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ʩʦʩʪʘʚʣʷʝʪ 845 ± 8 ʤʣʥ ʣʝʪ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ 
ʘʣʴʙʠʪʝ ʠʟ ʢʩʝʥʦʣʠʪʘ ʬʝʥʠʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʨʠʬʝʡʩʢʦʛʦ ʧʝʩʯʘʥʠʢʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʚ ʬʣʶʠ-
ʜʦʵʢʩʧʣʦʟʠʚʥʦʡ ʜʘʡʢʝ (ɻʦʣʫʙʝʚʘ ʠ ʜʨ., 20192). 

ʈʠʩ. 1. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʉʨʝʜʥʝʛʦ ʊʠʤʘʥʘ: a – ʬʨʘʛʤʝʥʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ. 
ɸʚʪʦʨʳ: ɺ.ʄ. ʇʘʯʫʢʦʚʩʢʠʡ, ʍ.ʑ. ʊʨʘʘʪ, ʈ.ʗ. ʄʠʱʝʥʢʦ ʠ ʜʨ., 1993 ʛ. 1 – ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ, ʜʦ-
ʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ; 2 – ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ; 3 – ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚ-
ʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ; 4 – ʢʚʘʨʮʠʪʦ-ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʩʣʘʥʮʳ; 5 – ʤʝʪʘʜʦʣʝʨʠʪʳ; 6 – ʙʘʟʘʣʴʪʳ, 
ʜʦʣʝʨʠʪʳ; 7 – ʧʠʢʨʠʪʳ (ʬʣʶʠʜʦ-ʵʢʩʧʣʦʟʠʚʥʳʝ ʜʘʡʢʠ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ); 8 – ʨʘʟ-
ʣʦʤʳ; 9 – ʪʨʘʭʠʪʦʚʘʷ ʪʨʫʙʢʘ ʚ ʙʘʟʘʣʴʪʦʚʦʤ ʧʦʢʨʦʚʝ; 10 – ʢʘʨʙʦʥʘʪʠʪʦʚʦʝ ʪʝʣʦ ʚʥʝ ʤʘʩʰʪʘʙʘ; ʙ – 
ʪʨʘʭʠʪʦʚʳʝ ʵʢʩʧʣʦʟʠʚʥʳʝ ʙʨʝʢʯʠʠ: ʩʪʨʝʣʢʦʡ ʫʢʘʟʘʥʦ ʥʘ ʢʘʨʪʝ ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ;  
ʚ – ʢʘʨʪʘ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ: ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 1 – ʠʟʦʣʠʥʠʠ ʘʥʦ-
ʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 2– ʧʫʥʢʪʳ ʥʘʙʣʶʜʝʥʠʷ; ʚ – ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʢʘʨʪʘ ʪʨʫʙʯʘʪʦʛʦ ʪʝʣʘ 

ɼʘʥʥʘʷ ʜʘʪʠʨʦʚʘʥʥʘʷ ʬʝʥʠʪʠʟʘʮʠʷ ʚʤʝʱʘʶ-
ʱʠʭ ʨʠʬʝʡʩʢʠʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʧʨʝʜʰʝ-
ʩʪʚʫʶʱʝʡ ʚʥʝʜʨʝʥʠʶ ʵʢʩʧʣʦʟʠʚʥʳʭ ʫʣʴ-
ʪʨʘʤʘʬʠʪʦʚ. ɺʦʟʨʘʩʪ, ʧʨʠʥʷʪʳʡ ʥʘ ʩʝʛʦ-
ʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʵʢʩʧʣʦʟʠʚʥʳʭ ʜʘʝʢ, ʢʘʢ ʠ 
ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʠ ʩʦʩʪʘʚʣʷʶʱʠʡ 600 ± 
5 ʤʣʥ ʣʝʪ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʤ, 
ʪʘʢ ʢʘʢ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦ 
ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤʫ ʬʣʦʛʦʧʠʪʫ, ʢʦʪʦʨʳʡ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ ʧʨʠ ʧʦ-
ʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʤʝʞʫʪʦʯʥʳʡ 
ʧʨʦʜʫʢʪ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 
(ʂʦʩʪʶʭʠʥ ʠ ʜʨ., 1987).  

