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XI V ɺʉɽʈʆʉʉʀʁʉʂɸʗ ʐʂʆʃɸ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ çʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ 

ʄʀʅɽʈɸʃʆɻʀʗ, ʇɽʊʈʆʃʆɻʀʗ ʀ ɻɽʆʍʀʄʀʗè: ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ, ʀʕʄ ʈɸʅ, 

ʏʝʨʥʦʛʦʣʦʚʢʘ, 2025 ʛ., 99 ʩ. 

 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ XVI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʳ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʠʥʝʨʘʣʦʛʠʷ, ʧʝʪʨʦʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷè. ʐʢʦʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʘ ʙʘʟʝ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʤʠʥʝʨʘʣʦʛʠʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɼ.ʉ. ʂʦʨʞʠʥʩʢʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 20-21 

ʦʢʪʷʙʨʷ 2025 ʛ.). ɺ ʩʙʦʨʥʠʢʝ ʦʙʩʫʞʜʘʶʪʩʷ ʦʙʱʠʝ ʠ ʯʘʩʪʥʳʝ ʧʨʦʙʣʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʤʠʥʝʨʘʣʦʛʠʠ, ʧʝʪʨʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ. ʋʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʫʩʣʦʚʠʷʤ ʟʘʨʦʞʜʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʤʘʛʤ, 

ʤʠʥʝʨʘʣʴʥʳʤ ʨʘʚʥʦʚʝʩʠʷʤ ʚ ʩʠʣʠʢʘʪʥʳʭ ʠ ʨʫʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠ 

ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ, ʩʠʥʪʝʟʫ ʤʘʢʨʦ- ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ, ʪʝʭʥʠʯʝʩʢʦʡ ʧʝʪʨʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶ. 
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ɸʬʘʥʘʩʴʝʚ ɸ.ɽ.1, ʄʘʣʴʮʝʚ ɺ.ɺ.1, ʂʦʧʦʨʫʣʠʥʘ ɽ.ɺ.1,2, ɺʦʣʢʦʚʘ ɽ.ɸ.1 
1 ʄɻʋ ʠʤ.ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʛ. ʄʦʩʢʚʘ), 2 ʀʇʂʆʅ ʈɸʅ (ʛ. ʄʦʩʢʚʘ), aafanasik@yandex.ru 

 
 ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʢʨʠʩʪʘʣʣʘʤ 

ʜʠʤʝʪʘʙʦʨʘʪʦʚ REEAl 2.07(B4O10)O0.60 (REE ï La-Nd) ï ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʤʠʥʝʨʘʣʘ ʧʝʧʨʦʩʩʠʠʪʘ. ʀʭ 

ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ [1], ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ [2] ʠ ʧʨʠ ʩʧʦʥʪʘʥʥʦʡ 

ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [3]. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʦʤ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ 

(ʤʘʢʩʠʤʫʤ ʜʦ 5-7 ʤʤ), ʢʦʪʦʨʳʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʧʦʟʚʦʣʠʣʠ ʠʟʫʯʠʪʴ ʠʭ ʤʦʨʬʦʣʦʛʠʶ, ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ) ʠ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʦʪʩʫʪʩʪʚʠʝ ʮʝʥʪʨʘ ʠʥʚʝʨʩʠʠ) ʠ ʠʭ ʩʦʩʪʘʚ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʫ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʣʘʟʝʨʥʳʭ ʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʟʘʤʝʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [4]. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʳ ʢʨʫʧʥʳʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ. ʋʯʠʪʳʚʘʷ 

ʠʥʢʦʥʛʨʫʵʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʧʣʘʚʣʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚʦʟʤʦʞʥʦ 

ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʨʘʩʧʣʘʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʪʨʘʚʦʢ. 

 ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʥʘ ʟʘʪʨʘʚʢʘʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ LaAl2.07(B4O10)O0.6, ʣʝʛʠʨʦʚʘʥʥʳʭ Nd3+ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʣʘʟʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʀʂ ʜʠʘʧʘʟʦʥʘ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʘʟʝʨʥʳʭ ʧʨʠʤʝʥʝʥʠʡ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʧʦʟʠʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ: La3+ ʦʪ 94 ʜʦ 97 ʘʪ.%, 

Nd3+ ʦʪ 6 ʜʦ 3 ʘʪ.%.   

ʀʩʭʦʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨ.ʟ.-ʘʣʶʤʠʥʠʝʚʳʭ ʜʠʤʝʪʘʙʦʨʘʪʦʚ ʩʣʫʞʠʣʠ ʦʢʩʠʜʳ ʨʝʜʢʠʭ 

ʟʝʤʝʣʴ ʢʚʘʣʠʬʠʢʘʮʠʠ 99.996 - La2O3, Nd2O3 ʠ ʘ ʪʘʢʞʝ Al 2O3, B2O3 (ACS grade) ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʩʣʫʞʠʣʠ ʪʨʠʤʦʣʠʙʜʘʪʳ ʣʠʪʠʷ ʠ ʢʘʣʠʷ (Li 2Mo3O10 ʠ K2Mo3O10), ʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʣʩʷ ʧʨʠ 650ʦC ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ: 

Li 2CO3 + 3MoO3 = Li2Mo3O10 + CO2 

K2CO3 + 3MoO3 = K2Mo3O10 + CO2 

ʂʘʨʙʦʥʘʪʳ ʢʘʣʠʷ (K2CO3), ʣʠʪʠʷ (Li2CO3) ʠ ʦʢʩʠʜ ʤʦʣʠʙʜʝʥʘ MoO3 (ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʪʚʦʨʠʪʝʣʷ) ʪʘʢʞʝ 

ʠʤʝʣʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʥʝ ʥʠʞʝ çʭʯè. ʈʝʘʢʪʠʚʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʪʱʘʪʝʣʴʥʦ ʚʳʩʫʰʠʚʘʣʠʩʴ, ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʠ 

ʥʘʧʣʘʚʣʷʣʠʩʴ ʚ ʧʣʘʪʠʥʦʚʳʡ ʪʠʛʝʣʴ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʯʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ 

ʬʝʨʭʘʣʝʚʳʤʠ ʥʘʛʨʝʚʘʪʝʣʷʤʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʨʦʩʪʦʚʳʭ ʢʘʤʝʨʘʭ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʨʦʩʪʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʇʨʦʪʝʨʤ-

100 ʩ ʢʦʤʧʣʝʢʪʦʤ Ptï Rh/Pt ʪʝʨʤʦʧʘʨ, ʪʦʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʠʣʘ Ñ0.1 ÁC. 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩʧʦʥʪʘʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʩʧʦʥʪʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʝʥʷʣʠʩʴ Pt ʪʠʛʣʠ ʦʙʲʝʤʦʤ 15 ʤʣ. ʧʨʠ 

ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʙʦʨʘʪ/ʨʘʩʪʚʦʨʠʪʝʣʴ ʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 30/70 ʜʦ 50/50 ʤʘʩ.% ʜʣʷ ʧʦʣʫʯʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʧʦʜʙʠʨʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʭʦʜʷ ʠʟ 

ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʛʝʥʝʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʋʯʠʪʳʚʘʣʠʩʴ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʟʘʤʝʱʘʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ 

ʢʘʪʠʦʥʦʚ ʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʠʟʦʤʦʨʬʥʳʭ ʟʘʤʝʱʝʥʠʷʭ ʚ 

ʜʠʤʝʪʘʙʦʨʘʪʘʭ. ɺʝʨʭʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʠ ʩʧʦʥʪʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣ 1000ʦʉ. 

ɺʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʠʤʝʪʘʙʦʨʘʪʦʚ La1-xNdx Al 2.07(B4O10)O0.6 (x = 0.03 - 0.06) ʤʝʪʦʜʦʤ TSSG 

(top seed solution growth) ʧʨʦʚʦʜʠʣʦʩʴ ʚ Pt-crucible ʦʙʲʝʤʦʤ 250 ʤʣ. ʉʚʝʨʭʫ ʪʠʛʝʣʴ ʟʘʢʨʳʚʘʣʩʷ ʢʚʘʨʮʝʚʦʡ 

ʚʦʨʦʥʢʦʡ, ʠʩʢʣʶʯʘʶʱʝʡ ʧʦʧʘʜʘʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʨʘʩʧʣʘʚ ʠ ʧʦʟʚʦʣʷʶʱʝʡ ʚʚʦʜʠʪʴ ʢʨʠʩʪʘʣʣʦʜʝʨʞʘʪʝʣʴ ʩ 

ʟʘʪʨʘʚʢʦʡ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ Li 2Mo3O10 ʠ K2Mo3O10 ʦʧʨʝʜʝʣʷʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠ ʩʦʩʪʘʚʣʷʣʠ 970 ï 950 ʠ 1015 ï 985ʦʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ - ʨʘʩʧʣʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʝʛʦ ʪʠʧʘ ʫʪʦʯʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʙʥʳʭ ʟʘʪʨʘʚʦʢ, ʦʮʝʥʠʚʘʷ ʠʭ ʩʦʩʪʦʷʥʠʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʠʢʨʦʨʝʣʴʝʬʘ ʛʨʘʥʝʡ ʧʠʥʘʢʦʠʜʘ {0001}. ɺ ʪʝʯʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʝ ʧʝʨʝʥʘʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ï ʨʘʩʧʣʘʚʘ ʩʦʟʜʘʚʘʣʦʩʴ 

ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.1 ʜʦ 0.5Áʉ ʚ ʩʫʪʢʠ. ɺ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʨʠʩʪʘʣʣ ʠʟʚʣʝʢʘʣʠ ʠ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 

ɼʣʷ La1-xNdx Al 2.07(B4O10)O0.6 (x = 0.03 - 0.06) ʜʠʤʝʪʘʙʦʨʘʪʦʚ ʤʝʪʦʜʦʤ ʩʧʦʥʪʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʣʝʛʠʨʫʶʱʝʛʦ Nd3+ ʢʘʪʠʦʥʘ. ʇʨʠ ʯʘʩʪʠʯʥʦʤ (ʜʦ 6 ʘʪ.% 

ʦʪ ʧʦʟʠʮʠʠ La) ʟʘʤʝʱʝʥʠʠ ʣʘʥʪʘʥʘ ʙʣʠʟʢʠʤ ʧʦ ʨʘʟʤʝʨʫ ʢʘʪʠʦʥʦʤ ʥʝʦʜʠʤʘ Nd3+ (rLa3+ = 1.01 ¡, rNd3+= 0.99 ¡) 

ʧʦʣʫʯʝʥʦ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʣʘʩʪʠʥʯʘʪʳʤ ʛʘʙʠʪʫʩʦʤ  ʇʦ 

ʜʘʥʥʳʤ ɸʉʕʄ ʥʘ ʛʨʘʥʷʭ ʧʠʥʘʢʦʠʜʘ {0001} ʙʦʣʴʰʠʥʩʪʚʘ ʠʥʜʠʚʠʜʦʚ ʦʪʤʝʯʘʶʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ ʩʣʦʠ ʠ 
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ʧʦʣʠʛʦʥʘʣʴʥʳʝ ʩʧʠʨʘʣʠ ʨʦʩʪʘ, ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʬʦʨʤʘ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʵʪʦʡ 

ʧʨʦʩʪʦʡ ʬʦʨʤʳ.  ɺʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʭʪʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʦʜʠʤʘ (x = 0.06) ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʠʥʝʪʠʢʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʦʧʪʠʤʘʣʴʥʳʝ 

ʵʤʠʩʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Nd3ϕ. ɿʘʪʨʘʚʦʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʥʝʙʦʣʴʰʠʭ (>5 
ʤʤ) ʠ ʥʘʠʙʦʣʝʝ ʩʪʨʫʢʪʫʨʥʦ ʩʦʚʝʨʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ (Nd,La)Al-ʜʠʤʝʪʘʙʦʨʘʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʧʦʥʪʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʦʮʝʩʩ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʩʷ ʚ ʫʢʘʟʘʥʥʳʭ 

ʚʳʰʝ ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʯʝʥʠʝ 20 ʩʫʪʦʢ.  ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ TSSG ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʦʨʠʝʥʪʘʮʠʠ ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʨʢʘʣʘ ʨʘʩʧʣʘʚʘ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʨʘʜʠʘʣʴʥʦʤ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʛʨʘʜʠʝʥʪʘʭ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʜʘʝʪʩʷ ʚʳʨʘʱʠʚʘʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʠʤʝʪʘʙʦʨʘʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦ 

ʢʘʯʝʩʪʚʘ ʇʦʣʥʘʷ ʦʛʨʘʥʢʘ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤ ʥʘʙʦʨʦʤ ʧʨʦʩʪʳʭ ʬʦʨʤ ï ʧʦʤʠʤʦ 

ʧʨʝʚʘʣʠʨʫʶʱʠʭ ʧʦ ʧʣʦʱʘʜʠ ʛʨʘʥʝʡ ʧʠʥʘʢʦʠʜʘ {0001}, ʚ ʦʛʨʘʥʢʝ ʢʨʠʩʪʘʣʣʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʨʘʥʠ ʜʚʫʭ 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ {1 1̀2 0} ʠ {1 0̀1 0}ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ {1 0̀1 1}.  

ʇʦʣʥʦʛʨʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ 

ʤʝʪʦʜʦʤ TSSG ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ K2Mo3O10. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ La0.94Nd0.06Al 2B3O9 ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʨʘʟʤʝʨʦʚ ʧʦ X(Y) ʠ Z. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʚʳʢʣʠʥʠʚʘʥʠʝ ʛʨʘʥʝʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʠʤʝʪʘʙʦʨʘʪʦʚ (ʨʠʩ. 1 ʘ).  

ɿʘʪʨʘʚʢʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʪʘʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʩʧʣʘʚʘ ʥʘ ʛʣʫʙʠʥʝ 1.5 - 2 ʩʤ ʧʦʜ ʟʝʨʢʘʣʦʤ ʨʘʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʳʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, ʢʦʪʦʨʳʡ ʥʝ ʜʦʣʞʝʥ ʙʳʣ ʧʨʝʚʳʰʘʪʴ 1ʦ/ʩʤ ʚ ʦʙʣʘʩʪʠ ʨʘʩʪʫʱʝʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʫ ʜʥʷ ʪʠʛʣʷ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘʟʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ. ʈʘʜʠʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʧʨʠ ʪʘʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʨʘʩʪʫʱʝʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʥʝ ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 ʙ. 

 
ʘ 

 
ʙ 

ʈʠʩ.1. ɺʳʨʘʱʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʩʦʩʪʘʚʘ La0.94Nd0.06Al 2B3O9 (ʘ); ʩʭʝʤʘ ʚʳʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʠʩʪʝʤʝ La1-xNdxAl 2B3O9 ï K2Mo3O10 (ʙ). 
  

ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʠʩʪʝʤʝ La1-xNdxAl 2B3O9 ï Li 2Mo3O10 ʦʪʤʝʯʝʥʘ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦ ʫʧʣʦʱʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʙʦʣʴʰʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ Z/X(Y). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʙʦʨʘ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥ ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ 

ʤʦʥʦʢʨʠʩʪʘʣʣ (Nd)La-ʘʣʶʤʠʥʠʝʚʦʛʦ ʜʠʤʝʪʘʙʦʨʘʪʘ  ʩ ʨʘʟʤʝʨʘʤʠ ʠ ʢʘʯʝʩʪʚʦʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 2 ʘ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʫʧʣʦʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʟʘʪʨʘʚʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʩʪʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ ʨʘʩʧʣʘʚʘ ʠ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2 ʙ. ʇʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʚʳʨʘʱʠʚʘʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ La1-xNdxAl 2B3O9 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʥʢʠʭ (1-1.5ʤʤ ʪʦʣʱʠʥʦʡ). 
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ʘ 

 

ʙ 

ʈʠʩ.2. ɺʳʨʘʱʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʩʦʩʪʘʚʘ La0.94Nd0.06Al 2B3O9 (ʘ); ʩʭʝʤʘ ʚʳʨʘʱʠʚʘʥʠʷ ʫʧʣʦʱʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʠʩʪʝʤʝ La1-xNdxAl 2B3O9 ï Li 2Mo3O10 (ʙ).  

ʍʘʨʘʢʪʝʨʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʨʘʞʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʶ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʱʠʚʘʪʴ ʦʜʥʦʨʦʜʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ. 

ɺʝʨʪʠʢʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʠʛʣʷ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʟʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʉʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ ʟʘʪʨʘʚʢʠ ʢ ʢʨʠʩʪʘʣʣʦʜʝʨʞʘʪʝʣʶ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʝʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ 

ʨʘʩʧʣʘʚʦʤ ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʟʚʦʣʷʝʪ çʦʪʦʨʚʘʪʴè ʚʳʨʦʩʰʠʡ ʢʨʠʩʪʘʣʣ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʷʟʢʦʛʦ ʨʘʩʧʣʘʚʘ ʙʝʟ ʝʛʦ 

ʨʘʟʨʫʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣ ʦʩʪʘʝʪʩʷ ʚ ʨʘʩʧʣʘʚʝ ʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʨʦʩʪʘ ʠ 

ʙʳʩʪʨʦ (ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ), ʦʩʪʫʞʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʪʠʛʣʝʤ. ɼʘʣʝʝ ʦʥ ʠʟʚʣʝʢʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʪʚʦʨʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʰʠʭʪʳ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl. ɺ ʧʨʦʮʝʩʩʝ ʵʪʦʛʦ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʨʠʩʪʘʣʣʘ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʢʘʡʤʘ, ʭʦʨʦʰʦ ʚʠʜʠʤʘʷ ʥʘ ʨʠʩʫʥʢʝ 2 ʘ.  

 ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ La1-xNdx Al 2.07(B4O10)O0.6 ʤʝʪʦʜʦʤ TSSG 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʘʣʶʤʠʥʠʝʚʳʭ ʜʠʤʝʪʘʙʦʨʘʪʦʚ ʜʣʷ ʣʘʟʝʨʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟ 

ʤʦʣʠʙʜʘʪʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʥʝʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʟʦʥʳ, ʛʜʝ ʚʦʟʤʦʞʝʥ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ. ʕʪʦ ʩʦʟʜʘʝʪ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ, ʩʚʝʨʭʤʝʜʣʝʥʥʳʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʦʝ ʨʘʙʦʯʝʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʦʢʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʘʨʘʟʠʪʥʦʤʫ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʶ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʦʟʤʦʞʥʦ 

ʫʧʨʘʚʣʝʥʠʝ ʤʦʨʬʦʣʦʛʠʝʡ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ K2Mo3O10 ʠ 

Li 2Mo3O10, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʝ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʙʶʜʞʝʪʥʳʭ ʪʝʤ  AAAA-A16-116033010121-7 ʠ FMMS-2024-0006. 
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ʀʟʫʯʝʥʠʝ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʧʨʷʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʦʝʥʠʠ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ, ʥʝʜʦʩʪʫʧʥʦʡ ʜʣʷ ʧʨʷʤʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʤʘʥʪʠʠ, ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʩʝʥʦʣʠʪʦʚ ʩ ʠʣʴʤʝʥʠʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʛʝʥʝʟʠʩ ʠʣʴʤʝʥʠʪʘ ʚ ʢʩʝʥʦʣʠʪʘʭ ʤʘʥʪʠʡʥʳʭ 

ʧʦʨʦʜ ʠ ʢʠʤʙʝʨʣʠʪʘʭ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ [4]. 

ɺʳʩʦʢʦʘʣʤʘʟʦʥʦʩʥʘʷ ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ ʄʠʨ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʗʢʫʪʩʢʦʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ (ʄʠʨʥʠʥʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ 

ʧʦʣʝ). ɺ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʢʩʝʥʦʣʠʪʳ ʧʦʨʦʜ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʦʜʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ ʠ ʈʊ-ʫʩʣʦʚʠʡ: ʦʪ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʠ ʵʢʣʦʛʠʪʦʚ (150ï200 ʢʤ, ʦʙʣʘʩʪʴ ʩʪʘʙʠʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ) ʜʦ ʰʧʠʥʝʣʝʚʳʭ ʠ 

ʙʝʩʰʧʠʥʝʣʝʚʳʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚ, ʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʜʨ., ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʛʣʫʙʠʥʘʭ 50ï60 ʢʤ [3]. ʆʢʦʣʦ 4% 

ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʪʨʫʙʢʝ ʄʠʨ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʣʴʤʝʥʠʪʩʦʜʝʨʞʘʱʠʤʠ ʧʦʨʦʜʘʤʠ [2].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʤʠ ʦʙʨʘʟʮʦʚ (TM-63, TM-

71, TM-76, TM-77, TM-78, TM-87, TM-178) ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʩ ʠʣʴʤʝʥʠʪʦʤ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʠʨ 

(ʢʦʣʣʝʢʮʠʷ ʣʘʙʦʨʘʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʘ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ), ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʀʕʄ ʈɸʅ, 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ. ʂʦʣʣʝʢʮʠʷ ʰʣʠʬʦʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

Nikon Eclipse LV100N POL. ʆʙʨʘʟʝʮ TM-63 ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ (ʈʉʄɸ) ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Vega TS5130MM ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʪʦʨʦʚ ʚʪʦʨʠʯʥʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ INCA-PentaFET ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʉʄɸ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʠ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ, ʩʠʣʘ ʪʦʢʘ ï 10 ʥɸ, ʨʘʟʤʝʨʝ ʟʦʥʜʘ 0.1 

ʤʢʤ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ ʚ ʪʦʯʢʝ (ʠʣʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ) ʩʦʩʪʘʚʣʷʣʦ 90 ʩ. ʉʦʩʪʘʚʳ ʦʧʨʝʜʝʣʝʥʳ ʥʘ 

ʦʩʥʦʚʝ, ʚ ʩʨʝʜʥʝʤ, ʧʷʪʠ ʘʥʘʣʠʟʦʚ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ (ʪʘʙʣ. 1-3). ʂʈ-ʩʧʝʢʪʨʳ ʬʘʟ ʦʙʨʘʟʮʘ TM-63 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩ ʧʦʤʦʱʴʶ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʤʝʪʨʘ Renishaw RM1000, ʦʩʥʘʱʝʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʦʤ Leica. ʀʩʧʦʣʴʟʦʚʘʣʩʷ 

ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʣʘʟʝʨ ʩ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 532 ʥʤ ʠ ʤʦʱʥʦʩʪʴʶ 20 ʤɺʪ ʧʨʠ ʦʙʲʝʢʪʠʚʝ 

50ʭ, ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ 10 ʩ, ʜʠʘʧʘʟʦʥ 150-4000 ʩʤ-1. 

ʀʟʫʯʝʥʥʳʝ ʢʩʝʥʦʣʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʣʴʤʝʥʠʪʦʚʳʤʠ ʧʠʨʦʢʩʝʥʠʪʘʤʠ (4 ʦʙʨʘʟʮʘ) ʠ 

ʠʣʴʤʝʥʠʪʩʦʜʝʨʞʘʱʠʤʠ ʛʘʨʮʙʫʨʛʠʪʘʤʠ (3 ʦʙʨʘʟʮʘ), ʚʩʝ ʦʙʨʘʟʮʳ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʳ. 

ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʛʘʨʮʙʫʨʛʠʪʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʙʝʟʛʨʘʥʘʪʦʚʳʝ, ʪʘʢ ʠ ʛʨʘʥʘʪʦʚʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ (Grt ʜʦ 15 ʦʙ.%). ʀʣʴʤʝʥʠʪʦʚʳʝ ʧʠʨʦʢʩʝʥʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʠʣʴʤʝʥʠʪʘ (30-40 ʦʙ. %), ʠʣʴʤʝʥʠʪ ʚ ʥʠʭ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʢʩʝʥʦʤʦʨʬʥʳʭ ʚʳʜʝʣʝʥʠʡ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ 

ʨʘʟʤʝʨʘ (ʯʘʱʝ ʦʪ ʜʦʣʝʡ ʤʤ ʜʦ 4-5 ʤʤ, ʠʥʦʛʜʘ ʜʦ 10 ʤʤ), ʥʝʨʝʜʢʦ ʠʤʝʶʱʠʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʚ 

ʨʷʜʝ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʝ ʩʨʘʩʪʘʥʠʷ ʠʣʴʤʝʥʠʪʘ ʩ ʦʨʪʦʧʠʨʦʢʩʝʥʦʤ (ʨʠʩ. 1ʘ). ɼʚʘ ʠʟ ʠʟʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʛʘʨʮʙʫʨʛʠʪʦʚ ʠʤʝʶʪ    ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 1ʙ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʫʶ ʦ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ [1]. ʀʣʴʤʝʥʠʪ ʚ ʪʘʢʠʭ ʧʦʨʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ (1-5 ʦʙ. %), 

ʦʙʨʘʟʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʥʢʠʝ ʧʨʦʞʠʣʢʦʚʠʜʥʳʝ ʚʳʜʝʣʝʥʠʷ. ɺ ʧʦʨʦʜʘʭ ʚʩʝʭ ʩʝʤʠ ʦʙʨʘʟʮʦʚ ʦʪʤʝʯʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʬʣʦʛʦʧʠʪʘ.  

ʆʙʨʘʟʝʮ TM-63, ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʉʕʄ ʠ ʈʉʄɸ, ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʥʘʪ-

ʠʣʴʤʝʥʠʪʦʚʳʤ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʤ (ʤʦʜʘʣʴʥʳʡ ʩʦʩʪʘʚ: CPx ï 45%, Ilm ï 30%, Grt ï 10%, ʩʫʣʴʬʠʜʳ ï 5%) (ʪʘʙʣ. 

1-3). ʆʩʥʦʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʜʠʦʧʩʠʜ (Mg# 80, Wo40-50), ʤʘʛʥʝʟʠʘʣʴʥʳʡ 

ʠʣʴʤʝʥʠʪ (7.5 ʤʘʩ. % MgO; 0.17 ʤʘʩ. % Cr2O3) ʠ ʛʨʘʥʘʪ ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥ-ʛʨʦʩʩʫʣʷʨʦʚʦʛʦ ʨʷʜʘ ʩ ʧʨʠʤʝʩʴʶ 

ʪʠʪʘʥʘ (0.92 ʤʘʩ. % TiO2). ɺ ʧʦʨʦʜʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʳ: ʩʝʨʧʝʥʪʠʥ ʩ 

ʚʘʨʴʠʨʫʶʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ (ʦʪ 3.75 ʜʦ 11 ʤʘʩ. % FeO), ʬʣʦʛʦʧʠʪ ʠ ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪ (TPhl), 

ʩʫʣʴʬʘʪʳ (ʘʥʛʠʜʨʠʜ, ʩʫʣʴʬʘʪʳ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ) ʠ ʢʘʣʴʮʠʪ. ʇʦ ʧʝʨʠʬʝʨʠʠ ʟʝʨʝʥ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʠʣʴʤʝʥʠʪʘ 

ʚʩʪʨʝʯʝʥʳ ʚʳʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʠʣʴʤʝʥʠʪʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʤʘʨʛʘʥʮʝʤ ʠ ʭʨʦʤʦʤ (3.69 ʤʘʩ. % 

MnO, 1.24 ʤʘʩ. % Cr2O3), ʘ ʪʘʢʞʝ Mn-ʩʦʜʝʨʞʘʱʝʛʦ ʠʣʴʤʝʥʠʪʘ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ MgO (1.1 ʤʘʩ. % MnO, 
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1.92 ʤʘʩ. % MgO). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʨʦʜʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʚʳʜʝʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʠʪʦʤ ʠ 

ʜʞʝʨʬʠʰʝʨʠʪʦʤ (Dj). ɺ ʚʠʜʝ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʧʝʨʦʚʩʢʠʪ, ʬʪʦʨ-ʘʧʘʪʠʪ ʠ ʰʧʠʥʝʣʴ. 

  

ʘ ʙ 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ: ʘ ï ʛʨʘʬʠʯʝʩʢʠʝ ʩʨʘʩʪʘʥʠʷ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʠ ʠʣʴʤʝʥʠʪʘ, 

ʦʙʨʘʟʝʮ TM-87; ʙ ï ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ (ʢʨʫʧʥʳʡ ʢʨʠʩʪʘʣʣ ʛʨʘʥʘʪʘ ʩ ʬʣʦʛʦʧʠʪʦʤ ʠ ʧʨʦʞʠʣʢʦʚʠʜʥʳʤ 

ʠʣʴʤʝʥʠʪʦʤ ʚ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʘʛʨʝʛʘʪʝ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʦʛʦ ʦʣʠʚʠʥʘ), ʦʙʨʘʟʝʮ TM-178; ʬʦʪʦ ʚ ʦʧʪʠʯʝʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʠʢʦʣʷʭ 

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚʳ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʦʙʨʘʟʮʝ TM-63, ʤʘʩ. % 

ʄʠʥʝʨʘʣ SiO2 TiO2 Al 2O3 Cr2O3 FeOS MnO MgO NiO CaO Na2O ʉʫʤʤʘ 

CPx 54.11 0.28 1.75 0.00 6.02 0.00 15.09 0.00 20.91 1.55 99.71 

Grt  41.53 0.92 20.76 0.00 13.88 0.32 17.58 0.12 4.59 0.00 99.70 

Mg-Ilm  0.00 50.07 0.37 0.17 40.97 0.07 7.50 ʥʧʦ 0.00 0.00 99.14 

CPx - ʢʣʠʥʦʧʠʨʦʢʩʝʥ, Grt ï ʛʨʘʥʘʪ, Ilm ï ʠʣʴʤʝʥʠʪ 

ʊʘʙʣʠʮʘ 2. ʉʦʩʪʘʚʳ ʚʪʦʨʠʯʥʳʭ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʦʙʨʘʟʮʝ TM-63, ʤʘʩ. % 

ʄʠʥʝʨʘʣ SiO2 TiO2 Al 2O3 FeOS MgO Na2O K2O Cl ʉʫʤʤʘ 

Srp ŹFe 37.92 0.13 0.63 3.74 34.78 0.00 0.00 0.95 78.17 

Srp ŷFe  39.93 0.00 0.00 10.90 31.54 0.00 0.00 0.18 82.55 

TPhl  43.26 0.00 0.76 13.72 24.48 0.00 10.54 0.00 92.75 

Phl 39.63 1.90 11.92 7.46 22.81 0.51 9.06 0.00 93.29 

Srp ï ʩʝʨʧʝʥʪʠʥ, Phl ï ʬʣʦʛʦʧʠʪ, TPhl ï ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪ 

ʊʘʙʣʠʮʘ 3. ʉʦʩʪʘʚʳ ʩʫʣʴʬʠʜʦʚ ʚ ʦʙʨʘʟʮʝ TM-63, ʤʘʩ. % 

ʄʠʥʝʨʘʣ Fe Ni Cu K S Cl ʉʫʤʤʘ 

Dj 46.05 15.47 8.28 7.42 41.42 1.37 99.78 

Dj 48.51 10.99 10.59 7.84 38.47 1.08 99.98 

Dj 47.98 13.90 8.10 7.54 41.55 1.14 99.86 

Py 84.05 0.00 0.00 0.00 44.53 0.00 99.69 

Py 75.17 3.52 0.00 0.00 44.33 0.00 99.85 

Dj ï ʜʞʝʨʬʠʰʝʨʠʪ, Py ï ʧʠʨʠʪ 
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ʘ ʙ 
ʈʠʩʫʥʦʢ 2 (ʘ, ʙ). ʌʦʪʦʛʨʘʬʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʚ ʦʙʨʘʟʮʝ TM-63 ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ 

ɼʣʷ ʜʠʦʧʩʠʜʘ, ʠʣʴʤʝʥʠʪʘ, ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪʘ ʠ ʢʘʨʙʦʥʘʪʦʚ ʠʟ ʦʙʨʘʟʮʘ TM-63 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʂʈ-

ʩʧʝʢʪʨʳ. ʉʦʚʤʝʱʝʥʠʝ ʜʘʥʥʳʭ ʈʉʄɸ ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʦ ʫʪʦʯʥʠʪʴ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʞʠʣʢʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʚʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʟʝʨʥʘ ʢʘʨʙʦʥʘʪʘ, ʧʨʠ ʵʪʦʤ ʚ ʩʧʝʢʪʨʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʚ ʦʙʣʘʩʪʠ OH, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʥʝʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʨʠʩ. 3). 

 

 

 

ʘ ʙ 
ʈʠʩʫʥʦʢ 3. ɸ - ɺʪʦʨʠʯʥʳʡ ʢʘʣʴʮʠʪ ʠ ʚʦʜʥʳʡ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ ʚ ʦʙʨʘʟʮʝ TM-63, ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʙ ï ʂʈ-ʩʧʝʢʪʨʳ ʢʘʣʴʮʠʪʘ (ʉ2 ʠ ʉ4) ʠ ʚʦʜʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ (ʉ ʠ ʉ3). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʥʳʝ ʤʘʥʪʠʡʥʳʝ ʢʩʝʥʦʣʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤʠ 

ʠʣʴʤʝʥʠʪʦʚʳʤʠ ʦʨʪʦ- ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʘʤʠ ʠ ʛʘʨʮʙʫʨʛʠʪʘʤʠ, ʯʘʩʪʴ ʠʟ ʥʠʭ ï ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʝ. ʆʪʤʝʯʝʥʳ 

ʛʨʘʬʠʯʝʩʢʠʝ ʩʨʘʩʪʘʥʠʝ ʠʣʴʤʝʥʠʪʘ ʠ ʧʠʨʦʢʩʝʥʦʚ ʚ ʧʠʨʦʢʩʝʥʠʪʘʭ, ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʚ ʧʝʨʠʜʦʪʠʪʘʭ. ʆʩʥʦʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʦʙʨʘʟʮʝ ʊʄ-63 ʷʚʣʷʶʪʩʷ ʜʠʦʧʩʠʜ 

(Mg# 80), ʤʘʛʥʝʟʠʘʣʴʥʳʡ ʠʣʴʤʝʥʠʪ (7.5 ʤʘʩ. % MgO) ʠ ʛʨʘʥʘʪ ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥ-ʛʨʦʩʩʫʣʷʨʦʚʦʛʦ ʨʷʜʘ. 

ɸʩʩʦʮʠʘʮʠʷ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʦʨʦʜʝ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʥʘ ʧʦʨʦʜʳ ʢʩʝʥʦʣʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ ʫʪʦʯʥʝʥʳ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʦ ʥʘʣʠʯʠʝ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ.  
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ʀʕʄ ʈɸʅ ˉFMUF-2022-0001 ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄɻʋ ʠʤ. 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʛʦʩʙʶʜʞʝʪʥʘʷ ʪʝʤʘ ˉ 121061600049-4). 
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ɺʂʃʖʏɽʅʀʗ ɸʇɸʊʀʊɸ ɺ ʎʀʈʂʆʅɽ ɺ ɻʈɸʅʀʊʆʀɼɸʍ ʉɽɺɽʈʆ-ɺʆʉʊʆʏʅʆʁ ʏɸʉʊʀ 

ʇ-ɺɸ ʊɸʁʄʓʈ: ʉɺʀɼɽʊɽʃʔʉʊɺʆ ʕɺʆʃʖʎʀʀ ʉʆʉʊɸɺɸ ʃɽʊʋʏʀʍ ʂʆʄʇʆʅɽʅʊʆɺ 

ɺ ɻʈɸʅʀʊʆʀɼʅʆʁ ʄɸɻʄɽ 

 

ɹʝʨʟʠʥ ʉ.ɺ.1, ʂʦʥʦʧʝʣʴʢʦ ɼ.ʃ.2, ʇʝʪʨʦʚ ʉ.ɺ.2, ʇʨʦʩʢʫʨʥʠʥ ɺ.ʌ.3, ɹʝʨʟʦʥ ɽ.ʀ.3, ʂʫʨʘʧʦʚ ʄ.ʖ.2, 

ɻʦʣʦʚʠʥʘ ʊ.ɸ.4, ʏʝʨʥʝʥʢʦ ʅ.ʗ.5, ʏʝʨʚʷʢʦʚʩʢʠʡ ɺ.ʉ.1, ʇʘʣʘʤʘʨʯʫʢ ʈ.ʉ.6 
1 ʀɻɻ ʋʨʆ ʈɸʅ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ), 2 ʉʇʙɻʋ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), 3 ʀʥʩʪʠʪʫʪ ʂʘʨʧʠʥʩʢʦʛʦ (ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ), 4 ɸʆ çʇʦʣʠʤʝʪʘʣʣ ʋʂè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), 5 ʆʆʆ çʇʕʂè (ʛ. ʂʨʘʩʥʦʷʨʩʢ), 6 ʖʋ ʌʅʎ ʄʠɻ 

ʋʨʆ ʈɸʅ (ʛ. ʄʠʘcʩ), berzin@igg.uran.ru 

 

 
ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʛʤʘʭ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʫʜʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ. ɸʧʘʪʠʪ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ 

ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣʦʤ-ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (F, Cl, SO3), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʥʘʩʳʱʝʥʠʷ ʤʘʛʤʳ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ [4, 8], ʠʛʨʘʶʱʠʤʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʨʬʠʨʦʚʦ-ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʤʝʜʠ 

ʚ ʤʠʨʝ [7]. 

ʐʠʨʦʢʦ ʨʘʟʚʠʪʳʝ ʥʘ ʊʘʡʤʳʨʝ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ-ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʠʝ ʛʨʘʥʠʪʦʠʜʳ [3] ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤʠ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʠʟʫʯʝʥʠʝʤ ʤʠʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʨʬʠʨʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ (ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʪʠʪʘʥʠʪ) ʠʟ ʨʷʜʘ ʤʘʩʩʠʚʦʚ 

ʧʦʣʫʦʩʪʨʦʚʘ ʊʘʡʤʳʨ [2]. 

ɿʘʜʘʯʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʧʘʪʠʪʘ, ʟʘʭʚʘʯʝʥʥʦʛʦ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʠʨʢʦʥʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʩʦʩʪʘʚʘʤʠ ʘʧʘʪʠʪʘ ʠʟ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʩ ʮʝʣʴʶ 

ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ ʩʦʩʪʘʚʘ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʛʨʘʥʠʪʥʳʭ ʤʘʛʤʘʭ. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʚʢʣʶʯʝʥʠʷ ʘʧʘʪʠʪʘ ʚ 31 ʮʠʨʢʦʥʝ ʠʟ 8 ʧʨʦʙ ʛʨʘʥʠʪʦʠʜʦʚ ʇʝʢʠʥʩʢʦʛʦ, ɼʦʨʦʞʥʠʥʩʢʦʛʦ, 

ʊʝʩʩʝʤʩʢʦʛʦ ʠ ʉʠʤʩʦʚʩʢʦʛʦ ʤʘʩʩʠʚʦʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʣʫʦʩʪʨʦʚʘ ʊʘʡʤʳʨ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʢʘʞʜʦʡ ʠʟ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʦʩʪʘʚʳ 10 ʟʝʨʝʥ ʘʧʘʪʠʪʘ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʨʦʜʳ (80 ʘʥʘʣʠʟʦʚ). 

ʉʦʩʪʘʚ ʘʧʘʪʠʪʘ ʙʳʣ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ (EPMA) ʥʘ Cameca SX100 ʚ ʎʂʇ 

ñɻʝʦʘʥʘʣʠʪʠʢò ʀɻɻ ʋʨʆ ʈɸʅ. 

ɸʧʘʪʠʪ ʠʟ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʛʨʘʥʠʪʦʠʜʦʚ ʇʝʢʠʥʩʢʦʛʦ, ɼʦʨʦʞʥʠʥʩʢʦʛʦ, ʊʝʩʩʝʤʩʢʦʛʦ ʠ ʉʠʤʩʦʚʩʢʦʛʦ 

ʤʘʩʩʠʚʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ SO3 0,09-0,24 ʤʘʩ.% ʠ Cl ʦʪ <0,03 (ʥʠʞʝ 

ʧʨʝʜʝʣʦʚ ʦʙʥʘʨʫʞʝʥʠʷ) ʜʦ 0,14 ʤʘʩ.% ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ (ů) ʧʨʠ ʠʟʤʝʨʝʥʠʷ ʤʝʪʦʜʦʤ EPMA. ʊʘʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ Cl ʠ SO3 ʚ ʘʧʘʪʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʧʘʪʠʪʫ ʠʟ ʛʨʘʥʠʪʥʳʭ ʠʥʪʨʫʟʠʚʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʧʦ [5-6]. ʉʦʜʝʨʞʘʥʠʷ F ʚ ʘʧʘʪʠʪʝ ʚʘʨʴʠʨʫʶʪ ʚ ʨʘʟʥʳʭ ʦʙʨʘʟʮʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 2.7-3.8 ʤʘʩ.%, ʥʦ 

ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʧʨʦʙʳ ʚʘʨʠʘʮʠʷ ʩʦʩʪʘʚʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ (ů) ʤʝʪʦʜʦʤ EPMA. 

ɸʧʘʪʠʪ, ʟʘʭʚʘʯʝʥʥʳʡ ʮʠʨʢʦʥʘʤʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʠʪʦʠʜʦʚ ɼʦʨʦʞʥʠʥʩʢʦʛʦ ʠ ʊʝʩʩʝʤʩʢʦʛʦ 

ʤʘʩʩʠʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʰʠʨʦʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ SO3 0,15-0,67 ʤʘʩ.%, Cl 0,03-0,74 ʤʘʩ.%, F 2,8-4,6 

ʤʘʩ.% (ɼʦʨʦʞʥʠʥʩʢʠʡ ʤʘʩʩʠʚ) ʠ SO3 0,17-0,86 ʤʘʩ.%, Cl ʦʪ <0,03 ʜʦ 0,84 ʤʘʩ.%, F 1,7-4,3 ʤʘʩ.% (ʊʝʩʩʝʤʩʢʠʡ 

ʤʘʩʩʠʚ). ɺʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ F, Cl, SO3 ʚ ʘʧʘʪʠʪʝ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʮʠʨʢʦʥʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʧʨʦʙʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʝʪʦʜʦʤ EPMA. 

ɺ ʦʜʥʦʤ ʮʠʨʢʦʥʝ ʠʟ ʧʨʦʙʳ ʊ3 (ʊʝʩʩʝʤʩʢʠʡ ʤʘʩʩʠʚ) ʠ ʚ ʦʜʥʦʤ ʮʠʨʢʦʥʝ ʠʟ ʧʨʦʙʳ ʉ1 (ʉʠʤʩʦʚʩʢʠʡ ʤʘʩʩʠʚ) 

ʙʳʣʠ ʧʨʦʩʣʝʞʝʥʳ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ F, Cl ʠ SO3 ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʘʧʘʪʠʪʘ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ-ʭʦʟʷʠʥʘ 

ʮʠʨʢʦʥʘ ʠ ʚ ʝʛʦ ʢʨʘʝʚʦʡ ʯʘʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʘʧʘʪʠʪʘ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʮʠʨʢʦʥʘʭ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʷ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ F, Cl ʠ SO3 ʚ ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʧʘʪʠʪʦʤ ʠʟ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʦʨʦʜʳ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʳʭ 

ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʘʛʤʝ ʟʘ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʘ-ʭʦʟʷʠʥʘ ʮʠʨʢʦʥʘ. ʉʫʜʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ ʮʠʨʢʦʥ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʤʠʥʝʨʘʣʦʤ ʢʦʥʪʝʡʥʝʨʦʤ ʜʣʷ ʚʢʣʶʯʝʥʠʡ ʘʧʘʪʠʪʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʠʭ 

ʧʝʨʝʫʨʘʚʥʦʚʝʰʠʚʘʥʠʶ ʩʦ ʚʤʝʱʘʶʱʠʤ ʨʘʩʧʣʘʚʦʤ ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʝʨʥʘ ʘʧʘʪʠʪʘ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʦʨʦʜʳ 

ʧʝʨʝʫʨʘʚʥʦʚʝʰʝʥʳ ʧʦ F, Cl ʠ SO3 ʥʘ ʧʦʟʜʥʝʤ ʵʪʘʧʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʠʪʥʦʛʦ ʨʘʩʧʣʘʚʘ. ʀʟʤʝʥʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʡ F, Cl ʠ SO3 ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʘʧʘʪʠʪʘ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ-ʭʦʟʷʠʥʘ ʮʠʨʢʦʥʘ ʠ ʚ ʝʛʦ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʤʦʛʫʪ 

ʧʦʤʦʯʴ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʳʭ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʨʘʩʧʣʘʚʝ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɻ ʋʨʆ ʈɸʅ, ʪʝʤʘ ˉ 123011800014-3. 
 

 

 

 



14 
 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʇʨʦʩʢʫʨʥʠʥ ɺ.ʌ., ʇʝʪʨʦʚ ʆ.ɺ., ʈʦʤʘʥʦʚ ɸ.ʇ., ʂʫʨʙʘʪʦʚ ʀ.ʀ., ɻʘʚʨʠʰ ɸ.ɺ., ʇʨʦʩʢʫʨʥʠʥʘ ʄ.ɸ. ʎʝʥʪʨʘʣʴʥʦ-

ɸʨʢʪʠʯʝʩʢʠʡ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʡ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥ-ʧʦʨʬʠʨʦʚʳʡ ʧʦʷʩ // ʈʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ ʠ ʤʝʪʘʣʣʦʛʝʥʠʷ, ˉ 

85, 2021, ʩʪʨ. 31 ï 49. 

2. Berzin S.V., Konopelko D.L., Petrov S.V., Proskurnin V.F., Berzon E.I., Kurapov M.Y., Golovina T.A., Chernenko N.Y., 
Chervyakovskiy V.S., Palamarchuk R.S., Andreeva E.M. Evaluation of Granite Fertility Utilizing Porphyry Indicator 

Minerals and Geochemical Data: a Case Study from an Emerging Metallogenic Province in the Taimyr Peninsula, Siberian 

High Arctic // Minerals, Vol. 14, 2024, 1065. 

3. Kurapov M.Yu., Konopelko D.L., Biske Yu.S., Proskurnin V.F., Petrov S.V., Proskurnina M.A., Berzon Ye.Yi., Ershova 
V.B., Berzin S.V., Stepanov S.Yu. Geodynamic settings of Late PaleozoicïEarly Mesozoic granitoid magmatism at the 

Arctic continental margins: insights from new geochronological and geochemical data from the Taimyr peninsula // 

Minerals, 2024, Vol. 14, 423. 

4. Mao M., Rukhlov A.S., Rowins S.M., Spence J., Coogan L.A. Apatite trace element compositions: a robust newtool for 
mineral exploration // Economic Geology, Vol. 111, 2016, p. 1187 ï 1222. 

5. Pan L.C., Hu R.Z., Bi X.W., Wang Y., Yan J. Evaluating magmatic fertility of Paleo-Tethyan granitoids in eastern Tibet 

using apatite chemical composition and Nd isotope // Ore Geology Reviews, Vol. 127, 2020, 103757. 

6. Pan L.C., Hu R.Z., Wang X.S., Bi X.W., Zhu J.J., Li C. Apatite trace element and halogen compositions as petrogeneticï

metallogenic indicators: Examples from four granite plutons in the Sanjiang region, SW China // Lithos, Vol. 254, 2016, p. 

118 ï 130. 

7. Sillitoe R.H. Porphyry Copper Systems // Economic Geology, Vol. 105, 2010, p. 3 ï 41. 

8. Sun S.J., Yang X.Y.,Wang G.J., Sun W.D., Zhang H., Li C.Y., Ding X. In situ elemental and Sr-O isotopic studies on apatite 

from the Xu-Huai intrusion at the southern margin of the North China Craton: implications for petrogenesis and 

metallogeny // Chemical Geology, Vol. 510, 2019, p. 200 ï 214. 

 
  



15 
 

ʂʈʀʉʊɸʃʃʆʍʀʄʀʗ ʀ ʊʆʇʆʃʆɻʀʗ ʅʆɺʆɻʆ "ʇʈʆʄɽɾʋʊʆʏʅʆɻʆ" Ga, Geï

ʇʈɽɼʉʊɸɺʀʊɽʃʗ ʉɽʈʀʀ ɼʖʄʆʈʊʔɽʈʀʊ ï ʕʃʃɽʅɹɽʈɻɽʈʀʊ 

 

ɺʘʡʪʠʝʚʘ ʖ.ɸ.1, ʉʝʪʢʦʚʘ ʊ.ɺ.2, ʉʧʠʚʘʢ ɸ.ɺ.2, ʂʠʨʝʝʚ ɺ.ɽ.1, ɸʢʩʝʥʦʚ ʉ.ʄ.1 
1 ʌʀʎ ʂʅʎ ʈɸʅ (ʛ. ɸʧʘʪʠʪʳ), 2 ʀʕʄ ʈɸʅ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ), yulia.vaitieva@yandex.ru 

 
ʆʙʰʠʨʥʦʝ ʩʝʤʝʡʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʶʤʦʨʪʴʝʨʠʪʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ 

ʤʠʥʝʨʘʣʘʤʠ ʥʘʜʛʨʫʧʧʳ ʜʶʤʦʨʪʴʝʨʠʪʘ ʠ ʩʝʤʝʡʩʪʚʦʤ ʵʣʣʝʥʙʝʨʛʝʨʠʪʘ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

X(M2ū)3(T
hŪh

3ɗ
h)3(T

tŪt
3ɗ

t) [1, 2], ʛʜʝ M2ū ï ʜʚʦʡʥʳʝ ʮʝʧʦʯʢʠ ʠʟ ʩʚʷʟʘʥʥʳʭ ʧʦ ʛʨʘʥʷʤ ʦʢʪʘʵʜʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʜʚʫʤʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ (ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ (MH
2ū

H) ʠ (Mʉ2ū
ʉ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); (ThŪh
3ɗ

h) ʠ (TtŪt
3ɗ

t) ï ʛʨʫʧʧʠʨʦʚʢʠ ʚ ʢʘʥʘʣʘʭ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ (h) ʠ ʪʨʝʫʛʦʣʴʥʦʛʦ (t) ʩʝʯʝʥʠʷ; X 

ï ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʘʪʠʦʥʳ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʰʠʨʦʢʠʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ h-ʢʘʥʘʣʘʭ. ʕʪʘ ʩʣʦʞʥʘʷ ʦʙʱʘʷ 

ʬʦʨʤʫʣʘ ʦʧʠʩʳʚʘʝʪ ʢʘʢ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʶʤʦʨʪʴʝʨʠʪʦʧʦʜʦʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɿʘʤʝʪʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʶʤʦʨʪʴʝʨʠʪʦʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʛʠʙʢʦʩʪʠ ʠʭ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ʠ ʝʛʦ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʠʟʦʤʦʨʬʠʟʤʫ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʫʩʧʝʰʥʦʛʦ ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ Ga-,Ge-ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʩʝʤʝʡʩʪʚʘ ʜʶʤʦʨʪʴʝʨʠʪʘ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ, ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʤʝʞʜʫ ʵʣʣʝʥʙʝʨʛʝʨʠʪʦʤ ʠ ʜʶʤʦʨʪʴʝʨʠʪʦʤ. 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600ï650Áʉ ʠ ʜʘʚʣʝʥʠʠ 100 ʄʇʘ ʚ 

ʨʘʩʪʚʦʨʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ (30 ʤʘʩ.% H3BO3). ʉʤʝʩʴ ʰʠʭʪʳ ʩʦʩʪʦʷʣʘ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʚʘʨʮʘ ʠ ʢʦʨʫʥʜʘ, ʘ 

ʪʘʢʞʝ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʦʢʩʠʜʦʚ ʛʘʣʣʠʷ ʠ ʛʝʨʤʘʥʠʷ (99,9%) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:3:1:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ ʩʦʩʪʘʚʠʣʘ 14 ʜʥʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʜʦ 0.35 ʤʤ ʚ 

ʜʣʠʥʫ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Rigaku XtaLAB Synergy-S (HyPix ʜʝʪʝʢʪʦʨ; MoKŬ-

ʠʟʣʫʯʝʥʠʝ, ɚ = 0.71073 ¡). ʇʘʨʘʤʝʪʨʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 23.9082(1) ¡, c = 4.7847(1) ¡, 

V = 2368.5(1) ¡3; ʧʨ. ʛʨ. P63mc. ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʫʪʦʯʥʝʥʘ ʜʦ ʠʪʦʛʦʚʦʛʦ R = 5.56% ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1277 I 

> 3ů(I) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Jana2006.  

