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ɿʙʽʨʥʠʢ ʤʽʩʪʠʪʴ ʜʦʧʦʚʽʜʽ ʽ ʪʝʟʠ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 
çʉʫʯʘʩʥʘ ʤʝʪʘʣʫʨʛʽʷ: ʧʨʦʙʣʝʤʠ ʪʘ ʨʽʰʝʥʥʷè (9 ï 11 ʛʨʫʜʥʷ 2015 ʨ., ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 
ʋʢʨʘʾʥʘ), ʷʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʘʢʘʟʫ ʄʆʅ ʋʢʨʘʾʥʠ ˉ 830 

ʚʽʜ 31. 07. 2015 ʨ. 
ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʘ ʤʝʪʘʣʫʨʛʽʷ: ʧʨʦʙʣʝʤʠ ʪʘ 

ʨʽʰʝʥʥʷè ʧʨʠʩʚʷʯʝʥʘ 90 ʨʽʯʯ ʁʩʪʚʦʨʝʥʥʷ ʧʝʨʰʦʾ ʫ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʢʨʘʾʥʠ 
ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ (1925 ʨ.) ʘ ʪʘʢʦʞ 125 ʨʽʯʯ ʁʟ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʟʘʩʥʦʚʥʠʢʘ 
ʢʘʬʝʜʨʠ, ʜ.ʪ.ʥ., ʧʨʦʬ. ʉ.ɯ. ʊʝʣʴʥʦʛʦ, 120 ʨʽʯʯ ʁʟ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʟʘʩʥʦʚʥʠʢʘ ʥʘʫʢʦʚʦʾ 

ʰʢʦʣʠ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ, ʰʢʦʣʠ ʪʝʦʨʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʬʝʨʦʩʧʣʘʚʽʚ, 
ɿʘʩʣʫʞʝʥʦʛʦ ʜʽʷʯʘ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ. ʉ.ʀ. ʍʠʪʨʠʢʘ. 

ʆʢʨʽʤ ʜʦʧʦʚʽʜʝʡ ʥʘ ʩʫʯʘʩʥʽ ʪʝʤʠ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ 
ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʙʽʨʥʠʢʫ ʤʽʩʪʠʪʴʩʷ ʨʦʟʜʽʣ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʚʠʢʣʘʜʘʯʽʚ 
ʢʘʬʝʜʨʠ, ʚʠʢʦʥʘʥʠʭ ʫ ʨʝʪʨʦʩʧʝʢʪʠʚʽ ʫ ʪʚʦʨʯʽʡ ʩʧʽʚʜʨʫʞʥʦʩʪʽ ʟ ʚʠʧʫʩʢʥʠʢʘʤʠ ʢʘʬʝʜʨʠ. 

ʎʽ ʨʦʙʦʪʠ ʤʘʶʪʴ ʽʩʪʦʨʠʯʥʫ ʚʘʞʣʠʚʽʩʪʴ, ʥʘʫʢʦʚʝ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 
ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

 
 
This book is a collection of abstracts and papers presented at the International 

Scientific Conference çMetallurgy Today: Problems and Solutionsè (9 ï 11 December 2015, 
Dnipropetrovsôk, Ukraine), arranged pursuant to the order of the Ministry of Education and 

Science of Ukraine ˉ 830 registered on 31.07.2015. 
The International Scientific Conference çMetallurgy Today: Problems and Solutionsè 

has been held to mark the 90th anniversary of establishing the first Department of 

Electrometallurgy in higher education institutions (1925); the 125th anniversary of 
Stepan I. Telniy, the founder of the Department, Professor, Doctor of Engineering Sciences; 

the 120th anniversary of Spiridon I. Hitrik, the founder of the Scientific School of 
Electrometallurgy, Theory and Ferroalloy Production Processes, Honoured Worker of Science 
and Engineering, Doctor of Engineering Sciences. 

In addition to revisions of current research trends in electrometallurgical processes 
there can be found a chapter dedicated to retrospective review written in collaboration with 

the department graduates. These publications are significant from historical point of view and 
have scientific and practical value for the further development of electrometallurgical 
processes. 
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ʆʈɻʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰ: 

ɻʦʣʦʚʘ: 

ɺʝʣʠʯʢʦ ʆ.ɻ. ï ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʅʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʨʝʢʪʦʨ ʅʄʝʪɸʋ 
(ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 
ɿʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ: 

ʇʨʦʡʜʘʢ ʖ.ʉ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʅʄʝʪɸʋ ʟ ʥʘʚʯʘʣʴʥʦʾ ʨʦʙʦʪʠ 
(ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 

ʏʣʝʥʠ ʦʨʛʢʦʤʽʪʝʪʫ: 

ɻʘʩʠʢ ʄ.ɯ. ï ʘʢʘʜʝʤʽʢ ʅɸʅʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʶʯʠʡ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ 
ʅʄʝʪɸʋ (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 

ɻʣʘʜʢʠʭ ɺ.ɸ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ ʅʄʝʪɸʋ 
(ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 

ʂʫʮʽʥ ɺ.ʉ. ï ʜ.ʪ.ʥ., ɻʦʣʦʚʘ ʧʨʘʚʣʽʥʥʷ - ʜʠʨʝʢʪʦʨ ʇɸʆ çʅʽʢʦʧʦʣʴʩʴʢʠʡ ʟʘʚʦʜ 

ʬʝʨʦʩʧʣʘʚʽʚè (ʅʽʢʦʧʦʣʴ, ʋʢʨʘʾʥʘ) 
ʂʨʘʚʯʝʥʢʦ ʇ.ɸ. ï ɻʦʣʦʚʘ ʧʨʘʚʣʽʥʥʷ ʇɸʆ çɿʘʧʦʨʽʞʩʴʢʠʡ ʟʘʚʦʜ ʬʝʨʦʩʧʣʘʚʽʚè, ɻʦʣʦʚʘ 

ʈʘʜʠ ʜʠʨʝʢʪʦʨʽʚ ʋʢʨʌɸ (ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ) 
ʍʝʥʨʢ̔ ɼʠ ̫ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʶʯʠʡ ʢʘʬʝʜʨʠ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ 

ʏʝʥʩʪʦʭʦʚʩʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʏʝʥʩʪʦʭʦʚʘ, ʇʦʣʴʱʘ) 
ʇʘʥʯʝʥʢʦ ʆ.ɯ. ï ʢ.ʪ.ʥ., ʟʘʩʪʫʧʥʠʢ ɻʦʣʦʚʠ ʇʨʘʚʣʽʥʥʷ ʇɸʆ çɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴè - 
ʪʝʭʥʽʯʥʠʡ ʜʠʨʝʢʪʦʨ (ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ) 

ʇʣʽʩʢʘʥʦʚʩʴʢʠʡ ʉ.ʊ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʘʢʘʜʝʤʽʢ ɸʅ ɺʐ ʋʢʨʘʾʥʠ, ʘʢʘʜʝʤʽʢ ɸɯʅ 
ʋʢʨʘʾʥʠ (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 

ɻ̔ʟʝʥʢʦ ʄ.ɺ. ï ʢ.ʪ.ʥ., ɻʝʥʝʨʘʣʴʥʠʡ ʜʠʨʝʢʪʦʨ ʢʦʥʮʝʨʥʫ çʋʢʨʢʦʣʴʦʨʤʝʪè 
(ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 
ʂʘʤʢʽʥʘ ʃ.ɺ. - ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʶʯʠʡ ʢʘʬʝʜʨʠ ʪʝʦʨʽʾ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ ʅʄʝʪɸʋ (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 
ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʽʪʝʪ: 

ʆʚʯʘʨʫʢ ɸ.ʄ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ ʅʄʝʪɸʋ 
(ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 
ʄʠʭʘʣʴʦʚ ʆ.ɯ. ï ʜ.ʪ.ʥ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʶʯʠʡ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʠʩʪʝʤ ʅʄʝʪɸʋ (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 
ʇʦʣʷʢʦʚ ɻ.ɸ. ï ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ ʅʄʝʪɸʋ 

(ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 
ɻʦʣʦʚʘʯʦʚ ɸ.ʄ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ ʅʄʝʪɸʋ 
(ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ) 

ʉʝʢʨʝʪʘʨ ʦʨʛʢʦʤʽʪʝʪʫ:  
ɻʦʨʦʙʝʮʴ ɸ.ʇ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ ʅʄʝʪɸʋ (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 

ʋʢʨʘʾʥʘ) 
 

ʊɽʄɸʊʀʏʅɯ ʅɸʇʈʗʄʂʀ ʈʆɹʆʊʀ ʂʆʅʌɽʈɽʅʎɯɰ: 

1. ʇʝʨʩʧʝʢʪʠʚʥʽ ʰʣʷʭʠ ʩʪʠʤʫʣʶʚʘʥʥʷ ʚʫʟʽʚʩʴʢʦʾ ʪʘ ʛʘʣʫʟʝʚʦʾ ʥʘʫʢʠ, ʽʥʪʝʛʨʘʮʽʾ ʥʘʫʢʠ ʪʘ 
ʚʠʨʦʙʥʠʮʪʚʘ. 

2.ʆʩʥʦʚʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɺ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ. 
3. ʂʣʶʯʦʚʽ ʧʨʦʙʣʝʤʠ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʤʝʪʘʣʫʨʛʽʾ ʥʘ ʩʫʯʘʩʥʦʤʫ ʩʪʘʥʽ. 
4. ʇʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʽʨʥʠʯʦ-

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ. 
5. ʊʝʦʨʝʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʬʝʨʦʩʧʣʘʚʽʚ ʪʘ ʝʣʝʢʪʨʦʩʪʘʣʽ. 

6. ʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʯʦʨʥʠʭ ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ. 
5. ʇʝʨʩʧʝʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʚʠʩʦʢʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

  

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ʉʋʏɸʉʅɸ ʄɽʊɸʃʋʈɻɯʗ: ʇʈʆɹʃɽʄʀ ʊɸ ʈɯʐɽʅʅʗ 

https://nmetau.edu.ua/ua/mdiv/i2004
https://nmetau.edu.ua/ua/mdiv/i2004
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ʈʆɿɼɯʃ 1 
 

ʉʋʏɸʉʅʀʁ ʉʊɸʅ ɯ ʊɽʅɼɽʅʎɯɰ ʈʆɿɺʀʊʂʋ ʄɽʊɸʃʋʈɻɯʁʅʆɻʆ 
ɺʀʈʆɹʅʀʎʊɺɸ 

 
ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀ ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ 

ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 
 

METALLURGICAL PRODUCTION NOWADAYS  

AND PERSPECTIVES ON ITS DEVELOPMENT 
 

 

ʈʆɿɼɯʃ 2 
 

ɯʅʅʆɺɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺʀʈʆɹʅʀʎʊɺɸ ʌɽʈʆʉʇʃɸɺɯɺ ʊɸ 
ɺɼʆʉʂʆʅɸʃɽʅʅʗ ɽʅɽʈɻʆʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ 

 
ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇʈʆʀɿɺʆɼʉʊɺɸ ʌɽʈʈʆʉʇʃɸɺʆɺ ʀ 
ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʕʅɽʈɻʆʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

 
INNOVATIVE TECHNOLOGIES IN FERROALLOY PRODUCTION AND 

THE IMPROVEMENT OF ENERGY PRODUCTION EQUIPMENT 
 
 

ʈʆɿɼɯʃ 3 
 

ʅɸʋʂʆɺɯ ʆʉʅʆɺʀ ʉʋʏɸʉʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ɺʀʈʆɹʅʀʎʊɺɸ ɽʃɽʂʊʈʆʉʊɸʃɯ 
 

ʅɸʋʏʅʓɽ ʆʉʅʆɺʓ ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʕʃɽʂʊʈʆʉʊɸʃʀ 
 

THE FUNDAMENTALS OF NEW TECHNOLOGIES IN ELECTROSTEEL PRODUCTION 
 
 

ʈʆɿɼɯʃ 4 
 

ʈɽʊʈʆʉʇɽʂʊʀɺʅɯ ʅɸʋʂʆɺɯ  ʇʈɸʎɯ ɺʏɽʅʀʍ ʂɸʌɽɼʈʀ ɽʃɽʂʊʈʆʄɽʊɸʃʋʈɻɯɰ 
 

ʈɽʊʈʆʉʇɽʂʊʀɺʅʓɽ ʅɸʋʏʅʓɽ ʊʈʋɼʓ ʋʏɽʅʓʍ ʂɸʌɽɼʈʓ 

ʕʃɽʂʊʈʆʄɽʊɸʃʃʋʈɻʀʀ 
 

RETROSPECTIVES OF THE SCIENTIFIC WORKS OF SCIENTISTS 
ELECTROMETALLURGICAL DEPARTMENT 

 

  

 



5 

 

 

ɿɸʉʅʆɺʅʀʂʀ ʂɸʌɽɼʈʀ ɽʃɽʂʊʈʆʄɽʊɸʃʋʈɻɯɰ 

  

ʊɽʃʔʅʀʁ 
 ʉʊɽʇɸʅ ɯɺɸʅʆɺʀʏ 

ɿʘʩʣʫʞʝʥʠʡ ʜʽʷʯ ʥʘʫʢʠ ʽ 
ʪʝʭʥʽʢʠ ʈʦʩʽʡʩʴʢʦʾ 

ʌʝʜʝʨʘʮʽʾ 
ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʦʨ 
 

1890 ï 1962 ʨʨ. 

ʍʀʊʈʀʂ 

ʉʇʀʈʀɼʆʅ ʁʆʉʀʇʆɺʀʏ 
 

ɿʘʩʣʫʞʝʥʠʡ ʜʽʷʯ ʥʘʫʢʠ ʽ 
ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 
ʧʨʦʬʝʩʦʨ 

 
1895 ï 1980 ʨʨ. 

 

ʏʋʁʂʆ 

ʄʀʂʆʃɸʁ ʄɸʂɸʈʆɺʀʏ 
 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 
ʧʨʦʬʝʩʦʨ 

 
1903 ï 1983 ʨʨ. 
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ʆ.ɻ. ɺɽʃʀʏʂʆ 

ɻʆʃʆɺɸ ʆʈɻʂʆʄɯʊɽʊʋ 
ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅʘʮʽʦʥʘʣʴʥʦʾ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʣʘʫʨʝʘʪ ɼʝʨʞʘʚʥʦʾ ʧʨʝʤʽʾ 
ʋʢʨʘʾʥʠ ʚ ʛʘʣʫʟʽ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʘʢʘʜʝʤʽʢ ɸʅ ɺʠʱʦʾ ʰʢʦʣʠ 
ʋʢʨʘʾʥʠ, ʘʢʘʜʝʤʽʢ ɸɯʅ ʋʢʨʘʾʥʠ, ʟʘʩʣʫʞʝʥʠʡ ʧʨʘʮʽʚʥʠʢ 

ʥʘʨʦʜʥʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, ʨʝʢʪʦʨ ʅʄʝʪɸʋ 
 

 
 
 

 
ʆʉɺɯʊɸ ɯ ɺʀʈʆɹʅʀʎʊɺʆ: ʏɸʉ ʇʈɸʎʖɺɸʊʀ ʈɸɿʆʄ 

(ʜʦʧʦʚʽʜʴ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʌʦʨʫʤʽ çʌʦʨʤʫʚʘʥʥʷ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʩʫʯʘʩʥʦʾ ʤʝʪʘʣʫʨʛʠè 28 ʢʚʽʪʥʷ 2015 ʨ., ʤ. ʅʽʢʦʧʦʣʴ, ʋʢʨʘʾʥʘ) 

 

ɿʚô̫ ʟʦʢ ʦʩʚʽʪʠ ʡ ʚʠʨʦʙʥʠʮʪʚʘ... ɿʘ ʯʘʩʠ ʩʪʘʥʦʚʣʝʥʥʷ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʮʷ 
ʬʨʘʟʘ ʟʛʘʜʫʚʘʣʘʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʣʠʰʝ ʷʢ ʛʘʩʣʦ, ʧʦʩʪʫʧʦʚʦ ʚʪʨʘʯʘʶʯʠ ʢʦʣʠʰʥʻ ʩʫʪʥʽʩʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʝ ʦʪʨʠʤʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʦʚʦʛʦ ʟʤʽʩʪʫ, ʩʢʦʨʽʰʝ ʚʠʜʘʶʯʠ ʙʘʞʘʥʝ ʟʘ 
ʜʽʡʩʥʝ. 

ʅʘ ʱʘʩʪʷ, ʩʴʦʛʦʜʥʽ ʧʦʯʘʣʠ ʟʘʷʚʣʷʪʠʩʷ ʦʟʥʘʢʠ ʪʦʛʦ, ʱʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʯʠʥʘʶʪʴ 

ʟʤʽʥʶʚʘʪʠ ʩʚʦʶ ʧʦʚʝʜʽʥʢʫ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʚô̫ ʟʢʠ ʤʽʞ ʦʩʚʽʪʦʶ ʽ ʚʠʨʦʙʥʠʮʪʚʦʤ 
ʥʘʧʦʚʥʶʶʪʴʩʷ ʥʦʚʠʤ ʟʤʽʩʪʦʤ ʚ ʢʦʥʪʝʢʩʪʽ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ, ʧʦ-ʧʝʨʰʝ, ʯʦʤʫ ʧʝʨʝʜʦʚʽ ʧʽʜʧʨʠʻʤʮʽ ʩʘʤʝ ʩʴʦʛʦʜʥʽ ʧʦʯʘʣʠ 
ʰʫʢʘʪʠ ʰʣʷʭʠ ʟʙʣʠʞʝʥʥʷ ʟ ʟʘʢʣʘʜʘʤʠ ʚʠʱʦʾ ʦʩʚʽʪʠ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʮʝ ʻ 
ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʛʦʩʪʨʦʛʦ ʜʝʬʽʮʠʪʫ ʥʝ ʣʠʰʝ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ, ʘʣʝ ʥʘʚʽʪʴ 

ʚʟʘʛʘʣʽ ʧʨʦʬʝʩʽʡʥʦ ʟʜʘʪʥʦʛʦ ʚʽʣʴʥʦʛʦ ʣʶʜʩʴʢʦʛʦ ʨʝʩʫʨʩʫ ʥʘ ʨʠʥʢʫ ʧʨʘʮʽ. 
ɺ 90-ʪʽ ʨʦʢʠ ʦʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʠʨʽʰʝʥʥʷ ʢʘʜʨʦʚʠʭ ʧʠʪʘʥʴ ʙʫʣʠ: 

- ʧʨʦʬʝʩʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʬʘʭʽʚʮʽʚ, ʷʢʽ ʚʞʝ ʧʨʘʮʶʚʘʣʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ; 
- ʟʘʣʫʯʝʥʥʷ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʟ ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚ (ʜʦ ʨʝʯʽ, ʡ 

ʥʘʫʢʦʚʮʽ ʪʘ ʚʠʢʣʘʜʘʯʽ, ʱʦ ʟʘʣʠʰʘʣʠ ɺʅɿ ʫ ʧʦʰʫʢʘʭ ʢʨʘʱʦʛʦ, ʙʫʣʠ ʦʜʥʠʤ ʟ ʜʫʞʝ 

ʧʦʪʫʞʥʠʭ ʜʞʝʨʝʣ ʬʦʨʤʫʚʘʥʥʷ ʢʘʜʨʦʚʦʛʦ ʩʢʣʘʜʫ ʚʩʽʭ ʩʪʫʧʝʥʽʚ ʽʻʨʘʨʭʽʾ ʧʽʜʧʨʠʻʤʩʪʚ 
ʨʽʟʥʦʛʦ ʪʠʧʫ ʡ ʤʘʩʰʪʘʙʫ). 

ɺʠʧʫʩʢʥʠʢʠ ɺʅɿ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʣʠʰʝ ʟ ʪʨʝʪʴʦʾ ʘʙʦ ʯʝʪʚʝʨʪʦʾ ʩʧʨʦʙʠ 
ʟʥʘʭʦʜʠʣʠ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʥʘ ʷʢʦʤʫ ʥʘʨʝʰʪʽ ʟʘʢʨʽʧʣʷʣʠʩʷ - ʥʘ ʧʝʚʥʠʡ ʯʘʩ. ɿʚʽʩʥʦ, ʫ ʜʫʞʝ 
ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʧʨʦʬʽʣʴ ʮʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʞʝ ʥʝ ʤʘʚ ʥʽʯʦʛʦ ʩʧʽʣʴʥʦʛʦ ʟ ʥʘʧʨʷʤʦʤ 

ʦʩʚʽʪʠ. 
ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘʚʯʘʥʥʷ ʟʘ ʢʦʥʪʨʘʢʪʘʤʠ ʤʘʡʞʝ ʥʽʷʢ ʥʝ ʚʧʣʠʚʘʣʦ ʥʘ ʮʽ 

ʧʨʦʮʝʩʠ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʧʣʘʪʥʠʢʽʚ ʟʘ ʢʦʥʪʨʘʢʪʘʤʠ - ʙʘʪʴʢʠ, ʘ ʥʝ 
ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʘʮʽʢʘʚʣʝʥʽ ʫ ʧʦʥʦʚʣʝʥʥʽ ʢʘʜʨʦʚʦʛʦ ʨʝʩʫʨʩʫ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʙʝʟʢʽʥʝʯʥʦ ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʪʨʠʚʘʪʠ ʥʝ ʤʦʞʝ: ʨʘʥʦ ʯʠ ʧʽʟʥʦ ʚʩʽ, ʭʪʦ 

ʧʦʪʝʥʮʽʡʥʦ ʤʽʛ ʟʨʦʙʠʪʠ ʢʘʨô̒ ʨʫ ʾʾ ʟʨʦʙʣʷʪʴ, ʭʪʦ ʭʦʪʽʚ ʟʥʘʡʪʠ ʢʨʘʱʝ ʤʽʩʮʝ - ʡʦʛʦ 
ʟʥʘʡʜʫʪʴ. ɯ ʦʪ ʪʦʜʽ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʽʥʰʦʛʦ ʚʠʭʦʜʫ, ʷʢ ʟʘʣʫʯʘʪʠ ʜʦ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ 

Ăʩʚʽʞʠʭò ʚʠʧʫʩʢʥʠʢʽʚ, ʥʝʤʘʻ. ɸʣʝ ʞ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʥʦʚʝ ʧʦʧʦʚʥʝʥʥʷ ʜʫʞʝ ʨʽʜʢʦ 
ʚʠʧʨʘʚʜʦʚʫʻ ʦʯʽʢʫʚʘʥʥʷ ʽ ʪʦʤʫ ʻ ʦʙô̒ ʢʪʠʚʥʽ ʧʨʠʯʠʥʠ: 

- ʤʦʣʦʜʽ ʣʶʜʠ ʥʝ ʤʘʶʪʴ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ; 

- ʚʦʥʠ ʤʘʡʞʝ ʥʘ ʙʘʯʠʣʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʩʢʽʣʴʢʠ ʤʦʞʣʠʚʦʩʪʽ ʩʫʪʥʽʩʥʦʛʦ 
ʧʨʦʚʝʜʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʘʢʪʠʢ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʣʠʩʷ; 

- ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʚʦʥʠ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʥʝ ʤʘʣʠ ʞʦʜʥʦʾ ʛʘʜʢʠ, ʜʝ 
ʩʘʤʝ ʾʤ ʜʦʚʝʜʝʪʴʩʷ ʧʨʘʮʶʚʘʪʠ, ʘ ʦʪʞʝ ʥʝ ʙʫʣʠ ʚʤʦʪʠʚʦʚʘʥʽ ʜʦ ʚʠʚʯʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦ-
ʩʧʨʷʤʦʚʘʥʠʭ ʜʠʩʮʠʧʣʽʥ; 
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- ʧʨʦʛʨʘʤʠ, ʟʘ ʷʢʠʤʠ ʚʦʥʠ ʥʘʚʯʘʣʠʩʷ, ʥʽʷʢ ʥʝ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʩʧʝʮʠʬʽʯʥʠʭ 
ʚʠʤʦʛ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʘʤʦʚʥʠʢʘ. 

ʅʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 
- ʟʘ ʦʩʪʘʥʥʽ ʧʽʚʪʦʨʘ ʜʝʩʷʪʠʨʽʯʯʷ ʟʚô̫ ʟʢʠ ɺʅɿ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ - ʟʘʤʦʚʥʠʢʽʚ 

ʥʦʩʠʣʠ ʜʦʩʠʪʴ ʬʦʨʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, ʥʘʚʽʪʴ ʷʢʱʦ ʪʘʢʽ ʢʦʥʪʘʢʪʠ ʚʽʜʙʫʚʘʣʠʩʷ, 
ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʫʞʝ ʨʽʜʢʦ ʚʪʨʫʯʘʣʠʩʷ ʜʦ ʟʤʽʩʪʫ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʩʢʣʘʜʫ ʦʩʚʽʪʥʽʭ 
ʧʨʦʛʨʘʤ; 

- ʷʢʽʩʪʴ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʧʫʩʢʥʠʢʽʚ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʦʟʚʦʣʷʻ 
ʙʘʞʘʪʠ ʢʨʘʱʦʛʦ; 

- ʥʘʚʽʪʴ ʩʪʫʜʝʥʪʠ - ʩʪʘʨʰʦʢʫʨʩʥʠʢʠ ʥʝ ʤʘʶʪʴ ʥʘʚʠʯʦʢ ʧʣʘʥʫʚʘʥʥʷ ʢʘʨô̒ ʨʠ, 
ʾʭ ʥʘʚʯʘʥʥʶ ʥʝ ʜʽʩʪʘʻ ʤʦʪʠʚʘʮʽʾ, ʚʦʥʠ ʩʢʦʨʽʰʝ ʻ ʧʘʩʠʚʥʠʤʠ ʦʪʨʠʤʫʚʘʯʘʤʠ ʽʥʬʦʨʤʘʮʽʾ, 
ʥʽʞ ʘʢʪʠʚʥʠʤʠ ʛʨʘʚʮʷʤʠ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ; 

- ʽʩʥʫʻ ʜʝʬʽʮʠʪ ʷʢʽʩʥʦʛʦ ʢʘʜʨʦʚʦʛʦ ʨʝʩʫʨʩʫ, ʱʦ ʩʪʨʠʤʫʻ ʨʦʟʚʠʪʦʢ 
ʧʽʜʧʨʠʻʤʩʪʚ, ʛʘʣʴʤʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʽʜʝʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. 

ʉʘʤʝ ʪʦʤʫ, ʦʩʪʘʥʥʽʡ ʜʦʩʚʽʜ ʅʘʮʽʦʥʘʣʴʥʦʾ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ 
(ʅʄʝʪɸʋ) ʜʦʟʚʦʣʷʻ ʩʧʦʜʽʚʘʪʠʩʷ, ʱʦ ʧʨʠʡʰʦʚ ʯʘʩ, ʢʦʣʠ ʢʝʨʽʚʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ 
ʜʽʡʩʥʦ ʜʙʘʶʪʴ ʧʨʦ ʤʘʡʙʫʪʥʽʡ ʨʦʟʚʠʪʦʢ, ʧʦʩʪʫʧʦʚʦ ʧʦʯʠʥʘʶʪʴ ʧʦʚʝʨʪʘʪʠʩʷ ʜʦ ʦʩʚʽʪʠ 

ʦʙʣʠʯʯʷʤ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʚʽʜ ʩʪʘʚʣʝʥʥʷ ʜʦ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʷʢ 
ʜʦ Ăʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠò, ʟ ʷʢʦʾ ʤʦʞʥʘ ʙʨʘʪʠ ʤʘʡʙʫʪʥʽʡ ʧʝʨʩʦʥʘʣ, ʜʦ ʩʪʘʚʣʝʥʥʷ ʷʢ ʜʦ 

ʧʘʨʪʥʝʨʘ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʧʨʦʜʫʢʫʚʘʪʠ ʚʠʧʫʩʢʥʠʢʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʷʢʦʩʪʷʤʠ ʡ ʫ ʥʝʦʙʭʽʜʥʽʡ 
ʢʽʣʴʢʦʩʪʽ. 

ʅʘʚʝʜʝʤʦ ʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ. 
 

ʇʨʠʢʣʘʜ ʧʝʨʰʠʡ - ʥʘʚʯʘʥʥʷ, ʧʦʻʜʥʘʥʝ ʟ ʧʨʘʢʪʠʢʦʶ 

ʆʩʚʽʪʥʽʡ ʧʨʦʝʢʪ çɿʘʚʦʜʩʴʢʠʡ ʩʪʫʜʝʥʪè ʅʄʝʪɸʋ ʧʨʦʚʦʜʠʚʩʷ ʨʘʟʦʤ ʽʟ 

ɺɸʊ çʂʦʤʽʥʤʝʪè (ʧʽʜʧʨʠʻʤʩʪʚʦ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟʚʘʨʥʠʭ ʪʨʫʙ ʪʘ 
ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʤʝʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ). ʑʦʨʦʢʫ ʢʘʜʨʦʚʘ ʩʣʫʞʙʘ ʟʘʚʦʜʫ ʚʽʜʙʠʨʘʻ ʟʽ ʩʢʣʘʜʫ 

ʩʪʘʨʰʦʢʣʘʩʥʠʢʽʚ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʙʣʠʟʫ ʰʢʽʣ ʧʝʚʥʠʡ ʢʦʥʪʠʥʛʝʥʪ ʘʙʽʪʫʨʽʻʥʪʽʚ, ʷʢʽ 
ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʦ ʚʩʪʫʧʫ ʫ ʅʄʝʪɸʋ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʩʪʫʧʥʠʭ ʽʩʧʠʪʽʚ ʟʘʣʠʰʘʻʪʴʩʷ 
ʙʣʠʟʴʢʦ 30 ʶʥʘʢʽʚ ʪʘ ʜʽʚʯʘʪ, ʟ ʷʢʠʤʠ ʫʢʣʘʜʘʻʪʴʩʷ ʪʨʴʦʭʩʪʦʨʦʥʥʽʡ ʢʦʥʪʨʘʢʪ. ʗʢ ʧʨʘʚʠʣʦ, 

ʙʽʣʴʰʽʩʪʴ ʚʩʪʫʧʥʠʢʽʚ - ʜʽʪʠ ʟʘʚʦʜʯʘʥ, ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ - ʧʨʝʜʩʪʘʚʥʠʢʠ ʪʨʫʜʦʚʠʭ 
ʜʠʥʘʩʪʽʡ. ʉʢʣʘʜ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʢʦʨʧʫʩʫ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ ʬʦʨʤʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ  

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʦʪʨʝʙ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʬʘʭʽʚʮʷʭ. 
ʆʨʛʘʥʽʟʘʮʽʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʤʘʻ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 
- ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʜʚʦʭ ʨʦʢʽʚ ʥʘʚʯʘʥʥʷ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʟʘʥʷʪʴ ʚʠʢʣʘʜʘʯʽ 

ʅʄʝʪɸʋ ʧʨʦʚʦʜʷʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ - ʚ ʘʫʜʠʪʦʨʽʷʭ ʩʣʫʞʙʠ ʧʽʜʛʦʪʦʚʢʠ 
ʧʝʨʩʦʥʘʣʫ, ʚ ʘʢʘʜʝʤʽʾ ʧʨʦʭʦʜʷʪʴ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʥʷʪʪʷ, ʧʦʚô̫ ʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʝʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ ʪʦʱʦ); 
- ʧʦʯʠʥʘʶʯʠ ʟ 3 ʨʦʢʫ ʩʪʫʜʝʥʪʠ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʽʩʥʫʶʯʠʭ 

ʩʪʫʜʝʥʪʩʴʢʠʭ ʛʨʫʧ; 

- ʦʢʨʽʤ ʚʠʢʣʘʜʘʯʽʚ ʘʢʘʜʝʤʽʾ ʜʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʣʫʯʘʶʪʴʩʷ ʧʨʦʚʽʜʥʽ 
ʬʘʭʽʚʮʽ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

- ʦʜʥʦʯʘʩʥʦ ʟ ʟʘʨʘʭʫʚʘʥʥʷʤ ʜʦ ʘʢʘʜʝʤʽʾ ʚʩʽ ʩʪʫʜʝʥʪʠ ʧʨʘʮʝʚʣʘʰʪʦʚʫʶʪʴʩʷ 
ʥʘ ʟʘʚʦʜʽ, ʜʝ, ʧʨʘʮʶʶʯʠ ʟʘ ʩʫʤʽʩʥʠʮʪʚʦʤ ʫ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʜʥʷ, ʟʘʩʚʦʶʶʪʴ ʨʦʙʽʪʥʠʯʽ 
ʧʨʦʬʝʩʽʾ, ʦʪʨʠʤʫʶʯʠ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʥʶ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʘʚʦʜ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʦʜʥʦʤʫ ʟ ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʮʝʥʪʨʫ ʨʘʡʦʥʽʚ 
ʤʽʩʪʘ, ʪʘʢʠʡ ʨʝʞʠʤ ʥʘʚʯʘʥʥʷ ʻ ʜʫʞʝ ʟʨʫʯʥʠʤ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʱʦ ʤʝʰʢʘʶʪʴ ʧʦʙʣʠʟʫ 

ʟʘʚʦʜʫ. ʇʨʘʮʶʶʯʠ ʥʘ ʟʘʚʦʜʽ, ʚʦʥʠ ʚʽʜʯʫʚʘʶʪʴ ʩʝʙʝ ʜʦʨʦʩʣʽʰʠʤʠ, ʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʦ 
ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʥʘʚʯʘʥʥʷ. ɼʦ ʪʦʛʦ ʞ, ʛʦʜʽ ʡ ʢʘʟʘʪʠ, ʱʦ, ʩʪʘʚʰʠ ʽʥʞʝʥʝʨʘʤʠ, ʚʦʥʠ ʥʝ 
ʤʘʪʠʤʫʪʴ ʞʦʜʥʠʭ ʧʨʦʙʣʝʤ ʟ ʘʜʘʧʪʘʮʽʻʶ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʷʢʝ ʩʪʘʥʝ ʜʣʷ ʥʠʭ ʨʽʜʥʠʤ ʚʞʝ 

ʟʘ ʯʘʩʠ ʥʘʚʯʘʥʥʷ. 
ʅʘʨʘʟʽ ʟʘ ʮʠʤ ʧʨʦʝʢʪʦʤ ʥʘʚʯʘʻʪʴʩʷ ʧʦʥʘʜ 120 ʩʪʫʜʝʥʪʽʚ ʥʘ 3-ʭ ʢʫʨʩʘʭ. ɺʪʽʣʝʥʥʷ 

ʧʨʦʝʢʪʫ ʫ ʞʠʪʪʷ ʜʦʟʚʦʣʷʻ ʩʴʦʛʦʜʥʽ ʧʽʜʧʨʠʻʤʩʪʚʫ, ʱʦ ʤʘʻ ʩʝʨʡʦʟʥʽ ʧʝʨʩʧʝʢʪʠʚʠ 



9 

 

 

ʨʦʟʚʠʪʢʫ, ʚʧʝʚʥʝʥʽʰʝ ʜʠʚʠʪʠʩʷ ʫ ʤʘʡʙʫʪʥʻ. 
ʇʨʠʢʣʘʜ ʜʨʫʛʠʡ - ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʫ ʤʘʡʙʫʪʥʻ 

ɺʪʽʣʶʻʪʴʩʷ ʚ ʞʠʪʪʷ ʧʨʦʝʢʪ ʧʽʜ ʥʘʟʚʦʶ çʋ ʤʘʡʙʫʪʥʻ - ʨʘʟʦʤè, ʫ ʩʧʽʚʧʨʘʮʽ 
ʅʄʝʪɸʋ ʟ ʢʦʨʧʦʨʘʮʽʻʶ çɯʥʪʝʨʧʘʡʧè. ɼʣʷ ʫʯʘʩʪʽ ʚ ʧʨʦʝʢʪʽ ʟʘʣʫʯʘʶʪʴʩʷ ʩʪʫʜʝʥʪʠ 

ʘʢʘʜʝʤʽʾ ʨʽʟʥʠʭ ʢʫʨʩʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ ʜʨʫʛʦʛʦ. ʄʝʪʦʶ ʧʨʦʝʢʪʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʝ 
ʟʘʜʦʚʦʣʝʥʥʷ ʢʘʜʨʦʚʠʭ ʧʦʪʨʝʙ ʪʘʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʮʽʻʾ ʢʦʨʧʦʨʘʮʽʾ, ʷʢ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ 
ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʫ çɯʥʪʝʨʧʘʡʧ ï ʅʊɿè, ʱʦ ʨʦʟʧʦʯʘʚ ʜʫʞʝ ʘʤʙʽʪʥʫ ʧʨʦʛʨʘʤʫ ʨʦʟʚʠʪʢʫ ʡ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʨʦʟʪʘʰʦʚʘʥʝ ʫ ʅʽʢʦʧʦʣʽ ʧʽʜʧʨʠʻʤʩʪʚʦ çɯʥʪʝʨʧʘʡʧ ï ʅʽʢʦʪʴʶʙè. 
ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʝʢʪʫ ʻ ʪʝ, ʱʦ ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʦʩʥʦʚʥʦʾ ʧʨʦʛʨʘʤʠ ʥʘʚʯʘʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʠʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʘ 
ʚʢʣʶʯʘʻ: 

- ʣʝʢʮʽʾ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʥʷʪʪʷ ʟ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʦʢʨʝʤʠʭ ʪʝʤ ʚʞʝ 

ʽʩʥʫʶʯʠʭ ʢʫʨʩʽʚ; 
- ʟʘʩʚʦʻʥʥʷ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʭ ʢʫʨʩʽʚ; 

- ʩʘʤʦʩʪʽʡʥʫ ʨʦʙʦʪʫ (ʚʠʢʦʥʘʥʥʷ ʛʨʫʧʦʚʠʭ ʧʨʦʝʢʪʽʚ, ʥʘʧʠʩʘʥʥʷ ʨʝʬʝʨʘʪʽʚ, 
ʣʽʪʝʨʘʪʫʨʥʠʭ ʦʛʣʷʜʽʚ ʟʘ ʚʠʟʥʘʯʝʥʦʶ ʪʝʤʘʪʠʢʦʶ); 

- ʝʢʩʢʫʨʩʽʾ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʦ. 

ʇʨʦʝʢʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʢʦʤʝʨʮʽʡʥʽʡ ʦʩʥʦʚʽ ʚ ʨʘʤʢʘʭ ʢʦʥʪʨʘʢʪʫ ʤʽʞ ʅʄʝʪɸʋ 
ʪʘ çɯʥʪʝʨʧʘʡʧè. ʉʪʫʜʝʥʪʠ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʝʢʪʽ, ʟʘʢʣʶʯʘʶʪʴ ʟ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʢʦʥʪʨʘʢʪ, ʷʢʠʡ ʨʝʛʣʘʤʝʥʪʫʻ ʧʠʪʘʥʥʷ ʾʭʥʴʦʛʦ ʧʦʜʘʣʴʰʦʛʦ 
ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ. 

 

ʇʨʠʢʣʘʜ ʪʨʝʪʽʡ - ʚ ʢʦʥʪʝʢʩʪʽ ʛʣʦʙʘʣʽʟʘʮʽʾ 
ʉʧʽʚʧʨʘʮʷ ʟ ʽʪʘʣʽʡʩʴʢʦʶ ʬʽʨʤʦʶ Danieli ï ʩʚʽʪʦʚʠʤ ʣʽʜʝʨʦʤ ʫ ʛʘʣʫʟʽ ʨʦʟʨʦʙʢʠ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʦʙʣʘʜʥʘʥʥʷ - ʨʦʟʧʦʯʘʣʘʩʷ ʟ ʚʽʜʙʦʨʫ ʩʪʫʜʝʥʪʽʚ ʅʄʝʪɸʋ ʥʘ 

ʤʘʛʽʩʪʝʨʩʴʢʽ ʧʨʦʛʨʘʤʠ ʜʦ ʋʥʽʚʝʨʩʠʪʝʪʫ ʋʜʽʥʝ ʟ ʤʝʪʦʶ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ ʜʣʷ 
ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʙʶʨʦ Danieli Heavy Machinery. ʉʧʦʯʘʪʢʫ ʬʽʨʤʘ 

ʩʧʦʜʽʚʘʣʘʩʷ ʟʥʘʡʪʠ ʜʣʷ ʮʴʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʬʘʭʽʚʮʽʚ ʟʽ ʩʪʘʞʝʤ ʽ 
ʜʦʩʚʽʜʦʤ ʨʦʙʦʪʠ -- ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʫ ʥʘʰʦʤʫ ʤʽʩʪʽ ʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʽʥʩʪʠʪʫʮʽʡ ʟʘ ʮʠʤ 
ʧʨʦʬʽʣʝʤ, ʽʪʘʣʽʡʩʴʢʽ ʤʝʥʝʜʞʝʨʠ ʦʯʽʢʫʚʘʣʠ, ʱʦ ʟʤʦʞʫʪʴ ʰʚʠʜʢʦ ʫʢʦʤʧʣʝʢʪʫʚʘʪʠ ʰʪʘʪ. 

ʎʝʡ ʜʦʩʚʽʜ ʜʦʚʽʚ ʬʘʢʪ, ʷʢʠʡ, ʥʘ ʞʘʣʴ, ʥʝ ʙʘʞʘʻ ʫʩʚʽʜʦʤʠʪʠ ʙʽʣʴʰʽʩʪʴ ʚʽʪʯʠʟʥʷʥʠʭ 
ʧʽʜʧʨʠʻʤʮʽʚ: ʨʝʟʝʨʚʫ ʚʽʣʴʥʠʭ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʥʘ ʨʠʥʚʫ ʧʨʘʮʽ ʥʝʤʘʻ ʽ ʻʜʠʥʠʡ 

ʰʣʷʭ ʩʪʽʡʢʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʦʛʦ ʢʘʜʨʦʚʦʛʦ ʨʝʩʫʨʩʫ - ʽʥʚʝʩʪʫʚʘʥʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ. 
ʇʽʜ ʯʘʩ ʟʫʩʪʨʽʯʽ ʢʝʨʽʚʥʠʮʪʚʘ ʘʢʘʜʝʤʽʾ ʟ ʧʨʝʟʠʜʝʥʪʦʤ ʢʦʤʧʘʥʽʾ ʧʘʥʦʤ ɹʝʥʝʜʝʪʪʽ 

ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʨʽʰʝʥʥʷ, ʥʘʩʣʽʜʢʦʤ ʷʢʦʛʦ ʩʪʘʣʦ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʦʝʢʪʫ çʅʦʚʘ ʝʣʽʪʥʘ 

ʛʝʥʝʨʘʮʽʷ ʽʥʞʝʥʝʨʽʚ ʜʣʷ ʢʦʤʧʘʥʽʾ Danieliè. ɺ ʨʘʤʢʘʭ ʢʦʥʪʨʘʢʪʫ ʤʽʞ ʅʄʝʪɸʋ ʪʘ Danieli 
ʚʽʜʽʙʨʘʥʦ 33 ʩʪʫʜʝʥʪʠ ʪʨʝʪʴʦʛʦ ʢʫʨʩʫ (ʥʘʧʨʷʤʠ çʄʝʪʘʣʫʨʛʽʷè ʪʘ çɯʥʞʝʥʝʨʥʘ ʤʝʭʘʥʽʢʘè) 

ʜʣʷ ʥʘʚʯʘʥʥʷ ʚ ʦʢʨʝʤʽʡ ʛʨʫʧʽ. ɺʽʜʙʽʨ ʩʪʫʜʝʥʪʽʚ ʚʽʜʙʫʚʘʚʩʷ ʥʝ ʣʠʰʝ ʥʘ ʧʽʜʩʪʘʚʽ 
ʘʢʘʜʝʤʽʯʥʦʛʦ ʨʝʡʪʠʥʛʫ, ʘʣʝ ʡ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʪʨʝʥʽʥʛʽʚ, ʷʢʽ 
ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʪʠʞʥʽʚ ʧʨʦʚʦʜʠʣʠʩʷ ʩʧʝʮʽʘʣʴʥʦ ʟʘʣʫʯʝʥʠʤʠ ʬʘʭʽʚʮʷʤʠ. ɸʜʘʧʪʦʚʘʥʫ 

ʧʨʦʛʨʘʤʫ ʧʽʜʛʦʪʦʚʢʠ ʨʦʟʨʦʙʣʝʥʦ ʩʧʽʣʴʥʦ ʚʠʢʣʘʜʘʯʘʤʠ ʅʄʝʪɸʋ ʪʘ ʇʦʣʽʪʝʢʥʽʢʦ ʜʽ 
ʄʽʣʘʥʦ - ʧʨʦʚʽʜʥʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʚʠʱʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ɯʪʘʣʽʾ. 

ʆʢʨʽʤ ʪʦʛʦ, ʥʘ 5 ʢʫʨʩʽ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʛʨʫʧʫ ʟ 15 ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʧʨʦʪʷʛʦʤ 
ʜʠʧʣʦʤʫʚʘʥʥʷ ʧʨʦʡʰʣʠ ʽʥʪʝʥʩʠʚʥʠʡ ʢʫʨʩ, ʱʦ ʚʢʣʶʯʘʻ ʢʦʤʧôʁ ʪʝʨʥʽ ʟʘʩʦʙʠ 
ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʶ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʪʘ ʣʽʥʛʚʽʩʪʠʯʥʫ (ʘʥʛʣʽʡʩʴʢʘ ʪʘ ʽʪʘʣʽʡʩʴʢʘ 

ʤʦʚʠ) ʧʽʜʛʦʪʦʚʢʫ. ɺʩʽ ʚʦʥʠ ʩʪʘʣʠ ʧʨʘʮʽʚʥʠʢʘʤʠ Danieli Heavy Machinery ʚ 
ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʫ. 

ɺ ʨʘʤʢʘʭ ʮʴʦʛʦ ʧʨʦʝʢʪʫ ʬʽʨʤʦʶ Danieli ʚ ʩʪʽʥʘʭ ʘʢʘʜʝʤʽʾ ʦʙʣʘʜʥʘʥʦ 
ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʘʫʜʠʪʦʨʽʶ Heavy Machinery Design Laboratory ʜʣʷ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ 
ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʂʦʤʧôʁ ʪʝʨʠ ʦʩʥʘʱʝʥʽ ʣʽʮʝʥʟʽʡʥʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ʆʢʨʽʤ ʟʚʠʯʘʡʥʠʭ Windows ʪʘ MS Office ʧʨʠʜʙʘʥʽ ʧʘʢʝʪʠ 
Matlab, Inventor, KISSsoft ʪʘ ʽʥʰʽ ʧʨʦʛʨʘʤʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʧʨʦʝʢʪʫʻʪʴʩʷ. ʇʦ ʚʩʽʭ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʘʭ ʨʝʛʫʣʷʨʥʦ ʟʘʧʨʦʰʫʶʪʴʩʷ ʬʘʭʽʚʮʽ ʚʽʜ ʬʽʨʤ - 
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ʨʦʟʨʦʙʥʠʢʽʚ (ʚ ʪʦʤʫ ʯʠʩʣʽ - ʟ-ʟʘ ʢʦʨʜʦʥʫ) ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʝʤʽʥʘʨʽʚ. ɼʣʷ ʙʽʙʣʽʦʪʝʢʠ ʮʽʻʾ 
ʘʫʜʠʪʦʨʽʾ ʧʝʨʝʜʧʣʘʯʝʥʦ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʧʨʦʚʽʜʥʽ ʧʝʨʽʦʜʠʯʥʽ ʚʠʜʘʥʥʷ ʩʚʽʪʫ ʫ ʛʘʣʫʟʽ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ (ʤʘʡʞʝ 30 ʥʘʡʤʝʥʫʚʘʥʴ). ɿʘʛʘʣʴʥʽ ʽʥʚʝʩʪʠʮʽʾ 
Danieli  ʚ ʮʝʡ ʧʨʦʝʢʪ ʚʠʤʽʨʶʶʪʴʩʷ ʢʽʣʴʢʦʤʘ ʩʦʪʥʷʤʠ ʪʠʩʷʯ ʻʚʨʦ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʢʫʨʩʦʚʠʭ ʧʨʦʝʢʪʽʚ, ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʢʫʣʴʪʠʚʫʻʪʴʩʷ 
ʢʦʤʘʥʜʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ. ɺʞʝ ʘʥʦʥʩʦʚʘʥʦ ʽ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʢʦʤʘʥʜʥʠʡ 
ʢʦʥʢʫʨʩ ʧʽʜ ʥʘʟʚʦʶ Fabbricando (ʚʠʥʘʭʦʜʠʤʦ - ʽʪʘʣ.) ʥʘ ʢʨʘʱʝ ʚʠʨʽʰʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ 

ʟʘʚʜʘʥʴ, ʧʝʨʝʤʦʞʮʽʚ ʷʢʦʛʦ ʙʫʜʝ ʥʘʛʦʨʦʜʞʝʥʦ ʥʘ ʮʝʨʝʤʦʥʽʾ, ʱʦ ʚʽʜʙʫʜʝʪʴʩʷ ʚ ɯʪʘʣʽʾ. 
ɼʫʞʝ ʝʬʝʢʪʠʚʥʦʶ ʻ ʬʦʨʤʘ ʚʠʢʣʘʜʘʥʥʷ ʬʘʭʦʚʠʭ ʜʠʩʮʠʧʣʽʥ: ʨʘʟʦʤ ʟ 

ʚʠʢʣʘʜʘʯʘʤʠ ʅʄʝʪɸʋ ʥʘ ʟʘʥʷʪʪʷʭ ʧʨʠʩʫʪʥʽ ʬʘʭʽʚʮʽ Danieli, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ 
ʪʝʦʨʝʪʠʯʥʠʡ ʢʫʨʩ ʧʨʘʢʪʠʯʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ, ʙʘʟʦʚʘʥʠʤʠ ʥʘ ʨʝʘʣʴʥʠʭ ʧʨʦʝʢʪʘʭ, ʷʢʽ 
ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. ɿʘʧʣʘʥʦʚʘʥʝ ʯʠʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʠʭ ʢʫʨʩʽʚ ʣʝʢʮʽʡ 

ʧʨʦʬʝʩʦʨʘʤʠ ʟ ʄʽʣʘʥʫ. ʅʝʤʘʻ ʩʫʤʥʽʚʫ, ʱʦ ʢʦʨʠʩʪʴ ʚʽʜ ʪʘʢʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʻ ʥʝ 
ʣʠʰʝ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʘʣʝ ʡ ʥʘʚʽʪʴ ʜʣʷ ʚʠʢʣʘʜʘʯʽʚ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʅʄʝʪɸʋ ʩʪʘʣʘ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ ʦʧʦʨʠ Danieli ʟʘ 
ʢʦʨʜʦʥʦʤ, ʜʦʣʫʯʠʚʰʠʩʴ ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʬʽʨʤʠ, ʱʦ ʚʢʣʶʯʘʻ ʟʦʢʨʝʤʘ 
ʪʘʢʽ ʥʝʽʪʘʣʽʡʩʴʢʽ ʫʥʽʚʝʨʩʠʪʝʪʠ, ʷʢ ʄɼʊʋ ʽʤ. ɹʘʫʤʘʥʘ (ʄʦʩʢʚʘ, ʈʦʩʽʷ), ʇʽʚʥʽʯʥʦ-ʉʭʜ̔ʥʠʡ 

ʋʥʽʚʝʨʩʠʪʝʪ (ʐʝʥʴʷʥ, ʂʅʈ), ʇʝʢʽʥʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ (ʂʅʈ) ʪʘ 
ɯʥʜʽʡʩʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ (ɹʦʤʙʝʡ, ɯʥʜʽʷ). 

ʆʢʨʽʤ ʮʠʭ ʧʨʠʢʣʘʜʽʚ ʟʘʨʘʟ ʚ ʅʄʝʪɸʋ ʦʧʨʘʮʴʦʚʫʻʪʴʩʷ ʱʝ ʢʽʣʴʢʘ ʧʨʦʝʢʪʽʚ, ʷʢʽ 
ʤʘʶʪʴ ʧʦʻʜʥʘʪʠ ʟʫʩʠʣʣʷ ʦʩʚʽʪʠ ʡ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʦ ʷʢʽ, ʩʧʦʜʽʚʘʻʤʦʩʷ, ʙʫʜʝ ʥʘʛʦʜʘ 
ʨʦʟʧʦʚʽʩʪʠ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʇʽʜʚʦʜʷʯʠ ʚʠʩʥʦʚʦʢ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ: ʥʘʡʚʘʞʣʠʚʽʰʝ, ʯʦʤʫ ʥʘʩ ʥʘʚʯʠʣʠ 
ʟʘʟʥʘʯʝʥʽ ʧʨʦʝʢʪʠ ʻ ʪʝ, ʱʦ ʘʢʪʠʚʥʘ ʩʧʽʚʧʨʘʮʷ ʦʩʚʽʪʠ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʟʘʧʦʨʫʢʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʠʱʦʾ ʦʩʚʽʪʠ. ʎʝʡ ʚʠʩʥʦʚʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ 
ʘʨʛʫʤʝʥʪʘʭ: 

- ʟô̫ ʚʣʷʻʪʴʩʷ ʦʩʥʦʚʥʘ ʧʝʨʝʜʫʤʦʚʘ ʟʘʩʚʦʻʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʢʣʘʜʘʻʪʴʩʷ, 

ʤʦʪʠʚʘʮʽʷ ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʫʩʚʽʜʦʤʣʝʥʦ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ ʱʦʜʦ ʫʯʘʩʪʽ ʫ ʧʨʦʛʨʘʤʽ, 
ʚʠʙʦʨʶʶʯʠ ʮʝ ʧʨʘʚʦ ʫ ʢʦʥʢʫʨʝʥʪʥʽʡ ʙʦʨʦʪʴʙʽ; 

- ʟʘʚʜʷʢʠ ʫʯʘʩʪʽ ʬʘʭʽʚʮʽʚ ʟ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʯʠ ʟ ʥʝʚʠʨʦʙʥʠʯʦʛʦ ʩʝʢʪʦʨʫ) ʚ 
ʘʫʜʠʪʦʨʽʶ ʧʨʠʚʥʦʩʠʪʴʩʷ ʥʘʡʩʫʯʘʩʥʽʰʠʡ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ; 

- ʩʪʫʜʝʥʪʠ ʚʽʜʯʫʚʘʶʪʴ ʩʝʙʝ ʷʢ ʻʜʠʥʘ ʢʦʤʘʥʜʘ (ʽ ʥʘʚʽʪʴ ʷʢ ʯʘʩʪʠʥʘ ʙʽʣʴʰ 

ʚʝʣʠʢʦʾ ʢʦʤʘʥʜʠ, ʚ ʷʢʽʡ ʚʦʥʠ ʟʛʦʜʦʤ ʙʫʜʫʪʴ ʧʨʘʮʝʚʣʘʰʪʦʚʘʥʽ), ʟʘʩʚʦʶʶʯʠ ʥʘʚʠʯʢʠ ʡ 
ʜʫʭ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʣʽʜʝʨʩʪʚʘ; 

- ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʫʚʘʪʠ ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʙʘʞʘʥʴ 
ʧʽʜʧʨʠʻʤʩʪʚʘ-ʟʘʤʦʚʥʠʢʘ; 

- ʽʥʚʝʩʪʫʚʘʥʥʷ ʦʩʚʽʪʠ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʩʫʪʪʻʚʦʛʦ ʧʦʣʽʧʰʝʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʦʾ ʙʘʟʠ ʥʘʚʯʘʥʥʷ. 
ɼʽʡʩʥʦ, ʭʦʪʽʣʦʩʷ ʙ, ʱʦʙ ʢʝʨʽʚʥʠʢʠ ʧʨʦʚʽʜʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʢʦʤʧʘʥʽʡ ʚʟʷʣʠ ʜʦ 

ʫʚʘʛʠ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʽ ʘʢʪʠʚʥʽʰʝ ʽʥʚʝʩʪʫʚʘʣʠ ʚʠʱʫ ʦʩʚʽʪʫ. ʃʠʰʝ ʪʽʩʥʘ ʩʧʽʚʧʨʘʮʷ 
ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʟ ʧʦʪʝʥʮʽʡʥʠʤʠ ʧʨʘʮʝʜʘʚʮʷʤʠ ʻ ʟʘʧʦʨʫʢʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʷʢʽʩʥʦʾ ʚʠʱʦʾ ʦʩʚʽʪʠ ʽ ʢʘʜʨʦʚʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ. 
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ʂ 90-ʃɽʊʀʖ ʆʈɻɸʅʀɿɸʎʀʀ ʂɸʌɽɼʈʓ ʕʃɽʂʊʈʆʄɽʊɸʃʃʋʈɻʀʀ 

ʅʄɽʊɸʋ 

 
ʄ. ʀ. ɻʘʩʠʢ, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʘʢʘʜʝʤʠʢ ʅɸʅ ʋʢʨʘʠʥʳ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʅʄʝʪɸʋ 

 
ʇʝʨʚʘʷ ʢʘʬʝʜʨʘ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʚ ʚʫʟʘʭ ʩʪʨʘʥʳ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ 1925 

ʛʦʜʫ ʚ ʩʦʩʪʘʚʝ ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʛʦ ʛʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ. 
ʀʥʠʮʠʘʪʦʨʦʤ ʠ ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʙʳʣ ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʤʝʪʘʣʣʫʨʛʠʠ  

ʩʪʘʣʠ ɼɻʀ, ʚʳʧʫʩʢʥʠʢ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɽʢʘʪʝʨʠʥʦʩʣʘʚʩʢʦʛʦ ʛʦʨʥʦʛʦ 
ʠʥʩʪʠʪʫʪʘ ʊɽʃʔʅʓʁ ʉʪʝʧʘʥ ʀʚʘʥʦʚʠʯ, ʤʥʦʛʦ ʩʠʣ ʠ ʵʥʝʨʛʠʠ ʧʨʠʣʦʞʠʚʰʠʡ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʢʘʬʝʜʨʳ ʢʘʢ ʢʫʟʥʠʮʳ ʢʘʜʨʦʚ ʜʣʷ ʤʦʣʦʜʦʡ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉ 1930 ʛ. ʢʘʬʝʜʨʘ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʚ ʵʪʦʤ ʞʝ  
ʛʦʜʫ ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. ɺ ʧʝʨʠʦʜ 1930 ï 1941 ʛ.ʛ. ʟʘʚ. 
ʢʘʬʝʜʨʦʡ ʉ.ʀ.ʊʝʣʴʥʳʡ ʠ ʜʦʮ. ʉ.ʀ.ʍʠʪʨʠʢ ʩ ʪʚʦʨʯʝʩʢʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʢʘʬʝʜʨʳ ʩʦʟʜʘʣʠ 
ʙʘʟʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʯʝʙʥʦʡ ʠ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ. ʉʦʚʤʝʱʘʷ ʜʦʣʞʥʦʩʪʠ ʜʠʨʝʢʪʦʨʘ ʧʦ 
ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ɼʄʝʪʀ ʠ ʟʘʚ. ʢʘʬʝʜʨʦʡ, ʉ.ʀ.ʊʝʣʴʥʳʡ ʩʦʟʜʘʣ ʥʘʫʯʥʫʶ ʰʢʦʣʫ ʠ 
ʨʫʢʦʚʦʜʠʣ ʚʩʝʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʦʡ ʠʥʩʪʠʪʫʪʘ.  

ʉʨʝʜʠ ʚʳʧʫʩʢʥʠʢʦʚ ʢʘʬʝʜʨʳ ʚ ʧʝʨʠʦʜ 1930ï1941ʛ.ʛ. ï ʮʝʣʘʷ ʧʣʝʷʜʘ ʠʥʞʝʥʝʨʦʚ, 
ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʚʰʠʭ ʚʠʜʥʳʤʠ ʫʯʝʥʳʤʠ ʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʢʨʫʧʥʳʭ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʀʭ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʯʝʨʥʦʡ ʠ 
ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʦʪʤʝʯʝʥ ʧʨʠʩʫʞʜʝʥʠʝʤ ʃʝʥʠʥʩʢʦʡ ʧʨʝʤʠʠ, ʢʦʪʦʨʦʡ ʫʜʦʩʪʦʝʥʳ: 
ʃʝʰʢʝ ɻ.ʇ. ï ʟʘʤʤʠʥʠʩʪʨʘ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʊʨʝʛʫʙʝʥʢʦ ɸ.ʌ. ï ʜʠʨʝʢʪʦʨ ʟʘʚʦʜʘ 
çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè, ʐʫʣʴʪʝ ʖ.ɸ. ï ʧʨʦʨʝʢʪʦʨ ɿʘʧʦʨʦʞʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 
ʠʥʩʪʠʪʫʪʘ, ɹʘʙʝʥʢʦ ɺ.ɺ. ï ʛʣʘʚʥʳʡ ʠʥʞʝʥʝʨ ʧʨʦʝʢʪʥʦʛʦ ʠʥʩʪʠʪʫʪʘ çɻʠʧʨʦʩʪʘʣʴè 
(ʛ.ʍʘʨʴʢʦʚ). 

ʅʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʘʚʪʦʨʠʪʝʪ ʢʘʬʝʜʨʳ ʚ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʦʚ-
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʦʚ ʜʣʷ ʩʦʟʜʘʚʘʚʰʝʡʩʷ ʚ ʪʨʠʜʮʘʪʳʝ ʛʦʜʳ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥʳ ʙʳʣ ʚʳʩʦʢʠʤ. ʅʘʯʠʥʘʷ ʩ 1932ʛ., ʚ ʩʚʷʟʠ ʩ ʩʦʦʨʫʞʝʥʠʝʤ ʥʘ 
ʋʨʘʣʝ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʟʘʚʦʜʦʚ, ʧʦ ʨʝʰʝʥʠʶ ʜʠʨʝʢʪʠʚʥʳʭ ʦʨʛʘʥʦʚ ʩʪʨʘʥʳ ʚ 
ɼʄʝʪʀ ʥʘ ʢʘʬʝʜʨʫ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʥʘʧʨʘʚʣʷʣʠʩʴ ʩʪʫʜʝʥʪʳ ʛʨʫʧʧ 4-ʛʦ ʢʫʨʩʘ 
ʋʨʘʣʴʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʋʇʀ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠʥʞʝʥʝʨʦʚ 
ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʷ ʩʪʘʣʠ ʠ ʬʝʨʨʦʩʧʣʘʚʦʚ. ɿʘʱʠʪʘ ʜʠʧʣʦʤʥʳʭ 
ʧʨʦʝʢʪʦʚ ʙʳʣʘ ʚ ʋʇʀ ʩ ʫʯʘʩʪʠʝʤ ʚ ʢʦʤʠʩʩʠʠ  ʜʦʮ. ʉ.ʀ.ʍʠʪʨʠʢʘ. 

ɺ ʛʦʜʳ ʦʢʢʫʧʘʮʠʠ ʋʢʨʘʠʥʳ ʥʝʤʝʮʢʦ-ʬʘʰʠʩʪʩʢʠʤʠ ʟʘʭʚʘʪʯʠʢʘʤʠ ʉ.ʀ.ʊʝʣʴʥʳʡ 
ʟʘʚʝʜʦʚʘʣ ʢʘʬʝʜʨʦʡ ʚ ʋʇʀ, ʉ.ʀ.ʍʠʪʨʠʢ ʙʳʣ ʟʘʤ. ʥʘʯʘʣʴʥʠʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ 
ʏʝʣʷʙʠʥʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʜʦʮ. ʅ.ʄ.ʏʫʡʢʦ ʨʘʙʦʪʘʣ ʚ ʩʦʩʪʘʚʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 
ʢʦʣʣʝʢʪʠʚʘ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʉʠʙʠʨʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. 

ʇʦʩʣʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʘ ʦʪ ʥʝʤʝʮʢʦ-ʬʘʰʠʩʪʩʢʠʭ ʟʘʭʚʘʪʯʠʢʦʚ 
ʩ 1943 ʧʦ 1973 ʛ.ʛ. ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʚʦʟʛʣʘʚʣʷʣ ʉ.ʀ.ʍʠʪʨʠʢ, 
ʜ.ʪ.ʥ., ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ɿʘ ʛʦʜʳ ʥʘʫʯʥʦʡ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʉ.ʀ.ʍʠʪʨʠʢ, ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ 
ʚʣʦʞʠʣʠ ʤʥʦʛʦ ʪʨʫʜʘ ʚ ʧʦʜʛʦʪʦʚʢʫ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ 
ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʠ 
ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʘʙʨʘʟʠʚʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦ ʨʝʰʝʥʠʶ ʜʠʨʝʢʪʠʚʥʳʭ ʦʨʛʘʥʦʚ ʙʳʣʠ ʩʦʟʜʘʥʳ ʇʨʦʙʣʝʤʥʘʷ 
ʣʘʙʦʨʘʪʦʨʠʷ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʧʦ ʨʝʰʝʥʠʶ ɻʦʩʢʦʤʠʪʝʪʘ ʧʦ ʢʦʦʨʜʠʥʘʮʠʠ ʥʘʫʯʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʠ ʣʘʙʦʨʘʪʦʨʠʠ ʦʪʨʘʩʣʝʚʳʭ ʤʠʥʠʩʪʝʨʩʪʚ ʯʝʨʥʦʡ, ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ 
ʩʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʦʜ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʝʩʷʪʢʠ ʝʛʦ ʫʯʝʥʠʢʦʚ ʟʘʱʠʪʠʣʠ 
ʢʘʥʜʠʜʘʪʩʢʠʝ ʠ ʜʦʢʪʦʨʩʢʠʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ  ʨʝʰʝʥʠʶ ʘʢʪʫʘʣʴʥʳʭ 
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ʧʨʦʙʣʝʤʥʳʭ ʟʘʜʘʯ ʥʘ ɿʘʧʦʨʦʞʩʢʦʤ, ʅʠʢʦʧʦʣʴʩʢʦʤ, ʉʪʘʭʘʥʦʚʩʢʦʤ ʬʝʨʨʦʩʧʣʘʚʥʳʭ 
ʟʘʚʦʜʘʭ, ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʟʘʚʦʜʝ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè, ɼʥʝʧʨʦʚʩʢʦʤ 
ʘʣʶʤʠʥʠʝʚʦʤ ʟʘʚʦʜʝ ʠ ɿʘʧʦʨʦʞʩʢʦʤ ʘʙʨʘʟʠʚʥʦʤ ʢʦʤʙʠʥʘʪʝ. 

ʅʘʫʯʥʘʷ ʰʢʦʣʘ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʦʚ-ʬʝʨʨʦʩʧʣʘʚʱʠʢʦʚ, ʩʦʟʜʘʥʥʘʷ 
ʉ.ʀ. ʍʠʪʨʠʢʦʤ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʥʳʭ ʟʘʜʘʯ ʠ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʩʪʨʘʥʳ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ, 
ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʳʭ ʠ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ ʚʥʝʩʣʠ ʜ.ʪ.ʥ., ʧʨʦʬ. ʏʫʡʢʦ ʅ.ʄ. (1903 ï 
1983ʛ.ʛ.), ʜʦʢʪʦʨʘʥʪ, ʢ.ʪ.ʥ. ɽʤ ʇ.ɸ. (1925 ï 1967 ʛ.ʛ.).  ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʝʡ ʥʘʫʯʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʅ.ʄ.ʏʫʡʢʦ ʦʧʫʙʣʠʢʦʚʘʣ ʚ ʨʷʜʝ ʤʦʥʦʛʨʘʬʠʡ, ʚʦ ʤʥʦʛʠʭ ʩʪʘʪʴʷʭ. ʅʦʚʠʟʥʘ 
ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ ʧʦʣʝʟʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʱʠʱʝʥʳ ʜʝʩʷʪʢʘʤʠ 
ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ. ʇʦʜ ʠʭ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 
ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʠ ʥʘʫʯʥʳʝ ʨʘʙʦʪʥʠʢʠ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. 
ʉ 1973 ʛ. ʢʘʬʝʜʨʫ ʚʦʟʛʣʘʚʣʷʝʪ ɻʘʩʠʢ ʄ.ʀ. 

ɺ 80-ʝ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʉʦʶʟʘ ʛʦʜʳ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 
ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ ʩʦʩʨʝʜʦʪʦʯʠʣ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʨʝʰʝʥʠʠ ʥʦʚʳʭ ʘʢʪʫʘʣʴʥʳʭ 
ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ  ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʦʚ, ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ ʚʳʩʦʢʦʡ 
ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʨʝʰʝʥʠʷ ʨʷʜʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʩʪʨʘʥʳ.  

ʂʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ ʯʪʠʪ ʧʘʤʷʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ ʫʰʝʜʰʠʭ ʠʟ ʞʠʟʥʠ ʜʦʢʪ. 
ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʦʚ ʢʘʬʝʜʨʳ: ɽʤʣʠʥʘ ɹ.ʀ. (1025 ï 1989.), ʂʘʜʠʥʦʚʘ ɽ.ʀ. (1926 ï 
2002), ʂʫʯʝʨʘ ɸ.ɻ. (1930 ï 2001), ʐʠʬʨʠʥʘ ɺ.ʄ. (1935 ï 2004), ʄʠʨʦʥʝʥʢʦ ʇ.ʌ. (1945 
ï 2007), ʈʘʙʠʥʦʚʠʯʘ ɸ.ɺ. (1935 ï 2012). 

ʅʘʧʨʷʞʝʥʥʘʷ ʪʚʦʨʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʥʦʛʠʭ ʚʳʧʫʩʢʥʠʢʦʚ ʢʘʬʝʜʨʳ ʦʪʤʝʯʝʥʘ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʥʘʛʨʘʜʘʤʠ. ʏʝʪʳʨʝ ʚʳʧʫʩʢʥʠʢʘ ï ʣʘʫʨʝʘʪʳ ʃʝʥʠʥʩʢʦʡ ʧʨʝʤʠʠ, 22 ï
ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʋʢʨʘʠʥʳ, 17 ï ʧʨʝʤʠʡ ʉʄ ʉʉʉʈ.  ɺʳʩʦʢʦʛʦ ʟʚʘʥʠʷ 
ɿʘʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʫʜʦʩʪʦʝʥʳ ʯʝʪʳʨʝ ʚʳʧʫʩʢʥʠʢʘ.  

ʂʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ ʚ ʪʚʦʨʯʝʩʢʦʤ ʩʦʜʨʫʞʝʩʪʚʝ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʦʝʢʪʥʳʭ ʠʥʩʪʠʪʫʪʦʚ 
ʠʟʜʘʣ 54 ʥʘʫʯʥʳʝ ʤʦʥʦʛʨʘʬʠʠ, 16 ʫʯʝʙʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʰʝʜʰʠʭ ʚ ʉʐɸ, ʂʅʈ, 
ʈʦʩʩʠʠ. ɸʚʪʦʨʳ ʤʦʥʦʛʨʘʬʠʡ ʫʜʦʩʪʦʝʥʳ ʧʨʝʤʠʷʤʠ  ʠʤʝʥʠ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ-
ʤʝʪʘʣʣʫʨʛʦʚ, ʘʢʘʜʝʤʠʢʦʚ ʅɸʅ ʋʢʨʘʠʥʳ: ɽ.ʆ.ʇʘʪʦʥʘ, ɿ.ʀ.ʅʝʢʨʘʩʦʚʘ, ʅ.ʅ.ɼʦʙʨʦʭʦʪʦʚʘ. 

ʉʚʦʡ ʶʙʠʣʝʡ ï 90-ʣʝʪʠʝ ʦʩʥʦʚʘʥʠʷ, ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ 
ʚʩʪʨʝʯʘʝʪ ʥʦʚʳʤʠ ʠʟʜʘʥʠʷʤʠ ʤʦʥʦʛʨʘʬʠʡ ʠ ʫʯʝʙʥʠʢʦʚ, ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʧʦʣʫʯʝʥʠʝʤ 
ʧʘʪʝʥʪʦʚ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ. 

90-ʣʝʪʥʠʡ ʶʙʠʣʝʡ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʚʩʪʨʝʯʘʝʪ ʚ ʩʦʩʪʘʚʝ: ʟʘʚ. ʢʘʬʝʜʨʦʡ ʘʢʘʜʝʤʠʢʘ ʅɸʅ ʋʢʨʘʠʥʳ, 
ʧʨʦʬʝʩʩʦʨʘ ʄ.ʀ. ɻʘʩʠʢʘ; ʜʦʢʪʦʨʦʚ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʦʚ: ɺ.ɸ. ɻʣʘʜʢʠʭ, 
ɸ.ʅ. ʆʚʯʘʨʫʢ, ɸ.ɻ. ɻʨʠʥʰʧʫʪ, ɺ.ʃ. ɿʫʙʦʚ, ɻ.ʅ. ʊʨʝʛʫʙʝʥʢʦ; ʢʘʥʜ. ʪʝʥʭ. ʥʘʫʢ, ʜʦʮʝʥʪ:r 
ɸ.ʇ. ɻʦʨʦʙʝʮ, ʆ.ɻ. ɻʘʥʮʝʨʦʚʩʢʠʡ, ɸ.ʄ. ɻʦʣʦʚʘʯʦʚ, ʀ.ɺ. ɼʝʨʝʚʷʥʢʦ, ɸ.ɺ. ɾʘʜʘʥʦʩ, 
ʖ.ɸ. ɹʫʙʣʠʢʦʚ, ɽ.ʀ. ʎʠʙʫʣʷ, ɸ.ʖ. ʇʨʦʡʜʘʢ, ɺ.ʇ. ʂʦʥʦʚʘʣʝʥʢʦ; ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
ɻ.ɸ. ʇʦʣʷʢʦʚ; ʘʩʩʠʩʪʝʥʪʳ: ɸ.ɺ. ʈʫʙʘʥ, ʖ.ɸ. ʊʘʨʘʥ, ʉ.ʅ. ʇʦʜʛʦʨʥʳʡ; ʩʪ. ʥʘʫʯʥ. 
ʩʦʪʨʫʜʥʠʢ ɸ.ɼ ʇʝʨʝʚʝʨʟʝʚ, ʤʣ. ʥʘʫʯʥ. ʩʦʪʨʫʜʥʠʢʠ ʀ.ɺ. ʎʚʝʪʢʦʚ, ʀ.ɺ. ʊʨʫʥʦʚʘ. ɺ 
ʘʩʧʠʨʘʥʪʫʨʝ ʦʙʫʯʘʶʪʩʷ: ʖ.ɺ. ʂʣʠʤʯʠʢ, ɸ.ɺ. ʗʢʦʚʠʮʢʠʡ, ɼ.ʉ. ʆʚʯʘʨʫʢ, ʆ.ɺ. ɿʘʤʢʘʚʦʡ. 
ɺ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʦʣʴʰʫʶ ʧʦʤʦʱʴ ʦʢʘʟʳʚʘʝʪ ʫʯʝʙʥʦ-ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 
ʧʝʨʩʦʥʘʣ ʚ ʩʦʩʪʘʚʝ: ʃ.ɽ. ʇʦʧʦʚʘ, ʀ.ɸ. ʌʝʜʷʝʚʘ, ʅ.ʇ. ʊʝʨʝʰʢʦʚʘ, ʀ.ɸ. ʄʫʟʳʢʘ. 

ʇʦʜʛʦʪʦʚʢʘ ʤʘʛʠʩʪʨʦʚ ʥʘ ʢʘʬʝʜʨʝ ʚʝʜʝʪʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ 
çʕʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʷ ʩʪʘʣʠ ʠ ʬʝʨʨʦʩʧʣʘʚʦʚè ʠ çʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚè 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʯʝʙʥʦʛʦ 
ʧʨʦʮʝʩʩʘ ʠ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʥʘʮʝʣʝʥ ʥʘ ʘʢʪʠʚʠʟʘʮʠʶ ʚʩʝʡ ʤʥʦʛʦʛʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 
ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʤʘʛʠʩʪʨʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʜʦʢʪʦʨʦʚ ʠ ʨʝʰʝʥʠʷ  ʚʘʞʥʳʭ ʜʣʷ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʩʪʨʘʥʳ ʟʘʜʘʯ.  
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ʂ 125-ʃɽʊʀʖ ʉʆ ɼʅʗ ʈʆɾɼɽʅʀʗ ʉ.ʀ. ʊɽʃʔʅʆɻʆ 

 

ʄ.ʀ. ɻʘʩʠʢ, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʘʢʘʜʝʤʠʢ ʅɸʅ ʋʢʨʘʠʥʳ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʅʄʝʪɸʋ 

 

1 ʘʚʛʫʩʪʘ 2015 ʛ. ʠʩʧʦʣʥʠʣʦʩʴ 125 ʣʝʪ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ 
ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ ʉʪʝʧʘʥʘ ʀʚʘʥʦʚʠʯʘ ʊʝʣʴʥʦʛʦ ð ʚʳʜʘʶʱʝʛʦʩʷ ʫʯʝʥʦʛʦ-

ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʘ, ʵʣʝʢʪʨʦʪʝʨʤʠʩʪʘ, ʦʩʥʦʚʘʪʝʣʷ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ 
ʅʘʮʠʦʥʘʣʴʥʦʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ ʋʢʨʘʠʥʳ, ʟʘʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʠ 
ʪʝʭʥʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʉ.ʀ. ʊʝʣʴʥʳʡ ʨʦʜʠʣʩʷ ʚ ɽʢʘʪʝʨʠʥʦʩʣʘʚʝ (ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ) ʚ ʩʝʤʴʝ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʝʭʥʠʢʘ. ɺ 1908 ʛ. ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʇʝʨʚʦʛʦ ʨʝʘʣʴʥʦʛʦ ʫʯʠʣʠʱʘ 

ʉʪʝʧʘʥ ʀʚʘʥʦʚʠʯ ʧʦʩʪʫʧʠʣ ʚ ɽʢʘʪʝʨʠʥʦʩʣʘʚʩʢʠʡ ʛʦʨʥʳʡ ʠʥʩʪʠʪʫʪ (ɽɻʀ) ʥʘ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʦʪʦʨʳʡ ʦʢʦʥʯʠʣ ʚ 1914 ʛ., ʧʦʣʫʯʠʚ ʟʚʘʥʠʝ ʛʦʨʥʦʛʦ 
ʠʥʞʝʥʝʨʘ. ɼʠʧʣʦʤʥʳʝ ʧʨʦʝʢʪʳ ʉ.ʀ. ʊʝʣʴʥʦʛʦ, ʧʦʩʚʷʱʝʥʥʳʝ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʠ 

ʛʦʨʥʦʟʘʚʦʜʩʢʦʡ ʤʝʭʘʥʠʢʝ, ʙʳʣʠ ʫʜʦʩʪʦʝʥʳ ʧʨʝʤʠʠ, ʘ ʧʨʦʝʢʪ ʧʦ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ð 
ʧʦʯʝʪʥʦʛʦ ʦʪʟʳʚʘ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ɽɻʀ ʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʬʝʩʩʦʨʩʢʦʛʦ 

ʩʪʠʧʝʥʜʠʘʪʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ɺ 1917 ʛ. ʉ.ʀ. ʊʝʣʴʥʳʡ ʥʘʟʥʘʯʝʥ ʘʩʩʠʩʪʝʥʪʦʤ ʢʘʬʝʜʨʳ ʤʝʪʘʣʣʫʨʛʠʠ ʩʪʘʣʠ 

ɽɻʀ, ʘ ʚ 1920 ʛ. ʝʛʦ ʧʦ ʢʦʥʢʫʨʩʫ ʠʟʙʨʘʣʠ ʜʦʮʝʥʪʦʤ ʧʦ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʚ ʵʪʦʤ ʞʝ 

ʠʥʩʪʠʪʫʪʝ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʉ. ʀ. ʊʝʣʴʥʦʛʦ ʧʫʙʣʠʢʦʚʘʣʠʩʴ 
ʚ ʥʘʫʯʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ. ʕʣʝʢʪʨʦʧʝʯʠ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʜʫʛʦʡ 

ʟʘʚʦʜʩʢʦʛʦ ʤʘʩʰʪʘʙʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʣʠ ʥʘ ʟʘʚʦʜʝ ʠʤ. ɺ.ʀ. ʃʝʥʠʥʘ 
ʚ ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʝ, ʤʘʩʪʝʨʩʢʠʭ ɼʥʝʧʨʦʩʪʨʦʷ ʠ ʜʨ. ʅʘʨʷʜʫ ʩ ʵʪʠʤʠ ʨʘʙʦʪʘʤʠ, 
ʉ.ʀ. ʊʝʣʴʥʳʡ ʨʘʟʨʘʙʦʪʘʣ ʠ ʦʧʫʙʣʠʢʦʚʘʣ ʥʦʚʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
ɺ ʪʝ ʛʦʜʳ ʉ.ʀ. ʊʝʣʴʥʳʡ ʥʘʯʘʣ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʪʝʦʨʠʶ ʚʦʣʴʪʦʚʦʡ ʜʫʛʠ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʫʛʦʚʳʤ ʵʣʝʢʪʨʦʧʝʯʘʤ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʷʚʣʝʥʠʡ ʚ ʮʝʧʷʭ ʩ ʞʝʣʝʟʦʤ. ɺ 1925 ʛ. ʚ ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʤ ʛʦʨʥʦʤ ʠʥʩʪʠʪʫʪʝ ʧʨʠ 
ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʉ.ʀ. ʊʝʣʴʥʦʛʦ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʢʘʬʝʜʨʘ 

ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ, ʧʨʦʬʝʩʩʦʨʦʤ ʠ ʟʘʚʝʜʫʶʱʠʤ ʢʦʪʦʨʦʡ ʦʥ ʙʳʣ ʥʘʟʥʘʯʝʥ. 
ɺ 1927 ʛ. ʉ.ʀ. ʊʝʣʴʥʦʛʦ ʅʘʨʢʦʤʧʨʦʩ ʋʉʉʈ ʢʦʤʘʥʜʠʨʦʚʘʣ ʥʘ ʟʘʚʦʜʳ ʚ 

ɻʝʨʤʘʥʠʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʯʝʡ ʠ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʘʥʜʠʨʦʚʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 
ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚ ʋʢʨʛʠʧʨʦʤʝʟʝ (ʍʘʨʴʢʦʚ) ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ  ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʮʝʭʦʚ ɼʥʝʧʨʦʢʦʤʙʠʥʘʪʘ (ɿʘʧʦʨʦʞʴʝ). ɺ 1928 ï 1930 ʛʛ. ʉ.ʀ. ʊʝʣʴʥʳʡ ʧʦ 
ʩʦʚʤʝʩʪʠʪʝʣʴʩʪʚʫ ʨʘʙʦʪʘʣ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʚ ʋʢʨʛʠʧʨʦʤʝʟʝ, ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʪʘ 

ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ɿʝʩʪʘʬʦʥʠ (ɻʨʫʟʠʷ). 
ɺ 1930 ʛ. ʚ ʩʚʷʟʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʛʦ ʛʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʉ.ʀ. ʊʝʣʴʥʳʡ ʙʳʣ ʥʘʟʥʘʯʝʥ ʚ ɼʄʝʪʀ ʥʘ ʜʦʣʞʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʘ, ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ. ɺ 1932 ï 1941 ʛʛ. ʉ.ʀ. ʊʝʣʴʥʳʡ ʨʘʙʦʪʘʣ ʜʠʨʝʢʪʦʨʦʤ ʧʦ ʥʘʫʯʥʦʡ 

ʨʘʙʦʪʝ ɼʄʝʪʀ. ɺʳʩʰʘʷ ʘʪʪʝʩʪʘʮʠʦʥʥʘʷ ʢʦʤʠʩʩʠʷ ɺʩʝʩʦʶʟʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʜʝʣʘʤ 
ʚʳʩʰʝʡ ʰʢʦʣʳ ʧʨʠ ʉʅʂ ʉʉʉʈ ʚ 1936 ʛ. ʫʪʚʝʨʜʠʣʘ ʉ.ʀ. ʊʝʣʴʥʦʛʦ ʚ ʫʯʝʥʦʤ ʟʚʘʥʠʠ 
ʧʨʦʬʝʩʩʦʨʘ ʧʦ ʢʘʬʝʜʨʝ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ɼʄʝʪʀ, ʘ ʚ 1937 ʛ. ð ʢʘʥʜʠʜʘʪʦʤ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʙʝʟ ʟʘʱʠʪʳ ʜʠʩʩʝʨʪʘʮʠʠ. 
ɺ 1938 ï 1939 ʛʛ. ʉ.ʀ. ʊʝʣʴʥʦʛʦ ʥʘʟʥʘʯʠʣʠ ʯʣʝʥʦʤ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ 

ʤʝʪʘʣʣʫʨʛʠʠ ɺɸʂ. ɺ ʵʪʠ ʛʦʜʳ ʦʥ ʦʧʫʙʣʠʢʦʚʘʣ ʨʷʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ 
ʦʩʮʠʣʣʦʛʨʘʬʠʨʦʚʘʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʜʫʛʦʚʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ, ʥʝʧʨʝʨʳʚʥʦʤʫ ʛʦʨʝʥʠʶ 
ʪʨʝʭʬʘʟʥʦʡ ʚʦʣʴʪʦʚʦʡ ʜʫʛʠ, ʰʫʥʪʠʨʦʚʘʥʠʶ ʜʫʛʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʝʨʨʦʩʧʣʘʚʥʳʭ 
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ʧʝʯʘʭ, ʧʦʩʪʨʦʝʥʠʶ ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʪʝʦʨʠʠ ʚʦʣʴʪʦʚʦʡ ʜʫʛʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʫʛʦʚʳʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʝʯʘʤ. ɺ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʚ ɸʅ ʉʉʉʈ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 
ʧʦ ʧʨʦʙʣʝʤʘʤ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠ ʵʣʝʢʪʨʦʪʝʨʤʠʠ ʇʨʝʟʠʜʠʫʤ ɸʅ ʉʉʉʈ ʦʨʛʘʥʠʟʦʚʘʣ ʚ 

ʩʦʩʪʘʚʝ ʆʪʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʉʝʢʮʠʶ ʧʦ ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠ 
ʵʣʝʢʪʨʦʪʝʨʤʠʠ ʥʘ ʧʨʘʚʘʭ ʀʥʩʪʠʪʫʪʘ ɸʅ ʉʉʉʈ. ʇʨʝʜʩʝʜʘʪʝʣʝʤ ʵʪʦʡ ʉʝʢʮʠʠ ʙʳʣ 
ʫʪʚʝʨʞʜʝʥ ʘʢʘʜʝʤʠʢ ɺ.ʇ. ʅʠʢʠʪʠʥ, ʘ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʂ.ʂ. ʍʨʝʥʦʚ ʠ ʉ.ʀ. ʊʝʣʴʥʳʡ. 

ʉ 1930 ï 1939 ʛʛ. ʉ. ʀ. ʊʝʣʴʥʳʡ ʠʟʙʠʨʘʣʩʷ ʜʝʧʫʪʘʪʦʤ ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʛʦ 
ʛʦʨʩʦʚʝʪʘ ʍɯV ʠ ʍV ʩʦʟʳʚʦʚ, ʩ 1935 ʛ. ʥʘʟʥʘʯʝʥ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ɺɸʈʅʀʊʉʆ. ʇʨʠʢʘʟʦʤ ʅʂʏʄ ʉʉʉʈ ʦʪ 29 ʠʶʥʷ 1940 ʛ. ʦʥ ʥʘʛʨʘʞʜʝʥ 
ʟʥʘʯʢʦʤ çʆʪʣʠʯʥʠʢ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʛʦ ʩʦʨʝʚʥʦʚʘʥʠʷ ʚ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠè. 

ɺ ʛʦʜʳ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ɼʄʝʪʀ ʙʳʣ ʵʚʘʢʫʠʨʦʚʘʥ ʚ ʛ. 

ʄʘʛʥʠʪʦʛʦʨʩʢ, ʉ.ʀ. ʊʝʣʴʥʳʡ ʥʘʟʥʘʯʝʥ ʟʘʤʝʩʪʠʪʝʣʝʤ ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ 
ʄɻʄʀ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʢʘʟʦʤ ʧʦ ʅʂʏʄ ʉʉʉʈ, ʉ.ʀ. ʊʝʣʴʥʳʡ ʙʳʣ ʧʝʨʝʚʝʜʝʥ ʥʘ 

ʨʘʙʦʪʫ ʚ ʋʨʘʣʴʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʠ ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ ʚ ʢʦʥʢʫʨʩʝ ʥʘ 
ʟʘʤʝʱʝʥʠʝ ʜʦʣʞʥʦʩʪʠ ʧʨʦʬʝʩʩʦʨʘ, ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ. ʉʚʦʡ ʧʝʨʝʭʦʜ ʚ ʋʨʘʣʴʩʢʠʡ 
ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʉ.ʀ. ʊʝʣʴʥʳʡ ʤʦʪʠʚʠʨʦʚʘʣ ʦʪʢʨʳʚʰʝʡʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʠʤʝʥʷʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ 
ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ. çʉʜʚʠʛʠ ʚ ʨʘʟʤʝʱʝʥʠʠ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʣʠ ʟʘ ʚʨʝʤʷ ʚʦʡʥʳ, ʠ ʨʦʣʴ ʋʨʘʣʴʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ï 
ʧʠʩʘʣ ʉ.ʀ. ʊʝʣʴʥʳʡ, ʦʙʨʘʱʘʷʩʴ ʢ ʜʠʨʝʢʪʦʨʫ ʋʀʀ ʠʤ. ʉ.ʄ. ʂʠʨʦʚʘ ɸ.ʉ. ʂʘʯʢʦ, ï 
ʢʦʪʦʨʫʶ ʦʥ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʧʦʜʛʦʪʦʚʢʝ ʢʘʜʨʦʚ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ ʜʣʷ ʋʨʘʣʘ ʠ 

ɺʦʩʪʦʢʘ, ʫʢʨʝʧʣʷʶʪ ʚʦ ʤʥʝ ʩʪʨʝʤʣʝʥʠʝ ʧʝʨʝʡʪʠ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʨʘʙʦʪʫ ʚ ʵʪʦʪ ʠʥʩʪʠʪʫʪ 
ʥʘ ʜʦʣʞʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʘ ï ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʯʝʨʤʝʪʬʘʢʘè. 

ɿʘ ʘʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʚ ʋʨʘʣʴʩʢʦʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʠʥʩʪʠʪʫʪʝ ʉ.ʀ. ʊʝʣʴʥʳʡ ʥʘʛʨʘʞʜʝʥ 
ʦʨʜʝʥʦʤ çɿʥʘʢ ʇʦʯʝʪʘè. 

ɺ ʧʦʩʣʝʚʦʝʥʥʳʝ ʛʦʜʳ ʉ.ʀ. ʊʝʣʴʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʢʘʟʦʤ ʥʘʯʘʣʴʥʠʢʘ 

ɻʣʘʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʭ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʚʫʟʦʚ ʙʳʣ ʦʪʢʦʤʘʥʜʠʨʦʚʘʥ ʚ 
ʨʘʩʧʦʨʷʞʝʥʠʝ ʜʠʨʝʢʪʦʨʘ ʂʫʡʙʳʰʝʚʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ. ɺ 

ʂʫʡʙʳʰʝʚʩʢʦʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʠʥʩʪʠʪʫʪʝ (ʚʧʦʩʣʝʜʩʪʚʠʠ ʉʘʤʘʨʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ) ʉ.ʀ. ʊʝʣʴʥʳʡ ʟʘʚʝʜʦʚʘʣ ʢʘʬʝʜʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʦʙʱʝʡ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ 
ʩ 1947 ʧʦ 1956 ʛʛ., ʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣ ʟʘʤʝʩʪʠʪʝʣʝʤ ʜʠʨʝʢʪʦʨʘ ʵʪʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʦ 

ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ. ʅʘ ʩʘʡʪʝ ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
ʚʳʩʦʢʦ ʦʮʝʥʝʥ ʚʢʣʘʜ ʉ. ʀ. ʊʝʣʴʥʦʛʦ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʠ ʵʣʝʢʪʨʦʪʝʨʤʠʠ. 

ʀʟ ʚʩʝʡ ʧʣʝʷʜʳ ʪʘʣʘʥʪʣʠʚʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠʥʠʤʘʚʰʠʭ ʫʯʘʩʪʠʝ ʚ 
ʩʪʘʥʦʚʣʝʥʠʠ ɼʄʝʪʀ, ʉ. ʀ. ʊʝʣʴʥʳʡ (1890 ï 1962 ʛʛ.) ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. ʆʥ ʩʦʟʜʘʣ 
ʧʝʨʚʫʶ ʚ ʚʫʟʘʭ ʩʪʨʘʥʳ ʢʘʬʝʜʨʫ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ, 90-ʣʝʪʠʝ ʢʦʪʦʨʦʡ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʵʪʦʤ ʛʦʜʫ, ʠ ʧʦ ʧʨʘʚʫ ʷʚʣʷʝʪʩʷ ʦʪʮʦʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ. ʅʘʠʙʦʣʝʝ 
ʫʩʧʝʚʘʶʱʠʝ ʩʪʫʜʝʥʪʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʧʦʣʫʯʘʶʪ ʧʦʚʳʰʝʥʥʫʶ 

ʩʪʠʧʝʥʜʠʶ ʠʤ. ʉ. ʀ. ʊʝʣʴʥʦʛʦ. 
ʅʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʅʄʝʪɸʋ 

ʛʣʫʙʦʢʦ ʯʪʠʪ ʧʘʤʷʪʴ ʦ ʉʪʝʧʘʥʝ ʀʚʘʥʦʚʠʯʝ ʊʝʣʴʥʦʤ, ʠʟʫʯʘʝʪ ʠ ʨʘʟʚʠʚʘʝʪ ʝʛʦ ʪʚʦʨʯʝʩʢʦʝ 

ʥʘʩʣʝʜʠʝ, ʚʦʩʧʠʪʳʚʘʝʪ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʩʪʫʜʝʥʪʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʚ ʦʙʣʘʩʪʠ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ. 
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ɼʆ 120-ʈɯʏʏʗ ɿ ɼʅʗ ʅɸʈʆɼɾɽʅʅʗ 

ʇʈʆɺɯɼʅʆɻʆ ɺʏɽʅʆɻʆ ʋʂʈɸɰʅʀ ʉ.ɯ.ʍʀʊʈʀʂɸ, ɿɸʉʅʆɺʅʀʂɸ 

ʋʂʈɸɰʅʉʔʂʆɰ ʐʂʆʃʀ ɽʃɽʂʊʈʆʄɽʊɸʃʋʈɻɯɺ 
 

ʄ. ɯ. ɻʘʩʠʢ, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʘʢʘʜʝʤʢ̔ ʅɸʅ ʋʢʨʘʥʾʠ, ʟʘʚʜ̔ʫʯʁʠʡ ʢʘʬʝʜʨʦʶ 

ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛ̔ʾ ʅʄʝʪɸʋ 
 

ʋ 2015 ʨʦʮʽ ʅʘʮʽʦʥʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʡʥʘ ʘʢʘʜʝʤʽʷ ʚʽʜʟʥʘʯʘʻ 120-ʨʽʯʯʷ ʚʽʜ ʜʥʷ 
ʥʘʨʦʜʞʝʥʥʷ ʉʧʠʨʠʜʦʥʘ ʁʦʩʠʧʦʚʠʯʘ ʍʠʪʨʠʢʘ - ʦʜʥʦʛʦ ʽʟ ʧʨʦʚʽʜʥʠʭ ʫʯʝʥʠʭ ʢʨʘʾʥʠ ʫ 
ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ ʩʪʘʣʽ ʽ ʬʝʨʦʩʧʣʘʚʽʚ, ʟʘʩʣʫʞʝʥʦʛʦ ʜʽʷʯʘ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ 

ʋʢʨʘʾʥʠ, ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ. 
ʉʧʠʨʠʜʦʥ ʁʦʩʠʧʦʚʠʯ ʥʘʨʦʜʠʚʩʷ 13 ʣʠʩʪʦʧʘʜʘ 1895 ʨʦʢʫ ʚ ʩʽʤôʾ  ʨʦʙʽʪʥʠʢʘ. 

ʉʚʦʶ ʪʨʫʜʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʨʦʟʧʦʯʘʚ ʫ 15 ʨʦʢʽʚ. ʋ 1921 ʨʦʮʽ ʚʩʪʫʧʠʚ ʜʦ 
ʂʘʪʝʨʠʥʦʩʣʘʚʩʴʢʦʛʦ ʛʽʨʥʠʯʦʛʦ ʽʥʩʪʠʪʫʪʫ, ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʷʢʦʛʦ ʫ 1926 ʨʦʮʽ, ʨʦʟʧʦʯʘʚ 
ʩʚʦʁ ʧʝʜʘʛʦʛʽʯʥʫ ʪʘ ʥʘʫʢʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʢʘʬʝʜʨʽ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ, ʷʢʘ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 

ʫ 1925 ʨʦʮʽ. 
ɼʦ ʧʦʯʘʪʢʫ 30-ʭ ʨʦʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʬʝʨʦʩʧʣʘʚʽʚ ʽ ʝʣʝʢʪʨʦʬʝʨʦʩʧʣʘʚʽʚ ʫ ʢʨʘʾʥʽ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʙʫʣʦ, ʷʢ ʽ ʥʝ ʙʫʣʦ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, 
ʪʝʭʥʽʯʥʦʾ, ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʜʦʚʽʜʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ. 

ʉʢʣʘʜʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟʨʦʩʪʘʣʠ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʋʢʨʘʾʥʽ 

ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʽʚ. ɯ ʚ ʪʦʤʫ, ʱʦ ʧʝʜʘʛʦʛʽʯʥʠʡ ʢʦʣʝʢʪʠʚ ʢʘʬʝʜʨʠ 
ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ ʫʩʧʽʰʥʦ ʥʘʚʯʘʚ ʤʘʡʙʫʪʥʽʭ ʽʥʞʝʥʝʨʽʚ - ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʻ, ʻ ʯʠʤʘʣʘ 
ʟʘʩʣʫʛʘ ʉʧʠʨʠʜʦʥʘ ʁʦʩʠʧʦʚʠʯʘ ʍʠʪʨʠʢʘ. 

ʇʨʠ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʫʯʘʩʪʽ ʧʨʦʚʦʜʷʪʴʩʷ ʜʝʩʷʪʢʠ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʫ ʛʘʣʫʟʽ 
ʬʝʨʦʩʧʣʘʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʤʽʮʥʶʶʪʴʩʷ ʟʚô̫ ʟʢʠ ʟ ʤʝʪʘʣʫʨʛʽʡʥʠʤʠ ʟʘʚʦʜʘʤʠ, 

ʩʪʚʦʨʶʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʘ ʽ ʥʘʫʢʦʚʘ ʙʘʟʘ ʜʣʷ ʚʠʧʣʘʚʢʠ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ, 
ʤʘʨʛʘʥʮʶ, ʭʨʦʤʫ. ʎʽ ʨʦʙʦʪʠ ʧʦʢʣʘʣʠ ʧʦʯʘʪʦʢ ʛʣʠʙʦʢʠʤ ʪʝʦʨʝʪʠʯʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʽ 
ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʟ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ 

ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʦʨʛʘʥʽʟʫʚʘʪʠ ʥʘʚʯʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʢʘʜʨʽʚ ʜʣʷ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʡʥʦʾ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ. 

ʉʧʠʨʠʜʦʥ ʁʦʩʠʧʦʚʠʯ ʩʪʦʷʚ ʙʽʣʷ ʚʠʪʦʢʽʚ ʩʪʚʦʨʶʚʘʥʦʾ ʬʝʨʦʩʧʣʘʚʥʦʾ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʢʦʣʠʰʥʴʦʤʫ ʉʈʉʈ, ʟʦʢʨʝʤʘ ʚ ʋʢʨʘʾʥʽ, ʫ ʨʦʢʠ ʧʝʨʰʠʭ ʧô̫ ʪʠʨʽʯʦʢ. ɺʽʥ 
ʙʨʘʚ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʧʝʨʰʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʟʘʚʦʜʽʚ 

ʬʝʨʦʩʧʣʘʚʽʚ, ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʣʘʚʠʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʪʘ ʮʝʭʽʚ ʛʘʣʫʟʽ.  
ʋ ʧʝʨʽʦʜ ɺʝʣʠʢʦʾ ɺʽʪʯʠʟʥʷʥʦʾ ʚʽʡʥʠ ʉ.ʁ. ʍʠʪʨʠʢ ʧʨʘʮʶʚʘʚ ʥʘ ʏʝʣʷʙʽʥʩʴʢʦʤʫ 

ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʢʦʤʙʽʥʘʪʽ, ʜʝ ʫʜʦʩʢʦʥʘʣʶʚʘʚ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʧʣʘʚʢʠ 
ʩʧʣʘʚʽʚ ʢʨʝʤʥʽʶ, ʭʨʦʤʫ, ʚʦʣʴʬʨʘʤʫ, ʪʘʢ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʧʣʘʚʢʠ ʙʨʦʥʴʦʚʘʥʦʾ ʩʪʘʣʽ. 

ɿ 1943 ʨʦʢʫ ʧʨʦʪʷʛʦʤ 30 ʨʦʢʽʚ ʉʧʠʨʠʜʦʥ ʁʦʩʠʧʦʚʠʯ ʢʝʨʫʚʘʚ ʢʘʬʝʜʨʦʶ 

ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ ɼʄʝʪɯ. ʄʘʡʞʝ ʮʽʣʝ ʜʝʩʷʪʠʨʽʯʯʷ (ʟ 1953 ʧʦ 1962 ʨʽʢ) ʧʨʘʮʶʚʘʚ 
ʧʨʦʨʝʢʪʦʨʦʤ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʥʘʰʦʛʦ ʚʫʟʫ. ʋ ʪʽ ʨʦʢʠ ʷʩʢʨʘʚʦ ʧʨʦʷʚʠʣʠʩʷ ʡʦʛʦ ʷʢʦʩʪʽ 

ʷʢ ʪʘʣʘʥʦʚʠʪʦʛʦ ʦʨʛʘʥʽʟʘʪʦʨʘ ʥʘʫʢʠ ʫ ʚʠʱʽʡ ʰʢʦʣʽ, ʢʨʫʧʥʦʛʦ ʚʯʝʥʦʛʦ, ʟʜʘʪʥʦʛʦ ʙʘʯʠʪʠ 
ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʢʨʘʾʥʠ. ɺʽʥ ʙʫʚ ʥʘʫʢʦʚʠʤ 
ʢʝʨʽʚʥʠʢʦʤ ʇʨʦʙʣʝʤʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʥʦʚʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʪʨʴʦʭ ʛʘʣʫʟʝʚʠʭ 

ʣʘʙʦʨʘʪʦʨʽʡ. 
ʉ.ʁ.ʍʠʪʨʠʢ ʧʨʘʮʶʚʘʚ ʫ ʢʦʣʝʢʪʠʚʽ ʟ ʚʠʜʘʪʥʠʤʠ ʚʯʝʥʠʤʠ - ʤʝʪʘʣʫʨʛʘʤʠ: 

ʉ.ʊ.ʈʦʩʪʦʚʮʝʚʠʤ, ɿ.ɯ.ʅʝʢʨʘʩʦʚʠʤ, ʂ.ʌ.ʉʪʘʨʦʜʫʙʦʚʠʤ, ʆ.ʇ.ʏʝʢʤʘʨʴʦʚʠʤ, ʂ.ʇ.ɹʫʥʽʥʠʤ, 
ɯ.ʊ.ɾʝʨʜʝʚʠʤ, ʄ.ʄ.ʏʫʡʢʦ ʪʘ ʽʥʰʠʤʠ. ʋʩʽ ʨʘʟʦʤ ʚʦʥʠ ʧʨʠʥʝʩʣʠ ʩʚʽʪʦʚʫ ʩʣʘʚʫ ʥʘʰʦʤʫ 
ʚʫʟʫ, ʷʢʠʡ ʩʪʘʚ ʢʫʟʥʝʶ ʽʥʞʝʥʝʨʥʠʭ ʢʘʜʨʽʚ ʥʝ ʣʠʰʝ ʜʣʷ ʋʢʨʘʾʥʠ, ʘ ʡ ʜʣʷ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ 

ʟʘʨʫʙʽʞʞʷ. ʉ.ʁ.ʍʠʪʨʠʢ ʫʤʽʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʫ 
ʩʚʦʾʡ ʧʝʜʘʛʦʛʽʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʾ ʙʫʚ ʚʠʩʦʢʠʡ ʥʘʫʢʦʚʦ-

ʪʝʦʨʝʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʷʩʥʽʩʪʴ ʜʫʤʢʠ ʪʘ ʽʩʢʨʦʤʝʪʥʠʡ ʛʫʤʦʨ. 
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ɺʽʥ ʚʠʭʦʚʘʚ ʩʦʪʥʽ ʽʥʞʝʥʝʨʽʚ - ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʚ ʽ ʩʪʚʦʨʠʚ ʫ ʢʨʘʾʥʽ ʥʘʫʢʦʚʫ 
ʰʢʦʣʫ ʫʢʨʘʾʥʩʴʢʠʭ ʬʝʨʦʩʧʣʘʚʥʠʢʽʚ, ʫ ʷʢʽʡ ʚʠʨʦʩʣʠ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʽ ʩʧʝʮʽʘʣʽʩʪʠ, 

ʷʢʽ ʧʦʪʽʤ ʩʪʘʣʠ ʢʝʨʽʚʥʠʢʘʤʠ ʪʘ ʧʨʦʚʽʜʥʠʤʠ ʽʥʞʝʥʝʨʘʤʠ ʬʝʨʦʩʧʣʘʚʥʠʭ ʟʘʚʦʜʽʚ ʋʢʨʘʾʥʠ 
ʪʘ ʢʨʘʾʥ ʉʅɼ. ʋʩʽ ʚʦʥʠ ʙʫʣʠ ʛʣʠʙʦʢʦ ʚʜʷʯʥʠʤʠ ʉʧʠʨʠʜʦʥʫ ʁʦʩʠʧʦʚʠʯʫ ʟʘ ʥʘʫʢʫ. 

ʅʝ ʚʠʧʘʜʢʦʚʦ, ʢʦʣʠ ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʧʨʦ ʚʠʜʘʥʥʷ ʥʦʚʦʛʦ ʧʽʜʨʫʯʥʠʢʘ, ʫ ʷʢʦʤʫ 
ʥʘ ʩʫʯʘʩʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʨʽʚʥʽ ʙʫʣʠ ʙ ʚʠʢʣʘʜʝʥʽ ʧʠʪʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 
ʬʝʨʦʩʧʣʘʚʽʚ, ʪʦʜʽʰʥʽʡ ʤʽʥʽʩʪʨ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʢʘʟʘʚ: ç... ʊʘʢʠʤ ʧʽʜʨʫʯʥʠʢ ʥʠʥʽ ʤʦʞʝ 

ʥʘʧʠʩʘʪʠ ʪʽʣʴʢʠ ʢʦʣʝʢʪʠʚ ʢʘʬʝʜʨʠ, ʷʢʦʶ ʢʝʨʫʻ ʧʨʦʬʝʩʦʨ ʉ.ʁ.ʍʠʪʨʠʢè. ʋ, ʮʴʦʤʫ 
ʧʨʦʟʚʫʯʘʣʦ ʚʠʟʥʘʥʥʷ ʧʨʦʚʽʜʥʦʾ ʨʦʣʽ ʫ ʢʨʘʾʥʽ ʢʦʣʝʢʪʠʚʫ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʾ 

ʥʘʰʦʛʦ ʚʫʟʫ. 
ʉʝʨʝʜ ʫʯʥʽʚ ʉ.ʁ.ʍʠʪʨʠʢʘ - 12 ʜʦʢʪʦʨʽʚ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʽ ʧʦʥʘʜ 80 ʢʘʥʜʠʜʘʪʽʚ 

ʥʘʫʢ, ʩʝʨʝʜ ʷʢʠʭ ʙʘʛʘʪʦ ʣʘʫʨʝʘʪʽʚ ɼʝʨʞʘʚʥʠʭ ʧʨʝʤʽʡ, ʪʦʱʦ. 

ʋ ʪʦʤʫ, ʱʦ ʩʘʤʝ ʚ ʋʢʨʘʾʥʽ ʩʪʚʦʨʝʥʽ ʽ ʧʨʘʮʶʶʪʴ ʫʥʽʢʘʣʴʥʽ ʝʣʝʢʪʨʦʧʽʯʥʽ 
ʫʩʪʘʥʦʚʢʠ, ʥʘ ɿʘʧʦʨʽʟʴʢʦʤʫ, ʉʪʘʭʘʥʦʚʩʴʢʦʤʫ ʪʘ ʅʽʢʦʧʦʣʴʩʴʢʦʤʫ ʬʝʨʦʩʧʣʘʚʥʠʭ ʟʘʚʦʜʽʚ, 

ʻ ʚʝʣʠʢʘ ʟʘʩʣʫʛʘ ʉʧʠʨʠʜʦʥʘ ʁʦʩʠʧʦʚʠʯʘ ʍʠʪʨʠʢʘ ʪʘ ʡʦʛʦ ʫʯʥʽʚ, ʷʢʽ ʦʩʚʦʶʚʘʣʠ 
ʪʝʭʥʦʣʦʛʽʶ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʉ.ʁ.ʍʠʪʨʠʢʘ ʨʦʟʨʦʙʣʷʣʠʩʷ ʽ ʚʧʨʦʚʘʜʞʫʚʘʣʠʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ 

ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʧʣʘʚʢʠ ʬʝʨʦʩʧʣʘʚʽʚ, ʝʣʝʢʪʨʦʩʪʘʣʽ, ʩʧʣʘʚʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ 
ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʩʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʛʘʥʮʝʚʦʾ ʩʠʨʦʚʠʥʠ, ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʢʦʣʴʦʨʦʚʦʾ ʝʣʝʢʪʨʦʪʝʨʤʽʾ, ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʢʣʦʥʥʦʾ ʧʣʘʚʢʠ ʪʦʱʦ. 
ɹʘʪʴʢʽʚʱʠʥʘ ʚʠʩʦʢʦ ʦʮʽʥʠʣʘ ʚʢʣʘʜ ʉ.ʁ.ʍʠʪʨʠʢʘ ʫ ʨʦʟʚʠʪʦʢ ʚʠʱʦʾ ʰʢʦʣʠ, 

ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ɺʽʥ ʙʫʚ ʥʘʛʦʨʦʜʞʝʥʠʡ ʙʘʛʘʪʴʤʘ ʤʝʜʘʣʷʤʠ, ʦʨʜʝʥʦʤ 

ʃʝʥʽʥʘ ʪʘ ʜʚʦʤʘ ʦʨʜʝʥʘʤʠ ʊʨʫʜʦʚʦʛʦ ʏʝʨʚʦʥʦʛʦ ʇʨʘʧʦʨʫ. 
ʉʧʠʨʠʜʦʥ ʁʦʩʠʧʦʚʠʯ ʙʫʚ ʯʫʡʥʦʶ ʽ ʩʢʨʦʤʥʦʶ ʣʶʜʠʥʦʶ, ʢʦʨʠʩʪʫʚʘʚʩʷ ʚʝʣʠʢʦʶ 

ʧʦʚʘʛʦʶ ʪʘ ʘʚʪʦʨʠʪʝʪʦʤ ʩʝʨʝʜ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ, ʢʦʣʝʛ ʧʦ ʨʦʙʦʪʽ, ʚʩʽʭ, 
ʭʪʦ ʧʨʘʮʶʚʘʚ ʟ ʥʠʤ ʧʦʨʫʯ. ʁʦʤʫ ʪʘʢʦʞ ʙʫʣʠ ʚʣʘʩʪʠʚʽ ʥʝʟʛʘʩʘʶʯʠʡ ʛʫʤʦʨ ʪʘ 
ʞʠʪʪʻʩʪʚʝʨʜʞʫʶʯʠʡ ʦʧʪʠʤʽʟʤ. ʊʘʢʠʤ ʤʠ ʡʦʛʦ ʟʥʘʣʠ, ʪʘʢʠʤ ʚʽʥ ʟʘʣʠʰʠʚʩʷ ʫ ʥʘʰʠʭ 

ʩʝʨʮʷʭ. 
ʇʘʤô̫ ʪʴ ʧʨʦ ʉʧʠʨʠʜʦʥʘ ʁʦʩʠʧʦʚʠʯʘ ʟʙʝʨʽʛʘʻ ʥʝ ʣʠʰʝ ʘʫʜʠʪʦʨʽʷ, ʷʢʘ ʥʦʩʠʪʴ 

ʡʦʛʦ ʽʤô̫ , ʘ ʡ ʪʽ ʯʠʩʣʝʥʥʽ ʟʘʭʦʜʠ, ʷʢʽ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʘʢʘʜʝʤʽʾ ʟ ʥʘʛʦʜʠ ʡʦʛʦ ʶʚʽʣʝʾʚ. 
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ʄɽʊɸʃʃʋʈɻʀʗ ʄʀʈɸ ʀ  ʋʂʈɸʀʅʓ ɺ 2015 ɻʆɼʋ: ʇʈʆɹʃɽʄʓ ʀ 

ʇɽʈʉʇɽʂʊʀɺʓ 

 

ɻʨʠʱʝʥʢʦ ʉ.ɻ.1 - ʜ.ʪ.ʥ., ʧʨʦʬ.,  ɻʨʘʥʦʚʩʢʠʡ ɺ.ʂ.1, - ʢ.ʪ.ʥ.,  ʄʝʜʦʚʘʨ ʃ.ɹ.2 - ʜ.ʪ.ʥ., ʧʨʦʬ. 

1 ï ʋʢʨʘʠʥʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 
2 ï ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠʤ. ɽ.ʆ.ʇʘʪʦʥʘ ʅɸʅʋ 

 

ɸʥʘʣʠʟ ʩʠʪʫʘʮʠʠ ʚ ʤʠʨʦʚʦʤ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, 

ʩʣʝʜʫʝʪ ʝʱʝ ʨʘʟ ʥʘʧʦʤʥʠʪʴ [1,2] ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʠ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚ ï ʧʨʠ ʵʪʦʤ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʥʘ ʥʝʜʘʚʥʝʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʬʝʨʨʦʩʧʣʘʚʥʦʤ 
ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ-14,  ʨʝʯʴ ʠʜʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙ ʦʯʝʚʠʜʥʦʡ ʩʚʷʟʠ ʦʙʲʝʤʦʚ ʚʳʧʣʘʚʢʠ 

ʬʝʨʨʦʩʧʣʘʚʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ. ʉʦʚʨʝʤʝʥʥʳʝ 
ʪʝʥʜʝʥʮʠʠ  ʫʚʝʣʠʯʝʥʠʷ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ ʥʘ ʪ.ʥ. ʤʠʥʠ - ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʘʭ,  ʨʘʚʥʦ 

ʢʘʢ ʠ ʦʧʝʨʝʞʘʶʱʠʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʝʮʠʘʣʴʥʳʭ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ  ʩʪʘʣʝʡ  ʠ 
ʩʧʣʘʚʦʚ ʥʝʠʟʙʝʞʥʦ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʨʦʩʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʬʝʨʨʦʩʧʣʘʚʘʭ, ʘ ʟʥʘʯʠʪ - ʠ 
ʦʙʲʝʤʦʚ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ.     ʇʦʷʚʣʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʩʪʘʣʝʡ - 

ʢʦʤʧʣʝʢʩʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʥʳʭ, ʥʝ ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʴʥʳʭ, ʥʦ ʠ 
ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʛʨʫʧʧʳ HSLA,  ʛʜʝ ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ï 

Mn,  Si ʠ  Cr -  ʚʢʣʶʯʝʥʳ ʪʘʢʞʝ ʜʦ 0,5% Ni, 0,5% Mo,  0,3% Nb, 0,3% V ʠ 0,05% ɺ ï 
ʪʨʝʙʫʝʪ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʦʨʪʘʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʤʳʭ 
ʬʝʨʨʦʩʧʣʘʚʦʚ.  

ɺ 2014 ʛʦʜʫ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ ʧʦ ʜʘʥʥʳʤ WSA ʩʦʩʪʘʚʠʣʦ   1,637 
ʤʨʜ. ʪʦʥʥ (ʈʠʩ. 1). 

 

 
ʈʠʩ. 1 ï ɼʠʥʘʤʠʢʘ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʚ 2000-2014 ʛʦʜʘʭ. 
ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ  ʷʚʣʷʝʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʠʩʪʦʨʠʯʝʩʢʠʤ ʤʘʢʩʠʤʫʤʦʤ,  ʠ   ʥʘ 1,1% 

ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ 2013 ʛ. ʇʨʠ ʵʪʦʤ ʚ ʩʪʨʘʥʘʭ ɽʉ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ ʩʦʢʨʘʪʠʣʦʩʴ  ʥʘ 
1,8%; ʚ ʉʐɸ ʚʦʟʨʦʩʣʦ ʥʘ 1,7% (ʢʨʦʤʝ ʪʦʛʦ, ʥʘ 35% ʚʦʟʨʦʩ ʠʤʧʦʨʪ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʚ 

ʉʐɸ); ʚ ʖʞʥʦʡ ʂʦʨʝʝ ʚʳʧʣʘʚʢʘ ʩʪʘʣʠ ʚʦʟʨʦʩʣʘ ʥʘ 7,5%; ʥʘ 2,3% ʚʦʟʨʦʩ ʵʪʦʪ 
ʧʦʢʘʟʘʪʝʣʴ ʚ ʀʥʜʠʠ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʪʨʘʥʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʚʫʶ ʜʝʩʷʪʢʫ ʤʠʨʦʚʳʭ 
ʣʠʜʝʨʦʚ, ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʭʨʘʥʠʣʠʩʴ ʥʘ ʫʨʦʚʥʝ 

ʧʨʦʰʣʦʛʦʜʥʠʭ. ɺ  ʂʠʪʘʝ  ʚʳʧʣʘʚʢʘ ʩʪʘʣʠ ʚ 2014 ʛ. ʩʦʩʪʘʚʠʣʘ 820 ʤʣʥ. ʪʦʥʥ (+0,9% ʢ 
2013 ʛ., ʯʪʦ ʤʝʥʴʰʝ ʦʞʠʜʘʝʤʦʛʦ) ï ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʣʝ ʚ 50% ʦʪ ʤʠʨʦʚʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ. 
ʇʦ ʙʦʣʴʰʠʥʩʪʚʫ  ʧʨʦʛʥʦʟʦʚ ʦʞʠʜʘʣʦʩʴ, ʯʪʦ  ʚ ʪʝʢʫʱʝʤ 2015 ʛʦʜʫ ʚʳʧʣʘʚʢʘ 

ʩʪʘʣʠ ʚʦʟʨʘʩʪʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ -  ʜʦ 1,662 ʤʣʨʜ., ʥʦ ʢ 2020 ʛʦʜʫ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʪʘʣʠ ʫʚʝʣʠʯʠʪʩʷ ʜʦ 1,814 ʤʣʨʜ. ʪʦʥʥ, ʪ.ʝ. ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʳʥʝʰʥʝʛʦ ʫʨʦʚʥʷ ʨʦʩʪ  
ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ ʚ ʤʠʨʝ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 12 % (ʈʠʩ. 2). ʇʨʠ ʵʪʦʤ 794 ʤʣʥ. ʪʦʥʥ, ʪ.ʝ. ʛʜʝ-ʪʦ 
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ʧʦʣʦʚʠʥʘ ʤʠʨʦʚʦʡ ʚʳʧʣʘʚʢʠ,  ʙʫʜʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʂʠʪʘʡ.  ʂ  2030 ʛ. ʦʞʠʜʘʝʪʩʷ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ ʚ ʤʠʨʝ ʥʘ ʫʨʦʚʥʝ   2, 29 ʤʣʨʜ. ʪʦʥʥ.   

 
ʈʠʩ. 2 ï ʇʨʦʛʥʦʟ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʥʘ 2020-2030 ʛʦʜʳ. 
 

ʀʥʪʝʨʝʩʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʨʘʟʤʳʰʣʝʥʠʷ ʜʘʶʪ ʠ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ, 
ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 3,  ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʠʷ (ʚʝʨʥʝʝ, ʫʚʝʣʠʯʝʥʠʷ)  ʜʦʣʠ 
ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ ʚ ʤʠʨʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʣʠ.  

 
ʈʠʩ. 3 ï ʈʝʛʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʚ ʤʠʨʝ. 

 
ʋʞʝ ʩʝʡʯʘʩ ʚ ʵʪʠʭ ʩʪʨʘʥʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʨʠ ʯʝʪʚʝʨʪʠ ʤʠʨʦʚʦʡ ʚʳʧʣʘʚʢʠ 

ʩʪʘʣʠ; ʧʨʘʚʜʘ, ʚ ʵʪʠʭ ʩʪʨʘʥʘʭ ʧʨʦʞʠʚʘʝʪ ʠ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʠʷ ʟʝʤʥʦʛʦ 
ʰʘʨʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʠ ʩʪʨʘʥʳ  ʙʫʜʫʪ ʣʠʜʝʨʘʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʣʠ ʚ ʙʣʠʞʘʡʰʠʝ  5 
ʣʝʪ. ʆ ʂʠʪʘʝ ʤʳ ʫʞʝ ʛʦʚʦʨʠʣʠ ʚʳʰʝ, ʥʦ ʚ ʵʪʦʡ ʩʚʷʟʠ ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʢʦʣʦʩʩʘʣʴʥʳʡ 

ʨʝʩʫʨʩ ʀʥʜʠʠ, ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʢʦʪʦʨʦʡ ʫʚʝʨʝʥʥʦ ʜʦʛʦʥʷʝʪ ʂʠʪʘʡ. ʇʣʘʥʳ 
ʀʥʜʠʠ ʜʦʚʝʩʪʠ ʚ ʩʘʤʦʝ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ ʜʦ 200 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʚ 

ʛʦʜ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ. ʀʟʚʝʩʪʥʳ ʠ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʦʣʢʥʫʣʘʩʴ ʵʪʘ ʩʪʨʘʥʘ ʧʨʠ 
ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʧʣʘʥʦʚ, ʚʢʣʶʯʘʷ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʨʦʩʪʘ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.    

ʆʯʝʚʠʜʥʘ ʪʘʢʞʝ ʩʚʷʟʴ ʧʨʦʛʥʦʟʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʪʘʣʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 
ʧʨʦʛʥʦʟʘʤʠ ʚ ʜʨʫʛʠʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʧʦʪʨʝʙʣʝʥʠʶ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʘʢʪʠʯʝʩʢʠ, ʵʥʝʨʛʝʪʠʢʠ ʦʞʠʜʘʶʪ ʪʘʢʦʛʦ ʞʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʦʣʴʟʫ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ ʚ ʩʘʤʳʝ 
ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ. ʆʞʠʜʘʝʤʳʡ ʞʝ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʯʪʠ ʩʦʚʧʘʜʘʝʪ ʩ 
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ʦʞʠʜʘʝʤʳʤ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʠ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʢ 2030 ʛʦʜʫ ʚʳʨʘʙʦʪʢʘ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦʟʨʘʩʪʝʪ ʙʦʣʝʝ ʯʝʤ ʚ 1, 5 ʨʘʟʘ. ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʜʘʥʥʳʝ ʬʠʨʤʳ ʉʠʤʝʥʩ ʧʦ ʧʨʦʛʥʦʟʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ 
ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

 
ʈʠʩ. 4 - ʇʨʦʛʥʦʟ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ ʢ 2030 ʛ. 
 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʘʥʘʣʠʟʫ ʩʠʪʫʘʮʠʠ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʋʢʨʘʠʥʳ. ʀʤʝʷ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʥʘ ʫʨʦʚʥʝ 45-50 ʤʣʥ. 

ʪʦʥʥ ʩʪʘʣʠ ʚ ʛʦʜ, ʨʘʟʚʠʪʫʶ ʩʳʨʴʝʚʫʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ  ʙʘʟʳ, ʚ ʋʢʨʘʠʥʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʧʨʦʰʣʦʛʦ 2014 ʛʦʜʘ  ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ ʩʦʩʪʘʚʠʣʦ ʪʦʣʴʢʦ 27,2 ʤʣʥ. ʪʦʥʥ, ʯʪʦ  ʥʘ 
17,1% ʥʠʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘ 2013 ʛ. (ʈʠʩ. 5). 

ʕʪʦ, ʦʜʥʘʢʦ, ʦʢʘʟʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʟʘ ʋʢʨʘʠʥʦʡ ʧʦ ʠʪʦʛʘʤ 
2014 ʛ. ʜʝʩʷʪʦʛʦ ʤʝʩʪʘ ʚ ʨʝʡʪʠʥʛʝ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ. 
ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʷʩʥʷʪʴ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʧʨʦʰʣʦʛʦʜʥʝʛʦ 

ʨʝʟʢʦʛʦ ʧʘʜʝʥʠʷ  ʦʙʲʝʤʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ  ʚʦʝʥʥʳʝ 

ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʋʢʨʘʠʥʳ, ʛʜʝ 
ʜʠʩʣʦʮʠʨʦʚʘʥʘ ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʩʦʙʝʥʥʦ ʦʙʦʩʪʨʠʣʘʩʴ 
ʩʠʪʫʘʮʠʷ, ʥʘʯʠʥʘʷ ʩ ʠʶʣʷ 2014 ʛ.; ʚ ʥʘʩʪʦʷʱʝʝ ʮʝʣʳʡ ʨʷʜ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ɼʦʥʙʘʩʩʝ 

ʦʩʪʘʥʦʚʣʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʣʠʙʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩʦʢʨʘʪʠʣ ʦʙʲʝʤ ʚʳʧʫʩʢʘ 
ʧʨʦʜʫʢʮʠʠ. ʅʦ ʪʦʣʴʢʦ ʣʠ ʚʦʡʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʘʰʠʭ ʧʨʦʙʣʝʤ? 

 
ʈʠʩ. 5 ï ɼʠʥʘʤʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʚ ʋʢʨʘʠʥʝ ʚ 2000-2014 ʛʦʜʘʭ. 
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ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ ʠ ʚ çʤʠʨʥʳʝè ʧʝʨʚʳʝ ʧʦʩʪʢʨʠʟʠʩʥʳʝ ʛʦʜʳ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʢʦʣʣʝʛ, ʫʢʨʘʠʥʩʢʠʝ ʤʝʪʘʣʣʫʨʛʠ ʥʝ ʚʦʩʩʪʘʥʦʚʠʣʠ ʧʨʝʞʥʠʝ 

ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɻʄʂ ʋʢʨʘʠʥʳ ʫʞʝ ʟʥʘʣ ʧʦ 90-ʤ ʛʦʜʘʤ, ʯʪʦ ʪʘʢʦʝ  ʤʘʩʰʪʘʙʥʳʡ 
ʩʧʘʜ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʟʘ ʛʦʜʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʋʢʨʘʠʥʳ ʦʙʲʝʤ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ ʩʥʠʟʠʣʩʷ  ʩ 

52 ʤʣʥ. ʪʦʥʥ ʚ 1988 ʛ. ʜʦ 22 ʤʣʥ. ʪʦʥʥ ʚ 1995 (ʵʪʦ ʧʠʢ ʧʘʜʝʥʠʷ). ɿʘʪʝʤ, ʟʘ ʩʯʝʪ 

ʧʦʜʜʝʨʞʢʠ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ, ʩʠʪʫʘʮʠʷ ʚ ʦʪʨʘʩʣʠ ʥʘʯʘʣʘ ʫʣʫʯʰʘʪʴʩʷ, ʠ ʩ ʥʘʯʘʣʘ  

2000-ʭ ʦʪʨʘʩʣʴ  ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʥʘʨʘʱʠʚʘʣʘ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʦ 42,8 ʤʣʥ. ʪʦʥʥ ʚ 

ʧʨʝʜʢʨʠʟʠʩʥʦʤ 2007 ʛʦʜʫ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʢʘʢ ʫʣʫʯʰʝʥʠʝ ʢʦʥʲʶʥʢʪʫʨʳ 
ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ, ʪʘʢ ʠ, ʦʩʦʙʝʥʥʦ, ʚʥʝʰʥʝʛʦ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ɻʄʂ ʪʝʩʥʦ ʧʨʠʚʷʟʘʥ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʩʧʨʦʩʘ ʥʘ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʶ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʨʳʥʢʦʤ. ɻʨʷʥʫʣ  ʢʨʠʟʠʩ 2008/9 ʛʦʜʦʚ ï ʠ ʥʦʚʳʡ ʛʣʫʙʦʢʠʡ ʩʧʘʜ ʜʦ 29,9 

ʤʣʥ. ʪʦʥʥ ʩʪʘʣʠ ʚ 2010 ʛ. ɼʘʣʝʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5, ʥʝʙʦʣʴʰʦʡ ʧʦʜʲʝʤ ʜʦ 35,3 ʤʣʥ. 
ʪʦʥʥ ʚ 2011 ʛ., ʠ ï ʧʦʢʘ ʚ ʤʠʨʥʦʝ ʚʨʝʤʷ! ï ʥʦʚʦʝ ʧʘʜʝʥʠʝ ʜʦ 32,3-32,6 ʤʣʥ. ʪʦʥʥ ʚ 2012-

2013 ʛ.ʛ. 

ʏʪʦʙʳ ʙʦʣʴʰʝ ʥʝ ʛʦʚʦʨʠʪʴ ʦ ʥʝ ʨʘʜʫʶʱʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʝ, ʨʷʜ 

ʮʠʬʨ ʦ ʨʘʙʦʪʝ ʦʪʨʘʩʣʠ ʚ ʪʝʢʫʱʝʤ 2015 ʛʦʜʫ. ɿʘ 8 ʤʝʩ. ʵʪʦʛʦ ʛʦʜʘ ʚ ʧʨʦʮʝʥʪʘʭ ʢ  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʝʨʠʦʜʫ ʧʨʦʰʣʦʛʦ ʛʦʜʘ ʜʦʙʳʯʘ ʨʫʜʳ ʩʦʩʪʘʚʠʣʘ 97%, ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʢʦʢʩʘ ï 70%, ʯʫʛʫʥʘ ï 77%, ʩʪʘʣʠ ï 76%, ʪʨʫʙ ï 56%. 

ɺ ʫʩʣʦʚʠʷʭ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʘʩʴ ʧʦʩʪʘʚʢʘ ʫʛʣʝʡ ʥʘ 

ʢʦʢʩʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ - 71% ʧʦʩʪʘʚʦʢ ʫʛʣʝʡ ʦʪ ʧʨʦʰʣʦʛʦʜʥʝʛʦ ʫʨʦʚʥʷ ʧʨʠ 

ʨʦʩʪʝ ʜʦʣʠ ʠʤʧʦʨʪʥʳʭ ʫʛʣʝʡ ʚ ʰʠʭʪʝ ʜʣʷ ʢʦʢʩʦʚʘʥʠʷ ʩ 48% ʜʦ 62% (ʥʦ ʧʨʠ ʵʪʦʤ 
ʠʤʧʦʨʪ ʫʛʣʝʡ ʠʟ ʈʦʩʩʠʠ ʩʥʠʟʠʣʩʷ ʥʘ 34%). ʈʦʩʪ ʠʤʧʦʨʪʘ ʛʦʪʦʚʦʛʦ ʢʦʢʩʘ ʩʦʩʪʘʚʠʣ 78%  

ʠ ʵʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʦʩʪʘʥʦʚʢʠ ʢʦʢʩʦʚʳʭ ʙʘʪʘʨʝʡ ʥʘ ʫʢʨʘʠʥʩʢʠʭ 

ʂʍɿ ʚ ʚʦʩʪʦʯʥʦʤ ʨʝʛʠʦʥʝ ʩʪʨʘʥʳ.  

ʇʨʠ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʦʙʲʝʤ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʚ ʵʪʦʤ ʛʦʜʫ 

ʪʦʣʴʢʦ 24-25 ʤʣʥ. ʪʦʥʥ, ʪ.ʝ. ʤʳ ʚʧʣʦʪʥʫʶ ʧʨʠʙʣʠʟʠʤʩʷ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʨʫʙʝʞʫ 90-
ʛʦʜʦʚ. 

ʇʝʨʚʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ ʚʩʝ ʞʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʫʶ 

ʢʦʥʲʶʥʢʪʫʨʫ ʚʥʝʰʥʠʭ ʨʳʥʢʦʚ. ɼʦʣʷ ʵʢʩʧʦʨʪʘ ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ ʧʨʦʠʟʚʝʜʝʥʥʦʡ 

ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʟʘʥʠʤʘʝʪ ʚ ʩʨʝʜʥʝʤ 75-85%, ʘ ʧʨʠ ʵʪʦʤ ʜʦʣʷ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʚ ʦʙʲʸʤʝ ʵʪʦʡ ʵʢʩʧʦʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʦʩʪʠʛʘʝʪ  45%. ɺʩʸ ʵʪʦ ʜʝʣʘʣʦ ʠ 
ʜʝʣʘʝʪ ʥʘʰ ʢʦʤʧʣʝʢʩ ɻʄʂ ʦʯʝʥʴ ʫʷʟʚʠʤʳʤ ʦʪ ʢʦʥʲʶʥʢʪʫʨʳ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʩʪʘʣʠ ʠ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʦʪ ʢʨʠʟʠʩʥʳʭ ʷʚʣʝʥʠʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʚʷʟʘʥ ʵʪʦʪ 

ʨʳʥʦʢ. 

ʇʨʦʰʣʳʡ 2014 ʛ. ʧʦ ʬʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ  ʦʢʘʟʘʣʩʷ ʭʫʞʝ ʧʨʦʛʥʦʟʥʳʭ ʜʣʷ 
ʤʠʨʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ï ʧʨʦʛʥʦʟʠʨʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ ʥʘ 3,3%, ʘ 

ʬʘʢʪʠʯʝʩʢʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʨʦʩ ʪʦʣʴʢʦ ʥʘ 1,1% (çʥʝʜʦʙʨʘʣè ʧʨʦʛʥʦʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʂʠʪʘʡ). ɿʘ 8 ʤʝʩ. 2015 ʛʦʜʘ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ ʩʥʠʟʠʣʦʩʴ ʥʘ 

2,2%, ʚ ʪ.ʯ. ʫ ʥʘʰʠʭ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʧʦ ʨʝʡʪʠʥʛʫ ʊʆʇ-10 ʩʥʠʞʝʥʠʝ ʚʳʧʣʘʚʢʠ 

ʩʪʘʣʠ ʩʦʩʪʘʚʠʣʦ ʚ ɻʝʨʤʘʥʠʠ ï -16,3%, ʚ ʊʫʨʮʠʠ ï -11,8%; ʥʝʜʦʙʨʘʣʠ ʠ ʩʣʝʜʫʶʱʠʝ ʟʘ 
ʥʘʤʠ ʚ ʨʝʡʪʠʥʛʝ ʊʘʡʚʘʥʴ ʠ ʄʝʢʩʠʢʘ ï ʩʦʙʩʪʚʝʥʥʦ, ʵʪʦ ʠ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʧʦʢʘ ʩʦʭʨʘʥʠʪʴ 

ʟʘ ʩʦʙʦʡ ʧʦʩʣʝʜʥʝʝ ʤʝʩʪʦ ʚ çʜʝʩʷʪʢʝè. 