ʇʨʦʮʝʩʩʳ ʬʣʦʛʦʧʠʪʠʟʘʮʠʠ ʚ ʵʢʩʧʣʦʟʠʚ-
ʥʳʭ ʜʘʡʢʘʭ ʤʦʛʫʪ ʜʦʭʦʜʠʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫ-
ʯʘʷʭ ʜʦ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʩ ʦʙʨʘ-
ʟʦʚʘʥʠʝʤ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʬʣʦʛʦʧʠʪʠʪʦʚ. 
ɿʘʚʝʨʰʘʶʱʝʝ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ, ʘ ʪʘʢʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴ-
ʥʦʩʪʴ ʠʭ ʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 
ʥʝ ʠʟʚʝʩʪʥʳ. ɺʦʟʨʘʩʪʥʳʝ ʜʘʥʥʳʝ ʧʦʩʪʤʘʛ-
ʤʘʪʠʯʝʩʢʦʡ ʬʝʥʠʪʠʟʘʮʠʠ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-
ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚʤʝʱʘʶ-
ʱʠʭ ʨʠʬʝʡʩʢʠʭ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦ-
ʨʦʜ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʧʨʝʜʝʣʘʭ 520–488 ʤʣʥ ʣʝʪ 
(ʋʜʦʨʘʪʠʥʘ ʠ ʜʨ., 2013; 2023).  
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0,2 ʤʤ. ɽʛʦ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚ-
ʣʷʝʪ 50 % ʦʪ ʦʙʲʝʤʘ ʧʦʨʦʜʳ, ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ 
ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʠʥʝʨʘʣʳ (ʚ ʧʨʦʮʝʥʪʥʦʤ ʫʙʳ-
ʚʘʥʠʠ) – ʢʚʘʨʮ, ʛʨʘʥʘʪ, ʤʘʛʥʝʪʠʪ, ʠʣʴʤʝʥʠʪ. 
ɺʦ ʚʩʝʭ ʟʝʨʥʘʭ ʢʦʨʜʠʝʨʠʪʘ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ 
ʦʙʠʣʴʥʳʝ ʧʦʡʢʠʣʠʪʦʚʳʝ ʚʢʣʶʯʝʥʠʷ ʤʘʛʥʝ-
ʪʠʪʘ ʠ ʠʣʴʤʝʥʠʪʘ ʩ ʵʣʝʤʝʥʪʦʤ ʧʨʠʤʝʩʠ ʚʘʥʘ-
ʜʠʷ (V2O5 = 0,53–0,83 %). ɻʨʘʥʘʪ ʛʨʫʧʧʳ 
ʩʧʝʩʩʘʨʪʠʥ-ʘʣʴʤʘʥʜʠʥʘ (ʪʘʙʣ. 1), ʧʨʝʜʩʪʘʚ-
ʣʝʥʥʳʡ ʛʠʧʠʜʠʦʤʦʨʬʥʳʤʠ ʠʟʦʤʝʪʨʠʯʥʳʤʠ 
ʟʝʨʥʘʤʠ (ʦʢʦʣʦ 0,16 ʤʤ), ʚ ʧʦʨʦʜʝ ʠʤʝʝʪ 
ʬʨʘʛʤʝʥʪʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʚʠʜʝ 

ʩʢʦʧʣʝʥʠʡ (ʨʠʩ. 2 ʤ). ʉʘʤʳʤ ʢʨʫʧʥʳʤ ʧʨʝʜ-
ʩʪʘʚʠʪʝʣʝʤ ʩʨʝʜʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝ-
ʨʘʣʦʚ ʦʢʘʟʘʣʩʷ ʉʝ-ʤʦʥʘʮʠʪ (ʨʠʩ. 4 ʣ) ʩ ʨʘʟ-
ʤʝʨʥʦʩʪʴʶ 0,6 ʤʤ. ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʤʦ-
ʥʘʮʠʪʘ: (Ce 0,41 La 0,21 Nd 0,11 Pr 0,02 
Sm 0,01Th 0,03 ʉʘ 0,02) 0,79 [PO4] 0,83 [SiO4] 0,17; 
(Ce 0,28 La 0,13 Nd 0,11  Pr 0,02 Sm 0,01Th 0,03 ʉʘ 0,02) 

0,6 [PO4] 0,83 [SiO4] 0,17. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʜʘʥ-
ʥʦʛʦ ʢʩʝʥʦʣʠʪʘ ʤʝʪʘʧʝʣʠʪʦʚ ʩ ʚʤʝʱʘʶʱʝʡ 
ʪʨʘʭʠʪʦʚʦʡ ʵʢʩʧʣʦʟʠʚʥʦʡ ʙʨʝʢʯʠʝʡ ʫʩʪʘʥʦ-
ʚʠʪʴ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʧʝʨʝʢʨʳʪʠʷ ʩʳʧʫʯʠʤ 
ʤʘʪʝʨʠʘʣʦʤ ʨʘʟʨʫʰʝʥʥʳʭ ʧʦʨʦʜ (ʨʠʩ. 2 ʙ).