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʜʨʫʛʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʜʶʤʦʨʪʴʝʨʠʪʘ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ ʥʦʚʦʛʦ Ga-,Ge-ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ (Z = 8): Al [(Al ,Ga)2O]3[(Si4+,Ge4+)O4]3(BO3). 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʥʦʚʦʛʦ Ga,Ge-ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʩʦʜʝʨʞʠʪ ʮʝʧʦʯʢʠ MH
2ū

H ʠ Mʉ2ū
ʉ ʪʠʧʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a = b = 23.9082(1) ¡ (ʈʠʩ.1). ɺ ʦʢʪʘʵʜʨʘʭ ʜʚʦʡʥʳʭ 

ʮʝʧʝʡ ʪʠʧʘ Mʉ2ū
ʉ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʟʠʮʠʠ M(1) ʠ M(2), ʪʦʛʜʘ ʢʘʢ ʧʦʟʠʮʠʠ M(3) ʠ M(4) ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʪʘʵʜʨʘʭ 

ʜʚʦʡʥʳʭ ʮʝʧʝʡ ʪʠʧʘ MH
2ū

H, ʘ ʧʦʟʠʮʠʠ M(5) ʠ M(6) ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʜʠʥʦʯʥʦʡ ʮʝʧʠ ʠʟ ʦʢʪʘʵʜʨʦʚ MO6(X), 

ʢʦʪʦʨʳʝ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʢʘʨʢʘʩʫ SiO4-ʪʝʪʨʘʵʜʨʘʤʠ (ThŪh3ɗh) ʯʝʨʝʟ ʦʙʱʠʝ ʢʠʩʣʦʨʦʜʥʳʝ ʚʝʨʰʠʥʳ. ʂʘʥʘʣʳ 

ʪʨʝʫʛʦʣʴʥʦʛʦ (t) ʩʝʯʝʥʠʷ ʟʘʥʷʪʳ BO3-ʛʨʫʧʧʘʤʠ (TtŪt
3ɗ

t). ʂʘʪʠʦʥʳ Ge4+ ʟʘʤʝʱʘʶʪ Si4+ ʚʦ ʚʩʝʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʷʭ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʩʨʝʜʥʠʭ ʨʘʩʩʪʦʷʥʠʡ TïO ʦʪ 1.753 ʜʦ 1.787 ¡. ʂʘʪʠʦʥʳ Ga3+ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʤʝʩʪʝ ʩ ʢʘʪʠʦʥʘʤʠ Al 3+ ʚ ʜʚʦʡʥʳʭ ʮʝʧʦʯʢʘʭ ʪʠʧʘ Mʉ2ū
ʉ, ʘ ʜʚʦʡʥʳʝ ʮʝʧʦʯʢʠ MH

2ū
H ʪʠʧʘ 

ʟʘʩʝʣʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʪʠʦʥʘʤʠ Al 3+. ʉʦʦʪʥʦʰʝʥʠʝ Si : Ge ʚ ʧʦʟʠʮʠʠ T(1) ʙʣʠʟʢʦ ʢ 1 : 2, ʪʦʛʜʘ ʢʘʢ ʚ ʧʦʟʠʮʠʷʭ 

T(2) ʠ T(3) ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʘ ʛʝʨʤʘʥʠʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʆʢʪʘʵʜʨʠʯʝʩʢʘʷ M(1) ʟʘʥʷʪʘ ʩʤʝʩʴʶ ʢʘʪʠʦʥʦʚ Al 3+ ʠ Ga3+, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʟʠʮʠʷ M(2) ʩʦʜʝʨʞʠʪ ʢʘʪʠʦʥʳ Al 3+ 

and Fe2+. ɺ ʦʙʝʠʭ ʧʦʟʠʮʠʷʭ Ga3+ ʠ Fe2+ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʩʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʦʟʠʮʠʠ M(3) ï M(6) ʟʘʥʷʪʳ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʪʠʦʥʘʤʠ Al 3+; ʦʜʥʘʢʦ ʧʦʟʠʮʠʠ M(5) and M(6) ʷʚʣʷʶʪʩʷ ʥʘʧʦʣʦʚʠʥʫ ʟʘʩʝʣʝʥʥʳʤʠ.  

ʋʪʦʯʥʝʥʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʢʘʢ X{ M5(Al 0.5, 0.5) 
M6(Al 0.5, 0.5)3} 

MC-

ʮʝʧʴ{ M1(Al 0.8233Ga0.1767) 
M2(Al 0.9629Fe0.0371)(O,OH)} 6 

MH-ʮʝʧʴ{ M3(Al ) M4(Al ) (O,OH)2} 6 
Th1[(Ge0.623Si0.377)O4]3 

Th2[(Ge0.345Si0.6549)O4]3 
Th3[(Ge0.3334Si0.6665)O4]6 

Tt(BO3)4, ʛʜʝ ʬʠʛʫʨʥʳʝ ʩʢʦʙʢʠ ʦʙʦʟʥʘʯʘʶʪ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʦʛʦ MT-ʢʘʨʢʘʩʘ, ʘ ʢʨʫʛʣʳʝ ʩʢʦʙʢʠ ï ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʡ. 

ʅʘʪʫʨʘʣʴʥʳʡ ʪʘʡʣʠʥʛ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʜʶʤʦʨʪʴʝʨʠʪʘ ʠʤʝʝʪ ʚʠʜ [3242]6[3444]3[33842], ʘ 

ʢʘʨʢʘʩ ʵʣʣʝʥʙʝʨʛʝʨʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʥʘʪʫʨʘʣʴʥʳʤ ʪʘʡʣʠʥʛʦʤ: [3242]6[3444]3[33046]. 

ʊʦʧʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʥʦʚʦʛʦ Ga-,Ge-ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʤ ʥʘʪʫʨʘʣʴʥʳʤ ʪʘʡʣʠʥʛʦʤ [3242]24[3444]12[33046][33842]3, ʩʦʜʝʨʞʘʱʝʤ ʪʘʡʣʳ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʳʰʝ 

ʤʠʥʝʨʘʣʦʚ (ʈʠʩ.1ʙ). 
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ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʚʠʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

Al [(Al ,Ga)2O]3[(Si4+,Ge4+)O4]3(BO3) ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ab (ʘ); ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʛʦ 

ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʦʛʦ ʩʣʦʷ (ʙ); ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠ ʦʙʦʙʱʸʥʥʘʷ ʬʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 

ʵʣʣʝʥʙʝʨʛʝʨʠʪ-ʜʶʤʦʨʪʴʝʨʠʪ (ʚ). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʟʘʜʘʥʠʝʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ 122011300125-2 ʠ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ʀʕʄ ʈɸʅ ˉ FMUF-2022-0002. 

 
ʃʠʪʝʨʘʪʫʨʘ: 

1. Evans R.J., Groat L.A. Structure and topology of dumortierite and dumortierite-like materials // The Canadian 

Mineralogist, ̄ 50, 2012, 1197 ï 1231. 

2. ʐʚʘʥʩʢʘʷ ʃ.ɺ., ʗʢʫʙʦʚʠʯ ʆ.ɺ. ñɻʠʙʢʠʝò ʢʘʨʢʘʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʝʨʝʭʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ, ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʵʣʣʝʥʙʝʨʛʠʪʘ ʠ ɓ-ʪʨʠʜʠʤʠʪʘ // ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, ˉ 66(1), 2021, ʩʪʨ. 13ï31.  
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ɻʀɼʈʆʊɽʈʄɸʃʔʅʓʁ ʉʀʅʊɽɿ, ʂʈ-ʉʇɽʂʊʈʆʉʂʆʇʀʗ ʀ ɹɸʈʀʏɽʉʂɸʗ 

ʋʉʊʆʁʏʀɺʆʉʊʔ ʉʊʈʋʂʊʋʈʅʆɻʆ ɸʅɸʃʆɻɸ ʇʀʈʆʂʉɽʅɸ NaGaGe2O6 

 

ɺʝʨʯʝʥʢʦ ʇ.ɸ.1, ʉʝʪʢʦʚʘ ʊ.ɺ.1, ʉʧʠʚʘʢ ɸ.ɺ.1, ɿʘʭʘʨʯʝʥʢʦ ɽ.ʉ.1 
1 ʀʕʄ ʈɸʅ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ), yapoletta@mail.ru 

 
ʇʠʨʦʢʩʝʥʳ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʮʝʧʦʯʝʯʥʳʝ ʩʠʣʠʢʘʪʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ, ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ M2M1T2O6. ɼʚʝ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʧʦʟʠʮʠʠ ʄ2 ʠ ʄ1 ʟʘʩʝʣʷʶʪʩʷ ʘʪʦʤʘʤʠ: Ca2+, Na , Li , (ʄ2) ʠ Alį , Feį , Crį , Ga3+, Mn3+, V3+, Ti3+, Sc3+ ʠ ʜʨ. (M1), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ T = Si , Ge . ʇʠʨʦʢʩʝʥʳ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ 

ʚ ʨʦʤʙʠʯʝʩʢʦʡ (Pbca, P2/n) ʠʣʠ ʤʦʥʦʢʣʠʥʥʦʡ (C2/c, P2 /c) ʩʠʥʛʦʥʠʷʭ, ʦʙʨʘʟʫʷ ʜʚʝ ʛʨʫʧʧʳ ï ʦʨʪʦ- ʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ. ɹʣʘʛʦʜʘʨʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʤ ʮʝʧʦʯʢʘʤ [M1O6] ʧʠʨʦʢʩʝʥʳ ʧʨʦʷʚʣʷʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʬʨʫʩʪʨʠʨʦʚʘʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ: ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ Fe, Co, Ni, 

Cr ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʠʣʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʥʘʧʨʠʤʝʨ, CaFeSi2O6 ʧʨʠ ~37 K, CaCoSi2O6 ʧʨʠ 9,75 K) [5] [3], ʘ ʟʘʤʝʱʝʥʠʷ ʚ ʧʦʟʠʮʠʷʭ ʄ2 ʠ T ʧʨʠʚʦʜʷʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʪʠʧʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ LiCrSi2O6 ʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ NaCrGe2O6 [8], ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʠʭ ʩʪʨʫʢʪʫʨʥʦʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʠʨʦʢʩʝʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝ ʠʤʝʶʱʠʭ 

ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ ï ̫ ʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ, ʥʦ ʠ ʜʝʣʘʝʪ 

ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. 

 ɺ ʮʝʣʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʭʦʜʠʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʱʝʣʦʯʥʦʛʦ ʧʠʨʦʢʩʝʥʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʛʘʣʣʠʡ ʠ ʛʝʨʤʘʥʠʡ, ʘ ʪʘʢʞʝ ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚʢʣʶʯʘʷ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʷʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʰʠʨʝʥʠʶ ʧʦʥʠʤʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʠʨʦʢʩʝʥʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

 ʑʝʣʦʯʥʦʡ ʛʘʣʣʠʡ-ʛʝʨʤʘʥʠʝʚʳʡ ʘʥʘʣʦʛ ʧʠʨʦʢʩʝʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 600 ÁC ʠ ʜʘʚʣʝʥʠʠ 100 ʄʇʘ. ʉʤʝʩʴ ʦʢʩʠʜʦʚ ʛʘʣʣʠʷ ʠ ʛʝʨʤʘʥʠʷ ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 

ʧʦʤʝʱʘʣʠ ʚ ʟʦʣʦʪʳʝ ʘʤʧʫʣʳ ʦʙʲʸʤʦʤ 2 ʩʤ3, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʟʘʧʦʣʥʷʣʠ 8 ʤʘʩ.% ʨʘʩʪʚʦʨʦʤ NaOH ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ [1].  ɻʝʨʤʝʪʠʯʥʦ ʟʘʚʘʨʝʥʥʳʝ ʘʤʧʫʣʳ ʧʦʤʝʱʘʣʠ ʚ ʫʩʪʘʥʦʚʢʫ ʚʳʩʦʢʦʛʦ ʛʘʟʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣʘ 8 ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʄɹʉ-10 ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Nikon Eclipse LV100pol. ʌʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʦ ʧʦʨʦʰʢʦʚʳʤ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤ, ʩʥʷʪʳʤ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Advance. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʪʦʯʥʷʣʠ ʤʝʪʦʜʦʤ ʦʜʥʦʦʩʥʦʛʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Xcalibur AtlasS2 ʩ ʜʝʪʝʢʪʦʨʦʤ Gemini R-CCD. ʕʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʦʣʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʫʛʣʝʨʦʜʥʳʤ ʧʦʢʨʳʪʠʝʤ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Tescan Vega II XMU, ʦʩʥʘʱʸʥʥʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ INCA 

Energy 450. ʂʦʤʙʠʥʘʮʠʦʥʥʦʝ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ (ʂʈ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʧʨʠʙʦʨʝ Renishaw RM1000, ʩʥʘʙʞʸʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʦʤ Leica, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ, ʧʨʠ 50-ʢʨʘʪʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʠ ʵʢʩʧʦʟʠʮʠʠ 100 ʩ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʙʘʨʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ NaGaGe2O6 

ʤʝʪʦʜʦʤ in situ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʚ ʷʯʝʡʢʝ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ ʜʦ ~26 ɻʇʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʝʩʮʚʝʪʥʳʝ ʫʜʣʠʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʦʪ 50 ʜʦ 300 

ʤʢʤ (ʨʠʩ. 1ʘ, ʙ). ʀʩʩʣʝʜʫʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ C2/c. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Xcalibur, 

AtlasS2,Gemini R-CCD: a = 9.795(3)¡, b = 8.844(2) ¡, c = 5.4543(16) ¡, ɓ = 104.97(3)Á, V = 456.5(2) ¡3. 

ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ [2] ʚ ʩʪʦʨʦʥʫ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʭʦʞʜʝʥʠʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʚ: 62.83%GeO2, 29.15%Ga2O3, 8.81%Na2O ï ʨʘʚʥʦʤʝʨʝʥ ʧʦ ʚʩʝʤʫ ʦʙʨʘʟʮʫ, 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʫʩʨʝʜʥʝʥʥʘʷ ʬʦʨʤʫʣʘ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ï Na0.95Ga1.02Ge1.98O6. 
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ʈʠʩ. 1. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ NaGaGe2O6 ʚ ʚʠʜʝ ʩʨʦʩʪʢʦʚ (ʘ) ʠ ʦʪʜʝʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʙ); (ʚ) ï 

ʧʨʦʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ NaGaGe2O6 ʥʘ ʧʣʦʩʢʦʩʪʴ xz, ʚʠʟʫʘʣʠʟʘʮʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Diamond ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ 

ʜʘʥʥʳʤ [6]. 

ɼʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ NaGaGe2O6 ʙʳʣ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʂʈ ʩʧʝʢʪʨ ʚ ʜʠʘʧʘʟʦʥʝ 100-1200ʩʤ-1. 

ɼʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʨʝʛʠʦʥʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ [9]: 

(I): <300 ʩʤ-1, ʢʦʣʝʙʘʥʠʷ ʨʝʰʝʪʢʠ; (II ): 450-300 ʩʤ-1 ʩ ʛʨʫʧʧʦʡ ʠʥʪʝʥʩʠʚʥʳʭ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʧʠʢʦʚ, 

ʚʥʫʪʨʝʥʥʠʝ ʢʦʣʝʙʘʥʠʷ ʦʢʪʘʵʜʨʦʚ ʄ1 ʠ ʄ2; (III ): 600-450 ʩʤ-1 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʛʨʫʧʧʦʡ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ 

ʧʠʢʦʚ ʫʤʝʨʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ O-T-O;  (IV ): 800-600 ʩʤ-1 ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʜʫʙʣʝʪʦʤ ʠʣʠ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʦʜʠʥʦʯʥʳʤ ʧʠʢʦʤ ʚʙʣʠʟʠ 670 ʩʤ-1, ʦʪʚʝʯʘʶʱʠʭ ʤʦʜʘʤʠ ʨʘʩʪʷʞʝʥʠʷ ʩʚʷʟʝʡ T-

Obr-T (ʛʜʝ Obr ï ʤʦʩʪʠʢʦʚʳʡ ʢʠʩʣʦʨʦʜ, ʩʚʷʟʳʚʘʶʱʠʡ ʪʝʪʨʘʵʜʨʳ ʚ ʧʠʨʦʢʩʝʥʦʚʦʡ ʮʝʧʦʯʢʝ); (V): 1100-800ʩʤ-1 ʩ 

ʩʠʣʴʥʳʤ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʧʠʢʦʤ ʚʙʣʠʟʠ 1000 ʩʤ-1 ʠ ʥʝʩʢʦʣʴʢʠʤʠ ʰʠʨʦʢʠʤʠ ʠ ʩʣʘʙʳʤʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʠʢʘʤʠ ʥʘ ʜʚʫʭ ʝʛʦ ʧʣʝʯʘʭ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʤʦʩʪʠʢʦʚʳʤ ʚʥʫʪʨʝʥʥʠʤ ʢʦʣʝʙʘʥʠʷʤ ʪʝʪʨʘʵʜʨʦʚ. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʩʦʝʜʠʥʝʥʠʷ NaGaGe2O6 ʩ ʂʈ ʩʧʝʢʪʨʘʤʠ ʤʠʥʝʨʘʣʦʚ 

ʵʛʠʨʠʥʘ NaFeSi2O6 (RRUFFID=R120144) ʠ ʞʘʜʝʠʪʘ NaAlSi2O6 (RRUFFID=R050220) (ʨʠʩ. 2). ɺʩʝ ʦʩʥʦʚʥʳʝ ʧʠʢʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʜʚʠʥʫʪʳ ʚ ʟʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʠʨʦʜʥʳʤʠ ʧʠʨʦʢʩʝʥʘʤʠ. ʕʪʦʪ ʩʜʚʠʛ ʩʚʷʟʘʥ ʩ ʚʭʦʞʜʝʥʠʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʘʪʠʦʥʦʚ ï Ga ʚ ʧʦʟʠʮʠʶ M1 ʠ Ge 

ʚ ʧʦʟʠʮʠʶ ʊ ʚ ʩʪʨʫʢʪʫʨʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

 
ʈʠʩ. 2. ʅʝʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʂʈ ʩʧʝʢʪʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (NaGaGe2O6) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʠʨʦʜʥʳʤʠ ï 

ʞʘʜʝʠʪʦʤ(R050220) ʠ ʵʛʠʨʠʥʦʤ(R120144) 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʨʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ NaGaGe2O6 ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ 

ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʂʈ-ʩʧʝʢʪʨʘ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 

6 ɻʇʘ ʠʩʯʝʟʘʝʪ ʧʦʣʦʩʘ ʧʨʠ 159 ʩʤ-1, ʘ ʧʦʣʦʩʳ ʧʨʠ 113, 233, 400, 559 ʠ 878 ʩʤ-1 ʠʟʤʝʥʷʶʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʚʦʝʛʦ 

ʩʜʚʠʛʘ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʯʘʣʝ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ ~1,6 ɻʇʘ, ~13 ɻʇʘ ʠ ʦʩʦʙʝʥʥʦ ʧʨʠ ~19 ɻʇʘ, ʛʜʝ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʧʦʣʦʩʘ ʧʨʠ 425 ʩʤ-1 ʠ 

ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ ʛʨʫʧʧʘ ʧʦʣʦʩ ʚ ʜʠʘʧʘʟʦʥʝ 113-159 ʩʤ-1, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʚʦʟʤʦʞʥʦʤ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ. 

ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʨʠʨʦʜʥʳʭ ʧʠʨʦʢʩʝʥʦʚ ï ʞʘʜʝʠʪʘ [7] ʠ ʩʧʦʜʫʤʝʥʘ [4]. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʚ ʧʨʠʨʦʜʥʦʤ ʜʠʦʧʩʠʜʝ CaMgSi2O6 ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʨʦʢʩʝʥʘʭ CaCoSi2O6, CaCoGe2O6, 

CaMgGe2O6 ʧʦ ʜʘʥʥʳʤ in situ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 8 ɻʇʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʩʪʘʣʣʳ NaGaGe2O6 ï ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʦʛʘ ʧʠʨʦʢʩʝʥʘ ï ʙʳʣʠ ʫʩʧʝʰʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʤʝʨʝʥʥʳʭ ʫʩʣʦʚʠʷʭ: ʪʝʤʧʝʨʘʪʫʨʝ 600 ÁC ʠ 

ʜʘʚʣʝʥʠʠ 100 ʄʇʘ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 300 ʤʢʤ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ C2/c ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 9.795(3) ¡, b = 8.844(2) ¡, 

c = 5.4543(16) ¡, ɓ = 104.97(3)Á, V = 456.5(2) ¡į. ɺʧʝʨʚʳʝ ʜʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʩʧʝʢʪʨ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 100-1200ʩʤ-1, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ 
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ʧʨʠʨʦʜʥʳʤʠ ʧʠʨʦʢʩʝʥʘʤʠ ï ʞʘʜʝʠʪʦʤ ʠ ʵʛʠʨʠʥʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʘʨʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ NaGaGe2O6 ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 0,11ï26,08 ɻʇʘ ʤʝʪʦʜʦʤ in situ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʷʚʠʣʦ ʚʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʠ ~6 ɻʇʘ ʠ ~19 ɻʇʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʦʞʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ 

ʜʘʚʣʝʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ʀʕʄ ʈɸʅ ˉ FMUF-2022-0002. 
 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʅʘʫʤʦʚ ɻ.ɹ., ʈʳʞʝʥʢʦ ɹ.ʅ., ʍʦʜʘʢʦʚʩʢʠʡ ʀ.ʃ. ʉʧʨʘʚʦʯʥʠʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ // ʄ.: ɸʪʦʤʠʟʜʘʪ. 1971. 240 
ʩ. 

2. Cameron M., Sueno S., Prewitt C.T., Papike J.J. High-temperature crystal chemistry of acmite, diopside, hedenbergite, 

jadeite, spodumene, and ureyite pyroxene // American Mineralogist. 1973. 58 594-618 

3. Durand G. et al. Synthesis, structure, and magnetic properties of CaMSi2O6 (M= Co, Ni) compounds and their solid 
solutions //Journal of Solid State Chemistry. ï 1996. ï ʊ. 124. ï ̄. 2. ï ʉ. 374-380. 

4. Jiang Y. et al. Crystal Chemistry, High-Pressure Behavior, Water Content, and Thermal Stability of Natural Spodumene 

//Minerals. ï 2025. ï ʊ. 15. ï ̄. 3. ï ʉ. 307. 

5. Redhammer G. J. et al. Magnetic ordering and spin structure in ca-bearing clinopyroxenes CaM2+ (Si, Ge) 2O6, M= Fe, 

Ni, Co, Mn //Journal of Solid State Chemistry. ï 2008. ï ʊ. 181. ï ̄. 11. ï ʉ. 3163-3176. 

6. Redhammer, G. J., Tippelt G. Pyroxene-type compounds NaM3+Ge2O6, with M = Ga, Mn, Sc and In // Acta Cryst. 2014. 

C70. 852ï857. 

7. Sakamaki T. et al. Structure of jadeite melt at high pressures up to 4.9 GPa //Journal of Applied Physics. ï 2012. ï ʊ. 111. 

ï ̄. 11. 

8. Vasiliev A. N. et al. Long-range magnetic order in quasi-one-dimensional chromium-based (S= 3 2) pyroxenes (Li, Na) Cr 

(Si, Ge) 2 O 6 //Physical Review BðCondensed Matter and Materials Physics. ï 2005. ï ʊ. 72. ï ̄. 1. ï ʉ. 012412. 

9. Wang A. et al. Characterization and comparison of structural and compositional features of planetary quadrilateral 
pyroxenes by Raman spectroscopy //American Mineralogist. ï 2001. ï ʊ. 86. ï ̄. 7-8. ï ʉ. 790-806. 

 

  



20 
 

ʄʀʅɽʈɸʃʓ ʅɸɼɻʈʋʇʇʓ ʊʋʈʄɸʃʀʅɸ ï ʇɽʈʉʇɽʂʊʀɺʅʆɽ ʉʓʈʔɽ 

ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʉʊɸɹʀʃʔʅʓʍ ɺ ʐʀʈʆʂʆʄ ʀʅʊɽʈɺɸʃɽ ʊɽʄʇɽʈɸʊʋʈ 

ʇʀʈʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʄɸʊɽʈʀɸʃʆɺ 

 

ɺʦʣʢʦʚʘ ʀ.ɸ.1,2, ʌʨʘʥʢ-ʂʘʤʝʥʝʮʢʘʷ ʆ.ɺ.1, ɺʝʨʝʱʘʛʠʥ ʆ.ʉ. 1, ʄʘʣʳʰʢʠʥʘ ʆ.ɺ. 3, 

ɻʦʨʝʣʦʚʘ ʃ.ɸ.1, ʂʨʞʠʞʘʥʦʚʩʢʘʷ ʄ.ɻ.1 
1 ʉʇʙɻʋ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), 2 ʀʕʄ ʈɸʅ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ), 3 ʊʚɻʋ (ʛ. ʊʚʝʨʴ); i.volkova@spbu.ru 

 
ʄʠʥʝʨʘʣʳ ʥʘʜʛʨʫʧʧʳ ʪʫʨʤʘʣʠʥʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ X1-0Y3Z6(T6O18)(BO3)3V3W ï ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʚ ʧʨʠʨʦʜʝ ʙʦʨʘʪʦʩʠʣʠʢʘʪʳ. ʊʫʨʤʘʣʠʥ ʦʙʣʘʜʘʝʪ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʙʣʘʛʦʜʘʨʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ 

ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʀʂ-ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ, ʠʣʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʜʠʦʤʝʪʨʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ ʜʨʫʛʠʭ ʧʣʘʥʝʪ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʷʭ [1]. 
ʄʳ ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʘʣʝʥʪʥʦʩʪʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ ʥʘ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʤʘʣʠʥʘ (g) ʠ ʦʙʲʷʩʥʠʣʠ ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʚ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ 

ʧʦʣʠʵʜʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʪʫʨʤʘʣʠʥʘ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.    

ʇʝʨʚʠʯʥʳʡ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 23 ʢʨʠʩʪʘʣʣʦʚ ʪʫʨʤʘʣʠʥʘ (33 ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʘ ʩ ʫʯʝʪʦʤ 

ʟʦʥʘʣʴʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ) ʙʳʣ ʠʟʤʝʨʝʥ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʄʘʩʩʠʚ ʜʘʥʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ ʧʠʨʦʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʚ ʩʪʨʫʢʪʫʨʝ 

ʪʫʨʤʘʣʠʥʘ ʚʢʣʶʯʘʣ 53 ʩʦʩʪʘʚʘ: 33 (ʥʘʰʠ ʜʘʥʥʳʝ) + 21 (ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ [2,3]). ʈʝʟʫʣʴʪʘʪʳ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʘʣʝʥʪʥʦʩʪʴ ʢʘʪʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʫʨʤʘʣʠʥʘ [4]. ʄʝʞʜʫ ʟʥʘʯʝʥʠʝʤ g ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʦʢʪʘʵʜʨʘʭ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ (Fe+Mg+Mn+Ni+Cu) ʢʘʪʠʦʥʦʚ ʙʳʣʘ ʥʘʡʜʝʥʘ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʘ ʪʨʝʭʚʘʣʝʥʪʥʳʭ (Al+Fe) ï 

ʧʨʷʤʘʷ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʫʨʤʘʣʠʥʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʨʝʭʚʘʣʝʥʪʥʳʭ 

ʢʘʪʠʦʥʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʀʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʠʨʦʢʦʵʬʬʠʮʠʝʥʪʦʤ (>5 mʂʣʤ-2ʂ-1) ʦʙʣʘʜʘʝʪ 

ʦʙʦʛʘʱʝʥʥʳʡ ʘʣʶʤʠʥʠʝʤ (Al > 7.6 ʬ.ʢ.) ʬʪʦʨʵʣʴʙʘʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʦʜʥʳʝ ʢʨʠʩʪʘʣʣʳ ʵʣʴʙʘʠʪʘ ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ (<0.2 ʬ.ʢ.) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʩʳʨʴʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʫʨʤʘʣʠʥʘ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ʀʟʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

(ʦʪ -170 ʜʦ 900 Áʉ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʚʫʭ ʧʨʠʨʦʜʥʳʭ (ʬʪʦʨʫʚʠʪ, ʬʪʦʨʵʣʴʙʘʠʪ) ʠ ʦʜʥʦʛʦ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ (Ni-ʩʦʜʝʨʞʘʱʠʡ ʘʥʘʣʦʛ ʜʨʘʚʠʪʘ) ʢʨʠʩʪʘʣʣʦʚ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʧʨʠʨʦʜʫ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʫʨʤʘʣʠʥʘ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʬʦʨʤʫʣʫ, ʧʨʝʜʣʦʞʝʥʥʫʶ ɿʘʦ ʠ ʜʨ. [3], ʜʣʷ ʨʘʩʯʝʪʘ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ [5]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ 

ʪʫʨʤʘʣʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʢʘʢ ʩʫʤʤʘ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ XO9-, YO6- ʠ ZO6-ʧʦʣʠʵʜʨʦʚ. ɺʢʣʶʯʝʥʠʝ ʚ 

ʨʘʩʯʝʪ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ TO4-ʪʝʪʨʘʵʜʨʦʚ ʠ BO3-ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʦʚʝʨʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʩʝʣʝʥʥʦʩʪʴ ʧʦʣʠʵʜʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʠʭ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ʠʟʤʝʥʷʷ ʜʣʠʥʫ ʠ/ʠʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʷ ʟʘʨʷʜʦʚ. ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʤ 

ʥʘʤʠ ʬʪʦʨʵʣʴʙʘʠʪʝ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʪʠʦʥʦʚ Al3+ ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʣʠʵʜʨʦʚ XO9, 

YO6 ʠ ZO6 ʩʦʚʧʘʜʘʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʟʥʘʯʝʥʠʶ g ʧʦ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʩ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ (ʬʪʦʨʫʚʠʪ, ʩʠʥʪʝʪʠʯʝʩʢʠʡ Ni,Al-

ʩʦʜʝʨʞʘʱʠʡ ʪʫʨʤʘʣʠʥ), ʚ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ XO9-ʠ ZO6-ʧʦʣʠʵʜʨʦʚ ʩʦʚʧʘʜʘʶʪ, ʘ 

ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ YO6-ʦʢʪʘʵʜʨʘ ʥʘʧʨʘʚʣʝʥ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ. 

 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 25-27-00194 ʥʘ ʙʘʟʝ ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ ʉʇʙɻʋ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè. 
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ʉʀʅʊɽɿ, ʉʊʈʋʂʊʋʈʅʓɽ ʀ ʉʇɽʂʊʈʆʉʂʆʇʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ɹɽɿɸʃʖʄʀʅʀɽɺʆʁ ʉʃʖɼʓ ʂ2Mg5(Si4O10)2(OH)4 - ʄʆʅʊɼʆʈʀʊɸ 

ɻʦʨʥʦʚʘ ɽ.ʉ.1,2, ʉʧʠʚʘʢ ɸ.ɺ.1, ʂʫʟʶʨʘ ɸ.ɺ.1, ʉʝʪʢʦʚɸ ʊ.ɺ.1, ɹʝʥʜʝʣʠʘʥʠ ɸ.ɸ.2, ɹʦʙʨʦʚ ɸ.ɺ.1,2, 

ɺʠʨʶʩ ɸ.ɸ.1, ɿʘʭʘʨʯʝʥʢʦ ɽ.ʉ.1, ʂʫʟʴʤʠʥ ɸ.ɺ.1 

1 ʀʕʄ ʈɸʅ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ), 2ʄɻʋ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬ-ʪ (ʛ. ʄʦʩʢʚʘ) 

ʉʣʶʜʳ - ʦʙʰʠʨʥʘʷ ʛʨʫʧʧʘ  ʩʠʣʠʢʘʪʦʚ (ʬʠʣʣʦʩʠʣʠʢʘʪʳ), ʦʙʣʘʜʘʶʱʠʭ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʠʤʝʶʱʠʭ ʦʙʱʫʶ ʬʦʨʤʫʣʫ X+Y2
3+[Si4O10](OH,F)2, ʨʝʞʝ X+Y3

2+[AlSi 3O10](OH, F)2, ʛʜʝ X ð 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ K, ʨʝʞʝ Na, NH4, Y ð ʦʙʳʯʥʦ Mg, Fe, Al, ʨʝʞʝ Ba, Mn, Ca, Ti, Zn, B, V, U. ʉʣʶʜʘ - 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʝʛʦ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4% 

ʚʝʩʘ ʟʝʤʥʦʡ ʢʦʨʳ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʣʶʜ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ. ʉʪʨʫʢʪʫʨʘ ʩʣʶʜ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʙʨʫʩʠʪʦʧʦʜʦʙʥʦʤ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʩʣʦʝ [Mg(OH)2, ʢʦʪʦʨʳʡ ʚ ʩʣʶʜʘʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ - Mg3O4(OH)2], ʣʠʙʦ ʥʘ ʛʠʙʙʩʠʪʦʧʦʜʦʙʥʦʤ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʩʣʦʝ [Al(OH)3, 

ʢʦʪʦʨʳʡ ʚ ʩʣʶʜʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ Al2O4(OH)2] [1] (ʨʠʩ.1). 

 

ʈʠʩ.1. ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʣʶʜ [2].  

ɺʧʝʨʚʳʝ ʙʝʟʘʣʶʤʠʥʠʚʘʷ ʩʣʶʜʘ ʩ ʩʦʩʪʘʚʦʤ ʂ2Mg5(Si4O10)2(OH)4  ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʚ 1965 [3].  

ʇʦʟʜʥʝʝ ʦʥʘ ʙʳʣʘ ʥʘʡʜʝʥʘ ʚ ʤʘʪʨʠʮʝ ʱʝʣʦʯʥʦʛʦ ʨʠʦʣʠʪʘ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʘʛʥʝʪʠʪʦʤ, ʘʧʘʪʠʪʦʤ, 

ʩʬʝʥʦʤ, ʮʠʨʢʦʥʦʤ ʠ ʬʣʶʦʨʠʪʦʤ [4]. ɼʘʥʥʘʷ ʩʣʶʜʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ çʤʦʥʪʜʦʨʠʪè ʚ ʯʝʩʪʴ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʟʚʘʥʠʷ ʩʪʨʘʪʦʚʫʣʢʘʥʘ Mont Dore (ʌʨʘʥʮʠʷ), ʚ ʧʦʨʦʜʘʭ ʢʦʪʦʨʦʛʦ ʠ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ [5].  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʥʪʜʦʨʠʪʘ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʠʪʴ 

ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ ʩʣʶʜʳ ʩʦʩʪʘʚʘ ʂ2Mg5(Si4O10)2(OH)4 ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʘʟʤʝʨʘ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  

ʉʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ ʩʣʶʜʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʟʦʣʦʪʳʭ ʘʤʧʫʣʘʭ ʦʙʲʝʤʦʤ 2 ʤʣ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 Áʉ ʠ ʜʘʚʣʝʥʠʠ 150 ʄʇʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʣʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʝʨʞʥʝʡ ʢʚʘʨʮʘ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɼʨʫʛʦʡ ʰʠʭʪʦʚʦʡ ʢʦʤʧʦʥʝʥʪ ʚʚʦʜʠʣʠ ʚ ʠʟʤʝʣʴʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʠʜʝ ʦʢʩʠʜʘ (Al 2O3 ʠ 

https://ru.ruwiki.ru/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0
https://ru.ruwiki.ru/wiki/%D0%9F%D0%BE%D1%80%D0%BE%D0%B4%D0%BE%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D1%83%D1%8E%D1%89%D0%B8%D0%B5_%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D1%8B
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MgO). ɸʤʧʫʣʫ ʟʘʣʠʚʘʣʠ ʨʘʩʪʚʦʨʦʤ 5 ʤʘʩʩ. % KOH ʚ ʢʦʣʠʯʝʩʪʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʟʘʧʦʣʥʝʥʠʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ 14 ʩʫʪʦʢ. 

ʉʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʯʘʣʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

CamScanM2300 (VEGA TS 5130MM) ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ Link INCA Energy-350. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʀʂ ʠ 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʂʈ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʘʤʘʥ-ʩʧʝʢʪʨʦʤʝʪʨʘ Renishaw RM1000, 

ʦʩʥʘʱʝʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʦʤ Leica ʠ ʣʘʟʝʨʦʤ ɚ=532 ʥʤ. ʀʂ-ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ-ʤʠʢʨʦʩʢʦʧʘ çʄʠʢʨʘʥ-3è (Simex).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʝʩʮʚʝʪʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʩʣʶʜʳ ʨʘʟʤʝʨʦʤ ʜʦ 800 ʤʢʤ 

(ʈʠʩ. 2). ʂʨʠʩʪʘʣʣʳ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʚʠʜʝ ʩʨʦʩʪʢʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʨʮʝʚʦʛʦ 

ʩʪʝʨʞʥʷ. 

ɸ ɹ 

 ʈʠʩ.2. (ɸ) ʉʕʄ ʠʟʙʨʘʞʝʥʠʷ ʩʣʶʜʳ ʩ ʪʦʯʢʘʤʠ ʘʥʘʣʠʟʦʚ ʧʦ ʧʨʦʬʠʣʶ, (ɹ) ʧʦʵʣʝʤʝʥʪʥʦʝ 

ʢʘʨʪʠʨʦʚʘʥʠʝ ʟʝʣʝʥʳʡ ʮʚʝʪ ï Al, ʢʨʘʩʥʳʡ ï ʂ. 

ʂʨʠʩʪʘʣʣʳ ʩʣʶʜʳ ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʳʡ ʩʦʩʪʘʚ: 59.68 ï SiO2, 0.28 ï Al2O3, 25.15 ï MgO, 9.76 ï 

ʂ2ʆ ʤʘʩʩ%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʂ ï 2, Mg ï 5.38, Si ï 8.57, Al  ï 0.05 ʘʪʦʤʦʚ ʥʘ ʬʦʨʤʫʣʫ ʧʨʠ ʧʝʨʝʩʯʝʪʝ 

ʥʘ 14 ʢʘʪʠʦʥʦʚ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʣʶʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ c ʤʦʥʦʢʨʠʩʪʘʣʣʘ: ʘ=5.273 

¡, b=9.1186 ¡, c=10.205 ¡, ɓ=99.89, V=483.4 ¡3; ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʥʳʤ ʟʥʘʯʝʥʠʷʤ  ʜʣʷ 

ʤʦʥʪʜʦʨʠʪʘ ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ: ʘ=5.31 ¡, b=9.2 ¡, c=10.175 ¡, ɓ=99.9, V=489.67 ¡3 

(https://www.mindat.org/min-2762.html). 
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ʈʠʩ.3. ʉʧʝʢʪʨʳ ʩʣʶʜʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʘ (ʯʝʨʥʳʡ) ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʝʢʪʨʘʤʠ 

ʬʣʦʛʦʧʠʪʘ(ʢʨʘʩʥʳʡ) ʠ ʪʘʣʴʢʘ (ʩʠʥʠʡ), ʚʟʷʪʳʭ ʠʟ RRUFFÊ Project [6]. 

ʂʈ-ʩʧʝʢʪʨ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʦʥʪʜʦʨʠʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʜʠʘʧʘʟʦʥʝ 100ï 4000 ʩʤ-1, ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʢ ʚ ʦʙʣʘʩʪʠ çʢʘʨʢʘʩʥʳʭè ʢʦʣʝʙʘʥʠʡ 150-1200 ʩʤ-1, 

ʪʘʢ ʚ ʦʙʣʘʩʪʠ (ʆʅ) ʢʦʣʝʙʘʥʠʡ 3000-4000 ʩʤ-1 (ʈʠʩ. 3). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʧʦʣʫʯʝʥ ʀʂ-ʩʧʝʢʪʨ (ʨʠʩ. 4), 

ʥʘ ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ ʜʣʷ ʩʣʶʜ: 651, 769, 942, 1089, 1128 ʩʤ-1  ʚ ʦʙʣʘʩʪʠ 

Si-O ʢʦʣʝʙʘʥʠʡ ʠ 3590 ʩʤ-1 ʚ ʦʙʣʘʩʪʠ ʆʅ ʢʦʣʝʙʘʥʠʡ [7]. 

 

 

ʈʠʩ. 4 ʀʂ-ʩʧʝʢʪʨ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʦʥʪʜʦʨʠʪʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 Áʉ ʠ 

ʜʘʚʣʝʥʠʠ 150 ʄʇʘ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʤʦʥʪʜʦʨʠʪʘ ʂ2Mg5(Si4O10)2(OH)4 ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʘʟʤʝʨʘ ʜʣʷ 

ʥʘʯʘʣʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʤʠʥʝʨʘʣʘ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʦʣʫʯʝʥʳ ʂʈ- ʠ ʀʂ- ʩʧʝʢʪʨʳ ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ʙʘʟʳ 

ʜʘʥʥʳʭ RRUFFÊ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ʀʕʄ ʈɸʅ ˉ FMUF-2022ï0001 
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ɻʨʘʥʘʪʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʘʣʤʘʟʘʭ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʣʦʚʠʷʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʟʘʭʚʘʯʝʥʥʳʝ ʘʣʤʘʟʘʤʠ ʚ ʧʨʦʮʝʩʩʝ 

ʨʦʩʪʘ, ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʧʨʷʤʳʝ ʬʨʘʛʤʝʥʪʳ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ. ʍʠʤʠʯʝʩʢʠʡ ʠ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʛʨʘʥʘʪʦʚ ʠʟ ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʡ ʦʪʨʘʞʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʛʣʫʙʠʥʥʳʭ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ 

ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʦʚ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʨʘʥʘʪʳ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʧʦ ʩʦʩʪʘʚʘʤ, 

ʦʪʨʘʞʘʷ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʵʚʦʣʶʮʠʠ ʤʘʪʝʨʠʥʩʢʦʡ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʷʜʳ ʧʠʨʦʧï

ʘʣʴʤʘʥʜʠʥïʛʨʦʩʩʫʣʷʨ ʬʠʢʩʠʨʫʶʪ ʩʤʝʥʫ ʫʩʣʦʚʠʡ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʬʣʶʠʜʥʦ-ʨʘʩʧʣʘʚʥʳʭ ʩʠʩʪʝʤ 

ʚ ʤʘʥʪʠʠ. ɺʢʣʶʯʝʥʠʷ ʛʨʘʥʘʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʠ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʟʘʢʨʳʪʳʤ ʚʢʣʶʯʝʥʠʷʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʘʣʤʘʟʝ-ʭʦʟʷʠʥʝ ʧʦʜ 

ʦʩʪʘʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ. ʀʭ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʂʈ), ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʥʝ ʪʦʣʴʢʦ ʦ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ, ʥʦ ʠ ʦ ʩʦʩʪʘʚʝ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʊʘʢʠʝ ʨʘʙʦʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʨʦʜʝ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʦʚ ʛʨʘʥʘʪʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ (ʗʢʫʪʠʷ).  

ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ (ʗʢʫʪʩʢʘʷ 

ʘʣʤʘʟʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ), ʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ. ʆʙʘ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʬʦʨʤʳ ʩ ʛʨʘʥʷʤʠ ʦʢʪʘʵʜʨʘ ʠ ʜʦʜʝʢʘʵʜʨʦʠʜʘ I-ʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʖ. ʃ. ʆʨʣʦʚʘ 

[3]. ʂʨʠʩʪʘʣʣʳ ʙʝʩʮʚʝʪʥʳʝ ʠ ʧʨʦʟʨʘʯʥʳʝ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʦʪʦʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʩʢʦʣʘʤʠ ʠ ʩʣʘʙʦʡ ʩʪʝʧʝʥʴʶ 

ʪʨʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʷʚʣʝʥʥʦʡ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ. ʉʣʝʜʳ ʢʦʨʨʦʟʠʠ ʠ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪʩʫʪʩʪʚʫʶʪ. ʈʘʟʤʝʨʳ ʚʢʣʶʯʝʥʠʡ ʚ ʦʙʨʘʟʮʘʭ ʚʘʨʴʠʨʫʶʪ ʦʪ 10 ʜʦ 250 ʤʢʤ, ʦʥʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʚʩʝʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʤʝʣʢʠʭ ʪʨʝʱʠʥ, ʥʝ ʚʣʠʷʶʱʠʭ ʥʘ 

ʩʦʭʨʘʥʥʦʩʪʴ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʛʨʘʥʘʪʘʤ, ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʢʘʢ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʟʸʨʝʥ, ʪʘʢ ʠ ʚ ʘʩʩʦʮʠʘʮʠʷʭ ʩ 

ʜʨʫʛʠʤʠ ʬʘʟʘʤʠ. ʄʦʨʬʦʣʦʛʠʷ ʠ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʢʣʶʯʝʥʠʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ADF STD16 ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Nikon Eclipse LV100Npol. 

ʂʈ-ʩʧʝʢʪʨʳ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ Renishaw (RM1000) ʦʩʥʘʱʸʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʦʤ Leica ʩ ʣʘʟʝʨʦʤ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 532nm ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 50ʭ. ʅʘʢʦʧʣʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʚ ʪʝʯʝʥʠʠ 100 ʩʝʢʫʥʜ ʚ ʨʝʛʠʦʥʝ 150-4000 ʩʤ-1 ʚ ʀʕʄ ʈɸʅ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʂʈ-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʸʤ 

ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʤʠʥʝʨʘʣʦʚ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ RRUFF [7]. 

ʆʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Fytik 1.3.1 ʠ OriginPro 2021.  

 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʣʤʘʟʘʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʝʤʴ ʛʨʘʥʘʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ: ʜʚʘ ʚ ʦʙʨʘʟʮʝ ˉ 3-3 ʠ ʧʷʪʴ ʚ ʦʙʨʘʟʮʝ ˉ 

3-4 (ʨʠʩ. 1). ɺʢʣʶʯʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʠ ʨʘʟʤʝʨʘʤ (50ï200 ʤʢʤ), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʝʡ 

ʩʦʭʨʘʥʥʦʩʪʴʶ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʠʟʦʤʝʪʨʠʯʥʳʤʠ ʟʝʨʥʘʤʠ (ʨʠʩ. 1ʘ, ʜ), ʪʘʢ ʠ ʢʨʠʩʪʘʣʣʘʤʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʣʠ 
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ʩʣʝʛʢʘ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ (ʨʠʩ. 1ʙ, ʚ, ʛ). ʎʚʝʪ ʚʘʨʴʠʨʫʝʪ ʦʪ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ (ʧʦʯʪʠ 

ʯʝʨʥʦʛʦ). 

 

 
ʈʠʩ. 1. ɺʢʣʶʯʝʥʠʷ ʛʨʘʥʘʪʦʚ ʚ ʘʣʤʘʟʘʭ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ (ʦʙʨʘʟʝʮ 3-3: ʘ ï ʚʢʣʶʯʝʥʠʝ ˉ7, ʙ ï 

ʚʢʣʶʯʝʥʠʝ ˉ25; ʦʙʨʘʟʝʮ 3-4: ʚ ï ʚʢʣʶʯʝʥʠʝ ˉ5, ʛ ï ʚʢʣʶʯʝʥʠʝ ˉ6, ʜ ï ʚʢʣʶʯʝʥʠʝ ˉ7). 

ʇʦ ʜʘʥʥʳʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʩʝ ʛʨʘʥʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʠʨʦʧïʘʣʴʤʘʥʜʠʥïʛʨʦʩʩʫʣʷʨʦʚʦʤʫ ʨʷʜʫ (ʨʠʩ. 2). ʅʘ 

ʩʧʝʢʪʨʘʭ ʦʪʯʸʪʣʠʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ ʪʝʪʨʘʵʜʨʘ SiO , ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʘʪʘʤ ʜʘʥʥʦʡ ʛʨʫʧʧʳ. ʈʘʩʯʸʪ ʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ (ʪʘʙʣ. 1) ʧʦʢʘʟʘʣ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʠʨʦʧʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (ʜʦ 0.47 ʧʦ ʤʝʪʦʜʠʢʝ [2], ʜʦ 0.49 ʧʦ ʤʝʪʦʜʠʢʝ [6]). 

 

ʈʠʩ. 2. ʂʈ-ʩʧʝʢʪʨʳ ʚʢʣʶʯʝʥʠʡ ʛʨʘʥʘʪʦʚ ʚ ʘʣʤʘʟʘʭ (ʦʙʨʘʟʝʮ 3-3 - ʢʨʘʩʥʳʝ; ʦʙʨʘʟʝʮ 3-4 ï ʯʸʨʥʳʝ). ʅʦʤʝʨʘ ʥʘ 

ʩʧʝʢʪʨʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʘʤ ʚʢʣʶʯʝʥʠʡ (ʩʤ. ʨʠʩ. 1). 

 

ʉʦʩʪʘʚʳ ʛʨʘʥʘʪʦʚ ʠʟ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʙʣʠʟʢʠ (ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ: ʚʢʣʶʯʝʥʠʷ ʠʟ 

ʦʙʨʘʟʮʘ 3-4 ʚ ʮʝʣʦʤ ʦʙʦʛʘʱʝʥʳ ʧʠʨʦʧʦʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʦʙʨʘʟʮʝ 3-3 ʬʠʢʩʠʨʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʣʴʤʘʥʜʠʥʘ. ʇʦʜʦʙʥʳʝ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʠʜʦʪʠʪʦʚʦʤʫ 

ʪʠʧʫ. 
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ʈʠʩ. 3. ʉʦʩʪʘʚʳ ʛʨʘʥʘʪʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ: ʢʨʘʩʥʳʡ ï ʦʙʨʘʟʝʮ 3-3, 

ʯʸʨʥʳʡ ï ʦʙʨʘʟʝʮ 3-4; ʢʨʫʛʠ ï ʨʘʩʯʸʪ ʧʦ [2], ʟʚʸʟʜʳ ï ʨʘʩʯʸʪ ʧʦ [6], ʩʠʥʠʝ ʢʚʘʜʨʘʪʳ ï ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

[4]. 

ʊʘʙʣʠʮʘ 1. ʇʦʣʦʞʝʥʠʷ ʂʈ-ʧʠʢʦʚ ʛʨʘʥʘʪʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ ʠ ʨʘʩʯʸʪʥʳʡ 

ʩʦʩʪʘʚ ʛʨʘʥʘʪʦʚ ʚ ʤʠʥʘʣʘʭ  

ˉ 

ʦʙʨ 

ˉ 

ʚʢʣ R[SiO4] ɜ2 ɜ3 ɜ1 
ʈʘʩʯʸʪʥʳʡ ʩʦʩʪʘʚ ʧʦ 

[2] ʈʘʩʯʸʪʥʳʡ ʩʦʩʪʘʚ ʧʦ [6]  

      Prp Alm Gross Prp Alm Gross 

3-3 7-1 363.43 557.75   909.39 0.47 0.20 0.33 0.49 0.17 0.35 

  7-2 358.8 554.67 849.24 910.93 0.36 0.37 0.26 0.38 0.35 0.27 

  25 363.43 557.75   910.93 0.51 0.19 0.30 0.53 0.16 0.32 

3-4 5a 358 557 854 914 0.42 0.38 0.20 0.44 0.36 0.20 

  5e 359 557 857 914 0.46 0.34 0.20 0.47 0.31 0.21 

  6a 357.5 557.5 855.5 913.5 0.39 0.40 0.20 0.41 0.38 0.21 

  6b 356.5 598.5 856.5 914.5 0.39 0.44 0.17 0.41 0.41 0.18 

  7a 358 557 857 914 0.42 0.38 0.20 0.44 0.36 0.20 

  12a 356 557 855 914 0.36 0.46 0.18 0.38 0.44 0.18 

  12b 356 559 877 914 0.36 0.46 0.18 0.38 0.44 0.18 

  12c 356 557 855 914 0.36 0.46 0.18 0.38 0.44 0.18 

  15 357 558 856 914 0.39 0.42 0.19 0.41 0.40 0.19 

 

ʈʘʩʯʸʪ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ [6] (ʪʘʙʣ. 2) ʧʦʢʘʟʘʣ ʫʩʪʦʡʯʠʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ Mg ʠ Ca ʧʨʠ ʫʤʝʨʝʥʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ Fe, ʘ ʪʘʢʞʝ ʚʘʨʴʠʨʫʶʱʠʝ ʟʥʘʯʝʥʠʷ Cr, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʛʨʘʥʘʪʦʚ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

 

ʊʘʙʣʠʮʘ 2. ʈʘʩʯʸʪʥʳʡ ʩʦʩʪʘʚ ʛʨʘʥʘʪʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ ʧʦ 

ʵʣʝʤʝʥʪʘʤ [6] 

ˉ ʦʙʨ ˉ ʚʢʣ ʈʘʩʯʸʪʥʳʡ ʩʦʩʪʘʚ ʧʦ [6]  

  Ca Mg Fe Al  Cr 

3-3 7-1 0.52 2.28 0.20 1.40 0.53 

  7-2 0.43 2.37 0.21 1.12 0.79 
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  25 0.43 2.37 0.21 1.40 0.53 

3-4 5a 0.23 2.54 0.23 1.33 0.59 

  5e 0.23 2.54 0.23 1.33 0.59 

  6a 0.26 2.51 0.23 1.37 0.55 

  6b 0.20 2.57 0.24 ʨʥ ʨʥ 

  7a 0.23 2.54 0.23 1.33 0.59 

  12a 0.23 2.54 0.23 1.33 0.59 

  12b 0.23 2.54 0.23 1.51 0.42 

  12c 0.23 2.54 0.23 1.33 0.59 

  15 0.23 2.54 0.23 1.42 0.51 

*ʨʥ ï ʨʘʩʯʸʪ ʥʝʚʦʟʤʦʞʝʥ 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʜʚʫʭ ʛʨʘʥʘʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʠʟ ʢʨʠʩʪʘʣʣʘ 3-4. 

ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ (ʪʘʙʣ. 3) ʩ ʜʘʥʥʳʤʠ ʧʦ ʧʠʨʦʧʫ, ʘʣʴʤʘʥʜʠʥʫ ʠ ʛʨʦʩʩʫʣʷʨʫ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʙʣʠʞʝ ʢ ʧʠʨʦʧʦʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 3. ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʚʢʣʶʯʝʥʠʡ ʠʟ ʦʙʨʘʟʮʘ 3-4 ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ (XRD) ʠ ʛʨʘʥʘʪʦʚ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ MinDat.org  

 a b ʩ Ŭ ɓ ɔ  

Dia 3.50 3.50 3.51 90.06 89.95 90.05  

Grt 

(ʚʢʣ. 6)  11.45 11.49 11.38 89.63 89.35 90.10  

Grt 

(ʚʢʣ. 7)  11.51 11.49 11.38 90.23 89.56 90.04  

Prp* 11.459 11.459 11.459 90.00 90.00 90.00  

Alm**  11.531 11.531 11.531 90.00 90.00 90.00  

Gross***  11.690 11.690 11.690 90.00 90.00 90.00  
*https://www.mindat.org/min-3321.html 

**https://www.mindat.org/min-452.html 

***https://www.mindat.org/min-1755.html 

 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ 

ʦʩʥʦʚʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʧʠʢʘ [5], ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʠ ʦʙʣʘʩʪʠ ʘʣʤʘʟʘ 

ʦʢʦʣʦ ʥʠʭ (ʪʘʙʣ. 4). ɺʢʣʶʯʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ 3-3 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʪʘʪʦʯʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʩʞʘʪʠʷ ʠ ʚʝʣʠʯʠʥʦʡ 

ʚ ʜʠʘʧʘʟʦʥʝ 0.850-2.065 ɻʇʘ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʚʢʣʶʯʝʥʠʝ/ʘʣʤʘʟ ʠʤʝʝʪ 

ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠ ʜʦʩʪʠʛʘʝʪ 3.385 ɻʇʘ. ʆʙʣʘʩʪʴ ʘʣʤʘʟʘ ʨʷʜʦʤ ʩ ʚʢʣʶʯʝʥʠʝʤ ʪʘʢʞʝ ʠʩʧʳʪʳʚʘʝʪ ʦʩʪʘʪʦʯʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 0.544-1.100 ɻʇʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʘ 3-4 ʷʚʣʷʝʪʩʷ ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʨʘʩʪʷʞʝʥʠʷ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʆʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ -0.847 ʜʦ 0.856 ɻʇʘ, ʛʨʘʥʠʮʳ ʚʢʣʶʯʝʥʠʝ/ʘʣʤʘʟ ʦʪ -0.915 ʜʦ 0.553 ɻʇʘ, ʦʙʣʘʩʪʠ ʘʣʤʘʟʘ ʨʷʜʦʤ ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʦʪ -1.762 ʜʦ -0.115 ɻʇʘ. ʇʦʜʦʙʥʘʷ ʨʘʟʥʠʮʘ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʩʣʝʜʦʚ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʮʝʥʢʠ ʈʊ-ʫʩʣʦʚʠʡ 

ʟʘʭʚʘʪʘ ʛʨʘʥʘʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʘʣʤʘʟʘʤʠ. 

 

ʊʘʙʣʠʮʘ ˉ4. ʈʘʩʯʸʪ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ [5] 

ˉ ʘʣʤʘʟʘ 
ˉ 

ʚʢʣʶʯʝʥʠʷ ʊʦʯʢʘ ʘʥʘʣʠʟʘ 

ʧʦʣʦʞʝʥʠʝ 

ʂʈ-ʧʠʢʘ. ʩʤ-1 
ʆʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ɻʇʘ 

3-3 7 ʚʢʣʶʯʝʥʠʝ 1332.501 2.062 

   ʛʨʘʥʠʮʘ Grt-Dia 1332.951 3.385 

    Dia 1332.174 1.100 

  25 ʚʢʣʶʯʝʥʠʝ 1332.089 0.850 
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   ʛʨʘʥʠʮʘ Grt-Dia 1332.106 0.900 

    Dia 1331.985 0.544 

3-4 5 ʚʢʣʶʯʝʥʠʝ 1332.091 0.856 

   ʛʨʘʥʠʮʘ Grt-Dia 1331.648 -0.447 

    Dia 1331.201 -1.762 

  6 ʚʢʣʶʯʝʥʠʝ 1332.054 0.747 

   ʛʨʘʥʠʮʘ Grt-Dia 1331.988 0.553 

    Dia 1331.761 -0.115 

  7 ʚʢʣʶʯʝʥʠʝ 1331.512 -0.847 

   ʛʨʘʥʠʮʘ Grt-Dia 1331.489 -0.915 

    Dia 1331.438 -1.065 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʘʥʘʪʳ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ ʠʤʝʶʪ ʩʦʩʪʘʚʳ ʧʠʨʦʧïʘʣʴʤʘʥʜʠʥïʛʨʦʩʩʫʣʷʨʦʚʦʛʦ ʨʷʜʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʠʨʦʧʦʚʦʛʦ 

ʤʠʥʘʣʘ. ɺʳʷʚʣʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʚ ʩʦʜʝʨʞʘʥʠʠ ʧʠʨʦʧʘ ʠ ʘʣʴʤʘʥʜʠʥʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʠ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʭʘʨʘʢʪʝʨ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʛʨʘʥʘʪʦʚ ʢʘʢ ʠʥʜʠʢʘʪʦʨʦʚ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʠ 

ʜʦʧʦʣʥʷʶʪ ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʪʠʧʘ ʚ ʧʨʝʜʝʣʘʭ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ʀʕʄ ʈɸʅ: FMUF-2022-0001, ʅʀʈ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʧʦ 

ʪʝʤʝ çʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʠ ʩ ʮʝʣʴʶ ʠʭ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʩʚʦʝʥʠʷè (ˉ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ 121061600049-4). 
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ɺʚʝʜʝʥʠʝ 

ʇʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʭʨʦʤʠʪʘ, ʟʘʭʚʘʯʝʥʥʳʝ ʘʣʤʘʟʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʥʥʳʡ ʠʩʪʦʯʥʠʢ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʤʘʪʝʨʠʥʩʢʦʡ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ. 

ʍʨʦʤʠʪʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʚʢʣʶʯʝʥʠʡ ʭʨʦʤʠʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ð ʦʪ 

ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʜʦ ʦʙʦʛʘʱʸʥʥʳʭ ʘʣʶʤʠʥʠʝʤ ʠ ʞʝʣʝʟʦʤ. ʉʦʩʪʘʚʳ ʭʨʦʤʠʪʦʚ ʚʦ ʚʢʣʶʯʝʥʠʷʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʷʤ PT-ʫʩʣʦʚʠʡ ʤʘʥʪʠʠ, ʘ ʪʘʢʞʝ ʦʪʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʥʪʠʡʥʳʭ 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʠ ʩʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʝ. ʇʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʳ ʭʨʦʤʠʪʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚʘʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʮʝʥʢʝ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʘʣʤʘʟʦʚ. 

ʄʝʪʦʜʳ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʚʢʣʶʯʝʥʠʡ ʚ ʥʝʥʘʨʫʰʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʟʫʯʝʥʠʝ ʭʨʦʤʠʪʦʚ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ.  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʨʦʤʠʪʦʚ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʘʣʤʘʟʘʭ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ (ʗʢʫʪʠʷ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʜʦʧʦʣʥʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʷʭ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʦʡ ʠ ʫʩʣʦʚʠʡ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʯʝʪʳʨʝ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ (ʗʢʫʪʩʢʘʷ 

ʘʣʤʘʟʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ), ʩʦʜʝʨʞʘʱʠʝ ʚʢʣʶʯʝʥʠʷ ʤʘʛʥʝʭʠʦʭʨʦʤʠʪʦʚ. 

ʆʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʣʦʤʢʘʤʠ ʠ ʢʨʠʩʪʘʣʣʘʤʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʬʦʨʤʳ ʩ ʛʨʘʥʷʤʠ ʜʦʜʝʢʘʵʜʨʘ ʠ ʰʧʠʥʝʣʝʚʦʛʦ 

ʜʚʦʡʥʠʢʘ I-ʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʖ. ʃ. ʆʨʣʦʚʘ [4]. ɺʩʝ ʢʨʠʩʪʘʣʣʳ ʙʝʩʮʚʝʪʥʳʝ ʠ ʧʨʦʟʨʘʯʥʳʝ, ʩ 

ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʸʥʥʳʤʠ ʛʨʘʥʷʤʠ ʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʦʪʦʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʩʢʦʣʦʚ. 

ʌʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʩʢʘʞʝʥʠʝʤ: ʬʠʢʩʠʨʫʶʪʩʷ ʫʧʣʦʱʝʥʠʷ ʧʦ L2 ʠʣʠ L3, ʘ ʪʘʢʞʝ 

ʫʜʣʠʥʝʥʠʝ ʧʦ L2. ɺʢʣʶʯʝʥʠʷ ʚ ʦʙʨʘʟʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʥʳʤʠ ʥʝʧʨʦʟʨʘʯʥʳʤʠ ʟʝʨʥʘʤʠ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ (ʦʪ ʤʝʣʢʠʭ ʜʦ ʢʨʫʧʥʳʭ), ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʚʦ ʚʩʝʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʤʠ 

ʢʨʫʧʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʚʳʚʝʜʝʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʘʤʠ. ʊʨʝʱʠʥʳ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ: ʦʪ 

ʝʜʠʥʠʯʥʳʭ ʙʝʩʮʚʝʪʥʳʭ ʠ ʨʘʜʫʞʥʳʭ ʜʦ ʤʥʦʞʝʩʪʚʘ ʤʝʣʢʦ-ʩʨʝʜʥʠʭ ʯʝʨʥʳʭ, ʜʠʩʢʦʚʳʭ ʠ ʨʘʟʥʦʨʘʟʤʝʨʥʳʭ, 

ʥʘʙʣʶʜʘʝʤʳʭ ʚʦ ʚʩʝʭ ʟʦʥʘʭ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʚʢʣʶʯʝʥʠʷʤ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʦʚ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʟʸʨʝʥ. ʄʦʨʬʦʣʦʛʠʷ ʠ 

ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʢʣʶʯʝʥʠʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ADF 

STD16 ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Nikon Eclipse LV100Npol. ɺʩʢʨʳʪʳʝ ʚʢʣʶʯʝʥʠʷ ʭʨʦʤʠʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʣʤʘʟʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ CamScan MV230 (VEGA TS5130MM), ʦʩʥʘʱʸʥʥʦʛʦ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ Link INA Energy-350 (ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 20 kV). ʈʘʟʤʝʨ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʘ ʩʦʩʪʘʚʣʷʣ 115ï140 ʥʤ, ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ð ʜʦ 60 ʥʤ, ʜʠʘʤʝʪʨ ʦʙʣʘʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ð ʜʦ 5 ʤʢʤ.  

ʂʈ-ʩʧʝʢʪʨʳ ʢʘʢ ʚʩʢʨʳʪʳʭ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʢʣʶʯʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʪʘʥʦʚʢʠ Renishaw 

(RM1000), ʦʩʥʘʱʸʥʥʦʡ ʤʠʢʨʦʩʢʦʧʦʤ Leica ʩ ʣʘʟʝʨʦʤ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 532nm ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 50ʭ. ʅʘʢʦʧʣʝʥʠʝ 

ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʠ 100 ʩʝʢʫʥʜ ʚ ʨʝʛʠʦʥʝ 150-4000 ʩʤ-1 ʚ ʀʕʄ ʈɸʅ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʂʈ-ʩʧʝʢʪʨʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʟ ʩ ʤʠʥʝʨʘʣʘʤʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ RRUFF [3]. ʆʙʨʘʙʦʪʢʘ 

ʩʧʝʢʪʨʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Fytik 1.3.1 ʠ OriginPro 2021. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
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ʀʩʩʣʝʜʫʝʤʳʝ ʚʢʣʶʯʝʥʠʷ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʦʚ ʠʟ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ (ʨʠʩ. 1) ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʨʘʟʤʝʨʘʤ (ʦʪ ʤʝʣʢʠʭ 

ʜʦ ʢʨʫʧʥʳʭ, 20ï200 ʤʢʤ) ʠ ʬʦʨʤʝ: ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʠʟʦʤʝʪʨʠʯʥʳʝ ʟʸʨʥʘ ʩ ʯʸʪʢʠʤʠ ʦʯʝʨʪʘʥʠʷʤʠ, ʪʘʢ ʠ 

ʚʢʣʶʯʝʥʠʷ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʣʠ ʩʣʝʛʢʘ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ (ʨʠʩ. 2).  

 

 

ʈʠʩ. 1. ʌʦʪʦ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ: ʘ ï ʦʙʨʘʟʝʮ 3-13, ʙ ï ʦʙʨʘʟʝʮ 2-3, ʚ ï 

ʦʙʨʘʟʝʮ 5-7, ʛ ï ʦʙʨʘʟʝʮ 3-2 

 

ʈʠʩ. 2. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʘ ʚ ʘʣʤʘʟʝ 3-2 ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ: ʘ ï 

ʦʙʱʠʡ ʩʥʠʤʦʢ ʦʙʨʘʟʮʘ 3-2 (ʮʠʬʨʳ ʨʷʜʦʤ ʩ ʚʢʣʶʯʝʥʠʝʤ - ʥʦʤʝʨʘ ʚʢʣʶʯʝʥʠʡ); ʙ ï ʚʢʣʶʯʝʥʠʝ ˉ1; ʚ ï

ʚʢʣʶʯʝʥʠʝ ˉ2; ʛ ïʚʢʣʶʯʝʥʠʝ ˉ7; ʜ ïʚʢʣʶʯʝʥʠʝ ˉ18. 
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ʇʦ ʜʘʥʥʳʤ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʢʣʶʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (Cr, Mg, Fe, Al) (ʨʠʩ. 3). ʂʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʚʢʣʶʯʝʥʠʡ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʳʨʘʞʝʥʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʠ. 

 

 

ʈʠʩ. 3. ʉʕʄ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦ ʵʣʝʤʝʥʪʘʤ, ʚʢʣʶʯʝʥʠʝ ˉ18 ʦʙʨʘʟʮʘ 3-2: ʘ - Cr, ʙ - Fe, ʚ - Mg, ʛ - Al 

ɺ ʦʙʨʘʟʮʝ 3-2 ʚʢʣʶʯʝʥʠʷ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʴʤʷ ʟʝʨʥʘʤʠ (ʨʠʩ. 2). ɺʢʣʶʯʝʥʠʝ ˉ1 

ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ, ʪʦʛʜʘ ʢʘʢ ʚʢʣʶʯʝʥʠʷ ˉ2, ˉ7 ʠ ˉ18 ʧʨʠʫʨʦʯʝʥʳ ʢ ʝʛʦ 

ʧʝʨʠʬʝʨʠʡʥʦʡ ʟʦʥʝ. ʄʘʛʥʝʟʠʦʭʨʦʤʠʪʳ ʠʟ ʚʢʣʶʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ (#Mg) ʦʪ 0,57 ʜʦ 0,61 

ʠ ʭʨʦʤʠʩʪʦʩʪʴʶ (#Cr) ʦʪ 0,16 ʜʦ 0,22. ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʥʦʰʝʥʠʡ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴ-ʭʨʦʤʠʩʪʦʩʪʴ (#Cr), 

ʮʝʥʪʨʘʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʭʨʦʤʠʩʪʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʦʩʪʘʜʠʡʥʳʡ ʭʘʨʘʢʪʝʨ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʣʤʘʟʘ: ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʚ ʮʝʥʪʨʝ ʬʠʢʩʠʨʫʶʪʩʷ ʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʩʦʩʪʘʚʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ 

ʩʪʘʜʠʷʭ, ʦʪʨʘʞʸʥʥʳʭ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʩʦʩʪʘʚʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ 

ʭʨʦʤʠʩʪʦʩʪʠ.  
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ʈʠʩ. 4. ʉʨʘʚʥʝʥʠʝ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ ʠ ʭʨʦʤʠʩʪʦʩʪʠ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʦʚ: ʨʦʤʙ ï ʦʙʨʘʟʝʮ 3-13, 

ʢʚʘʜʨʘʪ ï ʦʙʨʘʟʝʮ 3-2, ʪʨʝʫʛʦʣʴʥʠʢ ï ʦʙʨʘʟʝʮ 3-13 (ʮʠʬʨʳ ʥʘ ʛʨʘʬʠʢʝ - ʥʦʤʝʨ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʝ). 

ʇʦʣʫʯʝʥʥʳʝ ʂʈ-ʩʧʝʢʪʨʳ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʧʠʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 500ï800 ʩʤ ĭ (ʨʠʩ. 

5). ʀʭ ʧʦʣʦʞʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ 

[3].  

 

ʈʠʩ. 5. ʉʨʘʚʥʝʥʠʝ ʂʈ-ʩʧʝʢʪʨʦʚ ʚʢʣʶʯʝʥʠʡ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʘ ʚ ʦʙʨʘʟʮʝ 3-2. ʎʠʬʨʳ ʥʘ ʣʠʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʦʤʝʨʘʤ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ. 

ʇʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʠʢʦʚ ʥʘ ʂʈ-ʩʧʝʢʪʨʘʭ ʠʟʫʯʝʥʥʳʭ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʦʚ ʪʘʢʞʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʭ 

ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ ʠ ʭʨʦʤʠʩʪʦʩʪʠ (ʨʠʩ. 6). ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ çʧʝʨʠʬʝʨʠʡʥʳʭè ʚʢʣʶʯʝʥʠʡ ˉ18 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʢʣʶʯʝʥʠʡ ˉ2 ʠ ˉ7 ʢʘʢ ʧʦ ʩʦʩʪʘʚʫ, ʪʘʢ ʠ ʧʦ ʜʘʥʥʳʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ 

ʦʪʥʝʩʪʠ ʠʭ ʢ ʨʘʟʥʳʤ ʩʪʘʜʠʷʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ.  
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ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʨʘʤʘʥʦʚʩʢʠʭ ʧʦʣʦʩ ʦʪ #Mg ʠ #Cr ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʦʚ (ʮʠʬʨʳ ʥʘ ʛʨʘʬʠʢʝ - 

ʥʦʤʝʨʘ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʝ) 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʢʣʶʯʝʥʠʷ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʦʚ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʘʣʤʘʟʘʭ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʭʨʦʤʠʩʪʦʩʪʠ ʠ ʚʘʨʴʠʨʫʶʱʝʡ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ. ʀʭ ʤʦʨʬʦʣʦʛʠʷ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʮʝʥʪʨʘʣʴʥʳʭ ʠ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʝ 3-2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʥʦʩʪʘʜʠʡʥʳʡ ʭʘʨʘʢʪʝʨ ʛʝʥʝʨʘʮʠʠ ʘʣʤʘʟʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ #Mg ʠ #Cr ʩ ʧʦʣʦʞʝʥʠʝʤ ʧʦʣʦʩ ʚ ʂʈ-ʩʧʝʢʪʨʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʨʷʶʪ ʜʘʥʥʳʝ ʦ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʠ ʜʦʧʦʣʥʷʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʝ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ʀʕʄ ʈɸʅ: FMUF-2022-0001, ʅʀʈ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʧʦ 

ʪʝʤʝ çʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʠ ʩ ʮʝʣʴʶ ʠʭ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʩʚʦʝʥʠʷè (ˉ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ 121061600049-4). 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʈɸɿʅʆʄɸʉʐʊɸɹʅʓɽ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆʈʆɼ-ʂʆʃʃɽʂʊʆʈʆɺ ʅɽʌʊʀ ʀ 

ɻɸɿɸ 

 

ɿʫʝʚʘ ʆ.ɸ.1   
1 ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ (ʛ. ʄʦʩʢʚʘ) oa_zueva@mail.ru 

 
ʇʨʠʨʦʜʥʳʝ ʧʣʘʩʪʦʚʳʝ ʬʣʶʠʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʬʪʴ ʠ ʛʘʟ, ʩʦʜʝʨʞʘʪʩʷ ʚ ʧʦʨʦʜʘʭ-ʢʦʣʣʝʢʪʦʨʘʭ, ʠʤʝʶʱʠʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʦʙʣʘʜʘʶʱʠʭ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ 

ʛʝʥʝʟʠʩʘ.  

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʨʷʜ ʚʘʞʥʳʭ ʟʘʜʘʯ, 

ʩʪʦʷʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʧʦʠʩʢʘʭ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ 

ʛʘʟʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʫʯʘʷ ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʳ, ʤʦʞʥʦ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʝʰʠʪʴ ʚʦʧʨʦʩʳ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʠʭ ʤʠʛʨʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʣʝʞʝʡ, ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ 

ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ, ʨʘʡʦʥʦʚ, ʧʣʦʱʘʜʝʡ. 

ɼʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʚʝʱʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʦʩʚʦʝʥʠʠ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʆʥʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ, ʛʝʦʤʝʪʨʠʟʘʮʠʠ ʠ ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʧʦʨʦʜ-

ʢʦʣʣʝʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʠʭ ʩʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ, ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʨʘʟʨʝʟʝ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʈʝʰʝʥʠʝ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʣʦʚʠʷʤʠ ʠ ʤʝʪʦʜʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʙʫʨʦʚʳʭ ʨʘʙʦʪ, 

ʪʘʢʞʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʦʯʝʯʥʳʭ ʘʥʘʣʠʟʦʚ ʚ 

ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥʳ. ʀʟʫʯʝʥʠʝ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʘʞʝ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʪʙʦʨʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʪʷʞʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʘʝʪ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʢʘʢ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʣʘ. ʆʛʨʘʥʠʯʠʚʘʷʩʴ ʪʦʣʴʢʦ ʠʟʫʯʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʣʶʙʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʴʥʦʩʪʠ, 

ʤʥʦʛʠʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ ʧʨʠʭʦʜʠʪʩʷ ʣʠʰʴ ʜʦʤʳʩʣʠʚʘʪʴ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʠʩʧʦʣʴʟʫʷ ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʶ ʚʝʩʴʤʘ ʢʨʫʧʥʳʭ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʦʮʝʥʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʠʭ ʩʣʘʛʘʶʱʠʭ (ʨʠʩʫʥʦʢ 

1). 

 
ʈʠʩʫʥʦʢ 1 ï ʈʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʫʨʦʚʥʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ 

ɺʝʨʪʠʢʘʣʴʥʫʶ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʚʩʝʤʫ 

ʠʟʫʯʘʝʤʦʤʫ ʨʘʟʨʝʟʫ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʪʦʜʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ (ɻʀʉ), ʘ ʨʝʟʫʣʴʪʘʪʳ 3ɼ ʠ 2ɼ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʨʘʩʢʨʳʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʨʦʜ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʢʠʣʦʤʝʪʨʦʚ, ʢʘʢ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʪʘʢ ʠ ʧʦ ʣʘʪʝʨʘʣʠ. 



37 
 

ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʠ ɻʀʉ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʝʜʠʥʠʮʳ 

ʨʘʟʨʝʟʘ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ ʠ ʧʨʦʩʣʝʜʠʪʴ ʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʘʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʦʚ ɻʀʉ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30-40 ʩʘʥʪʠʤʝʪʨʦʚ. ʊʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʜʝʣʝʥʠʝ ʚ ʨʘʟʨʝʟʝ ʪʘʢʠʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʝʜʠʥʠʮ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʧʦ ʜʘʥʥʳʤ ɻʀʉ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʦʧʨʦʮʝʥʪʥʳʡ ʦʪʙʦʨ ʢʝʨʥʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʨʘʟʨʝʟʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʥʝʧʨʝʨʳʚʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʩʢʘʥʠʨʫʶʱʠʭ ʤʝʪʦʜʦʚ. 

ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʝʜʠʥʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ɻʀʉ, ʨʝʜʢʦ ʤʦʛʫʪ ʙʳʪʴ 

ʤʦʥʦʧʦʨʦʜʥʳʤʠ, ʪʦ ʝʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʜʠʥʩʪʚʝʥʥʳʤ ʣʠʪʦʪʠʧʦʤ. ʏʘʱʝ ʵʪʠ ʝʜʠʥʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʨʦʜʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʪʦ ʝʩʪʴ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʫʨʦʚʝʥʴ ʦʩʨʝʜʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 6-8 ʤʝʪʨʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʝʜʠʥʠʮʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʜʥʦʨʦʜʥʳʝ ʢʨʫʧʥʳʝ ʧʘʯʢʠ, ʮʠʢʣʠʪʳ, ʩʠʢʚʝʥʩʳ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʝʜʠʥʠʮ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɻʀʉ ʠ 3ɼ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʜʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʝʢʚʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʩʝʪʢʠ ʨʘʟʙʫʨʠʚʘʥʠʷ ʠ ʧʣʦʪʥʦʩʪʴ 

ʨʘʟʤʝʱʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʤʝʣʢʠʝ ʩʠʢʚʝʥʩʳ, ʪʦʣʱʠʥʳ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʶʪʩʷ 

ʧʝʨʚʳʤʠ ʤʝʪʨʘʤʠ. 

ʎʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʠ ʩʝʢʚʝʥʪʥʳʡ ʘʥʘʣʠʟʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʘʮʠʘʣʴʥʳʭ 

ʟʦʥ, ʚʳʷʚʣʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʝʬʪʝʛʘʟʦʚʘʷ ʣʠʪʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʝʢʩʪʫʨʳ, ʩʪʨʫʢʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ʄʥʦʛʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ "ʧʨʷʤʳʤʠ", ʦʥʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʩʣʦʚʳʭ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʮʝʣʦʤ, ʠ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʉ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ ʠʭ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʤʝʪʦʜʳ 

ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ.  

ʅʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʤʝʪʦʜʘ 

ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʫʯʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ ʤʠʥʝʨʘʣʘ. ʇʦʵʪʦʤʫ, ʧʦ ʩʫʪʠ, ʤʝʪʦʜ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʨʦʜʳ 

- ʤʠʥʝʨʘʣʦʚ.  

ʄʝʪʦʜʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʩʪʨʫʢʪʫʨʝ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʦʜʥʘʢʦ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʘʚʝ ʩʣʘʛʘʶʱʠʭ ʧʦʨʦʜʫ 

ʤʠʥʝʨʘʣʦʚ, ʧʨʘʚʜʘ ʧʦ ʢʦʩʚʝʥʥʳʤ ʜʘʥʥʳʤ. 

ʄʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʜʳ-

ʢʦʣʣʝʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ, ʚ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʦʩʥʦʚʘʥʦ 

ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʤʠʥʝʨʘʣʦʚ, ʠ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ.  

ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʚʦʡ 

ʤʘʩʰʪʘʙʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʠʟʫʯʝʥʠʝ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʠʭ ʟʝʨʥʘ ʠʤʝʶʪ ʤʠʢʨʦʥʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ. ʀʟʫʯʝʥʠʝ ʢʨʫʧʥʳʭ 

ʢʘʚʝʨʥ ʠ ʪʨʝʱʠʥ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʪʘʢʞʝ ʥʝʵʬʬʝʢʪʠʚʥʦ ʚ ʩʚʷʟʠ ʩ ʠʭ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ. 

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠʭ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʠ ʵʪʦʤ 

ʠʩʩʣʝʜʫʶʪʩʷ ʪʘʢʠʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ: ʪʝʢʩʪʫʨʘ, ʩʪʨʫʢʪʫʨʘ, ʭʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʠʥʝʨʘʣʴʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʦʩʚʦʝʥʠʠ ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʳʭ, 

ʯʘʩʪʦ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʈʝʰʝʥʠʝ ʪʘʢʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʳʤ ʪʦʣʴʢʦ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʣʞʥʦʡ ʩʪʝʧʝʥʠ ʜʝʪʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʥʦʮʝʥʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʥʘ ʨʘʟʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ. 

ʇʦʣʥʦʮʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʩʪʨʦʝʥʠʝ, ʢʘʢ ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʪʘʢ ʠ ʧʫʩʪʦʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩʫʥʦʢ 2). ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʣʠʪʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʣʠʪʦʣʦʛʦ-ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 
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ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ. ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʤʦʜʝʣʝʡ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʪ ʚʳʨʘʙʦʪʘʪʴ 

ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʜʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʦʮʝʥʢʝ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

 
ʈʠʩʫʥʦʢ 2 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʨʦʜ-

ʢʦʣʣʝʢʪʦʨʦʚ 

 ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ 

ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʧʨʦʱʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʠʥʝʨʘʣʦʛʠʠ ʠ 

ʤʠʢʨʦʪʝʢʩʪʫʨʝ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʧʦʨʦʜ-ʬʣʶʠʜʦʫʧʦʨʦʚ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʝʪʦʜʦʚ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ-

ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʧʦʨʦʜ-ʬʣʶʠʜʦʫʧʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʣʠʪʦʣʦʛʠʠ. ʅʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʦ ʨʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʣʠʪʦ-ʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʝʜʠʤʝʥʪʦʣʦʛʠʠ ʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ ʠʭ ʩ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʝʬʪʝʛʘʟʦʚʳʭ ʦʙʲʝʢʪʦʚ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʯʝʥʴ ʤʘʣʦ ʜʘʥʥʳʭ ʦ ʨʝʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙ ʫʧʦʨʷʜʦʯʝʥʠʠ 

ʢʘʪʠʦʥʦʚ) ʚ ʧʨʠʨʦʜʥʳʭ ʤʝʣʠʣʠʪʘʭ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʉʘʤ ʞʝ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʤʝʣʠʣʠʪʘ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ 

ʦʙʣʘʜʘʝʪ ʨʝʟʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʠ ʜʣʷ ʨʘʟʥʳʭ ʢʦʥʝʯʥʳʭ ʯʣʝʥʦʚ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ çʭʠʤʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡè, ʚʧʣʦʪʴ ʜʦ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʷʯʝʡʢʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ a ʠ c [1]. ɺ ʧʨʠʨʦʜʥʳʭ 

ʧʠʨʦʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʤʝʣʠʣʠʪʳ ʦʙʣʘʜʘʶʪ ʩʣʦʞʥʳʤʠ ʩʦʩʪʘʚʘʤʠ 

((Ca,Na,Ba)2(Al,Mg,Fe2+,Fe3+,Mn)(Si,Al,Fe3+)2O7), ʢʦʪʦʨʳʝ ʥʝʪʠʧʠʯʥʳ ʜʣʷ ʠʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ. ʀʭ 

ʛʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʘʣʦʚ ʬʝʨʨʦʘʢʝʨʤʘʥʠʪʘ ï Ca2Fe2+Si2O7 ʠ ʬʝʨʨʠʛʝʣʝʥʠʪʘ ï 

Ca2Fe3+
2SiO7 (ʜʦ 50-70 ʤʦʣ. %) (ʥʘʨʷʜʫ ʩ ʛʝʣʝʥʠʪʦʤ ʠ ʘʢʝʨʤʘʥʠʪʦʤ) [2-4]. ʄʝʣʠʣʠʪʳ, ʙʦʛʘʪʳʝ Fe3+, ʜʦ ʩʠʭ ʧʦʨ 

ʥʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʩʪʨʫʢʪʫʨʥʦ-ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ. 

ʆʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣ ʤʝʣʠʣʠʪ ʠʟ ʚʳʩʦʢʦʢʘʣʴʮʠʝʚʳʭ Si-ʥʝʜʦʩʳʱʝʥʥʳʭ ʧʣʘʚʣʝʥʥʳʭ ʧʦʨʦʜ 

(ʧʘʨʘʣʘʚ) ʬʦʨʤʘʮʠʠ ʍʘʪʨʫʨʠʤ (ʀʟʨʘʠʣʴ). ʄʝʣʠʣʠʪ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʪʨʝʥʜʳ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʙʳʣʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1480-1500ÁC ʜʦ 1050ÁC [5]. ɺ ʠʟʫʯʝʥʥʳʭ ʧʘʨʘʣʘʚʘʭ ʤʝʣʠʣʠʪ ʦʙʨʘʟʫʝʪ ʢʨʫʧʥʳʝ 

ʢʨʠʩʪʘʣʣʳ (1.0-2.0 ʤʤ) ʠ ʥʝ ʧʦʜʚʝʨʞʝʥ ʚʪʦʨʠʯʥʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʩʫʱʝʩʪʚʠʪʴ ʦʪʙʦʨ ʠʥʜʠʚʠʜʦʚ 

ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʦʩʪʘʚ ʤʝʣʠʣʠʪʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ MIRA3-LMU ʩ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 450+ XMax80 (ʊʘʙʣ. 1). ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ 

ʤʝʣʠʣʠʪʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Horiba Jobin Yvon LabRAM HR800 ʩ ʜʝʪʝʢʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ LN/CCD 

ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1024 ʧʠʢʩʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ 532 ʥʤ Nd-ʣʘʟʝʨʘ. ʄʦʱʥʦʩʪʴ ʧʫʯʢʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʘ 1.5 ʤɺʪ. ɺʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 0-1200 ʩʤ-1 

ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 10 ʜʦ 15 ʤʠʥ. 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Tongda TD-5000 

ʩ ʤʦʣʠʙʜʝʥʦʚʳʤ ʘʥʦʜʦʤ ʠ ʜʝʪʝʢʪʦʨʦʤ Pilatus 200M-A ʚ ʨʝʞʠʤʝ ɤ-ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʰʘʛʦʤ 1Á (ɤ: -90:90) ʧʨʠ 

ʵʢʩʧʦʟʠʮʠʠ 5 ʩʝʢ. ʀʥʜʠʮʠʨʦʚʘʥʠʝ ʨʝʬʣʝʢʩʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚʳʧʦʣʥʝʥʦ ʚ 

ʧʨʦʛʨʘʤʤʝ CrysAlisPro (Rigaku Oxford Diffraction, 2019), ʧʦʣʫʯʝʥʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʙʳʣʠ 

ʢʦʥʚʝʨʪʠʨʦʚʘʥʳ ʚ ʬʦʨʤʘʪ ESPERANTO [6]. ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʚ hkl-ʬʦʨʤʘʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʨʝʰʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʚ ʧʨʦʛʨʘʤʤʝ Jana2020 [7]. ɼʣʷ ʨʝʰʝʥʠʷ ʩʪʨʫʢʪʫʨ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʛʦʨʠʪʤ 

SHELXT [8], ʘ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ï ʚʩʪʨʦʝʥʥʳʡ ʚ Jana2020 ʥʝʣʠʥʝʡʥʳʡ ʄʅʂ-ʘʣʛʦʨʠʪʤ. ʆʙʨʘʙʦʪʢʘ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ Crystchemlib [9]. 

ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʤʝʣʠʣʠʪʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ 

(11.7-14.3 ʚ ʤʘʩ. % FeO) (ʊʘʙʣ. 1). ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʚ ʵʪʦʤ ʤʠʥʝʨʘʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʬʝʨʨʦʘʢʝʨʤʘʥʠʪʦʚʳʡ ʤʠʥʘʣ Ca2Fe2+[Si2O7], ʩʦʩʪʘʚ ʤʝʣʠʣʠʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʠʩʭʦʜʥʦ ʙʳʣ 

ʧʝʨʝʩʯʠʪʘʥ ʥʘ ʧʷʪʴ ʢʘʪʠʦʥʦʚ: 

Ca1.81Na0.16K0.03Sr0.02Ba0.01×=2.03
A Fe0.51

2+Al0.23Mg0.15Fe0.08
3+Ǐ0.03×=0.97

B
Si1.89Al0.11×=2

T O7. ʆʜʥʘʢʦ, ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʚ ʧʦʟʠʮʠʷʭ A ʠ B, ʫʪʦʯʥʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʢʘʟʘʣʘʩʴ ʟʘʤʝʪʥʦ (ʥʘ ~5 %) 

ʥʠʞʝ ʪʦʡ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ. ʋʢʘʟʘʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩʥʠʞʘʝʪʩʷ ʜʦ ~1% ʚ ʚʘʨʠʘʥʪʝ 

ʧʝʨʝʩʯʝʪʘ ʬʦʨʤʫʣʳ ʜʣʷ Fe3+/Fe× = 1: 

Ca1.75Na0.15K0.03Sr0.02Ba0.01Ǐ0.04×=1.96
A Fe0.56

3+Al0.15Mg0.15Ǐ0.14×=0.86

B
Si1.82Al0.18×=2

T O7. 

ɺ ʧʦʣʴʟʫ ʧʨʝʦʙʣʘʜʘʥʠʷ Fe3+ ʚ ʧʦʟʠʮʠʠ B ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʘʥʘʣʠʟ ʚʘʣʝʥʪʥʳʭ ʫʩʠʣʠʡ. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʣʠʣʠʪʦʚ ʘʥʠʟʦʪʨʦʧʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ Fe3+/(Al 3++Mg2++Zn2+): ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ a ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʝʝ (å 0.26%), ʯʝʤ 

ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ c (å 0.22%), ʧʦʵʪʦʤʫ ʦʙʲʝʤ V ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʈʠʩ. 1). ʆʪʩʫʪʩʪʚʠʝ Fe2+ ʚ ʩʦʩʪʘʚʝ 

ʵʪʠʭ ʤʝʣʠʣʠʪʦʚ, ʥʝʟʘʚʠʩʠʤʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠ ʜʘʥʥʳʝ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʠʤʝʥʥʦ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘ 562 ʩʤ-1, ʩʚʷʟʘʥʥʦʡ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʛʨʫʧʧʳ (Fe2+O4)6-. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʪʘʢʞʝ ʚʳʷʚʠʣ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʫʶ ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʤʝʣʠʣʠʪʘ 

ʩʪʨʫʢʪʫʨʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ï ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʟʠʮʠʡ ʢʠʩʣʦʨʦʜʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʠʝʥʪʘʮʠʦʥʥʳʤ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ ʪʝʪʨʘʵʜʨʦʚ ʧʦʟʠʮʠʡ B ʠ T, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʇɻʉ P421m. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʫʝʤʳʡ 

ʦʙʨʘʟʝʮ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʤ ʢʦʥʝʯʥʳʤ ʯʣʝʥʦʤ ʛʨʫʧʧʳ ʤʝʣʠʣʠʪʘ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ Fe3+ ʚ ʩʦʩʪʘʚʝ ï Ca2Fe23ϳ
3+
Ǐ13ϳ Si2O7Ȣ ɼʦʣʷ ʵʪʦʛʦ ʤʠʥʘʣʘ ʜʦʩʪʠʛʘʝʪ 41 ʤʦʣ. %. ʉ ʨʷʜʦʤ 
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ʘʢʝʨʤʘʥʠʪ-ʬʝʨʨʦʘʢʝʨʤʘʥʠʪ ʦʥ ʩʚʷʟʘʥ ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʤ ʠʟʦʤʦʨʬʠʟʤʦʤ Mg2+,Fe2+źFe23ϳ
3+
+Ǐ13ϳ ʧʦ ʩʭʝʤʝ, 

ʚʳʷʚʣʝʥʥʦʡ ʜʣʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʘʛʥʝʪʠʪ-ʤʘʛʛʝʤʠʪ [10]. 

 

 
ʈʠʩʫʥʦʢ 1. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʥʦʨʤʠʨʦʚʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Fe3+ ʚ 

ʧʦʟʠʮʠʠ B (Fe3+/(Al 3++Mg2++Zn2+)) ʜʣʷ ʤʝʣʠʣʠʪʦʚ ʠʟ ʧʠʨʦʛʝʥʥʳʭ ʧʣʘʚʣʝʥʳʭ ʧʦʨʦʜ (ʬʦʨʤʘʮʠʷ ʍʘʪʨʫʨʠʤ). 

ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʘʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʤʝʣʠʣʠʪʘ (ʩʤ. ʊʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʠʝ ʩʦʩʪʘʚʳ ʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʝʣʠʣʠʪʦʚ (ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ 

ʘʥʘʣʠʟʘ, ʚ ʤʘʩ. %). 
ˉ ʟʝʨʥʘ 14 12 20 7 24 17 15 4 21 16 

SiO2 35.26 36.50 36.73 37.47 36.96 37.51 37.42 37.39 37.30 38.55 

Al 2O3 10.76 9.50 9.16 8.22 8.40 7.93 7.78 7.79 7.89 5.89 

*Fe2O3 12.96 13.63 13.88 14.49 14.60 14.76 14.84 14.91 14.94 15.90 

MgO 2.51 2.44 2.33 2.15 2.20 2.12 2.19 2.16 2.07 2.09 

CaO 36.18 35.69 35.58 34.74 35.33 34.91 35.27 35.20 35.07 34.56 

Na2O 1.23 1.42 1.35 1.57 1.47 1.56 1.44 1.46 1.52 1.66 

K2O 0.52 0.56 0.67 0.61 0.59 0.58 0.61 0.62 0.62 0.53 

BaO 0.08 <0.08 <0.08 0.30 0.24 0.51 0.26 0.27 0.18 0.55 

SrO 0.18 0.48 0.22 0.36 0.27 0.22 0.75 0.26 0.17 0.71 

ZnO 0.52 0.27 0.46 0.36 0.26 0.29 0.44 0.52 0.50 0.13 

ʉʫʤʤʘ 100.19 100.48 100.38 100.26 100.32 100.36 101.01 100.58 100.27 100.57 

Ca2+ 1.825 1.793 1.790 1.752 1.783 1.761 1.775 1.775 1.771 1.748 

Na+ 0.112 0.129 0.123 0.143 0.134 0.142 0.131 0.133 0.139 0.152 

K+ 0.031 0.034 0.040 0.037 0.035 0.035 0.037 0.037 0.037 0.032 

Ba2+ 0.001 0.000 0.000 0.006 0.004 0.009 0.005 0.005 0.003 0.010 
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ˉ ʟʝʨʥʘ 14 12 20 7 24 17 15 4 21 16 

Sr2+ 0.005 0.013 0.006 0.010 0.007 0.006 0.020 0.007 0.005 0.019 

Ǐ 0.026 0.031 0.041 0.052 0.037 0.047 0.032 0.043 0.045 0.039 

×A 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 

           

Fe3+ 0.459 0.481 0.490 0.513 0.517 0.523 0.524 0.528 0.530 0.565 

Al 3+ 0.257 0.237 0.231 0.219 0.207 0.206 0.188 0.191 0.196 0.148 

Mg2+ 0.176 0.171 0.163 0.151 0.154 0.149 0.153 0.152 0.145 0.147 

Zn2+ 0.018 0.009 0.016 0.013 0.009 0.010 0.015 0.018 0.017 0.005 

Ǐ 0.090 0.102 0.100 0.104 0.113 0.112 0.120 0.111 0.112 0.135 

×B 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

           

Si3+ 1.660 1.712 1.724 1.763 1.741 1.766 1.757 1.759 1.758 1.820 

Al 3+ 0.340 0.288 0.276 0.237 0.259 0.234 0.243 0.241 0.242 0.180 

×T 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 

           

a,  7.764 7.771 7.771 7.772 7.771 7.774 7.774 7.776 7.775 7.784 

c,  5.042 5.034 5.036 5.037 5.036 5.030 5.035 5.028 5.031 5.031 

V, 3 303.97 303.99 304.09 304.24 304.13 304.00 304.27 303.99 304.13 304.80 

ʇʨʠʤʝʯʘʥʠʝ: ʉʠʥʛʦʥʠʷ ï ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ï P4 ←2m; ɼʣʷ ʧʘʨʘʤʝʪʨʦʚ a ʠ c ʦʰʠʙʢʘ 

ʩʦʩʪʘʚʣʷʝʪ Ñ 0.002 ; ʜʣʷ V ï Ñ 0.16 3; * ï ʩʦʜʝʨʞʘʥʠʝ Fe2O3 ʚ ʤʝʣʠʣʠʪʝ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ; 

ʌʦʨʤʫʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʩʯʠʪʘʥʳ ʥʘ 5 ʢʘʪʠʦʥʦʚ; Ǐ ï ʚʘʢʘʥʩʠʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-77-00014. 
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ʂʈ-ʉʇɽʂʊʈʆʉʂʆʇʀʗ GA,GE-ʌɸɿʓ ʕɻɻ GaGeO3OH ʇʈʀ ɹɸʈʀʏɽʉʂʆʄ (ɼʆ 30 ɻʇʘ) ʀ 

ʊɽʈʄɸʃʔʅʆʄ (ɼʆ 900ęC) ɺʆɿɼɽʁʉʊɺʀʗʍ 

 

ʀʩʢʨʠʥʘ ɸ.ɺ.1, ʉʧʠʚʘʢ ɸ.ɺ.1, ɹʦʨʠʩʦʚ ɽ.ɺ.2, ʉʝʪʢʦʚʘ ʊ.ɺ.1, ɿʘʭʘʨʯʝʥʢʦ ɽ.ʉ.1, ɺʝʨʝʱʘʛʠʥ ʆ.ʉ.2 
1ʀʕʄ ʈɸʅ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ), 2ʉʇʙɻʋ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 

 

ɺ ʧʨʦʮʝʩʩʝ ʩʫʙʜʫʢʮʠʠ ʧʣʠʪ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʚʦʜʳ ʥʘ ʛʣʫʙʠʥʳ ʤʘʥʪʠʠ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʠ ʝʸ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [1]. ʆʜʥʦʡ ʠʟ ʚʝʨʦʷʪʥʳʭ ʚʦʜʥʳʭ ʬʘʟ-

ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʚ ʤʘʥʪʠʠ ʷʚʣʷʝʪʩʷ ʬʘʟʘ ʕʛʛ AlSiO3OH [2], ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ 

[3,4]. ʈʘʥʝʝ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʘʟʘ ʕʛʛ ʩʪʘʙʠʣʴʥʘ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʤʘʥʪʠʠ 

ʜʦ 21,5 ɻʇʘ ʧʨʠ 1500ÁC [5]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʙʘʨʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʠʭ Ga,Geïʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ [6ï8]. ʇʦʵʪʦʤʫ ʮʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ GaGeO3OH ï ʘʥʘʣʦʛʘ ʬʘʟʳ ʕʛʛ AlSiO3OH 

ʧʨʠ ʙʘʨʠʯʝʩʢʦʤ (ʜʦ 30 ɻʇʘ) ʠ ʪʝʨʤʘʣʴʥʦʤ (ʜʦ 900ęC) ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʇʨʠ 7 ɻʇʘ ʠ 1000 ÁC ʥʘ ʘʧʧʘʨʘʪʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʠʧʘ çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè ʚ ʀʕʄ ʈɸʅ ʚʧʝʨʚʳʝ 

ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʨʠʩʪʘʣʣʳ GaGeO3OH [9]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʝʣʳʝ ʠʟʦʤʝʪʨʠʯʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʨʘʟʤʝʨʦʤ 5-8 ʤʢʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʝʥ ʢʘʢ Ga2O3 40,9 Ñ 0,8, 

GeO2 43,8 Ñ 0,8 ʤʘʩ.%. ʉʠʥʪʝʪʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ GaGeO3OH, ʢʘʢ ʠ ʬʘʟʘ ʕʛʛ AlSiO3OH [2], ʠʤʝʝʪ ʤʦʥʦʢʣʠʥʥʫʶ 

ʩʠʥʛʦʥʠʶ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ P21/n. Cʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʬʘʟʳ GaGeO3OH ʠʤʝʝʪ 

ʪʦʧʦʣʦʛʠʶ, ʩʭʦʞʫʶ ʩ ʂʈ-ʩʧʝʢʪʨʘʤʠ ʬʘʟʳ ʕʛʛ AlSiO3OH. 

ʀʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʟʳ GaGeO3OH ʤʝʪʦʜʦʤ in situ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 30 ɻʇʘ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʯʝʡʢʠ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ. ʂʈ-ʩʧʝʢʪʨʳ ʧʨʠ ʵʪʦʤ ʠʟʤʝʨʷʣʠʩʴ ʚ 

ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʧʝʢʪʨʦʛʨʘʬʘ Acton SpectraPro-2500i ʩ ʜʝʪʝʢʪʦʨʦʤ 

CCD Pixis2K ʠ ʤʠʢʨʦʩʢʦʧʦʤ Olympus. ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʂʈʉ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ.  ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʩʣʝʞʝʥʦ ʠʟʤʝʥʝʥʠʝ 15 ʂʈ-ʧʦʣʦʩ ʚ ʜʠʘʧʘʟʦʥʝ 150-1200 ʩʤ-1 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ ʚʳʷʚʣʝʥʳ 

ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩʜʚʠʛʦʚ ʯʘʩʪʦʪ ʤʦʜ ʂʈ ʧʨʠ ʩʞʘʪʠʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ ʆʅ ʢʦʣʝʙʘʥʠʡ 2000-4000 ʩʤ-1 ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʛʜʝ ʂʈ-ʩʧʝʢʪʨʳ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ SENTERRA (Bruker). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 488 ʥʤ.  

ʉ ʧʦʤʦʱʴʶ in situ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʦʝʜʠʥʝʥʠʷ GaGeO3OH ï ʘʥʘʣʦʛʘ ʬʘʟʳ ʕʛʛ AlSiO3OH ʧʨʠ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʤʝʱʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ ʩʧʝʢʪʨʘ ʂʈ ʦʪ ʜʘʚʣʝʥʠʷ ʜʦ ~ 30 ɻʇʘ. 

ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʨʪʠʥ ʂʈ ʩ ʠʟʤʝʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ (Öɡ/ÖP), ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʦʩ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ~ 4 ɻʇʘ ʠ ~ 14 ɻʇʘ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʇʦʣʦʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʘʣʝʥʪʥʦʤʫ ʢʦʣʝʙʘʥʠʶ GeO6, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ 

ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ (Öɡ/ÖP), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʠʙʦʣʝʝ ʩʞʠʤʘʝʤʦʡ ʩʚʷʟʠ GeĀĀĀO ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʜʘʚʣʝʥʠʡ ʜʦ ~ 30 ɻʇʘ. 

ʀʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʩ ʚ ʨʝʛʠʦʥʝ ʢʦʣʝʙʘʥʠʡ (ʆʅ) ʜʦ ~30 ɻʇʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʜʘʚʣʝʥʠʠ 

ʜʦ 8 ɻʇʘ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʠʜʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʂʈ-ʩʜʚʠʛʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʯʝʪʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʦ ʘb initio ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʬʘʟʳ ʕʛʛ MgSiO4H2 [10]. ʇʨʠ 

ʜʘʚʣʝʥʠʠ ʦʪ 8 ʜʦ 14 ɻʇʘ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʜʘʥʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʙʨʦʩ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʨʦʠʪʴ ʪʨʝʥʜ ʩʤʝʱʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʧʦʣʦʩ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʳʰʝ ~14 ɻʇʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʤʦʥʦʪʦʥʥʦʝ ʩʤʝʰʝʥʠʝ ʧʦʣʦʩ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʂʈ-ʩʜʚʠʛʘ, ʯʪʦ ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʨʝʛʠʦʥʘ ʢʘʨʢʘʩʥʳʭ ʢʦʣʝʙʘʥʠʡ 100-1200 ʩʤ-1. 

ʀʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʦʣʠʢʘ TS1400XY (Linkam). 

ɼʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦ 900ÁC, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 

20ÁC/ʤʠʥ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʦʣʠʢʘ ʩʦʩʪʘʚʣʷʣʘ <1ÁC. ʆʙʨʘʟʝʮ ʧʦʤʝʱʘʣʩʷ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʝ 

ʩʘʧʬʠʨʦʚʦʝ ʩʪʝʢʣʦ ʠ ʟʘʛʨʫʞʘʣʩʷ ʚ ʧʝʯʴ. ʉʚʝʨʭʫ ʩʪʦʣʠʢ ʟʘʢʨʳʚʘʝʪʩʷ ʢʨʳʰʢʦʡ ʩ ʦʢʥʦʤ ʠʟ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ. ʂʈ-

ʩʧʝʢʪʨʳ ʧʨʠ ʵʪʦʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ SENTERRA (Bruker). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʦʪ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 488 ʥʤ.  

ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʤʝʱʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ ʩʧʝʢʪʨʘ ʂʈ 

ʩʦʝʜʠʥʝʥʠʷ GaGeO3OH ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 900ÁC. ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʨʪʠʥ ʂʈ ʩ ʠʟʤʝʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ (Öɡ/Öʊ), ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʦʩ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ HWHM 

ʦʪ 20 ʜʦ 70 ʩʤ-1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 500ÁC, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʤʦʨʬʠʪʠʟʘʮʠʶ ʦʙʨʘʟʮʘ. ʇʨʠ ʵʪʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 550ÁC ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʜʝʛʠʜʨʘʪʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ ʧʦ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ ʆʅ 

ʢʦʣʝʙʘʥʠʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝʜʝʣʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ GaGeO3OH ï 

ʘʥʘʣʦʛʘ ʬʘʟʳ ʕʛʛ AlSiO3OH ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ 
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ʩʪʨʫʢʪʫʨʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ~ 4 ɻʇʘ ʠ ~14 ɻʇʘ, ʘ ʪʘʢʞʝ ʜʝʛʠʜʨʘʪʘʮʠʷ ʩ ʘʤʦʨʬʠʪʠʟʘʮʠʝʡ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 -550ÁC. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ʛʨʘʥʪ ˉ24-27-00078. 
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ʎʝʣʴ ʨʘʙʦʪʳ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʛʣʫʙʦʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʥʳʭ 

ʨʘʩʧʣʘʚʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʦʜʳ ʚ ʤʦʜʝʣʴʥʳʭ 

ʢʠʩʣʳʭ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʪʝʢʣʘʭ ʤʝʪʦʜʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ.  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 9 ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʣʘʪʠʥʦʚʳʭ ʘʤʧʫʣʘʭ ʥʘ ʋɺɻɼ-10000 ʚ ʀʕʄ ʈɸʅ ʧʨʠ 800Áʉ ʠ 1 ʢʙʘʨ 

ʩ ʨʘʟʣʠʯʥʳʤ ʠʩʭʦʜʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʠʩʪʝʤʝ ʚʦʜʳ (3, 5, 7 ʤʘʩ. %) ʠ ʬʪʦʨʘ (0, 4, 8 ʤʘʩ. %) ʠ ʧʦʩʪʦʷʥʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Si/Al /Na/Li, ʙʣʠʟʢʠʤ ʢ ʩʦʩʪʘʚʫ ʪʦʧʘʟʩʦʜʝʨʞʘʱʠʭ ʛʨʘʥʠʪʦʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 

3 ʜʦ 7 ʜʥʝʡ. ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʠʣʘ Ñ5ʦʉ, ʜʘʚʣʝʥʠʷ Ñ0,05 ʢʙʘʨ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʣʦʢʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʢʘʬʝʜʨʳ ʧʝʪʨʦʣʦʛʠʠ ʠ ʚʫʣʢʘʥʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ çJeol JSM-6480LVè ʩ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ Inca 

Energy-350. ʕʣʝʢʪʨʦʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ 

ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ. ʃʦʢʘʣʴʥʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʬʘʟ ʚʳʧʦʣʥʷʣʩʷ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ 

ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ ʠ ʩʠʣʝ ʪʦʢʘ 0,7 ʥɸ. ɼʠʩʧʝʨʩʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʦʨʦʛ ʦʙʥʘʨʫʞʝʥʠʷ, ʜʣʷ F ʩʦʩʪʘʚʣʷʝʪ 0,05 

ʤʘʩ. %, ʜʣʷ Na, Al, Si ï 0,02 ʤʘʩ. %. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʘʤʘʥʦʚʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ XPloRA (Horiba Scientific), ʩʦʚʤʝʱʝʥʥʦʤ ʩ ʢʦʥʬʦʢʘʣʴʥʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ, ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ ʥʘ ʢʘʬʝʜʨʝ ʧʝʪʨʦʣʦʛʠʠ ʠ ʚʫʣʢʘʥʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʩʪʝʢʣʘʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʂʈ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɼʘʥʥʳʝ ʧʦ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʤʫ ʨʘʩʩʝʷʥʠʶ ʧʦʣʫʯʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 600 ʜʦ 4000 ʩʤ-1. ɺʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ Si (ʠʣʠ Al) 

ʩ ʢʠʩʣʦʨʦʜʦʤ ʦʪʨʘʞʘʶʪʩʷ ʚ ʩʧʝʢʪʨʝ ʚ ʜʠʘʧʘʟʦʥʝ 680-1280 ʩʤ-1. ʂʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ʆʅ-ʛʨʫʧʧ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʚʦʜʳ ʦʪʨʘʞʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2800-3720 ʩʤ-1. ɼʣʷ ʩʪʘʥʜʘʨʪʦʚ ʢʚʘʨʮʥʦʨʤʘʪʠʚʥʳʭ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʪʝʢʦʣ ʩ 

ʠʟʚʝʩʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʠ ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ 

2800 - 3720 ʩʤ-1 ʠ  680 - 1280 ʩʤ-1. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʩʪʝʢʣʘ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʣʦʱʘʜʝʡ ʵʪʠʭ ʧʠʢʦʚ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʝʢʣʘʭ [1].  

ʇʨʦʜʫʢʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʠʩʪʳʤ ʧʨʦʟʨʘʯʥʳʤ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤ ʩʪʝʢʣʦʤ. ɺ 

ʩʠʣʠʢʘʪʥʳʭ ʩʪʝʢʣʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ ʙʦʣʴʰʝ 4 ʤʘʩ. % ʦʙʥʘʨʫʞʝʥʳ ʩʫʙʠʜʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ (ʜʦ 

2 ʦʙ. %). ʏʘʩʪʦ ʢʚʘʨʮ ʦʙʨʘʟʫʝʪ ʩʢʦʧʣʝʥʠʷ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʢʨʘʶ ʦʙʨʘʟʮʘ. ɼʦʙʘʚʣʝʥʠʝ ʬʪʦʨʘ ʚ ʛʘʧʣʦʛʨʘʥʠʪʥʫʶ 

ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʧʦʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʚʘʨʮʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʩʤʝʱʝʥʠʶ ʩʦʩʪʘʚʘ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʥʠʟʢʦʢʨʝʤʥʠʩʪʫʶ ʦʙʣʘʩʪʴ.  

ʀʟʤʝʨʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʩʪʝʢʣʘʭ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʬʪʦʨʘ 

ʚ ʩʠʩʪʝʤʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʡ ʚ ʨʘʩʧʣʘʚʝ ʚʦʜʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,4 ʤʘʩ. %. ʇʨʠ ʠʩʭʦʜʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʬʪʦʨʘ 

8 ʤʘʩ. % ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʡ ʚʦʜʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 6-7 ʤʘʩ. %.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɻɽʆʍʀ ʈɸʅ ʠ ʧʦ ʛʦʩʙʶʜʞʝʪʥʦʡ ʪʝʤʝ çʈʝʞʠʤʳ 

ʧʝʪʨʦʛʝʥʝʟʘ ʚʥʫʪʨʝʥʥʠʭ ʛʝʦʩʬʝʨ ɿʝʤʣʠè ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

Chabiron A., Pironon J., Massare D. Characterization of water in synthetic rhyolitic glasses and natural melt inclusions by Raman 

spectroscopy //Contributions to Mineralogy and Petrology. 2004. V. 146.  
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ʊʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʄʫʨʫʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦ-

ɸʣʜʘʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ [1]. ʆʥ ʧʨʠʨʦʫʯʝʥ ʢ ʦʜʥʦʠʤʝʥʥʦʤʫ ʱʝʣʦʯʥʦʤʫ ʤʘʩʩʠʚʫ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (J3), ʚ 

ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʷʶʪʩʷ ɹʦʣʴʰʝʤʫʨʫʥʩʢʠʡ, ʄʘʣʦʤʫʨʫʥʩʢʠʡ ʠ ɼʦʛʘʣʜʳʥʩʢʠʡ ʤʘʩʩʠʚʳ [2]. ɺ ʧʨʝʜʝʣʘʭ 

ʄʘʣʦʤʫʨʫʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʘ (ʉʝʨʝʜʠʥʩʢʦʝ, ɾʝʨʣʦʚʦʝ, ɸʥʜʨʝʝʚʩʢʦʝ ʠ 

ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ) ʙʳʣʠ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʛʝʦʣʦʛʘʤʠ ɸʆ çʗʢʫʪʩʢʛʝʦʣʦʛʠʷè ʠ çʋʨʘʥʛʝʦè ʚ ʥʘʯʘʣʝ 00-ʭ ʛʦʜʦʚ ʠ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʄʫʨʫʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ. ɿʜʝʩʴ, ʨʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʤʠʢʨʦʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʨʮʘ 

ʚ ʯʘʨʦʠʪʦʚʳʭ ʧʦʨʦʜʘʭ, ʨʫʪʠʣ ʠ ʘʥʘʪʘʟ-ʙʨʫʢʠʪʦʚʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ, ʠ ʚ ʢʚʘʨʮ-ʙʨʫʢʠʪʦʚʳʭ ʠ ʢʘʣʴʮʠʪ-

ʢʚʘʨʮʝʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ [3, 4, 5, 6]. ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʪʩʫʪʩʪʚʫʶʪ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦʙ 

ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʦʣʠ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʠʣʘ ʥʝ ʪʦʣʴʢʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷʭ ʵʪʠʭ ʧʦʨʦʜ, ʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ ʬʣʶʠʜʘ.  

ʄʠʢʨʦʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʚʘʨʮ-ʙʘʨʠʪʦʚʳʭ ʧʨʦʞʠʣʢʘʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʠ ʀɻʄ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʢʘʤʝʨʳ THMSG-600 

ʬʠʨʤʳ Linkam ʩ ʜʠʘʧʘʟʦʥʦʤ ʪʝʤʧʝʨʘʪʫʨ -196 ʜʦ +600Á ʉ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ [7]. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣʘ Ñ0.2Á ʉ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ -60 ʜʦ +60Á ʉ ʠ +1.5Áʉ ï ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ. ʉʦʩʪʘʚ ʛʘʟʦʚʦʡ 

ʬʘʟʳ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʌɺ) ʦʧʨʝʜʝʣʝʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Horiba Lab Ram HR800 ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ. ɺʦʟʙʫʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʪʚʝʨʜʦʪʝʣʴʥʳʤ 

ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 514 ʥʤ, ʤʦʱʥʦʩʪʴʶ 50 ʤɺʪ. ʀʟʫʯʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ Focus GC/DSQ II  MS (Thermo Scientific, USA) ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [8]. 

ʄʫʨʫʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ ʩʣʦʞʝʥ ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ ʛʥʝʡʩʘʤʠ, ʛʨʘʥʠʪʦʛʥʝʡʩʘʤʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʩʣʘʥʮʘʤʠ, ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʨʠʬʝʡʩʢʠʤʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ ʤʝʟʦʟʦʡʩʢʠʤʠ 

ʱʝʣʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ [9, 10, 11]. ʉʪʨʫʢʪʫʨʥʳʡ ʧʣʘʥ ʫʟʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʬʦʨʤʠʨʫʶʱʝʡ ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ɸʪʙʘʩʪʘʭ-ʊʦʨʛʦʡʩʢʦʡ ʠ ʂʝʤʝ-ʂʝʙʝʢʪʠʥʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʈʫʜʥʳʝ ʪʝʣʘ ʦʙʨʘʟʫʶʪ ʣʠʥʟʦ-ʣʝʥʪʦʦʙʨʘʟʥʳʝ ʟʘʣʝʞʠ ʠ ʠʤʝʶʪ ʰʠʨʦʪʥʦʝ, ʤʝʨʠʜʠʦʥʘʣʴʥʦʝ, ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ, ʩʦʛʣʘʩʥʦʝ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʨʫʰʝʥʠʡ, ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʥʝʡʥʳʤʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʚ ʩʠʝʥʠʪʘʭ (ʉʝʨʝʜʠʥʩʢʦʝ ʧʦʣʝ), ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʙʨʝʢʯʠʷʤʠ 

(ɾʝʨʣʦʚʳʡ ʫʯʘʩʪʦʢ), ʟʦʥʘʤʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʣʠʥʝʡʥʦʛʦ ʰʪʦʢʚʝʨʢʘ ʚ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʘʭ (ɸʥʜʨʝʝʚʩʢʦʝ 

ʧʦʣʝ) ʠ ʬʝʥʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (ɸʥʜʨʝʝʚʩʢʦʝ ʠ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ ʧʦʣʝ). 

ʄʦʱʥʦʩʪʴ ʠʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʧʝʨʚʳʭ ʩʤ ʜʦ 15 ʤ. ɿʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ɸʥʜʨʝʝʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʟʦʥʘʤ ʜʨʦʙʣʝʥʠʷ ʱʝʣʦʯʥʳʭ ʩʠʝʥʠʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʪʘʢʪʦʚʦʡ ʯʘʩʪʠ ʩʠʝʥʠʪʦʚ ʠ 

ʚʤʝʱʘʶʱʠʭ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ 

ʙʝʨʝʟʠʪʠʟʘʮʠʝʡ, ʵʛʠʨʠʥʠʟʘʮʠʝʡ ʠ ʦʢʚʘʨʮʝʚʘʥʠʝʤ. ʆʨʫʜʝʥʝʥʠʝ, ʨʘʟʚʠʪʦʝ ʚ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʭ 

ʩʠʝʥʠʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʤ ʪʠʧʦʤ ʩ ʟʦʣʦʪʦ-ʧʠʨʠʪ-ʢʚʘʨʮʝʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ɺ ʨʫʜʘʭ 

ʚʳʷʚʣʝʥʳ ʘʨʩʝʥʦʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ, ʙʦʨʥʠʪ, ʢʦʚʝʣʣʠʥ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, 

ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʙʘʨʠʪ ʠ ʜʨ. ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʚ ʩʢʘʨʥʠʨʦʚʘʥʥʳʭ ʠ 

ʬʝʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ (ʵʛʠʨʠʥ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ) ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʪʝʣʘʤʠ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ ʩ ʢʚʘʨʮ-ʙʘʨʠʪʦʚʳʤʠ ʞʠʣʘʤʠ ɸʥʜʨʝʝʚʩʢʦʛʦ ʠ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʢʨʘʧʣʝʥʥʳʤ ʟʦʣʦʪʦ-ʧʠʨʠʪʦʚʳʤ ʪʠʧʦʤ ʦʨʫʜʝʥʝʥʠʷ. ʀʟ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʠ ʜʨ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʚʘʨʮʝ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠ ʵʛʠʨʠʥ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʯʝʪʳʨʝ ʪʠʧʘ ʌɺ: 1) ʦʜʥʦʬʘʟʥʳʝ ï ʛʘʟʦʚʳʝ ʠʣʠ ʞʠʜʢʠʝ, 2) ʜʚʫʭʬʘʟʥʳʝ ï 

ʩʫʱʝʩʪʚʝʥʥʦ-ʚʦʜʥʳʝ, ʛʜʝ ʛʘʟʦʚʳʡ ʧʫʟʳʨʝʢ ʟʘʥʠʤʘʝʪ 10 30% ʦʙʲʝʤʘ ʚʘʢʫʦʣʠ, 3) ʪʨʝʭʬʘʟʥʳʝ ï ʚʦʜʥʦ-

ʫʛʣʝʢʠʩʣʦʪʥʳʝ ʠ 4) ʤʥʦʛʦʬʘʟʥʳʝ ï ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ + ʛʘʟʦʚʘʷ ʬʘʟʘ + ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ. 

ɹʘʨʠʪ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠ ʵʛʠʨʠʥ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩʦʜʝʨʞʠʪ 

ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ 

ʪʠʧʘ: 1) ʦʜʥʦʬʘʟʥʳʝ ï ʛʘʟʦʚʳʝ ʠʣʠ ʞʠʜʢʠʝ, 2) ʜʚʫʭʬʘʟʥʳʝ ï ʩʫʱʝʩʪʚʝʥʥʦ-ʚʦʜʥʳʝ, ʛʜʝ ʛʘʟʦʚʳʡ ʧʫʟʳʨʝʢ 

ʟʘʥʠʤʘʝʪ 10 30% ʦʙʲʝʤʘ ʚʘʢʫʦʣʠ, 3) ʪʨʝʭʬʘʟʥʳʝ ï ʚʦʜʥʦ-ʫʛʣʝʢʠʩʣʦʪʥʳʝ ʠ 4) ʤʥʦʛʦʬʘʟʥʳʝ ï ʚʦʜʥʦ-ʩʦʣʝʚʦʡ 

ʨʘʩʪʚʦʨ + ʛʘʟʦʚʘʷ ʬʘʟʘ + ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ:  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʚʘʨʮʘ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʝʥʠʪʦʚ ɸʥʜʨʝʝʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 

ʫʯʘʩʪʠʠ ʬʣʶʠʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ NaCl-KCl-MgCl2+H2O ʨʘʩʪʚʦʨʫ ʩ ʫʤʝʨʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ (7.2ï15 ʤʘʩ.%-ʵʢʚ. 

NaCl). ʅʘʣʠʯʠʝ ʚ ʢʚʘʨʮʝ ʧʝʨʚʠʯʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʧʦʟʚʦʣʷʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʛʝʪʝʨʦʬʘʟʥʦʡ ʩʨʝʜʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʚʘʨʮʘ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 215ï110Á ʉ 

ʠ ʜʘʚʣʝʥʠʠ 73ï94 ʙʘʨ. ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʉʆ2 ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʠʟʤʝʥʷʶʪʩʷ ʦʪ -56.6 ʜʦ -59.9 Áʉ, ʯʪʦ ʥʠʞʝ 

ʪʨʦʡʥʦʡ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʯʠʩʪʦʡ ʉʆ2 (-56.6 Áʉ) ʠ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʠ 

ʥʠʟʢʦʢʠʧʷʱʠʭ ʛʘʟʦʚ. ʇʣʦʪʥʦʩʪʴ ʬʣʶʠʜʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.56 ʜʦ 0.72 ʛ/ʩʤ3. ʇʦ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʌɺ ʤʝʪʦʜʦʤ 

ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚʢʣʶʯʝʥʠʡ ʢʚʘʨʮʘ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʝʥʠʪʦʚ ʩʦʜʝʨʞʠʪʩʷ CO2 

(100 ʤʦʣ.%), ʘ ʜʦʯʝʨʥʠʝ ʬʘʟʳ ʚ ʤʥʦʛʦʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʥʘʨʜʠʪʦʤ (Na2SO4), ʩʠʥʛʝʥʠʪʦʤ 

(K2Ca(SO4)2ĬH2O) ʠ ʩʪʨʦʥʮʠʘʥʠʪʦʤ (SrCO3).  

ʄʠʢʨʦʪʝʨʤʦʤʝʪʨʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʙʘʨʠʪʝ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʝʥʠʪʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʌɺ ʚ ʥʝʤ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 315 ʜʦ 190Á ʉ ʚ ʞʠʜʢʫʶ ʬʘʟʫ. ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Na-

ʭʣʦʨʠʜʥʳʡ ʩ ʧʨʠʤʝʩʴʶ ʭʣʦʨʠʜʦʚ K. ʉʦʣʝʥʦʩʪʴ ʬʣʶʠʜʦʚ ʥʠʟʢʘʷ, ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5.9 ʜʦ 8.8 ʤʘʩ.%-ʵʢʚ. NaCl. ʇʦ 

ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʌɺ ʤʝʪʦʜʦʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʙʘʨʠʪʘ ʩʦʜʝʨʞʠʪʩʷ CO2 (100 ʤʦʣ.%), 

ʘ ʜʦʯʝʨʥʠʝ ʬʘʟʳ ʚ ʤʥʦʛʦʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʛʝʥʠʪʦʤ ʠ ʤʠʨʘʙʠʣʠʪʦʤ (Na2SO4Ĭ10H2O) 

ʇʦ ʜʘʥʥʳʤ ʪʝʨʤʦʤʝʪʨʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʦʪʣʦʞʝʥʠʷ ʢʚʘʨʮʘ ʵʛʠʨʠʥ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ ɸʥʜʨʝʝʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʚʘʨʴʠʨʫʝʪ ʦʪ 355 ʜʦ 260Á ʉ, ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʩʦʣʝʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʦʪ 

10.9 ʜʦ 16.9 ʤʘʩ.%-ʵʢʚ. NaCl, ʩʦʣʝʚʘʷ ʩʠʩʪʝʤʘ ʦʪʚʝʯʘʝʪ ʧʨʠʩʫʪʩʪʚʠʶ ʭʣʦʨʠʜʦʚ Na ʠ Mg. ɺ ʩʦʩʪʘʚʝ ʛʘʟʦʚʳʭ ʬʘʟ 

ʚʢʣʶʯʝʥʠʡ ʢʚʘʨʮʘ ʦʧʨʝʜʝʣʝʥʘ CO2, ʜʦʯʝʨʥʠʝ ʬʘʟʳ ʚ ʤʥʦʛʦʬʘʟʥʳʭ ʌɺ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʣʴʮʠʪ (CaCO3). 

ʇʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʙʘʨʠʪʦʚʦʤ ʧʨʦʞʠʣʢʝ ʵʛʠʨʠʥ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 322ï170Á ʉ ʠ ʩʦʜʝʨʞʘʪ ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʝʡ ʦʪ 2.4 ʜʦ 6.7 ʤʘʩ.%-ʵʢʚ. NaCl. ɺ ʨʘʩʪʚʦʨʝ ʌɺ ʧʨʝʦʙʣʘʜʘʶʪ ʭʣʦʨʠʜʳ K, Na ʠ Mg. ʇʦ 

ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʤʝʪʦʜʦʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʘʟʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʌɺ ʚ ʙʘʨʠʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʉʆ2 (100 ʤʦʣ.%), ʚ ʤʥʦʛʦʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʦʙʥʘʨʫʞʝʥ ʤʠʨʘʙʠʣʠʪ (Na2SO4Ĭ10H2O). 

ɺ ʜʦʧʦʣʥʝʥʠʝ, ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʦʙʰʠʨʥʳʡ ʨʷʜ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʬʣʶʠʜʘʭ: 257 ʩʦʝʜʠʥʝʥʠʡ (11 ʦʪʥ.%) ʚ ʙʘʨʠʪʝ 

ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʝʥʠʪʦʚ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, 291 ʩʦʝʜʠʥʝʥʠʝ (36.6 ʦʪʥ.%) ʚ ʢʚʘʨʮʝ ʠ 280 

ʩʦʝʜʠʥʝʥʠʡ (22.5 ʦʪʥ.%) ʚ ʙʘʨʠʪʝ ʵʛʠʨʠʥ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ɸʥʜʨʝʝʚʩʢʦʛʦ ʠ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʙʝʩʢʠʩʣʦʨʦʜʥʳʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʠ ʮʠʢʣʠʯʝʩʢʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʚʳʜʚʠʥʫʪʦʤʫ ʨʘʥʝʝ ʟʘʢʣʶʯʝʥʠʶ ʦʙ ʫʯʘʩʪʠʠ ʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʠ ʦʢʠʩʣʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʠʟ ʨʘʩʧʣʘʚʘ ʚʦ ʚʨʝʤʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ ʠ ʜʘʣʴʥʝʡʰʘʷ ʧʨʦʨʘʙʦʪʢʘ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ [3, 

6]. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʜʘʥʥʳʤʠ ʧʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ (ʕʣʴʢʦʥʩʢʦʝ ʠ ʉʘʤʦʣʘʟʦʚʩʢʦʝ) ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʷʚʣʝʥʠʝʤ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ []. ɼʣʷ ʥʠʭ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ ʠ ʫʤʝʨʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʜʦ 14 

ʤʘʩ.%-ʵʢʚ. NaCl) ʩʦʣʝʡ, ʚ ʚʦʜʥʦ-ʩʦʣʝʚʦʤ ʩʦʩʪʘʚʝ ʨʘʩʪʚʦʨʦʚ ʧʨʝʦʙʣʘʜʘʝʪ NaCl ʩ ʧʨʠʤʝʩʴʶ K. ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʘʩʪʚʦʨʦʚ 150 325 Áʉ. ʇʦʜʚʦʜʷ ʠʪʦʛ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʦʛʦ ʬʣʶʠʜʥʦʛʦ ʨʝʞʠʤʘ ʚ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʬʣʶʠʜʳ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɸɹʄ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ FUFG-2024-0006) ʠ ʧʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀɻʄ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ ˉ 122041400312-2).  
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ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʛʝʨʤʘʥʘʪʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʢʘʪʠʦʥʦʚ Ge4+ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ GeO4-

ʪʝʪʨʘʵʜʨʦʤ, GeO5-ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʦʡ ʠʣʠ GeO6-ʦʢʪʘʵʜʨʦʤ [1]. ɺ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʠ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʘʪʠʦʥʦʚ Ge4+, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʩʝʤʝʡʩʪʚʘ ʛʝʨʤʘʥʦ-ʛʝʨʤʘʥʘʪʦʚ [2]. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʩʚʷʟʘʥʥʳʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʙʣʠʟʦʩʪʴʶ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ Ge4+ ʢ Si4+, ʘ 

ʪʘʢʞʝ ʩʪʨʦʝʥʠʶ ʠ ʭʘʨʘʢʪʝʨʫ ʧʦʣʠʤʝʨʠʟʘʮʠʠ GeO4-ʪʝʪʨʘʵʜʨʦʚ, ʛʝʨʤʘʥʘʪʳ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʩʠʣʠʢʘʪʦʚ, ʘ ʠʭ ʩʠʩʪʝʤʘʪʠʢʘ ʚʦ ʤʥʦʛʦʤ ʘʥʘʣʦʛʠʯʥʘ ʩʪʨʫʢʪʫʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʩʠʣʠʢʘʪʦʚ [2]. 

ʉʨʝʜʠ ʩʠʣʠʢʘʪʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʮʝʧʦʯʝʯʥʳʤʠ 

ʘʥʠʦʥʘʤʠ ʪʠʧʘ [SipO3p]2pï [3], ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʧʣʦʪʴ ʜʦ ʟʥʘʯʝʥʠʡ p = 24 (ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

Na24Y8[Si24O72] [4]). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʪʘʢʠʝ ʮʝʧʦʯʝʯʥʳʝ ʘʥʠʦʥʳ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʌ. ʃʠʙʘʫ ʦʥʠ 

ʦʙʦʟʥʘʯʘʶʪʩʷ ʚ ʚʠʜʝ {uB,11
Ð} [3], ʘ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʄ. ɼʝʡ ʠ ʌ. ʍʦʪʦʨʥʘ ï 2Tp [5]. ʉʨʝʜʠ ʛʝʨʤʘʥʘʪʦʚ ʠʟʚʝʩʪʥʘ 

ʫʥʠʢʘʣʴʥʘʷ, ʥʝ ʠʤʝʶʱʘʷ ʘʥʘʣʦʛʦʚ ʩʨʝʜʠ ʩʠʣʠʢʘʪʦʚ, ʤʝʪʘʛʝʨʤʘʥʘʪʥʘʷ ʮʝʧʦʯʢʘ ʩ p = 1 ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ Cu[GeO3] [6], ʮʝʧʦʯʢʠ ʩ p = 2 ʠ 3 ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʘʥʘʣʦʛʘʭ ʧʠʨʦʢʩʝʥʦʚ ʠ ʧʠʨʦʢʩʝʥʦʠʜʦʚ ʩʝʤʝʡʩʪʚʘ 

ʚʦʣʣʘʩʪʦʥʠʪʘ-ʙʫʩʪʘʤʠʪʘ [7], ʮʝʧʦʯʢʘ ʩ p = 4 ʦʪʤʝʯʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ Ca3ZnGe[Ge4O12]O2 (ʩʪʨʫʢʪʫʨʥʦʝ 

ʩʝʤʝʡʩʪʚʦ ʙʘʪʠʩʠʪʘ BaNa2Ti2[Si4O12]O2) [8], ʘ p = 5 ï ʚ ACd4[Ge5O14(OH)] (A = Li , Na; ʩʪʨʫʢʪʫʨʥʦʝ ʩʝʤʝʡʩʪʚʦ 

ʨʦʜʦʥʠʪʘ) [9]. ʅʘʠʙʦʣʝʝ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ ʩ p = 12 ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

Pb12[Ge12O36] [10] ï Ge-ʘʥʘʣʦʛʝ ʤʠʥʝʨʘʣʘ ʘʣʘʤʦʟʠʪʘ Pb12[Si12O36] [11] ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʬʘʟ [12]. 

ʇʨʠ ʵʪʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʩʪʦʣʴʢʦ ʙʦʣʴʰʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʙʳʣʘ ʫʢʘʟʘʥʘ ʦʩʦʙʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʪʠʦʥʘ Pb2+, ʦʙʣʘʜʘʶʱʝʛʦ 

ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʩʪʝʨʝʦʘʢʪʠʚʥʦʡ ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ 

6s2 [12]. 

ʂʨʠʩʪʘʣʣʳ ʥʦʚʦʡ ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ Pb12[Ge12O36]-II  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʨʘʩʪʚʦʨʘ ʚ 

ʨʘʩʧʣʘʚʝ. ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ KI, PbO, PbI2 ʠ GeO2, ʚʟʷʪʳʝ ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʝʨʝʪʝʨʣʠ ʠ ʧʦʤʝʩʪʠʣʠ 

ʚ ʘʣʫʥʜʦʚʳʡ ʪʠʛʝʣʴ, ʟʘʧʘʷʥʥʳʡ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʫʶ ʵʚʘʢʫʠʨʦʚʘʣʠ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 0.03 ʤʤ 

ʨʪ.ʩʪ. ʠ ʦʪʧʘʷʣʠ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 50 /̄ʯʘʩ ʜʦ 550 ʉ̄, ʚʳʜʝʨʞʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

60 ʯʘʩʦʚ ʠ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ 48 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʩʦʜʝʨʞʘʣ ʢʨʠʩʪʘʣʣʳ ʜʚʫʭ 

ʪʠʧʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʠ ʦʪʥʦʩʠʣʠʩʴ ʢ ʠʟʚʝʩʪʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ KPbI3, ʘ ʜʨʫʛʠʝ ï ʢ ʥʦʚʦʤʫ ʩʦʝʜʠʥʝʥʠʶ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʫʯʝʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ Rigaku XtaLAB Synergy-S (Hybrid Pixel Array ʜʝʪʝʢʪʦʨ; MoKŬ-ʠʟʣʫʯʝʥʠʝ). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʥʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ Pb12[Ge12O36]-II  (ʈʠʩ. 1ʘ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ a = 22.9394(3) ¡, 

b = 14.4672(2) ¡, c = 13.2344(2) ¡, ɓ = 119.4335(15)Á, V = 3825.18(11) ¡3 (ʧʨ. ʛʨ. C2/c; Z = 48) ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠ 

ʙʣʠʟʢʘ ʢ ʠʟʫʯʝʥʥʳʤ ʨʘʥʝʝ ʧʦ ʜʘʥʥʳʤ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ Pb12[Ge12O36]-I [10] ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ a = 11.469 ¡, b = 7.236 ¡, c = 12.555¡, ɓ = 113.3Á, V = 956.96 ¡3 (ʧʨ. ʛʨ. P2/c; Z = 12), ʘ ʪʘʢʞʝ 

ʩʠʥʪʝʪʠʯʝʩʢʦʤʫ ʘʣʘʤʦʟʠʪʫ Pb12[Si12O36] [12] c ʧʘʨʘʤʝʪʨʘʤʠ a = 11.209(1) ¡, b = 7.0410(8) ¡, c = 12.957(1) ¡, ɓ = 

119.76(15)Á, V = 887.7(8) ¡3 (ʧʨ. ʛʨ. P2/c; Z = 12). ʆʩʥʦʚʫ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦʩʪʘʚʣʷʶʪ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ [T12O36]24ï, ʛʜʝ T = Si4+, Ge4+. ʉʦʩʝʜʥʠʝ ʮʝʧʦʯʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ 

ʢʘʪʠʦʥʘʤʠ Pb2+, ʦʙʣʘʜʘʶʱʠʝ ʩʪʝʨʝʦʘʢʪʠʚʥʦʡ ʥʝʧʦʜʝʣʝʥʥʦʡ 6s2 ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʦʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʠʟʛʠʙ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Pb12[Ge12O36]-II  ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʘʷ 

ʦʨʠʝʥʪʘʮʠʷ [GeO4]-ʪʝʪʨʘʵʜʨʦʚ ʚ ʩʦʩʝʜʥʠʭ [Ge12O36]-ʮʝʧʦʯʢʘʭ (ʈʠʩ. 1ʙ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʚ ʩʪʨʫʢʪʫʨʝ Pb12[Ge12O36]-I [10]. ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʘʣʘʤʦʟʠʪʘ Si4+ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʡ Ge4+ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʩʢʘʞʝʥʠʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʩʭʦʜʥʘʷ ʪʦʧʦʣʦʛʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʭʨʘʥʷʝʪʩʷ. ɸʥʘʣʠʟ ʩʪʝʧʝʥʠ ʙʣʠʟʦʩʪʠ 

(ŭ) ʩʪʨʫʢʪʫʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʚʝʨʘ Bilbao ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ Pb12[Ge12O36]-I  [10] ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʘʣʦʤʦʟʠʪʘ Pb12[Si12O36] [12] ʦʥ ʩʦʩʪʘʚʣʷʝʪ 0.066, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (S) ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʟʠʮʠʷʤʠ ʘʪʦʤʦʚ (dmax) ʩʦʩʪʘʚʣʷʶʪ 0.034 ʠ 0.1898 ¡, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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(ʘ) (ʙ) 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Pb12[Ge12O36]-II  (ʘ) ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʛʠʙʘ ʧʦʣʠʛʝʨʤʘʥʘʪʥʳʭ 

ʮʝʧʦʯʝʢ (ʙ) 

 

ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Pb12[Ge12O36]-II  ʧʦʢʘʟʳʚʘʝʪ ʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʧʩʝʚʜʦʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ȹmax = 1.1112, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ 

Pb12[Ge12O36]-II* ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʥʦʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a* = 11.4697 ¡, b* = 7.2336 ¡, c* = 13.2344 

¡, ɓ* = 119.43Á; ʧʨ. ʛʨ. P2/c (ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʭʦʜʥʳʤʠ ʤʘʪʨʠʮʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ: 2a, 2b, ʩ; 0,0,0). ɼʘʥʥʘʷ 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʲʝʤʦʤ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʤʝʥʴʰʝ ʠʩʭʦʜʥʦʡ ʠ ʙʣʠʟʢʘ ʢ ʪʘʢʦʚʦʡ ʜʣʷ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʘʤʦʟʠʪʘ [12], ʯʝʤ Pb12[Ge12O36]-I, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦ ʜʘʥʥʳʤ ʜʠʬʨʘʢʮʠʠ ʥʝʡʪʨʦʥʦʚ [10]. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʠʟ ʩʪʝʧʝʥʠ ʙʣʠʟʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ PbGeO3-II* ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʘʣʘʤʦʟʠʪʘ Pb12[Si12O36] ʩʦʩʪʘʚʣʷʝʪ ŭ = 0.016. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʪʨʫʢʪʫʨʥʦ ʠʟʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ 

PbOĿGeO2, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷʤʠ: ʫʧʦʤʷʥʫʪʳʤ ʚʳʰʝ Pb12[ [4]Ge12O36]-I; ʩʦʝʜʠʥʝʥʠʝʤ Pb[6]GeO3 

ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ CaSiO3 [13], ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ ʛʝʨʤʘʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʢʨʫʧʥʳʭ GeO6-ʦʢʪʘʵʜʨʘʭ (ʈʠʩ. 

2ʘ); ʩʦʝʜʠʥʝʥʠʝʤ Pb6[ [4]Ge6O18], ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʰʝʩʪʠʯʣʝʥʥʳʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʦʣʴʮʘ 

[Ge6O18] (ʈʠʩ. 2ʙ) [14]. ʂʨʦʤʝ ʪʦʛʦ, ʮʝʧʦʯʝʯʥʳʝ ʘʥʠʦʥʳ ʪʘʢʞʝ ʦʪʤʝʯʘʣʠʩʴ ʚ ʦʜʥʦʡ ʠʟ ʤʦʜʠʬʠʢʘʮʠʡ PbGeO3, ʥʦ 

ʝʝ ʩʪʨʫʢʪʫʨʘ ʪʘʢ ʠ ʥʝ ʙʳʣʘ ʠʟʫʯʝʥʘ [15]. 

 

 
 

(ʘ) (ʙ) 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ PbOĿGeO2: 

ʩʦʝʜʠʥʝʥʠʝ Pb[6]GeO3 ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ ʧʝʨʦʚʩʢʠʪʘ (ʘ) ʠ Pb6[ [4]Ge6O18] (ʙ). 

 

ʉʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ ʩ ʧʦʤʦʱʴʶ 

ʈʘʤʘʥ-ʩʧʝʢʪʨʦʤʝʪʨʘ EnSpectr R532 ʥʘ ʙʘʟʝ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Olympus BX43. ʂʈ-ʩʧʝʢʪʨ ʜʣʷ 

Pb12[Ge12O36]-II  ʢʨʘʡʥʝ ʩʭʦʞ ʩʦ ʩʧʝʢʪʨʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [16] ʜʣʷ ʘʣʘʤʦʟʠʪʘ. ɺ ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ PbïO ʠ ʢʦʣʝʙʘʥʠʷ ʩʘʤʦʡ ʨʝʰʝʪʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʙʦʣʝʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ GeïO. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʧʨʠ 105 ʩʤ-1, ʘ 
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ʪʘʢʞʝ ʩʣʘʙʦʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʧʨʠ 215 ʩʤ-1, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʧʝʨʚʦʛʦ ʧʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ PbïO. 

ɺ ʩʠʣʠʢʘʪʘʭ, ʢʘʢ ʠ ʛʝʨʤʘʥʘʪʘʭ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʨʝʛʠʦʥʝ ʧʨʝʦʙʣʘʜʘʶʪ ʩʠʤʤʝʪʨʠʯʥʳʝ ʚʘʣʝʥʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ SiïO ʠ GeïO, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʨʫʧʥʳʡ ʧʠʢ ʧʨʠ 800 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʚ 

[GeO4]-ʪʝʪʨʘʵʜʨʘʭ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʠʢʠ ʚ ʘʣʘʤʦʟʠʪʝ ʜʣʷ ʩʠʣʠʢʘʪʥʳʭ [SiO4]-ʛʨʫʧʧ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 900 ʜʦ 

1100 ʩʤ-1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʚʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʨʦʢʩʝʥʦʚ ʠ 

ʧʠʨʦʢʩʝʥʦʠʜʦʚ ʥʘʤʠ ʚʳʧʦʣʥʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ Pb12[Ge12O36]-II , 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Pb12[Ge12O36]-I ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʚ 

ʤʠʥʝʨʘʣʘ ʘʣʘʤʦʟʠʪʘ, ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ ʩʦʩʝʜʥʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ [Ge12O36], ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʯʝʪʚʝʨʝʥʠʶ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʉ ʫʯʝʪʦʤ ʚʳʩʦʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʣʦʞʥʦʩʪʠ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʦʚʳʡ ʧʦʣʠʤʦʨʬ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʙʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ, ʣʠʙʦ ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʤʝʪʘ-ʛʝʨʤʘʥʘʪʘ ʩʚʠʥʮʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ɻʦʩʟʘʜʘʥʠʷ ˉ 124020100059-2. 
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ʂʆʄʇʃɽʂʉʅɸʗ ʆʎɽʅʂɸ ɹɸʈʀʏɽʉʂʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ Ŭ-Si1-XGeXO2 ʇʈʀ ɺʓʉʆʂʆʄ 

ɼɸɺʃɽʅʀʀ 

ʂʦʚʘʣʝʚ ɺ.ʅ.1,*, ʈʘʱʝʥʢʦ ʉ.ɺ.2, ʉʧʠʚʘʢ ɸ.ɺ.1, ʉʝʪʢʦʚʘ ʊ.ɺ.1, ɹʦʛʜʘʥʦʚ ʅ.ɽ.2, ɿʘʭʘʨʯʝʥʢʦ ɽ.ʉ.1 

1 ï ʀʕʄ ʈɸʅ, 2 ï ʀɻʄ ʉʆ ʈɸʅ 

ʂʨʝʤʥʝʟʝʤ (SiO) ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ. ɽʛʦ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʤ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʛʝʦʥʘʫʢ. ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʧʦʣʠʤʦʨʬʦʚ SiO2, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ð Ŭ-ʢʚʘʨʮ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ P3121/P3221), ʢʦʪʦʨʳʡ ʚ 

ʧʨʠʨʦʜʝ ʫʩʪʦʡʯʠʚ ʧʨʠ ʢʦʨʦʚʳʭ ʫʩʣʦʚʠʷʭ [1]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ Ŭ-ʢʚʘʨʮ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʩʪʘʙʠʣʴʥʳʝ ʬʘʟʳ, ʪʘʢʠʝ ʢʘʢ ʩʪʠʰʦʚʠʪ ʠ ʟʝʡʬʝʨʪʠʪ, ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠ-

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʢʨʝʤʥʠʷ; ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʚʘʨʮʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʙʦʣʝʝ ʧʣʦʪʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʪʦʤʳ 

ʢʨʝʤʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʘʭ: ʢʚʘʨʮ-II, ʧʦʩʪ-ʢʚʘʨʮ, ʤʦʥʦʢʣʠʥʥʳʡ ʢʨʝʤʥʝʟʝʤ ʠ 

ʜʨʫʛʠʝ [2ï6]. 

ʇʦʜʦʙʥʳʡ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ GeO2 ʪʘʢʞʝ ʧʨʦʷʚʣʝʪʪ ʙʦʛʘʪʳʡ 

ʧʦʣʠʤʦʨʬʠʟʤ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, Ŭ-ʤʦʜʠʬʠʢʘʮʠʷ GeO2 ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʤ 

ʜʘʚʣʝʥʠʠ (~7 ɻʇʘ) ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʦʩʪ-ʢʚʘʨʮʝʚʫʶ ʬʘʟʫ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ [7]. 

ʉʭʦʜʩʪʚʦ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ SiO2 ʠ GeO2 ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʪʚʸʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ Ŭ-Si1-xGexO2 [8]. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [9]. 

 
ʈʠʩ.1 ʉʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʨʘʡʥʠʭ 

ʯʣʝʥʦʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ SiO2 ʠ GeO2 ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ 

 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ Si1-

xGexO2 ʟʘʚʠʩʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʛʝʨʤʘʥʠʷ [10,11]. ʂʨʦʤʝ ʪʦʛʦ, ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʛʝʨʤʘʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʢʚʘʨʮʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [12]. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʦ ʧʦʚʝʜʝʥʠʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

Si1-xGexO2 ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʦʛʨʘʥʠʯʝʥʳ ʠ ʬʨʘʛʤʝʥʪʘʨʥʳ. ʋʧʦʤʠʥʘʣʩʷ ʚʦʟʤʦʞʥʳʡ ʧʝʨʝʭʦʜ çŬ-

ʢʚʘʨʮ Ÿ ʧʦʩʪ-ʢʚʘʨʮè ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʢʚʘʨʮ-II [13], ʦʜʥʘʢʦ ʜʝʪʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʢʘʨʪʠʥʳ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ (ʜʦ ~16 ɻʇʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ: 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 

ʂʨʠʩʪʘʣʣʳ Si1-xGexO2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ Ŭ-ʢʚʘʨʮʘ ʚʳʨʘʱʠʚʘʣʠʩʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʚ 

ʙʦʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600ï650 ÁC ʠ ʜʘʚʣʝʥʠʠ 100 ʄʇʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʦʢ GeO2 ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʢʚʘʨʮ. ɺʳʨʘʱʝʥʥʳʝ 
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ʢʨʠʩʪʘʣʣʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Tescan Vega II XMU (Tescan, 

ʏʝʭʠʷ), ʦʩʥʘʱʝʥʥʳʤ ʩʠʩʪʝʤʦʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 450 ʩ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ (INCA Xsight) ʠ ʢʨʠʩʪʘʣʣ-ʜʠʬʨʘʢʮʠʦʥʥʳʤ (INCA Wave 700) ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ (Oxford Instruments, ɸʥʛʣʠʷ) ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʦʡ INCA Energy+. ɺ ʢʘʯʝʩʪʚʝ 

ʭʠʤʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʚʘʨʮ (Si-KŬ) ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʛʝʨʤʘʥʠʡ (Ge-LŬ). ʇʦʣʫʯʝʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʠʤʝʣʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʝʤʥʠʷ ʠ ʛʝʨʤʘʥʠʷ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ ʦʪʦʙʨʘʥ ʦʙʨʘʟʝʮ ʩʦʩʪʘʚʘ Si0.8Ge0.2O2. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʷʯʝʡʢʠ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʩ 

ʨʘʟʤʝʨʦʤ ʢʫʣʝʪ 600 ʤʢʤ. ʆʙʨʘʟʝʮ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʙʳʣ ʟʘʛʨʫʞʝʥ 

ʚʤʝʩʪʝ ʩ ʢʨʠʩʪʘʣʣʦʤ ʨʫʙʠʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ R1 

ʠ R2 [14]. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ, ʧʝʨʝʜʘʶʱʝʡ ʜʘʚʣʝʥʠʝ, ʧʨʠʤʝʥʷʣʘʩʴ ʩʤʝʩʴ ʤʝʪʘʥʦʣ ï ɻ ʪʘʥʦʣ ï ʚʦʜʘ ʚ 

ʧʨʦʧʦʨʮʠʷʭ 16:3:1.. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʳʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʤʠʢʨʦʬʦʢʫʩʥʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ TD-5000 (Mo-KŬ). ʂʈ-ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠʩʴ ʥʘ 

ʫʩʪʘʥʦʚʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʧʝʢʪʨʦʛʨʘʬʘ Acton SpectraPro-2500i ʩ ʦʭʣʘʞʜʘʝʤʳʤ ʜʦ -70ęʉ ʜʝʪʝʢʪʦʨʦʤ 

CCD Pixis2K ʠ ʤʠʢʨʦʩʢʦʧʦʤ Olympus ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʦʜʥʦʤʦʜʦʚʳʤ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 532 ʥʤ. 

͊ύ 

 
͋ύ 

 
ʈʠʩ.2 ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʘ) ʠ ʂʈ-ʩʧʝʢʪʨʦʚ (ʙ) ʦʙʨʘʟʮʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

Si0.8Ge0.2O2 ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Ŭ-Si0.8Ge0.2O2 (P3221) 

ʦʩʪʘʸʪʩʷ ʩʪʘʙʠʣʴʥʦʡ ʜʦ ʜʘʚʣʝʥʠʷ ~7ï8 ɻʇʘ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʪʨʠʛʦʥʘʣʴʥʫʶ ʬʘʟʫ ʩ ʩʠʤʤʝʪʨʠʝʡ P3211. ɼʘʣʝʝ, ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ 11 ɻʇʘ, 

ʩʪʨʫʢʪʫʨʘ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʚ ʪʨʠʢʣʠʥʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ (P1), ʷʚʣʷʶʱʫʶʩʷ ʪʨʘʥʩʣʷʮʠʦʥʥʦ-

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʦʜʛʨʫʧʧʦʡ ʠʩʭʦʜʥʦʡ ʩʠʤʤʝʪʨʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʦʩʠʪ ʥʝʧʨʝʨʳʚʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʙʝʟ ʨʝʟʢʠʭ ʩʢʘʯʢʦʚ ʚ ʦʙʲʸʤʝ ʠ ʧʘʨʘʤʝʪʨʘʭ ʷʯʝʡʢʠ. 

ɼʣʷ ʠʩʭʦʜʥʦʡ Ŭ-ʤʦʜʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 24 ʦʧʪʠʯʝʩʢʠʭ ʤʦʜ (4A1 + 4A2 + 8E), ʠʟ 

ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ɸ1 ʠ ɽ ʘʢʪʠʚʥʳ ʚ ʂʈ-ʩʧʝʢʪʨʘʭ [13]. ʇʨʠ ʜʘʚʣʝʥʠʠ ʚʳʰʝ 7 - 8 ɻʇʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʣʦʩ ʪʠʧʘ E ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʦʣʦʩ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʠ ʩʦʦʪʚʝʪʩʚʫʝʪ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 7 ʥʦʚʳʭ ʧʦʣʦʩ ʚ ʂʈ-ʩʧʝʢʪʨʘʭ ʧʨʠ ʜʘʚʣʝʥʠʷʭ  ʚʳʰʝ 7 ɻʇʘ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʭʦʜʝ ʢ ʬʘʟʝ ʩ ʩʠʤʤʝʪʨʠʝʡ P1 ʯʠʩʣʦ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʦʨ-ʛʨʫʧʧʦʚʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜ 
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ʚʦʟʨʘʩʪʘʝʪ ʜʦ 24 (24ɸ). ʂʦʣʝʙʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 120 - 600 ʩʤ-1 ʧʦʢʘʟʘʣʠ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʪʦʛʜʘ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 600ï1200 ʩʤ-1 ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʦʣʦʩ ʦʪʩʣʝʜʠʪʴ ʥʝ 

ʫʜʘʣʦʩʴ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ çʩʠʛʥʘʣ-h ʫʤè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʜʝʪʘʣʴʥʦ ʧʨʦʩʣʝʞʝʥʘ ʥʝʧʨʝʨʳʚʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ Ŭ-Si0.8Ge0.2O2, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʦʪʝʢʘʶʱʘʷ ʧʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʭʝʤʝ çP3221 

(Ŭ-ʢʚʘʨʮ) ʜʦ 7 ɻʇʘ Ÿ P3211 (ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʬʘʟʘ) ʜʦ 11 ɻʇʘŸ P1 (ʪʨʠʢʣʠʥʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ) ʜʦ 16 ɻʇʘè. ʅʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʳ ʥʝʟʘʚʠʩʠʤʳʤʠ ʤʝʪʦʜʘʤʠ ð 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʝʡ ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ɺ ʂʈ-ʩʧʝʢʪʨʘʭ ʚʳʷʚʣʝʥʦ 

ʧʦʷʚʣʝʥʠʝ 7 ʥʦʚʳʭ ʤʦʜ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʩʚʳʰʝ 7ï8 ɻʇʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ 

ʦʙʨʘʟʫʝʤʦʡ ʬʘʟʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ24-27-00078. 
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ʉʪʘʨʪʦʚʳʝ ʩʤʝʩʠ ʵʚʜʠʘʣʠʪʦʚʦʛʦ, ʣʦʚʝʥʠʪʦʚʦʛʦ ʠ ʮʠʨʩʠʥʘʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʦʚ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʦ ʛʝʣʝʚʦʡ 

ʤʝʪʦʜʠʢʝ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʤʝʩʝʡ Na2CO3, CaO, MnCO3, Fe2O3 (ʠʣʠ FeO), ZrOCl2 ʠ SiO2, ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

Na:Ca:Fe:Zr:Si ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʩʦʩʪʘʚʦʚ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʵʚʜʠʘʣʠʪʘ; ʨʝʘʢʪʠʚʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʚʦʜʠʣʠʩʴ ʚ 

ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʩʷ, ʢʦʘʛʫʣʠʨʦʚʘʣʩʷ ʘʤʤʠʘʯʥʦʡ ʚʦʜʦʡ ʠ ʠʟʦʧʨʦʧʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ ʠ ʧʨʦʢʘʣʠʚʘʣʩʷ ʧʨʠ 500 ÁC ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʬʣʶʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 1 ʄ 

ʨʘʩʪʚʦʨʳ NaCl ʠ NaF, ʠʭ ʩʤʝʩʠ ʩ 6 %, 11,5 % ʠ 46 % NaOH (ʜʣʷ ʩʠʩʪʝʤ NaCl), 5 % ʠ 10 % NaOH ʠ 10 % Na CO  

(ʜʣʷ ʩʠʩʪʝʤ NaF), ʘ ʪʘʢʞʝ 10 %, 20 % ʠ 30 % ʨʘʩʪʚʦʨʳ NaOH. ʅʘ 100 ʤʛ ʰʠʭʪʳ ʜʦʙʘʚʣʷʣʠ 32 ʤʢʣ 1 ʄ NaCl ʠ 

68 ʤʢʣ 46 % NaOH. ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (55 ʠ 58) ʢ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 0.5ï1 % ʧʨʠʨʦʜʥʦʛʦ ʨʘʩʣʘʢʠʪʘ 

ʩʦʩʪʘʚʘ (Na14.03K0.24)14.27Ca3.34(Fe2.30Mn0.60)2.90(Zr3.23Ti0.24)3.47(Si0.81Nb0.19)(Si25O73) (ʉʝʚʝʨʥʳʡ ʢʘʨʴʝʨ ʨʫʜʥʠʢʘ 

ʋʤʙʦʟʝʨʦ, ʃʦʚʦʟʝʨʩʢʠʡ ʤʘʩʩʠʚ) ʚ ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʢʠ; ʚ ʦʧʳʪʘʭ 56 ʠ 57 ʟʘʪʨʘʚʢʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ. ʉʠʥʪʝʟ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʣʘʪʠʥʦʚʳʭ ʘʤʧʫʣʘʭ, ʛʝʨʤʝʪʠʯʥʦ ʟʘʧʘʷʥʥʳʭ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʩʤʝʩʠ, ʬʣʶʠʜʘ ʠ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ) 

ʟʘʪʨʘʚʢʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 550ï600 ÁC ʠ ʜʘʚʣʝʥʠʠ 2 ʢʙʘʨ ʥʘ ʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʀʕʄ ʈɸʅ ʚ ʪʝʯʝʥʠʝ 10-14 ʩʫʪʦʢ. ɺ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʠ ʩʨʝʜʥʝʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʵʚʜʠʘʣʠʪ, 

ʧʘʨʘʢʝʣʜʳʰʠʪ, ʣʦʚʝʥʠʪ (ʠ ʝʛʦ Fe-ʜʦʤʠʥʘʥʪʥʳʡ ʘʥʘʣʦʛ), ʙʫʨʧʘʣʠʪ, ʮʠʨʢʦʥ ʠ ʜʨʫʛʠʝ ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʳ, ʪʦʛʜʘ ʢʘʢ 

ʧʨʠ ʚʳʩʦʢʦʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ (1 ʄ NaF + 20% NaOH) ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʣʫʝʰʠʪ ʠ F-ʘʥʘʣʦʛ ʣʘʢʘʨʛʠʪʘ CaZrF6. 

