤʠʪʘ ʷʥʪʘʨʥʦʛʦ ʮʚʝʪʘ, ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʤ 0.2 ʤʤ, ʂʃ-

ʩʚʝʯʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɿʝʨʥʘ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ ʜʦ 0.6 ʤʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʜʚʘ ʟʘʤʝʪʥʳʤ 

ʩʠʥʠʤ ʂʃ-ʩʚʝʯʝʥʠʝʤ (ʨʠʩ. 5.2.10). 
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ʈʠʩ. 5.2.10. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ ɸʝ-14-2 (ʨʘʟʨʝʟ ʄʠʢʣʝʛʘʨʜʬʴʝʣʣʝʪ, ʥʠʞʥʠʡ ʢʠʤʝʨʠʜʞ) 

ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). Dol ï ʜʦʣʦʤʠʪ, ʂʃ-ʩʚʝʯʝʥʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʩʫʪʩʪʚʫʝʪ, Qu ï ʢʚʘʨʮ, ʂʃ-ʩʚʝʯʝʥʠʝ ʝʜʚʘ ʨʘʟʣʠʯʠʤʦʝ, ʩʠʥʝʝ; 

ʢʨʘʩʥʳʡ ʧʫʥʢʪʠʨ ï ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ ʧʩʝʚʜʦʤʦʨʬʦʟʳ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

ʉʨʝʜʥʷʷ ʚʦʣʛʘ (ʩʢʚ. ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ-1, ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ) 

ʉʨʝʜʥʝʚʦʣʞʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʩʢʚʘʞʠʥʝ ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ-1, 

ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ (ʈʠʩ. 5.2.11). ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʣʝʥʜʦʥʠʪʳ 

ʩʣʦʞʝʥʳ ʢʘʣʴʮʠʪʦʤ, ʩ ʧʨʠʤʝʩʷʤʠ ʢʚʘʨʮʘ, ʜʦʣʦʤʠʪʘ, ʩʠʜʝʨʠʪʘ, ʧʠʨʠʪʘ, ʤʘʨʢʘʟʠʪʘ, 

ʩʣʶʜʳ, ʧʣʘʛʠʦʢʣʘʟʘ, ʢʘʦʣʠʥʠʪʘ ʠ ʛʠʧʩʘ. ɺ ʂʃ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʢʘʣʴʮʠʪʘ. ʇʝʨʚʳʡ 

ʪʠʧ ʢʘʣʴʮʠʪʘ (Cal1) ʟʘʥʠʤʘʝʪ ~55% ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʢʨʠʩʪʘʣʣʳ ʫʜʣʠʥʝʥʥʳʝ, 

ʪʘʙʣʠʪʯʘʪʳʝ, ʠʛʦʣʴʯʘʪʳʝ ʞʝʣʪʦʚʘʪʦʛʦ, ʪʝʤʥʦ-ʞʝʣʪʦʛʦ, ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʦʚ, ʠʥʦʛʜʘ 

ʟʦʥʘʣʴʥʳʝ, ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʤ; ʂʃ-ʩʚʝʯʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɻʨʘʥʠʮʳ ʨʦʚʥʳʝ, ʤʝʞʜʫ ʥʠʤʠ 

ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ. ɺʪʦʨʦʡ ʪʠʧ ʢʘʣʴʮʠʪʘ (Cal2) ʟʘʥʠʤʘʝʪ ~23% ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ 

ʛʣʝʥʜʦʥʠʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʠʩʪʘʣʣʘʤʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʙʝʣʦʛʦ ʮʚʝʪʘ ʨʘʟʤʝʨʦʤ 

ʦʢʦʣʦ 0,025 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʦʨʘʥʞʝʚʦʝ (ʨʠʩ. 5.2.12- ʨʠʩ. 5.2.13).  

 

ʈʠʩ. 5.2.11. ʌʦʪʦʛʨʘʬʠʷ Sm-1-4 (ʩʢʚ.ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ-1, ʩʨʝʜʥʷʷ ʚʦʣʛʘ) ʚ 
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ʩʢʨʝʱʝʥʥʳʭ ʥʠʢʦʣʷʭ. ʄʘʩʰʪʘʙ ï 5 ʤʤ. 