ʆʩʪʦʨʦʞʥʳʝ ʵʢʩʧʝʨʪʳ ʩʝʡʯʘʩ ʛʦʚʦʨʷʪ ʦ ʧʨʦʛʥʦʟʝ ʨʦʩʪʘ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʪʘʣʠ ʚ ʤʠʨʝ ʫʞʝ ʥʘ 2016 ʛʦʜ ʥʘ 1,4%.  
ʂʦʥʲʶʥʢʪʫʨʘ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʪʨʝʙʥʦʩʪʴ, ʥʦ ʠ ʮʝʥʳ ʥʘ ʪʝ ʠʣʠ ʠʥʳʝ ʚʠʜʳ 

ʧʨʦʜʫʢʮʠʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʢʨʠʟʠʩʥʳʤ ʠʶʣʝʤ 2008 ʛ.,  ʚ ʠʶʣʝ 2015 ʛ. ʮʝʥʳ ʥʘ 

ʧʨʦʜʫʢʮʠʶ ʤʝʪʘʣʣʫʨʛʦʚ ʥʠʞʝ  ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ. ʉ ʥʘʯʘʣʘ ʵʪʦʛʦ ʛʦʜʘ ʧʘʜʝʥʠʝ 

ʵʢʩʧʦʨʪʥʳʭ ʮʝʥ ʩʦʩʪʘʚʠʣʦ 23% ʚ ʜʦʣʣʘʨʦʚʦʤ ʵʢʚʠʚʘʣʝʥʪʝ. ɸ ʚʦʪ ʚʥʫʪʨʝʥʥʠʝ ʮʝʥʳ 

ʚʦʟʨʦʩʣʠ; ʥʘ ʞʝʣʝʟʦʨʫʜʥʦʝ ʩʳʨʴʝ ï ʥʘ 46%, ʬʝʨʨʦʩʧʣʘʚʳ ï ʥʘ 80-123%, ʢʦʢʩ ï ʥʘ 119%, 
ʤʝʪʘʣʣʦʣʦʤ ï ʥʘ 45%, ʧʨʠʨʦʜʥʳʡ ʛʘʟ ï ʥʘ 67%, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ï ʥʘ 37%. 
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ʆʙʨʘʟʥʦ ʛʦʚʦʨʷ, ʤʝʪʘʣʣʫʨʛʠ ʥʘʭʦʜʷʪʩʷ çʚ ʚʠʣʢʝè ʤʝʞʜʫ ʩʥʠʞʝʥʠʝʤ ʮʝʥ ʥʘ 
ʛʦʪʦʚʫʶ ʧʨʦʜʫʢʮʠʶ ʠ ʨʦʩʪʦʤ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʧʦ 

ʠʪʦʛʘʤ 8 ʤʝʩ. 2015 ʛ. ʬʠʥʘʥʩʦʚʳʡ  ʨʝʟʫʣʴʪʘʪ ʜʦ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʧʦ ʦʪʨʘʩʣʠ, ʙʳʣ ʩʦ 
ʟʥʘʢʦʤ çʤʠʥʫʩè, ʪ.ʝ. ʫʙʳʪʢʠ,  ʩʦʩʪʘʚʠʣʠ -14,3 ʤʣʨʜ. ʛʨʥ, ʘ ʥʝʚʦʟʚʨʘʪ ʅɼʉ ʵʢʩʧʦʨʪʝʨʘʤ 

ï 3,7 ʤʣʨʜ. ʛʨʥ.  
ʂʨʦʤʝ ʧʨʦʙʣʝʤ ʚʥʝʰʥʝʛʦ ʨʳʥʢʘ ʩ ʝʛʦ ʥʝʫʩʪʦʡʯʠʚʦʡ ʢʦʥʲʶʥʢʪʫʨʦʡ, ʥʝʣʴʟʷ 

ʦʙʦʡʪʠ ʩʪʦʨʦʥʦʡ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʪʨʫʢʪʫʨʥʳʤ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʪʩʪʘʚʘʥʠʝʤ ʦʪʨʘʩʣʠ, ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ 
ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʙʦʣʴʰʠʥʩʪʚʘ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ, 

ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʠʤʝʶʪ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʝ ʨʝʰʝʥʠʝ. ɸ ʧʨʦʙʣʝʤʳ, ʥʘ ʢʦʪʦʨʳʝ ʤʳ ʫʞʝ ʩʩʳʣʘʣʠʩʴ - 
ʥʝʨʘʟʚʠʪʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ  ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʠ  ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʘ  ʦʪ 

ʢʦʥʲʶʥʢʪʫʨʳ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ, ʩʚʷʟʘʥʳ ʩ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, 
ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ ʠ  ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ; ʵʪʦ ʤʘʣʦ 

ʟʘʚʠʩʠʪ ʦʪ  ʤʝʪʘʣʣʫʨʛʦʚ ʠ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 
ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʠʤʝʶʱʝʡ ʩʠʩʪʝʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ɻʄʂ, ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʠ ʦʪʩʪʘʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪ ʣʫʯʰʠʭ ʤʠʨʦʚʳʭ ʜʦʩʪʠʞʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʣʠʪʝʣʴʥʳʝ ʛʦʜʳ ʨʘʙʦʪʘʣʠ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʝʥʥʦʡ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ, 
ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʦʤʫ ʠʟʥʦʩʫ 
ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ (ʙʦʣʝʝ 60%), ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʚʳʩʦʢʦʡ 

ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʋʨʦʚʝʥʴ ʧʦʪʨʝʙʣʝʥʠʷ ʩʳʨʴʝʚʳʭ ʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 
ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʨʦʚʥʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʫʨʦʚʥʝʤ ʚʨʝʜʥʳʭ 
ʚʳʙʨʦʩʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʝʛʦʜʥʷ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʜʫʢʮʠʠ  
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʋʢʨʘʠʥʳ  ʚ 1,5-2,0 ʨʘʟʘ ʚʳʰʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʩʪʨʘʥ ɽʚʨʦʧʳ ʠ ʤʠʨʘ [3].  
ʆʩʪʨʦʪʘ ʧʨʦʙʣʝʤʳ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʩʠʣʠʣʘʩʴ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩ  ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʮʝʥ ʥʘ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, 
ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʥʘ ʚʩʝʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʘʭ, ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 
ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ.  

ɿʥʘʯʠʪʝʣʴʥʳʝ    ʵʥʝʨʛʦʟʘʪʨʘʪʳ  ʥʘ ʩʪʘʜʠʷʭ  ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʠ ʧʨʦʢʘʪʘ 
ʚʳʟʚʘʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ,  ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʤʘʨʪʝʥʦʚʩʢʠʤ ʩʧʦʩʦʙʦʤ ʠ 

ʥʠʟʢʠʤ ʧʨʦʮʝʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ ʟʘʛʦʪʦʚʢʠ (ʄʅʃɿ). 
ʆʛʦʚʦʨʠʤʩʷ ʩʨʘʟʫ, ʯʪʦ  ʚʩʝ ʞʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠ ʟʜʝʩʴ ʤʝʪʘʣʣʫʨʛʠ ʋʢʨʘʠʥʳ 
ʜʦʙʠʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʧʝʭʦʚ, ʧʫʩʪʴ ʠ ʙʦʣʝʝ ʩʢʨʦʤʥʳʭ, ʯʝʤ ʥʘʰʠ ʨʦʩʩʠʡʩʢʠʝ 

ʩʦʩʝʜʠ. ʊʘʢ, ʚ 2014 ʛʦʜʫ ʩʪʨʫʢʪʫʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʧʦ ʚʠʜʘʤ ʚʳʛʣʷʜʝʣʘ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ: ʢʦʥʚʝʨʪʝʨʥʘʷ - 71%, ʤʘʨʪʝʥʦʚʩʢʘʷ - 23%, ʵʣʝʢʪʨʦʩʪʘʣʴ - 6%. ɸ ʝʱʝ ʥʝʜʘʚʥʦ, 

ʥʘ ʟʘʨʝ ʥʘʰʝʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚ 1991 ʛʦʜʫ ʜʦʣʷ  ʤʘʨʪʝʥʦʚʩʢʦʡ ʩʪʘʣʠ ʩʦʩʪʘʚʣʷʣʘ  55 %. ɺ 
ʤʠʨʝ ʞʝ ʚ 2014 ʛ. ʜʦʣʷ ʵʣʝʢʪʨʦʩʪʘʣʠ ʩʦʩʪʘʚʠʣʘ 29%. ɼʦʣʷ ʩʪʘʣʠ, ʨʘʟʣʠʪʦʡ ʥʘ ʄʅʃɿ ʚ 
ʋʢʨʘʠʥʝ, ʚ 2014 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 60% ʧʨʦʪʠʚ  8% ʚ ʪʦʤ ʞʝ 1991 ʛʦʜʫ, ʘ ʚ ʤʠʨʝ ï 

ʧʨʘʢʪʠʯʝʩʢʠ 100% ʩʪʘʣʠ ʨʘʟʣʠʚʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʩʧʦʩʦʙʦʤ. 
ʕʬʬʝʢʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʢʦʢʩʘ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʨʠ ʚʳʧʣʘʚʢʝ ʯʫʛʫʥʘ ʧʳʣʝʫʛʦʣʴʥʳʤ 
ʪʦʧʣʠʚʦʤ (ʇʋʊ). ʇʦʪʨʝʙʣʝʥʠʝ ʇʋʊ ʚ ʤʠʨʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 
ʠ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ. ɺ ʋʢʨʘʠʥʝ ʪʝʭʥʦʣʦʛʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʋʊ ʚʥʝʜʨʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ɼʦʥʝʮʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ 
(ʧʠʦʥʝʨʳ ʵʪʦʡ ʨʘʟʨʘʙʦʪʢʠ), ʄʂ ʠʤ. ʀʣʴʠʯʘ, ɽʥʘʢʠʝʚʩʢʦʤ ʄɿ ʠ ʨʷʜʘ ʜʨʫʛʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʛʜʝ ʫʞʝ ʧʦʩʪʨʦʝʥʳ ʠʣʠ ʩʪʨʦʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ.  ɹʣʘʛʦʜʘʨʷ 
ʚʥʝʜʨʝʥʠʶ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʭʦʜʳ ʢʦʢʩʘ ʩʦʢʨʘʱʝʥʳ ʩ 550 ʢʛ ʜʦ 470 ʢʛ ʠ 100 ʢʛ ʇʋʊ 
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(1 ʢʛ ʫʛʣʷ ʟʘʤʝʥʷʝʪ 0,8 ʢʛ ʢʦʢʩʘ), ʨʘʩʭʦʜʳ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʫʤʝʥʴʰʝʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 
ʚ 10 ʨʘʟ.  

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʨʘʙʦʪʦʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʉʝʛʦʜʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʮʠʢʣʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʫʛʫʥʘ, ʩʪʘʣʠ ʠ ʧʨʦʢʘʪʘ 
ʨʘʟʦʨʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʝʜʠʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 
ʌʨʘʛʤʝʥʪʳ ʪʘʢʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʝ ʠ 

ʧʨʦʢʘʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʫʞʝ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʪ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ.  
ʕʪʫ ʩʭʝʤʫ ʠʩʧʦʣʴʟʫʶʪ ʥʘ ʤʠʥʠïʟʘʚʦʜʘʭ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʛʦʪʦʚʫʶ ʧʨʦʜʫʢʮʠʶ ʠʟ 

ʤʝʪʘʣʣʦʣʦʤʘ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ ʪʘʢʠʭ ʟʘʚʦʜʦʚ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʧʝʯʠ ʠ 
ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʜʥʦʡ ʣʠʥʠʠ ʫʩʪʘʥʦʚʦʢ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʠ ʧʨʦʢʘʪʥʦʛʦ 
ʩʪʘʥʘ. ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʩʦʝʜʠʥʠʪʴ ʧʨʦʢʘʪʥʳʡ ʩʪʘʥ ʩ ʤʘʰʠʥʦʡ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʦʩʦʙ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʤʘʰʠʥʳ ʥʝʧʨʝʨʳʚʥʦʡ 
ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʦʢʘʪʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ 
ʛʦʜʥʦʛʦ ʧʨʦʢʘʪʘ ʥʘ 8-15% ʠ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʥʘ 30-50 ʤį/ʪ, ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʨʦʢʘʪʢʦʡ 
ʩʣʠʪʢʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʜʦʢʘʟʘʥʘ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʦʡ 
ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ,  ʫʞʝ ʜʘʚʥʦ ʨʘʙʦʪʘʶʱʝʡ ʧʦ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 
ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʫʩʠʣʠʚʘʝʪʩʷ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ ʩʦ ʩʪʦʨʦʥʳ ʩʪʨʘʥ ʖʛʦ-

ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʂʠʪʘʷ, ʂʦʨʝʠ, ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʠ, ʧʝʨʝʚʦʜ ʥʘ ʥʝʧʨʝʨʳʚʥʫʶ ʨʘʟʣʠʚʢʫ 
ï ʦʜʥʦ ʠʟ ʥʝʦʙʭʦʜʠʤʝʡʰʠʭ ʫʩʣʦʚʠʡ ʩʦʭʨʘʥʝʥʠʷ ʧʦʟʠʮʠʡ ʩʪʨʘʥʳ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. 

ɿʘ ʩʢʦʨʝʡʰʠʡ ʧʦʣʥʳʡ ʧʝʨʝʚʦʜ ʥʘ ʥʝʧʨʝʨʳʚʥʫʶ ʨʘʟʣʠʚʢʫ ʩʪʘʣʠ ʛʦʚʦʨʠʪ ʠ 
ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʋʢʨʘʠʥʝ ʄʅʃɿ.  

ɸʥʘʣʠʟʠʨʫʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʝ, ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʘʨʜʠʥʘʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʆʪʜʝʣʴʥʳʝ 
ʰʘʛʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʞʝ ʩʜʝʣʘʥʳ. ʅʦ ʵʪʦʛʦ ʷʚʥʦ ʤʘʣʦ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʮʝʥ ʥʘ ʧʨʠʨʦʜʥʳʡ ʛʘʟ. 
ʋʩʧʝʭʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʦʯʝʚʠʜʥʳ. ʇʦʠʩʢ 

ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʚʝʣ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʥʘ ʚʩʝʭ ʧʝʨʝʜʝʣʘʭ, ʚ 
ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʦʢ ʫʢʨʘʠʥʩʢʠʭ ʫʯʝʥʳʭ.   

ʊʦʣʴʢʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʚʳʨʘʙʦʪʢʫ 1 ʪʦʥʥʳ ʛʦʪʦʚʦʡ 
ʧʨʦʜʫʢʮʠʠ ʚ ʤʠʨʝ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 17%, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʟʝʨʚʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʪʦʨʠʯʥʦʡ ʵʥʝʨʛʠʠ, ʪʝʨʷʝʤʦʡ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɽʱʝ 

ʩʪʦ ʣʝʪ ʥʘʟʘʜ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ 
ʦʙʝʩʧʝʯʠʪʴ ʟʘʚʦʜ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʦʙʩʪʚʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ. 

ʇʦ ʩʫʪʠ, ʰʣʦ ʩʦʟʜʘʥʠʝ ʧʨʦʦʙʨʘʟʘ ʵʥʝʨʛʦ - ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʫʜʫʱʝʛʦ.   
ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜ 

ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʜʦ 90% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʟʘʢʫʧʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, ʚ 2 ʨʘʟʘ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 
ʧʨʦʜʫʢʮʠʠ ʠ ʚ 3 ʨʘʟʘ ʫʤʝʥʴʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
ʕʪʦ ʞʝ ʢʘʩʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ [4]. ʅʘ ʨʠʩ. 6 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ  ʢʠʪʘʡʩʢʦʡ ʢʦʤʧʘʥʠʠ Sinosteel  ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʦʛʝʥʝʨʘʮʠʠ. ʇʦʪʝʨʠ ʪʝʧʣʘ ʩ ʦʪʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ 
ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʝʯʝʡ ʩʦʩʪʘʚʣʷʶʪ 40ï50 % (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʛʦ ʪʠʧʘ ʧʝʯʴ 

ʠʩʧʦʣʴʟʫʝʪʩʷ, ï ʟʘʢʨʳʪʦʛʦ ʠʣʠ ʧʦʣʫʟʘʢʨʳʪʦʛʦ) ʦʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʚʝʜʝʥʥʦʡ ʚ ʚʘʥʥʫ 
ʧʝʯʠ. ʇʨʠ ʵʪʦʤ ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʩʦʩʪʘʚʣʷʝʪ 2400ï
2600 ʢʢʘʣ/ʥ. ʤ3. 
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ʈʠʩ. 6 ï ʉʭʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʧʦʣʫʟʘʢʨʳʪʦʡ 

ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʝʯʠ. 
 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ ʪʝʭʥʦʣʦʛʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʣʘ-
ʫʪʠʣʠʟʘʪʦʨʘ, ʪʫʨʙʠʥʳ ʠ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʧʝʯʠ ʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʤʦʱʥʦʩʪʴʶ 
30 ʄɺɸ ʚʳʨʘʙʘʪʳʚʘʪʴ 3,0ï6,35 ʄɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦ 10ï20 % 

ʵʢʦʥʦʤʠʠ ʟʘʪʨʘʪ ʥʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʝʯʝʡ ʠ ʧʨʦʠʟʚʦʜʠʤʳʭ 
ʩʧʣʘʚʦʚ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʢʦʛʝʥʝʨʘʮʠʶ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʯʝʪʳʨʝʭ 

ʜʦ ʰʝʩʪʠ ʣʝʪ. ʊʘʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦ ʧʨʦʝʢʪʫ ʢʦʤʧʘʥʠʠ Sinosteel 
Equipment &Engineering Co ʫʞʝ ʦʩʥʘʱʝʥʳ ʧʷʪʴ ʧʝʯʝʡ, ʚʳʧʣʘʚʣʷʶʱʠʭ 
ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʡ ʬʝʨʨʦʭʨʦʤ: ʪʨʠ ʧʝʯʠ ʤʦʱʥʦʩʪʴʶ ʧʦ 37 ʄɺɸ ʠ ʜʚʝ ʧʝʯʠ ï ʧʦ 

45 ʄɺɸ. 
ʅʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʠ ʦ ʪʘʢʦʤ ʚʘʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʠ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚ, ʢʘʢ 
ʧʝʨʝʚʦʜ ʵʣʝʢʪʨʦʧʝʯʝʡ ʥʘ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʠʣʠ ʪʦʢ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʳ. ʅʘ 
ɿʘʧʦʨʦʞʩʢʦʤ ʟʘʚʦʜʝ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʛʜʝ ʵʪʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʦʜʥʦʡ ʠʟ ʧʝʯʝʡ ʜʣʷ ʚʳʧʣʘʚʢʠ 

ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʚ ʦʙʦʨʦʪ ʚʦʰʝʣ ʪʝʨʤʠʥ çʫʣʴʪʨʘʥʠʟʢʘʷ ʯʘʩʪʦʪʘè. 
ɺʝʨʥʝʤʩʷ ʪʝʧʝʨʴ ʢ ʘʥʘʣʠʟʫ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʫʢʨʘʠʥʩʢʦʡ ʬʝʨʨʦʩʧʣʘʚʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ  ɻʄʂ ʩʪʨʘʥʳ. 
ɼʠʥʘʤʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʬʝʨʨʦʩʧʣʘʚʦʚ (ʩʠʣʠʢʦʤʘʨʛʘʥʝʮ, 

ʬʝʨʨʦʤʘʨʛʘʥʝʮ, ʬʝʨʨʦʩʠʣʠʮʠʡ, ʬʝʨʨʦʥʠʢʝʣʴ) ʟʘʚʦʜʘʤʠ ʚ ʋʢʨʘʠʥʝ ʚ 2007 ï 2014 ʛʦʜʘʭ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 7.  

 
ʈʠʩ. 7 ï ɼʠʥʘʤʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʋʢʨʘʠʥʝ ʚ 2007-2014 ʛʦʜʘʭ. 
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ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7, ʥʘ ʬʦʥʝ ʚʳʰʝʦʪʤʝʯʝʥʥʦʛʦ ʧʘʜʝʥʠʷ ʚ ʜʨʫʛʠʭ 
ʧʦʜʦʪʨʘʩʣʷʭ ʤʝʪʘʣʣʫʨʛʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʋʢʨʘʠʥʝ ʚ 2014 ʛ. ʚʦʟʨʦʩʣʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʛʦʜʦʤ ʥʘ 20,9% ʠ ʩʦʩʪʘʚʠʣʦ ʧʦ 4-ʤ ʧʨʝʜʧʨʠʷʪʠʷʤ (ʅɿʌ, 
ɿʌɿ, ʉɿʌ ʠ ʇʌʅʂ) - 1188 ʪʳʩ. ʪʦʥʥ. ʈʦʩʪ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʬʝʨʨʦʩʧʣʘʚʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʋʢʨʘʠʥʳ ʠʤʝʝʪ ʤʝʩʪʦ, ʜʘʞʝ ʥʝ ʩʤʦʪʨʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʪʘʥʦʚʢʫ ʚʦ 
2-ʤ ʧʦʣʫʛʦʜʠʠ ʉʪʘʭʘʥʦʚʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʃʫʛʘʥʩʢʦʡ 
ʦʙʣʘʩʪʠ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ, ʢʘʢ ʠ ʚʩʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʋʢʨʘʠʥʳ, ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʟʠʩʘ ʬʝʨʨʦʩʧʣʘʚʥʘʷ ʦʪʨʘʩʣʴ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʘ ʦʙʲʝʤʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 2008-2009 ʛʦʜʘʭ, ʧʦʩʣʝ ʯʝʛʦ ʚ 2010 ʛ. ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʦʚ 
ʧʦʯʪʠ ʜʦʩʪʠʛ ʜʦʢʨʠʟʠʩʥʦʛʦ ʫʨʦʚʥʷ. ʆʜʥʘʢʦ, ʥʘʯʠʥʘʷ ʩ 2011 ʛ., ʧʦʢʘʟʘʪʝʣʠ ʚʳʧʫʩʢʘ 
ʬʝʨʨʦʩʧʣʘʚʦʚ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʋʢʨʘʠʥʳ ʚʥʦʚʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʠʩʴ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʤʠʨʝ ʚ ʵʪʠ ʛʦʜʳ ʝʞʝʛʦʜʥʦ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠʤʝʨʥʦ 3%  ʨʦʩʪ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʬʝʨʨʦʩʧʣʘʚʦʚ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʦʩʪʫ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ).  

ɺ 2014 ʛ., ʚʧʝʨʚʳʝ ʩ ʜʦʢʨʠʟʠʩʥʳʭ ʚʨʝʤʝʥ, ʅʠʢʦʧʦʣʴʩʢʠʡ ʠ ɿʘʧʦʨʦʞʩʢʠʡ 
ʟʘʚʦʜʳ ʬʝʨʨʦʩʧʣʘʚʦʚ  ʥʘʨʘʩʪʠʣʠ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʙʫʞʩʢʠʡ ʌʅʂ ʠʟ-ʟʘ 
ʚʦʟʥʠʢʰʠʭ ʪʨʫʜʥʦʩʪʝʡ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʠʢʝʣʝʚʦʡ ʨʫʜʦʡ ʚʳʥʫʞʜʝʥ ʙʳʣ ʥʘ 8% ʩʦʢʨʘʪʠʪʴ 

ʚʳʧʣʘʚʢʫ ʬʝʨʨʦʥʠʢʝʣʷ. ʈʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʚʦʩʪʦʢʝ ʋʢʨʘʠʥʳ, ʉʪʘʭʘʥʦʚʩʢʠʡ ʟʘʚʦʜ 
ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ 2014 ʛ. ʩʦʢʨʘʪʠʣ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 41% - ʜʦ 91 ʪʳʩ. ʪʦʥʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

153 ʪʳʩ. ʪʦʥʥ ʚ 2013 ʛ. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʦʢʨʠʟʠʩʥʦʛʦ ʧʝʨʠʦʜʘ (2003-2007 ʛ.ʛ.), 

ʚʦʟʨʘʩʪʘʥʠʝ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʦʪʨʘʩʣʠ, ʢʘʢ ʠ ʚ ɻʄʂ ʋʢʨʘʠʥʳ ʚ 

ʮʝʣʦʤ, ʚ ʧʦʩʣʝʢʨʠʟʠʩʥʳʡ ʧʝʨʠʦʜ  ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝʤ ʬʠʥʘʥʩʦʚʦ-
ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʮʝʥʳ ʥʘ ʬʝʨʨʦʩʧʣʘʚʥʫʶ, ʧʨʦʜʫʢʮʠʶ, ʢʘʢ ʠ ʧʨʦʜʫʢʮʠʶ ʤʝʪʘʣʣʫʨʛʦʚ, ʥʝ ʜʦʩʪʠʛʣʠ 
ʜʦʢʨʠʟʠʩʥʦʛʦ ʫʨʦʚʥʷ, ʪʦʛʜʘ ʢʘʢ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʚ ʩʠʣʫ ʤʥʦʛʦʢʨʘʪʥʦ 
ʚʦʟʨʦʩʰʠʭ ʨʘʩʭʦʜʦʚ ʥʘ ʩʳʨʴʝ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʣʦʛʠʩʪʠʢʫ ʫʞʝ ʧʨʝʚʳʩʠʣʘ 

ʜʦʢʨʠʟʠʩʥʳʝ ʟʥʘʯʝʥʠʷ. 
ɼʣʷ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʨʦʚʝʥʴ ʪʘʨʠʬʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʘʢ, ʚ 2010 
ʛʦʜʫ, ʪʘʨʠʬʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚʳʨʦʩʣʠ ʥʘ 30,9% (ʧʦʚʳʰʘʣʠʩʴ ʯʝʪʳʨʝ ʨʘʟʘ), ʚ 2011 
ʛʦʜʫ ï ʥʘ 21,4% (ʧʦʚʳʰʘʣʠʩʴ ʚʦʩʝʤʴ ʨʘʟ), ʚ 2012 ʛʦʜʫ ï ʥʘ 10,8 % (ʧʦʚʳʰʘʣʠʩʴ ʯʝʪʳʨʝ 

ʨʘʟʘ), ʩ 1 ʷʥʚʘʨʷ 2013 ʛʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʜʣʷ ʧʨʦʤʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦʜʦʨʦʞʘʣʘ ʥʘ 1%, ʘ 
ʩ 1 ʤʘʨʪʘ ï ʥʘ 3,8%; ʜʦ ʢʦʥʮʘ 2013 ʛ.   ʨʦʩʪ ʪʘʨʠʬʦʚ ʩʦʩʪʘʚʠʣ ʝʱʝ 9,3%. ʂʦʥʝʯʥʦ, 

ʚʳʩʦʢʠʝ ʮʝʥʳ ʠ ʪʘʨʠʬʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ 
ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʢʨʘʠʥʩʢʠʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʥʘ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ.  

ʆʰʠʙʦʯʥʘʷ ʧʦʣʠʪʠʢʘ ʚ ʚʦʧʨʦʩʝ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʘʷ ʫʙʳʪʦʯʥʦʩʪʴ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʚʝʣʠ ʢ 
ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʥʘ ɿʘʧʦʨʦʞʩʢʦʤ ʠ 

ʉʪʘʭʘʥʦʚʩʢʦʤ ʟʘʚʦʜʘʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚʧʣʦʪʴ ʜʦ ʧʦʯʪʠ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʧʦʩʣʝʜʥʠʭ ʚ 
ʢʦʥʮʝ 2012 ʛ.ʛ. ʊʦʣʴʢʦ ʧʦʜʧʠʩʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʄʝʤʦʨʘʥʜʫʤʦʚ ʥʘ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʤ 
ʫʨʦʚʥʝ ʧʦʟʚʦʣʠʣʘ ʚʦʟʦʙʥʦʚʠʪʴ ʚʳʧʣʘʚʢʫ ʬʝʨʨʦʩʧʣʘʚʦʚ ʥʘ ʵʪʠʭ ʟʘʚʦʜʘʭ, ʥʘʯʠʥʘʷ ʩ 

ʤʘʨʪʘ 2013 ʛ. 
ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʣʘ ʚ 2013 ʛ. ʧʦ ʅʠʢʦʧʦʣʴʩʢʦʤʫ ʟʘʚʦʜʫ 

ʬʝʨʨʦʩʧʣʘʚʦʚ. ʊʦʣʴʢʦ ʧʦʩʣʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʵʪʦʪ ʟʘʚʦʜ ʫʩʣʦʚʠʡ ʚʳʰʝʦʪʤʝʯʝʥʥʦʛʦ 
ʄʝʤʦʨʘʥʜʫʤʘ, ʫʜʘʣʦʩʴ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʠʟʙʝʞʥʫʶ ʦʩʪʘʥʦʚʢʫ ʢʨʫʧʥʝʡʰʝʛʦ 
ʫʢʨʘʠʥʩʢʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʦʜʥʘʢʦ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʛʘʥʮʝʚʳʭ 

ʬʝʨʨʦʩʧʣʘʚʦʚ ʥʘ ʅɿʌ ʚ 2013 ʛ., ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʠʩʴ. ʅʘʦʙʦʨʦʪ, 
ʚ 2014 ʛ. ʩʠʪʫʘʮʠʷ ʥʘ ʅɿʌ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʣʘʩʴ ï ʚʳʧʣʘʚʢʘ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ 

ʚʦʟʨʦʩʣʘ ʥʘ 33%, ʘ ʬʝʨʨʦʤʘʨʛʘʥʮʘ ï ʥʘ 46% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2013 ʛ. 
ʂʨʦʤʝ ʇʌʅʂ, ʦʢʦʣʦ 5 ʪʳʩ. ʪʦʥʥ ʬʝʨʨʦʥʠʢʝʣʷ ʧʦʣʫʯʝʥʦ ʚ 2014 ʛʦʜʫ ʩʫʤʤʘʨʥʦ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʫʪʝʤ ʧʝʨʝʧʣʘʚʘ ʥʠʢʝʣʴʩʦʜʝʨʞʜʘʱʠʭ ʦʪʭʦʜʦʚ. ɺʩʝʛʦ ʚ 
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ʋʢʨʘʠʥʝ ʚ ʧʨʦʰʣʦʤ ʛʦʜʫ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʥʠʢʝʣʴ ʚʳʧʣʘʚʣʝʥʦ ʦʢʦʣʦ 20 ʪʳʩ. ʪʦʥʥ 
ʬʝʨʨʦʥʠʢʝʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ï ʢʘʢ çʙʝʜʥʦʛʦè, ʪʘʢ ʠ çʙʦʛʘʪʦʛʦè.  

ɺ 2014 ʛ. ʫʢʨʘʠʥʩʢʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ  ʧʨʦʠʟʚʝʜʝʥʦ 2,5 ʪʳʩ. ʪʦʥʥ  çʙʦʛʘʪʦʛʦè 
ʬʝʨʨʦʪʠʪʘʥʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 70% ʪʠʪʘʥʘ ï ʧʫʪʝʤ ʧʝʨʝʧʣʘʚʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ. ɺʧʝʨʚʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʚʥʦʚʴ ʚʚʝʜʝʥʥʳʭ ʤʦʱʥʦʩʪʷʭ 
ʙʳʣ ʥʘʯʘʪ ʚʳʧʫʩʢ  ʬʝʨʨʦʪʠʪʘʥʘ ʩ ʙʘʟʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʪʘʥʘ 35% 
ʘʣʶʤʠʥʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʣʴʤʝʥʠʪʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʫʢʨʘʠʥʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʦʟʜʘʥʦ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʥʘ 
ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʟʘʚʦʜʝ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʚ ʛ. ɿʘʧʦʨʦʞʴʝ.  

ɺ ʦʛʨʘʥʠʯʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʧʝʨʠʦʜʠʯʝʩʢʠ, ʧʦ ʤʝʨʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʳʨʴʝʤ) ʚʝʣʘʩʴ ʚʳʧʣʘʚʢʘ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ, ʬʝʨʨʦʚʘʥʘʜʠʷ, 
ʬʝʨʨʦʥʠʦʙʠʷ ʠ ʜʨʫʛʠʭ ʬʝʨʨʦʩʧʣʘʚʦʚ çʤʘʣʦʡ ʛʨʫʧʧʳè, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ  ʤʦʱʥʦʩʪʷʭ 

ɼʦʥʝʮʢʦʡ ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʬʘʙʨʠʢʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʩʦʩʪʘʚʝ ʄʘʨʠʫʧʦʣʴʩʢʦʛʦ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʠʤ. ʀʣʴʠʯʘ (ʧ.ʛ.ʪ. ɼʦʥʩʢʦʝ ɺʦʣʥʦʚʘʭʩʢʦʛʦ ʨʘʡʦʥʘ 

ɼʦʥʝʮʢʦʡ ʦʙʣ.). 
ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʝʜʧʨʠʷʪʠʷ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʦʪʨʘʩʣʠ ʋʢʨʘʠʥʳ ʚʝʜʫʪ 

ʩʠʩʪʝʤʥʫʶ ʧʦʣʠʪʠʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʝ ʝʝ 
ʩʦʨʪʘʤʝʥʪʘ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚʥʝʜʨʝʥʠʷ ʥʦʚʝʡʰʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ,   ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʳʭ 
ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʇʨʦʠʟʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ ʩ 

ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʥʠʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʛʘʟʦʦʯʠʩʪʢʠ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ; 
ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʫʣʦʚʣʝʥʥʦʡ ʢʦʣʦʰʥʠʢʦʚʦʡ ʧʳʣʠ ʠ ʰʣʘʤʦʚ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʦʢʫʩʢʦʚʘʥʠʝ  

(ʘʛʣʦʤʝʨʘʮʠʷ, ʦʢʘʪʳʚʘʥʠʝ ʠʣʠ ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ) ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʧʝʨʝʧʣʘʚʘ. 
ʈʝʘʣʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʢʫʩʢʦʚʘʥʠʷ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʬʝʨʨʦʩʧʣʘʚʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʠʭ ʜʨʦʙʣʝʥʠʠ ʠ ʩʦʨʪʠʨʦʚʢʠ ï ʧʫʪʝʤ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʠʣʠ ʧʝʨʝʧʣʘʚʘ 

ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ  ʵʣʝʢʪʨʦʧʝʯʘʭ (ʜʫʛʦʚʳʭ ʠʣʠ ʠʥʜʫʢʮʠʦʥʥʳʭ).  
ʄʳ ʧʦʧʳʪʘʣʠʩʴ ʜʘʪʴ ʢʨʘʪʢʠʡ ʧʝʨʝʯʝʥʴ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʪʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ ʦʪʨʘʩʣʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʚʳʭʦʜ ʫʢʨʘʠʥʩʢʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʥʘ 
ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 
ʙʝʟʦʧʘʩʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ.  

ʈʝʘʣʠʟʘʮʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʡ  ʧʨʦʛʨʘʤʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʜʣʷ 
ʫʢʨʘʠʥʩʢʦʛʦ ɻʄʂ, ʩ ʫʯʝʪʦʤ ʜʦʩʪʠʞʝʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʤʠʨʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʥʘʫʢʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʠ ʥʝ ʤʘʣʳʭ.  ɽʩʣʠ 
ʠʩʭʦʜʠʪʴ ʠʟ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ ʦʙʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ, ʪʦ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʪʘʢʠʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ ʨʘʩʭʦʜʫʝʪʩʷ ʜʦ 100 ʜʦʣ. ʉʐɸ ʥʘ ʪʦʥʥʫ 
ʩʪʘʣʠ.  

ʅʘʤ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʦʢʘ ʥʝʯʝʤ ʧʦʭʚʘʩʪʘʪʴʩʷ ʚ ʧʨʠʚʣʝʯʝʥʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 
ʩʨʝʜʩʪʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ  ʧʨʦʛʨʘʤʤʳ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ɻʄʂ. ɺ ʋʢʨʘʠʥʝ 
ʧʨʠ ʠʟʥʦʩʝ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ ʥʘ ʫʨʦʚʥʝ 60-70% ʜʘʞʝ  ʚ 

çʩʪʘʙʠʣʴʥʦʤè  2008 ʛʦʜʫ ʥʘ ʮʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʙʳʣʦ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 
ʦʢʦʣʦ 50 ʜʦʣʣ. ʥʘ ʪʦʥʥʫ ʩʪʘʣʠ. ɺ 2010 ʛʦʜʫ ʥʘ ʦʙʥʦʚʣʝʥʠʝ ʵʪʠʭ ʬʦʥʜʦʚ  ʙʳʣʦ 

ʠʥʚʝʩʪʠʨʦʚʘʥʦ ʚʩʝʛʦ 4.4667 ʤʣʨʜ. ʛʨʥ. ʠʣʠ ʦʢʦʣʦ 20 ʜʦʣ. ʉʐɸ ʥʘ ʪʦʥʥʫ ʚʳʧʣʘʚʣʝʥʥʦʡ 
ʩʪʘʣʠ, ʘ ʚ ʧʨʦʰʣʦʤ 2014 ʛʦʜʫ ï ʝʱʝ ʤʝʥʴʰʝ, 17 ʜʦʣʣ. ʉ ʪʘʢʠʤʠ ʪʝʤʧʘʤʠ 
ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʤʳ, ʢ ʩʦʞʘʣʝʥʠʶ,  ʟʘʚʝʜʦʤʦ ʦʙʨʝʯʝʥʳ ʥʘ ʦʪʩʪʘʚʘʥʠʝ.  

ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʠ ʧʨʦʙʣʝʤʳ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʚʩʝʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʮʝʣʦʤ, ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʢʣʠʤʘʪʘ ʚ 

ʩʪʨʘʥʝ, ʧʨʠʚʣʝʯʝʥʠʷ ʟʘʸʤʥʳʭ ʩʨʝʜʩʪʚ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʘʢ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʙʘʥʢʦʚ. ʅʦ 
ʵʪʘ ʧʨʦʙʣʝʤʘ ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʥʘ ʧʦʣʠʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʢʘʢ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ 
ʫʨʦʚʥʝ ʦʥʘ, ʢʘʟʘʣʦʩʴ ʙʳ, ʨʝʰʝʥʘ ʩ ʧʨʠʥʷʪʠʝʤ ʢʦʤʧʣʝʢʩʘ ʟʘʢʦʥʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 
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ʨʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʅʦ ʵʪʠ ʟʘʢʦʥʳ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʦʢʘ ʝʱʝ 
ʧʨʦʙʫʢʩʦʚʳʚʘʶʪ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʠʪʠʯʝʩʢʦʡ ʚʦʣʠ ʢ ʠʭ ʨʝʘʣʠʟʘʮʠʠ.  

ɺʓɺʆɼʓ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʠʪʫʘʮʠʷ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʪʘʣʠ ʚ ʤʠʨʝ ʠ ʚ 
ʋʢʨʘʠʥʝ, ʧʨʠʯʠʥʳ ʩʧʘʜʘ ʚʳʧʫʩʢʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʚʷʣʦʡ ʨʳʥʦʯʥʦʡ 

ʢʦʥʲʶʥʢʪʫʨʳ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ. 
ʇʨʠʯʠʥʦʡ ʧʘʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ɻʄʂ ʋʢʨʘʠʥʳ ʚ 2014 ʛʦʜʫ ʷʚʣʷʶʪʩʷ ʚʦʝʥʥʳʝ 
ʜʝʡʩʪʚʠʷ ʚ ʚʦʩʪʦʯʥʦʤ ʨʝʛʠʦʥʝ ʩʪʨʘʥʳ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʦʩʥʦʚʥʘʷ ʫʛʦʣʴʥʘʷ ʙʘʟʘ ʠ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
ʉʠʩʪʝʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʪʨʘʩʣʠ ʠʤʝʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʠʟʥʦʩʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʧʨʠ 
ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝ ʠʥʚʝʩʪʠʮʠʡ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ 
ʦʪʨʘʩʣʠ. 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʚʩʝ ʞʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 
ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʙʥʦʚʣʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ.  ʇʨʠ ʵʪʦʤ 
ʥʝʦʙʭʦʜʠʤʦ ʜʘʚʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʨʝʬʝʨʝʥʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʨʘʟʨʘʙʦʪʢʘʤ ʚ ʵʪʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʝʪʘʣʣʫʨʛʠʷ ʤʦʞʝʪ 

ʧʨʦʜʦʣʞʠʪʴ ʠʛʨʘʪʴ ʨʦʣʴ ʣʦʢʦʤʦʪʠʚʘ ʜʣʷ ʜʨʫʛʠʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. 
ʇʦʢʘʟʘʥʘ ʩʠʪʫʘʮʠʷ ʚ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʋʢʨʘʠʥʳ, ʛʜʝ ʚ 2014 ʛ. 

ʫʚʝʣʠʯʝʥ ʥʘ 20,9% ʦʙʲʝʤ ʚʳʧʫʩʢʘ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 
ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʨʦʛʨʘʤʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʧʦʚʳʰʝʥʠʷ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ.  
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ʄʀʈʆɺʆʁ ʌʆʈʋʄ ʌɽʈʈʆʉʇʃɸɺʅʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

(ʇʆ ʄɸʊɽʈʀɸʃɸʄ ʄɽɾɼʋʅɸʈʆɼʅʆɻʆ ʌɽʈʈʆʉʇʃɸɺʅʆɻʆ ʂʆʅɻʈɽʉʉɸ 

ʀʅʌɸʂʆʅ-14) 

 

ɻʨʠʱʝʥʢʦ ʉ.ɻ. ï ʇʨʝʜʩʝʜʘʪʝʣʴ ʢʦʥʛʨʝʩʩʘ, ʇʨʝʜʩʝʜʘʪʝʣʴ ʈʘʩʰʠʨʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʢʦʤʠʪʝʪʘ ʀʅʌɸʂʆʅ-14, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʂʫʮʠʥ ɺ.ʉ. ï ʉʦʧʨʝʜʩʝʜʘʪʝʣʴ 

ʈʘʩʰʠʨʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ ʀʅʌɸʂʆʅ-14, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ;  ɻʘʩʠʢ ʄ.ʀ. 
ï ʯʣʝʥ ʈʘʩʰʠʨʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ ʀʅʌɸʂʆʅ-14, ɸʢʘʜʝʤʠʢ ʅɸʅ 

ʋʢʨʘʠʥʳ, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʂʨʘʚʯʝʥʢʦ ʇ.ɸ. ï ʇʨʝʜʩʝʜʘʪʝʣʴ ʆʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ 

ʢʦʤʠʪʝʪʘ ʀʅʌɸʂʆʅ-14,  ʇʨʝʜʩʝʜʘʪʝʣʴ ʉʦʚʝʪʘ ʜʠʨʝʢʪʦʨʦʚ ʋʢʨʌɸ, ɼʝʜʦʚ ʖ.ɹ. ï 
ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ-14, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 
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ɺ  ʠʶʥʝ 2015 ʛʦʜʘ ʩʦʩʪʦʷʣʦʩʴ ʟʥʘʢʦʚʦʝ ʜʣʷ ʤʠʨʦʚʦʡ ʠ ʫʢʨʘʠʥʩʢʦʡ 
ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʙʳʪʠʝ: ʚ ʛʦʨʦʜʝ ʂʠʝʚʝ ʧʨʦʰʝʣ ʦʯʝʨʝʜʥʦʡ, 

ʯʝʪʳʨʥʘʜʮʘʪʳʡ  ʧʦ ʩʯʝʪʫ, ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ ʬʝʨʨʦʩʧʣʘʚʱʠʢʦʚ.  
ʇʦʯʝʪʥʳʤ ʇʨʝʜʩʝʜʘʪʝʣʝʤ ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ-14 ʷʚʠʣʩʷ ʇʨʝʟʠʜʝʥʪ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʋʢʨʘʠʥʳ, ɸʢʘʜʝʤʠʢ  ɹ.ɽ. ʇʘʪʦʥ. 
ʀʅʌɸʂʆʅ - ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ NFACON, ʘʙʙʨʝʚʠʘʪʫʨʘ ʦʪ International 

Ferroalloy Congress, ʪ.ʝ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʬʝʨʨʦʩʧʣʘʚʥʳʡ ʢʦʥʛʨʝʩʩ, ʟʘ ʛʦʜʳ ʩʚʦʝʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʢʨʫʧʥʝʡʰʠʡ ʬʦʨʫʤ ʤʠʨʦʚʦʡ ʬʝʨʨʦʩʧʣʘʚʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʀʩʪʦʨʠʷ  ʢʦʥʛʨʝʩʩʦʚ ʀʅʌɸʂʆʅ ʥʘʩʯʠʪʳʚʘʝʪ ʫʞʝ ʙʦʣʝʝ ʩʦʨʦʢʘ ʣʝʪ [1].  
ɺ 1974 ʛʦʜʫ ʖʞʥʦ-ɸʬʨʠʢʘʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠ ʤʝʪʘʣʣʫʨʛʠʠ 

(SAIMM),  ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʖɸʈ (MINTEK) ʠ ɸʩʩʦʮʠʘʮʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʬʝʨʨʦʩʧʣʘʚʦʚ (FAPA) ʠʥʠʮʠʠʨʦʚʘʣʠ ʧʨʦʚʝʜʝʥʠʝ 1-ʛʦ ʢʦʥʛʨʝʩʩʘ 
ʀʅʌɸʂʆʅ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʛʣʘʰʝʥʠʷ ʤʝʞʜʫ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʬʝʨʨʦʩʧʣʘʚʥʳʤʠ 

ʘʩʩʦʮʠʘʮʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ, ʧʦʜʧʠʩʘʥʥʦʛʦ ʥʘ  ʵʪʦʤ ʢʦʥʛʨʝʩʩʝ, ʙʳʣ ʫʯʨʝʞʜʝʥ 
ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʬʝʨʨʦʩʧʣʘʚʥʳʡ ʢʦʤʠʪʝʪ  (ʄʌʂ, ʘʥʛʣʠʡʩʢʘʷ ʘʙʙʨʝʚʠʘʪʫʨʘ ICFA), 
ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ INFACON, 

ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʥʘʫʯʥʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʜʦʢʣʘʜʦʚ, ʩʦʦʙʱʝʥʠʡ ʠ ʩʪʘʪʝʡ 
ʫʯʘʩʪʥʠʢʦʚ ʬʦʨʫʤʘ. ʇʦʩʪʦʷʥʥʳʡ ʩʝʢʨʝʪʘʨʠʘʪ ʄʌʂ ʨʘʟʤʝʱʝʥ ʚ ʦʬʠʩʝ ʄʀʅʊɽʂ ï 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʤʝʪʘʣʣʫʨʛʠʠ ʖɸʈ ʚ ʛ. ʁʦʭʘʥʥʝʩʙʫʨʛʝ. 
ʂʦʥʛʨʝʩʩʳ ʀʅʌɸʂʆʅ ʧʨʦʚʦʜʷʪʩʷ ʢʘʞʜʳʝ ʜʚʘ-ʪʨʠ ʛʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ 

ʤʠʨʘ, ʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ ʋʩʪʘʚʘ ʄʌʂ ʢʘʞʜʳʡ ʪʨʝʪʠʡ/ʯʝʪʚʝʨʪʳʡ ʢʦʥʛʨʝʩʩ 

ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʦʚʦʜʠʪʩʷ ʚ ʖɸʈ, ʦʪʜʘʚʘʷ ʜʘʥʴ ʝʛʦ ʫʯʨʝʜʠʪʝʣʷʤ.   
ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʛʨʝʩʩʳ ʀʅʌɸʂʆʅ ʩʪʘʣʠ ʤʝʩʪʦʤ ʚʩʪʨʝʯ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʪʝʭʥʠʢʠ ʠ 
ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʘʭ  ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʝʨʝʜʝʣʦʚ, ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 
ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ ʠ ʦʪʜʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠ ʘʢʪʫʘʣʴʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 
ʠʥʬʦʨʤʘʮʠʶ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ ʦ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʥʦʚʝʡʰʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʵʣʝʢʪʨʦʧʝʯʝʩʪʨʦʝʥʠʷ, ʰʣʘʢʦʧʝʨʝʨʘʙʦʪʢʠ, ʛʘʟʦʦʯʠʩʪʢʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʅʘʯʠʥʘʷ ʩ ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ-12, ʩʦʩʪʦʷʚʰʝʤʩʷ ʚ 2010 ʛ. ʚ ʛ. ʍʝʣʴʩʠʥʢʠ [2], 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʋʢʨʘʠʥʳ, ʂʘʟʘʭʩʪʘʥʘ ʠ ʈʦʩʩʠʠ ʚʧʝʨʚʳʝ ʚʦʰʣʠ ʚ ʩʦʩʪʘʚ ʄʌʂ ʠ 
ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʦ ʤʝʩʪʝ ʧʨʦʚʝʜʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʢʦʥʛʨʝʩʩʦʚ. ʅʘ  

ʟʘʩʝʜʘʥʠʠ ʄʌʂ ʚ ʠʶʥʝ 2013 ʛ. ʚ ʛ. ɸʣʤʘʪʳ ʚ ʭʦʜʝ ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ-13, ʧʦ ʟʘʷʚʢʝ 
ʋʢʨʘʠʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʬʝʨʨʦʧʣʘʚʦʚ (ʋʢʨʌɸ)  ʧʦʯʝʪʥʦʝ ʧʨʘʚʦ 
ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ-14 ʚ 2015 ʛ. ʙʳʣʦ ʧʨʠʩʫʞʜʝʥʦ ʋʢʨʘʠʥʝ, ʘ ʤʝʩʪʦʤ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʛʨʝʩʩʘ ʫʪʚʝʨʞʜʝʥ ʛ. ʂʠʝʚ.  ʂʦʥʢʫʨʝʥʪʘʤʠ  ʫʢʨʘʠʥʩʢʠʭ 
ʬʝʨʨʦʩʧʣʘʚʱʠʢʦʚ ʧʨʠ ʧʨʠʥʷʪʠʠ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʙʳʣʠ ʬʝʨʨʦʩʧʣʘʚʥʳʝ ʦʙʲʝʜʠʥʝʥʠʷ ʠʟ 

ʪʘʢʠʭ ʩʪʨʘʥ,  ʢʘʢ ʂʠʪʘʡ, ʖʞʥʘʷ ɸʬʨʠʢʘ ʠ ʅʦʨʚʝʛʠʷ.  
ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ  ʋʢʨʌɸ ʧʨʘʚʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ  ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʩʝʨʴʝʟʥʦʤ  ʘʚʪʦʨʠʪʝʪʝ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʋʢʨʘʠʥʳ ʥʘ 

ʤʠʨʦʚʦʤ ʨʳʥʢʝ,  ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ ʬʝʨʨʦʩʧʣʘʚʥʦʡ 
ʦʪʨʘʩʣʠ, ʧʨʠʟʥʘʥʠʝʤ ʜʦʩʪʠʞʝʥʠʡ ʫʢʨʘʠʥʩʢʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ ʚ 

ʩʬʝʨʝ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʬʝʨʨʦʩʧʣʘʚʦʚ. ɼʣʷ ʚʳʧʫʩʢʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ 
ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʋʢʨʘʠʥʝ ʝʩʪʴ ʚʩʝ 
ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʘ ʬʝʨʨʦʩʧʣʘʚʥʘʷ ʦʪʨʘʩʣʴ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ 

ʟʘʜʝʣʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʠʥʞʝʥʝʨʥʦ-
ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʨʘʙʦʯʠʤʠ ʢʘʜʨʘʤʠ. 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʨʦʚʝʜʝʥʠʶ ʢʦʥʛʨʝʩʩʘ ʚ ʋʢʨʘʠʥʝ ʚʝʣʘʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʣʝʪ 
ʠ ʠʤʝʣʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʢʦʥʛʨʝʩʩʘʤʠ, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʠʪʝʣʴʥʳʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ 
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ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚʦ-ʧʝʨʚʳʭ, ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ çʙʦʣʴʰʦʤʫè ʀʅʌɸʂʆʅʫ 
ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 2 ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʄʦʣʦʜʝʞʥʳʝ ʬʝʨʨʦʩʧʣʘʚʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ, ʫʯʘʩʪʠʝ 

ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʷʣʠ ʘʩʧʠʨʘʥʪʳ, ʤʦʣʦʜʳʝ ʫʯʝʥʳʝ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ 
ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ; ʤʦʣʦʜʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʟʘʚʦʜʦʚ ʠ 

ʩʪʫʜʝʥʪʳ ʧʨʦʬʠʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʕʪʠ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʨʘʟʨʝʰʝʥʠʷ ʄʌʂ 
ʧʦʣʫʯʠʣʠ ʩʪʘʪʫʩ çʤʘʣʳʭè ʠʣʠ ʤʦʣʦʜʝʞʥʳʭ ʀʅʌɸʂʆʅʦʚ. ʄʦʣʦʜʝʞʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 
ʙʦʣʴʰʠʤ ʫʩʧʝʭʦʤ ʧʨʦʰʣʠ ʚ  ʤʘʨʪʝ 2014 ʛ. ʥʘ ʙʘʟʝ ʅʘʮʠʦʥʘʣʴʥʦʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʚ ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʝ ʠ ʚ ʤʘʨʪʝ 2015 ʛ. ʥʘ ʙʘʟʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè ʚ ʛ. ʂʠʝʚʝ.  

ʉʦʩʪʦʷʣʠʩʴ ʢʦʥʢʫʨʩʳ ʥʘ ʣʫʯʰʫʶ ʤʦʣʦʜʝʞʥʫʶ ʨʘʙʦʪʫ ʧʦ ʬʝʨʨʦʩʧʣʘʚʥʦʡ 
ʧʨʦʙʣʝʤʘʪʠʢʝ, ʧʦʙʝʜʠʪʝʣʷʤ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʧʨʘʚʦ ʥʘ ʫʯʘʩʪʠʝ ʚ 
çʙʦʣʴʰʦʤè ʀʅʌɸʂʆʅʝ. ɺʦʟʤʦʞʥʦ, ʫʩʧʝʰʥʘʷ ʧʨʘʢʪʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʥʦʚʳʤ ʧʦʢʦʣʝʥʠʝʤ ʬʝʨʨʦʩʧʣʘʚʱʠʢʦʚ ʩʪʘʥʝʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʣʷ ʄʌʂ. 
ɼʘʣʝʝ, ʚʦ-ʚʪʦʨʳʭ, ʥʘʰ ʈʘʩʰʠʨʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ 

ʚʳʩʪʫʧʠʪʴ ʟʘʢʘʟʯʠʢʦʤ ʜʣʷ ʧʣʝʥʘʨʥʳʭ ʟʘʩʝʜʘʥʠʡ ʢʦʥʛʨʝʩʩʘ  ʦʙʟʦʨʥʳʭ ʜʦʢʣʘʜʦʚ ʫ 
ʢʨʫʧʥʳʭ ʫʯʝʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ (ʥʘʧʨʠʤʝʨ ï ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 
ʠʥʩʪʠʪʫʪʘ ʤʘʨʛʘʥʮʘ, ɽʚʨʦʧʝʡʩʢʦʡ ʘʩʩʦʮʠʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʄʀʅʊɽʂ 

ʚ ʖɸʈ, ʍʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʝʛʦ ʠʥʩʪʠʪʫʪʘ  ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ ʜʨ.) ʧʦ ʧʨʦʙʣʝʤʥʳʤ 
ʚʦʧʨʦʩʘʤ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ, ʜʠʥʘʤʠʢʝ ʠ ʧʝʨʩʧʝʢʪʠʚʘʤ  ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʝʨʨʦʩʧʣʘʚʦʚ ʧʦ ʨʝʛʠʦʥʘʤ ʠ ʚʠʜʘʤ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʠ. ʂʘʢ ʧʦʢʘʟʘʣ ʥʘʰ 
ʦʧʳʪ, ʵʪʦ ʨʝʰʝʥʠʝ ʷʚʠʣʦʩʴ ʘʙʩʦʣʶʪʥʦ ʧʨʘʚʠʣʴʥʳʤ ʠ ʙʫʜʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ 
ʧʨʘʢʪʠʢʝ ʜʘʣʴʥʝʡʰʠʭ ʀʅʌɸʂʆʅʦʚ. 

ʅʘʢʦʥʝʮ, ʚ-ʪʨʝʪʴʠʭ, ʪʝʤʘʪʠʢʘ  ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ-14 ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʦʩʥʦʚʥʳʤ ʜʝʚʠʟʦʤ ï çʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʴ ï 

ʙʫʜʫʱʝʝ ʤʠʨʦʚʦʡ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè (ʧʦʜ ʪʘʢʠʤ ʞʝ ʥʘʟʚʘʥʠʝʤ ʚʳʰʝʣ ʠ 
2-ʭ ʪʦʤʥʳʡ ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʢʦʥʛʨʝʩʩʘ, ʚʢʣʶʯʠʚʰʠʡ 104 ʜʦʢʣʘʜʘ ʝʛʦ 
ʫʯʘʩʪʥʠʢʦʚ). 

ɺ ʢʦʥʛʨʝʩʩʝ ʀʅʌɸʂʆʅ-14 ʚ ʛ. ʂʠʝʚʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʠ ʧʨʝʜʩʪʘʚʠʣʠ ʜʦʢʣʘʜʳ  
217 ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ 30 ʩʪʨʘʥ ʤʠʨʘ ʥʘ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʘʭ (ʈʠʩ.1), ʧʝʨʝʯʠʩʣʝʥʥʳʭ    ʜʘʣʝʝ 

ʚ ʧʦʨʷʜʢʝ ʫʤʝʥʴʰʝʥʠʷ  ʢʦʣʠʯʝʩʪʚʘ ʫʯʘʩʪʥʠʢʦʚ: ʋʢʨʘʠʥʘ, ʖʞʥʘʷ ɸʬʨʠʢʘ, ʅʦʨʚʝʛʠʷ, 
ɻʝʨʤʘʥʠʷ, ʂʘʥʘʜʘ, ʌʠʥʣʷʥʜʠʷ, ʂʘʟʘʭʩʪʘʥ, ɻʨʫʟʠʷ, ʂʠʪʘʡ, ʉʐɸ, ɸʚʩʪʨʠʷ, ʄʝʢʩʠʢʘ, 
ʊʫʨʮʠʷ, ʉʣʦʚʘʢʠʷ, ʈʦʩʩʠʷ, ʗʧʦʥʠʷ, ʖʞʥʘʷ ʂʦʨʝʷ, ʌʨʘʥʮʠʷ, ʀʥʜʠʷ,  ɸʚʩʪʨʘʣʠʷ, 

ʇʦʣʴʰʘ, ʐʚʝʡʮʘʨʠʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʉʠʥʛʘʧʫʨ, ʀʩʧʘʥʠʷ, ʐʚʝʮʠʷ, ʀʨʘʢ, ɹʝʣʴʛʠʷ, 
ʃʶʢʩʝʤʙʫʨʛ, ɹʫʪʘʥ. 

 
ʈʠʩ. 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʫʯʘʩʪʥʠʢʦʚ ʀʅʌɸʂʆʅ-14 ʧʦ ʩʪʨʘʥʘʤ ʤʠʨʘ. 
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ʋʯʘʩʪʥʠʢʠ ʂʦʥʛʨʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚʝʜʫʱʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ 

ʧʨʦʝʢʪʥʳʝ ʠʥʩʪʠʪʫʪʳ, ʮʝʥʪʨʳ, ʚʳʩʰʠʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʠ 
ʬʝʨʨʦʩʧʣʘʚʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ,  ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʝʨʨʦʩʧʣʘʚʦʚ - ʚʩʝʛʦ 110 ʧʨʝʜʧʨʠʷʪʠʡ. 
ʅʘʧʦʤʥʠʤ [3], ʯʪʦ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʢʦʥʛʨʝʩʩʝ  ʚ ʛ. ɸʣʤʘʪʳ, ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 300 ʜʝʣʝʛʘʪʦʚ (ʘ ʩ  ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʣʠʮʘʤʠ ï 480 ʯʝʣ.) ʠʟ 36 

ʩʪʨʘʥ ʤʠʨʘ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ  ʯʠʩʣʦ ʛʦʩʪʝʡ ʥʘ ʢʦʥʛʨʝʩʩʝ ʚ ʂʠʝʚʝ, ʥʝʩʤʦʪʨʷ ʥʘ 
ʧʨʦʚʝʜʝʥʥʫʶ ʇʨʦʛʨʘʤʤʥʳʤ ʠ ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʢʦʤʠʪʝʪʘʤʠ ʠ ʋʢʨʌɸ ʙʦʣʴʰʫʶ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ (ʵʪʦ ʦʪʤʝʪʠʣ ʠ ʄʌʂ), ʢʘʢ ʤʳ ʩʯʠʪʘʝʤ, ʩʚʷʟʘʥʦ ʩ ʥʳʥʝʰʥʝʡ 
ʩʣʦʞʥʦʡ ʩʠʪʫʘʮʠʝʡ ʚ ʋʢʨʘʠʥʝ. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʦʜʥʘʢʦ, ʥʝ  ʧʦʚʣʠʷʣʦ ʥʘ ʥʘʫʯʥʫʶ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ 

ʢʦʥʛʨʝʩʩʘ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʜʘʥʥʳʭ. ʈʘʩʰʠʨʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 
ʢʦʤʠʪʝʪʦʤ ʀʅʌɸʂʆʅ-14 ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʠʥʷʪʳ ʢ ʧʫʙʣʠʢʘʮʠʠ 121 ʪʝʟʠʩʳ 

ʜʦʢʣʘʜʦʚ ʘʚʪʦʨʦʚ ʠʟ 23 ʩʪʨʘʥ; ʬʘʢʪʠʯʝʩʢʠ ʧʦʩʪʫʧʠʣʦ ʠ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʉʙʦʨʥʠʢʝ 
ʪʨʫʜʦʚ ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ-14 104 ʜʦʢʣʘʜʘ (ʨʠʩ. 2). ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ 
ʚ ʉʙʦʨʥʠʢʝ ʪʨʫʜʦʚ ʧʨʝʜʳʜʫʱʝʛʦ ʢʦʥʛʨʝʩʩʘ ʩʦʩʪʘʚʠʣʦ 119; ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʚʪʦʨʘʤʠ ʪʘʢʞʝ ʠʟ 23 ʩʪʨʘʥ ʤʠʨʘ. 

 
ʈʠʩ. 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʫʧʠʚʰʠʭ ʜʦʢʣʘʜʦʚ ʧʦ ʩʪʨʘʥʘʤ. 

 
ʊʝʤʘʪʠʢʘ ʢʦʥʛʨʝʩʩʘ ʚʢʣʶʯʘʣʘ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: 
-  ʌʫʥʜʘʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʦʙʱʠʝ ʚʦʧʨʦʩʳ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʠʪʝʣʴʥʦ- ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ; ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʫʨʛʠʠ 

ʭʨʦʤʘ, ʤʘʨʛʘʥʮʘ, ʢʨʝʤʥʠʷ ʠ ʜʨʫʛʠʭ ʬʝʨʨʦʩʧʣʘʚʦʚ; ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; 

- ʊʝʭʥʦʣʦʛʠʠ ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʩʩʦʚʳʭ ʠ ʨʘʬʠʥʠʨʦʚʘʥʥʳʭ 

ʬʝʨʨʦʩʧʣʘʚʦʚ (ʧʦ ʚʠʜʘʤ ï ʭʨʦʤʠʩʪʳʝ, ʤʘʨʛʘʥʮʝʚʳʝ, ʢʨʝʤʥʠʩʪʳʝ ʠ ʜʨ. ʬʝʨʨʦʩʧʣʘʚʳ), 
ʣʠʛʘʪʫʨ ʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ; ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʜʣʷ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʆʩʥʦʚʥʦʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʦʚ, 
ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʘʨʢʘ ʵʣʝʢʪʨʦʧʝʯʝʡ, ʚ ʪ.ʯ. ʘʛʨʝʛʘʪʦʚ 
ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʫʣʴʪʨʘʥʠʟʢʦʡ ʯʘʩʪʦʪʳ,  ʠ ʜʨʫʛʦʛʦ ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; ʧʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʬʫʪʝʨʦʚʢʠ ʧʝʯʝʡ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ 
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ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʝʯʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ; ɸʉʋʊʇ 
ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʤʝʭʘʥʠʟʘʮʠʷ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ; ʥʦʚʳʝ ʦʙʲʝʤʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 
- ʕʢʦʣʦʛʠʷ ʠ ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʷ ʬʝʨʨʦʩʧʣʘʚʥʳʝ ʰʣʘʢʠ, ʰʣʘʤʳ ʠ ʧʳʣʠ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ 
ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʨʘʙʦʪʘ ʛʘʟʦʦʯʠʩʪʦʢ 
ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʝʯʝʡ; ʦʮʝʥʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʝʨʨʦʩʧʣʘʚʦʚ, ʩʨʝʜʩʪʚʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 
- ʕʢʦʥʦʤʠʢʘ, ʣʦʛʠʩʪʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʘʯʝʩʪʚʦ ʬʝʨʨʦʩʧʣʘʚʦʚ; ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʚʠʜʦʚ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ 
ʦʪʨʘʩʣʠ; ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʦʩʥʦʚʥʳʭ ʤʠʨʦʚʳʭ ʨʳʥʢʦʚ ʬʝʨʨʦʩʧʣʘʚʦʚ; 
ʨʝʩʫʨʩʥʦ-ʩr ʨʴʝʚʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; ʧʨʠʤʝʥʝʥʠʝ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ 
ʚʠʜʦʚ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʣʠʛʘʪʫʨ ʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʢʣʘʜʦʚ ʧʦ ʪʝʤʘʪʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʢʣʘʜʦʚ ʧʦ ʪʝʤʘʪʠʢʝ. 
 

ʂʘʢ  ʚʠʜʥʦ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ,  ʥʘ ʢʦʥʛʨʝʩʩʝ  ʪʨʘʜʠʮʠʦʥʥʦ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʨʘʙʦʪʳ ʧʦ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʣʘʚʦʚ ʤʘʨʛʘʥʮʘ, ʭʨʦʤʘ, ʢʨʝʤʥʠʷ, ʧʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʝʡ ʠ ʜʨ.  
ʉ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʫʧʠʚʰʠʭ ʜʦʢʣʘʜʦʚ ʧʦ ʫʢʘʟʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʙʳʣʘ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʨʘʙʦʪʘ 15 ʩʝʢʮʠʡ ʢʦʥʛʨʝʩʩʘ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʚ 3-ʭ ʟʘʣʘʭ: 1 

ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʫʨʛʠʠ ʭʨʦʤʘ; 2 ï ʪʦ ʞʝ ï ʧʦ 
ʤʘʨʛʘʥʮʫ; 3 ï ʪʦ ʞʝ ʧʦ ʢʨʝʤʥʠʶ ʠ ʜʨʫʛʠʤ ʩʧʣʘʚʘʤ; 4 ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʧʣʘʚʦʚ ʭʨʦʤʘ; 5 ï 
ʪʦ ʞʝ ï ʤʘʨʛʘʥʮʘ;  6 ï ʪʦ ʞʝ  ʢʨʝʤʥʠʷ ʠ ʜʨʫʛʠʭ ʩʧʣʘʚʦʚ; 7 -  ʚʳʧʫʩʢ, ʨʘʟʣʠʚʢʘ ʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʬʝʨʨʦʩʧʣʘʚʦʚ; 8 -  ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʝʯʝʡ ʠ ʬʝʨʨʦʩʧʣʘʚʥʦʝ  
ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; 9 ï ʤʦʜʝʣʠʨʦʚʘʥʠʝʠ ʧʦʜʦʙʠʝ; 10 ï ʬʝʨʨʦʩʧʣʘʚʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ; 11 

ï ʦʛʥʝʫʧʦʨʳ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʝʯʝʡ; 12 ï ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 13 ï 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ; 14 ï ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ 
ʵʣʝʢʪʨʦʜʦʚ; 15 ï ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʝʮʠʢʣʠʥʛ). 
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ɺʩʝʛʦ, ʩ ʫʯʝʪʦʤ ʧʣʝʥʘʨʥʳʭ ʟʘʩʝʜʘʥʠʡ, ʙʳʣʦ ʜʦʣʦʞʝʥʦ 72 ʜʦʢʣʘʜʘ (ʥʘ ʢʦʥʛʨʝʩʩʝ 
ʚ ɸʣʤʘʪʳ ï 80); 4 ʜʦʢʣʘʜʘ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʥʜʦʚʳʭ  (ʧʦʩʪʝʨʥʳʭ). 

ɸʚʪʦʨʘʤʠ ʜʦʢʣʘʜʦʚ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 
ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʣʫʯʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ 

ʵʣʝʢʪʨʦʧʝʯʘʭ ʧʝʨʝʤʝʥʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ 
ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʀʩʭʦʜʷ ʠʟ ʦʩʥʦʚʥʦʛʦ ʜʝʚʠʟʘ ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ-14, ʙʳʣʠ ʰʠʨʦʢʦ ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʭʨʘʥʳ ʪʨʫʜʘ, 
ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ.   

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʙʦʪʳ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 
ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ çʯʠʩʪʦè ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ) ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʝʰʝʥʠʝ 
ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʘ ʠʭ ʘʚʪʦʨʳ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ, ʩʦʟʜʘʥʥʳʭ ʧʨʠ ʢʨʫʧʥʳʭ ʬʝʨʨʦʩʧʣʘʚʥʳʭ 
ʧʨʝʜʧʨʠʷʪʠʷʭ, ʣʠʙʦ ʪʝʭʥʠʯʝʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. 

ɺ ʨʘʤʢʘʭ ʂʦʥʛʨʝʩʩʘ ʧʨʦʰʣʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʚʳʩʪʘʚʢʘ, ʚ ʢʦʪʦʨʦʡ ʥʘ 10 
ʩʪʝʥʜʘʭ   ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʚʝʜʫʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ:  
ʢʦʤʧʘʥʠʷ SMS ï Group, HATCH, DNEPROHYDROMACH, VATVEDT, SOLWAY ï 

Group,   ʆUTOTEC  ʠ ʜʨ.; ʚʳʩʪʘʚʢʘ ʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʩʣʫʞʝʥʥʳʤ ʚʥʠʤʘʥʠʝʤ ʩʦ ʩʪʦʨʦʥʳ 
ʜʝʣʝʛʘʪʦʚ ʢʦʥʛʨʝʩʩʘ. 

ɼʣʷ ʜʝʣʝʛʘʪʦʚ ʢʦʥʛʨʝʩʩʘ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ 2 ʪʝʭʥʠʯʝʩʢʠʭ ʪʫʨʘ.  ɺ 
ʪʝʭʥʠʯʝʩʢʦʤ ʪʫʨʝ ʥʘ ʅʠʢʦʧʦʣʴʩʢʠʡ ʟʘʚʦʜ ʬʝʨʨʦʩʧʣʘʚʦʚ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 50 
ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʤ ʙʳʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʤʦʪʨʝʪʴ ʧʣʘʚʠʣʴʥʳʡ 

ʫʯʘʩʪʦʢ ʮʝʭʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʜʨʦʙʠʣʴʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦ 
ʧʦʜʛʦʪʦʚʢʝ ʩʦʨʪʠʨʦʚʘʥʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʢʦʥʪʝʡʥʝʨʥʳʡ ʪʝʨʤʠʥʘʣ ʟʘʚʦʜʘ ʠ ʫʩʪʘʥʦʚʢʫ 

ʩʝʧʘʨʘʮʠʠ ʰʣʘʢʘ ʚ ʮʝʭʝ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦʙʫʞʩʢʠʡ 
ʬʝʨʨʦʥʠʢʝʣʝʚʳʡ ʢʦʤʙʠʥʘʪ ʚ ʭʦʜʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʫʨʘ ʧʦʩʝʪʠʣʠ 20 ʩʧʝʮʠʘʣʠʩʪʦʚ, 
ʢʦʪʦʨʳʝ ʦʩʤʦʪʨʝʣʠ ʪʨʫʙʯʘʪʫʶ ʚʨʘʱʘʶʱʫʶʩʷ ʧʝʯʴ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʥʠʢʝʣʝʚʦʡ ʨʫʜʳ, 

ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʵʣʝʢʪʨʦʧʝʯʴ ʩ ʚʘʥʥʦʡ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʯʘʩʪʦʢ  
ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʣʠʚʢʠ ʬʝʨʨʦʥʠʢʝʣʷ. 

ɻʦʩʪʷʤ ʢʦʥʛʨʝʩʩʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʦʙʰʠʨʥʘʷ ʢʫʣʴʪʫʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, 
ʧʦʟʚʦʣʠʚʰʘʷ ʠʤ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʧʘʤʷʪʥʠʢʘʤʠ ʩʪʦʣʠʮʳ ʋʢʨʘʠʥʳ - 
ʜʨʝʚʥʝʛʦ ʛʦʨʦʜʘ ʂʠʝʚʘ, ʩʦʚʝʨʰʠʪʴ ʧʨʦʛʫʣʢʫ ʥʘ ʪʝʧʣʦʭʦʜʝ ʧʦ ɼʥʝʧʨʫ, ʧʦʩʣʫʰʘʪʴ ʠ 

ʧʦʩʤʦʪʨʝʪʴ ʚʳʩʪʫʧʣʝʥʠʝ  ʚʝʜʫʱʠʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʤʫʟʳʢʘʣʴʥʳʭ 
ʢʦʣʣʝʢʪʠʚʦʚ, ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʢʨʘʠʥʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʫʭʥʝ. 

ɺ ʮʝʣʦʤ, ʢʦʥʛʨʝʩʩ ʀʅʌɸʂʆʅ-14 ʧʨʦʰʝʣ ʚ ʩʦʟʠʜʘʪʝʣʴʥʦʡ ʪʚʦʨʯʝʩʢʦʡ 
ʘʪʤʦʩʬʝʨʝ, ʧʦʜʛʦʪʦʚʢʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʥʛʨʝʩʩʘ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʳʡ ʠ ʪʝʭʥʠʯʝʩʢʠʡ 
ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ ʧʦʣʫʯʠʣʠ ʚʳʩʦʢʫʶ ʦʮʝʥʢʫ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʢʦʤʠʪʝʪʘ, ʜʝʣʝʛʘʪʦʚ, ʩʧʦʥʩʦʨʦʚ ʠ ʛʦʩʪʝʡ ʢʦʥʛʨʝʩʩʘ.  
ʅʘ ʟʘʩʝʜʘʥʠʠ ʄʌʂ, ʩʦʩʪʦʷʚʰʝʤʩʷ ʚ ʭʦʜʝ ʢʦʥʛʨʝʩʩʘ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ 

ʧʨʦʚʝʜʝʥʠʠ ʩʣʝʜʫʶʱʝʛʦ ʢʦʥʛʨʝʩʩʘ ʀʅʌɸʂʆʅ-15 ʚ ʤʘʨʪʝ 2018 ʛ. ʚ ʛ. ʂʝʡʧʪʘʫʥʝ, ʖɸʈ. 
ʅʦʚʳʤ ʇʨʝʜʩʝʜʘʪʝʣʝʤ ʄʌʂ ʠʟʙʨʘʥ ʈʦʜʥʠ ɼʞʦʥʩ (ʄʀʅʊɽʂ, ʖɸʈ), ʜʦ ʵʪʦʛʦ ʨʷʜ ʣʝʪ 
ʧʨʦʨʘʙʦʪʘʚʰʠʡ ʥʘ ʜʦʣʞʥʦʩʪʠ ɻʝʥʝʨʘʣʴʥʦʛʦ ʩʝʢʨʝʪʘʨʷ ʵʪʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʉʜʝʣʘʪʴ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʜʦʣʦʞʝʥʥʳʭ ʥʘ ʢʦʥʛʨʝʩʩʝ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʦʠʪ ʝʱʝ ʚ 
ʙʫʜʫʱʝʤ. ʅʦ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʫʞʝ ʩʝʛʦʜʥʷ.  

ɺʦ-ʧʝʨʚʳʭ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʠʥʜʫʩʪʨʠʠ 
ʦʧʨʝʜʝʣʷʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʨʝʥʜʘʤʠ ʚ çʙʦʣʴʰʦʡè ʤʝʪʘʣʣʫʨʛʠʠ, 
ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʯʝʩʪʚʝʥʥʳʭ (ʩʧʝʮʠʘʣʴʥʳʭ) ʩʪʘʣʝʡ, ʧʦʪʨʝʙʣʷʶʱʝʤ ʦʩʥʦʚʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ.  
ɺʦ-ʚʪʦʨʳʭ, ʫʩʧʝʭʠ ʠʣʠ ʦʪʩʪʘʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʬʝʨʨʦʩʧʣʘʚʦʚ  (ʢʘʢ ʚ 

ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ) ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 
ʬʘʢʪʦʨʦʤ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʴʶ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʝʨʝʜʝʣʦʚ.  
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ʅʘʢʦʥʝʮ, ʚ-ʪʨʝʪʴʠʭ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʥʘ 
ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʠ ʛʦʨʥʦʨʫʜʥʦʛʦ (ʩʳʨʴʝʚʦʛʦ) ʧʨʦʠʟʚʦʜʩʪʚ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʦʩʦʙʝʥʥʦ ʩʪʝʧʝʥʴ 
ʨʘʟʚʠʪʠʷ ʧʦʨʪʦʚʦʡ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨ) ʠ ʫʨʦʚʝʥʴ ʨʘʩʭʦʜʦʚ ʥʘ ʦʧʣʘʪʫ 

ʪʨʫʜʘ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɺ 2013 ʛ., ʧʦ ʜʘʥʥʳʤ World Steel Association, ʚ ʤʠʨʝ ʧʨʦʠʟʚʝʜʝʥʦ 

1,622 ʤʣʨʜ. ʪʦʥʥ ʩʪʘʣʠ, ʠʟ ʥʠʭ 779 ʤʣʥ. ʪʦʥʥ (48 %) ï ʚ ʂʠʪʘʝ. ʇʦ ʙʦʣʴʰʠʥʩʪʚʫ 
ʧʨʦʛʥʦʟʦʚ   ʚʳʧʣʘʚʢʘ ʩʪʘʣʠ ʚʦʟʨʘʩʪʝʪ ʜʦ 1,662 ʤʣʨʜ. ʪʦʥʥ, ʚ 2015 ʛ. ʩʦʩʪʘʚʠʪ 1,635 

ʤʣʨʜ. ʪʦʥʥ, ʘ ʢ 2020 ʛ. ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ ʫʚʝʣʠʯʠʪʩʷ ʜʦ 1,814 ʤʣʨʜ. ʪʦʥʥ. 
ʇʨʠ ʵʪʦʤ 794 ʤʣʥ. ʪʦʥʥ ʙʫʜʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʂʠʪʘʡ, ʪ.ʝ. ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʳʥʝʰʥʝʛʦ 
ʫʨʦʚʥʷ ʨʦʩʪ  ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 12 % (ʨʠʩ. 4).  

 
ʈʠʩ. 4 ï ʇʨʦʛʥʦʟ ʨʦʩʪʘ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʢ 2020 ʛ. ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʝ ʜʣʷ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʧʣʘʚʦʚ. 
 

ɽʱʝ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ (ʧʨʠʤʝʨʥʦ ʥʘ 25 % ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ ʘʥʘʣʦʛʠʯʥʳʤ 
ʧʦʢʘʟʘʪʝʣʝʤ 2013 ʛ.) ʢ 2020 ʛ. ʫʚʝʣʠʯʠʪʩʷ ʚʳʧʣʘʚʢʘ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠ  ʩʧʝʮʠʘʣʴʥʳʭ, 
ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʨʞʘʚʝʶʱʠʭ, ʩʪʘʣʝʡ. ʂ ʧʨʠʤʝʨʫ, ʝʩʣʠ ʚ ʧʨʦʰʣʦʤ ʛʦʜʫ ʚ ʂʠʪʘʝ ʙʳʣʦ 

ʚʳʧʣʘʚʣʝʥʦ 19 ʤʣʥ. ʪʦʥʥ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (ʠʟ 36 ʤʣʥ. ʪʦʥʥ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ), 
ʪʦ ʢ 2015 ʛ. ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʫʞʝ 23 ʤʣʥ. ʪʦʥʥ (ʥʘ 21 % ʙʦʣʴʰʝ), ʘ ʢ 2020 ʛ. ï 

27,7 ʤʣʥ. ʪʦʥʥ (ʨʦʩʪ ʩʦʩʪʘʚʠʪ 8,7 ʤʣʥ. ʪʦʥʥ, ʠʣʠ 46 %, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 
2013 ʛ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʦʙʲʝʤ ʚʳʧʣʘʚʣʷʝʤʦʡ ʚ ʂʠʪʘʝ 
ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʙʫʜʝʪ ʝʞʝʛʦʜʥʦ ʚʦʟʨʘʩʪʘʪʴ ʧʨʠʤʝʨʥʦ ʥʘ 8,4 %   ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʉʐɸ ʠ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ  ʨʦʩʪ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 4 %. 
ʈʦʩʪ ʦʙʲʝʤʘ ʚʳʧʫʩʢʘ ʩʪʘʣʠ, ʚʢʣʶʯʘʷ ʩʪʘʣʴ ʩʧʝʮʠʘʣʴʥʳʭ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʤʘʨʦʢ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʬʝʨʨʦʩʧʣʘʚʦʚ ï ʭʨʦʤʠʩʪʳʭ, ʤʘʨʛʘʥʮʝʚʳʭ, ʢʨʝʤʥʠʩʪʳʭ, ʥʠʢʝʣʝʚʳʭ ʠ ʜʨ., ʚʢʣʶʯʘʷ 
ʬʝʨʨʦʩʧʣʘʚʳ ʪ.ʥ. çʤʘʣʦʡ ʛʨʫʧʧʳè.  

ʉʚʷʟʴ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʠ ʩʪʘʣʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʘ ʝʱʝ 
ʙʦʣʝʝ ʦʯʝʚʠʜʥʦʡ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ ʥʘ ʤʠʥʠ - 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʘʭ  ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʘ ʪʘʢʞʝ ʚ ʩʚʷʟʠ ʩ  
ʚʳʰʝʦʪʤʝʯʝʥʥʳʤ ʦʧʝʨʝʞʘʶʱʠʤ ʨʘʟʚʠʪʠʝʤ ʚʳʧʣʘʚʢʠ  ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ 
ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʨʦʢ ʩʪʘʣʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʂʠʪʘʝ.  

ʅʘ 1 ʪʦʥʥʫ ʩʪʘʣʠ ʚ ʩʨʝʜʥʝʤ  ʩʝʡʯʘʩ ʨʘʩʭʦʜʫʝʪʩʷ ʦʢʦʣʦ 20 ʢʛ ʨʘʟʣʠʯʥʳʭ 
ʬʝʨʨʦʩʧʣʘʚʦʚ, ʠʟ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʬʝʨʨʦʭʨʦʤ ʧʨʠʭʦʜʠʪʩʷ ʧʦʨʷʜʢʘ 20%,  

ʬʝʨʨʦʩʠʣʠʮʠʡ ï 18%, ʩʠʣʠʢʦʤʘʨʛʘʥʝʮ ï 22%, ʬʝʨʨʦʤʘʨʛʘʥʝʮ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʡ ï 
12%, ʨʘʬʠʥʠʨʦʚʘʥʥʳʝ ʤʘʨʛʘʥʮʝʚʳʝ ʩʧʣʘʚʳ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʘʨʛʘʥʝʮ ï 5%, 
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ʬʝʨʨʦʥʠʢʝʣʴ ï 4%, ʚʩʝ ʧʨʦʯʠʝ ʩʫʤʤʘʨʥʦ ï 19%. ʅʦ ʧʨʠ ʵʪʦʤ,  ʚʳʧʣʘʚʢʘ 170 ʤʣʥ. ʪʦʥʥ 
ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʝʡ (20% ʦʪ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ)  ʧʦʪʨʝʙʦʚʘʣʘ 35% ʚʩʝʭ 

ʧʦʪʨʝʙʣʝʥʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʚʳʧʣʘʚʢʠ  1440 ʤʣʥ. ʪʦʥʥ ʨʷʜʦʚʳʭ ʤʘʨʦʢ 
ʩʪʘʣʝʡ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 80% ʦʪ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ) ʧʦʪʨʝʙʦʚʘʣʦʩʴ 65% ʚʩʝʭ 

ʧʦʪʨʝʙʣʝʥʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ. 
ʅʘ ʢʦʥʛʨʝʩʩʝ ʧʨʦʟʚʫʯʘʣʠ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʚ 2013 ʛ. ʚ ʤʠʨʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 

62,3 ʤʣʥ. ʪʦʥʥ ʨʘʟʣʠʯʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 58,5 ʤʣʥ. ʪʦʥʥ ʚ 2012 ʛ.; ʨʦʩʪ 

ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʩʦʩʪʘʚʠʣ 8,1%. ʕʪʠ ʮʠʬʨʳ, 
ʦʯʝʚʠʜʥʦ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʢʠʩʣʠʪʝʣʝʡ (ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ) ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 
ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ï ʵʪʦ ʩʧʣʘʚʳ ʭʨʦʤʘ ʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʡ ʬʝʨʨʦʭʨʦʤ.  ʄʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ 

ʧʦ ʝʛʦ ʚʳʧʣʘʚʢʝ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʚʳʧʫʩʢ 13,7 ʤʣʥ. ʪʦʥʥ ʬʝʨʨʦʭʨʦʤʘ (ʜʘʥʥʳʝ ʟʘ 2013 ʛ.) ʠ 
ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 5,1 ʤʣʥ. ʪʦʥʥ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ɸʬʨʠʢʘ, 

6,8 ʤʣʥ. ʪʦʥʥ ï ɸʟʠʷ, ʚʢʣʶʯʘʷ ʂʠʪʘʡ, 1,8 ʤʣʥ. ʪʦʥʥ ï ʂʘʟʘʭʩʪʘʥ ʠ ʈʦʩʩʠʡʩʢʘʷ 
ʌʝʜʝʨʘʮʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʤʦʱʥʦʩʪʝʡ ʥʘ ʫʨʦʚʥʝ 76 %,  ʚʳʧʣʘʚʢʘ ʬʝʨʨʦʭʨʦʤʘ 
ʚʩʝʭ ʤʘʨʦʢ ʩʦʩʪʘʚʠʣʘ ʚ 2013 ʛ. 10,4 ʤʣʥ. ʪʦʥʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʜʦʣʶ ʂʠʪʘʷ ʧʨʠʰʣʦʩʴ 

39,4 % ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʭʨʦʤʘ, ʖɸʈ ï 30 %, ʂʘʟʘʭʩʪʘʥʘ ï 11 %, ʀʥʜʠʠ ï 
9 %. 

ʖɸʈ ʩ 2012 ʛ. ʫʪʨʘʪʠʣʘ ʧʦʟʠʮʠʶ ʤʠʨʦʚʦʛʦ ʣʠʜʝʨʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 
ʬʝʨʨʦʭʨʦʤʘ: ʝʩʣʠ ʚ 2004 ʛ. ʪʘʤ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʤʠʨʦʚʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʭʨʦʤʘ, ʪʦ ʚ 2013 ʛ. ï ʪʦʣʴʢʦ 28ï32 %. ʆʜʥʘʢʦ ʚ 2013 ʛ ʜʦʣʷ ʖɸʈ ʚ 

ʤʠʨʦʚʦʤ ʚʳʧʫʩʢʝ ʭʨʦʤʠʪʦʚʦʛʦ ʩʳʨʴʷ ʙʳʣʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʩʦʢʦʡ (47 %). 
ʃʠʜʝʨʩʪʚʦ ʚ ʤʠʨʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʦʪʨʝʙʣʝʥʠʠ ʬʝʨʨʦʭʨʦʤʘ ʧʝʨʝʭʚʘʪʠʣ 

ʂʠʪʘʡ: ʚ 2013 ʛ. ʪʘʤ ʧʨʦʠʟʚʝʜʝʥʦ 4,5 ʤʣʥ. ʪʦʥʥ ʵʪʦʛʦ ʩʧʣʘʚʘ (ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʠʤʧʦʨʪʥʦʡ 
ʨʫʜʳ) ʧʨʠ ʧʦʪʨʝʙʥʦʩʪʠ ʢʠʪʘʡʩʢʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʧʨʠʤʝʨʥʦ ʚ 7,6 ʤʣʥ. ʪʦʥʥ ʬʝʨʨʦʭʨʦʤʘ. 
ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʠʤʧʦʨʪ ʭʨʦʤʠʪʦʚʦʡ ʨʫʜʳ ʚ ʂʠʪʘʡ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 10 ʤʣʥ. ʪʦʥʥ, ʠʟ 

ʢʦʪʦʨʳʭ 60 % ï ʵʪʦ ʨʫʜʘ ʠʟ ʖɸʈ. ʂʨʦʤʝ ʪʦʛʦ, ʂʠʪʘʡ ʠʤʧʦʨʪʠʨʦʚʘʣ ʚ 2013 ʛ. ʦʢʦʣʦ 
2,2 ʤʣʥ. ʪʦʥʥ ʬʝʨʨʦʭʨʦʤʘ, ʠʟ ʢʦʪʦʨʳʭ 66 % ï ʵʪʦ ʧʦʩʪʘʚʢʠ ʠʟ ʖɸʈ.  

ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ, ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʚ ʂʠʪʘʝ ʙʫʜʝʪ ʥʘʨʘʱʠʚʘʪʴʩʷ ʦʙʲʝʤ 
ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʭʨʦʤʘ: ʚ 2014  ʛ. ï ʜʦ 4,8 ʤʣʥ. ʪʦʥʥ, ʚ 2015 ʛ. ï ʜʦ 5,6 ʤʣʥ. ʪʦʥʥ. ʆʜʥʘʢʦ 
ʠʟ-ʟʘ ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʂʠʪʘʷ ʚ ʬʝʨʨʦʭʨʦʤʝ ʝʤʫ ʚʩʝ ʨʘʚʥʦ ʧʨʠʜʝʪʩʷ 

ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʵʪʫ ʧʨʦʜʫʢʮʠʶ ʚ ʦʙʲʝʤʝ ʜʦ 2 ʤʣʥ. ʪʦʥʥ ʚ ʛʦʜ. 
ʄʝʞʜʫ ʪʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢʦʥʢʫʨʝʥʮʠʶ ʖɸʈ ʚ ʧʦʩʪʘʚʢʘʭ ʭʨʦʤʠʪʦʚʦʡ ʨʫʜʳ 

ʠ ʬʝʨʨʦʩʧʣʘʚʦʚ ʩʦʟʜʘʝʪ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʂʘʟʘʭʩʪʘʥ, ʧʦʩʪʘʚʣʷʶʱʠʡ ʙʦʣʝʝ 
ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʫʜʫ, ï ʦʪʥʦʰʝʥʠʝ ʚ ʥʝʡ ʤʦʜʫʣʷ ʭʨʦʤʘ (ʉr/Fe) ʩʦʩʪʘʚʣʷʝʪ 3,2, ʚ ʪʦ ʚʨʝʤʷ 
ʢʘʢ ʚ ʨʫʜʝ ʠʟ ʖɸʈ ʦʥʦ ʨʘʚʥʦ 1,3. ɺ ʩʚʷʟʠ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʦʪʨʘʙʦʪʢʫ ʚ ʖɸʈ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʝʜʥʳʭ ʭʨʦʤʠʪʦʚʳʭ ʨʫʜ UG2 (41 % ʉr2ʆ3) ʢʘʯʝʩʪʚʦ 
ʶʞʥʦʘʬʨʠʢʘʥʩʢʦʛʦ ʬʝʨʨʦʭʨʦʤʘ ʫʭʫʜʰʠʣʦʩʴ: ʝʩʣʠ ʚ 2000 ʛ. ʚ ʩʧʣʘʚʝ ʙʳʣʦ 65 % ʉr, ʪʦ ʚ 

2013 ʛ. ï ʥʝ ʙʦʣʝʝ 60 % 
ʄʘʨʛʘʥʮʝʚʳʝ ʩʧʣʘʚʳ ʟʘʥʠʤʘʶʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʝʨʨʦʩʧʣʘʚʦʚ, ʠ ʘʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʝʛʦ ʩʳʨʴʝʚʦʡ ʙʘʟʳ. 
 ɺ 2012 ʛ. ʤʠʨʦʚʦʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʦʛʦ ʩʳʨʴʷ (ʧʦ ʨʫʜʥʦʡ 

ʤʘʩʩʝ) ʩʦʩʪʘʚʠʣ 49,2 ʤʣʥ. ʪʦʥʥ (ʧʦ ʨʫʜʥʦʡ ʤʘʩʩʝ), ʘ ʢ 2020 ʛ. ʦʥ, ʧʦ ʧʨʦʛʥʦʟʘʤ, 
ʜʦʩʪʠʛʥʝʪ 58,8 ʤʣʥ. ʪ, ʯʪʦ ʙʫʜʝʪ ʚʳʟʚʘʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʦʩʪʘ ʦʙʲʝʤʘ ʚʳʧʣʘʚʢʠ 
ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʩʚʷʟʠ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ (ʩʤ. ʨʠʩ. 1). ʆʢʦʣʦ 57 % ʚʩʝʡ ʨʫʜʳ, ʜʦʙʳʪʦʡ ʚ ʤʠʨʝ ʚ 2013 ʛ., 
ʧʝʨʝʨʘʙʦʪʘʥʦ ʩ ʧʦʣʫʯʝʥʠʝʤ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʂʠʪʘʝ. 

ɺ ʖɸʈ ʚ 2012 ʛ. ʧʦʣʫʯʝʥʦ ʦʢʦʣʦ 12,5 ʤʣʥ. ʪʦʥʥ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ (25 % 
ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ) ʚʳʩʦʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʢʘʯʝʩʪʚʘ. ʂ 2020 ʛ. ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 
ʫʚʝʣʠʯʠʪʴ ʜʦʙʳʯʫ ʨʫʜʳ ʜʦ 16 ʤʣʥ. ʪʦʥʥ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʩʪʫ ʥʘ 27 % ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʫʨʦʚʥʝʤ. ɺ ɸʚʩʪʨʘʣʠʠ ʚʳʧʫʩʢ ʤʘʨʛʘʥʮʝʚʦʛʦ ʩʳʨʴʷ 
ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 20% ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ, ʨʫʜʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʩʧʦʨʪʠʨʫʝʪʩʷ ʚ 

ʂʠʪʘʡ. 
ʕʢʩʧʦʨʪ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ ʠʟ ʖɸʈ (ʪʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʂʠʪʘʡ) ʜʦʩʪʠʛ ʚ 

2012 ʛ. 8,9 ʤʣʥ. ʪʦʥʥ; ʚʥʫʪʨʝʥʥʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 3,6 ʤʣʥ. ʪʦʥʥ. ɺʩʝʛʦ ʞʝ ʚ 
ʂʠʪʘʡ ʙʳʣʦ ʵʢʩʧʦʨʪʠʨʦʚʘʥʦ 18 ʤʣʥ. ʪʦʥʥ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ, ʠʟ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘ  
ʖɸʈ  ʧʨʠʰʣʦʩʴ 31%, ɸʚʩʪʨʘʣʠʶ ï 29%, ɻʘʥʫ ï 10%, ɹʨʘʟʠʣʠʶ ï 9%, ɻʘʙʦʥ ï 7%, 

ʄʘʣʘʡʟʠʶ ï 6%, ʧʨʦʯʠʝ ʩʪʨʘʥʳ ï 8%. 
ɺ 2013 ʛ. ʚ ʩʯʝʪʝ ʥʘ ʤʘʨʛʘʥʝʮ ʚ ʨʫʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʝʝ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʦʩʪʘʚʠʣʦ 18 ʤʣʥ. ʪʦʥʥ, ʚ ʪ.ʯ. ʖɸʈ ï 4,44 ʤʣʥ. ʪʦʥʥ, ʂʠʪʘʡ ï 4,14 ʤʣʥ. ʪʦʥʥ, ɸʚʩʪʨʘʣʠʷ 
ï 3,14 ʤʣʥ. ʪʦʥʥ, ɻʘʙʦʥ ï 1,97 ʤʣʥ. ʪʦʥʥ, ɹʨʘʟʠʣʠʷ ï 1,06 ʤʣʥ. ʪʦʥʥ, ʉʅɻ ï 1,07 ʤʣʥ. 
ʪʦʥʥ, ʀʥʜʠʷ ï 0,74 ʤʣʥ. ʪʦʥʥ, ɻʘʥʘ ï 0,53 ʤʣʥ. ʪʦʥʥ. 

ɺ ʤʠʨʝ ʚ 2013 ʛ. ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 19,6 ʤʣʥ. ʪʦʥʥ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ 
(ʩʥʠʞʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2012 ʛ. ʥʘ 7%), ʚ ʪ.ʯ. ʚ ʂʠʪʘʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʩʪʘʚʠʣʦ 12 

ʤʣʥ. ʪʦʥʥ  (61,2% ʤʠʨʦʚʦʛʦ ʦʙʲʝʤʘ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʜʦʣʶ ʂʠʪʘʷ ʧʨʠʭʦʜʠʪʩʷ 
67% ʤʠʨʦʚʦʡ ʚʳʧʣʘʚʢʠ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ, 53% - ʨʘʬʠʥʠʨʦʚʘʥʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʩʧʣʘʚʦʚ 
ʠ 48% - ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʤʘʨʛʘʥʮʘ. ʂʠʪʘʡ ʷʚʣʷʝʪʩʷ ʙʝʩʩʧʦʨʥʳʤ ʤʠʨʦʚʳʤ 

ʣʠʜʝʨʦʤ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʨʛʘʥʮʘ ï 1,1 ʤʣʥ. ʪʦʥʥ 
ʚ 2013 ʛ. ʠʣʠ 97% ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ. 

ʆʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʖɸʈ, ʚʪʦʨʦʤ ʤʠʨʦʚʦʤ 
ʧʨʦʠʟʚʦʜʠʪʝʣʝ ʵʪʦʡ ʧʨʦʜʫʢʮʠʠ,  ʩʦʩʪʘʚʠʣ 1,88 ʤʣʥ. ʪʦʥʥ ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʠ 
ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ, ʠ ʦʛʨʘʥʠʯʝʥ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʤʘʨʛʘʥʮʝʚʦʡ 

ʨʫʜʳ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʦʜʥʦʤ ʠʟ ʜʦʢʣʘʜʦʚ, ʝʩʣʠ ʚ ʦʩʥʦʚʫ ʨʘʩʯʝʪʦʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʚ ʖɸʈ ʧʦʣʦʞʠʪʴ ʨʳʥʦʯʥʫʶ ʮʝʥʫ ʨʫʜʳ, ʪʦ ʜʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʪ 1000 ʜʦʣʣ. ʉʐɸ (ʧʨʠ ʧʦʩʪʘʚʢʘʭ ʥʘ ʫʩʣʦʚʠʷʭ FOB). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʧʣʘʚʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʫʙʳʪʦʯʥʳʤ. ʖʞʥʦʘʬʨʠʢʘʥʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 
ʬʝʨʨʦʩʧʣʘʚʦʚ ʚʳʞʠʚʘʶʪ ʟʘ ʩʯʝʪ ʚʥʫʪʨʠʭʦʣʜʠʥʛʦʚʳʭ ʮʝʥ ʥʘ ʤʘʨʛʘʥʮʝʚʫʶ ʨʫʜʫ ʠ 

ʦʩʣʘʙʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʚʘʣʶʪʳ ï ʨʘʥʜʘ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʥʝ ʧʨʠʚʦʜʠʤ ʜʘʥʥʳʝ ʦ ʚʳʧʫʩʢʝ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʋʢʨʘʠʥʝ, ʩʦʰʣʝʤʩʷ ʪʦʣʴʢʦ ʥʘ ʥʘʰʫ ʧʦʩʣʝʜʥʶʶ ʩʪʘʪʴʶ / 4 
/ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʩʠʣʫ ʨʷʜʘ ʬʘʢʪʦʨʦʚ ʋʢʨʘʠʥʘ ʩʝʡʯʘʩ ʥʝ ʷʚʣʷʝʪʩʷ 
ʟʘʤʝʪʥʳʤ ʠʛʨʦʢʦʤ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʬʝʨʨʦʩʧʣʘʚʦʚ. ʊʦʣʴʢʦ ʧʦ ʦʜʥʦʡ ʧʦʟʠʮʠʠ, ʘ 

ʠʤʝʥʥʦ ï ʵʢʩʧʦʨʪ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ, ʥʘʰʘ ʩʪʨʘʥʘ ʧʦ ʠʪʦʛʘʤ 2013 ʛ. ʚʦʰʣʘ ʚ çʜʝʩʷʪʢʫè 
ʢʨʫʧʥʝʡʰʠʭ ʵʢʩʧʦʨʪʝʨʦʚ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʝʤʥʠʩʪʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 
ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ. ɺ 2013 ʛ. ʚ ʤʠʨʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʝʨʨʦʩʠʣʠʮʠʷ ʚʩʝʭ ʤʘʨʦʢ ʩʦʩʪʘʚʠʣʦ 
7,27 ʤʣʥ. ʪʦʥʥ, ʠʟ ʢʦʪʦʨʳʭ 4,8 ʤʣʥ. ʪʦʥʥ ʙʳʣʦ ʚʳʧʣʘʚʣʝʥʦ ʚ ʂʠʪʘʝ (66% ʤʠʨʦʚʦʛʦ 

ʦʙʲʝʤʘ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ 
ʜʘʥʥʦʡ ʩʪʘʪʴʠ. ʋʧʦʤʷʥʝʤ ʪʦʣʴʢʦ, ʯʪʦ 64% ʤʠʨʦʚʦʛʦ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʂʠʪʘʡ, ʘ ʝʛʦ ʚʳʧʣʘʚʢʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 
ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʥʘ 10,9% ʚ ʛʦʜ. 17% ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ 
ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʤʫ ʧʝʨʝʜʝʣʫ ʥʘ ʧʦʣʠʢʨʝʤʥʠʡ ʠ ʤʦʥʦʢʨʝʤʥʠʡ ï ʤʘʪʝʨʠʘʣʳ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ; ʙʳʩʪʨʦ ʨʘʩʪʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʝʤʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʩʧʣʘʚʦʚ ʩ ʘʣʶʤʠʥʠʝʤ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ. 

ʈʘʩʰʠʨʝʥʠʝ ʩʦʨʪʘʤʝʥʪʘ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 
ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʠ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʦʪʨʘʩʣʠ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ 
ʚʳʧʣʘʚʢʦʡ ʬʝʨʨʦʩʧʣʘʚʦʚ ʤʘʣʦʪʦʥʥʘʞʥʦʡ ʛʨʫʧʧʳ ï ʩʧʣʘʚʦʚ ʥʠʢʝʣʷ, ʪʠʪʘʥʘ, ʥʠʦʙʠʷ, 

ʤʦʣʠʙʜʝʥʘ, ʚʘʥʘʜʠʷ ʠ ʬʝʨʨʦʚʘʥʘʜʠʷ, ʬʝʨʨʦʚʦʣʴʬʨʘʤʘ ʠ ʜʨ. 
ʍʦʪʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠ ʬʝʨʨʦʩʧʣʘʚʥʳʡ ʤʠʨ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʝʦʜʦʣʝʣʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʢʨʠʟʠʩʘ 2008-2009 ʛʦʜʦʚ, ʥʘ ʨʳʥʢʝ ʤʘʣʦʪʦʥʥʘʞʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ (ʢʘʢ, 
ʚʧʨʦʯʝʤ, ʠ ʤʘʩʩʦʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ) ʮʝʥʦʚʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝ ʧʨʦʠʟʦʰʣʦ, ʠ ʧʦ 
ʦʙʨʘʟʥʦʤʫ ʚʳʨʘʞʝʥʠʶ ʦʜʥʦʛʦ ʠʟ ʜʦʢʣʘʜʯʠʢʦʚ çʮʝʥʳ ʥʘ ʨʳʥʢʝ ʜʠʢʪʫʝʪ ʧʦʢʫʧʘʪʝʣʴ, ʘ ʥʝ 
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ʧʨʦʜʘʚʝʮè. ʅʘ ʮʝʥʳ ʬʝʨʨʦʩʧʣʘʚʦʚ ʤʘʣʦʡ ʛʨʫʧʧʳ, ʚʢʣʶʯʘʷ ʬʝʨʨʦʥʠʢʝʣʴ,  ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʮʝʥʳ ʥʘ ʨʫʜʫ ʠ ʫʩʣʦʚʠʷ ʝʝ ʧʦʩʪʘʚʦʢ 

ʥʘʭʦʜʷʪʩʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜ ʩʠʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʗʨʢʠʡ 
ʧʨʠʤʝʨ ï ʥʝʜʘʚʥʠʝ ʜʝʡʩʪʚʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʀʥʜʦʥʝʟʠʠ, ʟʘʧʨʝʪʠʚʰʝʛʦ ʩ ʷʥʚʘʨʷ 2014 ʛ. 

ʵʢʩʧʦʨʪ ʥʠʢʝʣʝʚʦʡ ʨʫʜʳ ʚ ʥʝʦʙʨʘʙʦʪʘʥʥʦʤ ʚʠʜʝ, ʯʪʦ ʩʦʟʜʘʣʦ ʩʝʨʴʝʟʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ 
ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʬʝʨʨʦʥʠʢʝʣʷ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʚ ʪ.ʯ. ʠ ʜʣʷ ʇʦʙʫʞʩʢʦʛʦ 
ʬʝʨʨʦʥʠʢʝʣʝʚʦʛʦ ʢʦʤʙʠʥʘʪʘ ʚ ʋʢʨʘʠʥʝ. 

ʆʪʤʝʯʘʣʦʩʴ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʜʦʣʞʝʥʠʝ ʛʣʦʙʘʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩ  
ʧʝʨʝʭʦʜʦʤ ʦʪ ʩʚʦʙʦʜʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʢ ʜʦʤʠʥʠʨʦʚʘʥʠʶ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ, ʥʘʧʨʠʤʝʨ ʚ 

ɽʚʨʦʧʝ, ʷʚʠʣʦʩʴ ʩʦʢʨʘʱʝʥʠʝ ʚʝʜʫʱʠʭ ʠʛʨʦʢʦʚ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʠ ʬʝʨʨʦʩʧʣʘʚʥʦʤ 
ʨʳʥʢʘʭ.  ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʩʷ ʮʝʣʳʡ ʨʷʜ ʥʦʚʳʭ 
ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʩʪʨʘʥʘʭ, ʙʦʛʘʪʳʭ ʥʘ ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ï ʌʠʣʠʧʧʠʥʳ, 

ʀʥʜʦʥʝʟʠʷ, ɻʚʘʪʝʤʘʣʘ; ʧʦʣʴʟʫʷʩʴ ʧʦʜʜʝʨʞʢʦʡ ʤʝʩʪʥʳʭ ʚʣʘʩʪʝʡ, ʵʪʠ ʢʦʤʧʘʥʠʠ 
ʧʦʣʫʯʘʶʪ ʥʝʧʣʦʭʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ  ʨʘʟʚʠʪʠʷ ʠ ʚʭʦʞʜʝʥʠʷ ʚ ʧʫʣ ʤʠʨʦʚʳʭ ʠʛʨʦʢʦʚ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʚ ʪʦʤ ʧʣʘʥʝ ʷʚʣʷʝʪʩʷ ʩʠʪʫʘʮʠʷ ʥʘ ʨʳʥʢʝ ʥʠʦʙʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦʪ 
ʨʳʥʦʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ï ʚ ʙʣʠʞʘʡʰʠʝ 
ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʦʞʠʜʘʝʪʩʷ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʥʠʦʙʠʷ ʜʣʷ ʚʳʧʣʘʚʢʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʩʪʘʣʝʡ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ, ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ 
(ʩʦʚʤʝʩʪʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʩ ʪʠʪʘʥʦʤ ʠ ʭʨʦʤʦʤ), ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʪʨʫʙ ʠ  ʩʪʘʣʝʡ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʪʜʝʣʴʥʳʝ ʘʚʪʦʨʳ ʚ ʵʪʦʡ ʩʚʷʟʠ ʥʘʟʳʚʘʶʪ 
ʥʠʦʙʠʝʚʳʝ ʩʪʘʣʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʛʨʫʧʧʝ HSLA (ʦʪ ʘʥʛʣʠʡʩʢʦʡ ʘʙʙʨʝʚʠʘʪʫʨʳ ʅigh 
Strength Low Alloy Steel ï ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ)  ʜʘʞʝ çʥʦʚʦʡ 

ʵʨʦʡè ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ.     ɺʦ-ʚʪʦʨʳʭ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦʪ 
ʨʳʥʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʥʦʧʦʣʠʟʠʨʦʚʘʥ ɹʨʘʟʠʣʴʩʢʦʡ ʢʦʤʧʘʥʠʝʡ ʉɺʄʄ (84% ʤʠʨʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ); ʦʩʪʘʣʴʥʦʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʧʦ 7-8%  ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʤʧʘʥʠʶ 
ANGLO-AMERICAN (ɹʨʘʟʠʣʠʷ) ʠ  IAMGOLD (ʂʘʥʘʜʘ). ʅʦ,   ʚ-ʪʨʝʪʴʠʭ, ʫʞʝ ʤʦʞʥʦ 
ʛʦʚʦʨʠʪʴ ʦ ʧʦʷʚʣʝʥʠʠ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʥʘ ʵʪʦʤ ʨʳʥʢʝ ʥʦʚʦʡ ʢʦʤʧʘʥʠʠ Cradle 

Resource Ltd, ʷʚʣʷʶʱʝʡʩʷ ʩʦʙʩʪʚʝʥʥʠʢʦʤ ʢʨʫʧʥʝʡʰʝʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʠʦʙʠʷ  Panda 
Hill  ʚ ʊʘʥʟʘʥʠʠ ʠ ʚʝʜʫʱʝʡ ʫʩʢʦʨʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʧʣʘʚʠʣʴʥʳʭ 

ʤʦʱʥʦʩʪʝʡ. 
ʄʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʪʨʝʙʣʝʥʠʝ  ʬʝʨʨʦʥʠʦʙʠʷ ʚ 2013 ʛ. ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 

80 ʪʳʩ. ʪʦʥʥ. ɺ 2014 ʛ. ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ  ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʥʠʦʙʠʷ ʜʦ 83 ʪʳʩ. 

ʪʦʥʥ ʠ ʚ ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ ʣʝʪ  ʨʦʩʪ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 4,9% ʝʞʝʛʦʜʥʦ.  
ʅʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ (ʜʘʥʥʳʝ 2013 ʛ.) ʨʝʘʣʠʟʫʝʪʩʷ ʦʢʦʣʦ 80 ʪʳʩ. ʪʦʥʥ 

ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʝʡ ʧʨʦʜʫʢʮʠʠ, ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʜʦʣʶ ʩʦʙʩʪʚʝʥʥʦ ʬʝʨʨʦʚʦʣʴʬʨʘʤʘ 
ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 20%, ʪ.ʝ. ʧʦʨʷʜʢʘ 16 ʪʳʩ. ʪʦʥʥ. ʂʨʫʧʥʝʡʰʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠ 
ʵʢʩʧʦʨʪʝʨʘʤʠ ʬʝʨʨʦʚʦʣʴʬʨʘʤʘ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʩʪʨʘʥʳ, ʢʘʢ ʂʠʪʘʡ (ʵʢʩʧʦʨʪ ʚ 2013 ʛ. -  

2,8 ʪʳʩ. ʪʦʥʥ), ɺʴʝʪʥʘʤ (2,2 ʪʳʩ. ʪʦʥʥ), ʐʚʝʮʠʷ (0,5 ʪʳʩ. ʪʦʥʥ). ʉʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ 
ʚ ʩʧʣʘʚʝ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 75-85% (ʚ ʩʧʣʘʚʝ ʰʚʝʜʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʙʦʣʝʝ 90% 

ʚʦʣʴʬʨʘʤʘ), ʩʧʣʘʚ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʫʩʢʦʚ ʨʘʟʤʝʨʦʤ 80-100 ʤʤ, ʙʨʠʢʝʪʦʚ (40 ʤʤ) ʠ 
ʦʢʘʪʳʰʝʡ (3-10 ʤʤ).  

ɺʦʣʴʬʨʘʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʧʣʘʚʢʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ, ʚ 

ʪ.ʯ. ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ, ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ; ʤʘʨʦʯʥʳʡ ʩʦʨʪʘʤʝʥʪ ʵʪʠʭ ʩʪʘʣʝʡ ʥʘʨʷʜʫ ʩ ʚʦʣʴʬʨʘʤʦʤ ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ 

ʤʦʣʠʙʜʝʥ ʠ ʭʨʦʤ. 
ʇʦ ʤʦʣʠʙʜʝʥʫ (ʬʝʨʨʦʤʦʣʠʙʜʝʥʫ) ʦʪʜʝʣʴʥʳʭ ʜʦʢʣʘʜʦʚ ʩʜʝʣʘʥʦ ʥʝ ʙʳʣʦ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʜʦʢʣʘʜʘ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʥʘ ʟʘʚʦʜʝ 

çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʚ ʛ. ɿʘʧʦʨʦʞʴʝ, ʋʢʨʘʠʥʘ); ʦʪʤʝʯʘʣʩʷ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʡ 
ʧʘʨʘʣʣʝʣʠʟʤ ʚ ʨʦʩʪʝ  ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʚʦʣʴʬʨʘʤʦʤ ʠ ʥʠʢʝʣʝʤ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʥʠʢʝʣʝ ʜʣʷ ʚʳʧʣʘʚʢʠ ʩʧʝʮʠʘʣʴʥʳʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʨʞʘʚʝʶʱʠʭ, 
ʩʪʘʣʝʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ, 
ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 
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ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ (ʢʦʤʙʠʥʘʮʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 
ʚʘʨʠʘʥʪʘʭ ʜʫʛʦʚʳʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʧʝʯʝʡ ʠ ʢʠʩʣʦʨʦʜʥʳʭ ʢʦʥʚʝʨʪʝʨʦʚ), ʥʘ ʨʳʥʢʝ 

ʣʝʛʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʡ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʠʚʰʠʡ 
ʥʘʟʚʘʥʠʝ NPI  (ʦʪ ʘʥʛʣʠʡʩʢʦʡ ʘʙʙʨʝʚʠʘʪʫʨʳ  Nickel Pig Iron ï ʥʠʢʝʣʝʚʳʡ ʯʫʰʢʦʚʳʡ 

ʯʫʛʫʥ). ʇʨʠʤʝʥʝʥʠʝ NPI ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʚʳʧʣʘʚʢʝ ʥʝʨʞʘʚʝʶʱʝʡ 
ʩʪʘʣʠ AOD- ʧʨʦʮʝʩʩʦʤ. 

ɺʳʰʝ ʫʞʝ ʦʪʤʝʯʘʣʠʩʴ ʜʝʡʩʪʚʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʀʥʜʦʥʝʟʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʦʙʦʜʥʦ ʵʢʩʧʦʨʪʘ ʠʟ ʵʪʦʡ ʩʪʨʘʥʳ ʥʠʢʝʣʝʚʦʡ ʨʫʜʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ 
ʩʪʨʝʤʣʝʥʠʝʤ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʀʥʜʦʥʝʟʠʠ 

ʬʝʨʨʦʥʠʢʝʣʷ, ʛʜʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʚʝʜʝʥʳ ʥʦʚʳʝ ʬʝʨʨʦʩʧʣʘʚʥʳʝ ʤʦʱʥʦʩʪʠ. ʂ 
ʜʝʡʩʪʚʫʶʱʠʤ ʤʦʱʥʦʩʪʷʤ (82 ʪʳʩ. ʪʦʥʥ ʬʝʨʨʦʥʠʢʝʣʷ ʚ ʛʦʜ) ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʦ ʝʱʝ 59 
ʪʳʩ. ʪʦʥʥ, ʪ.ʝ. ʩʫʤʤʘʨʥʦ ʤʦʱʥʦʩʪʠ ʧʦ ʚʳʧʣʘʚʢʝ ʬʝʨʨʦʥʠʢʝʣʷ ʚ ʀʥʜʦʥʝʟʠʠ ʧʨʝʚʳʩʷʪ 

140 ʪʳʩ. ʪʦʥʥ ʚ ʛʦʜ.  
ʄʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʚʘʥʘʜʠʷ ʚ ʚʠʜʝ ʬʝʨʨʦʚʘʥʘʜʠʷ ʩʦʩʪʘʚʣʷʝʪ 

86 ʪʳʩ. ʪʦʥʥ (ʜʘʥʥʳʝ 2013 ʛ.). ʆʪʤʝʯʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʨʦʩʪ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʵʪʦʛʦ ʩʧʣʘʚʘ: ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʢ 2020 ʛ. ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʨʘʩʪʝʪ ʜʦ 140 ʪʳʩ. ʪʦʥʥ.  
ʆʩʥʦʚʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʬʝʨʨʦʚʘʥʘʜʠʷ (ʧʦ ʩʪʨʘʥʘʤ ʠ ʨʝʛʠʦʥʘʤ): ʂʠʪʘʡ ï 49,7% 

ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʖɸʈ ï 13,9%, ʈʦʩʩʠʷ ï 7,8%, ɽʚʨʦʧʘ ï 6,7%. ʉʝʚʝʨʥʘʷ 
ɸʤʝʨʠʢʘ ï 4,5. 

ʈʦʩʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʬʝʨʨʦʚʘʥʘʜʠʠ ʩʚʷʟʘʥ ʩ ʚʳʰʝʦʪʤʝʯʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 
ʦʙʲʝʤʘ ʚʳʧʣʘʚʢʠ ʩʪʘʣʝʡ ʛʨʫʧʧʳ HSLA, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 59% ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ 
ʬʝʨʨʦʚʘʥʘʜʠʷ; 31% ʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʷʭ; 4% - ʢʦʤʧʣʝʢʩʥʳʝ 

ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʪ.ʥ. çʩʫʧʝʨʩʧʣʘʚʳè (ʦʙʳʯʥʦ ʚʤʝʩʪʝ ʩ ʪʠʪʘʥʦʤ), 2% ʚʘʥʘʜʠʷ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʪʝʡʥʳʭ ʯʫʛʫʥʦʚ. 46% ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚ ʤʠʨʝ ʚʘʥʘʜʠʷ 

ʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʂʠʪʘʝ, 17% - ʚ ɽʚʨʦʧʝ, 13% - ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ, 7% - ʚ ʗʧʦʥʠʠ, 6% - 
ʚ ʉʅɻ ʠ  3% - ʚ ʀʥʜʠʠ; ʜʨʫʛʠʝ ʩʪʨʘʥʳ ï 8%. 

72% ʬʝʨʨʦʚʘʥʘʜʠʷ ʚ ʤʠʨʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʚʘʥʘʜʠʝʚʦʛʦ ʰʣʘʢʘ; 19% - ʠʟ 

ʧʝʨʚʠʯʥʦʡ ʨʫʜʳ ʠ 9% - ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 
ʯʪʦ ʢʘʢ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʜʨʫʛʠʭ ʤʘʣʦʪʦʥʥʘʞʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʧʨʦʜʦʣʞʘʝʪʩʷ ʘʢʪʠʚʥʘʷ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ʊʘʢ, ʚ ʧʦʩʣʝʜʥʠʝ 
ʛʦʜʳ ʦʪʢʨʳʪʦ ʠ ʦʩʚʘʠʚʘʝʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ Windimura ʚ ɿʘʧʘʜʥʦʡ ɸʚʪʨʘʣʠʠ, ʛʜʝ 
ʫʯʪʝʥʦ 246 ʤʣʥ. ʪʦʥʥ ʨʫʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0,47% V2O5. 

ɿʘʚʝʨʰʘʷ ʦʙʟʦʨ ʜʦʢʣʘʜʦʚ ʧʦ ʤʘʣʦʪʦʥʥʘʞʥʳʤ ʬʝʨʨʦʩʧʣʘʚʘʤ, ʝʱʝ ʨʘʟ ʫʢʘʞʝʤ ʥʘ  
ʪʘʢʫʶ ʚʦʟʨʘʩʪʘʶʱʫʶ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʥʜʝʥʮʠʶ ʚ ʨʘʟʚʠʪʠʠ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʢ ʢʦʤʧʣʝʢʩʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʠ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ 
ʩʧʝʮʠʘʣʴʥʳʭ, ʥʦ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʛʨʫʧʧʳ HSLA. ɺʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʥʦʚʳʝ ʤʘʨʢʠ ʩʪʘʣʝʡ, ʛʜʝ ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ï Mn,  Si ʠ  Cr -  ʚʢʣʶʯʝʥʳ ʪʘʢʞʝ ʜʦ 0,5% Ni, 0,5% Mo,  0,3% Nb ʠ 0,3% V. 
ʅʘ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʢ ʤʘʩʩʦʚʳʭ, ʪʘʢ ʠ ʤʘʣʦʪʦʥʥʘʞʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʖɸʈ, ʥʘʧʨʠʤʝʨ, ʦʥ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩ 
ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʟʜʝʩʴ (ʢʘʢ ʠ ʚ ʋʢʨʘʠʥʝ) ʚʳʩʦʢʠʤʠ ʪʘʨʠʬʘʤʠ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ 

ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʢʦʤʧʘʥʠʡ. ʂ ʪʦʤʫ ʞʝ ʖɸʈ ʠʩʧʳʪʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ ʪʨʫʜʥʦʩʪʠ ʩ 
ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʖɸʈ 

ʚ ʧʣʘʥʝ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʚʝʨʥʫʣʘʩʴ ʚ 2008 ʛʦʜ, ʢʦʛʜʘ ʧʨʠʭʦʜʠʣʦʩʴ 
ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʪʢʣʶʯʘʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʪ.ʯ. ʬʝʨʨʦʩʧʣʘʚʥʳʝ ʟʘʚʦʜʳ, 
ʢʘʢ ʢʨʫʧʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʪ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ.  

ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʖɸʈ 
ʩʪʘʥʦʚʠʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤ, ʠ ʩʪʨʘʥʘ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʳʨʴʝʚʦʡ 

ʧʨʠʜʘʪʦʢ ʂʠʪʘʷ, ʥʝ ʚʳʜʝʨʞʠʚʘʷ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʥʠʤ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 
ʥʦʚʳʭ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʖɸʈ ʩʝʡʯʘʩ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʯʪʦ 
ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʮʠʬʨʳ: ʚ ʧʝʨʠʦʜ ʩ 2007 ʧʦ 2012 ʛ. ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ 
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ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʖɸʈ ʩʦʩʪʘʚʠʣ 64 %, ʘ ʚ ʂʠʪʘʝ ï 
ʪʦʣʴʢʦ 18 %. ʀʤʝʥʥʦ ʵʪʦʪ ʬʘʢʪʦʨ ʙʦʣʝʝ ʚʩʝʛʦ ʧʦʚʣʠʷʣ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʬʝʨʨʦʩʧʣʘʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʖɸʈ ʩ 
90 % ʚ 2004 ʛ. ʜʦ 63 % ʚ 2012 ʛ. (ʜʣʷ ʩʨʘʚʥʝʥʠʷ: ʚ ʧʨʦʰʣʦʤ ʛʦʜʫ ʤʠʨʦʚʦʡ ʧʦʢʘʟʘʪʝʣʴ 

ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 75 %). 
ʅʘ ʢʦʥʛʨʝʩʩʝ ʜʦʢʣʘʜʯʠʢʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʧʨʦʙʣʝʤʝ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚ ʪ.ʯ. ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʛʝʥʝʨʘʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʝʯʝʡ ʠ ʧʨʦʠʟʚʦʜʠʤʳʭ ʩʧʣʘʚʦʚ, ʩʨʦʢ 
ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʢʦʛʝʥʝʨʘʮʠʶ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʯʝʪʳʨʝʭ ʜʦ ʰʝʩʪʠ ʣʝʪ. 

ʊʘʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ,  ʧʦ ʧʨʦʝʢʪʫ ʢʦʤʧʘʥʠʠ Sinosteel 
Equipment &Engineering Co ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʫʞʝ ʦʩʥʘʱʝʥʳ ʧʷʪʴ ʧʝʯʝʡ, 
ʚʳʧʣʘʚʣʷʶʱʠʭ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʡ ʬʝʨʨʦʭʨʦʤ: ʪʨʠ ʧʝʯʠ ʤʦʱʥʦʩʪʴʶ ʧʦ 37 ʄɺɸ ʠ 

ʜʚʝ ʧʝʯʠ ï ʧʦ 45 ʄɺɸ. 
ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʜʦʢʣʘʜʘʭ ʙʳʣʦ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʣʦʛʠʩʪʠʢʠ. ʊʘʢ ʜʣʷ 

ʖɸʈ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʜʦʙʳʯʠ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʩʳʨʴʷ, ʦʩʦʙʝʥʥʦ ʥʘ ʚʥʦʚʴ 
ʚʚʦʜʠʤʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʩʜʝʨʞʠʚʘʝʪʩʷ ʥʝʨʘʟʚʠʪʦʡ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʚ ʤʘʣʦʦʙʞʠʪʳʭ ʧʫʩʪʳʥʥʳʭ ʨʝʛʠʦʥʘʭ, ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʠʝʤ ʩʝʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʥʘʨʘʱʠʚʘʥʠʷ ʵʢʩʧʦʨʪʘ ʧʨʦʧʫʩʢʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʩʫʱʝʩʪʚʫʝʪ ʠ ʚ ʩʪʨʘʥʘʭ ʖʛʦ-

ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. ʇʦʵʪʦʤʫ, ʧʦ ʤʥʝʥʠʶ ʜʦʢʣʘʜʯʠʢʦʚ, ʵʪʠʤ ʩʪʨʘʥʘʤ 
ʥʘʨʷʜʫ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʦʡ ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ 
ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ.  

ɺʓɺʆɼʓ. ʇʨʦʛʥʦʟʠʨʫʝʤʦʝ ʢ 2020 ʛ. ʫʚʝʣʠʯʝʥʠʝ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ (ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʛʨʫʧʧʳ HSLA) ʨʘʟʥʳʭ ʤʘʨʦʢ 

ʜʦ 1,8 ʤʣʨʜ. ʪʦʥʥ ʧʦʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʳʧʫʩʢʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʠ 
ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʩʳʨʴʷ. 

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʝʰʠʪʴ ʚʦʧʨʦʩʳ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʝʨʝʜʝʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʥʘ 

ʢʦʥʛʨʝʩʩʝ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʧʦ ʦʩʥʘʱʝʥʠʶ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʝʯʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 
ʢʦʛʝʥʝʨʘʮʠʦʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 
ʥʘ 10ï20 %.  

ʉ ʫʯʝʪʦʤ ʚʦʟʨʦʩʰʝʡ ʨʦʣʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ,  ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ 
ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʠ ʚʥʦʚʴ ʩʪʨʦʷʱʝʡʩʷ ʧʦʨʪʦʚʦʡ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ  
ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 
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ʋɼʂ 669.168(574) 
ʌɽʈʈʆʉʇʃɸɺʅʆɽ ʇʈʆʀɿɺʆɼʉʊɺʆ ʂɸɿɸʍʉʊɸʅɸ ʀ ʇʋʊʀ 

ʈɸʉʐʀʈɽʅʀʗ ʉʓʈʔɽɺʆʁ ɹɸɿʓ ʆʊʈɸʉʃʀ 

 

ʄ.ɾ. ʊʦʣʳʤʙʝʢʦʚ  
ʍʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɾ.ɸʙʠʰʝʚʘ, ʛ. ʂʘʨʘʛʘʥʜʘ, ʈʂ 

 

ʌʝʨʨʦʩʧʣʘʚʥʘʷ ʦʪʨʘʩʣʴ ʂʘʟʘʭʩʪʘʥʘ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 
ʚ ʉʅɻ, ʥʦ ʠ ʚ ʤʠʨʝ, ʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʠʜʝʪ ʥʘʨʘʱʠʚʘʥʠʝ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʘʩʩʦʚʳʭ ʩʦʨʪʦʚ ʩʧʣʘʚʦʚ. ɽʞʝʛʦʜʥʦ ʧʨʦʚʦʜʷʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʧʝʯʥʳʭ 
ʘʛʨʝʛʘʪʦʚ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʘʟʦʦʯʠʩʪʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ. 

ʂʨʦʤʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʥʘʯʘʪʦ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʫʥʠʢʘʣʴʥʦʛʦ ʮʝʭʘ ʧʦ ʚʳʧʣʘʚʢʝ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʭʨʦʤʘ ʥʘ ʧʝʯʘʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʇʝʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 4 ʰʪʫʢ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʥʦʚʦʤ 4-
ʦʤ ʮʝʭʝ ɸʢʪʶʙʠʥʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ. ʄʦʱʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʝʯʠ 2 ʭ 59 
ʄɺɸ. ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 72 ʄɺʪ. ʇʝʯʴ ʛʝʨʤʝʪʠʯʥʘʷ ʠ ʠʤʝʝʪ ʜʠʘʤʝʪʨ ʛʨʘʬʠʪʦʚʦʛʦ 

ʵʣʝʢʪʨʦʜʘ 750 ʤʤ, ʘ ʪʘʢʞʝ ʦʩʥʘʱʝʥʘ 4 ʣʝʪʢʘʤʠ ʧʦ ʜʚʝ - ʜʣʷ ʰʣʘʢʘ ʠ ʤʝʪʘʣʣʘ. 
ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʝʣʢʘʷ ʭʨʦʤʠʪʦʚʘʷ ʨʫʜʘ ʬʨʘʢʮʠʝʡ 0-10 ʤʤ. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʰʠʭʪʳ 

ʪʘʢʞʝ ʠʤʝʶʪ ʬʨʘʢʮʠʶ 0-10 ʤʤ. ʌʣʶʩʘʤʠ ʩʣʫʞʘʪ ʙʦʢʩʠʪ ʠ ʢʚʘʨʮʠʪ. ɺ ʢʘʯʝʩʪʚʝ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʢʦʢʩ ʠ ʘʥʪʨʘʮʠʪ. ʉʫʤʤʘʨʥʘʷ ʛʦʜʦʚʘʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʧʝʯʝʡ ʩʦʩʪʘʚʠʪ 440 ʪʳʩ. ʪʦʥʥ. 

ɺʚʝʜʝʥʠʝ ʥʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʧʦʟʚʦʣʠʪ ʂʘʟʘʭʩʪʘʥʫ ʜʦʚʝʩʪʠ ʛʦʜʦʚʦʡ ʦʙʲʝʤ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʙʦʣʝʝ ʯʝʤ 2 ʤʣʥ. ʪʦʥʥ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʧʦ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ 
ʩʦʩʪʘʚʠʣ ʚ 2014 ʛʦʜʫ 1515 ʪʳʩ. ʪ, ʠʟ ʥʠʭ 1 482,7 ʪʳʩ. ʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ɸʆ 
çʊʅʂ çʂʘʟʭʨʦʤ (ʪʘʙʣʠʮʘ 1), 32,0 ʪʳʩ. ʪ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʚʳʧʣʘʚʣʷʝʪʩʷ ʥʘ ʊʆʆ 

çʊʝʤʠʨʪʘʫʩʢʠʡ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè. 
ʊʘʙʣʠʮʘ 1 - ʆʙʲʝʤ ʠ ʩʦʨʪʘʤʝʥʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʊʅʂ çʂʘʟʭʨʦʤè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʆʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʬʠʟ. ʪ 

ʋʛʣʝʨʦʜʠʩʪʳʡ ʬʝʨʨʦʭʨʦʤ 
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ɺ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʥʘʯʘʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ ʚ 
ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʦʡ ʧʝʯʠ ʈʂʆ-9 ʄɺɸ ʚ ʫʩʣʦʚʠʷʭ ʂSʈ çSteelè (ʛ. ʇʘʚʣʦʜʘʨ). ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʌʉɸ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʙʦʣʝʝ ʤʦʱʥʦʡ ʧʝʯʠ ʈʂʆ-24 ʄɺɸ. 
ʅʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷʶʪʩʷ 

ʥʘʯʘʪʳʝ ʨʘʙʦʪʳ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʧʫʩʢʫ ʥʦʚʳʭ ʟʘʚʦʜʦʚ ʧʦ ʚʳʧʣʘʚʢʝ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. 
ɺ 2007 ʛʦʜʫ ʟʘʧʫʱʝʥʘ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʘʷ ʧʝʯʴ ʩ ʤʦʱʥʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

9,6 ʄɺɸ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʩ ʛʦʜʦʚʳʤ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 
5000 ʪʦʥʥ (ʛ. ʋʰʪʦʙʝ, ɸʣʤʘʪʠʥʩʢʘʷ ʦʙʣ.) ʠ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 2-ʦʡ ʧʝʯʠ. 

ɿʘʥʦʚʦ ʟʘʧʫʱʝʥ ʟʘʚʦʜ ʧʦ ʚʳʧʣʘʚʢʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʚ ʩʦʩʪʘʚʝ 2-ʭ 

ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʠʭ ʧʝʯʝʡ ʩ ʤʦʱʥʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 25 ʄɺɸ ʢʘʞʜʘʷ ʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 30 ʪʳʩ. ʪʦʥʥ ʚ ʛʦʜ. ʇʨʦʝʢʪ ʚʝʜʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʤʝʮʢʦʡ ʬʠʨʤʦʡ 

çThyssenKruppè. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʛʦ ʩʦʙʩʪʚʝʥʥʠʢʦʤ ʷʚʣʷʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 
ʧʨʝʜʧʨʠʷʪʠʝ ʊʆʆ çʊʘu-ʂʝn ʊʝmirè. 
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ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ (ʌʉɸ). 

ɺ ʧʨʘʢʪʠʢʝ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʣʠ ʠ ʩʧʝʮʠʘʣʴʥʳʭ 
ʩʧʣʘʚʦʚ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʨʘʩʢʠʩʣʠʪʝʣʷ ʧʨʠʤʝʥʷʶʪ ʬʝʨʨʦʩʠʣʠʮʠʡ ʠ 

ʘʣʶʤʠʥʠʡ ʚ ʚʠʜʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʪʨʝʙʫʝʪʩʷ 
ʜʝʬʠʮʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʢʚʘʨʮʠʪ, ʩʪʨʫʞʢʘ ʤʝʪʘʣʣʠʯʝʩʢʘʷ, ʙʦʢʩʠʪ ʠ ʜʨʫʛʠʝ. ʇʦʩʢʦʣʴʢʫ 
ʨʘʩʢʠʩʣʝʥʠʝ ʩʪʘʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʴʶ ʬʝʨʨʦʩʠʣʠʮʠʷ ʠ ʘʣʶʤʠʥʠʷ, 

ʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʡ ʩʪʘʣʠ 
ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦ. 

ʀʤʝʥʥʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʙʫʩʣʦʚʠʣʘ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʜʝʰʝʚʳʭ ʩʧʦʩʦʙʦʚ 
ʧʦʣʫʯʝʥʠʷ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ (ʟʦʣʳ ʫʛʣʝʡ, ʦʪʭʦʜʦʚ ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ ʠ ʫʛʣʝʜʦʙʳʯʠ 
ʠ ʪ.ʜ.) ʩʧʣʘʚʦʚ ʬʝʨʨʦʩʠʣʠʮʠʷ ʩ ʘʣʶʤʠʥʠʝʤ, ʢʦʪʦʨʳʝ ʧʦ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʙʳ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʨʘʩʢʠʩʣʝʥʠʠ ʩʪʘʣʠ. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʩʧʣʘʚʘ 
ʥʘʨʷʜʫ ʩ ʝʛʦ ʜʝʰʝʚʠʟʥʦʡ ʦʙʝʩʧʝʯʠʚʘʣ ʙʳ ʥʠʟʢʠʡ ʫʛʘʨ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ, ʙʦʣʝʝ 

ʛʣʫʙʦʢʫʶ ʦʯʠʩʪʢʫ ʩʪʘʣʠ ʦʪ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʪ.ʢ. ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 
ʩʧʣʘʚʣʝʥʥʦʛʦ ʬʝʨʨʦʩʠʣʠʮʠʷ ʠ ʘʣʶʤʠʥʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ ʦʙʨʘʟʫʶʪʩʷ ʞʠʜʢʠʝ 
ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʣʝʛʢʦ ʚʩʧʣʳʚʘʶʱʠʝ ʠʟ ʦʙ̡ʝʤʘ ʩʪʘʣʠ. ʊʦʛʜʘ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʯʠʩʪʦʛʦ ʬʝʨʨʦʩʠʣʠʮʠʷ ʠ ʘʣʶʤʠʥʠʷ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʡ ʩʪʘʣʠ ʦʙʨʘʟʫʶʪʩʷ ʪʫʛʦʧʣʘʚʢʠʝ ʠ 
ʪʨʫʜʥʦ ʫʜʘʣʷʝʤʳʝ ʠʟ ʩʪʘʣʠ ʦʢʩʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʢʨʝʤʥʝʟʝʤ ʠ ʢʦʨʫʥʜ). 

ʍʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʩ 
ʮʝʣʴʶ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ (ʌʉɸ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ 
ʧʦ ʨʝʰʝʥʠʶ ʮʝʣʦʛʦ ʨʷʜʘ ʩʣʦʞʥʝʡʰʠʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ: 

- ʧʦʠʩʢ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; 
- ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʌʉɸ ʢʘʢ ʩʣʦʞʥʝʡʰʫʶ 

ʩʠʩʪʝʤʫ Fʝ-Si-ɸl-O-ʉ, ʛʜʝ ʧʨʦʪʝʢʘʝʪ ʩʚʳʰʝ ʩʦʪʥʠ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʨʝʘʢʮʠʡ ʚ 
ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʨʝʜʝ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʨʪʘʤʝʥʪʘ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ; 

- ʧʦʜʙʦʨ ʚʠʜʦʚ ʠ ʪʠʧʦʚ ʩʳʨʴʷ ʜʣʷ ʢʘʞʜʦʡ ʤʘʨʢʠ ʩʧʣʘʚʘ. 
ʇʨʠ ʵʪʦʤ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʧʝʪʨʦʛʨʘʬʠʠ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʪ. ʜ.) ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 
ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʠʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ 
ʩʣʫʞʘʪ ʫʛʣʠʩʪʳʝ ʧʦʨʦʜʳ (ʦʪʭʦʜʳ) ʧʨʠʧʦʯʚʝʥʥʦʡ ʟʦʥʳ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʦʚ. ʀʩʧʳʪʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʫʛʣʠʩʪʳʝ ʧʦʨʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʝʟ ʩʣʦʞʥʳʭ 
ʨʫʜʦʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ʆʥʠ ʪʫʛʦʧʣʘʚʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʠʭ 

ʫʛʣʠʩʪʳʭ ʧʨʦʞʠʣʦʢ ʚ ʪʝʣʝ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ 
ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʣʦʷ ʰʠʭʪʳ ʚ ʧʝʯʠ ʠ ʬʠʣʴʪʨʘʮʠʶ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʦʙʨʘʟʥʳʭ 
ʩʫʙʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ ʩ ʜʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʭ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʠʞʝ 

(ʪʘʙʣʠʮʘ 2) ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ  ʘʥʘʣʠʟʘ ʪʨʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʧʨʦʙ ʫʛʣʠʩʪʳʭ ʧʦʨʦʜ 
ʨʘʟʣʠʯʥʦʡ ʟʦʣʴʥʦʩʪʠ, ʚʟʷʪʳʭ ʩ ʨʘʟ ʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ çɹʦʛʘʪʳʨʴè ʠ 

çɺʦʩʪʦʯʥʘʷè, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʳʨʴʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʉʘʨʳʘʜʳʨè. 
ʊʘʙʣʠʮʘ 2 - ʊʝʭʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʫʛʣʠʩʪʳʭ ʧʦʨʦʜ ʠ ʩʦʩʪʘʚ ʠʭ ʟʦʣʳ 

ˉ ʧʨʦʙʳ 

ʊʝʭʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ,  % 
ʧʦ ʤʘʩʩʝ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ,   % ʧʦ 
ʤʘʩʩʝ 

Wʘ 

 

Vr 

 

ɸʩ 

 
SiO2 ɸ12O3 

 

Feʦʙʱ. 

 

ʈ 

 ʇʨʦʙʘ 1 çɹʦʛʘʪʳʨʴè 

 

1,35 

 

14,0 

 

81,58 

 
55 32,8 

 

3,4 

 

0,05 

 
ʇʨʦʙʘ 2 çɺʦʩʪʦʯʥʘʷè 1,76 13,94 68,4 57 29,98 3,2 0,07 

ʇʨʦʙʘ 3 çɹʦʛʘʪʳʨʴè 1,5 15,0 54,2 57,5 31,0/1 3,0 0,06 

ʇʨʦʙʘ çʉʘʨʳʘʜʳʨè 1,8 22,0 41 62,5 >30,0 3,2 0,1 
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ʇʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʰʠʭʪʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʫʛʣʠʩʪʦʡ 
ʧʦʨʦʜʳ ʠ ʢʚʘʨʮʠʪʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠʟʣʠʰʢʦʚ ʫʛʣʝʨʦʜʘ, ʚ ʧʝʯʠ 

ʧʨʦʠʩʭʦʜʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʦʢʠʩʣʝʥʠʷ, 
ʫʜʘʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠ  ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʠʤʦʩʪʠ, ʫʩʣʦʚʥʦ ʚʘʥʥʫ ʧʝʯʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ  

ʥʘ ʨʷʜ ʟʦʥ: 

- ʟʦʥʘ ʪʚʝʨʜʳʭ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (500-1400 Üʉ); 
- ʟʦʥʘ ʨʘʟʤʷʛʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (1400-1800 Üʉ); 

- ʟʦʥʘ ʰʣʘʢʦʚʦʛʦ ʨʘʩʧʣʘʚʘ (1800 ï 2200 Üʉ); 
- ʟʦʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ.  
ɹʣʘʛʦʜʘʨʷ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʙʳʣʠ ʚ ʢʦʨʥʝ ʧʝʨʝʩʤʦʪʨʝʥʳ ʚʩʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʮʝʩʩʫ ʧʦʣʫʯʝʥʠʷ ʌʉɸ ʚ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʠʭ ʧʝʯʘʭ. 
ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ɸʢʩʫʩʢʦʤ (ʵʣʝʢʪʨʦʧʝʯʴ ʤʦʱʥʦʩʪʴʶ 1,2 

ʄɺA), ɸʢʪʶʙʠʥʩʢʦʤ (ʧʝʯʴ - 4,5 ʄɺɸ) ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʠ ʥʘ ʋʨʘʣʴʩʢʦʤ ʘʣʶʤʠʥʠʝʚʦʤ 
(ʧʝʯʴ - 7 ʄɺA) ʟʘʚʦʜʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʜʘʥʥʳʭ ʠ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 
ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʳʰʝ ʫʢʘʟʘʥʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʧʨʠʝʤʳ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʦ ʩʦʨʪʘʤʝʥʪʘ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ ʦʪ ʤʘʨʦʢ ʌʉ45ɸ10 ʜʦ ʌʉ65ɸ20 

ʠʟ ʫʛʣʠʩʪʳʭ ʧʦʨʦʜ ʂʘʟʘʭʩʪʘʥʩʢʠʭ ʫʛʦʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ (ʪʘʙʣʠʮʘ 3), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʣʝʛʢʦʫʧʨʘʚʣʷʝʤʳʡ ʨʦʚʥʳʡ ʭʦʜ ʧʝʯʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 
ʧʦʢʘʟʘʪʝʣʷʤʠ (ʠʟʚʣʝʯʝʥʠʷʤʠ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ ʜʦ 93,8 ʠ 82,8%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʠʝʤʣʝʤʳʤ ʨʘʩʭʦʜʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʨʝʜʝʣʘʭ 11,5-13,5 ʄɺʪ.ʯʘʩ ʥʘ ʪʦʥʥʫ ʤʝʪʘʣʣʘ. 
ʊʘʙʣʠʮʘ 3 - ʉʦʨʪʘʤʝʥʪ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, % 

ʄʘʨʢʘ 
ʂʨʝʤʥʠʡ ɸʣʶʤʠʥʠʡ ʉʝʨʘ ʌʦʩʬʦʨ ʄʘʨʛʘʥʝʮ ʍʨʦʤ ʌʨʘʢʮʠʷ, ʤʤ 

ʥʝ ʤʝʥʝʝ 
 

ʥʝ ʙʦʣʝʝ 
 

 
 ʌʉ65ɸ10 60 7,5-12,5 0,02 0,02 0,4 0,4 

ʧʦ ʟʘʢʘʟʫ 
ʧʦʪʨʝʙʠʪʝʣʷ 

 

ʌʉ65ɸ15 
 

60 
 

12,5-17,5 
 

0,02 
 

0,02 
 

0,4 
 

0,4 
 

 
ʌʉ65ɸ20 

 

60 

 

17,5-22,5 

 

0,02 

 

0,02 

 

0,4 

 

0,4 

 
 

ʌʉ55ɸ10 
 

50 
 

7,5-12,5 
 

0,02 
 

0,02 
 

0,4 
 

0,4 
 
 

ʌʉ55ɸ15 
 

50 
 

12,5-17,5 
 

0,02 
 

0,02 
 

0,4 
 

0,4 
 

 
ʌʉ55ɸ20 

 

50 

 

17,5-22,5 

 

0,02 

 

0,02 

 

0,4 

 

0,4 

 
 

ʌʉ55ɸ25 
 

50 
 

22,5-27,5 
 

0,02 
 

0,02 
 

0,4 
 

0,4 
 
 

ʌʉ45ɸ10 
 

40 
 

7,5-12,5 
 

0,02 
 

0,02 
 

0,4 
 

0,4 
 

 
ʌʉ45ɸ15 

 

40 

 

12,5-17,5 

 

0,02 

 

0,02 

 

0,4 

 

0,4 

 
 

ʌʉ45ɸ20 

 

40 

 

17,5-22,5 

 

0,02 

 

0,02 

 

0,4 

 

0,4 

 
 

 

ɺʧʝʨʚʳʝ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʌʉɸ ʙʳʣʦ ʥʘʯʘʪʦ ʚ 1998 ʛʦʜʫ ʚ ʫʩʣʦʚʠʷʭ 
ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ ʤʠʥʠ-ʟʘʚʦʜʘ  ʚ ʪʨʝʭ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʧʝʯʘʭ ʩ ʤʦʱʥʦʩʪʴʶ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 1,2 ʄɺɸ (1 ʧʝʯʴ) ʠ 5,0 ʄɺɸ (2 ʧʝʯʠ). ʇʨʦʜʫʢʮʠʷ ʤʠʥʠ-ʟʘʚʦʜʘ 
ʧʦʩʪʘʚʣʷʝʪʩʷ ʢʘʟʘʭʩʪʘʥʩʢʠʤ ʠ ʨʦʩʩʠʡʩʢʠʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʟʘʚʦʜʘʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʩʧʦʢʦʡʥʳʭ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʨʦʢ ʩʪʘʣʠ. 
ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 2010 ʛ. ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʌʉɸ ʤʘʨʦʢ ʌʉ45ɸ15 ʠ ʌʉ65ɸ20 ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʟʘʚʦʜʘʭ ʂʘʟʘʭʩʪʘʥʘ, ʈʦʩʩʠʠ ʠ ʊʫʨʮʠʠ. 
ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʦʩʚʦʝʥʠʶ ʩʧʣʘʚʘ ʌʉɸ ʧʨʠ ʚʳʧʣʘʚʢʝ ʩʪʘʣʠ ʚ ʢʠʩʣʦʨʦʜʥʳʭ 

ʢʦʥʚʝʨʪʝʨʘʭ, ʜʫʛʦʚʳʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʧʝʯʘʭ ʤʘʣʦʡ, ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ. 
ʇʨʠ ʨʘʩʢʠʩʣʝʥʠʠ ʢʦʥʚʝʨʪʝʨʥʦʡ ʩʪʘʣʠ ʚ ɸʆ çɸʨʩʝʣʦʨʄʠʪʪʘʣ ʊʝʤʠʨʪʘʫè ʚ 

ʢʠʩʣʦʨʦʜʥʦ-ʢʦʥʚʝʨʪʝʨʥʳʭ ʧʝʯʘʭ (LD) ʝʤʢʦʩʪʴʶ 300 ʪʦʥʥ ʨʘʩʭʦʜ ʌʉɸ ʩʦʩʪʘʚʠʣ 3,2 ʢʛ 

ʥʘ ʪʦʥʥʫ ʩʪʘʣʠ ʤʘʨʢʠ 3ʩʧ (RR) ʠ 6,3 ʢʛ ʥʘ ʪʦʥʥʫ ʩʪʘʣʠ ʤʘʨʢʠ 09ɻ2ʉ. ʇʨʠ ʵʪʦʤ 
ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʣʠ ʩʧʣʘʚ ʤʘʨʢʠ ʌʉ65 (ʌʝʨʨʦʩʠʣʠʮʠʡ ʩ 65% Si), ʨʘʩʭʦʜ ʢʦʪʦʨʦʛʦ 



43 

 

 

ʩʦʩʪʘʚʣʷʣ 3,2 ʠ 6,37 ʢʛ ʥʘ ʪʦʥʥʫ ʩʪʘʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʭʦʜ ʩʣʠʪʢʦʚʦʛʦ ʘʣʶʤʠʥʠʷ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʌʉɸ ʩʦʩʪʘʚʠʣ 0,73 ʢʛ ʥʘ ʪʦʥʥʫ ʩʪʘʣʠ ʧʨʦʪʠʚ 1,3 ʢʛ, ʪʦ ʝʩʪʴ ʚʜʚʦʝ 

ʩʦʢʨʘʱʝʥ ʨʘʩʭʦʜ ʘʣʶʤʠʥʠʷ.  
ɼʘʥʥʳʝ ʧʦ ʠʩʧʳʪʘʥʠʷʤ ʩʧʣʘʚʘ ʌʉɸ ʈʦʩʩʠʡʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ 

ʵʣʝʢʪʨʦʧʝʯʘʭ ʩʘʜʢʦʡ 6 ʠ 25 ʪʦʥʥ. 
ɺ ʈʌ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʚ ʢʦʚʰʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ɿɸʆ çʌʝʨʨʦʩʧʣʘʚè (ʛ. ʏʝʣʷʙʠʥʩʢ) ʚ ʫʩʣʦʚʠʷʭ ɿɸʆ çʄʝʭʘʥʦʨʝʤʦʥʪʥʳʡ ʢʦʤʧʣʝʢʩè 

ʆɸʆ ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ (ɼʉʇ-64, ɼʉʇ-25), ɿɸʆ 
çʆʤʫʪʥʠʥʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜè, ɿɸʆ çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜ 

çʇʝʪʨʦʩʪʘʣʴè. 
ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʌʉɸ ʤʘʨʢʠ ʌʉ45ɸ15 ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʉʊ 

ʊʆʆ 38397431-001-2006 ʜʣʷ ʨʘʩʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʝʯʠ ʚʟʘʤʝʥ ʬʝʨʨʦʩʠʣʠʮʠʷ ʤʘʨʢʠ 

ʌʉ65, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠ ʦʧʳʪʥʳʝ ʧʣʘʚʢʠ 
ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʘʨʢʘʭ ʩʪʘʣʠ 15-35ʃ, 25ʍ7ʄʌ, 35ʍʄʌ, 09ɻ2ʉ, ʉʪ45. ɸʥʘʣʠʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʝʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʬʝʨʨʦʩʠʣʠʮʠʷ ʌʉ65 ʠ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ ʌʉ45ɸ15 ʧʦʢʘʟʘʣ: 

1. ʅʘ ɼʉʇ-6 ʧʨʠ ʨʘʩʢʠʩʣʝʥʠʠ ʩʪʘʣʠ ʚ ʧʝʯʠ ʬʝʨʨʦʩʠʣʠʮʠʝʤ ʌʉ65 ʫʩʚʦʝʥʠʝ 

ʢʨʝʤʥʠʷ ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʫʨʦʚʥʝ 28-59% (ʩʨʝʜʥʝʝ 44%), ʘ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʝʤ - 73-
84 (ʩʨʝʜʥʝʝ 77%). 

2. ʅʘ ɼʉʇ-25 ʧʨʠ ʨʘʩʢʠʩʣʝʥʠʠ ʩʪʘʣʠ ʚ ʧʝʯʠ ʬʝʨʨʦʩʠʣʠʮʠʝʤ ʌʉ65 ʫʩʚʦʝʥʠʝ 
ʢʨʝʤʥʠʷ ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʫʨʦʚʥʝ 40-64% (ʩʨʝʜʥʝʝ 55%), ʘ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʝʤ 
ʌʉ45ɸ15 - 75-92 (ʩʨʝʜʥʝʝ 83%). 

3. ʋʚʝʣʠʯʝʥʠʝ ʫʩʚʦʝʥʠʷ ʢʨʝʤʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʝʤʥʝʟʝʤʘ, 
ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʰʣʘʢ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ ʧʦʟʚʦʣʷʝʪ   ʧʦʣʫʯʘʪʴ 

ʪʨʝʙʫʝʤʫʶ ʦʩʥʦʚʥʦʩʪʴ CaO/SiO2 ʧʝʯʥʦʛʦ ʰʣʘʢʘ (ʥʝ ʤʝʥʝʝ 2,0) ʧʨʠ  ʩʦʢʨʘʱʝʥʠʠ  
ʨʘʩʭʦʜʘ ʠʟʚʝʩʪʠ ʥʘ 10-30%, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʢʫʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ. 

4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʨʘʩʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʝʤ 

ʚ ʧʝʯʠ ʩʥʠʞʘʝʪʩʷ ʨʘʩʭʦʜ ʯʫʰʢʦʚʦʛʦ ʘʣʶʤʠʥʠʷ ɸɺ87 (87% ɸ1 ʠ 13% ʧʨʠʤʝʩʠ) ʚ ʢʦʚʰʝ 
ʥʘ ʚʳʧʫʩʢʝ ʥʘ 0,2-0,3 ʢʛ/ʪ ʩʪʘʣʠ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʟʘʚʦʜʝ çColakoglumetalrgiè (ʊʫʨʮʠʷ) 
ʇʘʨʪʠʷ ʩʧʣʘʚʘ ʌʉɸ ʚ ʢʦʣʠʯʝʩʪʚʝ 20 ʪʦʥʥ ʧʦʩʪʘʚʣʝʥʘ ʚ ʊʫʨʮʠʶ ʛ. ʀʟʤʝʪ ʥʘ 

ʟʘʚʦʜ çColakoglumetalrgiè ʠ ʠʩʧʳʪʘʥʘ ʧʨʠ ʚʳʧʣʘʚʢʝ ʩʪʘʣʠ ʚ ʵʣʝʢʪʨʦʧʝʯʠ (ɼʉʇ) 

ʝʤʢʦʩʪʴʶ 300 ʪʦʥʥ ʧʨʦʠʟʚʦʜʩʪʚʘ çSimens-FAI-Fuksè. ʇʨʦʚʝʜʝʥʦ 30 ʧʣʘʚʦʢ ʩʪʘʣʠ ʪʠʧʘ 
ɸ400, ɸ500, 6ʂ40, ʉʂ50. ʇʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʣʠ ʬʝʨʨʦʩʠʣʠʮʠʡ ʤʘʨʢʠ ʌʉ65 

(6,6 ʢʛ ʥʘ ʪʦʥʥʫ ʩʪʘʣʠ) ʠ ʘʣʶʤʠʥʠʡ (0,3 ʢʛ ʥʘ ʪʦʥʥʫ ʩʪʘʣʠ), ʨʘʥʝʝ ʧʦʜʘʚʘʝʤʳʝ ʜʣʷ 
ʩʥʠʞʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʞʝ ʩ ʫʯʝʪʦʤ ʢʨʝʤʥʠʷ ʠʟ ʌʉɸ ʧʨʠ ʧʦʜʘʯʝ ʚ ʢʦʚʰ 
ʩʦʢʨʘʪʠʣʠ ʥʘ 1,6 ʢʛ/ʪ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ 

ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʘʣʠ, ʧʦʜʘʚʘʝʤʦʡ ʥʘ ʧʝʯʴ-ʢʦʚʰ (LF) ʙʳʣ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʬʝʨʨʦʩʠʣʠʮʠʷ ʠ ʘʣʶʤʠʥʠʷ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʨʘʩʢʠʩʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʧʣʘʚʘ ʌʉɸ. ʇʦʜʘʯʘ ʌʉɸ ʚ ʢʦʚʰ ʧʨʠ ʚʳʧʫʩʢʝ ʩʪʘʣʠ ʩʥʠʟʠʣʘ ʘʢʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ ʥʘ 
100-120 ʨʨm ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʚʢʘʤʠ, ʨʘʩʢʠʩʣʷʝʤʳʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʌʉ65 ʠ 
ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʘʣʶʤʠʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʢʠʩʣʠʪʝʣʝʡ 

ʧʦʜʘʚʘʝʤʳʭ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʥʘ ʧʝʯʴ-ʢʦʚʰʝ (LF).  
ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʌʉɸ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʂ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʟʘʚʦʜʘ ʚ ʂʘʨʘʛʘʥʜʠʥʩʢʦʤ ʨʝʛʠʦʥʝ ʩ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʯʘʩʪʠʝʤ.  

ɺ ʫʩʣʦʚʠʷʭ ʥʦʚʦʛʦ ʟʘʚʦʜʘ ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʜʝʡʩʪʚʦʚʘʪʴ 6 ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʠʭ 

ʧʝʯʝʡ ʪʠʧʘ ʈʂʆ-33 ʄɺɸ, ʚʚʦʜ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʵʪʘʧʥʦ. 
ʆʜʥʠʤ ʠʟ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ - ʤʘʨʛʘʥʮʝʚʘʷ. 

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʟʘ ʚʨʝʤʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʦʚʘʷ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ - ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʚʢʣʶʯʘʶʱʘʷ 
ʧʦʣʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʦʪ ʜʦʙʳʯʠ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ, ʠʭ ʦʙʦʛʘʱʝʥʠʷ ʠ 



44 

 

 

ʧʦʣʫʯʝʥʠʷ ʪʦʚʘʨʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ ʚʳʧʣʘʚʢʠ ʠʟ ʥʠʭ  
ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʂʘʟʘʭʩʪʘʥ ʧʨʦʯʥʦ ʟʘʥʷʣ ʧʦʟʠʮʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 
ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʧʨʦʩʦʤ ʥʘ ʤʠʨʦʚʦʤ 

ʨʳʥʢʝ, ʢʘʢ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩʬʦʨʘ. 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʂʘʟʘʭʩʪʘʥ ʧʦ ʟʘʧʘʩʘʤ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ 

ʉʅɻ (ʧʦʩʣʝ ʋʢʨʘʠʥʳ), ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ 70% ʦʙʲʝʤʘ ʟʘʧʘʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʩʪʘʥʜʘʨʪʥʳʭ ʤʘʨʦʢ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ.  

ʇʝʨʝʨʘʙʦʪʢʘ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʧʦ ʜʝʡʩʪʚʫʶʱʠʤ, ʩʪʘʥʜʘʨʪʥʳʤ 
ʪʝʭʥʦʣʦʛʠʷʤ ʥʝʚʦʟʤʦʞʥʘ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ. ʇʨʠ ʧʨʷʤʦʤ ʧʝʨʝʜʝʣʝ 
ʜʘʥʥʳʭ ʨʫʜ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʤʘʨʢʠ ʤʘʨʛʘʥʮʝʚʳʭ ʩʧʣʘʚʦʚ. ʀʩʭʦʜʷ ʠʟ 

ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ, ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʧʣʘʚʣʷʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʤʘʨʢʠ ʤʘʨʛʘʥʮʝʚʳʭ 

ʩʧʣʘʚʦʚ ʠʟ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ. 
ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʦʙʞʠʛʤʘʛʥʠʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ 

ʨʫʜ, ʚʢʣʶʯʘʶʱʠʡ ʩʪʘʜʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʝʣʝʟʘ ʛʘʟʦʚʳʤʠ ʫʛʣʷʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʐʫʙʘʨʢʦʣʴ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʤʘʛʥʠʪʥʫʶ ʩʝʧʘʨʘʮʠʶ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʪʜʝʣʠʪʴ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʦʨʤʳ ʞʝʣʝʟʦ ʦʪ ʤʘʨʛʘʥʮʝʚʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ 

ʩʳʨʴʷ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʛʘʥʮʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʠʟ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʠ ʧʘʨʘʣʣʝʣʴʥʦ 
ʚʳʜʝʣʷʪʴ ʞʝʣʝʟʦʨʫʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ. 

ʉʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʘʨʛʘʥʮʝʚʳʝ ʤʠʥʝʨʘʣʳ ʩʦʭʨʘʥʠʣʠ 

ʥʝʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʥʝʤʘʛʥʠʪʥʳʝ ʤʠʥʝʨʘʣʳ ʞʝʣʝʟʘ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ ʙʳʣʠ 
ʧʝʨʝʚʝʜʝʥʳ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʚʠʜʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʠʣʠ ʤʘʛʥʝʪʠʪʘ 
(Fe3O4). ʂʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚ ʧʝʯʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ 
ʞʝʣʝʟʘ ʜʦ ʤʘʛʥʝʪʠʪʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʦʙʞʠʛʘ ʧʦʜʙʠʨʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʢ ʢʘʞʜʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʦʙʞʠʛʘ ʞʝʣʝʟʥʳʭ ʨʫʜ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʝʨʝʚʦʜ ʨʫʜʥʦʡ 

ʯʘʩʪʠ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʚʠʜʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ, ʤʘʛʥʝʪʠʪʘ ʠʣʠ 
ʤʘʛʛʝʤʠʪʘ. ʇʦʩʣʝʜʫʶʱʝʝ ʧʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ 

ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʨʫʜʥʫʶ ʯʘʩʪʴ ʦʪ ʧʫʩʪʦʡ ʧʦʨʦʜʳ. 
ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʚʳʜʘʯʝʡ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʩʦʟʜʘʥʠʝʤ ʦʩʥʦʚ ʧʨʦʮʝʩʩʦʚ ʤʘʛʥʝʪʠʟʘʮʠʠ ʜʣʷ ʦʙʞʠʛʤʘʛʥʠʪʥʦʛʦ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʞʝʣʝʟʘ ʦʪ ʤʠʥʝʨʘʣʦʚ ʤʘʨʛʘʥʮʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 
ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʤ ʨʫʜʘʤ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ, ʪʘʢ ʢʘʢ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʝ ʨʫʜʳ 

ʦʪʥʦʩʠʣʠʩʴ ʢ ʥʝʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʫʜʘʤ. ʂ ʪʦʤʫ ʞʝ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ 
ʨʫʜ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ 
ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ (ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʠʟʚʝʩʪʥʦ ʜʦ 100, ʘ ʧʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ 260 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʨʫʜ). 
ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 
-ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ-

ʜʠʘʛʨʘʤʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʬʘʟʦʚʦʛʦ ʩʪʨʦʝʥʠʷ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʳ Fe-ʄn-ʉ-ʆ ʠ ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʝʯʥʳʝ ʬʘʟʦʚʳʝ 
ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʘʤ ʦʙʞʠʛʤʘʛʥʠʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʞʝʣʝʟʦ- ʠ 

ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ.  
-ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ 550Áʉ ʦʧʪʠʤʘʣʴʥʦʡ ʬʘʟʦʚʦʡ 

ʦʙʣʘʩʪʴʶ ʷʚʣʷʝʪʩʷ Fe3ʆ4-ʄn3ʆ4-ɽ
3-Fe-ʉ-ʄnʆ. ɼʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 550Áʉ 
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ʦʧʪʠʤʘʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʄnʆ-Fe-ʉ-E1
(750, 950, 1150), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʤʝʪʘʣʣʠʟʠʨʫʶʱʝʤʫ ʦʙʞʠʛʫ, ʠ Fe3ʆ4-ʄnʆ-ʄn3ʆ4-ɽ
2-ɽ3, - ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʤʘʛʥʝʪʠʟʠʨʫʶʱʝʤʫ ʦʙʞʠʛʫ (ʛʜʝ ʨʝʧʝʨʥʳʝ ʪʦʯʢʠ E1, E2,E3 ʩʦʦʪʥʦʰʝʥʠʝ ʉʆ/ʉʆ2 ʧʨʠ 
ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ). 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʨʫʧʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦ ʦʪʨʘʙʦʪʢʝ 
ʧʦʣʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʪ ʦʙʞʠʛʤʘʛʥʠʪʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ 
ʨʫʜ, ʦʢʫʩʢʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʞʠʛʤʘʛʥʠʪʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʤʝʪʦʜʘʤʠ 

ʘʛʣʦʤʝʨʘʮʠʠ ʠ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ, ʜʦ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʠ 
ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʥʘ ʨʫʜʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʯʠ ʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ 

ʤʦʱʥʦʩʪʴʶ 200ʢɺɸ (ʪʘʙʣʠʮʘ 5). 
ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ  ʜʣʷ ʚʦʚʣʝʯʝʥʠʷ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ  ʠʭ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʧʝʨʝʜʝʣ ʚ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʦʡ ʧʝʯʠ ʩ 

ʚʳʧʣʘʚʢʦʡ ʙʦʛʘʪʦʛʦ ʤʘʨʛʘʥʮʦʚʠʩʪʦʛʦ ʰʣʘʢʘ (ɹʄʐ) ʠ ʟʝʨʢʘʣʴʥʦʛʦ ʯʫʛʫʥʘ. 
ʊʘʙʣʠʮʘ 5 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʘ ʠ ʰʣʘʢʘ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʢʨʫʧʥʦ-

ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʝʯʠ ʈʂʆ-200 ʢɺɸ 

 ̄

ɺʳʭʦʜ 

ʤʝʪʘʣ
ʣʘ, ʢʛ 

ʉʦʜʝʨʞʘʥʠʝ, % 

ʄʝʪʘʣʣ ʐʣʘʢ 

Mn Si Mnʆ SiO2 P FeO CaO MgO Al2O3 

ʌʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʝʮ 

1 8,87 66,05 16,8 8,23 44,61 0,01 0,42 23,04 2,09 19,57 

2 10,79 69,76 16,95 8,44 41,38 0,011 0,51 18,61 2,09 19,94 

3 10,18 68,89 17,3 8,44 41,38 0,011 0,51 18,61 2,09 19,94 

4 6,16 66,93 18,47 8,02 35 0,068 0,47 21,01 3,82 23,08 

5 
6,85 76,74 14,25 

6,12 31,82 0,051 0,38 18,77 3,34 25,28 
8,12 78,04 14,96 

 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʚ 

ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʦʪʨʘʩʣʠ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʚ ʜʚʘ ʵʪʘʧʘ, ʩ ʧʨʠʥʷʪʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʦʙʨʘʟʮʘ 
ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʰʢʘʪʳʥ-1: 

I. ɺʳʧʣʘʚʢʘ ɹʄʐ (ʙʦʛʘʪʦʛʦ ʤʘʨʛʘʥʮʦʚʠʩʪʦʛʦ ʰʣʘʢʘ) ʠ ʟʝʨʢʘʣʴʥʦʛʦ ʯʫʛʫʥʘ ʠʟ 
ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʰʢʘʪʳʥ-1. 

II. ɺʘʨʠʘʥʪʳ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʠʟ ʩʤʝʩʠ ɹʄʐ ʠ ʢʦʥʮʝʥʪʨʘʪʘ, ʘ 
ʪʘʢʞʝ ʠʟ 100% ɹʄʐ. 

ʕʪʘʧ 1: ʇʦʩʢʦʣʴʢʫ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʰʢʘʪʳʥ-1 ʦʪʥʦʩʷʪʩʷ ʢ 

ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʤ ʠ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʩʪʘʥʜʘʨʪʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʢʨʦʤʝ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ 

ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʡ ʰʠʭʪʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʫʛʫʥʘ, ʪʦ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʦʙʦʛʘʱʝʥʠʷ 
ʜʘʥʥʳʭ ʨʫʜ ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʧʝʨʝʜʝʣ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʚʝʩʪʠ ʞʝʣʝʟʦ ʚ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʧʦʧʫʪʥʦʛʦ ʯʫʛʫʥʘ ʠ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ï ʤʘʨʛʘʥʮʦʚʠʩʪʦʛʦ ʰʣʘʢʘ. 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʋʰʢʘʪʳʥ-1 ʬʨʘʢʮʠʠ 10-50 ʤʤ, ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʨʦʙʝ ʙʳʣ ʩʣʝʜʫʶʱʠʤ: (ʚ % ʧʦ ʤʘʩʩʝ:) Feo6ʱ. ï 29,52; 
ʄnʦʙʱ. ï 14,56; SiO2 ï 11,72; ɸ12ʆ3 ï 3,0; ʉʘʆ ï 7,76; MgO ï 0,12; Baʆ ï 0,3; ʈ ï 0,13; 
ʧ.ʧ.ʧ. ï 10,6.  
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ɹʄʐ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ 
ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʦʡ ʧʝʯʠ ʤʦʱʥʦʩʪʴʶ 200 ʢɺɸ. ʇʦʩʣʝ ʨʘʟʦʛʨʝʚʘ ʧʝʯʠ ʠ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ 

ʙʳʣ ʧʨʠʥʷʪ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ ʰʠʭʪʳ: 20 ʢʛ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ; 3,0 ʢʛ 
ʢʦʢʩʘ. ɿʦʣʴʥʦʩʪʴ ʢʦʢʩʘ ʩʦʩʪʘʚʣʷʣʘ 14,2%. ɺ ʧʝʨʠʦʜ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʧʨʦʮʝʩʩʘ ʨʘʩʭʦʜ 

ʢʦʢʩʘ ʠʟʤʝʥʷʣʠ ʦʪ 2,5 ʜʦ 4,0 ʢʛ. ɺʥʝʰʥʝ ʧʨʦʮʝʩʩ ʰʝʣ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʠʱʝʡ ʠ ʚʳʥʦʩʘ 
ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʪʳ ʬʨʘʢʮʠʝʡ ʜʦ 
ʧʣʶʩ 3 ʤʤ. ʇʣʘʚʢʠ ʧʨʦʚʦʜʠʣʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 18 ɺ. ɼʣʷ ʦʧʨʦʙʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʚʦʢ ʥʘ ʧʦʚʳʰʝʥʥʦʡ ʩʪʫʧʝʥʠ ʥʘʧʨʷʞʝʥʠʷ ʧʝʯʴ ʙʳʣʘ 
ʧʝʨʝʢʣʶʯʝʥʘ ʥʘ 24 ɺ. ʇʨʠ ʵʪʦʤ ʧʦʚʝʜʝʥʠʝ ʰʠʭʪʳ ʥʘ ʢʦʣʦʰʥʠʢʝ ʠ ʭʦʜ ʧʣʘʚʢʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʦʧʣʘʚʢʫ ʜʘʥʥʦʡ ʨʫʜʳ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʧʝʯʘʭ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ (10-16 
ʄɺɸ), ʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʜʝʣʘ ʤʘʨʛʘʥʮʦʚʠʩʪʦʛʦ ʰʣʘʢʘ ʚ ʧʝʯʠ ʙʦʣʝʝ ʧʦʚʳʰʝʥʥʦʡ 
ʤʦʱʥʦʩʪʠ. ɺʩʝʛʦ ʙʳʣʦ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 1800 ʢʛ ʢʦʥʮʝʥʪʨʘʪʘ ʠ 270 ʢʛ ʢʦʢʩʘ. ʇʦʣʫʯʝʥʦ ï 

745 ʢʛ ʰʣʘʢʘ ʠ 540 ʢʛ ʯʫʛʫʥʘ. ʈʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 1 ʛ ʯʫʛʫʥʘ 
ʩʣʝʜʫʶʱʝʝ: ʢʦʥʮʝʥʪʨʘʪ ʋʰʢʘʪʳʥ-1 ï 3,35 ʪ; ʢʦʢʩ ï 0,5 ʪ; ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ï 1,8-2,0 ʄɺʪ. 

ɺʳʭʦʜ ɹʄʐ 1,35-1,4 ʪ/ʪ ʯʫʛʫʥʘ. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ 
ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 

ʊʘʙʣʠʮʘ 6 ï ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʄʐ ʠ 

ʟʝʨʢʘʣʴʥʦʛʦ ʯʫʛʫʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɽʜ. ʠʟʤ. ɿʥʘʯʝʥʠʝ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʫʪ.  

ʇʦʣʫʯʝʥʦ ʰʣʘʢʘ/ʯʫʛʫʥʘ ʢʛ 745/540 

ʄʦʱʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢBA 200 

ʅʘʧʨʷʞʝʥʠʝ ɺ 18 

ʈʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ:   

ɾʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪ  1800 
ʢʦʢʩ  270 

ʉʦʩʪʘʚ ʯʫʛʫʥʘ: %  

ʫʛʣʝʨʦʜ  4,2 
ʤʘʨʛʘʥʝʮ  4,5 

ʢʨʝʤʥʠʡ  0,7 
ʬʦʩʬʦʨ  0,29 
ʩʝʨʘ  0,038 

ʉʦʩʪʘʚ ɹʄʐ %  
ʤʘʨʛʘʥʝʮ (ʦʙʱʠʡ)  30,1 

ʞʝʣʝʟʦ (ʦʙʱʝʝ)  3,12 
ʢʨʝʤʥʝʟʝʤ  33,64 
ʛʣʠʥʦʟʝʤ  6,59 

ʦʢʩʠʜ ʢʘʣʴʮʠʷ  10,64 
ʦʢʩʠʜ ʤʘʛʥʠʷ  0,79 

ʬʦʩʬʦʨ  0,03 

ʆʩʥʦʚʥʦʩʪʴ ʰʣʘʢʘ  0,31 

ʂʨʘʪʥʦʩʪʴ ʰʣʘʢʘ  1,35-1,4 

ʇʝʨʝʭʦʜ ʤʘʨʛʘʥʮʘ ʚ ʤʝʪʘʣʣ/ʰʣʘʢ  9,2/79,8 

ʇʝʨʝʭʦʜ ʞʝʣʝʟʘ ʚ ʤʝʪʘʣʣ/ʰʣʘʢ  91/7,1 
 

ʕʪʘʧ 2: ʇʦʣʫʯʝʥʥʳʡ ɹʄʐ ʩʦʜʝʨʞʠʪ ʤʘʨʛʘʥʝʮ ʤʝʥʝʝ 30%, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 
ʩʢʘʞʝʪʩʷ ʥʘ ʢʨʘʪʥʦʩʪʠ ʰʣʘʢʘ ʧʨʠ ʚʳʧʣʘʚʢʝ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʦʟʝʤʘ ʠ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʪʘʢʞʝ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʨʘʪʥʦʩʪʠ 
ʰʣʘʢʘ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʧʦʠʩʢʠ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ɹʄʐ. ʇʦʵʪʦʤʫ 
ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʄʐ (ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʚ ʥʝʤ) ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʣʘʚʢʘ ʝʛʦ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ 
ʋʰʢʘʪʳʥ-I ʚ ʩʤʝʩʠ ʩ ʤʘʨʛʘʥʮʝʚʳʤʠ ʢʦʥʮʝʥʪʨʘʪʘʤʠ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ 
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ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ, ʥʘʧʨʠʤʝʨ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ ʥʝ ʤʝʥʝʝ 20% ʠ ʞʝʣʝʟʘ ʚ 
ʧʨʝʜʝʣʘʭ 10-15%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʠʥʮʠʧʝ ʧʦʣʫʯʝʥ ʪʦʚʘʨʥʳʡ ʰʣʘʢ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ (ʪʘʙʣʠʮʳ 7 ʠ 8). 
ʊʘʙʣʠʮʘ 7 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʘ 

ʂʦʤʧʦʥʝʥʪʳ 

Mn Fe SiO2 Al2O3 CaO MgO P S ʧ.ʧ.ʧ. 

ʄʘʨʛʘʥʮʝʚʳʡ 

ʢʦʥʮʝʥʪʨʘʪ 
ɿʘʧʘʜʥʳʡ 

ʂʘʤʳʩ 

33,1 3,32 14,21 1,83 10,4 0,1 0,051 0,0,6 13,7 

ɿʦʣʘ ʢʦʢʩʘ - 6,72 43,6 25,4 5,2 3,9 - - - 

ʊʘʙʣʠʮʘ 8 ïʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ 

 
ʐʠʭʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 50% 

ʐʠʭʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
100% 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ 1 ʪ 
ʌʉʄ, ʪ 

ʂʦʥʮʝʥʪʨʘʪ ɹʄʐ ʂʦʢʩ ɹʄʐ ʂʦʢʩ 

2,0 2,0 0,71 4,1 0,6 

ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ 
ʧʦʣʫʯʝʥʥʦʛʦ 
ʩʧʣʘʚʘ, ʚ % 

Mn Si C P Mn Si C P 

71,66 16,0 0,55 0,03 68,4 15,9 0,55 0,001 

ʉʪʝʧʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ 
ʤʘʨʛʘʥʮʘ 

75,6 75,8 

ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʦʪʚʘʣʴʥʦʛʦ 
ʰʣʘʢʘ, % 

MnO SiO2 CaO MnO SiO2 CaO 

13,29 48,5 25,2 13,5 46,5 23,8 

ʂʨʘʪʥʦʩʪʴ ʰʣʘʢʘ 1,03 1,24 

ʆʩʥʦʚʥʦʩʪʴ 

ʰʣʘʢʘ 
0,52 0,51 

 
ɺ ʮʝʣʦʤ, ʧʨʦʚʝʜʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʚ 

ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʦʪʨʘʩʣʠ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ 
ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʜʚʘ ʵʪʘʧʘ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ: 

I. ɺʳʧʣʘʚʢʫ ɹʄʐ (ʙʦʛʘʪʦʛʦ ʤʘʨʛʘʥʮʦʚʠʩʪʦʛʦ ʰʣʘʢʘ) ʠ ʟʝʨʢʘʣʴʥʦʛʦ ʯʫʛʫʥʘ ʠʟ 
ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʰʢʘʪʳʥ-1. 

II. ɺʘʨʠʘʥʪʳ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʠʟ ʩʤʝʩʠ ɹʄʐ ʠ ʢʦʥʮʝʥʪʨʘʪʘ, ʘ 

ʪʘʢʞʝ ʠʟ 100% ɹʄʐ. 
ʋʩʪʘʥʦʚʣʝʥʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʩʤʝʩʠ 
ʢʦʢʩʘ ʩ ʚʳʩʦʢʦʟʦʣʴʥʳʤ ʢʘʤʝʥʥʳʤ ʫʛʣʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʦʚʣʝʯʴ ʚ ʬʝʨʨʦʩʧʣʘʚʥʳʡ ʧʝʨʝʜʝʣ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʝ ʨʫʜʳ ʩ 

ʚʳʧʣʘʚʢʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʤʘʨʢʠ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ. 
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ʋɼʂ 541.11:536.1:669.046:187 

ʌʋʅɼɸʄɽʅʊɸʃʔʅɸʗ ɺɿɸʀʄʆʉɺʗɿʔ ʆʉʅʆɺʅʓʍ ʇɸʈɸʄɽʊʈʆɺ 

ʊɽʈʄʀʏɽʉʂʀ ɸʂʊʀɺʀʈʋɽʄʓʍ ʗɺʃɽʅʀʁ ʇɽʈɽʅʆʉɸ ɺ ʉʃʆɾʅʓʍ 

ʆʂʉʀɼʅʓʍ ʈɸʉʇʃɸɺɸʍ 

 
ʄ.ʄ. ɻʘʩʠʢ1, ʄ.ʀ. ɻʘʩʠʢ2, ʃ.ʀ. ʃʝʦʥʪʴʝʚ3, ɺ.ʗ. ɼʘʰʝʚʩʢʠʡ3, ʂ.ɺ. ɻʨʠʛʦʨʦʚʠʯ3 

1 ï ɸʘʣʪʦ ʫʥʠʚʝʨʩʠʪʝʪ. ʕʉʇʆʆ, ʍʝʣʴʩʠʥʢʠ, ʌʠʥʣʷʥʜʠʷ; 2 ï ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ; 3 ï ʌɻɹʋʅ 
ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ.ɸ.ɸ. ɹʘʡʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

 
ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʰʣʘʢʠ ʷʚʣʷʶʪʩʷ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʧʨʦʜʫʢʪʦʤ ʧʣʘʚʢʠ, 

ʦʙʨʘʟʫʶʱʠʤʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ, ʧʣʘʚʣʝʥʠʷ ʠ ʩʣʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʩʠʜʦʚ 

ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʘʛʨʝʛʘʪʝ. ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʰʣʘʢʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʘʢʞʝ ʟʦʣʘ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʜʦʙʘʚʢʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʬʣʶʩʦʚ ʠ ʚ ʥʝʢʦʪʦʨʳʭ 
ʩʣʫʯʘʷʭ ʧʨʦʜʫʢʪʳ ʠʟʥʦʩʘ ʬʫʪʝʨʦʚʢʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʝʯʝʡ. ɼʣʷ ʨʘʬʠʥʠʨʦʚʘʥʠʷ 
ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʰʣʘʢʠ, ʢʦʪʦʨʳʝ ʛʦʪʦʚʷʪ ʜʦ 

ʧʣʘʚʢʠ ʠ ʚʚʦʜʷʪ ʚ ʘʛʨʝʛʘʪ (ʧʝʯʴ, ʢʦʚʰ) ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʰʣʘʢʦʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ ʜʣʷ 
ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ (ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ). 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʰʣʘʢʠ ʠ ʬʣʶʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ 
ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʩʦʩʪʘʚ ʰʣʘʢʦʚ, ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ: 
ʦʩʥʦʚʥʳʝ (CaO, MnO, FeO, MgO), ʢʠʩʣʳʝ (SiO2, P2O5) ʠ ʘʤʬʦʪʝʨʥʳʝ (Al2O3, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʣʴʥʳʭ ʦʢʩʠʜʦʚ ʠʛʨʘʝʪ ʨʦʣʴ ʦʩʥʦʚʘʥʠʷ ʠʣʠ ʢʠʩʣʦʪʳ). 
ʂʨʦʤʝ ʥʠʭ ʚ ʰʣʘʢʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʙ·ʣʴʰʠʭ ʠʣʠ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʫʣʴʬʠʜʳ 

MnS, CaS, ʚ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʰʣʘʢʘʭ ʦʢʩʠʜʳ TiO2, Cr2O3, V2O5 ʠ ʜʨ., ʘ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 
ʬʣʶʩʘʭ ʜʣʷ ʩʚʘʨʢʠ ʠ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʧʝʨʝʧʣʘʚʘ ʬʪʦʨʠʜ CaF2. ʐʣʘʢʠ ʠ ʬʣʶʩʳ 
ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʩʚʘʨʢʠ ï ʦʥʠ ʦʯʠʱʘʶʪ ʤʝʪʘʣʣ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʧʨʝʜʦʭʨʘʥʷʶʪ ʦʪ 
ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʡ ʩʨʝʜʳ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʪʨʫʢʪʫʨʘ ʦʢʩʠʜʥʳʭ 
ʨʘʩʧʣʘʚʦʚ ʚʝʩʴʤʘ ʩʣʦʞʥʘ ʠ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʜʠʩʢʫʩʩʠʦʥʥʦʡ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʞʠʜʢʠʝ ʰʣʘʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʣʠʛʦʤʝʨʥʦ-ʠʦʥʥʳʝ ʨʘʩʧʣʘʚʳ, 

ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ MeOSiO2  

ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʧʦʨʷʜʢʘ 2-ʭ, ʢʘʞʜʳʡ ʪʝʪʨʘʵʜʨ SiO4
4- 

ʠʤʝʝʪ ʦʜʠʥ ʥʝ ʧʦʜʝʣʸʥʥʳʡ ʫʛʦʣ, ʪ.ʝ. ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʝʪʨʘʵʜʨʦʚ. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʨʷʜʢʘ 1-ʛʦ, ʩʪʨʫʢʪʫʨʘ ʩʢʣʦʥʥʘ 
ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʩʢʦʥʝʯʥʳʭ ʮʝʧʝʡ ʪʝʪʨʘʵʜʨʦʚ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʩʝʪʴ 
ʪʝʪʨʘʵʜʨʦʚ ʨʘʟʨʳʚʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʥʘʯʘʣʘ ʬʨʘʛʤʝʥʪʦʚ (ʢʦʣʝʮ) ʠ ʟʘʪʝʤ 

ʜʠʩʢʨʝʪʥʳʭ ʢʣʘʩʪʝʨʦʚ ʢʨʝʤʥʝʟʝʤʘ.  
ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʦʩʬʘʪʥʳʡ ʠʦʥ (PO4

4-) ʤʦʞʝʪ ʣʝʛʢʦ ʟʘʤʝʱʘʪʴ ʢʨʝʤʥʠʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʪʝʪʨʘʵʜʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʣʶʤʠʥʘʪ-ʠʦʥ (ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ ʘʤʬʦʪʝʨʥʦʩʪʠ) 
ʤʦʞʝʪ ʢʘʢ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʠʣʠʢʘʪʥʫʶ ʩʝʪʴ (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ AlO4

5-), ʪʘʢ ʠ ʨʘʟʨʫʰʘʪʴ 
ʝʝ (ʧʨʠ ʚʳʩʦʢʦʡ ʦʩʥʦʚʥʦʩʪʠ). ɺʣʠʷʥʠʝ ʬʪʦʨʠʜʦʚ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ 

ʚʣʠʷʥʠʶ ʘʣʶʤʠʥʘʪʦʚ ʧʨʠ ʚʳʩʦʢʦʡ ʦʩʥʦʚʥʦʩʪʠ, ʪ.ʝ. ʚʝʜʫʱʝʝ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʠʣʠʢʘʪʥʳʭ 
ʩʝʪʝʡ (Si2O7

7- + F- Ÿ SiO4
4- + SiFO3

4-), ʭʦʪʷ ʧʨʦʜʦʣʞʘʝʪ ʥʝʷʩʥʳʤ ʦʩʪʘʚʘʪʴʩʷ ʢʘʢ ʵʪʦʪ 

ʤʝʭʘʥʠʟʤ, ʪʘʢ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʬʪʦʨʦʩʠʣʠʢʘʪ-ʠʦʥʘ ʩʠʣʠʢʘʪʥʦʤʫ ʪʝʪʨʘʵʜʨʫ.  
ɺ ʵʪʫ ʩʭʝʤʫ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʧʦʧʘʜʘʶʪ ʨʘʩʧʣʘʚʳ, ʚʦʦʙʱʝ ʥʝ ʩʦʜʝʨʞʘʱʠʝ 

ʩʠʣʠʢʘʪʦʚ (ʥʘʧʨʠʤʝʨ, ʬʣʶʩʳ CaO-CaF2-Al2O3-FeO), ʢʦʪʦʨʳʝ ʬʦʨʤʘʣʴʥʦ ʥʝʣʴʟʷ ʦʧʠʩʘʪʴ 

ʩʠʣʠʢʘʪʥʦʡ ʦʣʠʛʦʤʝʨʠʟʘʮʠʝʡ. ʇʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʣʘʚʘ ʩʠʣʴʥʦ 
ʤʝʥʷʶʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʵʪʦ ʚʣʝʯʝʪ ʠʟʤʝʥʝʥʠʝ ʚʩʝʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʆʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʰʣʘʢʦʚ ʩʚʷʟʘʥʳ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʥʦʩʘ 
(ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʷʚʣʝʥʠʷʤʠ): ʜʠʬʬʫʟʠʝʡ (ʤʘʩʩʦʧʝʨʝʥʦʩ), ʚʷʟʢʠʤ ʪʝʯʝʥʠʝʤ (ʧʝʨʝʥʦʩ 
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ʤʘʩʩʳ ʠ ʤʦʤʝʥʪʘ ʜʚʠʞʝʥʠʷ), ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ (ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʚʦʡʩʪʚ ʰʣʘʢʦʚʳʭ ʨʘʩʧʣʘʚʦʚ, ʪʘʢ ʢʘʢ ʵʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʭʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
ɺʷʟʢʦʩʪʴ ʦʢʩʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ. ʆʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚʷʟʢʦʩʪʠ 

ʰʣʘʢʦʚʳʭ ʠ ʬʣʶʩʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʘʭ [1, 2]. ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ (ʢʘʢ 
ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 
ʧʨʦʩʪʳʤ ʫʨʘʚʥʝʥʠʝʤ ɸʨʨʝʥʠʫʩʘ, ʦʩʪʘʶʱʠʤʩʷ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ: 

ln ln
E

A
RT

h = + ,         (1)

  

ʛʜʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʚʷʟʢʦʝ ʪʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. 
ʆʜʥʘʢʦ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʥʝ ʧʨʠʥʠʤʘʝʪ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʰʣʘʢʘ ʤʝʥʷʝʪʩʷ ʩ 
ʪʝʤʧʝʨʘʪʫʨʦʡ (ʩʦʦʪʥʦʰʝʥʠʝ ʬʨʘʢʮʠʡ ʠʦʥʦʚ ʠ ʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʠ ʦʪ 

ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ). ɼʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ 
ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) ʥʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ɼʨʫʛʘʷ 
ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʚʳʨʘʞʝʥʘ ʠʟʤʝʥʝʥʥʦʡ ʬʦʨʤʫʣʦʡ ɸʨʨʝʥʠʫʩʘ ʜʣʷ 
ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ 

ln ln ln
E

A T
RT

h = + + .        (2) 

ɺʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ (ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ ʪʝʤʧʝʨʘʪʫʨ 
ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚʷʟʢʦʩʪʠ 

ʨʘʩʧʣʘʚʦʚ) ʦʙʘ ʫʨʘʚʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠ ʦʧʠʩʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʘʪʦʯʥʦ 
ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ, ʭʦʪʷ ʠ ʥʝ ʜʘʶʪ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʧʦʯʝʤʫ ʨʘʩʧʣʘʚ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 
ʩʦʩʪʘʚʘ ʠʤʝʝʪ ʪʫ ʠʣʠ ʠʥʫʶ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ. ʇʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ ʚ ʪʘʢʦʤ 

ʚʠʜʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʷʟʢʦʩʪʴ ʦʢʩʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. 
ʄʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʷʟʢʦʩʪʠ ʰʣʘʢʦʚ. ʀʭ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʝ 
(ʚʢʣʶʯʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ), ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʆʜʥʘʢʦ ʪʦʯʥʦʩʪʴ 
ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʷʟʢʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʘ ʰʣʘʢʘ. ʅʘʠʣʫʯʰʠʝ ʤʦʜʝʣʠ ʠʤʝʶʪ ʪʦʯʥʦʩʪʴ Ñ25%, 
ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ.  

ʄʦʜʝʣʴ ʀʠʜʘ ʠ ʜʨ. [3] ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʨʘʩʧʣʘʚ ʦʩʥʦʚʘʥ ʥʘ ʦʣʠʛʦʤʝʨʥʦʡ 
ʩʠʣʠʢʘʪʥʦʡ ʤʘʪʨʠʮʝ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 
ʩʠʣʠʢʘʪʥʦ-ʧʦʜʦʙʥʳʭ ʩʝʪʝʡ 
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ʛʜʝ ɖ ï ʚʷʟʢʦʩʪʴ ʰʣʘʢʘ; ɖ0 ï ʚʷʟʢʦʩʪʴ ʨʘʩʧʣʘʚʘ ʪʘʢʦʛʦ ʞʝ ʬʦʨʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʥʝ 
ʦʙʨʘʟʫʶʱʝʛʦ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ; ɖ0(i) ï ʚʷʟʢʦʩʪʴ ʯʠʩʪʳʭ ʦʢʩʠʜʦʚ; Xi ï ʤʦʣʴʥʘʷ ʜʦʣʷ 

ʦʢʩʠʜʦʚ i ʚ ʰʣʘʢʝ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʤʝʪʦʜʫ, ʠʩʧʦʣʴʟʫʶʱʝʤʫ 
ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʢʦʨʨʝʣʷʮʠʠ ʚʷʟʢʦʩʪʝʡ ʚ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʣʠʥʠʷʤʠ ʣʠʢʚʠʜʫʩ ʵʪʠʭ 
ʩʠʩʪʝʤ 
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ʛʜʝ Mi  ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʦʢʩʠʜʘ i ; Tm(i) ï ʪʝʤʧʝʨʘʪʫʨʘ ʝʛʦ ʧʣʘʚʣʝʥʠʷ ʠ Vm(i) ï ʤʦʣʷʨʥʳʡ 
ʦʙʲʝʤ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʄʦʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʣʷ ʩʠʩʪʝʤ, 

ʩʦʜʝʨʞʘʱʠʭ SiO2-Na2O-CaO-FeO-Al2O3-K2O-Li2O-PbO-B2O3-TiO2-MgO-MnO-Fe2O3, ʠ 
ʧʨʦʚʝʨʝʥʳ ʜʣʷ ʤʥʦʛʠʭ ʜʦʤʝʥʥʳʭ ʰʣʘʢʦʚ, ʬʣʶʩʦʚ ʠ ʦʢʩʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ, 
ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʟ ʟʦʣʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʢʩʘ. ʄʦʜʝʣʴ ʀʠʜʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ ʠ 
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ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʝʢʩʘ ʦʩʥʦʚʥʦʩʪʠ ʜʣʷ ʢʦʨʨʝʣʷʮʠʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ 
ʜʨʫʛʠʤʠ ʜʘʥʥʳʤʠ. 

ʄʦʜʝʣʴ ʂʦʨʦʣʝʚʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʉʪʦʢʛʦʣʴʤ) ʠʩʧʦʣʴʟʫʝʪ 
ʧʦʜʭʦʜ ʢ ʩʫʤʤʠʨʦʚʘʥʠʶ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ [4] 

**
imix i

i

E E E X= +ä         (5) 

ʛʜʝ ɽi * ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʯʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʜʝʣʴ ʨʘʙʦʪʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʪʦʣʴʢʦ ʚ ʩʠʩʪʝʤʘʭ SiO2-CaO-
FeO-Al2O3-MgO-MnO, ʠ ʦʯʝʚʠʜʥʳʤ ʝʝ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪ.ʢ. ʦʥʠ ʢʘʞʜʳʡ ʨʘʟ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 
ʙʘʟ ʜʘʥʥʳʭ. 

ʄʦʜʝʣʴ ʈʠʙʦ [2] ʦʩʥʦʚʘʥʘ ʥʘ ʫʨʘʚʥʝʥʠʠ ɺʝʡʥʤʘʥʥʘ-ʌʨʝʥʢʝʣʷ, ʢʦʵʬʬʠʮʠʝʥʪʳ 
ɸ ʠ ɺ ʢʦʪʦʨʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʰʣʘʢʘ, ʫʩʣʦʚʥʦ 
ʨʘʟʜʝʣʝʥʥʦʤ ʥʘ ʧʷʪʴ ʛʨʫʧʧ: 

çSiO2è:  SiO2 + P2O5 + TiO2 + ZrO2  
çCaOè:  CaO + FeO + MgO + B2O3 

çAl2O3è: Al2O3 
çNa2Oè:  Na2O + K2O 
çCaF2è:  CaF2 

ʩ ʫʢʘʟʘʥʥʳʤʠ ʚ ʩʪʘʪʴʝ [1] ʯʠʩʣʝʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ 
ʧʦʧʫʣʷʨʥʦʩʪʴ, ʵʪʘ ʤʦʜʝʣʴ ʥʝ ʨʘʙʦʪʘʝʪ ʧʨʘʚʠʣʴʥʦ ʜʘʞʝ ʚ ʪʘʢʠʭ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ 

SiO2-CaO-Fe2O3 ʠ SiO2-FeO-MnO-Fe2O3. 
ɺ ʨʘʙʦʪʝ [2] ʧʨʠʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʝʜʦʩʪʘʪʢʦʚ ʦʪʤʝʯʘʶʪʩʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʝʡ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʤʦʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʥʳʭ ʧʘʨ ʠ 

ʧʨ.). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʠ ʥʘʫʯʥʦ 
ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʚʷʟʢʦʩʪʠ ʩʣʦʞʥʳʭ ʦʢʩʠʜʥʳʭ 

ʨʘʩʧʣʘʚʦʚ. 
ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʢʩʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʰʣʘʢʦʚʳʭ ʦʢʩʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ 
ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʧʝʨʝʧʣʘʚʘ, ʚʳʧʣʘʚʢʠ 
ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ ʚ ʵʣʝʢʪʨʦʧʝʯʘʭ ʠ ʢʘʯʝʩʪʚʘ ʩʚʘʨʢʠ ʧʦʜ ʬʣʶʩʘʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʘʢ ʠ ʚʷʟʢʦʩʪʴ ʨʘʩʧʣʘʚʦʚ, ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʣʠʥʝʡʥʦ ʠ 
ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ɸʨʨʝʥʠʫʩʘ (1) ʜʣʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʊʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʚʷʟʢʦʩʪʠ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʰʣʘʢʦʚ ʚ ʩʚʦʝ 
ʚʨʝʤʷ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʕʪʠ ʤʦʜʝʣʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 
ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʰʣʘʢʘ ʢʘʢ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

(ʵʣʝʢʪʨʦʣʠʪʘ) ʣʠʙʦ ʥʘ ʫʧʨʦʱʝʥʥʳʭ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ɺ ʨʷʜʝ 
ʤʦʜʝʣʝʡ ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʳʭ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʚʘʣʝʥʪʥʦʩʪʝʡ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʠʤʝʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ. ʂʘʢ 
ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʩʠʣʠʢʘʪʥʳʝ ʨʘʩʧʣʘʚʳ, ʢʘʢʠʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʷʚʣʷʶʪʩʷ 
ʰʣʘʢʠ, ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʣʠʢʘʪʥʳʭ ʩʝʪʦʢ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ, ʠ ʧʦʵʪʦʤʫ ʜʣʷ ʥʠʭ ʩʣʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦʥʷʪʠʝ çʩʨʝʜʥʝʡ ʯʘʩʪʠʮʳè. 
ʅʘʧʨʠʤʝʨ, ʜʣʷ ʰʣʘʢʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ MnO-SiO2-CaO 

ʧʨʝʜʣʘʛʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ çʵʢʚʠʚʘʣʝʥʪʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴè L [5], ʩʚʷʟʘʥʥʫʶ ʩ 

ʬʘʢʪʠʯʝʩʢʦʡ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ c ʩʦʦʪʥʦʰʝʥʠʝʤ 

)1(2
2SiON

Vm

-

c
=L ,         (6) 
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ʛʜʝ Vm ï ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ ʞʠʜʢʦʛʦ ʰʣʘʢʘ, ʤ3/ʤʦʣʴ; 
2SiON  ï ʤʦʣʴʥʘʷ ʜʦʣʷ SiO2. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 
ʰʣʘʢʦʚ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʪʠʦʥʘʤʠ Ca2+ ʠ Mn2+, ʦʪʢʫʜʘ ʯʠʩʣʦ 

ʚʘʣʝʥʪʥʦʩʪʠ 2 ʚ ʫʨʘʚʥʝʥʠʠ (6). ʆʢʩʠʜ ʢʨʝʤʥʠʷ ʧʨʝʜʧʦʣʘʛʘʣʩʷ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʚʠʜʝ 
ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʪʠʧʘ SiO4

4-, Si2O7
6- ʠ ʜʨ., ʠ ʠʭ ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʥʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʙʳʣ ʠʩʢʣʶʯʝʥ ʠʟ ʤʦʜʝʣʠ ʙʝʟ ʧʦʜʨʦʙʥʳʭ ʦʙʲʷʩʥʝʥʠʡ [6]. ɺʝʣʠʯʠʥʳ 

L, ʧʦʢʘʟʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [5], ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ ʦʪ ʩʦʜʝʨʞʘʥʠʷ SiO2 

ʠʣʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ )(1
2SiOMnO NN - .  

ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ [7] ʥʝ ʧʦʜʪʚʝʨʜʠʣ ʧʦʜʦʙʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 
ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʥʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʠ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 
ʨʘʩʧʣʘʚʦʚ. ʊʘʢʞʝ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, ʥʘʩʢʦʣʴʢʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ 

ʚʘʣʝʥʪʥʦʩʪʠ ʢʘʪʠʦʥʦʚ ʄʝ2+ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 
ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʝ ʟʘʨʷʜʳ ʠ ʯʠʩʣʘ 

ʧʝʨʝʥʦʩʘ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʷ 
ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʩʨʝʜʳ. ʂʘʢ ʠ ʜʣʷ ʚʷʟʢʦʩʪʠ, ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʣʦʞʥʳʭ ʦʢʩʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʥʘʜʝʞʥʳʭ ʠ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʷʟʢʦʩʪʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʥʠʝ ʙʝʟʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʞʠʜʢʠʭ ʰʣʘʢʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 
ʢʦʥʮʝʥʪʨʘʮʠʡ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʤʦʜʝʣʴʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʨʘʟʤʝʨʥʦʩʪʴ (ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ) ʠ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ 
ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʣʝʛʢʦ ʚʠʟʫʘʣʴʥʦ ʦʙʥʘʨʫʞʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʟʘʜʘʯʥʦʡ 
ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ (ʤʝʪʘʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʠ ʩʜʝʣʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʩʚʦʡʩʪʚ ʰʣʘʢʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʠʧʦʪʝʟ ʦ ʩʪʨʦʝʥʠʠ ʰʣʘʢʦʚʳʭ 
ʨʘʩʧʣʘʚʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘʢʦʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʚʷʟʢʦʩʪʠ ʠ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʰʣʘʢʦʚ, ʢʦʪʦʨʳʡ ʥʝ ʧʨʠʚʣʝʢʘʝʪ ʠʟʥʘʯʘʣʴʥʦ ʧʦʩʪʫʣʠʨʦʚʘʥʥʳʭ 
ʤʦʜʝʣʝʡ ʠʣʠ ʧʨʝʜʧʦʩʳʣʦʢ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʣʫʯʝʥʠʠ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ (ʚʝʣʠʯʠʥʳ ʚʷʟʢʦʩʪʠ ʠ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ), ʢʘʢ ʬʫʥʢʮʠʠ ʩʦʩʪʘʚʘ ʰʣʘʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʠʧʦʪʝʟ, ʘʜʝʢʚʘʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 
ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʝʩʣʠ 
ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʙʫʣʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʦʙʨʘʙʦʪʘʪʴ ʥʦʚʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʷʟʢʦʩʪʠ ʰʣʘʢʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ (ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ, ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʭʨʦʤʘ, ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ, 
ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʬʣʶʩʦʚ) ʧʦ ʜʘʥʥʳʤ [6 ï 11] ʩʫʤʤʘʨʥʦ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [12, ʪʘʙʣ. 1], 
ʛʜʝ ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (E, ʢɼʞ/ʤʦʣʴ) ʠ 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ (lnA) ʧʦ ʫʨʘʚʥʝʥʠʶ ɸʨʨʝʥʠʫʩʘ (1). ʇʦʩʪʨʦʝʥʥʳʡ 
ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʦʪ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ 

ʭʦʨʦʰʫʶ ʣʠʥʝʡʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʘʚʘ ʰʣʘʢʘ (ʨʠʩ. 1). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 
ʰʣʘʢʠ ʩ ʚʳʩʦʢʠʤ ʠ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ SiO2, FeO, MnO, CaF2 ʠ ʩʝʨʳ, ʢʘʢ ʠ ʰʣʘʢʠ, 
ʚʦʦʙʱʝ ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴʶ. 

ɼʣʷ ʩʣʫʯʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʠʩʪʝʤʳ MnO-SiO2-
CaO [6, 7], ʰʣʘʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʭʨʦʤʘ MgO-Al2O3-SiO2-CaO-

Cr2O3-FeO ʠ ʙʠʥʘʨʥʳʝ ʪʠʪʘʥʠʩʪʳʝ ʰʣʘʢʠ ʩʠʩʪʝʤ Na2O-TiO2, FeO-TiO2, MgO-TiO2. ɼʣʷ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʦʪ ʵʥʝʨʛʠʠ 
ʘʢʪʠʚʘʮʠʠ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʫʶ ʣʠʥʝʡʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʘʚʘ 
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ʰʣʘʢʘ ʠ ʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʝʤ (ʨʠʩ. 2), ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʷʟʢʦʩʪʠ (ʨʠʩ. 1), ʚ 
ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʢʣʦʥ ʢʨʠʚʦʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ. 

 

 
ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʦʪ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʰʣʘʢʦʚ. ʋʢʘʟʘʥʥʳʝ ʥʘ ʛʨʘʬʠʢʝ ʧʦʛʨʝʰʥʦʩʪʠ ï ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ. 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʜʣʷ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ, ʠ ʜʣʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ 
ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʵʬʬʝʢʪ: ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʦʪ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʩʘʤʳʭ ʨʘʟʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʦʩʪʘʚʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ. ʕʪʦ ʥʝʣʴʟʷ 
ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʡ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʩʝʪʦʢ ʩʠʣʠʢʘʪʥʳʭ ʠʦʥʦʚ, ʪ.ʢ. ʪʘʢʦʡ 
ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜʯʠʥʷʶʪʩʷ ʠ ʰʣʘʢʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʩʝʪʝʦʙʨʘʟʫʶʱʠʲ 

ʢʦʤʧʦʥʝʥʪʦʚ (SiO2) ʤʘʣʦ ʠʣʠ ʦʥʠ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʘʷ 
ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʣʞʥʘ ʠʤʝʪʴ ʙʦʣʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʧʨʠʨʦʜʫ. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʦʪ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʰʣʘʢʦʚ [12]. ʋʢʘʟʘʥʥʳʝ ʥʘ ʛʨʘʬʠʢʝ ʧʦʛʨʝʰʥʦʩʪʠ ï 
ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʩʚʷʟʴ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʩ ʵʥʝʨʛʠʝʡ 

ʘʢʪʠʚʘʮʠʠ. ʏʪʦ ʦʙʱʝʛʦ ʠʤʝʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʦʡʩʪʚʘ ʚʷʟʢʦʩʪʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ? 

ʆʙʘ ʵʪʠʭ ʷʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʨʤʠʯʝʩʢʠ-ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ 
ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ (ʤʘʩʩʳ, ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠʣʠ ʟʘʨʷʜʘ), ʧʨʠ ʢʦʪʦʨʳʭ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʥʝʣʠʥʝʡʥʦʩʪʴ. ʊʘʢ, ʚʷʟʢʦʩʪʴ ʰʣʘʢʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ (ʜʘʞʝ ʝʩʣʠ ʞʠʜʢʦʩʪʴ ʦʩʪʘʝʪʩʷ ʬʦʨʤʘʣʴʥʦ 
ʥʴʶʪʦʥʦʚʩʢʦʡ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴ ʩʝʪʝʚʫʶ ʩʪʨʫʢʪʫʨʫ), ʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ï ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ (ʧʨʠ ʚʳʩʦʢʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 
ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʘʨ 
ʢʘʪʠʦʥïʘʥʠʦʥ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʨʝʜʘʯʝ ʟʘʨʷʜʘ). ʕʪʦ ʨʦʜʥʠʪ ʰʣʘʢʦʚʳʝ (ʦʢʩʠʜʥʳʝ) 

ʨʘʩʧʣʘʚʳ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʠ ʩʪʝʢʣʘʤʠ (ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ). 

ln A = 0.0671·E + 1.6862
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ʊʘʢʦʡ ʵʬʬʝʢʪ ï ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ 
ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʦʪ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ï ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʧʨʘʚʠʣʘ ʄʝʡʝʨʘ-ʅʝʣʜʝʣʘ (ʇʄʅ) 
[13]. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʦ ʧʨʘʚʠʣʦ ʦʢʘʟʘʣʦʩʴ ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʷʭ ʬʠʟʠʢʠ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ [14-20]. ʇʄʅ ʧʦʣʫʯʠʣʦ 
ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʣʷ ʪʘʢʠʭ ʪʝʨʤʠʯʝʩʢʠ-ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʷʚʣʝʥʠʡ ʢʘʢ ʪʚʝʨʜʦʪʝʣʴʥʘʷ 
ʜʠʬʬʫʟʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʧʦʣʠʤʝʨʘʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʝʣʘʢʩʘʮʠʷ ʚ ʧʦʣʠʤʝʨʘʭ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʘʤʦʨʬʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ ʜʨ. [20]. ʊʘʢʘʷ ʢʦʨʨʝʣʷʮʠʷ 
ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠ ʜʣʷ ʜʠʬʬʫʟʠʠ ʚ ʤʝʪʘʣʣʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʠʢʝʣʷ ʠ ʩʝʨʝʙʨʘ [21]. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʧʳʪʢʘ ʦʙʲʷʩʥʠʪʴ ʇʄʅ ʙʳʣʘ ʩʜʝʣʘʥʘ ʥʘ ʦʩʥʦʚʝ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠʦʥʦʚ 
ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʌʝʨʤʠ-ʵʣʝʢʪʨʦʥʘʤʠ ʨʝʰʝʪʢʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʤʦʜʝʣʠ 
ʊʦʤʘʩʘïʌʝʨʤʠ [22], ʪ.ʢ. ʚ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʜʠʬʬʫʟʠʠ ʠ 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʬʘʢʪʦʨ ʟʘʚʠʩʷʪ ʦʪ ʚʘʣʝʥʪʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ 
ʦʙʱʥʦʩʪʴ ʠ ʧʦʜʦʙʠʝ ʇʄʅ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʠʯʠʥʳ ʪʘʢʦʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʦʩʪʘʶʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ.  
ɺ ʨʘʙʦʪʝ [23] ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʱʠʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʠʤʦʩʪʠ ʇʄʅ ʠ ʚʦʟʤʦʞʥʳʭ 

ʝʛʦ ʤʝʭʘʥʠʟʤʦʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʇʄʅ ʜʣʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʝʱʝʩʪʚʘʭ 

ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ï ʵʣʝʢʪʨʦʥʥʫʶ, ʧʦʣʷʨʦʥʥʫʶ ʠ ʠʦʥʥʫʶ 
ʧʨʦʚʦʜʠʤʦʩʪʠ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʦʙʱʠʤ ʜʣʷ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʝʚ, ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʩʢʘʯʢʘ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ çʢʚʘʟʠʯʘʩʪʠʮè (ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, 
ʢʦʪʦʨʳʤʠ ʚ ʰʣʘʢʦʚʳʭ ʨʘʩʧʣʘʚʘʭ ʝʩʪʴ ʠʦʥʳ ʠ ʠʦʥʠʟʠʨʦʚʘʥʥʳʝ ʦʣʠʛʦ-ʩʪʨʫʢʪʫʨʳ). 
ɺʪʦʨʦʡ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʇʄʅ ʝʩʪʴ ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʚʝʱʝʩʪʚʘ [23]. ʊʘʢ ʞʝ ʢʘʢ ʠ ʜʣʷ ʚʘʢʘʥʩʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 
ʜʠʬʬʫʟʠʠ, ʟʜʝʩʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʩʢʘʯʢʘ 

ʜʣʷ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʢʚʘʟʠʯʘʩʪʠʮʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʡ ʩʢʘʯʦʢ ʚʝʜʝʪ ʚ ʞʠʜʢʠʭ 
ʨʘʩʧʣʘʚʘʭ ʥʝ ʪʦʣʴʢʦ ʢ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ, ʥʦ ʠ ʤʘʩʩʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ (ʪ.ʝ. ʚʷʟʢʦʛʦ 
ʪʝʯʝʥʠʷ). ʇʦʵʪʦʤʫ ʝʩʣʠ ʇʄʅ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʘʢʦʛʦ-ʪʦ ʦʜʥʦʛʦ ʷʚʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ), ʪʦ ʦʥʦ ʜʦʣʞʥʦ ʧʨʦʷʚʣʷʪʴʩʷ ʠ ʚ ʜʨʫʛʠʭ ʩʤʝʞʥʳʭ ʧʨʦʮʝʩʩʘʭ 
ʧʝʨʝʥʦʩʘ (ʚʷʟʢʦʩʪʴ, ʜʠʬʬʫʟʠʷ ʠ ʪ.ʧ.). 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʬʠʛ. 1, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʇʄʅ 
ʚʷʟʢʦʩʪʴ ʣʶʙʦʛʦ ʛʦʤʦʛʝʥʥʦʛʦ ʰʣʘʢʦʚʦʛʦ ʨʘʩʧʣʘʚʘ (ʚ ʧʨʝʜʝʣʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 
ʧʦʛʨʝʰʥʦʩʪʠ) ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʥʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: 
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 (7) 
ʛʜʝ 0,1771 ï ʥʘʩʪʦʷʱʘʷ ʢʦʥʩʪʘʥʪʘ ʚʷʟʢʦʩʪʠ; ɽ ï ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʦʩʪʘʚʘ ʰʣʘʢʘ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ; 2008 ï ʠʟʦʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʚʷʟʢʦʩʪʠ, K. ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
ʚʷʟʢʦʩʪʴ ʚʩʝʭ ʰʣʘʢʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʙʣʠʟʢʘ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʟʥʘʯʝʥʠʶ ï ʥʘʩʪʦʷʱʝʡ 
ʢʦʥʩʪʘʥʪʝ ʧʦʨʷʜʢʘ 0,17ï0,18 ʇʘĿʩ (ʢʦʥʝʯʥʦ, ʝʩʣʠ ʛʦʤʦʛʝʥʥʳʡ ʨʘʩʧʣʘʚ ʫʩʪʦʡʯʠʚ ʧʨʠ 

ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʝʛʦ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʥʝ ʩʠʣʴʥʦ ʠʟʤʝʥʠʣʠʩʴ). 
ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʬʠʛ. 2) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ  
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ʛʜʝ 5,4 ï ʥʘʩʪʦʷʱʘʷ ʢʦʥʩʪʘʥʪʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ; ɽ ï ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʦʩʪʘʚʘ ʰʣʘʢʘ 
ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, 1794 ï ʠʟʦʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, K.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʚʷʟʢʦʩʪʠ 
ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʥʦ-ʬʪʦʨʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʦʧʠʩʳʚʘʶʪʩʷ 

ʦʜʥʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʚʷʟʢʦʩʪʴ ʠ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʣʶʙʦʛʦ ʪʘʢʦʛʦ ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʝʩʣʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 
ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʝʥʘ.  
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ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʨʘʮʠʦʥʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 
ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʰʣʘʢʦʚʦʛʦ ʨʘʩʧʣʘʚʘ. ɺ ʨʘʙʦʪʝ 

[12] ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʰʣʘʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘ-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʍʦʨʦʰʝʝ 

ʦʧʠʩʘʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʂʨʠʜʞʠʥʛʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 
ʢʦʥʪʨʦʣʝ ʬʫʥʢʮʠʠ ʢʦʚʘʨʠʘʮʠʠ ʜʘʥʥʳʭ. ɼʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 
ʯʠʩʣʫ ʦʩʮʠʣʣʷʮʠʡ ʬʫʥʢʮʠʠ ï ʤʘʣʳʝ ʜʠʘʧʘʟʦʥʳ ʦʟʥʘʯʘʶʪ ʚʥʝʟʘʧʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʙʦʣʴʰʠʝ ʜʠʘʧʘʟʦʥʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʨʝʛʫʣʷʨʥʳʭ ʪʨʝʥʜʦʚ (ʩ 
ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʦʩʮʠʣʣʷʮʠʡ). ʕʪʦ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʩ 

ʥʝʠʟʚʝʩʪʥʦʡ ʜʦʣʝʡ ʦʰʠʙʦʢ, ʢʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʩʝʭ 
ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʪʢʣʦʥʝʥʠʝ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪ ʠʭ ʨʝʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʥʝ ʤʦʞʝʪ 
ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ (ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʝʛʨʝʩʩʠʦʥʥʦʤʫ ʘʥʘʣʠʟʫ). ʇʨʠ 

ʘʥʘʣʠʟʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [12], ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʝʛʨʝʩʩʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 
ɻʘʫʩʩʦʚʦʤ (ʥʦʨʤʘʣʴʥʦʤ) ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʚ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴ ʢ 

ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʧʨʝʜʩʢʘʟʘʥʠʶ, ʪʘʢ ʢʘʢ ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ ʤʦʛʫʪ ʙʳʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ 
ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʨʘʟ. ʅʘʧʨʦʪʠʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʘʨʠʦʛʨʘʤʤ ʄʘʪʝʨʥʘ ʩ ʜʚʘʞʜʳ 
ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʝʡ (ʦʩʥʦʚʘʥʘ ʥʘ çʟʦʣʦʪʦʤ ʩʝʯʝʥʠʠè ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩ 

ʕʚʢʣʠʜʦʚʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ) ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 
çʩʚʝʨʭʩʛʣʘʞʠʚʘʥʠʷè ʦʙʲʝʢʪʥʦʡ ʬʫʥʢʮʠʠ. ʄʝʪʘ-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʝʪ ʘʜʝʢʚʘʪʥʦʝ 

ʦʧʠʩʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ɽ ʦʪ ʩʦʩʪʘʚʘ ʰʣʘʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʥʘ ʜʨʫʛʠʝ 
ʩʦʩʪʘʚʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ, ʵʪʘ 
ʟʘʚʠʩʠʤʦʩʪʴ ʣʝʛʢʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ [12]. 

ɿʘʢʣʶʯʝʥʠʝ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ 
ʘʢʪʠʚʘʮʠʠ ʠ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ ʜʣʷ ʚʷʟʢʦʩʪʠ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʦʢʘʟʘʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʘʚʠʣʘ ʄʝʡʝʨʘ-
ʅʝʣʜʝʣʘ ʜʣʷ ʵʪʦʡ ʚʟʘʠʤʦʩʚʷʟʠ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚʩʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ, ʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢʠʭ-ʣʠʙʦ 

ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʩʪʨʦʝʥʠʠ ʰʣʘʢʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʠʣʠ ʦ 
ʭʘʨʘʢʪʝʨʝ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʚ ʥʠʭ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʛʜʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 
ʠʩʢʣʶʯʝʥʳ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʞʝʥʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. 
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ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʧʦʣʫʯʝʥʠʠ ʛʦʤʦʛʝʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʧʣʘʚʦʚ ʠ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʧʦʩʪʦʷʥʥʳʝ ʟʘʜʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 



56 

 

 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [1-5]. ʆʙʳʯʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ 
ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʣʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, 

ʠʩʧʦʣʴʟʫʶʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʩʦʩʪʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
ʕʪʠ ʢʦʤʧʦʟʠʪʳ ʦʙʣʘʜʘʶʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʦʡ, ʠ ʠʭ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʛʦʤʦʛʝʥʥʳ.  
ɺʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʚʦʟʥʠʢʣʘ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤʠ ʩʪʝʧʝʥʴʶ ʨʝʣʘʢʩʘʮʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʢʠʩʣʝʥʠʶ ʠ ʪʝʨʤʠʯʝʩʢʦʤʫ ʫʜʘʨʫ, ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦ ʧʦʣʫʯʝʥʠʷ 
ʩʦʯʝʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 
[6-11], ʧʦʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ çʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳè (ʌɻʄ). 

ʌɻʄ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʪʝʨʠʘʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʟʘʜʘʥʥʳʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʩʚʦʡʩʪʚ ʧʦ ʦʙʲʝʤʫ. ʌɻʄ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 
ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʣʠʯʠʝʤ ʛʨʘʜʠʝʥʪʘ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ (ʪʚʝʨʜʦʩʪʠ, 
ʧʣʦʪʥʦʩʪʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ). ʕʪʠ ʛʨʘʜʠʝʥʪʳ ʩʦʟʜʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩ ʮʝʣʴʶ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʢʦʥʝʯʥʦʛʦ 
ʠʟʜʝʣʠʷ [6,8,10].  

ʇʝʨʚʦʥʘʯʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ, ʩʧʦʩʦʙʥʳʭ 
ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʪʝʨʤʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʷʤ ʜʣʷ ʢʦʩʤʦʣʝʪʘ, ʦʜʥʘʢʦ ʵʪʘ ʢʦʥʮʝʧʮʠʷ ʙʳʣʘ 
ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʢʦʤʙʠʥʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʝʟ ʯʝʪʢʦʡ 
ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʥʠʤʠ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨ ʩ ʥʦʚʳʤʠ ʤʥʦʛʠʤʠ 
ʬʫʥʢʮʠʷʤʠ [9-11]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠ 
ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʧʨʠʥʮʠʧʦʚ 
ʌɻʄ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ. ɺ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʘʙʦʪ ʠʩʩʣʝʜʫʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 
ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʌɻʄ [11]. ʇʨʘʢʪʠʯʝʩʢʠ 
ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʌɻʄ ʠ ʠʭ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʣʘʚʥʳʡ ʨʝʟʫʣʴʪʘʪ 
"ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ", ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʌɻʄ 
ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʜʘʚʣʷʶʱʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 
ʦʙʣʘʩʪʠ ʌɻʄ ʧʨʠʚʝʣʘ ʢ ʥʘʢʦʧʣʝʥʠʶ ʦʙʰʠʨʥʦʛʦ ʦʧʳʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʥʝ 
ʤʦʞʝʪ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʪʫʘʮʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʣʫʯʰʘʝʪʩʷ - ʚ ʧʦʩʣʝʜʥʝʝ 
ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʌɻʄ ʠ ñʜʠʟʘʡʥʘò ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʫʯʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʨʝʰʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʪʨʝʙʫʝʪ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʌɻʄ-ʢʦʤʧʦʥʝʥʪ, ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʘʪʴ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʜʠʟʘʡʥ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʣ ʙʳ ʦʙʣʘʜʘʪʴ 
ʞʝʣʘʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʩʯʝʪʘ 
ʩʚʦʡʩʪʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʌɻʄ [6, 12].  

ʇʦʜʦʙʥʳʝ ʛʨʘʜʠʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʘʢʞʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤ 
ʧʦʚʝʜʝʥʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ (ʛʦʤʦʛʝʥʥʳʤʠ) ʤʘʪʝʨʠʘʣʘʤʠ. ɼʠʬʬʫʟʠʦʥʥʳʝ 
ʧʨʦʮʝʩʩʳ ʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʌɻʄ ʠʣʠ ʢ ʫʭʫʜʰʝʥʠʶ 
ʝʛʦ ʩʚʦʡʩʪʚ. ʇʦʵʪʦʤʫ ʚʪʦʨʦʡ ʟʘʜʘʯʝʡ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʠ ʌɻʄ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 
ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʛʨʘʜʠʝʥʪʘʤʠ, ʪʨʝʙʫʝʤʳʤʠ ʟʘʢʘʟʯʠʢʦʤ, ʫʞʝ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ 
ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʳʧʦʣʥʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 
ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʘʭ. ʇʦʣʫʯʝʥʠʝ ʛʨʘʜʠʝʥʪʘ 
ʩʦʩʪʘʚʘ ʚ ʦʙʲʝʤʥʦʤ ʌɻʄ ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʘʧʨʠʤʝʨ ʭʠʤʠʯʝʩʢʠʤʠ ʠ 
ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ, ʬʠʟʠʯʝʩʢʠʤʠ (ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʘ), ʧʣʘʟʤʝʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ ʠ 
ʩʠʥʪʝʟʦʤ, ʉɺʉ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ ʧʦʨʦʰʢʦʚʘʷ 
ʤʝʪʘʣʣʫʨʛʠʷ (ʇʄ). ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʌɻʄ ʩ ʧʦʤʦʱʴʶ ʇʄ ʟʘʢʣʶʯʘʝʪʩʷ 
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ʚ ʧʨʝʩʩʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ ʚ ʟʘʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ 
ʧʦʩʣʝʜʫʶʱʝʤ ʩʧʝʢʘʥʠʠ ʠʣʠ ʛʦʨʷʯʝʤ ʧʨʝʩʩʦʚʘʥʠʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʝʜʝʥʦ ʙʦʣʝʝ ʩʦʪʥʠ 
ʢʦʤʙʠʥʘʮʠʡ ʌɻʄ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʝʡ [6-14]. ʄʥʦʞʝʩʪʚʦ 
ʧʨʠʤʝʥʝʥʠʡ ʌɻʄ (ʩʚʳʰʝ 200) ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʷʧʦʥʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ 
ʧʨʦʛʨʘʤʤʝ (ʥʘʧʨʠʤʝʨ, ʠʥʩʪʨʫʤʝʥʪʳ, ʙʘʨʴʝʨʥʳʝ ʧʦʢʨʳʪʠʷ, ʪʝʧʣʦʩʪʦʡʢʠʝ ʠ 
ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʦʣʦʚʢʠ, ʵʣʝʢʪʨʦʥʥʳʝ ʠ 
ʦʧʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨ.) [9,10]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 
ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʌɻʄ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʧʪʠʢʝ, ʷʜʝʨʥʦʡ ʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʝ, ʛʜʝ 
ʛʨʘʜʠʝʥʪ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ (ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, 
ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʨ.) ʙʦʣʝʝ ʚʘʞʝʥ [11, 14]. 

ʉʪʨʫʢʪʫʨʘ ʛʨʘʜʠʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʘʥʠʟʦʪʨʦʧʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʙʲʝʤʝ ʜʨʫʛʦʛʦ (ʜʣʷ ʜʚʫʭʬʘʟʥʦʡ 
ʩʠʩʪʝʤʳ). ʌɻʄ ʤʦʞʝʪ ʠʤʝʪʴ ʭʠʤʠʯʝʩʢʠʡ (ʤʝʪʘʣʣ - ʤʝʪʘʣʣ, ʢʝʨʘʤʠʢʘ) ʠʣʠ ʬʠʟʠʯʝʩʢʠʡ 
(ʩʧʣʦʰʥʦʡ ʤʘʪʝʨʠʘʣ - ʧʦʨʳ, ʢʨʫʧʥʳʝ - ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ) ʘʥʠʟʦʪʨʦʧʥʳʡ ʭʘʨʘʢʪʝʨ. 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʠ ʝʝ ʘʥʠʟʦʪʨʦʧʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʫʥʢʮʠʡ ʚ 
ʪʨʝʭʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʤʝʶʪʩʷ ʪʨʫʜʥʦʩʪʠ ʚ 
ʠʟʤʝʨʝʥʠʠ ʩʘʤʦʡ ʬʫʥʢʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʠ ʤʥʦʞʝʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚʦʡ 
ʤʝʪʘʣʣʫʨʛʠʝʡ. ʈʝʘʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʌɻʄ ʦʩʪʘʝʪʩʷ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ [10-14].  

ʅʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ [6, 12] ʙʳʣʘ 
ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʳʭ ʌɻʄ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ 
ʪʨʝʭʤʝʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʘ ʠ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 
ʠʩʧʳʪʘʥʠʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʦʜʝʣʷʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 
ʧʦʣʦʞʝʥʠʷʤ ʧʦʢʘʟʘʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʢ ʬʦʨʤʝ ʬʫʥʢʮʠʠ 
ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʦʨʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʩʦʦʪʥʦʰʝʥʠʡ [15, 16]. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ 
ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʜʨʫʛʠʤʠ ʧʦʜʭʦʜʘʤʠ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʪʝʦʨʠʠ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʠʧʘ ʧʨʘʚʠʣ ʩʤʝʩʠ ʠ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʩʜʚʠʛʘ. ʅʘ ʨʠʩ. 1 
ʧʦʢʘʟʘʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʌɻʄ ʚʦʣʴʬʨʘʤ-ʤʝʜʴ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʬʫʥʢʮʠʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʢ ʚʠʜʫ ʠ 
"ʬʦʨʤʝ" ʬʫʥʢʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʫʯʠʪʳʚʘʶʪ ʪʦʣʴʢʦ 
ʦʙʲʝʤʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ [15-17].  

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ 
ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʘ ʝʱʝ ʜʦ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʙʝʟ 
ʧʨʠʚʣʝʯʝʥʠʷ ʛʨʦʤʦʟʜʢʠʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʊʝʤ ʩʘʤʳʤ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʪʠ "ʦʧʪʠʤʘʣʴʥʦʛʦ" ʛʨʘʜʠʝʥʪʘ ʌɻʄ ʫʞʝ ʚ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʜʠʟʘʡʥʘ 
[10, 14]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʌɻʄ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʙʦʣʝʝ 
ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʘʭ ʇʄ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʩʧʝʢʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʩʠʣʴʥʳʤ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʬʘʟ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʩʧʝʢʘʥʠʷ ʜʣʷ ʛʨʘʜʠʝʥʪʥʳʭ ʪʚʝʨʜʳʭ 
ʩʧʣʘʚʦʚ, ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 
ʚʳʯʠʩʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʌɻʄ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʪʨʝʭʤʝʨʥʳʤ 
ʛʨʘʜʠʝʥʪʦʤ ʩʦʩʪʘʚʘ ʚ ʟʘʜʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʪʝʧʣʦʚʦʤ 
ʧʦʪʦʢʝ ʧʝʨʝʜ ʨʘʩʯʝʪʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩʘ ʩʧʝʢʘʥʠʷ [18, 19]. ʅʘ ʦʩʥʦʚʘʥʠʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚʳʰʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʙʳʣʘ 
ʩʦʟʜʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 
ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʜʠʝʥʪʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ. ɼʣʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʤʦʜʝʣʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʦʧʪʠʯʝʩʢʠʡ ʜʠʣʘʪʦʤʝʪʨ, ʩ ʧʦʤʦʱʴʶ 
ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʘ 
ʥʝʧʨʝʨʳʚʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʩʧʝʢʘʥʠʷ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ 
ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʌɻʄ 
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WC-Co. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʌɻʄ ʪʚʝʨʜʳʭ 
ʩʧʣʘʚʦʚ ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ 
ʦʙʨʘʟʮʘ ʚ ʭʦʜʝ ʩʧʝʢʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʝʢʚʘʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 
ʈʠʩ. 1 ï ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦ ʦʩʠ X, Y ʠ Z ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʚ ʌɻʄ çʚʦʣʴʬʨʘʤ-ʤʝʜʴè (ʦʙʱʘʷ ʦʙʲʝʤʥʘʷ ʜʦʣʷ 
ʤʝʜʠ 0,5). 

 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

ʈʠʩ. 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ, ʇʘ, ʚ ʩʠʤʤʝʪʨʠʯʥʦʡ (ʘ) ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ 
ʧʣʘʩʪʠʥʝ (ʙ) ʌɻʄ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʣʘʩʪʠʥʝ ʩ ʤʘʣʳʤ (ʚ) ʠ 

ʙʦʣʴʰʠʤ (ʛ) ʯʠʩʣʦʤ ʛʨʘʜʠʝʥʪʥʳʭ ʩʣʦʝʚ [19, 20]. 
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ɺ ʢʘʯʝʩʪʚʝ ʜʨʫʛʦʛʦ ʧʨʠʤʝʨʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʌɻʄ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 
ʪ.ʥ. ʩʦʛʣʘʩʫʶʱʠʝ ʧʣʘʩʪʠʥʳ (compliant pads), ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʥʠʞʝʥʠʷ 
ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 
ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʚʦʡʩʪʚʝ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʛʝʥʝʨʠʨʦʚʘʪʴ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʛʨʘʜʠʝʥʪʝ 
ʪʝʤʧʝʨʘʪʫʨ.  

ʇʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ. ɺʚʝʜʝʥʠʝ ʩʦʛʣʘʩʫʶʱʠʭ 
ʌɻʄ-ʧʣʘʩʪʠʥ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʥʦ ʠ 
ʩʦʟʜʘʪʴ ʟʘʜʘʥʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʢʚʘʟʠ-ʠʟʦʪʨʦʧʥʦʡ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ [21,22]. ʅʘ ʨʠʩ. 3. ʧʦʢʘʟʘʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʪʘʢʠʭ ʌɻʄ ʧʣʘʩʪʠʥ, 
ʧʦʣʫʯʝʥʥʳʝ ʚ ʍʝʣʴʩʠʥʩʢʦʤ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ 
ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʤʠ ʚ ʗʧʦʥʠʠ ʩʧʦʩʦʙʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ 
(ʧʣʘʟʤʝʥʥʦʛʦ) ʩʧʝʢʘʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 

ʊʘʢʠʝ ʧʣʘʩʪʠʥʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʚ 
ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʗʧʦʥʠʠ ʢʦʥʮʝʧʮʠʷ [21] ʷʜʝʨʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ 
ʃʫʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʩʪʘʥʮʠʠ ʚ ʪʝʯʝʥʠʝ 20-30 ʣʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʟʘʤʝʥʘ ʘʛʨʝʛʘʪʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʤʠʥʠʤʫʤʫ. ʇʦʜʦʙʥʳʡ 
ʨʝʘʢʪʦʨ ʈɸʇʀɼ-ʃ ʤʦʱʥʦʩʪʴʶ ʦʪ 200 ʢɺʪ ʟʘʥʠʤʘʝʪ ʦʙʲʝʤ ʚʩʝʛʦ 24 ʢʫʙ. ʤ, ʠ ʧʦʵʪʦʤʫ 
ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʥʘ ɿʝʤʣʝ. ʈʘʙʦʪʘ ʨʝʘʢʪʦʨʘ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ, ʪʘʢ 
ʢʘʢ ʚ ʥʝʤ ʥʝʪ ʨʝʛʫʣʠʨʫʶʱʠʭ ʩʪʨʝʞʥʝʡ - ʚʤʝʩʪʦ ʥʠʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʨʪʫʪʥʦʛʦ 
ʪʝʨʤʦʤʝʪʨʘ, ʛʜʝ ʨʦʣʴ ʨʪʫʪʠ ʚʳʧʦʣʥʷʝʪ ʞʠʜʢʠʡ ʣʠʪʠʡ-6. ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʝʪ, 
ʣʠʪʠʡ ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʘʜʩʦʨʙʠʨʫʝʪ ʥʝʡʪʨʦʥʳ ʙʦʣʝʝ ʘʢʪʠʚʥʦ, ʟʘʤʝʜʣʷʷ ʨʝʘʢʮʠʶ. ɾʠʜʢʠʡ 
ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʮʠʨʢʫʣʠʨʫʝʪ ʧʦ ʢʦʥʪʫʨʫ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ  ʥʘʩʦʩʘ. 
ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʢʦʥʚʝʨʪʠʨʫʶʪ ʯʘʩʪʴ ʪʝʧʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, 
ʧʦʩʪʫʧʘʶʱʫʶ ʧʦʪʨʝʙʠʪʝʣʶ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʴ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 
ʢʘʢʠʭ-ʣʠʙʦ ʜʚʠʞʫʱʠʭʩʷ ʤʝʭʘʥʠʟʤʦʚ,  ʘ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ. ɹʳʣʦ 
ʧʦʢʘʟʘʥʦ [21, 22], ʯʪʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʜʠʟʘʡʥ ʌɻʄ ʧʣʘʩʪʠʥʳ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ 
ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʦʨʷʜʢʘ 300 ʢɺʪ/ʤ2, ʯʪʦ ʜʘʞʝ ʧʨʠ ʥʳʥʝʰʥʝʤ ʫʨʦʚʥʝ ʢ.ʧ.ʜ. ʢʦʥʚʝʨʩʠʠ ʚ 
10% ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢʘʢ ʪʝʧʣʦʤ, ʪʘʢ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ. ɹʦʣʝʝ 
ʧʨʦʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʌɻʄ ʠ ʩʧʦʩʦʙ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ 
ʠ ʧʦʚʳʩʠʪʴ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

   
ʈʠʩ. 3 ï ʆʙʱʠʡ ʚʠʜ (ʩʣʝʚʘ) ʠ ʩʪʨʫʢʪʫʨʘ ʌɻʄ ʧʣʘʩʪʠʥʳ "ʤʝʜʴ - ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ - 

ʤʝʜʴ" [21, 22]. 
 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʨʠʤʝʥʝʥʠʡ ʌɻʄ ʷʚʣʷʝʪʩʷ ʠʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʢʨʳʪʠʷʭ (ʵʥʝʨʛʝʪʠʢʘ, ʛʘʟʦʚʳʝ ʪʫʨʙʠʥʳ, ʭʠʤʠʯʝʩʢʘʷ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʪ.ʜ.). ɺ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʧʦʢʨʳʪʠʷ ʜʦʣʞʥʳ ʦʢʘʟʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʤ ʮʠʢʣʠʯʝʩʢʠʤ 
ʚʦʟʜʝʡʩʪʚʠʷʤ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ  ʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ  

1 mm 
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ʥʘʧʳʣʝʥʠʷ  (ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʥʘʧʳʣʝʥʠʝ ʚ ʧʣʘʤʝʥʠ) ʥʘ ʚʦʟʜʫʭʝ. ʉʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ 
ʜʠʟʘʡʥ ʌɻʄ ʧʦʢʨʳʪʠʷ ʩʥʘʯʘʣʘ ʙʳʣ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ  ʤʦʜʝʣʝʡ [23], 

ʫʯʠʪʳʚʘʶ ʫʧʨʫʛʫʶ ʠ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʛʝʦʤʝʪʨʠʶ ʢʦʤʧʦʥʝʥʪʘ ʠ ʫʩʣʦʚʠʷ 
ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ (ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 0 Ą 0,85 Ą 0 ʄɺʪ/ʤ2). ʌɻʄ ʧʦʢʨʳʪʠʷ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʡ ʩʨʦʢ ʩʣʫʞʙʳ (ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʜʦ 
ʨʘʟʨʫʰʝʥʠʷ ʫʚʝʣʠʯʠʣʦʩʴ ʚ ʩʦʪʥʶ ʨʘʟ) ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʣʠʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʝʱʠʥ, 

ʨʠʩ. 4. ʄʠʢʨʦʪʨʝʱʠʥʳ ʚ ʦʙʣʘʩʪʠ ʧʦʢʨʳʪʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʘʟʳ 
ʠʛʨʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʨʦʣʴ ʢʘʢ ʨʝʣʘʢʩʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʡ (ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ 3-8 

ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʣʦʥʥʳʤ ʦʙʨʘʟʮʦʤ), ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʶʱʠʝ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʩʝʛʦ ʧʦʢʨʳʪʠʷ. ʊʦ, ʯʪʦ ʌɻʄ ʧʦʢʨʳʪʠʷ ʥʘʜʝʞʥʦ ʟʘʱʠʱʘʶʪ 
ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ ʦʪ ʦʢʠʩʣʝʥʠʷ, ʧʦʜʪʚʝʨʜʠʣʠ ʜʣʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ - ʦʪʞʠʛ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ 1000Áʉ ʚ ʪʝʯʝʥʠʝ 330 ʯʘʩʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʜ ʌɻʄ ʧʦʢʨʳʪʠʝʤ  ʥʝ 
ʧʨʦʠʟʦʰʣʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʭʨʦʤʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ  ʰʧʠʥʝʣʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʵʪʘʣʦʥʥʳʡ ʦʙʨʘʟʝʮ (ʜʫʧʣʝʢʩʥʦʝ ʧʦʢʨʳʪʠʝ ʙʝʟ ʌɻʄ) ʠʤʝʣ 2-3-ʢʨʘʪʥʦʝ ʦʙʝʜʥʝʥʠʝ 
ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʭʨʦʤʦʤ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʡ ʜʣʷ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʧʝʨʝʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʮʝʣʣʶʣʦʟʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 
ʪ.ʥ. ʩʦʜʦʚʳʭ ʢʦʪʣʘʭ). ʕʪʠ ʧʦʢʨʳʪʠʷ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚ ʨʘʩʧʣʘʚʘʭ ʠ 

ʛʘʟʦʚʳʭ ʘʪʤʦʩʬʝʨʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʘ, ʩʝʨʳ, ʩʦʜʳ ʠ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ 
ʤʝʪʘʣʣʦʚ. ɼʣʷ ʜʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ (ʨʠʩ. 5) ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʪʘʢ, 
ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʤ ʩʣʦʝ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʧʘʩʩʠʚʘʮʠʶ  ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ  ʠ ʵʬʬʝʢʪ ʟʘʤʝʜʣʝʥʠʷ ʨʝʘʢʮʠʠ ʢʦʨʨʦʟʠʠ 
ʚʩʣʝʜʩʪʚʠʝ ʩʦʟʜʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʠʥʝʨʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʚ ʤʠʢʨʦʧʦʨʘʭ ʧʦʢʨʳʪʠʷ. 

ʇʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʯʪʦ ʩʝʨʘ, ʭʣʦʨ ʠ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʧʨʘʢʪʠʯʝʩʢʠ 
ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʝʤ ʩʣʦʝ ʌɻʄ-ʧʦʢʨʳʪʠʷ [23]. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 
ʜʫʧʣʝʢʩʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʘ 

ʩʧʝʮʠʘʣʴʥʘʷ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ ʥʘʯʠʥʘʝʪ ʟʘʤʝʪʥʦ ʨʘʟʨʫʰʘʪʴʩʷ ʫʞʝ ʧʦʩʣʝ 10-20 ʯʘʩʦʚ. 
 

 

 
ʈʠʩ. 4 ï ʆʙʳʯʥʦʝ (ʚʚʝʨʭʫ) ʠ ʌɻʄ ʪʝʨʤʦʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ. 
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ʈʠʩ. 5 ï ɿʘʱʠʪʥʦʝ ʛʨʘʜʠʝʥʪʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ [23]. 

 

ʌɻʄ-ʧʦʢʨʳʪʠʷ ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʟʘʱʠʪʝ ʫʛʣʝʨʦʜ-
ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʇʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ 

ʦʙʳʯʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʠʟʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʠ ʤʘʪʨʠʮʳ ʢ 
ʦʢʠʩʣʝʥʠʶ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɻʦʤʦʛʝʥʥʳʝ ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ 
ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʠʟʜʝʣʠʷ ʩ 

ʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʥʘʜʝʞʥʦʩʪʠ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ʌɻʄ, 
ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ [24]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʝʛʦ 
ʩʪʨʫʢʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʟʢʠʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʬʘʟʘʤʠ. ʇʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 
ʮʠʢʣʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (500...700Áʉ), ʛʜʝ ʦʙʳʯʥʳʝ 

ʟʘʱʠʪʥʳʝ ʤʝʭʘʥʠʟʤʳ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʝʚ SiO2 ʠʣʠ ʩʠʣʠʢʘʪʦʚ) ʝʱʝ ʥʝ ʨʘʙʦʪʘʶʪ, 
ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ (ʪʘʙʣ. 1). ɿʘʤʝʪʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʧʦʜ ʌɻʄ-ʩʣʦʝʤ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʘ ʩʘʤʦ ʌɻʄ-ʧʦʢʨʳʪʠʝ ʥʝ ʦʪʩʣʘʠʚʘʣʦʩʴ ʚ 
ʪʝʯʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʩʣʝ ʥʠʭ (ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ). ʇʨʦʚʝʜʝʥʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʌɻʄ ʜʣʷ ʟʘʱʠʪʳ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʪ 

ʦʢʠʩʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʛʦʤʦʛʝʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ [6, 24]. 
ʊʘʙʣʠʮʘ 1 ï ʉʚʦʡʩʪʚʘ ʌɻʄ-ʧʦʢʨʳʪʠʡ ʥʘ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʘʭ [24] 

ʇʘʨʘʤʝʪʨʳ ʉʝʨʠʡʥʳʡ ʤʘʪʝʨʠʘʣ ʆʧʳʪʥʳʡ ʌɻʄ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 20Áʉ, ʄʇʘ 200...350 370...400 

ɺʨʝʤʷ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ ʥʘ ʚʦʟʜʫʭʝ, ʯ 

(20 - 1500 - 20Áʉ, ʚʨʝʤʷ ʮʠʢʣʘ 20 ʤʠʥ) 
ʉʥʠʞʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ, % 
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ʏʠʩʣʦ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʥʘ ʚʦʟʜʫʭʝ: 

20 - 1350 - 20ÁC ʟʘ 2 ʤʠʥ 
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ɸʥʘʣʦʛʠʯʥʦ ʌɻʄ ʧʦʢʨʳʪʠʷʤ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʰʝʥʠʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 
ʢʝʨʘʤʠʢʠ ʩ ʤʝʪʘʣʣʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʌɻʄ ʚ ʪʘʢʠʭ 
ʩʦʝʜʠʥʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 
ʩʦʝʜʠʥʝʥʠʷʭ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ IN-738 ʩ 

ʢʝʨʘʤʠʢʦʡ ʥʘ ʦʩʥʦʚʝ Al2O3. ʇʦʢʘʟʘʥʦ [6, 8, 10, 11], ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
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ʘʥʠʟʦʪʨʦʧʠʠ (ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟʳ ʚ ʌɻʄ) ʚʝʜʝʪ ʢ ʨʘʟʣʠʯʥʦʡ ʢʠʥʝʪʠʢʝ 
ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ 

ʩʣʫʞʙʳ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʦʛʦ ʌɻʄ-ʩʣʦʷ ʠ 
ʨʘʩʩʯʠʪʘʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʩʣʫʯʘʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʜʘʨʘ.  

ʌɻʄ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚ ʙʦʣʝʝ "ʵʢʟʦʪʠʯʝʩʢʠʭ" 
ʧʨʠʤʝʥʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ (ʀʊɽʈ). ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 
ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʝʘʢʪʦʨʝ, ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʤʥʦʛʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ: ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʚʦʤʫ ʫʜʘʨʫ, ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ, 
ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʧʨʦʪʠʚ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʠ ʜʨ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ. 
ɿʘʛʨʷʟʥʝʥʠʷ ʧʣʘʟʤʳ ʩʥʠʞʘʶʪ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠ ʠʭ ʫʜʘʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ 
ʨʘʟʨʷʜʘ ʥʘ ʜʠʚʝʨʪʦʨʳ. ʇʨʠ ʨʘʟʨʷʜʝ ʧʣʘʟʤʘ ʚʜʦʣʴ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʝʤʧʬʠʨʫʝʪʩʷ 

ʥʘ ʧʣʘʩʪʠʥʳ ʜʠʚʝʨʪʦʨʦʚ ʥʘ ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʚʳʟʳʚʘʷ ʤʛʥʦʚʝʥʥʦʝ ʠʩʧʘʨʝʥʠʝ 
ʪʦʥʢʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ [6, 16, 17].  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʵʪʦʛʦ ʠʩʧʘʨʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʩʘʞʜʘʝʪʩʷ ʦʙʨʘʪʥʦ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʴ, ʟʘʭʚʘʪʳʚʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʣʘʟʤʳ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʨʠʤʝʩʠ. 
ʈʝʣʘʢʩʘʮʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʜʣʷ ʌɻʄ "ʚʦʣʴʬʨʘʤ-ʤʝʜʴ". ɺ 

ʨʘʙʦʪʝ [25] ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʜʝʣʴ ʌɻʄ-ʜʠʚʝʨʪʦʨʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʠʯʝʩʢʠʝ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʯʘʩʪʷʭ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʛʨʘʜʠʝʥʪʘ ʥʘ ʠʭ ʠʟʤʝʥʝʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʤʦʜʝʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ [6, 9-12, 14-17] 
ʧʦʟʚʦʣʠʣʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ ʌɻʄ W-Cu ʜʣʷ ʧʣʘʩʪʠʥ ʜʠʚʝʨʪʦʨʦʚ ʠ ʧʨʝʜʣʦʞʠʪʴ 
ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʟʘʡʥ ʤʘʪʝʨʠʘʣʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʪʝʨʤʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ 3-6 ʨʘʟ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʌɻʄ ʚ ʜʨʫʛʠʭ 
ʢʦʥʩʪʨʫʢʮʠʷʭ ʨʝʘʢʪʦʨʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʩʠʪʫʘʮʠʷ ʩ ʨʘʟʚʠʪʠʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʌɻʄ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʦʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʜʥʘʢʦ, 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʌɻʄ ʟʘʪʨʫʜʥʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʳʭ ʦʙ ʠʭ 
ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʜʠʟʘʡʥ ʌɻʄ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʥʝʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ. ʕʪʦʪ 
ʛʨʘʜʠʝʥʪ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʙʝʟ ʟʥʘʥʠʷ ʪʦʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʠ ʫʩʣʦʚʠʡ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɽʩʣʠ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳ, ʪʦ ʚʪʦʨʳʤ 

ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ  ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʌɻʄ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʛʦʤʦʛʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʤʝʶʱʠʤʠ, ʦʜʥʘʢʦ, ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 
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2  
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Innovative technologies in 
ferroalloy production and  

the improvement of energy 

production equipment  
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ʋɼʂ 669.15-198.669.168 
ʄɸʊɽʈʀɸʃʆɺɽɼʏʀʉʂʀɽ ʇʈʆɹʃɽʄʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ʌɸɿʆɺʓʍ ʈɸɺʅʆɺɽʉʀʁ ɺ ʉʀʉʊɽʄɽ Si-O-C ʇʈʀʄɽʅʀʊɽʃʔʅʆ ʂ 

ʊɽʄʇɽʈɸʊʋʈʅʓʄ ʋʉʃʆɺʀʗʄ ɺʓʇʃɸɺʂʀ ʂʈʀʉʊɸʃʃʀʏɽʉʂʆɻʆ 

ʂʈɽʄʅʀʗ ʀ ʉʇʃɸɺʆɺ ʅɸ ɽɻʆ ʆʉʅʆɺɽ  

 

ʄ.ʄ. ɻʘʩʠʢ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ (ʍʝʣʴʩʠʥʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʌʠʥʣʷʥʜʠʷ) 
ʄ.ʀ. ɻʘʩʠʢ, ʘʢʘʜʝʤʠʢ ʅɸʅ ʋʢʨʘʠʥʳ (ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ 

ʋʢʨʘʠʥʳ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ) 
 

ɺʚʝʜʝʥʠʝ. ʂʨʝʤʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ɿʝʤʣʠ, 

ʩʦʩʪʘʚʣʷʷ ʦʢʦʣʦ 15% ʚʝʩʘ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʠ ʧʦʵʪʦʤʫ ʢʨʝʤʥʝʟʝʤ ʧʦ ʧʨʘʚʫ ʧʦʣʫʯʠʣ 
ʥʘʟʚʘʥʠʝ ʢʦʨʦʣʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ*. ɺ ʧʨʠʨʦʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʢʨʝʤʥʠʡ 

ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚ ʚʠʜʝ ʢʨʝʤʥʝʟʝʤʘ SiO2 ʠ ʝʛʦ 
ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ï ʩʠʣʠʢʘʪʦʚ ʠ ʘʣʶʤʠʥʘʪʦʚ ʤʝʪʘʣʣʦʚ** . ʉʦʚʨʝʤʝʥʥʳʡ 
ʩʘʤʦʨʦʜʥʳʡ ʢʨʝʤʥʠʡ ʚʩʪʨʝʯʝʥ ʚ ʚʠʜʝ ʪʦʥʯʘʡʰʠʭ ʧʣʝʥʦʢ ʠ ʧʣʘʩʪʠʥʦʢ ʚʤʝʩʪʝ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʤʝʪʘʣʣʘʤʠ (Fe, Ai, Zn) ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʢʩʠʜʘʭ ʩʝʚʝʨʥʦ-
ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʦʢʦʣʦ ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ ʂʣʘʨʠʦʥ-ʍʠʭʝʜʦ. ʂʨʝʤʥʠʡ ʚ 

ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʞʝʣʝʟʦʤ-ʬʝʨʩʠʣʠʪ FeSi ʠ ʜʠʬʝʨʩʠʣʠʪ FeSi2 ʦʙʥʘʨʫʞʝʥ ʚ ʨʦʩʩʳʧʷʭ 
ɼʥʝʧʨʦʚʩʢʦ-ɼʦʥʝʮʢʦʡ ʚʧʘʜʠʥʳ (ɽ.ʂ. ʃʘʟʘʨʝʥʢʦ). 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʨʝʤʥʠʷ ʠ ʩʧʣʘʚʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʛʦ ʠʟ ʢʨʝʤʥʝʟʝʤʘ (ʢʚʘʨʮʘ, ʢʚʘʨʮʠʪʦʚ) 
ʫʛʣʝʨʦʜʦʤ. ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʝʤʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʣʠʪʝʡʥʳʭ ʩʧʣʘʚʦʚ ʩ ʘʣʶʤʠʥʠʝʤ (ʩʠʣʫʤʠʥʦʚ). ɺ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ 
ʢʨʝʤʥʠʡ ʠ ʢʨʝʤʥʠʩʪʳʝ ʬʝʨʨʦʩʧʣʘʚʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʠ 
ʠ ʩʧʣʘʚʦʚ. ʂʨʝʤʥʠʡ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʨʝʤʥʠʡʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʩʚʘʨʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʝʤʥʠʡ ʚ ʚʠʜʝ 
ʬʝʨʨʦʩʠʣʠʮʠʷ ʠ ʜʨʫʛʠʭ ʢʨʝʤʥʠʩʪʳʭ ʩʧʣʘʚʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʘʨʦʯʥʳʭ 

ʵʣʝʢʪʨʦʜʦʚ. ʂʨʝʤʥʠʡ ʠ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ. ɺ ʀʥʩʪʠʪʫʪʘʭ ʅɸʅ ʋʢʨʘʠʥʳ, ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʚʳʧʦʣʥʷʶʪʩʷ 
ʧʨʦʛʨʘʤʤʳ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʢʨʝʤʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʢʨʝʤʥʠʷ (ʘʢʘʜʝʤʠʢ ʅɸʅ 
ʋʢʨʘʠʥʳ ʉ.ɺ. ʉʚʝʯʥʠʢʦʚ), ʧʦ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʦʛʦ ʢʨʝʤʥʠʷ (ʯʣ.-

ʢʦʨʨ. ʅɸʅ ʋʢʨʘʠʥʳ ɺ.ɸ. ʄʘʢʘʨʘ), ʢʨʝʤʥʠʷ ʩʦʣʥʝʯʥʦʡ ʯʠʩʪʦʪ rʠ ʠʟʜʝʣʠʡ ʠʟ ʥʝʛʦ 
ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ ʫʩʠʣʠʷ 
ʫʯʝʥʳʭ ʥʘ ʠʟʫʯʝʥʠʠ SiC ʢʘʢ ʚʦʟʤʦʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʨʤʦʷʜʝʨʥʦʛʦ 

ʨʝʘʢʪʦʨʘ. ɸʢʘʜʝʤʠʢ ʈɸʅ ɺʘʣʠʝʚ ʂ.ɸ., ʦʪʚʝʯʘʷ ʥʘ ʚʦʧʨʦʩʳ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ çʏʪʦ ʙʫʜʝʤ 
ʧʦʩʣʝ ʂʈɽʄʅʀʗ? ɸʨʩʝʥʠʜ ʛʘʣʣʠʷ, ʬʫʣʣʝʨʝʥʳ, ʘʣʤʘʟ? ï ʦʪʚʝʪʠʣ: ʷ ʜʫʤʘʶ,ʯʪʦ 

ʂʈɽʄʅʀʁ ʙʫʜʝʪ ʚʩʝʛʜʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʦʝ ʥʝ 
ʧʨʝʚʨʘʪʠʪ ʢʨʝʤʥʠʝʚʳʝ ʩʚʝʨʭʙʦʣʴʰʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ʚ ʠʟʜʝʣʠʷ ʢʘʤʝʥʥʦʛʦ 
ʚʝʢʘè*** . 

ʂʨʠʩʪʘʣʣ ʢʨʝʤʥʠʷ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʥʦʚʳʤ ʢʠʣʦʛʨʘʤʤʦʤ ʢʘʢ ʤʝʨʘ ʚʝʩʘ ʚʟʘʤʝʥ 
ʵʪʘʣʦʥʘ ʠʟ ʧʣʘʪʠʥʳ ʠ ʠʨʠʜʠʷ. ʇʦ ʪʚʝʨʜʦʩʪʠ ʢʨʠʩʪʘʣʣ ʢʨʝʤʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ 

ʩʘʧʬʠʨʦʤ (a-Al2O3) ʠ ʘʣʤʘʟʦʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʝʥʷʪʴ ʰʘʨʠʢ ʠʟ ʢʨʝʤʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 
ʤʠʢʨʦʟʦʥʜʘ ʩ ʨʘʜʠʫʩʦʤ ʟʘʢʨʫʛʣʝʥʠʷ ʦʪ 1 ʜʦ 10 ʥʤ ʚ ʘʪʦʤʥʦʩʠʣʦʚʳʭ ʤʠʢʨʦʩʢʦʧʘʭ. 

ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʝʤʥʠʷ ʚ ʯʘʩʦʚʳʭ ʤʝʭʘʥʠʟʤʘʭ. ʂʨʘʪʢʦʝ 

                                                 
*
 ʖʰʢʠʥ ʅ.ʇ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʢʨʝʤʥʝʟʝʤʘ //ʂɺɸʈʎ, ʂʈɽʄʅɽɿɽʄ. ʄʘʪʝʨʠʘʣʳ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʝʤʠʥʘʨʘ. ʉʳʢʪʳʚʢʘʨ:ɻʝʦʧʨʠʥʪ. 2004. 7-8. 
**

 ɺ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʘʭ ʢʨʝʤʥʝʟʝʤ ʞʝʩʪʢʦ ʫʧʨʘʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ, ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʜʠʢʪʘʪʦʨʦʤ ʧʦ ʤʝʪʢʦʤʫ ʚʳʨʘʞʝʥʠʶ ʘʢʘʜʝʤʠʢʘ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ. 
***

 ɺʘʣʠʝʚ ʂ.ɸ. ɺʝʩʪʥʠʢ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈɸʅ. 2004, ʊ.74, ˉ12, ʉ.1079. 
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ʧʝʨʝʯʠʩʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʝʤʥʠʷ ʠ ʩʧʣʘʚʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʝʛʦ ʩʚʦʡʩʪʚʘʭ, ʯʪʦ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʨʘʩʰʠʨʝʥʠʝ ʦʙʲʝʤʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʳʧʣʘʚʢʘ ʢʨʝʤʥʠʷ ï ʚʝʩʴʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʦʝʤʢʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʥʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʨʘʩʭʦʜʫʶʪ ʦʪ 11000 ʜʦ 

13000 ʢɺʪÖʯʘʩʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ 
ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʢʨʝʤʥʠʷ. 

ɿʘʯʘʩʪʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʨʝʤʥʠʷ ʵʪʠ ʨʘʙʦʪʳ ʚʝʜʫʪ ʤʝʪʦʜʦʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ. ɺʤʝʩʪʝ ʩ 
ʪʝʤ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ 
ʧʘʨʘʤʝʪʨʘʭ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʣʘʚʢʠ ʠ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʢʨʝʤʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʙʟʦʨʝ ʦʙʦʙʱʝʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ 
ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʘʭ Si-O-C ʠ Si-O-C-(H) ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 
ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʫʩʣʦʚʠʷʤ ʚʳʧʣʘʚʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʠ ʩʧʣʘʚʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

ɸʥʘʣʠʟ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʚ 

ʩʠʩʪʝʤʝ Si-O-C. ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʨʝʤʥʠʷ, ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ ʠ 
ʬʝʨʨʦʩʧʣʘʚʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʦʤ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʪ ʫʛʣʝʨʦʜʦʪʝʨʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʣʶʙʦʡ 
ʵʣʝʤʝʥʪ ʠʟ ʝʛʦ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ ʫʛʣʝʨʦʜʘ ʚʝʜʝʪ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʠʜʦʚ ʠʣʠ ʨʘʩʧʣʘʚʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʩʳʱʝʥʥʳʭ 

ʫʛʣʝʨʦʜʦʤ. ʊʝʭʥʦʣʦʛʠʷ ʚʳʧʣʘʚʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʝʛʦ ʠʟ ʢʚʘʨʮʘ (ʢʚʘʨʮʠʪʘ) ʫʛʣʝʨʦʜʦʤ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʧʨʦʮʝʩʩʘ, 

ʢʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ ʫʛʣʝʨʦʜ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ ʧʨʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 
2ʉ:SiO2, ʧʦʣʫʯʘʶʪ ʢʨʝʤʥʠʡ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ SiOʛʘʟ ʚ ʛʘʟʦʚʦʡ 
ʬʘʟʝ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʪʠʛʣʝ ʚʘʥʥʳ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʝʯʠ. ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʵʣʝʤʝʥʪʳ 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʢʠʩʣʦʨʦʜʫ, ʜʣʷ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟ ʦʢʩʠʜʦʚ 
ʪʨʝʙʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʠʭ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʠʩʭʦʜʥʳʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ 
ʩʳʨʴʷ [1]. 

ɼʣʷ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʠʤʝʥʷʶʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʛʣʝʨʦʜʦʪʝʨʤʠʯʝʩʢʦʛʦ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʠʟ ʢʚʘʨʮʠʪʘ ʚ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʧʝʯʘʭ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʤʘʨʦʢ ʂʨ00éʂʨ3 ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ Si ² 
99é96% ʠ ʬʝʨʨʦʩʠʣʠʮʠʷ ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʘ ʤʘʨʦʢ ʌʉ20éʌʉ92 ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ 

19 ¢ Si ² 94%. ʕʪʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʨʝʤʥʠʩʪʳʭ ʩʧʣʘʚʦʚ (ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʬʝʨʨʦʩʠʣʠʢʦʭʨʦʤʘ, ʩʠʣʠʢʦʘʣʶʤʠʥʠʷ ʠ ʧʨ.). ʄʦʜʝʣʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʘʥʘʣʠʟʝ 
ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʡ ʚ ʩʠʩʪʝʤʘʭ Si-O-C (ʢʨʝʤʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ) ʠ Fe-Si-O-C 
(ʬʝʨʨʦʩʠʣʠʮʠʡ), ʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ - Me-Si-O-C (Cr-Si-O-C ï ʬʝʨʨʦʩʠʣʠʢʦʭʨʦʤ; Al-Si-O-

C ï ʩʠʣʠʢʦʘʣʶʤʠʥʠʡ ʠ ʜʨ.). ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 
ʢʨʝʤʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʨʝʘʢʮʠʝʡ 

SiO2 + 2C = Si + 2CO;  
o
ʊGD  = 697390 ï 359,07ʊ (ɼʞ/ʤʦʣʴ), 

ʇʨʦʮʝʩʩʳ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʧʣʘʚʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʤʤʘʨʥʦʡ 
ʨʝʘʢʮʠʝʡ 

SiO2 + 2C +xMe = [Si]xMe + 2CO,  
2

COSiSi PaK = , 

ʛʜʝ ʭ ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʘ ʨʘʚʥʦʚʝʩʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ 

ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʢʨʝʤʥʠʷ (Sia ) ʚ ʨʘʩʪʚʦʨʝ Me-Si-C. ʇʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ 

ʫʛʣʝʨʦʜʦʤ ʧʨʦʪʝʢʘʶʪ ʩ ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʛʘʟʦʦʙʨʘʟʥʦʛʦ 
ʤʦʥʦʦʢʩʠʜʘ ʢʨʝʤʥʠʷ SiOʛʘʟ ʠ ʪʚʝʨʜʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ SiC, ʢʦʪʦʨʳʡ ʪʝʨʤʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ (2818 ° 40) K.  
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ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʧʨʦʚʝʜʝʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʘʢʮʠʡ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʫʛʣʝʨʦʜʦʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʬʘʟʦʚʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ Si-O-C. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʬʘʟ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ f 
ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: f = ʂ + 2 ï ʬ, ʛʜʝ ʂ ï ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪʦʚ; ʬ ï 

ʯʠʩʣʦ ʬʘʟ ʠ 2 ï ʯʠʩʣʦ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ ʊ ʠ ʜʘʚʣʝʥʠʝ ʨ). ɺ ʩʠʩʪʝʤʝ Si-O-
C, ʩʦʩʪʦʷʱʝʡ ʠʟ 4-ʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ (SiO2, C, SiC ʠ Si), ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ 
ʥʘʣʠʯʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ (SiOʛʘʟ ʠ CO). ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ 

ʤʝʪʦʜʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ Si-O-C, ʠʤʝʶʱʠʭ 
ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ. ʇʦ ʤʝʪʦʜʫ ʀ.ʉ. ʂʫʣʠʢʦʚʘ [2] ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʨʝʘʢʮʠʷʭ ʜʠʩʩʦʮʠʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʩʦʝʜʠʥʝʥʠʡ) ʥʘ 
ʘʪʦʤʳ [3]. ʇʦ ʟʥʘʯʝʥʠʷʤ ʢʦʥʩʪʘʥʪ ʪʝʨʤʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʚʝʱʝʩʪʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 
ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʇʨʠ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʛʘʟʘ ï 

ʢʦʤʧʦʥʝʥʪʘ, ʧʨʝʚʳʰʘʶʱʝʤ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, ʛʘʟ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʩ 
ʫʩʪʦʡʯʠʚʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʝʛʦ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʜʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʙʱʝʝ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ 
ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʛʘʟʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ (1 ʘʪʤ): 

ä =++++++++= 1SiCCSi2OO2SiOSiO2COCO PPPPPPPPPP . 

ʇʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʩʝʭ ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʝ Si-O-C ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʦʚ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʡ ʪʝʨʤʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ.ʖ. ʄʠʥʜʠʥ ʠ ʉ.ʄ. ʄʘʟʤʠʰʚʠʣʠ [4] ʧʨʦʠʟʚʝʣʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 
ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʦʣʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ. ʉ ʫʯʝʪʦʤ 
ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Si-O-C ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ: ʛʘʟʦʦʙʨʘʟʥʳʭ ʆ, ʆ2, ʆ3, ʉ, ʉ2, ʉ3, ʉʆ, ʉʆ2, Si, Si2, SiO, 
SiO2, SiC2, Si2C ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ: ʉʢ, Siʢ, SiO2 ʠ SiCʢ. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʘʚʪʦʨʳ [4] ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʧʦʣʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ, ʘ 
ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʧʨʝʜʝʣʷʣʠ ʠʥʪʝʨʧʦʣʷʮʠʝʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ, ʚ 
ʢʦʪʦʨʦʡ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʳʤʠ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʬʘʟʘʤʠ, ʘ ʛʘʟʦʦʙʨʘʟʥʘʷ ʬʘʟʘ ʧʦʜʯʠʥʷʝʪʩʷ 
ʟʘʢʦʥʘʤ ʠʜʝʘʣʴʥʳʭ ʛʘʟʦʚ. ɼʣʷ ʵʪʠʭ ʫʩʣʦʚʠʡ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ [4] 
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ȹlnʦʙʱ , 

ʛʜʝ n ï ʯʠʩʣʦ ʛʘʟʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; k ï ʯʠʩʣʦ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ, ʫʯʠʪʳʚʘʝʤʳʭ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʨʘʩʯʝʪʘ; ʈ ï ʜʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʘʟʳ; xj ï ʯʠʩʣʦ ʤʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ j ; o
jGȹ ï ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ j-ʢʦʤʧʦʥʝʥʪʘ. ɼʣʷ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʙʣʶʜʘʝʪʩʷ 

ʫʩʣʦʚʠʝ ä
+

+

=
kn

j
iij bŬ

1

, i = 1ém, ʛʜʝ ʘij ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʩʦʨʪʘ i ʚ ʢʦʤʧʦʥʝʥʪʝ j ; bi ï ʦʙʱʝʝ 

ʯʠʩʣʦ ʘʪʦʤʦʚ ʩʦʨʪʘ i ʚ ʩʠʩʪʝʤʝ; m ï ʯʠʩʣʦ ʩʦʨʪʦʚ ʘʪʦʤʦʚ ʚ ʩʠʩʪʝʤʝ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚ ʟʘʤʢʥʫʪʦʡ (ʧʦ ʤʘʩʩʝ) ʩʠʩʪʝʤʝ. 

ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʠ ʛʘʟʦʚʦʡ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Si-O-C ʘʚʪʦʨʳ [4] 

ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 1900-2900K ʚ 15-30 ʪʦʯʢʘʭ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1 ʄʇʘ ʧʨʠ 
ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʰʝʥʠʷʭ NC/NSi = 1; 1,5; 2; 2,5 ʠ 3,0. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ [4] 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʛʣʝʨʦʜʘ ʩ SiO2 ʨʘʚʥʘ 1788 
K. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ SiC; ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʧʨʠʩʫʪʩʪʚʫʝʪ SiO2 
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ʠ SiC (ʧʨʠ NC/NSi = 3). ʇʦʩʣʝʜʥʠʡ ʩʣʫʯʘʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ 
ʢʨʝʤʥʠʷ ʧʦ ʩʧʦʩʦʙʫ ɸʯʝʩʦʥʘ ʚ ʵʣʝʢʪʨʦʧʝʯʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʂʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ 

ʢʨʝʤʥʠʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 1962 K ʧʨʠ NC/NSi = 1 (ʨʠʩ. 1). ʇʨʠ NC/NSi = 2,5 ʚ ʠʥʪʝʨʚʘʣʝ 
1974-2300 K ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʢʨʝʤʥʠʡ ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʪʥʦʰʝʥʠʝ NC/NSi ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʩʫʱʝʩʪʚʫʝʪ ʉʆ ʠ SiOʛʘʟ, ʧʨʠʯʝʤ 
ʢʦʥʮʝʥʪʨʘʮʠʷ SiOʛʘʟ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʉ ʨʦʩʪʦʤ 
ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ SiOʛʘʟ ʩʥʠʞʘʝʪʩʷ. ʄʦʣʴʥʘʷ ʜʦʣʷ 

ʉʆ2 ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 10
-4 (ʭʦʪʷ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ ʉʆ2 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ). ʀʟ-ʟʘ ʤʘʣʦʛʦ ʟʥʘʯʝʥʠʷ ʵʪʦʡ 

ʚʝʣʠʯʠʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Si-O-C, ʢʘʢ ʙʫʜʝʪ 
ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʚ ʩʚʦʠʭ ʨʘʩʯʝʪʘʭ ʥʝʦʧʨʘʚʜʘʥʥʦ ʧʨʝʥʝʙʨʝʛʘʣʠ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 
ɺ.ʖ. ʄʠʥʜʠʥʳʤ ʠ ʉ.ʄ. ʄʘʟʤʠʰʚʠʣʠ ʚ 1983 ʛ. [4], ʚ ʦʩʥʦʚʥʦʤ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ S.G. Hatchinson ʠ ʜʨ., ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʚ 1988 ʛ. [5], ʛʜʝ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ. 

 
ʈʠʩ. 1 ï ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Si-O-C ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʪʥʦʰʝʥʠʷʭ NC/NSi [4]. 
 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ 
ʩʠʩʪʝʤʝ Si-O-C ʧʨʦʚʝʜʝʥʳ ʯʣ.-ʢʦʨʨ. ɸʅ ʉʉʉʈ ʇ.ɺ. ɻʝʣʴʜʦʤ. ɺ.ʀ. ʈʷʙʯʠʢʦʚ [6] ʠ 
ʅ.ɺ. ʊʦʣʩʪʦʛʫʟʦʚ [7], ʧʨʦʜʦʣʞʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇ.ɺ. ɻʝʣʴʜʘ, ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʩʠʩʪʝʤʳ Si-O-C, ʠʩʭʦʜʷ ʠʟ ʧʨʘʚʠʣʘ ʬʘʟ. ʆʛʨʘʥʠʯʠʚ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 
ʩʠʩʪʝʤʝ Si-O-C, ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʧʨʠʥʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʦʧʠʩʳʚʘʶʱʠʭ 

ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʰʝʩʪʴ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ: 
 

SiO2 + C = SiOʛ + ʉʆ,  lgK1 = lg(PSiOÖPCO) = ;,1917
35444

+-
ʊ

   (1) 

2SiO2 + SiC = 3SiO + ʉʆ, lgK2 = lg( 3
SiOP ÖPCO) = ;,4534

7594
+-

ʊ
   (2) 

SiO +2ʉ = SiC + CO,  lgK3 = lg(PCOÖPSiO) = ;,1410
4583

-+
ʊ

   (3) 

SiO2 + Si = 2SiO,   lgK4 = lg( 2
SiOʈ ) = ;,0515

33020
+-

ʊ
   (4) 

SiO + SiC = 2Si + ʉʆ,  lgK5 = lg(PCO/PSiO) = 364
9239

,+-
ʊ

;   (5) 

SiO + ʉ = Si + ʉʆ,  lgK6 = lg(PCO/PSiO) = 142
2424

,+-
ʊ

.  (6) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʢʦʦʨʜʠʥʘʪʘʭ lg(PSiO/PCO) ï 1/ʊ (ʨʠʩ. 2). ɼʣʷ ʨʝʘʢʮʠʡ (3), (5) ʠ (6) ʦʪʥʦʰʝʥʠʝ ʈSiO/PCO 
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ʧʦʣʫʯʝʥʳ ʠʟ ʚʳʨʘʞʝʥʠʷ ʈSiO/PCO = 1/KP, ʘ ʜʣʷ ʨʝʘʢʮʠʠ (4) ʠʟ ʫʨʘʚʥʝʥʠʷ PSiO/PCO = 

]/[ ʚʥ6 4KPK - . ɼʣʷ ʨʝʘʢʮʠʡ (1) ʠ (2) ʦʪʥʦʰʝʥʠʝ ʈSiO/PCO ʥʘʭʦʜʷʪ, ʨʝʰʘʷ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ K1 = PSiOÖPCO, K2 = P
3
SiOÖPCO. ʅʘ ʨʠʩ. 2 ʣʠʥʠʠ 1é6 ʦʧʠʩʳʚʘʶʪ 

ʨʘʚʥʦʚʝʩʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʫʩʣʦʚʠʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ (ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷ ʈSiO/PCO ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʣʝʜʫʶʱʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ: 
ʣʠʥʠʷ 1 2 3 4 5 6 

ʬʘʟʳ SiO2 ʠ C SiO2 ʠ C SiC ʠ C SiO2 ʠ Si SiC ʠ Si C ʠ Si 
 

 
ʈʠʩ. 2 ï ɼʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ lg(ʈSiO/PCO) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ            

Si-O-C [6, 7]. 
 
ɿʘʚʠʩʠʤʦʩʪʠ lg(ʈSiO/PCO) = f(1/T) ʜʣʷ ʨʝʘʢʮʠʡ (3), (5) ʠ (6) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘ 

ʨʠʩ. 2 ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (3), (5) ʠ (6). ʇʝʨʝʩʝʯʝʥʠʝʤ ʣʠʥʠʡ ʧʦʣʝ 
ʜʠʘʛʨʘʤʤʳ ʨʘʟʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʘ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʣʝʜʫʶʱʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 
ʬʘʟ: I ï SiO2; II  ï C; III  ï SiC ʠ IV ï Si. 

ʇʝʨʝʩʝʯʝʥʠʝ ʣʠʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ ʚ ʪʦʯʢʘʭ ɸ, ɹ, ɺ ʠ ɻ 
(ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ) ʩ ʛʘʟʦʚʦʡ ʬʘʟʦʡ SiO ï CO ʩʦʩʫʱʝʩʪʚʫʶʪ ʥʦʥʚʘʨʠʘʥʪʥʳʝ 
ʨʘʚʥʦʚʝʩʠʷ ʩʣʝʜʫʶʱʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ: 

ʊʦʯʢʘ 
ʧʝʨʝʩʝʯʝʥʠʷ 

ɸ ɹ ɺ ɻ 

ʉʦʩʫʱʝʩʪʚʫʶ
ʱʠʝ ʬʘʟʳ 

Si
O2-SiC-C 

Si
O2-SiC-Si 

S
iC-Si-C 

S
iO2-C-Si 

 
ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʨʝʤʥʠʷ ʠʟ SiO2 ʫʛʣʝʨʦʜʦʤ ʚʢʣʶʯʘʝʪ ʧʦ ʜʘʥʥʳʤ [7] ʪʨʠ ʩʪʘʜʠʠ 

ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʭʝʤʦʡ: 

ʞ
ʛSiO

ʪ
CSiSiC,C,

ʞ)ʪ,( SiSiCSiOSiO ½½½ ­½½½­½½½½½ ­½2
. 

ɺ ʨʘʟʚʠʪʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʙʦʪʘʭ ʠʟʫʯʘʣʠʩʴ 
ʚʝʨʦʷʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʫʛʣʝʨʦʜʦʤ ʧʨʠ ʚʳʧʣʘʚʢʝ 
ʬʝʨʨʦʩʠʣʠʮʠʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ɹʘʣʘʥʩʦʚʳʡ ʤʝʪʦʜ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʠʟʫʯʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʛʣʝʨʦʜʦʪʝʨʤʠʯʝʩʢʠʭ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʩʠʣʠʮʠʷ ʠ 
ʢʨʝʤʥʠʷ ʚ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʧʝʯʘʭ, ʨʘʟʨʘʙʦʪʘʥ ɺ.ʀ. ɹʝʨʜʥʠʢʦʚʳʤ [8]. ʄʦʜʝʣʴ, 
ʧʨʝʜʣʦʞʝʥʥʘʷ ʖ.ɻ. ʇʦʥʦʤʘʨʝʥʢʦ [9], ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʦʛʦ ʠʟ 
ʚʦʟʤʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʚʘʥʥʝ ʬʝʨʨʦʩʠʣʠʮʠʝʚʦʡ (ʠʣʠ ʢʨʝʤʥʠʝʚʦʡ) 
ʵʣʝʢʪʨʦʧʝʯʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʢʠʧʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ 
ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʫʨʦʚʥʝ, ʦʧʨʝʜʝʣʷʝʤʦʤ 
ʨʘʚʝʥʩʪʚʦʤ ʨʘʚʥʦʚʝʩʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʦʙʲʝʤʝ ʛʘʟʘ (ʧʘʨʘ), ʠ 
ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ. 
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ʅ.ʌ. ʗʢʫʰʝʚʠʯ ʠ ɻ.ɺ. ɻʘʣʝʚʩʢʠʡ [10] ʦʙʦʙʱʠʣʠ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 
ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ (ʢʚʘʨʮʠʪʘ) 
ʫʛʣʝʨʦʜʦʤ. ʉʦʛʣʘʩʥʦ [10], ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 
ʩʠʩʪʝʤʘʭ Si-O-C ʠ Fe-Si-O-C ʷʚʣʷʝʪʩʷ çʠʟʚʣʝʯʝʥʠʝè ʢʠʩʣʦʨʦʜʘ ʠʟ ʨʝʰʝʪʢʠ ʢʚʘʨʮʘ ʠʣʠ 
ʢʨʠʩʪʦʙʘʣʠʪʘ ï ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʨʝʤʥʝʟʝʤʘ ï ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʜʝʬʠʮʠʪʥʦʡ ʧʦ ʢʠʩʣʦʨʦʜʫ ʬʘʟʳ SiO2-x (ʟʜʝʩʴ ʭ ï ʧʦʢʘʟʘʪʝʣʴ 
ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʦʩʪʠ ï ʯʠʩʣʦ ʚʘʢʘʥʩʠʡ ʥʘ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ), ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ 
ʢʦʪʦʨʦʡ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1743 K. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ 
ʛʠʧʦʪʝʟʦʡ ʚ ʣʦʢʘʣʴʥʳʭ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʢʨʝʤʥʝʟʝʤ ï ʢʦʢʩ ʚ ʧʨʠʩʫʪʩʪʚʠʠ SiC ʠ Siʧʘʨ 
ʞʠʜʢʠʡ ʢʨʝʤʥʠʡ (ʬʝʨʨʦʩʠʣʠʮʠʡ) ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʧʣʘʚʘ 
SiO2-x(ʞ) ʩ ʫʛʣʝʨʦʜʦʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʧʦ ʨʝʘʢʮʠʷʤ 

 
SiO2-x(ʞ) + (2 ï ʭ ï ʫ)ʉʪʚ = (1 ï ʫ)Si(ʞ) + ySiO2 + (2 ï x ï y)CO;                    (7) 
SiO2-x(ʞ) +  zSiʉ = (2z + x ï 1)Si(ʞ) + (2 ï x ï z)SiO2 + zCO;                         (8) 

ʛʜʝ ʫ ï ʜʦʣʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ SiO2; z ï ʜʦʣʷ SiC, ʚʩʪʫʧʘʶʱʝʛʦ ʚ ʨʝʘʢʮʠʶ. 
ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʜʝʣʷʭ ʠ ʩʭʝʤʘʭ ʨʘʚʥʦʚʝʩʥʘʷ ʛʘʟʦʚʘʷ ʬʘʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ï ʛʘʟʦʦʙʨʘʟʥʳʤ ʤʦʥʦʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ SiOʛʘʟ ʠ 
ʤʦʥʦʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʉʆ. 

ʅʦʚʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ        
ʄʝ-Si-O-C. ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [1, 11, 13] ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ Si-O-C (Si-O-C-Me) ʩ ʛʨʘʬʠʯʝʩʢʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚ ʢʦʦʨʜʠʥʘʪʘʭ lgP
2ʉʆï lgPCO ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɸʥʘʣʠʟ 

ʤʝʪʦʜʘ, ʨʘʟʚʠʪʦʛʦ ʚ ʨʘʙʦʪʘʭ ʀ.ɺ. ʈʷʙʯʠʢʦʚʘ [6] ʠ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʅ.ɺ. ʊʦʣʩʪʦʛʫʟʦʚʘ 
[7], ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʨʷʜ ʥʝʢʦʨʨʝʢʪʥʳʭ ʜʦʧʫʱʝʥʠʡ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 1/ʊ ï lg(PSiO/PCO). ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ 
ʚʳʰʝ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʦʚ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤ (ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 
Si-O-C) ʚʳʧʠʩʳʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʝʘʢʮʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʨʘʚʥʦʚʝʩʠʝ ʩʘʤʳʭ 
ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʬʘʟ ʠ ʩʦʝʜʠʥʝʥʠʡ [6, 7]. ʇʨʠ ʵʪʦʤ ʧʨʝʥʝʙʨʝʛʘʶʪ ʧʘʨʮʠʘʣʴʥʳʤ 
ʜʘʚʣʝʥʠʝʤ çʤʘʣʳʭè ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʣʘʛʘʷ, ʯʪʦ ʠʭ ʜʦʣʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 
ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ 
ʢʦʦʨʜʠʥʘʪʘʭ 1/ʊ ï (PSiO/PCO), ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʜʘʚʘʷ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ 
ʨʘʚʥʦʛʦ ʝʜʠʥʠʮʝ [6, 7]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʳʤ, ʪʘʢ 
ʢʘʢ ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʠʨʘʶʪʩʷ ʨʝʘʛʠʨʫʶʱʠʝ ʬʘʟʳ ʠ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ PSiO + PCO = 1, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ, ʥʘʧʨʠʤʝʨ, ʧʨʦʪʝʢʘʥʠʶ 

ʨʝʘʢʮʠʠ (1) SiO2 + C = SiO + CO ʩ ʬʦʨʤʘʣʴʥʦʡ ʢʦʥʩʪʘʥʪʦʡ ʨʘʚʥʦʚʝʩʠʷ K = PSiOÖPCO = 

PSiOÖ(1 ï PSiO). ʇʨʠ 1800 K ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʦ ʫʪʦʯʥʝʥʥʳʤ 
ʜʘʥʥʳʤ ʨʘʚʥʦ -13763 ɼʞ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʥʩʪʘʥʪʳ 
ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ K = 2,22 ʧʨʠ 1 ʘʪʤ. ʋʨʘʚʥʝʥʠʝ ʭ(1 ï ʭ) ï 2,22 = 0 ʥʝ ʠʤʝʝʪ 
ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ (ʜʘʚʣʝʥʠʝ SiO ʠʣʠ ʉʆ ʦʢʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʯʠʩʣʦʤ, ʭ = 

0,5°1,404i). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝʪ ʬʠʟʠʯʝʩʢʠ ʩʫʱʝʩʪʚʦʚʘʪʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 
ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ. ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ ʩʧʨʘʚʝʜʣʠʚʦ 

ʦʛʨʘʥʠʯʝʥʠʝʤ PSiO + PCO = 1, ʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ PSiOÖPCO ʚʩʝʛʜʘ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ ʠʣʠ 
ʨʘʚʥʦ 0,25, ʠʩʭʦʜʷ ʠʟ ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ (ʤʘʢʩʠʤʫʤ 0,25 ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ PSiO = 
PCO = 0,5). ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʨʝʘʢʮʠʠ (4) ʧʨʠ 1900 K ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʘ 0,0123. ʕʪʦ 
ʦʟʥʘʯʘʝʪ, ʯʪʦ PSiO = 1,55 ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʈʉʆ = 1 ï 1,55 = -0,55, ʯʪʦ ʥʝ ʠʤʝʝʪ 
ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 3 ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʠ PSiO + PCO = 1 
ʬʦʨʤʘʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʨʝʘʢʮʠʡ (1), (2) ʠ (4) ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 
ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ. ʇʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚʩʝʡ ʩʠʩʪʝʤʳ, 
ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ Si-O-C ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, 
ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʘ ʥʝ 
ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʭ) ʢʘʢ ʬʫʥʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 
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ʈʠʩ. 4 ï ʈʘʩʩʯʠʪʘʥʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ 
ʦʙʣʘʩʪʠ ʬʘʟ ʧʨʠ 2100 K ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʘʚʣʝʥʠʷ ʉʆ ʠ ʉʆ2. 

ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʨʘʩʯʝʪʦʤ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʧʦ ʤʝʪʦʜʫ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ 
ɻʠʙʙʩʘ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ Si-O-C (ʥʘʧʨʠʤʝʨ, 3 ʤʦʣʷ ʉ + 1 ʤʦʣʴ SiO2) ʠ 
ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʜʠʘʛʨʘʤʤʳ ʨʘʚʥʦʚʝʩʠʷ ʠʣʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʟ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 
ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʦ ʚʪʦʨʦʤ 
ʩʣʫʯʘʝ ï ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʘ ʧʦʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʟ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʜʘʚʘʝʤʳʤʠ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʦʩʷʤʠ. 

  
ʈʠʩ. 3 ï ʈʘʩʩʯʠʪʘʥʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʡ SiO/CO ʜʣʷ ʨʝʘʢʮʠʡ 

(1) ï (6) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (K), ʘ, ʠ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (10000/ʊ), ʙ. ʃʠʥʠʠ, 
ʦʙʨʳʚʘʶʱʠʝʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʟʥʘʯʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʜʘʥʥʦʡ 
ʨʝʘʢʮʠʠ ʧʨʠ PSiO + PCO = 1. 

 

ʅʠʞʝ ʠʟʣʘʛʘʶʪʩʷ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Si-
O-C. ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ (HSC 6.0, Fact Sage 
Q) ʩ ʫʯʝʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʯʠʩʣʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ ʠ ʩʦʝʜʠʥʝʥʠʡ ʚ 
ʛʘʟʦʚʦʡ ʬʘʟʝ. ɻʘʟ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʘʣʴʥʳʤ, ʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʬʘʟʳ ï ʯʠʩʪʳʤʠ 
ʚʝʱʝʩʪʚʘʤʠ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ ʪʘʢʞʝ 
ʨʘʩʩʯʠʪʘʥʘ ʠʟʦʙʘʨʘ ʩʠʩʪʝʤʳ (ʩʫʤʤʘ ʚʩʝʭ ʜʘʚʣʝʥʠʡ ʨʘʚʥʘ 1 ʘʪʤ). ʅʘ ʨʠʩ. 4 ʠ 5 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʚʥʦʚʝʩʥʳʭ ʦʙʣʘʩʪʝʡ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Si-O-C ʧʨʠ 
2100 ʠ 2500 K ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʉʆ ʠ ʉʆ2. 

ɿʥʘʢʠ ç+è ʦʟʥʘʯʘʶʪ ʧʫʪʴ ʠʟʦʙʘʨʳ ʨʝʘʢʮʠʠ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 
ʨʘʚʝʥʩʪʚʘ ʩʫʤʤʳ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʚ ʩʠʩʪʝʤʝ (ʘ ʥʝ ʪʦʣʴʢʦ SiO ʠ ʉʆ) ʛʘʟʦʦʙʨʘʟʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʝʰʥʝʤʫ ʜʘʚʣʝʥʠʶ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʨʠʤʝʥʷʚʰʠʝʩʷ ʚʦ ʤʥʦʛʠʭ 
ʨʘʙʦʪʘʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʠ ʊ ï lg(PSiO/PCO) ʥʝʢʦʨʨʝʢʪʥʳ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʩʤʳʩʣʝ. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʨʠʩ 4 ʠ 5 ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʷʭ lgPCO ʠ lgP
2ʉʆ . 

 

ʈʠʩ. 5 ï ʈʘʩʩʯʠʪʘʥʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ 
ʦʙʣʘʩʪʠ ʬʘʟ ʧʨʠ 2500 K ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʘʚʣʝʥʠʷ ʉʆ ʠ ʉʆ2. 
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ʀʟ ʜʘʥʥʳʭ ʨʠʩ. 4 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 2100 K ʚ ʩʠʩʪʝʤʝ Si-O-C ʚʦʟʤʦʞʥʦ 
ʨʘʚʥʦʚʝʩʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ SiO2 ʠ SiC; ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʘʟʳ ʢʨʝʤʥʠʷ ʥʝ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʠʟʦʙʘʨʦʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʨʝʤʥʠʡ ʥʝ ʤʦʞʝʪ 
ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʛʘʟʦʚʦʡ ʬʘʟʦʡ (ʣʶʙʦʛʦ ʩʦʩʪʘʚʘ) ʧʨʠ ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ 1 ʘʪʤ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 2100 K. 
ʀʥʪʝʨʝʩʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʤʝʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʣʝʡ ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟ ʥʘ ʨʠʩ. 

5. ʄʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʢʨʝʤʥʠʷ ʠ ʢʨʝʤʥʝʟʝʤʘ ʧʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ SiOʛ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʦʤʠʥʠʨʫʶʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʬʘʟ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʝʤʥʠʡ, 
ʙʫʜʝʪ ʛʘʟ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʤʘʩʩʦʚʳʡ ʧʝʨʝʭʦʜ ʢʨʝʤʥʠʷ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʦʩʪʘʣʴʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ (ʉʆ, ʉʆ2) ʜʦ ʪʘʢʦʛʦ ʫʨʦʚʥʷ, ʢʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʥʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ. ʅʘ ʨʠʩ. 
5 ʵʪʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʉʆ ʠ ʉʆ2 ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʢʦʤʙʠʥʘʮʠʠ 
ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʠʟʦʙʘʨʘ ʧʝʨʝʩʝʢʘʝʪ ʥʝʙʦʣʴʰʦʡ ʦʪʨʳʚʦʢ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʨʝʤʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʛʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ 
ʜʘʚʣʝʥʠʡ ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ɸʥʘʣʦʛʠʯʥʳʡ ʘʥʘʣʠʟ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʣʶʙʦʡ ʩʠʩʪʝʤʳ, 

ʜʣʷ ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ ʥʘʜʝʞʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʳ 
ʘʥʘʣʦʛʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʩʠʩʪʝʤʳ Mn-C-O ʧʨʠ 1800 K ʠ 2500 K. ʇʨʠ 1800 K 

ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʤʘʨʛʘʥʮʘ ʚ ʫʟʢʦʡ ʦʙʣʘʩʪʠ 

ʩʦʩʪʘʚʦʚ ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʨʠ P
2ʉʆ = 10-4 ʘʪʤ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʵʪʦʛʦ ʩʦʩʪʘʚʘ ʚʝʜʝʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʣʠʙʦ ʦʢʩʠʜʘ, ʣʠʙʦ ʢʘʨʙʠʜʘ ʤʘʨʛʘʥʮʘ (ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ 1 
ʘʪʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʩʠʤʚʦʣʘʤʠ ç+è ʥʘ ʨʠʩ. 6, ʘ. ʇʨʠ 2500 K, ʢʦʛʜʘ ʠʩʧʘʨʝʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʨʛʘʥʮʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ 
ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʩ MnO ʧʨʠ ʣʶʙʳʭ ʦʪʥʦʰʝʥʠʷʭ ʉʆ ʠ ʉʆ2 ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʉʫʤʤʘ P

2ʉʆ + ʈʉʆ < 1, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ ʛʘʟʦʚʦʡ ʬʘʟʳ ʟʘʥʠʤʘʝʪ ʤʘʨʛʘʥʝʮ ʠ 

ʚʦʟʤʦʞʥʳʝ ʝʛʦ ʛʘʟʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

 
ʈʠʩ. 6 ï ɼʠʘʛʨʘʤʤʘ ʜʦʤʠʥʘʥʪʥʳʭ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ Mn-C-O ʧʨʠ 

1800 (ʘ) ʠ 2500 (ʙ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʉʆ ʠ ʉʆ2. 

 
ɺ ʩʠʩʪʝʤʝ Cr-C-O (ʨʠʩ. 7 ʘ) ʧʨʠ 1800 K ʚ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʩʪʠʞʠʤʳʭ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʦʩʪʘʚʦʚ ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʨʠ 1 ʘʪʤ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʢʩʠʜʘ 
Cr2O3, ʢʘʨʙʠʜʘ Cr7C3 ʠʣʠ ʢʘʨʙʠʜʘ Cr3C2. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 
ʩʣʠʰʢʦʤ ʤʘʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ, ʦʜʥʘʢʦ 

ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ (ʚʘʢʫʫʤʥʳʝ ʧʨʦʮʝʩʩʳ) ʩʜʚʠʛʘʝʪ ʠʟʦʙʘʨʫ ʚ ʦʙʣʘʩʪʴ, ʛʜʝ 
ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʨʦʤ ʙʫʜʝʪ ʫʩʪʦʡʯʠʚ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ 60-ʭ ʛʦʜʘʭ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʝʛʘʟʘʮʠʠ ʬʝʨʨʦʩʧʣʘʚʦʚ ʠ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʦʪ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 
[12]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʭʨʦʤʘ, ʚ ʩʠʩʪʝʤʝ Al-O-C ʢʘʨʙʠʜ ʘʣʶʤʠʥʠʷ ʠʤʝʝʪ ʤʝʥʴʰʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ, ʦʙʨʘʟʫʷ ʦʢʩʠʢʘʨʙʠʜʳ (ʨʠʩ. 7 ʙ) ʚ ʜʦʩʪʘʪʦʯʥʦ 
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ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʉʆ2 < 10-10 ʘʪʤ ʠ 
ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʉʆ ʦʙʨʘʟʫʶʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʝ ʩʫʙʦʢʩʠʜʳ ʘʣʶʤʠʥʠʷ, ʯʪʦ ʚʠʜʥʦ ʥʘ 

ʨʠʩ. 7 ʙ ʢʘʢ ʦʪʢʣʦʥʝʥʠʝ ʠʟʦʙʘʨʳ ʦʪ ʚʝʨʪʠʢʘʣʠ. 

 
ʈʠʩ. 7 ï ɼʠʘʛʨʘʤʤʘ ʜʦʤʠʥʘʥʪʥʳʭ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ Cr-C-O (ʘ) ʠ 

Al-O-C (ʙ) ʧʨʠ 1800 K ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʉʆ ʠ ʉʆ2. 
 
ʇʦʩʪʨʦʝʥʥʳʝ ʚʳʰʝ ʜʠʘʛʨʘʤʤʳ ʜʦʤʠʥʘʥʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʩʣʫʯʘʷ ʦʙʨʘʟʦʚʘʥʠʷ ʯʠʩʪʳʭ ʬʘʟ. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʶʪʩʷ 
ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʪʦ ʨʘʚʥʦʚʝʩʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʪʘʢʠʤʠ ʧʨʦʩʪʳʤʠ 

ʜʠʘʛʨʘʤʤʘʤʠ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʩʠ ʭʠʤʠʯʝʩʢʠʭ 
ʧʦʪʝʥʮʠʘʣʦʚ ʫʯʘʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʭʦʞʜʝʥʠʷ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʪʝʢʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ɻʠʙʙʩʘ: ʧʨʠ ʨʘʚʥʦʚʝʩʠʠ ʭʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ ʨʘʚʥʳ 
ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ ʬʘʟ, ʦʜʥʘʢʦ ʩʘʤ ʬʘʢʪ ʨʘʚʝʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ mi ʢʘʢ ʯʘʩʪʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ 

ʯʠʩʣʫ ʤʦʣʝʡ n, ʘ ʥʝ ʧʦ ʤʦʣʴʥʦʡ ʜʦʣʝ X: 
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ʀʟʣʦʞʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʠʜʝʘʣʴʥʳʭ ʬʘʟ ʚ ʟʘʢʨʳʪʦʡ 
ʩʠʩʪʝʤʝ ʄʝ-Si-O-C. ɺ ʨʝʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʧʣʘʚʦʚ, 

ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦʝ ʫʜʘʣʝʥʠʝ ʛʘʟʦʚ (ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʉʆ ʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ SiO), ʣʦʢʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʠʩʢ 
ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʟ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʤʝʪʦʜʦʤ 
ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ, ʠʩʧʦʣʴʟʫʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ. 
ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Si-O-C-(H). 

ʈʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚʳʧʣʘʚʢʠ ʢʨʝʤʥʠʷ, ʬʝʨʨʦʩʠʣʠʮʠʷ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʬʝʨʨʦʩʧʣʘʚʦʚ 
ʫʛʣʝʨʦʜʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʷʜʦʤ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʦʤʧʦʥʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʧʦʜʵʣʝʢʪʨʦʜʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ 

ʪʠʛʣʷʭ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʜʫʛʦʚʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʤʠ ʨʘʟʚʠʪʘ 
ʠʜʝʷ ʦ ʚʣʠʷʥʠʠ ʚʦʜʦʨʦʜʘ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʧʦʜʵʣʝʢʪʨʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʥʘ 

ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Si-O-C, Si-O-C-(H) ʠ Si-O-C-Me (Fe, Mn, Cr, Al ʠ ʜʨ.). ʋʯʝʪ 
ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ Si-O-C-(H) ʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʙʠʣʴʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʩʧʣʘʚʘ Si ʠʣʠ ʩʠʩʪʝʤʳ 

Me-Si ʦʱʫʪʠʤʦ ʩʥʠʞʘʝʪʩʷ. ʅʘʣʠʯʠʝ ʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚ ʧʦʜʵʣʝʢʪʨʦʜʥʳʭ 
ʨʝʘʢʮʠʦʥʥʳʭ ʪʠʛʣʷʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʝʛʦ ʚ ʢʨʝʤʥʠʠ ʠ 
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ʢʨʝʤʥʠʩʪʳʭ ʬʝʨʨʦʩʧʣʘʚʘʭ ʠ ʚʳʜʝʣʝʥʠʝʤ ʝʛʦ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʦʚ, 
ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʧʦʨʠʩʪʳʭ ʩʣʠʪʢʦʚ. 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʶ 
ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʢʨʝʤʥʠʠ ʠ ʞʝʣʝʟʦʢʨʝʤʥʠʩʪʳʭ ʩʧʣʘʚʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ 0é100% Si. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʦʜʦʨʦʜʘ ʚ 

ʞʠʜʢʦʤ ʠ ʪʚʝʨʜʦʤ ʢʨʝʤʥʠʠ ʧʨʠ 1523é1683 K ʧʨʠ ʈ
2ʅ
= 1 ʘʪʤ, ʧʦ ʜʘʥʥʳʤ ʊ.ɹ. 

ʂʦʩʪʠʥʦʡ ʠ ɹ.ɸ. ɹʘʫʤʘ [14], ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

;,lg ʞSi
H 7260

5780
-

-
=

T
K         ʠ        .,lg ʪSi

H 973
12700

-
-
=

T
K  

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʯʠʩʪʦʤ 

ʢʨʝʤʥʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ lg[%H]Si = 0,0447 ï 5312/ʊ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʜʦʨʦʜʘ 
ʚ ʨʘʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Fe-Si ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨ ʩ ʤʠʥʠʤʫʤʦʤ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10é15 ʩʤ3/100 ʛ ʧʨʠ 50é55% ʘʪ Si [14]. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [15] 
ʦʧʠʩʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʦʜʦʨʦʜʘ ʚ ʤʦʜʝʣʴʥʳʭ ʩʧʣʘʚʘʭ 
Fe-Si, ʩʦʜʝʨʞʘʱʠʭ 75% ʤʘʩ Si, ʫʨʘʚʥʝʥʠʝʤ lg[%H]75%Si = -0,6638 ï 4526/T. 

ʆʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʬʝʨʨʦʩʠʣʠʮʠʠ ʧʦʩʚʷʱʝʥʳ 
ʨʘʙʦʪʳ [15-17]. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ ʧʨʦʙʘʭ 75%-ʥʦʛʦ ʨʘʩʧʣʘʚʘ 

ʬʝʨʨʦʩʠʣʠʮʠʷ ʧʦ ʜʘʥʥʳʤ ʇ.ɺ. ɻʝʣʴʜʘ ʠ ɺ.ʀ. ʗʚʦʡʩʢʦʛʦ [16] ʩʦʩʪʘʚʣʷʣʘ: ʥʘ ʣʝʪʢʝ ʧʝʯʠ, 
ʚ ʢʦʚʰʝ ʠ ʩʣʠʪʢʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 26,54, 22,40 ʠ 21,20 ʩʤ3/100 ʛ. ɺ ʨʘʙʦʪʝ ʗ.ʉ. 
ʑʝʜʨʦʚʠʮʢʦʛʦ ʦʪʤʝʯʝʥʦ (ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʜʘʥʥʳʝ [14]), ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʚ 

ʨʘʩʧʣʘʚʝ ʬʝʨʨʦʩʠʣʠʮʠʷ ʤʘʨʢʠ ʌʉ75 ʧʨʠ ʚʳʧʫʩʢʝ ʠʟ ʧʝʯʠ ʜʦʩʪʠʛʘʝʪ 30é40 ʩʤ3/100 ʛ, 
ʯʪʦ ʚ 3é6 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʣʠʪʢʘʭ. ɺ ʨʘʙʦʪʝ [17] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʧʨʦʙʘʭ ʩʧʣʘʚʘ ʌʉ75 ʚ ʥʘʯʘʣʝ, ʩʝʨʝʜʠʥʝ ʠ ʢʦʥʮʝ ʚʳʧʫʩʢʘ ʠʟ ʧʝʯʠ (ʥʘ ʩʪʨʫʝ) ʩʦʜʝʨʞʘʥʠʝ 
ʚʦʜʦʨʦʜʘ ʚ ʬʝʨʨʦʩʠʣʠʮʠʠ ʩʦʩʪʘʚʣʷʣʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 22,5, 25,5 ʠ 32,5 ʩʤ3/100 ʛ, ʘ ʚ 
ʥʘʯʘʣʝ, ʩʝʨʝʜʠʥʝ ʠ ʢʦʥʮʝ ʨʘʟʣʠʚʢʠ (ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ ʢʦʚʰʝ) ï 17,5, 16,0 ʠ 

15,2 ʩʤ3/100 ʛ. 
ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 

(ʢʦʤʤʝʨʯʝʩʢʦʤ) ʬʝʨʨʦʩʠʣʠʮʠʠ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʨʘʚʥʦʚʝʩʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʤʦʜʝʣʴʥʳʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Fe-Si ʧʨʠ ʈ
2ʅ

 = 0,1 ʄʇʘ ʠ ʊ = 1800é2100 K. 

ʇʦʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʟʦʥʝ ʜʫʛ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʧʝʯʠ 
ʚʦʜʦʨʦʜ ʩʫʱʝʩʪʚʫʝʪ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʘʪʦʤʘʨʥʦʡ ʬʦʨʤʝ. ɺʳʩʦʢʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʧʣʘʟʤʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ. ʊʘʢ, ʧʨʠ 
ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʦʡ ʧʣʘʚʢʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʘʥʥʳ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ 

ʜʫʛʦʡ (ʧʣʘʟʤʝʥʥʳʤ ʬʘʢʝʣʦʤ), ʦʙʨʘʟʫʝʪʩʷ ʟʦʥʘ ʘʙʩʦʨʙʮʠʠ, ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʛʘʟʘ ʚ 
ʢʦʪʦʨʦʡ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʰʝ, ʯʝʤ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʛʘʟʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʤʝʪʘʣʣʝ, 
ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ ʛʘʟʘ ʤʝʪʘʣʣʦʤ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

6000 K ʚʦʜʦʨʦʜʥʘʷ ʧʣʘʟʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʘʪʦʤʠʟʠʨʦʚʘʥʘ [18]. ʇʦʚʝʨʭʥʦʩʪʴ 
ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʘʥʥʳ, ʥʝ ʧʦʢʨʳʪʘʷ ʧʣʘʟʤʝʥʥʳʤ ʬʘʢʝʣʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʦʥʫ 

ʜʝʩʦʨʙʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʜʝʛʘʟʘʮʠʷ ʤʝʪʘʣʣʘ. ʉʦʦʪʥʦʰʝʥʠʝ 
ʧʣʦʱʘʜʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʦʥ ʜʝʩʦʨʙʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ ʦʧʨʝʜʝʣʷʝʪ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, 
ʧʨʝʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʥʘʜ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʚʳʯʠʩʣʝʥʥʦʡ ʚ 

ʧʨʝʜʣʦʞʝʥʠʠ ʚʳʧʦʣʥʠʤʦʩʪʠ ʟʘʢʦʥʘ ʉʠʚʝʨʪʩʘ [18]. 
ʇʨʠ ʧʣʘʟʤʝʥʥʦ-ʜʫʛʦʚʦʡ ʧʣʘʚʢʝ ʤʝʪʘʣʣʦʚ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʝʛʦ ʩʪʘʥʜʘʨʪʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ [H] = K
2ʅ

P
21

2

/
H , ʯʪʦ 

ʦʪʤʝʯʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [19], ʘʚʪʦʨʳ ʢʦʪʦʨʦʡ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʧʦʚʳʰʝʥʥʦʡ 
ʘʢʪʠʚʥʦʩʪʴʶ ʯʘʩʪʠʮ ʛʘʟʘ ʚ ʩʪʦʣʙʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʷʚʣʝʥʠʷ, 
ʙʝʟʫʩʣʦʚʥʦ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʝʩʪʦ ʚ ʵʣʝʢʪʨʦʧʝʯʘʭ, ʚʳʧʣʘʚʣʷʶʱʠʭ ʢʨʝʤʥʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠ ʬʝʨʨʦʩʠʣʠʮʠʡ (ʢʨʝʤʥʠʩʪʳʝ ʩʧʣʘʚʳ), ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʧʣʦʱʘʜʴ ʟʦʥʳ 
ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʦʡ ʩʦʩʪʘʚʣʷʝʪ 30é80% ʧʣʦʱʘʜʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 
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ʚʘʥʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʠʷ (ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʬʝʨʨʦʩʠʣʠʮʠʶ ʤʘʨʢʠ ʌʉ25, ʚʝʨʭʥʷʷ ï ʤʘʨʢʠ ʌʉ90). 

ʇ.ɺ. ɻʝʣʴʜ ʠ ʆ.ɸ. ɽʩʠʥ [20] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʪʝʨʤʦʜʠʥʘʤʠʢʫ ʨʝʘʢʮʠʠ SiO2 + 
2H2 = Si + 2H2O ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʘʙʳʤ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ SiO2, ʯʝʤ ʜʘʞʝ ʉʆ. ʌʦʨʤʘʣʴʥʳʡ ʨʘʩʯʝʪ ʨʘʚʥʦʚʝʩʠʷ ʚ 
ʩʠʩʪʝʤʝ Si-O-C-H ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1500é3000 K ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚʦʜʦʨʦʜ ʥʝ 
ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʢʨʝʤʥʠʷ ʠʟ ʢʨʝʤʥʝʟʝʤʘ. 

ʉ ʫʯʝʪʦʤ ʨʘʟʚʠʪʦʛʦ ʚʳʰʝ ʧʦʜʭʦʜʘ ʨʘʩʯʝʪʘ ʜʠʘʛʨʘʤʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʟ ʚ 
ʩʠʩʪʝʤʝ Si-O-C ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʩʦʜʝʨʞʘʱʠʝ ʚʦʜʦʨʦʜ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʬʦʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʥʝʩʢʦʣʴʢʠʭ ʨʝʘʢʮʠʡ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 
ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʠʤʝʶʱʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʨʠʚʣʝʯʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʛʠʧʦʪʝʟ ʦʙ 

ʘʪʦʤʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ ʠʣʠ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ʈʝʟʫʣʴʪʘʪʳ 
ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 8 ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 2100(ʘ) ʠ 2500 (ʙ).  

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʚʦʜʦʨʦʜʘ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ ʧʦʣʦʞʝʥʠʝ ʣʠʥʠʡ 

ʠ ʪʦʯʝʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʥʦ- ʠ ʥʦʥʚʘʨʠʘʥʪʥʳʤ ʨʘʚʥʦʚʝʩʠʷʤ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ 
ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ ʜʠʘʛʨʘʤʤʘ Si-O-C-H ʩʦʚʤʝʱʝʥʘ ʩ ʜʠʘʛʨʘʤʤʦʡ Si-O-C (ʨʠʩ. 4 ʠ 

5), ʨʘʩʩʯʠʪʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭ ʞʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʠ ʫʢʘʟʘʥʠʝʤ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʙʘʨ. ʇʨʠ 2100 K, ʢʦʛʜʘ ʠʟʦʙʘʨʘ ʥʝ ʧʝʨʝʩʝʢʘʝʪ ʦʙʣʘʩʪʴ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʝʤʥʠʷ, ʜʦʙʘʚʢʘ ʚʦʜʦʨʦʜʘ ʩʥʠʞʘʝʪ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʉʆ2, ʥʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʜʚʠʛ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʣʫʯʘʝ ʘʪʤʦʩʬʝʨʳ ʩ ʚʳʩʦʢʠʤ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʙʦʣʴʰʦʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʉʆ). ɼʣʷ 2500 K ʠ 

ʨʘʚʥʦʚʝʩʠʷ ʩ ʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ ʵʬʬʝʢʪ ʚʦʜʦʨʦʜʘ ʘʥʘʣʦʛʠʯʥʳʡ (ʬʘʢʪʠʯʝʩʢʠ ʵʬʬʝʢʪ 
ʨʘʟʙʘʚʣʝʥʠʷ), ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʝʤʥʠʷ ʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ SiO (ʨʠʩ. 
8, ʙ), ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʉʆ2 ʯʝʤ ʚ ʩʣʫʯʘʝ ʙʝʟ ʚʦʜʦʨʦʜʘ. 

 
ʈʠʩ. 8 ï ɼʠʘʛʨʘʤʤʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Si-O-C-H 

ʧʨʠ 2100 (ʘ) ʠ 2500 ʂ (ʙ).  ʀʟʦʙʘʨʘ ʜʣʷ ʩʠʩʪʝʤʳ Si-O-C ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ çƴè (ʘ)  ʠ  ç+è 

(ʙ),  ʠʟʦʙʘʨʘ ʜʣʷ Si-O-C-H ʩ 0,3 ʘʪʤ ʚʦʜʦʨʦʜʘ ʢʘʢ ç+è (ʘ) ʠ çöè (ʙ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
 
ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʦʨʦʜʘ ʚ 

ʧʦʜʵʣʝʢʪʨʦʜʥʳʭ ʛʘʟʦʚʳʭ ʧʦʣʦʩʪʷʭ ʚʘʥʥʳ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʧʨʠ ʚʦʜʠʪ ʢ 
ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ Si ʠ SiC. 

ʆʙʥʘʨʫʞʠʚʘʝʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʬʝʨʨʦʩʠʣʠʮʠʠ ʷʚʣʷʝʪʩʷ 
ʩʣʝʜʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʦʛʦ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʧʦʜʵʣʝʢʪʨʦʜʥʳʭ ʧʦʣʦʩʪʷʭ 
ʠ ʵʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʨʝʘʢʮʠʡ 

ʫʛʣʝʨʦʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʠʷ. ʍʦʪʷ ʚʦʜʦʨʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ 
ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʦʢʩʠʜ ʢʨʝʤʥʠʷ, ʥʘʣʠʯʠʝ ʝʛʦ ʚ ʩʠʩʪʝʤʝ Si-O-C-H ʚʣʠʷʝʪ ʥʘ 
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ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʨʝʤʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʧʣʘʚʢʠ ʢʨʝʤʥʠʷ ʚ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʠʭ 
ʵʣʝʢʪʨʦʧʝʯʘʭ. 

ʀʩʪʦʯʥʠʢʦʤ ʚʦʜʦʨʦʜʘ ʚ ʚʘʥʥʘʭ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʝʯʝʡ ʧʨʠ ʚʳʧʣʘʚʢʝ 
ʢʨʝʤʥʠʷ ʠ ʢʨʝʤʥʠʩʪʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʚʣʘʛʘ ʰʠʭʪʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʨʦʚ ʚʦʜʳ ʩ 
ʢʨʝʤʥʠʝʤ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʚʘʥʥʳ ʧʝʯʠ, ʢʦʪʦʨʳʡ ʧʦ ʅ.ɺ. ʊʦʣʩʪʦʛʫʟʦʚʫ [7, 21] 

ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʨʝʘʢʮʠʠ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʥʦʦʢʩʠʜʘ 2SiO ­ SiO2 + Si. ʆʜʥʘʢʦ 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʨʷʜ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʠ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʠʩʭʦʜʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʨʝʘʢʮʠʠ Si + 2H2O ­ SiO2 + 2H2. ʈʝʟʫʣʴʪʘʪʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʧʣʘʚʢʠ ʢʨʝʤʥʠʷ ʙʦʣʝʝ 
ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʨʝʘʢʮʠʷ SiOʛʘʟ + H2O = SiO2 + H2. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ 

ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʟʦʥʫ ʢʨʝʤʥʝʟʝʤ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ 
ʨʝʘʢʮʠʠ, ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʩʚʝʨʭ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ. 
ɺ ʧʨʘʢʪʠʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʝʤʥʠʩʪʳʭ ʩʧʣʘʚʦʚ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, 

ʬʝʨʨʦʩʠʣʠʮʠʷ, ʬʝʨʨʦʩʠʣʠʢʦʭʨʦʤʘ ʠ ʜʨ.) ʨʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʦʩʥʦʚʘʥ ʥʘ ʩʦʩʪʘʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʙʘʣʘʥʩʦʚ ʧʣʘʚʢʠ. ʇʨʠ ʵʪʦʤ 
ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʪʴʠ ʨʘʩʭʦʜʘ: ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʨʝʤʥʠʷ ʠʟ ʢʨʝʤʥʝʟʝʤʘ 

(ʢʚʘʨʮʠʪʘ, ʟʦʣʳ ʢʦʢʩʠʢʘ) ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ SiO2 + 2C = Si + 2CO; ʥʘ 
ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩ ʧʦʪʝʨʝʡ ʯʘʩʪʠ SiOʛʘʟ ʚʤʝʩʪʝ ʩ 
ʢʦʣʦʰʥʠʢʦʚʳʤ ʛʘʟʦʤ; ʥʘ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʤʝʪʘʣʣʦʚ (ʘʣʶʤʠʥʠʷ, 

ʢʘʣʴʮʠʷ, ʙʘʨʠʷ ʠ ʜʨ.) ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʭ ʚ ʬʝʨʨʦʩʠʣʠʮʠʡ; ʥʘ ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʘ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʥʘ ʢʦʣʦʰʥʠʢʝ (ʫʛʘʨ); ʧʦʪʝʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ SiC ʩ ʧʝʯʥʳʤʠ 

ʰʣʘʢʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʪ 10 ʜʦ 25% ʤʘʩ. SiC; ʧʦʪʝʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʧʣʘʚʘ ʚ 
ʚʠʜʝ ʢʦʨʦʣʴʢʦʚ ʬʝʨʨʦʩʠʣʠʮʠʷ ʩʦ ʰʣʘʢʦʤ. ʇʦʣʘʛʘʶʪ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʚʣʘʛʘ, ʚʥʦʩʠʤʘʷ ʚ 
ʧʝʯʴ ʰʠʭʪʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʩʧʘʨʷʝʪʩʷ ʥʘ ʢʦʣʦʰʥʠʢʝ ʠʣʠ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʣɻʝʢʪʨʦʧʝʯʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʤʦʜʝʣʠ ʚ ʘʩʧʝʢʪʝ 
ʦʙʩʫʞʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʚʣʠʷʥʠʷ ʚʦʜʦʨʦʜʘ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ ʨʘʚʥʦʚʝʩʠʝ 

ʧʨʦʮʝʩʩʘ ʫʛʣʝʨʦʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʠʟ ʢʨʝʤʥʝʟʝʤʘ ʧʨʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʝʤʥʠʩʪʳʭ ʩʧʣʘʚʦʚ. ʇʨʠʯʝʤ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʚʥʦʩʠʪʩʷ ʣʠ ʚʦʜʦʨʦʜ ʚ 
ʛʘʟʦʚʫʶ ʩʨʝʜʫ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʝ, ʚ ʩʦʩʪʘʚʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʣʠ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥʘʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʣʘʛʠ ʰʠʭʪʳ ʩ ʤʦʥʦʦʢʩʠʜʦʤ 
ʢʨʝʤʥʠʷ, ʥʘʧʨʠʤʝʨ ʧʦ ʨʝʘʢʮʠʠ SiOʛʘʟ + H2O = SiO2 + H2. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʪʨʝʙʥʦʛʦ 

ʠʟʙʳʪʢʘ ʠʤʝʥʥʦ ʵʪʘ ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 
SiO2, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʪ ʦʢʠʩʣʝʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʢʨʝʤʥʠʷ SiOʛʘʟ ʧʘʨʘʤʠ ʚʦʜʳ, ʪʨʝʙʫʝʪʩʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʦʝ, ʚ ʠʟʚʝʩʪʥʦʤ ʩʤʳʩʣʝ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ. 
ʀʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʣʘʛʠ ʚ ʨʝʘʢʮʠʦʥʥʳʝ ʟʦʥʳ ʚʘʥʥʳ ʧʝʯʠ ʤʦʛʫʪ ʙʳʪʴ 

ʢʚʘʨʮʠʪ ʠ ʫʛʣʝʨʦʜʠʩʪʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ. ɺ ʢʚʘʨʮʠʪʝ ʚʣʘʛʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʛʘʟʦ-
ʞʠʜʢʦʩʪʥʳʭ (ʬʣʶʠʜʥʳʭ) ʚʢʣʶʯʝʥʠʷʭ [22, 23], ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ 
(ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʦʜʘ), ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʢʘʢ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʚ ʨʘʩʧʣʘʚʝ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʣʶʠʜʥʦʡ ʬʘʟʳ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ 
ʢʚʘʨʮʠʪʘʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 0,5% ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ~0,3% [22, 23]. ɺʘʞʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʚʣʘʛʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʦʥʳ ʚʘʥʥʳ ʧʝʯʠ ʷʚʣʷʝʪʩʷ 
ʫʛʣʝʨʦʜʠʩʪʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ P.Schewe, J. Riordon, B. Stein [24] ʩʝʪʴ ʧʦʨ 

(çʜʠʘʤʝʪʨè ʥʘʠʤʝʥʴʰʠʭ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ʥʤ) ʚ ʫʛʣʷʭ ʠ ʢʦʢʩʝ, 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʚ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʠʤʝʝʪ 

ʬʨʘʢʪʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ Dc º 3. ʆʙʨʘʟʮʳ ʜʣʷ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʘʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʧʨʠ 1023 K ʚʦʜʦʡ. ʇʦ ʦʮʝʥʢʘʤ 

[24] ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 1000 ʤ3/ʛ. ɺʣʘʛʘ, 
ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʨ, ʩʚʷʟʘʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʥʘʚʝʜʝʥʥʳʤʠ 
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ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʤʦʣʝʢʫʣ ʚʦʜʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤʠ ʩʠʣʘʤʠ ʩ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ, 
ʨʘʚʥʦʮʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 2000 ʄʇʘ. ʕʪʘ ʦʮʝʥʢʘ ʵʥʝʨʛʠʠ 

ʘʜʩʦʨʙʮʠʠ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʝʪ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ [25], ʛʜʝ ʜʣʷ ʚʦʜʳ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ 
ʘʜʩʦʨʙʮʠʠ ʧʨʠʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ 40é120 ʢɼʞ/ʤʦʣʴ, ʘ ʜʣʷ ʚʦʜʳ 

ʧʦʣʠʤʦʣʝʢʫʣʷʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ï ʤʝʥʝʝ 40 ʢɼʞ/ʤʦʣʴ. ʊʝʨʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʜʝʩʦʨʙʮʠʠ 
ʠ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ 

ʊʨʫʪʦʥʘ Dʅʧʘʨ = 10,4RT [26] ʪʨʝʙʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ 1850 K. 

ʌʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʧʦʨ ʫʛʣʷ Dp = 2,8é3,0, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚʦʜʷʥʳʤ 
ʧʘʨʦʤ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʘʙʦʪʝ P. Pfeifer ʠ ʜʨ. [27], ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʥʘ ʦʙʨʘʟʮʝ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ 
ʩʢʘʥʠʨʫʶʱʝʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʫʛʣʷ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʩʪʝʥʢʠ 

ʤʝʞʜʫ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʧʦʣʦʩʪʷʤʠ ʨʘʟʨʫʰʠʣʠʩʴ ʠ ʚʦʟʥʠʢʣʘ ʭʘʦʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 
ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʘʥʘʣʦʚ ʩ ʜʠʘʤʝʪʨʘʤʠ ʦʪ 1,5é2,0 ʜʦ 300é340 ʥʤ. ʇʦ ʨʘʩʯʝʪʘʤ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʧʦʨ ʤʦʞʝʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʜʦ 7% ʚʣʘʛʠ, ʢʦʪʦʨʘʷ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʭʥʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 
ɼʚʠʞʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʢʘʥʘʣʘʭ ʥʘʥʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʨʦʜʠʩʪʦʛʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩʧʣʦʰʥʦʡ 
ʩʨʝʜʳ. ɽ.ɺ. ʂʘʣʘʰʥʠʢʦʚ ʠ ɹ.ɿ. ʇʝʚʟʥʝʨ [28] ʧʨʝʜʣʦʞʠʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ 
ʢʘʢ ʜʠʩʣʦʢʘʮʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʫʶ ʜʠʬʬʫʟʠʶ ʚ ʤʦʜʝʣʠ ʌʨʝʥʢʝʣʷ-ʂʘʥʪʦʨʦʚʦʡ, 

ʫʯʠʪʳʚʘʶʱʫʶ ʣʦʢʘʣʴʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʠʤʧʫʣʴʩʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 
ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʣʝʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʘʪʦʤʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʩʪʝʥʢʠ ʢʘʥʘʣʘ. ʇʦʤʠʤʦ 

ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʜʠʬʬʫʟʠʠ 
ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʤʦʣʝʢʫʣ (ʯʘʩʪʠʮ) ʜʠʬʬʫʟʘʥʪʘ. ʇʦʩʢʦʣʴʢʫ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ 
ʘʪʦʤʘ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʜʠʧʦʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʪʦʨʦʡ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʢ ʪʦʤʫ ʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 
ʩʥʠʞʘʝʪʩʷ (ʩ 81 ʚ ʦʙʲʝʤʝ ʜʦ 3é40 ʥʤ, ʩʦʩʪʘʚʣʷʷ 3-4 ʚ ʧʣʝʥʢʘʭ ʪʦʣʱʠʥʦʡ 0,5é0,6 ʥʤ 

ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʘʤʝʪʥʳʡ ʤʘʩʩʦʧʝʨʝʥʦʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ 
ʙʘʨʴʝʨʘ ʚʳʩʦʪʦʡ 1,25ʵɺ (120 ʢɼʞ/ʤʦʣʴ) ʧʨʠ ʢʘʞʜʦʤ ʝʜʠʥʠʯʥʦʤ çʜʠʬʬʫʟʠʦʥʥʦʤè 
ʩʤʝʱʝʥʠʠ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝ ʤʝʥʝʝ 

1390 K. ɺ ʫʩʣʦʚʠʷʭ ʜʚʫʤʝʨʥʦʡ ʜʠʬʬʫʟʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 
ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʩʠʪ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

ʚ ʚʘʥʥʝ ʵʣʝʢʪʨʦʧʝʯʠ.  
ʋʛʣʝʨʦʜʠʩʪʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʩʣʫʞʠʪ ʥʝ ʪʦʣʴʢʦ çʧʦʩʪʘʚʱʠʢʦʤè ʚʣʘʛʠ ʚ 

ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʫʶ ʧʝʯʴ, ʥʦ ʷʚʣʷʝʪʩʷ ʝʱʝ ʠ ʩʨʝʜʩʪʚʦʤ çʪʨʘʥʩʧʦʨʪʘè ʝʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʟʦʥʫ. ʇʦ ʤʝʨʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʢʫʩʦʯʢʦʚ ʢʦʢʩʘ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 
ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʥʠʭ ʩʚʷʟʘʥʥʘʷ ʚʦʜʘ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠ ʧʨʠʥʠʤʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ, ʢʘʢ 

ʵʪʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʟʦʥ ʵʣʝʢʪʨʦʧʝʯʠ ʧʨʠ ʚʳʧʣʘʚʢʝ ʢʨʝʤʥʠʷ ʠ 
ʢʨʝʤʥʠʩʪʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʫʛʣʝʨʦʜʠʩʪʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ 
(ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʢʩʠʢʘ, ʘʥʪʨʘʮʠʪʘ, ʜʨʝʚʝʩʥʦʛʦ ʫʛʣʷ ʠ ʜʨ.) ʦʙʫʩʣʦʚʣʝʥ ʥʝ ʩʪʦʣʴʢʦ 

ʧʨʦʮʝʩʩʦʤ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ SiOʢʦʥ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʚʘʥʥʳ ʧʝʯʠ, ʘ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʠʩʣʝʥʠʝ SiOʛʘʟ ʛʘʟʘʤʠ (ʅ2ʆ, ʉʆ2, ʆ2) ʜʦ ʢʨʝʤʥʝʟʝʤʘ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʝʛʦ ʜʦ ʢʨʝʤʥʠʷ (ʯʘʩʪʠʯʥʦ ʜʦ SiO), ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʪʠʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʭʦʜʦʤ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ [29, 30]. 

ɿʘʢʣʶʯʝʥʠʝ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʦʪ ʮʚʝʪʥʦʡ, ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʵʣʝʢʪʨʦʩʚʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʦʛʥʝʫʧʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʥʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ, ʥʦ ʦʯʝʥʴ ʚʘʞʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʥʘʧʨʠʤʝʨ, ʧʨʝʮʠʟʠʦʥʥʳʭ 
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ʠʟʜʝʣʠʡ ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʠ ʜʨ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ ʧʦʣʫʯʘʶʪ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʚʠʜʦʚ ʢʨʝʤʥʝʟʝʤʘ (ʢʦʨʦʣʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ) 

ʢʚʘʨʮʘ (ʢʚʘʨʮʠʪʦʚ) ʫʛʣʝʨʦʜʦʤ ʚ ʤʦʱʥʳʭ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʜʫʛʦʚʳʭ 
ʵʣʝʢʪʨʦʧʝʯʘʭ. 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 
ʤʘʪʝʨʠʘʣʦ- ʠ ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʣʘʩʪʠ ʨʫʜʥʦʡ ʵʣʝʢʪʨʦʪʝʨʤʠʠ. ɽʛʦ 
ʧʦʩʣʝʜʫʶʱʘʷ ʦʯʠʩʪʢʘ ʦʪ ʧʨʠʤʝʩʝʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʠ ʩʦʣʥʝʯʥʦʛʦ 

ʢʨʝʤʥʠʷ ʪʘʢʞʝ ʩʦʧʨʷʞʝʥʘ ʩ ʙʦʣʴʰʠʤ ʫʜʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ ʛʦʜʥʦʛʦ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ 

ʚʳʧʣʘʚʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʠ ʢʨʝʤʥʠʩʪʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ 
ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-
ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʨʝʪʨʦʩʧʝʢʪʠʚʝ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 
ʢʨʝʤʥʠʷ ʦʩʥʦʚʳʚʘʣʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ  ʩʪʘʜʠʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʨʝʞʠʤʦʚ ʧʣʘʚʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ʢʨʝʤʥʠʷ ʠʟ ʢʚʘʨʮʘ (ʢʚʘʨʮʠʪʘ) ʫʛʣʝʨʦʜʦʤ ʠʤʝʣʠ ʨʷʜ ʥʝʢʦʨʨʝʢʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʦʣʦʞʝʥʠʡ ʠ ʜʦʧʫʱʝʥʠʡ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ 
ʚʳʧʦʣʥʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʦʚʝʨʥʦ ʦʮʝʥʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʫʩʣʦʚʠʷ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ Me-Si-O-C-(ʅ) ʩ ʫʯʝʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 
ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʢʘʨʙʠʜʦʚ ʠ ʦʢʩʠʢʘʨʙʠʜʦʚ 
ʵʣʝʤʝʥʪʦʚ). 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ 
ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʚʳʧʣʘʚʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʘʚʪʦʨʘʤʠ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 
ʨʝʘʢʮʠʦʥʥʳʭ ʟʦʥ ʚ ʚʘʥʥʘʭ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʯʝʡ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʦʚ, 
ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʡ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʫʛʣʝʨʦʜʠʩʪʳʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. 
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ɸʅɸʃʀɿ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʈɽʉʋʈʉɸ ɼɸʅʅʓʍ ʆ ʊɽʄʇɽʈɸʊʋʈʅʓʍ 

ɿɸɺʀʉʀʄʆʉʊʗʍ ɺʗɿʂʆɻʆ ʊɽʏɽʅʀʗ ʄɸʈɻɸʅʎɸ, ʂʈɽʄʅʀʗ ʀ 

ʈɸʉʊɺʆʈʆɺ ʄɸʈɻɸʅɽʎ-ʂʈɽʄʅʀʁ 

 
ɸ.ɻ. ɺʝʣʠʯʢʦ, ɼʫ ʖʥʴʰʝʥ, ʄ.ʀ. ɻʘʩʠʢ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʤʘʨʛʘʥʝʮ (ɻʆʉʊ 6008-90) 
ʠ ʬʝʨʨʦʤʘʨʛʘʥʝʮ (ɼʉʊʋ 3547-97) ʧʦʣʫʯʘʶʪ ʩʠʣʠʢʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʚ ʜʫʛʦʚʳʭ 

ʵʣʝʢʪʨʦʧʝʯʘʭ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʤʘʨʛʘʥʝʮ ʠʟ ʰʣʘʢʘ ʧʝʨʝʜʝʣʴʥʳʤ ʩʠʣʠʢʦʤʘʨʛʘʥʮʝʤ (ʧʨʠ 
ʚʳʧʣʘʚʢʝ ʤʘʨʛʘʥʮʘ) ʠʣʠ ʪʦʚʘʨʥʳʤ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʝʤ (ʧʨʠ ʧʦʣʫʯʝʥʠʠ 
ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʛʦ). ʇʣʘʚʢʠ ʚʝʜʫʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʩʦʩʪʘʚʝ 

ʠʩʭʦʜʥʳʭ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʛʣʦʤʝʨʘʪʘ, ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʠ 
ʠʟʚʝʩʪʠ. ʆʧʨʝʜʝʣʷʶʱʝʡ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʢʨʝʤʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʧʨʠʚʝʜʝʥʥʘʷ ʥʠʞʝ ʨʝʘʢʮʠʷ: 
 

2,5(2MnOĿSiO2) + 6(CaO) + 1,5[Si]Mn Ÿ 3[Mn] + 4[2(Ca0,75Mn0,25)OĿSiO2] 

 
ʉʠʣʠʢʦʪʝʨʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʘʨʛʘʥʮʘ (ʬʝʨʨʦʤʘʨʛʘʥʮʘ) ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʢʘʢ ʧʨʦʮʝʩʩ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʙʝʟʞʝʣʝʟʠʩʪʦʛʦ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ 
(ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ) ʦʪ ʢʨʝʤʥʠʷ ʟʘʢʠʩʴʶ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʛʦ ʰʣʘʢʦʚʦʛʦ ʨʘʩʧʣʘʚʘ. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʝʩʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʧʝʨʠʦʜʘ. 

ɺ ʧʝʨʚʦʤ ʧʝʨʠʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʨʝʤʥʠʷ ʩ ʟʘʢʠʩʴʶ ʤʘʨʛʘʥʮʘ ʰʣʘʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ 
ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʤʥʠʷ ʚ ʤʘʨʛʘʥʮʝ ʠ ʟʘʢʠʩʠ 

ʤʘʨʛʘʥʮʘ ʚ ʰʣʘʢʝ ʢʠʥʝʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʟʘʤʝʱʘʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʳʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 
ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʦʢʠʩʣʝʥʠʷ ʢʨʝʤʥʠʷ. ʉ ʮʝʣʴʶ 
ʫʩʢʦʨʝʥʠʷ ʧʣʘʚʢʠ ʥʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʚʪʦʨʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʧʦ ʜʝʡʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʰʣʘʢ ʠ ʤʝʪʘʣʣ 
ʧʝʨʝʤʝʰʠʚʘʶʪ ʚʦʟʜʫʭʦʤ, ʧʦʜʘʚʘʷ ʝʛʦ ʧʦ ʩʪʘʣʴʥʦʡ ʪʨʫʙʢʝ, ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʰʣʘʢ ʥʘ 

ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʰʣʘʢ-ʤʝʪʘʣʣ. ʇʨʠ ʵʪʦʤ ʦʢʠʩʣʝʥʠʝ ʢʨʝʤʥʠʷ ʠ ʯʘʩʪʠʯʥʦ ʤʘʨʛʘʥʮʘ 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʢʨʝʤʥʠʷ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 
ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʘʥʥʝ. 

ɺʳʧʣʘʚʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʨʛʘʥʮʘ (ʬʝʨʨʦʤʘʨʛʘʥʮʘ) ʩʠʣʠʢʦʪʝʨʤʠʯʝʩʢʠʤ 
ʩʧʦʩʦʙʦʤ ʚ ʜʫʛʦʚʳʭ ʵʣʝʢʪʨʦʧʝʯʘʭ ʚʝʜʝʪʩʷ ʧʨʠ ʘʢʪʠʚʥʦʤ ʢʦʥʪʘʢʪʝ ʞʠʜʢʦʛʦ 

ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʝʛʦ ʦʩʥʦʚʥʦʛʦ ʰʣʘʢʘ ʩ ʧʝʯʥʦʡ ʘʪʤʦʩʬʝʨʦʡ (ʚʦʟʜʫʭʦʤ), 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʚʳʩʦʢʠʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʄʘʨʛʘʥʝʮ, ʩʦʜʝʨʞʘʱʠʡʩʷ, 
ʚ ʦʩʥʦʚʥʦʤ, ʚ ʚʠʜʝ ʢʘʪʠʦʥʦʚ Mn2+ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʞʠʜʢʦʛʦ ʰʣʘʢʘ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʢʘʪʠʦʥʦʚ ʚʳʩʰʝʡ ʚʘʣʝʥʪʥʦʩʪʠ Mn3+. ʅʘ ʛʨʘʥʠʮʝ ʰʣʘʢ-ʤʝʪʘʣʣ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ 
ʢʨʝʤʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʘʥʠʦʥʦʚ ʤʘʨʛʘʥʮʘ ʚʳʩʰʝʡ ʝʛʦ ʚʘʣʝʥʪʥʦʩʪʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʨʘʩʭʦʜʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʥʦʛʦ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ 
(ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ). 

ɿʘʜʘʯʝʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʨʝʩʫʨʩʘ ʜʘʥʥʳʭ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʠʭ ʤʘʨʛʘʥʮʘ, ʢʨʝʤʥʠʷ 
ʠ ʨʘʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʤʘʨʛʘʥʝʮ-ʢʨʝʤʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʜʠʥʘʤʠʯʝʩʢʘʷ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʠ ʧʨʠʥʷʪʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ ʧʣʘʚʢʠ ʦʧʨʝʜʝʣʷʶʱʠʤ 
ʧʘʨʘʤʝʪʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ï ʧʨʝʜʧʦʩʳʣʢʠ 
ʜʘʥʥʳʭ ʜʣʷ ʚʳʙʦʨʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʩʠʣʠʢʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʜʫʧʣʝʢʩ-ʧʨʦʮʝʩʩʦʤ 
ʜʫʛʦʚʘʷ ʵʣʝʢʪʨʦʧʝʯʴ ï ʛʘʟʦʢʠʩʣʦʨʦʜʥʳʡ ʢʦʥʚʝʨʪʝʨ ʩ ʜʦʥʥʦʡ ʧʦʜʘʯʝʡ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ï 

ʢʠʩʣʦʨʦʜʘ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʘʨʛʦʥʘ. 
ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʷʟʢʦʩʪʠ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʘʭ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ 
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ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʧʣʘʚʘʭ ʠ ʛʘʟʦʚʳʭ ʬʘʟʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʦʙʠʷ 

ʢʨʠʪʝʨʠʝʚ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʨʘʟʤʝʨʥʦʩʪʷʭ ʚʝʣʠʯʠʥ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 
ʚ ʧʦʜʦʙʠʝ ʢʨʠʪʝʨʠʝʚ (ʐʤʠʜʪʘ ï Sc = ɡ/D, ʇʨʘʥʜʪʣʷ ï Pr = ɡ/a = ɛĿcp/ɚ) ʚʭʦʜʷʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ɡ. 
ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʜʢʦʛʦ ʤʘʨʛʘʥʮʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʚ ʞʠʜʢʦʤ 
ʩʦʩʪʦʷʥʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʝʝ ʙʣʠʟʦʩʪʠ ʢ ʠʭ ʩʪʨʫʢʪʫʨʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ (ʪʚʝʨʜʦʤ) 

ʩʦʩʪʦʷʥʠʠ. 
ɺ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʘʩʧʣʘʚʦʚ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʢʘʢ 

ʧʦ ʧʣʦʪʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʜʨ. ʕʪʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʣʠ ʣʠʰʴ ʢʦʩʚʝʥʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ 

ʢʘʨʪʠʥʫ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʤʝʪʘʣʣʘ ʠ ʩʦʟʜʘʚʘʪʴ ʚʝʨʦʷʪʥʳʝ ʤʦʜʝʣʠ. ʉ ʨʘʟʚʠʪʠʝʤ 
ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚ (ʨʝʥʪʛʝʥʦ- ʠ 
ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʠ, ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ) ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʣʘʚʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʨʛʘʥʮʘ, 
ʢʨʝʤʥʠʷ ʠ ʠʭ ʩʧʣʘʚʦʚ. ʂ ʯʠʩʣʫ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʣʘʚʦʚ ʠʣʠ ʪʚʝʨʜʳʭ 

ʚʝʱʝʩʪʚ ʦʪʥʦʩʷʪʩʷ: 1) ʨʘʚʥʦʚʝʩʥʳʝ ʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ; 2) ʯʠʩʣʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ; 
3) ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʘʪʦʤʦʚ; 4) ʨʘʜʠʫʩʳ ʢʦʨʨʝʣʷʮʠʠ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ 
ʯʘʩʪʠʮ ʠ ʜʨ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʦʚ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʥʝʩʣʠ ʅ. ɸ. ɺʘʪʦʣʠʥ ʠ ʕ. ɸ. ʇʘʩʪʫʭʦʚ [1]. 
ʇʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʤʝʪʦʜʫ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ (ʌʈʈɸ), ʦʙʦʟʥʘʯʘʝʤʦʡ 
ɟ(r), ʢʦʪʦʨʘʷ, ʧʦ ʩʫʱʝʩʪʚʫ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʪʦʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ. 
ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʳʭ ʞʠʜʢʦʩʪʴʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʦʪ ʫʛʣʘ 

ʨʘʩʩʝʷʥʠʷ I(ɗ), ʦʧʨʝʜʝʣʷʝʤʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʩʚʷʟʘʥʘ ʩ ʬʫʥʢʮʠʝʡ ɟ(r) ʚʳʨʘʞʝʥʠʝʤ: 
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ʛʜʝ N ï ʯʠʩʣʦ ʨʘʩʩʝʠʚʘʶʱʠʭ ʮʝʥʪʨʦʚ; f(ɗ) ï ʘʪʦʤʥʳʡ ʬʘʢʪʦʨʨʘʩʩʝʷʥʠʷ; f2(ɗ) ï 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʩʝʷʥʥʦʛʦ ʦʜʥʠʤ ʘʪʦʤʦʤ; q = 4ˊsinɗ/ɚ; ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ; 2ɗ 

ï ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ; ɟ0 ï ʩʨʝʜʥʷʷ ʘʪʦʤʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʨʘʚʥʘʷ ʯʠʩʣʫ ʘʪʦʤʦʚ ʚ ʝʜʠʥʠʮʝ 
ʦʙʲʝʤʘ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʌʈʈɸ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʣʦʢʘʣʴʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ, ʘ ʧʨʦʠʟʚʝʜʝʥʠʝ 4ˊr2ɟ(r) ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ 
ʩʬʝʨʠʯʝʩʢʦʤ ʩʣʦʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ r ʜʦ r + dr ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʘʪʦʤʘ. ʆʪʥʦʰʝʥʠʝ ɟ(r)/ɟ0 = 
q(r) ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʚ 

ʞʠʜʢʦʤ ʤʝʪʘʣʣʝ. ʉʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ a (q) = I(q)/(Nf2(q)) ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʫʥʢʮʠʠ I(q). ʆʥ ʩʚʷʟʘʥ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʜʠʘʣʴʥʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ. ʌʫʥʢʮʠʷ (ʌʈʈɸ) ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʩʪʨʦʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʦʠʟʚʝʜʝʥʠʝ 4ˊr2ɟ(r) 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʣʦʝ ʝʜʠʥʠʯʥʦʡ ʪʦʣʱʠʥʳ, ɟ(r)/ɟ0 = q(r) ï 
ʦʪʢʣʦʥʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ (ʨʘʩʧʣʘʚʘ ʤʘʨʛʘʥʮʘ) ʦʪ ʝʝ ʩʨʝʜʥʝʡ 

ʚʝʣʠʯʠʥʳ. ʅʘ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ (ʜʦ 1,0-1,5 ʥʤ) ʬʫʥʢʮʠʷ 4ˊr2ɟ(r) ʦʩʮʠʣʣʠʨʫʝʪ (ʦʪ 
ʣʘʪ. ʦscillare (ʢʦʣʝʙʘʪʴʩʷ)). 

ʕʪʠ ʦʩʮʠʣʣʷʮʠʠ ʠ ʷʚʣʷʶʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʚ ʞʠʜʢʦʩʪʠ. ʅʘ 
ʨʘʩʩʪʦʷʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʢʩʠʤʫʤʘʤ (ʤʠʥʠʤʫʤʘʤ) ʌʈʈɸ, ʨʘʟʤʝʱʝʥʠʝ ʩʦʩʝʜʥʠʭ 
ʘʪʦʤʦʚ ʙʦʣʝʝ (ʤʝʥʝʝ) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ. ʇʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʌʈʈɸ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʝʞʘʪʦʤʥʳʤ ʨʘʩʩʪʦʷʥʠʷʤ ʚ ʞʠʜʢʦʩʪʠ, ʘ ʧʣʦʱʘʜʠ ʧʦʜ ʥʠʤʠ ï ʯʠʩʣʫ ʩʦʩʝʜʝʡ 
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(ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʂʏ). ʀʥʪʝʛʨʘʣ ()drrr
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24  ʨʘʚʝʥ ʯʠʩʣʫ ʯʘʩʪʠʮ ʚ 

ʩʬʝʨʠʯʝʩʢʦʤ ʩʣʦʝ ʪʦʣʱʠʥʦʡ r2 ï r1. ʅʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ (ʩʚʳʰʝ 1,0-1,5 ʥʤ) ɟ(r) Ÿ 
ɟ0 Ÿ q(r) Ÿ 1, ʪ.ʝ. ʢʦʨʨʝʣʷʮʠʷ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʙʦʣʴʰʠʤ 

ʨʘʩʩʪʦʷʥʠʝʤ, ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ, ʧʦʵʪʦʤʫ ʧʨʠʥʷʪʦ, ʯʪʦ ʚ ʞʠʜʢʦʩʪʠ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ 
ʙʣʠʞʥʠʡ ʧʦʨʷʜʦʢ. ʌʫʥʢʮʠʶ ɟ(r) ʥʘʟʳʚʘʶʪ ʧʘʨʥʦʡ ʠʣʠ ʙʠʥʘʨʥʦʡ ʬʫʥʢʮʠʝʡ 

ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ (ʌʈʈɸ). 
ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʞʠʜʢʦʛʦ ʤʘʨʛʘʥʮʘ ʧʨʠ 1260 Áʉ, ʪ. ʝ. ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʠʣʠ 

ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʝʝ. ʇʦʣʦʞʝʥʠʝ ʧʝʨʚʦʛʦ ʧʠʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ q1 = 28,3 ʥʤ
-1, 

ʚʪʦʨʦʛʦ ʧʠʢʘ q2 = 51,9 ʥʤ-1. ʆʪʥʦʰʝʥʠʝ q2/q1 = 1,83. ʈʘʜʠʫʩ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʳ r1 = 0,267 ʥʤ ʠ ʚʪʦʨʦʡ ï r2 = 0,50 ʥʤ; r2/r1 = 1,37; ʂʏ=10,9. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʠʞʝ 
ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʪʨʫʢʪʫʨʫ 
ʞʠʜʢʠʭ ʞʝʣʝʟʘ ʧʨʠ 1600 Áʉ ʠ ʢʨʝʤʥʠʷ ʧʨʠ 1475 Áʉ. 

 
ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ Mn, Fe, Si 

ʤʝʪʘʣʣ q1, ʥʤ
-1 q2, ʥʤ

-1 q2/q1 r1, ʥʤ r2, ʥʤ r2/r1 ʂʏ 

Mn 28,3 51,9 1,83 0,267 0,50 1,87 10,9 

Fe 29,8 54,6 1,83 0,258 0,48 1,86 10,6 

Si 29,0 34,0 1,17 0,252 0,36 1,42 ʥ. ʜ. 

 
ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 

ʞʠʜʢʦʛʦ ʤʘʨʛʘʥʮʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʛʦ ʤʘʨʛʘʥʮʘ 

ʚʳʧʦʣʥʝʥʳ ɽ. ʉ. ʃʝʚʠʥʳʤ ʠ ʇ. ɺ. ɻʝʣʴʜʦʤ [2]. ɼʠʥʘʤʠʯʝʩʢʘʷ (ɖ) ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ (ɡ) 
ʚʷʟʢʦʩʪʴ ʤʘʨʛʘʥʮʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1553-1993 ʂ. ɺʷʟʢʦʩʪʴ 

ʚʳʯʠʩʣʷʣʘʩʴ ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʜʝʢʨʝʤʝʥʪʫ ʟʘʪʫʭʘʥʠʷ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʤʘʛʥʠʪʥʦʤ 
ʧʦʣʝ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʠ 2. 

 
ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ (1) ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ (2) ʚʷʟʢʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʤʘʨʛʘʥʮʘ ʠ ʝʛʦ ʧʣʦʪʥʦʩʪʠ [2]. 
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ʈʠʩ. 2 ï ʇʦʣʠʪʝʨʤʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ  ʚʷʟʢʦʩʪʠ (1) ʠ ʩʘʤʦʜʠʬʬʫʟʠʠ (2) ʞʠʜʢʦʛʦ 

ʤʘʨʛʘʥʮʘ [2]. 

 
ʀʟ ʜʘʥʥʳʭ ʨʠʩ. 1 ʠ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʤʘʨʛʘʥʮʘ 

ʦʪ 1573 ʜʦ 1993 ʂ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʚʷʟʢʦʩʪʠ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʩʧʣʘʚʘ ʤʘʨʛʘʥʮʘ. ʕʥʝʨʛʠʷ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ 
MnEh , 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʦ ʥʘʢʣʦʥʫ ʧʨʷʤʦʡ ï lgɡ(T-1), ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 19,9Ŀ105 
ɼʞ/ʤʦʣʴ. ʇʦ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʨʘʙʦʪ ʵʪʘ ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ ʦʪʣʠʯʘʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 1553 ʜʦ 1993 ʂ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʦʩʪ ʟʥʘʯʝʥʠʡ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʘʤʦʜʠʬʬʫʟʠʠ ʤʘʨʛʘʥʮʘ DMn ʦʪ 0,38Ŀ10-8 ʜʦ 0,78Ŀ10-8 ʤ2/ʩ, ʪ. ʝ. ~ ʚ ʜʚʘ 

ʨʘʟʘ (ʨʠʩ. 2). ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʨʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʛʦ ʤʘʨʛʘʥʮʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
ʠʤʝʝʪ ʚʠʜ, ʛ/ʩʤ3: ɟMn = 9,71 ï 2,22Ŀ10-3ʊ. 

ɺʳʰʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʛʦ 

ʤʘʨʛʘʥʮʘ, ʧʦʣʫʯʝʥʥʳʝ, ʚ ʦʩʥʦʚʥʦʤ, ʫʯʝʥʳʤʠ ʫʨʘʣʴʩʢʦʡ ʰʢʦʣʳ ʚ 60-70 ʛʦʜʘʭ. ɺ 80-ʝ 
ʛʦʜʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʛʦ 

ʤʘʨʛʘʥʮʘ, ʚʳʧʦʣʥʝʥʥʳʭ ʟʘʨʫʙʝʞʥʳʤʠ ʘʚʪʦʨʘʤʠ. K. Ozbagi, H. Schlarg ʠ ʜʨ. [3] 
ʠʩʩʣʝʜʦʚʘʣʠ ʚʷʟʢʦʩʪʴ ʤʘʨʛʘʥʮʘ ʤʝʪʦʜʦʤ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 
ʘʣʫʥʜʦʚʦʛʦ ʪʠʛʣʷ ʩ ʨʘʩʧʣʘʚʦʤ ʞʠʜʢʦʛʦ ʤʘʨʛʘʥʮʘ.  

ʀʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʩʣʫʞʠʣ ʣʘʟʝʨ. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʢʨʝʤʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ 

ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʟʝʨʢʘʣʴʮʘ ʣʫʯ ʣʘʟʝʨʘ ʧʦʧʘʜʘʝʪ ʚ ʬʦʪʦʨʝʟʠʩʪʦʨ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦʜ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʫʛʣʦʤ ʢ ʧʘʜʘʶʱʝʤʫ ʣʫʯʫ. ɿʘʚʠʩʠʤʦʩʪʴ 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ɖ (ʄʇʘĿʩ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: lnɖ = 

(46513 Ñ 623) / RT ï (1,716 Ñ 0,374). ʕʥʝʨʛʠʷ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʵʪʦʡ 
ʬʦʨʤʫʣʳ, ʨʘʚʥʘ ɽɖ

Mn=46,513 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʚʝʣʠʯʠʥʝ ɽɖ
Fe ʜʣʷ ʞʝʣʝʟʘ 41,4. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ [5] ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʞʠʜʢʠʡ 
ʤʘʨʛʘʥʝʮ ʘʙʩʦʨʙʠʨʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ 
ʨʘʙʦʪʝ [5] ʥʝ ʫʢʘʟʘʥʦ, ʙʳʣʦ ʣʠ ʟʘʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʥʘ ʚʷʟʢʦʩʪʴ 

ʞʠʜʢʦʛʦ ʤʘʨʛʘʥʮʘ. 
ʀʦʭʠʜʦ ɸʢʘʪʦ [4] (1987 ʛ.) ʚʳʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʙʝʟʨʘʟʤʝʨʥʳʭ ʚʝʣʠʯʠʥ 

ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʠʭ ʢ ʘʪʦʤʥʦʡ ʰʢʘʣʝ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. 
ɹʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʦʢʘʟʘʣʠʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 
ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ. ʇʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ, ʠʤʝʶʱʝʛʦ 

ʚʠʜ: ɖ = 4,87Ŀ10-4V1/6(ɟɔɗ0,63)1/2, ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3; V ï ʘʪʦʤʥʳʡ ʦʙʲʝʤ, ʤ3/ʤʦʣʴ; ɔ 
ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʨʘʩʧʣʘʚʘ, ʅ/ʤ; ɗ ï ʧʨʠʚʝʜʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʚʳʨʘʞʝʥʠʶ: ɔ = 0,86Ŀ10-

7ʊʧʣĿV
-2/3ɗ-0,81, ʛʜʝ ʊʧʣ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʂ. ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʘʤʦʜʠʬʬʫʟʠʠ D ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ D=6,23Ŀ10-3 ɖ/ɟ. ʇʨʦʚʝʜʝʥʥʦʝ [4] ʩʨʘʚʥʝʥʠʝ 
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ʚʳʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ ɖ, ɔ ʠ D ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ 
ʩʦʛʣʘʩʠʝ ʤʝʞʜʫ ʥʠʤʠ, ʭʦʪʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ. 
ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʚʷʟʠ ʧʦʣʠʪʝʨʤ ʚʷʟʢʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ. ʈʘʟʚʠʪ ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ 
ʚʷʟʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʚʠʙʨʦʪʝʨʤʦʛʨʘʬʠʡ [5]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʠ ʤʘʨʛʘʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʤʦʞʝʪ ʜʘʪʴ ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʜʘʥʥʳʝ. 
ɸʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ ʢʨʝʤʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʣʘʚʣʝʥʠʝ 
ʢʨʝʤʥʠʷ, ʪ.ʝ. ʧʝʨʝʭʦʜ ʠʟ ʪʚʝʨʜʦʛʦ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ 
ʦʙʲʝʤʘ ʥʘ 9 %. ɼʣʷ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʨʝʤʥʠʷ ʫʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʝʪ ʚʠʜ: 
ɟm (Si) = 2554,5 ï 0,1705(T ï 1686)ÁC,        ʢʛ/ʤ3 . 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʣʠʷʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʷʟʢʦʩʪʴ ʯʠʩʪʳʭ 
ʤʝʪʘʣʣʦʚ (ʥʝʤʝʪʘʣʣʦʚ) ʪʘʙʫʣʠʨʦʚʘʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ ʢʦʣʣʝʢʪʠʚʘ ʘʚʪʦʨʦʚ çʂʨʝʤʥʠʡ ʠ 
ʝʛʦ ʩʧʣʘʚʳè [6]. ʉʦʛʣʘʩʥʦ [6] ʢʠʥʝʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ɡ ʞʠʜʢʦʛʦ ʢʨʝʤʥʠʷ ʧʦʩʣʝ 

ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʝʛʨʝʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʊʧʣ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʪʥʳʤ 
ʫʨʘʚʥʝʥʠʝʤ ɸʨʨʝʥʠʫʩʘ: 

ɡ = ɡ0 Ŀ exp(Eɡ / RT), 
ʛʜʝ Eɡ ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ. 
ɺʷʟʢʦʩʪʴ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʜʥʘʢʦ 

ʧʦʜʦʙʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʪʨʫʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ 
ʚʷʟʢʦʩʪʠ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʢʦʨʨʝʣʷʮʠʷ ɸʥʜʨʘʜʝ: 

( ) ,
3/2V

TA
CT

ʧʣ

Aʧʣ

Ö
=h  

ʛʜʝ ɸ ï ʘʪʦʤʥʘʷ ʤʘʩʩʘ; V ï ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ; ʉɸ ï 
ʢʦʵʬʬʠʮʠʝʥʪ ɸʥʜʨʘʜʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʷʟʢʦʩʪʠ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 
 

 
ʊʘʙʣʠʮʘ 2 ï ɿʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʞʠʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʢʦʨʨʝʣʷʮʠʠ ɸʥʜʨʘʜʝ 

ʵʣʝʤʝʥʪ ʊʧʣ, 
ʂ 

V, 10-6 
(ʤ3/ʤʦʣʴ) 

ɖ(ʊʧʣ), 
ʤʇʘĿʩ 

ʉɸ, 10-7 
ɼʞ/(ʂĿʤʦʣʴ1/3)1/2 

E, 
ʢɼʞ/ʤʦʣʴ 

ɺ=ɽ/RT ɖ0, 
ʤʇʘĿʩ 

Mn 1517 9,58 5 2,5 20-46,5 1,6-3,7 0,12-1,02 

Fe 1809 7,96 5,5 2,18 41,4 2,75 0,37 

Si 1685 11,2 0,8 0,6 27-36 1,6-2,6 0,06-0,12 

  
ɺ ʛʨʫʙʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪ ɸʥʜʨʘʜʝ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʤʝʪʘʣʣʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʉɸ=(1,8Ñ0,4)Ŀ10
-7  

ɼʞ/(ʂĿʤʦʣʴ1/3)1/2. ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥ ʉɸ ʜʣʷ Mn ʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʦʪʤʝʯʘʣʠ 
[12], ʥʝʥʘʜʝʞʥʳ, ʭʦʪʷ ʠ ʚʢʣʶʯʝʥʳ ʚ ʪʘʙʣʠʮʫ. 

ɹ.ɸ. ɹʘʫʤ ʠ ʜʨ. [6] ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʢʨʝʤʥʠʷ 
ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʙʳʚʘʝʪ ʟʘʤʝʪʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʦ ʧʨʦʩʪʦʤʫ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ: 
ɡ = ɸ Ŀ exp(E / RT), 

ʛʜʝ ɽ ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʪʘʥʛʝʥʩʫ ʧʦʣʠʪʝʨʤʳ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ lg ɡ ï T-1. 
ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ (ɡ) ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ (ɖ) ʚʷʟʢʦʩʪʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 
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ʊʘʙʣʠʮʘ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ (ɡ) ʠ 
ʜʠʥʘʤʠʯʝʩʢʦʡ (ɖ) ʚʷʟʢʦʩʪʠ ʢʨʝʤʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ ɡĿ10-2, ʤ2/ʩ ɖ, ʤʇʘĿʩ 

1700 0,241 0,599 

1770 0,223 0,550 

1800 0,216 0,530 

1860 0,206 0,503 

  
ɼʘʥʥʳʝ ʪʘʙʣ. 3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ (ɡ) ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ (ɖ) 

ʚʷʟʢʦʩʪʠ ʢʨʝʤʥʠʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 1700 ʂ ʜʦ 1860 ʂ ʩʥʠʞʘʝʪʩʷ ʥʘ 14%. 
ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 

ʨʘʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʤʘʨʛʘʥʝʮ ï ʢʨʝʤʥʠʡ. ɺʷʟʢʦʩʪʴ ʨʘʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʤʘʨʛʘʥʝʮ ï 

ʢʨʝʤʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʚʝʜʝʥʠʷ ʦ 
ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʨʷʜʝ ʦʙʟʦʨʦʚ ʜʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [6-7]. 
ɼʣʷ ʨʘʩʧʣʘʚʦʚ ʵʪʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʥʦ ʩʠʣʴʥʦʝ ʤʝʞʯʘʩʪʠʯʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʢʦʚʘʣʝʥʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ . 
ɺ ʤʦʥʦʛʨʘʬʠʠ ʀ. ʇʨʠʛʦʞʠʥʘ ʠ ʈ. ɼʵʬʝʷ [8], ʧʦʩʚʷʱʝʥʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʧʨʦʙʣʝʤʘʤ ʭʠʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʨʘʩʧʣʘʚʦʚ ʧʦ ʩʦʩʪʘʚʫ, ʧʦʜʦʙʥʳʭ ʤʘʨʛʘʥʝʮ-ʢʨʝʤʥʠʝʚʳʤ, ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 
ʤʦʜʝʣʴʶ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʋʨʘʣʴʩʢʦʡ ʰʢʦʣʦʡ ʤʝʪʘʣʣʫʨʛʦʚ (ʇ.ɺ. ɻʝʣʴʜ, ʅ.ɸ. ɺʘʪʦʣʠʥ ʠ ʜʨ.)  ʚ 60-70-ʳʝ 
ʛʦʜʳ ʧʨʦʚʝʜʝʥʳ ʦʙʰʠʨʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ ʨʘʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ 
ʤʘʨʛʘʥʝʮ ï ʢʨʝʤʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 
ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚ ʥʠʭ ʢʚʘʟʠʤʦʣʝʢʫʣʷʨʥʳʭ ʤʠʢʨʦʛʨʫʧʧʠʨʦʚʦʢ ʩ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʤʠ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʩʚʷʟʷʤʠ. ʇʨʠʯʝʤ, ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʪʳ ʚ 
ʨʘʩʧʣʘʚʘʭ, ʙʣʠʟʢʠʭ ʧʦ ʩʦʩʪʘʚʫ ʩʦʝʜʠʥʝʥʠʷʤ Mn5Si3 ʠ MnSi. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʨʘʙʦʪʘʭ 

ɸ.ʀ. ɿʘʡʮʝʚʘ ʠ ɹ. ʄ. ʄʦʛʫʪʥʦʚʘ [9,10], ʢʦʪʦʨʘʷ ʥʠʞʝ ʮʠʪʠʨʫʝʪʩʷ, ʫʯʘʩʪʠʝ Mn5Si3 ʥʝ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʘ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʨʘʩʧʣʘʚʦʚ 
ʩʠʩʪʝʤʳ Mn-Si ʷʚʣʷʶʪʩʷ ʤʦʥʦʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʠ ʘʩʦʮʠʘʪʳ MnSi ʠ Mn2Si.  

ʄʝʭʘʥʠʟʤ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ 
ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʝʦʨʠʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦ ʩʪʨʦʝʥʠʠ ʞʠʜʢʦʩʪʠ. ʅʘʨʷʜʫ ʩ 

ʢʚʘʟʠʤʦʣʝʢʫʣʘʤʠ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʨʷʜʘ ʩʪʨʫʢʪʫʨʥʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 
ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʩ ʩʠʣʴʥʳʤ ʤʝʞʠʣʘʩʪʠʯʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ, 
ʭʘʨʘʢʪʝʨʥʳʭ ʠ ʜʣʷ ʨʘʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Mn-Si ʚ ʧʨʝʞʥʠʭ ʨʘʙʦʪʘʭ ʧʨʠʤʝʥʷʣʠʩʴ ʪʘʢʞʝ 

ʪʝʨʤʠʥʳ çʩʠʙʦʪʘʢʩʠʩʳè ʠ çʢʣʘʩʪʝʨʳè. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 
ʚʷʟʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʨʘʩʧʣʘʚʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʩʥʦʚʥʳʝ ʩʫʪʴ ʠ ʧʦʣʦʞʝʥʠʷ ʤʦʜʝʣʠ ʚʷʟʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 
ʨʘʩʧʣʘʚʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ ʨʘʟʤʝʨʥʳʤʠ 
ʬʘʢʪʦʨʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʷʟʢʦʝ ʪʝʯʝʥʠʝ (ʚʷʟʢʦʩʪʴ) ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ, ʯʝʤ ʢ ʨʘʟʤʝʨʥʦʤʫ ʬʘʢʪʦʨʫ.  
ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʷʟʢʦʝ ʪʝʯʝʥʠʝ ʨʘʩʧʣʘʚʦʚ ʚʳʜʝʣʝʥʳ ʜʚʝ 

ʛʨʫʧʧʳ ʨʘʩʪʚʦʨʦʚ (ʞʠʜʢʦʩʪʝʡ): ʥʝʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ. ʇʦ 
ʗ.ʀ. ʌʨʘʥʢʝʣʶ [11] ʵʥʝʨʛʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʘʢʪʘ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʞʠʜʢʦʩʪʷʭ ʧʝʨʚʦʡ 
ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʨʦʮʝʩʩʘʤʠ ï ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʘʢʘʥʩʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʝʤ ʚ 

ʥʝʝ çʝʜʠʥʠʮʳ ʪʝʯʝʥʠʷè. ʉʤʳʩʣ çʚʘʢʘʥʩʠʦʥʥʳʭè ʦʛʨʘʥʠʯʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʤʝʨ 
çʝʜʠʥʠʮʳ ʪʝʯʝʥʠʷè ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ ʚʘʢʘʥʩʠʠ. ʆʙʲʝʤ V ʠ ʨʘʜʠʫʩ rVAC ʚʘʢʘʥʩʠʠ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ [12]: 
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ʛʜʝ k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; ů ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ. 
ɺ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʮʝʩʩʳ ʘʩʩʦʮʠʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ 

ʨʘʟʤʝʨ ʚʘʢʘʥʩʠʡ ʠ ʝʜʠʥʠʮʘʤʠ ʪʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʥʦʤʝʨʳ. ɼʣʷ ʨʘʟʨʳʚʘ ʩʚʷʟʠ ʘʪʦʤʘ ʩ 
ʘʩʩʦʮʠʘʪʦʤ ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ. 

ʇʨʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʨʘʟʤʝʨʥʦʛʦ ʬʘʢʪʦʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʵʥʝʨʛʠʶ 
ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʵʥʝʨʛʠʝʡ 
ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʩʩʦʮʠʘʪʦʚ [8]. 

ɸ.ʀ. ɿʘʡʮʝʚ ʠ ʜʨ. [9,10] ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʭʘʥʠʟʤ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʩ ʬʦʨʤʘʣʴʥʳʭ 
ʧʦʟʠʮʠʡ, ʧʦʣʘʛʘʷ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʠʜʝʘʣʴʥʦʡ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʦʤʙʠʥʘʮʠʠ ʚʷʟʢʦʩʪʝʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʝʝ 
ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʥʦʤʝʨʦʚ ʠ ʘʩʩʦʮʠʘʪʦʚ, ʠ ʯʪʦ ʚʷʟʢʦʩʪʴ ʧʝʨʚʳʭ ʨʘʚʥʘ ʚʷʟʢʦʩʪʠ ʯʠʩʪʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʚʷʟʢʦʩʪʴ ʚʪʦʨʳʭ ï ʩʣʫʞʠʪ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ. 

ʈʝʘʣʠʟʦʚʘʥʳ ʦʙʘ ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʚʷʟʢʦʩʪʠ ʨʘʩʧʣʘʚʘ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʤʦʜʝʣʴʶ ʠʜʝʘʣʴʥʳʭ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʚ ʨʘʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Mn-Si ʧʨʠʥʷʪʳ 
ʤʦʥʦʤʝʨʳ Mn1, Si1 ʠ ʘʩʩʦʮʠʘʪʳ MnSi ʠ Mn2Si, ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʢʦʪʦʨʳʭ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ. 

ʉʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʤʘʨʛʘʥʝʮ-ʢʨʝʤʥʠʝʚʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠʥʷʪʳ Mn1, Si1 ʠ 
ʪʨʠ ʘʩʩʦʮʠʘʪʘ Mn3Si, Mn2Si ʠ MnSi, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʘʩʩʦʮʠʘʪʦʚ Mn11Si19 ʠʣʠ Mn5Si3 ʧʦ ʦʮʝʥʢʝ [9] ʤʘʣʦʚʝʨʦʷʪʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, 
ʠʟ-ʟʘ ʨʘʟʤʝʨʥʦʛʦ ʬʘʢʪʦʨʘ ʘʩʩʦʮʠʘʪʦʚ.  ʉ ʧʦʤʦʱʴʶ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ, 
ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ (ʪʘʙʣ. 4), ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ 

ʧʨʦʮʝʩʩʳ ʘʩʩʦʮʠʘʮʠʠ [9]: 
ʊʘʙʣʠʮʘ 4 ï ɿʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʘʩʩʦʮʠʘʪʦʚ 

ɸʩʩʦʮʠʘʪʳ  ï ȹH0f, ɼʞ/ʤʦʣʴ  ȹS0f, ɼʞ/(ʤʦʣʴĿʂ) 

MnSi 93567  ï 22,53 

Mn2Si 101066 ï 15,15 

Mn3Si 3553 18,48 

 
ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʨʠʩ. 3 ʜʦʣʷ ʘʩʩʦʮʠʘʪʘ Mn3Si ʦʯʝʥʴ ʤʘʣʘ ʠ ʧʦʵʪʦʤʫ 

ʚʚʝʜʝʥʠʝ ʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʧʣʘʚʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 
ʈʠʩ. 3 ï ʂʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʘʨʛʘʥʝʮ ï 

ʢʨʝʤʥʠʡ ʧʨʠ 1873 ʂ [18]. 
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ʈʘʩʯʝʪʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ (ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ) ʨʘʩʧʣʘʚʦʚ ʚʳʧʦʣʥʝʥʳ 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʳ Mn-Si ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1673 

ʠ 1873 ʂ. 
ʉʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ çʚʷʟʢʦʩʪʠè, çʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠè ʠ 

çʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʤʥʦʞʠʪʝʣʝʡè ʧʦʟʚʦʣʠʣʦ [9] ʚʳʷʚʠʪʴ ʙʣʠʟʦʩʪʴ ʚʝʣʠʯʠʥ ɽɖ 
(Mn2Si) ʢ ʘʜʜʠʪʠʚʥʦʡ ʩʫʤʤʝ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮ 
ʠ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʩʩʦʮʠʘʪʘ Mn2Si, ʪʦʛʜʘ ʢʘʢ ʘʩʩʦʮʠʘʪ MnSi ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (ʪʘʙʣ. 5). 
ʊʘʙʣʠʮʘ 5. ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥ çʚʷʟʢʦʩʪʠè, çʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠè ʠ 

çʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʤʥʦʞʠʪʝʣʝʡè ɖ0 ʢʦʤʧʦʥʝʥʪʦʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 
ʤʘʨʛʘʥʝʮ ï ʢʨʝʤʥʠʡ [9] 

ʂʦʤʧʦʥʝʥʪʳ ʨʘʩʪʚʦʨʘ MnSi Mn2Si Mn1 Si1 

ɖĿ102, ʛ/(ʩʤĿʩ), 1673 ʂ 4,95 24 4,89 0,7 

ɖĿ102, ʛ/(ʩʤĿʩ), 1873 ʂ 4,88 10,76 3,84 0,55 

ɖĿ103, ʛ/(ʩʤĿʩ) 43 0,13 5,08 0,32 

ɽɖ, ʢɼʞ/ʤʦʣʴ 1,86 104,55 31,49 44,09 

 

ʅʘʠʣʫʯʰʝʝ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʦ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 
ʯʪʦ çʝʜʠʥʠʮʘʤʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷè ʷʚʣʷʶʪʩʷ ʘʪʦʤʳ ʤʘʨʛʘʥʮʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨ (rMn = 0,13 ʥʤ), ʯʝʤ ʢʨʝʤʥʠʷ (rSi = 0,1175 ʥʤ). ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʝʪʳ 
ʘʚʪʦʨʦʚ [9], çʝʜʠʥʠʮʝʡ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷè ʨʘʩʧʣʘʚʦʚ ʤʘʨʛʘʥʝʮ ï ʢʨʝʤʥʠʡ ʷʚʣʷʶʪʩʷ ʥʝ 
ʘʪʦʤʳ, ʘ ʠʦʥʳ ʤʘʨʛʘʥʮʘ Mn2+ (rMn

2+ = 0,091 ʥʤ). ʇʨʠʯʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʦʥʦʚ Mn2+ ʙʦʣʝʝ ʚʳʛʦʜʥʦ ʧʨʠ ʨʘʩʧʘʜʝ ʘʩʩʦʮʠʘʪʘ MnSi ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ 
ʘʪʦʤʘʤʠ, ʪ.ʝ. ʨʘʩʧʘʜ ʘʩʩʦʮʠʘʪʘ  MnSi ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʥʘ ʘʪʦʤʳ 

ʤʘʨʛʘʥʮʘ ʠ ʢʨʝʤʥʠʷ. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʚʷʟʢʦʩʪʠ 
ʩʧʣʘʚʦʚ ʤʘʨʛʘʥʝʮ ï ʢʨʝʤʥʠʡ ʘʚʪʦʨʳ [9] ʩʚʷʟʳʚʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʚʘʢʘʥʩʠʠ, 
ʢʦʪʦʨʘʷ ʚʝʜʝʪ ʢ ʩʥʷʪʠʶ çʚʘʢʘʥʩʠʦʥʥʳʭè ʨʘʟʤʝʨʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʠʟʦʪʝʨʤ 
ʚʷʟʢʦʩʪʠ ʤʘʨʛʘʥʝʮ-ʢʨʝʤʥʠʩʪʳʭ ʨʘʩʧʣʘʚʦʚ, ʘʚʪʦʨʘʤʠ [9] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ çʝʜʠʥʠʮʘʤʠ 

ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷè ʷʚʣʷʶʪʩʷ ʤʦʥʦʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʠ ʘʩʩʦʮʠʘʪʳ MnSi (66 % Mn, 27 % Si) 
ʠ Mn2Si (79,71 % Mn, 20,29 % Si). 

ʄʘʪʝʨʠʘʣʳ ʥʘʩʪʦʷʱʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʧʨʦʙʣʝʤʝ ʚʷʟʢʦʩʪʠ ʤʘʨʛʘʥʮʘ ʠ ʤʘʨʛʘʥʝʮ-ʢʨʝʤʥʠʩʪʳʭ 
ʩʧʣʘʚʦʚ, ʚʳʷʚʣʝʥʥʳʝ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʷʟʢʦʩʪʴ ʩʧʣʘʚʦʚ ʚ ʦʮʝʥʢʝ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ, ʩʣʫʞʘʪ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʣʠʢʦʪʝʨʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʛʦ 
ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʧʨʦʜʫʚʢʦʡ ʨʘʩʧʣʘʚʘ ʚ ʢʦʥʚʝʨʪʝʨʝ ʩ ʜʦʥʥʦʡ ʧʦʜʘʯʝʡ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ. 
ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

1. ɺʘʪʦʣʠʥ ʅ.ɸ., ʇʘʩʪʫʭʦʚ ʕ.ɸ. ʠ ʜʨ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʩʪʨʦʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʧʣʘʚʦʚ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ, ʋʨʆ ʈɸʅ, 2003. ï 354 ʩ. 

2. ʃʝʚʠʥ ɽ.ʉ., ɿʘʤʘʨʫʝʚ ɺ.ʅ., ɻʝʣʴʜ ʇ.ɺ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʩʪʠ, 

ʩʘʤʦʜʠʬʬʫʟʠʠ ʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʞʠʜʢʦʛʦ ʤʘʨʛʘʥʮʘ//ʀʟʚʝʩʪʠʷ 
ɸʅ ʉʉʉʈ, ʄʝʪʘʣʣʳ, 1976. - ˉ 2. ï ʩ. 113-116. 

3. Ozbagi K., Schlurg H., Frohberg M.G. Messungen der ViskositἌt vor flἤssigen 
Mangan // Arch. Eisenhἤttenwessen. 1984. Bd. 55. - ˉ 3. ï S. 109-112. 

4. ʀʦʭʠʜʦ ɸʢʠʪʦ. ʈʘʟʤʝʨʥʳʡ ʘʥʘʣʠʟ ʯʠʩʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʠʭ 

ʤʝʪʘʣʣʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ // ʈʝʬ. ɾʫʨʥʘʣ ʄʝʪʘʣʣʫʨʛʠʷ, 1987. 
ï ʨʝʬʝʨʘʪ 12ɸ27. 

5. ɻʣʘʜʢʠʭ ɺ.ʅ. ɺʠʩʢʦʟʠʤʝʪʨʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ. ï ʄ.: 
ʄʝʪʘʣʣʫʨʛʠʷ, 1989. ï 95 ʩ. 



90 

 

 

6.  ɼʝʥʠʩʦʚ ɺ.ʄ., ʀʩʪʦʤʠʥ ʉ.ɸ., ʇʦʜʢʦʧʘʝʚ ʆ.ʀ., ʉʝʨʝʙʨʷʢʦʚʘ ʃ.ʀ., 
ɸʥʪʦʥʦʚʘ ʃ.ʊ., ʇʘʩʪʫʭʦʚ ʕ.ɸ., ɹʝʣʝʮʢʠʡ ɺ.ɺ. ʂʨʝʤʥʠʡ ʠ ʝʛʦ ʩʧʣʘʚʳ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ.: 

ʋʨʆ ʈɸʅ, 2005. ï 467 ʩ. 
7. ɻʘʩʠʢ ʄ.ʀ. ʄʘʨʛʘʥʝʮ.-ʄ.:ʄʝʪʘʣʣʫʨʛʠʷ, 1992. ï  608 ʩ. 

8. ʇʨʠʛʦʞʠʥ ʀ., ɼʵʬʝʡ ʈ. ʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ. ï ʅʦʚʦʩʠʙʠʨʩʢ.: 
ʅʘʫʢʘ, 1996. ï 510 ʩ. 

9.  ʑʝʣʢʦʚʘ ʅ.ɽ., ɿʘʡʮʝʚ ɸ.ʀ., ʄʦʛʫʪʥʦʚ ɹ.ʄ. ɸʩʩʦʮʠʘʮʠʷ ʠ ʤʝʭʘʥʠʟʤ 

ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʨʘʩʧʣʘʚʘʭ ʤʘʨʛʘʥʝʮ ï ʢʨʝʤʥʠʡ // ʈʘʩʧʣʘʚʳ, 1999. - ˉ 3. ï ʩ. 35-43. 
10.  ɿʘʡʮʝʚ ɸ.ʀ., ɿʝʤʯʝʥʢʦ ʄ.ɸ., ʄʦʛʫʪʥʦʚ ɹ.ʄ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʨʘʩʧʣʘʚʦʚ ʤʘʨʛʘʥʝʮ ï ʢʨʝʤʥʠʡ // ʈʘʩʧʣʘʚʳ, 1989. - ˉ 2. ï ʩ 9-19. 
11.  ʌʨʝʥʢʝʣʴ ʗ.ʀ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʤʝʪʘʣʣʦʚ. ï ʃʝʥʠʥʛʨʘʜ.: ʅʘʫʢʘ, 1972. ï 

424 ʩ. 

12.  Gokhale A.B., Abbaschian R. The Mn-Si (Manganese ï Silicon) system // 
Bulletin of Alloy Phase Diagrams, 1990. ï V. 11. - ˉ 5. ï ʨ. 468-480. 

 
 

ʋɼʂ 669.15'74'782'784'-198 

ʉʊʈʋʂʊʋʈʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʊɽʍʅʆɻɽʅʅʓʍ ʆʊʍʆɼʆɺ ɺʓʇʃɸɺʂʀ 

ʄɸʈɻɸʅʎɽɺʓʍ ʌɽʈʈʆʉʇʃɸɺʆɺ ʉ ʎɽʃʔʖ ʀʍ ɺʆɺʃɽʏɽʅʀʗ ɺ 

ʇʈʆʀɿɺʆɼʉʊɺʆ ʌɽʈʈʆʉʀʃʀʂʆʄɸʈɻɸʅʎɸ 

 
ɺ.ɸ. ɻʣʘʜʢʠʭ1,  ɸ.ɺ. ʈʫʙʘʥ1, ʄ.ʀ. ɻʘʩʠʢ1, ʈ.ɽ. ɻʣʘʜʳʰʝʚʩʢʠʡ2 

(1 ï ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ, ʛ.ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, 
ʋʢʨʘʠʥʘ;   2- ʃʴʚʦʚʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀʚʘʥʘ ʌʨʘʥʢʘ, ʛ. ʃʴʚʦʚ, 

ʋʢʨʠʘʥʘ) 
 

ʌʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʝʮ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʘʨʛʘʥʮʝʚʳʤ 

ʩʧʣʘʚʦʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʘ ʩʪʘʣʠ ʠ ʧʦ ʦʙʲʝʤʫ 
ʚʳʧʣʘʚʢʠ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʝʝ ʤʝʩʪʦ ʩʨʝʜʠ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ. ʆʩʥʦʚʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʧʣʘʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ  ʋʢʨʘʠʥʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʇɸʆ 
çʅʠʢʦʧʦʣʴʩʢʠʡ ʟʘʚʦʜ ʬʝʨʨʦʩʧʣʘʚʦʚè ʚ ʚʳʩʦʢʦʤʦʱʥʳʭ ʨʫʜʦʚʦʩʩʪʦʥʦʚʠʪʝʣʴʥʳʭ 
ʵʣʝʢʪʨʦʧʝʯʘʭ ʪʠʧʘ ʈʇɻ-63 ʠ ʈʂɿ-75 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɼʉʊʋ 3548-97. 

ʆʩʥʦʚʥʳʤ ʤʘʨʛʘʥʮʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʰʠʭʪʳ ʷʚʣʷʝʪʩʷ ʤʘʨʛʘʥʮʝʚʳʡ ʘʛʣʦʤʝʨʘʪ, 
ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʩʤʝʩʠ ʦʢʩʠʜʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢʚʘʨʮʠʪ. ʉʧʣʘʚ ʧʦʣʫʯʘʶʪ ʥʝʧʨʝʨʳʚʥʳʤ 
ʰʣʘʢʦʚʳʤ ʧʨʦʮʝʩʩʦʤ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ ʠ ʢʨʝʤʥʠʷ 
ʫʛʣʝʨʦʜʦʤ ʢʦʢʩʘ [1, 2]. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʦʙʨʘʟʫʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ ʚ 
ʦʢʩʠʜʥʦʡ (ʦʪʚʘʣʴʥʳʝ ʰʣʘʢʠ, ʰʣʘʤʳ ʤʦʢʨʦʡ ʠ ʩʫʭʦʡ ʛʘʟʦʦʯʠʩʪʦʢ) ʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

(ʦʪʩʝʚʳ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʢʨʘʧ, ʥʘʩʪʳʣʠ, ʚʦʟʚʨʘʪ ʨʘʟʣʠʚʢʠ) ʬʦʨʤʝ, ʧʦʵʪʦʤʫ ʠʭ 
ʫʪʠʣʠʟʘʮʠʷ ʩ ʮʝʣʴʶ ʨʝʮʠʢʣʠʥʛʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʚʳʧʣʘʚʢʠ ʤʘʨʛʘʥʮʝʚʳʭ 
ʬʝʨʨʦʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 
ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʤʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʦʪʚʘʣʴʥʳʡ ʰʣʘʢ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩ 

ʧʦʤʦʱʴʶ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʤʠʢʨʦʩʢʦʧʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ çNEOPHOT 21è. ʂʘʢ 
ʚʠʜʥʦ ʠʟ ʨʠʩ.1, ʰʣʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʤʝʪʥʳʭ ʬʘʟ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʨʦʣʴʢʠ ʤʝʪʘʣʣʘ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʂ ʯʠʩʣʫ ʬʘʟ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʦʨʦʣʴʢʠ ʤʝʪʘʣʣʘ (ʢʨʫʧʥʳʝ 
ʩʚʝʪʣʳʝ ʧʷʪʥʘ), ʢʚʘʨʮʝʚʳʝ ʟʝʨʥʘ ʠ ʤʝʣʴʯʘʡʰʠʝ ʬʘʟʳ ʩ ʚʳʩʦʢʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ MnS (ʤʝʣʢʠʝ ʩʚʝʪʣʳʝ ʧʷʪʥʘ).  
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ʈʠʩ. 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʪʚʘʣʴʥʦʛʦ ʰʣʘʢʘ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ(ʭ200).                                

1- ʢʦʨʦʣʴʢʠ ʤʝʪʘʣʣʘ, 2 - ʢʚʘʨʮʝʚʦʝ ʟʝʨʥʦ, 3 ï ʤʘʨʛʘʥʮʝʚʦ-ʢʘʣʴʮʠʝʚʦʝ ʩʪʝʢʣʦ,                                       

4 ï ʩʫʣʴʬʠʜ ʤʘʨʛʘʥʮʘ MnS.  
 

ʎʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʨʘʩʰʠʬʨʦʚʢʠ ʤʘʨʛʘʥʮʝʚʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ 
ʠ ʚʳʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟ ʚ ʫʩʣʦʚʠʷʭ ʢʘʬʝʜʨʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 
ʃʴʚʦʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀʚʘʥʘ ʌʨʘʥʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʥʪʛʝʥ-

ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʣʘʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ 

ʆʪʚʘʣʴʥʳʡ ʰʣʘʢ 
ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ 

(ʄʥʉ17) 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʣʘʢʘ 

Mn SiO2 CaO MgO Al2O3 P Fe S 

ʇʨʦʙʘ 1 (ʩ ʧʝʯʠ ʈʇɻ-63) 12,1 50,8 17,6 4,9 8,4 0,012 0,15 1,3 

ʇʨʦʙʘ 2 (ʩ ʧʝʯʠ ʈʂɿ-75) 13,0 49,0 18,0 5,5 7,3 0,014 0,2 1,2 

 
ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʟʮʦʚ ʰʣʘʢʦʚ ʧʦʣʫʯʝʥʳ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-2,0M (ʛʝʦʤʝʪʨʠʷ ɹʨʵʛʛʘ-ɹʨʝʥʪʘʥʦ, q/2q-
 ʩʢʘʥʠʨʦʚʘʥʠʝ; Fe KŬ-ʠʟʣʫʯʝʥʠʝ, ʠʥʪʝʨʚʘʣ ʫʛʣʦʚ 2ɗ 20,000Ò2ɗÒ122,000Á2ɗ, ʰʘʛ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ï 0,050Á2ɗ; ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ - 3 ʩʝʢ/ʰʘʛ). ʆʙʨʘʟʮʳ ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚ, 
ʨʘʩʪʸʨʪʳʭ ʠʟ ʮʝʣʴʥʳʭ ʢʫʩʢʦʚ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ, ʟʘʢʨʝʧʣʷʣʠʩʴ ʚ ʢʶʚʝʪʝ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢ 
ʧʝʨʚʠʯʥʦʤʫ ʧʫʯʢʫ, ʚʳʚʦʜʠʣʠʩʴ ʥʘ ʦʩʴ ʛʦʥʠʦʤʝʪʨʘ, ʠ ʚʨʘʱʘʣʠʩʴ ʚʤʝʩʪʝ ʩ ʢʶʚʝʪʦʡ ʚ 

ʧʨʦʮʝʩʩʝ ʩʲʸʤʢʠ. 
ʆʙʨʘʟʝʮ ʦʪʚʘʣʴʥʦʛʦ ʰʣʘʢʘ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ (ʄʥʉ17) ʧʨʠ ʩʲʝʤʢʝ ʥʘ 

Fe KŬ-ʠʟʣʫʯʝʥʠʠ ʦʢʘʟʘʣʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʘʤʦʨʬʥʳʤ  (ʩʪʝʧʝʥʴ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʯʝʥʴ ʥʠʟʢʘʷ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʙʣʠʞʥʠʡ ʧʦʨʷʜʦʢ) (ʨʠʩ. 2).  
ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʜʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʟʫʯʘʣʠʩʴ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ 

ʨʝʞʠʤʝ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ STOE STADI P ʩ ʣʠʥʝʡʥʳʤ ʧʦʟʠʮʠʦʥʥʦ-
ʧʨʝʮʠʟʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ PSD ʧʦ ʩʭʝʤʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ɻʠʥʴʝ, ʤʝʪʦʜ 
ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ (CuKŬ1- ʠʟʣʫʯʝʥʠʝ; ʠʟʦʛʥʫʪʳʡ Ge-ʤʦʥʦʭʨʦʤʘʪʦʨ (111) ʪʠʧʘ 

ʀʦʛʘʥʩʦʥʘ; 2q/w-ʩʢʘʥʠʨʦʚʘʥʠʝ, ʠʥʪʝʨʚʘʣ ʫʛʣʦʚ - 2ɗ 4,000Ò2ɗÒ110,545Á2ɗ ʩ ʰʘʛʦʤ 
0,015Á2ɗ; ʰʘʛ ʜʝʪʝʢʪʦʨʘ - 0.480Á2ɗ, ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʰʘʛʝ - 250ï330 ʩ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʠ ʩʲʸʤʢʝ - ʊ = 24,0°0,3Áʉ, U = 40 ʢɺ, I = 35 ʤɸ).  
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ʈʠʩ. 2 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʦʪʚʘʣʴʥʦʛʦ ʰʣʘʢʘ (ʄʥʉ17)  

(Fe KŬ-ʠʟʣʫʯʝʥʠʝ, ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-2,0M). 

 
ʃʠʰʴ ʧʨʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʲʝʤʢʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 16 ʯʘʩʦʚ (CuKŬ1-ʠʟʣʫʯʝʥʠʝ, 

ʜʠʬʨʘʢʪʦʤʝʪʨ STOE STADI P) ʥʘ ʬʦʥʝ ʦʙʱʝʡ ʘʤʦʨʬʥʦʡ ʢʘʨʪʠʥʳ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 
ʧʨʦʷʚʠʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ (ʨʠʩ. 3). 

 
ʈʠʩ. 3 ï ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʥʠʩʧʘʜʘʶʱʘ ʣʠʥʠʷ) ʦʙʨʘʟʮʘ ʦʪʚʘʣʴʥʦʛʦ ʰʣʘʢ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ (ʄʥʉ17) (CuKŬ1-
 ʠʟʣʫʯʝʥʠʝ, ʜʠʬʨʘʢʪʦʤʝʪʨ STOE STADI P) ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 

(ʚʝʨʪʠʢʘʣʴʥʝr ʧʠʢʠ) ʬʘʟʳ ʩʫʣʴʬʠʜʘ ʤʘʨʛʘʥʮʘ. 
ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ 

ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ PowderCell (ʚʝʨʩʠʷ 2.4) ʠ STOE WinXPOW (ʚʝʨʩʠʷ 3.03) 

ʤʝʪʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʨʦʬʠʣʝʡ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʠʬʨʘʢʪʦʛʨʘʤʘʤʠ ʯʠʩʪʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʠʟʚʝʩʪʥʳʭ ʬʘʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʦʡʥʳʭ, ʪʨʦʡʥʳʭ ʠ 
ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʋʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʬʘʟ ʚ ʠʟʙʨʘʥʥʳʭ 
ʦʙʨʘʟʮʘʭ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ, 

ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ PowderCell.  
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3 ʧʨʦʷʚʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʨʝʬʣʝʢʩʦʚ 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ (ʠʥʜʝʢʩʳ ʄʠʣʣʝʨʘ hkl ʧʨʠʚʝʜʝʥʳ ʥʘʜ 
ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʠʢʘʤʠ), ʘ ʧʝʨʚʳʡ ʨʝʬʣʝʢʩ 111 ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʬʦʥʝ ʘʤʦʨʬʥʦʛʦ ʛʘʣʦ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʪʚʘʣʴʥʦʤ ʰʣʘʢʝ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʘʤʦʨʬʥʦʛʦ ʢʘʣʴʮʠʝʚʦ-ʤʘʨʛʘʥʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʘ ʤʘʨʛʘʥʝʮ 
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ʢʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʘʟʳ ʩʫʣʴʬʠʜʘ ʤʘʨʛʘʥʮʘ ï MnS. 
ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʰʣʘʢʦʚ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩʚʝʪʣʘʷ ʬʘʟʘ (ʨʠʩ.1) ʧʨʠʥʠʤʘʣʘʩʴ ʟʘ ʤʘʥʛʘʥʦʟʠʪ MnO ʠʟ-ʟʘ 
ʙʣʠʟʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʣʦʤʣʝʥʠʷ MnO ʠ MnS ʠ ʚʧʝʨʚʳʝ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ 

ʢʘʢ ʘʣʘʙʘʥʜʠʥ (MnS) ʘʚʪʦʨʘʤʠ [3]. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ CaO(MgO)-
MnO-SiO2 ʠ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʚʳʧʣʘʚʢʠ 
ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʠʣʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʪʝʢʘʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʢʩʠʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ 
ʧʦʚʳʰʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʝʨʳ (ʜʦ 2%), ʚ ʰʣʘʢʘʭ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʠ 

ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʤʘʨʛʘʥʮʘ (ʐʄʇ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʪ 0,8 ʜʦ 1,3% ʩʝʨʳ, ʯʪʦ ʠ 
ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʘʟʳ ʪʠʧʘ MnS. 

ɺʩʝ ʚʳʰʝʫʢʘʟʘʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʪʚʘʣʴʥʳʡ ʰʣʘʢ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚʪʦʨʠʯʥʦʝ ʤʘʨʛʘʥʮʝʚʦʝ ʩʳʨʴʝ ʩ 
ʮʝʣʴʶ ʝʛʦ ʨʝʮʠʢʣʠʥʛʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʚʳʧʣʘʚʢʠ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʦʨʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʷʚʣʷʶʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 
ʜʦʠʟʚʣʝʯʝʥʠʷ ʄn ʠ Si ʠʟ ʦʪʚʘʣʴʥʦʛʦ ʰʣʘʢʘ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʧʫʪʝʤ ʠʭ 

ʩʦʚʤʝʩʪʥʦʛʦ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʩ ʫʛʣʝʤ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʠ ʢʨʝʤʥʠʷ ʠʟ ʙʨʠʢʝʪʠʨʦʚʘʥʥʳʭ ʰʣʘʢʦʚ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ 

ʩʦʚʤʝʩʪʥʦ ʩ ʫʛʣʝʨʦʜʠʩʪʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʣʘʢʘ 
ʬʨʘʢʮʠʠ - 2,0 ʤʤ ʩʢʦʨʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʫʛʣʷ ʠ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʠ ʢʨʝʤʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʰʠʭʪʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʬʨʘʢʮʠʝʡ ʤʝʥʝʝ 2 ʤʤ.  
ɹʦʣʴʰʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʙʨʠʢʝʪʠʨʦʚʘʥʠʶ ʰʠʭʪ ʜʣʷ ʚʳʧʣʘʚʢʠ 

ʨʘʟʣʠʯʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʥʘʢʦʧʣʝʥʥʳʡ ʢʘʬʝʜʨʦʡ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʅʄʝʪɸʋ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ [4]. 

ɸʥʘʣʠʟ ʥʘʢʦʧʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [5] ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʙʨʠʢʝʪʠʨʦʚʘʥʥʦʡ ʰʠʭʪʳ ʠ 
ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʫʩʠʣʠʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʙʨʠʢʝʪʦʚ. ʅʘʨʷʜʫ 

ʩ ʩʦʟʜʘʥʠʝʤ ʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʪʝʩʥʦʛʦ ʢʦʥʪʘʢʪʘ ʦʢʩʠʜ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʚ ʦʢʠʩʥʦʫʛʦʣʴʥʦʤ 
ʙʨʠʢʝʪʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʋʚʝʣʠʯʝʥʠʝ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʠʭʪʳ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʩʚʦʝʥʠʷ ʤʦʱʥʳʭ 

ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ.  
ɹʨʠʢʝʪʠʨʦʚʘʥʠʝ ʰʣʘʢʦʚ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʞʝ, 

ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʩ ʧʦʚʳʰʝʥʥʳʤ 
ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʚʥʦʩʷʱʠʤ ʢ ʪʦʤʫ ʞʝ ʤʘʨʛʘʥʝʮ ʠ ʢʨʝʤʥʝʟʝʤ ʧʨʠ ʥʠʟʢʦʤ 
ʫʜʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʬʦʩʬʦʨʘ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʣʘʢʠ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʷʚʣʷʶʪʩʷ 
çʥʘʤʝʨʪʚʦè ʦʙʦʞʞʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʥʠʟʢʠʤ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝʤ ʥʝ 

ʩʦʜʝʨʞʘʱʠʤ ʥʠ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʥʦʡ ʚʣʘʛʠ, ʥʠ ʚʳʩʰʠʭ ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ, ʢʦʪʦʨʳʝ 
ʤʦʛʣʠ ʙʳ ʩʪʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʦʥʠʞʘʶʱʠʤ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʙʨʠʢʝʪʦʚ. ɺ 
ʪʦʞʝ ʚʨʝʤʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʣʠʢʚʠʜʫʩ ʦʩʪʘʚʰʝʡʩʷ ʦʢʩʠʜʥʦʡ ʬʘʟʳ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʟʘ ʩʯʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʠ 

ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ ʣʠʰʴ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʨʝʤʥʝʟʝʤʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 
ʦʪ ʉʘʆ ʩʦʩʪʦʷʥʠʠ.  

ʅʘʢʦʥʝʮ, ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʨʠʢʝʪʦʚ ʷʚʣʷʝʪʩʷ 

ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʭʦʜʦʚ ʠ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʰʣʘʢʦʚ, ʰʣʘʤʦʚ, 
ʫʛʣʝʡ ʤʝʣʢʠʭ ʬʨʘʢʮʠʠ). ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ ʦʩʥʦʚʘʥ ʨʷʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʤʢʥʫʪʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ. 
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ʄɸʊɽʈʀɸʃʆɺ 

 

ɼʝʨʝʚʷʥʢʦ ʀ.ɺ. /ʢ.ʪ.ʥ./, ʇʦʣʷʢʦʚ ʆ.ʀ. /ʢ.ʪ.ʥ./, ɾʘʜʘʥʦʩ ɸ.ɺ. /ʢ.ʪ.ʥ./ 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ 

 
ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʢʘʨʙʠʜʫ ʢʨʝʤʥʠʷ, ʥʘʙʣʶʜʘʶʱʠʡʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, 

ʦʙʫʩʣʦʚʣʝʥ ʥʝ ʪʦʣʴʢʦ ʝʛʦ ʚʳʩʦʢʠʤʠ ʘʙʨʘʟʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠ ʫʥʠʢʘʣʴʥʳʤ 
ʩʦʯʝʪʘʥʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʄʘʪʝʨʠʘʣʳ ʠ 
ʠʟʜʝʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʦʙʣʘʜʘʶʪ ʨʝʜʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʆʥʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 
ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʫʩʪʦʡʯʠʚʳ ʢ ʭʠʤʠʯʝʩʢʠ ʘʛʨʝʩʩʠʚʥʳʤ 

ʩʨʝʜʘʤ ʠ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʋʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 
SiC ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʰʠʨʦʯʘʡʰʫʶ ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ: ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʜʦ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ 

ʪʘʢʞʝ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʘʙʨʘʟʠʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ʆʩʦʙʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʣʝʢʪʨʦʥʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʋʛʣʝʨʦʜ ʠ ʢʨʝʤʥʠʡ, ʦʙʨʘʟʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʝ SiC, 
ʦʪʥʦʩʷʪʩʷ ʢ sp ï ʵʣʝʤʝʥʪʘʤ IV  ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ. 
ʕʣʝʢʪʨʦʥʥʳʝ s Ÿ p - ʧʝʨʝʭʦʜʳ ʚ ʘʪʦʤʘʭ Si ʠ ʉ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʭ sp3 ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʚʘʣʝʥʪʥʳʤ ʪʠʧʦʤ ʭʠʤʠʯʝʩʢʦʡ 
ʩʚʷʟʠ. 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʫʱʝʩʪʚʫʶʱʠʤ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ 
ʩʦʩʪʦʷʥʠʠ ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʩʠʩʪʝʤʝ ʢʨʝʤʥʠʡ ï ʫʛʣʝʨʦʜ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʠ ʨʝʥʪʛʝʥʦʬʘʟʥʦʛʦ ʘʥʘʣʠʟʘ 

ʈ.ɺ. ʆʣʝʩʠʥʩʢʠ ʠ ɻ. ɼʞ. ɸʙʙʘʰʠʘʥ [1] ʫʪʦʯʥʠʣʠ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Si-C ʠ 
ʦʮʝʥʠʣʠ ʩʪʘʙʠʣʴʥʦʩʪʴ SiC ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 1). ʅʘ 

ʜʠʘʛʨʘʤʤʝ ʫʢʘʟʘʥʦ ʵʚʪʝʢʪʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʠ 1404Ñ5Üʉ ʠ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʝ - ʧʨʠ 
2545Ñ40Üʉ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʝ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ 1404Ñ5Üʉ 
ʩʦʜʝʨʞʠʪʩʷ 0,75 Ñ0,5% (ʤʦʣ.) ʉ. ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, ʚʳʯʠʩʣʝʥʥʳʡ ʵʚʪʝʢʪʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʩʦʜʝʨʞʠʪ 0,026% (ʤʦʣ.) ʉ, ʘ tʵʚʪ= 1401Ñ2Üʉ [2]. 
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ʈʠʩ. 1 ï ɼʠʘʛʨʘʤʤʘ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Si-C [3]. 
 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʢʫʙʠʯʝʩʢʦʡ ɓ-SiC ʩʦ 
ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʩʬʘʣʝʨʠʪʘ (ʮʠʥʢʦʚʦʡ ʦʙʤʘʥʢʠ ZnS) ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ Ŭ-SiC ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʚʶʨʮʠʪʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [1], ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 2273 ʂ ɓ-SiC 
ʧʝʨʝʭʦʜʠʪ ʚ Ŭ-SiC ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ ʥʘ 0,06%. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʝʨʝʭʦʜ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʛʘʟʦʚʫʶ ʬʘʟʫ, ʧʦʩʢʦʣʴʢʫ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʘʢʦʛʦ 

ʧʝʨʝʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 660,44 ʢɼʞ/ʤʦʣʴ ʠ ʙʣʠʟʢʘ ʢ ʟʥʘʯʝʥʠʶ ʪʝʧʣʦʪʳ ʠʩʧʘʨʝʥʠʷ 556 
ʢɼʞ/ʤʦʣʴ. 

ʂʨʦʤʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ Ŭ-SiC ʠ ɓ-SiC ʢʘʨʙʠʜ 
ʢʨʝʤʥʠʷ ʦʙʨʘʟʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʪʠʧʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 
ʤʦʜʠʬʠʢʘʮʠʠ Ŭ-SiC (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 200 ʧʦʣʠʪʠʧʦʚ Ŭ-SiC) ʩ 

ʨʘʟʤʝʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʘ = 0,3078 ʥʤ, ʩ = 0,2518n ʥʤ, ʛʜʝ n ï ʯʠʩʣʦ ʩʣʦʝʚ ʚ 
ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ. ʇʦʣʠʪʠʧʥʳʝ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʦʪ ʯʠʩʪʦ ʢʫʙʠʯʝʩʢʦʛʦ ɓ-SiC ʜʦ ʯʠʩʪʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ 2ʅ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ɓ-
SiC ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʭ 
ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʦʢ, ʩʜʚʠʥʫʪʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʦʜʥʫ ʯʝʪʚʝʨʪʴ 

ʜʠʘʛʦʥʘʣʠ ʢʫʙʘ, ʧʨʠ ʵʪʦʤ ʦʜʥʘ ʠʟ ʨʝʰʝʪʦʢ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ, ʜʨʫʛʘʷ - ʠʟ 
ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʇʦʣʠʪʠʧʳ Ŭ-SiC ʦʪʣʠʯʘʶʪʩʷ ʧʦʨʷʜʢʦʤ ʯʝʨʝʜʦʚʘʥʠʷ ʜʚʦʡʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ Si ï C. ɺ ʢʘʞʜʦʤ ʠʟ ʧʦʣʠʪʠʧʦʚ ʘʪʦʤʳ ʦʜʥʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʦʤ 
ʪʝʪʨʘʵʜʨʘ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʪʦʤʳ ʜʨʫʛʦʛʦ ʪʠʧʘ. ɸʪʦʤʥʳʝ ʤʦʜʝʣʠ 
ʧʦʣʠʪʠʧʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

   
ʈʠʩ. 2 ï ɸʪʦʤʥʳʝ ʤʦʜʝʣʠ ʧʦʣʠʪʠʧʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ: 3ʉ ï ʢʫʙʠʯʝʩʢʠʡ ɓ-SiC; 

4ʅ, 6ʅ ï ʧʦʣʠʪʠʧʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ Ŭ-SiC. 
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ʆʪʣʠʯʠʝ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʧʦʣʠʪʠʧʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ 
ʜʘʥʥʦʛʦ ʧʦʣʠʪʠʧʘ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʦʩʪʠ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʠʪʠʧʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1.  
ʊʘʙʣʠʮʘ 1 ï ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʪʠʧʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʇʦʢʘʟʘʪʝʣʴ 

ʆʙʦʟʥʘʯʝʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ɓ-SiC Ŭ-SiC 

I 

Ŭ-SiC 

II  

Ŭ-SiC 

III  

Ŭ-SiC 

IV  

Ŭ-SiC 

V 

Ŭ-SiC 

VI  

Ŭ-SiC 

VII  

3ʉ 15R 6H 4H 21R 51R 33R 87R 

ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ 
ʪʝʪʨʘʵʜʨʦʚ 

3 15 6 4 21 51 33 87 

ʉʪʝʧʝʥʴ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʩʪʠ 
0 0,4 0,33 0,5 0,29  0,36  

ʇʘʨʘʤʝʪʨʳ 
ʨʝʰʝʪʢʠ, ʥʤ: 

        

ʘ 0,435 0,308 0,308 0,308 0,307 0,307 0,307 0,307 

ʩ ï 3,781 1,509 1,008 5,289 12,84 8,310 21,91 

ʆʪʥʦʰʝʥʠʝ ʦʩʝʡ ʩ/ ʘ ï 12,28 4,90 3,27 17,18 41,71 27,00 71,16 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
ʩʣʦʷʤʠ, ʥʤ 

ï 0,252 0,251 0,252 0,251 0,251 0,251 0,251 

ʐʠʨʠʥʘ 
ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ, h ʵɺ 

2,2 2,9 2,86 3,1 2,77 - - - 

ʋʜʝʣʴʥʳʡ ʚʝʩ 
(ʨʘʩʯʝʪʥʳʡ), ʛ/ʩʤ3 

3,210 3,217 3,218 3,217 3,217 ï 3,217 ï 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ, 

ʄʇʘ 
278 254 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʣʠʪʠʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ 
ʬʘʢʪʦʨʦʚ, ʪʘʢʠʤʠ ʢʘʢ - ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ. ʅʘ ʨʠʩ.3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʂʥʠʧʝʥʙʝʨʛʘ, ʥʘ ʢʦʪʦʨʦʡ ʜʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʣʘʩʪʠ 
ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʣʠʪʠʧʦʚ. 

 
ʈʠʩ. 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʠʪʠʧʥʦʛʦ ʩʦʩʪʘʚʘ SiC ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [4]. 

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʛʦʨʷʯʝʛʦ ʢʝʨʥʘ ʢ ʧʝʨʠʬʝʨʠʠ ʧʦʣʠʪʠʧʥʳʡ ʩʦʩʪʘʚ ʟʘʢʦʥʦʤʝʨʥʦ 
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ʤʝʥʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʮʝʧʦʯʢʝ: 6ʅŸ15RŸ4ʅŸ3ʉ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʙʣʦʢʘ ʯʝʨʥʦʛʦ 
ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ 6ʅ ʧʦʣʠʪʠʧʦʤ (ʜʦ 60%). ʅʠʟ ʙʣʦʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ 4ʅ ʧʦʣʠʪʠʧʦʤ (ʜʦ 50%), ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʪʠʧʘ 15R 
ʨʘʚʥʦʤʝʨʥʦ ʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 15 - 25 %. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʢʝʨʥʘ 

ʢʨʫʧʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʚʝʥʯʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʙʣʦʢʘ ʨʘʩʩʳʧʯʘʪʳʝ, 
ʧʦʪʝʨʷʚʰʠʝ ʦʨʠʝʥʪʘʮʠʶ ʢʨʠʩʪʘʣʣʳ. ɿʝʣʝʥʳʡ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ 
6ʅ ʧʦʣʠʪʠʧʦʤ ʥʘ ʫʨʦʚʥʝ 90% ʠ 15R - ʥʘ ʫʨʦʚʥʝ 10%. ɹʣʦʢ ʟʝʣʝʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʠʤʝʝʪ ʦʜʥʦʬʘʟʥʫʶ ʟʦʥʫ 6ʅ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʚ ʯʝʨʥʳʭ ʧʝʯʘʭ ʚʥʠʟʫ ʙʣʦʢʘ, ʣʠʙʦ 
ʦʯʝʥʴ ʫʟʢʘʷ, ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʝʪ. ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʯʝʨʥʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʝʣʝʥʦʛʦ 

ʥʘʣʠʯʠʝʤ ʧʦʣʠʪʠʧʘ 4ʅ. 
ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʢʝʨʥʘ ʚ ʧʝʯʠ ɸʯʝʩʦʥʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʧʦʣʝ [5], ʥʦ ʠ ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʰʠʭʪʳ, ʩʢʦʨʦʩʪʴ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. 
ʅʘʣʠʯʠʝ ʘʣʶʤʠʥʠʷ ʚ ʢʘʨʙʠʜʝ ʢʨʝʤʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʝʛʦ 

ʧʦʣʠʪʠʧʥʦʤ ʩʦʩʪʘʚʝ (ʨʠʩ. 4). 
ʅʘʩʳʱʝʥʠʝ ʚʝʨʭʥʠʭ ʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʰʠʭʪʳ ʧʨʠʤʝʩʥʳʤʠ ʦʢʩʠʜʘʤʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʨʝʜʩʪʚʘʤ ʭʠʤʠʯʝʩʢʠʭ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʡ [6] ʜʦ ʪʝʭʥʠʯʝʩʢʠ 

ʧʨʠʥʷʪʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ Al2O3 + Caʆ + Feʟʘʛ > 2% ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʰʠʭʪʘ 
ʷʚʣʷʝʪʩʷ ʦʪʚʘʣʴʥʳʤ ʧʨʦʜʫʢʪʦʤ ʠ ʚʳʚʦʜʠʪʩʷ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʠʟʫʯʠʪʴ ʧʦʣʠʪʠʧʥʳʡ ʩʦʩʪʘʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ [7]. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʦʜʚʝʨʛʘʣʩʷ ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ ʜʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪʚʘʣʴʥʦʡ ʰʠʭʪʳ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʙʨʘʟʠʚʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʛʨʘʬʠʪʦʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʟʘ 

ʚʳʯʝʪʦʤ ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩʣʝʜʫʶʱʠʡ, % ʤʘʩ.: 76,36 SiC, 6,3 SiO2, 5,6 Al2O3, 2,9 
Fe2O3, ʦʩʪʘʣʴʥʦʝ - ʧʨʠʤʝʩʠ.  
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ʈʠʩ. 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʣʠ ʧʦʣʠʪʠʧʦʚ Ŭ-SiC ʦʪ ʩʦʜʝʨʞʘʥʠʷ Al ʚ ʢʘʨʙʠʜʝ 

ʢʨʝʤʥʠʷ. 

 
ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ɼʈʆʅï3 ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ Cu-KŬ ʧʨʠ U=30 ʢɺ, I=20 ʤʢɸ. ʈʝʟʫʣʴʪʘʪʳ 
ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5 ʠ ʨʠʩ. 6. 
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ʈʠʩ.5 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ. 

   ʈʠʩ. 6 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʜʦʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

 
ɸʥʘʣʠʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʠʤʝʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 
ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ 6ʅ ʠ 4ʅ ʧʦʣʠʪʠʧʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 
ɼʦʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʨʦʜʫʢʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʣʠʥʠʡ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ 

SiO2  - ɓ-ʪʨʠʜʠʤʠʪʘ, SiC ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʢʫʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ɓ-SiC ʘ 
ʪʘʢʞʝ Ŭ-SiC 4ʅ. ɺ ʦʧʳʪʥʦʤ ʧʨʦʜʫʢʪʝ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪʤʝʯʝʥʳ ʣʠʥʠʠ 

6ʅ, 15R ʠ 51 R ʧʦʣʠʪʠʧʦʚ. ʈʘʟʤʳʪʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʧʠʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʦʙʨʘʟʮʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʦ ʫʛʣʝʨʦʜʫ. 

ʅʘʣʠʯʠʝ ʚ ʜʦʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʧʨʦʜʫʢʪʝ 6ʅ ʧʦʣʠʪʠʧʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʝʛʦ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʧʦʧʘʚʰʠʤ ʠʟ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʯʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʩʦʨʪʠʨʦʚʢʠ ʙʣʦʢʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʦ ʫʛʣʝʨʦʜʫ ʠ 
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ʢʫʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ɓ-SiC - ʨʝʟʫʣʴʪʘʪ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʝʯʠ ʊʘʤʤʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʧʦʣʠʪʠʧʥʳʡ ʩʦʩʪʘʚ 
ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ ʪʘʢʠʝ ʢʘʢ: ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʣʠʯʠʝ 

ʧʨʠʤʝʩʝʡ ʠ ʛʘʟʦʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ. ɼʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʘʙʨʘʟʠʚʥʦʛʦ 
ʢʘʯʝʩʪʚʘ, ʦʜʥʘʢʦ ʤʘʪʝʨʠʘʣ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʠ ʦʛʥʝʫʧʦʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺʳʚʦʜʳ. 

1. ʇʨʦʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʪʠʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʨʙʠʜʘ 
ʢʨʝʤʥʠʷ ʠ ʚʣʠʷʥʠʝ ʥʘ ʥʝʛʦ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʟʣʠʯʠʝ 

ʧʦʣʠʪʠʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 
ʫʩʣʦʚʠʷʭ ʠʟ ʦʪʚʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

3. ʇʦʢʘʟʘʥʦ ʯʪʦ ʦʧʳʪʥʳʡ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʥʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 
ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʘʙʨʘʟʠʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʧʦ ʧʦʣʠʪʠʧʥʦʤʫ ʩʦʩʪʘʚʫ, ʦʜʥʘʢʦ ʩ 
ʫʩʧʝʭʦʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʛʥʝʫʧʦʨʦʚ. 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 
1. Olesinski R.W., Abbashian G.J., The C-Si (carbonsilicon) system. // Bull. Alloy 

Phase Diagr. 1984. V.5. ˉ5. ʈ. 486 ï 489. 
2. Bhatt Y., Venkataramani R., Gard S.P. Measurments of eutectic temperatures in 

the metalrich regions of several M-C systems. // J. Less ï Common Metals. 1987. V. 132. ˉ 

2. p. 21- 24. 
3. ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʉʧʨʘʚʦʯʥʠʢ: ʧʦʜ 

ʦʙʱ. ʨʝʜ. ʅ.ʇ. ʃʷʢʠʰʝʚʘ. - ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. 1997. - 1024 ʩ. 
4. ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ. ʇʦʜ ʨʝʜ. ʀ.ʅ. ʌʨʘʥʮʝʚʠʯʘ. ï ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ. 1966. ï 

360ʩ. 

5. I.V. Derevyanko, A.V. Zhadanos. Researching of thermophysical processes in 
Acheson furnace for the production of silicon carbide. Proceeding of The Fourteenth 

international ferroalloys congress INFACON XIV çEnergy efficiency and environmental 
friendliness are the future of the global Ferroalloy industryè, Ukraine, Kiev, May 31-June 4, 
2015, ISBN 978-617-696-339-4, KIEV, 2015 ï Vol 2. pp 555-560. 

6. ɼʝʨʝʚô̫ ʥʢʦ ɯ.ɺ. ʊʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮ-ɹʢʘʨʙʽʜʢʨʝʤʥʽʻʚʠʭ ʙʨʠʢʝʪʽʚ 
ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʜʣʷ ʥʘʚʫʛʣʝʮʶʚʘʥʥʷ ʩʪʘʣʝʚʦʾ ʚʘʥʥʠ: ɸʚʪʦʨʝʬ. ʜʠʩ. ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ. 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ. 2008. ï 21ʩ. 
7. ɼʝʨʝʚʷʥʢʦ ʀ.ɺ. ʊʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ // ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʠ 

ʛʦʨʥʦʨʫʜʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ï 2011. - ˉ4.-ʉ.36-38. 
 

 
ʆʇʈɽɼɽʃɽʅʀɽ ʈɸʎʀʆʅɸʃʔʅʓʍ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 

ɺʓʇʃɸɺʂʀ ʌɽʈʈʆʉʀʃʀʂʆʄɸʈɻɸʅʎɸ ʅɸ ʆʉʅʆɺɽ ʕʃɽʂʊʈʀʏɽʉʂʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʈʆʎɽʉʉɸ 

 

ʂʫʮʠʥ ɺ.ʉ.,1 ɻʣʘʜʢʠʭ ɺ.ɸ.,2 ʆʣʴʰʘʥʩʢʠʡ ɺ.ʀ.,1 ʌʠʣʠʧʧʦʚ ʀ.ʖ.,1 ʂʫʟʴʤʝʥʢʦ ʉ.ʅ.,1 
ʄʠʭʘʣʝʚ ɸ.ʀ.,2 ʈʫʙʘʥ ɸ.ɺ.2 

1 ï ʇɸʆ çʅʠʢʦʧʦʣʴʩʢʠʡ ʟʘʚʦʜ ʬʝʨʨʦʩʧʣʘʚʦʚè, ʅʠʢʦʧʦʣʴ, ʋʢʨʘʠʥʘ 

2 ï ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ 
 

ɺɺɽɼɽʅʀɽ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʨʦʩʪ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 
ʵʣʝʢʪʨʦʧʝʯʝʡ ʠ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʩʧʣʘʚʦʚ 



100 

 

 

ʪʨʝʙʫʶʪ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʥʘʜʝʞʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʧʣʘʚʢʠ.  

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʫʛʣʝʨʦʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʠ ʢʨʝʤʥʠʷ 

ʧʨʠ ʚʳʧʣʘʚʢʝ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ 
ʨʝʘʢʮʠʡ ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ  ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʢʦʤʧʝʥʩʘʮʠʷ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ, ʚʳʜʝʣʷʝʤʫʶ 
ʚ ʧʨʠʵʣʝʢʪʨʦʜʥʦʡ ʦʙʣʘʩʪʠ ʚʘʥʥʳ ʧʝʯʠ [1, 2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʵʣʝʢʪʨʦʜʥʦʝ 
ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ  

ʨʝʘʢʮʠʦʥʥʦʡ  ʟʦʥʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 
ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʨʠʵʣʝʢʪʨʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʨʘʙʦʯʝʡ ʩʪʫʧʝʥʴʶ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʠ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 
ʢʦʪʦʨʦʝ  ʦʙʫʩʣʦʚʣʝʥʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ ʠ 

ʧʨʦʜʫʢʪʦʚ ʧʣʘʚʢʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ  
ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ) ʠ ʭʘʨʘʢʪʝʨ ʚʳʜʝʣʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʚ ʧʨʠʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʯʠ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʟʦʥʘʤ 
ï ʰʠʭʪʘ,  ʜʫʛʘ, ʨʘʩʧʣʘʚ) ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ [3] 
ʧʦʟʚʦʣʠʪ ʩʦʛʣʘʩʦʚʘʪʴ ʠʭ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʈʫʜʦʪʝʨʤʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʧʝʯʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʦʙʲʝʢʪ, ʚ 

ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ,  ʪʝʧʣʦʚʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 
ʧʨʦʮʝʩʩ r [4, 5]. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ  ʧʦʢʘʟʘʪʝʣʠ (ʊʕʇ) ʨʘʙʦʪʳ ʧʝʯʠ ʚ ʮʝʣʦʤ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ʂ ʦʩʥʦʚʥʳʤ ʊʕʇ ʦʪʥʦʩʷʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ (ʇʇ, ʪ/ʯʘʩ), ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (Qʫʜ, ʢɺʪĿʯʘʩ/ʪ) 
ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ.  ʇʨʠ ʚʳʧʣʘʚʢʝ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ, 
ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʚʣʝʯʝʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʩʧʣʘʚ (ɖMn, %). 

ʕʂʉʇɽʈʀʄɽʅʊ. ʈʘʮʠʦʥʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʜʣʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʩʝʭ 
ʦʩʥʦʚʥʳʭ  ʬʘʢʪʦʨʦʚ,  ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʝʯʠ ʠ ʦʪʙʦʨʘ ʪʘʢʠʭ 

ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʠʞʝʥʠʝ ʥʘʠʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʨʘʙʦʪʳ. 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ɸʉʋ ʊʇ ʥʘ ʅɿʌ  ʧʨʦʜʝʣʘʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ 

ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʘʙʦʪ [6], ʧʦʟʚʦʣʠʚʰʠʭ ʥʝ ʪʦʣʴʢʦ ʫʯʝʩʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, 
ʚʣʠʷʶʱʠʭ ʥʘ ʭʦʜ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ, ʥʦ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʫʶ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ 
ʧʨʦʮʝʩʩʦʤ. ʕʥʝʨʛʠʷ ʟʘʜʘʝʪʩʷ ʚ ʧʝʯʴ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʘʤʦʩʧʝʢʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ, 
ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʤʦʱʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʦʧʝʨʘʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʨʘʟʤʝʨ 
ʵʣʝʢʪʨʦʜʦʚ ʦʩʪʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ 
ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʰʣʘʢʘ, ʤʝʪʘʣʣʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʫʛʠ. 

ɿʥʘʯʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʯʠ (Rʕ), 

ʥʘʨʷʜʫ ʩ ʚʝʣʠʯʠʥʦʡ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʵʣʝʢʪʨʦʜʘʤ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ  
ʬʘʢʪʦʨʦʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ  ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ. 
ʆʜʥʘʢʦ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Rʕ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣ ʥʝʜʦʩʪʘʪʢʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʧʝʯʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ 
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ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ 
ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ  ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ ʚ ʧʨʠʵʣʝʢʪʨʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 
ʇʨʠʥʷʪʘʷ ʥʘʤʠ ʩʪʨʫʢʪʫʨʘ ʚʘʥʥʳ ʧʝʯʠ [4,7], ʧʫʪʠ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ  ʦʪʨʘʞʘʶʪ 

ʰʣʘʢʦʚʳʡ ʧʨʦʮʝʩʩ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ, ʧʨʠʵʣʝʢʪʨʦʜʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 
ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ  ʪʨʝʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ: ʜʫʛʠ ï ʤʦʱʥʦʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʥʘ 
ʥʝʣʠʥʝʡʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʜʫʛʠ (Rɼ);  ʰʠʭʪʳ ï ʤʦʱʥʦʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʰʠʭʪʳ, ʰʫʥʪʠʨʫʶʱʝʛʦ ʜʫʛʫ (Rʐ); ʨʘʩʧʣʘʚʘ ï ʤʦʱʥʦʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʥʘ 
ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʨʘʩʧʣʘʚʘ ï (ʰʣʘʢʘ ʠ ʤʝʪʘʣʣʘ) (Rʈ), ʚʢʣʶʯʝʥʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ 

ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ  ʜʫʛʠ ʠ ʰʠʭʪʳ. 
ʇʨʝʜʣʦʞʝʥʦ ʧʨʠʵʣʝʢʪʨʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʰʣʘʢʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ: ʟʦʥʘ ʜʫʛʠ-ʰʫʥʪʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ  ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ 
ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʫʛʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʰʫʥʪʠʨʫʶʱʝʛʦ ʜʫʛʫ (Rɼʐ),  ʠ ʟʦʥʘ ʨʘʩʧʣʘʚʘ (Rʈ), ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʫʯʘʩʪʢʘ ʰʣʘʢ-ʤʝʪʘʣʣ. ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʟʦʥʳ ʜʫʛʘ-ʰʠʭʪʘ 
ʚʳʜʝʣʷʝʪʩʷ ʚ ʟʦʥʝ ʰʠʭʪʳ, ʘ ʟʦʥʳ ʨʘʩʧʣʘʚʘ ï ʚʳʜʝʣʷʝʪʩʷ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʰʣʘʢʝ 

(ʚʢʣʶʯʘʶʱʝʤ ʢʦʢʩʦʚʳʡ ʩʣʦʡ) ʠ ʚ ʤʝʪʘʣʣʝ. ʈʘʟʤʝʨ ʟʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ 
ʧʝʯʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʦʢ [6] ʚ ʫʩʣʦʚʠʷʭ ʅʠʢʦʧʦʣʴʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ 
ʨʘʤʢʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʧʝʯʠ (ɸʉʂʕʈ), 
ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʥ ʨʘʙʦʯʝʛʦ  

ʧʨʦʩʪʨʘʥʩʪʚʘ [6], ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ 
ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʟʘʧʠʩʠ. ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 
ʧʝʯʠ, ʩʦʩʪʦʷʥʠʝ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʥʝʤ, 
ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʥʥʦʛʦ ʩʳʨʴʷ ʠ ʧʦʣʫʯʝʥʥʦʛʦ 
ʩʧʣʘʚʘ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 
ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʙʨʘʙʦʪʘʥ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʨʘʙʦʪʳ ʰʝʩʪʠʵʣʝʢʪʨʦʜʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʝʯʠ 

ʈʇɿ-63, ʚʳʧʣʘʚʣʷʶʱʝʡ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʝʮ, ʚ ʪʝʯʝʥʠʠ 176 ʩʤʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ˉ 
ʧ.ʧ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʤʘʪʝʨʠʘʣʘ 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, % 

Mn SiO2 CaO MgO Al2O3 Fe P 

1 
ʄʘʨʛʘʥʮʝʚʳʡ 
ʢʦʥʮʝʥʪʨʘʪ 

(ʋʢʨʘʠʥʘ) 

27,7-45,5 12,2-24,7 5,1-12,3 1,2-2,1 1,3-1,9 1,2-2,4 0,17-0,28 

2 
ʄʘʨʛʘʥʮʝʚʳʝ 
ʨʫʜʳ 

(ʠʤʧʦʨʪʥʳʝ) 
29,1-49,7 4,1-14,1 0,7-6,1 0,2-4,6 1,3-7,0 0,8-12,4 0,04-0,12 

3 
ʄʘʨʛʘʥʮʝʚʳʡ 
ʰʣʘʢ 

(ʧʝʨʝʜʝʣʴʥʳʡ) 
34,5-35,5 30,2-31,0 7,1-8,8 2,4-2,6 7,6-8,9 0,34-0,35 0,003-0,005 

4 

ɺʪʦʨʠʯʥʳʝ 

ʤʘʨʛʘʥʮʝʚʳʝ 
ʤʘʪʝʨʠʘʣʳ 

31,0-35,0 18,4-20,6 6,7-7,8 3,3-3,7 1,0-1,7 2,1-4,2 0,14-0,15 

5 ʂʚʘʨʮʠʪ  - 96,1-96,7 0,4-0,6 0,2-0,3 1,3-1,6 0,3-0,5 - 
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ʉʦʚʤʝʩʪʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʠ ʢʨʝʤʥʠʷ ʠʟ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʝʛʦ 
ʩʳʨʴʷ ʠ ʢʚʘʨʮʠʪʘ ʧʨʠ ʚʳʧʣʘʚʢʝ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʩʣʦʞʥʳʭ 
ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʵʪʦʤ ʰʠʭʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʦʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ 
ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʦʥʳ, ʧʨʝʪʝʨʧʝʚʘʷ ʨʷʜ ʠʟʤʝʥʝʥʠʡ: ʜʝʛʠʜʨʘʪʘʮʠʶ, ʜʠʩʩʦʮʠʘʮʠʶ ʦʢʩʠʜʦʚ 
ʠ ʢʘʨʙʦʥʘʪʦʚ, ʯʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʦʚ, ʰʣʘʢʦʦʙʨʘʟʦʚʘʥʠʝ, 
ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʣʘʚʢʠ ʥʘ ʰʣʘʢʦʚʫʶ ʠ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʳ, ʦʢʦʥʯʘʪʝʣʴʥʦʝ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʭ ʩʦʩʪʘʚʘ. 

ʇʨʠ ʪʘʢʦʤ ʤʥʦʛʦʬʘʢʪʦʨʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ ʚ ʢʘʯʝʩʪʚʝ 
ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ ʜʚʘ-ʪʨʠ ʢʦʥʝʯʥʳʭ ʧʘʨʘʤʝʪʨʘ ʧʨʦʮʝʩʩʘ ʠ 
ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ð ʠʟʤʝʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ 
ʢʨʠʪʝʨʠʝʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʳʧʣʘʚʢʠ 
ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ, ʥʘʤʠ ʚʳʙʨʘʥʳ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ ð ʢʨʠʪʝʨʠʡ,  ʜʘʶʱʠʡ 
ʦʮʝʥʢʫ ʦʩʥʦʚʥʦʡ ʮʝʣʠ ʧʨʦʮʝʩʩʘ; ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʮʝʥʥʦʛʦ ʚʝʜʫʱʝʛʦ 
ʵʣʝʤʝʥʪʘ ð ʤʘʨʛʘʥʮʘ;  ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʈɽɿʋʃʔʊɸʊʓ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʤʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 
ʦʮʝʥʦʢ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʩʥʦʚʘʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ  ʚʟʘʠʤʦʩʚʷʟʠ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩ ʟʘ 
ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʦʩʪʘʚʦʤ ʰʠʭʪʦʚʳʭ 
ʤʘʪʝʨʠʘʣʦʚ,  ʭʦʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʢʘʯʝʩʪʚʦʤ ʚʳʧʫʩʢʘʝʤʦʡ 
ʧʨʦʜʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʛʜʘ ʢʘʯʝʩʪʚʦ ʩʧʣʘʚʘ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ, ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ 
ʚʚʦʜʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʨʨʝʢʪʠʚʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ.  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 
ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʨʫʜʦʪʝʨʤʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʚʝʣʠʯʠʥʦʡ ʘʢʪʠʚʥʦʡ 
ʤʦʱʥʦʩʪʠ ʚʳʜʝʣʷʝʤʦʡ  ʚ ʧʨʠʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʜʘ. ɸʢʪʠʚʥʘʷ 
ʤʦʱʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʚʘʜʨʘʪʦʤ ʪʦʢʘ ʠ ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʪ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʷʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: 
ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʝʥʥʦʡ  ʧʝʯʴʶ ʰʠʭʪʳ, ʟʘʪʨʘʯʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʤʘʩʩʘ ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʰʣʘʢʘ  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʚʣʠʷʥʠʷ ʟʥʘʯʝʥʠʡ 
ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʊʕʇ ʨʘʙʦʪʳ ʧʝʯʠ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʇʇ, ʠʟʚʣʝʯʝʥʠʝ 
ʤʘʨʛʘʥʮʘ ɖMn=[Mn]/<Mn>; ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ Qʫʜ=Qʇ/[Me] ʧʨʠ 
ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʣʘʚʢʠ (tʤʝʪ), ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʦʜʚʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ: 

  
;                                                              (1) 

    

 
 

;                                                               (2) 
 
 
 

.                                         (3) 
ʅʘ ʨʠʩ. 1 ï 3. ʧʨʠʚʝʜʝʥʳ ʪʨʝʭʤʝʨʥʳʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʊʕʇ ʦʪ ʦʩʥʦʚʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Iʕ ʠ Rʕ   ʧʨʠ  ʧʦʩʪʦʷʥʥʦʤ ʩʨʝʜʥʝʤ  ʟʥʘʯʝʥʠʠ tʤʝʪ.  

ʍʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʊʕʇ 
ʩʣʝʜʫʶʱʠʡ: Qʫʜ  ʟʘʚʠʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʪʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ ʵʣʝʢʪʨʦʜʘ (ʨʠʩ. 1). ʈʦʩʪ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ Iʕ ʩʚʷʟʘʥ ʩ ʨʦʩʪʦʤ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʥʘʛʨʝʚ  
ʢʦʨʦʪʢʦʡ ʩʝʪʠ ʠ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʀʟʚʣʝʯʝʥʠʝ ʤʘʨʛʘʥʮʘ ʨʘʩʪʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʠʣʳ ʪʦʢʘ  ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʰʠʭʪʫ, ʜʫʛʫ  ʠ ʨʘʩʧʣʘʚ. ʀʟʤʝʥʝʥʠʝ  Rʕ   ʚ ʠʩʩʣʝʜʫʝʤʳʭ 
ʧʨʝʜʝʣʘʭ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ɖMn (ʨʠʩ. 2). ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ 

ʨʘʩʪʝʪ ʧʨʠ ʨʦʩʪʝ ʪʦʢʘ ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ Iʕ ʠ Rʕ  (ʨʠʩ. 3).   
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ʈʠʩ. 1 ï ɺʣʠʷʥʠʷ ʪʦʢʘ ʵʣʝʢʪʨʦʜʘ (Iʕ) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (Rʕ) ʥʘ  ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (Qʫʜ). 
 

 
ʈʠʩ. 2 ï ɺʣʠʷʥʠʷ ʪʦʢʘ ʵʣʝʢʪʨʦʜʘ (Iʕ) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (Rʕ) ʥʘ  ʠʟʚʣʝʯʝʥʠʝ ʤʘʨʛʘʥʮʘ (ɖMn). 
 

 
ʈʠʩ. 3 ï ɺʣʠʷʥʠʷ ʪʦʢʘ ʵʣʝʢʪʨʦʜʘ (Iʕ) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (Rʕ) ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ (ʇʇ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨ 
ʠʟʤʝʥʝʥʠʷ ʊʕʇ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ʬʘʢʪʦʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ. ʅʘʧʨʠʤʝʨ: 
ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ Rʕ ʫʤʝʥʴʰʘʝʪʩʷ Qʫʜ,  ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʊʕʇ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʨʘʩʪʝʪ  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ, ʛʦʪʦʚʳʡ ʤʝʪʘʣʣ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʘ ʪ.ʢ. 
ʧʣʘʚʠʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʝʯʠ ʦʛʨʘʥʠʯʝʥʦ -  ʚʳʧʫʩʢ ʧʨʠʭʦʜʠʪʩʷ ʜʝʣʘʪʴ ʨʘʥʴʰʝ  
ʩʦʢʨʘʪʠʚ tʤʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ɖMn. 

ʆɹʉʋɾɼɽʅʀɽ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʝʤʣʝʥʠʝ 
ʫʣʫʯʰʠʪʴ ʦʜʠʥ ʧʦʢʘʟʘʪʝʣʴ  ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʜʨʫʛʦʛʦ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ Rʕ ʥʝ ʜʘʝʪ  ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʠʪʴ ʦʪʜʝʣʴʥʦ ʚʢʣʘʜ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (Rʈ, Rʐ, Rɼ) [7], ʢʦʪʦʨʳʝ 
ʦʪʨʘʞʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʠʭʪʳ 

<ʉʪʚ>/<Mn+SiO2>  ʠ ʨʘʩʧʣʘʚʘ  (CaO+MgO)/(SiO2). ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʤʠ ʦʙʨʘʙʦʪʘʥ 
ʠʤʝʶʱʠʡʩʷ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʘʨʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʋʩʪʘʥʦʚʠʚʰʠʡʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʟʘʜʘʥʥʳʝ ʊʕʇ, 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʟʤʝʥʝʥʠʝ 
ʢʦʪʦʨʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʨʫʰʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ. ʆʜʥʦʡ ʠʟ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ:
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.                                            (1) 
ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʢʣʶʯʘʝʪ ʜʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʧʨʠʵʣʝʢʪʨʦʜʥʳʝ ʟʦʥʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʰʣʘʢʦʚʦʛʦ ʧʨʦʮʝʩʩʘ - ʟʦʥʘ ʜʫʛʠ-ʰʠʭʪʳ Rɼʐ ʠ 
ʟʦʥʘ ʨʘʩʧʣʘʚʘ Rʈ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ Rʐ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠʩʭʦʜʥʦʡ 

ʰʠʭʪʳ, ʢʦʪʦʨʘʷ, ʥʘʨʷʜʫ ʩ ʚʣʠʷʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
ʰʠʭʪʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʫʜʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï ʢʦʢʩʠʢʘ, 
ʚʳʨʘʞʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚ ʰʠʭʪʝ <Cʪʚ>/<Mn+SiO2>. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʪʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ, ʟʘʜʘʥʥʦʝ ʩ ʰʠʭʪʦʡ ʢʦʢʩʠʢʦʤ, ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ʚʝʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʤʘʨʛʘʥʮʘ ʠ ʢʨʝʤʥʠʷ,  ʧʦʵʪʦʤʫ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʩʦʦʪʥʦʰʝʥʠʝʤ  <Cʪʚ>/<Mn+SiO2> ʠ Rɼʐ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 
Rɼʐ ʠ ʧʦ ʝʛʦ ʟʥʘʯʝʥʠʶ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʰʠʭʪʳ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʧʣʘʚʘ Rʈ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʤʝʪʘʣʣʘ ʠ 

ʰʣʘʢʘ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʧʣʘʚʘ 
ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ, ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ   Rʈ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ 

ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʰʣʘʢʦʚʦʡ ʬʘʟʳ, ʦʮʝʥʠʚʘʝʤʳʭ 
ʦʩʥʦʚʥʦʩʪʴʶ ʰʣʘʢʘ (CaO+MgO)/(SiO2) ʠ ʦʩʥʦʚʥʦʩʪʴʶ ʟʘʜʘʥʥʦʡ 
ʰʠʭʪʳ<CaO+MgO>/<SiO2>.   

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 
ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ʬʘʢʪʦʨʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ (Rɼʐ, Rʈ). ʄʠʥʠʤʠʟʘʮʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ  ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ, ʧʨʠ ʢʦʪʦʨʳʭ Rɼʐ, Rʈ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʝʜʝʣʘʭ. ʀʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 
<Cʪʚ>/<Mn+SiO2>, <CaO+MgO>/<SiO2>, (CaO+MgO)/(SiO2) ʦʙʨʘʙʦʪʘʣʠ ʤʘʩʩʠʚ ʜʘʥʥʳʭ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʬʘʢʪʦʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʇʝʨʝʯʝʥʴ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ,  ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2, ʘ ʨʝʟʫʣʴʪʘʪʳ  ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. 

ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʧʨʠ ʫʛʣʝʨʦʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠʤʝʥʷʝʪʩʷ 
ʢʦʢʩʠʢ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʥʘʚʝʩʢʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

<Cʪʚ>/<Mn+SiO2>  (ʨʠʩ. 4 ʘ), ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ Rʕ. ʇʨʠʯʝʤ ʩ ʨʦʩʪʦʤ 
<Cʪʚ>/<Mn+SiO2> ʫʤʝʥʴʰʝʥʠʝ  Rʕ ʦʙʫʩʣʦʚʣʝʥʦ ʧʘʜʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʝʠʭ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʠʵʣʝʢʪʨʦʜʥʳʭ ʟʦʥ Rɼʐ ʠ  Rʈ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʷʟʘʥ ʩ 
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ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʢʩʠʢʘ ʚʥʝʩʝʥʥʦʛʦ ʥʘ ʪʦʥʫ ʰʠʭʪʳ, ʪ.ʢ ʝʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʥʘʠʤʝʥʴʰʝʝ ʩʨʝʜʠ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʊʘʙʣʠʮʘ 2 ï ʇʝʨʝʯʝʥʴ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʆʙʦʟʥʘʯʝʥʠʝ ɽʜ. ʠʟʤ. 
ʉʨʝʜʥʝʝ 
ʟʥʘʯʝʥʠʝ 

1 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦʜʘ Rʕ ʤʆʤ 0,93 

2 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʧʣʘʚʘ Rʈ ʤʆʤ 0,69 

3 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʫʛʠ-ʰʫʥʪʘ Rɼʐ ʤʆʤ 0,24 

4 
ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 
<Cʪʚ>/<Mn+SiO2>  0,19 

5 ʆʩʥʦʚʥʦʩʪʴ ʰʠʭʪʳ 
<CaO+MgO>/<SiO2

> 
 0.31 

6 ʆʩʥʦʚʥʦʩʪʴ ʰʣʘʢʘ (CaO+MgO)/(SiO2)  0,546 
 

ʀʟʤʝʥʝʥʠʝ  ʦʩʥʦʚʥʦʩʪʠ ʰʠʭʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ Rɼʐ (ʨʠʩ. 4 ʙ)  ʠ 
ʚʘʨʠʘʪʠʚʥʘʷ ʜʦʣʷ  Rʕ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʧʣʘʚʘ Rʈ 
ʫʤʝʥʴʰʘʶʱʝʛʦʩʷ ʩ ʨʦʩʪʦʤ ʦʩʥʦʚʥʦʩʪʠ. ʊʘʢʦʡ ʞʝ ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ ʟʘʚʠʩʠʤʦʩʪʴ Rʕ ʦʪ 
ʦʩʥʦʚʥʦʩʪʠ ʰʣʘʢʘ. ʈʦʩʪ  ʦʩʥʦʚʥʦʩʪʠ ʰʠʭʪʳ ʠ ʰʣʘʢʘ (ʨʠʩ. 4 ʙ, ʚ) ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ  
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʨʘʩʧʣʘʚʘ. ɿʦʥʘ ʨʘʩʧʣʘʚʘ ʧʝʨʝʜ ʚʳʧʫʩʢʦʤ ʩʦʩʪʦʠʪ ʠʟ ʦʰʣʘʢʦʚʘʥʥʦʡ 
ʰʠʭʪʳ, ʢʦʪʦʨʘʷ ʚʙʣʠʟʠ ʪʦʨʮʘ ʵʣʝʢʪʨʦʜʘ ʧʝʨʝʭʦʜʠʪ ʚ ʰʣʘʢ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʧʣʘʚʘ. 

ʅʘʤʠ ʦʧʨʝʜʝʣʝʥʳ  ʦʧʪʠʤʘʣʴʥʳʝ ʧʨʝʜʝʣʳ  ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʜʣʷ ʨʘʙʦʪʳ 
ʧʝʯʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʜʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ Qʫʜ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ  (Rʕ=0,9-1,1 ʤʆʤ; Rʈ=0,7-0,8 ʤʆʤ;  Rɼʐ =0,2-0,3 ʤʆʤ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ʉʧʨʦʝʮʠʨʦʚʘʚ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʳʭ  Rʕ=f(<Cʪʚ>/<Mn+SiO2>),  
Rʈ=f(<Cʪʚ>/<Mn+SiO2>), Rɼʐ=f(<Cʪʚ>/<Mn+SiO2>),  ʦʩʴ ʍ, ʦʧʨʝʜʝʣʷʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
ʬʘʢʪʦʨʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
ʈʝʢʦʤʝʥʜʫʝʤʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʚʳʧʣʘʚʢʝ 
ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ   ʚ ʧʨʝʜʝʣʘʭ 0,9-1,1 ʤʆʤ ʩʦʩʪʦʠʪ ʠʟ ʩʦʧʨʦʪʠʚʣʝʥʠʡ Rʈ ʠ Rɼʐ. 
ʇʦʵʪʦʤʫ ʧʨʠ ʟʥʘʯʝʥʠʷʭ Rɼʐ ʚʳʰʝ ʠʣʠ ʥʠʞʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ 
ʦʙʝʩʧʝʯʠʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʠ ʦʢʩʠʜʘʤʠ Mn  ʠ Si ʚ 
ʰʠʭʪʝ ʚ ʠʥʪʝʨʚʘʣʝ  0,14-0,22 (ʨʠʩ. 4 ʘ).  

ʅʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʥʦʚʥʦʩʪʴʶ ʰʠʭʪʳ ʠ 
ʰʣʘʢʘ, ʧʦʣʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʰʣʘʢʘ ʠ ʰʠʭʪʳ. 
ʉʧʨʦʝʮʠʨʦʚʘʚ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʳʭ  Rʕ=f(<CaO+MgO>/<SiO2>),  
Rʈ=f(<CaO+MgO>/<SiO2>) ʥʘ ʦʩʴ ʍ ʦʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʝ ʦʩʥʦʚʥʦʩʪʠ ʰʠʭʪʳ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ Rʈ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ Rɼʐ.  ɽʩʣʠ ʟʥʘʯʝʥʠʝ 
<CaO+MgO>/<SiO2> ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʟʥʘʯʝʥʠʡ  0,24 ï 0,32  (ʨʠʩ. 4 ʙ), ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʘʥʥʦʝ ʩ ʥʝʜʦʩʪʘʪʢʦʤ 
ʠʣʠ  ʠʟʙʳʪʢʦʤ ʢʚʘʨʮʠʪʘ ʚ ʰʠʭʪʝ. 

ʇʨʠ ʚʘʨʠʘʮʠʠ Rʈ (ʨʠʩ. 4 ʚ) Rʕ=f((CaO+MgO)/(SiO2)),  Rʈ=f((CaO+MgO)/(SiO2))  
ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ  ʰʣʘʢʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʝʜʦʩʪʘʪʢʦʤ ʠʣʠ ʠʟʙʳʪʢʦʤ ʩʫʤʤʳ 
(CaO+MgO) ʠ ʨʘʟʣʠʯʥʦʡ  ʩʪʝʧʝʥʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ. ʆʧʪʠʤʘʣʴʥʳʝ 
ʟʥʘʯʝʥʠʷ (CaO+MgO)/(SiO2) ʥʘʭʦʜʷʪʩʷ  ʚ ʧʨʝʜʝʣʘʭ 0,45-0,57 (ʨʠʩ. 4 ʚ).     

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ  ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʫʝʤʳʝ 
ʧʨʝʜʝʣʳ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʦʛʦ 
ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʝʯʠ ʩ ʟʘʜʘʥʥʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ  ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʩʦʩʪʦʷʥʠʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 
ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ  ʧʨʦʮʝʩʩʘ ʚʳʧʣʘʚʢʠ 
ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ. 



 

 

  
 
 

 
 

 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                             ʘ)                                                               ʙ)                                                                        ʚ)          
ʈʠʩ. 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (Rʕ) ʠ ʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʜʫʛʠ-ʰʠʭʪʳ  (Rɼʐ) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʨʘʩʧʣʘʚʘ (Rʈ) ʦʪ:  
ʘ) ï ʩʦʦʪʥʦʰʝʥʠʷ ʪʚʝʨʜʦʛʦ ʫʛʣʝʨʦʜʘ <Cʪʚ> ʢ ʩʦʜʝʨʞʘʥʠʶ Mn ʠ SiO2 ʚ ʨʫʜʥʦʡ ʯʘʩʪʠ ʰʠʭʪʳ <Cʪʚ>/<Mn+SiO2>; 

ʙ) ï ʦʩʥʦʚʥʦʩʪʠ ʰʠʭʪʳ <CaO+MgO>/<SiO2>; 
ʚ) ï ʦʪ ʦʩʥʦʚʥʦʩʪʠ ʰʣʘʢʘ (CaO+MgO)/(SiO2). 
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ɺʓɺʆɼʓ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʪʦʢ ʵʣʝʢʪʨʦʜʘ ʠ 
ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʦʢʘʟʳʚʘʶʪ 

ʧʨʷʤʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ, ʩ ʠʭ ʨʦʩʪʦʤ ʦʥʘ ʨʘʩʪʝʪ. 
ʉ ʨʦʩʪʦʤ ʪʦʢʘ ʵʣʝʢʪʨʦʜʘ ʨʘʩʪʝʪ ʠʟʚʣʝʯʝʥʠʝ ʤʘʨʛʘʥʮʘ; ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʢʘ ʵʣʝʢʪʨʦʜʘ. ʋʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʤʘʨʛʘʥʮʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʣʣʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʤʘʨʛʘʥʮʘ ʠ 
ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ.   

ʇʦʣʫʯʝʥʥʳʝ  ʤʦʜʝʣʠ ʧʘʨʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 
ʧʦʣʠʥʦʤʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʝʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʟʦʥʳ ʜʫʛʠ-ʰʠʭʪʳ ʠ ʟʦʥʳ ʨʘʩʧʣʘʚʘ ʩ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʣʫʯʰʝʥʠʷ ʊʕʇ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ. 

ʇʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ - ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʟʦʥ 
ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ  ʨʘʩʧʣʘʚʘ, ʜʫʛʠ-ʰʠʭʪʳ ʠ ʠʭ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Rʕ 
ʦʪ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ (ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʫʛʣʝʨʦʜʘ, ʦʩʥʦʚʥʦʩʪʠ 

ʰʠʭʪʳ ʠ ʰʣʘʢʘ). ʇʦʢʘʟʘʥʦ ʯʪʦ ʩ ʨʦʩʪʦʤ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʫʛʣʝʨʦʜʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʦʙʝʠʭ ʟʦʥ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʜʘʶʪ, ʘ ʩ ʨʦʩʪʦʤ ʦʩʥʦʚʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʣʠʰʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʧʣʘʚʘ, ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʜʫʛʠ-ʰʠʭʪʳ ʦʩʪʘʝʪʩʷ ʙʝʟ 
ʠʟʤʝʥʝʥʠʡ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʷʪ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʭʘʨʘʢʪʝʨʥʳʭ ʟʦʥ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʟʦʥ ʧʨʠʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ  ʦʪ 

ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʨʫʰʝʥʠʠ ʭʦʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
ʍʘʨʘʢʪʝʨ ʦʪʢʣʦʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨ, ʧʦʜʣʝʞʘʱʠʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʜʣʷ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʭʦʜʘ ʧʨʦʮʝʩʩʘ.  
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ʋɼʂ 620.1 
ɼʀɸɻʈɸʄʄɸ ʈɸɺʅʆɺɽʉʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʉʀʉʊɽʄʓ çɺ-ʆ-N-ʉè ʉ 

ʇɽʈɽʄɽʅʅʓʄ ʉʆɼɽʈɾɸʅʀɽʄ ʋɻʃɽʈʆɼɸ 
 

ʕʨʠʩʪʘʚʠ ɼ.ɺ. /ʢ.ʭ.ʥ./, ɻʦʛʠʰʚʠʣʠ ɸ.ʈ. /ʢ.ʭ.ʥ./, ʉʘʨʫʭʘʥʠʰʚʠʣʠ ɸ.ɺ.,  
ʕʨʠʩʪʘʚʠ ɺ.ɺ. /ʢ.ʭ.ʥ./, ɹʠʙʠʣʫʨʠ ʅ.ʐ.  

ɻʨʫʟʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʚʳʩʦʢʠʭ ʥʘʫʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʚʠʪ 
ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʠʤ ʚʳʟʚʘʥ ʠ 
ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʙʦʨʫ ʠ ʩʧʣʘʚʘʤ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʪʨʫʜʦʝʤʢʠ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʳ ʛʣʫʙʦʢʠʝ ʟʥʘʥʠʷ 
ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʣʝʞʘʱʠʭ ʚ ʠʭ ʦʩʥʦʚʝ. ʆʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ 
ʪʘʢʠʭ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʠʩʪʝʤʝ çɺ-ʆ-N-

ʉè. 
ʇʨʠʤʝʨʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [1], ʚ ʢʦʪʦʨʦʡ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ, ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ 
ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ çɺ-ʆ-N-ʉè ʫʩʪʘʥʦʚʠʪʴ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʠʥʪʝʟʘ 
ʥʠʪʨʠʜʘ ʙʦʨʘ ʥʘ ʙʘʟʝ ɺ2ʆ3 ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 1700-2400 ʂ ʠ ʜʘʚʣʝʥʠʷ 0,1-1 ʙʘʨ. ɺ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚʝʩʴʤʘ ʮʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʆʜʥʘʢʦ, ʥʝʣʴʟʷ ʥʝ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʯʝʪʳ ʚʝʣʠʩʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ 
ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 
ʩʘʤʫ ʩʫʪʴ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɹʝʟ ʟʥʘʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʝʚʦʟʤʦʞʥʦ 

ʧʦʩʪʨʦʝʥʠʝ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ 
ʙʣʠʟʢʦʡ ʢ ʨʘʩʯʝʪʥʳʤ ʫʩʣʦʚʠʷʤ. ɺʳʷʩʥʝʥʠʶ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ, ʢʦʪʦʨʦʡ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʨʘʙʦʪʳ [2, 3], ʛʜʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 
ʫʩʣʦʚʠʷ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʦʨʘ, ʝʛʦ ʢʘʨʙʠʜʘ ʠ ʥʠʪʨʠʜʘ ʠʟ ʪʨʠʦʢʩʠʜʘ 
ʜʠʙʦʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʚʟʷʪʘ ʢʦʤʧʦʟʠʮʠʷ ʩʠʩʪʝʤʳ çɺ-ʆ-N-ʉè ʩ 
ʩʦʜʝʨʞʘʥʠʝʤ (ʤʘʩʩ., %): ɺ2ʆ3 - 52,0838; N2 - 20,9582; ʉ - 26,958, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʉ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʦʨʘ ʠʟ ɺ2ʆ3. ɺ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ 
ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʤʝʥʷʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,5 ʜʦ 10 ʤʦʣʴ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ 
ʩʦʩʪʘʚʣʷʣ 800-3800 ʂ. ɺʝʨʭʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʝʜʝʣ ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʝʭʦʜʦʤ ʚʩʝʭ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʜʘʚʣʝʥʠʷ ʛʘʟʦʚʦʡ 
ʬʘʟʳ ʈ = 1 ʘʪʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ ʜʘʶʪʩʷ ʚ ʤʘʩʩʦʚʳʭ ʜʦʣʷʭ ʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ mj/ ʄʄ, ʛʜʝ mj - ʤʘʩʩʘ 
ʢʦʤʧʦʥʝʥʪʘ, ʘ ʄʄ - ʦʙʱʘʷ ʤʘʩʩʘ ʩʤʝʩʠ. 

ʈʘʩʯʝʪ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʡ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɸʉʊʈɸ-4 [4], ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ ʵʥʪʨʦʧʠʠ. ʀʩʭʦʜʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʢʦʥʩʪʘʥʪʳ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʩʧʨʘʚʦʯʥʠʢʦʚ JANAF ʠ ʀɺʊɸʅʊɽʈʄʆ [5], ʘ ʪʘʢʞʝ ʠʟ ʙʘʟʳ 
ʜʘʥʥʳʭ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʙʶʨʦ ʩʪʘʥʜʘʨʪʦʚ ʉʐɸ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ çɺ-ʆ-N-ʉè, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ 

ʠʟ 10 ʦʙʣʘʩʪʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʙʣʘʩʪʴ, ʟʘʥʠʤʘʝʤʘʷ 
ʛʘʟʦʚʦʡ ʬʘʟʦʡ, ʫʢʘʟʘʥʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʣʘʪʠʥʩʢʠʤʠ ʙʫʢʚʘʤʠ G.F. 

ʇʝʨʚʘʷ ʦʙʣʘʩʪʴ ʜʠʘʛʨʘʤʤʳ ʟʘʢʣʶʯʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 760-1580 ʂ, ʝʝ 
ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʦʪ 0 ʜʦ 3,5 ʤʦʣʴ 
ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʠʩʪʝʤʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʠʜʘ ʙʦʨʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ɺ2ʆ3
ʉ. ɺʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʪʫʧʘʶʪ ʚ ʚʠʜʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʝʘʢʮʠʡ ɺ2ʆ3
ʉ, ʉʉ ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ N2. 
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ʈʠʩ. 1 ï ʉʦʩʪʘʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ ʩʠʩʪʝʤʳ çɺ-ʆ-N-ʉè ʦʪ ʊ, ʂ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ,G.F. - ʦʙʣʘʩʪʴ ʛʘʟʦʚʦʡ ʬʘʟʳ. 

 
ɺʪʦʨʘʷ ʦʙʣʘʩʪʴ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1580-

2190 ʂ, ʩ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ 
3,5-4,0 ʤʦʣʴ. ɿʜʝʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʫʱʝʩʪʚʫʶʪ ʥʠʪʨʠʜ ʙʦʨʘ ʠ ʥʝ ʫʯʘʩʪʚʫʶʱʠʡ ʚ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʫʛʣʝʨʦʜ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥ ʚʳʭʦʜ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ɺNʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ʆʮʠʬʨʦʚʢʘ ʣʠʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʤʦʣʴ ʉ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ʅʘ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ 
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʭʘʨʘʢʪʝʨʝʥ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 
ʥʠʪʨʠʜʘ ʙʦʨʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ 

ʪʘʢʞʝ ʯʝʪʢʦ ʚʳʜʝʣʷʝʪʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 1 ʤʦʣʷ ʉ ʚ ʰʠʭʪʝ ʫ ʥʘʩ ʥʘʣʠʮʦ 
ʤʠʥʠʤʘʣʴʥʘʷ ʠʟ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʆʜʥʘʢʦ, ʧʦʚʳ ʝhʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʚʳʰʝ 4 ʤʦʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʩʥʠʞʝʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ 

1300-2400 ʂ ʠ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʦʪ 2 ʜʦ 4 ʤʦʣʝʡ. ʈʘʚʥʦʚʝʩʥʘʷ 
ʩʤʝʩʴ ɺ2ʆ3

ʉ ʠ ɺNʉ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʜʦ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ 

ʰʠʭʪʝ, ʩʦʩʪʘʚʣʷʝʪ ʪʨʝʪʴʶ ʦʙʣʘʩʪʴ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 
ʠʥʪʝʨʚʘʣʫ ʥʝʩʢʦʣʴʢʦ ʨʘʩʪʷʥʫʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʦʡ ʦʙʣʘʩʪʴʶ ʠ ʜʝʨʞʠʪʩʷ ʦʪ 900 ʜʦ 
2150 ʂ. 

 
ʈʠʩ. 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺNʉ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʯʠʩʣʘ ʤʦʣʝʡ ʚ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ʆʮʠʬʨʦʚʢʘ ʣʠʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʤʦʣʝʡ ʫʛʣʝʨʦʜʘ ʚ ʰʠʭʪʝ. 
 



110 

 

 

ʏʝʪʚʝʨʪʘʷ ʦʙʣʘʩʪʴ ʩʦʜʝʨʞʠʪ ʯʠʩʪʫʶ ʬʘʟʫ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤʳ, ʛʨʘʥʠʮʳ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʦʣʴʰʝ ʟʘʚʠʩʷʪ ʦʪ ʠʩʭʦʜʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʚ ʩʤʝʩʠ, ʪ.ʢ. ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʥʝʯʝʪʢʦ ʚʳʨʘʞʝʥ - 
ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʥ ʟʘʢʣʶʯʘʝʪʩʷ ʦʪ 1750 ʜʦ 2500 ʂ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ 

ʙʦʨ ʩʨʘʟʫ ʦʙʨʘʟʫʝʪ ʥʠʪʨʠʜ, ʦʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʡ ʚʚʦʜ ʚ ʰʠʭʪʫ ʫʛʣʝʨʦʜʘ ʚʳʟʳʚʘʝʪ 
ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʘ ʙʦʨʘ. ʆʥʠ ʦʙʨʘʟʫʶʪ ʧʷʪʫʶ ʦʙʣʘʩʪʴ ʜʠʘʛʨʘʤʤʳ. 

ʉʤʝʩʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ɺ4ʉ
ʉ, ɺNʉ ʠ ʉʉ, ʩʦʩʪʘʚʣʷʝʪ ʰʝʩʪʫʶ ʦʙʣʘʩʪʴ ʜʠʘʛʨʘʤʤʳ. 

ʆʥʘ ʟʘʢʣʶʯʝʥʘ ʚ ʪʝʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʝʜʝʣʘʭ, ʯʪʦ ʠ ʧʷʪʘʷ, ʥʦ ʨʘʩʧʦʣʦʞʝʥʘ ʚʳ ʝh ʧʦ 
ʦʩʠ ʦʨʜʠʥʘʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʣʠʯʝʩʪʚʫ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʢʘʨʙʠʜʘ ʙʦʨʘ (ɺ4ʉ
ʉ) ʜʦʣʞʥʦ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ɺNʉ ʠ ʫʛʣʝʨʦʜʦʤ (2190-2510 ʂ). 
ʅʘ ʨʠʩ. 3 ʧʨʠʚʦʜʠʪʩʷ ʚʳʭʦʜ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʚ ʰʠʭʪʝ, ʛʜʝ ʯʝʪʢʦ ʚʳʨʠʩʦʚʳʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 
ʦʙʣʘʩʪʴ 25003700 ʂ, ʚ ʢʦʪʦʨʦʡ ʦʞʠʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ɺ4ʉ

ʉ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʦʮʠʬʨʦʚʢʘ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʣʠʯʝʩʪʚʫ ʤʦʣʝʡ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ 
ʩʤʝʩʠ), ʤʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 3-5 
ʤʦʣʝʡ ʉ. 

 
ʈʠʩ. 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺ4ʉ

ʉ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʯʠʩʣʘ ʤʦʣʝʡ ʚ 
ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ʆʮʠʬʨʦʚʢʘ ʣʠʥʠʡ ʩʦʦʪʚʝʩʪʚʫʝʪ ʯʠʩʣʫ ʤʦʣʝʡ ʫʛʣʝʨʦʜʘ ʚ ʰʠʭʪʝ. 

 
ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 2510 ʂ ʜʘʝʪ ʥʦʚʳʡ ʨʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ. ɼʣʷ 

ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʙʝʜʥʦʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʯʠʩʪʦʡ ʬʘʟʳ 

ʙʦʨʘ. ʕʪʘ, ʩʝʜʴʤʘʷ ʦʙʣʘʩʪʴ, ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʠ 
ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ 2510 ʜʦ 3830 ʂ. ɽʝ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʦʙʫʩʣʦʚʣʝʥʘ ʠʩʭʦʜʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʫʛʣʝʨʦʜʘ ʦʪ 1,75 ʜʦ 2,0 ʤʦʣʝʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʙʦʨʘ 
ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʍʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʙʦʨʘ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4. ʇʨʠʯʝʤ ʯʝʪʢʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʦʙʣʘʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ 
ʯʠʩʪʳʡ ʙʦʨ, ʥʘ ʜʚʝ ʯʘʩʪʠ. ʇʝʨʚʘʷ ʯʘʩʪʴ (ʪʝʤʧʝʨʘʪʫʨʳ 2540-2887 ʂ) ʩʦʜʝʨʞʠʪ ʙʦʨ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ 1,75-2,25 ʤʦʣʷ ʉ. ʅʘʠʙʦʣʴʰʝʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʦʞʠʜʘʝʪʩʷ ʧʨʠ ʚʚʦʜʝ ʚ 
ʰʠʭʪʫ 1,75-2 ʤʦʣʷ ʉ, ʘ ʧʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʚʳʰʝ 2 
ʤʦʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʨʘ. ʆʜʥʘʢʦ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʚʳʰʝ 2887 ʂ) ʚʳʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʯʝʨʪʘ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. 
ɿʜʝʩʴ ʦʪʣʠʯʥʦ ʠʣʣʶʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʡ ʉ ʧʦʣʫʯʘʝʤ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʙʦʨʘ (ʣʠʥʠʠ 2-5). ɺʩʝ ʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʙʦʨʘ ʚ ʩʠʩʪʝʤʝ çɺ-ʆ-N-ʉè 
ʦʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ 2600-2900 ʂ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ 2-4 ʤʦʣʷ. 
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ʈʠʩ. 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʉ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʯʠʩʣʘ ʤʦʣʝʡ ʚ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ʆʮʠʬʨʦʚʢʘ ʣʠʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʤʦʣʝʡ ʫʛʣʝʨʦʜʘ ʚ ʰʠʭʪʝ. 

 
ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ɺ4ʉ

ʉ ʠ ɺʉ ʩʦʩʪʘʚʣʷʝʪ ʚʦʩʴʤʫʶ ʦʙʣʘʩʪʴ 

ʜʠʘʛʨʘʤʤʳ. ʆʙʨʘʟʦʚʘʚʰʝʝʩʷ ʩʦʝʜʠʥʝʥʠʝ ʫʩʪʦʡʯʠʚʦ ʜʦ 2887 ʂ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 
ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ɺʉ ʠ ʉʉ 

ʆʜʥʘʢʦ, ʩ ʚʚʦʜʦʤ ʚʳʰʝ 4,0 ʤʦʣʝʡ ʉʉ ʚ ʠʩʭʦʜʥʫʶ ʩʤʝʩʴ ʥʘʯʠʥʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ 

ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʬʘʟʳ. ʕʪʦ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʦʧʠʩʳʚʘʝʪ ʥʠʞʥʶʶ 
ʛʨʘʥʠʮʫ ʜʝʚʷʪʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʢʘʨʙʠʜʘ 

ʙʦʨʘ ʠ ʯʠʩʪʦʛʦ ʙʦʨʘ. 
ʉʤʝʩʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʙʦʨʘ ʠ ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʫʝʪ ʜʝʩʷʪʫʶ 

ʦʙʣʘʩʪʴ ʜʠʘʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʝ 3730 ʂ. 

ɺʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʦʣʦʞʝʥʘ ʦʙʣʘʩʪʴ ʛʘʟʦʚʦʡ ʬʘʟʳ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʜʷ ʧʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ, ʦʩʥʦʚʥʳʝ çʩʦʙʳʪʠʷè 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʝʜʝʣʘʭ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʦʪ 0,5 ʜʦ 4,5-5 ʤʦʣʝʡ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, 
ʧʦʵʪʦʤʫ ʚʩʶ ʩʠʩʪʝʤʫ ʩʣʝʜʦʚʘʣʦ ʙʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʦ ʚʝʨʭʥʝʛʦ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ 
ʠʥʪʝʨʚʘʣʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ. ʕʪʠʤ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʤʠʤʦ ʩʚʝʜʝʥʠʡ ʦʙ ʦʙʣʘʩʪʷʭ 
ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʫʪʠ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʬʘʟʦʚʘʷ 
ʜʠʘʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʢʦʥʢʨʝʪʥʦ ʧʦʜʦʙʨʘʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʤʝʩʠ ʦʧʨʝʜʝʣʠʪʴ 
ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ, ʩʚʝʨʭ ʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ 

ʥʦʚʳʭ ʩʦʯʝʪʘʥʠʡ ʪʫʛʦʧʣʘʚʢʠʭ ʚʝʱʝʩʪʚ. 
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ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʌɸɿʆɺʓʍ ʈɸɺʅʆɺɽʉʀʁ 

ɺ ʄɸɻʅɽɿʀɸʃʔʅʓʍ ʆʃʀɺʀʅʆɺʆ - ʇʀʈʆʂʉɽʅʆɺʓʍ ʉʀʃʀʂɸʊʅʓʍ  

ʉʀʉʊɽʄɸʍ. 

 

ʄ.ʄ.ɻʘʩʠʢ*(ʜ.ʪ.ʥ), ʄ.ʀ.ɻʘʩʠʢ (ʜ.ʪ.ʥ), ʀ.ɺ.ʎʚʝʪʢʦʚ 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ 
 
ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʚʳʧʣʘʚʢʝ ʵʣʝʢʪʨʦʩʪʘʣʠ ʚ 

ʩʚʝʨʭʤʦʱʥʳʭ ʜʫʛʦʚʳʭ ʧʝʯʘʭ ʩ ʵʨʢʝʨʥʳʤ ʚʳʧʫʩʢʦʤ ʤʝʪʘʣʣʘ ʜʣʷ ʟʘʩʳʧʢʠ ʢʘʥʘʣʘ 
ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʵʨʢʝʨʘ ʧʨʠʤʝʥʷʶʪʩʷ ʟʝʨʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʦʣʠʚʠʥʦ- ʧʠʨʦʢʩʝʥʦʚʳʭ ʩʦʩʪʘʚʦʚ. 
ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʤʘʪʝʨʠʘʣʘʭ ʜʣʷ ʟʘʩʳʧʢʠ ʢʘʥʘʣʘ ʵʨʢʝʨʘ ʥʝʙʦʣʴʰʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ, 
ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦʤ ʪʚʝʨʜʳʭ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ, ʦʜʥʘʢʦ ʢ ʥʠʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʳʭ 
ʪʨʝʙʦʚʘʥʠʡ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʘʪʝʥʪʥʳʭ ʦʧʠʩʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 
ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʩʳʧʢʠ ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʵʨʢʝʨʘ 
ʜʫʛʦʚʦʡ ʧʝʯʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʶʪʩʷ ʤʘʛʥʝʟʠʘʣʴʥʦ-

ʩʠʣʠʢʘʪʥʳʝ ʟʝʨʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʦʣʠʚʠʥʦ*- ʧʠʨʦʢʩʝʥʦʚʦʛʦ** ʩʦʩʪʘʚʘ. ʅʦʚʠʟʥʘ ʠ 
ʧʨʦʤʳʰʣʝʥʥʘʷ ʧʦʣʝʟʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʱʝʥʘ ʨʷʜʦʤ ʧʘʪʝʥʪʦʚ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ. 
ɺ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠʤʝʶʪʩʷ 

ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ 
ʟʘʤʝʥʷʪʴ ʠʤʧʦʨʪʥʳʝ [1]. ʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 
ʤʝʪʦʜʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʘʢʪʫʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɸʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʩʦʩʪʘʚʦʚ ʟʘʩʳʧʦʢ ʜʣʷ ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 

ʵʨʢʝʨʘ ɼʉʇ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ  ʠʤʧʦʨʪʥʳʭ ʟʘʩʳʧʦʢ 
ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʯʘʱʝ ʜʨʫʛʠʭ ʜʣʷ ʟʘʩʳʧʢʠ ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʵʨʢʝʨʘ ʜʫʛʦʚʦʡ 

ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ ʧʨʠʤʝʥʷʶʪ ʩʤʝʩʠ ʤʘʨʦʢ çOLIVINA FILLè (47,8%-MgO, 
42,0%-SiO2 ʠ ʜʨ.), çDALPOR QPFOè (60,57%-MgO, 25,78%-SiO2 , 1,88%-Al2O3 , 5,36%-

Fe2O3 , 1,89%CaO ʠ ʜʨ.). ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʵʪʠʭ ʟʘʩʳʧʦʢ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 
ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʙʠʥʘʨʥʦʡ MgO-SiO2 ʠ 
ʪʝʨʥʘʨʥʦʡ MgO-SiO2-FeO ʩʠʩʪʝʤʘʭ. 

ʌʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ MgO-SiO2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ 1. ʀʩʭʦʜʥʳʝ 
ʦʢʩʠʜʳ MgO ʠ SiO2 ʧʣʘʚʷʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 2825Üʉ ʠ 1728Üʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʥʠʤʘʝʤʦʡ ʟʘ 
1600Üʉ. ɺ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷ  2MgOĿSiO2  (56,52% MgO 
ʠ 43,48% SiO2 ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʥʛʨʫʵʥʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 1890Üʉ ʠ MgOĿSiO2 

(39,39%MgO ʠ 60,61%SiO2 ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʥʢʦʥʛʨʫʵʥʪʥʦʛʦ (ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʛʦ) 
ʧʣʘʚʣʝʥʠʷ 1557Üʉ. ɺ ʯʘʩʪʥʦʡ ʩʠʩʪʝʤʝ MgO -2MgOĿSiO2 ʠʟʚʝʩʪʥʘ ʵʚʪʝʢʪʠʢʘ (ʩʦʩʪʘʚʘ 
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64% MgO ʠ 36% SiO2 ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 1860Üʉ. ɺʪʦʨʘʷ ʵʚʪʝʢʪʠʢʘ ʩʫʱʝʩʪʚʫʝʪ ʚ ʯʘʩʪʥʦʡ 
ʩʠʩʪʝʤʝ MgOĿSiO2 ïSiO2 (38% MgO ʠ 62% SiO2) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 1543Üʉ.  

ʍʠʤʠʯʝʩʢʦʤʫ ʩʦʝʜʠʥʝʥʠʶ 2MgOĿSiO2  ʚ ʧʨʠʨʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʝʨʘʣ 

ʬʦʨʩʪʝʨʠʪ*. ʉʪʨʫʢʪʫʨʘ ʬʦʨʩʪʝʨʠʪʘ ʦʙʨʘʟʦʚʘʥʘ ʠʟʦʚʘʣʝʥʪʥʳʤʠ ʪʝʪʨʘʵʜʨʘʤʠ  [SiO4
4-] ʠ 

ʚʥʝʜʨʝʥʥʳʤʠ ʤʝʞʜʫ ʥʠʤʠ ʠʦʥʘʤʠ Mg2+. ʊʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʬʦʨʩʪʝʨʠʪʘ Lʧʣ.=58,52 
ʢɼʞ/ʤʦʣʴ. ʇʨʠ ʧʣʘʚʣʝʥʠʠ ʦʙʲʝʤ ʬʦʨʩʪʝʨʠʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 3% ʦʪʥ. ʊʝʧʣʦʪʘ 

ʦʙʨʘʟʦʚʘʥʠʷ  ʬʦʨʩʪʝʨʠʪʘ ʠʟ ʦʢʩʠʜʦʚ ʧʦ ʨʝʘʢʮʠʠ 2MgO +SiO2 =2MgOĿSiO2  ʨʘʚʥʘ ȹʅ
0
298 

= - 63,20 ʢɼʞ/ʤʦʣʴ. 
ɺ ʦʪʣʠʯʠʠ ʦʪ ʬʦʨʩʪʝʨʠʪʘ ʤʝʪʘʩʠʣʠʢʘʪ ʤʘʛʥʠʷ MgOĿSiO2 ʠʤʝʝʪ ʯʝʪʳʨʝ 

ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ: ʵʥʩʪʘʪʠʪ, ʧʨʦʪʦʵʥʩʪʘʪʠʪ, ʤʦʥʦʢʣʠʥʥʳʡ ʢʣʠʥʦʵʥʩʪʘʪʠʪ ʠ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʣʠʥʦʵʥʩʪʘʪʠʪ. ʇʦʣʦʞʝʥʠʝ ʵʪʠʭ ʧʦʣʠʤʦʨʬʥʳʭ ʬʦʨʤ 

ʤʝʪʘʩʠʣʠʢʘʪʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ 1 [2]. 

 
ʈʠʩ. 1 ï ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ MgO - SiO2 [2]. 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʘʚʢʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʦʣʠʚʠʥʘ ʠ ʧʠʨʦʢʩʝʥʘ ʚ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ MgO-SiO2-FeO. ɹʦʣʴʰʠʥʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʦʩʪʘʚʘʤ 

ʤʘʪʝʨʠʘʣʦʚ ʟʘʩʳʧʦʢ ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʵʨʢʝʨʘ ʜʫʛʦʚʦʡ 
ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʫʭʠʤ ʦʛʥʝʫʧʦʨʥʳʤ ʤʘʩʩʘʤ ʨʘʟʥʳʭ 

ʤʘʨʦʢ.(ʪʘʙʣ. 1) [2,6-8].  
ʄʘʪʝʨʠʘʣʳ ʟʘʩʳʧʦʢ ʧʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʝʨʪʠʬʠʢʘʪʦʚ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʟʝʨʥʦʚʦʡ ʩʦʩʪʘʚ 0-6ʤʤ; 2-5ʤʤ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʬʨʘʢʮʠʠ 0-2ʤʤ. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʨʘʩʩʝʚʦʤ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʜʣʷ ʟʘʩʳʧʢʠ Magnofill BT 2-5 ʧʨʠʚʝʜʝʥ 
ʥʠʞʝ:  

ʌʨʘʢʮʠʷ, 
ʤʤ 

5,0-7,0 3,0-5,0 1,5-3 1-1,5 0-1 

% 9,8 8,1 61,6 19,3 1,2 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩʫʤʤʘ ʬʨʘʢʮʠʡ 1-1,5ʤʤ ʠ 0-1 ʤʤ ʩʦʩʪʘʚʣʷʝʪ 20,5%, ʯʪʦ ʥʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ 0-2 ʤʤ. 
ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʤʘʛʥʝʛʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʛʥʝʫʧʦʨʥʳʭ ʟʘʩʳʧʦʢ ʢʘʥʘʣʘ ʵʨʢʝʨʘ 

                                                 
*
 ʌʦʨʩʪʝʨʠʪ (Forsterit) ʥʘʟʚʘʥ ʚ ʯʝʩʪʴ  ʣʦʥʜʦʥʩʢʦʛʦ ʢʦʣʣʝʢʮʠʦʥʝʨʘ ʠ ʪʦʨʛʦʚʮʘ  ʤʠʥʝʨʘʣʘʤʠ 
ʌʦʨʩʪʝʨʘ (1739-1806 ʛ.ʛ.), ʦʣʠʚʠʥ ʤʘʛʥʠʝʚʳʡ Mg2[SiO4] ,  ʢʦʥʝʯʥʳʡ ʯʣʝʥ ʨʷʜʘ ʦʣʠʚʠʥʘ [3]. 
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ʥʠʞʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʜʠʘʛʨʘʤʤ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʠ ʧʣʘʚʢʦʩʪʠ ʦʣʠʚʠʥʦʚʳʭ ʠ 
ʧʠʨʦʢʩʝʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʚ ʩʠʩʪʝʤʝ MgO-SiO2-FeO (ʨʠʩ. 2). 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ,  
ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʟʘʩʳʧʢʠ ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʵʨʢʝʨʘ [6-8 ] 

ʊʠʧ ʄʘʨʢʘ ʧʨʦʜʫʢʪʘ 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 

MgO Al2O3 Cr2O3 Fe2O3 SiO2 CaO 

MgO  ð

SiO2 ð Fe2O3 
ʉʪʘʨʪʦʚʘʷ ʩʤʝʩʴ LEV 5 min 50 max 2 - max 8 min 30 max 2 

MgO  ðSiO2 
OLIVIA FILL   
ʅɸ ʆʉʅʆɺɽ 

ʆʃʀɺʀʅɸ 

47,2    42,1  

MgO  ð
SiO2 ð Fe2O3 

THERAMER FILL 226 
ʇʈʆʀɿɺɽɼɽʅɸ ʀɿ 

ʆʃʀɺʀʅɸ  

48,3 0,5 7,4  42,4  

MgO  ð
SiO2 ð 

(Fe2O3, Cr2O3) 
OLIVIN  45-51 1,8-2 0,6 7-8 40-45 0,6 

MgO  ð

SiO2 ð Fe2O3 

DALPOR QPFO-

40/GLC 
60,75 1,88 - 5,36 25,78 1,89 

MgO  ð
SiO2 ð Fe2O3 

INTERFULL CR 33C 
ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʶʪʩʷ MgO ʠ 

MgO.SiO2 (ʧʝʨʠʢʣʘʟ ʠ ʦʣʠʚʠʥ). 

MgO  ð

SiO2 ð Fe2O3 

SCHIEBERSAND CR 

33 C 

ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʶʪʩʷ MgO ʠ 

MgO.SiO2 (ʧʝʨʠʢʣʘʟ ʠ ʦʣʠʚʠʥ). 

MgO  ð
SiO2 ð Fe2O3 

ʉʤʝʩʴ ʩʪʘʨʪʦʚʘʷ ʜʣʷ 
ʵʣʝʢʪʨʦʧʝʯʠ çʉʉʕʇ-1è 

46,0   11,0 35.0 1,0 

MgO  ð

SiO2 ð Fe2O3 
ʉʉ-46-ʕ 

ʆʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (99-100%) 

ʷʚʣʷʝʪʩʷ ʜʫʥʠʪ. ʅʝ ʤʝʥʝʝ 46% MgO 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ ʢ ʦʣʠʚʠʥʦʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪ ʤʠʥʝʨʘʣʳ ʠʤʝʶʱʠʝ 
ʬʦʨʤʫʣʫ (Mg, Fe)2[SiO4]. ʂʨʘʡʥʠʤʠ ʯʣʝʥʘʤʠ ʠʟʦʤʦʨʬʥʦʛʦ ʨʷʜʘ ʷʚʣʷʶʪʩʷ ʬʦʨʩʪʝʨʠʪ 

2MgOĿSiO2 ʠ ʬʘʷʣʠʪ 2FeOĿSiO2. ʂʘʢ ʬʦʨʩʪʝʨʠʪ, ʪʘʢ ʠ ʬʘʷʣʠʪ ʚ ʧʨʠʨʦʜʝ ʚ ʯʠʩʪʦʤ ʚʠʜʝ 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʪʨʝʯʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʭ ʚʳʜʝʣʝʥʠʠ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ, 
ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʩʧʣʘʚʝ ʤʘʛʥʠʡ ʠ ʞʝʣʝʟʦ, ʩʧʦʩʦʙʥʳ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʚʟʘʠʤʥʦ ʟʘʤʝʱʘʪʴ 

ʜʨʫʛ ʜʨʫʛʘ ʚ ʨʝʰʸʪʢʝ ʦʣʠʚʠʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʩʦʩʪʘʚʦʚ ʬʦʨʩʪʝʨʠʪ - ʬʘʷʣʠʪʦʚʳʭ 
ʢʨʠʩʪʘʣʣʦʚ ʧʣʦʪʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ ʠ ʧʣʘʚʢʦʩʪʴ ʠʭ ʠʟʤʝʥʷʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ.  

 
ʈʠʩ. 2 ï ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ MgO-SiO2-FeO ʛʜʝ-  ʫʟʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʦʙʣʘʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʘʤ ʟʘʩʳʧʦʢ 

ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʵʨʢʝʨʘ ʜʫʛʦʚʦʡ ʵʣʝʢʪʨʦʧʝʯʠ. 
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʝʨʥʘʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ MgO-SiO2-FeO 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʝʡ ʪʝʨʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʦʣʴʰʦʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʧʦʣʝ 

ʤʘʛʥʝʟʠʦʚʶʩʪʠʪʘ (Mgʭ,Fe1-ʭ)O. ʇʦʣʝ ʦʣʠʚʠʥʦʚ, ʧʨʠʤʳʢʘʶʱʝʝ ʢ ʚʝʨʭʥʝʡ ʩʪʦʨʦʥʝ ʧʦʣʷ 
ʤʘʛʥʝʟʠʦʚʶʩʪʠʪʘ, ʦʢʦʥʪʫʨʝʥʦ ʣʠʥʠʷʤʠ 2MgOĿSiO2 ï 2FeOĿSiO2 ʠ MgOĿSiO2 ï 

FeOĿSiO2, ʪ.ʝ. ʦʣʠʚʠʥʦʚʦʝ ʧʦʣʝ ʩʤʝʥʷʝʪʩʷ ʧʠʨʦʢʩʝʥʦʚʳʤ, ʠ ʧʦʩʣʝʜʥʝʝ, ʦʙʣʘʩʪʴʶ 
ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʝʨʜʳʤ ʢʨʠʩʪʦʙʘʣʠʪʦʪʤ.  

ɸʥʘʣʠʟ ʜʘʥʥʳʝ, ʧʘʪʝʥʪʦʚʠ  ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʝʨʪʠʬʠʢʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʦʩʪʘʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʤʧʦʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ  N. (ʨʠʩ. 2) ʇʨʠ 
ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʣʠʥʠʠ ɸɺ ʯʝʨʝʟ ʪʦʯʢʫ  N ʦʪ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ MgO-SiO2  ʜʦ 

ʚʝʨʰʠʥʳ FeO ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʦʣʠʚʠʥʦʚ ʩʥʠʞʘʝʪʩʷ ʦʪ 1800Üʉ ʧʨʠ 10% FeO ʜʦ 
1700Üʉ ʧʨʠ 30% FeO.  

ʂ ʦʣʠʚʠʥʦʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʤʠʥʝʨʘʣ ʣʠʙʝʥʙʝʨʛʠʪ (Ni,Mg)2SiO4   

(NiO,MgOĿSiO4), ʤʦʥʪʠʪʯʝʣʣʠʪ Ca,MgĿ [SiO4] ʛʜʝ Mg ʟʘʤʝʱʘʝʪʩʷ Fe (ʜʦ 17%) ʠ ʉʘ ð 
ʄn (ʜʦ 3%) ʦʙʨʘʟʫʷ ʞʝʣʝʟʠʩʪʦ - ʢʘʣʴʮʠʝʚʳʡ ʦʣʠʚʠʥ Ca,FeĿ [SiO4].  

ʋʯʠʪʳʚʘʷ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʟʘʩʳʧʢʘʭ CaO ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 
ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ MgO-SiO2-FeO. ʇʨʠʩʫʪʩʪʚʠʝ ʚ 
ʥʝʢʦʪʦʨʳʭ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʟʘʩʳʧʢʘʭ Al2O3 ʠ ʜʨʫʛʠʭ ʦʢʩʠʜʦʚ,  ʚʣʠʷʶʱʠʭ ʥʘ 

ʬʘʟʦʤʠʥʝʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘ ʨʘʚʥʦʚʝʩʠʡ ʚ ʤʦʜʝʣʴʥʦʡ  ʩʠʩʪʝʤʝ MgO-Al2O3-SiO2-Fe2O3 . 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ  ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ 

ʚ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʦʡ ʩʠʩʪʝʤʝ ʩ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʥʳʭ ʦʢʩʠʜʦʚ. ʈʘʩʯʝʪ 
ʨʘʚʥʦʚʝʩʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ  ʚ ʩʠʩʪʝʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʩʪʘʚʫ ʠʤʧʦʨʪʥʦʡ ʟʘʩʳʧʢʠ 

ʵʨʢʝʨʘ (ʤʘʩʩ %: 48,05-MgO; 1,90-Al2O3; 8,01-Fe2O3; 42,04-SiO2), ʚʳʧʦʣʥʝʥ ʧʦ ʤʝʪʦʜʫ 
ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ FToxid ʠ DB09 ʧʨʦʛʨʘʤʤʳ 

FactSAGE 6.2. ʀʩʭʦʜʥʳʝ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʦʢʩʠʜʦʚ ʧʨʠʚʦʜʠʣʠ ʢ ʨʘʚʥʦʚʝʩʠʶ ʧʨʠ 1600Á ʠ 
ʟʘʪʝʤ ʧʦʚʪʦʨʷʣʠ ʧʨʠ  ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1000Áʉ ʩ ʰʘʛʦʤ 100Á. ɼʣʷ ʪʚʝʨʜʳʭ ʬʘʟ, 
ʠʤʝʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʧʦʜʨʝʰʝʪʦʢ, ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦʣʳʡ ʤʘʩʩʦʚʳʡ ʩʦʩʪʘʚ (ʢʘʢ 

ʥʝʡʪʨʘʣʴʥʳʭ, ʪʘʢ ʠ ʠʦʥʥʳʭ ʚʢʣʘʜʦʚ ʢʦʤʧʦʥʝʥʪʦʚ). ɼʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣ.2-5 ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ  ʥʘ ʨʠʩ. 3-5. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʫʩʪʘʥʦʚʣʝʥʦ 
ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ. ɾʠʜʢʘʷ ʬʘʟʘ (ʰʣʘʢ) ʩʪʘʙʠʣʴʥʘ ʚʳʰʝ 

1300Áʉ ʠ ʟʘʥʠʤʘʝʪ 18-33% ʦʙʱʝʡ ʤʘʩʩʳ ʩʤʝʩʠ. ʐʣʘʢ ʧʨʝʜʩʪʘʚʣʝʥ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 
ʩʠʩʪʝʤʦʡ MgO-SiO2-Fe2O3. ɺʝʜʫʱʘʷ ʪʚʝʨʜʘʷ ʬʘʟʘ ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ - ʦʣʠʚʠʥ (65-

80%), ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʱʠʡ ʠʟ Mg2SiO4, (Mg,Fe)2SiO4. ʌʘʟʘ ʰʧʠʥʝʣʴ ʩʪʘʙʠʣʴʥʘ ʧʨʠ 
1200-1400Áʉ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʝʜʠʥʝʥʠʷʤʠ MgFe2O4ĿFe3O4, 
(Fe,Al)(Fe,Al)2O4. ʆʨʪʦʧʠʨʦʢʩʝʥ ʩʪʘʙʠʣʝʥ ʥʠʞʝ 1300Áʉ ʠ ʩʦʩʪʦʠʪ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ 

Mg2Si2O6, Mg(Fe3+)2SiO6, Mg(Fe3+)AlSiO6, Mg(Fe3+)Si2O6Ŀ Mg2(Fe3+)SiO6, 
MgAlSi2O6ĿMg2AlSiO6. ʂʦʨʫʥʜ-ʬʘʟʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 1000-

1100Áʉ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ Fe2O3 (97,7%), ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 
ʤʝʥʝʝ 3%. 

ʀʟ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʪʘʙʣ. 2) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ 1300Áʉ ʢʦʣʠʯʝʩʪʚʦ 

ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʥʠʞʘʝʪʩʷ ʠ ʧʨʠ 1400Áʉ  ʵʪʘ 
ʤʠʥʝʨʘʣʴʥʘʷ ʬʘʟʘ ʠʩʯʝʟʘʝʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʯʠʥʘʷ ʦʪ 1300Áʉ  ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ- ʰʣʘʢ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʣʷ ʧʨʠ 1600Áʉ 32,18%. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 
ʦʣʠʚʠʥʦʚʘʷ ʬʘʟʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1000-1400Áʉ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʘ, ʩ 
ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʙʦʣʝʝ 1400Áʉ ʩʦʜʝʨʞʘʥʠʝ ʝʝ ʩʥʠʞʘʝʪʩʷ ʜʦ 67,26%. ʌʘʟʘ 

ʰʧʠʥʝʣʴ (4,77%) ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ 1200Áʉ ʠ ʠʩʯʝʟʘʝʪ ʧʨʠ 1400Áʉ. ʂʦʣʠʯʝʩʪʚʦ ʢʦʨʫʥʜ- 
ʬʘʟʳ ʥʝ ʚʝʣʠʢʦ (4,33% ʧʨʠ 1000Áʉ ʠ 3,51 ʧʨʠ 1100Áʉ).      
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ʈʠʩ. 3 ï ʀʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʟʘʩʳʧʢʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1000-1600Áʉ.    ʆʣʠʚʠʥ;ʆʨʪʦʧʠʨʦʢʩʝʥ;

ʐʣʘʢ; ʂʦʨʫʥʜ ʬʘʟʘ;ʐʧʠʥʝʣʴ. 
 

ʊʘʙʣʠʮʘ 2 ï ʌʘʟʦʚʳʡ (ʤʠʥʝʨʘʣʴʥʳʡ) ʩʦʩʪʘʚ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʦʡ ʟʘʩʳʧʢʠ 

ʌʘʟʘ 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʠʥʝʨʘʣʴʥʦʡ ʬʘʟʳ, (%) ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (Áʉ) 

1000 1100 1200 1300 1400 1500 1600 

ɻʘʟ 0,04 0,09 0,18 0,29 0,49 0,57 0,56 

ʐʣʘʢ 0,00 0,00 0,00 0,00 18,02 23,38 32,18 

ʐʧʠʥʝʣʴ 0,00 0,00 4,77 3,79 1,83 0,00 0,00 

ʆʨʪʦʧʠʨʦʢʩʝʥ 25,57 25,34 25,48 23,39 0,00 0,00 0,00 

ʆʣʠʚʠʥ 70,06 71,06 69,57 72,53 79,66 76,05 67,26 

ʂʦʨʫʥʜ-ʬʘʟʘ 4,33 3,51 0,00 0,00 0,00 0,00 0,00 

 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ 
ʬʘʟʳ ʰʣʘʢʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʘʙʣ. 3). ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ  1400Áʉ  

ʜʦ 1600Áʉ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝʤ ʬʘʟʳ ʰʣʘʢʘ MgO (26,32% ʧʨʠ 1400Áʉ ʠ 32,25 
ʧʨʠ 1600Áʉ) ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ  Fe2O3 , SiO2, Al2O3. 

ʊʘʙʣʠʮʘ 3 ï ʀʟʤʝʥʝʥʠʝ ʭʠʤʩʦʩʪʘʚʘ ʰʣʘʢʦʚʦʡ ʬʘʟʳ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 1400-1600Áʉ 

ʆʢʩʠʜ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʢʩʠʜʘ, (%) ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʝ 
(Áʉ) 

1400 1500 1600 

Al2O3 9,93 8,13 5,90 

SiO2 47,85 43,59 42,92 

FeO 5,83 7,41 7,33 

Fe2O3 10,07 10,02 7,59 

MgO 26,32 30,85 36,25 

 
ʀʟ ʜʘʥʥʳʭ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1400Áʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʘʥʘʣʠʟ ʪʘʙʣ. 4. ʦʙ ʠʟʤʝʥʝʥʠʠ ʭʠʤʩʦʩʪʘʚʘ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1300-
1400Áʉ.  ɺʝʜʫʱʠʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 
ʪʝʤʧʝʨʘʪʫʨ  ʷʚʣʷʶʪʩʷ ʯʝʪʳʨʝ ʬʘʟʳ MgMgSi2O6  MgFe3+Si2O6

[+] MgMgFe3+SiO6
[-] 

MgMgAlSiO6
[-], ʦʩʪʘʣʴʥʳʝ ʬʘʟʳ  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʫʱʝʩʪʚʫʶʪ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚ 

ʤʘʣʳʭ ʚʝʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ.  
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ʈʠʩ. 4 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʣʘʢʦʚʦʡ ʬʘʟʳ. SiO2;

MgO; Fe2O3; FeO; Al2O3. 
 

ʊʘʙʣʠʮʘ 4 ï ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʬʘʟʳ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 
ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 1400-1600Áʉ 

ʉʠʣʠʢʘʪʳ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʦʨʪʦʧʠʨʦʢʩʝʥʘ, (%) ʧʨʠ  

ʪʝʤʧʝʨʘʪʫʨʝ (Áʉ) 

1000 1100 1200 1300 

MgMgSi2O6 42,9337 39,1245 48,0424 45,3947 

MgFe3+Si2O6
[+] 17,7054 18,2025 15,1008 14,0923 

MgMgFe3+SiO6
[-] 8,1677 9,0027 7,7550 7,2229 

MgMgAlSiO6
[-] 13,2339 12,7565 11,2136 11,4813 

 
ʊʘʙʣʠʮʘ 5 ï ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʬʘʟʳ ʦʣʠʚʠʥʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

1000-1600Áʉ 

 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʦʣʠʚʠʥʘ,  (%) ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʝ (Áʉ) 

 1000 1100 1200 1300 1400 1500 1600 

MgMgSiO4 99,141 98,036 96,319 93,843 90,489 89,561 90,690 

FeFeSiO4 0,002 0,009 0,031 0,086 0,208 0,249 0,194 

MgFeSiO4 0,330 0,725 1,310 2,118 3,167 3,388 2,964 

FeMgSiO4 0,528 1,230 2,340 3,952 6,137 6,802 6,152 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʬʘʟ ʤʦʜʝʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʤʧʦʨʪʥʦʛʦ ʟʘʩʳʧʦʯʥʦʛʦ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʞʠʜʢʦʡ ʩʪʘʣʠ ʚ ʜʫʛʦʚʦʡ ʧʝʯʠ ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ (65-
80%) ʪʚʝʨʜʦʡ ʦʣʠʚʠʥʦʚʦʡ ʬʘʟʦʡ. ʂʘʢ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʝʛʦ ʚʳʷʚʣʝʥʳʡ ʬʘʟʦʚʦ-
ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʜʣʷ ʟʘʩʳʧʢʠ ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʵʨʢʝʨʘ ʜʫʛʦʚʦʡ ʵʣʝʢʪʨʦʧʝʯʠ, 
ʚʳʧʣʘʚʣʷʶʱʝʡ ʤʝʪʘʣʣ ʧʦʣʫʧʨʦʜʫʢʪ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʢʠʩʣʝʥʠʷ, ʣʝʛʠʨʦʚʘʥʠʷ ʠ 
ʨʘʬʠʥʠʨʦʚʘʥʠʷ  ʤʝʪʦʜʘʤʠ ʚʥʝʧʝʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʩʳʧʢʠ 
ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʵʨʢʝʨʘ ʜʫʛʦʚʦʡ ʧʝʯʠ ʥʘʨʷʜʫ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʠʩʭʦʜʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʝʦʙʭʦʜʠʤʦ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ 
ʩʦʩʪʘʚʘ ʚ ʫʩʣʦʚʠʷʭ ʥʘʛʨʝʚʘʥʠʷ ʜʦ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʳʧʣʘʚʢʠ ʤʝʪʘʣʣʘ ʧʝʨʝʜ 

ʚʳʧʫʩʢʦʤ ʝʛʦ ʠʟ ʜʫʛʦʚʦʡ ʵʣʝʢʪʨʦʧʝʯʠ. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʚ ʢʘʯʝʩʪʚʝ 
ʟʘʩʳʧʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʥʮʝʥʪʨʘʪʳ ʦʙʦʛʘʱʝʥʠʷ ʪʘʣʴʢʦ-

ʤʘʛʥʝʟʠʪʦʚʘʭ ʨʫʜ ʇʨʘʚʜʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʇʨʠʜʥʝʧʨʦʚʴʝ) ʤʘʛʥʝʟʠʘʣʴʥʦ-
ʩʠʣʠʢʘʪʥʳʝ ʦʪʚʘʣʴʥʳʝ ʰʣʘʢʠ ʚʳʧʣʘʚʢʠ ʙʦʛʘʪʦʛʦ ʬʝʨʨʦʥʠʢʝʣʷ ʥʘ ʇʌʂ ʠ ʜʨ. 
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ʈʠʩ. 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʘʟʳ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ.  MgMgSi2O6 ;   MgMgAlSiO6
[-];  MgFe3+Si2O6

[+]
;;  

MgMgFe3+SiO6
[-]. 

 
ɺʳʚʦʜʳ. 

1. ɺʳʧʦʣʥʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʣʷ ʟʘʩʳʧʢʠ ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʵʨʢʝʨʘ ʩʚʝʨʭʤʦʱʥʳʭ ʜʫʛʦʚʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ.  
2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʩʳʧʢʠ ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʵʨʢʝʨʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʦʣʠʚʠʥʦ-ʧʠʨʦʢʩʝʥʦʚʳʝ ʤʘʛʥʝʟʠʘʣʴʥʦ-

ʩʠʣʠʢʘʪʥʳʝ ʚʠʜʳ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
3. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʣʘʚʢʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʙʠʥʘʨʥʳʭ ʠ ʪʝʨʥʘʨʥʳʭ 

ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʩʠʩʪʝʤ MgO-SiO2 ʠ  MgO-SiO2-Fe2O3 . 
4. ɺʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʚʩʝʭ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʚ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʩʠʩʪʝʤʘʭʩʣʦʞʥʦʛʦ ʠʩʭʦʜʥʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʧʧ ʦʣʠʚʠʥʘ ʠ ʧʠʨʦʢʩʝʥʘ ʤʝʪʦʜʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʠʠ 
ɻʠʙʙʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ FToxid ʠ DB09 ʣʠʮʝʥʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ Fact 

SAGE 6.2.  ʚ ʰʠʨʦʢʦʤ  ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 1000Áʉ  ʜʦ 1600Áʉ.  
5. ʅʘ ʤʦʜʝʣʴʥʦʤ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠʤʧʦʨʪʥʦʡ ʟʘʩʳʧʢʠ ʤʝʪʦʜʦʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʞʠʜʢʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʬʘʟʘ (ʱʣʘʢ) ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʳʰʝ 1300ʉ, ʘ ʦʨʪʦʧʠʨʦʢʩʝʥʦʚʘʷ ʬʘʟʘ 
ʨʘʚʥʦʚʝʩʥʘʷ ʜʦ 1300ʉ ʠʩʯʝʟʘʝʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʚʳʰʝ 1400ʉ. ʆʩʥʦʚʥʘʷ ʪʚʝʨʜʘʷ ʬʘʟʘ 

ʦʣʠʚʠʥʘ ʩʪʘʙʠʣʴʥʘ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 1000ʉ ʜʦ 
1600ʉ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʬʘʟ ʚ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʦʡ ʩʠʩʪʝʤʝ MgO-SiO2-FeO ʩ ʧʨʠʤʝʩʥʳʤʠ 
ʦʢʩʜʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ MgO- ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʟʘʩʳʧʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʪʘʣʝʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 
ʵʨʢʝʨʘ ʜʫʛʦʚʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ. 

7. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 
ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢʠʤʠ ʷʚʣʷʶʪʩʷ 

ʢʦʥʮʝʥʪʨʘʪʳ ʦʙʦʛʘʱʝʥʠʷ ʪʘʣʴʢʦ-ʤʘʛʥʝʟʠʪʦʚʳʭ ʨʫʜ ʇʨʘʚʜʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
(ʇʨʠʜʥʝʧʨʦʚʴʝ), ʤʘʛʥʝʟʠʘʣʴʥʦ-ʩʠʣʠʢʘʪʥʳʝ ʦʪʚʘʣʴʥʳʝ ʰʣʘʢʠ ʚʳʧʣʘʚʢʠ ʙʦʛʘʪʦʛʦ 
ʬʝʨʨʦʥʠʢʝʣʷ ʠʟ ʠʤʧʦʨʪʥʦʡ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ ʩ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʧʫʩʪʦʡ ʧʦʨʦʜʦʡ ʠ 

ʜʨ. 
ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 
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ʤʘʛʥʝʟʠʘʣʴʥʦʩʠʣʠʢʘʪʥʦʛʦ ʧʠʨʦʢʩʝʥʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʫʛʣʝʨʦʜʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ 
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ʋɼʂ 622.785:669.74 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉɺɸ ʀ ʄɽʊɸʃʃʋʈɻʀʏɽʉʂɸʗ 

ʎɽʅʅʆʉʊʔ ʄɸʈɻɸʅɽʎʉʆɼɽʈɾɸʑɽɻʆ ʉʓʈʔʗ ʈɸɿʃʀʏʅʓʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʁ, ʀʉʇʆʃʔɿʋɽʄʆɻʆ ɼʃʗ 

ʕʃɽʂʊʈʆʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ ʌɽʈʈʆʉʇʃɸɺʆɺ 

 
ʉ.ɻ. ɻʨʠʱʝʥʢʦ,1) ɺ.ɺ. ʂʨʠʚʝʥʢʦ 2), ɸ.ʅ. ʆʚʯʘʨʫʢ 3), ɺ.ʀ. ʆʣʴʰʘʥʩʢʠʡ 4), 

ʀ.ʖ.ʌʠʣʠʧʧʦʚ 4), ɸ. ʖ. ʊʘʨʘʥ3) 
1) ï ʋʢʨʘʠʥʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʬʝʨʨʦʩʧʣʘʚʦʚ (ʋʢʨʌɸ) 

2) - ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʨʠʚʦʨʦʞʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
3) - ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ) 

4) - ʇɸʆ çʅʠʢʦʧʦʣʴʩʢʠʡ ʟʘʚʦʜ ʬʝʨʨʦʩʧʣʘʚʦʚ 

 
ɺʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʯʝʩʪʚʦʤ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʦʛʦ ʩʳʨʴʷ: ʭʠʤʠʯʝʩʢʠʤ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʘʤʠ, ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ 

ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʥʘ ʟʝʤʥʦʤ ʰʘʨʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ; ʩʪʦʣʴ ʞʝ 

ʥʝʨʘʚʥʦʤʝʨʝʥ ʠʭ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʛʝʥʝʟʠʩʦʤ ʨʫʜ [1]. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʠʨʦʚʳʭ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ (ʙʦʣʝʝ 80%) 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʖʞʥʦ-ɸʬʨʠʢʘʥʩʢʦʡ ʨʝʩʧʫʙʣʠʢʝ (ʖɸʈ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʢʨʫʧʥʝʡʰʠʤ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ ʵʢʩʧʦʨʪʝʨʦʤ. ɺ ʋʢʨʘʠʥʝ ʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 2 ʤʣʨʜ. ʪʦʥʥ, ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ 70% ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ 

ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʨʙʦʥʘʪʥʳʤ ʠ ʦʢʠʩʥʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʠ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʬʦʩʬʦʨʘ ʠ ʢʨʝʤʥʝʟʝʤʘ [2], ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʨʫʙʝʞʥʳʭ 

ʨʫʜ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʳʨʴʝ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʠ ʦʢʫʩʢʦʚʘʥʠʷ. 

ɼʣʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʦʮʝʥʢʠ ʩʳʨʴʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʧʦʩʪʘʚʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʋʢʨʘʠʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ (ʪʘʙʣ. 1).  

 

http://ntb.misis.ru:591/OpacUnicode/index.php?url=/auteurs/view/75690/source:default
http://vtorogp.rosfirm.ru/startovaya-smes-ss-46-pc348878377.htm
http://vtorogp.rosfirm.ru/startovaya-smes-ss-46-pc348878377.htm
http://www.rtpk.ru/products/metallurgy/471
http://www.bomexholding.com/vatroproizvodnja.html
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ʊʘʙʣʠʮʘ 1 ï  ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʢʘʯʝʩʪʚʫ ʤʘʨʛʘʥʮʝʚʳʭ 

ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʜʣʷ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʧʣʘʚʦʚ 

ʂʦʤʧʦʥʝʥʪ ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 

 ɼʣʷ ʬʝʨʨʦʤʘʨʛʘʥʮʘ ɼʣʷ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ 

 ʋʢʨʘʠʥʘ 
Iʩ 

ɿʘʧʘʜʥʘʷ 
ɽʚʨʦʧʘ 

ʉʐɸ 
çɸèʩ 

ʋʢʨʘʠʥʘ 
IIc  

ɿʘʧʘʜʥʘʷ 
ɽʚʨʦʧʘ 

ʉʐɸ 
çɹèʩ 

  Ic IIc    Ic IIc   

Mn,    ʥʝ ʤʝʥʝʝ 43,0 48,0 46,0 46,0 34,0 44,0 40,0 40,0 

Fe,     ʥʝ ʙʦʣʝʝ - - 7,5 8,0 - 9,0 12,0 16,0 

SiO2,  ʥʝ ʙʦʣʝʝ - 7,0 9,0 12,0 - 10,0 12,0 15,0 

P,       ʥʝ ʙʦʣʝʝ - 0,12 0,15 0,18 - 0,15 0,15 0,30 
ʇʨʠʤʝʯʘʥʠʝ: ʫʢʘʟʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʅʠʢʦʧʦʣʴʩʢʠʤ ʦʢʠʩʥʳʤ ʢʦʥʮʝʥʪʨʘʪʘʤ ʠ 

ʢʦʥʮʝʥʪʨʘʪʘʤ ʠ ʨʫʜʘʤ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

 
ʊʨʫʜʥʦʩʪʠ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘ 

ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʩʳʨʴʝ ʦʩʦʙʝʥʥʦ ʦʙʦʩʪʨʠʣʠʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʢʦʛʜʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ,  

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʯʘʣʠ ʥʘʨʘʱʠʚʘʪʴ ʚʳʧʫʩʢ ʥʠʟʢʦʬʦʩʬʦʨʠʩʪʳʭ ʤʘʨʦʢ 

ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʠ ʬʝʨʨʦʤʘʨʛʘʥʮʘ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʨʦʩʰʘʷ ʩʪʦʠʤʦʩʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʩʜʝʣʘʣʘ ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʜʝʡʩʪʚʦʚʘʚʰʫʶ ʨʘʥʝʝ 

ʪʝʭʥʦʣʦʛʠʶ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʝʬʦʩʬʦʨʘʮʠʠ ʩʳʨʴʷ. ʕʪʦ ʧʦʪʨʝʙʦʚʘʣʦ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʫʢʨʘʠʥʩʢʠʭ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʟʘʚʦʜʘʭ ʠʤʧʦʨʪʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʙʳ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʨʘʟʣʠʯʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʦʚ (ʪʘʙʣ. 2-5), ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʙʳ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɻʨʫʟʠʠ, 

ɹʨʘʟʠʣʠʠ, ɸʚʩʪʨʘʣʠʠ ʠ ɻʘʥʳ.  

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 3, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʫʜʳ ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʨʠʩʪʦʩʪʴ, 

ʢʨʦʤʝ ʨʫʜʳ ʠʟ ɻʨʫʟʠʠ, ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʩʪʠʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʤʘʨʛʘʥʮʝʚʳʤʠ ʢʦʥʮʝʥʪʨʘʪʘʤʠ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ (ʧʦ ʬʨʘʢʮʠʠ 

ʙʦʣʝʝ 5 ʤʤ) ʢʫʩʢʦʚʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʥʝ ʚʳʩʦʢʘʷ ʠ ʫʩʪʫʧʘʝʪ ʚ ʧʨʦʯʥʦʩʪʠ 

ʤʘʨʛʘʥʮʝʚʦʤʫ ʘʛʣʦʤʝʨʘʪʫ, ʧʨʦʠʟʚʝʜʝʥʥʦʤʫ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. 

ʊʘʙʣʠʮʘ 2 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ 

 ̄ ʉʪʨʘʥʘ- ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʦʚ, % 

ʧ/ʧ ʧʨʦʠʟʚʦʜʠʪʝʣʴ Mn SiO2 Al2O3 CaO MgO Fe2O3 P2O5 Na2O K2O ʧ.ʧ.ʧ. 

1 ɻʨʫʟʠʷ 47,20 12,09 1,88 1,92 0,75 1,86 0,47 0,21 0,59 3,29 

2 ɹʨʘʟʠʣʠʷ 47,60 9,30 1,20 1,03 1,34 9,30 0,14 0,23 1,15 2,29 

3 ɸʚʩʪʨʘʣʠʷ 47,00 13,05 1,63 2,67 0,98 8,94 0,07 0,12 0,03 3,88 

4 ɻʘʥʘ-I 30,00 14,05 2,65 4,65 5,08 1,72 0,16 0,28 0,24 31,6 

5 ɻʘʥʘ-II 39,79 19,30 4,20 0,40 0,12 7,10 0,32 0,19 0,63 5,02 

6 ɻʘʥʘ-III  30,50 13,52 2,20 4,81 4,85 1,05 0,25 0,24 0,21 32,6 
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ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ 

 ̄
ʧ/ʧ 

ʉʪʨʘʥʘ- 
ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʄʘʩʩʦʚʘʷ 

ʜʦʣʷ 
ʚʣʘʛʠ, % 

ʇʣʦʪʥʦʩʪʴ,  

ʇʦʨʠʩʪʦʩʪʴ 

ʦʙʱʘʷ, 
% 

ʇʨʦʯʥʦʩʪʴ 

ʢʛ/ʤ3 (ɼʉʊʋ 3200-95) 

ʥ
ʘ
ʩ
ʳ
ʧ
ʥ
ʘ
ʷ

 

ʢ
ʘ
ʞ
ʫ
ʱ
ʘ
ʷ
ʩ
ʷ

 

ʠ
ʩ
ʪ
ʠ
ʥ
ʥ
ʘ
ʷ

 ʥʘ ʫʜʘʨ ʧʦ 

ʬʨʘʢʮʠʠ ʙʦʣʝʝ 5 
ʤʤ, % 

1 ɻʨʫʟʠʷ 4,0 1740 2400 3880 38,14 31,0 

2 ɹʨʘʟʠʣʠʷ 8,4 2940 4210 4270 10,92 58,0 

3 ɸʚʩʪʨʘʣʠʷ 2,8 2110 3850 4020 4,23 75,6 

4 ɻʘʥʘ-I*  1,6 2300 3240 3270 1,4 71,0 

5 ɻʘʥʘ-II 7,2 2090 - 3670 - - 

6 ɻʘʥʘ-III  1,6 2120 3190 3370 5,3 72,0 
* ʄʘʨʛʘʥʮʝʚʘʷ ʨʫʜʘ ɻʘʥʘ I ʠ III ï ʢʘʨʙʦʥʘʪʥʘʷ, ɻʘʥʘ II ï ʦʢʠʩʥʘʷ. 

 

ʊʘʙʣʠʮʘ 4 ï ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ  ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ 

 ̄

ʧ
/
ʧ

 

ʉ
ʪ
ʨ
ʘ
ʥ
ʘ

- 

ʧ
ʨ
ʦ
ʠ
ʟ
ʚ
ʦ
ʜ
ʠ
ʪ
ʝ
ʣ
ʴ

 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʧʦ ʤʠʥʝʨʘʣʴʥʳʤ ʬʘʟʘʤ, % 

ʈ
ʫ
ʜ
ʥ
ʘ
ʷ
 
ʬ
ʘ
ʟ
ʘ

 

ʇ
ʠ
ʨ
ʦ
ʣ
ʶ
ʟ
ʠ
ʪ

 

ʄ
ʠ
ʥ
ʝ
ʨ
ʘ
ʣ
ʳ
 

ʛ
ʨ
ʫ
ʧ
ʧ
ʳ
 

ʧ
ʩ
ʠ
ʣ
ʦ
ʤ
ʝ
ʣ
ʘ
ʥ
ʘ

 

ɹ
ʨ
ʘ
ʫ
ʥ
ʠ
ʪ

 

ʄ
ʘ
ʥ
ʛ
ʘ
ʥ
ʠ
ʪ

 

ʂ
ʘ
ʨ
ʙ
ʦ
ʥ
ʘ
ʪ
ʳ
 

ʤ
ʘ
ʨ
ʛ
ʘ
ʥ
ʮ
ʘ
 

(
ʨ
ʦ
ʜ
ʦ
ʭ
ʨ
ʦ
ʟ
ʠ
ʪ
,
 

ʢ
ʘ
ʣ
ʴ
ʮ
ʠ
ʝ
ʚ
ʳ
ʡ
 

ʨ
ʦ
ʜ
ʦ
ʭ
ʨ
ʦ
ʟ
ʠ
ʪ
)

 

  Mn M Mn M Mn M Mn M Mn M Mn M 

1 ɻʨʫʟʠʷ 47,20 76,4 43,7 69,1 - - - - 3,2 6,1 0,3 1,2 

2 ɹʨʘʟʠʣʠʷ 47,60 78,6 16,3 25,8 14,6 25,3 16,7 27,5 - - - - 

3 ɸʚʩʪʨʘʣʠʷ 47,00 77,2 2,5 3,9 3,2 5,4 40,5 66,0 - - 0,8 1,9 

4 ɻʘʥʘ-I 30,00 78,5 1,1 1,7 - - 1,2 1,9 - - 27,7 74,9 

5 ɻʘʥʘ-II 39,7 66,2 18,3 29,0 17,0 29,4 3,8 6,0 - - 0,6 1,8 

6 ɻʘʥʘ-III  30,5 77,8 - - - - - - - - 30,5 77,8 

 

ʊʘʙʣʠʮʘ 5 ï ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ  ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ 

 ̄
ʧ/ʧ 

ʉʪʨʘʥʘ- 
ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ, % 

ɺ (ʙʦʨ) As (ʤʳʰʴʷʢ) Pb (ʩʚʠʥʝʮ) Hg (ʨʪʫʪʴ) 

1 ɻʨʫʟʠʷ 0,0090 0,0050 0,0010 ʤʝʥʝʝ 0,0030 

2 ɹʨʘʟʠʣʠʷ 0,0110 ʤʝʥʝʝ 0,0050 0,0150 ʤʝʥʝʝ 0,0030 

3 ɸʚʩʪʨʘʣʠʷ 0,0160 ʤʝʥʝʝ  0,0050 0,0150 ʤʝʥʝʝ 0,0030 

4 ɻʘʥʘ-I 0,0110 0,0075 0,0010 ʤʝʥʝʝ 0,0030 

5 ɻʘʥʘ-II 0,0090 0,0150 0,0020 ʤʝʥʝʝ 0,0030 

6 ɻʘʥʘ-III  0,0200 0,0100 0,0010 ʤʝʥʝʝ 0,0030 
 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 5, ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʠʤʧʦʨʪʥʳʝ  ʨʫʜʳ ʠʤʝʶʪ  ʥʝʩʢʦʣʴʢʦ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ (ʙʦʨ, ʤʳʰʴʷʢ, ʩʚʠʥʝʮ, ʨʪʫʪʴ), 
ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʳ ʩ ʤʘʨʛʘʥʮʝʚʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʨʫʜʳ.    

ʇʨʠʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ ʤʳʰʴʷʢʘ ʠ ʙʦʨʘ ʚ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʥʝʥʪʘʭ  
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʰʠʭʪʳ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʷʜʘ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʩʪʘʣʠ.  

ʇʝʨʝʨʘʙʦʪʢʘ   ʤʳʰʴʷʢʦʩʦʜʝʨʞʘʱʠʭ   ʤʘʨʛʘʥʮʝʚʳʭ   ʠ   ʞʝʣʝʟʥʳʭ   ʨʫʜ ʫʩʣʦʞʥʷʝʪʩʷ 
ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʦʢʩʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʳʰʴʷʢʘ, ʠ ʦʩʦʙʝʥʥʦ  ʘʨʩʠʥ (AsH4), ʦʪʥʦʩʷʪʩʷ ʢ 

ʛʨʫʧʧʝ ʧʨʦʤʳʰʣʝʥʥʦ ʷʜʦʚʠʪʳʭ ʚʝʱʝʩʪʚ. ʇʨʦʙʣʝʤʘ ʙʦʨʘ ʠ ʤʳʰʴʷʢʘ ʜʦ ʥʝʜʘʚʥʝʛʦ 
ʚʨʝʤʝʥʠ ʥʝ ʧʨʠʚʣʝʢʘʣʘ ʚʥʠʤʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʬʝʨʨʦʩʧʣʘʚʦʚ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ  ʨʝʢʣʘʤʥʳʭ ʧʨʦʩʧʝʢʪʘʭ ʢʘʢʦʝ-ʣʠʙʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʝ 
ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʦʤ ʩʳʨʴʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʤʧʘʥʠʷ çVale de Rio Doceè (ɹʨʘʟʠʣʠʷ, 1994ʛ.) ʜʣʷ ʨʫʜʳ, ʩʦʩʪʦʷʱʝʡ ʚ 
ʦʩʥʦʚʥʦʤ ʠʟ ʜʠʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ (MnO2 - 81,34ï80,00 %), ʚʚʝʣʘ ʦʛʨʘʥʠʯʝʥʠʷ ʤʳʰʴʷʢʘ 

ʜʦ 0,0044 % ʚ ʧʝʨʚʦʤ ʩʦʨʪʝ ʠ ʜʦ 0,0048 % ʚʦ ʚʪʦʨʦʤ ʩʦʨʪʝ, ʘ ʩʚʠʥʮʘ ï ʜʦ 0,021 % ʠ ʜʦ 
0,024 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʩʦʨʪʘʤ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʬʦʩʬʠʜʘʤʠ ʤʘʨʛʘʥʮʘ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʰʠʭʪʝ ʙʦʨ ʠ ʤʳʰʴʷʢ ʧʨʠ ʚʳʧʣʘʚʢʝ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 
ʜʦʣʞʥʳ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʧʣʘʚ, ʠ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ 

ʘʩʧʠʨʘʮʠʦʥʥʦʡ ʧʳʣʠ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʝʯʝʡ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʠʪ 
ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʚʠʥʮʘ ʠ ʨʪʫʪʠ, ʪʦ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ 
ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʚʳʧʣʘʚʢʝ ʤʘʨʛʘʥʮʝʚʳʭ ʩʧʣʘʚʦʚ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ (ʙʦʣʝʝ 90 %) ʵʪʠʭ ʧʨʠʤʝʩʝʡ ʫʜʘʣʷʝʪʩʷ  
(ʚʦʟʛʦʥʷʝʪʩʷ) ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʵʣʝʤʝʥʪʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 
ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʝʤ ʩʳʨʴʝ, ʪʘʢʠʝ ʢʘʢ ʦʢʩʠʜʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Na2O ʠ K2O), 
ʦʢʩʠʜʳ ʢʨʝʤʥʠʷ, ʩʚʠʥʝʮ, ʨʪʫʪʴ, ʮʠʥʢ ʠ ʜʨ., ʧʦʧʘʜʘʷ ʚ ʟʦʥʫ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʝʯʠ, 

ʧʝʨʝʭʦʜʷʪ ʚ ʛʘʟʦʦʙʨʘʟʥʫʶ ʬʘʟʫ ʠ ʧʦʜʥʠʤʘʶʪʩʷ ʚ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʰʘʭʪʳ 
ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʝʯʠ, ʠ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʇʨʠ ʵʪʦʤ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʥʦʩʫ ʪʝʧʣʘ ʩ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʰʘʭʪʳ ʚ ʚʝʨʭʥʠʝ ʠ ʤʦʛʫʪ 
ʧʦʚʳʰʘʪʴ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʪʝʤʧʝʨʘʪʫʨʫ ʰʠʭʪʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʣʦʰʥʠʢʘ. 
ɼʦʩʪʠʛʥʫʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʚʝʱʝʩʪʚʘ ʩ ʰʠʭʪʦʡ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʘʩʪʳʣʠ ʠ  ʞʠʜʢʦʧʦʜʚʠʞʥʳʝ ʩʤʝʩʠ, ʢʦʪʦʨʳʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ 
ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʞʠʤʳ ʵʣʝʢʪʨʦʧʣʘʚʢʠ.  ʊʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ 

ʩʣʫʯʘʠ ʥʘʢʦʧʣʝʥʠʷ ʥʘ ʧʦʜʠʥʝ ʧʝʯʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʬʝʨʨʦʩʧʣʘʚʘʭ. 
ɺʳʧʦʣʥʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ  ʚʝʩʪʠ 

ʨʘʩʯʝʪ ʰʠʭʪʳ, ʠʩʢʣʶʯʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʦʧʦʜʚʠʞʥʳʭ ʬʘʟ ʚ ʦʙʲʝʤʝ 

ʰʘʭʪʳ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʝʯʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʨʛʘʥʮʝʚʳʭ 
ʨʫʜ, ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 750ï800 ʦʉ ʦʙʨʘʟʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʤʘʨʛʘʥʮʝʚʦ-ʩʠʣʠʢʘʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʩʪʝʢʣʦ ʠ ʪʝʬʨʦʠʪ). 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʦʩʩʪʘʥʦʚʠʤʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ 

ʨʘʟʤʷʛʯʝʥʠʷ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ (ɼʉʊʋ-3202-

95; ɼʉʊʋ-3203-95) ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ.  
ʀʟʫʯʝʥʠʶ ʚʦʩʩʪʘʥʦʚʠʤʦʩʪʠ ʤʘʨʛʘʥʮʝʚʳʭ ʤʠʥʝʨʘʣʦʚ, ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ [3 - 5], ʧʨʠ ʵʪʦʤ ʨʘʙʦʪʘ [5] ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ 
ʠʤʝʥʥʦ ʙʨʘʟʠʣʴʩʢʠʭ, ʘʬʨʠʢʘʥʩʢʠʭ ʠ ʘʚʩʪʨʘʣʠʡʩʢʠʭ ʨʫʜ; ʦʜʥʘʢʦ ʠʤʝʶʱʠʝʩʷ ʚ 
ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʯʘʩʪʦ ʥʝʦʜʥʦʟʥʘʯʥʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ MnO2 ʠ MnCO3 ʜʠʩʩʦʮʠʠʨʫʶʪ 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ - 510 ʠ 176 ʦʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 
ʦʢʩʠʜʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ ʤʘʨʛʘʥʮʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʫʜʘʭ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʠʭ ʜʠʩʩʦʮʠʘʮʠʷ (ʨʠʩ.1). 
ʅʘ ʨʠʩ. 1 ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʧʨʦʙʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʛʣʷʜʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦʪ ʚʳʚʦʜ. ʀʩʩʣʝʜʫʝʤʳʝ ʧʨʦʙʳ ʤʘʨʛʘʥʮʝʚʦʛʦ ʩʳʨʴʷ ʧʨʠ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʨʷʶʪ ʤʘʩʩʫ ʟʘ ʩʯʝʪ 
ʜʝʛʠʜʨʘʪʘʮʠʠ, ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʤʘʨʛʘʥʮʝʚʳʭ ʤʠʥʝʨʘʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʢʦʨʦʩʪʴʶ. 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʯʘʣʘ ʨʘʟʤʷʛʯʝʥʠʷ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ. 

ʊʝʤʧʝʨʘʪʫʨʦʡ ʥʘʯʘʣʘ ʨʘʟʤʷʛʯʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʫʤʝʥʴʰʝʥʠʝ 
ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʠʩʧʳʪʳʚʘʝʤʳʭ ʧʨʦʙ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 10 % ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ 

ʧʦʩʪʦʷʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. 
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ʈʠʩ. 1 ï ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʧʨʦʙʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ (ʮʠʬʨʳ ʫ ʢʨʠʚʳʭ ï ʥʦʤʝʨ ʧʨʦʙʳ). 

 
ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʷʚʣʷʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 750 ï 800 ʦʉ.  
ɺʥʘʯʘʣʝ ʞʠʜʢʘʷ ʬʘʟʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʦʙʲʝʤʥʳʭ ʯʘʩʪʠʮʘʭ ʧʦ 

ʧʝʨʠʬʝʨʠʠ ʤʠʥʝʨʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʟʝʨʥʘʭ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (K, Na).[AlSiO3O8]    ʠ 

ʢʚʘʨʮʘ (SiO2), ʛʨʘʥʠʯʘʱʠʭ ʩ ʤʘʥʛʘʥʦʟʠʪʦʤ (MnO).  

 
ʈʠʩ. 2 ï ʀʟʤʝʥʝʥʠʝ ʚʳʩʦʪʳ ʧʨʦʙʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ (ʮʠʬʨʳ ʫ ʢʨʠʚʳʭ ï ʥʦʤʝʨ ʧʨʦʙʳ). 
 
ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʙʦʣʝʝ 800ʦʉ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʛʦ ʨʘʩʧʣʘʚʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʩʠʣʠʢʘʪʥʳʡ ʨʘʩʧʣʘʚ ʤʦʞʝʪ ʧʨʦʧʠʪʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʨʫʜʥʦʡ 
ʤʘʩʩʳ. ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʧʦʷʚʣʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʠʩʭʦʜʥʦʤ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʝʤ ʤʘʪʝʨʠʘʣʝ ʦʢʠʩʣʦʚ ʢʘʣʠʷ, ʥʘʪʨʠʷ, ʢʘʣʴʮʠʷ, ʢʨʝʤʥʠʷ, 
ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤ ʤʘʥʛʘʥʦʟʠʪʦʤ ʦʙʨʘʟʫʶʪ ʩʣʦʞʥʫʶ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 
ʩʦʩʪʘʚʫʣʝʛʢʦʧʣʘʚʢʫʶ ʩʠʩʪʝʤʫ. ʃʦʢʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦ-ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʫʯʘʩʪʢʘ 

ʦʧʣʘʚʣʝʥʠʷ ʬʠʢʩʠʨʫʝʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ K, Na, Ca ʠ Si. 
ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʠʩʭʦʜʥʦʡ ʨʫʜʳ ʠ ʝʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ 

ʚʦʩʩʪʘʥʦʚʠʤʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʟʤʷʛʯʝʥʠʷ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 
ʩʚʦʡʩʪʚʘ ʰʣʘʢʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʦʯʝʚʠʜʥʦ. ɺʷʟʢʦʩʪʴ ʰʣʘʢʦʚ ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 
ʙʳʩʪʨʦʤʫ ʩʪʝʯʝʥʠʶ ʢʘʧʝʣʴ ʤʝʪʘʣʣʘ ʚ ʩʧʣʘʚ, ʙʳʩʪʨʦʡ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʦʢʩʠʜʦʚ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʳʩʪʨʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʧʨʦʮʝʩʩʘ, ʠ ʥʘʢʦʥʝʮ, ʧʦʟʚʦʣʷʪʴ 
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ʦʧʪʠʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʧʣʘʚʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʪʝʨʠ 
ʤʘʨʛʘʥʮʘ ʩʦ ʰʣʘʢʦʤ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʨʦʣʴʢʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʘʨʛʘʥʮʝʚʳʭ ʩʧʣʘʚʦʚ ʟʥʘʯʠʪʝʣʴʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʳʧʣʘʚʢʝ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʦʥʠ 
ʜʦʭʦʜʷʪ ʜʦ 7,0 % ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʰʣʘʢʘ.  

ʇʦʵʪʦʤʫ, ʚ ʮʝʣʦʤ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 
ʚ ʫʩʣʦʚʠʷʭ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 
ʤʝʭʘʥʠʟʤ, ʢʠʥʝʪʠʢʫ ʠ ʩʪʘʪʠʢʫ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ɼʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ 
ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʘʨʛʘʥʮʝʚʳʝ ʨʫʜʳ ʠ ʢʦʥʮʝʥʪʨʘʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʤʷʛʯʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʤʘʨʛʘʥʮʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʢʦʛʜʘ ʰʠʭʪʘ 
ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʨʫʜ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʫʜʥʦʚʦʩʩʪʘʥʦʚʠʤʳʤ, ʚʚʠʜʫ ʧʨʘʢʪʠʯʝʩʢʠ 
ʧʦʣʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʚ ʪʝʬʨʦʠʪʝ (MnSiO4), ʨʦʜʦʥʠʪʝ (MnSiO3), 

ʷʢʦʙʩʠʜʝ (MnFe3O4) ʠ ʜʨʫʛʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʂ ʪʦʤʫ ʞʝ, 
ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ, ʠ ʦʩʦʙʝʥʥʦ ʷʢʦʙʩʠʜ, ʦʙʣʘʜʘʶʪ ʧʦʥʠʞʝʥʥʳʤ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

ʃʝʛʢʦʧʣʘʚʢʠʝ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʞʠʜʢʦʪʝʢʫʯʝʩʪʴʶ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʛʜʘ ʜʦʣʷ ʠʭ ʚ ʰʠʭʪʝ 
ʟʥʘʯʠʪʝʣʴʥʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚ ʚʘʥʥʝ ʧʝʯʠ ʫʢʘʟʘʥʥʳʭ 

ʨʘʩʧʣʘʚʦʚ, ʠʤʝʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦ-ʧʨʦʚʦʜʥʦʩʪʴ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ 
ʟʘʚʝʨʰʝʥʠʶ ʜʠʩʩʦʮʠʘʮʠʠ, ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʦʢʠʩʣʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ 
ʤʘʨʛʘʥʮʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ 

ʨʫʜ ʚ ʰʠʭʪʝ ʜʣʷ ʚʳʧʣʘʚʢʠ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʘ ʟʘʜʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʯʝʤ ʠʟ ʘʛʣʦʤʝʨʘʪʦʚ ʠ ʨʫʜ 

ʦʪʝʯʝʩʪʚʝʥ-ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʈʝʟʫʣʴʪʘʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ  ʦʙʨʘʟʮʦʚ   ʦʢʠʩʥʳʭ, 

ʦʢʠʩʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3 ʠ  ʚ 

ʪʘʙʣ. 6. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʙʘ 1 ï ʵʪʦ ʤʘʨʛʘʥʮʝʚʘʷ ʨʫʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʧʠʨʦʣʶʟʠʪʦʤ (MnO2); ʧʨʦʙʘ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʨʘʫʥʠʪʦʤ 
(Mn2O3); ʧʨʦʙʘ 3 ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʠʨʦʣʶʟʠʪ, ʧʩʠʣʦʤʝʣʘʥ ʠ ʢʘʣʴʮʠʪ. ʂʨʦʤʝ 
ʵʪʦʛʦ, ʚʦ ʚʩʝʭ ʪʨʝʭ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʙʝ 1, (ʨʠʩ. 3) ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300ï400 ʦʉ ʧʨʦʠʩʭʦʜʷʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, 
ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʪʦʨʠʯʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʟʘʢʠʩʠ ʤʘʨʛʘʥʮʘ (MnO), 

ʢʦʪʦʨʘʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʘ ʠ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ 
ʢʠʩʣʦʨʦʜʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʧʦʷʚʠʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʩʦʮʠʘʮʠʠ 
ʚʳʩʰʠʭ ʦʢʠʩʣʦʚ ʤʘʨʛʘʥʮʘ. ʕʪʘ ʪʨʘʢʪʦʚʢʘ ʩʦʛʣʘʩʫʝʪʩʷ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [6].  

ʇʨʦʙʘ 4 -ʵʪʦ, ʚ ʦʩʥʦʚʥʦʤ, ʨʦʜʦʭʨʦʟʠʪ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʨʛʘʥʮʝʚʘʷ ʨʫʜʘ ʩʦʜʝʨʞʠʪ 
ʥʝʤʥʦʛʦ ʢʘʣʴʮʠʪʘ ʠ ʧʩʠʣʦʤʝʣʘʥʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʦʣʠʪʘ 

ʪʠʧʘ ʥʘʪʨʦʣʠʪʘ. ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʧʨʦʙʝ 5 (ʩʤ. ʨʠʩ. 3) ʷʚʣʷʝʪʩʷ ʧʠʨʦʣʶʟʠʪ 
(58,4 %) ʠ ʧʩʠʣʦʤʝʣʘʥ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʧʨʦʙʝ  ʩʦʜʝʨʞʠʪʩʷ ʥʝʤʥʦʛʦ ʙʨʘʫʥʠʪʘ ʠ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʦʣʠʪʘ. ʇʨʦʙʘ 6 ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʨʛʘʥʮʝʚʫʶ ʢʘʨʙʦʥʘʪʥʫʶ 

ʨʫʜʫ, ʩʦʩʪʦʷʱʫʶ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʨʦʜʦʭʨʠʟʠʪʘ (ʧʨʠʤʝʨʥʦ 67 %).  ɺ ʨʫʜʝ ʠʤʝʝʪʩʷ 
ʤʘʨʛʘʥʮʦʚʠʩʪʳʡ ʢʘʣʴʮʠʪ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʡ ʧʦʪʝʨʶ ʤʘʩʩʳ, ʨʘʚʥʫʶ 2,79% (ʪʘʙʣ. 6) ʚ 

ʠʥʪʝʨʚʘʣʝ   ʪʝʤʧʝʨʘʪʫʨ 660 ï 680 ʦʉ; ʪʘʢʞʝ ʩʦʜʝʨʞʠʪʩʷ ʥʝʤʥʦʛʦ ʧʩʠʣʦʤʝʣʘʥʘ ʠ 
ʮʝʦʣʠʪʘ. ɼʝʨʠʚʘʪʦʛʨʘʤʤʳ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʧʦ ʭʘʨʘʢʪʝʨʫ ʥʝ ʦʜʥʦʪʠʧʥʳ ʠ ʚʟʘʠʤʥʦ ʥʝ 
ʩʭʦʜʥʳ.  ʈʘʟʣʠʯʠʝ ʚʝʣʠʯʠʥʳ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚʳʟʚʘʥʦ ʦʪʣʠʯʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʫʩʪʦʡ ʧʦʨʦʜʳ. ʊʝʨʤʠʯʝʩʢʦʝ 
ʨʘʟʣʦʞʝʥʠʝ  ʚʳʩʰʠʭ ʦʢʩʠʜʦʚ ʠ ʜʠʩʩʦʮʠʘʮʠʷ ʢʘʨʙʦʥʘʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦ-ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʦʚ. 
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ʈʠʩ. 3 ï ʍʘʨʘʢʪʝʨ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʢʨʠʚʳʭ ʥʘʛʨʝʚʘʥʠʷ ɼʊɸ ʠ ʠʟʤʝʥʝʥʠʷ 

ʤʘʩʩʳ ʊɻ ʧʨʦʙ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ: 1, 2 ʠ 3 ï ʥʦʤʝʨ ʧʨʦʙʳ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ, 

ʧʦʩʪʫʧʠʚʰʝʡ ʠʟ ɻʨʫʟʠʠ, ɸʚʩʪʨʘʣʠʠ ʠ ɹʨʘʟʠʣʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 4, 5 ʠ 6 - ʥʦʤʝʨ ʧʨʦʙʳ 
ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ, ʧʦʩʪʫʧʠʚʰʝʡ ʠʟ ɻʘʥʳ-I, ɻʘʥʳ-II ʠ ɻʘʥʳ-III, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʂʘʯʝʩʪʚʦ ʟʘʨʫʙʝʞʥʳʭ ʨʫʜ ʥʘʤʠ ʩʨʘʚʥʝʥʦ ʩ ʫʢʨʘʠʥʩʢʠʤʠ ʢʦʥʮʝʥʪʨʘʪʘʤʠ  I ʠ II 
ʩʦʨʪʘ, ʠʩʭʦʜʷ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʤʦʜʫʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʘʙʣ. 7), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʵʣʝʤʝʥʪʘ ʠʣʠ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʫʜʝ ʢ ʤʘʩʩʦʚʦʡ ʜʦʣʝ 
ʤʘʨʛʘʥʮʘ ʚ ʥʝʡ  ʠʣʠ ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʳ ʦʢʩʠʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢ ʩʫʤʤʝ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʝʤ ʩʳʨʴʝ, ʚʳʨʘʞʝʥʥʳʭ ʚ ʜʦʣʷʭ ʝʜʠʥʠʮ (ʜ.ʝʜ.). 
ʊʘʙʣʠʮʘ 6 ï ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ 

 
 

ɸʥʘʣʠʟ ʟʥʘʯʝʥʠʡ  ʤʦʜʫʣʷ ʬʦʩʬʦʨʘ (P/Mn), ʢʘʢ ʧʦʢʘʟʘʪʝʣʷ ʫʜʝʣʴʥʦʡ ʜʦʣʠ 
ʬʦʩʬʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʜʝʨʞʘʥʠʶ ʤʘʨʛʘʥʮʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʫʢʨʘʠʥʩʢʠʝ 

ʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʫʜʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʯʝʤ 
ʟʘʨʫʙʝʞʥʳʝ ʨʫʜʳ. ʄʦʜʫʣʴ ʞʝʣʝʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʫ ʨʫʜʳ ʠʟ ɹʨʘʟʠʣʠʠ, ɸʚʩʪʨʘʣʠʠ 
ʠ ʦʢʠʩʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ɻʘʥʳ, ʯʪʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʤʘʨʛʘʥʮʝʚʳʭ 

ʬʝʨʨʦʩʧʣʘʚʦʚ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʙʘʟʦʚʳʤ (65%), ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦʪ ʬʘʢʪʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʛʣʘʚʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʥʘ 
ʤʠʨʦʚʦʤ ʨʳʥʢʝ.  
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ʊʘʙʣʠʮʘ 7 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʤʦʜʫʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ 
ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ 

 ̄
ʧ/ʧ 

ʉʪʨʘʥʘ- 
ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʝʜ. 