ʊʘʙʣʠʮʘ 1. ʇʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ ʚ ʩʠʩʪʝʤʘʭ ʨʘʟʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

 
 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʩʪʘʚ ʬʣʶʠʜʘ ʠ ʱʸʣʦʯʥʦʩʪʴ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ ʦʢʘʟʳʚʘʶʪ 

ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʦʚ. 

1. ʕʚʜʠʘʣʠʪ ʦʙʨʘʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʡ ʠ ʩʨʝʜʥʝʡ ʱʸʣʦʯʥʦʩʪʠ (ʦʧʳʪʳ 23ï25, 55ï58), 

ʧʨʠ ʵʪʦʤ ʝʛʦ ʩʦʩʪʘʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Na, Ca, Fe ʠ Zr. ʇʨʠ ʫʤʝʨʝʥʥʦ 

ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ Na ʠ ʧʦʥʠʞʝʥʥʦʤ Fe (ʦʧʳʪ 56) ʬʦʨʤʠʨʫʝʪʩʷ NaïCa-ʙʦʛʘʪʳʡ ʵʚʜʠʘʣʠʪ, ʘ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʱʝʣʦʯʥʦʩʪʠ ð Na-ʜʦʤʠʥʘʥʪʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ʦʧʳʪ 58). 

2. ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʣʦʚʦʟʝʨʠʪʘ (ʄɻʃ), ʚʢʣʶʯʘʷ ʮʠʨʩʠʥʘʣʠʪ ʠ ʪʘʫʥʵʥʜʠʪʦʧʦʜʦʙʥʳʝ ʬʘʟʳ, ʧʦʷʚʣʷʶʪʩʷ ʚ 
ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʱʸʣʦʯʥʦʩʪʠ, ʛʜʝ ʤʦʛʫʪ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʩ Na-ʙʦʛʘʪʳʤʠ ʵʚʜʠʘʣʠʪʘʤʠ (ʦʧʳʪʳ 55ï

58). ʇʨʠ ʝʱʸ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ Si ʠ Na ʵʚʜʠʘʣʠʪʦʚʳʝ ʬʘʟʳ ʠʩʯʝʟʘʶʪ, ʫʩʪʫʧʘʷ ʤʝʩʪʦ ʄɻʃ ʠ 

ʧʘʨʘʢʝʣʜʳʰʠʪʫ. 
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3. ʇʘʨʘʢʝʣʜʳʰʠʪ ʩʪʘʙʠʣʝʥ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ, ʥʘʯʠʥʘʷ ʩʦ ʩʨʝʜʥʝʱʝʣʦʯʥʳʭ (NaF + NaOH 5ï

10%) ʠ ʚʧʣʦʪʴ ʜʦ ʫʣʴʪʨʘʘʛʧʘʠʪʦʚʳʭ ʩʨʝʜ, ʛʜʝ ʵʚʜʠʘʣʠʪ ʫʞʝ ʥʝ ʬʦʨʤʠʨʫʝʪʩʷ (ʦʧʳʪʳ 69ï78). ʆʥ 

ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʣʦʚʝʥʠʪʦʤ ʠ ʝʛʦ ʘʥʘʣʦʛʘʤʠ, ʪʘʢ ʠ ʩ ʮʠʨʢʦʥʦʧʦʜʦʙʥʳʤʠ ʬʘʟʘʤʠ, 

ʧʠʨʦʬʘʥʠʪʦʤ, ʪʝʬʨʦʠʪʦʤ ʠ Mn-ʘʥʘʣʦʛʦʤ ʧʝʢʪʦʣʠʪʘ. 

4. ʇʨʠ ʢʨʘʡʥʝʡ ʱʸʣʦʯʥʦʩʪʠ (ʦʧʳʪʳ 87ï89) ʬʦʨʤʠʨʫʶʪʩʷ ʚʣʘʩʦʚʠʪ, Na-ʜʝʬʠʮʠʪʥʳʝ ʣʦʚʦʟʝʨʠʪʦʚʳʝ 

ʤʠʥʝʨʘʣʳ ʠ Zr-ʩʠʣʠʢʘʪʳ (NaZrSi, NaZr2Si, NaZr3Si), ʪʦʛʜʘ ʢʘʢ ʵʚʜʠʘʣʠʪ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ. 

5. ʅʘʙʣʶʜʘʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʘʟʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʨʠ ʨʦʩʪʝ ʱʸʣʦʯʥʦʩʪʠ ð ʦʪ ʵʚʜʠʘʣʠʪʘ ʢ Na-

ʙʦʛʘʪʳʤ ʵʚʜʠʘʣʠʪʘʤ, ʜʘʣʝʝ ʢ ʮʠʨʩʠʥʘʣʠʪʫ, ʧʘʨʘʢʝʣʜʳʰʠʪʫ ʠ, ʥʘʢʦʥʝʮ, ʢ Zr-ʩʠʣʠʢʘʪʘʤ ʠ ʚʣʘʩʦʚʠʪʫ ð 

ʦʪʨʘʞʘʝʪ ʩʤʝʥʫ ʩʪʘʙʠʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ Zr ʠ Nb ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʨʝʜʳ. 

6. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʠʨʦʜʥʳʤʠ ʧʘʨʘʛʝʥʝʟʠʩʘʤʠ ʫʣʴʪʨʘʘʛʧʘʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ: 
ʵʚʜʠʘʣʠʪ ʫʩʪʦʡʯʠʚ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ, ʪʦʛʜʘ ʢʘʢ ʧʘʨʘʢʝʣʜʳʰʠʪ ʠ 

ʮʠʨʩʠʥʘʣʠʪ ʠʤʝʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʧʦʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʤʦʛʫʪ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ Zr- ʠ 

Mn-ʩʠʣʠʢʘʪʘʤʠ ʚ ʙʦʣʝʝ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. 

 

ʈʠʩ. 1. ʇʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ: ʮʠʨʩʠʥʘʣʠʪ (1) ʠ ʧʘʨʘʢʝʣʜʳʰʠʪ (2), ʦʧʳʪ 55 (ʘ); ʧʘʨʘʢʝʣʜʳʰʠʪ (1) ʠ ʮʠʨʩʠʥʘʣʠʪ (2), ʦʧʳʪ 

56 (ʙ); ʄɻʕ (1) ʠ ʵʛʠʨʠʥ (2), ʦʧʳʪ 57 (ʚ); ʧʘʨʘʢʝʣʜʳʰʠʪ (1), ʮʠʨʩʠʥʘʣʠʪ (2) ʠ ʄɻʕ (3), ʦʧʳʪ 58 (ʛ). 

ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʜ ʩʢʘʥʠʨʫʶʱʠʤ ɻ ʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ɻ ʣʝʢʪʨʦʥʦʚ. 
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ʈʠʩ. 2.  (ʉʣʝʚʘ) ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʦʧʳʪʘ 87. 1 ï ʮʠʨʩʠʥʘʣʠʪ, 2 ï ʧʝʢʪʦʣʠʪ, 3 ï ʚʣʘʩʦʚʠʪ. (ʉʧʨʘʚʘ) 6. 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʦʧʳʪʘ 88. 1 ï ʚʣʘʩʦʚʠʪ, 2 ï ʧʝʢʪʦʣʠʪ. 

 

ʈʠʩ. 3.  ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʦʧʳʪʘ 89. 1 ï ʧʝʢʪʦʣʠʪ, 2 ïʚʣʘʩʦʚʠʪ, 3 ï ʧʘʨʘʢʝʣʜʳʰʠʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ʀʕʄ ʈɸʅ FMUF-2022-0002. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɻʈɸʅʀʎ ɿɽʈɽʅ ɺ ʍʈʆʄʀʊɽ ʄɸɻʅʀʗ ʅɸ ʆʉʅʆɺɽ ʄɸʐʀʅʅʆɻʆ 

ʆɹʋʏɽʅʀʗ 

 

ʂʦʪʝʣʝʚʩʢʘʷ ɽ.ʖ.1, ʐʢʫʨʩʢʠʡ ɹ.ɹ.1, ɺʦʣʢʦʚʘ ɽ.ɸ.1, ʆʛʘʥʦʚ ɸ.ʈ.2, ʂʨʠʚʯʫʢ ɺ.ʆ.2, ʇʦʣʝʪʘʝʚ ɼ.ʆ.2 
1 ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʛ. ʄʦʩʢʚʘ), 2 ʉʢʦʣʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʛ. ʄʦʩʢʚʘ) 

katerina.kotelevska@mail.ru 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʠʟʫʯʝʥʠʝ ʛʨʘʥʠʮ ʟʝʨʝʥ (ɻɿ) ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʘʭ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʸ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʆʥʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ, 

ʪʝʨʤʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʰʧʠʥʝʣʠʜʳ, ʪʘʢʠʝ ʢʘʢ ʭʨʦʤʠʪ ʤʘʛʥʠʷ 

(MgCr O ), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʵʣʝʢʪʨʦʥʠʢʫ ʠ ʢʘʪʘʣʠʟ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʟʥʘʯʠʤʦʩʪʴ, ʤʝʞʟʸʨʝʥʥʳʝ ʛʨʘʥʠʮʳ ʚ 

ʰʧʠʥʝʣʠʜʘʭ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ, ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʧʦʥʷʪʦ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʥʦʚʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʨʘʥʠʮ ʟʝʨʝʥ ʚ 

ʰʧʠʥʝʣʠʜʘʭ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʜʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʠʢ. ʅʘʰ ʧʦʜʭʦʜ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʢʦʤʙʠʥʘʮʠʶ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ (DFT), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʪʴ ʘʪʦʤʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʩʠʩʪʝʤʝ, ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʄʊʈ) [1], ʢʦʪʦʨʳʝ ʫʩʢʦʨʷʶʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʤʦʜʝʣʠ, ʠ ʤʝʪʦʜʘ ʨʘʟʙʘʚʣʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʩʦʟʜʘʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʠʮ ʟʝʨʝʥ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʨʠʝʥʪʘʮʠʷʤʠ. ɼʣʷ 

ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʤʝʜʴ ʢʘʢ ʤʦʜʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʄʝʪʦʜ ʨʘʟʙʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʧʦʩʪʨʦʠʪʴ ʘʪʦʤʥʳʝ ʤʦʜʝʣʠ ʢʘʢ ʩʠʥʛʫʣʷʨʥʳʭ, ʪʘʢ ʠ ʩʪʫʧʝʥʯʘʪʳʭ 

ʛʨʘʥʠʮ, ʠʤʝʶʱʠʭ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʥʘʨʫʰʝʥʠʷ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ. 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʫʯʝʥʠʷ ʄʊʈ ʧʦʪʝʥʮʠʘʣʘ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʤʝʜʠ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʠʤʝʥʥʦ ʢ ʠʟʫʯʝʥʠʶ ʛʨʘʥʠʮ ʟʝʨʝʥ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʧʦʜʭʦʜ: ʤʦʜʝʣʠ ʛʨʘʥʠʮ ʟʝʨʝʥ ʚ ʤʝʜʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʙʳʣʠ 

ʧʦʜʚʝʨʛʥʫʪʳ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʩʠʣ ʠ ʥʘʧʨʷʞʝʥʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʡ ʘʪʦʤʥʦʡ ʧʦʟʠʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʘʩʯʸʪʦʚ ʥʘʤʠ ʙʳʣ ʩʦʟʜʘʥ ʤʝʞʘʪʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʤʝʪʦʜʦʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʛʨʘʥʠʮ ʟʝʨʝʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʝʥʥʳʡ Mʊʈ ʧʦʪʝʥʮʠʘʣ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ ʚ ʤʝʜʠ, ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʥʘʰʝʛʦ ʧʦʜʭʦʜʘ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʚʢʣʶʯʘʝʪ ʩʨʘʚʥʝʥʠʝ ʥʘʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʤʝʜʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ 

ʫʙʝʜʠʪʴʩʷ ʚ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ MTP ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʤʝʪʦʜʘ ʨʘʟʙʘʚʣʝʥʠʷ ʜʦ ʪʦʛʦ, ʢʘʢ ʧʨʠʤʝʥʠʪʴ ʠʭ ʢ 

ʠʟʫʯʝʥʠʶ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʰʧʠʥʝʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʪʦʤʠʩʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʛʨʘʥʠʮ ʟʝʨʝʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʄʊʈ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʠʩʩʣʝʜʦʚʘʪʴ ʩʣʦʞʥʳʝ ʷʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʩʚʦʡʩʪʚʘ ʛʨʘʥʠʮ ʟʝʨʝʥ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʦʨʠʝʥʪʘʮʠʠ, ʩʦʩʪʘʚʘ, ʠ ʪʠʧʘ ʛʨʘʥʠʮ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʠʭ ʩʚʷʟʴ ʩ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʳ ʫʜʝʣʷʝʤ ʨʦʣʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚʙʣʠʟʠ ʤʝʞʟʸʨʝʥʥʦʡ ʛʨʘʥʠʮʳ ʠ ʝʸ ʩʦʦʪʥʦʰʝʥʠʶ ʩ ʵʥʝʨʛʠʝʡ ʛʨʘʥʠʮʳ. ʈʘʩʩʤʦʪʨʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʢʞʝ ʩ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʨʘʟʣʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʷ ʤʦʜʝʣʠ ɸʰʙʠ [2], ɺʦʣʴʬʘ [3], ʠ ɹʫʣʘʪʦʚʘ [4], ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʠʮ ʠ ʠʭ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʮʝʣʝʥʦ ʥʘ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʥʘʤʝʪʠʪʴ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠ 

ʦʪʢʨʳʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ, ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ ʤʝʞʟʸʨʝʥʥʳʭ ʛʨʘʥʠʮ, 

ʚʢʣʶʯʘʷ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. 
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ɺ ʧʨʠʨʦʜʝ, ʥʘʨʷʜʫ ʩ ʙʝʩʮʚʝʪʥʳʤ ʢʚʘʨʮʝʤ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʝʛʦ ʦʢʨʘʰʝʥʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ: ʤʦʨʠʦʥ (ʧʨʘʢʪʠʯʝʩʢʠ ʯʸʨʥʳʡ) ʢʚʘʨʮ, ʨʦʟʦʚʳʡ ʢʚʘʨʮ ʠʟ ʧʝʛʤʘʪʠʪʦʚ, ʜʳʤʯʘʪʳʡ ʢʚʘʨʮ ʠʟ ʧʝʛʤʘʪʠʪʦʚ 

ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʞʠʣ, ʮʠʪʨʠʥ (ʢʚʘʨʮ ʞʸʣʪʦʛʦ ʮʚʝʪʘ) ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ 

ʘʤʝʪʠʩʪ (ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ). ʇʦʤʠʤʦ ʵʪʠʭ ʦʢʨʘʰʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʚ 

ʧʨʠʨʦʜʝ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʚʘʨʮʘ, ʠʤʝʶʱʝʛʦ ʢʦʨʠʯʥʝʚʫʶ, ʙʫʨʫʶ, 

ʟʝʣʸʥʫʶ ʠ ʨʦʟʦʚʫʶ ʦʢʨʘʩʢʫ. ʄʘʩʩʠʚʥʳʡ ñʨʦʟʦʚʳʡò ʢʚʘʨʮ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʘʭ ʚʤʝʩʪʝ ʩ 

ʢʨʫʧʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʦʙʳʯʥʦ ʙʝʟ ʜʨʫʛʠʭ ʜʨʘʛʦʮʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ [1]. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʤʘʩʩʠʚʥʦʛʦ ʨʦʟʦʚʦʛʦ ʢʚʘʨʮʘ, ʧʨʦʟʨʘʯʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʨʦʟʦʚʳʡ ʢʚʘʨʮ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʠʨʦʜʝ ʦʯʝʥʴ 

ʨʝʜʢʦ [2]. ʊʘʢʦʡ ʢʚʘʨʮ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʚ ɹʨʘʟʠʣʠʠ ʠ ʥʘ ʄʘʜʘʛʘʩʢʘʨʝ [3, 4]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ ʨʦʟʦʚʳʡ ʢʚʘʨʮ ʠʟʚʝʩʪʝʥ ʚ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʊʵʜʠʥʦ, 

ʍʝʪʦʣʘʤʙʠʥʘ, ʏʝʨʥʘʷ ʉʘʣʤʘ, ʅʠʢʦʥʦʚʘ ɺʘʨʘʢʘ, ɹʣʠʥʢʦʚʳʝ ʚʘʨʘʢʠ, ʧʨʦʷʚʣʝʥʠʷʭ ʃʠʩʠʡ ɹʦʨ -1 ʠ ʇʠʨʪʦʩʪʨʦʚ, 

ʞʠʣʝ ʇʘʥʬʠʣʦʚʘ ʚʘʨʘʢʘ (ʃʦʫʭʩʢʠʡ ʨʘʡʦʥ). ʕʪʦʪ ʤʠʥʝʨʘʣ ʪʘʢʞʝ ʟʘʤʝʯʝʥ ʚ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʧʨʦʷʚʣʝʥʠʡ 

ʐʫʝʨʝʮʢʠʡ ʫʯʘʩʪʦʢ ʠ ʐʫʡʦʩʪʨʦʚ (ɹʝʣʦʤʦʨʩʢʠʡ ʨʘʡʦʥ) [5]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʝʝ ʩʪʦʣʝʪʠʝ, ʠʩʪʦʯʥʠʢ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ ʢʚʘʨʮʘ 

ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʳʭ ʜʠʩʢʫʩʩʠʡ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʥʘ ʦʩʥʦʚʝ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʨʦʟʦʚʳʡ ʮʚʝʪ ʙʳʣ ʧʨʠʧʠʩʘʥ ʧʠʛʤʝʥʪʘʮʠʠ Mn3+ [6]. ʇʦʟʞʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ [7-9] ʩʚʷʟʘʣʠ ʮʚʝʪ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ Ti3+ [10]. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʮʚʝʪ ʨʦʟʦʚʦʛʦ ʢʚʘʨʮʘ ʦʙʫʩʣʦʚʣʝʥ ʚʦʣʦʢʥʠʩʪʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʢʚʘʨʮʝ ʜʶʤʦʨʪʴʝʨʠʪʘ (Al6.5-

7(BO3)(SiO4)3(O,OH)3] ʠ ʭʣʦʨʘʧʘʪʠʪʘ (Ca5(PO4)3Cl]. ʕʪʠ ʬʘʟʳ ʪʘʢʞʝ ʤʦʛʫʪ ʪʘʢʞʝ ʦʙʲʷʩʥʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ 

ʬʦʩʬʦʨʘ, ʙʦʨʘ, ʭʣʦʨʘ, ʘʣʶʤʠʥʠʷ ʠ ʢʘʣʴʮʠʷ ʚ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʭ [11, 12]. ʊʝʨʤʦʙʘʨʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʟʦʚʦ - ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʨʦʟʦʚʦʛʦ ʢʚʘʨʮʘ, ʠ ʪʝʩʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʝʛʦ ʩ ʭʘʣʮʝʜʦʥʦʤ 

ʠ ʜʨʫʛʠʤʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʜʨʫʟʦʚʠʜʥʦʛʦ ʨʦʟʦʚʦʛʦ 

ʢʚʘʨʮʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʘʤʫʶ ʧʦʟʜʥʶʶ (ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ) ʩʪʘʜʠʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʵʪʘʧʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʛʤʘʪʠʪʦʚʳʭ ʪʝʣ.  

ʅʝʜʘʚʥʠʝ (ʠ ʝʜʠʥʩʪʚʝʥʥʳʝ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʠʥʪʝʟʫ ʨʦʟʦʚʦʛʦ ʢʚʘʨʮʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʦʧʨʝʜʝʣʠʣʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʝʛʦ ʮʝʥʪʨʘ ʦʢʨʘʩʢʠ ʚ ʢʚʘʨʮʝ 

[13].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʨʦʟʦʚʦʛʦ 

ʢʚʘʨʮʘ ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʭʦʞʜʝʥʠʶ ʚ ʩʪʨʫʢʪʫʨʫ ʢʚʘʨʮʘ 

ʧʨʠʤʝʩʠ ʬʦʩʬʦʨʘ (ʝʛʦ ʩʣʝʜʦʚ, ʠʟʤʝʨʷʝʤʳʭ ʚ ppm) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʥʪʨʦʚ ʨʦʟʦʚʦʡ ʦʢʨʘʩʢʠ, ʧʨʦʷʚʣʝʥʠʶ ʠʭ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʦʙʣʫʯʝʥʠʷ.  

ʎʝʣʴ ʨʘʙʦʪʳ - ʚʳʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʦʢʨʘʩʢʠ ʨʦʟʦʚʦʛʦ ʢʚʘʨʮʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʦʙʨʘʟʮʳ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʦʜʥʦʡ ʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ ʚ ʂʘʨʝʣʠʠ, 

ʚ ʧ. ʄʘʣʠʥʦʚʘʷ ɺʘʨʘʢʢʘ (ʃʦʫʭʩʢʠʡ ʨʘʡʦʥ ʂʘʨʝʣʠʠ) (ʨʠʩ. 1). ʀʟ ʢʫʩʦʯʢʦʚ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʧʦʣʠʨʦʚʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ-ʰʘʰʢʠ ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ ʜʣʷ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʉ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʚ ʀʥʩʪʠʪʫʪʝ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʈɸʅ ʙʳʣ ʦʮʝʥʝʥ ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, SiO2 ï 100 ʤʘʩ % (ʨʠʩ. 2). ʂʘʢʠʭ-ʣʠʙʦ 

ʧʨʠʤʝʩʝʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 
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ʈʠʩ. 1. ʆʙʨʘʟʮʳ ʨʦʟʦʚʦʛʦ ʢʚʘʨʮʘ, ʧ. 

ʄʘʣʠʥʦʚʘʷ ʚʘʨʘʢʢʘ, ʂʘʨʝʣʠʷ 

ʈʠʩ.2. ʉʕʄ-ʬʦʪʦ ʢʫʩʦʯʢʦʚ ʨʦʟʦʚʦʛʦ ʢʚʘʨʮʘ ʠʟ 

ʵʢʩʧʝʜʠʮʠʠ 

  

ɹʳʣʦ ʨʝʰʝʥʦ ʧʦʩʪʘʚʠʪʴ ʘʥʘʣʦʛʠʯʥʳʡ [13] ʵʢʩʧʝʨʠʤʝʥʪ. ʇʨʦʚʦʜʠʣʠ ʝʛʦ ʚ ʀʥʩʪʠʪʫʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʤʠʥʝʨʘʣʦʛʠʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩʠʥʪʝʟʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʤʝʪʦʜʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ. ɺ 

ʘʚʪʦʢʣʘʚ ʟʘʩʳʧʘʣʘʩʴ ʰʠʭʪʘ -100 ʛ. ʜʨʦʙʣʝʥʦʛʦ ʢʚʘʨʮʘ (ʥʝ ʨʦʟʦʚʦʛʦ), ʟʘʣʠʚʘʣʩʷ ʨʘʩʪʚʦʨ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ 

H3PO4 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 15 ʛ/ʣ, ʘ ʪʘʢʞʝ 10%-ʥʳʡ ʨʘʩʪʚʦʨ NH4F. ʈʘʩʪʚʦʨʳ NH4F ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʷʶʱʝʡ 

ʩʨʝʜʦʡ ʜʣʷ ʢʚʘʨʮʘ, ʘ ʅ3ʈO4 ʤʳ ʚʚʦʜʠʤ ʚ ʦʧʳʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʨʦʟʦʚʦʡ ʦʢʨʘʩʢʠ ʠ 

ʚʚʝʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʢʚʘʨʮʘ ʬʦʩʬʦʨʘ. ɺʚʝʨʭʫ ʥʘ ʧʨʦʚʦʣʦʢʝ ʧʦʜʚʝʰʠʚʘʣʘʩʴ ʢʚʘʨʮʝʚʘʷ ʟʘʪʨʘʚʢʘ-ʧʣʘʩʪʠʥʘ. ʊʘʢ 

ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʩʪʚʦʨʦʚ ʩʠʣʴʥʦ ʣʝʪʫʯʠ, ʪʦ ʦʥʠ ʛʦʪʦʚʷʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʟʘʛʨʫʟʢʦʡ ʘʚʪʦʢʣʘʚʘ. 

ɿʘʨʷʞʝʥʥʳʡ ʘʚʪʦʢʣʘʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʩʷ ʢʨʳʰʢʦʡ. ɺ ʩʧʝʮʠʘʣʴʥʦʡ ʧʝʯʠ ʦʥ ʥʘʛʨʝʚʘʣʩʷ ʜʦ 320 Áʉ ʚ ʥʠʞʥʝʡ 

ʝʛʦ ʯʘʩʪʠ, ʠ ʜʦ 300 Áʉ ï ʚ ʚʝʨʭʥʝʡ. ʆʧʳʪ ʚʳʜʝʨʞʠʚʘʣʩʷ ʧʨʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʘʭ 29 ʩʫʪʦʢ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʣ 

ʧʦʩʪʝʧʝʥʥʳʡ ʚʳʚʦʜ ʠʟ ʨʝʞʠʤʘ ʧʫʪʝʤ ʦʪʢʣʶʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ.  

ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʤ ʫʜʘʣʦʩʴ ʚʳʨʘʩʪʠʪʴ ʢʨʠʩʪʘʣʣ ʢʚʘʨʮʘ (ʈʠʩ. 3). ɽʛʦ ʨʘʟʤʝʨʳ: 14 ʩʤ ʚ ʜʣʠʥʫ, 1,86 

ï 2,0 ʩʤ ʚ ʰʠʨʠʥʫ. ʂʨʠʩʪʘʣʣ ʥʝ ʠʤʝʝʪ ʮʚʝʪʘ. ɼʣʷ ʧʨʦʷʚʣʝʥʠʷ ʨʦʟʦʚʦʡ ʦʢʨʘʩʢʠ ʢʨʠʩʪʘʣʣʳ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʝʛʦ 

ʢʚʘʨʮʘ ʚʳʨʘʱʝʥʥʳʡ ʙʝʩʮʚʝʪʥʳʡ ʢʨʠʩʪʘʣʣ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʚʝʨʛʥʫʪʴ Ὕ-ʦʙʣʫʯʝʥʠʶ. ʅʘʡʪʠ ʠʩʪʦʯʥʠʢ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʙʣʫʯʝʥʠʷ ʚʳʨʘʱʝʥʥʦʛʦ ʥʘʤʠ ʢʨʠʩʪʘʣʣʘ ʢʚʘʨʮʘ ʜʦʚʦʣʴʥʦ ʥʝʧʨʦʩʪʦ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʝʩʣʠ 

ʝʛʦ ʧʦʜʚʝʨʛʥʫʪʴ ʛʘʤʤʘ-ʠʦʥʠʟʘʮʠʠ, ʪʦ ʨʦʟʦʚʘʷ ʦʢʨʘʩʢʘ ʧʨʦʷʚʠʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʝʛʦ ʨʦʩʪʝ ʙʳʣʠ ʩʦʙʣʶʜʝʥʳ ʚʩʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʠʟʦʤʦʨʬʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʢʚʘʨʮʘ ʧʨʠʤʝʩʠ ʬʦʩʬʦʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʮʝʥʪʨʦʚ ʨʦʟʦʚʦʡ ʦʢʨʘʩʢʠ.  

ʀʩʪʦʯʥʠʢʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ɿʝʤʣʝ, ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʨʘʩʧʘʜʘ, ʥʘʧʨʠʤʝʨ, ʢʘʢʠʭ-ʪʦ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʥʝʜʨʘʭ, ʘ ʪʘʢʞʝ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʘʪʤʦʩʬʝʨʦʡ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʟʨʘʩʪ ʧʦʨʦʜ, ʛʜʝ ʘʚʪʦʨʦʤ ʙʳʣ ʥʘʡʜʝʥ ʨʦʟʦʚʳʡ ʢʚʘʨʮ (ʄʘʣʠʥʦʚʘʷ ʚʘʨʘʢʢʘ), ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

ʜʦʢʝʙʨʠʡʩʢʠʡ. ɺ ʪʦ ʚʨʝʤʷ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ ʘʪʤʦʩʬʝʨʳ ʙʳʣ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʩʝʡʯʘʩ [14], ʧʦʵʪʦʤʫ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʝʛʦ ʦʢʨʘʩʢʠ ʚ ʩʚʷʟʠ ʩ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʝʡ, ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ. 

 

ʈʠʩ. 3. ɺʳʨʘʱʝʥʥʳʡ ʥʘ ʟʘʪʨʘʚʢʝ ʙʝʩʮʚʝʪʥʳʡ ʢʨʠʩʪʘʣʣ ʢʚʘʨʮʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʩʠʥʪʝʟʫ ʢʚʘʨʮʘ, 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʟʘ ʦʢʨʘʩʢʫ ʨʦʟʦʚʦʛʦ ʢʚʘʨʮʘ ʤʦʛʫʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳ ʠʦʥʳ ʬʦʩʬʦʨʘ (P), ʚʭʦʜʷʱʠʝ ʚ 

ʩʪʨʫʢʪʫʨʫ ʢʚʘʨʮʘ ʠ ʦʙʨʘʟʫʶʱʠʝ ʪʘʤ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʝ ʮʝʥʪʨʳ, ʜʣʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʥʠʟʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʩʪʘ (ʦʢʦʣʦ 300 Áʉ).  

ʄʳ ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʨʦʟʦʚʳʡ ʢʚʘʨʮ, ʧʨʠʚʝʟʝʥʥʳʡ ʠʟ ʵʢʩʧʝʜʠʮʠʠ, ʚʝʨʦʷʪʥʦ ʙʳʣ ʦʙʣʫʯʝʥ ʢʦʩʤʠʯʝʩʢʠʤʠ 

ʣʫʯʘʤʠ, ʣʠʙʦ ʧʦʜʚʝʨʛʩʷ ʦʙʣʫʯʝʥʠʶ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʧʘʜʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚʝʨʦʷʪʥʦ, ʟʘʣʝʛʘʶʱʠʭ ʛʜʝ-

ʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʤʝʩʪʘ ʩʙʦʨʘ ʦʙʨʘʟʮʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ʀʕʄ ʈɸʅ FMUF-2022-0002. 
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ʄɸʍ-ʬʘʟʳ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ ʢʝʨʘʤʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʤ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʘʚʠʘʩʪʨʦʝʥʠʝ, ʘʪʦʤʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ, ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʨʨʦʟʠʦʥʥʳʝ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ, ʘʙʨʘʟʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʯʠʩʪʢʘ 

ʚʦʜʳ ʠ ʪ.ʜ. ʌʘʟʘ Ti3SiC2 ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʦʪʢʨʳʪʳʭ ʄɸʍ ʬʘʟ, ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʪʣʠʯʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ ʠ ʢ ʢʦʨʨʦʟʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ, ʧʦʵʪʦʤʫ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʠʩʩʣʝʜʫʶʪʩʷ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ Ti3SiC2. 

ʏʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʨʙʠʜʳ ʩʠʩʪʝʤʳ TiïSiïC, ʪʘʢʞʝ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʢʩʠʜʳ, ʪʘʢʠʝ ʢʘʢ Al 2O3, ʠ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ. ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʜʦʙʘʚʣʝʥʠʝ 

ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʝʪ ʩʦʝʜʠʥʝʥʠʷ [1-3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚʳʩʪʫʧʘʶʪ ʢʘʨʙʠʜʳ TiC ʠ ZrC. ʂʘʨʙʠʜ ʪʠʪʘʥʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʄɸʍ-

ʬʘʟʳ Ti3SiC2, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʨʢʦʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʚʦʡʩʪʚ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʘʣʦ ʠʟʫʯʝʥʦ, ʦʜʥʘʢʦ 

ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʙʠʜʘ ʮʠʨʢʦʥʠʷ ʫʚʝʣʠʯʠʪ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʦʰʢʠ ʪʠʪʘʥʘ, ʢʨʝʤʥʠʷ, ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ 

ʮʠʨʢʦʥʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʨʦʰʢʠ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʚ ʪʝʯʝʥʠʝ 12 ʯ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ 

ʦʙʨʘʟʮʳ ʙʳʣʠ ʩʧʨʝʩʩʦʚʘʥʳ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʚʦʙʦʜʥʦʛʦ ʉɺʉ-ʩʞʘʪʠʷ [4,5]. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʜʦʣʠ ʄɸʍ-ʬʘʟʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʪʞʠʛ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300  ʚ ʪʝʯʝʥʠʝ 3 ʯ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʦʨʬʦʣʦʛʠʷ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʧʦʩʣʝ ʉɺʉ ʷʚʣʷʶʪʩʷ ʄɸʍ-ʬʘʟʘ 

Ti3SiC2 ʠ ʢʘʨʙʠʜʳ ZrC ʠ TiC, ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʢʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʬʘʟʘʤ Ti2Zr, TiSi2 ʠ 

TiN. ʇʦʩʣʝ ʦʪʞʠʛʘ ʜʦʣʷ ʄɸʍ-ʬʘʟʳ ʚʦʟʨʦʩʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʣʷ ʢʘʨʙʠʜʦʚ ʫʤʝʥʴʰʠʣʘʩʴ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘ 

ʩʯʝʪ ʧʝʨʝʭʦʜʘ TiC ʚ ʄɸʍ-ʬʘʟʫ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʩʥʠʤʦʢ ʠʟʣʦʤʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʦʪʞʠʛʘ, ʢʦʤʧʦʟʠʪ ʠʤʝʝʪ 

ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠʩʫʱʫʶ ʄɸʍ-ʬʘʟʘʤ. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʥʠʤʦʢ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʞʠʛʘ ʪʚʝʨʜʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʩ 13 

ʜʦ 10 ɻʇʘ, ʘ ʤʦʜʫʣʴ ʖʥʛʘ ʩ 335 ʜʦ 270 ɻʇʘ. ʉʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ 
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ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʄɸʍ-ʬʘʟʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʞʠʛʘ, ʪʘʢ ʢʘʢ ʝʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʠʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʘʨʙʠʜʘʤʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ʛʨʘʥʪ ˉ 25-19-00648. 
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ʄʠʢʣʷʝʚʘ ɽ.ʇ.1, ɹʳʯʢʦʚ ɸ.ʖ.2, ʅʠʢʦʣʘʝʚʘ ʀ.ʖ.3, ʊʘʨʥʦʧʦʣʴʩʢʘʷ ʄ.ɽ.4 
1 ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ; yxenon@yandex.ru 

2 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ ʛʝʦʭʠʤʠʠ, ʄʦʩʢʚʘ; 

andrewbychkov@rambler.ru 
3 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ ʛʝʦʭʠʤʠʠ, ʄʦʩʢʚʘ; niko-

geo@mail.ru 
4 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʈɸʅ, ʄʦʩʢʚʘ; mashatarnopolskaya@yandex.ru 

 
ʎʠʨʢʦʥ ð ʢʣʶʯʝʚʦʡ ʤʠʥʝʨʘʣ ʜʣʷ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ. ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ 

ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. ɺʭʦʞʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʨʢʦʥ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʚ ʧʨʦʮʝʩʩʘʭ 

ʵʚʦʣʶʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʘʢʪʠʥʦʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʨʢʦʥ ʜʣʷ 

ʠʟʦʪʦʧʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʠ ʢʘʢ ʧʝʪʨʦʛʝʥʥʳʡ ʠʥʜʠʢʘʪʦʨ. ʊʘʢʞʝ, ʙʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ ʮʠʨʢʦʥ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. 
ʆʜʥʘʢʦ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʩʚʠʜʝʪʝʣʴʩʪʚ ʤʦʙʠʣʴʥʦʩʪʠ ʮʠʨʢʦʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʨʢʦʥʘ ʚ ʭʦʜʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 250Áʉ ʚ ʤʝʪʘʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ [1, 2], ʘ ʪʘʢʞʝ ʚ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʩʦʥʦʚʥʦʤ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʘʭ [3]. ɹʦʣʴʰʠʥʩʪʚʦ ʩʣʫʯʘʝʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʮʠʨʢʦʥʠʷ ʩʚʷʟʘʥʦ ʩ ʩʦʜʝʨʞʘʱʠʤʠ ʬʪʦʨ ʬʣʶʠʜʘʤʠ. 
ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʮʠʨʢʦʥʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʬʪʦʨʦʤ ʠ ʭʣʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ. ʌʪʦʨʠʜ-ʠʦʥ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʣʠʛʘʥʜʦʤ ʜʣʷ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʮʠʨʢʦʥʠʷ. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʮʠʨʢʦʥʠʷ ʚʦ ʬʪʦʨʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠʟʫʯʘʣʦʩʴ 

ʨʘʥʝʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʠʣʴʥʦʢʠʩʣʳʭ, ʣʠʙʦ ʩʠʣʴʥʦʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ Zr(OH)3F 

(aq) ʠ Zr(OH)2F2(aq) ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ [4, 5], ʦʜʥʘʢʦ ʩ ʠʭ ʧʦʤʦʱʴʶ ʥʝ ʫʜʘʣʦʩʴ ʦʙʲʷʩʥʠʪʴ ʚʳʩʦʢʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʮʠʨʢʦʥʠʷ. ɺ ʨʘʙʦʪʝ [6] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥʘ ʢʦʤʧʣʝʢʩʦʤ ZrF6
2-, ʢʦʪʦʨʳʡ ʧʨʝʦʙʣʘʜʘʝʪ ʚʦ ʬʪʦʨʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʙʣʠʟʥʝʡʪʨʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ 

ʨʅ. 
ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ZrF6

2- ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʮʠʨʢʦʥʘ ʚʦ 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʘʭ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʪʦʨʠʜʘ ʚ ʨʘʩʪʚʦʨʘʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʮʠʨʢʦʥʘ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʨʅ. ʈʝʘʢʮʠʠ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʨʅ<pKHF ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʨʅ=pKHF, ʠ ʧʨʠ ʨʅ>pKHF ʩʥʠʞʘʝʪʩʷ.  
ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʮʠʨʢʦʥʘ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [6] ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʪʦʨʘ 0,1 ʤʦʣʴ/ʢʛ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʅ=pKHF 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʨʢʦʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʜʦʩʪʠʛʘʝʪ 300-700 ʤʛ/ʣ. 
ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʮʠʨʢʦʥʘ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ HF-NaF ʧʨʠ 

ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʪʦʨʘ, ʨʘʚʥʦʡ 0,1 ʤʦʣʴ/ʢʛ. ɼʣʷ ʦʧʳʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʮʠʨʢʦʥʘ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʚʪʦʢʣʘʚʘʭ ʠʟ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ 

ʧʨʠ 200, 250, 300, 350Áʉ ʠ ʜʘʚʣʝʥʠʠ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʧʨʠ 400Áʉ ʠ 1000 ʙʘʨ. ɺʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʝʨʠʝʡ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʩʦʩʪʘʚʠʣʦ ʧʨʠ 300Áʉ 7 ʩʫʪʦʢ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʮʠʨʢʦʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʈʌɸ.  
ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʚʧʘʣʠ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʮʠʨʢʦʥʠʷ ʩʦʩʪʘʚʠʣʘ 300-700 ʤʛ/ʣ, ʩʥʠʞʘʷʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠ ʫʤʝʥʴʰʝʥʠʠ ʨʅ ʦʪ ʪʦʯʢʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʨʅ=pKHF. 

ʊʘʢʘʷ ʚʳʩʦʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʮʠʨʢʦʥʘ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ 

ʜʠʩʩʦʮʠʘʮʠʠ HF (ʨʠʩ. 1). 
ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, pKHF ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʤʝʥʷʝʪʩʷ ʦʪ 3,17 ʧʨʠ 25Áʉ ʜʦ 7,12 ʧʨʠ 350Áʉ ʠ ʜʘʚʣʝʥʠʠ 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʚʦʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʮʠʨʢʦʥʘ ʚʦ ʬʪʦʨʠʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʢʠʩʣʦʡ ʦʙʣʘʩʪʠ, ʧʨʠ ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 350Áʉ ʤʘʢʩʠʤʫʤ ʩʤʝʱʘʝʪʩʷ ʢ ʥʝʡʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ. ɺ ʧʦʨʦʜʘʭ ʨʅ ʬʣʶʠʜʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝʤ ʩ ʤʠʥʝʨʘʣʘʤʠ ʧʦʨʦʜʳ ʠ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʛʨʘʥʪʦʚ ʨʅ ʬʣʶʠʜʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5,5. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʩʪʳʚʘʥʠʠ ʤʘʩʩʠʚʘ, pKHF 

ʥʝʠʟʙʝʞʥʦ ʧʝʨʝʩʝʯʝʪ ʟʥʘʯʝʥʠʝ ʨʅ ʬʣʶʠʜʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʨʦʩʪʫ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʮʠʨʢʦʥʘ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʦʩʪʳʚʘʥʠʠ ʢ ʧʘʜʝʥʠʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʶ ʮʠʨʢʦʥʘ. ʇʝʨʝʦʪʣʦʞʝʥʠʝ ʮʠʨʢʦʥʠʷ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʥʘ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʶʙʦʛʦ ʤʘʩʩʠʚʘ, ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʬʪʦʨʘ ʚʦ ʬʣʶʠʜʝ. 
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ʈʠʩʫʥʦʢ ˉ1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʮʠʨʢʦʥʘ. 
ʇʨʠ ʠʟʫʯʝʥʠʠ ɺʝʨʭʥʝʡ ʧʨʠʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʳ (ɺʇɿ) ʂʠʚʘʢʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʣʠʥʟʦʚʠʜʥʳʝ 

ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʣʠʥʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʨʘʡʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʪʳ ʂʠʚʘʢʢʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʦʙʦʛʘʱʝʥʥʳʝ ʥʝʢʦʛʝʨʝʥʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ Zr, REE 

ʠ ʛʘʣʦʛʝʥʘʤʠ. ʕʪʠ ʪʝʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ. ɺ ʥʠʭ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʙʘʜʜʝʣʝʠʪ ʠ ʮʠʨʢʦʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʥʢʠʝ ʦʪʦʨʦʯʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʮʠʨʢʦʥʘ ʥʘ ʟʝʨʥʘʭ ʠʣʴʤʝʥʠʪʘ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʮʠʨʢʦʥʘ ʚ ɺʇɿ ʂʠʚʘʢʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʧʫʪʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ɺʇɿ [7]. 
ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Hʉh. ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ ʚ ʮʝʣʦʤ ʦʪʚʝʯʘʶʪ 

ʥʘʙʣʶʜʘʝʤʳʤ ʚʪʦʨʠʯʥʳʤ ʤʠʥʝʨʘʣʘʤ ʚ ɺʇɿ. ɺʦ ʚʩʝʭ ʧʘʨʘʛʝʥʝʟʠʩʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʮʠʨʢʦʥ ʠ F-ʘʧʘʪʠʪ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʘʧʘʪʠʪʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ HF ʚ ʨʘʩʪʚʦʨʝ ʟʘʜʘʝʪʩʷ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʪʦʨʘ ʩʦʩʪʘʚʠʣʘ 0,006-0,012 ʤʦʣʴ/ʢʛ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 200Áʉ 

ʧʨʝʦʙʣʘʜʘʝʪ ʢʦʤʧʣʝʢʩ ZrF6
2-, ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʮʠʨʢʦʥʘ, ʜʦʩʪʠʛʘʶʱʫʶ 180 ppm. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʬʪʦʨ ʦʢʘʟʳʚʘʝʪʩʷ ʩʚʷʟʘʥ ʩ ʮʠʨʢʦʥʠʝʤ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 400-

300Áʉ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʨʢʦʥʠʷ ʠ ʦʪʣʦʞʝʥʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʮʠʨʢʦʥʘ. 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʪʦʨʘ ʥʘ ʫʨʦʚʥʝ 

ʥʘʩʳʱʝʥʠʷ ʧʦ F-ʘʧʘʪʠʪʫ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʮʠʨʢʦʥʘ ʚʝʣʠʢʘ ʚ ʨʘʤʢʘʭ ʫʟʢʦʛʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ pH, ʠ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʧʝʨʝʦʪʣʦʞʝʥʠʝ. 
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 Cʫʙʜʫʢʮʠʷ ʧʦʨʦʜ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ ʥʘ ʤʘʥʪʠʡʥʳʝ ʛʣʫʙʠʥʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʫʛʦʚʦʨʦʪ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʢʦʨʦʡ 

ʠ ʤʘʥʪʠʝʡ [ʥʘʧʨʠʤʝʨ, 1]. ʂʩʝʥʦʣʠʪʳ ʵʢʣʦʛʠʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʛʣʫʙʠʥʥʳʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ [2]  

 ʀʟʫʯʝʥʠʝ ʵʢʣʦʛʠʪʦʚ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʠ ʦʤʬʘʮʠʪ, ʥʠ ʛʨʘʥʘʪ ʥʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ LREEs [3]. ɺ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʥʦʩʪʠ ʚʘʞʥʝʡʰʫʶ 

ʨʦʣʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʝʜʢʠʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʛʨʘʶʪ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ (ʣʘʚʩʦʥʠʪ, ʮʦʠʟʠʪ, 

ʪʠʪʘʥʠʪ, ʨʫʪʠʣ, ʘʣʣʘʥʠʪ ʠ ʜʨ.). 

 ɺ ʪʦʞʝ ʚʨʝʤʷ, ʥʘʙʦʨ ʧʝʨʚʠʯʥʳʭ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʢʩʝʥʦʣʠʪʘʭ ʵʢʣʦʛʠʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʨʫʪʠʣʦʤ, ʢʦʵʩʠʪʦʤ, ʩʘʥʠʜʠʥʦʤ, ʘʣʤʘʟʦʤ, ʛʨʘʬʠʪʦʤ, ʢʦʨʫʥʜʦʤ ʠ ʘʣʣʘʥʠʪʦʤ [4]. 

ɺʪʦʨʠʯʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʨʦʷʚʣʝʥʘ ʙʦʣʝʝ ʰʠʨʦʢʦ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦ [ʥʘʧʨʠʤʝʨ, 5]. ʆʙʨʘʟʦʚʘʥʠʝ 

ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʚʷʟʳʚʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚʦ ʚʨʝʤʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʢʩʝʥʦʣʠʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʨʘʩʧʣʘʚʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʢʦʣʣʝʢʮʠʠ ʢʩʝʥʦʣʠʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ çɿʘʛʘʜʦʯʥʘʷè 

(ʗʢʫʪʠʷ) ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʘʣʣʘʥʠʪʩʦʜʝʨʞʘʱʠʡ ʢʠʘʥʠʪʦʚʳʡ ʵʢʣʦʛʠʪ (ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [6] ï ʛʨʦʩʧʠʜʠʪ, c 

Ca# ʚ ʛʨʘʥʘʪʝ 58 ʤʦʣ.%). ʇʦʨʦʜʘ ʠʤʝʝʪ ʤʘʩʩʠʚʥʫʶ ʪʝʢʩʪʫʨʫ ʠ ʛʨʘʥʦʙʣʘʩʪʦʚʫʶ ʩʨʝʜʥʝʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 

ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʦʪ 0.5 ʜʦ 2 ʤʤ. ʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ʛʨʦʩʧʠʜʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʪʣʦ-ʟʝʣʝʥʳʤ 

ʦʤʬʘʮʠʪʦʤ (45 ʦʙ.%), ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʳʤ ʛʨʘʥʘʪʦʤ (30 ʦʙ.%) ʠ ʩʚʝʪʣʦ-ʛʦʣʫʙʳʤ ʢʠʘʥʠʪʦʤ (25 ʦʙ.%). ʂ 

ʧʝʨʚʠʯʥʳʤ ʘʢʮʝʩʩʦʨʥʳʤ ʤʠʥʝʨʘʣʘʤ ʦʪʥʦʩʷʪʩʷ ʢʦʵʩʠʪ/ʢʚʘʨʮ ʠ ʘʧʘʪʠʪ. ɼʣʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ: ʟʝʨʥʘ ʛʨʘʥʘʪʘ ʦʢʨʫʞʝʥʳ ʢʝʣʠʬʠʪʦʚʳʤʠ ʢʘʡʤʘʤʠ; 

ʧʝʨʚʠʯʥʳʡ ʦʤʬʘʮʠʪ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥ çʛʫʙʯʘʪʦʡè ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʠʦʧʩʠʜ-ʧʣʘʛʠʦʢʣʘʟ-

ʢʘʣʠʰʧʘʪʦʚʦʛʦ ʩʠʤʧʣʝʢʪʠʪʘ; ʢʠʘʥʠʪ ʬʨʘʛʤʝʥʪʘʨʥʦ ʟʘʤʝʱʝʥ ʧʣʘʛʠʦʢʣʘʟ-ʢʦʨʫʥʜ-ʰʧʠʥʝʣʝʚʳʤ ʩʠʤʧʣʝʢʪʦʤ, ʘ 

ʢʦʵʩʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʢʚʘʨʮʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʘʣʠʩʘʜʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɻʨʘʥʘʪ ʚ ʠʟʫʯʝʥʥʦʤ 

ʦʙʨʘʟʮʝ ʠʤʝʝʪ ʛʦʤʦʛʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʘʣʴʤʘʥʜʠʥ-ʧʠʨʦʧ-ʛʨʦʩʩʫʣʷʨʦʚʦʤʫ ʨʷʜʫ. ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʦ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ CaO ʚʧʣʦʪʴ ʜʦ 22.8 ʤʘʩ.%. ʇʝʨʚʠʯʥʳʡ ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʷʚʣʷʝʪʩʷ ʦʤʬʘʮʠʪʦʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

CaO ʠ Na2O 15.2 ʤʘʩ.% ʠ 5.6 ʤʘʩ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʘʣʣʘʥʠʪʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (~100-250 ʤʢʤ), ʥʝʨʝʜʢʦ 

ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʢʠʘʥʠʪʦʤ ʠ ʘʧʘʪʠʪʦʤ (ʨʠʩ. 1). ɺʢʣʶʯʝʥʠʡ ʘʣʣʘʥʠʪʘ ʚ ʧʦʨʦʜʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʣʘʥʠʪʘ ʚ ʧʦʨʦʜʝ, ʩʦʛʣʘʩʥʦ ʥʘʰʠʤ ʧʦʜʩʯʝʪʘʤ, ʩʦʩʪʘʚʣʷʝʪ 0.1 ʦʙ.%. ɸʣʣʘʥʠʪ 

ʥʝʦʜʥʦʨʦʜʝʥ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʢʘʢ ʚ ʦʪʜʝʣʴʥʳʭ ʟʝʨʥʘʭ, ʪʘʢ ʠ ʚ ʧʨʝʜʝʣʘʭ ʦʙʨʘʟʮʘ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ: La2O3 (0.2-2.8 ʤʘʩ.%), Ce2O3 (0.5-5.6 ʤʘʩ.%) ʠ 

Nd2O3 (0.1-2.2 ʤʘʩ.%). ʂʦʥʮʝʥʪʨʘʮʠʠ ThO2 ʜʦʩʪʠʛʘʶʪ 0.6 ʤʘʩ.%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ UO2 ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ 

ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ. 

 ʈʘʩʯʝʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʘʣʣʘʥʠʪʩʦʜʝʨʞʘʱʝʛʦ ʛʨʦʩʧʠʜʠʪʘ ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʩ ʧʦʤʦʱʴʶ 

ʛʝʦʪʝʨʤʦʙʘʨʦʤʝʪʨʘ ʈʘʚʥʳ ʠ ʊʝʨʨʠ [7]. ʄʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ (ʛʨʘʥʘʪ-ʢʣʠʥʦʧʠʨʦʢʩʝʥ-

ʢʠʘʥʠʪ-ʢʦʵʩʠʪ/ʢʚʘʨʮ) ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʥʝʢʦʪʦʨʳʭ ʙʦʛʘʪʳʭ ʘʣʶʤʠʥʠʝʤ ʵʢʣʦʛʠʪʘʭ, ʠ 

ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʬʘʟʘʤʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʡ ʦʮʝʥʢʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ ʠ ʫʣʴʪʨʘʚʳʩʦʙʘʨʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʙʠʤʠʥʝʨʘʣʴʥʳʭ ʵʢʣʦʛʠʪʦʚ 

ʥʝʚʦʟʤʦʞʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ (910  ʠ 3.7 ɻʇʘ) ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʪʝʨʤʦʤʝʪʨʦʤ ʅʘʢʘʤʫʨʳ (970 ; 

[8]) ʩ ʧʨʦʝʢʮʠʝʡ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʛʝʦʪʝʨʤʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (3.9 ɻʇʘ). 
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ʈʠʩʫʥʦʢ 1. ʀʟʦʙʨʘʞʝʥʠʝ ʚ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʬʨʘʛʤʝʥʪʘ ʛʨʦʩʧʠʜʠʪʘ Z-226 ʩ ʘʣʣʘʥʠʪʦʤ ʠ ʧʝʨʚʠʯʥʳʤʠ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ (ʛʨʘʥʘʪ, ʢʠʘʥʠʪ) ʠ ʘʢʮʝʩʩʦʨʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʘʧʘʪʠʪ). Di ï ʚʪʦʨʠʯʥʳʡ ʢʣʠʥʦʧʠʨʦʢʩʝʥ ï ʜʠʦʧʩʠʜ; 

Ky ï ʢʠʘʥʠʪ; Pl ï ʧʣʘʛʠʦʢʣʘʟ; Kfs ï ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ. 