 

ʈʠʩ. 5.2.12. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ Sm-1-1 (ʩʢʚ. ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ-1, ʩʨʝʜʥʷʷ ʚʦʣʛʘ) ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʧʦʢʘʟʘʥʳ ʜʚʘ 

ʪʠʧʘ ʢʘʣʴʮʠʪʘ: Cal1 ï ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ; Cal2 ï ʢʘʣʴʮʠʪ 

ʚʪʦʨʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʦʨʘʥʞʝʚʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

 

ʈʠʩ. 5.2.13. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ Sm-1-4 (ʩʢʚ. ʉʝʚʝʨʦ-ʄʫʨʤʘʥʩʢʘʷ-1, ʩʨʝʜʥʷʷ ʚʦʣʛʘ) ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʧʦʢʘʟʘʥʳ ʜʚʘ 

ʪʠʧʘ ʢʘʣʴʮʠʪʘ: Cal1 ï ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ; Cal2 ï ʢʘʣʴʮʠʪ 

ʚʪʦʨʦʛʦ ʪʠʧʘ, ʟʝʣʝʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥ ʠʛʦʣʴʯʘʪʳʡ ʢʘʣʴʮʠʪ, ʂʃ-ʩʚʝʯʝʥʠʝ 

ʦʨʘʥʞʝʚʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 
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ɺʝʨʭʥʠʡ ʛʦʪʝʨʠʚ (ʨʘʟʨʝʟʳ ʌʝʩʪʥʠʥʛʝʥ, ʗʥʫʩʬʴʝʣʣʝʪ, ʩʢʚʘʞʠʥʳ Dh-2, Dh-4, ʦ-ʚ 

ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ) 

ɺʝʨʭʥʝʛʦʪʝʨʠʚʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ ʨʘʟʨʝʟʘʭ ʌʝʩʪʥʠʥʛʝʥ ʠ 

ʗʥʫʩʬʴʝʣʣʝʪ, ʩʢʚʘʞʠʥʘʭ Dh-2 ʠ Dh-4, ʦ-ʚ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ, ʚʩʝʛʦ ï 42 ʦʙʨʘʟʮʘ (18, 

17, 5 ʠ 2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɻʣʝʥʜʦʥʠʪʳ ʠʟ ʨʘʟʨʝʟʘ ʗʥʫʩʬʴʝʣʣʝʪ ʠ ʧʦ ʦʜʥʦʤʫ ʦʙʨʘʟʮʫ ʠʟ 

ʨʘʟʨʝʟʘ ʌʝʩʪʥʠʥʛʝʥ ʠ ʩʢʚ. Dh-2 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʢʨʦʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ 

ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ (ʗ-12-1, ʗ-12-3) ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʚʘ ʷʜʨʘ, ʛʣʝʥʜʦʥʠʪʳ ʠʟ ʩʢʚʘʞʠʥ Dh-2 ʠ Dh-4 ï ʥʝʟʦʥʘʣʴʥʳʝ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ ʩʣʦʞʝʥʳ ʢʘʣʴʮʠʪʦʤ 

ʠ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠʤʝʩʷʤʠ. ɺ ʛʣʝʥʜʦʥʠʪʘʭ ʠʟ ʨʘʟʨʝʟʘ ʗʥʫʩʬʴʝʣʣʝʪ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʨʠʤʝʩʠ ʢʚʘʨʮʘ, ʧʠʨʠʪʘ, ʧʣʘʛʠʦʢʣʘʟʘ, ʢʘʦʣʠʥʠʪʘ, ʛʠʧʩʘ ʠ ʘʧʘʪʠʪʘ; ʠʟ ʨʘʟʨʝʟʘ ʌʝʩʪʥʠʥʛʝʥ 

ï ʢʚʘʨʮ, ʩʣʶʜʘ, ʧʣʘʛʠʦʢʣʘʟ, ʢʘʦʣʠʥʠʪ, ʛʠʧʩ, ʘʧʘʪʠʪ; ʚ ʩʢʚʘʞʠʥʝ Dh-2 ï ʢʚʘʨʮ, ʩʣʶʜʘ ʠ 