Mn Fe P P/Mn (CaO+MgO)/SiO2 

1 ɻʨʫʟʠʷ 47,20 1,300 0,207 0,00438 0,2069 

2 ɹʨʘʟʠʣʠʷ 47,60 6,500 0,0060 0,0013 0,2548 

3 ɸʚʩʪʨʘʣʠʷ 47,00 6,250 0,032 0,0007 0,2703 

4 ɻʘʥʘ-I 30,00 1,201 0,070 0,0023 0,6925 

5 ɻʘʥʘ-II 39,70 4,962 0,140 0,0035 0,0269 

6 ɻʘʥʘ-III  30,50 0,734 0,110 0,0036 0,7145 

7 

ʋʢʨʘʠʥʘ 
ʂʦʥʮʝʥʪʨʘʪ: 
I ʩʦʨʪʘ 

 
 

43,0 

 
 

1,509 

 
 

0,176 

 
 

0,0041 

 
 

0,2890 

II ʩʦʨʪʘ 36,0 1,494 0,202 0,0056 0,2440 

 
ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʨʫʜ ʧʦʟʚʦʣʷʝʪ ʟʘʨʫʙʝʞʥʳʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʚʳʧʣʘʚʣʷʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʤʘʨʛʘʥʮʝʚʳʝ ʬʝʨʨʦʩʧʣʘʚʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʠʟ ʢʫʩʢʦʚʳʭ ʨʫʜ, ʪʦʛʜʘ ʢʘʢ ʧʝʨʝʨʘʙʦʪʢʘ ʫʢʨʘʠʥʩʢʠʭ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠ ʟʘʪʨʘʪʥʳʭ ʩʪʘʪʝʡ ʧʝʨʝʜʝʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ  ʦʙʦʛʘʱʝʥʠʷ ʙʝʜʥʦʡ ʨʫʜʳ ʩ 
ʧʦʣʫʯʝʥʠʝʤ ʠʟ ʥʝʝ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ ʠʭ ʘʛʣʦʤʝʨʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʟʚʣʝʯʝʥʠʝ Mn ʠ 
ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʶʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 97 % ʠ 150 ʢɺʪ.ʯ/ʪ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʦʙʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʨʫʜʝ ʧʦʜ 
ʥʦʤʝʨʦʤ 4 ʠ 6, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʢʘʨʙʦʥʘʪʥʳʤ ʤʘʨʛʘʥʮʝʚʳʤ ʨʫʜʘʤ. 

ʊʨʫʜʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʢʘʨʙʦʥʘʪʥʦʡ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ 
ʧʝʨʝʜʝʣ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʩʦʢʠʤ ʪʝʧʣʦʧʦʪʨʝʙʣʝʥʠʝʤ ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʳʨʴʷ ʦʢʦʣʦ 240 
ʢɺʪĿʯ/ʪ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʘʟʣʦʞʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ, , ʘ ʪʘʢʞʝ  ʨʘʟʨʫʰʝʥʠʝʤ ʢʫʩʢʦʚ ʨʫʜʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʣʦʯʠ (ʬʨʘʢʮʠʠ ʤʝʥʝʝ 5 ʤʤ) 20ï30% ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʥʘʛʨʝʚʝ, 
ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʰʠʭʪʳ [3].  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʨʙʦʥʘʪʥʦʝ ʩʳʨʴʝ ʠʤʝʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʦʩʥʦʚʥʦʩʪʴ 0,6ï0,7, ʯʪʦ 
ʯʘʩʪʠʯʥʦ ʠʩʢʣʶʯʘʝʪ ʜʦʙʘʚʢʫ ʚ ʰʠʭʪʫ ʠʟʚʝʩʪʥʷʢʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 
ʢʘʨʙʦʥʘʪʥʳʭ ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʨʠʤʝʨʥʦ ʥʘ 100ï200ʦʉ ʚʳʰʝ, ʯʝʤ ʦʢʠʩʥʳʭ, ʯʪʦ 

ʫʣʫʯʰʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚr ʧʣʘʚʢʝ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ 
ʬʝʨʨʦʤʘʨʛʘʥʮʘ  ʩ ʬʦʩʬʦʨʦʤ 0,35%, ʧʦ ʧʨʠʥʷʪʦʡ ʥʘ ʇɸʆ çʅɿʌè ʩʭʝʤʝ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʣʘʢʘ ʤʘʣʦʬʦʩʬʦʨʠʩʪʦʛʦ ʧʝʨʝʜʝʣʴʥʦʛʦ (ʐʄʇ) ʙʝʩʬʣʶʩʦʚʦʡ ʧʣʘʚʢʠ 

ʬʝʨʨʦʤʘʨʛʘʥʮʘ, ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣ 4054 ʢɺʪ.ʯ/ʪ, ʘ ʠʟʚʣʝʯʝʥʠʝ ʤʘʨʛʘʥʮʘ 
82,2 % (ʩ ʫʯʝʪʦʤ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʰʠʭʪʝ ʠʤʧʦʨʪʥʦʡ ʨʫʜʳ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦ ʢʘʯʝʩʪʚʫ ʩʧʣʘʚʘ ʥʝ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʛʥʫʪʴ ʟʘʤʝʪʥʳʭ 
ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʤʘʨʛʘʥʮʘ, ʘ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ 
ʫʚʝʣʠʯʠʣʩʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʝʩʣʠ ʫʯʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ 

ʘʛʣʦʤʝʨʘʮʠʠ (º 150 ʢɺʪ.ʯ/ʪ) ʠ ʚʳʧʣʘʚʢʝ ʐʄʇ (850ï900 ʢɺʪ.ʯ/ʪ), ʪʦ ʩʫʤʤʘʨʥʳʡ 
ʩʢʚʦʟʥʦʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʝʚʳʰʘʝʪ 5000 ʢɺʪ.ʯ/ʪ. 

ɽʱʝ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʚʳʛʣʷʜʠʪ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ  ʚʳʧʣʘʚʢʠ 
ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩ ʬʦʩʬʦʨʦʤ  0,15ï0,25%. ʊʘʢ ʢʘʢ ʜʣʷ ʚʳʧʣʘʚʢʠ ʩʧʣʘʚʘ ʪʘʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʳʨʴʝ ʩ  ʤʦʜʫʣʝʤʬʦʩʬʦʨʘ ʥʝ ʚʳʰʝ 0,002, ʚʳʧʣʘʚʢʫ ʩʧʣʘʚʘ 
ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʰʠʭʪʝ ʙʦʣʝʝ 80 % ʤʘʣʦʬʦʩʬʦʨʠʩʪʦʛʦ ʰʣʘʢʘ, ʠ ʥʘ 
ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʘʚʩʪʨʘʣʠʡʩʢʦʡ ʨʫʜʝ. ʊʘʢ, ʩ ʧʦʥʠʞʝʥʠʝʤ ʬʦʩʬʦʨʘ ʚ ʩʧʣʘʚʝ ʩ 0,25 

ʜʦ 0,15% (ʯʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʩʪ ʜʦʣʠ ʐʄʇ ʚ ʰʠʭʪʝ ʩ 82 ʜʦ 93%),  ʠʟʚʣʝʯʝʥʠʝ 
ʤʘʨʛʘʥʮʘ ʩʥʠʞʘʝʪʩʷ ʩ 72 ʜʦ 60%, ʘ ʫʜʝʣʴʥʳʡ  ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 6ï
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7%. ʇʨʠʤʝʥʝʥʠʝ ʘʚʩʪʨʘʣʠʡʩʢʦʡ ʨʫʜʳ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʪʥʦ ʧʦʚʳʩʠʪʴ ʠʟʚʣʝʯʝʥʠʝ 

ʤʘʨʛʘʥʮʘ (º ʜʦ 82%) ʠ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 200ï250 ʢɺʪ.ʯ/ʪ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 
ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩ ʬʦʩʬʦʨʦʤ ʥʝ ʙʦʣʝʝ 0,35%, ʢʦʣʠʯʝʩʪʚʦ 

ʤʘʣʦʬʦʩʬʦʨʠʩʪʦʛʦ ʰʣʘʢʘ ʚ ʰʠʭʪʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʝʤʣʝʤʳʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 90ï95 ʢʛ/ʪ ʩʧʣʘʚʘ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʐʄʇ ʧʨʠ 

ʚʳʧʣʘʚʢʝ ʤʝʪʘʣʣʘ ʩ ʬʦʩʬʦʨʦʤ 0,15ï0,25% ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʚʩʝʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʝʟʫʩʣʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʤʝʶʪ 
ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ  ʠʤʧʦʨʪʥʳʝ ʨʫʜʳ ʩ  ʤʦʜʫʣʝʤ ʬʦʩʬʦʨʘ ʥʝ ʚʳʰʝ 0,002. 

ɺʳʚʦʜʳ.  ɺʳʧʦʣʥʝʥ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ, 
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʧʦʨʪʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦ-ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʨʛʘʥʮʝʚʦʛʦ ʩʳʨʴʷ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ 

ʬʦʩʬʦʨʘ (P/Mn < 0,0035) ʠ ʢʨʝʤʥʝʟʝʤʘ (SiO2/Mn ʦʪ 0,5 ʠ ʥʠʞʝ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʬʝʨʨʦʩʧʣʘʚʦʚ. 

ɸʥʘʣʠʟʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʠʤʧʦʨʪʥʦʛʦ ʩʳʨʴʷ ʧʨʠ 
ʚʳʧʣʘʚʢʝ ʩʧʣʘʚʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩ ʨʘʟʣʠʯʥʳʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩʬʦʨʘ ʚʦʟʤʦʞʥʦ ʩʦʯʝʪʘʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʩʳʨʴʷ, ʦʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʰʣʘʢʘ ʧʝʨʝʜʝʣʴʥʦʛʦ ʤʘʨʛʘʥʮʝʚʦʛʦ (ʐʇʄ)  ʜʦʣʷ ʝʛʦ ʚ ʰʠʭʪʝ 
ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 40ï45 % (ʧʨʠ ʚʳʧʣʘʚʢʝ ʩʧʣʘʚʘ ʩ ʈ ʜʦ 0,35 %). ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʧʣʘʚʘ ʩ ʬʦʩʬʦʨʦʤ ʦʪ 0,15 ʜʦ 0,20 %  ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʦʨʪʥʫʶ 
ʨʫʜʫ ʩ ʧʦʜʰʠʭʪʦʚʢʦʡ ʐʄʇ. 
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ʀʉʍʆɼʅʆʁ ʐʀʍʊɽ 

 
ʄʷʥʦʚʩʢʘʷ ʗ.ɺ., ʇʨʦʡʜʘʢ ʖ.ʉ., ʌʠʣʣʠʧʦʚ ʀ.ʖ. ʊʫʨʠʱʝʚ ɺ.ɺ., 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ 

 
ɺʚʝʜʝʥʠʝ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʫʢʨʘʠʥʩʢʦʡ ʬʝʨʨʦʩʧʣʘʚʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʚʳʧʫʩʢ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʤʘʨʛʘʥʮʝʚʳʭ 
ʬʝʨʨʦʩʧʣʘʚʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ ʋʢʨʘʠʥʝ ʙʦʣʴʰʠʭ ʟʘʧʘʩʦʚ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʦʛʦ 
ʩʳʨʴʷ. ʄʘʨʛʘʥʝʮ ʦʜʠʥ ʠʟ ʥʝʟʘʤʝʥʠʤʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʠ. 

ɺ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʚʳʧʫʩʢʘ ʩʪʘʣʠ ʚ ʤʠʨʝ ʨʘʩʪʸʪ ʝʩʪʝʩʪʚʝʥʥʦ ʠ ʧʦʪʨʝʙʣʝʥʠʝ 
ʬʝʨʨʦʩʧʣʘʚʦʚ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʳ ʜʦʙʳʯʠ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ ʠ 

ʚʳʧʣʘʚʢʠ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ. 
ɺ ʋʢʨʘʠʥʝ ʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 2 ʤʣʨʜ. ʪ. 

ʆʢʦʣʦ 70% ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʨʙʦʥʘʪʥʳʤ ʠ ʦʢʠʩʥʦ-

ʢʘʨʙʦʥʘʪʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʠ ʷʚʣʷʶʪʩʷ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʤʠ. ɼʦʙʳʚʘʝʤʘʷ ʠʟ ʥʝʜʨ 
ʩʳʨʘʷ ʤʘʨʛʘʥʮʝʚʘʷ ʨʫʜʘ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʫʩʪʦʡ ʧʦʨʦʜʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʝʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʢʚʘʨʮ, ʢʘʦʣʠʥʦʚʘʷ ʛʣʠʥʘ) ʧʦʜʚʝʨʛʘʝʪʩʷ 
ʦʙʦʛʘʱʝʥʠʶ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʭʝʤʘʤ ï ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ, ʬʣʦʪʘʮʠʦʥʥʦʡ, 
ʤʘʛʥʠʪʥʦʡ ʠʣʠ ʠʭ ʩʦʯʝʪʘʥʠʷʤ. ʀʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ [3], ʯʪʦ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʤʘʨʛʘʥʮʝʚʳʭ 

ʨʫʜ ʦʙʲʝʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʭʚʦʩʪʦʚ ʤʦʢʨʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 6% ʦʪ 
ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ ʨʫʜʳ, ʘ ʦʪʭʦʜʳ ʬʣʦʪʘʮʠʠ ʠ ʜʝʰʣʘʤʘʮʠʠ ï ʜʦ 45% ʦʪ ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ 

ʨʫʜʳ. 
ʈʘʩʰʠʨʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʛʘʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʚʳʜʚʠʛʘʝʪ ʟʘʜʘʯʫ ʨʘʟʚʠʪʠʷ 

ʤʝʪʦʜʦʚ ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʦʙʦʛʘʱʝʥʠʷ 

ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ 
ʢʦʥʮʝʥʪʨʘʪʦʚ. ʇʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʬʝʨʨʦʩʧʣʘʚʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʭʘʨʘʢʪʝʨʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟʚʠʪʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʢʫʩʢʦʚʘʥʠʷ ï 
ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ, ʦʢʘʪʳʚʘʥʠʝ, ʘʛʣʦʤʝʨʘʮʠʷ.  

ʇʨʝʜʣʘʛʘʝʤʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʚʦʚʣʝʯʝʥʠʶ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ 
ʧʝʨʝʜʝʣ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ ʦʪʭʦʜʦʚ 

ʦʙʦʛʘʱʝʥʠʷ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ, ʯʪʦ ʥʝ ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʧʦʣʥʦʡ ʠʭ ʫʪʠʣʠʟʘʮʠʠ. 
ʆʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʚʦʚʣʝʯʝʥʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ 
ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʫʚʝʣʠʯʝʥʠʷ ʩʢʚʦʟʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʘʨʛʘʥʮʘ ʠ ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʯʪʦ ʨʝʰʘʝʪ, ʚ ʢʦʥʝʯʥʦʤ, ʩʯʝʪʝ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ.  

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʦʩʚʦʝʥʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʢʫʩʢʦʚʘʥʠʷ 
ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʦʛʦ ʩʳʨʴʷ, ʧʦʣʫʯʠʚʰʠʤ ʨʘʟʚʠʪʠʝ ʚ ʧʦʩʣʝʜʥʝʝ 
ʜʝʩʷʪʠʣʝʪʠʝ, ʷʚʣʷʝʪʩʷ ʘʛʣʦʤʝʨʘʮʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʛʣʦʤʝʨʘʪʘ ʚ ʰʠʭʪʝ 

ʵʣʝʢʪʨʦʧʝʯʝʡ ʠʟʫʯʘʣʦʩʴ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ [4 - 7] ʠ ʠʤʝʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʘʛʣʦʤʝʨʘʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʝʛʦ 

ʩʚʦʡʩʪʚ, ʘ ʢʨʦʤʝ ʪʦʛʦ, ʘʛʣʦʤʝʨʘʪ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ 
ʦʩʥʦʚʥʦʩʪʠ, ʚʦʩʩʪʘʥʦʚʠʤʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨ ʨʘʟʤʷʛʯʝʥʠʷ. ʊʘʢʦʡ ʥʘʙʦʨ ʝʛʦ ʩʚʦʡʩʪʚ 
ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʝʜʝʥʠʝ ʘʛʣʦʤʝʨʘʪʘ ʚ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʝʯʠ.  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʢʘʯʝʩʪʚʫ ʤʘʨʛʘʥʮʝʚʳʭ 
ʢʦʥʮʝʥʪʨʘʪʦʚ, ʷʚʣʷʝʪʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʢʨʫʧʥʦʩʪʴ ʯʘʩʪʠʮ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʧʦʩʦʙʘ ʦʙʦʛʘʱʝʥʠʷ (ʪʘʙʣ.1). 
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ʊʘʙʣʠʮʘ 1 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʨʘʟʣʠʯʥʳʭ 
ʩʧʦʩʦʙʦʚ ʦʙʦʛʘʱʝʥʠʷ 

ʌʨʘʢʮʠʷ, ʤʤ ʂʦʥʮʝʥʪʨʘʪ 

ʇʝʥʥʦʡ 
ʩʝʧʘʨʘʮʠʠ 

ʌʣʦʪʘʮʠʦʥʥʳʡ 1 
ʩʦʨʪʘ 

ʌʣʦʪʘʮʠʦʥʥʳʡ 2 
ʩʦʨʪʘ 

ʆʙʨʘʪʥʦʡ 
ʬʣʦʪʘʮʠʠ 

1-0,5 17,86 - - - 

0,5-0,6 61,45 - - - 

0,2-0,074 19,53 51,15 50,0 69,76 

-0,074 1,11 48,85 50,0 30,84 

 

ʈʘʩʩʝʚʫ ʧʦʜʚʝʨʛʘʣʘʩʴ ʦʪʦʙʨʘʥʥʘʷ ʧʨʦʙʘ ʢʦʥʮʝʥʪʨʘʪʘ 2-ʛʦ ʩʦʨʪʘ 
ʆʨʜʞʦʥʠʢʠʜʟʝʚʩʢʦʛʦ ɻʆʂʘ. ʂʦʥʮʝʥʪʨʘʪ ʠʤʝʣ ʟʝʨʥʠʩʪʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʨʫʧʥʦʩʪʴʶ (ʪʘʙʣ. 2). 

 
ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙʳ ʟʝʨʥʠʩʪʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ 0-1 ʤʤ 

ʂʣʘʩʩ 
ʢʨʫʧʥʦʩʪʠ, ʤʤ 

-0,063 +0,063 +0,4 +1 

ʉʦʜʝʨʞʘʥʠʝ 

ʬʨʘʢʮʠʠ, % 
1,9 67,1 26,7 3,9 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 2-ʛʦ ʩʦʨʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʣʢʦʡ ʬʨʘʢʮʠʝʡ 0-1ʤʤ, ʠʤʝʶʱʝʡ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʘ SiO2, 
ʠʤʝʝʪ ʟʝʨʥʠʩʪʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʵʪʦʤ ʤʘʨʛʘʥʮʝʚʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʠʤʠ 

ʟʝʨʥʘʤʠ ʧʩʠʣʦʤʝʣʘʥʘ (MnOĀMnO2ĀnH2O), ʧʠʨʦʣʶʟʠʪʘ (MnO2).  
ɸʥʘʣʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʨʛʘʥʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 0-1ʤʤ ʆɻʆʂʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʥʠʭ ʟʝʨʥʠʩʪʦ-ʧʝʩʯʘʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʫʶ ʢʦʤʢʫʝʤʦʩʪʴ ʘʛʣʦʰʠʭʪʳ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʝʝ 
ʛʨʘʥʫʣʷʮʠʠ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʧʨʦʯʥʦʩʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʛʨʘʥʫʣʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʤʘʨʛʘʥʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 0-1ʤʤ ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʢʦʤʢʦʚʘʪʴ. 
ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʢʦʤʢʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʩʦʩʪʘʚ ʰʠʭʪʳ, ʜʦʙʘʚʢʦʡ ʚ 

ʰʠʭʪʫ ʚʷʞʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ.  
ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ 

ʬʘʟʘʤʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʛʣʦʤʝʨʘʪʘ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 
ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʘʛʣʦʤʝʨʘʪʘ (ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʣʠʯʝʩʪʚʘ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʬʘʟʳ) ʙʳʣ ʚʳʧʦʣʥʝʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʩʠʩʪʝʤʳ Mn-P-Si-Fe-Ca-K-Na-H-C-O-N ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 
ʫʛʣʝʨʦʜʘ. ʈʘʩʯʝʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1 ʄʇʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 400 ï 1400 ʂ. ɸʥʘʣʠʟ 
ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʢʠʩʣʦʨʦʜ, ʘʟʦʪ ʠ ʧʘʨʳ ʚʦʜʳ, ʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʘʷ ʬʘʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ: MnO2, Mn2O3 ʠ Mn3O4. 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʚʦʜ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠʟʤʝʥʷʝʪ ʨʘʚʥʦʚʝʩʥʳʡ 

ʩʦʩʪʘʚ ʢʘʢ ʛʘʟʦʚʦʡ, ʪʘʢ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ ʩʠʩʪʝʤʳ. ɺʚʝʜʝʥʠʝ ʚ ʰʠʭʪʫ 
ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ, ʢʦʣʠʯʝʩʪʚʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 
ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʯʘʩʪʠʯʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʠʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

Mn2O3. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʣʷʝʤʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 
ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʥʘʨʷʜʫ ʩ Mn2O3 ʧʦʷʚʣʷʝʪʩʷ ʛʘʫʩʤʘʥʠʪ (Mn3O4). ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ Mn3O4 ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 9% ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ɼʘʣʴʥʝʡʰʝʝ 
ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʰʠʭʪʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ MnO ʚ 
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ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 
ʜʦʙʘʚʣʝʥʠʠ ʢ ʦʢʩʠʜʥʦʤʫ ʤʘʨʛʘʥʮʝʚʦʤʫ ʧʨʦʜʫʢʪʫ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 12 ï 

15%. 
ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʰʠʭʪʝ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʨʷʜʫ ʩ ʯʘʩʪʠʯʥʦ 
ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ Mn3O4 ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʦʢʩʠʜ MnO. ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ 

ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʟʢʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 800 ï 900ʂ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʫʱʝʩʪʚʝʥʥʦ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ. ɺ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Mn3O4, 
ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʝʣʝʚʳʤ ʧʨʦʜʫʢʪʦʤ 
MnO.  

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʚʦʜʘ ʉʘʆ ʥʘ ʩʦʩʪʘʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 
ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟ, ʧʦʩʢʦʣʴʢʫ ʚʚʦʜ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟʤʝʥʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʘʩʯʝʪ ʨʘʚʥʦʚʝʩʠʷ ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʝ MnO-CaO-SiO2 
ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ ñHSC Chemistry 5.1ò. 
ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʪʘʙʠʣʴʥʳʭ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: MnO, CaOĀSiO2, 2MnOĀSiO2, 3CaOĀ2SiO2, SiO2, 
MnOĀSiO2, 3CaOĀSiO2, CaO.  

ɼʣʷ ʩʠʩʪʝʤʳ MnO-CaO-SiO2 ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʥʦʚʥʦʩʪʠ 
ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʨʘʩʯʝʪʳ ʩʜʝʣʘʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1100-
1450Üʉ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʜʣʷ ʦʩʥʦʚʥʦʩʪʠ 0,286 ʠ 

ʩʦʜʝʨʞʘʥʠʠ MnO 48%. 

 
ʈʠʩ. 1 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʬʘʟ, ʩʪʘʙʠʣʴʥʳʭ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʩʠʩʪʝʤʝ MnO-CaO-SiO2 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ MnO 47,85% ʠ 
ʦʩʥʦʚʥʦʩʪʠ 0,286. 

 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1350 0ʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʦʛʦ ʦʢʩʠʜʘ MnO, ʧʦʩʢʦʣʴʢʫ ʚʝʨʦʷʪʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ MnO ʚ ʪʝʬʨʦʠʪ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʆʜʥʘʢʦ ʟʘ ʩʯʝʪ ʧʣʘʚʣʝʥʠʷ 2MnOĀSiO2 ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 1350Üʉ 
ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʦʛʦ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʫʤʝʥʴʰʘʝʪʩʷ. ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʙʳʣʠ 
ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (1350Üʉ) ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʦʩʪʠ ʥʘ ʨʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʬʘʟ (ʨʠʩ. 2). 
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ʈʠʩ. 2 ï ʀʟʤʝʥʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʬʘʟ ʚ ʩʠʩʪʝʤʝ MnO-CaO-SiO2 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʥʦʚʥʦʩʪʠ ʰʣʘʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1350Üʉ ʠ ʩʦʜʝʨʞʘʥʠʠ MnO 48%. 

 
ʋʚʝʣʠʯʝʥʠʝ ʦʩʥʦʚʥʦʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʚ 

ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ MnO-CaO-SiO2 ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ, 
ʩʦʜʝʨʞʘʱʠʭ MnO, ʚ ʯʘʩʪʥʦʩʪʠ 2MnOĀSiO2  ʠ MnOĀSiO2, ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʩʚʦʙʦʜʥʦʛʦ ʦʢʩʠʜʘ MnO, ʯʪʦ ʜʦʣʞʥʦ ʦʙʣʝʛʯʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʘʨʛʘʥʮʘ. ʋʚʝʣʠʯʝʥʠʝ 

ʦʩʥʦʚʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʣʶʯʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʦʢʩʠʜʘ SiO2, ʢʦʪʦʨʳʡ ʧʝʨʝʭʦʜʠʪ ʚ 
ʩʦʝʜʠʥʝʥʠʷ ʩ ʉʘʆ, ʪʘʢʠʝ ʢʘʢ CaOĀSiO2, 3CaOĀ2SiO2, ʘ ʧʦʩʣʝ ʦʩʥʦʚʥʦʩʪʠ 0,6 ʧʦʷʚʣʷʶʪʩʷ 

ʟʘʤʝʪʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʘ 3CaOĀSiO2. ʅʘ ʢʨʠʚʦʡ ʠʟʤʝʥʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʘʚʘ 
ʬʘʟʳ CaOĀSiO2 ʥʘʙʣʶʜʘʝʤʩʷ ʤʘʢʩʠʤʫʤ ʧʨʠ ʦʩʥʦʚʥʦʩʪʠ 0,6-0,7, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 
ʦʩʥʦʚʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ CaOĀSiO2, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʦʢʩʠʜʘ MnO. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʦʛʦ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ 
ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʩʥʦʚʥʦʩʪʠ, ʜʦʩʪʠʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʚ ʩʦʝʜʠʥʝʥʠʝ 3CaOĀ2SiO2.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʚʷʟʫʶʱʠʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʘʪʳʰʝʡ ʷʚʣʷʝʪʩʷ 
ʙʝʥʪʦʥʠʪ. ɻʣʘʚʥʳʤʠ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʨʘʟʙʫʭʘʥʠʝ, ʜʠʩʧʝʨʩʥʦʩʪʴ, ʩʚʷʟʥʦʩʪʴ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʤʝʥʘ ʠʦʥʦʚ, ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʣʷʪʴ ʧʨʠ ʥʘʛʨʝʚʝ ʚʣʘʛʫ, ʯʪʦ 
ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʦʢʘʪʳʰʝʡ ʧʨʠ ʙʳʩʪʨʦʤ ʥʘʛʨʝʚʝ. ʂ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 
ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʩʚʷʟʫʶʱʠʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʛʘʰʝʥʫʶ ʠʟʚʝʩʪʴ, ʞʠʜʢʦʝ ʩʪʝʢʣʦ, 

ʛʣʠʥʦʟʝʤʠʩʪʳʡ ʠ ʧʦʨʪʣʘʥʜʩʢʠʡ ʮʝʤʝʥʪʳ. ʂ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ 
ʩʚʷʟʫʶʱʠʤ ʦʪʥʦʩʷʪ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʠ ʥʝʬʪʷʥʳʝ ʩʤʦʣʳ, ʤʝʣʘʩʩʘ, ʦʪʭʦʜʳ ʛʠʜʨʦʣʠʟʥʦʡ 

ʠ ʮʝʣʣʶʣʦʟʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪ.ʧ. ɼʦʙʘʚʢʘ ʩʚʷʟʫʶʱʝʛʦ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ 
ʢʦʤʢʫʝʤʦʩʪʠ, ʫʧʨʦʯʥʝʥʠʶ ʛʨʘʥʫʣ ʚʦ ʚʣʘʞʥʦʤ ʠ ʚʳʩʫʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʷʟʫʶʱʠʭ (ʙʝʥʪʦʥʠʪ, ʠʟʚʝʩʪʴ ʠ ʪ.ʜ.) 

ʥʘʨʷʜʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ 
ʦʢʦʤʢʦʚʘʥʠʷ, ʦʢʘʟʳʚʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʘʛʣʦʤʝʨʘʪʘ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʨʠ ʚʚʦʜʝ ʩʚʷʟʫʶʱʠʭ ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 
ʘʛʣʦʤʝʨʘʪʝ, ʪ.ʝ. ʥʝʠʟʙʝʞʝʥ ʧʨʦʮʝʩʩ ʨʘʟʫʙʦʞʠʚʘʥʠʷ. 

ɻʫʤʘʪ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚʷʞʫʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʙʝʥʪʦʥʠʪʦʤ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 
ʧʨʦʯʥʫʶ ʩʚʷʟʴ ʛʫʤʘʪʘ ʩ ʟʝʨʥʦʤ ʨʫʜʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʝʥʪʦʥʠʪʘ, ʛʫʤʘʪ 

ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʚ ʦʙʲʝʤʝ ʦʢʘʪʳʰʘ. ʇʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʨʘʩʭʦʜ 
ʩʚʷʟʫʶʱʝʛʦ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʥʪʦʥʠʪʘ. ɺʚʦʜ ʛʫʤʘʪʦʚ ʚ 
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ʰʠʭʪʫ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʢʘʪʳʰʝʡ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʝ ʥʘ ʩʪʘʜʠʠ 
ʧʦʜʛʦʪʦʚʢʠ ʬʣʶʩʫʶʱʝʡ ʩʤʝʩʠ. ʇʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʛʫʤʘʪʘ ʩʦʚʤʝʩʪʥʦ ʩ ʠʟʚʝʩʪʥʷʢʦʤ 

ʠ (ʠʣʠ) ʩ ʙʝʥʪʦʥʠʪʦʤ ʚ ʦʪʘʧʣʠʚʘʝʤʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 
ʢʘʯʝʩʪʚʦ ʩʚʷʟʫʶʱʝʛʦ. 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʦʝʡ ʤʥʦʛʦʬʫʥʢʮʠʘʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʨʝʘʛʝʥʪ - ʪʦʨʬʛʠʜʨʦʢʩʠʜʥʳʡ. ɺʚʝʜʝʥʠʝ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ 
ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ 
ʘʛʣʦʰʠʭʪʳ, ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʯʘʩʪʴ ʢʦʢʩʠʢʘ, ʠʩʧʦʣʴʟʦʚʘʚ ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 
ʧʦʪʝʥʮʠʘʣ ʪʦʨʬʘ (ʫʛʣʝʨʦʜʘ ʠ ʛʦʨʶʯʠʭ ʛʘʟʦʚ) ʠ ʧʦʚʳʩʠʪʴ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ 
ʘʛʣʦʤʝʨʘʪʘ.  

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʅʄʝʪɸʋ ʧʨʦʚʝʜʝʥʳ ʩʧʝʢʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʤʘʨʛʘʥʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʳʨʳʭ ʦʢʘʪʳʰʝʡ, ʠ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʥʘʤʠ 
ʚʳʙʨʘʥʳ ʤʘʪʝʨʠʘʣʳ: ʙʝʥʪʦʥʠʪ, ʢʘʦʣʠʥ, ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʥʘʪʨʠʝʚʦʝ, ʛʠʧʩ ʧʨʠʨʦʜʥʳʡ, 
ʢʨʘʭʤʘʣ ʢʫʢʫʨʫʟʥʳʡ. ʅʘ ʪʘʨʝʣʴʯʘʪʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ ʛʨʘʥʫʣʷʪʦʨʝ ʧʨʦʚʝʜʝʥʦ 
ʦʢʦʤʢʦʚʘʥʠʝ ʠʩʭʦʜʥʦʡ ʘʛʣʦʰʠʭʪʳ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: ʢʦʥʮʝʥʪʨʘʪ (-1ʤʤ) ï 1400 ʛ; 
ʚʦʟʚʨʘʪ (5-10 ʤʤ) ï 400 ʛ; ʤʘʨʛʘʥʮʝʚʘʷ ʨʫʜʘ (0-10 ʤʤ) ï 350 ʛ; ʪʦʧʣʠʚʦ (ʢʦʢʩʠʢ + 
ʘʥʪʨʘʮʠʪ) ï 250 ʛ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʙʨʘʥʥʳʭ ʩʚʷʟʫʶʱʠʭ, ʠʭ ʢʦʣʠʯʝʩʪʚʘ, ʚʚʦʜʠʤʳʝ 
ʩʚʝʨʭ 100% ʰʠʭʪʳ ʙʝʟ ʫʯʝʪʘ ʚʦʜʳ ʩʦʩʪʘʚʣʷʣʠ ʦʢʦʣʦ 8%. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʷʜʘ ʦʧʳʪʥʳʭ 
ʩʧʝʢʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʨʬʛʠʜʨʦʦʢʩʠʜʥʳʡ, ʚʟʘʤʝʥ ʯʘʩʪʠ ʢʦʢʩʠʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ (ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ) ʚʘʨʠʘʥʪʘ ʘʛʣʦʰʠʭʪʳ ʙʳʣ ʚʳʙʨʘʥ 
ʩʣʝʜʫʶʱʠʡ: ʤʘʨʛʘʥʮʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪ (-1ʤʤ) ï 1400ʛ (55,3%); ʚʦʟʚʨʘʪ (5-10ʤʤ) ï 400ʛ 
(~15%); ʤʘʨʛʘʥʮʝʚʘʷ ʨʫʜʘ (0-10ʤʤ) ï 350ʛ (~ 14%); ʪʦʧʣʠʚʦ (ʢʦʢʩʠʢ+ ʘʥʪʨʘʮʠʪ) ï 250ʛ 
(~ 10%); ʧʦʩʪʝʣʴ ʠʟ ʩʧʝʯʝʥʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ ï 130ʛ (~ 5,3%). ʀʪʦʛʦ 2530 ʛ (100%). ʇʝʨʝʜ 
ʦʢʦʤʢʦʚʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʥʦʡ ʘʛʣʦʰʠʭʪʳ ʚʚʦʜʠʣʠ ʩʚʝʨʭ 100% ʰʠʭʪʳ 
100ʛ ʚʦʜʳ. ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʘʛʣʦʰʠʭʪ ʦʧʳʪʥʳʭ ʩʦʩʪʘʚʦʚ ʩʚʷʟʫʶʱʠʝ ʚʚʦʜʠʣʠ 
ʧʦʦʯʝʨʝʜʥʦ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʳʨʳʭ ʦʢʘʪʳʰʝʡ ʚʳʙʨʘʥʥʳʭ ʚʠʜʦʚ 
ʩʚʷʟʫʶʱʠʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʢʩʠʢ/ʪʦʨʬ (1,6:1,0) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ (ʢʫʩʦʯʢʠ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ +10 ʤʤ) ʧʨʠ 
ʛʨʘʥʫʣʷʮʠʠ ʷʚʣʷʣʠʩʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʠʭ ʦʢʘʪʳʚʘʥʠʷ ʜʨʫʛʠʤʠ ʙʦʣʝʝ 
ʜʠʩʧʝʨʩʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʙʨʦʩʫ 
ʦʢʦʤʢʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʬʨʘʢʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ, 
ʯʪʦ ʤʦʛʣʦ ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ ʩʧʝʢʘʝʤʦʡ ʰʠʭʪʳ ʠ ʩʥʠʞʝʥʠʶ 
ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʘʛʣʦʤʝʨʘʮʠʠ.  ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ 
ʥʘʢʘʪʳʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 
ʦʢʘʪʳʰʘʭ (ʢʦʢʩʠʢʘ, ʪʦʨʬʘ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʩʚʷʟʫʶʱʝʛʦ) ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʬʨʘʢʮʠʶ (+8 ʤʤ).  

ʅʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʦʢʘʪʳʰʠ ʩ ʜʦʙʘʚʢʘʤʠ ʪʦʨʬʘ ʛʠʜʨʦʢʩʠʜʥʦʛʦ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʯʥʦʩʪʠ ʦʢʘʪʳʰʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʩʚʷʟʫʶʱʝʛʦ 
ʫʙʳʚʘʣ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʪʦʨʬ ï 84%, ʞʠʜʢʦʝ ʩʪʝʢʣʦ ï 82%, 
ʙʝʥʪʦʥʠʪ ï 56%, ʢʘʦʣʠʥ ï 11%. ʅʘʠʤʝʥʴʰʘʷ ʧʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 
ʰʠʭʪʝ ʩ ʢʨʘʭʤʘʣʦʤ (ʦʢʦʣʦ 7%).  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʥʳʭ ʩʧʝʢʘʥʠʡ ʘʛʣʦʤʝʨʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʩʝʚʘ 
ʦʙʦʛʘʱʝʥʠʷ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ (-1ʤʤ) ʠ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ (0-10) ʧʨʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʠ 
4:1, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʘʛʣʦʰʠʭʪʫ ʪʦʨʬʘ ʛʠʜʨʦʦʢʩʠʜʥʦʛʦ ʠ ʩʤʝʩʠ (ʢʦʢʩʠʢ + ʘʥʪʨʘʮʠʪ) ʚ 
ʩʦʦʪʥʦʰʝʥʠʠ (1:1,55) ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʪʘʙʣʠʮʘ 3, 4).  

ɼʣʷ ʚʘʨʠʘʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʨʬʘ ʛʠʜʨʦʦʢʩʠʜʥʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ 
ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʟʦʥ ʩʧʝʢʘʥʠʷ. ʆʧʝʨʝʞʘʶʱʝʝ ʨʘʟʚʠʪʠʝ (ʧʨʦʜʚʠʞʝʥʠʝ) ʧʝʨʚʦʡ ʟʦʥʳ 
ʩʧʝʢʘʥʠʷ, ʦʯʝʚʠʜʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 
ʧʠʨʦʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦʚʦʡ ʜʝʩʪʨʫʢʮʠʠ ʪʦʨʬʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 
ʧʨʠ ʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʠ ʠʭ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ 
ʚʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [8], ʢʦʪʦʨʳʡ, ʧʦ ʠʭ ʤʥʝʥʠʶ ʚʳʟʚʘʥ 
ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʫʛʣʝʨʦʜʘ, ʧʨʠʚʦʜʷʱʠʤ ʧʨʠ ʦʙʱʝʤ ʩʥʠʞʝʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 
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ʩʢʦʨʦʩʪʠ ʩʧʝʢʘʥʠʷ ʢ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʟʦʥʳ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʝʝ 
ʦʪʨʳʚʫ ʦʪ ʟʦʥʳ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʪʦʨʘʷ ʟʦʥʘ ʩʧʝʢʘʥʠʷ, 
ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʛʦʨʝʥʠʠ ʫʛʣʝʨʦʜʘ ʢʦʢʩʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʝʨʚʦʡ, ʦʪʩʪʘʝʪ ʦʪ ʥʝʝ ʚ 
ʩʚʦʝʤ ʩʢʦʨʦʩʪʥʦʤ ʨʘʟʚʠʪʠʠ.  

ʊʘʙʣʠʮʘ 3 ï ɺʣʠʷʥʠʝ ʩʚʷʟʫʶʱʝʛʦ ʥʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʥʮʝʥʪʨʘʪʘ 

ʧʦʩʣʝ ʦʢʦʤʢʦʚʘʥʠʷ 

ʄʘʪʝʨʠʘ
ʣ 

ɺʠʜ ʩʚʷʟʫʶʱʝʛʦ ʂʦʣ-ʚʦ 
ʩʚʷʟʫ

ʶʱʝʛʦ 

ʉʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ, % ʉʪʝʧʝʥʴ 
ʦʢʦʤʢʦʚʘʥʠʷ -0,4 

ʤʤ 
0,4-1,6 
ʤʤ 

1,6-5 
ʤʤ 

5-10 
ʤʤ 

+10 
ʤʤ 

ʂʦʥʮʝʥʪ-

ʨʘʪ 2 ʩ 

ʚʦʜʘ 
7,0 8,0 66,0 20,0 5,0 1,0 162 

ʂʦʥʮʝʥʪ-

ʨʘʪ 2 ʩ 

ʨʝʘʛʝʥʪ 
ʪʦʨʬʦʛʜʠʨʦʢʩʠʜʥʳʡ 6,0 1,0 3,0 80,0 12,0 4,0 288 

ʂʦʥʮʝʥʪ-

ʨʘʪ 2 ʩ 

ʨʝʘʛʝʥʪ 
ʪʦʨʬʦʛʜʠʨʦʢʩʠʜʥʳʡ 3,0 1,9 25,8 61,7 8,0 2,6 211 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʙʦʣʝʝ ʩʢʦʨʦʩʪʥʦʡ ʧʦ ʩʚʦʝʤʫ ʨʘʟʚʠʪʠʶ 
ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʛʘʝʤʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 50 õ 60Üʉ ʥʠʞʝ, ʯʝʤ ʚ ʦʪʩʪʘʶʱʝʡ ʙʦʣʝʝ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʞʜʫ ʥʠʤʠ çʙʫʬʝʨʥʦʡè 
ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʳ ʧʦʜʦʛʨʝʚʘ ʰʠʭʪʳ, ʨʘʩʧʦʣʘʛʘʶʱʝʡʩʷ ʥʠʞʝ ʟʦʥʳ 
ʛʦʨʝʥʠʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʫʛʣʝʨʦʜʘ ʢʦʢʩʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʟʤʘ 
ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʧʨʦʮʝʩʩʦʚ 
ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʧʝʢʘʥʠʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʘʛʣʦʰʠʭʪʫ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ ï 
ʢʦʢʩʠʢʘ.  

ʊʘʙʣʠʮʘ 4 ï ɺʣʠʷʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʢʦʤʢʦʚʘʥʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ 
ʩʧʝʢʘʥʠʷ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʡ ʰʠʭʪʳ 

ʇʘʨʘʤʝʪʨʳ 

ˉ ʰʠʭʪ 

ʉ ʠʟʤʝʥʝʥʠʝʤ ʧʦ Mn ɹʝʟ ʠʟʤ. ʧʦ Mn 
25 26 31 27 28 

ʉʦʩʪʘʚ ʰʠʭʪʳ, % 
 

 
ʂʦʥʮʝʥʪʨʘʪ II ʩ 0-1 ʤʤ 80 80 80 50 50 
1 ʩʦʨʪ 13 13 13 32 32 
ʢʘʨʙʦʥʘʪ - - - 13 13 
2 ʩʦʨʪ - - - - - 
ʌʣʶʩ. ɼʦʣʦʤʠʪ 7 7 7 7 7 
ʊʦʧʣʠʚʦ 7,8 7,8 7,8 7,8 7,8 
ɺʦʟʚʨʘʪ 20 20 20 20 20 
ʉʚʷʟʫʶʱʝʝ ʦʢʦʤ.3% ʦʢʦʤ.6% ʦʢʦʤ.6% ʦʢʦʤ.6% ʦʢʦʤ.3% 
ʄʘʩʩʘ ʰʠʭʪʳ, ʛʨ. 1775 1800 1645 1905 1885 
ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʛʨ. 70 70 140 140 70 
ʋʩʘʜʢʘ, ʤʤ 80 70 65 45 55 
ʈʘʟʨʷʞʝʥʠʝ ʧʨʠ ʟʘʞʠʛʘʥʠʠ, 
ʤʤ.ʚʦʜ.ʩʪ. 

750 750 750 750 750 

ʈʘʟʨʷʞʝʥʠʝ ʧʨʠ ʩʧʝʢʝ, 
ʤʤ.ʚʦʜ.ʩʪ. 

1000 1000 1000 1000 1150 

ɺʨʝʤʷ ʟʘʞʠʛʘʥʠʷ, ʤʠʥ. 1,0 1,0 1,0 1,0 1,0 

ʄʘʢʩ. ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʭʦʜ.ʛʘʟʦʚ, Áʉ 315 210 240 320 280 
ɺʨʝʤʷ ʩʧʝʢʘʥʠʷ, ʤʠʥ. 13-10 13-45 13-10 11-30 11-30 
ʄʘʩʩʘ ʩʧʝʢʘ, ʛʨ. 1150 1135 1335 1260 1210 
ɺʳʭʦʜ ʛʦʜʥʦʛʦ, % 91,3 88,1 85,8 86,1 90,1 
ʇʨʦʯʥʦʩʪʴ ʥʘ ʫʜʘʨ +5ʤʤ, % 90,0 93,0 94,0 92,0 90,5 
ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 
ʪ/ʤ2 ʯʘʩ 

0,566 0,516 0,625 0,662 0,668 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʡ ʜʦʣʠ ʪʦʨʬʘ ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʤʝʭʘʥʠʟʤ 
ʩʧʝʢʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʚ ʜʚʫʭ ʭʘʨʘʢʪʝʨʥʳʭ ʠ çʙʫʬʝʨʥʦʡè ʟʦʥʘʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʣʦʡ ʰʠʭʪʳ ʧʨʠ ʝʛʦ ʩʧʝʢʘʥʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʚʥʘʯʘʣʝ ʚ ʙʦʣʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʝ, 

ʥʘʛʨʝʚʘʶʱʝʡ ʝʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʷʛʯʝʥʠʷ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ (ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ 
ʦʪʩʪʘʚʘʥʠʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ, ʚ ʦʩʥʦʚʥʦʤ, ʨʘʟʣʠʯʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ) ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʝ. ʉ ʫʯʝʪʦʤ ʨʘʩʰʠʨʝʥʠʷ ʦʙʱʝʡ 

ʟʦʥʳ ʩʧʝʢʘʥʠʷ ʦʢʩʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʷʛʯʝʥʠʷ (~ 1200Üʉ), ʦʙʨʘʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʡ 

ʦʢʩʠʜʥʦʡ ʬʘʟʳ, ʢʦʪʦʨʘʷ ʟʘ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦʣʥʝʝ 
ʦʙʪʝʢʘʝʪ ʢʫʩʦʯʢʠ ʥʝʨʘʩʧʣʘʚʠʚʰʝʡʩʷ ʰʠʭʪʳ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ, ʧʦʩʣʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 
ʦʭʣʘʞʜʝʥʠʷ ʧʦʪʦʢʦʤ ʧʨʦʩʘʩʳʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ 

ʩʧʝʢʘ. ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʘʛʣʦʤʝʨʘʪʘ ʥʘ 5õ7%, ʦʯʝʚʠʜʥʦ, 
ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʧʠʨʦʛʘʟʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʪʝʧʣʦʚʦʡ ʜʝʩʪʨʫʢʮʠʠ ʪʦʨʬʘ, 

ʛʦʨʝʥʠʝ ʢʦʪʦʨʳʭ ʫʩʢʦʨʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʩʦʩʪʘʚʝ ʪʦʨʬʘ ʩʦʙʩʪʚʝʥʥʦʛʦ 
ʢʠʩʣʦʨʦʜʘ.  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʨʬ/ʢʦʢʩʠʢ, ʤʦʞʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʙʫʬʝʨʥʦʡ ʟʦʥʳ, ʫʚʝʣʠʯʠʚʘʷ ʠʣʠ ʫʤʝʥʴʰʘʷ ʦʧʝʨʝʞʝʥʠʝ 
ʧʝʨʚʦʡ ʟʦʥʳ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʤʷʛʯʝʥʠʷ ʰʠʭʪʳ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ, ʤʠʥʠʤʘʣʴʥʦʡ 

ʜʦʣʝ ʪʦʨʬʘ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʥʘʣʦʞʝʥʠʝ ʜʚʫʭ ʟʦʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʧʝʢʘʥʠʝ ʙʫʜʝʪ 
ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʦʜʥʦʡ ʦʙʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʟʦʥʝ. ʕʪʦʪ ʵʬʬʝʢʪ, ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʙʳʪʴ 
ʜʦʩʪʠʛʥʫʪ ʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʢʩʠʢʘ (ʜʦ ʧʨʝʜʝʣʦʚ, ʥʝ 

ʩʥʠʞʘʶʱʠʭ ʧʨʦʯʥʦʩʪʴ ʩʳʨʳʭ ʛʨʘʥʫʣ ʠ ʜʦʩʪʘʚʢʫ ʢʠʩʣʦʨʦʜʘ ʢ çʟʘʢʦʤʢʦʚʘʥʥʦʤʫè 
ʫʛʣʝʨʦʜʫ), ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʝʠʭ ʚʠʜʦʚ 

ʪʦʧʣʠʚʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʟʦʥ, ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 
ʧʨʦʚʝʩʪʠ ʫʜʘʣʝʥʠʝ ʩʝʨʳ. ɺ ʦʧʝʨʝʞʘʶʱʝʡ ʟʦʥʝ, ʛʜʝ ʜʦʩʪʠʛʘʶʪʩʷ ʤʝʥʴʰʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 
(cʛʦʨʘʥʠʝʧʠʨʦʛʘʟʦʚ ʠ ʪʦʣʴʢʦ ʯʘʩʪʠ ʫʛʣʝʨʦʜʘ ʢʦʢʩʠʢʘ ʩʦʟʜʘʝʪ ʙʦʣʝʝ ʦʢʠʩʣʠʪʝʣʴʥʫʶ 

ʘʪʤʦʩʬʝʨʫ), ʩʦʟʜʘʶʪʩʷ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʫʩʣʦʚʠʷ 
ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʫʣʴʬʠʜʥʦʡ ʩʝʨʳ, ʘ ʚ ʜʨʫʛʦʡ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ï ʜʣʷ 

ʧʝʨʝʚʦʜʘ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʩʫʣʴʬʘʪʥʦʡ ʩʝʨʳ (ʦʩʦʙʝʥʥʦ ʠʟ BaSO4).  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʨʦʣʴ ʙʫʬʝʨʥʦʡ ʟʦʥʳ, ʛʜʝ ʩʦʟʜʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʚʦʜʠʪʩʷ ʢ ʨʘʩʰʠʨʝʥʠʶ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʰʠʭʪʳ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʘʛʣʦʤʝʨʘʪʘ.  
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʦʧʳʪʥʳʭ ʩʧʝʢʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʟʘʤʝʥʳ ʢʦʢʩʠʢʘ ʯʘʩʪʴʶ ʪʦʨʬʘ ʛʠʜʨʦʦʢʩʠʜʥʦʛʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 
ʚʚʦʜʝ ʚ ʠʩʭʦʜʥʫʶ ʰʠʭʪʫ ʧʝʨʝʜ ʝʝ ʦʢʦʤʢʦʚʘʥʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ 
ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ ʩʚʷʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʘʛʣʦʤʝʨʘʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʩʧʝʢʘʥʠʷ, 
ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʛʣʝʨʦʜʘ ʢʦʢʩʠʢʘ ʠ ʪʦʧʣʠʚʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʧʣʦʚʦʡ ʜʝʩʪʨʫʢʮʠʠ ʪʦʨʬʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʨʘʩʰʠʨʝʥʠʶ ʟʦʥʳ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʡ 
ʦʢʩʠʜʥʦʡ ʬʘʟʳ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʩʦʟʜʘʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦʛʦ ʩʧʝʢʘ. 
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ʋɼʂ 669.168 

ʕʃɽʂʊʈʀʏɽʉʂʀʁ ʈɽɾʀʄ ʇʃɸɺʂʀ ʌʄʥ78ɹ ʀ ʐʄʇ-78 ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɸʅʊʈɸʎʀʊɸ ɺ ʇɽʏʀ ʈʂʆ-7,0 ʉ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆʄ 

ʉ ʈɸʉʑɽʇʃɪʅʅʆʁ ɺʊʆʈʀʏʅʆʁ ʆɹʄʆʊʂʆʁ 

 
ʉʝʟʦʥʝʥʢʦ ʆ.ʅ., ɹʘʣʘʰʦʚ ʉ.ʄ., ʂʦʨʥʠʝʥʢʦ ʉ.ʅ. (ʆɸʆ çɿʌɿè) 

ʇʦʣʷʢʦʚ ʆ.ʀ. /ʢ.ʪ.ʥ./, ɻʘʩʠʢ ʄ.ʀ. /ʜ.ʪ.ʥ./, ʎʳʙʫʣʷ ɽ.ʀ. /ʢ.ʪ.ʥ./ 
ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ 

 
ɺ ʨʝʪʨʦʩʧʝʢʪʠʚʝ ʪʨʸʭʩʪʘʜʠʡʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʘʨʛʘʥʮʘ ʚʢʣʶʯʘʣʘ [1] ʚʳʧʣʘʚʢʫ ʧʝʨʝʜʝʣʴʥʦʛʦ ʤʘʣʦʬʦʩʬʦʨʠʩʪʦʛʦ ʰʣʘʢʘ ʩʝʣʝʢʪʠʚʥʳʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʞʝʣʝʟʘ ʠ ʬʦʩʬʦʨʘ ʠʟ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʦʛʦ ʩʳʨʴʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 
ʧʨʦʮʝʩʩʦʤ; ʧʦʣʫʯʝʥʠʝ ʧʝʨʝʜʝʣʴʥʦʛʦ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʦʛʦ 

ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʥʝʧʨʝʨʳʚʥʳʤ ʫʛʣʝʨʦʜʦʪʝʨʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ; ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʩʦʙʩʪʚʝʥʥʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʨʛʘʥʮʘ ʩʠʣʠʢʦʪʝʨʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʜʚʫʭ 
ʧʦʩʣʝʜʥʠʭ ʩʪʘʜʠʷʭ ʤʘʣʦʬʦʩʬʦʨʠʩʪʳʡ ʧʝʨʝʜʝʣʴʥʳʡ ʰʣʘʢ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʛʘʥʮʝʚʦʛʦ ʩʳʨʴʷ. ʉʣʘʙʳʤ ʟʚʝʥʦʤ ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʣʘʩʴ 
ʩʪʘʜʠʷ ʚʳʧʣʘʚʢʠ ʤʘʣʦʬʦʩʬʦʨʠʩʪʦʛʦ ʰʣʘʢʘ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʦʧʫʪʥʳʡ ʤʝʪʘʣʣ 

(45-55 % Mn, ʜʦ 3-4 % P, ~0,5 % Si, 2,8-3,0 % C, ʦʩʪʘʣʴʥʦʝ - Fe) ʥʝ ʠʤʝʣ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ 
ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ, ʠʜʫʱʠʭ ʥʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʘʚʪʦʤʘʪʥʳʭ ʩʪʘʣʝʡ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʦʩʬʦʨʘ) ʠ ʥʝ ʩʯʠʪʘʣʩʷ ʮʝʣʝʚʳʤ ʩʧʣʘʚʦʤ. ʄʘʨʛʘʥʝʮ, ʧʝʨʝʰʝʜʰʠʡ ʚ ʧʦʧʫʪʥʳʡ ʤʝʪʘʣʣ, 
ʦʪʥʦʩʠʣʠ ʚ ʩʪʘʪʴʶ çʧʦʪʝʨʠè, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʣʦ ʪʘʢʦʡ ʚʘʞʥʝʡʰʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ çʧʦʣʝʟʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʨʛʘʥʮʘè. ʈʘʜʠʢʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ 
ʧʨʦʙʣʝʤʳ ʚ ʥʳʥʝ ʜʝʡʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 
ʤʘʨʛʘʥʮʘ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʣʘʚʢʠ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʤʘʨʛʘʥʮʘ 

ʌʄʥ78ɹ ʙʝʩʬʣʶʩʦʚʳʤ ʧʨʦʮʝʩʩʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʜʚʫʭ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ - ʩʦʙʩʪʚʝʥʥʦ 
ʬʝʨʨʦʤʘʨʛʘʥʮʘ (ʥʝ ʙʦʣʝʝ 0,7 % P ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʤʘʨʛʘʥʮʝʚʦʛʦ ʩʳʨʴʷ) ʠ 

ʧʝʨʝʜʝʣʴʥʦʛʦ ʥʠʟʢʦʬʦʩʬʦʨʠʩʪʦʛʦ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʦʛʦ ʰʣʘʢʘ ʐʄʇ-78 (36-38 % Mn, 
~20 % SiO2 ʠ ʥʝ ʙʦʣʝʝ 0,012 % ʈ). ʕʪʦ ʧʦʪʨʝʙʦʚʘʣʦ, ʧʦʤʠʤʦ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 
ʧʦʣʫʯʝʥʠʷ ʌʄʥ78ɹ ʠ ʐʄʇ-78 ʚ ʦʜʥʫ ʩʪʘʜʠʶ, ʠ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʚʳʧʣʘʚʢʠ 

ʧʝʨʝʜʝʣʴʥʦʛʦ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʨʛʘʥʮʘ ʥʘ ʧʝʨʝʜʝʣʴʥʦʤ ʰʣʘʢʝ 
ʐʄʇ-78 [2, 3], ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʧʝʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʠʝ ʌʄʥ78ɹ ʠ ʐʄʇ-

78 ʚʝʜʸʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʫʛʣʝʨʦʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩ ʧʦʛʨʫʞʝʥʥʳʤʠ ʚ 
ʰʠʭʪʫ ʵʣʝʢʪʨʦʜʘʤʠ. ʕʪʦ ʚʳʥʫʞʜʘʝʪ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠʭ ʨʘʙʦʪʳ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʠ ʚʳʩʦʢʦʡ 

ʩʠʣʝ ʪʦʢʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʦʙʱʘʷ ʧʨʦʛʨʘʤʤʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʨʛʘʥʮʘ ʚʢʣʶʯʘʣʘ ʧʦʚʳʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʝʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʜʦ 

7,0 ʄɺɸ. 
ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 1. ʇʝʯʠ ʚʳʧʣʘʚʢʠ ʌʄʥ78ɹ ʠ ʐʄʇ-78 ʦʙʦʨʫʜʦʚʘʥʳ ʩʘʤʦʦʙʞʠʛʘʶʱʠʤʠʩʷ 
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ʵʣʝʢʪʨʦʜʘʤʠ Ï500-600 ʤʤ, ʧʝʯʠ ʚʳʧʣʘʚʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʨʛʘʥʮʘ ʄʥ965 - 
ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʤʠ Ï400 ʤʤ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʘ 

(ʢʦʥʩʦʣʴʥʦʛʦ ʪʠʧʘ ʥʘ ʚʩʝʭ ʧʝʯʘʭ) ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʜʦʜʝʨʞʘʪʝʣʷ. 
ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ ʧʝʯʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʩʧʦʩʦʙʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʇʝʯʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʨʛʘʥʮʘ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʨʝʞʠʤʝ ʩ ʦʪʢʨʳʪʦ ʛʦʨʷʱʠʤʠ 
ʜʫʛʘʤʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʯʥʦʛʦ 

ʢʦʥʪʫʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʙʦʪʫ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ (210-320 ɺ) 
ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʧʝʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʙʦʪʫ ʧʝʯʠ ʥʘ ʜʣʠʥʥʳʭ ʜʫʛʘʭ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʷ ʤʝʪʘʣʣʘ ʦʪ 
ʵʣʝʢʪʨʦʜʦʚ. ʇʝʯʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʳʧʣʘʚʢʠ ʌʄʥ78ɹ ʠ ʐʄʇ-78, ʥʘʧʨʦʪʠʚ, 
ʨʘʙʦʪʘʶʪ ʩ ʧʦʛʨʫʞʝʥʥʳʤʠ ʚ ʰʠʭʪʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʧʦʣʥʷʶʱʠʭ ʚʘʥʥʫ ʤʘʪʝʨʠʘʣʦʚ 
ʚʳʥʫʞʜʘʝʪ ʚʳʙʠʨʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (100-150 ɺ) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʩʦʢʠʤʠ ʪʦʢʘʤʠ (ʜʦ 30-
40 ʢɸ). 

ʊʘʙʣʠʮʘ 1 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʧʝʯʝʡ ʈʂʆ-7,0 ʜʣʷ ʚʳʧʣʘʚʢʠ 

ʌʄʥ78ɹ, ʐʄʇ-78 ʚ ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʜʠʶ (ʧ. 21, 23-25, 28) ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 
ʤʘʨʛʘʥʮʘ (ʧ. 22, 26, 27) 

ʇʘʨʘʤʝʪʨʳ ʧʝʯʠ, 

ʤʤ 

ˉ ʧʝʯʠ 

21 22 23 24 25 26 27 28 

ɼʠʘʤʝʪʨ ʚʘʥʥʳ ʚʥʫʪʨʝʥʥʠʡ 

- ʧʦ ʚʝʨʭʫ 4800 4800 4800 4800 4500 4500 4500 4800 

- ʧʦ ʥʠʟʫ 3200 3200 3200 3200 3200 3200 3200 3200 

ɼʠʘʤʝʪʨ ʚʘʥʥʳ ʥʘʨʫʞʥʳʡ 

- ʧʦ ʚʝʨʭʫ 5300 5300 5300 5300 5000 5000 5000 5300 

- ʧʦ ʥʠʟʫ 5300 5300 5300 5300 5000 5000 5000 5300 

ɻʣʫʙʠʥʘ ʚʘʥʥʳ 1500 1000 1500 1500 1500 1000 1000 1500 

ɼʠʘʤʝʪʨ ʵʣʝʢʪʨʦʜʦʚ 

- ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ  400    400 400  

- ʩʘʤʦ-
ʦʙʞʠʛʘʶʱʠʭʩʷ 

600  600 600 500   500 

ɼʠʘʤʝʪʨ ʨʘʩʧʘʜʘ 
ʵʣʝʢʪʨʦʜʦʚ 

1250 1250 1250 1250 1250 1250 1250 1250 

 
ʋʜʦʚʣʝʪʚʦʨʠʪʴ ʪʘʢʠʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʫʜʘʣʦʩʴ ʧʫʪʸʤ 

ʩʦʟʜʘʥʠʷ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʪʠʧʘ ʵʣʝʢʪʨʦʧʝʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ 
ʚʪʦʨʠʯʥʳʤʠ ʦʙʤʦʪʢʘʤʠ (ʪʘʙʣ. 2). ʇʦ ʩʫʱʝʩʪʚʫ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʰʚʝʜʩʢʦʡ ʬʠʨʤʳ ABB 

National Transformer ʠʤʝʶʪ ʚ ʢʘʞʜʦʡ ʬʘʟʝ ʧʦ ʜʚʝ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʣʠʙʦ ʧʘʨʘʣʣʝʣʴʥʦ (ʩʭʝʤʘ çʟʚʝʟʜʘ - ʜʚʦʡʥʦʡ ʪʨʝʫʛʦʣʴʥʠʢè) ʣʠʙʦ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʩʭʝʤʘ çʟʚʝʟʜʘ - ʪʨʝʫʛʦʣʴʥʠʢè). ʇʝʨʝʩʦʝʜʠʥʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ 

ʧʝʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʤʳʯʢʘʤʠ ʚʥʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ 
ʘʛʨʝʛʘʪʘ. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢ ʵʣʝʢʪʨʦʧʝʯʠ ʠ ʩʧʦʩʦʙ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʦʙʤʦʪʦʢ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. 
ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʚʳʧʣʘʚʣʷʝʤʦʛʦ ʩʧʣʘʚʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʝʯʠ ʧʝʨʝʤʳʯʢʠ ʩʭʝʤʳ ʨʠʩ. 1, ʥʘʭʦʜʷʩʴ ʚ 

ʧʦʣʦʞʝʥʠʠ 1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʚʢʣʶʯʝʥʠʶ (ʘ1ʭ1ʘ2ʭ2, b1ʫ1b2ʫ2, 
ʩ1z1ʩ2z2) ʨʘʩʱʝʧʣʸʥʥʳʭ ʦʙʤʦʪʦʢ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘ ʚʳʭʦʜʝ ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

ʦʪ 206,2 ʜʦ 322,6 ɺ ʧʨʠ ʩʠʣʝ ʪʦʢʘ, ʦʙʪʝʢʘʶʱʝʛʦ ʦʙʤʦʪʢʠ, ʦʪ 11315 ʜʦ 7234 ɸ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʩʪʫʧʝʥʝʡ ʥʘʧʨʷʞʝʥʠʷ (ʚʳʧʣʘʚʢʘ 
ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʨʛʘʥʮʘ); ʧʦʣʦʞʝʥʠʝ 2 ʧʝʨʝʤʳʯʝʢ ʧʦ ʩʭʝʤʝ ʨʠʩ. 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʚʢʣʶʯʝʥʠʶ (ʘ1ʘ2ʭ1ʭ2, b1b2ʫ1ʫ2, ʩ1ʩ2z1z2) ʨʘʩʱʝʧʣʸʥʥʳʭ ʦʙʤʦʪʦʢ, 



137 

 

 

ʥʘʧʨʷʞʝʥʠʷʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 103,1-161,3 ɺ ʠ ʪʦʢʫ 22630-14468 ɸ (ʚʳʧʣʘʚʢʘ ʌʄʥ78ɹ ʠ 
ʐʄʇ-78 ʚ ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʜʠʶ). 

ʊʘʙʣʠʮʘ 2 ï ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ABB National 
Transformer 7000 ʢɺĿɸ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤʘʭ ʚʢʣʶʯʝʥʠʷ ʨʘʩʱʝʧʣʸʥʥʳʭ ʚʪʦʨʠʯʥʳʭ 

ʦʙʤʦʪʦʢ 

ʉʪʫʧʝʥʴ ʉʪʦʨʦʥʘ ɺʅ ʉʪʦʨʦʥʘ ʅʅ ʄʦʱʥʦʩʪ
 ɹʇʉʅ Uʧ, ɺ Iʧ, ɸ Uʣ, ɺ Iʣ, ɸ Iʬ, ɸ 

ʟʚʝʟʜʘ - ʜʚʦʡʥʦʡ ʪʨʝʫʛʦʣʴʥʠʢ (Y-ȹȹ) 

1 10 000 404,2 103,1 39200 22630 7000 

2 10 000 404,2 117,8 34300 19807 7000 

3 10 000 404,2 132,4 30520 17620 7000 

4 10 000 404,2 146,5 27580 15924 7000 

5 10 000 404,2 161,3 25060 14468 7000 

ʟʚʝʟʜʘ - ʪʨʝʫʛʦʣʴʥʠʢ (Y-ȹ) 

1 10 000 404,2 206,2 19600 11315 7000 

2 10 000 404,2 235,6 17150 9902 7000 

3 10 000 404,2 264,8 15260 8810 7000 

4 10 000 404,2 293,0 13790 7962 7000 

5 10 000 404,2 322,6 12530 7234 7000 

 

 
ʈʠʩ. 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ABB National Iransformer 7000 ʢɺĿɸ ʢ ʵʣʝʢʪʨʦʧʝʯʘʤ ʈʂʆ-7,0 ʜʣʷ ʚʳʧʣʘʚʢʠ ʌʄʥ78ɹ, 

ʐʄʇ-78 ʚ ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʜʠʶ (ʧʝʨʝʤʳʯʢʠ ʚ ʧʦʣʦʞʝʥʠʠ 2) ʠ 
ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʨʛʘʥʮʘ (ʧʝʨʝʤʳʯʢʠ ʚ ʧʦʣʦʞʝʥʠʠ 1). 

 
ɺʳʙʦʨ ʨʘʙʦʯʝʡ ʪʦʯʢʠ (ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʯʸʪʘ ʠ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʧʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 
ʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʠ ʬʘʟ [4]. ʉʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʦʜʥʦʡ ʬʘʟʳ ʵʣʝʢʪʨʦʧʝʯʠ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʌʄʥ78ɹ ʠ ʐʄʇ-78 ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʤʠ ʘʢʪʠʚʥʳʤ (rʢʩ) ʠ ʨʝʘʢʪʠʚʥʳʤ (ʭʢʩ) ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ 
ʢʦʨʦʪʢʦʡ ʩʝʪʠ ʠ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʘʥʥʳ (Rʚ). ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ rʢʩ ʠ ʭʢʩ ʚ 

çʢʦʨʦʪʢʫʶ ʩʝʪʴè ʚʢʣʶʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʢʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ, 
ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ 

ʨʝʘʢʪʦʨʘ, ʚʪʦʨʠʯʥʳʡ ʪʦʢʦʧʦʜʚʦʜ ʠ çʥʝʟʘʰʠʭʪʦʚʘʥʥʘʷè ʯʘʩʪʴ ʵʣʝʢʪʨʦʜʘ (ʪ.ʝ. ʪʫ ʯʘʩʪʴ 
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ʵʣʝʢʪʨʦʜʘ, ʩ ʢʦʪʦʨʦʡ ʥʝʪ ʩʪʝʢʘʥʠʷ ʪʦʢʘ ʚ ʟʘʧʦʣʥʷʶʱʠʝ ʚʘʥʥʫ ʤʘʪʝʨʠʘʣʳ). ʆʮʝʥʢʠ, 
ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʜʘʶʪ rʢʩ = 0,173 ʤʆʤ; ʭʢʩ = 1,065 

ʤʆʤ. ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʘʥʥʳ, ʪʦʢ ʚ ʢʦʪʦʨʦʡ ʨʘʩʪʝʢʘʝʪʩʷ 
ʢʘʢ ʧʦ ʩʭʝʤʝ çʪʨʝʫʛʦʣʴʥʠʢè (ʦʪ ʵʣʝʢʪʨʦʜʘ ʦʜʥʦʡ ʬʘʟʳ ʥʘ ʵʣʝʢʪʨʦʜʳ ʩʦʩʝʜʥʠʭ ʬʘʟ), ʪʘʢ 

ʠ ʧʦ ʩʭʝʤʝ çʟʚʝʟʜʘè (ʦʪ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʙʱʫʶ ʪʦʯʢʫ - ʤʝʪʘʣʣ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʥʦʛʦ ʤʝʥʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʘʙʦʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʭ ʰʠʭʪʳ, 
ʰʣʘʢʘ ʠ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʧʣʘʚʢʠ), ʧʨʠʚʝʜʝʥʦ ʢ ʩʭʝʤʝ çʟʚʝʟʜʘ ʙʝʟ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘè. 

  

ʈʠʩ. 2 ï ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʧʝʯʠ ʈʂʆ-7,0 ʧʨʠ ʚʳʧʣʘʚʢʝ 

ʌʄʥ78ɹ, ʐʄʇ-78 ʚ ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʚ ʬʫʥʢʮʠʠ ʩʠʣʳ ʪʦʢʘ ʚ ʵʣʝʢʪʨʦʜʝ 
(I )ɻ: ʥʘ ʨʠʩʫʥʢʝ ʩʧʨʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʜʝʣʝʥʥʘʷ ʩʝʨʳʤ ʦʙʣʘʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʙʦʣʴʰʝʤ ʤʘʩʰʪʘʙʝ; ʈʧʣʟ - ʧʦʣʝʟʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ; ʪʦʯʢʠ - 
ʧʨʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʢʚʘʜʨʘʪʥʳʝ - ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʢʦʢʩʝ, ʢʨʫʛʣʳʝ - ʩ ʟʘʤʝʥʦʡ 30% ʢʦʢʩʘ 
ʘʥʪʨʘʮʠʪʦʤ), ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ʨʘʟʣʠʯʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʢʘʟʳʚʘʶʪ ʨʘʙʦʯʠʝ ʦʙʣʘʩʪʠ 

ʠʟʤʝʥʝʥʠʷ I ,ɻ ʈʧʣʟ (ʣʝʚʘʷ ʯʘʩʪʴ ʨʠʩʫʥʢʘ) ʜʣʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʧʦʷʩʥʝʥʠʷ ʢ ʢʨʠʚʳʤ - ʧʦ 
ʪʝʢʩʪʫ). 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʧʝʯʠ ʈʂʆ-7,0 ʧʨʠ ʚʳʧʣʘʚʢʝ ʌʄʥ78ɹ, 
ʐʄʇ-78 ʚ ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʚ ʬʫʥʢʮʠʠ ʩʠʣʳ ʪʦʢʘ ʚ ʵʣʝʢʪʨʦʜʝ (I )ɻ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʉʝʤʝʡʩʪʚʦ ʢʨʘʩʥʳʭ (ʞʠʨʥʳʝ) ʢʨʠʚʳʭ ʩ ʵʢʩʪʨʝʤʫʤʘʤʠ - 
ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʝʟʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ (ʈʧʣʟ) 

ʈʧʣʟ= 3Ὅɻ
1

3
Ὗʣ

2 Ὅɻ2ὼʢʩ
2 Ὅɻὶʢʩ                                                      (1) 

ʨʘʩʩʝʠʚʘʝʤʦʡ ʚ ʚʘʥʥʝ ʵʣʝʢʪʨʦʧʝʯʠ ʠ ʠʜʫʱʝʡ ʥʘ ʥʘʛʨʝʚ ʩʦʜʝʨʞʠʤʦʛʦ ʚʘʥʥʳ, 
ʢʦʤʧʝʥʩʘʮʠʶ ʪʝʧʣʘ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ, ʦʪ ʩʠʣʳ ʪʦʢʘ ʚ 
ʵʣʝʢʪʨʦʜʝ (I )ɻ ʧʦ ʩʪʫʧʝʥʷʤ ʥʘʧʨʷʞʝʥʠʷ (ʩ ʧʝʨʚʦʡ ʧʦ ʧʷʪʫʶ (ʪʘʙʣ. 2), ʩʣʝʜʫʶʱʠʭ ʩʥʠʟʫ 

ʚʚʝʨʭ). ɿʜʝʩʴ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʢʘʤ ʵʣʝʢʪʨʦʜʘ ʢʨʠʚʳʝ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʘʥʥʳ (ʩʝʤʝʡʩʪʚʦ ʰʪʨʠʭʦʚʳʭ ʣʠʥʠʡ) ʦʪ 4 ʜʦ 1 ʤʆʤ ʩ 
ʰʘʛʦʤ 0,2 ʤʆʤ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ). ʉʧʣʦʰʥʳʝ (ʞʠʨʥʳʝ) ʢʨʠʚʳʝ - ʥʘʠʤʝʥʴʰʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʘʥʥʳ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʜʦʧʫʩʪʠʤʦʤʫ ʪʦʢʫ ʵʣʝʢʪʨʦʜʘ ʥʘ ʢʘʞʜʦʡ 
ʩʪʫʧʝʥʠ ʥʘʧʨʷʞʝʥʠʷ ʧʝʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʧʦ ʩʪʫʧʝʥʷʤ ʥʘʧʨʷʞʝʥʠʷ: 

3,4 ʤʆʤ - ʥʘ ʧʷʪʦʡ; 2,7 ʤʆʤ - ʯʝʪʚʸʨʪʦʡ; 2,1 ʤʆʤ - ʪʨʝʪʴʝʡ; 1,5 ʤʆʤ - ʚʪʦʨʦʡ; 0,9 ʤʆʤ - 
ʧʝʨʚʦʡ). ʂʨʠʚʘʷ, ʧʨʦʚʝʜʝʥʥʘʷ ʧʦ ʪʦʯʢʘʤ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʥʘʠʤʝʥʴʰʝʛʦ 
ʜʦʧʫʩʪʠʤʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʘʥʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʨʠʚʳʤʠ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʚʝʨʭʫ ʧʦʣʝʟʥʫʶ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʧʝʯʠ ʧʦ ʪʦʢʫ (ʠʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, 
ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʚʘʥʥʳ) ʥʘ ʟʘʜʘʥʥʦʡ ʩʪʫʧʝʥʠ ʥʘʧʨʷʞʝʥʠʷ. 

ʈʘʙʦʯʫʶ ʪʦʯʢʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʵʣʝʢʪʨʦʧʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ ʨʘʟʤʝʱʘʣʘʩʴ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʵʪʦʡ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ 
ʢʨʠʚʦʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʪʦʢ ʵʣʝʢʪʨʦʜʘ ʥʝ ʧʨʝʚʳʰʘʣ ʙʳ ʫʨʦʚʥʷ, ʜʦʧʫʩʪʠʤʦʛʦ ʧʦ ʥʘʛʨʝʚʫ 
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ʧʨʦʚʦʜʥʠʢʦʚ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 
ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥ ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ (ʚʳʜʝʣʝʥʦ ʩʝʨrʤ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʨʠʩ. 2) ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʬʫʥʢʮʠʠ ʩʠʣʳ 
ʪʦʢʘ ʵʣʝʢʪʨʦʜʘ. ʊʦʯʢʠ - ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʝʯʠ (ʨʠʩ. 3), ʧʨʠʚʝʜʝʥʥʳʝ 

ʢ ʧʦʣʝʟʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. ɿʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, 
ʯʪʦ ʧʨʠ ʚʳʧʣʘʚʢʝ ʌʄʥ78ɹ, ʐʄʇ-78 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 
ʢʦʢʩʠʢʘ-ʦʨʝʰʢʘ ʈʧʣʟ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 4245 ʜʦ 4140 ʢɺʪ ʧʨʠ I  ɻʦʪ 

36660 ʜʦ 31590 ɸ, ʝʩʣʠ ʥʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʪʘʨʠʬʫ ʠ ʧʠʢʫ ʥʘʛʨʫʟʢʠ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. 
ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʰʠʭʪʳ ʘʥʪʨʘʮʠʪʘ (ʜʦ 30 % ʦʪ ʧʦʪʨʝʙʥʦʛʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ) ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʵʣʝʢʪʨʦʧʝʯʠ: ʚ 
ʦʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʪʘʨʠʬʫ ʠ ʧʠʢʫ ʥʘʛʨʫʟʢʠ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ 
ʈʧʣʟ ʜʦ 5180-5320 ʢɺʪ ʧʨʠ 1,ɻ ʜʦʩʪʠʛʘʶʱʝʤ 34740-32800 ɸ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʜʝʣʝʥʳ (ʨʠʩ. 2, ʩʧʨʘʚʘ) 
ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʦʙʣʘʩʪʷʤʠ. 

 
ʈʠʩ. 3. ʊʠʧʠʯʥʳʡ ʩʫʪʦʯʥʳʡ ʛʨʘʬʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʵʣʝʢʪʨʦʧʝʯʠ ʈʂʆ-

7,0 ʧʨʠ ʚʳʧʣʘʚʢʝ ʌʄʥ78ɹ ʠ ʐʄʇ-78 ʚ ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʩ ʟʘʤʝʥʦʡ 30 % 
ʢʦʢʩʘ ʚ ʰʠʭʪʝ ʘʥʪʨʘʮʠʪʦʤ. ɺʝʨʭ ï ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ, ʄɺĿɸ;  ʩʝʨʝʜʠʥʘ ï ʘʢʪʠʚʥʘʷ 

ʤʦʱʥʦʩʪʴ ʄɺʪ; ʥʠʟ ï ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʄɺĿɸʈ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʧʣʘʚʢʝ ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʌʄʥ78ɹ ʠ ʧʝʨʝʜʝʣʴʥʦʛʦ 

ʤʘʣʦʬʦʩʬʦʨʠʩʪʦʛʦ ʰʣʘʢʘ ʐʄʇ-78 ʚ ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʥʝʧʨʝʨʳʚʥʳʤ 
ʫʛʣʝʨʦʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʰʠʭʪʳ ʘʥʪʨʘʮʠʪʘ (ʚ 
ʢʦʣʠʯʝʩʪʚʝ ʜʦ 30-35 % ʚʩʝʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ), ʠʤʝʶʱʝʛʦ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʢʩʠʢʦʤ-ʦʨʝʰʢʦʤ, ʧʦʟʚʦʣʷʝʪ 
ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʣʘʚʢʠ ʧʨʠ ʧʦʣʝʟʥʳʭ ʤʦʱʥʦʩʪʷʭ ʥʘ 22-24 % 

ʚʳʰʝ, ʯʝʤ ʧʨʠ ʧʣʘʚʢʝ ʪʦʣʴʢʦ ʥʘ ʢʦʢʩʠʢʝ-ʦʨʝʰʢʝ, ʦʙʝʩʧʝʯʠʪʴ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
ʵʣʝʢʪʨʦʧʝʯʝʡ ʠ ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʝʯʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʰʚʝʜʩʢʦʡ ʬʠʨʤʳ ABB National Transformer, ʠʤʝʶʱʠʝ 

ʨʘʩʱʝʧʣʸʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʦʙʤʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʝʨʝʢʣʶʯʘʪʴ ʠʭ ʩʦ ʩʭʝʤʳ çʟʚʝʟʜʘ-
ʜʚʦʡʥʦʡ ʪʨʝʫʛʦʣʴʥʠʢè (ʥʠʟʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʩʦʢʠʝ ʪʦʢʠ) ʥʘ ʩʭʝʤʫ çʟʚʝʟʜʘ-

ʪʨʝʫʛʦʣʴʥʠʢè (ʚʳʩʦʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʠʟʢʠʝ ʪʦʢʠ) ʧʝʨʝʤʳʯʢʘʤʠ ʚʥʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ 
ʘʛʨʝʛʘʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʩ ʧʦʛʨʫʞʝʥʥʳʤʠ ʚ ʰʠʭʪʫ ʵʣʝʢʪʨʦʜʘʤʠ, 
ʪʘʢ ʠ ʥʘ ʦʪʨʳʪʳʭ ʜʣʠʥʥʳʭ ʜʫʛʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 
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ʋɼʂ 669.168 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʆʈɽʊʀʏɽʉʂʀʍ ʇʈɽɼʇʆʉʓʃʆʂ ʀ ʆʉɺʆɽʅʀɽ 

ʀʅʅʆɺɸʎʀʆʅʅʆʁ ʊɽʍʅʆʃʆɻʀʀ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʉʊɸɹʀʃʔʅʆɺʓʉʆʂʆɻʆ ʂɸʏɽʉʊɺɸ ʌɽʈʈʆʄʆʃʀɹɼɽʅɸ 

ʄɽʊɸʃʃʆʊɽʈʄʀʏɽʉʂʀʄ ʉʇʆʉʆɹʆʄ ʅɸ ʇɸʆ çɼʅɽʇʈʆʉʇɽʎʉʊɸʃʔè 

 

ʂʦʨʥʠʝʚʩʢʠʡ ɺ.ʅ., ʇʘʥʯʝʥʢʦ ɸ.ʀ. /ʢ.ʪ.ʥ./, ʃʦʛʦʟʠʥʩʢʠʡ ʀ.ʅ. /ʢ.ʪ.ʥ./, ʉʘʣʴʥʠʢʦʚ ɸ.ʉ. 
/ʢ.ʪ.ʥ./, ɻʘʩʠʢ ʄ.ʀ./ʜ.ʪ.ʥ./, ʐʠʙʝʢʦ ʇ.ɸ., ɹʫʜʥʠʢ ʀ.ʃ., ʗʢʦʚʠʮʢʠʡ ɸ.ɺ. 
ʇɸʆ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè, ʢʘʬʝʜʨʘ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʅʄʝʪɸʋ 

 
ɿʘʧʦʨʦʞʩʢʠʡ ʟʘʚʦʜ ʇɸʆ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 

ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ɽʚʨʦʧʝ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʣʝʛʠʨʦʚʘʥʥʦʡ ʠ 
ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʘ ʠ ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ. ɺ ʦʙʱʝʤ ʦʙʲʸʤʝ ʚʳʧʣʘʚʣʷʝʤʦʡ ʩʪʘʣʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 
ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʝ, ʧʦʜʰʠʧʥʠʢʦʚʳʝ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʪʘʣʠ, ʘ 
ʪʘʢʞʝ ʞʘʨʦʩʪʦʡʢʠʝ, ʞʘʨʦʧʨʦʯʥʳʝ ʩʪʘʣʠ ʠ ʩʧʣʘʚʳ, ʩʧʝʮʠʘʣʴʥʳʝ ʩʪʘʣʠ ʠ ʩʧʣʘʚʳ 
(ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 ï ʄʘʨʢʠ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʩʪʘʣʠ ʧʦ ɽʚʨʦʧʝʡʩʢʠʤ ʥʦʨʤʘʤ 
(DIN EN) ʠ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ɻʆʉʊ, ʚʳʧʣʘʚʣʷʝʤʳʭ ʥʘ ʟʘʚʦʜʝ ʇɸʆ 
çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʣʠʙʜʝʥʘ. 

ʆʙʦʟʥʘʯʝʥʠ
ʝ 

cʪʘʥʜʘʨʪʘ 

DIN EN 

ʂʣʘʩʩ 
ʩʪʘʣʠ 

ʄʘʨʢʘ ʩʪʘʣʠ 
ʧʦ ɻʆʉʊ 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, % ʤʘʩʩ. 

ʚ ʧʨʝʜʝʣʘʭ ʥʝ ʙʦʣʝʝ 

ʉr Mo Ni C Si Mn P S N 

DIN EN 
10088-3 

ʘʫʩʪʝʥ
ʠʪʥʳʡ 

07ʍ17ʅ12ʄ2 
16,5 
18,5 

2,00 
13,00 

10,00 
13,00 

Ò 
0,07 

Ò 
1,00 

Ò 
2,00 

Ò 
0,045 

Ò 
0,030 

Ò 
0,11 

DIN EN 

10088-3 

ʘʫʩʪʝʥ

ʠʪʥʳʡ 
05ʍ17ʅ13ʄ3 

16,5 

18,5 

2,50 

3,00 

10,50 

13,00 

Ò 

0,050 

Ò 

1,00 

Ò 

2,00 

Ò 

0,045 

Ò 

0,030 

Ò 

0,11 

DIN EN 
10088-3 

ʤʘʨʪʝʥʩʠ
ʪʥʳʡ 

39ʍ17ʄ 
15,5 
17,5 

0,80 
1,30 

- 
  0,33 
  0,45 

Ò 
1,00 

Ò 
1,50 

Ò 
0,040 

Ò 
0,030 

- 

DIN EN 

10088-3 
DIN EN 
10272 

ʤʘʨʪʝʥʩʠ
ʪʥʳʡ 

05ʍ13ʅ4ʄ 
12,0 
14,0 

0,30 
0,70 

3,50 
4,50 

Ò 
0,05 

Ò 
0,70 

Ò 
1,50 

Ò 
0,040 

Ò 
0,015 

Ò 
0,20 

DIN EN 

10088-3 

ʬʝʨʨʠʪʥ

ʳʡ 
08ʍ17ʄ 

16,0 

18,0 

0,90 

1,40 
- 

Ò 

0,08 

Ò 

1,00 

Ò 

1,00 

Ò 

0,040 

Ò 

0,030 
- 

 

ʅʘʨʷʜʫ ʩ ʧʨʠʚʝʜʸʥʥʳʤʠ ʚ ʪʘʙʣ. 1 ʩʪʘʣʷʤʠ, ʬʝʨʨʦʤʦʣʠʙʜʝʥ ʰʠʨʦʢʦ 
ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʚʳʧʣʘʚʢʝ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʭʨʦʤʦʥʠʢʝʣʝʚʳʭ ʩʪʘʣʝʡ ʩ ʘʟʦʪʦʤ 
(15ʍ16ʅ2ʄɺʌɹɸ), ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝʩʩʦʨʥʦ-ʧʨʫʞʠʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ 
(12ʍʅʄɼʌ, 30ʍʅʄʌɸ, 40ʍɻʅʄ), ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ (11ʍ4ɺ2ʄʌ3ʉ2, ʈ12ʌ5ʄ, 
ʈ12ʌ2ʂ8ʄ3), ʞʘʨʦʩʪʦʡʢʠʭ, ʞʘʨʦʧʨʦʯʥʳʭ ʠ ʜʨ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʨʝʜʥʝ- ʠ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ ʥʘ 
ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 
ʚʠʜʦʚ ʬʝʨʨʦʩʧʣʘʚʦʚ [1], ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʠʙʦʣʝʝ ʜʦʨʦʛʠʭ ʠ ʜʝʬʠʮʠʪʥʳʭ ʢʘʢ 
ʬʝʨʨʦʤʦʣʠʙʜʝʥ, ʬʝʨʨʦʚʦʣʴʬʨʘʤ, ʬʝʨʨʦʥʠʦʙʠʡ ʠ ʜʨ. ʆʪʝʯʝʩʪʚʝʥʥʳʤʠ ʬʝʨʨʦʩʧʣʘʚʥʳʤʠ 
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ʟʘʚʦʜʘʤʠ ʬʝʨʨʦʩʧʣʘʚʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʤʘʣʦʡ ʛʨʫʧʧʳ, ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ, ʘ ʚʳʧʣʘʚʢʘ 
ʙʦʣʴʰʠʥʩʪʚʘ ʛʨʫʧʧ ʵʣʝʢʪʨʦʩʪʘʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʦʨʪʥʳʭ 
ʬʝʨʨʦʩʧʣʘʚʦʚ. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʧʦʨʪʠʨʫʝʤʳʝ ʬʝʨʨʦʩʧʣʘʚʳ ʥʝ ʚʩʝʛʜʘ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʚʝʜʫʱʠʭ ʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ 
ʪʘʢʞʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ [2]. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 
ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʣʠʩʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʚʳʧʣʘʚʣʷʝʤʦʡ ʩʪʘʣʠ (ʟʘʛʦʪʦʚʢʘʤ, 
ʩʦʨʪʦʚʦʤʫ ʧʨʦʢʘʪʫ, ʧʦʢʦʚʢʘʤ), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʩʫʞʝʥʳʤ ʧʨʝʜʝʣʘʤ ʚʝʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ 
ʠ ʜʦʧʫʩʪʠʤʳʭ ʩʦʜʝʨʞʘʥʠʡ ʧʨʠʤʝʩʝʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʝ ʧʦʩʪʦʷʥʩʪʚʦ ʵʪʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʝʨʨʦʩʧʣʘʚʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʩʦʟʜʘʸʪ ʠʟʚʝʩʪʥʳʝ ʪʨʫʜʥʦʩʪʠ 
ʚʳʧʦʣʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʘʢʪʥʳʭ ʧʦʩʪʘʚʦʢ. ʉʫʱʝʩʪʚʝʥʥʳʝ ʧʦʚʳʰʝʥʠʷ ʮʝʥ 
ʥʘ ʬʝʨʨʦʤʦʣʠʙʜʝʥ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʬʝʨʨʦʩʧʣʘʚʳ, ʷʚʠʣʦʩʴ ʝʱʸ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, 
ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 
ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʟʘʚʦʜʘ ʇɸʆ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè. 

ɺ ʥʘʯʘʣʝ 2011 ʛʦʜʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʮʝʭʘ ʥʘ ʟʘʚʦʜʝ ʇɸʆ 
çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʠʟ ʦʢʠʩʥʦʛʦ ʤʦʣʠʙʜʝʥʦʚʦʛʦ 
ʢʦʥʮʝʥʪʨʘʪʘ ʧʦ ʚʥʝʧʝʯʥʦʡ ʩʠʣʠʢʦʘʣʶʤʠʥʦʪʝʨʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ 
ʮʝʭʘ ʠ ʫʩʧʝʰʥʦʝ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʨʠʷʪʠʶ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʙʦʣʝʝ ʜʝʰʝʚʦʛʦ 
ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʚʠʜʳ ʠ ʩʦʨʪʘʤʝʥʪ 
ʚʳʧʫʩʢʘʝʤʦʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʦʚʘʥʘ ʨʝʘʣʠʟʘʮʠʷ 
ʧʦʣʫʯʘʝʤʦʛʦ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʚʳʙʦʨʘ ʭʠʤʩʦʩʪʘʚʘ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʚʳʧʣʘʚʢʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤ ʩʪʘʥʜʘʨʪʦʤ ɻʆʉʊ 4759-89 
ʬʝʨʨʦʤʦʣʠʙʜʝʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʰʝʩʪʠ ʤʘʨʦʢ ʩ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʧʣʘʚʝ ʚʳʩʰʝʡ ʤʘʨʢʠ 
ʌʄʦ60 ʥʝ ʤʝʥʝʝ 60 % ʄʦ ʠ ʥʠʟʢʦʡ ʤʘʨʢʠ ʌʄʦ50 ʥʝ ʤʝʥʝʝ 50 %. ʇʨʠʤʝʩʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʚ ʬʝʨʨʦʤʦʣʠʙʜʝʥʝ ʌʄʦ60 (W, Si, C, P, S, Cu, As, Sn, Sb, Pb, Zn, Bi) ʜʦʣʞʥʦ 
ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ ʜʝʩʷʪʳʭ ʠ ʩʦʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 
ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʩʭʦʜʷ 
ʠʟ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ Fe-Mo. 

ʄʦʣʠʙʜʝʥ ʦʪʥʦʩʠʪʩʷ ʢ 4d-ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʘʤ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʠʤʝʝʪ 4d55s1 ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʦʙʲʸʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʫʶ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ ʆʎʂ (Ŭ = 0,314 ʥʤ). ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʨʘʚʥʘ 2622 ʦʉ, ʘ 
ʢʠʧʝʥʠʷ 4840 ʦʉ, ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 10,23 ʛ/ʩʤ2. 

ɼʠʘʛʨʘʤʤʘ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʞʝʣʝʟʦ-ʤʦʣʠʙʜʝʥ (ʢʦʤʧʴʶʪʝʨʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 [3]. 

 
ʉʦʜʝʨʞʘʥʠʝ ʄʦ, % ʤʘʩʩ. 

ʈʠʩ. 1 ï ɼʠʘʛʨʘʤʤʘ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Fe-Mo [3]. 
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ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʨʠʩ. 1, ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ ʚ 
ʩʧʣʘʚʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ ʪʚʸʨʜʳʡ ʨʘʩʪʚʦʨ ʤʦʣʠʙʜʝʥʘ ʚ ʞʝʣʝʟʝ Fe(ɺʉʉ), ʟʘʪʝʤ 

ʨʷʜ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Fe2Mo, R-Fe27Mo26, ɛ-Fe7Mo6 ʠ ʩʠʛʤʘ-ʬʘʟʘ ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ 
FeMo. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʤʦʣʠʙʜʝʥʘ ʚ ʩʧʣʘʚʘʭ ʚ ʠʥʪʝʨʚʘʣʝ 50-60 % ʤʘʩʩ., 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚ ʬʝʨʨʦʤʦʣʠʙʜʝʥʝ ʤʘʨʦʢ ʌʄʦ50-ʌʄʦ60, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ 
ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʤ (ɛ-Fe7Mo6). ʊʝʤʧʝʨʘʪʫʨʘ 
ʣʠʢʚʠʜʫʩ ʩʧʣʘʚʦʚ ʧʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ ʦʪ 50 ʜʦ 60 

% ʤʘʩʩ. ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ [4], ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1550 ʜʦ 1600 ʦʉ (ʨʠʩ.2), ʯʪʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 
ʈʠʩ. 2 ï ɼʠʘʛʨʘʤʤʘ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʄʦ-Fe, (ʧʦʩʪʨʦʝʥʥʘʷ  

ʨʘʩʯʸʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ, ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ, 
ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ [4]. 

 

ɿʥʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʫʯʥʦ 
ʦʙʦʩʥʦʚʘʥʥʦʤʫ ʚʳʙʦʨʫ ʨʝʞʠʤʦʚ ʦʭʣʘʞʜʝʥʠʷ ʩʣʠʪʢʘ (ʙʣʦʢʘ) ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʠ 
ʧʘʨʘʤʝʪʨʦʚ ʜʨʦʙʣʝʥʠʷ ʝʛʦ ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʦʚʘʨʥʳʭ ʨʘʟʤʝʨʥʳʭ ʬʨʘʢʮʠʡ. 

ɺʥʝʧʝʯʥʘʷ ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʤʦʣʠʙʜʝʥʦʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʢʨʝʤʥʠʷ ʚ ʚʠʜʝ ʙʦʛʘʪʦʛʦ ʵʣʝʢʪʨʦʧʝʯʥʦʛʦ ʬʝʨʨʦʩʠʣʠʮʠʷ ʌʉ65. 
ɺ ʩʠʩʪʝʤʝ ʄʦ-Si (ʨʠʩ. 3) ʨʘʩʩʤʦʪʨʠʤ ʩʠʣʠʮʠʜʥʳʝ ʬʘʟʳ: ʄʦ2Si (tʧʣ=2020 ʦʉ), 

ʄʦ5Si2 (tʧʣ=2180 ʦʉ), ʄʦSi2 (tʧʣ=2020 ʦʉ). ɺ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Fe-Mo-Si ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʧʦʣʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʘʟ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʦʢʠʩʣʦʚ 
ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʚ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ Mo-Fe. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ 

FeSi 50-60 %. 
ʇʨʠ ʚʳʧʣʘʚʢʝ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʇɸʆ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʥʘʨʷʜʫ ʩ 

ʙʘʟʦʚʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʚʳʩʦʢʦʧʨʦʮʝʥʪʥʳʤ ʬʝʨʨʦʩʠʣʠʮʠʝʤ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʘʣʶʤʠʥʠʡ ʚ ʚʠʜʝ ʩʧʣʘʚʘ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ (ʌʉɸ, 55-60 % Si, 15-20 % Al, ʦʩʪ. Fe). 
ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ Mo-Al [4].  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ Mo-Al ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʰʝʩʪʠ 
ʘʣʶʤʠʥʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʦʪ Al2Mo (36 % Al, 64 % Mo) ʜʦ AlMo2 (12 % Al, 88 % Mo). 
ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʘʣʶʤʠʥʠʜʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ ʧʦʚʳʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʠʙʜʝʥʘ ʚ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʶʤʠʥʘʜʘʭ. 
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ʈʠʩ. 3 ï ɼʠʘʛʨʘʤʤʘ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Mo-Si [4].  
 

 
ʉʦʜʝʨʞʘʥʠʝ ʄʦ, % ʤʘʩʩ. 

ʈʠʩ. 4 ï ɼʠʘʛʨʘʤʤʘ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Mo-Al [3].  

 
ɸʥʘʣʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʨʝʤʥʠʡ ʠ ʘʣʶʤʠʥʠʡ ʩʥʠʞʘʶʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʠʟ-ʟʘ 

ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʬʝʨʨʦʤʦʣʠʙʜʝʥʝ Si ʠ Al ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʨʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʣʠʙʜʝʥʘ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠʟ 

ʦʢʠʩʣʦʚ MoO3 MoO2 ʢʨʝʤʥʠʝʤ ʠ ʘʣʶʤʠʥʠʝʤ. ʀʥʜʫʩʪʨʠʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʦʩʥʦʚʘʥʦ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʦʙʦʞʞʝʥʥʦʛʦ ʤʦʣʠʙʜʝʥʦʚʦʛʦ 
ʢʦʥʮʝʥʪʨʘʪʘ (ʆʄʂ) (90 % MoO3, 10 % MoO2). 

ɺ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ Mo-O ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʢʩʠʜʦʚ: MoO3, MoO2, MoO, 
Mo17O47, MoO2,80, Mo80O23. ʂʨʘʡʥʠʤʠ ʯʣʝʥʘʤʠ ʵʪʦʛʦ ʨʷʜʘ (ʦʩʥʦʚʥʳʤʠ ʦʢʩʠʜʘʤʠ) 
ʷʚʣʷʶʪʩʷ MoO3, MoO2. ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʘ ʦʢʩʠʜʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝ 

ʫʩʪʦʡʯʠʚʳ ʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʠʩʧʘʨʷʪʴʩʷ (ʩʫʙʣʠʤʠʨʦʚʘʪʴ) ʠ 
ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʪʴ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ MoO3 
(1), MoO2 (2) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʫʨʘʚʥʝʥʠʷʤʠ: 
 

t, oC 
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       4Mo(r) + 11/2O2(r) = Mo4O11(r) 
    

   æG 0

T
 = - 2743000 + 853 T, ɼʞ/ʤʦʣʴ (ʊ = 1000 ï 1340ʂ)   (1) 

 
 Mo(r) + O2 = MoO2(r) 

   

   æG 0

T
 = - 571800 + 166,2 T, ɼʞ/ʤʦʣʴ (ʊ = 1070 ï 1320ʂ)    (2ʆʢʩʠʜ 

MoO3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʙʝʣʳʡ ʧʦʨʦʰʦʢ ʩ ʟʝʣʝʥʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 
ʞʝʣʪʝʝʪ. ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʰʢʘ ʂʄʆ ʩʦʩʪʘʚʣʷʝʪ 4,69 ʛ/ʩʤ3. ʇʦʨʦʰʦʢ ʧʣʘʚʠʪʩʷ ʧʨʠ 795 ʦʉ, 

ʢʠʧʠʪ ʧʨʠ 1155 ʦʉ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʥʘʜ ʄʦʆ3(r) 

ʠʤʝʝʪ ʚʠʜ (ʤʇʘ) 

lgPʦʙʱ = -1545/ʊ + 0,526. 
ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʘʨʘ (ʨ) ʥʘʜ ʄʦʆ3 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ɿʘʚʠʩʠʤʦʩʪʴ ʫʧʨʫʛʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ ʦʢʩʠʜʘ ʄʦʆ2 ʧʦ ʨʝʘʢʮʠʠ ʄʦʆ2 Ÿ ʄʦ + 
ʆ2 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ  

lgPO2 = - 2564/ʊ + 0,618 (ʤʇʘ). 
ʊʝʤʧʝʨʘ- 
ʪʫʨʘ, ʦʉ 734      785       814  851     892        955   1083        1151 

ʈʄʦO3, 
ʤʤ.ʨʪ.ʩʪ 1,0       2,0       10  20     40        100   400        760 

  
ʉʫʙʣʠʤʘʮʠʷ ʄʦʆ3 ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʨʝʘʢʮʠʠ (ʄʦʆ3)(ʪ) Ÿ (ʄʦʆ3)(ʛʘʟ) ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ (ʚ ʘʪʤ): 

 
lgPMoOʟ (ʩʫʙʣʠʤʘʮʠʷ) = - 15,11/ʊ + 1,46 lgT ï 1,32Ā10-3T + 0,071. 

 
ʀʩʧʘʨʝʥʠʝ ʦʢʩʠʜʘ ʄʦʆ3 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ʊʘʢ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 690ʦʉ ʠ ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 798 ʢʇʘ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʄʦʆ3 ʚʦʟʨʘʩʪʘʝʪ 

ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ ʧʦ ʧʨʠʯʠʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ ʄʦʆ3Āʅ2ʆ. ʉ ʵʪʠʤʠ 
ʩʚʦʡʩʪʚʘʤʠ ʄʦʆ3 ʩʚʷʟʘʥʦ ʧʦʚʳʰʝʥʠʝ ʠʩʧʘʨʝʥʠʷ ʠ ʚʦʟʤʦʞʥʳʝ ʧʦʪʝʨʠ ʦʢʩʠʜʦʚ 

ʤʦʣʠʙʜʝʥʘ. 
ʇʦ ʜʘʥʥʳʤ ʈ. ɼʫʨʨʝʨ, ɻ.ʌʦʣʴʢʝʨʪ  [5] ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʠʩʣʦʚ 

ʤʦʣʠʙʜʝʥʘ ʢʨʝʤʥʠʝʤ ʠ ʘʣʶʤʠʥʠʝʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʘʢʮʠʷʤʠ (3) ʠ (4) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʢʘʣ/ʤʦʣʴ): 
2/3ʄʦʆ3 + Si = 2/3Mo + SiO2       (3) 

 

æG 0
< 1700

o
C = - 95940 + 3,07TlgT ï 8,800T, ʢʘʣ/ʤʦʣʴ 

 
2/3MoO3 + 4/3Al = 2/3Al2O3 + 2/3Mo     (4) 

 
æGT = - 150390 + 0,57TlgT + 11280T. ʢʘʣ/ʤʦʣʴ 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʠʞʝ ʧʨʠʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʝʣʝʟʘ ʠʟ FeO 
ʢʨʝʤʥʠʝʤ (5) (ʢʘʣ/ʤʦʣʴ): 

 
     2FeO + Si = 2Fe + SiO2      (5) 
  

æGT = - 159210 + 265TlgT + 396820T. ʢʘʣ/ʤʦʣʴ 
 

ʇʦ ʜʨʫʛʠʤ ʠʩʪʦʯʥʠʢʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʄʦʆ3 ʠ ʄʦʆ2 ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʨʝʘʢʮʠʷʤʠ ʩ ʢʨʝʤʥʠʝʤ (6) ʠ (7): 
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2/3ʄʦʆ3 + Si = 2/3Mo + SiO2     (6) 

 

æG 0

T
 = - 469870 + 65,6T, ɼʞ/ʤʦʣʴ, 

 

ʄʦʆ2 + Si = ʄʦ +SiO2      (7) 
 

æG 0

T
 = - 334040 + 19,5T + 11280T, ɼʞ/ʤʦʣʴ, 

 

 ʩ ʘʣʶʤʠʥʠʝʤ (8) ʠ (9) 
 

    2/3ʄʦʆ3 + 4/3Al = 2/3Mo + 2/3Al2O3    (8) 
 

æG0

T
 = - 683660 + 51,16T, ɼʞ/ʤʦʣʴ 

 

MoO2 + 4/3Al = Mo + 2/3Al2O3     (9) 
 

æG 0

T
 = - 519140 + 5,15T, ɼʞ/ʤʦʣʴ. 

 
ʀʟ ʧʨʠʚʝʜʸʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʦʚ ʤʦʣʠʙʜʝʥʘ 

ʘʣʶʤʠʥʠʝʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ. 

ʊʝʭʥʦʣʦʛʠʷ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ. ʌʝʨʨʦʤʦʣʠʙʜʝʥ ʚ ʩʦʦʨʫʞʝʥʥʦʤ 
ʮʝʭʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʚ ʧʝʯʘʭ ï ʪʠʛʣʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʢʦʥʮʝʥʪʨʘʪ (ʆʄʂ). ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 
ʰʠʭʪʳ ʠ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚ ʪʦʥʥʘʭ ʥʘ ʧʣʘʚʢʫ: 
ʌʝʨʨʦʤʦʣʠʙʜʝʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ (ʤʦʣʦʪʳʡ)  (60-65% ʄʦʆ3)  4,940 

ɾʝʣʝʟʦʨʫʜʥʳʝ ʦʢʘʪʳʰʠ     ʥʝ ʤʝʥʝʝ 65% Fe  1,480 
ʉʪʨʫʞʢʘ ʠʣʠ ʚʳʰʪʘʤʧʦʚʢʘ ʛ/ʦ 2ɸ        0,390 

ʌʝʨʨʦʩʠʣʠʮʠʡ ʌʉ65 (ʤʦʣʦʪʳʡ)    (ɼʉʊʋ 4127-2002)  1,470 
ʌʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʡ ʌʉ55ɸ15    (55-60 % Si, 15-20 % Al) 0,500 
ʀʟʚʝʩʪʴ ʠʟʤʝʣʴʯʸʥʥʘʷ (ʧʫʰʦʥʢʘ)    (ʬʨʘʢʮʠʷ ʥʝ ʙʦʣʝʝ 3,0 ʤʤ) 0,413 

ʇʳʣʴ ʛʘʟʦʦʯʠʩʪʢʠ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ       0,413 
      ɺʩʝʛʦ:                10,443 

ʂʦʤʧʦʥʝʥʪʳ ʰʠʭʪʳ ʚʣʘʞʥʦʩʪʴʶ ʙʦʣʝʝ 1% ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʜʝʣʴʥʦ ʩʫʰʢʝ ʚ 
ʩʫʰʠʣʴʥʳʭ ʧʝʯʘʭ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ (ʜʣʠʥʘ 7 ʤ, ʜʠʘʤ. 0,8 ʤ) ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 7 
ʪ/ʯʘʩ. ɺ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,5%. ɼʳʤʦʚʳʝ ʛʘʟʳ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 400ʦʉ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʯʝʨʝʟ ʜʳʤʦʚʫʶ ʪʨʫʙʫ (ʚʳʩʦʪʘ 45ʤ, ʜʠʘʤʝʪʨ 2,2ʤ). 
ɺʳʩʫʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʪ, ʬʝʨʨʦʩʠʣʠʮʠʡ, ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʡ ʠ ʞʝʣʝʟʦʨʫʜʥʳʝ 

ʦʢʘʪʳʰʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʤʦʣʫ ʚ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ ʜʦ ʬʨʘʢʮʠʠ ʥʝ ʙʦʣʝʝ 1ʤʤ. 
ʇʦʤʦʣʦʪʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʙʫʥʢʝʨʳ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ 
ʦʪʜʝʣʝʥʠʷ. ʀʟ ʙʫʥʢʝʨʦʚ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʧʦʩʪʫʧʘʝʪ ʚ ʩʘʤʦʨʘʟʛʨʫʞʘʶʱʠʝʩʷ ʙʘʜʴʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʚʝʩʳ ʩʘʤʦʭʦʜʥʦʡ ʪʝʣʝʞʢʠ, ʧʝʨʝʜʚʠʛʘʶʱʝʡʩʷ ʧʦʜ 
ʚʩʝʡ ʙʫʥʢʝʨʥʦʡ ʵʩʪʘʢʘʜʦʡ. 

ɼʘʣʝʝ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʘʜʴʠ ʚʳʛʨʫʞʘʝʪʩʷ ʚ ʩʤʝʩʠʪʝʣʴ 
(ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʟʘʢʨʳʪʘʷ ʸʤʢʦʩʪʴ ʥʘ ʦʧʦʨʘʭ ʩʦ ʩʤʝʱʝʥʥʳʤ ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠ), ʛʜʝ 
ʢʦʤʧʦʥʝʥʪʳ ʰʠʭʪʳ ʪʱʘʪʝʣʴʥʦ ʩʤʝʰʠʚʘʶʪʩʷ. ʈʘʟʦʚʘʷ ʟʘʛʨʫʟʢʘ ʰʠʭʪʳ ʚ ʩʤʝʩʠʪʝʣʴ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʤʘʩʩʝ 1/5 ʯʘʩʪʠ (2,0 ʪ) ʚʩʝʡ ʟʘʚʘʣʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʜʥʫ ʧʣʘʚʢʫ 
(10,0 ʪ). 

ʄʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʘʷ ʧʣʘʚʢʘ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʰʠʭʪʳ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʪʠʛʝʣʴʥʳʭ ʧʝʯʘʭ ʧʣʘʚʠʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʩʦʦʨʫʞʸʥʥʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʮʝʭʘ. ʊʠʛʝʣʴ-ʧʝʯʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʩʪʘʣʴʥʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 
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ʦʙʝʯʘʡʢʫ ʜʠʘʤʝʪʨʦʤ 2000 ʤʤ ʠ ʚʳʩʦʪʦʡ 2000 ʤʤ, ʪʦʣʱʠʥʦʡ 20 ʤʤ. ʊʠʛʝʣʴ-ʧʝʯʴ 
ʬʫʪʝʨʫʝʪʩʷ ʰʘʤʦʪʥʳʤ ʢʠʨʧʠʯʦʤ ʠ ʦʙʦʨʫʜʦʚʘʥ ʣʸʪʢʦʡ ʜʣʷ ʚʳʧʫʩʢʘ ʰʣʘʢʘ. ʆʥ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʝʩʯʘʥʫʶ  ʧʦʜʩʳʧʢʫ, ʠʤʝʶʱʫʶ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʛʣʫʙʣʝʥʠʝ 
ʜʣʷ ʧʨʠʸʤʢʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʢʠ ʞʠʜʢʦʛʦ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ. 

ʈʘʟʦʚʘʷ ʟʘʚʘʣʢʘ ʰʠʭʪʳ ʚ ʧʝʯʴ (ʢʦʣʦʰʘ) ʩʦʩʪʘʚʣʷʝʪ 1/5 ʯʘʩʪʠ ʨʘʟʦʚʦʡ ʩʤʝʰʘʥʥʦʡ ʰʠʭʪʳ 
ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʚʝʨʭʫ ʢʘʞʜʦʡ ʟʘʚʘʣʢʠ ʩʪʨʫʞʢʠ (15,6 ʢʛ). ɿʘʛʨʫʟʢʠ ʰʠʭʪʳ ʚ ʩʤʝʩʠʪʝʣʴ ʠ 
ʧʦʨʮʠʦʥʥʳʝ ʟʘʚʘʣʢʠ ʚ ʧʝʯʴ (25 ʢʦʣʦʰ) ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʦ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʪʠʛʣʷ-ʧʝʯʠ 

ʚʩʝʡ ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʧʣʘʚʢʫ ʰʠʭʪʳ (10 ʪ). ʇʦʩʣʝ ʫʢʨʳʪʠʷ ʪʠʛʣʷ ʬʫʪʝʨʦʚʘʥʥʳʤ ʩʚʦʜʦʤ 
ʩ ʧʳʣʝʛʘʟʦʦʪʚʦʜʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʞʠʛʘʥʠʝ ʟʘʧʘʣʴʥʦʡ ʩʤʝʩʠ ʵʣʝʢʪʨʦʟʘʞʠʛʘʥʠʝʤ, ʯʪʦ 

ʦʪʤʝʯʘʝʪʩʷ ʢʘʢ ʥʘʯʘʣʦ ʧʣʘʚʢʠ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʩʠʣʠʢʦʘʣʶʤʠʥʦʪʝʨʤʠʯʝʩʢʠʤ 
ʩʧʦʩʦʙʦʤ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʣʘʚʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 30 ʜʦ 40 ʤʠʥ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 
ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʪʠʛʣʝ-ʧʝʯʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʳʰʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʠʟ ʄʦʆ3 ʠ ʄʦʆ2 ʢʨʝʤʥʠʝʤ ʠ ʘʣʶʤʠʥʠʝʤ. 
ʇʦʣʫʯʘʝʤʳʡ ʬʝʨʨʦʤʦʣʠʙʜʝʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʄʦ ʠ ʧʨʠʤʝʩʝʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ (% ʤʘʩʩ.): 
    ʄʦ             Si            Cu             Sb              Sn               C                 S                P 
59,5-61,0   0,15-0,9     0,4-0,6     0,04-0,05    0,04-0,05    0,04-0,10     0,06-0,08    0,03-0,04 

 ʐʣʘʢ ʪʠʛʣʷ-ʧʝʯʠ ʚʳʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʣʸʪʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʙʣʠʞʝ ʢ ʥʠʞʥʝʤʫ 
ʬʣʘʥʮʫ ʪʠʛʣʷ. ʐʣʘʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʭʠʤʩʦʩʪʘʚʘ (% ʤʘʩʩ.): 

  ʄʦ(ʦʙʱ.)        SiO2        FeO         Al2O3          CaO           MgO 
0,06-0,15             62-68        7-11                  9-13              6-8   1-3 
 

ʀʟʚʣʝʯʸʥʥʳʡ ʙʣʦʢ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʤʘʩʩʦʡ 5,0 ʪ ʦʭʣʘʞʜʘʝʪʩʷ ʚ ʙʘʩʩʝʡʥʝ 
ʚʦʜʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʙʣʦʢ ʨʘʟʨʫʰʘʝʪʩʷ ʥʘ ʬʨʘʢʮʠʠ (0-10 ʤʤ). 

ɿʘʜʘʚʘʝʤʳʝ ʪʦʚʘʨʥʳʝ ʬʨʘʢʮʠʠ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʧʦʣʫʯʘʶʪ ʧʦʩʣʝ ʜʨʦʙʣʝʥʠʷ ʥʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʨʦʙʠʣʢʘʭ ʉʄɼ-106 (ʬʨʘʢʮʠʷ 2-10 ʤʤ), ʉʄɼ-109 (ʬʨʘʢʮʠʷ 0-50 ʤʤ) 
ʠ ʫʧʘʢʦʚʘʥʥʳʡ ʚ çʙʠʛ-ʙʝʛʠè ʬʝʨʨʦʤʦʣʠʙʜʝʥ ʚʤʝʩʪʠʤʦʩʪʴʶ 1 ʪ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʠ ʜʣʷ ʦʪʧʨʘʚʢʠ ʟʘʢʘʟʯʠʢʫ. 
ʉʦʦʨʫʞʸʥʥʦʝ ʧʦ ʧʨʦʝʢʪʫ ʦʙʦʨʫʜʦʚʘʥʠʝ ʫʣʘʚʣʠʚʘʶʱʝʝ ʧʳʣʝʛʘʟʦʚʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʫʢʘʚʥʦʤ ʬʠʣʴʪʨʝ ʩ ʠʤʧʫʣʴʩʥʦʡ ʨʝʛʝʥʝʨʘʮʠʝʡ ʌʈʀʈ-1800, ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ 98%. ʇʨʦʠʟʚʦʜʩʪʚʦ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʨʝʜʥʦʛʦ 
ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺʳʚʦʜʳ. 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʙʱʝʥʠʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʦʧʳʪʘ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʞʞʸʥʥʦʛʦ 
ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʢʚʦʟʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠ ʧʨʦʮʝʩʩʳ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʚʳʩʰʝʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʤʦʣʠʙʜʝʥʘ ʠ ʧʨʠʤʝʩʝʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. 
2. ɺ ʫʩʣʦʚʠʷʭ ʇɸʆ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʧʨʦʝʢʪʫ ʚʧʝʨʚʳʝ 

ʚ ʋʢʨʘʠʥʝ ʩʦʦʨʫʞʸʥ ʮʝʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʩʠʣʠʢʦʘʣʶʤʠʥʦʪʝʨʤʠʯʝʩʢʠʤ 
ʩʧʦʩʦʙʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʨʨʦʩʠʣʠʮʠʷ ʌʉ65 ʠ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ ʌʉ55ɸ15. 
ɺʥʝʜʨʸʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʩ ʠʟʚʣʝʯʝʥʠʝʤ 

ʤʦʣʠʙʜʝʥʘ ʚ ʩʧʣʘʚ 98%. 
3. ɻʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʝʨʨʦʤʦʣʠʙʜʝʥʘ ʚ ʩʦʦʨʫʞʸʥʥʦʤ ʮʝʭʝ 

ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʟʘʚʦʜʘ ʚ ʬʝʨʨʦʤʦʣʠʙʜʝʥʝ ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʙʳʪʦʢ 
ʝʛʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦ ʟʘʢʘʟʘʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʩʪʘʣʝʡ ʚ ʫʩʣʦʚʠʷʭ 

ʇɸʆ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè. 
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ʀʉʉʃɽɼʆɺɸʅʀʗ ʂʈʀʉʊɸʃʃʆʉʊʈʋʂʊʋʈʅʓʍ ʇʈɽɺʈɸʑɽʅʀʁ 

ʌʆʉʌʆʈʀʊɸ ʄɸʃʆʂɸʄʓʐɽɺɸʊʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʄɽʊʆɼɸʄʀ 

ʊɽʈʄʆɻʈɸɺʀʄɽʊʈʀʏɽʉʂʆɻʆ ʀ ʈɽʅʊɻɽʅʆʉʊʈʋʂʊʋʈʅʆɻʆ ɸʅɸʃʀɿʆɺ 

 
ʇʦʣʷʢʦʚ ʆ.ʀ./ʢ.ʪ.ʥ./, ʇʨʦʡʜʘʢ ɸ.ʖ., ɻʘʩʠʢ ʄ.ʀ./ʜ.ʪ.ʥ./ 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ 
 

ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʋʢʨʘʠʥʳ ʬʝʨʨʦʬʦʩʬʦʨʦʤ ʚʝʩʴʤʘ 
ʘʢʪʫʘʣʴʥʘ [1,2], ʦʩʦʙʝʥʥʦ ï ʚ ʩʚʝʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʠʤʧʦʨʪʥʳʭ 
ʧʦʩʪʘʚʦʢ ʠʟ ʩʪʨʘʥ ʙʳʚʰʝʛʦ ʉʉʉʈ (ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ï ʠʟ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ) ʧʦ ʨʷʜʫ 

ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ. ʌʝʨʨʦʩʧʣʘʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 
ʚʨʝʤʝʥʠ ʚ ʋʢʨʘʠʥʝ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʧʦʢʨʳʪʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʢʦʣʠʯʝʩʪʚʘʭ. ʉʦʟʜʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʬʦʩʬʦʨʘ ʥʘ 
ʩʦʙʩʪʚʝʥʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʝ  ï  ʩ  ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʤʧʦʨʪʘ ï ʷʚʣʷʝʪʩʷ, 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʉʫɦʥʦʩʪʴ ʚʦʧʨʦʩʘ. 

ʉʳʨʴʝʚʘʷ ʙʘʟʘ. ɺ 1930-50 ʛʛ. ʚ ʀʟʶʤʩʢʦʤ ʨʘʡʦʥʝ ʍʘʨʴʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʨʘʟʚʝʜʘʥʳ 3 ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʬʦʩʬʦʨʠʪʦʚ: ʉʠʥʠʯʠʥʦ-ʗʨʝʤʦʚʩʢʦʝ, ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʝ 
ʠ ʀʟʶʤʩʢʦʝ ʩ ʦʙʱʠʤʠ ʟʘʧʘʩʘʤʠ ʙʦʣʝʝ 5 ʤʣʥ. ʪ. ʕʪʘ ʛʨʫʧʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʨʝʩʫʨʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ 

ʜʣʷ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʬʦʩʬʦʨʘ. ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʟʘʣʝʛʘʥʠʷ ʬʦʩʬʦʨʠʪʦʚʦʛʦ ʧʨʦʩʣʦʷ ʥʘ 
ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʝʛʦ ʤʦʱʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʈ2ʆ5 ʚ ʨʫʜʝ 

ʚʳʜʝʣʝʥʳ 4 ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʦʢ "ʇʝʨʝʤʦʛʘ", 
ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 4,5 ʢʤ ʶʞʥʝʝ ʩʝʣʘ ʂʘʤʝʥʢʘ ʀʟʶʤʩʢʦʛʦ ʨʘʡʦʥʘ. ɿʘʧʘʩʳ ʫʯʘʩʪʢʘ 
ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 170 ʪʳʩ. ʪʦʥʥ ʬʦʩʬʦʨʠʩʪʦʡ ʨʫʜʳ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʈ2ʆ5).  

ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʦʙʨʘʟʮʳ ʨʫʜʳ ʩ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʧʦʜʚʝʨʛʣʘʩʴ ʘʥʘʣʠʟʫ ʚ ʥʘʩʪʦʷʱʝʡ 
ʨʘʙʦʪʝ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʬʦʩʬʦʨʘ ʙʘʟʠʨʫʝʪʩʷ 
ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʣʘʚʢʝ ʚ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʩ ʥʝʧʨʝʨʳʚʥʦʡ 
ʟʘʛʨʫʟʢʦʡ ʰʠʭʪʳ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʚʳʧʫʩʢʦʤ ʤʝʪʘʣʣʘ ʠ ʰʣʘʢʘ [2]. ʇʨʠ ʵʪʦʤ ʚʝʩʴʤʘ 

ʚʘʞʥʦ ʠʟʙʝʞʘʪʴ ʨʘʟʨʫʰʝʥʠʷ ʢʫʩʦʯʢʦʚ ʰʠʭʪʳ ʧʨʠ ʠʭ ʨʝʟʢʦʤ ʥʘʛʨʝʚʝ ʥʘ ʢʦʣʦʰʥʠʢʝ, ʯʪʦ 
ʯʨʝʚʘʪʦ ʚʳʙʨʦʩʘʤʠ ʛʦʨʷʯʝʡ ʰʠʭʪʳ, ʩʥʠʞʝʥʠʝʤ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʥʘʨʫʰʝʥʠʝʤ ʭʦʜʘ 

ʧʝʯʠ (ʨʘʙʦʪʳ ʢʦʣʦʰʥʠʢʘ) ʠ ʧʨ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʳ ʪʱʘʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 
ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʦʙʞʠʛʝ: ʚʳʭʦʜ ʣʝʪʫʯʠʭ (ʜʠʩʩʦʮʠʘʮʠʠ), ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʬʦʩʬʦʨʠʪʘ ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 
ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʟʘʜʘʯ. 
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ʉʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ. 

ɼʠʬʬʝʨʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ (DTA) ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ (TG) ʘʥʘʣʠʟ 

ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʘ 

ʧʨʠʨʦʜʥʦʛʦ ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʨʘʙʦʪʘʭ [3]  ʤʝʪʦʜʘʤʠ  

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ,  ʧʦʟʚʦʣʠʚʰʠʝ ʧʦʣʫʯʠʪʴ ʨʷʜ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢ ʠʟʚʝʩʪʥʳʤ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʘʧʘʪʠʪ (ʠ ʝʛʦ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ) ʪʝʨʤʦʠʥʝʨʪʝʥ ʜʦ 1200 Áʉ. ɺ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʟʦʤʦʨʬʥʦʟʘʤʝʱʘʶʱʠʭ ʧʨʠʤʝʩʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʠʜʨʦʢʩʠʣ ʠ ʢʘʨʙʦʥʘʪ-ʠʦʥʳ, ʘ ʪʘʢʞʝ 

ʬʪʦʨ ʠ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. ʅʘʛʨʝʚ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʝʛʦ ʤʠʥʝʨʘʣʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (¢ 200 Áʉ), ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ: ʉʅ- (200-400 Áʉ) ʠ ʉN-ʩʦʜʝʨʞʘʱʝʛʦ (400-600 Áʉ), ʩʪʨʫʢʪʫʨʥʦ-ʩʚʷʟʘʥʥʦʡ 

ʚʦʜʳ (200-600 Áʉ) ʠ ʢʘʨʙʦʥʘʪ-ʠʦʥʘ (600-900 Áʉ), ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʢʨʠʚʳʭ DTA ʚ ʚʠʜʝ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʕʪʠʤ ʵʬʬʝʢʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʝʨʷ ʤʘʩʩʳ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʫʜʘʣʝʥʠʝʤ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʚʠʜʝ ʧʨʦʛʠʙʦʚ ʥʘ ʢʨʠʚʦʡ TG. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠʨʦʜʥʦʛʦ ʘʧʘʪʠʪʘ ʧʦ ʜʘʥʥʳʤ [3] ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 - ʈʝʟʫʣʴʪʘʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ (DTA) ʠ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ(TG) ʘʥʘʣʠʟʘ ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪ ʧʦ ʜʘʥʥʳʤ [3] 

ʇʦʪʝʨʷ ʤʘʩʩʳ (%)  ʚ ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ, Áʉ ʉʫʤʤʘʨʥʘʷ ʧʦʪʝʨʷ 

ʤʘʩʩʳ 
0-200 200-400 400-600 600-1000 

0,15 0,9 2,1 4,8 7,95 
 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣ.1 ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ 

ʧʨʠʨʦʜʥʦʤ ʬʦʩʬʦʨʠʪʝ,  ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ ʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ, ʭʦʪʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, 

ʪʘʢ ʞʝ, ʢʘʢ ʠ ʝʛʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʬʦʩʬʦʨʠʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ ʘʛʨʝʛʘʪʳ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ [3]. 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ. ɸʧʘʪʠʪ ï 

ʙʝʟʚʦʜʥʳʡ ʬʦʩʬʘʪ ʢʘʣʴʮʠʷ ï ʩʦʩʪʘʚʣʷʝʪ 95% ʦʪ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʬʦʩʬʦʨʘ. 

ɻʦʩʧʦʜʩʪʚʫʶʱʝʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʘʧʘʪʠʪʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ 

ʬʪʦʨʘʧʘʪʠʪ ʠ ʬʪʦʨʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪ [4]. ɸʧʘʪʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʈ63/m. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʜʚʝ 

ʬʦʨʤʫʣʴʥʳʝ ʝʜʠʥʠʮʳ Ca3(PO4)2 [6]. ʆʩʥʦʚʫ ʩʪʨʫʢʪʫʨʳ ʘʧʘʪʠʪʘ ʩʦʩʪʘʚʣʷʶʪ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʬʦʩʬʦʨʥʦ-ʢʠʩʣʦʨʦʜʥʳʝ ʪʝʪʨʘʵʜʨʳ, ʢʦʪʦʨʳʝ, ʦʙʲʝʜʠʥʷʷʩʴ ʩ ʧʦʤʦʱʴʶ 

ʢʘʪʠʦʥʦʚ ʢʘʣʴʮʠʷ ʉʘ2+(1), ʦʙʨʘʟʫʶʪ ʧʦʣʳʝ ʮʠʣʠʥʜʨʳ (ʢʘʥʘʣʳ), ʥʘ ʩʪʝʥʢʘʭ ʢʦʪʦʨʳʭ 

ʨʘʟʤʝʱʘʶʪʩʷ ʠʦʥʳ ʢʘʣʴʮʠʷ ʉʘ2+(2), ʘ ʧʦ ʦʩʠ ï ʦʜʥʦʚʘʣʝʥʪʥʳʝ ʘʥʠʦʥʳ (ʨʠʩ. 1, ʘ, ʙ). ɺ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʜʝʩʷʪʴ ʘʪʦʤʦʚ ʢʘʣʴʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʜʚʫʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ 

ʧʦʣʦʞʝʥʠʷʤ: ʉʘ2+(1) ï 40 % ʠ ʉʘ2+(2) ï 60 % ʩ ʩʠʤʤʝʪʨʠʝʡ ʉ3 ʠ ʉ1h ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʦʥʳ ʉʘ2+(1) ʦʙʨʘʟʫʶʪ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʩ ʥʝʧʨʝʨʳʚʥʳʝ ʢʦʣʦʥʢʠ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ 

ʢʘʪʠʦʥ ʩʚʷʟʘʥ ʩ ʜʝʚʷʪʴʶ ʘʥʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ ʪʝʪʨʘʵʜʨʦʚ PO4
3ī (ʩʤ. ʨʠʩ. 1, ʘ), ʦʙʨʘʟʫʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʉʘʆ9. ɹʣʠʞʘʡʰʝʝ ʦʢʨʫʞʝʥʠʝ ʉʘ
2+(2) ʦʙʨʘʟʦʚʘʥʦ ʰʝʩʪʴʶ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʛʨʫʧʧʦʡ ʆʅï ʠ ʦʜʥʠʤ ʛʘʣʦʛʝʥʦʤ ï ʉʘʆ6ʆʅ(F, Cl). 
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ʈʠʩ. 1 ï ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ  ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ: 
 ʘ - ʩʭʝʤʘ ʧʦʟʠʮʠʡ ʢʘʪʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʘʥʠʦʥʦʚ PO4

3- ʠ ʛʘʣʦʛʝʥʦʚ; ʙ - ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʛʨʫʧʧ ʆʅï  ʥʘ ʦʩʠ 63 ʠ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ ʚ ǌʢʘʥʘʣʝǌ ; ʚ - ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʟʘʤʝʱʝʥʠʷ  
ʘʥʠʦʥʘ PO4

3- ʥʘ  ʧʣʦʩʢʫʶ  ʛʨʫʧʧʫ CO3
2- ʥʘ ʦʩʠ 63; ʛ -  ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ  ʤʦʜʝʣʴ  

ʨʘʟʤʝʱʝʥʠʷ  ʛʨʫʧʧʳ  CO3
2- ʥʘ ʦʩʠ 63. 

ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ï ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʛʘʣʦʛʝʥʦʚ (F, Cl) ʠ 

ʛʨʫʧʧʳ OHï ʥʘ ʦʩʠ 63. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʨʘʟʣʠʯʘʶʪ ʬʪʦʨ-, ʭʣʦʨ- ʠ ʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʳ. ɺ 

ʧʨʠʨʦʜʥʳʭ ʘʧʘʪʠʪʘʭ ʛʘʣʦʛʝʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʪʨʫʢʪʫʨʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʆʜʥʦʚʘʣʝʥʪʥʳʝ ʘʥʠʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʠ 63 ʧʦ-ʨʘʟʥʦʤʫ: ʬʪʦʨ ï ʚ ʧʣʦʩʢʦʩʪʠ ʪʨʝʭ 
ʢʘʪʠʦʥʦʚ ʉʘ2+ (2), ʭʣʦʨ ï ʥʘ ʧʦʣʦʚʠʥʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ, ʘ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʚ ʛʨʫʧʧʝ OHï   ʤʝʞʠʦʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ lʆïʅ = 0,095 ʥʤ) ʩʜʚʠʥʫʪ 
ʦʪ ʧʣʦʩʢʦʩʪʠ ʥʘ 0,03 ʥʤ (ʩʤ. ʨʠʩ. 1, ʘ, ʙ). 

ʂʘʨʙʦʥʘʪ-ʠʦʥ CO3
2ī, ʟʘʤʝʱʘʶʱʠʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ ʘʥʠʦʥ PO4

3ī, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʣʦʩʢʫʶ 24-ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʦʞʝʥʠʷ ʘʥʠʦʥʘ PO4
3ī ʚ 

ʩʪʨʫʢʪʫʨʝ ʚʠʜʥʦ (ʩʤ. ʨʠʩ. 1, ʘ, ʚ), ʯʪʦ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʝʛʦ ʥʘ ʧʣʦʩʢʠʝ ʢʦʤʧʣʝʢʩʳ CO3
2ī 

ʚʦʟʤʦʞʥʳ ʪʨʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦ ʙʣʠʞʘʡʰʝʤʫ ʦʢʨʫʞʝʥʠʶ ʧʦʟʠʮʠʠ: ʜʚʝ ʦʨʠʝʥʪʘʮʠʠ, 
ʢʦʛʜʘ ʧʣʦʩʢʦʩʪʠ ʪʨʝʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ (ʆ2ī1, ʆ2ī3, ʆ2ī3ǋ) ʠ (ʆ2ī2, ʆ2ī3, ʆ2ī3ǋ) 
ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʠ ʩ, ʠ ʦʜʥʘ (ʜʚʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ: ʆ2ī1, ʆ2ī2, ʆ2ī3 = ʆ2ī1, ʆ2ī2, ʆ2ī3ǋ ) ð 

ʧʦʜ ʫʛʣʦʤ 60Á ʢ ʦʩʠ ʩ (ʩʤ. ʨʠʩ. 1, ʚ). ʇʨʠʯʝʤ, ʢʘʨʙʦʥʘʪ-ʠʦʥ CO3
2ī ʤʦʞʝʪ ʚʥʝʜʨʷʪʴʩʷ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ɹʫʜʫʯʠ ʧʣʦʩʢʠʤ, "ʚʪʠʩʢʠʚʘʝʪʩʷ" ʤʝʞʜʫ 

ʪʝʪʨʘʵʜʨʘʤʠ PO4
3ī ʧʦ ʪʦʡ ʞʝ ʦʩʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʢʢʦʤʦʜʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ (ʨʠʩ. 1, ʚ ) ʣʠʙʦ ʩʦʩʝʜʩʪʚʫʝʪ ʩ ʢʘʪʠʦʥʦʤ Ca2+, ʯʪʦ ʪʘʢʞʝ "ʩʞʠʤʘʝʪ" 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ (ʨʠʩ. 1, ʛ ).  

