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ʨʘʣʴʥʳʭ ʚʦʜʘʭ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ 240 

ʌʝʜʝʨʷʛʠʥʘ ɽ. ʅ., ɺʦʨʦʥʮʦʚ ɸ. ɸ., ʉʘʩʠʤ ʉ. ɸ. ʖʨʩʢʦ-ʤʝʣʦʚʦʡ ʤʘʛʤʘʪʠʟʤ ʅʝʨʯʠʥ-

ʩʢʦʡ ʠ ʋʜʠʥʩʢʦʡ ʨʠʬʪʦʛʝʥʥʳʭ ʚʧʘʜʠʥ ɿʘʙʘʡʢʘʣʴʷ (ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ) 242 

ʍʦʤʦʢʩʦʥʦʚʘ ɼ. ʇ., ɸʥʪʨʦʧʦʚʘ ʀ. ɻ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ (ʥʘ ʧʨʠʤʝʨʝ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɹʫʨʷʪʠʠ) 244 
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ʍʨʦʤʳʭ ʉ. ɺ. ʈʘʥʥʝʧʝʨʤʩʢʠʡ (300-270 ʤʣʥ ʣʝʪ) ʤʘʛʤʘʪʠʟʤ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎʝʥ-

ʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ: ʨʘʟʚʠʪʠʝ ʠʜʝʡ ʅ.ʃ. ɼʦʙʨʝʮʦʚʘ ʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ ʩ ʣʠʪʦʩʬʝʨʦʡ 246 

ʍʫʨʵʣʰʘʛʘʡ ɸ., ʈʳʙʯʝʥʢʦ ɸ. ɸ., ʖʨʴʝʚ ɸ. ɸ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʧʘʚʦʜʢʦʚ ʥʘ ʨ. ʉʵʣʙʵ (ʄʦʥʛʦʣʠʷ) 248 

ʍʫʨʵʣʰʘʛʘʡ ɸ., ʈʳʙʯʝʥʢʦ ɸ. ɸ., ʖʨʴʝʚ ɸ. ɸ. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʧʘʚʦʜʢʦʚ ʚ ʛ. ʋʣʘʘʥʙʘʘʪʘʨ 250 

ʎʳʛʘʥʢʦʚ ɸ. ɸ., ɹʫʨʤʘʢʠʥʘ ɻ. ʅ. ɻʝʦʜʠʥʘʤʠʢʘ ʠ ʧʝʪʨʦʛʝʥʝʟʠʩ ʛʨʘʥʠʪʦʠʜʦʚ ʂʦ-

ʣʳʤʩʢʦʛʦ ʙʘʪʦʣʠʪʦʚʦʛʦ ʧʦʷʩʘ (ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ɸʟʠʷ) 252 

ʏʝʨʝʤʥʳʭ ɸ. ɺ., ʑʝʪʥʠʢʦʚ ɸ. ɸ., ʈʦʛʦʟʠʥ ɼ. ʖ. ʇʨʦʙʣʝʤʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʣʫʙʦ-

ʢʠʭ ʦʟʝʨ ʚ ʵʧʠʮʝʥʪʨʝ ʊʫʥʛʫʩʩʢʦʛʦ ʩʦʙʳʪʠʷ 1908 ʛ: ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ʦʩʥʦʚʝ ʤʦʨʬʦʪʝʢ-

ʪʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʦʣʠʥʳ ʨ. ɺʝʨʭʥʷʷ ʃʘʢʫʨʘ (ʕʚʝʥʢʠʷ) 254 

ʏʝʨʥʠʛʦʚʩʢʠʡ ʈ. ʉ., ʇʣʶʩʥʠʥ ɸ. ʄ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʚʦʜ ʠ ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʟʦʥʳ ʘʵʨʘʮʠʠ ʧʨʠʙʨʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʟʝʨ 

ʅʠʞʥʝʝ ʠ ɺʝʨʭʥʝʝ ɹʝʣʦʝ 257 

ʏʝʨʥʷʚʩʢʠʡ ʄ. ʂ., ʋʢʨʘʠʥʮʝʚ ɸ. ɺ., ʏʝʨʝʜʦʚʘ ʊ. ɺ. ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʦ-

ʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ɸʣʣʠʥʩʢʦʛʦ ʪʝʨʤʘʣʴʥʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ 259 

ʏʫʜʠʥʦʚʘ ʆ. ʅ., ʏʝʨʝʜʦʚʘ ʊ. ɺ. ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʪ ʰʣʘʢʦʟʦʣʦʦʪ-
ʚʘʣʘ ʋʣʘʥ-ʋʜʵʥʩʢʦʡ ʊʕʎ-2 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʥʝʛʦʚʦʡ ʚʦʜʳ 261 

ʐʢʦʣʴʥʠʢ ʉ. ʀ., ʄʘʢʨʳʛʠʥʘ ɺ. ɸ., ɻʣʘʜʢʦʯʫʙ ɽ. ɸ., ʍʨʦʤʦʚʘ ɽ. ɸ. ʄʠʥʝʨʘʣʦʛʠʷ, 

ʠʩʪʦʯʥʠʢʠ ʠ ʚʦʟʨʘʩʪ ʢʚʘʨʮʠʪʦʚ ʆʣʴʭʦʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ 

ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ 263 

ʐʫʢʫʨʦʚ ʐ. ʈ., ɹʘʢʦʝʚ ʍ. ʖ., ʐʘʨʘʬʫʜʠʥʦʚ ʋ. ɿ., ʍʫʨʨʘʤʦʚʘ ɼ. ʐ., ʌʘʡʟʠ-

ʝʚ ʌ. ʌ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʤʠʛʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʘʨʠʜʥʳʭ ʣʘʥʜ-

ʰʘʬʪʦʚ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ 264 

ʑʝʨʙʘʢʦʚ ʖ. ɼ., ʂʦʨʳʪʦʚ ɸ. ʉ., ʇʝʨʝʧʝʣʦʚ ɸ. ɹ., ʎʳʧʫʢʦʚʘ ʉ. ʉ., ʊʨʘʚʠʥ ɸ. ɺ., 

ɼʨʠʣʴ ʉ. ʀ., ɾʛʠʣʝʚ ɸ. ʇ. ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦ-

ʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʪʨʘʭʠʪʘʤ ʠ ʧʘʥʪʝʣʣʝʨʠʪʘʤ ʎʘʛʘʘʥ-ʋʫʣʴʩʢʦʛʦ ʜʘʡʢʦʚʦʛʦ ʧʦʷʩʘ 

ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ 266 

ʑʝʪʥʠʢʦʚ ɸ. ɸ., ɹʝʨʜʥʠʢʦʚʘ ʅ. ɽ., ɹʝʨʜʥʠʢʦʚ ʀ. ʄ., ʂʘʟʘʥʩʢʠʡ ɸ. ʖ., ʌʠʣʠ-

ʥʦʚ ʀ. ɸ., ʍʝʥʟʳʭʝʥʦʚʘ ʌ. ʀ., ʅʘʤʟʘʣʦʚʘ ʆ. ɼ-ʎ. ɻʝʦʭʨʦʥʦʣʦʛʠʷ ʦʪʣʦʞʝʥʠʡ ʤʥʦ-

ʛʦʩʣʦʡʥʦʡ ʩʪʦʷʥʢʠ ʀʛʝʪʝʡ (ʥʠʞʥʠʡ-ʚʝʨʭʥʠʡ ʧʘʣʝʦʣʠʪ, ʇʨʝʜʙʘʡʢʘʣʴʝ) 268 

ʑʝʪʥʠʢʦʚ ɸ. ɸ., ʂʘʟʘʥʩʢʠʡ ɸ. ʖ., ɹʝʨʜʥʠʢʦʚʘ ʅ. ɽ., ɹʝʨʜʥʠʢʦʚ ʀ. ʄ., ʃʠʧʥʠ-

ʥʘ ɽ. ɸ., ʌʠʣʠʥʦʚ ʀ. ɸ., ʍʝʥʟʳʭʝʥʦʚʘ ʌ. ʀ., ʅʘʤʟʘʣʦʚʘ ʆ. ɼ-ʎ. ʃʠʪʦʩʪʨʘʪʠʛʨʘ-

ʬʠʷ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʥʦʚʦʛʦ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʛʝʦʘʨʭʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ ʂʠʪʦʡʩʢʠʡ ʤʦʩʪ (ʚʝʨʭʥʠʡ ʧʘʣʝʦʣʠʪ, ʇʨʝʜʙʘʡʢʘʣʴʝ) 270 

ʖʨʛʝʥʩʦʥ ɻ. ɸ., ɻʨʫʟʜʝʚ ʈ. ɺ. ʅʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 

ʟʦʥʘʣʴʥʦʩʪʠ ʦʨʫʜʝʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʐʘʭʪʘʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ) 272 

ʖʨʛʝʥʩʦʥ ɻ. ɸ., ʄʠʨʦʥʦʚʘ ɽ. ɺ., ʍʨʦʤʦʚʘ ɽ. ɸ. ʆ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʨʫʜʦʥʦʩʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ (ʥʘ ʧʨʠʤʝʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʟʦʣʦʪʘ ʚ ɿʘʙʘʡʢʘʣʴʝ, ʈʦʩʩʠʷ) 274 

ʖʨʴʝʚ ɸ. ɸ., ʈʳʙʯʝʥʢʦ ɸ. ɸ., ɹʫʜʜʦ ʀ. ɺ., ʄʘʟʘʝʚʘ ʆ. ɸ., ɼʫʰʢʠʥ ɽ. ʇ., ʄʘʟʠʣ-

ʢʠʥ ʄ. ʉ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʛʨʘʥʠʮ ʘʙʨʘʟʠʦʥʥʦʛʦ ʫʩʪʫʧʘ ʧʦ ʦʨʪʦʬʦʪʦ-
ʧʣʘʥʫ ʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ 276 
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ʖʨʴʝʚ ɸ. ɸ., ʈʳʙʯʝʥʢʦ ɸ. ɸ., ɹʫʜʜʦ ʀ. ɺ., ʄʘʟʘʝʚʘ ʆ. ɸ., ɼʫʰʢʠʥ ɽ. ʇ., ʄʘʟʠʣ-

ʢʠʥ ʄ. ʉ. ʇʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ 278 

ʗʨץʫʣʦʚ ʐ. ɿ., ɼʞʫʤʘʥʠʷʟʦʚ ɼ. ʀ., ʂʘʨʠʤʦʚʘ ʌ. ɹ., ɸʙʜʫʣʣʘʝʚ ʃ. ɸ., ʍʫʞʞʠ-

ʝʚ ʄ. ʆ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʦʟʙʫʣʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʭʨʝʙʝʪ ʂʫʣʴ-

ʞʫʢʪʘʫ, ʋʟʙʝʢʠʩʪʘʥ) 281 

Amanova Sh. S., Ibrahimova L. P. Development of urban landscape in the Karabakh eco-

nomic region (on the example of the city of Barda) 283 

Erbajeva M. A., Alexeeva N. V. Late cenozoic small mammals of the south Eastern Sibe-

ria as an indicator of the paleoenvironmental and climatic changes 285 

Erdenechimeg Davaajav, Enkhdalai Batkhuyag, Oyunchimeg Tumen-Ulzii, Na-

rantsetseg Tserendash, Erdenejargal Choindonjamts, Ariunaa Namsrai. Depositional 

age, provenance, and tectonic settings of the middle paleozoic sedimentary rocks in the 

Ereendavaa block, Herlen massif (NE Mongolia) 287 

Erdenejargal Choindonjamts, Enkhdalai Batkhuyag, Oyunchimeg Tumen-Ulzii, 

Erdenechimeg Davaajav, Narantsetseg Tserendash, Sharav Davaanyam. Geochronol-

ogy and geochemistry of metacomplex of the Bayan area, Ereendavaa block (North-Eastern 

Mongolia) 289 

Narantsetseg Ts., Erdenejargal Ch., Enkhdalai B., Udaanjargal Kh., Batzorig G. 

Depositional age and provenance of the Onon formation in the Dadal area, North-Eastern 

Mongolia: evidence from detrital zircon U-Pb dating and whole rock geochemistry 290 

Ochir  G. Ore-forming systems of critical metals (REE, Li, Ta, Nb, PGE) across diverse 

geodynamic settings of Mongolia 291 

Sharav Davaanyam, Oyunchimeg Tumen-Ulzii,  Erdenechimeg Davaajav, 

Erdenejargal Choindonjamts, Bulganzaya Lhagvasuren, Enkhdalai Batkhuyag, 

Ariunaa Namsrai The Khyasaatkhuren accretionary complex of the Kharkhorin terrane, 

Central Mongolia 293 
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ɺʓɼɸʖʑʀʁʉʗ ʈʆʉʉʀʁʉʂʀʁ ʋʏɽʅʓʁ ɸʂɸɼɽʄʀʂ ʅ. ʃ. ɼʆɹʈɽʎʆɺ ï

ɻɽʆʃʆɻ, ʋʏʀʊɽʃʔ, ʆʈɻɸʅʀɿɸʊʆʈ ʅɸʋʂʀ  

 

ʄʥʝ ʚ ʞʠʟʥʠ ʦʯʝʥʴ ʧʦʚʝʟʣʦ ð ʅʠʢʦʣʘʡ ʃʝʦʥʪʴʝʚʠʯ ʧʨʠʥʷʣ ʤʝʥʷ ʚ 1981 ʛʦʜʫ, ʙʫʜʫʯʠ 

ʜʠʨʝʢʪʦʨʦʤ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚ ʋʣʘʥ-ʋʜʵ, ʚ ʢʘʯʝʩʪʚʝ ʘʩʧʠʨʘʥʪʘ, ʘ ʚ 1990 ʛʦʜʫ 

ʧʨʠʛʣʘʩʠʣ ʤʝʥʷ ʨʘʙʦʪʘʪʴ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ. ʉʥʘʯʘʣʘ ʷ ʨʘʙʦʪʘʣ ʚ ʝʛʦ ʣʘʙʦʨʘʪʦʨʠʠ, ʟʘʪʝʤ ʧʦʜ 

ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʦʟʜʘʣ ʩʚʦʶ, ʙʳʣ ʧʝʨʚʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʜʠʨʝʢʪʦʨʘ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ 

ʤʠʥʝʨʘʣʦʛʠʠ ʉʆ ʈɸʅ ʧʨʠ ʅ. ʃ. ɼʦʙʨʝʮʦʚʝ, ʘ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʦʥ ʤʥʦʛʦ ʣʝʪ ʨʫʢʦʚʦʜʠʣ ʢʘʬʝʜʨʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʧʝʪʨʦʛʨʘʬʠʠ, ʘ ʷ ï ʢʘʬʝʜʨʦʡ 

ʦʙʱʝʡ ʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʬʘʢʫʣʴʪʝʪʦʤ.  

ɺ ʩʚʦʝʡ ʢʥʠʛʝ çʀʟ ʨʦʩʩʠʡʩʢʦʡ ʛʣʫʙʠʥʢʠ ï ʚ ʥʘʫʢʫ: ʅʘʫʯʥʘʷ ʜʠʥʘʩʪʠʷ ʂʝʣʣʝʡ-

ɼʦʙʨʝʮʦʚʳʭè (2003) ʅ. ʃ. ɼʦʙʨʝʮʦʚ ʧʠʩʘʣ: çɺ 20-ʤ ʩʪʦʣʝʪʠʠ ʜʠʥʘʩʪʠʷ ʂʝʣʣʝʡ-ɼʦʙʨʝʮʦʚʳʭ 

ʜʘʣʘ ʥʘʰʝʡ ʩʪʨʘʥʝ ʘʢʘʜʝʤʠʢʘ, ʯʣʝʥʘ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ɸʅ ʉʉʉʈ, ʜʚʫʭ ʨʝʢʪʦʨʦʚ ʚʫʟʦʚ, ʪʨʝʭ 

ʟʘʩʣʫʞʝʥʥʳʭ ʜʝʷʪʝʣʝʡ ʥʘʫʢʠ ʈʉʌʉʈ, ʪʨʝʭ ʣʘʫʨʝʘʪʦʚ ʃʝʥʠʥʩʢʦʡ ʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʡ, 

ʧʷʪʴ ʧʨʦʬʝʩʩʦʨʦʚ ʠ ʜʦʢʪʦʨʦʚ ʥʘʫʢ, ʙʦʣʝʝ ʜʝʩʷʪʠ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ʠ ʜʦʮʝʥʪʦʚè. ʀ ʜʘʣʝʝ: çɺ 

ʩʚʦʝʡ ʞʠʟʥʠ ʷ ʚʩʪʨʝʪʠʣ ʤʥʦʛʦ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʣʶʜʝʡ, ʥʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʢʘʟʘʣʠ ʦʪʝʮ ʠ ʜʝʜè. ɼʝʜ ʅʠʢʦʣʘʷ ʃʝʦʥʪʴʝʚʠʯʘ ï ʅʠʢʦʣʘʡ ɻʝʦʨʛʠʝʚʠʯ ʂʝʣʣʴ 

ʙʳʣ ʠʟʚʝʩʪʥʳʤ ʪʦʧʦʛʨʘʬʦʤ, ʨʘʙʦʪʘʣ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʜʝʣʝ ʂʘʤʯʘʪʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ (1908-

1910). ʀʤ ʩʦʩʪʘʚʣʝʥʘ ʧʝʨʚʘʷ ʢʘʨʪʘ ʚʫʣʢʘʥʦʚ ʂʘʤʯʘʪʢʠ ʤʘʩʰʪʘʙʘ 1:75 0000. 30 ʣʝʪ ʦʥ ʨʘʙʦʪʘʣ 

ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʛʝʦʜʝʟʠʠ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʛʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ (1923-1953), ʘ ʚ 1946 

ʛʦʜʫ ʙʳʣ ʠʟʙʨʘʥ ʯʣ.- ʢʦʨʨ. ɸʅ ʉʉʉʈ. ʆʪʝʮ ï ʃʝʦʥʪʠʡ ʅʠʢʦʣʘʝʚʠʯ ɼʦʙʨʝʮʦʚ ʬʠʟʠʢ-

ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ, ʫʯʝʥʠʢ ʘʢʘʜʝʤʠʢʦʚ ɸ. ʌ. ʀʦʬʬʝ ʠ ʇ. ʀ. ʃʫʢʠʨʩʢʦʛʦ, ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʚ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ɸʅ ʉʉʉʈ, ʧʨʦʬʝʩʩʦʨ ʠ 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. ʇʦʩʣʝ 

ʧʦʝʟʜʢʠ ʩ ʦʪʮʦʤ ʥʘ ʇʘʤʠʨ ʚ 1953 ʛʦʜʫ, ʅʠʢʦʣʘʡ ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʧʦʩʪʫʧʘʪʴ ʥʘ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʡ ʬʘʢʫʣʴʪʝʪ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʛʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ. 

ɻʦʚʦʨʷ ʦ ʩʪʫʜʝʥʯʝʩʢʠʭ ʛʦʜʘʭ ʘʢʘʜʝʤʠʢʘ ɼʦʙʨʝʮʦʚʘ, ʥʫʞʥʦ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʦʥ ʩʦ ʰʢʦʣʳ 

ʫʚʣʝʢʘʣʩʷ ʤʘʪʝʤʘʪʠʢʦʡ, ʠ, ʟʥʘʷ ʵʪʦ, ʝʛʦ ʜʝʜ, ʅ. ɻ. ʂʝʣʣʴ, ʧʦʟʥʘʢʦʤʠʣ ʚʥʫʢʘ ʩ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʘʪʝʣʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝʦʣʦʛʠʠ ɸʥʜʨʝʝʤ ɹʦʨʠʩʦʚʠʯʝʤ ɺʠʩʪʝʣʠʫʩʦʤ. ʅʠʢʦʣʘʡ 

ʃʝʦʥʪʴʝʚʠʯ ʧʦʩʝʱʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʮʝʣʳʡ ʨʷʜ ʢʫʨʩʦʚ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʥʘ ʤʝʭʤʘʪʝ ʠ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ. ɹ. ɺʠʩʪʝʣʠʫʩʘ ʧʦʜʛʦʪʦʚʠʣ ʩʚʦʶ ʧʝʨʚʫʶ ʥʘʫʯʥʫʶ ʩʪʘʪʴʶ, ʧʦʩʚʷʱʝʥʥʫʶ 

ʢʦʨʨʝʣʷʮʠʠ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʚ ʨʦʤʙʠʯʝʩʢʠʭ ʧʠʨʦʢʩʝʥʘʭ. ʕʪʠ ʧʠʨʦʢʩʝʥʳ ʠ ʩʪʘʣʠ ʦʪʧʨʘʚʥʦʡ 

ʪʦʯʢʦʡ ʠʣʠ ʧʝʨʚʳʤ ʰʘʛʦʤ ʅʠʢʦʣʘʷ ɼʦʙʨʝʮʦʚʘ ʚ ʥʘʫʢʫ. 

ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʛʦʨʥʳʡ ʠʥʩʪʠʪʫʪ ʅʠʢʦʣʘʡ ʃʝʦʥʪʴʝʚʠʯ ʩ ʦʪʣʠʯʠʝʤ ʦʢʦʥʯʠʣ ʟʘ ʯʝʪʳʨʝ 

ʛʦʜʘ, ʧʨʠʯʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʜʘʚ ʝʱʝ ʮʝʣʳʡ ʨʷʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ. ʉ 1957 ʛʦʜʘ ʧʦ 

1960 ʛʦʜ ʦʥ ʨʘʙʦʪʘʣ ʛʝʦʣʦʛʦʤ, ʥʘʯʘʣʴʥʠʢʦʤ ʧʘʨʪʠʠ ɸʣʪʘʡʩʢʦʡ ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʦʡ ʵʢʩʧʝʜʠ-

ʮʠʠ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɿʘʪʝʤ, ʦʧʷʪʴ-ʪʘʢʠ ʧʦ ʩʦʚʝʪʫ ʩʚʦʝ-

ʛʦ ʜʝʜʘ, ɼʦʙʨʝʮʦʚ ʚʩʪʨʝʪʠʣʩʷ ʩ ʘʢʘʜʝʤʠʢʦʤ ɺ. ʉ. ʉʦʙʦʣʝʚʳʤ, ʠ ʪʦʪ ʧʨʠʛʣʘʩʠʣ ʝʛʦ ʨʘʙʦʪʘʪʴ 

ʤʣʘʜʰʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʚ ʩʚʦʶ ʣʘʙʦʨʘʪʦʨʠʶ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʉʆ 

ɸʅ ʉʉʉʈ. ɺʣʘʜʠʤʠʨ ʉʪʝʧʘʥʦʚʠʯ ʧʨʝʜʣʦʞʠʣ ʤʦʣʦʜʦʤʫ ʫʯʝʥʦʤʫ ʟʘʥʷʪʴʩʷ ʥʝ ʦʙʳʯʥʳʤʠ ʧʠ-

ʨʦʢʩʝʥʘʤʠ, ʘ ʤʦʥʦʢʣʠʥʥʳʤ ʥʘʪʨʠʝʚʳʤ ʧʠʨʦʢʩʝʥʦʤ ï ʞʘʜʝʠʪʦʤ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ 1963 ʛʦʜʫ ʅʠʢʦʣʘʡ ʃʝʦʥʪʴʝʚʠʯ ʩʪʘʣ ʢʘʥʜʠʜʘ-

ʪʦʤ ʥʘʫʢ, ʘ ʝʱʝ ʯʝʨʝʟ ʰʝʩʪʴ ʣʝʪ, ʨʘʟʚʠʚʘʷ ʩʚʦʠ ʨʘʙʦʪʳ ʧʦ ʞʘʜʝʠʪʫ, ʛʣʘʫʢʦʬʘʥʫ (ʦʜʠʥ ʠʟ 

ʥʘʪʨʠʝʚʳʭ ʘʤʬʠʙʦʣʦʚ, ʪʦʞʝ, ʢʘʢ ʠ ʞʘʜʝʠʪ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ) ʠ ʜʨʫʛʠʤ ʤʠʥʝʨʘʣʘʤ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʟʘʱʠʪʠʣ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ 

çɻʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʳʝ ʠ ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʉʉʉʈ ʠ ʠʭ ʛʝʥʝʟʠʩè. ʕʪʘ 

ʨʘʙʦʪʘ ʧʨʠʚʝʣʘ ʢ ʜʝʩʷʪʢʘʤ ʩʪʘʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʣʘʫʢʦʬʘʥʦʚʳʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ, ʢ ʜʚʫʤ ʢʥʠ-

ʛʘʤ, ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʵʪʦ ʙʳʣ ʦʛʨʦʤʥʳʡ ʟʘʜʝʣ ʜʣʷ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʬʘʮʠʷʤʠ ʤʝʪʘʤʦʨ-

ʬʠʟʤʘ ʚʳʩʦʢʠʭ ʠ ʫʤʝʨʝʥʥʳʭ ʜʘʚʣʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʦʡ ʘʚʪʦʨʩʢʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʧʦʜ ʨʫʢʦʚʦʜ-

ʩʪʚʦʤ ɺ. ʉ. ʉʦʙʦʣʝʚʘ, ʟʘ ʢʦʪʦʨʫʶ ʚ 1976 ʛʦʜʫ ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ʃʝʥʠʥʩʢʘʷ ʧʨʝʤʠʷ. ɿʘ ʧʨʦ-

ʰʝʜʰʠʝ 50 ʣʝʪ ʵʪʘ ʨʘʙʦʪʘ ʧʦ ʤʝʪʘʤʦʨʬʠʟʤʫ ʦʩʪʘʝʪʩʷ ʥʝʧʨʝʚʟʦʡʜʝʥʥʦʡ. 



12 

 

1960-1970 ʛʦʜʳ ï ʧʝʨʠʦʜ ʙʦʨʴʙʳ ʧʘʨʘʜʠʛʤ ʚ ʛʝʦʣʦʛʠʠ. ɺ ʛʦʨʥʦʤ ʠʥʩʪʠʪʫʪʝ ʅʠʢʦʣʘʷ 

ɼʦʙʨʝʮʦʚʘ ʫʯʠʣʠ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʡ ʪʝʦʨʠʠ ʨʘʟʚʠʪʠʷ ʟʝʤʥʦʡ ʢʦʨʳ, ʥʦ ʧʦʟʜʥʝʝ, ʚ ʉʐɸ, ʂʘ-

ʥʘʜʝ ʠ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ, ʧʦʣʫʯʘʷ ʚʩʸ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʛʝʦʣʦʛʠ ʥʘʯʘʣʠ ʛʦʚʦʨʠʪʴ ʦ 

ʜʚʠʞʝʥʠʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʠ ʢʦʥʪʠʥʝʥʪʦʚ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʵʪʘ ʜʠʩʢʫʩʩʠʷ ʙʳʣʘ, ʤʦʞʝʪ 

ʙʳʪʴ, ʩʘʤʦʡ ʫʧʦʨʥʦʡ, ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʥʝ ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʦʚʫʶ ʪʝʦʨʠʶ.  ʅʠʢʦʣʘʡ 

ʃʝʦʥʪʴʝʚʠʯ ʪʦʞʝ ʥʝ ʩʨʘʟʫ ʧʨʠʥʷʣ ʪʝʢʪʦʥʠʢʫ ʧʣʠʪ, ʫ ʥʝʛʦ ʙʳʣʘ ʤʘʩʩʘ ʩʦʤʥʝʥʠʡ, ʥʦ ʦʥ ʦʯʝʥʴ 

ʜʝʪʘʣʴʥʦ ʨʘʟʙʠʨʘʣʩʷ ʩ ʢʘʞʜʳʤ ʧʦʣʦʞʝʥʠʝʤ ʪʝʦʨʠʠ, ʢʦʪʦʨʦʝ ʚʳʜʚʠʛʘʣʦʩʴ, ʠ ʥʘʯʘʣ ʠʟʫʯʘʪʴ 

ʠʥʜʠʢʘʪʦʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʦʬʠʦʣʠʪʳ ï ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʢʦʛʜʘ-ʪʦ ʚʭʦʜʠ-

ʣʠ ʚ ʩʦʩʪʘʚ ʜʨʝʚʥʝʡ ʦʢʝʘʥʩʢʦʡ ʟʝʤʥʦʡ ʢʦʨʳ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʨʳʪʠʷ ʦʢʝʘʥʦʚ, 

ʚʦʰʣʠ ʚ ʩʦʩʪʘʚ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ ï ʛʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʆʬʠʦʣʠʪʳ ʧʦʜʨʫʞʠʣʠ ʅʠʢʦʣʘʷ 

ʃʝʦʥʪʴʝʚʠʯʘ ʩ ʘʤʝʨʠʢʘʥʩʢʠʤ ʛʝʦʣʦʛʦʤ ʈʦʙʝʨʪʦʤ ʂʦʣʤʘʥʦʤ ʧʝʨʚʳʤ ʥʘʧʠʩʘʚʰʠʤ ʤʦʥʦʛʨʘ-

ʬʠʶ ʦʙ ʦʬʠʦʣʠʪʘʭ. ʅ. ʃ. ɼʦʙʨʝʮʦʚ ʘʢʪʠʚʥʦ ʟʘʥʷʣʩʷ ʠʟʫʯʝʥʠʝʤ ʦʬʠʦʣʠʪʦʚ: ʦʥ ʠʩʩʣʝʜʦʚʘʣ ʠʭ 

ʥʘ ʇʦʣʷʨʥʦʤ ʋʨʘʣʝ, ɺʦʩʪʦʯʥʦʤ ʠ ɿʘʧʘʜʥʦʤ ʉʘʷʥʝ, ʚ ʇʨʠʙʘʡʢʘʣʴʝ, ʥʘ ɸʣʪʘʝ, ʚ ʂʘʟʘʭʩʪʘʥʝ, ʚʦ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʄʠʨʘ, ʪʘʢ ʢʘʢ ʵʪʦ ʢʣʶʯ ʢ ʨʘʩʢʨʳʪʠʶ ʵʚʦʣʶʮʠʠ ʣʠʪʦʩʬʝʨʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ. ʂʦʥʝʯʥʦ, ʅʠʢʦʣʘʡ ʃʝʦʥʪʴʝʚʠʯ ʭʦʪʝʣ ʫʚʠʜʝʪʴ ʠ ʠʟʫʯʘʪʴ ʦʢʝʘʥ-

ʩʢʫʶ ʢʦʨʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʥʝ ʦʢʝʘʥʘ. ʆʥ ʩʧʫʩʢʘʣʩʷ ʥʘ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʘʭ çʄʠʨè ʠ ʚ 

ɸʪʣʘʥʪʠʢʝ, ʠ ʥʘ ɹʘʡʢʘʣʝ.  

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʠ ʛʣʘʫʢʦʬʘʥʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʦʬʠʦ-

ʣʠʪʦʚ, ʘʢʘʜʝʤʠʢ ɼʦʙʨʝʮʦʚ ʧʝʨʝʰʝʣ ʢ ʨʝʰʝʥʠʶ ʨʘʟʥʳʭ ʧʨʦʙʣʝʤ ʪʝʢʪʦʥʠʢʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʅʠʢʦʣʘʡ ʃʝʦʥʪʴʝʚʠʯ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʤʝʥʠʣ ʟʥʘʥʠʷ ʧʦ ʤʝʪʘʤʦʨʬʠʟʤʫ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʦʥ ʩʫʙʜʫʢʮʠʠ. ɽʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʩʥʦ ʩʚʷʟʳʚʘʶʪ ʤʠʥʝʨʘʣʦʛʠʶ, ʧʝʪʨʦʣʦʛʠʠ, 

ʪʝʢʪʦʥʠʢʫ ʠ ʛʝʦʜʠʥʘʤʠʢʫ. ʆʥ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʝʨʝʭʦʜʠʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʛʝʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʢʘʨʪ ʥʘ ʥʦʚʦʡ ʦʩʥʦʚʝ. ʆʥ ʧʠʰʝʪ ʨʘʙʦʪʳ ʧʦ ʘʥʘʣʠʟʫ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ ʥʘ ʦʩʥʦʚʝ ʪʝʢʪʦʥʠʢʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ; ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʦʝ ʚʠʜʝʥʠʝ ʥʘ 

ʵʚʦʣʶʮʠʶ ʩʪʨʫʢʪʫʨ ʋʨʘʣʘ, ʂʘʟʘʭʩʪʘʥʘ, ʊʷʥʴ-ʐʘʥʷ ʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʋʨʘʣʦ-

ʄʦʥʛʦʣʴʩʢʦʤ ʩʢʣʘʜʯʘʪʦʤ ʧʦʷʩʝ; ʠʟʫʯʘʝʪ ʧʨʦʮʝʩʩʳ ʢʦʣʣʠʟʠʠ ʚ ʧʘʣʝʦʟʦʡʩʢʠʭ ʩʢʣʘʜʯʘʪʳʭ ʦʙ-

ʣʘʩʪʷʭ ɸʟʠʠ ʠ ʤʝʭʘʥʠʟʤʳ ʵʢʩʛʫʤʘʮʠʠ ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ. ɼʘʣʝʝ ʚʩʝ ʙʦʣʴʰʝ ʅʠʢʦʣʘʡ ʃʝʦʥ-

ʪʴʝʚʠʯ ʚʭʦʜʠʪ ʚ ʪʝʤʘʪʠʢʫ ʛʣʦʙʘʣʴʥʦʡ ʧʝʪʨʦʣʦʛʠʠ ʠ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʧʨʦʙʣʝʤʳ ʚʝʨʭ-

ʥʝʡ ʠ ʥʠʞʥʝʡ ʤʘʥʪʠʠ, ʩʪʨʦʝʥʠʷ ʷʜʨʘ ʠ ʝʛʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʤʘʥʪʠʝʡ. ɺʤʝʩʪʝ ʩ ʘʢʘʜʝʤʠʢʘ-

ʤʠ ɺ. ʉ. ʠ ʅ. ɺ. ʉʦʙʦʣʝʚʳʤʠ ʦʥ ʠʟʜʘʝʪ ʙʦʣʴʰʦʡ ʩʙʦʨʥʠʢ çɻʣʫʙʠʥʥʳʝ ʢʩʝʥʦʣʠʪʳ ʠ ʚʝʨʭʥʷʷ 

ʤʘʥʪʠʷ ɿʝʤʣʠè.  

ɸʢʘʜʝʤʠʢʘ ɼʦʙʨʝʮʦʚʘ ʦʯʝʥʴ ʠʥʪʝʨʝʩʦʚʘʣ ʚʦʧʨʦʩ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʢʪʦʥʠʢʠ ʧʣʠʪ ʠ ʪʝʢʪʦ-

ʥʠʢʠ ʧʣʶʤʦʚ. ʆʥ ʙʳʣ ʫʙʝʞʜʝʥ, ʯʪʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘ ʛʨʘʥʠʮʝ ʷʜʨʦ ð ʤʘʥʪʠʷ, ʢʦʥ-

ʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʮʝʩʩʦʚ ʚ ʛʣʫʙʠʥʥʳʭ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʝ, ʬʠʟʠʯʝʩʢʦʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺʳʭʦʜʠʪ ʮʝʣʘʷ ʩʝʨʠʷ ʢʨʫʧʥʳʭ ʨʘʙʦʪ 

ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ, ʛʜʝ ʝʛʦ ʛʣʘʚʥʳʤ ʩʦʘʚʪʦʨʦʤ ʙʳʣ ʜʦʢʪʦʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ ɸ. ɻ. ʂʠʨʜʷʰʢʠʥ. 

ʆʜʥʘ ʠʟ ʠʟʚʝʩʪʥʝʡʰʠʭ ʨʘʙʦʪ ʅ. ʃ. ɼʦʙʨʝʮʦʚʘ ʩʚʷʟʘʥʘ ʩ ʩʠʙʠʨʩʢʠʤ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʤ ʩʫʧʝʨʧ-

ʣʶʤʦʤ. ʅʠʢʦʣʘʡ ʃʝʦʥʪʴʝʚʠʯ ʦʧʠʩʘʣ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʣ ʚʦʧʨʦʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠ ʤʘʛʤʘʪʠʟʤʘ ʚʦʢʨʫʛ ʵʪʦʛʦ ʧʣʶʤʘ. ɿʘ ʵʪʦʪ ʦʛʨʦʤʥʳʡ ʮʠʢʣ ʨʘʙʦʪ ʧʦ 

ʛʣʫʙʠʥʥʦʡ ʛʝʦʜʠʥʘʤʠʢʝ ʅ. ʃ. ɼʦʙʨʝʮʦʚ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʢʦʣʣʝʛʘʤʠ ʚ 1997 ʛʦʜʫ ʧʦʣʫʯʠʣ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʨʝʤʠʶ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʄʥʦʛʦʧʣʘʥʦʚʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʠʢʦʣʘʷ ʃʝʦʥʪʴʝʚʠʯʘ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ʆʥ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʨʦʜʚʠʥʫʣ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʚʧʝʨʝʜ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ï ʚ ʪʝʢʪʦʥʠʢʝ, ʨʝ-

ʛʠʦʥʘʣʴʥʦʡ ʛʝʦʣʦʛʠʠ, ʛʝʦʜʠʥʘʤʠʢʝ, ʧʝʪʨʦʣʦʛʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ, ʛʝʦʬʠʟʠʢʝ. ʅʠʢʦ-

ʣʘʡ ʃʝʦʥʪʴʝʚʠʯ ʧʨʝʢʨʘʩʥʦ ʠʩʧʦʣʴʟʦʚʘʣ ʚ ʛʝʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʠ 

ʭʠʤʠʠ, ʨʘʙʦʪʘʣ ʥʘ ʩʪʳʢʝ ʛʝʦʣʦʛʠʠ ʠ ʙʠʦʣʦʛʠʠ, ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʛʨʘʬʠʠ, ʛʝʦʣʦʛʠʠ ʠ ʛʣʦʙʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʢʣʠʤʘʪʘ. ʆʥ ʦʯʝʥʴ ʣʶʙʠʣ ʨʘʙʦʪʘʪʴ ʚ ʛʦʨʘʭ ɸʣʪʘʷ, ʋʨʘʣʘ, 

ʂʘʤʯʘʪʢʠ, ɺʦʩʪʦʯʥʦʛʦ ʠ ɿʘʧʘʜʥʦʛʦ ʉʘʷʥʘ, ʇʘʤʠʨʘ, ʊʷʥʴ-ʐʘʥʷ ʠ ʜʨ. ɽʛʦ ʠʥʪʝʨʝʩʦʚʘʣʠ ʧʨʦ-

ʙʣʝʤʳ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʢʪʦʥʠʢʠ ʠ ʤʘʛʤʘʪʠʟʤʘ ʚ ɸʨʢʪʠʢʝ. ʆʥ ʩʪʨʝʤʠʣʩʷ ʧʦʟʥʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʛʝʦʣʦʛʠʶ ɿʝʤʣʠ, ʥʦ ʠ ʛʝʦʣʦʛʠʶ ʃʫʥʳ, ʄʘʨʩʘ, ɺʝʥʝʨʳ ʠ ʜʨʫʛʠʭ ʧʣʘʥʝʪ. 
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ʅʠʢʦʣʘʡ ʃʝʦʥʪʴʝʚʠʯ ʚʩʝʛʜʘ ʙʳʣ ʚ ʛʫʱʝ ʩʦʙʳʪʠʷ, ʟʘʨʷʞʘʣ ʚʩʝʭ, ʢʪʦ ʙʳʣ ʨʷʜʦʤ, ʵʥʝʨʛʠ-

ʝʡ ʠ ʠʜʝʷʤʠ. ʆʥ ʙʳʣ ʟʘʤʝʯʘʪʝʣʴʥʳʤ ʧʝʜʘʛʦʛʦʤ, ʋʯʠʪʝʣʝʤ ʩ ʙʦʣʴʰʦʡ ʙʫʢʚʳ. ɹʦʣʝʝ ʧʦʣʫʚʝʢʘ 

ʦʥ ʧʨʝʧʦʜʘʚʘʣ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʯʠʪʘʣ ʣʝʢʮʠʠ ʚʦ ʤʥʦʛʠʭ 

ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʈʦʩʩʠʠ ʠ ʄʠʨʘ, ʚʦʩʧʠʪʘʣ ʤʥʦʛʦ ʙʣʝʩʪʷʱʠʭ ʫʯʝʥʳʭ. ʉʨʝʜʠ ʝʛʦ ʫʯʝʥʠʢʦʚ ʘʢʘ-

ʜʝʤʠʢʠ ʈɸʅ, ʯʣ.-ʢʦʨʨʝʩʧʦʥʜʝʥʪʳ ʈɸʅ, ʜʝʩʷʪʢʠ ʜʦʢʪʦʨʦʚ ʠ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ. ʋ ʥʝʛʦ ï ʩʦʪʥʠ 

ʫʯʝʥʠʢʦʚ, ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʪʝʭ, ʢʪʦ ʩʣʫʰʘʣ ʝʛʦ ʩʦ ʩʪʫʜʝʥʯʝʩʢʦʡ ʩʢʘʤʴʠ, ʥʦ ʠ ʪʝʭ, ʢʪʦ ʫʯʠʣʩʷ 

ʧʦ ʝʛʦ ʢʥʠʛʘʤ ʠ ʩʪʘʪʴʷʤ. ʂʦʛʜʘ ʘʢʘʜʝʤʠʢ ɼʦʙʨʝʮʦʚ ʧʨʠʝʟʞʘʣ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ, ʪʦ ʩʪʘʨʘʣʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʦʯʠʪʘʪʴ ʝʱʝ ʠ ʣʝʢʮʠʠ, ʠ ʚʩʝ ʩ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʰʣʠ ʝʛʦ ʩʣʫʰʘʪʴ. ʆʥ ʤʦʛ ʯʠʪʘʪʴ 

ʣʝʢʮʠʠ ʧʨʷʤʦ ʚ ʵʢʩʧʝʜʠʮʠʷʭ, ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʢʘʨʪʳ ʙʳʣʠ ʨʘʟʚʝʰʘʥʳ ʥʘ ʘʚʪʦʤʦ-

ʙʠʣʝ ʠʣʠ ʥʘ ʜʝʨʝʚʴʷʭ. 

ɸʢʘʜʝʤʠʢ ʅ. ʃ. ɼʦʙʨʝʮʦʚ ʦʯʝʥʴ ʤʥʦʛʦ ʩʜʝʣʘʣ ʜʣʷ ʥʘʫʢʠ ʚ ʉʠʙʠʨʠ ʥʘ ʧʦʩʪʫ ʇʨʝʜʩʝʜʘ-

ʪʝʣʷ ʉʆ ʈɸʅ. ʋʞʝ ʩ 1997 ʛʦʜʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʉʆ ʈɸʅ, ʚʢʣʶ-

ʯʘʶʱʘʷ ʨʘʟʚʠʪʠʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʥʦʚʣʝʥʠʝ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜ-

ʜʝʨʞʢʫ ʤʦʣʦʜʝʞʠ. ʉ ʝʛʦ ʠʤʝʥʝʤ ʩʚʷʟʘʥʦ ʩʪʘʥʦʚʣʝʥʠʝ ʊʝʭʥʦʧʘʨʢʘ ʥʦʚʦʩʠʙʠʨʩʢʦʛʦ ɸʢʘʜʝʤ-

ʛʦʨʦʜʢʘ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʢʦʤʧʘʥʠʡ; ʦʪʢʨʳʪʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʦ 

ʤʥʦʛʠʭ ʠʥʩʪʠʪʫʪʘʭ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʧʦʩʪʳ ʠ ʟʘʩʣʫʛʠ, ʅʠ-

ʢʦʣʘʡ ʃʝʦʥʪʴʝʚʠʯ ʟʘʧʦʤʥʠʪʩʷ ʢʘʢ ʦʯʝʥʴ ʧʨʦʩʪʦʡ ʠ ʣʝʛʢʠʡ ʚ ʦʙʱʝʥʠʠ ʯʝʣʦʚʝʢ. ɺ ʣʶʙʦʡ ʢʦʤ-

ʧʘʥʠʠ ʦʥ ʙʳʣ ʜʫʰʦʡ ʦʙʱʝʩʪʚʘ. ʄʦʛ ʙʝʩʢʦʥʝʯʥʦ ʨʘʩʩʢʘʟʳʚʘʪʴ ʟʘʭʚʘʪʳʚʘʶʱʠʝ ʠʩʪʦʨʠʠ ʠʟ 

ʩʚʦʝʡ ʞʠʟʥʠ, ʘʥʝʢʜʦʪʳ, ʧʝʣ ʧʝʩʥʠ. ʀʤʝʥʥʦ ʪʘʢʠʤ ï ʷʨʢʠʤ, ʵʤʦʮʠʦʥʘʣʴʥʳʤ, ʙʝʩʢʦʨʳʩʪʥʳʤ, 

ʘʙʩʦʣʶʪʥʦ ʧʦʨʷʜʦʯʥʳʤ, ʠʩʢʨʝʥʥʝ ʧʨʝʜʘʥʥʳʤ ʥʘʫʢʝ ï ʦʩʪʘʥʝʪʩʷ ʫ ʥʘʩ ʚ ʧʘʤʷʪʠ ʅʠʢʦʣʘʡ 

ʃʝʦʥʪʴʝʚʠʯ ɼʦʙʨʝʮʦʚ. 

 

ɺʝʨʥʠʢʦʚʩʢʠʡ ɺʘʣʝʨʠʡ ɸʨʥʦʣʴʜʦʚʠʯ, 

ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜ.ʛ.-ʤ.ʥ.,  

ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ  

ʠʤ. ɸ. ɸ. ʊʨʦʬʠʤʫʢʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, VernikovskyVA@ipgg.sbras.ru 
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ʈɽɼʂʆʄɽʊɸʃʃʔʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ɿɸɹɸʁʂɸʃʔʗ 

 

ɺ. ɸ. ɸʙʨʘʤʦʚʘ, ʃ. ɺ. ɿʘʤʘʥʘ 

ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʏʠʪʘ, ʈʦʩʩʠʷ, 

vera_abramova79@mail.ru 
 

ɹʝʨʠʣʣʠʡ ï ʪʠʧʠʯʥʳʡ ʨʝʜʢʠʡ ʤʝʪʘʣʣ, ʣʠʪʦʬʠʣʴʥʳʡ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʙʝʨʠʣ-

ʣʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʚʘʞʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʚʳʩʦʢʦ-

ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʘʪʦʤʥʦʡ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ, 

ʵʣʝʢʪʨʦʥʥʦʡ, ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ ʜʨ.). ɽʛʦ ʜʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʩʦʟʜʘʶʪ ʩʝʨʴʸʟʥʳʝ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʦʧʘʩʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʠ ʝʛʦ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʉʦʝʜʠʥʝʥʠʷ ʙʝʨʠʣʣʠʷ ʦʯʝʥʴ ʷʜʦʚʠ-

ʪʳ (ʦʩʦʙʝʥʥʦ ʚ ʚʠʜʝ ʧʳʣʠ ʠ ʜʳʤʘ), ʦʥʠ ʦʙʣʘʜʘʶʪ ʦʙʱʝʪʦʢʩʠʯʝʩʢʠʤ, ʘʣʣʝʨʛʠʯʝʩʢʠʤ ʠ ʢʘʥʮʝ-

ʨʦʛʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʨʘʟʜʨʘʞʘʶʪ ʢʦʞʫ ʠ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ, ʚʳʟʳʚʘʶʪ ʜʝʨʤʘʪʦʟ, ʢʦʥʲ-

ʶʥʢʪʠʚʠʪ, ʥʘʟʦʬʘʨʠʥʛʠʪ ʠ ʟʘʙʦʣʝʚʘʥʠʷ ʣʝʛʢʠʭ (ʙʝʨʠʣʣʠʦʟ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʜʘʞʝ 

ʯʝʨʝʟ 10-15 ʣʝʪ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʢʦʥʪʘʢʪʘ [1ï2]. ʂʘʢ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʡ ʵʣʝʤʝʥʪ ʙʝʨʠʣʣʠʡ 

ʦʪʥʦʩʠʪʩʷ ʢ 1-ʤʫ ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ ʩ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (ʇɼʂ) 

0,0002 ʤʛ/ʣ ʚ ʧʠʪʴʝʚʳʭ ʚʦʜʘʭ [3] ʠ ʢʦ 2-ʤʫ ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ ʩ ʇɼʂ 0,0003 ʤʛ/ʣ ʜʣʷ ʚʦʜʦʝʤʦʚ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ [4], ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢ ʵʢʦʛʝʦʭʠʤʠʠ ʙʝʨʠʣʣʠʷ 

ʠ ʝʛʦ ʧʦʚʝʜʝʥʠʶ ʚ ʟʦʥʝ ʪʝʭʥʦʛʝʥʝʟʘ [5ï7]. 

ɺ ɿʘʙʘʡʢʘʣʴʝ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʙʝʨʠʣʣʠʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʪʢʨʳʪʘʷ ʨʘʟʨʘʙʦʪʢʘ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʚʝʣʘʩʴ ʝʱʝ ʚ ʧʨʦʰʣʦʤ ʩʪʦʣʝʪʠʠ. ʂ ʛʣʘʚʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʤʠʥʝʨʘʣʘʤ, ʠʟ 

ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʦ ʠʟʚʣʝʢʘʝʪʩʷ ʙʝʨʠʣʣʠʡ, ʦʪʥʦʩʷʪʩʷ ʙʝʨʠʣʣ (ɺʝ3ɸl2Si6O18), ʙʝʨʪʨʘʥʜʠʪ 

(Be4Si207(ʆʅ)2) ʠ ʬʝʥʘʢʠʪ (Be2SiO4) [2]. ʂʘʢ ʧʦʧʫʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʙʝʨʠʣʣ ʠʟʚʣʝʢʘʣʩʷ ʠʟ ʨʫʜ 

ɿʘʚʠʪʠʥʩʢʦʛʦ ʣʠʪʠʡ-ʙʝʨʠʣʣʠʝʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦʧʫʪʥʳʡ ʙʝʨʠʣʣ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʪʘʥʪʘʣʦʚʳʭ ʨʫʜʘʭ ʆʨʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʩʦʙʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʙʝʨʠʣʣʠʝʚʳʭ ʤʠʥʝʨʘ-

ʣʦʚ ʠ ʙʦʛʘʪʳʤʠ ʨʫʜʘʤʠ ʚʳʜʝʣʷʝʪʩʷ ɽʨʤʘʢʦʚʩʢʦʝ ʬʪʦʨ-ʙʝʨʠʣʣʠʝʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʥʘ ʢʦʪʦ-

ʨʦʤ ʚ 2026 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʚʦʟʦʙʥʦʚʠʪʴ ʜʦʙʳʯʫ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. 

ɻʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʛʦʨʥʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ɿʘʙʘʡʢʘʣʴʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2015ï2024 ʛʛ. ʆʙʲʝʢʪʘʤʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʠ ʧʦʜʦʪʚʘʣʴʥʳʝ ʚʦʜʳ (15 ʧʨʦʙ), ʙʫʨʦʚʳʝ ʰʧʫʨʳ (15 ʧʨʦʙ), ʚʦʜʳ ʢʘʨʴʝ-

ʨʦʚ (29 ʧʨʦʙ) ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ (20 ʧʨʦʙ). ʆʪʙʦʨ ʧʨʦʙ ʚʦʜʳ ʧʨʦʚʦʜʠʣʩʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 

59024ï2020. ʍʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ ʚʦʜʳ ʚʳʧʦʣʥʝʥʳ ʧʦ ʥʦʨʤʘʪʠʚʥʳʤ 

ʤʝʪʦʜʠʢʘʤ ʚ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʵʢʦʣʦʛʠʠ ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʠ ʀʇʈʕʂ ʉʆ ʈɸʅ 

(ʛ. ʏʠʪʘ) ʠ ʚ ʮʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʥ-

ʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ). ʌʦʨʤʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ ʛʦʨʥʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ MINTEQ (ʚʝʨʩʠʷ 3.0). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʛʠʜʨʦʭʠʤʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʨʠʣʣʠʷ ʚ ʚʦʜʝ ʚʝʨʭʥʝʛʦ ʢʘʨʴʝʨʘ ɿʘʚʠʪʠʥʩʢʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 8,43 ʜʦ 10,1 ʤʢʛ/ʣ, ʪʦʛʜʘ ʢʘʢ ʚ ʚʦʜʝ ʥʠʞʥʝʛʦ (ʦʩʥʦʚʥʦʛʦ) ʢʘʨʴʝʨʘ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʝ ʙʳʣʦ 0,04ï0,35 ʤʢʛ/ʣ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʨʅ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ 6,68ï7,32 ʠ 

7,39ï8,35 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ.). ɹʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʨʠʣʣʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʤʠ ʚ 

ʱʝʣʦʯʥʦʡ ʚʦʜʝ (ʨʅ 8,20ï8,26) ʢʘʨʴʝʨʘ ɽʨʤʘʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʣʦ 0,024ï

0,026 ʤʢʛ/ʣ, ʘ ʚ ʚʦʜʝ ʦʜʥʦʛʦ ʠʟ ʙʫʨʦʚʳʭ ʰʧʫʨʦʚ ʧʨʠ ʨʅ 6,85 ʜʦʩʪʠʛʘʣʦ 1.03 ʤʢʛ/ʣ (ʪʘʙʣ.). ɺ 

ʢʠʩʣʳʭ ʧʦʜʦʪʚʘʣʴʥʳʭ ʚʦʜʘʭ ʆʨʣʦʚʩʢʦʛʦ ʠ ʕʪʳʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʨʅ 3,84 ʠ 4,47 ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ) ʦʪʤʝʯʝʥʳ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʝ ï 283 ʠ 397 ʤʢʛ/ʣ (ʪʘʙʣ.). ɺ 

ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʵʪʠʭ ʚʦʜ, ʢʨʦʤʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʫʣʴʬʘʪ-ʠʦʥʘ, ʦʪʤʝʯʝʥʳ 

ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʪʦʨʘ (ʜʦ 208ï266 ʤʛ/ʣ) (ʪʘʙʣ.), ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ ʘʤʘʟʦ-

ʥʠʪ-ʘʣʴʙʠʪʦʚʳʤ ʩʦʩʪʘʚʦʤ ʛʨʘʥʠʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ 

mailto:vera_abramova79@mail.ru
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ʵʣʝʤʝʥʪʘ. ɺ ʩʣʘʙʦʢʠʩʣʦʡ ʚʦʜʝ (ʨʅ 5,58ï6,24) ʢʘʨʴʝʨʘ ʕʪʳʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʙʝʨʠʣʣʠʷ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 96 ʜʦ 167 ʤʢʛ/ʣ, ʪʦʛʜʘ ʢʘʢ ʬʦʨʤʝ ʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʭʦʜʠʣʦʩʴ 3,54ï31 ʤʛ/ʣ. ɺʦʜʳ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ɿʘʚʠʪʠʥʩʢʦʛʦ, ʆʨʣʦʚʩʢʦʛʦ ʠ ʕʪʳʢʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʡʪʨʘʣʴʥʳʝ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʝ (ʨʅ 7.18ï8.55). ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ɺʝ ʚ 

ʥʠʭ ʩʦʩʪʘʚʠʣ ʦʪ 0.01 ʜʦ 0.49 ʤʢʛ/ʣ. 
 

ʊʘʙʣʠʮʘ ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜ ʛʦʨʥʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɿʘʙʘʡʢʘʣʴʷ 

ʇʦʢʘʟʘʪʝʣʠ ʄʝʩʪʦʨʦʞʜʝʥʠʷ 

ɿʘʚʠʪʠʥʩʢʦʝ ʆʨʣʦʚʩʢʦʝ ʕʪʳʢʠʥʩʢʦʝ ɽʨʤʘʢʦʚʩʢʦʝ 

ʊ, Áʉ 6,90ï22,0 (17,0) 0,10ï25,1 (11,6) 0,80ï32,4 (19,7) 5,60-32,8 (15,7) 

ʨʅ 6,63ï8,35 (7,61) 3,50ï8,55 (5,47) 4,47ï8,15 (6,35) 6,64ï8,26 (7,66) 

Eh, ʤɺ ï30ï317 (155) ï87ï575 (292) 178ï418 (278) 65ï289 (212) 

CO2, ʤʛ/ʣ 3,87ï15,9 (9,01) 2,64ï14,7 (7,07) 2,64ï28,6 (12,0) 0,88ï33,6 (8,84) 

HCO3
ï  25,9ï259 (103) 3,36ï226 (128) 1,95ï67,7 (19,4) 134ï212 (190) 

SO4
2ï  10,1ï1276 (781) 38,7ï2967 (755) 1,24ï878 (121) 167ï1229 (467) 

Cl-  1,84ï41,3 (24,0) 0,92ï13,2 (4,77) 0,002ï1,97 (0,89) 1,36ï3,00 (2,17) 

Fï  0,48ï2,20 (1,02) 0,60ï266 (70,3) 0,85ï208 (18,3) 1,51ï2,34 (1,81) 

Ca2+  34,8ï360 (238) 11,2ï802 (144) 1,83ï160 (24,4) 76,0ï575 (193) 

Mg2+  6,36ï118 (68,6) 2,42ï339 (57,1) 0,70ï75,3 (10,3) 21,8ï84,8 (43,8) 

Na+  15,5ï41,7 (30,0) 2,78ï39,0 (17,6) 1,89ï12,4 (5,88) 5,17ï9,85 (8,51) 

K+  1,69ï15,7 (10,0) 0,57ï19,6 (8,02) 0,77ï4,41 (2,09) 2,08ï6,07 (4,30) 

Si 1,16ï8,51 (3,91) 1,43ï55,2 (13,8) 0,13ï24,7 (8,78) 6,54ï12,3 (9,73) 

× ʠʦʥʦʚ 226ï1843 (1259) 85ï4232 (1225) 21ï1768 (268) 485ï1636 (791) 

ɺʝ, ʤʢʛ/ʣ 0,01ï10,1 (2,51) 0,01ï283 (50,8) 0,01ï397 (75,4) 0,008ï1,03 (0,15) 

ʇʨʠʤʝʯʘʥʠʝ: minïmax (mid) 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʙʳʣʘ ʫʯʪʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʝʨʠʣʣʠʡ ʧʨʠ 

ʨʅ>7,0 ʤʠʛʨʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʛʠʜʨʦʢʩʠʜʥʦʡ ʬʦʨʤʝ ɺʝ(ʆʅ)2 (86ï99 %), ʘ ʪʘʢʞʝ ʦʙʨʘʟʫ-

ʝʪ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʬʪʦʨʦʤ (BeF+, BeF2
0, BeF4

ï). ɼʦʣʷ 

ʧʦʩʣʝʜʥʠʭ ʚʦʟʨʘʩʪʘʝʪ (ʜʦ 50 %) ʚ ʢʠʩʣʳʭ ʩʫʣʴʬʘʪʥʳʭ ʚʦʜʘʭ, ʛʜʝ ʙʝʨʠʣʣʠʡ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʠʜʝ ɺʝ2+ ʠ BeSO4
0, ʯʪʦ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ ʉ.ʈ. ʂʨʘʡʥʦʚʘ ʠ ʝʛʦ ʩʦʘʚʪʦʨʦʚ. ʇʦ ʜʘʥʥʳʤ 

ʦʧʨʦʙʦʚʘʥʠʷ ʧʨʝʚʳʰʝʥʠʝ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ɺʝ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʘʭ ʛʦʨʥʦ-

ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʦʩʪʘʚʠʣʦ ʦʪ 3 ʜʦ 933 ʨʘʟ [4]. ʇɼʂ ʜʣʷ ɺʝ ʧʦ ʥʦʨʤʘʪʠʚʘʤ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ 

ʚʦʜʳ ʧʨʝʚʳʰʝʥʳ ʚ 5 ï 2000 ʨʘʟ [3]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥ-

ʢʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ 

ʙʝʨʠʣʣʠʝʚʳʭ ʠ ʬʣʶʦʨʠʪʦʚʳʭ ɻʆʂʦʚ ʠ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 
 

ɺʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʇʈʕʂ ʉʆ ʈɸʅ. 
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ʆ ɺʆɿʈɸʉʊɽ ʌʆʈʄɸʎʀʀ ɸɺɼɸʈ ʆʅʆʅʉʂʆʁ ɿʆʅʓ 

ʍɸʅɻɸʁ-ʍʕʅʊʕʁʉʂʆʁ ʉʂʃɸɼʏɸʊʆʁ ʄɽɻɸɿʆʅʓ (ʉɽɺɽʈʅɸʗ ʄʆʅɻʆʃʀʗ) 

 

ʗ. ɸʨʠʫʥʯʠʤʵʛ1, ʆ. ʈ. ʄʠʥʠʥʘ2, ʏ. ʕʨʜʵʥʵʞʘʨʛʘʣ3, ʇ. ʄʫʥʭʙʘʪ1 
1ʅʘʮʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʄʦʥʛʦʣʠʠ, ʋʣʘʘʥʙʘʘʪʘʨ, ʄʦʥʛʦʣʠʷ 

ya.ariunchimeg@ngs.gov.mn 
2ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ ʅ. ʃ. ɼʦʙʨʝʮʦʚʘ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜ,ɻ ʈʦʩʩʠʷ 

3ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʄɸʅ, ʋʣʘʘʥʙʘʘʪʘʨ, ʄʦʥʛʦʣʠʷ 

 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʠʡ ʧʦʷʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʣʣʘʞ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʪʝʨʨʝʡʥʦʚ ʨʘʟʣʠʯʥʦʡ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʢʦʪʦʨʳʡ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʥʘ ʤʝʩʪʝ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʦʢʝʘʥʠʯʝ-

ʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʩʥʦʚʥʦʝ ʤʝʩʪʦ ʠʛʨʘʶʪ ʬʣʠʰʦʠʜʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʜʝʚʦʥ-ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʬʨʘʛʤʝʥʪʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ 

ʢʨʝʤʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʙʘʟʘʣʴʪʘʤʠ. ɺ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ 

ʍʘʥʛʘʡ-ʍʵʥʪʵʡʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʤʝʛʘʟʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʉʝʚʝʨʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ 

ʩʠʩʪʝʤʝ ʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʝʤʴ ʟʦʥ: ɿʘʛ-ʍʘʨʘʘ, ɸʩʨʘʣʪʭʘʡʨʭʘʥ, ʍʘʨʭʦʨʠʥ, ʍʘʥʛʘʡ, 

ʋʣʘʘʥʙʘʘʪʘʨ, ʆʥʦʥ ʠ ɼʫʯʛʦʣ [1, 2]. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʨʘʩʪʘ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ, ʚ ʢʦ-

ʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʢʨʫʧʥʦʤʝʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʥ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ. ʂʦʤʧʣʝʢʩʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʠʢʨʦʬʦʩʩʠʣʠʡ ʧʦʟʚʦʣʷʶʪ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚʦʟʨʘʩʪ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʩʪʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʧʘʣʠʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʤʝʛʘʟʦʥʳ ʚ ʋʣʘʘʥʙʘʘʪʘʨʩʢʦʡ ʟʦʥʝ [3, 4] ʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ 

ʥʠʤ ʆʨʭʦʥʩʢʦʛʦ ʧʨʦʛʠʙʘ [5, 6]. 

ʅʦʚʳʝ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʧʦ ʪʝʨʨʠʛʝʥʥʳʤ ʧʦʨʦʜʘʤ ʘʢʢʨʝʮʠʦʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʆʥʦʥʩʢʦʡ ʟʦʥʳ ʚ ʋʥɻʛʪ-ɹʘʛʘ-

ʍʘʥʛʘʡʩʢʦʤ ʨʘʡʦʥʝ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦʟʨʘʩʪʘ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʟʘʢʘʨʪʠʨʦʚʘʥʥʳʝ ʧʦʟʜʥʠʤ 

ʧʨʦʪʝʨʦʟʦʝʤ ʦʪʣʦʞʝʥʠʷ ʛʨʫʧʧʳ תʥʵʛʪ [ɼʘʛʚʘ-ʆʯʠʨ ʠ ʜʨ., 2004]. 