ʢʘʦʣʠʥʠʪ; ʚ Dh-4 ï ʢʚʘʨʮ ʠ ʧʠʨʠʪ. ɺ ʂʃ ʨʘʟʣʠʯʘʶʪ ʪʨʠ ʪʠʧʘ ʢʘʣʴʮʠʪʘ. ʇʝʨʚʳʡ ʪʠʧ 

ʢʘʣʴʮʠʪʘ (Cal1), ʟʘʥʠʤʘʝʪ ~25% ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʧʨʝʜʩʪʘʚʣʝʥ ʪʘʙʣʠʪʯʘʪʳʤʠ, 

ʫʜʣʠʥʝʥʥʳʤʠ, ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘʤʠ ʢʦʨʠʯʥʝʚʘʪʦʛʦ ʮʚʝʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 0.2 

ʤʤ; ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-ʙʫʨʦʝ, ʧʦʯʪʠ ʯʝʨʥʦʝ. ɺ ʦʙʨʘʟʮʘʭ ʠʟ ʩʢʚʘʞʠʥ ʂʃ-ʩʚʝʯʝʥʠʝ 

ʟʦʥʘʣʴʥʦʝ ʪʝʤʥʦ-ʙʫʨʦʝ ʩ ʷʨʢʦ-ʦʨʘʥʞʝʚʳʤ. ɻʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʦʚ ʟʫʙʯʘʪʳʝ, ʥʝʨʦʚʥʳʝ; 

ʩʘʤʠ ʢʨʠʩʪʘʣʣʳ ʟʘʧʝʯʘʪʘʥʳ ʢʘʣʴʮʠʪʦʤ ʚʪʦʨʦʛʦ ʪʠʧʘ ʠ ʭʘʦʪʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚʥʫʪʨʠ 

ʛʣʝʥʜʦʥʠʪʘ. ʂʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ (Cal2) ʟʘʥʠʤʘʝʪ ~70% ʛʣʝʥʜʦʥʠʪʘ, ʨʘʜʠʘʣʴʥʦ-

ʣʫʯʠʩʪʳʡ, ʞʝʣʪʦʚʘʪʦʛʦ ʮʚʝʪʘ, ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 0.2 ʤʤ; ʂʃ-ʩʚʝʯʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʝ 

ʟʦʥʘʣʴʥʦʝ ʦʪ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʜʦ ʦʨʘʥʞʝʚʦʛʦ. ʊʨʝʪʠʡ ʪʠʧ ʢʘʣʴʮʠʪʘ (Cal3), ʟʘʥʠʤʘʝʪ 

~5% ʦʙʲʝʤʘ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʧʨʝʜʩʪʘʚʣʝʥ ʙʝʣʳʤʠ, ʙʣʦʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, 

ʟʘʧʦʣʥʷʶʱʠʤʠ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ; ʂʃ-ʩʚʝʯʝʥʠʝ ʙʫʨʦʝ. ʂʨʦʤʝ ʢʘʣʴʮʠʪʘ ʚ 

ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʣʦʤʦʯʥʳʝ ʟʝʨʥʘ ʢʚʘʨʮʘ, ʥʝʦʢʘʪʘʥʥʳʝ, ʨʘʟʤʝʨʦʤ 0.05 

ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʩʠʥʝʝ (ʨ+ʠʩ. 5.2.14 - ʨʠʩ. 5.2.17). 
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ʈʠʩ. 5.2.14. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ J-15-2 (ʨʘʟʨʝʟ ʗʥʫʩʬʴʝʣʣʝʪ, ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ) ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʠʟʦʙʨʘʞʝʥʳ ʜʚʘ 

ʪʠʧʘ ʢʘʣʴʮʠʪʘ: Cal1 ï ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-ʙʫʨʦʝ, ʧʦʯʪʠ ʯʝʨʥʦʝ; 

Cal2 ï ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

 