 

 
 
ʈʠʩ. 2. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʨʘʭʠʪʦʚʦʡ ʬʣʶʠʜʦ-ʵʢʩʧʣʦʟʠʚʥʦʡ ʪʨʫʙʢʠ: ʘ – ʩʪʝʥʢʘ ʢʘʨʴʝʨʘ; ʙ – 
ʢʦʥʪʘʢʪʳ ʢʩʝʥʦʣʠʪʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩ ʙʘʟʘʣʴʪʦʚʦʡ ʩʪʝʥʢʦʡ ʪʨʫʙʢʠ; ʚ – ʵʢʩʧʣʦʟʠʚʥʳʝ ʙʨʝʢʯʠʠ: 
ʩʪʨʝʣʢʦʡ ʫʢʘʟʘʥʦ ʠʭ ʧʦʣʦʞʝʥʠʝ ʚ ʪʨʫʙʢʝ; ʛ – ʛʣʳʙʘ ʵʢʩʧʣʦʟʠʚʥʦʡ ʙʨʝʢʯʠʠ: ʩʪʨʝʣʢʦʡ ʫʢʘʟʘʥʦ ʝʝ ʧʦʣʦ-
ʞʝʥʠʝ ʚ ʪʨʫʙʢʝ; ʜ – ʢʩʝʥʦʣʠʪ ʨʠʬʝʡʩʢʠʭ ʢʚʘʨʮʝʚʳʭ ʧʝʩʯʘʥʠʢʦʚ: ʩʪʨʝʣʢʦʡ ʫʢʘʟʘʥʦ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʚ 
ʪʨʫʙʢʝ; ʝ – ʩʢʣʘʜʢʘ ʨʠʬʝʡʩʢʠʭ ʤʝʪʘʧʝʣʠʪʦʚ (ʨʦʛʦʚʠʢʦʚ), ʚʪʷʥʫʪʘʷ ʚ ʨʘʟʜʨʦʙʣʝʥʥʫʶ ʩʪʝʥʢʫ ʙʘʟʘʣʴ-
ʪʦʚʦʛʦ ʢʘʥʘʣʘ: ʩʪʨʝʣʢʦʡ ʫʢʘʟʘʥʦ ʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʪʨʫʙʢʝ; ʞ – ʬʨʘʛʤʝʥʪ ʢʩʝʥʦʣʠʪʘ ʧʝʩʯʘʥʠʢʘ, ʠʥʲ-
ʝʮʠʨʦʚʘʥʥʦʛʦ ʪʨʘʭʠʪʦʚʳʤ ʪʫʬʦʤ: ʩʪʨʝʣʢʦʡ ʫʢʘʟʘʥʦ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʚ ʪʨʫʙʢʝ; ʟ – ʦʙʣʦʤʦʢ-ʦʪʪʦʨʞʝ-
ʥʝʮ ʢʩʝʥʦʣʠʪʘ ʢʚʘʨʮʝʚʳʭ ʧʝʩʯʘʥʠʢʦʚ: ʩʪʨʝʣʢʦʡ ʫʢʘʟʘʥʦ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʚ ʢʩʝʥʦʣʠʪʝ; ʠ – ʪʝʢʪʦʥʠʯʝ-
ʩʢʠʡ ʢʦʥʪʘʢʪ ʢʩʝʥʦʣʠʪʘ ʠ ʩʪʝʥʢʠ ʢʘʥʘʣʘ ʚ ʙʘʟʘʣʴʪʝ: ʩʪʨʝʣʢʦʡ ʫʢʘʟʘʥʦ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʚ ʢʩʝʥʦʣʠʪʝ; 
ʢ – ʨʦʛʦʚʠʢ; ʣ,  ʤ – ʉʕʄ – ʩʥʠʤʢʠ ʨʦʛʦʚʠʢʘ ʩʢʣʘʜʢʠ; ʥ – ʬʨʘʛʤʝʥʪ ʩʢʦʧʣʝʥʠʷ ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʝʚʦʛʦ 
ʧʝʩʯʘʥʠʢʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦ ʪʝʯʝʥʠʶ ʬʣʶʠʜʠʟʠʨʦʚʘʥʥʦʡ ʤʘʩʩʳ; ʧ – ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ (ʩ ʘʥʘʣʠ-
ʟʘʪʦʨʦʤ) ʨʠʬʝʡʩʢʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʯʘʥʠʢʘ ʠʟ ʢʩʝʥʦʣʠʪʘ 
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ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʨʦʛʦʚʠʢʦʚ (ʤʘʩ. %) 