ʆ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʘʨʙʦʥʘʪ-ʠʦʥʘ ʥʘ ʦʩʠ 63 ʚʤʝʩʪʦ ʆʅ
ī-ʛʨʫʧʧ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʭʦʪʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ, ʦʜʥʘ ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1, ʛ. ʆʪʤʝʪʠʤ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʪʠʧʘ ɸ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʢ 
ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʪʦʣʴʢʦ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʧʘʪʠʪʦʚ.  

ʆʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʘʧʘʪʠʪʘ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʥʝʤ ʧʨʠʤʝʩʝʡ 

ʧʨʠʚʦʜʷʪ ʢ ʛʣʘʚʥʦʡ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ ï ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʩʣʝʜʥʠʭ ʧʦ 
ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʟʠʮʠʷʤ. ʅʝʠʟʦʚʘʣʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʝ CO3

2ī ź PO4
3ī ʚ ʘʧʘʪʠʪʝ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʝʱʝ ʦʜʥʫ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ ï ʤʝʭʘʥʠʟʤ ʟʘʨʷʜʦʚʦʡ 
ʢʦʤʧʝʥʩʘʮʠʠ. ʕʪʦʪ ʚʦʧʨʦʩ ʜʦʣʛʦ ʜʠʩʢʫʪʠʨʦʚʘʣʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʨʝʜʣʘʛʘʣʦʩʴ ʥʝ ʤʝʥʝʝ 
11 ʤʝʭʘʥʠʟʤʦʚ, ʠ ʪʦʣʴʢʦ ʥʝʜʘʚʥʦ ʦʪʚʝʪ ʙʳʣ ʥʘʡʜʝʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ (ʕʇʈ) ʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ (ʗʄʈ) ʨʝʟʦʥʘʥʩʦʚ, ʘ ʪʘʢʞʝ ʢʚʘʥʪʦʚʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʦʜʝʣʝʡ ʟʘʤʝʱʝʥʠʷ [3]. ɼʣʷ ʆʅī-ʘʧʘʪʠʪʦʚ ʥʘʠʙʦʣʝʝ 
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ʧʨʠʝʤʣʝʤʳʤ ʦʢʘʟʘʣʩʷ ʤʝʭʘʥʠʟʤ ʩ ʚʘʢʘʥʩʠʷʤʠ ʚ ʩʦʩʝʜʥʠʭ ʩ ʪʝʪʨʘʵʜʨʦʤ PO4
3ī  ʉʘ2+- ʠ 

ʆʅī-ʧʦʟʠʮʠʷʭ, ʪ.ʝ. ʉʘ2+ + PO4
3ī + ʆʅï ź Vʉʘ + CO3

2ī + Vʆʅ (ʟʜʝʩʴ V ï ʚʘʢʘʥʩʠʷ). ʇʨʠ 

ʵʪʦʤ ʆʅī-ʛʨʫʧʧʘ ʚʥʝʜʨʷʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʘʧʘʪʠʪʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 
ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ "ʢʘʥʘʣʝ" ʪʝʪʨʘʵʜʨʦʚ, ʦʙʨʘʟʫʶʱʠʭ PO4

3ī. ɼʘʥʥʦʛʦ ʪʠʧʘ ʚʥʝʜʨʝʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ "ʨʘʟʙʫʭʘʥʠʶ" ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ.  
ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʩʬʦʨʠʪʘ 

ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʦʙʨʘʥʘ  
ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʘ (5,5 ʢʛ) ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʝʛʦ ʧʝʩʯʘʥʠʢʘ 

ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʬʦʩʬʦʨʠʪʦʚ. ʇʨʦʙʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 
ʢʫʩʢʦʚʳʡ ʤʘʪʝʨʠʘʣ (ʬʨ. 15,0 - 55,0 ʤʤ) ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʢʦʨʠʯʥʝʚʘʪʳʤ, ʨʝʞʝ 
ʟʝʣʝʥʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ ʧʩʘʤʤʠʪʦʚʘʷ; ʪʝʢʩʪʫʨʘ ʤʝʣʢʦʦʙʣʦʤʦʯʥʘʷ, 

ʧʷʪʥʠʩʪʘʷ, ʤʝʩʪʘʤʠ ʧʦʨʠʩʪʘʷ. ʆʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʙʫʨʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʩʦʣʷʥʫʶ 
ʢʠʩʣʦʪʫ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘ ʥʘʣʠʯʠʝ ʢʘʣʴʮʠʪʘ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ 

ʩʦʜʝʨʞʘʥʠʝ ʈʦʙ ɦï 5,30, Feʦʙ ɦï 2,52 ʤʘʩ.%. 
ɼʣʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʝ ʠʩʭʦʜʥʦʡ ʧʨʦʙʳ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʪʨʠ 

ʧʨʦʟʨʘʯʥʳʭ ʠ ʪʨʠ ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʣʠʬʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʠʢʨʦʩʢʦʧʝ 

ʬʠʨʤʳ Nu (ɻʝʨʤʘʥʠʷ) ʚ ʧʨʦʭʦʜʷʱʝʤ ʠ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 
ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʧʨʦʙʳ ʧʨʠʚʝʜʝʥ ʥʠʞʝ: 

 

ʄʠʥʝʨʘʣ ʉʦʜʝʨʞʘʥʠʝ, % ʦʙ. 

ʢʚʘʨʮ 46,4 
ʬʨʘʥʢʦʣʠʪ 27,9 

ʛʣʘʫʢʦʥʠʪ 17,6 
ʢʘʣʴʮʠʪ 5,1 
ʧʣʘʛʠʦʢʣʘʟ 1,4 

ʛʠʜʨʦʙʠʦʪʠʪ 0,1 
ʘʧʘʪʠʪ 0,1 

ʭʣʦʨʠʪ 0,1 
ʠʣʴʤʝʥʠʪ 0,9 
ʛʠʜʨʦʛʝʪʠʪ 0,3 

ʧʠʨʠʪ 0,1 
ʤʘʛʥʝʪʠʪ  ɿʥ.* 

ʛʝʤʘʪʠʪ ɿʥ. 
ɺʩʝʛʦ 100 

ʇʨʠʤʝʯʘʥʠʝ: ɿʥ* ï ʟʥʘʢ - ʝʜʠʥʠʯʥʳʡ ʦʙʣʦʤʦʢ 

 
ʌʨʘʥʢʦʣʠʪ ʚʭʦʜʠʪ ʚ ʬʦʩʬʦʨʠʩʪʫʶ ʨʫʜʫ ʚ ʚʠʜʝ ʮʝʤʝʥʪʠʨʫʶʱʝʡ ʤʘʩʩʳ ʧʦʨʦʜʳ, 

ʚ ʢʦʪʦʨʫʶ ʟʘʢʣʶʯʝʥʳ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʚʳʷʚʣʝʥʥʳʝ ʤʠʥʝʨʘʣʳ (ʨʠʩ. 2). ʌʨʘʥʢʦʣʠʪʦʚʳʡ 
ʮʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʘʛʨʝʛʘʪʦʤ, ʦʪʜʝʣʴʥʳʝ ʠʥʜʠʚʠʜʳ ʢʦʪʦʨʦʛʦ 
ʥʝ ʨʘʟʣʠʯʠʤʳ ʚ ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ. ʇʦʣʫʯʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʦʙʣʦʤʢʦʚ 

ʬʦʩʬʦʨʠʪʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʠʟ ʥʝʛʦ ʯʘʩʪʠʮ ʜʨʫʛʠʭ 
ʤʠʥʝʨʘʣʦʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢʚʘʨʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʫʧʥʦʩʪʴ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʩʳʨʴʷ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʘʟʤʝʨʦʤ ʢʚʘʨʮʝʚʳʭ ʠ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʦʙʣʦʤʢʦʚ. 
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ʙ)  
ʘ) 

ʈʠʩ. 2 ï ʌʨʘʥʢʦʣʠʪ (1) ï ʮʝʤʝʥʪʠʨʫʶʱʘʷ ʤʘʩʩʘ ʧʦʨʦʜʳ ʠ ʩʣʘʙʦʦʢʘʪʘʥʥʳʝ 

ʢʚʘʨʮʝʚʳʝ ʦʙʣʦʤʢʠ (2) ʚ ʬʦʩʬʦʨʠʪʦʚʦʤ ʮʝʤʝʥʪʝ (ʧʨʦʭʦʜʷʱʠʡ ʩʚʝʪ; ʫʚ. 30³: ʘ ï 

ʥʠʢʦʣʠ ||; ʙ ï ʥʠʢʦʣʠ ³). 

 

 
ʈʠʩ. 3 - ʆʢʨʫʛʣʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʛʣʘʫʢʦʥʠʪʘ (1) ʚʤʝʩʪʝ ʩ ʢʚʘʨʮʝʚʳʤʠ (2) ʠ 

ʠʣʴʤʝʥʠʪʦʚʳʤʠ (3) ʦʙʣʦʤʢʘʤʠ ʚ ʬʦʩʬʦʨʠʪʦʚʦʤ ʮʝʤʝʥʪʝ (4) (ʧʨʦʭʦʜʷʱʠʡ ʩʚʝʪ; ʫʚ. 30³; 
ʥʠʢʦʣʠ ||). 

ʂʚʘʨʮ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʘʙʦ-ʦʢʘʪʘʥʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʙʝʟ ʩʨʘʩʪʘʥʠʡ ʩ 
ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 
ʤʝʪʦʜʠʢʝ, ʧʦʢʘʟʘʣ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʘ ʢʚʘʨʮʝʚʳʭ ʩʝʯʝʥʠʡ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 0,013 ʜʦ 

0,52 ʤʤ.  

ɻʣʘʫʢʦʥʠʪ ʦʙʨʘʟʫʝʪ ʩʬʝʨʦʣʠʪʦʧʦʜʦʙʥʳʝ ʩʢʦʧʣʝʥʠʷ ʪʸʤʥʦ-ʟʝʣʸʥʦʛʦ, ʙʫʨʦ-

ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʧʦʨʦʜʳ (ʨʠʩ. 3). ʈʘʟʤʝʨ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʦʙʦʩʦʙʣʝʥʠʡ - 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 0,044-0,119 ʤʤ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʬʦʩʬʦʨʠʪʘ ʫʯʘʩʪʢʘ "ʇʝʨʝʤʦʛʘ" ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʡ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ. ʄʘʩʩʘ ʦʙʨʘʟʮʘ ʬʦʩʬʦʨʠʪʘ 

ʩʦʩʪʘʚʣʷʣʘ 10 ʛ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʧʝʯʠ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ -  2,5 Üʉ/ʤʠʥ ʜʦ 
ʪʝʤʧʝʨʘʪʫʨʳ 200 Üʉ ʠ 5 Üʉ/ʤʠʥ ʚ ʠʥʪʝʨʚʘʣʝ 200-1100 Üʉ (ʨʠʩ.4). ʇʨʝʮʠʟʠʦʥʥʳʤʠ 
ʚʝʩʘʤʠ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʫʙʳʣʴ ʤʘʩʩʳ (TG) ʦʙʨʘʟʮʘ; ʦʙʱʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʠʣʘ 729 

ʤʛ (7,9% ʦʪʥ.). 

2 

1 

2 

1 2 

3 
4 



152 

 

 

ʊʝʤʧʝʨʘʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʯʘʣʫ ʠ ʦʢʦʥʯʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʫʜʘʣʝʥʠʷ 
ʚʣʘʛʠ, ʧʠʨʦʣʠʟʘ ʦʨʛʘʥʠʢʠ ʠ ʨʘʟʣʦʞʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ 

ʢʨʠʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (DTG) - ʚʝʨʪʠʢʘʣʴʥʳʝ ʤʝʪʢʠ ʥʘ ʨʠʩ. 4. 
ɺʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʤʘʩʩʳ ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ (ʜʠʩʢʨʝʪʥʳʭ) ʠʥʪʝʨʚʘʣʦʚ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2; ʵʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ 
(~1,6%), ʦʨʛʘʥʠʢʠ (~1,4%,), ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʚʣʘʛʠ (1,2%), ʛʠʜʨʦʢʩʠʜʦʚ (1,4%) ʠ 
ʢʘʨʙʦʥʘʪʦʚ (2,3%) ʚ ʬʦʩʬʦʨʠʩʪʦʤ ʚʝʱʝʩʪʚʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʩʤ. ʚʳʰʝ). 
ʊʘʙʣʠʮʘ 2 - ʇʦʪʝʨʷ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʬʦʩʬʦʨʠʪʘ ʫʯʘʩʪʢʘ "ʇʝʨʝʤʦʛʘ" ʧʨʠ ʥʘʛʨʝʚʝ 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 20 é 1100 Üʉ 

ʀʥʪʝʨʚʘʣ  

ʪʝʤʧʝʨʘʪʫʨ, Üʉ 
ʇʨʦʮʝʩʩ 

ʇʦʪʝʨʷ 

ʤʘʩʩʳ, % 

ʉʫʤʤʘʨʥʘʷ 

ʧʦʪʝʨʷ ʤʘʩʩʳ, 

% 

70 ï 190 

190 ï 430 
430 ï 620 
670 ï 870 

900 ï 1100 

ʫʜʘʣʝʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ 
ʧʠʨʦʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 
ʫʜʘʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʚʣʘʛʠ 

ʨʘʟʣʦʞʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ 
ʨʘʟʣʦʞʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ 

1,55 
1,43 
1,21 

1,38 
2,26 

1,55 
2,98 
4,19 

5,57 
7,83 

 

 

 
ʈʠʩ. 4 ï ʊʝʨʤʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʬʦʩʬʦʨʠʪʦʚʦʡ ʨʫʜʳ ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ: tʧʝʯʠ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʯʠ; TG ï 
ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ; DTG ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ; ʯʠʩʣʘ ʫ ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʝʪʦʢ DTG ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʚʨʘʱʝʥʠʷ. 
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ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʚʳʚʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘʤʠ 
ʪʘʢʞʝ ʬʘʢʪ ʥʘʣʠʯʠʷ ʚ ʤʠʥʝʨʘʣʝ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʬʦʩʬʦʨʠʩʪʦʤ ʮʝʤʝʥʪʝ 

(ʨʠʩ. 5). 

 ʘ)  ʙ) 

ʈʠʩ. 5 ï  ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ (1) ʚ ʬʦʩʬʦʨʠʪʦʚʦʤ ʮʝʤʝʥʪʝ  ʚʤʝʩʪʝ ʩ 

ʢʚʘʨʮʝʚʳʤʠ ʦʙʣʦʤʢʘʤʠ ʠ ʩʬʝʨʦʣʠʪʘʤʠ ʛʣʘʫʢʦʥʠʪʘ (ʧʨʦʭʦʜʷʱʠʡ ʩʚʝʪ; ʫʚ. 30³; 

ʥʠʢʦʣʠ ||). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 
[3] ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ, 

ʧʠʨʦʣʠʟʘ ʦʨʛʘʥʠʢʠ ʠ ʨʘʟʣʦʞʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ, ʪʘʢ ʠ ʚ ʦʪʥʦʰʝʥʠʠ 
ʩʦʜʝʨʞʘʥʠʷ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʫʶ ʛʨʫʧʧʫ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢ ʬʦʩʬʦʨʠʪʘʤ, ʪ.ʝ. ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʮʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ʇʦʣʫʯʝʥʥʳʝ ʞʝ ʨʘʟʣʠʯʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʳʝ ʧʨʠʨʦʜʫ,  ʫʩʣʦʚʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ  ʠ ʛʝʣʦʛʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʬʦʩʬʦʨʠʪʦʚ ʢʘʢ 
ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʬʦʩʬʦʨʠʪʘ ʚʳʧʦʣʥʝʥʳ  ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-

3ʄ ʚ Cu Ka ʠʟʣʫʯʝʥʠʠ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 30 ʢɺ. 

ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʦʙʞʠʛ ʩ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 600, 700, 800, 900, 1000 ʠ 1100 Üʉ ʠ 

ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. 
ʂʘʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʥʘʯʝʥʠʡ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʠ 
ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʩ ʥʘʙʦʨʦʤ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʘʙʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʬʘʟ [7]. ɸʥʘʣʠʟ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʣʠʥʠʷʤ: 
        ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ d (ʥʤ): 0,344       0,307 0,177 0,172 

        ʠʥʜʝʢʩ ʧʣʦʩʢʦʩʪʠ hkl: (002) (120) (140) (004) 
ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʩʬʦʨʠʪʘ (ʠʩʭʦʜʥʦʛʦ ʠ ʦʙʦʞʞʝʥʥʦʛʦ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ) ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʤ ʤʠʥʝʨʘʣʦʤ 

ʬʦʩʬʦʨʠʩʪʳʭ ʨʫʜ ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ  
ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪ Ca10+yF2(PO4)6-x(OH)2x(CO3)y. 

ʇʘʨʘʤʝʪʨʳ ʨʝʰʸʪʢʠ ʦʙʦʞʞʝʥʥʦʛʦ ʬʦʩʬʦʨʠʪʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʚʳʨʘʞʝʥʠʶ: 
2 2 2

2 2 2

1 4

3

h k hk l

d a c

+ +
= Ö + , 

 
ʛʜʝ: d ï ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ; h, k, l ï ʠʥʜʝʢʩʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʧʣʦʩʢʦʩʪʠ; a, ʩ ï ʧʘʨʘʤʝʪʨʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʸʪʢʠ ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ. 

1 
1 
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ʇʦʩʢʦʣʴʢʫ ʧʘʨʘʤʝʪʨ a ʨʝʰʸʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʩ 
ʠʥʜʝʢʩʘʤʠ  hk0, ʘ ʧʘʨʘʤʝʪʨ c - ʤʝʞʧʣʦʩʢʦʩʪʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʩ ʠʥʜʝʢʩʘʤʠ 00l, ʪʦ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʚʳʙʨʘʣʠ  d120, d140 ʠ d002, d004 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʸʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5. 

ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʝʥʥʦʛʦ 
ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʤʠʥʠʤʫʤʦʤ ʧʨʠ 700-750 
Üʉ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʭʦʞʜʝʥʠʷ ʚ ʠʩʭʦʜʥʫʶ ʨʝʰʸʪʢʫ ʬʪʦʨʘʧʘʪʠʪʘ ʛʨʫʧʧ 

ʆʅ- ʠ ʉʆ3
2- ʧʨʠ ʠʟʦʤʦʨʬʥʦʤ ʟʘʤʝʱʝʥʠʠ. ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʆʅ- -ʛʨʫʧʧʘ 

ʚʥʝʜʨʷʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʬʪʦʨʘʧʘʪʠʪʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʚ "ʢʘʥʘʣʝ" ʪʝʪʨʘʵʜʨʦʚ, ʦʙʨʘʟʫʶʱʠʭ PO4
3- ʠ ʧʨʠʚʦʜʠʪ ʢ "ʨʘʟʙʫʭʘʥʠʶ" ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. ʈʘʟʣʦʞʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 670-870 Üʉ ʧʨʠ ʦʙʞʠʛʝ 
ʬʦʩʬʦʨʠʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʪʥʳʤ ʵʬʬʝʢʪʦʤ ï ʫʤʝʥʴʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʸʪʢʠ. 

ʆʙʨʘʪʥʦ, ʢʘʨʙʦʥʘʪ-ʠʦʥ CO3
2ī ʚʥʝʜʨʷʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

ʙʫʜʫʯʠ ʧʣʦʩʢʠʤ, "ʚʪʠʩʢʠʚʘʝʪʩʷ" ʤʝʞʜʫ ʪʝʪʨʘʵʜʨʘʤʠ PO4
3ī ʧʦ ʦʩʠ 63, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʘʢʢʦʤʦʜʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʣʠʙʦ ʩʦʩʝʜʩʪʚʫʝʪ ʩ ʢʘʪʠʦʥʦʤ Ca2+, ʯʪʦ ʪʘʢʞʝ 
"ʩʞʠʤʘʝʪ" ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʘʨʙʦʥʘʪʦʚ ʚ 
ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 900-1100 Üʉ ʧʘʨʘʤʝʪʨʳ ʨʝʰʸʪʢʠ ʨʘʩʪʫʪ. ɺ ʨʝʘʣʴʥʦʤ ʩʣʫʯʘʝ, ʦʙʘ 

ʵʪʠ ʵʬʬʝʢʪʘ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʪʘʢ, ʯʪʦ ʤʠʥʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 
ʪʝʤʧʝʨʘʪʫʨʳ. 

ʘ)

ʙ) 
ʈʠʩ. 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʸʪʢʠ ʘ (ʘ) ʠ ʩ (ʙ) 

ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʧʘʪʠʪʘ ʬʦʩʬʦʨʠʩʪʦʡ ʨʫʜʳ ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ: ʪʦʯʢʠ ʠ ʞʠʨʥʘʷ ʢʨʠʚʘʷ ï ʨʝʟʫʣʴʪʘʪʳ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʠʥʪʝʨʚʘʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ° 2,5% ʦʪʥ.; ʪʦʥʢʠʝ 
ʣʠʥʠʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [7]. 
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ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʥʘ 
ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʬʦʩʬʦʨʠʪʦʚ ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʤʠ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ 
ʚ ʧʨʝʜʝʣʘʭ, ʚ ʢʘʢʠʭ ʚʦʟʤʦʞʥʦ ʪʘʢʦʝ ʩʨʘʚʥʝʥʠʝ. ʊʘʢ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ 

ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ [7] ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʢʦʨʨʝʣʷʮʠʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ 
ʨʘʟʣʠʯʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʦʩʬʦʨʠʪʦʚ ʢʘʢ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ 
ʩʦʩʪʘʚʫ, ʪʘʢ ʠ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʠ ʛʝʥʝʟʠʩʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

(ɺʷʪʩʢʦʝ, ɸʢʪʶʙʠʥʩʢʦʝ, ʂʘʨʘʪʘʫ-1, ʂʘʨʘʪʘʫ-2, ʂʘʨʘʪʘʫ-3). 
ɺʓɺʆɼʓ. 

1. ɺʳʧʦʣʥʝʥ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ 
ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʭ ʬʪʦʨʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʦʚ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 
ʙʝʟʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ (ʚ ʪʦʢʝ ʘʨʛʦʥʘ) ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ  
ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (ʜʦ 200 Üʉ), ʉʅ- (200-400 Üʉ) ʠ ʉN-ʩʦʜʝʨʞʘʱʝʛʦ (400-600 Üʉ) 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʪʨʫʢʪʫʨʥʦ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ (200-600 Üʉ) ʠ ʢʘʨʙʦʥʘʪ-ʠʦʥʘ 
(600-900 Üʉ).  

2. ʅʘ ʦʩʥʦʚʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʧʝʨʠʦʜʦʚ (ʘ, ʩ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʬʦʩʬʦʨʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ 
ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʦʤʦʨʬʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʛʨʫʧʧʳ ʈʆ4

3- ʥʘ SO4
2- ʠ ʉʆ3

2-, ʘ ʪʘʢʞʝ 

ʚʥʝʜʨʝʥʠʝʤ ʚ "ʢʘʥʘʣ" ʧʦ ʦʩʠ 63  ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʬʦʩʬʦʨʠʪʘ 
ʛʨʫʧʧʳ  ʆʅ-. ʇʨʠʯʝʤ, ʠʟʦʤʦʨʬʥʦʝ ʟʘʤʝʱʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʘʢʢʦʤʦʜʘʮʠʠ ("ʩʞʘʪʠʶ") 
ʨʝʰʝʪʢʠ, ʘ ʚʥʝʜʨʝʥʠʝ ʛʨʫʧʧʳ  ʆʅ- ï ʢ ʝʝ "ʨʘʟʙʫʭʘʥʠʶ".  

3. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʦʩʬʦʨʠʪʘ 
ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʫʯʘʩʪʦʢ "ʇʝʨʝʤʦʛʘ"). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 70-190 Üʉ ʫʜʘʣʷʝʪʩʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʚʣʘʛʘ; ʧʨʠ 190-430 Üʉ 
ʧʨʦʠʩʭʦʜʠʪ ʧʠʨʦʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ; ʫʜʘʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʚʣʘʛʠ 
ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 430-620 Üʉ; ʚ ʠʥʪʝʨʚʘʣʝ 670-870 Üʉ ï ʨʘʟʣʦʞʝʥʠʝ 

ʛʠʜʨʦʢʩʠʜʦʚ; ʨʘʟʣʦʞʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʧʨʠʫʨʦʯʝʥʦ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʠʥʪʝʨʚʘʣʫ 900-
1100 Üʉ. 

4. ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʦʙʞʠʛʝ ʬʦʩʬʦʨʠʪʘ ʄʘʣʦʢʘʤʳʰʝʚʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 
ʩʚʷʟʘʥʥʳʝ ʩ ʫʜʘʣʝʥʠʝʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʩʦʩʪʘʚʣʷʶʪ 1,55%, ʧʠʨʦʣʠʟʦʤ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ï 1,43%, ʜʝʛʠʜʨʘʪʘʮʠʝʡ (ʫʜʘʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʚʣʘʛʠ) 

ï 1,21% , ʨʘʟʣʦʞʝʥʠʝʤ ʛʠʜʨʦʢʩʠʜʦʚ ï 1,38%, ʨʘʟʣʦʞʝʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ï 2,26%, ʯʪʦ ʚ  
ʮʝʣʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʝʡ ʢʘʨʪʠʥʦʡ ʧʦʚʝʜʝʥʠʷ ʬʦʩʬʦʨʠʪʘ ʧʨʠ ʝʛʦ ʦʙʞʠʛʝ. 

5. ʄʝʪʦʜʦʤ ʨʝʥʛʝʥʦʚʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠʟʫʯʝʥʳ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʣʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʠ 
ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʚʳʜʝʨʞʢʦʡ (600 ï 1100 Üʉ ʩ ʠʥʪʝʨʚʘʣʦʤ 100 Üʉ, ʚʳʜʝʨʞʢʘ ï 2 ʯʘʩʘ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ(ʘ, ʩ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʞʠʛʘ:  

0422,1109482,310584,410681,1 427310 +Ö-Ö+Ö-= --- ttta , 
10 3 7 210 4,0 10 0,0003 0,778c t t t- -=- + Ö - +. 

6. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʠʟʦʤʦʨʬʥʦʟʘʤʝʱʝʥʥʦʛʦ 

ʬʪʦʨʢʘʨʙʦʥʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ ʠʤʝʝʪ ʵʢʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʤʠʥʠʤʫʤʦʤ ʧʨʠ 700-750 
Üʉ, ʦʙʫʩʣʦʚʣʝʥʳʡ ʦʩʦʙʝʥʥʦʩʪʝʤʠ ʚʭʦʞʜʝʥʠʷ ʚ ʠʩʭʦʜʥʫʶ ʨʝʰʸʪʢʫ ʬʪʦʨʘʧʘʪʠʪʘ ʛʨʫʧʧ 

ʆʅ- ʠ ʉʆ3
2- ʧʨʠ ʠʟʦʤʦʨʬʥʦʤ ʟʘʤʝʱʝʥʠʠ: ʆʅ- -ʛʨʫʧʧʘ ʚʥʝʜʨʷʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ ʬʪʦʨʘʧʘʪʠʪʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ "ʢʘʥʘʣʝ" ʪʝʪʨʘʵʜʨʦʚ, 
ʦʙʨʘʟʫʶʱʠʭ PO4

3- ʠ ʧʨʠʚʦʜʠʪ ʢ "ʨʘʟʙʫʭʘʥʠʶ" ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ; ʢʘʨʙʦʥʘʪ-ʠʦʥ 

CO3
2ī ʚʥʝʜʨʷʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʙʫʜʫʯʠ ʧʣʦʩʢʠʤ, 

"ʚʪʠʩʢʠʚʘʝʪʩʷ" ʤʝʞʜʫ ʪʝʪʨʘʵʜʨʘʤʠ PO4
3ī ʧʦ ʦʩʠ 63, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʢʢʦʤʦʜʘʮʠʠ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʣʠʙʦ ʩʦʩʝʜʩʪʚʫʝʪ ʩ ʢʘʪʠʦʥʦʤ Ca2+, ʯʪʦ ʪʘʢʞʝ "ʩʞʠʤʘʝʪ" 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. ʈʘʟʣʦʞʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 670-870 Üʉ 

ʧʨʠ ʦʙʞʠʛʝ ʬʦʩʬʦʨʠʪʘ ʧʨʠʚʦʜʠʪ ʢ  ʫʤʝʥʴʰʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʸʪʢʠ, ʘ ʨʘʟʣʦʞʝʥʠʝ 
ʢʘʨʙʦʥʘʪʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 900-1100 Üʉ  - ʢ ʠʭ ʨʦʩʪʫ; ʵʪʠ ʵʬʬʝʢʪʘ ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʪʘʢ, ʯʪʦ ʤʠʥʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʉʃʆɺʀʁ ʌʆʈʄʀʈʆɺɸʅʀʗ ʉɸʄʆʆɹɾʀɻɸʖʑʀʍʉʗ 

ʕʃɽʂʊʈʆɼʆɺ ʇɽʏɽʁ 

ʅʀʂʆʇʆʃʔʉʂʆɻʆ ɿɸɺʆɼɸ ʌɽʈʈʆʉʇʃɸɺʆɺ 

 

ɻʘʩʠʢ ʄ. ʀ. /ʜ. ʪ. ʥ./, ɻʨʠʥʰʧʫʥʪ ɸ. ɻ. /ʜ. ʪ. ʥ./ 
ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ 

ʂʫʮʠʥ ɺ. ʉ. /ʜ. ʪ. ʥ./, ʃʘʧʠʥ ɽ. ɺ. /ʢ. ʪ. ʥ./, ɼʝʜʦʚ ʖ. ɹ. /ʢ. ʪ. ʥ./ 
ʅʠʢʦʧʦʣʴʩʢʠʡ ʟʘʚʦʜ ʬʝʨʨʦʩʧʣʘʚʦʚ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʧʨʝʨʳʚʥʳʭ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʵʣʝʢʪʨʦʧʝʯʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʣʦʞʥʦʩʪʴʶ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʦʙʞʠʛʝ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʦʩʪʨʫʶ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʘ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʚʝʩʴʤʘ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʩʚʝʜʝʥʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ 
ʧʦ ʚʳʩʦʪʝ ʠ ʩʝʯʝʥʠʶ ʵʣʝʢʪʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʝʥʠʠ ʦʪʝʣʴʥʳʭ ʟʦʥ ʘʛʨʝʛʘʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʦʪʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ 
ʠʩʢʣʶʯʘʶʱʠʝ ʦʙʨʳʚʳ ʵʣʝʢʪʨʦʜʦʚ  ʧʦ ʩʢʦʢʩʦʚʘʥʥʦʡ  ʠ ʥʝʩʢʦʢʩʦʚʘʥʥʦʡ ʯʘʩʪʠ [1]. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ 

ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ  ʵʣʝʢʪʨʦʧʝʯʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʭ, ʭʦʪʷ ʠ ʪʨʫʜʦʝʤʢʠʡ, ʤʝʪʦʜ ʧʨʦʭʦʜʥʳʭ ʪʝʨʤʦʧʘʨ [1]. 

ʍʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʳʝ ʪʝʨʤʦʧʘʨʳ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʘʣʫʥʜʦʚʦʡ 
ʩʦʣʦʤʢʦʡ, ʧʦʤʝʱʘʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʵʣʝʢʪʨʦʜ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 1 
ʜʶʡʤ ʧʦ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 1. ʈʘʙʦʯʠʡ ʢʦʥʝʮ ʪʝʨʤʦʧʘʨʳ ʟʘʱʠʱʘʣʠ 

ʘʣʫʥʜʦʚʳʤ ʢʦʣʧʘʢʦʤ ʜʣʠʥʦʡ 60 ʤʤ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʛʦ 
ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʷ ʚ ʟʦʥʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʂ ʘʣʫʥʜʦʚʦʤʫ ʥʘʢʦʥʝʯʥʠʢʫ ʥʠʭʨʦʤʦʚʦʡ 

ʧʨʦʚʦʣʦʢʦʡ ʧʨʠʢʨʝʧʣʷʣʠ ʛʨʫʟ. ʇʦ ʤʝʨʝ ʥʘʨʘʱʠʚʘʥʠʷ ʵʣʝʢʪʨʦʜʘ ʩʝʢʮʠʠ ʪʨʫʙ, ʨʘʚʥʳʝ 
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ʚʳʩʦʪʝ ʢʦʞʫʭʘ ʩʦʝʜʠʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʫʬʪ. ʉʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʫʙ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ, 
ʪ. ʢ. ʦʥʠ ʟʘʪʨʫʜʥʷʶʪ ʧʝʨʝʤʝʱʝʥʠʝ ʪʝʨʤʦʧʘʨʥʦʡ ʧʨʦʚʦʣʦʢʠ (ʨʠʩ. 1).  

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʩʷ ʟʘʤʝʨ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʧʨʝʜʝʣʷʣʠʩʴ 
ʧʦ ʬʦʨʤʫʣʝ: ʍ = (H + h + l) ï (A + L), ʛʜʝ H ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʞʥʝʡ ʢʨʦʤʢʠ ʥʘʞʠʤʥʦʛʦ 

ʢʦʣʴʮʘ ʜʦ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʢʦʥʪʘʢʪʥʳʭ ʱʝʢ; h ï ʚʳʩʦʪʘ ʢʦʥʪʘʢʪʥʦʡ ʱʝʢʠ; l ï ʨʘʩʩʪʦʷʥʠʝ 
ʦʪ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʢʦʞʫʭʘ ʜʦ ʥʠʞʥʝʡ ʢʨʦʤʢʠ ʥʘʞʠʤʥʦʛʦ ʢʦʣʴʮʘ; L ï ʜʣʠʥʘ ʪʨʫʙʢʠ; A ï 
ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʭʘ ʪʨʫʙʳ ʜʦ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʢʦʞʫʭʘ. ʊʝʨʤʦ ʕɼʉ ʠʟʤʝʨʷʣʠ 

ʩʘʤʦʧʠʰʫʱʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʦʪʝʥʮʠʦʤʝʪʨʦʤ ʂʉʇ-06 ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʠʘʛʨʘʤʤʥʦʡ 
ʣʝʥʪʳ 60 ʤʤ/ʯ. ɿʘʤʝʨ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʦʧʫʩʢʘʥʠʠ ʠ ʧʦʜʲʝʤʝ ʪʝʨʤʦʟʦʥʜʘ ʧʦ 

ʚʳʩʦʪʝ ʵʣʝʢʪʨʦʜʘ ʩ ʚʳʜʝʨʞʢʦʡ ʚ ʢʘʞʜʦʡ ʠʟʤʝʨʷʝʤʦʡ ʪʦʯʢʝ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ 
ʨʘʚʥʦʚʝʩʠʷ, ʥʦ ʥʝ ʤʝʥʝʝ 10 ʤʠʥ. ɿʘ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʧʨʠʥʷʪʘ ʥʠʞʥʷʷ ʢʨʦʤʢʘ ʢʦʥʪʘʢʪʥʳʭ 
ʱʝʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʤʦʱʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 50-55 ʄɺʪ ʠ ʚʝʣʠʯʠʥʝ ʪʦʢʘ, ʨʘʚʥʦʡ ʚ ʩʨʝʜʥʝʤ 90-100 ʢɸ. ɿʘʤʝʨʳ 
ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝ ʨʘʙʦʪʳ ʧʝʯʠ ʥʘ ʟʘʜʘʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʝ 

ʤʝʥʝʝ 1 ʩʫʪʦʢ. 
 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʨʤʦʧʘʨ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʦʣʝʡ ʵʣʝʢʪʨʦʜʦʚ:  1 ï ʥʝʩʫʱʠʡ ʮʠʣʠʥʜʨ; 2 ï ʵʣʝʢʪʨʦʜ; 3 ï ʪʨʫʙʘ ʩ ʪʝʨʤʦʧʘʨʦʡ; 4 ï 
ʵʣʝʢʪʨʦʜʥʘʷ ʧʣʦʱʘʜʢʘ; 5 ï ʧʦʪʝʥʮʠʦʤʝʪʨ; 6 ï ʟʘʱʠʪʥʳʝ ʫʛʦʣʢʠ. 
 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʚʳʭ 
ʧʦʣʝʡ ʵʣʝʢʪʨʦʜʦʚ  ʧʝʯʝʡ ʈʇɿ-63 ʅʠʢʦʧʦʣʴʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ ʧʨʠ ʚʳʧʣʘʚʢʝ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ (ʘ) ʠ ʬʝʨʨʦʤʘʨʛʘʥʮʘ (ʙ), ʨʘʙʦʪʘʶʱʠʭ  ʥʘ ʤʦʱʥʦʩʪʠ 52-55 ʄɺʪ ʠ 
ʪʦʢʝ ʵʣʝʢʪʨʦʜʘ 95-100 ʢɸ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥ ʠ ʬʦʨʤʳ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʵʣʝʢʪʨʦʜʝ ʧʝʯʠ ʈʇɿ-63, ʚʳʧʣʘʚʣʷʶʱʝʡ ʬʝʨʨʦʤʘʨʛʘʥʝʮ 
ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʝʚʳʭ ʧʝʯʝʡ ʈʇɿ-63 

(ʨʠʩ. 2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ 
ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʘʭ ʧʝʯʝʡ ʪʠʧʘ ʈʇɿ-63 ʩʦʭʨʘʥʷʶʪʩʷ ʚʥʝ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʚʳʧʣʘʚʣʷʝʤʦʛʦ ʩʧʣʘʚʘ, ʩʧʦʩʦʙʘ ʚʳʧʣʘʚʢʠ ʠ ʤʦʱʥʦʩʪʠ ʧʝʯʠ. 

ʌʦʨʤʘ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʠ ʢʦʢʩʦʚʘʥʠʷ 
ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ ʠʤʝʝʪ ʢʘʢ ʚʳʧʫʢʣʳʡ, ʪʘʢ ʠ ʚʦʛʥʫʪʳʡ ʭʘʨʘʢʪʝʨ. ʂʨʠʚʠʟʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʦ ʙʦʣʴʰʝʡ ʦʩʠ) ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ 
ʧʦʧʝʨʝʯʥʦʤ. ɺʳʧʫʢʣʳʡ ʭʘʨʘʢʪʝʨ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʭʥʝʡ ʟʦʥʳ 
ʢʦʢʩʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʣʝʢʪʨʦʜʦʚ ʬʝʨʨʦʤʘʨʛʘʥʮʝʚʳʭ ʧʝʯʝʡ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʜʦʣʷ çʜʞʦʫʣʝʚʦʛʦè ʪʝʧʣʘ ʧʨʠ ʢʦʢʩʦʚʘʥʠʠ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ 
ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʪʝʧʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ ʚʘʥʥʳ ʧʝʯʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʧʦ ʤʘʣʦʡ ʦʩʠ. 
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ʈʠʩ. 2 ï ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʵʣʝʢʪʨʦʜʘ ʧʝʯʠ ʈʇɿ-63 ʧʨʠ: ʘ ï ʚʳʧʣʘʚʢʝ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ; ʙ ï ʬʝʨʨʦʤʘʨʛʘʥʮʘ. 
 

ʀʟʦʪʝʨʤʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʞʥʝʡ ʯʘʩʪʠ ʟʦʥʳ ʢʦʢʩʦʚʘʥʠʷ (ʠʟʦʪʝʨʤʘ 600 Áʉ) 

ʠʤʝʝʪ ʩʣʝʛʢʘ ʚʳʧʫʢʣʳʡ ʭʘʨʘʢʪʝʨ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 
ʵʣʝʢʪʨʦʜʘ ʥʠʞʝ ʟʦʥʳ ʢʦʢʩʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʫ 
ʧʝʨʠʬʝʨʠʠ. ʇʦ-ʚʠʜʠʤʦʤʫ,  ʚ ʩʢʦʢʩʦʚʘʥʥʦʤ ʫʛʦʣʴʥʦʤ ʙʣʦʢʝ ʵʣʝʢʪʨʦʜʘ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʢʘʟʳʚʘʝʪʩʷ ʦʭʣʘʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʝʧʨʝʨʳʚʥʦ 
ʟʘʛʨʫʞʘʝʤʦʡ ʰʠʭʪʳ, ʘ ʪʘʢʞʝ ʪʝʧʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʧʦ ʵʣʝʢʪʨʦʜʫ ʠʟ ʚʘʥʥʳ ʧʝʯʠ. ʅʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʠʬʝʨʠʡʥʳʭ ʩʣʦʝʚ ʵʣʝʢʪʨʦʜʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 
ʫʩʣʦʚʠʷ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʱʝʢ. ɺʙʣʠʟʠ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʱʝʢ 
ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʣʝʢʪʨʦʜʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 100 Áʉ 

ʠ ʙʦʣʝʝ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʚʦʜ ʪʝʧʣʘ ʧʦ ʢʦʞʫʭʫ [2]. 
ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥ 

ʷʚʣʷʝʪʩʷ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ ʥʘʢʣʦʥ ʠʟʦʪʝʨʤ  ʥʘʯʘʣʘ ʢʦʢʩʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ, ʧʨʠ 
ʵʪʦʤ ʩʪʦʨʦʥʘ ʵʣʝʢʪʨʦʜʘ, ʦʙʨʘʱʝʥʥʘʷ ʢ ʵʣʝʢʪʨʦʜʫ ʦʜʥʦʠʤʝʥʥʦʡ ʬʘʟʳ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 
ʛʦʨʷʯʝʡ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʪʘʢʞʝ ʠ ʜʣʷ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʝʚʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʝʯʝʡ. 

ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʜʦʩʪʠʛʘʝʪ 200-250 Áʉ ʠ ʙʦʣʝʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ 
ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʷʚʣʝʥʠʝʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʨʘʟʚʠʪʠʶ ʨʘʩʩʣʦʝʥʠʷ 

(ʩʝʜʠʤʝʥʪʘʮʠʠ) ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʭʫʜʰʝʥʠʶ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʥʮʘ ʵʣʝʢʪʨʦʜʘ. ʅʝʦʙʭʦʜʠʤʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, 
ʚʥʝʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʩʠʩʪʝʤ ʦʙʜʫʚʢʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʦʙʜʫʚʘʪʴ çʛʦʨʷʯʫʶè ʩʪʦʨʦʥʫ ʵʣʝʢʪʨʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 
ʫʤʝʥʴʰʠʪʴ ʠʣʠ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʘʩʠʤʤʝʪʨʠʶ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʜʘ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʨʠʟʥʘʢʦʤ ʥʘʜʝʞʥʦʩʪʠ ʩʘʤʦʦʙʞʠʛʘʶʱʝʛʦʩʷ ʵʣʝʢʪʨʦʜʘ 
ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʟʦʥʳ ʥʘʯʘʣʘ ʢʦʢʩʦʚʘʥʠʷ (ʠʟʦʪʝʨʤʳ 400-600 Áʉ). ʇʨʦʚʝʜʝʥʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʫ ʧʝʯʝʡ ʈʇɿ-63 ʧʨʠ ʚʳʧʣʘʚʢʝ ʫʛʣʝʨʦʜʠʩʪʦʛʦ 

ʘ 

ʙ 
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ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʥʘ ʤʦʱʥʦʩʪʠ 52-55 ʄɺʪ ʟʦʥʘ ʢʦʢʩʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ 350-450 ʤʤ 
ʚʳʰʝ ʥʠʞʥʝʡ ʢʨʦʤʢʠ ʢʦʥʪʘʢʪʥʳʭ ʱʝʢ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ï ʥʠʞʝ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ 
ʟʦʥr ʢʦʢʩʦʚʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʳʤ, ʭʦʪʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
ʤʦʱʥʦʩʪʠ ʧʝʯʠ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ, 
ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʟʦʥʳ ʢʦʢʩʦʚʘʥʠʷ.  

ʕʣʝʢʪʨʦʧʝʯʠ ʬʠʨʤʳ çʊʘʥʘʙʵ-ʢʘʢʦʢʠè (ʗʧʦʥʠʷ), ʩ ʪʨʝʤʷ ʩʘʤʦʦʙʞʠʛʘʶʱʠʤʠʩʷ 
ʵʣʝʢʪʨʦʜʘʤʠ ʜʠʘʤʝʪʨʦʤ 2000 ʤʤ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʅʠʢʦʧʦʣʴʩʢʦʤ ʟʘʚʦʜʝ ʬʝʨʨʦʩʧʣʘʚʦʚ,  
ʧʦʩʪʦʷʥʥʦ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʝʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ 
ʯʘʩʪʥʦʩʪʠ, ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 
ʧʝʯʠ  ʈʂɻ-75 ʩʦʩʪʘʚʣʷʝʪ 81 ʄɺɸ, ʬʘʢʪʠʯʝʩʢʘʷ ʞʝ ʨʘʙʦʯʘʷ ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ 45 ʄɺʪ, 
ʧʨʦʝʢʪʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 90 ʪʳʩ. ʪ ʚ ʛʦʜ. 

ʄʝʭʘʥʠʟʤ ʛʠʜʨʦʧʦʜʲʝʤʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ (ʜʚʘ 
ʮʠʣʠʥʜʨʘ), ʦʧʫʩʢʘʥʠʝ ʵʣʝʢʪʨʦʜʘ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʧʨʘʚʣʷʶʱʠʝ ʨʦʣʠʢʠ. ʈʘʙʦʯʝʝ 
ʜʘʚʣʝʥʠʝ ʚ ʮʠʣʠʥʜʨʝ 140 ʢʛ/ʩʤ2. ʄʝʭʘʥʠʟʤ ʧʝʨʝʧʫʩʢʘ ʵʣʝʢʪʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʨʠʚʦʜʠʤʫʶ ʩʠʩʪʝʤʫ ʩ ʜʚʫʤʷ ʬʨʠʢʮʠʦʥʥʳʤʠ ʩʪʘʣʴʥʳʤʠ ʣʝʥʪʘʤʠ. 
ɺʝʨʭʥʷʷ ʬʨʠʢʮʠʦʥʥʘʷ ʣʝʥʪʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 4-ʤʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ. ɿʘʞʘʪʠʝ 
ʵʣʝʢʪʨʦʜʘ ʬʨʠʢʮʠʦʥʥʳʤʠ ʣʝʥʪʘʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ ʩ ʫʩʠʣʠʝʤ 50 ʪ. 
ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʮʠʣʠʥʜʨʝ 112 ʢʛ/ʩʤ2, ʭʦʜ ï 15 ʤʤ. ʉʢʦʨʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ 
ʬʨʠʢʮʠʦʥʥʳʭ ʣʝʥʪ 1000 ʤʤ/ʤʠʥ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʝʨʝʧʫʩʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʨʫʯʥʦʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ, ʚʝʣʠʯʠʥʘ 
ʨʘʟʦʚʦʛʦ ʧʝʨʝʧʫʩʢʘ 10 ʤʤ. ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʠ ʈʂɻ-75 ʦʪʥʦʩʠʪʩʷ ʪʘʢʞʝ 
ʟʘʞʠʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʵʣʝʢʪʨʦʜʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʢʦʥʫʩʥʫʶ ʟʘʞʠʤʥʫʶ ʩʠʩʪʝʤʫ. 
ʅʘʨʫʞʥʘʷ ʩʪʦʨʦʥʘ ʢʦʥʪʘʢʪʥʦʡ ʱʝʢʠ ʵʣʝʢʪʨʦʜʘ ʠ ʢʦʣʴʮʦ, ʦʢʨʫʞʘʶʱʝʝ ʢʦʥʪʘʢʪʥʳʝ ʱʝʢʠ 
ʚr ʧʦʣʥʷʶʪʩʷ ʢʦʥʫʩʥʳʤʠ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚʚʝʨʭ ʠʣʠ ʚʥʠʟ ʢʦʥʫʩʥʦʛʦ ʢʦʣʴʮʘ 
ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʤʦʪʦʨʘ ʢʦʥʪʘʢʪʥʳʝ ʱʝʢʠ ʟʘʢʨʝʧʣʷʶʪʩʷ ʠʣʠ ʦʩʣʘʙʣʷʶʪʩʷ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʢʪʨʦʜʘ (ʨʠʩ. 3). ʋʩʠʣʝʥʠʝ ʟʘʞʘʪʠʷ ʢʦʥʪʘʢʪʥʳʭ ʱʝʢ ʠʜʝʪ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: ʛʠʜʨʦʤʦʪʦʨ, ʨʝʜʫʢʪʦʨ, ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʧʨʷʤʦʟʫʙʥʦʝ ʢʦʣʝʩʦ, 
ʧʨʠʚʦʜʥʦʡ ʚʘʣ, ʟʚʝʟʜʦʯʢʘ, ʮʝʚʦʯʥʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ, ʟʚʝʟʜʦʯʢʘ, ʧʦʜʲʝʤʥʳʡ ʠ 
ʩʧʫʩʢʘʶʱʠʡ ʚʘʣ ʢʦʥʫʩʥʦʛʦ ʢʦʣʴʮʘ, ʢʦʥʫʩʥʦʝ ʢʦʣʴʮʦ, ʢʦʥʪʘʢʪʥʳʝ ʱʝʢʠ ʵʣʝʢʪʨʦʜʘ 
(ʨʠʩ. 3) [3]. 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʙʦʪʳ ʟʘʞʠʤʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 1 ï ʢʦʥʫʩʥʦʝ ʢʦʣʴʮʦ; 

2 ï ʢʦʥʪʘʢʪʥʳʝ ʱʝʢʠ; 3 ï ʧʦʜʲʝʤʥʦ-ʦʧʫʩʢʘʶʱʠʡ ʚʘʣ; 4 ï ʚʠʥʪ; 5 ï  ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ; 6 ï 
ʵʣʝʢʪʨʦʜ; 7 ï  ʥʝʩʫʱʠʡ ʮʠʣʠʥʜʨ; 8 ï ʢʦʣʴʮʦ ʥʝʩʫʱʝʛʦ ʮʠʣʠʥʜʨʘ; 9 ï ʛʠʜʨʦʤʦʪʦʨ; 10 ï 
ʤʫʬʪʘ; 11 ï ʨʝʜʫʢʪʦʨ; 12 ï ʧʨʠʚʦʜʥʦʡ ʚʘʣ; 13, 14 ï ʟʚʝʟʜʦʯʢʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ 
ʵʣʝʢʪʨʦʜʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʧʝʯʠ ʥʘ ʤʦʱʥʦʩʪʠ 42-45 ʄɺʪ, ʨʘʙʦʯʝʤ 
ʪʦʢʝ 145-150 ʢɸ ʠ ʩʨʝʜʥʝʤ ʨʘʩʭʦʜʝ ʵʣʝʢʪʨʦʜʘ 550 ʤʤ/ʩʫʪʢʠ ʠʟʦʪʝʨʤʘ ʢʦʢʩʦʚʘʥʠʷ ʠʤʝʣʘ 
ʚʦʛʥʫʪʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʫʨʦʚʥʝ +550 ʠ +200 ʤʤ ʩ ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ 
ʩʪʦʨʦʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʩʦʪʘ ʩʪʦʣʙʘ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʤʘʩʩʳ (100-350 Áʉ) ʜʦʩʪʠʛʘʝʪ 
1,5-2,0 ʤ, ʘ ʠʟʦʪʝʨʤʘ ʨʘʟʤʷʛʯʝʥʠʷ (70-100 Áʉ) ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 1,3-2,3 ʤ ʚʳʰʝ 
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ʥʠʞʥʝʡ ʢʨʦʤʢʠ ʢʦʥʪʘʢʪʥʳʭ ʱʝʢ. ʂʦʥʪʘʢʪʥʳʝ ʱʝʢʠ ʦʢʘʟʳʚʘʶʪ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʦʭʣʘʞʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʣʝʢʪʨʦʜ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʠʞʝ ʟʦʥʳ ʢʦʢʩʦʚʘʥʠʷ ʧʝʨʝʧʘʜ 
ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʫʯʘʩʪʢʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʦʥʪʘʢʪʥʳʭ ʱʝʢʘʭ ʠ ʤʝʞʜʫ ʥʠʤʠ, ʜʦʩʪʠʛʘʝʪ 
100-120 Áʉ (ʨʠʩ. 4). ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜʩʚʦʜʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʘʡʦʥʝ ʵʣʝʢʪʨʦʜʦʚ 
ʜʦʩʪʠʛʘʝʪ 1000-1100 Áʉ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʧʦʣʦʞʝʥʠʝ ʟʦʥʳ ʢʦʢʩʦʚʘʥʠʷ ʪʨʝʙʫʝʪ 
ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʨʝʞʠʤʦʚ ʧʝʨʝʧʫʩʢʘ ʵʣʝʢʪʨʦʜʦʚ (ʧʦ 100-200 ʤʤ ʪʨʠ ʨʘʟʘ ʚ ʩʫʪʢʠ) 
ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʞʠʤʦʚ ʦʙʜʫʚʢʠ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʦʙʝʩʧʝʯʝʥʠʷ 
ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʰʚʦʚ ʢʦʞʫʭʘ, ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʟʘʛʨʫʟʢʠ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ. 
ɺʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʦʚ ʧʝʯʠ ʈʂɻ-75 ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 
ʢʦʞʫʭʘ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ 4 ʤʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʟʦʥʳ ʢʦʢʩʦʚʘʥʠʷ ʙʳʣʘ 
ʨʝʢʦʤʝʥʜʦʚʘʥʘ, ʦʩʚʦʝʥʘ ʠ ʚʥʝʜʨʝʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʪʝʧʣʦʧʨʦʚʦʜʥʘʷ ʵʣʝʢʪʨʦʜʥʘʷ 
ʤʘʩʩʘ, ʩʦʜʝʨʞʘʱʘʷ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ [3]. 

 
ʈʠʩ. 4 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ ʵʣʝʢʪʨʦʜʦʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʈʂɻ-75, 

ʚr ʧʣʘʚʣʷʶʱʝʡ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʝʮ. 
 

ʇʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ ʧʦʩʣʝʜʥʠʭ ʣʝʪ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʯʘʩʪʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʳʥʫʞʜʘʶʪ ʠʭ 
ʩʥʠʞʘʪʴ, ʘ ʠʥʦʛʜʘ ʠ ʚʦʚʩʝ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ ʥʘ 
ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚʝʩʴʤʘ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ, ʪʘʢ ʢʘʢ ʦʢʦʣʦ 80 % ʠʭ 
ʦʙʨʳʚʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ çʛʦʨʷʯʠʭè ʠ çʭʦʣʦʜʥʳʭè ʧʨʦʩʪʦʝʚ ʠ ʪʝʨʤʠʯʝʩʢʠʭ 
ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʪʝʣʝ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʦʩʪʘʥʦʚʢʠ ʧʝʯʠ. ɺ 
ʧʝʨʠʦʜ ʦʩʪʘʥʦʚʢʠ ʧʝʯʠ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ 
ʜʦʩʪʠʛʘʝʪ 160-180 Áʉ ʚ ʯʘʩ, ʯʪʦ ʚ 8-10 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ 
ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʝʩʩʦʚʘʥʥʳʭ ʫʛʦʣʴʥʳʭ ʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʩʝʯʝʥʠʶ, 
ʯʝʤ ʪʦʪ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʦʚʘʣ ʚ ʨʘʙʦʪʘʶʱʝʤ ʵʣʝʢʪʨʦʜʝ. ʂʦʛʜʘ ʚʦʟʥʠʢʘʶʱʠʝ 
ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 
ʵʣʝʢʪʨʦʜʘ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʙʨʘʟʫʝʪʩʷ ʪʨʝʱʠʥʘ. 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʧʝʯʠ ʧʦʜ ʪʦʢʦʚʫʶ ʥʘʛʨʫʟʢʫ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 
ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʠ ʟʘʟʦʨ ʤʝʞʜʫ ʪʨʝʱʠʥʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʣʦʱʘʜʠ ʨʘʟʜʝʣʘ 
ʪʨʝʱʠʥʳ ʩʪʘʥʦʚʷʪʩʷ ʤʝʩʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʛʜʝ 
ʚʳʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʚʦʟʨʘʩʪʘʝʪ. 
ʇʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳʭʦʜʷʱʠʭ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ. ʇʨʠ ʥʘʙʦʨʝ ʪʦʢʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʧʝʯʠ  ʵʣʝʢʪʨʦʜʳ 
ʪʘʢʞʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʳʚʘʶʪʩʷ, ʧʝʨʠʦʜ ʚʳʭʦʜʘ ʧʝʯʠ ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ 
ʟʘʪʷʛʠʚʘʝʪʩʷ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ [1, 2].  
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ʉʫʱʝʩʪʚʦʚʘʣʘ ʧʨʘʢʪʠʢʘ ʤʝʜʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʤʦʱʥʦʩʪʠ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ 
ʧʨʦʩʪʦʷ ʧʝʯʠ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʝʟʢʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʜʘʨʘ. ʇʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ ʵʪʦʪ ʧʨʠʝʤ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʦʡʢʦʩʪʴ ʵʣʝʢʪʨʦʜʘ. ʇʨʠ 
ʚʢʣʶʯʝʥʠʠ ʧʝʯʠ ʧʦʩʣʝ ʧʨʦʩʪʦʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʧʨʦʭʦʜʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʷʤ 

ʵʣʝʢʪʨʦʜʘ, ʨʘʟʦʛʨʝʚʘʝʪ ʠʭ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʥʠʤʘʝʪ ʚʦʟʥʠʢʘʶʱʠʝ ʪʝʨʤʦʥʘʧʨʷʞʝʥʠʷ. 
ʆʜʥʘʢʦ ʝʩʣʠ ʚ ʵʣʝʢʪʨʦʜʝ ʚ ʧʝʨʠʦʜ ʧʨʦʩʪʦʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʨʝʱʠʥʳ, ʪʦ ʟʘʤʝʜʣʝʥʥʳʡ 
ʨʘʟʦʛʨʝʚ ʪʦʣʴʢʦ ʦʪʜʘʣʷʝʪ ʦʙʨʳʚ ʵʣʝʢʪʨʦʜʘ, ʥʦ ʥʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʛʦ. 

ʅʘ ʇɸʆ çʅɿʌè ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ 
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʣʝʢʪʨʦʜʘ ʚ ʧʝʨʠʦʜ 

ʦʩʪʘʥʦʚʢʠ ʧʝʯʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʙʦʨʘ ʤʦʱʥʦʩʪʠ. ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ 
ʥʝʨʝʛʫʣʠʨʫʝʤʦʤ ʨʝʞʠʤʝ ʦʩʪʘʥʦʚʢʠ ʧʝʯʠ ʜʦʩʪʠʛʘʝʪ 200-400 Áʉ (ʨʠʩ. 5). 

ʉ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʳʚʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʪʘʥʦʚʢʘʤʠ ʠ ʜʣʠʪʝʣʴʥʳʤʠ 

ʧʨʦʩʪʦʷʤʠ, ʨʘʟʨʘʙʦʪʘʥ ʠ ʚʥʝʜʨʝʥ ʩʧʦʩʦʙ ʧʦʜʛʦʪʦʚʢʠ ʵʣʝʢʪʨʦʜʦʚ ʢ ʦʪʢʣʶʯʝʥʠʶ ʧʝʯʠ, ʚ 
ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ ʧʣʘʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʧʫʪʝʤ 

ʩʥʠʞʝʥʠʷ ʪʦʢʦʚʳʭ ʥʘʛʨʫʟʦʢ. ɿʘ 2-3 ʩʫʪ. ʜʦ ʦʩʪʘʥʦʚʢʠ ʧʝʯʠ ʵʣʝʢʪʨʦʜʳ ʧʫʪʝʤ 
ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʧʨʝʢʨʘʱʝʥʠʷ ʧʝʨʝʧʫʩʢʘ ʫʢʦʨʘʯʠʚʘʶʪʩʷ ʥʘ 400-500 ʤʤ, ʟʘ 6-8 ʯ 
ʪʦʢʦʚʳʝ ʥʘʛʨʫʟʢʠ ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ 20-30 % ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ, ʧʨʦʠʟʚʦʜʷʪ 

ʧʝʨʝʧʫʩʢ ʵʣʝʢʪʨʦʜʦʚ ʠ ʦʪʢʣʶʯʘʶʪ ʧʝʯʴ. 
ʊʘʢʦʡ ʨʝʞʠʤ ʧʦʟʚʦʣʠʣ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʜʠʪʴ ʮʝʥʪʨ ʠ ʧʦʚʝʨʭʥʦʩʪʴ 

ʵʣʝʢʪʨʦʜʘ ʥʘ 200-300 ʉ̄, ʧʝʨʝʤʝʩʪʠʪʴ ʟʦʥʫ, ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʫʶ 
ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ, ʧʦʜ ʩʚʦʜ ʧʝʯʠ, ʪ. ʝ. ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʦʭʣʘʞʜʝʥʠʷ. 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʧʘʜ ʥʝ ʧʨʝʚʳʰʘʣ 200 ʉ̄, ʯʪʦ 
ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦ ʩʪʦʡʢʦʩʪʴ ʵʣʝʢʪʨʦʜʦʚ. ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʞʠʤʘ 

ʥʘ 16 ʵʣʝʢʪʨʦʧʝʯʘʭ (78 ʵʣʝʢʪʨʦʜʦʚ) ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʳʚʦʚ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 47,7 %, ʟʘ ʩʯʝʪ 
ʯʝʛʦ ʧʦʚʳʰʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʥʠʞʝʥ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʨʠʩ. 5). 

 
ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʘʤʦʦʙʞʠʛʘʶʱʝʤʩʷ ʵʣʝʢʪʨʦʜʝ ʧʝʯʠ ʈʇɿ-63  

ʧʦʩʣʝ ʝʝ ʦʩʪʘʥʦʚʢʠ. 
 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʇʕɺʄ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ 
ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ ʚʦʟʥʠʢʘʝʪ ʢʘʢ ʥʘ 
ʩʪʘʜʠʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʦʟʚʦʣʷʶʱʠʡ 
ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʝʧʣʦʚʳʝ ʧʦʣʷ  ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʝʯʝʡ. ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʷʟʳʢʝ ʊʫʨʙʦ-ʇʘʩʢʘʣʴ ʠ ʉ++ ʠ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ 
ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʥʦ ʟʘʚʠʩʠʤʳʭ ʩʨʝʜʩʪʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʝ ʨʘʙʦʪʳ [4, 5, 7]. 

ʇʦʩʪʨʦʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʬʦʨʤʫʣʠʨʦʚʢʘ ʨʝʰʘʝʤʳʭ 
ʟʘʜʘʯ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʧʦʣʦʞʝʥʦ ʫʨʘʚʥʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʪʝʧʣʘ ʚ ʵʣʝʢʪʨʦʜʝ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʄʦʜʝʣʷʤ ʩʦʧʦʩʪʘʚʣʝʥʳ ʠʭ 
ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʦʙʣʘʜʘʶʱʠʝ ʪʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ɺʨʝʤʷ, ʩʫʪʢʠ 
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ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʭʦʨʦʰʝʡ 
ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʫʟʣʘʤʠ ʩʝʪʦʯʥʦʡ ʦʙʣʘʩʪʠ 
ʠ ʛʨʘʥʠʮʝʡ, ʛʜʝ ʟʘʜʘʥʳ ʫʩʣʦʚʠʷ ʦʜʥʦʟʥʘʯʥʦʩʪʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʠ 
ʵʢʦʥʦʤʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 
ʧʨʦʠʟʚʦʜʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʧʣʦʚʳʝ ʧʦʣʷ ʵʣʝʢʪʨʦʜʘ, ʧʨʠʤʝʥʷʣʠʩʴ ʢʦʥʝʯʥʦ-
ʨʘʟʥʦʩʪʥʳʝ ʤʝʪʦʜʳ ʠ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʇʠʩʤʘʥʘ-
ʈʝʢʬʦʨʜʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʚʝʩʪʠ ʘʣʛʦʨʠʪʤ ʢ ʩʢʘʣʷʨʥʳʤ ʧʨʦʛʦʥʢʘʤ ʠ, ʪʝʤ ʩʘʤʳʤ, 
ʧʦʩʪʨʦʠʪʴ ʵʢʦʥʦʤʠʯʥʳʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩʭʝʤʳ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʨʘʚʥʝʥʠʷ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, 
ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʠʝ ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 
ʟʦʥʝ ʵʣʝʢʪʨʦʜʘ. ɼʣʷ ʟʦʥ ʪʚʝʨʜʦʡ ʤʘʩʩʳ ï ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʘ ʜʣʷ çʞʠʜʢʦʡ 
ʟʦʥʳè ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʷʟʢʦʡ ʥʝ 
ʩʞʠʤʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʙʘʟʠʩʥʳʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʘʥʘʣʠʟʝ 
ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʵʣʝʢʪʨʦʜʦʚ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʯʝʡ, ʜʦʧʫʩʢʘʝʪ 
ʦʙʲʝʜʠʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ, ʫʩʣʦʚʠʡ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠ ʠʭ ʟʘʧʠʩʠ ʚ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ 
ʬʦʨʤʝ: 
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,...3,2,1  , == kTY k ï ʚʝʢʪʦʨʘ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ ʪʝʤʧʝʨʘʪʫʨ, ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦ 

k-ʤ ʟʦʥʘʤ ʵʣʝʢʪʨʦʜʘ; A(Y), B(Y), C(Y), D(Y) ï ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 
ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ; 
W ï ʚʝʢʪʦʨʳ ʠʩʪʦʯʥʠʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʠʟ ʧʝʯʠ, ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʪʫ 
ʢʦʢʩʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ, çʜʞʦʫʣʝʚʦ ʪʝʧʣʦè ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʪʝʧʣʦ 
ʢʦʣʦʰʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʰʠʭʪʝ, ʩ ʦʭʣʘʞʜʘʶʱʝʡ 
ʚʦʜʦʡ, ʥʘ ʥʘʛʨʝʚ ʠ ʨʘʩʧʣʘʚʣʝʥʠʝ ʤʘʩʩʳ ʠ ʪ. ʜ. ʅʘ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʥʘʣʦʞʝʥʳ 
ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʝʜʧʦʯʪʝʥʠʝ ʙʳʣʦ ʦʪʜʘʥʦ 
ʤʝʪʦʜʫ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ 
ʢʦʤʧʘʢʪʥʫʶ ʩʠʩʪʝʤʫ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ 
ʟʘʜʘʯ, ʠ ʜʦʧʫʩʢʘʝʪ ʜʦʧʦʣʥʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʚʣʠʷʶʱʠʭ ʥʘ 
ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʬʘʢʪʦʨʦʚ. 

ɺ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʤʳ ʧʦʣʦʞʝʥʘ ʠʜʝʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ 
ʧʦʰʘʛʦʚʦʡ ʜʝʪʘʣʠʟʘʮʠʝʡ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʝ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ. 
ʆʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʧʨʦʛʨʘʤʤʳ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ-ʦʧʝʨʘʪʦʨʦʚ, 
ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʧʨʦʛʨʘʤʤʳ, ʯʪʦ ʫʜʦʙʥʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ 
ʧʨʦʛʨʘʤʤʫ. 

ʉʨʝʜʩʪʚʘ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʚʚʦʜʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, 
ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʪʘʢʞʝ ʚʳʜʘʚʘʪʴ 
ʠʭ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠ ʨʠʩʫʥʢʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 
ʩʠʩʪʝʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʦʚ. 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʵʣʝʢʪʨʦʜʘʭ, ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, 
ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʪʝʧʣʦʦʙʤʝʥʘ, ʝʩʣʠ ʧʦ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʷʭ, ʠʟʚʝʩʪʥʳʭ ʠʟ 
ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʨʝʙʫʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʧʨʠʯʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
ʇʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʪʝʧʣʦʦʙʤʝʥʘ 
ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ, 
ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʘ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ʆɿʊ) 
ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʩʘʤʦʦʙʞʠʛʘʶʱʝʤʩʷ 
ʵʣʝʢʪʨʦʜʝ. ɸʣʛʦʨʠʪʤ ʦʙʣʘʜʘʝʪ ʧʦʰʘʛʦʚʦʡ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ, ʘʪʪʝʩʪʦʚʘʥ ʥʘ 
ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ 
ʦʙʦʙʱʘʝʪʩʷ ʥʘ ʨʝʰʝʥʠʝ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʚ 
ʧʨʘʢʪʠʢʫ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 
ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ 
ʵʣʝʢʪʨʦʜʘʭ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ. 
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ʆʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʣʠʩʪʦʚʦʛʦ (2-4 ʤʤ) ʤʝʪʘʣʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʞʫʭʦʚ 
ʥʝʧʨʝʨʳʚʥʳʭ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ, ʥʘʛʨʝʚʘʝʤʦʛʦ ʜʦ 1300 Áʉ ʚ 
ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʠ ʤʘʣʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ ʚ ʢʦʥʪʘʢʪʝ ʩ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʦʡ. 
ʀʩʩʣʝʜʦʚʘʣʠ ʪʘʢʞʝ ʦʙʨʘʟʮʳ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʢʦʞʫʭʦʚ ʵʣʝʢʪʨʦʜʦʚ 
ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ ʧʨʠ ʠʭ ʦʩʪʘʥʦʚʢʘʭ. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 
ʧʦʪʝʨʠ ʤʘʩʩʳ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚʦʟʨʘʩʪʘʶʪ ʠ ʧʨʠ 1000 Áʉ 
ʦʙʨʘʟʮʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʷʶʪʩʷ. ʇʨʦʯʥʦʩʪʥʳʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʩʥʠʞʘʶʪʩʷ. ʄʝʪʘʣʣ, ʥʘʛʨʝʪʳʡ ʚ ʤʘʣʦʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ  ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1200 ʉ̄ [6, 8]   
ɺ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʪʘʢʪʘ ʩ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʦʡ ʧʨʠ 800-900 Áʉ ʚ ʤʝʪʘʣʣʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʟʝʨʥʘ ʠ ʯʘʩʪʠʯʥʦʝ ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʦʤʫ 
ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʙʨʘʟʮʳ, ʥʘʛʨʝʪʳʝ ʚ ʩʨʝʜʝ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ. ʇʨʠ 
1250 Áʉ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʣʠʪʫ. ɺ ʤʝʪʘʣʣʝ ʢʦʞʫʭʘ 
ʩʘʤʦʦʙʞʠʛʘʶʱʝʛʦʩʷ ʵʣʝʢʪʨʦʜʘ ʧʝʯʠ ʈʇɿ-63, ʦʪʦʙʨʘʥʥʦʤ ʚ ʨʘʡʦʥʝ ʥʠʞʥʝʡ ʢʨʦʤʢʠ 
ʢʦʥʪʘʢʪʥʳʭ ʱʝʢ, ʠʤʝʝʪ ʤʝʩʪʦ  ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʟʝʨʥʘ. ʅʘ ʫʯʘʩʪʢʝ 0,5 ʤ ʥʠʞʝ ʱʝʢ 
ʤʝʪʘʣʣ ʩʠʣʴʥʦ  ʥʘʫʛʣʝʨʦʞʝʥ. ʀʩʭʦʜʥʘʷ ʬʝʨʨʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʬʝʨʨʠʪʦ-

ʧʝʨʣʠʪʥʫʶ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ sɺ ʨʘʟʨʳʚʫ ʜʦ 540-584 ʄʇʘ. ʇʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʷ d ʩʥʠʞʘʶʪʩʷ ʥʘ 3,2-5,2 %.  
ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʦʜ ʪʦʢʦʚʦʡ ʥʘʛʨʫʟʢʦʡ, ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʴʥʳʭ ʠ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʦʚ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʦʪ 
ʚʠʜʘ ʩʚʘʨʥʳʭ ʰʚʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ (ʪʘʙʣʠʮʘ), ʯʪʦ ʫ ʤʝʪʘʣʣʘ, ʩʚʘʨʝʥʥʦʛʦ ʚ çʩʪʳʢè 
ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʳʚʫ ʥʘ 10-30 % ʤʝʥʴʰʝ, ʯʝʤ ʫ ʮʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ.  

ʊʘʙʣʠʮʘ ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʴʥʳʭ ʠ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ 
ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʘʛʨʝʚ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ) 

ʇʨʠʤʝʯʘʥʠʝ. * ï ʈʘʟʨʳʚ ʧʦ ʩʚʘʨʥʦʤʫ ʰʚʫ. 
 

ʋ ʦʙʨʘʟʮʦʚ ʢʦʞʫʭʘ ʠʟ ʉʪ3ʩʧ, ʩʚʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʜʘʤʠ ʪʠʧʘ ɸʅʆ-4 ʚ ʩʪʳʢ ʩ 
ʥʘʢʣʘʜʢʦʡ, ʪʨʦʡʥʳʤ ʰʚʦʤ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, 
ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʮʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʥʘʨʘʱʠʚʘʥʠʷ ʩʝʢʮʠʡ 
ʢʦʞʫʭʘ (ʦʙʱʘʷ ʚʳʩʦʪʘ ʢʦʞʫʭʘ 15-20 ʤ) ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʝʯʝʡ 
ʈʂɻ-75, ʛʜʝ ʝʜʠʥʩʪʚʝʥʥʦ ʜʦʧʫʩʪʠʤʳʤ ʪʠʧʦʤ ʩʚʘʨʥʦʛʦ ʰʚʘ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʪʨʦʡʥʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʚ 
ʫʩʣʦʚʠʷʭ ʇɸʆ çʅɿʌè ʩʧʦʩʦʙ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʠ ʩʪʘʣʴʥʳʭ ʢʦʞʫʭʦʚ 
ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ ʩʧʣʦʰʥʦʡ ʠ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ ʉɺ-08.ɻ2ʉ ʚ 
ʩʨʝʜʝ ʉʆ2, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 
ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʚʝʣʠʯʠʪʴ ʩʪʦʡʢʦʩʪʴ ʵʣʝʢʪʨʦʜʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ 
ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʧʝʨʘʮʠʠ ʥʘʨʘʱʠʚʘʥʠʷ ʢʦʞʫʭʘ [6]. 

ɺʳʚʦʜʳ. ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʭʘʨʘʢʪʝʨ 
ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʛʨʝʛʘʪʥʳʭ ʟʦʥ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ ʵʣʝʢʪʨʦʧʝʯʝʡ ʈʂɿ, ʈʇɿ ʠ 

ʊʠʧ ʰʚʘ 
ʄʘʨʢʘ 
ʩʪʘʣʠ 

ʊʦʣʱʠʥʘ 
ʣʠʩʪʘ, ʤʤ 

s, ʢʛÖʩ/ʤʤ2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, Áʉ 
20 300 600 

ʂʦʥʪʨʦʣʴʥʳʡ, ʙʝʟ 
ʩʚʘʨʥʦʛʦ ʰʚʘ 

ʉʪ3ʩʧ 4,5 46,7 43,6 10,28 
ʉʪ3ʢʧ 3,9 42,6 39,8 8,84 
ʉʪ2ʧʩ 3,0 38,3 35,1 7,96 

ʚ ʥʘʭʣʝʩʪʢʫ ʉʪ3ʢʧ 3,9 41,3* 29,2* 5,48* 

ʚ ʩʪʳʢ ʙʝʟ ʟʘʟʦʨʘ 
ʉʪ3ʢʧ 3,9 39,2* 31,5* 5,5* 

ʉʪ3ʧʩ 3,0 37,5* 29,0* 7,5* 

ʚ ʩʪʳʢ ʩ ʟʘʟʦʨʦʤ 3 ʤʤ ʉʪ3ʩʧ 4,5 40,7* 33,5* 6,8* 

ʚ ʩʪʳʢ ʩ ʟʘʟʦʨʦʤ 10 ʤʤ,  
ʥʘʢʣʘʜʢʦʡ, ʪʨʦʡʥʦʡ ʰʦʚ 

ʉʪ3ʩʧ 4,5 48,7 39,0 8,4 
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ʈʂɻ. ʋʩʪʘʥʦʚʣʝʥʳ ʠ ʚʥʝʜʨʝʥʳ ʥʘ ʇɸʆ çʅɿʌè ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 
ʧʝʨʠʦʜ ʦʩʪʘʥʦʚʦʢ ʧʝʯʝʡ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 
ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʮʝʥʪʨʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʩʦʢʨʘʪʠʪʴ 
ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʦʙʨʳʚʦʚ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʝʡ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʩʯʝʪʘ ʥʘ ʇʕɺʄ 
ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʫʯʝʪʦʤ 
ʜʚʫʭ ʠ ʪʨʝʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʉʦʟʜʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 
ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʝʧʣʦʚʳʝ ʧʦʣʷ ʢʨʫʛʣʳʭ ʠ ʧʣʦʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʢʘʢ ʥʘ ʩʪʘʜʠʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʝʯʝʡ, ʪʘʢ ʠ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. 
ʇʨʦʛʨʘʤʤʘ, ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʷʟʳʢʝ ʊʫʨʙʦ-ʇʘʩʢʘʣʴ ʠ ʉ++, ʦʬʦʨʤʣʝʥʘ ʚ 
ʚʠʜʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʇʕɺʄ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʢʦʞʫʭʦʚ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʠ ʤʘʣʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʚʳʭ 
ʩʨʝʜʘʭ, ʚ ʢʦʥʪʘʢʪʝ ʩ ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 1300 Áʉ, ʘ ʪʘʢʞʝ 
ʦʙʨʘʟʮʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʢʦʞʫʭʦʚ ʵʣʝʢʪʨʦʜʦʚ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ ʧʨʠ ʠʭ 
ʦʩʪʘʥʦʚʢʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʩʪʘʣʴʥʳʭ ʢʦʞʫʭʦʚ ʅʉʕ ʧʨʠ 
ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʦʪʨʘʞʝʥʠʝʤ 
ʩʣʦʞʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 
ʵʣʝʢʪʨʦʜʥʦʡ ʤʘʩʩʦʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

 ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʨʘʱʠʚʘʥʠʷ ʢʦʞʫʭʦʚ 
ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʚʘʨʢʠ; ʠʩʩʣʝʜʦʚʘʥ ʠ ʚʥʝʜʨʝʥ ʚ 
ʫʩʣʦʚʠʷʭ ʇɸʆ çʅɿʌè ʩʧʦʩʦʙ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʠ ʢʦʞʫʭʦʚ ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ 
ʵʣʝʢʪʨʦʜʦʚ ʩʧʣʦʰʥʦʡ ʠ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ ʚ ʩʨʝʜʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ, ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ʠ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʦʧʝʨʘʮʠʠ 
ʥʘʨʘʱʠʚʘʥʠʷ. 
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ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʯʝʡ ʚ ʪʨʝʭʤʝʨʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ // ʀʟʚʝʩʪʠʷ 
ɺʫʟʦʚ. ʏʝʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ. ï 1999. ï ˉ 5. ï ʉ. 27-31. 

8. ɻʨʠʥʰʧʫʥʪ ɸ. ɻ., ɻʘʩʠʢ ʃ. ʅ., ʂʘʰʢʫʣʴ ɺ. ɺ. ʆ ʩʪʦʡʢʦʩʪʠ ʩʪʘʣʴʥʳʭ ʢʦʞʫʭʦʚ 
ʩʘʤʦʦʙʞʠʛʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʜʦʚ ʨʫʜʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ // ʉʪʘʣʴ. ï 1995. 
ï  ̄11. ï ʉ. 22-26. 
  



165 

 

 

 

 

 

ȹȬȿȶȺȮȣ ȺȽȹȺȮȴ 
ȽȿɃȬȽȹȴɁ 
ȾȱɁȹȺȷȺȯȣȵ 
ȮȴȼȺȭȹȴɂȾȮȬ 
ȱȷȱȶȾȼȺȽȾȬȷȣ 

ʈʆɿɼɯʃ  

3  
ȹɌɟɣəɧɑ ɚɝəɚɎɧ 

ɝɚɎɜɑɘɑəəɧɡ ɞɑɡəɚɗɚɏɔɕ 
ɛɜɚɔɓɎɚɐɝɞɎɌ 
ɩɗɑɖɞɜɚɝɞɌɗɔ 

 

 
The fundamentals of new 
technologies in electrosteel 

production  

  

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 
ʉʋʏɸʉʅɸ ʄɽʊɸʃʋʈɻɯʗ: ʇʈʆɹʃɽʄʀ ʊɸ ʈɯʐɽʅʅʗ 



166 

 

 

 
  

 
 



167 

 

 

ʋɼʂ 669.187.28 
ʆɹʆʉʅʆɺɸʅʀɽ ʀʅʅʆɺɸʎʀʆʅʅʆʁ ʈɽʉʋʈʉʅʆ-ʉʓʈʔɽɺʆʁ ʂʆʅʎɽʇʎʀʀ 

ʈɸʌʀʅʀʈʆɺɸʅʀʗ ʉʊɸʃʀ, ʈɸɿʈɸɹʆʊʂɸ ʀ ʇʈʆʄʓʐʃɽʅʅʆɽ ʆʉɺʆɽʅʀɽ 

ʊɽʍʅʆʃʆɻʀʀ ʆɹʈɸɹʆʊʂʀ ʕʃɽʂʊʈʆʉʊɸʃʀ ʅɸ ʋʉʊɸʅʆɺʂɽ 

ʕʃɽʂʊʈʆʇɽʏʔ -  ʂʆɺʐ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʑɽʃʆʏʅʆɻʆ 

ɸʃʖʄʆʉʀʃʀʂɸʊɸ ï ʇɽɻʄɸʊʀʊɸ ɺɿɸʄɽʅ ʀʄʇʆʈʊʅʆɻʆ 

ʇʃɸɺʀʂʆɺʆɻʆ ʐʇɸʊɸ 
 

ɺ.ʅ.ʂʦʨʥʠʝʚʩʢʠʡ, ɸ.ʀ.ʇʘʥʯʝʥʢʦ, ʀ.ʅ.ʃʦʛʦʟʠʥʩʢʠʡ, ɸ.ʉ.ʉʘʣʴʥʠʢʦʚ, 

ʉ.ʃ.ʂʘʩʴʷʥ, ʇ.ɸ. ʐʠʙʝʢʦ, ʉ.ʃ.ʄʘʟʫʨʫʢ, ɸ.ɺ.ʗʢʦʚʠʮʢʠʡ 
ʇɸʆ çʕʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè 
ʄ.ʀ.ɻʘʩʠʢ, ɸ.ʇ.ɻʦʨʦʙʝʮ, ɸ.ʅ.ʆʚʯʘʨʫʢ, ʖ.ʉ.ʇʨʦʡʜʘʢ 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ 
 

çéʆʩʥʦʚʥʘʷ ʠ ʨʝʰʘʶʱʘʷ ʯʘʩʪʴ ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ ï 
ʬʘʢʪʳ ʠ ʠʭ ʢʨʫʧʥʳʝ ʠ ʤʝʣʢʠʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʦʙʦʙʱʝʥʠʷ.  
ʅʘʫʯʥʳʝ ʪʝʦʨʠʠ ʠ ʛʠʧʦʪʝʟʳ ʥʝ ʚʭʦʜʷʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ 

ʟʥʘʯʝʥʠʝ ʚ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ, ʚ ʦʩʥʦʚʥʫʶ ʠ ʨʝʰʘʶʱʫʶ 
ʯʘʩʪʴ ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ. ʆʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʛʠʧʦʪʝʟ ʠ 

 ʪʝʦʨʠʠ ï ʢʘʞʫʱʝʝʩʷè 
 

ʘʢʘʜʝʤʠʢ ɺ.ʀ.ɺʝʨʥʘʜʩʢʠʡʭ) 

 
1. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɼʝʡʩʪʚʫʶʱʘʷ ʥʘ ʇɸʊ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʩʢʚʦʟʥʘʷ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʩʪʘʣʠ  ʰʠʨʦʢʦʛʦ ʤʘʨʦʯʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ 

ʚʢʣʶʯʘʝʪ ʙʘʟʦʚʳʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʩʪʘʜʠʠ: 1) ʚʳʧʣʘʚʢʫ ʤʝʪʘʣʣʘ-ʧʦʣʫʧʨʦʜʫʢʪʘ ʚ 
ɼʉʇ-60 ʩ ʚʳʧʫʩʢʦʤ ʝʛʦ ʚ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʳʡ ʢʦʚʰ ʩ ʧʨʠʩʘʜʢʦʡ ʥʘʫʛʣʝʨʦʞʠʚʘʪʝʣʷ,  

ʢʦʤʧʣʝʢʩʥʳʭ ʨʘʩʢʠʩʣʠʪʝʣʝʡ, ʩʤʝʩʠ ʪʚʝʨʜʳʭ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʊʐʄ-1 
(ʠʟʚʝʩʪʴ + ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ); 2) ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʩʢʘʯʠʚʘʥʠʝ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʚ 
ʢʦʚʰʝ ʰʣʘʢʘ ʠ 3)  ʧʦʩʣʝʜʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʤʝʪʘʣʣʘ ʥʘ ʋʇʂ-60 ʩ ʧʨʠʩʘʜʢʦʡ ʚ ʢʦʚʰ 

ʊʐʄ-2 (ʠʟʚʝʩʪʴ + ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ) ʨʘʩʢʠʩʣʠʪʝʣʝʡ, ʣʝʛʠʨʫʶʱʠʭ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 
ʨʘʟʨʘʙʦʪʘʥʥʳʭ  ʧʘʨʘʤʝʪʨʦʚ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʩʪʘʣʠ.  ʄʝʪʘʣʣ, ʧʨʦʰʝʜʰʠʡ ʦʙʨʘʙʦʪʢʫ ʥʘ 

ʋʇʂ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʶ ʚ ʢʦʚʰʝ ʚ ʢʘʤʝʨʥʦʤ ʚʘʢʫʫʤʘʪʦʨʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 
ʨʘʟʣʠʚʢʦʡ ʧʦ ʠʟʣʦʞʥʠʮʘʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʣʠʪʢʦʚ ʨʘʟʚʝʩʦʤ 4,6 ʠ 6,0 ʪ [1]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʜʝʡʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʩʪʘʣʠ ʷʚʣʷʝʪʩʷ  ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʘ-ʧʦʣʫʧʨʦʜʫʢʪʘ  
ʚ ʩʦʩʪʘʚʝ ʊʐʄ-1 ʠ ʊʐʄ-2 ʠʤʧʦʨʪʥʦʛʦ ʠ ʜʦʨʦʛʦʛʦ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ. 

ʂʨʦʤʝ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ (ʪʦʯʥʝʝ ʠʤʧʦʨʪʥʦʛʦ 
ʬʣʶʦʨʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ), ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʩʪʘʜʠʠ  ʢʦʚʰʝʚʦʡ 
ʦʙʨʘʙʦʪʢʠ ʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʋʇʂ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪʩʷ 

ʥʠʞʝ. ʀʤʧʦʨʪ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ ʦʙʫʩʣʦʚʣʝʥ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 
ʨʘʟʚʝʜʘʥʥʳʭ ʝʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʋʢʨʘʠʥʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦ ʨʘʟʚʝʜʘʥʥʳʤ ʨʝʩʫʨʩʘʤ 

ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʋʢʨʘʠʥʘ ʚʭʦʜʠʪ ʚ ʧʝʨʚʫʶ ʜʝʩʷʪʢʫ ʩʪʨʘʥ, ʟʘʥʠʤʘʷ ʚ ʵʪʦʤ ʨʷʜʫ ʰʝʩʪʦʝ 
ʤʝʩʪʦ: ʈʦʩʩʠʷ, ʂʅʈ, ʖɸʈ, ʉʐɸ, ʄʝʢʩʠʢʘ, ʋʢʨʘʠʥʘ ʠ ʜʨ.  

ʀʟ ʨʘʟʚʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʣʘʚʠʢʦʰʧʘʪʦʚʳʭ ʨʫʜ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʙʘʣʘʥʩʦʤ ʫʯʪʝʥʳ ʟʘʧʘʩʳ ʥʘ ʜʚʫʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ï ʇʦʢʨʦʚʦ-ʂʠʨʝʝʚʩʢʦʤ (ɼʦʥʝʮʢʘʷ 
ʦʙʣ.) ʠ ɹʘʭʪʠʥʩʢʦʤ (ɺʠʥʥʠʮʢʘʷ ʦʙʣ.) [2]. ɹʦʛʘʪʳʝ ʫʯʘʩʪʢʠ ʨʫʜʳ ʩʦʜʝʨʞʘʪ ʦʪ 73,5% ʜʦ 

83,1% CaF2 ï ʧʨʠʨʦʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʬʣʶʦʨʠʪʘ. ɺ ʦʙʳʯʥʳʭ ʧʣʘʚʠʢʦʰʧʘʪʦʚʳʭ ʨʫʜʘʭ 
ʩʦʜʝʨʞʘʥʠʝ CaF2 ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 38 ʜʦ 71% ʧʨʠ ʩʨʝʜʥʝʤ 63,9%. ʅʘʨʷʜʫ ʩ 
ʦʪʥʦʩʠʪʝʣʴʥʦ  ʥʠʟʢʠʤ   ʢʘʯʝʩʪʚʦʤ  ʧʣʘʚʠʢʦʰʧʘʪʦʚʳʭ ʨʫʜ,  ʦʪʩʫʪʩʪʚʠʝ   ʧʨʦʤʳʰʣʝʥʥʦʡ 

_____________________________________ 
ʭ) ɺʝʨʥʘʜʩʢʠʡ ɺ.ʀ. ʅʘʫʯʥʘʷ ʤʳʩʣʴ ʢʘʢ ʧʣʘʥʝʪʘʨʥʦʝ ʷʚʣʝʥʠʝ. ï ʄ.: ʅʘʫʢʘ. ï 1991. 
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ʜʦʙʳʯʠ  ʥʘ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʛʠʜʨʦ- ʠ 
ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ. 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʫʜ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʚʳʷʚʣʝʥʥʳʭ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʦʨʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʟʦʥ ʨʘʟʣʦʤʦʚ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʱʠʪʘ, ʥʝʩʪʦʡʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʧʨʦʪʝʢʘʥʠʷ ʥʘʜ 
ʟʘʣʝʞʘʤʠ ʧʣʘʚʠʢʦʰʧʘʪʦʚʦʡ  ʨʫʜʳ ʥʘ ʇʦʢʨʦʚʘ-ʂʠʨʝʝʚʩʢʦʤ  ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʫʜʳ ʨʝʢʠ 
ɻʨʫʟʢʠ ɽʣʘʥʠ [2]. ʀʟʣʦʞʝʥʥʦʝ ʚʳʰʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʝʜʘʥʥʳʝ ʠ 

ʚʟʷʪʳʝ  ʥʘ ʫʯʝʪ  ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʙʘʣʘʥʩʦʤ ʟʘʧʘʩʳ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ ʜʦʙʳʯʘ 
ʧʣʘʚʠʢʦʚʦʰʧʘʪʦʚʦʡ  ʨʫʜʳ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ (ʨʫʜʘ, ʢʦʥʮʝʥʪʨʘʪʳ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ ʚ ʨʷʜʝ  ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʌʪʦʨʠʜ 

ʢʘʣʴʮʠʷ (CaF2) ʷʚʣʷʝʪʩʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ  ʥʝʟʘʤʝʥʠʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʚʘʨʦʯʥʳʭ ʬʣʶʩʦʚ, 
ʥʝʢʦʪʦʨʳʭ ʬʣʶʩʦʚ ʕʐʇ, ʢʝʨʘʤʠʢʠ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʜʨ. 
ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʧʣʘʚʠʢʦʚʦʤ ʰʧʘʪʝ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ  ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ 
ʧʨʦʠʟʚʦʜʩʪʚ ʩʠʩʪʝʤʥʦ ʧʦʚʳʰʘʝʪʩʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʙʳʯʘ 

ʧʣʘʚʠʢʦʰʧʘʪʦʚʳʭ ʨʫʜ ʚ ʩʪʨʘʥʘʭ, ʨʘʩʧʦʣʘʛʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʵʪʦʡ ʨʫʜʳ. 
ɺ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ  

ʦʙʷʟʘʪʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʩʦʩʪʘʚʝ ʪʚʝʨʜʳʭ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʵʣʝʢʪʨʦʧʝʯʴ-ʢʦʚʰ. 

ʇʨʠʯʝʤ ʨʦʣʴ ʉʘF2 ʚ ʩʦʩʪʘʚʝ  ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʨʘʬʠʥʠʨʫʶʱʠʭ ʰʣʘʢʦʚʳʭ 
ʨʘʩʧʣʘʚʦʚ ʩʚʷʟʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʧʦʥʠʞʘʶʱʝʛʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ 
ʚʷʟʢʦʩʪʴ ʰʣʘʢʦʚ, ʥʦ ʠ ʥʝ ʩʦʚʩʝʤ ʦʙʦʩʥʦʚʘʥʦ ʢʘʢ ʧʦʚʳʰʘʶʱʝʛʦ ʩʪʝʧʝʥʴ ʜʝʩʫʣʴʬʫʨʘʮʠʠ 
ʩʪʘʣʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʥʝʧʝʯʥʳʭ ʩʧʦʩʦʙʘʭ ʝʝ ʦʙʨʘʙʦʪʢʠ. ʅʝ  ʦʜʥʦʟʥʘʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ   ʨʦʣʠ ʬʪʦʨʠʜʘ ʢʘʣʴʮʠʷ ʚ ʩʦʩʪʘʚʝ ʰʣʘʢʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʨʘʩʢʠʩʣʝʥʠʠ 
ʩʪʘʣʠ ʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ  
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʠ ʨʘʩʢʠʩʣʝʥʠʠ ʩʪʘʣʠ. ʂ ʯʠʩʣʫ 
ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʦʪʥʦʩʠʪʩʷ ʠ ʚʣʠʷʥʠʝ ʉʘF2  ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʚʳʙʦʨ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʫʛʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʧʝʯʝʡ ʠ  
ʨʘʬʠʥʠʨʦʚʦʯʥʳʭ ʫʩʪʘʥʦʚʦʢ çʵʣʝʢʪʨʦʧʝʯʴ-ʢʦʚʰè. 

ʆʙʦʙʱʝʥʠʝ ʠ ʘʥʘʣʠʟ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʮʝʥʢʝ 
ʚʣʠʷʥʠʷ ʬʪʦʨʠʩʪʦʛʦ ʢʘʣʴʮʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʨʘʩʢʠʩʣʝʥʠʷ, ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʩʪʘʣʠ ʰʠʨʦʢʦʛʦ 

ʤʘʨʦʯʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ, ʧʳʣʝʛʘʟʦʦʙʨʘʟʦʚʘʥʠʝ, ʥʘʨʷʜʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ,  ʧʦʟʚʦʣʠʣʠ ʙʳ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ 
ʧʦʜʭʦʜʳ ʢ  ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʩ ʟʘʤʝʥʦʡ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ  ʧʨʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʣʠ  ʤʠʥʝʨʘʣʴʥʳʤ  ʩʳʨʴʝʤ   ʧʝʛʤʘʪʠʪʦʤ ï ʱʝʣʦʯʥʳʤ ʘʣʶʤʦʩʠʣʠʢʘʪʦʤ, 

ʟʘʧʘʩʳ ʢʦʪʦʨʦʛʦ ʚ ʥʝʜʨʘʭ ʋʢʨʘʠʥʳ ʦʮʝʥʠʚʘʶʪʩʷ ʜʝʩʷʪʢʦʤ ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ. 
2. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ ʚ 

ʙʝʩʬʪʦʨʠʜʢʘʣʴʮʠʝʚʳʭ ʠ ʬʪʦʨʠʜʢʘʣʴʮʠʝʚʦʩʦʜʝʨʞʘʱʠʭ ʚʳʩʦʢʦʦʩʥʦʚʥʳʭ 

ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤʘʭ. ʆʙʲʝʢʪʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ 

ʩʠʩʪʝʤʘʭ çʰʣʘʢʦʚʳʡ ʨʘʩʧʣʘʚ ï ʛʘʟʦʚʘʷ ʬʘʟʘè ʙʳʣʠ ʧʨʠʥʷʪʳʝ ʜʚʝ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 
[1]:  ʙʝʩʬʪʦʨʠʜʢʘʣʴʮʠʝʚʘʷ ʦʢʩʠʜʥʘʷ ʩʠʩʪʝʤʘ ɸ (55% ʉʘʆ ï 35% Al2O3  -  10% SiO2) ʠ 
ʬʪʦʨʠʜʢʘʣʴʮʠʝʚʘʷ ʩʠʩʪʝʤʘ ɹ (50% ʉʘʆ ï 20% Al2O3  - 10% SiO2 ï 20% ʉʘF2). 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʡ ʚ ʩʠʩʪʝʤʘʭ ɸ ʠ ɹ 

ʧʨʦʠʟʚʦʜʠʣʠʭ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ çFast Sageè ʚʝʨʩʠʷ 5.2. ʆʧʨʝʜʝʣʝʥʠʝ 
ʨʘʚʥʦʚʝʩʥʦʛʦ  ʩʦʩʪʘʚʘ ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʬʘʟ ʚ ʪʝʨʥʘʨʥʦʡ ʩʠʩʪʝʤʝ ɹ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ 
ʫʯʝʪʦʤ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʘʩʪʚʦʨʦʚ. ʈʘʩʯʝʪʳ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʜʣʷ 
ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤ ɸ ʠ ɹ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1300-1700̄ ʉ ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʘʪʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʣʘʢʦʚʘʷ 
ʩʠʩʪʝʤʘ ɸ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʶʤʠʥʘʪʦʚ ʢʘʣʴʮʠʷ, ʘ ɹ ï ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʘʚʥʦʚʝʩʠʠ ʩ ʧʝʨʚʠʯʥʦʡ ʬʘʟʦʡ ʉʘF2 ʠ ʜʦ 1700ʉ̄ ʠʤʝʝʪ ʜʚʫʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ.  

_____________________________________ 
ʭ)  ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ɸ ʠ ɹ 

ʚʳʧʦʣʥʝʥʦ ʩ ʫʯʘʩʪʠʝʤ ʜ.ʪ.ʥ., ʧʨʦʬ. ʄ.ʄ.ɻʘʩʠʢʘ. 
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ɺ ʛʘʟʦʚʦʡ ʬʘʟʝ ʙʳʣʠ ʫʯʪʝʥʳ ʢʦʤʧʦʥʝʥʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ 
ʧʨʝʚʳʰʘʣʠ 10-25 ʘʪʤ. (ʵʣʝʤʝʥʪʳ, ʦʢʩʠʜʳ, ʬʪʦʨʠʜʳ ʠ ʦʢʩʠʬʪʦʨʠʜʳ). ʀʟ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʛʘʟʦʚʦʡ ʬʘʟʝ ʩʠʩʪʝʤʳ ɸ ʦʪʦʙʨʘʥʳ 10 ʭʠʤʩʦʝʜʠʥʝʥʠʡ, ʘ 
ʩʠʩʪʝʤʳ ɹ-ʜʚʘʜʮʘʪʴ. ɺ ʙʝʩʬʪʦʨʠʜʥʦʡ ʩʠʩʪʝʤʝ ɸ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʧʘʨʮʠʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʢʦʤʧʦʥʝʥʪʘ   SiOʛʘʟ  3,52Ö10-9 ʠ 1,2Ö10-7 ʧʨʠ 1600ʉ̄ 1800ʉ̄ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɼʣʷ ʩʠʩʪʝʤʳ ɹ ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʘʟʘʣʠʩʴ ʥʘ 
ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚʳʰʝ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʰʣʘʢʦʚʦʡ 

ʩʠʩʪʝʤʳ ɹ ʧʨʠ 1600 ʠ 1800ʉ̄ (ʦʪʥ.) 

ʉʦʝʜʠʥʝʥʠʝ CaF2 OAlF2 AlF3 AlF  SiF4 OSiF2 SiO 

,iʈ 1600̄ ʉ 
1.05Ö10-

3 
3,60Ö10-4 3,74Ö10-5 1,4Ö10-5 

5,01Ö10-

8 

6,22Ö10-

9 

3,52Ö10-

9 

,iʈ 1800̄ ʉ 
1.06Ö10-

2 
5.61Ö10-3 5.65Ö10-4 

2.14Ö10-

4 
9.38Ö10-

7 
1.8Ö10-7 1.2Ö10-7 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʉʘF2,  ʦʢʩʠʬʪʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʆAlF2, ʬʪʦʨʠʜʦʚ ʘʣʶʤʠʥʠʷ AlF3, AlF  

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ SiF4  ʢʘʢ ʧʨʠ 1600, ʪʘʢ ʠ 1800ʉ̄. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʉʘF2 
ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʣʘʛʦʡ ʘʪʤʦʩʬʝʨʳ ʧʦ ʨʝʘʢʮʠʠ [4] 

 
                                 ʉʘF2 + H2O = CaO + 2HF                                                 (1) 
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ɻʘʟʦʦʙʨʘʟʥʳʡ ʬʪʦʨʠʜ SiF4 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʅ2ʆ  ʪʘʢʞʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʅF. 

ʌʪʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ ʅF, ʢʘʢ ʠ ʉʘF2, SiF4 ʠ ʜʨ. ʬʪʦʨʠʜʳ  ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ 
ʚʨʝʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʧʦʵʪʦʤʫ ʚ ʟʘʨʫʙʝʞʥʦʡ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʘʢʪʠʚʥʦ  

ʚʝʜʫʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʧʦ ʚʳʧʣʘʚʢʝ ʠ 
ʨʘʬʠʥʠʨʦʚʘʥʠʶ ʩʪʘʣʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ ʠʣʠ 
ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʫʪʦʯʥʝʥʠʠ 
ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ ʭʠʤʩʦʩʪʘʚʘ ʰʣʘʢʦʚʳʭ ʬʪʦʨʠʜʢʘʣʴʮʠʝʚʳʭ ʦʢʩʠʜʥʳʭ ʰʣʘʢʦʚʳʭ 

ʩʠʩʪʝʤ ʧʨʠ ʚʳʙʦʨʝ ʩʦʩʪʘʚʦʚ ʩʤʝʩʝʡ ʪʚʝʨʜʳʭ  ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʤʝʥʦʡ 
ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ ʜʨʫʛʠʤʠ  ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ ʉʘF2 ʠʣʠ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤ 
ʝʛʦ ʢʦʣʠʯʝʩʪʚʦʤ. 

3. ɺʣʠʷʥʠʝ ʉʘF2 ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʟʘʢʠʩʠ ʞʝʣʝʟʘ ʚ ʰʣʘʢʝ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʪʘʣʣʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʜʘʥʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʘʚʦʢ ʫʛʣʝʨʦʜʠʩʪʦʡ  ʭʨʦʤʠʩʪʦʡ 
ʵʣʝʢʪʨʦʩʪʘʣʠ ʅ.ʄ.ʏʫʡʢʦ [5]  ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ  ʩʦʜʝʨʞʘʥʠʷ ʉʘF2  ʚ ʰʣʘʢʘʭ 
ʦʪ 0,5% ʜʦ 5% ʧʦʚʳʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʘʣʠ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ 

ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ ʪʘʙʣ. 2. 
ʊʘʙʣʠʮʘ 2 ï ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉʘF2 ʚ ʰʣʘʢʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʠʩʣʦʨʦʜʘ, 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʩʪʘʣʠ [5, 6] 

ʂʦʣʠʯʝʩʪʚʦ ʧʣʘʚʦʢ ʩʪʘʣʠ 
ʐʍ15 ʚ ʧʝʯʠ ɼʉʇ-60 

46 27 14 

ʉʦʜʝʨʞʘʥʠʝ (ʉʘF2),  
ʤʠʥ. ʤʘʢʩ.

ʩʨʝʜʥʝʝ
,  % ʤʘʩʩ. 2,1

0,25,0 -
 

0,3

0,40,2 -
 ʙʦʣʝʝ 5 

ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ  
ʩʪʘʣʠ, [O], % ʤʘʩʩ.  
 

0,0023 0,0027 0,0031 
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ɺʳʷʚʣʝʥʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʅ.ʄ.ʏʫʡʢʦ [4] ʦʙʲʷʩʥʠʣ ʪʝʤ, ʯʪʦ çé ʬʪʦʨʠʜ ʢʘʣʴʮʠʷ 
ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ ʚ ʰʣʘʢʝè. ʋʩʪʘʥʦʚʣʝʥʘ ʭʠʤʠʯʝʩʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʢʠʩʠ ʞʝʣʝʟʘ ʚ ʰʣʘʢʝ f(FeO) ʦʪ ʩʦʜʝʨʞʘʥʠʷ (ʉʘF2)   

                           .)CaF(1032.6)CaF(%1018.51f 2

2

3

2

2

FeO

-- Ö+Ö+=  

ɺʝʣʠʯʠʥʘ Ŭ(FeO)  ʚ ʰʣʘʢʘʭ ʩ ʤʝʥʝʝ 2,5% ʉʘF2  ʚ 1,5-2,0 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʰʣʘʢʘʭ 

ʩ 5-10% (ʉʘF2). ɼʚʘ ʚʳʚʦʜʘ ʩʜʝʣʘʥʥʳʝ ʅ.ʄ.ʏʫʡʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ ʩʪʘʣʠ: çé ʥʝ ʩʣʝʜʫʝʪ  ʟʣʦʫʧʦʪʨʝʙʣʷʪʴ 
ʧʣʘʚʠʢʦʚʳʤ ʰʧʘʪʦʤ ʜʣʷ ʨʘʟʞʠʞʝʥʠʷ ʰʣʘʢʘ ʠ ʦʩʦʙʝʥʥʦ ʧʝʨʝʜ ʚʳʧʫʩʢʦʤ ʩʪʘʣʠ ʠ 2. ï 

ʐʣʘʢʠ   ʩʦʜʝʨʞʘʱʠʝ ʉʘF2 ʜʦʣʞʥʳ  ʪʱʘʪʝʣʴʥʦ ʨʘʩʢʠʩʣʷʪʴʩʷ, ʪʘʢ ʯʪʦʙʳ    (FeO)   ʚ 
ʰʣʘʢʝ ʙʳʣʦ ʤʝʥʝʝ 0,2%è. 

4. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʉʘF2 ʥʘ ʧʨʦʮʝʩʩ  ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʩʪʘʣʠ. ʉʣʝʜʫʝʪ ʦʩʦʙʦ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʉʘF2 ʥʘ ʧʨʦʮʝʩʩʳ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʩʪʘʣʠ ʧʨʦʜʦʣʞʘʶʪ 
ʦʩʪʘʚʘʪʴʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ. ɺ ʨʷʜʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʪʩʷ 

ʚʳʚʦʜʳ, ʯʪʦ   ʉʘF2 ʚ ʧʝʯʥʳʭ ʠ ʢʦʚʰʦʚʳʭ ʰʣʘʢʘʭ, ʧʦʚʳʰʘʷ ʠʭ ʦʩʥʦʚʥʦʩʪʴ,  ʫʚʝʣʠʯʠʚʘʝʪ 
ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʣʘʢʦʚʳʭ 

ʨʘʩʧʣʘʚʦʚ ʩʪʝʧʝʥʴ  ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʩʪʘʣʠ. ʅ.ʄ.ʏʫʡʢʦ [5],  ʚʝʨʦʷʪʥʦ ʚʧʝʨʚʳʝ ʚ 
ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʬʠʟʠʢʦʭʠʤʠʠ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, 
ʪʝʦʨʝʪʠʯʝʩʢʠ  ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʩʪʘʣʠ 

ʚʳʩʦʢʦʦʩʥʦʚʥʳʤʠ ʰʣʘʢʘʤʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉʘF2, ʥʝ ʨʘʩʪʝʪ, ʘ ʩʥʠʞʘʝʪʩʷ.  
ʕʪʦʪ ʚʳʚʦʜ [5]  ʧʦʜʪʚʝʨʞʜʝʥ ʪʘʢʞʝ ʜʘʥʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʧʳʪʥʳʭ 

ʧʣʘʚʦʢ ʩʪʘʣʠ,  ʚʳʧʣʘʚʣʷʚʰʠʭʩʷ ʚ ɼʉʇ-60 ʟʘʚʦʜʘ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè. 
ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʜʣʷ ʜʘʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʘʚʦʢ 

ʜʚʫʭ ʛʨʫʧʧ ʩʪʘʣʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉʘF2: (ʤʝʥʝʝ ʠ ʙʦʣʝʝ 4%) ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʫʤʤʳ ä (%ʉʘʆ+%MgO) ʤʝʥʝʝ  65% ʠ ʙʦʣʝʝ 65%. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 ï ɺʟʘʠʤʦʩʚʷʟʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʵʣʝʢʪʨʦʩʪʘʣʠ LS, 
ʩʦʜʝʨʞʘʥʠʝ (ʉʘF2) ʠ ʩʫʤʤʳ ʦʢʩʠʜʦʚ ʰʣʘʢʘ (%ʉʘʆ+%MgO) [6]   

ʉʦʜʝʨʞʘʥʠʝ (ʉʘF2) 
 ʚ ʰʣʘʢʝ, % ʤʘʩʩ. 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 
]S[%

)S(%
LS =  

ä(%ʉʘʆ+%MgO)<65 ä(%ʉʘʆ+%MgO)>65 

ʤʝʥʝʝ 4% 96 (17 ʧʣʘʚʦʢ) 67 (19 ʧʣʘʚʦʢ) 

ʙʦʣʝʝ 4% 81 (6 ʧʣʘʚʦʢ) 53 (8 ʧʣʘʚʦʢ) 

 

ʉʥʠʞʝʥʠʝ ʜʝʩʫʣʴʬʫʨʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʯʥʳʭ (ʢʦʚʰʝʚʳʭ) ʰʣʘʢʦʚ ʩ 
ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ (ʉʘF2) ʦʙʲʷʩʥʝʥʦ ʚʣʠʷʥʠʝʤ ʝʛʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

(FeO),  ʚ ʪ.ʯ. ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʢʮʠʝʡ ʜʝʩʫʣʴʬʫʨʘʮʠʠ 
                                   (CaO) + [FeS] = (CaS) + (FeO) 
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ʇʨʦʚʝʜʝʥʥʳʝ ɸ.ʖ.ʇʘʚʣʦʚʳʤ ʪʱʘʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʀʄʝʪ ʠʤ. ɸ.ɸ.ɹʘʡʢʦʚʘ ɸʅ ʉʉʉʈ ʧʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ [6] ʟʘʢʣʶʯʠʪʴ, ʯʪʦ çé ʬʪʦʨʠʜ 
ʢʘʣʴʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʜʝʩʫʣʴʬʫʨʘʪʦʨʦʤ ʩʪʘʣʠè. 

ʖ.ɺ.ʃʘʪʘʰ, ʌ.ʂ.ɹʠʢʪʘʛʠʨʦʚ ʠ ɸ.ɽ.ɺʦʨʦʥʠʥ [7] ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ 
ʩʝʨʦʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʣʘʢʘ ɸʅʌ-6 ʠ ʰʣʘʢʦʚ ʙʣʠʟʢʠʭ ʢ ʥʘʩʳʱʝʥʠʶ 
ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ (ʉʘʆ = 45-50%) ʚ ʩʠʩʪʝʤʝ ʉʘʆ-Al2O3-SiO2 ʠ ʩʦʜʝʨʞʘʱʠʭ  ʜʦ 10% 

ʉʘF2 ʠ ʜʦ 5% MgO ʚʳʰʝ ʩʫʣʴʬʠʜʥʦʡ ʝʤʢʦʩʪʠ ʬʣʶʩʘ ʦʢʩʠʜʥʦ-ʬʪʦʨʠʜʢʘʣʴʮʠʝʚʳʭ 
ʰʣʘʢʦʚ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩʫʣʴʬʠʜʥʘʷ ʝʤʢʦʩʪʴ ʰʣʘʢʦʚ ɸʅʌ-29, ɸʅʌ-32, ɸʅʌ-34, 

ʥʝʩʤʦʪʨʷ ʥʘ  ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ 10-15% SiO2, ʚʳʰʝ, ʯʝʤ ʫ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ 
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ʰʣʘʢʘ ɸʅʌ-6. ɼʣʷ ʵʪʠʭ  ʯʝʪʳʨʝʭ ʰʣʘʢʦʚ ʧʨʠ 1600ʉ̄ ʚʝʣʠʯʠʥʘ ʉS ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 1,1, 

1,25, 1,3 ʠ 0,7Ö10-3  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʌʫʥʢʮʠʠ ʉʘF2 ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʫʩʢʦʨʝʥʠʠ ʘʩʩʠʤʠʣʷʮʠʠ ʢʫʩʢʦʚʦʡ ʠʟʚʝʩʪʠ 

ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʰʣʘʢʦʤ ʠ ʩʥʠʞʝʥʠʠ  ʝʛʦ ʚʷʟʢʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʚʠʢʦʚʦʛʦ 
ʰʧʘʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʠʛʨʳʰ ʚʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʠ ʦʙʫʩʣʦʚʣʝʥ ʥʝ ʩʪʦʣʴʢʦ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ,  ʘ ʚ ʦʩʥʦʚʥʦʤ ʪʝʨʤʦʢʠʥʝʪʠʢʦʡ ʧʨʦʮʝʩʩʘ. ɺʣʠʷʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʉʘF2 ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʠʢʚʠʜʫʩ ʩʠʩʪʝʤʳ ʉʘʆ-SiO2-ʉʘF2 ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 
ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʘ ʨʠʩ. 1. ʇʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʉʘF2 ʚ ʰʣʘʢʝ ʦʪ 5% ʜʦ 20% 

ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʣʠʢʚʠʜʫʩ ʰʣʘʢʦʚ ʦʪ ~ 1750̄ ʉ ʜʦ 1550ʉ̄. 

 
ʈʠʩ. 1 ï ʇʦʚʝʨʭʥʦʩʪʴ ʣʠʢʚʠʜʫʩ ʪʝʨʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʉʘʆ-SiO2-ʉʘF2 [8]. 

 
ɸʥʘʣʠʟ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʳʙʦʨʘ ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʚ ʢʠʩʣʦʨʦʜʥʳʭ ʢʦʥʚʝʨʪʝʨʘʭ, ʜʫʛʦʚʳʭ ʵʣʝʢʪʨʦʧʝʯʘʭ ʠ ʧʨʠ 

ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʘ ʪʚʝʨʜʳʤʠ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʩʤʝʩʠ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʝ ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ ʠʣʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʝʛʦ  ʢʦʣʠʯʝʩʪʚʦʤ [9, 10]. 
ɺ ʨʘʙʦʪʘʭ ɺ.ʀ.ʗʚʦʡʩʢʦʛʦ [11], ʅ.ʄ.ʏʫʡʢʦ [5] ʠ ʜʨ. ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ  ʦʪʤʝʯʘʝʪʩʷ  

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚ 

ʩʦʩʪʘʚʝ ʩʤʝʩʝʡ ʜʣʷ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʤʝʪʘʣʣʘ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʞʠʞʘʶʱʠʭ 
ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʭ  ʤʘʪʝʨʠʘʣʦʚ: ʢʘʨʙʦʥʘʪ Nʘ2CO3, ʩʠʣʠʢʘʪʳ ʥʘʪʨʠʷ ʧʨʠ  ʨʘʮʠʦʥʘʣʴʥʦʤ 

ʦʪʥʦʰʝʥʠʠ Na2O : SiO2, ʧʨʠʨʦʜʥʳʝ ʤʠʥʝʨʘʣʳ:  ʥʝʬʝʣʠʥ  ʂ Nʘ3[AlSiO4]4, ʩʠʣʴʚʠʥ  ʂʉl ʠ 
ʜʨ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʘʨʦʚ ʢʘʣʴʮʠʷ 

ʠ ʥʘʪʨʠʷ ʩ ʩʝʨʦʡ, ʨʘʩʪʚʦʨʝʥʥʦʡ ʚ ʞʝʣʝʟʝ: 
 

        Caʛ + [S]Fe = CaSʪʚ
ʭ);             ,T0.171570200G0

T Ö+-=D     ɼʞ/ʤʦʣʴ, 

ʤʘʩʩ. % 
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ʇʨʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ (1873 ʂ) 

249060)CaS(G0

1873 -=D  ɼʞ/ʤʦʣʴ ʠ 141610)SNa(G 2

0

1873 -=D  ɼʞ/ʤʦʣʴʭ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʪʨʠʡ, ʭʦʪʷ ʠ ʩ ʤʝʥʴʰʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʥʦ ʢʘʢ ʠ ʢʘʣʴʮʠʡ, ʤʦʞʝʪ  
ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʢʘʢ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʨʠ  ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʜʝʩʫʣʴʬʫʨʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 
ʇʨʦʚʝʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʦʚ 

ʩʤʝʩʝʡ ʪʚʝʨʜʳʭ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ, 

ʩʚʦʜʷʱʠʭ ʢ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʧʨʦʷʚʣʝʥʠʷʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, 
ʧʨʠʩʫʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʥʪʨʘʣʴʥʦʡ ʠʜʝʝʡ ʠʟʣʦʞʝʥʥʦʛʦ ʜʘʣʝʝ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ 
ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʩ ʧʝʨʝʚʦʜʦʤ ʝʝ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʧʦʨʪʥʦʛʦ 
ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʩʳʨʴʝʚʦʡ ʨʝʩʫʨʩ. ʇʠʦʥʝʨʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚ ʵʪʦʤ ʘʩʧʝʢʪʝ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ  ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ 
ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʨʦʜʥʦʛʦ ʱʝʣʦʯʥʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘ ï ʧʝʛʤʘʪʠʪʘ. 

5. ʉʪʨʫʢʪʫʨʥʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʛʤʘʪʠʪʘ 

ʇʨʠʨʦʜʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʛʤʘʪʠʪ, ʦʙʨʘʟʫʶʱʠʡʩʷ  ʧʨʠ 
ʦʭʣʘʞʜʝʥʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʳ,  ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʩʝʨʠʡ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚʭ), ʘ ʠʤʝʥʥʦ ï ʱʝʣʦʯʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ, ʠʤʝʶʱʠʭ ʨʷʜ 
ʩʪʨʫʢʪʫʨʥʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. ʇʦ ʜʘʥʥʳʤ ɺ.ʕʡʪʝʣʷ [12] ʚʦʟʤʦʞʥʘ 

ʢʦʤʙʠʥʘʮʠʷ ʪʝʪʨʘʵʜʨʦʚ [SiO4] ʧʦ ʚʩʝʤ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʂʦʤʙʠʥʘʮʠʠ 
[SiO4] ʩʦʯʝʪʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʩʝ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʩʣʫʞʘʪ ʩʪʨʫʢʪʫʨʥʳʤʠ 
ʤʦʩʪʠʢʘʤʠ,  ʦʙʨʘʟʫʷ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʚʘʣʝʥʪʥʦʩʪʠ ʠ ʟʘʨʷʜʳ ʚ ʥʝʡ ʧʦʣʥʦʩʪʴʶ 
ʥʘʩʳʱʝʥʳ. ʀʦʥ Al3+ ʤʦʞʝʪ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ ʪʘʢʞʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [AlO4], ʟʘʥʠʤʘʷ ʚ ʥʝʤ ʪʘʢʦʝ ʞʝ ʧʦʣʦʞʝʥʠʝ, ʢʘʢ ʠ ʠʦʥ 
ʢʨʝʤʥʠʷ Si4+  ʚ ʪʝʪʨʘʵʜʨʝ [SiO4]. ʇʨʠ ʠʟʦʤʦʨʬʥʦʤ ʟʘʤʝʱʝʥʠʠ ʛʨʫʧʧʳ [SiO4] ʛʨʫʧʧʘʤʠ 
[AlO4] ʠʩʭʦʜʥʳʡ ʢʨʝʤʥʝʟʝʤʠʩʪʳʡ ʢʘʨʢʘʩ  ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʘʨʢʘʩ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ. ʇʨʠ 

ʵʪʦʤ ʠʦʥ Al3+, ʟʘʤʝʱʘʷ ʧʦʟʠʮʠʶ  Si4+, ʥʘʩʳʱʘʝʪ ʪʦʣʴʢʦ ʪʨʠ  ʠʟ ʯʝʪʳʨʝʭ ʩʚʦʙʦʜʥʳʭ 

ʚʘʣʝʥʪʥʦʩʪʝʡ ʢʠʩʣʦʨʦʜʘ. ɺ ʘʣʶʤʦʩʠʣʠʢʘʪʘʭ ʧʨʦʩʪʝʡʰʝʛʦ ʪʠʧʘ [(Al2Si)O4]¤  ʦʜʠʥ 

ʱʝʣʦʯʥʦʡ ʠʦʥ ʤʝʪʘʣʣʦʚ (Na+, K+) ʤʦʞʝʪ ʩ ʦʜʥʠʤ ʢʘʪʠʦʥʦʤ Al3+ ʚʦʡʪʠ ʜʣʷ 
ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʥʦʚʦʡ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ï ʱʝʣʦʯʥʦʛʦ  ʘʣʶʤʦʩʠʣʠʢʘʪʘ [12]. 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ɸ.ɽ. ʌʝʨʩʤʘʥʘ [13] çé ʧʝʛʤʘʪʠʪ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 
ʢʘʢ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʛʨʘʥʠʪʦʚʦʡ ʧʦʨʦʜʳ, - ʦʥ ʷʚʣʷʝʪʩʷ 
ʛʝʥʝʪʠʯʝʩʢʠʤ ʪʠʧʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʭʦʜʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʦʚ ʧʦʩʪʦʷʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʛʨʘʥʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘè. 
ɺʳʜʝʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ  

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ. ɿʘʩʪʳʚʘʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʛʨʘʥʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 1000ʉ̄ 

(ʠʣʠ ʜʘʞʝ 800ʉ̄), ʘ ʢʦʥʝʯʥʦʡ  ʛʨʘʥʠʪʥʦʡ ʵʚʪʝʢʪʠʢʠ ï ʦʢʦʣʦ 650-700̄ ʉ. 

_____________________________________ 
ʭ)   ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ Na2S 978̄ C,   CaS 2525̄ C. 

ʭʭ) ʇʝʛʤʘʪʠʪ ï ʬʨʘʥʮ. Pegmatite  ʦʪ ʛʨʝʯ. Pegma, ʦʜ.ʧʘʜʝʞ pegmatite ï ʩʢʨʝʧʣʝʥʠʝ, 
ʩʚʷʟʴ, ʥʝʯʪʦ ʩʧʣʦʯʝʥʥʦʝ. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʠ ʜʨ. ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʥʘʷ ʪʦʧʦʣʦʛʠʷ ʧʦʣʝʡ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ Na2O-Al2O3-SiO2 [12]. ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʧʦʣʦʞʝʥʠʝ ʠʟʦʪʝʨʤ 

ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʩʣʝʚʘ ʦʪ ʩʝʢʫʱʝʡ ʜʠʘʛʨʘʤʤʫ ʣʠʥʠʠ SiO2-Na2ʆ-Al2O3 ʠ 

ʩʫʱʝʩʪʚʝʥʥʦʝ  ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʣʠʢʚʠʜʫʩ ʦʪ 1300ʉ̄ ʜʦ 1600ʉ̄ ʩʧʨʘʚʘ ʦʪ ʵʪʦʡ 

ʣʠʥʠʠ. 

 
ʈʠʩ. 2 ï ʊʨʦʡʥʘʷ ʩʠʩʪʝʤʘ ʦʢʠʩʴ ʥʘʪʨʠʷ ï ʛʣʠʥʦʟʝʤ ï ʢʨʝʤʥʝʟʝʤ [8]. 

 
ɿʘʤʝʱʝʥʠʝ ʩʪʨʫʢʪʫʨ ʩ ʛʣʘʚʥʳʤ ʤʦʪʠʚʦʤ [SiO4]

4- ʠ [AlO4]
4-  ʠʦʥʘʤʠ ʥʘʪʨʠʷ  

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʱʝʣʦʯʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʝʛʤʘʪʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʤʠʥʝʨʘʣʦʚ 
ʱʝʣʦʯʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ (ʘʣʴʙʠʪ NaAlSi3O8, ʦʨʪʦʢʣʘʟ  KAlSi3O8 ʠ ʜʨ.) ʩ 

ʚʢʨʘʧʣʝʥʠʷʤʠ ʩʚʦʙʦʜʥʦʛʦ ʢʚʘʨʮʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 7-9% ʜʦ 

30-35%. ɿʘ ʚʳʯʝʪʦʤ ʩʚʦʙʦʜʥʦʛʦ ʢʚʘʨʮʘ (~ 30%) ʣʝʛʢʦʧʣʘʚʢʘʷ ʱʝʣʦʯʥʘʷ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʝʛʤʘʪʠʪʘ (ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ) ʠʤʝʝʪ 

ʧʨʠʤʝʨʥʳʡ ʩʦʩʪʘʚ 65% SiO2, 20% Al2O3 ʠ  15% ä(%Na2O + %K2O), ʠ ʥʘʭʦʜʠʪʩʷ  ʚ 

ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ (ʠʥʚʘʨʠʘʥʪʥʘʷ ʪʨʦʡʥʘʷ ʪʦʯʢʘ ɽ 

767̄ ʉ). 

ʆ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʝʛʤʘʪʠʪʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ ʨʘʟʚʝʜʘʥʦ 33 ʧʦʣʷ,  
ʪʷʛʦʪʝʶʱʠʭ ʢ ʤʘʩʩʠʚʘʤ ʛʨʘʥʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʦʙʨʘʟʫʶʪ ʥʘʢʦʧʣʝʥʠʷ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ  ʚ  ʚʠʜʝ  ʞʠʣʴʥʳʭ  ʪʝʣ  ʤʦʱʥʦʩʪʴʶ  3-8 ʤ.  ʇʝʛʤʘʪʠʪʳ  ʆʢʪʷʙʨʴʩʢʦʛʦ 

ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ (ʨʘʡʦʥ ʇʨʠʘʟʦʚʴʷ)  ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʥʝʬʝʣʠʥʦʚʳʭ 
ʩʠʝʥʠʪʦʚ  [4] ʠ ʦʙʨʘʟʫʶʪ ʤʦʱʥʦʩʪʠ ʨʫʜʥʳʭ ʪʝʣ ʜʦ 10 ʤ. ɿʘʧʘʩʳ ʧʝʛʤʘʪʠʪʘ ʚ ʥʝʜʨʘʭ 

ʋʢʨʘʠʥʳ ʩʦʩʪʘʚʣʷʶʪ 8132,2 ʪʳʩ.ʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ - 6567,2 ʪʳʩ.ʪ, ʠʟ 
ʢʦʪʦʨʳʭ ʥʘ ʦʜʥʦʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ çɹʘʣʢʘ ɺʝʣʠʢʦʛʦ ʊʘʙʦʨʫè - ʩʚʳʰʝ 1 
ʤʣʥ.ʪ. 

 

ʥʙʪʪ.% 
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6. ʇʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʵʣʝʢʪʨʦʧʝʯʴ-ʢʦʚʰ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʩʤʝʩʠ ʪʚʝʨʜʳʭ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʝʛʤʘʪʠʪʦʤ, ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʣʘʚʠʢʦʚʦʤʫ ʰʧʘʪʫ. ʇʨʦʤʳʰʣʝʥʥʦʝ 
ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʩʪʘʣʠ ʥʘ ʋʇʂ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʛʤʘʪʠʪʘ ɽʣʠʩʝʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʇʨʠʘʟʦʚʴʝ, ɿʘʧʦʨʦʞʩʢʘʷ 
ʦʙʣ.) [13]. ʇʝʛʤʘʪʠʪ ʬʨʘʢʮʠʠ 20-90 ʤʤ, ʧʦʩʪʘʚʣʝʥʥʳʡ ʥʘ ʇɸʆ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè, 
ʠʤʝʣ ʩʣʝʜʫʶʱʠʡ ʭʠʤʩʦʩʪʘʚ, % ʤʘʩʩ. (ʊʋ ʋ 14.5-22141296-001-2002): 

SiO2 Al2O3 CaO MgO Fe2O3 K2O Na2O ʇʇʇ 

 
ʚ ʪʦʤ ʯʠʩʣʝ  

ʩʚʦʙʦʜʥʳʡ ʢʚʘʨʮ 
       

75,9 34,71 13,7 0,73 0,8 0,7 3,5 4,1 0,34 
ʆʧʳʪʥʳʝ ʧʣʘʚʢʠ ʩʪʘʣʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʢʚʦʟʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ: 

ʚʳʧʣʘʚʢʘ ʤʝʪʘʣʣʘ-ʧʦʣʫʧʨʦʜʫʢʪʘ ʚ ɼʉʇ-60, ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʥʘ 
ʚʳʧʫʩʢʝ ʠʟ ʧʝʯʠ ʚ ʢʦʚʰ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʊʐʄ-1 (ʠʟʚʝʩʪʴ + ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ) ʩʦ  

ʩʢʘʯʠʚʘʥʠʝʤ ʧʝʨʚʠʯʥʦʛʦ ʢʦʚʰʦʚʦʛʦ ʰʣʘʢʘ; ʚʪʦʨʘʷ ʩʪʘʜʠʷ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʥʘ 
ʫʩʪʘʥʦʚʢʝ ʋʇʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʐʄ-2 (ʠʟʚʝʩʪʴ + ʧʝʛʤʘʪʠʪ + ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ), 
ʧʦʩʣʝʜʫʶʱʝʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ ʩʪʘʣʠ  ʠ ʨʘʟʣʠʚʢʘ ʝʝ ʧʦ ʠʟʣʦʞʥʠʮʘʤ. 

ʈʘʟʞʠʞʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʝʛʤʘʪʠʪʘ ʚ ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʙʳʣʠ ʦʙʩʪʦʷʪʝʣʴʥʦ 
ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ  ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʨʛʘʥʮʝʚʳʭ 

ʬʝʨʨʦʩʧʣʘʚʦʚ [14,15]. 
ʆʧʳʪʥʳʝ ʧʣʘʚʢʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʤʘʨʦʢ ʧʨʦʚʦʜʠʣʠ ʧʦ  ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʩʪʨʫʢʮʠʠ ʊʀ-143-ʅɸ-29-14. 

ʇʨʦʙʳ ʰʣʘʢʦʚ ʦʪʙʠʨʘʣʠ ʧʨʠ ʚʳʧʫʩʢʝ ʤʝʪʘʣʣʘ-ʧʦʣʫʧʨʦʜʫʢʪʘ ʠʟ ʧʝʯʠ, ʠʟ ʢʦʚʰʘ ʧʨʠ 
ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʘ ʊʐʄ-1 (ʠʟʚʝʩʪʴ + ʧʣʘʚʠʢʦʚʳʡ ʰʣʘʢ) ʠ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʙʦʪʢʠ 

ʩʪʘʣʠ ʥʘ ʋʇʂ ʊʐʄ-2 ʧʦ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ ʩʦʩʪʘʚʘ ʩʤʝʩʝʡ: ʠʟʚʝʩʪʴ + ʧʝʛʤʘʪʠʪ + 
ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ ʠ ʠʟʚʝʩʪʴ + ʧʝʛʤʘʪʠʪ. 

ɼʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʧʨʦʙʘʭ ʰʣʘʢʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʧʨʠ 

ʚʳʧʫʩʢʝ ʧʝʯʠ ɼʉʇ-60 ʧʦ ʭʦʜʫ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣ. 4. 

ʇʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʦʧʳʪʥʳʭ ʧʣʘʚʢʘʭ ʩʪʘʣʠ ʨʘʟʣʠʯʥʦʛʦ ʤʘʨʦʯʥʦʛʦ ʩʦʩʪʘʚʘ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʠ ʊʐʄ-2 (ʠʟʚʝʩʪʴ + ʧʝʛʤʘʪʠʪ + ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ), ʧʨʠ ʦʙʨʘʙʦʪʢʝ 
ʩʪʘʣʠ ʥʘ ʋʇʂ ʥʘ 4-ʭ ʧʣʘʚʢʘʭ ʧʨʠʤʝʥʷʣʠ ʩʤʝʩʴ ʊʐʄ-2 ʠʟʚʝʩʪʴ + ʧʝʛʤʘʪʠʪ. ʂʘʢ ʩʣʝʜʫʝʪ 

ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 4 ʠʪʦʛʦʚʘʷ ʩʪʝʧʝʥʴ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʩʪʘʣʠ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ ʧʨʘʢʪʠʯʝʩʢʠ, 
ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʦʣʴʢʦ ʠʟʚʝʩʪʴʶ ʠ ʧʝʛʤʘʪʠʪʦʤ, ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʧʦʢʘʟʘʪʝʣʷ 

ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʩʪʘʣʠ ʜʝʡʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ. 
ʇʨʝʜʩʪʘʚʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ 

ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʰʣʘʢʦʚ ʥʘ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʚʥʝʧʝʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ (ʪʘʙʣ. 5). 
ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʪʘʙʣ. 5 ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʚʳʧʫʩʢʘ ʤʝʪʘʣʣʘ-

ʧʦʣʫʧʨʦʜʫʢʪʘ ʠʟ ʧʝʯʠ ɼʉʇ-60 ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʯʥʦʛʦ ʰʣʘʢʘ ʦʪ ʧʣʘʚʢʠ  ʢ 
ʧʣʘʚʢʝ ʧʦʧʘʜʘʣʦ ʚ ʢʦʚʰ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʢʣʶʯʘʶʱʝʛʦ ʚʳʭʦʜ ʰʣʘʢʘ ʩ 
ʚʳʧʫʩʢʘʝʤʳʤ  ʤʝʪʘʣʣʦʤ.  ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʧʨʠ ʩʢʘʯʠʚʘʥʠʠ ʰʣʘʢʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʚ 
ʢʦʚʰʝ ʧʨʠ ʚʳʧʫʩʢʝ ʩʪʘʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʤʝʩʴʶ ʊʐʄ-1 (ʠʟʚʝʩʪʴ + ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ + 
ʯʘʩʪʴ ʧʝʯʥʦʛʦ ʰʣʘʢʘ), ʥʝ ʚʩʝʛʜʘ ʛʘʨʘʥʪʠʨʦʚʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʝ ʝʛʦ ʫʜʘʣʝʥʠʝ, ʯʪʦ 
ʪʘʢʞʝ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʝ (ʭʦʪʷ ʠ ʥʝ ʦʧʨʝʜʝʣʷʶʱʝʝ) ʥʘ ʭʠʤʩʦʩʪʘʚ ʰʣʘʢʘ ʥʘ ʋʇʂ,  
ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʟ ʩʤʝʩʠ ʊʐʄ-2. ʊʘʢ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ MgO 19,5% ʚ ʰʣʘʢʝ ˉ 1 
ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ ʩʪʘʣʠ 5ʍʅ2ʄʌ, ʠʟ-ʟʘ ʯʘʩʪʠʯʥʦ ʧʦʩʪʫʧʠʚʰʝʛʦ ʧʨʠ ʚʳʧʫʩʢʝ ʩʪʘʣʠ ʠʟ 
ʧʝʯʠ ʧʝʯʥʦʛʦ ʰʣʘʢʘ, ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ MgO ʚ ʰʣʘʢʝ ʚ ʥʘʯʘʣʝ ʦʙʨʘʙʦʪʢʠ 
ʤʝʪʘʣʣʘ ʥʘ ʋʇʂ 17,1% (ʧʨʦʙʘ 2) ʠ ʧʦ ʦʢʦʥʯʘʥʠʶ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ (12,1% MgO, 
ʧʨʦʙʘ 3). 