ʈʠʩ. 5.2.15. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ J-13-1-2 (ʨʘʟʨʝʟ ʗʥʫʩʬʴʝʣʣʝʪ, ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ) ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ɻʣʝʥʜʦʥʠʪ ʩʣʦʞʝʥ ʪʨʝʤʷ ʪʠʧʘʤʠ 

ʢʘʣʴʮʠʪʘ: Cal1 ï ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-ʙʫʨʦʝ, ʧʦʯʪʠ ʯʝʨʥʦʝ; Cal2 ï 

ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʟʦʥʘʣʴʥʦʝ ʦʨʘʥʞʝʚʦʝ ʠ ʷʨʢʦ-ʦʨʘʥʞʝʚʦʝ ʩʚʝʯʝʥʠʝ; 

Cal3 ï ʢʘʣʴʮʠʪ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʟʘʧʦʣʥʷʝʪ ʧʦʨʳ, ʂʃ-ʩʚʝʯʝʥʠʝ ʙʫʨʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

 

ʈʠʩ. 5.2.16. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ Dh-2-4 (ʩʢʚ.Dh-2, ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ) ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ 
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(ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ɻʣʝʥʜʦʥʠʪ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʪʠʧʦʚ ʢʘʣʴʮʠʪʘ: Cal1 ï 

ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʟʦʥʘʣʴʥʦʝ ʪʝʤʥʦ-ʙʫʨʦʝ ʩ ʷʨʢʦ-ʦʨʘʥʞʝʚʳʤ; Cal2 ï ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ 

ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʦʨʘʥʞʝʚʦʝ; Cal3 ï ʢʘʣʴʮʠʪ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʟʘʧʦʣʥʷʝʪ ʧʦʨʳ, ʂʃ-

ʩʚʝʯʝʥʠʝ ʙʫʨʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

 

ʈʠʩ. 5.2.17. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ Dh-4-1 (ʩʢʚ. Dh-4, ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ) ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ 

(ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʠʟʦʙʨʘʞʝʥʳ ʪʨʠ ʪʠʧʘ ʢʘʣʴʮʠʪʘ: Cal1 

ï ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʟʦʥʘʣʴʥʦʝ ʪʝʤʥʦ-ʙʫʨʦʝ ʩ ʷʨʢʦ-ʦʨʘʥʞʝʚʳʤ; Cal2 ï ʢʘʣʴʮʠʪ 

ʚʪʦʨʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʦʨʘʥʞʝʚʦʝ; Cal3 ï ʢʘʣʴʮʠʪ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʟʘʧʦʣʥʷʝʪ ʧʦʨʳ, ʂʃ-

ʩʚʝʯʝʥʠʝ ʙʫʨʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

 

ɺ ʂʃ ʚʠʜʥʦ, ʯʪʦ ʟʦʥʘʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʘ ʯʝʨʝʜʦʚʘʥʠʝʤ ʢʘʣʴʮʠʪʘ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʪʠʧʦʚ (ʨʠʩ. 5.2.18) ʠʣʠ ʪʦʣʴʢʦ ʢʘʣʴʮʠʪʦʤ ʚʪʦʨʦʛʦ ʪʠʧʘ ʩ ʨʘʟʣʠʯʥʳʤ ʂʃ-

ʩʚʝʯʝʥʠʝʤ (ʨʠʩ. 5.2.19). ʂʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ ʠʤʝʝʪ ʩʚʝʪʣʦ-ʞʝʣʪʳʡ ʮʚʝʪ, ʢʨʠʩʪʘʣʣʳ 

ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʷʩʥʦ ʚʳʨʘʞʝʥʥʘʷ ʤʠʢʨʦʩʣʦʠʩʪʦʩʪʴ. 

ʂʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ ʦʢʨʘʰʝʥ ʚ ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ, ʂʃ-ʩʚʝʯʝʥʠʝ ʷʨʢʦ-ʦʨʘʥʞʝʚʦʝ. 