 
ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʢʩʝʥʦʣʠʪʦʚʳʡ ʙʣʦʢ ʚ ʢʦʥ-
ʪʘʢʪʝ ʩ ʙʘʟʘʣʴʪʘʤʠ ʠʤʝʝʪ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʚʟʘ-
ʠʤʦʦʪʥʦʰʝʥʠʝ, ʘ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʩ 
ʵʢʩʧʣʦʟʠʚʥʦʡ ʙʨʝʢʯʠʝʡ ʦʪʤʝʯʘʝʪʩʷ ʤʝʞʩ-
ʣʦʡʥʦʝ ʠʥʴʝʮʠʨʦʚʘʥʠʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 
ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʤ ʪʫʬʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ 
(ʨʠʩ. 2 ʞ). ʇʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʝ ʩʪʨʫʢ-
ʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʢʣʘ-
ʩʪʠʪʦʚ, ʟʘʪʫʰʝʚʘʥʥʳʝ ʚʪʦʨʠʯʥʳʤʠ ʠʟʤʝʥʝ-
ʥʠʷʤʠ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʪʦʥʢʦʩʪʠ ʠʭ 
ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ. ɺ ʠʥʦʤ ʙʦʨʪʫ ʪʨʫʙʯʘʪʦʛʦ 
ʪʝʣʘ ʦʪʤʝʯʘʝʪʩʷ ʢʩʝʥʦʣʠʪʦʚʳʡ ʙʣʦʢ ʨʠ-
ʬʝʡʩʢʠʭ ʢʚʘʨʮʝʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʜʣʠʥʦʡ 3,5 ʤ 
ʩ ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʢʦʥʪʘʢʪʠʨʫ-
ʶʱʠʡ ʩ ʙʘʟʘʣʴʪʘʤʠ ʩ ʚʟʘʠʤʥʦ ʚʝʨʪʠʢʘʣʴʥʳʤ 
ʨʘʩʩʣʘʥʮʝʚʘʥʠʝʤ (ʨʠʩ. 2 ʜ, ʠ). ɹʣʦʢ ʧʝʩʯʘ-
ʥʠʢʘ ʨʘʟʙʠʪ ʩʝʨʠʝʡ ʧʘʨʘʣʣʝʣʴʥʳʭ ʪʨʝʱʠʥ 
ʦʪʨʳʚʘ. ʂʨʘʡʥʠʡ ʦʪʯʫʞʜʝʥʥʳʡ ʩʢʦʣ ʚ ʢʦʥ-
ʪʘʢʪʝ ʩ ʪʨʘʭʠʪʦʚʦʡ ʙʨʝʢʯʠʝʡ, ʫʚʣʝʯʝʥʥʳʡ 
ʪʚʝʨʜʦ-ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ, ʩʤʝʱʘʝʪʩʷ ʧʦ ʪʝʯʝ-
ʥʠʶ ʠ ʧʨʠʥʠʤʘʝʪ ʧʦʣʦʞʝʥʠʝ ʧʦʜ ʦʩʪʨʳʤ ʫʛ-
ʣʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʢʩʝʥʦʣʠʪʦʚʦʛʦ 
ʙʣʦʢʘ (ʨʠʩ. 2 ʟ).  

ɹʦʣʝʝ ʤʝʣʢʠʝ ʩʢʦʣʳ ʨʘʩʪʘʩʢʠʚʘʶʪʩʷ ʬʣʶʠ-
ʜʠʟʠʨʦʚʘʥʥʦʡ ʪʨʘʭʠʪʦʚʦʡ ʦʙʣʦʤʦʯʥʦʡ ʤʘʩ-
ʩʦʡ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʧʦ ʫʜʣʠʥʝʥʠʶ ʩʦʛʣʘʩʥʦ 
ʪʝʯʝʥʠʶ ʧʠʨʦʢʣʘʩʪʠʪʦʚʦʛʦ ʧʦʪʦʢʘ (ʨʠʩ. 2 ʥ). 
ʇʝʩʯʘʥʠʢʠ ʚ ʢʩʝʥʦʣʠʪʘʭ ʥʝ ʥʝʩʫʪ ʧʨʠʟʥʘʢʦʚ 
ʪʝʨʤʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʠʩ. 2 ʧ). 
 
ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʡ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 
ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ 
 

ʕʢʩʧʣʦʟʠʚʥʳʝ ʙʨʝʢʯʠʠ, ʦʙʥʘʞʝʥʥʳʝ ʚ 
ʩʪʝʥʢʝ ʢʘʨʴʝʨʘ, ʠʤʝʶʪ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ 
ʮʚʝʪ ʠ ʨʳʭʣʦʝ ʩʣʦʞʝʥʠʝ ʠʟ-ʟʘ ʟʝʤʣʠʩʪʦʡ 
ʩʪʨʫʢʪʫʨʳ ʤʘʪʨʠʢʩʘ (ʨʠʩ. 2 ʚ, ʛ). ʇʦʨʦʜʳ ʣʝʛ-
ʢʦ ʢʨʦʰʘʪʩʷ ʨʫʢʘʤʠ, ʧʦʵʪʦʤʫ ʢʦʨʝʥʥʳʝ ʧʦ-
ʨʦʜʳ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʳ ʚ ʚʠʜʝ ʦʩʳʧʠ. ʆʙ-
ʣʦʤʦʯʥʘʷ ʯʘʩʪʴ ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ ʧʨʝʜ-
ʩʪʘʚʣʝʥʘ ʪʨʘʭʠʪʦʚʳʤʠ ʧʦʨʬʠʨʘʤʠ, ʨʝʞʝ ʢʣʘ-
ʩʪʦʣʘʚʘʤʠ ʠ ʢʩʝʥʦʣʠʪʘʤʠ ʢʚʘʨʮʝʚʳʭ ʧʝʩʯʘʥʠ-
ʢʦʚ. ʎʝʤʝʥʪʠʨʫʶʱʠʡ ʤʘʪʨʠʢʩ ʩʣʦʞʝʥ ʪʦʥʢʦ-
ʜʠʩʧʝʨʩʥʳʤ ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʛʠʜʨʦ-
ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʯʘʩʪʠʯʥʦ ʭʣʦʨʠʪʦʤ. ʅʝ-
ʨʝʜʢʦ ʚ ʥʝʤ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʣʝʛʢʦ 