ʅʠʞʥʷʷ, ʬʦʨʤʘʮʠʷ ʗʨʛʘʡʪ-ʋʫʣ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮʠʪʘʤʠ, ʬʪʘʥʠʪʘʤʠ, 

ʘʤʬʠʙʦʣʠʪʘʤʠ, ʤʝʪʘʧʝʩʯʘʥʠʢʘʤʠ ʠ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʤʠ ʛʨʘʬʠʪʦʚʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, 

ʩʣʦʠʩʪʳʤʠ ʙʠʪʫʤʠʥʠʟʠʨʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʘ ʪʘʢʞʝ ʘʤʬʠʙʦʣ-ʘʢʪʠʥʦʣʠʪʦʚʳʝ, 

ʘʢʪʠʥʦʣʠʪ-ʵʧʠʜʦʪʦʚʳʝ, ʘʤʬʠʙʦʣ-ʵʧʠʜʦʪʦʚʳʝ ʩʣʘʥʮʳ, ʩʝʨʠʮʠʪ-ʛʨʘʥʘʪ-ʢʚʘʨʮʝʚʳʝ, ʢʚʘʨʮ-

ʧʦʣʝʚʦ-ʰʧʘʪʦʚʳʝ, ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʝ, ʙʠʦʪʠʪ-ʛʨʘʥʘʪʦʚʳʝ ʠ ʜʚʫʩʣʶʜʷʥʳʝ ʩʣʘʥʮʳ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ, ʨʝʞʝ ʧʦʨʬʠʨʦʚʳʝ ʜʘʮʠʪʳ ʠ ʨʠʦʜʘʮʠʪʳ, ʤʝʪʘʪʫʬʳ, ʛʨʘʬʠʪʦʚʳʝ 

ʩʣʘʥʮʳ, ʛʥʝʡʩʳ, ʤʠʛʤʘʪʠʪ, ʢʚʘʨʮ-ʘʤʬʠʙʦʣʦʚʳʝ ʩʣʘʥʮʳ ʤʦʱʥʦʩʪʴʶ 2300 ʤ. ʄʠʦʩʧʦʨʳ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʪ.ʥ. ʄ17-23 ʛʜʝ ʧʦʨʦʜʳ ʤʝʥʝʝ ʪʝʢʪʦʥʠʟʠʨʦʚʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʩʣʘʠʚʘ-

ʥʠʝʤ ʪʝʤʥʦ-ʩʝʨʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʤʝʪʘʘʣʝʚʨʦʣʠʪʦʚ, ʯʝʨʥʳʭ ʫʛʣʠ-

ʩʪʳʭ ʤʝʪʘʘʣʝʚʨʦʧʝʣʠʪʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ. ʂʦʨʝʥʥʳʝ ʚʳʭʦʜʳ ʚ 

ʪ.ʥ ʄ.17-24 ʪʘʢʞʝ ʩʣʦʞʝʥʳ ʢʣʠʚʘʞʠʨʦʚʘʥʥʳʤʠ ʯʝʨʥʳʤʠ ʛʣʠʥʠʩʪʦ-ʫʛʣʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʩ 

ʧʨʦʩʣʦʷʤʠ ʤʝʪʘʘʣʝʚʨʦʣʠʪʦʚ, ʩʤʷʪʳʤʠ ʚ ʤʝʣʢʠʝ ʩʢʣʘʜʢʠ. ʀʟ ʛʣʠʥʠʩʪʦ-ʫʛʣʠʩʪʳʭ ʤʝʪʘʘʣʝʚʨʦ-

ʧʝʣʠʪʦʚ ʠ ʤʝʪʘʘʣʝʚʨʦʣʠʪ ʥʘ ʁʞʥʳʭ ʩʢʣʦʥʘʭ ʛʦʨʳ ɹʘʛʘ-ʍʘʥʛʘʡ ʚʳʜʝʣʝʥʳ ʢʦʤʧʣʝʢʩʳ 

ʤʠʦʩʧʦʨ. 

ɺ ʩʦʩʪʘʚʝ ʧʘʣʠʥʦʢʦʤʧʣʝʢʩʘ ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʦʨʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʠʝ ʢʦʪʦʨʳʭ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʝʚʦʥʦʤ - ʨʘʥʥʠʤ ʢʘʨʙʦʥʦʤ - Lophozonotriletes scurrus Naum., Leiotriletes 

parvus Naum., Verrucosisporites grumosus (Naum.) Sull., Lophotriletes normalis Naum., Apicula-

tisporites erinaceus (Waltz) Pot. et Kr., Geminospora compacta (Naum.) Obukh., Auroraspora varia 

(Naum.) Ahmed., Diaphanospora rugosa (Naum.) Balme et Hass. ɺʠʜʳ Geminospora semilucensa 

(Naum.) Obukh. et M.Rask. ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʝʨʭʥʝʜʝʚʦʥʩʢʦ- ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ, ʪʫʨ-

ʥʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ, ʚʠʜʳ Auroraspora hyaline (Naum.) Streel, Knoxisporites dedaleus (Naum.) 

Agravi, Verrucosisporites mesogrumosus (Kedo) Byv., Convolutispora usitata Playf., Grandispora 

famenensis (Naum.) Streel, Dictyotriletes parvus Kedo, Grandispora famenensis (Naum.) Streel. 

ʍʘʨʘʢʪʝʨʥʳ ʜʣʷ ʬʘʤʝʥʩʢʠʭ (ʚʝʨʭʥʠʡ ʜʝʚʦʥ)ï ʪʫʨʥʝʡʩʢʠʭ (ʥʠʞʥʠʡ ʢʘʨʙʦʥ) ʦʪʣʦʞʝʥʠʡ.  ɺ 

ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʚ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʚʩʪʨʝʯʝʥʳ ʪʠʧʠʯʥʦ ʪʫʨʥʝʡʩʢʠʝ ʚʠʜʳ ʤʠʦʩʧʦʨ Hymeno-
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zonotriletes auranticus Naum. H. lepidus (Waltz) Ischenko, Diaphanospora submirabilis (Kedo) 

Byvscheva, Punctatisporites uncatus (Kedo) Byvscheva, Leiotriletes inermis (Waltz) Ischenko, 

ʂʦʤʧʣʝʢʩ ʤʠʦʩʧʦʨ ʦʧʨʝʜʝʣʷʝʪ ʬʘʤʝʥʩʢʦ-ʪʫʨʥʝʡʩʢʦʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʦʪʣʦʞʝ-

ʥʠʡ, ʦʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʠʝ ʪʫʨʥʝʡʩʢʠʭ ʚʠʜʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʪ.ʥ. ʄ17-24) ʤʦʞʝʪ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʝʝ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʤ, ʪʫʨʥʝʡʩʢʦʤ ʚʦʟʨʘʩʪʝ. ɺ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʥʝʢʦʪʦ-

ʨʳʭ ʧʨʦʙ (ʄ17-ʚʩʪʨʝʯʝʥʳ ʚʠʜʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʦʣʴʢʦ ʚ ʜʝʚʦʥʝ - Converrucosisporites 

salebrosus (Naum.) Oshurk. (ʬʨʘʥ), Pustulatisporites pullus (Naum.) Obukh (ʬʘʤʝʥ), Auroraspo-

ra limpida (Naum.) Avkh. (ʚʝʨʭʥʠʡ ʬʨʘʥ-ʬʘʤʝʥ), Lophozonotriletes crassatus Naum. (ʚʝʨʭʥʠʡ 

ʜʝʚʦʥ), Pustulatisporites pullus (Naum.) Obukh. (ʥʠʞʥʠʡ ʬʘʤʝʥ). ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʝʨʝʦʪʣʦʞʝʥʳ ʠʟ ʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. 

ɺʝʨʭʥʷʷ, ʬʦʨʤʘʮʠʷ ʏʫʣʫʫʪ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʫʩʢʦʚʠʪ-ʢʚʘʨʮʝʚʳʤʠ, ʭʣʦʨʠʪ-ʢʚʘʨʮʝʚʳʤʠ, 

ʩʝʨʠʮʠʪ, ʩʝʨʠʮʠʪ-ʤʫʩʢʦʚʠʪ-ʢʚʘʨʮʝʚʳʤʠ ʩʣʘʥʮʘʤʠ ʠ ʜʚʫʩʣʶʜʷʥʳʤʠ ʩʣʘʥʮʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ 

ʢʚʘʨʮʠʪʦʚ, ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ, ʨʝʞʝ ʬʠʣʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ, ʩʣʘʥʮʳ ʠ ʛʥʝʡʩʳ. ʄʦʱʥʦʩʪʴ 2500 ʤ. 

[ɼʘʛʚʘ-ʆʯʠʨ ʠ ʜʨ., 2004ʌ.]. ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʘʣʝʚʨʦʣʠʪʦʚ (ʪ.ʥ. ʄʅ 17-20). 

ɺ ʩʦʩʪʘʚʝ ʧʘʣʠʥʦʩʧʝʢʪʨʦʚ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙ ʚʩʪʨʝʯʝʥʳ ʚʠʜʳ Lophotriletes normalis 

Naum., Lophozonotriletes scurrus Naum., Auroraspora varia (Naum.) Ahmed, Geminospora 

(Naum.) Obukh., Gravisporites basilaris (Naum.) Pashk., ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʩʨʝʜʥʝʤ ʜʝʚʦʥʝ ï 

ʥʠʞʥʝʤ ʢʘʨʙʦʥʝ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʠʜʦʚ Geminospora notata (Naum.) Obukh., Ancyrospora 

fidus (Naum.) Obukh. ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʞʠʚʝʪʩʢʦʤ ʷʨʫʩʦʤ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ ï ʚʝʨʭʥʠʤ ʜʝʚʦʥʦʤ. 

ɺʠʜʳ Geminospora semilucensa (Naum.) Obukh.et M. Rask., Leiotriletes parvus Naum., Verruco-

sisporites grumosus (Naum.) Sull. ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʝʨʭʥʝʤ ʜʝʚʦʥʝ ï ʥʠʞʥʝʤ ʢʘʨʙʦʥʝ, Diaphano-

spora rugosa (Naum.) Balme et Hass. ï ʚ ʚʝʨʭʥʝʤ ʜʝʚʦʥʝ ï ʥʠʞʥʝʤ ʢʘʨʙʦʥʝ. ʉʦʩʪʘʚ ʧʘʣʠʥʦ-

ʩʧʝʢʪʨʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʚʝʨʥʝʜʝʚʦʥʩʢʦ-ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ. 

ʅʦʚʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʆ.ʊʦʤʫʨʪʦʛʦʦ ʚʳʜʝʣʠʪʴ ʚ ʆʥʦʥʩʢʦʡ ʟʦʥʝ ʥʦʚʫʶ 

ʧʦʟʜʥʝʜʝʚʦʥʩʢʦ-ʢʘʤʝʥʥʦʫʛʦʣʴʥʫʶ ʬʦʨʤʘʮʠʶ ɸʚʜʘʨ.  
 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ʧʘʣʠʥʦʣʦʛʫ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʃ. ʅ. ʅʝʙʝʨʠʢʫʪʠʥʦʡ ʠ 

ʩʦʪʨʫʜʥʠʢʘʤ ɻʀʅ ʠʤ. ʅ. ʃ. ɼʦʙʨʝʮʦʚʘ ʉʆ ʈɸʅ ʯʣ. ʢʦʨ. ʀ. ɺ. ɻʦʨʜʠʝʥʢʦ ʠ ʢ.ʛ-ʤ.ʥ. ʃ. ʀ. ɺʝʪʣʫʞʩʢʠʭ ʟʘ ʫʯʘʩʪʠʝ 

ʚ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɻʀʅ ʉʆ ʈɸʅ ʠʤ. ʅ. ʃ. ɼʦʙʨʝʮʦʚʘ ʧʦ 

ʧʨʦʝʢʪʫ IX.124.1.3 çɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʥʝʦʧʨʦʪʝʨʦʟʦʡ-ʧʘʣʝʦʟʦʡʩʢʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʤʘʛ-
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ʋɿɹɽʂʀʉʊɸʅɸ ʅɸ ʈɽɼʂʀɽ ʀ ʈɽɼʂʆɿɽʄɽʃʔʅʓɽ ʄɽʊɸʃʃʓ 

 

ʈ. ɸʭʫʥʜʞʘʥʦʚ, ʌ. ɹ. ʂʘʨʠʤʦʚʘ 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ʍ. ʄ. ɸʙʜʫʣʣʘʝʚʘ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɺ ʉʨʝʜʠʥʥʦʤ ʊʷʥʴ-ʐʘʥʝ ʚʩʣʝʜ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʨʘʥʥʝʤ-ʩʨʝʜʥʝʤ ʢʘʨʙʦʥʝ ʏʘʪʢʘʣʦ-

ʂʫʨʘʤʠʥʩʢʦʛʦ ʙʘʪʦʣʠʪʘ ʦʙʨʘʟʫʶʪʩʷ ʪʝʣʘ ʤʘʣʳʭ ʧʦʨʬʠʨʦʚʳʭ ʠʥʪʨʫʟʠʡ, ʩʣʦʞʝʥʥʳʭ ʩʫʙʱʝ-

ʣʦʯʥʳʤ ʨʷʜʦʤ ʠʥʪʨʫʟʠʚʥʳʭ ʬʦʨʤʘʮʠʡ [1-4]: ʩʠʝʥʦʜʠʦʨʠʪ-ʘʜʘʤʝʣʣʠʪ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʡ ʣʝʡ-

ʢʦʛʨʘʥʠʪ. ɸʢʮʝʩʩʦʨʥʦ-ʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ ʬʣʶʦʨʠʪ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʦ-

ʨʝʜʢʦʟʝʤʝʣʴʥʘʷ. ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʙʦʣʝʝ ʨʘʥʥʷʷ ʘʩʩʦʮʠʘʮʠʷ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʘʛʥʝʪʠʪʦʤ, ʠʣʴʤʝʥʠʪʦʤ, ʩʬʝʥʦʤ, ʘʧʘʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ ʠ ʦʨʪʠʪʦʤ. ʅʘʤ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʫʥʘʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʦʡ ʘʢʮʝʩʩʦʨʥʦ-ʤʠʥʝʨʘʣʴʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʦʪʨʘʞʘʝʪ 

ʠʜʝʶ ʍ. ʄ. ɸʙʜʫʣʣʘʝʚʘ (1954) ʦ ʚʦʟʨʦʞʜʝʥʠʠ ʛʣʫʙʠʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʠ ʩʦʟʜʘʥʠʠ ʚ 

ʵʪʘʧʝ ʤʘʣʳʭ ʧʦʨʬʠʨʦʚʳʭ ʠʥʪʨʫʟʠʡ ʥʦʚʦʡ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦ-ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʨʫʜʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʉʦʛʣʘʩʥʦ ʦʙʦʙʱʝʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ɺ. ɺ. ʂʦʟʳʨʝʚʘ ʠ ʜʨ. (1972) ʧʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠ-

ʷʤ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʠʥʪʨʫʟʠʚʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʏʘʪʢʘʣʴʩʢʠʭ ʛʦʨ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʘʛʥʝʪʠʪ, ʠʣʴʤʝʥʠʪ, ʩʬʝʥ, ʘʧʘʪʠʪ, ʮʠʨʢʦʥ, ʦʨʪʠʪ. ʕʪʦ ʪʠʧʦʤʦʨʬʥʳʝ 

ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʨʘʥʥʝ-ʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʥʦʛʦ ʨʷʜʘ 

ʬʦʨʤʘʮʠʡ ʏʘʪʢʘʣʴʩʢʦʛʦ ʧʣʫʪʦʥʘ. ʂʦʣʠʯʝʩʪʚʦ ʦʜʥʦʪʠʧʥʳʭ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʚ ʮʝʣʦʤ 

ʠʭ ʪʠʧʦʚʦʡ ʩʦʩʪʘʚ ʟʘʢʦʥʦʤʝʨʥʦ ʫʙʳʚʘʶʪ ʦʪ ʧʦʨʦʜ ʥʘʯʘʣʴʥʳʭ ʬʘʟ ʢ ʢʦʥʝʯʥʳʤ. ʕʪʦ ʦʪʯʸʪʣʠʚʦ 

ʚʳʨʘʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʤʘʛʥʝʪʠʪʘ ʦʪ 12735 ʛ/ʪ ʜʦ 5786 ʛ/ʪ, ʠʣʴʤʝʥʠʪʘ ʦʪ 507 ʛ/ʪ 

ʜʦ 200 ʛ/ʪ, ʮʠʨʢʦʥʘ ʦʪ 306 ʛ/ʪ ʜʦ 19 ʛ/ʪ, ʘʧʘʪʠʪʘ ʦʪ 677 ʛ/ʪ ʜʦ 3 ʛ/ʪ. ɺ ʠʥʪʨʫʟʠʚʘʭ ʧʝʨʤʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ ʚʳʨʘʞʝʥʘ ʠʥʘʷ ʘʢʮʝʩʩʦʨʥʦ-

ʤʠʥʝʨʘʣʴʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧʦʨʦʜ. ʅʘʨʷʜʫ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʘʮʠʪʘ (38 ʛ/ʪ), ʬʝʨʛʫʩʦʥʠʪʘ (2 ʛ/ʪ), ʦʨʘʥʞʠʪʘ (32 ʛ/ʪ), ʪʦʨʠʪʘ (2,5 ʛ/ʪ), 

ʥʘʣʠʯʠʝ ʢʩʝʥʦʪʠʤʘ (0,1 ʛ/ʪ), ʛʘʜʦʣʠʥʠʪʘ (0,2 ʛ/ʪ), ʢʦʣʫʤʙʠʪʘ (49 ʛ/ʪ), ʬʣʶʮʝʨʠʪʘ (34 ʛ/ʪ). ʈʝʟ-

ʢʦ ʧʦʚʳʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʦʚ ʬʪʦʨʘ (ʬʣʶʦʨʠʪ, ʪʦʧʘʟ). ʂʨʦʤʝ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʦʧʨʝʜʝ-

ʣʝʥʳ ʩʫʣʴʬʠʜʳ Fe, Pb, Zn, Cu, Mo ʠ ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ. 

ɸʢʮʝʩʩʦʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʝ ʤʠʥʝʨʘʣʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟʙʳʪʦʯʥʳʤʠ ʧʦʨʮʠʷʤʠ ʛʣʘʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʫʛʣʝʨʦʜʘ. ɺ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʧʫʙʣʠʢʦ-

ʚʘʥʥʦʡ ʀ.ʍ. ʍʘʤʨʘʙʘʝʚʳʤ ʚ 1987 ʛ., ʧʦ ʪʠʧʫ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ: 

1. ʈʘʥʥʝʤʘʛʤʘʪʠʯʝʩʢʠʝ ʘʢʮʝʩʩʦʨʠʠ ï ʩʘʤʦʨʦʜʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʠʭ ʩʧʣʘʚʳ (ʠʥʪʝʨʤʝʪʘʣʣʠ-

ʜʳ), ʢʘʨʙʠʜʳ ʠ ʩʠʣʠʮʠʜʳ, ʦʢʠʩʣʳ, ʯʘʩʪʠʯʥʦ, ʩʠʣʠʢʘʪʳ, ʬʦʩʬʘʪʳ ʠ ʦʯʝʥʴ ʨʝʜʢʦ ï ʩʫʣʴʬʠʜʳ. 

2. ʇʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʝ ʘʢʮʝʩʩʦʨʠʠ ï ʪʠʪʘʥʦ-ʪʘʥʪʘʣʦ-ʮʠʨʢʦʥʦ-ʩʠʣʠʢʘʪʳ, ʬʦʩʬʘʪʳ, 

ʦʢʠʩʣʳ, ʙʦʨʘʪʳ, ʬʪʦʨʠʪʳ, ʩʫʣʴʬʠʜʳ. 

3. ʄʝʪʘʤʦʨʬʦʛʝʥʥʳʝ ʘʢʮʝʩʩʦʨʠʠ ï ʩʘʤʦʨʦʜʥʳʝ ʵʣʝʤʝʥʪʳ (ʛʨʘʬʠʪ), ʦʢʠʩʣʳ, ʙʦʨʘʪʳ, ʩʠ-

ʣʠʢʘʪʳ ʠ ʬʦʩʬʘʪʳ ʢʘʣʴʮʠʷ ʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʩʫʣʴʬʠʜʳ. 

4. ʈʝʣʠʢʪʦʚʳʝ ʘʢʮʝʩʩʦʨʠʠ ï ʦʢʠʩʣʳ, ʩʠʣʠʢʘʪʳ ʠ ʙʦʨʘʪʳ ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ ʠ ʮʠʨʢʦʥʠʷ ʚ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ (ʪʝʨʨʠʛʝʥʥʳʝ ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʦʨʪʠʪ, ʤʦʥʘʮʠʪ, 

ʢʩʝʥʦʪʠʤ, ʪʫʨʤʘʣʠʥ, ʛʨʘʥʘʪ ʠ ʜʨ.). 

ʉʦʛʣʘʩʥʦ ʋ.ɼ. ʄʘʤʘʨʦʟʠʢʦʚʫ ʧʝʨʤʩʢʠʝ ʠʥʪʨʫʟʠʚʥʳʝ ʤʘʩʩʠʚʳ ʠ ʜʘʡʢʠ ʏʘʪʢʘʣʦ-

ʂʫʨʘʤʠʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʦʙʨʘʟʦʚʘʥʳ ʚʦ ʚʥʫʪʨʠʧʣʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʠ ʦʙʨʘʟʫʶʪ ʪʨʠ ʩʫʙʱʝʣʦʯ-

ʥʳʝ ʘʩʩʦʮʠʘʮʠʠ: ʛʘʙʙʨʦʠʜʥʫʶ, ʩʠʝʥʠʪʦʠʜʥʫʶ ʠ ʦʥʛʦʨʠʦʣʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʫʶ [1, 2]. ʀʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʷʚʣʝʥʘ ʚ ʅʫʨʘʪʠʥʩʢʦʤ ʙʘʪʦʣʠʪʝ ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ. ʇʝʪʨʦʛʝʥʝʟʠʩ 

ʵʪʦʛʦ ʧʣʫʪʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʦʨʦʚʳʤ, ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʤ, ʧʘʣʠʥʛʝʥʥʦ-ʘʥʘʪʝʢʪʠʯʝʩʢʠʤ, ʛʜʝ 

ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʤʘʛʤ ʙʳʣʠ ʜʦʢʝʤʙʨʠʡʩʢʠʡ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚʳʡ ʩʣʦʡ ʠ ʧʘʣʝʦʟʦʡʩʢʘʷ 

ʨʘʤʘ. 

ʂʠʩʣʳʝ ʠʥʪʨʫʟʠʚʳ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʛʦ ʠ ʩʫʙʱʝʣʦʯʥʦʛʦ ʨʷʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʙʠʦʪʠʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ. ɸʙʩʦʣʶʪʥʳʡ ʚʦʟ-
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ʨʘʩʪ ʛʨʘʥʠʪʦʚ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʧʦʟʜʥʝʢʘʨʙʦʥʦʚʦ-ʨʘʥʥʝʧʝʨʤʩʢʠʡ, ʘ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ï ʧʦʟʜʥʝ-

ʧʝʨʤʩʢʠʤ [1]. ʋʢʘʟʘʥʥʳʝ ʪʠʧʳ ʛʨʘʥʠʪʦʚ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʘʢʮʝʩʩʦʨʥʦ-ʤʠʥʝʨʘʣʴʥʳʤ ʘʩʩʦʮʠʘ-

ʮʠʷʤ. ʉʢʚʦʟʥʦʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʝʶʪ ʤʘʛʥʝʪʠʪ, ʠʣʴʤʝʥʠʪ, ʩʬʝʥ, ʘʧʘʪʠʪ, ʮʠʨʢʦʥ, 

ʮʠʨʪʦʣʠʪ, ʦʨʪʠʪ, ʤʦʥʘʮʠʪ, ʬʝʨʛʫʩʦʥʠʪ, ʦʨʘʥʞʠʪ, ʰʝʝʣʠʪ, ʤʦʣʠʙʜʝʥʠʪ ʠ ʜʨʫʛʠʝ ʩʫʣʴʬʠʜʳ. 

ʗʨʢʦ ʚʳʨʘʞʝʥʘ ʥʠʦʙʠʡ-ʪʘʥʪʘʣʦʚʘʷ ʠ ʬʪʦʨ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʦ-ʨʝʜʢʦʟʝʤʝʣʴʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ 

ʣʝʡʢʦʛʨʘʥʠʪʦʚ. 

ʇʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʧʦ ʘʢʮʝʩʩʦʨʥʳʤ ʤʠʥʝʨʘʣʘʤ ʛʨʘʥʠʪʦʠʜʦʚ ʖʞʥʦʛʦ-ʊʷʥʴ-ʐʘʥʷ ʦʧʫʙ-

ʣʠʢʦʚʘʥʳ ɸ.ʂ. ʆʨʦʣʦʚʳʤ ʠ ʄ.ʉ. ʂʘʨʘʙʘʝʚʳʤ [3]. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʠ ʥʘ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ çJeolè ʫʩʪʘʥʦʚʣʝʥʳ ʤʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʘʢʮʝʩʩʦʨ-

ʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʨʦʜ ʛʣʘʚʥʳʭ ʬʘʟ ï ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ɸʢʤʘʟʘʨʩʢʦʛʦ ʠ ʄʘʡʟʘʢʩʢʦʛʦ ʠʥ-

ʪʨʫʟʠʚʦʚ ʚ ʛʦʨʘʭ ɿʠʘʵʪʜʠʥ. ʀʟʚʝʩʪʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʘʭ ʛʨʘʥʠʪʦʠʜʦʚ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʝʥʳ ʠ ʫʪʦʯʥʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝ-

ʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʤʦʥʘʮʠʪ, ʢʩʝʥʦʪʠʤ, ʠʪʪʨʦʘʧʘʪʠʪ, ʛʘʜʦʣʠʥʠʪ, ʬʝʨʛʫʩʦʥʠʪ, ʠʪʪʨʠʘʥʠʪ, ʪʘʥ-

ʪʘʣʠʪ ʠ ʜʨʫʛʠʝ). 

ɺ ʉʝʚʝʨʦʥʫʨʘʪʠʥʩʢʦʤ ʨʝʛʠʦʥʝ ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʦʙʥʘʞʝʥʳ ʛʨʘʥʠʪʦʠʜʥʳʝ ʤʘʩʩʠ-

ʚʳ, ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʪʦʣʱʘʭ ʜʦʢʝʤʙʨʠʷ ʠ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ. ʕʪʦ 

ʋʩʪʫʢʩʢʠʡ, ɸʢʯʦʧʩʢʠʡ ʠ ʉʠʥʪʘʙʩʢʠʡ ʠʥʪʨʫʟʠʚʳ. ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʩʪʴ ʧʦʨʦʜ ʛʣʘʚʥʦʡ ʬʘʟʳ ʙʠʦʪʠʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ (ʦʢʦʣʦ 90 % ʧʣʦʱʘʜʠ ʚʳʭʦʜʦʚ). ɿʘʚʝʨ-

ʰʘʶʱʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʝʡʢʦʢʨʘʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ (ʦʢʦʣʦ 5 %). ʋʜʣʠʥʝʥʥʦʩʪʴ ʧʣʘʩʪʠʥ-

ʯʘʪʳʭ ʟʝʨʝʥ ʙʠʦʪʠʪʘ, ʨʘʟʤʝʱʝʥʥʦʩʪʴ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʩʘʣʠʯʝʩʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʥʘʣʠ-

ʯʠʝ ʚ ʥʠʭ ʚʢʣʶʯʝʥʠʡ ʘʢʮʝʩʩʦʨʥʳʭ ʮʠʨʢʦʥʘ, ʘʧʘʪʠʪʘ, ʤʦʥʘʮʠʪʘ, ʦʨʪʠʪʘ, ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʠʭ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʯʝʨʪʘʤʠ. ʉʦʩʪʘʚ ʧʣʘʛʠʦʢʣʘʟʘ ʚʘʨʴʠʨʫʝʪ ʦʪ ʘʥʜʝʟʠʥʘ ʜʦ ʘʣʴʙʠʪʘ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʘʢʮʝʩʩʦʨʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʥʠʪʦʚ ɸʢʯʦʧʩʢʦʛʦ ʠ 

ʋʩʪʫʢʩʢʦʛʦ ʠʥʪʨʫʟʠʚʦʚ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʧʦʨʦʜ ʩʢʚʦʟʥʳʭ ʤʘʛʥʝ-

ʪʠʪʘ, ʠʣʴʤʝʥʠʪʘ, ʨʫʪʠʣʘ, ʘʧʘʪʠʪʘ, ʮʠʨʢʦʥʘ, ʦʨʪʠʪʘ, ʤʦʥʘʮʠʪʘ, ʢʦʣʫʤʙʠʪʘ, ʵʧʠʜʦʪʘ, ʛʨʘʥʘʪʘ 

(ʛʨʦʩʩʫʣʷʨ, ʘʣʴʤʘʥʜʠʥ) ʠ ʪʫʨʤʘʣʠʥʘ. ɻʨʘʥʠʪʳ ʋʩʪʫʢʩʢʦʛʦ, ɸʢʯʦʧʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʠʥʪʨʫʟʠʚʦʚ 

ʉʝʚʝʨʥʦʛʦ ʅʫʨʘʪʘʫ ʠʤʝʶʪ ʘʢʮʝʩʩʦʨʥʦ-ʤʠʥʝʨʘʣʴʥʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʥʘ ʥʠʦʙʠʡ, ʪʘʥʪʘʣ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʉʦʜʝʨʞʘʥʠʷ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʚ ʧʦʨʦʜʘʭ ʋʩʪʫʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 3,9Ĭ10-2 % (390 ʛ/ʪ), ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʠʩʣʳʭ ʧʦʨʦʜʘʭ ʚ ʜʚʘ ʨʘʟʘ. 

ʆʢʦʣʦ 30% ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʙʠʦʪʠʪʝ ï 8-13Ĭ10-2 %, ʧʦʣʝʚʳʭ ʰʧʘʪʘʭ ï 4,4Ĭ10-2 

%, ʦʩʪʘʣʴʥʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʦ ʩ ʘʢʮʝʩʩʦʨʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ɻʨʘʥʠʪʳ ʩʦʜʝʨʞʘʪ Nb ï 35 

ʛ/ʪ, Ta ï 12 ʛ/ʪ; ʚ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʛʨʘʥʠʪʘʭ Nb ï 41 ʛ/ʪ, Ta ï 20 ʛ/ʪ. ʅʠʦʙʠʡ ʠ ʪʘʥʪʘʣ ʨʘʟʤʝʱʝ-

ʥʳ ʚ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʘʭ ï ʢʦʣʫʤʙʠʪʝ, ʪʘʥʪʘʣʠʪʝ, ʩʬʝʥʝ, ʨʫʪʠʣʝ, ʠʣʴʤʝʥʠʪʝ ʠ ʬʝʨʛʫʩʦʥʠ-

ʪʝ [4]. 

ɺ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʛʨʘʥʠʪʦʠʜʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʧʦʚʳʰʘ-

ʝʪʩʷ ʜʦ 10 ʢʣʘʨʢʦʚ ʠ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʘʣʴʙʠʪʝ, ʤʫʩʢʦʚʠʪʝ, ʢʘʩʩʠʪʝʨʠʪʝ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʘʭ. 

ɺ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʢʦʣʫʤʙʠʪ-ʪʘʥʪʘʣʠʪ ʘʩʩʦʮʠʠʨʫʝʪ ʩʦ ʩʧʦʜʫʤʝʥʦʤ, ʢʘʩʩʠʪʝʨʠ-

ʪʦʤ, ʣʠʪʠʝʚʳʤ ʤʫʩʢʦʚʠʪʦʤ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʦʡ (Nb ï 130 ʛ/ʪ, Ta ï 180 ʛ/ʪ), ʘʣʴʙʠʪʦʚʦʡ, ʘʣʴʙʠʪʠʟʠʨʦʚʘʥʥʦʡ ʠ ʘʧʣʠʪʦ-

ʚʦʡ ʟʦʥʘʭ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʣʝʡʢʦʛʨʘʥʠʪʘʭ ɸʢʪʘʫʩʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʭʘʨʘʢʪʝʨʥʳ 

ʛʨʘʥʘʪ, ʛʨʦʩʩʫʣʷʨ, ʘʣʴʤʘʥʜʠʥ, ʤʦʥʘʮʠʪ, ʢʩʝʥʦʪʠʤ, ʮʠʨʢʦʥ, ʪʘʥʪʘʣʦ-ʥʠʦʙʘʪʳ [4]. 
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3ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʦʪʯʝʪʦʚ [1ï6] ʢʘʨʪ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠ-

ʨʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʉʌʆ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʃʝʛʝʥʜʳ ɸʣʜʘʥʦ-

ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʩʝʨʠʠ ʣʠʩʪʦʚ ɻʦʩʛʝʦʣʢʘʨʪʳ ʤ 1:1000000, 2005 ʛ.), ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘ-

ʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʪʨʫʜʥʠʢʦʚ ɻʀʅ ʉʆ ʈɸʅ ʠ ʀɻʍ ʉʆ ʈɸʅ [7,8] ʧʨʦʚʝʜʝʥʦ ʨʘʥʞʠʨʦ-

ʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ ʚ 

ʧʨʝʜʝʣʘʭ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ɺʧʝʨʚʳʝ ʚʳʜʝʣʝʥʘ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ 

ʢʚʘʨʮʝʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ, ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ, ʉʝʣʝʥʛʠʥʦ-

ɺʠʪʠʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ, ɹʘʨʛʫʟʠʥʦ-ɺʠʪʠʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ 

ʩʫʙʧʨʦʚʠʥʮʠʷ, ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʩʫʙʧʨʦʚʠʥʮʠʠ.  

 

ʈʘʥʞʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʜʣʷ  

ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ ʚ ʧʨʝʜʝʣʘʭ  

ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ 

1. ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ 

1.1.  ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ,  

1.1.1. ʆʣʦʢʠʪʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ (ʦʙʣʘʩʪʴ), 

1.1.1.1.  ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʨʫʜʥʳʡ ʨʘʡʦʥ, 

1.1.1.1.1. ɼʘʚʘʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.1.1.1.2. ʊʳʡʩʢʦ-ʅʝʨʫʯʘʥʛʜʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.1.1.1.3. ɸʙʯʘʜʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.1.2. ɹʦʜʘʡʙʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ (ʦʙʣʘʩʪʴ) 

1.1.2.1.  ʇʘʪʦʤʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ (ʄʘʣʳʰʝʚ, 1987) 

1.1.2.1.1. ɸʥʘʭʯʠ-ʏʠʧʠʢʝʪʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) (ʄʘʣʦʯʠʧʠʢʝʪ-

ʩʢʘʷ) 

1.1.2.1.2. ʄʘʨʘ-ʊʘʡʤʝʥʜʨʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.1.2.1.3. ʗʢʰʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.2. ɹʘʨʛʫʟʠʥʦ-ɺʠʪʠʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ, 

1.2.1. ɸʥʘʤʘʢʠʪ-ʉʚʝʪʣʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ (ʦʙʣʘʩʪʴ) 

1.2.1.1. ʅʘʤʘʤʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ 

1.2.1.1.1. ɹʘʨʛʫʟʠʥʦ-ʷʥʯʫʡʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.2.1.1.2. ɸʩʠʢʪʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.3.  ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ, 

1.3.1. ʋʣʘʥʙʫʨʛʘʩʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ  

1.3.1.1. ʇʨʠʙʘʡʢʘʣʴʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ 

1.3.1.1.1. ʏʝʨʝʤʰʘʥʦ-ʆʰʫʨʢʦʚʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.3.1.1.2. ʂʫʨʙʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.4.  ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ 

1.4.1. ʆʢʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ 

1.4.1.1.  ʆʢʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ  

1.4.1.1.1. ɻʘʨʛʘʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

 

ʅʘ ʬʦʥʝ ʪʝʢʪʦʥʦ-ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʧʣʦʱʘʜʠ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʠ 
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ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ, ʪʷʛʦʪʝʶʱʠʭ ʢ ʜʨʝʚʥʠʤ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʪʦʣʱʘʤ ʧʨʦʪʝʨʦʟʦʡ-

ʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʨʝʤʥʝʟʝʤʥʦʛʦ 

ʩʳʨʴʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʛʦʨʥʦʡ ʦʙʣʘʩʪʠ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʨʦʣʴ ʰʦʚʥʳʭ (ʩʜʚʠʛʦʚʳʭ) ʟʦʥ ʥʘ ʛʨʘʥʠʮʝ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʩ ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʴʶ [9]. 

ʋʯʠʪʳʚʘʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʜʨʝʚʥʠʭ ʘʨʭʝʡʩʢʦ-

ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʤ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʥʠʮʠʠʨʦʚʘʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦ-

ʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ ʠ ʩʫʱʝʩʪʚʫ-

ʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʩʳʨʴʝ-

ʚʫʶ ʙʘʟʫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʩʪʝʢʦʣʴʥʫʶ, ʵʣʝʢʪʨʦʥʥʫʶ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ, ʘʚʠʘʢʦʩʤʠʯʝʩʢʫʶ, ʦʙʦʨʦʥʥʫʶ, ʤʝʪʘʣʣʫʨ-

ʛʠʯʝʩʢʫʶ, ʘ ʪʘʢʞʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʫʶ. ʇʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʢʚʘʨʮʝʚʦʝ ʠ 

ʢʨʝʤʥʝʟʝʤʥʦʝ ʩʳʨʴʝ ʜʦʣʞʥʳ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʦʙʱʫʶ ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-

ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʝʛʠʦʥʘ, ʩ ʫʯʝʪʦʤ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ ʵʢʩʧʦʨʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 
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ʄʆʅʀʊʆʈʀʅɻ ʉʆʉʊʆʗʅʀʗ ʆɿɽʈɸ ʂʆʊʆʂɽʃʔ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ  

ʄʋʃʔʊʀʉʇɽʂʊʈɸʃʔʅʓʍ ɼɸʅʅʓʍ ʉʇʋʊʅʀʂɸ SENTINEL-2 
 

ɸ. ɼ. ɹʘʟʘʨʦʚ 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʅ. ʃ. ɼʦʙʨʝʮʦʚʘ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ 

 

ʆʟʝʨʦ ʂʦʪʦʢʝʣʴ, ʷʚʣʷʷʩʴ ʚʘʞʥʳʤ ʨʝʢʨʝʘʮʠʦʥʥʳʤ ʠ ʧʨʠʨʦʜʥʳʤ ʦʙʲʝʢʪʦʤ ɹʫʨʷʪʠʠ, 

ʧʦʜʚʝʨʞʝʥʦ ʥʝʛʘʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʢʘʢ ʘʥʪʨʦʧʦʛʝʥʥʳʭ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʝʜʫ-

ʱʠʭ ʢ ʵʚʪʨʦʬʠʢʘʮʠʠ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʦʤʫ (çʩʠʥʝ-ʟʝʣʝʥʦʤʫè) ʮʚʝʪʝʥʠʶ ʚʦʜʳ. 

ɺ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʈʘʩʯʠʩʪʢʘ ʨʫʩʝʣ ʨʝʢʠ ʂʦʪʦʯʠʢ ʠ ʧʨʦʪʦʢʠ ʀʩʪʦʢ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʩʪʦʱʝʥʠʷ ʦʟʝʨʘ ʂʦʪʦʢʝʣʴè ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʨʘʩʯʠʩʪʢʝ ʨʫʩʣʘ 

ʨʝʢʠ ʂʦʪʦʯʠʢ (ʣʝʚʳʡ ʨʫʢʘʚ) ʠ ʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʧʨʦʪʦʢʠ ʀʩʪʦʢ. ʇʨʦʚʝʜʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʚʦʜʦʦʙʤʝʥʘ ʦʟʝʨʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʚ ʠʶʥʝ 2018 ʛʦʜʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ. ʊʘʢʞʝ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ 

ʨʘʙʦʪʳ ʧʦ ʨʘʩʯʠʩʪʢʝ ʘʢʚʘʪʦʨʠʠ, ʫʜʘʣʝʥʠʶ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʩʢʘʰʠʚʘʥʠʶ ʧʨʠʙʨʝʞʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʢʘʤʳʰʘ). 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʨʝʛʫʣʷʨʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʸʤʘ ʠ ʜʠʥʘʤʠʢʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟ-

ʤʝʥʝʥʠʡ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ) ʩʦ ʩʧʫʪʥʠʢʦʚ ʩʝʨʠʠ Sentinel-2 ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʦʟʝʨʘ ʂʦʪʦʢʝʣʴ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ-ʘ 

(ʦʩʥʦʚʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʚʦʜʦʸʤʘ) ʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʧʣʦʱʘʜʠ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ ʩʧʫʪʥʠʢʘ Sentinel-2 ʩ ʚʳʩʦʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ (10ï60 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ) ʠ ʚʨʝʤʝʥʥʳʤ (5 ʩʫʪʦʢ) 

ʨʘʟʨʝʰʝʥʠʝʤ ʟʘ ʧʝʨʠʦʜ ʩ 2019 ʧʦ 2025 ʛʦʜ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ-ʘ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʩʧʝʢ-

ʪʨʘʣʴʥʳʡ ʠʥʜʝʢʩ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʣʝʜʫʶʱʝʤ ʚʳʨʘʞʝʥʠʠ: 

Chl-a =SWIR2 Ĭ 11.0450630960151 īSWIR1 Ĭ 21.517126986461 +NIR Ĭ 

11.6282780709917 īR Ĭ 0.646423870624324 +G Ĭ 34.3390217624127 īB Ĭ 37.7846670152788, 

ʛʜʝ B, G, R, NIR, SWIR1 ʠ SWIR2 ð ʟʥʘʯʝʥʠʷ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʛʦʣʫʙʦʤ, ʟʝʣʸ-

ʥʦʤ, ʢʨʘʩʥʦʤ, ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘ-

ʥʘʣʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʦʟʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʨʘʟʥʦʩʪʥʳʡ ʚʦʜʥʳʡ ʠʥʜʝʢʩ NDWI, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ: 

NDWI = (G ī NIR) / (G + NIR). 
 

ʇʦʜʛʦʪʦʚʣʝʥʦ ʧʦ ʛʦʩʙʶʜʞʝʪʥʦʡ ʪʝʤʝ ɻʀʅ ʉʆ ʈɸʅ ˉ 126020216348-5. 
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ʈʠʩʫʥʦʢ ï ʇʨʠʤʝʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʭʣʦʨʦʬʠʣʣʘ  

ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʟ. ʂʦʪʦʢʝʣʴ ʧʦ ʜʘʥʥʳʤ Sentinel-2 

 

1. ʃʘʛʫʪʘ ɸ. ɸ., ʇʦʛʦʨʝʣʦʚ ɸ. ɺ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ 

çʘè ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ // ɺʦʜʥʦʝ ʭʦʟʷʡʩʪʚʦ ʈʦʩʩʠʠ: ʧʨʦʙʣʝʤʳ, 

ʪʝʭʥʦʣʦʛʠʠ, ʫʧʨʘʚʣʝʥʠʝ. 2021. ˉ 4. ʉ. 67ï84.  

2. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜ ʧʨʝʩʥʳʭ ʦʟʝʨ ɹʫʨʷʪʠʠ / ʆ. ʇ. ɼʘʛʫʨʦʚʘ, ɹ. ɺ. ʎʳʜʝʥʦʚʘ, ʉ. ʇ. 

ɹʫʨʶʭʘʝʚ ʠ ʜʨ. // ɺʝʩʪʥʠʢ ɹʫʨʷʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɹʠʦʣʦʛʠʷ, ʛʝʦʛʨʘʬʠʷ. 2019. ˉ 3. ʉ. 61ï66. 

3. Rylov S. A., Pestunov I. A. Assessment of lakes areas by Sentinel-2 satellite data, J. Sib. Fed. Univ. Eng. 

technol. 2019. ˉ 12(5). ʈʨ. 526-535. 
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ʇʈʆʗɺʃɽʅʀʗ ʄɽʊɸʄʆʈʌʀɿʄɸ ɻʈɸʅʋʃʀʊʆɺʆʁ ʌɸʎʀʀ  

ɺ ʆʌʀʆʃʀʊʆɺʓʍ ɻɸɹɹʈʆʀɼɸʍ ʋʉʊʔ-ɹɽʃʔʉʂʆɻʆ ʊɽʈʈɽʁʅɸ (ʏʋʂʆʊʂɸ) 

 

ɹ. ɸ. ɹʘʟʳʣʝʚ1, ɻ. ɺ. ʃʝʜʥʝʚʘ2 
1ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ. ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

bbazylev@rambler.ru 
2ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʋʩʪʴ-ɹʝʣʴʩʢʠʡ ʪʝʨʨʝʡʥ ʷʚʣʷʝʪʩʷ ʩʝʛʤʝʥʪʦʤ ɿʘʧʘʜʥʦ-ʂʦʨʷʢʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʨʦʜʳ ʢʦʪʦʨʦʛʦ ʚ ʤʝʣʦʚʦʝ ʚʨʝʤʷ ʙʳʣʠ ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʘʜʚʠʥʫʪʳ ʥʘ ʤʝʟʦʟʦʡʩʢʠʝ ʪʦʣʱʠ ɸʣ-

ʛʘʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʚ ʩʦʩʪʘʚʝ ɸʥʘʜʳʨʩʢʦ-ʂʦʨʷʢʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ. ʊʝʨʨʝʡʥ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʧʘʢʝʪ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʠ ʟʦʥ ʤʝʣʘʥʞʝʡ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʜʦʜʝʚʦʥʩʢʘʷ ʦʬʠʦʣʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʣʠʩʴ ʨʝʩʪʠʪʦʚʳʝ 

ʰʧʠʥʝʣʝʚʳʝ ʧʝʨʠʜʦʪʠʪʳ, ʛʘʙʙʨʦʠʜʳ, ʧʦʨʦʜʳ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʝ ʤʝʣʘʥʞʠ. ɺ ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʠ ʛʘʙʙʨʦʠʜʳ, ʦʪʥʦʩʠʤʳʝ ʢ ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦ-

ʮʠʘʮʠʠ, ʨʘʟʥʦʚʦʟʨʘʩʪʥʳ, ʘ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʥʠʤʠ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʢʪʦʥʠʯʝʩʢʠʝ. ʇʨʠ 

ʵʪʦʤ ʚʦʟʨʘʩʪ ʛʘʙʙʨʦʠʜʦʚ ʷʚʣʷʝʪʩʷ ʜʦʢʝʤʙʨʠʡʩʢʠʤ, ʩʫʜʷ ʧʦ ʚʦʟʨʘʩʪʫ ʧʨʦʨʳʚʘʶʱʠʭ ʠʭ ʞʠʣʴ-

ʥʳʭ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʠ ʜʠʦʨʠʪʦʚ. ʂʦʥʪʘʢʪʳ ʛʘʙʙʨʦʠʜʦʚ ʩ ʨʝʩʪʠʪʦʚʳʤʠ ʧʝʨʠʜʦʪʠʪʘʤʠ ʚ ʧʨʝ-

ʜʝʣʘʭ ʪʝʨʨʝʡʥʘ ʪʘʢʞʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʠ ʨʝʩʪʠʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʢʘʢ ʦʬʠʦʣʠʪʦʚʳʝ, ʪʘʢ ʠ ʥʝʦʬʠʦʣʠʪʦʚʳʝ (ʦʨʦʛʝʥʥʳʝ ʣʝʨʮʦʣʠʪʳ, ʬʨʘʛʤʝʥʪʳ ʩʫʙʢʦʥʪʠʥʝʥ-

ʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʚʠʯʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʛʘʙʙʨʦ-

ʠʜʦʚ ʪʝʨʨʝʡʥʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʫʯʠʪʳ-

ʚʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

ɻʘʙʙʨʦʠʜʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʦʩʪʘʚʝ ʦʪʜʝʣʴʥʳʭ ʧʣʘʩʪʠʥ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʨʘʟ-

ʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʤʝʣʘʥʞʘʭ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦʠʜʦʚ ʩ 

ʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ ʠ ʙʝʩʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ ʜʫʥʠʪʘʤʠ ʠ ʘʥʦʨʪʦʟʠʪʘʤʠ, ʘ ʪʘʢʞʝ ʙʝʟʦʣʠʚʠʥʦʚʳʤʠ 

ʛʘʙʙʨʦʠʜʘʤʠ. ʇʝʨʚʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʧʝʨʚʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚ ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦʠʜʘʭ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʪʨʦʢʪʦʣʠʪʘʤʠ. ʅʘʤʠ ʠʟʫʯʝʥʦ 11 

ʧʦʨʦʜ ʠʟ 6 ʤʝʩʪ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʋʩʪʴ-ɹʝʣʴʩʢʦʛʦ ʪʝʨʨʝʡʥʘ. ʇʝʨʚʠʯʥʘʷ 

ʪʝʢʩʪʫʨʘ ʧʦʨʦʜ ï ʤʘʩʩʠʚʥʘʷ ʠʣʠ ʧʦʣʦʩʯʘʪʘʷ, ʧʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ï ʩʨʝʜʥʝʟʝʨʥʠʩʪʘʷ, ʨʝʞʝ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʘʷ, ʛʠʧʠʜʠʦʤʦʨʬʥʘʷ. ʉʦʩʪʘʚʳ ʦʣʠʚʠʥʦʚ ʚʘʨʴʠʨʫʶʪ ʚ ʠʥʪʝʨʚʘʣʝ Mg# 74.5ï

89.2, ʧʣʘʛʠʦʢʣʘʟʦʚ - An 71.5ï87.7, ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ï Mg# 83.8ï92.5. ʇʝʨʚʠʯʥʘʷ ʨʦʛʦʚʘʷ ʦʙ-

ʤʘʥʢʘ (ʦʪ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʜʦ 3%) ï ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʘʷ, ʧʘʨʛʘʩʠʪʦʚʘʷ, ʦʙʨʘʟʫʝʪ ʤʝʣʢʠʝ ʢʩʝ-

ʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʠʣʠ ʢʘʡʤʳ ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʧʣʘʛʠʦʢʣʘʟʘ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ ʦʣʠʚʠʥʘ. ʇʝʨ-

ʚʠʯʥʳʝ ʭʨʦʤʰʧʠʥʝʣʠʜʳ (ʦʪ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʜʦ 3%) ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʭʨʦʤʠʩʪʦʩʪʴ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʫʶ Cr# 0.36; ʚ ʯʘʩʪʠ ʧʦʨʦʜ ʟʝʨʥʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʦʙʥʘʨʫʞʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʚʘʨʠʘʮʠʠ ʭʨʦʤʠʩʪʦʩʪʠ. ʇʝʨʚʠʯʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʨʪʦʧʠʨʦʢʩʝʥʦʚ ʚ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʯʘʩʪʠ 

ʛʘʙʙʨʦʠʜʦʚ ʥʝʪ, ʥʦ ʚ ʦʪʜʝʣʴʥʳʭ ʟʝʨʥʘʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʥʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʥʢʠʝ ʣʘ-

ʤʝʣʣʠ ʩʫʙʩʦʣʠʜʫʩʥʦʛʦ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʥʘʨʷʜʫ ʩ ʣʠʥʝʡʥʳʤʠ ʤʝʣʢʠʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʭʨʦʤʠ-

ʩʪʦʡ ʰʧʠʥʝʣʠ. 

ʀʥʜʠʢʘʪʦʨʦʤ ʤʝʪʘʤʦʨʬʠʟʤʘ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʚ ʤʝʪʘʙʘʟʠʪʘʭ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ; ʚ ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦ ʠ ʪʨʦʢʪʦʣʠʪʘʭ ʠʥʜʠ-

ʢʘʪʦʨʦʤ ʪʘʢʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʥʘ ʢʦʥʪʘʢ-

ʪʝ ʟʝʨʝʥ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʦʣʠʚʠʥʘ. ɺ ʠʟʫʯʝʥʥʳʭ ʛʘʙʙʨʦʠʜʘʭ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʤʦʱʥʦʩʪʠ, ʩʪʨʦʝʥʠʶ ʠ ʘʩʩʦʮʠʘʮʠʷʤ ʩʣʘʛʘʶʱʠʭ ʠʭ ʬʘʟ. ʅʘʠʤʝʥʴʰʫʶ ʤʦʱʥʦʩʪʴ (ʦʪ ʤʝʥʝʝ 

ʯʝʤ 10 ʤʢʤ ʜʦ 300ï350 ʤʢʤ) ʠʤʝʶʪ ʢʦʨʦʥʠʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʵʪʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʢ ʦʣʠʚʠʥʫ ʧʨʠʤʳʢʘʝʪ ʢʘʡʤʘ ʥʠʟʢʦʛʣʠʥʦʟʝʤʠʩʪʦʛʦ (ʜʦ 1.4 ʤʘʩ. % Al 2O3) ʠ ʥʠʟʢʦ-

ʢʘʣʴʮʠʝʚʦʛʦ (ʜʦ 0.28 ʤʘʩ. % CaO) ʦʨʪʦʧʠʨʦʢʩʝʥʘ (ʚ ʦʜʥʦʤ ʠʟ ʦʙʨʘʟʮʦʚ ʩ ʨʝʜʢʠʤʠ ʚʳʜʝʣʝʥʠ-

ʷʤʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ); ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʦʚ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʢʘʡʤʳ ʥʝʚʝʣʠʢʠ. 

ʂ ʦʨʪʦʧʠʨʦʢʩʝʥʫ ʧʨʠʤʳʢʘʝʪ ʢʘʡʤʘ ʦʜʥʦʨʦʜʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʟʘʢʦʥʦ-

ʤʝʨʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʛʣʠʥʦʟʝʤʠʩʪʦʡ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʥʘ 
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ʢʦʥʪʘʢʪʝ ʩ ʦʨʪʦʧʠʨʦʢʩʝʥʦʤ ʜʦ ʧʘʨʛʘʩʠʪʘ ʥʘ ʜʨʫʛʦʤ ʢʨʘʶ ʢʘʡʤʳ, ʛʜʝ ʦʜʥʦʨʦʜʥʘʷ ʨʦʛʦʚʘʷ ʦʙ-

ʤʘʥʢʘ ʩʤʝʥʷʝʪʩʷ ʢʘʡʤʦʡ ʩʠʤʧʣʝʢʪʠʪʦʚ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʠ ʤʠʨʤʝʢʠ-

ʪʦʚʳʭ ʚʳʜʝʣʝʥʠʡ ʯʠʩʪʦ ʛʣʠʥʦʟʝʤʠʩʪʦʡ ʰʧʠʥʝʣʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢʘʡʤʝ. 

ʕʪʠ ʩʠʤʧʣʝʢʪʠʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʥʘ ʢʦʥ-

ʪʘʢʪʝ ʩ ʩʠʤʧʣʝʢʪʠʪʘʤʠ (ʚ ʟʦʥʝ ʦʪ ʧʝʨʚʳʭ ʤʠʢʨʦʥ ʜʦ 50 ʤʢʤ) ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʦʩʥʦʚʥʦʡ, ʯʝʤ ʥʘ 

ʫʜʘʣʝʥʠʠ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ. ɿʘʢʦʥʦʤʝʨʥʳʝ ʠ ʰʠʨʦʢʠʝ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʦʚ ʬʘʟ ʚ ʢʦʨʦʥʠ-

ʪʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʚʥʦʚʝʩʥʳʤʠ ʚ ʥʠʭ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʢʦʥʪʘʢ-

ʪʠʨʫʶʱʠʝ ʬʘʟʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʨʘʟʤʝʨ ʟʝʨʝʥ ʬʘʟ ʚ ʥʝʡ ʫʢʨʫʧ-

ʥʷʝʪʩʷ, ʩʪʨʫʢʪʫʨʘ ʪʝʨʷʝʪ ʩʪʨʦʛʫʶ ʨʝʛʫʣʷʨʥʦʩʪʴ, ʘ ʚ ʢʘʡʤʝ ʧʦʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʛʨʘʥʦʙʣʘ-

ʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʣʦʞʝʥʥʳʝ ʘʛʨʝʛʘʪʦʤ ʟʝʨʝʥ ʦʨʪʦʧʠʨʦʢʩʝʥʘ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʨʦʛʦʚʦʡ 

ʦʙʤʘʥʢʠ ʠ ʛʣʠʥʦʟʝʤʠʩʪʦʡ ʰʧʠʥʝʣʠ, ʘ ʪʘʢʞʝ ʩʠʤʧʣʝʢʪʠʪʦʚʳʝ ʩʨʘʩʪʘʥʠʷ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʩ ʛʣʠʥʦʟʝʤʠʩʪʦʡ ʰʧʠʥʝʣʴʶ. ɺ ʪʘʢʠʭ ʢʘʡʤʘʭ ʩ ʢʦʨʦʥʠʪʦʚʦ-ʛʨʘʥʦʙʣʘʩʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ (ʤʦʱʥʦʩʪʴʶ ʦʪ 50 ʤʢʤ ʜʦ 1.2 ʤʤ) ʩ ʦʣʠʚʠʥʦʤ ʢʦʥʪʘʢʪʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʦʨʪʦʧʠ-

ʨʦʢʩʝʥ, ʥʦ ʪʘʢʞʝ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥ, ʛʣʠʥʦʟʝʤʠʩʪʘʷ ʰʧʠʥʝʣʴ ʠ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʧʨʠ ʵʪʦʤ ʚʩʝ 

ʵʪʠ ʬʘʟʳ ʢʦʥʪʘʢʪʠʨʫʶʪ ʠ ʩ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʘ ʩʦʩʪʘʚʳ ʬʘʟ ʚ ʩʠʤʧʣʝʢʪʠʪʘʭ ʠ ʛʨʘʥʦʙʣʘʩʪʦʚʳʭ 

ʘʛʨʝʛʘʪʘʭ ʩʪʘʥʦʚʷʪʩʷ ʜʦʚʦʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʳʤʠ (ʭʦʪʷ ʚʦ ʬʨʘʛʤʝʥ-

ʪʘʭ ʢʦʨʦʥ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʦʣʠʚʠʥʫ, ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʦʨʪʦʧʠʨʦʢʩʝʥ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʛʣʠʥʦʟʝʤʘ ʠ ʢʘʣʴʮʠʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʚ ʩʠʤʧʣʝʢʪʠʪʘʭ ʠ ʛʨʘʥʦʙʣʘ-

ʩʪʦʚʳʭ ʘʛʨʝʛʘʪʘʭ). ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʢʘʡʤ ʚʩʝ ʞʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ 

ʩʠʤʧʣʝʢʪʠʪʳ ʪʷʛʦʪʝʶʪ ʢ ʢʦʥʪʘʢʪʫ ʩ ʧʣʘʛʠʦʢʣʘʟʦʤ. ɺ ʙʦʣʝʝ ʤʦʱʥʳʭ ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʢʘʡ-

ʤʘʭ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʠʭ ʩʪʨʦʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ, ʠ ʛʨʘʥʦʙʣʘʩʪʦʚʳʝ ʘʛʨʝʛʘʪʳ 

ʚ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʩʠʤʧʣʝʢʪʠʪʘʤʠ (ʭʦʪʷ ʨʝʣʠʢʪʦʚʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʩʝ ʞʝ 

ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ). ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʨʘʟʚʠʪʠʝ ʛʨʘʥʦʙʣʘʩʪʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʟʘʭʚʘʪʳʚʘʝʪ ʚʝʩʴ 

ʦʙʲʝʤ ʧʦʨʦʜʳ (ʭʦʪʷ ʨʝʜʢʠʝ ʟʝʨʥʘ ʩʠʤʧʣʝʢʪʠʪʦʚ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʛʨʘʥʦʙʣʘʩʪʦʚʦʤ ʘʛʨʝʛʘ-

ʪʝ), ʘ ʨʝʣʠʢʪʦʚʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ. ʊʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ-

ʫʨʦʯʝʥʳ ʢ ʦʪʜʝʣʴʥʳʤ ʣʠʥʝʡʥʳʤ ʟʦʥʘʤ ʙʣʘʩʪʝʟʘ ʤʦʱʥʦʩʪʴʶ 5ï30 ʩʤ, ʢʦʪʦʨʳʝ ʩʝʢʫʪ ʧʦʣʦʩʯʘ-

ʪʦʩʪʴ ʛʘʙʙʨʦʠʜʦʚ (ʘ ʚ ʦʙʥʘʞʝʥʠʷʭ ʚʳʛʣʷʜʷʪ ʧʦʭʦʞʠʤʠ ʥʘ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ 

ʜʘʡʢʠ).  

ʇʦ ʩʦʩʪʘʚʘʤ ʤʠʥʝʨʘʣʦʚ ʚ ʘʩʩʦʮʠʘʮʠʷʭ ʩ ʩʠʤʧʣʝʢʪʠʪʦʚʳʤʠ ʠ ʛʨʘʥʦʙʣʘʩʪʦʚʳʤʠ ʩʪʨʫʢ-

ʪʫʨʘʤʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʮʝʥʝʥʘ ʢʘʢ 770ï810ʦʉ, ʘ ʜʘʚʣʝʥʠʝ ï ʢʘʢ 6.5ï7.7 ʢʙʘʨ 

(Ñ 0.9 ʢʙʘʨ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʘʤʦʨʬʠʟʤʫ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʫʤʝʨʝʥʥʳʭ ʜʘʚʣʝʥʠʡ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʨʷʜʫ ʩ ʦʨʪʦʧʠʨʦʢʩʝʥʦʤ ʠ ʛʣʠʥʦʟʝʤʠʩʪʦʡ 

ʰʧʠʥʝʣʴʶ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ (ʙʝʩʪʠʪʘʥʠʩʪʦʡ ʠ ʙʝʩʭʨʦʤʠʩʪʦʡ) ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʬʘʢʪʦʨʦʤ ʛʨʘʥʫʣʠʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʷʚʣʷʣʦʩʴ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʧʦʨʦ-

ʜʳ ʚʦʜʦʩʦʜʝʨʞʘʱʝʛʦ ʬʣʶʠʜʘ. ʆʙ ʵʪʦʤ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦ-

ʨʘ (ʜʦ 0.7 ʤʘʩ. %) ʚ ʛʨʘʥʫʣʠʪʦʚʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʝ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʴ ʧʨʦʷʚʣʝʥʠʷ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʚ ʠʟʫʯʝʥʥʳʭ ʛʘʙʙʨʦʠʜʘʭ ʧʨʦʩʪʦ ʢ ʩʫʙʩʦʣʠʜʫʩʥʦʡ ʧʝʨʝ-

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʦʩʪʳʚʘʥʠʠ ʧʦʨʦʜ.  

ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʞʠʣʴʥʳʭ ʜʠʦʨʠʪʘʭ, ʢʦʪʦʨʳʝ ʩʝʢʫʪ ʛʘʙʙʨʦʠʜʳ, ʧʨʦʷʚʣʝʥʠʡ ʤʝʪʘ-

ʤʦʨʬʠʟʤʘ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʛʘʙʙʨʦʠʜʳ 

ʪʝʨʨʝʡʥʘ ʝʱʸ ʜʦ 575 ʤʣʥ ʣʝʪ (ʚʦʟʨʘʩʪ ʧʨʦʨʳʚʘʶʱʠʭ ʛʘʙʙʨʦʠʜʳ ʞʠʣʴʥʳʭ ʜʠʦʨʠʪʦʚ) ʙʳʣʠ 

ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʳ ʚ ʥʠʞʥʝʢʦʨʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʣʠʪʦʩʬʝʨʳ ʥʝʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʵʧʠʟʦʜ ʤʝʪʘʤʦʨʬʠʟʤʘ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʛʘʙʙʨʦʠʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʋʩʪʴ-ɹʝʣʴʩʢʦʛʦ ʪʝʨʨʝʡʥʘ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɻɽʆʍʀ ʈɸʅ ʠ ɻʀʅ ʈɸʅ. 
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ʇʨʠ ʠʟʫʯʝʥʠʠ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚʳʷʚʣʝʥʠʷ ʝʛʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʩʦʚʨʝ-

ʤʝʥʥʳʤʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʫʧʨʫʛʦʩʪʴ, 

ʧʣʦʪʥʦʩʪʴ, ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ɺʘʨʠʘʮʠʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʢʘʢ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʪʘʢ ʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʉʝʚʝʨʥʳʡ ʊʷʥʴ-ʐʘʥʴ ʠʤʝʝʪ 

ʩʣʦʞʥʫʶ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʛʜʝ çʧʝʨʚʳʡ ʢʦʨʦʚʳʡ ʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡè ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʛʣʫʙʠʥʘʭ ʬʫʥʜʘʤʝʥʪʘ ʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʦʙʰʠʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʣʴʝʬʘ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʧʨʝʩʩʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʢʣʘʜʯʘʪʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚʧʘ-

ʜʠʥ [1-3]. ʇʨʠ ʵʪʦʤ ʚ ʛʣʫʙʠʥʥʳʭ ʟʦʥʘʭ ʧʨʦʠʩʭʦʜʠʣʠ ʘʢʪʠʚʥʳʝ ʩʜʚʠʛʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʬʦʨʤʠ-

ʨʫʷ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

çʧʝʨʚʳʡ ʢʦʨʦʚʳʡ ʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʝʜʠʥʳʡ çʩʣʦʡè, ʘ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʟʦʥʫ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʫʶ ʤʘʩʩʠʚʘʤ ʧʦʨʦʜ ʜʚʠʛʘʪʴʩʷ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩ-

ʩʪʦʷʥʠʷ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʧʨʦʬʠʣʴ çɹʦʦʤè ʟʘʣʦʞʝʥ ʚ ʩʣʦʞʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʧʦʤʝʭ, ʥʘʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝ-

ʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʢʘʢ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʨʝʛʠʦʥʘ, ʪʘʢ ʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʞʠʤʥʳʭ ʠ ʧʨʦʬʠʣʴʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɻʝʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟ-

ʨʝʟ, ʧʦʩʪʨʦʝʥʥʳʡ ʚʜʦʣʴ ʧʨʦʬʠʣʷ çɹʦʦʤè (ʨʠʩ.), ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʥʪʨʘʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʡ 

ʤʦʜʝʣʠ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʝʪʩʷ ʚʳʩʦʢʦʦʤʥʳʡ ʙʣʦʢ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʦʪ 700 ʜʦ ʙʦʣʝʝ ʯʝʤ 

2000 ʆʤĿʤ, ʟʘʣʝʛʘʶʱʠʡ ʥʘ ʛʣʫʙʠʥʘʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ~3 ʢʤ ʠ ʜʦ ʛʣʫʙʠʥ ~5 ʢʤ ʚ ʶʞʥʦʡ ʯʘ-

ʩʪʠ ʧʨʦʬʠʣʷ, ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʛʨʘʥʠʮʝʡ ʤʦʜʝʣʠ, ʘ ʚ ʩʝʚʝʨʥʦʡ ï ʩʫʙʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʟʦʥʦʡ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʧʨʦʜʦʣʞʝʥʠʶ ʀʩʩʳʢ-ɸʪʠʥʩʢʦʛʦ ʨʘʡʦʥʘ. ɺʦ-ʚʪʦʨʳʭ, 

ʦʪʤʝʯʝʥʘ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʚʦʜʷʱʘʷ ʟʦʥʘ ʥʘ ʛʣʫʙʠʥʘʭ 0ï2 ʢʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ɺ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʧʦʜ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ ʪʦʣʱʠʥʦʡ ʜʦ ~400 ʤ, ʦʙʥʘʨʫʞʝʥʘ ʩʫʙʚʝʨʪʠ-

ʢʘʣʴʥʘʷ ʧʨʦʚʦʜʷʱʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʦʩʪʠʨʘʶʱʘʷʩʷ ʥʘ ʛʣʫʙʠʥʫ ʧʨʠʤʝʨʥʦ 2 ʢʤ, ʜʘʣʝʝ ʩ ʧʘʜʝʥʠ-

ʝʤ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʛʜʝ ʥʘ ʛʣʫʙʠʥʝ ~5 ʢʤ ʦʥʘ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʙʦʣʝʝ ʛʣʫʙʠʥʥʦʡ ʩʫʙʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʟʦʥʦʡ, ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʤʝʥʷʶʱʠʤʩʷ ʦʪ ʧʝʨʚʳʭ ʝʜʠʥʠʮ ʜʦ 100 ʆʤĿʤ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ çʧʝʨʚʳʡ ʢʦʨʦʚʳʡ ʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡè. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 2021, 2022 ʠ 

2025 ʛʛ. ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʦʙʱʘʷ ʩʭʦʞʝʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʚ ʤʦʜʝʣʷʭ ʜʚʫʤʝʨʥʦʡ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʟʘ 2021 ʠ 2022 ʛʛ. ʅʘ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ 2025 ʛʦʜʫ, ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʨʘʟʤʝʨʘʭ ʚʳʩʦʢʦʦʤʥʦʛʦ ʦʙʲʝʢʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʮʝʥʪʨʝ ʤʦʜʝʣʠ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʣʷ 

ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ 2,3,4 ʤʝʥʷʝʪʩʷ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ, ʜʣʷ 5,6, 7 ï ʚ ʧʦʣʪʦʨʘ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝ-

ʨʝʩ ʜʣʷ ʥʘʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʦʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʘʢʪʠʚʥʦʡ ʨʘʟʣʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ 8 ʠ 9. ʄʦʥʠʪʦʨʠʥʛʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʢʘʢ ʤʘ-

ʣʦʛʣʫʙʠʥʥʳʤʠ (ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ), ʪʘʢ ʠ ʛʣʫʙʠʥʥʳʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʤʘʛ-

ʥʠʪʦʪʝʣʣʫʨʠʢʘ), ʧʦʜʪʚʝʨʜʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ [1]. ʈʠʩʫʥʦʢ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʢʘʞʫʱʝʛʦʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʪʝʯʝʥʠʝ 

ʧʷʪʠ ʣʝʪ. ɺʘʨʠʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ʏʪʦʙʳ 

ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚʜʦʣʴ ʧʨʦʬʠʣʷ çɹʦʦʤè. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʜʪʚʝʨʜʠʪʴ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʳ ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʫʪʦʯʥʠʪʴ ʧʨʝʞʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʩʪʨʦʝʥʠʠ ʠ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʢʨʫʧʥʦʡ ʨʘʟʣʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʟʨʝʟʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʝʡʩʤʦʘʢʪʠʚ-

ʥʳʭ ʨʝʛʠʦʥʘʭ, ʪʘʢʠʭ, ʢʘʢ ʊʷʥʴ-ʐʘʥʴ, ʯʝʨʝʟ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ (ʧʦʜʥʷʪʠʷ ʠ ʦʧʫʩʢʘʥʠʷ 

ʢʦʨʳ, ʨʘʟʣʦʤʳ), ʩʝʡʩʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʚ ʚʠʜʝ ʦʧʘʩʥʳʭ ʷʚʣʝʥʠʡ - ʦʧʦʣʟʥʝʡ, ʦʙʚʘʣʦʚ, 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʨʝʣʴʝʬʥʳʭ ʬʦʨʤ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʢʘʢ 

ʵʥʜʦʛʝʥʥʳʝ, ʪʘʢ ʠ ʵʢʟʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʶʪʩʷ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʦʣʷʭ ɿʝʤʣʠ. ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʘʨʠʘʮʠʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʤʠʛʨʘʮʠʝʡ ʬʣʶʠʜʦʚ, ʜʝʬʦʨʤʘʮʠʝʡ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʳʪʴ ʧʨʝʜʚʝʩʪʥʠʢʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʥʠʪʦʨʠʥʛʦ-

ʚʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʝʤʳʝ ʥʘ ɹʠʰʢʝʢʩʢʦʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ 

(ɹɻʇ), ʚʝʜʫʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʘ) ʧʦʠʩʢ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʥʘʠʙʦʣʝʝ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳʭ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ [1]; ʙ) 

ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʦʪʢʣʠʢʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʚ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʩʠʛʥʘʣʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [2,3]; ʚ) ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʭʘʨʘʢʪʝʨʝ ʧʦʚʝʜʝ-

ʥʠʷ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʛʝʦʜʠʥʘʤʠ-

ʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [4,5]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘʤʠ ʧʦʢʘʟʘʥʦ ʩʝʡʩʤʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ, ʢʦʪʦ-

ʨʦʝ ʧʨʦʠʟʦʰʣʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ 22 ʤʘʨʪʘ 2023 ʛ., ʥʘ ʨʘʩʩʪʦʷʥʠʠ 500 ʢʤ ʦʪ ʩʪʘ-

ʮʠʦʥʘʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʦʚʦʛʦ ʧʫʥʢʪʘ ɹɻʇ, ʛʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ. ʅʘ ʨʠʩʫʥʢʝ 1 ʯʝʪʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʦʪʢʣʠʢ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʚ ʧʷʪʠ ʢʦʤʧʦʥʝʥʪʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ - ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʝʣʣʫʨʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪ (Ex, Ey) ʠ ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ (Hx, Hy) ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ (ɻʮ) ʢʦʤʧʦʥʝʥʪ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ - 1 ʤʠʥ 17 ʩʝʢ.  ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʥʝ-

ʥʠʡ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʦʙʳʪʠʷ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʷʚʣʝʥʠʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʤʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ ʚ 16:46:02 (ʨʠʩ. 2). 
 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʷʚʣʝʥʠʝ ʦʪʢʣʠʢʘ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 22 ʤʘʨʪʘ 2023 ʛ. (ʊʘʜʞʠʢʠʩʪʘʥ, 20:07:45, mb 6.1)  
ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʥʘ ʩʪʘʮʠʦʥʘʨʝ ɸʢʩʫ ʩʪʘʥʮʠʝʡ MTU-5 

Phoenix Geophysics. ʇʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ 10 ʤʠʥʫʪ 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʦʷʚʣʝʥʠʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (22 ʤʘʨʪʘ 2023 ʛ. ʊʘʜʞʠʢʠʩʪʘʥ, 20:07:45, mb 6.1)  

ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʥʘ ʩʪʘʮʠʦʥʘʨʝ ɸʢʩʫ ʩʪʘʥʮʠʝʡ MTU-5 

Phoenix Geophysics 22 ʤʘʨʪʘ ʚ 16:46:02. ʇʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ 10 ʤʠʥʫʪ 

 

ɺʘʨʠʘʮʠʠ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2, ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʤʝʭʘʥʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʥʘ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʧʦʜʛʦʪʦʚʢʠ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ. ʇʝʨʝʜ ʩʠʣʴ-

ʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ, ʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʠ ʠʟʤʝʥʝʥʠʝ ʠʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʛʘʟʦʚʳʭ ʚʳʜʝʣʝʥʠʡ, ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟ-

ʤʝʥʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʠʟ-

ʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʪʦʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʫʱʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʢʦʤ-

ʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ ʤʳ ʨʝʛʠʩʪʨʠʨʫʝʤ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʦ ʪʝʤʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʅʉ ʈɸʅ (ʥʦʤʝʨ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ 

1021052806445-4-1.5.1). 
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ɺ 2025 ʛ. ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʵʢʩʧʝʜʠʮʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʀʌɿ ʈɸʅ ʚ ʦʙʣʘʩʪʴ 

ʈʘʘʭʝ-ʃʘʜʦʞʩʢʦʡ ʟʦʥʳ. ʉʦʚʤʝʩʪʥʦ ʩ ʄʊ-ʄɺ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʜʦʣʴ ʧʨʦʬʠʣʷ ɺʳʙʦʨʛ-

ʉʫʦʷʨʚʠ-2 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ʧʨʦʬʠʣʷ ʧʦ ʪʦʯʢʘʤ 

7 ï 01(ʨʠʩ. 1). 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ 2025 ʛ. ʥʘ ʧʨʦʬʠʣʝ ɺʳʙʦʨʛ ï ʉʫʦʷʨʚʠ-2. ʄʄɿ-ʩʪʘʥʮʠʠ 

ʫʢʘʟʘʥʳ ʢʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ. ʌʨʘʛʤʝʥʪ ʩʭʝʤʳ ʠʟ [1] ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 7 ʪʦʯʢʘʭ, ʜʣʠʥʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠ-

ʣʷ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 10 ʢʤ. 

ʄʝʪʦʜ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʜʦ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 30-35 ʢʤ [2]. ʆʩʥʦʚʫ ʤʝʪʦ-

ʜʘ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʫʪʚʝʨʞʜʝʥʠʷʤʠ:  

- ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʬʬʫʟʥʦʝ ʧʦʣʝ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʰʫʤʘ, ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʱʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʚʳʟʚʘʥʥʦʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʢʝʘʥʠ-

ʯʝʩʢʠʤ ʚʦʣʥʝʥʠʝʤ.  

- ɺʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʱʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʩʤʝʱʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʦʜʳ ʚʦʣʥʳ ʈʵʣʝʷ.  

- ʅʘ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʨʘʟʥʳʭ ʯʘʩʪʦʪ ʥʘʠʙʦʣʴʰʠʡ ʵʬ-

ʬʝʢʪ ʦʢʘʟʳʚʘʶʪ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʝ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʢʦʣʦ ʧʦ-

ʣʦʚʠʥʳ ʜʣʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʦʣʥʳ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʄʄɿ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʫʤ ʜʚʘ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʝʡʩʤʦʤʝʪʨʘ. ʆʜʠʥ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʠ ʩʣʫʞʠʪ çʙʘʟʦʚʦʡè 

ʩʪʘʥʮʠʝʡ, ʨʘʙʦʪʘʶʱʝʡ ʧʦʩʪʦʷʥʥʦ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ. ɺʪʦ-

ʨʦʡ çʧʝʨʝʜʚʠʞʥʦʡè ʩʝʡʩʤʦʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʫʥʢ-

ʪʘʭ (ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʥʘ ʦʜʥʦʤ ʧʫʥʢʪʝ ʩʦʩʪʘʚʣʷʝʪ 3 ʯʘʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʵʪʦʪ 

ʩʝʡʩʤʦʤʝʪʨ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʤʝʱʝʥ ʥʘ ʜʨʫʛʦʡ ʧʫʥʢʪ). ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʪʨʦʠʪʩʷ ʜʚʫʤʝʨʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʢʦʥʪʨʘʩʪʦʚ ʩʢʦʨʦʩʪʝʡ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʬʠʣʷ. ʀʟʤʝʨʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʰʫʤʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʝʡʩʤʦʤʝʪʨʦʚ CME-6111ND ʥʘ ʙʘʟʝ ʤʦ-

ʣʝʢʫʣʷʨʥʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  



31 

 

ʎʚʝʪʦʚʘʷ ʠʥʜʠʢʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥ ʯʝʨʝʟ ʩʣʦʠʩʪʳʝ ʩʨʝʜʳ. 

ʊʦ ʝʩʪʴ çʪʝʧʣʳʝè ʮʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʤʫ ʨʝʞʠʤʫ, ʪʦʛʜʘ ʢʘʢ çʭʦʣʦʜʥʳʝè ʚʳ-

ʩʦʢʦʩʢʦʨʦʩʪʥʦʤʫ. ʇʨʠʥʷʪʦ ʩʦʦʪʥʦʩʠʪʴ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʝ ʫʯʘʩʪʢʠ ʧʨʦʬʠʣʷ ʩ ʪʨʝʱʠʥʦʚʘʪʦʡ, 

ʠʟʤʝʥʝʥʥʦʡ, ʬʣʶʠʜʦʧʨʦʥʠʮʘʝʤʦʡ ʩʨʝʜʦʡ, ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʪʦʛʜʘ ʢʘʢ ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʳʝ ʦʪʥʦʩʷʪ ʢ ʥʝ ʥʘʨʫʰʝʥʥʳʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʛʦʨʥʳʤ ʧʦʨʦʜʘʤ ʠʣʠ ʦʙʲʝʢʪʘʤ, ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʤ [3].  

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʧʦ ʛʣʫʙʠʥʝ ʢʦʥʪʨʘʩʪʦʚ ʩʢʦʨʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʬʠʣʷ (ʨʠʩ. 2) ʚʳʨʘʞʝʥʘ ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ 

(ʪʦʯʢʘ 03), ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʗʥʠʩʲʷʨʚʠʥʩʢʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʫʙʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ. ʎʝʥʪʨʘʣʴʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ʧʨʦʬʠʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʫʧʥʦʡ ʩʪʨʫʢʪʫʨʦʡ - ʙʣʦʢʦʤ, ʪʨʝʱʠʥʦʚʘʪʳʤ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ. 

ɹʣʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʝʨʝʩʝʯʝʥ ʢʨʫʧʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʥʠʟʢʠʤʠ ʩʢʦʨʦʩʪʥʳʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʛʣʫʙʠʥʝ 5 ʢʤ. ʊʝʣʦ ʧʣʘʩʪʦʚʦʝ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʪ ʩʦʪʝʥ ʤ ʜʦ ʧʝʨ-

ʚʳʭ ʢʤ. ɺʝʨʦʷʪʥʦ, ʪʝʣʦ ʙʦʣʝʝ ʧʣʦʪʥʦʝ, ʤʘʣʦ ʪʨʝʱʠʥʦʚʘʪʦʝ, ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʦʪʥʦʩʠʪʩʷ 

ʩ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ. 
 

 
ʈʠʩʫʥʦʢ 2 ï ɻʝʦʬʠʟʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʤʤʟ ʧʦ ʧʨʦʬʠʣʶ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʀʌɿ ʈɸʅ.  
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ʃʝʪʦʤ 2025 ʛ. ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʂʦʰʝʣʝʚʩʢʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʶʞʥʘʷ ʂʘʤʯʘʪʢʘ) ʧʨʦʚʝʜʝʥʦ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʝ ʤʠʢʨʦʩʝʡʩʤʠʯʝ-

ʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʪʝʨʤʘʣʴʥʳʭ ʧʦʣʝʡ ʦʜʥʦʠʤʝʥʥʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʤʘʩʩʠʚʘ. 

ʂʦʰʝʣʝʚʩʢʘʷ ʛʘʟʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʚʫʣʢʘʥʠʯʝʩʢʠʤ 

ʤʘʩʩʠʚʦʤ ʦʣʠʛʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʧʷʪʠ ʩʨʦʩʰʠʭʩʷ ʩʪʨʘʪʦʚʫʣʢʘʥʦʚ ʠ 

ʦʪʜʝʣʴʥʳʭ ʤʦʥʦʛʝʥʥʳʭ ʧʦʩʪʨʦʝʢ [1]. ʄʘʩʩʠʚ ʦʙʨʘʟʦʚʘʥ ʥʘ ʩʦʯʣʝʥʝʥʠʠ ʶʞʥʦʢʘʤʯʘʪʩʢʦʛʦ ʠ 

ʩʝʚʝʨʦʢʫʨʠʣʴʩʢʦʛʦ ʩʝʛʤʝʥʪʦʚ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʚʩʣʝʜʩʪʚʠʝ ʵʚʦʣʶʮʠʠ ʢʨʫʧʥʦʛʦ ʧʝʨʠʬʝʨʠʯʝ-

ʩʢʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ ʉɺ 

ʠ ʉɿ ʧʨʦʩʪʠʨʘʥʠʷ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʂʦʰʝʣʝʚʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʡ ʧʘʨʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʚ ʜʚʫʭ ʟʦʥʘʭ ï ɺʝʨʭʥʝ-ʂʦʰʝʣʝʚʩʢʦʤ ʠ ʅʠʞʥʝ-

ʂʦʰʝʣʝʚʩʢʦʤ ʪʝʨʤʘʣʴʥʳʭ ʧʦʣʷʭ (ʪʝʨʤʦʘʥʦʤʘʣʠʡ).  

ʊʝʨʤʦʘʥʦʤʘʣʠʠ ʦʪʣʠʯʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʣʦʞʝʥʠʝʤ, P-T ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʥʦʩʠʪʝ-

ʣʷ, ʩʦʩʪʘʚʦʤ ʛʘʟʦʚ ʠ ʛʠʜʨʦʪʝʨʤ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʣʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʩʢʦʣʴʢʫ ʯʝʪʚʝʨʪʠʯʥʳʝ ʚʫʣʢʘʥʠʪʳ ʧʦʚʩʝʤʝʩʪʥʦ ʟʘʣʝʛʘʶʪ ʥʘ ʛʠʜʨʦ-

ʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʧʣʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ [2]. ʇʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʚʳʩʢʘʟʳʚʘʣʦʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʝʨʤʘʣʴʥʳʝ ʧʦʣʷ ʠʤʝʶʪ ʝʜʠʥʳʡ ʛʣʫʙʠʥʥʳʡ ʠʩʪʦʯʥʠʢ 

ʪʝʧʣʘ [1]. 

ʄʝʪʦʜ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʄʄɿ), ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʜʦ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 30-35 ʢʤ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʄʄɿ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʫʤ ʜʚʘ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʝʡʩʤʦʤʝʪʨʘ. ʆʜʠʥ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʠ ʩʣʫʞʠʪ çʙʘʟʦʚʦʡè 

ʩʪʘʥʮʠʝʡ, ʨʘʙʦʪʘʶʱʝʡ ʧʦʩʪʦʷʥʥʦ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ. ɺʪʦ-

ʨʦʡ çʧʝʨʝʜʚʠʞʥʦʡè ʩʝʡʩʤʦʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʫʥʢ-

ʪʘʭ (ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʥʘ ʦʜʥʦʤ ʧʫʥʢʪʝ ʩʦʩʪʘʚʣʷʝʪ 3 ʯʘʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʵʪʦʪ 

ʩʝʡʩʤʦʤʝʪʨ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʤʝʱʝʥ ʥʘ ʜʨʫʛʦʡ ʧʫʥʢʪ). ʇʦʩʣʝ 

ʧʦʣʫʯʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʟʘʧʠʩʝʡ ʩ çʙʘʟʦʚʦʡè ʩʪʘʥʮʠʠ ʠ çʧʝʨʝʜʚʠʞʥʳʭè ʩʝʡʩʤʦʤʝʪʨʦʚ ʧʨʦʠʩ-

ʭʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʫʩʨʝʜʥʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʵʪʠʭ ʩʠʛʥʘʣʦʚ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʤʧʣʠ-

ʪʫʜʘ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ A"/A' ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʫʥʢʪʘ ʠ ʢʘʞʜʦʡ ʯʘʩʪʦʪʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ. ʀʩʧʦʣʴʟʫʷ ʩʚʷʟʴ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ ʠ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝ-

ʨʝʭʦʜ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʣʫʙʠʥ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʦʠʪʩʷ ʜʚʫʤʝʨʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʛʣʫʙʠʥʝ ʢʦʥʪʨʘʩʪʦʚ ʩʢʦʨʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦ-

ʬʠʣʷ. ʀʟʤʝʨʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʝʡʩʤʦ-

ʤʝʪʨʦʚ CME-6111ND ʥʘ ʙʘʟʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  

ʎʚʝʪʦʚʘʷ ʠʥʜʠʢʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥ ʯʝʨʝʟ ʩʣʦʠʩʪʳʝ ʩʨʝʜʳ. 

ʊʦ ʝʩʪʴ çʪʝʧʣʳʝè ʮʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʤʫ ʨʝʞʠʤʫ, ʪʦʛʜʘ ʢʘʢ çʭʦʣʦʜʥʳʝè ʚʳ-

ʩʦʢʦʩʢʦʨʦʩʪʥʦʤʫ. ʇʨʠʥʷʪʦ ʩʦʦʪʥʦʩʠʪʴ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʝ ʫʯʘʩʪʢʠ ʧʨʦʬʠʣʷ ʩ ʪʨʝʱʠʥʦʚʘʪʦʡ, 

ʠʟʤʝʥʝʥʥʦʡ, ʬʣʶʠʜʦʧʨʦʥʠʮʘʝʤʦʡ ʩʨʝʜʦʡ, ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʪʦʛʜʘ ʢʘʢ ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʳʝ ʦʪʥʦʩʷʪ ʢ ʥʝ ʥʘʨʫʰʝʥʥʳʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʛʦʨʥʳʤ ʧʦʨʦʜʘʤ ʠʣʠ ʦʙʲʝʢʪʘʤ, ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʤ [3].  

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 74 ʪʦʯʢʘʭ, ʜʣʠʥʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦ-

ʬʠʣʷ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 17 ʢʤ (ʨʠʩ. 1). ʅʘ ʧʨʦʬʠʣʝ (ʨʠʩ. 2) ʚʳʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ, ʩʦʧʦʩʪʘʚʣʷ-

ʝʤʳʝ ʩ ʛʠʜʨʦ- ʠ ʪʝʨʤʦʘʥʦʤʘʣʠʷʤʠ. ʇʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʝ ʙʣʶʜʮʝ-

ʪʘʨʝʣʢʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʦʪ ʧʨʦʯʠʭ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ. 
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ʄʦʱʥʦʩʪʴ ï ʧʝʨʚʳʝ ʩʦʪʥʠ ʤ, ʢʘʢ ʧʨʘʚʠʣʦ 150-200 ʤ. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦ-

ʞʝʥʠʶ ɺʝʨʭʥʝ- ʠ ʅʠʞʥʝ-ʂʦʰʝʣʝʚʩʢʠʭ ʪʝʨʤʦʘʥʦʤʘʣʠʡ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʨʘʟʦʛʨʝʪʘʷ ʟʦ-

ʥʘ ʩʠʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʵʬʬʫʟʠʚʥʳʭ ʠ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ [2]. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʝʡʩʤʦʤʝʪʨʦʚ ʂʦʰʝʣʝʚʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʩʧʫʪʥʠʢʦʚʦʤ ʩʥʠʤʢʝ 

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʝʦʬʠʟʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʄʄɿ ʧʦ ʧʨʦʬʠʣʷʤ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʀʌɿ ʈɸʅ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʧʨʦʝʢʪ ˉ 24-27-20083. 
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ʎɽʅʊʈɸʃʔʅʆɻʆ ɹɸʁʂɸʃɸ ʇʆ ɸʈʍʀɺʅʓʄ ʀ ʉʆɺʈɽʄɽʅʅʓʄ ɼɸʅʅʓʄ 

 

ɸ. ɺ. ɹʝʣʷʰʦʚ 
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ɺ ʜʦʢʣʘʜʝ ʦʧʠʩʳʚʘʝʪʩʷ ʵʚʦʣʶʮʠʷ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʘʛʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʦʚʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʊʦ, x, y, z) ʜʣʷ ʨʝʛʠʦʥʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ɹʘʡʢʘʣʘ, ʫʩʣʦʚʥʦ ʥʘʟʚʘʥʥʦʡ çʫʪʦʯʥʝʥ-

ʥʦʡ ʛʠʧʦʮʝʥʪʨʠʝʡè.  

ʉʪʘʨʪʦʚʳʡ ʧʦʜʭʦʜ ʙʘʟʠʨʦʚʘʣʩʷ ʥʘ ʚʳʷʚʣʝʥʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʫʟʣʦʚ ʚ ʦʙʨʘʙʦʪʢʝ, 

ʟʘʚʝʜʦʤʦ ʩʥʠʞʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʣʦʢʘʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʣʦʢʘʣʠ-

ʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʈ-ʚʦʣʥ ʠʣʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʨʪʦʚʦʡ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ 

ʩʥʠʤʘʝʤʳʤ ʥʘ ʩʝʡʩʤʦʛʨʘʤʤʝ ʚʨʝʤʝʥʘʤ ʚʩʪʫʧʣʝʥʠʷ ʮʝʣʝʚʳʭ ʬʘʟ ʩ ʫʯʝʪʦʤ ʣʫʯʝʚʳʭ ʪʨʘʝʢʪʦ-

ʨʠʡ). 

ʅʘ ʧʝʨʚʦʤ ʵʚʦʣʶʮʠʦʥʥʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ [1]: 

- ʟʘʜʝʡʩʪʚʦʚʘʥʠʝ P- ʠ S- ʚʦʣʥ (ʩ ʦʰʠʙʢʦʡ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥ ʚʩʪʫʧʣʝʥʠʡ ʥʝ ʙʦʣʝʝ 0.04 ʩ); 

- ʚʳʜʝʣʝʥʠʝ ʥʘ ʠʩʭʦʜʥʳʭ ʟʘʧʠʩʷʭ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ (ʧʨʷʤʦʡ) ʩ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʵʧʠʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʜʦ 110 ʢʤ, ʛʘʨʘʥʪʠʨʫʶʱʝʝ ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʚʨʝʤʝʥ ʚʩʪʫʧʣʝʥʠʡ (ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʣʫʯʝʚʳʭ ʪʨʘʝʢʪʦʨʠʡ) ʟʘʜʘʚʘʝʤʦʡ ʠʩʭʦʜʥʦʡ 

ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ; 

- ʦʙʝʩʧʝʯʝʥʠʝ çʩʢʚʦʟʥʦʡ ʣʦʛʠʢʠè ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ - ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʥʘʯʘʣʴ-

ʥʳʭ ʵʪʘʧʘʭ (ʥʘʨʷʜʫ ʩ ʚʨʝʤʝʥʘʤʠ ʚʩʪʫʧʣʝʥʠʡ, ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʳʭ ʛʨʘʬʠʢʘʭ ɺʘʜʘʪʠ ʟʥʘʯʝʥʠʷ ʊʦ ʠ Vp/Vs), ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʦʜʙʦʨʝ ʨʝʰʝʥʠʷ ʚ ʧʨʦ-

ʛʨʘʤʤʝ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʛʨʘʜʠʝʥʪʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʝʡ (ʘʥʘʣʦʛ 3D) 

ʧʨʠ ʠʪʝʨʘʪʠʚʥʦʤ ʧʦʜʙʦʨʝ ʨʝʰʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ʣʦʢʘʣʠʟʘʮʠʠ Hypoellipse. 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʦ ʣʦʢʘʣʠʟʦʚʘʥʦ ʂʫʜʘʨʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ [2] ʠ ʝʛʦ 

ʘʬʪʝʨʰʦʢʠ [3]. 

ɺʪʦʨʦʡ ʵʚʦʣʶʮʠʦʥʥʳʡ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʭʦʜʝ ʨʘʙʦʪ ʧʦ ʨʝʣʦʢʘʮʠʠ ʘʨʭʠʚʥʳʭ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ 2001 ʛ., ʛʜʝ ʘʚʪʦʨ ʩʨʘʟʫ ʩʪʦʣʢʥʫʣʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ï ʧʦʜʙʦʨ ʨʝʰʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʝ 

Hypoellipse ʩ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʨʘʬʠʢʦʚ ɺʘʜʘ-

ʪʠ, ʟʘʯʘʩʪʫʶ ʧʨʦʚʦʜʠʣʩʷ ʯʝʨʝʟ ʘʥʦʤʘʣʴʥʦ ʟʘʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ (ʜʦ 7.5 ʢʤ/ʩ ʜʣʷ ʈ-

ʚʦʣʥ ʥʘ ʢʨʦʚʣʝ ʟʝʤʥʦʡ ʢʦʨʳ), ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʦʙʳʪʠʡ ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ Vp/Vs (Ó1.77). ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʝʰʝʥʠʝ ʥʝ ʧʦʜʙʠʨʘʣʦʩʴ ʚʦʦʙʱʝ.  

ɼʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʪʘʢʞʝ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ Tʦ ʠ Vp/Vs 

ʧʦ ʛʨʘʬʠʢʘʤ ɺʘʜʘʪʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʩʦʙʳʪʠʡ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʰʠʙʢʘʤ. ɼʣʷ ʠʩ-

ʧʨʘʚʣʝʥʠʷ ʩʠʪʫʘʮʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʪʨʦʠʪʴ ʩʫʤʤʘʨʥʳʡ ʛʨʘʬʠʢ ɺʘʜʘʪʠ ʧʦ ʚʩʝʤ ʚʢʣʶʯʝʥʥʳʤ 

ʚ ʦʙʨʘʙʦʪʢʫ ʩʦʙʳʪʠʷʤ ʠʟ ʮʝʣʝʚʦʛʦ ʨʝʛʠʦʥʘ, ʟʘʢʨʝʧʣʷʪʴ ʩʨʝʜʠʥʥʳʡ ʪʨʝʥʜ ʚ ʢʘʯʝʩʪʚʝ ʥʘʢʣʦʥʘ 

ʣʠʥʠʠ Vp/Vs ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʥʘʢʣʦʥ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ Tʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʩʦʙrʪʠʡ [4]. 

ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ, ʧʨʠ ʚʩʝʡ ʝʛʦ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ, ʦʪʣʠʯʘʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ: 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʛʨʘʬʠʢʘ ɺʘʜʘʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʢ ʥʫʣʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʛʨʘʬʠʢʠ ɺʘʜʘʪʠ (ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʦʙʳʪʠʷʤ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʩʝ ʣʦʢʘʣʴʥʳʝ ʦʰʠʙʢʠ ʫ ʧʨʦ-

ʙʣʝʤʥʳʭ ʩʦʙʳʪʠʡ ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʩʫʤʤʘʨʥʳʡ ʛʨʘʬʠʢ, ʯʪʦ ʩʥʠʞʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʝʡ ʣʠʥʠʠ Vp/Vs. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʦʞʝʥʦ ʦʪʜʝʣʴʥʦ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʩʦ-

ʙʳʪʠʡ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʜʫʨʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ Tʦ. ʇʨʦʚʦʜʠʪʩʷ ʦʥʘ ʨʝʰʝʥʠʝʤ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʦʢʨʫʞʥʦʩʪʝʡ (ʩʧʦ-

ʩʦʙʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʨʦʜʥʦʡ ʤʦʜʝʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʈ-ʚʦʣʥʳ 

6.15 ʢʤ/ʩ; ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʙʦʨ ʨʝʰʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ ʦʪ 0 ʜʦ 40 ʢʤ ʩ ʰʘʛʦʤ 1 ʢʤ, ʢʨʠʪʝʨʠʝʤ 

ʦʪʙʦʨʘ ʩʣʫʞʠʪ ʤʠʥʠʤʫʤ ʨʘʟʙʨʦʩʘ ʧʦʩʪʘʥʮʠʦʥʥʳʭ ʟʥʘʯʝʥʠʡ Vp/Vs.  



36 

 

ʌʠʥʘʣʴʥʦʝ ʣʦʢʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʜʙʠʨʘʝʪʩʷ ʠʪʝʨʘʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʤʥʦʛʦʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʚʨʝʤʝʥʥʳʭ ʥʝʚʷʟʦʢ ʚ ʧʨʦʛʨʘʤʤʝ Hypoellipse ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʊʦ ʠ Vp/Vs, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʨʘʬʠʢʦʚ ɺʘʜʘʪʠ 

ʯʝʨʝʟ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʣʠʥʠʶ Vp/Vs [5]. 

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʧʦ ʨʝʣʦʢʘʮʠʠ ʘʨʭʠʚʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ 2001-2003 ʛʛ. 

ʘʚʪʦʨ ʚʩʪʨʝʪʠʣʩʷ ʩ ʦʯʝʨʝʜʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ: ʚ ʯʠʩʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʫʢʘʟʘʥʥʳʡ ʧʝ-

ʨʠʦʜ ʩʦʙʳʪʠʡ ʧʦʧʘʣʠ ʢʘʨʴʝʨʥʳʝ ʚʟʨʳʚʳ ʥʘ ʏʝʨʝʤʰʘʥʩʢʦʤ ʢʚʘʨʮʠʪʦʚʦʤ ʨʫʜʥʠʢʝ ʩ ʦʢʦʣʦ-

ʥʫʣʝʚʦʡ ʛʣʫʙʠʥʦʡ ʦʯʘʛʘ, ʧʨʠ ʵʪʦʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʫʪʦʯʥʝʥʥʦʡ ʛʠʧʦʮʝʥʪʨʠʠ ʚ 

ʩʨʝʜʥʝʤ ʥʘ ʛʣʫʙʠʥʝ 7.6 ʢʤ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.4 ʜʦ 10.7 ʢʤ). ʊʘʢʘʷ ʦʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʛʣʫ-

ʙʠʥʳ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪʢʣʦʥʝʥʠʝʤ ʜʘʥʥʳʭ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʦʙʳʪʠʷʤ ʦʪ ʩʨʝʜʠʥʥʦʡ ʣʠʥʠʠ Vp/Vs 

ʥʘ ʩʫʤʤʘʨʥʦʤ ʛʨʘʬʠʢʝ ɺʘʜʘʪʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʣʦʢʘʣʠʟʘʮʠʷ ʩʦʙʳʪʠʡ ʯʝʨʝʟ ʩʨʝʜʠʥ-

ʥʫʶ ʣʠʥʠʶ ʦʞʠʜʘʝʤʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʨʝʰʝʥʠʷ (ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʚʳ-

ʣʝʪʦʚ) ʚ ʫʱʝʨʙ ʣʦʢʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʪʦ ʦʪ-

ʢʣʦʥʝʥʠʝ ʚ ʨʘʩʯʝʪʘʭ ʧʫʪʝʤ ʦʮʝʥʢʠ ʝʛʦ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʚʥʝʩʝʥʠʷ ʧʦʧʨʘʚʦʢ ʚ ʨʝʟʫʣʴʪʘʪ 

ʣʦʢʘʣʠʟʘʮʠʠ. 

ɼʣʷ ʚʩʝʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 2001-2003 ʛʛ. ʧʨʦʚʝʜʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʠʧʦʮʝʥʪʨʠʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʢʘʣʴʥʳʭ (ʦʪʜʝʣʴʥʦ ʧʦ ʢʘʞʜʦʤʫ ʩʦʙʳʪʠʶ) ʧʘʨʘʤʝʪʨʦʚ To ʠ ʧʦʩʪʘʥʮʠʦʥʥʳʭ 

ʟʥʘʯʝʥʠʡ Vp/Vs, ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ. ʇʦʣʫʯʝʥʘ ʯʠʩʣʝʥʥʘʷ 

ʦʮʝʥʢʘ ʦʪʢʣʦʥʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ, ʧʦʧʨʘʚʢʠ ʜʦʙʘʚʣʝʥʳ ʢ ʨʝʟʫʣʴʪʘʪʫ ʫʩʨʝʜʥʝʥʥʦʡ ʛʠʧʦʮʝʥʪʨʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ, ʦʧʠʩʳ-

ʚʘʶʱʘʷ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʬʠʥʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʪʦʯʥʝʥ-

ʥʦʡ ʛʠʧʦʮʝʥʪʨʠʠ. 
 

 
 

ʈʠʩʫʥʦʢ ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʫʪʦʯʥʝʥʥʦʡ ʛʠʧʦʮʝʥʪʨʠʠ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʌʅʀ ʀʅɻɻ ʉʆ ʈɸʅ FWZZ-2026-0050 çʉʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʉʠʙʠʨʠ ʚ ʩʚʷʟʠ ʩ ʝʝ ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʧʨʠʟʥʘʢʘʤʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʠ ʨʘʟ-

ʨʘʙʦʪʢʘ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡè. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʧʨʦʩʦʚ 

ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʦʩʪʘʶʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ, ʘ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠʷ ʭʨʦʥʦʣʦʛʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʪʨʝʙʫʝʪ ʠʥʪʝʛʨʘʮʠʠ ʦʛʨʦʤʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʜʠʩʮʠʧʣʠʥ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ. ʅʘ ʘʥʘʣʠʟʝ ʦʙʰʠʨʥʳʭ ʣʠʪʦʣʦ-

ʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʩʘʜʦʯʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʦʟ. ɹʘʡʢʘʣ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʨʝʭʩʪʘʜʠʡʥʦʤ ʜʣʠʪʝʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ ʩ ʧʦʟʜʥʝʛʦ 

ʤʝʣʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ɺʳʜʝʣʷʶʪʩʷ ʧʦʟʜʥʝʤʝʣʦʚʦʡ-ʵʦʮʝʥʦʚʳʡ ʵʪʘʧ ʧʘʩʩʠʚʥʦʛʦ ʨʠʬʪʘ 

(ʜʦʦʨʦʛʝʥʥʳʡ), ʧʦʟʜʥʝʦʣʠʛʦʮʝʥʦʚʳʡ-ʨʘʥʥʝʧʣʠʦʮʝʥʦʚʳʡ ʦʨʦʛʝʥʥʳʡ ʵʪʘʧ, ʩʚʷʟʘʥʥʳʡ ʩ ʀʥʜʦ-

ɽʚʨʘʟʠʡʩʢʦʡ ʢʦʣʣʠʟʠʝʡ, ʠ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʡ ʵʪʘʧ ʘʢʪʠʚʥʦʛʦ ʨʠʬʪʘ (ʧʦʟʜʥʝʦʨʦʛʝʥʥʳʡ), ʩʚʷ-

ʟʘʥʥʳʡ ʩ ʨʦʩʪʦʤ ʘʩʪʝʥʦʩʬʝʨʳ. ʂʘʞʜʦʤʫ ʠʟ ʵʪʘʧʦʚ ʩʚʦʡʩʪʚʝʥ ʦʩʦʙʳʡ ʪʠʧ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʝʦʪʣʦʞʝʥʥʳʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʨʘʥʥʝʡ ʠ ʧʦʟʜʥʝʡ ʤʦʣʘʩʩʳ [1, 2, ʠ ʜʨ.]. 

ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʪʨʝʢʦʚʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʘʧʘʪʠʪʘ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʦʯʢʫ 

ʟʨʝʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʣʴ-

ʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʫʭ ʢʦʣʣʠʟʠʦʥʥʳʭ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʢʦʥʚʝʨʛʝʥʮʠʝʡ 

ʉʝʚʝʨʦ-ʂʠʪʘʡʩʢʦʛʦ ʠ ʀʥʜʠʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʦʚ ʩ ɽʚʨʘʟʠʝʡ, ʧʨʦʷʚʠʚʰʠʭʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 

ʧʦʟʜʥʝʡ ʶʨʝ-ʧʘʣʝʦʮʝʥʝ (160- 70 ʤʣʥ. ʣʝʪ) ʠ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ (ʧʦʩʣʝʜʥʠʝ 5-3 ʤʣʥ 

ʣʝʪ). ʅʘʣʦʞʝʥʠʝ ʜʚʫʭ ʢʨʫʧʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʩʣʦʞʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʙʘʩʩʝʡʥʦʚ ʠ ʠʭ ʦʩʘʜʦʯʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ 

ʧʨʠʨʦʜʫ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ-

ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʠʬʪʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʇʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ɹʘʡʢʘʣʴ-

ʩʢʘʷ ʩʠʩʪʝʤʘ ʩʜʚʠʛʦʚ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʨʠʬʪʦʚ ʦʙʨʘʟʦʚʘʥʘ ʚ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʜʘʣʴʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʀʥʜʦ-ɽʚʨʘʟʠʡʩʢʦʡ ʢʦʣʣʠʟʠʠ.  

ɺ ʨʘʙʦʪʘʭ [4, 5] ʥʘ ʘʥʘʣʠʟʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʝʢʦʚʦʛʦ ʜʘ-

ʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ ʠʩʪʦʨʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ɹʘʡʢʘʣʴʩʢʦʡ 

ʨʠʬʪʦʚʦʡ ʟʦʥʳ. ɺʳʷʚʣʝʥʳ ʵʚʦʣʶʮʠʷ ʨʝʣʴʝʬʘ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʘʜʠʠ ʧʦ ʧʨʦʬʠʣʶ ʉɺ-ʖɿ 

ʧʨʦʩʪʠʨʘʥʠʷ ʦʪ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʦʛʦ ʜʦ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʭʨʝʙʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ɹʘʡʢʘʣʦ-

ʇʘʪʦʤʩʢʠʡ ʭʨʝʙʝʪ ʥʘʯʘʣ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʨʘʥʥʝʤ ʢʘʨʙʦʥʝ ʠ ʙʳʣ ʨʝʘʢʪʠʚʠʨʦʚʘʥ ʚ ʨʘʥʥʝʤ ʤʝ-

ʣʫ (140-110 ʤʣʥ ʣʝʪ) ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʦʨʦʛʝʥʠʠ. ɺ ʝʝ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʧʨʝʜʜʫʛʦʚʦʡ ʧʨʦʛʠʙ, ʢʦʪʦʨʳʡ ʚ ʩʚʷʟʠ ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ 

ʬʨʦʥʪʘ ʜʝʬʦʨʤʘʮʠʡ ʚʥʫʪʨʴ ʢʦʥʪʠʥʝʥʪʘ ʙʳʣ ʯʘʩʪʠʯʥʦ ʚʦʚʣʝʯʝʥ ʚ ʧʨʦʮʝʩʩ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʩʪʘʪʢʠ ʧʨʝʜʛʦʨʥʦʛʦ ʧʨʦʛʠʙʘ ʄʦʥʦʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʦʨʦʛʝʥʘ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʣʠʩʴ ʥʘ ʶʛʝ ʉʠ-

ʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʧʨʝʜʝʣʘʭ ʇʨʝʜʙʘʡʢʘʣʴʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʯʘʩʪʠʯʥʦ ʚ ʧʨʝʜʝ-

ʣʘʭ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ ʶʨʩʢʦ-ʨʘʥʥʝʧʘʣʝʦʛʝʥʦʚʳʝ, ʧʨʝʠʤʫ-

ʱʝʩʪʚʝʥʥʦ ʤʦʣʘʩʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʨʘʟʜʝʣʝʥʥʳʝ ʥʘ ʪʨʠ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʥʝʩʦʛʣʘʩʠʷʤʠ: ʨʘʥʥʝʩʨʝʜʥʝʶʨʩʢʠʡ, ʧʦʟʜʥʝʶʨʩʢʠʡ-ʨʘʥʥʝʤʝʣʦʚʦʡ ʠ ʧʦʟʜʥʝʤʝ-

ʣʦʚʦʡ-ʨʘʥʥʝʢʘʡʥʦʟʦʡʩʢʠʡ [1,2,6]. ʅʝʩʦʛʣʘʩʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʣʠʪʝʣʴʥʦʤ ʢʦʣʣʠʟʠʦʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʉʝʚʝʨʦ-ʂʠʪʘʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʥʘ ʉʝʚʝʨʥʫʶ ɽʚʨʘʟʠʶ, ʯʪʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʪʨʝ-

ʢʦʚʳʤ ʜʘʪʠʨʦʚʘʥʠʝʤ ʥʘ ʦʛʨʦʤʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (ʊʫʚʘ, ɸʣʪʘʡ, ʉʘʷʥʳ, ʄʦʥ-

ʛʦʣʠʷ, ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ) ʚ ʤʝʣʫ-ʧʘʣʝʦʮʝʥʝ (140-70 ʤʣʥ ʣʝʪ).  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʪʨʝʢʦʚʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʘʧʘʪʠʪʘ (AFT) ʧʦ ʧʨʦ-

ʬʠʣʶ, ʩʝʢʫʱʝʤʫ ɹʘʡʢʘʣ ʦʪ ʦʩʪʨʦʚʘ ʆʣʴʭʦʥ ʯʝʨʝʟ ʤʳʩ ʉʚʷʪʦʡ ʅʦʩ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ɹʘʡʢʘʣʘ ʜʦ ɹʘʨʛʫʟʠʥʩʢʦʡ ʚʧʘʜʠʥʳ (ʙʦʣʝʝ 20 ʧʨʦʙ). ʅʦʚʳʝ ʜʘʥʥʳʝ ʜʦʧʦʣʥʠʣʠ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ [4, 5], ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦ ʦʙʨʘʤʣʝʥʠʶ ɹʘʡʢʘʣʘ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʆʣʴʭʦʥ 

ʧʝʥʝʧʣʝʥʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 80-70 ʤʣʥ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʥʘ ʤʝʩʪʝ ʤʝʣʦʚʦʛʦ ʦʨʦʛʝʥʘ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʙʣʠʟʦʩʪʴ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʆʣʴʭʦʥʦʤ ʠ ʉʚʷʪʳʤ ʅʦʩʦʤ 

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘʣʘ ʤʝʥʝʝ 60 ʢʤ), ʪʝʨʤʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ʆʣʴʭʦʥʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʢʦʥʪʨʘʩʪʠʨʫʝʪ ʩ ʪʠʧʠʯʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʠʩʪʦʨʠʷʤʠ ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʘ ɹʘʡ-

ʢʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʵʢʩʛʫʤʘʮʠʠ 

ʟʘʧʘʜʥʦʛʦ ʠ ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʦʚ ʦʟʝʨʘ ɹʘʡʢʘʣ. ʊʝʨʤʘʣʴʥʳʝ ʠʩʪʦʨʠʠ ʦʙʨʘʟʮʦʚ ʦʩʪʨʦʚʘ ʆʣʴ-

ʭʦʥ, ʩʜʝʣʘʥʥʳʝ ʧʦ ʘʧʘʪʠʪʫ ʠʟ ʧʷʪʠ ʦʙʨʘʟʮʦʚ ʧʝʛʤʘʪʠʪʦʚ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ ʦʩʪʨʦʚʘ, 

ʦʯʝʥʴ ʩʭʦʞʠ, ʨʘʟʣʠʯʘʷʩʴ ʣʠʰʴ ʚ ʜʝʪʘʣʷʭ, ʠ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʢʫʶ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ 

ʜʚʫʭʵʪʘʧʥʫʶ ʵʢʩʛʫʤʘʮʠʶ, ʟʘʢʦʥʯʠʚʰʫʶʩʷ ʥʝ ʧʦʟʜʥʝʝ 70 ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʥʘʟʘʜ. ɼʚʫʭʵʪʘʧʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʥʘ 100 ʛʨʘʜʫʩʦʚ ʚ ʧʦʟʜʥʝʤ ʤʝʣʫ, ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʵʢʩʛʫʤʘʮʠʠ ʩ ʛʣʫʙʠʥ ʦʢʦʣʦ 3-3.5 ʢʤ, 

ʠ ʧʦʣʥʳʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʧʦʢʦʡ ʚ ʢʘʡʥʦʟʦʝ. 

ʈʘʜʠʢʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʵʪʦʡ ʢʘʨʪʠʥʳ ʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʨʠʠ ʦʙʨʘʟʮʦʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʫʶ ʪʝʢʪʦʥʠʢʫ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʘʡʥʦʟʦʷ, ʚʩʝ ʦʙʨʘʟʮʳ 

ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʦʭʣʘʜʠʣʠʩʴ ʜʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʣʠʰʴ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 5-3 ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ɻʦʨʘʟʜʦ ʩʠʣʴʥʝʝ ʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʨʠʠ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʘ-

ʶʪʩʷ ʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʨʘʟʣʠʯʠʠ ʚ ʪʝʢʪʦʥʠʢʝ ʜʘʞʝ ʩʦʩʝʜʥʠʭ ʙʣʦʢʦʚ. ʇʦʚʩʝʤʝʩʪ-

ʥʦ ʚʳʜʝʣʷʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʥʘ 40-70 ʛʨʘʜʫʩʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠ-

ʦʥʦʚ ʣʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʵʢʩʛʫʤʘʮʠʠ ʩ ʛʣʫʙʠʥ 1,5-2,5 ʢʤ, ʠ ʜʣʷ ʧʦʣʦʚʠʥʳ 

ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦʟʜʥʝʤʝʣʦʚʦʡ ʧʝʨʠʦʜ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩ 

ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʘ ɹʘʡʢʘʣʘ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ (ʵʢʩʛʫʤʘʮʠʠ) ʩʪʨʝʤʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʚ ʵʪʦʪ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʜʦʩʪʠʛʥʫʚ ʟʥʘʯʝʥʠʡ ʙʦʣʝʝ 1ʢʤ/ʤʣʥ. ʣʝʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʠʦʜ 40-25 

Ma, ʢʦʪʦʨʳʡ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩʯʠʪʘʝʪʩʷ ʚʨʝʤʝʥʝʤ ʘʢʪʠʚʘʮʠʠ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʧʦ ʜʘʥʥʳʤ ʪʨʝʢʦʚʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʘʧʘʪʠʪʘ ʥʝ ʦʪʤʝʯʘʝʪʩʷ, ʢʘʢ ʧʝ-

ʨʠʦʜ ʚʳʩʦʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʩʢʦʨʝʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʧʦʢʦʡ ʚ ʵʪʦʪ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʢʦʚʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʩʣʫʞʘʪ ʚʝʩʦʤʳʤ ʘʨʛʫʤʝʥ-

ʪʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʜʠʩʢʫʩʩʠʠ ʦ ʚʦʟʨʘʩʪʝ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ ʢʘʢ ʤʦʣʦʜʦʡ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡ-

ʩʢʦʡ (ʧʦʩʣʝʜʥʠʝ 5-3 ʤʣʥ. ʣʝʪ) ʩʪʨʫʢʪʫʨʳ [7-11]. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀɻʄ ʉʆ PAʅ (FWZN-2026-0018). 
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ʈɸʅʅɽʄɽʃʆɺɸʗ ʌʃʆʈɸ ʆʂʀʅʆ-ʂʃʖʏɽɺʉʂʆɻʆ ɹɸʉʉɽʁʅɸ, 

ʈɽʉʇʋɹʃʀʂɸ ɹʋʈʗʊʀʗ 
 

ɽ. ɺ. ɹʫʛʜʘʝʚʘ1, ʆ. ʈ. ʄʠʥʠʥʘ2, ʎ. ʎ. ɹʦʨʙʦʝʚʘ2, ʅ. ɸ. ɼʦʨʦʥʠʥʘ2 

1ʌʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘʟʝʤʥʦʡ ʙʠʦʪʳ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ɼɺʆ ʈɸʅ, 

ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ, bugdaeva@biosoil.ru 
2ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʅ. ʃ. ɼʦʙʨʝʮʦʚʘ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ 

 

ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʦʝ ʙʫʨʦʫʛʦʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ɹʠʯʫʨʩʢʦʤ ʨʘʡʦʥʝ ʈʝʩ-

ʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ, ʚ 170 ʢʤ ʢ ʶʛ-ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʛ. ʋʣʘʥ-ʋʜʵ. ʆʩʘʜʦʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʜʥʦʠʤʝʥʥʦʡ ʚʧʘʜʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʥʝʤʝʣʦʚʳʤʠ ʵʬʬʫʟʠʚʥʦ-ʦʩʘʜʦʯʥʦʡ ʭʠʣʦʢʩʢʦʡ, ʫʙʫ-

ʢʫʥʩʢʦʡ ʠ ʫʛʣʝʥʦʩʥʦʡ ʩʝʣʝʥʛʠʥʩʢʦʡ ʩʚʠʪʘʤʠ [1]. ʌʘʮʠʘʣʴʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʩʘʜʢʦʚ ʩʘʤʘʷ 

ʨʘʟʥʦʦʙʨʘʟʥʘʷ; ʜʦʤʠʥʠʨʫʶʪ ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʫʩʣʦʚʳʭ ʬʘʮʠʡ. 

ʀʟʫʯʝʥʳ ʦʩʪʘʪʢʠ ʨʘʩʪʝʥʠʡ ʠʟ ʫʛʣʝʡ ʠ ʢʣʘʩʪʠʯʝʩʢʠʭ ʧʨʦʩʣʦʝʚ ʩʝʣʝʥʛʠʥʩʢʦʡ ʩʚʠʪʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʷʪ Equisetum sp., Equi-

setostachys (?) sp., Ginkgo manchurica (Yabe et Oishi) Meng et Chen, Phoenicopsis sp., Des-

miophyllum sp., Pityophyllum sp., Pityolepis (?) sp. ʅʘʡʜʝʥʘ ʜʨʝʚʝʩʠʥʘ, ʠʤʝʶʱʘʷ ʨʦʜʩʪʚʦ ʩ 

ʪʘʢʩʦʜʠʝʚʳʤʠ (ʊʘʙʣ. I). 

 
 

ʊʘʙʣʠʮʘ I ï ʈʘʩʪʝʥʠʷ ʩʝʣʝʥʛʠʥʩʢʦʡ ʩʚʠʪʳ ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʦʡ ʚʧʘʜʠʥʳ, ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ. 1, 9 ï Taxus 

huolingolensis Dong, Shi, Herrera, Wang, Wang, Zhang, Xu, Herendeen et Crane, 1 ï ʣʠʩʪ, 9 ï ʫʩʪʴʠʮʝ, ʚʠʜ ʠʟʥʫʪʨʠ 

(ʉʕʄ); 2 ï Phoenicopsis sp.; 3 ï Pityophyllum sp.; 4 - Ginkgo manchurica (Yabe et Oishi) Meng et Chen; 5 - 

Czekanowskia cf. communis Kiritchkova et Samylina, ʫʩʪʴʠʮʝ, ʚʠʜ ʠʟʥʫʪʨʠ (ʉʕʄ); 6, 7 -  Nilssoniopteris sp. 6 ï ʦʙ-

ʨʳʚʦʢ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʣʠʩʪʘ ʩ ʨʘʭʠʩʦʤ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʥʝʡ ʥʠʞʥʝʡ ʢʫʪʠʢʫʣʦʡ, 7 - ʫʩʪʴʠʮʝ, ʚʠʜ ʠʟʥʫʪʨʠ (ʉʕʄ); 

8 ï Pseudotorellia sp., ʫʩʪʴʠʮʝ, ʚʠʜ ʠʟʥʫʪʨʠ (ʉʕʄ); 10 ï Athrotaxites sp., ʫʩʪʴʠʮʝ, ʚʠʜ ʠʟʥʫʪʨʠ (ʉʕʄ);  11 ï ʜʨʝ-

ʚʝʩʠʥʘ ʩʙʣʠʞʘʝʤʳʭ ʩ ʪʘʢʩʦʜʠʝʚʳʤʠ (ʉʕʄ). ʄʘʩʰʪʘʙʥʘʷ ʣʠʥʝʡʢʘ ʜʣʷ ʬʠʛ. 1 ï 100 ʤʢʤ; 2, 3, 4 ï 1 ʩʤ; 5 ï 

10 ʤʢʤ; 6 ï 500 ʤʢʤ; 7 ï 10 ʤʢʤ; 8 ï 10 ʤʢʤ; 9 ï 10 ʤʢʤ; 10 ï 10 ʤʢʤ; 11 ï 100 ʤʢʤ 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʢʫʪʠʢʫʣ ʠʟ ʫʛʦʣʴʥʳʭ ʧʨʦʩʣʦʝʚ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʛʦ ʠ ʩʢʘ-

ʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʦʚ ʚʳʷʚʠʣʦ, ʯʪʦ ʫʛʣʠ ʩʣʦʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʦʩʪʘʪʢʘʤʠ 

ʭʚʦʡʥʳʭ Taxus huolingolensis Dong, Shi, Herrera, Wang, Wang, Zhang, Xu, Herendeen et Crane, 

ʚ ʤʝʥʴʰʝʤ ʩʪʝʧʝʥʠ ʙʝʥʥʝʪʪʠʪʘʤʠ Nilssoniopteris sp., ʛʠʥʢʛʦʬʠʪʘʤʠ Ginkgo sp. ʠ Pseudotorel-

lia sp., ʣʝʧʪʦʩʪʨʦʙʦʚʳʤʠ Phoenicopsis sp., Czekanowskia cf. communis Kiritchkova et Samylina, 

ʘ ʪʘʢʞʝ ʭʚʦʡʥʳʤʠ Athrotaxites sp.  

ɺ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ, ʜʦʤʠʥʠʨʫʶʪ ʜʚʫʤʝʰʢʦʚʘʷ ʧʳʣʴ-

ʮʘ ʠ ʩʧʦʨʳ ʧʘʧʦʨʦʪʥʠʢʦʚ, ʩʙʣʠʞʘʝʤʳʭ ʩ ʜʠʢʩʦʥʠʝʚʳʤʠ, ʮʠʘʪʝʡʥʳʤʠ ʠ ʧʦʣʠʧʦʜʠʝʚʳʤʠ. ʀʤ 

ʩʦʧʫʪʩʪʚʫʶʪ ʩʙʣʠʞʘʝʤʳʝ ʩʦ ʩʭʠʟʝʡʥʳʤʠ, ʦʩʤʫʥʜʦʚʳʤʠ ʠ ʛʣʝʡʭʝʥʠʝʚʳʤʠ. ʅʝʟʥʘʯʠʪʝʣʴʥʳ 

ʩʧʦʨʳ ʤʦʭʦʦʙʨʘʟʥʳʭ ʠ ʧʣʘʫʥʦʚʠʜʥʳʭ. ɺ ʩʦʩʪʘʚʝ ʛʦʣʦʩʝʤʝʥʥʳʭ ʦʪʤʝʯʘʝʪʩʷ ʧʳʣʴʮʘ ʪʘʢʩʦʜʠ-

ʝʚʳʭ, ʛʠʨʤʝʨʠʝʣʣʦʚʳʭ ʠ ʛʥʝʪʦʚʳʭ, ʥʦ ʫʯʘʩʪʠʝ ʠʭ ʥʝʚʝʣʠʢʦ. ɼʦʚʦʣʴʥʦ ʚʳʩʦʢʦ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʩʪʘʙʠʣʴʥʦ ʚ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʴʮʳ Ginkgocycadophytus. ʊʘʢʞʝ ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʯʝʨʪʦʡ ʷʚʣʷʝʪʩʷ ʝʜʠʥʠʯʥʘʷ ʧʳʣʴʮʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ Tricolpites sp. ʠ Clavatipollenites incisus 

Chlonova (ʦʧʨʝʜʝʣʝʥʠʷ ɺ.ʉ. ʄʘʨʢʝʚʠʯ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʙʦʣʦʪʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʆʢʠʥʦ-

ʂʣʶʯʝʚʩʢʦʡ ʚʧʘʜʠʥʳ ʧʨʝʦʙʣʘʜʘʣʠ ʭʚʦʡʥʳʝ (ʪʠʩʦʚʳʝ) ʠ ʨʘʟʣʠʯʥʳʝ ʧʘʧʦʨʦʪʥʠʢʠ. ʅʘʨʷʜʫ ʩ 

ʥʠʤʠ, ʥʦ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʛʠʥʢʛʦʬʠʪʳ, ʣʝʧʪʦʩʪʨʦʙʦʚʳʝ ʠ ʦʯʝʥʴ ʨʝʜʢʠʝ 

ʙʝʥʥʝʪʪʠʪʳ. ɺʧʝʨʚʳʝ ʚʳʷʚʣʝʥʘ ʫʛʣʝʦʙʨʘʟʫʶʱʘʷ ʨʦʣʴ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Taxaceae. 

ʅʘʭʦʜʢʘ Taxus huolingolensis ʩʙʣʠʞʘʝʪ ʬʣʦʨʫ ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʪʘ-

ʢʦʚʦʡ ʬʦʨʤʘʮʠʠ ʍʫʦʣʠʥʴʭʵ ɺʥʫʪʨʝʥʥʝʡ ʄʦʥʛʦʣʠʠ ʂʠʪʘʷ [2]. Ginkgo manchurica ʫʢʘʟʳʚʘʝʪʩʷ 

ʜʣʷ ʬʣʦʨ ʬʦʨʤʘʮʠʡ ʉʠʥ'ʶʘʥʴ (=ʎʟʶʬʦʪʘʥ), ʐʘʭʝʮʟʳ, ɼʘʤʦʛʫʘʡʭʵ, ʌʫʩʠʥʴ ʠ ɼʘʙʘʦ ʉʝʚʝʨʘʠ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʂʠʪʘʷ [3, 4]. ɺʦʟʨʘʩʪ ʧʝʨʚʳʭ ʪʨʝʭ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥ ʘʧʪʩʢʠʤ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʘʙʩʦʣʶʪʥʳʭ ʜʘʪʠʨʦʚʦʢ [5, 6 ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ]. 

ɺʦʟʨʘʩʪ ʫʛʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʦʡ ʚʧʘʜʠʥʳ ʧʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʘ-

ʣʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ, ʢʘʢ ʘʧʪ. 