 

ʈʠʩ. 5.2.18. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ F-3-1-1 (ʨʘʟʨʝʟ ʌʝʩʪʥʠʥʛʝʥ, ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ) ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʄʘʢʨʦʟʦʥʘʣʴʥʳʡ ʛʣʝʥʜʦʥʠʪ, 

ʟʦʥʘʣʴʥʦʩʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʜʦʚʘʥʠʝʤ ʢʘʣʴʮʠʪʘ ʧʝʨʚʦʛʦ (Cal1) ʠ ʚʪʦʨʦʛʦ (Cal2) ʪʠʧʦʚ, ʚ 
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ʧʦʨʘʭ Cal3 ï ʢʘʣʴʮʠʪ ʪʨʝʪʴʝʛʦ ʪʠʧʘ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

 

ʈʠʩ. 5.2.19. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ J-13-1-2 (ʨʘʟʨʝʟ ʗʥʫʩʬʴʝʣʣʝʪ, ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ) ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʠʟʦʙʨʘʞʝʥ 

ʛʣʝʥʜʦʥʠʪ ʩ ʟʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʣʦʞʝʥʥʳʡ ʢʘʣʴʮʠʪʦʤ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʟʦʥʘʣʴʥʦʝ, ʦʪ ʷʨʢʦ-ʦʨʘʥʞʝʚʦʛʦ ʜʦ ʦʨʘʥʞʝʚʦʛʦ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

ɺʝʨʭʥʠʡ ʙʘʨʨʝʤ ï ʥʠʞʥʠʡ ʘʧʪ (ʩʢʚ. ʃʝʜʦʚʘʷ-2, ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ) 

ɺʝʨʭʝʙʘʨʨʝʤʩʢʠʝ-ʥʠʞʥʝʘʧʪʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʢʚʘʞʠʥʝ 

ʃʝʜʦʚʘʷ-2, ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ; ʚʩʝʛʦ 2 ʦʙʨʘʟʮʘ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʛʣʝʥʜʦʥʠʪʳ ʩʣʦʞʝʥʳ ʢʘʣʴʮʠʪʦʤ, ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʚʘʨʮʘ ʠ ʢʘʦʣʠʥʠʪʘ. ɺ ʂʃ ʨʘʟʣʠʯʘʝʪʩʷ 

ʜʚʘ ʪʠʧʘ ʢʘʣʴʮʠʪʘ. ʂʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ (Cal1), ʟʘʥʠʤʘʝʪ ~15% ʦʙʲʝʤʘ ʛʣʝʥʜʦʥʠʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʙʝʣʦʛʦ ʮʚʝʪʘ, ʂʃ-ʩʚʝʯʝʥʠʝ 

ʦʪʩʫʪʩʪʚʫʝʪ. ɻʨʘʥʠʮʳ ʨʦʚʥʳʝ, ʧʨʠʤʳʢʘʶʪ ʢ ʢʘʣʴʮʠʪʫ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʩʘʤʠ ʢʨʠʩʪʘʣʣʳ 

ʦʢʨʫʞʝʥʳ ʛʣʠʥʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʩʠʥʝʝ. ɺʪʦʨʦʡ ʪʠʧ ʢʘʣʴʮʠʪ (Cal2) 

ʧʨʝʜʩʪʘʚʣʝʥ ʙʣʦʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʪʝʤʥʦ-ʷʥʪʘʨʥʦʛʦ ʮʚʝʪʘ, ʟʘʥʠʤʘʝʪ ~75% ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʙʲʝʤʘ ʧʩʝʚʜʦʤʦʨʬʦʟʳ. ʅʘ Al-Si ʚʝʱʝʩʪʚʦ ʧʨʠʭʦʜʠʪʩʷ ~10% ʧʩʝʚʜʦʤʦʨʬʦʟʳ, 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʂʃ-ʩʚʝʯʝʥʠʝ ʩʠʥʝʝ (ʨʠʩ. 5.2.20). 