 

 ɺ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʘʣʣʘʥʠʪ ʢʦʥʪʨʦʣʠʨʫʝʪ 75-90 % ʣʝʛʢʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʦʨʠʷ ʠ 

ʫʨʘʥʘ [9]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʘʣʣʘʥʠʪ ʩʪʘʙʠʣʝʥ ʩʚʳʰʝ 4.5 ɻʇʘ ʠ 1050 Áʉ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜʘʭ [9]. ʆʜʥʘʢʦ, ʚʧʣʦʪʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘʭʦʜʢʠ ʧʝʨʚʠʯʥʦʛʦ ʘʣʣʘʥʠʪʘ ʚ ʢʩʝʥʦʣʠʪʘʭ 

ʵʢʣʦʛʠʪʦʚ ʥʝ ʦʧʠʩʳʚʘʣʠʩʴ. 

 ʅʘʰʠ ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʚʠʥʫʪʴ ʜʚʝ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʣʘʥʠʪʘ ʚ ʢʩʝʥʦʣʠʪʘʭ 

ʵʢʣʦʛʠʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ: (i) ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʵʪʘʧʘ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʨʠ ʩʫʙʜʫʢʮʠʠ ʧʦʨʦʜ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ ʠʣʠ (ii) ʧʨʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ/ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʥʘ 

ʧʦʨʦʜʫ ʥʝʟʘʜʦʣʛʦ ʜʦ ʚʳʥʦʩʘ ʢʩʝʥʦʣʠʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʣʘʥʠʪʘ ʚ 

ʢʩʝʥʦʣʠʪʘʭ ʵʢʣʦʛʠʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ çʋʜʘʯʥʘʷè ʩʚʷʟʘʥʦ ʩ ʨʝʘʢʮʠʝʡ 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ/ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʩ ʵʢʣʦʛʠʪʦʤ ʥʘ ʤʘʥʪʠʡʥʳʭ ʛʣʫʙʠʥʘʭ [4].  

 ʆʜʥʘʢʦ, ʘʣʣʘʥʠʪ ʚ ʛʨʦʩʧʠʜʠʪʝ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ çɿʘʛʘʜʦʯʥʘʷè, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠʤʝʝʪ ʜʨʫʛʦʡ 

ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʟʤʝʨ ʟʝʨʝʥ ʘʣʣʘʥʠʪʘ ʠ ʝʛʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʩ ʧʝʨʚʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩ ʢʠʘʥʠʪʦʤ ʠ ʛʨʘʥʘʪʦʤ, ʥʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʴ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʨʦʜʫ, ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʥʝʝ ʜʣʷ ʘʣʣʘʥʠʪʩʦʜʝʨʞʘʱʠʭ ʵʢʣʦʛʠʪʦʚ 

ʪʨʫʙʢʠ çʋʜʘʯʥʘʷè [4]. 

 ʆʙʥʘʨʫʞʝʥʠʝ çʧʝʨʚʠʯʥʦʛʦè ʘʣʣʘʥʠʪʘ ʚ ʢʩʝʥʦʣʠʪʝ ʛʨʦʩʧʠʜʠʪʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʝ ʦʪʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʫʙʜʫʢʮʠʠ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʥʘ ʤʘʥʪʠʡʥʳʝ ʛʣʫʙʠʥʳ ʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʛʣʫʙʦʢʠʭ ʯʘʩʪʷʭ ʣʠʪʦʩʬʝʨʳ ʜʨʝʚʥʠʭ 

ʢʨʘʪʦʥʦʚ. 
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ʑʝʣʦʯʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʧʝʛʤʘʪʠʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʞʠʣʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʦʙʳʯʘʡʥʦ ʰʠʨʦʢʠʤ ʤʠʥʝʨʘʣʴʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʈʝʢʦʨʜʩʤʝʥʘʤʠ ʚ ʵʪʦʤ ʧʣʘʥʝ ʷʚʣʷʶʪʩʷ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʍʠʙʠʥʩʢʠʡ ʠ ʃʦʚʦʟʝʨʩʢʠʡ ʤʘʩʩʠʚʳ [3, 7], ʚ ʢʦʪʦʨʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ (ʧʦ ʜʘʥʥʳʤ https://www.mindat.org ʥʘ 23.09.2025) ʫʩʪʘʥʦʚʣʝʥʦ 543 ʠ 419 ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʚʦʠʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʙʦʛʘʪʩʪʚʦʤ ʦʙʘ ʤʘʩʩʠʚʘ ʚʦ ʤʥʦʛʦʤ ʦʙʷʟʘʥʳ ʚʪʦʨʠʯʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʨʘʥʝʝ ʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʭʩʷ ʤʠʥʝʨʘʣʦʚ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʣʠ ʛʠʧʝʨʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʂ ʪʘʢʦʚʳʤ ʦʪʥʦʩʷʪʩʷ 

ʪʚʝʨʜʦʬʘʟʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʠʦʥʥʳʡ ʦʙʤʝʥ, 

ʜʝʢʘʪʠʦʥʠʨʦʚʘʥʠʝ ʠ ʛʠʜʨʘʪʘʮʠʷ), ʘ ʪʘʢʞʝ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚʪʦʨʠʯʥʳʭ ʬʘʟ.  

ʉʦʩʪʘʚ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʣʘʛʘʶʱʠʭ ʧʩʝʚʜʦʤʦʨʬʦʟʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʧʦʜʚʠʞʥʳʤ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʣʝʤʝʥʪʦʤ (ʠʣʠ ʵʣʝʤʝʥʪʘʤʠ) ʧʝʨʚʠʯʥʦʛʦ ʤʠʥʝʨʘʣʘ. ʅʘʧʨʠʤʝʨ, ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ 

ʚʫʦʥʥʝʤʠʪʫ, Na6Na2Nb2Na3Ti(Si2O7)2(PO4)2O2(OF), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʬʘʟʥʳʝ ʘʛʨʝʛʘʪʳ ʥʠʦʙʠʝʚʳʭ 

ʩʠʣʠʢʘʪʦʚ ʠ ʦʢʩʠʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ [1], ʯʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʙʦʣʝʝ 15 ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʥʠʦʙʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʰʝʩʪʴ ʚʠʜʦʚ, ʵʧʠʩʪʦʣʠʪ, ʛʝʨʘʩʠʤʦʚʩʢʠʪ, ʠʣʠʤʘʫʩʠʪ-(ʉʝ), ʢʘʨʫʧʤʸʣʣʝʨʠʪ-ʉʘ, ʢʦʤʘʨʦʚʠʪ ʠ 

ʥʘʪʨʦʢʦʤʘʨʦʚʠʪ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚ ʩʦʩʪʘʚʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʚʫʦʥʥʝʤʠʪʫ. ʅʘʙʦʨ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʠʟʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʥʠʦʙʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʨʫʰʝʥʠʝ 

ʚʫʦʥʥʝʤʠʪʘ. 

ʄʠʥʝʨʘʣʳ ʨʷʜʘ ʣʘʤʧʨʦʬʠʣʣʠʪ-ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ 

ʠ ʧʝʛʤʘʪʠʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʞʠʣʘʭ ʃʦʚʦʟʝʨʩʢʦʛʦ ʠ ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ.  ʕʪʠ ʤʠʥʝʨʘʣʳ ʥʝ ʫʩʪʦʡʯʠʚʳ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʐʠʨʦʢʦ ʧʨʦʷʚʣʝʥʦ ʟʘʤʝʱʝʥʠʝ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʘʥʘʪʘʟʦʚʳʤ ʣʝʡʢʦʢʩʝʥʦʤ, ʢʨʦʤʝ 

ʪʦʛʦ, ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʥʝʥʠʷ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʦʪʤʝʯʝʥʳ ʪʦʥʢʦʠʛʦʣʴʯʘʪʳʡ ʣʦʨʝʥʮʝʥʠʪ [3], ʢʫʢʠʩʚʫʤʠʪ [4,5] 

ʠ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʣʘʙʫʥʮʦʚʠʪʘ. ɸʩʩʦʮʠʘʮʠʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʠʟʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʪʠʪʘʥʘ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʃʦʚʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʧʦ 

ʣʘʤʧʨʦʬʠʣʣʠʪʫ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚʪʦʨʠʯʥʳʝ ʬʦʩʬʘʪʳ ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʜʚʠʞʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʥʠʟʢʠʤʠ ʠ ʦʥʠ ʦʩʘʞʜʘʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʨʘʟʨʫʰʝʥʠʷ ʣʘʤʧʨʦʬʠʣʣʠʪʘ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʠʥʝʨʘʣʦʚ ʨʷʜʘ 

ʣʘʤʧʨʦʬʠʣʣʠʪ-ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪ. ʎʝʣʴʶ ʙʳʣʦ ʧʦʜʦʙʨʘʪʴ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʧʦ ʵʪʠʤ 

ʤʠʥʝʨʘʣʘʤ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ, ʪ.ʝ. ʤʝʥʷʪʴʩʷ ʧʦʜʚʠʞʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʢʘʪʠʦʥʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʘʪʘʮʠʠ 

ʤʠʥʝʨʘʣʦʚ ʨʷʜʘ ʣʘʤʧʨʦʬʠʣʣʠʪ-ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪ.   

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɿʝʨʥʘ ʤʠʥʝʨʘʣʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ʍʠʙʠʥʩʢʦʛʦ ʠ 

ʃʦʚʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʦʚ: ʦʙʨʘʟʝʮ ʧʦʯʪʠ ʯʠʩʪʦʛʦ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʃʃ-0 ʠʟ ʧʝʛʤʘʪʠʪʘ ʚ ʵʚʜʠʘʣʠʪʦʚʳʭ ʣʫʷʚʨʠʪʘʭ ʛ. 

ʉʝʥʛʠʩʯʦʨʨ (ʃʦʚʦʟʝʨʩʢʠʡ ʤʘʩʩʠʚ) ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Sr/Ba = 17; ʦʙʨʘʟʝʮ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʃ-0 ʠʟ ʧʝʛʤʘʪʠʪʘ ʚ 

ʫʨʪʠʪʘʭ ʛ. ʖʢʩʧʦʨʨ (ʍʠʙʠʥʩʢʠʡ ʤʘʩʩʠʚ), ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʙʣʠʟʦʢ ʢ ʛʨʘʥʠʮʝ ʩ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʦʤ 

(Sr/Ba = 1.6); ʦʙʨʘʟʝʮ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ ɹ-0 ʠʟ ʧʝʛʤʘʪʠʪʘ ʚ ʫʨʪʠʪʘʭ ʛ. ɸʧʘʪʠʪʦʚʘʷ (ʍʠʙʠʥʩʢʠʡ ʤʘʩʩʠʚ) ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Sr/Ba = 0.2. ʀʟ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʦʢʦʣʦ 2 ʛʨʘʤʤ ʟʝʨʝʥ 

ʣʘʤʧʨʦʬʠʣʣʠʪʘ/ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ (ʘ ʪʘʢʞʝ ʠʭ ʩʨʘʩʪʘʥʠʡ ʩ ʥʝʬʝʣʠʥʦʤ) ʨʘʟʤʝʨʦʤ 1ï3 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʝʣʠʥʘ ʩʦʩʪʘʚʣʷʣʦ ʥʝ ʙʦʣʝʝ 5 ʦʙ. % ʥʘʚʝʩʢʠ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʩʝʨʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʦʩʪʘʚʦʤ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʠʥʝʨʘʣʦʚ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʠ ʨʘʩʪʚʦʨʳ: 0.5 ʤʦʣʴ/ʣ NaCl, 0.1 ʤʦʣʴ/ʣ 

HCl ʠ 0.5 ʤʦʣʴ/ʣ Naʆʅ ʤʘʨʢʠ çʭ.ʯ.è (ʅʝʚʘ ʨʝʘʢʪʠʚ). ʂʠʩʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ pH-ʤʝʪʨʘ 

AMT28F (Hanna, ɻʝʨʤʘʥʠʷ). ɿʝʨʥʘ ʣʘʤʧʨʦʬʠʣʣʠʪʘ/ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ (ʢʘʞʜʘʷ ʥʘʚʝʩʢʘ ʦʢʦʣʦ 0.4000 ʛ) 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʘʭ (10 ʤʣ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200C̄ ʚ ʪʝʯʝʥʠʝ 400 ʯʘʩʦʚ ʙʝʟ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʩʪʨʷʭʠʚʘʥʠʷ 

ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʘʚʪʦʢʣʘʚʘʭ ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʇʊʌʕ (TOPH, ʖʞʥʘʷ ʂʦʨʝʷ). ʆʪʥʦʰʝʥʠʝ ʦʙʲʸʤʘ 

ʘʚʪʦʢʣʘʚʘ ʢ ʦʙʲʸʤʫ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʦ 2.5. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʘʚʣʝʥʠʝ ʚ ʘʚʪʦʢʣʘʚʘʭ ʙʳʣʦ ʘʚʪʦʛʝʥʥʳʤ. 

ɼʣʷ ʚʟʚʝʰʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ Vibra HT224RCE (Shinko Denshi, ʗʧʦʥʠʷ). ʇʦʩʣʝ ʢʘʞʜʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʝʨʥʘ ʤʠʥʝʨʘʣʦʚ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ (30 ʤʣ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ 

ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʦʧʨʝʜʝʣʷʣʠ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
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ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ʄʉ) ʥʘ ʧʨʠʙʦʨʝ ELAN 9000 DRC-e 

(Perkin Elmer, ʋʦʣʪʝʤ, ʄʘʩʩʘʯʫʩʝʪʩ, ʉʐɸ) ʚ ʀʇʇʕʉ ʂʅʎ ʈɸʅ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʚʳʧʦʣʥʝʥʦ 

ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) LEO-1450 (Carl Zeiss Microscopy, ɻʝʨʤʘʥʠʷ), ʦʩʥʘʱʝʥʥʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ AZtec ʩ ʜʝʪʝʢʪʦʨʦʤ ULTIM  MAX  100 (OXFORD Instruments, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʠʥʝʨʘʣʦʚ ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ ʠ 

ʪʦʢʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʘ 1.5ï2.0 ʥɸ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

Rigaku XtaLAB Synergy-S (MoKŬ- ʠʟʣʫʯʝʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, Hybrid Pixel Array ʜʝʪʝʢʪʦʨ). 

ʋʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ JANA2006. 

 

ʈʝʟʫʣʴʪʘʪʳ  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʠ 

ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ ʧʝʨʝʰʣʠ ʚ ʨʘʩʪʚʦʨ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʫʚʝʣʠʯʠʣʠʩʴ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʷʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʘʭ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ NaCl ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʘʥʘ ʚ ʨʘʩʪʚʦʨʘʭ ʃʃ-10 ʠ ʃ-10 ʫʤʝʥʴʰʠʣʘʩʴ: ʚ 20 ʨʘʟ ʠ ʚ 3 

ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʦʤ (ɹ-10) ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʘʥʘ ʚ ʨʘʩʪʚʦʨʝ 

ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʚ 3.5 ʨʘʟʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ ʚ ʨʘʩʪʚʦʨʘʭ 

ʫʚʝʣʠʯʠʣʠʩʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʤʠʥʝʨʘʣʝ. ʇʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ NaCl ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʃ-10 ʠ ʃʃ-10 ʦʙʨʘʟʦʚʘʣʠʩʴ ʤʝʣʴʯʘʡʰʠʝ ʟʝʨʥʘ ʬʘʟʳ, ʪʦʯʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʢʦʪʦʨʫʶ ʥʝ ʫʜʘʣʦʩʴ ʠʟ-ʟʘ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʝʸ ʚʳʜʝʣʝʥʠʡ. ʉʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʪʦʡ ʬʘʟʳ Si : Ti : Na 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 5 ʦʧʨʝʜʝʣʝʥʠʡ) 8 : 3,9 : 3,8. ʉʦʜʝʨʞʘʥʠʝ ɺʘ, Fe, Ca ʥʝʟʥʘʯʠʪʝʣʴʥʦ: Si : Ti 

: Na : ɺʘ : Fe : Ca  8 : 3,9 : 3,8 : 0,1 : 0,1 : 0,05. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʘʪʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚ ʢʨʝʤʥʠʷ ʠ ʪʠʪʘʥʘ, 

ʘ ʪʘʢʞʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʘʷ ʬʘʟʘ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʥʘʤʠ ʢ ʥʘʜʛʨʫʧʧʝ ʣʘʙʫʥʮʦʚʠʪʘ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʅCl ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʠ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ ʧʝʨʝʰʣʠ ʚ 

ʨʘʩʪʚʦʨ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʠʣʩʷ ʪʠʪʘʥ: ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ 

ʫʧʘʣʘ ʚ ʜʚʘ ʨʘʟʘ. ɺ ʦʩʪʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʘʥʘ ʚ ʨʘʩʪʚʦʨʘʭ ʫʚʝʣʠʯʠʣʘʩʴ, ʥʦ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʅʘʧʨʠʤʝʨ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʃʃ-11 ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʦʥʮʠʷ ʚʦʟʨʦʩʣʘ 

ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʨʘʟ, ʙʘʨʠʷ ʠ ʢʨʝʤʥʠʷ ï ʧʨʠʤʝʨʥʦ ʚ 300 ʨʘʟ, ʪʦʛʜʘ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ 

ʫʚʝʣʠʯʠʣʦʩʴ ʪʦʣʴʢʦ ʚ 1.6 ʨʘʟʘ. ʅʘ ʨʝʟʦʨʙʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʤʝʣʴʯʘʡʰʠʝ 

ʟʝʨʥʘ ʦʢʩʠʜʘ ʪʠʪʘʥʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ (ɹ-11), ʧʦʷʚʠʣʘʩʴ Ba(Sr)-Al -F ʬʘʟʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

Ba+Sr : Al  : F ~ 1 : 1 : 4, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʤʧʨʦʬʠʣʣʠʪʘ (ʃʃ-11) ʦʙʨʘʟʦʚʘʣʘʩʴ Sr(ɺʘ)-Al -F ʬʘʟʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

Sr(Ba) : Al  : F ~ 1 : 1 : 4. 

 ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ NaOH ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʫʤʝʥʴʰʠʣʘʩʴ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʘʥʘ ʚ ʨʘʩʪʚʦʨʘʭ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʦʪ 10 

(ʵʢʩʧʝʨʠʤʝʥʪʳ ʃ-12 ʠ ɹ-12) ʜʦ 66 ʨʘʟ (ʃʃ-12). ʇʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʨʝʤʥʠʷ ʚ 

ʨʘʩʪʚʦʨʝ ï ʚ ʃ-12 ʠ ɹ-12 ʦʥʘ ʚʦʟʨʦʩʣʘ ʚ ʯʝʪʳʨʝ ʨʘʟʘ, ʘ ʚ ʃʃ-12 ï ʚ ʚʦʩʝʤʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

NaOH ʫʤʝʥʴʰʠʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʣʴʮʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʤʝʣʴʯʘʡʰʠʝ ʧʣʘʩʪʠʥʢʠ ʬʘʟʳ, ʢʦʪʦʨʫʶ ʪʦʯʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʥʝ ʫʜʘʣʦʩʴ ʚʚʠʜʫ ʝʸ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʪʦʡ ʬʘʟʳ Si : Ti : Na ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 8 

: 3,8 : 2,7. ʉʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚ ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʯʪʠ ʘʥʘʣʦʛʠʯʥʦ ʬʘʟʝ, 

ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ, ʥʦ ʜʦʣʷ ʥʘʪʨʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ɺ ʩʦʩʪʘʚʝ 

ʬʘʟʳ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 0,5 ʤʦʣʷʨʥʳʤ ʨʘʩʪʚʦʨʦʤ NaOH, ʚʦʟʨʦʩʣʘ ʜʦʣʷ ʙʘʨʠʷ ʠ 

ʩʪʨʦʥʮʠʷ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʟʜʝʩʴ ʩʣʝʜʫʶʱʝʝ: Si : Ti : Na : ɺʘ : Sr : Ca  8 : 3,8 : 2,7 : 1,2 : 0,4 

: 0,1. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʤʠʥʝʨʘʣ ʠʟ ʥʘʜʛʨʫʧʧʳ ʣʘʙʫʥʮʦʚʠʪʘ.  

 
ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʜʝʢʘʪʠʦʥʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʘʪʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʨʷʜʘ ʣʘʤʧʨʦʬʠʣʣʠʪ-ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪ. ʉʦʩʪʘʚ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʩʪʘʣʠʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʠʭ ʟʝʨʥʘ ʣʠʰʴ 

ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʷʣʠʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʟʦʰʣʘ ʧʦʪʝʨʷ 

ʢʨʫʧʥʳʭ ʢʘʪʠʦʥʦʚ (Sr, Ba, K) ʩʚʷʟʳʚʘʶʱʠʭ ʪʨʝʭʩʣʦʡʥʳʝ HOH-ʤʦʜʫʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [6]. 

ʇʨʠʩʫʪʩʪʚʠʝ ʵʪʠʭ ʢʘʪʠʦʥʦʚ ʬʠʢʩʠʨʫʝʪʩʷ ʢʘʢ ʚ ʩʦʩʪʘʚʝ ʨʘʩʪʚʦʨʦʚ, ʪʘʢ ʬʘʟ, ʦʩʘʞʜʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʯʥʦ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʟʝʨʝʥ. ʇʦʪʝʨʷ ʢʨʫʧʥʳʭ ʢʘʪʠʦʥʦʚ ʧʨʠʚʝʣʘ ʢ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʤʠʥʝʨʘʣʳ ʨʷʜʘ ʣʘʤʧʨʦʬʠʣʣʠʪ-ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʢʠʩʣʳʭ 

ʫʩʣʦʚʠʷʭ (ʵʢʩʧʝʨʠʤʝʥʪʳ ʃʃ-11, ʃ-11 ʠ ɹ-11). ʇʨʠ ʵʪʦʤ ʢʦʤʧʦʥʝʥʪʳ ʯʘʩʪʠʯʥʦ ʦʩʝʜʘʶʪ ʠʟ ʨʘʩʪʚʦʨʘ: ʪʠʪʘʥ ï ʚ 

ʚʠʜʝ ʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʩʪʨʦʥʮʠʡ ʠ ʙʘʨʠʡ ï ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʣʶʤʠʥʠʝʤ ʠ ʬʪʦʨʦʤ. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 
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ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʦʜʫʢʪʦʤ ʟʘʤʝʱʝʥʠʷ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʷʚʣʷʶʪʩʷ ʘʥʘʪʘʟ, ʛʸʪʠʪ, ʦʧʘʣ ʠ ʙʘʨʠʪ [2]. ʇʦʜʦʙʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ, ʩʫʜʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʚ ʢʠʩʣʳʭ 

ʫʩʣʦʚʠʷʭ. ʆʢʩʠʜ ʪʠʪʘʥʘ, ʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʡʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʠ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ, ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʪʘʟʦʤ, ʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʘʷ ʬʘʟʘ 

Ba-Al -F ï çʘʥʘʣʦʛè ʙʘʨʠʪʘ. ɹʘʨʠʪ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʝ ʦʙʨʘʟʦʚʘʣʩʷ, ʦʯʝʚʠʜʥʦ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚ ʨʘʩʪʚʦʨʝ ʩʝʨʳ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ NaOH ʠ NaCl ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʝʥʥʳʭ ʟʝʨʝʥ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʠ 

ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʤʝʣʴʯʘʡʰʠʝ ʟʝʨʥʘ ʬʘʟ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Si : Ti : Na = 8 : 3,8 : 2,7 (ʚ ʩʣʫʯʘʝ 

NaOH) ʠ 8 : 3,9 : 3,8 (ʚ ʩʣʫʯʘʝ Naʉl). ʍʦʪʷ ʜʦʣʷ ʥʘʪʨʠʷ ʚ ʵʪʠʭ ʬʘʟʘʭ ʤʝʥʷʝʪʩʷ, ʩʪʘʙʠʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ 

Si : Ti ʙʣʠʟʢʦʝ ʢ 2 : 1. ʕʪʦ ʜʘʣʦ ʥʘʤ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʬʘʟʳ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʥʘʜʛʨʫʧʧʝ ʣʘʙʫʥʮʦʚʠʪʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ Naʉl ʦʙʨʘʟʦʚʘʣʘʩʴ ʬʘʟʘ (ʤʠʥʝʨʘʣ ʥʘʜʛʨʫʧʧʳ ʣʘʙʫʥʮʦʚʠʪʘ?) Si-Ti-

Na ʩʦʩʪʘʚʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ NaOH ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʬʘʟʘ Si-Ti-Na-ɺʘ-Sr ʩʦʩʪʘʚʘ. ʍʘʨʘʢʪʝʨ 

ʚʳʧʘʚʰʠʭ ʬʘʟ ʦʪʨʘʟʠʣʩʷ ʠ ʚ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʦʚ ʨʘʩʪʚʦʨʦʚ. ʇʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ Naʉl ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʘ ʠ Sr 

ʚ ʨʘʩʪʚʦʨʝ ʫʚʝʣʠʯʠʣʠʩʴ, ʘ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ Naʆʅ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʘʨʠʷ ʫʧʘʣʘ ʚʦ ʚʩʝʭ ʨʘʩʪʚʦʨʘʭ. ʇʦʩʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʃʃ-12 (ʧʦʯʪʠ ʯʠʩʪʳʡ ʣʘʤʧʨʦʬʠʣʣʠʪ + 0,5 ʤʦʣʴ/ʣ Naʆʅ) ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʚ ʨʘʩʪʚʦʨʝ ʪʘʢʞʝ 

ʫʤʝʥʴʰʠʣʦʩʴ.  

ɺʝʨʦʷʪʥʦ, ʙʘʨʠʡ ʠ ʩʪʨʦʥʮʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ NaCl ʦʩʪʘʣʠʩʴ ʚ ʨʘʩʪʚʦʨʝ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʭʣʦʨʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʘ ʵʣʝʤʝʥʪʘ ʦʙʨʘʟʫʶʪ ʩ ʭʣʦʨʦʤ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (Borchert et al., 

2014). ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʭʣʦʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʨʦʥʮʠʡ ʠ ʙʘʨʠʡ ʦʩʘʞʜʘʶʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʚ 

ʩʦʩʪʘʚʝ Ba(Sr)-Al -F ʬʘʟ, ʣʠʙʦ ʚ ʩʦʩʪʘʚʝ Si-Ti-Na-ɺʘ-Sr ʬʘʟʳ (ʤʠʥʝʨʘʣʘ ʥʘʜʛʨʫʧʧʳ ʣʘʙʫʥʮʦʚʠʪʘ?).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʥʳʝ ʥʘʤʠ ʧʦʨʦʜʳ-ʧʨʦʪʦʪʠʧʳ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʬʦʩʬʘʪʳ ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʧʦ ʣʘʤʧʨʦʬʠʣʣʠʪʫ-ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʫ, ʧʦʜʚʝʨʛʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ 

ʱʝʣʦʯʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʘ. ʀʩʪʦʯʥʠʢʘʤʠ ʬʦʩʬʦʨʘ ʤʦʛʣʠ ʙʳʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʠʣʠʢʦʬʦʩʬʘʪʳ, ʪʘʢʠʝ ʢʘʢ ʣʦʤʦʥʦʩʦʚʠʪ ʠʣʠ ʚʫʦʥʥʝʤʠʪ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʧʦʨʦʜʘʭ 

ʃʦʚʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʣʝʛʢʦ ʪʝʨʷʶʱʠʝ ʬʦʩʬʘʪ ʥʘʪʨʠʷ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʛʫʙʝʨʥʘʪʦʨʘ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. 
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ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʅɽʆʈɻɸʅʀʏɽʉʂʀʍ ʂʀʉʃʆʊ ʉ ʄʀʅɽʈɸʃɸʄʀ ʂʀʄɹɽʈʃʀʊɸ ʀɿ 

ʊʈʋɹʂʀ ʅʖʈɹɽʅʉʂɸʗ (ʗʂʋʊʀʗ) 

 

ʆʛʠʝʥʢʦ ɸ.ɺ.1,2, ɸʥʜʨʠʘʥʦʚʘ ɸ.ʌ.1.2, ʍʘʥʠʥ ɼ.ɸ.1,2, ʂʘʨʘʩʝʚʘ ʆ.ʅ.1 

1- ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɼ.ʉ. ʂʦʨʞʠʥʩʢʦʛʦ. ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ 

2- ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄɻʋ. ʛ. ʄʦʩʢʚʘ 

 

ʇʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʦʠʪ ʚʝʩʴʤʘ ʦʩʪʨʦ, ʪʘʢ ʝʛʦ ʚʳʙʨʦʩʳ ʚ 

ʘʪʤʦʩʬʝʨʫ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ. ɺ ʩʚʷʟʠ ʩ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʦ 

ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʚ ʘʪʤʦʩʬʝʨʝ, ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʦʚ ʟʘʭʦʨʦʥʝʥʠʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣʴʥʘʷ 

ʢʘʨʙʦʥʠʟʘʮʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ ʉʆ2 ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʩʪʘʙʠʣʴʥʳʝ ʪʚʝʨʜʳʝ ʢʘʨʙʦʥʘʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩ ʤʠʥʝʨʘʣʘʤʠ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʢʠʤʙʝʨʣʠʪ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʪʨʫʙʢʠ ʅʶʨʙʝʥʩʢʘʷ (ɿʘʧʘʜʥʘʷ ʗʢʫʪʠʷ). ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʢʠʤʙʝʨʣʠʪʘ ʩʣʦʞʝʥʘ ʠʟ ʩʠʣʠʢʘʪʦʚ ʞʝʣʝʟʘ ʠ ʤʘʛʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʫʛʣʝʢʠʩʣʦʪʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʨʙʦʥʘʪʦʚ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʠ ʠʭ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ. ʈʘʥʝʝ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʙʦʪʳ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʙʳʣʠ ʧʨʦʜʝʣʘʥʳ [2], [3], [4], [6]. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʉʆ2 ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʦʨʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25Áʉ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʨʦʰʦʢ ʢʠʤʙʝʨʣʠʪʘ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʦʪ 50 ʜʦ 100 ʤʢʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʪʦʯʥʳʭ ʷʯʝʡʢʘʭ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʘʯʝʡ ʨʘʩʪʚʦʨʘ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʢʠʤʙʝʨʣʠʪʫ 

(ʨʠʩʫʥʦʢ 1). ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʩʧʝʥʟʠʠ ʢʠʤʙʝʨʣʠʪʘ ʩʦʩʪʘʚʣʷʣʘ 20 ʤʛ/ʣ, ʨʘʩʪʚʦʨʳ ʧʦʜʘʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ (ISMATEC Easy-Load) ʩʦ ʩʢʦʨʦʩʪʴʶ 2 ʤʣ/ʤʠʥ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʘʩʪʚʦʨʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʚʦʜʝ, 0.1 M ʨʘʩʪʚʦʨ H2SO4 ʠ ʨʘʩʪʚʦʨ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʧʫʩʢʘʣʩʷ 

ʉʆ2. ʂʠʩʣʦʪʥʦʩʪʴ ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʝ ʨʅ ʦʪ 3.8 ʜʦ 3.85. 

ɺ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 3 ʜʦ 5 ʯʘʩʦʚ, ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ ʨʘʩʪʚʦʨʘ ʥʘ ʚʳʭʦʜʝ. ʇʦʩʪʦʷʥʩʪʚʦ ʚʝʣʠʯʠʥ ʨʅ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʜʦʩʪʠʞʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʚʠʜʥʦ ʧʦ ʚʳʭʦʜʫ ʠʟ ʥʝʡʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʚ ʢʠʩʣʫʶ (ʨʠʩʫʥʦʢ 2) ʠ ʩʦʭʨʘʥʝʥʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚ 

ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ.  

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 
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ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʨʅ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ (ʩʚʝʨʭʫ ʚʥʠʟ) 1 ï ʚʦʜʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ H2SO4 ʠ CO2; 2 ï ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ H2SO4; 3 ï ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 
 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʥʘʯʘʣʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ ʨʦʩʪʦʤ ʨʅ ʨʘʩʪʚʦʨʘ ʦʪ 

ʢʠʩʣʦʛʦ ʢ ʥʝʡʪʨʘʣʴʥʦʤʫ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʧʫʩʢʘʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʩʠʣʠʢʘʪʘʤʠ. ʅʘʠʤʝʥʴʰʝʝ ʠʟʤʝʥʝʥʠʝ 

ʨʅ ʦʪʤʝʯʝʥʦ ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʘ ʫʛʣʝʢʠʩʣʦʪʳ ʩ ʢʠʤʙʝʨʣʠʪʦʤ, ʥʘʠʙʦʣʴʰʝʝ - ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ 

ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʠʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʪ ʥʘ ʩʠʣʠʢʘʪʳ. ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʨʅ ʚʳʭʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ: ʚʳʥʦʩ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʅ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʙʳʩʪʨʝʝ ʚʩʝʛʦ ʜʦʩʪʠʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʫʯʘʩʪʠʝʤ ʉʆ2 ʧʦʩʣʝ ʧʝʨʠʦʜʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʅ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʅ ʨʘʩʪʚʦʨʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʨʅ ʨʘʩʪʚʦʨʘ ʩʚʷʟʘʥʦ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ, 

ʧʨʦʪʝʢʘʶʱʠʤʠ ʤʝʞʜʫ ʤʠʥʝʨʘʣʘʤʠ, ʩʣʘʛʘʶʱʠʤʠ ʢʠʤʙʝʨʣʠʪ, ʠ ʨʘʩʪʚʦʨʘʤʠ ʢʠʩʣʦʪ. ʉʭʝʤʳ ʵʪʠʭ ʨʝʘʢʮʠʡ ʤʦʞʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʩʝʨʧʝʥʪʠʥʘ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʢʠʤʙʝʨʣʠʪʘ: 

 

(1)       Mg3[Si2O5](OH)4 + CO2 + H2O Ÿ MgCO3 + Mg2SiO4 + SiO2 + H2O 

(2)       Mg3[Si2O5](OH)4 + H2SO4 Ÿ MgSO4 + H2SiO3 + H2O 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʘʢʮʠʠ ʠ ʟʥʘʯʝʥʠʡ ʨʅ ʫ ʥʘʩ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʘʙʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʢʦʪʦʨʳʝ ʧʘʩʩʠʚʠʨʫʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʟʝʨʝʥ ʩʝʨʧʝʥʪʠʥʘ ʦʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʪʚʦʨʘʤʠ, ʦʙʨʘʟʫʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʯʘʡʰʫʶ ʢʦʨʦʯʢʫ ʢʘʨʙʦʥʘʪʘ ʠʣʠ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ. ɺ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʯʠʩʪʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ, ʪʘʢʦʡ çʟʘʱʠʪʥʦʡ ʢʦʨʦʯʢʠè ʥʝ ʚʦʟʥʠʢʘʝʪ ʠ ʨʝʘʢʮʠʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʧʨʦʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ, ʯʪʦ ʩʭʦʜʥʦ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [1], [5], [7]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʝʝ 

ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ 

ʩʝʨʧʝʥʪʠʥʘ.  
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ʉʀʅʊɽɿ ʀ ʉɺʆʁʉʊɺɸ Eu-ʉʆɼɽʈɾɸʑʀʍ ʉʆɼɸʃʀʊʆʇʆɼʆɹʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 

 

ʅ.ɺ. ʇʦʪʝʭʠʥʘ1, ʈ.ʖ. ʐʝʥʜʨʠʢ2 

 

1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ 1, 119001  

2 ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠʤʝʥʠ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʫʣ. ʌʘʚʦʨʩʢʦʛʦ 1ɸ, 664033 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʚʨʦʧʠʡʩʦʜʝʨʞʘʱʠʭ 

ʩʦʜʘʣʠʪʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʤʝʰʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʢʨʫʧʥʳʭ ʢʘʪʠʦʥʦʚ ï Na+, K+, Ca2+ ʠ 

ʩʤʝʰʘʥʥʳʤʠ ʚʥʝʢʘʨʢʘʩʥʳʤʠ ʘʥʠʦʥʘʤʠ ï I-, Cl-, Br-, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  230 Áʉ. ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʘ ʚʭʦʞʜʝʥʠʝ 

ʝʚʨʦʧʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʩʦʜʘʣʠʪʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʣʠʷʝʪ ʠʤʝʥʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 

ʱʸʣʦʯʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʨʝʘʢʮʠʠ ʛʝʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʱʸʣʦʯʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʠ ʥʘ 

ʨʦʩʪ ʢʘʨʢʘʩʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʨʝʜʝ ʩ 3M NaOH ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʝʚʨʦʧʠʷ ʚ 

ʩʦʜʘʣʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟʝ ʩʦʩʪʘʚʣʷʝʪ 0,40 ʚʝʩ.% Eu2O3, ʘ ʚ ʦʙʨʘʟʮʘʭ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʦʜʘʣʠʪʘ, ʚʳʨʦʩʰʝʛʦ 

ʚ ʩʨʝʜʝ ʩ 8ʄ NaOH, ʩʦʜʝʨʞʘʥʠʝ ʝʚʨʦʧʠʷ ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ʧʨʠʯʸʤ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʝʚʨʦʧʠʷ ʟʜʝʩʴ ʚʭʦʜʠʪ ʚ 

ʩʦʙʩʪʚʝʥʥʫʶ ʬʘʟʫ ï ʩʠʣʠʢʘʪ ʝʚʨʦʧʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʦʚʝʜʝʥʠʶ ʝʚʨʦʧʠʷ ʚ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ 

ʩʨʝʜʘʭ ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʚ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ï ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʩʩʝʠʚʘʶʪʩʷ ʧʦ Ca ʠ Na ʚ ʪʦ ʚʨʝʤʷ, 

ʢʘʢ ʚ ʚʳʩʦʢʦʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ, ʫʣʴʪʨʘʘʛʧʘʠʪʦʚʳʭ, ʧʦʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʬʘʟʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʉʪʝʧʝʥʴ ʱʸʣʦʯʥʦʩʪʠ ʩʨʝʜʳ ʚʣʠʷʝʪ ʪʘʢʞʝ ʠ ʥʘ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʩʦʜʘʣʠʪʦʧʦʜʦʙʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ 3M NaOH ʚʧʝʨʚʳʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʘʨʢʘʩʥʳʡ 

ʘʣʶʤʦʩʠʣʠʢʘʪ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ ʙʳʩʪʨʠʪʘ ï ʧʨ.ʛʨ. P31c, ʠʤʝʶʱʠʤ ʩʪʨʫʢʪʫʨʫ, ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ 

ʘʨʭʝʪʠʧʘ ʩʦʜʘʣʠʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʠ ʜʘʥʥʳʝ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʠʤʝʥʥʦ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 3M NaOH ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʞʝ ʘʥʘʣʦʛʠ ʣʝʡʮʠʪʘ ʠ ʢʚʘʜʨʠʜʘʚʠʥʘ.  

ɺ ʩʧʝʢʪʨʘʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩ ʵʥʝʨʛʠʝʡ E=8 ʵɺ ʥʘʙʣʶʜʘʝʪʩʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʦʥʘʤʠ Eu2+, ʚ ʦʙʣʘʩʪʠ 700 ʥʤ. ʕʪʦ ʩʚʝʯʝʥʠʝ ʚʝʨʦʷʪʥʦ 

ʩʚʷʟʘʥʦ ʩ Eu2+ ʚ ʬʘʟʝ ʛʨʘʥʘʪʘ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ 

ʦʙʣʘʩʪʠ 420 ʥʤ, ʦʥʘ ʩʚʷʟʘʥʘ ʩ 5d-4f ʧʝʨʝʭʦʜʘʤʠ ʚ ʠʦʥʘʭ Eu2+, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʜʘʣʠʪʦʚʳʭ 

ʧʦʣʦʩʪʷʭ. ʕʪʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʙʫʞʜʘʝʪʩʷ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʚʥʫʪʨʠʮʝʥʪʨʦʚʳʭ 4f-5d 

ʧʝʨʝʭʦʜʦʚ, ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠʤʝʝʪ ʵʥʝʨʛʠʶ 3.4 ʵɺ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʚ ʩʦʜʘʣʠʪʘʭ ʚ ʦʙʣʘʩʪʠ 7 ʵɺ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʦʪ ʵʢʩʠʪʦʥʦʚ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʠʦʥʘʭ ʛʘʣʦʠʜʦʚ, ʥʘ ʮʝʥʪʨʳ Eu2+. ʊʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʚʝʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ 4f-4f ʧʝʨʝʭʦʜʘʤʠ ʚ ʠʦʥʘʭ Eu3+, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʜʘʣʠʪʦʚʦʡ ʧʦʣʦʩʪʠ. 
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ʈʫʙʮʦʚ ɸ.ʈ.1, ʂʦʚʘʣʴʩʢʘʷ ʊ.ʅ.1,2 
1 ʄʋɼʆ ʎɼʆ çʄɸʅ ʀʤʧʫʣʴʩè, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 2 ʀʕʄ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ; tatiana76@iem.ac.ru  
 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʠʥʝʨʘʣʦʛʠʥʝʟʘ ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʭ ʘʩʩʦʮʠʘʮʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʍʠʪʦʦʩʪʨʦʚ ʠ ɽʣʦʚʳʡ ʥʘʚʦʣʦʢ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʨʝʣʠʷ). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

ʀʟʫʯʠʪʴ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʪʝʤʘʪʠʢʝ. 

ʆʪʦʙʨʘʪʴ ʦʙʨʘʟʮʳ ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʍʠʪʦʦʩʪʨʦʚ ʠ ɽʣʦʚʳʡ ʅʘʚʦʣʦʢ (ʈʝʩʧʫʙʣʠʢʘ 

ʂʘʨʝʣʠʷ). 

ʉʨʘʚʥʠʪʴ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ. 

ʇʦʜʛʦʪʦʚʠʪʴ ʦʙʨʘʟʮʳ ʢ ʤʠʢʨʦʟʦʥʜʦʚʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ. 

ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ʇʨʦʚʝʩʪʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʐʫʝʨʝʮʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʛʨʘʥʘʪʦʚ (ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʷʪʩʷ ʫʯʘʩʪʢʠ ʊʝʨʙʝʩʪʨʦʚ, ɽʣʦʚʳʡ ʅʘʚʦʣʦʢ ʠ ʉʦʣʦʭʠʥʘ 

ʃʫʜʘ), ʦʪʢʨʳʪʦʝ ʝʱʝ ʚ 1930ʭ ʛʦʜʘʭ, ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʨʘʟʚʝʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʘʙʨʘʟʠʚʥʦʛʦ 

ʛʨʘʥʘʪʘ ʥʝ ʪʦʣʴʢʦ ʚ ʂʘʨʝʣʠʠ, ʥʦ ʠ ʚ ʈʦʩʩʠʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʝʣʦʤʦʨʩʢʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ (ɹʇʇ) ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ʐʫʷ ʠ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʙʝʣʦʤʦʨʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʇʨʦʜʫʢʪʠʚʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʥʘʪʦʚʳʤʠ ʞʝʜʨʠʪʠʪʘʤʠ ʠ ʩʣʶʜʠʪʘʤʠ ʩʨʝʜʠ 

ʚʤʝʱʘʶʱʠʭ ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʭ ʛʥʝʡʩʦʚ ʠ ʘʤʬʠʙʦʣʠʪʦʚ. ɻʨʘʥʘʪ ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʞʝʣʚʘʢʦʚʳʭ ʚʳʜʝʣʝʥʠʡ, ʨʝʞʝ ʦʛʨʘʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʦʭʦʜʷʱʠʭ ʜʦ 25 ʩʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʨʘʥʘʪʦʚ ʐʫʝʨʝʮʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʭ ʟʦʥʘʣʴʥʦʩʪʴ, ʤʦʨʬʦʣʦʛʠʷ  ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʘʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. 

ʍʠʪʦʦʩʪʨʦʚ ð ʦʜʥʦ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʘʧʦʛʥʝʡʩʦʚʳʭ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʥʘ 

ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʩʚʝʢʦʬʝʥʥʩʢʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦʨʦʜ ɹʝʣʦʤʦʨʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ ɺʦʩʪʦʯʥʦʡ 

ʌʝʥʥʦʩʢʘʥʜʠʠ. ʅʘ ʍʠʪʦʩʪʨʦʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʠʘʥʠʪʦʚʳʝ ʧʣʘʛʠʦʛʥʝʡʩʳ, ʚ ʢʦʪʦʨʳʭ ʢʠʘʥʠʪ ʨʘʚʥʦʚʝʩʝʥ ʩʦ ʚʩʝʤʠ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʧʣʘʛʠʦʢʣʘʟ, ʙʠʦʪʠʪ, ʛʨʘʥʘʪ, ʢʚʘʨʮ). ʂʠʘʥʠʪ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʤʫ 

ʢʦʣʣʝʢʮʠʦʥʥʦʤʫ ʤʠʥʝʨʘʣʫ ʥʘ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ. 

ʏʪʦʙʳ ʥʘʡʪʠ ʤʦʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ (ʤʘʛʥʠʷ ʠ ʞʝʣʝʟʘ) ʚ ʤʦʠʭ ʦʙʨʘʟʮʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʘ ʠʤʝʥʥʦ ʤʠʢʨʦʟʦʥʜʦʤ CamScan MV2300, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ ʤʥʝ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʕʄ ʈɸʅ. ʊʘʢʞʝ ʙʳʣʘ ʥʘʡʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ  

ï ʛʝʦʙʘʨʦʤʝʪʨ ï çʂʠʘʥʠʪ-ʉʠʣʠʤʘʥʠʪ-ɸʥʜʘʣʫʟʠʪè (ʨʠʩ. 7). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʤʦʠʭ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʛʝʦʙʘʨʦʤʝʪʨ, ʪʘʢ ʢʘʢ ʚʦ ʚʩʝʭ ʤʦʠʭ ʦʙʨʘʟʮʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʠʘʥʠʪ. 

ɻʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʡ ʛʝʦʪʝʨʤʦʤʝʪʨ ʚʳ ʤʦʞʝʪʝ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩ. 1. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʄʘʛʥʝʟʠʘʣʴʥʦʩʪʴ ʟʦʥ ʚ ʦʙʨʘʟʮʝ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʫʝʨʝʮʢʦʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣʠʮʝ 1; ʩʦʩʪʘʚʳ ʤʠʥʝʨʘʣʦʚ 

ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʠʪʦʦʩʪʨʦʚ ï ʚ ʪʘʙʣʠʮʝ 2. ɿʘʪʝʤ ʥʘ ʦʩʥʦʚʝ ʙʠʦʪʠʪ-ʛʨʘʥʘʪʦʚʦʛʦ ʛʝʦʪʝʨʤʦʤʝʪʨʘ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʤʦʠʭ ʦʙʨʘʟʮʦʚ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʳ:  

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʙʨʘʟʝʮ ʛʨʘʥʘʪʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɽʣʦʚʳʡ ʥʘʚʦʣʦʢ ʟʦʥʘʣʴʥʳʡ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ 

ʦʙʨʘʟʮʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʥʘʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʡ ʟʦʥʳ ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1 ʚʳʚʝʜʝʥʳ ʥʝ ʪʦʣʴʢʦ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ ʢʘʞʜʦʡ ʟʦʥʳ, ʥʦ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʯʝʤ ʨʘʥʴʰʝ ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʟʦʥʘ, ʪʝʤ ʙʦʣʴʰʝ ʙʳʣʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʙʨʘʟʦʚʘʥʠʷ (ʟʦʥʘ 1 ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʨʘʥʴʰʝ, ʯʝʤ ʟʦʥʳ 2 ʠ 3). 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʠʪʦʦʩʪʨʦʚ 550ʦʉ. 
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ʈʠʩ. 1.  ɻʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʡ ʛʝʦʪʝʨʤʦʤʝʪʨ. 

 

 

ɺʳʚʦʜʳ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʫʝʨʝʮʢʦʝ ʟʦʥʘʣʴʥʳʡ. ʆʜʥʘ ʝʛʦ ʟʦʥʘ 

ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʧʨʠ ʥʘʠʙʦʣʴʰʠʭ ʊ ʠ ʈ ʩʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ (ʟʦʥʘ 2), ʝʱʝ ʦʜʥʘ ï ʧʨʠ ʥʘʠʤʝʥʴʰʠʭ (ʟʦʥʘ 1). 

ʆʙʨʘʟʝʮ ʞʝ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʠʪ-ʦʩʪʨʦʚ ʦʙʨʘʟʦʚʘʣʩʷ ʧʨʠ 550ʦʉ. ɼʘʚʣʝʥʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʥʘʪ 

ʩʦʜʝʨʞʘʱʠʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʷʣʦ 6ʢʙʘʨ. ʉʫʜʷ ʧʦ ʪʦʤʫ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʘʭ 

ʤʥʦʛʦ ʘʣʶʤʠʥʠʷ - ʠʩʭʦʜʥʳʡ ʩʫʙʩʪʨʘʪ ʙʳʣ ʦʩʘʜʦʯʥʦʡ ʛʣʠʥʠʩʪʦʡ ʧʦʨʦʜʦʡ. ʊʘʢʠʤ ʦʙʨʘʮʦʤ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʩʪʠʛʥʫʪʘ. 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʧʘʜʘʶʪ ʚ ʟʦʥʫ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʩʪʘʜʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. 

 

͙̆ͭ-͍ͦͫͭͪͦ 

˭ͦͤ͊ н 

˭ͦͤ͊ мΣ 

 ˭ ͦͤ͊ 3 
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ʈʠʩ. 2. ʂʠʘʥʠʪ ï ʘʥʜʘʣʫʟʠʪ ï ʩʠʣʣʠʤʘʥʠʪʦʚʳʡ  ʛʝʦʙʘʨʦʤʝʪʨ. 

 

 

  

˭ͦͤ͊ м 

͙̆ͭ-͍ͦͫͭͪͦ 

 

˭ͦͤ͊н 

˭ͦͤ͊ о 
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ʊʀʇʀɿɸʎʀʗ ɻɸɿʆʋɻʆʃʔʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ɼʃʗ ʆʎɽʅʂʀ ʉʊɽʇɽʅʀ 

ʄɽʊɸʅʆɼʆɹʓɺɸɽʄʆʉʊʀ 

 

ʈʳʙʠʥ ʀ.ɺ. 
ʌʀʎ ʖʅʎ ʈɸʅ (ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ), rybin@ssc-ras.ru 

 

ʆʮʝʥʢʘ ʨʝʩʫʨʩʦʚ ʫʛʦʣʴʥʦʛʦ ʤʝʪʘʥʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚʦʧʨʦʩʳ, ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʝʩʫʨʩʦʚ, ʥʦ 

ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʣʝʢʩ ʢʘʯʝʩʪʚʝʥʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʜʫʢʪʠʚʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʥʘ, ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ, ʪʘʢ ʠ ʚ ʩʪʘʪʫʩʝ ʧʦʧʫʪʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʉʦʟʜʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʘʟʦ-ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʮʝʣʴʶ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʥʘ, ʧʦʤʦʛʘʶʱʘʷ ʨʘʥʞʠʨʦʚʘʪʴ ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʟʥʘʥʠʷ ʧʦ ʤʝʪʘʥʦʚʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʚ 

ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ c ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦʨʦʤ ʧʣʦʱʘʜʝʡ ʩ ʙʦʣʴʰʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ, 

ʚʢʣʶʯʘʶʱʠʤʠ ʚʘʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʥʘ ʠʟ ʫʛʣʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʣʦʢʘʮʠʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʝʝ 

ʜʠʩʪʘʥʮʠʦʥʥʦʩʪʴʶ ʦʪ ʛʘʟʦʚʳʭ ʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʋʨʦʚʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʛʘʟʦʚʦʛʦ ʚʳʭʦʜʘ ʧʨʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʜʝʛʘʟʠʨʦʚʘʥʠʠ ʪʦʣʱ ʫʛʣʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘʙʦʨʦʤ ʬʘʢʪʦʨʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʂ ʪʘʢʦʤʫ ʨʦʜʫ ʫʩʣʦʚʠʡ ʦʪʥʦʩʷʪʩʷ: ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʝʩʪʝʩʪʚʝʥʥʘʷ ʛʘʟʦʚʘʷ 

ʥʘʩʳʱʝʥʥʦʩʪʴ, ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʢ ʠʟʣʠʷʥʠʶ ʤʝʪʘʥʘ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʪʘʙʣʠʮʘ 1) ʩʦʟʜʘʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʝʧʝʥʴ 

ʨʘʟʫʧʨʦʯʥʝʥʥʦʩʪʠ ʫʛʣʝʡ, ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʛʘʟʦʚʦʛʦ ʠʟʣʠʷʥʠʷ ʚ ʰʘʭʪʥʦʤ ʩʪʚʦʣʝ, ʦʙʲʝʤ ʛʘʟʦʥʦʩʥʦʩʪʠ, 

ʛʣʫʙʠʥʘ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʦʙʲʝʢʪʳ ʜʝʛʘʟʠʨʦʚʘʥʠʷ (ʦʪʨʘʙʘʪʳʚʘʝʤʳʝ ʠʣʠ ʧʦʧʫʪʥʳʝ ʪʦʣʱʠ), ʧʦʢʘʟʘʪʝʣʠ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ ʛʘʟʦʚʦʡ ʦʪʜʘʯʠ ʧʦ ʧʨʦʙʘʤ, ʫʛʣʳ ʥʘʢʣʦʥʘ ʧʣʘʩʪʦʚ, ʥʘʣʠʯʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʛʘʟʘ ʥʘ ʤʝʩʪʝ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʛʘʟʦʚʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʠ ʜʨ. 