ʋʯʘʩʪʠʝ ʚʦ ʬʣʦʨʝ ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Phoenicopsis, Czekanowskia ʠ 

Ginkgo ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʝʝ ʩʝʟʦʥʥʦʩʪʠ. ɺʳʩʢʘʟʳʚʘʣʦʩʴ ʤʥʝʥʠʝ ʦ ʜʨʝʚʝʩʥʦʤ ʦʙʣʠʢʝ 

ʣʝʧʪʦʩʪʨʦʙʦʚʳʭ ʠ ʛʠʥʢʛʦʚʳʭ, ʘ ʪʘʢʞʝ ʠʭ ʣʠʩʪʦʧʘʜʥʦʩʪʠ [7]. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʜʣʷ ʢʣʠʤʘʪʘ 

ʵʪʦʡ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʚʧʘʜʠʥʳ ʙʳʣ ʭʘʨʘʢʪʝʨʝʥ ʢʦʥʪʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʬʣʦʨʘ ʦʪʣʠʯʘ-

ʣʘʩʴ ʙʦʣʝʝ ʫʤʝʨʝʥʥʳʤ ʦʙʣʠʢʦʤ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ 124012200182-1). ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ʛʝʦʣʦʛʫ ʆʢʠʥʦ-ʂʣʶʯʝʚʩʢʦʛʦ ʨʘʟ-

ʨʝʟʘ ʇ.ʅ. ɺʘʥʯʠ, ɺ.ʉ. ʄʘʨʢʝʚʠʯ, ʩʦʪʨʫʜʥʠʮʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʘʣʝʦʙʦʪʘʥʠʢʠ ʌʅʎ ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ɼɺʆ ʈɸʅ 
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ʄʘʬʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ (ʄʄɽ ï maphic microgranular ʝnclavs), ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʛʨʘʥʠ-

ʪʦʠʜʘʭ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʩʦʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʥʪʠʡʥʳʭ ʙʘʟʘʣʴʪʦʚʳʭ ʠ ʩʘʣʠʯʝʩʢʠʭ ʤʘʛʤ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʩʣʝʜʥʠʭ). ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʄʄɽ ʦʪ ʣʶʙʳʭ ʜʨʫʛʠʭ ʪʠʧʦʚ ʤʝʣʘʥʦ-

ʢʨʘʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ çʢʘʧʣʷ-

ʤʠè ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʛʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʧʦʩʪʫʧʘʚʰʝʛʦ ʚ ʢʘʤʝʨʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʩ ʢʠʩʣʦʡ ʤʘʛʤʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʬʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʠ 

ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʘʟʠʪʦʚʳʭ ʠ ʩʘʣʠ-

ʯʝʩʢʠʭ ʤʘʛʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʧʣʫʪʦʥʦʚ, ʧʦʜʜʝʨʞʠʚʘʷ ʠʜʝʶ ʦ ʚʘʞʥʦʡ ʨʦʣʠ 

ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ, ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʝʧʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ 

ʢʦʨʦʚʦʛʦ ʧʣʘʚʣʝʥʠʷ. ʄʄɽ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʫʙʜʫʢʮʠʦʥ-

ʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʙʘʪʦʣʠʪ ʉʴʝʨ-

ʨʘ-ʅʝʚʘʜʘ [1], ʘ ʪʘʢʞʝ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʥʪʠʡʥʳʤʠ ʧʣʶʤʘʤʠ ʠ ʥʝ ʭʘʨʘʢʪʝʨ-

ʥʳʭ ʜʣʷ ʦʙʩʪʘʥʦʚʢʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʣʣʠʟʠʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʤʠʦʮʝʥʦʚʳʝ ʣʝʡʢʦʛʨʘʥʠʪʳ 

ɺʳʩʦʢʠʭ ɻʠʤʘʣʘʝʚ [2], ʠʣʠ ʧʦʟʜʥʝʶʨʩʢʦ-ʨʘʥʥʝʤʝʣʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ ɻʣʘʚʥʦʛʦ ʂʦʣʳʤʩʢʦʛʦ 

ʙʘʪʦʣʠʪʦʚʦʛʦ ʧʦʷʩʘ.  

ʅʘʤʠ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʴʥʦʩʪʠ ʠʟʫʯʝʥʳ ʤʘʬʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʚ ʛʨʘʥʠʪʦʠʜʘʭ 

ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ (ɿʘʧʘʜʥʦʝ ɿʘʙʘʡʢʘʣʴʝ), ʂʘʘʍʝʤʩʢʦʛʦ (ɺʦʩʪʦʯʥʘʷ ʊʫʚʘ), ʂʘʣ-

ʙʠʥʩʢʦʛʦ (ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ), ʍʘʥʛʘʡʩʢʦʛʦ (ʄʦʥʛʦʣʠʷ), ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʩʚʷʟʘʥʦ ʩ ʧʣʶʤʦʚʳʤ ʧʨʦʮʝʩʩʦʤ, ʘ ʪʘʢʞʝ ʄʄɽ ʄʘʛʘʜʘʥʩʢʦʛʦ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʙʘʪʦʣʠʪʘ, ʢʦʪʦ-

ʨʳʡ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʦʙʩʪʘʥʦʚʢʝ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʩʤʝʰʝʥʠʷ ʤʘʛʤ ʚ 

ʛʨʘʥʠʪʦʠʜʘʭ ʨʘʟʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ. ɺ ʮʝʣʦʤ ʤʘʬʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʭʘʨʘʢ-

ʪʝʨʥʳ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ ʧʦʚʳʰʝʥʥʦʡ ʦʩʥʦʚʥʦʩʪʠ ï ʢʚʘʨʮʝʚʳʭ ʤʦʥʮʦʥʠʪʦʚ, ʢʚʘʨʮʝʚʳʭ ʩʠʝʥʠ-

ʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʠ ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦ ʛʨʘʥʠʪʦʚ ʠ ʣʝʡʢʦʛʨʘʥʠʪʦʚ. ʇʨʠ-

ʥʷʪʦ ʩʯʠʪʘʪʴ (Barbarin, 2005), ʯʪʦ ʤʘʬʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʩʧʝʨʛʠʨʦ-

ʚʘʥʥʳʝ çʢʘʧʣʠè ʠʥʪʝʥʩʠʚʥʦ ʛʠʙʨʠʜʠʟʠʨʦʚʘʥʥʦʛʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʧʨʠʯʝʤ ʝʛʦ ʛʠʙʨʠ-

ʜʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʥʝ in situ, ʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʢʘʤʝʨʝ ʠʣʠ ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨ-

ʪʠʨʫʶʱʝʛʦ ʩʘʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʄʄɽ ʚʥʫʪʨʠ ʦʪ-

ʜʝʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʨʘʟʣʠʯʝʥ. ɺ ʦʜʥʠʭ ʩʣʫʯʘʷʭ (ɹʫʨʛʘʩʩʢʠʡ, ʈʦʤʘʥʦʚʩʢʠʡ ʤʘʩʩʠʚʳ, ɸʥʛʘʨʦ-

ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ (ɸɺɹ), ʂʘʘ-ʍʝʤʩʢʠʡ ʤʘʩʩʠʚ ɺʦʩʪʦʯʥʦʡ ʊʫʚʳ) ʚʢʣʶʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʤʫ ʤʘʩʩʠʚʫ ʠʣʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʝʛʦ ʯʘʩʪʠ, ʛʜʝ ʠʭ ʢʦʣʠ-

ʯʝʩʪʚʦ ʚʘʨʴʠʨʫʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʰʪʫʢ ʜʦ 1.5 2-ʭ ʜʝʩʷʪʢʦʚ ʥʘ ʤ2. ɺ ʜʨʫʛʠʭ, ʄʄɽ ʢʦʥʮʝʥʪʨʠ-

ʨʫʶʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʡ ʧʣʦʱʘʜʴʶ ʤʘʩʩʠʚʘ) ʫʯʘʩʪʢʘʭ (ʧʝʨ-

ʚʳʝ ʩʦʪʥʠ ʤʝʪʨʦʚ ʚ ʧʦʧʝʨʝʯʥʠʢʝ), ʛʜʝ ʥʘ ʬʦʥʝ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʩʪʨʝʯʘʶʪʩʷ çʨʦʠè, ʚ ʢʦʪʦʨʳʭ ʥʘ ʜʦʣʶ ʚʢʣʶʯʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 50 % ʦʙʱʝʛʦ ʦʙʲʝʤʘ. 

 ʄʦʨʬʦʣʦʛʠʷ ʠ ʨʘʟʤʝʨʳ ʄʄɽ ʥʝ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʤʘʩʩʠʚʘʭ. ʉʨʝʜʥʠʡ ʧʦ-

ʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ 10-15ʩʤ, ʧʨʠ ʚʘʨʠʘʮʠʷʭ ʦʪ ʜʦʣʝʡ ʩʤ ʜʦ 0.5ʤ (ʠʥʦʛʜʘ ʙʦʣʝʝ), 

ʬʦʨʤʘ ʯʘʱʝ ʚʩʝʛʦ ʦʢʨʫʛʣʘʷ, ʵʣʣʠʧʪʠʯʝʩʢʘʷ, ʨʝʞʝ ʙʣʠʞʝ ʢ ʫʛʣʦʚʘʪʦʡ, ʥʦ ʩ ʦʯʝʥʴ ʧʣʘʚʥʳʤʠ 

ʟʘʢʨʫʛʣʝʥʥʳʤʠ ʢʦʥʪʫʨʘʤʠ, ʝʱʝ ʨʝʞʝ ï ʥʝʧʨʘʚʠʣʴʥʘʷ çʘʤʝʙʦʦʙʨʘʟʥʘʷè (ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ). ʅʝʨʝʜʢʦ ʥʘʙʣʶʜʘʝʪʩʷ (ʈʦʤʘʥʦʚʩʢʠʡ ʤʘʩʩʠʚ ï ɿʘʧʘʜʥʦʝ ɿʘʙʘʡ-

ʢʘʣʴʝ, ʂʘʘ-ʍʝʤʢʠʡ ʤʘʩʩʠʚ ï ɺʦʩʪʦʯʥʘʷ ʊʫʚʘ) ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʫʙʧʘʨʘʣʣʝʣʴʥʘʷ ʦʨʠʝʥʪʠʨʦʚʢʘ 

ʨʝʟʢʦ ʫʜʣʠʥʸʥʥʳʭ ʣʠʥʟʦʚʠʜʥʳʭ ʄʄɽ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʘʩʣʝʜʫʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʪʝʯʝʥʠʡ ʚ ʠʥʪʨʫʟʠʚʥʦʡ ʢʘʤʝʨʝ, ʠʣʠ, ʯʪʦ ʤʝʥʝʝ ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʶʱʘʷ ʩʫʙʩʦʣʠʜʫʩʥʳʝ ʧʣʘ-

ʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ. ʄʦʨʬʦʣʦʛʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʄʄɽ ʚ ʄʘʛʘʜʘʥʩʢʦʤ ʛʨʘʥʠʪʦʠʜʥʦʤ 

ʙʘʪʦʣʠʪʝ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʳʰʝ. ɿʜʝʩʴ ʤʘʬʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʦʙʨʘʟʫ-
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ʶʪ ʛʠʛʘʥʪʩʢʫʶ ʟʦʥʫ ʚʠʜʠʤʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʨʘʟʤʘʭʦʤ ʦʙʥʘʞʝʥʠʡ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. ʄʄɽ ʚ ʵʪʦʡ ʟʦʥʝ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ ʧʦʣʦ-

ʚʠʥʳ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨʦʜʳ, ʠʭ ʨʘʟʤʝʨ ʜʦʩʪʠʛʘʝʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʧʦ ʜʣʠʥʥʦʡ ʦʩʠ. ʌʦʨʤʘ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʪʷʥʫʪʘʷ, ʯʘʩʪʦ ʩʦ ʩʣʦʞʥʳʤʠ ʦʯʝʨʪʘʥʠʷʤʠ, ʦʚʘʣʴʥʘʷ, ʧʦʯʪʠ ʢʨʫʛʣʘʷ. ʉʠʣʴʥʦ 

ʛʠʙʨʠʜʠʟʠʨʦʚʘʥʥʳʝ ʄʄɽ (ʢʚʘʨʮʝʚʳʝ ʩʠʝʥʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʤʦʥʮʦʥʠʪʳ), ʢʦʪʦʨʳʝ, ʧʦ ʥʘʰʠʤ 

ʥʘʙʣʶʜʝʥʠʷʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʥʢʦ- ʠʣʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʤʝ-

ʣʘʥʦʢʨʘʪʦʚʳʝ ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʧʦʨʦʜʳ ʤʦʥʮʦʜʠʦʨʠʪʦʚʦʛʦ, ʤʦʥʮʦʥʠʪʦʚʦʛʦ 

ʠ ʢʚʘʨʮʝʚʦʤʦʥʮʦʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʱʠʝ ʚʢʨʘʧʣʝʥʥʠʢʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. 

ɺʢʣʶʯʝʥʠʷ ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʨʝʜʢʠ, ʥʘʧʨʠʤʝʨ, ʤʘʩʩʠʚ ʊʘʩʪʘʫ (ɺʦʩʪʦʯʥʳʡ 

ʂʘʟʘʭʩʪʘʥ), ʦʜʥʘʢʦ ʨʝʣʠʢʪʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ ʤʠʥʝʨʘʣʦʚ (ʦʩʥʦʚʥʦʡ ʧʣʘʛʠʦʢʣʘʟ, ʧʠʨʦʢʩʝʥ) ʠ 

ʥʝʢʦʪʦʨʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʠ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʤʘʬʠʯʝ-

ʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʩʤʝʰʝʥʠʷ ʠʤʝʣ ʙʘʟʘʣʴʪʦʚʳʡ ʩʦʩʪʘʚ. ɺ ʄʘʛʘʜʘʥʩʢʦʤ ʙʘʪʦʣʠʪʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʤʝʰʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʩʪʦʣʴ ʢʦʥʪʨʘʩʪʥʦ. ʄʘʬʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʚ ʮʝʣʦʤ ʘʥʜʝʟʠ-

ʪʦʚʳʡ ʠʣʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚʳʡ ʩʦʩʪʘʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʦ ʙʘʟʘʣʴʪʦʠʜʥʦʛʦ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ 

ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʥʪʠʡʥʳʤʠ ʧʣʶʤʘʤʠ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʄʄɽ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ, ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʛʠ-

ʙʨʠʜʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʨʷʜ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʧʨʠʤʝʨʝ ɹʫʨʛʘʩ-

ʩʢʦʛʦ, ʋʣʝʢʯʠʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ɸɺɹ ʠ ʇʨʝʦʙʨʘʞʝʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ 

ʩʙʣʠʞʘʶʪ ʠʭ ʩ ʚʥʫʪʨʠʧʣʠʪʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ OIB ʪʠʧʘ. ɼʣʷ ʄʄɽ ʭʘʨʘʢʪʝʨʥʘ ʦʙʦʛʘʱʝʥʥʦʩʪʴ 

LIL ʵʣʝʤʝʥʪʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ HFSE, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ LILE, ʥʦ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ OIB, ʄʄɽ ʠʤʝʶʪ ʨʝʟʢʠʡ ʊʘ-Nb ʤʠʥʠʤʫʤ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʚʩʝʭ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʙʘ-

ʟʠʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʩ ɸɺɹ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 

Sr ʠ Pb ʦʪʨʘʞʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʨʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʄʄɽ ʠʟ ʄʘ-

ʛʘʜʘʥʩʢʦʛʦ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʙʘʪʦʣʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

LIL.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʮʝʩʩʳ 

ʩʤʝʰʝʥʠʷ ʤʘʛʤ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ (ʧʣʶʤʦʚʦʛʦ) ʠ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ (ɸʂʆ) ʪʠʧʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʤʘʩʰʪʘʙʘʤʠ ʧʨʦʷʚʣʝʥʠʷ, ʪʘʢ ʠ ʠʩʭʦʜʥʳʤ ʩʦʩʪʘʚʦʤ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʩʤʝʰʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʤʘʛʤʘʪʠʟʤʘ ʵʪʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ.  
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ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʧʣʠʪʥʦʡ ʪʝʢʪʦʥʠʢʠ ʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ (ʎɸʉʇ) ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʧʨʦʝʢʪʝ IGCP ˉ 283 çGeodynamic evolution and main sutures of the Paleo-

Asian oceanè (1989ï1993 ʛʛ), ʨʫʢʦʚʦʜʠʤʦʤ ʅ. ʃ. ɼʦʙʨʝʮʦʚʳʤ, ʃ. ʇ. ɿʦʥʝʥʰʘʡʥʦʤ, ʈ. ɻ. ʂʦʣʤʘʥʦʤ 

ʠ ʉʷʦ ʉʶʯʘʥʝʤ. ɽʛʦ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʠʣʦʩʴ ʩʦʟʜʘʥʠʝ ʢʘʨʪʳ çTectonic transect map 

across Russia-Mongolia-China (western part) [1] ʠ ʩʧʝʮʚʳʧʫʩʢʘ ʞʫʨʥʘʣʘ çɻʝʦʣʦʛʠʷ ʠ ʛʝʦʬʠʟʠ-

ʢʘè ʟʘ 1994 ʛʦʜ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʅ. ʃ. ɼʦʙʨʝʮʦʚʘ. ʎɸʉʇ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʡ ʘʢʢʨʝʮʠʠ ʢ ʉʠʙʠʨʩʢʦʤʫ ʢʨʘʪʦʥʫ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʥʘʯʘʣʴʥʦ ʝʜʠ-

ʥʦʡ ʧʣʠʪʳ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦʪʣʠʯʘʝʪʩʷ ʚ ʪʨʘʢʪʦʚʢʝ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʙʣʦʢʦʚ, ʰʠʨʦʢʦ ʠ ʥʝ ʨʘʚʥʦʤʝʨʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩ ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʠʝʤ ʅ. ʃ.ɼʦʙʨʝʮʦʚʘ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝ-

ʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠ ʥʦʚʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ, ʧʘʣʝʦʤʘʛ-

ʥʠʪʥʳʭ, ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠ-

ʨʦʚʘʥʠʷ ʎɸʉʇ ʠ ʝʛʦ ʚʝʥʜ-ʧʘʣʝʦʟʦʡʩʢʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʢʘʢ ʩʣʦʞʥʦ-

ʧʦʩʪʨʦʝʥʥʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʢʦʣʣʠʟʠʦʥʥʦ-

ʛʦ ʠ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʦʨʦʛʝʥʦʚ [2]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʦʨʦʛʝʥʘ (ʟʘʧʘʜʥʘʷ ʠ ʶʞʥʘʷ 

ʯʘʩʪʠ ʎɸʉʇ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʩ ʇʘʣʝʦʘʟʠʘʪʩʢʠʤ 

ʦʢʝʘʥʦʤ, ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʎɸʉʇ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʚʦʣʶʮʠʠ   

ʝʜʠʥʦʡ ʧʣʠʪʳ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʩ ʫʯʘʩʪʠʝʤ ʜʦʢʝʤʙʨʠʡʩʢʠʤ ʙʣʦʢʦʚ ɻʦʥʜʚʘʥʳ [3-7]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʦʨʦʛʝʥʘ (ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʎɸʉʇ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʩ ʇʘʣʝʦʧʘʮʠʬʠʢʦʡ, ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʬʦʨʤʠ-

ʨʦʚʘʥʠʠ çʘʣʪʘʠʜè ʟʘ ʩʯʝʪ ʵʚʦʣʶʮʠʠ ʝʜʠʥʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʧʦ ʦʙʨʘʤʣʝʥʠʶ ʉʠʙʠʨʩʢʦʛʦ ʠ 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʨʘʪʦʥʦʚ, ʢʦʪʦʨʘʷ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʦʢʨʘʠʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʦʙʨʘ-

ʟʦʚʘʥʠʷʤʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʘ  ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʙʣʦʢʠ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʬʫʥʜʘ-

ʤʝʥʪ ʦʩʪʨʦʚʥʳʭ ʜʫʛ, ʦʪʜʝʣʸʥʥʳʭ ʦʪ ʢʨʘʪʦʥʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʟʘʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʦʚ[8].  

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ [2]: 

1. ɺ ʧʨʝʜʝʣʘʭ ʎɸʉʇ ʨʘʩʧʦʣʦʞʝʥʳ ʬʨʘʛʤʝʥʪʳ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ 

ʦʢʝʘʥʘ (ʀʥʜʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʩʝʛʤʝʥʪ), ʬʦʨʤʠʨʫʶʱʠʝ ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʠʡ ʢʦʣʣʠʟʠ-

ʦʥʥʳʡ ʦʨʦʛʝʥ, ʚʢʣʶʯʘʶʱʠʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʙʣʦʢʠ ɻʦʥʜʚʘʥʳ, ʠ ʬʨʘʛʤʝʥʪʳ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʧʣʠʪʳ ʇʘʣʝʦʧʘʮʠʬʠʢʠ (ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʩʝʛʤʝʥʪ), ʬʦʨʤʠʨʫʶʱʠʝ ɹʦʱʝʢʫʣʴ-ʏʠʥʛʠʟ-

ʂʫʟʥʝʮʢʦ-ɸʣʪʘʡʩʢʠʡ ʘʢʢʨʝʮʠʦʥʥʳʡ ʦʨʦʛʝʥ ʚ ʦʙʨʘʤʣʝʥʠʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ.  ɺ ʚʝʥʜʝ-

ʨʘʥʥʝʤ ʦʨʜʦʚʠʢʝ ʧʦ ʦʙʨʘʤʣʝʥʠʶ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʩʫʱʝʩʪʚʦʚʘʣʠ ʜʚʝ ʘʢʪʠʚʥʳʝ ʦʢʨʘʠʥʳ: 

ʊʫʚʠʥʦ-ʄʦʥʛʦʣʴʩʢʘʷ ʠ ʂʫʟʥʝʮʢʦ-ɸʣʪʘʡʩʢʘʷ, ʦʪʜʝʣʷʶʱʠʝʩʷ ʝʛʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ ʪʝʢʪʦʥʠ-

ʯʝʩʢʠʭ ʧʣʠʪ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʠ ʇʘʣʝʦʧʘʮʠʬʠʢʠ. 

2. ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʠʡ ʢʦʣʣʠʟʠʦʥʥʳʡ ʦʨʦʛʝʥ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʚʝʥʜʝ ï ʧʘʣʝʦʟʦʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʫʙʜʫʢʮʠʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʧʦʜ ʉʠʙʠʨʩʢʠʡ ʢʨʘʪʦʥ ʩ 

ʚʦʩʪʦʢʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʦʨʦʛʝʥʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚʢʣʶ-

ʯʘʶʱʘʷ ʬʨʘʛʤʝʥʪʳ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ɻʦʥʜʚʘʥʩʢʠʝ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʳ ʩ 

ʬʨʘʛʤʝʥʪʘʤʠ ʛʨʝʥʚʠʣʴʩʢʦʡ ʦʨʦʛʝʥʠʠ. ʆʙʣʦʤʦʯʥʳʡ ʛʨʝʥʚʠʣʴʩʢʠʡ ʮʠʨʢʦʥ (1.3-0.9 ʤʣʨʜ. ʣʝʪ) 

ʰʠʨʦʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʝʥʜ-ʧʘʣʝʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙʩʪʘʥʦʚʦʢ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʦʨʦʛʝʥʘ. ɺ ʚʝʥʜʝ-ʨʘʥʥʝʤ ʦʨʜʦʚʠʢʝ ɻʦʥʜʚʘʥʩʢʠʝ ʤʠʢʨʦʢʦʥʪʠʥʝʥ-

ʪʳ (ʊʫʚʠʥʦ-ʄʦʥʛʦʣʴʩʢʠʡ, ʎʝʥʪʨʘʣʴʥʦ-ʊʷʥʴʰʘʥʴʩʢʠʡ, ʂʘʨʘʪʘʫʩʢʠʡ, ʋʣʫʪʘʫʩʢʠʡ, ɸʢʪʘʫ-

ɼʞʫʥʛʘʨʩʢʠʡ, ʂʦʢʯʝʪʘʚʩʢʠʡ ʠ ʜʨ.) ʧʦʛʨʫʟʠʣʠʩʴ ʧʦʜ ʂʘʟʘʭʩʪʘʥʩʢʫʶ (ʂʠʧʯʘʢʩʢʫʶ) ʠ ʊʫʚʠʥʦ-

ʄʦʥʛʦʣʴʩʢʫʶ ʦʩʪʨʦʚʥʳʝ ʜʫʛʠ, ʦʙʨʘʤʣʷʶʱʠʝ ʉʠʙʠʨʩʢʠʡ ʢʨʘʪʦʥ ʩ ʚʦʩʪʦʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢ 

ʥʘʯʘʣʫ ʦʨʜʦʚʠʢʘ, ʦʥʠ ʦʙʲʝʜʠʥʠʣʠʩʴ ʠ ʩʦʟʜʘʣʠ ʩʦʩʪʘʚʥʦʡ ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʠʡ ʢʦʥʪʠ-
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ʥʝʥʪ, ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʦʪʜʝʣʝʥʘ ʟʘʜʫʛʦʚʳʤ ʦʢʝʘʥʠʯʝʩʢʠʤ ʙʘʩʩʝʡʥʦʤ ʦʪ ʉʠ-

ʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʦʨʜʦʚʠʢʝ- ʩʠʣʫʨʝ, ʦʢʝʘʥʠʯʝʩʢʠʡ ʙʘʩʩʝʡʥ ʩʫʙʜʫʮʠʨʦʚʘʣ 

ʥʘ ʶʛ ʧʦʜ ʩʦʩʪʘʚʥʦʡ ʢʦʥʪʠʥʝʥʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʦʡ ʊʘʥʥʫʦʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ 

ʜʫʛʦʡ ʠ ʜʦʢʝʤʙʨʠʡʩʢʠʤ ʊʫʚʠʥʦ-ʄʦʥʛʦʣʴʩʢʠʤ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʤ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʏʘʨʳʰʩʢʦ-ʊʝʨʝʢʪʠʥʩʢʦ-ʋʣʘʛʘʥʩʢʦ-ʉʘʷʥʩʢʦ-ʆʣʴʭʦʥʩʢʦʡ ʩʫʪʫʨʥʦ-ʩʜʚʠʛʦʚʦʡ ʟʦʥʳ.  

3. ɹʦʱʝʢʫʣʴ-ʏʠʥʛʠʟ-ʂʫʟʥʝʮʢʦ-ɸʣʪʘʡʩʢʠʡ ʘʢʢʨʝʮʠʦʥʥʳʡ ʦʨʦʛʝʥ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʚʝʥʜʝ-

ʧʘʣʝʦʟʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʙʜʫʢʮʠʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʇʘʣʝʦʧʘʮʠʬʠʢʠ ʧʦʜ ʉʠʙʠʨʩʢʠʡ ʢʨʘ-

ʪʦʥ ʩ ʟʘʧʘʜʘ. ʆʨʦʛʝʥ ʩʦʩʪʦʠʪ ʠʟ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʦʡ ʂʫʟʥʝʮʢʦ-

ɸʣʪʘʡʩʢʦʡ, ʧʘʣʝʦʟʦʡʩʢʠʭ ʉʘʣʘʠʨʩʢʦʡ, ʏʠʥʛʠʟ-ʊʘʨʙʘʛʘʪʘʡʩʢʦʡ, ɹʦʱʝʢʫʣʴ-ʏʠʥʛʠʟʩʢʦʡ, ɾʘʨ-

ʤʘ-ʉʘʫʨʩʢʦʡ, ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʡ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʠ ʠʭ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʩʝʚʝʨʥʘʷ 

ʯʘʩʪʴ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʠ ʊʫʚʘ ʈʦʩʩʠʠ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ 

ʯʘʩʪʴ ʂʘʟʘʭʩʪʘʥʘ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʂʠʪʘʡ). ɺ ʘʢʢʨʝʮʠʦʥʥʦʤ ʦʨʦʛʝʥʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʬʨʘʛʤʝʥʪʳ ʚʝʥʜ-ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʬʠʦʣʠʪʦʚ ʠ ʧʘʣʝʦ-

ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʦʜʥʷʪʠʡ, ʘ ʪʘʢʞʝ ʪʫʨʙʠʜʠʪʳ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʞʝʣʦʙʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʘʥʘʣʦʛʦʤ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʦʨʦʛʝʥʘ ʷʚʣʷʝʪʩʷ ʢʦʥʚʝʨʛʝʥʪʥʘʷ ʟʦʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʧʣʠʪʳ c ɽʚʨʘʟʠʡʩʢʠʤ ʢʦʥʪʠʥʝʥʪʦʤ (ɿʘʧʘʜʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʦʩʪʨʦʚʦʜʫʞ-

ʥʘʷ ʩʠʩʪʝʤʘ). 

4. ʈʘʥʥʝ-ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʘʷ ʏʘʨʳʰʩʢʦ-ʊʝʨʝʢʪʠʥʩʢʦ-ʋʣʘʛʘʥʩʢʦ-ʉʘʷʥʦ-ʆʣʴʭʦʥʩʢʘʷ ʩʫ-

ʪʫʨʥʦ -ʩʜʚʠʛʦʚʘʷ ʟʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʚʝʥʜ-ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ 

ʟʘʜʫʛʦʚʦʛʦ ʙʘʩʩʝʡʥʘ, ʦʨʜʦʚʠʢʩʢʠʭ ʛʦʣʫʙʳʭ ʩʣʘʥʮʝʚ ʠ ʦʨʜʦʚʠʢʩʢʦ-ʩʠʣʫʨʠʡʩʢʠʭ ʪʫʨʙʠʜʠʪʦʚ, 

ʧʦʟʜʥʝʩʠʣʫʨʠʡʩʢʦ-ʜʝʚʦʥʩʢʠʭ ʢʦʣʣʠʟʠʦʥʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʛʨʘʥʠʪʦʚ.  ʅʘ ʦʩʥʦ-

ʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʫʪʫʨʥʦ-ʩʜʚʠʛʦʚʦʡ ʟʦʥʳ ʠ ʜʘʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʦʭʨʦ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʙʜʫʢʮʠʦʥʥʦ-

ʢʦʣʣʠʟʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʥʘ ʤʝʩʪʝ ʟʘʜʫʛʦʚʦʛʦ ʙʘʩʩʝʡʥʘ ʚʝʥʜ-

ʢʝʤʙʨʠʡʩʢʦʡ ʊʫʚʠʥʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ. ʉʫʪʫʨʥʦ -ʩʜʚʠʛʦʚʘʷ ʟʦʥʘ ʨʘʟʜʝʣʷʝʪ ʢʦʣ-

ʣʠʟʠʦʥʥʳʡ ʦʨʦʛʝʥ ʦʪ ʰʝʣʴʬʘ ʟʘʜʫʛʦʚʦʛʦ ʙʘʩʩʝʡʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɸʣʪʘʝ-

ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. 

5. ʇʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʩʜʚʠʛʠ ʠ ʥʘʜʚʠʛʠ ʧʨʦʷʚʠʣʠʩʴ ʚ ʎɸʉʇ ʚ ʧʦʟʜʥʝʤ ʜʝʚʦʥʝ-ʨʘʥʥʝʤ 

ʢʘʨʙʦʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʠ ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʦʨʦʛʝʥʘ (ʩʦʩʪʘʚʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘ) 

ʩ ʉʠʙʠʨʩʢʠʤ ʢʨʘʪʦʥʦʤ, ʧʨʠʚʝʜʰʝʡ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʉʝʚʝʨʦ - ɸʟʠʘʪʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ, ʘ ʚ 

ʧʦʟʜʥʝʤ ʢʘʨʙʦʥʝ-ʧʝʨʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ ʠ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʦʚ, ʧʨʠʚʝʜʰʝʡ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ɽʚʨʘʟʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʦʥʥʳʭ ʩʦʙʳʪʠʡ ʠʟ-

ʥʘʯʘʣʴʥʦ ʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʠ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʦʨʦʛʝʥʦʚ ʙʳʣʠ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʳ ʚ ʢʨʫʧʥʳʝ ʦʨʦʢʣʠʥʘʣʴʥʳʝ ʩʢʣʘʜʢʠ, ʨʘʟʜʝʣʝʥʳ ʩʜʚʠʛʘʤʠ ʠ ʥʘʜʚʠʛʘʤʠ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʬʨʘʛʤʝʥʪʦʚ, ʚʝʥʜ--ʧʘʣʝʦʟʦʡʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʢʦʪʦʨʳʭ ʦʩʣʦʞʥʝʥʳ ʧʦʢʨʦʚʥʦ-ʩʢʣʘʜʯʘʪʳʤʠ 

ʜʝʬʦʨʤʘʮʠʷʤ. 

6. ʉʦʚʨʝʤʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʠ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʦʨʦʛʝʥʦʚ 

ʎɸʉʇ ʷʚʣʷʶʪʩʷ ʢʦʥʚʝʨʛʝʥʪʥʳʝ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʀʥ-

ʜʦ-ɸʚʩʪʨʘʣʠʡʩʢʦʡ ʠ ʊʠʭʦʦʦʢʝʘʥʩʢʦʡ ʧʣʠʪʘʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ɽʚʨʘʟʠʝʡ, ʢʦ-

ʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʀʥʜʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʠ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʛʣʦ-

ʙʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʝʛʤʝʥʪʦʚ ɿʝʤʣʠ ʚ ʚʝʥʜʝïʧʘʣʝʦʟʦʝ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀɻʄ ʉʆ PAʅ (FWZN-2026-0018). 
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ʈɸʉʏɪʊ ʄɸʂʉʀʄɸʃʔʅʓʍ ʕʅɽʈɻʀʁ ʌʃʖʀɼʆʈɸɿʈʓɺɸ  

ʅɸ ʇʈʆʏʅʆʉʊʅʓʍ ɹɸʈʔɽʈɸʍ ʃʀʊʆʉʌɽʈʓ ɹʈɿ 

 

ɺ. ʀ. ɺʘʩʠʣʴʝʚ, ɽ. ɺ. ɺʘʩʠʣʴʝʚʘ 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʅ. ʃ. ɼʦʙʨʝʮʦʚʘ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ 

 

ʇʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʬʣʶʠʜʘ ʚ ʧʦʜʙʘʨʴʝʨʥʦʡ ʢʘʤʝʨʝ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʥʝʸ ʤʘʥʪʠʡʥʦ-

ʢʦʨʦʚʦʛʦ ʤʠʛʨʘʥʪʘ (ʄʂʄ) [1] ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʩʦʩʪʦʠʪ ʠʟ ʥʘʢʦʧʣʝʥʠʷ (ʥʘʨʘʩʪʘʥʠʷ ʥʘʧʨʷʞʝ-

ʥʠʡ) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʢʘʤʝʨʳ ʠ ʨʘʩʭʦʜʘ (ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ) ʚ ʧʨʦ-

ʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʂʄ. ʈʝʣʘʢʩʘʮʠʷ ʷʚʣʷʝʪʩʷ ʪʨʠʛʛʝʨʦʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. 

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʥʘʢʦʧʣʝʥʠʝ ʚʢʣʶʯʘʝʪ ʨʦʩʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʣʠʪʦʩʪʘʪʠ-

ʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʧʦʜʥʷʪʳʭ ʚʳʰʝʣʝʞʘʱʠʭ ʧʦʨʦʜ WP ʠ ʨʦʩʪ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʙʘʨʴʝʨʘ 

ʧʨʦʯʥʦʩʪʠ ὡὉ [2]. ɼʣʷ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʳ ʪʦʣʱʠʥʦʡ Ὄ ʠ ʠʟʤʝʥʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ c ʛʣʫʙʠʥʦʡ 

”(h), ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʜ ʢʨʫʛʣʦʡ ʚ ʧʣʦʩʢʦʩʪʠ ʬʣʶʠʜʥʦʡ ʢʘʤʝʨʦʡ ʜʠʘʤʝʪʨʦʤ Ὀ ʠ ʪʦʣʱʠʥʦʡ 

ȹὌ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ WP ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ:  

ñD=

H

P dhhHgDHW
0

2 )(
4

1
rp . 

ʕʥʝʨʛʠʷ WE ʜʝʬʦʨʤʘʮʠʠ ůZ ʦʧʠʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɛ ʠ ʤʦʜʫʣʴ ʖʥʛʘ E: 

)21(5.1 12 ms -= -EW ZE  

ʈʘʩʯʸʪ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʚʢʣʶʯʘʝʪ ʨʘʩʯʸʪ ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʦʩʪʠ ʄʂʄ ʚ ʧʨʦʯ-

ʥʦʩʪʥʦʤ ʩʣʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʣʶʠʜʦʨʘʟʨʳʚʘ ʠ ʥʘ ʧʦʜʲʸʤ ʬʣʶʠʜʘ ʚ ʧʦʣʦʩʪʴ [2]. ʇʝʨʚʳʡ ʧʨʦ-

ʮʝʩʩ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʵʥʝʨʛʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥʳ (ʚʢʣʶʯʘʷ ʵʥʝʨʛʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʝ-

ʥʦʢ ʪʨʝʱʠʥʳ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʦʚ [3] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʡʩʷ ʄʂʄ 

ʠʤʝʝʪ ʬʦʨʤʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʢʨʫʛʣʦʡ ʣʠʥʟʳ ʩ ʦʪʥʦʰʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʢ ʜʠʘʤʝʪ-

ʨʫ ~1 : k, ʛʜʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ k å 30. ʇʦʵʪʦʤʫ ʧʣʦʱʘʜʴ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧ-

ʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʜʦ ʫʜʚʦʝʥʥʦʡ ʧʣʦʱʘʜʠ ʢʨʫʛʘ ʨʘʜʠʫʩʦʤ ʚ ʧʦʣʦʚʠʥʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ 

ʧʦʣʦʩʪʠ l/2. ʊʦʛʜʘ ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʩʪʠ WC ʧʨʠ ʨʘʩʯʸʪʥʦʡ WP ʨʘʚʥʘ: 
12225.0 -= ElW ZC sp  

ʕʥʝʨʛʠʷ ʧʦʜʲʸʤʘ ʬʣʶʠʜʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʪʦʣʱʠ ʧʦʨʦ-

ʜʳ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʦʙʲʸʤ ʣʠʥʟʳ ʄʂʄ ʟʘ 2/3 ʦʙʲʸʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʮʠʣʠʥʜʨʘ ʠ ʜʦʧʫʩʪʠʪʴ, 

ʯʪʦ ʦʙʲʸʤʳ ʢʘʤʝʨʳ ʠ ʄʂʄ ʚ ʤʦʤʝʥʪ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʚʥʳ, ʪʦ ʚʳʩʦʪʘ l ʨʘʚʥʘ: 
3 25.1 HkDl D== . 

ʊʦʛʜʘ ʵʥʝʨʛʠʷ ʧʦʜʲʸʤʘ ʬʣʶʠʜʘ WF ʩ ʧʣʦʪʥʦʩʪʴʶ ”F ʦʧʠʰʝʪʩʷ ʢʘʢ: 

FF HglHW rp D= 2125.0 . 

ɿʘʧʘʩ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ WE ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦ-

ʣʦʩʪʠ ʄʂʄ. ʅʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʣʘʩʪʘ WP ʬʠʟʠʯʝʩʢʠ ʤʥʦʛʦ ʙʦʣʴʰʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʧʦʜʲʸʤʘ ʬʣʶʠʜʘ WF, ʧʦʵʪʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʄʂʄ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʩʚʦʙʦʜʥʦʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ ʩʝʡʩʤʠʯʝʩʢʘʷ ʵʥʝʨ-

ʛʠʷ WS: 

)( DFCEPS WWWWWW ++-+= . 

ʅʦʚʳʡ ʯʣʝʥ WD ʚ ʚʳʯʠʪʘʝʤʦʤ ʪʨʠʥʦʤʝ ï ʵʪʦ ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ, ʠʛʨʘʶʱʘʷ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ʉʯʠʪʘʝʪʩʷ [4], ʯʪʦ ʚʩʷ ʚʳʜʝʣʷʶʱʘʷʩʷ 

ʵʥʝʨʛʠʷ ʥʝʦʙʨʘʪʠʤʦ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ: ʥʘʛʨʝʚ ʧʦʨʦʜ (20ï40%); ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ (10ï25%); 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ (30ï60%); ʜʚʠʞʝʥʠʝ ʬʣʶʠʜʦʚ ʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ (2ï8%); ʦʩʪʘʪʦʯʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ (5ï15%). ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ ʨʘʩʯʸʪʝ WD ʫʯʠʪʳʚʘʝʤ ʪʦʣʴʢʦ ʥʘʛʨʝʚʘʥʠʝ ʧʦʨʦʜ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʪ.ʢ. ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ çʚʭʦʜʷʪè ʚ ʚʳʯʠʩʣʷʝʤʫʶ WS, 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ (ʧʦʣʦʩʪʝʡ) ï ʚ WC, ʜʚʠʞʝʥʠʝ ʬʣʶʠʜʦʚ ï ʚ WF, ʘ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʠ 

ʦʩʪʘʪʦʯʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʧʨʠʙʣʠʞʸʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ, ʫʭʦʜʷʱʝʡ ʥʘ ʥʘʛʨʝʚ, ʚ ʪʝʨʤʠʥʘʭ ʜʝʬʦʨʤʘʮʠʠ ʧʣʘʩʪʠʯʥʦʡ ʩʨʝʜʳ: 
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dPTD VW es= , 

ʛʜʝ ůT ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʧʦʨʦʜ; ŮP ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ; Vd ï ʦʙʲʸʤ 

ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʟʦʥʳ:
ʙʦʢʥʠʟʙʦʢʥʠʟd DHDVVV dpdp +=+= 225.0 , ʛʜʝ ŭʥʠʟ ʠ ŭʙʦʢ ï

ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʫʯʘʩʪʢʠ. ɺ ʦʩʥʦʚʘʥʠʠ ʢʘʤʝʨʳ ʧʨʠ çʩʭʣʦʧʳʚʘʥʠʠè ʦʧʫʩʢʘʶʱʘʷʩʷ ʢʨʦʚʣʷ ʜʘ-

ʚʠʪ ʥʘ ʧʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ, ʚʳʟʳʚʘʷ ʠʭ ʩʞʘʪʠʝ ʠ ʨʘʩʧʣʶʱʠʚʘʥʠʝ. ʊʦʣʱʠʥʘ ʜʝʬʦʨʤʠʨʫʝ-

ʤʦʛʦ ʩʣʦʷ ŭʥʠʟ ʦʧʨʝʜʝʣʷʝʪʩʷ: ʜʘʚʣʝʥʠʝʤ, ʨʝʦʣʦʛʠʝʡ ʧʦʨʦʜ ʠ ʚʨʝʤʝʥʝʤ ʥʘʛʨʫʞʝʥʠʷ; ʦʮʝʥʠʚʘ-

ʝʪʩʷ ʚ 100ï500 ʤ [5] (ʚ ʨʘʩʯʸʪʘʭ ʚʟʷʪʦ 200 ʤ ʢʘʢ ʢʦʤʧʨʦʤʠʩʩ). ʇʨʠ ʦʧʫʩʢʘʥʠʠ ʙʣʦʢʘ ʝʛʦ ʙʦ-

ʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʟʳʚʘʶʪ ʩʜʚʠʛʦʚʫʶ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ. ʐʠʨʠʥʘ ʜʝʬʦʨʤʠʨʫʝ-

ʤʦʛʦ ʧʦʷʩʘ ŭʙʦʢ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʦʨʦʜ, ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ ʥʘ ʩʜʚʠʛ ʠ ʚʝʣʠʯʠ-

ʥʳ ʙʦʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʣʘʩʪʠʯʝʩʢʦʤʫ ʪʝʯʝʥʠʶ. ʆʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 50ï

200 ʤ [5] (ʚ ʨʘʩʯʸʪʘʭ ï 100 ʤ). 

ɺ ʨʘʩʯʸʪʘʭ ʧʨʠʥʠʤʘʣʠʩʴ ʛʣʫʙʠʥʳ H1=10 ʢʤ ʠ H2=25 ʢʤ ʧʨʠ T1=350ÁC ʠ T2=900ÁC ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʯʥʦʩʪʠ ʙʘʨʴʝʨʦʚ ʧʨʠʥʷʪʳ S1=140 ʠ S2=50 ʄʇʘ ʩʦʛʣʘʩʥʦ [6]. ʌʣʶʠʜʥʘʷ ʢʘʤʝ-

ʨʘ ï ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʩ ʨʘʚʥʳʤʠ ʚʳʩʦʪʦʡ ʠ ʜʠʘʤʝʪʨʦʤ ʦʩʥʦʚʘʥʠʷ. ʇʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʨʦʜ ʠ ʬʣʶʠʜʘ (ʤʝʪʘʥ, ʚʦʜʘ) ʧʨʠʥʠʤʘʣʠʩʴ ʩʧʨʘʚʦʯʥʳʝ ʜʣʷ ʫʩʣʦʚʠʡ ɹʈɿ ʥʘ ʵʪʠʭ ʛʣʫʙʠʥʘʭ. ɺ 

ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ. 
 

ʊʘʙʣʠʮʘ ï ʈʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʬʣʶʠʜʘ (ɟʬʣ), ʢʨʠʪʠʯʝʩʢʦʡ ʚʳʩʦʪʳ ʢʘʤʝʨʳ (h), ʚʳʩʦʪʳ ʦʙʨʘʟʫʶʱʝʡʩʷ 

ʧʨʠ ʬʣʶʠʜʦʨʘʟʨʳʚʝ ʧʦʣʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ (WP, WE, WC, WF, WD) ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ WS. 

ʌʣʶʠʜ T, ÁC 

 

 

ɟʬʣ, ʢʛ/ʤ3 h, ʤ l, ʤ WP, ɼʞ WE, ɼʞ WC, ɼʞ WF, ɼʞ WD, ɼʞ WS, ɼʞ 

ʄʝʪʘʥ 10 ʢʤ 350 145 538 3038.05 1.34291E+17 7.29E+11 5.64E+14 2.77E+16 3.39E+16 7.21E+16 

ʄʝʪʘʥ 25 ʢʤ 900 380 211 1190.38 2.01957E+16 5.59E+09 2.00E+12 1.09E+16 2.97E+15 6.30E+15 

ɺʦʜʘ 10 ʢʤ 350 720 687 3877.90 2.79286E+17 1.52E+12 3.11E+15 2.86E+17 - - 

ɺʦʜʘ 25 ʢʤ 900 

 

210 197 1112.25 1.64743E+16 4.56E+09 1.24E+12 4.92E+15 3.70E+15 7.85E+15 
 

ʂʘʢ ʚʠʜʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʝʡʩʤʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ ʚʦʜʥʦʛʦ 

ʬʣʶʠʜʘ ʥʘ ʛʣʫʙʠʥʝ 10 ʢʤ, ʪ.ʢ. ʥʘ ʧʦʜʲʸʤ ʧʣʦʪʥʦʡ (720 ʢʛ/ʤ3) ʤʘʩʩʳ ʚ ʧʦʣʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ 

ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ ʥʘʢʦʧʣʝʥʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʳ ʢʨʫʧʥʳʝ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ ~16.18, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʮʝʥʢʦʡ 16.2, 

ʧʨʠʚʝʜʸʥʥʦʡ ʚ [7]. ɼʣʷ ʨʘʩʯʸʪʘ ʠʭ ʤʘʛʥʠʪʫʜ M ʠʩʧʦʣʴʟʫʝʤ ʦʙʱʝʧʨʠʥʷʪʫʶ ʬʦʨʤʫʣʫ [8]: 

)8.4(lg3/2 -Ö= EM  

ʇʨʠ ʚʦʜʥʦʤ ʩʦʩʪʘʚʝ ʬʣʶʠʜʘ ʥʘ ʛʣʫʙʠʥʝ 25 ʢʤ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʤʘʛʥʠʪʫʜʘ 7.40. ʇʨʠ 

ʤʝʪʘʥʦʚʦʤ ʬʣʶʠʜʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʤʘʛʥʠʪʫʜʳ ʩʦʩʪʘʚʷʪ 8.04 (10 ʢʤ) ʠ 7.33 (25 ʢʤ). 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [9] ʧʨʠʚʝʜʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʤʘʛʥʠʪʫʜʳ ʜʣʷ ʨʘʟʥʳʭ ʩʫʙʨʝʛʠʦʥʦʚ ɹʈɿ: ʉʝʚʝ-

ʨʦʤʫʡʩʢʠʡ ï 7.6ï8.2; ʉʘʷʥʩʢʠʡ ï 8.0ï8.2; ɹʘʡʢʘʣʴʩʢʠʡ ï 7.4ï7.7. ʂʘʢ ʚʠʜʠʤ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʝ ʤʘʛʥʠʪʫʜʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ ɹʈɿ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʨʝʜʣʘʛʘʝʤʳʤ ʥʘʤʠ ʩʧʦ-

ʩʦʙʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ. ʈʘʩʭʦʞʜʝʥʠʷ, ʦʯʝʚʠʜʥʦ, ʦʙʲʷʩʥʷ-

ʶʪʩʷ ʠʜʝʘʣʠʟʘʮʠʝʡ ʩʨʝʜ ʬʣʶʠʜʘ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʫʯʸʪʦʤ ʪʦʣʴʢʦ ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚ-

ʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʥʝʙʨʝʞʝʥʠʝʤ ʥʝʢʦʪʦʨʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʨʘʩʯʸʪʝ ʥʘʢʦʧʣʝʥʠʷ, çʧʦʣʝʟʥʦ-

ʛʦè ʨʘʩʭʦʜʘ ʠ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦ-

ʷʪʥʳʤʠ ʩʯʠʪʘʝʤ ʬʣʶʠʜʦʛʝʥʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʚ ʧʣʘʩʪʠʯʥʦʡ ʩʨʝʜʝ ʥʘ ʛʨʘʥʠʮʝ ʩʨʝʜ-

ʥʝʡ ʠ ʚʝʨʭʥʝʡ ʢʦʨʳ (~10ï12 ʢʤ) ɹʈɿ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ ʠ ʧʨʦʨʳʚʝ ʥʠʟʢʦʧʣʦʪʥʦʛʦ (140ï210 

ʢʛ/ʤ3) ʬʣʶʠʜʘ. 
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ʈɸʉʊɺʆʈʀʄʆʉʊʔ F-BE ʂʆʄʇʃɽʂʉʆɺ ɺ ʈʋɼʆʅʆʉʅʓʍ ʈɸʉʊɺʆʈɸʍ  

ɽʈʄɸʂʆɺʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 
 

ɺ. ʀ. ɺʘʩʠʣʴʝʚ, ɽ. ɺ. ɺʘʩʠʣʴʝʚʘ, ʃ. ɹ. ɼʘʤʜʠʥʦʚʘ 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʅ. ʃ. ɼʦʙʨʝʮʦʚʘ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ 

 

ɺʝʜʫʱʫʶ ʨʦʣʴ ʚ ʧʝʨʝʥʦʩʝ ʬʪʦʨʘ ʠ ʙʝʨʠʣʣʠʷ ʚ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʪʚʦʨʘʭ ɽʨʤʘʢʦʚʩʢʦ-

ʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʛʨʘʶʪ ʪʨʠ- ʠ ʪʝʪʨʘ-ʬʪʦʨʦʙʝʨʠʣʣʘʪ(II)-ʠʦʥʳ [BeF3]
ï ʠ [BeF4]

2ï, ʘ ʪʘʢʞʝ 

ʢʘʨʙʦʥʘʪʦʬʪʦʨʦʙʝʨʠʣʣʘʪ(II)-ʠʦʥ [BeCOϝF]ϖ [1, 2, 3]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʦ-ʨʘʟʥʦʤʫ 

ʚʝʜʫʪ ʩʝʙʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, pH ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʠ ʜʦʤʠ-

ʥʠʨʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʥʝʩʤʝʩʠʤʳʭ ʬʘʟʘʭ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ [1, 2]. ʇʦʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦ-

ʩʪʝʡ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʪʝʥ-

ʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʫʜʦʦʪʣʦʞʝʥʠʷ. ʏʠʩʣʝʥʥʦʡ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʥʘ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʢʘʟʘʥ-

ʥʳʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʡ H2CO3, SO2, NaCl, Fï, Be2+, Ca2+ ʠ ʧʦʩʚʷʱʝʥʘ ʜʘʥ-

ʥʘʷ ʨʘʙʦʪʘ. 

ʈʘʩʯʸʪ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʝʪʦʜʘʤʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʨʝ-

ʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ 2-ʛʦ ʧʦʨʷʜʢʘ: ʩʥʘʯʘʣʘ ʯʘʩʪʥʳʝ 

ʧʘʨʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʟʘʪʝʤ ʯʘʩʪʥʳʝ ʜʚʦʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ T ʠ ʦʪ ʢʘʞʜʦʛʦ ʠʟ ʦʩʪʘʣʴʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʦʦʯʝʨʸʜʥʦ (ʧʨʠʤʝʨ ʜʚʦʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ F-Be ʢʦʤʧʣʝʢʩʦʚ ʦʪ T ʠ 

pH ʩʤ. ʥʘ ʨʠʩ.). ʂʣʶʯʝʚʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʘʩʧʝʢʪʘʤʠ ʨʘʩʯʸʪʘ ʙʳʣʠ: 1) ʥʦʨʤʠʨʦʚʢʘ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥ [ī1; +1] ʜʣʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʤʘʩʰʪʘʙʦʚ; 2) ʦʪʙʦʨ ʟʥʘʯʠʤʳʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ; 3) ʚʝʨʠʬʠʢʘʮʠʷ ʠ ʚʘʣʠʜʘʮʠʷ ʤʦʜʝʣʠ ʧʦ ʢʨʠʪʝ-

ʨʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ R2 ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤ ʚʳ-

ʩʦʢʫʶ ʦʙʲʷʩʥʷʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (RĮ >0.91). 

ʋʯʠʪʳʚʘʣʠʩʴ ʵʬʬʝʢʪʳ ʦʙʱʝʛʦ ʠʦʥʘ, ʠʦʥʥʦʡ ʩʠʣʳ, ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʥʠʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʩʯʸʪʥʳʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʪʚʦʨʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʫʯʠʪʳʚʘʣʠʩʴ ʥʝ ʯʝʨʝʟ ʘʧʨʠʦʨʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ/ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʘ ʯʝʨʝʟ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʟʠʢʦΆʭʠʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ ʩ ʷʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʪʝʤʧʝ-
ʨʘʪʫʨʳ: ʚ ʧʨʷʤʳʭ ʣʠʥʝʡʥʳʭ ʤʦʥʦʤʘʭ, ʚ ʢʚʘʜʨʘʪʠʯʥʳʭ ʧʦʧʨʘʚʢʘʭ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʛʠʜʨʘʪʘʮʠʠ ʠʦʥʦʚ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ), ʚ ʩʠʥʝʨʛʠʠ/ʘʥʪʘʛʦʥʠʟʤʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʘʨʥʦʛʦ 

ʘʨʛʫʤʝʥʪʘ. 

 
ʈʠʩʫʥʦʢ ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ (ʤʦʣʴ/ʣ) ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ Be ʠ F ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ pH ʨʘʩʪʚʦʨʘ ʧʨʠ 

ʨʝʘʣʠʩʪʠʯʥʳʭ ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ (ʚ ʤʦʣʴ/ʣ): [CO2] = 0.03; [SO2] = 

0.002; [Fī] = 0.5; [Be2+] = 0.01; [NaCl] = 2.0; [Ca2+] = 0.02 
 

ʀʦʥʥʘʷ ʩʠʣʘ I ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʧʦʣʫʩʫʤʤʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʥʘ 

ʢʚʘʜʨʘʪʳ ʠʭ ʟʘʨʷʜʦʚ. ɼʣʷ ʨʘʩʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʢʪʠʚʥʦʩʪʠ ɔ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʨʘʚʥʝʥʠʷ 

ʚʠʜʘ: 
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22 )1/(lg ICIBIIzA ii Ö+Ö++ÖÖ-=g , 

ʛʜʝ A, B, C ï ʩʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ [4]. ʇʨʠ ʠʦʥʥʦʡ ʩʠʣʝ I Ò3.0 ʤʦʣʴ/ʣ ʦʥʠ ʧʨʠʥʠʤʘʣʠ 

ʚʠʜ ʫʨʘʚʥʝʥʠʷ ɼʵʚʠʩʘ, ʧʨʠ I Ò0.5 ʤʦʣʴ/ʣ ï ʬʦʨʤʫʣʳ ʚʪʦʨʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ɼʝʙʘʷ-ʍʶʢʢʝʣʷ. 

ʇʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʨʠʤʝʨʥʳʤ ʫʩʣʦʚʠʷʤ ʧʝʨʝʥʦʩʘ ʧʦʣʝʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ɽʨʤʘʢʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʦ [2, 5, 6]: T=50ï650ÁC 

(ʚʝʨʭʥʝʝ ʟʥʘʯʝʥʠʝ ʚʟʷʪʦ ʠʟ [3] ʜʣʷ ʦʪʜʝʣʷʶʱʝʛʦʩʷ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʬʣʶʠʜʘ), pH=1ï12, 

[H2CO3]=10ï6ï10ï1 ʤʦʣʴ/ʣ, [SO2]=10ï6ï10ï2 ʤʦʣʴ/ʣ, [Fï]=10ï5ï100 ʤʦʣʴ/ʢʛ, [Be+]=10ï8ï1.2 

ʤʦʣʴ/ʢʛ (ʚʝʨʭʥʝʝ ʟʥʘʯʝʥʠʝ ʚʟʷʪʦ ʠʟ [1] ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ), [NaCl]=10ï2ï5 

ʤʦʣʴ/ʢʛ, [Ca2+]=10ï6ï10ï1 ʤʦʣʴ/ʣ. ɼʘʚʣʝʥʠʝ ʫʯʠʪʳʚʘʣʦʩʴ ʪʦʣʴʢʦ ʢʘʢ ʫʩʣʦʚʠʝ ʘʛʨʝʛʘʪʥʳʭ ʩʦ-

ʩʪʦʷʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʪʨʘʥʩʧʦʨʪʫ ʢʦʤʧʣʝʢʩ-ʠʦʥʦʚ, ʪʘʢ ʢʘʢ ʚ ʠʥʪʝʨʚʘʣʝ 1ï100 ʄʇʘ ʦʥʦ 

ʦʢʘʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ [7]. ʈʘʩʯʸʪʥʳʝ ʧʦʣʠʥʦʤʳ ʟʘʚʠʩʠ-

ʤʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 
 

ʊʘʙʣʠʮʘ ï ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʧʦʣʠʥʦʤʳ ʯʘʩʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʨʘʩʪʚʦʨʠʤʦ-

ʩʪʠ lg S ʢʦʤʧʣʝʢʩ-ʠʦʥʦʚ [BeF3]ï, [BeF4]2ï ʠ [BeCOϝF]ϖ ʦʪ ʚʦʩʴʤʠ ʧʘʨʘʤʝʪʨʦʚ 

ɸʨʛʫʤʝʥʪ lg S ([BeF3]ï) lg S ([BeF4]2ï) lg S ([BeCOϝF]ϖ) 

T, ÁC 

(ʯʠʩʪʘʷ ʚʦʜʘ) 
ī4.2+0.008ẗTī8ẗ10ī6ẗT2ī 

ī0.1ẗlg(1+I) 

ī5.0+0.010ẗTī1.2ẗ10ī5ẗT2ī 

ī0.15ẗlg(1+I) 

ī3.8+0.006ẗTī1.5ẗ10ī5ẗT2ī 

ī0.12ẗlg(1+I) 

pH 

(ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ) 
ī2.5ī0.3ẗpH+0.02ẗpH2ī 

ī0.05ẗI  
ī3.0ī0.4ẗpH+0.03ẗpH2ī 

ī0.08ẗI  
ī2.0+0.1ẗpHī0.005ẗpH2ī 

ī0.06ẗI  
[H2CO3] 

(ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ) 
ī3.2+0.5ẗ[H2CO3]ī0.1ẗ[H2CO3]2ī0.03ẗI  ī2.0+1.2ẗ[H2CO3]ī 

ī0.3ẗ[H2CO3]2ī0.04ẗI  
[SO2] 

(ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ) 
ī3.5+0.2ẗ[SO2]ī0.05ẗ[SO2]2ī0.02ẗI  ī2.2+0.3ẗ[SO2]ī 

ī0.08ẗ[SO2]2ī0.03ẗI  
[Fï] 

(ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ) 
ī2.8+0.8ẗ[Fī]ī0.15ẗ[Fī]2ī 

ī0.04ẗI  
ī3.5+1.2ẗ[Fī]ī0.25ẗ[Fī]2ī 

ī0.06ẗI  
ī2.5+0.6ẗ[Fī]ī0.1ẗ[Fī]2ī 

ī0.03ẗI  
[Be+] 

(ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ) 
ī1.5+0.7ẗ[Be2+]ī0.2ẗ[Be2+]2ī0.05ẗI  

[NaCl] * 

(ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ) 
ī3.0+0.1ẗ[NaCl]ī 

ī0.01ẗ[NaCl]2īkẗI  
ī4.0+0.15ẗ[NaCl]ī 

ī0.02ẗ[NaCl]2īkẗI  
ī2.8+0.12ẗ[NaCl]ī 

ī0.015ẗ[NaCl]2īkẗI  
[Ca2+] * 

(ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ) 
ī2.5ī0.3ẗ[Ca2+]+0.05ẗ[Ca2+]2īkẗI  ī2.0ī0.4ẗ[Ca2+]+ 

+0.08ẗ[Ca2+]2īkẗI  
 

* ʋʩʣʦʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ k ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ ʦʪ ʬʦʥʦʚʳʭ (ʙʝʟ ʧʨʷʤʦʛʦ ʚʭʦʞʜʝʥʠʷ ʚ ʩʦʩʪʘʚ F-Be 

ʢʦʤʧʣʝʢʩʦʚ) ʵʣʝʢʪʨʦʣʠʪʦʚ NaCl ʠ Ca2+, ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʦʥʥʦʡ ʩʠ-

ʣʳ ʠ ʪʨʝʙʫʝʪ ʧʝʨʝʭʦʜʘ ʦʪ ʫʧʨʦʱʸʥʥʦʛʦ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʷʚʥʦʤʫ ʨʘʩʯʸʪʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʠ I >0.5 ʤʦʣʴ/ʣ ʯʝʨʝʟ ʫʨʘʚʥʝʥʠʷ ɼʵʚʠʩʘ [8] ʠʣʠ ʇʠʪʮʝʨʘ [4]. 
 

ʇʦʣʫʯʝʥʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʟʚʦʣʠʣʠ ʥʘʢʦʧʠʪʴ ʜʘʥʥʳʝ ʜʣʷ ʙʦʣʝʝ 1000 ʪʦʯʝʢ ʠ ʚʳʚʝ-

ʩʪʠ ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 2-ʛʦ ʧʦʨʷʜʢʘ ʚʠʜʘ <lg ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʣʝʢʩ-ʠʦʥʘ> = 

f (T, pH, [CO2], [SO2], [F
ï], [Be2+], [NaCl], [Ca2+]) ʩ ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ ʘʨʛʫʤʝʥʪʘʤʠ. ɼʣʷ ʢʘʞʜʦ-

ʛʦ ʢʦʤʧʣʝʢʩ-ʠʦʥʘ ʨʘʩʩʯʠʪʘʥʳ 45 ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʠʥʦʤʘ, ʢʦʪʦʨʳʝ ʟʜʝʩʴ ʧʨʠʚʝʩʪʠ ʧʦ ʬʦʨ-

ʤʘʪʫ ʥʝʚʦʟʤʦʞʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʨʘʩʪʚʦʨʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ 

ʥʘʜʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ (650ï400ÁC, >70 ʄʇʘ [2, 3]) ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʚʳʚʝʜʝʥʠʶ F ʠ Be ʠʟ 

ʦʩʪʳʚʘʶʱʠʭ ʤʘʪʝʨʠʥʩʢʠʭ ʩʫʙʱʝʣʦʯʥʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ [6]. ɺ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

(350ï50ÁC, <70 ʄʇʘ) ʧʦʚʝʜʝʥʠʝ F-Be ʢʦʤʧʣʝʢʩʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʟʘʚʠʩʠ-

ʤʦʩʪʷʤʠ.  
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʛʦʩ. ʟʘʜʘʥʠʷ (ʨʝʛ. ˉ 126020216342-3). 
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ʀ ʉʀɹʀʈʉʂʆɻʆ ʇʃʖʄɸ 

 

ɺ. ɸ. ɺʝʨʥʠʢʦʚʩʢʠʡ1,2, ʆ. ʇ. ʇʦʣʷʥʩʢʠʡ1,3, ɸ. ʅ. ʉʝʤʝʥʦʚ1,3,  

ɸ. ɽ. ɺʝʨʥʠʢʦʚʩʢʘʷ1,2, ʅ. ʖ. ʄʘʪʫʰʢʠʥ1,2 
1ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630090, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 

VernikovskyVA@ipgg.sbras.ru 
2 ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ. ɸ. ʊʨʦʬʠʤʫʢʘ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
3ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ. ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʦʜʥʦʡ ʠʟ ʩʚʦʠʭ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ ʅ. ʃ. ɼʦʙʨʝʮʦʚ ʧʦʢʘʟʘʣ ʚʝʨʦʷʪʥʳʝ ʤʦʜʝʣʠ ʠ ʪʠʧʠʯ-

ʥʳʝ ʧʨʠʤʝʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʢʪʦʥʠʢʠ ʧʣʠʪ ʠ ʪʝʢʪʦʥʠʢʠ ʧʣʶʤʦʚ [1]. ɺ ʦʙʦʙʱʘʶʱʝʡ ʩʪʘ-

ʪʴʝ ʅ. ʃ. ɼʦʙʨʝʮʦʚ ʨʘʩʢʨʳʣ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ çʚʣʠʷʥʠʝ 

ʧʣʶʤʦʚ ʥʘ ʢʦʣʣʠʟʠʶ, ʨʘʟʚʠʪʠʝ ʢʨʫʧʥʳʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʨʦʚʠʥʮʠʡ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤʠ ʛʨʘ-

ʥʠʪʦʦʙʨʘʟʦʚʘʥʠʷè ʠ ʨʘʟʚʠʣ ʩʚʦʠ ʨʘʙʦʪʳ ʧʨʝʞʥʠʭ ʣʝʪ [2, 3]. ɼʣʷ ʂʘʨʩʢʦʛʦ ʢʦʣʣʠʟʠʦʥʥʦʛʦ 

ʦʨʦʛʝʥʘ, ʢʦʪʦʨʳʡ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʠ ʂʘʨʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʩ ʉʠʙʠ-

ʨʴʶ [4, 5] ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʩʪʨʫʢʪʫʨ ɸʨʢʪʠʢʠ, ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʙʩʫʞʜʘ-

ʝʪʩʷ ʫʞʝ ʙʦʣʝʝ 25 ʣʝʪ. ʅʘ ɿʘʧʘʜʥʦʤ ʠ ʎʝʥʪʨʘʣʴʥʦʤ ʊʘʡʤʳʨʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʛʨʘʥʠʪʳ 

ɸ-ʪʠʧʘ ʠ ʩʠʝʥʠʪʳ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ (251ï233 ʤʣʥ ʣʝʪ) ʧʝʨʝʢʨʳʚʘʝʪ ʠʥʪʝʨʚʘʣ ʧʨʦʷʚʣʝʥʠʷ 

ʪʨʘʧʧʦʚ ʛʣʘʚʥʦʡ ʬʘʟʳ ʉʠʙʠʨʩʢʦʛʦ ʧʣʶʤʘ [2, 6, 7]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʦʷʚʣʝʥʠʝ ʛʨʘʥʠʪʦʚ ʠ ʩʠ-

ʝʥʠʪʦʚ ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʶʤʘ ʥʘ ʛʦʨʷʯʫʶ ʫʪʦʣʱʝʥʥʫʶ (ʧʦʩʣʝ ʢʦʣʣʠʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ) ʥʠʞʥʶʶ ʢʦʨʫ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ [8, 9, 10], ʚ ʢʦʪʦʨʳʭ 

ʨʘʩʩʤʦʪʨʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ ʂʘʨʩʢʦʛʦ ʦʨʦʛʝʥʘ ʥʘ ʉʝʚʝʨʥʦʤ ʊʘʡʤʳʨʝ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʧʘʜʘ ʦʨʦʛʝʥʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʦʩʪʢʦʣʣʠ-

ʟʠʦʥʥʦʡ ʩʪʘʜʠʠ ʦʪ ʟʘʚʝʨʰʝʥʠʷ ʩʠʥʢʦʣʣʠʟʠʦʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʜʦ ʧʨʝʜʧʣʶʤʦʚʦʛʦ ʵʪʘʧʘ ʝʛʦ 

ʨʘʟʚʠʪʠʷ (280ï250 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ (ʠʤ-

ʧʫʣʴʩʥʳʭ) ʠʥʪʨʫʟʠʡ ʤʘʛʤʳ ʥʘ ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʦʡ ʩʪʘʜʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 30ï40 ʤʣʥ ʣʝʪ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʦʚ ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʠʭ ʬʦʨʤʫ ʠ ʧʝ-

ʨʠʦʜʠʯʥʦʩʪʴ ʤʘʛʤʘʪʠʟʤʘ, ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ ʨʝʘʣʴʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʚʦʟʨʘʩʪʦʤ 

ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʂʘʨʩʢʦʛʦ ʦʨʦʛʝʥʘ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʚ ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ 

ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʝʘʣʠ-

ʩʪʠʯʥʳʤ ʠ ʢʦʨʨʝʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʠʩʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ 2D ʧʦʩʪʘʥʦʚʢʠ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʟʘʚʝʨʰʝʥʠʝʤ ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʦʛʦ ʛʨʘʥʠʪʦʠʜʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʚ ʧʨʝʜʝʣʘʭ ʂʘʨʩʢʦʛʦ ʦʨʦʛʝʥʘ ï 250 - 248 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ ʧʨʦʷʚʠʣʘʩʴ ʛʣʘʚʥʘʷ ʬʘʟʘ 

ʪʨʘʧʧʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʉʠʙʠʨʩʢʦʛʦ ʧʣʶʤʘ (251-249 ʤʣʥ ʣʝʪ). ɻʣʘʚʥʦʡ ʬʘʟʝ ʉʠʙʠʨʩʢʦʛʦ 

ʧʣʶʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʨʘʩʪ ʜʦʣʝʨʠʪʦʚ ʠ ʙʘʟʘʣʴʪʦʚ ʊʫʥʩʫʩʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʠ ʜʠʬʬʝʨʝʥʮʠ-

ʨʦʚʘʥʥʳʭ ʠʥʪʨʫʟʠʚʦʚ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʥʘ ʊʘʡʤʳʨʝ [6, 11, 12, 13 ʠ ʜʨ.]. ʂʦʩʘʷ ʢʦʣʣʠʟʠʷ 

ʉʠʙʠʨʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ ʠ ʂʘʨʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʚ ʢʦʥʮʝ ʧʘʣʝʦʟʦʷ ʧʨʠʚʝʣʘ ʢ ʦʪ-

ʢʨʳʪʠʶ ʧʨʦʥʠʮʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʉʠʙʠʨʩʢʦʛʦ ʧʣʶʤʘ. ʅʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʵʪʠʭ ʠʥʪʨʫʟʠʚʦʚ ʷʚʠʣʠʩʴ ʦʩʣʘʙʣʝʥʥʳʝ ʩʫʪʫʨʥʳʝ ʟʦʥʳ 

ʂʘʨʩʢʦʛʦ ʦʨʦʛʝʥʘ ʠ ɽʥʠʩʝʡ-ʍʘʪʘʥʛʩʢʘʷ ʨʠʬʪʦʚʘʷ ʩʠʩʪʝʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʣʠʟʠʷ ʂʘʨʩʢʦ-

ʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʩ ʉʠʙʠʨʩʢʠʤ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʦʤ ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʩʪʘʣʘ çʪʨʠ-

ʛʝʨʦʤè ʜʣʷ ʠʟʣʠʷʥʠʷ ʉʠʙʠʨʩʢʠʭ ʪʨʘʧʧʦʚ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 24-17-00057).  
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ʃ. ʀ. ɺʝʪʣʫʞʩʢʠʭ, ʄ. ʉ. ʉʢʨʠʧʥʠʢʦʚ 
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ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʪʨʘʜʠʮʠʦʥʥʦ ʩʣʦʞʠʣʦʩʴ ʪʘʢ, ʯʪʦ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʫ ʠ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʶ ʦʣʜʳʥʜʠʥʩʢʦʡ ʩʚʠʪʳ ʧʨʦʚʦʜʷʪ ʧʦ ʠʤʝʶʱʠʤʩʷ ʚ ʥʠʭ ʢʦʤʧʣʝʢ-

ʩʘʤ ʘʨʭʝʦʮʠʘʪ. ʀʟʚʝʩʪʥʷʢʠ ʦʣʜʳʥʜʠʥʩʢʦʡ ʩʚʠʪʳ ʩʣʘʛʘʶʪ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʦʨʛʘ-

ʥʦʛʝʥʥʳʝ ʧʦʩʪʨʦʡʢʠ, ʢʘʨʢʘʩʦʦʙʨʘʟʫʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʣʠʩʴ ʘʨʭʝʦʮʠʘʪʳ ʠ 

ʚʦʜʦʨʦʩʣʠ, ʦʙʨʘʟʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʨʭʝʦʮʠʘʪʦʚʦ-ʚʦʜʦʨʦʩʣʝʚʳʝ ʠ ʚʦʜʦʨʦʩʣʝʚʦ-

ʘʨʭʝʦʮʠʘʪʦʚʳʝ ʨʠʬʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ. ʇʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʨʠʬʦʩʪʨʦʷʱʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʚ ʠʟʚʝʩʪ-

ʥʷʢʘʭ ʦʣʜʳʥʜʠʥʩʢʦʡ ʩʚʠʪʳ ʦʪʤʝʯʘʶʪʩʷ ʪʨʠʣʦʙʠʪʳ, ʙʨʘʭʠʦʧʦʜʳ, ʢʨʠʙʨʠʮʠʘʪʳ, ʭʘʥʮʝʣʣʦʨʠ-

ʠʜʳ ʠ ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʝʣʢʦʨʘʢʦʚʠʥʥʦʡ ʬʘʫʥʳ (SSF). ʆ ʨʠʬʦʛʝʥʥʦʡ ʧʨʠʨʦʜʝ ʠʟʚʝʩʪ-

ʥʷʢʦʚ ʦʣʜʳʥʜʠʥʩʢʦʡ ʩʚʠʪʳ ʠʟʚʝʩʪʥʦ ʩ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʢʦʛʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʛʝʦʣʦʛʦ-

ʩʲʝʤʦʯʥʳʝ ʠ ʢʘʨʪʦ-ʩʦʩʪʘʚʠʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ. ʄ.ʄ. ʗʟʤʠʨ ʧʨʝʜʣʘʛʘʣ ʚʳʜʝʣʷʪʴ ʚ ʦʣʜʳʥʜʠʥ-

ʩʢʦʡ ʩʚʠʪʝ ɽʨʘʚʥʳ ʙʠʦʩʪʨʦʤʳ, ʙʠʦʛʝʨʤʳ ʠ ʪʘʬʦʛʝʨʤʳ [1, 2]. ʉʦʚʤʝʩʪʥʦ ʩ ɹ.ɸ. ɼʘʣʤʘʪʦʚʳʤ, 

ʀ.ʃ. ɺʘʩʠʣʴʝʚʳʤ, ʕ.ʇ. ʇʝʨʠʥʦʚʦʡ ʠ ʀ.ʂ. ʗʟʤʠʨ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʘ ʵʪʘʧʘ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ 

[3]. ɼʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʤʫ ʪʠʧʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ 

ʟʜʝʩʴ, ʥʘʨʷʜʫ ʩ ʚʫʣʢʘʥʥʦʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠʤʝʣʦ ʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʨʨʠʛʝʥ-

ʥʳʭ ʧʦʨʦʜ. ɽʩʣʠ ʘʨʭʝʦʮʠʘʪʳ ʠ ʚʦʜʦʨʦʩʣʠ ʷʚʣʷʣʠʩʴ ʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʨʠʬʦʚʳʭ ʧʦʩʪʨʦʝʢ, ʩʦ-

ʩʪʘʚʣʷʷ ʠʭ ʢʘʨʢʘʩ, ʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ - ʪʨʠʣʦʙʠʪʳ ʠ ʙʨʘʭʠʦʧʦʜʳ ʦʪʥʦʩʠʣʠʩʴ 

ʢ ʨʠʬʦʣʶʙʘʤ. ɺ ʤʦʨʷʭ ʢʝʤʙʨʠʷ, ʚʝʨʦʷʪʥʦ, ʙʳʣʦ ʦʯʝʥʴ ʤʥʦʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʊʘʢʦʚʳʤʠ ʷʚ-

ʣʷʶʪʩʷ ʘʢʨʠʪʘʨʭʠ, ʩʠʥʝ-ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʠʣʠ ʮʠʘʥʦʙʘʢʪʝʨʠʠ, ʠʣʠ ʮʠʘʥʦʙʠʦʥʪʳ. ɺ ʠʟʚʝʩʪ-

ʥʷʢʘʭ ʦʣʜʳʥʜʠʥʩʢʦʡ ʩʚʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʠʟʚʝʩʪʴʚʳʜʝʣʷʶʱʠʝ ʚʦʜʦʨʦʩʣʠ ʵʧʠʬʠʪʦʥʳ (ʨʦʜ 

Epiphyton). ʆʥʠ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ, ʠ ʥʘʨʘʚʥʝ ʩ ʘʨʭʝʦʮʠʘʪʘʤʠ ʩʣʘʛʘʶʪ ʘʨʭʝʦʮʠ-

ʘʪʦʚʦ-ʚʦʜʦʨʦʩʣʝʚʳʝ ʠ ʚʦʜʦʨʦʩʣʝʚʦ-ʘʨʭʝʦʮʠʘʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ. ʌʦʨʤʘ ʵʪʠʭ ʚʦʜʦʨʦʩʣʝʡ ʨʘʟ-

ʥʦʦʙʨʘʟʥʘ: ʦʪ ʦʢʨʫʛʣʦ-ʩʬʝʨʠʯʝʩʢʦʡ, ʩʛʫʩʪʢʦʚʦʡ, ʥʠʪʝʦʙʨʘʟʥʦʡ ʜʦ ʢʫʩʪʠʩʪʦʡ, ʧʦʩʣʝʜʥʷʷ ʧʨʝ-

ʦʙʣʘʜʘʝʪ. ʈʘʟʤʝʨʳ ʢʫʩʪʠʢʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʝʨʚʳʝ ʩʘʥʪʠʤʝʪʨʳ. ʉʠʥʝ-ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ 

ʠʣʠ ʮʠʘʥʦʙʘʢʪʝʨʠʠ (ʮʠʘʥʦʙʠʦʥʪʳ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʥʘʣʴʮʠʩʘʤʠ (ʨʦʜ Renalcis). ʆʩʪʘʪʢʠ ʙʨʘ-

ʭʠʦʧʦʜ ʨʦʜʘ Kutorgina, ʠʤʝʶʱʠʤʠ ʢʘʨʙʦʥʘʪʥʫʶ ʨʘʢʦʚʠʥʫ (ʨʫʯ. ʉʫʭʘʷ ʈʝʯʢʘ, ʦʙʨ. 017050-2), 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʫʭʦʨʝʯʝʥʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ. ʈʘʥʥʝʝ ʩʦʙʨʘʥʥʳʝ ʪʨʠʣʦʙʠʪʳ ʦʣʜʳʥʜʠʥʩʢʦʡ ʩʚʠ-

ʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʘʤʠ: Olenellidae gen. et sp. indet, Malykania sp., Elganellus 

aff. probus Suvorova, Kijanella chuludica Dalmatov [4, 5, 6, 7]. ʉʦʙʩʪʚʝʥʥʘʷ ʢʦʣʣʝʢʮʠʷ ʪʨʠʣʦ-

ʙʠʪʦʚ ʠʟ ʦʣʜʳʥʜʠʥʩʢʦʡ ʩʚʠʪʳ ʩʦʙʠʨʘʣʘʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʰʝʩʪʠ ʣʝʪ (2004, 2005, 2011, 2012, 

2015, 2017 ʛʦʜʳ). ʆʩʪʘʪʢʠ ʪʨʠʣʦʙʠʪʦʚ ʧʨʠʫʨʦʯʝʥʳ ʢ ʠʟʚʝʩʪʥʷʢʘʤ ʠ ʢʘʨʙʦʥʘʪʥʳʤ ʘʣʝʚʨʦʣʠ-

ʪʘʤ, ʪʦ ʝʩʪʴ ʢ ʧʦʨʦʜʘʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʨʛʘʥʦʛʝʥʥʳʭ ʧʦʩʪʨʦʝʢ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʥʠʤʠ 

ʪʝʨʨʠʛʝʥʥʳʭ ʦʩʘʜʢʦʚ [3].  ʅʘʭʦʜʢʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʳʜʝʣʝʥʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʧʦ ʢʦʤʧʣʝʢʩʘʤ 

ʘʨʭʝʦʮʠʘʪ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʫʨʦʚʥʝ ʵʪʠʭ ʛʦʨʠʟʦʥʪʦʚ ʚʳʜʝʣʷʶʪʩʷ ʩʣʦʠ ʩ ʪʨʠʣʦʙʠʪʘʤʠ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ: ʫʣʴʜʟʫʡʪʫʡʩʢʠʡ ʛʦʨʠʟʦʥʪ - ʩʣʦʠ ʩ Elganellus-Malykania; ʩʫʭʦʨʝʯʝʥʩʢʠʡ ï ʩ Bu-

laiaspis; ʭʫʣʫʜʠʥʩʢʠʡ ï ʩ Kijanella chuludica (ʪʘʙʣ.). 

ʂʦʤʧʣʝʢʩʳ ʘʨʭʝʦʮʠʘʪ ʠ ʪʨʠʣʦʙʠʪʦʚ ʧʦʟʚʦʣʷʶʪ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʨʘʟʨʝʟ ʦʣʜʳʥʜʠʥʩʢʦʡ 

ʩʚʠʪʳ ʩ ʨʘʟʨʝʟʘʤʠ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙ-

ʣʘʩʪʠ ʠ ʜʘʞʝ ʧʣʘʥʝʪʘʨʥʦ [8]. ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʧʦ 

ʪʨʠʣʦʙʠʪʘʤ ʦʣʜʳʥʜʠʥʩʢʦʡ ʩʚʠʪʳ ʋʜʠʥʦ-ɺʠʪʠʤʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ ɿʘʙʘʡʢʘ-

ʣʴʷ (ɺʠʪʠʤʩʢʦʝ ʧʣʦʩʢʦʛʦʨʴʝ) ʩ ʨʘʟʨʝʟʘʤʠ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ɸʣʪʘʝ-

ʉʘʷʥʩʢʦʡ ʦʙʣʘʩʪʠ.  
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 126020216347-8 çɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ 

ʥʝʦʧʨʦʪʝʨʦʟʦʡ-ʧʘʣʝʦʟʦʡʩʢʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʤʘʛʤʘʪʠʟʤʘ, ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ ʤʠʥʝʨʘʛʝʥʠʠ ʄʦʥʛʦ-

ʣʦ-ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘè.  
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çʇʝʨʠʦʜ ʛʣʦʙʘʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠè (ʠʣʠ Super Gap) [1 2], çɿʝʤʣʷ ʩʨʝʜʥʝʛʦ ʚʦʟ-

ʨʘʩʪʘè (Earthôs middle age) [3]) ʠʣʠ çʉʢʫʯʥʳʡ ʤʠʣʣʠʘʨʜ ʣʝʪè (Boring billion) [4]) ï ʵʪʦ ʧʝʨʠʦʜ 

ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʤʝʞʜʫ 1.75 ʠ 0.75 ʤʣʨʜ ʣʝʪ, ʦʪʣʠʯʘʚʰʠʡʩʷ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ 

ʢʨʘʡʥʝ ʨʝʜʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʤʝʥʥʦ ʵʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʦʟ-

ʚʦʣʠʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʦʟʥʘʯʠʪʴ ʥʘʟʚʘʥʠʝ ʵʪʦʛʦ ʵʪʘʧʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ. 

ʅʘʠʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʵʪʘ ʧʘʨʘʜʠʛʤʘ ʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʥʘʯʘʣʝ XXI  ʚʝʢʘ ʚ ʫʚʷʟʢʝ ʩ 

ʵʚʦʣʶʮʠʝʡ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʦʚ ʅʫʥʘ (ʂʦʣʫʤʙʠʷ) ʠ ʈʦʜʠʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʟʘ-

ʪʫʭʘʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʣʦʱʘʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ 

ʵʪʠʭ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ ʚ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʜʨʝʚʥʠʭ 

ʢʨʘʪʦʥʦʚ, ʧʨʠʚʦʜʷ ʢ ʩʦʢʨʘʱʝʥʠʶ ʤʘʩʰʪʘʙʦʚ ʘʢʪʠʚʥʳʭ ʢʦʨʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʢʦʥ-

ʚʝʨʛʝʥʪʥʳʭ ʛʨʘʥʠʮʘʭ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʣʦʚʠʷ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ. 

ʇʦʷʚʠʚʰʠʝʩʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʦʚʳʝ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʥʘʧʦʣ-

ʥʠʪʴ ʵʪʦʪ çʩʢʫʯʥʳʡ ʤʠʣʣʠʘʨʜè ʥʦʚʳʤʠ ʬʘʢʪʘʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʤʠʣ-

ʣʠʘʨʜ ʣʝʪ ʙʳʣ ʥʝ ʩʦʚʩʝʤ çʩʪʝʨʠʣʝʥè ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʷʚʣʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʶʞʥʦʤʫ ʬʣʘʥʛʫ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʧʷʪʥʘʜʮʘʪʴ ʣʝʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʜʦʢʝʤ-

ʙʨʠʡʩʢʠʭ ʙʘʟʠʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʠʟʦʪʦʧʥʦʛʦ 

ʜʘʪʠʨʦʚʘʥʠʷ ʢʘʢ ʦʮʝʥʢʘ ʚʦʟʨʘʩʪʘ ʙʘʜʜʝʣʝʠʪʘ U-Pb ʤʝʪʦʜʦʤ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʙʘʟʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 1750 ʤʣʥ ʣʝʪ ʦʙ-

ʥʘʨʫʞʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ɹʘʡʢʘʣʴʩʢʦʛʦ ʚʳʩʪʫʧʘ ʬʫʥʜʘʤʝʥʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʦʟʨʘʩʪʥʦʡ ʧʦʟʠʮʠʠ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʡʢʦʚʳʭ ʨʦʝʚ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʝʨʠʪʦʚ 

ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʳʭ ʙʘʟʠʪʦʚ ʢ ʊʠʤʧʪʦʥʩʢʦʡ ʢʨʫʧʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ [5]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ɹʠʨʶʩʠʥʩʢʦʤ ʙʣʦʢʝ ʶʞʥʦʡ ʯʘʩʪʠ ʢʨʘʪʦʥʘ ʙʳʣʠ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫ-

ʞʝʥr ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʙʘʟʠʪʳ ʧʦʟʜʥʝʛʦ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʷ ʩ ʚʦʟʨʘʩʪʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʠʥ-

ʪʝʨʚʘʣʫ 1640ï1615 ʤʣʥ ʣʝʪ [6ï8]. 

ʉʚʠʜʝʪʝʣʴʩʪʚʘ ʥʝʩʢʦʣʴʢʠʭ ʣʦʢʘʣʴʥʦ ʧʨʦʷʚʣʝʥʥʳʭ ʧʫʣʴʩʦʚ ʙʘʟʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʤʝʟ-

ʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ɹʘʡʢʘʣʴʩʢʦʛʦ ʠ ʐʘʨʳʞʘʣʛʘʡʩʢʦʛʦ ʚʳ-

ʩʪʫʧʦʚ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʥʘ ʦʪʤʝʪʢʘʭ 1350ï1338 ʤʣʥ ʣʝʪ [6, 9], ~1260 ʤʣʥ ʣʝʪ 

[6, 10] ʠ ʦʢʦʣʦ 1000 ʤʣʥ ʣʝʪ [11]. 

ʅʦʚʳʝ ʥʘʜʝʞʥʳʝ ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ U-Pb ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʫ ʠ ʙʘʜʜʝʣʝ-

ʠʪʫ ʜʣʷ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ (725ï715 ʤʣʥ ʣʝʪ) ʜʦʣʝʨʠʪʦʚ ʠʟ ʜʘʝʢ ɹʠʨʶʩʠʥʩʢʦʛʦ ʠ ɹʘʡʢʘʣʴ-

ʩʢʦʛʦ ʚʳʩʪʫʧʦʚ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʳʭ ʤʘʨʢʠʨʫʝʪ ʥʘʯʘʣʴʥʳʝ 

ʵʪʘʧʳ ʨʘʩʪʷʞʝʥʠʷ, ʧʨʠʚʝʜʰʝʛʦ ʢ ʨʘʩʧʘʜʫ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʈʦʜʠʥʠʷ [12ï13]. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʦʢʦʣʦ ʜʝʩʷʪʢʘ ʥʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʚʦʟʨʘʩʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʱʝʣʦʯʥʦ-

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʧʦʟʜʥʝʛʦ ʥʝʦʧʨʦʪʝʨʦʟʦʷ (640ï615 ʤʣʥ ʣʝʪ), ʢʦʪʦʨʳʝ 

ʥʘʧʨʷʤʫʶ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ çʩʢʫʯʥʦʤʫ ʤʠʣʣʠʘʨʜʫ ʣʝʪè, ʥʦ ʣʦʛʠʯʝʩʢʠ ʟʘʚʝʨʰʘʶʪ ʤʘʛʤʘʪʠʯʝ-

ʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʦʢʝʤʙʨʠʷ ʥʘ ʧʣʦʱʘʜʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ (ʦʙʟʦʨ ʚ [14]), ʚʥʝʜʨʝʥʠʝ ʢʦʪʦ-

ʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʬʠʥʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʦʟʜʥʝʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʷʶʪ ʥʘʜʝʞʥʦ ʦʙʦʩʥʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʧʫʣʴʩʳ ʚʥʝʜʨʝʥʠʷ ʙʘʟʠʪʦʚ ʚ ʩʪʨʫʢʪʫʨʳ ʬʫʥʜʘʤʝʥʪʘ ʶʞʥʦʛʦ ʬʣʘʥʛʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʘ ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪ ʪʝʨʤʠʥʘ çʩʢʫʯʥʳʡ ʤʠʣʣʠʘʨʜ ʣʝʪè ʧʝʨʝʡ-

ʪʠ ʢ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʠ ʤʝʥʝʝ çʢʘʪʝʛʦʨʠʯʥʦʡè ʛʠʧʦʪʝʟʝ (çtectono-magmatic lullè) [15], ʧʦʜʨʘ-

ʟʫʤʝʚʘʶʱʝʡ ʥʝ ʧʦʣʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘ ʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘ-

ʣʝ, ʘ ʣʠʰʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʧʣʦʱʘʜʠ ʜʨʝʚʥʠʭ ʢʨʘʪʦʥʦʚ.
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ɼɸʃʔʅɽɺʆʉʊʆʏʅʆʁ ɿʆʅʓ ʈʌ 

 

ɸ. ɻ. ɻʦʝʚ 

ʀʥʩʪʠʪʫʪ ʜʠʥʘʤʠʢʠ ʛʝʦʩʬʝʨ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ɸ. ʉʘʜʦʚʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

goev@idg.ras.ru 

 

ɿʦʥʦʡ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʤʘʥʪʠʠ (MTZ) ʥʘʟʳʚʘʶʪ ʦʙʣʘʩʪʴ ʥʘ ʛʣʫʙʠʥʘʭ, ʙʣʠʟʢʠʭ ʢ 410 

ʠ 660 ʢʤ. ʅʘ ʥʠʭ ʜʦʩʪʠʛʘʶʪʩʷ P-T ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʣʠʚʠʥ ʥʘʯʠʥʘʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʚʦʠ 

ʙʦʣʝʝ ʧʣʦʪʥʳʝ ʬʘʟʳ. ɻʨʘʥʠʮʳ ʵʪʦʡ ʟʦʥʳ ʤʘʨʢʠʨʫʶʪʩʷ ʩʝʡʩʤʦʣʦʛʘʤʠ ʧʦ ʨʝʟʢʦʤʫ ʩʢʘʯʢʫ ʩʝʡ-

ʩʤʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʦʣʦʜʥʦʛʦ ʩʫʙʜʫʮʠʨʫʶʱʝʛʦ ʩʣʵʙʘ (ʥʘʧʨʠʤʝʨ, 

ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ) ʩ ʵʪʠʤʠ ʛʨʘʥʠʮʘʤʠ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥ ʵʪʠʭ 

ʛʨʘʥʠʮ. 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʟʦʥʝ ʈʌ ʩʜʝʨʞʠʚʘʣʦʩʴ ʦʪ-

ʩʫʪʩʪʚʠʝʤ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʝʪʠ. ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʥʠʝ 10-15 ʣʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʝʝ 

ʶʞʥʦʡ ʯʘʩʪʠ (ʩʤ. ʨʠʩʫʥʦʢ) ʩʦʪʨʫʜʥʠʢʘʤʠ ʉʘʭʘʣʠʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ɽʜʠʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʩʣʫʞʙʳ ʈɸʅ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʦʚʳʝ ʧʦʩʪʦʷʥʥʳʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʪʘʥʮʠʠ, ʯʪʦ ʚʧʝʨʚʳʝ 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʨʝʣʴʝʬ ʛʨʘʥʠʮ MTZ ʚ ʵʪʦʡ ʟʦʥʝ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʬʫʥʢʮʠʡ 

ʧʨʠʸʤʥʠʢʘ ʢ ʜʘʥʥʳʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʙʦʣʝʝ 8000 ʩʝʡʩʤʦʛʨʘʤʤ ʦʙʤʝʥ-

ʥʳʭ ʚʦʣʥ Ps, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɸʥʘʣʠʟ ʵʪʠʭ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʝʣʴʝʬ ʛʨʘʥʠʮ 410 ʠ 660 ʢʦʪʦʨʳʡ, ʚ ʮʝʣʦʤ, ʦʪʚʝʯʘ-

ʝʪ ʦʙʣʘʩʪʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʣʵʙʘ ʩ MTZ.  

 
 

ʈʠʩʫʥʦʢ ï ʂʘʨʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ. ʇʦʣʦʞʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʧʦʢʘʟʘʥʦ ʦʨʘʥʞʝʚʳʤ, ʢʨʘʩ-

ʥʳʤʠ ʪʦʯʢʘʤʠ ʧʨʠʚʝʜʝʥʦ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʦʙʤʝʥʘ (ʪʦʯʝʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʤʝʥʥʳʭ ʚʦʣʥ Ps) ʜʣʷ ʛʣʫʙʠʥʳ 535 

ʢʤ. ʀʟʦʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʘ ʛʣʫʙʠʥʘ ʩʫʙʜʫʮʠʨʫʶʱʝʛʦ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʩʣʵʙʘ ʩʦʛʣʘʩʥʦ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ.  

ʅʘ ʚʨʝʟʢʝ ʧʨʠʚʝʜʝʥ ʠʩʩʣʝʜʫʝʤʳʡ ʨʝʛʠʦʥ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 25-27-00240). 
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ʈɽɿʋʃʔʊɸʊʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɻʃʋɹʀʅʅʆɻʆ ʉʂʆʈʆʉʊʅʆɻʆ ʉʊʈʆɽʅʀʗ 

ʃʀʊʆʉʌɽʈʓ ʂʆʃʔʉʂʆɻʆ ʈɽɻʀʆʅɸ ʄɽʊʆɼʆʄ ʌʋʅʂʎʀʁ ʇʈʀɽʄʅʀʂɸ 
 

ɸ. ɻ. ɻʦʝʚ1,2, ʂ. ɸ. ɼʦʢʫʢʠʥʘ3 
1ʀʥʩʪʠʪʫʪ ʜʠʥʘʤʠʢʠ ʛʝʦʩʬʝʨ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ɸ. ʉʘʜʦʚʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɿʝʤʣʠ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠ ̫
3ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ goev@idg.ras.ru 

 

ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʪʝʨʨʠʪʦʨʠʠ 

ʉʉʉʈ/ʈʌ. ʀʥʪʝʨʝʩ ʢ ʥʝʤʫ ʦʙʫʩʣʦʚʣʝʥ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʨʘʟʚʝʜʘʥʥʳʭ ʥʘ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ. ʉ ʜʨʫ-

ʛʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʳʡ ʧʦʣʠʛʦʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠ ʨʘʟ-

ʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘ-

ʧʘʭ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ ʥʘʯʠʥʘʷ ʩ ʘʨʭʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ, ʧʨʠʤʝ-

ʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʩʩʠʚʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʦʝʥʠʷ ʣʠʪʦ-

ʩʬʝʨʳ ʩʜʝʨʞʠʚʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝʤ ʧʣʦʱʘʜʥʦʡ ʩʝʪʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. 

ɺ 2020 ʛʦʜʫ, ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʂʦʣʴʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌʀʎ ɽɻʉ ʈɸʅ, ʥʘʯʘʣ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʢʪʫʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʣʠʪʦʩʬʝʨʳ ʂʦʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʜʝʪʘʣʷʤʠ ʥʦʚʦʡ ʤʦ-

ʜʝʣʠ ʷʚʣʷʶʪʩʷ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʦ-ʤʘʥʪʠʡʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʣʠʙʦ ʨʝʟʢʦʡ 

ʛʨʘʥʠʮʝʡ, ʣʠʙʦ ʛʨʘʜʠʝʥʪʥʦʡ ʟʦʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʢʤ; ʥʘʣʠʯʠʝ ʠ ʛʝʪʝʨʦʛʝʥ-

ʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʩʣʦʷ ʧʦʥʠʞʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ; ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Vp/Vs 

ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʩʪʨʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʨʝʛʠʦʥʘ ʥʘ ʦʩʥʦʚʝ ʩʝʡʩʤʦʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʠ ʩʝʡʩʤʠ-

ʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʜʣʷ ʩʝʚʝʨʥʦʡ ʌʠʥʣʷʥʜʠʠ). ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʨʝʛʠʦʥʘ 

ʙʳʣʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʩʣʝʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʧʣʶʤʦʚʦʛʦ ʩʦʙʳʪʠʷ ʩ 

ʚʝʱʝʩʪʚʦʤ ʘʨʭʝʡʩʢʦʡ ʣʠʪʦʩʬʝʨʳ. 
 

 
ʈʠʩʫʥʦʢ ï ʂʘʨʪʘ ʠʟʫʯʘʝʤʦʛʦ ʨʝʛʠʦʥʘ. ʊʨʝʫʛʦʣʴʥʠʢʘʤʠ ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʡ ʚ ʨʝʛʠʦʥʝ: ʦʨʘʥʞʝʚʳʤ - ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʝʪʝʡ, ʢʨʘʩʥʳʤ ï ʂʦʣʴʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌʀʎ ɽɻʉ ʈɸʅ, ʟʝʣʝʥʳʤ 

ï ʥʦʚʳʝ ʚʨʝʤʝʥʥʳʝ ʩʪʘʥʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʨʝʛʠʦʥʘ 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʘʤʠ ʅʀʈ ʀɼɻ ʈɸʅ (ˉ 125012200561-3), ʀʌɿ ʈɸʅ ʠ ɻʀʅ ʈɸʅ 

(FMMG-2023-0007).
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ʇɽʊʈʆ-ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʆʈɼʆɺʀʂʉʂʀʍ ʄʆʅʎʆʅʀʊʆʀɼʆɺ 

ʀ ɻʈɸʅʀʊʆʀɼʆɺ ɺʀʊʀʄʉʂʆɻʆ ʇʃʆʉʂʆɻʆʈʔʗ (ɿɸʇɸɼʅʆɽ ɿɸɹɸʁʂɸʃʔɽ) 
 

ʊ. ɸ. ɻʦʥʝʛʝʨ 
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ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʠʟʫʯʝʥʠʝʤ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘ-

ʪʠʟʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʠ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʤʘʩʰʪʘʙʘ ʧʨʦʷʚʣʝʥʠʷ ʠ 

ʩʚʷʟʠ ʩ ʢʦʣʣʠʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʨʜʦʚʠʢʩʢʠʝ ʜʘʪʠʨʦʚʢʠ ʜʠʦʨʠʪʦʚ ʠ ʤʦʥʮʦʥʠʪʦʚ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʚ ʜʚʫʭ ʤʘʩʩʠʚʘʭ ʖʛʦ-ɿʘʧʘʜʥʦʡ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ɺʠʪʠʤʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ: 

ʍʦʨʪʷʢʩʢʠʡ ʠ ɸʥʜʨʝʝʚʩʢʠʡ. ɺ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʠʟʫʯʝʥʥʳʝ ʤʘʩʩʠʚʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʋʜʠʥʦ-ɺʠʪʠʤʩʢʦʡ ʠ ɺʠʪʠʤʢʘʥ-ʎʠʧʠʥʩʢʦʡ ʟʦʥʘʭ ɹɺʉʉ [1].  

ʈʝʟʫʣʴʪʘʪʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ, ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʦʜʥʦ-

ʚʦʟʨʘʩʪʥʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʥʝʢʦʪʦʨʳʝ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʚ ʚʝʱʝ-

ʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ. ʍʦʨʪʷʢʩʢʠʡ ʤʘʩʩʠʚ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨʝʢʠ ʂʳʜʞʠʤʠʪ (ʋʜʠʥʦ-ɺʠʪʠʤʩʢʘʷ 

ʟʦʥʘ) ʩʣʦʞʝʥ ʢʨʫʧʥʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʧʦʨʦʜʘʤʠ ʢʳʜʞʠʤʠʪʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚr ʩʦʢʦʢʘʣʠʝʚʳʤʠ ʫʤʝʨʝʥʥʦ ʱʝʣʦʯʥʳʤʠ ʠ ʱʝʣʦʯʥʳʤʠ ʧʠʨʦʢʩʝʥ-ʘʤʬʠʙʦʣʦʚʳʤʠ ʤʦʥʮʦʥʠ-

ʪʘʤʠ, ʢʚʘʨʮʝʚʳʤʠ ʤʦʥʮʦʥʠʪʘʤʠ ʠ ʩʠʝʥʠʪʘʤʠ ʩ ʚʦʟʨʘʩʪʦʤ 470-490 ʤʣʥ ʣʝʪ [2]. ɸʥʜʨʝʝʚʩʢʠʡ 

ʤʘʩʩʠʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨʝʢʠ ʊʘʣʦʡ (ɺʠʪʠʤʢʘʥ-ʎʠʧʠʥʩʢʘʷ ʟʦʥʘ) ʧʨʝʜʩʪʘʚʣʝʥ 

ʫʤʝʨʝʥʥʦʢʘʣʠʝʚʳʤʠ ʥʦʨʤʘʣʴʥʦʱʝʣʦʯʥʳʤʠ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʤʠ ʠ ʙʠʦʪʠʪ-

ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʤʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʘʤʠ, ʜʠʦʨʠʪʘʤʠ, ʤʦʥʮʦʥʠʪʘʤʠ, ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ ʠ ʛʨʘʥʠ-

ʪʘʤʠ ʩ ʚʦʟʨʘʩʪʦʤ 474-476 ʤʣʥ ʣʝʪ [3]. 

ʆʪʣʠʯʠʷ ʩʦʩʪʘʚʦʚ ʚʳʷʚʣʝʥʳ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴ ʠ 

ʞʝʣʝʟʠʩʪʦʩʪʴ. ʇʦʨʦʜʳ ʍʦʨʪʷʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʙʦʣʝʝ ʞʝʣʝʟʠʩʪʳʝ, ʯʪʦ ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʦ-

ʩʪʘʚʘʭ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʘʤʬʠʙʦʣʦʚ ʠʟ ʤʦʥʮʦʥʠʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʞʝʣʝʟʠʩʪʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʝ. ʆʪʤʝʯʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʧʠʨʦʢʩʝʥʘ ʚʠʜʘ ʢʣʠ-

ʥʦʬʝʨʨʦʩʠʣʠʪ. ɸʤʬʠʙʦʣʳ (ʤʘʛʥʝʟʠʘʣʴʥʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ) ʠ ʙʠʦʪʠʪʳ ʚ ʧʦʨʦʜʘʭ ɸʥʜʨʝʝʚ-

ʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦʢʘʟʳʚʘʶʪ ʧʦʥʠʞʝʥʥʫʶ ʞʝʣʝʟʠʩʪʦʩʪʴ Fe/(Fe+Mg) ʨʘʚʥʫʶ 0,30 - 0,45. ʅʘʩʳ-

ʱʝʥʥʦʩʪʴ ʘʣʶʤʠʥʠʝʤ (ʠʥʜʝʢʩ ASI) ʚ ʪʘʢʠʭ ʧʦʨʦʜʘʭ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,86 ʠ ʜʦ ʝʜʠ-

ʥʠʮ,r ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʤʝʪʘʣʶʤʠʥʝʚʳʭ ʧʦʨʦʜ. ɺ ʦʪʣʠʯʠʠ ʦʪ ɸʥʜʨʝʝʚʩʢʦʛʦ ʤʘʩ-

ʩʠʚʘ, ʨʘʩʧʦʣʘʛʘʶʱʝʛʦʩʷ ʥʘ ʛʨʘʥʠʮʝ ʤʝʪʘ ʠ ʧʝʨʘʣʶʤʠʥʝʚʳʭ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,7 ʜʦ 1,1. 

ʆʪʤʝʯʘʝʪʩʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ I-ʛʨʘʥʠʪʘʤ ʩ ʠʥʜʝʢʩʦʤ ASI (Al /(Ca+Na+K)) ʤʝʥʝʝ 1,1. ʉʧʝʢʪʨʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʠʟʫʯʝʥʥʳʭ ʤʘʩʩʠʚʦʚ ʠʤʝʶʪ ʩʭʦʞʝʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʆʪʤʝʯʘʝʪʩʷ ʜʝʬʠʮʠʪ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʨʷʜʘ Gd-Lu ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʣʝʛʢʠʤ ʨʷʜʘ La-Nd ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʝʪʨʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʜʦʚʠʢʩʢʠʭ ʠʥʪʨʫʟʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ 

ʦʨʦʛʝʥʥʦʤʫ ʤʘʛʤʘʪʠʟʤʫ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʝʛʠʦʥʝ ʚ 

ʧʝʨʠʦʜ 490-460 ʤʣʥ ʣʝʪ [4, 5].  
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ʂʘʚʢʘʟʩʢʘʷ ʧʦʜʟʝʤʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ɿʝʤʣʠ ʈɸʅ, ʨʘʟ-

ʤʝʱʝʥʥʘʷ ʚ ʫʜʘʣʸʥʥʦʡ ʰʪʦʣʴʥʝ ɹʘʢʩʘʥʩʢʦʡ ʥʝʡʪʨʠʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ, ʚ ʛʣʫʙʠʥʝ ʛʦʨʳ ɸʥʜʳʨʯʠ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ 25 ʢʤ ʦʪ ʧʠʢʦʚ ʟʥʘʤʝ-

ʥʠʪʦʛʦ ʚʫʣʢʘʥʘ ʕʣʴʙʨʫʩ, ʦʙʣʘʜʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʡ ʦʩʦ-

ʙʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʚ ʨʦʩʩʠʡʩʢʦʤ, ʪʘʢ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦʤ ʢʦʥʪʫʨʝ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʛʝʦʬʠʟʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʚʳʜʘʶʱʠʝʩʷ 

ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʷ ʜʝʪʘʣʴ-

ʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʫʩʪʘʥʦʚʣʝʥʘ ʫʥʠʢʘʣʴ-

ʥʘʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʨʝʮʠʟʠʦʥʥʘʷ ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʥʪʝʥʥʘ ʩʧʦʩʦʙʥʘʷ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʚʥʫʪʨʠ ʛʦʨʳ ʩ ʪʦʯʥʦʩʪʴʶ ʚʧʣʦʪʴ 

ʜʦ 0,0005ʦʉ. ʆʩʥʦʚʫ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥʳ ʩʦʩʪʘʚʣʷʶʪ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ 

ʀʌɿ ʈɸʅ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʪʝʨʤʦʜʘʪʯʠʢʠ (ʨʠʩ.1). ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʪʦʯʢʠ ʨʘʟʤʝʱʝʥʠʷ ʘʥʪʝʥʥʳ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʥʘ ʝʝ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʣʝʙʘʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʛʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʯʪʦ ʚ ʮʝʣʦʤ ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʜʸʞʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʣʘʪʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʝʨʤʦʜʘʪʯʠʢʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʚʳʥʦʩʥʳʤ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝ-

ʤʝʥʪʦʤ ï ʧʣʘʪʠʥʦʚʳʤ ʨʝʟʠʩʪʦʨʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʛʝʨʤʝʪʠʯʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʛʠʣʴʟʝ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʥʪʝʥʥʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʤ ʫʨʦʚʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝ-

ʯʠʪʴ ʤʝʪʨʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʩʝʡ ʧʦʜʟʝʤʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʪʦʨʦʡ (ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʢʚʘʨʮʝʚʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ) 

ʦʢʘʟʳʚʘʶʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʜʘʞʝ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʢʘʟʘʣʠ ʜʦʩʪʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʥʪʝʥʥʦʡ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʦʡ ʰʪʦʣʴʥʠ [1]. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʚʘʨʠʘʮʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʤʝʪʥʳʝ ʩʫʪʦʯʥʳʝ ʠ ʧʦʣʫʩʫʪʦʯʥʳʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʩ ʣʫʥʥʦ-ʩʦʣʥʝʯʥʳʤʠ ʧʨʠʣʠʚʘʤʠ (ʨʠʩ. 2 ʠ 3). 

 

 
 
ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʝʥʠʝ ʤʠʢʨʦʚʘʨʠʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʦʪʚʝʨʩʪʠʷʭ, ʫʙʨʘʥ ʪʨʝʥʜ, ʜʘʥ-

ʥʳʝ ʩʛʣʘʞʝʥʳ ʩʢʦʣʴʟʷʱʠʤ ʩʨʝʜʥʠʤ ʧʦ 30 ʩʦʩʝʜʥʠʤ ʠʟʤʝʨʝʥʠʷʤ 

 

 

 
ʈʠʩʫʥʦʢ 3 ï ʂʘʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʘʨʠʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʰʪʦʣʴʥʝ (ʪʦʯʢʠ 

ʠʟʤʝʨʝʥʠʡ ʚ ʚʝʨʭʥʝʤ (1) ʠ ʥʠʞʥʝʤ (2) ʦʪʚʝʨʩʪʠʷʭ) ʩ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (3) 

 

ʃʠʭʦʜʝʝʚ ɼ.ɺ., ʉʦʙʠʩʝʚʠʯ ɸ.ʃ., ɻʨʘʚʠʨʦʚ ɺ.ɺ. ʇʨʠʣʠʚʥʳʝ ʵʬʬʝʢʪʳ ʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʝ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʚ ʛʣʫʙʦʢʦʡ ʰʪʦʣʴʥʝ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ // ɼʦʢʣʘʜʳ 

ʈɸʅ. 2022. ʊ. 503. ˉ 2. ʉ. 72ï77. 
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ɿʆʃʆʊʆʈʋɼʅɸʗ ʄʀʅɽʈɸʃʀɿɸʎʀʗ ɹɸʋʅʊʆɺʉʂʆɻʆ ʈʋɼʅʆ-ʈʆʉʉʓʇʅʆɻʆ 

ʈɸʁʆʅɸ: ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ, ʇɽʈʉʇɽʂʊʀɺʓ 

 

ɹ. ɹ. ɼʘʤʜʠʥʦʚ, ʆ. ɸ. ɸʛʠʙʘʣʦʚ, ʉ. ɸ. ʂʫʪʠʱʝʚʘ, ʃ. ɹ. ɼʘʤʜʠʥʦʚʘ 

ʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʡ ʠʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ 

ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, damdinov@tsnigri.ru 

 

ɹʘʫʥʪʦʚʩʢʠʡ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʡ ʨʘʡʦʥ (ʈʈʈ) ʨʘʩʧʦʣʦʞʝʥ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ, ʚ ʩʝ-

ʚʝʨʥʦʡ ʯʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ, ʚ ʧʨʝʜʝʣʘʭ ɹʘʫʥʪʦʚʩʢʦʛʦ ʵʚʝʥʢʠʡʩʢʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-

ʛʦ ʨʘʡʦʥʘ. ʈʘʡʦʥ ʠʟʚʝʩʪʝʥ ʧʦʜ ʠʩʪʦʨʠʯʝʩʢʠʤ ʥʘʟʚʘʥʠʝʤ çɹʘʨʛʫʟʠʥʩʢʘʷ ʪʘʡʛʘè ʠ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, ʜʦ-

ʙʳʯʘ ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʩ ʩʝʨʝʜʠʥʳ XIX ʚʝʢʘ. ɹʘʫʥʪʦʚʩʢʠʡ ʈʈʈ, ʚ ʧʦʥʠʤʘʥʠʠ ʘʚʪʦʨʦʚ, ʦʭʚʘʪʳ-

ʚʘʝʪ ʦʙʰʠʨʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʥʘ ʩʝʚʝʨʥʦʡ ʦʢʨʘʠʥʝ ɺʠʪʠʤʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦ-

ʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ, ʧʨʠ ʧʦʯʪʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʭ 

ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʠ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʢʨʘʡʥʝ ʥʝʦʜ-

ʥʦʨʦʜʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ, ʦʪ ʨʠʬʝʷ ʜʦ ʤʝʟʦʟʦʷ, ʩʪʨʘʪʠʬʠ-

ʮʠʨʦʚʘʥʥʳʭ ʠ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʩʣʦʞʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙ-

ʩʪʘʥʦʚʢʘʭ.  

ʀʟʚʝʩʪʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʭʝʤʳ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ɹʘʥʫʪʦʚ-

ʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʨʘʡʦʥʘ ʫ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʨʘʟʣʠʯʘʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʚ ʩʦʩʪʘʚʝ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ï ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʭ ʟʦʥ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʳʜʝʣʷʶʪʩʷ ʨʫʜʥʳʝ ʨʘʡʦʥʳ, 

ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʚʳʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʨʫʜʥʳʝ ʫʟʣʳ, ʢʦʥʪʫʨʳ ʢʦʪʦʨʳʭ ʚ ʨʘʟʥʳʭ ʩʭʝʤʘʭ ʦʪʣʠ-

ʯʘʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠʤʝʶʪ ʙʦʣʝʝ ʜʨʦʙʥʦʝ ʩʪʨʦʝʥʠʝ, 

ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʩʦʥʦʚ (ʨʫʜʥʳʭ ʫʟʣʦʚ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʝʡ ʠʟʫʯʝʥ-

ʥʦʩʪʴʶ ʠ ʧʦʷʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʫʜʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʪʘʢ-

ʞʝ ʦʪʤʝʪʠʪʴ ʤʥʦʛʦʧʣʘʥʦʚʦʩʪʴ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ɹʘʫʥʪʦʚʩʢʦʛʦ ʈʈʈ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʫʶ ʥʘʣʠʯʠʝʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʧʫʥʢʪʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʢʘʢ ʙʣʘʛʦ-

ʨʦʜʥʳʭ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. 

ʊʘʢʞʝ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʠʩʙʘʣʘʥʩ ʤʝʞʜʫ ʨʫʜʥʳʤ ʠ ʨʦʩʩʳʧʥʳʤ ʟʦʣʦʪʦʤ, ʛʜʝ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦ-

ʪʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 95% ʚ ʙʘʣʘʥʩʝ ʟʘʧʘʩʦʚ ʠ ʜʦʙʳʯʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʤʝʨʳ ʦʙʦʙʱʝʥʠʷ 

ʜʘʥʥʳʭ ʧʦ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʚʠʥʮʠʡ ʤʠʨʘ [1] ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʦʙʳ-

ʯʘ ʠʟ ʨʦʩʩʳʧʝʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 50% ʩʫʤʤʘʨʥʦʡ ʜʦʙʳʯʠ. ʊʘʢʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ, ʢʦʪʦʨʦʝ ʩ 

ʠʟʚʝʩʪʥʦʡ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʥʦʨʤʘʣʴʥʦʝ, ʦʪʚʝʯʘʶʪ, ʥʘʧʨʠʤʝʨ, ʩʘʤʳʝ ʧʨʦ-

ʜʫʢʪʠʚʥʳʝ çʩʪʘʨʳʝè, ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʝ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʝ ʨʘʡʦʥʳ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡ-

ʢʘʣʴʷ (ɼʘʨʘʩʫʥʩʢʠʡ, ʄʦʛʦʯʠʥʩʢʠʡ, ɹʘʣʝʡʩʢʠʡ, ʐʘʭʪʘʤʠʥʩʢʠʡ, ɻʘʟʠʤʫʨʦ-ɿʘʚʦʜʩʢʦʡ ʠ ʜʨ.) 

[2]. 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʜʠʩʙʘʣʘʥʩʘ ʨʫʜʘ-ʨʦʩʩʳʧʠ ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ ɹʘʫʥʪʦʚʩʢʦʛʦ ʈʈʈ, ʪʘʢ ʠ ʚ ʨʷʜʝ 

ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ, ʯʘʩʪʦ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʦʦʙʨʘʞʝʥʠʷ: 

1) ɹʦʛʘʪʳʝ ʨʦʩʩʳʧʠ ʤʦʛʫʪ, ʧʨʠ ʥʘʣʠʯʠʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦ-

ʚʦʢ, ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʟʘ ʩʯʸʪ ʟʦʥ ʨʘʩʩʝʷʥʥʦʡ ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʟʘ 

ʩʯʝʪ ʨʘʩʩʝʷʥʥʳʭ ʧʦ ʧʣʦʱʘʜʠ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʩ ʥʝʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ, ʧʨʠʛʦʜʥʳʤʠ, ʚ ʣʫʯʰʝʤ 

ʩʣʫʯʘʝ, ʜʣʷ ʩʪʘʨʘʪʝʣʴʩʢʦʡ ʦʪʨʘʙʦʪʢʠ. 

2) ʅʘʣʠʯʠʝ ʙʦʛʘʪʦʡ ʨʦʩʩʳʧʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʜʝʢʚʘʪʥʦʡ ʧʦ ʤʘʩʰʪʘ-

ʙʫ ʨʫʜʥʦʡ ʝʩʪʴ ʩʣʝʜʩʪʚʠʝ ʛʣʫʙʦʢʦʛʦ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʠ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʚʳʷʚʣʝʥʠʷ ʣʠʰʴ 

ʢʦʨʥʝʚʳʭ ʯʘʩʪʝʡ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

3) ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʝʪʨʘʜʠʮʠʦʥʥʦʤ ʛʝʥʝʟʠʩʝ ʨʦʩʩʳʧʝʡ, ʥʝ ʩʚʷʟʘʥʥʦʤ ʩ ʢʦʨʝʥʥʳʤʠ ʠʩ-

ʪʦʯʥʠʢʘʤʠ, ʨʘʟʚʠʚʘʣʠʩʴ ʨʷʜʦʤ ʛʝʦʣʦʛʦʚ-ʨʦʩʩʳʧʥʠʢʦʚ, ʜʦʣʛʠʝ ʛʦʜʳ ʨʘʙʦʪʘʚʰʠʭ ʚ ʧʨʝʜʝʣʘʭ 

ɹʘʫʥʪʦʚʩʢʦʛʦ ʈʈʈ (ʐʝʣʢʦʚʥʠʢʦʚ ʄ.ʌ., ɼʦʣʛʦʚ ɺ.ʄ., ɿʘʩʪʘʚʥʘʷ ɺ.ʃ. ʠ ʜʨ.). ɺ ʢʨʘʪʢʦʤ ʚʠʜʝ, 

ʩʦʛʣʘʩʥʦ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʥʘ ʩʢʣʦʥʘʭ ʜʦʣʠʥ ʟʦʣʦʪʦ ʦʙʨʘʟʫʝʪ ʚʦʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʩ ʩʝʨʥʦʢʠʩʣʳʤ ʞʝʣʝʟʦʤ, ʟʘʪʝʤ ʚ ʜʥʠʱʝ ʜʦʣʠʥʳ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ ʧʨʦʠʩʭʦʜʠʪ 
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ʦʩʘʞʜʝʥʠʝ ʞʝʣʝʟʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʟʦʣʦʪʘ, ʚ ʚʠʜʝ ʩʤʝʩʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʦʚ-

ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ï ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʞʝʣʝʟʠʩʪʦʡ ʢʠʨʘʩʳè, ʧʨʠ ʨʘʩʧʘʜʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦ-

ʜʠʪ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʯʘʩʪʠʮ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ [3]. 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʨʦʩʩʳʧʥʦʡ ʠ ʢʦ-

ʨʝʥʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʷʜ ʬʘʢʪʦʨʦʚ: (1) ʩʣʘʙʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ 

ʚ ʧʨʝʜʝʣʘʭ ɹʘʫʥʪʦʚʩʢʦʛʦ ʈʈʈ; (2) ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʣʘʥʜʰʘʬʪʥʳʝ ʦʙʩʪʘʥʦʚʢʠ, ʥʝ ʧʦʟʚʦʣʠʚ-

ʰʠʝ ʚʳʷʚʠʪʴ ʩʢʨʳʪʳʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʠʩʢʦʚʳʤʠ ʤʝʪʦʜʘʤʠ; 

(3) ʠʩʪʦʨʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ɻʈʈ ʚ ʧʦʣʴʟʫ ʧʦʠʩʢʦʚ ʠ 

ʨʘʟʚʝʜʢʠ ʨʦʩʩʳʧʝʡ, ʧʨʠ ʧʦʠʩʢʘʭ ʞʝ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʜʝʣʘʣʩʷ ʥʘ ʚʳʷʚʣʝʥʠʝ 

ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ; (4) ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɿʘʯʘʩʪʫʶ ʛʝʦʭʠʤʠʯʝʩʢʠʝ (ʤʝʪʘʣʣʦʤʝʪʨʠʯʝʩʢʠʝ) ʧʨʦʙʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʥʘ 

ʵʣʝʤʝʥʪʳ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ (ʥʠʟʢʦʡ) ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʘʥʘʣʠʟʘ (ʥʘ ʟʦʣʦʪʦ, ʤʳʰʴʷʢ, ʚʦʣʴ-

ʬʨʘʤ, ʚʠʩʤʫʪ, ʩʫʨʴʤʘ ʠ ʜʨ.), ʧʨʠ ʵʪʦʤ ʤʥʦʛʠʝ ʨʘʙʦʪʳ ʩʪʘʚʠʣʠʩʴ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʯʝʨʥʳʭ, ʮʚʝʪʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ, ʘ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʙ. 

ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ɹʘʫʥʪʦʚʩʢʦʛʦ ʈʈʈ, ʜʘʥʥʳʝ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʛʥʦʟʥʦ-ʨʝʚʠʟʠʦʥʥʳʭ ʨʘʙʦʪ ʌɻɹʋ çʎʅʀɻʈʀè ʠ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʦʩ-

ʩʳʧʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ, ʢʘʢ ʧʨʷʤʦʛʦ ʧʦʠʩʢʦʚʦʛʦ ʧʨʠʟʥʘʢʘ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦ-

ʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʚʳʷʚʣʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ ʨʘʟʣʠʯʥʳʭ 

ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʠʧʦʚ (ʈʌʊ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢʦʥʢʨʝʪʥʳʝ ʫʯʘʩʪ-

ʢʠ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ: 

- ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʡ ʈʌʊ; ʎʠʧʠʢʘʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʈʋ), ʛʜʝ ʚʳʜʝʣʷʝʪʩʷ ʤʠʥʝʨʘʣʠʟʦ-

ʚʘʥʥʘʷ ʟʦʥʘ ʩ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʤ ʧʨʦʞʠʣʢʦʚʘʥʠʝʤ ʠ ʢʚʘʨʮʝʚʳʤʠ ʟʦʣʦʪʦʨʫʜʥʳʤʠ ʞʠʣʘʤʠ, ʜʝ-

ʪʘʣʴʥʦ ʠʟʫʯʝʥʥʘʷ ʣʠʰʴ ʚ ʧʨʝʜʝʣʘʭ ʤʝʣʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʦʨʥʦʝ; 

- ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʡ ʈʌʊ, ʥʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʢʦʪʦʨʦʛʦ ʥʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʊʨʦʠʮʢʦʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʰʪʦʢʚʝʨʢʦʧʦ-

ʜʦʙʥʳʤ ʪʝʣʦʤ ʩʣʦʞʝʥʥʳʤ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʠ ʟʦʥʘʤʠ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʦʢʚʘʨʮʝʚʘʥʠʷ; 

- ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʳʡ ʈʌʊ, ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʣʘʙʦ ʠʟʫʯʝʥʥʦʝ ʊʦʯʝʨʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ (ʊʨʦʠʮʢʠʡ ʈʋ), ɺʠʪʠʤʢʘʥʩʢʫʶ ʤʠʥʝʨʘʣʠʟʦʚʘʥ-

ʥʫʶ ʟʦʥʫ (ʂʘʨʬʪʠʪʩʢʠʡ ʈʋ), ɼʦʣʛʦʫʣʴʩʢʠʡ ʫʯʘʩʪʦʢ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɸʣʘʢʘʨʩʢʦʛʦ ʈʋ; ʜʣʷ ʚʩʝʭ 

ʵʪʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ ʭʘʨʘʢʪʝʨʥʘ ʙʣʠʟʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʩ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤʠ ʢʨʫʧʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʃʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. 

- ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʈʌʊ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ, ʠʟʚʝʩʪʥʳʡ ʚ ʨʫʜʥʦʤ ʧʦʣʝ ʊʘ-

ʣʦʡʩʢʦʛʦ Fe-Mn ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ, ʦʙʨʘʟʫʶʱʠʡ ʜʦʩʪʘʪʦʯʥʦ 

ʤʦʱʥʳʝ ʠ ʧʨʦʪʷʞʝʥʥʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʣʦʪʦʥʦʩʥʳʝ ʟʦʥʳ. 
 

1. ʐʝʨ ʉ.ɼ. ʆ ʩʦʦʪʥʦʰʝʥʠʠ ʤʘʩʰʪʘʙʦʚ ʢʦʨʝʥʥʦʡ ʠ ʨʦʩʩʳʧʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʣʦʪʦʥʦʩ-
ʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ɿʝʤʥʦʛʦ ʰʘʨʘ // ʉʦʚʝʪʩʢʘʷ ʛʝʦʣʦʛʠʷ. 1965. ˉ3. ʉ. 3-9. 

2. ʂʦʨʯʘʛʠʥʘ ɼ.ɸ., ɸʛʠʙʘʣʦʚ ʆ.ɸ. ʆʧʳʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʣʦ-
ʱʘʜʝʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʨʫʜʥʦʡ ʠ ʨʦʩʩʳʧʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ (ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʢʨʘʡ) 

// ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ. ï 2020. - ˉ1 ï ʉ. 5-26. 
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ɹ. ɺ. ɼʘʤʧʠʣʦʚʘ 
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ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʝʢ, ʦʟʝʨ, ʤʦʨʝʡ ʠ ʜʨʫʛʠʭ ʚʦʜʦʝʤʦʚ. 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʯʠʩʪʦʪʝ ʠʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

(ʦʪʤʝʨʰʠʝ ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʪ.ʧ.) ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤʠ ʪʦʢʩʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʠʟʜʘʚʥʘ 

ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʙʝʨʝʛʘʭ ʠʣʠ ʚʙʣʠʟʠ ʨʝʢ ʠ ʦʟʝʨ. ɹʣʠʟʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʩ 

ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ, ʥʝʩʦʤʥʝʥʥʦ ʚʝʜʝʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜʳ 

ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʉʧʦʩʦʙʥʦʩʪʴ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘʢʘʧʣʠʚʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʚ ʩʝʙʝ ʨʘʟ-

ʣʠʯʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪ-

ʥʝʩʪʠ ʠʟʤʝʥʝʥʠʝ ʨʅ ʩʨʝʜʳ, ʚʟʤʫʯʠʚʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʝ (ʫʩʢʦʨʝʥʠʝ ʪʝʯʝʥʠʷ ʚʦʜʳ) ʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʝ (ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ). ʇʨʠ ʩʠʣʴʥʦʟʘʛʨʷʟʥʝʥʥʳʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʦʟʤʦʞʥʘ 

ʤʠʛʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʫʶ ʪʦʣʱʫ. ʇʦʵʪʦʤʫ ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɻʦʨʦʜ ʋʣʘʥ-ʋʜʵ ʩ ʧʨʠʛʦʨʦʜʥʦʡ ʯʘʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʙʝʨʝʛʘʭ ʨʝʢ ʋʜʳ ʠ ʉʝʣʝʥʛʠ 

(ʨʠʩ.). 
 