ʄʠʥʝʨʘʣ ʂʦʨʜʠʝʨʠʪ ɻʨʘʥʘʪ 
ˉ ʦʙʨʘʟʮʘ 13-1ʙ 2-16-35 2016-35 
 1-3 2-9 2-10 3-3 3-4 1-8 ʮʝʥʪʨ ʢʨʘʡ ʮʝʥʪʨ ʢʨʘʡ ʮʝʥʪʨ ʢʨʘʡ 

SiO2 42.3 46.6 44.2 45.4 45.3 45.7 36.6 36.6 36.7 37.4 36.3 36.5 
TiO2 0.4 - 0.3 0.3 0.2 - 0.2 0.3 0.3 0.4 0.3 0.4 
Al2O3 35.1 32.7 33.0 33.0 35.1 31.3 21.2 21.1 21.3 21.1 30.8 20.8 
FeO 18.5 17.6 16.9 17.8 17.0 11.3 21.5 22.1 22.5 21.6 22.5 23.0 
CaO - - - - 1.5 - 1.4 1.5 1.4 1.0 1.4 1.6 
MgO 2.4 2.9 2.81 2.66 2.6 4.8 2.7 2.7 2.7 2.8 2.7 2.5 
MnO - - - - - 3.1 15.8 15.6 15.9 15.3 15.5 15.4 
K2O 0.9 0.5 1.1 0.8 0.7 0.3 - - - - - - 

ʉʫʤʤʘ 99.5 100.4 98.3 99.9 102.3 96.5 100.4 99.3 100.8 99.6 99.5 100.1 
Si 4.47 4.89 4.72 4.79 4.64 4.92 - - - - - - 
Ti 0.03 - 0.02 0.02 0.02 - - - - - - - 
Al 4.37 4.05 4.15 4.1 4.24 3.97 - - - - - - 

Fe+2 1.63 1.54 1.51 1.57 1.45 1.02 - - - - - - 
Mn - - - - - 0.28 - - - - - - 
Mg 0.38 0.45 0.45 0.42 0.4 0.27 - - - - - - 
Ca - - - - 0.16 - - - - - - - 
K 0.12 0.07 0.15 0.11 0.09 0.04 - - - - - - 

X(Mg) 0.19 0.23 0.23 0.21 0.21 0.37 - - - - - - 
Al(4) 1.53 1.11 1.28 1.21 1.36 1.08 - - - - - - 
Al(6) 2.84 2.94 2.87 2.88 2.88 2.89 - - - - - - 
Prp - - - - - - 11 11 11 11 11 10 
Alm - - - - - - 49 49 48 50 49 50 
Sps - - - - - - 36 36 37 36 36 35 