 

ʊʘʙʣʠʮʘ 1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʘʟʦ-ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʫʨʦʚʥʶ ʜʦʙʳʯʠ ʤʝʪʘʥʘ 

 

ʂʘʪʝʛʦʨʠʷ 

ʤʝʩʪʦʨʦʞʜʝ

ʥʠʡ ʧʦ 

ʫʨʦʚʥʶ 

ʧʝʨʩʧʝʢʪʠʚʥ

ʦʩʪʠ 

ʧʨʦʤʳʩʣʦʚʦ

ʛʦ 

ʠʟʚʣʝʯʝʥʠʷ 

ʛʘʟʘ ʠʟ ʫʛʣʷ 

ʠ ʧʦʧʫʪʥʳʭ 

ʦʪʣʦʞʝʥʠʡ 

ʂʨʠʪʝʨʠʠ 

ʢʘʯʝʩʪʚʘ, 

ʛʘʟʦʥʘʩʳʱʝʥʥʦʩ

ʪʠ, 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥ

ʥʦʩʪʠ 

ɼʦʤʠ

ʥʠʨʫʶ

ʱʠʡ 

ʨʝʩʫʨʩ 

ʢ  

ʛʘʟʦʠʟ

ʣʠʷʥʠ

 ʁ

ʆʙʣʘʩ

ʪʴ ʠ  

ʦʙʩʪʦʷ

ʪʝʣʴʩʪ

ʚʘ 

ʛʘʟʦʠʟ

ʣʠʷʥʠ

ʷ ʚ 

ʰʘʭʪʥ

ʳʡ 

ʩʪʚʦʣ 

ʆʙʲʝʢʪ 

ʜʝʛʘʟʠʨʦʚʘʥʠ

ʷ ʠʣʠ 

ʠʟʚʣʝʯʝʥʠʷ 

ʤʝʪʘʥʘ 

ʇʦʪʝʥʮʠʘʣ

ʴʥʳʝ 

ʩʧʦʩʦʙʳ 

ʵʢʩʪʨʘʢʮʠ

ʠ ʤʝʪʘʥʘ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦ

ʩʪʴ 

1. ʉʘʤʳʝ 

ʧʝʨʩʧʝʢʪʠʚʥ

ʳʝ ʜʣʷ 

ʦʩʥʦʚʥʦʡ 

ʧʨʦʤʳʩʣʦʚʦ

ʡ  ʠʣʠ 

ʧʦʧʫʪʥʦʡ 

ʜʦʙʳʯʠ ʛʘʟʘ 

ʋʛʣʠ ʤʘʨʦʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ɾ, ʂ ʩʦ 

ʩʨʝʜʥʝʡ 

ʩʪʝʧʝʥʴʶ 

ʛʘʟʦʥʘʩʳʱʝʥʥʦʩ

ʪʠ (10ï25 ʤ3/ʪ) ʩ 

ʛʣʫʙʠʥʦʡ 

ʟʘʣʝʛʘʥʠʷ 300ï

1500 ʤ. 

ɺʠʪʨʠʥʠʪ (R0 ï 

0,7ï1,2 %) > 

60 %; ʟʦʣʴʥʦʩʪʴ 

< 30 %. ʈʝʩʫʨʩʳ 

ʦʪ 50 ʤʣʨʜ ʤ3, 

ʧʣʦʪʥʦʩʪʴ 

100 ʤʣʥ/ʢʤ2. 

ʋʛʣʳ ʟʘʣʝʛʘʥʠʷ 

ʜʦ 30Á 

ʊʦʣʱ

ʠ ʫʛʣʷ, 

ʚʤʝʱʘ

ʶʱʠʝ 

ʧʦʨʦʜ

 r

ʀʟ 

ʧʣʘʩʪʦ

ʚʦʡ 

ʟʘʣʝʞ

ʠ ʠ 

ʱʝʣʝʡ 

ʚ 

ʢʨʦʚʝ

ʣʴʥʦʡ 

ʯʘʩʪʠ 

ʠ 

ʧʦʜʦʰ

ʚʝ ï ʚ 

ʣʘʚʫ 

ʕʢʩʧʣʫʘʪʠʨʫʝ

ʤʳʝ ʩʣʦʠ 

ʨʘʙʦʯʝʡ 

ʤʦʱʥʦʩʪʴʶ 

ʦʪ 1,0 ʤ ʩ 

ʧʨʝʜʧʦʯʪʠʪʝʣ

ʴʥʳʤʠ 

ʠʥʪʝʨʚʘʣʘʤʠ 

ʟʘʣʝʛʘʥʠʷ ʥʘ 

ʛʣʫʙʠʥʝ 150ï

200 ʤ ʩ 

ʫʛʣʝʥʦʩʥʦʩʪʴ

ʶ 5ï10 %, 

ʚʤʝʱʘʶʱʠʝ 

ʧʦʨʦʜʳ, 

ʦʪʨʘʙʦʪʘʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʉ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩ

ʪʠ 

ʦʧʝʨʝʞʘʶ

ʱʘʷ ʧʝʨʝʜ 

ʜʦʙʳʯʝʡ 

ʫʛʣʷ. 

ʇʦʧʫʪʥʘʷ ʚ 

ʰʘʭʪʘʭ. 

ʇʨʦʤʳʩʣʦ

ʚʘʷ ʜʦʙʳʯʘ 

ʦʪ 

5000 ʤ3/ʩʫ

ʪ 

ʇʝʯʦʨʩʢʠʡ 

ʙʘʩʩʝʡʥ, ʂʫʟʙʘʩʩ 

ʠ ɺʦʩʪʦʯʥʳʡ 

ɼʦʥʙʘʩʩ ʩ 

ʫʛʣʷʤʠ ʤʘʨʦʢ ɾ, 

ʂ ʥʘ ʛʣʫʙʠʥʘʭ ʩ 

ʛʘʟʦʥʦʩʥʦʩʪʴʶ 

ʙʦʣʝʝ 10 ʤ3/ʪ. 

2. ʇʝʨʩʧʝʢʪ

ʠʚʥʳʝ ʜʣʷ 

ʦʩʥʦʚʥʦʡ 

ʋʛʣʠ ʤʘʨʦʢ ʆʉ, 

ʊ, 1ɸ ʩʘʤʦʡ 

ʚʳʩʦʢʦʡ 

ʉʣʦʠ 

ʫʛʣʷ, 

ʩʣʦʠ-

ʀʟ 

ʧʣʘʩʪʦ

ʚʦʡ 

ʕʢʩʧʣʫʘʪʠʨʫʝ

ʤʳʝ ʪʦʣʱʠ 

ʨʘʙʦʯʝʡ 

ʉʦʧʫʪʩʪʚʫ

ʶʱʘʷ ʚ 

ʰʘʭʪʥʳʭ 

ʇʝʯʦʨʩʢʠʡ 

ʙʘʩʩʝʡʥ, ʂʫʟʙʘʩʩ 

ʠ ɺʦʩʪʦʯʥʳʡ 
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ʧʨʦʤʳʩʣʦʚʦ

ʡ ʠʣʠ 

ʧʦʧʫʪʥʦʡ 

ʜʦʙʳʯʠ ʛʘʟʘ 

ʛʘʟʦʥʘʩʳʱʝʥʥʦʩ

ʪʠ (20ï35 ʤ3/ʪ) 

Rvt=0,6ï2,0 % 

(ʛʣʫʙʠʥʘ 250ï

1500 ʤ), ʩʣʘʙʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ 

ʛʘʟʦʠʟʣʠʷʥʠʷ ʩ 

ʟʦʣʴʥʦʩʪʴʶ 

ʤʝʥʝʝ 30 % 

ʩʧʫʪʥ

ʠʢʠ, 

ʚʤʝʱʘ

ʶʱʠʝ 

ʛʦʨʥʳ

ʝ 

ʧʦʨʦʜ

 r

ʟʘʣʝʞ

ʠ ʠ 

ʱʝʣʝʡ 

ʚ 

ʢʨʦʚʝ

ʣʴʥʦʡ 

ʯʘʩʪʠ 

ʠ 

ʧʦʜʦʰ

ʚʝ ï ʚ 

ʣʘʚʫ 

ʤʦʱʥʦʩʪʠ, 

ʩʣʦʠ-

ʩʧʫʪʥʠʢʠ, 

ʧʦʜʨʘʙʘʪʳʚʘʝ

ʤʳʝ ʠ 

ʥʘʜʨʘʙʘʪʳʚʘʝ

ʤʳʝ ʪʦʣʱʠ,  

ʧʫʩʪʦʝ 

ʦʪʨʘʙʦʪʘʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʩʪʚʦʣʘʭ, ʩ 

ʜʥʝʚʥʦʡ 

ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩ

ʪʠ 

ʟʘʙʣʘʛʦʚʨʝ

ʤʝʥʥʘʷ 

ʧʝʨʝʜ 

ʫʛʦʣʴʥʦʡ 

ʜʦʙʳʯʝʡ; 

ʧʨʦʤʳʰʣʝ

ʥʥʘʷ 

ʵʢʩʧʣʫʘʪʘʮ

ʠʷ ʥʘʯʠʥʘʷ 

ʩ 

1000 ʤ3/ʩʫ

ʪ 

ɼʦʥʙʘʩʩ ʩ 

ʫʛʣʷʤʠ ʤʘʨʦʢ ʊ, 

ʆʉ, 1ɸ, ʩ 

ʛʘʟʦʥʘʩʳʱʝʥʥʦʩ

ʪʴʶ ʩʚʳʰʝ 20 

ʤ3/ʪ. 

 

3. ɹʝʩʧʝʨʩʧʝ

ʢʪʠʚʥʳʝ ʠ 

ʫʩʣʦʚʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥ

ʳʝ 

ʤʝʩʪʦʨʦʞʜʝ

ʥʠʷ ʜʣʷ 

ʧʦʧʫʪʥʦʡ 

ʜʦʙʳʯʠ ʛʘʟʘ 

(ʚ ʈʌ ʠ 

ʉʅɻ) 

ʅʠʟʢʦʛʘʟʦʥʦʩʥʳ

ʝ (5ï10 ʤ3/ʪ) 

ʫʛʣʠ ʤʘʨʦʢ ɹ, ɼ, 

ɻ ʠ ʧʣʠʢʘʪʠʚʥʦ-

ʜʠʟʲʶʥʢʪʠʚʥʳʝ 

ʩʪʨʫʢʪʫʨʳ 

ʉʣʦʠ 

ʫʛʣʷ, 

ʩʣʦʠ-

ʩʧʫʪʥ

ʠʢʠ 

ʅʝʙʦʣ

ʴʰʦʝ 

ʚ 

ʦʯʠʩʪ

ʥʦʡ 

ʟʘʙʦʡ 

ʣʘʚʳ 

ʠʟ 

ʫʛʣʷ ʠ 

ʨʘʟʨʳ

ʚʥʳʭ 

ʥʘʨʫʰ

ʝʥʠʡ 

ʕʢʩʧʣʫʘʪʠʨʫʝ

ʤʳʝ ʩʣʦʠ ʫʛʣʷ 

ʤʘʨʦʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ɻ ʩ 

ʛʘʟʦʥʘʩʳʱʝʥ

ʠʝʤ ʩʚʳʰʝ 

10 ʤ3/ʪ 

ʇʦʧʫʪʥʘʷ 

ʜʦʙʳʯʘ 

ʫʛʣʝʡ 

ʤʘʨʢʠ ɻ 

ʖʞʥʦ-ʗʢʫʪʩʢʠʡ 

ʠ ʂʫʟʥʝʮʢʠʡ 

ʙʘʩʩʝʡʥʳ ʫʛʣʝʡ 

ʤʘʨʦʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ɹ, ɼ, ɻ 

ʥʘ ʛʣʫʙʠʥʘʭ, ʩ 

ʛʘʟʦʥʦʩʥʦʩʪʴʶ  

ʙʦʣʝʝ 10 ʤ3/ʪ. 

4. ʇʦʣʥʦʩʪʴ

ʶ 

ʙʝʩʧʝʨʩʧʝʢʪ

ʠʚʥʳʝ 

ɸʥʪʨʘʮʠʪʳ 

(ʩʫʧʝʨʘʥʪʨʘʮʠʪʳ

) ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥ

ʥʦʩʪʠ ʩ 

ʛʘʟʦʥʘʩʳʱʝʥʠʝʤ 

0ï5 ʤ3/ʪ; ʚʝʨʭʥʠʝ 

ʛʦʨʠʟʦʥʪʳ ʧʦ 

ʚʩʝʤ ʜʦ ʠʟʦʛʘʟʳ 

5 ʤ3/ʪ 

ʅʝ 

ʛʘʟʦʚ

ʳʝ 

ʛʦʨʥʳ

ʝ 

ʚʳʨʘʙ

ʦʪʢʠ  

ʇʦʩʪʫ

ʧʣʝʥʠ

ʝ ʛʘʟʘ 

ʚ 

ʰʘʭʪʥ

ʳʡ 

ʩʪʚʦʣ 

ʦʪʩʫʪʩ

ʪʚʫʝʪ 

ʅʝʪ ʆʪʩʫʪʩʪʚʫ

ʝʪ 

ʧʦʪʨʝʙʥʦʩ

ʪʴ ʚ 

ʜʝʛʘʟʠʨʦʚʘ

ʥʠʠ 

ɺʦʩʪʦʯʥʳʡ 

ɼʦʥʙʘʩʩ ʩ 

ʘʥʪʨʘʮʠʪʘʤʠ 

(ʩʫʧʝʨʘʥʪʨʘʮʠʪʘ

ʤʠ) ʤʘʨʦʢ 2ɸ, 

(ʯʘʩʪʠʯʥʦ) 3ɸ 

5. ʇʝʨʩʧʝʢʪ

ʠʚʥʳʝ ʧʦ 

ʜʦʙʳʯʝ ʛʘʟʘ 

ʠʟ 

ʩʚʦʙʦʜʥʳʭ 

ʩʢʦʧʣʝʥʠʡ 

ʤʝʪʘʥʘ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳ

ʭ ʣʦʚʫʰʢʘʭ 

ʫʛʦʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝ

ʥʠʡ  

ɺʩʝ ʚʠʜʳ ʫʛʣʝʡ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʩʫʧʝʨʘʥʪʨʘʮʠʪʦʚ 

ɺʤʝʱ

ʘʶʱʠ

ʝ 

ʧʦʨʦʜ

ʳ 

ʚʳʩʦʢ

ʦʡ 

ʧʦʨʠʩ

ʪʦʩʪʠ 

ʠ 

ʪʨʝʱʠ

ʥʦʚʘʪ

ʦʩʪʠ 

ʇʨʠ  

ʧʦʜʨʘ

ʙʦʪʢʝ 

ʚ 

ʛʦʨʥʳ

ʝ 

ʚʳʨʘʙ

ʦʪʢʠ  

 

ʃʦʚʫʰʢʠ ʠ 

ʦʙʣʘʩʪʠ ʚ 

ʫʛʦʣʴʥʦʤ 

ʩʣʦʝ 

ʇʨʠ 

ʩʫʱʝʩʪʚʦʚ

ʘʥʠʠ 

ʦʧʨʝʜʝʣʝʥ

ʥʳʭ 

ʧʦʪʨʝʙʠʪʝ

ʣʝʡ 

ʇʝʯʦʨʩʢʠʡ ʠ 

ʂʫʟʥʝʮʢʠʡ 

ʙʘʩʩʝʡʥʳ, ʘ 

ʪʘʢʞʝ 

ɺʦʩʪʦʯʥʳʡ 

ɼʦʥʝʮʢʠʡ 

ʙʘʩʩʝʡʥ ʩ ʫʛʣʷʤʠ 

ʤʘʨʦʯʥʦʛʦ 

ʩʦʩʪʘʚʘ ʂ, ɾ ʥʘ 

ʛʦʨʠʟʦʥʪʘʭ ʧʨʠ 

ʛʘʟʦʥʘʩʳʱʝʥʥʦʩ

ʪʠ ʩʚʳʰʝ 

10 ʤ3/ʪ. 

ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ çʉʘʤʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʦʩʥʦʚʥʦʡ ʧʨʦʤʳʩʣʦʚʦʡ ʠʣʠ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʠ ʛʘʟʘè 

ʧʨʠʯʠʩʣʷʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʷ ʤʘʨʢʠ ɾ ʠ ʂ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʘʟʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 10ï25 ʤ3/ʪ ʚ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʠʷ ʛʘʟʦʚʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʥʘ ʛʣʫʙʠʥʝ ʚ 

ʠʥʪʝʨʚʘʣʝ 300ï1500 ʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʣʘʩʪʠ ʪʦʣʱ ʫʛʣʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʪʠʧʘ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 
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ʤʝʞʜʫ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʤʝʪʘʥʦʚʳʭ ʛʘʟʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʛʨʫʞʝʥʠʝʤ ʜʦ ʛʦʨʠʟʦʥʪʦʚ 

ʩ ʛʘʟʦʚʦʡ ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʜʦ ʧʦʢʘʟʘʪʝʣʝʡ 10 ʤ3/ʪ, ʦʪʥʦʩʷʪʩʷ ʢ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʳʤ. 

ʂʦ ʚʪʦʨʦʤʫ ʪʠʧʫ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʦʩʥʦʚʥʦʡ ʧʨʦʤʳʩʣʦʚʦʡ ʠʣʠ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʠ ʛʘʟʘè ʠʤʝʶʪ 

ʦʪʥʦʰʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʷ ʤʘʨʦʢ ʊ, ʆʉ, 1ɸ ʚ ʟʦʥʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 250ï1500 ʤ ʩ 

ʛʘʟʦʥʦʩʥʦʩʪʴʶ 20ï35 ʤ3/ʪ. ʀʤʝʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʧʦʥʠʞʝʥʠʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ ʛʘʟʦʚʦʤʫ ʠʟʣʠʷʥʠʶ ʥʘ ʛʣʫʙʠʥʝ 

ʚʳʝʤʢʠ ʫʛʣʷ ʙʦʣʝʝ 350ï400 ʤ ʚ ʂʫʟʥʝʮʦʤ ʙʘʩʩʝʡʥʝ, ʠ ʥʠʞʝ 500 ʤ ï ʚ ʇʝʯʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ ʧʦ ʧʨʠʯʠʥʝ ʜʘʚʣʝʥʠʷ 

ʛʝʦʩʪʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʩʝʨʚʘʮʠʠ ʧʨʠʨʦʜʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. 

ʂ ʪʨʝʪʴʝʤʫ ʪʠʧʫ çɹʝʩʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠ ʫʩʣʦʚʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʠ ʛʘʟʘè 

ʦʪʥʦʩʷʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʫʛʣʷʤʠ ʧʦʥʠʞʝʥʥʦʡ ʛʘʟʦʥʦʩʥʦʩʪʠ ʦʪ 0 ʜʦ 10 ʤ3/ʪ ʫʛʣʷ ʚ ʟʦʥʝ ʩʪʘʙʠʣʠʟʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʫʛʣʷʤʠ ʤʘʨʦʢ ɹ, ɼ, ɻ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʨʠʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʥʘʣʠʯʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʛʘʟʘ. 

ʂ ʯʝʪʚʝʨʪʦʤʫ ʪʠʧʫ çʇʦʣʥʦʩʪʴʶ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʳʝè ʦʪʥʦʩʷʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʜʘʞʝ ʰʘʭʪʥʳʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʘʥʪʨʘʮʠʪʦʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʩʪʠ 

(ʩʫʧʝʨʘʥʪʨʘʮʠʪʦʚ) ʤʘʨʦʯʥʦʛʦ ʩʦʩʪʘʚʘ 2ɸ ʠ 3ɸ, ʩ ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴʶ 0ï5 ʤ3 ʥʘ ʪʦʥʥʫ ʫʛʣʷ. 

ʂ ʧʷʪʦʤʫ ʪʠʧʫ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦ ʜʦʙʳʯʝ ʛʘʟʘ ʠʟ ʩʚʦʙʦʜʥʳʭ ʩʢʦʧʣʝʥʠʡ ʤʝʪʘʥʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʦʚʫʰʢʘʭ 

ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡè ʧʨʠʫʨʦʯʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʦʣʱʘʭ 

ʫʛʣʷ, ʘ ʠʤʝʥʥʦ, ʚ ʤʝʩʪʥʳʭ ʛʘʟʦʚʳʭ ʣʦʚʫʰʢʘʭ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩ ʧʦʨʦʚʳʤʠ (ʤʘʨʢʠ ɼ, ɻ), ʪʨʝʱʠʥʥʦ-ʧʦʨʦʚʳʤʠ, 

ʧʦʨʦʚʦ-ʪʨʝʱʠʥʥʳʤʠ (ʤʘʨʢʠ ɾ, ʂ) ʠ ʪʨʝʱʠʥʥʳʤʠ ʚʠʜʘʤʠ (ʤʘʨʢʠ ʆʉ, ʊ, ɸ) ʢʦʣʣʝʢʪʦʨʦʚ [1]. 

ʂʦʥʢʨʝʪʠʟʠʨʦʚʘʣʠʩʴ ʩʚʝʨʭʫ ʚʥʠʟ ʟʦʥʳ ʨʘʮʠʦʥʘʣʴʥʦʡ ʜʦʙʳʯʠ ʤʝʪʘʥʘ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʛʘʟʘ ʠ ʛʘʟʦʥʦʩʥʦʩʪʴ ʠʟʤʝʥʷʶʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʧʦ ʢʘʞʜʦʤʫ ʚʠʜʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: 

- ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʘʷ ʟʦʥʘ: ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝ ʙʫʜʝʪ ʥʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦ 

ʧʨʠʯʠʥʝ ʤʘʣʳʭ ʩʦʜʝʨʞʘʥʠʡ ʤʝʪʘʥʘ (< 70 %) ʠ ʙʝʜʥʦʡ ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʠ (ʜʦ 5 ʤ3/ʪ) ʫʛʦʣʴʥʳʭ ʪʦʣʱ; 

- ʫʩʣʦʚʥʦ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʟʦʥʘ: ʢʦʥʮʝʥʪʨʘʮʠʷ CH4 ʩʚʳʰʝ 70 %, ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ 5ï

10 ʤ3/ʪ. ʀʟ ʫʛʦʣʴʥʳʭ ʩʣʦʝʚ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʩ ʪʘʢʦʡ ʛʘʟʦʥʦʩʥʦʩʪʴʶ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʣʝʡ ʤʝʪʘʥ ʥʝ 

ʜʦʙʳʚʘʝʪʩʷ; ʚ ʉʐɸ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʫʛʣʠ ʩ ʪʘʢʦʡ ʛʘʟʦʥʦʩʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ; 

-  ʩʣʘʙʦ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʟʦʥʘ: ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ CH4 (ʜʦʩʪʠʛʘʝʪ 90 %), ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 5ï10, ʘ ʧʦʨʦʡ 15 ʤ3/ʪ; ʟʘʧʘʩʳ ʛʘʟʘ ʥʘ ʛʣʫʙʠʥʘʭ, ʛʜʝ ʛʘʟʦʥʦʩʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 15 ʤ3/ʪ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ. 

ɺ ʩʪʨʘʥʘʭ ʉʅɻ ʜʦʙʳʯʘ ʤʝʪʘʥʘ ʚ ʪʘʢʠʭ ʟʦʥʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. 

-  ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʟʦʥʘ: ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ CH4 (> 90 %), ʛʘʟʦʥʘʩʳʱʝʥʠʝ 10ï20 ʤ3/ʪ; ʙʦʣʴʰʠʝ 

ʟʘʧʘʩʳ ʛʘʟʘ, ʪʦʣʱʠ ʚʳʜʝʨʞʘʥʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ, ʥʝʚʳʩʦʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʩʢʣʘʜʯʘʪʳʭ ʠ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦʡ ʠ ʩʪʦʡʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

-  ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʟʦʥʘ: ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ CH4 (> 90 %), ʛʘʟʦʥʘʩʳʱʝʥʠʝ ʦʪ 15 ʜʦ 30 ʤ3/ʪ; 

ʫʛʣʠ ʤʘʨʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʂ, ɻ, ʆʉ, ɾ; ʫʛʣʫʙʣʝʥʥʦʩʪʴ ʦʪ ʫʨʦʚʥʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 15 ʤ3/ʪ ʜʦ ʛʦʨʠʟʦʥʪʦʚ 400ï500 ʤ 

ʜʣʷ ʦʙʩʪʘʥʦʚʢʠ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ; ʩʢʣʘʜʯʘʪʳʝ ʠ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʣʦʢʘʣʴʥʦ. 

ɹʝʩʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʜʦʙʳʯʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʦ ʛʣʫʙʠʥʝ ʤʫʣʴʜʳ ʠ ʩʢʣʘʜʢʠ, ʛʜʝ 

ʛʘʟʦʥʦʩʥʦʩʪʴ ʭʦʪʷ ʠ ʧʨʝʚʳʰʘʝʪ 10ï15 ʤ3/ʪ, ʦʜʥʘʢʦ ʟʘʧʘʩʳ ʛʘʟʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʫʶ ʩʪʘʙʠʣʴʥʫʶ ʜʦʙʳʯʫ [2]. ɺʦʟʤʦʞʥʳʝ ʤʝʪʦʜʳ ʜʝʛʘʟʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʥʩʪʨʫʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʜʝʛʘʟʘʮʠʠ ʠ ʜʦʙʳʯʝ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʥʝʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʘʟʦʥʦʩʥʦʩʪʠ ʠ ʫʩʣʦʚʠʡ ʦʪʨʘʙʦʪʢʠ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ, ʩ ʫʯʝʪʦʤ 

ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʛʘʟʘʮʠʠ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. 

 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ɻɿ ʖʅʎ ʈɸʅ ʥʘ 2025 ʛ., ˉ ʛʦʩ.ʨʝʛ. 125011700416-4. 
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ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʌɸʂʊʆʈʓ, ʋʏʀʊʓɺɸɽʄʓɽ ʇʈʀ 

ʂʆʃʀʏɽʉʊɺɽʅʅʆʁ ʆʎɽʅʂɽ ʈɽʉʋʈʉʆɺ ʋɻʆʃʔʅʆɻʆ ʄɽʊɸʅɸ ʅɸ ʈɸɿʅʓʍ 

ʉʊɸɼʀʗʍ ʆʉɺʆɽʅʀʗ ʋɻʆʃʔʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

 

ʈʳʙʠʥ ʀ.ɺ. 
ʌʀʎ ʖʅʎ ʈɸʅ (ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ), rybin@ssc-ras.ru 

 

ʋʛʦʣʴʥʳʡ ʤʝʪʘʥ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʘʭ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʦʩʣʦʞʥʷʶʱʠʡ ʜʦʙʳʯʫ ʫʛʣʷ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʥ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʳʨʴʷ. 

ʆʮʝʥʢʘ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʫʛʦʣʴʥʦʛʦ ʤʝʪʘʥʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʠ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʝ ʤʝʪʘʥʘ. 

ʇʦ ʧʨʠʯʠʥʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʫʞʜ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʷʭ ʈʌ, ʧʦʚʳʰʝʥʠʠ ʩʪʦʠʤʦʩʪʠ 

ʜʦʙʳʚʘʥʠʷ ʫʛʣʷ, ʛʘʟʘ, ʥʝʬʪʠ ʠ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚʘʞʥʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʘʮʝʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʩʫʨʩʦʚ ʪʝʧʣʦʚʦʛʦ ʩʥʘʙʞʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʣʝʟʥʦʛʦ 

ʠʩʢʦʧʘʝʤʦʛʦ ʙʣʘʛʦʜʘʨʷ ʤʝʪʘʥʫ ʫʛʦʣʴʥʦʛʦ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʝʨʚʳʡ ʬʘʢʪʦʨ ï ʩʪʝʧʝʥʴ ʤʝʪʘʤʦʨʬʠʟʤʘ ʫʛʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ɼʣʷ ʧʦʜʩʯʝʪʘ ʨʝʩʫʨʩʦʚ ʤʝʪʘʥʘ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʫʛʦʣʴʥʳʝ ʧʣʘʩʪʳ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʤʝʪʘʥʦʥʦʩʥʦʩʪʴʶ ʠ ʥʘʠʙʦʣʴʰʠʤʠ ʥʘʯʘʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʚʦʙʦʜʥʦʛʦ 

ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠ ʛʘʟʦʦʪʜʘʯʠ (ʤʘʨʢʠ ɻ, ɾ, ʂ). ʇʦ ʚʳʩʦʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤ ʢʘʤʝʥʥʳʤ ʫʛʣʷʤ ʤʘʨʦʢ ʆʉ, ʊ ʠ 

ʘʥʪʨʘʮʠʪʘʤ ʤʘʨʦʢ 1ɸ, 2ɸ ʠʟ-ʟʘ ʠʭ ʟʘʤʝʜʣʝʥʥʦʡ ʛʘʟʦʦʪʜʘʯʠ ʜʦʙʳʯʘ ʤʝʪʘʥʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ. ʇʦ ʥʝʤʝʪʘʥʦʥʦʩʥʳʤ 

ʩʫʧʝʨʘʥʪʨʘʮʠʪʘʤ 3ɸ ʠ, ʯʘʩʪʠʯʥʦ, ʤʘʨʢʠ 2ɸ ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (ǎgɟ) < 2,2, ʘ ʪʘʢʞʝ ʙʫʨʳʤ ʫʛʣʷʤ ï 

ʦʮʝʥʦʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʜʦʙʳʚʘʥʠʝ CH4 ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʢʨʦʤʝ ʦʙʣʘʩʪʝʡ ʬʣʶʠʜʠʟʘʮʠʠ ʚ 

ʪʦʣʱʘʭ ʩʫʧʝʨʘʥʪʨʘʮʠʪʦʚ. 

ɺʪʦʨʦʡ ʬʘʢʪʦʨ ï ʫʨʦʚʝʥʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʫʛʦʣʴʥʳʭ ʪʦʣʱ ʨʘʙʦʯʝʡ ʤʦʱʥʦʩʪʠ. 

ɼʣʷ ʦʮʝʥʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ CH4 ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʣʫʙʠʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʯʠʪʘʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʴ ʦʪ ʫʨʦʚʥʷ ʛʘʟʦʥʘʩʳʱʝʥʠʷ ʚ 10 ʤ3/ʪ ʜʦ ʚʝʣʠʯʠʥ 500ï600 ʤ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʧʠʢʦʤ 

ʛʘʟʦʚʳʜʝʣʝʥʠʡ ʫʛʦʣʴʥʳʭ ʧʦʨʦʜ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʢʩʪʨʘʢʮʠʠ CH4 ʠʟ ʩʣʦʝʚ-ʩʧʫʪʥʠʢʦʚ 

(ʜʦʩʪʠʛʘʝʪ 0,6). 

ʊʨʝʪʠʡ ʬʘʢʪʦʨ ï ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ CH4. 

ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʜʦʙʳʚʘʥʠʷ CH4 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʂʠ (ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʚʣʝʯʝʥʠʷ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ ʜʦʙʳʪʳʭ ʧʦʨʮʠʡ CH4 ʟʘ ʤʠʥʫʩʦʤ ʦʩʪʘʪʦʯʥʦʛʦ CH4 ʠʟ ʫʛʣʝʥʦʩʥʳʭ ʪʦʣʱ ʧʦʩʣʝ ʠʭ ʦʪʨʘʙʦʪʢʠ ʚ 

ʰʘʭʪʥʦʤ ʩʪʚʦʣʝ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʩʢʚʘʞʠʥʥʦʤ ʜʦʙʳʚʘʥʠʠ ʠʟ ʥʝʪʨʦʥʫʪʳʭ ʪʦʣʱ ʢ 

ʠʩʭʦʜʥʦʡ (ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʥʦʡ) ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ. 
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ʛʜʝ Qʧ ï ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʤʳ CH4 ʚ ʪʦʣʱʘʭ ʨʘʙʦʯʝʡ ʤʦʱʥʦʩʪʠ, Qʦʩ ï ʦʩʪʘʪʦʯʥʳʝ ʦʙʲʝʤʳ CH4 ʚ ʪʦʣʱʘʭ 

ʨʘʙʦʯʝʡ ʤʦʱʥʦʩʪʠ, ʩʣʦʷʭ-ʩʧʫʪʥʠʢʘʭ. 

ʏʝʪʚʝʨʪʳʡ ʬʘʢʪʦʨ ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. 

ɼʣʷ ʧʦʜʩʯʝʪʘ ʧʦʧʫʪʥʳʭ ʨʝʩʫʨʩʦʚ ʤʝʪʘʥʘ ʧʨʠʥʠʤʘʶʪʩʷ ʦʙʲʝʢʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʣʦʛʠʤ ʟʘʣʝʛʘʥʠʝʤ 

ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʤʝʪʘʥʘ ʠ ʥʘ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʝʛʘʟʘʮʠʠ ʫʛʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʇʷʪʳʡ ʬʘʢʪʦʨ ï ʧʦʣʦʞʝʥʠʝ ʦʮʝʥʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. 

ʉʢʦʧʣʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʛʘʟʦʚ ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʪʠʧʘ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʠʟʛʠʙʦʚ ʚ 

ʤʦʥʦʢʣʠʥʘʣʷʭ, ʩʚʦʜʦʚʳʭ ʧʦʜʥʷʪʠʷʭ, ʢʫʧʦʣʘʭ, ʙʨʘʭʠʩʠʥʢʣʠʥʘʣʴʥʳʭ ʩʢʣʘʜʢʘʭ. 

ʐʝʩʪʦʡ ʬʘʢʪʦʨ ï ʟʦʥʳ ʦʮʝʥʢʠ ʠ ʧʦʜʩʯʝʪʘ ʧʦʧʫʪʥʳʭ ʨʝʩʫʨʩʦʚ ʤʝʪʘʥʘ. 

ʇʦʧʫʪʥʳʝ ʨʝʩʫʨʩʳ ʤʝʪʘʥʘ ʦʮʝʥʠʚʘʶʪʩʷ ʠ ʧʦʜʩʯʠʪʳʚʘʶʪʩʷ ʚ ʨʘʙʦʯʠʭ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʘʭ ʠ ʟʦʥʘʭ 

ʬʣʶʠʜʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʣʘʩʪʘʭ-ʩʧʫʪʥʠʢʘʭ ʚʦ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʜʠʘʧʘʟʦʥʝ ʜʝʬʦʨʤʘʮʠʠ ʫʛʣʝʥʦʩʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (ʟʦʥʘʭ ʜʝʛʘʟʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ), ʧʦ ʰʘʭʪʥʳʤ ʧʦʣʷʤ ʥʠʞʝ ʠʟʦʛʘʟʳ 10 ʤ3/ʪ ʥʘ ʚʩʶ 

ʛʣʫʙʠʥʫ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʉʝʜʴʤʦʡ ʬʘʢʪʦʨ ï ʫʛʣʝʥʦʩʥʦʩʪʴ ʠ ʛʘʟʦʥʦʩʥʦʩʪʴ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. 

ʇʨʠ ʦʮʝʥʢʝ ʠ ʨʘʩʯʝʪʝ ʧʦʧʫʪʥʳʭ ʨʝʩʫʨʩʦʚ ʤʝʪʘʥʘ ʫʯʠʪʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʦʚ-ʩʧʫʪʥʠʢʦʚ, 

ʫʛʦʣʴʥʳʭ ʧʨʦʧʣʘʩʪʢʦʚ ʠ ʩʣʦʝʚ ʚ ʤʝʞʩʢʚʘʞʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʣʘʩʪʘ-ʩʧʫʪʥʠʢʘ, ʫʛʦʣʴʥʦʛʦ 

ʧʨʦʧʣʘʩʪʢʘ ʠ ʩʣʦʷ, ʧʨʠʥʷʪʘʷ ʧʦ ʩʚʦʙʦʜʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʟʨʝʟʫ (ʢʦʣʦʥʢʝ), ʫʤʥʦʞʘʝʪʩʷ 

ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 0,5 ʠʟ-ʟʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʦʚ-ʩʧʫʪʥʠʢʦʚ. 

ɻʘʟ ʚ ʧʦʨʘʭ ʠ ʪʨʝʱʠʥʘʭ ʥʝʫʛʣʠʩʪʳʭ ʠ ʩʣʘʙʦʫʛʣʠʩʪʳʭ ʧʣʦʪʥʳʭ ʧʦʨʦʜʘʭ ʥʝ ʦʮʝʥʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʥʝʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʡ ʛʘʟʦʥʦʩʥʦʩʪʠ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʦʧʳʪʘ ʠʭ ʜʝʛʘʟʘʮʠʠ. 



83 
 

ɺʦʩʴʤʦʡ ʬʘʢʪʦʨ ï ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʠ ʤʝʪʘʥʘ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʦʙʲʝʢʪʳ, ʥʘ 

ʢʦʪʦʨʳʭ ʚ ʙʣʠʞʘʡʰʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʤʦʞʥʦ ʥʘʯʘʪʴ ʜʦʙʳʯʫ CH4 ʚ ʢʘʯʝʩʪʚʝ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʝʡ ʝʛʦ, ʘ ʪʘʢʞʝ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʥʳʭ ʦʪʚʦʜʦʚ ʜʝʡʩʪʚʫʶʱʠʭ 

ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠʣʠ ʟʘʢʨʳʪʳʭ ʰʘʭʪ. 

ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʨʘʟʚʝʜʘʥʥʳʝ ʫʯʘʩʪʢʠ, ʰʘʭʪʥʳʝ ʧʦʣʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʥʠʞʝʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ: 

- ʫʯʘʩʪʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʩʚʦʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʠʤʝʶʪʩʷ ʜʝʡʩʪʚʫʶʱʠʝ, ʩʪʨʦʷʱʠʝʩʷ ʠʣʠ 

ʥʘʤʝʯʝʥʥʳʝ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʰʘʭʪʳ; 

- ʫʯʘʩʪʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʚʝʜʘʥʳ, ʘ ʟʘʧʘʩʳ ʫʛʣʷ ʫʪʚʝʨʞʜʝʥʳ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʟʘʧʘʩʘʤ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ɻʂɿ); ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴ ʪʦʣʱ ʫʛʣʷ ʠ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʩʩʣʝʜʦʚʘʥʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʘʢʪʫʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; 

- ʫʯʘʩʪʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʛʦʨʥʦʤʫ ʦʪʚʦʜʫ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʩʪʨʦʷʱʠʭʩʷ ʰʘʭʪ ʠʣʠ ʧʨʠʤʳʢʘʶʪ ʧʦ ʧʘʜʝʥʠʶ ʠʣʠ 

ʧʨʦʩʪʠʨʘʥʠʶ ʢ ʧʦʣʷʤ ʵʪʠʭ ʰʘʭʪ; 

- ʥʘ ʫʯʘʩʪʢʘʭ ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʧʨʝʚʳʰʘʝʪ 70ï80 %, ʘ ʛʘʟʦʥʦʩʥʦʩʪʴ 

ʚʳʰʝ 10 ʤ3 ʥʘ ʪʦʥʥʫ ʩʫʭʦʡ ʙʝʟʟʦʣʴʥʦʡ ʤʘʩʩʳ (ʤ3/ʪ ʩ.ʙ.ʤ). ɿʦʥʳ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʤʝʥʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʥʘ ʠ ʚʝʣʠʯʠʥʦʡ ʛʘʟʦʥʦʩʥʦʩʪʠ ʥʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʲʝʢʪʘʤʠ ʜʦʙʳʯʠ 

ʤʝʪʘʥʘ ʚʦʦʙʱʝ. ɺ ʈʦʩʩʠʠ ʜʦʙʳʯʘ ʤʝʪʘʥʘ ʚ ʪʘʢʠʭ ʟʦʥʘʭ ʩʯʠʪʘʝʪʩʷ ʥʝʨʝʥʪʘʙʝʣʴʥʦʡ, ʘ ʛʘʟʦʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʝʥʪʠʣʷʮʠʝʡ; 

- ʛʘʟʦʥʦʩʥʦʩʪʴ ʘʥʪʨʘʮʠʪʦʚʳʭ ʧʣʘʩʪʦʚ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 17 ʤ3/ʪ ʩ.ʙ.ʤ., ʪʘʢ ʢʘʢ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʦʩʪʘʪʦʯʥʦʡ ʛʘʟʦʥʦʩʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʝ ʛʘʟʦʚ ʙʫʜʝʪ ʥʝ ʵʬʬʝʢʪʠʚʥʳʤ; 

- ʛʘʟʦʥʦʩʥʦʩʪʴ ʥʘ ʫʯʘʩʪʢʝ ʠʤʝʝʪ ʟʘʢʦʥʦʤʝʨʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʜʦ ʚʝʣʠʯʠʥ ʙʣʠʟʢʠʭ ʢ ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ; 

- ʫʯʘʩʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʣʘʩʪʳ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚ ʨʘʡʦʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʚʦʙʦʜʥʦʛʦ 

ʛʘʟʦʚʳʜʝʣʝʥʠʷ; 

- ʫʯʘʩʪʢʠ, ʠʤʝʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʣʠʢʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʵʢʨʘʥʠʟʠʨʫʶʱʠʝ ʥʘʨʫʰʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʩʦʙʠʨʘʪʴʩʷ ʩʚʦʙʦʜʥʳʝ ʛʘʟʳ ʠʣʠ ʛʘʟʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʣʘʩʪʦʚ-ʩʧʫʪʥʠʢʦʚ; 

- ʫʯʘʩʪʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʜʣʷ ʧʦʜʧʠʪʳʚʘʥʠʷ ʠʭ ʜʦʙʳʚʘʝʤʳʤ ʛʘʟʦʤ; 

- ʨʘʟʚʝʜʦʯʥʳʝ ʫʯʘʩʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʥʝʪ ʠʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʘʟʘ, ʢʦʛʜʘ ʩʪʦʠʤʦʩʪʴ ʜʦʙʳʯʠ 

ʛʘʟʘ ʥʝ ʠʤʝʝʪ ʨʝʰʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʦʮʝʥʢʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʜʦʙʳʯʠ ʤʝʪʘʥʘ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʡ (ʊʕʆ) ʢʦʥʜʠʮʠʡ. 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʙʳʯʠ ʤʝʪʘʥʘ ʠʟ ʚʳʨʘʙʦʪʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʨʘʥʝʝ ʟʘʢʨʳʪʳʭ ʠʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʰʘʭʪ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʧʨʦʚʦʜʠʤʳʭ ʨʘʙʦʪ ʧʦ ʜʝʛʘʟʘʮʠʠ ʠ ʧʦʜʩʯʠʪʘʪʴ ʧʨʠʤʝʨʥʳʡ ʦʙʲʝʤ 

ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʰʘʭʪʳ, ʟʘʥʷʪʳʡ ʰʘʭʪʥʳʤ ʚʦʟʜʫʭʦʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ ʫʯʘʩʪʢʠ ʚ ʥʝʦʩʚʦʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʨʝʩʫʨʩʳ ʤʝʪʘʥʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ, ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʦʣʝʟʥʦʝ ʠʩʢʦʧʘʝʤʦʝ. 

 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ɻɿ ʖʅʎ ʈɸʅ ʥʘ 2025 ʛ., ˉ ʛʦʩ.ʨʝʛ. 125011700416-4. 
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ʈʳʙʠʥ ʀ.ɺ. 
ʌʀʎ ʖʅʎ ʈɸʅ (ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ), rybin@ssc-ras.ru 

 
ʄʝʪʘʥ ʫʛʣʝʥʦʩʥʳʭ ʪʦʣʱ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʛʘʟʦʚ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘʟʦʪʘ ʠ ʫʛʣʝʢʠʩʣʦʪʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʘʟʘ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʩʭʦʜʩʪʚʘ ʠʟʦʪʦʧʥʦʛʦ ʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʧʣʘʥʝ ʧʨʠʨʦʜʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʝʪʘʥʦʚʳʝ ʩʢʦʧʣʝʥʠʷ ʚ ʪʦʣʱʘʭ ʫʛʣʷ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʠʜʝʥʪʠʯʥʳ. 

ʄʝʪʘʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʫʛʣʝ, ʢʦʥʢʨʝʪʥʦ ʚ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʥʝ ʙʳʣʘ ʧʦʜʚʝʨʞʝʥʘ ʛʘʟʦʚʦʤʫ 

ʚʳʚʝʪʨʠʚʘʥʠʶ, ʨʘʩʧʦʣʦʞʝʥʘ, ʟʘʯʘʩʪʫʶ, ʚ ʧʦʛʣʦʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʦʪ 95 ʜʦ 98 %) ʠ ʣʠʰʴ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ (2ï5 %) ʚ ʩʚʦʙʦʜʥʦʡ ʬʘʟʝ.  

ʇʨʠʩʫʪʩʪʚʠʝ ʧʦʛʣʦʱʝʥʥʦʛʦ ʛʘʟʘ ʚ ʫʛʣʝ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʧʦʛʨʫʞʝʥʠʷ ʚʛʣʫʙʴ ʠ ʜʦʭʦʜʠʪ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʨʫʙʝʞʘ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʥʘ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥʥʳʭ ʫʨʦʚʥʷʭ (ʥʘʯʠʥʘʷ ʦʪ 1500ï

2000 ʤ) ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʜʘʞʝ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʘʭ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺ ʧʦʨʘʭ ʠ ʪʨʝʱʠʥʘʭ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʛʣʫʙʠʥʦʡ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʦ ʧʨʠ ʚʳʩʦʢʦʤ ʛʝʦʩʪʘʪʠʯʝʩʢʦʤ ʜʘʚʣʝʥʠʠ ʦʙʲʝʤ ʧʦʨ ʠ ʪʨʝʱʠʥ ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ 

ʩʥʠʞʘʪʴʩʷ. ʇʦʵʪʦʤʫ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʛʘʟʘ ʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʘʭ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʬʘʢʪʠʯʝʩʢʠ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ.  

ɺʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ, ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʝʪʘʥʘ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʦʨʘʭ, ʧʫʩʪʦʪʘʭ ʠ ʪʨʝʱʠʥʘʭ ʚ ʩʚʦʙʦʜʥʦʡ ʬʘʟʝ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʛʘʟʦʥʦʩʥʦʩʪʴ; 

ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʨʘʩʩʝʷʥʥʦʛʦ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʨʦʜʘʭ ʠʭ ʛʘʟʦʥʦʩʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʟʘ ʩʯʝʪ 

ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʥʘ. 

ɺ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʛʘʟʦʫʛʣʝʥʦʩʥʳʭ ʪʦʣʱ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʫʛʣʝʬʠʢʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʣʝʙʘʥʠʝ ʚʝʣʠʯʠʥ 

ʧʨʠʨʦʜʥʦʡ ʤʝʪʘʥʦʥʦʩʥʦʩʪʠ [1]. ɺ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʘʭ, ʥʠʞʝ ʟʦʥʳ ʛʘʟʦʚʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚ ʟʦʥʝ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʦʥʘ ʜʦʩʪʠʛʘʝʪ 40 ʤ3/ʪ ʩ. ʙ. ʤ. (ʩʫʭʦʡ ʙʝʟʟʦʣʴʥʦʡ ʤʘʩʩʳ), ʘ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ï ʜʦ 3ï5 ʤ3/ʪ ʩ. ʙ. ʤ. 

ʄʝʪʘʥʦʚʳʝ ʩʢʦʧʣʝʥʠʷ ʫʛʦʣʴʥʳʭ ʪʦʣʱ ʩʪʦʠʪ ʦʮʝʥʠʚʘʪʴ ʥʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʢ ʧʦʣʝʟʥʳʡ ʧʦʧʫʪʥʳʡ 

ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʡ ʠʟʚʣʝʢʘʶʪ ʠ ʫʜʘʣʷʶʪ ʩ ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʨʘʢʫʨʩʘ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʝ ʠʟ ʫʛʦʣʴʥʳʭ ʪʦʣʱ. ʄʝʪʘʥ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʪʘʢʞʝ ʠ 

ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʪʠʧ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʠʟʣʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʧʦʩʦʙʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʘʚʪʦʥʦʤʥʦ ʦʪ ʫʛʦʣʴʥʦʡ 

ʜʦʙʳʯʠ.  

ʀʟʚʣʝʯʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʤʝʪʘʥʦʚʳʭ ʩʢʦʧʣʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʛʦ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʨʘʟʚʠʪʦ ʚ ʨʘʟʥʳʭ ʛʦʩʫʜʘʨʩʪʚʘʭ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʜʝʛʘʟʠʨʦʚʘʥʠʝ ʰʘʭʪʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʜʦʙʳʚʘʥʠʝ ʫʛʣʷ ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ ʚʝʥʪʠʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʬʠʣʘʢʪʠʢʫ 

ʤʛʥʦʚʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʛʘʟʦʚʳʭ ʩʢʦʧʣʝʥʠʡ ʠ ʫʛʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʟʘʯʘʩʪʫʶ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʫʛʣʝʚʤʝʱʘʶʱʠʤʠ 

ʧʦʨʦʜʘʤʠ. ɽʛʦ ʦʙʲʝʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʤʝʨʘʤʠ ʧʦʨ, ʪʨʝʱʠʥ ʠ ʣʦʚʫʰʝʢ. ʇʦʜʚʠʞʥʦʩʪʴ ʤʝʪʘʥʦʚʳʭ ʛʘʟʦʚ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ, ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʨʘʟʨʳʚʥʦʡ ʪʝʢʪʦʥʠʢʦʡ, 

ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ ʪʦʣʱ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʪʘʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ, ʜʦʙʳʯʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʪ ʚʦʩʧʦʣʥʠʪʴ ʥʝʜʦʩʪʘʪʦʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʦʣʴʥʦʛʦ ʤʝʪʘʥʘ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ 

ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʟʘʤʝʥʠʪʝʣʴ ʞʠʜʢʦʛʦ ʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ, ʥʦ ʠ ʢʘʢ ʨʝʩʫʨʩ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʘʟʘ ʠʟ ʫʛʣʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʪʘʥʘ ʚ ʥʝʤ ʚ ʧʨʦʮʝʥʪʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʷʝʪʩʷ ʛʘʟʦʚʘʷ ʩʤʝʩʴ ʩ ʜʦʣʝʡ CH4 ʚ ʥʝʤ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʛʘʟʦʚʳʭ 

ʪʫʨʙʠʥ, ʢʦʢʩʦʚʳʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʯʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʥʠʞʝ 40 %, ʜʣʷ ʙʦʡʣʝʨʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ï ʦʪ 30 ʜʦ 40 %, ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ï ʚ ʢʦʣʠʯʝʩʪʚʝ 92 %, ʚ ʨʦʣʠ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʫʞʝʥ ʛʘʟ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ CH4 ʤʠʥʠʤʫʤ ʥʘ 92ï95 %. 

ɺ ʈʌ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʘʧʪʠʨʫʝʪʩʷ ʤʘʣʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ CH4, ʧʦʜʭʦʜʷʱʘʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ. ɻʣʘʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ï ʵʪʦ ʙʦʡʣʝʨʥʳʝ ʠ ʫʩʪʘʥʦʚʢʠ ʩ ʩʫʰʠʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ. 