 

ʈʠʩ. 5.2.20. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ Led-2-1 (ʩʢʚ.ʃʝʜʦʚʘʷ-2, ʚʝʨʭʥʠʡ ʙʘʨʨʝʤ-ʥʠʞʥʠʡ ʘʧʪ) ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ɻʣʝʥʜʦʥʠʪʳ ʩʣʦʞʝʥʳ ʜʚʫʤʷ ʪʠʧʘʤʠ 
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ʢʘʣʴʮʠʪʘ: Cal1- ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, Cal2 ï ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ ï Al-Si ʚʝʱʝʩʪʚʦ (ʩʠʥʝʝ ʩʚʝʯʝʥʠʝ). ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

ʉʨʝʜʥʠʡ ï ʚʝʨʭʥʠʡ (?) ʘʧʪ (ʩʢʚ. Dh-5, ʦ-ʚ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ) 

ʉʨʝʜʥʝ-ʚʝʨʭʥʝʘʧʪʩʢʠʝ (?) ʛʣʝʥʜʦʥʠʪʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʩʢʚʘʞʠʥʝ Dh-5 ʠ ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʨʝʟʘ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ, ʦ-ʚ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʣʝʥʜʦʥʠʪʳ ʩʣʦʞʝʥʳ ʢʘʣʴʮʠʪʦʤ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ 

ʢʘʦʣʠʥʠʪʘ, ʩʠʜʝʨʠʪʘ, ʧʠʨʠʪʘ, ʛʠʧʩʘ, ʘʧʘʪʠʪʘ, ʧʣʘʛʠʦʢʣʘʟʘ.  

ɻʣʝʥʜʦʥʠʪʳ ʠʟ ʩʢʚ. Dh-5 ʩʣʦʞʝʥʳ ʜʚʫʤʷ ʪʠʧʘʤʠ ʢʘʣʴʮʠʪʘ. ʇʝʨʚʳʡ ʪʠʧ (Cal1) 

ʟʘʥʠʤʘʝʪ 5% ʦʙʲʝʤʘ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʧʨʝʜʩʪʘʚʣʝʥ ʫʜʣʠʥʝʥʥʳʤʠ, ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 

ʢʨʠʩʪʘʣʣʘʤʠ ʢʘʣʴʮʠʪʘ ʙʝʣʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺʪʦʨʦʡ ʪʠʧ 

ʢʘʣʴʮʠʪʘ (Cal2) ʟʘʥʠʤʘʝʪ 95% ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʵʪʦ ʙʣʦʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʞʝʣʪʦʚʘʪʦʛʦ 

ʮʚʝʪʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʝ. ʂʨʦʤʝ ʢʘʣʴʮʠʪʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ 

ʧʠʨʠʪʘ (ʂʃ-ʩʚʝʯʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ) ʠ ʦʙʣʦʤʦʯʥʳʝ ʥʝʦʢʘʪʘʥʥʳʝ ʟʝʨʥʘ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ 

0.025 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʩʠʥʝʝ (ʨʠʩ. 5.2.21 - ʨʠʩ. 5.2.22). 

 

ʈʠʩ. 5.2.21. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ Dh-5 (ʩʢʚ.Dh-5, ʩʨʝʜʥʠʡ-ʚʝʨʭʥʠʡ(?) ʘʧʪ) ʚ ʧʨʦʭʦʜʷʱʝʤ 

ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ɻʣʝʥʜʦʥʠʪʳ ʩʣʦʞʝʥʳ ʜʚʫʤʷ ʪʠʧʘʤʠ ʢʘʣʴʮʠʪʘ: 

Cal1- ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, Cal2 ï ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 
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ʈʠʩ. 5.2.22. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ Dh-5 (ʩʢʚ.Dh-5, ʩʨʝʜʥʠʡ-ʚʝʨʭʥʠʡ(?) ʘʧʪ) ʚ ʧʨʦʭʦʜʷʱʝʤ 

ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ɻʣʝʥʜʦʥʠʪʳ ʩʣʦʞʝʥʳ ʜʚʫʤʷ ʪʠʧʘʤʠ ʢʘʣʴʮʠʪʘ: 

Cal2 ï ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ, Py - ʧʠʨʠʪ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

 

ɻʣʝʥʜʦʥʠʪʳ ʠʟ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ ʩʣʦʞʝʥʳ ʪʨʝʤʷ ʪʠʧʘʤʠ 