 
 

ʈʠʩʫʥʦʢ ï ʂʦʩʤʦʩʥʠʤʦʢ ʛ. ʋʣʘʥ-ʋʜʵ 

 

ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʬʘʢʪʦʨʦʚ ʘʢʢʫʤʫʣʷʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʠʜʦʚ 

(ʊʄʄ) ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨ. ʉʝʣʝʥʛʠ ʠ ʝʝ ʧʨʠʪʦʢʘ ʋʜʳ ʚʳʷʚʠʣʦ ʥʝʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ 

ʧʦ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ ʠ ʥʠʞʝ ʧʦ 

ʪʝʯʝʥʠʶ [1]. ʇʦ ʜʘʥʥʳʤ 2017 ʛ. ʩʫʤʤʘʨʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ ʠ ʥʠʞʝ 

ʧʦ ʪʝʯʝʥʠʶ ʦʪʥʦʩʠʪʩʷ ʢ ʜʦʧʫʩʪʠʤʦʤʫ ʫʨʦʚʥʶ. ʇʨʝʚʳʰʝʥʠʷ ʇɼʂ (ʚ 1,5-3,4 ʨʘʟʘ) ʚ ʦʪʣʦʞʝʥʠ-

ʷʭ ʨ. ʉʝʣʝʥʛʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ As. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2004 ʛ. ʚʳʷʚʣʝʥʦ [2], ʯʪʦ ʚ ʜʦʥʥʳʭ ʦʪ-

ʣʦʞʝʥʠʷʭ ʩʦʜʝʨʞʘʥʠʝ Mn ʠ Fe ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʚʝʨʭʦʚʴʷ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʚʜʦʣʴ ʠʟʫʯʝʥʥʳʭ 
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ʧʨʦʪʦʢ, ʘ ʩʦʜʝʨʞʘʥʠʝ Zn ʠ Cr ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʪʦʢʘʭ ʧʨʝʚʳʰʘʝʪ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʝʨʭʦʚʴʝ 

ʜʝʣʴʪʳ. ʇʨʠ ʵʪʦʤ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ Pb ʠ Cu ʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʚʟʚʝʩʠ [3]. ʋʩʪʘʥʦʚʣʝʥʦ [4], 

ʯʪʦ ʚ ʩʘʤʦʡ ʤʥʦʛʦʚʦʜʥʦʡ ʧʨʦʪʦʢʝ ʍʘʨʘʫʟ ʢʘʨʙʦʥʘʪʳ ʚʳʧʘʜʘʶʪ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʠʟʫʯʝʥʥʳʝ 

ʤʝʪʘʣʣʳ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ. ɺ ʤʘʣʦʤ ʚʦʜʦʪʦʢʝ ʂʦʣʧʠʥʥʘʷ ʚ ʜʦʥʥʳʭ ʦʪ-

ʣʦʞʝʥʠʷʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʤʘʨʛʘʥʮʝʚʳʝ ʦʢʠʩʣʳ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʤʝʩʴ ʢʦʣʣʦʠʜʘʣʴʥʳʭ 

ʠʣʠ ʧʣʦʭʦ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʝʪʩʷ ʧʠʨʦʣʶʟʠʪ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʫʯʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʧʝʨʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝ-

ʥʠʡ ʨʝʢ ʋʜʘ ʠ ʉʝʣʝʥʛʘ ʚ ʧʨʝʜʝʣʘʭ ʛ. ʋʣʘʥ-ʋʜʵ. ɺ ʤʝʪʦʜʠʢʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʦʜʝʨʞʘʥʠʝʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

[5] ʦʮʝʥʢʫ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʦʝʤʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝʤ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʢʘʞ-

ʜʦʛʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʥʘʙʣʶʜʘʝʤʳʭ ʫʯʘʩʪʢʘʭ ʠ ʬʦʥʦʚʳʭ 

ʦʙʲʝʢʪʘʭ. ʄʠʛʨʘʮʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʜʣʦʞʝʥʦ ʠʟʫʯʘʪʴ ʚ ʚʠ-

ʜʝ ʧʨʦʛʨʘʤʤʳ ʥʘʙʣʶʜʝʥʠʡ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦ-

ʜʦʝʤʳ ʠ ʚʦʜʦʪʦʢʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪʩʫʪʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʳ ʧʦ ʧʨʝʜʝʣʴʥʦ-

ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʠʭ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ. ʀʟ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʨʪʫʪʴ, ʤʳʰʴʷʢ, ʤʝʜʴ, ʮʠʥʢ, ʢʘʜʤʠʡ, 

ʩʚʠʥʝʮ, ʭʨʦʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʝʢ ʉʝʣʝʥʛʘ ʠ ʋʜʘ ʚʳʷʚʠʣʦ ʧʨʝʚʳʰʝʥʠʝ 

ʇɼʂ ʧʦ ʭʣʦʨʫ (2.5-6.1 ʨʘʟ), ʤʳʰʴʷʢʫ (8 ʨʘʟ). ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʦʚ 

ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʧʦ ʉʘʥʇʠʅ 2.1.4.1074-01 - ʥʝ ʙʦʣʝʝ 350 ʤʛ/ʜʤ3, ʇɼʂ ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦ-

ʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ - 300 ʤʛ/ʜʤ3, ʇɼʂ ʜʣʷ ʚʦʜ ɹʘʡʢʘʣʘ - 30 ʤʛ/ʜʤ3, ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ɹʘʡ-

ʢʘʣʘ - 0,4 ʤʛ/ʜʤ3. ʉʪʝʧʝʥʴ ʚʨʝʜʥʦʩʪʠ ʭʣʦʨʠʜʦʚ ʧʦ ʉʘʥʇʠʅ - 4-ʡ ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ (ʫʤʝʨʝʥʥʦ 

ʦʧʘʩʥʳ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʤʫ ʧʨʠʟʥʘʢʫ). ʇʨʠ ʵʪʦʤ ʭʣʦʨʠʜʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʤʠʛʨʘʮʠʦʥ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ɹʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʠʜʦʚ ʧʦʩʪʫ-

ʧʘʶʪ ʚ ɹʘʡʢʘʣ ʠʟ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ (ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ ʠ ʝʝ ʧʨʦʠʟʚʦʜ-

ʥʳʝ) ʠ ʙʳʪʦʚʳʭ ʩʪʦʢʦʚ. 

ɺ ʠʦʥʦʦʙʤʝʥʥʦʡ ʚʦʜʦ- ʠ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʷʚʣʷʶʱʝʡ-

ʩʷ ʧʦʜʚʠʞʥʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʦʡ ʵʣʝʤʝʥʪʦʚ, ʚʳʜʝʣʝʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦ-

ʣʠʯʝʩʪʚʝ ʮʠʥʢ, ʤʝʜʴ, ʩʚʠʥʝʮ. ɺ ʦʙʨʘʟʮʘʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨ. ʋʜʘ ʮʠʥʢ ʦʙʥʘʨʫʞʝʥ ʚ ʢʦʣʠ-

ʯʝʩʪʚʝ ʜʦ 30,9 ʤʛ/ʢʛ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʩʪʘʚʣʷʶʪ 61 % ʦʙʤʝʥʥʳʭ ʬʦʨʤ ʦʪ ʦʙʱʝʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ. ʆʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʤʝʥʥʦʛʦ ʩʚʠʥʮʘ ʚ ʧʨʦʙʘʭ. ʉʦʜʝʨʞʘʥʠʝ 

ʦʙʤʝʥʥʳʭ ʭʨʦʤʘ ʠ ʥʠʢʝʣʷ ʚ ʦʙʨʘʟʮʘʭ ʥʝ ʚʳʰʝ 3 ʤʛ/ʢʛ. ʆʜʥʘʢʦ, ʜʣʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪʩʫʪ-

ʩʪʚʫʶʪ ʇɼʂ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʢʦʧʣʝʥʠʝ ʠ ʙʦʣʴʰʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʛʘʪʠʚʥʦʤ ʪʝʭʥʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ. ʇʦʩʢʦʣʴʢʫ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʚ ʦʙʨʘʟʮʘʭ ʜʦʥʥʳʭ ʦʪʣʦ-

ʞʝʥʠʡ, ʠʤʝʶʱʠʭ ʪʝʭʥʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ, ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ 

ʮʠʥʢʘ, ʤʝʜʠ, ʩʚʠʥʮʘ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɻʀʅ ʉʆ ʈɸʅ ʧʦ ʧʨʦʝʢʪʫ ˉ 126020216348-5 

çɻʝʦʩʠʩʪʝʤʳ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè; ʨʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çɻʝʦʩʧʝʢʪʨè ɻʀʅ ʉʆ ʈɸʅ (ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ). 
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ɼʆʂɽʄɹʈʀʁʉʂʀɽ ʅɸɼʉʋɹɼʋʂʎʀʆʅʓɽ ʀ ɺʅʋʊʈʀʇʃʀʊʅʓɽ ʂʆʄʇʃɽʂʉʓ 

ɿɸʇɸɼʅʆʁ ʏɸʉʊʀ ʎɽʅʊʈɸʃʔʅʆ-ɸɿʀɸʊʉʂʆɻʆ ʉʂʃɸɼʏɸʊʆɻʆ ʇʆʗʉɸ: 

ʕʊɸʇʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʀ ɺʂʃɸɼ ɺ ʇʈʆʎɽʉʉʓ ʂʆʅʊʀʅɽʅʊɸʃʔʅʆɻʆ  

ʂʆʈʆʆɹʈɸɿʆɺɸʅʀʗ 

 

ʂ. ɽ. ɼʝʛʪʷʨʝʚ, ɸ. ɸ. ʊʨʝʪʴʷʢʦʚ, ʅ. ʃ. ɺʘʭʪʠʥʘ 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ, ʚʢʣʶʯʘʶʱʝʡ ʧʘʣʝʦʟʦʡ-

ʩʢʠʝ ʩʢʣʘʜʯʘʪʳʝ ʩʦʦʨʫʞʝʥʠʷ ʂʘʟʘʭʩʪʘʥʘ, ʊʷʥʴ-ʐʘʥʷ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʂʠʪʘʷ, ʪʝʨʨʝʡʥʳ ʩ 

ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʦʡ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 50% ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʠ ʩʣʦʞʝʥʳ ʚ 

ʦʩʥʦʚʥʦʤ ʤʝʟʦ- ʠ ʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʠ ʧʣʫʪʦʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘ-

ʤʠ. ʈʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʪʦʡ ʯʘʩʪʠ ʧʦʷʩʘ ʨʘʟʚʠʪʳ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʦ ʥʘ ʚʦ-

ʩʪʦʢʝ ʉʨʝʜʠʥʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, ʟʘʧʘʜʝ ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ ʚ ʖʞʥʦʤ ʂʘʟʘʭʩʪʘʥʝ, ʛʜʝ ʩʣʘ-

ʛʘʶʪ ʥʝʙʦʣʴʰʠʝ ʙʣʦʢʠ ʩʨʝʜʠ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʀʟʫʯʝʥʠʝ ʤʝʟʦ- ʠ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʪʝʨʨʝʡʥʦʚ ʧʦʟʚʦʣʠʣʦ 

ʨʘʟʜʝʣʠʪʴ ʠʭ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʠʤʝʚʰʠʭ ʨʘʟʣʠʯʥʫʶ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ ʚ ʧʦʟʜ-

ʥʝʤ ʜʦʢʝʤʙʨʠʠ: ʀʩʩʝʜʦʥʩʢʫʶ (ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ), ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʂʦʢʯʝʪʘʚʩʢʠʡ, ʀʰʢʝ-

ʦʣʴʤʝʩʩʢʠʡ, ɽʨʝʤʝʥʪʘʫ-ʅʠʷʟʩʢʠʡ, ʀʩʩʳʢʢʫʣʴʩʢʠʡ (ʉʝʚʝʨʦ-ʊʷʥʴʰʘʥʴʩʢʠʡ), ɸʢʪʘʫ-ʀʣʠʡʩʢʠʡ 

ʪʝʨʨʝʡʥʳ, ʪʘʢʞʝ ʪʝʨʨʝʡʥʳ ʂʠʪʘʡʩʢʦʛʦ ʎʝʥʪʨʘʣʴʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ ɹʝʡʰʘʥʷ, ʠ ʋʣʫʪʘʫ-

ʄʦʶʥʢʫʤʩʢʫʶ (ʶʛʦ-ʟʘʧʘʜʥʫʶ), ʚʢʣʶʯʘʶʱʫʶ ʀʰʠʤ-ʉʨʝʜʠʥʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʡ, ʏʫʡʩʢʦ-

ʂʝʥʜʳʢʪʘʩʩʢʠʡ, ʂʘʨʘʪʘʫ-ʊʘʣʘʩʩʢʠʡ ʠ ɾʝʣʴʪʘʚʩʢʠʡ ʪʝʨʨʝʡʥʳ [1]. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʪʝʨʨʝʡʥʦʚ ʨʘʟʥʳʭ ʛʨʫʧʧ ʩ ʢʨʫʧʥʳʤʠ ʢʨʘʪʦʥʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʥʝʦʧʨʦʪʝʨʦʟʦʝ ʪʝʨʨʝʡʥʳ ʀʩʩʝʜʦʥʩʢʦʡ ʛʨʫʧʧʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʙʣʠʟʠ 

ʉʚʝʢʦʥʦʨʚʝʞʩʢʦʛʦ ʦʨʦʛʝʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʘʣʪʠʢʠ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʃʘʚʨʝʥʪʠʠ, ʘ 

ʪʝʨʨʝʡʥʳ ʋʣʫʪʘʫ-ʄʦʶʥʢʫʤʩʢʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʣʠ ʝʜʠʥʳʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʙʣʦʢ ʩ ʢʨʘʪʦ-

ʥʘʤʠ ʊʘʨʠʤʘ ʠ ʗʥʮʟʳ [2-4]. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʦʙʝ ʛʨʫʧʧʳ ʪʝʨʨʝʡʥʦʚ ʚ ʪʝʯʝʥʠʝ ʧʦʟʜʥʝʛʦ 

ʜʦʢʝʤʙʨʠʷ ʚʭʦʜʠʣʠ ʚ ʩʦʩʪʘʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʦʚ, ʛʜʝ ʟʘʥʠʤʘʣʠ ʨʘʟʣʠʯʥʦʝ ʧʦ-

ʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥ. 

ɺ ʩʪʨʦʝʥʠʠ ʪʝʨʨʝʡʥʦʚ ʦʙʝʠʭ ʛʨʫʧʧ ʫʯʘʩʪʚʫʶʪ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʢʘʢ ʚ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ (ʬʨʦʥʪʘʣʴʥʳʝ ʠ ʪʳʣʦʚʳʝ ʦʙʣʘʩʪʠ 

ʘʢʪʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ), ʪʘʢ ʠ ʚʜʘʣʠ ʦʪ ʟʦʥ ʩʫʙʜʫʢʮʠʠ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʷʭ 

ʢʨʫʧʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʣʦʢʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʦʙʣʘʜʘʶʪ ʚ 

ʩʪʨʦʝʥʠʠ ʪʝʨʨʝʡʥʦʚ ʋʣʫʪʘʫ-ʄʦʶʥʢʫʤʩʢʦʡ ʛʨʫʧʧʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʝʡʥʦʚ ʀʩ-

ʩʝʜʦʥʩʢʦʡ ʛʨʫʧʧʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʠ ʚʦʟʨʘʩʪʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʚ ʵʚʦʣʶʮʠʠ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʪʝʨʨʝʡʥʦʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-

ɸʟʠʘʪʩʢʦʛʦ ʧʦʷʩʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʪʨʠ ʢʨʫʧʥʳʭ ʵʪʘʧʘ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ: 

ʨʘʥʥʝʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ, ʨʘʥʥʝʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʠ ʵʜʠʘʢʘʨʩʢʠʡ. 

ʈʘʥʥʝʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ (1450-1400 ʤʣʥ ʣʝʪ) ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤ-

ʧʣʝʢʩʳ ʜʦʩʪʦʚʝʨʥʦ ʚʳʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʪʝʨʨʝʡʥʘʭ ʂʠʪʘʡʩʢʦʛʦ ʎʝʥʪʨʘʣʴʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ 

ɹʝʡʰʘʥʷ (ʀʩʩʣʝʜʦʥʩʢʘʷ ʛʨʫʧʧʘ) [5-7]. ɿʜʝʩʴ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʤʬʠʙʦʣʠʪʘʤʠ, ʨʘʩʩʣʘʥʮʦ-

ʚʘʥʥʳʤʠ ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ, ʪʦʥʘʣʠʪʘʤʠ ʠ ʛʨʘʥʠʪʘʤʠ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Hf ʚ ʘʢʮʝʩʩʦʨʥʦʤ 

ʮʠʨʢʦʥʝ ʠʟ ʵʪʠʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘ-

ʚʘ Hf (ŮHf(t) = 8,4-15,3 ʚ ʘʤʬʠʙʦʣʠʪʘʭ, ŮHf(t) = -1-12,4 ʚ ʛʨʘʥʠʪʦʠʜʘʭ), ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ ʧʨʝʦʙ-

ʣʘʜʘʝʪ ʮʠʨʢʦʥ ʩ ʚʳʩʦʢʠʤʠ (ʦʪ 4 ʜʦ 8) ʟʥʘʯʝʥʠʷʤʠ ŮHf(t) [7]. ʆʙʣʦʤʦʯʥʳʡ ʮʠʨʢʦʥ ʪʦʛʦ ʞʝ ʚʦʟ-

ʨʘʩʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʪʘʢʠʤ ʞʝ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʚ Hf ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʢʚʘʨʮʠʪʦ-ʩʣʘʥʮʝʚʳʭ ʪʦʣʱʘʭ ʉʝʚʝʨʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ [8]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʨʘʥ-

ʥʝʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʚ ʜʨʫʛʠʭ 

ʨʘʡʦʥʘʭ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʧʦʷʩʘ ʧʦʜ ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ.  

ʈʘʥʥʝʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ (840-740 ʤʣʥ ʣʝʪ) ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳ ʚ 

ʀʰʠʤ-ʉʨʝʜʠʥʥʦ-ʊʷʥʴʰʘʥʴʩʢʦʤ ʠ ʂʘʨʘʪʘʫ-ʊʘʣʘʩʩʢʦʤ ʪʝʨʨʝʡʥʘʭ (ʋʣʫʪʘʫ-ʄʦʶʥʢʫʤʩʢʘʷ 
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ʛʨʫʧʧʘ). ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʪʳʣʦʚʳʭ ʠ ʬʨʦʥʪʘʣʴʥʳʭ ʯʘʩʪʝʡ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴ-

ʥʦʡ ʦʢʨʘʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʙʣʦʢʘʭ ʀʰʠʤ-ʉʨʝʜʠʥʥʦ-ʊʷʥʴʰʘʥʴʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, 

ʛʜʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʠʦʣʠʪ-ʛʨʘʥʠʪʳʝ, ʨʠʦʣʠʪ-ʙʘʟʘʣʴʪʦʚʳʝ ʠ ʘʥʜʝʟʠʪ-ʜʘʮʠʪ-

ʨʠʦʣʠʪʦʚʳʝ ʩʝʨʠʠ [9-11]. ʌʣʠʰʝʚʳʝ ʠ ʪʫʬʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʪʦʣʱʠ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ, ʬʦʨʤʠʨʦ-

ʚʘʚʰʠʝʩʷ ʚ ʧʨʝʜʜʫʛʦʚʦʤ ʧʨʦʛʠʙʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʂʘʨʘʪʘʫ-ʊʘʣʘʩʩʢʦʤ ʪʝʨʨʝʡʥʝ [3].  

ʕʜʠʘʢʘʨʩʢʠʝ (600-590 ʤʣʥ ʣʝʪ) ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʳʷʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʋʣʫ-

ʪʘʫʩʢʦʤ ʙʣʦʢʝ ʀʰʠʤ-ʉʨʝʜʠʥʥʦ-ʊʷʥʴʰʘʥʴʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪ-

ʜʘʮʠʪʦʚʳʤʠ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʩʝʨʠʷʤʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚʦ ʬʨʦʥʪʘʣʴʥʳʭ ʯʘʩʪʷʭ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ [12]. 

ɺʥʫʪʨʠʧʣʠʪʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʝʜʝʣʘʭ 

ʪʝʨʨʝʡʥʦʚ ʦʙʝʠʭ ʛʨʫʧʧ, ʥʦ ʙʦʣʝʝ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʝʨʨʝʡʥʘʭ ʀʩʩʝʜʦʥʩʢʦʡ ʛʨʫʧʧʳ.  

ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʠʝ ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʠʪʦ-ʩʣʘʥʮʝʚʳʤʠ ʠ 

ʩʣʘʥʮʝʚʳʤʠ ʪʦʣʱʘʤʠ ʢʦʥʮʘ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʷ ʠʣʠ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʤʝʟʦʧʨʦʪʝʨʦʟʦʷ, ʢʦʪʦʨʳʝ 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʙʘʩʩʝʡʥʘʭ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʅʫʥʘ ʠ ʨʘʟʚʠʪʳ ʚ ʧʨʝʜʝʣʘʭ 

ʀʩʩʳʢʢʫʣʴʩʢʦʛʦ, ʋʣʫʪʘʫʩʢʦʛʦ ʠ ʏʫʡʩʢʦ-ʂʝʥʜʳʢʪʘʩʩʢʦʛʦ ʪʝʨʨʝʡʥʦʚ [13, 14].  

ʄʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʚʠʪʳ ʙʦʣʝʝ ʰʠʨʦʢʦ, ʩʨʝʜʠ ʥʠʭ ʚʳ-

ʷʚʣʝʥʳ ʨʠʦʣʠʪʦʚʳʝ ʠ ʨʠʦʣʠʪ-ʙʘʟʘʣʴʪʦʚʳʝ ʩʝʨʠʠ (1400-1300 ʤʣʥ ʣʝʪ) ʋʣʫʪʘʫʩʢʦʛʦ ʠ ʀʩʩʳ-

ʢʫʣʴʩʢʦʛʦ ʪʝʨʨʝʡʥʦʚ, ʘʥʦʨʦʛʝʥʥʳʝ ʛʨʘʥʠʪʳ ʠ ʨʠʦʣʠʪʳ (1150-1100 ʤʣʥ ʣʝʪ) ʂʦʢʯʝʪʘʚʩʢʦʛʦ, 

ʀʰʢʝʦʣʴʤʝʩʩʢʦʛʦ ʠ ʀʩʩʳʢʫʣʴʩʢʦʛʦ ʪʝʨʨʝʡʥʦʚ, ʘ ʪʘʢʞʝ ʢʚʘʨʮʠʪʦ-ʩʣʘʥʮʝʚʳʝ ʪʦʣʱʠ (1100-

1000 ʤʣʥ ʣʝʪ), ʨʘʟʚʠʪʳʝ ʥʘ ʚʩʝʭ ʪʝʨʨʝʡʥʘʭ ʀʩʩʝʜʦʥʩʢʦʡ ʛʨʫʧʧʳ [1, 2, 3, 8, 14]. ʇʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʚʷʟʘʥʦ ʩ ʵʚʦʣʶʮʠʝʡ ʢʨʫʧʥʳʭ ʨʠʬʪʦʛʝʥʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʚ ʧʨʝʜʝʣʘʭ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʅʫʥʘ ʠ ʈʦʜʠʥʠʷ.  

ʈʘʥʥʝʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ (950-900 ʤʣʥ ʣʝʪ) ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ 

ʚ ʧʨʝʜʝʣʘʭ ɸʢʪʘʫ-ʀʣʠʡʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʪʝʨʨʝʡʥʦʚ ʂʠʪʘʡʩʢʦʛʦ ʎʝʥʪʨʘʣʴʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ 

ɹʝʡʰʘʥʷ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʦʨʦʛʝʥʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ ʨʠʦʣʠʪʘʤʠ [1]. ɹʦʣʝʝ ʤʦʣʦʜʳʝ (800-

760 ʤʣʥ ʣʝʪ) ʢʦʤʧʣʝʢʩʳ ʵʪʦʛʦ ʪʠʧʘ ʚʳʷʚʣʝʥʳ ʚ ʏʫʡʩʢʦ-ʂʝʥʜʳʢʪʘʩʩʢʦʤ ʠ ɸʢʪʘʫ-ʀʣʠʡʩʢʦʤ 

ʪʝʨʨʝʡʥʘʭ, ʛʜʝ ʨʘʟʚʠʪʳ ʨʠʦʣʠʪ-ʙʘʟʘʣʴʪʦʚʳʝ ʩʝʨʠʠ ʠ ʠʥʪʨʫʟʠʠ ʱʝʣʦʯʥʳʭ ʛʘʙʙʨʦʠʜʦʚ [1]. ʀʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʯʘʣʦʤ ʨʘʩʧʘʜʘ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʈʦʜʠʥʠʷ. 

ʇʦʟʜʥʝʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʠ ʵʜʠʢʘʨʩʢʠʝ ʚʥʫʨʠʧʣʠʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳ ʚ ʀʰʠʤ-

ʉʨʝʜʠʥʥʦ-ʊʷʥʴʰʘʥʴʩʢʦʤ ʠ ɸʢʪʘʫ-ʀʣʠʡʩʢʦʤ ʪʝʨʨʝʡʥʘʭ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʤʘʩʩʠʚʳ ʱʝʣʦʯʥʳʭ 

ʠ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ (670 ʤʣʥ ʣʝʪ) ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ ʚʝʨʭʦʚ ʢʨʠʦʛʝʥʠʷ-

ʵʜʠʘʢʘʨʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʛʦʨʠʟʦʥʪʳ ʜʠʘʤʠʢʪʠʪʦʚ [1]. 

ʀʟʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Nd ʢʠʩʣʳʭ ʚʫʣʢʘʥʠʪʦʚ ʠ ʛʨʘʥʠʪʦʠʜʦʚ, ʘ ʪʘʢʞʝ ʠʟʦʪʦʧʥʦ-

ʛʦ ʩʦʩʪʘʚʘ Hf ʚ ʘʢʮʝʩʩʦʨʥʦʤ ʮʠʨʢʦʥʝ ʠʟ ʵʪʠʭ ʧʦʨʦʜ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʧʦʟʜʥʝʜʦʢʝʤʙʨʠʡʩʢʦʤ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʠ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʣʠ ʧʨʦʮʝʩʩʳ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʣʝʝ 

ʜʨʝʚʥʝʡ ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʦʡ ʢʦʨʳ [1]. ʂʦʤʧʣʝʢʩʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʙʳ ʩʚʷʟʘʥʦ 

ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʝʟʦ- ʠ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʶʚʝʥʠʣʴʥʦʛʦ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʣʦʢʘʣʴʥʦ ʚ ʪʝʨʨʝʡʥʘʭ ʂʠʪʘʡʩʢʦʛʦ ʎʝʥʪʨʘʣʴʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ ɹʝʡʰʘʥʷ, ʘ ʪʘʢʞʝ ʚ ʋʣʫʪʘʫʩ-

ʢʦʤ ʙʣʦʢʝ ʀʰʠʤ-ʉʨʝʜʠʥʥʦ-ʊ̫ ʥʴʰʘʥʴʩʢʦʛʦ ʪʝʨʨʝʡʥʘ [6, 10, 12].  
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʧʨʦʝʢʪ ˉ 25-17-00086. 
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ʇʆ ɼɸʅʅʓʄ GPS-ʅɸɹʃʖɼɽʅʀʁ ʀ ʄɽʊɽʆʈʆʃʆɻʀʀ ʅɸ ʉʊɸʎʀʆʅɸʈɽ  
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ɺ 2021 ʛ. ʜʣʷ ʮʝʣʝʡ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʩʪʘʮʠʦʥʘʨʝ ʄʘʢʩʠʤʠʭʘ (ɻʀʅ 

ʉʆ ʈɸʅ) ʟʘʧʫʱʝʥ ʚ ʧʦʩʪʦʷʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ GPS-ʧʫʥʢʪ MKSM. ʉʠʛʥʘʣʳ ʦʪ GPS-

ʩʧʫʪʥʠʢʦʚ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʠʩʧʳʪʳʚʘʶʪ ʟʘʜʝʨʞʢʫ, ʚʣʠʷʶʱʫʶ 

ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʇʦʣʥʘʷ ʪʨʦʧʦʩʬʝʨʥʘʷ ʟʘʜʝʨʞʢʘ GPS-ʩʠʛʥʘʣʘ ʧʦʣʫʯʘʝʪʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʨʝʬʨʘʢʮʠʠ ʨʘʜʠʦʩʠʛʥʘʣʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʪʨʦʧʦʩʬʝʨʝ, ʪʨʦʧʦʧʘʫʟʝ ʠ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʨʘʪʦʩʬʝʨʳ. ɿʥʘʯʝʥʠʝ ʪʨʦʧʦʩʬʝʨʥʦʡ ʟʘʜʝʨʞʢʠ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʪʤʦʩʬʝʨʳ. ɽʩʣʠ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ (ʩʧʫʪʥʠʢ GPS) ʥʘʭʦʜʠʪʩʷ ʚ 

ʟʝʥʠʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʟʘʜʝʨʞʢʘ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʘ ʠ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ʧʦʣʥʦʡ ʪʨʦʧʦ-

ʩʬʝʨʥʦʡ ʟʝʥʠʪʥʦʡ ʟʘʜʝʨʞʢʦʡ (ZTD). ɺʝʣʠʯʠʥʘ ZTD ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ çʩʫʭʦʡè ʠʣʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ (ZHD) ʠ çʚʣʘʞʥʦʡè (ZWD) ʩʦʩʪʘʚʣʷʶʱʠʭ. ʇʨʠ ʵʪʦʤ çʚʣʘʞʥʘʷè ʩʦʩʪʘʚʣʷ-

ʶʱʘʷ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʡ ʚʢʣʘʜ ʚ ʦʙʱʝʝ ʟʥʘʯʝʥʠʝ ZTD ʦʩʦʙʝʥʥʦ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ 

ʛʦʜʘ. ɺʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʪʨʦʧʦʩʬʝʨʳ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷʤʠ, ʠʟʤʝ-

ʨʝʥʠʷʤʠ ʨʘʜʠʦʤʝʪʨʘʤʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ GPS-ʠʟʤʝʨʝʥʠʷʤʠ. GPS-ʥʘʙʣʶʜʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʷ-

ʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʜʠʦʤʝʪʨʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʥʘ ʠʭ ʨʘʙʦʪʫ ʥʝ ʚʣʠʷʶʪ ʘʪʤʦʩʬʝʨ-

ʥʳʝ ʦʩʘʜʢʠ, ʪʫʤʘʥ ʠ ʛʫʩʪʳʝ ʦʙʣʘʢʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʦʣʫʯʘʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, 

GPSΆʠʟʤʝʨʝʥʠʷ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʘʢʠʭ ʜʘʥʥʳʭ. ʋʨʦʚʝʥʴ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʪʨʦʧʦʩʬʝʨʳ ʥʘʜ 
ʧʫʥʢʪʦʤ ʥʘʙʣʶʜʝʥʠʷ ʚ ʚʠʜʝ ʩʫʤʤʘʨʥʦʛʦ ʚʦʜʷʥʦʡ ʧʘʨʘ IWV ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʜʘʥʥʳʤ 

çʚʣʘʞʥʦʡè ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʨʦʧʦʩʬʝʨʥʦʡ ʟʘʜʝʨʞʢʠ ZWD ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʫʣʳ [1]: 

ZWD10IWV
2

6

W

m

Rk

T
= , ʛʜʝ k2 ï ʨʝʬʨʘʢʮʠʦʥʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʂ

2/ʤʙʘʨ [2]; RW å 4,6 ï ʛʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʜʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ɼʞĿʂ-1ʢʛ-1; Tm ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʫʧʨʫʛʦʩʪʠ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʫʩʣʦʚʥʦʤ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʪʦʣʙʝ ʥʘʜ ʧʫʥʢʪʦʤ ʧʨʠʝʤʘ [3]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʣʫʯʝʥʳ ZTD ʜʘʥʥʳʝ ʧʦ GPS-ʠʟʤʝʨʝʥʠʷʤ ʠ ʧʨʠʟʝʤʥʳʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʥʘʙʣʶ-

ʜʝʥʠʷʤ ʥʘ ʩʪʘʮʠʦʥʘʨʝ ʄʘʢʩʠʤʠʭʘ ɻʀʅ ʉʆ ʈɸʅ ʟʘ 2025 ʛ. (ʨʠʩ. 1).  

 
ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʛʨʘʬʠʢʠ ʟʥʘʯʝʥʠʡ ʪʨʦʧʦʩʬʝʨʥʦʡ ʟʘʜʝʨʞʢʠ ZTD, ʧʦʣʫʯʝʥʥʳʝ ʧʦ GPS-

ʠʟʤʝʨʝʥʠʷʤ ʚ ʧʫʥʢʪʝ MKSM ʠ ʧʦ ʜʘʥʥʳʤ ʧʨʠʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʠ ʩʪʘʮʠʦʥʘʨʘ ʄʘʢʩʠʤʠʭʘ 

 

ʉʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪʣʠʯʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ZTD ʟʘ ʷʥʚʘʨʴ 2025 ʛ. ʩʦʩʪʘ-

ʚʠʣʦ ʦʢʦʣʦ 16 ʤʤ, ʠʣʠ 0,8% ʦʪʥʦʩʠʪʝʣʴʥʦ GPS-ʜʘʥʥʳʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʠʶʣʴ 2025 ʛ. 
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ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 24 ʤʤ, ʠʣʠ 1%. ʂʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʘʥʥʳʭ 

ʩʦʩʪʘʚʠʣ ʟʘ ʷʥʚʘʨʴ 2025 ʛ. 0,86, ʘ ʟʘ ʠʶʣʴ ï 0,63. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ZTD ʧʦ ʧʨʠʟʝʤʥʳʤ ʤʝʪʝʦʜʘʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ ʉʘʘʩʪʘʤʦʠʥʝʥʘ [4] ʭʦʨʦʰʦ ʩʦʚ-

ʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ GPS-ʠʟʤʝʨʝʥʠʷʤ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʨʘʩʯʝʪʘʭ 

ʚʥʦʩʠʪ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʘ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʤʠʥʠʤʘʣʴʥʦ. ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʚʣʘʛʦ-

ʩʦʜʝʨʞʘʥʠʝ ʪʨʦʧʦʩʬʝʨʳ ʧʦ ʫʨʦʚʥʶ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʧʦʜʦʙʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʟʘ-

ʤʝʪʥʦ ʭʫʜʰʝʝ ʩʦʚʧʘʜʝʥʠʝ.  

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʚʠʜʝ ʦʩʘʞʜʘʝʤʦʡ ʚʦʜʳ PW (ʤ). 

ʀʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ PW = IWV/r, ʛʜʝ r - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʡ ʚʦʜʳ (ʢʛ/ʤ3). ʉʨʘʚʥʝʥʠʝ 

ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʝʡ ʩʫʤʤʘʨʥʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʪʨʦʧʦʩʬʝʨʳ IWV (ʢʛ/ʤ2) ʚʳʧʦʣʥʝʥʦ ʚ ʭʦ-

ʣʦʜʥʦʝ ʚʨʝʤʷ (ʷʥʚʘʨʴ 2025 ʛ.) ʠ ʪʝʧʣʦʝ ʚʨʝʤʷ (ʠʶʣʴ 2025 ʛ.) (ʨʠʩ. 2). ɺ ʷʥʚʘʨʝ ʩʨʝʜʥʝʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ʨʘʟʥʠʮʳ ʜʘʥʥʳʭ ʧʦ GPS-ʠʟʤʝʨʝʥʠʷʤ ʠ ʤʝʪʝʦʨʦʣʦʛʠʠ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 2,2 ʤʤ, ʚ ʠʶʣʝ ï 

4,1 ʤʤ. ɺʟʘʠʤʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ 0,8 ʠ 0,64. ʉʨʘʚʥʝʥʠʷ ʧʦ-

ʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʠʝʤ ʫʨʦʚʥʝʡ ʩʫʤʤʘʨʥʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ 

ʤʝʪʦʜʦʤ GPS-ʥʘʙʣʶʜʝʥʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦ ʜʘʥʥʳʤ ʧʨʠʟʝʤʥʳʭ ʤʝʪʝʦʜʘʥʥʳʭ.  

ʈʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʦ ʚʳʧʦʣʥʷʪʩʷ ʚ ʧʫʥʢʪʝ ʘʵʨʦʣʦʛʠʠ ʈʦʩʛʠʜʨʦʤʝʪ ʚ ʧ. ʋʩʪʴ-

ɹʘʨʛʫʟʠʥ 2 ʨʘʟʘ ʚ ʩʫʪʢʠ ʚ 0.00 ʠ 12.00 UT, ʧʫʥʢʪ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʠʝʤʣʝʤʦʤ ʨʘʩʩʪʦʷʥʠʠ 22 

ʢʤ ʦʪ GPS-ʧʫʥʢʪʘ MKSM. ɿʘʧʫʩʢʠ ʨʘʜʠʦʟʦʥʜʦʚ ʧʦʟʚʦʣʷʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘ-

ʯʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʩʣʦʚʥʦʤ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʪʦʣʙʝ Tm. ɼʣʷ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʡ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʥʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʪʨʦʧʦʩʬʝʨʳ ʧʦʩʨʝʜʩʪʚʦʤ GPS-ʠʟʤʝʨʝʥʠʡ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʡ.  
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʝʢʪʘ ʀʌʄ ʉʆ ʈɸʅ ˉ 0270-2024-0008 çʈʘʟʚʠʪʠʝ ʨʘʜʠʦ-

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ, ʚʦʜʦʝʤʦʚ ʠ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʚ ʉʅʏ-ʉɼɺ-ɼɺ-

ʉɺ ʠ ʉɺʏ ʜʠʘʧʘʟʦʥʘʭ ʨʘʜʠʦʚʦʣʥè. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢʠ ʫʨʦʚʥʝʡ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ GPS-ʠʟʤʝʨʝʥʠʷʤ ʚ ʧʫʥʢʪʝ MKSM ʠ ʧʦ 

ʜʘʥʥʳʤ ʧʨʠʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʠ ʩʪʘʮʠʦʥʘʨʘ ʄʘʢʩʠʤʠʭʘ ʚ ʷʥʚʘʨʝ ʠ ʠʶʣʝ 2025 ʛ.  
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ʀʟʤʝʨʝʥʠʷ ʚʘʨʠʘʮʠʡ ʢʘʞʫʱʝʛʦʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ɟʢ) ʚʙʣʠʟʠ ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʚʳʧʦʣʥʷ-

ʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ. ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ ʠ ʠʭ ʚʣʘʛʦʥʘʩʳʱʝʥʥʦʩʪʠ, ʠ ʚʘʨʠʘʮʠʠ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʪʨʘʞʘʶʪ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜ. ɺ ʩʝʥʪʷʙʨʝ ʠ ʦʢʪʷʙʨʝ 2025 ʛ. ʚ ʨʘʡ-

ʦʥʝ ʧ. ɻʦʨʷʯʠʥʩʢ (ʤʝʩʪʥʦʩʪʴ ɹʝʟʳʤʷʥʢʘ) ʚʳʧʦʣʥʝʥʳ ʘʫʜʠʦʤʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʠʝ ʟʦʥʜʠʨʦ-

ʚʘʥʠʷ ʥʘ ʜʚʫʭ ʧʨʦʬʠʣʷʭ (ʶʞʥʦʤʫ ʠ ʩʝʚʝʨʥʦʤʫ) ʚʙʣʠʟʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʨʘʟʣʦʤʦʚ. ɺʩʝʛʦ ʙʳ-

ʣʦ ʚʳʧʦʣʥʝʥʦ 16 ʟʦʥʜʠʨʦʚʘʥʠʡ ʩ ʰʘʛʦʤ ʧʦ ʧʨʦʬʠʣʷʤ 200 ʤ ʠ 20-ʤʠʥʫʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ. 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʘʨʠʘʮʠʡ ɟʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʡʩʤʠʯʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʪʝʥʟʦʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳʝ ʟʦʥʳ, ʛʜʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʘʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ (ʥʘʣʠʯʠʝ ʠ ʧʦʣʦʞʝ-

ʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ), ʧʦʣʝʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʧʨʦʚʝʜʝʥʠʝ ʪʝʩʪʦʚʳʭ ʩʝ-

ʘʥʩʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʦʮʝʥʢʦʡ ʨʝʘʢʮʠʠ ʥʘ ʧʨʠʣʠʚʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩʨʝʜʳ [1]. 

ʄʝʪʦʜ ʘʫʜʠʦʤʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʠʭ ʟʦʥʜʠʨʦʚʘʥʠʡ (ɸʄʊɿ) ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ɻʮ ʜʦ 10 ʢɻʮ. ʇʦʣʷ ʥʠʟ-

ʢʠʭ ʯʘʩʪʦʪ (ʋʅʏ-ʉʅʏ) ʧʨʦʥʠʢʘʶʪ ʥʘ ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ. ʀʟʤʝ-

ʨʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʩʪʨʫʢʪʫʨʫ ʩʨʝʜʳ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʨʝʛʠʩʪʨʘʪʦʨ ɸʂʌ-4ʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʧʘʨʘʪʫʨʫ ʥʦʚʦ-

ʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ɺʳʧʦʣʥʷʶʪʩʷ ʠʟʤʝʨʝʥʠʷ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Ex ʠ Ey ʧʨʠʝʤʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʣʠʥʠʷʤʠ ʜʣʠʥʦʡ 50 

ʤ. ʄʘʛʥʠʪʦʠʥʜʫʢʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʦ ʠ ʠʟʤʝʨʷʶʪ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Hx ʠ Hy. ʉʦʩʪʘʚʣʷʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠʤʧʝʜʘʥʩʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʶ ʦʪʥʦʰʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ Zxy = Ex/Hy ʠʣʠ Zyx = 

ïEy/Hx. ʇʦ ʟʥʘʯʝʥʠʷʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠʤʧʝʜʘʥʩʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʘʞʫʱʠʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ:  
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ʟʜʝʩʴ w - ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ, m0=4pĿ10-7 ɻʥ/ʤ ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʘʚʪʦʩʧʝʢʪʨʳ ʯʝʪʳʨʝʭ ʢʦʤʧʦʥʝʥʪ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ ʟʦʥʜʠʨʦʚʘʥʠʷ 1012 (ʨʠʩ. 1). ʄʦʞʥʦ ʚʠʜʝʪʴ, 

ʯʪʦ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʤʝʞʜʫ ʧʘʨʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ Ex ʠ Hy ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 6 ʜʦ 300 ɻʮ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ, ʥʝ ʥʠʞʝ ʫʨʦʚʥʷ 0,8, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʤ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʫʯʘʩʪʢʝ ʩ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʦʤʝʭ, ʧʦʵʪʦʤʫ 

ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʦʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ 50 ɻʮ ʠ ʠʭ ʥʝʯʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ. 

ʉʠʛʥʘʣʳ ʛʨʦʟʦʚʦʡ ʧʨʠʨʦʜʳ (ʘʪʤʦʩʬʝʨʠʢʠ) ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʚʦʣʥʦʚʦʜʝ çɿʝʤʣʷ-

ʠʦʥʦʩʬʝʨʘè ʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 7 ɻʮ ʚʦʟʥʠʢʘʶʪ ʐʫʤʘʥʦʚʩʢʠʝ ʨʝʟʦʥʘʥʩʳ (ʐʈ). ʅʘ ʛʨʘʬʠʢʘʭ 

ʭʦʨʦʰʦ ʚʠʜʥʳ ʐʈ ʥʘ ʯʘʩʪʦʪʘʭ 8, 14, 20, 26, 33, 39 ʠ 45 ɻʮ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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ʈʠʩʫʥʦʢ 1 ï ɸʚʪʦʩʧʝʢʪʨʳ ʠ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ  

ʚ ʪʦʯʢʝ ʟʦʥʜʠʨʦʚʘʥʠʷ 1012 

 

ɿʦʥʜʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʧʨʦʬʠʣʶ ʚʙʣʠʟʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʟʣʦʤʘ, ʚʳʜʝʣʝʥʥʦ-

ʛʦ ʧʦ ʜʘʥʥʳʤ ʀɿʂ ʉʆ ʈɸʅ [2]. ʇʨʠ ʚʳʙʦʨʝ ʧʦʣʦʞʝʥʠʷ ʧʨʦʬʠʣʝʡ ʫʯʠʪʳʚʘʣʦʩʴ ʚʦʟʤʦʞʥʦʝ 

ʚʣʠʷʥʠʝ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ʇʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʯʘ-

ʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʞʫʱʠʭʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ɟʢ(ʭʫ) ʠ ɟʢ(ʫx) ʠ ʬʘʟ ʠʤʧʝʜʘʥʩʘ jz(xy) ʠ 

jz(yx) ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ). ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ɸʄʊɿ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ɟʢ ʠ űz ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 6ï300 ɻʮ, ʛʜʝ ʠʟʤʝʨʝ-

ʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʝ. ɺʳʧʦʣʥʝʥʘ 2D ʠʥʚʝʨʩʠʷ 

ʜʘʥʥʳʭ ɸʄʊɿ ʧʦ ʜʚʫʤ ʧʨʦʬʠʣʷʤ (ʶʞʥʦʤʫ ʠ ʩʝʚʝʨʥʦʤʫ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʩʝʚʜʦʨʘʟʨʝʟʦʚ ɟʢ, ʠ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʩʤʝʱʝʥʠʡ ʢʨʠʚʳʭ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚʳʷʚ-

ʣʝʥʦ ʥʝ ʙʳʣʦ. ʉʪʨʦʝʥʠʝ ʫʯʘʩʪʢʘ ʨʘʙʦʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʝ ʩ ʥʘʣʠʯʠʝʤ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. ʇʦʩʪʨʦʝʥʥʳʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2 (ʚʩʝ 

ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʧʨʦʬʠʣʷʤ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʟʦʥʜʠʨʦʚʘʥʠʷ). ʊʦʯʢʘ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʘ ʶʞʥʦʤ ʧʨʦʬʠʣʝ ʚʙʣʠʟʠ ʨʘʟʣʦʤʘ. 
 

 
ʈʠʩʫʥʦʢ 2 ï ɻʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʧʦ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʧʨʦʬʠʣʷʤ, ʶʞʥʦʤʫ (ʘ) ʠ ʩʝʚʝʨʥʦʤʫ (ʙ) 

ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 2D ʠʥʚʝʨʩʠʠ ʜʘʥʥʳʭ ɸʄʊɿ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 25-47-01004. 
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ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʢʘʢ 

ʧʫʪʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʧʫʪʝʤ ʠʟʫʯʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ. 

ɹʣʘʛʦʜʘʨʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʥʠʤʘʥʠʷ ʧʨʦ-

ʮʝʩʩʦʚ ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ. ɺ ʩʣʫʯʘʝ ʙʘʟʘʣʴʪʦʚ ʦʙʱʝʧʨʠʥʷʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʣʘʚʣʝ-

ʥʠʷ ʩʯʠʪʘʝʪʩʷ ʧʝʨʠʜʦʪʠʪʦʚʘʷ ʤʘʥʪʠʷ. ʆʜʥʘʢʦ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʩʪʘʚʘ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʙʘʟʘʣʴ-

ʪʦʚ OIB-ʪʠʧʘ (Ocean Island Basalts) ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʣʘʚʣʝʥʠʝʤ ʧʝ-

ʨʠʜʦʪʠʪʘ [1, 2]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ OIB-ʨʘʩʧʣʘʚʦʚ ʩʣʫʞʘʪ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʥʝ-

ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ ʚ ʦʙʣʘʩʪʠ ʛʝʥʝʨʘʮʠʠ ʤʘʛʤ [3]. ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʨʠʬʪʦʚʳʭ ʩʠʩʪʝʤ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʣʘʚʣʝʥʠʝ ʧʦʜʥʠʤʘʶʱʝʡʩʷ ʘʩʪʝ-

ʥʦʩʬʝʨʳ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɹʘʡʢʘʣʴʩʢʠʡ ʨʠʬʪ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʦʡ, ʩ ʠʩʪʦʨʠʝʡ ʢʦʪʦʨʦʡ ʩʚʷʟʳʚʘʶʪ ʧʨʦʷʚʣʝʥʠʷ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ ʚʫʣ-

ʢʘʥʠʟʤʘ OIB-ʪʠʧʘ [4]. ʀʟʤʝʥʯʠʚʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʘʟʘʣʴʪʦʚ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ 

ʟʦʥʳ (ɹʈɿ) ʥʝ ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʣʘʚʣʝʥʠʷ ʧʝʨʠʜʦʪʠʪʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤʠ ʧʨʘ-

ʮʝʩʩʘʤʠ ʢʨʠʩʪʘʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʢʦʥʪʘʤʠʥʘʮʠʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʧʦʣʘ-

ʛʘʶʪʩʷ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʠʩʪʦʯʥʠʢʝ [4ï6]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʫʯʘʩʪʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʙʘʟʘʣʴʪʦʚʳʭ ʚʳʧʣʘʚʦʢ ɹʈɿ ʧʦʨʦʜ ʩ ʥʠʟ-

ʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʣʠʚʠʥʘ ï ʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʵʢʣʦʛʠʪʦʚ [6ï8]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʯʘʩʪʠʯʥʦʤʫ ʧʣʘʚʣʝʥʠʶ ʧʠʨʦʢʩʝʥʠʪʦʚ, ʧʝʨʠʜʦʪʠʪʦʚ ʠ 

ʠʭ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʭ ʘʥʘʣʦʛʦʚ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʠʪʴ ʚʢʣʘʜ ʵʪʠʭ ʧʦʨʦʜ ʚ ʩʦ-

ʩʪʘʚ ʠʩʪʦʯʥʠʢʘ ʧʣʘʚʣʝʥʠʷ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʨʠʬʪʘ (ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʄʦʥʛʦʣʠʠ). ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʨʠ P = 0ï50 ʂʙʘʨ, ʊ = 1050-1500̄ʉ ʠ ʧʨʠ ʩʪʝʧʝʥʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 0ï99%.  

ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʨʘʩʧʣʘʚʳ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʧʨʠ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ 

ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʣʝʨʮʦʣʠʪʦʚʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ: 

ʦʣʠʚʠʥ, ʦʨʪʦʧʠʨʦʢʩʝʥ, ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʠ ʛʣʠʥʦʟʝʤʠʩʪʘʷ ʬʘʟʘ (ʰʧʠʥʝʣʴ, ʛʨʘʥʘʪ ʠʣʠ ʧʣʘʛʠʦ-

ʢʣʘʟ). ʋʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ ʚʳʧʣʘʚʦʢ ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩ-

ʪʦʯʥʠʢʘ: ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʣʝʨʮʦʣʠʪʦʚ ʩʦʩʪʘʚ ʚʳʧʣʘʚʦʢ ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʣʠʚʠʥ, ʧʨʠ ʧʣʘʚʣʝʥʠʠ 

ʛʘʨʮʙʫʨʛʠʪʦʚ ʠ ʧʠʨʦʢʩʝʥʠʪʦʚ ï ʩʦʩʪʘʚ ʚʳʧʣʘʚʦʢ ʢʦʥʪʨʦʣʠʨʫʶʪ ʦʨʪʦʧʠʨʦʢʩʝʥ ʠ ʢʣʠʥʦʧʠ-

ʨʦʢʩʝʥ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʝʨʚʦʡ ʬʘʟʦʡ ʠʩʪʦʱʘʶʱʝʡʩʷ ʚ ʨʝʩʪʠʪʝ ʧʦ ʤʝʨʝ ʧʣʘʚʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥ [9]. ɸʢʪʠʚʥʦʩʪʴ ʨʘʩʧʣʘʚʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʷʪ ʦʪ ʥʘʣʠʯʠʷ ʬʣʶʠʜʦʚ (HϜO ʠ COϜ) ʠ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʦʜʥʘʢʦ, ʚʣʠʷʥʠʝ 

ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʦʩʪʘʚ ʚʳʧʣʘʚʢʠ ʚʳʨʘʞʝʥʦ ʩʣʘʙʝʝ [10]. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʝʜʣʦʞʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ 

ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʠʨʦʢʩʝʥʠʪʦʚʳʭ ʠ ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʚʳʧʣʘʚʦʢ, ʥʘʧʨʠʤʝʨ: CaOïMgO, 

TiO2/Al 2O3ïSiO2, CaO/AlϜOϝ [2], ʠ ʨʘʟʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʘʧʨʠʤʝʨ FCMSKANT [11]. ʇʘʨʘ-
ʤʝʪʨ FCMSKANT ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʤʝʥʪʦʚ (FeO, CaO, KϜO, AlϜOϝ, 

TiOϜ, NaϜO, MgO, SiOϜ). ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʘʨʢʝʨʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʳʧʣʘʚʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦ-

ʥʦʤ ʟʥʘʯʝʥʠʡ. ʉʦʩʪʘʚ ʧʨʠʨʦʜʥʳʭ ʚʳʧʣʘʚʦʢ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ ʙʦʣʝʝ ʦʛʨʘʥʠʯʝʥ ʧʦ ʩʦʜʝʨ-

ʞʘʥʠʶ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ: TiOϜ ʚʳʰʝ 2 ʤʘʩ. %, MgO ʜʦ 13 ʤʘʩ. %, ʧʘʨʘʤʝʪʨ 
FCMSKANT Ó 0.4. ɺʳʧʣʘʚʢʠ ʠʟ ʧʝʨʠʜʦʪʠʪʦʚ ʠʤʝʶʪ TiOϜ ʥʠʞʝ 1 ʤʘʩ. % ʧʨʠ MgO 2ï35 ʤʘʩ. 

% ʠ Mg# 0.25ï0.87, ʘ ʧʘʨʘʤʝʪʨ FCMSKANT 0.4ï1.0. ʃʠʰʴ ʝʜʠʥʠʯʥʳʝ ʧʝʨʠʜʦʪʠʪʦʚʳʝ ʨʘʩ-

ʧʣʘʚʳ ʩ MgO Ó 13 ʤʘʩ. % ʩʦʜʝʨʞʘʪ TiOϜ 1ï2.5 ʤʘʩ. %. ʇʨʠ ʵʪʦʤ ʥʠ ʦʜʥʘ ʠʟ ʧʝʨʠʜʦʪʠʪʦʚʳʭ 

ʚʳʧʣʘʚʦʢ ʥʝ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʦʚ ʙʘʟʘʣʴʪʦʚ ɹʈɿ ʥʠ ʧʦ ʦʜʥʦʤʫ ʠʟ ʚʳʙʨʘʥʥʳʭ ʤʘʨʢʝ-

ʨʦʚ. ɺʳʧʣʘʚʢʠ ʠʟ ʛʘʨʮʙʫʨʛʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʭ ʧʝʨʠʜʦʪʠʪʦʚ ʪʘʢʞʝ ʥʝ ʦʙʨʘʟʫʶʪ ʨʘʩ-

ʧʣʘʚʦʚ, ʩʭʦʜʥʳʭ ʩ ʧʨʠʨʦʜʥʳʤʠ ʤʘʛʤʘʤʠ ɹʈɿ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʚʳʧʣʘʚʢʠ ʠʟ ʧʝʨʝʭʦʜʥʳʭ 



75 

 

ʨʘʟʥʦʩʪʝʡ, ʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʠʭ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʭ ʘʥʘʣʦʛʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʰʠʨʦʢʠʡ ʜʠʘ-

ʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ: TiOϜ 0.1ï7 ʤʘʩ. %, MgO 0.5ï25 ʤʘʩ. %, Mg# 0.25ï0.87, ʧʘʨʘʤʝʪʨ 

FCMSKANT -1.0ï1.4 ʉʨʝʜʠ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʨʘʩʧʣʘʚʳ, ʙʣʠʟʢʠʝ ʢ ʧʝʨʠʜʦʪʠʪʦʚʳʤ ʚʳ-

ʧʣʘʚʢʘʤ, ʪʘʢ ʠ ʤʘʛʤʳ, ʧʦʜʦʙʥʳʝ ʙʘʟʘʣʴʪʘʤʠ ɹʈɿ. ʇʦʵʪʦʤʫ ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʠʨʦʢʩʝʥʠʪʦʚʳʭ ʚʳ-

ʧʣʘʚʦʢ ʩ TiOϜ > 2 % ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʟʘʣʴʪʘʤ ɹʈɿ. ʉʭʦʜʥʳʝ ʩ ʙʘʟʘʣʴʪʘʤʠ ɹʈɿ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʠʭ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʝ ʘʥʘʣʦʛʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʊ=1140ï

1500̄ʉ, ʈ 1ï30 ʂʙʘʨ ʠ ʩʪʝʧʝʥʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʦʪ ʧʝʨʚʳʭ ʧʨʦʮʝʥʪʦʚ ʜʦ 70%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʳʧʣʘʚʦʢ ʠʟ ʧʝʨʠʜʦʪʠʪʦʚ, ʧʠʨʦʢʩʝʥʠʪʦʚ 

ʠ ʠʭ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ ʩ ʩʦʩʪʘʚʦʤ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʠʭ ʙʘʟʘʣʴʪʦʚ ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʨʠʬʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʠʜʦʪʠʪʦʚʳʡ ʠʩʪʦʯʥʠʢ ʜʘʞʝ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʡ, ʥʝ ʩʧʦʩʦʙʝʥ ʛʝ-

ʥʝʨʠʨʦʚʘʪʴ ʤʘʛʤʳ ʩ ʥʘʙʣʶʜʘʝʤʳʤ ʩʦʩʪʘʚʦʤ ʙʘʟʘʣʴʪʦʚ ɹʈɿ. ɼʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʭ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʝʦʙʭʦʜʠʤʳ ʚʳʧʣʘʚʢʠ ʠʟ ʧʠʨʦʢʩʝʥʠʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʘʜʠʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʣʘʚʣʝʥʠʷ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʝ 

ʦʙʲʷʩʥʷʝʪ ʥʘʙʣʶʜʘʝʤʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʘʣʴʪʦʚ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ.  
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 25-77-30006, 

https://rscf.ru/project/25-77-30006. 
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ʀʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʩʚʷʟʘʥʘ ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʚʣʠʷʥʠʷ ʢʘʢ ʧʨʠʨʦʜʥʳʭ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. 

ʇʝʨʚʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʍʠʙʠʥʩʢʠʭ ʪʫʥʜʨ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʝʨʠʦʜʫ ʥʘʯʘʣʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʚ 1930-ʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʤʝʩʪʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʙʘʟʳ [1, 2]. 

ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʍʠ-

ʙʠʥʩʢʠʭ ʪʫʥʜʨ ʙʳʣʦ ʥʘʯʘʪʦ ʚ 1950-ʝ ʛʦʜʳ ɸ. ʇ. ɺʠʥʦʛʨʘʜʦʚʳʤ [3], ʚʳʷʚʠʚʰʠʤ, ʯʪʦ ʜʣʷ ʜʘʥ-

ʥʦʛʦ ʪʠʧʘ ʧʦʯʚ, ʨʘʟʚʠʪʳʭ ʥʘ ʧʨʦʜʫʢʪʘʭ ʨʘʟʨʫʰʝʥʠʷ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ, ʭʘʨʘʢʪʝʨʥʦ ʚʳ-

ʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘʢʦʧʣʝʥʠʝ ʘʣʶʤʠʥʠʷ, ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʚ ʧʨʦʜʫʢ-

ʪʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʦʙʝʜʥʝʥʠʝ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ SiO2, ʱʝʣʦʯʥʳʤʠ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʚʳʥʦʩʘ. 

ɺ ʨʘʙʦʪʘʭ [4, 5] ʧʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʥʘ ʥʝʬʝʣʠ-

ʥʦʚʳʭ ʧʝʩʢʘʭ ʦʪʚʘʣʦʚ ʦʙʦʛʘʱʝʥʠʷ ʭʠʙʠʥʩʢʠʭ ʘʧʘʪʠʪ-ʥʝʬʝʣʠʥʦʚʳʭ ʨʫʜ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ 

ʥʘʢʦʧʣʝʥʠʠ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʧʦʜʧʦʜʩʪʠʣʦʯʥʦʤ ʩʣʦʝ, ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ (Sr, Ba, ʈɿʕ, Nb ʠ ʜʨ.), ʘʢʢʫʤʫʣʷʮʠʠ ʘʤʦʨʬʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Si ʠ Al ʚ ʚʝʨʭ-

ʥʝʤ ʩʣʦʝ ʧʦʯʚʳ ʠ ʦʪʯʝʪʣʠʚʦʤ ʠʟʤʝʥʝʥʠʠ ʨʝʘʢʮʠʠ ʩʨʝʜʳ ʧʦ ʛʦʨʠʟʦʥʪʘʤ ʜʦ 20 ʩʤ. ɹʳʣʘ ʧʨʦ-

ʚʝʜʝʥʘ ʦʙʰʠʨʥʘʷ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛ. ʄʦʥʯʝʛʦʨʩʢʘ [6], ʥʦ ʩʧʝʮʠʬʠʢʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʧʦʣʘʛʘʶʱʝʛʦʩʷ ʚ ʄʦʥʯʝʛʦʨʩʢʝ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʥʦʚʥʳʤ ʚʣʠʷʶʱʠʤ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʬʘʢʪʦʨʘʤ ʚ ʛʦʨʦʜʘʭ ʂʠʨʦʚʩʢ ʠ ɸʧʘʪʠʪʳ. ɼʘʥʥʳʝ ʦ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʥʦʤ 

ʩʦʩʪʘʚʝ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ Na2O) ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʷʜʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (V, Cr, 

Co, Ni, Cu, Zn, As, Pb, Sr) ʚ ʧʦʜʙʫʨʘʭ ʠ ʧʦʜʟʦʣʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʷʨʥʦ-ʘʣʴʧʠʡʩʢʦʛʦ ʙʦʪʘ-

ʥʠʯʝʩʢʦʛʦ ʩʘʜʘ ʛ. ʂʠʨʦʚʩʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [7]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝ-

ʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʠʜʦʚ ʚ ʧʦʯʚʘʭ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʛʘʪʩʪʚʦʤ ʠʤʠ ʧʦʯ-

ʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʝʭʥʦʛʝʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʦʪ ʘʧʘʪʠʪʦʥʝʬʝʣʠʥʦʚʳʭ 

ʬʘʙʨʠʢ, ʧʨʝʜʧʨʠʷʪʠʡ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʨʝʛʠʦʥʝ. 

ɺ ʮʝʣʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʯʝʤ 100-ʣʝʪʥʶʶ ʠʩʪʦʨʠʶ ʠʟʫʯʝ-

ʥʠʷ ʧʦʯʚ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʧʦʣʫʯʝʥʥʳʝ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʜʘʥʥʳʝ ʦ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʧʦʚʝ-

ʜʝʥʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʦ-ʠʟʤʝʥʝʥʥʳʭ ʧʦʯʚʘʭ ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠ-

ʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ʧʦʯʚ ʥʦʩʷʪ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʘʭ, ʟʘʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʦʚ 

ʂʠʨʦʚʩʢ ʠ ɸʧʘʪʠʪʳ. 

ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʠʶʣʝ 2025 ʛʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʍʠʙʠʥʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ 

ʤʘʩʩʠʚʘ. ɹʳʣʦ ʟʘʣʦʞʝʥʦ 13 ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʛʣʫʙʠʥʦʡ 80ï95 ʩʤ. ʆʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠ ʧʦ 

ʛʦʨʠʟʦʥʪʘʤ, ʚʠʟʫʘʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʤʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʩʚʦʡʩʪʚʘʤ. ʊʦʯʢʠ ʦʪʙʦ-

ʨʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʚ ʩ ʫʯʝʪʦʤ ʪʠʧʘ ʧʦʯʚʳ, ʬʦʥʦ-

ʚʳʭ ʫʩʣʦʚʠʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ. ɸʥʘ-

ʣʠʟ ʦʙʨʘʟʮʦʚ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʨʝʥʪʛʝʥʦïʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ (ʈʌɸ) ʤʝʪʦʜʘ, ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ XRF ʩʧʝʢʪʨʦʤʝʪʨʘ çS8 Tigerè (Bruker AXS, 

ɻʝʨʤʘʥʠʷ). ɺ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʢʦʤʧʦ-

ʥʝʥʪʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ: Co, Cr, Cu, Nb, Pb, Sr, Ni, Zn, Zr, Y, Ba, Rb, S, Sc ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ [8] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ ʉʇ 1ï3, ʉʏʊ 1ï

3 ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʆʩʥʦʚʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦ-

ʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʨʝʟʘʭ ʧʦʯʚ, ʟʘʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʛ. 