ʂ ʧʨʦʙʣʝʤʘʤ ʫʪʠʣʠʟʘʮʠʠ ʦʪʥʦʩʷʪʩʷ: 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʫʛʦʣʴʥʦʛʦ ʛʘʟʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʤ CH4; 

ï ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʫʛʦʣʴʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʙʣʘʛʦʜʘʨʷ ʧʨʦʮʝʩʩʘʤ ʧʝʨʝʨʘʙʘʪʳʚʘʥʠʷ, 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʪʘʢ ʜʘʣʝʝ; 

ï ʩʦʟʜʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ, ʢʨʠʪʝʨʠʝʚ ʩʙʝʨʝʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ CH4. 
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ʈʝʩʫʨʩʳ CH4 ʚ ʨʘʙʦʯʠʭ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʘʭ ʦʙʫʩʣʦʚʣʝʥʳ, ʟʘʯʘʩʪʫʶ, ʠʭ ʫʛʣʝʥʦʩʥʦʩʪʴʶ ʠ 

ʤʝʪʘʥʦʥʘʩʳʱʝʥʥʦʩʪʴʶ, ʦʭʚʘʪʦʤ ʦʙʣʘʩʪʝʡ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʷʤʠ ʫʛʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʚ ʨʘʩʩʝʷʥʥʦʤ ʚʠʜʝ ʚ ʫʛʣʝʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ CH4 ʚ ʫʛʣʝ ʠ ʫʛʣʝʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʥʘʣʠʯʠʷ ʨʘʟʨʳʚʥʦʡ ʪʝʢʪʦʥʠʢʠ, ʫʥʠʢʘʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ, ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʧʦʨʦʜ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʥʘʙʦʨʘ ʫʛʣʝʡ, ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ, ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʫʛʣʝʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʫʛʣʝʡ ʠ ʧʦʨʦʜ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʦʪʢʨʳʪʦʡ 

ʧʦʨʠʩʪʦʩʪʠ.  

ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʛʘʟʘʮʠʠ ʦʪʤʝʯʝʥʘ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʤʝʪʘʥʘ ʠʟ ʫʛʦʣʴʥʳʭ ʪʦʣʱ ʩʨʝʜʥʝʡ 

ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʘʮʠʠ ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫ ʤʘʨʦʢ ɻɾïʂ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ CH4 ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʪʠʧʘʭ ʣʦʚʫʰʝʢ: 

ï ʩʪʨʫʢʪʫʨʥʳʝ (ʘʥʪʠʢʣʠʥʘʣʴʥʳʝ ʚʦʟʜʳʤʘʥʠʷ, ʢʫʧʦʣʦʚʠʜʥʳʝ ʧʦʜʥʷʪʠʷ ʧʨʠ ʧʦʣʦʛʦʤ ʠʣʠ ʥʘʢʣʦʥʥʦʤ 

ʟʘʣʝʛʘʥʠʠ ʧʦʨʦʜ); 

ï ʛʘʟʦʚʳʝ ʥʝʩʪʨʫʢʪʫʨʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ï ʟʦʥʳ ʬʣʶʠʜʠʟʘʮʠʠ, ʪʝʭʥʦʛʝʥʥʳʝ ï ʧʫʩʪʦʪʳ ʠ ʪʨʝʱʠʥʳ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʚʩʣʝʜʩʪʚʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʩʯʠʪʘʶʱʠʝʩʷ ʢʦʣʣʝʢʪʦʨʘʤʠ ʜʣʷ ʘʢʢʫʤʫʣʷʮʠʠ 

ʧʦʧʫʪʥʳʭ ʨʝʩʫʨʩʦʚ CH4. 

ʉʢʦʧʣʝʥʠʷ CH4 ʫʛʦʣʴʥʳʭ ʪʦʣʱ ʙʦʣʝʝ-ʤʝʥʝʝ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. 

ɼʠʟʲʶʥʢʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ, ʚʣʠʷʶʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʛʦʨʥʳʝ 

ʚʳʨʘʙʦʪʢʠ ʠ ʜʝʛʘʟʘʮʠʦʥʥʳʝ ʩʢʚʘʞʠʥʳ. ʉʦʭʨʘʥʥʦʩʪʴ ʤʝʪʘʥʘ ʚ ʫʛʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ 

ʚʳʜʝʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʥʘʨʫʰʝʥʠʷ. ɿʦʥʳ ʚʣʠʷʥʠʷ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʟʘʪʨʦʥʫʪʳʭ ʧʨʦʮʝʩʩʘʤʠ 

ʬʣʶʠʜʠʟʘʮʠʠ ʫʛʣʝʡ ʠ ʧʦʨʦʜ, ʜʦʩʪʠʛʘʶʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʩʤʝʩʪʠʪʝʣʷ, ʘ 

ʪʘʢʞʝ ʧʦ ʚʦʩʩʪʘʥʠʶ ʠ ʧʘʜʝʥʠʶ ʧʣʘʩʪʘ. ʈʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʥʘʨʫʰʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ɿʦʥʳ ʤʝʣʢʦʘʤʧʣʠʪʫʜʥʳʭ ʥʘʨʫʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʩʚʦʙʦʜʥʦʛʦ ʤʝʪʘʥʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʛʘʟʦʧʨʦʷʚʣʝʥʠʡ ʧʨʠ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʥʘʨʫʰʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴʶ ʟʦʥ 

ʜʨʦʙʣʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʬʣʶʠʜʠʟʘʮʠʠ ʫʛʣʝʡ ʠ ʧʦʨʦʜ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʠ ʤʝʪʘʥʘ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʪʝʭʥʦʛʝʥʥʳʝ ʛʘʟʦʚʳʝ ʣʦʚʫʰʢʠ, 

ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʟʦʥʘʤ ʜʝʬʦʨʤʘʮʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʟʦʥʘʤ ʧʦʣʥʦʛʦ ʦʙʨʫʰʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʡ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʟʦʥʘʤ ʬʣʶʠʜʠʟʘʮʠʠ. ɺ ʧʨʝʜʝʣʘʭ ʩʪʘʨʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʣʦʚʫʰʢʠ ʧʨʠʫʨʦʯʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, 

ʢ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʛʦʨʥʳʤ ʚʳʨʘʙʦʪʢʘʤ ʠ ʪʨʝʱʠʥʦʚʘʪʳʤ ʟʦʥʘʤ. ʆʥʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ 

ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʘ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʧʦʧʫʪʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʥʘ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ ʧʦʨʦʜ. ʇʨʝʜʧʦʯʪʝʥʠʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʦʪʣʦʞʝʥʠʷʤ ʩ ʧʦʣʦʛʠʤ ʟʘʣʝʛʘʥʠʝʤ, ʪʘʢ ʢʘʢ ʜʣʷ ʵʪʠʭ ʫʩʣʦʚʠʡ ʫʞʝ ʦʪʨʘʙʦʪʘʥʘ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʜʝʛʘʟʘʮʠʠ. 

ʉʪʝʧʝʥʴ ʛʘʟʦʦʪʜʘʯʠ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʦʙʳʯʠ ʤʝʪʘʥʘ. ɻʦʨʥʳʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʛʘʟʦʚʫʶ ʦʪʜʘʯʫ 

ʫʛʣʝʡ, ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʨʘʙʦʪ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ ʪʘʢʞʝ ʥʘ ʥʘʫʯʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʟʫʯʝʥʠʷʭ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ. 

ʂ ʪʘʢʦʤʫ ʨʦʜʫ ʫʩʣʦʚʠʷʤ ʧʨʠʯʠʩʣʷʶʪ: 

ï ʩʪʨʫʢʪʫʨʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ: (ʩʪʨʦʝʥʠʝ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, 

ʛʣʫʙʠʥʥʦʩʪʴ ʟʘʣʝʛʘʥʠʷ); 

ï ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ, ʠʭ ʛʘʟʦʚʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʤʝʪʘʥʦʥʘʩʳʱʝʥʥʦʩʪʴ, ʧʦʢʘʟʘʪʝʣʠ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ; 

ï ʪʠʧ ʛʘʟʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ: (ʚ ʧʦʛʣʦʱʝʥʥʦʤ ʠ ʚʳʩʚʦʙʦʞʜʝʥʥʦʤ ʚʠʜʝ ʚ ʫʛʣʝ ʠ ʫʛʣʝʚʤʝʱʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʷ; ʪʦʣʴʢʦ ʚ ʚʳʩʚʦʙʦʞʜʝʥʥʦʤ ʚʠʜʝ ï ʚ ʣʦʚʫʰʢʘʭ); 

ï ʩʪʘʜʠʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʠ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʫʛʣʝʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʝʣʠʯʠʥʦʡ ʠʭ ʬʣʶʠʜʥʦʛʦ ʠʟʤʝʥʝʥʠʷ; 

ï ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ; 

ï ʤʘʩʰʪʘʙʳ ʠ ʩʠʣʘ ʠʩʢʨʠʚʣʝʥʠʷ ʫʛʦʣʴʥʳʭ ʪʦʣʱ ʚ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʢʦʧʣʝʥʠʡ CH4 ʙʝʨʫʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʜʘʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦ 

ʛʣʫʙʠʥʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʤʝʪʘʥʦʚʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʢʦʤʧʦʥʝʥʪʥʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ, ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʧʦʨʦʜ, ʪʝʨʤʦ- ʠ ʢʨʠʦʫʩʣʦʚʠʷʤ, ʚʝʣʠʯʠʥʝ ʠ ʫʨʦʚʥʶ ʟʘʣʝʛʘʥʠʷ 

ʥʘ ʛʣʫʙʠʥʝ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʫʛʦʣʴʥʳʤ ʪʦʣʱʘʤ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʩʣʦʷʤ-ʩʧʫʪʥʠʢʘʤ, ʛʘʟʦʚʳʤ 

ʨʝʟʝʨʚʫʘʨʘʤ, ʫʛʣʝʚʤʝʱʘʶʱʠʤ ʦʪʣʦʞʝʥʠʷʤ, ʬʣʶʠʜʥʳʤ ʦʙʣʘʩʪʷʤ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʮʝʥʦʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʤʝʪʘʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʫʛʣʝ. 

ʆʙʲʝʢʪʘʤʠ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʠ CH4 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʠ ʨʘʙʦʯʝʡ ʤʦʱʥʦʩʪʠ ʠ ʫʛʣʝʚʤʝʱʘʶʱʠʝ ʛʦʨʥʳʝ 

ʧʦʨʦʜʳ ʚ ʧʦʜʦʰʚʝ ʠ ʢʨʦʚʝʣʴʥʦʡ ʯʘʩʪʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʪʦʣʱ ʚ ʦʙʣʘʩʪʷʭ ʠʭ ʜʝʬʦʨʤʘʮʠʠ. 
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ɼʦʙʳʯʘ CH4 ʧʨʦʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʦʧʝʨʝʞʘʶʱʠʭ ʜʝʛʘʟʠʨʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʪʦʣʱ, 

ʩʣʦʝʚ-ʩʧʫʪʥʠʢʦʚ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʫʩʪʦʪ ʩʢʚʘʞʠʥʥʳʤʠ ʩʪʚʦʣʘʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʢʘʢ ʠʟ ʩʘʤʠʭ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ, ʪʘʢ ʠ ʩ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʙʣʘʩʪʷʭ ʰʘʭʪʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʚ ʟʦʥʘʭ ʟʘʢʨʳʪʠʷ ʫʛʦʣʴʥʳʭ ʰʘʭʪʥʳʭ 

ʩʪʚʦʣʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʠ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʫʛʦʣʴʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʦʙʳʯʠ ʤʝʪʘʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʦʙʲʝʢʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʥʘʣʠʯʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʝʪʘʥʘ, ʧʨʠʙʳʣʠ ʦʪ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʤʳʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʠ ʤʝʪʘʥʘ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

ï ʧʨʠʨʦʜʥʘʷ ʛʘʟʦʥʦʩʥʦʩʪʴ ʠʟʫʯʝʥʘ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʣʠʪʝʨʘʪʫʨʳ; 

ï ʦʙʲʝʢʪʘʤʠ ʦʮʝʥʢʠ ʨʝʩʫʨʩʦʚ ʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʣʘʩʪʳ ʫʛʣʝʡ ʤʘʨʦʢ ɻɾïʊ ʠ 

ʥʠʟʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʘʥʪʨʘʮʠʪʦʚ ʧʦʣʦʛʦʛʦ ʠʣʠ ʥʘʢʣʦʥʥʦʛʦ ʟʘʣʝʛʘʥʠʷ; 

ï ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ ʫʛʦʣʴʥʳʭ ʩʣʦʝʚ ʠ ʧʨʦʩʣʦʝʚ ʚ ʫʛʣʝʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʚ ʦʙʣʘʩʪʠ ʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʠʩʢʨʠʚʣʝʥʠʷ ʥʝ ʥʠʞʝ 3 ʤ, ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ ʤʦʱʥʦʩʪʠ ʫʛʦʣʴʥʳʭ ʪʦʣʱ ʨʘʙʦʯʝʡ ʤʦʱʥʦʩʪʠ ʚʳʰʝ 0,7 ʤ; 

ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʢʦʧʣʝʥʠʡ CH4 ʩʚʳʰʝ 150 ʤʣʥ ʤ3/ʢʤ2; 

ï ʥʘʩʳʱʝʥʥʦʩʪʴ ʤʝʪʘʥʦʤ ʫʛʦʣʴʥʳʭ ʪʦʣʱ ʨʘʙʦʯʝʡ ʤʦʱʥʦʩʪʠ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʟʘʣʝʛʘʥʠʠ ï ʩʚʳʰʝ 80 %; 

ï ʤʝʪʘʥʦʥʘʩʳʱʝʥʥʦʩʪʴ ʫʛʦʣʴʥʳʭ ʪʦʣʱ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʪʠʧʘ ï ʩʚʳʰʝ 10 ʤ3/ʪ, ʘʥʪʨʘʮʠʪʦʚ ï ʦʪ 15 ʜʦ 

17 ʤ3/ʪ; 

ï ʧʨʠ ʦʮʝʥʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʩʢʦʧʣʝʥʠʡ CH4 ʚ ʩʣʦʷʭ-ʩʧʫʪʥʠʢʘʭ ʠ ʫʛʣʝʥʦʩʥʳʭ ʧʨʦʩʣʦʷʭ 

ʤʝʪʘʥʦʥʘʩʳʱʝʥʥʦʩʪʴ ʙʝʨʝʪʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʛʘʟʦʥʦʩʥʦʩʪʠ ʙʣʠʟʣʝʞʘʱʠʭ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ; 

ï ʫʛʣʠ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ï ʥʝ ʤʝʥʝʝ 0,15; 

ï ʫʛʣʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʴʶ, ʤʠʥʠʤʘʣʴʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ ʚʦʜ, ʘ ʪʘʢʞʝ 

ʫʛʦʣʴʥʳʝ ʧʣʘʩʪʳ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦʡ ʬʣʶʠʜʠʟʘʮʠʠ; 

ï ʦʙʲʝʢʪʳ ʜʣʷ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʠ ʤʝʪʘʥʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʣʦʱʘʜʷʭ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ ʚʩʢʨʳʪʠʶ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʣʠ ʥʘʤʝʯʝʥʳ ʢ ʚʩʢʨʳʪʠʶ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ; 

ï ʧʦʜʩʯʝʪʥʳʝ ʦʙʲʝʢʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʥʳʭ ʦʪʚʦʜʦʚ ʜʝʡʩʪʚʫʶʱʠʭ ʰʘʭʪ; ʥʘ ʧʣʦʱʘʜʷʭ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ ʚʩʢʨʳʪʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʣʠ ʥʘʤʝʯʝʥʥʳʭ ʢ ʚʩʢʨʳʪʠʶ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ; ʚ ʧʨʝʜʝʣʘʭ 

ʣʠʢʚʠʜʠʨʫʝʤʳʭ ʫʛʦʣʴʥʳʭ ʰʘʭʪ; ʚ ʨʘʡʦʥʘʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦ ʤʝʪʘʥʦʥʦʩʥʦʩʪʠ ʙʣʦʢʦʚ ʫʛʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʥʘ 

ʢʦʪʦʨʳʭ ʥʝ ʚʝʜʫʪʩʷ ʠ ʥʝ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʫʛʣʝʜʦʙʳʯʥʳʝ ʨʘʙʦʪʳ; 

ï ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʶʪ ʙʫʨʝʥʠʝ ʤʝʪʘʥʦʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʩ ʧʦʚʝʨʭʥʦʩʪʠ; 

ï ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʠ 

ʨʘʟʚʝʜʦʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʣʶʜʩʢʠʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʰʘʭʪ. 

 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ɻɿ ʖʅʎ ʈɸʅ ʥʘ 2025 ʛ., ˉ ʛʦʩ.ʨʝʛ. 125011700416-4. 

 
ʃʠʪʝʨʘʪʫʨʘ: 
1. ʂʦʧʙʘʣʠʥʘ ʂ.ɹ., ʄʘʞʝʥʦʚ ʅ.ɸ., ʂʝʥʝʪʘʝʚʘ ɸ.ɸ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʛʘʟʦʚ ʚ 

ʫʛʣʝʥʦʩʥʳʭ ʪʦʣʱʘʭ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʘʟʦʥʦʩʥʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ // ɸʢʪʫʘʣʴʥʳʝ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ˉ4-2 (72), 2021, ʩʪʨ. 105 ï 113. 
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ʈʆʉʊ ʂʈʀʉʊɸʃʃʆɺ ʄɽɼʅʆɻʆ ʊʋʈʄɸʃʀʅɸ 

 

ɸ.ɸ. ʊʘʨʘʩʦʚ , ʉ.ʇ. ɼʝʤʠʥ 

ʀʥʩʪʠʪʫʪ ɻʝʦʣʦʛʠʠ ʠ ʄʠʥʝʨʘʣʦʛʠʠ ʠʤʝʥʠ ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ , ʅʦʚʦʩʠʙʠʨʩʢ 

aatarasov@igm.nsc.ru 

 
 ʊʫʨʤʘʣʠʥ ï ʦʜʠʥ ʠʟ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩʘʤʦʛʦ 

ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ. ʆʜʥʦʡ ʠʟ ʨʝʜʯʘʡʰʠʭ ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʥʝʙʝʩʥʦ-ʛʦʣʫʙʦʡ çʪʫʨʤʘʣʠʥ ʇʘʨʘʠʙʘè, 

ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʤʝʜʴ, ʢʦʪʦʨʘʷ ʠ ʜʘʝʪ ʵʪʦʪ ʫʥʠʢʘʣʴʥʳʡ ʮʚʝʪ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ P-T-X 

ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪʩʷ ʪʫʨʤʘʣʠʥ, ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʧʨʝʜʝʣʠʣʠ ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ 

ʤʠʥʝʨʘʣʴʥʦʡ ʛʨʫʧʧʝ, ʢʘʢ ʢ ʯʫʪʢʦʤʫ ʠʥʜʠʢʘʪʦʨʫ ʫʩʣʦʚʠʡ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʎʝʣʴʶ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣ ʩʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ ʤʝʜʥʦʛʦ ʪʫʨʤʘʣʠʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʦʚ ʪʫʨʤʘʣʠʥʘ. 

 ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʤʝʜʥʦʛʦ ʪʫʨʤʘʣʠʥʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ. ɼʣʷ ʨʦʩʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʤʧʫʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʚ ʩʪʘʣʴʥʳʭ 

ʘʚʪʦʢʣʘʚʘʭ. ɹʘʟʦʚʘʷ ʩʭʝʤʘ ʤʠʥʝʨʘʣʠʟʘʪʦʨʘ ʠ ʰʠʭʪʳ 

2SiO2+Al 2O3+2H3BO3+NaCl+AlF3+28H20. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʦʧʳʪʘʭ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʪʤʝʪʢʝ ʚ T=600ÁC, ʘ ʨʘʩʯʝʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1,5 ʢʙʘʨ ʜʦʩʪʠʛʘʣʦʩʴ ʧʫʪʝʤ 50% ʟʘʧʦʣʥʝʥʠʷ ʚʥʝʰʥʝʛʦ 

ʜʣʷ ʘʤʧʫʣʳ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ ʘʚʪʦʢʣʘʚʘ. ʂʨʠʩʪʘʣʣʳ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʤʝʜʥʦʛʦ ʪʫʨʤʘʣʠʥʘ ʧʦʢʘʟʘʣʠ ʨʦʩʪ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʤʝʜʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ CuO ʚ ʚʠʜʝ ʧʨʦʚʦʣʦʢʠ, ʣʠʙʦ ʨʘʩʪʚʦʨ Cu(NO3)2. ɺ 

ʩʠʩʪʝʤʘʭ ʙʝʟ ʬʪʦʨʘ ʨʦʩʪ ʤʝʜʥʦʛʦ ʪʫʨʤʘʣʠʥʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʅʘ ʟʘʪʨʘʚʢʘʭ ʧʨʠʨʦʜʥʦʛʦ ʵʣʴʙʘʠʪʘ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʤʝʜʥʦʛʦ ʪʫʨʤʘʣʠʥʘ ʷʨʢʦʛʦ ʥʝʦʥʦʚʦ-ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʠ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʈʦʩʪ ʪʫʨʤʘʣʠʥʘ ʥʘ ʟʘʪʨʘʚʢʫ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ï ʘʥʪʠʣʦʛʠʯʥʦʛʦ ʧʦʣʶʩʘ (ʨʠʩ. 1). ɿʦʥʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʨʦʩʪʘ ʤʝʜʥʦʛʦ ʪʫʨʤʘʣʠʥʘ ʥʘ ʟʘʪʨʘʚʢʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʠʨʘʤʠʜʳ [101←1]. ʇʦʤʠʤʦ ʨʦʩʪʘ ʥʘ ʟʘʪʨʘʚʢʫ, ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʩʧʦʥʪʘʥʥʘʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʜʥʦʛʦ ʪʫʨʤʘʣʠʥʘ ʚ ʦʙʲʝʤʝ ʘʤʧʫʣʳ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʘʢʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, 

ʯʪʦ ʠ ʥʘ ʟʘʪʨʘʚʢʝ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʧʦʣʫʯʝʥʥʳʭ ʪʫʨʤʘʣʠʥʘʭ ʜʦʩʪʠʛʘʝʪ 19,94 ʤʘʩʩ. %, ʯʪʦ ʧʨʝʚʳʰʘʝʪ 

ʦʧʠʩʘʥʥʳʡ ʤʘʢʩʠʤʫʤ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ~ 2 ʤʘʩʩ. % ʠ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 14 ʤʘʩʩ. % ʤʝʜʥʦʛʦ ʪʫʨʤʘʣʠʥʘ [1]. 

ʊʦʣʱʠʥʘ ʥʘʨʦʩʰʝʛʦ ʩʣʦʷ ʜʦʩʪʠʛʘʝʪ 2 ʤʤ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 0,15-0,25 ʤʤ/ʩʫʪ. ɿʦʥʘʣʴʥʦʩʪʴ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʥʦʩʠʪ ʩʧʦʨʘʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ: ʚ ʦʧʳʪʘʭ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʟʦʥʘʣʴʥʦʩʪʴ ʥʝ ʚʳʷʚʣʝʥʘ, ʥʦ 

ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʥʝʢʦʪʦʨʳʭ ʦʧʳʪʘʭ ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʥʘʨʦʩʰʝʤ ʩʣʦʝ ʦʪʯʝʪʣʠʚʦ 

ʬʠʢʩʠʨʫʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʢʘʯʝʩʪʚʫ ʠ ʮʚʝʪʫ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʫ.  

ɺ ʩʦʩʪʘʚʝ ʥʘʨʦʩʰʝʛʦ ʩʣʦʷ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʣʴʮʠʡ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʤʦʛʣʘ ʙʳʪʴ ʪʦʣʴʢʦ 

ʟʘʪʨʘʚʢʘ (ʪʘʙ. 1). ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʟʤʦʞʥʦʤ ʨʦʩʪʝ ʪʫʨʤʘʣʠʥʘ ʧʫʪʝʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʕʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʦʧʳʪʦʤ ʥʘ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ, ʛʜʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʟʘʪʨʘʚʦʯʥʦʛʦ 

ʮʠʣʠʥʜʨʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʠʨʘʤʠʜʳ, ʘ ʩ ʜʨʫʛʦʡ ʥʘʙʣʶʜʘʣʘʩʴ ʟʦʥʘ ʨʘʩʪʚʦʨʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ (ʤʘʩʩ. %) 

ʆʙʨʘʟʝʮ n SiO2 Al 2O3 CuO MnO Na2O CaO F ʉʫʤʤʘ ʀʩʪʦʯʥʠʢ Cu 

A14 21 26,46 34,89 16,58 0,01 2,33 0,51 1,36 82,20 CuO 

A16 100 25,88 34,13 17,07 0,02 2,22 0,22 2,16 81,70 CuO 

A17 10 28,16 32,69 13,03 3,33 2,06 0,18 1,80 81,25 CuO 

ɸ37 83 32,27 37,27 12,43 0,01 1,89 0,10 1,36 85,44 CuO 

ɸ39 30 32,82 30,49 18,79 0,01 2,56 0,14 2,25 87,06 Cu(NO3)2 

ʇʨʠʤʝʯʘʥʠʝ: ʜʘʥʥʳʝ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʙʦʨ ʠ ʚʦʜʦʨʦʜ ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ 

n ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʘʥʘʣʠʟʘ.  

ʉʦʩʪʘʚ ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʭ ʪʫʨʤʘʣʠʥʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

ɸ14: (Na0.84Ca0,10Ǐ0.06) (Al6.67Cu2.33) [(Si4.93Al 1.07)O18] (BO3)3(OH)3(OH,F)             

ɸ16: (Na0.81Ca0,04Ǐ0.15) (Al6.56Cu2.44) [(Si4.90Al 1.10)O18] (BO3)3(OH)3(OH,F)             

ɸ17: (Na0.75Ca0,03Ǐ0.22) (Al6.62Cu1.85Mn0.53) [(Si5.30Al 0.70)O18] (BO3)3(OH)3(OH,F)   

ɸ37: (Na0,64Ca0,02Ǐ0,34)(Cu1,65Al 1,35)Al 6[Si5,66Al 0,34O18][BO3]3(O,OH)3(F0,76OH0,24)  

ɸ39: (Na0,87Ca0,03Ǐ0,10)(Cu2,55Al 0,45)Al 6[Si5,81Al 0,19O18][BO3]3(O,OH)2,90F1,10                 

 
ʈʠʩ. 1. ʅʘʨʦʩʰʠʡ ʥʘ ʟʘʪʨʘʚʢʫ 

ʤʝʜʥʳʡ ʪʫʨʤʘʣʠʥ ɸ37. BSE. 
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 ɼʣʷ 3 ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʷʯʝʡʢʠ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ c/a ʠ ʢʦʣʠʯʝʩʪʚʘ ʤʝʜʠ ʚ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʦʪʤʝʯʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ c/a (ʨʠʩ. 2).  

 ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ. ʅʘ ʩʧʝʢʪʨʝ 

ʧʦʛʣʦʱʝʥʠʷ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʜʚʘ ʧʠʢʘ 700 ʥʤ ʠ 900 ʥʤ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʫʨʤʘʣʠʥʦʚ ʩ Cu2+ [4]. ʅʘ 

ʩʧʝʢʪʨʝ ʚʠʜʥʦ çʟʘʥʫʣʝʥʠʝè ʚ ʦʙʣʘʩʪʠ 500 ʥʤ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʚʫʝʪ ʩʠʥʝʤʫ ʮʚʝʪʫ çʪʫʨʤʘʣʠʥʘ ʇʘʨʘʠʙʘè (ʨʠʩ. 

3). 

 

       
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. ʃʝʙʝʜʝʚ ɸ.ʉ., ʂʘʨʛʘʣʴʮʝʚ ʉ.ɺ., ʇʘʚʣʶʯʝʥʢʦ ɺ.ʉ. ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʪʫʨʤʘʣʠʥʦʚ ʨʷʜʘ Al-Mg-(Na) ʠ Al-Fe-
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ʉʀʅʊɽɿ ʀ ʂʈ ʉʇɽʂʊʈʆʉʂʆʇʀʗ Cu-ʉʆɼɽʈɾɸʑɽɻʆ ʊʋʈʄɸʃʀʅɸ 

ʊʝʨʸʰʢʠʥʘ ɽ.ʇ.1, ɺʝʨʯʝʥʢʦ ʇ.ɸ.2, ɿʘʭʘʨʯʝʥʢʦ ɽ.ʉ.2, ɻʦʣʫʥʦʚʘ ʄ.ɸ.2, 

ʉʧʠʚʘʢ ɸ.ɺ.2, ʉʝʪʢʦʚʘ ʊ.ɺ.2 

1 ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ, ʄʦʩʢʚʘ, ekaterina.teryoshkina@yandex.ru; 2ʀʕʄ 

ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ.  

ʊʫʨʤʘʣʠʥʳ ï ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʙʦʨʦʩʠʣʠʢʘʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʣʦʞʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʚʘʨʠʘʪʠʚʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʛʨʫʧʧʳ ʪʫʨʤʘʣʠʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ XY3Z6(T6O18)(BO3)3V3W, ʛʜʝ X ï ʢʨʫʧʥʳʝ ʧʫʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʶʪ ʠʦʥʳ Na+, Ca2+, K+, 

ʠʣʠ ʦʩʪʘʶʪʩʷ ʚʳʢʘʪʥʳʤʠ ; Y ï ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ, ʟʘʩʝʣʝʥʥʘʷ ʘʪʦʤʘʤʠ Fe2+, Mg2+, Mn2+, Al 3+, Li +, Fe3+ ʠ 

Cr3+; Z ï ʠʩʢʘʞʝʥʥʳʝ ʦʢʪʘʵʜʨʳ, ʮʝʥʪʨʠʨʫʝʤʳʝ ʢʘʪʠʦʥʘʤʠ Al 3+, Fe3+, Mg2+, ʠ Cr3+; T ï ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ, 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʩʝʣʝʥʘ ʘʪʦʤʘʤʠ Si4+, Al 3+ ʠ B3+;; V = OH1ï ʠ O2ï ʠ W = OH1ï, F1ï, ʠ O2ï [1]. Cu-ʩʦʜʝʨʞʘʱʠʡ ʪʫʨʤʘʣʠʥ 

(ʧʘʨʘʠʙʘ) ʩ ʥʝʦʥʦʚʦ-ʛʦʣʫʙʦʡ ʦʢʨʘʩʢʦʡ ʚʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 1988 ʛʦʜʫ ɻ. ɼ. ɹʘʨʙʦʟʦʡ, ʢʦʪʦʨʳʡ ʥʝʩʢʦʣʴʢʦ 

ʣʝʪ ʟʘʥʠʤʘʣʩʷ ʫʧʦʨʥʦʡ ʜʦʙʳʯʝʡ ʚ ʭʦʣʤʘʭ ʙʨʘʟʠʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʇʘʨʘʠʙʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʰʠʨʦʢʦ 

ʠʟʚʝʩʪʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʄʦʟʘʤʙʠʢʝ ʠ ʅʠʛʝʨʠʠ [2]. ʆʙʥʘʨʫʞʝʥʥʳʝ ʚ ʧʨʠʨʦʜʝ Cu- ʩʦʜʝʨʞʘʱʠʝ ʪʫʨʤʘʣʠʥʳ 

ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʘʣʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʪʠʦʥʦʚ ʤʝʜʠ (ʜʦ 2 ʤʘʩʩ.% ʉuO), ʧʦʩʢʦʣʴʢʫ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʙʦʨʘ ʠ ʤʝʜʠ ʤʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʫʨʤʘʣʠʥʘʭ (7-14 ʤʘʩʩ.% ʉuO) [3], [4] ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʘʭ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʟʘʧʨʝʪʦʚ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʉu-ʩʦʜʝʨʞʘʱʝʛʦ ʪʫʨʤʘʣʠʥʘ, ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʠʜʘ [5]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʧʦʣʫʯʠʪʴ ʪʫʨʤʘʣʠʥ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʠ ʠʟʫʯʠʪʴ ʝʛʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʠʥʪʝʟʫ ʧʨʦʚʦʜʠʣʠ ʚ ʋɺɻɼ (ʛʘʟʦʚʘʷ ʙʦʤʙʘ) ʧʨʠ T=600-650ÁC, ʧʨʠ P=150 ʄʇʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʣʦʪʦʡ ʘʤʧʫʣʳ ʦʙʲʝʤʦʤ 3 ʤʣ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʷʣʘ ʚ ʩʣʝʜʫʶʱʝʤ: ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ 

ʟʦʣʦʪʦʡ ʘʤʧʫʣʳ ʧʦʤʝʱʘʣʠ ʩʪʝʨʞʥʠ ʢʚʘʨʮʘ, ʢʦʨʫʥʜʘ ʠ ʨʝʘʢʪʠʚ CuO, ʟʘʪʨʘʚʦʯʥʳʡ ʢʨʠʩʪʘʣʣ ʵʣʴʙʘʠʪʘ 

ʧʦʜʚʝʰʠʚʘʣʠ ʥʘ ʟʦʣʦʪʦʡ ʧʨʦʚʦʣʦʢʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ɺ ʘʤʧʫʣʫ ʟʘʣʠʚʘʣʠ ʨʘʩʪʚʦʨ H3BO3+ NaF ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ. ʇʦʩʣʝ ʘʤʧʫʣʘ ʙʳʣʘ ʟʘʧʘʷʥʘ ʘʨʛʦʥʦʚʳʤ ʩʚʘʨʦʯʥʳʤ ʘʧʧʘʨʘʪʦʤ ʠ ʧʦʣʫʯʝʥʥʳʡ ʰʦʚ 

ʙʳʣ ʧʨʦʚʝʨʝʥ ʚ ʢʠʧʷʱʝʡ ʚʦʜʝ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʘ ʩʦʩʪʘʚʣʷʣʘ 2 ʥʝʜʝʣʠ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ 

ʬʘʟ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʫʛʣʝʨʦʜʥʳʤ ʥʘʧʳʣʝʥʠʝʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʨʦʚʦʛʦ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ Tescan Vega II XMU ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ (ʕɼʉ) INCA Energy 

450. ʂʈ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʧʨʠʙʦʨʝ Renishaw (RM1000), ʦʩʥʘʱʝʥʥʦʤ ʤʠʢʨʦʩʢʦʧʦʤ Leica, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ ɚ = 532ʥʤ, ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ 50-ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚ 

ʪʝʯʝʥʠʝ 100ʩ, ʚ ʜʠʘʧʘʟʦʥʝ 150-4000 ʩʤ-1. ɻʨʘʬʠʢʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ Fityk ʠ Origin.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥ ʥʘʨʦʩʪ ʥʘ ʟʘʪʨʘʚʢʫ Cu- ʩʦʜʝʨʞʘʱʝʛʦ ʪʫʨʤʘʣʠʥʘ ʷʨʢʦ-ʥʝʦʥʦʚʦʛʦ ʮʚʝʪʘ ʩ ʪʦʣʱʠʥʦʡ 

ʥʘʨʦʩʰʝʛʦ ʩʣʦʷ ~ 500 ʤʢʤ (ʨʠʩ. 1). ɺ ʧʨʦʜʫʢʪʘʭ ʦʧʳʪʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʨʠʩʪʘʣʣʳ Cu-ʩʦʜʝʨʞʘʱʝʛʦ ʪʫʨʤʘʣʠʥʘ 

ʩʧʦʥʪʘʥʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ (ʨʠʩ. 2ʘ), ʘ ʪʘʢʞʝ ʢʚʘʨʮʘ (ʨʠʩ.2ʙ) ʠ ʪʦʧʘʟʘ (ʨʠʩ.2ʚ). ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘʨʦʩʰʝʛʦ ʩʣʦʷ ʠ ʩʧʦʥʪʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Cu- ʩʦʜʝʨʞʘʱʝʛʦ ʪʫʨʤʘʣʠʥʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʩʧʦʥʪʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ ~14 ʤʘʩʩ.% Cuʆ ʠʣʠ 2 ʘʪʦʤʦʚ ʥʘ ʬʦʨʤʫʣʫ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʧʨʠʨʦʜʥʳʭ ʪʫʨʤʘʣʠʥʘʭ. 

 
 

 

ʈʠʩ.1 ʌʦʪʦʛʨʘʬʠʠ ʥʘʨʦʩʰʝʛʦ ʩʣʦʷ ʥʘ ʟʘʪʨʘʚʢʫ Cu-ʩʦʜʝʨʞʘʱʝʛʦ ʪʫʨʤʘʣʠʥʘ. 
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ʊʘʙʣʠʮʘ.1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘʨʦʩʰʝʛʦ ʩʣʦʷ ʠ ʩʧʦʥʪʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Cu-ʩʦʜʝʨʞʘʱʝʛʦ ʪʫʨʤʘʣʠʥʘ.  

ʉʦʜʝʨʞʘʥʠʝ SiO2 Al 2O3 CuO  Na2O F B2O3
*  H2O* ʉʫʤʤʘ 

ʅʘʨʦʩʰʠʡ 

ʩʣʦʡ 
33.04 39.05 13.21 0.89 0.63 10.33 2.82 99.96 

ʉʧʦʥʪʘʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ 
30.84 30.93 14.42 1.74 0.66 9.01 2.80 90.39 

*  ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʂʈ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʟʘʪʨʘʚʢʠ, ʥʘʨʦʩʰʝʛʦ ʩʣʦʷ ʠ ʩʧʦʥʪʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Cu-ʩʦʜʝʨʞʘʱʝʛʦ 

ʪʫʨʤʘʣʠʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 150-4000 ʩʤ-1 (ʨʠʩ.3). ʆʨʠʝʥʪʘʮʠʷ ʩʥʷʪʠʷ ʩʧʝʢʪʨʘ ʚʳʙʠʨʘʣʠʩʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ʌʘʢʪʦʨ ʛʨʫʧʧʦʚʦʡ ʘʥʘʣʠʟ ʪʫʨʤʘʣʠʥʦʚ ʧʨʝʜʩʢʘʟʳʚʘʝʪ 28 Ag ʠ 49 

Eg ʂʈ-ʘʢʪʠʚʥʳʭ ʤʦʜ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ 28 ʧʦʣʦʩ ʚ ώ(zz)y ʦʨʠʝʥʪʘʮʠʠ ʠ 32 ʧʦʣʦʩʳ ʚ ώ(xx)y 

ʦʨʠʝʥʪʘʮʠʠ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʊʦʧʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʜʣʷ Cu- ʩʦʜʝʨʞʘʱʝʛʦ ʪʫʨʤʘʣʠʥʘ ʩʭʦʞʘ 

ʩ ʂʈ ʩʧʝʢʪʨʘʤʠ ʧʨʠʨʦʜʥʦʡ ʵʣʴʙʘʠʪʦʚʦʡ ʟʘʪʨʘʚʢʠ. ɺʦʣʥʦʚʳʝ ʯʠʩʣʘ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʣʦʩ (ʩʤ-1) ʠ ʠʭ ʦʪʥʝʩʝʥʠʝ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʠʧʘʤ ʢʦʣʝʙʘʥʠʡ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʨʘʙʦʪʘʤ [6], [7], [8].   

 

   

ʘ ʙ ʚ 

ʈʠʩ.2 ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʩʧʦʥʪʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʉu-ʩʦʜʝʨʞʘʱʝʛʦ ʪʫʨʤʘʣʠʥʘ (ʘ) ʠ ʧʦʙʦʯʥʳʭ ʬʘʟ ʢʚʘʨʮʘ (ʙ) 

ʠ ʪʦʧʘʟʘ (ʚ). 

 

 

ʈʠʩ. 3. ʂʈ-ʩʧʝʢʪʨʳ ʧʨʠʨʦʜʥʦʡ ʟʘʪʨʘʚʢʠ, ʥʘʨʦʩʰʝʛʦ ʩʣʦʷ ʠ ʩʧʦʥʪʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Cu-

ʩʦʜʝʨʞʘʱʝʛʦ ʪʫʨʤʘʣʠʥʘ ʚ ώ(zz)y ʠ ώ(xx)y ʦʨʠʝʥʪʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 150 ʜʦ 3900 ʩʤ-1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 650Áʉ ʠ 150 ʄʇʘ ʧʦʣʫʯʝʥ ʥʘʨʦʩʪ 

ʥʘ ʟʘʪʨʘʚʢʫ Cu- ʩʦʜʝʨʞʘʱʝʛʦ ʪʫʨʤʘʣʠʥʘ ʷʨʢʦ-ʥʝʦʥʦʚʦʛʦ ʮʚʝʪʘ ʩ ʪʦʣʱʠʥʦʡ ʥʘʨʦʩʰʝʛʦ ʩʣʦʷ ~ 500 ʤʢʤ ʠ ʚʳʩʦʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ~14 ʤʘʩʩ.% Cuʆ. ɼʣʷ Cu- ʩʦʜʝʨʞʘʱʝʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʪʫʨʤʘʣʠʥʘ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 150-4000 ʩʤ-1. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 25-27-00194 https://rscf.ru/project/25-27-00194 
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ʀʟʫʯʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ[1]. ʉʫʣʴʬʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʤʫ ʪʠʧʫ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ[3,4], ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʝ ʫʯʘʩʪʠʝ ʩʫʣʴʬʠʜʥʳʭ 

ʬʘʟ ʚ ʨʝʘʢʮʠʷʭ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ[4]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʣʠʝʚʳʝ ʩʫʣʴʬʠʜʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʪʦʨʳʭ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʬʘʟʦʚʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʩʠʩʪʝʤʝ KïFeïS.  

ʂʘʣʠʡʩʦʜʝʨʞʘʱʠʡ ʩʫʣʴʬʠʜ ʭʘʥʩʚʠʣʴʢʠʪ (KFeS2) ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʧʨʠʨʦʜʝ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʥʘʭʦʜʦʢ[5], ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʘʣʤʘʟʝ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ[6]. ʈʘʥʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1000 Áʉ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ KFeS2 ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ FeS2, K2SO4, K3Fe(SO4)3 ʠ Ŭ-Fe2O3. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ KïFeïS ʧʨʠ 300ï600 Áʉ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ[7] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ KFeS2 ʚ 

ʧʨʠʨʦʜʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ, ʥʦ ʪʨʝʙʫʝʪ ʣʠʙʦ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʠʷ, ʣʠʙʦ 

ʚʳʩʦʢʦʡ ʬʫʛʠʪʠʚʥʦʩʪʠ ʩʝʨʳ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʸʤʝ ð ʥʘʧʨʠʤʝʨ, ʚʦ 

ʚʢʣʶʯʝʥʠʠ ʚ ʘʣʤʘʟʝ. ʇʦʣʠʤʦʨʬʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʭʘʥʩʚʠʣʴʢʝʡʠʪʘ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʣʠʰʴ 
ʚ ʨʘʤʢʘʭ ʫʜʘʨʥʦʛʦ ʩʞʘʪʠʷ, ʛʜʝ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʬʘʟʦʚʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʠ ~13 ɻʇʘ[8]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʦ ʬʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘʣʠʡ ʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʠʜʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦ ʠʭ ʚʦʟʤʦʞʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʪʨʘʥʩʧʦʨʪ ʘʣʤʘʟʦʚ ʦʩʪʘʸʪʩʷ 

ʦʪʢʨʳʪʳʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʭʘʥʩʚʠʣʴʢʝʠʪʘ ʜʣʷ 

ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠ ʧʦʣʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʘʣʦʯʥʳʭ 

ʠ in situ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 2,7ï10,0 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨ 1300ï1750 Áʉ. 

KFeS2, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʚ ʀʥʩʪʠʪʫʪʝ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʄʠʥʝʨʘʣʦʛʠʠ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɼ.ʉ. ʂʦʨʞʠʥʩʢʦʛʦ (ʀʕʄ ʈɸʅ) ʩʧʣʘʚʣʝʥʠʝʤ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʩ ʩʝʨʦʡ ʠ ʞʝʣʝʟʦʤ ʧʦ 

ʤʝʪʦʜʫ ɹʨʘʫʵʨʘ (ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ[7]). ʇʨʦʚʝʨʢʘ ʯʠʩʪʦʪʳ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʩʠʥʪʝʟʘ (ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ) ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Tescan Vega II XMU (Tescan, ʏʝʭʠʷ), 

ʦʩʥʘʱʝʥʥʳʤ ʩʠʩʪʝʤʦʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 450 ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ (INCA 

Xsight) ʠ ʢʨʠʩʪʘʣʣ-ʜʠʬʨʘʢʮʠʦʥʥʳʤ (INCA Wave 700) ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ (Oxford Instruments, 

ɸʥʛʣʠʷ) ʚ ʀʕʄ ʈɸʅ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʜʚʫʭ ʪʠʧʦʚ: çʮʠʣʠʥʜʨïʧʦʨʰʝʥʴè (2,7 ɻʇʘ, 800 Áʉ) ʚ ʀʕʄ ʈɸʅ, 

ʘ ʪʘʢʞʝ ʩ ʠʤʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʥʳʭ ʥʘʢʦʚʘʣʝʥ (6 ʠ 10 ɻʇʘ, 1300ï1750 Áʉ) ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ (ʎʂʇ ʅʊʎ ʋʇ ʈɸʅ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

çʮʠʣʠʥʜʨïʧʦʨʰʝʥʴè ʦʙʨʘʟʮʳ KFeS2 ʧʦʤʝʱʘʣʠʩʴ ʚ ʟʦʣʦʪʳʝ ʢʘʧʩʫʣʳ (h=5 ʤʤ ʠ d=3 ʤʤ), ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʩʧʨʝʩʩʦʚʘʥʥʳʤ MgO ʠ ʟʘʪʝʤ ʟʘʛʨʫʞʘʣʠʩʴ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʯʘʩʪʴ ʢʘʤʝʨʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʘʚʣʝʥʠʝ 

ʢʘʣʠʙʨʦʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʛʝʦʙʘʨʦʤʝʪʨʦʚ: ʘʣʴʙʠʪ = ʞʘʜʝʠʪ + ʢʚʘʨʮ ʠ ʙʨʫʩʠʪ = ʧʝʨʠʢʣʘʟ + ʅ2ʆ [9]. ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨʳ WRe5/20 ʩ ʪʦʯʥʦʩʪʴʶ Ñ20 ÁC. ɼʣʷ ʥʘʛʨʝʚʘ KFeS2 ʧʨʠ ʜʘʚʣʝʥʠʠ 6 ʠ 10 ɻʇʘ ʚ 

ʘʣʤʘʟʥʳʭ ʥʘʢʦʚʘʣʴʥʷʭ (ʜʠʘʤʝʪʨ ʢʫʣʝʪʳ 300 ʤʢʤ) ʦʙʨʘʟʮʳ ʨʘʟʤʝʱʘʣʠʩʴ ʚ ʚʦʣʴʬʨʘʤʦʚʳʭ ʧʨʦʢʣʘʜʢʘʭ ʩ 

ʦʪʚʝʨʩʪʠʝʤ ʜʠʘʤʝʪʨʦʤ 100 ʤʢʤ ʠ NaCl ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ, ʧʝʨʝʜʘʶʱʝʡ ʜʘʚʣʝʥʠʝ. ɼʘʚʣʝʥʠʝ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ 

ʨʘʤʘʥʦʚʩʢʦʤʫ ʩʜʚʠʛʫ ʤʘʪʝʨʠʘʣʘ ʛʘʩʢʝʪʳ, ʥʘʛʨʝʚ ʧʨʦʚʦʜʠʣʩʷ ʣʘʟʝʨʦʤ IPG (200 ɺʪ, ɚ = 1070 ʥʤ), ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʠʟʣʫʯʝʥʠʶ[10]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D2 

Phaser (Bruker AXS GmbH) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Co-KŬ ʠʟʣʫʯʝʥʠʷ ʚ ʀʕʄ ʈɸʅ. ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʠʟʤʝʨʷʣʠ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʩʦ ʩʧʝʢʪʨʦʛʨʘʬʦʤ Acton SpectraPro-2500i, ʜʝʪʝʢʪʦʨʦʤ CCD Pixis2K ʠ ʤʠʢʨʦʩʢʦʧʦʤ Olympus ʚ ʀʕʄ 

ʈɸʅ ʧʨʠ: ɚ = 532 ʥʤ, ʨʘʟʨʝʰʝʥʠʝ 3,8 ʩʤï1, ʜʠʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ 3-5 ʤʢʤ, ʦʙʲʝʢʪʠʚ 50Ĭ(NA = 0,75), ʚʨʝʤʷ 

ʥʘʢʦʧʣʝʥʠʷ ð 3 Ĭ 180 ʩ. ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʥʘʛʨʝʚʦʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʩʢʦʧʘ Renishaw inVia. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ 2,7 ɻʇʘ ʠ 1100 ÁC, KFeS2 ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʚ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʤʘʩʩʫ ʪʝʤʥʳʭ, ʧʦʯʪʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩʢʝʣʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʆʥʠ ʠʤʝʶʪ ʫʜʣʠʥʝʥʥʫʶ ʬʦʨʤʫ ʩ ʨʘʟʤʝʨʘʤʠ ʜʦ 10-

15 ʤʢʤ (ʨʠʩ. 1 ʘ). ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʜʚʫʭ ʬʘʟ: ʭʘʥʩʚʠʣʴʢʝʠʪʘ KFeS2 ʠ ʟʦʣʦʪʘ, ʠʩʪʦʯʥʠʢʦʤ 

ʢʦʪʦʨʳʭ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣ ʤʘʪʝʨʠʘʣ ʢʘʧʩʫʣʳ. ʈʝʘʢʮʠʡ ʤʝʞʜʫ Au ʠ KFeS2 ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 
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ʈʠʩ. 1.  ʀʟʦʙʨʘʞʝʥʠʷ, ʩʥʷʪʳʝ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʜʘʚʣʝʥʠʠ 2,7 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 ÁC. (ʩʝʨʳʝ ʢʨʠʩʪʘʣʣʳ - ʭʘʥʩʚʠʣʴʢʝʠʪ KFeS2, ʙʝʣʳʝ 

ʟʘʢʘʣʦʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ï ʟʦʣʦʪʦ. 

ʕʢʩʧʝʨʠʤʝʥʪ in situ ʧʨʠ 6 ɻʇʘ ʠ 1300ï1700 ÁC ʧʦʢʘʟʘʣ ʧʣʘʚʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʧʦʷʚʣʝʥʠʠ ʰʠʨʦʢʠʭ ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ ʨʘʤʘʥʦʚʩʢʠʭ ʩʜʚʠʛʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʫʣʴʬʠʜʦʚ (ʨʠʩ. 2ʘ, ʩʧʝʢʪʨ 4). ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʦʥʳ ʥʘʛʨʝʚʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ ɜ  ʠ ɜ (SO )Į , ʘ ʪʘʢʞʝ ʧʦʣʦʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʠʨʨʦʪʠʥʫ (ʨʠʩ. 2ʘ, ʩʧʝʢʪʨ 5). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʧʠʨʠʪʘ (ʨʠʩ. 2ʘ, 

ʩʧʝʢʪʨ 6), ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʢʦʪʦʨʦʛʦ ʩʦʛʣʘʩʫʝʪʩʷ c ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [11]. ʅʘ ʧʝʨʠʬʝʨʠʠ ʟʦʥʳ ʥʘʛʨʝʚʘ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʨʘʩʚʫʤʠʪ ʠ ʧʠʨʠʪ (ʨʠʩ. 2ʘ, ʩʧʝʢʪʨ 7 ʠ ʨʠʩ. 3).  

 

ʈʠʩ. 2.  (a) ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ in situ ʧʨʠ 6 ɻʇʘ ʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘ: 1. KFeS2 0 

ɻʇʘ ʜʦ ʥʘʛʨʝʚʘ, 2. 6 ɻʇʘ ʜʦ ʥʘʛʨʝʚʘ ʠ 3. 6 ɻʇʘ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʠʟ ʥʝʥʘʛʨʝʪʦʡ ʦʙʣʘʩʪʠ. 4. ʨʘʩʧʣʘʚ ʠʟ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʥʘʛʨʝʚʘ, 

5. ʩʧʝʢʪʨʳ ʧʠʨʨʦʪʠʥʘ ʠ ʩʫʣʴʬʘʪʘ ʢʘʣʠʷ ʚ ʦʙʣʘʩʪʠ, ʙʣʠʟʢʦʡ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʛʨʝʚʘ, 6. ʦʙʨʘʟʦʚʘʥʠʝ ʧʠʨʠʪʘ ʚ 

ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʢ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʥʘʛʨʝʚʘ, 7. ʩʦʚʤʝʩʪʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʠʨʠʪʘ ʠ ʨʘʩʚʫʤʠʪʘ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʥʘʛʨʝʚʘ. (ʙ) ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ in situ ʧʨʠ 10 ɻʇʘ ʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʠ ʧʦʩʣʝ 

ʥʘʛʨʝʚʘ: 1. KFeS2 0 ɻʇʘ ʜʦ ʥʘʛʨʝʚʘ, 2. 10 ɻʇʘ ʜʦ ʥʘʛʨʝʚʘ ʠ 3. 10 ɻʇʘ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʠʟ ʥʝʥʘʛʨʝʪʦʡ ʦʙʣʘʩʪʠ, 4. ʨʘʩʧʣʘʚ ʠʟ 

ʦʙʣʘʩʪʠ ʥʘʛʨʝʚʘ, 5,6 ʩʦʚʤʝʩʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʠʨʨʦʪʠʥʘ, ʧʠʨʠʪʘ ʠ ʩʫʣʴʬʘʪʘ ʢʘʣʠʷ ʚ ʦʙʣʘʩʪʠ, ʙʣʠʟʢʦʡ ʢ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʥʘʛʨʝʚʘ, 7. ʦʙʨʘʟʦʚʘʥʠʝ ʧʠʨʠʪʘ ʥʘ ʧʝʨʠʬʝʨʠʠ ʥʘʛʨʝʚʘ. 

 