ʢʘʣʴʮʠʪʘ. ʇʝʨʚʳʡ ʪʠʧ (Cal1) ʟʘʥʠʤʘʝʪ ~15%, ʧʨʝʜʩʪʘʚʣʝʥ ʞʝʣʪʦʚʘʪʦ-ʙʝʣʳʤʠ, ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʳʤʠ ʠʟʦʤʝʪʨʠʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʨʘʟʤʝʨʦʤ 0.05-0.2 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ 

ʟʦʥʘʣʴʥʦʝ ʪʝʤʥʦ-ʙʫʨʦʝ ʩ ʷʨʢʦ-ʦʨʘʥʞʝʚʳʤ. ɻʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʦʚ ʥʝʨʦʚʥʳʝ, ʟʫʙʯʘʪʳʝ, 

ʠʟʨʝʟʘʥʥʳʝ. ʂʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ (Cal2), ~80%, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʣʦʯʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʢʦʨʠʯʥʝʚʘʪʦʛʦ ʮʚʝʪʘ, ʨʘʟʤʝʨʦʤ 0.2 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʝ. ʂʘʣʴʮʠʪ ʚʪʦʨʦʛʦ 

ʪʠʧʘ ʮʝʤʝʥʪʠʨʫʝʪ ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ. ʆʩʪʘʚʰʠʝʩʷ ʧʫʩʪʦʪʳ ʟʘʧʦʣʥʝʥʳ ʢʘʣʴʮʠʪʦʤ 

ʪʨʝʪʴʝʛʦ ʪʠʧʘ (Cal3), ʟʘʥʠʤʘʶʱʠʤ ʦʢʦʣʦ 5% ʦʙʲʝʤʘ ʧʩʝʚʜʦʤʦʨʬʦʟʳ. ʂʨʠʩʪʘʣʣʳ 

ʙʣʦʯʥʳʝ, ʙʝʣʦʛʦ ʮʚʝʪʘ, ʨʘʟʤʝʨʦʤ 0.05 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʙʫʨʦʝ. ʂʨʦʤʝ ʢʘʣʴʮʠʪʘ ʚ 

ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʣʦʤʦʯʥʳʝ ʟʝʨʥʘ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ 0.05 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ 

ʩʠʥʝʝ (ʨʠʩ. 5.2.23 - ʨʠʩ. 5.2.24). 

 

ʈʠʩ. 5.2.23. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ AR-7 (ʨʘʟʨʝʟ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ, ʘʧʪ) ʚ ʧʨʦʭʦʜʷʱʝʤ 

ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʠʟʦʙʨʘʞʝʥʳ ʪʨʠ ʪʠʧʘ 

ʢʘʣʴʮʠʪʘ: Cal1 ï ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʟʦʥʘʣʴʥʦʝ ʪʝʤʥʦ-ʙʫʨʦʝ ʩ ʷʨʢʦ-ʦʨʘʥʞʝʚʳʤ; Cal2 

ï ʢʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʝ; Cal3 ï ʢʘʣʴʮʠʪ ʪʨʝʪʴʝʛʦ ʪʠʧʘ 
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ʟʘʧʦʣʥʷʝʪ ʧʦʨʳ, ʂʃ-ʩʚʝʯʝʥʠʝ ʙʫʨʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

 

ʈʠʩ. 5.2.24. ʌʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ AR-21 (ʨʘʟʨʝʟ ɼʦʨʦʛʘ ʚ ɸʵʨʦʧʦʨʪ, ʘʧʪ) ʚ ʧʨʦʭʦʜʷʱʝʤ 

ʩʚʝʪʝ (ʩʣʝʚʘ) ʠ ʚ ʂʃ-ʩʚʝʯʝʥʠʠ (ʩʧʨʘʚʘ). ɻʣʝʥʜʦʥʠʪʳ ʩʣʦʞʝʥʳ ʪʨʝʤʷ ʪʠʧʘʤʠ ʢʘʣʴʮʠʪʘ: 

Cal1 ï ʢʘʣʴʮʠʪ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʟʦʥʘʣʴʥʦʝ ʪʝʤʥʦ-ʙʫʨʦʝ ʩ ʷʨʢʦ-ʦʨʘʥʞʝʚʳʤ; Cal2 ï ʢʘʣʴʮʠʪ 

ʚʪʦʨʦʛʦ ʪʠʧʘ, ʂʃ-ʩʚʝʯʝʥʠʝ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʝ; Cal3 ï ʢʘʣʴʮʠʪ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʟʘʧʦʣʥʷʝʪ 

ʧʦʨʳ, ʂʃ-ʩʚʝʯʝʥʠʝ ʙʫʨʦʝ. ʄʘʩʰʪʘʙ 0.2 ʤʤ. 