ʂʠʨʦʚʩʢ ʠ ɸʧʘʪʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
 

ʊʘʙʣʠʮʘ 1 ï ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʨʝʟʘʭ ʧʦʯʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʛ. ʂʠʨʦʚʩʢ ʠ 

ɸʧʘʪʠʪʳ 

 

ʊʠʧ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ 

ʆʩʦʙʝʥʥʦʩʪʠ ʥʘʢʦʧ-

ʣʝʥʠʷ  
ʕʣʝʤʝʥʪ ʆʧʨʝʜʝʣʷʶʱʠʡ ʬʘʢʪʦʨ ʇʨʠʤʝʨʳ ʧʦʯʚ 

ɸʢʢʫʤʫʣʷʪʠʚʥʳʡ 

ʅʘʢʦʧʣʝʥʠʝ ʚ ʚʝʨʭ-

ʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʬʦʥʦ-

ʚʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʧʦʯʚ 

Ni, S, Cu, Zn, 

P, S 

ʅʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʩ ʦʪʤʠʨʘʥʠʝʤ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʧʘʜʘ, ʚʦʟ-

ʤʦʞʝʥ ʪʝʭʥʦʛʝʥʥʳʡ ʧʨʠ-

ʚʥʦʩ 

ʇʦʯʚʳ ʟʦʥʳ ʪʝʭʥʦ-

ʛʝʥʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ, ʬʦʥʦʚʳʝ 

ʧʦʯʚʳ 

ʅʝʜʠʬʬʝʨʝʥʮʠʨʦ-

ʚʘʥʥʳʡ 

ʈʘʚʥʦʤʝʨʥʦʝ ʥʘʢʦʧ-

ʣʝʥʠʝ 

ɹʦʣʴʰʠʥʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ 

ʌʠʟʠʯʝʩʢʦʝ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʝ ʧʦʯʚʳ ʚ ʥʘʠʙʦʣʝʝ ʘʥ-

ʪʨʦʧʦʛʝʥʥʦ-ʟʘʪʨʦʥʫʪʳʭ 

ʨʘʡʦʥʘʭ 

ʇʦʯʚʳ ʚʙʣʠʟʠ ʂʠ-

ʨʦʚʩʢʦʛʦ ʠ 

ʈʘʩʚʫʤʯʦʨʨʩʢʦʛʦ 

ʨʫʜʥʠʢʦʚ 

ʕʣʣʶʚʠʘʣʴʥʳʡ 
ʅʘʢʦʧʣʝʥʠʝ ʚ ʛʣʫʙʦ-

ʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ 
Al, Sr, Rb, Si 

ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʠʟ ʚʝʨʭ-

ʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʃʶʙʦʡ ʪʠʧ ʧʦʯʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʥʘ ʥʝʬʝʣʠʥʦʚʳʭ 

ʩʠʝʥʠʪʘʭ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʣʠʷʝʪ ʩʣʦʞʥʳʡ ʥʘʙʦʨ ʬʘʢʪʦʨʦʚ. ɻʣʘʚ-

ʥʳʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʧʦʩʪʫʧʣʝʥʠʷ ʩ ʧʨʦʜʫʢʪʘʤʠ ʦʪʤʠʨʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʘʪ-

ʤʦʩʬʝʨʥʳʤʠ ʘʵʨʦʟʦʣʷʤʠ ʠ ʩʢʦʨʦʩʪʴʶ ʚʳʥʦʩʘ. ʅʘʢʦʧʣʝʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʝʨʘ, ʬʦʩ-

ʬʦʨ ʤʝʜʴ, ʮʠʥʢ ʥʠʢʝʣʴ) ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. ɼʣʷ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʙʠʦ-

ʛʝʥʥʦʡ ʨʦʣʠ ʜʣʷ ʨʘʩʪʝʥʠʡ ʠ ʥʝ ʜʘʶʱʠʭ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ 

(ʘʣʶʤʠʥʠʡ, ʨʫʙʠʜʠʡ, ʩʪʨʦʥʮʠʡ, ʢʨʝʤʥʠʡ) ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʚʳʥʦʩ ʠʟ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ. ʇʦʯ-

ʚʳ, ʧʦʜʚʝʨʛʰʠʝʩʷ ʬʠʟʠʯʝʩʢʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝ-

ʢʘ (ʜʦʙʳʯʘ ʨʫʜʳ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʪ.ʜ.) ʥʝ ʥʘʩʣʝʜʫʶʪ ʦʧʠʩʘʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ɺ ʪʘʢʠʭ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʢʦʤʧʦʥʝʥʪʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʨʘʚ-

ʥʦʤʝʨʥʦ ʥʘ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ. 
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ʊʝʨʨʠʪʦʨʠʷ ʧʦʙʝʨʝʞʴʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ɹʘʡʢʘʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʚʳʩʦʢʦʘʢʪʠʚʥʦʡ 

ʚ ʩʝʡʩʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ [1]. ʇʦʜ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʝʡ ʧʦʥʠʤʘ-

ʝʪʩʷ ʩʫʰʘ, ʧʨʠʣʝʛʘʶʱʘʷ ʢ ʚʦʜʝ. ʅʘ ʥʝʡ ʨʘʩʧʦʣʦʞʝʥʳ ʛʦʨʦʜʘ, ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʣʝʯʝʙʥʦ-

ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʢʫʨʦʨʪʳ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʠʯʘʣʦʚ, ʛʦʩʪʠʥʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʙʘʟ ʠ ʜʨʫʛʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʛʨʘʞʜʘʥʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɺʩʝ ʦʥʠ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʪʷʛʦʪʝʶʪ ʢ ʧʨʠʙʨʝʞʥʳʤ 

ʠ ʧʦʙʝʨʝʞʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ ʦʟʝʨʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦ-

ʩʪʴʶ [2] ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʭʫʜʰʠʝ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ 

ʨʳʭʣʳʝ ʛʨʫʥʪʳ.  

ʋʯʠʪʳʚʘʷ ʩʢʘʟʘʥʥʦʝ, ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʙʦʪ ʩʚʷʟʘʥʘ ʩ ʧʨʦʛʥʦʟʦʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʫʯʘʩʪʢʘ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʡʦʥʝ ʧ. ʊʫʨʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʙʝʨʝʞʴʷ ʎʝʥʪʨʘʣʴ-

ʥʦʛʦ ɹʘʡʢʘʣʘ. ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʨʘʡʦ-

ʥʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦʙʝʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʟ. ɹʘʡʢʘʣ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʉʘʤ ʧʦʜʭʦʜ ʢ ʧʨʦʛʥʦʟʫ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟ-

ʜʝʡʩʪʚʠʡ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʪʦʯʥʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ (ʋʀʉ), ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ (ɼʉʈ) ʠ ʢʦʥʢʨʝʪʥʦ ʢ ʫʪʚʝʨʞʜʝʥʥʦʡ ʢʘʨʪʝ ʦʙʱʝʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘ-

ʥʠʷ (ʆʉʈ). ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ 

(ʉʄʈ) ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʤʘʩʰʪʘʙʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ɺ ʦʪʥʦʰʝʥʠʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʦʙʱʠʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʜ-

ʭʦʜʘʭ ʢ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʩʧʝʮʠʬʠʢʘ ʦʪʜʝʣʴʥʳʭ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠ-

ʪʦʨʠʡ ʧʦ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʩʪʨʦʝʥʠʶ, ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʶ ʢ ʟʦʥʘʤ ɺʆɿ, ʩʝʡʩʤʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʟʦʥʘʤ ʠ ʘʢʚʘʪʦʨʠʷʤ ɹʘʡʢʘʣʘ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʝʝ ʦʙʦʩʥʦʚʘʥʠʶ [3]. ɽʩʣʠ ʩʨʘʚ-

ʥʠʪʴ ʢʦʥʢʨʝʪʥʳʝ ʨʝʰʘʝʤʳʝ ʟʘʜʘʯʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʙʝʨʝʞʴʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ɹʘʡʢʘʣʘ ʜʣʷ ʆʉʈ, ɼʉʈ-ʋʀʉ ʠ 

ʉʄʈ ʪʦ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʦʥʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʨʝʙʫʶʪ 

ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʆʉʈ ʢ ʉʄʈ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʝʨʦʷʪʥʦʩʪʴ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ, ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʯʘʛʦʚ, ʠʟʫʯʝʥʠʝ ʟʦʥ ɺʆɿ, ʧʨʦʛʥʦʟ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ 

ʦʮʝʥʢʘ ʧʦʚʝʜʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʧʨʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʧʨʠʥʮʠʧʳ ʫʯʝʪʘ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʫʨʦʚʥʷʭ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʉʄʈ, ʯʪʦ ʦʯʝʚʠʜʥʦ, 

ʥʦ ʪʘʢʞʝ ʠ ʜʣʷ ʆʉʈ ʠ ɼʉʈ. ʇʦʩʢʦʣʴʢʫ ʩ ʥʠʤʠ ʩʚʷʟʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ 

ʫʪʦʯʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʠ ʆʉʈ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʩʝʡ-

ʩʤʦʛʨʫʥʪʦʚʳʭ ʤʦʜʝʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʫʪʦʯʥʝʥʠʝʤ ʜʣʷ ʋʀʉ ʠ 

ʉʄʈ.  

ɼʣʷ ʋʀʉ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʦʙ-

ʩʪʘʥʦʚʢʝ ʚ ʨʘʡʦʥʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʘʩʯʝʪʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ (ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ) ʚ ʜʘʥʥʦʤ ʧʫʥʢʪʝ ʠ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʦʪʥʝʩʝʥʥʦʡ ʢ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʛʨʫʥʪʦʚʳʤ ʫʩʣʦʚʠʷʤ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʝ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʦʥ ʚʝʨʦʷʪʥʳʭ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʟʦʥʳ ɺʆɿ) ʚ ʚʠʜʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʝʡʩʤʦʛʝʥʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦ ʤʦʜʝʣʷʭ ʠʟʦʩʝʡʩʪ [2].  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʉʄʈ ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʠʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʝ-

ʪʦʜʦʚ: ʩʝʡʩʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ, ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʛʦ, ʤʠʢʨʦʩʝʡʩʤ ʠ ʨʘʩʯʝʪʥʳʭ [4]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʫʢʘ-
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ʟʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʳ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʝ ʠ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʠʟ-

ʤʝʨʝʥʠʷ, ʨʝʛʠʩʪʨʘʮʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʤʠʢʨʦʩʝʡʩʤ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʬʦʨʤʠʨʦʚʘʥ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʡ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʦʩʪʨʦʝʥʳ ʩʝʡʩʤʦʛʨʫʥʪʦʚʳʝ ʤʦʜʝʣʠ. ʉʘʤʠ ʨʘʩ-

ʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʘ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʩʨʝʜ [4], ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʫʧʨʫʛʦʛʦ ʜʝʬʦʨ-

ʤʠʨʦʚʘʥʠʷ (ʪ.ʝ. ʚʩʷ ʵʥʝʨʛʠʷ ʫʭʦʜʠʪ ʥʘ ʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ), ʘ ʚʦʟʥʠʢʘʶʱʠʝ ʦʩʪʘʪʦʯʥʳʝ ʜʝ-

ʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʰʢʘʣʘʤ ʙʘʣʣʴʥʦʩʪʠ ʧʦ ʚʝʣʠʯʠʥʘʤ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ.  

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʨʦʛʥʦʟʦʤ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʙʝʨʝʞʴʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ɹʘʡʢʘʣʘ ʨʝʰʝʥʘ ʚ ʧʝʨʚʦʤ ʧʨʠ-

ʙʣʠʞʝʥʠʠ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʆʩʥʦʚʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʠ ʤʝʪʦʜʦʚ, ʚ ʦʪʥʦʰʝʥʠʠ (ʋʀʉ), ʧʨʠʥʷʪʳ ʧʨʦʷʚʣʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ, ʚ ʦʪʥʦʰʝʥʠʠ (ʉʄʈ), ʚʧʦʣʥʝ 

ʦʙʦʩʥʦʚʘʥʥʦ, ʧʨʠʥʷʪʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʚʝʜʝʥʠʠ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜʦʥʘʩʳʱʝʥ-

ʥʳʭ ʤʘʩʩʠʚʦʚ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦ ʜʘʥʥʳʤ ʟʘʧʠʩʝʡ ʤʝʩʪʥʳʭ ʙʣʠʟʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʋʀʉ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʝ-

ʪʘʣʴʥʳʭ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʧʦʩʪʨʦʠʪʴ ʢʘʨʪʫ-ʩʭʝʤʫ 

ʫʪʦʯʥʝʥʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʦ-

ʥʳ ʚʝʨʦʷʪʥʳʭ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʟʦʥʳ ɺʆɿ) ʩ ʧʨʦʛʥʦʟʥʳʤʠ ʤʘʛʥʠʪʫʜʘʤʠ (Mmax) ʠ 

ʜʘʣʴʥʝʡʰʠʤ ʧʝʨʝʭʦʜʦʤ ʢ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʩʦʪʨʷʩʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʙʘʣʣʴʥʦʩʪʴʶ. ʇʨʠʥʷʪʘʷ ʥʘ 

ʵʪʦʡ ʦʩʥʦʚʝ ʚʝʣʠʯʠʥʘ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ (8 ʙʘʣʣʦʚ, ʢʘʨʪʘ çɸè, ʊ=500 ʣʝʪ) ʷʚʣʷʝʪʩʷ 

ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʦʡ ʜʣʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʙʝʨʝʞʴʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ɹʘʡʢʘʣʘ, ʦʥʘ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʛʨʘʬʠʢʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʧʨʘʚʠʣʘʤ ʧʦ ʫʪʦʯʥʝʥʠʶ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ. ʆʜʥʘʢʦ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ ʋʀʉ ʜʣʷ ʨʘʡʦʥʦʚ 

ʩʨʝʜʥʝʛʦ ɹʘʡʢʘʣʘ ʚ ʙʦʣʝʝ ʢʨʫʧʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʢʘʨʪʘʤ ʆʉʈ. 

ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʉʄʈ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʣ ʦʮʝ-

ʥʠʪʴ ʩʝʡʩʤʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʧʣʦʱʘʜʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʫʜʰʠʤʠ 

ʛʨʫʥʪʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʧʦʙʝʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩʨʝʜʥʝʛʦ ɹʘʡʢʘʣʘ ʚ 

ʙʘʣʣʘʭ ʠ ʚ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʷʭ. ɺ ʮʝʣʦʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ 

ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʜʘʶʪ ʩʨʘʚʥʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʮʝʥʢʝ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʦʧʘʩʥʦʩʪʠ ʚ ʙʘʣʣʘʭ. ʉʘʤʠ ʨʘʟʣʠʯʠʷ ʠʤʝʶʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʦʙʲʷʩʥʷʶʪʩʷ ʩʪʝʧʝ-

ʥʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʨʘʩʯʝʪʘʭ ʪʝʭ ʠʣʠ ʠʥʳʭ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʘʢ ʋʀʉ, ʪʘʢ ʠ ʜʣʷ ʉʄʈ ʠ ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ, ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ, ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʚʝʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʧʨʠ ʤʝʩʪʥʳʭ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷʭ.  

ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʠʩʭʦʜʥʳʝ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ, ʚ ʠʭ ʩʨʘʚʥʝʥʠʠ, ʤʦʛʫʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʙʝʨʝʞʴʷ ʦʟ. 

ɹʘʡʢʘʣ, ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʠʣʝʛʘʶʱʠʤ ʪʝʨʨʠʪʦʨʠʷʤ. 
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1ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, dokukina@mail.ru 

2ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢʠ, ʈʦʩʩʠʷ 

 

ʊʘʩʪʘʫʩʢʘʷ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʘʷ ʢʦʣʴʮʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ɺʦʩʪʦʯʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʨʥʝʚʫʶ ʯʘʩʪʴ ʜʨʝʚʥʝʛʦ ʵʨʦʜʠʨʦʚʘʥʥʦʛʦ ʚʫʣʢʘʥʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ. ɺ ʝʛʦ 

ʩʪʨʦʝʥʠʠ ʫʯʘʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʥʘʟʚʘʥʥʳʡ ʧʦ ʠʤʝʥʠ ʩʪʨʫʢʪʫʨʳ 

ʪʘʩʪʘʫʩʢʦʡ ʩʝʨʠʝʡ: ʤʥʦʛʦʬʘʟʥʳʝ ʛʨʘʥʠʪʦʠʜʳ, ʜʠʦʨʠʪʳ ʠ ʛʘʙʙʨʦʠʜʳ. ɺ ʧʣʘʥʝ ʦʥ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʩʦʙʦʡ ʜʚʘ ʰʪʦʢʘ, ʩʣʦʞʝʥʥʳʭ ʛʨʘʥʠʪʘʤʠ ʠ ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ, ʦʢʨʫʞʝʥʥʳʝ ʜʚʫʤʷ ʩʠʩʪʝʤʘʤʠ 

ʢʦʣʴʮʝʚʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ. ʈʘʟʤʝʨ ʩʪʨʫʢʪʫʨʳ ~13Ĭ18 ʢʤ. ɺ ʩʦʩʪʘʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠʥ-

ʪʨʫʟʠʡ ʚ ʧʨʝʜʝʣʘʭ ʚʥʝʰʥʝʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʣʴʮʘ ʚ ʛʨʘʥʠʪʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʘʟʥʳʝ ʧʦ ʩʦ-

ʩʪʘʚʫ ʠ ʩʪʝʧʝʥʠ ʢʦʥʪʘʤʠʥʘʮʠʠ ʚʢʣʶʯʝʥʠʷ: ʤʠʢʨʦʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʧʦʨʬʠʨʠʪʳ, ʛʘʙʙʨʦ-

ʜʠʦʨʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʜʨʝʚʥʠʤʠ ʠʟʚʝʨʞʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʩʠʥʩʜʚʠʛʦʚʳʝ ʤʠʢʨʦʠʥʪʨʫʟʠʠ 

ʢʘʣʴʮʠʝʚʳʭ ʙʘʟʠʪʦʚ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʧʨʝʜʝʣʘʭ ʣʠʥʝʡʥʳʭ ʟʦʥ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʦʩʘ-

ʜʦʯʥʳʭ ʧʦʨʦʜ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʦʩʪʨʦʡʢʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʜʠʘʛʥʦʩʪʠ-

ʨʫʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʩʠʥʧʣʫʪʦʥʠʯʝʩʢʠʭ ʪʝʣ ʛʨʘʥʠʪʦʚ ʠ ʜʠʦʨʠʪʦʚ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʩʪʨʫʢʪʫʨʳ [1].  

ɺ ʧʨʝʜʝʣʘʭ ʊʘʩʪʘʫʩʢʦʡ ʩʪʨʫʢʪʫʨʳ U/Pb ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʘʤ ʜʘʪʠʨʦʚʘʥʳ [2] ʮʠʨʢʦʥʳ 

ʠʟ ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʰʪʦʢʘ (290Ñ2 ʤʣʥ ʣʝʪ), ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʦʚʳʝ ʛʨʘʥʦʩʠ-

ʝʥʠʪʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠʥʪʨʫʟʠʡ ʚʥʝʰʥʝʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʣʴʮʘ (280Ñ2 ʤʣʥ ʣʝʪ). ʀʟ ʦʣʠ-

ʚʠʥʦʚʳʭ ʛʘʙʙʨʦʥʦʨʠʪʦʚ ʚʥʝʰʥʝʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʣʴʮʘ ʤʝʪʦʜʦʤ 39Ar/40Ar ʙʳʣʠ ʜʘʪʠʨʦʚʘʥʳ 

ʘʤʬʠʙʦʣ ʠ ʙʠʦʪʠʪ (~ 280 ʤʣʥ ʣʝʪ) [2].  

ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʩʠʥʭʨʦʥʥʦʛʦ ʙʘʟʠʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ 

ʙʳʣʦ ʩʜʝʣʘʥʦ ʤʝʪʦʜʦʤ LA-ICPMS U-Pb ʜʘʪʠʨʦʚʘʥʠʷ ʧʦ ʮʠʨʢʦʥʫ ʠ ʪʠʪʘʥʠʪʫ ʚ ʤʠʢʨʦʠʥʪʨʫ-

ʟʠʠ ʢʘʣʴʮʠʝʚʳʭ ʙʘʟʠʪʦʚ. U/Pb ʚʦʟʨʘʩʪʳ ʮʠʨʢʦʥʦʚ ʠʟ ʥʦʜʫʣʝʡ ʢʘʣʴʮʠʝʚʳʭ ʙʘʟʠʪʦʚ ʚ ʦʩʘʜʦʯ-

ʥʦʡ ʪʦʣʱʝ ʠʤʝʶʪ ʨʘʟʙʨʦʩ ʢʦʥʢʦʨʜʘʥʪʥʳʭ ʠ ʜʠʩʢʦʨʜʘʥʪʥʳʭ ʟʥʘʯʝʥʠʡ 206U/238Pb ʚʦʟʨʘʩʪʘ (ʦʪ 

302 ʜʦ 355 ʤʣʥ ʣʝʪ). ɻʨʫʧʧʘ ʢʦʥʢʦʨʜʘʥʪʥʳʭ ʪʦʯʝʢ ʜʘʣʘ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ U/Pb ʚʦʟʨʘʩ-

ʪʘ 333Ñ1 ʤʣʥ ʣʝʪ (N=9), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʘʯʘʣʫ ʩʝʨʧʫʭʦʚʩʢʦʛʦ ʷʨʫʩʘ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ, ʢʦ-

ʪʦʨʳʤ ʜʘʪʠʨʫʶʪʩʷ ʚʤʝʱʘʶʱʠʝ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ. U-Pb ʜʘʪʠʨʦʚʢʠ ʪʠʪʘʥʠʪʘ ʠʟ ʥʦʜʫʣʝʡ 

ʢʘʣʴʮʠʝʚʳʭ ʙʘʟʠʪʦʚ ʚ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʝʪʦʜʦʤ ʊʝʨʘ-ɺʘʩʩʝʨʙʫʨʛʘ ʜʘʣʠ ʟʥʘ-

ʯʝʥʠʝ ʚʦʟʨʘʩʪʘ 330Ñ26 ʤʣʥ ʣʝʪ (N=17). 

ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠʥʪʨʫʟʠʡ ʙʳʣ ʜʘʪʠʨʦʚʘʥ U-Pb LA-ICPMS 

ʤʝʪʦʜʦʤ ʧʦ ʦʪʜʝʣʴʥʳʤ ʟʝʨʥʘʤ. ʎʠʨʢʦʥ ʛʨʘʥʠʪʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʠʥʪʨʫʟʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʨʘʟʙʨʦʩʦʤ ʩʠʣʴʥʦʜʠʩʢʦʨʜʘʥʪʥʳʭ ʟʥʘʯʝʥʠʡ 206U/238Pb ʚʦʟʨʘʩʪʘ 

(ʦʪ 215 ʜʦ 346 ʤʣʥ ʣʝʪ, 20 ʪʦʯʝʢ). ɻʨʫʧʧʘ ʩʫʙʢʦʥʢʦʨʜʘʥʪʥʳʭ ʪʦʯʝʢ ʜʘʣʘ U/Pb ʚʦʟʨʘʩʪ 289Ñ1 

ʤʣʥ ʣʝʪ (N = 6), ʢʦʪʦʨʦʝ ʚ ʮʝʣʦʤ ʩʦʚʧʘʜʘʝʪ ʩ ʦʮʝʥʢʘʤʠ ʚʦʟʨʘʩʪʘ ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʮʝʥ-

ʪʨʘʣʴʥʦʛʦ ʰʪʦʢʘ ʚ ʨʘʙʦʪʝ [2].  

U/Pb ʜʘʪʠʨʦʚʘʥʠʝ ʪʠʪʘʥʠʪʘ ʠʟ ʥʦʜʫʣʷ ʢʘʣʴʮʠʝʚʦʛʦ ʙʘʟʠʪʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʜʠʦʨʠʪʘʭ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʠʥʪʨʫʟʠʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʤʝʪʦʜʦʤ ʊʝʨʘ-ɺʘʩʩʝʥʙʫʨʛʘ ʜʘʣʦ ʜʠʩʢʦʨʜʠʶ ʩ ʚʦʟ-

ʨʘʩʪʦʤ 280Ñ6 ʤʣʥ ʣʝʪ (N=16) ʠ 281Ñ15 ʤʣʥ ʣʝʪ (N=10) ʧʦ ʥʠʞʥʝʤʫ ʧʝʨʝʩʝʯʝʥʠʶ ʩ ʢʦʥʢʦʨʜʠ-

ʝʡ. ʕʪʦʪ ʚʦʟʨʘʩʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʮʝʥʢʘʤ ʚʦʟʨʘʩʪʘ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʦʩʠʝʥʠʪʦʚ, ʙʠʦʪʠʪʘ ʠ ʘʤʬʠ-

ʙʦʣʘ ʦʣʠʚʠʥʦʚʦʛʦ ʛʘʙʙʨʦʥʦʨʠʪʘ ʚ ʨʘʙʦʪʝ [2].  
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩʦʛʣʘʩʥʦ ʧʣʘʥʫ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɻʀʅ ʈɸʅ (FMMG-2023-0007). 
 

1. ɼʦʢʫʢʠʥʘ ʂ.ɸ., ɺʣʘʜʠʤʠʨʦʚ ɺ.ɻ. ʊʝʢʪʦʥʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʠʪʦʚʳʭ ʠʥʪʨʫʟʠʡ ʊʘʩʪʘ-

ʫʩʢʦʡ ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ) // ɻʝʦʣʦʛʠʷ ʠ ʛʝʦʬʠʟʠʢʘ. 2008. ʊ. 49. ˉ 8. 

ʉ.769-783. 

2. ʍʨʦʤʳʭ ʉ.ɺ. ʇʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʙʘʟʠʪʦʚʳʡ ʤʘʛʤʘʪʠʟʤ ɸʣʪʘʡʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ (ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ) // ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ. ʅʦʚʦʩʠʙʠʨʩʢ. 2020. 439 ʩ. 
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ʂ. ɸ. ɼʦʢʫʢʠʥʘ, ɺ. ʉ. ʐʝʰʫʢʦʚ, ʆ. ʀ. ʆʢʠʥʘ, ɸ. ʉ. ɼʫʙʝʥʩʢʠʡ 
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ɺ ʘʨʭʝʡʩʢʠʭ ʠ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʦʤʝʥʘʭ ɹʝʣʦʤʦʨʩʢʦʛʦ ʦʨʦʛʝʥʘ 

ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ, ʧʨʝʪʝʨʧʝʚʰʠʭ ʜʣʠʪʝʣʴʥʫʶ ʪʝʢʪʦʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʫʶ ʵʚʦʣʶ-

ʮʠʶ ʚ ʘʨʭʝʝ ʠ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ LA-ICP-MS U-Pb ʜʘʪʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʪʠʪʘʥʠʪʘ. ʀʟʫʯʝʥʥʳʝ ʧʦʨʦʜʳ (ʪʦʥʘʣʠʪʦʚʳʝ ʛʥʝʡʩʳ, K-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ 

ʛʨʘʥʠʪʳ, ʛʘʙʙʨʦʥʦʨʠʪʳ, ʤʘʬʠʯʝʩʢʠʝ ʛʨʘʥʫʣʠʪʳ ʠ ʵʢʣʦʛʠʪʳ) ʠʤʝʶʪ ʘʨʭʝʡʩʢʠʝ ʠ ʧʘʣʝʦʧʨʦʪʝ-

ʨʦʟʦʡʩʢʠʝ ʚʦʟʨʘʩʪʳ ʧʨʦʪʦʣʠʪʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʘʟʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

LA-ICP-MS U-Pb ʜʘʪʠʨʦʚʘʥʠʝ ʪʠʪʘʥʠʪʘ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ U-Pb ʚʦʟʨʘʩʪʘ ʪʠʪʘʥʠʪʘ, 

ʬʠʢʩʠʨʫʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʝ 

(~2.44, 2.05 ʠ 1.94 ʤʣʨʜ ʣʝʪ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʳʤ ʩʪʘʜʠʷʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ 

ʧʦʨʦʜ ʚ ɹʝʣʦʤʦʨʩʢʦʤ ʦʨʦʛʝʥʝ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ LA-ICP-MS U-Pb ʜʘʪʠʨʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʡ (ʧʦʛʨʝʰʥʦʩʪʴ 1ï2%) ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙ-

ʨʘʟʮʘʤ (OLT1, MKED1, Khan). ʄʝʪʘʤʦʨʬʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʪʠʪʘʥʠʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʝʛʦ ʘʩʩʦʮʠʘʮʠʝʡ ʩ ʨʝʪʨʦʛʨʘʜʥʳʤʠ ʘʤʬʠʙʦʣ-ʩʦʜʝʨʞʘʱʠʤʠ ʧʘʨʘʛʝʥʝʟʠʩʘʤʠ ʚ ʵʢʣʦʛʠʪʘʭ (ɹʝ-

ʣʦʤʦʨʩʢʘʷ ʵʢʣʦʛʠʪʦʚʘʷ ʧʨʦʚʠʥʮʠʷ) ʠ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʘʭ (ʧʦʨʦʜʳ ʂʦʣʚʠʮʢʦʛʦ ʛʨʘʥʫʣʠ-

ʪʦʚʦʛʦ ʥʘʜʚʠʛʘ). 

ʉʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʪʠʪʘʥʠʪʘ ʟʘʢʦʥʦʤʝʨʥʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʚʤʝ-

ʱʘʶʱʝʡ ʧʦʨʦʜʳ, ʦʜʥʘʢʦ ʥʘ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʙʦʣʴʰʠʥʩʪʚʦ ʘʥʘʣʠʟʦʚ ʧʦʧʘʜʘ-

ʝʪ ʚ ʧʦʣʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʠʪʘʥʠʪʘ. ʄʝʪʘʤʦʨʬʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʠʪʘʥʠʪʘ ʧʦʩʣʝ ʨʫʪʠʣʘ ʠ ʠʣʴʤʝʥʠʪʘ ʚ ʨʝʪʨʦʛʨʘʜʥʳʭ ʘʤ-

ʬʠʙʦʣ-ʩʦʜʝʨʞʘʱʠʭ ʧʘʨʘʛʝʥʝʟʠʩʘʭ, ʘ ʪʘʢʞʝ ʝʛʦ ʥʘʭʦʞʜʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʩʫʙʩʦʣʠʜʫʩʥʦʛʦ ʠʩ-

ʯʝʟʥʦʚʝʥʠʷ ʯʘʩʪʠʯʥʦʛʦ ʨʘʩʧʣʘʚʘ. ʈʘʩʯʝʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʠʪʘʥʠʪʘ ʩʦʩʪʘʚʣʷʶʪ 

700ï750 ÁC (ʛʝʦʪʝʨʤʦʙʘʨʦʤʝʪʨ Zr ʚ ʪʠʪʘʥʠʪʝ [1]). ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ ʪʠʪʘʥʠʪʘ (ʜʚʫʭ ʩ 

ʚʦʟʨʘʩʪʦʤ ~1.94 ʤʣʨʜ ʣʝʪ ʠ ʦʜʥʦʛʦ ʩ ʚʦʟʨʘʩʪʦʤ 2.05 ʤʣʨʜ ʣʝʪ) ʧʦ ʨʘʚʥʦʚʝʩʥʦʡ ʩ ʪʠʪʘʥʠʪʦʤ 

ʤʠʥʝʨʘʣʴʥʳʤ ʘʩʩʦʮʠʘʮʠʷʤ ʙʳʣ ʦʮʝʥʝʥ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʜʘʚʣʝʥʠʡ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ð 5ï11 

ʢʙʘʨ. ʇʘʨʘʛʝʥʝʟʠʩʳ ʪʠʪʘʥʠʪ-ʨʫʪʠʣ-ʠʣʴʤʝʥʠʪ ʧʨʝʜʦʩʪʘʚʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʠ ʨʝʪʨʦʛʨʘʜʥʳʭ P-T-t ʧʫʪʝʡ.  

ʕʪʘ ʚʘʨʠʘʮʠʷ ʜʘʚʣʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʵʢʩʛʫʤʘʮʠʠ ʧʦʨʦʜ. 

ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʧʦʨʦʜ, ʠʤʧʫʣʴʩʳ ʣʦʢʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ 

ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʬʣʶʠʜʦʚ. ʀʤʧʫʣʴʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʠʪʘʥʠʪʘ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʘʤ-

ʬʠʙʦʣʦʤ, ʙʳʣʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʫʙʩʦʣʠʜʫʩʥʦʡ ʦʙʣʘʩʪʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʘʨʮʠʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʘ 

ʚʥʫʪʨʠ ʧʦʨʦʜʳ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʳ ʩ ʵʧʠʟʦʜʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʜʝʞʥʦʩʪʴ ʪʠʪʘʥʠʪʘ ʢʘʢ ʧʝʪʨʦʭʨʦ-

ʥʦʤʝʪʨʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ɹʝʣʦʤʦʨʩʢʦʤ ʦʨʦʛʝʥʝ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩʦʛʣʘʩʥʦ ʧʣʘʥʫ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɻʀʅ ʈɸʅ (FMMG-2023-0007). 

 

1. Hayden, L. A., Watson, E. B., & Wark, D. A. // A thermobarometer for sphene (titanite). Contributions to 

Mineralogy and Petrology. 2008. V. 155. ˉ 4). P. 529ï540. 
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ʊ. ɺ. ɼʦʥʩʢʘʷ1, ʄ. ʆ. ʉʫʢʥʸʚʘ1, ɼ. ʇ. ɻʣʘʜʢʦʯʫʙ1, ʆ. ʄ. ʊʫʨʢʠʥʘ2, ɽ. ʀ. ɼʝʤʦʥʪʝʨʦʚʘ1 
1ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, tatiana_donskaya@mail.ru 

2ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

 

ɸʨʭʝʡʩʢʠʝ ʪʝʨʨʝʡʥʳ, ʩʦʩʪʦʷʱʠʝ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʟ ʧʦʨʦʜ ʪʦʥʘʣʠʪ-ʪʨʦʥʜʴʝʤʠʪ-

ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʡ (ʊʊɻ) ʩʝʨʠʠ, ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. ʅʘ 

ʧʣʦʱʘʜʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʧʘʣʝʦʘʨʭʝʡʩʢʠʝ ʛʨʘʥʠʪʦʠʜʳ ʊʊɻ ʩʝʨʠʠ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʛʨʘʥʠʪ-

ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʠ ʛʨʘʥʫʣʠʪ-ʛʥʝʡʩʦʚʳʭ ʙʣʦʢʦʚ [1ï4]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʝʟʦʘʨʭʝʡʩʢʠʭ ʊʊɻ ʧʦʨʦʜ, 

ʪʦ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʠʤʝʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʪʦʣʴʢʦ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʦʜʦʙʥʳʤ ʦʙʲʝʢʪʘʤ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢʨʘʪʦʥʘ, ʚ ʧʨʝʜʝʣʘʭ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʏʘʨʘ-ʆʣʝʢʤʠʥʩʢʦʤ ʙʣʦʢʝ ɸʣʜʘʥʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʦʨʦʜʳ ʊʊɻ ʩʝʨʠʠ ʩ 

ʚʦʟʨʘʩʪʦʤ 3.02ï2.98 ʠ 2.86 ʤʣʨʜ ʣʝʪ [1, 4, 5, 6], ʘ ʚ ʉʪʘʥʦʚʦʤ ʩʫʧʝʨʪʝʨʨʝʡʥʝ ʦʪʤʝʯʝʥʳ ʪʦʥʘ-

ʣʠʪʦʚʳʝ ʦʨʪʦʛʥʝʡʩʳ ʩ ʚʦʟʨʘʩʪʦʤ 2.78 ʤʣʨʜ ʣʝʪ [4]. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʤʝʟʦʘʨʭʝʡʩʢʠʭ ʊʊɻ ʛʨʘ-

ʥʠʪʦʠʜʦʚ ʏʘʨʘ-ʆʣʝʢʤʠʥʩʢʦʛʦ ʙʣʦʢʘ ʙʳʣ ʨʘʩʩʯʠʪʘʥ Nd ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʚ ʜʠʘʧʘʟʦʥʝ 3.0ï

3.2 ʤʣʨʜ ʣʝʪ [7]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʦ ʧʦʷʚʣʷʪʴʩʷ ʚʩʝ ʙʦʣʴʰʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʛʨʘʥʠʪʦʠʜʘʤ ʊʊɻ ʩʝʨʠʠ 

ʤʝʟʦʘʨʭʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʶʞʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʟʦʘʨʭʝʡʩʢʠʭ ʊʊɻ ʧʦʨʦʜ ʚ ʶʞʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʢʨʘʪʦʥʘ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ɸʢʠʪʢʘʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʤʝʟʦʘʨʭʝʡʩʢʠʝ ʊʊɻ 

ʛʨʘʥʠʪʦʠʜʳ, ʠʤʝʶʱʠʝ U-Pb ʚʦʟʨʘʩʪ ʧʦ ʮʠʨʢʦʥʫ 2.88 ʤʣʨʜ ʣʝʪ ʠ Nd ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ 3.1ï

3.2 ʤʣʨʜ ʣʝʪ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʦʪʜʝʣʴʥʦʤ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʙʣʦʢʝ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʉʘʨʤʠʥʩʢʦʛʦ 

ʩʝʛʤʝʥʪʘ [8]. 

ɺ ʧʨʝʜʝʣʘʭ ɸʥʘʙʘʨʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ ʘʤʬʠʙʦʣʦʚʳʝ ʧʣʘʛʠʦʛʥʝʡʩʳ ʩ ʚʦʟʨʘʩʪʦʤ 

3.17 ʤʣʨʜ ʣʝʪ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʩʢʚʘʞʠʥʝ ʉʨʝʜʥʝʙʦʪʫʦʙʠʥʩʢʘʷ-1ʧ, ʘ ʙʠʦʪʠʪ-

ʘʤʬʠʙʦʣʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ ʩ ʚʦʟʨʘʩʪʦʤ 2.83 ʤʣʨʜ ʣʝʪ ʚ ʩʢʚʘʞʠʥʝ ɼʶʜʘʥʩʢʘʷ-2910 [9]. 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʘ ʠʤʝʥʥʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʫʥʛʫʩʩʢʦʛʦ ʩʫ-

ʧʝʨʪʝʨʨʝʡʥʘ, ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʤ ʊʨʘʥʩʩʠʙʠʨʩʢʠʤ ʦʨʦʛʝʥʥʳʤ ʧʦʷʩʦʤ, 

ʤʝʟʦ- ʠ ʥʝʦʘʨʭʝʡʩʢʠʝ ʊʊɻ ʛʨʘʥʠʪʦʠʜʳ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʩʢʚʘʞʠʥʘʭ ʗʣʳʢʩʢʘʷ-4 ʠ ʖʞʥʦ-

ʋʩʪʴ-ʂʫʪʩʢʘʷ-1 [10, 11]. ʇʦʨʦʜʳ ʠʟ ʩʢʚʘʞʠʥʳ ʗʣʳʢʩʢʘʷ-4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʠʦʪʠʪ-

ʘʤʬʠʙʦʣʦʚʳʤʠ ʛʥʝʡʩʘʤʠ, ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʊʊɻ ʧʨʦʪʦʣʠʪ ʢʦʪʦʨʳʭ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʥʘ ʨʫʙʝ-

ʞʝ 2.78 ʤʣʨʜ ʣʝʪ [10], ʘ ʛʨʘʥʠʪʦʠʜʳ ʠʟ ʩʢʚʘʞʠʥʳ ʖʞʥʦ-ʋʩʪʴ-ʂʫʪʩʢʘʷ-1 ʷʚʣʷʶʪʩʷ ʛʥʝʡʩʦ-

ʚʠʜʥʳʤʠ ʙʠʦʪʠʪʦʚʳʤʠ ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 2.7 ʤʣʨʜ ʣʝʪ [11]. Nd ʤʦʜʝʣʴʥʳʡ 

ʚʦʟʨʘʩʪ 2.9 ʠ 2.8 ʤʣʨʜ ʣʝʪ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʜʣʷ ʊʊɻ ʛʨʘʥʠʪʦʠʜʦʚ ʩʢʚʘʞʠʥ ʗʣʳʢʩʢʘʷ-4 ʠ ʖʞʥʦ-

ʋʩʪ-ɹʂʫʪʩʢʘʷ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [10, 11]. 

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʤʝʟʦʘʨʭʝʡʩʢʠʝ ʊʊɻ ʛʨʘʥʠʪʦʠʜʳ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ 

ʜʚʫʭ ʫʯʘʩʪʢʘʭ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʀʨʢʫʪʥʦʛʦ ʙʣʦʢʘ ʐʘʨʳʞʘʣʛʘʡʩʢʦʛʦ ʚʳʩʪʫʧʘ, ʢʦʪʦʨʳʡ 

ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʊʫʥʛʫʩʩʢʦʤʫ ʩʫʧʝʨʪʝʨʨʝʡʥʫ, ʛʜʝ ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʩ ʨʘʥʥʝʧʨʦʪʝ-

ʨʦʟʦʡʩʢʦʡ ɹʘʡʢʘʣʦ-ʊʘʡʤʳʨʩʢʦʡ ʰʦʚʥʦʡ ʟʦʥʦʡ. ʅʘ ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʃʠʩʪʚʷʥʢʘ 

ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʤʠ ʙʠʦʪʠʪʦʚʳʤʠ ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ ʠ ʛʨʘʥʠʪʘʤʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ U-Pb ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʨʢʦʥʘ ʚʦʟʨʘʩʪ ʧʨʦʪʦʣʠʪʘ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 

2.89 ʤʣʨʜ ʣʝʪ, ʘ ʚʦʟʨʘʩʪ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʘʢ 1.86 ʤʣʨʜ ʣʝʪ [12]. ʅʘ ʚʪʦʨʦʤ ʫʯʘʩʪʢʝ ʚ ʨʘʡ-

ʦʥʝ ʧʦʩ. ʇʦʨʪ ɹʘʡʢʘʣ ʦʪʤʝʯʘʶʪʩʷ ʛʥʝʡʩʦʚʠʜʥʳʝ ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʛʨʘʥʠʪʳ, ʚʦʟ-

ʨʘʩʪ ʧʨʦʪʦʣʠʪʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 2.97 ʤʣʨʜ ʣʝʪ, ʘ ʚʦʟʨʘʩʪ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʡ 1.87 ʤʣʨʜ ʣʝʪ (ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʘʚʪʦʨʩʢʠʝ ʜʘʥʥʳʝ). 

ʄʝʟʦʘʨʭʝʡʩʢʠʝ ʊʊɻ ʛʨʘʥʠʪʦʠʜʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ 

ʦʙʥʘʨʫʞʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʭʦʜʩʪʚʘ ʩʚʦʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [8ï12]. ɺʩʝ ʧʦʨʦʜʳ 

ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʙʣʠʟʢʠ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʤ ʪʦʥʘʣʠʪʘʤ ʠ ʪʨʦʥʜʴʝʤʠʪʘʤ, ʨʝʞʝ ʛʨʘʥʦʜʠʦ-
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ʨʠʪʘʤ. ʊʊɻ ʛʨʘʥʠʪʦʠʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʣʴʥʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Y ʠ Yb. ʉʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʭʠʤʠ-

ʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʝʟʦʘʨʭʝʡʩʢʠʝ ʊʊɻ ʛʨʘʥʠʪʦʠʜʳ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʶʞʥʦʡ ʯʘʩʪʝʡ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʤʦʛʣʠ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ ʟʘ ʩʯʝʪ ʧʣʘʚʣʝʥʠʷ ʥʠʞʥʝʢʦʨʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʨʘʥʘʪʘ ʚ ʨʝʩʪʠʪʝ ʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʚʳʩʦʢʠʭ (Ó10 ʢʙʘʨ) ʜʘʚʣʝʥʠʷʭ ʧʨʠ ʠʭ ʚʳʧʣʘʚʣʝʥʠʠ. 

ʄʝʟʦʘʨʭʝʡʩʢʠʝ ʊʊɻ ʛʨʘʥʠʪʦʠʜʳ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʝʡ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʘ 

ʪʘʢʞʝ ʛʨʘʥʠʪʦʠʜʳ ʏʘʨʘ-ʆʣʝʢʤʠʥʩʢʦʛʦ ʙʣʦʢʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢʨʘʪʦʥʘ ʦʙʥʘʨʫʞʠʣʠ ʤʝʟʦʧʨʦ-

ʪʝʨʦʟʦʡʩʢʠʝ ʟʥʘʯʝʥʠʷ Nd ʤʦʜʝʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʜʠʘʧʘʟʦʥʝ 2.8ï3.2 ʤʣʨʜ ʣʝʪ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪ-

ʢʘʭ [7, 8, 10, 11], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʤʝʟʦʘʨʭʝʡʩʢʠʝ ʊʊɻ ʛʨʘʥʠʪʦʠʜʳ 

ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʟʘ ʩʯʝʪ ʧʣʘʚʣʝʥʠʷ ʶʚʝʥʠʣʴʥʦʡ ʤʝʟʦʘʨʭʝʡʩʢʦʡ ʢʦ-

ʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʟʦʘʨʭʝʡʩʢʠʡ ʵʪʘʧ ʪʦʥʘʣʠʪ-ʪʨʦʥʜʴʝʤʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ 

ʥʘʨʷʜʫ ʩ ʧʘʣʝʦʘʨʭʝʡʩʢʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʨʦʩʪʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ 

ʘʨʭʝʡʩʢʠʭ ʪʝʨʨʝʡʥʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʝ, ʥʘ ʠʥʪʝʨʚʘʣʝ 2.00ï1.85 ʤʣʨʜ ʣʝʪ, ʩʬʦʨʤʠ-

ʨʦʚʘʣʠ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. 
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ʋʚʝʣʠʯʠʚʘʶʱʝʝʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘ ʣʦʢʘʣʴʥʦʤ, 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʷʭ ʪʨʝʙʫʝʪ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ ʙʠʦʩʬʝʨʳ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʙʘʡʢʘʣʴʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʚʳʩʦ-

ʢʠʤ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʪʭʦʜʦʚ 

ʛʦʨʥʦʨʫʜʥʦʛʦ ʠ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʨʠʨʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ 

ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʤ ʦʙʲʝʢʪʘʤ ʤʠʨʦʚʦʛʦ ʥʘʩʣʝʜʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʦ ʚʳʷʚʠʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʧʦʥʝʥʪʘʭ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʬʘʢʪʦʨʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʠʭ ʤʠʛʨʘʮʠʶ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘ-

ʩʣʫʞʠʚʘʶʪ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʯʫʪʢʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ-

ʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʙʠʦʩʬʝʨʝ, ʩ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʵʢʦʩʠʩʪʝʤ. 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʘʝʞʥʦʤ ʩʨʝʜʥʝʛʦʨʴʝ ɿʘʙʘʡʢʘʣʴʷ ʩ ʘʙʩʦʣʶʪʥʳʤʠ 

ʦʪʤʝʪʢʘʤʠ ʨʝʣʴʝʬʘ 900-1500 ʤ ʠ ʩ ʦʩʪʨʦʚʥʦʡ ʤʝʨʟʣʦʪʦʡ. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʨʠʨʦʜ-

ʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʥʳʭ ʦʪʚʦʜʦʚ ɹʦʤ-ɻʦʨʭʦʥʩʢʦʛʦ ʩʫʣʴʬʠʜʥʦ-

ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʅʘ ʫʯʘʩʪʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚʳʜʝʣʝʥʦ ʪʨʠ ʪʠʧʘ ʣʘʥʜʰʘʬ-

ʪʦʚ: ʛʦʨʥʳʡ ʪʘʝʞʥʳʡ, ʧʦʡʤʝʥʥʳʡ ʠ ʪʝʭʥʦʛʝʥʥʳʡ. ɼʣʷ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʛʦʨʥʦ-ʪʘʝʞʥʦʛʦ 

ʣʘʥʜʰʘʬʪʘ ʭʘʨʘʢʪʝʨʝʥ ʵʨʦʟʠʦʥʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʡ ʨʝʣʴʝʬ, ʘ ʜʣʷ ʧʦʡʤʝʥʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ï ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ. ʂʦʨʝʥʥʳʝ ʧʦʨʦʜʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʣʠʪʦʛʝʥʥʫʶ ʦʩʥʦʚʫ ʣʘʥʜ-

ʰʘʬʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ï ʦʪ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʜʦ ʣʝʡʢʦʢʨʘ-

ʪʦʚʳʭ ʛʨʘʥʠʪʦʚ, ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʨʳʭʣʳʝ ʧʦʨʦʜʳ ï ʵʣʶʚʠʘʣʴʥʳʤʠ ʠ ʜʝʣʶʚʠʘʣʴʥʳʤʠ ʦʙʨʘ-

ʟʦʚʘʥʠʷʤʠ. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʛʦʨʥʦ-ʪʘʝʞʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʩʪʚʝʥʥʠʮʝʡ, ʩʦʩʥʦʡ, 

ʙʝʨʝʟʦʡ, ʦʣʴʭʦʡ ʧʦ ʪʨʘʚʷʥʦ-ʤʦʭʦʚʦʤʫ ʧʦʢʨʦʚʫ ʠ ʪʨʘʚʷʥʦ-ʙʨʫʩʥʠʯʥʦʤʫ ʩ ʨʦʜʦʜʝʥʜʨʦʥʦʤ 

ʜʘʫʨʩʢʠʤ ʥʘ ʛʦʨʥʳʭ ʜʝʨʥʦʚʦ-ʪʘʝʞʥʳʭ ʧʦʯʚʘʭ. ʇʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʣʦʡ ʤʦʱʥʦʩʪʴʶ (2-

5 ʩʤ) ʛʨʫʙʦ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ 

ʩʫʛʣʠʥʢʫ. ɼʘʣʝʝ ʜʦ ʛʣʫʙʠʥʳ 10-12 ʩʤ ï ʞʝʣʪʦʚʘʪʦ-ʙʫʨʳʡ ʩʫʛʣʠʥʦʢ. ʉʪʨʫʢʪʫʨʥʦ-

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʛʦʨʠʟʦʥʪ ï ʧʣʦʪʥʳʡ ʢʦʨʠʯʥʝʚʦ-ʙʫʨʦʛʦ ʠ ʙʫʨʦʛʦ ʮʚʝʪʘ, ʩʨʝʜʥʝʩʫʛʣʠʥʠ-

ʩʪʳʡ, ʦʢʦʣʦ 50-70 % ʦʙʱʝʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ ʱʝʙʝʥʴ. ʉ ʛʣʫʙʠʥʳ 50-60 ʩʤ ʠʜʝʪ ʛʦʨʠʟʦʥʪ 

ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ. ʈʝʘʢʮʠʷ ʧʦʯʚ ï ʩʣʘʙʦ- ʠʣʠ ʩʨʝʜʥʝʢʠʩʣʘʷ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ. ʉʦ-

ʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2-4 %. ʅʘʩʳʱʝʥʥʦʩʪʴ ʧʦʯʚ ʦʩʥʦʚʘʥʠʷʤʠ ʥʠʟʢʘʷ; ʚ 

ʩʦʩʪʘʚʝ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʣʴʮʠʡ. 

ʇʦʡʤʝʥʥʳʡ ʣʘʥʜʰʘʬʪ ɹʦʤ-ɻʦʨʭʦʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʢʣʶʯʘʝʪ ʧʦʡʤʳ ʨʫʯʴʝʚ ɹʦʤ-

ɻʦʨʭʦʥ ʠ ɿʫʥ-ʊʠʛʥʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʪʨʝʤʷ ʪʠʧʘʤʠ ʧʦʯʚ: ʧʦ ʧʦʡʤʝ ʨ.ɿʫʥ-ʊʠʛʥʷ ï ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ (ʨʝʞʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʦ-ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ); ʧʦ ʧʦʡʤʝ ʨ. ɹʦʤ-

ɻʦʨʭʦʥ ï ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʦ-ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ, ʙʦʣʦʪʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʪʦʨʬʷʥʠʩʪʦ-

ʛʣʝʝʚʳʝ (ʧʦ ʣʝʚʦʤʫ ʙʦʨʪʫ, ʚ ʨʘʡʦʥʝ ʚʧʘʜʝʥʠʷ ʨʫʯ. ʏʝʪʚʝʨʪʳʡ ʂʣʶʯ). ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ: ʠʚʘ, 

ʝʨʥʠʢ ʧʦ ʪʨʘʚʷʥʦ-ʦʩʦʢʦʚʦ-ʤʦʭʦʚʦʤʫ ʠ ʪʨʘʚʷʥʦ-ʤʦʭʦʚʦʤʫ ʧʦʢʨʦʚʫ. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʦ-ʛʣʝʝʚʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠ-

ʟʦʥʪʘ ʤʦʱʥʦʩʪʴʶ 13-35 ʩʤ, ʩʝʨʦʛʦ ʠʣʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʣʝʛʢʦ- ʠʣʠ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʦʛʦ. 

ʇʦ ʧʨʦʬʠʣʶ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʟʥʘʢʠ ʦʛʣʝʝʥʠʷ, ʦʪʤʝʯʘʶʱʠʝʩʷ ʚ ʚʠʜʝ Mn-Fe-ʢʦʥʢʨʝʮʠʡ, ʩʠ-

ʟʦʚʘʪʳʭ ʧʷʪʝʥ ʠ ʥʘʣʠʯʠʷ ʛʣʝʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʈʝʘʢʮʠʷ ʧʦʯʚ ï ʢʠʩʣʘʷ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ 

ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,5-3,0 %. ʇʦʛʣʦʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʥʘʩʳʱʝʥ ʦʩ-

ʥʦʚʘʥʠʷʤʠ. ɺ ʜʦʣʠʥʝ ʨ. ɿʫʥ-ʊʠʛʥʷ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʥʘʤʳʪʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʧʝʩʢʦʚ, ʨʘʩ-

ʧʨʦʩʪʨʘʥʠʚʰʠʭʩʷ ʧʨʠ ʧʨʦʨʳʚʝ ʜʘʤʙʳ ʩʪʘʨʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ. 
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ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ ʧʦʯʚ ʧʣʦʱʘʜʝʡ ʩ ʥʘʤʳʪʳʤʠ ʧʝʩʢʘʤʠ: 

Si>Al>K>Fe>Na>Ca>Mg>Ti>F>S>Mn>P>W>Ba>Zn>Sr>Zr>Rb>Bi>Ce>Sn>V>Pb=La=Cr

>Cu>Nd>Ni>Cs>Mo>Nb>Co>Y>Ag>Cd 

ʠ ʛʨʘʥʠʯʘʱʠʭ ʩ ʥʠʤʠ: 

Si>Al>Fe>K>Na>Ca>Mg>Ti>S>F>Mn>P>Ba>W=Zn>Sr>Rb>Zr>Bi>V=Ce>La>Cr>Pb>C

u>Sn>Ni>Nd>U>Y>Co>Nb=Cs>Cd>Ag>Mo. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʦ-ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʩʠʟʦʚʘ-

ʪʦ-ʯʝʨʥʦʛʦ ʟʘʠʣʝʥʥʦʛʦ ʧʝʨʝʛʥʦʡʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʤʦʱʥʦʩʪʴʶ 10-12 ʩʤ, ʧʦʜ ʢʦʪʦʨʳʤ ʟʘʣʝʛʘʝʪ 

ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ʤʦʱʥʦʩʪʴʶ ʜʦ 15-20 ʩʤ, ʩʝʨʦʛʦ ʠʣʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʩʨʝʜʥʝʩʫʛʣʠʥʠ-

ʩʪʦʛʦ, ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʛʨʷʟʥʦ-ʩʠʟʫʶ ʛʣʝʝʚʫʶ ʪʦʣʱʫ. ʈʝʘʢʮʠʷ ʧʦʯʚ ï ʦʪ ʙʣʠʟʢʦʡ ʢ ʥʝʡʪʨʘʣʴ-

ʥʦʡ ʜʦ ʢʠʩʣʦʡ. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʝʨʝʛʥʦʡʥʦʤ ʛʦʨʠʟʦʥʪʝ ʜʦ 15%. ʉʦ-

ʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2,0-3,5 %. ʇʦʛʣʦʱʘʶʱʠʡ 

ʢʦʤʧʣʝʢʩ ʥʘʩʳʱʝʥ ʦʩʥʦʚʘʥʠʷʤʠ.  

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʨʷʜ ʵʣʝʤʝʥʪʦʚ ʧʦ ʧʦʡʤʝ ʨʫʯ. ɿʫʥ-ʊʠʛʥʷ: 

Si>Al>Fe>K>Na>Mg>ʉa>Ti>F>Mn>P>Ba>Zn>Sr>Zr>Rb>V>Ce>Cr>Bi>La>Ni=Cu>Sn>

Pb>Nd>Y>Co=Nb>Cd=Cs>Mo>Ag; 

ʧʦ ʧʦʡʤʝ ʨʫʯ. ɹʦʤ-ɻʦʨʭʦʥ: 

Si>Al>Fe>K>Na>ʉa>Mg>Ti>S>F>Mn>P>Ba>Sr>Zr>Zn>Rb>W>Ce>V>La>Bi>Nd>Cr> 

Cu>Ni>Y>Sn>Pb>Nb=Cs>Co>Mo>Cd>Ag. 

ɹʦʣʦʪʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʪʦʨʬʷʥʠʩʪʦ-ʛʣʝʝʚʳʝ ʛʣʫʙʦʢʦʧʨʦʤʝʨʟʘʶʱʠʝ ʧʦʯʚʳ ʚ ʜʦʣʠʥʝ 

ʨ.ɹʦʤ-ɻʦʨʭʦʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʩʨʝʜʥʝʨʘʟʣʦ-

ʞʠʚʰʝʛʦʩʷ ʢʦʨʠʯʥʝʚʦ ʙʫʨʦʛʦ ʪʦʨʬʷʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʤʦʱʥʦʩʪʴʶ 20-30 ʩʤ, ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʩʠ-

ʟʫʶ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʫʶ ʤʘʩʩʫ. ʈʝʘʢʮʠʷ ʧʦʯʚ ï ʢʠʩʣʘʷ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ.  

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ:  

Si>Al>Fe>K>Na>ʉa>Mg>Ti>S>F>P>Ba>Zr>Mn>Sr>Rb>Ce>Zn>La>V>Nd>Cu>Cr>Ni= 

Y>U>Pb>Cs>Co>Nb>Mo>Sn>Bi. 

ʊʝʭʥʦʛʝʥʥʳʡ ʣʘʥʜʰʘʬʪ ɹʦʤ-ɻʦʨʭʦʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʩʩʠʚʘʤʠ ʭʚʦ-

ʩʪʦʭʨʘʥʠʣʠʱ, ʢʘʨʴʝʨʘʤʠ. ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʨʷʜ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʝʡ ʘʩʩʦʮʠʘʮʠʝʡ ʵʣʝʤʝʥ-

ʪʦʚ: ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʨʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ (ʨ. ɿʫʥ-ʊʠʛʥʷ): 

Si>Al>Fe>K>Na>Ca>Mg>Ti=S>F>W>Mn>P>Ba>Zn>Rb>Sr>Zr=Bi>Sn>Pb>Ce>V=La> 

Nd>Cu>Nb=Cs>Cr>Ag=Mo>Cd>Ni>Co>Y; 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʨ. ɹʦʤ-ɻʦʨʭʦʥ: 

Si>Al>Fe=K>Na>ʉa>Mg>Ti>S>F>Mn=P>Ba>Sr>Zr>Zn>Rb>W>Ce>V>La>Bi>Pb>Cu> 

Cr>Nd>Ni>Y=Cs>U>Sn>Nb>Co>Cd; 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʨʳʭ ʢʘʨʴʝʨʦʚ: 

Si>Al>Fe>K>Na>ʉa>Mg>Ti>F>P>Mn>Ba>Sr>Zr>Zn>Rb>Ce>V>La>Pb>Cu>Nd=Bi>Cr>

Nb=Y>Sn=Ni>Co>Cs>Mo>Cd. 

 

ɺ ʛʨʫʥʪʘʭ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʣʝʞʘʣʳʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ɹʦʤ-ɻʦʨʭʦʥʩʢʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʧʦ ʜʦʣʠʥʝ ʨ. ɿʫʥ-ʊʠʛʥʷ ʢʦʣʠʯʝʩʪʚʦ ʚʘʣʦʚʦʡ ʬʦʨʤʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʬʦʥʘ ʚʳʰʝ ʜʣʷ ʢʘʜʤʠʷ ʠ ʩʚʠʥʮʘ ï ʚ 1,6-1,8 ʨʘʟʘ; ʤʝʜʠ ʠ ʬʪʦʨʘ ï ʚ 2,4-3 ʨʘʟʘ; ʮʠʥʢʘ ï ʚ 

4,4 ʨʘʟʘ; ʦʣʦʚʘ ï ʚ 6,6 ʨʘʟ; ʚʦʣʴʬʨʘʤʘ ï ʚ 57 ʨʘʟ. ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʨʫʯ. ɹʦʤ-ɻʦʨʭʦʥ ʦʢʘʟʳʚʘ-

ʝʪ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʳ ʧʦʡʤʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ: ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʬʦʥʘ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ, ʮʠʥʢʘ, ʦʣʦʚʘ ʠ ʤʝʜʠ ï ʚ 1,3-2,2 ʨʘʟʘ ʠ ʚʦʣʴʬʨʘʤʘ ï ʚ 5,7 ʨʘʟ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʦʯʚ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɹʦʤ-ɻʦʨʭʦʥ ʦʪʣʠʯʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʮʠʠ ʩʝʨʳ ʠ ʬʪʦʨʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʬʦʩʬʦʨ ʠ ʤʘʨʛʘʥʝʮ. ɺʳʩʦʢʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠ ʬʪʦʨʘ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ 

ʧʦʡʤʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʮʝʩʩʘʭ ʤʠʛʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʨʠʣʝʛʘ-

ʶʱʠʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɻʀʅ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ 126020216348-5). ɸʥʘʣʠʪʠʯʝ-

ʩʢʠʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çɻʝʦʩʧʝʢʪʨè ɻʀʅ ʉʆ ʈɸʅ (ʋʣʘʥ-ʋʜʵ).
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ʆʬʠʦʣʠʪʳ ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ (ʉɿ ʩʝʛʤʝʥʪ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘ-

ʪʦʡ ʦʙʣʘʩʪʠ) ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʩʝʛʤʝʥʪʘ ʚʝʥʜ-ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʦʡ ʢʦʨʳ ʇʘʣʝʦ-

ʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ [1-3]. ʆʥʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʭʨʝʙʪʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʦʥʘʣʴʥʳ-

ʤʠ ʧʦʣʫʢʦʣʴʮʝʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʢʦʥʪʫʨʳ ʢʦʪʦʨʳʭ ʪʨʘʩʩʠʨʫʶʪʩʷ çʨʝʩʪʠʪʦʚʳʤʠè ʫʣʴʪʨʘʙʘ-

ʟʠʪʘʤʠ ʠ ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ, ʘ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʩʣʦʞʝʥʘ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʫʣʴʪʨʘʤʘʬʠʪʘʤʠ ʠ 

ʤʘʬʠʪʘʤʠ [4-6]. ʆʜʥʠʤ ʠʟ ʵʪʘʣʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʬʠʦʣʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʘ ʚʳʩʪʫʧʘʝʪ ʘʩʩʦ-

ʮʠʘʮʠʷ ʛʦʨ ʉʝʚʝʨʥʘʷ, ɿʝʣʝʥʘʷ, ɹʘʨʭʘʪʥʘʷ ʠ ʉʝʤʝʥʦʚʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʦ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʨʝʜʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʢʘʢ ʦʢʝʘʥʠʯʝ-

ʩʢʠʭ ʪʦʣʝʠʪʦʚʳʭ (MORB), ʪʘʢ ʠ ʦʩʪʨʦʚʦʜʫʞʥʳʭ (ʪʠʧʘ BABB) ʩʝʨʠʡ. ʂʘʢ ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʦʬʠʦʣʠʪʦʚ, ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ. ʆʪʤʝʯʘʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʵʣʝʤʝʥ-

ʪʦʚ (Cs, Ba, Sr, Ñ Sm) ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (Rb, Ta, Nb, 

Hf, Zr). ɺ ʮʝʣʦʤ, ʧʦ ʫʨʦʚʥʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʩʣʝʜʫʝʤʳʝ ʤʘʬʠʪʦ-

ʚʳʝ ʧʦʨʦʜʳ ʧʨʝʚʦʩʭʦʜʷʪ ʙʘʟʘʣʴʪʳ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʝʨʦʷʪ-

ʥʳʡ ʟʘʜʫʛʦʚʳʡ ʨʝʞʠʤ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ [7]. 