___________________________________ 
ʭ)  ʇʦʣʝʚʳʝ ʰʧʘʪʳ  Feldspat ʦʪ ʥʝʤʝʮʢ. ʬʝʣʴʜ ï ʧʦʣʝ ʠ ʛʨʝʯ. cnate-ʧʣʘʩʪʠʥʘ. 
      ʅʘʟʚʘʥʠʝ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʢʘʣʳʚʘʪʴʩʷ ʥʘ ʧʣʘʩʪʠʥʳ ʧʦ ʩʧʘʡʥʦʩʪʠ. 
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ʊʘʙʣʠʮʘ 4 ï ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʡ ʩʝʨʳ (ppm) ʠ ʩʪʝʧʝʥʴ ʜʝʩʫʣʴʬʫʨʘʮʠʠ 

ʤʝʪʘʣʣʘ (hS)  ʥʘ ʩʪʘʜʠʷʭ  ʜʝʡʩʪʚʫʶʱʝʡ ʠ ʦʧʳʪʥʦʡ ʪʝʭʥʦʣʦʛʠʡ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʪʘʣʠ 

ʄʘʨʢʘ 

ʩʪʘʣʠ 

ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʘ ʊʐʄ ʚ 

ʢʦʚʰʝ ʧʨʠ ʚʳʧʫʩʢʝ ʠʟ ʧʝʯʠ 

ʆʙʨʘʙʦʪʢʘ ʩʪʘʣʠ ʊʐʄ  

ʥʘ ʋʇʂ 

hS 

ʠʪʦʛ. 
% 

 [S]ʥʘʯ. [S]ʢʦʥ. hS [S]ʥʘʯ. [S]ʢʦʥ. hS  

ɼʝʡʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ 

(ʠʟʚʝʩʪʴ + ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ) 

ʊʐʄ-1 ʊʐʄ-2 

42ʍʄ9 340 200 41,1 200 50 75,0 85,3 

52ʍʅʉ  220 110 50,9 110 60 45,5 72,7 

42ʍʄ 340 140 58,8 140 40 71,4 88,2 

45ʋʉ1 540 160 70,4 160 100 62,5 81,5 

ʉʨʝʜʥʠʝ 
ʧʦʢʘʟʘʪʝʣʠ 

360 153 55,1 153 63 65,85 81,9 

ʆʧʳʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʊʐʄ-1 ʠʟʚʝʩʪʴ + ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ) (ʊʐʄ-2 ʠʟʚʝʩʪʴ + ʧʝʛʤʘʪʠʪ + ʧʣ. ʰʧʘʪ) 

40ʍ 520 210 59,6 130 100 23,1 80,7 

9ɻ2ʌ 530 280 47,1 230 80 71,4 84,9 

45ʍ2ʅ4ʄ 330 100 69,6 100 70 30,0 78,8 

50ʍɻʌ 440 120 72,7 120 70 41,6 84,1 

45ʋ 350 120 65,7 120 60 50,0 82,8 

(ʊʐʄ-1 ʠʟʚʝʩʪʴ + ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ) (ʊʐʄ-2 ʠʟʚʝʩʪʴ + ʧʝʛʤʘʪʠʪ) 

45ʋ 560 200 64,3 200 90 55,0 83,9 

30ʍʅɿʄ 400 200 50,0 200  70,0 85,0 

6ʍɻʉ-ʋ2 430 120 72,1 120 70 41,6 83,7 

14ʍɽɿ 380 160 57,9 160 100 37,5 73,6 

 

ɺʣʠʷʥʠʝ ʉʘF2  ʠ ʦʩʥʦʚʥʦʩʪʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʰʣʘʢʘʭ ʜʝʡʩʪʚʫʶʱʝʡ ʠ 
ʦʧʳʪʥʦʡ ʪʝʭʥʦʣʦʛʠq ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 6. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 5 ʠ ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ ʪʘʙʣ.6 ʦʪʩʫʪʩʪʚʫʝʪ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʠ ʬʪʦʨʠʜʦʤ ʢʘʣʴʮʠʷ ʚ ʰʣʘʢʘʭ ʢʘʢ ʧʦ 
ʜʝʡʩʪʚʫʶʱʝʡ, ʪʘʢ ʠ ʦʧʳʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ. ʆʩʥʦʚʥʦʩʪʴ 

ʰʣʘʢʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʥʘ ʋʇʂ ʧʦ ʜʝʡʩʪʚʫʶʱʝʡ  ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʘ ʯʨʝʟʚʳʯʘʡʥʦ 
ʚʳʩʦʢʘ (5,4 ʠ 5,8), ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʷ ʦʩʥʦʚʥʦʩʪʴ ʰʣʘʢʦʚ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ 
(3,8é2,7).  ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʰʣʘʢʘʭ ʥʘʭʦʜʠʣʦʩʴ  ʚ ʧʨʝʜʝʣʘʭ 0,39-0,58% 

(ʜʝʡʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ) ʠ 0,33-0,38% (ʦʧʳʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ). 
ʆʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʢʩʠʜʦʚ Na2O ʠ K2O, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʢʘʢ ʘʢʪʠʚʥʳʝ ʜʠʩʫʣʴʬʠʜʳ ʯʫʛʫʥʘ, ʬʝʨʨʦʥʠʢʝʣʷ ʠ ʜʨ. ʩʧʣʘʚʦʚ.  ʀʟ 
ʟʘʨʫʙʝʞʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʱʠʝ Na2O ʚʝʱʝʩʪʚʘ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʚʦʟʤʦʞʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʩʪʘʣʠ ʚʥʝʧʝʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʩ ʮʝʣʴʶ ʟʘʤʝʥʳ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ. ʄʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 
ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʩʪʘʣʠ ʧʨʝʜʩʪʦʠʪ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʟʨʘʙʦʪʢʝ ʠ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 
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ʊʘʙʣʠʮʘ 5 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʣʘʢʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʥʘ ʋʇʂ ʧʦ 
ʜʝʡʩʪʚʫʶʱʝʡ ʠ ʦʧʳʪʥʦʡ ʪʝʭʥʦʣʦʛʠʷʤ (ʥʦʤʝʨʘ ʰʣʘʢʦʚ: 1 ï ʥʘ ʚʳʧʫʩʢʝ ʤʝʪʘʣʣʘ ʠʟ ʧʝʯʠ; 

2 ï ʰʣʘʢ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ  ʥʘ ʋʇʂ; 3 ï ʰʣʘʢ ʧʦʩʣʝ ʦʧʨʦʙʦʚʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʥʘ 
ʋʇʂ) 

ʄʘʨʢʘ 

ʩʪʘʣʠ 

ʇʨʦ

ʙ  r
ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 

ʆʩʥʦʚʥʦʩʪʴ, 

%

2%

%

SiO

MgOʉʘʆ
ɺ

+
=

 

ʘ) ɼʝʡʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʨʢʠ ʩʪʘʣʠ) 

42ʍʂʄ 

1 10,40 13,57 60,2 5,44 8,3 0,63 0,84 0,036 0,16 6,3 

2 9,80 9,93 61,2 3,96 12,6 0,43 1,61 0,007 0,11 6,6 

3 10,20 14,5 49,0 6,0 19,1 0,39 0,40 0,036 0,07 5,4 

13ʍʅ
ʄ 

1 8,80 12,0 58,5 5,70 12,9 0,98 0,65 0,032 0,14 7,3 

2 9,20 7,80 59,0 3,47 18,4 0,58 1,20 0,015 0,12 6,8 

3 10,80 9,20 57,7 5,32 15,6 0,58 0,76 0,009 0,005 5,8 

ʙ) ʆʧʳʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʨʢʠ ʩʪʘʣʠ) 

45ʍʅ 

1 23,3 19,4 40,7 7,5 6,58 0,77 0,82 0,04 0,11 2,1 

2 21,8 13,6 46,5 5,0 10,2 0,63 1,70 0,04 0,08 2,4 

3 19,8 19,1 46,2 7,9 5,4 0,38 0,59 0,05 0,12 2,7 

18ʍɻʊ 

1 13,0 13,6 59,0 7,7 4,8 0,75 0,57 0,018 0,05 5,1 

2 17,3 12,5 58,0 5,6 4,4 0,42 0,71 0,006 0,16 3,7 

3 16,6 12,0 58,3 5,4 6,1 0,33 0,68 0,018 0,12 3,8 

ʚ) ʆʧʳʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʘʨʢʠ ʩʪʘʣʠ) 

5ʍʅ2
ʄʌ 

1 19,7 6,04 18,0 19,5 5,2 0,07 6,9 0,01 0,17 3,4 

2 20,9 9,7 35,7 17,1 5,7 0,12 4,7 0,11 0,24 2,5 

3 16,0 14,0 46,7 12,1 9,0 0,38 0,60 0,02 0,18 3,7 

45ʍ2ʅ
4ʄ 

1 9,1 18,0 57,3 6,3 8,0 0,64 0,40 0,03 0,13 7,0 

2 21,9 10,5 57,2 5,0 3,66 0,48 0,92 0,04 0,11 2,8 

3 18,7 18,5 45,2 8,6 7,32 0,36 1,0 0,01 0,11 2,9 

 

ʊʘʙʣʠʮʘ 6 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʚʣʠʷʥʠʷ (ʉʘF2)  ʠ ʦʩʥʦʚʥʦʩʪʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 
ʩʝʨʳ ʚ ʰʣʘʢʘʭ ʜʝʡʩʪʚʫʶʱʝʡ ʠ ʦʧʳʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʊʝʭʥʦʣʦʛʠʷ 
ɼʝʡʩʪʚʫʶʱʘʷ ʊʐʄ-
2, ʠʟʚʝʩʪʴ + ʉʘF2   

ʆʧʳʪʥʘʷ ʊʐʄ-2 
ʠʟʚʝʩʪʴ + ʧʝʛʤʘʪʠʪ + ʉʘF2   

ʄʘʨʢʘ ʩʪʘʣʠ 42ʍʂʄ 13ʍʅʄ 45ʍʅ 18ʍɻʊ 5ʍʅ2ʄʌ 45ʍ2ʅʏʄ 

ʉʦʜʝʨʞʘʥʠʝ 

(ʉʘF2), %  
19,1 15,6 5,4 6,1 9,0 7,32 

ʉʦʜʝʨʞʘʥʠʝ 
ʩʝʨʳ (S)% 

0,39 0,58 0,38 0,33 0,38 0,36 

ʆʩʥʦʚʥʦʩʪʴ ʰʣʘʢʘ  

2%

%%

SiO

MgOʉaO
ɺ

+
=  5,4 5,8 2,7 3,8 3,7 2,9 

(ʂ2ʆ)Ö103, % 36 9 50 18 20 10 

(Na2O) Ö103, % 70 5 120 120 18?0 110 

 
ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʪʘʣʠ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ ʨʘʟʣʠʯʥʦʛʦ ʤʘʨʦʯʥʦʛʦ 

ʩʦʨʪʘʤʝʥʪʘ. ɸʪʪʝʩʪʘʮʠʷ ʤʝʪʘʣʣʘ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʢʦʥʪʨʦʣʷ ʤʝʪʘʣʣʘ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʜʘʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʘ. 
ʅʘ ʦʙʨʘʟʮʘʭ ʤʝʪʘʣʣʘ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ ʚ ʦʙʲʝʤʝ ʩʜʘʪʦʯʥʦʛʦ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 
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ʚʢʣʶʯʝʥʠʷʤʠ ʧʦ ʥʦʨʤʘʤ ɻʆʉʊ 1778-70 ʠ ʬʘʢʫʣʴʪʘʪʠʚʥʦ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ASʊM-E 45 
(ʤʝʪʦʜ ɸ)ʭ). ɺ ʪʘʙʣ.4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʤʝʪʘʣʣʘ ʜʝʡʩʪʚʫʶʱʝʡ ʠ 

ʦʧʳʪʥʦʡ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʪʠʧʘʤ ʠ ʨʘʟʤʝʨʥʦʤʫ ʬʘʢʪʦʨʫ ʚʢʣʶʯʝʥʠʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 
ʧʦ ʩʪʘʥʜʘʨʪʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʝʥʠʷ ASʊM-E 45 (ʤʝʪʦʜ ɸ). 

ʂʦʥʪʨʦʣʴ ʤʝʪʘʣʣʘ ʧʦ ʫʢʘʟʘʥʥʦʤʫ ʩʪʘʥʜʘʨʪʫ  ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʤʝʪʘʣʣʘ ʧʦ ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʦʤʫ ʧʦʣʶ ʟʨʝʥʠʷ (ʤʝʪʦʜ ɸ) ʩ ʦʮʝʥʢʦʡ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʚʢʣʶʯʝʥʠʡ ʚʚʝʜʝʥʠʝʤ  ʧʘʨʘʤʝʪʨʘ ʦʪʥʦʰʝʥʠʷ ʰʠʨʠʥʘ ʚʢʣʶʯʝʥʠʷ 

(dʤʢʤ), ʜʣʠʥʘ ʚʢʣʶʯʝʥʠʷ (?ʤʢʤ). ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ?/d < 2 ʚʢʣʶʯʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʦʥʢʦʤʫ ʪʠʧʫ, ʧʨʠ ?/d > 2 ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʪʦʣʩʪʦʝ. ʄʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʚʢʣʶʯʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʚʝʣʠʯʠʥʦʡ ʙʘʣʴʥʦʡ ʦʮʝʥʢʠ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʪʘʙʣ. 7): 

ʊʘʙʣʠʮʘ 7 ï ʊʠʧʳ ʠ ʜʣʠʥʘ ʚʢʣʶʯʝʥʠʡ (ʤʢʤ) ʧʦ ʰʢʘʣʘʤ ɸSTM-E45 (ʤʝʪʦʜ ɸ) 

ɹʘʣʣ  ɸ (ʩʫʣʴʬʠʜʳ)   ɺ (ʦʢʩʠʜʳ) ʉ (ʩʠʣʠʢʘʪʳ)   D (ʛʣʦʙʫʣʠ) 

0,5 12,7 7,7 7,6 4 

1,0 43,6 34,3 32,0 16 

2,0 89,8 82,9 74,6 36 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʟʤʝʨʘʭ ʚʢʣʶʯʝʥʠʡ ʦʪʨʘʞʝʥʳ ʚ ʤʝʪʦʜʝ ʠʩʧʳʪʘʥʠʡ 

ASNM-E 45 (ʤʝʪʦʜ ɸ) ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʣʠʯʝʩʪʚʫ ʠ ʨʘʟʤʝʨʘʤ 

ʦʩʦʙʝʥʥʦ ʛʣʦʙʫʣʷʨʥʳʭ ʚʢʣʶʯʝʥʠʡ D, ʢʘʢ ʥʘʠʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʩʪʘʣʠ, ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʦ ʜʝʡʩʪʚʫʶʱʝʡ ʠ ʦʧʳʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣ. 8. 

ʂʘʢ  ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 8 ʤʝʪʘʣʣ ʦʧʳʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʥʘ 

ʋʂʇ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʝʡ ʊʐʄ-2 ʧʝʛʤʘʪʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʣʠʢʘʪʦʚ (ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʫʶ ʦʩʥʦʚʥʦʩʪʴ 

ʰʣʘʢʦʚ), ʥʠʟʢʠʤʠ ʙʘʣʣʘʤʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʫʣʴʬʠʜʘʤʠ, ʦʢʩʠʜʘʤʠ, ʛʣʦʙʫʣʷʤʠ ʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʜʘʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʣʥʦʩʪʴʶ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ ʩ ʟʘʤʝʥʦʡ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʥʘ 50-80% 

ʠʤʧʦʨʪʠʨʫʝʤʦʛʦ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʳʨʴʝʤ ï 

ʧʝʛʤʘʪʠʪʦʤ ʦʧʨʝʜʝʣʝʥʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʩʪʘʣʠ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤʠ 

ʩʨʦʢʘʤʠ ʧʦʩʪʘʚʢʠ ʧʝʛʤʘʪʠʪʘ ʧʨʝʜʧʨʠʷʪʠʶ. 

ʇʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʠ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʛʤʘʪʠʪʘ ʥʘʤʝʯʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʛʤʘʪʠʪʘ ʚ 

ʩʦʩʪʘʚʝ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʩʤʝʩʝʡ.  

 
 

 
 

 
 
 

__________________________________ 
ʭ) ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʟʘʛʦʪʦʚʦʢ ʠ ʩʦʨʪʦʚʦʛʦ 

     ʧʨʦʢʘʪʘ ʚʳʧʦʣʥʝʥʦ ʟʘʚ. ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʎɿʃ ʇɸʊ çɼʉʉè 
ɸ.ɺ.ɾʘʡʚʦʨʦʥʦʢ 
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ʊʘʙʣʠʮʘ 8 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠ ʩʜʘʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ 
ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʝʪʘʣʣʝ ʜʝʡʩʪʚʫʶʱʝʡ ʠ ʦʧʳʪʥʦʡ ʪʝʭʥʦʣʦʛʠʡ 

ˉ  ̄

ʧʣʘʚʦʢ 

ʄʘʨʢʘ 
 ʩʪʘʣʠ 

ʥʦʨʤʘʪʠʚʥʘʷ 
ʜʦʢʫʤʝʥʪʘʮʠʷ 

 

ʇʨʦʬʠʣ

 ɹ

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, 

ʩʨʝʜʥʠʡ ʙʘʣʣ 

 ASNM-E45 (ʤʝʪʦʜ ɸ) 

ɸ (ʩʫʣʴʬ.) ɺ (ʦʢʩʠʜʳ) 
ʉ 

(ʩʠʣʠʢʘʪʳ) 
D 

(ʛʣʦʙʫʣʠ) 

ʪʦʥʢ

. 

ʪʦʩʪ

. 

ʪʦʥʢ

. 

ʪʦʩʪ

. 

ʪʦʥʢ

. 

ʪʦʩʪ

. 

ʪʦʥʢ

. 

ʪʦʩʪ

. 

 
ɼʝʡʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ 

 

ɺ3595
8 

42ʍʄ-ʋ 

ʊʨʝʙʦʚʘʥʠʷ 
ʊʇ 534-09 

250 

2,5 2,0 1,5 1,0 0,0 0,0 1,0 1,0 

ʥʝ 
ʢʦʥʪʨʦʣʠ-

ʨʦʚʘʣʦʩʴ 
¢ 2,5 

¢ 

1,5 
¢ 2,5 

¢ 

1,5 
¢ 2,0 

¢ 

1,5 

ɺ3605
4 

52ʍʅʉ 
ʊʨʝʙʦʚʘʥʠʷ 
ʊʇ 534-09 

170 

1,7 1,4 1,5 1,0 0,0 0,0 1,0 1,0 

¢ 2,5 
¢ 

2,0 
¢ 2,5 

¢ 
2,0 

¢ 2,5 
¢ 

2,0 
¢ 2,5 

¢ 
2,0 

ɺ3593
3 

42ʍʄ 

ʊʨʝʙʦʚʘʥʠʷ 
ʊʇ 534-09 

265 

2,0 1,0 2,0 1,0 0,0 0,0 1,0 1,0 

¢ 2,5 
¢ 

2,0 
¢ 2,5 

¢ 
2,0 

¢ 2,5 
¢ 

2,0 
¢ 2,5 

¢ 
2,0 

 

ʆʧʳʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 
 

ɺ4795
8 

50 107 2,3 1,5 2,0 1,4 0,3 0,3 1,0 1,0 

ɺ3618

0 

50ʍɻʌ 
(ʣʝʛʠʨ. 

ʩʝʨʦʡ) 

240/ 

220/180 
1,5 1,5 1,5 1,0 0 0 1,0 1,0 

225/ 
210/110 

1,6 1,3 1,6 1,3 0 0 1,0 1,0 

ɺ3618

5 

45ʍ2ʅ4ʄ 

160/110 

1,4 1,3 1,8 1,1 0 0 1,5 1,0 

ʊʨʝʙʦʚʘʥʠʷ 

ʊʋ ɼʉʉ 
003-2013 

¢ 2,5 
¢ 

1,5 
¢ 2,5 

¢ 

1,5 
¢ 2,5 

¢ 

1,5 
¢ 2,0 

¢ 

1,5 

ɺ3625
3 

45 

(ʣʝʛʠʨ. 
ʩʝʨʦʡ) 

260/ 
240/100 

1,8 1,3 1,3 1,0 0 0 1,5 1,0 

ʊʨʝʙʦʚʘʥʠʷ 
ʊʇ 329-11 

¢ 4,0 
¢ 

3,0 
¢ 2,5 

¢ 

2,0 
¢ 2,5 

¢ 

2,0 
¢ 2,5 

¢ 

2,0 

ɺ3626
6 

45ʍʅ 105 2,0 1,4 1,6 1,7 0 0 1,0 1,0 

ɺ3628

8 
40ʍ 60 1,5 1,0 1,0 1,0 0 0 1,0 0,5 

 
ɺʳʚʦʜʳ. 

1. ʆʙʦʙʱʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʦʮʝʩʩʦʚ 
ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʩʪʘʣʠ ʩʤʝʩʷʤʠ ʪʚʝʨʜʳʭ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 
ʦʩʥʦʚʝ ʠʟʚʝʩʪʠ ʠ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ, ʦʪʤʝʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʠ ʷ ʰʣʘʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ ʫʯʘʩʪʠʝʤ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ. 
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2. ʈʘʟʚʠʪʘ ʨʝʩʫʨʩʦ-ʩʳʨʴʝʚʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʢʦʥʮʝʧʮʠʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʘʤʝʥ ʠʤʧʦʨʪʥʦʛʦ ʧʣʘʚʠʢʦʚʦʛʦ 

ʰʧʘʪʘ  ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʝʛʤʘʪʠʪʘ ï ʱʝʣʦʯʥʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘ, ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ 
ʬʣʶʦʨʠʪʫ (ʧʣʘʚʠʢʦʚʦʤʫ ʰʧʘʪʫ). 

3. ɺʳʧʦʣʥʝʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ  ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ  ʚ 
ʙʝʩʬʪʦʨʠʜʢʘʣʴʮʠʝʚʦʡ ʠ ʬʪʦʨʠʜʢʘʣʴʮʠʝʚʦʡ ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʦʧʨʝʜʝʣʝʥʳ 
ʨʘʚʥʦʚʝʩʥʳʝ  ʩʦʩʪʘʚʳ ʬʘʟ ʚ ʪʝʨʥʘʨʥʦʡ ʉʘʆ-Al2O3-SiO2 ʠ CaO-Al2O3-SiO2-CaF2  

ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʠʥʪʝʨʚʘʣʝ 1300-1800̄ʉ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʝʩʬʪʦʨʠʜʢʘʣʴʮʠʝʚʦʡ 

ʦʢʠʩʥʦʡ ʩʠʩʪʝʤʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʠʤʝʝʪ SiOʛʘʟ ( )SiOʈ  ʨʘʚʥʘ 

3,59Ö10-9 ʠ 1,2Ö10-7 ʧʨʠ  1600 ʠ  1800ʉ̄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʬʪʦʨʠʜʢʘʣʴʮʠʝʚʦʡ ʦʢʠʩʥʦʡ  

ʩʠʩʪʝʤʝ ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʩʥʠʞʘʶʪʩʷ ʧʨʠ 1600ʉ̄ ʚ 

ʨʷʜʫ: CaF2 1,05Ö10-3, OAlF2 3,64Ö10-34,   SiF4 6,2Ö10-9 ʘʪʤ. 
4. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ CaF2 

ʚ ʧʝʯʥʳʭ ʠ ʢʦʚʰʦʚʳʭ ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤʘʭ. ʇʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ CaF2 ʚ ʰʣʘʢʘʭ ʚʳʧʣʘʚʢʠ 
ʤʝʪʘʣʣʘ ʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʧʦʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʟʘʢʠʩʠ ʞʝʣʝʟʘ (FeO)ʰʣ. ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʢʪʠʚʥʦʩʪʴ  ʢʠʩʣʦʨʦʜʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʩʪʘʣʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʘʢʪʠʚʥʳʭ ʨʘʩʢʠʩʣʠʪʝʣʝʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʪʦʯʥʝʥʠʷ ʤʝʪʦʜʦʚ 
ʫʧʨʘʚʣʝʥʠʷ  ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʠʧʦʤ  ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ. 
5. ɺʳʧʦʣʥʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ CaF2 ʚ ʧʝʯʥʳʭ ʢʦʚʰʦʚʳʭ  

ʨʘʬʠʥʠʨʦʚʦʯʥʳʭ ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʨʳ ʤʝʞʜʫ 

ʩʪʘʣʴʥʦʡ ʚʘʥʥʦʡ (ʤʝʪʘʣʣʦʤ ʚ ʢʦʚʰʝ) ʠ ʰʣʘʢʦʤ. ʇʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 
ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ, ʢ ʩʦʞʘʣʝʥʠʶ, ʨʝʜʢʦ ʮʠʪʠʨʫʝʤʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʬʪʦʨʠʜ ʢʘʣʴʮʠʷ ʢʘʢ ʚ çʯʠʩʪʦʤè ʚʠʜʝ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʰʣʘʢʦʚʳʭ ʩʠʩʪʝʤ ʥʝ ʧʨʦʷʚʣʷʝʪ 
ʜʝʩʫʣʴʬʫʨʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʪ.ʝ. ʥʝ ʷʚʣʷʝʪʩʷ ʜʝʩʫʣʴʬʫʨʘʪʦʨʦʤ ʩʪʘʣʠ. 

6. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʥʘʣʠʯʠʷ CaF2 ʚ ʰʣʘʢʦʚʳʭ  ʨʘʬʠʥʠʨʫʶʱʠʭ ʩʠʩʪʝʤʘʭ 
ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʩʪʦʣʴʢʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʤʝʪʘʣʣʘ, ʩʢʦʣʴʢʦ  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ - ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ 
ʘʩʩʠʤʠʣʷʮʠʠ ʢʫʩʢʦʚʦʡ ʠʟʚʝʩʪʠ ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʰʣʘʢʦʤ ʠ ʫʩʢʦʨʝʥʠʝʤ ʤʘʩʩʦʦʙʤʝʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʤʝʪʘʣʣ-ʰʣʘʢ ʟʘ ʩʯʝʪ  ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ  ʚʳʩʦʢʦʦʩʥʦʚʥʳʭ 

ʰʣʘʢʦʚ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʘ 
ʤʘʛʥʠʷ. 

7. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʧʨʠʨʦʜʥʳʭ ʱʝʣʦʯʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ, ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʣʘʚʠʢʦʚʦʤʫ ʰʧʘʪʫ ʚ ʘʩʧʝʢʪʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʥʝʜʨʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ  ʋʢʨʘʠʥʳ 

ï ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʝʛʦ ʩʳʨʴʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʧʝʛʤʘʪʠʪʘ. 
8. ɸʢʮʝʥʪʠʨʦʚʘʥʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʱʝʣʦʯʥʳʭ  ʘʣʶʤʦʩʠʣʠʢʘʪʘʭ ʧʦʟʠʮʠʶ ʠʦʥʘ 

Si4+ ʟʘʤʝʱʘʝʪ ʠʦʥ  Al3+,  ʪ.ʝ. ʟʘʤʝʱʘʷ ʪʦʣʴʢʦ ʪʨʠ, ʘ ʥʝ ʯʝʪʳʨʝ ʩʚʦʙʦʜʥʳʭ ʚʘʣʝʥʪʥʦʩʪʝʡ 
ʢʠʩʣʦʨʦʜʘ; ʦʜʠʥ ʠʦʥ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ Na+(K+)  ʤʦʞʝʪ ʩ ʦʜʥʠʤ ʢʘʪʠʦʥʦʤ Al3+ ʚʦʡʪʠ 
ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʚ ʮʝʣʦʤ. ʈʘʟʨʫʰʝʥʠʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ  

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʛʣʘʚʥʳʤʠ ʤʦʪʠʚʘʤʠ [SiO4]
4-  [AlO4]

4-  ʠʦʥʘʤʠ ʥʘʪʨʠʷ 
ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʧʣʘʚʣʝʥʠʡ) 

ʱʝʣʦʯʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʝʛʤʘʪʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʚʝʨʜʳʤʠ  
ʨʘʩʪʚʦʨʘʤʠ ʤʠʥʝʨʘʣʦʚ ʱʝʣʦʯʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʩ ʚʥʝʜʨʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦ 
ʩʚʦʙʦʜʥʦʛʦ ʢʚʘʨʮʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ 

ʤʘʛʤʳ, ʟʘʩʪʳʚʘʶʱʝʡ ʧʨʠ 1000ʉ̄ ʠʣʠ ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʨʘʥʠʪʥʦʡ ʵʚʪʝʢʪʠʢʠ 750-

600̄ ʉ. 

9. ɺ ʨʘʤʢʘʭ ʟʘʜʘʯ ʨʝʩʫʨʩʥʦ-ʩʳʨʴʝʚʦʡ  ʢʦʥʮʝʧʮʠʠ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʩʪʘʣʠ 
ʨʘʟʨʘʙʦʪʘʥʘ  ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʠ 

ʤʘʨʦʯʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʩʦʩʪʘʚʝ ʪʚʝʨʜʳʭ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ  
ʤʘʪʝʨʠʘʣʦʚ ʧʝʛʤʘʪʠʪʘ ʩ ʫʯʝʪʦʤ ʧʦʣʥʦʡ ʠʣʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ (60-80%) ʟʘʤʝʥʳ ʠʤ 



180 

 

 

ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ. ʂʣʶʯʝʚʦʡ ʨʦʣʴʶ ʧʝʛʤʘʪʠʪʘ ʚ ʩʦʩʪʘʚʝ ʊʐʄ ʷʚʣʷʝʪʩʷ 
ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʘʩʩʠʤʠʣʷʮʠʠ ʢʫʩʢʦʚʦʡ ʠʟʚʝʩʪʠ, ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ 

ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʨʘʬʠʥʠʨʦʚʦʯʥʦʛʦ ʰʣʘʢʘ,  ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʚʣʠʷʥʠʷ 
ʬʪʦʨʠʜʘ ʢʘʣʴʮʠʷ ʚ ʩʦʩʪʘʚʝ ʰʣʘʢʦʚ ʥʘ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ (FeO)ʰʣ ʠ  ʩʥʠʞʝʥʠʝ 

ʚʣʠʷʥʠʷ ʟʘʢʠʩʠ ʞʝʣʝʟʘ ʥʘ ʧʨʦʮʝʩʩ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʩʪʘʣʠ. 
10. ʈʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʪʘʣʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʣʘʢʦʚʳʭ 

ʩʠʩʪʝʤ,  ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʋʇʂ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʠ ʧʝʛʤʘʪʠʪʘ - ʱʝʣʦʯʥʦʛʦ 
ʘʣʶʤʦʩʠʣʠʢʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʦ 10% ʩʫʤʤʳ ʦʢʩʠʜʦʚ Na2O+K2O.  ʫʩʣʦʚʠʷʭ ʇɸʆ 

çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʧʨʦʚʝʜʝʥʘ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ  ʢʘʤʧʘʥʠʷ ʧʣʘʚʦʢ ʩ ʯʘʩʪʠʯʥʦʡ 
ʠʣʠ ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ ʧʝʛʤʘʪʠʪʦʤ ʚ ʩʦʩʪʘʚʝ ʨʘʬʠʥʠʨʦʚʦʯʥʳʭ ʰʣʘʢʦʚ 
ʥʘ ʫʩʪʘʥʦʚʢʝ  ʵʣʝʢʪʨʦʧʝʯʴ-ʢʦʚʰ.  ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʜʘʪʦʯʥʦʛʦ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʩʦʨʪʦʧʨʦʢʘʪʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʪʘʣʝʡ ʤʝʪʘʣʣ ʦʧʳʪʥʳʭ 
ʧʣʘʚʦʢ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʟʘʤʝʥʦʡ ʠʤʧʦʨʪʥʦʛʦ ʧʣʘʚʠʢʦʚʦʛʦ 
ʰʧʘʪʘ ʧʝʛʤʘʪʠʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʩʪʘʣʠ. 
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ʋɼʂ 669.187; 669.243/247 
ʇʈʆʄʓʐʃɽʅʅʆɽ ʆʉɺʆɽʅʀɽ ʀʅʅʆɺɸʎʀʆʅʅʆʁ ʉʂɺʆɿʅʆʁ 

ʊɽʍʅʆʃʆɻʀʀ  ʇʈʆʀɿɺʆɼʉʊɺɸ ʎɽʃʔʅʆʂɸʊɸʅʓʍ 

ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʍ  
ʂʆʃɽʉ ʀɿ ʅɽʇʈɽʈʓɺʅʆʃʀʊʆʁ ɿɸɻʆʊʆɺʂʀ 

 
ɽʩʘʫʣʦʚ ɻ.ɸ. /ʢ.ʪ.ʥ./ ʄɿ çɼʥʝʧʨʦʩʪʘʣʴè;   ɻʘʩʠʢ ʄ.ʀ. /ʜ.ʪ.ʥ./, ʇʨʦʡʜʘʢ ʖ.ʉ. /ʜ.ʪ.ʥ./,  

ɻʦʨʦʙʝʮ ɸ.ʇ. /ʢ.ʪ.ʥ./ ʅʄʝʪɸʋ 
 

ʂʦʤʧʘʥʠʝʡ çʀʥʪʝʨʧʘʡʧè ʥʘ ʘʬʬʠʣʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʄɿ 
çɼʥʝʧʨʦʩʪʘʣʴè ʠ ʀʥʪʝʨʧʘʡʧ ʅʊɿ ʦʩʚʦʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ  ʮʝʣʴʥʦʢʘʪʘʥʳʭ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʣʝʩ ʧʦ ʩʢʚʦʟʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʡ ʩʣʝʜʫʶʱʠʝ 
ʩʪʘʜʠʠ: ʚʳʧʣʘʚʢʘ ʤʝʪʘʣʣʘ-ʧʦʣʫʧʨʦʜʫʢʪʘ ʚ ʜʫʛʦʚʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʚʤʝʩʪʠʤʦʩʪʴʶ 190 ʪ, 
ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʪʦʧʣʠʚʥʳʤʠ ʠ ʠʥʞʝʢʮʠʦʥʥʳʤʠ ʛʦʨʝʣʢʘʤʠ, ʠ ʵʨʢʝʨʥʳʡ ʚʳʧʫʩʢ 160 ʪ 
ʤʝʪʘʣʣʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʢʦʚʰʝ ʰʣʘʢʘ, ʨʘʩʢʠʩʣʝʥʠʝʤ ʠ ʣʝʛʠʨʦʚʘʥʠʝʤ ʩʪʘʣʠ;  
ʨʘʬʠʥʠʨʦʚʘʥʠʝ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʘ ʥʘ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʡ 
ʫʩʪʘʥʦʚʢʝ ʧʝʯʴ-ʢʦʚʰ ʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ ʩʪʘʣʠ ʚ ʜʚʫʭʧʦʩʪʦʚʦʤ ʢʘʤʝʨʥʦʤ ʚʘʢʫʫʤʘʪʦʨʝ;  
ʨʘʟʣʠʚʢʘ ʩʪʘʣʠ ʥʘ ʯʝʪʳʨʝʭʨʫʯʴʝʚʦʡ ʄʅʃɿ ʩ ʧʦʣʫʯʝʥʠʝʤ ʟʘʛʦʪʦʚʢʠ ʜʠʘʤʝʪʨʦʤ 450 ʤʤ; 
ʧʨʝʩʩʦʧʨʦʢʘʪʢʘ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʣʝʩ. 

ɼʘʥʥʳʝ ʦ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʤʝʪʘʣʣʘ ʠ ʰʣʘʢʘ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʩʢʚʦʟʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʣʘʚʢʠ ʦʙʦʙʱʝʥʳ ʚ 
ʪʘʙʣ. 1 ʠ 2. 

ʊʘʙʣʠʮʘ 1 ï ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʭʠʤʩʦʩʪʘʚʝ ʤʝʪʘʣʣʘ ʥʘ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʩʪʘʣʠ ʤʘʨʢʠ 2 (ɻʆʉʊ 10791-2011) ʠ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ  
ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʢʦʣʝʩ 

ʊʝʭʥʦʣʦʛʠ- 
ʯʝʩʢʘʷ 

ʩʪʘʜʠʷ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʘʣʠ, % 

C Mn Si P S Al Cr Ni Cu Ti Mo V 

ɼʉʇ 0,071 0,083 0,006 0,008 0,058 0,003 0,071 0,114 0,174 0,0005 0,010 0,000 

ɼʦ ʋʂʇ 0,398 0,682 0,280 0,012 0,044 0,004 0,087 0,113 0,172 0,0010 0,011 0,002 

ʇʦʩʣʝ 
ʋʂʇ 

0,583 0,749 0,333 0,012 0,004 0,009 0,088 0,112 0,172 0,0021 0,011 0,003 

ɼʦ ʚʘʢʫʫ-

ʤʠʨʦʚʘʥʠʷ 
0,578 0,746 0,326 0,012 0,003 0,008 0,089 0,112 0,171 0,0020 0,011 0,003 

ʇʝʨʝʜ 
ʚʚʦʜʦʤ 

ʉʂ30 

0,578 0,729 0,318 0,012 0,002 0,008 0,089 0,112 0,170 0,0021 0,011 0,002 

ʇʦʩʣʝ 
ʚʘʢʫʫ-

ʤʠʨʦʚʘʥʠʷ 

0,583 0,727 0,322 0,012 0,002 0,008 0,089 0,112 0,170 0,002 0,011 0,002 

ʄʅʃɿ 0,586 0,722 0,318 0,012 0,002 0,007 0,089 0,111 0,169 0,002 0,011 0,002 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʨʝʙʦʚʘʥʠʷʭ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ɻʆʉʊ 10971-2011 
ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʢʦʣʝʩʥʦʤ ʤʝʪʘʣʣʝ, ʥʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʧʨʘʢʪʠʢʝ ʨʘʩʢʠʩʣʝʥʠʷ ʩʪʘʣʠ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʚ 
ʤʝʪʘʣʣʝ ʩʪʨʦʯʝʯʥʳʭ ʚʢʣʶʯʝʥʠʡ ʢʦʨʫʥʜʘ, ʠʥʠʮʠʠʨʫʶʱʠʭ ʨʘʟʚʠʪʠʝ ʫʩʪʘʣʦʩʪʥʳʭ 

ʪʨʝʱʠʥ ʠʟ-ʟʘ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʣʝʩ. 

ʊʘʙʣʠʮʘ 2 ï ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʭʠʤʩʦʩʪʘʚʘʭ ʰʣʘʢʦʚ ʧʦʩʪʘʜʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʠ ʧʦʢʨʳʚʥʦʛʦ ʬʣʶʩʘ (ʰʣʘʢʘ) ʚ ʧʨʦʤʢʦʚʰʝ ʄʅʃɿ ˉ2 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 
ʩʪʘʜʠʷ ʧʨʦʮʝʩʩʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʢʩʠʜʦʚ, % 
SiO2 Al2O3 Fe2O3 MnO CaO MgO P2O5 TiO2 Cr2O3 S Na2O K2O 

ɼʉʇ 17,29 4,97 32,54 6,52 33,91 5,28 0,54 0,466 1,432 0,192 0,177 0,032 

ʋʂʇ* 22,358 15,34 1,594 1,488 50,047 10,708 0,038 0,440 0,0124 1,139 0,070 0,040 

ʋʂʇ** 18,686 11,56 1,24 0,12 58,448 8,77 0,028 0,277 0,044 1,885 0,038 0,008 

ɼɺ* 19,53 11,30 0,63 0,0096 58,314 8,623 0,017 0,273 0,027 1,700 0,032 0,0076 

ʇɺ* 19,31 11,24 0,47 0,026 58,15 7,79 0,017 0,26 0,023 1,807 0,030 0,005 

ʄʅʃɿ 33,90 22,56 3,53 1,65 34,27 2,38 0,039 0,630 0,0682 0,332 5,076 1,178 

ʋʂʇ* - ʥʘʯʘʣʦ; ʋʂʇ** - ʢʦʥʝʮ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʢʦʚʰ-ʧʝʯʴ; ɼɺ* - 
ʜʦ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ; ʇɺ* - ʧʦʩʣʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʩʪʘʣʠ 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣ. 1 ʠ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʝʡʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʳʧʣʘʚʢʠ ʤʝʪʘʣʣʘ-
ʧʦʣʫʧʨʦʜʫʢʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʤʝʪʘʣʣʝ ʧʝʨʝʜ ʚʳʧʫʩʢʦʤ 

ʝʛʦ ʠʟ ʧʝʯʠ ʥʝ ʙʦʣʝʝ 0,008%. ɼʝʬʦʩʬʦʨʘʮʠʷ ʤʝʪʘʣʣʘ (0,008% ʈ) ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 
ʧʝʨʝʦʢʠʩʣʝʥʠʷ ʚʘʥʥʳ. ʉʦʜʝʨʞʘʥʠʝ FeO ʩʦʩʪʘʚʠʣʦ 32,54% ʧʨʠ ʦʩʥʦʚʥʦʩʪʠ %ʉʘO/%SiO2 
= 1,96, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʩʬʦʨʘ ʤʝʞʜʫ ʰʣʘʢʦʤ ʠ ʤʝʪʘʣʣʦʤ LP = 

(%P2O5)/[%P] = 67,5. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʬʦʩʬʦʨʘʮʠʷ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʚʘʥʥʳ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ [C] = 0,07% ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʧʨʠ (FeO) º 18-24% ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʦʩʥʦʚʥʦʩʪʠ ʰʣʘʢʘ  ʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʧʝʨʘʮʠʷʭ ʧʨʠʩʘʞʠʚʘʥʠʷ ʠʟʚʝʩʪʠ ʚ ʥʘʯʘʣʝ ʠ ʧʦ 
ʭʦʜʫ ʦʙʥʦʚʣʝʥʠʷ ʧʝʯʥʦʛʦ ʰʣʘʢʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ ʝʝ ʚʳʧʣʘʚʢʠ 
ʠ ʨʘʟʣʠʚʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,004é0,008% (ʪʘʙʣ. 1), ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 
ʦʛʨʘʥʠʯʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʣʶʤʠʥʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʢʣʶʯʝʥʠʡ ʥʘ ʟʘʚʝʨʰʘʶʱʠʭ 

ʦʧʝʨʘʮʠʷʭ ʨʘʬʠʥʠʨʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʜ ʨʘʟʣʠʚʢʦʡ ʤʝʪʘʣʣʘ.  
ʄʘʢʨʦʩʪʨʫʢʪʫʨʫ ʟʘʛʦʪʦʚʦʢ ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ʉʆʋ ʄʇʇ 

77.040-191:2007. ɼʝʬʝʢʪʳ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʦʮʝʥʠʚʘʣʠ ʚ ʙʘʣʣʘʭ ʧʦ ʊʋ ʋ 27.1-2335425-
663:2011. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʢʦʣʝʩʥʳʭ 

ʟʘʛʦʪʦʚʦʢ (ʚʝʣʠʯʠʥʳ ʜʝʬʝʢʪʘ ʚ ʙʘʣʣʘʭ) 

ʄʘʨʢʘ 

ʩʪʘʣʠ 

ˉ 

ʧʣʘʚʢʠ 

 ̄ʨʫʯʴʷ 

 ̄
ʟʘʛʦʪʦʚʢʠ 

ʆʩʝʚʘʷ 

ʧʦʨʠʩʪʦʩʪʴ 
(ʆʇ) 

ʆʩʝʚʘʷ 

ʣʠʢʚʘʮʠʷ 
(ʆʃ) 

ʊʨʝʱʠʥʳ 
ʦʩʝʚʦʡ 

ʟʦʥʳ 
(ʊʆ) 

ʃʠʢʚʘʮ. 
ʧʦʣʦʩʳ, 

ʪʨʝʱʠʥʳ 
(ʇʊʉ) 

ʊʦʯʝʯʥʘʷ 
ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʴ 
ʢʨʘʝʚʘʷ 
(ʊʅʂ) 

ɺʥʝʦʩʝʚʘʷ 
ʭʠʤʠʯʝʩʢʘʷ 

ʥʝʦʜʥʦ- 
ʨʦʜʥʦʩʪʴ 
(ɺʍʅ) 

2 1131340 
3/3 4,0 1,0 0,0 0,0 0,0 0,04/3 

4/3 1,0 1,0 0,0 0,0 0,0 0,0 
 

ɼʝʬʝʢʪʳ ʪʠʧʘ ʊʆ, ʇʊʉ, ʊʅʂ (ʪʘʙʣ. 3) ʚ ʟʘʛʦʪʦʚʢʘʭ ʜʠʘʤʝʪʨʦʤ 450 ʤʤ, 
ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʫʯʴʷʭ 3 ʠ 4 ʄʅʃɿ ˉ 2, ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɹʘʣʣʳ ʧʦ ʦʩʝʚʦʡ 

ʣʠʢʚʘʮʠʠ (ʆʃ) ʥʝ ʧʨʝʚʳʰʘʣʠ ʟʥʘʯʝʥʠʝ 1, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ (2 
ʙʘʣʣʘ). ʆʩʝʚʘʷ ʧʦʨʠʩʪʦʩʪʴ ʟʘʛʦʪʦʚʢʠ ʨʫʯʴʷ 3/3 ʦʮʝʥʝʥʘ ʙʘʣʣʦʤ 4, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 
ʧʨʦʚʝʜʝʥʠʝʤ ʥʘ ʵʪʦʤ ʨʫʯʴʝ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʥʠʞʝʥʠʝ ʜʝʬʝʢʪʘ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʆʇ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ 
ʨʘʩʢʠʩʣʝʥʥʦʩʪʠ ʩʪʘʣʠ, ʩʦʩʪʘʚʘ ʰʣʘʢʘ ʚ ʧʨʦʤʢʦʚʰʝ, ʬʣʶʩʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʥʘ 

ʧʨʦʷʚʣʝʥʠʝ ʵʪʦʛʦ ʠ ʚʦʟʤʦʞʥʦ ʜʨʫʛʠʭ ʚʠʜʦʚ ʜʝʬʝʢʪʦʚ. 
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʤʝʪʘʣʣʘ ʦʙʦʜʴʝʚ ʢʦʣʝʩ  ʧʣʘʚʢʠ 113340 
ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 10791-2011 (ʪʘʙʣ. 4). 

ʊʘʙʣʠʮʘ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʤʝʪʘʣʣʘ ʦʙʦʜʴʝʚ ʢʦʣʝʩ  
ʧʣʘʚʢʠ 

 ̄
ʢʦʣʝʩ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ, 
ʅ/ʤʤ2 

(ʦʙʦʜ) 

ʆʪʥʦʩʠ-

ʪʝʣʴʥʦʝ 
ʫʜʣʠʥʝʥʠʝ, 

% 

ʆʪʥʦʩʠ-

ʪʝʣʴʥʦʝ 
ʩʫʞʝʥʠʝ, 

 % 

ʊʚʝʨʜʦʩʪʴ, ʅɺ ʋʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ 
ʜʠʩʢʘ ʧʨʠ 

+20ʦʉ, ɼʞ/ʩʤ2 
ʛʣ.30ʤʤ ʪ.ɸ 

098071 1026 13 34 290 241 37,5 

098200 1016 13 35 290 235 35,8 

ɻʆʉʊ 
10791-2011 

910-1110 ²8 ²14 ²255 ²D15 ʪ.ɺ ²20 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʦʙʦʜʴʝʚ ʢʦʣʝʩ ʧʦ ɻʆʉʊ 1778-80 

(ʤʝʪʦʜ ʐ1) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʤʝʪʘʣʣʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ 
ɻʆʉʊ 10791-2011. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʦʙʣʘʜʘʶʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʦʙʦʜʴʷʭ ʢʦʣʝʩ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʨʘʟʤʝʨʘʤʠ 
2-10 ʤʢʤ, ʛʝʪʝʨʦʬʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʰʧʠʥʝʣʠʜʘʤʠ 
(Mg,Fe)O*Al2O3. 

ɺʳʚʦʜʳ. 

1. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʢʚʦʟʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʧʦʩʪʘʜʠʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʣʝʩʥʦʡ ʵʣʝʢʪʨʦʩʪʘʣʠ: ʚʳʧʣʘʚʢʘ ʤʝʪʘʣʣʘ-ʧʦʣʫʧʨʦʜʫʢʪʘ ʚ 
ʵʣʝʢʪʨʦʧʝʯʠ ɼʉʇ-190, ʨʘʩʢʠʩʣʝʥʠʝ, ʣʝʛʠʨʦʚʘʥʠʝ ʠ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʝ ʝʛʦ ʚ 
ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʤ ʢʦʚʰʝ ʧʦ ʭʦʜʫ ʚʳʧʫʩʢʘ ʤʝʪʘʣʣʘ ʠʟ ʧʝʯʠ, ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʠ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʢʦʚʰ-ʧʝʯʴ (ʋʇʂ, 160 ʪ) ʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʣʠʚʢʦʡ ʥʘ 
ʄʅʃɿ ʚ ʫʩʣʦʚʠʷʭ ʄɿ çɼʥʝʧʨʦʩʪʘʣʴè. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʤʝʪʘʣʣʝ-ʧʦʣʫʧʨʦʜʫʢʪʝ 
ʧʨʠ ʚʳʧʫʩʢʝ ʝʛʦ ʠʟ ʧʝʯʠ (0,005-0,008%) ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ 
ʰʣʘʢʝ ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ (30-35% FeO), ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʦʩʥʦʚʥʦʩʪʠ 

(%CaO/%SiO2 å 2,00). 
3. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ 

ʚʘʥʥʳ [O] = 800-1000 ppm, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʘ 
ʤʝʪʘʣʣʦʟʘʚʘʣʢʠ ʠ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʚ ʧʝʯʴ, ʪʘʢ ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʤʝʪʘʣʣʝ ʧʝʨʝʜ 
ʚʳʧʫʩʢʦʤ ʚ ʢʦʚʰ ʩʦʩʪʘʚʣʷʝʪ 0,05-0,1%. 

4. ɺʳʧʦʣʥʝʥʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʚʢʣʶʯʝʥʠʡ ʚ ʤʝʪʘʣʣʝ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʢʦʣʝʩ ʠʟ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ  ʧʣʘʚʦʢ 

ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʧʦ ʰʢʘʣʘʤ ɻʆʉʊ 1778-80 (ʤʝʪʦʜ ʐ1). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʤʝʪʘʣʣʝ 
ʦʙʦʜʴʝʚ ʢʦʣʝʩ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ, ʩʦʩʪʘʚ ʠ ʩʦʜʝʨʞʘʥʠʝ 
ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 10791-

2011 ʧʦ ʚʝʣʠʯʠʥʘʤ ʙʘʣʣʦʚ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʚʢʣʶʯʝʥʠʡ (ʩʫʣʴʬʠʜʳ, ʩʠʣʠʢʘʪʳ, ʦʢʩʠʜʳ).  
5. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʘ, ʚʳʧʣʘʚʣʝʥʥʦʛʦ ʚ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʝʯʠ, ʨʘʬʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠ ʚʥʝʧʝʯʥʦʡ 
ʦʙʨʘʙʦʪʢʝ ʰʣʘʢʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ ʚ ʚʘʢʫʫʤʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 
ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʥʝʧʨʝʨʳʥʦʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʣʝʩ. 
ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

1. ʂʦʣʝʩʥʘʷ ʩʪʘʣʴ / ʋʟʣʦʚ ʀ.ɻ., ɻʘʩʠʢ ʄ.ʀ., ɽʩʘʫʣʦʚ ɸ.ɻ., ʄʠʨʦʰʥʠʯʝʥʢʦ 
ʅ.ɻ., ʇʨʦʡʜʘʢ ʖ.ʉ. ï ʂ: ʊʝʭʥʠʢʘ. ï 1985. ï 186ʩ. 

2. ɽʩʘʫʣʦʚ ɻ.ɸ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʦʣʝʩʥʦʡ ʵʣʝʢʪʨʦʩʪʘʣʠ ʠ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ 

ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʢʦʣʝʩ //ɽʩʘʫʣʦʚ ɻ.ɸ., ɽʨʘʢ ʖ.ɺ., 
ʂʣʠʤʯʠʢ ʖ.ɺ., ɻʘʩʠʢ ʄ.ʀ., ʇʨʦʡʜʘʢ ʖ.ʉ., ɻʦʨʦʙʝʮ ɸ.ʇ.// XV  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʩʪʘʣʠè, ʏʝʣʷʙʠʥʩʢ, 2013 ʛ. 
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ʋɼʂ 669.054 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊʆɼʆʄ ʈʉʄɸ ʉʆʉʊɸɺɸ ʀ ʇʈʀʈʆɼʓ 

ɻɽʊɽʈʆʌɸɿʅʓʍ ʅɽʄɽʊɸʃʃʀʏɽʉʂʀʍ ɺʂʃʖ ʏɽʅʀʁ ɺ 

ʎɽʃʔʅʆʂɸʊɸʅʓʍ ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʍ ʂʆʃɽʉɸʍ ʀɿ 

ʅɽʇʈɽʈʓɺʅʆʃʀʊʓʍ ɿɸɻʆʊʆɺʆʂ  

 
ɽʩʘʫʣʦʚ ɻ.ɸ.1/ʢ.ʪ.ʥ./, ʂʣʠʤʯʠʢ ʖ.ɺ1, ɻʘʩʠʢ ʄ.ʀ.2/ʜ.ʪ.ʥ/, ɻʦʨʦʙʝʮ ɸ.ʇ.2/ʢ.ʪ.ʥ./ 

1 ï ʄɿ çɼʥʝʧʨʦʩʪʘʣʴè, 2 ï ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ 
 

ʂʘʯʝʩʪʚʦ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʢʦʣʝʩ ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 
ʧʨʦʠʟʚʦʜʠʤʳʭ ʧʨʝʩʩʦʧʨʦʢʘʪʢʦʡ ʥʘ ʇɸʆ ʅʊɿ ʠʟ ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ ʢʦʣʝʩʥʦʡ 
ʵʣʝʢʪʨʦʩʪʘʣʠ ʄɿ çɼʥʝʧʨʦʩʪʘʣʴè, ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʤ ʩʜʘʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʧʦ ɻʆʉʊ 10791-2011, ʊʋ ʋ 27.1 ï 23365425-663:2011. ɺʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 
ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʠ ʢ ʢʘʯʝʩʪʚʫ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʵʣʝʢʪʨʦʩʪʘʣʠ 

(ʪʘʙʣ. 1), ʚʳʧʣʘʚʣʷʝʤʦʡ ʚ ʜʫʛʦʚʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ɼʉʇ 190 ʩ ʨʘʩʢʠʩʣʝʥʠʝʤ ʠ 
ʣʝʛʠʨʦʚʘʥʠʝʤ ʤʝʪʘʣʣʘ ʧʦʣʫʧʨʦʜʫʢʪʘ ʚ ʧʨʠʝʤʥʦʤ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʤ ʢʦʚʰʝ, ʚʥʝʧʝʯʥʦʡ 
ʦʙʨʘʙʦʪʢʦʡ ʥʘ ʫʩʪʘʥʦʚʢʝ  ʢʦʚʰ-ʧʝʯʴ (ʋʇʂ) ʠ ʚʘʢʫʫʤʘʪʦʨʝ. 

ʊʘʙʣʠʮʘ 1 ï ʊʨʝʙʦʚʘʥʠʷ ɻʆʉʊ 10791-2011 ʢ ʭʠʤʩʦʩʪʘʚʫ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʠ 
ʣʝʛʠʨʦʚʘʥʥʦʡ ʢʦʣʝʩʥʦʡ ʵʣʝʢʪʨʦʩʪʘʣʠ 

ʄʘʨʢʘ 

ʩʪʘʣʠ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, % 

C Mn Si V S P Cr Ni Cu 

1 0,44-

0,52 

0,80-

1,20 

0,40-

0,65 

0,08-

0,15 
¢0,020 ¢0,030 ¢0,30 ¢0,30 ¢0,30 

2 0,55-
0,63 

0,50-
0,90 

0,22-
0,45 

¢0,10 
¢0,025 ¢0,030 ¢0,30 ¢0,30 ¢0,30 

ʊ 0,62-

0,70 

0,50-

1,00 

0,22-

0,65 
¢0,15 0,005-

0,015 
¢0,030 ¢0,40 ¢0,30 ¢0,30 

ʃ 0,48-
0,54 

0,80-
1,20 

0,45-
0,65 

0,08-
0,15 

¢0,020 ¢0,030 ¢0,25 ¢0,25 ¢0,30 

 

ɺ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ ʢʦʣʝʩʥʳʭ ʟʘʛʦʪʦʚʦʢ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ ʨʘʢʦʚʠʥʳ, ʨʘʩʩʣʦʝʥʠʷ, 
ʟʘʚʦʨʦʪʳ ʢʦʨʦʢ, ʛʘʟʦʚʳʝ ʧʫʟʳʨʠ ʠ ʪʨʝʱʠʥʳ, ʵʢʟʦʛʝʥʥʳʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʰʣʘʢʦʚʳʝ 
ʤʘʢʨʦʚʢʣʶʯʝʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝʬʝʢʪʦʚ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝʬʝʢʪʦʚ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ 
ʟʘʛʦʪʦʚʦʢ ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʩ ʦʮʝʥʢʦʡ ʠʭ ʚʝʣʠʯʠʥ ʚ ʙʘʣʣʘʭ ʧʦ ʊʋ ʋ 27.1 ï 23365425-

663:2011 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʜʝʬʝʢʪʘ 
ʋʩʣʦʚʥʦʝ 
ʦʙʦʟʥʘʯʝʥʠʝ 

ɺʝʣʠʯʠʥʘ 
ʜʝʬʝʢʪʘ 

(ʙʘʣʣ, ʥʝ ʙʦʣʝʝ) 

ʆʩʝʚʘʷ ʧʦʨʠʩʪʦʩʪʴ (ʆʇ) 2 

ʆʩʝʚʘʷ ʣʠʢʚʘʮʠʷ (ʆʃ) 2 

ʊʨʝʱʠʥʳ ʦʩʝʚʦʡ ʟʦʥʳ (ʊʆ) 1 

ʃʠʢʚʘʮʠʦʥʥʳʝ ʧʦʣʦʩʢʠ ʠ ʪʨʝʱʠʥʳ ʧʦ 
ʩʝʯʝʥʠʶ 

(ʇʊʉ) 1 

ʊʦʯʝʯʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʢʨʘʝʚʘʷ (ʊʅʂ) 1 

ɺʥʝʦʩʝʚʘʷ ʭʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ (ɺʍʅ) 1 

 

ʇʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʢʦʥʪʨʦʣʝ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʢʦʣʝʩ 
(ʤʝʪʦʜʦʤ ʵʭʦ-ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʧʦ ɻʆʉʊ 10791-2011) ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ ʜʝʬʝʢʪʳ, 

ʘʤʧʣʠʪʫʜʘ ʵʭʦ-ʩʠʛʥʘʣʦʚ ʦʪ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʘʤʧʣʠʪʫʜʫ ʵʭʦ-ʩʠʛʥʘʣʘ ʦʪ 
ʵʪʘʣʦʥʥʦʛʦ ʧʣʦʩʢʦʜʦʥʥʦʛʦ ʦʪʨʘʞʘʪʝʣʷ (ʨʠʩ. 1).  



185 

 

 

 
ʈʠʩ. 1 ï ɹʣʦʢ ʩʭʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʵʭʦ-ʜʝʬʝʢʪʦʩʢʦʧʘ: 1 ï ʛʝʥʝʨʘʪʦʨ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ; 2 ï ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʠʩʢʘʪʝʣʴʥʘʷ 

ʛʦʣʦʚʢʘ); 3 ï ʧʨʠʝʤʥʦ-ʫʩʠʣʠʪʝʣʴʥʳʡ ʪʨʘʢʪ; 4 ï ʭʨʦʥʠʟʘʪʦʨ; 5 ï ʛʝʥʝʨʘʪʦʨ ʨʘʟʚʝʨʪʢʠ; 6 ï 
ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ; ɼ ï ʜʦʥʥʳʡ ʵʭʦʩʠʛʥʘʣ; ɼʌ ï ʵʭʦʩʠʛʥʘʣ ʦʪ ʜʝʬʝʢʪʘ. 

 
ʅʦʤʠʥʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʵʪʘʣʦʥʥʳʭ ʦʪʨʘʞʘʪʝʣʝʡ ʜʣʷ ʢʦʣʝʩ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ 

ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʥʘʯʝʥʠʷʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 ï ɼʠʘʤʝʪʨʳ ʵʪʘʣʦʥʥʳʭ ʦʪʨʘʞʘʪʝʣʝʡ ʜʣʷ ʢʦʣʝʩ ʧʦ ɻʆʉʊ 10791-2011 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ 

ʵʣʝʤʝʥʪ 

ɼʠʘʤʝʪʨ (ʤʤ) ʦʪʨʘʞʘʪʝʣʝʡ ʜʣʷ ʢʦʣʝʩ ʢʘʪʝʛʦʨʠʠ 

ɸ ɺ ʉ 

ʆʙʦʜ 1 2 3 

ɼʠʩʢ ʠ ʩʪʫʧʠʮʘ 3/5 3/5 3/5 

 

ʊʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ ɻʆʉʊ 10791-2011 ʢ ʢʘʯʝʩʪʚʫ ʢʦʣʝʩ ʧʦ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠʷʤ. ʇʦ ʪʨʝʙʦʚʘʥʠʶ ʧʦʪʨʝʙʠʪʝʣʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʤʝʪʘʣʣʘ 
ʢʦʣʝʩʥʦʡ ʟʘʛʦʪʦʚʢʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʥʦʨʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʟʘʢʘʟʝ. ʈʘʟʨʝʰʘʝʪʩʷ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʤʝʪʘʣʣʘ 
ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʥʦʨʤʘʤʠ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʥʪʨʦʣʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʛʦʪʦʚʦʢ. 
ɼʣʷ ʦʮʝʥʢʠ ʩʜʘʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʙʦʜʴʝʚ ʢʦʣʝʩ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʩʪʘʥʜʘʨʪʦʤ ɻʆʉʊ 10791-2011 ʥʦʨʤʠʨʦʚʘʥ ʧʝʨʝʯʝʥʴ 

ʪʝʨʤʠʥʦʚ ï ʥʘʟʚʘʥʠʡ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ (ʪʘʙʣ. 4), ʠʩʭʦʜʷ ʠʟ ʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ 
ʩʦʩʪʘʚʘ, ʫʩʣʦʚʥʳʝ ʠʭ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʠʭ ʙʘʣʣʦʚ 
ʚʢʣʶʯʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʰʢʘʣʘʤ ɻʆʉʊ 1778, (ʤʝʪʦʜ ʐ) ʜʣʷ ʜʚʫʭ ʢʘʪʝʛʦʨʠʡ ʢʦʣʝʩ 

ɸ ʠ ɺ (ʪʘʙʣ. 4). 
ʊʘʙʣʠʮʘ 4 ï ʅʦʨʤʳ ʩʨʝʜʥʠʭ ʙʘʣʣʦʚ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʝʪʘʣʣʝ 

ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʢʦʣʝʩ ʢʘʪʝʛʦʨʠʡ ɸ ʠ ɺ 

ʊʠʧ ʚʢʣʶʯʝʥʠʡ 
ʋʩʣʦʚʥʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ 

ʉʨʝʜʥʠʡ ʙʘʣʣ, ʥʝ ʙʦʣʝʝ ʜʣʷ ʢʦʣʝʩ 
ʢʘʪʝʛʦʨʠʡ 

ɸ ɺ 

ʆʢʩʠʜʳ ʩʪʨʦʯʝʯʥʳʝ ʆʉ 1 1 

ʆʢʩʠʜʳ ʪʦʯʝʯʥʳʝ ʆʊ 1,5 2,5 

ʉʠʣʠʢʘʪʳ ʭʨʫʧʢʠʝ ʉʍ 1,5 2 

ʉʠʣʠʢʘʪʳ ʧʣʘʩʪʠʯʥʳʝ ʉʇ 1,5 2 

ʉʠʣʠʢʘʪʳ 
ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʝ 

ʉʅ 2,0 2,5 

ʉʫʣʴʬʠʜʳ  ʉ 1,5 2 

ʂʦʥʪʨʦʣʴ ʤʝʪʘʣʣʘ ʧʦ ɻʆʉʊ 1778 (ʤʝʪʦʜ ʐ) ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʦʮʝʥʠʚʘʪʴ ʚ 
ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ ʥʠʪʨʠʜʳ ʠ ʢʘʨʙʦʥʠʪʨʠʜʳ (ʩʪʨʦʯʝʯʥʳʝ ʅʉ, ʪʦʯʝʯʥʳʝ ʅʊ ʠ ʥʠʪʨʠʜʳ 

ʘʣʶʤʠʥʠʷ ʅɸ). 



186 

 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʛʦʪʦʚʢʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʚ ʤʘʨʪʝ 2013 ʛ. ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 
ʦʧʳʪʥʘʷ ʧʣʘʚʢʘ ʩʪʘʣʠ ʤʘʨʢʠ 2 ʚ ʜʫʛʦʚʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ɼʉʇ-190 (ʥʦʤʝʨ ʧʣʘʚʢʠ 1131340). 

ʉʢʚʦʟʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ ʧʦʩʪʘʜʠʡʥʳʝ ʧʨʦʮʝʩʩʳ: ʚʳʧʣʘʚʢʘ ʤʝʪʘʣʣʘ-
ʧʦʣʫʧʨʦʜʫʢʪʘ, ʚʳʧʫʩʢ ʝʛʦ ʚ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʳʡ ʢʦʚʰ (ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʘʩʢʠʩʣʝʥʠʝʤ, 
ʣʝʛʠʨʦʚʘʥʠʝʤ (Al, MʥC17, ʌʉ65) ʠ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʝʤ), ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʢʦʚʰ-ʧʝʯʴ (ʋʂʇ) ʚ ʢʦʚʰʦʚʦʤ ʢʘʤʝʨʥʦʤ ʚʘʢʫʫʤʘʪʦʨʝ ʠ ʨʘʟʣʠʚʢʘ ʤʝʪʘʣʣʘ ʥʘ ʄʅʃɿ ˉ2. 
ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʣʘʚʢʠ ʤʝʪʘʣʣʘ-ʧʦʣʫʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣʘ 50,5 ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʝʛʦ ʥʘ ʚʳʧʫʩʢʝ 1631ʦʉ. ʅʝʨʘʩʢʠʩʣʝʥʥʳʡ ʚ ʧʝʯʠ ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʜʫʢʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
0,071% ʉ ʠʟ ʧʝʯʠ ʩ ʜʦʥʥʳʤ ʵʨʢʝʨʥʳʤ ʚʳʧʫʩʢʦʤ ʧʦʩʪʫʧʘʣ ʚ ʢʦʚʰ ʩ ʧʨʠʩʘʜʢʘʤʠ ʧʦ ʭʦʜʫ 
ʚʳʧʫʩʢʘ ʤʝʪʘʣʣʘ: ʘʣʶʤʠʥʠʝʚʳʭ ʛʨʘʥʫʣ ï 70 ʢʛ, ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʄʥʉ17 ï 1301 

ʢʛ, ʬʝʨʨʦʩʠʣʠʮʠʷ ʌʉ65 599 ʢʛ, ʙʦʢʩʠʪʘ ï 152 ʢʛ, ʜʦʣʦʤʠʪʘ ʦʙʦʞʞʝʥʥʦʛʦ ï 201 ʢʛ, 
ʠʟʚʝʩʪʠ ï 1499 ʢʛ ʠ ʫʛʣʝʨʦʜʘ ï 702 ʢʛ. ɺ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʥʘ ʋʇʂ ʚ ʢʦʚʰ ʙʳʣʦ 

ʧʨʠʩʘʞʝʥʦ: ʘʣʶʤʠʥʠʝʚʳʭ ʛʨʘʥʫʣ 75 ʢʛ, ʄʥʉ17 94 ʢʛ, ʌʉ65 148 ʢʛ, ʠʟʚʝʩʪʠ ï500 ʢʛ, 
ʫʛʣʝʨʦʜʘ ï 269 ʢʛ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʥʘ ʋʂʇ ʩʦʩʪʘʚʠʣʘ 67,5 ʤʠʥ, 
ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʣʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 1612ʦʉ. ʈʘʩʭʦʜ ʘʨʛʦʥʘ ʩʦʩʪʘʚʠʣ 57 ʤ3/ʧʣʘʚʢʫ. 

ɺʘʢʫʫʤʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʝʪʘʣʣʘ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʨʠʩʘʜʢʘʤʠ ʚ ʢʦʚʰ ʧʣʘʚʠʢʦʚʦʛʦ ʰʧʘʪʘ 
244 ʢʛ, ʩʠʣʠʢʦʢʘʣʴʮʠʷ ʉʂ-30 22 ʢʛ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 77 

ʤʠʥ, ʨʘʩʭʦʜ ʘʨʛʦʥʘ 75 ʤ3/ʧʣʘʚʢʫ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚ, ʨʘʩʪʚʦʨʝʥʥʳʭ 
ʚ ʩʪʘʣʠ, ʩʦʩʪʘʚʠʣʦ: ʚʦʜʦʨʦʜʘ 1,00 ppm., ʢʠʩʣʦʨʦʜʘ 3,1 ppm. ʠ ʘʟʦʪʘ 38 ppm. 

ʉʪʘʣʴ ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ ʨʘʟʣʠʚʘʣʠ ʥʘ ʄʅʃɿ ˉ 2 ʥʘ 4 ʨʫʯʴʷ. ɼʠʘʤʝʪʨ ʢʦʣʝʩʥʦʡ 

ʟʘʛʦʪʦʚʢʠ 450 ʤʤ. ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʰʣʘʢʘ ʧʦʩʣʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʩʪʘʣʠ ʠ çʬʣʶʩʘè 
ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʢʦʚʰʝ ʄʅʃɿ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʢʠʩʣʦʚ 

ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʤʘʛʥʠʷ ʠ ʦʩʦʙʝʥʥʦ Na2O ʠ K2O (ʪʘʙʣ. 5). ʉʢʦʨʦʩʪʴ ʨʘʟʣʠʚʢʠ ʤʝʪʘʣʣʘ 
ʩʦʩʪʘʚʠʣʘ 0,35 ʤ/ʤʠʥ. ʇʝʨʝʛʨʝʚ ʩʪʘʣʠ ʚ ʨʫʯʴʷʭ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 26, 27, 28 ʠ 30 ʦʉ. 
ʆʪʣʠʪʦ 13 ʟʘʛʦʪʦʚʦʢ ʤʘʩʩʦʡ 143,08 ʪ. ʄʘʨʢʠʨʦʚʦʯʥʳʡ ʘʥʘʣʠʟ ʭʠʤʩʦʩʪʘʚʘ ʩʪʘʣʠ ʚ 

ʦʙʨʘʟʮʘʭ  1/2 ʠ 2/2 ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 6. 
ʊʘʙʣʠʮʘ 5 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʣʘʢʘ (ʐ) ʧʨʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʠʷ ʢʦʣʝʩʥʦʡ 

ʩʪʘʣʠ ʠ ʬʣʶʩʘ (ʌ) ʧʨʠ ʨʘʟʣʠʚʢʝ ʤʝʪʘʣʣʘ ʥʘ ʄʅʃɿ 

ʇʨʦ- 
ʙʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʘ, % 

SiO2 Al2O3 Fe2O3 MnO CaO MgO P2O5 TiO2 Cr2O3 Na2O K2O S 

ʐ 19,31 11,24 0,47 0,026 58,15 7,79 0,017 0,26 0,023 0,030 0,005 1,807 

ʌ 33,90 22,56 3,53 1,65 32,27 2,38 0,039 0,630 0,068 5,076 1,178 0,332 
 

ʊʘʙʣʠʮʘ 6 ï ʄʘʨʢʠʨʦʚʦʯʥʳʡ ʭʠʤʩʦʩʪʘʚ ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ ˉ1131340 

ʆʙʨʘʟʝʮ, 

ˉ ʨʫʯʴʷ 
ˉʟʘʛʦʪʦʚ
ʢʠ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʘ, % 

C Mn Si P S Al Cr Ni Cu Ti Mo V Nb [N] 

1/2  0,60 0,72 0,33 0,012 0,002 ¢0,005 0,09 0,11 0,17 ¢0,005 0,010 ¢0,005 ¢0,01 ¢0,005 

2/2 0,59 0,73 0,33 0,012 0,003 ¢0,005 0,09 0,11 0,17 ¢0,005 0,010 ¢0,005 ¢0,01 ¢0,005 
 

ʂʦʥʪʨʦʣʴ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʢʦʣʝʩʥʳʭ ʟʘʛʦʪʦʚʦʢ (ʜʠʘʤʝʪʨ 450 ʤʤ) ʧʨʦʚʝʜʠʣʠ 

ʩʦʛʣʘʩʥʦ ʉʆʋ ʄʇʇ 77.040-191:2007. ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 7. 
ʊʘʙʣʠʮʘ 7 ï ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʢʦʣʝʩʥʳʭ 

ʟʘʛʦʪʦʚʦʢ Å450 (ʚʝʣʠʯʠʥʳ ʜʝʬʝʢʪʘ ʚ ʙʘʣʣʘʭ) 

ʄʘʨʢʘ 
ʩʪʘʣʠ 

ˉ 
ʧʣʘʚʢʠ 

ˉ ʨʫʯʴʷ 
 ̄

ʟʘʛʦʪʦʚʢʠ 

ʆʩʝʚʘʷ 
ʧʦʨʠʩʪʦʩʪʴ 
(ʆʇ) 

ʆʩʝʚʘʷ 
ʣʠʢʚʘʮʠʷ 
(ʆʃ) 

ʊʨʝʱʠʥʳ 
ʦʩʝʚʦʡ 
ʟʦʥʳ 
(ʊʆ) 

ʃʠʢʚʘʮ. 
ʧʦʣʦʩʳ, 
ʪʨʝʱʠʥʳ 
(ʇʊʉ) 

ʊʦʯʝʯʥʘʷ 
ʥʝʦʜʥʦʨʦʜ-
ʥʦʩʪʴ ʢʨʘʝʚʘʷ 
(ʊʅʂ) 

ɺʥʝʦʩʝʚʘʷ 
ʭʠʤʠʯʝʩʢʘʷ 
ʥʝʦʜʥʦʨʦʜ-
ʥʦʩʪʴ (ɺʍʅ) 

2 1131340 
3/3 4,0 1,0 0,0 0,0 0,0 0,04/3 
4/3 1,0 1,0 0,0 0,0 0,0 0,0 
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ɼʝʬʝʢʪʳ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʢʦʣʝʩʥʦʡ ʟʘʛʦʪʦʚʢʠ (ʊʆ), (ʇʊʉ), (ʊʅʂ) ʠ (ɺʍʅ) 
ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʢʦʣʝʩ ʧʣʘʚʢʠ 113340 ʫʜʦʚʣʝʪʚʦʨʷʣʠ 
ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 10791-2011 (ʪʘʙʣ. 8). 

ʊʘʙʣʠʮʘ 8 ï ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʢʦʣʝʩ ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ 

 ̄

ʢʦʣʝʩ 

ʇʨʝʜʝʣ 
ʧʨʦʯʥʦʩʪʠ, 

ʅ/ʤʤ2 

(ʆʙʦʜ) 

ʆʪʥʦʩʠ-
ʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ, 
% 

ʆʪʥʦʩʠ-
ʪʝʣʴʥʦʝ 

ʩʫʞʝʥʠʝ, 
% 

ʊʚʝʨʜʦʩʪʴ, ʅɺ ʋʜʘʨʥʘʷ 
ʚʷʟʢʦʩʪʴ 
ʜʠʩʢʘ 

ʧʨʠ 
+20ʦʉ, 

ɼʞ/ʩʤ2 

ʛʣ.30ʤʤ ʪ.ɸ 

098071 1026 13 34 290 241 37,5 

098200 1016 13 35 290 235 35,8 

ɻʆʉʊ 
10791-

2011 

910-1110 ²8 ²14 ²255 ²D15 ʪ.ɺ ²20 

 
ʂʦʥʪʨʦʣʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʢʦʣʝʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ɻʆʉʊ 1778, ʤʝʪʦʜ ʐ) ʧʦ ʩʨʝʜʥʝʤʫ ʙʘʣʣʫ ʦʪʜʝʣʴʥʦ ʧʦ 
ʢʘʞʜʦʤʫ ʚʠʜʫ ʚʢʣʶʯʝʥʠʡ (ʩʤ. ʪʘʙʣ. 4) ʥʘ ʰʝʩʪʠ ʰʣʠʬʘʭ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʜʚʫʭ 
ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʪʝʤʧʣʝʪʦʚ ʦʙʦʜʘ (ʨʠʩ. 2). ʇʣʦʱʘʜʴ 

ʢʘʞʜʦʛʦ ʰʣʠʬʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 200 ʤʤ2. 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ 

ʤʝʪʘʣʣ ʢʦʣʝʩ ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ 1131340 ʫʜʦʚʣʝʪʚʦʨʷʣ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 10791-2011. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʋɿʂ ʢʦʣʝʩ ʥʘ ʫʩʪʘʥʦʚʢʝ çʋʥʠʩʢʘʥ-ʃʫʯè ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʦʩʝʚʦʤ 
ʠ ʨʘʜʠʘʣʴʥʦʤ) ʩ ʵʪʘʣʦʥʥʳʤ ʦʪʨʘʞʘʪʝʣʝʤ 2 ʤʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʝʩʘ ʠʟ ʤʝʪʘʣʣʘ 

ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʦʨʤʘʤ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ.  

 
 

ʈʠʩ. 2 ï ʇʦʣʦʞʝʥʠʝ ʰʣʠʬʦʚ ʥʘ ʧʦʧʝʨʝʯʥʦʤ ʪʝʤʧʣʝʪʝ ʦʙʦʜʘ ʮʝʣʴʥʦʢʘʪʘʥʦʛʦ 

ʢʦʣʝʩʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ ʢʦʣʝʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʣʢʶʯʝʥʠʷʤʠ. 
 
ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʳʤʠ ʬʘʟʘʤʠ ʛʝʪʝʨʦʬʘʟʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʤʝʪʘʣʣʝ ʦʙʦʜʘ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʢʦʣʝʩ. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 
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ʤʠʢʨʦʩʢʦʧʝ JSM-6360 LA, ʦʩʥʘʱʝʥʥʦʛʦ ʩʠʩʪʝʤʦʡ JED-2300 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ (ʈʉʄɸ) (ʬʠʨʤʘ JEOL, 

ʗʧʦʥʠʷ). 
ʄʠʢʨʦʘʥʘʣʠʟ ʚʢʣʶʯʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʥʝʪʨʘʚʣʝʥʳʭ ʰʣʠʬʘʭ, 3-ʭ ʦʙʨʘʟʮʦʚ ʠʟ 

ʚʳʨʝʟʘʥʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʪʝʤʧʣʝʪʦʚ ʦʙʦʜʘ ʮʝʣʴʥʦʢʘʪʘʥʦʛʦ ʢʦʣʝʩʘ (ʨʠʩ. 2). ʇʦʚʝʨʭʥʦʩʪʴ 
ʟʦʥʜʠʨʦʚʘʥʠʷ ʰʣʠʬʘ ʙʳʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ ʢʦʣʝʩʘ. ɺ ʢʘʞʜʦʡ ʘʥʘʣʠʟʠʨʫʝʤʦʤ 
ʤʠʢʨʦʦʙʲʝʤʝ (ʪʦʯʢʝ) ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʝ 

ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚʦ ʚʢʣʶʯʝʥʠʷʭ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 
ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʥʘ ʇʕɺʄ. ʆʙʨʘʙʦʪʢʘ 

ʩʧʝʢʪʨʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʧʣʦʱʘʜʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ, ʦʪʤʝʯʝʥʥʳʭ ʥʘ ʩʧʝʢʪʨʦʛʨʘʤʤʝ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʰʣʠʬʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʠʤʝʝʪ ʜʠʩʧʝʨʩʥʳʝ ʨʘʟʤʝʨʳ (¢ 

5 ʤʢʤ), ʧʦʵʪʦʤʫ ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 
ʚʢʣʶʯʝʥʠʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʪ 5000 ʜʦ 20000. ʊʘʢ ʢʘʢ ʚʦ ʚʩʝʭ ʪʨʝʭ ʦʙʨʘʟʮʘʭ ʩʪʘʣʠ 

ʨʘʟʤʝʨʥʳʡ ʬʘʢʪʦʨ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʣʦʱʘʜʠ ʰʣʠʬʘ 
ʪʦʞʜʝʩʪʚʝʥʥʳ ʪʦ ʥʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʭʠʤʠʢʦ-
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚʢʣʶʯʝʥʠʡ ʚ ʦʙʨʘʟʮʘʭ ˉˉ 1 ʠ 2 (ʥʫʤʝʨʘʮʠʷ ʦʙʨʘʟʮʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʟʠʮʠʷʤ ʨʠʩ. 2) 
ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 

ʦʪʨʘʞʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, 
ʠʤʝʶʱʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ (ʨʠʩ. 3, 4).  

 
1-1               ʭ5000 

 
1-2             ʭ20000 

 
1-3             ʭ20000 

  
1-4             ʭ20000   

 
1-5             ʭ12000 

 
1-6             ʭ16000 

 
1-7            ʭ6500 

 
1-8               ʭ7500 

ʈʠʩ. 3 ï ʕʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʛʝʪʝʨʦʬʘʟʥʳʭ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʦʙʨʘʟʮʝ ˉ1, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʪʨʘʞʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ 
ʵʣʝʢʪʨʦʥʘʭ.   

 

ʍʠʤ.ʩʦʩʪʘʚʳ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ 1-1,..1-8 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 10. 
ʍʘʨʘʢʪʝʨʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʟʦʥʜʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʥʥʳʤ 

ʣʫʯʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʵʪʦʡ ʬʘʟʝ. 
ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ ʚ çʪʦʯʢʘʭè 
ʟʦʥʜʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ ʣʫʯʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 9 ʠ 10. 
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ʈʠʩ. 4 ï ʕʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʛʝʪʝʨʦʬʘʟʥʳʭ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʦʙʨʘʟʮʘ ˉ2, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʪʨʘʞʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ; ʭʠʤ.ʩʦʩʪʘʚʳ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ 2-1,é.2-10 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 11. 
 

ʊʘʙʣʠʮʘ 9 ï ʂʦʜʠʨʦʚʢʘ ʟʦʥʜʠʨʦʚʘʥʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʦʙʨʘʟʮʘʭ ˉ1 ʠ ˉ2  

1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 

001 005 009 012 016 022 026 033 

002 006 010 013 017 023 027 034 

003 007 011 014 018 024 028 035 

 008  015 019 025 029  

     030  

    031  

    032  

 

2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 

001 009 012 016 019 023 028 032 041 046 

002 010 013 017 020 024 029 033 042 047 

003 011  018 021 025 030 034 043 048 

004    022 026 031 035 044 049 

     027  036 - 050 

   037  051 

   038  051 

   039   

   040   

ʇʨʠʤʝʯʘʥʠʝ:   ʈʎʂ  ï  ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʝ ʚʢʣʶʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʝʞʠʤʝ 
ʮʚʝʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ; ʈʎʂʃ ï  ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʝ ʚʢʣʶʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʝʞʠʤʝ 

ʮʚʝʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʚ  ʬʘʟʘʭ ʚʜʦʣʴ ʣʠʥʠʠ 
ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʈʎʂ ʈʎʂ ʈʎʂʃ ʈʎʂ 

ʈʎʂ 

ʈʎʂ 
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ʊʘʙʣʠʮʘ 10 ï ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʚ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʚʢʣʶʯʝʥʠʷʭ ʥʘ ʰʣʠʬʝ ʦʙʨʘʟʮʘ ˉ1 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʦʯʝʯʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʈʉʄɸ 

ˉ 
ʚʢʣʶʯ. 

ˉ 
ʟʦʥʜʠʨ. 

ʪʦʯʢʠ 

ʄʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ, % 

MgO Al2O3 SiO2 SO3 K2O CaO TiO2 MnO FeO S 

1-1 

002 1.27 2,97 0,61 48,17 - 34,32 - - 4,91 19,27 

003 4,22 35,6 19,16 0,63 0,22 37,32 - - 2,85 0,25 

004 20,04 54,63 9,21 0,67 1,35 10,27 0,94 0,78 2,09 0,27 

1-2 

005 0,62 6,06 0,59 11,18 - 8,8 - 3,71 69,05 4,47 

006 - 4,04 0,82 11,69 - 8,84 - 3,37 71,24 4,68 

007 0,8 9,85 0,99 38,86 0,22 28,73 - 9,88 10,67 15,54 

008 1,55 6,55 0,82 27,51 - 16,6 - 10,37 36,99 11,40 

1-3 

009 2,57 4,59 - 39,36 - 17,07 - 18,91 17,49 15,74 

010 15,38 36,29 0,83 17,82 - 16,91 - 6,61 16,16 4,10 

011 12,85 31,36 0,57 11,59 - 5,39 - 4,48 33,77 4,64 

1-4 

012 11,75 27,19 - 0,68 - 1,28 - 3,63 49,8 0,27 

013 5,89 13,15 - 18,88 - 7,07 - 9,47 45,53 7,55 

014 1,69 3,31 - 25,89 - 11,28 - 12,34 45,48 10,36 

015 - 0,97 0,39 14,19 - 6,1 - 5,31 73,04 5,68 

1-5 

016 0,83 1,22 - 29,11 - 4,62 15,27 23,2 25,74 11,64 

017* 14,38 38,6 - 6,85 0,71 0,84 - 3,61 35,01 2,74 

018* - - 0,37 - - - 37,22 0,21 60,67 - 

019 - 0,88 0,45 - - - 16,8 0,21 80,49 - 

1-6 

022 1,52 3,53 - 38,26 - 26,77 - 4,98 24,94 15,30 

023 3,2 7,86 - 33,19 - 25,16 - 6,56 24,03 13,28 

024 18,91 54,91 1,75 11,8 0,5 6,66 - 0,73 4,73 4,72 

025 4,52 10,32 - 26,08 - 17,07 - 2,82 38,29 10,43 

1-7 

026 - - - 37,44 - 25,4 - 6,11 31,06 14,98 

027 - - 30,67 - - 25,54 - 6,89 36,9 - 

028 16,92 41,75 14,55 - 1,88 13,74 0,92 - 10,25 - 

029 1,47 35,55 21,76 - - 40,72 - - 2,51 - 

030 0,36 0,58 - 47,61 - 37,73 - 4,9 8,81 19,04 

031 14,42 41,8 15,12 4,73 9,29 3,58 1,03 - 10,04 1,89 

032 2,12 4,02 1,0 36,55 0,36 24,21 0,64 7,55 23,56 14,62 

1-8 

033 0,55 2,56 1,10 37,56 - 22,8 - 12,12 23,26 15,02 

034 17,12 51,2 9,23 3,50 1,43 14,23 - 1,08 2,22 1,40 

035 2,66 5,86 - 39,36 - 23,88 - 13,15 15,09 15,74 

ʇʨʠʤʝʯʘʥʠʝ: ʚʦ ʚʢʣʶʯʝʥʠʠ 1-5 (ʪʦʯʢʠ ʟʦʥʜʠʨʦʚʘʥʠʷ 017 ʠ 018 ʩʦʜʝʨʞʘʥʠʝ 
1,23% [N] ʠ 1,17%  [N], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ  ʚʢʣʶʯʝʥʠʡ. ʅʘ ʰʣʠʬʝ ʦʙʨʘʟʮʘ ʩʪʘʣʠ 

ˉ1 ʠʟ ʦʙʦʜʘ ʠʩʩʣʝʜʦʚʘʥʦ 8 ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʛʝʪʝʨʦʬʘʟʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʈʉʄɸ. ʂʘʞʜʦʝ 
ʚʢʣʶʯʝʥʠʝ ʟʦʥʜʠʨʦʚʘʣʦʩʴ ʵʣʝʢʪʨʦʥʥʳʤ ʣʫʯʦʤ ʣʦʢʘʣʴʥʦ ʦʪ 3 ʜʦ 7 çʪʦʯʝʢè. ʅʘ 8 

ʚʢʣʶʯʝʥʠʷʭ ʦʧʨʝʜʝʣʝʥ ʭʠʤʩʦʩʪʘʚ ʬʘʟ ʚ 32 çʪʦʯʢʘʭè. ʅʘ ʰʣʠʬʝ ʦʙʨʘʟʮʘ ʩʪʘʣʠ ˉ2 
ʠʩʩʣʝʜʦʚʘʥʳ ʭʠʤʩʦʩʪʘʚʳ ʬʘʟ 10 ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʠʪʦʛʝ ʥʘ 44 
çʪʦʯʢʘʭè.ʂʦʣʠʯʝʩʪʚʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʪʦʧʦʣʦʛʠʷ ʟʦʥʜʠʨʦʚʘʥʠʷ çʪʦʯʝʢè 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 9. ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʩ 
ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʤʝʪʦʜʦʤ ʈʉʄɸ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʳʤʠ ʬʘʟʘʤʠ 

ʚʜʦʣʴ ʣʠʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚ Ka ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠʟʣʫʯʝʥʠʠ. 
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ʄʝʪʦʜʦʤ ʈʉʄɸ ʦʧʨʝʜʝʣʝʥʳ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʩʝʭ 18 ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʚʢʣʯʁʝʥʠʡ -8 ʥʘ ʰʣʠʬʝ ʦʙʨʘʟʮʘ ˉ1 (ʪʘʙʣ. 10) ʠ 10 ʥʘ ʰʣʠʬʝ ʦʙʨʘʟʮʘ ˉ2 (ʪʘʙʣ. 11). 

 

ʊʘʙʣʠʮʘ 11 ï ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʚ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʷʭ 
ʥʘ ʰʣʠʬʝ ʦʙʨʘʟʮʘ ˉ2 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʦʯʝʯʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʈʉʄɸ 

ˉ 
ʚʢʣʶʯ. 

ˉ ʟʦʥʜʠʨ. 
ʪʦʯʢʠ 

ʄʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ, % 
MgO Al2O3 SiO2 SO3 K2O CaO TiO2 MnO FeO S 

2-1 

002 16,34 47,59 13,66 - - 20,55 - - 1,87 - 

003 - 38,42 19,57 - - 40,29 - - 1,71 - 
004 - 2,22 - 50,66 - 40,46 - - 6,65 20,26 

2-2 

009 - - - 22,66 - 7,51 - 14,75 55,08 9,06 

010 0,85 0,58 - 34,97 - 12,0 - 21,91 29,68 13,99 
011 14,04 32,82 0,92 3,61 - 0,69 1,82 2,68 43,42 1,44 

2-3 
012 - - - 50,8 - 0,71 - 48,49 - 20,32 

013 - - - 21,62 - - 55,84 18,75 3,79 8,65 

2-4 

016 21,29 57,13 2,93 7,96 
Na2O 
0,86 

2,84 - 2,16 4,86 3,18 

017 1,14 3,03 - 43,52 - 26,87 - 9,57 15,86 17,41 

018 - 2,16 0,47 9,08 - 3,95 - 2,62 81,71 3,63 

2-5 

019 1,19 7,16 0,9 2,12 - 1,3 - 1,81 85,52 0,85 

020 21,45 52,11 4,63 7,63 0,44 8,11 - 2,03 3,59 3,05 

021 0,52 1,37 - 48,55 - 33,07 - 7,54 8,95 19,42 
022 0,66 9,45 1,49 2,8 - 1,86 7,39 2,40 74,25 1,12 

2-6 

023 11,79 35,43 - 10,0 - 4,51 - 2,54 35,61 4,04 

024 1,95 6,29 - 44,53 - 31,43 - 7,64 8,14 17,81 
025 3,9 12,33 - 7,96 - 3,93 - 3,19 68,69 2,98 

026 14,91 46,08 1,67 7,33 
Na2O 
1,32 

2,20 - 2,67 23,83 2,93 

027 1,44 4,53 - 38,98 - 24,1 - 10,53 20,42 15,59 

2-7 

028 1,16 2,54 - 46,5 - 26,51 0,6 13,32 9,37 18,60 
029 1,45 3,06 - 44,44 - 11,02 - 31,42 8,61 17,78 

030 1,44 4,01 0,39 3,48 - 0,92 - 2,31 87,46 1,39 

031 20,03 44,82 - 6,12 - 1,35 2,44 3,45 21,78 2,45 

2-8 

032 9,11 15,34 25,1 9,09 - 37,69 - - 7,67 3,64 

033 0,6 1,59 0,6 50,42 - 36,97 - 5,37 4,55 20,17 

034  14,47 - 14,01 - 9,81 - 2,13 59,58 5,60 
035 11,51 25,46 3,0 4,45 1,23 2,58 - 1,18 50,59 1,78 

036 13,97 31,46 3,21 20,7 1,43 12,76 - 1,95 14,54 8,28 

037 1,88 22,18 1,17 6,96 - 4,27 - 1,58 61,95 2,78 
038 14,38 31,38 2,36 23,79 - 15,28 - 2,71 10,11 9,52 

039 0,71 21,99 1,15 7,51 - 5,02 - 2,03 61,59 3,00 

040 11,62 28,62 2,55 20,8 0,86 12,64  2,82 20,04 8,32 

2-9 

041 0,58 1,98 - 21,82 - 17,46 - 4,65 53,5 8,73 

042 2,57 8,06 - 41,94 - 33,18 - 5,14 9,11 16,78 

043 15,18 53,37 5,13 9,67 0,5 9,03 - 1,95 4,44 3,86 
044 7,1 24,57 1,59 4,61 - 3,9 - 2,29 55,94 1,81 

2-10 

046 11,16 24,5 2,08 7,46 0,31 4,72 - 1,53 42,24 2,98 

047 2,11 4,43 - 43,05 - 31,49 - 5,37 13,54 17,22 

048 4,31 10,84 1,42 6,12 - 3,74 - 1,86 71,7 5,72 
049 16,35 39,85 3,73 13,97 1,60 10,2 - 1,88 12,42 5,59 

050 - - 0,35 20,2 - 12,93 - 3,52 62,99 8,08 

051 - - 0,34 6,86 - 4,26 - 2,56 85,98 2,74 
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ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʚ 
ʦʙʨʘʟʮʘʭ ˉ1 ʠ ˉ2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝ, ʯʪʦ ʪʝʤʥʘʷ ʠ ʩʝʨʘ ʬʘʟʳ ʚʢʣʶʯʝʥʠʡ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʭʠʤʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɺʪʦʨʘʷ 
ʦʩʦʙʝʥʥʦʩʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ 

ʚʢʣʶʯʝʥʠʷʭ ʩʦʜʝʨʞʠʪʩʷ ʩʫʣʴʬʠʜʥʘʷ ʬʘʟʘ, ʭʦʪʷ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʟʦʥʜʠʨʦʚʘʥʥʳʭ 
ʤʠʢʨʦʫʯʘʩʪʢʘʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,25% ʜʦ 19,27% (ʚʢʣʶʯʝʥʠʝ 1-1, ʪʦʯʢʘ ʟʦʥʜʠʨʦʚʘʥʠʷ 
002- ʩʝʨʘʷ ʬʘʟʘ). 

ɺʦ ʚʢʣʶʯʝʥʠʠ 2-1 (ʩʝʨʘʷ ʬʘʟʘ) ʪʦʯʢʘ ʟʦʥʜʠʨʦʚʘʥʠʷ 004 ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 
ʩʦʩʪʘʚʠʣʦ 20,26%. ɺʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʚ ʩʦʩʪʘʚʝ ʩʫʣʴʬʠʜʥʦʡ ʬʘʟʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʘʆ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ MnO ʠ ʥʝʚʳʩʦʢʦʤ 
ʩʦʜʝʨʞʘʥʠʠ FeO) ʠʣʠ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ MnO ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ CaO 
(ʚʢʣʶʯʝʥʠʝ 2-2, ʪʦʯʢʘ ʟʦʥʜʠʨʦʚʘʥʠʷ 009) ʠʣʠ ʪʦʣʴʢʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ MnO 

(48,49%) ʠ FeO (20,32%) ʧʨʠ 0,71% CaO. 
ʂ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʩʦʩʪʘʚʦʚ ʚʩʝʭ ʚʢʣʶʯʝʥʠʡ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʨʝʜʝʣʴʥʦ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ FeO (87,46, ʚʢʣʶʯʝʥʠʝ 2-7, ʪʦʯʢʘ ʟʦʥʜʠʨʦʚʘʥʠʷ 030), ʭʦʪʷ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʬʘʟʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ FeO ʜʦ 10-15%). 

ɺ ʥʝʢʦʪʦʨʳʭ ʚʢʣʶʯʝʥʠʷʭ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʚ ʩʦʚʝʨʰʝʥʥʦ ʪʝʤʥʳʭ ʫʯʘʩʪʢʘʭ 

ʰʣʠʬʦʚ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʩʦʩʪʘʚʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ MgO  ʠ Al2O3 ʧʨʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʉʘʆ ʠ FeO. ʕʪʠ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʰʧʠʥʝʣʴ MgOÖAl2O3. ɺ ʯʠʩʪʦʡ ʰʧʠʥʝʣʠ MgOÖAl2O3 ʦʪʥʦʰʝʥʠʝ 
MgO:Al2O3 (28:72) ʩʦʩʪʘʚʣʷʝʪ 0,39. ʇʦ ʜʘʥʥʳʤ ʈʉʄɸ (ʚʢʣʶʯʝʥʠʝ 1-6, çʪʦʯʢʘè 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʬʘʟʳ 024) ʦʪʥʦʰʝʥʠʝ 18,91:54,91 = 0,34, ʪ.ʝ. ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʪʫ ʬʘʟʫ 
ʢʘʢ ʰʧʠʥʝʣʴ. ɺʦ ʚʢʣʶʯʝʥʠʠ 1-1 (ʪʦʯʢʘ ʟʦʥʜʠʨʦʚʘʥʥʦʡ ʬʘʟʳ 004) ʦʪʥʦʰʝʥʠʝ 
MgO:Al2O3 (20,04:54,63) ʨʘʚʥʦ 0,37. ɸʥʘʣʠʟʠʨʫʷ ʩʦʩʪʘʚʳ ʚʢʣʶʯʝʥʠʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʠʟ 32 ʧʨʦʟʦʥʜʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʰʣʠʬʘ ʦʙʨʘʟʮʘ ˉ1 10 ʠʤʝʣʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 
ʰʧʠʥʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʩʫʣʴʬʠʜʥʳʭ ʬʘʟ. 

ʊʦʣʴʢʦ ʚ ʦʜʥʦʤ ʚʢʣʶʯʝʥʠʠ 1-7 (ʪʦʯʢʘ ʬʘʟʳ 031) ʦʙʥʘʨʫʞʝʥʦ ʚʳʩʦʢʦʝ 
ʩʦʜʝʨʞʘʥʠʝ K2O (9,29%). ɺʦ ʚʢʣʶʯʝʥʠʷʭ ʥʘ ʧʣʦʩʢʦʩʪʠ ʰʣʠʬʘ ʦʙʨʘʟʮʘ ʚ ʜʚʫʭ ʪʦʯʢʘʭ 
ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ Na2O (0,86% ʠ 1,32%). ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʥʦʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʝ 

ʚʢʣʶʯʝʥʠʝ 1-5 (ʪʦʯʢʠ ʟʦʥʜʠʨʦʚʘʥʠʷ 018 ʠ 019) ʠʤʝʣʦ ʚ ʩʚʦʝʤ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʥʠʪʨʠʜ 
ʪʠʪʘʥʘ.ɺ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ SiO2, ʭʦʪʷ ʚ ʜʚʫʭ ʚʢʣʶʯʝʥʠʷʭ (2-1 ʠ 2-8) ʦʪʤʝʯʝʥʦ 
ʚʳʩʦʢʦʝ ʜʣʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʝ SiO2 ï 19,57% ʠ 25,1% 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʨʝʞʠʤʝ 

ʮʚʝʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʈʉʄɸ ʦʧʨʝʜʝʣʷʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʛʝʪʝʨʦʬʘʟʥʳʭ 
ʚʢʣʶʯʝʥʠʡ ʚʜʦʣʴ ʣʠʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʮʚʝʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ 1-1 (ʦʙʨʘʟʝʮ ˉ1) ʧʦ ʜʘʥʥʳʤ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʮʚʝʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʙʦʣʴʰʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʤʝʥʪʘ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʦʢʨʘʩʢʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 
ʚʢʣʶʯʝʥʠʷ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 6, ʩʦʜʝʨʞʘʥʠʝ Al ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Mg, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʨʳ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Ca ʠ Mn. ʀʥʪʝʥʩʠʚʥʘʷ ʩʚʦʝʦʙʨʘʟʥʘʷ 
ʦʢʨʘʩʢʘ ʚʢʣʶʯʝʥʠʷ ʥʘ ʢʘʨʪʝ Ca, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʉʘʆ ʩʚʷʟʘʥ ʩ 

ʢʨʝʤʥʝʟʝʤʦʤ (ʢʘʨʪʘ Si). 



193 

 

 

.    
ʭ10000 

   
 

   
ʈʠʩ. 5 ï ʂʦʣʝʩʥʘʷ ʩʪʘʣʴ, ʦʙʨ. 1. ʈʝʟʫʣʴʪʘʪʳ ʈʉʄɸ  ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʚ ʨʝʞʠʤʝ ʣʠʥʝʡʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 
 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 6 ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚ ʛʝʪʝʨʦʬʘʟʥʦʤ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʤ ʚʢʣʶʯʝʥʠʠ ʠʤʝʝʪ ʤʝʩʪʦ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 
ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʳʤʠ ʬʘʟʘʤʠ. ʅʘ ʨʠʩ. 6 ʩʣʝʚʘ ʚʚʝʨʭʫ ʨʘʩʧʦʣʦʞʝʥʘ ʢʘʨʪʘ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ 2-4 (ʨʠʩ. 4) ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʥʘ ʚ 
ʦʪʨʘʞʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. ʉʦʚʧʘʜʝʥʠʝ ʧʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ Al ʠ Mg ʥʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʨʪʘʭ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʰʧʠʥʝʣʠʜʥʦʡ ʬʘʟʳ. ʇʠʢ ʥʘ ʢʘʨʪʝ 

ʢʠʩʣʦʨʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʰʧʠʥʝʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʦʢʩʠʜʳ. 
ʇʠʢ ʩʝʨʳ (ʢʘʨʪʘ S) ʪʘʢ-ʞʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʠʢʦʤ ʤʘʨʛʘʥʮʘ (ʢʘʨʪʘ Mn). ʂʘʣʴʮʠʡ, 

ʢʘʢ ʠ ʢʨʝʤʥʠʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʬʘʟʳ, ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʡ ʢʘʢ ʩʠʣʠʢʘʪ ʢʘʣʴʮʠʷ. 
ʀʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʩʪʘʪʴʠ ʘʚʪʦʨʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʦʮʝʩʩʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʢʩʠʜʥʳʭ, ʩʪʨʦʯʝʯʥʳʭ, ʛʣʦʙʫʣʷʨʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʚʦʧʨʦʩʘʤʠ ʪʝʦʨʠʠ ʨʘʩʢʠʩʣʝʥʠʷ ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʥʘ ʩʪʘʜʠʷʭ 
ʩʢʚʦʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʚʳʧʣʘʚʢʝ ʢʦʣʝʩʥʦʡ (ʨʝʣʴʩʦʚʦʡ) ʩʪʘʣʠ  ʥʘʨʷʜʫ ʩ ʙʘʟʦʚʳʤʠ ʵʣʝʤʝʥʪʪʧʤʠ ʨʘʩʢʠʩʣʠʪʝʣʝʡ ʠ 
ʣʝʛʠʨʫʶʱʠʭ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʠʟʘʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʰʧʠʥʝʣʠʜʥʳʭ ʬʘʟ ʩ ʫʯʘʩʪʠʝʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʞʠʜʢʦʡ ʩʪʘʣʠ ʤʘʛʥʠʷ. ʂʦʥʪʨʦʣʴ 

ʠʩʪʦʯʥʠʢʦʚ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʨʘʩʧʣʘʚ ʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʡ ʷʚʣʷʶʪʩʷ 
ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʠʜʦʤ, ʢʦʣʠʯʝʩʪʚʦʤ ʠ 

ʩʦʩʪʘʚʦʤ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʪʘʣʠ. 
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ʈʠʩ. 6 ï ʂʦʣʝʩʥʘʷ ʩʪʘʣʴ, ʦʙʨ. 2. ʈʝʟʫʣʴʪʘʪʳ ʈʉʄɸ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʚ ʨʝʞʠʤʝ ʣʠʥʝʡʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 
 
ʕʪʦʪ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʩ 

ʫʯʘʩʪʠʝʤ ʤʘʛʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʨʘʙʦʪʘʭ [1, 2]  ʧʨʠ ʦʩʚʦʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʣʘʚʢʠ 
ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ, ʧʦʜʰʠʧʥʠʢʦʚʦʡ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʚ 100-ʪ ʵʣʝʢʪʨʦʧʝʯʘʭ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʢʠʩʣʝʥʠʷ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʨʘʩʧʣʘʚʦʚ (ʩ 0,5 ʠ 
1,0% ʉ) ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ɻ.ɻ. ʄʠʭʘʡʣʦʚʘ [3] 
ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦʚʝʩʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʇʈʄʂ) ʩʠʩʪʝʤʳ Fe-C-O-Al-Ca-Mg.  
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ʈʠʩ. 7 ï ʇʈʄʂ ʩʠʩʪʝʤʳ Fe-C-O-Al-Ca-Mg ʧʨʠ 5ppm (ʘ) ʠ 50 ppm (ʙ) Ca; 

1550Üʉ,   ʈ = 101 ʢʇʘ [3]. 

 
ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 7 ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʯʠʪʳʚʘʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʮʝʩʩʘʤ ʨʘʩʢʠʩʣʝʥʠʷ ʩʪʘʣʠ ʩ ʫʯʝʪʦʤ ʢʘʟʘʣʦʩʴ ʙʳ 
ʤʠʥʠʤʘʣʴʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ ʠ ʘʣʶʤʠʥʠʷ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ 
ʪʘʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʚʥʦʚʝʩʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 
ʩʪʘʣʠ ʩʦʩʪʘʚʦʤ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. 

ɺʳʚʦʜʳ. 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ ɻʆʉʊ 10791-2011 ʢ ʭʠʤʩʦʩʪʘʚʫ, 
ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʜʦʧʫʩʢʘʝʤʳʤ ʜʝʬʝʢʪʘʤ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʶ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʣʝʩʘʭ ʠʟ 
ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ ʄɿ çɼʥʝʧʨʦʩʪʘʣʴè. 

2. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʩʢʚʦʟʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ 
ʧʦʩʪʘʜʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʧʣʘʚʢʠ ʤʝʪʘʣʣʘ-ʧʦʣʫʧʨʦʜʫʢʪʘ ʚ ʜʫʛʦʚʦʡ ʧʝʯʠ ɼʉʇ-190, 
ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʤ ʢʦʚʰʝ, ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ 

ʢʦʚʰʝ-ʧʝʯʠ ʠ ʚʘʢʫʫʤʘʪʦʨʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʣʠʚʢʦʡ ʩʪʘʣʠ ʥʘ ʄʅʃɿ ʠ ʧʦʣʫʯʝʥʠʝʤ 
ʢʦʣʝʩʥʳʭ ʟʘʛʦʪʦʚʦʢ ʜʠʘʤʝʪʨʦʤ 450 ʤʤ. 

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʪʘʜʠʡʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ, ʢʦʣʝʩʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʢʦʣʝʩ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʪʘʣʠ 
ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 10791-

2011. 
4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʘʣʣ ʦʙʦʜʴʝʚ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʢʦʣʝʩ ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ 

ʧʨʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʧʦʣʥʦʩʪʴʶ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʪʨʝʙʦʚʘʥʠʝʤ ʥʦʨʤʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʠ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʢʦʥʪʨʦʣʝ ʢʦʣʝʩ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ 

ʦʧʳʪʥʦʡ ʧʣʘʚʢʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʦʙʦʜʴʝʚ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʦʪʜʝʣʴʥʳʭ 
ʢʦʣʝʩ ʙʳʣʘ ʚʳʰʝ ʥʦʨʤʳ. 

5. ɺʳʧʦʣʥʝʥ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʚʢʣʶʯʝʥʠʡ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ ʩʪʘʣʠ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʪʝʤʧʣʝʪʦʚ ʤʝʪʘʣʣʘ ʠʟ ʦʙʦʜʘ 
ʢʦʣʝʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶ ʛʝʪʝʨʦʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 
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ʦʢʩʠʜʥʳʤʠ ʬʘʟʘʤʠ ʠ ʩʫʣʴʬʠʜʘʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʩʪʘʚʘ (Ca, Mn)S. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʚʢʣʶʯʝʥʠʡ ʦʢʩʠʜʥʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʰʧʠʥʝʣʴʶ (MgOÖAl2O3) ʠʣʠ MgO-Ca-

ʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʚʢʣʶʯʝʥʠʡ ʷʚʣʷʝʪʩʷ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ FeO, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʜʣʷ ʢʦʣʝʩʥʦʡ ʩʪʘʣʠ ʨʘʩʢʠʩʣʝʥʥʦʩʪʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʠʟ-ʟʘ ʚʝʩʴʤʘ ʥʠʟʢʠʭ 
ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʤʝʪʘʣʣʝ ʘʣʶʤʠʥʠʷ ʢʘʣʴʮʠʷ. 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 
1. ʂʦʣʝʩʥʘʷ ʩʪʘʣʴ / ʋʟʣʦʚ ʀ.ɻ., ɻʘʩʠʢ ʄ.ʀ., ɽʩʘʫʣʦʚ ɸ.ɻ., ʄʠʨʦʰʥʠʯʝʥʢʦ 

ʅ.ɻ., ʇʨʦʡʜʘʢ ʖ.ʉ. ï ʂ: ʊʝʭʥʠʢʘ. ï 1985. ï 186ʩ. 

2. ɻʘʩʠʢ ʄ.ʀ., ʐʫʣʴʪʝ ʖ.ɸ., ɻʦʨʦʙʝʮ ɸ.ʇ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʦʙʫʣʷʨʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʧʦʜʰʠʧʥʠʢʦʚʦʤ 

ʤʝʪʘʣʣʝ // ʀɺʋɿ. ʏʝʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ. 1983. - ˉ5. ï ʉ.31-37. 
3. ʄʠʭʘʡʣʦʚ ɻ.ɻ., ʃʝʦʥʦʚʠʯ ɹ.ʀ., ʂʫʟʥʝʮʦʚ ʖ.ʉ. ʊʝʨʤʦʜʠʥʘʤʠʢʘ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ ʄʀʉʠʉ. 2009. ï 520ʩ. 

 
 

ʋɼʂ 661.68:669.046.001.57 
ʈɸɿʈɸɹʆʊʂɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ 

ɸɻʈɽɻɸʊɸ ʂʆɺʐ-ʇɽʏʔ ɼʃʗ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʉʆɼɽʈɾɸʅʀʗ 

ʃɽɻʀʈʋʖʑʀʍ ʕʃɽʄɽʅʊʆɺ ɺ ʇʆɼʐʀʇʅʀʂʆɺʆʁ ʉʊɸʃʀ 

 

ɻʘʩʠʢ ʄ.ʀ.1, ɾʘʜʘʥʦʩ ɸ.ɺ.1, ʉʘʣʴʥʠʢʦʚ ɸ.ʉ.2, ʗʢʦʚʠʮʢʠʡ ɸ.ɺ.2 
1 ï ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ, ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, 2 ï 
ʇɸʆ çʕʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʠʤ. ɸ.ʅ. ʂʫʟʴʤʠʥʘè, 

ʛ. ɿʘʧʦʨʦʞʴʝ, ʋʢʨʘʠʥʘ; 
 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʆʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 
ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʣʝʛʠʨʫʶʱʠʭ ʠ ʨʘʩʢʠʩʣʠʪʝʣʝʡ 
ʧʨʠ ʚʳʧʣʘʚʢʝ ʩʪʘʣʠ - ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʜʰʠʧʥʠʢʦʚʦʡ 

ʵʣʝʢʪʨʦʩʪʘʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʢʦʚʰ-ʧʝʯʴ (ʋʂʇ). ʇʦ ʜʝʡʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʭʠʤʠʯʝʩʢʠʡ 
ʩʦʩʪʘʚ ʩʪʘʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʋʂʇ ʪʨʘʜʠʮʠʦʥʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʫʪʝʤ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ ʧʨʦʙ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʘʥʘʣʠʟʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʚʘʞʥʦ ʠʤʝʪʴ ʜʘʥʥʳʝ ʦ ʜʠʥʘʤʠʢʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʤʝʪʘʣʣʝ ʠ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʷʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʠʨʫʶʱʠʭ ʠ 

ʨʘʩʢʠʩʣʠʪʝʣʝʡ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʥʝʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʩʧʣʘʚʝ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʨʘʩʧʣʘʚʘ, ʩʦʜʝʨʞʘʥʠʝ ʚʝʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 
ʬʝʨʨʦʩʧʣʘʚʘʭ ʢʘʞʜʦʡ ʧʘʨʪʠʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʤʘʩʩʦʦʙʤʝʥ ʚ ʩʠʩʪʝʤʝ ʧʦʣʫʧʨʦʜʫʢʪ-
ʰʣʘʢʦʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʤʝʩʴ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʣʘʚʢʠ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʆɸʆ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè. ɺ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 801-78 ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʩʪʘʣʴ ʤʘʨʦʢ ʐʍ15 ʠ ʐʍ15ʉɻ-ɺ, 

ʚʳʧʣʘʚʣʷʝʤʘʷ ʚ ʫʩʣʦʚʠʷʭ ʆɸʆ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè, ʜʦʣʞʥʘ ʠʤʝʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 
ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʝʡ ʐʍ15 ʠ ʐʍ15-ʉɻ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ɻʆʉʊ 801-78, ʊʋ ɼʉʉ 002  

ʄʘʨʢʘ  
ʩʪʘʣʠ 

C Si Mn Cr 
S P Ni Cu Ni+Cu 

ʥʝ ʙʦʣʝʝ 

ʐʍ15 0,95-1,05 0,17-0,37 0,2-0,4 1,30-1,65 0,02 0,027 0,30 0,25 0,50 

ʐʍ15ʉɻ-ɺ 0,95-1,05 0,40-0,65 0,9-1,2 1,30-1,65 0,02 0,027 0,30 0,25 0,50 
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ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʰʠʧʥʠʢʦʚʦʡ ʩʪʘʣʠ ʚʝʜʝʪʩʷ ʧʦ ʩʢʚʦʟʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 
ʩʭʝʤʝ: ʜʫʛʦʚʘʷ ʩʪʘʣʝʧʣʘʚʠʣʴʥʘʷ ʧʝʯʴ, ʋʂʇ ʠ ʚʘʢʫʫʤʥʘʷ ʫʩʪʘʥʦʚʢʘ. 

ɼʝʡʩʪʚʦʚʘʚʰʘʷ ʥʘ ʆɸʆ çɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴè ʜʦ 2008 ʛ. ʪʝʭʥʦʣʦʛʠʷ ʚʳʧʣʘʚʢʠ 
ʧʦʜʰʠʧʥʠʢʦʚʦʡ ʩʪʘʣʠ ʐʍ15ʉɻ-ɺ ʚ ʜʫʛʦʚʳʭ ʧʝʯʘʭ ɼʉʇ-60 ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ-ʧʦʣʫʧʨʦʜʫʢʪʘ ʚ ɼʉʇ ʠ ʋʂʇ 
ʬʝʨʨʦʩʠʣʠʮʠʷ ʤʘʨʢʠ ʌʉ65 ʧʦ ɼʉʊʋ 4127-2002 [1] (63-68% Si, ʧʨʠʤʝʩʠ ʥʝ ʙʦʣʝʝ: 
0,2% ʉ, 0,02% S, 0,05% P, 2,5% Al, 2,5% Mn, 0,5% Cr), ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ 

ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʌʄʥ78ɸ ɼʉʊʋ 3547-97 [5] (78-82% Mn, Ò7% ʉ, ʧʨʠʤʝʩʠ ʥʝ ʙʦʣʝʝ: 
2% Si, 0,03% S, 0,05% P), ʬʝʨʨʦʭʨʦʤʘ ʌʍ800ɸ ʧʦ ɻʆʉʊ 4757-79 [5] (Ó65% Cr, 8,0% ʉ, 

2% Si, Ò0,06% S, Ò0,03% P. ʇʨʠ ʚʳʧʫʩʢʝ ʤʝʪʘʣʣʘ ʠʟ ɼʉʇ ʥʘ ʋʂʇ ʧʨʠʩʘʞʠʚʘʶʪ 
ʪʚʝʨʜʳʝ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ CaO ʠ CaF2. ʄʝʪʘʣʣ ʚ 
ʵʣʝʢʪʨʦʧʝʯʠ-ʢʦʚʰʝ ʨʘʩʢʠʩʣʷʝʪʩʷ Al, ʘ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʶ ʚ 

ʚʘʢʫʫʤʘʪʦʨʝ ʢʘʤʝʨʥʦʛʦ ʪʠʧʘ ʩ ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʨʘʩʢʠʩʣʝʥʠʝʤ Al. ʉʪʘʣʴ ʨʘʟʣʠʚʘʶʪ ʚ 
ʠʟʣʦʞʥʠʮʳ, ʤʘʩʩʘ ʩʣʠʪʢʦʚ 3,4 ʪ. ɺʳʭʦʜ ʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʨʘʙʦʪʝ ʧʦ ʪʘʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʣ 70-75%. 
ɺʳʧʦʣʥʝʥʥʳʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʘʫʜʠʪ ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʘʜʠʷʭ ʧʦʣʫʯʝʥʠʷ ʠ ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʧʦʢʘʟʘʣ [2,3], ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʨʨʦʩʠʣʠʮʠʷ 

ʌʉ65 (ɼʉʊʋ 4127-2002) ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʥʝʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ (0,3 ï 0,6%) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʦʙʫʣʷʨʥʳʭ ʠ ʦʢʩʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʵʣʝʢʪʨʦʩʪʘʣʠ ʤʘʨʦʢ 
ʐʍ15 ʠ ʐʍ15ʉɻ-ɺ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʨʨʦʩʠʣʠʮʠʷ ʌʉ75 ʧʨʘʢʪʠʯʝʩʢʠ 
ʯʠʩʪʦʛʦ ʧʦ ʧʨʠʤʝʩʥʳʤ ʵʣʝʤʝʥʪʘʤ ʉʘ ʠ Al ʥʝ ʨʝʰʠʣʦ ʟʘʜʘʯʫ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʛʦʜʥʳʭ 

ʧʘʨʪʠʡ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʩ ʧʝʨʚʦʛʦ ʩʜʘʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ 
ʚʢʣʶʯʝʥʠʷʤ [2, 3]. ʅʘ ʩʝʨʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʘʚʦʢ ʩʪʘʣʠ ʐʍ15ʉɻ-ɺ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʤʧʦʨʪʥʦʛʦ 75%-ʥʦʛʦ ʬʝʨʨʦʩʠʣʠʮʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝ ʙʦʣʝʝ 0,12% Ca ʠ Al ʢʘʞʜʦʛʦ ʙʳʣ 
ʩʥʠʞʝʥ ʙʘʣʣ ʧʦ ʛʣʦʙʫʣʷʨʥʳʤ ʚʢʣʶʯʝʥʠʷʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʚʳʩʠʣʩʷ ʙʘʣʣ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 
ʩʪʘʣʠ ʧʦ ʦʢʩʠʜʥʳʤ ʚʢʣʶʯʝʥʠʷʤ, ʧʦʵʪʦʤʫ ʚʳʭʦʜ ʛʦʜʥʳʭ ʧʘʨʪʠʡ ʩ ʧʝʨʚʦʛʦ ʩʜʘʪʦʯʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʥʝ ʫʚʝʣʠʯʠʣʩʷ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʣʘʚʢʠ ʠ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʩʪʘʣʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ çʜʫʛʦʚʘʷ ʧʝʯʴ 
ï ʋʂʇ ï ʚʘʢʫʫʤʘʪʦʨè ʥʘ ʢʘʯʝʩʪʚʦ ʤʝʪʘʣʣʘ ʧʦ ʩʦʩʪʘʚʫ ʠ ʨʘʟʤʝʨʥʳʤ ʛʨʫʧʧʘʤ ʚʢʣʶʯʝʥʠʡ 
ʫʩʪʘʥʦʚʣʝʥʦ [3], ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʚʠʜ ʚʢʣʶʯʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʘʣʴʮʠʷ ʠ ʘʣʶʤʠʥʠʷ ʚ ʤʝʪʘʣʣʝ. ʀʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʢʘʣʴʮʠʷ ʚ ʤʝʪʘʣʣ ʷʚʣʷʶʪʩʷ 
ʬʝʨʨʦʩʠʣʠʮʠʡ ʩ ʥʝʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ (0,3 ï 0,6%), ʘ 

ʪʘʢʞʝ ʚʳʩʦʢʦʦʩʥʦʚʥʳʡ ʰʣʘʢ ʥʘ ʋʂʇ, ʢʘʣʴʮʠʡ ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʝʪ ʚ ʩʪʘʣʴ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʬʝʨʨʦʩʠʣʠʮʠʝʤ ʠ ʘʣʶʤʠʥʠʝʤ [2, 4]. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʚʳʩʦʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʚʳʭʦʜʘ ʛʦʜʥʳʭ ʧʘʨʪʠʡ ʩʦʨʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʚʩʝʭ ʧʷʪʠ ʨʘʟʤʝʨʥʳʭ ʛʨʫʧʧ ʩ ʧʝʨʚʦʛʦ 
ʩʜʘʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʦ ʧʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠʷʤ ʙʘʣʴʥʦʡ ʦʮʝʥʢʠ ɻʆʉʊ 

801-78 ʙʳʣʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʳʧʣʘʚʢʠ 
ʩʪʘʣʠ ʐʍ15ʉɻ-ɺ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʄʥʉ17ɸ (Ó65% Mn, 15-
20% Si, Ò2,5% ʉ, Ò0,03% S, Ò0,1% P) ɼʉʊʋ 3548-97 [5]. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ 

ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʘʭ, ʭʦʪʷ ʠ ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʩʪʘʥʜʘʨʪʘʤʠ ɼʉʊʋ, ʥʦ, ʠʩʭʦʜʷ 
ʠʟ ʫʩʣʦʚʠʡ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʧʝʯʘʭ, ʚʩʝʛʜʘ ʩʪʘʙʠʣʴʥʦ ʥʠʟʢʦʝ 

(ʤʝʥʝʝ 0,1 õ 0,15% ʢʘʞʜʦʛʦ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʩʢʠʩʣʝʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 
ʣʝʛʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʘ-ʧʦʣʫʧʨʦʜʫʢʪʘ ʤʘʨʛʘʥʮʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʫʛʦʚʦʡ ʧʝʯʠ 
ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʝʤ, ʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʘ 

ʥʘ ʋʂʇ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʝʤʥʠʷ ï ʬʝʨʨʦʩʠʣʠʮʠʝʤ ʌʉ65 ʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʘʨʛʘʥʮʘ ï 
ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʝʤ ʠ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʤ ʬʝʨʨʦʤʘʨʛʘʥʮʝʤ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʭʦʜ ʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʫʨʦʚʥʝ 98%. ɺʤʝʩʪʝ ʩ ʪʝʤ, 
ʚʚʝʜʝʥʠʝ ʨʘʟʥʳʭ ʚʠʜʦʚ ʬʝʨʨʦʩʧʣʘʚʦʚ ʫʩʣʦʞʥʷʝʪ ʧʨʦʛʥʦʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʪʘʣʠ ʠ 
ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 
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ʈʘʟʨʘʙʦʪʢʘ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. ʉ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ 
ʤʦʜʝʣʝʡ ʚʳʧʦʣʥʝʥʘ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʘʚʦʢ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʘʨʘʤʝʪʨʘʤ: 

¶ ʤʘʩʩʘ ʤʝʪʘʣʣʘ ʚ ʢʦʚʰʝ ʨʘʩʧM  = 58-66,7 ʪ. 

¶ ʩʦʜʝʨʞʘʥʠʝ Si, Mn, C, Cr ʚ ʤʝʪʘʣʣʝ-ʧʦʣʫʧʨʦʜʫʢʪʝ ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ ʝʛʦ 

ʥʘ ʋʂʇ: []ʥʘʯSi = 0,09-0,55%, [ ]ʥʘʯMn  = 0,13-1,14%, []ʥʘʯC = 0,78-1,0%, [ ]ʥʘʯCr = 

0,49-1,49%. 

¶ ʤʘʩʩʘ ʚʚʦʜʠʤʳʭ ʧʦ ʭʦʜʫ ʦʙʨʘʙʦʪʢʠ ʥʘ ʋʂʇ ʬʝʨʨʦʭʨʦʤʘ ʌʍ800ɸ, 

ʬʝʨʨʦʩʠʣʠʮʠʷ ʌʉ65, ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʄʥʉ17, ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ 

ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʌʄʥ78ɸ, ʫʛʣʝʨʦʜʘ - ɸʍʌm 800 = 0-870 ʢʛ 65ʉʌm  = 0-280 ʢʛ, 

17ʉʄʥm  = 0-200 ʢʛ, ɸʌʄʥm 78  = 0-160 ʢʛ, Cm  = 0-105 ʢʛ. 

¶ ʩʦʜʝʨʞʘʥʠʝ ʚʝʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʬʝʨʨʦʩʧʣʘʚʘʭ ʜʣʷ ʢʘʞʜʦʡ ʧʣʘʚʢʠ 

¶ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʪʘʣʠ Si, Mn, C, Cr ʧʦ ʦʢʦʥʯʘʥʠʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʋʂʇ: 

[]ʢʦʥSi , [ ]ʢʦʥMn , []ʢʦʥC , [ ]ʢʦʥCr . 

¶ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʪʘʣʠ Si, Mn, C, Cr ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʋʂʇ: []SiD , [ ]MnD , []CD , [ ]CrD . 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʙʦʨʢʠ ʨʘʩʩʯʠʪʘʥʳ ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʣʝʛʠʨʫʶʱʠʭ ʠ 
ʨʘʩʢʠʩʣʠʪʝʣʝʡ, ʩʜʝʣʘʥʳ ʧʦʧʨʘʚʢʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʝʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʩʘʞʠʚʘʝʤʳʭ 

ʬʝʨʨʦʩʧʣʘʚʘʭ. 
ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ - 47 ʧʣʘʚʦʢ ʩʪʘʣʠ ʐʍ15 ʠ ʐʍ15ʉ-ɻ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ 

ʣʠʥʝʡʥʳʤʠ ʨʝʛʨʝʩʩʠʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ (ʪʘʙʣ. 2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʕɺʄ. 

ɺʳʧʦʣʥʝʥʘʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ (ʟʥʘʯʠʤʦʩʪʠ) ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʦʥʥʳʭ 
ʫʨʘʚʥʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ ʧʦʟʚʦʣʠʣʘ ʫʧʨʦʩʪʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 
 
ʊʘʙʣʠʮʘ 2 ï ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʋʂʇ 

ʇʨʦʛʥʦʟ. 
ʧʘʨʘʤʝʪʨ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 2r  

ɸʙʩ. 
ʧʦʛʨʝʰ
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ʫʜ
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ʄʥʉ
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ʙʘʟʙʘʟ ʌC

ʌC
ʫʜ

ʄʥʉ

ʄʥʉ
ʫʜ
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Si

Si
ʥʉmʄcSi

65

65
2

17

1
%

%
65

%

%
17 ÖÖ+ÖÖ=D  0,74 0,07% 

[]CD  
[] []

67858004

17321

dmdmd

mdmdCdʉ

ʫʜʫʜ

ʫʜʫʜ

ɸʄʥʌAXʌ

ʥʉʄʉʥʘʯ

+Ö+Ö+

+Ö+Ö+Ö=D
 0,78 0,03% 

ɺ ʫʨʘʚʥʝʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 2 1a , ib , ic , id  ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʫʨʘʚʥʝʥʠʡ, ʫʜAXʌm 800 , ʫʜʥʉʄm 17 , ʫʜɸʄʥʌm 78 , ʫʜCʌm 65  - ʫʜʝʣʴʥʳʝ ʤʘʩʩʳ ʚʚʦʜʠʤʳʭ 

ʬʝʨʨʦʩʧʣʘʚʦʚ (ʢʛ/ʪ), [ ]Cr% , [ ] 17ʄʥʉMn% , [ ] 78ʌʄʥMn% , [ ]ʄʥʉSi%  ʠ [ ] 65ʌCSi%  - 

ʩʦʜʝʨʞʘʥʠʝ ʚʝʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʬʝʨʨʦʩʧʣʘʚʘʭ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʪʝʢʫʱʝʡ ʧʣʘʚʢʠ, 

[ ]ɸʙʘʟʌʍCr 800%  = 65%, [ ]
ʙʘʟʄʥʉMn% 17  = 65%, [ ]

ʙʘʟʌʄʥMn% 78  = 78% , [ ]
ʙʘʟʄʥʉSi 17%  

= 17%, [ ]
ʙʘʟʌCSi% 65  = 65% - ʙʘʟʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʚʝʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʬʝʨʨʦʩʧʣʘʚʘʭ. 
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ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʩʩʤʦʪʨʝʥʘ ʨʝʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʠʪʫʘʮʠʷ: 

¶ ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʜʫʢʪ ʤʘʩʩʦʡ 63 ʪ ʚʳʧʫʱʝʥ ʠʟ ɼʉʇ ʚ ʢʦʚʰ ʩʦ ʩʣʝʜʫʶʱʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ([]ʥʘʯSi =0,22%, [ ]ʥʘʯMn  = 0,14 %, []ʥʘʯC = 0,9%, 

[ ]ʥʘʯCr = 1,29%); 

¶ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʥʘ ʋʂʇ ʚʚʝʜʝʥʦ 207 ʢʛ ʌʍ800ɸ (
ʫʜAXʌm 800  = 3,29 

ʢʛ/ʪ), 107 ʢʛ ʄʥʉ17 (
ʫʜʥʉʄm 17  = 1,7 ʢʛ/ʪ), 80 ʢʛ ʌʄʥ78ɸ (

ʫʜɸʄʥʌm 78  = 1,27 ʢʛ/ʪ), 95 

ʢʛ ʌʉ65 (
ʫʜCʌm 65  = 1,5 ʢʛ/ʪ), 95 ʢʛ ʉ (

ʫʜʉm = 1,5 ʢʛ/ʪ).  

¶ ʧʦ ʦʢʦʥʯʘʥʠʠ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʥʘ ʋʂʇ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣʦ: []ʢʦʥSi = 0,32%, [ ]ʢʦʥMn  = 0,35%, []ʢʦʥC  = 1,01%, [ ]ʢʦʥCr  = 

1,5%. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʩʭʦʜ ʣʝʛʠʨʫʶʱʠʭ 

ʠ ʨʘʩʢʠʩʣʠʪʝʣʝʡ ʩʦʩʪʘʚʠʣ: 138 ʢʛ ʌʍ800ɸ (
ʫʜAXʌm 800  = 2,19 ʢʛ/ʪ), 82 ʢʛ ʄʥʉ17 (

ʫʜʥʉʄm 17  = 1,3 ʢʛ/ʪ), 61 ʢʛ ʌʄʥ78ɸ (
ʫʜɸʄʥʌm 78  = 0,97 ʢʛ/ʪ), 48 ʢʛ ʌʉ65 (

ʫʜCʌm 65  = 

0,76 ʢʛ/ʪ), 95 ʢʛ ʉ (
ʫʜʉm = 1,5 ʢʛ/ʪ), ʘ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣʦ 

[]ʢʦʥSi = 0,27%, [ ]ʢʦʥMn  = 0,3%, []ʢʦʥC  = 1,0%, [ ]ʢʦʥCr  = 1,43% (ʪ.ʝ. ʩʝʨʝʜʠʥʘ 

ʜʠʘʧʘʟʦʥʘ). ʕʢʦʥʦʤʠʷ ʣʝʛʠʨʫʶʱʠʭ ʠ ʨʘʩʢʠʩʣʠʪʝʣʝʡ ʩʦʩʪʘʚʠʣʘ: 69 ʢʛ ʌʍ800ɸ, 25 ʢʛ 
ʄʥʉ17, 19 ʢʛ ʌʄʥ78ɸ, 47 ʢʛ ʌʉ65 [6]. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɼʣ̫ 
ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 
ʩʠʩʪʝʤʘ (ɸʀʉ) ʚ ʩʦʩʪʘʚʝ ʜʝʡʩʪʚʫʶʱʝʡ ɸʉʋ ʋʂʇ (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʰʠʧʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ 

ʋʂʇ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ. 
 