ɸʣʴʙ (ʨʘʟʨʝʟ ɼʦʨʦʛʘ ʚ ʘʵʨʦʧʦʨʪ, ʦ-ʚ ɿʘʧʘʜʥʳʡ ʐʧʠʮʙʝʨʛʝʥ) 

ʅʠʞʥʝʘʣʴʙʩʢʠʝ ʛʣʝʥʜʦʥʠʪʳ (3 ʦʙʨʘʟʮʘ) ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʨʘʟʨʝʟʝ ɼʦʨʦʛʘ ʚ 

ɸʵʨʦʧʦʨʪ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʣʝʥʜʦʥʠʪʳ ʩʣʦʞʝʥʳ ʢʘʣʴʮʠʪʦʤ ʩ 

ʧʨʠʤʝʩʷʤʠ ʢʚʘʨʮʘ ʠ ʢʘʦʣʠʥʠʪʘ. ɺ ʂʃ ʨʘʟʣʠʯʘʝʪʩʷ ʜʚʘ ʪʠʧʘ ʢʘʣʴʮʠʪʘ. ʇʝʨʚʳʡ ʪʠʧ (Cal1) 

ʟʘʥʠʤʘʝʪ ~10-15% ʧʩʝʚʜʦʤʦʨʬʦʟʳ. ʂʨʠʩʪʘʣʣʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʞʝʣʪʦʚʘʪʦ-ʙʝʣʦʛʦ 

ʮʚʝʪʘ ʨʘʟʤʝʨʦʤ 0.05-0.2 ʤʤ, ʂʃ-ʩʚʝʯʝʥʠʝ ʟʦʥʘʣʴʥʦʝ ʪʝʤʥʦ-ʙʫʨʦʝ ʩ ʷʨʢʦ-ʦʨʘʥʞʝʚʳʤ. 

ɻʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʦʚ ʥʝʨʦʚʥʳʝ, ʟʫʙʯʘʪʳʝ, ʢʦʨʨʦʜʠʨʦʚʘʥʳ, ʟʘʧʝʯʘʪʳʚʘʶʪʩʷ ʢʘʣʴʮʠʪʦʤ 

ʚʪʦʨʦʛʦ ʪʠʧʘ (Cal2). ʂʨʠʩʪʘʣʣʳ ʢʘʣʴʮʠʪʘ ʧʝʨʚʦʛʦ ʪʠʧʘ ʭʘʦʪʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ 

ʢʘʣʴʮʠʪʦʚʦʤ ʮʝʤʝʥʪʝ (Cal2), ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʢ ʚ ʣʫʯʝʚʳʭ ʦʪʨʦʩʪʢʘʭ, ʪʘʢ ʠ ʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʯʘʩʪʷʭ ʟʚʝʟʜʯʘʪʦʛʦ ʩʨʦʩʪʢʘ. ʂʘʣʴʮʠʪ ʚʪʦʨʦʛʦ ʪʠʧʘ (Cal2) ʧʨʝʜʩʪʘʚʣʝʥ ʙʣʦʯʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʢʦʨʠʯʥʝʚʘʪʦʛʦ, ʷʥʪʘʨʥʦʛʦ ʮʚʝʪʘ, ʨʘʟʤʝʨʦʤ ~0.2 ʤʤ, ʟʘʥʠʤʘʶʱʠʤʠ ~80% 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ; ʂʃ-ʩʚʝʯʝʥʠʝ ʦʨʘʥʞʝʚʦʝ, ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʝ. ɻʣʝʥʜʦʥʠʪʳ ʧʣʦʪʥʳʝ, ʧʦʨ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩ. 5.2.25 - ʨʠʩ. 5.2.26). 












































































































































