ɺʝʥʜ-ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ ʦʬʠʦʣʠʪʦʚ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ Sm-Nd 

ʠʟʦʭʨʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʚʘʣʦʚʳʡ ʩʦʩʪʘʚ, ʘʤʬʠʙʦʣ, ʧʣʘʛʠʦʢʣʘʟ) ʧʦ ʤʝʪʘʙʘʟʠʪʘʤ ʢʦʥʞʠʥʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 694 Ñ 43 ʤʣʥ ʣʝʪ, ʠ U-Pb ʠʟʦʪʦʧʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʘʤ ʠʟ ʧʣʘʛʠʦʨʠʦʣʠʪʦʚ ʠ 

ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʢʦʣʪʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 544 Ñ 8 ʤʣʥ ʣʝʪ [8, 9]. ʇʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ 

ʚʦʟʨʘʩʪʘʤ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʠ ʤʘʬʠʪʦʚ ʛʦʨ ɹʘʨʭʘʪʥʦʡ, ʉʝʚʝʨʥʦʡ ʠ ɿʝʣʝʥʦʡ (942 Ñ 53 ʠ 960 Ñ 

75 ʤʣʥ ʣʝʪ) ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʙʦʣʝʝ ʜʨʝʚʥʠʡ ʚʦʟʨʘʩʪ ʦʬʠʦʣʠʪʦʚ ʩʝʚʝ-

ʨʘ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ [10]. ɼʘʥʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʧʦ U-Pb ʜʘʪʠʨʦʚʘ-

ʥʠʶ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʮʠʨʢʦʥʦʚ ʠʟ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ɻʨʝʤʷʯʠʥʩʢʦʛʦ ʠ ʛʨʘʥʠʪʦʚ ʉʝʚʝʨʦ-

ɻʨʝʤʷʯʠʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʨʫʙʝʞʝ 890-880 ʤʣʥ ʣʝʪ. ʕʪʠ ʛʨʘʥʠʪʦ-

ʠʜʳ ʠʤʝʶʪ ʩʝʢʫʱʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʧʦʨʦʜʘʤʠ ʦʬʠʦʣʠʪʦʚʦʡ (ʢʫʥʜʫʩʫʶʣʴʩʢʦʡ) ʘʩʩʦʮʠʘ-

ʮʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ [11, 12]. ʀʟʦʭʨʦʥʥʳʝ ʚʦʟʨʘʩʪʘ ʧʦ ʤʝ-

ʪʘʛʘʙʙʨʦʠʜʘʤ (686 Ñ 61 ʠ 774 Ñ 94 ʤʣʥ ʣʝʪ) ʙʣʠʟʢʠ ʚʦʟʨʘʩʪʘʤ ʧʦʨʦʜ ʢʦʥʞʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʠ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʳ ʩ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʅʘʠʙʦʣʝʝ ʤʦʣʦʜʦʡ ʚʦʟʨʘʩʪ 374 

Ñ 16 ʤʣʥ ʣʝʪ ʧʦʣʫʯʝʥ ʧʦ ʤʝʪʘʛʘʙʙʨʦʠʜʘʤ ʉʝʤʝʥʦʚʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥ-

ʩʠʚʥʦ ʧʦʜʚʝʨʛʣʠʩʴ ʚʪʦʨʠʯʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ. 

ɼʣʷ ʧʦʨʦʜ ɹʘʨʭʘʪʥʦʛʦ ʤʘʩʩʠʚʘ ʚʩʝ ʟʥʘʯʝʥʠʷ ὑNd ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʚʘʨʴʠʨʫʶʪ ʦʪ +7.6 

ʜʦ +10.8, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨʘʤ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ ʪʠʧʘ MOR, ʥʦ ʨʘʟʙʨʦʩ ʟʥʘ-

ʯʝʥʠʡ ὑSr ʚʝʩʴʤʘ ʰʠʨʦʢ (ʦʪ -16 ʜʦ +67.9), ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʣʠʙʦ ʚʣʠʷʥʠʝ ʢʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ, ʣʠʙʦ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʄʘʬʠʪʦʚʳʝ ʧʦʨʦʜʳ ʉʝʤʝʥʦʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʣʠʯʘ-

ʶʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʦʜʠʤʘ ʠ ʩʪʨʦʥ-

ʮʠʷ ((143Nd/144Nd)ʊ = 0.511460-0.511894, ὑNd~0.9-9.5 ʠ (87Sr/86Sr)T = 0.7035-0.7069, ὑSr~2.9-

50.1), ʯʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʘʪʝʨʠʘʣʦʤ ʢʦʨʳ. ɼʣʷ ʧʦʨʦʜ ʛʛ. ʉʝʚʝʨ-

ʥʘʷ-ɿʝʣʝʥʘʷ ὑNd ʠ ὑSr ʚʘʨʴʠʨʫʶʪ ʦʪ -9.7 ʜʦ +8.4 ʠ ʦʪ + 2.9 ʜʦ +50.1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦʟʤʦʞ-

ʥʦʡ ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʨʘʟʙʨʦʩʘ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʪʘʤʠʥʘʮʠʷ 

ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʨʝʮʠʢʣʠʨʦʚʘʥʥʳʤ ʢʦʨʦʚʳʤ ʩʫʙʩʪʨʘʪʦʤ [13]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʬʠʦʣʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩʝʚʝʨʘ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ ʤʦʛʣʠ ʬʦʨʤʠʨʦ-

ʚʘʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ~ 850-950 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʳ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʢʦʨʳ MOR- ʠ SSZ-ʪʠʧʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʥʥʠʤ ʵʪʘʧʘʤ ʨʘʩʢʨʳʪʠʷ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘ-

ʥʘ. ɹʦʣʝʝ ʤʦʣʦʜʳʝ ʚʦʟʨʘʩʪʘ ~ 700 ʠ 370 ʤʣʥ ʣʝʪ, ʚʝʨʦʷʪʥʦ, ʦʪʚʝʯʘʶʪ ʚʦʟʨʘʩʪʫ ʤʝʪʘʤʦʨʬʠʯʝ-

ʩʢʠʭ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʤʘʬʠʪʦʚʳʭ ʧʦʨʦʜ. ɸ ʚʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ Sr 
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ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ˉ FSWM-2025-0015). ʀʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ 

ʨʘʟʚʠʪʠʷ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʇʨʠʦʨʠʪʝʪ-2030, 2.0.7.25 ʀɻ). 
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ɺ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʪʝʭʥʦʛʝʥʥʳʭ ʛʨʫʥ-

ʪʦʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʘʣʤʘʟʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʠʩʧʝʨʩʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʢʨʫʧ-

ʥʦʦʙʣʦʤʦʯʥʳʝ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ).  

ʆʙʳʯʥʦ ʪʝʭʥʦʛʝʥʥʳʝ ʛʨʫʥʪʳ, ʙʫʜʫʯʠ ʧʝʨʝʤʝʱʝʥʥʳʤʠ, ʠʟʤʝʥʝʥʥʳʤʠ ʠʣʠ ʚʥʦʚʴ ʦʙʨʘ-

ʟʦʚʘʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʞʝʥʝʨʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʘʟʣʠʯʥʳʤʠ ʥʘʩʳʧʥʳʤʠ (ʦʪʚʘʣʳ, ʥʘʩʳʧʠ ʠ ʜʨ.), ʥʘʤʳʚʥʳʤʠ (ʧʣʦʪʠʥʳ, ʜʘʤʙʳ ʠ ʜʨ.), ʩʪʨʦʠ-

ʪʝʣʴʥʳʤʠ (ʢʠʨʧʠʯ, ʙʝʪʦʥ, ʩʪʝʢʣʦ ʠ ʜʨ.) ʠ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʦʪʣʦʞʝʥʠʡ [1, 2]. ʅʝ ʩʤʦʪʨʷ ʥʘ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʙʨʘʟʦʚʘʥʠʡ, ʦʥʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʦʙʣʘ-

ʜʘʶʪ ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʜʥʝ ʢʘʨʴʝʨʘ 

çɸʡʭʘʣè ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʫʱʝʩʪʚʝʥʥʫʶ ʫʛʨʦʟʫ ʙʝʟʦʧʘʩʥʦʤʫ ʚʝʜʝʥʠʶ ʧʦʜʟʝʤʥʳʭ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʩʣʫʯʘʝ ʦʪʨʘʙʦʪʢʠ ʧʦʜʢʘʨʴʝʨʥʳʭ ʟʘʧʘʩʦʚ ʨʫʜʳ [3]. 

ʀʩʩʣʝʜʫʝʤʳʝ ʦʪʣʦʞʝʥʠʷ ʦʙʚʘʣʴʥʦ-ʦʩʳʧʥʦʛʦ ʤʘʩʩʠʚʘ ʩʦʛʣʘʩʥʦ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʪʠʧʠʟʘʮʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʛʨʫʥʪʦʚ, ʫʢʘʟʘʥʥʦʡ ʚ ɻʆʉʊ 25100 ï 2020, ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʠʟʤʝʥʝʥʥʳʝ ʠ ʧʝʨʝʤʝʱʝʥʥʳʝ ʜʠʩʧʝʨʩʥʳʝ ʩʚʷʟʥʳʝ ʠ ʥʝʩʚʷʟʥʳʝ ʛʨʫʥ-

ʪʳ. ɿʘ ʩʯʝʪ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʫʧʥʦʦʙʣʦʤʦʯ-

ʥʳʤ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʜʦʣʦʤʠ-

ʪʳ, ʠʟʚʝʩʪʥʷʢʠ, ʛʠʧʩʳ ʠ ʜʨ.). 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʚ ʩʠʣʫ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʠʧʦʚ ʤʘʪʝʨʠʥʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʩʚʦʝʛʦ çʩʦʚʨʝʤʝʥʥʦʛʦè 

ʩʦʩʪʦʷʥʠʷ (ʧʨʦʯʥʳʝ ʤʦʥʦʣʠʪʥʳʝ, ʪʨʝʱʠʥʦʚʘʪʳʝ, ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ ʦʙʣʦʤʢʠ ʠ ʜʨ.) ʦʙ-

ʣʘʜʘʝʪ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦ ʩʪʝʧʝʥʠ ʚʳʚʝʪʨʝʣʦʩʪʠ ʚʳʜʝʣʝʥʳ ʩʣʘʙʦ- 

ʠ ʩʠʣʴʥʦʚʳʚʝʪʨʝʣʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ʂwrt = 0.49-0.74 ʜ. ʝ.), ʘ ʧʦ ʩʪʝʧʝʥʠ ʧʨʦʯʥʦʩʪʠ ï ʦʪ ʤʘʣʦ-

ʧʨʦʯʥʳʭ ʜʦ ʧʨʦʯʥʳʭ (ʂfr = 0.18-0.36 ʜ. ʝ.) [4]. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʮʝʣʴʶ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʦʙʣʦʤʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʪʝʤ-

ʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʥʪʘʢʪ ʩ ʚʦʜʦʡ ʠ ʨʘʩʩʦʣʦʤ) ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʘʪʪʝʨʥʳ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʦʪ ʦʪʩʫʪʩʪʚʠʷ ʠʟʤʝʥʝʥʠʡ ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ [4, 5]. ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ 

ʩʦʩʪʦʷʥʠʝʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʦ ʠʭ ʚʩʢʨʳʪʠʷ (ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ) ʠ 

ʧʦʩʣʝ (ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʨʘʟʚʠʪʠʝ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʙʦʨʪʘʭ ʢʘʨʴʝʨʘ ʠ ʪ.ʜ.). ʇʨʠ 

ʠʟʫʯʝʥʠʠ ʰʣʠʬʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʣʦʤʠʪʘ, ʦʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ 

ʦʩʣʘʙʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʚʠʜʝ ʪʨʝʱʠʥ ʠ ʧʫʩʪʦʪ (ʢʘʚʝʨʥ), ʢʦʪʦʨʳʝ ʟʘʣʝʯʝʥʳ ʢʘʣʴʮʠʪʦʤ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʷ ʦʙʣʦʤʢʘʤʠ ʩʪʨʝʩʩʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʰʣʠʬʘʭ ʦʙʥʘʨʫʞʝʥʘ ʜʝʬʦʨʤʘʮʠʷ 

ʤʠʢʨʦʩʣʦʝʚ ʚ ʤʠʢʨʦʩʢʣʘʜʢʠ, ʪʘʢʞʝ ʚ ʥʠʭ ʠʥʦʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʟʘʢʨʫʯʠʚʘʥʠʷ ʠʣʠ 

çʟʘʧʨʦʢʠʜʳʚʘʥʠʷè. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ 

ʫʩʨʝʜʥʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ (ʩʫʧʝʩʴ) ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ (ʦʪ ʪʚʝʨʜʦʡ c 

W= 13.3 % ʜʦ ʪʝʢʫʯʝʡ ʩ W = 27.4 %). ʋʩʪʘʥʦʚʣʝʥ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ ʩʥʠʞʝ-

ʥʠʷ ʧʨʦʯʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʝ ʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʛʦ ʩʮʝʧʣʝʥʠʷ (ʉ) ʩ 38.6 

ʜʦ 2.5 ʂʇʘ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʩʫʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝ-

ʥʠʝ ʟʥʘʯʝʥʠʡ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ű) ʩ 26 ʜʦ 1Á, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʦʣʝʝ ʛʣʠʥʠ-

ʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ.). ʉʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʛʨʫʥʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʘʙʳʤʠ ʩʪʨʫʢ-

ʪʫʨʥʳʤʠ ʩʚʷʟʷʤʠ, ʢʦʪʦʨʳʝ ʝʱʝ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʜʦʣʞʥʦʡ ʤʝʨʝ ʠʟ-ʟʘ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ 
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ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʩʧʦʩʦʙʘ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ, ʠʩʪʠʨʘʥʠʷ 

ʦʙʣʦʤʢʦʚ). ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʩʪʦʷʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʢʦʥʪʘʢʪʦʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʛʨʫʥʪʘ, ʠʤʝʶʱʠʭ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʫʛʣʦʚʘʪʫʶ ʬʦʨʤʫ.  
 

 
ʈʠʩʫʥʦʢ ï ʀʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (C, ű) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʣʘʞʥʦʩʪʠ (W). ʉʠʥʠʤ, ʞʝʣʪʳʤ 

ʠ ʢʨʘʩʥʳʤ ʚʳʜʝʣʝʥʳ ʛʨʘʥʠʮʳ ʪʚʝʨʜʦʡ, ʧʣʘʩʪʠʯʥʦʡ ʠ ʪʝʢʫʯʝʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʨʫʥʪʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʭʥʦʛʝʥʥʳʝ 

ʦʙʚʘʣʴʥʦ-ʦʩʳʧʥʳʝ ʦʪʣʦʞʝʥʠʷ ʢʘʨʴʝʨʘ çɸʡʭʘʣè ʦʙʣʘʜʘʶʪ ʥʝʦʜʥʦʨʦʜʥʳʤ ʧʨʦʯʥʦʩʪʥʳʤ ʧʦ-

ʪʝʥʮʠʘʣʦʤ. ɼʣʷ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʥ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʦʪ ʚʳʩʦʢʦʛʦ ʜʦ 

ʥʠʟʢʦʛʦ), ʜʣʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʟʢʠʡ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʙʘʟʦʚʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʝʢʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʈʌ ʥʦʤʝʨ ɽɻʀʉʋ ʅʀʆʂʈʊʈ 1025022500090-2-1.5.1-1.5.1, ˉ FWEF-2026- 0009 çʇʘʣʝʦʛʝʦʛʨʘʬʠʷ, ʜʠʥʘʤʠʢʘ 

ʠ ʵʚʦʣʶʮʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʚ ʤʝʟʦʟʦʝ ʠ ʢʘʡʥʦʟʦʝè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ 
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ʈʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ɸʢʠʪʢʘʥʩʢʠʡ ʦʨʦʛʝʥʥʳʡ ʧʦʷʩ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʳ, 

ʨʘʟʜʝʣʷʶʱʝʡ ʘʨʭʝʡʩʢʠʝ ɸʥʘʙʘʨʩʢʠʡ ʠ ɸʣʜʘʥʩʢʠʡ ʩʫʧʝʨʪʝʨʨʝʡʥʳ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʫʶ ʦʙʣʘʩʪʴ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʝʛʤʝʥʪʘ (ʙʣʦʢʘ) ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ: ɻʦʣʦʫʩʪʝʥʩʢʠʡ, ʉʘʨʤʠʥʩʢʠʡ, ʏʫʡʩʢʠʡ ʠ ʊʦ-

ʥʦʜʩʢʠʡ. ɼʦ ʢʦʥʩʦʣʠʜʘʮʠʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʵʪʠ ʙʣʦʢʠ ʦʙʣʘʜʘʣʠ ʘʚʪʦʥʦʤʥʦʡ ʛʝʦʣʦʛʠʯʝ-

ʩʢʦʡ ʠʩʪʦʨʠʝʡ. ʆʙʲʝʜʠʥʝʥʠʝ ɻʦʣʦʫʩʪʝʥʩʢʦʛʦ, ʉʘʨʤʠʥʩʢʦʛʦ, ʏʫʡʩʢʦʛʦ ʠ ʊʦʥʦʜʩʢʦʛʦ ʙʣʦʢʦʚ ʚ 

ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ ɸʢʠʪʢʘʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 2.00ï

1.95 ʤʣʨʜ ʣʝʪ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʝʜʝʣʘʭ ʵʪʠʭ ʙʣʦʢʦʚ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʤʝʪʘʤʦʨ-

ʬʠʯʝʩʢʠʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʚʦʟʨʘʩʪʫ, ʩʦʩʪʘʚʫ ʠ ʩʪʝʧʝʥʠ ʤʝʪʘ-

ʤʦʨʬʠʟʤʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʝʛʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ. ɺʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʩʝʛʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴ-

ʥʦ ʚʟʛʣʷʥʫʪʴ ʥʘ ʵʚʦʣʶʮʠʶ ɸʢʠʪʢʘʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚ ʮʝʣʦʤ. 

ʉʘʨʤʠʥʩʢʠʡ ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʧʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʣʘʛʘʶʱʫʶ ʮʝʥʪʨʘʣʴʥʫʶ 

ʯʘʩʪʴ ɹʘʡʢʘʣʴʩʢʦʛʦ ʚʳʩʪʫʧʘ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ɽʛʦ ʛʨʘʥʠʮʳ ʧʨʦʩʪʠʨʘʶʪʩʷ 

ʦʪ ʤʝʞʜʫʨʝʯʴʷ ʨʝʢ ɸʥʛʠ ʠ ɹʫʛʫʣʴʜʝʡʢʠ ʥʘ ʶʛʝ ʜʦ ʧʦʩ. ʂʦʯʝʨʠʢʦʚʦ ʥʘ ʩʝʚʝʨʝ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʙʣʦʢʦʚ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʷʜʨʦ ʉʠʙʠʨʩʢʦʛʦ 

ʢʨʘʪʦʥʘ, ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʘʨʭʝʡʩʢʦʝ ʚʨʝʤʷ. ʉʘʨʤʠʥʩʢʠʡ ʙʣʦʢ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʝ ʧʦʨʦʜʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʥʠʪʦʠʜʘ-

ʤʠ ʊʊɻ-ʩʝʨʠʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʦʟʨʘʩʪ 2.9 ʤʣʨʜ ʣʝʪ [2], ʠ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ ʉʘʨʤʠʥʩʢʦʛʦ ʙʣʦʢʘ. ɺ ʧʦʟʜʥʝʘʨʭʝʡʩʢʦʝ ʚʨʝʤʷ (2.7ï2.5 ʤʣʨʜ ʣʝʪ) ʥʘ ʵʪʦʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʩʥʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʨʝʢʦʥʩʪʨʫʠʨʫʶʪʩʷ, ʢʘʢ 

ʛʨʘʫʚʘʢʢʠ ʠ ʧʦʣʠʤʠʢʪʦʚʳʝ ʧʝʩʯʘʥʠʢʠ, ʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʝʡʢʦʢʨʘʪʦʚʳʤʠ 

ʛʥʝʡʩʘʤʠ [3]. ɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘʢʦʧʣʝʥʠʷ ʵʪʠʭ ʧʦʨʦʜ ʫʩʪʘʥʦʚʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʟʘ-

ʪʨʫʜʥʠʪʝʣʴʥʦ, ʤʦʞʥʦ ʣʠʰʴ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ 

ʘʢʪʠʚʥʦʡ ʵʨʦʟʠʠ ʤʝʟʦʘʨʭʝʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ.  

ʅʘʯʘʣʦ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʷ (2.4ï2.2 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʣʦʙʘʣʴʥʳʤ ʤʘʛʤʘ-

ʪʠʯʝʩʢʠʤ ʟʘʪʠʰʴʝʤ [4], ʠ ʚ ʧʨʝʜʝʣʘʭ ʉʘʨʤʠʥʩʢʦʛʦ ʙʣʦʢʘ ʢʦʤʧʣʝʢʩʳ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ ʥʝ ʦʙʥʘ-

ʨʫʞʝʥʳ. ʇʦʩʣʝ ʦʪʤʝʪʢʠ ʚ 2.2 ʤʣʨʜ ʣʝʪ, ʩʦʛʣʘʩʥʦ [5], ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ, 

ʠ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 2.15ï1.95 ʤʣʨʜ ʣʝʪ ʥʘ ʘʨʭʝʡʩʢʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʩʥʦʚʘʥʠʠ 

ʉʘʨʤʠʥʩʢʦʛʦ ʙʣʦʢʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʟʨʝʣʳʝ ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʢʚʘʨʮʝʚʳʝ ʠ ʧʦʣʠʤʠʢʪʦ-

ʚʳʝ ʧʝʩʯʘʥʠʢʠ), ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʚʘʨʮʠʪʘʤʠ ʠ ʧʦʣʝʚʦʰʧʘʪ-ʩʣʶʜʠʩʪʦ-

ʢʚʘʨʮʝʚʳʤʠ ʩʣʘʥʮʘʤʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʜʝʪʨʠʪʦʚʦʤ ʮʠʨʢʦʥʝ ʠʟ ʵʪʠʭ ʧʦʨʦʜ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʧʫʣʷʮʠʠ ʟʝʨʝʥ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 2.3 ʤʣʨʜ ʣʝʪ [3], ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʧʝʨʠʦʜ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʟʘʪʠʰʴʷ. ʅʘ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 2.06ï2.00 ʤʣʨʜ ʣʝʪ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ 

ɸʥʘʙʘʨʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʫʙʜʫʢʮʠʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʨʘʥʥʝʧʨʦʪʝʨʦ-

ʟʦʡʩʢʦʛʦ ʦʢʝʘʥʘ ʧʦʜ ʵʪʦʪ ʩʫʧʝʨʪʝʨʨʝʡʥ. ʆʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ 

ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʏʫʡʩʢʦʛʦ ʠ ɻʦʣʦʫʩʪʝʥʩʢʦʛʦ ʙʣʦʢʦʚ [1]. ɺ ʉʘʨʤʠʥʩʢʦʤ ʙʣʦʢʝ ʘʥʘʣʦ-

ʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʦʪʤʝʯʘʶʪʩʷ, ʦʜʥʘʢʦ ʩʨʝʜʠ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʜʣʷ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʥʜʝʟʠʪʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʉʫʙʜʫʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʣʣʠʟʠʠ 

ɸʥʘʙʘʨʩʢʦʛʦ ʠ ɸʣʜʘʥʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ɸʢʠʪʢʘʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷ-

ʩʘ, ʨʘʟʜʝʣʷʶʱʝʛʦ ʵʪʠ ʩʫʧʝʨʪʝʨʨʝʡʥʳ. ɺʦʚʣʝʯʝʥʠʝ ʉʘʨʤʠʥʩʢʦʛʦ ʙʣʦʢʘ ʚ ʢʦʣʣʠʟʠʦʥʥʳʝ ʧʨʦ-

ʮʝʩʩʳ ʧʨʦʷʚʠʣʦʩʴ ʨʝʛʠʦʥʘʣʴʥʳʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ 1.95 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ [6], ʘ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴ-

ʥʳʭ ʩʪʘʜʠʷʭ ï ʚʥʝʜʨʝʥʠʝʤ ʛʨʘʥʠʪʦʠʜʦʚ ʊʨʝʭʛʦʣʦʚʦʛʦ ʤʘʩʩʠʚʘ ʠ ʢʦʯʝʨʠʢʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʚʦʟʨʘʩʪʦʤ 1.93ï1.91 ʤʣʨʜ ʣʝʪ [7,8]. ʇʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʩʪʘʥʦʚʣʝʥʠʷ ɸʢʠʪʢʘʥʩʢʦʛʦ ʦʨʦ-

ʛʝʥʥʦʛʦ ʧʦʷʩʘ ʠ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʣʣʠʟʠʠ ʧʨʦʠʟʦʰʝʣ ʢʦʣʣʘʧʩ ɸʢʠʪʢʘʥʩʢʦʛʦ ʦʨʦʛʝʥʘ, 



91 

 

ʠ ʚ ʧʨʝʜʝʣʘʭ ʉʘʨʤʠʥʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʥʘ ʠʥʪʝʨʚʘʣʝ 1.95ï1.91 ʤʣʨʜ ʣʝʪ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʙʘʩʩʝʡʥʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʤʦʣʘʩʩʦʠʜʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚʳ-

ʜʝʣʝʥʥʳʝ ʚ ʠʣʠʢʪʠʥʩʢʫʶ ʩʚʠʪʫ [9]. ʇʨʦʮʝʩʩʳ ʢʦʣʣʘʧʩʘ ʦʨʦʛʝʥʘ ʟʘʚʝʨʰʠʣʠʩʴ ʧʦʩʪʢʦʣʣʠʟʠ-

ʦʥʥʳʤ ʨʘʩʪʷʞʝʥʠʝʤ ʠ ʧʨʠʚʝʣʠ ʢ ʧʨʦʷʚʣʝʥʠʶ ʤʘʩʰʪʘʙʥʦʛʦ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 1.88ï1.84 ʤʣʨʜ ʣʝʪ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʖʞʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʧʦʩʪʢʦʣʣʠʟʠ-

ʦʥʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʦʷʩʘ, ʢʦʪʦʨʳʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʜʦʣʴ ʚʩʝʡ ʶʞʥʦʡ ʦʢʨʘʠʥʳ ʉʠʙʠʨ-

ʩʢʦʛʦ ʢʨʘʪʦʥʘ [1]. ɺ ʧʨʝʜʝʣʘʭ ʉʘʨʤʠʥʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʢ ʧʦʨʦʜʘʤ ʖʞʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʧʦʩʪʢʦʣ-

ʣʠʟʠʦʥʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʦʪʥʦʩʷʪʩʷ ʢʠʩʣʳʝ ʚʫʣʢʘʥʠʪʳ ʘʢʠʪʢʘʥʩʢʦʡ ʩʝʨʠʠ (1.88ï1.84 

ʤʣʨʜ ʣʝʪ [10]), ʘ ʪʘʢʞʝ ʛʨʘʥʠʪʦʠʜʳ ʧʨʠʤʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (1.86 ʤʣʨʜ ʣʝʪ [11]). ʌʠʥʘʣʴʥʳʤ 

ʵʪʘʧʦʤ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʵʚʦʣʶʮʠʠ ʉʘʨʤʠʥʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʠ ʚʩʝʛʦ ɸʢʠʪʢʘʥʩʢʦʛʦ ʦʨʦ-

ʛʝʥʥʦʛʦ ʧʦʷʩʘ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʜʘʝʢ ʜʦʣʝʨʠʪʦʚ ʯʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʚʦʟʨʘʩʪʦʤ 1.75 ʤʣʨʜ 

ʣʝʪ [12], ʢʦʪʦʨʳʝ ʧʨʦʨʳʚʘʶʪ ʧʦʨʦʜʳ ʉʘʨʤʠʥʩʢʦʛʦ ʩʝʛʤʝʥʪʘ.  

ʇʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʩʦʛʣʘʩʥʦ [13], ʚ ʧʨʝʜʝʣʘʭ 

ʝʛʦ ʶʞʥʦʡ ʦʢʨʘʠʥʳ ʬʠʢʩʠʨʫʝʪʩʷ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʝʨʳʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʧʝʨʠʦʜ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʢʦʷ. ɺ ʉʘʨʤʠʥʩʢʦʤ ʩʝʛʤʝʥʪʝ ʵʪʦʪ ʧʝʨʝʨʳʚ ʦʪʤʝʯʘʝʪ-

ʩʷ ʚ ʧʝʨʠʦʜ 1.75ï1.00 ʤʣʨʜ ʣʝʪ. ɺ ʥʘʯʘʣʝ ʥʝʦʧʨʦʪʝʨʦʟʦʷ (1 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ) ʥʘʯʘʣʠʩʴ ʧʨʦʮʝʩ-

ʩʳ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚʥʝʜʨʝʥʠʝʤ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʜʘʝʢ 

[14]. ʕʪʦ ʨʘʩʪʷʞʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʳʤ ʧʦʛʨʫʞʝʥʠʝʤ ɸʢʠʪʢʘʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ 

ʧʦʷʩʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʘʩʩʝʡʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʟʨʝʣʳʝ ʪʝʨʨʠʛʝʥʥʳʝ ʦʩʘʜʢʠ 

(1.00ï0.72 ʤʣʨʜ ʣʝʪ) [3,15]. ʇʦʩʣʝʜʫʶʱʠʝ ʥʘʨʘʩʪʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʨʘʩʪʷʞʝʥʠʷ ʤʘʨʢʠʨʫʶʪʩʷ 

ʚʥʝʜʨʝʥʠʝʤ ʨʦʝʚ ʜʘʝʢ ʜʦʣʝʨʠʪʦʚ ʩ ʚʦʟʨʘʩʪʦʤ 720 ʤʣʥ ʣʝʪ [16], ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʠʬʪʦʚʳʭ 

ʙʘʩʩʝʡʥʦʚ, ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʝʣʦ ʢ ʨʘʩʢʨʳʪʠʶ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʠ ʦʪʜʝʣʝʥʠʶ ʉʠ-

ʙʠʨʠ ʦʪ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʈʦʜʠʥʠʷ [17]. 
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(ʍʈɽɹɽʊ ʂʋʃʔɾʋʂʊɸʋ, ʋɿɹɽʂʀʉʊɸʅ) 

 

ʋ. ʄ. ɾʘʙʙʘʨʦʚ1, ɼ. ʀ. ɼʞʫʤʘʥʠʷʟʦʚ2, ʐ. ɻ. ɪʰʫʟʦʢʦʚ2 
1ɸʆ çʋʟʙʝʢʛʝʦʣʦʛʦʨʘʟʚʝʜʢʘè, ʋʟʙʝʢʠʩʪʘʥ 

2 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ʍ. . ɸʙʜʫʣʣʘʝʚʘ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʂʫʣʴʜʞʫʢʪʘʫ ï ʩʘʤʘʷ ʶʞʥʘʷ ʚ ʂʳʟʳʣʢʫʤʘʭ ʧʘʣʝʦʟʦʡʩʢʘʷ ʚʦʟʚʳʰʝʥʥʦʩʪʴ. ɼʣʠʥʘ ʝʝ ʙʦ-

ʣʝʝ 80 ʢʤ, ʰʠʨʠʥʘ ʜʦ 12 ʢʤ. ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʭʨʝʙʪʘ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ɹʝʣʴʪʘʫ [3]. ɹʝʣʴʪʘʫʩʢʠʡ 

ʤʘʩʩʠʚ, ʨʘʟʤʝʱʝʥʥʳʡ ʚ ʷʜʨʝ ʊʘʩʢʘʟʛʘʥʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ, ʧʨʦʨʳʚʘʝʪ ʩʠʣʫʨʠʡʩʢʠʝ ʠʟʚʝʩʪʥʷʢʠ 

ʠ ʦʪʯʘʩʪʠ ʜʝʚʦʥʩʢʠʝ ʜʦʣʦʤʠʪʳ, ʩ ʢʦʪʦʨʳʤʠ ʠʤʝʝʪ ʢʨʫʪʳʝ ʠʥʪʨʫʟʠʚʥʳʝ ʢʦʥʪʘʢʪʳ. ʌʦʨʤʘ ʠʥ-

ʪʨʫʟʠʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʘʢ ʩʣʦʞʥʦʝ ʤʝʞʧʣʘʩʪʦʚʦʝ ʪʝʣʦ, ʥʘʧʦʤʠʥʘʶʱʝʝ ʣʦʧʦʣʠʪ. ɺ ʝʛʦ ʩʦ-

ʩʪʘʚʝ ʫʯʘʩʪʚʫʶʪ ʧʦʨʦʜʳ ʜʚʫʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ: ʨʘʥʥʝʚʘʨʠʩʩʢʦʛʦ (ʉ2) ʠ ʧʦʟʜʥʝʚʘʨʠʩ-

ʩʢʦʛʦ (ʉ3-P1). ʉ ʧʝʨʚʳʤ ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʙʙʨʦʠʜʦʚ, ʩʣʘʛʘʶʱʠʭ ʜʦ 95 % ʧʣʦʱʘʜʠ ʠʥ-

ʪʨʫʟʠʚʘ, ʩʦ ʚʪʦʨʳʤ ï ʛʨʘʥʠʪʦʠʜʦʚ. ʉʨʝʜʠ ʛʨʘʥʠʪʦʠʜʦʚ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ 

ʬʦʨʤʘʮʠʠ: (1) ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ, ʘʜʘʤʝʣʣʠʪʳ ʠ ʛʨʘʥʠʪʳ; (2) ʛʨʘʥʦʩʠʝʥʠʪʳ ʠ ʩʠʝʥʠ-

ʪʳ. ʆʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʰʪʦʢʦʚ, ʧʨʦʨʳʚʘʶʱʠʭ ʚʦʩʪʦʯʥʫʶ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʠ ʛʘʙʙ-

ʨʦʠʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʂʨʦʤʝ ʛʘʙʙʨʦ, ʩʣʘʛʘʶʱʠʭ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʤʘʩʩʠʚʘ, ʚ ɹʝʣʴʪʘʫʩʢʦʤ ʠʥʪʨʫʟʠʚʝ ʚʳʜʝʣʷʶʪ 

ʨʷʜ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ. ʋʩʪʘʥʦʚʣʝʥʳ ʪʠʪʘʥʘʚʛʠʪʦʚʦʝ ʛʘʙʙʨʦ, 

ʛʘʙʙʨʦ-ʥʦʨʠʪʳ ʠ ʥʦʨʠʪʳ, ʢʚʘʨʮʝʚʦʝ ʛʘʙʙʨʦ, ʨʦʛʦʚʦʦʙʦʙʤʘʥʢʦʚʦʝ ʛʘʙʙʨʦ, ʦʨʪʦʢʣʘʟʠʟʠʨʦʚʘʥ-

ʥʦʝ ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ, ʜʠʦʨʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ, ʦʣʠʚʠʥʦʚʦʝ ʛʘʙʙʨʦ, ʧʝʨʠʜʦʪʠʪʳ 

ʠ ʧʠʨʦʢʩʝʥʠʪʳ. 

ɻʘʙʙʨʦ ï ʢʨʫʧʥʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʘʷ ʧʦʨʦʜʘ, ʯʘʩʪʦ ʩ ʧʦʣʦʩʯʘʪʦʡ ʪʝʢʩʪʫʨʦʡ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʦʡ ʯʝʨʝʜʦʚʘʥʠʝʤ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʠ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʫʯʘʩʪʢʦʚ ʩʪʨʫʢʪʫʨ, ʘ ʛʘʙʙʨʦ-

ʦʬʠʪʦʚʘʷ, ʦʬʠʪʦʚʘʷ, ʨʝʞʝ, ʛʘʙʙʨʦʚʘʷ. ʉʦʩʪʘʚ: ʧʠʨʦʢʩʝʥ ʠ ʧʣʘʛʠʦʢʣʘʟ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʤʠʥʝ-

ʨʘʣʳ: ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʙʠʦʪʠʪ, ʭʣʦʨʠʪ, ʛʨʘʬʠʪ, ʧʨʝʥʠʪ, ʢʘʣʴʮʠʪ, ʩʝʨʧʝʥʪʠʥ, ʨʝʜʢʦ ʢʚʘʨʮ, 

ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ: ʘʧʘʪʠʪ (246 ʛ/ʪ), ʮʠʨʢʦʥ (ʦʪ 46 ʜʦ 230 ʛ/ʪ), ʠʣʴʤʝʥʠʪ (31 ʛ/ʪ), ʠʥʦʛʜʘ 

ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʬʝʥʘ ʠ ʛʨʘʥʘʪʘ. 

ɻʘʙʙʨʦ-ʥʦʨʠʪʳ ʠ ʥʦʨʠʪʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʠʤʳ ʦʪ ʛʘʙʙʨʦ. ʆʥʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʯʘʩʪʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʠʢʦʥʪʘʢʪʦʚʳʭ ʟʦʥʘʭ. ʆʪʣʠʯʘʶʪʩʷ ʦʪ ʛʘʙʙʨʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʨʦʤ-

ʙʠʯʝʩʢʦʛʦ ʧʠʨʦʢʩʝʥʘ, ʢʦʪʦʨʳʡ ʠʟ ʚʪʦʨʦʩʪʝʧʝʥʥʦʛʦ ʚ ʛʘʙʙʨʦ-ʥʦʨʠʪʘʭ (5-6%) ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥ-

ʩʪʚʝʥʥʳʤ ʪʝʤʥʦʮʚʝʪʥʳʤ ʤʠʥʝʨʘʣʦʤ ʚ ʥʦʨʠʪʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛʘʙʙʨʦ-ʥʦʨʠʪʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʘʚʛʠʪ (13-14%), ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (28-30%), ʙʠʦʪʠʪ (0,5-1,0%), ʛʨʘʬʠʪ (0,5-1,0%), ʘʢʮʝʩʩʦʨʠʠ 

(0,5-0,7%). 

ʊʠʪʘʥ-ʘʚʛʠʪʦʚʦʝ ʛʘʙʙʨʦ ï ʩʘʤʘʷ ʤʝʣʘʥʦʢʨʘʪʦʚʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʛʘʙʙʨʦʠʜʥʳʭ ʧʦʨʦʜ, 

ʨʘʟʚʠʪʘʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠʥʪʨʫʟʠʚʘ; ʩʦʩʪʦʠʪ ʠʟ ʪʠʪʘʥ-ʘʚʛʠʪʘ ʠ ʦʩʥʦʚ-

ʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ. ɺ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʚʛʠʪ, ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʙʠʦ-

ʪʠʪ, ʛʨʘʬʠʪ, ʭʣʦʨʠʪ, ʧʨʝʥʠʪ, ʢʘʣʴʮʠʪ, ʮʝʦʣʠʪʳ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʯʘʱʝ ʜʨʫʛʠʭ ʚʩʪʨʝʯʘʶʪʩʷ 

ʩʬʝʥ ʠ ʘʧʘʪʠʪ. 

ʈʦʛʦʚʦʦʙʤʘʥʢʦʚʦʝ ʛʘʙʙʨʦ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʧʨʠʢʦʥʪʘʢʪʦʚʳʭ ʯʘʩʪʷʭ 

ʠʥʪʨʫʟʠʚʘ ʠ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʛʘʙʙʨʦ ʦʪʣʠʯʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʚʤʝʩʪʦ ʧʠ-

ʨʦʢʩʝʥʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 21,3-36,7%. ʆʥʘ ʯʘʩʪʦ ʟʘʤʝʱʘʝʪʩʷ ʚʪʦʨʠʯʥʳʤʠ ʘʤ-

ʬʠʙʦʣʘʤʠ - ʘʢʪʠʥʦʣʠʪʦʤ ʠ ʫʨʘʣʠʪʦʤ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʝʝ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʧʠʨʦʢʩʝʥʘʤ. ʇʠ-

ʨʦʢʩʝʥ ʦʪʤʝʯʘʝʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʘʚʛʠʪʦʤ. ɺ ʜʘʥʥʦʡ ʨʘʟʥʦʚʠʜ-

ʥʦʩʪʠ ʛʘʙʙʨʦ ʧʨʝʦʙʣʘʜʘʝʪ ʧʣʘʛʠʦʢʣʘʟ, ʩʦʩʪʘʚʣʷʶʱʠʡ 54-61% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ʇʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦʝ ʛʘʙʙʨʦ ʙʣʠʟʢʦ ʢ ʙʝʟʦʣʠʚʠʥʦʚʦʤʫ ʛʘʙʙʨʦ ɼʵʣʠ. 

ʆʨʪʦʢʣʘʪʠʟʘʮʠʠ ʧʦʜʚʝʨʞʝʥʦ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦʝ ʛʘʙʙʨʦ; ʙʦ-

ʣʝʝ ʠʥʪʝʥʩʠʚʝʥ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚ ʪʠʪʘʥ-ʘʚʛʠʪʦʚʦʤ ʛʘʙʙʨʦ, ʠ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʚʪʦʨʠʯʥʳʡ ʦʨʪʦ-

ʢʣʘʟ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʩʢʘʨʥʦʚʦʡ ʟʦʥʝ, ʛʜʝ ʛʘʙʙʨʦʠʜʳ ʚʩʝʛʜʘ ʦʨʪʦʢʣʘʪʠʟʠʨʦʚʘʥʳ. ʆʨʪʦʢʣʘʟ ʦʙʨʘ-

ʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʢʨʘʷʤ ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʨʝʞʝ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʟʝʨʝʥ ʜʨʫ-

ʛʠʭ ʤʠʥʝʨʘʣʦʚ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ 3-8%. 



94 

 

ɻʘʙʙʨʦ-ʜʠʦʨʠʪʳ, ʜʠʦʨʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʧʨʠ-

ʢʦʥʪʘʢʪʦʚʳʭ ʯʘʩʪʷʭ ʠʥʪʨʫʟʠʚʘ ʠ ʚʦʢʨʫʛ ʢʩʝʥʦʣʠʪʦʚ ʠʟʚʝʩʪʥʷʢʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʦʨʦʜʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʨʷʜʫ ʛʘʙʙʨʦʠʜʦʚ ʠ ʧʦʷʚʠʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʥʦʚʥʦʡ ʤʘʛʤʳ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. ɺʩʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʚʟʘʠʤʦʧʝʨʝʭʦʜʳ ʦʪ ʛʘʙʙʨʦ ʯʝʨʝʟ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ 

ʢ ʢʚʘʨʮʝʚʳʤ ʜʠʦʨʠʪʘʤ. ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʵʪʠ ʧʦʨʦʜʳ ʧʦʯʪʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʛʘʙʙʨʦ ʠ ʪʝʤ 

ʙʦʣʝʝ, ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʨʘʟʣʠʯʠʤʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʚʥʝʰʥʝ ʦʥʠ ʪʝʤʥʳʝ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ, ʤʘʩ-

ʩʠʚʥʦʛʦ ʦʙʣʠʢʘ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ. ʉʪʨʫʢʪʫʨʘ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʨʝʞʝ ʧʦʨʬʠʨʦʚʠʜʥʘʷ. 

ʉʦʩʪʘʚ: ʧʣʘʛʠʦʢʣʘʟ - ʦʣʠʛʦʢʣʘʟ ʠʣʠ ʘʥʜʝʟʠʥ (ʦʪ 50 ʜʦ 70%), ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (ʦʪ 15 ʜʦ 30%), 

ʙʠʦʪʠʪ (ʦʪ 10 ʜʦ 20%), ʢʚʘʨʮ (ʜʦ 10%). ɺ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʣʠʝ-

ʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʭʣʦʨʠʪ, ʢʘʣʴʮʠʪ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ-ʤʠʥʝʨʘʣʦʚ ʜʣʷ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚ ʭʘʨʘʢ-

ʪʝʨʥʳ ʩʬʝʥ (598 ʛ/ʪ), ʘʧʘʪʠʪ (309 ʛ/ʪ) ʠ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʤʘʛʥʝʪʠʪʘ, ʛʨʘʥʘʪʘ, ʮʠʨʢʦʥʘ ʠ ʢʦ-

ʨʫʥʜʘ. ɼʠʦʨʠʪʳ ɹʝʣʴʪʘʫʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʙʣʠʟʢʠ ʢ ʢʚʘʨʮʝʚʦʤʫ ʛʘʙʙ-

ʨʦ ɼʵʣʠ. 

ʆʣʠʚʠʥʩʦʜʝʨʞʘʱʠʝ ʧʦʨʦʜʳ ʨʘʟʤʝʱʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʠʥʪʨʫʟʠʚʘ ʚ ʚʠʜʝ ʣʠʥʟʦʦʙʨʘʟʥʳʭ ʪʝʣ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ: ʢʨʦʤʝ ʪʦʛʦ, ʣʠʥ-

ʟʳ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʧʦʜʩʝʯʝʥʳ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ, ʛʜʝ ʦʥʠ, ʢʘʢ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʭʦʜʷʪʩʷ ʩʨʝʜʠ ʛʘʙʙʨʦʠʜʥʳʭ ʧʦʨʦʜ. ɺʳʜʝʣʝʥʳ ʪʨʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʣʠʚʠʥʩʦ-

ʜʝʨʞʘʱʠʭ ʧʦʨʦʜ: ʧʝʨʠʜʦʪʠʪʳ, ʦʣʠʚʠʥʦʚʦʝ ʛʘʙʙʨʦ ʠ ʧʠʨʦʢʩʝʥʠʪʳ. 

ʇʝʨʠʜʦʪʠʪʳ ʦʙʨʘʟʫʶʪ ʧʦʣʦʩʫ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʰʠʨʠʥʦʡ ʜʦ 50 ʤ ʠ ʧʨʦ-

ʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 500 ʤ. ʅʝʩʢʦʣʴʢʦ ʚʦʩʪʦʯʥʝʝ ʦʪʤʝʯʝʥ ʝʱʝ ʨʷʜ ʤʝʣʢʠʭ ʣʠʥʟʦʚʠʜʥʳʭ ʪʝʣ ʧʝ-

ʨʠʜʦʪʠʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʠʜʦʪʠʪʳ ʚʩʪʨʝʯʝʥʳ ʚ ʢʝʨʥʝ ʩʢʚʘʞʠʥʳ, ʛʜʝ ʪʝʣʘ ʠʭ ʠʤʝʶʪ ʤʦʱ-

ʥʦʩʪʴ ʦʪ 2-3 ʜʦ 10-12 ʤ. ʎʚʝʪ ʧʦʨʦʜʳ ʚʘʨʴʠʨʫʝʪ ʦʪ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʜʦ ʯʝʨʥʦʛʦ; ʩʣʘʛʘʶʪ ʝʝ 

ʦʣʠʚʠʥ (40-70%), ʨʦʤʙʠʯʝʩʢʠʡ ʧʠʨʦʢʩʝʥ (ʛʠʧʝʨʩʪʝʥ 20-30%), ʧʣʘʛʠʦʢʣʘʟ (5-20%), ʙʠʦʪʠʪ (2-

4%), ʩʝʨʧʝʥʪʠʥ, ʭʣʦʨʠʪ, ʪʘʣʴʢ ʠ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ (ʧʠʨʨʦʪʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ, ʧʝʥʪʣʘʥʜʠʪ). ʇʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʝʨʠʜʦʪʠʪʳ ʘʥʘʣʦʛʠʯʥʳ ʧʠʢʨʠʪʘʤ ɼʵʣʠ. 

ʆʣʠʚʠʥʦʚʦʝ ʛʘʙʙʨʦ ʠʤʝʝʪ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʚʠʜʝ ʰʣʠʨʦʧʦʜʦʙʥʳʭ ʚʳʜʝ-

ʣʝʥʠʡ ʩʨʝʜʠ ʛʘʙʙʨʦʠʜʦʚ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʠʥʪʨʫʟʠʚʘ ʠ ʦʙʳʯʥʦ ʦʙʨʘʟʫʝʪ ʰʘʨʦʚʠʜʥʫʶ ʦʪʜʝʣʴ-

ʥʦʩʪʴ. ʆʪ ʥʦʨʤʘʣʴʥʳʭ ʛʘʙʙʨʦ ʦʪʣʠʯʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʘʨʷʜʫ ʩ ʘʚʛʠʪʦʤ ʦʣʠʚʠʥʘ (5-10%), ʘ 

ʪʘʢʞʝ ʧʣʘʛʠʦʢʣʘʟʘ (ʦʢʦʣʦ 30%). 

ʇʠʨʦʢʩʝʥʠʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʢʝʨʥʝ ʩʢʚʘʞʠʥʳ ʚ ʚʠʜʝ ʣʠʥʟʳ ʤʦʱʥʦʩʪʴʶ ʜʦ 15 ʞ. 

ʕʪʦ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʟʝʣʝʥʦʚʘʪʦ-ʯʝʨʥʳʝ ʧʦʨʦʜʳ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʧʠ-

ʨʦʢʩʝʥ (ʘʚʛʠʪ), ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʥʳʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ ʠ ʙʠʦʪʠʪʦʤ. ɺ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠ-

ʯʝʩʪʚʝ ʩʦʜʝʨʞʠʪʩʷ ʦʣʠʚʠʥ ʠ ʧʣʘʛʠʦʢʣʘʟ [1]. ʉʪʨʫʢʪʫʨʘ ʧʘʥʘʣʣʦʪʨʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ. 

ɻʘʙʙʨʦ ʐʘʡʜʘʨʘʟʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʜʦʣʴ ʢʦʥʪʘʢʪʦʚ ʩ 

ʠʟʚʝʩʪʥʷʢʘʤʠ. ʕʪʦ ʩʨʝʜʥʝʟʝʨʥʠʩʪʘʷ ʧʣʦʪʥʘʷ ʧʦʨʦʜʘ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠʣʠ ʯʘʱʝ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʘ, ʩʠʣʴʥʦ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʘʷ. ɻʨʘʬʠʪ ʚ ʚʠʜʝ ʯʝʰʫʝʢ ʠʣʠ ʨʦʟʝʪʦʢ, ʠʥʦʛʜʘ ʚʳʩʪʫʧʘʝʪ ʚ 

ʨʦʣʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʝʛʦ ʤʠʥʝʨʘʣʘ, ʟʘʥʠʤʘʷ ʜʦ 10% ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ɺ ʩʦʩʪʘʚʝ ʛʘʙʙʨʦ ʧʣʘ-

ʛʠʦʢʣʘʟ, ʫʨʘʣʠʪʦʚʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʙʠʦʪʠʪ, ʛʨʘʬʠʪ ʠ ʢʚʘʨʮ (2-3%). ʉʪʨʫʢʪʫʨʘ ʛʘʙʙʨʦʚʘʷ, 

ʨʝʞʝ, ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʨʦʜʘ ʘʥʘʣʦʛʠʯʥʘ ʩʨʝʜʥʝʤʫ ʪʠʧʫ 

ʛʘʙʙʨʦ ʧʦ ɼʵʣʠ. 

ɻʘʙʙʨʦ-ʜʠʦʨʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʛʘʙʙʨʦ ʙʦʣʝʝ ʢʠʩʣʳʤ ʩʦʩʪʘʚʦʤ ʧʣʘʛʠʦʢʣʘʟʘ (ˉ 35-40), 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʠʦʪʠʪʘ ʠ ʢʚʘʨʮʘ (ʜʦ 5-6%) ʠ ʧʦʥʠʞʝʥʥʳʤ ʛʨʘʬʠʪʘ (ʦʢʦʣʦ 4%). 

ɺ ʧʦʨʦʜʘʭ ʠʟʫʯʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʝ ʧʨʝʚʳʰʝʥʠʷ ʢʣʘʨʢʦʚ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ Te (ʚ 300 ʨʘʟ), Se, Bi, As (ʚ 12-88 ʨʘʟ). ʂʣʘʨʢʦʚʳʝ ʟʥʘʯʝʥʠʷ Au, Pt ʠ Re ʧʨʝʚʳʰʘʶʪ 

ʧʦʯʪʠ ʚ 5-10 ʨʘʟ. ɿʦʣʦʪʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʘʭ ï 0,4-0,7ʛ/ʪ. ʇʦ ʩʫʤʤʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʟʥʘʯʝʥʠʷ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʧʦʚʳʰʝʥʳ, ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10,4 ʛ/ʪ ʜʦ 318,3 ʛ/ʪ. 

ʀʟʫʯʘʝʤʳʝ ʥʘʤʠ ʧʦʨʦʜʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʪʥʝʩʝʥʳ ʢ ʧʦʨʦʜʘʤ ʢʘʣʠʡ-ʥʘʪʨʠʝʚʦʡ ʠʟʚʝʩʪ-

ʢʦʚʦ-ʱʝʣʦʯʥʦ-ʠʟʚʝʩʪʢʦʚʦʡ ʩʝʨʠʠ, ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʝ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʘʣʶʤʠʥʠʝʚʳʤ ʧʦ-

ʨʦʜʘʤ. ʇʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʤʘʛʥʝʟʠʘʣʴʥʳʤʠ, ʯʘʩʪʠʯʥʦ ʞʝʣʝʟʠʩʪʳʤʠ. ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʈɿʕ 

ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ ʣʝʛʢʠʤʠ ʣʘʥʪʘʥʦʠʜʘʤʠ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʪʷʞʝʣʳʭ ʧʨʠ ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ [1-3]. 
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ʯʝʪʢʦ ʚʳʨʘʞʝʥʳ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʠʢʦʚ ʧʠʨʠʪʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ ʚ ʥʠʭ ʦʪ 20 ʜʦ 90%, ʘ ʪʘʢʞʝ 

ʧʨʦʷʚʣʷʶʪʩʷ ʟʝʨʥʘ ʩʬʘʣʝʨʠʪʘ. 
 

1. ɼʞʫʤʘʥʠʷʟʦʚ ɼ.ʀ., ʂʘʨʠʤʦʚʘ ʌ.ɹ., ɻʘʜʦʝʚ ʀ.ʐ. ʄʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʊʘʫ-

ʰʘʥʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʚ ʛʦʨʘʭ ʂʫʣʴʜʞʫʢʪʘʫ // IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ "ʄʦʣʦʜʳʝ - ʅʘʫʢʘʤ ʦ ɿʝʤʣʝ" ʄʦʩʢʚʘ, 23 ʦʢʪʷʙʨʷ 2020 ʛ. -ʉ.188-192. 

2. ɼʞʫʤʘʥʠʷʟʦʚ ɼ.ʀ., ʂʘʨʠʤʦʚʘ ʌ.ɹ., ʂʫʰʠʝʚ ɸ.ɸ., ɸʯʠʣʦʚ ɸ.ʈ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ 

ʊʘʫʰʘʥʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ (ʛʦʨʳ ʂʫʣʴʜʞʫʢʪʘʫ) // XV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʅʦʚʳʝ 

ʠʜʝʠ ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ" ʄʦʩʢʚʘ. 01-02 ʘʧʨʝʣʷ 2021ʛ. -ʉ.162-165. 

3. ɼʞʫʤʘʥʠʷʟʦʚ ɼ.ʀ., ʄʫʩʘʝʚ ɸ.ʄ., ʂʘʨʠʤʦʚʘ ʌ.ɹ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ ɸʢʪʦʩʪʠʥʩʢʦʛʦ 

ʠʥʪʨʫʟʠʚʘ (ʛʦʨʳ ʂʫʣʴʜʞʫʢʪʘʫ) // I ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʎʅʀɻʈʀ çʤʠʥʝʨʘʣʴʥʦ-

ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʘʣʤʘʟʦʚ, ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʮʚʝʪʥʳʭ ʄʝʪʘʣʣʦʚ-ʦʪ ʧʨʦʛʥʦʟʘ ʢ ʜʦʙʳʯʝè. 19-21 ʬʝʚʨʘʣʷ 2020ʛ., ʄʦʩʢʚʘ. 

-ʉ.142-145.
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ʉ. ʄ. ɾʤʦʜʠʢ, ɽ. ɺ. ʃʘʟʘʨʝʚʘ, ɺ. ɸ. ʇʦʥʦʤʘʨʯʫʢ, ɸ. ɺ. ʊʦʣʩʪʦʚ, ɽ. ɺ. ɸʡʨʠʷʥʮ,  

ɺ. ɺ. ʐʘʨʳʛʠʥ, ɹ. ʖ. ʉʘʨʳʛ-ʦʦʣ, ɼ. ʂ. ɹʝʣʷʥʠʥ, ʂ. ɸ. ʄʫʩʠʷʯʝʥʢʦ, ʅ. ʉ. ʂʘʨʤʘʥʦʚ 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 

zhmodik@igm.nsc.ru 
 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʪʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠ-

ʪʦʚ (ʊʂ), ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ (ʗʢʫʪʠʷ), ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʦ ʦʜʥʦ ʠʟ ʢʨʫʧʥʝʡ-

ʰʠʭ Sc-Y-Nb-REE-ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1, 2], ʦʙʥʘʨʫʞʝʥʳ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʙʨʝʢʯʠʠ (ʨʠʩ.), 

ʚʩʢʨʳʪʳʝ ʩʢʚʘʞʠʥʦʡ ʢʦʣʦʥʢʦʚʦʛʦ ʙʫʨʝʥʠʷ ɻ2, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʝʚʝʨʥʦʛʦ ʬʣʘʥʛʘ ʫʯʘʩʪ-

ʢʘ ɹʫʨʘʥʥʳʡ, ʥʘ ʛʣʫʙʠʥʝ 215.5-221 ʤ. ʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʙʨʝʢʯʠʠ (ʂɹ) ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦ-

ʚʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ: ʧʨʦʩʚʝʯʠʚʘʶʱʫʶ ʠ ʨʫʜʥʫʶ ʤʠʢʨʦ-

ʩʢʦʧʠʶ (AxioScope A1. Zeiss); ʩʢʘʥʠʨʫʶʱʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ (MIRA 3 LMU 

(Tescan, Ltd) ʩ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA); ʨʝʥʪʛʝʥʦʬʘʟʦʚʫʶ ʧʦʨʦʰʢʦʚʫʶ ʜʠʬʨʘʢʪʦʤʝʪ-

ʨʠʶ; ʨʝʥʪʛʝʥ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʩʧʝʢʪʨʦʤʝʪʨ ARL-9900XP; Thermo Fisher Scientific); 

ʀʉʇ-ʄʉ ((Finnigan Mat); ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ (ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ (ʄʉ) ʄɸʊ-253), 87Sr/86Sr ʚ ʢʘʨʙʦʥʘʪʘʭ (ʄʉ ʄʀ 

1201ɸʊ), ʩʝʨʳ (ʄʉ Delta V Advantage). ʈʘʥʝʝ ʂɹ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʊʂ ʥʝ ʠʟʫʯʘʣʠʩʴ, ʦ ʯʸʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʣʥʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʢʝʨʥʘ ʩʢʚʘʞʠʥʳ ɻ2. ɺ ʂɹ ʚʳʷʚʣʝʥʘ ʬʨʘʛʤʝʥʪʘʮʠʷ ʢʘʨ-

ʙʦʥʘʪʠʪʦʚ, ʧʝʨʝʤʝʱʝʥʠʝ ʦʙʣʦʤʢʦʚ ʨʘʩʧʣʘʚʦʤ-ʨʘʩʩʦʣʦʤ, ʦʙʦʛʘʱʝʥʥʳʤ CO2, F, S, REE, ʠ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʂɹ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤʠ ʚ ʧʝʪʨʦʛʨʘʬʠ-

ʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʜʦʣʦʤʠʪʦʚʳʭ, ʜʦʣʦʤʠʪ-

ʘʥʢʝʨʠʪʦʚʳʭ, ʘʥʢʝʨʠʪʦʚʳʭ ʠ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʩ ʭʘʨʘʢʪʝʨʥʦʡ F-REE-ʢʘʨʙʦʥʘʪʥʦʡ, 

ʩʫʣʴʬʠʜʥʦʡ ʠ ʬʣʶʦʨʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʇʦ ʩʦʩʪʘʚʫ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʦʙʣʦʤʢʠ ʦʪʥʦʩʷʪʩʷ 

ʢ ʤʘʛʥʝʟʠʦ-, ʬʝʨʨʦ- ʠ ʢʘʣʴʮʠʦ-ʢʘʨʙʦʥʘʪʠʪʘʤ. ɺ ʂɹ ʚʳʷʚʣʝʥʳ ʧʨʠʟʥʘʢʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʜʠʡ 

ʠʟʤʝʥʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʦʤʢʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ: ʘ) ʜʦʣʦʤʠʪʦʚʳʭ ʚ ʘʥʢʝʨʠʪʦʚʳʝ; ʙ) ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʟʜʥʠʤ ʨʘʩʧʣʘʚʦʤ-ʨʘʩʩʦʣʦʤ, ʦʙʦʛʘʱʝʥʥʳʤ CO2, F, S, REE ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠ-

ʝʡ ʢʘʣʴʮʠʪʦʚʳʭ ʧʦʨʦʜ; ʚ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʪʚʦʨʦʤ-ʨʘʩʩʦʣʦʤ, ʦʙʦʛʘʱʝʥʥʳʤ K ʠ P ʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝʤ ʢʘʣʴʮʠʪïF-ʘʧʘʪʠʪïʂʇʐïREE, F-ʢʘʨʙʦʥʘʪʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. 
 

ʘ ʙ ʚ 
ʈʠʩʫʥʦʢ ï ʆʙʱʠʡ ʚʠʜ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʙʨʝʢʯʠʡ ʊʂ, ʚʩʢʨʳʪʳʭ ʩʢʚ. ɻ2; ʘ ï ʛʣʫʙʠʥʘ 216.5 ʤ, ʦʙʣʦʤʢʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʜʦʣʦʤʠʪʦʚʳʤʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ; ʙ ï ʛʣʫʙʠʥʘ 217 ʤ, ʦʙʣʦʤʢʠ ʘʥʢʝʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʜʦʣʦʤʠʪʦʚʳʭ ʠ ʘʥʢʝʨʠ-

ʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʩʠʥʭʠʟʠʪ-ʧʠʨʠʪʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ; ʚ ï ʛʣʫʙʠʥʘ 217.3 ʤ, ʦʙʣʦʤʢʠ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘ-

ʪʠʪʦʚ ʩ ʰʘʨʦʚʠʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʬʣʶʦʨʠʪʘ, ʚ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʳ çʤʠʢʨʦʛʣʦʙʫʣʳè ʢʣʝʡʦʬʘʥʘ. ɼʣʠʥʘ ʦʙ-

ʨʘʟʮʦʚ 3.5 ʩʤ 
 

ʂɹ ʦʪʥʝʩʝʥʳ ʢ ʤʘʛʤʘʪʦʛʝʥʥʦ-ʬʣʶʠʜʦʛʝʥʥʳʤ ʠ ʬʣʶʠʜʦʛʝʥʥʳʤ ʙʨʝʢʯʠʷʤ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʥʠʢʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʦ ʧʦʨʦʜʘʭ ʠ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʛʣʫʙʦ-

ʢʠʭ ʫʨʦʚʥʷʭ ʊʂ. ɺ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʙʨʝʢʯʠʷʭ ʊʂ ʬʠʢʩʠʨʫʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʛʣʫʙʠʥʥʦʛʦ ʠʤʧʘʢ-

ʪʦʛʝʥʝʟʘ ï ʚʟʨʳʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʣʶʠʜʦʚ ʠʟ ʨʘʩʧʣʘʚʦʚ-ʨʘʩʩʦʣʦʚ (ʬʣʶʠʜ-ʨʘʩʧʣʘʚʦʚ), ʦʙʦ-

ʛʘʱʝʥʥʳʭ CO2, F, S, REE, Zn, ʚʦʟʤʦʞʥʦ, ʧʨʝʜʝʣʴʥʦ ʥʘʩʳʱʝʥʥʳʭ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʥʘ 

ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʢʘʨʙʦʥʘʪʠʪʳ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʂɹ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ REE-F-ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʩʠʥʭʠʟʠʪʘ-(Ce), ʧʘʨʠʟʠʪʘ-(Ce) ʠ/ʠʣʠ ʙʘʩʪʥʝʟʠʪʘ-(Ce), ʮʝʙʘʠʪʘ-(Ce), ʙʫʨʙʘʥʢʠ-