Cʘ- ʢʦʤʧʦ-
ʥʝʥʪ - - - - - - 4 4 4 3 4 5 
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ʚʳʥʠʤʘʝʤʳʝ ʨʦʟʦʚʳʝ ʢʨʠʩʪʘʣʣʠʢʠ ʢʘʣʠʝʚʦʛʦ 
ʧʦʣʝʚʦʛʦ h ʧʘʪʘ. ʇʦʨʦʜʳ ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʮʝʩ-
ʩʘʤ ʘʨʛʠʣʣʠʟʘʮʠʠ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ – ʪʦʥ-
ʢʦʜʠʩʧʝʨʩʥʳʡ ʪʫʬʦʚʳʡ ʤʘʪʨʠʢʩ. ʆʙʣʦʤʢʠ 
ʪʨʘʭʠʪʦʚʳʭ ʧʦʨʬʠʨʦʚ ʠʤʝʶʪ ʠʟʦʤʝʪʨʠʯʥʫʶ 
ʢʦʤʢʦʚʘʪʫʶ ʬʦʨʤʫ (ʨʝʞʝ ʫʜʣʠʥʝʥʥʫʶ) ʩ 
ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʡ ʙʫʛʨʠʩʪʦʡ ʢʦʨʦʯʢʦʡ 
(ʨʠʩ. 3 ʘ). ɺ ʩʚʝʞʠʭ ʩʢʦʣʘʭ ʧʦʨʦʜʘ ʦʙʥʘʨʫʞʠ-
ʚʘʝʪ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ. ʄʘʢʩʠʤʘʣʴʥʳʝ 
ʨʘʟʤʝʨʳ ʦʙʣʦʤʢʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ 3,0–4,0 ʩʤ. 
ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʨʝʜʢʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩ ʨʘʟ-
ʤʝʨʥʦʩʪʴʶ ʜʦ 30 ʩʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʦʚʘʣʴʥʳʤʠ ʬʦʨʤʘʤʠ ʠ ʛʣʘʜʢʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʴʶ ʥʘʧʦʜʦʙʠʝ ʦʩʘʜʦʯʥʳʤ ʚʘʣʫʥʘʤ 
(ʨʠʩ. 3 ʙ, ʚ). ɺ ʮʝʣʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʣʦʤʢʦʚ 
ʚ ʵʢʩʧʣʦʟʠʚʥʦʡ ʙʨʝʢʯʠʠ ʩʦʩʪʘʚʣʷʝʪ 50–60 % 
ʦʪ ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ʅʘ ʤʘʢʨʦʫʨʦʚʥʝ ʚ ʦʙʣʦʤ-
ʢʘʭ ʦʪʤʝʯʘʶʪʩʷ ʧʦʨʬʠʨʦʚʳʝ, ʠʥʦʛʜʘ ʩʨʦʩʰʠ-
ʝʩʷ, ʛʠʧʠʜʠʦʤʦʨʬʥʳʝ ʚʢʨʘʧʣʝʥʥʠʢʠ ʢʘʣʠʝ-
ʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ (ʩ ʨʘʟʤʝ-
ʨʘʤʠ ʜʦ 5–8 ʤʤ) ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʢʦʣʦ 5 % 
(ʨʠʩ. 3 ʜ). ʇʦʣʝʚʦʡ ʰʧʘʪ ʧʦʜʚʝʨʞʝʥ ʚʪʦʨʠʯ-
ʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ, ʜʦ ʧʦʣʥʳʭ 
ʧʩʝʚʜʦʤʦʨʬʦʟ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 
(ʨʠʩ. 3 ʝ). ʇʨʦʠʟʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʤʠʥʝʨʘʣʘ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢ-
ʪʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʦʣʝʚʦʡ ʰʧʘʪ ʦʪ-
ʥʦʩʠʪʩʷ ʢ ʩʣʘʙʦ ʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʩʘʥʠʜʠʥʫ 
(ɻʦʣʫʙʝʚʘ ʠ ʜʨ., 2016). ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 
ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʘʣʴʙʠʪʦʚʦʡ ʬʘʟʳ, 
ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ 
(ʪʘʙʣ. 2). ʄʘʪʨʠʢʩ ʪʨʘʭʠʪʦʚʳʭ ʧʦʨʬʠʨʦʚ ʚ ʦʙ-
ʣʦʤʢʘʭ ʠʤʝʝʪ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʨʘʩʢʨʠʩʪʘʣʣʠ-
ʟʘʮʠʠ. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʦʪʤʝʯʘʶʪʩʷ ʣʠʰʴ ʦʪ-
ʜʝʣʴʥʳʝ ʤʠʢʨʦʣʠʪʳ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ 
ʰʧʘʪʘ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 0,5–0,8 ʤʤ, ʧʦʛʨʫʞʝʥ-
ʥʳʝ ʚ ʩʪʝʢʣʦ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ (ʨʠʩ. 3 ʟ), ʚ ʜʨʫ-
ʛʦʤ – ʩʪʝʢʣʦ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʤʝʞ-
ʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʙʣʦʤʢʠ ʪʨʘʭʠʪʦʚ ʩ 
ʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤ ʤʘʪʨʠʢ-
ʩʦʤ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚ-
ʥʘʷ ʤʘʩʩʘ ʧʦʨʬʠʨʦʚʳʭ ʪʨʘʭʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫ-
ʝʪʩʷ ʙʦʩʪʦʥʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʫʩʣʦʚʣʝʥ-
ʥʦʡ ʙʝʩʧʦʨʷʜʦʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʠ 
ʧʣʦʪʥʦ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦ-
ʣʝʚʦʰʧʘʪʦʚʳʤʠ ʢʨʫʧʥʳʤʠ ʣʝʡʩʪʘʤʠ (ʨʠʩ. 3 
ʢ). ɺ ʪʨʘʭʠʪʘʭ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʢʨʫʛʣʳʝ 

ʤʠʥʜʘʣʠʥʳ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 10 %. ʆʥʠ ʠʤʝʶʪ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ (0,2–
0,5 ʤʤ) ʠ ʟʘʧʦʣʥʝʥʳ ʩʤʝʢʪʠʪ-ʭʣʦʨʠʪʦʚʳʤ ʯʝ-
ʰʫʡʯʘʪʳʤ ʘʛʨʝʛʘʪʦʤ (ʨʠʩ. 4 ʘ, ʙ) ʠʣʠ ʤʠʢʨʦ-
ʱʝʪʢʘʤʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (ʨʠʩ. 3 
ʞ). ʇʦʣʝʚʦʡ ʰʧʘʪ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 
ʘʥʘʣʦʛʠʯʝʥ ʧʦʨʬʠʨʦʚʳʤ ʚʢʨʘʧʣʝʥʥʠʢʘʤ ʧʦ-
ʨʦʜ (ʪʘʙʣ. 2), ʥʦ ʩʪʝʧʝʥʴ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʝʛʦ 
ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ ʠʟ-ʟʘ ʤʝʣʢʦʛʦ ʨʘʟʤʝʨʘ. 
ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʚ ʧʦʨʦʜʝ ʚʩʪʨʝʯʘʶʪʩʷ 
ʨʝʜʢʦ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʫʪʠʣʦʤ, ʨʝʞʝ ʘʧʘʪʠʪʦʤ, 
ʮʠʨʢʦʥʦʤ, ʉʝ-ʤʦʥʘʮʠʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ ThO2 
ʜʦ 4,5 %. ʈʫʪʠʣ ʦʙʨʘʟʫʝʪ ʩʘʛʝʥʠʪʦʚʳʡ ʘʛʨʝʛʘʪ 
ʠʣʠ ʢʦʣʝʥʯʘʪʳʝ ʜʚʦʡʥʠʢʠ (ʨʠʩ. 4 ʛ, ʜ). ɺ ʥʝʤ 
ʦʙʥʘʨʫʞʝʥʳ ʵʣʝʤʝʥʪʳ – ʧʨʠʤʝʩʠ ʚʘʥʘʜʠʷ 
(V2O5 = 1,41–1,55 ʤʘʩ.%). ʈʝʜʢʠʝ ʠʜʠʦʤʦʨʬ-
ʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʤʘʛʥʝʪʠʪʘ 
(ʨʠʩ. 4 ʚ) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʠʝ 
ʬʦʨʤʫʣʳ: (Fe 1,05 Mg 0,08) 1,13 (Fe 1,13 Al 0,18 Cr 0,19 
Ti 0,5)2 O4; Fe 1,15 (Fe 1,15 Al 0,1 Cr 0,23 Ti 0,52)2 O4.  

ʊʨʘʭʠʪʦʚʳʝ ʣʘʚʦʙʨʝʢʯʠʠ ʚ ʵʢʩʧʣʦʟʠʚʥʦʡ 
ʙʨʝʢʯʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʘʤʳʤʠ ʢʨʫʧʥʳʤʠ – 
ʜʦ 40–50 ʩʤ – ʨʝʜʢʠʤʠ ʝʜʠʥʠʯʥʳʤʠ ʦʙʣʦʤ-
ʢʘʤʠ ʩ ʟʘʥʦʟʠʩʪʳʤʠ ʨʚʘʥʳʤʠ ʢʨʘʷʤʠ ʠ ʭʘ-
ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʷʪʥʠʩʪʦʡ, ʧʦʨʠʩʪʦʡ ʠ ʢʘʚʝʨ-
ʥʦʟʥʦʡ ʪʝʢʩʪʫʨʘʤʠ (ʨʠʩ. 3 ʛ). ʊʝʢʩʪʫʨʥʳʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʣʘʚʦʙʨʝʢʯʠʡ ʚ ʦʙʣʦʤʢʘʭ ʟʘʚʠ-
ʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʨʘʩʢʨʠʪʘʣʣʠʟʘʮʠʠ. ʉʪʝʢʣʦʚʘ-
ʪʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʧʦ-
ʨʠʩʪʦʩʪʴʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦ-
ʩʪʝʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50–60 % (ʨʠʩ. 3 ʣ). ʇʦ-
ʣʦʩʪʠ ʠʤʝʶʪ ʦʢʨʫʛʣʫʶ, ʫʜʣʠʥʝʥʥʫʶ, ʠʟʚʠ-
ʣʠʩʪʫʶ ʯʝʨʚʝʦʙʨʘʟʥʫʶ ʬʦʨʤʳ ʠ, ʢʘʢ ʧʨʘ-
ʚʠʣʦ, ʚʳʧʦʣʥʝʥʳ ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ ʤʠʢʨʦ-
ʱʝʪʢʘʤʠ, ʨʝʞʝ ʭʘʣʮʝʜʦʥʦʤ (ʨʠʩ. 3 ʤ, ʥ, ʧ). ɺ 
ʣʘʚʦʙʨʝʢʯʠʷʭ ʩ ʣʠʪʦʚʠʪʨʦʢʣʘʩʪʠʯʝʩʢʦʡ 
ʩʪʨʫʢʪʫʨʦʡ ʦʪʤʝʯʘʶʪʩʷ ʬʨʘʛʤʝʥʪʳ ʨʘʥʝʝ 
ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʝʛʦʩʷ ʨʘʩʧʣʘʚʘ ʚ ʚʠʜʝ 
ʦʙʣʦʤʢʦʚ ʦʢʨʫʛʣʦʡ, ʫʛʣʦʚʘʪʦʡ ʠ ʥʝʧʨʘʚʠʣʴ-
ʥʦʡ ʬʦʨʤʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟ-
ʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʤʠʥʜʘ-
ʣʠʥ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʩʪʝ-
ʧʝʥʴʶ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʦʤ ʚʪʦ-
ʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʈʘʟʤʝʨʥʦʩʪʴ ʪʫʬʦʚʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝ-
ʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʩʝʬʠʪʦʚ (2,0–20 ʤʤ), 
ʧʩʘʤʤʠʪʦʚ (0,1–2,0 ʤʤ) ʠ ʘʣʝʚʨʠʪʦʚ. 
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ʈʠʩ. 3. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʭʠʪʦʚ ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ: ʘ – ʦʙʨʘʟʮʳ ʪʨʘʭʠʪʦʚʳʭ 
ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ; ʙ, ʚ – ʦʢʨʫʛʣʳʝ ʦʙʣʦʤʢʠ ʪʨʘʭʠʪʦʚ; ʛ – ʦʪʩʢʘʥʠʨʦʚʘʥʥʳʡ ʧʨʠʰʣʠʬʦʚʘʥʥʳʡ ʦʙ-
ʨʘʟʝʮ ʪʨʘʭʠʪʦʚʦʡ ʣʘʚʦʙʨʝʢʯʠʠ; ʜ – ʧʦʨʬʠʨʦʚʳʝ ʚʢʨʘʧʣʝʥʥʠʢʠ ʩʘʥʠʜʠʥʘ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩ ʘʥʘʣʠ-
ʟʘʪʦʨʦʤ; ʝ – ʧʝʣʠʪʠʟʘʮʠʷ ʩʘʥʠʜʠʥʘ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ; ʞ – ʤʠʢʨʦʱʝʪʢʘ ʢʘʣʠʝʚʦʛʦ 
ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʚ ʤʠʥʜʘʣʠʥʝ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ; ʟ – ʤʠʢʨʦʧʦʨʬʠʨʦʚʳʝ ʣʝʡʩʪʳ ʢʘʣʠ-
ʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʚ ʩʪʝʢʣʝ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ; ʠ – ʤʠʢʨʦʣʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ 
ʪʨʘʭʠʪʦʚ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʙʝʟ ʘʥʘʣʠʟʘʪʦʨʘ; ʢ – ʙʦʩʪʦʥʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʪʨʘʭʠʪʦʚ. ʄʠʢʨʦʬʦ-
ʪʦʛʨʘʬʠʷ ʙʝʟ ʘʥʘʣʠʟʘʪʦʨʘ; ʣ – ʧʦʨʠʩʪʘʷ ʪʝʢʩʪʫʨʘ ʣʘʚʦʙʨʝʢʯʠʠ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʙʝʟ ʘʥʘʣʠʟʘʪʦʨʘ; 
ʤ – ʤʠʢʨʦʱʝʪʢʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʚ ʤʠʢʨʦʧʦʣʦʩʪʷʭ. ʌʦʪʦʛʨʘʬʠʷ ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ; ʥ – ʟʘ-
ʧʦʣʥʝʥʠʝ ʧʦʣʦʩʪʝʡ ʢʘʣʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ ʠ ʢʚʘʨʮʝʤ. ʌʦʪʦʛʨʘʬʠʷ ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ; ʧ – ʟʘʧʦʣʥʝ-
ʥʠʝ ʧʦʨ ʭʘʣʮʝʜʦʥʦʤ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ; ʨ – ʦʙʣʦʤʢʠ ʩʘʥʠʜʠʥʘ ʠ ʦʢʨʫʛʣʳʡ ʦʙʣʦʤʦʢ 
ʩʪʝʢʣʘ ʩ ʧʦʨʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʙʝʟ ʘʥʘʣʠʟʘʪʦʨʘ; ʩ – ʙʨʝʢʯʠʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʪʨʘ-
ʭʠʪʦʚʦʡ ʣʘʚʦʙʨʝʢʯʠʠ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʙʝʟ ʘʥʘʣʠʟʘʪʦʨʘ; ʪ – ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ ʦʙʨʳʚʦʢ 
ʤʠʢʨʦʧʦʨʬʠʨʦʚʦʛʦ ʪʨʘʭʠʪʘ ʩ ʟʘʟʫʙʨʝʥʥʳʤʠ ʢʨʘʷʤʠ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʙʝʟ ʘʥʘʣʠʟʘʪʦʨʘ    
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